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TRANSACTIONS. 

I. — On  the  Zeolites  and  Associated  Minerals  from  the  Tertiary  Lavas  around 

Ben  More,  Mull.  By  W.  P.  P.  M'Lintock,  B.Sc,  Eoyal  Scottish  Museum, 

Edinburgh.     Communicated  by  J.  S.  Flett,  D.Sc,  LL.D.,  F.R.S. 

(MS.  received  May  17,  1915.    Eead  June  28,  1915.     Issued  separately  September  23,  1915.) 

[Plates  I-IIL] 

Introduction. 

The  special  features  of  interest  attaching  to  the  Tertiary  igneous  rocks  of  Mull 

have  been  made  known  to  geologists  mainly  through  the  classic  descriptions  of 
Professor  J.  W.  Judd  and  Sir  Archibald  Geikie.  The  point  of  view  of  these  two 

investigators  is,  however,  essentially  geological,  and  they  refer  but  little  to  the 

occurrence  of  minerals  and  rarely  give  precise  localities.  It  is  clear,  too,  that  the 

late  Professor  M.  F.  Heddle  did  not  make  an  exhaustive  examination  of  many 
localities  in  Mull,  for  his  collection  in  the  Royal  Scottish  Museum  contains  very  few 

specimens  from  that  island.  With  a  view  to  filling  up  this  gap  I  have  paid  several 

visits  to  Mull,  and  this  paper  deals  with  some  of  the  material  which  I  collected.  The 

officers  of  the  Geological  Survey  who  are  at  present  mapping  the  island  have  helped 

me  considerably  with  information  and  material ;  and  to  Mr  J.  E.  Richey,  B.A.,  who 

has  surveyed  the  area  from  which  a  large  part  of  the  material  was  obtained,  I  am 

particularly  indebted  for  assistance  in  collecting  specimens  from  somewhat  in- 
accessible localities. 

The  rocks  around  Ben  More  exhibit  several  peculiar  characters  which  have  been 

noted  by  Sir  Archibald  Geikie,*  aud  also  by  Professor  Judd,!  who  gives  a  description 
of  their  petrographical  characters  and  altered  state,  and  notes  the  presence  in  them 

of  veins  and  nests  of  green  and  pink  epidote.     Again,  Mr  James  Currie  has  recorded! 

*  Sir  Archibald  Geikie,  The  Ancient  Volcanoes  of  Great  Britain,  1897,  vol.  ii,  pp.  184,  213. 

t  J.  W.  Judd,  "On  the  Propylites  of  the  Western  Isles  of  Scotland,"  Quart.  Joum.  Geol.  Soc,  1890,  vol.  xlvi, 

pp.  368,  363. 

+  James  Currie,  "The  Minerals  of  the  Tertiary  Eruptive  Rocks  of  Ben  More,  Mull,"  Tram.  Eclin.  Geol.  Soc, 
1898,  vol.  vii,  p.  223. 
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scolecite,  epidote,  heulandite,  stilbite,  prehnite,  etc.,  from  Maol  nan  Damb,  a  spur  of 

Ben  More  running  down  to  Loch  Scridain.  Mr  Currie  remarks  upon  the  peculiar 

assemblage  of  lime-beariuQ-  minerals  in  the  cavities  of  the  lavas  and  the  absence  of 

soda-bearing  ones  ;  but,  as  I  shall  show  later,  albite  is  quite  a  common  associated 
mineral  at  this  locality  and  at  many  others  in  the  vicinity. 

Apart  from  the  points  of  interest  already  indicated,  there  is  the  further  one  that 

the  lavas  have  been  pierced  by  intrusive  masses,  and,  as  noted  by  Sir  Archibald 

Geikie,  have  suffered  in  consequence  considerable  alteration — an  alteration  which  is 

particularly  prominent  in  the  somewhat  unstable  minerals  of  the  vesicles.  In  making 

a  traverse  of  the  country  around  Ben  More  one  is  forcibly  impressed  by  the  fact  that 

for  considerable  distances  around  the  plutonic  centre  the  lavas  differ  entirely  in 

character  from  those  of  the  plateau-country  far  removed  from  the  zone  of  intrusive 

rocks.*  One  of  the  most  striking  differences  lies  in  the  abundance  of  epidote  in  the 
cavities  and  veins  of  the  central  lavas,  and  its  absence  or  extreme  rarity  in  the 

basalts  of  the  plateau.  The  central  lavas,  again,  never  show  the  spheroidal 

weathering  to  a  brown  loam  so  characteristic  of  the  plateau-basalts,  whilst  there  is 
the  further  difference,  referred  to  by  Mr  Currie,!  that  the  mineral  association  in 

the  cavities  is  entirely  different  from  that  found  in  the  normal  lavas  of  the  plateau. 

Different  interpretations  have  been  placed  on  these  facts  by  Professor  Judd  and 
Sir  Archibald  Geikie. 

In  the  memoir  already  cited,  the  former  observer  groups  the  central  lavas  under 

the  name  of  propylites,  and  he  regards  them  as  andesites  of  various  types  altered  by 

solfataric  action  which  "accompanied  the  intrusion  of  the  acid  masses."  J  This 
action  was  widespread,  and  he  distinguishes  it  from  the  contact  metamorphism 

locally  induced  in  the  rocks  lying  near  the  margins  of  the  intrusions.  As  regards 

the  date  of  the  solfataric  changes  in  the  lavas,  it  is  stated  that  in  many  places  they 

have  preceded  the  action  of  contact  metamorphism,  and  in  others  the  opposite  may 

have  taken  place.  § 

Sir  Archibald  Geikie,  on  the  other  hand,  sees  in  the  propylites  merely  the 

representatives  of  the  plateau-basalts  altered  by  contact  metamorphism,  ||  and  he 
states  that  he  was  unable  to  find  any  trace  of  the  solfataric  action  described  by  Judd. 

The  point  is  of  considerable  geological  siguificance,  for  upon  it  rest  questions  of 

interpretation  of  a  complicated  series  of  igneous  rocks. ^[ 
It  occurred  to  me  that  an  examination  of  the  minerals  in  the  cavities  of  the 

lavas  might  throw  some  light  on  the  question  of  the  cause  and  date  of  the  alteration 

of  the  rocks,  and  in  the  present  communication  I  shall  deal  with  a  very  well-defined 

zone  of  zeolite-bearing  lavas  which  can  be  traced  from  areas  free  from  contact 

metamorphism  almost   up   to   the  margin  of  one  of  the  large  acid  intrusions.     This 

*  Sir  Archibald  Geikie,  loc.  cit.,  p.  388.  t  James  Currie,  loc.  cit,  p.  226. 
I  J.  W.  JUDD,  loc.  cit.,  p.  382.  §  J.  W.  Judd,  loc.  cit.,  p.  367. 
||  Sir  A.  Geikie,  loc.  cit.,  p.  185  (footnote),  p.  388  (footnote).  1  J.  W.  Judd,  loc.  cit.,  p.  353. 



FROM  THE  TERTIARY  LAVAS  AROUND  BEN  MORE,  MULL. 

zone  occurs  on  An  G  earn  a  and  Beinn  Fhada,  two  ridges  running  from  Ben  More  in 

a  north-westerly  direction,  and  also  on  Maol  nan  Damh,  a  spur  running  south-west 
from  Ben  More  towards  Loch  Scridain.  Its  distribution  is  indicated  on  the  accom- 

panying sketch-map  (fig.  1),  and,  as  the  geology  of  the  region  is  complex,  I  include 

here  short  descriptions  of  the  localities,  kindly  furnished  by  Mr  Richey,  who  surveyed 

An  Gearna  and  Beinn  Fhada,  and  Mr  Anderson,  who  mapped  Maol  nan  Damh  :— 

"The  parallel  ridges  of  Beinn  Fhada  and  An  Gearna  are  situated  at  the  western 

Fig.  1. — Map  showing  the  distribution  of  the  zeolite-bearing  zone 
(dotted)  and  the  granophyre  (crossed). 

border  of  the  Mull  plutonic  centre.  Tertiary  plateau  lavas  form  the  country  rock 

which  is  intruded  by  plutonics,  sheets  and  dykes.  The  lavas  are  olivine  basalts 

making  thick  cappings  to  the  hills.  A  large  granopbyre  mass  (the  Beinn  a'  Ghraig 
granophyre)  cuts  through  Beinn  Fhada  and  ends  in  the  valley  below,  not  reaching 

to  An  Gearna.  Its  junctions  with  the  lavas,  seen  in  extenso  on  the  hill-face,  slope 

steeply  outwards,  while  the  valley  stream -sections  show  a  like  relation  in  detail. 

On  the  south-east  end  of  Beinn  Fhada  part  of  an  earlier  granophyre  is  cut  ofi'  against 

the  granophyre  of  Beinn  a'  Ghraig. 
"  There  are  two  series  of  sheets  both  intermediate  between  the  granophyres  in  age. 

The  belt  of  thin  inclined   sheets  which  encircles  the    Mull    plutonic   centre   crosses 
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Beina  Fhada  and  cuts  another  series  of  thin  basaltic  sheets  with  a  general  westerly 

dip  which  arc  distributed  throughout  the  district.  Still  earlier  sheet-like  masses 
of  coarse  dolerite  form  small  scattered  patches,  of  which  some  at  least  are  later  than 

the  early  granophyre. 

"  Some  north-westerly  dykes  are  earlier  than  the  Beinn  a'  Ghraig  granophyre,  but 
the  greater  number  of  dykes  belong  no  doubt  to  the  north-west  series  proper  and 

are  the  latest  intrusions." 

"  The  shoulder  of  Ben  More  known  as  Maol  nan  Damh  is  composed  in  the  main  of 
flat  or  very  gently  inclined  lavas.  Those  forming  the  lower  slopes  of  the  hill  are 

more  basic,  but  the  difference  in  character  is  not  very  marked  and  they  are  rather 

difficult  to  separate  from  the  overlying  flows,  although  the  former  are  mapped  as 

basalts  and  the  latter  as  andesites.*  The  screes  which  flank  the  western  slopes  are  in 
the  lower  more  basic  lavas. 

"  The  largest  intrusive  mass  is  a  flat  sill  of  mugearite  some  200  or  300  feet  in 
thickness.  This  comes  some  500  feet  above  the  screes  referred  to.  There  are  also  a 

large  number  of  minor  intrusions,  including  porphyritic  and  non-porphyritic  dolerite, 
and  one  or  two  that  are  more  acid  in  character.  As  a  whole,  however,  they  are  not 

so  numerous  as  those  which  intersect  the  lavas  in  the  higher  portion  of  Ben  More." 

The  Minerals  of  An  Gearna. 

One  of  the  most  convenient  places  for  studying  the  mineralogy  of  the  lavas  is  the 

ridge  of  An  Gearna  referred  to  above.  On  the  north-eastern  slope  at  a  height  of 

about  1200  feet,  large  amygdales,  filled  chiefly  with  a  white  fibrous  zeolite,  make  their 

appearance  in  the  screes  and  become  plentiful  at  heights  of  1300-1500  feet.  The 
size  of  these  amygdales  is  phenomenal,  measuring,  as  they  do,  as  much  as  15  cm.  x 

10  cm.  It  is  noteworthy  that  the  lavas  of  the  upper  part  of  the  hill  alone  yield  the 

zeolite-filled  vesicles ;  the  amygdales  in  the  lower  lavas  are  small  and  are  filled  mostly 

with  compact,  massive  albite.  The  fibrous  zeolite  is  scolecite,  and  associated  with  it 

are  epidote,  prehnite,  garnet,  albite,  and,  much  more  rarely,  hornblende,  calcite, 
chabazite,  and  thomsonite. 

Scolecite  has  usually  been  considered  one  of  the  rarer  Scottish  zeolites,  f  but  on 

An  Gearna  it  occurs  in  profusion,  whilst  it  is  also  common  on  Beinn  Fhada  and  Maol 

nan  Damh ;  on  Coire  Bheinn,  a  hill  lying  two  miles  south-west  of  An  Gearna,  it  is 
much  rarer,  although  good  specimens  have  also  been  got  from  there.  It  occurs  in 

white  fibrous  aggregates  and  crystals,  which  in  some  cases  reach  a  length  of  10  cm., 

but,  although  many  cavities  have  been  broken  open,  no  terminated  crystal  has  been 

observed.  In  some  cases  when  an  amygdalc  is  broken  across,  the  scolecite  shows  a 

series    of    perfectly    sharp    rectilinear    cracks   or   veins    with    perfectly    flat,    lustrous 

*  Microscopic  examination  has  since  shown  that  the  lavas  provisionally  mapped  as  andesites  are  olivine  basalts 
much  like  the  underlying  flows. 

t  Of.  J.  G.  Goodchild,  "  Natural  History  of  Scottish  Zeolites,"  Trans.  Glas.  Geol.  Soc,  1903,  vol.  xii,  suppt ,  p.  62. 
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walls  which,  when  examined  closely  with  a  lens,  show  a  fine  set  of  striae  formed  by 

two  sets  of  lines  intersectino;  at  about  60°.  There  can  be  little  doubt  that  these 
cracks  were  once  filled  with  calcite,  which  has  left  its  cleavage  traces  on  the 

adjacent  scolecite.  The  following  analysis  was  made  by  Mr  E.  G.  Eadley  in 

the  laboratory  of  the  Geological  Survey : — 
Calculated  for  Formula 
CaAl2Si3O10  +  3H20. 

Si02    . 
.     46-10 

per 

cent. 

45-9 

A1A  .         .        . 25-05 

>> 

26-0 

Fe203  . 

•55 

» 
CaO     . 14-17 

>> 

14-3 
MgO   . 

•32 

>> 
K,0    . 

•03 

> 
... 

Na20  . trace 
... 

H20  at  105°  C.     . 

•13 

per 

cent. 

H20  above  105°  C. 
.      1378 

;> 
13-8 100-13 

per 

cent. 

ioo-o The  mineral  is  thus  a  typical  scolecite  practically  free  from  alkalies. 

The  junction  of  the  zeolite  with  the  walls  of  the  vesicle  presents  some  interesting 

and  unusual  features.  In  place  of  the  layer  of  green  earth  so  frequently  found  under- 

lying the  Scottish  zeolites,  there  is  often  a  confusedly  crystalline  layer  of  yellowish- 

green  epidote  which  sends  off  small  radiating  groups  of  spear-like  crystals  into  the 
scolecite.  In  addition  to  epidote  there  are  also  sometimes  present  in  this  layer 

prehnite,  garnet,  albite,  hornblende,  and  chlorite. 

Fin.  2. — Crystal  of  epidote  from  An  Geania,  Mull. 

Epidote  occurs  invariably,  however,  in  more  or  less  abundance,  and  ranges  in 

colour  from  blackish-green,  which  is  rather  rare  at  this  locality,  through  various 

shades  of  yellowish-green  to  pale  pink  or  almost  colourless.  It  occurs  in  radiate 

groups  of  crystals  which  sometimes  show  the  combination  a(100),  c(001),  r(l01), 

6(010),  n(lll)  (fig.  2).  Besides  occurring  in  intimate  association  with  scolecite, 

epidote  is  also  found  in  cavities  where  that  mineral  is  absent.  For  example,  at  the 

north  end  of  An  Gearna,  on  the  west  slope  near  the  summit,  there  is  a  pale,  greenish- 
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gray  lava  the  vesicles  of  which  are  lined  with  a  beautiful  pink  epidote  on  the  top  of 

which  is  usually  a  layer  of  colourless,  botryoidal  prehnite.  The  epidote  occurs  in 

groups  of  divergent  crystals  which  are  sometimes  green  at  the  one  end  and  grade  off 

into  pink  at  the  other  ;  it  frequently  rests  upon  a  layer  of  albite. 

The  following  analysis,  made  by  Mr  Radley,  shows  this  variety  to  be  a  lime- 
epidote,  poor  in  iron,  and  owing  its  colour,  doubtless,  to  the  small  amount  of 

manganese  present : — 
Si02 

TiO, A1A 

Fe203 

FeO 

MnO 

(CoNi)O CaO 

MgO 
K20 
Na20 

Li20 

H20  at  105°  C. 
H20  above  105°  C. 

38-69 

•6405| 

•0015/ 

•12 

28-54 

•2793| 

•0435/ 
6-97 

•22 

•0030 

•29 

•0040 

nt.  fd. 23-78 

•4246 

•49 

•0121 

•03 

trace . . . 

trace 

•09 

•99 

•055 

Molecular  Ratios. 

•6420         6-00 

•3228 

•4437 

3-01 

4-05 

•055 
•514 

100-21 

The  above  analysis  gives  the  formula  Ca4Al6Si6025|H20,  in  which  the  alumina  is 

partly  replaced  by  ferric  iron  and  the  lime  by  ferrous  iron.  The  mineral  obviously 

belongs  to  the  somewhat  rare  series  of  epidotes  poor  in  ferric  iron  referred  to  by 

Dr  H.  H.  Thomas  in  his  description  *  of  an  epidote  from  Inverness-shire ;  it  is  also 
peculiar  in  having  only  half  the  normal  percentage  of  water.  Owing  to  the  fibrous 

and  poorly  crystallised  nature  of  the  material  an  accurate  determination  of  the 

optical  characters  was  impossible  ;  but,  by  means  of  a  solution  of  methylene  iodide 

and  benzene,  the  mean  refractive  index  was  found  to  be  1*720,  which  accords  well 
with  the  values  given  by  Dr  Thomas. 

Prehnite  is  a  fairly  common  mineral  in  the  vesicles,  and  occurs  in  the  usual 

botryoidal  form ;  sometimes  it  forms  a  dense  white  massive  layer  which  is  occasionally 

spotted  with  little  yellowish  or  reddish  masses  of  garnet.  Typically  it  occurs  in 

globular  growths  underlying  the  scolecite  and  seated  upon  epidote  or  albite.  It  is 

most  plentiful  at  the  locality  previously  noted  in  connection  with  the  pink  epidote. 

There,  the  geodes  found  in  the  screes  are  usually  dull  and  weathered  on  the  surface, 

but  when  broken  open  show  beautiful  rosettes  of  epidote  projecting  into  massive 

white  prehnite.     In  cavities  in  the  latter  mineral  there  occurs  occasionally  a  pale 

*  H.  H.  Tiioma.s,  "  On  an  Epidote  from  Inverness-shire,"  Minuralogical  Magazine,  vol.  xiv,  p.  109. 
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greenish  clay-like  substance  which,  when  crushed  and  examined  under  the  micro- 

scope, appears  to  consist  of  a  mixture  of  prehnite  and  yellowish-brown  isotropic 
chloritic  material. 

Garnet. — This  mineral  is  an  unusual  associate  of  zeolites,  but  on  An  Gearna  it 

is  of  fairly  frequent  occurrence.  Its  presence  has  already  been  noted  by  Professor 

Judd,*  who  mentions  it  as  occurring  with  epidote  in  the  volcanic  agglomerates  of 
the  Hebrides.  Mr  Currie,  in  the  paper  referred  to  above,  notes  its  absence  on  Maol 

nan  Damh,  but  there  can  be  no  doubt  that  Judd  in  his  description  had  in  mind  the 

locality  under  consideration,  although  the  rocks  in  which  I  have  detected  the  mineral 

show  none  of  the  characters  of  volcanic  agglomerates.  The  garnet  varies  in  colour 

from   pale  yellow,  or  colourless,  to  deep  brown,  a  beautiful  wine-yellow  tint  being 

Fig.  3. — Crystal  of  garnet  from  An  Gearna,  Mull. 

commonest.  It  occurs  usually  in  crystals — occasionally  *5  cm.  in  diameter — 
studding  the  scolecite  near  the  junction  of  that  mineral  with  the  underlying  layer  of 

epidote,  prehnite,  etc.,  although  sometimes  it  is  found  well  in  the  centre  of  the  zeolite. 

The  common  form  is  the  rhombic  dodecahedron  the  faces  of  which  are  usually 

curved  and  irregular,  but  the  form  shown  in  fig.  3  has  also  been  noted.  In 

crystals  of  this  shape  it  is  of  interest  that  the  icositetrahedral  faces  show  the  unusual 

type  of  striation,  parallel  to  the  intersection  of  the  icositetrahedron  and  the 

dodecahedron,  noted  by  Professor  Shand  f  in  his  description  of  the  garnets  from 

Corsie  Hill  Quarry. 

Besides  occurring  in  direct  association  with  scolecite,  garnet  has  also  been  found 

with  prehnite  and  albite,  forming  a  layer  between  the  two,  and,  rarely,  imbedded 

in  calcite.  Much  of  the  massive  white  prehnite  found  on  the  hill  is  spotted  with 

garnet,  and  it  is  noteworthy  that  whenever  the  latter  mineral  occurs  with  scolecite, 

prehnite  occurs  in  direct  association  with  the  two. 

*  J.  W.  Jodd,  "On  the  Secondary  Rocks  of  Scotland,"  Quart.  Journ.  Geol.  Soc,  vol.  xxx,  1874,  p.  241. 
t  S.  J.  Shand,  Proc.  Perth.  Soc.  Nat.  Sci,  1907,  vol.  iv,  p.  210. 
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The  following  analysis  was  made  by  Mr  Radley,  and  shows  the  mineral  to  be 

a  typical  lime-alumina  garnet : — 

Si02      . 
37-66 

Ti02     . 

•12 

A1A    . 
21-84 

Fe203    . 

4-07 

FeO      . 

•34 

MnO     . 

•53 

(CoNi)O 
.       nt.  fd. 

CaO      . 33-06 

MgO     . 

•45 

K20      . 

•75 

Na20     . 

1-17 

Li20     . .       nt.  fd. 

H20  at  105°  C. 
nt.  fd. 

H20  above  105°  C. 

•20 

Sp.  g.  =  3-61 

100-19 

at  7°  C. 

Albite  is  not  infrequently  found  in  the  vesicles  in  association  with  the  minerals 

already  described.  It  rarely  shows  crystal  form  and  occurs  usually  as  a  massive 

layer  of  variable  thickness  underlying  scolecite  or  prehnite.  When  scolecite  is 

present  the  layer  of  albite  is  separated  from  it  by  an  irregular  layer  of  epidote, 

whilst  when  prehnite  overlies  the  felspar  a  zone  of  garnet  occasionally  separates  the  two. 

Vesicles  also  occur  lined,  with  albite  upon  which  a  layer  of  green  epidote  is  seated, 

and  albite-filled  veins  are  of  frequent  occurrence  in  the  lavas.  The  layer  underlying 
the  albite  occasionally  presents  unusual  features.  In  a  few  specimens  it  consists  of 

white  massive  albite  speared  by  long  black  fibrous  crystals,  measuring  up  to  -5  cm. 
in  length  and  consisting  of  augite  which,  under  the  microscope,  has  the  purple  tint 

typical  of  the  Tertiary  basaltic  lavas.  These  crystals  occasionally  wander  into  the 

albite  of  the  vesicle  proper,  but  the  point  will  be  more  fully  discussed  when  the 

microscopic  characters  of  the  vesicle-minerals  come  under  consideration. 

When  crushed  and  examined  under  the  microscope  the  albite  is  easily  identified 

by  the  usual  twinning,  the  symmetrical  extinction  angles  on  twin-lamellae,  and  by 

its  mean  refractive  index,  which,  tested  in  oil,  is  approximately  l-534  ;  it  is  rarely 
clear  and  transparent,  being  usually  filled  with  inclusions. 

The  lavas  underlying  the  vesicular  zone  under  consideration  are  much  more 

compact  and  are  characterised  by  much  smaller  amygdales  which  are  filled  with 

dense  white  or  pink  massive  albite  associated  with  epidote. 

Calcite. — From  the  mineral  association  so  far  described,  one  might  have  expected 
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calcite  to  be  of  frequent  occurrence  in  the  amygdales,  but,  as  a  matter  of  fact,  it  is 

rare  and  has  been  noted  on  few  specimens.  On  one  of  these  it  occurs  in  a  fairly  large 

hollow  in  scolecite  as  a  white,  crystalline,  much-cleaved  mass,  studded  with  yellow 
garnets.  It  lies  near  the  walls  of  the  vesicle  and  is  separated  from  the  scolecite 

by  a  space  partially  filled  with  yellow  epidote.  The  surface  of  the  scolecite  adjoining 

this  space  is  flat  and  shows  the  characters  possessed  by  the  walls  of  the  rectilinear 

cracks  already  described  as  occurring  in  this  mineral.  Support  is  thus  lent  to  the 

view  that  these  cracks  were  once  occupied  by  calcite,  which  has  since  been  removed. 

Chabazite  and  Thomsonite. — In  addition  to  scolecite  these  are  the  only  other 
zeolites  which  have  been  noted  on  An  Gearna,  and  they  are  extremely  rare.  The  former 

mineral  has  been  found  on  only  one  specimen,  where  it  occurs  as  simple  rhombohedra 

lining  a  cavity  in  white,  massive  prehnite  spotted  with  reddish-brown  garnet ;  albite 

and  epidote  are  also  present.  Thomsonite  has  been  noted  in  sheaf-like  growths 
intimately  associated  with  prehnite,  albite,  and  scolecite.  It  has  also  been  found 

on  the  north-east  slope  of  Beinn  Fhada  associated  with  albite  and  prehnite,  and  with 
like  associates  on  Coire  Bheinn. 

Hornblende  can  be  observed  occasionally  in  hand-specimen  as  tufts  or  aggregates 

of  acicular  crystals  always  near  the  walls  of  the  vesicle.  It  spears  the  scolecite  and 

is  intimately  associated  with  epidote.  As  will  be  shown  later,  it  is  a  common 

microscopic  mineral  in  the  amygdales. 

The  Minerals  of  Maol  nan  Damh. 

To  appreciate  correctly  the  significance  of  the  most  unusual  mineral  association 

described  above,  it  .is  necessary  to  study  the  occurrences  on  the  neighbouring  hills. 

In  the  paper  already  quoted,  Mr  Currie  records  the  presence  of  scolecite,  epidote, 

calcite,  celadonite,  heulandite,  and,  much  more  rarely,  stilbite,  and  prehnite  from  the 

upper  lavas  of  the  south-western  side  of  Maol  nan  Damh,  a  spur  of  Ben  More  running 

in  a  south-westerly  direction  towards  Loch  Scridain  (see  fig.  1).  He  very  kindly 

presented  specimens  to  the  Royal  Scottish  Museum,  and  from  an  examination  of 
them  I  came  to  the  conclusion  that  what  had  been  determined  as  heulandite  was 

in  reality  albite.  In  the  course  of  correspondence  with  me  Mr  Currie  very  frankly 

stated  that  he,  too,  was  now  of  the  same  opinion,  and  from  an  examination  of 

specimens  collected  by  Mr  E.  M.  x4nderson  and  myself  there  can  be  no  doubt  that 

albite  is  of  very  frequent  occurrence  in  the  vesicular  lavas  at  this  locality. 

The  zeolite-filled  cavities  are  if  anything  larger  and  more  abundant  than  those 

of  An  Gearna,  and  it  is  clear  that  here  we  are  dealing  with  a  similar  set  of  rocks. 

Scolecite,  as  described  by  Mr  Currie,  is  by  far  the  most  abundant  mineral,  and 

associated  with  it  are  epidote,  chlorite,  albite,  calcite,  and,  more  rarely,  prehnite. 

Heulandite  and  stilbite  are  exceedingly  rare  and  have  been  noted  on  only  one 

specimen,  where  they  fill  up  the  spaces  between  a  crystalline  aggregate  of  quartz, 

albite,    and    epidote,    whilst    chabazite   has   been    noted   in    a  vesicle   filled   with   an 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  I  (NO.  1).  2 
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aggregate  of  scolccite  and  prehnite.  Cubes  of  pyrites  have  also  been  observed 

enclosed  in  massive  prclmitc. 

One  specimen  of  special  interest  shows  a  hollow  vesicle  lined  with,  apparently, 

dull,  opaque  icositetrahedra  of  analcite  upon  which  are  seated  crystals  of  pale 

green  epidote ;  the  icositetrahedra  when  crushed  and  examined  under  the  microscope 

are  seen  to  consist  of  albite  which  has  replaced  the  zeolite. 

The  typical  vesicles  filled  with  fibrous  scolecite  sometimes  reach  a  phenomenal 

size,  the  largest  one  found  measuring  15  cm.  along  its  greatest  length.  They  are 

usually  closely  packed  with  scolecite,  terminated  crystals  of  which  are  exceedingly 

rare:  a  few  have  been  found,  however,  showing  the  combination  b(010),  ?n(ll0), 

cZ(101),  o(lll).  In  the  simplest  cases  the  scolecite  is  seated  upon  a  layer  of  chlorite, 

but  such  specimens  are  rather  exceptional.  A  more  common  association  is  (beginning 

from  the  wall  of  the  amygdale)  chlorite  with  deep  green  epidote,  then  a  layer  of 

crystalline  albite,  white  or  pale  pink  in  colour,  and  of  variable  thickness,  and,  lastly, 

scolecite  which  fills  the  vesicle  ;  a  layer  of  prehnite  sometimes  intervenes  between 

the  scolecite  and  albite.  Calcite  occurs  fairly  frequently  in  crystalline,  much-cleaved 

masses  enclosed  in  the  scolecite  near  the  junction  with  the  underlying  minerals. 

Epidote  is  exceedingly  abundant.  When  it  occurs  with  scolecite  it  is  always 
found  near  the  walls  of  the  vesicle  in  intimate  association  with  chlorite.  It  forms 

groups  of  dark  green  radiating  crystals  which  sometimes  spear  the  scolecite  and  are 

occasionally  completely  enclosed  by  it.  In  a  second  type  of  vesicle,  where  scolecite 

is  absent,  it  occurs  in  groups  of  divergent  crystals  seated  upon  albite,  whilst  in  a 

third  type  the  amygdale  is  packed  with  massive  chlorite,  in  the  centre  of  which  is  a 

kernel  of  fibrous  epidote. 

Chlorite  is  universally  present  in  the  cavities  and  shows  various  interesting 

features,  some  of  which  have  an  important  bearing  on  the  question  of  the  date  of 

formation  of  the  vesicle-minerals.  It  was  obviously  one  of  the  first  to  be  deposited, 

and  forms  a  dark  green,  compact,  and  massive  layer  lining  the  walls  of  the  amygdale. 

This  layer  varies  considerably  in  thickness :  in  some  cases,  especially  when  the 

vesicle  is  small,  it  fills  the  cavity  ;  in  others  it  forms  a  thin  and  patchy  priming  for 

the  overlying  minerals,  which  may  be  scolecite,  albite.  epidote,  or  prehnite.  In  many 

cases  the  chlorite  is  quite  homogeneous,  but  it  often  contains  crystals  and  grains 

of  deep  green  epidote,  whilst  in  a  few  specimens  acicular  crystals  of  black  augite, 

measuring  up  to  -4  cm.  in  length,  can  be  detected.  These  crystals  occur  usually 
at  or  near  the  junction  of  the  chlorite  with  the  rock,  but  occasionally  they  are  found 

well  within  the  chlorite  layer  and  even  wandering  into  the  overlying  epidote, 

albite,  and  prehnite.  Sometimes  they  are  arranged  radially  to  the  walls  of  the 

vesicle  to  which  they  are  often  attached,  but  in  many  instances  they  lie  tangentially 

to  the  boundary  and  have  no  visible  point  of  attachment  to  the  rock.  On  one 

specimen  the  layer  of  chlorite  and  augite  can  be  seen  to  connect  with  a  vein  packed 

with   similar  material   which   pierces  the  lava.     The  crystals  of  augite  in  the  centre 



FKOM  THE  TERTIARY  LAVAS  AROUND  BEN  MORE,  MULL.         11 

of  the  vein  are  arranged  roughly  parallel  to  the  walls.  A  few  cavities  have  been 

found  in  which  prehnite  is  specially  abundant.  The  underlying  layer  consists 

of  chlorite  speared  with  acicular  augite  with  which  albite  is  intimately  associated  ; 

in  such  cases  the  augite  is  occasionally  found  enclosed  in  the  immediately 

overlying  prehnite. 

Owing  to  the  dark  colour  of  the  chlorite  and  the  frequent  occurrence  of  fibrous 

epidote,  it  is  difficult  to  detect  these  acicular  augites  in  hand-specimen.  They  are 
best  seen  on  the  weathered  surface  of  the  chlorite,  which  is  pale,  and  they  can  be 

readily  identified  by  an  examination  of  a  little  crushed  material  under  the  microscope, 

when  the  purple  colour,  cleavage,  and  positive  optical  sign  distinguish  the  mineral 

at  once  from  epidote.  They  are  a  prominent  feature  in  sections  cut  through  the 

junction  of  the  rock  with  the  vesicle,  and  their  significance  will  be  discussed  when 
the  origin  of  the  zeolites  comes  to  be  considered. 

In  addition  to  vesicles,  the  lavas  also  carry  veins  filled  with  albite  in  which 

are,  occasionally,  clear  crystals  of  quartz  and  rhombohedra  of  chabazite.  Veins 

filled  with  albite,  solecite,  and  prehnite  also  occur,  and  there  are  other  minerals 

which  can  only  be  detected  under  the  microscope,  and  which  will  be  described  later. 

Meanwhile  it  is  interesting  to  compare  the  differences,  obvious  in  hand-specimen, 
between  the  minerals  of  Maol  nan  Damh  and  those  from  An  Gearna.  First,  we  may 

note  that  the  dark  green  chloritic  layer  underlying  the  zeolites  is  much  sharper  and 

better  developed  on  Maol  nan  Damh  than  on  An  Gearna,  where  its  place  is  usually 

taken  by  a  confused  zone  of  yellow  epidote  with  which  tufts  of  green  hornblende 
are  sometimes  associated.  The  second  notable  difference  lies  in  the  colour  of  the 

epidote  predominant  at  the  two  localities.  At  Maol  nan  Damh  it  is  typically  of 

a  deep,  bottle-green  shade,  whilst  at  An  Gearna  it  is  usually  pale  yellow,  brown, 

or  pink ;  the  last  variety  has  not  been  found  at  Maol  nan  Damh.  A  third  difference 

lies  in  the  abundance  of  garnet  on  An  Gearna  and  its  absence  or  extreme  rarity  at 

Maol  nan  Damh.  On  one  or  two  specimens  collected  by  myself  I  have  noted  very 

small  crystals  in  microscopic  section,  whilst  on  another  collected  by  Mr  Anderson 

it  is  visible  to  the  unaided  eye ;  Mr  Currie  notes  its  absence  in  the  material 

collected  by  him. 

It  is  clear,  therefore,  that  on  An  Gearna  we  are  dealing  with  the  somewhat 

metamorphosed  representatives  of  the  vesicle-minerals  of  Maol  nan  Damh,  and  it 

is  interesting  to  trace  this  well-defined  zone  towards  the  large  intrusive  mass  of 

granophyre  which  forms  the  centre  of  Beinn  Fhada,  a  ridge  running  parallel  to 
An  Gearna  at  a  distance  to  the  north-west  of  about  a  mile. 

The  Minerals  op  Beinn  Fhada. 

On  this  hill,  the  cavities  are  neither  so  plentiful  nor  so  large  as  those  obtained 

at  the  localities   previously  described,  but  good  specimens  can  be  obtained  from  the 
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selves  at  the  north-western  extremity  of  the  ridge  at  heights  of  1200-1500  feet. 
There  the  vesicles  are  filled  with  scolecite  underlain  by  a  layer  of  pale  green  or 

yellow  epidote  intimately  associated  with  garnet,  prehnite,  and,  frequently,  albite. 

The  boundary  of  this  layer  with  the  zeolite  is  highly  irregular,  and  every  now  and 

then  it  sends  oft"  growths  into  the  scolecite,  tufted  aggregates  of  which  can  often 
be  seen  enclosed  in  the  prehnite  and  epidote.  On  some  of  the  specimens  there  is 

a  white  massive  mineral  which  occasionally  merges  into  opaque,  white  tufts  of 

zeolite.  When  examined  under  the  microscope  the  massive  mineral  proves  to  be 

prehnite,  which  is  clearly  replacing  the  scolecite  originally  in  the  vesicle.  Beautiful 

specimens  also  occur  in  which  the  scolecite  is  sprinkled  with  groups  of  crystals  of 

epidote  and  garnet,  pale  pink,  yellow,  or  even  red  in  colour. 

A  peculiar  vesicular,  pale  gray  lava  has  also  been  noted  in  which  the  vesicles 

present  rather  unusual  features.  They  are  lined  with  a  thin  layer  of  black  chlorite, 

which  is  succeeded  by  epidote  or  stilbite,  sometimes  well  crystallised,  or  by  a  massive 

aggregate  of  the  two  in  which  the  epidote  occurs  as  grains  and  crystals  enclosed  in 

the  zeolite.  When  the  stilbite  is  absent  the  epidote  is  abundant,  and  vice  versa. 

Some  of  the  vesicles,  again,  are  lined  with  dull  brown  botryoidal  material  which, 

on  examination,  proves  to  be  epidote  coated  with  prehnite.  A  study  of  the  vesicles 

in  this  rock  strongly  suggests  that  some  of  the  epidote  at  least  has  been  developed 

at  the  expense  of  the  lime-bearing  zeolite. 

Thomsonite  is  occasionally  found  on  this  part  of  the  hill.  It  is  underlain  by  the 

usual  zone  of  epidote  and  prehnite,  spotted  and  veined,  however,  with  albite. 

Along  the  north-east  slope  of  the  hill  the  zeolites  and,  indeed,  amygdales  get 
much  rarer  as  the  junction  of  the  granophyre  with  the  lavas  is  approached,  and, 

when  found,  they  show  unmistakable  signs  of  having  been  baked  and  altered.  At 

a  point  almost  S.S. W.  of  the  summit  of  Beinn  a'  Ghraig  prehnite  is  of  common 
occurrence  in  the  vesicles  and,  occasionally,  white  fibrous  masses  are  found  which 

look  like  scolecite,  but,  on  examination,  prove  to  be  prehnite,  which  is  replacing  it. 

On  one  or  two  specimens  cleaved  masses  of  white  calcite  occupy  hollows  in  massive 

white  prehnite,  and  at  the  junction  of  the  two  minerals  there  are  exceedingly  minute 

crystals  of  white,  perfectly  colourless  garnet. 

Still  nearer  the  granophyre  the  original  character  of  the  amygdales  is  completely 

changed  ;  the  j miction  with  the  walls  loses  its  sharpness,  and  the  material  filling  the 

cavities  seems  to  merge  into  the  surrounding  rock.  Prehnite  veined  and  riddled 

with  a  pale  yellow  epidote  and  garnet,  pale  yellow  to  almost  black  in  colour,  is  very 

common,  whilst  in  other  cases  the  vesicle  is  filled  with  a  pale  pink  massive  material 
which  consists  largely  of  a  mixture  of  garnet  and  epidote. 

■It  is  thus  clear  from  the  field  evidence  that,  the  zeolites  were  formed  before  the 

intrusion  of  the  granophyre  and  have  been  metamorphosed  by  it.  Microscopic  exami- 

nation of  a  scries  of  sections  through  the  amygdales  confirms  this  conclusion  and 

n  veals  a  number  of  interesting  contact  materials  not  visible  in  hand-specimen.     But, 
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to  understand  correctly  the  course  of  the  metamorphism,  it  is  necessary  to  find  out 

what  were  the  original  minerals  in  the  vesicles,  and,  if  possible,  the  date  of  their 

formation.  Interesting  light  is  thrown  on  these  questions  by  a  study  of  tbe  micro- 

scopic characters  of  the  amygdales  of  Maol  nan  Damh,  which  also  shows  the  relation- 

ships of  the  minerals  to  each  other  and  to  the  lava  in  which  they  occur. 

The  Origin  and  Relationships  of  the  Vesicle-Minerals. 

I.  Introduction. 

The  question  of  the  origin  of  the  zeolites  so  frequently  found  filling  the  vesicles 

of  lavas  is  one  which  has  excited  very  great  diversity  of  opinion.  In  modern  works 

of  reference  on  mineralogy  they  are  usually  classed  as  secondary  minerals  which  owe 

their  origin  to  the  decomposition  of  the  minerals  of  the  lava  at  a  date  subsequent  to 

its  consolidation.*  This  view  was  strongly  supported  by  the  late  Mr  J.  G.  Goodchild, 
who  expressed  the  opinion  f  that  they  were  formed  by  the  action  of  percolating 

surface  waters  upon  the  original  minerals  of  the  rock.  He  seems  to  have  had  doubts, 

however,  about  this  explanation  holding  good  for  the  occurrences  under  description, 

for  he  refers  specially  to  the  association  in  the  centre  of  Mull  as  owing  its  origin 

perhaps  to  solfataric  action.!  In  this  he  no  doubt  was  following  Professor  Judd,  who 

expresses  that  view  in  the  memoir  already  cited. 

Dr  A.  Harker,  in  his  description  of  the  Tertiary  igneous  rocks  of  Skye,  regards 

the  zeolites  as  the  products  of  the  final  phase  of  consolidation  of  the  lavas,§  and  states 

that  the  subsequent  changes  produced  by  the  action  of  percolating  meteoric    waters 

are    of    a   different   order    and    readily  distinguishable   from    the    process    of  zeolite- 
formation.      This  view  has   been   strongly   advocated  by  Mr   James  Strachan,  ||  who 

considers  that  zeolites,   agates,  green  earths,  etc.,  were  formed  during  the  last  period 

of  cooling   of    the    lavas   in    which   they   occur.       Similar   explanations   for   certain 

occurrences  of  zeolites  have  been  offered  by  Blumrich*[I    and  Pelikan,**  whilst  Dr 
J.  S.  FLETT,ff  in  his  account  of  the  teschenites  of  the  Edinburgh  district,  states  that 

some  of  the  analcite  in  these  rocks  may  be  primary. 

Directly  bearing  upon  the  question  of  the  origin  of  zeolites  are  the  occurrences 

in  the  syenite  pegmatite  veins  of  the  Norwegian  syenites  ascribed  by  Brogger  XX  to 

*  Of.  Hintze,  Handbuch  der  Mineralogie,  vol.  ii,  p.  1658. 

t  J.  G.  Goodchild,  "On  the  Genesis  of  Some  Scottish  Minerals,"  Proc.  Roy.  Phys.  Soc.  Edin.,  1899,  vol.  xiv,  p.  190. 
\  hoc.  cit.,  p.  211. 

§  A.  Harker,  Mem.  Geol.  Surv.,  "The  Tertiary  Igneous  Rocks  of  Skye,"  1904,  p.  45. 

||  James  Strachan,  "  The  Carnmoney  Chalcedony,  its  Occurrence  and  Origin  (with  a  General  Note  on  the 
Formation  of  Secondary  Siliceous  Minerals  in  Volcanic  Lavas),"  Proc.  Belfast  Nat.  Field  Club,  1906,  vol,  ii,  appendices 
vii  and  viii,  p.  336. 

IT  J.  Blumrich,  Tschermak's  Min.  Pet.  Mittheil,  1892,  vol.  xiii,  p.  482. 
**  A.  Pelikan,  ibid.,  1906,  vol.  xxv,  p.  113,  and  Sitz-Ber.  Wiener  Akad.,  1901,  iii,  p.  341. 

tt  Mem,  Geol,  Surv.,  "The  Neighbourhood  of  Edinburgh,"  1910,  p.  296. 

XI  "W.  C.  Brugger,  Zeitschrift  fiir  Krist.  u.  Min.,  1890,  vol.  xvi,  p.  168. 
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the  taction  of  magmatic  solutions.  C.  N.  Fenner*  has  given  fall  descriptions  of  the 
mode  of  occurrence  of  zeolites  and  other  minerals  in  the  Watchung  basalt,  New 

Jersey.  He  shows  how  the  minerals  were  deposited  in  a  definite  order  from  aqueous 

solutions  and  how  the  earlier  anhydrous  and  slightly  hydrous  ones  are  succeeded  and 

replaced  by  the  later-formed,  more  hydrous  compounds.  He  considers  that  the 
zeolites  and  their  associates  were  deposited  during  the  cooling  of  the  basalt,  but,  from 

various  facts  connected  with  the  occurrence,  concludes  that  the  water  which  caused 

the  change  was  derived  largely  from  the  underlying  sediments. f 

II.    Petrography  of  the  Vesicles. 

Confining  ourselves  for  the  present  to  the  well-defined  scolecite-bearing  zone  on 
Maol  nan  Damh,  we  find  that,  under  the  microscope,  the  rock  proves  to  be  a  typical 

olivine  basalt.  Fresh  olivine  is  absent,  but  chloritic  pseudomorphs  after  it  can  be 

detected.  The  augite  occurs  in  somewhat  large  sub-ophitic  plates  and  is  of  the 
purple  colour  so  common  amongst  the  Tertiary  basalts  ;  it  is  frequently  altered  to 

chlorite,  but  much  of  it  is  quite  fresh.  The  felspar,  which  occurs  in  small  laths 

piercing  the  augite,  contains  veins  and  inclusions  of  chlorite  and  has  been  albitised. 

Owing  to  the  abundance  of  inclusions  it  is  often  difficult  to  apply  the  Becke  test  to 

the  laths ;  but  whenever  a  determination  could  be  made  the  refractive  index  was 

found  to  be  below  that  of  balsam,  and  the  mineral  appears  in  most  cases  to  be  albite 

or,  at  least,  a  very  acid  plagioclase.  In  the  coarser  portions  of  the  basalt  the 

albitisation  is  very  pronounced,  and  sometimes — presumably  when  the  original  felspar 

was  highly  basic — crystals  are  now  represented  merely  by  a  chlorite  pseudomorph 
with  or  without  an  albite  rim.  This  point  has  been  observed  in  some  of  the  rocks 

from  Devonshire.!  The  peculiarity  of  albitisation  is  of  general  occurrence  in  the 

rocks  around  the  plutonic  centre  in  Mull,  and,  as  epidote  is  also  characteristically 

present,  an  interdependence  of  the  two  phenomena  is  suggested. 

In  addition  to  the  above-mentioned  minerals,  black  oxide  of  iron  is  also  present 

in  fair  quantity  in  the  basalt. 

Sections  cut  through  the  junction  of  the  rock  with  the  amygdales  show  interesting 

features  which  not  only  reveal  the  order  of  events  during  the  deposition  of  the 

vesicle-minerals,  but  also  suggest  that  they  were  deposited  during  the  cooling  of 
the  lava  itself.  The  identification  of  the  minerals  is  a  comparatively  simple  matter, 

and,  owing  to  the  abundant  development  of  the  various  species  on  the  specimens 

selected,  the  determinations  can  usually  be  checked  by  an  examination  of  the 

various   powders   in  oils    of  suitable   refractive    index.      In    general    the    zeolites   are 

*  C.  N.  Fenner,  "  The  Watchung  Basalt  aud  the  Paragenesis  of  its  Zeolites  and  Other  Secondary  Minerals," 
Awn.  N.Y.  Acad.  Sci.,  1910,  vol.  xx,  pp.  93-187. 

+  hoc.  cit.,  p.  106. 

I  K.  Bisz,  Neues  Jahrbuch fur  Mincraloyic,  1896,  vol.  i,  p.  59  ;  J.  S.  Flett,  Mem.  Geol.  Surv.,  "The  Geology  of 
Newton  Abbot,"  1913,  p.  60. 
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difficult  to  determine  under  the  microscope,  as  in  many  cases  they  possess  low 

refractive  indices,  weak  double  refraction,  and  anomalous  optical  characters  which 

often  make  it  impossible  accurately  to  determine  individual  members  by  examination 

of  thin  sections  alone.  In  the  present  case,  however,  the  number  of  zeolites  is 

limited  and  the  individual  species  can  be  readily  identified. 

Scolecite  occurs  in  long  fibrous  crystals  (refractive  index,  l-5)  which  are  weakly 
birefringent,  extinguish  obliquely,  and  have  the  zone  of  elongation  negative.  Trans- 

verse sections  across  the  fibres  have  very  low  birefringence,  and  in  many  cases  show 

the  emergence  of  an  acute,  negative  bisectrix  with  a  low  axial  angle.  These  char- 
acters distinguish  it  at  once  from  thomsonite  (and  natrolite),  which  shows  much 

stronger  birefringence,  straight  extinction,  and  the  emergence  of  an  acute,  positive 

bisectrix  perpendicular  to  the  direction  of  elongation.  The  axial  angle  is  large ;  and 

the  optic  axial  plane  is  perpendicular  to  the  zone  of  elongation,  which  is  consequently 

sometimes  positive  and  sometimes  negative :  in  the  former  case  the  section  shows 

low  birefringence  and  is  perpendicular  to  the  acute  bisectrix.  The  only  other  zeolite 

observed  in  the  slides  is  heulandite,  and  it  is  of  rare  occurrence.  It  shows  good 

cleavage  and  can  be  always  determined  by  the  fact  that  cleavage  flakes  show  the 

emergence  of  a  positive,  acute  bisectrix. 

The  prehnite  is  characterised  by  good  cleavage,  high  refraction  and  birefringence, 

straight  extinction  and  positive  optical  character.  It  occurs  in  large,  compact, 

colourless  plates  and  spherules  which  usually  show  wavy  extinction  under  crossed 

nicols.  They  are  often  built  up  of  sectors  which  radiate  from  a  point  in  the  plate, 

and,  on  being  rotated  under  crossed  nicols,  the  section  shows  two  dark  hyperbolae 

which  close  up  and  open  out  in  directions  at  right  angles  to  each  other.  Idiomorphic 

crystals  with  uniform  extinction  have  not  been  found,  but  areas  large  enough  to 

show  the  characteristic  optical  characters  are  quite  common. 

The  determination  of  the  epidote  and  the  albite  offers  no  special  difficulty, 

as  they  are  quite  typical.  The  albite,  however,  is  sometimes  so  turbid  that  it  is 

difficult  to  identify  it,  and  in  such  cases  the  mineral  was  always  separated  from 

the  hand-specimen,  powdered,  and  examined  in  oil  of  refractive  index  1*534  under 
the  microscope.  No  attempt  was  made  to  identify  the  different  kinds  of  chlorite 

present.  The  mineral  varies  in  colour  from  pale  yellowish-green  to  deep  green, 
the  latter  variety  being  distinctly  pleochroic.  It  occurs  usually  in  small,  vermicular 

growths,  but  is  also  found  in  fibrous  and  platy  forms. 

With  the  help  of  the  sections  it* is  possible  roughly  to  divide  the  vesicles  into 
two  main  types  : — 

(a)  Those  vesicles  whose  junctions  with  the  rock  are  sharp,  and  which 

do  not  contain  any  of  the  igneous  minerals  of  the  rock. 

(b)  Those  vesicles  whose  junctions  are  not  so  sharp,  and  which  contain, 

especially  in  their  outermost  zones,  igneous  minerals  similar  to  those  found 
in  the  rock. 
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(a)  This  type  of  vesicle  tends  to  be  common  in  the  more  finely  grained  portions  of 

the  lava,  and,  with  exceptions,  the  larger  specimens  conform  to  it.  In  the  simplest 

cases  the  amygdale  is  lined  with  a  layer  of  chlorite  containing  an  occasional  lath 

of  albite  and  succeeded  by  scolecite  which  is  crowded  by  inclusions  of  chlorite 

for  some  distance  from  its  highly  irregular  junction  with  that  mineral  [73]. # 
In  the  more  complex  types  spherules  of  prehnite  enclosing  chlorite  and, 

occasionally,  minute  greenish  fibres,  which  may  be  augite,  occur  sporadically  on 

the  walls  of  the  amygdale.  They  are  succeeded  by  a  zone  of  chlorite,  enclosing 

crystals  of  turbid  albite  and  an  occasional  irregular  grain  of  yellow  epidote,  and  this, 

in  turn,  gives  way  to  a  layer  of  cloudy  albite  ;  the  rest  of  the  amygdale  is  packed 

with  scolecite  into  which  some  of  the  albite  occasionally  wanders  [74]. 

The  spherules  of  prehnite  are  roughly  hemispherical  in  shape,  and  under  crossed 

nicols  the  black  bar  travels  round  the  section  when  it  is  rotated.  Not  infrequently 

the  extinction  direction  is  continued  into  the  rock  so  as  roughly  to  complete  the 

circle,  and  close  examination  shows  that  the  albite  laths  of  the  rock  in  the 

complementary  hemispherical  area  are  replaced  by  prehnite  which  is  optically 

continuous  with  the  prehnite  of  the  amygdale.  Under  high  powers  minute  crystals 

of  purple  augite  can  be  seen  projecting  into  the  spherules  of  the  vesicles  and  converted 

at  their  tips  to  a  green  mineral  which  may  be  pyroxene  or  amphibole.  The  replace- 
ment of  albite  by  prehnite  is  also  shown  by  the  fact  that  occasionally  the  spherules 

contain  small  rectangular  turbid  areas  exactly  similar  in  appearance  to  the  albite 

laths,  but  which  now  consist  of  prehnite  [113]. 

The  same  relationship  of  scolecite  to  albite  is  also  exhibited.  The  junction 

between  the  two  minerals  is  highly  irregular,  and  the  scolecite  frequently  contains 

corroded  crystals  of  albite  which  it  is  clearly  replacing.  The  further  the.  albite 

is  removed  from  the  junction  the  more  it  is  corroded,  until  finally  it  is  entirely 

replaced  by  scolecite,  the  only  trace  left  of  it  being  a  turbid  patch  corresponding 

in  outline  to  the  original  lath. 

When  epidote  occurs  it  is  always  greenish-yellow  in  colour  and  shows  the  usual 
pleochroism.  It  is  found  chiefly  in  the  outer  zone  of  the  amygdale,  and  is  frequently 

studded  with  inclusions  of  chlorite.  Occasionally  it  encloses  sharp,  idiomorphic 

crystals  of  albite  somewhat  clearer  than  usual  [71],  and  its  junctions  with  that 

mineral  are  often  quite  sharp  and  well  defined,  although  sometimes  the  albite 

exhibits  outlines  suggestive  of  corrosion  [63]. 

The  relationships  of  prehnite  and  scolecite  to  epidote  offer  some  interesting 

features.  In  the  case  of  prehnite  one  finds  that  the  junctions  between  it  and  the 

epidote  are  not  infrequently  sharp,  but  often  there  are  traces  of  corrosion  of  the 

epidote  crystal.  Particularly  is  this  the  case  when  the  epidote  is  enclosed  in 

the  centre  of  the  prehnite  spherules,  where  it  often  occurs  as  a  patch  showing  irregular 

and    corroded  junctions  with   numerous  minute  fibres  projecting  into  the    prehnite. 

*  The  numbers  refer  to  a  collection  of  slides  in  the  Royal  Scottish  Museum. 
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When  the  epidote  is  bounded  by  scolecite,  this  peculiarity  is  even  better  shown. 

Large  crystals  of  epidote  end  against  the  zeolite  in  a  series  of  fibrous  tufts,  whilst 

the  outline  of  the  crystal  is  frequently  interrupted  by  little  rectangular  patches 

filled  with  clear  scolecite ;  occasionally  a  large  crystal  has  been  dissected  into 

a  number  of  separate  fragments  which  extinguish  simultaneously  under  crossed 

nicols  [113]. 

The  junction  of  the  prehnite  with  the  scolecite  is  never  a  sharp  one.  The 

spherules  of  prehnite  are  separated  from  the  zeolite  by  a  band  of  fibrous,  crystalline 

prehnite,  which  terminates  against  the  scolecite  in  a  highly  irregular  manner. 

Irregular  patches  of  prehnite  are  also  found  well  within  the  scolecite  layer. 

The  minerals  in  these  vesicles  were  thus  deposited  in  the  following  order : — 

(1)  albite,  (2)  chlorite,  (3)  epidote,  (4)  prehnite,  (5)  scolecite,  and  there  is  distinct 
evidence  that  with  changing;  conditions  some  of  the  material  formed  in  the  first 

stages  has  been  partly  replaced  by  later- formed  minerals. 
A  marked  feature  in  some  of  the  slides  is  that  the  rock  for  some  distance  around 

the  vesicle  is  very  much  altered  and  shows  a  large  development  of  chlorite  and 

black  oxide  of  iron.  This  altered  zone  is  sometimes  vesicular,  the  vesicles  being 

filled  with  epidote  or  chlorite,  or  a  mixture  of  the  two  [67],  and  it  grades  off  into 
the  normal  basalt. 

(6)  This  type  of  vesicle  is  best  developed  in  the  coarser  basalt,  and  is  usually 

characterised  by  a  considerable  amount  of  prehnite,  although  there  is  a  good  deal 

of  variety  in  the  way  in  which  the  minerals  occur.  In  the  simplest  cases  small 

cavities  are  filled  with  prehnite,  which  encloses  prismatic  crystals  of  purple  augite, 

fresh  and  unweathered  and  similar  in  all  respects,  except  habit,  to  the  ophitic  augite 

of  the  surrounding  rock.  Frequently  they  are  clearly  attached  to  the  walls  of  the 

amygdale,  but  occasionally  they  are  surrounded  on  all  sides-  by  prehnite  and  occur 

well  in  the  centre  of  the  vesicle.  The  mode  of  occurrence  of  these  crystals  and  their 

difference  in  habit  from  the  augite  of  the  rock  show  clearly  that  the  vesicles  were 

the  seat  of  igneous  crystallisation  after  they  had  been  formed  [107]. 

Some  of  the  larger  vesicles  show  similar  crystals  round  their  junctions  with  the 

rock.  When  chlorite  forms  the  first  zone  of  the  amygdale,  the  long  prismatic  augites 

project  into  it  and  are  sometimes  completely  surrounded  by  it.  Their  boundaries  are 

clear  and  sharp,  although  occasionally  there  is  evidence  of  corrosion  and  alteration 

to  hornblende  and  chlorite ;  but,  generally,  their  fresh  and  unaltered  condition 

contrasts  rather  forcibly  with  the  decomposed  state  of  much  of  the  augite  of  the 

rock.  The  chlorite,  which  sometimes  forms  a  layer  of  considerable  thickness,  may 

be  succeeded  by  a  confused,  zone  of  chlorite,  albite,  and  yellowish-green  epidote  with 

a  few  patches  of  muddy  scolecite.  Upon  this  is  seated  a  layer  of  turbid  albite,  and 

scolecite  fills  the  central  portion  of  the  vesicle.  Prehnite  may  be  present  as  small 

spherules  occurring  here  and  there  around  the  walls ;  it  usually  contains  a  fair 

amount  of  chlorite,  and  is  frequently  pierced  by  the  large  crystals  of  augite  [65]. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  I  (NO.  1).  3 
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In  another  type  of  vesicle  the  wall  is  lined  with  a  more  or  less  well-developed 

layer  consisting  of  large  acicular  purple  augites  with  idiomorphic  laths  of  albite 

which  sometimes  pierce  the  augite.  This  layer  may  be  succeeded  immediately  by 

scolecitc  intermingled  with  chlorite,  which  grades  into  a  well-defined  zone  of  chlorite 

upon  which  is  seated  scolecite,  enclosing  crystals  of  ycllowisb-green  epidote.  The 

purple  augite  usually  projects  from  the  augite-albite  layer,  but  occasionally  crystals 
are  found  surrounded  by  scolecite  and  at  some  distance  from  the  walls  of  the  vesicle ; 

a  large  projecting  crystal  has  been  noted  in  which  a  transverse  fracture  has  been 

filled  with  scolecite.  This  augite  is  often  quite  fresh  and  unaltered,  but  sometimes 

it  has  been  partially  converted  to  green  fibrous  hornblende  or  yellow  epidote  similar 

to  that  found  in  the  amygdales ;  crystals  have  been  noted  of  which  the  one  half  is 

purple  augite,  and  the  other,  yellow  epidote.  The  laths  of  albite  are  full  of  inclusions, 

and  they,  too,  wander  into  the  overlying  scolecite  [70]. 

The  augite-albite  layer  is  usually  thin  and  patchy,  but  specimens  occur  in  which 
it  reaches  a  thickness  of  1  cm.  When  it  is  well  developed,  chlorite  is  abundant  in  it 

and  fills  up  the  spaces  between  the  large  augite  crystals  which  it  frequently  encloses. 

Sections  across  this  layer  show  it  to  consist  of  crystals  of  purple  augite,  long  skeletal 

crystals  of  magnetite,  with  albite,  chlorite,  and  apatite.  The  augite  is  idiomorphic 

and  has  sharp  junctions  with  the  chlorite,  although  here  and  there  it  shows  signs  of 

corrosion  and  marginal  alteration  to  chlorite  and  hornblende.  When  the  lono- 

prismatic  crystals  are  attached  to  the  walls  they  project  radially  into  the  vesicle,  but 

when  they  occur  well  within  the  layer  they  lie  often  with  their  long  axes  parallel  to 

the  walls.  This  layer  may  be  succeeded  by  a  zone  of  chlorite  and  epidote,  the  latter 

mineral  showing  the  usual  irregular  junctions  and  full  of  chlorite  inclusions ;  a  layer 

of  turbid  albite  is  the  next  deposit,  then  a  layer  of  prehnite,  and  finally  scolecite  [23]. 

The  prehnite  in  some  cases  is  obviously  replacing  the  turbid  albite,  for  not  only  does 

it  contain  phantom  crystals  of  that  mineral  but  occasionally  it  occurs  as  veins  cutting 

across  the  felspar,  crystals  of  which  are  optically  continuous  on  opposite  sides  of  the 

vein.  Some  of  the  smaller  amygdales  show  this  phenomenon  even  better.  The  first 

layer  is  a  well-defined  zone  of  pegmatitic  augite,  albite,  and  chlorite,  the  augite 
showing  the  usual  features  of  corrosion  and,  occasionally,  occurring  as  detached 

crystals  well  towards  the  centre  of  the  vesicle.  This  layer  is  succeeded  by  prehnite, 

more  or  less  turbid  and  enclosing  thoroughly  corroded  patches  and  phantom  crystals  of 
albite  as  well  as  a  little  chlorite.  Scolecite  comes  next ;  it,  too,  contains  corroded  albite 

and  also  patches  of  prehnite  with  little  phantom  albites  near  their  centres  [111]. 

Besides  being  highly  vesicular,  the  lavas  are  sometimes  traversed  by  white  veins 

showing  at  their  junction  with  the  rock  a  very  well-developed  pegmatitic  layer  of 
augite,  albite,  and  chlorite.  Under  the  microscope  this  layer  shows  the  features 

already  described :  namely,  the  long  prismatic  augites,  often  roughly  parallel  to  the 

walls,  the  turbid  albite,  the  magnetite,  and  the  chlorite.  Upon  it  is  deposited  a  layer 

of  turbid  albite  with  some  prehnite  and  small  nests  of  scolecite.     The  latter  mineral 



FROM   THE   TERTIARY   L^VAS   AROUND   BEN   MORE,   MULL.  19 

is  clear  and  transparent  and  contains  crystals  of  epidote,  showing  distinct  signs  of 

corrosioD,  and  also  fibres  and  crystals  of  pale  green  slightly  pleochroic  augite  [109]. 

These  veins  resemble  in  some  respects  the  contemporaneous  veins  described  by 

.Dr  J.  S.  Flett  *  as  occurring  in  the  teschenite  of  the  Barnton  railway  cutting, 
Midlothian. 

A  few  exceptional  vesicles  have  also  been  noted.  Mention  has  already  been  made 

of  one  lined  with  albite  pseudomorphous  after  analcite.  Under  the  microscope  the 

pegmatitic  layer  of  augite,  albite,  magnetite,  and  chlorite  is  seen  to  be  well  developed 

and  is  succeeded  by  the  albite-pseudomorphs.  A  smaller  vesicle  underlies  the  main 
one  and  is  filled  with  albite  secondary  after  analeite,  chlorite  moulded  upon  the 

pseudomorphs  and  purple  augite  which  occurs  in  large  crystals  lying  around  the  walls 

or  stretching  across  the  vesicle  and  projecting  into  the  larger  amygdale  through  a 

canal  which  connects  the  two.  The  mode  of  occurrence  of  albite  in  this  amygdale 

points  to  an  increase  in  temperature  which  may  have  been  caused  by  local  circum- 

stances during  the  period  of  vesicle-infilling  or  by  the  injection  of  some  intrusion 
long  after  the  zeolite  was  formed.  The  absence  of  any  other  sign  of  metamorphism 

in  the  rock  points  to  the  former  explanation  being  the  probable  one. 

Another  specimen  shows  a  fairly  large  vesicle  filled  with  chlorite  throughout 

which  are  scattered  a  number  of  white  spots.  In  thin  section  the  rock  is  a  typical 

basalt  showing  the  usual  features,  but  the  first  mineral  to  be  deposited  in  the 

amygdale  was  garnet.  It  occurs  as  a  pale  brown  layer  of  variable  thickness  and 

exhibits  signs  of  corrosion  on  its  inner  margin  where  it  is  overlain  by  scolecite  or 

chlorite.  In  places  signs  of  an  hexagonal  outline  are  visible  in  some  of  the  grains 

lying  away  from  the  layer,  but  they  are  always  corroded  and  tend  to  be  circular. 

The  further  the  grains  are  removed  from  the  walls  the  more  do  they  show  signs  of 

replacement,  and  in  one  or  two  instances  they  are  represented  by  spots  which  are 

doubly  refracting  and  which  merge  into  the  surrounding  zeolite.  The  garnet  is 

associated  with  yellow  epidote,  which  seems  to  replace  it  in  parts,  and  also  with  what 

is  apparently  diopside.  The  latter  mineral  occurs  as  prisms  showing  good  cleavage, 

high  refraction  and  birefringence,  and  an  extinction  angle  of  about  33°  ;  the  mineral 
is  positive.  The  scolecite  occurs  in  the  usual  fibrous  forms.  It  is  sometimes  quite 

clear,  especially  when  it  is  adjacent  to  the  garnet,  but  more  often  it  is  turbid  ;  it 

contains  corroded  grains  of  garnet,  fibres  of  diopside,  which  also  show  signs  of  replace- 
ment, and  epidote.  Patches  of  heulandite  are  also  present  in  the  scolecite ;  they 

contain  grains  of  garnet  and  epidote  and  their  junctions  with  the  scolecite  are  highly 
irregular  [78]. 

Grains  of  garnet  have  also  been  observed  in  a  few  other  slides.  In  one  of  these 

[23]  it  occurs  as  minute  crystals,  six-sided  in  section,  enclosed  in  clear  scolecite  or  in 

chlorite ;  in  another  slide  there  is  a  fairly  well-defined  band  of  greatly  corroded  grains 

lying  between  the  rock  and  the  overlying  chlorite-scolecite  zone  [68] ;  whilst  in  a 

*  Mem,  Gcol.  Surv.,  "  The  Neighbourhood  of  Edinburgh,"  1010,  p.  208. 
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third  there  is  a  small  vesicle  filled  with  chlorite,  epidote,  and  clear  albite  with  corroded 

grains  of  garnet  enclosed  in  the  albite  and  epidote  [66]. 

A  difficulty  arises  in  the  interpretation  of  these  occurrences,  for,  as  noted  above, 

garnet  is  typically  developed  in  the  vesicles  which  have  undergone  metamorphism 

due  to  the  intrusion  of  the  granophyre.  As  will  be  shown  later,  however,  the 

development  of  garnet  in  these  circumstances  is  accompanied  by  other  changes  in  the 

vesicles,  none  of  which  is  shown  in  the  slides  described  above.  It  may  also  be  noted 

that  the  garnet  in  the  Maol  nan  Damh  slides  always  occurs  practically  at  the  walls 

of  the  amygdale,  and  shows  obvious  signs  of  corrosion  and  replacement.  On  the 

whole,  the  evidence  points  to  the  garnet  and  diopside  being  original  vesicle-minerals, 
probably  amongst  the  first  to  be  deposited,  which  became  unstable  and  experienced 

re-solution  and  replacement  as  the  conditions  changed  and  new  minerals  were  de- 
posited. Fenner  records  the  similar  occurrence  of  garnet  in  the  Watchung  basalt, 

where  it  also  shows  signs  of  corrosion  and  replacement  by  later-formed  minerals.* 
Thomsonite  has  not  been  detected  in  the  vesicles  on  Maol  nan  Damh,  but  it  occurs 

on  the  neighbouring  hill  of  Coire  Bheinn,  which  lies  about  two  miles  to  the  west.  A 

section  through  one  of  the  vesicles  shows  a  thick  layer  of  albite,  which  is  only  slightly 

turbid,  succeeded  by  yellow  epidote  (in  places),  then  prehnite,  and  finally  thomsonite. 

The  albite  shows  slight  traces  of  corrosion  against  the  epidote,  but  its  boundaries 

with  that  mineral,  though  often  rounded,  are  sharp  and  well  defined.  The  epidote 

ends  against  the  prehnite  in  a  series  of  tufted  aggregates  and,  when  a  plate  of  that 

mineral  adjoins  both  albite  and  prehnite,  the  contrast  between  the  two  junctions 

is  most  marked.  Albite  shows  corroded  junctions  with  prehnite,  which,  in  turn,  has 

irregular  outlines  with  thomsonite.  The  sequence  is  obviously  (1)  albite,  (2)  epidote, 

(3)  prehnite,  (4)  thomsonite,  and  the  earlier-formed  minerals  show  signs  of  having 
been  unstable  towards  the  conditions  under  which  the  later  ones  were  deposited. 

III.  Sequence  of  Events  in  the  Vesicles. 

In  his  summary  of  the  characters  of  the  occurrence  under  consideration,  Mr  Currie 

dwells  upon  the  peculiar  facies  of  lime-bearing  minerals — a  facies  not  recorded  from 
any  other  locality  in  Scotland  nor,  as  far  as  I  am  aware,  from  any  locality  hitherto 

described — and  ascribes  the  origin  of  the  vesicle-minerals  to  pneumatolytic  action.f 
He  did  not  examine  the  petrographical  characters  of  the  lava,  but  inferred  from  the 

minerals  in  the  amygdales  that  it  must  have  been  originally  a  basalt  containing  a 

basic  plagioclase,  a  pyroxene  (either  rhombic  or  monoclinic),  and  magnetite  or  olivine. 

Seasoning  from  the  abundance  of  green  earth,  he  also  suggested  the  original  presence 
of  biotite. 

It  is  clear  from  an  examination  of  numerous  sections  that  the  rock  is  a  typical, 

ophitic  olivine  basalt,  now,  of  course,  in  an  altered  condition  and,  neglecting  mean- 

*  C.  X.  Fenner,  luc  cit.,  p.  138.  t  Loc  cit.,  pp.  227-28. 



FROM  THE  TERTIARY  LAVAS  AROUND  BEN  MORE,  MULL. 21 

while  the  exceptional  cases,  we  may  sum  up  the  main  features  of  the  occurrence  as 

follows  : — 

1.  The  rock  is  an  olivine  basalt  with  the  purple  augite  typical  of  most  of  the 
lavas  in  Mull. 

2.  The  felspars  are  albitised  and  veined  with  chlorite,  and  the  olivine  and  augite 
also  show  alteration  to  that  mineral. 

3.  The  magma  was  rich  in  gases  at  the  time  of  its  eruption,  and  hence  the  vesicles 

are  large  and  plentiful. 

4.  The  cavities  were  sometimes  the  seat  of  igneous  crystallisation  subsequent  to 

their  formation,  and,  in  the  coarser  portions  of  the  rock,  the  vesicle-minerals  have 
grown  upon  a  pegmatitic  layer  of  augite,  albite,  magnetite,  and  chlorite  ;  crystals  from 

this  layer  are  occasionally  enclosed  in  the  contents  of  the  amygdales. 

5.  With  the  exceptions  of  chlorite  and  albite,  the  vesicle-minerals  have  lime  for 
their  principal  base  ;  zeolites  containing  soda  are  exceedingly  rare. 

6.  There  is  evidence  of  a  more  or  less  definite  sequence  in  the  deposition  of  the 

minerals,  namely  : — 

(a)  A  layer  of  augite,  albite,  magnetite,  and  chlorite. 

(b)  Albite. 

(c)  Epidote. 

(d)  Prehnite. 

(e)  Scolecite. 

(a)  Albite. 
(b)  Epidote. 

(c)  Prehnite. 
(d)  Thomson ite. 

Other  sequences  are  : — 

(a)  Garnet.  («)  Garnet. 

(b)  Diopside.  (6)  Albite. 

(c)  Epidote.  (c)   Epidote. 

(d)  Chlorite. 

(e)  Scolecite. 

(/)  Heulandite. 

7.  Calcite  is  of  rare  occurrence,  and  hydrous  oxides  of  iron  and  other  typical  oxi- 

dation products  of  weathering  are  almost  entirely  absent. 

These  facts  suggest  that  the  vesicle-minerals  were  deposited  during  the  final 

period  of  cooling  of  the  rocks,  which  seems  to  have  been  a  long  one.  During  the 

period  of  igneous  crystallisation  the  normal  pyrogenetic  minerals,  olivine,  labradorite, 

and  augite,  were  formed,  the  augite  crystallising  last.  Consequently  the  magma,  in 

the  last  stages  of  this  phase,  was  rich  in  the  augite-forming  bases,  and  whilst  the  rock 
was  solid,  but  necessarily  at  a  high  temperature,  these  formed  the  large,  acicular 

augites  occurring  in  some  of  the  vesicles.  When  felspar  occurs  with  them  it  is  always 

albite  in  which  inclusions  are  usually  abundant.  It  forms  turbid,  lath-shaped  crystals 

with  much  included  chlorite,  and  also  irregular  patches  much  clearer  and  compara- 

tively free  from  chlorite,    but   containing   frequently  grains   and  crystals  of  purple 
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augite.  It  is  difficult  to  determine  whether  the  albite  of  the  laths  is  primary  or 

secondary  in  the  sense  that  it  is  the  albitised  representative  of  a  plagioclase  originally 

more  basic.  There  can  be  little  doubt,  however,  that  the  clear  compact  patches  were 

most  probably  deposited  originally  as  albite,  and,  as  they  contain  crystals  of  augite, 

no  long  period  can  have  elapsed  between  the  formation  of  the  two  minerals.  The 

presence  of  this  albite  points  to  a  transition  from  igneous  crystallisation  to  a  hydro- 

thermal  stage  which  would  favour  the  formation  of  alkali-felspar*  and  also  of  the 
chlorite  present  in  the  pegmatitic  layer. 

During  this  hydrothermal  stage  the  infilling  of  the  vesicles  was  completed,  the 

constituent  minerals  being  derived  partly  from  the  residual  material  of  the  magma 

and  partly  from  the  breaking  down  of  the  igneous  minerals  which  had  already  con- 

solidated. In  some  of  the  chlorite  and  epidote  we  see  the  hydrothermal  representa- 
tives of  augite,  a  conclusion  supported  by  the  occasional  occurrence,  as  noted  above, 

of  augite  crystals  in  the  cavities  partly  replaced  by  epidote,  whilst  the  labradorite 

finds  its  counterpart  in  some  of  the  albite,  scolecite,  and  prehnite.  It  is  evident, 

however,  that  whilst  hydrothermal  crystallisation  of  the  residual  magma  accounts 

for  the  formation  of  a  portion  of  the  contents  of  the  vesicles  it  probably  does  not 

account  for  them  all.  Some  of  the  vesicles,  especially  the  smaller  ones,  are  packed 

with  chlorite  containing  a  kernel  of  epidote,  or  albite,  or  both ;  but  the  great 

majority  contain  a  proportion  of  scolecite  much  larger  than  that  of  any  other  con- 
stituent. This  fact  can  be  accounted  for  by  the  albitisation  of  the  felspars  and  the 

partial  conversion  of  the  augite  of  the  rock  to  chlorite  and  hornblende,  each  of 

which  changes  liberates  lime. 

Albitisation  is  now  known  to  be  a  fairly  common  occurrence  in  the  igneous  rocks  of 

this  country,"}"  but  the  nature  of  the  process  seems  to  be  imperfectly  understood. 
In  the  cases  cited  by  Bailey  and  Grabham,  it  is  a  pneumatolytic  phenomenon  ascribed 

by  them  to  the  presence  of  carbon  dioxide  (or  some  other  unknown  constituent) 

in  the  original  magma,  which  thus  retained  a  large  amount  of  soda  in  solution.  The 

liquor  then  began  to  act  on  the  felspars  and  albitised  them.  They  also  record  the 

association  with  the  albite  of  chlorite  and  epidote,  the  latter  mineral  representing 

some  of  the  lime  derived  from  the  felspar ;  in  most  cases,  however,  the  lime  has 
been  carried  off  in  solution.  Dewey  and  Flett  also  ascribe  the  albitisation  of  the 

felspar  of  the  spilites  to  pneumatolytic  action. J 

At  Maol  nan  Damh  various  considerations  point  to  the  albitisation  having  been 

a  pneumatolytic  change  which  took  place  during  the  cooling  of  the  lava  and  marked 

the  first  step  in  the  filling  of  the  vesicles.  This  view  gains  support  from  the  rarity 

of  calcite  and  other  oxidation  products,  which  excludes  the  assumption  that  the 

change  may  be  due  to  weathering ;    there  is  also  the    additional  fact  that  rocks  of 

*  Cf.  F.  W.  Clarke,  Data  of  Geochemistry,  2nd  edition,  1911,  p.  348. 
t  Cf.  E.  B.  Bailey  and  G.  W.  Grabiiam,  "Albitisation  of  Basic  Plagioclase  Felspars,"  Geol.  Mag.,  vol.  vi,  1909, 

pp.  250-CG  ;  II.  Dewey  and  J.  S.  Flett,  "On  Some  British  Pillow-Lavas,"  ibid.,  vol.  viii,  1911,  p.  246. 
1  hoc.  cit ,  p.  204 
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similar  petrographical  character  are  common  among  the  plateau-basalts,  and  their 
felspars  have  not  been  albitised.  It  must,  however,  be  conceded  that  albitisation  is 

of  universal  occurrence  in  the  rocks  around  the  plutonic  centre,  although,  in  this 

area,  it  is  only  in  the  localities  mentioned  that  the  peculiar  association  of  minerals 

in  the  vesicles  has  been  detected.  The  cause  and  date  of  this  general  albitisation 

can  be  settled  only  by  an  examination  of  the  rocks  over  the  whole  area,  but  the 

frequent  association  of  the  vesicle-minerals  with  those  of  igneous  origin  in  the 
basalt  of  Maol  nan  Damh  indicates  that  the  change  took  place,  in  this  case,  during 

the  last  stages  of  cooling  of  the  lava  itself. 

The  albitised  felspars  almost  invariably  contain  veins  and  patches  of  chlorite, 

which,  as  noted  above,  sometimes  replaces  entirely  the  original  plagioclase.  There 

does  not  seem  to  have  been  much  introduction  of  soda,  and  the  process  was  probably 

carried  out  by  solutions  containing  chlorite  and  capable  of  dissolving  the  anorthite 

of  the  plagioclase.  These  solutions  also  partially  chloritised  the  augite,  and  subse- 
quently deposited  their  loads  in  the  vesicles  in  the  form  of  chlorite,  prehnite,  epidote, 

and  scolecite,  any  surplus  soda  going  to  form  albite,'  and,  only  very  exceptionally,  a 
zeolite  containing  soda.     This  rarity  of  soda-zeolites  is  an  important  point. 

From  the  amount  of  secondary  albite  in  the  vesicles  it  is  clear  that  soda  was 

present  in  considerable  quantity  in  the  solutions,  yet  in  nearly  every  case  it  has  been 

deposited  as  albite — a  fact  which  indicates  strongly  that  the  vesicle- minerals  were 
deposited  at  a  fairly  high  temperature. 

Doelter,  in  a  suggestive  paper,*  has  pointed  out  that,  under  laboratory  conditions, 
a  mixture  of  soda,  alumina,  silica,  and  water  deposits  analcite  between  temperatures 

of  190°  and  420°  C.  ;  at  lower  temperatures  natrolite  is  formed,  and  at  higher 
temperatures  either  nepheline  or  albite.  The  formation  of  analcite  seems  to  depend 

largely  upon  the  temperature  and  to  a  very  slight  extent  upon  the  relative  pro- 
portions of  the  constituents,  for  it  has  been  formed  from  solutions  of  very  different 

compositions.*)*  The  conditions  influencing  the  formation  of  albite  are  not  so  clearly 
understood,  but,  as  shown  by  the  work  of  Baur,J  and  Friedel  and  Sarasin,§  a 

temperature  of  500°  C.  appears  to  be  necessary. 
As  regards  the  sequence  of  events  in  the  vesicles  it  is  certain  that  their  infilling 

was  a  continuous  process,  and  the  succession  of  minerals  is  what  we  would  expect 

from  deposition  under  conditions  of  falling  temperature.  Chlorite  seems  to  have 

been  deposited  during  all  the  stages,  a  fact  remarked  upon  by  Fenner  ||  in  his  account 

of  the  Watchung  basalt,  but  only  very  exceptionally  does  the  vesicle-albite  enclose  it. 
It  appears  to  have  been  formed  in  large  quantities  during,  or  slightly  previous  to, 

the  deposition  of  epidote,  which  frequently  encloses  it  and  never  shows  sharp  junctions 

*  C.  Doelter,  Tsclxermak's  Min,  Pet.  Mittheil.,  1906,  vol.  xxv,p.  97. 
t  hoc.  cit,  p.  102. 

X  E.  Baur,  Zeifs.f.  physikal.  Chimie,  1903,  vol.  xlii,  p.  570. 
§  C.  Friedel  and  E.  Sarasin,  Compt.  rend.,  1883,  vol.  xcvii,  p.  290. 
||  C.  N.  Fenner,  he.  cit.,  p.  174. 
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against  it.  Albite  was  in  many  cases  the  earliest  vesicle-mineral,  for  it  occurs  in 
chlorite  and  epidote,  against  which  it  shows  usually  sharp,  idiomorphic  outlines. 

The  succession,  albite,  epidote,  prehnite,  scolecite,  is  proved  in  many  cases,  and 

illustrates  very  well  what  happens  during  deposition  under  hydrothermal  conditions. 

The  albite  was  deposited  first  and  is  enclosed  in  places  by  the  epidote  which  replaces 

it  but  slightly  ;  with  falling  temperature  prehnite  is  formed,  which  encloses  and 

frequently  corrodes  and  replaces  the  albite,  a  phenomenon  also  observed  by  Fenner,* 
who  figures  an  example  exactly  similar  to  many  of  those  seen  in  the  present  instance. 

Finally  came  the  scolecite  phase,  during  which  the  albite  was  also  replaced,  -  the 

epidote  corroded,  and  even  the  prehnite  attacked. 

The  survival  of  much  of  the  pegmatitic  augite  raises  a  difficulty,  for,  although  it 
exhibits  signs  of  corrosion  and  occasional  marginal  alteration  to  hornblende  and 

epidote,  typically  it  is  fresh  and  contrasts  somewhat  forcibly  with  the  decomposed 

condition  of  a  good  deal  of  the  augite  of  the  rock.  The  explanation  is  probably  due 

to  the  fact  that  when  the  solutions  welled  into  the  cavities  they  were  saturated  with 

chlorite  and  silicates  of  lime  and  soda,  and  therefore  incapable  of  attacking  the 

pyroxene.  This  is  supported  by  the  fact  that  in  the  subsequent  phases  albite  is  the 

mineral  which  shows  in  the  highest  degree  the  phenomenon  of  corrosion  and  replace- 
ment, the  reason  being  that,  after  it  had  formed,  it  was  constantly  under  the  action 

of  lime-bearing  solutions  which  were  able  to  decompose  it. 

The  evidence  that  the  vesicles  were  filled  during  the  last  stages  of  cooling  may 

be  stated  shortly  as  follows  : — 

1.  The  vesicles  sometimes  contain  pyrogenetic  minerals. 

2.  The  mineral  association  as  far  as  the  evidence  goes  is  one  demanding  a 

temperature  above  the  normal. 

3.  The  silicates  (with  the  exception  of  chlorite)  were  deposited  in  order  of 

increasing  hydration :  — 

(a)  Albite         .     Na20  .  A1203 .  6Si02 

(b)  Epidote       .     4CaO  .  3A1203 .  6Si02 .  H20  ;  H20  =    1'98  per  cent. 

(c)  Prehnite     .     2CaO  .  3A1203 .  3Si02 .  H20  ;    H20  =    4"4  per  cent. 

(d)  Scolecite    .     CaO  .  A1203 .  3Si02 .  3H20  ;      H20  =  13"8  per  cent. 

4.  There  is  direct  evidence  that  albite,  epidote,  and  prehnite  in  the  order  named 

each  passed  through  a  phase  of  stability  when  they  were  deposited,  and  that  they 
were  more  or  less  unstable  to  the  succeeding  phases. 

5.  Three  periods,  which  grade  into  one  another,  can  sometimes  be  recognised  : — 

(a)  Period  of  magmatic  consolidation. 

(b)  Period  of  pegmatitic  crystallisation. 

(c)  Period  of  infilling  of  the  vesicles. 

The  last-mentioned  of   the    five    points  suggests  analogies  with  the  three  phases 
*  Lot:  tit.,  p.  126. 
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described  by  Brogger  *  in  his    account  of  the    syenite-pegmatite  veins  of  Norway, 
during  the  last  of  which  the  zeolites  were  deposited. 

The  Application  of  the  Term  "  Propylite." 

It  is  clear  from  the  descriptions  of  Professor  Judd  already  cited  (ante,  p.  2)  that 

the  vesicular  basalt  of  Maol  nan  Damh,  An  Gearna,  and  Ben  Fhada  belongs  to  his 

group  of  propylites.  The  term,  however,  has  been  reserved  by  Eosenbusch  f  for  a 

peculiar  type  of  altered  andesite,  and  was  used  by  Judd  in  that  sense.  The  propylitic 

alteration  is  regarded  by  him  as  due  to  solfataric  action  connected  with  the  presence 

of  the  acid  intrusions,  but  quite  distinct  from  the  effects  of  contact  metamorphism 

(ante,  p.  2),  to  which  cause  Sir  Archibald  Geikie  ascribed  the  peculiar  condition 

of  these  rocks  (ante,  p.  2). 

The  lava  of  Maol  nan  Damh  is  a  typical  olivine  basalt,  and  the  evidence  goes  to 

show  that  its  present  characters  and  its  peculiar  vesicle-minerals  arose  during  the 
formation  of  the  rock  itself.  A  propylite,  according  to  Posenbusch,!  is  an  andesite 

altered  by  solfataric  action,  and  it  is  clear  that  in  this  restricted  sense  the  term 

cannot  be  applied  to  the  basalt  under  discussion.  But  the  pneumatolytic  changes 

which  it  has  undergone  bear  a  strong  resemblance  to  the  alteration  produced  by 

the  conversion  of  an  andesite  to  a  propylite,  and,  as  basalts  with  these  peculiar 

characters  have  a  wide  distribution  in  Mull,  it  might  be  advisable  to  extend  the 

term  propylite  to  them  also. 

It  is  natural  to  inquire  into  the  cause  of  this  peculiar  condition  of  the 

basalts  around  the  plutonic  centres,  a  condition  not  observed  so  far  in  the 

plateau-ground ;  but  the  question  can  only  be  answered  when  the  volcanic 
history  of  the  district  is  made  out.  Meanwhile  it  is  safe  to  say  that  the  basalt  of 

Maol  nan  Damh  and  some  of  the  surrounding  spurs  must  have  been  rich  in 

vapours  at  the  time  of  its  eruption  and  was  probably  kept  at  a  high  tempera- 
ture for  a  prolonged  time.  This  suggests  that  the  lava  now  occupies  a  site 

near  the  focus  from  which  it  was  erupted. 

The  Metamorphism  of  the  Vesicle-Minerals. 

I.    Introduction. 

The  subject  of  the  metamorphism  of  the  vesicle-minerals  of  lavas  by  intrusive 
masses  of  rock  has  been  dealt  with  by  Drs  Harker  and  Marr,§  who  note  that 

the  minerals  of  the   amygdales  are  the  first   to  show  the  effects  of  metamorphism. || 

*  W.  C.  Brogger,  loc.  cit.,  pp.  160-81. 
t  H.  Rosenbusch,  Mikroskopische  Physiographic  der  Massigen  Gesteinc,  4th  edition,  1908,  pp.  1102-05. 
|  Loc.  cit.,  p.  1105. 

§  A.  Harker  and  J.  E.  Marr,   "The  Shap  Granite  and  the  Associated  Igneous  and  Metaraorphic  Rocks," 
Quart.  Journ.  Geol.  Soc,  1891,  vol.  xlvii,  p.  292. 

||  Loc.  cit.,  p.  296. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  I  (NO.  1).  4 
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The  changes  induced  in  the  surrounding  andesites  by  the  Cheviot  granite  have  been 

described  by  Mr  H.  Kynaston,*  whilst  Dr.  J.  J.  H.  Teall  has  described  the  meta- 
morphic  effects  produced  in  the  Arenig  lavas  by  the  Galloway  granites.f 

More  closely  related  to  the  subject  under  consideration  are  the  Tertiary 

basic  lavas  of  Skye  which,  as  described  by  Dr  Harker,J  have  been  considerably 

altered  by  the  large  intrusions  of  granite  and  gabbro.  He  notes  that  the 

first  minerals  to  be  affected  are  the  unstable  contents  of  the  vesicles,  and 

records  the  interesting  .  conversion  of  lime-soda  zeolites  to  lime-soda  felspars ; 
epidote  is  also  formed,  and  hornblende  and  biotite  are  developed  at  the  expense 
of  chlorite. 

The  metamorphosed  amygdales  of  An  Gearna  and  Beinn  Fhada  afford  most 

instructive  material  for  study  because,  on  account  of  their  large  size,  they  usually 

contain  portions  of  the  material  originally  filling  them,  and  it  is  only  in  close 

proximity  to  the  granophyre  that  all  traces  of  their  original  contents  are  obliterated. 

It  is,  therefore,  possible  to  follow  with  confidence  the  course  and  nature  of  the 

metamorphism.  How  far  the  metamorphism  induced  in  the  lavas  is  due  to  the 

granophyre  and  how  far  to  the  minor  intrusions  so  common  in  the  district,  it  is 

impossible  to  say.  It  is,  however,  a  fact  that,  despite  local  variations,  the  intensity 

of  the  changes  increases  as  the  margin  of  the  granophyre  is  approached. 

II.    The  Petrography  of  the  Metamorphosed  Amygdales. 

It  has  been  remarked  already  that  one  of  the  differences,  obvious  in  hand- 

specimen,  between  the  amygdales  of  An  Gearna  and  those  from  Maol  nan  Damn 

consists  in  the  somewhat  paler  appearance  of  the  outermost  layer  of  specimens  from 

the  former  locality.  Sections  through  this  layer  show  that  it  varies  considerably  in 
character. 

In  some  cases,  especially  when  scolecite  is  abundant,  it  consists  of  long,  bladed 

crystals  of  a  pale  green,  pleochroic  hornblende  sometimes  partially  enclosed  in  large 

plates  of  albite  full  of  inclusions.  Associated  with  these  are  rod-like  growths  of 
black  oxide  of  iron  showing  partial  conversion  to  sphene.  The  hornblende  shows 

good  cleavage  and  frequently  contains  grains  of  magnetite  and  kernels  of  epidote. 

The  albite  encloses  grains  of  epidote  and  crystals  of  hornblende.  An  occasional 

rounded  mass  of  chlorite  showing  partial  conversion  to  hornblende  is  also  present. 

This  layer  is  overlain  by  epidote,  succeeded  by  scolecite,  both  of  which  enclose 

numerous  fibres  of  hornblende.  It  is  probable  that  the  layer  of  hornblende  and 

albite  represents  the  pegmatitic  zone  of  common  occurrence  in  the  vesicles  of  Maol 

nan    Damh.      The    conversion  of    auo-ite    into    hornblende  liberates   lime    which    has o 

*  II    Kvna.ston,  "Note  on  Contact  Metamorphism  round  the  Cheviot  Granite,"  Trans.  Ed.  Geol.  Soc,  1899, 
vol.  viii,  pp.  18-26. 

+  Mem.  Geol.  Surv.,  "The  Silurian  Rocks  of  Scotland,"  1899,  p.  647. 
\  A.  Harker,  Mem.  Geol.  Bur  v.,  "The  Tertiary  Igneous  Rocks  of  Skye,"  1904,  p.  50. 
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gone    to   form    epidote    and   also    to    convert  the   chlorite    to    hornblende   and    the 

titaniferous  oxide  of  iron  to  sphene  [112]. 

In  other  amygdales,  however,  in  which  the  chief  contents  are  albite,  prehnite,  and 

epidote,  the  underlying  layer  consists  of  albite  and  augite  which  shows  conversion 

to  epidote  and  not  to  hornblende.  Under  the  microscope  the  augite  crystals  are  paler 

than  those  in  the  unaltered  vesicles,  and  they  contain  kernels  of  epidote  which,  in 

some  cases,  replaces  entirely  the  purple  augite.  A  dull,  turbid  chloritic  substance 

sometimes  surrounds  the  augite  crystals.  It  is  not  clear  whether  this  change  of 

augite  to  epidote  is  to  be  ascribed  to  metamorphism  or  to  pneumatolysis  during  the 

original  filling  of  the  vesicle,  since,  as  noted  above,  a  partial  conversion  of  augite  to 

epidote  has  been  observed  in  the  unaltered  vesicles  [111]. 

Other  instances  occur  in  which  the  vesicle-minerals  have  been  completely 

metamorphosed  and  the  pegmatitic  augite  at  the  junction  is  practically  unaltered, 

the  only  change  being  a  slight  marginal  corrosion  and  alteration  to  hornblende.  In 

such  cases,  however,  the  augite  is  enclosed  by  albite  and  was  not  originally  in 

intimate  association  with  an  unstable  zeolite  which  would  give  rise  to  steam  with 

increase  of  temperature  [26]. 

Some  of  the  most  interesting  points  connected  with  the  metamorphism  are 

shown  by  the  zeolites,  scolecite  and  thomsonite. 

In  the  case  of  scolecite  the  first  sign  of  alteration  consists  in  the  production  of 

a  slight  turbidity,  and  the  subsequent  changes  seem  to  depend  to  some  extent  on 
the  minerals  with  which  the  zeolite  was  in  intimate  association.  Alteration  to 

epidote  and  prehnite  is  exceedingly  common. 

The  secondary  epidote  occurs  sometimes  as  a  network  of  interlocking  crystals 

.with  the  spaces  filled  up  with  altered  scolecite,  and  it  can  be  distinguished  in  several 

ways  from  the  primary  epidote  of  the  amygdales.  Thus,  it  is  usually  colourless  and 

shows  no  pleochroism,  and  it  sometimes  occurs  as  colourless  rims  surrounding  a 

yellow  kernel  which  often  shows  the  original  corroded  outline  and  the  inclusions  of 

chlorite  so  typical  of  the  primary  epidote  ;  the  rim  occasionally  possesses  a  zonal 

arrangement  parallel  to  the  boundary  of  the  core,  and  it  shows  weaker  bire- 
fringence [15,  17]. 

The  prehnite  produced  by  metamorphism  can  be  readily  distinguished  both  by 

its  appearance  and  mode  of  occurrence  from  the  original  prehnite  of  the  vesicles. 

It  forms  confused  aggregates  of  small  crystals  which  ramify  into  the  zeolite  and 

sometimes  replace  it  fibre  by  fibre  [100,  50,  81].  The  crystals  are  often  large 

enough  to  permit  of  accurate  determination  under  the  microscope,  but  sometimes  the 

fibres  building  the  secondary  aggregate  replacing  the  zeolite  are  too  small  for  that 

purpose,  and,  in  such  cases,  the  material  was  always  crushed  and  the  refractive  index 

tested  in  a  suitable  oil.  The  secondary  prehnite  resembles  in  some  respects  the 

corroded  rim  which,  as  noted  before,  often  separates  the  original  prehnite  from  the 

scolecite  ;  but   it    can    be    distinguished    by  its    much    greater    abundance    in    the 
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metamorphosed  amygdales,  by  the  maimer  in  which  it  encloses  dissected  scraps  of 

seolecite  which  are  sometimes  optically  continuous,  and  by  the  fact  that  it  not 

infrequently  forms  true  pseudomorphs  after  that  mineral. 

A  colourless  pyroxene  showing  good  cleavage  and  normal  optical  properties  is  a 
common  mineral  in  the  slides.  It  seems  to  have  been  formed  around  the  inclusions 

of  chlorite  so  common  in  the  zeolite,  for  it  is  often  dusted  with  turbid  chloritic 

material.  It  occurs  in  fairly  large  crystals  and  plates  and  sometimes  encloses  scraps 

of  seolecite  [15].  It  is  identical  in  appearance  to  the  pyroxene  already  described 
as  a  rare  constituent  of  the  vesicles  on  Mao  nan  Damh,  but  from  its  mode  of 

occurrence  in  the  present  instance  there  can  be  no  doubt  that  it  is  a  product  of 

metamorphism.  Thus,  when  the  epidote  shows  the  core-and-rim  structure  already 
described,  the  pyroxene  is  frequently  enclosed  in  the  secondary  epidote,  especially  near 

the  junction  with  seolecite  where  the  crystal  often  ends  in  a  confused  aggregate  of  the 

two  minerals.  Again,  when  the  amygdale  originally  contained  albite  and  seolecite  in 

intimate  association,  the  pyroxene  has  picked  out  and  partially  replaced  the  seolecite, 

whilst  it  never  occurs  in  the  albite.     It  sometimes  occurs  in  prehnite  [15,  16]. 

Garnet  has  also  been  formed  at  the  expense  of  seolecite.  It  occurs  either  as  idio- 
morphic  dodecahedra,  not  infrequently  showing  pronounced  zonal  structure  and 

optical  anomalies,  or  as  irregular  patches  traversing  the  zeolite.  Inclusions  are  usually 

plentiful  and  consist  of  epidote,  prehnite,  and  dull  turbid  fibres  arranged  in  a  sub- 
parallel  manner  towards  the  centre  of  the  crystal  [58].  Sometimes  it  forms  true 

perimorphs  consisting  of  a  shell  of  garnet,  pale  brown  in  colour  and  with  idiomorphic 

outlines,  which  encloses  a  spongy  mass  of  secondary  prehnite  [43.] 

Thomsonite,  though  rare,  affords  an  instructive  example  of  the  metamorphism  of 

a  zeolite  containing  both  soda  and  lime.  It  has  not  been  detected  on  Maol  nan 

Damh,  but,  as  previously  mentioned,  it  occurs  on  Coire  Bheinn,  where  the  sequence  is 

albite,  epidote,  prehnite,  thomsonite,  the  various  minerals  showing  the  relationships 

already  described.  On  An  Gearna  and  Beinn  Fhada  the  thomsonite  shows  conversion 

to  prehnite  and  albite.  In  some  of  the  slides  the  fibrous  crystals  of  thomsonite  are 

partially  replaced  by  crystalline  aggregates  of  finely  fibrous  secondary  prehnite 

in  intimate  association  with  albite  which  forms  irregular,  turbid  masses  full  of  in- 
clusions. To  distinguish  this  secondary  metamorphic  albite  from  the  original  albite 

of  the  vesicle  is  a  matter  of  some  difficulty ;  but  its  absence  of  idiomorphism,  its 

constant  association  with*  undoubted  secondary  prehnite,  which  it  not  infrequently 
encloses,  and  the  occasional  presence  in  it  of  fragments  of  thomsonite,  all  go  to  prove 

that  it  has  been  developed  from  the  zeolite  [50,  81].  Dr  Harkbe,*  in  his  account  of  the 

metamorphosed  amygdales  of  the  Skye  basalts,  mentions  that  the  lime-soda  zeolites 

give  rise  to  lime-soda  felspars.  So  far,  I  have  failed  to  detect  in  the  vesicles  felspars 

with  a  refractive  index  above  that  of  balsam — a  fact  which  is  most  probably  due  to  the 

presence  of  steam  in   the  vesicles  during  the  metamorphism.     Under  such  conditions 
*  A  1Iauk.uk,  loo.  ciL,  p.  51. 
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basic  plagioclases  appear  to  be  unstable,  their  representatives  being  albite  and  a  lime- 
alumina  silicate,  such  as  prehnite,  containing  more  or  less  combined  water. 

Hornblende  is  a  common  mineral  in  the  metamorphosed  amygdales,  and  has  been 

formed  by  the  alteration  of  the  chlorite.  It  varies  considerably  in  colour,  being  some- 

times deep  green  and  strongly  pleochroic  and  sometimes  very  pale  yellowish-green 
[9,  55,  59,  101].  It  occurs  in  prehnite,  epidote,  and  scolecite,  and  is  always  fibrous 

in  habit.  The  change  from  chlorite  to  hornblende  or  biotite  is  quite  a  well-known 

effect  of  contact-metamorphism,*  and,  as  lime  is  plentiful  in  the  amygdales,  and 
alkalies  relatively  scarce,  hornblende  has  always  been  formed  in  preference  to 
the  mica. 

These  changes,  which  can  be  followed  in  detail  in  the  less  altered  amygdales, 

become  much  more  intense  as  the  granophyre  is  approached.  The  solid  primary 

prehnite,  as  well  as  the  fibrous  secondary  material  derived  from  the  zeolites,  is  con- 
verted to  garnet  and  epidote.  The  garnet  varies  considerably  in  appearance.  It 

may  be  white  to  dark  brown  in  colour  and  occurs  either  as  idiomorphic  crystals  in 

the  prehnite  or  as  large  irregular  masses  traversing  and  enclosing  it.  The  mineral  is 

frequently  isotropic,  but  optical  anomalies  are  also  common ;  in  some  cases  large 

rounded  crystals  consist  of  a  brown,  isotropic  centre  and  a  colourless,  birefringent 

rim.     Inclusions  of  epidote  and  prehnite  are  fairly  common  [26,  32]. 

The  epidote  is  colourless,  and  crystals  show  pronounced  zonal  structure  and  re- 

markable variation  in  birefringence;  occasionally  sections  show  indigo-blue  polarisa- 

tion colours  with  positive  optical  sign,  resembling  in  this  respect  zoisite  rather'  than 
epidote.     Inclusions  of  prehnite  are  sometimes  present  [25]. 

Sections  through  the  amygdales  collected  from  the  screes  lying  nearest  the  grano- 

phyre  margin  on  the  north-east  slope  of  Beinn  Fhada  show  the  most  intense  type  of 
alteration  noted.  The  zeolites  have  completely  vanished,  and  their  place  is  taken  by 

a  dull  turbid  substance  which  preserves  their  radiate  structure.  It  is  isotropic,  and 

under  high  powers  is  seen  to  consist  of  minute  yellowish  grains  of  garnet.  Any 

prehnite  which  has  survived  is  studded  with  small  hexagonal  sections  of  garnet 

which  is  also  replacing  the  epidote.  The  latter  mineral  occurs  in  crystals  part  of 

which  consists  of  garnet,  or  it  forms  a  corroded  patch  surrounded  by  garnet  which 

sends  off  growths  into  the  epidote  [31,  40,  41]. 

Sphene  is  frequently  present  in  the  slides  and  forms  grains  and  rounded  crystals 

enclosed  in  the  epidote  or  in  the  adjacent  prehnite,  whilst  the  chlorite  has  gone  to 

hornblende,  which  sometimes  forms  compact  green  patches  showing  good  cleavage 

and  strong  pleochroism  [46]. 

III.  Summary  and  Conclusions. 

It  is  clear  from  a  study  of  the  metamorphosed  amygdales  that  they  were  filled 

prior  to   the   intrusion  of  the  granophyre   and   that  they  participated  in  the  meta- 
*  A.  Marker,  loc.  cit.,  p.  50. 
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niorphic  changes   which  it  produced.     These    changes  resulted  in   the  production  of 

the  following  minerals  : — 
Prehnite.  Garnet. 

Epidote.  Sphene. 

Pyroxene.  Albite. 
Hornblende. 

With  the  exception  of  sphene,  all  of  the  above  minerals  occur  as  original  constituents 

of  the  cavities,  and  the  result  of  the  metamorphism  has  been  to  recrystallise  them  in 

the  reverse  order  to  that  in  which  they  were  originally  deposited.  Thus  with  the 

lime-bearing  silicates  the  metamorphic  changes  progress  as  follows: — scolecite -> 

prehnite  ->  epidote  ->  garnet,  whilst  the  original  order  of  deposition  was  : — garnet  -> 

epidote  ->-  prehnite  ->  scolecite.  Similarly  with  the  lime-soda  zeolites  the  order  with 

rising  temperature  is  : — thomsonite  ->  albite  and  prehnite  ->  epidote  ->  garnet,  whilst 

the  original  order  of  deposition  was  : — albite  ->  epidote  ->  prehnite  ->  thomsonite. 
The  pyroxene  and  hornblende  have  been  developed  from  the  chlorite  and  scolecite 

or  prehnite,  whilst  the  sphene  owes  its  origin  to  the  titanium  originally  present  in 

the  augite  and  iron  oxides  of  the  rock,  which  found  its  way  into  the  epidote  (see 

analysis)  and  probably  also  into  the  chlorite  of  the  vesicles. 

The  above  evidence  confirms  in  a  striking  way  the  view  that  the  vesicles  were 

originally  filled  under  conditions  of  falling  temperature,  for,  with  the  rising  tempera- 

ture occasioned  by  the  intrusion  of  the  granophyre,  the  only  change  has  been  to 

obliterate  the  minerals  formed  originally  during  the  last  and  lowest  temperature 

stages  of  the  hydrothermal  phase,  and  to  form  at  their  expense  those  minerals  which 

crystallised  in  the  first  and  highest  temperature  stages  of  that  phase.  Not  only  so, 

but  the  metamorphic  minerals,  considered  from  the  point  of  view  of  their  general 

distribution,  have  been  developed  in  the  reverse  order  to  that  in  which  their  original 

representatives  were  laid  down  in  the  cavities. 

An  interesting  point  arises  from  the  abundance  of  garnet  in  the  metamorphosed 

amygdales  and  its  rarity  in  the  unaltered  ones.  This  is  probably  to  be  ascribed  to 

the  great  difference  between  the  pressures  under  which  the  two  sets  of  minerals  were 

formed.  Dr  L.  L.  Fermor*  has  pointed  "out  that  garnet  is  a  high-pressure  mineral., 
and — as  recrystallisation  of  the  vesicle-minerals  under  the  influence  of  the  intrusion 

must  have  taken  place  at  a  considerable  depth  and,  consequently,  at  a  considerable 

pressure — the  tendency  would  be  for  it  to  form  at  the  expense  of  the  other,  less  dense 

lime-alumina  silicates.  In  other  words,  the  heat  of  the  granophyre,  combined  with 

the  high  pressure,  was  steadily  making  the  vesicles  less  hydrous  and  more  favourable 

to  the  formation  of  garnet.  Under  the  hydrothermal  conditions,  on  the  other  hand, 

the  temperature  was  falling,  the  pressure  was  never  great,  and  the  vesicles  were 

becoming  more  hydrous  and  less  favourable  to  the  formation  of  garnet,  or  the  pre- 

servation of  any  that  might  have  crystallised.  To  judge  from  the  vestigial  appear- 

*  L.  L.  Fermoe,  Records  (JcoL  Surv.  India,  11)13,  vol.  xliii,  pt.  1,  p.  42. 
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ance  which  the  garnet  presents  in  the  vesicles  where  it  does  occur,  it  is  quite  possible 

that  it  may  have  been  present  more  generally  during  the  first  phase  of  deposition 

and  that  it  became  obliterated  during  the  succeeding  stages. 
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EXPLANATION  OF  PLATES. 

Plate  I. 

Fig.  1.  Ophitic  Basalt  [107]  with  Vesicles,  magnified  27  diameters. — The  light  area  to  the  right  is  a 

large  vesicle  containing  prehnite  and  chlorite  ;  at  the  bottom  an  acicular  augite  projects  into  the  pi'ehnite. 
The  small  vesicle  to  the  left  is  filled  with  prehnite,  enclosing  a  little  chlorite  ;  the  dark  crystals  projecting 

into  the  prehnite  are  augite.     Maol  nan  Damh,  Ben  More,  Mull. 

Fig.  2.  Ophitic  Basalt  [70]  with  Vesicle,  magnified  27  diameters. — To  the  right  at  the  bottom  is  the 
rock,  much  decomposed,  with  numerous  grains  of  magnetite.  The  large  crystal  projecting  into  the  vesicle  is 

purple  augite  pierced  by  laths  of  albite.  To  the  left  it  shows  a  fracture  filled  with  white  scolecite,  which 

occupies  the  rest  of  the  cavity.  The  darker  patches  in  the  scolecite  are  chlorite.  Just  above  the  fracture 

in  the  augite  is  a  crystal  consisting  of  purple  augite  (dark)  and  pale  yellow  epidote  (light).  Maol  nan  Damh, 
Ben  More,  Mull. 

Fig.  3.  Ophitic  Basalt  [23]  with  Vesicle,  magnified  1 2  diameters. — The  rock,  at  the  bottom,  is  succeeded 

by  a  pegmatitic  layer  consisting  of  lath-shaped  crystals  of  purple  augite  (white),  patches  of  chlorite  (dark), 
and  albite.  At  the  junction  with  the  rock  the  augite  projects  radially  to  the  wall,  but  towards  the  vesicle 

they  lie  tangentially.  This  layer  is  succeeded  by  a  zone  of  chlorite  and  epidote,  above  which  lies  albite 
more  or  less  turbid.     Maol  nan  Damh,  Ben  More,  Mull. 

Fig.  4.  Ophitic  Basalt  [110]  with  Pegmatitic  Layer  underlying  Vesicle,  magnified  27  diameters. — The 

layer  on  the  right  consists  of  lath-shaped  crystals  of  augite,  magnetite,  chlorite,  and  albite.  The  clear, 
irregularly  shaped  patches  are  albite  enclosing  a  few  crystals  of  augite.      Maol  nan  Damh,  Ben  More,  Mull. 

Fig.  5.  Ophitic  Basalt  [111]  with  Vesicle,  magnified  27  diameters. — The  rock,  to  the  left,  is  a  dense 
aggregate  of  augite,  chlorite,  and  magnetite.  The  pegmatitic  layer  is  well  developed  and  consists  of  laths 

of  augite,  albite,  magnetite,  and  chlorite.  The  white  mineral  in  the  vesicle  is  prehnite  into  which  some  of 

the  underlying  augite  has  wandered.      Maol  nan  Damh,  Ben  More,  Mull. 

Fig.  6.  Ophitic  Basalt  [111]  with  Vesicle,  magnified  27  diameters. — The  dark  patch  at  the  foot 
is  the  rock,  which  here  consists  of  augite  and  chlorite.  The  turbid  patches  with  black  outlines  which 

stretch  on  the  left  from  the  rock  across  the  vesicle  are  albite  which  is  being  replaced  and  corroded  by 

prehnite.  Just  above  the  middle  patch  of  albite  are  two  lath-shaped  crystals  of  purple  augite.  The 
remaining  clear  and  turbid  areas  consist  of  prehnite  which,  when  it  is  turbid,  has  replaced  albite.  To  the 

left  of  the  central  patch  of  albite  there  is  a  clear  area  consisting  of  prehnite  surrounded  by  a  turbid  zone 

consisting  of  rectangular  phantom  crystals  of  albite  replaced  by  prehnite  optically  continuous  with  the  clear 
central  portion.      Maol  nan  Damh,  Ben  More,  Mull. 
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Plate  II. 

Fig.  1.  Ophitic  Basalt  [1 1 4]  with  Vesicle,  magnified  27  diameters. — The  dark  area  at  the  foot  is  the  rock 
showing  the  outline  of  the  vesicle.  The  light-coloured  area  filling  up  the  hollows  at  the  junction  is  a  mixture 

of  purple  augite,  magnetite,  and  prelmite.  This  is  succeeded  by  a  zone  consisting  of  turbid  albite,  at  the  left 

towards  the  top;  irregular  patches  of  epidote,  just  above  the  centre;  augite,  in  idiomorphic,  lath-shaped 
crystals  ;  and  prelmite  enclosing  chlorite,  which  shows  white  in  the  photograph.  A  large  augite  crystal  is 

seen  at  the  top,  on  the  left,  projecting  into  albite  ;  others,  associated  with  magnetite,  are  seen  on  the  right 

towards  the  top.      Maol  nan  Daruh,  Ben  More,  Mull. 

Fig.  2.  Ophitic  Basalt  [109]  with  Vein,  magnified  19  diameters. — The  rock  at  the  foot  is  succeeded  by  a 
layer  consisting  of  large  crystals  of  augite,  one  of  which  lies  with  its  axis  parallel  to  the  wall  of  the  vein, 

magnetite,  albite,  and  chlorite.  Above  this  is  turbid  albite  which,  at  the  top,  towards  the  right,  is  succeeded 

by  scolecite  enclosing  corroded  scraps  of  epidote.      Maol  nan  Damh,  Ben  More,  Mull. 

Fig.  3.  Amygdale  [1 1 3]  in  Ophitic  Basalt,  magnified  27  diameters. — The  clear  white  material  is  scolecite. 
In  the  centre  is  a  large,  dissected  crystal  of  epidote  consisting  of  four  fragments.  The  first  is  the  irregular 

patch  with  tufted  margins  in  the  centre  ;  the  second  is  the  rhomboidal  piece  lying  directly  beneath  ; 

the  third  lies  immediately  to  the  right  of  the  second  ;  and  the  fourth  lies  above  the  third.  The  four  frag- 
ments have  their  cleavages  parallel  and  extinguish  simultaneously.  The  spaces  between  them  are  filled  with 

scolecite  enclosing  rectangular  turbid  crystals  of  albite,  in  the  centre  and  to  the  left  connecting  the  third  and 

fourth  fragments  of  epidote.  Near  the  foot  on  the  left  a  turbid  albite  is  in  process  of  being  replaced  by 

scolecite.  The  dark  areas  at  the  left  and  right  margins  are  epidote  ;  beneath  the  latter  one  is  a  corroded  albite. 
Maol  nan  Damh,  Ben  More,  Mull. 

Fig.  4.  Ophitic  Basalt  [104]  with  Vesicles,  magnified  27  diameters. — The  small  vesicle  underneath  is 
filled  with  analcite  replacsd  by  granular  albite.  The  dark  patches  are  chlorite  moulded  upon  the  analcite, 

and  the  long  lath-shaped  crystals  which  lie  round  the  junction  and  also  pierce  the  analcite  are  purple  augite. 
A  large  one  projects  through  the  orifice  connecting  the  small  vesicle  with  the  overlying  main  one.  This 

vesicle  is  filled  with  a  layer  of  augite,  magnetite,  and  albite,  seen  on  the  right  of  the  canal  between  the  two 

vesicles  ;  chlorite,  forming  the  dark  patch  on  the  left ;  and  albite,  pseudomorphous  after  analcite,  at  the  top. 
Maol  nan  Damh,  Ben  More,  Mull. 

Fig.  5.  Ophitic  Basalt  [78]  with  Vesicle,  magnified  27  diameters. — The  dark  area  to  the  left  is  the  rock. 

At  the  junction  with  the  vesicle  is  a  thin  layer  of  garnet  with  little  rounded  and  dissected  masses  isolated 

from  the  layer.  Near  the  top  is  a  projecting  knob  of  garnet  in  process  of  dissection.  Overlying  the  garnet 

is  a  mixture  of  scolecite  and  heulandite  enclosing  laths  of  diopside  and  epidote.  The  dark  bar  consists  of 

diopside,  showing  signs  of  corrosion,  and  a  dull  birefringent  material  similar  to  that  which  surrounds  much 

of  the  corroded  garnet.  The  dark  crystal  on  the  right  is  a  corroded  piece  of  epidote.  Maol  nan  Damh,  Ben 
More,  Mull. 

Fig.  6.  Metamorphosed  Amygdale  [17],  magnified  27  diameters. — The  amygdale  is  filled  with  scolecite 
showing  incipient  turbidity.  Traversing  the  scolecite  are  crystals  of  epidote  with  yellow  primary  cores, 

enclosing  chlorite  and  showing  the  original  corroded  outlines,  and  secondary,  colourless  rims.  North-east 
slope  of  An  Gearna,  Ben  More,  Mull. 

Plate  III. 

Fig.  1.  Metamorphosed  Amygdale  [49],  magnified  27  diameters. — The  turbid  patch  on  the  extreme  left 
and  the  two  areas  extending  from  the  top  and  bottom  respectively  towards  the  centre  are  scolecite  in  process 

of  replacement  by  prehnite,  which  forms  the  white  areas  in  the  photograph  and,  in  the  case  of  the  upper  and 

lower  central  masses  of  zeolite,  forms  little  fibres  traversing  and  replacing  scolecite.  The  dark  crystals  to  the 

left  of  the  central  zeolite  are  garnet,  the  one  near  the  centre  showing  a  core  of  secondary  prehnite.  The 

fibrous  crystals,  on  the  right  towards  the  foot,  are  secondary  epidote  traversing  secondary  prehnite.  Beinn 
Fhada,  north  end,  east  side,  below  the  summit,  Mull. 

Fig.  2.  Metamorphosed  Amygdale  [58],  magnified  27  diameters. — The  turbid  fibrous  material,  extending 
from  the  right  towards  the  centre  and  forming  the  area  at  the  bottom  towards  the  left,  is  scolecite  in  process 

of  replacement  by  prehnite,  which  forms  the  white  areas.     The  mass  of  prehnite  extending  from  the  centre 
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to  the  top  encloses  remnants  of  turbid  fibres  of  scolecite,  the  various  portions  of  which  are  optically  con- 
tinuous. The  dark  inclusions  at  the  centres  of  several  of  the  prehnite  areas  are  small  garnets.  The  large 

crystal  near  the  top  towards  the  light  is  epidote  ;  other  crystals  are  seen  at  the  margin  on  the  right,  and 

at  the  margin  towards  the  bottom  on  the  left.     North-east  slope  of  An  Gearna,  Ben  More,  Mull. 

Fig.  3.  Metamorphosed  Amygdale  [15],  magnified  27  diameters. — The  clear  area  to  the  right  is  primary 
prehnite  enclosing  diopside  which  is  turbid  and  full  of  chloritic  inclusions.  The  large  crystals  at  the  bottom 

and  on  the  left  are  epidote,  showing  the  core-and-rim  structure.  The  turbid  inclusions  of  diopside  are  con- 

fined to  the  colourless,  secondary  material  of  the  rims.      North-east  slope  of  An  Gearna,  Ben  More,  Mull. 

Fig.  4.  Metamorphosed  Amygdale  [50],  magnified  27  diameters. — The  clear  areas  are  prehnite,  mostly 
secondary  after  thomsonite,  whilst  the  turbid  areas  at  the  top  and  towards  the  right  are  secondary  albite 

enclosing  fragments  of  secondary  prehnite  and  thomsonite.  The  corroded  scrap  in  the  prehnite  at  the 

centre  is  a  zeolite,  either  scolecite  or  thomsonite.  The  crystals  towards  the  bottom  showing  cleavage  are 

epidote.     Beinn  Fhada,  north  end,  east  side,  Mull. 

Fig.  5.  Metamorphosed  Amygdale  [41],  magnified  27  diameters. — The  turbid  fibrous  material  is  garnet 
secondary  after  a  zeolite.  The  clear  area  at  the  top  is  also  garnet  enclosing  and  replacing  prehnite.  The 

colourless  areas  in  the  turbid  material  consist  of  garnet  showing  weak  birefringence ;  it  probably  replaces 

epidote.     Beinn  Fhada,  north-east  slope,  near  the  granophyre,  Mull. 

Fig.  6.  Metamorphosed  Amygdale  [41],  magnified  55  diameters,  nicols  crossed. — The  large  crystal  cross- 
ing the  field  is  epidote,  secondary  after  prehnite  some  of  which  it  occasionally  encloses.  The  dark  areas  are 

garnet  replacing  prehnite  and  epidote.     Beinn  Fhada,  north-east  slope,  near  the  granophyre,  Mull. 
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II. — Spongiaires  recueillis  par  la  "Scotia"  dans  l'Antarctique  (1903-1904). 
Supplement.      Par  Emile   Topsent,   Professeur  a   la  Faculte    des    Sciences  de 

Dijon.     Presente  par  le  Dr.  W.  S.  Bruce. 

(MS.  received  June  1,  1915.     Read  June  28,  1915.     Issued  separately  September  22,  1915.) 

Depuis  la  publication  de  mon  memoire  sur  les  Spongiaires  de  V Expedition 

antarctique  nationale  ecossaise  (9),  j'ai  recu  de  M.  le  Dr.  \V.  S.  Bruce  quelques 
Sponges  antarctiques  faisant  aussi  partie  des  collections  de  la  Scotia  mais  dont  le 

triage  s'etait  trouve  retarde. 

Independamment  de  fragments  en  double  d'especes  mentionees  dans  mon 

memoire,  ce  second  lot  contenait  plusieurs  formes  qu'il  me  parait*  utile  de  signaler 
ou  de  d^crire. 

Dendrilla  arctica,  Topsent. 

Station  325,  avril-aout  1903;  Scotia  Bay,  Orcades  du  Sad,  60°  43'  42"  lat.  S., 

44°  38'  33"  long.  W.  ;  9-10  brasses.     Un  rameau. 

Cette  Dendroceratide  a  6te  recueillie  plus  a  l'ouest,  aux  Shetland  du  Sud  et 
au-dela,  dans  les  campagnes  du  Francais  (8,  p.  11)  et  du  Pourquoi  Pas?  Elle 

parait  etre  repandue  dans  la  region  americaine  de  l'Antarctique,  au  voisinage  des 
terres  et  par  dc?  profondeurs  m^diocres. 

Eumastia  attenuata,  n.  sp.     (Figs.  1  et  2.) 

Janvier  1903,  Port  Stanley,  iles  Falkland,  greve. 

Un  seul  specimen,  incomplet,  sans  support,  long  de  7  centimetres,  large  de  3 

centimetres  en  son  milieu.  Mince  sur  l'un  de  ses  cotes  qui,  de  contours  doucement 
arrondis,  represente  son  bord  naturel  intact,  il  est,  sans  compter  les  papilles,  epais 

de  10  millimetres  du  cote  oppose,  qu'un  instrument  contondant  a  tranche  nettement. 

L'outil  a  certainement  laisse  en  place  une  partie  plus  ou  moins  etendue  du  corps, 

mais  il  a,  pour  ce  qu'il  en  a  detache,  suivi  de  tres  pres  le  support.  Le  specimen  est 

done  un  morceau  d'une  Eponge  en  plaque,  a  bords  libres,  et  de  quelque  epaisseur  en 

son  milieu.  II  revet  un  aspect  particulier  parce  qu'il  souleve  toute  sa  surface  en 

processus  digitiformes.  Hautes  de  5  a  9  mm.,  epaisses  de  1*2  mm.,  en  moyenne,  ces 
papilles  sont  sensiblement  cylindriques,  droites  ou  un  peu  tordues ;  generalement 

simples  et  independantes  les  unes  des  autres,  elles  deviennent  souvent  plus  ou  moins 

concrescentes  par  deux  ou  trois,  tout  en  restant  distinctes  sur  toute  leur  longueur ; 

quelques  unes  se  divisent  en  deux  branches.  Leur  nombre  est  tel  que  les  intervalles 

qui  les  separent  restent  etroits.  Elles  sont  lisses,  ainsi,  d'ailleurs,  que  la  surface 

generale  a,  nu  dans   leurs  intervalles.     Aucune  d' elles,  de  celles  dont  l'lntegrite  est 
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eertaine,  ne  parait  percee  d'un  orifice  a  son  extremite  ;  toutes,  au  contraire,  se 

montrent  en  ce  point  opaques  et  plus  fortemeut  tern  tees  que  le  reste.  L'absence  de 

papilles  ouvertes  au  soramet  au  moment  oil  elle  a  ete  recueillie,  n'empeche  pas  de 

considerer  l'l^ponge  comme  representant  uue  espece  du  genre  Eumastia.  Outre  que 

certaines  des  papilles  peuvent  avoir  normalement  joue  le  rdle  d'oscules  et  se  montrer 
contractdes,  il  est  evident  que  toutes  ont  fonctionne  comme  organes  aquiferes.     Sous 

Fig.  1. — Eumastia  attenuata,  n.  sp.      x  f. 

leur  ectosome  spiculeux,  mince,  transparent,  rampe  un  systeme  de  canaux  qui  occupe 

la  majeure  partie  de  leur  interieur,  le  reste  contenant  un  axe  ramifie,  irregulier,  de 

place  en  place  relie  aux  parois  par  des  brides  tenues. 

A  part  cela,  comme  chez  Eumastia  sitiens,  la  structure  est  celle  des  Halichondria, 

tant  dans  le  choanosome  que  dans  l'ectosome.  Le  choanosome  est  assez  dense, 

quoique  fragile  ;    l'ectosome  se  laisse  detacher  en  lambeaux  translucides.     Le  tout, 

b 

<c 

Fig.  2. — Extremites  des  oxes  de  Eumastia  attenuata.      x  510. 

apres  un  long  sejour  dans  des  alcools  renouveles,  dont  le  dernier  est  incolore,  a 

conserve  line  teinte  oraugee  generalement  pale,  assez  vive  pourtant,  comme  il  a  ete 

dit,  au  bout  des  papilles.  La  coloration  etait  due  a  un  pigment  diffus,  car  je  note, 

en  fait  de  cellules  spheruleuses,  des  elements  spheriques  de  0'008  mm.  a  0"012  mm. 
de  diametre,  incolores,  trcs  brillants,  composes  de  spherules  indistinctes  avec  un 

noyau  central  sombre. 

Eumastia  attenuata  a  pour  spicules  uniquement  des  oxes,  courbes,  fusiformes, 

iuegaux;  les  plus  faibles  mesurent  0'33  mm.  de  longueur  sur  0'003  mm.  d'dpaisseur 
et  les  plus  forts   0'48   mm.   sur  0"01    mm.     Les  spicules  greles  ont  les  bouts  pro- 
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gressivement  amincis  en  deux  pointes  fort  longues  et  acerees  (fig.  2,  a) ;  mais  tons 

ceux,  et  c'est  l'immense  majorite,  qui  de^passent  0'004  mm.  d'epaisseur,  se  terminent 

au  contraire,  d'une  fa9on  singuliere  :  un  amincissement  soudain  leur  forme  une  sorte 

de  mucron  (fig.  2,  b)  ou  Ton  voit  penetrer  le  canal  axial.  C'est  comme  une  atrophie 

dont  tous  se  trouvent  frappes  aux  deux  bouts.  En  presence  d'un  specimen  unique, 

il  est  difficile  d'afnrmer  que  cette  curieuse  disposition  ne  resulte  pas  d'une  aptitude 
toute  individuelle.  Toutefois,  si  ce  caractere  manquait  de  Constance,  la  spiculation 

de  E.  attenuata  se  distinguerait  encore  de  celle  de  E.  sitiens  Schmidt  par  les 

dimensions  plus  faibles  de  ses  elements  et  de  celle  dc  E.  Schmidti  Dendy  (1,  p.  240), 

par  l'megalite  de  leur  taille. 

Homceodictya  microchela,  n.  sp. 

Station  346,  ler  decembre  1903;  Banc  de  Burdwood,  54°  25'  lat.  S.,  57°.  32' 
long.  W.  ;  profondeur,  56  brasses. 

Un  specimen  blanc,  dresse,  simple,  baut  de  105  mm.,  epais  de  10  mm.  au  plus, 

progressivement  elargi  depuis  la  base,  qui  mesure  7  mm.  a  peine,  jusqu'au  voisinage 

du  sommet,  oil  il  atteint  30  mm.  de  largeur.  Depourvu  d'axe  compact,  il  est  tres 
flexible.  Sa  charpente  interne  consiste  en  un  reseau  lache  de  fibres  tres  riches  en 

spongine,  fort  resistantes,  epaisses  et  malgre  tout  incolores.  Les  fibres  secondaires 

qui  s'elevent  de  ce  systeme  sont  plus  tenaces  que  dans  la  plupart  des  autres 

Homceodictya,  la  spongine  les  accompaguant  jusqu'a  leur  terminaison.  II  n'existe 
pas  de  membrane  ectosomique  distincte  a  la  peripheric  du  corps.  La  surface,  assez 

egale,  a  une  hispidation  nette,  courte  et  serree ;  ses  orifices  inhalants  s'ouvrent  au 
fond  de  depressions  sinueuses,  plus  ou  moins  profondes  et  plus  ou  moins  rapprochees, 

qui  la  decoupent  en  des  sortes  de  villosit^s  irr^gulieres.  Les  deux  faces  portent 

quelques  oscules  non  sureleves,  de  1  mm.  a  2  mm.  de  diametre ;  mais  c'est  surtout 
le  long  des  bords  du  corps  linguiforme  que  les  orifices  exhalants  se  localisent,  disposes 

en  serie  longitudinale,  au  nombre  de  6  a  8  de  chaque  cote. 

Les  oxes,  longs  de  0-4  mm.,  epais  de  0'013  mm.,  sont  courbes,  aceres,  a,  pointes 
assez  longues.  lis  partagent  ce  dernier  caractere  avec  les  megascleres  de  Homceo- 

dictya herguelenensis  Ridley  et  Dendy  (5,  p.  110)  et  se  distinguent  par  cela  meme  de 

ceux  des  Eponges  de  la  Discovery  appelees  par  Kirkpatrick  Desmacidon  (H.)  ker- 

guelenensis  var.  antarctica  (2,  p.  37)  et  qui,  pour  moi,  representent  une  espece  a  part. 

Leur  epaisseur  est  moindre  que  celle  notee  jusqu'ici  des  oxes  de  H.  kerguelenensis, 
mais,  comme  on  sait  deja  que  les  dimensions  de  ceux-ci  sont  variables,  on  ne  peut 

attacher  d'importance  a  cette  legere  difference. 
Ce  qui,  dans  sa  spiculation,  distingue  le  mieux  Homceodictya  microchela,  ce  sont 

ses  isocheles,  de  meme  type  que  ceux  de  H.  kerguelenensis,  mais  bien  plus  faibles. 

Tres  abondants,  ils  n'ont  que  0'017  mm.  a  0'018  mm.  de  longueur,  rarement  0'02  mm. 
lis  sont  done  notablement  plus  courts  que  ceux  meme  des  specimens  de  la  collection 
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du  Fraiifais.  lis  sont,  en  outre,  beaucoup  plus  minces  que  tous  ceux  que  j'ai  vus 
chcz  des  11.  kerguelenensis  cle  provenances  diverses.  Leur  tige,  sans  tubercules  aux 

extremity,  dessine  une  courbeassez  forte  et  assez  reguliere  ;  leurs  ailes  ue  s'apercoivent 
presque  pas  de  profil ;  enfin,  leurs  dents,  aux  replis  generalement  etroits,  ont  une 

courbure  assez  simple. 

Esperiopsis  Scotix,  n.  sp.     (Figs.  3  et  4.) 

Station  417,  18  mars  1904;  71°  22'  lat.  S.,  16°  34'  long.  W.  ;  profondeur,  1410 
brasses. 

Un  specimen.  C'est,  fix^e  sur  un  petit  galet,  une  Eponge  ficiforme,  grise  surtout 

sans  doute  a  cause  de  la  vase  qui  la  souille.  D'une  base  d'insertion  etroite,  dont  elle 

est  actuellement  presque  detachee,  elle  s'eleve  en  un  pied  qui  bientot  se  renfle  en  un 

corps  massif,  comprime.  Vere  le  haut,  un  peu  lateralement,  s'ouvre  un  oscule  unique, 

entoure  d'un  cone  membrano-spiculeux  translucide,  assez  haut.  Le  partie  renflee  du 
corps  est  lisse,  marquee  de  nombreuses  depressions  circulaires  ou  ovales,  petites  et 

ties  peu  profondes,  pareilles  a  celles  de  beaucoup  de  Grayella  et  autres  Myxillinm  et 

Fig.  3. — Esperiopsis  Scotia',  n.  sp.      x  f-. 

representant  comme  clles  des  aires  inhalantes.  Le  pied  s'est  trouve  tres  endommage, 

depouille  de  son  revetement  et  en  partie  effiloclie.  La  hauteur  totale  de  l'animal  est 

de  37  mm.,  dont  10  mm.  pour  la  longueur  du  pied.  Celui-ci  n'a  guere  que  5  a  6  mm. 

de  diametre.  Le  corps  atteint  20  mm.  do  largeur,  mais  n'a  pas  plus  de  5  a  8  mm. 

d'epaisseur.     Sa  consistance  est  assez  elastique. 

La  portion  denudee  du  pied  montre  la  structure  du  squelette  interne.  C'est,  dans 
cette  region  tout  au  moins,  un  paquet  de  fibres  ascendantes,  polyspiculees,  blanches, 

assez  fortes  mais  sans  spongiue  et,  par  suite,  mal  delimitees.  Dans  le  corps,  ces 

fibres  se  divisent  en  faisceaux  spiculcux  de  plus  en  plus  greles  a  mesurc  qu'ils  gagneut 

hi  p('rq)h(''iie,  oh  ils  sc  termincnt  juste  uu-dessous  de  l'ectosome.  Comme  d'habitude, 

les  elements  de  ces  faisceaux  centrifuges  tournent  leur  pointe  vers  l'exterieur. 

L'ectosome  est  une  membrane  assez  resistante  quoique  tres  mince,  percee  d'orifices 
microscopiques  nombreux,  et  pourvue  seulement  de  microscleres,  mais  en  quantite 
considerable. 
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Spiculation. — I.  Megascleres  :  1.  Sahtylo styles  presque  droits,  un  peu  fusiformes  ; 

base  peu  renflee,  allongee,  raremcnt  marquee  d'uu  bourrelet  annulaire  situe  assez 

loin  de  son  extremite,  suivie  d'un  cou  peu  retreci  mais  assez  long  ;  tige  doucement 

polytylote,  atteignant  son  maximum  d'epaisseur  en  son  milieu;  pointe  breve,  mucronee. 

lis  ont,  pour  la  plupart,  0"9  mm.  de  longueur  sur  0-012  mm.  de  largeur  de  base  et 

0  0 15  mm.  d'epaisseur  de  tige,  mais  leur  longueur  peut  osciller  entre  075  mm.  et 

1*25  mm.  et  leur  epaisseur  entre  0*013  mm.  et  0*02  mm. 
II.   Microscleres :    2.  Isocheles   arques,    extremement   nombreux  ;   tige   fortement 

Fig.  4.  —Spicules  de  Espcriopsis  Scotix.     S,  extremites  d'un  subtylostyle  ;  i,  isocheles.      x  540. 

courb^e,  surtout  dans  sa  partie  mediane,  a,  peine  moins  large  qu'epaisse  (0'0029  mm. 

de  face  pour  0'003  mm.  de  profil  ou  00035  mm.  pour  0'0038  mm.)  et  d'egales 
dimensions  sur  toute  sa  longueur ;  dent  courte,  crochue,  triaugulaire  de  face  avec 

tubereule  large  et  pointe  acer^e  ;  ailes  courtes,  repliees  en  dehors,  dentiformes.  La 

longueur  totale  est  de  0"04  mm.  a  0*043  mm.  ;  l'ecartement  des  ailes  n'est  guere  que 

de  0"01  mm.,  leur  longueur  de  0"008  mm. 

Suberites  montiniger,  Carter. 

Station  346,  let  decembre  1903  ;  Bane  de  Burdwood,  54°  25'  lat.  S.,  57°  32'  long. 
W.  ;  56  brasses. 

Un  seul  specimen,  complet,  sans  la  moindre  trace  d'attache  a  un  support,  par 
consequent  libre  ;  globuleux,  avec  un  enfoncement,  cependant,  correspondant  peut- 
etre  au  cote  par  lequel  il  reposait  sur  le  fond.  Diametre  moyen,  16  mm.  Coloration 

brunatre  a  la  surface,  jaunatre  interieurement.  Consistance  assez  ferme.  Surface 

lisse  portant  de  tres  nombreuses  papilles  surbaissees,  in^gales  et  irregulierement 

distribuees.  Les  plus  grandes,  qui  peuvent  atteindre  1*2  mm.  de  diametre,  ont  la 

forme  d'un  bourrelet  circulaire  en  saillie  autour  d'une  depression  centrale  peu  profonde  ; 
les  plus  petites  apparaissent  comme  de  simples  verrues  minuscules  sans  perforation 

distincte.  II  y  en  a  partout,  sauf  sur  la  partie  la  plus  bomb^e  du  corps,  opposee  a  son 

enfoncement ;  elles  sont  generalement  dispersdes  ;  les  plus  grandes,  au  nombre  d'une 

vingtaine,  sont  cependant  groupees  d'un  cote  et  separees  par  des  intervalles  etroits  ; 
la  face  concave  en  porte  une  quinzaine  de  petites. 

Par  ces  papilles,  l'Eponge  doit  avoir  une  certaine  ressemblance  avec  Suberites 
crelloides  Marenzellcr  (4,  p.  4).  Sa  structure  est  la  meme  :  les  spicules,  assez  lache- 

ment  entrecroises  dans   l'interieur,   forment  a,  la  surface  une  couche  plus  dense  ou 
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beaucoup  se  tiennent  tangeutiels  tandis  que  d'autres  se  placent  debout,  la  pointe  vers 

le  dehors.  Le  rapprochement  est  d'autant  plus  indique  due  les  spicules  out,  de  part 

et  d' autre,  uue  forme  rare  cliez  les  Suberites :  ce  sont  des  tylostyles  a  tete  allongee. 

Ceux  de  S.  crelloides  atteignent,  d'apres  les  mesures  des  dessins  qui  en  ont  ete  publies, 

0'275  mm.  ;  ceux  de  l'Eponge  du  Banc  dc  Burdwood  varient  entre  0"32  mm.  et0'4  mm. 

de  longueur  sur  0*008  mm.  depaisseur.  Independamment  de  leur  taille,  il  y  aurait 
une  difference  de  forme  cntre  ces  spicules,  la  tete  de  ceux  du  S.  crelloides  des  parages 

de  Jan  Mayen  n'atteiguant  que  lorn  en  arriere  son  maximum  d'epaisseur.  Pour  le 
reste,  il  y  a  similitude  remarquable,  la  tige  etant  souvent  un  peu  onduleuse,  se  reuflant 

doucement  pour  devenir  aussi  epaisse  que  la  tete  et  se  terminant  en  une  pointe  breve, 

mucronee.  Le  canal  axial  est  visible  j usque  dans  la  tete  des  spicules  de  l'Eponge 

de  la  Scotia  et  s'y  termine  sans  renflement  ve'siculaire. 

Si  je  ne  rapporte  pas  l'Eponge  en  question  a  l'espece  S.  crelloides,  e'est  surtout  a 
cause  de  la  tete  de  ses  spicules  que  je  crois  plus  semblable  a  celle  des  tylostyles  de 

Suberites  montiniger  Carter.  Mais  les  dessins  de  Marenzeller  et  de  Vosmaer  con- 

cernant  ces  Eponges  sont-ils  d'une  exactitude  rigoureuse  ?  Je  ne  suis  pas  absolu- 
ment  convaincu  que  S.  crelloides  differe  specifiquement  dc  S.  montiniger.  Marenzeller 

les  a  separe's  en  tenant  compte  avant  tout  de  l'etat  de  leur  surface  ;  mais  il  existait 

quand  rneme  des  papilles  chez  S.  montiniger,  puisqu'il  en  est  dit:  "  Vents,  oue  large 

at  the  summit,  fringed,  the  rest  small,  on  the  sides"  (10,  p.  31).  Le  nombre  de  ces 
eminences  pourrait  etre  plus  eleVe  cliez  certains  individus  sans  distinction  specifique 

possible. 

J'ai  vu,  de  l'Atlantique  Nord,  une  Eponge  que  j'ai  d^terminee  aussi  S.  montiniger 

(7,  p.  130),  qui  n'a  pas  de  papilles  du  tout  et  dont  les  spicules,  par  leur  tete  plus 

elliptique  qu'ovale,  ressemblent  plus  que  tous  les  dessins  a  ceux  du  Suberites  de  la 

Scotia  ;  ils  sont  de  meme  grosseur  qu'eux,  mais  plus  courts  et  droits.  Leur  longueur 
(0*24  mm.  a  0*295  mm.)  est  a  peu  pres  celle  des  tylostyles  de  S.  crelloides. 

Quant  au  Suberites  de  la  cote  occidentale  de  l'Am^rique  du  Nord,  appele  par 
Lambe  (3,  p.  128)  S.  montiniger  Carter,  il  produit  des  tylostyles  bien  plus  epais 

(0*016  mm.)  que  toutes  les  Eponges  precitees  et  appartient  peut-etre  a  une  espece 
differente. 

Latrunculia  brevis,  Ridley  et  Dendy.     (Fig.  5.) 

Station  346,  1"  decembre  1903  ;  Banc  de  Burdwood,  54°  25'  lat.  S.,  57°  32'  long. 
W. ;  56  brasses. 

Un  specimen  assez  grand,  a  papilles  tout-a-fait  semblables  a  celles  du  specimen  de 

Latrunculia  apicalis  Kidley  et  Dendy  qui  provient  des  Kerguelen  (5,  pL.xliv,  fig.  4), 

mais  a  discasters  constamment  depourvues  de  prolongement  apical.  Longues  de 

0'06  mm.,  ces  discasters  ressemblent  beaucoup  a  celles  de  L.  brevis  B,idley  et  Dendy 
(5,  pi.  xliv,  fig.  10):  elles  out  une  base  elargie,  disciforme,  a  marge  armee  de  fortes 

•  •piucs  dirigees  obliquement  vers  le  bas  ;  un  verticillc  d'epincs  plus  etroit  la  surmontc, 
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ordiDairement  regulier,  assez  dearth  d'elle  et  nettement  distinct,  quelquefois  diffus  et 

plus  ou  raoins  confondu  avec  elle ;  puis  vient  un  verticille  de  0"033  mm.  de  diametre, 
le  plus  large  de  tous,  bien  perpendiculaire  au  grand  axe  du  spicule,  lamelleux,  ddcoupd 

par  des  incisures  en  trois  lobes  marques  en  leur  bord  de  plusieurs  indentations ;  puis 
encore  un  verticille  semblable  mais  moins  large  et  a  lobes  retrousses  ;  enfln,  une 

couronne  terminale  composee  de  deux  verticilles  d'epines  de  plus  en  plus  etroits,  tres 

rapproches,  emboit^s,  l'inferieur  fortement  oblique  vers  le  haut,  le  superieur  dresse\ 

Sur  les  spicules  imparfaits,  cette  extremite  se  presente  comme  une  dilatation  ovo'ide, 

simple  ou  deja  subdivisee  par  un  leger  bourrelet  annulaire  ;  je  ne  l'ai  vue  qu'une  seule 

fois,  a  cet  etat,  surmontee  d'une  pointe  apicale,  longue  et,  naturellement,  fort  grele. 

Fig.  5. — Discasters  de  Latrunculia  brcvis.      x  540.     1-5,  discasters  imparfaites  ;  d,  discaster 
parfaite  ;  6,  sa  base  vue  par  dessous  ;  v,  un  grand  verticille,  de  face. 

Que  cette  exception  devienne  la  regie  chez  certains  individus  et  les  discasters 

parfaites  ressembleraient  a  celles  de  Latrunculia  apicalis.  C'est  une  possibility  que 

l'existence  de  L.  apicalis  var  biformis  Kirkpatrick  (2,  p.  14)  rend  admissible. 
Les  megascleres  sont  des  styles,  legerement  polytylotes,  souvent  courbes  ou 

flexueux,  a  pointe  breve,  a  base  simple,  plus  mince  que  la  tige ;  ils  mesurent  0*5  mm. 

a  0'53  mm.  de  longueur  sur  0'012  mm.  environ  d'epaisseur.  Ils  ressemblent,  par 
consequent,  a  la  fois  a  ceux  de  L.  brevis  et  h,  ceux  de  L.  apicalis. 

II  y  a,  en  somme,  quelques  raisons  d'admettre  que  ces  deux  especes  n'en  forment 

qu'une  seule,  dont,  par  comparaison  aux  autres  Latrunculia,  L.  apicalis  ne  serait 
pas  la  forme  typique. 

Caulophacus  Scotia,  Topsent. 

Station  417,  18  mars  1904  ;  71°  22'  lat.  S.,  16°  34'  long.  W.  ;  1410  brasses.  Un 
specimen  et  un  pedoncule  detache. 

Le  specimen  a  le  corps  entier  et  le  pedoncule  brise.  Le  corps,  d'une  tres  grande 
mollesse,  est  disciforme  a  contour  sinueux  et  mesure  pres  de  11  centimetres  de 

diametre  ;  epais  de  4  a  5  mm.  en  son  centre,  il  devient  tres  mince  sur  les  bords, 

qui  se  replient  plus  ou  moins  par  dessous.  La  face  superieure  (gastrique  ou  cloacale) 

n'est  pas  plane  mais  soulev^e  en  une  infinite'  de  petites  bosselures  ;  elle  a  son  revete- 
ment  presque  complet,  formant  sur  ses  orifices,  iuegaux,  un  tamis  a  mailles  regulie^res. 

Le  revetement  de  la  face  inferieure  (ou  dermique)  est  moins   bien  conserve  ;   ses 
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dechirures  laissent  a  nu  deux  sortes  d'orifices,  les  uns  grands  mais  de  diametre 

d'autant  plus  large  qu'ils  sont  voisins  du  centre,  les  autres  petits,  distributes  entre 

les  premiers.  Le  pedoncule,  cylindrique,  epais  de  9  mm.,  s' attache  au  milieu  de  la 

face'  inferieure  ;  il  est  creux,  mais  sa  cavite  n'aboutit  pas  a  un  orifice  externe  ;  elle 

communique  avec  les  lacunes  creusees  dans  l'epaisseur  du  corps.  II  n'en  existe  plus 

qu'un  troncon,  long  de  6  centimetres  seulement,  de  calibre  uniforme,  assez  souple  et, 
au  moms  par  places,  finement  hispide. 

Par  sa  forme  comme  par  ses  dimensions,  ce  specimen  ressemble  beaucoup  plus  au 

type  de  Caulophacus  latus  F.  E.  Schulze  (6,  p.  124,  pi.  xxiv)  qua  celui  de  C.  Scotize 

Topsent  (9,  pi.  ii,  figs.  1-3).  Pourtant,  certains  traits  de  sa  spiculation  sont  caracte^ 
ristiques  de  C.  Scotiw.  Ses  hexactines  dermiques,  quoique  de  dimensions  un  pen  plus 

faibles  que  dans  le  specimen  geant  primitivement  demerit,  ont  toujours  l'actine  distale 
renflee  en  pinule  notablement  plus  courte  que  les  autres  actines,  meme  que  la  proxi- 

male,  qui  est  toujours  bien  plus  breve  que  les  tangentielles.  Ses  autogastralia  sont, 

au  contraire  des  autodermalia,  de  taille  fort  inegale ;  ce  caractere,  deja,  note  d'apres 
le  specimen  type  de  C.  Scotife,  est  en  opposition  avec  ce  que  montre  la  reconstitution, 

d'apres  Schulze,  d'une  coupe  verticale  de  C.  latus.  Les  discohexasters,  a  rayons 
secondaires  de  meme  longueur  que  les  primaires,  portent  des  boutons  terminaux 

petits  et  sans  denticules  distincts. 

D'autre  part,  certains  traits  de  la  spiculation  sont  communs  a  celle  du  type  de 
C.  latus.  Aiusi,  il  existe,  parsemees  dans  le  revetement  dermique,  des  hexactines  a 

actine  distale  barbelee  longue,  que  je  n'ai  point  trouvees  dans  les  portions  examinees 

du  type  de  C.  Scotife.  Puis,  les  autogastralia  sont  ici  un  melange  d'hexactines  et  de 
pentactines,  avec  predominance  de  ces  dernieres.  Enfin,  les  microscleres,  de  deux 

sortes  seulement,  sont  d'une  grande  uniformite. 
Les  parties  hispides  du  pedoncule  doivent  leur  aspect  a  un  revetement  compose 

de  spicules  pareils  aux  autogastralia,  encore  plus  inegaux  qu'eux  de  taille  et  presque 

toujours  a  l'etat  de  pentactines,  leur  actine  proximale  se  reduisant  a  un  tubercule. 
Sa  cavite  longitudinal e  a  une  paroi  lisse,  sans  spicules  de  revetement  et  limitee 

simplement  par  un  feutrage,  sans  synapticules,  de  diactines  de  longueur  et  de  grosseur 
variables. 

Le  pedoncule  detache,  proven  ant  de  la  meme  station,  est  cylindrique,  long  de 

13  centimetres,  un  peu  moins  gros  que  celui  de  l'Eponge  precedente  et  solide.  II 
porte  par  places  encore  un  peu  de  son  revetement  sous  forme  de  pentactines  a  actine 

distale  longue  et  barbelee,  de  dimensions  tres  inegales. 
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The  specimens  which  form  the  subject  of  this  paper  were  collected  on  voyages  to 

and  from  Australia  on  board  the  s.s.  Orsova  and  Otway  of  the  Orient  Line.  Sea- 

water  was  being  constantly  pumped  on  each  ship,  by  a  rotary  pump,  from  an  inlet 

about  18  feet  below  the  water-line  to  a  large  tank  on  the  boat  deck,  and  I  was 
allowed  to  run  off,  through  a  plankton  net,  as  much  of  the  water  as  I  desired  in  order 

to  collect  the  organisms  contained  therein.  For  this  privilege,  of  which  I  availed 

myself  to  a  liberal  extent,  I  beg  to  thank  Captain  J.  F.  Healey  and  Captain  F.  S. 

Symons.  The  small  organisms  suffered  comparatively  little  by  their  passage 

through  the  pump  and  pipes,  and  were,  for  the  most  part,  in  a  living  and  active 
condition  when  examined. 

The  larvae  of  Lingula  have  been  so  seldom  recorded  that  the  occurrence  of 

fourteen  larvae  of  Lingula  anatina  in  the  catch  made  on  June  21,  1914,  in  the 

southern  part  of  the  Red  Sea,  was  noteworthy.  On  the  return  journey,  in  October, 

careful  watch  was  kept  for  others,  and  one  larva  of  Lingula  anatina  was  taken  in 

the  Indian  Ocean,  about  4°  south  of  Colombo,  two  others  in  the  southern  portion  of 
the  Red  Sea,  and  six  larvae  of  Pelagodiscus  [Discinisca)  a  little  to  the  west  of  Cape 

Comorin.  The  larvae  were  examined  microscopically  immediately  after  capture,  and 

were  then  preserved  in  formalin,  which  has  proved  to  be  a  satisfactory  fixative. 

Most  of  the  specimens  have  been  stained  in  haematoxylin,  cleared,  and  mounted  as  , 

whole  objects,  for  which  their  depressed  form  and  transparent  shell  and  mantle 

render  them  very  suitable ;  six  larvae  have  been  cut  into  serial  sections. 

*  A  grant  in  aid  of  the  expenses  incurred  during  this  research  has  been  received  from  the  Earl  of  Moray  Endow- 
ment of  the  University  of  Edinburgh.  The  cost  of  reproduction  of  the  plates  has  been  defrayed  by  the  Carnegie 

Trust  for  the  Universities  of  Scotland. 
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THE  LARViE  OF  LINGULA. 

Previous  Records  of  the  Larvae  of  Lingula  (s.  lat.). 

(a)  Lingula  anatina  Bruguiere. — Tlie  larva  of  Lingula  was  first  observed  by 

Semper  (1861),  who,  in  1859,  saw  a  free-swimming  larva,  without  stalk,  near 
Zamboanga,  Mindanao  (Philippine  Islands).  Later  (1864)  he  obtained  several  other 

specimens,  which  fixed  themselves  in  his  aquaria  and  lived  several  weeks.  Semper 

gives  no  further  information  about  his  specimens,  but  no  doubt  they  were  larvae  of 

L.  anatina,  for  this  species  was  found  in  hundreds  on  the  beach  at  Zamboanga  by 

the  Challenger  Expedition. 

Dr  Yatsu  (1902),  while  working  at  Misaki  in  Japau,  obtained  the  fertilised  eggs 

of  L.  anatina,  and  has  given  a  detailed  account  of  the  egg-cleavage  aud  of  the  larvae. 
Captain  Sewell  (1912)  published  a  short  note  on  larvae,  which  he  refers  to  this 

species,  from  the  coast  of  South  Burma. 

(6)  Glottidia  audebarti  (Broderip)  =  Lingula  pyramidata  Stimpson. — Early  in 

June  1860  McCrady  found  in  Charleston  Harbour,  South  Carolina,  a  free-swimming 
larva,  and  gave  an  account  of  it  to  the  Elliott  Society  of  Natural  History  on  June  15, 

which,  however,  was  never  published  by  the  Society  owing  to  the  destruction  during 

the  war  of  the  notes  and  drawings  of  the  larva.  There  is,  in  a  letter  written  by 

McCrady  (1860)  to  Stimpson  on  June  18,  1860,  a  brief  description  of  the  larva,  and 

McCrady  subsequently  wrote  from  memory  a  further  report  upon  it,  which  was 

given  to  and  published  by  Professor  Morse  (1873,  p.  261).  McCrady,  who  believed  his 

specimen  to  be  the  young  of  "Lingula  pyramidata,"  states  that  it  had  about  6# 
pairs  of  cirri,  and  that  there  was  no  trace  of  peduncle,  but  his  description  shows  that 

what  he  regarded  as  the  intestine  was  undoubtedly  the  peduncle,  which  was  evidently 

of  considerable  length  and  convoluted. 

Brooks  (1879),  who  was  the  first  to  study  a  series  of  larva?  of  "  Lingula," 

published  an  excellent  account  of  the  structure  of  the  larva?  of  " L.  pyramidata" 
which  he  obtained  in  Chesapeake  Bay  (see  pp.  56,  57). 

(c)  Species  unknown. — Professor  Simroth  (1897,  p.  6),  has  recorded  a  larva  with  • 
1 0  pairs  of  cirri  among  the  material  obtained  by  the  Plankton  Expedition  from  the 

west  coast  of  Africa.  The  larva  was  "66  mm.  in  transverse  diameter,  and  had  no 
stalk.  In  its  general  structure  and  in  the  shape  and  dimensions  of  its  shell  this 

larva  approaches  that  of  Lingula  anatina,  but  the  hinge-line  is  about  one-fifth 
shorter  than  in  the  larva?  studied  by  Dr  Yatsu  and  myself,  and  the  protegulum  is 

also  proportionately  smaller.  The  shell  of  Professor  Simroth's  larva?  is  much  larger 
than  that  of  the  corresponding  stage  of  Glottidia  as  described  by  Brooks,  and  is  of 

different  shape  ;  the  hinge-line  is  one  and  a  half  times  as  long,  and  the  protegulum  is 
larger  in  a  similar  proportion.     This  larva,  therefore,  does  not  agree  with  either  of 

*  The  number  of  cirri  is  probably  considerably  understated. 
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those  of  known  parentage,  though  it  is  nearer  to  that  of  Lingula  anatina,  and 

should  probably  be  referred  to  this  genus.  I  am  not  aware  of  a  record  of  adult 

specimens  of  any  species  of  Lingula  from  the  west  coast  of  Africa,  so  that  no  clue 

to  the  species  of  Professor  Simroth's  larva  can  be  obtained. 

The  Larvae  of  Lingula  anatina. 

Localities. 

The  localities  at  which  the  larvae  were  obtained  may.  be  stated  thus  : — 

(i)  Southern  portion  of  the  Red  Sea,  about  lat.  15°  N.,  long.  42°  E.  ;  June  21, 
1914  ;  depth  of  water  about  16  to  40  fathoms  ;  fourteen  larvae. 

(ii)  Indian  Ocean,  about  lat,  3°  N.,  long.  80°  E.  ;  October  14,  1914  ;  depth  of 
water  about  2200  fathoms;  one  larva.  The  noteworthy  feature  about  the  record 

from  this  locality  is  the  great  depth  of  water  in  and  all  round  the  area  where  the 

larva  was  obtained,  the  nearest  shallow  water  being  that  on  the  coast  of  Ceylon, 

distaut  some  200  miles  north.  Lingula  is  generally  found  between  tide-marks  or 
in  shallow  water. 

(iii)  Southern  portion  of  the  Red  Sea,  near  the  edge  of  the  Dahalak  Bank  in 

lat.  about  16°  N.  ;  October  22,  1914;  depth  of  water  about  30  fathoms,  but  there 
were  shallow  areas  of  about  7-9  fathoms  within  a  few  miles ;  two  larvae. 

So  far  as  I  am  aware,  Lingula  has  not  been  recorded  from  the  Red  Sea,  and  the 

only  recorded  examples  from  the  Indian  Ocean  are  from  the  coast  of  Burma.  Dr 

Annandale  tells  me  that  he  has  seen  Lingula  in  abundance  on  the  islands  off  the 

Siamese  state  of  Trang,  on  the  west  coast  of  the  Malay  Peninsula,  and  that  there  are 

specimens  in  the  Indian  Museum,  Calcutta,  from  the  Andaman  Islands  and  the 
coast  of  Burma. 

Description  of  the  Larvse  (Plate  IV). 

It  is  not  proposed  to  give  a  detailed  description  of  the  larvae,  as  they  agree  in 

general  with  the  excellent  account  given  by  Dr  Yatsu,  but  attention  will  be  drawn 

to  their  principal  features,  and  to  certain  points  in  which  my  larvae  differ  from  those 

studied  by  previous  observers. 

The  specimens  may  be  divided  into  five  groups,  according  to  the  number  of  their 

cirri,  which  is  probably  the  most  reliable  indication  of  the  age  of  the  larvae. 

(i)  Larvse  with  8-10  pairs  of  cirri. — The  youngest  stage  obtained  was  taken 

in  the  Indian  Ocean  (locality  (ii)),  about  4°  nearly  due  south  of  Colombo.  The 

shell-valves  are  "52  mm.  long  and  "62  mm.  broad,  and  have  the  form  shown  in 

figs.   1,  2.     The  straight  hinge-line*  is  "3  mm.  long,  and  the  distance  between  the 
*  The  cuticular  shell  first  formed  over  the  dorsal  and  ventral  mantle-folds  of  the  larva  is  circular  in  outline 

(Yatsd)  ;  a  large  fold  is  formed  posteriorly  which  divides  the  shell  into  dorsal  and  ventral  valves  or  protegula 
(Beecher).  The  valves  increase  in  thickness,  and  later,  as  the  secondary  shell  is  added,  in  size  ;  but  the  fold,  as  it  is  no 
longer  in  contact  with  the  mantle,  remains  a  mere  film  of  cuticle,  which,  however,  serves  for  some  time  as  a  hinge 
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tips  of  the  teeth  which  lie  right  and  left  of  the  hinge-line  on  the  ventral  valve  is 

*32  mm.  These  measurements  remain  unchanged  throughout  larval  life,  for  sub- 
sequent additions  to  the  valves  take  place  on  their  lateral  and  anterior  margins  only. 

The  straight  hinge-line,  in  all  the  later  stages  examined,  is  about  "28  to  '32  mm. 

long  (average  of  the  whole  series,  "295  mm.),  there  being  some  individual  variation. 

The  margins  of  the  primary  shells,  or  protegula,*  are  well  seen  in  the  dorsal 
and  ventral  valves,  but  especially  in  the  latter,  and  remain  recognisable  in  all  the 

later  larval  stages  examined.  The  two  protegula  are  unequal ;  the  dorsal  one  (fig.  2) 

is  almost,  but  not  quite,  a  semicircle  of  which  the  hinge-line,  "3  mm.  long,  is  the 

diameter,  its  length  or  height  being  -14  mm.;  the  ventral  one  is  smaller  (fig.  1), 

its  length  being  *12  mm.  When  the  formation  of  the  secondary  shell  takes  place, 
by  additions  to  the  lateral  and  anterior  margins  of  the  protegula,  the  two  valves 

soon  become  approximately  equal  in  size.  In  all  my  larvae  the  two  valves  are  either 

equal  in  size  or  the  ventral  one  is  slightly  larger,  as  it  is  in  the  adult. 

This  larva  has  8  pairs  of  ciliated  cirri.  The  most  anterior  cirrus  of  each  side 

is  smaller  than  the  rest,  and  has  been  recently  formed ;  it  lies  immediately  lateral 

to  the  base  of  the  median  sensory  tentacle.  This  tentacle  is  an  outgrowth  from  the 

lip-like  fold  (epistome)  which  overhangs  the  mouth  in  front. 

The  mouth  leads  into  the  oesophagus  and  mid-gut.  The  mid-gut  is  a  wide  sac, 

from  the  walls  of  which  the  lobes  of  the  digestive  gland  or  liver — a  right  and  left 

posterior  dorsal  and  a  bifid  ventral  lobe  f — are  being  formed.  The  intestine  is  only 

feebly  differentiated,  and  the  annus  is  not  yet  present.  The  anterior  occlusor  muscles 

are  of  moderate  size,  but  the  posterior  occlusor  has  not  yet  appeared. 

Two  statocysts  i  are  present  in  the  dorsal  body-wall,  each  situated  a  little 
posterior  and  median  to  the  occlusor  muscle  of  its  side  (see  below,  p.  51). 

The  organs  practically  fill  the  ccelom,  there  being  usually  only  small  portions 

of  the  cavity  recognisable  right  and  left  of  the  oesophagus  and  in  the  middle  line 
at  the  posterior  end. 

There  is  no  trace  of  peduncle.  In  regard  to. its  internal  organs,  this  larva  has 

reached  a  stage  of  development  similar  to  the  larva  with  5  pairs  of  cirri,  represented 

in  Dr  Yatsu's  figs.   77,  78. 

for  the  valves.  In  the  specimen  -52  mm.  long,  described  above,  the  dorsal  and  ventral  valves  are  still  connected 
together  posteriorly  by  the  fold.  In  all  the  later  stages  examined,  the  fold,  while  remaining  attached  to  the  ventral 
valve,  has  become  disconnected  from  the  dorsal  valve  ;  it  still,  however,  bends  over  dorsally  so  that  its  edge  often 
engages  with  the  now  thickened,  straight,  posterior  margin  of  the  dorsal  valve.  This  margin,  which  corresponds 
with  that  of  the  ventral  valve,  is  the  hinge-line  referred  to  above. 

*  See  footnote  on  previous  page. 
t  For  details  of  these  lobes,  see  p.  52. 

%  Statocysts  were  first  seen  in  Brachiopods  by  Fritz  Muller  (1860,  p.  77),  who  observed  them  in  larv;e  of 
PelarjorHscus.  Professor  MORSE  (1878,  p.  266)  recorded  the  presence  of  statocysts  in  adult  Lingula,  and  Brooks 
(1879,  p.  63)  saw  them  in  larvw  of  Glottidia.  Professor  Blochmann  (1898,  p.  422 ;  1900,  p.  124),  however,  denied  the 
presence  of  statocysts  in  both  Lingula  and  Pdagodiscw,  and  considered  the  structures  in  question  to  be  the  funnels 
of  the  nephridia.  Dr  Yatsu  (1 902,  pp.  64-68)  held  that  they  were  statocysts,  and,  after  having  examined  these  organs 
in  1  iving  and  preserved  specimens  of  both  Lingula  and  Pelagodiscus,  I  can  fully  confirm  his  view.  The  funnels  of  the 
nephridia  have  a  totally  different  appearance  and  different  relations  (see  figs.  8,  10). 
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A  larva  with  10  pairs  of  cirri  was  taken  in  the  Red  Sea  at  locality  (i).  Its  shell- 

valves  are  76  mm.  long,  and  "81  mm.  broad,  and  the  internal  organs  are  similar  to 
those  of  the  larva  with  8  pairs  of  cirri  described  above,  except  that  the  coelomoducts 

(or  nephridia  ;  see  below,  p.  52)  are  now  formed,  and  the  liver-lobes  and  intestine 
more  clearly  differentiated,  but  there  is  still  no  anus. 

(ii)  Larvse  with  11  pairs  of  cirri. — This  stage  is  represented  by  two  specimens. 

The  one  studied  alive  was  taken  in  the  Red  Sea  (locality  (i)).  The  shell-valves  of 

this  larva  (fig.  5)  are  "82  mm.  long,  and  '91  mm.  broad,  and  the  hinge-lines  and  the 
postero-lateral  margins  of  the  shell  have  acquired  a  brownish-yellow  colour,  which 
persists,  and,  indeed,  usually  increases  in  amount  in  older  specimens.  The  eleventh 

pair  of  cirri  has  been  recently  formed.  The  anterior  occlusor  muscles  have  increased 

considerably  in  size,  as  compared  with  those  of  the  previous  specimens,  and  the 

posterior  occlusor*  is  well  formed.  The  two  anterior  dorsal  liver-lobes  are  just 

beginning  to  grow  out  from  the  mid-gut,  the  intestine  is  now  complete,  and  the 
anus  is  visible,  opening  into  the  mantle  cavity  about  the  middle  of  the  length  of 

the  body-wall  on  the  right  side. 
The  first  indication  of  the  peduncle  is  seen  as  a  hemispherical  elevation,  about 

15/u.  high,  on  the  ventral  mantle-fold,  near  its  posterior  margin,  behind  and  slightly 
to  the  right  of  the  posterior  occlusor.  The  peduncle  of  Lingula  is  evidently 

therefore  not  equivalent  morphologically  to  that  of  Terebratulina ,  which  is  formed 

at  a  much  earlier  stage  of  development  from  the  entire  posterior  region  (the  "  third 

segment "  )  of  the  larva. 

On  looking  through  a  series  of  plankton-samples,  obtained  from  a  sea-water 

bath-tap  on  board  ship  by  Dr  Nelson  Annandale  in  1901  in  the  Red  Sea  and 

Indian  Ocean,  I  found,  in  the  catch  taken  in  the  Strait  of  Bab-el-Mandeb  on 

March  25,  a  larva  similar  in  structure  to  that  just  described,  but  larger,  its  shell- 

valves  being  '92  mm.  in  length  and  "97  mm.  in  breadth. 

(iii)  Larvw  with  12  pairs  of  cirri. — This  stage  is  represented  by  four  specimens 

from  the  Red  Sea  (locality  (i)).     The  dimensions  of  their  shell- valves  are  : — 

Length. Breadth. 

a 10  mm. 10    mm. 
b     . .     1-06  „ 

1-07  „ 

c •      1-1     „ 

1-05  „ 

d     . •     11     „ 

1-07  „ 

It  will  be  noted  that,  whereas  in  the  examples  previously  described  the  shell- valves 
are  broader  than  long,  in  the  four  now  under  consideration  the  length  of  the  shell 

is  equal  to  or  rather  greater  than  the  breadth  (fig.  3).  The  shell-valves  have 

developed,  in  the  neighbourhood  of  the  hinge-line,  a  greenish  colour  which 

gradually  fades  away  towards  the  lateral  regions. 

*  Although  the  other  muscles  of  the  animal  are  well  shown  in  the  later  stages,  details  of  these  muscles  are  not 

given,  as  I  have  nothing  to  add  to  Dr  Yatsu's  account  of  them. 
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Each  of  the  larvae  has  12  pairs  of  cirri,  but  in  the  smallest  specimen  (a)  the 

most  anterior  cirrus  on  each  side  is  a  newly  formed  conical  papilla  about  40/x  long. 

That  the  tips  of  the  cirri  can  be  protruded  beyond  the  edges  of  the  shell-valves  was 

observed  in  life,  and  is  further  evidenced  by  two  of  the  preserved  specimens,  in  each 

of  which  one  of  the  cirri  has  been  "  trapped  "  in  the  tightly  closed  valves,  so  that  its 
tip  is  still  projecting. 

The  posterior  margin  of  the  mantle,  which  even  in  the  earliest  larva  examined 

was  slightly  pigmented,  now  exhibits  clearly  a  yellowish-brown  pigment,  which 

extends  forwards  along  the  lateral  mantle-margin. 

Chsetse  have  been  formed  on  each  side  in  the  postero-lateral  region  of  the  mantle. 
Two  slender  chgetas  first  appear  close  together.  Along  the  middle  and  distal  regions 

of  each  chteta  are  nodes,  which  in  the  middle  portion  of  the  chseta  are  at  fairly 

regular  intervals  of  about  8ju,  but  near  the  tip  they  are  closer  together  (cf.  fig.  7) ; 

in  the  basal  part  of  the  chseta  they  are  less  clearly  marked.  By  the  time  these 

chsetre  have  increased  in  length  to  about  200-250/a,  a  few  others  of  similar  structure 

but  shorter  (50-70/a  long)  have  been  formed  at  intervals  along  the  lateral  and 

anterior  margins  of  the  mantle.  About  this  time  also  gland-cells  appear  in  the 

postero-lateral  portions  of  the  mantle  in  a  zone  a  little  removed  from  its  margin  ; 

these  gland-cells  become  much  more  abundant  in  the  next  stage  (fig.  6),  and  finally 
extend  all  round  the  mantle,  forming  a  glandular  ridge.  The  area  of  the  mantle 

median  to  this  ridge  is  very  thin  and  transparent.  It  may  be  noted  here  that  the 

mantle  is  highly  contractile,  and,  in  a  few  of  the  preserved  specimens,  is  withdrawn 

a  considerable  distance  from  the  margins  of  the  shell-valves.  The  radially  arranged 

muscle-fibrils,  by  which  the  mantle  is  fixed  to  the  shell,  are  well  seen  in  most 

specimens. 

The  peduncle  is  bluntly  conical  in  form  and  about  60-70//,  long.  Its  wall  consists 
of  a  thick  outer  epithelium  and  an  inner  layer  which  is  continuous  with  the  ccelomic 

epithelium  (fig.  9).  There  is  a  central  cavity  which  opens  into  the  general 

body-cavity  (fig.  6). 

(iv)  Larvae  with  13  pairs  of  cirri — Six  specimens  at  this  stage  of  development 

were  found  along  with  the  preceding  examples  in  the  Red  Sea  (locality  (i)).  The 

measurements  of  their  shell-valves  are — 

Length. Bread  tli. 

a 
1*17   mm. 

1 '  1 5  mm. 

b     . .      1-22      „ 

113     ,, 

c •      1-28      ,, 

1-14      „ 

d     . .      1-29     „ 

1-15     „ 

e .      1-29     „ 

1-17      „ 

/     .  .     1-3       „  1-15      „ 

The  maximum  dorso- ventral  diameter  of  each  of  the  last  four  specimens  is  "2  mm. 

The  peduncle   shows  a   marked   increase   in   size  during  this  stage;  in  the  first 

two  specimens  {a,  b)  it  is  about  80/x  long,   but   in   the  others  it  is  200-250/x  long, 
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and  is  Lent  upon  itself  near  the  middle  of  its  length,  so  that  the  terminal  part  is 

dorsal  and  its  tip  directed  to  the  left  side. 

The  other  organs  are  similar  to  those  of  the  preceding  stage,  except  that  the  two 

ccelomoducts  (nephridia)  are  now  very  clearly  seen  (fig.  10). 

Three  of  the  four  larger  larvse  of  this  group  have  been  cut  into  serial  sections, 

and  a  few  notes  on  these  may  he  given  here  (see  figs.  8,  9,  10). 

The  shell  was  found  to  be  in  most  parts  about  20/x  thick,*  increasing  to  30/x  near 
the  posterior  margin,  and  to  consist  of  a  chitinoid  substance,  a  thin  outer  layer  of 

which  forms  a  not  very  clearly  differentiated  periostracum. 

The  statocysts  (fig.  8)  are  closed  sacs  the  external  antero-posterior  and  transverse 

diameters  of  which  are  about  40-50/x,  and  the  dorso-ventral  diameter  10-1 5/x. 
Several  minute  statoliths  in  motion  f  were  observed  in  each  statocyst  in  the  living 

specimens,  but  are  not  now  visible.  Each  statocyst  is  situated  in  the  dorsal  body- 

wall  at  the  point  where  the  latter  is  joined  by  the  lateral  body-wall,  and  the 

appearances  suggest  that  the  statocyst  was  formed  by  an  invagination  of  the 

epithelium  in  the  lateral  angle  of  contact  of  the  two  portions  of  the  body- wall,  but 
the  statocyst  now  exhibits  no  trace  of  connection  with  the  exterior. 

The  three  ganglia  of  the  central  nervous  system  are  situated  in  the  body- wall ; 

the  ventral  or  sub-oesophageal  (fig.  10)  is  much  larger  than  the  two  lateral  ganglia, 
which  lie  immediately  in  front  of  the  anterior  occlusors. 

Muscle-fibres,  almost  longitudinal  in  direction,  have  appeared  in  the  peduncle 

between  the  outer  and  inner  cell-layers,  but  they  are  really  formed  in  the  latter. 
The  median  tentacle  bears  long  cilia  at  its  tip  on  the  ventral  side.  The  tentacle 

is  hollow,  and  the  lumen,!  which  may  not  extend  far  into  the  distal  half,  contains 

cells  and  muscle  fibres,  the  latter  serving  to  bend  or  contract  the  tentacle.  Sur- 

rounding the  lumen  in  a  zone  of  supporting  substance  of  homogeneous  nature,  and 

around  this  is  a  layer,  apparently  nervous,  which  is  in  contact  with  the  base  of  the 

sensory  external  epithelium. 

Each  cirrus  is  also  hollow,  and  the  lumen  contains  a  bundle  of  longitudinal  muscle- 
fibres  which  lie  chiefly  towards  the  medial  side  of  the  cirrus.  The  thick,  external 

epithelium,  which  is  ciliated  on  its  median  aspect,  has  very  deeply  staining  nuclei. 

In  the  base  of  each  cirrus  there  is  homogeneous  supporting  substance,  usually 

thinner  or  absent  on  the  median  aspect,  which  is  continued  into  the  two  arms  of 

the  lophophore,  where  it  forms,  just  proximal  to  the  insertions  of  the  cirri,  a 

continuous  curved  band  (fig.  9)  supporting  this  basal  portion  of  the  arm-apparatus. 
The  right  and  left  bands  are  linked  together  by  a  small  mass  of  the  same  kind  of 

supporting  substance  situated  in   the  mid-ventral  wall  of  the    lophophore   near  its 

*  The  shells  of  these  larvse  with  13  pairs  of  cirri  are  about  twice  as  thick  as  those  figured  by  Dr  Yatsu  from 
his  larvse  with  15  pairs  of  cirri.  It  may  be  noted  that  his  larvse,  from  the  stage  with  7-9  pairs  of  cirri  onwards, 
were  reared  in  captivity. 

t  Ciliated  cells  were  not  observed  in  the  wall  of  the  statocyst. 
t  The  lumen  opens  posteriorly  into  the  arm-sinus,  which  is  connected  with  the  general  body-cavity. 
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posterior  margin.  The  skeletal  substance  of  the  lophophore  is  therefore  approxi- 

mately U-shaped.  This  substance  is,  in  these  specimens,  almost  homogeneous  and 
contains  neither  cells  nor  nuclei ;  it  has  evidently  been  secreted  by  one  or  both  of  the 

cell-layers  in  contact  with  it. 

The  mouth-cavity  and  oesophagus  are  lined  with  ciliated  columnar  cells,  and 
the  anterior  and  posterior  walls  of  the  stomach  with  high  and  narrow  flagellated 

cells,  those  of  the  posterior  portion  of  the  stomach  being  especially  striking.  The 

intestine  is  apparently  not  ciliated.  The  digestive  glands  or  "  liver  "-lobes  are  thick- 
walled  diverticula  of  the  mid-out.  There  are  two  anterior  dorsal  diverticula — the 

smallest  and  last  formed  "liver "-lobes — situated  in  the  dorsal  and  anterior  part  of 

the  body-cavity  ;  they  are  bounded  laterally  by  the  occlusors,  and  extend  backwards 

as  far  as  the  gastro-parietal  bands  and  forwards  to  the  level  of  the  anterior  edge  of 
the  occlusors  (fig.  8).  These  lobes  unite  ventrally  and  open  into  the  anterior  dorsal 

wall  of  the  stomach  by  a  very  short  median  duct ;  dorsally  the  lobes  are  separated 

by  the  dorsal  mesentery.  The  large  posterior  dorsal  lobes  of  the  digestive  gland — 

one  right  and  one  left — open  separately  into  the  dorso-lateral  portion  of  the  stomach 
about  the  middle  of  its  length  (fig.  9).  Each  of  these  lobes  presents  an  indication 

of  subdivision  into  anterior  and  posterior  portions.  The  ventral  lobe  of  the  "liver" 
is  a  large,  A-shaped  diverticulum  (fig.  10) — that  is,  it  is  subdivided  into  right  and 
left  portions,  which  open  by  a  common  aperture  at  their  anterior  ends  into  the 

stomach  near  the  middle  of  its  ventral  wall.  The  cells  composing  the  "liver"  are 
highly  vacuolated — the  vacuoles  contained  in  life  digestive  secretion  and  oil  globules, 

— cell-outlines  are  not  distinguishable,  and  the  nuclei  are  comparatively  small. 

When  the  contents  of  the  vacuoles  have  been  removed,  the  walls  of  the  "  liver  "- 
lobes  have  a  spongy  appearance,  and  embedded  in  them,  here  and  there,  are  the 

unicellular  algse  *  on  which  the  larva  principally  feeds. 
The  two  ccelomoducts  (nephridia)  could  be  clearly  seen  in  the  living  larvae,  and 

are  well. seen  in  some  of  the  whole  mounts  and  in  the  sections  (fig.  10).  Their 

funnels,  the  apertures  of  which  are  directed  postero-medially,  lie  in  the  ccelom  near 

the  posterior  end  of  the  mid-gut,  and  are  on  the  ileo-parietal  bands.  Each  ccelomo- 
duct,  the  lumen  of  which  is  narrow,  runs  forwards  in  a  curved  course,  and  opens  into  the 

mantle-chamber  on  the  antero-ventral  wall  of  the  body  proper,  immediately  lateral  to 

the  anterior  occlusor  muscle — that  is,  ventral  and  a  little  postero-lateral  to  the  mouth. 

(v)  Larvae  with  14  or  15  pairs  of  cirri. — Four  large  specimens  were  found  in 
the  Red  Sea,  two  of  them  on  June  21  at  locality  (i),  the  others  on  October  22  at 

locality  (iii).     The  measurements  of  their  shell-valves  are — 
Length. Breadth. 

", 

October  22,  1914 
1-47  mm. 1'22  mm. 

K June  21, 1914      . .     1-48     „ 

1-22    „ 

c, 

October  22,  1914 •     1-52     „ 

1'22    „ 

d, 

June  21,  1914     . •     1-6       „ 

1-37    „ 

*  A  Radiolarian  was  also  noticed  in  the  gut. 
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Growth  in  length  of  the  shell-valves  is  evidently  taking  place  at  this  stage  much 

more  rapidly  than  growth  in  width,  as  the  later  growth-lines  show  (fig.  4).  The 

shell  has  now  become  elliptical,  the  longer  axis  being  antero-posterior.  In  specimens 
a  and  b  there  are  14  pairs  of  cirri;  in  c  and  d  the  number  of  pairs  is  apparently 

15,  but  as  the  cirri  are  closely  packed  together  it  is  difficult  to  be  certain  of  their 
number. 

Additional  chaetae  have  been  developed  in  the  postero-lateral  region  of  the 
mantle,  where  there  is  now  a  group  of  about  six  or  eight  long  chaetae  on  each  side, 

among  which  the  two  original  ones  may  generally  be  distinguished  by  their  slightly 

greater  length  and  thickness  (fig.  6).  Other  shorter  chaetae  have  been  added  at 

intervals  round  the  lateral  and  anterior  margins  of  the  mantle. 

The  posterior  occlusor  is  now  a  round  or  oval  cylinder  of  muscle  about  80-100/x 

in  diameter.  The  peduncle  is  from  -4  to  "8  mm.  in  length,*  and  is  bent  into  one  or 
two  loops,  its  terminal  part  lying  dorsal  to  the  proximal  part,  and  its  tip  pointing 

to  the  left  (fig.  6).  The  terminal  portion  of  the  peduncle  is  dilated,  and  the 

epithelium  covering  this  region  is  much  higher  than  elsewhere,  but  it  has  not  yet 

proceeded  to  form  the  secretion  which  later  envelops  it.  The  peduncle,  which  is 

colourless,  is  in  each  specimen  enclosed  within  the  shell-valves,  no  part  of  it  being 
extended. 

The  median  sensory  tentacle  does  not  exhibit  the  least  sign  of  reduction ;  it  is 

still  large,  about  160/x  long,  and  is  evidently  fully  functional. 

These  specimens  are  the  largest  and  latest  free-swimming  stages  recorded  for  any 
species  of  Lingula  (s.  lat.).  Probably  these  larvae  would  soon  have  settled  down, 

the  peduncle  of  each  would  have  been  extended  beyond  the  valves,  and  the  high 

epithelium  of  its  terminal  portion  would  have  produced  secretion  by  means  of  which 
the  larva  would  have  fixed  itself  to  the  substratum. 

A  note  of  the  colours  exhibited  by  the  living  larvae  may  be  given  here.  The 

shell-valves,  even  of  the  largest  larvae,  are  transparent,  there  being  no  calcareous 
matter  present.  As  already  mentioned,  the  posterior  and  neighbouring  lateral 

margins  of  the  valves  are  yellowish  brown,  and  in  these  regions  the  zone  just  within 

the  margin  is  a  bright  green  colour.  The  mantle-margin  is  usually  brownish, 

especially  posteriorly.  The  basal  half  of  the  tentacle,  particularly  on  the  dorsal 

side,  and  the  distal  portions  of  the  "cirri,  are  yellowish  brown,  and  there  is  a  patch 
or  spot  of  deeper  tone  at  the  tip  of  most  of  the  older  cirri,  and  a  similar  spot 

about  the  middle  of  the  dorsal  surface  of  the  tentacle.  There  is  yellow  pigment 

on  each  side  of  the  mouth  at  its  postero-lateral  margins.  The  "  liver  "-lobes  are 

lemon-yellow,  and  near  their  periphery  a  small  amount  of  brown  pigment  is  present. 

*  The  largest  specimen  seems  to  be  abnormal  in  this  respect,  for  the  peduncle  is  comparatively  short — about 
•2  mm.  in  length,— but  it  is  not  possible  to  state  its  length  exactly,  owing  to  its  being  much  foreshortened,  as  seen 
in  the  preserved  specimen. 
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Comparison  of  the  Larvae  with  those  previously  recorded. 

The  larvae  described  in  the  foregoing  account  fall  into  a  single  series,  and 

evidently  all  belong  to  one  species.  On  comparing  them  with  those  described  by 

Dr  Yatsu,  there  can,  I  think,  be  no  doubt  they  belong  to  the  same  species — Lingula 

anatina  Bruguiere, — which  is,  so  far  as  I  am  aware,  the  only  species  recorded  from 

the  Indian  Ocean.  In  structure  and  colours  my  larvae  agree  closely  with  Dr  Yatsu's, 
and  special  points  of  agreement  are  :  the  hinge-line  is  practically  the  same  length 
in  both  series  of  larvae,  and  the  chaetae  evidently  arise  in  the  same  manner,  for  it  is 

clear  from  Dr  Yatsu's  figure  (e.g.  fig.  86)  that  in  his  larvae,  as  in  mine,  the  two 
chaetae  first  formed  in  the  postero-lateral  region  remain  for  a  considerable  time 
distinguishable  from  those  formed  later. 

Captain  Sewell  concluded  that  his  larvae  also  were  those  of  L.  anatina. 

There  are  certain  differences  between  my  larvae  and  those  of  Dr  Yatsu  and 

Captain  Sewell  which  may  be  now  considered. 

(a)  Size. — The  following  table  summarises  the  average  dimensions  of  the  shell- 

valves  of  the  larvae  of  different  stages  : — 

No.  of  Pairs  of 
Yatsu. Sewell. ASHWORTH. 

Cirri  present. Length.     Breadth. Length.     Breadth. Length.     Breadth. 

5 •31    x    -39  mm. 
6 •44    x    -41     „ 

7-8 
•66    x    "61     „ 

(December  Series.) 

"52    x      *62  mm. 

9 •65    x    -66  mm. 
10 •82    x    -77     „ •76    x      -81     „ 

11 
•89    x    -80     „ •87    x      -94     „ 

12 
1-06    x    1-05     „ 

13 
. . . 

1-26    x    1-15     „ 
(February.) 

14 
I'll     x    I'll  mm. 1-48    x    1-22     „ 

15 
•8    x    -64  mm. /  1-52    x    1-22     „ 

1  1-6      x    1-37     „ 

Dr  Yatsu's  larva?  with  7  or  8  pairs  of  cirri  were  rather  larger  than  mine, 
but  his  later  stages  were  much  smaller — compare  them  when  they  have  15  pairs 

of  cirri.  This  disparity  is  no  doubt  due  to  the  fact  that  Dr  Yatsu's  larvae,  from 
those  with  8  or  9  pairs  of  cirri  onwards,  were  kept  in  aquaria,  and  the  growth  of 

the  shell  was  retarded,  for  it  may  be  noted  that  the  shell-valves  of  his  specimens 

were  not  only  smaller  but  much  thinner  (see  p.  51  and  footnote).  Captain  Sewell's 
larva  with  14  pairs  of  cirri  is  considerably  smaller  than  mine,  but  as  he  suggests  that 

the  conditions  at  the  time  of  the  year  when  it  was  taken  were  unfavourable,  the 

difference  in  size  may  be  due  to  this  cause. 

(/>)  Change  in  the  Shape  of  the  Shell. — The  table  serves  to  show  that  the  change 

in  the  shape  of  the  shell-valves — that  is,  when  they  become  for  the  first  time  longer 
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than  broad — took  place  at  different  stages  in  each  of  the  series  of  larvse  under  con- 

sideration. In  Dr  Yatsu's  this  change  occurred  when  7  or  8  pairs  of  cirri  were 

present,  in  Captain  Sewell's  specimens  collected  in  December  the  change  took 
place  when  9  pairs  of  cirri  were  fully  formed,  and  in  my  larvse  when  12  pairs  of 

cirri  were  present.  Captain  Sewell's  single  specimen  taken  in  February  had  a 
shell  as  long  as  broad  ;  he  attributes  the  delay  in  change  of  the  shape  of  the  shell* 
to  the  less  favourable  time  of  the  year  when  development  was  taking  place. 

(c)  Chwtte. — Chaetse  appeared  in  Dr  Yatsu's  larvae  at  an  earlier  stage  than  in 
mine,  but  in  both  series  the  time  of  appearance  of  the  chsetse  coincided  with  the 

change  in  shape  of  the  shell- valves. 

{d)  Peduncle. — In  Dr  Yatsu's  larvae  the  peduncle  appeared  when  6  pairs  of  cirri 
were  present,  and  was  protruded  by  the  time  10  pairs  of  cirri  had  been  formed,  at 

which  stage  his  larvse,  kept  in  aquaria,  became  fixed.  Perhaps  the  artificial  con- 

ditions brought  about  precocious  fixation.  In  Captain  Sewell's  larvae  the  peduncle 
began  to  develop  in  the  stage  presenting  9  pairs  of  cirri,  but  there  was  no  sign  of 

its  protrusion  in  his  specimens  with  11  pairs  of  cirri.  In  my  larvae  the  first  trace 

of  peduncle  did  not  appear  until  11  pairs  of  cirri  were  present,  and  the  peduncle 

was  entirely  internal  in  the  largest  larvae,  which  had  15  pairs  of  cirri  and  were 

still  free-swimming. 

(e)  Tentacle. — In  my  largest  larvse,  with  14  or  15  pairs  of  cirri,  the  median 
sensory  tentacle  was  not  in  the  least  degree  reduced,  but  was  fully  functional, 

whereas  in  Dr  Yatsu's  examples  with  15  pairs  of  cirri — the  specimens  being  then 
attached  to  the  bottom  of  the  aquaria— the  tentacle  was  either  absent  or  reduced  to 
a  small  papilla.  Dr  Yatsu  regards  the  tentacle  as  a  larval  organ,  and  therefore 

considers  its  disappearance  in  his  fixed  specimens  as  a  natural  consequence.  There 

is,  however,  the  possibility  that  the  conditions  of  captivity  had  determined  the 

reduction  and  eventual  loss  of  this  sense-organ  in  his  larvse.  A  similar  tentacle  is 

present  in  Glottidia  ;  and  in  Brooks's  figure  (fig.  7)  of  a  young  specimen,  with  16 
pairs  of  cirri,  soon  after  it  had  become  sedentary,  the  tentacle  is  shown  as  long  as 

the  neighbouring  cirri,  and  Brooks  states  definitely  (p.  73)  that  it  is  persistent. 

Most  of  the  differences  between  the  various  series  of  larvae  discussed  above, 

particularly  in  reference  to  the  size  of  the  shell-valves,  the  size  and  protrusion  of  the 
peduncle,  and  perhaps  the  persistence  or  loss  of  the  tentacle,  are  doubtless  dependent 

almost  entirely  on  the  environmental  conditions.  Variations  in  one  or  more  of  these 

characters  may  be  expected  in  larvae  of  the  same  species  obtained  in  widely  separated 
areas  and  under  diverse  conditions.  There  are,  however,  certain  features  which 

appear  to  be  more  constant  for  the  species,  at  any  rate  they  present  a  fairly  close 

agreement  in  Dr  Yatsu's  larvae  and  mine  f — namely,  the  length  of  the  hinge-line  and 

*  The  peduncle  of  this  specimen  was  also  in  a  backward  state,  being  "  still  only  a  small  rudiment." 

t  In  Captain  Sewell's  larva;  there  was  apparently  a  rather  greater  range  of  variation  in  the  length  of  the  hinge, 
but  its  average  length  in  his  twelve  larvae  was  '3  mm.,  practically  the  same  as  in  Dr  Yatsu's  and  mine. 
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the  anteroposterior  diameters  of  the  valves  of  the  protegulum*  and  probably  also 
the  form  of  the  chsetse.  These  features  may  therefore  be  found  useful  in  the  deter- 

mination of  the  species  of  larvae,  but  a  definite  decision  as  to  their  taxonomic  value 

can  only  be  reached  after  they  have  been  examined  in  further  series  of  specimens. 

Judging  from  the  large  size  attained  by  the  oldest  examples,  the  larvae  found  in 

the  southern  portion  of  the  Red  Sea  developed  under  very  suitable  conditions.  It 

will  be  observed  that  these  larvae  form  a  regular  series,  there  being  no  aberrant 

members,  and  they  probably  afford  a  fairly  reliable  criterion  of  the  normal  course  of 

development  in  a  favourable  environment. 

Breeding  Seasons. 

Dr  Yatsu  states  that  the  breeding  season  at  Misaki  is  very  short,  and  is  certainly 

restricted  to  a  month  and  a  half  of  the  summer — from  the  middle  of  July  to  the  end 

of  August.  He  estimates  that  the  period  which  elapses  from  the  onset  of  develop- 
ment to  the  stage  with  15  pairs  of  cirri  is  about  six  weeks.  Assuming  that  my 

larvae  had  developed  at  about  the  same  rate,  the  oldest  specimen,  with  15  pairs 

of  cirri,  taken  on  June  21,  1914,  in  the  southern  portion  of  the  Red  Sea,  would  be 

one  of  the  products  of  a  spawning  which  had  taken  place  in  the  first  half  of  May. 

Spawning  evidently  continued  until,  or  was  resumed  about,  the  end  of  May,  for  a 

much  younger  larva,  only  half  as  long  as  the  preceding,  was  taken  at  the  same  time 

and  place.  The  finding  of  two  large  larvae,  with  14  and  15  pairs  of  cirri  respec- 
tively, in  the  southern  portion  of  the  Red  Sea  on  October  22,  is  evidence  that  a 

spawning  occurred  in  the  first  half  of  September.  The  specimen  in  Dr  Annandale's 
material  was  taken  on  March  25,  1901,  in  the  Strait  of  Bab-el-Mandeb,  and  probably 
had  developed  from  an  egg  fertilised  about  a  month  previously.  The  evidence 

available  in  regard  to  the  southern  end  of  the  Red  Sea  indicates  that  there  is  a 

succession  of  spawnings  extending  at  least  over  the  period  from  the  beginning  of 

March  to  the  early  part  of  September. 

Captain  Sewell  records  the  occurrence  of  larvae  during  the  winter  months, 

December  and  February,  in  the  plankton  off  the  south  coast  of  Burma.  I  found  one 

young  larva,  which  was  probably  from  two  to  three  weeks  old,  in  the  Indian  Ocean, 

about  3°  N.  lat.,  and  80°  E.  long.,  on  October  14,  1914. 

Comparison  of  the  Larv.e  of  Lingula  anatina  with  Brooks's  Larv.e  of 
Glottidia  audebarti. 

As  Brooks's  memoir  (1879)  on  the  development  of  Glottidiais  not  easily  accessible, 
a  few  notes  on  his  specimens  are  given  here,  and  their  characters  compared  with 

those  of  the  available  examples  of  Lingula  anatina. 

*  The  primary  shell  is  laid  down  while  the  larva  is  enveloped  by  the  egg-membrane,  and  hence  the  protegula 
and  the  hinge-line  are  determined  under  relatively  uniform  conditions  ;  later  the  larva  is  subject  to  more  diverse 
conditions,  which  cannot  but  react  upon  such  characters  as  the  secondary  shell  and  the  peduncle. 
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The  three  free-swimming  larvae  figured  by  Brooks  have  shell-valves  with  the 

following  dimensions  : — 
Shell-Valves. 

No.  of  Pairs  of  Cirri.  Length.  Breadth. 

5-6   '23  mm.  -27  mm. 

7-8   "29    „  -29     „ 
9-10   -4      „  -37     „ 

These  laiwae,  and  especially  the  two  last,  are  much  smaller  than  those  of  Lingula 
anatina  with  the  same  number  of  cirri.  The  distance  between  the  teeth  at  the  ends 

of  the  hinge-line  on  the  ventral  valve  in  Brooks's  larvae  is  i5-"16  mm.,  as  compared 
with  about  '3  mm.  in  L.  anatina ;  and  the  antero-posterior  length  of  the  protegulum 

of  the  dorsal  valve  is  about  "065  mm.  in  Brooks's  larvae  (figs.  1  and  3),  and  '12  mm. 
in  L.  anatina. 

Ckaetae  are  formed  in  the  larvae  of  Glottidia  when  about  9  pairs  of  cirri  are 

present,  and  are  shown  (Brooks's  fig.  3)  all  of  the  same  size  and  sparsely  scattered 
round  the  margin;  there  is  apparently  not  a  larger  first-formed  pair  on  each  side 
as  in  L.  anatina  (see  p.  50).  It  will  be  noticed  that  the  chaetae  appear  about  the 

same  time  as  the  change  in  the  shape  of  the  shell-valves  takes  place,  as  was  also  the 
case  in  L.  anatina. 

The  posterior  occlusor  and  the  peduncle  are  formed  when  7  pairs  of  cirri  are 

present,  and  by  the  time  there  are  10  pairs  of  cirri  the  peduncle  has  become  long 

and  looped,  and  Brooks  expressed  the  opinion  that  the  larvae  became  sedentary 

soon  after  this  stage,  but  the  change  was  not  actually  observed,  as  it  was  found  that 

"  the  larvae  could  not  be  made  to  thrive  in  confinement." 
The  youngest  sedentary  example  of  Glottidia  found  has  16  pairs  of  cirri.  The 

shell-valves  of  this  specimen  are  about  2  mm.  long  and  1  mm.  broad,  and  the 

peduncle — now  fully  protruded — about  5-6  mm.  long.  In  the  dorsal  and  in  the 

ventral  mantle-lobe  there  are  four  pigment-spots  near  the  anterior  margin  ;  there 

are  no  pigment-spots  in  my  larvae  of  Lingula  l-52  and  1'6  mm.  long  respectively, 

nor  do  they  appear  to  have  been  present  in  Dr  Yatsu's  specimens. 

The  most  noticeable  differential  characters  of  Brooks'  specimens  of  Glottidia 
are :  in  the  free-swimming  stages,  the  small  size  of  the  shell-valves,  the  short  hinge- 
line  and  consequently  the  small  protegulum ;  in  the  sedentary  specimen,  the  narrow 

shell-valves  *  and  the  presence  of  pigment-spots  near  the  anterior  mantle-margin. 

Brooks's  larvae  of  Glottidia  were  obtained  in  Chesapeake  Bay,  and  as  young 
stages  were  found  in  the  middle  of  July,  while  only  older  -larvae  were  taken  in  the 
middle  of  August,  the  breeding  season  was  probably  short,  as  was  also  found  by 

Dr  Yatsu  for  Lingula  at  Misaki,  which  is  in  nearly  the  same  latitude  as 

Chesapeake  Bay. 

*  In  this  connection  it  may  be  remarked  that  full-grown  examples  of  Glottidia  audelarti  do  not  attain  so  laige  a 
size  as  those  of  Lingula  anatina,  and  the  shell-valves  of  the  former  are  narrower  in  proportion  to  their  length. 
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THE  LARVAE  OF  PELAGODISCUS  (DISCINISCA). 

Previous  Records  of  the  Larvae  of  Discinid^e. 

(a)  Larvae  of  Pelagodiscus  (Discinisca )  atlanticus  (King). — Fritz  Muller 
(1860,  1861)  was  the  first  to  describe  a  larva  of  an  ecardinate  Brachiopod.  He 

recognised  that  his  larvae  were  those  of  some  Brachiopod,  but  in  his  published 

accounts  did  not  refer  them  to  any  genus,  though  he  evidently  not  long  afterwards  * 
reached  the  conclusion  that  they  belonged  to  the  genus  Discina.^  He  probably  saw 

about  a  dozen  living  larvae,  which  he  collected  in  the  years  1859  and  1860  near 

Desterro  on  the  southern  portion  of  the  coast-line  of  Brazil. 
The  only  other  observer  who  has  hitherto  seen  a  living  larva  is  Dr  Yatsu  (1902, 

p.  105)  who  found,  in  the  plankton  near  Misaki  (Japan),  a  specimen  which  is 

probably  referable  to  the  species  P.  atlanticus. 

Professor  Blochmann  (1898)  studied  ten  preserved  examples  taken  in  the 

plankton  off  the  island  of  Bintang,  about  45  miles  south-east  of  Singapore. 

(b)  Larvae  of  other  Discinidae. — Muller  obtained  another  larval  form  of  a  species 

of  Discina,  which  he  stated,  in  a  letter  to  Professor  Morse,*  belonged  to  the  species 
D.  radiata  Dunker,  but  I  am  unable  to  find  any  further  reference  to  this  larva,  no 

description  of  which  seems  to  have  been  published. 

Professor  Simroth  (1897,  pp.  3-6)  has  described  two  larvae  obtained  by  the 
Plankton  Expedition.  The  smaller  one,  from  Palmas  roadstead,  has  a  transverse 

diameter  of  "22  mm.,  and  only  3  pairs  of  cirri.  It  is  further  remarkable  for 
possessing  on  each  side  four  very  long  chaetae.  The  larger  larva,  taken  in  lat. 

5°  9'  N.,  and  long.  20°  3'  W.,  at  a  depth  of  1000-1200  metres,  has  a  transverse 

diameter  of  '42  mm.  This  larva  has  4  pairs  of  cirri,  which  are  much  more  slender 
and  elongate  than  those  of  P.  atlanticus,  and  the  median  tentacle  is  also  elongate 

and  terminates  in  a  bulbous  dilatation.  There  are  only  two  chaetae  on  each  side, 

which  appear  to  be  equal  in  length  and  simple.  Both  these  larvae  are  .referred  by 

Professor  Simroth  to  the  genus  Discina. 

Eichler  (1911)  has  given  a  short  account  of  two  larvae  obtained  by  the  German 

South  Polar  Expedition  near  the  winter  station  of  the  Gauss  (lat.  66°  S.,  long. 

90°  E.),  from  a  depth  of  3000  metres.  The  specimens  were  787  and  *825  mm. 
respectively  in  transverse  diameter,  and  had  4  pairs  of  slender  cirri  of  unusual 

length.     On    each   side   there  were   four  stronger   chaetae,    all    of  similar   form   and 

*  Professor  Morse  (1873,  pp.  356,  357)  states  that  he  received  "  a  letter  from  Herr  Muller,  accompanied  with  a 
sketch  of  another  larval  form  of  Discina,  in  which  he  describes  features  similar  to  those  above  mentioned  [referring 

to  his  abstract  of  the  account  of  Muller's  larva?  from  Uesterro],  and  states  that  the  species  has  been  denned  by 

Professor  Dunker  as  I),  radiata."  By  the  courtesy  of  Mr  E.  A.  Smith  I  have  been  able  to  see  Dunker's  description 
of  D.  radiata  (Malak.  Blatt.,  vol.  viii,  p.  39,  1861)  :  there  is  no  reference  to  the  larva. 

t  The  genus  Discina  was  subdivided  by  Dall  in  1871  into  Discina  (sensu  stride-)  and  Discinisca,  and  the  latter 
was  again  divided  by  Dall  in  1908  into  Discinisca  (s.  str.)  and  Pelagodiscus.  Discina  atlantica  King  falls  into  the 

last-named  section,  and  its  correct  designation  is  therefore  Pelagodiscus  atlanticus  (King). 
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apparently  simple,  i.e.  not  spinulose,  and  a  series  of  finer  chaetae  on  the  lateral 

margin  of  the  mantle.  Eichler  and  Blochmann  consider  that  these  larvae  probably 

belong  to  Pelagodiscus  (Discinisca)  atlanticus ;  but  there  is  no  justification  for 

referring  them  to  this  species,  from  which  they  differ  in  the  following  characters : 

their  much  greater  size,  the  form  of  the  median  tentacle,  their  cirri  (which  are 

about  three  to  four  times  as  long  as  those  of  P.  atlanticus),  and  in  their  possession 

of  only  four  principal  chaetae,  the  longest  of  which  is  not  specially  stout.  These 

larvae  differ  so  strikingly  from  those  already  referred  on  good  grounds  to 

P.  atlanticus  that  they  cannot  be  regarded  as  belonging  to  the  same  species ;  they 

may  be  larvae  of  some  larger  species  of  Discinisca. 

The  Larv/E  of  Pelagodiscus  (Discinisca)  atlanticus. 

Six  free-swimming  larvae  were  taken  on  October  16,  1914,  in  the  Indian  Ocean  a 
few  miles  west  of  Cape  Comorin,  where  the  chart  shows  depths  of  about  40  fathoms. 

Adult  specimens  of  P.  atlanticus  have  been  found  almost  entirely  in  deep  water ; 

there  are  records  from  200  and  690  fathoms,  but  with  these  exceptions  specimens 

have  been  found  only  at  depths  greater  than  1000  fathoms,  and  there  are  four 

records  from  more  than  2000  fathoms,  the  deepest  being  2425  fathoms.  The 

occurrence  of  the  larvae  of  Pelagodiscus  off  Cape  Comorin  in  shallow  water  was 

therefore  rather  unexpected.  The  fact  that  half  a  dozen  larvae  were  obtained 

together  indicates  the  probable  close  proximity  of  the  parent  forms.  There  is, 

however,  the  possibility  that  the  adults  lived  in  the  deep  water  to  the  west,  for 

the  depth  increases  rapidly  in  that  direction,  and  there  was  deep  water — 700-800 

fathoms— only  about  thirty  miles  away.  It  is  known  that  the  larvae  may  remain 

free-swimming  for  five  or  six  days,*  a  period  which  would  have  been  sufficient  for 
their  transportation  by  the  strong  currents  from  the  area  of  deep  water  to  the 

locality  where  they  were  found.  Although  the  conditions  suggest  that  the  adults 

of  P.  atlanticus  occur  in  shallow  water  near  Cape  Comorin,  a  definite  conclusion 
cannot  be  reached  on  the  evidence  available. 

I  have  recently  looked  over  charts  f  of  the  other  areas  from  which  larvae  of 

Pelagodiscus  have  been  recorded.  Around  Desterro,  where  Muller  found  his 

larvae,  the  sea  is  shallow,  the  nearest  water  of  100  fathoms  depth  being  some 

sixty  miles  eastwards.  Off  Bin  tang,  where  Professor  Blochmann's  ten  larvae  were 
taken,  the  water  is  very  shallow  (0-24  fathoms),  the  nearest  water  of  100  fathoms 
depth  being  about  four  hundred  miles  away.  At  Misaki,  where  Dr  Yatsu  took  a 

single  larva,  there  is  deep  water  close  inshore.     It  is  evident  from  a  consideration 

*  Muller  (1861,  p.  54)  observes,  regarding  hislarvse  in  aquaria:  "Die  Dauer  dieses  Schwarmstadiums  iiberstieg 
bei  den  eingefangenen  Larven  nie  5-6  Tage,  meist  schon  friiher  setzten  sie  sich  fest,  am  Boden  oder  an  den  Seiten 

des  Glases."  Schuchert  (Bull.  Geol.  Soc.  Amer.,  vol.  xxii,  1911,  p.  272),  however,  states  that  the  larvae  "  are  known 
to  live  in  the  free  and  floating  condition  for  nearly  a  month,"  but  there  is  no  evidence  in  support  of  this  statement, 
which  is  erroneous. 

t  I  am  indebted  to  Dr  W.  S.  Bruce  for  giving  me  access  to  the  charts  in  the  Scottish  Oceanographical  Laboratory. 
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of  the  conditions  in  the  areas  where  the  larvse  recorded  l>y  Muller  and  Blouhmann 

were  taken  that  the  adults  of  P.  atlanticus  are  not  confined  to  deep  water,  and  the 

occurrence  of  the  larvse  in  shallow  water  near  Cape  Comorin,  while  not  conclusive, 

lends  support  to  this  view. 

Description  of  the  Larvse  (Plate  V). 

The  six  "larvse  agree  closely  in  size  and  structure,  and  are  evidently  all  about 
the  same  stage  of  development. 

The  shell-valves  (fig.  11),  which  are  unequal,  are  free  from  each  other  all  round 

their  margins,  there  being  no  hinge  ;  they  are  connected  only  by  the  muscles — 

especially  the  occlusors,  and  the  body-wall.  The  dorsal  valve,  which  is  almost  like 

a  watch-glass  in  form,  is  sub-circular  and  varies  in  the  different  specimens  from 

•39-"43  mm.  in  length,  and  -43--47  mm.  in  breadth.  The  almost  flat  ventral  valve, 

which  has  a  peduncular  sinus  in  the  posterior  middle  line,  is  •32-,34  mm.  long, 
and  -39-'42  mm.  wide.  The  maximum  dorso-ventral  diameter  of  each  of  the  three 

larvse  in  which  it  was  measured  is  '075  mm.  These  larvse  are  about  the  same  size 

as  those  described  by  Professor  Blochmann  and  that  by  Dr  Yatsu,  and  slightly 

larger  than  Muller's  original  examples.  Both  valves  are  chitinoid  and  transparent, 
and  exhibit  no  trace  of  calcareous  substance.  The  edge  of  the  dorsal  valve,  and  to 

a  less  extent  that  of  the  ventral  valve,  are  yellowish  brown  in  colour.  The  shell- 
valves  vary  in  thickness  in  different  portions  from  about  3  to  8/x.  The  chitinoid 

shell,  which  cuts  easily  in  paraffin,  is  covered  on  its  external  surface  by  a  definite, 

though  very  thin  periostracum,  which  is  continued  over  the  edges  on  to  the  inner 

face  of  each  valve,  where,  overlying  the  thin  margin  of  the  mantle,  it  extends 

inwards  until  it  reaches  the  thickened  zone  of  the  mantle  by  which  it  is  evidently 

formed.     In  surface  view  the  periostracum  presents  a  shagreened  appearance. 

The  mantle  is  for  the  most  part  colourless,  but  in  its  postero-lateral  margins 

exhibits  some  yellowish-brown  pigment,  and  along  the  margin  of  the  peduncular 

notch  bears  darker  brown  pigment-granules.  The  mantle  is  very  thin  over  the 

greater  part  of  its  extent,  but  presents  a  thickened  zone  in  its  lateral  and  anterior 

portions  in  both  valves,  but  especially  in  the  dorsal  valve  (fig.  17).  The  posterior 

mantle-margin  is  thin  in  the  dorsal  valve,  and  in  the  ventral  one  forms  a  narrow 

strip  posterior  to  the  peduncle.  In  the  thin  portions  of  the  dorsal  and  ventral 

mantle-folds,  the  outer  surface  of  which  is,  of  course,  applied  to  the  shell,  there 

are  numerous  gland-cells  containing  large  granules ;  these  cells  no  doubt  secrete  the 

shell.  In  the  thickened  zone  of  the  mantle  there  are,  besides  gland-cells,  more 

numerous  epithelial  cells  and  some  muscle-fibres ;  the  chsetse  are  implanted  in  this 

region,  which,  as  already  stated,  secretes  the  periostracum. 

There  are  five  pairs  of  principal  chsetse,  as  described  by  Muller  (1860).  Addi- 

tional details  regarding  them  may  be  given  here.  The  two  anterior  chsetse  of  each 

side  are  slender  and  flexible,  and  are  about   "15— "16  mm.  long.     Each  has  a  simple 
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joint  situated  a  short  distance  proximal  to  the  middle  of  its  length,  and  the  flattened 

and   tapering  distal  portion  exhibits  faint  indications  of  several  joints,   and   bears 

along  one  margin  minute  spicules,  which,  however,  do  not  extend  to  the  tip  of  the 

chseta  (fig.    13)..    When  at  rest  these  chsetse  usually  point  antero-medially,  but  in 

preserved  specimens    they    may   be    found    directed    antero-laterally   owing   to   the 
contraction   of  the   muscles   attached   to   their    bases.     The   third  chseta  is  usually 

gently  curved,   about   '09  mm.  long,  and  is  directed  postero-laterally.     It  bears  on 
its  anterior  edge  minute,  regularly  arranged,  pointed  processes,  which  begin  a  little 

proximal  to  the  middle  of  the  length  of  the  chseta.,   but  do  not  extend  to  its  tip 

(fig.  14).     The  fourth  chseta  is  the  largest,  being  "S-^  mm.  long,  and  much  thicker 
than   the   others.      It   issues   between    the    shell-valves   postero-laterally   and   then 
usually  curves  towards  the  middle  line,  as  shown  on  the  right  side  of  fig.  11,  but 

it  may  be  turned  so  as  to  point  outwards,  as  on  the  left  of  fig.  11.     Its  proximal 

portion — about  one-fifth — which  is  almost  uniform  in  diameter,  merges  into  a  dilated 

region  where  the    chseta   issues   between   the    two    shell-valves ;    distal   to   this   the 
chseta  tapers  gradually  to  its  tip.     The  greater  part  of  the  tapering  portion  is  beset, 

except  on  its  medial  side,  with  numerous  pointed  teeth  or  thorns,  the  tips  of  which 

are  directed  postero-laterally  (fig.  15).     The  thorns  do  not  extend  quite  to  the  tip 
of  the  chseta  ;  a  terminal  portion  about  15/a  long  is  without  them  and  is  very  fragile. 

The  four  pairs  of  chsetse  described  above  arise  from  the  ventral  mantle-fold.     The 

fifth    chseta   on    each    side,    which    arises    from    the    dorsal    mantle-fold,    is    about 

•18-'2  mm.  long.     It  is  slender  and  strongly  curved  so  that  its  tip  points  postero- 
medially,  and   it   bears,  on   its   distal  half,  minute  spinules  similar  to,  but  smaller 

than,  those  of  the  fourth  chseta.     Muscles  are  attached  to  the  bases  of  each  of  these 
five  chsetse. 

There  is  also  on  each  side  a  series  of  about  thirty  chsetse,  all  of  similar  form, 

regularly  arranged  in  close  order  in  the  thickened  zone  of  the  dorsal  mantle-fold, 

and  extending  from  the  region  of  the  fourth  principal  chseta  forwards  almost  to  the 

middle  line.  These  chsetse  are  almost  uniform  in  diameter  along  the  greater  part 

of  their  length,  but  taper  rapidly  at  their  tips.  They  exhibit  nodes  at  intervals,  and 

are  flexible  ;  they  are  usually  directed  postero-laterally,  and  their  free  ends  are  bent 

under  the  edge  of  the  ventral  valve.  Only  the  two  most  anterior  and  the  most 

posterior  of  these  chsetse  (Ch.  S.)  are  shown  on  the  right  of  fig.  11. 
On  each  side  are  two  or  three  thicker  chsetse  situated  in  the  ventral  mantle- 

fold,  about  midway  between  the  second  and  third  principal  chsetse,  and  directed 

almost  laterally  (fig.  11,  right  side).  Each  of  these  bears  longitudinal  striations 

and  is  subdivided  by  nodes  so  that  it  resembles  a  bamboo  (fig.  16).     . 

The  peduncle,  as  seen  in  the  living  or  stained  specimen  (fig.  11),  is  an  oval  mass, 

the  transverse  and  antero-posterior  diameters  of  which  are,  on  an  average,  about  "13 

and  "04  mm.  respectively.     In  vertical  section  (fig.  17)  the  peduncle  appears  as  an 
elevation,  triangular  in  section,  of  the  inner  wall  of  the  ventral  mantle-fold  close  to 
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its  posterior  margin,  so  that  in  its  origin  it  is  similar  to  that  of  Lingula  (see  p.  49). 

The  broad  base  of  the  elevation  is  ventral,  the  posterior  or  dorsal  side  of  the  ridge 

lies  parallel  and  close  to  the  dorsal  mantle-fold,*  and  the  anterior  side  is  almost 
parallel  to  the  posterior  wall  of  the  body  proper.  The  epithelium  covering  the 

peduncle  is  continuous  with,  but  much  thicker  than,  the  inner  epithelium 

of  the  ventral  mantle,  which  unites  with  the  epithelium  of  the  body-wall  proper 

just  anterior  to  the  front  margin  of  the  peduncle.  The  central  portion  of  the 

peduncle  consists  of  strong  curved  muscle-fibres,  which  have  a  general  ventro-dorsal 
direction.  A  narrow  transverse  cavity  is  present  in  the  posterior  portion  of  the 

peduncle,  but  this  does  not  appear  to  have  a  defin'te  epithelial  lining,  nor  is  there 
any  visible  connection  in  the  preserved  specimens  between  this  cavity  and  the  body- 

cavity,  though  there  is  probably  a  connection  in  life,  as  in  the  case  of  Lingula  (p.  50 

and  fig.  6).  The  narrow  strip  of  mantle  immediately  posterior  to  the  peduncle  is 

strongly  pigmented,  and  the  pigment  extends  forwards  right  and  left  into  the 

epithelium  which  covers  the  sides  of  the  peduncle.  The  dorsal  and  anterior  faces  of 

the  peduncle  are  almost  completely  covered  with  a  thin  film  of  periostracum.  The 

peduncle  is  in  condition  to  be  extended  ready  for  fixation  ;  the  small  lip  at  the 

posterior  margin  of  the  ventral  valve,  which  consists  only  of  periostracum,  would  be 

bent  ventrally,  and  the  neighbouring  region  of  the  ventral  valve  would  yield  to  some 

extent  so  as  to  permit  the  exit  of  the  peduncle  between  the  shell-valves.  During 
extension  the  peduncle  would  be  so  bent  as  to  bring  its  flat,  previously  dorsal, 

surface  into  contact  with  the  object  to  which  fixation  was  about  to  take  place,  and 

the  granular  cells  forming  the  thick  epithelium  of  that  face  of  the  peduncle  would 

secrete  the  necessary  cementing  substance. 

The  median  tentacle  is  an  elevation  on  the  epistome  about  30-40/x,  in  height  and 
50/x  in  width.  Its  apex  is  traversed  by  a  shallow  median  groove,  the  cell  of  which 

are  pigmented.  The  apical  portion  of  the  tentacle  is  solid,  but  the  basal  half 

contains  a  narrow  axial  lumen,  which  opens  proximally  into  the  arm-sinus.  The 

lumen  is  lined  by  cells  and  contains  longitudinal  muscle-fibrils  by  means  of  which 
the  tentacle  can  be  contracted  or  bent  laterally  or  ventrally  towards  the  mouth. 

Supporting  tissue,  like  that  found  in  the  tentacle  of  Lingula  (see  p.  51),  is  not 

present,  but  there  is  a  nervous  layer  between  the  lumen  and  the  epidermis.  The 

tentacle  is  ciliated  along  two  tracts  (indicated  by  the  darker  areas  in  fig.  11),  one  on 

each  side,  near  its  base. 

The  discoidal  lophophore  bears  the  mouth  near  the  middle  of  its  ventral  surface, 

and  on  each  of  its  lateral  margins  there  are,  in  all  the  specimens  except  one,  four 

approximately  equal  cirri  arranged  as  shown  in  fig  11.  In  one  of  the  larvae  (not 

the  smallest)  there  arc  four  cirri,  all  of  normal  size,  on  the  right  side,  but  on  the 

left  there  are  only  three,  the  fourth  or  most  anterior  cirrus  being  absent.     The  cirri 

*  The  peduncle  is  not  in  any  way  connected  with  the  dorsal  valve  ;  its  posterior  surface  may  touch  the  dorsal 
mantle-fold,  hut  remains  quite  indejjendent  of  it. 
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are  hollow,  and  the  comparatively  large  cavity,  which  opens  into  the  arm-sinus,  is 

lined  by  an  epithelium  and  contains  longitudinal  muscle-bands.  The  cells  on  the 
medial  face  of  each  cirrus  bear  long  cilia.  As  in  Lingula,  the  deeply  staining 

epithelium  of  the  cirri  is  thrown  into  annular  folds  by  contraction  of  the  muscles. 

Supporting  substance  is  not  recognisable  in  sections  of  the  cirri,  but  is  present  in 

each  half  of  the  lophophore  as  a  narrow  band  lateral  to  the  arm-sinus,  and  extending 
along  the  region  of  attachment  of  the  cirri.  The  greater  part  of  each  cirrus,  the 

distal  region  of  the  tentacle  and  the  ciliated  tracts,  right  and  left,  in  its  basal 

portion  were  yellow  in  life.  There  was  also  a  considerable  amount  of  yellow 

pigment  in  the  lip  which  overhangs  the  mouth  in  front,  and  a  narrow  transverse 

band  of  brownish  pigment  in  the  ventral  body- wall  immediately  anterior  to  the 

sub-oesophageal  ganglion. 
There  is  a  deep  depression  on  the  ventral  side  between  the  posterior  margin  of 

the  lophophore  and  the  anterior  edge  of  the  wall  of  the  body  proper  (fig.  17).  In 

this  depression,  and  situated  on  the  anterior  surface  of  the  wall  of  the  body  proper, 

just  ventral  to  the  oesophagus,  is  the  large  ventral  nerve-ganglion.  The  two  lateral 

ganglia,  which  are  also  large,  are  situated  in  the  body-wall  in  front  of  the  anterior 

margins  of  the  occlusors.* 
The  outline  of  the  wall  of  the  body  proper  is  almost  semicircular  or  bluntly 

conical,  its  form  and  height  depending  on  the  condition  of  expansion  or  contraction 

of  the  animal.  In  the  lateral  wall  of  the  body  proper,  rather  nearer  the  dorsal 

than  the  ventral  surface,  is  on  each  side  a  large  black,  or  brownish-black,  oval 

pigment-spot  or  "  eye,"  about  20ju,  long.  Similar  pigment-spots  were  present  in  the 
larvae  examined  by  Fritz  Muller,  but  not  in  those  described  by  Drs  Blochmann 
and  Yatsu. 

The  epidermis  of  the  body- wall  in  the  region  of  the  "  eye,"  especially  ventral  and 
posterior  to  it,  is  higher  than  elsewhere,  and  forms  a  regular  columnar  epithelium. 

This  elevation,  which  is  readily  seen  in  most  specimens  mounted  whole,  probably 

represents  a  sensory  area. 

The  "eye"  is  like  a  shallow  cup  in  shape  (fig.  18),  and  consists  of  masses  of 
brown  pigment-spherules  deposited  in  the  distal  ends  of  several  of  the  epithelial 

cells.  Immediately  below  the  epithelium  of  this  region  of  the  body-wall  is  a  nervous 

tract  extending  backwards  from  the  lateral  ganglion,  which  supplies  the  columnar 

epithelium  described  above,  the  "  eye,"  and  the  statocyst. 
In  the  dorsal  body-wall  on  each  side  is  a  large  statocyst  situated  immediately 

posterior  and  slightly  lateral  to  the  dorsal  margin  of  the  massive  anterior  occlusor 

muscle  (fig.  12).  The  maximum  internal  diameter  of  the  statocyst  is  about  25/u, ; 

the  external  diameters  are :  antero-posterior,  30-40/x, ;  transverse,  25-30/a  ;  dorso- 

ventral,    10-15/a.     In  surface  view  the  statocyst  is  ovoid,  and  the  narrower   end, 

*  That  is,  the  anterior  occlusors  ;  there  are  no  posterior  occlusors  at  this  stage.     Professor  Blochmann  has  given 
an  account  of  the  muscles  of  the  larva,  to  which  I  have  nothing  special  to  add. 
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which  is  directed  anteriorly,  lies  near  the  lateralis  muscle.  Several  minute  statoliths 

were  present  in  life,  forming  a  small  mass  in  the  centre  of  the  statocyst.  The  wall 

of  the  statocyst  consists  of  two  layers  :  an  epithelium  with  large  nuclei  similar  to  the 

epithelium  of  the  neighbouring  region  of  the  mantle,  and  a  thin  enveloping  layer  of 

ccelomic  epithelium  (fig.  18).  The  statocyst  is  in  contact  with  the  body-wall  at  the 

angle  of  union  of  the  latter  with  the  dorsal  mantle,  and  in  this  angle  is  a  distinct 

depression  in  the  external  epithelium  suggesting  that  the  statocyst  had  been  formed 

by  invagination  at  that  point.  Professor  Blochmann  holds  that  the  organs  inter- 

preted as  statocysts  are  really  the  funnels  of  nephridia,*  and  describes  and  figures 

an  "  Ausftihrungsgang."  There  can,  however,  be  no  doubt  that  the  organs  in 
question  are  statocysts,  .and  they  are  closed  sacs.  Dr  Yatsu  (1905,  p.  563)  states 

that  the  statocysts  "  must  become  smaller  at  the  time  of  attachment "  of  the  larva, 
but  his  fig.  2  from  a  young  attached  Discinisca  l&vis  shows  a  statocyst  considerably 

larger  than  that  of  a  free-swimming  Pelagodiscus  atlanticus."\ 
The  mouth  is  situated  immediately  behind  the  epistome  by  which  it  is  overhung  ; 

its  cavity  is  lined  by  ciliated  cells.  The  oesophagus,  which  has  a  high  columnar 

ciliated  epithelium,  passes  at  first  dorsally  and,  after  a  short  course,  turns  through 

a  right  angle  to  run  posteriorly.  It  opens,  at  the  level  of  the  body-wall,  into  the 

mid-gut  by  a  somewhat  constricted  aperture.  The  mid-gut  is  widest  posteriorly  ; 

it  represents  the  stomach  and  the  digestive  gland  or  "liver,"  the  lobes  of  the  latter 
not  having  yet  been  formed.  The  cells  of  the  wall  of  the  mid-gut  are,  however, 
sharply  differentiated  into  two  kinds :  high  epithelial  flagellated  cells  which  will 

form  the  wall  of  the  stomach,  and  vacuolated  cells  which  will  be  included  in  the 

future  lobes  of  the  "liver"  (fig.  17).  The  high  epithelium  characteristic  of  the 
stomach  is  present  in  (1)  the  anterior  wall  of  the  mid-gut,  but  only  for  a  short 
distance  around  the  point  of  entrance  of  the  oesophagus  ;  (2)  in  the  middle  and 

posterior  portions  of  the  ventral  wall ;  and  (3)  in  the  ventral  half  of  the  posterior 

wall  of  the  mid-gut.  The.  remainder  of  the  mid-gut,  comprising  the  entire  dorsal 
and  lateral  walls,  the  dorsal  half  of  the  posterior  wall,  and  the  anterior  portion 

of  the  ventral  wall,  will  form  the  "  liver  "-lobes.  The  epithelium  of  the  stomach, 
especially  that  of  the  posterior  ventral  region,  is  remarkable  for  the  height  and 

slenderness  of  its  cells,  which  are  11-15//,  long,  but  not  more  than  lfx  wide  at  their 
distal  ends.  The  elongate,  deeply  staining  nuclei  are  situated  in  the  proximal 

portions  of  the  cells.  Each  cell  bears  only  a  single  flagellum  about  8-1 2/x  long,  which 

arises  from  a  well-marked  basal  granule  in  the  distal  region  of  the  cell  (fig.  19). 

Many  of  the  "  liver  "-cells  are  highly  vacuolated;  the  remaining  cells  are  filled  with 
spherules  or  less  regular  masses  of  secretion.  The  nuclei  are  at  the  bases  of  the  cells, 

and  cell-outlines  cannot  be  distinguished.     The  "  liver  "-tissue  is  similar  in  structure  to 
*  See  also  footnote,  p.  48. 
t  In  Liwjula  the  statocysts  do  not  diminish  in  size  when  the  animal  hecomes  sedentary,  as  may  be  seen  from  the 

figure  of  a  statocyst  of  a  sedentary  example  with  shell  65  mm.  long  given  by  Dr  Yatsu  (1902«,  fig.  22).  This 
statocyst  is  about  three  times  as  large  as  those  of  the  larvae  described  on  p.  51. 
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that  of  Lingula,  but  the  contents  of  the  cells,  as  seen  in  life,  are  not  so  refringent. 

The  intestine,  which  is  not  ciliated,  issues  from  the  ventral  wall  of  the  mid-gut  near 
the  middle  line  and  a  little  anterior  to  its  hinder  margin  (fig.  11).  It  runs  towards 

the  right  and  is  at  first  narrow,  but  becomes  wider  as  its  enters  the  postero-lateral 

corner  of  the  body-cavity,  where  it  is  dilated  into  a  sub-spherical  sac  from  which  the 

narrow  terminal  portion  runs  anteriorly  and  slightly  laterally  to  open  on  the  body- 

wall  ventral  to  the  pigment-spot  and  near  the  postero-lateral  margin  of  the  right 

anterior  occlusor.  The  mid-gut  is  pale  yellow  in  colour,  and  scattered  through  the 

"  liver  "-cells  there  is  a  considerable  amount  of  brownish  pigment. 
The  larva  feeds  on  unicellular  algse ;  spherical  algse  and  a  few  diatoms  are 

present  in  the  gut. 

The  ccelom  is  not  spacious  ;  there  are,  however,  obvious  portions  of  the  coelom 

in  the  postero-lateral  regions  of  the  body  and  a  connecting  transverse  cavity 

posterior  to  the  mid-gut.  Unfortunately,  I  have  no  observations  on  the  ccelomic 
fluid  or  its  contents  in  life. 

All  the  specimens  possess  a  pair  of  ccelomoducts  (nephridia),  which  have  not 

hitherto  been  observed  in  the  free-swimming  larvae  of  any  Discinid.  The  funnel  of 

each  ccelomoduct  is  situated  on  the  ileo-parietal  band  about  the  level  of  the  posterior 

margin  of  the  mid-gut ;  its  opening  is  directed  posteriorly  and  rather  towards  the 
middle  line  (fig.  11).  The  funnel  leads  into  a  slender  tube  which  can  be  traced 

forwards  a  little  more  than  half  way  along  the  lateral  margin  of  the  occlusor  muscle 

to  its  opening  into  the  mantle-chamber.  The  total  length  of  the  ccelomoduct  is, 

about  70-9 0/i,.  The  funnel  appears  in  section  as  a  double  series  of  cells  with  deeply 
staining  nuclei,  representing  the  two  lips,  between  which  is  a  narrow  lumen.  The 

dorsal  lip  is  slightly  longer  than  the  ventral.  The  rest  of  the  duct  is  lined  with  a 

flat  epithelium  and  ensheathed  with  a  very  thin  ccelomic  epithelium.  The  lumen  of 

this  portion  is  widest  about  the  middle  of  its  length,  where  it  may  attain  a  diameter 

of  5/a,  but  is  usually  much  narrower  (2-3//,). 
The  larvse  described  above  correspond  exactly  with  those  studied  by  Fritz 

Muller,  and  they  agree  with  those  described  by  Drs  Blochmann  and  Yatsu  except 

that  their  specimens  had  no  pigment-spots  ("eye-spots").  This  difference,  in  view 
of  the  close  agreement  in  other  respects,  should  probably  not  be  considered  as 

significant ;  it  may  be  merely  a  local  variation. 

Professor  Blochmann  has  adduced  cogent  evidence  for  regarding  the  larvse 

described  by  Muller  and  himself  as  belonging  to  Pelagodiscus  (Discinisca) 

atlanticus.  The  identity  of  my  larvse  with  those  of  Muller  and  Blochmann 

seems  so  clear  that  they  may  safely  be  referred  to  the  same  widely  distributed 

species,  the  range  of  which  is  now  extended  into  the  Indian  Ocean.  There  is,  so 

far  as  I  am  aware,  no  record  of  adults  of  P.  atlanticus  from  the  Indian  Ocean,  and 

the  nearest  record  of  the  species  is  that  of  Professor  Blochmann,  whose  larvse  were 
taken  off  the  island  of  Bintanw. 
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It  is  interesting  to  notice  that  all  the  known  larvre  of  Pelagodiscus  atlanticus — 

about  thirty  altogether — have  4  pairs  of  approximately  equal  cirri.*  Muller  was 
able  to  keep  his  larvae  under  observation  in  aquaria,  and  it  is  evident  from  his 

accounts  that  they  became  fixed  at  the  stage  with  4  pairs  of  cirri.  Dr  Yatsu  (1905) 

found  a  young  attached  example  of  a  related  species,  Discinisca  l&vis,  which  had 

6  pairs  of  cirri,  so  that  in  this  species  also  attachment  of  the  larva  occurs  at  or  not 

long  after  the  stage  with  4  pairs  of  cirri.  These  facts  account  for  the  absence  of  free- 
swimming  stages  with  more  than  4  pairs  of  cirri,  but  there  is  no  satisfactory 

explanation  why  earlier  larvpe  have  not  been  found.  Muller  (I860,  p.  79) 

suggested  that  the  youuger  stages  may  be  retained  in  the  shell  of  the  parent,  but 

I  am  not  aware  of  any  evidence  in  support  of  this  view.  It  may  be  that  the 

younger  stages  live  on  the  sea-bottom  and  hence  have  hitherto  escaped  capture  ;  all 
the  larvae  of  Pelagodiscus  recorded  have  been  taken  at  or  near  the  surface. 

Breeding  Season. — Few  data  are  available  on  this  point.  Professor  Blochmann's 
specimens  were  collected  off  Bintang  on  July  3,  1899,  and  mine  were  taken  off  Cape 
Comorin  on  October  16,  1914.  Dr  Yatsu  does  not  state  when  he  found  his 

specimen,  but,  as  it  occurred  among  the  larvae  of  Lingula  at  Misaki,  it  must  have 

been  in  the  period  from  the  latter  part  of  July  to  the  middle  of  September. 

Muller  states  that  at  Desterro,  Brazil,  the  larvoe  occurred  in  late  summer,  from 

February  to  April,  a  season  which  corresponds  approximately  with  the  period  in 

which  the  larvae  have  been  found  in  the  northern  hemisphere. 
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DESCRIPTION  OF  THE  PLATES. 

List  of  Reference  Letters. 

A.  Anus. 

A.S.   Arm-sinus. 
B.M.  Brachial  muscle. 

B.M.T.  Transverse  brachial  muscle. 

B.W.   Wall  of  body  proper. 
C.   Cirrus. 

CI,    C4,    Cll,    CI 3.     First,    fourth,    eleventh, 
thirteenth  cirrus. 

CD.   Coelomoduct. 

Ch.   Cha?ta. 

Ch.  I,  Ch.  II,  Ch.  Ill,  Ch.  IV,  Ch.  V.  First 

to  fifth  large  chsetre  of  Pelagodiscus. 
Ch.  S.   Slender  clnetse. 

Co.   Coelom. 

Co.  E.  Ccelomic  epithelium. 

D.B.  Dorsal  blood-vessel. 

D.M.  Dorsal  mesentery. 

E.   Epistome. 

G.C.  Gland-cells  in  mantle. 

G.L.   Lateral  nerve-ganglion. 

G.P.  Gastro-parietal  band. 
G.V.   Ventral  nerve-ganglion. 

H.L.   Hinge  line. 
In.  Intestine. 

L.A.D.  Anterior  dorsal  lobe  of  "liver." 
L.M.   Lateralis  muscle. 

L.P.D.  Posterior  dorsal  lob  of  "liver." 

L.V.  Ventral  lobe  of  "  liver." 
M.  Mantle. 

M.G.  Mid-gut. 
M.M.  Mantle-margin. 
M.M.D.  Margin  of  dorsal  mantle. 

M.M.V.   Margin  of  ventral  mantle. 

Mo.   .Mouth. 
M.T.  Thickened  area  of  mantle. 

N.T.  Nervous  tract. 

CE.  CEsophagus. 
O.A.  Anterior  occlusor  muscle. 

O.I.   Obliquus  internus  muscle. 
O.P.   Posterior  occlusor  muscle. 

P.   Pigment. 

P.D.   Dorsal  protegulum. 
Pe.  Peduncle. 

Pe.  E.  Epithelium  of  peduncle. 

Pe.  M.  Muscles  of  peduncle. 
Pr.   Periostracum. 

P.S.   Pigment-spot  ("eye"). 
P.V.  Ventral  protegulum. 
S.   Shell. 

Sc.  Statocyst. 

S.M.  Shell-margin. 

S.M.D.   Margin  of  dorsal  shell-valve. 

S.M.V.   Margin  of  ventral  shell-valve. 
S.S.   Supporting  substance. 
St.  Stomach. 

T.  Tentacle. 

T.M.  Transverse  muscles. 

Plate  IV. 

Lingula  anatina  Bruguiere. 

Figs.   1,   2.   Outlines  of  ventral  (fig.    1)  and  dorsal  (fig.   2)  shell-valves  of  youngest  larva  obtained 

("52  mm.  long).      The  protegulum,  or  primary  shell,  is  seen  in  each  valve.      See  p.  48.      (  X  39.) 
Fig.  3.   Outline  of  ventral  shell-Valve  of  a  larva  PI  mm.  long  (larva  c,  group  iii,  p.  49).     (  X  39.) 
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Fig.  4.  Outer  surface  of  the  ventral  valve  of  the  largest  larva,  16  mm.  long  (larva  d,  group  v,  p.  52)  ; 

to  show  the  protegulum  and  the  principal  growth-lines  on  the  secondary  shell.      See  p.  53.      (  X  39.) 
Fig.  5.  Larva  with  1 1  pairs  of  cirri,  ventral  aspect ;  drawn  from  a  preserved  specimen.  The  anterior 

and  posterior  occlusors  and  the  lateralis  muscle  are  shown,  but  the  other  muscles  have  been  omitted.  The 

cadomoducts  were  present,  but  have  not  been  shown ;  they  are  more  clearly  seen  in  later  stages  (see  fig.  10). 

The  cirri  are  contracted,  and  the  mantle,  which  in  life  extends  to  the  margin  of  the  shell-valves,  has  also 

been  withdrawn.  The  right  and  left  lobes  of  the  ventral  "  liver  "  are  seen  to  unite  in  front  and  to  open 
into  the  stomach  by  a  common  portion  (see  also  fig.  10).  Between  the  posterior  margin  of  the  lophophore 

and  the  anterior  edge  of  the  ventral  nerve-ganglion  in  the  body-wall  there  is  a  deep  depression  shown  in 
light  tone  in  the  figure.     Note  the  first  indication  of  the  peduncle.     See  p.  49.     (  X  90.) 

Fig.  6.  Posterior  end  of  a  larva  with  14  pairs  of  cirri  (larva  a,  group  v,  p.  52),  ventral  aspect.  Note 

the  peduncle  arising  from  the  ventral  mantle-fold,  turning  to  the  animal's  right,  then  dorsally  and  left,  and 
terminating  in  a  knob  lying  between  the  dorsal  and  ventral  mantle-folds.  The  narrow  canal  connecting  the 
peduncular  cavity  with  the  ccelom  is  indicated.  In  the  mantle  on  each  side  are  chsetse  and  a  series  of 

gland-cells.  Two  of  the  chsetae — those  first  formed — are  rather  larger  than  the  rest.  The  dark  central 
area  indicates  the  extent  of  the  body  proper.      (  X  90.) 

Fig.  7.  The  distal  half  of  one  of  the  large  chsetse  of  a  larva  with  15  pairs  of  cirri  (larva  d,  group  v, 

p.  52).     (X500.) 

Fig.  8.  Horizontal  section  of  the  dorsal  region  of  a  larva  (_/,  group  iv,  p.  50)  with  13  pairs  of  cirri.  In 

the  posterior  part  the  section  contains  the  dorsal  body-wall  (which  is  intact)  in  the  anterior  region  of  which 

are  the  two  statocysts.  Further  forward  the  dorsal  body-wall  has  been  cut  away.  The  two  antero-dorsal 

"  liver  "-lobes  are  coming  together  in  the  middle  line  preparatory  to  opening  into  the  stomach.  The  doi'sal 
blood-vessel  is  seen  through  the  dorsal  body-wall,  and  a  small  portion  of  the  vessel  is  cut  again  further 
forward  in  the  dorsal  mesentery.      (  X  100.) 

Fig.  9.  Horizontal  section,  20/x  thick,  of  the  same  larva,  taken  nearly  midway  between  dorsal  and 

ventral  surfaces.  The  section  passes  through  the  oesophagus  and  stomach  and  the  postero-dorsal  "  liver  "- 
lobes.  The  cirri  are  drawn  only  in  outline  ;  note  in  the  lophophore  on  each  side  a  portion  of  the  arm-sinus 
and  of  the  band  of  supporting  substance  lateral  to  it.  Only  the  basal  half  of  the  tentacle  is  present  in 
the  section.      (  X  100.) 

Fig.  10.  Horizontal  section,  50/x  thick,  of  the  body  proper  of  the  same  larva,  taken  in  the  ventral  region, 

showing  the  posterior  portion  of  the  stomach  (cut  tangentially),  the  intestine,  the  ccelomoducts  (nephridia), 

and  the  ventral  "  liver."  The  median  anterior  portion  of  the  "  liver  "  leads  into  the  stomach,  which,  in  that 
area,  lies  immediately  dorsal  to  the  plane  of  the  section.  Note  also  the  ventral  nerve-ganglion  in  the 
anterior  wall   of  the  body.      (  X  100.) 

Plate  V. 

Pclayodiscus  (Discinisca)  atlanticus  (King). 

Fig.  11.  Larva,  ventral  aspect.  Between  the  posterior  margin  of  the  lophophore  and  the  anterior  edge 

of  the  body-wall  there  is  a  deep  depression  (cf.  fig.  17).  The  dark  tone  on  the  mid-gut  indicates  the  area 
occupied  by  the  flagellated  cells,  i.e.  the  area  which  will  form  the  chief  part  of  the  stomach.  Note  the 

intestine,  ccelomoducts  (nephridia),  and  peduncle.  The  five  principal  cluetse  are  shown  on  both  sides  ;  but 

on  the  right  of  the  figure  only  are  represented  the  three  jointed  chaeta?  which  are  situated  in  the  ventral 

mantle-fold,  and  the  first  two  and  the  last  of  the  series  of  about  thirty  slender  chsetre  present  in  the  dorsal 

mantle-fold.  The  mantle,  which  extends  to  the  margins  of  the  shells,  is  extremely  thin  over  the  greater 
part  of  its  extent,  but  its  thickened  zone  (ef.  fig.  17)  is  represented  by  the  deeper  tone.     (  X  180.) 

Fig.  1 2.  Dorsal  aspect  of  the  same  larva,  showing  only  the  body  proper.  Note  especially  the  statocysts, 

and  the  "  eyes."  The  thickening  of  the  body-wall  in  front  is  due  to  the  presence  on  each  side  in  that 
region  of  the  lateral  nerve-ganglion.     (  X  180.) 

Fig.  13.   Distal  end  of  the  first  left  chseta.     See  p.  60.      (  X  800.) 

Fig.  14.  The  third  principal  chuvta.      The  processes  are  on  its  anterior  margin.      See  p.  61.      (  X  800.) 

Fig.  15.  The  distal  end  of  the  fourth  principal  cha-ta  ;  note  the  absence  of  spines  on  its  median  margin. 
Seep.  61.     (X800.) 
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Fig.  16.  Proximal  portion  (about  two-fifths)  of  one  of  the  three  jointed  chsetse  in  the  ventral  mantle-fold. 
Seep.  61.     (x800.) 

Fig.  17.  Sagittal  section  of  a  larva.  Note  that  at  the  margins  of  the  shell-valves  the  periostracum  is 

turned  in  and  continued  for  some  distance  over  the  mantle-fold.  The  surface  of  the  periostracum  is  studded 
with  minute  points  and  is  therefore  shown  dotted.  The  mantle  is  in  contact  with  the  inner  surface  of  the 

shell,  and,  except  over  the  body  proper,  is  composed  of  two  lamella?;  these  are  represented  diagrammatieally 

as  two  thin  nucleated  membranes,  over  the  greater  part  of  its  area  the  mantle  is  very  thin.  See  pp.  61-65. 
(x450.) 

Fig.  18.  Horizontal  section  of  a  larva  passing  through  the  middle  of  the  pigment  spot  ("eye"),  and 
through  the  sfcatocyst  of  the  right  side.  A  portion  of  the  outline  of  the  right  anterior  occlusor  muscle  is 

shown  by  dotted  lines.     See  pp.  63,  64.     (  X  700.) 

Fig.  19.  Three  cells  from  the  postero-ventral  wall  of  the  mid-gut,  i.e.  cells  of  the  future  stomach. 
See  p.  64.     (xlSOO.) 
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IV. — The  Temperatures,  Specific  Gravities,  and  Salinities  of  the  Weddell  Sea  and 

of  the  North  and  South  Atlantic  Ocean.  By  William  S.  Bruce,  LL.D., 

Andrew  King,  F.I.C.,  and  David  W.  Wilton. 

(MS.  received  March  15,  1915.     Read  May  3,  1915.     Issued  separately  November  29,  1915.) 

Introduction  by  W.  S.  Bruce,  LL.D. 

After  my  return  from  my  first  voyage,  namely,  the  Scottish  Antarctic  Expedition 

of  1892-93,  for  which  I  was  chosen  as  naturalist,  I  had  the  advantage  of  coming 
closely  in  touch  with  Mr  J.  Y.  Buchanan,  who  then  trained  me  in  his  Edinburgh 

laboratory  in  the  use  of  his  hydrometer.  During  the  past  twenty  years  I  have 

been  in  constant  touch  with  him  regarding  problems  relating  to  the  physics  of  the 

ocean.  As  a  consequence,  before  my  departure  for  a  voyage  to,  and  wintering  in, 

Franz  Josef  Land  during  1896-97,  I  was  well  trained  in  the  use  of  his  hydrometer, 
and  obtained  during  that  expedition  observations  of  considerable  interest.  I  also 

carried  out  all  the  hydrometer  work  on  board  the  Prince  of  Monaco's  yacht  Princess 
Alice  during  his  Arctic  voyage  of  1898,  under  the  direction  of  Mr  J.  Y.  Buchanan, 

who  was  also  on  board  during  that  cruise,  and  also  during  the  Prince  of  Monaco's 
second  Arctic  cruise  during  1899,  when  I  was  solely  responsible  for  that  work. 

Consequently,  I  was  thoroughly  familiar  with  hydrometer  work  when  I  set  sail 
in  the  Scotia. 

To  meet  modern  criticism,  it  may  be  well  to  state  that  I  was  well  trained 

in  physics  and  chemistry  under  Williamson,  Crum  Brown,  and  Tait,  and  that 

up  to  the  time  of  my  departure  to  Franz  Josef  Land  I  was  for  nearly  two  years 
on  the  summit  of  Ben  Nevis. 

On  the  voyage  of  the  Balxna  to  Antarctic  seas  in  1892-93,  I  only  used  the  usual 

hydrometer  supplied  by  the  British  Meteorological  Office  ;  but  prior  to  my  departure 

I  had  received  special  instructions  from  the  late  Mr  Robert  Irvine  of  Royston  and 

Dr  H.  R.  Mill  in  methods  for  collecting  samples  of  sea  water  and  taking  sea 

temperatures.  I  had  also  reduced  most  of  the  physical  observations  of  the  Scottish 

Fishery  Board  for  a  period  of  ten  years. 

Methods  and  Instruments.     By  W.  S.  Bruce,  LL.D.,  and 

Andrew  King,  F.I.C. 

It  was  Mr  D.  W.  Wilton  who  carried  out  all  the  hydrometer  work  in  the  deck 

laboratory  of  the  Scotia,  which  was  well  fitted  for  the  purpose. 

Mr  Wilton  had  been  a  student  of  chemistry  and  physics  in  the  University  of 

Edinburgh,  and  had  passed  his  theoretical  and  practical  examinations — both  class  and 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  I  (NO.  4).  12 
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degree  examinations — with  credit.  Subsequently  he  was  an  observer  at  the  summit 
and  base,  Ben  Nevis  Observatory,  and  was  put  in  charge  of,  and  was  responsible  for,  the 

initiation  of  the  observatory  at  an  altitude  of  2200  feet — a  position  half  way  between 
the  summit  and  the  base  observatories.  Before  his  departure  with  the  Scotia  he 

received  special  instruction  in  hydrometer  work  with  Mr  Buchanan  and  Mr  King 

in  Mr  Buchanan's  laboratory  in  Edinburgh.  On  board  the  Scotia  Mr  Wilton  sub- 
mitted his  observations  to  Mr  R.  C.  Mossman  and  to  Dr  Bruce,  who  checked  them 

from  time  to  time  by  counter  observations.  These  check  observations  in  every  case 

compared  most  favourably  with  Mr  Wilton's.  Mr  Wilton's  observations  may  there- 
fore be  taken  as  absolutely  reliable. 

The  collection  of  the  water  samples  and  the  recording  of  temperatures  and  the 

general  conduct  of  the  concurrent  work  on  the  scientific  bridge  was  undertaken  by 

Dr  Bruce,  with  the  assistance  of  Dr  J.  H.  Harvey  Pirie,  who  handled  the  Lucas 

sounding  machine  ;  the  late  Mr  Allan  Ramsay  or  Mr  Gravill,  first  and  second 

engineers,  who  handled  the  special  high-speed  winch  ;  *  and  in  turn  one  of  the 
three  mates  of  the  Scotia,  namely,  Mr  John  Fitchie,  Mr  Robert  Davidson,  or 

Mr  Robert  MacDougall.  Captain  Thomas  Robertson  handled  the  ship  during 

the  operations,  while  Dr  Bruce  was  in  such  a  position  on  the  flying  platform  of 

the  forward  scientific  bridge  as  to  be  in  sight  and  hearing  of  Captain  Robertson 

on  the  nautical  bridge,  the  engineer  at  the  winch,  and  Dr  Pirie  at  the  sounding 

machine,  while  one  of  the  mates  was  with  him  at  the  flying  bridge.  During  these 

operations  Mr  Wilton  was  on  the  main  deck,  and  the  door  of  the  laboratory  was 

here  just  below  the  scientific  bridge.  Consequently,  as  soon  as  Dr  Bruce  recorded 

a  deep-sea  sample  on  the  bridge  his  reading  of  the  temperature  was  checked  and 

recorded.  He  then  emptied  the  contents  of  the  deep-sea  water-bottle  into  the 
special  bottle  which  Mr  Wilton  had  in  readiness  for  its  reception,  and  thereafter 

Mr  Wilton  duly  labelled  it  and  put  it  in  the  place  definitely  assigned  to  it  in 

the  laboratory.  So  systematic  was  this  arrangement  that  when  Dr  Bruce  gave 

the  order,  or  rather  expressed  the  wish,  that  a  deep  sounding  and  physical  observa- 

tion should  be  taken,  everybody  was  in  his  right  place  and  knew  exactly  what  was 

required  of  him  without  any  delay  or  confusion — the  crew  cheerfully  assisting 
and  showing  increasing  interest  in  the  work.  The  only  regret  is  that  a  vessel  so 

well  fitted  out  for  deep-sea  research  in  any  part  of  the  world,  and  a  body  of  chosen 

men  who  had  become  such  adepts  at  the  work,  should  not  be  able  to  keep  together 

permanently  for  further  research.  Alas  !  the  ship  had  to  be  sold,  and  scientists, 

officers,  and  crew  scattered,  never  again  to  continue  work  that  they  had  faithfully 

and  ably  carried  out  during  almost  two  years  ;  and  it  ought  to  be  mentioned 

for  Dr  Pirie  and  the  officers  and  men  who  assisted  on  the  scientific  bridge  in  all 

*  Vide  special  description,  "Scientific  Equipment,"  "Scotia"  Reports,  vol.  i.  It  is  interesting  to  note  that  this 

winch  has  been  subsequently  used  on  Sir  Douglas  Mawson's  expedition,  and  is  at  present  being  used  on  board 
the  Aurora  by  Sir  Ernest  Shackleton,  to  which  two  expeditions  Dr  Bruce  has  been  glad  to  lend  it. 
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weathers  and  temperatures  down  to  zero  Fahrenheit,  and  especially  for  those  on  the 

flying  platform,  that  the  work  was  not  carried  out  without  great  discomfort,  because 

the  rapidly  incoming  sounding-wire  carried  with  it  a  continuous  spray,  which  in  low 
temperatures  congealed  as  it  fell  and  covered  them  from  head  to  foot  with  ice.  These 

conditions  were  intensified  owing  to  the  fact  that  all  such  work  has  to  be  carried  out 

on  the  weather  side  of  the  ship. 

In  spite  of  the  high  speed  which  the  Scotia's  scientific  winch  was  able  to  attain,  all 
these  operations  meant  long  and  arduous  deck  work,  as  will  be  seenbysomeactual  records 

here  quoted,  and  more  fully  dealt  with  under  "  Scientific  Equipment."  *  The  usual  time 
for  winding  in  was  80  to  90  fathoms  per  minute  (although  in  a  speed  trial  the  great  speed 

of  over  140  fathoms  per  minute  was  attained),  which  for  the  Scotia's  deepest  sounding  of 
2900  fathoms  meant  continuous  heaving  in  for  thirty-four  minutes.  This,  when  added 
to  necessary  halts  for  reading  the  temperatures,  collecting  the  water  samples,  and  taking 

the  instrument  aboard,  would  amount  to  fully  an  hour's  deck  work  for  heaving  in  alone. 

In  addition  to  this  there  was  fully  another  hour's  work  "  letting  go  "  and  attaching  and 
setting  the  sounder  and  deep-sea  water-bottles.  Repeating  the  operation  once  or  twice 

more  for  lesser  depths,  in  order  to  obtain  a  more  complete  series,  furthermore  propor- 
tionately added  to  the  time. 

For  this  work  there  was  always  used  a  special  three-stranded  wire  on  the  Lucas 

sounding  machine.  This  wire  naturally  was  not  only  more  reliable  than  the  single  wire, 

but  was  very  suitable  for  holding  a  temporary  seizing  which  gave  instruments  a  better 

hold  and  prevented  them  from  slipping  down  the  sounding-wire.  The  water-bottle 

generally  used  was  the  Buchanan-Richard  water-bottle,  and  the  thermometer  the 

most  recent  pattern  Negretti  &  Zambra  reversing  thermometer.  The  sounder  was 

the  Buchanan  sounder,  and  immediately  above  it  was  fixed  a  reversing  thermometer. 

Only  two,  or  at  the  most  three,  Buchanan-Richard  bottles  were  fixed  on  the  wire  at  the 

same  time,  and  usually  at  a  distance  of  500  fathoms  apart.  This  practice  risked  the 

loss  of  fewer  instruments  in  the  event  of  the  wire  carrying  away,  and  also  had  the 
advantage  of  giving  the  use  of  the  same  instruments  for  the  next  series  of  observa- 

tions, thus  making  the  observations  more  directly  comparable.  For  the  same  reason 
it  also  was  endeavoured,  as  far  as  possible,  to  use  the  same  instruments  on  every 
occasion. 

Occasionally  the  Pettersson-Nansen  insulated  water-bottle  was  used  with  the 

direct-reading  Richter  thermometer.  This  instrument  is  a  very  beautiful  one,  but 
there  are  serious  objections  to  its  general  use,  especially  in  low  temperatures.  These 
objections  are — 

1.  Its  cost. 

2.  The  manipulating  of  several  metal  levers  and  fine  screws — a  serious  handicap 
when  working  with  numb  fingers. 

*  "  Scientific  Equipment,"  "  Scotia  "  Reports,  vol.  i. 
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3.  The  question  of  its  reliability  when  used  during  low  air  temperatures,  and  the  fact 

that  the  whole  instrument  may  be  solidly  frozen  up  immediately  it  comes  out  of  the 

water  (this  actually  occurred  on  board  the  Scotia). 
4.  The  fine  scale  of  the  Richter  thermometer,  which  is  difficult  to  read  on  the  deck 

of  a  ship  in  bad  weather  and  poor  light. 

5.  The  fact  that  it  is  not  possible  to  use  it  with  reliable  results  at  greater  depths 
than  1000  fathoms. 

The  Buchanan-Richard  water-bottle  is  more  desirable  than  the  Pettersson-Nansen — 

1.  Because  it  is  inexpensive. 

2.  Because  it  is  easily  manipulated. 

3.  Because  it  does  not  jam  by  freezing  up  during  cold  weather. 

4.  Because  the  Negretti-Zambra  reversing  thermometer  scale  is  easily  read  under 
conditions  of  weather  and  light  when  the  Richter  thermometer  cannot  be  read  at  all, 

or  with  difficulty. 

5.  Because  it  can  be  used  at  any  depth  desired. 

It  has  been  contended  that  the  point  at  which  the  mercury  breaks  off  in  the 

reversing  thermometer  is  not  constant.  Errors  due  to  this  will  probably  be  found 

to  be  less  frequent  than  those  which  occur  with  an  instrument  with  such  drawbacks 

as  have  been  mentioned  in  the  case  of  the  Pettersson-Nansen  bottle  with  the  Richter 
thermometer. 

From  what  has  been  already  said,  it  is  unnecessary  to  emphasise  that  the  hydrometer 

observations  taken  by  Mr  Wilton  were  those  of  a  trained  physicist,  and  such  methods*  as 

using  "  towels  or  wash-leather  ':  that  "  were  not  generally  quite  clean,"  or  "  the  surface 

of  the  water  samples  "  being  "  more  or  less  contaminated  during  the  determinations  with 

the  hydrometer,"  were  not  practised  on  the  Scotia.  Mr  Wilton  had  all  his  instruments, 
silk  cleaning-cloths,  vessels,  and  fingers,  and  surroundings  generally,  scrupulously  clean 
before  commencing  observations.  Besides  this,  he  was  most  careful  in  maintaining  the 

laboratory  and  the  water  samples  as  nearly  as  possible  at  the  same  temperature.  In 

this  he  was  in  the  highest  degree  successful,  even  in  weather  conditions  that  were  on 

many  occasions  very  difficult  to  deal  with. 

The  laboratory  was  fitted  with  a  specialserving-table  for  this  work  ;  and  there  was 
also  constructed  a  special  swinging  platform,  which  on  some  occasions,  but  not  as 

a  rule,  was  more  convenient  than  the  table.  The  table  proved  most  useful  for  this 

and  other  delicate  operations. 

The  form  of  hydrometer  used  by  Mr  Wilton  in  determining  the  density  of  the 

sea-water  was  the  Buchanan  absolute-weight  hydrometer.  One  of  these  hydrometers 

(No.  25)  was  used  for  Samples  1  to  199,  but  unfortunately  it  was  broken  on  24th 

February  1903.  Thereafter  hydrometer  No.  14  was  used.  This  form  of  hydrometer 

is  fully  described  in  Mr  J.  Y.  Buchanan's  elaborate  monograph  on  "  Experimental 

°  The  Norwegian  North  Polar  Expedition,  1893-90,  vol.  iii,  pt.  ix,  pp.  147,  148,  "The  Oceanography  of  the 
North  Polar  Basin,"  by  Fridtjof  Xansen. 
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Researches  on  the  Specific  Gravity  and  the  Displacement  of  some  Saline  Solutions."  # 
It  was  used  by  Mr  Wilton  in  the  same  way  as  during  the  Challenger  Expedition,  i.e. 

with  the  help  of  previously  determined  constants.  These  constants  are  (l)  the  weight- 

in  vacuo  of  the  hydrometer  in  grams  ;  (2)  the  volume  in  c.c.  of  the  body  of  the 

hydrometer  at  0°  C.  up  to  the  lowest  division  of  the  stem  ;  (3)  the  rate  of  expansion 
of  the  body  per  degree  C.  in  c.c.  ;  (4)  the  volume  per  mjn.  of  the  divided  stem  in  c.c. 

Of  late  years  Mr  Buchanan  has  introduced  vast  refinements  into  the  method  of 
using  the  instrument  on  shore  for  chemical  research,  and  these  are  described  in  the 

monograph  referred  to  above.  However,  it  was  not  very  practicable  to  apply  these 

delicate  methods  on  board  the  Scotia,  so  the  original  method  of  use  was  adhered  to 

during  this  Expedition.  This  form  of  hydrometer  has  a  volume  of  about  180  c.c. 

Its  divided  stem  is  100  mm.  long  and  displaces  from  0'8  to  1*0  c;c.  The  maker, 
before  sealing  it  up,  loads  it  to  float  at  the  bottom  of  the  stem  in  distilled  water  of 

from  30°  C.  to  40°  C.  (when  it  is  intended  for  use  in  aqueous  liquids).  Its  weight 
in  vacuo  is  once  for  all  determined  with  the  greatest  care.  A  set  of  weights  of  such 

form  as  can  easily  be  placed  on  the  top  of  the  stem  is  provided.  The  heavier  weights 

used  by  Mr  Wilton  were  made  of  brass  wire,  and  the  lighter  ones  of  aluminium  wire. 

The  probable  error  of  each  weight  was  not  more  than  zbO'l  mg.  With  these  weights 
the  effective  weight  of  the  hydrometer  can  be  increased  at  will,  and  they  are  so  adjusted 

that  the  successive  addition  of  each  weight  can  increase  the  total  weight  by  0*05  gram. 

The  stem  is  divided  into  100  mm.,  and  its  displacement  is  O'l  c.c.  -per  from  10  to 
12  mm.  Thus  when  the  hydrometer  is  floating  in  distilled  water,  or  in  an  aqueous 

solution, of  not  very  high  specific  gravity,  the  addition  of  O'l  gram  to  the  effective 
weight  sinks  the  stem  by  from  10  to  12  divisions. 

Hydrometer  25. — This  hydrometer  was  used  in*  the  testing  of  the  density  of 

samples  1  to  199.  Its  weight  in  vacuo  is  186*2944  grams.  The  volume  of  the  body 

up  to  the  lowest  division  of  the  stem  at  0°  C.  is  186*8427  c.c.  The  rate  of  expansion 

of  the  body  per  degree  C.  is  0*00567  c.c.  The  volume  per  mm.  of  the  stem  is 

0*00887  c.c.  These  constants  were  determined  in  Edinburgh  before  the  start  of 
the  Scotia  Expedition. 

Let  t'  be  the  temperature  in  degree  C.  of  the  sample  of  water  whose  density  is  to 
be  determined. 

R  the  stem-reading  at  the  place  of  immersion. 
W  the  weight  in  vacuo  of  the  hydrometer  in  grams, 

w  the  total  weight  of  the  added  weights  in  grams. 

Then  ( W  +  w)  is  the  total  effective  weight  of  the  hydrometer,  and  consequently  is  the 

weight  in  grams  of  the  sea-water  displaced;  while  (186*8437  +  0"005G7t'  +  0*00887R) 
c.c.  is  the  volume  of  the  immersed  part  of  the  hydrometer  and  consequently  of  the 

displaced  sea-water. 
*  Trans.  Roy.  Soc.  Edin.,  vol.  xlix,  part  i,  1912. 
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Hence  the  density  of  the  sample  at  t'  is 

(W  +  w) 
(186-8437  +  0-00567t'  +  0'00887R) 

Thus  if  this  particular  hydrometer  (No.  25)  floats  at  division  31*8  of  the  stem  with 

an  added  load  of  5'80  grams,  and  the  temperature  of  the  water  be  21  *2°  C,  the  density 
at  21°*2  C.  is 

186-2944  +  5-80 

186-8427  +  0-00567  x  21-2  +  0-00887  x  31-8 

=  1-02589. 

Hydrometer  14. — This  hydrometer  was  used  in  the  testing  of  samples  200  to  578. 

Its  weight  in  vacuo  is  181*0189  grams.     The  volume  at  0°  C.  of  the  body  of  the 

hydrometer  up  to  the  lowest  division  of  the  stem  is    181*5471  c.c.      The  rate  of 

expansion  per  degree  C.  of  the  body  is  0*00624  c.c.     The  volume  per  mm.  of  the  stem 
is  0*009046  c.c. 

As  in  the  case  of  hydrometer  25,  these  constants  were  determined  in  Edinburgh 

before  the  start  of  the  Expedition. 

Thus  in  determinations  of  density  made  with  this  instrument,  the  density  of-  the 

sample  is  found  by  the  formula 
W  +  w 

(181-5471  +  0-00624t'  +  0-009046R) ' 

W,  w,  R,  and  t'  having  the  meanings  assigned  above. 
Mr  Wilton  never  took  less  than  four  separate  readings  of  the  stem  by  successive 

addition  of  weights  so  as  to  increase  the  amount  of  immersion.  In  most  cases, 

however,  he  took  considerably  more,  generally  about  eight.  From  each  of  these 

readings  an  independent  value  for  the  density  could  be  calculated ;  but  as  this  would 

have  involved  much  laborious  calculation,  he  calculated  the  density  from  the  mean 

effective  weight  and  the  mean  stem-reading.  The  temperature  of  the  sample  during 

experiment  (t')  was  read  before  immersing  the  hydrometer  in  the  liquid  and  after 

removing  it,  and  the  mean  of  these  two  readings  was  taken  as  the  "  temperature 

during  experiment."  This  was  used  in  the  calculation  of  the  density  by 'means  of 
the  formula  given  above.  The  two  readings  of  temperature  never  differed  by  more 

than  1  °*0  C,  but  generally  varied  by  very  much  less.*  It  was  very  exceptional  to 

have  so  large  a  difference  as  1°*0  C,  and  in  those  cases  the  accuracy  of  the  density 

determination  may  be  open  to  doubt.  In  the  tables  the  column  T'  gives  the 
temperature  of  the  air  at  the  time  when  the  determination  of  density  was  being 

made,  and  the  column  t'  gives  the  temperature  of  the  sample  of  sea-water  whose 
density  is  being  determined.  The  nearer  these  temperatures  are  to  each  other,  the 

less  alteration  in  the  temperature  of  the  sample  during  the  experiment  is  to  be 

expected. 
*  Mr  Buchanan  would  not  be  satisfied  in  his  chemical  work  with  an  experiment  in  which  the  temperature  of  the 

solution  during  experiment  varied  by  more  than  0-01°  C,  but  under  the  circumstances  and  conditions  such  a  degree 
of  accuracy  as  this  could  not  be  expected. 
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The  column  w  gives  the  actual  additional  weights,  and  the  mean  of  these  numbers 

(which  is  also  incorporated  in  this  column)  gives  the  mean  added  weight.  On  addition 

of  this  mean  number  to  the  weight  of  the  hydrometer  in  vacuo  we  obtain  the  total 

effective  weight  (W  +  w). 

Column  R  gives  the  readings  of  the  stem  of  the  hydrometer  corresponding  to  each 

successive  addition  of  weight,  and  the  mean  of  these  readings  is  also  incorporated  in 

this  column  and  represents  the  mean  portion  of  stem  immersed. 

Column  V  gives  (l)  the  volume  of  the  body  of  the  hydrometer  at  0°  C.  up  to  the 
lowest  division  of  the  stem,  the  figures  18  being  omitted;  (2)  the  expansion  of  the 

body  of  the  hydrometer  due  to.  the  particular  temperature  of  the  sample  during 

experiment ;  (3)  the  volume  of  the  mean  portion  of  the  stem  immersed,  (l)  is  of 

course  a  constant  number,  while  (2)  and  (3)  have  been  obtained  by  the  use  of  the 

formula  stated  above. 

The  sum  of  (l),  (2),  and  (3)  which  is  given  in  the  column  expresses  the  total 

volume  in  c.c.  of  the  immersed  portion  of  hydrometer,  and  consequently  of  the 

displaced  sea-water. 
Column  4St'.  The  numbers  in  this  column  represent  the  density  of  the  sample 

at  the  temperature  of  experiment  (t'),  and  are  obtained  by  dividing  the  total  effective 
weight  of  the  hydrometer  by  the  sum  of  the  numbers  in  column  V,  which  expresses 

the  volume  of  the  immersed  part  of  the  hydrometer. 

Column  4S1556  gives  the  density  of  the  sample  at  15°'56  C.  The  numbers  in 
this  column  are  calculated  from  those  in  column  St-  by  the  use  of  the  tables  con- 

tained in  Dittmar's  "  Report  on  Researches  into  the  Composition  of  Ocean  Water," 

p.  70.# 

Column  4St  gives  the  density  of  the  sample  at  (t),  which  is  the  temperature  in  0°C. 
of  the  sea  at  the  time  the  sample  was  collected.  It  thus  gives  the  actual  density 
of  the  water  in  situ.  The  numbers  in  this  column  are  derived  from  those  in  column 

'  iSi5-5(i  by  means  of  the  tables  in  Dittmar's  Report  in  the  case  of  those  in  which 
the  value  of  t  is  above  0°  C.  In  those  cases  in  which  the  value  is  below  0°  C. 

recourse  was  had  to  Knudsen's  Tables  published  as  No.  11  of  the  "Publications  de 

Circonstance  "  of  the  Conseil  Permanent  International  pour  l'Exploration  de  la  Mer. 

N.B. — In  the  tables  numbers  which  are  not  actually  observed  quantities,  but  which 

have  been  obtained  by  calculation,  are  printed  in  italics.  Thus  in  columns  (t)  and  (T') 

the  temperatures  were  actually  observed  in  °  F.,  and  their  equivalents  in  °  C.  are  printed 
in  italics.     Also  the  figures  in  the  last  three  columns  are  all  in  italics. 

*  Phys.  Ghem.  "  Chal."  Exp.,  pt.  i,  1884. 

[Observations. 
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OBSERVATIONS   OF   THE   TEMPERATURE   AND   DENSITY   OF   SEA- WATER  MADE 

ON  BOARD   THE   S.Y.   "  SCOTIA,"  1902-1904. 

By  David  W.  Wilton. 

Hydrometer  No.  25.    Weight =186-2944  Grams. 

Data  Relating  to  (he  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  t 

he  Samplt 

ityi 

Date(E).                  Position  (L).          ,„  SSftLi      Temperature Temperature 

Volume 

of  im- 

mersed 

Portion 
of 

Hydro- 

meter 

(cub. 

centims.) 

Den 

£ 

o 

3J 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. 
Weights 

added to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Di-1. 
c 
o 

Month. Day. 

D. 

d. 

Water  at  4° ! '. 
Hour. Lat. 

T'. 

t'. of 

Ob- 

served 

at  t'. 

00 

o 

of    1    Ir
om Sea  !    whlch
 

Long.        ftaeta  J     the 

P0Si.t  Sample
 

T.           t. 
to 

Xi s 
3 

of           of 

of 

3 tion       ™a,s        the  |      the 

the 

the i 
fc £ t                   COI-              .  ■ 

L-    |  lected.    Air- 

Water. Air. Sample. 

w. 

R. V. Sv. 

|SU . 

1902. o        / 
1                       1 

0  F. 

O    Jji 

i    °  F. 

•c. 

5 1 Nov.       24 12.20 30  14  N. 18  13  W.      . .      Surface  67-7 

70-
0 ' 

Bright  blue 

67-6 
 ' 

20-4 

5-70 

17-9 

21-1  C. 

19-8  C. 

5-75 

23-4 

5-80 

29-1 

6-8437 
5-85 

34-4 

■1168 

20-8 

5-90 

39  2 

■2554 

1-02606 

20-6 

5-80 

28-8 

7-2159 

6 2 Nov. 
25 13.45 28  14  N. 19  15  W. Surface 

69-2 
71-0 

21-7  C. Bright  blue 71-0         21-2 
21-7  C. 

5-70 

5-75 
5-80 5-85 

21-8 

26-8 
31-5 

37-5 

6-8437 

•1202 

21-2 

5-90 

41-5 

■2820 

1-02589 

21-2 

5-80 

31-8 

7-2459 

7 3 Nov. 
26 12.10 26  23  N. 20  20  W. Surface 

70-5 
72-0 

22-2  C. Bright  blue 

72-2 

22-3  C. 

21-8 

5-70 
5-75 

5-80 

24-0 

27-9 
34-0 

6-8437 
5-85 

39-0 

■1242 

22-0 

5-90 

44-5 

■3007 

1-02577 

21-9 

5-80 

33-9 

7-2686 

10 I Nov. 

27 

12.0 24  21  N. 21  20  W. Surface 

72-3 

730 
22-8  C. Bright  blue 

73-9 

23  3  0,. 

22-6 

22-8 

5-50 5-60 
5-70 

5-80 
5-90 

3-0 

15-0 25-0 

36-0 46-0 

6-8437 

■1287 

•2217 

9 

1-02564 

22-7 

5-70 

25-0 

7-1941 

13 5 Nov. 
28 

13.15 21  58  N. 22  26  W. Surface 

72-0 

73-9 

23-3  C. Bright  blue 

75-2 

24-0  C. 

23-4 

5-45 5-50 
5-55 5-60 

5-65 
5-70 

5-75 

5-0 

10'9 

16-5 20-0 
25-5 

31-5 36-5 

6-8437 
5-80 

42-0 

•1338 

23-8 

5-85 

48-0 

■2324 

1-02529 

23-6 

5-65 

26-2 

7-2099 

17 6 Nov. 
29 12.0 20  20  N. 23  21  W. 

•• 
Surface 

73-0 

74-5 

23-6  C. Less  bright  blue, 
S.W. 76-2         23-8 

24-6  C. 

5-35 5-45 

5-0 

15-5 

5-55 

25-2 

6-8437 
5-65 

360 

•1349 

23-8 

5-75 

47-0 

■2279 

1-02477 

23-8 

5-55 

25-7 

7-2065 

0-OUH  H 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to the  Determination  of  the  Density  of  the  Sample. 

)ate  (E.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 

Portion 
of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. 
Weights 
added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled Waterat4°C.  =  l.) 

Day. Hour. Lat. Long. 

D. d. 

of Sea 
from 

which the 
Sample 

was 

col- 

lected. 

T'. t'. 

Ob- 

served 
1 T. 

t. 
Reduced 

to 
Reduced 

to 
i. 

at 

Posi- tion 

of 
the 

of 
the 

of 
the 

of 

the 

at  t'. 

15°-56  C. 

t. 

L. Air. Water. 
Air. 

Sample. 

w. R. V. 

4  S  t'. 

4°lS°-56. 

4st. 

o        , 
o      / 

°F. 

o  p_ 

o  p 

°C. 

30 12.0 19    7  N. 24  14  W. Surface 

74-1 

74-
7' 

23-7
  

C. Deep  blue,  S.W. 

78-
9' 

26-1
  

C. 

24-9 

25-2 

5-30 
5-40 
5-50 

5-60 
5-70 

4-0 

15-0 

24-5 

34-5 
45-5 

6-8437 

■1417 ■2190 

1-02452 1-02704 
1-02491 

25-05 

5-50 

24-7 

7-2044 

1 7.50 3  miles  N. 
Rock,  C. 

E.  of  Bull 
Verde  Is. 

1970 Surface 

74-0 
75-8 

24-3  C. Deep  blue,  N.E. 

79-9 

26-6  C. 

26-1 

26-2 

5-25 
5-35 
5-55 
5-65 
5-75 

5-5 

16-0 

38-2 
49-5 

60-5 

6-8437 

•1480 ■3007 

1-02409 1-02694 
1-02464 

26-15 

5-51 

33-9 

7-2924 

1 9.50 Crossing 
Bay 

Salamasa 
465 

Surface 

75-5 76-1 

24-5  C. Deep  blue,  N.E. 

80-0 

26-7  C. 

26-2 

26-3 

5-25 5-30 5-35 

5-50 

5-55 5-60 

5-70 

6-0 

11-5 17-0 

33-2 38-8 
45-0 

56-0 

6-8437 

■1486 
■2625 

1-02402 1-02690 
1-02454 

26-25 

5-46 

29-6 

7-2548 

D 2 12.0 15  19  N. 25    6W. 2340 Surface 

75-5 76-0 

24-4  C. Lighter  blue  than 
yesterday,  S.W. 

•• 

79-9 

26-6  C. 

26-2 

5-20 
5-30 

5-40 

5-50 
2-5 

13-8 

24-8 
36-5 

5-60 

46-5 

5-70 

57-0 

5-75 

62-0 

6-8437 5-80 

68-0 

•I486 

• 

26-2 

5-85 

73-5 

•3787 

1-02398 1-02685 1-02451 

26-2 

5-57 

42-7 

7-3710 

P ; 3 12.0 13    7  N. 25    9  W. Surface 

77-3 
78-1 

25-6  C. Bright  blue 

•■ 

79-0 

26-1  C. 

26-2 

5-20 5-30 

8-0 

18-8 

5-50 

41-0 

6-8437 
5-70 

62-8 

■1486 

26-2 

5-80 

73-0 

■3610 

1-02370 1-02656 
1-02388 

26-2 

5-50 

40-7 

7-3533 

D E 4 12.0 11  18  N. 25  23  W. Surface 

77-3 79-1 

26-2  C. Bright  blue 

79-0 

26-1  C. 

26-0 

5-10 
5-20 
5-25 5-30 

5-35 

5-50 

6-0 

17-0 

22-5 27-5 

33-2 50-0 

5-55 

55-0 

5-60 

60-0 

6-8437 5-65 

65-5 

■1477 

26-1 

5-70 

710 

■3619 

1-02328 1-02609 
1-02323 

26-05 

5-42 

40-8 

7-3533 

D e 5 13.0 9  28  N. 25  39  W. Surface 

79-0 
80-7 

Bright  blue 

79-9 

27-0 

5  05 
3-5 27-1  C. 

26-6  C. 

27-0 

5-10 

5-20 

5-25 5-30 

5-35 5-40 
5-60 

5-70 

,8-2 

19-5 
25-5 

30-3 

37-0 
42-0 

63-2 74-8 

6-8437 

•1531 

■2998 

1-02311 

1-02621 1-02308 

1 

27-0 

5-33 

33-8 

7-2966 

■ 
ROY .  SOC .  EDIN., VOL.  L 

[,  PA 

RT  I  ( NO. 
4). 

• 

13 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 
of  the  Density  of  the  Sam[ 

1... 

Date  (E.) Position  (L.)           i.ESJL. Temperature Temperature 
Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.] 

Density  of  s 

a 
o 'S3 

ta 

"8 

u 
a 
■a 

m 
ft 
S 

i 
■s 

— 
B 
g 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and 
Date. 

during 

Experiment. 

Weights 

added to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  o! 

Month. Day. Hour. Lat. 
Long. 

D. d. 

Water  at  1 

of 
Sea 
at 

Posi- 
tion 

from 

which 
the 

Sample 
was 

col- 

lected. T'. 

t'. 

T. 

of 

the 

t. 

Ob- 

served 

at  t'. 

Reduce 

to    1 

of the 

of 

the 
of 
the 

15°-56C 

& * L. 
Air. 

Water. Air. Sample. w. 

R. 

V. 

4  S  f. 
4S15"S« 

1902. O         /                           Of 

o  p_ 

o  p_ 

°F. 

°C. 

1 

37 14 Dec. 0 9.5 7  58  N.    25  27  W. Surface 

77-6 
80-7 

Bright  blue 

180-1 
26-5 

5-05 

1-2 27-1  C. 
26-7  C. 

5-15 

10-8 

5-30 

27-8 

5-40 

38-8 

5-45 

44-0 

6-8437 5-60 

59-8 

■1505 

26-6 

5-70 

71-5 

■3220 

1-02327 

26-55 

5-38 

36-3 

7-3162 

1-02(1: 

38 15 Dec. 6 12.0 7  37  N. 25  27  W. Surface 

78-5 80-9 

27-2  C. Bright  blue 

80-2 

26-8  C. 

26-9 

5-05 

5-25 5-30 

5-35 
5-0 

26-0 

31-5 

37-0 

5-50 

53-0 

6-8437 
5-60 

64-0 

■1528 

27-0 

5-70 

73-8 

•3681 

1-02306 

1-02M 

26-95 
5: 39 

41-5 

7-3646 

39 16 Dec. 6 
22.0 

6  39  N. 25  41  W. Surface 

76-2 
81-6 

27-6  C. 

• 83-0 

28-3  C. 

27-6 

27-8 

5-05 

5-15 5-35 5-50 5-70 

0-5 

17-5 
39-5 

56-8 

78-5 

6-8437 

■1571 ■3530 

1-02290 1-02622 

27-7 

5-35 

39-8 

7-3538 

40 17 Dec. 7 6.20 5  59  N. 25  50  W. Surface 

79-8 
80-4 

26-9  C. Deep  blue 

83-0 

28-3  C. 

27-8 

28-0 

5-00 

510 

5-20 5-30 
5-40 

14-0 

24-5 
35-0 47-0 

57-0 

6-8437 

■1582 ■3148 

1-02230 1-0256! 

27-9 

5-20 

35-5 

7-3167 

41 18 Dec. 7 9.0 5  44  N. 25  55  W. Surface 

80-7 
811 
27-3  C. Bright  blue 

83-6 

28-7  C. 

27-9 

28-1 

4-95 

5-00 

5-10 5-20 

5-25 
6-5 

13-0 
22-8 

33-8 39-0 

6-8437 

■1588 
■2040 

1-02237 

1-02578 

28-0 

5-10 

23-0 

7-2065 

42 19 Dec. 7 12.0 5  27  N. 26    1  W. Surface 

77-0 
81-1 

27-3  C. Bright  blue 

83-7 

28-7  C. 

28-2 

28-2 

4-95 
5-00 

5-20 5-25 
5-50 

6-8 

13-5 
34-8 42-0 

67-5 

6-8437 

■1599 

■2918 

1-02231 

1-02578 

28-2 

5-18 

32-9 

7-2954 

43 20 Dec. 7 
20.0 4  42  N. 26  17  W. Surface 

78-1 

81-0 

27-2  C. 

81-7 

27-6  C. 

27-2 

27-2 

5-05 

5-15 5-20 

5-25 5-50 

2-8 

13-0 
19-0 

30-5 52-5 

6-8437 

■1542 

■2093 

1-02306 

1-02622 

27-2 

5-23 

23-6 

7-2072 

44 21 Dec. 8 6.0 3  46N. 26  17  W. Surface 

79-3 
80-9 

Bright  blue " 

82-0 27-4 

5-10 

12-8 

27-2  C. 

5-20 

23-5 

5-30 

35-0 

6-8437 
5-40 

46-0 

■1554 

27-4 

5-50 

56-5 

■3086 

1-02289 

1-026U\ 

27-4 

5-30 

34-8 

7-3077 

14. 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

ate(E.) Position  (L.) Depth in  Fathoms. Temperature Temperature 
Volume 

of  im- 

mersed 

Density  of  Sample. 

at  time  of 
Collection  of 

during 

Experiment. 
Weights 
added 

Read- 

(Density of  Distilled 
Water  at  4°C.  =  1.) 

Day. Hour. Lat. Long. 

D. 
d. Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time and 

Date. 

to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion 

of 

Hydro- 

meter of 
Sea 

from 
which 
the 

Sample 
was 

col- 

lected. 

T'. 

t\ 

Ob- 

served 

Reducec 

to 

Reduced 

to 

\1< 

T. 

t. 

at 

Posi- tion of the 

of 

the 
of 

the 
of 
the 

v  . .       >     at  t'. 

centims.) 

15°-56C 

t. 

L. 

Air. 
Water. 

Air. 
Sample. 

w. 

R. V. 

4  St'. 

4S15°  -56. 

4St. 

, o       / o      , 

op 

°F. 

o  -p 

°C. 

8 9.0 3  29  N. 26  23  W. Surface 

80-5 
80-7 
27-1  C. Bright  blue 

82-0 

27-8  C. 

27-4 

27-6 

5-00 

5-10 

5-15 
5-20 5-50 

2-5 

12-5 18-0 
24-0 

56-5 

6-8437 
■1559 
■2013 

1-02288 
1-02613 1-02300 

27-5 

5-19 

22-7 

7-2009 

1 8 12.0 3  12  N. 26  29  W. Surface 

80-4 80-9 

Bright  blue 

82-3 
27-4 

5-00 

1-8 

27-2  C. 
28-0  C. 

27-6 

5-10 
5-20 

5-25 
5-35 5-50 

12-0 

23-0 28-0 
40-0 

55-5 

6-8437 

■1559 

■2368 

1-02290 
1-02615 

1-02299 

27-5    ' 

5-23 

26-7 

7-2364 

8 19.0 2  46  N. 26  40  W. Surface 

80-0 

80-3 

26-8  C. Bright  blue 
82-7 

28-2  C. 

27-4 

27-5 

5-05 5-10 

5-20 
5-25 5-50 

5-0 

10-3 21-0 

27-5 
55-0 

6-8437 

■1556 
■2111 

1-02299 
1-02623 

1-02318 

27-45 

5-22 

23-8 

7-2104 

* 9 6.15 2    2  N. 27  17  W. Surface 

78-5 79-7 

26-5  C. Bright  blue 

81-9 

27-7  C. 

27-3 

27-4 

5-05 

5-15 

5-25 
5-50 

5-60 

3-0 

15-0 

25-5 53-0 
65-0 

6-8437 

■1551 
■2865 

1-02306 1-02627 
1-02332 

27-35 

5-31 

32-3 

7-2853 

1  IPI 9 12.10 142  N. 27  29  W. Surface 

79-3 80-1 

26-7  C. Bright  blue 

82-0 

27-8  C. 

27-2 

27-2 

5-10 
5-15 
5-35 5-50 

5-70 

8-0 

13-3 

350 

51-2 

72-0 

6-8437 

•1542 •3184 

1-02316 
1-02633 

1-02331 

27-2 

5-36 

35-9 

7-3163 

9 18.28 1  25  N. 27  59  W. Surface 

79-0 80-0 

26-7  C. 

81-1 

27-3  C. 

26-8 

26-8 

5-10 
5-20 

5-25 
5-35 5-40 

7-0 

17-5 

22-0 

33-0 

37-8 

6-8437 

■•1520 

■2084 

1-02324 1-02629 
1-02327 

26-8 

5-26 

23-5 

7-2041 

10 12.0 0  56  N. 

St  Paul's 

29  24  W. 
Rocks 

Surface 

79-5 

79-8 

26-6  C. Bright  blue 

80-9 

27-2  C. 

27-0 

26-8 

510 

5-20 
5-25 
5-30 
5-50 

5-8 

17-7 

230 

28-0 

49-0 

6-8437 

■1525 
■2191 

1-02323 1-02631 
1-02332 

26-9 

5-27 

24-7 

7-2153 

Dei 11 12.0 0  18S. 30  37  W. Surface 

78-6 
78-9 

26-1  C. 
Bright  blue 

80-8 

27-1  C. 

27-0 

27-0 

5-20 
5-30 

5-35 5-50 
5-60 

5-25 
5-40 
5-45 5-55 

11-2 22-0 

26-5 
44-5 

55-5 
16-0 

320 

37-0 49-0 

6-8437 

■1531 
■2891 

1-02354 

1 

1-02665 

1-02382 

27-0 

5-40 

32-6 

7-2859 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination Df  the  Density  of  the  Samp' 

e. 

Date(i:.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature Volume 

of  im- 

mersed 

Portion of 

Hydro- 

meter 

(cub. 

centims.) 

Density  cf 

(Density  oi  i 
Water  at  4"  1 a o 

tr. 

D 

"5. 

5 

-. 

at  time  of 
Collection  of 

Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 
Month. Day. Hour. Lat. 

Long. 

D. 

d. 

of 
Sea 

from 
which 

the Sample 
was 

col- 

lected. 

T'. 

t'. 

Ob- 

served 

Reduce' 

to     i 

T. 

t. 

U c 

i 
— 
3 

at 

Posi- 
tion 

of the 

of 

the 

of 

the 

of 

the 

at  t'. 

15°-56C, 

— J 

£ fc L. 
Air. 

Water. 

Air. 
Sample. w. R. V. 

4St\ 

i  S  w-». 

iJi 

1902. o       / o       / 

°F. o  -p 

o  p_ 

°  C. 

57     30 Dec.       12 12.0 1  59  S. 32    9  W. 
Surface  78-7 

79-1
 ' 

Bright  blue 

80-7 26-9 

5-15 
5-0 

26-2  C. 27-1  C. 

5-20 

5-25 5-30 

10-0 
16-0 

20-8 

6-8437 

■1525 

26-9 

5-35 

26-0 

■1383 

1-02357 

1-02665 

.'"':.  1 

26-9 

5-25 

15-6 

7-1345 

61 31 Dec. 13 12.0 
3  39S. 33  21  W. Surface 

78-9 
79-0 

26-1  C. Bright  blue 

81-6 

27-6  C. 

26-3 

26-4 

5-20 

5-25 
5-30 5-35 

5-40 

4-0 

9-8 

15-2 20-5 26-5 

6-8437 

■1494 ■1348 

1-02387 

• 

1-02678 

Ml 26-35 

5-30 

15-2 

7-1279 

61 31 Dec. 
13 

12.0 3  39S. 33  21  W. Surface 

78-9 
79-0 

26-1  C. Bright  blue 

81-6 

27-6  C. 

26-5 

5-20 

5-25 5-30 

5-35 
6-0 

110 

16-5 
22-2 

6-8437 

■1503 

61 31 Dec. 
13 12.0 

3  39S. 33  21  W. Surface 

78-9 79-0 

Bright  blue 

W.  S.  B. 

26-5 

5-40 

27-0 

■1463 

1-02380 
1-02676 

H 

26-5 

27-0 

5-30 
5-30 

16-5 

18-5 

7-1403 

81-6 

26-1  C. 27-6  C. 

5-35 5-40 

5-45 5-50 
5-55 
5-60 

22-5 

28-7 

34-0 

39-8 45-0 
51-0 

6-8437 5-65 

56-2 

■1534 

27-1 

5-70 

62-0 

■3521 

1-02373 
1-02686 

27-05 

5-50 

39-7 

7-3492 

61 31 Dec. 
13 12.0 3  39S. 33  21  W. Surface 

78-9 
79-0 

26-1  C. Bright  blue 

81-6 

27-6  C. 

26-8 

5-30 
5-35 

5-40 
5-45 5-50 

5-55 5-60 

5-65 
19-0 24-5 
29-5 

34-5 
41-0 

46-0 51-0 

56-5 

6-8437 

■1525 

W.  S.  B. 27-0 

5-70 

62-5 

■3592 

1-02369 

1-02678 

Ml  . 

26-9 

5-50 

40-5 

7-3554 

61     31       Dec. 13 12.0 3  39  S. 33  21  W. Surface 

78-9 
79'0 

Bright  blue 

81-6 

27-2 

5-30 

18-5 

26-1  C. 
27-6  C. 

5-35 

22-5 

1 

5-40 

28-0 

This  sample  was  tested  for  clucking  purposes  five  times  on  17th  Dec. 

5-45 

35-5 

1902,  each  observation  being  perfectly  independent  of  the  other. 

5-50 

40-5 

Two  observations  each  were  made  by  W.  S.  B.  and  myself  and  one 

5-55 

47-5 

by  R.  C.  M.     The  conditions  during  the  last  three  observations  were 

5-60 

51-0 

6-8437 

more  favourable  than  during  the  first  two,  chiefly  on  account  of  the 

5-65 

56-5 

■1542 

motion  of  the  ship  being  gentler. — D.  W. 

VV. 

R.  C.  M. 

27-2 

5-70 

62-0 

■3566 

1-02370 

1-02688 M 

27-2 

5-50 

40-2 

7-3545 

Tl ie  following  f mr  samDles  1 ested  at  Fort  Stanley on  the  10th  Jan.  1903  : — No.  31      .     .     . 

55-2 

55-6 

56-1 56-0 

11-95 
12-45 

12-4 

12-45 

6-10 

6-10 
6-10 
5-80 

37-0 

48-7 

47-1 15-1 

7-2397 7-3462 

7-3318 7-0482 

1-02753 1-02695 1-02678 

102630; No.  49      .     .     . 
No.  50      .     .     . 

1-02702   1-02636 

102698,102633 

No.  51      .     .     . 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

ite(E.) Position  (L.) Depth Temperature Temperature 
Volume 

of  im- 

mersed 

Portion 
of 

Hydro- 

meter 

(cub. 

centims. 

Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. 
Weights 
added to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 
Water  at  4°C.  =  1.) 

Md Day. Hour. Lat. Long. 

D. 
d. 

from 
which 

the 
Sample 

was 

col- 

lected. 

of Sea 

T'. 

t'. 

Ob- 

served 

Reducec 

to 

Reduced 

to 

T. 

t. 

at 

Posi- 
tion 

of 

the 

of 

the 

of 
the 

of 

the 

at  t'. 

15°-56C 

t. 

L. 
Air. 

Water. 
Air. Sample 

w. 

R. 

V. 

•i^t'. 4  S  15»-56. 

4  St. 

i o        / o      / 

o  p_ 
o  p, 

o  p 

°C. 

1 14 12.0 5  48S. 34  22  W. Surface 

75-6 
78-9 

26-1  C Bright  blue Noon 
16/12/02 

82-7 

25-2  C. 

27-0 

5-20 

5-25 5-30 

5-35 

10-0 
16-0 21-0 

27-5 

6-8437 

■1537 

27-2 

5-40 

32-8 

■1907 

1-02354 
1-02668 1-02385 

27-1 

5-30 

21-5 

7-1881 

a 14 18.35 6  23S. 34  29  W. Surface 

78-8 79-1 

26-2  0, •• 13.40 

16/12/02 82-7 

28-2  C. 

27-3 

5-20 

5-25 
5-30 5-35 

9-8 

15-2 

20-5 26-8 

6-8437 

■1554 

27-5 

5-40 

32-5 

•1862 

1-02356 
1-02680 1-02393 

27-4 

5-30 

210 

7-1853 

m 14 22.10 6  43S. 34  33  W. Surface 

79-0 80-9 

27-2  C 
Remarkably 

lighter 
14.12 

16/12/02 

82-9 

28-3  C. 

27-3 

27-7 

5-20 
5-25 5-30 

5-35 5-40 

4-8 

100 

15-8 
21-5 

27-5 

6-8437 

■1559 

■1410 

1-02380 1-02707 1-02389 

27-5 

5-30 

15-9 

7-1406 

De 15 12.0 7  19S. 34  33  W. Surface 

79-3 79-9 

26-6  C 
Light  blue, 

slightly  greenish 

14.50 

16/12/02 

83-3 

28-5  C. 

27-4 

27-6 

5-20 

5-25 

5-30 

5-35 5-40 

8-0 

14-0 

19-7 
25-0 

30-5 

6-8437 

■1559 
■1721 

1-02363 
1-02690 1-02390 

27-5 

5-30 

19-4 

7-1717 

1 16 12.0 9    6S. 34  45  W. Surface 

79-0 
79-9 

26-6  C Bright  blue 15.13 
16/12/02 

83-5 

28-6  C. 

27-3 

27-5 

5-20 

5-25 5-30 

5-35 5-40 6-5 

11-8 

17-3 
23-0 

28-5 

6-8437 

■1554 

■1543 

1-02373 1-02697 1-02397 

27-4 

5-30 

17-4 

7-1534 

Dec 17 12.0 •• Surface 

79-0 
79-1 

26-2  C. Bright  blue 

81-0 

27-2  C. 

26-8 

5-30 

5-35 5-40 

6-8 

12-5 

17-5 

6-8437 

9 
27-0 

5-45 5-50 

23-2 29-0 

■1525 
■1579 

1-02426 1-02736 
1-02448 

26-9 

5-40 

17-8 

7-1541 

Dec. 17 12.0 
Surface  79-0 

79-1 81-0 
26-9 

5-30 

6-0 

26-2  C. 

W.  S.  B. 

27-2  C. 

27-0 

5-35 5-40 

5-45 5-50 

11-2 
17-0 
22-0 

27-5 

6-8437 

■1528 
■1481 

1-02431 1-02742 1-02455 

26-95 

5-40 

16-7 

7-1446 

Dec 17 12.0 
Surface  79-0 

79-1 81-0 

27-0 

5-30 

6-5 
1     26-2  C. 

27-2  C. 

5-35 

10-5 

lni/le is  tested  by  W.  S.  B.,  R.  C.  M.,  and  myself  for  checking 

5-40 

5-45 5-50 
160 

21-0 

26-5 

6-8437 

■1531 
■1428 

pur 
t;s  on the  aft jrnoon  of  t he  same  da y  as  it  was  tai 

| 

en. 

R.  C.  M. 
27-0 

1-02434 1-02747 1-02459 

27-0 

5-40 

16-1 

7-1396 
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15 

78 

80 

82 

M 

87 

89 

38 

39 

lo 

11 

1L> 

i:j 

11 

Data  Relating  to  the  Collection  of  the  Sample. 

Date(E.) 

Month.  Day.  Hour, 

1902. 
Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

L8 

19 

20 

21 

22 

23 

Dec.       24 

12.0 

12.0 

12.0 

12.0 

12.0 

12.0 

12.0 

Position  (L.) 

Lat. 

13  24  S. 

15  24  S. 

18  11  S. 

20  40  S. 

22  41  S. 

24  44S. 

■2n  :',r,  <. 

Long. 

Depth 
in  Fathoms. 
D. 

of 
Sea 

from 
which 
the 

Posi-,SamP
le 

tionl     "a.s T         I       COl- 

u      lected. 

3G  37  W 

37  12  W 

37  52  W. 

38  20  W. 

39  15  W. 

40  28  W, 

42    1  W. 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Temperature 
at  time  of 

Collection  of Sample. 

of the 
Air. 

°  F. 

79-0 

80-0 

81-1 

79-0 

79- 
79-4 

78-9 

of 

the 
Water. 

°  F. 

79-9 

26-6  C 

80-4 

26-9  C. 

79-2 

26-2  C, 

78-9 

26-1  C, 

78-7 

25-9  C. 

79-1 

26-2  C. 

77-G 

25-3  C. 

Colour  of  Water, 
Current,  and 
Remarks. 

Bright  blue 

Bright  blue 

Slightly  lighter than  yesterday 

Bright  blue 

Bright  blue 

Bright  blue, 

though  darker 

than     yester- 

day 

Bright  blue 

Data  Relating  to  the  Determination  of  the  Density  of  the  Sample 

Time 

and 
Date. 

Temperature 

during 

Experiment. 

16.35 

10.0 
20/12/02 

12.10 

13.40 

22/12/02 

14.20 

14.45 

15.15 

20/12/02 

T'. 

of 
the Air. 

°  F. 

80-8 

27-7  C. 

83-3 

28-5  0. 

t'. 
of 

the Sample, 

Weights 
added 

to 

Hydro- 

meter 

(grams). 

84-8 

29-3  C, 

83-2 

28-5  C. 

83-8 

28-8  C, 

81-9 

27-7  C. 

82-2 

27-9  C. 

°C. 

26-9 

27-0 
26-95 

27-5 

27-9 

27-7 
26-7 

27-4 

27-05 

27-5 

27-9 

27-7 27-4 

27-7 27-55 

27-2 

27-4 
27-3 

27-4 

27-4 

27-4 

5-30 

5-35 
5-40 
5-45 5-50 

5-40 

5-30 
5-35 
5-40 
5-45 
5-50 

5-55 5-60 
5-65 5-70 

5-50 

5-30 
5-35 5-40 

5-45 5-50 

5-55 5-60 
6-65 
5-70 

5-50 

5-30 
5-35 
5-40 
5-45 
5-50 

5-55 
5-60 

5-65 5-70 

5-50 

540 

5-45 5-50 

5-55 
5-60 

5-50 

5-30 
5-35 
5-40 

5-45 5-50 
5-55 
5-G0 

5-65 
5-70 

5-50 
5-40 

5-45 
5-50 
5-55 

5-60 

5-50 

Volume 

of  im- Read- 

mersed 

ing 

Portion of 

of 

Hydro- 
Hydro- 

meter. 

meter 

(cub. 

centims.) 

Density  of 

(Density  of Water  at 

Ob- 

served 

at  t'. 

R. 

V. 

4  St' 7-0 

12-0 
17-7 

23-5 

290 

17-8 

5-5 

11-8 

17-5 

23-0 
29-7 

35-5 40-5 46-0 
52-5 

29-1 

4-5 

10-0 

16-2 

22-0 

27-5 

34-0 40-0 

45-2 51-3 

27-9 

9-8 

14-7 

20-2 
25'5 
31-5 

37-7 
43-0 

49  0 

55-0 

31-8 

20-0 
25-8 

31-5 

37-2 

43-0 

31-5 

9-8 

15-0 

20-2 
20-0 
31-7 

38-0 

43-0 
49-0 

54-8 

31-9 

30-5 

36-2 

41-8 

47-8 

530 

41-9 

6-8437 

■1528 

■1578 

7-1543 

6-8437 

■1570 
■2581 

7-2588 

6-8437 

■1534 

■2474 

7-2445 

6-8437 

■1571 
■2820 

7-2828 

6-8437 

■1562 ■2794 

7-2793 

6-8437 

■1548 

■2829 

7-2814 

6-8437 

•1554 ■3716 

7-3707 

1-02426 

1-02422 

1-02430 

1-02409 

1-02411 

1-02410 

1-02361  1 

Reduce 

15 

to 

4k-W--K. 

1-02745  I ■■■;, 

1-027 il 

1-02741 

v-x 

I , 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

ite(E.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

■  Volume 

i   of  i in- 

Read-   J  mersed 

ing      j  Portion 

Density  of  Sample. 
at  time  of 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

(Density  of  Distilled 
Water  at  4°C.  =  1.) 

Day. Hour. Lat. Long. 

D. 
d. 

of 
Sea 

from 
which 
the 

Sample 

•was 

col- 

lected. 
T'. 

t'. 
Hydro- 

meter. Reduced  Reduced 
to              to 

<  .1 

T. t. 

Hydro-:      Qb_ 

nlet,er    1  served 

(c,ub-   J     att'. 
centims.) 

at 

Posi- 
tion 

of 
the 

of 

'  the 

of 
the 

of 

the 

15°'56C 

t. 

L. 
Air. 

Water. 
Air. 

Sample. 

w. 

R.             V. 

4  St'. 

4  S  15°-56. 

*st 

o        /              !       o        / 0  F.  1       °  F °  F.     |     °  C. 
1 25 12.0 28  27  S.     43  45  W. Surface 

77-5       76-8 Bright  blue 
15.40 

82-0         27-6 

5-20 6-0 

24-9  C. 
26/12/02 

27-8  C. 

27-7 

5-25 5-30 
5-35 
5-40 120 

17-5 24-0 

29-8 

6-8437 

■1568 ■1587 

1-02370 1-02703 
1-02454 

27-65 

5-30 

17-9     !    7-1592 

l„ 26 12.0 30  25  S. 45  45  W. Surface 

77-3 
76-0 

24-4  C. Bright  blue 
16.10 

81-7 

27-6  C. 

27-3 

27-4 

530 
5-35 5-40 

5-45 5-50 

22-0 

27-8 

33-3 
38-5 
44-5 

6-8437 

■1551 

■2945 

1-02350 
1-02672 1-02439 

27-35 

5-40 

33-2 

7-2933 

w :  27 12.0 32  12  S. 47  25  W. Surface 

72-7 
74-9 

23-8  C. Bright  blue 
9.40 

31/12/02 63-0 

17-2  C. 

16-8 

17-0 

5-50 

5-55 5-60 

5-65 5-70 
7-0 

120 

17-5 
24-0 

300 

6-8437 

■0958 

■1605 

1-02562 1-02593 1-02379 

16-9 

5-60 

18-1 

7-1000 

De< 28 12.0 33  50  S. 48  44  W. Surface 

71-0 75-0 

23-9  C. Bright  blue 
(lighter) 

10.27 

31/12/02 04-0 

17-8  C. 

16-8 

17-2 

5-60 

5-65 
5-70 

5-75 5-80 

2-5 

7-5 
12-5 

19-0 

24-8 

6-8437 

■0964 

■1180 

1-02638 1-02671 
1-02453 

17-0 

5-70 

13-3 

7-0581 

d| 28 16.0 34    2S. 49    7  W. Surface 

72-0 
72-4 

Bright    blue 
11.0 

64-7 

17-0 

5-50 

30 

22-4  C. 

(orange     dia- 
31/12/02 

18-2  C. 

5-55 

7-5 

tom  bands) 

5-60 

13-5 

6-8437 
5-65 

18-5 

■0970 

17-2 

5-70 

25-0    ' 

■1197 

1-02584 1-02620 1-02444 

17-1 

5-60 

13-5 

7-0604 

29 12.0 35  28  S. 50  34  W. Surface 

69-5 

70-4 

21-3  C. Same  as  yester- 
day at  noon 

11.40 

31/12/02 

64-2 

17-9  C. 170 

5-55 
5-60 

4-5 

10-5 

5-65 

16-0 

6-8437 
5-70 

22-5 

■0975 

17-4 

5-75 

28-5 

■1455 

1-02596 1-02634 1-02489 

17-2 

5-65 

16-4 

7-0867 

Deci 30 12.0 35  23  S. 49  53  W. Surface 

61-2 
68-0 

20-0  C. Bright  blue 13.45 
31/12/02 65-7 

18-7  C. 

17-4 

17-6 

5-55 5-60 

5-65 
5-70 

5-75 

7-5 

12-8 

18-5 

250 
300 

6-8437 

■0992 
■1667 

1-02584 
1-02630 1-02520 

17-5 

5-65 

18-8 

7-1096 

Dec. a 12.0 

i 

36  39  S. 52  10  W. Surface 
61-0 

69-1 

20-6  C. 

Indigo 

15.15 

65-7 

18-7  C. 

18-8 

18-8 

5-10 

5-15 5-20 

5-25 5-30 
5-35 
5-40 

5-45 5-50 

9-5 

14-8 20-0 

25-2 
30-8 
36-0 

410 

46-5 
52-5 

6-8437 

■1066 

■2723 

1-02335 1-02413 1-02285 

18-8 

5-30 

30-7 

7-2226 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 

3f  the  Density  of  the  Sample. 

Date(K.) Position  (L.) Depth 
in  Fathoms. Temperature 

at  time  of 
Temperature 

during 

Weights 

Read- 

Volume 

of  im- 

mersed 

Portion 
of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of 

(Density  of  D 

c 
o 
09 

00 

o 

C 

c 
S r. 

o 
Month. Day. Hour. Lat. 

Long. 

D. 

d. 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 

Date. 

Experiment. added 
to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Water  at  4°  ( 

of 
Sea 

from 
which 
the 

Sample 

was 

col- 

lected. 
T'. 

t'. 

Ob- 

served T. t. 

to    1 

t. c 
J3 s 
3 

0J 

.a 
£ 

at 

Posi- 

tion 
of 
the 

of 
the 

of 

the 
of 

the 

at  t'. 

15°-56C 

fc L. 
Air. 

Water. 
Air. Sample. w. 

R. 

V. 4  St'. 
4Sl5'-56,|        ,«. 

1903. O         / 
0          > 

°  F. 

o  p_ 

o  p 

°C. 

106 53 Jan. 1 12.0 39    1  S. 53  40  W. Surface 

65-8 
62-0 

16-7  C. 
Olive  green 14.30 

2/1/03 

73-7 

23-2  C. 

19-8 

5-20 

5-25 

5-30 

5-35 
7-0 

12-5 

18-2 

24-7 

6-8437 

■1137 

20-3 

5-40 

29-3 

■1623 

1-02391 

20-05 

5-30 

18-3 

7-1197 

1-02501  m 

109a 54 Jan. 2 12.0 41  38  S. 54  40  W. Surface 

G2-8 
64-3 

17-9  C. 
Slaty  blue 

15.0 

2/1/03 

74-5 

23-6  C. 

20-0 

20-4 

5-20 
5-25 
5-30 

5-35 
5-40 

4-0 

100 

16-0 
21-5 

27-3 

6-8437 

■1145 
■1401 

1-02403 

20-2 

5-30 

15-8 

7-0983 

1-02517 

109b   55 Jan. 2 14.15 Surface 

60-8 
58-3 

Olive  green 
15.30 

74-8 

18-2 

5-30 

9-7 
14-6  C. 23-8  C. 

18-4 

5-35 
5-40 
5-45 

5-50 

15-5 

21-2 

27-2 
33-0 

6-8437 

■1038 

■1889 

1-02436 
1-O2500 

18-3 

5-40 

21-3 

7-1364 

! 
109c 56 Jan. 2 

15-0 
Surface 

59-6 55-0 

12-8  C. Olive  green 
16.0 

74-2 

23-4  C. 

17-8 
18-0? 

5-30 

5-35 5-40 

5-45 5-50 5-6 

11-7 

17-0 

230 

28-8 

6-8437 

■1015 
■1525 

1-02457 
1-02511 

i  ■: 

17-9 

5-40 

17-2 

7-0977 

109d 57 Jan. 2 16.0 •• •• Surface 

57-7 54-9 

12-7  C. Olive  green 5.45 

3/1/03 

60-1 

15-6  C. 
160 

5-35 

5-40 
5-45 

3-0 

7-5 
13-0 

6-8437 

15-8 

5-50 

5-55 

18-2 

23-7 

■0902 
■1162 

1-02510 
i-omt 

W 

15-9 

5-45 

13-1 

7-0501 

109e 58 Jan. 2 17.0 Surface 

58-0 

55-2 

12-9  C. Light  slaty 

blue 6.24 

3/1/03 
64-2 

17-9  C. 

15-8 

15-5 

5-40 
5-45 
5-50 

5-55 5-60 9-0 

13-8 
18-8 24-8 

30-0 

6-8437 

■0887 
■1712 

1-02507 
1-02509 m 15-65 

5-50 

19-3 

7-1036 

lWi 59 Jan. 2 18.0 Surface 

57-4 
56-2 

13-4  C. Olive  green 

7.5 

3/1/03 58-7 

14-8  C. 

15-7 

16-1 

5-40 

5-45 5-50 
5-55 5-60 

9-8 

15-0 

20-2 

25-5 

31-5 

6-8437 

■0902 

■1810 

1-02501 

1-O2509 

;•:. 
15-9 

5-50 

20-4 

7-1149 

109a 60 Jan. 2 19.0 Surface 

57-5 
57-7 

14-3  C. More  intense 

green 

13.30 

3/1/03 

62-1 

16-7  C. 

16-4 

16-4 

5-40 
5-45 
5-50 
5-55 5-60 

12-8 19-0 
24-0 

30-0 

35-0 

6-8437 

■0930 

■2147 

1-02481 

1-02500 

!- 

16-4 

5-50 

24-2 

7-1514 

109h 61 Jan. 2 20.0 
Surface 

58-0 
56-9 
13-8  C. Same  as  last 

hour 

14.15 

3/1/03 61-5 

16-4  C. 

16-4 

16-4 

5-30 

5-35 5-40 

5-45 5-50 
2-5 

7-5 12-5 

180 

23-7 

6-8437 

■0930 
•1135 

1-02483 

1-02501 16-4 

5-40 

12-8 

7-0502 

i".' 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination of  the  Density  of  the  Sample. 

ate(E.) Position  (L.) Depth Temperature Temperature 
Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time and 
Date. 

during 

Experiment. 
Weights 

added to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 
Water  at  4°C.  =  1.) 

Mo Day. Hour. Lat. Long. 

D. 

d. 

of 

Sea 

from 
which 
the 

Sample 

was 

col- 

lected. 

T'. 
t'. 

Ob- 

served 

Reduced 

to 

Reduced 

to 

T. 

t. 

at 

Posi- 
tion 

of 

the 

of 
the 

of 
the 

of 

the 

at  t'. 

15°-56C. 

t. 

L. 
Air. 

Water. 
Air. Sample. 

W. 

R. V. 4St'. 

4S16°.56. 

4  St. 

o        / o       / 

o  p o  p_ 

°  F. 

°C. 

2 20.5 Surface 

58-6 
55-9 

13-3  C. 
Same  as  last 

15.0 

3/1/03 

60-8 

160  C. 

16-4 

16-1 

5-40 

5-45 5-50 

5-55 5-60 

12-0 

17-5 23-0 

28-5 

33-5 

6-8437 

■0921 
•2031 

1-02488 1-02504 1-02552 

16-25 

5-50 

22-9 

7-1389 

I 3 12.0 Surface 

57-2 

551 12-8  C. 
Slaty  blue a.m. 

10/1/03 

52-4 

11-3  C. 

11-6 

5-50 

5-55 
5-60 

4-7 

10-0 

15-2 

6-8437 5-65 

20-9 

■0658 

11-6 

5-70 

26-2 

■1366 

1-02592 
1-02511 1-02569 

11-6 

5-60 

15-4 

7-0461 

■  '•; 4 8.0 Surface 

53-6 
48-9 

9-4  C. Greenish  blue 
a.m. 10/1/03 

53-6 

12-0  C. 

11-8 

11-8 

5-50 

5-55 5-60 

5-65 
5-70 

5-9 

11-2 

16-7 

22-1 
27-7 

6-8437 

■0669 

■1481 

1-02585 1-02507 1-02627 

11-8 

5-60 

16-7 

7-0587 

Ja 4 12.0 Surface 530 

49-2 

9-6  C. 
Very  dark  green a.m. 

10/1/03 
52-9 

11-6  C. 

11-6 

11-8 

5-60 

5-65 5-70 

5-75 5-80 

16-2 

21-9 

27-2 32-8 

38-1 

6-8437 

■0663 

■2413 

1-02588 1-02509 
1-02625 

11-7 

5-70 

27-2 

7-1513 

H  a 5 12.0 Surface 
49-7 

48-3 

9-1  C. 
Turquoise a.m. 

10/1/03 

53-9 

12-2  C. 

11-6 

11-6 

5-60 

5-65 5-70 

5-75 
5-80 

17-5 22-9 

28-3 
33-6 
39-0 

6-8437 

■0658 •2510 

1-02583 
1-02502 1-02626 

11-6 

5-70 

28-3 

7-1605 

in 1     6 9.0 FortS 
tanley 

Surface 

59-2 

530 
11-7  C. Very  rich  green a.m. 

10/1/03 

54-2 

11-3  C. 

11-4 

11-5 

5-50 

5-55 
5-60 
5-65 5-70 

8-3 

13-7 

190 

24-3 

300 

6-8437 

•0649 
•1694 

1-02575 
1-02492 

1-02570 

11-45 

5-60 

191 

7-0780 

.LI 
27 

12.0 52  55  S. 55    0  W. Surface 

46-5 44-6 

7-0  C. 
Light  greenish 

blue 
a.m. 

31/1/03 

42-5 

5-8  C. 5-7 

6-1 

5-70 

5-75 
5'80 
5-85 
5-90 

11-5 17-0 

22-5 
28-7 

34-5 

6-8437 

■0335 

■2022 

1-02681 
1-02511 1-02667 

5-9 

5-80 

22-8 

7-0794 

.a .    27 20.0 53  28  S. 53  55  W. Surface 
45-7 

43-8 

6-6  C. 
a.m. 

31/1/03 

44-2 

6-8  C. 

6-2 

6-4 

5-60 

5-65 

•  5-70 

5-75 5-80 
1-2 

6-5 
12-0 

17-8 
23-0 

6-8437 

■0357 
•1073 

1-02678 1-02514 
1-02674 

6-3 

5-70 

121 

6-9867 

.I,;ii .    28 8.0 54  22  S. 52  20  W. Surface 

45-0 
43-4 

6-3  C. 
Greenish  blue 10.40 

31/1/03 
44-7 

WC, 6-3 

6-7 

5-60 
5-65 5-70 

5-75 

5-80 

2-2 

8-0 

13-5 
18-5 
24-8 

6-8437 

■0369 
■1188 

1-02671 1-02509 1-02673 

6-5 

5-70 

13-4 

6-9994 

IANS l.RO^ .  soc .  EDIN., VOL.  L 
[,   PA 

.ET  I  ( NO. 
4). 

14 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

Date(E.) Position  (L.) Depth Temperature Temperature 
Volume 

of  im- 

mersed 

Portion of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of 

(Density  of  I 

Water  at  4° « 
a 
o 
a i. 

u - 

£ /. 

at  time  of 
Collection  of 

Sample. 

Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and 
Date. 

during 

Experiment. 
Weights 
added to 

Hydro- 

meter 

(grams). 

Bead- 

ing 

of 

Hydro- 

meter. 

Month. Day. Hour. Lat. Long. 

D. d. 

of 
Sea 
at 

Posi- 
tion 

from which 

the Sample 

Mas 

col- 

lected. 

T'. 
of 
the 

t'. 

Ob- 

served 

at  t'. 

Redixv 

to 

T. t. 

of 
the 

of 

the 

of 
the 

15°.5GC 

■ 

£ & L. Air. Water. Air. Sample. w. R. 

V. 
4St, 

4  °  15'M. 

1903. 0        / o       / 

°F. 

o  p_ 

°F. 
°C. 

127 
71 Jan. 

28 
12.0 54  35  S. 51  50  W. Surface 

44-9 
43-1 

6-2  C. 

Bluey  green 

11.20 

31/1/03 

44-9 

7-2  C. 

6-4 

6-6 

5-60 

5-65 
5-70 

5-75 5-80 

2-5 

8-0 

13-5 
19-0 24-5 

6-8437 

■0369 ■1197 

1-02671 

1-02509 

6-5 

5-70 

13-5 

7-0003 

128 72 Jan. 
28 

16.0 51  55  S. 51  27  W. Surface 

43-2 40-6 

4-8  C. 
Light  greeny 

blue 

11.40 
31/1/03 

45-2 

7-3  C. 

6-4 

6-8 

5-60 

5-65 5-70 

5-75 
5-80 

7-3 12-8 18-3 
24-0 29-7 

6-8437 

■0374 

■1632 

1-02646 

1-02486 

;■". 6-6 

5-70 

18-4 

7-0443 

129 73 Jan. 28 20.0 55  12  S. 51    2  W. Surface 

42-1 40-6 

4-8  C. 15.50 

31/1/03 

44-4 

6-9  C. 

6-2 6-6 

5-60 
5'65 5-70 
5-75 
5-80 

50 

10-5 

16-5 
22-0 

27-5 

6-8437 

■0363 •1446 

1-02657 1-02494 

6-4 

5-70 

16-3 

7-0246 

134 74 Jan. 30 12.0 56  28  S. 47  52  W. Surface 

38-7 
35-9 

2-2  C. 
Light  greeny 

blue 

14.0 

1/2/03 43-0 

6-1  C. 

4-8 

5-2 

5-60 
5-65 5-70 

5-75 5-80 

6-7 

11-7 

17-5 
22-8 

28-5 

6-8437 

■0284 

■1543 

1-02656 1-02476 

5-0 

5-70 

17-4 

7-0264 

135 75 Jan. 30 19.45 57    2S. 47  15  W. Surface 

37-2 
35-0 

1-7  C. 14.40 

1/2/03 
43-7 

6-5  C. 

5-0 

5-4 

5-60 

5-65 
5-70 
5-75 

5-80 

7-3 

12-5 

18-2 

24-5 

29-5 

6-8437 

■0295 
■1632 

1-02651 

1-Qffli 

5-2 

5-70 

18-4 

7-0364 

136 76 Jan. 30 24.0 
57  22  S. 46  53  W. Surface 

37-0 
35-1 

1-7  C. 
14.45 

1/2/03 44-0 

6-7  C. 5-0 

5-4 

5-60 

5-65 
5-70 

5-75 
5-80 

7-0 

13-0 

18-5 

24-0 

29-8 

6-8437 

■0295 •1641 

1-02651 
1-024H 

5-2 

5-70 

18-5 

7-0373 

137 77 
Jan. 31 4.0 

57  42  S. 46  33  W. Surface 

36-5 35-0 

1-7  C. 
15.10 

1/2/03 44-6 

7-0  C. 

5-3 

5-8 

5-60 

5-65 

5-70 

5-75 

5-80 

7-7 

12-8 

18-2 

24-7 

30-0 

6-8437 

■0315 
■1659 

1-02648 

1-01416 

5-55 5-70 

18-7 

7-0411 

138 78 Jan. 
31 

8.0 
57  57  S. 40    5  W. Surface 

36-7 
35-3 

1-8  C. 

Reeve's  French 
blue 

15.40 

1/2/03 44-8 

7-1  C. 5-6 

0-0 

5-60 

5-65 

5-70 

5-75 

5-80 

8-5 
14-7 

20-0 
25-0 

30-9 

6-8437 

■0329 
■1756 

1-02642 

1-02473 

5-8 

5-70 

19-8 

7-0522 

139 79 Jan. 
31 

12.0 58  14  S. 45  50  W. Surface 

37-0 

35-4 

1-9  C. 

Reeve's  French 

blue 

16.15 

1/2/03 44-0 

6-7  C. 

5-7 

5-9 

5-60 5-65 
5-70 

5-75 5-80 
8-7 

14-5 
20-0 
25-5 

310 

6-8437 

■0329 

■1765 

102642 

1 02471 i 

5-8 

5-70 

19-9 

7-0531 
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! 
Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

ate(E.) Position  (L.) Depth in  Fathoms. Temperature Temperature 
Volume 

of  im- 

mersed 
Portion 

Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 

Date. 

during 

Experiment. 
Weights 
added to 

Hydro- 

meter 

(grams). 

Read- 

ing 

(Density  of  Distilled 
Waterat4°C.  =  l.) 

■  ' Day. Hour. Lat. 
Long. 

D. 
d. 

of 
Sea 

from 
which 

the 

r. 

t'. 

Ot                    ui 

Ob- 

served 

Reduced 

to 

Reduced 

to 

T. 

t. 

Hydro- 

meter. 

nyuro- 

meter 

(cub. 

at 

at  t'. 

15°-56C. 

t. 

Posi- 
tion 

Sample 

was 

col- 

lected. 

of 

the 

of 
the 

of 
the 

of 

the 

centims.) 

L. Air. Water. 
Air. 

Sample. w. R. V. 

i^f. 

4  S  15--56. 4  St. 

: o      / o      , 

o  p_ 
°F. 

o  p 

°C. 

31 16.0 Surface 

36-5 35-9 

2-2  C. Reeve's  French 
blue 

16.40 

1/2/03 
44-3 

6-8  C. 

6-0 

5-60 

5-65 

9-9 

15-0 

5-70 

20-5 

6-8437 5-75 

26-3 

■0346 

6-2 

5-80 

31-5 

■1827 

1-02637 
1-02471 1-02677 

61 

5-70 

20-6 

7-0610 

31 20.0 Surface 

37-1 
35-4 

1-9  C. 
Reeve's  French blue 17.43 

1/2/03 

43-8 

6-6  C. 

5-9 

61 

5-60 
5-65 5-70 

5-75 5-80 

10-0 

15-2 20-8 26-5 

31-5 

6-8437 

■0340 
■1845 

1-02637 1-02470 1-02679 

6-0 

5-70 

20-8 

7-0622 

31 24.0 Surface 

33-1 
35-8 
21  C. 

18.0 

1/2/03 

44-2 

6-8  C. 

5-8 

6-3 

5-60 
5-65 5-70 

5-75 

5-80 

8-0 

14-0 

19-5 25-0 

30-3 

6-8437 

■0343 
•1721 

1-02643 1-02477 1-02684 6-05 5-70 

19-4 

7-0501 

F( 1 4.0 Surface 

30-3 34-6 

1-4  C. 9.47 

2/2/03 43-7 

6-5  C. 4-7 

5-0 

5-60 

5-65 
5-70 

5-75 5'80 
7-7 

130 

18-0 
23-7 

29-5 

6-8437 

■0275 ■1632 

1-02652 1-02471 1-02683 
4-85 5-70 

18-4 

7-0344 

a 1 8.0 Surface 300 

33-1 

Reeve's  French 10.11 

44-4 5-2 

5-50 

7-2 

0-6  C. 

blue 
2/2/03 

6-9  C. 5-55 

12-7 

5-60 

18-0 

6-8437 
5-65 

23-7 

■0303 

5-5 

5-70 

29-3 

■1614 

1-02598 1-02424 
1-02639 5-35 5-60 

18-2 

7-0354 

Feb 1 12.0 Surface 
31-0 

34-0 

1-1  C. 
Reeve's  French 

blue 

10.40 

2/2/03 
45-1 

7-3  C. 

5-3 

5-7 

5-50 

5-55 5-60 

5-65 

5-70 4-3 

10-0 
15-0 

210 

26-7 

6-8437 

■0312 •1366 

1-02611 1-02438 1-02651 

5-5 

5-60 

15-4 

7-0115 

Feb 1 16.0 Surface 
30-7 

33-3 

0-7  C. 
Reeve's  French 

blue 

11.10 

2/2/03 
45-2 

7-3  C. 

5-3 

5-6 

5-50 

5-55 5-60 
5-65 
5-70 

7-3 
12-7 
18-0 

23-5 

29-0 

6-8437 

■0309 
■1605 

1-02652 1-02481 
1-02698 5-45 5-70 

18-1 

7-0351 

1  et 1 

1 

20.0 Surface 

30-0 
32-6 

0-3  C. 
Reeve's  French 

blue 
13.11 

2/2/03 
44-8 

7-1  C. 

5-8 

6-0 

5-50 

5-55 5-60 
5-65 
5-70 

8-2 13-9 

19-5 
25-0 

30-3 

6-8437 

■0335 
•1721 

1-02590 1-02423 1-02640 

5-9 

5-60 

19-4 

7-0493 

1     * 
24.0 Surface 

30-5 
33-2 

0-7  C. 
13.31 

2/2/03 
44-7 

7-1  C. 
61 

6-1 

5-50 
5-55 
5-60 
5-65 5-70 

12-0 

17-6 

230 

28-3 
33-7 

6-8437 

■0346 

•2031 

1-02573 
1-02407 1-02627 

6-1 

5-60 

22-9 

7-0814 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 

of  the  Density  of  the  Saraj 

la, 

uiml 

Date(E.) Position  (L.) Depth 
Temperature Temperature Volume 

of  im- 

mersed 

Portion of 

Hydro- 

meter 

(cub. 

centims. 

Density  of  S 

a o 

d 
m 
o 
- 

B 
3 

— 
B 
a 

a 
J3 & 
3 

at  time  of 
Collection  of 

Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 
and 
Date. 

during 

Experiment. 
Weights 
added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  oi 

Month. Day. Hour. Lat. 
Long. 

D. 

d. 
Water  at  1 

of 
Sea 
at 

Posi- 

tion 

from 
vi  hich 
the 

Sample 
Has 

col- 

lected. 
T'. 

t'. 

Ob- 

served 

at  t'. 

Reduce 

to 

15°-56C 

T. 

t. 

of 

the 

of 
the 

of 

the 

of 

the 
fc 55 

L. 
Air. 

Water. Air. Sample. w. R. V. 

4  Sf. 

4S15'M 

1903. o       / o       / 

o  p 

°  F. 

°F. 

°C. 

150 89 Feb. 2 8.0 Surface 

33-8
' 

30-8 

Reeve's  French 13.45 

44-7 
5-1 

5-50 

15-0 

-0-7  C 

blue 

7-1  C 

5-3 

5-55 
5-60 

5-65 5-70 

20-2 

25-5 

30-9 

36-5 

6-8437 

■0295 ■2270 

1-02562 

1-0238) 

5-2 
5-60 

25-6 

7-1002 

151 90 Feb. 2 12.0 Surface 

32-4 29-6 

-1-3  C. 

Reeve's  French 
blue 

14.0 

44-5 

6-9  C. 30 

3-5 

5-50 

5-55 5-60 

5-65 
5-70 

13-8 
19-8 

25-2 

30-6 
36-1 

6-8437 

■0184 
■2226 

1-02571 

1-0237S 

3-25 

■5-60 

25-1 

7-0847 

152 91 Feb. 2 16.0 Surface 

32-3 33-0 

0-6  C. 

Reeve's  French 
blue 

10.25 

3/2/03 40-9 

4-9  C. 

4-1 

4-2 

5-50 

5-55 
5-60 

5-65 5-70 

8-2 

13-6 19-0 
24-8 

30-0 

6-8437 

■0235 •1694 

1-02597 

1-02411 

4-15 

5-60 

19-1 

7-0366 

:>:• 

153 92 Feb. 2 
20.0 

Surface 
31-0 29-0 

-1-7  C. 

Amongst  ice 
Reeve's  French blue 

10.15 

3/2/03 
40-8 

4-9  C. 

4-2 

4-5 

5-60 
5-65 

5-70 

5-75 

5-80 
101 

15-7 

21-4 
26-8 

32-5 

6-8437 

■0247 
■1889 

1-02639 
1-02452 4-35 5-  70 

21-3 

7-0573 

!.,;.. 

154 93 Feb. 3 12.0 Surface 

31-1 31-1 

-0-5  C. 

Amongst  ice 
Reeve's  French 

blue 

9.50 

6/2/03 40-7 

4-8  C. 

4-4 

4-5 

5-50 

5-55 5-60 

5-65 
5-70 

14-2 

200 

25-6 
31-0 

36-3 

6-8437 

■0252 

■2252 

1-02566 

1-02383 

4-45 5-60 

25-4 

7-0941 

;.,• 

155 94 Feb. 3 16.0 

• 

Surface 

29-2 32-6 

0-3  C. 
Steaming  along 

edge   of  pack 
amongst  small 
bits  of  ice 

Reeve's  French 
blue 

10.16 

6/2/03 

41-2 

5-1  C. 

4-7 

4-9 

5-50 

5-55 5-60 

5-65 
5-70 

11-0 
16-6 
22-0 

27-5 

33-0 

6-8437 

■0272 

■1951 

4-8 

5-60 

22-0 

7-0660 

1-02581 1-02401 

14 

156 95 Feb. 3 20.0 Surface 

27-4 29-0 

-MC. 

Amongst  ice 
Reeve's  French 

blue 

10.48 

6/2/03 
42-0 

5-6  C. 
4-8 

50 

5-60 

5-65 5-70 

5-75 
5-80 8-7 

14-3 19-9 
25-1 

30-8 

6-8437 

■0278 

■1756 

1-02645 

102464 

K- 

4-9 

5-70 

19-8 

7-0471 

157 96 Feb. 1 8.0 Surface 

27-0 
29'9 

Amongst  ice 
Reeve  s  French 

11.0 

42-6 

4-8 

5-60 

5-0 
-1-2  C. 

6/2/03 

■5-9  C. 
5-65 

11-0 blue 

5-1 

5-70 
5-75 
5-80 

16-2 
21-8 

27-2 

6-8437 

■0280 
■1437 

1-02662 

1-02481 

4-95 
6-70 

16-2 

7-0154 

11.39 

42-8 

4-9 

5-60 

10-0 
158 87 Feb. 4 16.0 

Surface  28-7 

30-2 

Amongst  ice 
Reeve  s  French 6/2/03 

6-0  C. 
5-65 

16-0 

-1-0  C. 

5-70 

21-7 

6-8437 

blue 
50 

5'75 
5-80 

27-0 32-7 

■0280 

■1907 

1-02637 

1-02451 

4-95 5-70 

21-5 

7-0624 
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Data  Relating  to  the  Collection  of  the  Sample. 

te(E.) 

Hour. 

Position  (L.) 

Lat. Long. 

Depth 
in  Fathoms. 
D. 

of 
Sea 
at 

Posi- 
tion 
L. 

d. 

from 

which 

the 
Sample 

was 

col- 

lected. 

Temperature 
at  time  of 

Collection  of 
Sample. 

T. 

of the Air. 

of 
the 

Water. 

Colour  of  Water, 
Current,  and 
Remarks. 

Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

Time 

and 
Date. 

Temperature 

during 

Experiment. 

T'. 
of 
the Air. 

of 
the 

Sample. 

t'. 

Weights 
added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

R. 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

(Density  of  Distilled 
Water  at  4°C.  =  1.) 

Ob- 

served 

at  t'. 
4  St'. 

Reduced 

to 

15°-56C. 
Reduced 

to 
t. 

20.0 

8.0 

12.0 

16.0 

20.0 

24.0 

8.0 

12.0 

16.0 

20.0 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

°  F. 

26-3 

27-4 

27-4 

29-0 

30-3 

28-3 

32-0 

33-0 

33-0 

Surface 

31-8 

°F. 

29-8 

-1-2  
C. 

290 -1-7  C 

29-8 

-1-2  C. 

30-0 

-1-1  C. 

31-2 

-0-4  C. 

31-5 

-0-3  C. 

32-0 

0-0  C. 

33-6 

0-9  C 

31-9 

-0-1  C. 

301 
-11  C. 

Amongst  ice 

Amongst  ice,  in 

open  pool Reeve's  French 
blue 

In  open  pool,  sur- rounded by  ice 
Reeve's  French 

blue 

In  large  open  pool 
Reeve's  French 

blue 

eeve's  French 
blue 

Reeve's  French 
blue? 

Far  from  the  pack 
Reeve's  French 

blue 

Far  from  the  pack 
Reeve's  French blue 

Far  from  the  pack 
Reeve's  French blue 

11.56 

6/2/03 

12.23 

6/2/03 

13.50 

6/2/03 

15.21 

6/2/03 

16.30 

6/2/03 

13.50 

7/2/03 

14.7 

7/2/03 

14.30 

7/2/03 

°F. 

43'2 

6-2  C 

48-8 

9-3  C. 

49-0 

9-4  C. 

55-2 

12-9  C. 

53-7 

12-10, 

51-0 

10-6  C. 

52-1 

11-2  C. 

53-7 

12-1  C. 

°C. 

4-8 

5-0 

4-9 
4-8 

5-0 

4-9 
6-0 

6-8 

6-4 

6-8 

7-6 7-2 

7-9 

8-4 

8-15 

7-8 
7-95 

7-6 

8-2 
7-9 

7-6 

8-2 

7-9 

5-60 

5-65 
5-70 

5-75 5-80 

5-70 5-60 
5-65 5-70 

5'75 
5-80 

5-70 

5-60 

5-65 5-70 

5-75 
5-80 

■70 

5-50 

5-55 5-60 
5-65 
5-70 

5-60 

5-50 
5-55 5-60 

5-65 5-70 

5-60 

5-50 
5-55 
5-60 

5-65 5-70 

5-60 
5-50 
5-55 
5-60 
5-65 
5-70 

5-60 

5-50 
5-55 
5-60 

5-65 5-70 
■5-60 

9-9 

150 

20-3 
25-5 
30-9 

20-3 

5-0 

10-7 

16-3 
22-0 

27-5 

16-3 

8-7 

14'6 

20-2 

26-0 

31-8 

20-3 

14-0 20-0 

25-6 

310 

37-0 

25-5 

13-2 
18-8 
24-5 

30-0 

360 

24-5 

100 

15-2 
20-6 

26-0 31-7 

20-7 

111 

17-0 
22-5 
28-0 

33-4 
22-4 
17-0 22-5 28-0 

33-6 

39-5 

28-1 

6-8437 

■0278 ■1800 

7-0515 

6-8437 

■0278 

■1446 

7-0161 

6-8437 

■0363 
■1800 

7-0600 

6-8437 

■0408 

■2262 

7-1107 

6-8437 

■0462 

•2173 

7-1072 

6-8437 

■0451 
■1836 

7-0724 

6-8437 

•  -0448 

■1987 

7-0872 

6-8437 

•0448 ■2492 

7-1377 

1-02643 
1-02462 

1-02662 1-02482 

1-02637 1-02475 

1-02557 1-02406 

1-02559 
1-02420 

1-02578 1-02438 

1-02569 1-02429 

1-02542 1-02402 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sampl 

Date(E 

•) 

Position  (L.) Depth Temperature Temperature 
Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Si 

a a 

!•. K 

"3 ■— 

c — e 
3 

c 
E 
CO 

o 

.a £ 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 

Remarks. 

Time 
and 

Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Di>t  . 

Month. Day. Hour. Lat. 
Long. 

D. 

d. 
Water  at  4'  C 

of 

Sea 

from 
which 

T'. 
t'. 

Ob- 

served 

att'. 

to 

15°-56C. 

T. 

t. 

>; 

at         uu
c 

Posi.j  Samp
le 

.•         was 

L          
co1" 

i  lected. of the 

of 
the 

of 

the 
of 
the 

a Air. Water. 

Air. 
Sample. w. 

R. 

V. 

i&V. 
4S15*K. 

1903. o      / o        / 

o  F 

°F. 

a  p 

°C. 

109    1 Feb. 6 24.0 Surface 

31-3 30-6 

14.45 

54-3 
7-8 

5-50 

15-5 

-0-8  C. 

7/2/03 

12-4  C. 

5-55 

21-0 

5-60 

20-8 

6-8437 
5-65 

32-5 

■0462 

8-5 

5-70 

38-6 

■2386 

1-02547 8-15 5-60 

26-9 

7-1285 

1-024K 

170 109 Feb. 7 8.0 Surface 

30-0 
29-8 

-1-2  C. 

Steaming  amongst 

loose  pieces  of 
ice 

Reeve's  French 

blue 

15.8 

7/2/03 54-6 

12-6  C. 

7-4 

7-9 

5-50 

5-55 

5-60 

5-65 

5-70 

13-8 

19-5 
25-0 

30-6 
36-3 

6-8437 

■0434 

■2217 

1-02558 
7-65 5-60 

25-0 

7-1088 

1-024U  : 

171 110 Feb. 7 12.0 

• " 

Surface 

30-2 30-4 

-0-9  C. 

Steaming  amongst 

loose  pieces  of 
ice 

Reeve's  French 

15.25 

7/2/03 

54-7 

12-6  C. 
6-5 

5-50 
5-55 5-60 

5-65 
5-9 

11-0 

16-5 
22-5 

6-8437 

■0386 

blue 

7-1 

5-70 

27-7 

■1481 

1-02601 

6-8 

5-60 

16-7 

7-0304 1-02444  J 

172    ill Feb. 7 16.0 Surface 

31-4 29-9 

Steaming  amongst 
14.0 

55-2 

9-6 

5-50 

15-2 

-1-2  C. 

loose  pieces  of 

8/2/03 

12-9  C. 

5-55 

20-5 

ice 

5-60 

26-1 

6-8437 

Reeve's  French 

5-65 

32-0 

■0553 

blue 

9-9 

5-70 

37-7 

■2333 

1-02545 
l-omi 9-75 

5-60 

26-3 

7-1323 

173 112 Feb. 7 20.0 
Surface 

32-3 
29-9 

-1-2  C. 

14.14 

8/2/03 

57-2 

14-0  C. 
9-8 

10-2 

5-50 
5-55 
5-60 

5-65 
5-70 

18-5 
24-0 29-7 

35-4 41-2 

6-8437 

■0567 
■2643 

1-02527 1-02419 

10-0 

5-60 

29-8 

7-1647 

174 113 Feb. 7 24.0 Surface 

32-0 
31-7 

-0-2  C. 
14.30 

8/2/03 
57-4 

14-1  C. 

.    9-5 9-8 

5-50 

5-55 

5-00 

5-65 5-70 

17-6 23-0 
28-6 

34-1 

39-9 

6-8437 

■0547 

■2537 

1-02534 
9-65 5-60 

28-6 

7-1521 

175 114 Feb. 8 4.0 .  , Surface 

31-3 
31-1 

14.50 

56-7 9-6 

5 '50 

18-2 

-0-5  C. 

13-7  C. 

10-1 

5-55 
5-60 

5-65 
5-70 

23-8 

29-1 34-9 

40-3 

6-8437 

■0558 
■2599 

1-02530 

1-02420 

9-85 
5-60 

29-  3 

7-1594 

/ 

176 115 Feb. 8 8.0 Surface 

28-6 
30-6 

-0-8  C. 

Reeve's  French blue 
15.10 

56-5 

13-6  C. 94 

9-9 

5-50 
5-55 
5-60 

5-65 5-70 

20-0 
25-7 

31-2 
37-0 
42-8 

6-8437 

■0547 ■2776 

1-02521 

1-02407 

9-65 5-60 

31-3 

7-1760 

H 

177    116 Feb. 8 12.0 Surface 

30-2 

31-0 

-0-6  C. 

Reeve's  French 

blue 

15.25 

56-6 

13-7  C. 

8-3 

5-50  . 

5-55 

15-7 
21-0 

5-60 

26-7 

6-8437 

5-65 

32-1 

■0485 

8-8 

5-70 

38-0 

■2368 

1-02547 

1-02416 

5-55 

5-00 

20-7 

7-1290 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

te(E.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 

Portion 
of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 
at  time  of 

during 

Weights 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 1 
Hour. Lat. Long. 

D. 

d. 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 
Date. 

Experiment. added to 

Hydro- 

meter 

(grams). 

Water  at  4°C.  =  1.) 

of 
Sea 

from 
which 
the 

Sample 

was 

col- 

lected. 
T'. 

t'. 

Ob- 

served 

Reducec 

to 

Reduced 

to 

1  -'■'/■ 
T. t. 

at 

Posi- 
tion 

of 
the 

of the of 

the 

of 

the 

at  t'. 

15°-56C 

t. 

L. Air. Water. Air. Sample. w. 

R. 

V. 

«Sf. 

4^15=55. 4  St. 

i3. O         / O         t 

o  Y °F. 

0  F. 

°C. 

• 

, 8 16.0 Surface 

31-5 30-4 

-0-9  C. 
Reeve's  French 
blue  (lighter) 

14.16 

9/2/03 
47-7 

8-7  C 

7-4 

7-6 

5-50 

5-55 
5-60 
5-65 5-70 

16-9 
22-3 

27-9 

33-5 38-9 

6-8437 

■0425 
■2474 

1-02544 1-02399 1-02619 

7-5 

5-60 

27-9 

7-1336 

-... 8 20.0 Surface 
310 

30-0 

-1-1  C. 
Reeve's  French 

blue 
14.35 

9/2/03 
48-4 

9-1  C. 

7-5 

7-8 

5-50 
5-55 
5-60 

5-65 5-70 

10-7 

15-7 

21-0 26-3 

32-0 

6-8437 

•0434 ■1871 

1-02577 1-02433 1-02655 

1  ,.b 

7-65 
5-60 

21-1 

7-0742 

8 24.0 Surface 

31-0 

310 Sailing  all    day 14.50 

48-9 

7-5 

5-50 

5-9 -0-6  C. 

along  edge  of 

pack 

Reeve's  French 
blue 

9/2/03 

9-4  C. 

7-8 

5-55 5-60 

5-65 
5-70 

110 

16-2 
21-9 

27-2 

6-8437 

■0434 

•1455 

1-02599 1-02454 
1-02675 

7-65 
5-60 

16-4 

7-0326 

Feb, 9 4.0 Surface 

30-6 
29-8 

-1-2  C. 
15.6 

49-7 

9-8  C. 

7-4 

7-8 

5-50 

5-55 5-60 
5-65 
5-70 

5'7 

10-5 
16-1 
21-4 

26-7 

6-8437 

■0431 
■1428 

1-02601 
1-02456 

1-02680 

7-6 

5-60 

161 

7-0296 

Feb. 9 8.0 Surface 

30-9 

300 Steaming  amongst 
15.25 

49-6 
7-1 

5-50 

5-0 
-11  C. 

bay  ice 
Reeve's  French 

blue 

9-8  C. 

7-4 

5-55 5-60 
5-65 
5-70 100 

15-3 

210 

26-2 

6-8437 

■0411 

•1375 

1-02605 
1-02455 1-02678 7-25 5-60 

15-5 

7-0223 

Feb.      9 12.0 Surface 

30-6 

300 
-1-1  C. 

Amongst  light  ice 
Reeve's  French 

15.45 

49-2 

9-6  C. 

5-8 

5-50 

5-55 3-3 

140 

blue 

6-3 

5-60 

5'65 
5-70 

8-7 

19-5 25-0 

6-8437 

■0343 

■1251 

1-02616 

1-02450 1-02673 
6-05 5-60 

141 

7-0031 

Feb. 9 16.0 Surface 

30-5 
29-9 

-1-2  C. 

Reeve's  French 
blue 

13.52 
10/2/03 

48-0 

8-9  C. 

7-1 

5-50 

5-55 

5-6 110 

5-60 

16-8 

6-8437 
5-65 

22-1 

■0408 

7-3 

5-70 

27-7 

■1472 

1-02600 1-02449 
1-02673 

7-2 

5-60 

16-6 

7-0317 

9 20.0 Surface 

29-2 

29-7 

-1-3  C. 
Reeve's  French 

blue 

14.10 

10/2/03 
47-9 

8-8  C. 
6-9 

7-2 

5-50 

5-55 5-60 

5-65 
5-70 

30 

8-0 

13-6 
19-0 
24-4 

6-8437 

■0400 
■1206 

1-02615 1-02462 
1-02687 

7-05 

■5-60 

13-6 

7-0043 

9 24.0 Surface 

28-2 29-4 

-1-4  C. 
•• 

14.32 10/2/03 

17-5 

8-6  C. 

6-5 

5-50 

5-55 

0-5 
5-4 

5-60 

11-1 

6-8437 

6-7 

5-65 5-70 

16-6 22-0 

■0374 ■0984 

1-02629 
1-02469 1-02694 

6-6 
5-60 

111     1    6-9795 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample 

Date(E.) Position  (L.) Depth 
in  Fathoms. Temperature 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and Date. 

Temperature 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.' 

Density  of, 

(Density  of: 

Water  at  \° 

IB! 

Month. 

Day 

Hour. Lat. 
Long. 

D. 

d. 

c 

of Sea 

at 

Posi- 

tion 
L. 

from 
which 
the Sample 

was 

col- 

lected. 

T. t. 

T'. t'. 
of 
the 

Sample. 

Ob- 

served 

at  t'. 

lii'ilmviil; 

of 
the Air. 

of 
the 

Water. 

of 

the 

Air. 

to 

* 

w. R. V. 

4  St-. 

187 126 
1903. 
Feb. 

10 4.0 o      / 0         / 
Surface 

°F. 

28-3 

°F. 

29-2 

14.50 

47-3 

°C. 

6-6 

5-55 

1 

5-8 

—  1-6  C 

8-5  C 

5-60 

10-3 

5-65 
160 6-8437 

5-70 

21-7 

■0374 

1 
6-6 

5-75 

27-0 

■1437 

1-02630 

6-6 

5-65 

16-2 

7-0248 

l-02ih  : 

188 127 Feb. 10 8.0 Surface 

28-6 29-4 

-1-4  C. 

Amongst  loose thin  ice 

Reeve's  French 
blue 

15.10 

46-7 

8-2  C. 

6-2 

5-55 
5-60 

5-65 
5-70 5-9 

11-6 

17-0 22-3 

6-8437 

■0360 

6-5 

5-75 

28-0 

■1508 

1-02627 

6-35 5-65 

17-0 

7-0305 

189 128 Feb. 
10 

12.0 
Surface 

31-8 
30-2 

-1-0  C. 

Amongst   loose thin  ice 

Reeve's  French 

15.30 

48-0 

8-9  C. 4-8 

5-60 

5-65 5-70 

11-0 

16-1 

21-7 

6-8437 

blue 

5-2 

5-75 
5-80 

27-0 32-7 

•0283 

•1925 

1-02635 

5-0 

5-70 

21-7 

7-0645 

1-OWl 

l-M 

190 129 Feb. 10 1G.0 Surface 

33-2 

29-7 
Ice  touching  ship 

Reeve's  French 

13.50 

49-5 
7-8 

5-50 

7-9 

—1-3  C. 

12/2/03 

9-7  C. 
5-55 

13-4 

blue 

8-1 

5-60 

5-65 
5-70 

19-0 24-7 

30-1 

6-8437 

■0451 

■1685 

1-02586 
1-02441 

7-95 

5-60 

19-0 

7-0573 

1 
191 130 Feb. 

10 
20.0 Surface 

28-3 29-2 

-1-6  C. 

Ice           closely 

packed,  touch- 
ing ship 

Reeve's  French 

blue 

14.10 
12/2/03 

50-1 

10-1  C. 

7-8 

8-3 

5-50 

5-55 

5-60 

5-65 5-70 
6-6 

11-9 

17-5 23-2 28-8 

6-8437 

■0456 
■1561 

1-02592 
8-05 5-60 

17-6 

7-0454 

1-02453  I  .  1 

193 131 Feb. 11 12.0 
Surface 

30-2 

300 

-1-1  C. 

Ice  near 
Reeve's  French 

blue 

14.35 
12/2/03 

51-5 

10-8  C. 
7-9 

8-3 

5-50 

5-55 5-60 

5-65 
5-70 

4-5 

9-8 

15-0 
21-3 

27-0 

6-8437 

■0459 

■1375 

1-02602 
1-02463 

H* 

8-1 

5-60 

15-5 

7-0271 

194 132 Feb. 11 16.0 Surface 

30-8 
29'8 

-1-2  C. 

Ice  near 

Reeve's  French blue 

14.50 

12/2/03 

52-5 

11-4  C. 

7-9 8-1 

5-50 

5-55 5-60 

5-65 5-70 

4-7 

9-7 

15-4 20-6 25-9 

6-8437 

■0454 

■1357 

1-02604 
1-024U 

, 

8-0 

5-60 

15-3 

7-0248 

195 133 Feb. 11 24.0 
Surface 

29-7 
29-8 

-1-2  C. 
15.7 

12/2/03 

50-2 

10-1  C. 

7-6 

7-7 

5-50 
5-55 

5-60 

5-65 
5-70 

3-0 

8-3 

13-7 

190 

24-5 

6-8437 

■0434 
■1215 

1-02613 

mm 

7-65 5-60 

13-7 

7-0086 

134 Feb. 
12 

5.0 •• Surface 

29-8 
29-2 

15.30 

48-7 

7-2 

5-50 

4-0 —1-6  C. 9-3  C. 
5-55 

8-9 

5 -GO 

14-0 

6-8437 
5-65 

19'0 

■0414 

7-4 

5-70 

24-7 

•1251 

1-02612 

i-om 

7-3 

5-60 

14-1 

7-0102 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

te(E.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

Density  of  Sample. 

at  time  of 

during 

Weights 
(Density  of  Distilled 

Hour. Lat. Long. 

D. 
d. 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

Experiment. 
added 

to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion 
of 

Hydro- 

meter 

(cub. 

centims.) 

Water  at  4°  C.  =  l.) 

of 
Sea 

from 
which 
the Sample 

was 

col- 

lected. 

T'. 
t'. 

Ob- 

served Reduced 

to 

Reduced 

to 

T. 
t. 

Day. at 

Posi- 
tion 

of 

the 

of 
the 

of 

the 
of 
the 

at  t'. 

15°-56C. 

t. 

L. 
Air. 

Water. Air. Sample. w. 

R. 

V. 

4  St'. 

4^15°  '56. iS^ 

'1 o      / O        r 

°F. 

o  p 

°F. °C. 

12 8.0 Surface 

30-4 
29-3 

-IS  C. 
Reeve's  French 

blue 
15.45 

47-8 

8-8  C. 

6-8 

5-50 
5-55 

5-60 
3-7 

9-0 

14-1 

6-8437 

6-9 

5-65 
5-70 

19-2 

24-7 

■0388 
■1251 

1-02613 1-02456 
1-02682 

6-85 

5-60 

14-1 

7-0076 

•■ 12 12.0 59  49  S. 31  32  W. Surface 

31-4 29-9 

Reeve's  French 16.15 

46-6 

5-5 

5-60 

10-3 

-1-2  C. 

blue 

8-1  C. 5-65 

16-0 

5-70 

21-7 

6-8437 
5-75 

27-1 

■0326 

6-0 

5'80 

33-0 

■1916 

1-02634 1-02464 1-02688 5-75 

5-  70 

21-6 

7-0679 

ieht    12 16.0 Surface 29-7 
29-4 

-1-4  C. 
No  ice  touching 

ship,     though 
near 

Reeve's  French 

blue 

13.40 

14/2/03 

43-5 

6-4  C. 
6-6 

6-8 

5-50 

5-55 
5-60 
5-65 5-70 

6-5 

12-0 

17-2 

22-7 

28-0 

6-8437 

■0380 

■1534 

1-02598 1-02440 1-02664 

6-7 

5-60 

17-3 

7-0351 

:■  b|  12 
20.0 Surface 

30-1 
29-8 

-1-2  C. 
Ice  touching  ship 

Reeve's  French 

blue 

14.4 
14/2/03 

45-0 

7-2  C. 

7-2 

7-4 

5-50 

5-55 
5-60 
5-65 5-70 

9-9 
15-0 
20-8 26-0 

31-3 

6-8437 

■0414 
■1827 

1-02580 1-02430 1-02654 

7-3 

5-60 

20-6 

7-0678 

Fehl  13 12.0 Surface 

32-8 30-0 

-1-1  C. 
Some    pieces  of 

ice  a  few  yards from  ship 

Reeve's  French 
blue 

14.25 

14/2/03 

45-3 

7-4  C. 

7-0 

7-2 

5-50 

5-55 5-60 

5-65 5-70 9-0 

14-5 
19-8 
25-4 

30-8 

6-8437 

■0403 
■1765 

1-02584 1-02432 

l-02654\ 

7-1 

5-60 

19-9 

7-0605 

.    13 16.0 Surface 
32-7 

301 
-11  C. 

Ice    about    100 
yards  away 

Reeve's  French 

14.45 
14/2/03 46-0 

7-8  C. 

7-3 

5-50 

5-55 5-60 

11-5 17-0 

22-2 

6-8437 

blue 

7-5 

5-65 
5-70 

28-0 

33-0 

■0420 
■1978 

1-02572 1-02425 1-02647 

7-4 

5-60 

22-3 

7-0835 

Feb. 13 20.0 Surface 
32-0 

30-2 

-1-0  C. 
Amongst  ice,  but 

none  touching 15.15 
14/2/03 

47-0 

8-3  C. 

7-6 

5-50 
5-55 

9-3 

140 

Reeve's  French 

5-60 

19-7 

6-8437 

blue 

7-8 

5-65 
5-70 

24-5 

30-2 

■0437 ■1729 

1-02584 1-02440 

1-02663) 

7-7 

5-60 

19S 

7-0603 

13 24.0 Surface 

32-2 

300 -1-1  C. 
15.40 

14/2/03 46-7 

8-2  C. 

7-4 

7-6 

5-50 

5-55 
5-60 

5-65 
5-70 

6-5 
11-5 
17-0 
22-0 

27-5 

6-8437 

■0425 
■1499 

1-02598 1-02451 
1-02674 

7S 

5-60 

16-9 

7-0361 

Feb. 14 4.0 Surface 

32-0 
30-2 

-1-0  C. 

In  pack  ice 
16.0 

46-8 

8-2  C. 

7-2 

7-4 

5-50 

5-55 5-60 
5-65 5-70 6-0 110 

16-0 
22-0 

27-2 

6-8437 

■0414 
■1455 

1-02601 
1-02451 1-02674 

7-3 

5-60 

16-4 

7-0306 

usrsj OY .   SOC .  EDIN., VOL.  L 
[,  PA 

RT  I  ( NO. 
4). 

15 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Samp l 

Date(E ) Position  (L.) Depth 
Temperature 

Temperature 
Volume 

of  im- 

mersed 

Density  of  S. 

at  time  of 
Collection  of 

during 

Experiment. 
Weights 
added 

Read- 

(Density ol 

d. 

Water  at  4° C-' 
o 

"o 

u - 
= 

O. 

| a 

"S 

u c 

i a 

Month. Day. Hour. Lat. 
Long. 

D. Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and Date. 

to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) of 

Sea 

at 

Posi- 

tion 

from 

which 
the 

Sample 

was T'. 
of 

the 

t'. 

Ob- 

served 

at  t'. 

Reducec 

to 

13°-56C 

T. 

t. 

of the 

of 

the 
of 
the 

S5 a L. lected. 
Air. Water. 

Air. 
Sample. 

w. 

R. V. 

«B*. 

4S1PB 

1903. o        / 
o      / 

o  p 

o  p 

o  p> 

°C. 

206 144 Feb. 14 8.0 Surface 

32-6 
30-3 

-0-9  C. 

Open  water Reeve's  French 
blue 

14.0 

15/2/03 

52-8 

11-6  C. 8-3 

8-7 

5-50 

5-55 
5-60 

5-65 5-70 

12-8 
18-5 24-0 29-9 

35-3 

6-8437 

■0482 

■2137 

1-02559 

8-5 

5-60 

24:1 

7-1056 

1-02OI 

207 145 Feb. 14 12.0 Surface 320 

30-8 

-0-7  C. 

Very           small 

pieces   of   ice floating  about, 
14.22 15/2/03 

54-0 

12-2  C. 8-6 

5-50 

5-55 

100 

15-7 

5-60 

20-8 

6-8437 

no  pack  to  be 

5-65 

26-0 

■0499 

seen 
90 

5-70 

31-5 

■1845 

blue 

8-8 

5-60 

20-8 

7-0781 
1-02574 

1-0244C 

208 146 Feb. 14 16.0 Surface 

31-9 

30-5 

-0-8  C. 

No  ice  anywhere 
near 

•  • 

53-2 

11-8  C. 8-6 

91 

5-50 

5-55 5-60 

5-65 
5-70 

9-0 

14-0 

19-0 
24-9 

300 

6-8437 

■0502 

■1721 

1-02581 

1-02454 
8-85 5-60 

19-4 

7-0660 

209 147 Feb. 
14 20.0 Surface 

31-5 

30-2 

-1-0  C. 

No  ice  anywhere 
near 

15.0 

15/2/03 

52-1 

11-2  C. 8-8 

9-0 

5-50 

5-55 5-60 

5-65 
5-70 

8-7 

13-7 

19-0 
24-0 

29-5 

6-8437 

■0505 

■1685 

1-02583 1-02456 

8-9 

5-60 

19-0 

7-0627 

I. 

210 148 Feb. 14 24.0 Surface 

31-0 29-1 

—1-6  C. 

Amongst  ice touching  ship 
15.20 

15/2/03 

50-8 

10-4  C. 

8-5 

8-8 

5-50 

5-55 5-60 

5-65 

5-70 
9-8 

14-9 

200 

25-2 
30-2 

6-8437 

■0490 

•1774 

1-02579 

i-om 
8-65 5-60 

20-0 

7-0701 

; 

211 149 Feb. 15 4.0 Surface 

30-4 29-8 

-1-2  C. 

Near  pack  ice 
Reeve's  French 

blue 

15.40 

51-0 

10-6  C. 7-7 

8-0 

5-50 

5-55 
5-60 

5-65 
5-70 

4-0 

9-0 

141 

19-7 

25-0 

6-8437 

■0445 
■1277 

1-02609 

mm 

7-85 5-60 

14-4 

7-0159 

j 

212 150 Feb. 15 8.0 Surface 300 

30-0 

-1-1  C. 

Amongst     loose 

pack  ice 
Reeve's  French 

blue 

16.0 

50-5 

10-3  C. 

7-6 

7-9 

5-50 
5-55 

5-00 

5-65 
5-70 

1-7 

6-8 

12-1 
17-7 

230 

6-8437 

■0439 

■1091 

1-02619 

i-oun 

7-75 
5-60 

12-3 

6-9967 

HI 

213 151 Feb 15 12.0 Surface 

30-4 

31'0 

-0-6  C. 

Ice    about    100 

yards  off Reeve's  French 
blue 

16.30 

49-0 

9-4  C. 

6-8 6-7 

5-55 

5-60 

5-65 5-70 5-75 
3-0 

8-0 

13-1 

18-4 23-3 

6-8437 

■0383 

■1171 

1-02645 

1-024S6 

6-75 5-65 

13-2 

6-9991 
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Data  Relating  to  the  Collection  of  the  Sample. 
Data  Relating  to the  Determination  of  the  Density  of  the  Sample. 

,te(E.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

at  time  of 

during 

Weights 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 

Day. Hour. Lat, Long. 

D. 

d. 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 
and 
Date. 

Experiment. 
added 

to 

Hydro- 

meter 

(grams). 

Water  at  4°C.  =  1.) 

of 

Sea 

from 
which 
the 

Sample 
was 

col- 

lected. 

r. 

t'. 

Ob- 

served 

Reduced 

to 

Reduced 

to M<J 
T. t. 

at 

Posi- 
tion of the 

of 
the 

of 
the 

of 
the 

at  t'. 

15°-56C. 

t. 

L. Air. Water. 

Air. 
Sample. w. R. V. 

«Sf. 

4  S 15--56. 

4&t. 

1 O         / o      / 

•F. 

o  p 

o  p^ 
°C. 

H 15 16.0 Surface 

30-3 

31-0
 ' 

-0-
6  

C. 

Ice    about    two 
miles  off 

Reeve's  French 

blue 

16.20 
16/2/03 

47-
3* 

8-5 
 
C. 

7-9 

8-4 

5-55 
5-60 
5-65 5-70 

5-75 

5-80 
5-85 5-90 

5-95 

4-0 

9-2 14-8 

220 

26-0 

31-5 37-0 

430 

48-0 

6-8437 

■0462 
•2324 

1-02630 1-02491 
1-02714 

8-15 

5-  75 

26-2 

7-1223 

eh. 15 20.0 61  58  S. 26    3  W. •• Surface 

30-2 

31-0 

-0-6  C. 
Ice  about  three 

miles  off 

5.50 

16/2/03 49-0 

9-4  C. 

8-3 

5-50 
5-55 
5-60 

2-0 

6-8 
120 

5-65 

18-0 

5-70 

23-0 

5-75 

28-2 

5-80 

33-5 

6-8437 5-85 

390 

■0482 

49-2 

8-7 

5-90 

45-0 

■2049 

9-6  C. 

8-5 

5-70 

23-1 

7-0968 1-02618 1-02485 
1-02707 

Feb 15 24.0 Surface 

30-2 31-1 

-0-5  C. 
Only  a  few  small distant  bergs, 

no  pack  ice 

6.15 

16/2/03 
49-4 

9-7  C. 

7-8 

5-50 

5-55 5-60 

5-65 
5-70 
5-75 5-80 

5-85 

1-0 
6-0 

11-5 

16-8 

230 

28-0 

33-5 
39-2 

6-8437 

•0456 

49-8 

8-3 

5-90 

45-0 

■2013 

9-9  C. 

8-05 
5-  70 

22-7 

7-0906 
1-02621 1-02482 

1-02704 

Feb. 16 4.0 Surface 

29-3 30-9 
Only  a  few  dis- 

5.50 

49-1 

6-7 

5-55 

3-5 

-0-6  C. 

tant  bergs,  no 17/2/03 

9-5  C. 5-60 

8-0 

pack 

5-65 
5-70 

5-75 5-80 

5-85 

14-0 

20-2 
26-0 

31-0 

36-5 

6-8437 
5-90 

42-0 

■0405 

47-0 

8-3  C. 

7-6 

5-95 

48-5 

■2262 

7-15 5-75 

25-5 

7-1104 1-02637 1-02485 
1-02707 

Again 

tested  at  6.25  on 
17/2/03 

47-0 

8-3  C. 

7-6 

5-55 
5-60 5-0 

10-5 

5-65 

16-0 

5-70 

210 
5-75 

27-0 

5-80 

330 

5-85 

38-0 

6-8437 
5-90 

43-7 

■0442 

47-8 

8-8  C. 8-0 5-95 

49-0 

■2395 

7-8 

5-75 

27-0 

7-1274 1-02628 1-02485 1-02707 

Feb 16 8.0 Surface 

30-4 31-0 

-0-6  C. 

Only  a  few  dis- tant bergs,  no 

pack 

Reeve's  French 
blue 

7.35 
18/2/03 

38-6 

3-7  C. 

43-0 

3-8 

4-8 

5-60 

5-65 
5-70 

5-75 
5-80 

5-85 5-90 
5-95 

6-00 

5-5 
110 

16-2 

22-0 
27-0 

330 

38-2 

44-0 

49-5 

6-8437 

■0244 
■2430 

6-1  C. 

4-3 

5-80 

27-4 

7-1111     102663 1-02476   1-02698 

■ 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 

of  the  Density  of  the  Sample, 

Date(E.) Position  (L.) Depth 
Temperature Temperature 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.' 

Densil 

d o 

(8 
35 

O 

EL 

at  time  of 
Collection  of 

!       Sampie. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and 
Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  o 

Month. 

Day 
Ilour. Lat. Long. 

D. 

d. 
Water  at  4°  ( 

of 
Sea 

from 

which 

the Sample 

was 

col- 

lected. 

T'. t'. 

Ob- 

served 
T. 

t. 

In 

S 

fa 

S 

at 

Posi- 

tion 
of the 

of 

the 
of 

tie 

of 
the 

at  t'. 

15°-5GC 

fc fc L. Air. Water. 
Air. 

Sample. w. R. 

V. 

4  St'. 

4S15..j5 

1903. O        ' 

o 

°F. 

o   F_ 

o  p 

°C. 

220 157 Feb. 16 12.0 Surface 

30-7 30-9 

-0-6  C. 

Only  a  few  small bergs  in  sight, 

no  pack 
Reeve's  French 

blue 

9.40 

18/2/03 
52-0 

11-1  C 

50'0 

10-0  C. 

6-3 

7-0 

5-55 5-60 
5-65 
5-70 
5-75 

5-80 
5-85 
5-90 
5-95 

4-0 

9-5 

15-0 

20-2 26-0 

31-5 

37-5 
42-0 

47-5 

6-8437 

•0377 
•2297 

6-65 5-75 

25-9 

7-1111 1-02637 102m 

221 158 Feb. 16 1G.0 Surface 

30-9 
30-5 

-0-8  C. 

Very     consider- able   number 

of     bergs     a- 
round,       and 
some    broken 
off    berg    ice, 
but  none  very 

10.10 

18/2/03 

49-0 

9-4  C. 

6-0 

5-60 

5-65 
5-70 

5-75 5-80 

5-85 
5-90 

11-0 

17-0 

22-2 
27-5 33-0 

38-0 
45-0 

6-8437 

near 

50-6 

10-3  C. 
7-0 

5-95 
6-00 

50-0 
56-0 

■0369 ■2953 

6-5 

5-80 

33-3 

7-1759 1-02628 

222 159 Feb. 16 20.0 Surface 310 

30-4 

-0-9  C. 

Ice  about  100 

yards  off 

14.50 

18/2/03 

43-8 

6-6  C. 

5-8 

5-55 5-60 

4-8 

100 5-65 

16-0 

5-70 

21-0 

5-75 

26-0 

5-80 

32-0 

5-85 

37-0 

6-8437 
5-90 

42-5 

■0335 

6-0 5-95 

48-0 

■2341 

1-02636 
1-024U 

5-9 

5-75 

26-4 

7-1113 

/•", 

223 160 Feb. 16 24.0 Surface 

31-0 31-0 

-0-6  C. 

- 

15.20 
18/2/03 

43-8 

6-6  C. 
5-8 

6-0 

5-60 

5-65 
5-70 

5-75 
5-80 

9-5 

14-0 

18-5 24-0 29-0 

6-8437 

■0335 
■1685 

1-02646 

lmn 5-9 

5-70 

19-0 

7-0457 

Mi 

224 161 Feb. 
17 

4.0 Surface 

31-4 
31-1 

-0-5  C. 

No  ice  at  5.15 
Dull       greenish blue 

15.45 
18/2/03 

44'2 

6-8  C. 

5-5 

5-60 
5-65 
5-70 
5-75 

6-0 

11-0 

16-0 
21-0 

5-80 

26-0 

6-8437 

5-85 

31-5 

■0326 

6-0 

5-90 

37-0 

■1880 

1-02662 
1-02491 

5-75 
5-75 

21-2 

7-0643 

225 162 Feb 17 
8.0 Surface 

31-0 

31-4 

-0-3  C. 

4  bergs  on  hori- 
zon 

Slaty  blue 

16.20 

18/2/03 

44-2 

6-8  C. 
5-7 

6-1 

5-60 
5-65 
5-70 

5-75 
5-80 

5-85 
5-90 

3-0 

8-0 

13-5 18-0 
25-0 

300 
360 

6-8437 

■0335 
■1694 

1-02672 
1-02503 5-9 

5-75 

19-1 

7-0466 

226 163 Feb. 17 12.0 64  18  S. 23    9  W. Surface 

31-5 
31-7 

-0-2  C. 

Berg    about     J 
mile  off 

Slaty  blue 

11.15 

19/2/03 
47-7 

8-7  C. 
4-9 

5-1 

5-70 
5-75 
5-80 

5-85 5-90 100 

15-5 
21-8 27-0 

32-5 

6-8437 

■0283 

■1898 

V02990\ 

102W 

5-0 

5-80 

21-4 

7-0618 
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Data  Relating  to  the  Collection  of  the  Sample. 
Data  Relating  to the  Determination  of  the  Density  of  the  Sample. 

e(E.) Position  (L.) 

in  FatCns       TemPerature
 

Temperature Volume 

of  im- 

mersed 

Density  of  Sample. 

at  time  of 
Collection  of 

during 

Experiment. 
Weights 
added 

Read- 

(Density of  Distilled 
Water  at  4°C.  =  1.) 

D. 

d. 

Sample. 
Colour  of  Water, 

Current,  and 
Time 

and to 

Hydro- 

meter 

ing 

of 

Hydro- 

Portion 

of 

Hydro- 

of from 

Ob- 

Reduced Reduced ,_, t. 

T'. 

t'. 
.  m 3ay. Hour. T,t               t- 

Sea which 
the 

Sample 

was 

col- 

lected. 

Remarks. Date. 

(grams). 

meter. meter 

(cub. 

centims.) served to to 
JLat. at 

Posi- tion 

of 

the 

of the 

of 

the 

of 

the 

at  t'. 

15°-56C. 

t. 

L. Air. Water. 
Air. 

Sample. w. 

R. V. 
i&V. 

4  S  15°-56. 

i&t. 

,:,.._ o       / o      / 

°F. 

°F. 

o  p_ 
°C. 

17 16.0 Surface 310 
32-0 

0-0  C. 
No  ice  in  sight 

Light  slaty  blue 

11.50 

19/2/03 

44-0 

6-7  C. 
5-3 

5-6 

5-70 

5-75 
5-80 

5-85 
5-90 

12-0 

17-5 

23-0 

28-5 

33-5 

6-8437 

■0309 

■2031 

1-02682 

102507 

1-02728 5-45 5-  80 

22-9 

7-0777 

17 20.0 Surface 

29-5 31-7 

-0-2  C. 
One  or  two  bergs 

on  horizon 

14.10 

19/2/03 

47-7 

8-7  C. 5-6 

5-7 

5-70 

5-75 
5-80 

5-85 5-90 

12-8 18-0 

23-2 28-8 

34-5 

6-8437 

■0320 ■2084 

1-02678 1-02506 
1-02728 

5-65 
5-80 

23-5 

7-0841 

Pel 17 24.0 Surface 

29-6 
31-2 

-0-4  C. 
Distant  bergs  only 14.25 

19/2/03 

43-2 

6-2  C. 

5-7 

5-9 

5-70 

5-75 5-80 
5-85 
5-90 140 

20-0 

25-8 

31-5 37-0 

6-8437 

■0329 ■2279 

1-02667 
1-02496 1-02718 

5-8 

5-80 

25-7 

7-1045 

Feb. lb 4.0 Surface 

29-2 
31-1 

-0-5  C. 
No  ice  in  sight 

14.50 

19/2/03 

44-0 

6-7  C. 
5-7 

5-9 

5-70 

5-75 5-80 
5-85 

5-90 

15-0 
20-0 

25  0 

300 

35-8 

6-8437 

■0329 

■2235 

1-02669 1-02498 
1-02721 

5-8 
5-80 

25-2 

7-1001 

Feb. 18 8.0 Surface 

30-0 31-0 

-0-6  C. 
No  ice  in  sight 

Slaty  blue 

15.0 

19/2/03 

44-5 

6-9  C. 

5-7 

5-9 

5-60 

5-65 
5-70 
5-75 5-80 

4-5 

10-0 
15-5 20-5 26-0 

6-8437 

■0329 
•1357 

1-02664 
1-02493 

1-02716 
5-8 

5-70 

15-3 

7-0123 

Feb. 18 12.0 Surface 

30-0 
31-0 

-0-6  C. 
No  ice  in  sight 

Green 

13.30 

19/2/03 
44-7 

7-1  C. 

5-6 

6-1 

5-70 

5-75 
5-80 
5-85 5-90 

5-95 6-00 

605 

6-10 
13-0 

18-0 
24-0 

30-0 
35-5 
40-0 
45-0 

50-2 
55-5 

6-8437 

■0332 
■3069 

1-02677 
1-02506 1-02730 5-85 5-90 

34-6 

7-1838 

Feb. .8 16.0 66    5S. 23    9  W. Surface 
30-7 

310 
-0-6  C. 

No  ice  in  sight 
10.20 

20/2/03 
52-9 

11-6  C. 

7-6 
8-0 

8-5 

5-60 
5-65 
5-70 

5-75 5-80 

5-85 
5-90 

5-95 
6-00 

8-0 

13-5 

19-5 
25-0 

30-5 
36-5 
42-2 47-0 

53-0 

6-8437 

■0456 
•2714 

1-02636 1-02496 

1 

1-02719 

8-05 

5-80 

30-6 

7-1607 

• 
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Data  Relating  to  the  Collection  of  the  Sample. 
Data  Relating  to ,he  Determination  of  the  Density  of  the  Sample. 

Date(E.) Position  (L.) Depth 
Temperature Temperature Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sam 

c 
o 
a 
55 
o 
h 
c 

-Q E 
3 

a 

o 

3 

at  time  of 
Collection  of 

Sample. 

Colour  of  Water, 

Current,  and 
Remarks. 

Time and 
Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Dk 

Month. Day. Hour. Lat. 
Long. 

D. 
d. Water  at  4' C.--. 

of 
Sea 
at 

Posi- 

tion 

from 

which 
the 

Sample 

was 

col- 

lected. 

T'. 

t'. 

Ob- 

served 

at  fc'. 

^ T. 
t. Reduced  I- 

to    1 
of 

the 

of 
the 

of 

the 
of 

the 

15°-56C. 

fc S3 

L. 
Air. 

Water. Air. Sample. w. 

R. V. i&V. 

4S1F«,    , 

1 

1903. 
O        ' o       / 

•F. 

o  p_ 

o  p_ °C. 

234 171 Feb. 18 20.0 Surface 

31-0 

30-9 

-0-6  C. 
No  ice  in  sight 

Green 

11.0 

20/2/03 

54-1 

12-3  C. 

8-2 
8-6 

9-0 

5-60 
5-65 5-70 

5-75 
5-80 

5-85 
5-90 
5-95 6-00 

9-8 

15-0 20-8 

26-5 

32-0 

37-8 
43-3 

48-0 

53-5 

6-8437 

■0488 ■2820 

1-02629 

1-02491  H 

8-6 

5-80 

31-8 

7-1745 

235 172 Feb. 18 24.0 Surface 

30-4 

30-7 

-0-7  C. 

11.30 
20/2/03 

55-0 

12-8  C. 

8-4 

8-9 

5-70 

5-75 
5-80 

5-85 
5-90 

25-2 

30-5 36-5 
42-0 

47-5 

6-8437 

■0490 
■3219 

1-02607 

l-oun  :■ 

8-65 5-80 

36-3 

7-2146 

236 173 Feb. 19 
4.0 Surface 

30-0 30-2 

-1-0  C. 

No  ice  in  sight 

47-8 

8-8  C. 4-8 

5-6 

5-60 

5-65 
5-70 

5-75 

5-80 

11-0 

16-2 
21-8 
27-5 

32-8 

6-8437 

■0295 ■1942 

1-02634 i-omsi  h 5-2 

5-70 

21-9 

7-0674 

237 174 Feb. 
19 

8.0 Surface 

30-0 30-0 

-1-1  C. 

No  ice  in  sight 

Light  blue 

50-2 

10-1  C. 

3-5 3-7 

5-60 

5-65 
5-70 

5-75 
5-80 9-5 

150 

20-0 

25-5 

30-8 

6-8437 

■0204 

■1792 

1-02647 i-om  i 
3-6 

5-70 

20-2 

7-0433 

238 175 Feb. 19 12.0 
68  33  S. 24  31  W. Surface 

29-5 

29-7 

-1-3  C. 

Several       small 
broken  pieces 
of  ice  floating 

about 
Reeve's    French 

blue 

12.0 

20/2/03 

55-9 

13-3  C. 
9-0 

9-5 

5-70 

5-75 5-80 
5-85 
5-90 

30-0 

35-8 41-0 
46-5 
52-0 

6-8437 

■0524 ■3645 

9-25 5-80 

411 

7-2606 
1-02581 

239 176 Feb. 19 16.0 Surface 

29-8 
29-6 

-1-3  C. 

No  ice  in  sight 

Reeve's    French 

blue 

13.55 
20/2/03 

55-3 

12-9  C. 

9-4 9-6 

5-60 

5-65 

5-70 

5-75 5-80 200 

26-0 

31-2 
36-8 42-2 

6-8437 

•0539 

■2767 

1-02575 

9-5 

5-70 

31-2 

7-1743 

240 177 Feb. 19 20.0 
Surface 

27-1 

29-1 

-1-6  C. 

Pieces     of     ice 
floating  about 

Reeve's    French 
blue 

14.10 

20/2/03 

55-3 

12-9  C. 

10-0 

10-3 

5-70 

5-75 
5-80 
5-85 5-90 

33-5 
38-9 
44-0 

49-5 

54-5 

6-8437 

■0576 
■3911 

1-02564 

10-15 

5-80 

441 

7-2924 

241 178 Feb. 
19 24.0 Surface 

23-1 

29-0 

-1-7  C. 
Amongst 

brackish  ice 

14.30 

20/2/03 

54  8 
72-7  C. 

10-2 

10-6 

10-8 

5-50 

5-55 
5-60 

5-65 5-70 

5-75 

5-80 

5-85 

5-90 

10-5 

15-8 21-2 

26-5 31-8 

37-8 
42-8 48-0 

53-5 

6-8437 

■0595 ■2838 

1-02568 
: 

10-5 

5-70 

32-0 

7-1870 
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Data  Relating  to  the  Collection  of  the  Sample. 
Data  Relating  to she  Determination  of  the  Density  of  the  Sample. 

B.e(E.) Position  (L.) Depth 
in  Fathoms. 

1 
Temperature  ; Temperature 

1  Volume 

Density  of  Sample. 

at  time  of 

during 

Weights 

Read- 
oi im- 

mersed (Density  of  Distilled Collection  of Experiment. added Water  at  4°C.  =  1.) 
D. 

d. 

Sample. 
Colour  of  Water, 

Current,  and 
Time 

and 

to 

Hydro- 

meter 

ing 

of 

Hydro- 

Portion 
of 

Hydro- 

of from 

T'. 
t'. 

Ob- 

Reduced Reduced 
T. 

1    UK 
3ay Hour. Lat. 

Long. Sea which 
the 

Sample 

was 

col- 

lected. 

t. Remarks. Date. 

(grams). 

meter. 

meter 

(cub. 

centims.] served to to at 

Posi- 
tion 

of 

the 

of the of 
the 

of 
the 

at  t'. 

15°-56C. 

t. 

L. 
Air. Water. 

Air. 
Sample. 

w. R. 

V. 
4^t'. 

4  S  15»-56. 

4  St. 

L9fl 
o       , 

o      / 

i 

0  F.  i       °  F. 

o  p_ 

°C. 

i  'b 
20 4.0 Surface 224 

28-9 

-1-7  C. 
Amongst    brash 

ice 
Reeve's    French 

blue 

15.0 

55-o
' 

12-8
  

C. 
9-9 

10-1 

5-50 

5-55 5-60 
5-65 
5-70 

10-0 

14-8 

19-5 23-8 
28-8 

5-75 

33-5 

5-80 

38-8 

6-8437 5-85 

44-8 

■0571 

10-2 

5-90 

52-2 

•262-5 

1-02581 1-02473 1-02699 

10-07 

5-70 

29-6 

7-1633 

>  ̂b. 20 8.0 •  • Surface 

23-0 
29-0 

-1-7  C. 

Amongst    brash ice 
13.30 

52-5 

11-4  C. 9-0 

5-50 5-55 

6-5 

11-8 

Slaty  blue 

5-60 

5-65 

17-5 22-5 9-2 

5-70 

5-75 5-80 

5-85 

27-5 

33-5 
38-5 43-8 

6-8437 

■0519 

9-3 

5-90 

49-2 

■2474 

1-02592 1-02469 1-02695 
9-15 

5-70 

27-9 

7-1430 

FebJ 20 12.0 69  39  S. 22  58  W. Surface 

24-1 
29-0 

All  day  steaming 16.15 

50-0 
7-3 

5-70 

33-5 1 
-1-7  C. 

through    light 

ice;  pancake  ice on  the  water 

10-0  C. 

5-75 
5-80 
5-85 

390 

44-2 49-5 

6-8437 ■0417 

Freshly    formed 

7-4 

5-90 

55-0 

■3920 

ice  in  sample 
Slaty  blue  (dark) 

7-35 
5- SO 

44-2 

7-2774 
1-02572 1-02424 

1-02648 

FdB 20 16.0 Surface 
21-6 29-0 

-1-7  C. 
Amongst      loose 

pieces  of  ice Dark  slaty  blue 

11.40 
21/2/03 

48-9 

9-4  C. 7-7 

7-8 

7-9 

5-50 

5-55 5-60 

5-65 
5-70 

5-75 5-80 
5-85 
5-90 15-6 

22-0 

26-5 

31-2 36-5 42-0 

47-0 
52-3 
57-9 

6-8437 

•0442 
■3264 

1-02553 
1-02411 

1-02634 

7-8 

5-70 

36-8 

7-2143 

Feb. 20 20.0 69  40  S. 21  50  W. Surface 
22-0 

29-1 

-1-6  C. 

•  • 
11.7 

21/2/03 

48-6 

9-2  C. 

7-6 

7-7 

7-8 

5-50 
5-55 

5-60 

5-65 
5-70 

5-75 

5-80 
5-85 5-90 

4-8 

9-2 
14-0 

19-8 
24-8 

30-2 
35-9 

41-2 46-7 

6-8437 

■0437 

■2235 

1-02610 1-02466 1-02692 

7-7 

5-70 

25-2 

7-1109 

Feb. JO 24.0 Surface 

21-1 29-0 

-1-7  C. 11.30 

21/2/03 

48-4 

9-1  C. 

7-5 

7-5 

5-70 
5-75 

5-80 
5-85 5-90 

25-9 

31-0 
36-5 

41-2 
46-5 

6-8437 

■0425 
■3211 

1-02611 1-02464 1-02691 

7-5 

5-80 

36-2 

7-2073 

Feb. 

! 
4.0 Surface 

21-0 29-0 

11.50 

48-5 7-0 

5-70 

25-8 

-1-7  C. 
9-2  C. 

5-75 

30-8 

5-80 

36-2 

6-8437 5-85 

41-3 

•0403 

7-2 

5-90 

46-8 

■3211 

1-02612 ! 

1-02459 1-02686 

7-1 

5-80 

36-2     '    7-2051 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sarapl 

Date(E.) Position  (L.) Depth 
Temperature Temperature 

Volume 

of  im- 

Density  of  9e 

at  time  of 
Collection  of 

during 

Experiment. 
Weights added 

(Density  ol 

Water  at  4°  C-' 
1 

o 
<a 

—> / 
o 

a. 
£ 
CO 

"3 

Month. 
1 

Lat. 
Long. 

D. 

il. 

Sample. 

Colour  of  Water, 
Current,  and 

Remarks. to 

Hydro- 

meter 

(grams). 

mg 

of 

Hydro- 

meter. 

Portion 

of 

Hydro- 

meter 

(cub. 

^entims.) 
of 

Sea 

from which 
the 

Sample 

was 

col- 

lected. 

Time     | 

t'. 

Ob- 

served 

T. 

t. 

and      i     T'. 

Date.     1 

to 

- 
£ 

O 

£ 
3 

Day.l 
at 

Posi- 

tion 
of the 

of 
the 

1                  ! 
of           of 

at  t'. 

the the 
fc ^ L. Air. Water. Air. Sample. w. 

R. 

V. 
4  St'. 

1903. 0       , 

o  F 

o  p 

o  p 

°C. 

249 186 Feb. 21 8.0 
Surface 

22-0 29-0 

-1-7  C. 

Slush  in  sample 
Sailing    through 

pancake     and brash  ice 
Reeve's    French 

blue 

9.45 
22/2/03 

50-0 

10-0  C. 

7-6 

7-6 

7-9 

5-20 

5-25 
5-30 

5-35 
5-40 
5-45 5-50 

5-55 5-60 

4-8 

9-2 

14-8 
20-0 

25-5 
31-0 
37-0 

42-5 
48-0 

6-8437 

■0437 
■2297 

1-02446 

1-02M 

7-7 

5-40 

25-9 

7-1171 

250 187 Feb. 21 12.0 69  46  S. 20  58  W. Surface 
22-0 

29-8 

-1-2  C. 

Steaming  through 

pancake     and brash  ice 
Pancake    ice    in 

sample 

Dark  slaty  blue 

10.20 22/2/03 

49-6 

9-8  C. 

7-8 

8-1 

530 

5-35 

5-40 
5-45 5-50 

5-55 

10 

6-2 

12-0 

17-5 
23-0 
28-5 

5-60 

34-0 

6-8437 
5-65 

39-4 

■0458 

8-3 

5-70 

44-9 

■2031 

1-02513 

8-05 5-50 

22-9 

7-0926 
1-OiS/S 

251 188 Feb. 21 16.0 69  58  S. 18  55  W  . Surface 

23-0 
30-0 

-1-1  C. 

Sounding       a- 
mongst  ioe 

Dull  slaty  blue 

11.30 

22/2/03 

46-3 

7-9  C. 

7-8 

7-9 

5-70 

5-75 5-80 

5-85 5-90 

26-0 

31-5 
36-9 

41-9 

47-2 

6-8437 

■0445 ■3255 

1-02607 1-OUM 7-85 
5-  80 

36-7 

7-2137 

252 189 Feb. 
21 20.0 Surface 

22--0 
29-0 

-1-7  C. 

Steaming  through ice 

Ice    spicules    in sample 

Dark  slaty  blue 

11.45 

22/2/03 
48-6 

9-2  C. 

7-6 

7-9 

5-70 

5'75 
5-80 

5-85 
5-90 

27-4 

32-5 

37-8 43-5 
48-5 

6-8437 

■0439 
■3361 

1-02602 
1-0245S 

7-75 
5-  80 

37-9 

7-2237 

H 

253 
l!t(l 

Feb. 
21 24.0 Surface 

18-6 
29-0 

-1-7  C. 

Sample  so  full  of 
ice  that  it  was 
left  in  lab.  for 
3  hours  before 

being    poured into          glass 

bottle 

12.0 

22/2/03 

49-7 

9-8  C. 

7-2 

7-4 

7-9 

5-50 
5-55 
5-60 

5-65 
5-70 
5-75 
5-80 

5-85 
5-90 16-5 

21-7 

27-2 

32-8 

38-0 
43-3 
48-5 

54-2 59-6 

6-8437 

■0428 

■3370 

1-02548 

nun 

7-55 5-70 

38-0 

7-2235 

254 191 Feb. 22 4.0 Surface 

15-5 28-9 

-1-7  C. 

Ship  stationary 
amongst  ice 

14.0 

50-4 

10-2  C. 
8-0 

8-3 

5-50 

5-55 
5-60 
5-65 

5-70 5-75 

2-9 

8-0 
130 

18-3 
23-9 

29-6 

5-80 

35-0 

6-8437 5-85 

40-5 

■0476 

8-8 

5-90 

45-8 

■2137 

1-02613 

mm 

8-4 

6-70 

24-1 

7-1050 

/■». 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

•  e(E.) Position  (L.) Depth Temperature Temperature 
Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled Waterat4°C.  =  l.) 

Hour. Lat. Long. 

D. 

.1. 

of 
Sea 
at 

Posi- 
tion 

from 

which 

the Sample 

was 

col- 

lected. 

T'. 
of 
the 

t'. of 
the 

Ob- 

served 

at  t'. 

Reduced 

to 

15°-56C. 
Reduced 

to 
t. 

T. t. 

h  )ay. 

of 
the 

of 
the 

L. Air. Water. 

Air. 
Sample. w. 

R. V. 

«st,. 

4Si6°-56, 

4St. 

13. o      / o      / 

o  p_ 

o  p_ 

o  p^ 

°C. 

22 8.0 Surface 
18-7 

29-0 

-hi  C. 

Lying  to  amongst 

pack  ice  touch- 
ing ship 

14.30 

54-5 

12-5  C. 

7-8 

8-1 

8-4 

5-50 

5-55 
5-60 

5-65 
5-70 

5-75 
5-80 
5-85 
5-90 

1-8 

6-8 

11-9 17-0 

220 

27-7 

32-8 
37-9 

430 

6-8437 

■0459 ■1978 

1-02623 1-02484 

1-02710 

8-1 

5-70 

22-3 

7-0874 

!','b. 22 12.0 70  21  S. 17    0W. Surface 

19-6 

290 -1-7  C. 
Reeve's  French 

blue 
Slush  ice  in 

sample 

14.55 

53-7 

12-1  C. 6-0 

6-0 

5-50 

5-55 5-60 

5-65 

5'70 
5-75 5-80 

5-85 21-1 

20-7 

32-0 
37-7 

43-0 

48-5 
53-8 

59-2 

6-8437 

■0337 

5-9 

5-45 

15-3 

■3326 

1-02529 1-02364 
1-02585 5-95 5-65 

37-5 

7-2100 

Feb. 22 24.0 Surface 200 

29-0 

-1-7  C. 

Lying  to  amongst 
ice ;    none  in sample 

11.30 

23/2/03 
52-5 

11-4  C. 

7-4 

7-8 

5-50 

5-55 5-60 
5-65 

5-70 3-5 
8-5 

13-8 

19-0 24-5 
8-1 

5-75 

5-80 
5-85 5-90 300 

35-0 
41-0 

46-0 

6-8437 

■0439 ■2182 

1-02613 1-02469 1-02695 7-75 

5-70 

24-6 

7-1058 

L 8.0 Surface 

20-1 

290 -hi  C. Steaming  through 

bay  ice 
Reeve's    French 

blue 

12.12 

51-8 

11-0  C. 

6-9 

7-2 

7-5 

5-70 

5-75 
5-80 

5-85 
5-90 
5-95 
5-65 5-60 

5-55 

27-0 

32-5 38-0 

43-2 
48-5 54-9 
22-0 

16-5 

10-8 

6-8437 

■0408 
■2891 

1-02602 1-02451 

1-02676 

7-2 

5-75 

32-6 

7-1736 

r  sb. 23 12.0 65  57  S. 16  53J  W. Surface 
21-0 28-9 

-27  C. 
Steaming  through 

thin  ice  ;  some 
in  sample 

Reeve's    French 
blue 

14.30 

25/2/03 
48-5 

9-2  C. 

101 

9-9 

9-8 

5-50 

5-55 5-60 

5-65 
5-70 

5-75 

5-80 
5-45 5-40 31-8 37-0 

42-5 
47-5 

52-0 

57-0 
61-5 
23-2 

17-8 

6-8437 

■0564 
■3645 

1-02472 1-02364 1-02585 9-95 
5-60 

41-1 

7-2646 

Feb. 24 12.0 69  52  S. 1712W. Surface 
23-8 29-0 

-1-7  C. 
Steaming  through 

pack 

A  few  ice  spicules in  sample 

Reeve's    French 
blue 

15.0 

25/2/03 

47-2 

8-4  C. 

101 

101 

10-2 

5-40 

5-45 
5-50 

5-55 

5-60 

5-C5 
5-70 
5-75 5-80 

10 6-0 

11-5 
16-5 
22-0 
27-0 

320 

37-2 
43-2 

6-8437 

■0576 

■1933 

1-02565 
1-02459 1-02685 

1015 

5-60 

21-8 

7-0946 

lNS. UY .  soc .  EDIN., VOL.  L 
[,  PA 

.RT  I  ( 
NO. 

4). 

16 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 

Df  the  Density  of  the  Sample. 

Datc(L\) Position  (L.) Depth Temperature 
Temperature 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Densi, 

= 
o 
la "3 

u 

— 
£ 
3 

E 

"3 

u 

= 
3 

at  time  of 
Collection  of Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and 

Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 
(Densi 

Month. Day. Hour. Lat. 
Long. 

D. 

of 
Sea 
at 

Posi- 

tion 

d. 
Water 

from 
which 
the 

Sample 
was 

r. 

t'. 
of 
the 

Ob- 

served 

at  t'. 

T. t. 

Reduced!;- 

to 

of 
the 

of 
the 

of 

the 

15°-56C. 

fc »5 L. 
lected. 

Air. Water. Air. Sample. w. R. 

V. 

*s*. 

1903. o       / o      , °  F.        °  F. 

°F. 

°C. 

260 198 Feb. 
24 

Surface 

22-1 

A    piece    of    ice 
(hard       blue) 
about  8  inches 
thick 

18.0 

25/2/03 

46-8 

8-2  C. 2-6 

3-1 

0-80 

0-85 0-90 

0-95 1-00 

12-8 

18-5 24-5 

29-7 

35-0 

105 

41-0 

1-10 

46-5 

6-8437 

115 

51-9 

■0167 

45-5 

3-3 

1-20 

57-2 

■3121 

7-5  C. 
2-95 1-00 

35-2 

7-1725 
1-00065 

■99961 

261 199 Feb. 24 24.0 Surface 

22-0 29-0 

-1-7  C. 

After  testing  the 
last       sample 

(199)  I  unfor- 

18.40 

25/2/03 

52-6 

11-4  C. 

10-4 

5-50 

5-55 5-60 

5-65 5-70 

5-75 5-80 

11-5 16-5 

21-5 

26-5 
32-0 38-0 

43-5 

6-8437 

tunately  broke 

5-85 

49-0 

■0607 

the        hydro- 

11-0 

5-90 

54-0 

■2882 

| 

10-7 

5-70 

32-5 

7-1926 1-02565 
1-02469  H 

Hydrometer  No.  14.    Weight =181-0189  Grams. 

262 

LSI 

265 

200     Feb.    '  25      16.0 

201 

202 

Feb. 

Feb. 

26 

26 

12.0 

20.0 

09  36  S. 20  20  W. 

Surface 

Surface 

Surface 

22-7 

23-2 

27-0 

29-2 

-1-6  C. 

29-1 

-1-6  C. 

29-1 

-1-6  C. 

Dull  blue 

Light  dull blue 

Sailing  through 

pancake  ice Light  greeny 

blue 

9.0 

58-7 

9-2 

5-50 

27-0 
28/2/03 

14-8  C. 

5-55 

5-60 

5-65 

32-8 
38-0 

43-2 

9-9 

5-70 

5-75 

48-8 
54-5 

5-80 

59-0 

1-5471 
5-45 

22-8 

■0605 

10-2 

5-40 

17-8 

■3456 

9-7 

5-60 

38-2 

1-9532 

10.0 

58-7 

9-9"
 

5-40 

16-0 

28/2/03 
14-8  C. 

5-45 
5-50 

5-55 

22-2 
27-8 

33-5 
10-4 

5-60 

5-65 

38-5 
44-0 

5-70 

49-0 

1-5471 5-75 

54-0 

■0646 

10-8 

5-80 

590 

■3456 

10-35 

5-60 

38-2 

1-9573 

10.40 

63-6 
13-2 

5-50 

25-5 

28/2/03 

17-6  C. 

5-55 
5-60 
5-65 310 

35-5 

400 

13'6 

5'70 

5-75 

45-0 

50-0 

5-80 

56-0 

1-5471 5-85 

62-0 

■0849 

14-0 

5-90 

68-0 

■4152 

13-6 

5-70 

45-9 

2-0472 

1-02564 

1-02451  l« 

1-02562 

1-02459  1- 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination of  the  Density  of  the  Sample. 

s(E.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature Volume 

of  im- 

mersed 

Portion 
of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time and 
Date. 

during 

Experiment. 
Weights 

added to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 
Water  at  4°C.  =  1.) 

Hour. Lat. Long. 

D. 

d. 

of Sea 
from 
which 
the 

Sample 

was 

col- 

lected. 

T'. t'. 

Ob- 

served 

Reduced 

to 

Reduced 
to 

'ontl 

T. 
t. 

:<iy. at 

Posi- 
tion 

of 

the 

of 
the 

of 

the 

of 
the 

at  t'. 

15°-56C. 

t. 

L. 
Air. Water. 

Air. 
Sample. w. R. 

V. 
1&V. 

4  S  15--56. 

48k 

1  1  j o      / o      / 

o  -p 

o  F 

o  p_ 

0  C. 

Feb. 26 24.0 Surface 

28-6 29-1 

-1-6  C. 
11.45 

28/2/03 

62-8 

17-1  C. 11-7 

11-5 

11-5 

5-50 

5-55 5-60 

5-65 5-70 
5-75 

5-80 

5-85 5-90 

30-0 35-0 
40-0 

42-0 

46-0 

51-0 56-0 
61-0 

65-8 

1-5471 
■0724 ■4288 

1-02566 1-02486 1-02712 

11-6 

5-70 

47-4 

2-0483 

M 27 12.0 Surface 
28-9 

29-2 

-1-6  C. 
Sailing    through 

bay,    and   old ice     touching 

12.10 

28/2/03 
55-0 

12-8  C. 

10-6 

5-40 

5-45 
5-50 

14-5 
19-8 

24-0 

ship 

Dull  blue 

10-6 

10-5 

5-55 

5-60 

5-65 
5-70 

5-75 

5-80- 

28-8 

34-0 
38-5 42-8 

47'0 
52-0 

1-5471 

■0658 

■3032 

1-02585 1-02485 1-02712 

10-55 

5-60 

33-5 

1-9161 

Feb. 
57 

16.0 Surface 
29-0 

29-1 

-1-6  C. 

Lying      to      for sounding,    ice 
touching  ship 

13.40 
28/2/03 

53-5 

11-9  C. 

10-7 

10-9 

5-50 

5-55 5-60 

5-65 5-70 

29-0 

34-5 

39-8 
45-0 
50-0 

1-5471 

■0674 
■3591 

1-02553 1-02458 1-02685 

10-8 

5-60 

39-7 

1-9736 

Feb. 
37 

20.0 Surface 
28-7 

28-9 

-1-7  C. 
Sailing    through 

mostly     pan- 
cake ice;  some in  sample 

14.0 

28/2/03 
55-0 

12-8  C. 

10-8 

11-2 

11-5 

5-00 

5-05 
5-10 

5-15 5-20 

5-25 5-30 

5-35 5-40 

9'5 

13-5 

18-5 22-5 
27-5 

33-5 

39-5 

44-5 

49-5 

1-5471 

■0696 

■2596 

1-02388 1-02301 1-02516 

11-15 

5-20 

28-7 

1-8763 

Feb. « 24.0 Surface 

27-3 29-0 

-2-7  C. 

14.40 
28/2/03 

55-6 

13-1  C. 

11-2 

11-4 

11-5 

5-30 
5-35 5-40 

5-45 
5-50 
5-55 
5-60 

5-65 

5-25 

21-2 
26-5 
31-8 

37-0 
42-0 

47-8 
53-0 

57-8 

15-5 

1-5471 

■0708 

■3347 

1-02482 1-02398 
1-02619 

11-35 

5-45 

37-0 

1-9526 

Feb. !8 4.0 Surface 

26-5 29-0 

-1-7  C. 
15.10 

54-5 

12-5  C. 

10-2 

10-4 

10-5 

5-50 

5-55 5-60 

5-65 5-70 

5-75 5-80 

5-85 5-90 

22-8 

27-8 
32-0 

37-0 41-0 

500 

54-0 

58-0 
62-8 

1-5471 

■0646 
■3872 

1-02593 1-02490 1-02717 

10-35 

5-70 

42-8 

1-9989 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample 

Date(E.) Position  (L.) Depth 
Temperature Temperature 

Volume 

of  im- 

mersed 

Densn 

at  time  of 
Collection  of 

during 

Experiment. 

Weights 
added 

Read- 

(Density of  LI;  , 
Water 

o 
'-3 

a 
QQ 

o 
u c 
.0 £ 

— 
a 
a 

"3 

u 

E 
3 

Month. Day. Hour. Lat. 
Long. 

D. 

ii. 

Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 
of 
Sea 
at 

Posi- 
tion 

from 
which 
the 

Sample 
was 

col- 

lected. 
T'. 

t'. 

Ob- 

served 

at  t'. 

to 15°-56C. 

T. 

t. 

of 
the 

of 

the 
of 
the 

of 

the 
fc fc L. 

Air. 
Water. 

Air. 
Sample. 

w. 

R. V. 

4  Stf. 

1903. .-     • 0          / 

o  p 

o  -pt 

o  p_ 
°C. 

272 209 Feb. 28 8.0 Surface 

24-9 
29-0 

-1-7  C. 

Sailing    through 

bay  and  pan- cake ice  ;  some in  sample 

Reeve's    French 

blue 

16.0 

51-5 

10-8  C. 

11-1 

11-1 
111 

5-50 

5-55 
5-60 
5-65 
5-70 

5-45 
5-40 
5-35 
5-30 

37-0 
42-0 

46-5 
51-0 

55-8 

30-2 24-5 18-0 

12-5 

1-5471 

■0693 

■3193 

1-0261'J 

11-1 

5-50 

35-3 

1-9357 

1-02431  h 

273 210 Feb. 28 69  22  S. 26  36  W. 

2587, 

bottom 
38-66 

3-7  C. 

Buchanan-Rich- ard  reversing 

thermometer 
and  bottle 

Memot   thermo- meter 65,743 

273 211 Feb. 28 15.30 Surface 

24-6 

29-4 

-1-4  C. 

Lying  for  stop- 
ping  in   open 

pool 

Slush  in  sample 
Reeve's    French blue  (light) 

16.30 

50-5 

10-3  C. 

8-3 

8-3 

8-4 

5-50 

5-55 5-60 

5-65 5-70 

5-75 5-80 

5-85 
5-90 

23-5 
28-0 

330 

38-0 
42-8 

49-7 
540 

59-0 

63-5 

1-5471 

■0521 
■3935 

1-02596 
l-omi  i 

8-35 

5-70 

43-5 

1-9927 

v>73 212 Feb. 
28 16.0 

50 

24-7 
29-40 
-1-44  C. 

Nansen-Pettersson 
water-bottle 

Thermometer  No. 

18,725 

10.0 

1/3/03 59-0 

15-0  C. 

8-5 

8-8 

9-1 

5-50 

5-55 5-60 

5-65 
5-70 
5-75 

5-80 
5-85 5-90 

6-5 

11-7 

17-0 22-5 

27-9 
33-7 

39-3 

44-7 
500 

1-5471 

■0549 

■2542 

1-02674 

8-8 

5-70 

28-1 

1-8562 

273 213 Feb. 

28 
17.0 500 

25-0 
32-6 

0-33  C. Nansen-Pettersson 
water-battle 

Thermometer  No. 

18,725 

10.35 

1/3/03 
55-9 

13-3  C. 

8-2 

8-5 

8-8 

5-50 

5-55 
5-60 
5-65 
5-70 

5-75 

5-80 

5-85 
5-90 

3-0 

8-0 

13-0 

18-1 23-8 

29-2 

350 

40-0 

46-0 

1-5471 

■0530 ■2171 

1-02695 

i-ow » 

8-5 

5-70 

24-0 

1-8172 

273 214a Feb. 

28 

17.30 1000 

25-0 
Not 

recorded 
Nansen-Pettersson 

water-bottle 
Thermometer  No. 

18,725 

15.25 

1/3/03 

49-2 

9-6  C. 

90 

9-2 
9-3 

5-50 

5-55 
5-60 

5-65 
5-70 

5-75 

5-80 

5-85 
5-90 

3-3 
8-0 

13-5 
19-0 

24-5 

29-5 

350 

40-1 

46-0 

1-5471 

■0571 

■2198 

9-15 
5-70 

24-3 

1-8240 

102692  1-025H 

  — 



ND  SALINITIES  OF   THE WEDDELL  SEA AND   OF   THE  NORTH  AND   SOUTH ATLANTIC  OCEAN 

107 

Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

s(E.)                  Position  (L.) Depth Temperature Temperature 
Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

Density of  Sample. 
at  time  of 

Collection  of 
Sample. 

Colour  of  Water, 

Current,  and 
Time 
and 

during 

Experiment. 
Weights 
added to 

Hydro- 

meter 

Read- 

ing 

of 

Hydro- 

(Density of  Distilled 
Water  at  4°C.  =  1.) 

| D. 

rl. 

of from 

T'. t'. 

Ob- 

Reduced Reduced T. 

I , . . ,  [ >ay. Hour. Lat. Long. Sea which 
the 

t. 

Remarks. Date. 

(grams). 

meter. meter 

(cub. 

served 

to to 

at 

Posi- 
tion 

at  t'. 

15°-56C. 

t. 
Sample 

was 

col- 

lected. 

of 
the 

of 

the 
of 
the 

of 

the 

centims.) 

L. 
Air. 

Water. 
Air. 

Sample. w. R. 

V. 

4  St'. 
4  S  l5»-66. 4^1 

1 0  )3. 0        / o      / 

°F. 

o  -p_ 

o  -p^ 

°  C. 

F:?il. 28 20.0 1000 

24-0 
32-05     ' 

0-03  C. Nansen-Pettersson 
water-bottle 

Thermometer  No. 

18,725 

11.0 

1/3/03 
54-8 

12-7  C. 
8-4 
8-7 

8-9 

5-50 

5-55 5-60 

5-65 
5-70 

5-75 
5-80 

5-85 5-90 

3-8 
8-9 

14-5 19-8 
25-6 

30-2 
35-8 
41-0 
46-0 

1-5471 

■0540 
•2271 

1-02690 1-02559 
1-02782 8-65 5-70 

25-1 

1-8282 

F/0. 28 20.30 •• .1500 
24-0 31-52 

-0-29  C. 
Nansen-Pettersson 

water-bottle 
Thermometer  No. 

11.35 

1/3/03 51-5 

10-8  C. 

8-7 5-60 

5-65 
5-70 

15-8 
21-0 
26-5 

18,725 
8-9 

9-0 

5-75 5-80 

5-85 5-90 

5-95 6-00 

32-0 

37-8 

43-2 

48-7 

54-0 

59-3 

1-5471 

■0552 
■3401 

1-02681 
1-02552 1-02775 

8-85 5-80 

37-6 

1-9424 

Mar. 1 8.0 Surface 
25-0 

28-9 

-1-7  C. 
Steaming  through 

pancake  ice Slush  (little)  in 
sample 

Reeve's    French 
blue 

14.25 

47-5 

8-6  C. 

11-3 

10-8 

5-50 

5-55 5-60 

5-65 
5-70 
5-75 

31-7 

36-5 

41-7 

44-8 

49-9 

53-9 

5-80 

58-5 

1-5471 
5-85 

62-5 

■0690 

10-8 

5-45 

21-0 

■4025 

1-02555 1-02466 1-02690 

11-05 

5-65 

44-5 

2-0186 

Mar.    1 1 12.0 69    3S. 28    2  W. Surface 
25-0 

29-2 

-1-6  C. 
Steaming  in  open 

pool  of  water Dull  blue 

15.0 

48-7 

9-3  C. 

8-3 

8-4 

5-40 

5-45 5-50 

5-55 

5-60 

5-65 

6-9 

12-0 

17-0 

22-2 27-0 

31-8 

5-70 

36-5 

1-5471 5-75 

410 

■0527 

8-6 

5-80 

46-2 

■2415 

1-02627 1-02493 

1-02720 

8-45 

5-60 

26-7 

1-8413 

Mar. 

• 

1 16.0 Surface 
25-6 29-0 

-1-7  C. 
Steaming  through 

loose  ice 
A  little  slush  in 

sample 

Reeve's    French blue  (light) 

10.20 

2/3/03 
47-5 

8-6  C. 

7-9 8-0 

8-2 

5-50 

5-55 

5-60 
5-65 
5-70 

5-75 5-80 

5-85 5-90 
25-5 

30-5 
36-0 
41-0 

46-5 
51-5 
57-0 

62-0 
67-0 

1-5471 

■0502 
■4188 

1-02584 1-02446 
1-02669 

8-05 

5-70 

46-3 

2-0161 

Mar. 20.0 Surface 
25-8 

29-0 

-1-7  C. 
Steaming  in  open 

pool           sur- rounded by  ice 
Turquoise  ?  (light 

10.45 

2/3/03 50-0 

10-0  C. 

8-2 

5-70 5-75 
5-80 

5-85 

38-0 43-5 
49-0 

54-0 

1-5471 

■0524 

bad) 

8-6 

5-90 

59-0 

■4405 

1-02625 

1-02490    1-02717 
8-4 

5-80 

48-7 

2-0400 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Si 

o 
E 

"o 

Date(E.) Ppsilion  (L.) Depth 
in  Fathoms. Temperature 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 

Date. 

Temperature 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Dcnsi  i (Density  of  Du 

Water 

Month. Hour. 

1 

Lat. 
Long. 

D. 

d. 

of 
Sea 

from 

which 
the 

Sample 
was 

col- 

.i 
T'. 

t'. 

Ob- 

served in 
T. t. 

- I — 
E 

at 

Posi- 

tion 
of the 

of 
the 

of 

the 

of 

the 

at  t'. 

fe £ L. Air. Water. 

Air. 

Sample. 

w. 

R. V. 
4  St'. 

1903. 0       /                   o       / 

°  F. 

o  -p 

o  p 

°C. 

278 220 Mar.        1 24.0 Surface 

25-4 29-0 

11.30 

51-5 9-4 

5-70 

36-0 

-1-7  C. 

2/3/03 

10-8  C. 

5-75 
5-80 

5-85 

.    41-0 
46-0 

51-0 

1-5471 

■0599 

• 
9-8 

5-90 

56-0 

■4161 

1-02635 

9-6 

5-80 

46-0 

2-0231 

279 221 Mar. 2 4.0 Surface 

25-6 28-9 

-1-7  C. 

Ice    crystals    in sample 

• 

12.0 

55-5 

13-1  C. 

8-9 

5-70 

5-75 5-80 

5-85 

42-0 
47-0 

52-0 

57-0 

1-5471 

■0571 

/ 
9-4 

5-90 

61-5 

■4705 

1-02606 
9-15 5-80 

51-9 

2-0747 

280 
.'-•_' Mar. 2 8.0 

Surface 25-7 

28-9 

-1-7  C. 

Steaming  through 

pancake  ice Ice    crystals    in sample 

Reeve's    French 
blue 

14.30 

47-2 

8-4  C. 

7-2 

7-4 

7-6 

5-50 
5-10 

5-15 5-20 

5-25 
5-30 
5-35 
5-40 

5-45 
59-5 
16-2 

22-0 

27-0 

32-5 38-0 

43-5 
48-8 54-0 

1-5471 

■0462 
■3428 

1-02409 

7-4 

5-30 

37-9 

1-9361 

280 223 Mar. 2 11.0 2511 

25-7 Thermo- 
meter came  up 

twisted, 

not 

Buchanan-Rich- 
ard sounding- tube 

Thermometer  No. 
102,504 

10.30 

6/3/03 
55-9 

13-3  C. 
9-6 

10-2 

5-45 
5-50 

5-55 
20 

7-6 

13-0 

1-5471 

■0618 
■0678 

9-9 

5-50 

7-5 

1-6767 
1-02665 

1-025H 

reliable 

280 223 Mar. 2 11.0 2511 
Tested  again  on 

10/3/03  at  11 
hours 

11.0 

50-3 

10-2  C. 

7-6 
7-8 

5-50 
5-60 

5-65 5-55 

1-8 

12-8 

18-3 7-8 

1-5471 

■0480 ■0923 

1-02700 
1-OiiU 

7-7 

5-575 

10-2 

1-6874 

280 2-J  1 Mar. 2 11.50 
500 

25-0 

32-65 0-36  C. 

* 

Nansen-Pettersson 
water-bottle 

Thermometer  No. 

18,725 

7.20 
3/3/03 

55-3 

12-9  C. 

7-8 
8-0 

8-4 

5-60 

5-65 
5-70 

5-75 
5-80 

5-85 
5-90 
5-95 
6-00 

12-2 17-6 
23-0 

28-5 

34-2 

39-9 45-2 
50-5 50-0 

1-5471 

■0505 

■3085 

1-02701 
1 

8-1 

5-80 

34-1 

1-9061 

280 223 Mar. 2 12.0 Surfaa 

25-0 28-9 

-i-rc. 

Stopped          for sounding      in 
open         pool, 
amongst    ice, 

mostly      pan- 

cake 
Reeve's    French 

blue 

15.50 

48-3 

9-1  C. 

5-9 

6-4 6-7 

5-50 

5-55 
5-60 

5-05 
5-70 
5-75 

5-80 
5-85 
5-90 

100 

16-0 
21-0 
2(>-0 

31-5 
36-5 41-5 

46-5 
51-8 

1-5471 

■0393 
■2822 

1-02667 
6-3 

5-70 

31-2 

1-86S6 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 5f  the  Density  of  the  Sample. 

El E.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume Density  of  Sample. 
at  time  of 

Collection  of 

during 

Experiment. 
Weights added 

Read- 

of im- 

mersed 
(Density  of  Distilled 
Water  at  4°C.  =  1.) 

y.  Hour. Lat. Long. 

D. 

a. 

Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion 
of 

Hydro- 

meter 

(cub. 

centims.) 

of 

Sea 

from 
which 
the 

Sample 
was 

T'. 

t'. 

Ob- 

served 
Reduced  Reduced 

to             to T. t. 

u.  j.i at 

Posi- tion 

of 

the 

of 

the 
of 

the 
of 
the 

at  t'. 

15°-56C. 

t. 

L. 
lected. 

Air. Water. 

Air. 

Sample. w. R. V. 

4  St'. 

4  S  15--56. 

4St. 

hi:.  1 o      / o        / 

°  F. 
°  F. 

o  -p 0  C. 

:■     •: 1     14.0 1000 

26-2 
31-84 
-0-08  C. Nansen-Pettersson 

water-bottle 
Thermometer  No. 

18,725 

9.35 

3/3/03 52-5 

11-4  C. 

8-8 

9-1 

9-4 

5-50 

5-55 5-60 

5-65 
5-70 
5-75 5-80 

5-85 5-90 

3-7 

9-3 

14-8 

20-5 

26-0 

31-6 

37-1 
42-5 
48-0 

1-5471 

■0568 
■2343 

1-02684 1-02559 
1-02782 

9-1 

5-70 

25-9 

1-8382 

- !     15.40 1500 

26-2 
31-71 Nansen-Pettersson 10.10 

53-6 

8-9 

5-50 

4-8 

-0-17  C. 

water-bottle 

3/3/03 

12-0  C. 

5-55 

9-9 Thermometer  No. 

5-60 

15-0 18,725 

9-2 

9-4 

5-65 5-70 

5-75 
5-80 

5-85 
5-90 

21-0 

26-6 

31-6 36-9 
42-3 
47-7 

1-5471 

■0571 ■2370 

1-02682 1-02558 
1-02782 

9-15 

5-70 

26-2 

1-8412 

lar.    Ij 16.0 400 

26-2 

32-82 
0-45  C. Nansen-Pettersson 

water-bottle 
Thermometer  No. 

18,725 

10.45 

3/3/03 
52-9 

11-6  C. 
9-0 

9-3 

9-6 

5-50 
5-55 

5-60 
5-65 5-70 

5-75 5-80 

5-85 5-90 

4-5 
9-8 

15-6 

21-1 
27-0 

31-9 

37-2 
42-9 

48-1 

1-5471 

■0580 
■2397 

1-02680 1-02559 

1-02784 

9-3 

5-70 

266 

1-8448 

,, !     16.15 300 

26-2 33-1 

0-61  C. Nansen-Pettersson 
water-bottle 

Thermometer  No. 

18,725 

11.10 

3/3/03 53-0 

11-7  C. 9-4 

9-6 

9-8 

5-60 
5-65 5-70 

5-75 
5-80 

5-85 5-90 
5-95 

6-00 
16-5 

21-9 

27-5 32-8 

38-5 
43-5 49-5 

54-8 60-0 

1-5471 

■0599 
■3465 

1-02674 1-02558 

1-02783 

9-6 

5-80 

38-3 

1-9535 

lar.    | 

!     16.25 
200 

26-2 

32-72 
0-40  C. Nansen-Pettersson 

water-bottle 
Thermomteer  No. 

18,725 

11.50 

3/3/03 52-8 

11-6  C. 

9-4 

9-6 

10-0 

5-60 

5-65 
5-70 
5-75 5-80 

5-85 5-90 

5-95 
6-00 

161 

21-5 
27-0 
32-7 

38-0 

43-2 49-1 
54-6 61-0 

1-5471 

■0605 
•3447 

1-02560 
1-02735 

9-7 

5-80 

35-2 

1-9523 

1-02675 

lar. 14.30 
100 

26-2 

32-30 0-17  C. Nansen-Pettersson 
water-bottle 

Thermometer  No. 

18,725 

12.15 

3/3/03 52-3 

11-3  C. 

9-2 

9-4 

5-60 

5-65 5-70 

5-75 
5-80 
5-85 5-90 

5-95 
14-9 

20-2 25-9 

310 

36-5 
41-7 

47-5 

52-7 

1-5471 

■0587 

9-6 

6-00 

58-2 

■3302 

1-02684 

9-4 

5-80 

36-5 

1-9360 

1-02564     1-02787 
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c 
o 
tS3 
d 

o 

"c. 

S 
w 

Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 

Df  the  Density  of  the  Sampt 

Date(E.) Position  (L.) Depth 
in  Fathoms. Temperature at  time  of 

Collection  of 
Sample. 

Colour  of  Water, 

Current,  and 

Time 

and 

Temperature 

during 

Experiment. 
Weights 
added 

to 

Hydro- 

meter 

Read- 

ing 

of 

Hydro- 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

Density of 8, 

(Don 

D. 

rl. 

Water  at  4*C 

of from 

T'. 

t'. 

Ob- 

T. 

Reductd 

to O 

a — 
= 

ta-l 

o 
u o 

£ 
a 

Month. Day. Hour. Lat. 
Long. Sea 

at 

Posi- 

tion L. 

which 
the 

Sample 

was 

col- 

lected. 

t. Remarks. Date. 

of 
the Air. 

of 

the 
Sample. 

(grams). 

meter. 
meter 

(cub. 

centims.) served 

at  t'. 

of 
the Air. 

of 
the 

Water. 

15°-5Gr 

w. 

R. V. 

*&v. 
4Siyi, 

1903. o      / o      / 

o  p 

°F. 

o  p_ °C. 

281  ! 232 Mar. 2 16.40 50 

26-2 

29-02 

-1-65  C. 
Nansen-Pettersson 

water-bottle 
Thermometer  No. 

18,725 

13.35 

3/3/03 
48-7 

9-3  C. 

S-9 

9-1 

9-2 

5-50 

5-55 5-60 

5-65 
5-70 

5-75 
5-80 
5-85 
5-90 6-2 

11-8 17-0 

22-5 

28-0 

33-0 

37-8 
42-8 

48-2 

1-5471 

■0565 
■2488 

1-02676 
9-05 

5-70 

27-5 

1-8524 

281 233 Mar. 3 8.0 Surface 
25-9 

28-9 

-1-7  C. 

Steaming  through 

mostly     pan- cake ice 

Ice    crystals    in sample 

Reeve's    French blue 

14.15 

50-9 

10-6  C. 

12-0 

11-9 

11-9 

5-50 
5-55 
5-60 

5-65 5-70 

5-45 5-40 

5-35 5-30 33-0 
38-0 

43-2 

48-7 

53-8 27-0 
21-7 

16-0 

10-6 

1-5471 

■0746 

■2931 

1-02531 

11-95 

5-50 

32-4 

1-9148 

282 234 Mar. 3 12.0 68  35  S. 31  56  W. Surface 

26-6 
29-4 

-1-4  C. 

Steaming  through 

pancake  ice Reeve's    French 
blue 

14.50 

51-5 

10-8  C. 
8-8 

9-2 

9-5 

5-50 

5-55 
5-60 

5-65 
5-70 

5-75 
5-80 5-85 
5-90 

18-0 

23-5 
29-0 
34-0 

390 

44-0 
49-6 

54-6 59-6 

1-5471 

■0571 ■3528 

1-02617 9-15 
5-70 

39-0 

1-9570 

282 235 Mar. 3 15.50 
2452 

27-4 

31-89 

-0-05  C. 
Thermometer  No. 

102,504 

14.35 

4/3/03 56-8 

13-8  C. 

11-7 

12-0 

12-4 

5-50 

5-55 5-60 
5-65 
5-70 

5-75 
5-80 

5-85 
5-90 11-5 

16-7 

22-4 
27-8 

33-5 
39-0 
44-5 

50-0 55-5 

1-5471 

■0752 
■3021 

1-02635 

12-05 

5-70 

33-4 

1-9244 

282 236 Mar. 3 17.30 
1952 

27-0 

33-29 
0-71  C. 

Buchanan-Rich- ard bottle 
Thermometer  No. 

102,514 

282 237 Mar. 3 17.45 2442 

27-0 
30-12 

-1-05  C. 

Buchanan-Rich- 
ard bottle 

Thermometer  No. 

102,514 

282 238 Mar. 3 20.0 Surface 
28-0 

29-2 

-1-6  C. 

Steaming  in  open 

pool 

Reeve's    French 
blue 

10.20 

5/3/03 46-9 

8-3  C. 

5-8 

60 

6-1 

5-50 
5-55 

5-60 
5-65 
5-70 

5-75 
5-80 

5-85 
5-90 

12-0 

17-0 22-5 27-7 

33-0 
38-0 

43-5 

490 

53-8 

1-5471 

■0371 ■2976 

1-02659 

1-OlM  
'• 

5-95 5-70 

32-9 

1-8818 

I, 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 

of  the  Density  of  the  Samp; 

Date  (E.) Position  (L.) Depth 
Temperature Temperature 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  & 

a 
.2 
a! 

V 
— 
e 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

during 

Weights 

added to 

Hydro- 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Di 

D. 
d. 

Experiment. 

Water  at  4' C 

Time 

en 

o 
u 
V 

"3 

u CD 

I 
* 

Month. Day.  Hour. 
Lat, 

Long. 

of 
Sea 
at 

Posi- 
tion 

from 
which 
the 

Sample 
was 

col- 

lected. 

T. 

t. Current,  and 
Remarks. 

and 
Date. 

T'. t'. 

meter 

(grams). 

Ob- 

served 

att'. 

to 

of 
the 

of 
the 

of 
the 

of 
the 

15"-56i;. 

^ 

L. 
Air. 

Water. 

Air. 

Sample. w. 

R. V. 
4  S  f. 

1903. 
i 

o       /                    o       / 

°  F. 

°  F. 

0  F. 

°C. 

286 244b Mar. 5 10.40 

2488, 

bottom 
Same as  2-14a 

Buchanan's sounding-tube 

9.20 

7/3/03 50-9 

10-5  C. 

8-2 
9-3 

5-50 

5-55 5-60 

5-65 5-70 

5-75 
5-2 

10-9 

17-0 22-6 27-8 

33-2 

1-5471 

■0546 ■1760 

1-02677 
urn 

8-75 

5-625 

19-4 

1-7777 

286 244b Mar. 5 10.40 
Teste d  again at  11.20  on  the 

10/3/03. 

50-0 

100  C. 

7-8 

8-4 

5-50 
5-55 
5-60 
5-65 
5-70 

5-75 

3-8 8-9 

14'8 

200 
250 

30-3 

1-5471 

■0505 ■1547 

1-02691 

8-1 

5-625 

17- 

1-7523 

l-omi 

287 245 Mar. 5 
20.0 

Surface 

23-6 28-8 

-1-8  C. 11.0 

6/3/03 
54-7 

12-6  C. 8-8 

9-0 

9-2 

5-50 

5-55 
5-60 

5-65 5-70 

5-75 
5-80 
5-85 5-90 

160 

21-0 

26-0 
31-0 
36-7 
41-8 

47-0 

52-0 57-0 

1-5471 

■0562 
■3302 

1-02630 

90 

5-70 

36-5 

1-9335 

288 246 Mar. 5 24.0 Surface 

24-0 
29-0 

-1-7  C. 
11.30 

6/3/03 52-9 

11-6  C. 8-6 

8-8 

9-2 

5-50 
5-55 5-60 

5-65 5-70 
5-75 

5-80 

5-85 5-90 

13-8 18-8 

23-8 
29-0 

341 

39-6 
44-5 

49-5 

"54-0 

1-5471 
■0555 ■3085 

102643 
8-9 

5-70 

34-1 

1-9111 

289 247 Mar. 6 4.0 Surface 

21-9 
28-9 

-17  C. 

Spicules  of  ice in  sample 
12.0 

52-5 

11-4  C. 8-4 

8-6 

8-8 

5-50 

5-55 5-60 

5-05 
5-70 

5-75 5-80 

5-85 

5-90 

15-7 
20-7 

25-9 

30-9 
36-0 

41-1 

46-5 51-8 

56-5 

1-5471 
■0537 
■3266 

10263d 

l-OttM 8-6 

5-70 

361 

1-9274 

248 Mar. 6       9.0 67  39  3. 36  10  W. Surface 240 

29-2 

-1-6  C. 

Taken        whilst sounding 

Reeve's    French 
blue 

11.30 

52-6 

11-4  C. 
8-2 

5-50 

5-55 5-60 

5-65 

11-2 

16-3 
21-2 26-6 8-6 

5-70 
5-75 

5'80 
5-85 

31-6 

36-6 41-2 

46-7 

1-5471 

■0537 

• ' 90 

5-90 

5T0 

■2840 

102658 

8-6 

5-70 

31-4 

1-8848 



W  SALINITIES  OF   THE   WED  DELL  SEA  AND   OF    THE  NORTH  AND  SOUTH  ATLANTIC  OCEAN. 113 

Data  Relating  to  the  Collection  of  the  Sample. 

(K.) 

Hour. 

Position  (L.) 

Lat. Long. 

Depth 
in  Fathoms. 

D. 

of 
Sea at 

Posi- tion 
L. 

d. 

from 
which 

the Sample 
was 

col- 

lected. 

Temperature at  time  of 
Collection  of 

Sample. 

T. 

of 

the Air. 

of 

the 
Water. 

Colour  of  Water, 
Current,  and 
Remarks. 

Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

Time 

and Date. 

[ar. 

9.45 

8       9.53 

9.50 

ar.        ] 

8.0 

12.0 

20.0 

8.50 

9.0 

9.5 

2000 

25-4 

o    p 

31-44 
-0-31  C. 

2485 

25-4 
31-42 
-0-32  C. 

2500, 

bottom 
Same as  250a 

Surface 
27-0 28-9 

-1-7  C. 

Surface 

29-5 
29-2 

-1-6  C. 

Surface 

29-2 29-3 

-15  C. 

1925 
28-0 

31-46 
-0-30  C. 

2410 

28-0 

31-37 -0-35  C. 

2425, 

bottom 28-0 
Same  as 

255a 

Buchanan-Rich- ard   reversing 
thermometer 
and  bottle 

Thermometer  No 

102,509 

Buchanan-Rich- ard   reversing 
bottle 

Thermometer  No 
102,504 

Buchanan's sounding- tube 

Steaming  through 
closely  packed 

pancake  ice Ice  in  sample 

Reeve's    French 

blue 

Steaming  through 
loose  pack 

Ice    crystals    in sample 

Reeve's    French 
blue 

Ice  touching  ship 
on  all  sides 

Buchanan- Rich- 
ard water-bottle 

Thermometer  No. 
102,509 

Buchanan-Rich- 
ard water-bottle 

Thermometer  No. 
102,504 

Buchanan's sounding-tube 

Temperature 

during 

Experiment. 

T'. 
of 
the Air. 

of 
the 

Sample, 

Weights added to 

Hydro- 

meter 

(grams). 

11.55 

10/3/03 

10.40 

11/3/03 

11.10 

11/3/03 

11.30 

11/3/03 

14.0 

11/3/03 

51-5 

10-8  C 

56-3 

13-5  C 

52-7 

11-5  C. 

52-2 

11-2  C 

53-5 

11-9  C. 

C. 

8-7 ■55 

•4 

9-1 
8-8 

10-4 110 

10-7 

5-50 

5-55 5-60 

5-65 
5-70 

5-60 5-00 5-10 

5-20 
5-30 

5-40 5-50 

5-25 

5-35 
5-45 5-55 

5-65 
5-75 

5-85 

5-95 

5-65 
5-40 
5-50 
5-60 

5-70 

5-80 
5-90 

6-00 

5-70 

5-40 

5-45 5-50 5-55 
5-60 

5-50 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 

Portion of 

Hydro- 

meter 

(cub. 

centims.) 

5-2 

10-2 15-6 20-8 25-8 
155 

7-0 

18-0 
28-7 

39-3 50-0 

60-2 33-9 

5-0 

15-8 

26-5 37-0 
47-5 

57-8 
67-8 
36-8 
3-5 

14-2 
25-3 

360 

46-8 

57-2 

67-7 

35-8 

2-9 

8-7 

14-2 

200 

25-6 

14-3 

V. 

1-5471 

■0534 

■1402 

1-7407 

1-5471 

■0543 
■3067 

Density  of  Sample. 

(Density  of  Distilled 
Water  at  4°C.  =  1.) 

Ob- 

served 

at  t'. 

Reduced 

to 
15°-56C Reduced 

to 
t. 

1-02684   1-02551 

1-9072 

1-5471 

■0537 
■3329 

1-9337 

1-5471 

■0549 
■3238 

1-9258 

1-5471 
•0668 

■1293 

1-7432 

1-02398 

1-02603 

1-02635 

1-02628 

1-02270 

1-02473 

1-02506 

1-02531 

1-02775 

1-02485 

1-02696 

1-02732 

1-02753 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  1 

Date(E.) Position  (L.) Depth Temperature Temperature 
Volume 

of  im- 

mersed 

Portion 
of 

Hydro- 

meter 

(cub. 

centims.) 

Densi 

c 
o 

9 

"3. 

E a 
w 

"o 

u e 
J3 

E 
3 

at  time  of 
Collection  of 

Sample. 

during 

Experiment. 
Weights 
added to 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  & 

D. d. 

Water  at  4'.' 

C3 

' 
O 
U a 

E 
3 

Month. Day. Hour. 
Lat. Long. 

of 
Sea 
at 

Posi- 
tion 

from 

which 
the 

Sample 
was 

col- 

lecied. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 
and 
Date. 

T'. 
of 
the 

t'. 

Hydro- 

meter 

(grams). 

Ob- 

served 

at  t'. 

~ T. 

t. 

to 

of 

the 
of 
the 

of 

the 
a S5 

L. 
Air. 

Water. 
Air. 

Sample. w. R. 

V. 
4»f. 

1903. 
1    °    ' 

o         / 

o  p_ 

o  p_ 

°F. 

°C. 

295    256 Mar. 
10 10.0 •• Surface 

28-9 29-3 

-15  C. 

Just  after  sound- 
ing, ice  quite 

12.10 

11/3/03 

52-2 

11-2  C. 
8-3 

5-50 
5-60 

13-3 

24-2 

near 

5-70 

34-9 

1-5471 

Reeve's    French 

5-80 

45-8 

■0524 

blue 8-5 

5-90 

56-2 

■3157 

102641 

8-4 

5-70 

34-9 

1-9152 

29C 257 Mar. 11 8.0 Surface 

25-0 29-1 

-1-6  C. 

In    open    pool, 
ice    about    J mile  away 

Reeve's    French 

blue 

14.40 

56-3 

13-5  C. 

13-6 

13-4 

5-50 5-60 

5-70 5-80 
5-90 

24-5 

34-8 45-0 
53-0 

62-8 

1-5471 

■0842 ■3980 

1-02576 

13-5 

5-70 

44-0 

20293 
297 258 Mar. 11 12.0 66  22  S. 42  20  W. Surface 

25-8 29-2 

-1-6  C. 

Very    little    ice about 

Reeve's    French 
blue 

15.0 

53-8 

12-1  C. 

11-2 

11-3 

5-50 

5-60 
5-70 5-80 
5-90 

15-0 

25-3 
35-7 

46-0 

55-6 

1-5471 

■0702 

■3211 

1-02628 

11-25 

5-70 

35-5 

1-9384 

298 259 Mar. 11 16.0 Surface 
26-0 29-0 

-1-7  C. 

Amongst        ice, 
some  in  sample 

Reeve's    French 
blue 

11.35 12/3/03 

46-5 

8-1  C. 

8-5 

8-6 

8'6 

5-20 

5-30 5-40 

5-50 
5-60 5-70 
5-80 

5-90 6-00 

5-7 

15-8 
26-0 

36-2 47-0 

57-9 

68-0 

76-4 

86-5 

1-5471 

■0534 
■4215 

1-02525 

mm 

8-55 

5-60 

46-6 

2-0220 

299 260 Mar. 11 20.0 Surface 
25-0 

28-8 

-1-8  C. 

Sailing    through 

pancake    ice  ; so  much  ice  in 

sample  that  it 
had      to      be 
melted  before 

pouring        in 
bottle 

Too  dark  to  see 

12.0 

12/3/03 

46-4 

8-0  C. 
6-7 

6-8 

7-0 

4-10 
4-20 
4-30 
4-40 
4-50 

4-60 
4-70 

4-80 
4-90 

8-5 

19-0 

300 

41-0 

52-0 

62-8 

73-2 
83-2 94-0 

1-5471 

•0427 
■4659 

1-01902 

M 

6-85 

4-50 

51-5 

2-0557 

300 261 Mar. 
12 

9.10 Surface 
20-5 29-0 

-1-7  C. 

Taken        whilst sounding 

Ice  in  sample 

Reeve's    French blue  (light) 

13.50 

48-7 

9-3  C. 4-7 

5-1 

5-30 

5-40 
5-50 5-60 5-70 

2-0 

12-8 23-5 

34-0 
45-5 

1-5471 

■0306 

■2135 

1-02691 H 4-9 

5-50 

23-6 

1-7912 

300 262 Mar. 12 10.15 
2000 

19-7 
31-48 

-0-29  C. 

Large  Buchanan- Richard  water- 
bottle 

Thermometer  No. 

102,504 

14.0 

49-0 

9-4  C. 

5-3 

5-6 

5-9 

5-70 
5-80 

5-90 

6-00 

6-10 

6-20 
6-30 

6-40 
6-50 

2-5 

12-7 

23-2 

.    33-0 

430 

54-2 
63-6 

71-9 

80-7 

1-5471 

■0349 
■3872 

1-02830 

5-6 

6-10 

42-8 

1-9692 

1 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

1 (E.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 
Date. 

during 

Experiment. 
Weights 
added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(Density  of  Distilled 
Water  at  4°C.  =  1.) 

Hour. Lat. Long. 

D. 
J. 

of 
Sea 

from 
which 

the Sample 
was 

col- 

lected. 

T'. 
t'. 

Ob- 

served 
Reduced 

to 

Reduced 

to 
...  ill 

T. t. 

at 

Posi- 
tion 

of 

the 

of 
the 

of the of 

the 

v  .-       .     at  t'. 

centims.) 

15°-56C. 

t. 

L. Air. 
Water. 

Air. 

Sample. 

w. 

R. V. 

4  St'. 

4  S  l5°-56. 

*sfc 

M.i. o      t o        / 

°F. 

o  p 

"F. 

■c. 

M  :iT. 12 10.25 2485 

19-7 
32-15 0-08  C. 

Buchanan- 
Richard  water- 

bottle 
Thermometer  No. 

102,509 

Mar. 12 10.30 2500 Same as  263a 
Buchanan's sounding-tube 

11.20 

14/3/03 
61-0 

16-1  C. 

10-8 

12-0 

5-40 

5-45 
5-50 

5-55 
5-60 
5-65 

40 

9-2 

15-0 
20-8 

26-3 
31-8 

1-5471 

■0711 •1610 

1-02621 
1-02536 1-02757 

Mar. 
11-4 

5-525 

17-8 

1-7792 

L2 19.0 1500 

14-6 
32-00 Nansen  Pettersson 9.0 

60-3 

12-8 

5-40 

0-0 0-00  C. 
water-bottle 

Thermometer  No. 

18,725 

13/3/03 
15-7  C. 

130 

13-4 

5-50 5-60 
5-70 
5-80 

5-90 

6-00 

6-10 6-20 
11-0 
22-0 

32-1 

43-0 

52-9 

62-8 
73-0 

83-6 

1-5471 
■0817 
■3825 

1-02641 1-02589 1-02814 

13-1 

5-80 

42-3 

2-0113 

Mar 12 19.40 
100 

14-2 

3201 0-01  C. Nansen-Pettersson 
water-bottle 

Thermometer  No. 

18,725 

9.30 
13/3/03 

61-8 

16-6  C. 

12-9 

12-8 

12-9 

5-40 

5-50 
5-60 
5-70 

5-80 
5-90 

6-00 6-10 
6-20 

2-8 

13-5 
24-2 
34-4 

45-1 56-0 

64-8 

75-0 

86-0 

1-5471 

■0805 
■4034 

1'02630 
1-02574 1-02797 

12-9 

5-80 

44-6 

2-0310 

Mar. 12 20.0 Surface 

14-2 28-8 
Sample  about  half 13.30 

57-3 11-8 

5-00 

1-0 -1-8  C. 

full  of  ice 13/3/03 
14-1  C. 

5-10 5-20 

11-7 

21-8 

11-8 

12-2 

5-30 

5-40 
5-50 5-60 
5-70 

5-80 

32-4 

43-2 

54-0 

63-9 

74-1 84-2 

1-5471 

•0749 ■3881 

1-02422 
102349 

1-02569 

12-0 

5-40 

42-9 

2-0101 

13 8.40 Surface 

7-4 29-4 

-1-4  C. 

Bay     ice     near 

ship 

No  ice  in  sample 

14.0 

59-9 

15-5  C. 

11-2 

5-40 5-50 
5-60 

4-8 

15-6 26-0 

Reeve's    French 

5-70 

37-0 

blue 

11-4 

5-80 
5-90 

47-2 
58-0 

6-00 

68-0 

1-5471 6-10 

79-0 

■0718 

11-8 

6-20 

88-2 

■4261 

1-02622 
1-02539 1-02767 

11-5 

5-80 

47-1 

2-0450 
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— 
E 
d /. 

*o 

01 
S 
3 

Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 
af  the  Density  of  IL 

Date(E.) Position  (L.) Depth in  Fathoms. Temperature 
at  time  of 

Collection  of 
Sample. 

Temperature 

during 

Experiment. Weights added 

to 
Read- 

ing 

of 

Hydro- 

meter. 
• 

Volume 

of  im- 

mersed 

Portion 
of 

Hydro- 

meter 

Density  oI8 

(Den..: 

D. 

d. 
Water 

"3 

U c 

g 3 

.Month. Lat. 
Long. of 

Sea 
at 

Posi- 

from 

which 

the Sample 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 
and 

Date. 

T'. 
of 

t'. 
of 

Hydro- 

meter 

(grams). 

Ob- 

served 

T. 

t. 

ti 

Day. 

of 

of (cub.     , centims.) 

15 

tion 
was 

the 
the the 

the 
fc fc 

L. 

lected. Air. Water. 
Air. 

Sample. w. R. 

V. 

t&v. 

|S 

1903. o       / O         / 

o  y 
O    J^ 

- 

°F. 
°  C. 

301 268 Mar. 
13 

9.10 500 

7-4 

330 0-56  C. 

Large  Buchanan- Richard  water- 
bottle 

Thermometer  No. 
102,504 

10.0 

14/3/03 

57-2 

14-0  C. 

11-2 

11-4 

11-7 

5-45 5-55 

5-65 

5-75 

5-85 
5-95 
6-05 

615 

6-25 

3-0 

14-2 

25-0 

36-0 

46-5 
57-6 

67-5 

78-0 88-9 

1-5471 

■0714 
■4188 

1-02654 

11-45 

5-85 

46-3 

2-0373 

301 269 Mar. 13 9.25 
1000 

7-4 

32-17 0-09  C. 

Large  Buchanan- Richard  water- 
bottle Thermometer  No. 
102,509 

10.40 

14/3/03 

57-0 

13-9  C. 

12-0 

12-3 

12-7 

5-45 
5-50 
5-55 5-60 

5-65 5-70 

5-75 

5-80 

5-85 

4-8 

10-2 
16-0 
21-0 

26-8 
31-9 

37-0 
42-3 
47-4 

15471 

■0771 ■2388 

1-02643 

12-35 

5-65 

26-4 

1-8630 

301 270 Mar. 
13 9.50 300 7-7 

33-3 

0-72  C. 

Large  Buchanan- Richard  water- 
bottle 

Thermometer  No. 

102,504 

11.40 

14/3/03 

59-0 

15-0  C. 
131 

13-1 

13-1 

5-40 
5-50 5-60 

5-70 5-80 
5-90 

6-00 6-10 

6-20 

2-7 

13-6 24-2 
35-0 
45-5 
56-0 
66-5 

76-6 86-8 

1-5471 

■0817 
■4089 

1-02626 

131 

5-80 

45-2 

2-0377 

i-om i 

301 271 Mar. 13 10.0 

400 

7-7 

32-9 

0-50  C. 

Large  Buchanan- 
Richard  water- bottle 

Thermometer  No. 
102,509 

12.10 

14/3/03 

56-3 

13-5  C. 
130 

130 

12-9 

5-40 
5-50 5-60 

5-70 

5-80 
5-90 6-00 6-10 

2-9 

13-9 

24-7 

35-6 46-0 56-7 
660 

77-0 

1-5471 

■0808 

■3645 

1-02625 

12-95 

5-75 

40-3 

1-9924 
i-om 

301 272 Mar. 
13 

10.10 

50 

7-7 29-43 
-Vi2  C. 

Large  Buchanan- 
Richard  water- bottle 

Thermometer  No. 
102,504 

14.10 

14/3/03 

58-4 

14-7  C. 

12-1 

12-2 

12-5 

5-40 5-50 

5-60 5-70 

5-80 
5-90 
6-00 

6-10 6-20 

30 

13-9 24-6 
35-8 46-0 

56-2 65-8 

77-0 

87-2 

1-5471 

■0768 ■4116 

1-02628 

12-3 

5-80 

45-5 

2-0355 

301 273 

i 

Mar. 13 10.15 
200 

7-7 33-14 

0-63  C. 

Large  Buchanan- Richard  water- 
bottle 

Thermometer  No. 
102,509 

14.50 

14/3/03 

57-8 

14-3  C. 

12-2 

12-6 

12-8 

5-45 
5-55 

5-65 
5-75 

5-85 
5-95 

6-05 

615 

6-25 

5-5 

16-5 

27-2 

380 

48-8 60-0 

69-5 

80-9 
90-8 

1-5471 

•0780 
■4396 

102639 
12-5 

5-85 

48-6 

2-0647 

1-90 



D  SALINITIES  OF  THE   WEDDELL  SEA  AND   OF   THE   NORTH   AND   SOUTH  ATLANTIC  OCEAN. 
117 

Data  Belating  to  the  Collection  of  the  Sample. 

(E.) 

■y- Hour. 

Position  (L.) 

Lat. Long. 

Depth 
in  Fathoms. 

of 
Sea 
at 

Posi- tion L. 

d. 

from 
which 

the Sample 
was 

col- 

lected. 

Temperature 
at  time  of 

Collection  of 
Sample. 

T. 

of the 
Air. 

:! 

o        / 

12.0 

17.45 

17.45 •• 

12.0 

18.40 

19.0 

Surface 

2470 

2485, 

bottom 

Surface 

Surface 

2007 

op 

9-4 

10-9 

Same 

20-3 

25-1 

24-9 

of 

the 
Water. 

op 

29-2 

-1-6  C. 

31-25 
-0-12  C 

as  275a 

290 
-1-7  C. 

29-0 

-1-7  C. 

31-33 
-0-37  C. 

Colour  of  Water, 
Current,  and 
Remarks. 

Trawl  down, 
steaming  slow 
ly  through 
bay  ice 

No  ice  in  sample 
Reeve's  French 

blue 

Large  Buchanan 
Richard  water- bottle 

Thermometer  No, 
102,509 

Buchanan  sound 

ing-tube 

Ice    crystals   in sample 

Reeve's    French 
blue 

Stopped  for 
sounding  a- 
mongst  pan- cake ice 

No  ice  in  sample 

Buchanan-Rich- 
ard       water- 

bottle 
Thermometer  No 

102,504 

Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

Time 
and 
Date. 

Temperature 

during 

Experiment. 

15.15 
14/3/03 

10.40 

15/3/03 

11.10 

15/3/03 

10.0 

15/3/03 

10.20 

15/3/03 

12.10 
15/3/03 

T'. 

of 

the 
Air. 

op 

57-5 

14-2  C 

58-9 

14-9  C. 

58-8 

14-9  C. 

60-2 

15-7  C 

59-7 

15-4  C. 

59-4 

15-2  C. 

of 
the 

Sample. 

Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 
V. 

Density  of  Sample. 

(Density  of  Distilled 
Water  at  4°C.  =  1.) 

Ob- 

served 

at  t'. 

i  S„ 

°c. 

12-1 

12-5 

12-6 
12-35 

18-1 

17-9 

17-7 

17-9 

18-3 

17-6 
17-95 

16-4 

16-3 

16-2 

16-3 
161 

160 

160 

1605 

15-9 

15-6 

5-35 5-45 

5-55 5-65 

5-75 

5-85 
5-95 
6-05 

6-15 

5-75 

5-20 5-30 
5-40 
5-50 
5-60 5-70 

5-80 
5-90 
6-00 

5-60 

5-20 
5-25 

5-30 5-35 
5-40 
5-45 

5-325 

5-20 
5-30 
5-40 5-50 

5-60 

5-70 5-80 

5-50 

5-20 5-30 
5-40 
5-50 

5-60 
5-70 5-80 

5-50 

5-30 

5-35 
5-40 

5-45 
5-50 

5-55 5-60 

15-75        5-45 

2-0 

12-6 
23-6 33-8 

44-1 
54-5 
64-7 

75-2 

84-6 

43-9 

1-2 

12-0 22-7 

33-5 

43-8 

54-3 64-2 

74-8 84-0 

43- 

0-8 
5-9 

10-9 16-0 

21-3 26-0 

13-5 
3-2 

13-6 24-6 35-0 

45-5 

560 

66-5 

34-9 
00 

10-2 20-8 

31-7 

42-0 

52-3 62-6 

31- 

2-7 

8-2 

13-5 

18-6 

24-2 30-4 
35-6 

190 

1-5471 

■0771 
■3971 

2-0213 

1-5471 

■1117 
■3925 

2-0513 

1-5471 

■1120 
■1221 

1-7812 

1-5471 

■1017 

■3103 

1-9591 

1-5471 

■1002 

■2845 

1-9318 

1-5471 

■0983 
■1719 

1-8173 

Reduced 

to 

15°-56C. Reduced 

to 

t. 

«St 

1-02608 

1-02509 

1-02509 

102506 

1-02521 

1-02558 

1-02541 

1-02565 

1-02566 

1-02524 

102533 

1-02770 

1-02787 

1-02788 

1-02750 

102759 

1-02563 1-02788 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  3a 

Date(E.) Position  (L.) Depth in  Fathoms. Temperature Temperature 
Volume 

of  im- 

mersed 

Deusi 

c 

_i
 

at  time  hi 
Collection  of 

during 

Experiment. 
Weights 
added 

Read- 
(Den,, 

Wain   ,, 
o 

33 09 

W 

"3 

u 

XL § 
3 

E 

0 

01 
5 
3 

Month. Day. Hour. Lat. 
Long. 

D. 

d. 

Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 
and 

Date. 

to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

of 

Sea 
at 

Posi- 
tion 

from which 

the 
Sample 

was 

col- 

lected. 

T'. of 
the t'. 

Ob- 

served 

at  t'. 

T. 

t. 

of 

the 

of 
the 

of 
the 

fc fc L. 
Air. 

Water. 

Air. 
Sample. w. 

R. 

V. 
4  St'. 

i^Wi 

1903. o        ,               1       .       , 

o  p. 

•F. 

°  F.         °  C. 

303 279a Mar. 14 19.30 2532 25-6     31  '0 
Large  Buchanan- 

11.45 58-8         17-1 

5-25 

1-7 

-0-5G  C. 

Richard  water- 
15/3/03    14-9  C. 

5-30 

7-2 

bottle 

5-35 

12-6 

Thermometer  No. 

5-40 

17-7 
102,509 

17-0 

5-45 5-50 

23-2 28-3 

5-55 

33-3 

1-5471 5-60 

38-8 

■1061 

16-9 

5-65 

43'8 

■2081 

1-02534 

17-0 

5-45 

23-0 

1-8613 

303 279b Mar. 14 19.40 

2547, 

bottom 
Same 

as  279a Sounding  -  tube with          long 

nozzle 

16.0 

15/3/03 

57-5 

14-2  C. 

17-5 

17-2 

P 

17-0 

5-30 5-35 

5-40 

5-45 

5-50 

5-55 5-60 

5-65 5-25 
10-3 

15-2 
20-2 

25-9 

31-2 

36-5 

410 

46-0 2-8 

1-5471 

■1076 
■2298 

1-02520 

17-25 

5-45 

25-4 

1-8845 

30-1 280 Mar. 15 
4.0 

f 

Surface 

29-2 28-9 

-1-7  C. 

Steaming  through 

pancake     ice, 
some  in  sample 

14.55 

15/3/03 

58-3 

14-6  C. 

15-7 

15-6 

15-6 

5-20 5-30 
5-40 
5-50 
5-60 

5-70 5-80 
5-90 
6-00 

5-1 

15-1 
25-6 

36-1 

46-2 60-2 

70-1 

80-0 

91-7 

1-5471 

■0977 

■4324 

1-02495 

15-65 

5-60 

47-8 

2-0772 

305 281 Mar. 
15 8.0 

Surface 

30-2 28-9 

-1-7  C. 

Steaming  through 

pancake     ice, some  in  sample 
Reeve's    French 

blue 

15.30 

15/3/03 

57'8 

14-3  C. 

17-6 

17-3 

17-2 

4-70 

4-80 

4-90 
5'00 5-10 

5-20 

5-30 

1-0 

11-4 

22-5 
33-0 

43-6 54-0 

64-5 

1-5471 

■1086 
■2967 

1-02235 

17-4 

5-00 

32-8 

1-9524 

30C 282 Mar. 15 12.0 C4  11  S. 42  12  W. Surface 

29-8 
29-1 

—  1-6  C. Steaming  through 

pancake     ice, 

spicules         in sample 

Reeve's  French 

blue 

16.30 

55-2 

12-9  C. 

14-6 

14-6 
14-5 

5-20 5-30 
5-40 

5-50 5-60 
5-70 

5-80 5-3 

16-2 
26-9 

37-8 
48-5 58-8 68-0 

1-5471 

■0908 

■3383 

102496 

14-55 

5-50 

37-4 

1-9762 

307 283 Mar. 15 
16.0 •• Surface 

29-6 
29-1 

-1-6  C. 

Taken        whilst 
sounding,loose 

10.30 

16/3/03 

61-1 

16-2  C. 

17-2 

5-20 

530 

7-0 

17-6 

ice  near,  none 

5-40 

28-0 

in  sample 

5-50 

38-6 

Reeve's    French 

17-0 

5-60 

49-0 

blue 

5-70 

5-80 
5-90 

60-0 
69-9 

80-6 

1-5471 

■1061 

• 
16-8 

6'00 

90-1 

■4432 

1-02484 
170 

5-60 

49-0 

2-0964 

:       1 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

at 
5.) Position  (L.) Depth 

in  Fathoms. Temperature Temperature 
Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 
at  time  of 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

during 

Weights 
added to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 
Water  at4°C.  =  l.) 

.  Hour. Lat. Long. 

D. 

d. 

Time and 

Date. 

hspenment. 

of 

Sea 

from 

which 
the 

Sample 

was 
T'. 

t'. 

Ob- 

served 

Reduced 

to 
Reduced 

to 

T. 

t. 

at 

Posi- tion 
of 

the 

of 

the 
of 
the 

of 

the 

at  t'. 

15°-56C. 

t. 

L-      leered. Air. 
Water. 

Air. 
Sample. w. 

R. 
V. 

4^t'. 4  S  l5°-56. 

4  St. 

o        / o        > 

°F. 
°F. 

1 

°C. 

1 17.30 1900 
29-0 

31-31 
Large  Buchanan- 11.0       00-8 

16-8 

5-30 
6-0 

-0-39  C. 

Richard  water- 16/3/03    160  C. 

5-35 

11-6 

bottle 

5-40 

16-8 

Thermometer  No. 

5-45 

21-9 

102,509 

16-7 

16-6 

5-50 

5-55 

5-60 

5-65 5-70 

27-1 
33-5 38-7 

43-8 

49-0 

1-5471 

■1042 

•2497 

1-02539 1-02565 
1-02792 

16-7 

5-50 

27-6 

1-9010 

17.43 
2400 

29-4 

31-03 
-0-54  C. 

Large  Buchanan- 
Richard  water- bottle 

Thermometer  No. 
102,504 

11.30 

16/3/03 
58-8 

14-9  C. 

16-3 160 

160 

5-30 
5-40 
5-50 
5-60 
5-70 

5-80 

5-90 6-00 

6-10 

4-2 

15-0 

25-8 
36-0 

47-6 

57-7. 

68-0 

78-0 87-5 

1-5471 

■1008 
■4215 

1-02554 1-02567 1-02795 

1615 

5-70 

46-6 

20694 

1 
\  24.0 

Surface 

28-3 

290 -1-7  C. 
12.15 

16/3/03 60-7 

15-9  C. 

17-4 

17-2 

16-8 

5-20 

5-30 5-40 
5-50 

5-60 5-70 
5-80 

5-90 
6-00 

8-0 

18-5 

290 

400 

50-8 

60-5 69-8 

79-8 89-8 

1-5471 

■1067 
■4487 

1-02481 1-02515 1-92743 

171 

5-60 

49-6 

2-1025 

J    8.45 Surface 300 

29-9 

-1-2  C. 

Stopped          for 
sounding      in 

open  pool Reeve's    French 
blue 

11.35 

17/3/03 
51-0 

10-6  C. 111 

11-2 

11-4 

5-40 
5-50 
5-60 
5-70 

5-80 5-90 
6-00 

6-10 

6-20 

7-0 

18-5 

29-5 

400 

50-6 61-0 

71-8 82-5 

930 

1-5471 

■0702 ■4568 

1-02606 1-02518 1-02745 

11-25 

5-80 

50-5 

2-0741 

1    9.45 2050 
29-8 

31-23 
-0-42  C. 

Large  Buchanan- 
Richard  water- bottle 

Thermometer  No. 
102,504 

Tested        by 

7.5 18/3/03 

650 

18-3  C. 

16-6 

16-5 

5-30 
5-35 5-40 

5-45 5-50 

5-55 

5-5 

10-3 

160 

21-3 

26-2 

31-5 

W.  S.  B. 

16-5 

5-60 
5-65 
5-70 

35-8 

41-2 

46-5 

1-5471 

■1033 
■2352 

1-02547 
1-02570 1-02796 

16-55 

5-50 

260 

1-8856 

B|    9.50 2533      29-8 
31-06 

Large  Buchanan- 7.50-8.15 

65-2 

16-5 

5-30 

3-2 

-0-53  C. 

Richard  water- 
bottle 18/3/03  \18-4C. 

5-35 5-40 

90 150 

Thermometer  No. 

5-45 

200 

102,509 

16-5 

5-50 

25-5 

1-5471 

Tested       by 

5-55 

31-5 

■1033 

i 

W.  S.  B. 

16-6 

5-60 

36-6 

■1818 

1-02550 1-02573 1-02798 

16-55 

5-45 

201 

1-8322 

1  soc EDIN., VOL.  LI 
[,  PA 

RT  I  ( 

NO.  < 1)- 
18 
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Da 

Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Deter nination 

if  the  Density  of  the 

te(:E.) Position  (L.) Depth 
in  Fal  hums. 

Temperature 
at  tune  of 

Collection  of 

Temperature 

during 

Experiment. 
Weights 
added 

Read- 

Volume 

of  i  m- 

mersed 

Density 

(Densitj 
Wafer; 

a 
E 

"8 

Month. Day. Ilour. Lat. 
Long. 

D. 

d. 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 

Date. 
to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion 

of 

Hydro- 

meter of 
Sea 

from 

which the 
Sample 

was 

T'. 

t'. 

Ob- 

served T. 
t. 

V, 

- u 

6 

at 

Posi- 
tion 

of the 

of 

the 

of 

the 

of 

the 

centims.) 

at  t'. 

v. 

« ^ 

L. 

looted. Air. Water. 

Air. 

°F. 

Sample. 

°  C. 

w. 

R. 
V. 

4  St\ 

if 

1903. o      / o       / 

0  F. 

°F. 

309 289b Mar. 16 9.55 
2550 Same as  289a 

Sounding-tube 
8.30 

18/3/03 

62-2 

16-8  C. 

15-6 

5-30 
5-35 

5-40 

3-0 

8-2 
14-0 

5-45 

19-8 

1-5471 
5-50 

25-0 

■0973 

15-6 

5-55 

30-2 

■1511 

1-02557 

15-6 

5-425 

16-7 

1-7955 

i 

309 290 Mar. 
16 20.0 

Surface 

29-0 
28-9 

-1-7  C. 

Steaming  through 

pancake    ice ; some  in  sample 

15.50 

17/3/03 

52-8 

11-6  C. 

15-7 

15-3 

15-3 

5-05 5-15 
5-25 

5-35 
5-45 
5-55 

5-65 

4-0 

14-0 

25-5 
36-0 
46-5 

56-5 66-0 

1-5471 

■0967 
•3211 

102420 

15-5 

5-35 

35-5 

1-9649 

I 

310 291 Mar. 
17 8.0 

Surface 

29-9 29-7 

-1-3  C. 

Outside  edge  of 

pack 

Reeve's  
  
French blue  (light) 

16.20 

55-8 

13-2  C. 

17-9 

17-4 

17-2 

5-20 
5-30 
5-40 
5-50 
5-60 
5-70 

5-80 

11-6 

22-0 

32-0 

44-0 
54-0 
62-0 

74-0 

1-5471 

■1095 ■3872 

1-02450, 
17-55 

5-50 

42-8 

2-0438 

1 

311 292 Mar. 17 12.0 63    8S. 42  30  W. Surface 

25-8 28-9 

-1-7  C. 

Steaming  through 

pancake    ice ; 
some             in sample 

Reeve's    French blue  (light) 

9.30 

18/3/03 

57-0 

13-9  C. 

17-5 

17-1 16-9 

5-10 

5-20 
5-30 5-40 

5-50 
5-60 
5-70 6-0 

16-2 26-8 

37-0 48-8 
58-6 

68-8 

1-5471 

■1073 ■3392 

1-02431 

17-2 

5-40 

37-5 

1-9936 

1 

312 293 Mar. 

17 
16.0 Surface 

22-0 29-5 

-1-39  C. 
Just        stopped 

for     sounding 
outside  edge 

10.30 

18/3/03 

60-0 

15-6  C. 

16-9 

16-8 

16-8 

5-15 5-25 

5-35 5-45 

5-55 
5-65 5-75 

2-5 

130 

24-5 

35-0 46-0 

56-5 

66-5 

1-5471 

■1051 
■3157 

1-02474 
16-85 

5-45 

34-9 

1-9679 

!■ 

312 294 Mar. 
17 

16.55 
1456 

21-0 
31-3 

-0-39  C. 

Buchanan-Rich- 

ard        water- 
bottle Thermometer  No. 

102,504 

11.0 

18/3/03 

60-9 

16-1  C. 

16-1 

15-8 

15-6 

5-30 

5-40 5-50 5-60 

5-70 

5-80 5-90 
6-00 

4-5 

15-2 26-0 

36-8 47-0 

57-6 
67-0 

77-5 

1-5471 

■0989 
■3745 

I  02554 
15-85 

5-65 

41-4 

2-0205 

H 

312 295a Mar. 

17 

17.li 
L939 

21-0 33-44 

0-80  C. 

Large  Buchanan- Richard  water- 

bottle Thermometer  No. 
102,509 

11.30 

18/3/03 

56-6 

13-7  C. 

15-4 

15-1 

14-8 

5-40 

5-45 5-50 

5-55 5-60 

5-65 
5-70 
5-75 5-80 

11-0 16-0 

21-5 
26-8 

320 

37-2 
42-5 47-6 

53-0 

1-5471 

■0942 

•2895 

77-  7 

r,  ,;n 

32-0 

1-9308 
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Data  Relating  to  the  Collection  of  the  Sample. 

»a 

Hour, 

1     17.0 

17.30 

17.40 

17.50 

10.10 

10.15 

Position  (L.) 

Lat. Lorn; 

Depth 
in  Fathoms. 

D. d. 

of 
Sea 
at 

Posi- tion L. 

from 
which 
the 

Sample 

was 

col- 

lected. 

Temperature 
at  time  of 

Collection  of 
Sample. 

of the Air. 

195G 

100 

500 

1000 

1758 

1775 

Same 

21-0 

20-9 

20-9 

29-8 

Same 

of 
the 

Water. 

o  p_ 

as  295a 

30-62 

-0-79  C 

32-73 0-40  C 

32-95     ■ 0-53  C. 

3102 -0-55  C. 

as  299a 

Colour  of  Water, 
Current,  and 
Remarks. 

Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

Time 

and 
Date. 

Sounding-tube 

Large  Buchanan- Richard-water 
bottle 

Thermometer  No. 
102,513 

Large  Buchanan- Richard  water 

bottle 
Thermometer  No 

102,504 

Large  Buchanan- 
Richard  water- 
bottle 

Thermometer  No 
102,509 

Large  Buchanan 
Richard  water- 
bottle 

Thermometer  No. 
102,504 

Sounding-tube 

14.0 

18/3/03 

Temperature 

during 

Experiment. 

T'. 

of 

the 
Air. 
F. 

54-3 

12-4  C. 

14.30 

18/3/03 

15.0 

18/3/03 

15.50 

18/3/03 

10.25 
19/3/03 

12.20 

of 
the Sample, 

Weights 
added 

to 

Hydro- 

meter 

(grams). 

55-3 

12-9  C 

55-4 

130  C 

55-0 

12-8  C 

54-7 12-6  C 

56-4 

13-6  C, 

°C. 

14-0 

13-0 

13-8 

14-8 

14-7 

14-6 

14-7 

15-9 

15-4 
151 

15-5 

15-2 150 

14-8 

15-0 

13-0 

13-2 

13-4 

13-2 

13-3 

13-2 

13-25 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

R. 

Density  of  Sample. 

(Density  of  Distilled 
Waterat4°C.  =  l.) 

Ob- 

served 

at  t'. 

Reduced 
to 

15°-56C. Reduced 

to 

5-35 

5-40 
5-45 5-50 
5-55 
5-G0 

5-65 

5-50 
5-30 
5-40 
5-50 

5-60 5-70 

5-80 5-90 

6-00 

6-10 

4-2 

100 

15-0 

200 

25-6 

30-6 
35-8 

5-  70 
5-30 
5-40 
5-50 
5-60 
5-70 
5-80 5-90 

6-00 
6-10 

5-  70 

5-30 
5-40 
5-50 5-60 

5-70 

5-80 
5-90 

6-00 6-10 

5-70 

5-40 
5-50 
5-60 

5-70 

5-80 

5-90 6-00 

6-10 6-20 

5-  80 

5-35 
5-40 

5-45 5-50 

5-55 5-60 

5-65 

5-50 

20-2 

10 

ll-(i 
22-5 

330 

44-0 

53-4 03-5 

74-2 

85-0 

43-1 

2-0 

12-2 
23-2 

33-8 
44-8 54-0 

63-5 

74-8 84-8 

43-7 
0-5 

110 

22-0 

32-8 
43-6 

54-0 

04-5 

75-0 84-0 

43-1 

40 

150 

20-0 

37-0 
48-0 

58-5 
69-5 

79-8 90-0 

47-5 

00 

5-2 

10-8 

16-7 

21-8 

26-8 
32-0 

16-2 

1-5471 

■0861 
■1827 

1-8159 

1-5471 

■0917 

■3899 

1-02587 

2-0287 

1-5471 

■0967 

■3953 

2-0391 

1-5471 
■0936 ■3899 

2-0306 

1-5471 

■0824 
■4297 

2-0592 

1-5471 

■0827 
•1465 

1-7763 

1-02548 

1-02577 

1-02571 

1-02576 

1-02614 

1-02609 

1-02558 

1-02775 

1-02570 

1-02564 

1-02565 

1-02786 

1-02797 

1-02792 

1-02792 

1-02560    1-02787 



I--         DR   W.   S.   BRUCE,   MR  A.   KING,   AND  MR  D.    VV.   WILTON   ON  THE   TEMPERATURES,   SPECIFIC  GRAVITY 

c 

_o DO 

"3 

"5. 

S a CO 

o 

Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 
ol  the  Density  of 

MlV 

Date(E.) Position  (L.) Depth 
in  Fathoms. Temperature 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, ('uncut,  and 

Kemarks. 

Time 

and Dale. 

Temperature 

during 

Experiment. 

Weights 
added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Den 

(Den 
Month. Day. Hour. Lat. 

Long. 

D. 
d. 

Wateril ; 

of 
Sea 

from 
which 
the 

Sample 
was 

Col- 

lected. 

T'. 
t'. 

Ob- 

served 

  ' 

T. t. 

it o 
XI a 
3 

a 

X) E 
3 

at 

Posi- tion 

of 
the 

of 

the 

of 
the 

of 
the 

att'. 

fe fc L. Air. Water. 
Air. Sample. 

w. 

R. 

V. 

4  «t'. 

»Sr 

1903. o      / 0          / 
i 

o  F_ 

o  p 

°F. 

°C. 

313    300     Mar. 18 11.10 

500      29-5 
32-54 Large  BuchananH 11.12 

57-0 13-0 

5-40 

30 
0-30  C. 

Richard  water- 
19/3/03 

13-9  C. 

5-50 

14-5 

bottle 

5-60 

26-0 Thermometer  No. 

5-70 

37-0 

102,509 

13-4 

13-6 

5-80 

5-90 6-00 

6-10 6-20 

47-8 

58-6 69-2 

800 

91-0 

1-5471 

■0830 ■4297 

1-02614 

13-3 

5-80 

47-5 

2-0598 

313 301     Mar. 18 11.20 t 1000 

29-5 

31-68 
Large  Buchanan- 

6.30-6.52 

60-0 
14-7 

5-35 

3-2 

-0-18  C. 

Richard  water- bottle 

Thermometer  No. 

102,513 Tested       by 

W.S.  B. 

20/3/03 

15-6  C. 

60-0 

15-6  C. 14-9 

15-0 

5-40 
5-45 
5-50 
5-55 5-60 

5-65 5-70 

5-75 

9-0 

13-7 

200 

25-6 

30-5 

36-2 

42-0 48-0 

1-5471 

•0927 
■2298 

14-85 

5-55 

25-4 

1-8696 1-02584 

313 302 Mar. 18 11.25 1500 

29-5 

31-23 
-0-42  C. 

Large  Buchanan- 
Richard  water- 
bottle 

Thermometer  No. 
102,504 

Tested      by 

W.  S.  B. 

7.7-7.30 
20/3/03 

14-4 

14-4 

14-7 

5-40 

5-45 
5-50 

5-55 

5-60 
5-65 
5-70 

5-75 5-80 

7-0 

12-2 17-0 
23-5 

26-2 
32-6 38-0 

43-5 

500 

1-5471 

■0908 
•2515 

1-02600 

14-55 

5-60 

27-8 

1-8894 

313 303 Mar. 18 12.0 Surface 

29-3 29-6 

-1-3  C. 

In     open    pool, 
trawling 

Ice    spicules    in sample 

Reeve's    French 
blue 

Tested      by 

W.S.  B. 

7.35-7.55 20/3/03 

60-3 

15-7  C. 

14-5 

14-6 

14-8 

5-20 

5-25 
5-30 5-35 

5-40 5-45 
5-50 

5-55 5-60 

50 

10-0 

15-2 20-5 
26-5 

31-2 37-0 

430 

49-0 

1-5471 

■0914 
■2388 

1-02491 

14-65 

5-40 

26-4 

1-8773 

314 304 Mar. 
19 8.0 Surface 

26-0 

29-0 

-1-7  C. 

A  few  ice  spicules in  sample 

Reeve's    French 
blue 

10.0 24/3/03 

48-4 

91  C. 
8-8 

9-2 

5-35 

5-45 
5-55 
5-65 
5-75 3-8 

14-3 
25-6 
36-5 

47-3 

1-5471 

■0562 ■2307 

1-02604 
9-0 

5-55 

25-5 

1-8340 

315 305 Mar. 
19 12.0 312 

Bcttom 
at  327 

26-2 

31-81 
-011  C. 

Large  Buchanan- 
Richard  water- bottle 

10.15 24/3/03 

53-1 

11-7  C. 
9-4 

5-50 
5-60 5-70 

4-9 

15-9 

27-0 

fms. Thermometer  No. 

102,504 

, 

9-7 

5-80 5-90 

6-00 

6-10 
6-20 380 

48-9 

59-9 

70-3 

81-0 

1-5471  ' 

■0605 

100 

6-30 

91-0 

■4387 

1-02677 

9-7 

5-90 

48-5 

20463 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination Df  the  Density  of  the  Sample. 

1 (E.) Position  (L.) Depth Temperature Temperature 
Volume Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 

during 

Experiment. Weights 
added to 

Read- 

ing 

of 

Hydro- 

meter. 
of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(Density  of  Distilled 
Water  at4°C.  =  l.) 

D. 
d. 

,iy. Hour. Lat. Long. 
of 

Sea 
at 

Posi- 
tion 

from 
which 
the 

Sample 

was 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

T'. of t'. 
Hydro- 

meter 

(grams). 

Ob- 

served 
il. 

T. 
t. 

Reduced 

to 

15°-56C. Reduced 

to 
t. 

of 
the 

of 
the 

of 
the 

centims.) 

the L-     Iected. Air. Water. Air. Sample. w. R. 

V. 4St\ 

4^15°'56. 
4St. 

o      / o       / 

o  p_ 

o  p 

0  F.          °C. 
9 12.0 Surface 

20-2 

300 -hi  C. 
In     open     pool 

outside  edge  of 
10.45 

24/3/03 
55-2           9-8 12-9  C. 

5-50 
5-60 

21-1 

32-2 

pack 

5-70 

43-2 

1-5471 

Reeve's    French 

5-80 

54-0 

■0624 

blue 

10-2 

5-90 

650 

■3899 

1-02593 
1-02485 1-02709 

100 

5-70 

43-1 

1-9994 

9 12.25 100 

26-2 
31-4 

-0-33  C. 

Large  Buchanan- 
Richard  water- 

11.0 

24/3/03 55-7 

13-2  C. 9-5 

5-50 5-60 

6-5 

17-7 
bottle 

5-70 

28-7 
Thermometer  No. 

5-80 

39-9 

102,513 

■ 

100 

10-2 

5-90 

600 

6-10 

6-20 6-30 

50-8 

61-2 

71-9 
82-2 

89-9 

1-5471 

■0615 •4514 

1-02669 1-02557 1-02783 9-85 5-90 

49-9 

2-0600 

9 12.30 
200 

26-2 

31-91 
-0-06  C. 

Large  Buchanan- 
Richard  water- 
bottle 

Thermometer  No. 

102,504 

11.30 

24/3/03 

56-1 

13-4  C. 
9-8 

10-2 

10-6 

5-50 

5-60 5-70 

5-80 

5-90 6-00 
6-10 

6-20 6-30 

61 

16-9 

27-9 
38-8 49-9 
60-7 

71-2 

82-0 

92-3 

1-5471 

■0636 
■4478 

1-02670 1-02564 1-02789 

10-2 

5-90 

49-5 

2-0585 

9 12.35 
25 

27-0 
29-12 
-1-6  C. 

Large  Buchanan- 
Richard  water- bottle 

12.0 

24/3/03 

57-5 

14-2  C. 

10-4 

5-40 5-50 
5-60 

6-0 

17-1 
28-2 

Thermometer  No. 

5-70 

39-4 

102,513 

10-7 

10-8 

5-80 

5-90 6-00 
6-10 
6-20 

50-8 
61-4 

71-7 82-0 

92-8 

1-5471 

■0661 
•4514 

1-02611 
1-02512 1-02740 

10-6 

5-80 

49-9 

2-0646 

J 12.40 50 

27-0 

29-86 -1-19  C. 

Large  Buchanan- 
Richard  water- 
bottle 

Thermometer  No. 
102,504 

14.15 

24/3/03 

50-0 

100  C. 

10-0 

10-2 

10-5 

5-45 
5-55 

5-65 
5-75 

5-85 
5-95 

6-05 
6-15 
6-25 

5-1 
16-5 

27-1 38-6 

49-6 

60-1 

70-6 

79-8 
90-2 

1-5471 

■0640 
■4396 

1-02647 
1-02542 1-02770 

10-25 

5-85 

48-6 

2-0507 

) 16.0 Surface 

28-1 29-1 

-1-6  C. 
Reeve's  French 

blue 
13.45 

24/3/03 

45-0 

7-2  C. 

9-6 

9-6 

5-50 
5-60 

5-70 

5-80 
5-90 

22-2 

330 

43-9 54-9 

65-6 

1-5471 

■0599 
■3971 

1-02591 1-02475 

102701 9-6 

5-70 

43-9 

20041 
) 12.0 Surface 311 

29-4 

-1-4  C. 
Outside  edge  of 

pack 

Ice   spicules  
  
in 

14.0 
24/3/03 

47-3 

8-5  C. 

9-8 

5-50 

5-60 5-70 

34-5 45-0 55-7 

1-5471 

sample 

5-80 

66-0 

•0612 

Reeve's  French 

9-8 

5-90 

76-5 

■5030 

blue 

9-8 

5-70 

55-6 

21113  1 1-02530 

1-02417 

1-02639  \ 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 

}f  the  Density  of  the  Samplt 

Date(E.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  i  m- 

mersed Portion 

of 

Hydro- 

meter 

Densi  i 

d 

_o 
w 

*o 

u o — 
E 
3 

V 

— 
E 
a CO 

"3 

h 
— 
E 
3 

at  time  of 
Collection  of Sample. 

Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 
Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Dig 

Month. Day. Hour. Lat. 
Long. 

D. 
d. 

Water 

of 

Sea at 

Posi- 

tion 

from 
which 
the 

Sample 

was 

T'. 

of 
the t'. 

of 
the 

Ob- 

served 
T. 

I. 

l" 

of 
the 

of 
the 

(cub. 

centims.) 

is S« L. lected. 
Air. 

Water. 
Air. 

Sample. w. R. 

v.     1   4st,. 

1903. 
1 

o        /                      or 
I 

°F. 

°F. 

°F. 

°c. 

820 313 Mar. 22     12.0 Lewthwa  ite  Chan- Surface 24-7 
300 

Reeve's  French 14.40 

53-2 
10-2 

5-50 

26-3 

nel,  South Orkneys. 

-11  C. 

blue 24/3/03 

11-S  C. 

5-60 

37-0 

5-70 

47-9 

1-5471 
5-80 

58-7 

■0643 

10-4 

5-90 

69-5 

■4333 

1-02568 

10-3 

5-70 

47-9 

2-0447 

321 314 Mar. 
23 

10.15 Surface 

23-0 
29-8 

-1-2G. 

Reeve's  French 
blue 

15.0 

24/3/03 

54-2 

12-3  C. 

10-2 

10-5 

5-50 
5-60 

5'70 
5-80 5-90 

25-0 
35-7 
46-8 

57-1 
67-6 

1-5471 

■0646 
•4197 

1-02575 

10-35 

5-70 

46-4 

2-0314 

322 315 Mar. 
25 

9.0 Surface 

31-0 29-5 

-1-4  C. 

Open  water,  no 
ice    anywhere 
near 

Reeve's    French blue  (pale) 

10.15 

2/4/03 
56'2 

13-4  0. 

10-7 

11-0 

11-2 

5-30 
5-40 

5-50 
5-60 
5-70 

5-80 

5-90 6-00 

610 

3-8 

14-7 25-7 

36-6 
47-6 

58-0 

68-2 

78-9 

89-7 

1-5471 

•0683 ■4252 

1-02570 

10-95 

5-70 

47-0 

20406 

323 31G Mar. 
25 

12.0 Abreast 
Island 
Orkne 

Murray 

s,  South 

ys- 

Surface 

30-5 
29-8 

—1-2  C. 

Reeve's  French blue 
10.40 

2/4/03 57-3 

14-0  C. 

10-6 111 

10-9 

5-30 

5-40 5-50 
5-60 

5-70 5-80 5-90 

6'00 

6-10 

5-6 

16-7 
28-0 

39-0 
50-0 

60-6 

70-3 

80-0 91-8 

1-5471 

■0671 
■4442 

1-02560 

10-75 

5-70 

491 

2-0584 

i-om  i 

325 317 June 11 
14.0 

Bay  A, 
Orkn Soul  ii 

eys. 23-2 
28-9 

-1-7  C. 

Sample       taken from     freshly 

dug     hole    in 

bay  ice 

10.30 

14/6/03 

48-8 

9-3  C. 

7-5 

7-8 

7-9 

5-50 

5-60 

5-70 

5-80 

5-90 
6-00 6-10 
6-20 

6-30 

12-0  ' 

230 
340 

44-7 

55-0 

65-2 

74-8 

85-5 

96-3 

1-5471 

■0480 
■4930 

1-02653 
7-7 

5-90 

54-5 

2-0881 

325 318a June 
11 

Upper  surface  of  a  piece  of  ice  23 
inches  thick  taken  from  a  hole 
in  ice  in  Bay  A. 

Temperature  taken,  after  some  of 
the  ice  had  been  melted,  with 
thermometer  belonging  to  No. 
14  hydrometer. 

23-6 

0-3  C. 

11.35 14/6/03 

51-4 

10-8  C. 
8-9 

91 

0-90 

1-00 1-10 

1-20 
1-30 

1-40 
1-50 

1-60 

4-0 

14-5 
25-8 

36-7 47-8 
58-7 

69-5 
80-1 

1-5471 

■0568 

9-3 

1-70 

89-9 

•4288 

91 

1-30 

47-4 

2-0327 

1-0,0157 

won 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

( E.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 

Density  of  Sample. 

at  time  of 

during 

Experiment. 
Weights 

Read- 

(Density of  Distilled 
Collection  of 

added 
Water  at  4°  C.  =  l.) 

j.  Hour. 
Long. 

D. 
d. Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and 
Date. 

to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion 
of 

Hydro- 

meter 

(cub. 

centims.) 

of 

Sea 

from 
which the 
Sample 

was 

col- 

lected. 

T'. 
t'. 

Ob- 

served 
Reduced 

to 

Reduced 

to 1 

T. 

t. 
Lat. at 

Posi- 
tion of 

the 
of 
the 

of 
the 

of 
the 

at  t'. 

15°-56C. 

t. 

L. Air. 
Water. 

Air. 
Sample. 

w. R. V. 

4  St'. 

4  °  l5°-56. 

4  St. 

O        /                          o         - 

o   F> 

°C. 

o  F 

°C. 

..'  i] 
Same    as    318a,    second At  14.3  0  1 

0-2 
Taken  in  labora- 

10.5 

54-3 

8-85 0-75 

1-2 
inciting. 

tory  (more  ice 
15/6/03 

12-4  C. 

0-85 

14-2 

Temperature  taken  with than  water  in 

0-95 

26-0 

thermometer  belonging 
sample) 

1-05 

37-1 

to  No.  25  hydrometer. At  14.4 

At  16.1 

At  19.0 

5  hrs. 

5  hrs. 

hrs. 

0-0 

0-0 

0-2 

Taken      outside 

(more  ice  than water  in  sample) 

Taken  in  labora- 

tory 

Do.         do. 
Tested  by  W.S.B. 50-9 

10-5  C. 

9-4 

1-15 

125 
1-35 
1-45 1-55 

46-2 

58-2 71-0 82-0 

92-8 

1-5471 

■0568 
■4306 

9-1 

1-15 

47-6 

2-0345 

100074 

0-99996 

i 
Tested  by  W.  S.  B.  at  10.5-10.25 

■,    . 
,  , 

54-3 

8-85 

0-75 

1-2 
on  15th  June  1903. 

12-4  C. 

521 11-2  0,. 
9-3 

0-80 

0-85 0-90 
0-95 1-00 

1-05 1-10 

115 

8-0 

14-2 
20-2 26-0 

32-0 

37-1 41-5 

46-2 

1-5471 

■0566 ■2280 

9-05 0-95 

25-2 

1-8317 1-00076 0-99997 

ie  1  J Middle  part  of  the  same  piece 
23-6 

-0-2 
11.0 

51-4 

7-2 

2-10 

110 

of  ice  as  sample  318a  taken 14/6/03 
10-8  C. 

2-15 

16-3 

from. 

2-20 

21-9 

First     melting.       Temperature 

2-25 

27-3 

taken  with  thermometer  be- 7-7 

2-30 

32'7 longing  to  No.  14  hydrometer. 

2-35 

38-2 

2-40 

43-9 

1-5471 2-45 

49-3 

■0474 

8-0 

2-50 

54-8 

■2967 

1-00785 1-00680 

7-6 

2-30 

32-8 

1-8912 

"'    i Same     as    319a,   second At  14.3 0  hrs. 

-0-2 

Taken  in  labora- 11.15 

56-3 

10-2 

1-40 

5-0 

melting. tory  (more  ice 15/6/03 
13-5  C. 

1-50 

16-2 

Temperature  taken  with than  water  in 

1-60 

28-2 

thermometer  belonging 

sample) 

1-70 

40-8 

to  No.  25  hydrometer. At  14.4 5  hrs. 

-0-3 

Taken      outside 

(more  ice  than water  in  sample) 

1-80 
1-90 

200 
500 

63-0 

75-2 

1-5471 

■0646 

At  16.1 0  hrs. 

-0-2 

Taken  in  labora- 

tory 

55-0 

12-8  C. 

10-5 

2-10 

85-8 

•4116 

At  19.0 
hrs. 

-0-1 

Do.         do. 
Tested  by  W.S.B. 

10-35 

1-75 

45-5 

2-0233 
1-004096 1-003366 

Tested  by  W.  S.  B.  at  11.15-11.34 

56-3 10-2 

1-50 

16-2 

on  the  15th  June  1903. 
13-5  C. 

53-9 

12-2  C. 

10-4 

1-55 1-60 
1-65 
1-70 

1-75 1-80 

1-85 1-90 23-6 

28-2 

350 

40-8 

46-2 

500 

56-0 
63-0 

1-5471 

■0643 

■3609 

10-3 

1-70 

39-9 

1-9723 

1004103 

1-003373 

Bottom    surface    of    the    same 
23-6 

-0-4 
12.0 

51-1 

9-4 

1-90 

5-2 

piece   of  ice   as  samples  318 

14/6/03    10-6  C. 

2-00 

16-3 

and  319  taken  from. 
210 

27-0 First      melting.       Temperature 

2-20 

38-5 

taken   with   thermometer  be- 9-6 

2-30 

49-5 ■ 
longing  to  No.  14  hydrometer. 9-7 

2-40 
2-50 
2-60 

60' 6 

71-0 
81-8 

1-5471 

■0596 

■3953 

1-00696 
9-55 

2-25 

43-7 

2-0020 1-00610 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Samr 

Date(E.) Position  (L.) Depth 
Temperature Temperature 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  5 

c 

"3 

u 
— 
£ 
3 

"E. 

a rt f. 

• — 
O 
u 91 

-a a 
3 

at  time  of 
Collection  of 

Sample. 

Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 

Date. 

during 

Experiment. 

Weights 
added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Den^ 

Month. Day. Hour. Lat. 
Long. 

D. 

d. 

Water  at  ¥  ( 

of 
Sea 
at 

Posi- 
tion 

from 
which 
the 

Sample 

was 
T'. 

of 

the 

t'. 

Ob- 

served 

at  t'. 

T. 

t. 
to 

of 
the 

of 

the 

of 
the 

z, X L. leeted. 

Air. 

Water. 
Air. 

Sample. w. R. V. 4St,. 

1903. o      /                 o      /                                                  o  p_ 

°C. 

°  F. 

°C. 

1 
325 320b June 

11 
Same  as  320a,  second  melting. 

-0-25 

Very  little  ice 
11.50 

56-0 

9'6 

1-45 

2-8 

Temperature  taken  with  thermo- 
in sample 

15/6/03 

13-3  C. 

1-55 

13-8 

meter   belonging    to    No.    25 

1-65 

24-0 hydrometer. 

56-3 

13-5  C. 

.  10-6 

1-75 1-85 

1-95 2-05 

2-15 
2-25 

35-2 

47-2 

58-8 

71-0 

82'0 

930 

1-5471 

■0630 

■4297 

i 

10-1 

1-85 

47-5 

2-0398 
1-00455 

325 320b Tested  by  W.  S.  B.  at  11.50-12.7 
on  the  15th  June  1903. 

•  • 

«e» 

56-0 

13-3  C. 

9-6 

10-4 

1-45 
1-50 

155 

1-60 

1-65 
1-70 

1-75 

1-80 

1-85 

2-8 

9-5 

13-8 
17-4 
24-0 

30-3 
35-2 
43-2 

47-2 

1-5471 

■0624 

•2243 

1-00459 

10-0 

1-65 

24-8 

1-8338 

325 318a June 
11 Upper  surface  of  a  piece  of  ice 

23  inches  thick  taken  from  a 
hole  in  ice  in  Scotia  Bay. 

Temperature  taken,  after  some  of 
the  ice  had  been  melted,  with 
thermometer  belonging  to  No. 

23-6 

03 Tested 

again  at 

11.20 

30/11/03 39-0 

3-9  C. 

4-1 

4-2 

1-00 

110 

1-20 

1-30 
1-40 

14-0 
24-5 

36-0 

47-2 
58'0 

1-5471 

■0259 ■3248 

14  hydrometer. 

4-15 1-20 

35-9 

1-8978 1-00177 

325 318b June 11 Same  as  318a,  second  melting. 

Temperature  taken  with  thermo- 
meter   belonging    to    No.    25 

hydrometer. 

0-3 Tested 

again  at 
11.45 

30/11/03 
39-2 

4-0  C. 4'0 

4-1 

0-80 

0-90 1-00 

1-10 
1-20 

11-0 

22-2 

33-5 

44-0 

55-0 

1-5471 

■0253 ■2994 

1-00081 

4-05 1-00 

33-1 

1-8718 

325 319a June 11 Middle  part  of  the  same  piece  of 
ice  as  sample  318a  taken  from. 

First      melting.       Temperature 
taken   with   thermometer  be- 

longing to  No.  14  hydrometer. 

23-6 

-0-2 

Tested 

again  at 
11.55. 

30/11/03 
39-8 

4-3  C. 4-0 

4-1 

2-10 
2-15 2-20 
2-25 
2-30 

9-2 
14-5 

19-8 24-8 
304 

1-5471 

■0253 
■1782 

1-00808 

4-03 2-20 

19-7 

1-7506 

325 319b June 11 Same  as  319a,  second  melting. 

Temperature  taken  with  thermo- 
meter   belonging    to    No.    25 

hydrometer. 

-0-2 

Tested 

again  at 12.5 30/11/03 

39-8 

4-3  C. 

4-2 

4-3 

1-50 
1-60 
1-70 
1-80 
1-90 

18-0 28-5 

39-5 50-0 

61-0 

1-5471 

■0265 ■3564 

100434 

;•«.»; 

4-25 1-70 

39-4 

1-9300 

325 320a    June 11 Bottom  surface  of  the  same  piece 
of  ice  as  samples  318  and  319 

23-6 

-0-4 

Tested 

39-9 

4-2 

2-00 

12-5 

again  at 

4-4  C. 

210 

24-0 
taken  from. 13.20 

2-20 

350 

1-5471 

First      melting.       Temperature 30/11/03 

2-30 

46-0 

■0268 

taken   with    thermometer   be- 4-4 

2-40 

57-0 

■3157 

longing  to  No.  14  hydrometer. 4-3 

2-20 

34-9 

1-8896 

100731 
320b June 

11 
Same  as  320a,  second  melting. 

Temperature  taken  with  thermo- 
meter   belonging    to    No.    25 

hydrometer. 

-0-25 

Tested  • 
again  at 13.40 
30/11/03 

40-1 

4-5  C. 

4-2 

4-4 

1-50 
1-60 
1-70 

1-80 
1-90 

9-5 

200 

30-5 41-2 
52-2 

1-5471 

■0268 
■2777 

4-3 

1-70 

30-7 

1-8516  j 

1-00477 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

3.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

Density of  Sample. 
at  time  of 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 

Time 
and 

during 

Experiment. 

Weights 
added 

to 

Hydro- 

meter 

Read- 

ing 

of 

Hydro- 

(Density of  Distilled 
Water  at  4°C.  =  1.) D. 

a. 

of from 

T'. t'. 

1 
Reduced 

T. 

Ob- 

Reduced 

.  Hour. Lat. Long. Sea 
which 
the 

Sample 
was 

col- 

lected. 

t. 

Remarks. Date. 

(grams). 

meter. 
meter 

(cub. 

centims.) 
served to to 

at 

Posi- tion of the 
of 
the 

of 
the 

of 

the 
1 

at  t'. 

15°-56C. 

t. 

L. Air. Water. 
Air. 

Sample. w. 

R. 

V. 

i&V. 

4  S  15°  56. 

«st 

c        , o        , 

oF 

o    p_ 

°F. 
°C. 

Water  fr am  humm Bay. sckin Scotia 9.0 

30/11/03 

39-8 

4-3  C. 

40 

4-1 

0-70 

0-80 
0-90 

100 110 

7-0 

17-5 

28-5 

390 

49-8 

1-5471 

■0253 

■2569 

1-00049 0-99951 4-05 0-90 

28-4 

1-8293 

12.0 59  43  S. 48  10  W. Surface 
34-0 32-7 

0-4  C. Reeve's  French 
blue 

10.15 
12/12/03 

59-0 

15-0  C. 

13-6 

13-8 

5-50 

5-60 5-70 

5-80 5-90 

24-0 

35-0 45-5 

57-0 

67-5 

1-5471 

■0855 
■4143 

1-02566 1-02527 1-02747 

13-7 

5-70 

45-8 

2-0469 

18.0 59  23  S. 49    8  W. Surface 

34-3 

330 0-6  C. Pale  green 
14.0 

12/12/03 

59-2 

15-1  C. 

14-0 

14-2 

5-30 5-40 
5-50 

5-60 5-70 

7-5 

17-8 
28-5 39-0 

50-5 

1-5471 

■0880 

■2596 

1-02542 1-02510 1-02726 

14-1 

5-50 

28-7 

1-8947 

12.0 58  28  S. 51  56  W. Surface 

31-8 
33-3 

0-7  C. Pale  blue 14.20 

12/12/03 

59-8 

15-4  C. 

14-2 

14-4 

5-50 5-60 

5-70 

5-80 5-90 

30-5 42-0 

53-0 63-5 

74-5 

1-5471 

■0892 
•4767 

1-02529 1-02501 
1-02717 

14-3 

5-70 

52-7 

2-1130 

r 18.0 58    OS. 53  10  W. Surface 

33-6 35-0 

1-7  C. 
Light  blue 18.15 

13/12/03 

62-0 

16-7  C. 

15-3 

15-5 

5-30 5-40 

5-50 
5-60 5-70 

11-5 23-0 

34-5 

45-5 
55-8 

1-5471 

■0961 

•3085 

1-02510 
1-02507 1-02717 

15-4 

5-50 

34-1 

1-9517 

9.0 57  10  S. 55  35  W. Surface 

30-9 33-0 

0-6  C. Reeve's  French 
blue 

16.30 

13/12/03 
62-0 

16-7  C. 

15-4 

15-5 

5-50 5-60 
5-70 

5-80 

5-90 

35-0 45-0 

56-0 

67-5 

78-0 

1-5471 

■0964 
■5093 

1-02507 1-02505 
1-02720 

15-45 

5-70 

56-3 

2-1528 

18.0 56  54  S. 56  24  W. Surface 

30-8 
35-2 

1-8  C. 
Reeve's  French 

blue 

18.50 

13/12/03 

62-2 

16-8  C. 

15-6 

15-8 

5-50 

5-60 
5-70 

5-80 
5-90 

34-8 
45-5 56-0 67-0 

78-0 

1-5471 

■0980 
■5093 

1-02506 
1-02509 1-02717 

15-7 

5-70 

56-3 

2-1544 

10.0 55    5S. 57  25  W. Surface 
29-0 

42-2 

5-7  0. 
Dull  blue 14.40 

14/12/03 
62-0 

16-7  C. 

15-8 

15-9 

5-50 
5-60 

5-70 
5-80 5-90 

35-0 

45-5 
57-0 

67-0 

77-2 

1-5471 

•0989 

■5093 

1-02506 1-01513 
1-02683 

i 
15-85 

5-70 

56-3 

2-1553 

1     14.0 54  38  S. 57  32  W. Surface 

35-6 42-0 

5-6  C 
Reeve's  French blue 

15.0 

14/12/03 

62-0 

16-7  C 

15-8 

15-9 

5-50 
5-60 
5-70 

5-80 
5-90 

33-2 

45-0 

55-2 

66-2 

77-0 

1-5471 

■0989 ■5002 

1-02510 1-02517 
1-02688 

15-85 

5-70 

55-3 

2-1462 

f.  soc 
!.  EDIN. VOL.  L 

I,   Pi 
IRT  I 

(NO. 

4). 

19 

■ 
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Data  Relating  to  the  Collection  of  the  Sample. 

Date(E.) 

Month.  Day 

310 

348 

350    332 

330 

331 

1903. 
Dec. 

Dec. 

352 

353 

333 

334 

' 

355 

335 

Dec. 

Dec. 

Dec. 

Dec. 

Hour. 

19.0 

12.0 

Position  (L.) 

Lat. 

5  1  25  S. 

52  11  S. 

Dec.      12 

13 

14 

12.0 

12.0 

12.0 

15 

id 

Long. 

Depth 
in  Fathoms. 

of 
Sea 
at 

Posi- 
tion 
L. 

from 

which 

the Sample 

was 

col- 

lected. 

57  32  W. 

57  55  W. 

44    8S. 

42  30  S. 

40  32  S.     58  33  W 

57  30  W. 

59  18  W. 

12.0 

12.0 

38  24  S. 

Off  Cape 

Mogotes 

57  42  W, 

i  '.ii  ientea 

lightlO-20 

Surface 

Surface 

Temperature 
at  time  of 

Collection  of 
Sample. 

T. 

of 

the 
Air. 

°  F. 

33-8 

Surface 

Surface 

40-2 

t. 

of 
the 

Water. 

51-3 

53-0 

Surface 

miles 

Surface 

Surface 

distant. 

62r3 

G3-0 

°F. 

41-8 

5-4  C. 

Colour  of  Water, 
Current,  and 
Remarks. 

Data  Relating  to  the  Determination  of  the  Density  of  the  Sam* 

Time 

and 
Date. 

Temperature 

during 

Experiment. 

T'. 

of 

the 

Air. 
of 

the 

Sample. 

°  F. 

Reeve's  French        15.20     62-2 
blue  14/12/03  16-8  C. 

44-9 

7-2  0. 

49-3 

9-6  C. 

50-0 

10-0  C. 

Pale  green 

Green 

56-0       54-8 
12-7  C. 

61-8 

16-6  C. 

Pale  greenish 
blue 

Pale  pea  green 

Pale  sage  green 

02-0  Pale  green 16-7  C. 

15.40 

14/12/03 

9.45 
15/12/03 

°C. 

16-0 

1G-1 

G2-2 

16-8  C. 

61-2 

16-2  C. 

10.0       62-0 
15/12/03  16-7  C. 

10.20 
15/12/03 

14.0 

16-05 

1G-2 

1G-3 

Weights added 
to 

Hydro- 

meter 

(grams). 

16-25 

17-8 
18T 

17-95 

17-9 

18-1 

G2-0 

16-7  C 

G9-0 

20-6  C. 

1G.30     G8-0 

20-0  C. 

18-0 

18-0 

18-2 18-1 

18-4 

18-G 

18-8 

18-6 
190 

19-2 

19-4 

19-2 

5-50 
5-GO 5-70 

5-80 

5-90 

5-70 

5-50 
5-60 
5-70 

5-80 5-90 

5-70 

5-30 
5-40 5-50 

5-60 5-70 

Read- 

ing 

of 

Hydro- 

meter. 

R. 

340 

45-5 

5G-2 

GG-5 

77-0 
55-8 

40-0 

50-2 

Gl-0 

72-0 

82-5 

5-50 

5-30 

5-40 
5-50 

5-60 
5^70 

5-50 

5-30 5-40 

5-50 
5-60 
5-70 

61-1 

19-5 
30-8 
41-8 
52-5 

63-0 

41-5 26-0 

37-2 

48-5 
59-5 

70-0 
48-2 

27-5 38-8 
50-0 GO-8 

72-0 

5-50 

510 

5-20 
5-30 
5-40 5-50 

5-60 5-70 

5-80 5-90 

5-50 

5-10 

5-20 
5-30 

5-40 

5-50 5'60 
5-70 5-80 

5-90 

5-50 

49-8 
8-2 

19-0 

30-5 
41-0 
52-0 

G2-5 

73-5 

84-0 

94-2 

51-7 

9© 

20-0 

30-8 
41-5 

52-8 

G3-5 

74-2 

85-0 

95-2 

52-4 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

1-5471 

■1001 
■5048 

2-1520 

1-5471 

■1014 

■5527 

2-2012 

1-5471 

■1120 
■3754 

Derail 

(Densii 

Watei 

Ob- 

served 

at  t'. 

Redu 

isf.   \A 

102507 

1-02480 

20345 

1-5471 

■1123 
■4360 

2-0954 

1-5471 
■1129 

■4505 

21105 

1-02464 

l-ir; 

H 

1-02429 

1-02421 

1-5471 

■1161 

■4677 

2-1309 
1-02409 

1-5471 

■1198 

■4740 

21409 
1-02404 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

3.) Position  (L.) Depth 
Temperature Temperature Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 
at  time  of 

during 

Weights 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 

.  Hour. Lat. Long. 

D. 

d. 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 

Date. 

Experiment. added 
to 

Hydro- 

meter 

(grams). 

Water  at  4°C.  =  1.) 

of Sea 

from 
which 
the 

Sample 
was 

col- 

lected. 

T. 

t. 

T'. 

t'. 

Ob- 

served 
Reduced 

to 
Reduced 

to 

D 
at 

Posi- tion of the 

of 

the 

of 
the 

of 
the 

at  t'. 

15°-56C. 

t. 

L. Air. Water. 
Air. 

Sample. w. R. 

V. •jSf. 

4Sl5°-56. 

««l 

0         / 

°  P. 

°F. 

°F. 

°C. 

3 12.0 OH  Mogo  tes  light. Surface 

66-4 61-5 
Dark  sage  green 

14.0 

72-0 

20-6 

5'00 

11-0 

16-4  C. 

• 

21/12/03 
22-2  C. 

20-9 

21-0 

5-10 5-20 

5-30 

5-40 5-50 
5-60 
5-70 

5-80 22-2 33-0 

44-2 
55-0 

66-0 

76-5 87-2 
97-5 

1-5471 

■1298 

■4948 

1-02331 
1-02459 

1-02440 

208 

5-40 

54-7 

21717 

12.0 Off  Mend 

(12  mil 
ing  W. 

ana  Point 

es)  bear- 

Surface 

70-0 67-2 

19-6  C. Dirty  sage  green 
14.30 

21/12/03 

72-5 

22-5  C. 

21-0 

21-2 

21-3 

4-20 

4-25 4-30 

4-35 

4-40 
4-45 4-50 

4-55 4-60 
9-5 

14-0 

200 

25-5 

31-5 
36-5 
42-5 
47-5 
53-0 

1-5471 

■1320 

■2813 

101901 

1-02035 1-01913 

2115 

4-40 

311 

1-9604 

! 
1    12,° 30  57  S. 55  45  W. Surface 

731 

73-0 

22-8  C. 
Pale  green 14.0 

25/1/04 

62-4 

16-9  C. 

17-1 

17-1 

4-30 
4-40 4-50 
4- GO 
4-70 

14  0 

25-0 

36-8 
47-0 

57-5 

1-5471 

■1067 ■3266 

1-01944 1-01978 1-01800 

171 

4-50 

36-1 

1-9804 

I'j     12.0 
39  24  S. 55    2  W. Surface 

63-4 58-2 

14-6  C. Pale  blue 14.20 

25/1/04 

02-2 

16-8  C. 

16-9 

5-30 
5-40 
5-50 
5-60 

190 

30-5 

4L5 

52-5 

1-5471 

■1055 

l.i    12.0 
16-9 

5-70 

63  0 

■3736 

1-02468 1-02498 1-02519 

16-9 

5-50 

41-3 

2-0262 

40  59  S. 55    4  W. Surface 

58-0 61-6 
Light  blue 14.35 

02-1 
1G-7 

5-20 

11-0 

16-4  C. 16-7  C. 

5'30 

21-0 

5-40 

32-5 

1-5471 

5-50 

43-8 

■1045 

- 
10-8 

5-60 

54-5 

■2949 

1-02458 1-02485 1-02466 

16-75 

5-40 

32-6 

1-9465 

[i    12.0 
43  33  S. 55    7  W. Surface 

54-7 

600 
15-56  C. Blue 14.0 

28/1/04 

01 -8 

16-6  C. 

15-8 1G0 

1G-0 

5-20 5-30 
5-40 
5-50 5-60 
5-70 

5-80 7-5 

18-2 

29-0 

40-5 
51-0 

61-5 

-    71-8 

1-5471 

■0992 
■3609 

1-02479 1-02487 

1-02487 

15-9 

5-50 

39-9 

2-0072 

IS   12.0 45  31  S. 55  21  W. Surface 

55-5 56-1 

Grey  blue 14.20 
62-0 

151 

5-50 

31-5 

13-4  C. 16-7  C. 

5-55 

36-5 

5-60 

42-3 

5-65 

48-0 15-3 

5-70 
5-75 

5-80 
5-85 

53-5 
59-0 
64-0 

69-2 

1-5471 
■0955 

15-5 

5-90 

74-8 

•4812 

1-02523 1-02518 
1-02563 

15-3 

5-70 

53-2 

2-1238 

* 

• 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  r 

c 
o 
d 

55 

"o 

u c 

XI E 
3 

.2 

"5. 

E cS 

M 

"3 

M 

E 
3 

Date(E.) Position  (L.) 
Depth in  Fathoms. Temperature 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 
Date. 

Temperature 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.] 

Dens 

(Density  of  It. 

Wate 

Month. Day. Hour. Lat. 
Long. 

D. 

d. 

of 
Sea 

at 

Posi- 
tion 

from 

which 
the 

Sample 
was 

col- 

lected. 

T'. 
of 
the 

t'. 

Ob- 

served 

at  t'. 

Red 

to 
T. t. 

of 
the 

of 

the 

of 
the 

■ 
fc 15 L. 

Air. 
Water. 

Air. 
Sample. 

w. 

R. V. 

«8v. 

1 
1904. o        I o        / o  F           o  F 

°F. °C. 

365 344 Jan. 

•29 

12.0 47  47  S. 56    8  VV. Surface 

55-1 
54-2 

12-3  C. Grey  blue 13.35 
30/1/04 

55-5 

131  C. 

12-9 

13-0 

5-50 

5-55 
5-60 

5-65 
5-70 

24-0 29-5 

34-5 
40-0 
45-0 

1-5471 

■0808 ■3130 

1-02511 

12-95 

5-60 

34-6 

1-9409 

3C6 345 Jan. 
30 12.0 50    3S. 57  58  W. Surface 

51-2 50'2 

10-1  C. Green 
13.50 

56-0 

13-3  C. 

12-0 

12-3 

5-30 

5-35 

5-40 
5-45 
5-50 

5-0 

10-5 

16-2 

21-0 

27-0 

1-5471 

•0758 
•1438 

1-02559 

12-15 

5-40 

15-9 

1-7667 

368 346 Feb. 
10 12.0 53  22S 56    5  W. Surface 501 

46-9 

8-3  C. 

Mue 9.15 
17/2/04 

49-3 

9-6  C. 

6-4 

7-0 

5-50 5-60 5-70 

5-80 
5-90 

6-0 

17-5 28-0 

38-8 
50-1 

1-5471 

•0418 
•2542 

1-02681 

6-7 

5-70 

28-1 

1-8431 

369 347 Feb. 10 20.0 54    3S. 55  23  W. Surface 

45-0 
44-9 

7-2  C. 

Too  dark  to  see 9.30 
17/2/04 

51-2 

10-7  C. 
6-8 

7-0 

7-6 

5-50 
5-60 

5-70 5-80 

5-90 
6-00 

6-10 

6-20 
6-30 

7-3 
19-0 29-9 

40-2 

51-0 

62-1 

72-8 
83-1 

92-3 

1-5471 

■0445 
•4604 

1-02673 

7-13 
5-90 

50-9 

2-0520 

370 348 Feb. 11 12.0 55  47  S. 54  19  W. 
109 Surface 

44-1 39-8 

4-3  C. 

Reeve's  French 
blue 

10.0 

17/2/04 

53-6 

12-0  C. 

7-4 

7-8 

5-50 

5-60 
5-70 

5-80 
5-90 

120 

23'0 

34-6 
45-0 

55-8 

1-5471 

■0474 
■3085 

1-02648 

7-6 

5-70 

34-1 

1-9030 

371 349 Feb. 11 20.0 56  18  S. 53  20  W. Surface 
43-9 

41-8 

5-4  C. 

Reeve's  French blue 
10.20 

17/2/04 54-7 

12-6  C. 

8-3 8-7 

5-50 
5-60 
5-70 

5-80 5-90 

13-3 

24-0 

35-0 45-3 

56-2 

1-5471 

■0530 
■3148 

1-02641 
8-5 

5-70 

34-8 

1-9149 

372 350 Feb. 
12 

12.0 57  47  S. 51  40  W. Surface 

39-0 
38-0 

3-3  C. 

Reeve's  French 

blue 

10.40 

17/2/04 55-0 

12-8  C. 8-6 

9-1 

5-50 

5-60 
5-70 

5-80 
5-90 

15-5 26-5 

37-2 
48-2 

59-2 

1-5471 

■0552 
■3374 

1-02627 

8-85 

6-70 

37-3 

1-9397 

373 351 Feb. 
12 

24.0 
58  53  S. 50  40  W. Surface 

35-8 35-0 

1-7  C. 11.0 

17/2/04 

55-3 

12-9  C. 

8-7 

9-1 

5-50 
5-60 5-70 

5-80 5-90 

10-3 

21-0 

31-5 
42-5 

53-5 

1-5471 
•0555 •2877 

1-02655 8-9 

5-70 

31-8 

1-8903 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination rf  the  Density  of  the  Sample. 

u 
=•) Position  (L.) Depth 

in  Fathoms. Temperature Temperature 
Volume 

of  im- 

mersed 

Density  of  Sample. 
at  time  of 

Collection  of 

during 

Experiment. 
Weights added 

Read- 

(Density of  Distilled Waterat4°C.  =  l.) 

.  Hour. Lat. Long. 

D. 

of Sea 

d. 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time and 
Date. 

to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion of 

Hydro- 

meter 

(cub. 

centims.) 
from 
which 

the 
Sample 

was 

col- 

lected. 

T'. t'. 

Ob- 

served 

Reduced 

to 
Reduced 

to 
T. t. 

at 

Posi- tion of the 

of 

the 
of 
the 

of 

the 

at  t'. 

15°-56C. 

t. 

L. Air. Water. 
Air. 

Sample. w. 

R. 

V. t&v. 
4Sl5=-36. «Bt 

o       / o       / 

°F. °  F. 

°F. 

°C. 

] 
|     12.0 

59  50  S. 49  30  W. Surface 
33-7 

360 2-2  C. Reeve's  French 
blue 

11.15 

17/2/04 

55-2 

12-9  C. 

9-2 

5-50 

5-60 
5-70 
5-80 

13-8 
24-8 

35-5 46-5 

1-5471 

■0580 

9-4 

5-90 

57-0 

■3211 

1-02634 
1-02514 1-02720 

9-3 

5-70 

35-5 

1-9262 

Si']  1.40           Scoti 
a  Ray 

Surface 

31-9 33-0 

0-6  C. 
Dull  blue 14,15 23/2/04 

59-0 

15-0  C. 

11-7 

5-50 

5-55 

17-8 23-0 

Note  by  D.  W.  Wilton. 

5-60 

28-0 

23rd  Feb.  1904. 119 

5-65 

5-70 

34-0 

40-5 

i  I 
i\v  I've  always  left  the  thermometer  in  the 

5-75 

46-0 

1 i    the   hydrometer  whilst   testing  sample : 

iv  onwards   I   read  the  t',  then   take   the 
)eter    out,    and    after    sample    has    been 
iut    thermometer  in  again  for   a  second 

if  temperature. 
12-1 

5-80 

5-85 5-90 

50-5 

56-2 62-0 

1-5471 

■0743 ■3600 

1-02603 1-02528 
1-02743 

'1 

11-9 

5-70 

39-8 

1-9814 

1    12.0 61  28  S. 41  55  W. Surface 300 

33-3 

0-7  C. 
Reeve's  French 

blue 

13.50 
24/2/04 

57-3 

14-1  C. 

13-4 

13-8 

5-50 

5-55 5-60 

5-65 5-70 

5-75 5-80 
5-85 
5-90 

28-0 

33-5 

390 

44-0 

49-5 
55-0 

60-5 
65-5 

71-0 

1-5471 

■0849 
■4487 

1-02547 

1-02506 
1-02721 

13-6 

5-70 

49-6 

2-0807 

1 
H  18.0 01  51  S. 41    0  W. Surface 

29-5 

330 0-6  C. 
Reeve's  French 

blue 
14.15 

24/2/04 60-0 

15-6  C. 

16-2 

16-3 

5-20 
5-30 5-40 
5-50 

5-60 5-70 
5-80 5-90 

600 

7-0 

17-5 
28-2 

39-0 
49-5 60-0 

70-0 80-0 
90-5 

1-5471 

•1014 
■4442 

1-02486 1-02502 1-02715 

16-25 

5-60 

49-1 

2-0927 

!-.     6.0 62  30  S. 3D    8  W. Surface 

29-5 
32-1 

0-1  C. 
Reeve's  French 

blue 

14.40 

24/2/04 60-0 

15-6  C. 

.  16-2 

16-2 

5-20 

5-25 
5-30 

5-40 5-50 
5-60 
5-70 
5-75 

5-80 

6-0 

110 

16-8 

27-0 

38-0 

490 

59-5 
65-0 

69-8 

1-5471 

■1011 
■3437 

1-02487 
1-02502 1-02715 

16-2 

5-50 

38-0 

1-9919 

!4|  12.0 62  49  S. 

Two  bergs 
about 

38  12  W. 

to    wind 
three  mile 

ward 
9  off. 

Surface 

and 

291 

31-6 

-0-2  C. 
Reeve's  French 

blue 

13.45 
25/2/04 

56-2 

13-4  C. 

16-1 

5-20 5-25 
5-30 

5-40 5-50 

5-60 
5-70 
5-75 

6'0 

11-5 
17-0 

27-2 

38-0 
48-8 

59-8 
65-0 

1-5471 

■0995 

15-8 

5-80 

700 

■3447 

1-02488 
1-02497 1-02714 

15-95 

5-50 

38-1 

1-9913 
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Data  Relating  to  tho  Collection  of  the  Sample. Data  Kelating  to  the  Determination  of  the  Density  of  the  S 

Date(E.) 

Month.  Day. Hour. 

Position  (L.) 

Lat. 
Long. 

Depth 
in  Fathoms. 

D. 

of Sea at 

Posi- 

tion 
L. 

from 

which 

the Sample 
was 

col- 

lected. 

Temperature at  time  of 
Collection  of 

Sample. 

T. 
of 

the Air. 

t. 

of 
the 

Water. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

Temperature 

during 

Experiment. 

T'. 
of 
the Air. 

of 
the 

Sample. 

Weights added 
to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Densi  1 

(Densii 

Water 

Ob- 

served 

at  t'. 

R. 

; 

4'    1;, 

381 

382 

383 

384 

:;»:, 

387 

358 
1904. 
Feb. 

35<J      Feb. 

dCU 

301 

362 

Feb. 

Feb. 

Feb. 

303 Feb. 

24 

25 

25 

25 

26 

26 

18.0 

0.0 

12.0 

18.0 

0.0 

12.0 

03  13  S 

Two  or 

64    5S. 

Two  or 

04  29  S 

A  few  be 

35  29  W. 

rgs  far  aw 

64  38  S. 

A  few  be 

65  35S 

Two  ic 

65  59  S 

Ice  abou 

37  33  W. 

three  ber 
distance. 

gs  in 

30  10  W. 

three  ber 
distance. 

gs  in 

ay. 

35  13  W. 

rgs  far  aw 

33  50  W, 

ebergs. 

33    6  W. 

1 1  mile  off 

quite  near 

ay. 

2625 

;  loos 

ship. 

Surface 

the 

Surface 

the 

Surface 

Surface 

Surface 

Surface 

e  pieces 

o  F 

30-0 

29-3 

29-8 

29-8 

28-8 

28-8 

°F. 

31-4 

-0-3  
C. 

30-8 

-0-7  C. 

31-0 

-0-6  C. 

31-1 

-0-5  C. 

30-5 

-0-8  C. 

30-2 

-1-0  C 

Reeve's  French 
blue 

Reeve's  French 
blue 

Reeve's  French 

blue 

Reeve's  French blue  (light) 

Reeve's  French 
blue 

Reeve's  French 
blue  (light) 

°F. 

°C. 

14.5 

57-0 
15-4 

5-30 

15-8 

25/2/04 
13-9  C. 

5-35 5-40 

5-50 5'60 
5-70 

20-8 26-0 

36-2 

47-0 

57-5 

5-80 

68-0 

1-5471 5-85 

73-0 

■0955 

15'2 

5-90 

78-2 

■4243 

15-3 

5-60 

40-9 

20669 14.35 

57-2 

15-0 

5-30 

13-5 

14-0  C. 

5-35 
5-40 
5-50 
5-60 
5-70 190 

24-2 

34-8 45-0 
56-0 

5-80 

66-3 

1-5471 5-85 

71-5 

■0930 

14-8 

5-90 

76-5 

■4089 

14-9 

5-60 

45-2 

2-0490 

13.35 

54-2 

15  5 

5-30 

16-0 

26/2/04 

12-3  C. 

5-35 
5-40 5-50 

5-60 5-70 

21-0 
26-0 

36-6 47-0 

57-5 

5-80 

68-0 

1-5471 
5-85 

730 

■0977 

15-8 

5-90 

78-0 

■4251 

15-65 

5-60 

47-0 

2-0699 

14.0 

55-8 
16-0 

5-30 

12-8 

26/2/04 
13-2  C. 

5-35 5-40 

5-50 5-60 

5-70 

18-0 
23-0 

33-5 
44-0 

54-2 

5-80 

65-5 

1-5471 
5-85 

70-5 

■0989 

15-7 

5-90 

76-0 

■3998 

15-85 

5-60 

44-2 

2-0458 

14.20 

57-0 
14-0 

5-30 

8-5 
13-9  C. 

5-35 
5-40 5-50 
5-60 

5-70 

13-5 18-0 

28-2 
38-5 49-0 

5-80 

60-0 

1-5471 
5-85 

65-0 

■0911 

14-6 

5-90 

70-2 

■3528 

14-6 

5-60 

39-0 

1-9910 

14.45 

57-2 

13-9 

5-30 

12-0 

14-0  C. 

5-35 

5-40 
5-50 
5-60 5-70 

17-2 

22-6 

33-8 

44-5 

55-0 

5-80 

65-5 

1-5471 
5-85 

69-0 

■0867 

13-9 

5-90 

74-8 

■3962 

13-9 

5-60 

43-  8 

2-0300 

1-02500 

1-02510 

1-02499 

1-02512 

1-02543 

102521 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

ll 3-) Position  (L.) Depth 
in  Fathoms. Temperature 

at  time  of 
Temperature 

during 

Weights 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

(Density  of  Distilled 

| 

;..  Hour. Lat. Long. 

D. 
d. Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 

Date. 

Experiment. added 
to 

Hydro- 

meter 

(grams). 

Water  at  4°  C.  =  l.) 

of 
Sea 

from 
which 
the 

Sample 

was 

col- 

Iected. 

T'. 

t'. 

Ob- 

served 

Reduced 

to 
Reduced 

to T. t. 

at 

Posi- 
tion 

of 
the 

of 

the 
of 
the 

of 
the 

at  t'. 

15°-56C. 

t. 

L. 
Air. Water. 

Air. 
Sample. 

w. R. V. 

4  St'. 

4  S  15=56. 

4  St. 

o       / o       / 

°  F. 

°F. 

°  F.        °  C. 
A i       7.0 First  piec 

met  wi 
e  of  loose 
th  this  sea 

ice 
son. 

Surface 
13.35 

27/2/04 58-7 

14-8  C. 

14-4 

0-70 
0-80 

7-5 
18-0 

0-90 

28-5 

1-00 

39-5 

M0 

50-8 

1-20 

61-0 

1-30 

72-0 

1-5471 
1-40 

83-0 

■0899 

14-4 

1-50 

93-5 

■4559 

1-00014 0-99995 

14-4 

1-10 

50-4 

2-0929 

C 
!|      7.0 Same  piec 

opaque 364  a. 

e  of  ice  ;  m 
than  sam 

ore 

pie 

Surface 
13.55 

27/2/04 

58-4 

14-7  C. 

13-3 

13-5 

0-70 

0-75 0-80 

0-90 
1-00 

110 

1-20 

1-25 1-30 

8-5 

140 

19-8 
30-5 

42-0 

52-8 

63-8 

690 

74-5 

1-5471 

■0836 ■3772 

1-00006 
0-99974 

13-4 

1-00 

41-7 

2-0079 

1    18.0 66    6S. 

Ship  ne 

32  45  W. 

ar  ice. 

Surface 
28-8 30-7 

-0-7  C. 
Reeve's  French 

blue 

14.15 

27/2/04 

59-1 

15-1  C. 

15-3 

5-20 

5-25 5-30 
5-40 
5-50 4-2 

9-3 
14-5 
25-2 

36-2 

5-60 

47-0 

5-70 

57-5 

1-5471 5-75 

62-8 

■0952 

15-2 

5-80 

67-8 

■3266 

1-02500 
1-02494 1-02715 

15-25 

5-50 

36-1 

1-9689 

\{  o.o 66  30  S. 

In  among 

31  50  W. 

loose  pac k  ice. 

Surface 26-7 

29-3 

-1-5  C. 
Reeve's  French 

blue 

14.45 590 15-0  C. 

14-3 

14-3 

5-30 

5-35 
5-40 

5-50 
5-60 
5-70 

5-80 

5-85 5-90 

12-5 

17-8 22-8 
33-5 

44-5 
55-2 
66-0 

71-0 

76-0 

1-5471 

■0892 
■4016 

1-0Q517 1-02490 
1-02713 

14-3 

5-60 

44-4 

2-0379 

1 y  i2.o GO  2G  S. 

In  among 

31  25  W. 

loose  pac 
ice. 

k  and 

Surface 

young 
28-4 29-5 

-HC. 
Reeve's  French 

blue 

13.40 

28/2/04 
54-0 

12-2  C. 
130 

13-2 

5-30 

5-35 5-40 
5-50 

5-60 
5-70 
5-80 

5-85 5-90 

10-0 

150 

20-0 
310 

41-5 
52-5 

G30 

68-5 

74-0 

1-5471 

■0817 
•3772 

1-02535 1-02484 
1-02707 

13-1 

5-60 

41-7 

2-0000 

'7  16.40 G6  14  S. 31  18  W. 2630 2625 

28-2 
29-70* 

-1-3  C. 

Buchanan-Rich- 
ard       water- 

15.30 

28/2/04 

50-9 

10-5  C. 

12-5 

5-40 
5-45 

10-5 
15-8 

Read  on bottle 

5-50 

21-0 

bridge 
Thermometer  No. 

102,513 

5-60 

5-70 

31-2 
41-8 

5-80 

52-8 

tlrmometer  reversed  satisfactorily  as  far  as  the  frame  was 

5-90 

63-2 

1-5471 

3jlumn  of  mercury  was  not  broken  when  the  instrument 

5-95 

68-2          -0774 
trimtil  it  was  made  to  do  so  by  giving  it  a  sharp  tap.     The 

12-3 

6-00 

73-2          -3799 illn 

12- 

5-70 

42-0     1    2-0044 

1-02590 

1-02526  1  1-02751 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Samti. 

Date(E.) Position  (L.) Depth 
in  Fathoms. Temperature 

at  time  of 
Collection  of 

Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

Temperature 

during 

Experiment. 

Weights 
added 

to 

Hydro- 

meter 

(grams). 

1 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Deiisii 

(Densi 

Month. Lat. 
Long. 

D. 

d. 

Water  at  i: 

of 
Sea 
at 

Posi- 

tion 

from 
which 
the 

Sample 

was 

col- 

lected. 

T'. t'. 

Ob- 

served 

at  t'. 
I;. 

15\56C 

i 

1 

T. 

t. 

of 
the 

of 

the 

of 

the 
of 

the 
a S5 

L. 
Air. 

Water. 

Air. 

Sample. w. 

R. 
V. 

4S*. 

is
 

1901. o        / 0         / 

°F. 

o  p_ 

°  F.          °  C. 

391    3G9 Feb. 

27 

17.50 6614S. 31  18  W. 2630 2000 

28-0 

32-62 
Buchanan-Rich- 

15.50 

51-7 

11-6 

5-40 1-0 

kept 

0-3  C. 

ard        water- 28/2/04 

10-9  C. 

5-45 

60 
Read  on 

bottle 

5-50 

11-0 
bridge 

Thermometer  No. 
102,513 

5-60 5-70 
5-80 

22-0 
33-0 

43-2 

5-90 

54-0 

1-5471 

5-95 

59  5 

■0721 

11-5 

600 

65-0 

•2958 

1-02641 

m 
11-55 

5-70 

32-7 

1-9150 

391 370 
kept 

Feb. 
27 

17.45 CO  14  S. 31  18  W. 2630 1500 

28-0 
31-58 

-0-2  C. 

Read  on bridge 
Buchanan-Rich- 

ard       water- 
bottle 

Thermometer  No. 

102,512 

16.15 28/2/04 
54-0 

12-2  C. 

11-2 

11-6 

5-50 
5-55 

5-60 

5-70 5-80 
5-90 
6-00 

6-05 

6-10 

11-5 16-8 

22-2 

330 

43-8 
54-5 65-0 

70-2 
75-4 

1-5471 

■0711 
■3944 

1-02641 

/■Ml 

11-4 

5-80 

43-6 

2-0126 

391 371 Feb. 

27 

18.0 G6  14  S. 

In  pac 

31  18  W. 

k  ice. 

Surface 
280 

30-2 

-1-0  C. 

Reeve's  French 
blue 

14.0 

28/2/04 

55-8 

13-2  C. 

12-6 

12-6 

5-30 5-35 

5-40 

5-50 5-60 5-70 5-80 

5-85 5-90 7-8 

130 

18-2 

29-0 

39-5 

50-3 
61-0 66-0 

71-6 

1-5471 

■0786 

■3582 

1-02547 

12-6 

5-60 

39-6 

1-9839 

91      1 391 372 Feb. 

27 

16.40 66  14  S. 

Crack  in 
out, 

31  18  W. 

small  jar, 

could   not 

2630 

water 
test 

all  ran 
it. 28-2 

See  368. 

Buchanan's sounding-tube 

391 373 
kept 

Feb. 

27 

18.40 66  14  S. 31  18  W. 2630 1000 

28-9 

31-90 

-0-1  C. 

Read  on 
bridge 

Buchanan-Rich- 
ard        water- 

bottle 
Thermometer  No. 

102,513 

16.40 

28/2/04 

54-0 

12-2  C. 

11-2 

11-1 

5-40 
5-45 
5-50 
5-60 
5-70 
5-80 
5-90 

5-95 
6-00 

1-0 

6-0 

11-0 
21-5 

32-8 43-5 

540 

59-8 
64-8 

1-5471 

■0696 
■2958 

1-02642 

11-15 

5-70 

32-7 

1-9125 

1 

:!!)! 374 

kept 
Feb. 

27 
18.30 66  14  S. 31  18  W. 

2630 
500 

28-9 
32-42 

0-2  C. 

Read  on bridge 
Buchanan-Rich- 

ard        Mater- 
bottle Thermometer  No. 

102,512 

17.35 28/2/04 

54-2 

12-3  0, 

10-3 

10-3 

5-50 

5-55 
5-60 
5-70 5-80 

5-90 6-00 

5-05 6-10 

9-0 

14-0 

20-0 

30-2 

410 

51-8 

62-5 
67-8 

73-0 

1-5471 

■0643 ■3709 

102658 

10-3 

5-80 

41-0 

1-9823 
1 
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D&ta  Relating  to  the  Collection  of  the  Sample. 

'    3.) 

Hour. 

Position  (L.) 

Lat. Long. 

Depth 
in  Fathoms. 

D. 

of 
Sea 
at 

Posi- 
tion L. 

d. 

from 
which 

the Sample 
was 

col- 

lected. 

Temperature 
at  time  of 

Collection  of 
Sample. 

T. 

of 

the Air. 

t. 
of 

the 

Water. 

Colour  of  Water 
Current,  and 
Remarks. 

6.0      66    9  S.     29  27  W. 

Among  1  oose  pack, 

12.0      66  21  S. 28  30  W. 

18.0 

19.35 

211  19.30 

6.0 

Among  1  oose  pieces 

66  43  S. 

Ice  abo 

27  55  W. 

ut  one  or 
away. 

66  43  S. 

66  43  S. 

67  40  S. 

of  ice, 

27  55  W. 

27  55  W. 

27  24  W. 

No  ice  in  sight. 

two 

2085 

2085 

Surface 

Surface 

Surface 

miles 

2080 

2185 

Surface 

o  p 

27-1 

29-9 

29-2 

29-0 

29-0 

27-0 

o  p_ 

29-7 

-1-3  C, 

29-8 

-1-2  C, 

29-8 

-1-2  C. 

29-0 

-1-7  C 

Read  on bridge 

32-42 
0-2  C. 

Read  on bridge 

29-6 

-1-3  C 

Reeve's  French 

blue 

Reeve's  French 
blue 

Reeve's  French 

blue 

Buchanan-Rich- 
ard water- 

bottle 
Thermometer  No 

102,513 
Again  mercury 
column  did 
not  break. 
See  No.  368 

Buchanan-Rich- 
ard water- bottle 

Thermometer  No 

102,512 

Reeve's  French 
blue 

Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

Time 
and 

Date. 

14.20 

14.45 

13.45 

29/2/04 

14.10 

29/2/04 

14.40 

29/2/04 

15.25 

Temperature 

during 

Experiment. 

T'. of 
the Air. 

t'. 

of 

the 

Sample. 

Weights 
added to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

(Density  of  Distilled 
Water  at  4°C.  =  1.) 

Ob- 

served 

at  t'. 

4St 

°F. 

°  C. 

55-9 

11-7 

5-30 

5-5 

13-3  C. 
5-35 5-40 5-50 
5-60 

5-70 

10-5 

160 260 

37-0 

47-5 

5-80 

57-6 

1-5471 
5-85 

62-8 

■0733 

11-8 

5-90 

68-2 

■3329 

11-75 

5-60 

36-8 

1-9533 

55-0 11-2 

5-40 

15-5 

12-8  C. 

5-45 5-50 
5-60 

5-70 
5-80 

20-6 
26-0 

36-8 

47-2 
57-5 

590 

68-2 

1-5471 
6-00 

78-5 

■0699 

11-2 

6-10 

88-5 

■4414 

11-2 

5-7166 

48-8 

2-0584 

59-3 
11-8 

5-30 

6-5 

15-2  C. 

5-35 

540 

5-50 
5-60 

5-70 

110 

16-3 

27-2 
38-0 48-5 

5-80 

59-0 

1-5471 
5-85 

65-0 

■0749 

12-2 

5-90 

69-5 

■3428 

12-0 

5-60 

37-9 

1-9648 

57-0 12-0 

5  50 

13-2 

13-9  C. 

5-55 
5-60 
5-70 5-80 

5-90 

18-5 
23-6 

340 

44-8 
56-0 

600 

66-5 

1-5471 6-05 

72-0 

■0752 

12-1 

6-10 

76-3 

■4071 

12-05 

5-80 

45-0 

2-0294 

55-0 11-7 

5-40 

2-6 

12-8  C. 

5-45 5-50 5-60 

5-70 5-80 

7-8 
12-6 
23-5 

34-0 45-0 

5-90 

55-8 

1-5471 
5-95 

610 

■0733 

11-8 

6-00 

66-6 

■3103 

11-75 

5-70 

34-3 

1-9307 

55-0 
13-5 

5-30 

10-2 

12-8  C. 

5-35 5-40 
5-50 

5-60 
5-70 

160 

21-5 

320 

43-0 

54-0 

5-80 

64-5 

1-5471 
5-85 

69-6 

■0852 

13-8 

5-90 

75-0 

■3881 

13-65 

5-60 

42-9 

2-0204 

1-02564 

1-02569 

1-02558 

1-02631 

1-02632 

j  02527 

Reduced 
to 

15°-5GC. 

1-02487 

1-02482 

1-02486 

1-02558 

1-02554 

Reduced 

to 
t. 

4St 

1-02710 

1-02704 

1  02708 

1-02787 

102776 

1-02487    102710 

t.  SOC.  EDIN.,  VOL.  LI,  PART  I  (NO.  4). 20 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 

of  the  Density  of  tl 

Date(E.) Position  (L.) Depth 
in  Fathoms. Temperature at  time  of 

Collection  of 
Sample. 

Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and Date. 

Temperature 

during 

Experiment. 
Weights 
added 

to 

Hydro- 

meter 

(grams). Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.' 

Densi 

(Dim, 

Water 

Month. 

Day 

Hour. Lat. 
Long. 

D. d. 

of Sea 

at 

Posi- 
tion 

from 
which 
the Sample 

was 

T. 
t. 

T'. 

t'. 

Ob- 

served 

at  t'. 

to 

of the 

of 

the 
of 
the 

of 
the 

- 
L. 

lected. Air. Water. Air. Sample. 
w. 

R. V. 

4^1'. 

I$\SH 

1904. O         / o        , 

op 

°  F. 

op 

°  C 

397 38J kep Feb. 
29 12.0 68    8S. 27  10  W. Surfaci 

i  28-8 
29-2 

Reeve's  F  ench 15.50 

58-9 
11-9 

5-30 

9-0 
-1-6  C 

blue 

14-9  C 

5-35 

14-0 

In  oper sea  four 

pack  edge 

miles i  from 

121 

5-40 5-50 
5-60 

5-70 

5-80 

5-85 5-90 

19-5 

300 

40-5 
51-3 
62-0 

67-2 
73-0 

1-5471 

■0749 

•3682 

1-02543 

12-0 

5-60 

40-7 

1-9902 

398 382 Feb. 29 18.0 68  25  S. 

A  few  be 

27  10  W. 

rgs  in  sigh 

t. Surface 

29-2 
30-0 

-1-1  C. 

Reeve's  French 

blue 

9.15 

2/3/04 55-0 

12-8  C 

9-7 

10-9 

5-40 

5-45 
5-50 
5-60 5-70 5-80 

5-90 

5-95 

6-00 12-0 

17-0 

23-2 33-8 45-0 

56-0 
66-0 

71-5 
77-0 

1-5471 

■0643 
■4035 

102584 

10-3 

5-70 

44-6 

2-0149 

398 382 Feb. 29 18.0 
68  25  S. 27  10  W. Surface 

29-2 

300 

-1-1  C. 

Reeve's  French 
blue 

Tested 

again 
9.25 

3/3/04 

57-0 

13-9  C. 

91 

9-6 

5-40 
5-45 
5'50 
5-60 
5-65 5-70 

5-75 

5-80 

5-85 

8-8 

14-6 

20-5 

31-5 
37-0 
41-5 

47-5 
53-0 
58-0 

1-5471 

•0583 •3139 

102602 

9-35 5-6333 

34-7 

1-9193 

399 383 Mar. 1 6.0 68  38  S. 

Bay  ice 

25    0W. 

forming  in loose 

Surface 

pack. 

26-6 
29-2 

-1-6  C. 

Reeve's  French 

blue 

9.45 

2/3/04 
55-8 

13-2  C. 

11-4 

12-3 

5-30 
5-35 

540 

5-50 

5-60 5-70 

5-80 

5-85 5-90 

8-5 

14-0 

19-0 

300 

41-0 

51-0 

62-5 

68-0 

73-0 

1-5471 

■0739 

•3691 

102543 
11-85 

5-60 

40-8 

1-9901 

399 383 Mar. 1 0.0 68  38  S. 25    0  W. Surface 

26-6 
29-2 

-1-6  C. 

Reeve's  French 
blue 

Tested 

again 

9.50 

3/3/04 
52-8 

11-6  C. 
9'5 

9-5 

5-40 

5-45 
5-50 

5-60 5-70 

5-80 
5-85 
5-90 

600 

13-8 
19-0 
24-5 

35-0 
47-0 

56-5 60-0 

65-5 

76-0 

1-5471 

■0593 
■3989 

1-025S9 

■ 
9-5 

5-6999 

44-1 

20053 

KXl ■  '■>  1 Mar. 1 12.0 68  43  S. 

.Ship  in 

21  15  \V. 

oose  ice. 

Surface 
29-0 

31-0 

-0-GC. 

Reeve's  French blue  (light) 10.15 

3/3/04 

19-3 

9-6  C. 

12-7 

5-30 

5-35 5-40 
5-50 
5-60 
5-70 5-80 

5-85 

7-2 

12-2 
17-0 
28-0 

38-8 
49-0 

59-6 
65-0 

1-5471 

■0780 

12-3 

5-90 

70-0 

■3483 

1-02553  1 

" 

12-5 

5-60 

38-5 

1-9734 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination of  the  Density  of  the  Sample. 

a( :■) 
Position  (L.) Depth 

in  Fathoms. Temperature Temperature Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 
Water  at  4°C.  =  1.) ! 

I 

£    Hour. Lat. Long. 

D. 
d. 

of Sea 
at 

Posi- tion 

from 

which 
the 

Sample 

was 
T'. 

of 

the 

t'. 

of 
the 

Ob- 

served 

at  t'. 

Reduced 

to 

15°-56C. 
Reduced 

to 

t. 

T. t. 

of the 

of 
the 

L. 
lee ted. Air. Water. 

Air. 

Sample. w. 

R. V. 

4  St'. 

4  S  l5»-56. 

4  St. 

1 o       / O         ' 

o  p 
°F. 

°  F. 

°C. 

18.0 69    1  S. 

Only  a  fe 

23  55  W. 

w  distant bergs. 

Surface 
28-9 

30-2 

-1-0  C. 
Hooker's  green 

(dull) 

10.45 

3/3/04 50-0 

10-0  C. 

13-4 

12-9 

5-30 

5-35 5-40 

5-50 5-60 

5-70 
5-80 

5-85 

5-90 

11-6 
16-5 
22-0 

32-0 
42-8 

53-0 63-0 

68-5 

73-6 

1-5471 

■0821 ■3854 

1-02530 
1-02480 1-02704 

13-15 

5-60 

42-6 

20146 

J     6.0 70  28  S. 

No 

23  38  W. 

ice. 

Surface 

30-6 30-2 

-1-0  C. 
Dark  green 

11.5 

3/3/04 50-0 

100  C. 14-7 

14-2 

5-20 
5-30 
5-40 
5-50 

5-60 
5-70 

-5-80 5-90 6-00 

3-6 

14-0 

24-3 
35-0 
45-5 
56-0 
65-5 

75-8 

85-9 

1-5471 

•0902 
■4080 

1-02513 

1-02489 

1-02713 

14-45 

5-60 

45-1 

2-0453 

t   12.0 71    4S. 

As  berg  a 
on  port 
from  th 

23  10  W. 

bout  500 

quarter, 
e  lee  side. yards 

samp] 

Surface away 

e  taken 

29-6 
30-8 

-0-7  C. 
Reeve's  French 

blue 

11.35 

3/3/04 
52-0 
111  C. 

15-4 

15-5 

5-20 
5-25 

5-30 5-40 
5-50 
5-60 

5-70 
5-75 

5-80 

4-5 
9-8 

15-0 
25-8 

36-5 47-5 
58-0 

63-5 68-6 

1-5471 

■0964 

•3311 

1-02497 1-02495 
1-02716 

15-45 

5-50 

36-6 

1-9746 

i   18.0 71  30  S. 

Only  one 
taken 

22  25  W. 

berg  in  si 
from  the lee  s 

Surface 

sample 
ide. 

28-4 31-0 

-0-6  C. 
Light  Antwerp 

blue 

12.15 

3/3/04 58-0 

14-4  C. 

14-6 

14-8 

5-30 

5-35 5-40 5-50 
5-60 

5-70 

5-80 
5-85 5-90 10-2 16-5 

20-8 

31-6 42-0 

52-5 63-0 

68-5 

73-8 

1-5471 

■0917 
■3808 

1-02527 1-02509 1-02731 

14-7 

5-60 

42-1 

2-0196 

«'i     7.0 72  12  S. 

Two  dis 

18  40  W. 

tant  bergs 
only. 

Surface 25-7 
30-5 

-0-8  C. 
Blue 12.45 

58-0 

14-4  C. 

12-9 

12-9 

5-30 

5-35 5-40 
5-50 
5-60 5-70 

5-80 
5-85 5-90 

6-2 

11-2 

16-5 27-0 

37-6 
48-0 

58-2 
63-6 69-0 

1-5471 

■0805 
■3392 

1-02557 
1-02502 1-02725 

12-9 

5-60 

37-5 

1-9668 

3  10.45 72  18  S. 17  59J  W. 1131 1131 

25-2 

32-00 0-0  C. 

Read  on bridge 

Buchanan-Rich- 
ard       water- bottle 

Thermometer  No. 

102,512 

15.40 

58-1 

14-5  C. 

13-5 

5-40 

5-45 
5-50 
5-60 
5-70 

5-80 

5-90 
5-95 

6-2 

11-5 

16-6 27-8 
39-0 
49-6 

60-5 
65-3 

1-5471 

■0849 

13-7 

6-00 

69-8 

•3483 

102604 

1-02563 1-02786 

13-6 

5-70 

38-5 

1-9803 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to he  Determination  of  the  Density  of  U 

Date(E.) Position  (L.) Depth Temperature Temperature 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

Dens, 
d 
o 

"H. 

£ tn 

0 
h 
a 

XI E 
3 

at  time  of 
Collection  of 

Sample. 

during 

Experiment. 
Weights added 

to 

Read- 

ing 

of 

Hydro- 

meter. 

(Den 

Watei 

D. 

<I. 

O 
u 
O 
.0 
£ 
3 

Month. Day. Hour. Lat. 
Long. 

of 
Sea 
at 

Posi- 
tion 

from 
which 
the 

Sample 

was 

Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and Date. 

r. 

of 
the 

t'. 
Hydro- 

meter 

(grams). 

Ob- 

served 

T. t. 

of 
the 

of 
the 

of 
the centims.V          ' 

fc !z; L. 
lected. 

Air. Water. 
Air. 

Sample. w. 

R. 

V. 

4^'. 
190-1. 

O          /                  1    O          / 

0  F 

°  F. 

0  F 

°c. 

406 391 
kept 

Mar. 3 11.45 72  18  S.    17  59J  W. 1131 1000 

25-2 

32-4 

0-2  C. 

Read  on 

Buchanan-Rich- 
ard       water- 

bottie 

16.10 

58-0 

14-4  C. 

12-7 

5-50 

5-55 
5-60 

15-0 

19-9 

25-5 

bridge 
Thermometer  No. 

102,504 

130 

5-65 

5-70 
5-75 

5-80 5-85 5-90 

30-5 

360 

41-0 

46-0 52-0 

57-0 

1-5471 

■0802 ■3247 

1-02620 

12-85 

5-70 

35-9 

1-9520 

406 392 
kept 

Mar. 3 11.45 72  18  S. 17  59i  W. 1131 
750 

25-2 

32-50 
0-3  C. 

Read  on bridge 
Buchanan-Rich- 

ard        water- bottle 
Thermometer  No. 

102,512 

14.20 

4/3/01 

53-8 

12-1  C. 

13-2 

12-9 

5-40 

5-45 5-50 

5-60 5-70 

5-80 
5-90 

5-95 6-00 

5-0 

100 

15-0 
26-0 

36-6 48-0 

58-5 63-5 

68-5 

1-5471 

■0814 
■3329 

1-02615 

1305 

5-70 

36-8 

1-9614 

406 393 
kept 

Mar. 3 12.30 72  18  S. 17  59i  W. 1131 
500 

26-2 

32-92 
0-5  C. 

Read  on bridge 
Buchanan-Rich- 

ard        water- bottle 
Thermometer  No. 

102,512 

15.0 

4/3/04 52-0 

111  C. 

12-6 

12-5 

5-40 

5-45 

5-50 5-60 
5-70 
5-80 

5-90 
5-95 

6-00 

3-8 9-0 

14-2 25-0 

35-5 

46-5 

56-6 
62-2 

67-2 

1-5471 

■0783 
■3220 

1-02623 

12-55 

5-70 

35-6 

1-9474 

406 394 Mar. 3 12.30 72  18  S. 

Probably 

reverse 

17  59£  W. 

thermom 
till    near 

1131 

eter  d 
surfa 

COO 

id  not ce. 
26-2 

29-7 

-1-3  C. 

Read  on 
bridge 

Thermometer  No. 

102,504 

13.45 

'  4/3/04 

54^0 

12-2  C. 

14-3 

14-1 

5-40 

5-45 
5-50 

5-60 5-70 

5-80 

5-75 

5-65 5-55 

120 

17-0 
23-0 

330 

43-5 

54-2 
49-0 

380 

27-5 

1-5471 

•0886 ■2985 

1-02575 

14-2 

5-60 

330 

1-9342 

406 395 Mar. 3 12.55 72  18  S. 17  59{  w. 1131 300 

26-2 

31-08 
BuchananVRich- 

15.35 
530 

17-0 

5-50 

31-8 

kept 

-0-5  C. 

ard         water- 
4/3/04 

11-7  C. 

5-30 

100 
Read  on 

bottle 

5-35 

15-0 

bridge 

Thermometer  No. 

102,512 

16-6 

5-40 5-60 5-70 

5-80 

5-75 
5-65 

20-3 
42-0 

52-2 

62-5 57-5 47-0 

1-5471 

■1048 ■3401 

1-02521 

16-8 

5-5611 

37-6 

1-9920 

406 396 Mar. 3 12.55 72  18  S. 17  59i  W. 1131 
400 

26-2 
29-2 

-1-6  C. 

Buchanan-Rich- 
ard       water- 

16.5 

4/3/04 
59-0 
150  C. 

170 

5-30 5-35 

12-0 

17-2 

Probably,  thermom  eter  d 
id  not Read  on bottle 

5-40 

22-5 

reverse till  near surfa ce. 

bridge 
Thermometer  No. 

102,504 

170 

5-50 
5-60 

5-70 
5-80 

5-85 
5-75 

32-5 
44-0 

54-5 

64-6 69-8 
60-0 

1-5471 

■1061 

•3790 

1-02511 

1 

17-0 

5-5833 

41-9 

2-0322 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination jf  the  Density  of  the  Sample. 

■) 
Position  (L.) 

Depth 
in  Fathoms. Temperature at  time  of 

Temperature 

during 

Weights 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

(Density  of  Distilled 

>a   Hour. Lat. Long. 

D. 

A. 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 
and 
Date. 

Experiment. added 

to 

Hydro- 

meter 

(grams). 

Water  at  4°  C.=l.) 

of 

Sea 

from 
which 
the 

Sample 

was 

col- 

lected. 

r. 

t'. 

Ob- 

served 
Reduced 

to 

Reduced 

to 

T. 
t. 

at 

Posi- 
tion of the 

of 
the 

of 
the 

of 

the 

at  t'. 

15°'56C. 

t. 

L. Air. 
Water. Air. Sample. w. 

R. 

V. 
i  a*.; 

^Sis-sg. 

*sfc 

o        /                  0        / 

°F. 

o  p °  F. 

°C. 

J   13.15 72  18  S.    17  591  W.  1 
100 

26-2 

28-93 Buchanan-Rich- 
16.35 

60-0 
16-6 

5-30 

11-0 

-1-7  C. 

ard        water- 4/3/04 

15-9  C. 

5-35 

15-5 

Read  on bottle 

5-40 

20-0 
bridge 

Thermometer  No. 

102,512 

16-3 

5-50 

5-60 

5-70 
5-80 
5-85 5-90 

30-8 
41-0 
52-0 

62-5 68-2 

72-0 

1-5471 

■1026 
■3745 

1-02524 1-02544 
1-02767 

16-45 

5-60 

41-4 

2-0242 

:  13.15 72  18  S. 17  59J  W. 1131 Surface 
20-2 30-9 

-0-6  C. 
Reeve's  French 

blue 

9.5 

5/3/04 52-0 
11-1  C. 

11-6 

5-40 

5-45 

10-5 
15-8 

Distant berg  or  glacier about 

5-50 

210 

twenty  m iles. 

11-7 

5-60 

5-70 5-80 5-90 

5-95 
6-00 

32-0 

42-8 
53-5 
64-2 69-5 

75-0 

1-5471 

■0727 

■3863 

1-02590 
1-02511 

1-02733 

11-65 

5-70 

42-7 

2-0061 

• :  12.0 72  22  S. 

D.R.  Off 
No  ice  in 

and  sn 

18  30  W. 

Coats  La 

sight,  we owing. 

nd. 
ather 

Surface 

misty 28-2 30-9 

-0-6  C. 
Reeve's  French 

blue 
9.50 

5/3/04 

54-8 

12-7  C. 

12-2 

12-4 

5-30 

5-35 5-40 
5-50 

5-60 5-70 
5-80 

5-85 5-90 

3-0 
8-0 

13-6 
24-5 

35-5 46-0 
57-0 

62-2 
67-8 

1-5471 

•0768 
■3193 

1-02570 1-02504 1-02726 

12-3 

5-60 

35-3 

1-9432 

'J  18.0 72  28  S. 18  55  W. Surface 

26-6 

300 -1-1  C. 
Indigo  blue 10.35 

5/3/04 
55-8 

13-2  C. 

11-5 

5-30 

5-35 

3-8 
8-8 

Ice  abou t  four  miles    a way  to 

5-40 

13-8 

port ;  a small  ber;g  abo ut    one 

5-50 

24-8 

mile    a way  to  starboa 

rd. 

11-8 

5-60 5-70 
5-80 

5-85 

5-90 

35-6 46-5 

57-0 
62-0 

67-5 

1-5471 
•0727 ■3211 

1-02571 
1-02492 1-02716 

11-65 

5-60 

35-5 

1-9409 

i    6.0 72  31  S.     19    0  W. Surface 

26-8 
28'2 

Indigo  blue 10.55 

55-6 10-4 

5-30 

2-2 

-1-6  C. 

13-1  C. 

5-35 

7-2 

Off  Coat s  Land. 

5-40 

12-4 

Pack  ice about  half  a  mil e  away. 

5-50 
5-60 
5-70 

23-2 
34-0 
45-0 

5-80 

55-6 

1-5471 5'85 

61-0 

■0665 

10-9 

5-90 

66-0 

•3085 

1-02582 
1-02486 1-02712 

10-65 

5-60 

34-1 

1-9221 

(   12.0 73  30  S.     21  28  W.      . . Surface 
24-8 

28-9 

-1-7  C. 
Indigo  blue 9.20 

11/3/04 

50-8 

10-4  C. 8-8 

5-10 
5-20 

3-5 

14-2 

Steaming  along  edge   of  pack, 

5-30 

25-0 
about  six  miles  distant  from 

5-40 

35-6 

Coats  Land — bay  ice  forming. 

5-50 

46-8 

Sample  about  three-quarters 

5-60 

57-0 

full  of  it. 

5-70 
5-80 

67-7 

77-5 

1-5471 

■0558 

91 

5-90 

88-0 

■4170 

1-02472 1-02347 
1-02568 8-95 

5-50 

46-1 

2-0199 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  t 

ityoli 

Date(E.) Position  (L.) Depth in  Fathoms. Temperature 
at  time  of 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 
and 

Date. 

Temperature 

during 

Experiment. 
Weights 
added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Dens 

(Dens 

Month. Day. Hour. Lat. 
Long. 

D. 

d. 

Walr 

of 
Sea 
at 

Posi- 

tion 
L. 

from 

which 

the Sample 
was 

col- 

lected. 
T'. 
of 

the 

Air. 
t'. 

Ob- 

served 

at  t'. 

T. t. 

of 
the Air. 

of 
the 

Water. 

of 
the 

Sample. \v. 

R. 

V. 

4  S,. 

1904. o       / o        / 

o  y 

o  p 

o  F 

°  C. 

410 403 
kept 

Mar. 6 4.40 73  30  S. 21  28  W. 
159 

154 23-6 
28-90 

-1-7  C. 

Read  on bridge 
Buchanan-Rich- 

ard        water- 
bottle Thermometer  No. 

102,512 

9.55 11/3/04 

54-8 

12-7  C. 

9-3 

9-8 

5-40 5-45 

5-50 

5-60 5-70 

5-80 5-90 

5-95 6-00 

6-6 

12-0 

17-6 
28-2 

39-2 

50-0 

60-6 

660 

71-4 

1-5471 

■0596 
■3537 

1-02615 

9-55 

5-70 

39-1 

1-9604 

411a  404 Mar. 14 6.0 73  25  S. 23  45  W. Surface 

18-5 
29-0 

Indigo 

9.50 

58'0 13-4 

5-30 

9-5 

-1-7  C. 

15/3/04 

14-4  C. 

5-35 

14-6 

Bay  ice. Old  ice  h alf  a mile  off. 

5-40 

20-0 

About a  tablespo onful of  ice 

5-50 

31-3 

particl 

es  in  samp 
le. 

13-8 

5-60 5-70 

5-80 

5-85 5-90 

42-0 

52-7 

63-3 

69-0 

73-5 

1-5471 

■0849 
•3781 

1-02532 

13-6 

5-60 

41-8 

2-0101 

412 405 
kept 

Mar. 14 12.0 
73  11  S. 

Steaming 

cake  ic 
half 
Sample 
full  of 

23  53  W. 

through 

e ;  pack  a a    mile    a 
about  a  q 

ice  particl 

pan- 

bout 
way. 

uarte
r 

es. 

Surface 25-0 

28-9 

-1-7  C. Indigo 

10.20 

15/3/04 

60-2 

15-7  C. 

14-4 

14-2 

5-00 

5-05 

5-10 
5-20 
5-30 
5-40 

5-50 

5-55 
5-60 

6-5 

11-5 
16-8 
27-0 

37-5 
48-0 

58-5 63-0 

680 

1-5471 

■0892 

•3383 

1-02387 

14-3 

5-30 

37-4 

1-9746 

412 406 Mar. 
14 15.0 73    9S. 23  53  W. 1950 1030 

20-0 
32-8 

Buchanan-Rich- 

10.50 

58-2 

130 

5-40 

60 
kept 

0-4  C. 

ard        water- 15/3/04 

14-6  C. 

5-45 

110 

Read  on 
bottle 

5-50 

16-5 

bridge 
Thermometer  No. 

102,512 

131 

5-60 

5-70 5-80 
5-90 

6-00 

6-10 

27-2 
37-5 
48-3 
59-0 

69-8 

80-5 

1-5471 

•0814 ■3573 

1-02610 13-05 

5-7166 

39-5 

1-9858 

412    407     Mar. 14 15.0      73    9  S. 23  53  W. 

1950* 

1535 
20-0 

31-6 

Buchanan-Rich- 
11.15 

57-5 12-5 

5-40 

4-5 

-0-2  C. 

ard        water- 
15/3/04 

14-2  C. 

5-45 

10-0 

Read  on bottle 

5-50 

15-0 

bridge 
Thermometer  No. 

102,504 

5-60 5-70 

26-0 

37-0 

5-80 

47-2 

. 

5-90 

58-0 

1-5471 

*  Weights  did  not  come  off  when  bottom  was  reached,  and,  on  hauling  up, 

12-7 

5-95 6-00 

64-0 

690 

■0786 
■3320 

lost  about  1800  fathoms  of  wire,   two   Buchanan-Richard  water-bottles,  and 
Buc hanan's  souni ling- 

,ube. 

12-6 

5-70 

36-7 

1-9577 

1-02617 

413 408 Mar. 
15 

6.0 72    2S. 

No  ice  ne 

23  40  W. 

ar,  only  di 
bergs. 

stant 

Surface 

20-0 
29-3 

-1-5  C. 
Blue 11.40 

58-0 

14-4  C. 

11-6 

120 

5-40 
5-45 
5-50 5-60 

5-70 

5-80 
5-90 

5-95 
6-00 

8-6 

14-0 

19-0 
29-8 

40-2 51-0 

61-5 
66-0 

71-5 

1-5471 

■0736 ■3636 

102602 
11-8 

5-70 

40-2 

1-9843 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

Density of  Sample. 

at  time  of 
Collection  of 

Sample. 

Colour  of  Water, 
Current,  and Time 

and 

during 

Experiment. 
Weights . added 

to 

Hydro- 

meter 
Read- 

ing 

of 

Hydro- 

(Density of  Distilled 
Water  at  4°C.  =  1.) D. d. 

of from 

T'. t'. 

Ob- 

Reduced Reduced 
T. 

Lat. .    Long. Sea 
which 
the 

Sample 

was 

t. Remarks. Date. 

(grams). 

meter. meter 

(cub. 

centims.) served to to 
at 

Posi- tion of the 

of 
the 

of 

the 

of 

the 

at  t'. 

15°-56C. 

t. 

L. 

lee  ted. 
Air. Water. 

Air. 
Sample. w. 

R. V. 

4  ̂t'. 

4Si5"56. 

4St. 

o      / o       / 

o  p_ 
°F. 

o  p_ °C. 

5  11.0 71  50  S. 23  30  W. 2102 2092 
16-0 

31-5 

-0-3  C. 

Read  on 
bridge 

Buchanan-Rich- 
ard        water- 

bottle 
Thermometer  No. 

102,502 

10.0 

16/3/04 

61-0 

16-1  C. 

14-9 

14-7 

5-30 
5-35 5-40 
5-50 
5-60 

5-70 

5-80 
5-85 5-90 

2-0 

6-5 

11-6 

22-2 

33-2 

4-1-0 

54-8 

59-8 65-0 

1-5471 

■0924 
■3003 

1-02572 1-02556 
1-02777 

14-8 

5-60 

33-2 

1-9398 

1 5  12.0 71  50  S. 

No  ice  ne 

23  30  W. 

ar,  only  di 
bergs. 

stant 

Surface 160 

29-1 

-1-6  C. 
Bright  indigo 10.40 

16/3/04 

600 
15-6  C. 

14-2 

14-4 

5-30 

5-35 5-40 
5-50 
5-60 
5-70 

5-80 

5-85 5-90 

6-7 

11-9 

17-2 
28-0 

38-6 

49-2 59-5 
65-0 

70-2 

1-5471 
■0892 ■3483 

1-02547 1-02520 

h02745 

14-3 

5-60 

38-5 

1-9846 

o    8.0 71  28  S. 

No  ice  in 
tan 

22  32  W. 

sight,  only 
t  bergs. 

dis- 

Surface 19-7 
29-0 

-1-7  C. Indigo 
11.5 

58-8 

14-9  C. 

11-9 

12-5 

5-30 

5-35 
5-40 5-50 
5-60 
5-70 
5-80 

5-85 5-90 

2-2 

7-4 
12-8 23-9 34-7 

45-2 
56-0 

61-2 
66-8 

1-5471 

■0761 

■3121 

1-02574 1-02506 1-02732 

12-2 

5-60 

34-5 

1-9353 

G    8.20 71  28  S. 22  32  W. 2338 1338 
19-7 

31-8 

-0-1  C. 

Read  on bridge 

Buchanan-Rich- 
ard       water- 

bottle 
Thermometer  No. 

102,505 

11.30 

60-0 

15-6  C. 

12-3 

12-8 

5-40 

5-45 
5-50 
5-60 
5-70 

5-80 
5-90 

5-95 

600 

2-8 
8-0 

13-5 
24-6 
35-5 
46-5 
57-2 62-6 68-0 

1-5471 

■0783 
■3202 

1-02624 1-02561 
1-02784 

12-55 

5-70 

35-4 

1-9456 

6    8.30 71  28  S. 22  32  W. 2338 2328 

19-7 31-5 

-0-3  C. 

Read  on bridge 

Buchanan-Rich- 
ard       water- 

bottle 
Thermometer  No. 

102,502 

12.0 

54-7 

12-6  C. 

12-4 

12-2 

5-40 

5-45 5-50 5-60 

5-70 

5-80 
5-90 

5-95 6-00 

4-4 

9-8 

14-2 
25-0 

35-5 46-0 

56-5 
62-0 

67-0 

1-5471 

•0768 

■3220 

102623 

1-02555 
1-02779 

12-3 

5-70 

35-6 

1-9459 

7    8.0 71  22  S. 

Only  dist 

18  15  W. 

ant  bergs 

sight. 

in 
Surface 

29-8 
29-6 

-1-3  C. 
Reeve's  French 

blue 
9.35 

58-1 

14-5  C. 100 

5-40 
5-45 
5-50 
5-60 5-70 
5-80 

5-90 
5-95 

90 

14-2 

19-8 
30-6 41-5 

52-4 63-0 

67-9 

1-5471 

■0674 

-H- 
11-0 

6-00 

73-0 

■3736 

102600 

l-02r,04 
1-02732 

10-8 

5-70 

41-3 

I-08S1 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 

)f  the  Density  of  the  - 

Date(E.) Position  (L.) Dapth 
in  Fathoms. Temperature 

at  time  of 
Collection  of 

Sample. 

Temperature 

during 

Experiment. 
Weights 
added to 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed Portion 

Of 

Hydro- 

meter 

(cub. 

centims.) 

Densn 

(Den- 

D. 

d. 

Water  i| 

"3 

u - 
E 

Month. Day. Hour. Lat. Long. 
of 
Sea 

at 

Posi- 
tion 

from 

which 
the 

Sample 

was 

col- 

lected. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and 
Date. 

T'. 
of 

the 

t'. 
Hydro- 

meter 

(grams). 

Ob- 

served 

att'. 

i: 

1 

15 

T. 

t. 

of the 

of 

the 
of 

the 
a « 

L. 
Air. 

Water. Air. Sample. w. 

R. 
V. 

«8tt 

i*
 

1904. .     / o       / 

o  p 
°F. 

°F. 

°c. 

416 415 Mar. 
17 

8.15 71  22  S. 18  15  W. 2370 200 

19-8 

330 
Buchanan-Rich- 

10.0 

53-8 

9-7 

5-50 

7-0 
kept 

0-7  C. 

ard        water- 

\l2-l  C. 

5-55 
120 

Read  on bottle 

5-60 

17-0 

bridge 
Thermometer  No. 

102,505 

9-8 

5-70 

5-80 
5-90 
6-00 

6-05 
6-10 

28-0 

38-8 

49-5 

60-2 65-2 

70-5 

1-5471 

•0608 
•3501 

1-02672 

N 

9-75 5-80 

38-7 

1-9580 

416 416 
kept 

Mar. 

17 

8.15 71  22  S. 18  15  W. 
2370 300 

19-8 

330 
0-6  C. 

Read  on bridge 

Buchanan-Rich- 
ard        water- 

bottle 
Thermometer  No. 

102,502 

10.25 

50-2 

10-1  C. 9-7 

9-5 

5-50 

5-60 

5-55 
5-70 5-80 
5-90 

6-00 

6-05 
6-10 

7-0 

17-5 

12-0 

27-5 38-0 

49-0 
60-0 

65-0 

70-0 

1-5471 

•0599 •3474 

1-02674 

M 9-6 

5-80 

38-4 

1-9544 

416 417 

kept 
Mar. 

17 

7.50 71  22  S. 18  15  W. 
2370 1370 

19-8 32-1 

0-1  C. 

Read  on 
bridge 

Buchanan-Rich- 
ard       water- bottle 

Thermometer  No. 
102,505 

11.0 

47-0 

8-3  C. 

9-5 

9-3 

5-50 

5-55 

5-60 

5-70 

5-80 

5-90 
6-00 

6-05 6-10 

5-5 

10-5 16-0 
26-8 

37-2 

47-0 

57-5 62-6 68-0 

1-5471 

•0587 ■3329 

1-02682 

M 

9-4 

5-80 

36-8 

1-9387 

416 418 
kept 

Mar. 

17 

8.0 71  22  S. 18  15  W. 2370 2360 

19-8 
31-5 

-0-3  C. 

Read  on bridge 

Buchanan-Rich- 
ard       water- bottle 

Thermometer  No. 

102,502 

11.30 

51-2 

10-7  C. 100 

100 

5-50 

5-55 5-60 
5-70 5-80 
5-90 
6-00 

605 

6-10 

8-5 

13-5 

190 

28-8 
40-0 

50-0 

60-8 
66-0 

71-0 

1-5471 

■0624 
■3591 

1-02666 

10-0 

5-80 

39-7 

1-9686 

417 419 Mar. 
18 

8.0 
71  22  S. 

No  ice  in 

16  34  W. 

sight. 

Surface 

28-5 
29-9 

—1-2  C. 

Reeve's  French 
blue 

10.0 510 
10-6  C. 

10-6 

10-8 

5-40 

5-45 5-50 

5-60 
5-70 

5-80 5-90 

5-95 6-00 

4-8 

9-8 14-7 

27-0 

37-2 

480 

58-5 
63-8 
69-0 

1-5471 

■0668 

■3347 

1-02622 1 
10-7 

5-70 

37-0 

1-9486 

417    420 Mar. 
18 8.0 

71  22  S. 16  34  W. 1410 100 

28-5 
28-8 

Buchanan-Rich- 
ard       water- bottle 

Thermometer  No. 
102,505 

10.30 

52-0 

10-7 

5-50 

13-2 

kepi 

-1-8  C. 

Read  on bridge 

11-1  C. 

5-55 

5'60 5-70 5-80 

18-5 
22-8 

33-2 44-5 

5-90 

55-3 

600 

65-5 

1-5471 

6-05 

70-7 

■0661 

10-5 

6-10 

76-0 

■4016 

N 

10-6 

5-  80 

44-4 

2-0148 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination }f  the  Density  of  the  Sample. 

Position  (L.) Depth 
in  Fathoms. Temperature Temperature Volume 

of  im- 

mersed Portion 
of 

Hydro- 

meter 

(cub. 

Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. 
Weights 
added to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 
Water  at4°C.  =  l.) 

Long. 

D. 

d. 

of 
Sea 

from 
which 
the 

T'. 

t'. 

Ob- 

served 

Reduced 

to 

Reduced 

to 

T. 
t. 

Lour. Lat. 

at 

Posi- tion 

at  t'. 

15°56C. 

t. 
Sample 
was 

of 

the 

of 
the 

of 

the 
of 
the 

centims.) 

u-      lected. Air. Water. 
Air. 

Sample. 

w. R. 

V. 

4  St'. 

4  S  l5°-56. 
4  St. 

o      > o     - 

o  F 

°  F. 

0  F. 

°C. 

8.10 71  22  S. 16  34  W. 1410 500 

28-5 

330 0-6  C. 

Read  on bridge 

Buchanan- Rich- 
ard        water- bottle 

Thermometer  No. 
102,502 

11.0 

50-8 

10-4  C. 

10-9 

lie 

5-50 

5-55 
5-60 5-70 
5-80 

5-90 

600 

6-05 6-10 10-0 
14-5 
20-7 

30-9 41-6 

520 

62-6 
68-0 

73-2 

1-5471 

■0683 
■3754 

1-02653 
1-02560 1-02781 

10-95 

5-80 

41-5 

1-9908 

7.45 71  22  S. 16  34  W. 1410 410 
28-5 330 0-6  C. 

Read  on bridge 

Buchanan-Rich- 
ard       water- 

bottle 
Thermometer  No. 

102,505 

11.20 

53-2 

11-8  C. 

13-2 

130 

5-50 
5-40 

5-45 5-60 

5-70 5-80 

5'90 

6-00 

005 

6-10 

17-0 

5-0 

10-2 
26-2 

36-9 

47-2 
57-8 
68-5 

73-5 79-0 

1-5471 

■0817 
■3808 

1-02615 1-02563 1-02782 

13-1 

S-7S 

421 

2-0096 

-.50 71  22  S. 16  34  W. 1410 1400 

28'5 31-9 

-0-1  C. 

Read  on bridge 

Buchanan-Rich- 
ard       water- 

bottle 
Thermometer  No. 

102,502 

11.45 

53-5 

11-9  C. 

15-4 

15-0 

5-40 

5-45 
5-50 5-60 
5-70 

5-80 
5-90 6-00 

6-05 

610 

130 
180 

23-5 

340 

44-7 

55-5 06-0 

76-0 

81-0 86-0 

1-5471 

■0948 
■4505 

1-02568 1-02560 1-02780 

15-2 

5-7-5 

49-8 

2-0924 

i.O 71  32  S. 

No  ice  in 

17  15  W. 

sight,  onl 
bergs. 

1221 

y  two 

Surface 

distant 
27-2 

29-8 

-1-2  C. 
Reeve's  French 

blue 

10.0 

37-0 

2-8  C. 

8-3 

8-1 

5-50 
5-55 

5-60 
5-70 

5-80 

5-90 
6-00 
6-05 6-10 

8-5 

13-5 19-5 

300 

40-3 
51-0 

61-8 67-0 

72-2 

1-5471 

■0512 
■3655 

1-02668 1-02530 1-02758 
8-2 

5-80 

40-4 

1-963? 

I!) 71  32  S. 17  15  W. 1221 
721 27-2 

32-5 

0-3  C. 

Read  on bridge 

Buchanan-Rich- 
ard       water- 

bottle Thermometer  No. 

102,505 

10.20 

43-2 

6-2  C. 

7-9 

7-7 

5-50 

5-55 5-60 
5-70 
5-80 

5-90 6-00 
6-05 

6-10 

2-0 

7-0 
12-0 

22-6 

33-5 44-2 
55-0 
60-0 

65-2 

1-5471 

■0487 
■3030 

1-02705 
1-02559 

1-02782 

7-8 

5-80 

33-5 

1-8988 

A )  i .  ;o< .  EDIN., VOL.  L 
I,  P^ 

lRT  I 
NO. 

4). 

21 
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o — 
a E i. C/J 

0 o 
u - c — A 

B s 
3 3 
fc jz; 

118 

419 

420 

kept 

427 

Data  Relating  to  the  Collection  of  the  Sample. 

i(B.) 

Month 

420 

420 

421 

42') kepi 

430 
kept 

131 

1901. 
Mar. 

Mar. 

428     Mar. 

Day. Hour. 

19 

20 

21 

Mar. 

Mar. 

Mar. 

18.0 

Position  (L.) Depth 
in  Fathoms. 

Long. 

D. 

d. 

jat. 
of Sea at 

Posi- 
tion 
L. 

from 

which the 
Sample 

was 

col- 

lected. 

Temperature 
at  lime  of 

I  Collection  of 
Sample. 

T. 

of 
the Air. 

of 

the 
Water. 

Colour  of  Water. 
Current,  and 
Remarks. 

71  32  S. 

70  43  S. 

No  ice  in 
bergs 

17  15  W. 

17  35  W. 

sight,  only 
about  six 

8.0 

21 

22 

c.8.0 

.8.0 

69  33  S. 

No  ice  an 

09  33  S. 

09  33  S. 

12.0     OS  32  S. 

No  ice  an 

15  19  W. 

ywherc  in 

1221 1221 

2513 

three 
miles 

2620 

sight. 

°F. 

27-2 

Surface 

small 
off. 

Surface 

15  19  W 

15  19  W. 

10  52  W. 

y  where  in 

26-0 

27-2 

2020     1015 

2020 

sight, 

2615 

Surface 

27-2 

27-2 

30-0 

°F. 

31-9 

-0-1  C. 

Read  on bridge 

30-1 

-0-9  C, 

31-0 

-0-6  C. 

Buchanan-Rich- 

ard        water- 
bottle 

Thermometer  No 
102,502 

Antwerp  blue 

Antwerp  blue 

31-3 

-0-4  C. 

Read  on bridge 

31-5 

-0-3  C. 

Read  on bridge 

31-8 

-0-1  C, 

Buchanan-Rich 
ard         water 

bottle Thermometer  No. 
102,505 

Buchanan-Rich 
ard  water- 

bottle Thermometer  No. 
102,502 

Cobalt  blue 

Data  Relating  to  the  Determination  of  the  Density  of  the S- 

Temperature 

dining 

Experiment. 
Time 

and 
Date. 

10.4:- 

of 
the Air. 

of 

the 
Sample. 

Volume 

Weights 

Read- 

of im- 

mersed 

to 

ing 

Portion 

Hydro- 

of 

Hydro- 

of 

Hydro- 

(grams). 

meter. 
meter 

(cub. 

w. 

centims.) 

R. 

V. 

Sir 

°  F.     I      °  C. 

48-7  7-7 

9-3  C. 

8-1 
13.30 

21/3/04 

13.50 

14.15 

55-0 

12-8  C. 

54-4 

12-4  C. 

550 
12-8  C. 

13.5 
22/3/04 

13.40 

53-5 

11-9  C. 

52-0 

111  C. 

7-9 

13-7 

13-4 

13-55 

12-7 

12-7 

12-7 
12-7 

12-7 

12-7 

9-7 

9-7 

9-7 

9-0 

9-5 

9-  25 

5-50 5-55 
5-60 5-70 

5-80 5-90 6-00 

6-05 6-10 

5-80 

5-30 
5-35 5-40 5-50 

5-60 

5-70 5-80 

5-85 5-90 

5-60 

5-30 

5-35 5-40 5-50 

5-60 
5-70 

5-80 

5-85 
5-90 

5-60 

5-40 

5-45 

5-50 

5-60 
5-70 
5-80 

5-90 

5-95 

000 
5-  70 5-50 

5-55 5-60 
5-70 
5-80 

5-90 

6-00 

6-05 

6-10 

5-  80 5-40 

5-45 
5-50 
5-60 
5-70 

5-80 
5-90 5-95 
6-00 

0-8 

5-9 

11-2 

220 

32-8 43-7 

54-5 
59'8 

65-2 

32-9 3-5 

8-7 

13-6 

24'2 

35-0 

45-5 56-0 

61-4 

66-5 

34-9 

20 

6-5 

11-5 22-5 

33-0 
44-5 

55'0 

60-2 

65-6 

33-4 

3-8 

9-2 

14-5 25-0 
36-0 
46-6 

57-1 62-3 

67-6 35-8 

7-5 
12-6 

17-8 

28-3 
38-8 

49-7 

60-2 65'3 
69-0 

38-8 2-2 

7-4 

13-0 23-7 

340 

45-2 
56-0 

61-3 
66'5 

Ob- 

served 

at  t'. 

1-5471 

■0493 

•2977 

1-8941 

1-5471 

■0846 
■3157 

102701 

1-9474    1-02568 

1-5471 

■0792 
■3021 

1-9284 

1-5471 

■0792 

■3238 

vozm 

1-9501 

1-5471 

■0605 ■3510 

1-9586 

1-5471 

■0577 ■3112 

1-02821 

5-70 

34-4        1-9160 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination Df  the  Density  of  the  Sample. 

te )                   Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 

Density  of  Sample. 
at  time  of 

Collection  of 

during 

Experiment. 

Weights 

added 

Read- 

(Density of  Distilled Waterat4°C.  =  l.)  . D.          d. 
Sample. 

Colour  of  Water, Time to 

Hydro- 

ing 

of 

Hydro- 

meter. 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) Long. 

of    1    tro
m 

J"    !   which 

at         th
e 

Posi-  SamP
le 

T. 

of 

the 

t. 

Current,  and 
Remarks. 

and 
Date. 

T'. of 
the 

t'. of 
the 

meter 

(grams). 

Ob- 

served 

at  t'. 

Reduced 
to 

15°-56C. 
Reduced 

to 
t. 

of 

the 
tion 

col- 

lected. 

L. 
Air. Water. Air. Sample. w. 

R. 

V. 

4St, 

4  S  lS°-56. 
iSt 

o     ,          | 

°  F. of.  ! 

O    Jf_ 

°C. 

1     1.57 68  32S.     10  52  W. 
2487 

50 

32-2 30-4 

-0-9  C. 

Read  on 

Buchanan- Rich- 
ard       water- 

bottle 

14.50 

54-0 

12-2  C. 

12-6 

5-40 

5-45 5-50 8-7 

13-9 

19-2 

bridge 
Thermometer  No. 

102,502 

5-60 
5-70 

5-80 
5-90 

29-5 40-0 

50-6 

61-2 

1-5471 5-95 

66-5 

■0786 

12-0 

6-00 

71-5 

■3627 

1-02600 1-02540 1-02761 
120 

5-70 

40-1 

1-9884 

£  18.0      68  32  S. 10  52  W. 
2487 100 

32-2 33-5 
Buchanan-Rich- 

15.20 
550 

12-0 

5-40 
21 

0-8  C. 

ard        water- 

12-8  C. 5-45 

7-2 

Read  on bottle 

5-50 

12-5 

bridge 
Thermometer  No. 

102,505 

5-60 
5-70 5-80 

23-0 

33-2 43-8 

11-9 11-95 

5-90 

5-95 
6-00 

54-3 

59-8 

65-0 

1-5471 

■0746 ■3021 

1-02636 1-02561 
1-02779 5-70 

33-4 

1-9238 

- 1-1.20 0b  32  S. 10  52  W. 
2487 

200 

32-2 33-5 

0-8  C. 

Bead  on bridge 

Buchanan-Rich- 
ard       water- 

bottle Thermometer  No. 
102,502 

15.45 

50-0 

10-0  C. 

11-7 

5-50 

5-55 5-60 
5-70 5-80 

5-90 6-00 

11-2 
10-2 

21-0 

31-2 

42-0 

52-6 63-0 

1-5471 

11-3 

6-05 
6-10 

68-0 

73-5 

■0718 ■3808 

1-02648 1-02566 1-02784 

11a 

5-80 

42-1 

1-9997 

.2  14.40 G8  32  S. 10  52  W. 
2487 

300 

32-2 
33-2 

0-7  C. 

Read  on bridge 

Buchanan-Rich- 
ard       water- 

bottle 
Thermometer  No. 

102,505 

10.10 

52-0 
111  C. 

150 

14-3 

5-50 
5-40 

5-45 5-60 5-70 

5-80 
5-90 

5-95 
6-00 

21-0 9-8 

150 

31-0 

41-5 
51-8 
62-0 

67-2 
72-0 

1-5471 

■0914 
■3736 

1-02586 1-02567 1-027S3 

14-65 

5-70 

41-3 

2-0121 

■  14.40 68  32  S. 10  52  W. 2487 300 

32-2 
33-2 

0-7  C. 

Read  on bridge 

Buchanan-Rich- 
ard       water- 

bottle 
Thermometer  No. 

102,505 

Tested 

again 
9.30 

23/3/04 
50-0 

100  C. 9-8 

9-9 

5-50 
5-55 
5-60 5-70 

5-80 
5-90 
6-00 

6-05 6-10 7-0 
12-7 

17-4 

28-0 

38-5 

49-2 60-0 

65-3 

70-0 

1-5471 

■0615 ■3500 

1-02671 
1-02558 

1-02779 9-85 
5-80 

38-7 

1-9586 

-2  11.45 68  32  S. 10  52  W. 
2487 400 

32-2 

331 0-6  C. 

Read  on bridge 

Buchanan-Rich- 
ard       water- bottle 

Thermometer  No. 
102,502 

10.0 

23/3/04 
51-0 

10-6  C. 

10-4 

5-50 

5-55 5-60 
5-70 

5-80 
5-90 
6-00 

6-05 

8-2 

13-2 18-5 
29-0 
39-9 

50-5 

61-2 

66-5 

1-5471 

■0649 

10-4 

610 

71-8 

■3609 

1-02663 
1-02560 1-02781 

10-4 

1      5-80 

39-9 

1-9729 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  I 

Date(K.) Position  (L.) Depth Temperature Temperature 
Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

Densi 

o 

la "3 

"5. 

E 
CS CO 
■** 

o 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Dens 

Month. Day. Hour. Lat. 
Long. 

D. 
d. 

Watei 

of 
Sea 

from 
which 

the Sample 

was 

col- 

lected. 
T'. 

t'. 

Ob- 

served 

T. t. 

— 
E 

OJ 

E 

at 

Posi- 

tion 
of 
the 

of 

the 
of 

tie 

of 
the 

centims.) 

at  t'. 

!5 fe L. Air. Water. 

Air. 
Sample. w. 

R. 

V. 

•iSf. 

e"; 

1904. O         /                           O         ' 1 

°  F. 

°F. 

0  F. 

°C. 

421 437 Mar. 22 16.20 68  32  S.     10  52  W. 2487    2480 290 

31-5 

Buchanan-Rich- 
10.35 

50-0 11-3 

5-50 

11-0 

kept 

-0-3  C. 

Read  on bridge ard        water- bottle 
Thermometer  No. 

102,502 

23/3/04 100  C. 

10-8 

5-55 5-60 
5-70 5-80 

5-90 
6-00 

6-05 6-10 
16-0 

21-5 

31-2 
41-8 

52-2 

62-5 67-8 

72-5 

1-5471 

■0690 

■3781 

11-05 

5-80 

41-8 

1-9942 
1-026S1 

422 438 
kept 

Mar. 23 8.0 68  32  S. 12  49  W. 
2660 

Surface 

30-0 31-1 

-0-5  C. Indigo 

10.50 

45-0 

7-2  C. 

8-2 

5-40 

5-45 

50 

10'0 

5-50 

15-0 

No  ice in  sight. 

5-60 

5-70 5-80 

25-0 

35-5 
46-0 

1 

5-90 

57-0 

1-5471 5-95 

62-0 

■0515 

8-3 

6-00 

67-5 

•3248 

8-25 

5-70 

35-9 

1-9234 1-02636 

422 439 
kept 

Mar. 
23 

18.40 68  32  S. 12  49  W. 2660      500 

30-0 

32-7 

0-4  C. 

Buchanan-Rich- 
ard        water- 

14.20 
24/3/04 

57-5 

14-2  C. 

13-1 

5-50 5-40 

17-0 

6-0 

Whilst  heaving  sample  from  1000 Read  on bottle 

5-45 

11-5 

fathoms,      thermometer      No. 

bridge 
Thermometer  No. 

5-60 

27-5 

102,502     wire     snapped     iust 102,505 

5-70 

38-5 

before   reaching   surface,  thus .  5-80 

49-0 

losing      thermometer,      Buch- 

5-90 

59-8 

1-5471 

anan-Richard  water-bottle,and 

5'95 

65-0 

■0821 

weights. 

13-2 

6-00 

69'0 

■3447 

1-02608 

13-15 

5-70 

38-1 

1-9739 

422 440 Mar. 
23 

16.15 68  32  S. 12  49  W. 
2660 

600 

30-0 32-5 

0-3  C. 

Read  on bridge 
Buchanan-Rich- 

ard       water- 
bottle Thermometer  No. 

102,502 

15.0 

24/3/04 

54-5 

12-5  C. 

12-4 

12-4 

5-40 5-45 

5-50 

5-60 5-70 

5-80 
5-90 

5-95 
6-00 

3-0 

8-5 

13-5 
24-0 

35-0 45-5 56-8 

62-0 

67-5   . 

1-5471 

■0774 

■3175 

1-02626 

12-4 

5-70 

35-1 

1-9420 

422 
•111 

Mar. 
23 

17.50 68  32  S. 12  49  W. 2660 1500 

30-7 
31-5 

-0-3  C. 

Read  on bridge 
Buchanan-Rich- 

ard        water- bottle    _ 
Thermometer  No. 

102,505 

15.20 
24/3/04 

58-2 

14-6  C. 

14-2 

141 

5-40 

5-45 5-50 

5-60 
5-70 

5-80 
5-90 

5-95 

6-00 
8-8 

14-0 

19-0 

30-0 

40-5 51-5 
62-0 

67-0 
72'0 

1-5471 

■0883 
■3664 

1-02592 
14-15 

5-70 

40-5 

2-0018 

422 442 
kept 

Mar. 
23 18.0 68  32  S. 12  49  W. 

2660 2009 

30-7 
31-4 

-0-3  C. 

Read  on 
bridge 

Buchanan-Rich- 
ard       water- 

bottle Thermometer  No. 

102,502 

15.40 

24/3/04 

57-5 

14-2  C. 
150 

150 

5-50 

5-40 

5-45 
5-60 
5-70 

5-80 
5-90 

5-95 
6-00 22-5 

11-0 

16-0 
33-5 45-0 

55-5 

65-8 

70-8 76-0 

1-5471 

■0938 ■3980 

15-0 

5-70 

44-0 

2-0387 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Deter mination  of  the  Density  of  the  Sample. 

a 
■) 

Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 

Portion of 

Hydro- 

meter 

(cub. 

Density  of  Sample. 
at  time  of 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 
Waterat4°C.  =  l.) 

1 1    Hour. Lat. Long. 

D. 
d. 

of 
Sea 

from 
which 
the 

T'. 

t'. 

Ob- 

served 
Reducet 

to 

Reduced 
to 

T. t. 

at 

Posi- tion 

at  t'. 

15°-56C 

t. 

Sample 

was 

col- 

lected. 
of the 

of- 

the of 
the 

of 
the 

centims.) 

L. Air. Water. Air. Sample. w. R. 

V. 

4  St'. 

4815=56. 

4St. 

1       „       /              |     0       / ■  F.  '          : 

°F. 

°C. 

1 
8     11.10    68  41S. ID  36  VV.    Cir. 2500 

1000 

30-8 

31-82 
-0-1  C. 

Nansen- Pet  tors- 
son        water- 

16.5 

58-0 

14-4  C. 

13-6 

5-40 

5-45 

8-0 

13-5 

Read  on bottle 

5-50 

19-0 

bridge 
Thermometer  No. 

18,725 

5-60 
5-70 

29-2 
39-8 

5-80 

50-5 

5-90 

60-8 

1-5471 
5-95 

66-0 

•0852 

13-7 

6-00 

71-5 

■3600 

1-02597 1-02557 
1-02780 

13-65 

5-70 

39-8 

1-9923 

Tl  18°
 

1 

68  41  S. 12  36  W. Cir. 
2500 700 

30-0 

32-40 0-2  C. 

Read  on bridge 

Nansen- Petters- 
son        water- 
bottle 

Thermometer  No. 

18,725 

13.50 

26/3/04 
59-5 

15-3  C. 

12-9 

12-8 
12-85 

5-40 
5-45 
5-50 

5-60 
5-70 

5-80 
5-90 

5-95 6-00 

50 

10-0 
15-0 
26-5 

37-2 
47-2 58-0 

63-0 
68-0 

1-5471 

■0802 
■3320 

1-02616 1-02559 

102781 

5-70 

36-7 

1-9593 

U   18.25 68  41  S. 12  36  W. Cir. 800 

30-0 
32-4 

Nansen-Petters- 
14.15 

54-0 
.  12-3 

5-40 

3-0 2500 
0-2  C. 

son        water- 26/3/01 

12-2  C. 

5-45 

8-0 Read  on bottle 

5-50 

13-0 

bridge 
Thermometer  No. 

18,725 

12-5 

5-60 5-70 

5-80 

5-90 
5-95 
6-00 

24-5 
36-0 
46-0 

57-5 

62-5 68-0 

1-5471 

■0774 •3202 

1-02624 
1-02558 1-02780 

12-1 

5-70 

35-4 

1-9447 

-'1   17.10 68  41  S. 12  36  W. Cir. 2500 900 
300 

32-1 

0-1  C. 

Read  on bridge 

Nansen-Petters- 
son        water- bottle 

Thermometer  No. 

18,725 

14.40 

26/3/04 
54-0 

12-2  C. 
12  6 

12-5 

5-50 
5-40 
5-45 5-60 

5-70 
5-80 5-90 

5-95 6-00 

16-0 

4-5 
9-0 

26-0 

36-0 

46-2 

57-2 

62-0 

67-0 

1-5471 

■0783 
■3257 

1-02621 

102558 

1-02780 

12-55 

5-70 

36-0 

1-9511 

25    8.0 68  26  S. 

(noon  po 
No  ic 

11  11  W. 
sition) 

e. 

Surface 

30-2 
31-3 

-0-4  C. 
Antwerp  blue 14.15 

45-0 

7-2  C. 

11-7 

11-2 

5-35 5-40 

5-45 
5-50 

5-55 5-60 

5-65 5-70 

5-75 

4-0 

9-0 

14-5 19-8 25-0 

30-8 36-0 

41-2 

45-5 

1-5471 

■0714 

■2271 

1-02597 
1-02514 1-02739 

11-45 

5-55 

25-1 

1-8456 

26    6.0 6T  48  S. 

Three 

11  52  W. 

distant bergs. 

Surface 

30-3 30-9 

-0-6  C. 
Blue 

9.30 
30/3/04 

51-3 

10-7  C. 

8-8 

9-3 

5-40 
5-45 
5-50 

5-60 

5-70 5-80 
5-90 
5--95 

600 

6-0 

11-0 
16-7 

27-0 

38-0 
48-5 
59-0 

64-5 
69-5 

1-5471 

■0565 

•3419 

1-02624 1-02499 1-02724 9-05 5-70 

37-8 

1-9455 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  t 

tj 

Date(E.) Position  (L.) Depth 
in  Fathoms. Temperature 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 
Date. 

Temperature 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Dens 

(Dons 

Wah 

Hour. Lafc. Long.     , 

D. 

d. 

of 
Sea 
at 

Posi- 

tion 

from 
which 
the 

Sample 
was 

col- 

lected. 

T'. 
t'. 

Ob- 

served 

at  t'. 

Month. Day. 

T. 

of 

the t. 

of 

the 
of of 

the 
5 S5 

1904. 

i 
L. 

Air. 
Water. 

Air. 

Sample. w. 

R. 

V. 

4  S  r. 

o       / O         / 

o  pi 

o  F 

o  p 

°C. 

128 449 Mar. 

27 

6.30 67    9  S. 11  30  W. Surface 

30-5 
30-5 

-0-8  C. 

Reeve's  French 
blue 

9.50 

30/3/04 

53-2 

11-8  C. 

14-1 

13'5 

5-40 

5-30 
5-35 

5-50 

5-60 
5-70 

5-80 
5-85 
5-90 

22-0 

11-0 16-8 

32-5 
43-0 
53-0 64-0 

69-5 74-0 

1-5471 

■0861 
•3881 

1-02526 

13-8 

5-60 

42-9 

2-0213 

428 I.Mi Mar. 

27 

18.0 66  41  S. 

Only  on 

11  17  W. 

e  berg  in 
four  miles 

2715 
sight, 

off. 

Surface 

about 30-0 

3D0 
-0-6  C. 

Reeve's  French 
blue 

10.30 

30/3/04 
52-0 

11-1  C. 

11-8 

11-7 

5-30 
5-35 

5-40 
5-50 

5-60 
5-70 

5-80 

5-85 5-90 

3-8 
9-0 

14-0 
24-0 

35-0 46'0 

56-5 
61-5 

66-5 

1-5471 

■0733 
■3175 

1-02573 

11-75 

5-60 

35-1 

1-9379 

im 
429 451 Mar. 28 

0.0 66  13  S. 

Several 

11  22  W. 

distant  be 
rgs. 

Surface 

28-0 30' 8 

-0-7  C. 

Reeve's  French 
blue 

11.30 

30/3/04 
51-7 

10-9  C. 

12-5 

12-4 

5-30 

5-35 5-40 

5-50 
5-60 
5-70 

5-80 

5-85 
5-90 

5-8 

10-8 
16-0 26-0 

36'8 

47-2 
58-0 
63-0 

68-0 

1-5471 

■0777 

■3329 

1-02562 

12-45 

5-60 

36-8 

1-9577 

430 452 
kept 

Mar. 28 12.0 65  58  S. 

Only  dist 

11  24  W. 

ant  bergs 

in  sig Surface 
ht. 

28-0 
31-2 

-0-4  C. 

Reeve's  French 
blue 

12.0 

30/3/04 

53-0 

11-7  C. 

12-8 

12-6 

5-30 

5-35 

540 

5-50 5-60 
5-70 

5-80 
5-85 
5-90 

5-2 

10-2 15-8 
26-5 

37-0 
48-0 

58-0 

63-2 
68-5 

1-5471 

■0792 ■3338 

1-02560 

12-7 

5-60 

36-9 

1-9601 

i.:i 453 Mar. 
29 

12.0 63  54  S. 

No  ice  in 

10  42  W. 

sight. 

Surface 

29-0 

31-2 

-0-4  C. 

Reeve's  French 
blue 

13.10 

30/3/04 
51-0 

10-6  C. 

10-5 

10-3 

5-40 

5-45 
5-50 5-60 

5-70 5-80 

5-90 
5-95 
6-00 

5-0 

10-0 

16-5 

27-5 

38-2 

49-0 

59-0 

64-5 69-5 

1-5471 

■0649 ■3410 

1-02619 

10-4 

5-70 

37-7 

1-9530 

431i 454 Mar. 30 6.0 62    4  8. 

Only  dist 

12  21  W. 

ant  bergs. 

Surface 

28-9 30-9 

-0-6  C. 

Reeve's  French 
blue 

13.30 

51-2 

10-7  C. 

10-3 

106 

5-40 

5-45 
5-50 5-60 

5-70 5-80 

5-90 
5-95 6-00 6-5 

11-5 17-0 

27-5 

38-8 
50-0 

60-2 
65-2 

70-5 

1-5471 

■0652 

■3492 

102615 

10-45 

,      5-70 

38-6 

1-9615 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

• ) Position  (L.) Depth 
in  Fathoms. Temperature Temperature Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

Density  of  Sample. 

at  time  of 

during 

Weights 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 

Lat. Long. 

D. d. 
Collection  of 

Sample. 
Colour  of  Water. 

Current,  and 
Remarks. 

Time 

and 
Date. 

Experiment. added to 

Hydro- 

meter 

(grams). 

Water  at  4°C.  =  1.) 

of 
Sea 
at 

Posi- 
tion 

from 
which 
the 

T'. t'. 

Ob- 

served 

Reduced 

to 
15°50C. Reduced 

to 

t. 

T. t. 

1 1  our. 

Sample 
was of 

the 

of 

the 

of 

the 
of 

the 

centims.) 

L. leeted. Air. Water. Air. Sample. w. 

R. 

V. 

4°t'. 

4  S  i5»-56. 

4  St. 

o       , o      / 

0  F. 

o  F_ 

0  F. 

°C. 

12.0 01  26  S. 

Only  dist 

12  47  W. 

ant  bergs. 

Surface 
29-3 

31-8 

-0-1  0. 
Reeve's  French 

blue 
9.55 

31/3/04 
54-0 

12-2  C. 

12-3 

12-3 

5-30 

5-35 
5-40 
5-50 5-60 

5-70 
5-80 

5-85 5-90 

1-0 

60 

12-0 22-0 

33-0 
43-5 
53-5 
59-0 64-3 

1-5471 

■0768 ■2938 

1-02583 1-02517 1-02737 

12-3 

5-60 

32-7 

1-9197 

18.0 61  21  S. 13    2  W. 
30 

30-2 

30-75 
-0-7  C. 

Read  on 

Nansen-Petters- 
son        water- 
bottle 

9.40 

8/4/04 
49-0 

9-4  C. 

9-7 
5-40 
5-45 

5-50 

3-5 8-8 

14-0 

bridge 
Thermometer  No. 

18,725 

49-9 
9-9  C 

9-8 

5-60 

5-70 5-80 
5-90 

5-95 6-00 

24-5 

35-5 
46-0 
56-5 
62-0 

68-0 

1-5471 

■0608 ■3202 

9-75 

5-70 

35-4 

1-9281 1-02633 1-02519 
1-02745 

3|  17.30 61  21  S. 13    2  W. 2764 50 

30-0 

28-92 Nansen-Petters- 10.10 

50-3 

91 

5-50 

9-5 

-1-7  C. 

son        water- 
8/4/04 

10-2  C. 

5-55 

15-0 

Read  on bottle 

5-60 

20-0 

bridge 
Thermometer  No. 

18,725 

50-2 

10-1  C. 

9-4 

5-70 5-80 

5-90 6-00 

6-05 
6-10 

30-5 
41-0 

52-0 
62-0 

67-5 
72-5 

1-5471 

■0577 
■3718 

9-25 
5-  80 

41-1 

1-9766 1-02661 1-02538 1-02770 

17.30 61  21  S. 13    2  W. 2764 

80 

30-0 

29-60 
-1-3  C. 

Read  on bridge 

Nansen-Petters- 
son        water- 
bottle 

Thermometer  No. 

18,725 

10.35 

8/4/04 
49-9 

9-9  C. 

47-0 

8-3  C. 

8-9 

91 

5-50 

5-55 5-60 
5-70 

5-80 5-90 
6-00 

6-05 6-10 

8-0 

13-5 
18-8 

29-5 40-2 
50-8 

61-2 
66-0 

71-0 

1-5471 

■0562 
■3609 

9-0 

5-80 

39-9 

1-9642 1-02668 1-02541 
1-02772 

30 17.40 61  21  S. 13    2  W. 2764 
90 

30-2 

30-80 
-0-7  C. 

Read  on bridge 

Nansen-Petters- 
son        water- 
bottle 

Thermometer  No. 

18,725 

11.0 

8/4/04 47-0 

8-3  C. 

46-0 

7-8  C. 

7-7 

7-8 

5-50 

5-55 5-60 
5-70 

5-80 5-90 
6-00 
6-05 

610 

5-0 

10-0 

15-0 

25-5 

36-5 47-2 
58-0 

630 

68-0 

1-5471 

■0484 
■3302 

7-75 

5-80 

36-5 

1-9257 1-02690 
1-02544 

1-02772 

16.0 61_21_S. 13    2  W. 2764 100 

30-2 

32-01 0-0  C. 

Read  on bridge 

Nansen-Petters- 

|  son        water- bottle 
Thermometer  No. 

18,725 

13.10 

8/4/04 48-8 

9-3  C. 

50-0 

100  C. 

13-4 

12-8 

5-40 

5-45 
5-50 5-60 
5-70 
5-80 

5-90 

5-95 

600 

7-5 
12-5 
18-0 
28-0 

38-8 
49-8 
60-0 
65-0 

70-0 

1-5471 

■0817 

■3510 

13-1 

5-70 

38-8 

1-9798 1-02604 
1-02552 

1-02775 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 

if  the  Density  of  thi 

Date(K.) Position  (L.) Depth in  Fathoms. Temperature 
at  time  of 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 
and 
Date. 

Temperature 

during 

Experiment. Weights 
added 

to 

Hydro- 

meter 

(grams). 
Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 

Portion 
of 

Densil 

(Don 

Water 

Month. Day. Hour. Lat. 
Long. 

D. a. 

of 
Sea 
at 

Posi- 

tion 

from 

which 
the Sample 

Mas 

col- 

lected. T'. 

of 

tie 

t'. 

Hydro-  '     „, 

meter        0b- 

(cub.  1  se™d 

centims.)     at  l  ■ 

Redi 

T. 

1. 

of 

the 

of 
the 

of 
the 

fc fc L. Air. Water. 
Air. 

Sample. 

w. 

R. V. 

i°
 

1904. O         / 0          / 

°  F. 

°F, 

°F. 
°C. 

432a 461 Mar. 30 16.50 01  21  S. 13    2  W. 
2704 

200 

30-0 

32-33 

0-2  C. 

Read  on bridge 

Nansen-Petters- 
son        water- 
bottle Thermometer  No. 

18,725 

13.30 

8/4/04 

50-2 

10-1  C. 

50-4 

10-2  C. 

12-8 

12-5 

5-40 

5-45 

5-50 

5-60 
5-70 

5-80 
5-90 
5-95 6-00 

50 

9-8 
14-8 

250 

35-8 46-0 

56-5 
61-8 67-0 

1-5471 

■0789 
■3229 

12-65 

5-70 

35-7 

1-9489 
1-02622 

432a 462 Mar. 30 16.30 61  21  S. 13    2  W. 2764 300 

30-0 

32-28 

0-2  C. 

Read  on bridge 

Nansen-Petters- 

son        water- 
bottle Thermometer  No. 

18,725 

14.0 

8/4/04 

50-2 

10-1  C. 

50-3 

10-2  C. 

11-7 

11-6 

5-40 
5-45 

5-50 
5-60 
5-70 

5-80 

5-90 5-95 
6-00 

2-5 

7-8 

12-3 
23-0 

33-0 

43-6 54-0 

59-0 

64-8 

1-5471 

■0727 ■3012 

11-65 

5-70 

33-3 

1-9210 1-02637 

432a 463 Mar. 30 17.0 61  21  S. 13    2  W. 2764 
400 

30-0 

32-21 
0-1  C. 

Read  on 
bridge 

Nansen-Petters- 

son        water- 
bottle Thermometer  No. 

18,725 

14.45 

8/4/04 
49-2 

9-6  C. 

48-0 

S-9C. 

10-6 

10-5 

5-50 
5-55 

5-60 

5-70 5-80 
5-90 
6-00 

6-05 6-10 

9-8 15-3 20-0 

30-3 40-5 
50-8 
61-5 
66-3 

72-0 

1-5471 

0658 

■3682 

10-55 

5-80 

40-7 

1-9811 1-02059 

433 464 Mar. 31 0.0 
60  50  S. 

Distant  b 

12  30  W. 

ergs  only. 

Surface 

30-2 
31-1 

-0-5  C. 

Reeve's  French blue  at  7.0 
10.15 

55-5 

13-1  C. 

9-4 

100 

5-40 

5-45 
5-50 

560 

5-70 

5-80 
5-90 
5-95 
6-00 

5-0 100 

15-3 
26-0 

36-8 

47-5 

58-5 

63-5 
69-0 

1-5471 

■0605 

■3329 

1-02626 

9-7 

5-70 

36-8 

1-9405 

434 Mar. 
31 

12.0 60  37  S. 

No  ice 

(w 

12  10  W. 

visible  for 
eather  mis 

two 

ty). 

Surface 

miles 
29-5 

31-2 

-0-4  C. 

Reeve's  French 
blue 

9.50 

4/4/04 

59-6 

15-3  C. 

59-0 

15-0  C. 

140 

14-7 

5-30 
5-35 

5-40 
5-50 5-60 

5-70 
5-80 

5-85 5-90 
7-0 

12-2 17-5 

28-0 

39-5 

50-2 

61-0 

66-0 

71-5 

1-5471 

■0914 ■3546 

14-65 

5-60 

39-2 

1-9931 

436 166 
Apr. 2 I-  ii 58  lo  S. 

\,.  ici  i 

11  SOW. 

sight. 

Surface 

31-0 

330 0-6  C. 
Reeve's  French 

blue 

10.30 

3/4/04 

01-5 

16-4  C. 

01-0 

16-1  C. 

18-1 

17-9 

5-50 
5-00 
5-65 
5-70 5-20 
5-30 

5-40 

5-10 

5-15 

51-0 

61-5 
66-0 

70-5 

18-0 28-0 

38-0 

8-0 

10-0 

1-5471 

•1123 ■3528 

18-0 

5-40 

39-0 

2-0122 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination sf  the  Density  of  the  Sample. 

■ Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 

Portion 
of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

at  time  of 

during 

Weights 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 

_ 
Lat. Long. 

D. 
d. Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 
Date. 

Experiment. added to 

Hydro- 

meter 

(grams). 

Water  at  4°G.  =  1.) 

of 
Sea 

from 
which 
the 

Sample 
was 

T'. 
t'. 

Ob- 

served 
Reduced 

to 
Reduced 

to 
T. 

t. 
, 

pour. at 

Posi- tion 

of 
the 

of 

the 
of the 

of 
the 

at  t'. 

15°-56C. 

t. 

L. 

col- 

lected. Air. Water. 
Air. 

Sample. 

w. R. V. 

4  St'. 

.»Sl5»-56. 

4  St. 

o        / o      / 

o  p 
°F. 

o  -p 

°C. 

3      CO 57  1G  S. 

Two  dist 

10  37  W. 

ant  bergs. 

Surface 

31-6 32-9 

0-5  C. Blue 10.10 

4/4/04 49-0 

9-4  C. 

13-3 

5-30 

5-35 

5-40 
5-50 5-60 

11-5 17-0 22-5 

32-5 43-0 

5-70 

54-0 

5-80 

64-8 

1-5471 5-85 

70-2 

■0811 

48-5 
12-7 

5-90 

75-0 

■3926 

9-2  C. 

13-0 

5-60 

43-4 

2-0208 1-02526 1-02473 1-02688 

i    18.0 56  23  S. 

Two  dist 

10    OW. 

ant  bergs 
in  sig 

Surface 

ht. 31-0 33-8 

1-0  C. 
Turquoise 

10.35 

4/4/04 
47-4 

8-6  G. 

46-2 

7-9  C. 

120 

11-4 

5-30 

5-35 
5-40 
5-50 

5-60 
5-65 5-70 
5-75 

5-80 
7-5 12-5 

17-5 
28-8 

39-5 
44-5 50-0 

55-5 
60-5 

1-5471 

■0730 
■3175 

11-7 

5-5611 

35-1 

1-9376 1-02552 1-02474 
1-02688 

t      8.0 55    8S. 9  50W. 
2270 

32-2 

316 
-0-2  C. 

Buchanan-Rich- 
ard       water- 

Samp 

le  lost  d 
uring  gal 

e  on  the 
night  of  1 

8  th  Apri I  1904. 

The    water-bottle,     which     was bottle 
fixed  about  3  fathoms  from  the Thermometer  No. 

sounding-tube,   came  up  with 102,505 
its  sides  pressed  in ;  some  water, 
with  a  little  mud,  was  in  the 
bottle ;  the  sounding-tube,  how- 

ever, w as  lost. 

55    8S. 

A  distant 

10    OW. 

berg  in  si 

gbt. 

Surface 

33-8 
34-2 

1-2  C. 
Turquoise 

9.15 

8/4/04 50-7 

10-4  C. 90 

5-40 

5-45 
5-50 5-60 

5-70 

5-80 
5-90 
5-95 7-5 12-5 

19-0 
29-0 

39-8 
50-5 
60-8 
66-0 

1-5471 

■0565 

47-0 9-1 

6-00 

72-0 

■3591 

8-3  C. 9-05 5-70 

39-7 

1-9627 1-02614 1-02489 1-02705 

8 12.0 52  33  S. 9  47  W. Surface 

36-2 35-0 

Cobalt 15.8 

47-3 

9-8 

5-40 

13-0 

1-7  C. 
8-5  C. 

5-45 5-50 
5-60 

18-0 
23-0 

33-5 

5-70 

43-5 

5-80 

54-0 

5-90 

64-5 

1-5471 5-95 

69-5 

-0605 

46-5 

9-6 

6-00 

75-0 

■3962 

8-1  C. 

9-7 

5-70 

43-8 

2-0038 
1-02591 1-02478 

1-02688 

9 12.0 51    7S. 9  31  W. Surface 

36-0 35-3 

1-8  C. Reeve's  French blue  (light) 
13.55 

15/4/04 

530 

11-7  C. 

11-0 

5-50 

5-30 

5-35 5-40 
5-60 

27-5 
7-0 

12-2 

17-2 
38-0 

5-70 

48-0 

5-80 

59-0 

1-5471 5-85 

64-0 

■0696 

52-8 11-3 

5-90 

69-5 

■3437 

11-6  C. 

• 11-15 

5-60 

38-0 

1-9604 
1-02560 1-02472 

102681 

\  soc .  EDIN. VOL.  L 
I,  FJ 

lRT  I 

(NO. 

4). 
22 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to the  Deter mi  nation 

of  the  Density  of 

he( 

Date(E.) Position  (L.) Depth in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

eentims. 

Den 

c 

_o 
09 

W 

o 

c 

s 
3 

£ 

o 

& 
3 

at  time  of 
Collection  of 

Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. Weights 
added to 

Hydro- 

meter 

(grams). i 

Read- 

ing 

of 

Hydro- 

meter. 

(Den 

Month. 

Day ; 

.|  Hour. 
Lat. 

Long. 

D. 

of 
Sea 
at 

Posi- 

tion 

(1. 

Water  at !: 

from 
which 

the 
Sample 

was 

col- 

lected. 

T'. 

t'. 

i      ■* 

T. t. 

Ob- 

served | 

of 
the 

of the 
1 

of 

the 
of 
the 

at  t'. 

fc ^; 
L. 

Air. Water. Air.    ISample. 

w. 

R. 

V. 

4  St'. 190-1. 
O         / o        / 

o  p_ 

°F. 

o  p_ 

°C. 

448 473 Apr. 
10 12.0 

49  25  S. 9  21  W. Surface 

38-5 39-0 

3-9  0 
Cobalt 

14.0 

16/4/04 

51-9
' 

11-1
  
C 

9-7 5-40 
5-45 
5-50 5-60 

5-70 5-80 

11-0 

16-0 21-0 

32-5 43-7 

54-2 

5-90 

64-2 

1-5471 

595 

69-5 

■0618 

53-0 

10-1 

6-00 

74-5 

•3890 

11-7  C. 

9-9 

6-70 

43-0 

19979 

1-02594 

449 474 Apr. 
11 12.0 48  53  S. 9  25  W. Surface 

38-7 

39-4 

4-1  C 

Dark  blue 14.30 

16/4/04 

53-0 

11-7  C. 

53-8 

12-1  C. 

100 

10-5 

5-40 

5-45 5-50 
5-60 
5-70 

5-80 
5-90 

5-95 
6-00 

11-3 17-0 22-0 

33-5 
44-5 
55-0 66-0 

71-0 
76'0 

1-5471 

■0640 
■3980 

10-25 

5-70 

44-0 

2-0091 1-0258$ 

450 475 Apr. 12 
13.0 48    OS. 9  50  W. 

D.R. 
Surface 

38-8 
40-0 

4-4  C. 
Reeve's  French blue  (light) 

15.0 

16/4/04 

54-0 

72-2  C. 

10-3 

5-40 

5-45 
5-50 5-60 

14-0 19-0 
24-0 

35-0 

5'70 

45-5 

5-80 

56-3 

5-90 

66-5 

1-5471 
5-95 

72-0 

■0661 

54-5 10-9 

6-00 

77-5 

■4116 

12-5  C. 

10-6 

5-70 

45-5 

2-0248 1-02579 

451 476 Apr. 
13 13.0 

48    GS. 10    5  W. Surface 

35-8 40-8 

Reeve's  French 9.15 

51-2 
10-6 

5-30 

1-0 
4-9  C. 

blue 20/4/04 
10-7  C. 

5-35 

5-40 
5-50 

6-0 

11-0 

22-0 

51-5 

10-5  C. 

10-7 

5-60 
5-70 

5-80 
5-85 
5-90 

33-0 
44-0 55-0 

60-0 65'2 

1-5471 

■0665 
•2985 

10-65 

5-60 

330 

1-9121 

1-02587 

453 477 
Apr. 14 13.0 46  35  S. 10  10  W. Surface 

39-2 42-9 

61  C. Cobalt  blue 
(light) 

9.55 
20/4/04 

52-2 

11-2  C. 

52-7 

11-5  C. 

10-7 

110 

5-30 

5-35 5-40 

5-45 5-50 

5-55 5-60 

5-65 

5-70 0'5 5-5 

10-5 

16-0 

21-0 26-0 

32-0 

38-0 42-5 

1-5471 

■0677 
■1927 

10-85 

5-50 

21-3 

1-8075 

1-02591 

454 Apr. 
15 13.0 45  54  S. 10    4W. Surface 

48-9 

44-2 

6-8  C. 

Cobalt  blue 
10.20 

20/4/04 52-9 

11-6  C. 

10-8 

5-40 

5-45 
5-50 

5-60 5-70 

5-80 
5-90 
5-95 

10-5 16-0 
21-8 

32-5 43-0 

54-0 65-0 

70-0 

1-5471 

■0686 

53-4 11-2 

6-00 

75-0 

■3899 

1 
11-9  C. 

1 

11-0 

5-70     1 

431 

2-0056 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination Df  the  Density  of  the  Sample. 

Position  (L.) Depth in  Fathoms. Temperature Temperature 
Volume 

of  im- 

mersed 

Density  of  Sample. 

at  time  of 
Collection  of 

during 

Experiment. 
Weights 
added 

Read- 

(Density of  Distilled 
Water  at  4°C.  =  1.) D. 

d. 

Sample. 
Colour  of  Water, 

Current,  and 
Time and 

to 

Hydro- 

meter 

ing 

of 

Hydro- 

Portion 
of 

Hydro- 

of from 

r. 

t'. 

Ob- 

Reduced Reduced 
T. 

>y. Lat. Long. Sea 
which 
the 

Sample 
was 

col- 

lected. 

t. Remarks. Date. 

(grams). 

meter. meter 

(cub. 

centims.) served to to 
[our. at 

Posi- tion 

of 
the 

of 

the 
of 

the 

of 
the 

at  t'. 

15°-56C. 

t. 

L. Air. Water. 
Air. Sample. w. R. V. 

4St'. 4  S  15°'56. 

«sfc 

o       / o        , 

°F. 

°F. 

0  F.          °  C. 

<     13.0 45  25S. 10  19  W. Surface 
46-0 

45-2 

7-3  a Reeve's  French 
blue 

10.50 

20/4/04 

53'5 

11-9  C. 

53-8 

121  C. 

10-9 

113 

5-40 

5-45 5-50 
5-60 

5-70 5-80 
5-90 

5-95 6'00 
10-5 

15-5 20-5 

320 

42-5 

530 

64-0 
69-8 

75-0 

1-5471 

■0693 ■3845 

111 

5-70 

42-5 

2-0009 
1-02592 1-02503 

1-02653 

.     13.0 44  30S. 9  43  W. Surface 
44-8 

47-8 

8-8  C. Cobalt 9.25 
27/4/04 51-7 

111  C. 

11-4 

5-40 

5-45 5-50 

5-60 
5-70 

5'80 
5-90 9-2 

14-5 

20-0 
31-0 

410 
520 

62-5 

1-5471 
5-95 

68-5 

■0714 

52-4 
11-5 

600 

73-0 

■3736 

11-3  C. 

11-45 

5-70 

41-3 

1-9921 1-02597 1-02514 1-02642 

18 L2.0 43  41  S. 8  30  W. 
D.R. 

Surface 

55-0 52-0 
111  C. 

Cobalt 9.50 

27/4/04 
53-0 

11-7  C. 

11-5 

5-40 

5-45 
5-50 
5-60 
5-70 

5-80 
5-90 

5-95 

8-0 130 

18-8 

290 

39-8 
50-0 
61-0 

66-5 

1-5471 

■0721 

53-2 

11-6 

6-00 

71-3 

■3590 

11-8  C. 

11-55 

5-70 

39-7 

1-9782 
1-02605 

1-02523 1-02613 

L2.0 42  57S. 8  13W. Surface 

45-3 
50-8 

Cobalt 9.0 

56-8 

12-6 

530 
1-5 

D.R. 
10-4  C. 

28/4/04 
13-8  C. 

5-35 
5-40 5-50 

6-7 

12-5 
23-5 

5-60 

35-0 

5-70 

45-8 

5-80 

56-5 

1-5471 

5-85 

61-5 

■0802 

56-9 

131 

5-90 

66-5 

•3112 

13-8  C. 

12-85 

5-60 

34-4 

1-9385 
1-02573 

1-02518 1-02619 

20 L2.0 41  30  S. 9  55  W. 
D.R. 

1998 Surface 

49-5 55-0 
12-8  C. Reeve's  French 

blue 
9.25 

28/4/04 

57-2 

14-0  C. 

57-2 

14-0  C. 

13-2 

13-5 

5-40 
5-45 5-50 
5-60 

5-70 
5-80 
5-90 

5-95 6-00 

100 

15-2 

210 

31-2 42-5 53-0 

63-5 

690 

74-0 

1-5471 

•0833 ■3817 

13-35 

5-70 

42-2 

2-0121 
1-02586 

1-02540 1-02597 

21 2.0 40  20  S. 

Gough  Is 

9  5CJ  W. 

land. 

Surface 

56-5 55-2 

12-9  C. Reeve's  French 
blue 

9.50 

28/4/04 

57-2 

14-0  C. 

57-5 

13-1 

13-4 

5-40 
5-45 
5-50 
5'60 
5-70 

5-80 
5-90 

5-95 

6-00 10-0 15-0 

210 

32-0 

42-8 

53-5 64-0 

69-5 

74-0 

1-5471 
■0827 ■3835 

la'*  \j.      -    — — 

|    13-25 

5-70 

42-4 

2-0133 1-02585 1-02537 1-02592 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of 

Date(E.) Position  (L.) Depth Temperature Temperature 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  &  d 

B 
c 

a 
55 

*S 

u o 
.0 

"E. 

E 
3 IB 

o 
u 
a 
.a e 
a 

at  time  of 
Collection  of 

Sample. 

Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Deo Month. Day. Hour. Lat. Long. 

D. 

d. 

Water  ate; 

of 
Sea 
at 

Posi- 
tion 

from 
which 
the 

Sample 

was 

col- 

lected. 

T'. 
of 

the 

t'. 

Ob- 

served 

att'. 

~~— 

T. t. 

of 
the 

of 
the 

of 

the 
~ 

Sz; fc 
L. 

Air. 
Water. Air. Sample. w. 

R. 
V. 

«»* 

fi 

1904. o     , o     , 

o  p 
•P. 

o  p_ °C. 

462 485 
Apr. 

24 12.0 39  58  S. 8  36  W. 
1807 

Surface 

51-4 
55-2 

12-9  C. Reeve's  French 

blue 

10.10 

28/4/04 

57-4 

14-1  C. 131 

5-40 
5-45 

5-50 
5-60 

5-70 5-80 5-90 

5-95 

8-5 

13-7 

19-5 30-0 
41-0 

52-5 63-0 

68-8 

1-5471 

■0830 

58-2 
13-5 

6-00 

74-0 

■3727 

14-6  C. 

13-3 

5-70 

41-2 

2-0028 
1-02591 

463 486 
Apr. 

25 
12.0 40  22  S. 5  45  W. Surface 

52-0 53-0 

11-7  C. Reeve's  French 
blue 

10.30 
28/4/04 

58-2 

14-6  C. 

58-5 

14-7  C. 

131 

13-5 

5-40 

5-45 

5-50 

5-60 

5-70 5-80 
5-90 

5-95 6-00 11-0 

17-0 
22-0 

33-0 44-0 

55-0 
65-5 

70-5 75-5 

1-5471 

■0830 ■3953 

13-3 

5-70 

43-7 

2-0254 
1-02578 

464 487 Apr. 
26 12.0 41  15  S. 2  38  W. Surface 

51-1 

5L9 
11-1  C. Reeve's  French 

blue 
10.55 

28/4/04 

58-0 

14-4  C. 

57-5 

14-2  C. 

13-2 

13-5 

5-40 

545 

5-50 
5-60 
5-70 

5-80 5-90 

5-95 

600 

12-5 17-8 24-0 

34-0 

44-8 56-0 66-0 

71-5 

76-5 

1-5471 

■0833 
■4053 

*■ 

13-35 

5-70 

44-8 

2-0357 

102573 
466 48S Apr. 

27 
12.0 40  33  S. 0   7E. Surface 

50-2 
51-4 

10-8  C. Reeve's  French blue 
11.15 

28/4/04 

57-5 

14-2  C. 

58-0 

14-4  C. 

13-2 

13-5 

5-40 

5-45 
5-50 
5-60 

5-70 5-80 
5-90 

5-95 
6-00 

14-5 19-8 25-5 

36-5 47-0 
58-0 
69-0 

74-0 

79-0 

1-5471 

■0833 

•4252 

13-35 

5-70 

47-0 

2-0556 

102562 
467 489 Apr. 

28 12.0 40    8S. 150E. 
2045 

Surface 

54-8 52-4 

11-3  C. Reeve's  French blue 
12.10 

57-6 

14-2  C. 

57-9 

14-4  C. 

12-4 

12-9 

5-40 

5-45 5-50 

5-60 5-70 

5-80 5-90 

5-95 
6-00 

120 

17-0 

22-5 

34-0 45-0 

56-0 

66-5 

71-5 
77-0 

1-5471 

■0789 

■4035 

12-65 

5-70 

44-6 

2-0295 

102576 
468 490 

Apr. 

29 
12.0 39  48  S. 2  33  E. Surface 

530 

53-8 

121  C. Light  cobalt 
15.10 

30/4/04 

58-2 

14-6  C. 

14-4 

5-50 

5-30 
5-35 

5-40 5'60 5-70 

27-5 6-0 

11-8 
17-0 38-0 

49-0 

5-80 

60-5 

1-5471 

5-85 

66-0 

•0908 

58-5 
14-7 

5-90 

71-0 

■3481  \ 

1455 

5-60 

38-5 

1-9860 H 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 

Portion 
of 

Hydro- 

Density of  Sample. 
at  time  of 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 

Time 
and 

during 

Experiment. Weights added 
to 

Hydro- 

motor 

Read- 

ing 

of 

Hydro- 

(Density of  Distilled 
Water  at  4°C.  =  1.) D. 

d. 

of 
from 

T'. 
t'. 

Ob- 

Reduced Reduced T. 

.-.  Hour. Lat. Long. Sea 
which 
the 

t. Remarks. Dale. 

(grams). 

meter. meter 

(cub. 

served to to 
at 

at  t'. 

15°-56C. 

t. 

Posi- tion 

Sample 
was 

col- 

lected. 

of 

the 

of 
the 

of 
the 

of 
the 

cenums.) 

L. Air. Water. Air. Sample. 

w. 

-R. 

V. 
*s,. 

4Sl5«-56. 
4St. 

o        / o      / 

°F. 

°F. 

■F. 

°C. 

30    12.0 39  27  S. 5  50E. 2900 Surface 

54-2 55-5 

13-1  C. Light  cobalt 
15.30 

58-5 

14-7  C. 

13-8 

5-40 
5-45 5-50 

5-60 5-70 

12-5 

17-5 
23-2 
33-8 45-0 

5-80 

55-5 

5-90 

66-0 

1-5471 
5-95 

71-0 

■0867 

58-2 

140 

6-00 

76-0 

•4026 

14-6  C. 

13-9 

5-70 

44-5 

2-0364 
1-02572 1-02537 1-02588 

1 12.0 39  25  S. 10  25  E. 2625 Surface 

58-0 55-5 

13-1  C. Reeve's  French blue  (dark) 

15.0 

4/5/04 
68-7 

20-3  C. 

69-0 

20-6  C. 

19-8 

20-0 

5-50 
5-20 

5-25 5-30 

5-40 
5-60 
5-70 

5-75 
5-80 

47-0 

16-0 

210 

26-0 

37-0 58-0 

69-5 
75-0 80-0 

1-5471 

•1242 •4315 

19-9 

5-50 

47-7 

2-1028 
1-02425 1-02529 1-02580 

12.0 38    6S. 14  32  E. Surface 

58-0 
64-9 

18-3  C. Antwerp  blue 15.20 

4/5/04 69-0 

20-6  C. 

69-5 

20-8  C. 

20-1 

20-3 

5-20 

5-25 
5-30 5-40 

5'50 5-60 

5-70 

5-75 
5-80 

1-0 

6-5 

11-5 22-0 

33-5 44-5 
55-0 
60-0 

65-5 

1-5471 

■1260 
■3012 

20-2 

5-50 

33-3 

1-9743 
1-02497 

102610 

1-02546 

12.0 35  37  S. 15    3  E. Surface 

62-4 64-7 
18-2  C. Reeve's  French 

blue  and  Ant- 
werp. 

15.45 

4/5/04 69-3 

20-7  C. 

69-3 

20-7  C. 

200 

20-3 

5-30 

5-35 
5-40 5-50 

5-60 5-70 
5-80 

5-85 5-90 
11-3 

16-8 
22-5 

33-0 
44-0 

55-0 
65-5 

70-5 

76-0 

1-5471 

•1257 

■3962 

20-15 

5-60 

43-8 

2-0690 1-02499 1-02611 
1-02549 

4 12.0 34  58  S. 17    0E. Surface 

64-1 
64-7 
18-2  C. Light  turquoise 

16.0 

68-8 

20-4  C. 

68-4 

20-2  C. 

20-0 

20-2 

5-30 

5-35 5-40 
5-50 
5-60 5-70 

5-80 
5-85 

5-90 

10-5 
16-0 
21-8 
32-0 

43-0 

54-2 
65-0 

70-0 

75-0 

1-5471 

•1254 
■3899 

- 

20-1 

5-60 

43-1 

20624 

1-02503 1-02614 

102552 

12.0 Off  Cape Peninsula. Surface 

60-1 61-3 

26-3  C. Dull  dark  green 16.0 

62-3 

16-8  C. 

62-4 

16-9  C. 

17-1 

17-2 

5-30 

5'35 5-40 
5-50 5-60 5-70 

5-80 
5-85 
5'90 

2-8 

8-0 

13-5 
24-6 

35-3 
46-5 

56-8 62-0 67-7 

1-5471 

•1070 •3184 

-I 17-15 

5-60 

35-2 

1-9725 
1-02553 1-02590 1-02572 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  t 

Date(E.) Position  (L.) Depth 
in  Fathoms. Temperature 

at  time  of 
Collection  of 

Sample. 

Temperature 

during 

Experiment. 
Weights 
added 

to Read- 

ing 

of 

Volume 

of  im- 

mersed 
Portion 

of 

Dens 

(Dons 
D. 

rl. 

Waii 

.- 3D
 

O 

— 
B 
a 
55 

T. 

3 
15 

Month. Day. Hour. Lat. 
Long. 

of 
Sea 
at 

Posi- 
tion L. 

from 

which 

the Sample 

was 

col- 

lected. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and 
Date. 

T'. 

t'. 

Hydro- 

meter 

(grams). 

Hydro- 

meter. 

Hydro- 

meter 

(cub. 

centims.) 

Ob- 

served 

att'. 

T. t. 

of 

the Air. 

of the 

Water. 
of 

the Air. 
of 
the 

Sample. w. 

R. 

V. 

4  St'. 

4S1FH 

1904. .    / 

°  p 

o  p 

o  F 

°  C. 

480 487 Mav 18 
13.0 03  Dasse  n  Island. Surface 

60-4 
59-5 

Sage  green 

9.0 

73-0 

22-3 

5-20 

17-8 

15-3  C. 
30/5/04 

22-8  C. 

72-6 

22-6  C. 
22-45 

5-25 5-30 
5-40 
5-50 

5-60 

5-70 
5-75 

5-80 
23-1 

28-2 39-0 

50-0 
61-2 

71-0 

76-3 81-5 

1-5471 

■1396 
■4505 

22-375 

5-50 

49-8 

21372 

1-02406 

484 498 
May 

22 12.0 31  38  S. 15  15  E. Surface 

62-7 
62-4 

16-9  C. Pale  turquoise 9.25 
30/5/04 

72-4 

22-4  C. 

73-2 

22-9  C. 

22-4 

22-5 

5-20 

5-25 
5-30 5-40 

5-50 

5-60 5-70 
5-75 

5-80 
12-5 
17-6 

22-0 

32-9 
44-0 
55-0 

660 

71-0 

76-5 

1-5471 

■1401 
■3998 

22-45 

5-50 

44-2 

2-0870 1-02434 

485 499 
May 23 12.0 30    5S. 12  35  E. Surface 

63-0 

64-4 

18-0  C. Light  cobalt 9.45 
30/5/04 

73-8 

23-2  C. 

73-5 

22-4 

22-6 

5-20 

5-25 5-30 
5-40 
5-50 5-60 
5-70 

5-75 
5-80 

12-0 

17-0 

22-0 

32-3 
43-3 
54-0 

64-5 

70-0 

75-5 

1-5471 

■1404 

■3926 

23-7  C. 

22-5 

5-50 

43-4 

2-0801 

102438 487 500 
May 

24 12.0 28  19  S. 9  56E. Surface 

64-0 65-0 

18-3  C. 

Light  Reeve's 
French  blue 

10.5 
30/5/04 

73-9 

23-3  C. 

73-2 

22-9  C. 

22-45 

22-6 

5-20 

5-25 
5-30 

5-40 
5-50 
5-60 
5-70 

5-75 
5-80 

10-0 
15-0 20-0 

31-0 42-0 

53-0 

63-5 69-0 

74-5 

1-5471 

■1406 ■3799 

22-525 

5-50 

42-0 

2-0676 

102440 489 501 
May 25 12.0 20  12  S. 7    5  E. Surface 

64-4 65-3 

18-5  C. Reeve's  French 
blue 

10.25 

30/5/04 

73-7 

23-2  C. 

74-0 

23-3  C. 

22-4 

22-0 

5-20 
5-25 
5-30 

5-40 

5-50 5-60 
5-70 

5-75 5-80 

9-8 

150 

20-0 

31-2 
42-5 

53-5 

640 

69-2 
75-0 

1-5471 

■1404 ■3817 

22-5 

5-50 

42-2 
20692 

102444 
492 502 

May 
26 12.0 24  14  S. 4  32  E. Surface 

65-0 66'3 

191  C. 
Reeve's  French 

blue 10.45 

30/5/04 

73-9 

23-3  C. 

73-8 

23-2  C. 

22-45 

22-65 

5-20 

5-25 
5-30 

5-40 

5-50 5'60 
5-70 
5-75 
5-80 

8-0 

13-5 19-0 
30-0 41-0 

52-0 

630 

6S-0 

73-5 

1-5471 

■1407 ■3700 

22-55 

6-50 

40-9 

2-0578 

1-Q24S6 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination of  the  Density  of  the  Sample. 

Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 

Portion 
of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time and 
Date. 

during 

Experiment. 
Weights 
added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 
Water  at  4°C.  =  1.) 

Lat. Long. 

D. 

d. 

of Sea 

from 

which 

the 
Sample 

was T'. t'. 

Ob- 

served 

Reduced 

to 
Reduced 

to 

T. 

t. 
lOUTi 

at 

Posi- tion 
of 

the 

of 
the 

of 
tie 

of 
the 

at  t'. 

15°-56C. 

t. 

L. 

col- 

lected. Air. Water. 
Air. 

Sample. \v. R. 

V. 
<Sf. 

4  S 15--56. 
4st 

o      / o        / 

op 
•F. 

°  F. 

°C. 

12.0 22  23  S. 142  E. Surface 

67-1 
68-0 
20-0  C. Reeve's  French 

blue 

11.5 

30/5/04 

74-1
 ' 

23-4
  

C. 

73-4 

23-0  C. 

22-5 

22-7 

5-20 

5-25 
5-30 

5-40 
5-50 5-60 5-70 

5-75 
5-80 

6-0 

11-0 

16-0 

27-0 

38-0 
48-8 59-7 

65-0 

70-0 

1-5471 

■1410 ■3428 

• 

22-6 

5-50 

37-9 

20309 

1-02466 
1-02648 1-02538 

12.0 19  45S. 0  35  W. Surface 

68-0 69-0 
20-6  C. 

Reeve's  French 

blue 

11.25 

30/5/04 

73-3 

22-9  C. 

73-4 

22-0  C. 

22-5 

22-7 

5-20 
5-25 
5-30 5-40 
5-50 

5-60 5-70 
5-75 

5-80 

1-5 

7-0 

12-0 23-0 

34-0 
45-0 

56-0 

61-5 
67-0 

1-5471 

•1410 ■3085 

22-6 

5-50 

34-1 

1-9966 1-02485 
1-02667 1-02542 

29 12.0 17  25  S. 2  34W. Surface 

72-0 
70-7 
21-5  C. Reeve's  French 

blue 

11.45 

30/5/04 

73-5 

23-1  C. 

73-9 

23-3  C. 

22-45 

22-65 

5-30 

5-35 5-40 
5-50 
5-60 
5-70 
5-80 

5-85 5-90 

100 

15-0 20-0 

31-0 

42-0 

53-0 

63-5 
69-0 

74-0 

1-5471 

■1407 •3790 

22-55 

5-60 

41-9 

2-0668 
1-02500 

1-02680 1-02530 

2.0 15  54  S. 4  59  W. Su  rf  ace 

71-3 72-2 

Reeve's  French 13.25 

78-9 

25-6 

5-20 

110 

22-3  C. blue 

6/6/04 

26-1  C. 

5-25 

17-0 

5-30 

22-0 

5-40 

32-5 

5-50 

43-0 

5-60 

54-0 

5-70 

65-0 

1-5471 5-75 

70-2 

■1601 

79-5 

25-7 

5-80 

75-2 

■3917 

26-4  C. 

25-65 
5-50 

43-3 

2-0989 1-02427 1-02697 
1-02525 

p.o 
14  31  S. 7    5  W. Surface 

72-2 
74-2 

Reeve's  French 13.45 

79-8 

25-7 

5-10 

0-5 

23-4  C. blue 

6/6/04 

26-6  C. 

5-15 
5-7 

5-20 

11-0 

5-30 

22-0 

5-40 

33-0 

5-50 

45-0 

5-60 

55-0 

5-65 

60-8 

1-5471 
5-70 

65-5 

■1613 

80-0 26-0 

5-75 

71-0 

■3347 

26-7  C. 

25-85 

5-435 

37-0 

20431 

1-02422 1-02698 1-02494 

■ 
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PJ 

0^ 

Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  i 

Dato(E.) Position  (L.) Depth 
in  Fathoms. Temperature 

at  time  of 
Collection  of 

Temperature 

during 

Experiment. 
Weights 
added 

Read- 

Volume 

of  im- 

mersed 

Density 

(Density 
Water  a 

o 
a 
M 

O 

5. 
B 09 
cn 

o 
Month. 

1 
i 

Day. Hour. Lat. Long. 

D. 

d. 

Sample. 

Colour  of  Water, 

Current,  and 
Remarks. Time 

and 

Dale. 

to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion 
of 

Hydro- 

meter 

(cub. 

of Sea from 
which 
the 

Sample 
was 

col- 

lected. 
T'. 

t'. 

Ob- 

served 

T. 

t. 

o 

E 
3 

u 

= 
3 

!5 

at 

Posi- 

tion 
L. 

of 
the 
Air. 

of 

the 

Water. 

of 
the Air. 

of 
the 

Sample. 

;entims.) 

15 

w. 

R. 
V. 

4  St'. 

,s 

1904. o        / o        / 

o  p 

°F. 

o  p 

°C. 

51 12 508 .lime 4 12.0 12  40  S. 9    6W. Surface 

73-6 
73-3 

22-9  C. Reeve's  French 
blue 

14.0 

6/6/04 

80-2 

26-8  C. 

26-0 

5-10 

5-15 
5-20 

10 

7-0 

12-0 

5-30 

23-0 

5-40 

34-5 

5-50 

45-0 

5-60 

56-0 

1-5471 5-65 

62-0 

■1629 

80-2 26-2 

5-70 

67-0 

■3094 

26-8  C. 

26-1 

5-40 

34-2 

2-0194 

102417 
M 

503 509 June 5 12.0 10  46  S. 11 12  W. Surface 

75-0 77-1 

25-1  C. Light  cobalt 14.30 

6/6/04 80-0 

26-7  C. 

26-1 

510 

5-15 
5-20 
5-30 

7-5 12-5 18-0 29-0 

5-40 

40-0 

5-50 

50-0 

I 

5-60 

62-0 

1-5471 5-65 

67-5 

■1629 

80-2 26-1 

5-70 

73-0 

■3609 

i 
l 26-8  C. 

26-1 

5-40 

39-9 

2-0709 

1-02388  /•« 505 510 June 6 12.0 8  51S. 13    2  W. Surface 

77-5 77-9 

Cobalt 
14.45 

80-4 
26-1 

5-10 

10-5 

25-5  C. 26-9  C. 

5-15 
5-20 5-30 

5-40 5-50 

15-8 
20-5 

310 

41-5 
53-0 

5-60 

63-8 

1-5471 5-65 

69-0 

■1635 

80-2 26-3 

5-70 

74-8 

■3817 

26-8  C. 

26-2 

5-40 

42-2 

20923 

1-02376 

U 
508 511 June 

10 
12.0 7  36S. 14  33  W. Surface 

77-9 78-2 

25-7  C. 

Light  Reeve's 
French  blue 

6.40 

12/6/04 

76-8 

24-9  C. 

77-3 

25-2  C. 

25-3 

25-3 

5-10 

5-15 5-20 5-30 

5-40 5-50 

5-60 

5-65 

5-70 

8-0 

13-0 
19-0 

29-8 
40-6 

52-0 

63-0 
68-0 

73-0 

1-5471 

■1579 ■3682 

25-3 

5-40 

40-7 

2-0732 

1023S7 

W 

609 512 June 11 12.0 4  47S. 15  47  W. Surface 

78-4 78-1 

25-6  C. 
Dull  cobalt 

6.50 

12/6/04 

77-4 

25-2  C. 

77-5 

25-3  C. 

25-3 

25-4 

5-10 

5-00 5-05 5-20 
5-30 

5-40 
5-50 

5-55 
5-60 

20-0 

9-5 

14-0 

30-0 

40-5 51-2 

62-8 

68-0 

73-0 

1-5471 

■1582 
■3709 

25-35 

5-30 

41-0 

2-0762 

1-02330 
M 

510 513 June 12 12.0 2  46S. 17  24  W. Surface 

77-5 
76-5 

24-7  C. Turquoise  and cobalt 
12.5 

79-0 

26-1  C. 25-25 

510 5-15 5-20 
5-30 

5-40 
5-50 
5-60 

5-65 

130 
190 

24-0 

35-5 
46-5 

57-0 
67-8 

73-0 

1-5471 

■1582 

79-0 

25-45 

5-70 

78-0 

■4161 

26-1  C. 

25-35 

5-40 

460 

2-1214 

1-02360 

W 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Detei initiation of  the  Density  of  the  Sample. 

) ate(E.) Position  (L.) Depth Temperature Temperature 
Volume 

of  im- 

mersed 

Density  of  Sample. 

at  time  of 
Collection  of 

during 

Experiment. 
Weights added 

Read- 

(Density of  Distilled 
Water  at  4°C.  =  1.) 

Day. Hour. Lat. Long. 

D. 

d. 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 
and 
Date. 

to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

of 

Sea 
at 

Posi- 
tion 

from 

which 

the Sample 
was 

col- 

lected. 

T'. 
t'. 

of 

the 

Ob- 

served 

at  t'. 

Reduced 

to 

15°-56C. 
Reduced 

to 

t. 

T. t. 

of 
the 

of 
the 

of 

the 
L. 

Air. Water. 1 
Air. 

°  F. 

Sample. 

w. 

R. 

V. •jSf. 

4S15°.56# 4  St. 

K o       , 

°F. c  F. 

°C. 

i 13 12.0 0  15  S. 18  32  W. Surface 

76-9 
76-0 

24-4  C. Pale  turquoise 6.45 
14/6/04 

78-1 

23-6  C. 

78-6 

°5-9  C 

25-5 

25-6 

5-10 

5-15 
5-20 
5-30 5-40 
5-50 
5-60 

5-65 
5-70 

9-0 

150 

20-0 

31-0 

41-5 53-0 
64-0 
69-0 

74-0 

1-5471 

■1594 
•3781 

. 25-55 

5-40 

41-8 

2-0846 1-02380 1-02648 1-02414 

ii 14 CO 156N. 19  21  W. Surface 

77-3 80-1 

26-7  C. Antwerp  blue 

7.0 

78-6 

25-9  C. 

78-5 

25-  8  C 

26-25 

26-25 

5-00 

5-05 5-10 

5-20 5-30 
5-40 
5-50 

5-55 5-60 15-2 20-8 
20-0 

36-8 47-0 

58-0 
68-8 

74-0 

79-0 

1-5471 

■1638 
■4279 

26-25 

5-30 

47-3 

2-1388 1-02295 
1-02581 1-02281 

1! 14 7.55 156  N. 

Thermom 

19  21  W. 

eter  did  n 

Cir. 2700 

ot  ree 

1500 

ord. 77-8 

Nansen-Petters- 
son        water- 
bottle 

Thermometer  No. 

18,729 

15.30 

79-2 

26-2  C. 

79-6 

26-4  C. 
26-2 
26-25 

5-00 
5-05 

5-25 

.   5-45 

5-50 

17-5 
22-5 
44-0 
64-9 

70-0 

1-5471 

■1636 
•3962 

26-225 

5-25 

43-8 

2-1069 1-02286 1-02571 

II 14 7,45 156N. 19  21  W. Cir. 2700 
1000 

77-8 

399 4-4  G. 

Read  on bridge 

Buchanan- Rich- 
ard       water- 

bottle 
Thermometer  No. 

102,506 

15.25 

79-3 

26-3  C. 

79-3 

26-3  C. 

26-4 

26-4 

500 

5-05 

5-10 5-20 
5-30 

5-40 5-50 

5-55 5-60 15-1 
20-5 26-0 

36-8 

48-2 59-0 

69-0 

74-0 

78-0 

1-5471 

■1647 
■4288 

26-4 

5-30 

47-4 

2-1406 1-02294 1-02586 1-02770 

II 14 9.10 1  56  N. 19  21  W. Cir. 
2700 

500 

78-2 
40-6 

4-8  C. 

Read  on bridge 

Buchanan-Rich- 
ard       water- 

bottle 
Thermometer  No. 

102,505 

15.0 

79-3 

26-3  C. 

79-3 

26-3  C. 

26-4 

26-4 

5-00 

505 

5-10 
5-20 
5-30 

5-40 
5-50 

5-55 
5-60 

20-8 
26-5 

32-5 

430 

53-0 64-0 

74-5 79-5 
84-0 

1-5471 

■1647 ■4803 

. 

26-4 

5-30 

53-2 

2-1921 1-02265 1-02556 1-02736 

II 14 8.30 15GN. 19  21  W. Cir. 
2700 

400 

77-8 

• 
Buchanan-Rich- 

14.30 

79-2 

26-6 

5-10 

32-0 

ard        water- 

26-2  C. 

5-20 

43-0 

bottle 

5-30 

53-9 

1-5471 

Thermometer  No. 

5-40 

64-0 

■1660 

102,506 

79-2 

26-2  C. 

26-6 

5-50 

74-2 

■4840 

26-6 

5-30 

53-5     1 
21971 102262 

1-02559 

It ROY SOC EDIN., VOL.  L 
I,   PA 

.RT  I NO. 
4)- 

23 



160        DR   W.   S.    BRUCE,   MR   A.   KING,  AND   MR   D.   W.   WILTON  ON  THE   TEMPERATURES,   SPECIFIC  GRAVITIES, 

Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  t he  Sampl- 

Date(F.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  i  m- 

Density  of  Sio 

at  time  of 

during 

Experiment. 
Weights 

Read- 

(Density of  II. 

c 
o 

a 
02 

"o 

"S. 

E 
GO 

O 
.Month. Day. Hour. 

1.  il 

Long. 

D. 

d. 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 

Remarks, 

Time and 

Date. 

added 

to 

Hydro- 

meter 

(grams). 

ing 

of 

Hydro- 

meter. 

Portion 

of 

Hydro- 

meter 

(cub. 

Wad 

of 
Sea 

from 
which 

the Sample 

was 

col- 

lected. 

T'. 
1'. 

Ob- 

served 
T. t. 

u 
o 

B 

u 

e 
at 

Posi- 

tion 

of 

the 

of 
the 

of 
the 

of 

the 

; 
centims.)           ' 

15°-56C. 

y. a 
L. 

Air. Water. Air. Sample. w. R. 

V.           « 8^ 

1904. O         / O         / 1 

°F. 
°  F. 

°.  F. 

°C. 

513 519a June 14 9.6 
1  56  N. 19  21  W. 

Cir. 2700 
400 

78-2 

41-5 

5-3  C. 

Buchanan-Rich- 
ard       water- 

14.45     79-2 

26-2  C. 

26-4 

5-00 

5-05 

19-5 
25-0 

Read  on 
bottle 

5T0 

30-5 

bridge 

Thermometer  No. 

102,506 

79-2 

26- °  C 26-4 

5-20 5-30 

5-40 
5-50 
5-55 
5-60 

41-0 

52-0 

63-0 

73-8 

78-5 

83-9 

1-5471 

■1647 

•4695 

26-4 

5-30 

51-9 

2-1813 
1-02271 

513 520 June 14 9.30 1  56  N. 19  21  W. 
Cir. 2700 

300 

78-2 

44-5 

6-9  C. 

Buchanan-Rich- 
ard       water- 

bottle 
Thermometer  No. 

102,505 

14.15 

79-0 

26-1  C. 

79-5 

26-4  C. 

27-0 

26-9 

5-00 

5-05 

5T0 

5-20 5-30 
5-40 
5'50 

5-55 5-60 
23-8 

29-2 
34-0 

45-0 

55-5 65-5 

76-4 

81-5 

85-8 

1-5471 

■1682 

■4993 

26-95 

5-30 

55-2 

2-2146 
1-02252 

513 521 June 14 
9.26 

156N. 19  21  W. 
Cir. 2700 

200 

78-2 

48-8 

9-3  C. 

Buchanan-Rich- 
ard       water- 

bottle Thermometer  No. 

102,506 

14.0 

79-2 

26-2  C. 

79-2 

26-2  C. 

26-1 

20-1 

5-00 

5-05 

510 

5-20 
5'30 
5-40 
5-50 

5-55 

5-60 15-5 

21-0 

26-5 

37-0 

47-0 

58-2 68-5 

73-5 
78-0 

1-5471 

■1629 ■4279 

26-1 

5-30 

47-3 

2-1379 
1-02206 

Ml 

513 522 June 14 10.0 156N. 19  21  W. 
Cir. 2700 

100 

78-2 

55-0 

12-8  C. 
Buchanan-Rich- 

ard       water- 
bottle 

Thermometer  No. 
102,505 

13.40 

79-9 

26-6  C. 

79-2 

26-2  C. 

26-1 

26-2 

5-00 

5-05 
5-10 

5-20 

5-30 5-40 

5-50 

5-55 5-60 

11-2 16-8 
22-0 
33'0 
44-0 

54-9 65-7 

70-8 76-0 

1-5471 

■1632 ■3962 

'' 

26-15 

5-30 

43-8 

2-1065 

1-02313 

im  , 

513 523 June 14 9.41 1  50  N. 19  21  W. 
Cir. 2700 

50 

78-2 

57-5 

14-2  C Buchanan-Rich- 
ard        Mater- 

bottle Thermometer  No. 

102,5O(i 

10.45 

79-6 

20-4  C. 

79-4 

26-3  C. 

23-4 

24-0 

5-10 

5-15 

5-20 5-30 

5-40 
5-50 

5-60 
5-65 
5-70 

5-5 

10-9 
16-3 
27-0 

38-0 
49-5 
60-5 

05-8 710 

1-5471 

■1479 ■3465 

23-7 

5-40 

38-3 

2-0415 

1-02406 

t-euti  i 523 June 14 9.4] 1  56  V 19  21  W. 
Cir. 2700 

50 

78-2 
57-5 

14-2  0, Buchanan-Rich- 
ard       water- bottle 

Thermometer  No. 

102,506 

Tested again, 
13.5 

79-0 

26-1  C. 

79-2 

26-2  C. 

25-8 

25-9 

5-00 5-05 
5-10 

5-20 5-30 

5-40 5-50 

5-55 

5-60 

6-5 

11-5 17-0 
27-5 38-6 

49-2 
60-5 
00-0 

71-0 

1-5471 

■1613 ■3492 

i 

25-85 

5-30 

38-6 

2-0576 

1-023JI 

im ' 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination of  the  Density  of  the  Sample. 

:i ,e(E.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature Volume 

of  im- 

mersed 

Density  of  Sample. 
at  time  of 

Collection  of 

during 

Experiment. 
Weights 

Read- 

(Density of  Distilled 
Water  at  4°C.  =  1.) D. 

(i. 

Sample. 
Colour  of  Water, 

Current,  and 
Time 
and 

to 

Hydro- 

meter 

ing 

of 

Hydro- 

Portion 

of 

Hydro- 

of from 

r. 

t'. 

Ob- 

Reduced Reduced 
T. 

u Day. Hour. Lat. Long. Sea which 
the 

t. 

Remarks. Date. 

(grams). 

meter. 
meter 

served 
to to 

at 

Posi- 
tion 

l\Vu  •   . 
15°-56C. 

t. 
Sample 
Mas 

col- 

lected. 

of 

the 

of the of 
the 

of 
the 

ccntims.) 

L. 
Air. Water. 

Air. 
Sample. w. R. 

V. 

1 
4  St'. 

4Sl5°-56. 

JO. 

4      t. 

i o        / o        / 

°  F. 

°  F. 

•F. 

°C. 

e 14 9.55 156  N. 19  21  W. 
dr. 2700 

20 

78-2 
80-5 

26-9  C. Buchanan-Rich- 
ard        water- bottle 

Thermometer  No. 
102,506 

10.25 

78-9 

26-1  C. 

79-3 

26-3  C. 

26-8 

20-75 

5-00 

5-05 5-10 

5-15 

5-25 
5-30 

5-35 5-40 

5-45 

16-2 21-8 

26-5 32-0 

42-5 

47-4 

53-2 
58-2 63-8 

1-5471 

■1671 
•3636 

26-775 

5-2277 

40-2 

2-0778 1-02290 1-02593 
1-02286 

0 11 12.0 2    9  N. 19  26  W. Surface 

79-0 80-8 

27-1  C. Reeve's  French blue 
13.20 

79-2 

26-2  C. 

79-2 

26-2  C. 

26-7 

26-65 

5-00 

5-05 5-10 
5-20 

5-30 
5-40 
5-50 

5-55 
5-60 17-5 22-6 27-7 

38-4 
49-0 

60-0 

71-0 76-0 81-0 

1-5471 

■1665 
■4451 

26-675 

5-30 

49-2 

2-1587 1-02285 1-02585 1-02272 

1! 14 18.0 2  32N. 19  32  W. Surface 

78-9 
80-9 

27-2  C. Reeve's  French 
blue 

6.30 
15/6/04 

80-0 

26-7  C. 

80-0 

26-7  C. 

26-8 

26-8    . 

5-00 
5-05 5-10 
5-20 

5-30 5-40 
5-50 

5-55 
5-60 

18-8 

24-0 

29-8 

39-9 50-0 

60-6 
71-0 

76-0 
81-0 

1-5471 

■1672 

■4532 

26-8 

5-30 

50-1 

2-1675 1-02279 1-02583 
1-02267 

14 24.0 3  48  N. 19  36  W. Surface 

79-0 
80-9 

27-2  C. Too  dark 6.50 
15/6/04 

80-0 

26-7  C. 

80-0 

26-7  C. 

20-7 

26-8 

5-00 

5-05 5-10 

5-20 
5-30 
5-40 
5-50 

5-55 5-60 

18-0 

230 

28-5 

39-2 

50-0 

60-5 

71-0 76-0 

81-0 

1-5471 

■1669 
■4497 

- 

26-75 

5-30 

49-7 

2-1637 
1-02281 1-02583 1-02268 

15 6.0 3  30  If. 19  51  W. 2526 Surface 

78-8 80-2 

26-8  C. Reeve's  French 
blue 

7.20 
80-0 

26-7  C. 

80-0 

26-7  C. 

26-6 

26-6 

5-00 
5-05 

510 

5-20 5-30 
5-40 
5-50 

5-55 
5-60 

16-3 21-8 

26-8 

37-5 
48-8 
59-0 

69-8 
75-0 

79-9 

1-5471 

■1660 
■4369 

26-6 

5-30 

48-3 

2-1500 
1-02289 

1-02587 1-02283 

5 6.40 3  30N. 19  51  W. 2526 500 

78-8 40-0 

4-4  C. 

Read  on bridge 

Nansen-Petters- 

son        water- bottle 
Thermometer  No. 

18,727 

14.50 

78-8 

26-0  C. 

78-8 

26-0  C. 

25-7 

25-8 

5-00 
5-05 

5-10 5-20 
5-30 
5-40 

5-50 

5-55 5-60 

18-0 
23-0 
29-0 
39-8 

510 
610 

72-0 
77-0 81-8 

1-5471 

■1607 

■4550 

25-75  \ 

5-30 

50-3 

2-1628 1-02282 1-02553 1-02736 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination 

sf  the  Density  of  the 

Date(E.) Position  (L.) Depth Temperature Temperature 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

(cub. 

centl  ms.) 

Density  of  Sam; 

a 
o 
'•3 

cs 

o 
u a 
Si 
E 
3 

"5. 

E 
CO 

"o 

(4 
0) 

S 
3 

at  time  of 
Collection  of 

Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

during 

Experiment. 
Weights 

added to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Dii 

Month. Day. Hour. Lat. 
Long. 

D. 

.1. 

Watei 

of Sea 

at 

Posi- 

tion 

from 
which 
the 

Sample 
was 

T'. 
of 
the 

I'. 

of 

the 

Ob- 

served 

at  t'. 

T. 

t. 

of 
the 

of 

the 
fc « 

L. 

Iected. 
Air. 

Water. 

Air. 
Sample. 

w. 

R. 

V. 
4s,. 

1904. o         , o       / 

o  p. 

o  p_ 

°  F.    !     °  C. 

517 530 June 15 7.30 3  30N. 19  51  W. 252C 

400 

77-0 

40  92 
5-0  C. 

Nansen-Petters- 

son        water- 

14.35 
79-7     [    25-2 

26-5  C. 

5-00 

5'05 

16-0 
21-8 

Read  on bottle 

5-10 

26-5 

bridge 
Thermometer  No. 

18,727 

79-0 

25-4 

5-20 

530 

5-40 5-50 
5-55 

5-60 

37-3 
48-0 

58-2 69-8 

75-0 

80-0 

1-5471 

■1579 
■4351 

26-1  C. 

25-3 

5-30 

48-1 

2-1401 

1-02294 

517 531 Juno       15 8.5 3  30N. 19  51  W. 2526 300 

77-0 

430 

Nansen-Petters- 14.15 

79-1 

25-1 

5-00 

14-0 

6-1  C. 

son        water- 

26-2  C. 
5-05 

19-5 

Read  on 
bottle 

. 

5-10 

25-5 

bridge 

Thermometer  No. 
18,727 

5-20 

5-30 5-40 
5-50 

36-5 47-0 

57-7 

68-5 

1-5471 5-55 

73-7 

■1572 

79  2 
25-3 

5-60 

79-0 

■4234 

i 26-2  C. 

25-2 

5-30 

46-8 

2-1217 
1-0-2301 

517 532 June 15 7.25 3  30  N. 19  51  W. 2526 

200 

77-0 
50-2 

10-1  C. 

Read  on bridge 
Buchanan-Rich- 

ard       water- bottle 
Thermometer  No. 

102,505 

14.55 

78-8 

26-0  C. 

78-9 

26-1  C. 

25-6 

25-8 

5-00 

5-05 
5-10 
5-20 

5-30 

5-40 5-50 

5-55 
5-60 

13-2 
18-5 23'5 

33-5 
44-0 

54-5 G5-0 

71-0 

74-7 

1-5471 

■1604 

■3998 

25-7 

5-30 

44-2 

2-1073 

1-02313 

517 533 June 
15 8.0 3  30N. 19  51  W. 2526 100 

77-0 
56-9 

13-8  C. 

Read  on bridge 
Buchanan-Rich- 

ard        water- 
bottle 

Thermometer  No. 
102,506 

13.40 

78-7 

25-9  C. 

79-0 

26-1  C. 

25-8 

25-9 

5-00 

5-05 5-10 

5-20 5-30 
5-40 

5-50 5-55 
5-60 

8-0 

13-2 18-5 28-8 

39-5 
50-0 

61-5 66-5 

71-5 

1-5471 

■1613 

■3591 

25-85 

5-30 

39-7 

2-0675 
1-02335 

517 534 June, 
15 

7.55 
3  30N. 19  51  \V. 

2526 
50 

77-0 
74-6 

23-7  C. 

Read  on bridge 
Buchanan-Rich- 

ard        Mater- 
bottle Thermometer  No. 
102,505 

11.50 

78-0 

25-6  C. 

77-^ 

25-5  C. 

26-1 

261 

5-00 

5-05 5-10 
5-20 

5-30 5-40 
5-50 

5'25 
5-45 

0-5 

5-5 

10-8 

21-5 

32-0 

42-5 

53-6 27-0 

48-3 

15471 

■1629 ■2433 

1-02372 
| 

26-1 

5-25 

26-9 

1-9533 

5]  8 635 June 15 12.0 3  50  N. 19  58  W. Surface 

76-8 80' 1 

26-7  C. Reeve's  French 
blue 

12.10 

77-9 

25-5  C. 

78-0 

26-6 

26'5 

5-00 

5-05 
5-10 

5-20 5-30 

5-40 
5'50 

5-55 
5-60 

23-8 

29-5 
34'0 

44-5 

550 

65-0 

75-2 

80-0 
84-8 

1-5471 

■1657 
■4939 

|    26-55 

5-30 

54-6 

2-2067 

1-02257. 

xm 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Belating  to  the  Determination af  the  Density  of  the  Sample. 

r ;(E.)                    Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

Density of  Sample. 
at  time  of 

Collection  of 
Sample. 

Colour  of  Water 
Current,  and 

Time 
and 

during 

Experiment. 
Weights 
added to 

Hydro- 

meter 

Read- 

ing 

of 

Hydro- 

(Density of  Distilled 
Water  at  4°C.  =  1.) 

D. 

d. 

of from 

T'. 

t'. 

Ob- 

Reduced Reduced 
T. 

he Hour. Lat. Long. Sea 
which 
the 

t. Remarks. Date. 

(grams). 

meter. meter 

(cub. 

served to to 
>.iy. at 

Posi- tion 

15°-56C. 

t. 
Sample 

was 

col- 

lected. 
of the 

of 

the 

of 

the 
of 
the 

centims.) 

L. Air. 
Water. 

Air. 

Sample. 

w. R. 
V. 

4  St-. 
4  S  l5°-56. 

4  St. 

i. 1     .      ,            |.o      , 

°F. 
°F. 

°  F. 

°C. 

0 15 8.30      3  30  N.    19  51  W. 2526 GO 

77-0 59-9 

Buchanan-Rich- 
13.20 

78-2 

25-8 

5-00 

5-0 75-5  C. 
ard        water- 

25-7  C. 

5-05 

11-0 

Read  on 
bottle 

5-10 

16-5 

bridge 
Thermometer  No. 

102,506 

78-8 

26-0  C. 

25-9 

5-20 5-30 

5-40 

5-50 

5-55 
5-60 

27-0 

37-6 
48-0 

59-5 
64-8 

70-0 

1-5471 

■1613 
•3410 

25-85 

5-30 

37-7 

2-0494 1-02345 1-02620 1-02621 

e 15 8.25 3  30N. 19  51  W. 2526 
20 

77-0 80-6 

27-0  C. 

Bead  on bridge 

Buchanan-Bich- 
ard        water- 
bottle 

Thermometer  No. 
102,505 

11.35 

78-0 

25-6  C. 

78-2 

25-7  C. 

26-2 

26-2 

5-00 

5-05 
5-10 
5-20 
5-30 

5-40 5-50 

5-55 
5-60 

11-5 17-0 22-0 

32-5 

43-2 53-8 
64-8 

70-0 
75-0 

1-5471 

•1635 ■3917 

26-2 

5-30 

43-3 

2-1023 1-02316 
1-02601 1-02291 

e 15 16.0 4  14N. 20  11  W. Surface 

78-1 
80-6 

27-0  C. Beeve's  French 
blue 

7.0 16/6/04 

79-8 

26-6  C. 

80-0 

26-7  C. 

26-4 

26-5 

5-00 
5-05 
5-10 

5'20 5-30 
5-40 
5-50 

5-55 5-60 24-5 
30-0 
35-5 
46-0 

56-8 

67-8 

77-8 

82-0 

87-2 

1-5471 

■1650 
•5102 

26-45 

5-30 

56-4 

2-2223 1-02248 1-02540 1-02231 

e 15 20.0 4  23N. 20  10  W. Surface 

78-0 80-6 

27-0  C. 
Too  dark 

7.15 16/6/04 

80-0 

26-7  C. 

80-0 

26-7  C. 

26-3 

26-4 

5-00 
5-05 

5-10 5-20 

5-30 5-40 

5-50 
5-55 5-60 26-5 

32-0 

370 

48-0 

59-0 

69-0 

78-5 

83-0 

88-3 

1-5471 

■1644 
■5238 ■ 

26-35 

5-30 

57-9 

2-2353 1-02241 
1-02530 1-02221 

15 24.0 4  45  N. 20  15  W. Surface 

77-6 80-1 

26-7  C. Too  dark 
7.35 

80-0 

26-7  C. 

80-1 

26-7  C. 

26-3 

26-4 

5-00 
5-05 
5-10 
5-20 
5-30 

5-40 5-50 

5-55 5-60 

29-2 35-0 

40-5 
51-0 62-0 

72-0 
81-5 
86-5 91-7 

1-5471 

■1644 
■5518 

26-35 

5-30 

610 

2-2633 1-02225 
1-02513 1-02214 

e 6 6.0 5  47  N. 20  28  W. Surface 

77-2 
80-3 

26-8  C. Antwerp  blue 
7.50 

800 
26-7  C. 

80-0 

26-7  C. 

26-6 

26-7 

5-00 

5-05 

540 

5-20 5-30 

5-40 

5-50 

5-55 5-60 

24-5 

29-5 35-0 45-0 

55-2 
66-0 

77-2 

82-5 

87-8 

1-5471 

•1663 
■5057 

26-65 

5-30 

55-9 

2-2191 1-02250 1-02549 
1-02246 

• 
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Data  Relating  to  the  Collection  of 
the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample 

Date(E 

•) 

Position  (L.) Depth 
Temperature Temperature 

Volume 

of  im- 

mersed 
Portion 

of 

Hydro- 

meter 

Dcnsii 

c 
o 

K 
o 

. — 
E 
a 

o 

"S. 

E - 

o'
 Cj 

- 
3 

at  time  of 
Collection  of 

Sample. 

Colour  of  Water, 

Current,  and 
Remarks. 

Time and 

Date. 

during 

Experiment. 
Weights 
added 

to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Din 

Month. Day. Hour. Lat. Long. 

D. 
d. 

Watei 

of 
.Sea 

at 

Posi- 
tion 

from 
which 
the Sample 

was 

col- 

lected. 
T'. 

of 
the 

t'. 

Ob- 

served 
T. 

(. 

i, 

of 
the 

of 
the 

of 
the 

v  . .       .     at  I  . 
centims.) 

fc fc 
L. 

Air. 
Water. 

Air. 
Sample. w. 

It. 

V. 

4-V 

1904. o       / 
o       / 

°  F. 
°  F. 

°  F. 

°C. 

521 542 June 10 8.50 5  u  N. 20  28  W. 
Cir. 1800 

20 

78-3 73-6 

23-1  C. 

Read  on 

Buchanan-Rich- 
ard       water- bottle 

J  0.15 
81-4         27-2 
27-5  C. 

5-00 

5-05 
5-10 

15-0 20-0 
25-0 

bridge 

Thermometer  No. 

102,505 

5-20 5-30 

5-40 
5-50 

5-55 

35-8 47-0 

57-5 

68-2 
74-0 

1-5471 

■1700 

82-0 

27-8  C. 

27-3 

5-60 

78-0 

■4224 

27-25 

5-30 

46-7 

2-1395 
1-02295 

521 513 June 10 8.53 5  47  N. 20  28  W. 
Cir. 

50 

78-3 

05-4 

Buchanan- Rich- 
13.30 

80-2 

2G-6 

5-00 

11-0 

1800 18-6  C. 

Read  on bridge ard        water- 
bottle 

Thermometer  No. 
102,506 

26-8  C. 

80-5 

26-9  C. 

26-7 

5-05 
5-10 
5-20 
5-30 
5-40 
5-50 

5-55 
5-60 16-0 

21-5 
32-0 

430 

54-0 
65-0 

70-0 
75-5 

1-5471 

■1663 

■3898 

26-65 

5-30 

431 

2-1032 1-02315 

521 .Ml June 10 9.0 

*Ther 
5  17  N. 

mometer 

20  28  W. 

did  not  re 

Cir. 1800 

cord. 

80 

78-3 

* 
Nansen-Petters- 

son        water- 
bottle 

Thermometer  No. 

18,727 

11.20 

82-2 

27-9  C. 

82-0 

27-8  C. 

26-9 

27-0 

5-30 

5-35 5-40 

5-45 
5-50 

47-5 

53-0 

58-3 
63-5 

69-3 

1-5471 

■1682 
■5274 

26-95 

5-40 

58-3 

2-2427 1-02292 

521 545 June 10 8.20 5  47  N. 20  28  W. 
Cir. 
1800 

100 

78-3 56-1 

13-4  C. 

Read  on bridge 

Buchanan-Rich- 
ard        water- 

bottle Thermometer  No. 
102,505 

11.30 

82-0 

27-8  C. 

82-0 

27-8  C. 20-1 

26-3 

5-20 
5-25 5-30 

5-35 
5-40 

330 

38-2 

43-5 

49-0 

54-3 

1-5471 

■1635 
■3944 

26-2 

5-30 

43-6 

2-1050 1-02314 

I 

521 546 Juno 
10 

7.45 5  47  N. 20  28  W. 
Cir. 1800 

200 

78-3 
49-8 

9-9  C. 

Read  on bridge 
Buchanan-Rich- 

ard       water- 
bottle Thermometer  No. 

102,500 

11.45 

81-8 

27-7  C. 

81-9 

27-7  C. 
20-5 

26-6 

5-20 
5-25 
5-30 

5-35 

5-40 

39-5 
44-5 
49-5 

54-8 

59-9 

1-5471 

■1657 ■4487 

26-55 

5-30 

49-6 

2-1615 

1-02282 u 

521 547 June 
10 

7.0 5  17  N. 20  28  W. 
Cir. 1800 

290 

78-3 40-5 

8-1  C. 

Read  on 
bridge 

Buchanan-Rich- 
ard       water- 

bottle Thermometer  No. 
102,505 

11.55 

81-9 

27-7  C. 

81-2 

27-3  C. 2G-8 

26-9 

5-20 

5-25 

5-30 

5-35 

5-40 

42-5 

47-5 

52-7 

58-5 
G3-5 

1-5471 

■1675 ■4785 

26-85 

5-30 

52-9 

2-1931 
1-02265 

521 548 June 10 
7.20 

5  47  N. 20  28  W. Cir. 1800 
300 

78-3 

45  5 
7-5  C. 

Read  on 
bridge 

Nansen-Petters- 
son        water- 
bottle 

Therm  nnoter  No. 

18,727 

13.15 

HOT 
26-7  C. 

80-2 

26-8  C. 
25-9 

2G-0 

5-30 
5-35 
5-40 
5-45 5-50 

48-8 

540 

59-0 
64-5 

69-8 

1-5471 

■1619 
■5355 

25-95 

5-40 

69-2 

2-2445 

1-02291 
■ 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination ■A  the  Density  of  the  Sample. 

DiS( 
E.) Position  (L.) Depth 

in  Fathoms. Temperature Temperature 
Volume Density  of  Sample. 

at  time  of 
Collection  of 

Sample. 

during 

Experiment. 
Weights 

added to 

Read- 

ing 

of 

Hydro- 

of im- 

(Density of  Distilled 
D. d. 

mersed 

Portion 

of 

from 
Colour  of  Water. 

Current,  and Time and 

T'. 

t'. 

Hydro- 

meter 

Hydro- 

Ob- 

Reduced Reduced T. 

t. 
-.  Iluur. Lat. Long. Sea which 

the 
Sample 

was 

col- 

lected. 

Remarks. Date. 

(grams). 

meter. meter 

(cub. 

centims.) served to 

to 

at 

Posi- tion of the 

of 

the 

of the of 

the 

at  t'. 

15°'56C. 

t. 

L. Air. Wal  er. 
Air. 

Sample. w. R. V. 

4  St'. 

4°  15°  56. 

4St. 

14. 
o        , o         / 

•F. 
°F. 

°F. 

°C. 

ie    16 8.30 5  47  N. 20  28  W. Cir. 
400 

78-3 
43-4 

Buchanan-Rich- 
7.0 

79-5 
26-4 

5-00 

20-6 

1800 

6-3  C. 

ard        water- 17/6/04 

26-4  C. 

5'05 

26-0 

Read  on bottle 

5-10 

31-0 

bridge 
Thermometer  No. 

102,506 

79-5 

26-4  C. 

26-4 

5-20 5-30 

5-40 5-50 

5-55 

5-60 
41-2 52-0 

62-0 

74-0 

79-0 83-5 

1-5471 

■1647 
■4713 

26-4 

5-  30 

52-1 

2-1831 
1-02270 1-02561 

1-02724 

le      6 8.35 5  47  N. 20  28  W. Cir. 1800 

490 

78-3 41-2 

5-1  C. 

Read  on bridge 

Nansen-Petters- 
son    •    water- 
bottle 

Thermometer  No. 
18,727 

7.15 17/6/04 

79-3 

26-3  C. 

79-7 

26-5  C. 

26-4 

26-4 

500 
5-05 
5-10 5-20 
5-30 

5-40 5-50 

5-55 5-60 
21-6 
27-0 

32-8 

43-2 
54-0 
65-0 

75-5 80-5 85-0 

1-5471 

■1647 ■4867 

26-4 

5-30 

53-8 

2-1985 1-02262 1-02553 1-02730 

ne 12.0 6    2  N. 20  33  W. Surface 800 

80-8 
27-1  C. 

Antwerp  blue 13.45 

80-6 

27-0  C. 

80-7 

27-1  C. 
27-0 

27-0 

5-20 

5-25 
5-30 
5-35 5-40 

44-0 49-0 

54-5 

60O 

65-0 

1-5471 

■1685 
■4930 

27-0 

5-30 

54-5 

2-2086 1-02256 1-02565 
1-02253 

,     24.0 7    5N. 21    2  W. Surface 

77-2 
80-4 

26-9  C. 
Ton  dark 

7.30 17/6/04 

79-7 

26-5  C. 

79-8 

26-6  C. 
26-4 

26-5 

5-20 

5-25 5-30 

5-35 
5-40 

440 

49-2 
54-9 60-1 

65-2 

1-5471 

■1650 
■4948 

26-45 

5-30 

54-7 

2-2069 
1-02257 

1-02549 1-02244 

12.0 7  25  N. 21  39  W. 
D.R. 

Surface 

73-6 
80-0 

26-7  C. Dark  turquoise 
9.0 

28/6/01 

75-6 

24-2  C. 

75-8 

24-3  C. 

23-9 

24-1 

5-20 

5-25 5-30 

5-35 
5-40 

41-5 47-0 
52-0 

57-5 
62-5 

1-5471 

■1498 

■4713 

24-0 

5-30 

52-1 

2-1682 1-02279 1-02497 1-02198 

J     12.0 0  16  N. 21  31  W. Surface 

70-7 80-1 

26-7  C. 
Bright  Reeve's French  blue 9.15 

28/6/04 

75-8 

24-3  C. 

75-8 

24-3  C. 

24-0 

241 

5-20 

5-25 5-30 

5-35 

540 17-5 22-8 28-0 

33-5 

385 

1-5471 

■1501 

■2542 

2405 

5-30 

28-1 

1-9514 1-02400 1-02622 
1-02320 

I     12.0 1 1  32  N. 20  30  W. Surfao 

76-9 78-2 

23-7  C. 
Pale  Antwerp 

blue 9.30 28/6/04 

76-0 

24-4  C. 

24 '0 

5-20 
5'25 

13-3 
18-8 

76-0 

24-4  C. 

24-2 

5-30 
5-35 

5-40 

24-8 
31-0 
36-0 

1-5471 

■1504 
■2243 

24-1 

5-30 

24-8 

1-9218 1-02417 
1-02641 1-02370 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of 

~ — -— — 

c 
o 

«— i 

o 
u o 
= 

c 
E 
02 

o 
u <a 
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Date(F- ) ■n     ■,.       ,T  v                Depth Position  (L.)          in  FatFhoms. Temperature 
at  time  of 

Collection  of 
Sample. 

Colour  of  Water, 
Current,  and 
Remarks. 

Time 

and Date. 

Temperature 

during 

Experiment. 
Weights 

added to 

Hydro- 

meter 

(grams). 

Read- 

ing 

of 

Hydro- 

meter. 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

(Den Month. Day. Hour. 
Lat. Long. 

D. 

rl. 

Wal 

of 
Sea 
at 

Posi- 
tion 

from 
which 
the 

Sample 

was T'. 

of 
the t'. 

Ob- 

served 
T. 

t. 

of 

the 

of 

the 
of 

the 

centims.) 

« £ L. 
lee ted. Air. Water. 

Air. 
Sample. w. 

R. 

V. 

4&V. 

1904. 
, I 

0         / 

°F. 

o  f 
°  F. 

°C. 

528 556 June      20 12.0 13    7  N. 21  47  W. Surface 

75-4 74-3 

23-5  C. Antwerp  blue 9.45 
28/6/04 

76-1 

24-5  C. 

24-1 

5-20 

5-25 

5-30 

5-35 

16-0 21-0 

26-0 
31-0 

1-5471 

■1507 

76-2 

24-2 

5-40 

36-2 

■2352 

24-6  C. 

24-15 

5-30 

26-0 

1-9330 
1-02411 

529 557 June 21 12.0 14  27  N. 23  30  W. Surface 

73-9 
74-6 

Reeve's  French 
10.0 

76-2 

24-1 

5-30 

21-5 

23-7  C. 

blue 28/6/04 

24-6  C. 

5-35 

26-8 

5-40 

32-5 

1-5471 

5-45 

38-0 

•1507 

76-0 
24-2 

5-50 

44-0 

■2949 

24-4  C. 

24-15 

5-40 

32-6 

1-9927 

102432 

530 558 June 22 12.0 15  25  N. 25  20  W. Surface 

73-0 
73-8 

23-2  C. 
Pale  Reeve's French  blue 

10.15 
28/6/04 

76-1 

24-5  C. 

76-2 

24-6  C. 
24-1 

24-2 

5-50 

5-55 
5-60 

5-65 
5-70 

42-5 

47-5 52-5 

58-0 63-0 

1-5471 

■1507 ■4767 

24-15 

5-60 

,52-7 

2-1745 
1-02440 

531 559 June 
23 12.0 16  55  N. 26  22  W. Surface 

71-8 
72-8 

22-7  C. Reeve's  French 
blue 

10.30 

28/6/04 

76-3 

24-6  C. 

76-3 

24-6  C. 24-1 

24-2 

5-30 
5-35 5-40 

5-45 
5-50 

20-0 
25-0 

30-0 
35-0 
40-0 

1-5471 

■1507 
■2714 

24-15 

5-40 

30-0 

1-9692 

1-02445 

532 560 June 24 12.0 18  43  N. 27  46  W. Surface 

72-3 72-8 

22-7  C. Reeve's  French 

blue 

10.40 

28/6/04 

76-3 

24-6  C. 

76-3 

24-6  C. 

241 

24-3 

5-30 
5-35 

5-40 

5-45 
5-50 

18-7 

24-0 
29-5 

34-8 

400 

1-5471 

•1510 

■2660 

24-2 

5-40 

29-4 

1-9641 

1-0241* 533 561 June 

25 
12.0 20  19  N. 29  10  W. Surface 

73-6 
73-5 

23-1  C. 
Reeve's  French 

blue 
10.55 

28/6/04 

76-3 

24-6  C. 

76-3 

24-C,  C. 24-1 

24-2 

5-30 
5-35 

5'40 

5-45 5-50 

13-5 

18-8 
24-5 30-0 

35-2 

1-5471 

■1507 ■2207 

24-15 

5-40 

24-4 

1-9185 

534 562 June 

26 12.0 22  44  N. 30  35  W. Surface 

73-8 74-4 

23-6  C. Reeve's  French 

blue 

11.10 

28/6/04 

76-4 

24-7  C. 

76-6 

24-8  C. 
24'2 

24-4 

5-50 

5-55 

5-60 

5-65 5-70 

30-0 35-3 
41-0 

47-0 

52-5 

1-5471 

•1516 ■3727 

24-3 

5-60 

41-2 

2-0714 

June 

27 

12.0 25    2  N. 31  51  W. 
Surface 

73-5 75-0 

Cobalt 
16.0 

75-8 

24'5 

530 

6-0 

23-9  C. 
24-3  C. 

5-35 
5-40 

11-5 

17-0 

5-50 

27-5 

5-60 

38-5 

5-70 

49-5 

5-80 

60-5 

1-5471 

5-85 

65-5 

■IS  29 

75-8 

24-3  C. 

24-5 

5-90 

70-5 

■3483 

24-5 

5-60 

38-5 

2-0483 

1-02511 

i 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  of  the  Density  of  the  Sample. 

1 te(E.)          ,        Position  (L.) 
Depth 

Temperature Temperature 
Volume 

of  im- 

mersed 

[  Portion 

of 

Hydro- 

'    meter 

(cub. 

centims.' 

Density  of  Sample. 

1 at  time  of 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time 

and  " 

Date. 

during 

Experiment. 
Weights added 

to 

Hydro- 

meter 

(grams). 
Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled : 

Long. 

D. 

rl. 

Water  at  4°  C 

=  1.) 

of 

Sea 
from 
which 
the 

Sample 
was 

col- 

lected. 

T'. t'. 

Ob- 

served 
Reducec 

to 

Reduced 
to 

ont Day. Hour. Lat. 

T. 

t. 

at 

Posi- tion 

of 

the 

of the of 

of 

the 

at  t'. 

15°-56C. 

t. 

the 
L. 

Air. Water. !    Air. Sample. w. R. 

V. 

4  Sf. i^lS°S6. 

*sfc 

1904  i '«' 
o         t It. 

o  p 

i  o  F. 

°C. 

Juru 28 12.0 27«23  N. 33    6W. 
Surface  73-2 

74-8 

23-8  C. Cobalt 

12.10 

176-7 

'24-8  C 

24-1 

5-50 

5-55 5-60 

26-5 32-0 

37-5 

1-5471 5-65 

430 

■1507 

i76-3 

24-6  C 

24-2 

5-70 

48-5 

■3393 

24-15 

5-60 

37-5 

2-0371 
1-02517 1-02744 

1-02528 

June 29 12.0 29  54  N. 34  10  W. 
Surface  72-1 

73-8 

23-2  C. Cobalt 
11.30 

30/6/04 

75-2 

240  C 

23-6 

5-30 

5-35 

8-0 

13-7 

75-7 

24-3  C. 

23-7 

5-40 
5-50 
5-60 

5-70 5-80 

5-85 
5-90 

19-3 30-5 

420 

52-7 

62-8 

68-2 

73-5 

1-5471 

■1476 
■3727 

23-65 

5-60 

41-2 

20674 

1-02500 1-02712 

1-02513 

fune 30 12.0 32  11  N. 34  10  W. Surface 

72-1 74-0 

23-3  C. Reeve's  French 

blue 

12.5 

75-5 

24-2  C. 

75-5 

24-2  C. 

23-8 

23-9 

5-30 
5-35 5-40 5-50 

5-60 5-70 
5-80 
5-85 

5-90 

10-0 

15-8 21-0 

32-2 
43-0 

53-9 
64-8 

70-0 
75-5 

1-5471 

■1488 

■3881 

23-85 560 

42-9 

2-0840 1-02491 1-02708 
1-02507 

fuly 1 12.0 33  53  N. 32  27  W. Surface 

71-6 
73-8 

23-2  C. Reeve's  French blue 
11.25 

2/7/04 

70-9 

21-6  C. 

71-1 

21-7  C. 

22-0 

22-0 

5-30 
5-35 5-40 
5-50 

5-60 
5-70 
5-80 5-85 
5-90 

2-0 

7-0 

12-0 

22-5 
33-0 44-0 

54-8 

60-3 
66-0 

1-5471 

■1373 
■3030 

22-0 

5-60 

33-5 

1-9874 
1-02545 1-02710 1-02511 

fuly 2 12.0 36    5  N. 30  50  W. Surface 

69-8 69-8 

21-0  C. Reeve's  French 
blue 

12.0 

71-0 

21-7  C. 

71-0 

21-7  C. 

21-4 

21-5 

5-40 

5-45 5-50 
5-60 

5-70 5-80 

5-90 
5-95 
6-00 

16-5 

21-7 

27-0 

38-0 

49-8 61-0 

71-5 
77-0 

82-0     1 

1-5471 

■1338 
■4469 

21-45 

5-70 

49-4 

2-1278 

1-02521 
1-02671 

1-02533 

fuly 3 12.0 37  41  N. 29  25  W. Surface 
64-0 66-7 

19-3  C. Turquoise 
8.40 

4/7/04 65-8 

18-8  C. 

86-5 

19-2  C. 

18-8 

18-9 

5-40 

5-45 

5-50 

5-60 

5-70 
5-80 

5-90 5-95 
6-00 

8-5 

13-5 19-5 

300 

41-5 

52-0 
62-8 68-0 

73-5 

1-5471 

■1176 ■3709 

i 1 18-85 

5-70 
 ' 

41-0 

20356 

1-02573 1-02651 

102561 

NS.  I)Y.  SOC.  EDIN.,  VOL.  LI,  PART  I  (NO.  4). 
24 
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Data  Relating  to  the  Collection  of  the  Sample. 

Date(E.) 

Month. 

Day 

Hour. 

Position  (L.) 

Lat. 
Long. 

Depth 
in  Fathoms. 

D. 

of 
Sea 
at 

Posi- 
tion 
L. 

d. 

from 

which 
the 

Sample 

was 

col- 

lected. 

Temperature 
at  time  of 

Collection  of 
Sample. 

of 

the Air. 

t. 

of 
the 

Water. 

Colour  of  Water, 
Current,  and 
Remarks. 

Data  Relating  to  the  Determination  of  the  Density  of  the  Sam 

Time and 

Date. 

Temperature 

during 

Experiment. 

T'. 

of 

the Air. 

of 
the 

Sample. 

Weights added 
to 

Hydro- 

meter 

(grams). 

Volume 

of  im- 
Read- 

mersed 

ing 

Portion 

of of 

Hydro- Hydro- 

meter. meter 

(cub. 

centims.) 

R. V. 

1904. 

542    570     July 

544 571 

545    572 

547 

548 

549 

573 

July 

July 

July 

574 
July 

575     July 

10 

11 

10.0 37  56  N. 

Princesse 

12.0 39  15  N. 

12.0 40  19  N. 

12.0 41  18  N. 

12.0 42  44  N. 

12.0 44  11  N. 

29  11  W 

Alice  Ban 

26  55  W. 

24  47  W. 

22  25  W. 

19  30  W. 

16    5  W. 

469 
Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

°  F. 

65-1 

64-2 

63-4 

63-0 

60-2 

60-0 

°  ■p 

67-0' 

19-4  C. 

65-0 

18-3  C. 

66-0 

18-9  C, 

65-8 

18-8  C. 

62-8 

17-1  C. 

62-8 

17-1  C. 

Cobalt 

15.20 

Very  pale 
cobalt 

12.15 

Turquoise 
11.20 

9/7/04 

Cobalt 
12.6 

Turquoise 
11.30 

11/7/04 

Turquoise 
11.20 

12/7/04 

°F. 

°C. 

69-2 

19-8 

5-30 

1-8 20-7  C. 

5-35 
5-40 

5-50 
5-60 5-70 

7-0 

12-5 
23-0 

33-5 44-8 

5-80 

55-8 

1-5471 
5-85 

61-3 

■1242 

70-0 

20-0 

5-90 

66-5 

■3076 

21-1  C. 

19-9 

5-60 

34-0 

1-9789 

69-8 
19-3 

5-30 

2-8 
21-0  C. 

5-35 

5-40 5-50 
5-60 
5-70 

8-0 

13-0 

24-0 

35-0 
45-5 

5-80 

56-5 

1-5471 5-85 

61-8 

•1217 

70-0 

19-7 

5-90 

67-2 

■3157 

21-1  C. 

19-5 

5-60 

34-9 

1-9845 

66-1 19-2 

5-40 

12-0 

18-9  C. 

5-45 
5-50 

5-60 
5-70 

5-80 

17-5 
23-0 

33-8 45-0 

55-8 

5-90 

66-5 

1-5471 

5  95 

71-8 

■1201 

66-2 
19-3 

6-00 

76-9 

■4044 

19-0  C. 

19-25 

5-70 

44-7 

2-0716 

66-2 

190 

5-40 

11-0 

19-0  C. 

5-45 5-50 

5-60 5-70 

5-80 

16-2 

21-8 

32-3 42-8 
54-0 

5-90 

65-0 

1-5471 
5-95 

70-0 

■1192 

66-3 
19-2 

6-00 

75-5 

■3908 

19-1  C. 

19-1 

5-70 

43-2 

2-0571 

62-2 17-0 

5-40 

6-0 16-8  C. 

5-45 
5-50 

5-60 5-70 

5-80 

11-0 

17-0 27-0 

37-0 
47-5 

5-90 

58-0 

1-5471 5-95 

63-8 

■1061 

62-0 
17-0 

6-00 

68-9 

■3383 

16-7  C. 

17-0 

5-70 

37-4 

1-9915 

66-8 
18-8 

5-30 

0-8 19-3  C. 

5-35 5-40 

5-50 5-60 

5-70 

5-8 

11-0 
22-0 

32-5 

43-0 

5-80 

54-0 

1-5471 

5-85 

59-0 

■1176 

66-7 

18-9 

5-90 

64-8 

■2940 

19-3  C. 

18-85 

5-60 

32-5 

1-9587 
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Data  Relating  to  the  Collection  of  the  Sample. Data  Relating  to  the  Determination  < )f  the  Density  of  the  Sample. 

It B(B.) Position  (L.) Depth 
in  Fathoms. Temperature Temperature 

Volume 

of  im- 

mersed 

Portion 

of 

Hydro- 

meter 

(cub. 

centims.) 

Density  of  Sample. 
at  time  of 

during 

Weights 

Read- 

ing 

of 

Hydro- 

meter. 

(Density  of  Distilled 

Hour. Lat. Long. 

D. 

d. 
Collection  of 

Sample. 
Colour  of  Water, 

Current,  and 
Remarks. 

Time and 
Date. 

Experiment. 
added 

to 

Hydro- 

meter 

(grams). 

Water  at  4°  C.=l.) 

of 
Sea 

from 
which 
the 

Sample 
was 

col- 

lected. 

r. 

t'. 

Ob- 

served 

Reduced 

to 

Reduced 
to 

nth[ 

T. 

t. 
)ay. at 

Posi- 
tion 

of 
the 

of 
the 

of 
the 

of 

the 

at  t'. 

15°-56C. 

t. 

L. Air. Water. 

Air. 
Sample. w. 

R. V. *Bv. 

4S]5»-56. 

4  St. 

)04. o        / o       / 

o  p_ 
°F. 

°  F. 

°C. 

uly 12 12.0 45  ot)  N. 12  53  W. Surface 
63-7 

62-2 

16-8  C. Turquoise 
12.10 

66-2 

19-0  C. 

66-9 

19-4  C. 

18-5 

18-7 

5-30 

5-35 
5-40 
5-50 5-60 
5-70 

5-80 
5-85 5-90 

10 

6-3 

11-5 
22-0 

33-0 
43-5 

54-5 60-0 

65-0 

1-5471 
■1161 ■2985 

18-6 

5-60 

33-0 

1-9617 1-02560 1-02632 1-02604 

uly 13 12.0 48  23  N. 10  22  W. Surface 

61-0 

60-2 

25-7  C. Turquoise 

• 

17.20 
14/7/04 

64-0 

17-8  C. 

64-2 

17-9  C. 

18-6 

18-6 

5-30 
5-35 

5-40 5-50 
5-60 
5-70 

5-80 
5-85 5-90 

4-0 

9-0 

14-5 25-0 

36-0 
47'0 

57-5 63-0 68-0 

1-5471 

■1161 
•3257 

18-6 

5-60 

36-0 

1-9889 
1-02544 1-02616 1-02613 

jly 
14 12.0 51  13  N. 7  20  W. Surface 

60-0 59-6 15-3  C. 
Dull  Antwerp 

blue 
17.30 

64-2 

17-9  C. 

64-2 

17-9  C. 

17-8 

17-9 

5-30 

5-35 5-40 
5-50 

5-60 5-70 

5-80 

5-85 5-90 

9-0 

14-0 

19-0 

30-0 40-5 
51-0 

62-0 

67-2 

72-2 

1-5471 

•1114 

■3664 

17-85 

5-60 

40-5 

2-0249 
1-02524 

1-02577 
1-02582 
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Introduction. 

Id  Part  I  of  a  Memoir  "  On  the  Craniology  of  the  People  of  Scotland,"  published  in 
the  Transactions  of  the  Society  twelve  years  ago  (vol.  xl),  I  described  the  anatomical 
characters  of  176  skulls,  the  majority  of  which  had  been  obtained  in  the  counties 
south  of  the  Clyde  and  the  Tay.  The  dimensions,  form  and  proportions  of  the  cranial 
box  and  of  the  face  were  examined,  the  cranial  and  facial  indices  were  computed, 
several  of  the  skulls  were  figured  from  the  vertex,  lateral  aspect  and  face,  and  mesial 
sagittal  sections  of  the  skulls  with  radial  and  other  measurements  were  reproduced. 
The  Memoir  gave  the  fullest  account  of  the  characters  of  the  skulls  of  the  modern 

Scottish  people  which  had  been  produced  up  to  that  time.  In  the  concluding 
paragraph  I  stated  that  I  had  formed  a  collection  of  skulls  of  the  prehistoric  in- 

habitants of  Scotland,  which  I  proposed  to  describe  to  the  Society  in  Part  II 
of  the  Memoir,  and  to  discuss  the  general  ethnographical  relations  of  the  Scottish 
people.  From  various  causes  the  presentation  to  the  Society  of  this  Part  has  been 
(too  long  delayed. 

The  prehistoric  branch  of  the  subject  is  associated   with  the  concluding  phases 
TRANS.  ROY,  SOC.  EDIN.,  VOL.  LT,  PART  I  (NO.  5).  25 
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of  the  geological  changes  in  Britain,  and  is  intimately  blended  with  the  study  of  the 

earlier  archaeology  of  our  island.  It  is  generally  accepted  that  no  satisfactory 

evidence  exists  of  the  presence  in  Scotland  of  palaeolithic  man  ;  even  had  his  re- 

mains ever  been  present,  the  ice  covering,  of  great  thickness  in  the  glacial  period, 

by  grinding  the  surface  of  the  ground  in  its  movements,  must  have  destroyed  all 

objects  lying  upon  it  in  producing  the  boulder  clay,  or  till,  as  its  ground  moraine. 

Professor  James  Geikie*  associated  the  advent  of  man  in  Scotland  with  the  closing 
stages  of  the  Pleistocene  period,  subsequent,  apparently,  to  the  disappearance  of  the 

exotic  mammals  present  in  its  earlier  stages.  Ample  evidence  exists  to  show  that 

the  relative  level  of  land  and  water  on  the  coasts  of  Scotland  had  changed  during 

this  period  from  time  to  time,  which  led  to  the  formation  of  raised  beaches  or 
terraces.  It  is  doubtful  if  man  inhabited  the  northern  division  of  the  island  when 

the  highest  or  100-feet  beach  was  formed,  which  probably  corresponded  with  the 

Upper  Forestian  and  Upper  Turbarian  epochs  of  the  Pleistocene ;  f  but  it  can  he 

said  with  certainty  that  Scotland  was  inhabited  when  the  two  lower  raised  beaches 

had  assumed  their  characteristic  position. 

With  the  disappearance  of  the  ice  sheets  and  the  arrival  of  neolithic  man  in 

Scotland,  implements,  weapons,  and  pottery  were  manufactured,  ornaments  were 

worn,  decorative  features  were  devised,  graves  or  other  means  of  disposal  of  the  dead 

were  constructed,  in  some  of  which  the  skulls  and  skeletons  had  been  preserved, 

though  frequently  the  bones  were  so  soft  and  fragile  that  their  characters  had  been 

impaired  or  destroyed.  No  traces  of  built  dwellings  which  can  be  ascribed  to  the 

people  of  the  stone  or  bronze  ages  have  been  preserved,  so  that  they  probably  lived 

in  caves,  in  rock  shelters,  in  underground  excavations,  or  in  habitations  constructed 

of  loose  stones,  turf,  or  sun-dried  clay  which  have  disappeared.  Notwithstanding 

the  lapse  of  centuries,  examples  of  manufactured  objects  and  ornaments  have  been 

collected  and  preserved  in  museums.  They  constitute  the  material  from  which 

archaeologists  have  formed  their  opinions  on  the  habits  and  mode  of  life  of  the  early 
inhabitants  of  our  island. 

For  many  years  the  attention  of  Scottish  archaeologists  was  almost  exclusively 

given  to  the  handiwork  executed  by  prehistoric  man  rather  than  to  the  osseous 

remains  of  the  man  himself,  although  in  the  National  Museum  of  Antiquities  a  small 

collection  of  skulls  had  been  formed.  Sir  Daniel  Wilson  in  his  well-known  book  t 

had  indeed  described  a  number  of  crania  from  ancient  burials,  and  he  came  to  the 

important  conclusion  that  the  successive  races  of  prehistoric  men  who  had  occupied 

Scotland  differed  in  the  proportions  of  the  heads  and  skulls.  Some  years  later 

Dr  Joseph  Anderson  in  his  Ehind  Lectures  §  placed  on  a  permanent  scientific  basis 

*  Geikie,  the  Munro  Lectures  On  the  Antiquity  of  Man,  Edinburgh,  1914. 
t    Ut  supra. 

\  Archaeology  and  Prehistoric  Annals  of  Scotland,  Edinburgh,  1851. 
§  Scotland  in  Early  Christian  Times,  1st  and  2nd  series,  1881  ;  in  Pagan  Times,  Iron  Aye,  1883  ;  in  Bronze,  and 

Utonc  Ayes,  Edinburgh,  1886. 
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our  knowledge  of  the  objects  which  characterised  the  successive  periods  of  human 

occupation,  but  he  did  not  personally  study  the  head  form.  Sir  Arthur  Mitchell 

in  his  Rhind  Lectures*  On  the  Past  in  the  Present  and  in  the  Proceedings  of  the 

Society  of  Antiquaries  of  Scotland  had  illuminated  various  questions  in  archaeology. 

In  a  lecture  "On  Early  Man  in  Scotland "  t  I  summarised  facts  up  to  that  time 
recorded  regarding  the  people  of  the  stone  and  bronze  ages.  Since  then,  Dr  Robert 

Munro  in  his  Prehistoric  Scotland  X  has  traced  the  progress  of  civilisation  during 

successive  epochs  and  has  discussed  the  craniology  of  the  people.  Professor  Thomas 

H.  Bryce  and  Dr  Alexr.  Low  of  Aberdeen  have  recorded  §  the  cranial  characters  and 

affinities  of  early  races,  whilst  the  Hon.  John  Abercromby  has  published  a  com- 
prehensive treatise  On  the  Bronze  Age  Pottery  of  Great  Britain  and  Ireland.]] 

Neolithic  or  Polished  Stone  Period. 

Traces  of  the  presence  of  man  in  Scotland  date  from  the  formation  of  the 

40—50  foot  beach.  Mounds  of  refuse,  the  so-called  kitchen  middings,  which  contained 
quantities  of  the  shells  of  edible  sea  molluscs,  also  bones  of  mammals  which  had 

been  split  either  for  the  extraction  of  the  marrow  or  to  form  implements,  had  been 

found  along  the  margins  of  this  beach.  In  the  valley  of  the  Forth  the  land  had 

been  submerged  and  an  arm  of  the  sea  had  stretched  more  or  less  across  the  island 

and  separated  it  completely  into  a  part  north  and  one  south  of  the  Firth. 

Large  whales  had  frequented  the  Firth  and  become  stranded.  The  subsequent 

elevation  of  the  land  converted  the  ancient  bed  of  the  estuary  into  the  25—30  foot 

beach,  which  now  forms  the  fertile  Carse  of  Stirling.  Subjacent  to  the  cultivated 

soil  is  a  deposit  of  mud,  blue  silt  and  clay  in  which  skeletons  of  large  whalebone 

whales  belonging  to  the  genera  Balsenoptera  and  Megaptera  have  from  time  to  time 

been  founds  Alongside  of  four  of  these  skeletons  implements  made  of  the  beam 

of  the  horn  of  the  red  deer  were  obtained,  three  of  which,  chisel-shaped  at  one  end, 

truncated  at  the  other,  were  perforated  by  a  hole  for  the  reception  of  a  handle.  Of 

these  specimens  two,  observed  in  1819  and  1824,  have  been  lost,  but  the  third,** 

found  in  1877,  11  inches  long  and  6£  in  greatest  girth,  the  hole  in  which  contained 

a  fragment  of  the  original  handle  (fig.  1),  is  preserved  in  the  University  Museum  of 

*  Past  in  the  Present,  Edinburgh,  1880. 

t  Proc.  Royal  Institution  of  Great  Britain,  March  1897  ;  Nature,  vol.  lvii,  1898  ;  Ann.  Scot.  Nat.  Hist,  1898. 
I  Edinburgh,  1899.     More  recently  in  his  Munro  Lectures  On  Paleolithic  Man,  Edinburgh,  1912. 
§  Proc.  Scot.  Soc.  Antiq.,  vol.  xxxix,  1905. 

||  Oxford,  1912.     Preliminary  papers  were  published  in  P.S.Ant.S.,  vol.  xxxviii  and  xli. 

IT  Accounts  of  their  discovery  were  given  by  Mr  D.  Milne  Home  in  his  Estuary  of  the  Forth,  and  more  fully 

by  Mr  David  B.  Morris  in  the  Raised  Beaches  of  the  Forth  Valley,  1892  and  1901.  The  discovery  in  1897  of  the 
Causewayhead  whale  was  described  by  Mr  Morris,  for  whom  I  wrote  an  account  of  the  implements  :  the  specimens 

are  preserved  in  the  Public  Museum  in  Stirling.  See  also  my  Marine  Mammals  in  the  Anatomical  Museum  of  the 
University  of  Edinburgh,  1912. 

**  I  described  this  specimen  in  Reports,  Newcastle  Meeting  British  Association,  p.  790,  1889.  Dr  R,  Munro 
figured  it  in  his  Preh  istorie  Scotland,  1899,  and  I  in  Marine  Mammals  in  the  Anatomical  Museum  of  the  University,  1912. 
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Anatomy.  Associated  with  the  skeleton  of  a  whale  found  in  1897  at  Causewayhead, 

Stirling,  was  a  part  of  the  beam  with  a  tine  fashioned  into  a  pick,  and  a  portion  of 

a  whale's  rib  which  seemed  as  if  it  had  been  used  as  a  rude  bone  implement.  The 
specimen  is  to  be  seen  in  the  Public  Museum,  Stirling. 

The  association  of  these  implements  with  the  skeletons  of  whales  justifies  the 

inference  that  the  Neolithic  Caledonians  of  the  hills  bounding  the  estuary  at  that 

period  had  descended  from  their  heights  and  spoiled  the  carcases  of  their  flesh  and 

blubber.  In  the  basin  of  the  Clyde  and  in  the  Carse  Clay  of  the  estuary  of  the 

Tay,  dug-out  canoes  have  been  found  imbedded  in  the  silt  and  clay.  No  human 

skull  or  skeleton  has,  however,  been  seen  along  with  these  evidences  of  the  handi- 
work of  man. 

When  the  oscillations  in  the  relative  level  of  land  and  water  had  ceased  and 

the  25—30  foot  beach  had  become  established,  evidence  of  neolithic  man  in  North 

Britain  was  greatly  multiplied.  Implements  and  weapons  of  smoothed  and  polished 

stone,    of  finely   worked  flint,   bone  and  horn,   with   pottery  and  ornaments,   cairns 

Fig.  1. — Implement.     Beam  of  antler  of  red  deer  found  in  1877. 

and  cists  made  of  rude  stone,  have  been  exposed,  also  mounds  containing  shells  of 

edible  molluscs  and  the  split  bones  of  larger  mammals. 

In  1851  Sir  Daniel  Wilson  described  skulls  preserved  in  the  National  Museum 

of  Antiquities  and  in  the  Phrenological  Museum,  Edinburgh,  which  had  been 

obtained  from  cists  and  tumuli  in  Scotland.  In  some  the  cranium  was  elongated, 

in  others  shorter  and  more  rounded.  He  regarded  the  longer  skulls  as  the  oldest 

in  time  of  the  races  which  had  successively  occupied  Scotland,  and  he  named  them 

kumbecephalic  or  primitive  dolichocephalic.  Arehreologists  had  not  at  that  date 

sufficiently  differentiated  the  modes  of  burial  and  the  characters  of  the  contents  of 

the  graves  to  enable  them  to  state  definitely  their  relative  age.  Of  the  nine  skulls 

in  Wilson's  kumbecephalic  group,  possessing  the  elongated  form  of  the  cranium, 
the  narrow  backward  prolongation  of  the  occiput,  the  narrow  interparietal  diameter 

usually  less  than  the  vertical,  the  features  which  he  regarded  as  characteristic, 

several  had  undoubtedly  been  obtained  from  interments  which  wc  should  now 

assign  to  the  later  period  of  the  bronze  age.  It  would  indeed  seem  as  if  only 

one,  or  at  the  most  two,  of  these  interments  could  now  be  regarded  as  neolithic, 

though  the  dolichocephalic  proportions  of  some  of  the  other  skulls  might  justify 

the    inference    that   they    were    those    of    people   of  neolithic    descent    interred    in 
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graves  of  the  bronze  age.  The  skull  founci  in  1782*  near  Newbattle  Abbey,  Mid 
Lothian,  was  obtained  from  a  large  encircled,  conical  tumulus,  thirty  feet  high  and 

ninety  feet  in  circumference,  in  which  was  exposed  a  cist  nearly  seven  feet  long- 
containing  the  skeleton  of  an  aged  man.  The  cranium,  197  mm.  long,  was  in  the 

norma  verticalis  ovoid  and  elongated,  vertex  somewhat  flattened,  slope  to  parietal 

eminence  moderate,  sides  almost  vertical,  parieto-occipital  slope  gradual,  occipital 

squama  bulging  behind  a  strong  inion.  The  base  was  broken  and  the  height 

could  not  be  taken.  The  cephalic  index  72-1  was  dolichocephalic,  which  harmonised 
with  the  form  of  the  cranium.  The  glabella  and  supraciliaries  were  prominent,  the 

facial  frontal  receded,  nasion  not  depressed,  bridge  of  nose  narrow  feebly  projecting, 

nasal  index  38*2,  narrow,  leptorhine ;  orbits  rounded,  index  95*1,  megaseme.  Lower 
jaw  absent.  The  cavity  of  the  cranium  could,  though  the  base  was  broken,  hold  1500 

c.c.  of  water,  but  when  entire  a  larger  quantity.     (Table  I,  figs.  2,  3,  p.  176.) 

A  skull  was  obtained  in  1835  at  Nether  Urquhart,  Fife,  from  a  cist  under  a 

large  cairn  which  contained  two  chambers,  one  of  which  was  six  feet  long.  It  was 
edentulous,  with  the  alveoli  absorbed  and  the  sutures  much  obliterated.  The  sex  was 

doubtful,  but  probably  male.  The  cranium  was  elongated,  ovoid,  vertex  moderately 

arched,  steep  slope  from  sagittal  line  to  parietal  eminences,  parieto-occipital  slope 

gradual,  occipital  squama  bulged  behind  feeble  inion,  height  less  than  breadth ; 

cephalic  index  73 '8,  vertical  index  68-4,  form  and  proportion  dolichocephalic.  The 
facial  frontal  much  receded,  glabella  and  supraciliaries  well  marked,  nasion 

depressed,  bridge  of  nose  feeble,  nasal  bones  short  narrow,  nasal  index  53 '3  platy- 
rhine,  transverse  diameter  of  orbit  in  excess  of  vertical,  index  737,  low  microseme. 

Cranial  capacity  1380  c.c.     Lower  jaw  absent.     (Figs.  4,  5,  6.) 

Archaeology. 

An  important  advance  was  made  nearly  half  a  century  ago  when  Dr  Joseph 

Anderson  described  f  his  exploration  in  Caithness  of  a  remarkable  group  of  cairns 
containing  chambers,  access  to  which  had  been  provided  by  a  long  passage.  Some 
of  the  cairns  had  a  pair  of  horn -like  prolongations  at  each  end,  and  these  cairns 
were  divided  into  a  long  and  a  short  group.  The  floor  of  the  chambers  consisted 
of  blackish  clay,  charcoal  and  ashes,  imbedded  in  which  were  fragments  of  burnt 
bones,  human  and  animal,  with,  in  some  cases,  chips  of  partly  worked  flint,  arrow- 

heads and  one  example  of  a  polished  granite  hammer.  Broken  pottery  was  some- 
times found  consisting  of  portions  of  round-bottomed  vessels. 

On  the  surface  of  the  floor  of  the  chambers  were  unburnt  human  skeletons 
much    broken.     From   the   character   of  the   contents  of  the  chambers  these  cairns 

*  Wilson,  Prehistoric.  Annals,  pp.  56,  168.  This  skull,  and  that  from  Nether  Urquhart,  Fife,  at  one  time  in the  Phrenological  Museum,  are  part  of  the  collection  of  the  Henderson  Trust  now  lodged  in  the  Anatomical  Museum of  the  University. 

t  I'ror.  Soe.  Antiq.  Scot.,  vol.  vi,  1868;  vol.  vii,  1870;  Memoirs  Anthrop.  Soc.  London,  vol.  iii,  pp.  216,  266, 18(0  ;  Scotland  in  Pagan  Times,  Rhind  Lectures,  1886, 
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Fir..  2.— New-battle. 

Fig.  6.— Nether  Urquhavt. 

Fig,  4, — Nether  Urquhart. 

X'-wliattlc 

Fig,  5.— Nether  Urquhart. 
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had  been  constructed  during  the  stone  age  period ;  some  of  the  dead  had  been 

cremated,  whilst  others  had  been  deposited  on  the  floor  of  the  chambers.  The 

skulls  had  been  destroyed  or  so  much  injured  that  they  were  not  preserved, 

except  one  from  the  Cairn  of  Get,  Caithness.  This  was  examined  by  Dr  Carter 

Blake,*  who  regarded  it  as  that  of  a  man  about  fifty,  with  capacious  forehead, 
large  parietal  eminences,  projecting  supraoccipital  squama,  supraciliary  ridges  not 

prominent,  lower  jaw  massive,  chin  prominent,  greatest  length  of  cranium  183  mm., 

greatest  breadth  140  mm.,  cephalic  index  76,  facial  angle  80°.  The  skull  was 
without  doubt  in  its  main  features  dolichocephalic  in  form,  though  somewhat 

exceeding  in  its  length-breadth  index  the  upper  numerical  limit  of  that  group. 

Chambered  cairns,  though  not  with  horn-like  prolongations,  from  Argyllshire 
and  the  Orkneys,  have  also  been  described  by  Dr  Anderson  ;  some  were  circular, 

others  oblong  in  form,  and  they  corresponded  in  the  character  of  their  contents. 

The  skull  from  a  chambered  cairn  with  three  compartments  at  Papa  Westray, 

Orkney,  opened  by  Mr  George  Petrie,|  has  been  preserved  in  the  National 

Museum,  E.T.  21.  It  is  that  of  a  man  advanced  in  life;  cranium  196  mm.  long, 

144  mm.  broad,  cephalic  index  73*5,  dolichocephalic.  Vertex  inclined  to  be  flattened, 

height  139  mm.,  vertical  index  70*9,  height  therefore  lower  than  breadth,  parieto- 
occipital slope  gradual ;  forehead  somewhat  retreating,  glabella  and  supraciliaries 

well  marked  ;  nasion  a  little  depressed,  nasal  bones  projecting  with  a  good  bridge ; 

anterior  nares  narrow,  leptorhine,  45*1  ;  orbital  border  thick  rounded,  index  low, 

78'6,  microseme,  upper  jaw  orthognathous,  927.+ 
In  1898  the  late  General  Traill  Burroughs,  C.B.,  of  Trumland  House, 

Eousay,  Orkney,  in  excavating  a  mound  of  loose  stones  and  earth,  circular  at  the 

base  arid  about  30  feet  in  diameter,  exposed  a  chambered  cairn.  From  notes 

and  specimens  which  he  sent  me  I  drew  up  an  account  §  of  the  cairn  and  the 
objects  exposed. 

The  chamber  consisted  of  a  central  compartment,  off  which  four  smaller  chambers 
opened.  A  human  skeleton  was  seen  in  each  of  two  of  the  chambers,  and  many 

fragments  of  pottery  were  found  in  them  which  represented  several  vessels.  There 

was  no  sign  of  cremation  in  the  chambers.  The  passage  from  the  central  com- 
partment to  the  surface  of  the  mound  was  15  feet  long  (fig.  7)  ;  in  its  inner  half 

were  seen  human  bones  which  represented  three  skeletons,  as  well  as  other  fragments 

of  bones  which  had  been  cremated.  The  passage  also  contained  bits  of  coarse 

paste  pottery,  the  largest  of  which  seemed  to  be  part  of  the  foot  of  a  cinerary  urn, 

as  well  as  a  hammer  head  of  smooth  grey  granite  and  a  flake  of  flint. 

*  Mem.  Anthrop.  Soc.  London,  vol.  iii,  p.  243,  1870. 
+  Proc.  Sol:  Antiq.  Scot.,  vol.  ii,  pp.  33,  62,  plate  iii,  1859. 
t  Mr  Cosmo  Inxe.s  described  and  figured  iu  P.S.A.S.,  vol.  iii,  1862,  as  associated  with  stone  circles,  cairns  at 

Clara  in  Nairnshire  which  enclosed  a  large  chamber  with  a  long  passage.  One  of  the  cairns  was  described  by  Sir 
T.  Dick  Lauder  (Moray  Floods),  also  by  Dr  R.  Munro  in  Prehistoric  Scotland. 

i  P.S.A.S.,  vol.  xxxvii,  p.  73,  1903. 
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Parietal           „            ,, 127 117 
123 134 125 125 136 

137 

Occipital          ,,            ,, 116 131 
123 

140 123 ... 

Total      „            „       . 362 391 
380 

390 395 376 

Vertical  transverse  arc, 313 
298 313 

307 309 
298 300 

Basal  transverse  diameter,  . 
127 117 

Vertical  transverse  circum- 
ference, .... 

440 415 

Length  of  foramen  magnum, 
35 

34 

34 

40 

Basi-nasal  length, 100 109 99 

98 

'97 

Basi-alveolar  length,  . 101 
94 92 

8*9 

Gnathic  Index, 

92-7 

95 

93-8 
91-8 

Total  longitudinal  circum- 
ference, .... 

497 
534 

513 
533 

Interzygomatic  breadth, 
131 

127 
132 

134 
139 135 

Intermalar               ,, 117 111 124 117 121 
120 

Nasio-mental  length,  . 125 
126 

Nasio-mental  complete  facial 
Index,    .... 

•  *• 

94- 

90-6 

Nasio-alveolar  length, 69 67 

70 

72 62 

Maxillo-facial  Index,    . 507 

52-2 51-8 45-9 

Nasal  height, 
55 

45 

51 

53 55 55 

49 

Nasal  width, 
21 

24 

23 24 24 24 

25 

Nasal  Index, 

38-2 53'3 
45-1 45-3 

43-6 43-6 

51- 

Orbital  width,    . 
41 

38 42 

41 

43-5 

43 

Orbital  height,  . 

39 

28 
33 

33 

32 

31 

Orbital  Index, 

95-1 
73-7 

■■• 

78-6 80  -5 

74- 

72- 

Palatomaxillary  length, ... 53 54 

55-5 47-5 

Palato-maxillary  breadth,  . 
60 

62 

65-5 

60 i 

Potato- maxillary  Index, 

113-2 
114-8 

117- 
126- 

Mandible,  symphysialheight ... 
36 

31-5 
Note. — In  the  series  of  Tables  the  capital  letters  in  line  with  "collection  number"  signify:  H.T., 

Henderson  Trust;  E.U.A.M.,  Edinburgh  University  Anatomical  Museum;  E.T.,  National  Museum  of 
Antiquities. 
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The  roof  was  formed  of  massive  flags,  superjacent  to  which  three  so-called  cists 
1£  to  2  feet  in  breadth  and  length  were  found,  constructed  of  undressed  flat  stones. 

Each  contained  numerous  pieces  of  broken  pottery,  which  had  doubtless  been  ciner- 

ary urns,  and  quantities  of  calcined  bones  recognised  as  human,  some  of  which 

were  imbedded   in  hard  vitrified  slag.       The    cists  therefore  were  cremation  cists, 

Fig.  7. — Plan  of  chambered  cairn  with  passage,  Rousay. 

secondary  in  time  to  the  cremation  remains  found  in  the  passage  leading  to  the 
central  compartment. 

The  bones  in  the  chamber,  in  the  passage  and  in  the  cremation  cists  were  too 
fragmentary  to  allow  of  reconstruction,  and  the  form  of  the  skull  was  not  ascer- 

tained.    The  cairn  without  doubt  was  of  the  neolithic  period. 
The  excavations  conducted  by  Professor  T.  H.  Bryce  on  megalithic  inter- 

ments in  the  island  of  Arran  have  enabled  him  to  describe  their  structure,  their 

grave  goods,  and  the  remains  of  the  skeletons  which  they  contained.*  They  formed 
a  class  of  sepulchral  cairns  constructed  of  great  slabs  of  stone  divided  by  partitions 
into  three    or    four   separate    compartments,  none    of    which    opened   into  a  passage 

*  "Cairns  of  Arran,"  Proc.  Soc.  Antiq.  Scot.,  part  i,  1902,  part  ii,  1903,  part  iii,  1909,  vols,  xxxvi,  xxxvii,  xliii ; The  Book  of  Arran,  Sepulchral  Remains,  1910. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  I  (NO.  5).  26 
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directed  to  the  surface.  Flint  and  smooth  stone  implements,  rude  urn-like  pottery, 
rounded  at  the  bottom,  with  simple  ornamentation,  were  obtained,  but  no  trace 

of  bronze.  Four  skulls  were  procured  at  Torlin  and  Clachaig,  which  have  been 

described  by  Professor  Bryce,  also  a  fragment  of  a  fifth  (Table  I).  They  ranged 

in  length  from  186  to  201  mm.  ;  in  breadth  from  134  to  140  mm.  ;  in  height  from 

132  to  136  mm.  The  cephalic  index  was  from  66-6  to  75%  the  mean  being  71*3; 

the  vertical  index  from  65*6  to  73*1,  the  mean  being  68'1  metriocephalic ;  the 
breadth  in  each  case  was  more  than  the  height.  In  general  form  the  crania  were 

long  in  relation  to  the  width,  dolichocephalic,  parietooccipital  slope  moderate ;  occi- 

pital squama  somewhat  bulging ;  glabella  and  supraciliaries  moderate ;  face  high, 

narrow ;  jaw  orthognathous ;  nose  narrow  :  orbits  low  in  relation  to  their  breadth. 

The  cubic  capacity  in  two  skulls  was  1480  and  1560  respectively.  Cairns  enclosing 

segmented  megalithic  interments  were  also  examined  by  Bryce  in  Kintyre,  Islay, 

and  by  Greenwell  and  Mapleton,  near  Crinan,  Argyllshire,  but  no  skeletons  were 

obtained  for  description. 

Professor  Bryce,  from  researches,  in  the  island  of  Bute,*  exposed  chambered 
cairns  like  those  in  Arran,  which  contained  burnt  and  unburnt  burials  :  the  bones 

of  the  latter  were  too  fragmentary  to  be  measured  ;  also  broken  pottery.  One 

chambered  cairn  had  been  built  on  the  site  of  an  older  kitchen  midding,  whilst 

in  one  a  beaker  urn  of  the  bronze  age  was  found. 

Another  example  of  a  chambered  cairn  at  Kewing  Hill  in  the  parish  of  Firth  +  in 

the  Orkneys  has  been  described  by  Mr  M.  Charleson.  It  had  a  central  compartment 

with  five  smaller  cell-like  chambers  opening  off  it,  as  well  as  an  entrance  passage. 

The  walls  were  dry-built  on  the  beehive  principle.  On  the  floor  of  the  central 
chamber  was  a  deposit  of  an  unctuous  appearance,  the  skulls  of  dogs,  jaws  and  teeth 

of  an  ox,  tibia  of  horse,  bones  of  birds.  Five  human  skulls  with  limb  bones  were 

found  in  the  compartment,  also  two  skulls  in  the  cells.  In  the  entrance  passage  were 

portions  of  human  long  bones  which  showed  evidence  of  cremation.  No  industrial 
relics  were  found  in  the  chamber. 

The  human  remains  sent  to  me  consisted  of  portions  of  five  skulls  and  three 

thigh  bones.  They  were  from  the  condition  of  the  sutures  advanced  in  life,  at  least 

three  being  males.  I  attempted  reconstruction  of  the  crania,  but  they  were  so  much 

broken  that  in  only  one  could  I  obtain  a  numerical  cephalic  index.  The  calvaria 

was  188  mm.  long,  breadth  142  mm.,  which  gave  75'5  as  the  cephalic  index;  the 
vertex  was  neither  ridged  nor  highly  arched,  the  post-parietal  region  was  obliquely 

flattened,  the  occipital  squama  was  plano-convex,  the  forehead  retreated  a  little, 

the  glabella  and  supraciliary  ridges  projected.  The  skull,  though  with  a  cephalic 

index  fractionally  higher  than  the  numerical  limit,  was  essentially  dolichocephalic. 

Another  calvaria  without  the  occiput  was  elongated  and  narrow  ;  in  a  third  the 

parieto-occipital  region  was  steep  and  the  squama  was  faintly  convex. 

*  Pror.  Soc,  Anliij.  Scot.,  vol.  xxxviii,  1903,  t  Idem,  vol.  xxxvi,  1902 
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Mr  Alexr.  0.  Curle  has  recently  described*  a  cairn  near  Sunningdale,  Suther- 
landshire,  which  showed  indications  of  four  horns.  It  enclosed  a  chamber  8  feet 

9  inches  long  and  7  feet  broad,  formed  of  seven  large  upright  slabs  arranged  to  form 

a  domed  roof.  A  passage  ran  from  one  eud  of  the  chamber  for  about  12  feet  towards 

the  surface  of  the  cairn.  The  chamber  contained  decayed  human  bones,  a  flint 

scraper  and  a  fragment  of  pottery  neolithic  in  character. 

Craniology.     Table  I. 

Well-preserved  specimens  of  the  skulls  from  neolithic  interments  are  unfortu- 
nately few  in  number,  but  from  those  specified  in  Table  I  the  following  general 

characters  may  be  stated. 

The  crania  varied  in  maximum  length  :  five  ranged  from  196  to  201  mm.,  five 

from  183  to  187  mm.  ;  the  mean  length  of  the  series  was  191 '8,  which  is  a  high 
average  when  compared  with  modern  male  Scottish  skulls,  f  The  breadth  ranged 

from  134  to  144  mm.  and  the  mean  was  139"8,  much  below  the  mean  of  the 
modern  specimens.  The  height  ranged  from  128  to  139  mm.  and  the  mean  was 

133 '2,  almost  the  same  as  in  the  modern  skulls.  The  horizontal  circumference  ranged 

from  517  to  545  mm.  and  the  mean  was  528'7,  almost  equal  to  the  modern  male 
skulls.     The  cubic  capacity  taken  in  four  male  crania  gave  a  mean  1480  c.c. 

The  cephalic  (length-breadth)  index  was  obtained  in  ten  skulls,  the  mean  was 

72*8:  seven  were  less  than  75,  numerically  dolichocephalic;  three  were  from  75*2 
to  76,  or  approximately  meso-dolichocephalic ;  not  one  was  brachy cephalic  or  meso- 

brachycephalic.  The  vertical  (length-height)  index  computed  in  six  skulls  ranged 

from  6 5 "7  to  73*1,  with  the  mean  69*3  ;  in  each  it  was  less  than  the  cephalic,  and 
no  cranium  was  high,  hypsicephalic. 

In  general  configuration  the  cranium  was  an  elongated  ovoid,  moderately  arched 

but  not  ridged  on  the  vertex,  the  side  walls  flattened,  the  parieto-occipital  slope  not 
steep,  the  occipital  point  behind  the  inion ;  the  forehead  somewhat  retreating,  the 

glabella  and  supraciliary  ridges  well  marked,  the  nasion  a  little  depressed,  the 

characters  therefore  are,  like  the  proportions,  dolichocephalic. 

For  the  facial  measurements  the  proportion  of  the  complete  length  to  the 

breadth  could  be  taken  in  only  two  specimens ;  the  nasio-mental  index  had  a 

mean  92 '3,  high-faced  or  leptoprosopic  ;  in  four  specimens  the  maxillo-facial  index 

worked  out  at  from  45'9  to  52*2,  the  mean  being  50*1,  also  leptoprosopic.  The 

gnathic  index  computed  by  Flower's  method  was  in  each  specimen  orthognathous. 
The  nasal  index  was  not  platyrhine,  but  either  leptorhine  or  mesorhine.  The  orbital 

index,  as  is  customary,  varied,  ranging  from  72  to  95'1  ;  only  one  was  rounded,  mega- 

*  Proc.  Soc.  Antiq.  Scot.,  vol.  xliv,  1910.  The  Reports  of  the  Royal  Commission  on  Historical  Monuments  in  the 
Counties  have  recently  added  examples  of  chambered  cairns  in  Sutherland  and  Caithness,  also  long  cairns  in 
Galloway,  and  notably  one  in  Berwickshire  at  Byrecleugh,  Longformacus. 

t  The  references  in  the  text  to  modern  Scottish  skulls  apply  to  those  described  in  Part  I,  vol.  xl,  of  this  Memoir. 
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seme,  95*1  ;  the  others  were  wide  in  relation  to  the  height,  microseme,  and  the  mean 

was  78 "9.  The  palato-maxillary  index  was  either  mesuranic  or  brachyuranic,  the 

mean  of  four  specimens  was  1 17*7. 
The  characters  of  the  neolithic  skulls  may  be  summarised  as  follows :  crania 

elongated,  the  occiput  not  flattened  but  protruding,  the  vertex  not  high ;  the  face 

long  ;  the  upper  jaw  almost  vertical,  orthognathous  ;  the  nose  relatively  narrow, 

nostrils  not  wide  ;  the  orbits  with  the  breadth  wide  in  relation  to  the  height ;  the 

palate  short  and  relatively  wide  ;  the  capacity  of  the  cranium  approximated  to  that 

of  modern  Europeans. 

The  interments  above  described  as  neolithic  were  limited  to  particular  localities 

in  Scotland,  as  the  chambered  long  cairns  in  Argyll,  Arran,  Bute,  Galloway  and 

Nairn,  the  horned  and  chambered  cairns  in  Caithness,  Sutherland  and  the  Orkneys, 

and  the  tumulus  at  Newbattle.  There  can  be  no  doubt  that  a  dolichocephalic  race 

lived  in  neolithic  times.  The  preservation  of  their  remains  throughout  the  centuries 

was  due  to  the  substantial  modes  of  interment,  which  justify  the  inference  that  the 

builders  practised  well-designed  constructional  methods  during  at  least  the  later 
stage  of  the  neolithic  period.  The  labour  obviously  required  for  their  construction 

points  to  the  tombs  being  those  of  the  chiefs  of  the  tribes  with  their  families.  It 

should  not  be  inferred  that  this  race,  like  these  cairns,  was  limited  to  small  areas  in 

Scotland,  and  it  is  probable  that  the  burials  of  the  people  generally  were  frailer  in 

construction  and  had  consequently  disappeared.  Instruments  and  weapons  made 

of  polished  stone  and  worked  flints  characteristic  of  the  neolithic  period  have  been 

found  in  numerous  localities  but  not  associated  with  interments,  though  some  of 

these  doubtless  had  been  in  use  in  the  succeeding  bronze  age. 

Bronze  Age — Short  Cists  ;  Cremation  Urns. 

In  Scotland  two  modes  of  burial  were  practised  in  the  bronze  period,  Inhumation 

and  Cremation.  Inhumed  dead  bodies  were  interred  in  characteristic  stone  graves, 

known  as  short  cists,  which  were  concealed  in  cairns  or  tumuli,  or  were  placed  only 

a  few  feet  below  the  surface  of  the  ground.  These  graves  were  less  massive  in 

construction  than  the  chambered  cairns  of  the  neolithic  age. 

Archaeology. 

In  general  character  a  short  cist  was  built  of  a  single,  or  at  times  of  two  flat 
slabs  of  undressed  stone  on  each  side  and  of  a  smaller  slab  at  each  end ;  the  stones 

rested  on  their  lower  edge,  and  supported  on  the  upper  edge  a  more  massive  slab  as 

a  cover  for'  the  cist,  with  occasionally  a  second  smaller  slab  superimposed.  The  floor 
of  the  cist  might  be  the  natural  rock,  or  clay,  or  gravel,  seldom  a  layer  of  flat  stones. 

In  internal  dimensions  the  cist  averaged  3  to  about  4  feet  in  length,  about  2  feet  in 

breadth  and  the  same  in  height.     The  covering  slab  was  longer  and  overlapped  the 
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ends  and  sides  of  the  cist.  Owing  to  its  short  length  the  body  of  an  adult  could 

not  be  laid  in  the  extended  position  but  had  to  be  placed  on  one  of  its  sides,  with 

the  hip  and  knee  joints  bent,  as  well  as  the  elbows,  so  that  the  hands  were  brought 

close  to  the  face.  Although  objects  made  of  bronze  have  not  been  found  in  the 

majority  of  the  short  cists  which  have  been  opened,  their  similarity  in  size  and 

construction,  the  bent  position  of  the  skeletons  and  the  presence  of  definite  types 

of  urn  pottery  have  led  them  to  be  regarded  as  of  the  same  period,  whether  bronze 

was  present  or  not.  Frequently  only  a  single  cist  had  been  exposed  in  a  particular 

locality,  sometimes  two  or  three  ;  very  seldom  were  more  than  five  placed  in  close 

proximity  to  each  other. 

Almost  every  county  in  Scotland  has  given  to  archaeologists  examples  of  this  type 

of  burial,  and  it  is  evident  that  the  people  or  race  which  practised  it  was  not  limited 

to  a  particular  area,  but  were  distributed  throughout  northern  Britain. 

In  many  localities  the  practice  of  Cremation  was  associated  with  Inhumation  ; 

though  in  others  cremated  bodies  were  found  without  being  contained  in  or  near 

short  cists.  In  the  great  majority  of  cases  the  ashes  were  deposited  in  a  special 

type  of  urn,  known  as  a  Cinerary  urn.  These  urns  have  been  found  either  singly,  or 

in  small  groups  of  three  or  four,  or  in  such  numbers  as  to  indicate  a  cemetery  of 

some  size.  They  have  been  exposed  as  independent  burials  in  sand  or  gravel,  or 

have  been  enclosed  in  a  cairn  or  tumulus.  A  hole  had  apparently  been  made  in 

the  ground  and  the  urn  lodged  in  it,  either  upright,  resting  on  its  base,  or  in- 
verted, with  the  mouth  downwards,  on  a  flat  stone.  Sometimes  the  urn  had  been 

in  contact  with  the  surrounding  sand  or  gravel,  but  at  others  loose  stones  had  been 

arranged  around  it  as  a  protection. 

I  have  now  analysed  the  notices  of  burials  of  the  bronze-age  period  recorded  in 

Scotland  in  no  less  than  197  localities,  which  comprised  475  distinct  interments.* 
Two  hundred  and  thirty-two  were  inhumed  in  short  cists ;  in  240,  cremation  had  been 
practised  and  the  ashes  placed  in  a  cinerary  urn  ;  in  3  cases  the  record  was  not 

precise.  Sometimes  both  kinds  of  interment  were  found  in  the  same  tumulus, 

cairn,  or  cemetery,  though  at  others  they  were  in  distinct  localities.  In  a  few 

cases,  Cavers,  Pentlands,  Pomona,  incinerated  bones,  not  enclosed  in  an  urn,  were 

lying  along  with  a  skeleton  in  a  short  cist.  It  is  obvious,  therefore,  that  two 

modes  of  interment  were  practised  in  the  same  district  and  frequently  at  the 

same  period  of  time.  It  has,  however,  been  observed  that  cremated  interments  in 

cinerary  urns  prevailed  when  bodies  had  been  buried  in  stone  circles.  On  the  other 

hand,  in  the  Orkneys,  inhumation  in  short  cists  was  the  rule  in  prehistoric  graves. 

In  318  cases,  urns  of  rough  unglazed  clay  pottery  were  said  to  be  associated  with 

the  interments  ;  206  of  these  were  cinerary  urns.     In  a  few  examples  a  heap  of  bone 

ashes   and   charcoal,  obviously  indicating  an  interment,  was  found   not  included   in 

an  urn   or  cist.      In  112   cases  urns  either  of  the  bowl-shaped  food   type   or  of  the 

*  Ir  my  lecture  "On  Early  Man  in  Scotland"  (pp.  tit.),  I  analysed  the  characters  of  about  400  interments. 
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taller  beaker  form  were  found.  In  a  number  the  presence  of  urns  is  not  recorded. 

It  has  been  noted  that  the  beaker  urn  especially  prevailed  in  the  cists  exposed  in 

the  north-east  of  Scotland,  though  not  exclusively  in  Aberdeen  and  Banff. 

Occasional  examples  of  a  small  urn,  known  as  an  "  incense  cup,"  have  been  found 
in  Scotland  in  cinerary  urns.  They  are  from  2  to  3  inches  high  and  about  3  inches 

wide.  Archaeologists  have  associated  them  with  the  burning  of  incense,  which 

assumes  that  the  bronze-age  people  possessed  fragrant  gums  and  resins.  One 
discovered  in  1857  at  North  Queensferry,  about  the  size  of  a  teacup,  contained 

calcined  human  bones ;  another  obtained  by  Dr  James  Macdonald  of  Ayr  was 

occupied  by  the  bone  ashes  of  a  child  of  five  or  six  years.  Presumably  they  were 

cinerary  urns  for  the  reception  of  the  ashes  of  infants  and  young  children. 

Objects  of  bronze,  usually  thin  blades  or  pins,  were  obtained  in  connection 

with  37  of  these  intermeuts,  some  in  short  cists,  others  mingled  with  ashes  in 

cinerary  urns.  Flint,  in  the  form  of  arrow-heads  and  flakes  and  implements  of 
stone,  horn  and  bone,  were  found  in  45  burials,  mostly  in  short  cists.  Ornaments, 

usually  of  jet,  with  occasionally  beads  of  amber  or  vitreous  paste,  were  obtained  in 

16  burials.  Eleven  objects  of  gold,  as  armlets  and  rings,  were  collected  from 

cinerary  urns  and  short  cists. 

An  interesting  description  of  a  Cemetery  of  cinerary  urns,  eight  in  number, 

was  given  in  1866  by  Mr  Andrew  Jervise  ;  they  were  exposed  at  West- 

wood,  Newport,  Fife,  arranged  in  a  circle  around  a  central  urn.*  They  were 
inverted  and  contained  incinerated  bones,  whilst  each  of  two  of  the  larger  urns 

had  a  smaller  urn  inserted  in  it.  On  the  adjoining  property  of  Tay field  a  group 

of  three  urns  was  exposed  in  1882. 

One  of  the  largest  bronze-age  cemeteries  was  discovered  at  Law  Park,  near 
St  Andrews,  in  1859.  f  About  twenty  cinerary  urns  were  obtained,  and  two  bronze 

blades  were  found  amongst  the  burnt  bones.  At  Alloa  twenty-two  cinerary 
urns  were  also  found,  and  among  the  group  was  a  short  cist  which  contained  an 

unburnt  skeleton  with  two  penannular  gold  armlets. 

In  the  low  ground  on  the  banks  of  the  Esk  between  Inveresk  and  Musselburgh 

numerous  bronze-age  interments  have  been  exposed.  The  Eev.  George  Lowe,  B.D.' 

described  +  a  sandpit  in  the  Kirk  Park,  below  Inveresk  Church,  as  yielding  nineteen 

cinerary  urns,  one  of  which,  in  addition  to  calcined  bones,  contained  a  piece  of  flint 

resembling  an  arrow-head  :  in  two  the  bones  were  stained  green  as  if  from  contact 

with  bronze.  The  urns  were  described  and  figured  by  Dr  J.  Anderson.  Subsequently 

Professor  Arthur  ThOxMSOn  exposed  in  the  same  pit  an  urn  which  had  been  protected 

by  stones  placed  around  it,  but  not  forming  a  built  cist.     The  urn  was  10  inches 

*  Proc.  Soc.  Antiq.  Scot,  vol.  vi,  p.  388,  1868  ;    idem,  vol.  xvii,  p.  272,  1883. 

t  Joseph  Anderson,  Scotland  in  Pagan  Time*,  p.  36,  "  Alloa,"  p.  62, 1886  ;  Proc.  Soc.  Antiq.  Scot.,  vol.  x.  D.  Hay 
FLEMING,  LL.D.,  has  described,  P.  S.  Antiq.  S.,  vol.  xli,  1907,  the  cinerary  urns  of  1859,  also  two  additional  short 
cists  in  Law  Park,  St  Andrews,  which  contained  fragments  of  two  beaker  urns  and  a  jet  necklace. 

1  Proc.  Soc.  Antiq.  Scot.,  vol.  xxviii,  189-1. 



THE  CRANIOLOGY  OF  THE  PEOPLE  OF  SCOTLAND.  185 

high,  9  inches  broad  at  the  mouth,  and  4f  at  the  foot.  It  was  ornamented  by  two 

groups  of  incised  horizontal  lines  separated  by  a  zigzag  pattern,  the  lower  group 

being  on  a  raised  collar  (fig.  8),  and  it  bore  some  resemblance  to  fig.  3  of  those  found 

by  Mr  Lowe.  The  urn  contained  calcined  bones  and  bits  of  charcoal.  Mr  Lowe 

referred  to  stone  coffins  having  also  been  found  in  the  Kirk  Park.  I  have  been 

told  that  they  were  short  cists  formed  of  slabs  of  sandstone,  each  with  a  large 

cover,  about  4  feet  in  length.     They  contained  human  skeletons. 

At  Belfield,  on  the  opposite  bank  of  the  Esk,  five  3hort  cists  imbedded  in 

sand  were  exposed  in  1896,  during  building  operations.  I  measured  them  along 

with  my  assistant  Mr  James  Simpson.  One  was  4  feet  4  inches  long  internally, 

2  feet  1  inch  broad  at  one  end,  1|  foot  at  the  other;  its  covering  slab  was  5  feet 

8  inches  long,  2  feet  6  inches  broad,  and  7  inches  thick.  The  smallest  cist  was 

2  feet  5  inches  long,  1  foot  6  inches  broad ;  its  covering  slab  was  2  feet  1 1  inches  long, 

2  feet  broad,  and  5  inches  thick.  One  cover  was  waterworn  and  marked  by  circular 

depressions  like  those  on  the  cover  of  the  cist  found  in  Leith  (p.  187).  The  largest 

cist  contained  a  skeleton  in  the  bent  position,  the  head  of  which  was  in  the  narrow 

end  of  the  cist,  whilst  a  bowl-shaped  food  urn,  4£  inches  high,  5f  inches  across 

the  mouth ,*  occupied  the  broader  end  (fig.  10).  The  smallest  cist  contained  the 
broken  skeleton  of  a  child.  In  a  third,  the  workmen  exposed  calcined  bones, 

specimens  of  which  I  saw  ;  the  fourth  had  a  human  skull  with  fragments  of 

other  bones ;  in  the  fifth,  in  addition  to  parts  of  a  skeleton,  were  a  hammer  of 

smooth  stone  ;  two  pieces  of  flint,  one,  arrow-pointed,  smooth  on  one  side,  chipped 

on  the  other,  was  T7  inch  long  and  '8  of  an  inch  at  the  widest  part  a  little  in  front 
of  the  convex  hinder  border  (fig.  16)  ;  the  other  flint  was  smaller  -and  without 
definite  shape.  At  the  Kirk  Park  patches  of  black  earth  containing  charcoal 

were  found  situated  external  to  the  cinerary  urns,  which  indicated  cremated 

burials  not  contained  in  urns.  There  can  be  no  question  that  the  Kirk  Park 

and  Belfield  interments  in  cinerary  urns  and  short  cists  were  a  cemetery  formed 

by  people  by  whom  both  modes  of  burial  were  practised,  and  that,  apparently, 

cotemporaneously.  Without  doubt  they  were  a  community  of  fishermen  who  pur- 
sued their  avocation,  as  at  the  present  day,  in  the  waters  of  the  adjacent  Firth. 

Recently  Mr  M'Lellan  Mann  has  called  attention f  to  a  cremation  cemetery  cairn 
of  sixteen  urns  at  Stevenston,  Ayrshire.  They  contained  calcined  bones,  and  in  one 

traces  of  thin  gold-leaf  and  bead-like  objects  of  vitreous  paste  were  found.! 

I  do  not  propose  to  consider  in  detail  the  archaeological  features  of  the  bronze- 

age  burials  recorded  in  the  important  works  specified  on  p.  173  and  in  the  forty- 
eight  volumes  of  the  Proceedings  of  the  Society  of  Antiquaries  of  Scotland. 

But   as   my   notebook   contains   an  account    of    several   interments   not   previously 

*  Proc.  Soc.  Antiq.  Scot,  vol.  xxxii,  1898.     t  Idem,  vol.  xl,  1906.     Also,  vol.  xxxix,  1905,  at  Langside,  Glasgow. 
!  The  Report  on  Historical  Monuments,  Berwick,  notifies  a  group  of  six  cinerary  urns  at  Coldingham  and  twelve 

short  cists  at  Ayton. 
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published,  I  may  state  briefly  their  characters ;    the  description  of  those   found    at 

Belfield  and  Kirk  Park  in  Mid  Lothian  has  already  been  given  on  p.  185. 

Leith. — In  February  1884,  when  excavating  ground  in  Merrilees  Close,  the  town 

authorities  exposed  a  short  cist  about  6  feet  below  the  surface,  lying  in  sand  and 

gravel  not  far  from  the  sea  beach.  The  cist,  with  its  contents,  was  presented  to 

the  University,  and  has  been  re-erected  by  me  in  the  vestibule  of  the  Anatomical 
Museum  (fig.  11).  The  cover  of  the  cist  was  a  massive  stone  slab,  4  feet  6  inches  in 

length,  2  feet  9  inches  broad  at  one  end,  and  2  feet  5  inches  at  the  other  ;  it  varied 

in  thickness  from  6  to  11  inches  ;  its  under  surface,  from  its  appearance,  had  been 

detached  from  the  parent  rock,  but  the  upper  surface  was  generally  smooth,  though 

hollowed  in  places,  as  if  from  trituration  with  sand  and  gravel.  The  stone  which 

formed  the  right  side  of  the  cist  was  4  feet  3  inches  long  by  2  feet  3  inches  at  its 

greatest  breadth,  though  it  narrowed  at  the  ends ;  it  was  3|  inches  thick ;  one 

surface  showed  the  natural  cleavage  of  rock,  but  the  other  and  two  of  the  edges 

were  smooth  and  waterworn.  The  stone  of  the  left  side  was  4  feet  1  inch  long, 

1  foot  8  inches  broad,  and  had  a  maximum  thickness  of  9  inches.  One  end  stone  had 

a  vertical  diameter  of  1  foot  1 1  inches,  a  transverse  of  1  foot  4  inches,  and  was  5  inches 

thick  :  that  at  the  opposite  end  measured  2  feet  2  inches  by  1  foot  9  inches,  and 

was  5  inches  thick.  A  gap,  owing  to  one  end  stone  being  defective,  was  filled  by  a 

smooth  oblong  boulder  13f-  inches  long  by  9|  broad.  The  flattened  waterworn 
walls  of  the  cist  had  apparently  been  the  surface  of  the  rock  exposed  on  the  sea 

beach,  and  had  been  detached  by  the  builders  in  the  plane  of  cleavage  (fig.  11). 

When  the  massive  cover  was  removed  and  the  sand  taken  away  two  human 

skeletons  were  exposed,  the  limb  bones  of  which  were  so  friable  that,  as  a  rule, 

they  were  not  preserved.  The  skulls,  though  defective,  are  described  on  p.  201. 

One,  larger  than  the  other,  was  at  the  north-west  end  of  the  cist,  but  the 

position  of  the  smaller  skull  was  not  noted.  The  interior  of  the  cist  was  a  little 

over  3  feet  long  and  about  2  feet  high,  and  bodies  could  not  have  been  buried 

in  the  extended  position. 

A  bowl-shaped  urn  was  found  near  the  larger  skull.  It  was  6  inches  high, 
6  £  inches  wide  at  the  mouth  externally,  and  4f  inches  inside  measurement,  whilst 

the  diameter  at  the  foot  was  2>\  iuches.  The  outer  surface  was  decorated  with 

twelve  rows  of  obliquely  impressed  zig-zags  or  chevrons  arranged  around  the  urn. 
Two  grooves  encircled  the  urn  immediately  below  and  parallel  to  the  rim.  At  the 

lower  of  these  grooves  four  knob-like  projections  (lugs)  had  been  modelled,  one  of 
which  was  imperfect.  The  rim  of  the  urn  was  bevelled  on  its  inner  aspect  and  was 

marked  by  the  chevron  pattern  (fig.  12). 

Cousland,  Mid  Lothian. — Short  cists  were  exposed  in  1886  on  the  farm  of  Cous- 

land,  Cranston,  on  Lord  Stair's  estate.  Mr  Andrew  Gow,  the  factor,  kindly  gave 
me  the  following  particulars : — They  were  2  to  3  feet  below  the  surface  of  the 

ground,  and   were   between    3    and  4    feet  long,    2   feet   broad  and  20  inches  deep. 
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Fig.  9. — Cinerary urn,  Chesters. 
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Fig.  11. — Short  cist,  Leith. 

Fig.  12. — Bowl-shaped  urn,  Leith. 

TRANS.  BOY.  SOC.  EDIN.,  VOL.  LI,  PAET  I  (NO.  5) 

Fig.  8. — Cinerary  urn,  Kirk  Park. 

Fig.  10. — -Bowl-shaped  urn,  Beltield. 

Fig.  13. — Bowl-shaped  urn,  Biidgeness. 
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The  walls,  which  rested  on  their  edges  on  a  "bed  of  limestone,  had  the  customary 
single  rough  slab  on  each  side  and  at  each  end.  The  cover  also  was  a  single  flat 

massive  stone.  The  peculiarity  of  this  interment  was  the  presence  in  more  than 

one  of  the  cists  of  a  slab  in  the  middle,  extending  from  end  to  end,  which  divided 

Side  and  end. Interior. 

Figs.  14,  15. — Cousland  short  cist. 

the  cavity  into  two  parallel  compartments  (fig.  15)  each  of  which  contained  a 

skeleton ;  *  in  the  undivided  cists  only  a  single  skeleton  was  present.  The  sand 

and  earth  in  the  cist  were  riddled  without  fragments  of  an  urn  or  any  implements 

being  discovered. 

Pentland  Hills. — I  am  indebted  to  the  late  Mr  John  Henderson  for  an  account 

of  a  short  cist  from  a  cairn  on  the  East  Cairn  Hill.     The  cairn  formed  a  roundish 

Fig.  16.— Flint,  Belfield. Fig.  17. — Flint,  Pentland  cairn. 

mound,  in  the  centre  of  which  the  cist  was  exposed  resting  on  the  sandstone  rock. 

The  sides  and  ends  were  each  formed  by  a  single  sandstone  slab,  and  the  cover  was  a 

massive  unwrought  slab.  In  its  internal  measurement  the  cist  was  3  feet  8  inches 

long,  2  feet  broad  and  1  foot  3  inches  deep.  It  contained  earth  with  which 

numerous  fragments  of  calcined  human  bones  were  mingled.  Three  barbed  flint 

arrow-heads    were    also    found,    one    of    which   Mr    Henderson    presented    to    the 

*  In  Proc.  Soc.  Antiq.  Scot,,  vol.  xxxii,  1898,  is  an  account  by  Mr  Alex.  Hutcheson  of  a  bronze-age  cist  found 

on  a  hill  at  West  Mains,  Auchterhouse,  Forfar.  It  contained  a  bronze  dagger,  and  two  collections  of  calcined  bones, 

and  had  a  separate  interment  in  a  smaller  compartment.  Mr  Hutcheson  also  referred  to  a  short  cist  in  the 

Barnhill  burial  mound  (Proc.  Soc.  Antiq.  Scot.,  vol.  xi)  which  was  longitudinally  divided  into  two  parallel 

compartments,  resembling  therefore  the  Cousland  grave. 
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Anatomical  Museum.  It  was  32  mm.  long  and  18  mm.  in  greatest  breadth;  the 

edges  were  saw-like,  point  sharp,  surfaces  finely  chipped  (fig.  17).  No  trace  of 
an  urn  was  seen. 

Birsley  Quarry,  Tranent,  E.  Lothian. — In  1884  the  workmen  employed  by 
Mr  John  Wilson  exposed  a  short  cist  in  the  earth  covering  the  sandstone  rock. 

The  cist  had  been  built  in  a  layer  of  sand  and  weathered  sandstone.  It  consisted 

of  the  customary  four  slabs  for  the  sides  and  ends,  and  of  a  larger  cover  slab,  all 

formed  of  sandstone.  In  internal  measurements  it  was  3  feet  6  inches  long,  2  feet 

broad  and  2  feet  3  inches  high.  The  floor  consisted  of  the  solid  rock.  The  cist 

contained  a  skeleton  with  the  hips  and  knees  bent,  and  with  the  face  looking 

towards  the  east ;  the  bones  of  some  of  the  fingers  were  situated  at  the  back  of 

the  head,  as  if  the  elbows  had  been  bent  and  the  hands  raised  to  the  sides  of  the 

head.  Neither  urns  nor  other  grave  goods  were  present.  Previously  to  the  discovery 

of  this  cist  a  cinerary  urn  had  been  obtained  in  the  earth  covering  the  same  quarry, 

and  had  been  recorded  by  the  Rev.  John  Strutheks,*  who  stated  that  a  short  cist 
had  been  exposed  within  three  or  four  yards  of  the  urn. 

Morrison's  Haven,  Preston  Grange. — A  short  cist  was  exposed  in  May  1887  in 
the  sand  near  the  mouth  of  the  harbour.  Mr  Luke,  manager  of  the  adjoining 

colliery,  told  me  that  it  was  built  of  rough  stone  'slabs,  was  covered  with  rough  flat 
stones,  and  was  also  said  to  be  paved.  The  internal  dimensions  were  length  about 

3  J  feet,  breadth  2  feet,  depth  20  inches.  It  contained  a  human  skeleton  in  the  bent 

position,  but  the  skull,  detached  from  the  spine,  was  found  between  the  legs  (p.  204). 

No  urn  nor  implement  was  obtained  from  the  cist. 

Bridgeness,  W.  Lothian. — In  1896  Mr  H.  M.  Cadell  of  Grange  informed  me 

that  a  "heavy  stone  coffin"  had  been  exposed  a  few  yards  from  the  probable 
end  of  the  Wall  of  Antoninus  at  Bridgeness-on-Forth.  Owing  to  absence  from 
home  at  the  time  he  could  not  give  its  dimensions,  but  he.  had  ascertained  that  the 

skeleton  which  it  contained  had  been  bent  around  an  urn  which  was  preserved. 

The  "  coffin"  was  undoubtedly  a  short  cist.  The  urn  was  a  good  example  of  the 

bowl-shaped  form  (fig.  13).  It  was  5 '3  inches  high,  6*9  inches  wide  at  the  outer 

lip  of  the  mouth  and  4 "9  inches  at  the  inner  lip,  2 '5  inches  in  diameter  at  the  foot. 
The  rim  was  bevelled  on  the  inner  surface  and  marked  by  short  oblique  impressions. 

A  broad  groove  encircled  the  urn  below  the  outer  lip,  and  the  outer  surface  was 

marked  with  closely  arranged  horizontal  rows  of  pits  about  the  size  of  small  shot, 

separated  by  lines,  some  of  which  were  plain,  others  minutely  pitted.  The  skull 

is  described  on  p.  206.  Mr  Cadell  subsequently  obtained  a  similar  urn  from 

a  short  cist  exposed  in  1905  at  Cowdenhill  near  Bo'ness,  in  a  sandbed  of  the 
25-foot  beach,  about  10  feet  above  high-water  mark,  f 

*  Proc.  Soc.  Ant.  Scot.,  vol.  xiv,  1880.     In  vol.  iv  of  the  same  Proceedings,  a  note  is  made  of  a  large  cinerary 
urn  having  been  got  in  trenching  a  field  at  Tranent, 

t  Idem,  vol.  xl,  1906. 
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Binns,  W.  Lothian. — In  1875  Sir  Robert  Dalzell  wrote  me  a  note  on  the 

disclosure  close  to  the  House  of  Binns  of  a  short  cist,  2  feet  11  inches  long,  the 

ends  and  one  side  of  which  were  formed  each  of  a  single  slab  of  stone,  whilst  the 

other  side  consisted  of  the  rock  itself.     The  floor  of  the  cist  was  without  any  slab. 

Torphichen. — In  a  sandhill  near  this  town  Professor  Duns  uncovered  five  cists, 

one  of  which  from  its  dimensions  was  a  short  cist  and  contained  a  human  skeleton.* 

Threipland  Farm,  Elgin. — In  1869  Mr  G.  Allan,  in  opening  a  hillock  on  his 
farm,  exposed  a  short  cist.  The  cover  stone  was  about  6  feet  long,  4  feet  broad 

and  1  foot  thick  ;  both  it  and  the  side  and  end  stones  were  rough  slabs  of  sandstone. 

The  internal  dimensions  of  the  cist  were  4  feet  2  inches  long,  2  feet  1  inch  broad 

and  2  feet  1  inch  deep,  and  the  floor  was  a  sandy  clay.  The  cist  was  said  to  lie 

west  of  south  by  east  of  north,  and  the  head  was  at  the  south-west.  In  addition 

to  the  human  skeleton  the  cist  contained  an  oval  piece  of  flint,  shaped  like  a  spear- 

head, flat  and  thin  at  the  edges,  2|  inches  long,  If  inch  broad,  which  was  seen  about 

the  middle  of  the  right  of  the  skeleton.  The  flint  was  presented  to  the  Elgin 
Museum,  f 

Duns,  Bemvickshire. — In  excavating  gravel  near  the  railway  station  in  1863 
a  short  cist  was  exposed,  4  feet  long,  1J  feet  broad  and  20  inches  deep,  which 

contained  an  urn  of  the  drinking-cup  type  and  the  skeleton  of  an  adult,  the  brachy- 
cephalic  skull  of  which  I  described  at  the  time,!  and  now  on  p.  193. 

In  1897  a  cist  which  was  said  to  be  about  3  feet  long,  wider  in  the  middle 

than  at  the  ends,  and  2  feet  deep,  was  discovered  on  the  farm  of  Chapel,  Duns.  The 

cover  consisted  of  two  massive  slabs  of  sandstone,  and  the  sides  had  smaller  stones, 

as  well  as  the  customary  large  slabs :  the  floor  was  the  hard  subsoil.  No  urn  or 

implement  was  found  in  the  cist.  A  skull,  much  injured,  and  portions  of  other 

bones  were  sent  to  me,  but  their  imperfect  condition  did  not  permit  a  satisfactory 

description. 

Roxburghshire. — At  Kelso,  in  1864,  a  short  cist  was  exposed  in  the  Knowes, 

adjoining  the  Abbey .§  It  contained  an  urn  of  baked  clay  which  corresponded  in 

size  and  form  to  the  largest  urn,  a  beaker  from  Lesmurdie.  No  bones  were  procured 
from  the  cist. 

Cavers. — In  the  same  county  a  short  cist  was  discovered  in  1896  in  a  tumulus  in 
Belvedere  Wood,  on  the  estate  of  Mrs  Palmer  Douglas.  It  was  carefully  described 

and  figured  by  Dr  David  Christison.  ||  The  space  for  the  cist  had  been  excavated 

in  the  solid  rock,  and  one  side  and  end  were  each  formed  of  a  single  slab,  whilst 

their  opposites  consisted  of  smaller  slabs :  the  bottom  was  composed  of  small  stones 

imbedded  in  clay.  The  cover  consisted  of  two  whinstone  slabs,  the  larger  of  which 

was  7  feet  2  inches  long  and    18    inches   thick.       The    cist   contained   an    unburnt 

*  P.S.A.S.,  vol.  xii,  p.  405,  1878.  t  See  idem,  vol.  xxii,  p.  341. 
I  Idem,  vol.  v.  §  See  my  description  in  Proc.  Soc.  Antiq.  Scot.,  vol.  vi,  p.  18. 
||  Idem,  vol.  xxxi,  1897. 
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skeleton  in  the  bent  position  and  a  heap  of  fragments  of  incinerated  human  bones, 

a  flint  scraper  and  arrow-head,  a  bone  pin  and  perforated  disc,  but  no  urn.  I  had 

the  opportunity  of  examining  the  skull  (p.  206). 

In  the  following  year  a  small  cemetery  of  three  cinerary  urns,  exposed  by  a  land 

slip,  was  found  on  the  bank  of  a  stream  at  Chesters,  near  Jedburgh.*  They  were 
inverted,  and  contained  calcined  bones,  and  in  one  was  also  a  piece  of  flint.  I  repro- 

duce a  drawing,  kindly  made  by  Mr  M.  G.  Craig,  of  one  of  the  urns  (fig.  9,  p.  187) 

which  was  decorated,  but  the  other  two,  larger  in  size,  had  no  ornamentation,  except 

that  one  was  marked  on  the  lip.  In  1902  a  short  cist  was  exposed  on  a  farm  near 

Denholm  in  the  same  county.  It  measured  40  inches  by  25  inches,  and  contained  a 

much  decayed  skeleton,  but  no  other  relic. 

Ross-shire — Fyrish,  Evanton. — In  June  1865  a  note  on  a  short  cist  on  the 

farm  of  Fyrish  was  communicated  to  the  Society  of  Antiquaries,  f  The  cist  con- 

tained a  beaker  urn,  a  perforated  greenish-coloured  stone,  and  a  skeleton.  The  skull 
is  described  on  p.  193. 

Strathpeffer. — Dr  Fortescue  Fox  gave  me  an  account  of  three  short  cists,  found 
in  1896  in  a  mound  of  sand  and  gravel  at  Croch  Fionne.  They  were  formed  of  slabs 

of  a  clay  slate,  and  each  had  a  large  cover  stone.  Two  were  about  3|  feet  long ; 

the  third  was  somewhat  smaller.  Each  contained  a  human  skeleton,  but  neither 

urn  nor  implement  was  detected.  In  one  the  bones,  judging  from  the  dentition, 

had  belonged  to  a  young  person,  but  they  and  the  other  skeletons  were  fragmentary. 

Near  the  centre  of  the  mound  a  cinerary  urn  was  exposed  outside  the  cists.  It 

was  in  a  black  mass  containing  charcoal,  and  a  similar  substance  filled  the  urn,  but 

bones  were  not  seen  either  in  the  urn  or  around  it.  It  was  6  inches  high,  7\  inches 

across  the  mouth,  and  b\  inches  at  the  foot,  and  it  was  marked  immediately  below 

the  lip  with  oblique  intersecting  lines. 

Dr  Fox  also  called  my  attention  to  a  description  by  the  Rev.  W.  Watson  + 

of  two  short  cists,  each  of  which  contained  a  skeleton  in  the  bent  position, 

at  Aonach,  Drummond,  Kiltearn,  in  the  same  county.  In  one  cist  a  bowl- 
shaped  urn  full  of  a  dark  substance  was  found  in  front  of  the  face,  also  a 

piece  of  bronze  the  size  of  a  darning  needle.  Dr  Fox  gave  me  the  opportunity  of 

examining  the  human  remains,  unfortunately  very  imperfect.  One  skull  was  that 

of  a  man  advanced  in  life ;  the  glabella  and  supraciliaries  were  moderate,  the  bridge 

of  the  nose  was  well  formed  and  projecting,  but  the  cranium  was  too  imperfect  to 

admit  of  being  measured. 

Rosemarkie,  Ross-shire. — Early  in  this  century  a  short  cist  was  exposed  in  the 
manse  grounds.  It  was  formed  of  rough  whinstone  slabs  with  a  massive  cover,  and 

its  long  diameter  was  north  and  south.  It  contained  a  skeleton,  the  head  of  which 

was  at  the  north.     At  the  opposite  end  was  an  urn,   6  inches  high,  6f  inches  in 

*  Proc.  Soc.  Antiq.  Scot.,  vol.  xxxi,  p.  199.  t  Idem,  vol.  vi,  p.  233,  1868  and  p.  266. 
+  Idem,  vol.  xxiii,  p.  138,  1889. 
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circumference  at  the  lip,  and  3  inches  at  the  foot.     It  was  of  dark  brown  pottery, 

marked  with  rings  of  herring-bone  ornament.     No  other  grave  goods  were  observed. 

Salen,  Loch  Sunart,  Argyllshire. — In  1897  Mr  J.  Fraser  of  the  Ordnance  Survey 

wrote  and  told  me  that  he  had  exposed  in  a  cairn  of  loose  stones  a  cavity,  about  3£ 

feet  long,  2  feet  broad,  and  about  2|  feet  deep,  the  walls  of  which  were  formed  like 

those  of  the  short  cists  which  I  had  described  in  my  lecture  "  On  Early  Man  in 

Scotland."  He  noted  that  the  cover  consisted  of  a  large  flat  stone,  on  the  top  of 
which  a  much  smaller  slab  had  been  laid.  Imperfect  remains  of  a  bent  skeleton 

were  seen  in  the  cist,  but  no  weapons  or  other  relics. 

Craniology.     Tables  II,  III,  IV,  V. 

It  is  to  Sir  Daniel  Wilson  that  we  owe  the  definite  recognition  of  the  presence 

in  Scotland  of  a  prehistoric  race  having  the  brachycephalic  type  of  skull,  which  he 

regarded  as  belonging  to  a  race  later  in  time  than  the  primitive  dolichocephalic  or 

kumbecephalic  people.  One  example  which  he  gave  as  characteristic  was  obtained, 

along  with  urns,  in  a  cist  exposed  during  the  demolition,  in  1833,  of  the  Old  Town 

Steeple  of  Montrose.  He  figured  the  skull  and  described  it  *  as  square  and  compact 
in  form,  broad  and  short,  well  balanced,  and  with  a  good  frontal  development.  The 

leagth  was  180  mm.,  the  parietal  breadth  157  mm.,  and  the  cephalic  index  was  87*2. 
Another  characteristic  example  was  a  skull  found  in  a  cist  under  a  tumulus  at 

Raiho  ;  alongside  it  stood  a  small  rude  clay  urn,  which  contained  several  bronze 

rings,  so  that  its  association  with  the  bronze  age  was  established.  This  skull  was 

177  mm.  long,  153  mm.  broad,  and  the  cephalic  index  was  86*4.  Wilson  also 
referred  to  three  skulls  discovered  near  Cockenzie,  East  Lothian,  in  a  group  of  rude 

cists  of  "  primitive  circumscribed  dimensions."  Two  are  preserved  in  the  National 
Museum  of  Antiquities,  and  he  figured  another  as  a  characteristic  example.  Of  these 

three  skulls,  two  are  undoubtedly  dolichocephalic,  whilst  the  cephalic  index  of  the 

third,  78,  placed  it  high  in  the  mesaticephalic  group.  As  the  cists  in  which  they 

were  got  were  doubtless  short  cists,  I  have  included  two,  which  I  have  measured,  in 

my  list  (Table  V)  from  short  cists,  and  not  along  with  the  neolithic  (kumbecephalic) 

skulls  (Table  I),  with  which  Wilson,  owing  to  the  dolichocephalic  form  and  propor- 
tions of  two  specimens,  had  associated  them.  He  considered  that  the  kumbecephalic 

and  brachycephalic  skulls  belonged  to  the  early  native  races  of  Scotland,  which  pre- 
ceded the  intrusion  of  the  Celts  into  Britain.  Although  he  noted  several  skulls  from 

Argyllshire  and  the  Hebrides  as  affording  a  fair  average  criterion  of  the  Celtic  type, 

he  does  not  definitely  specify  their  characters,  except  that  the  parietal  and  vertical 

diameters  of  the  cranium  were  nearly  equal,  whilst  in  the  brachycephalic  the  parietal 

is  greater  than  the  vertical  and  in  the  kumbecephalic  the  opposite  is  the  case. 

Drs  Davis  and  Thurnam  described  and  figured  in  their  Crania  Britannica  four 

*  Archeology  and  Pirltistoric  Annals  of  Scotland,  Edinburgh,  1851,  p.  170. 
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skulls  from  short  cists  in  Scotland.  In  one  of  four  short  cists  at  Lesmurdie,  Banff, 

in  1851,  a  bent  skeleton,  a  drinking-cup  (beaker)  urn,  and  some  flints  were  found. 

The  skull,  that  of  an  adult  male,  was  broad,  with  the  parieto-occipital  region  flattened, 
and  a  cephalic  index  of  86,  The  vertex  was  flattened,  glabella  and  supraciliary  ridges 

distinct,  nose  long  and  narrow,  orbit  rounded,  lower  jaw  massive.  A  second  male 

was  obtained  in  the  same  year  at  Juniper  Green,  Edinburgh,  in  a  similar  interment ; 

the  skull  had  the  cephalic  index  83  "6.  In  one  of  three  short  cists  exposed  near 
Kinaldie,  Aberdeenshire,  in  1855,  a  bent  skeleton  and  an  urn  of  the  beaker  or  drinking- 

cup  type  was  seen  ;  the  cranium  was  steep  behind  and  the  vertex  flattened,  but  owing 

to  one  side  being  injured  the  breadth  and  cephalic  index  could  not  be  taken.  A 

short  cist  in  a  barrow  at  Newbigging,  in  Pomona,  Orkney,  contained  two  skeletons 

and  a  heap  of  burnt  bones.  One  of  the  skulls,  7*1  inches  (180  mm.)  long  and  5*7 

inches  (145  mm.)  broad,  gave  a  cephalic  index  80'6.  Three  of  these  skulls  from 
bronze-age  interments  were  markedly  brachycephalic. 

Duns. — In  1863  I  examined*  a  cranium,  from  the  short  cist  near  Duns  (p.  190), 

6*5  inches   (165   mm.)  long  and   5-4  inches  (137  mm.)  broad,  cephalic  index   83,  in 

Fig.  18.— Duns. 

which  the  vertex  was  flattened,  the  parieto-occipital  region  truncated,  and  the  fore- 
head well  developed.  I  pointed  out  that,  like  the  skulls  described  by  Sir  Daniel 

Wilson  and  Barnard  Davis,  it  was  distinctly  brachycephalic  (fig.  18). 

Fyrish,  Ross-shire.— I  described,  in  1865,  a  brachycephalic  skull  from  Fyrish,f 
obtained  in  a  short  cist  (p.  191).  It  was  from  a  male  in  the  decline  of  life.  The 

cranial  vault  was  moderately  ar'ched,  the  post-parietal  region  was  flattened ;  but  as 
the  occipital  squama  was  somewhat  bulging,  the  back  of  the  skull  was  not  truncated. 

The  glabella  and  supraciliaries  projected ;  the  nasion  was  depressed,  the  nasal  bridge 
projected,  the  bones  were  narrow,  the  nasal  index  was  leptorhine,  44 %  the  upper 
orbital  border  was  thick,  and  the  index  was  mesoseme,  87"2  ;  the  upper  jaw  was 
orthognathous.  The  cephalic  index  was  82*3,  the  vertical  index  71.  The  crania] 
breadth  was  much  greater  than  the  height.     The  cranial  capacity  was  1555  c.c. 

*  Proc.  Soc.  Antiq.  Scot.,  vol.  v,  p.  279,  1865.  t  Idem,  vol.  vi,  pp.  233,  266,  1868. 
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Table  II. 

Short   Cists. 

Collection  number,     . 
Age,.         .         .         . 
Sex,  .... 
Cubic  capacity,  . 
Glabello-occipital  length, 
Basi-bregmatic  height, 
Vertical  Index,    . 
Stephanie  diameter,   . 

Greatest    parieto-squamous 
breadth, 

Cephalic  Index,    . 
Horizontal  circumference, 
Frontal  longitudinal  arc, 
Parietal  „  M 
Occipital  „ 

Total         „ 

Vertical  transverse  arc, 
Length  of  foramen  magnum 
Basi-nasal  length, 
Basi-alveolar  length,  . 
Gnathic  Index,     . 

Interzygomatic  breadth, 
Intermalar  „ 
Nasio-mental  length,  . 
Nasio-mental  facial  Index, 
Nasio-alveolar  length, 
Maxillo-facial  Index 
Nasal  height, 
Nasal  width, 
Nasal  Index, 
Orbital  width, 
Orbital  height, 
Orbital  Index, 

Palato-maxillary  length, 
Palato-maxillary  breadth, 
Palato-maxillary  Index, 
Mandible,  symphysial  heigl 

Mull  :  Ardachy. 

E.U.A.M. 
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Broomend,  Inverurie. — In  1867  Mr  Hay  Chalmers  and  Mr  r..  B.  Davidson 

described  *  three  short  cists  found  at  Broomend,  Aberdeenshire,  in  one  ol  v  Mch  two 
bent  skeletons,  urns,  and  flint  flakes  were  found,  while  in  another  a  remarkable  lamp 

made  of  tanned  hide  was  hanging  from  one  side  of  a  beaker  urn.  I  measured  the 

skulls  at  the  time  :  oue,  A,  was  an  adult  male,  the  face  of  which  was  broken,  but  the 

length,  breadth,  and  height  of  the  cranium  gave  a  cephalic  index  78 "9  and  a  vertical 

index  73 '7.  The  skull  was  meso-brachycephalic.  B  was  from  a  younger  male,  as  the 
basi-cranial  joint  was  not  closed ;  the  vertex  was  flattened,  and  the  occipital  region 

sloped  backwards ;  the  left  parietal  was  so  much  injured  that  the  breadth,  and  in  con- 
sequence the  cephalic  index,  could  not  be  definitely  stated,  though  it  had  not  the  same 

brachy cephalic  character  as  A.  The  vertical  index  was  72"1.  The  glabella  and  supra- 
ciliaries  were  strong.  The  upper  jaw  was  orthognathous,  the  nasion  was  depressed, 

the  orbit  was  microseme,  the  chin  was  protuberant  (Table  II). 

Tealing,  Forfarshire. — In  1870  Mr  James  Neish  read  an  account  of  a  short  cist 
containing  a  male  bent  skeleton,  the  skull  of  which  is  in  the  National  Museum.  I 

examined  it  along  with  Dr  J.  A.  Smith,  f  The  cranium  was  elongated  oval,  side  walls 

somewhat  flattened,  occipital  squama  almost  vertical,  sutures  obliterated ;  length 

182  mm.,  parietal  breadth  139  mm.,  height  134  mm.  ;  glabella  and  supraciliaries 

fairly  marked  ;  forehead  somewhat  retreating ;  nasion  a  little  depressed,  nasals 

narrow,  bridge  projecting  a  little ;  lower  jaw  well  formed,  angle  almost  rectangular, 

chin  strongly  everted.  The  cephalic  index  was  76*4,  the  vertical  73 '6.  The  cranium 
was  approximately  dolichocephalic,  and  its  capacity  was  1448  c.c.  The  nasal  index, 

50,  was  mesorhine,  the  orbital  index,  80'5,  was  microseme,  the  upper  jaw  was  ortho- 
gnathic. Two  cinerary  urns,  one  of  which  was  inverted,  containing  calcined  bones, 

were  between  the  cover  stone  of  the  cist  and  the  surface  of  the  ground  (Table  II). 

At  Ninewells,  Invergowrie,  in  the  same  county,  a  short  cist  was  opened,  which 

contained  a  skeleton  and  bowl-shaped  urn.}  The  skull  was  probably  that  of  a 
woman  ;  the  forehead  was  smooth  and  vertical,  the  vertex  was  flattened,  and  the 

parieto-occipital  slope  was  moderate.  The  cranium  was  175  mm.  long,  but  otherwise 
so  imperfect  that  the  breadth  and  height  could  not  be  measured. 

Dunrobin,  Sutherland. — In  March  1880  a  short  cist  was  exposed  in  a  bed  of 
gravel  in  Dunrobin  Park.  The  Rev.  Dr  Joass  described  it  §  as  containing  a  female 

skeleton  with  the  knees  bent.  An  urn  of  the  drinking-cup  type  was  beside  the 

head  and  a  necklace  of  shale  beads  was  at  the  feet.  The  skull  was  178  mm.  long 

and  146  mm.  in  parieto-squamous  breadth,  which  gave  a  cephalic  index  82.  The 

basi-bregmatic  height  was  132  mm.  and  the  vertical  index  was  747.  The  nasal 

index,  51'1,  was  mesorhine,  and  the  orbital  index,  90,  was  megaseme. 

*  Proc.  Soc.  Antiq.  Scot.,  vol.  vii,  pp.  110,  115,  116,  1870. 
t  Idem,  vol.  viii,  p.  383,  1871. 
|  Idem,  vol.  v,  p.  81,  1865. 

§  Reliquary,  1903.     Also  described  and  figured  by  Professor  Bryce  in  Proc.  Soc.  Ant.  Scot.,  xxxix,  p.  428,  1905. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  I  (NO.  5).  28 
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Windy  Mains,  Humbie,  E.  Lothian. — Mr  Robert  Forman  described*  in  1857 

two  short  cists  in  a  mound  of  sand.  Each  contained  a  drinking-cup  (beaker) 
urn,  and  in  one  was  a  male  skeleton  advanced  in  years.  The  skull  was  imperfect, 

but  the  parieto-occipital  slope  was  abrupt,  the  nasion  was  depressed,  and  the 
nasal  bones  projected.  I  measured  the  length  of  the  cranium,  which  was  173  mm., 

the  basi-bregmatic  height  was  138  mm.,  and  the  vertical  index  79'8.  The  breadth 

could  not  be  taken.  The  orbital  index  was  80*5.  The  total  longitudinal  arc  was 
349  mm.,  and  the  basi-nasal  length  106  mm. 

Silver  Moor,  Carstairs. — A  short  cist  was  exposed  in  1847  which  contained  an 

adult  male  skeleton,  the  imperfect  skull  of  which  is  in  the  National  Museum  of 

Antiquities  (E.T.  13).  Dr  Rankine,  who  presented  it,  noted  special  flattening  and 

backward  elongation  of  the  occipital  condyls.  j  The  face  was  wanting  and  the 

right  parieto-squamous  region  was  imperfect.  The  cranium  was  176  mm.  long  and 

134  mm.  in  basi-bregmatic  height,  the  vertical  index  was  76*1,  the  parieto-squamous 
breadth  could  not  be  taken,  but  as  the  minimum  frontal  was  106  mm.  broad  and 

the  asterionic  118  mm.,  it  is  not  unlikely  that  the  proportion  of  greatest  breadth 

to  length  would  have  placed  it  in  the  brachycephalic  group.  The  supraciliaries 
were  moderate. 

Arran. — In  this  island  short  cists  have  been  found  in  several  localities.  In  1861 

Dr  James  Bryce  explored  \  a  group  of  short  cists  within  a  stone  circle  at  Tormore, 

Mauchrie,  in  which  bowl-shaped  urns  and  flint  arrow-heads  were  found,  along  with 
a  bronze  pin.  From  one  cist  a  skull  was  obtained  which  was  measured  by  Professor 

Allen  Thomson.  Though  imperfect,  its  length  was  given  as  7  inches  (175  mm.)  and  its 

parietal  breadth  as  5*7  inches  (143  mm.),  which  would  give  a  cephalic  index  81  "4,  i.e. 
brachycephalic.  At  Knochan  Kelly  a  short  cist  was  opened  by  Dr  J.  Jamieson,§  which 

contained  a  bowl-shaped  urn  and  the  skeleton  of  a  youth  aged  about  ten.  Though  the 
skull  was  injured,  Professor  Cleland  regarded  it  as  brachycephalous,  like  those  of  the 

short  barrows  ;  he  gave  the  greatest  length  as  6'6  inches  (168  mm.)  and  the  parieto- 

squamous  breadth  as  6*25  inches  (159  mm.),  which  would  give  94*6  as  the  cephalic 

index:  the  vertical  height  was  5  inches  (127  mm.)  and  the  corresponding  index  75'6. 
Professor  T.  H.  Bryce  has  investigated  a  number  of  short  cists  in  Arran  which 

were  lodged  under  cairns.  He  described  the  characters  of  the  cists,  of  urns  of  the 

bowl  or  food-vessel  type,  the  presence  in  some  cists  of  flakes  of  flint,  and  in  one 

of  a  bronze  dagger  and  a  fillet  of  gold.  The  human  remains  unfortunately  were  so 

much  injured  that  they  could  not  be  precisely  described.  He  referred,  however 

to  the  Tormore  skull  quoted  above,  figuring  the  norma  verticalis,  and  to  the  skull 

obtained  at  Knochan  Kelly,  both  of  whicli  were  brachycephalic. 

*  Proc.  Soc.  Ant.  Scot.,  vol.  iii,  p.  50,  1862.     Skull  in  National  Museum  of  Antiquities. 
t  Idem,  vol.  xi,  p.  464,  1876.     The  skull  which  1  measured  is  preserved  in  the  National  Museum  of  Antiquities. 
|  Idem,  vol.  iv,  p.  499,  1863. 

S  Idem,  vol.  xx,  p.  170,  1886.     See  also  Professor  T.  H.  Bryce,  "  Cairns  of  Arran,"  Proc.  Soc.  Ant.  Scot.,  vol.  xxxvi, 
p.  74,  1902. 
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B.U.A.M. Collection  number,     . E.T. ET. E.T. 
ET. Age,   

Aged. 

Ad. 

Aged. 

Ad. Juv. Ad. Ad. Ad. 
Sex,  ..... 

M.  *
 

F. M. 
M. 

M. 

F. 

M. 

Cubic  capacity,  .         .         .  '• 

1425 
1540 

Glabello-occipital  length,    .  j 
186 178 180 178 

175 
168 

176 

178 175 

Basi-bregmatic  height, 131 121 
130 

127 
138 

132 
138 Vertical  Index,    . 

70-4 

68- 

73-6 
75-6 78-2 

74-7 

788 

Stephanie  diameter,   . 
Greatest    parieto-squamous 

breadth, 160 145 
148 143 

159 
151 

146 148 

Cephalic  Index,    . 

86- 

hrach  //. 

80-6 

82- 

81-7 
94-6 

'  85-8 

82- 

84-6 
Horizontal  circumference,  . 

546 512 
518 

Frontal  longitudinal  arc,     . 
130 128 

128 
132 

Parietal           ,,             ,, 124 127 124 
120 

118 

Occipital         ,,             ,, 
116 

116 
113 120 

... Total       „             „      . 
370 368 

361 370 

Vertical  transverse  arc, 309 314 
325 

Length  of  foramen  magnum, 
39 

... 33 35 38 

Basi-nasal  length, 
101 96 

95 
101 99 

Basi-alveolar  length,  . 
96 

100 
89 

91 95 
Gnathic  Index,    . 

95- 

104-2 
93-7 

!    90- 

96-9 

Inter  zygomatic  breadth,     . 146 ... ... 

j  Intermalar              ,, 114 131 
111 

Nasio-mental  length, . ... 
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  '■'■'■
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105 
Nasio-mental  complete  Index, ... 

767 

Nasio-alveolar  length, 65 
65 

"71 

70 

63 

Maxillo-facial  Index, 

47-9- 

Nasal  height, 
50 

49 
56 

49 

45 
Nasal  width, 

23 

23 
20 

25 24 

Xasal  Index, 

46- 

469 

35- 
j    52- 

52- 

Orbital  width,    . 43 

42 

40 37 

39 
Orbital  height,  . 

33 

29 32 
32 

35 Orbital  Index, . 

76-7 

69- 

75- 

86  -5 91: 

Palato-maxillary  length, 52 47 55 50 

Palato-maxillary  breadth,  . 

57 

60 ... 58 

57 

Palato-maxilliarij  Index, 
109-6 

127-7 

1 

,11 5-5 

|  114- 

Mandible,  symphysial  height, 
29 

30 
33 

34 

"27 

In  the  island  of  Bute  *  Professor  Bryce  found  short  cists,  either  within  cairns  or 
tumuli,  or  near  the  surface  of  the  ground,  without  external  mark.  In  six  of  these  the 

bodies  had  been  inhumed,  in  two  they  had  been  cremated.  The  grave  goods  were 

scanty  ;  in  three  were  urns,  two  of  which  were  bowl-shaped ;  in  two  were  articles 

of  bronze  and  jet.  The  human  remains  were  fragmentary,  but  it  was  thought 

that  a  skull  from  a  cist  at  Auchantirie  had  probably  a  cephalic  index  above   80. 

*  Proc.  Soc.  Antiq.  Scot.,  14th  Dec.  1904,  vol.  xxxviii,  pp.  52  et  seq. 
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Table  IV. 

Short   Cists. 
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Age,  .         .         .    '     . Sex,  . 

Al. B2. 
3. 

5. 
A6. B10. 

7. 

8. 11. 
12. 13. 

M. m! 
m! 

M. M. 

M.
' 

F. 
si/ 

M. 

F. 

m! 
m! M. 

Cubic  capacity,  . 1450 !l420 
1500 1580 1460 1350 1450 

1460 

Glabello-occipital  length,    . 180 183 
169 

188 
185 185 172 186 

167 172 
181 

189 177 

Basi-bregmatic  height, 135 148 133 146 138 144 128 135 136 
135 143 

13G 
Vertical  Index,     . 

75- 

809 

78-7 77-7 74-6 
77-8 74-4 72-6 

57-4 
74-5 

75-6 

75-5 

Stephanie  diameter,    . 115 120 136 120 124 
128 

125 
108 

118 110 

126 

Greatest    parieto-squamous 
breadth, 153 160 156 160 

156 
150 150 

154 
142 

135 156 158 

154 

Cephalic  Index,    . 

;  85- 

87-4 92-3 
55-7 84  -3 81-1 

87-2 
82-8 

85- 

78-5 86-1 
SJ-6 

87- 

Horizontal  circumference,  . 
524 510 540 

528 
548 

503 532 
494 500 512 

524 522 

Frontal  longitudinal  arc,     . 135 132 128 132 143 126 127 
130 

123 
128 130 

130 130 
Parietal           ,,             ,, 125 118 

120 148 
140 140 110 

130 
120 

122 132 130 132 
Occipital         „             ,, 100 111 

117 
110 

120 
116 122 

105 
113 125 124 

Total       „ 360 359 
397 393 386 

353 
382 

355 

375. 

385 

386 

Vertical  transverse  arc, 
327 300 

336 
336 

310 304 330 
306 

300 324 
330 

332 

Length  of  foramen  magnum, 36 
37 

38 

37 

38 38 36 

41 

29 

Basi-nasal  length, 104 100 95 96 98 104 97 100 
100 100 

98 

Basi-alveolar  length,  . 98 92 
87 87 

94 94 97 
101 

95 

96 

Gnathic  Index, 

94-2 

92- 

9V6 

90-6 
90-4 96-9 

97- 

707- 

95- 

97-9 

Interzygomatic  breadth, 142 126 
140 

137 
130 

136 134 
130 

132 

Inter  malar               ,, 115 114 
110 117 112 

114 120 116 ...    i 

Nasio-mental  length,  . 108 
122 107 110 122 108 119 112 108 

Nasio-mental  facial  Index,     . 

76- 

84-9 78-5 

89- 

79-4 
88-7 

86-1 81  -8 

Nasio-alveolar  length, 64 
80 64 67 

72 

68 

67 

72 70 64 
Maxilla-facial  Index,    . 

45- 

53-9 
50-5 

47-8 

52-5 52-3 

49-2 
53-7 

53-8 

48-4 

Nasal  height, 
48 

53 

48 
48 55 

53 

48 50 

51 

49 

48 

Nasal  width, 
23 25 

25 
25 28 

26 

25 

24 

26 

23 

26 

Nasal  Index, 

47-9 
47-2 52-1 52-7 50-9 

49-1 
52-7 

48- 

50-9 46-9 

54-7 

Orbital  width,    . 
41 

40 44 

41 

40 

40 

41 44 

40 

Orbital  height,   . 
33 

30 32 31 33 

31 32 

34 

30 

Orbital  Index, 

80-5 

75- 

72-7 

75-6 82-5 
77-5 

78- 

77-3 

75- 

Palato-maxillary  length, 51 
56 51 

52 
50 50 

55 

58 51 

48 

Palatomaxillary  breadth,   . 55 
64 

61 
56 

65 

62 

-  66 

63 57 

64 
Palato-maxillary  Index, 

107-7 7/4-2 119-6 107-6 

130: 

724- 

120- 

108-6 7  70-9 

133-3 

Mandible,  symphysial  height, 30 28 30 30 32 31 33 34 29 

He  also  regarded  the  fragment  of  a  skull  obtained  in  a  short  cist  at  Mount 

Stewart  as  probably  brachycephalic,  though  too  imperfect  for  measurement.  It 

had  a  hole  in  the  frontal  which  Dr  Munro  regarded  as  due  to  an  operation  for 

trephining.  The  cist  also  contained  a  piece  of  bronze,  a  jet  necklace,  and  a  bowl- 

shaped  urn. 

In  a  later  memoir  on  a  skeleton  from  Acharole,  Caithness,*  obtained  in  a  short 

Proc.  Soc.  Antiq.  Scot.,  8th  May  1905,  vol.  xxxix,  p.  418. 
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cist  which  contained  a  beaker  urn,  Professor  Bryce  described  and  figured  a  male 

skull.  It  was  hyperbrachycephalic,  cephalic  index  85*8  ;  the  parietooccipital  region 

was  flattened;  the  vertex  was  flattened  and  the  vertical  index  was  78 '2,  platy- 

chamcecephalic,  wide  and  low;  the  face  was  chamaeprosopic,  76'7,  broad  and  low; 
the  upper  jaw  was  orthognathous,  90  ;  the  nasal  index  was  wide,  52,  high  in  the 

mesorhine  group ;  the  orbital  index,  86'5,  was  mesoseme ;  the  palato- maxillary 
index,  114,  was  mesuranic.     The  capacity  of  the  cranium  was  1425  c.c. 

North-East  of  Scotland. — Important  researches  into  short  cists  and  their  contents 
in  this  part  of  Scotland  have  been  conducted  during  several  years  by  Professor 

R.  W.  Reid  and  Dr  Alexr.  Low,  of  the  University  of  Aberdeen,  and  interesting 

series  of  objects  from  the  cists  have  been  arranged  in  the  Anthropological  Museum 

in  Marischal  College  of  that  University.  Dr  Low  has  described  the  cists,  the 

beaker  urns,  and  other  contents,  and  has  given  in  the  Proceedings*  1902-04,  a 
comprehensive  table  of  the  measurements  of  ten  skulls,  and  in  subsequent  parts, 

1904-08,  those  of  additional  specimens  from  Whitestone,  Blackhill,  and  Leslie. 
In  this  series  of  thirteen  skulls,  eleven  males  and  two  females,  from  short  cists, 

twelve  had  the  cephalic  index  80  and  upwards,  and  of  these  eight  were  hyper- 

brachycephalic. In  one  only,  a  female,  the  index  was  78*5.  The  vertical  index 
was  less  than  the  cephalic.  In  the  specimens  in  which  the  face  was  measured  the 

complete  index  was  low,  chamseprosopic  in  five,  mesoprosopic  in  two ;  in  nine 

specimens  the  jaw*  was  orthognathic,  in  one  mesognathic ;  the  nasal  index  in  one 
was  platyrhine,  in  three  leptorhine,  in  eight  mesorhine  ;  the  orbital  indices  were 

low,  microseme.  The  cranial  capacity  in  seven  males  ranged  from  1350  to  1580  c.c, 

with  the  mean  1458  c.c.  ;  in  one  female  it  was  1460  c.c.  (Table  IV). 

Ardachy,  Bunessan,  Mull. — Sir  Arthur  Mitchell  recorded  f  the  exposure,  in 
1892,  of  four  short  cists,  three  of  which  contained  bent  skeletons.  A  food-bowl 

urn  was  found  in  each  of  two  of  the  cists.  At  the  request  of  Sir  Arthur  I  examined 

and  measured  three  skulls  which  had  been  preserved.  They  were  from  young- 
persons  from  ten  to  eighteen  years,  were  probably  females,  and  were  so  well 

preserved  that  both  cranial  and  facial  measurements  were  given  in  the  table  accom- 
panying his  original  memoir.  The  skulls  were  well  formed,  and  varied  in  the 

proportional  length  and  breadth  of  the  cranium.  B  was  brachycephalic,  cephalic 

index  81 '9;  A  was  mesaticephalic,  index  78'6,  approximating  therefore  to  brachy- 

cephalic; C,  again,  with  index  75'9,  approached  the  dolichocephalic,  and  its  outline 
was  a  longish  oval  approaching  the  pentagonal  form.  In  each  skull  the  height 

was  less  than  the  breadth,  and  the  glabella  and  supraciliary  ridges  were  not 

prominent :  the  forehead  was  almost  vertical,  and  the  frontal  and  parietal  eminences 

projected.     The  nasal  index  was  mesorhine ;  the  orbits  in  C  were  low,  microseme  ; 

*  Proc.  Anatomical  and  Anthropological  Soc.  of  University  of  Aberdeen,  1902-04,  1906-08  ;  also  Appendix  by 
Dr  Low  to  Professor  Bryce's  Memoir  in  Proc.  Soc.  Antia.  Scot.,  8th  May  1905,  vol.  xxxix  ;  Illustrated  Catalogue, 
Aberdeen,  1912. 

t  Proc.  Soc.  Antia.  Scot.,  vol.  xxxi,  p.  115,  1897. 
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in  A  and  B  they  were  more  rounded,  mesoseme.  In  all  the  jaw  was  orthognathous. 

The  face  was  low  in  proportion  to  the  breadth,  chaimeprosopic,  from  the  immaturity 

of  the  dental  arcades.     The  capacity  ranged  from  1250  to  1390  c.c.  (Table  II). 

Largs,  Ayrshire. — In  1906  a  cist  4£  feet  long,  2|  feet  wide,  and  2  feet  deep 

was  exposed  and  described  by  Dr  Robert  Munro*  It  contained  an  aged  skeleton, 
the  teeth  much  worn  and  sutures  ossified.  The  skull  was  examined  by  Professor 

D.  J.  Cunningham,  it  was  brachycephalic  with  marked  parieto-occipital  flattening, 

Fig!  19. — Ardaeliy,  Mull  :  profile  and  face. 

cephalic  index  84*6,  vertical  index  78"8  (Table  III)  ;  some  broken  pottery  which  the 
Hon.  John  Abercromby  recognised  as  a  beaker  urn  was  present. 

I  shall  now  transcribe  from  my  notebook  several  skulls  from  short  cists,  the 

characters  and  dimensions  of  which  have  not  previously  been  recorded. 

Leith. — This  cist  contained  a  female  skull  injured,  A,  and  the  calvaria  of  a  male 

advanced  in  years,  B.  A  was  broadly  ovoid,  not  ridged  in  the  sagittal  region 

and  sloping  gently  to  the  parietal  eminences.  As  the  occipital  squama  was  broken, 

the   parieto-occipital    slope   was    imperfect   and    moderately    steep.       The    forehead 

*  Proc.  Roy.  Hoc.  Edin.,  vol.  xxvi,  1907. 
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was  almost  vertical,  the  frontal  was  flattened  above,  the  glabella  was  feeble,  the 

nasion  was  not  depressed.  The  maximum  length  could  be  only  approximately 

stated  at  179  mm.,  but  the  breadth,  140  mm.,  was  measured  at  the  squamous 

suture,  and  the  basi-bregmatic  height  was  130  mm.  The  cephalic  index  was  meso- 

brachycephalic,  approximately  78*2,  the  vertical  index  was  72*6,  the  breadth  being 
more  than  the  height.  The  nasal  index  52  was  mesorhine,  the  orbit  was  rounded, 

its  megaseme  index  100  ;  the  upper  jaw  was  orthognathous  (figs.  20,  21,  p.  202).  The 

lower  jaw  had  a  good  angle,  the  chin  projected  a  little  ;  the  teeth  in  both  jaws  were 

not  much  worn.     The  palate-was  hyperbrachyuranic  (p.  186). 
Skull  B  consisted   only  of  the  calvaria,    which   was  shorter  and  wider  than  A 

Fig.  22.— Birsley. 

in  the  transverse  vertical  arc;  cephalic  index  88 '6,  hyperbrachycephalic.  The 
parieto- occipital  slope  was  flattened  ;  the  forehead  was  ample  and  flattened  in  front 
of  the  bregma. 

Cousland,  Mid  Lothian. — Three  imperfect  skulls  were  obtained.  A,  probably 

a  male,  with  a  metopic  frontal  and  a  right  parietal.  The  glabello-lambdal  diameter 
was  180  mm.,  but  the  length  and  breadth  could  not  be  measured.  The  forehead 

was  capacious,  the  glabella  and  supraciliaries  were  feeble.  The  nasion  was  not 

depressed,  the  nose  wTas  narrow,  leptorhine  ;  the  orbits  were  moderately  rounded, 

mesoseme ;  the  palato-maxillary  index  was  brachyuranic.  The  lower  jaw  was 
broken  at  the  angle,  the  symphysis  had  a  well-marked  chin.  The  teeth  were 

flattened  on  the  crowns.  B  was  an  adult  male ;  only  the  frontal  and  parietals  were 

preserved.      The    glabello-lambdal    diameter   was    173    mm.,    the   greatest   parietal 
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Fig.  20.— Leith. Fig.  21. — Leith. 

Fig.  24. — Bridgeness. 

Fig.  23.— Bridgeness. 
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Anatomical  Museum,  University,  Edinburgh. 
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Age,  .... 
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Glabello-occipital  length, 
Basi-bregmatic  height, 
Vertical  Index,    . 
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Cephalic  Index,    . 
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Vertical  transverse  arc, 
Length  of  foramen  magnum 
Basi-nasal  length, 
Basi-alveolar  length,  . 
Gnathic  Index,     . 
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Nasio-mental  length,  . 
Xasio-mental   complete  facial 

Index, 

Nasio-alveolar  length, 
Maxillo-facial  Index,    . 
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Nasal  width, 
Nasal  Index, 
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Orbital  height, 
Orbital  Index, 

Palato-maxillary  length, 
Palato-maxillary  breadth, 
Palato-maxillary  Index, 
Mandible,  symphysial  height, 

A. 
Ad. 
F. 

B. 

Aged. 

M. 

179 

130 

72-6 114 

166 

124 

140s. 

78-2 

147 

88-6 125 

302 
37 

93 
90 

96-8 
112 

A. 

Ad. 
M.I 

B. 

Ad. 
M. 

118'  108 

146 
brachy. 

Ad. M. 
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148p. 
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...   !  524 
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140     134      128 
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38 
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63 
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116 
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67 
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84-6 
51 
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1 
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69 
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31 
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Ad. M. 
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130 

73-0 

111 

141 

79-2 
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132 
116 128 
376 
299 
32 
91 89 

97-8 

125 110 

112 

89-6 

67 

53- 

48 

40 34 

85- 

53 

58 

109-4 

29 

B. Ad.      Ad. 
F.    !   M. 

172 127 

73-8 brachy. 

125 

130 102 357 

30 

95 

87 

185 

115 

139 

75-1 

525 
130 

128 

312 

E.T.6  E.T.7 
Ad.     Ad. 
F.    I   M. 

61 

47 

173 
127 

73  4 101 

135 

78- 

494 120 
128 

116 364 

294 30 
90 
90 

100- 

180 

126 
70: 
99 

133 

73-9 

504 
119 
108 

123 

350 

40 
99 

133 
I   118 120 

\90-2 

71 

\53-3 

55 

40 
32 

80- 

47 
22 

46-8 

35 
32 

914 o 

32 

W.  L. : 
Ratho, 

Ad. 

M. 

177 

142 

80- 

153 

86-4 

508 

E.T. 

Aged. 

M. 

173 
138 

79-8 
120 130 

99 
349 

38 

106 

41 

breadth  was  146  mm.,  the  index  of  which  would  be  84'4  ;  if  the  occipital  bone  had 
increased  the  length  of  the  cranium  to  182  mm.  the  index  would  still  have  been 

80"2  :  the  skull  was  doubtless  brachycephalie.  The  forehead  was  capacious,  the 
supraciliaries  well  marked,  and  the  nasion  had  been  depressed.  C  was  too  frag- 

mentary to  be  described. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  I  (NO.  5).  29 
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Bivsley  Quarry,  Tranent. — The  skull  was  a  male ;  the  cranial  sutures  were 
in  process  of  obliteration,  and  the  teeth  were  flattened  on  the  crowns  but  not 

decayed.  '  It  was  broadly  ovoid,  vertex  flattened,  sloping  gently  to  the  parietal 
eminences,  the  parietooccipital  slope  abrupt,  occipital  squama  not-  bulging.  The 

cranium  was  182  mm.  long,  148  mm.  broad,  cephalic  index  81-3,  brachycephalic. 
The  forehead  was  broad,  almost  vertical,  the  glabella  and  supraciliaries  well  marked, 

nasion  a  little  depressed,  facial  bones  mostly  broken,  but  lower  jaw  massive,  angle 

distinct,  chin  marked,  teeth  complete  (fig.  22,  p.  201). 

Morrison's  Haven,  Prestonpans.—Skull  male,  sutures  partially  obliterated,  teeth 
flattened  from  use.  Cranium  elongated,  somewhat  pentagonal  in  outline,  not 

flattened  in  sagittal  region,  sloping  markedly  to  parietal  eminences  and  in  parieto- 
occipital region,  occipital  squama  somewhat  behind  inion.  Forehead  retreating, 

glabella  prominent  with  mesial  suture,  supraciliaries  prominent.  Length  188  mm., 

breadth  137  mm.,  height  141  mm.  Cephalic  index  72*9,  vertical  index  75,  breadth 
less  than  height,  skull  dolichocephalic.  Nasion  depressed,  nasal  bones  slender, 

moderately  projecting,  index  51,  mesorhine.  Upper  jaw  orthognathous.  Upper 

orbital  border  thick,  index  82,  microseme.  Small  Wormian  in  lambdoid  suture. 

Cranial  capacity  1450  c.c.  (fig.  25)  (Table  V). 

Belfield  and  Kirk  Park. — In  a  male  skull  from  the  largest  Belfield  cist  the 
teeth  were  only  slightly  worn  and  the  sutures  partially  ossified.  The  outline  was 

incomplete  owing  to  the  right  parieto-temporal  being  imperfect.  The  slope  of  the 

vault  from  the  sagittal  line  to  the  eminences  was  moderate,  the  parieto-occipital 

slope  was  abrupt,  and  the  occipital  squama  was  not  bulging.  The  cranium  was 

180  mm.  long  and  141  mm.  in  basi-bregmatic  diameter,  the  vertical  index  was  78*3, 
but  the  cephalic  could  not  be  computed.  The  general  aspect  of  the  skull  was 

brachycephalic  (figs.  26,  27).  The  forehead  somewhat  retreated,  the  glabella  and 

supraciliaries  were  well  marked  (Table  V). 

Two  skulls  from  short  cists  exposed  in  the  Kirk  Park  adjoining  have  been  pre- 
served. One  (A),  given  to  me  by  Dr  James  Craigie  in  1890,  was  that  of  a  man  in 

middle  life.  The  outline  of  the  cranium  was  broadly  oval,  the  vertex  was  flattened, 

the  parietal  eminences  were  distinct,  the  parieto-occipital  region  was  incomplete,  also 

the  glabella.  The  cranial  length  was  178  mm.,  the  breadth  was  141  mm.,  cephalic 

index  79*2,  the  basi-bregmatic  height  130  mm.  ;  the  vertical  index  was  73.  The  upper 
jaw  was  orthognathous.  The  femora  showed  indications  of  platymery  and  the  tibiae 

of  platyknemia.     The  lower  jaw  had  a  well-marked  angle  and  a  projecting  chin. 

Of  another  specimen  (B),  a  female,  the  right  half  is  in  the  National  Museum 

of  Antiquities  (E.T.*  64)..  In  it  the  vertex  was  flattened,  the  parieto-occipital 
slope  was  steep,  the  occipital  squama  was  flattened,  the  forehead  was  nearly  vertical, 

the  glabella  and  supraciliaries  were  moderate.  The  cranial  length  was  172  mm., 

basi-bregmatic  height  127  mm.,  vertical  index  73"8.  Though  the  breadth  could 
not  be  ascertained,  the  general  type  of  skull  was  without  doubt  brachycephalic. 
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Fig.  28.—  Cavers. 

Fig.  25.  —Morrison's  Haven. 

Fig.  26.— Belfleld. 

Fig.  27.— Belfield. 



206  PRINCIPAL  SIR  WILLIAM  TURNER  ON 

Bridgeness,  W.  Lothian. — The  skull  was  that  of  a  man  ;  the  sutures  of  the 
vault  were  almost  obliterated,  and  the  teeth,  though  much  worn,  were  not  decayed. 

The  cranium  was  elongated,  the  vertex,  moderately  arched  from  before  backwards, 

sloped  gently  to  the  parietal  eminences,  the  side  walls  were  vertical,  the  parieto- 
occipital slope  was  moderately  steep.  The  glabella,  supraciliaries,  and  ectorbitals 

strongly  projected  and  contributed  to  the  length  of  the  cranium,  185  mm.,  whilst 

the  ophryo-occipital  length  was  only  180  mm.  The  greatest  breadth  was  approxi- 

mately 139  mm.  ;  the  cephalic  index  was  75'1,  or  meso-dolichocephalic.  The  strong 
supraciliaries,  glabella,  and  ectorbitals  made  a  ledge-like,  projection  above  the  orbits, 

and  gave  character  to  the  fronto-facial  region,  which  must  have  had  during  life 

beetling  eyebrows  (figs.  23,  24).  The  nasion  was  somewhat  depressed ;  the  interzygo- 

matic  breadth  was  133  mm.,  the  nasio-mental  length  120  mm.,  the  complete  facial 

index  was  90 "2,  high-faced,  leptoprosopic.  The  orbital  width  was  greater  than  the 
height,  the  index  was  low,  microseme  (Table  V).  The  lower  jaw  was  massive,  angle 

well  marked,  and  the  square  chin  projected  forward. 

Cavers,  Roxburghshire. — The  skull  a  male,  teeth  perfect,  basi-cranial  joint  not 
fully  ossified.  It  had  been  broken  during  the  opening  of  the  cist,  but  I  was  able  to 

repair  it  so  as  to  make  some  measurements  and  ascertain  its  form,  which  was  broadly 

ovoid,  the  breadth  being  marked  both  in  the  frontal  and  parietal  regions,  while  the 

breadth  at  the  parietal  eminences  corresponded  with  that  at  the  squamous  sutures, 

145  mm.  (fig.  28).  The  vertex  was  somewhat  flattened,  the  occipital  squama  was 

flattened,  but  the  post-parietal  slope  was  not  abrupt ;  the  inion  and  curved  lines 

were  distinct.  The  length  of  the  cranium  was  18  mm.,  the  basi-bregmatic  height 

131  mm.,  the  cephalic  index  80,  the  vertical  index  72*3  ;  the  skull  was  character- 
istically brachycephalic.  The  forehead  was  almost  vertical  and  the  supraciliary 

ridges  were  well  marked.  The  border  of  the  lower  jaw  was  thick  and  the  chin  pro- 

jected forward  distinctly  (Table  II). 

The  femora  were  also  examined ;  the  upper  epiphyses  were  fused  with  the  shaft, 

but  the  condylar  epiphysis  was  not  so.  A  third  trochanter  was  present,  which  was 

separated  by  a  vertical  groove  from  a  well-defined  infratrochanteric  ridge.  The  front 
of  the  upper  third  of  the  shaft  was  convex  and  not  platymeric.  The  linea  aspera 

was  moderate  and  the  popliteal  surface  somewhat  concave.  The  inner  condylar 

articular  surface  was  prolonged  upwards  on  the  back  of  the  femur.  The  tibial  shaft 

was  imperfect. 

Thriepland  Farm,  Elgin. — The  cist  contaiued  the  bent  skeleton  of  a  man  in  the 

prime  of  life.  The  skull  had  rested  on  its  right  side,  which  was  softened  and  broken. 

In  its  outline  the  cranium  closely  corresponded  with  the  skull  A  from  the  Leith  cist. 

Its  length  was  180  mm.,  the  basi-bregmatic  height  was  128  mm.,  and  the  vertical 

index  was  71  "1  ;  the  parieto-squamous  breadth  and  cephalic  index  could  not  be  taken. 
The  frontal  was  metopic  and  the  minimum  frontal  diameter  was  104  mm.  ;  glabella 

and  supraciliaries  were  strong,  upper  orbital  border  thick  ;  the  frontal  was  flattened 
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above  its  external  process,  and  the  adjoining  temporal  ridge  was  strong ;  the  orbits 

were  moderately  high;  mesoseme  index  87'5.  The  incisive  region  of  the  upper  jaw, 
though  injured,  was  sufficient  to  show  that  it  was  not  prognathic.  The  nasal  region 

high  and  narrow,  index  47"1,  leptorhine.  Lower  jaw  well  formed,  distinct  angle,  well- 
formed  protruding  chin.     Hyoids  ossified  and  fused  with  temporals  (Table  II). 

Roseisle,  Elgin. — In  a  cairn  on  the  hill  short  stone  cists  were  exposed  in  1860 

in  which  human  bones,  an  urn,  and  jet  beads  with  an  ornament  were  found.  One 

cist  was  said  to  be  2  feet  10  inches  long  by  18  or  20  inches  broad  and  18  inches  deep  ; 

another,  4  feet  2  inches  long  by  3  feet  deep* 
I  examined  an  adult  female  skull  from  one  of  these  cists  ;  the  cranium  was  almost 

complete  and  the-  bones  were  abraded  ;  parietal  eminences  distinct ;  sagittal  region 
not  ridged  ;  parieto-occipital  slope  moderate  ;  occipital  squama  not  flattened  ;  glabella 
and  supraciliaries  feeble;  face  much  injured;  lower  jaw  feeble,  angle  oblique;  teeth 

a  little  worn  ;  the  length,  164  mm.,  gave  with  the  breadth,  135  mm.,  a  cephalic  index 

82-3,  and  with  the  height,  123  mm.,  a  vertical  index  75  (Table  II).  A  child's  skull 
was  also  obtained.  It  was  much  deformed,  apparently  by  softening  and  super- 

incumbent pressure,  so  that  its  normal  characters  were  obscured.  The  right  femur 

of  the  adult  had  a  degree  of  flattening,  platymery,  in  the  upper  third  of  the  shaft. 

In  Tables  II  to  V  measurements  are  recorded  of  forty-nine  skulls  found  in 

short  cists  in  Scotland.  Many  were  imperfect,  and  their  dimensions  were  incom- 
plete. With  four  exceptions  the  skulls  were  those  of  adults.  An  attempt  has 

been  made  to  distinguish  as  far  as  possible  the  sex  :  thirty-seven  are  presumably 
males,  twelve  females.  The  majority  are  contained  in  the  Anatomical  Museum 

of  the  University,  and  in  the  National  Museum  of  Antiquities,  Edinburgh  ;  but 

to  give  a  wider  field  for  comparison  I  have  incorporated  in  the  tables  Dr  Alexr. 

Low's  measurements  of  the  specimens  in  the  Museum  of  Marischal  College,  Aber- 
deen, those  examined  by  Professor  Bryce  of  Glasgow,  and  the  older  examples  in  the 

Crania  Britannica  and  Sir  D.  Wilson's  Archeology  of  Scotland. 
In  general  dimensions,  proportions  and  form  the  skulls  from  the  short  cists  had 

the  following  characters: — Forty-seven  crania  varied  in  maximum  length:  one  was 

190  mm.  ;  twenty-two  ranged  from  180  to  189  ;  eighteen  from  170  to  179  ;  six  from 

164  to  169.  Eleven  of  the  skulls  below  180  mm.  were  apparently  females.  In  basi- 

bregmatic  height  nine  skulls  ranged  from  140  to  148  ;  twenty-one  from  130  to  139  ; 

ten  from  121  to  128.  In  parieto-squamous  breadth  three  were  160;  fifteen  ranged 

from  150  to  159;  thirteen  from  140  to  149;  ten  from  132  to  139.  A  large  pro- 

portion of  the  skulls  in  the  three  principal  diameters  had  good  dimensions,  and  the 

horizontal  circumference  in  twenty-five  skulls  exceeded  500  mm.  In  these  measure- 
ments the  female  skulls  were,  as  is  the  rule,  smaller  than  the  male.  , 

In  only  a  few  specimens  was  it  possible  to  take  the  cubic  capacity  of  the  cranium. 

In  thirteen  males  it  ranged   from    1250  to    1580;    four  of  which   were    1500   and 

*  See  descriptions  by  Cosmo  Innes  in  Proc.  Soc.  Antiq.  Scot.,  vol.  iii,  pp.  46,  374,  490,  1862. 
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upwards,  one  was  1350,  and  the  rest  were  between  1420  and  1450  c.c.  The 

mean  capacity  of  the  males  was  1448  c.c.  Four  skulls  were  regarded  as  female, 

and  the  mean  capacity  was  1435  c.c. 

The  cephalic  index  was  computed  in  forty  measured  skulls :  twenty-nine  were 
80  and  upwards,  brachycephalic,  and  of  these  fourteen  were  hyperbrachycephalic, 

two  being  upwards  of  90.  In  five  others,  too  imperfect  to  be  measured,  the  form 

was  brachycephalic.  In  six  skulls  the  index  was  between  78  and  80,  approaching 

the  brachycephalic  numerical  standard  ;  three  were  between  75  and  78,  and  only 

two  were  dolichocephalic.  The  mean  cephalic  index  of  the  forty  skulls  was  82*5  ; 
if  five  of  these  are  not  included  in  the  computation,  the  index  in  which  was  below 

77'5,  i.e.  dolichocephalic  or  mesodolichocephalic,  the  mean  index  is  as  high  as  85 
in  thirty-five  crania. 

The  vertical  index  was  computed  in  forty  measured  skulls :  it  ranged  from  68 

to  81 '4.  In  nineteen  skulls  the  index  was  75  and  upwards;  in  eighteen  it  was  below 
75  ;  in  only  one  below  70.  The  mean  index  of  the  forty  skulls  was  75,  i.e.  metrio- 

cephalic.  In  the  dolichocephalic  skull  from  Morrison's  Haven  the  vertical  index 
exceeded  the  cephalic ;  in  all  the  others  the  breadth  was  greater  than  the  height 

and  the  crania  were  platychamsecephalic,  wide  low  skulls. 

In  general  configuration  the  cranial  vault  was  flattened  at  the  vertex ;  the 

parieto-occipital  slope  in  many  cases  was  abrupt  and  the  back  of  the  skull  approached 
the  vertical ;  the  slope  from  the  sagittal  line  to  the  parietal  eminences  was  moderate. 

The  frontal  bone  was  smooth  in  the  females,  but  had  moderately  projecting  glabella 

and  supraciliaries  in  the  males.  In  the  skull  from  Bridgeness,  where  the  cephalic 

index  approached  the  dolichocephalic  standard,  the  cranium  was  more  elongated  and 

the  glabella  and  supraciliaries  were  so  prominent  as  to  form  a  ledge  above  the  nose 

and  orbits.  In  a  very  large  proportion  of  the  short-cist  skulls  brachycephalic 

characters  were  pronounced,  in  the  general  configuration,  in  the  high  cephalic  index 
and  in  the  breadth  of  the  cranium  being  more  than  the  height. 

Owing  to  the  bones  of  the  face  having  been  injured  in  many  of  the  skulls,  the 

proportional  measurements  of  the  facial  region  were  imperfect.  A  nasio-mental 
index  which  expressed  the  relative  length  and  breadth  of  the  face  was  computed  in 

twelve,  which  included  the  skulls  recorded  by  Dr  Alexr.  Low  :  eight  were  low-faced, 

chamreprosopic,  below  85  ;  one  was  high-faced,  leptoprosopic,  90"2  ;  and  three  were 

intermediate  in  proportion,  mesoprosopic  ;  the  mean  of  the  series,  83*4,  was  chamse- 

prosopic.*  The  maxillo-facial  index  was  computed  in  thirteen  skulls :  in  five  it  was 
above  50  ;  in  eight  from  45  to  49  ;  the  length  of  the  upper  face  was  proportionally 

greater  than  that  of  the  complete  face,  and  the  mean  index  of  the  series  was  497, 

almost  leptoprosopic. 

The  gnathic  index  (Flower)  was  computed  in  twenty-four  skulls,  orthognathous 

*  For  the  signification  of  these  terms  I  may  refer  to  Part  I  of  this  Memoir,  vol.  xl,  p.  GOG  ;  and  to  Jour,  of  Anat. 
and.  I'lijis.,  vol.  xxxvii,  p.  406. 
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except  in  three  specimens,  two  of  which  were  mesognathons,  one  prognathous  ;  the 

mean  of  the  entire  series  was  9 4 '5. 

In  the  series  of  nasal  indices  one  skull  was  platyrhine,  nine  were  leptorhine, 

fifteen  were  mesorhine,  and  the  mean,  48"9,  was  on  the  confines  of  the  mesoleptorhine 
groups.  The  orbital  index  varied  in  amount :  in  three  the  orbits  were  open  and 

rounded,  megaseme  above  89  ;  in  seventeen  the  transverse  diameter  was  wide  in 

relation  to  the  height,  microseme,  index  below  84  ;  six  were  mesoseme  ;  the  mean 

index  of  the  series  was  microseme,  81 '4.  The  palato-maxillary  index  also  had  a 
wide  range  :  three  were  dolichuranic,  long  relatively  narrow  palates,  index  below  110; 

fourteen  wTere  brachyuranic,  relatively  broad  palates,  and  of  these  seven  were  hyper- 
brachyuranic,  index  above  120  ;  two  were  mesuranic  ;  the  mean  index  of  the  series 

was  1185,  brachyuranic. 

From*  the  number  of  specimens  which  have  been  described  or  referred  to  in  this 
section,  one  is  justified  in  summarising  the  general  characters  of  the  skulls  or  heads 

of  the  people  of  the  bronze  age  as  follows  : — 

The  crania  were  round-headed,  brachycephalic  ;  the  vertex  was  relatively  flattened 
and  the  height  of  the  skull  from  basion  to  bregma  was  definitely  less  than  the 

breadth  ;  the  back  of  the  head  was  flattened  and  in  several  approached  the  vertical  ; 

the  length  of  the  face  was  low  in  relation  to  the  breadth  between  the  zygomata  ; 

the  upper  jaw  was  almost  vertical,  orthognathous,  not  projecting ;  the  nose  was 

relatively  narrow,  and  not  widened  transversely  at  the  nostrils  ;  the  orbits  were 

variable,  though  frequently  the  breadth  was  great  in  relation  to  the  height ;  the 

palate  was  frequently  short  and  relatively  wide  ;  the  capacity  of  the  cranium  was 

'  such  as  to  associate  it  with  the  general  standard  of  modern  Europeans. 
An  absolutely  sharp  line,  as  regards  period  of  time,  cannot  be  drawn  between  the 

neolithic  people  and  those  of  the  bronze  age,  who  to  some  extent  overlapped  in 

their  occupancy  of  Scotland  ;  skulls  either  dolichocephalic  or  approximating  thereto 

have  been  occasionally  found  in  short  cists.  It  would  seem  therefore  that  some 

of  the  skulls  found  in  short  cists,  described  in  Sir  Daniel  Wilson  as  kumbe- 

cej)halic,  were  of  the  neolithic  race.  Flakes  and  arrow-heads  of  flint,  worked  stone, 
bone  and  horn,  the  characteristic  substances  from  which  neolithic  man  found  his 

implements  and  weapons,  have  not  infrequently  been  found  in  these  cists.  Both 

peoples  practised  cremation  and  inhumation.  Both  manufactured  a  rude  pottery 

and  enclosed  examples  in  their  graves,  though  in  their  characters  the  urns  of  the 

neolithic  period,  rounded  at  the  bottom,  differed  from  those  of  the  bronze  age. 

Caves  and  Rock  Shelters.     Table  VI. 

In  referring  the  brachycephalic  skulls  to  the  bronze  age,  and  the  dolichocephalic 

skulls  to  the  polished  stone  age,  one  has  been  guided  by  the  character  of  the 

tombs,   the   grave   goods  which  they  contained,   the   position  of  the  body  and  the 
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configuration  of  the  skull.  We  have  next  to  consider  interments  where  the  people 

did  not  build  graves,  but  availed  themselves  of  the  opportunities  afforded  in  their 

respective  localities  and  deposited  their  dead  in  the  caves  or  rock  shelters  provided 

by  nature. 
Caves  and  clefts  in  rocks  have  been  in  use  in  Scotland  both  as  dwellings  and  as 

places  of  interment,  and  were  noted  many  years  ago  by  Chalmers  in  Caledonia  and 

by  Sir  D.  Wilson  in  Arcluvologia.  Examples  bad  been  explored  on  the  face  of 

sandstone  rock  overhanging  inland  rivers  like  the  Esk,  the  Teviot  and  the  Jed,  but 

they  have  been  more  frequently  recognised  in  sea  cliffs,  which  in  prehistoric  days 

formed  in  many  places  the  coastline  and  were  directly  washed  by  the  waves.  When 

the  earlier  beaches  subsequently  became  uplifted,  the  cliffs  were  removed  from  the 

sea  by  an  interval  which  corresponded  to  the  breadth  and  height  of  the  newer  raised 
beach  or  beaches. 

In  1847  a  cave  at  Lower  Warburton,  Montrose,  about  half  a  mile  from  the  estuary 

of  the  Esk,  15  feet  above  high-water  mark,  was  examined  by  Alexander  Bryson.* 
It  contained  bones  of  existing  mammals,  many  of  which  were  split,  shells  of  edible 

molluscs,  coarse  pottery  and  a  few  fragments  of  human  bones.  The  floor  of  the 

cave  consisted  of  rounded  stones,  as  if  from  the  sea-beach,  upon  which  was  placed 

a  thick  stratum  of  dark  loam  and  sea-shells,  on  the  surface  of  which  a  layer  of 

mammalian  bones  occupied  the  width  of  the  cave. 

In  1875  Miss  C.  Maclagan  described  caves  at  Wemyss  on  the  Fife  Coast,  f  the 

walls  of  which  were  decorated  with  a  remarkable  series  of  sculpturings.  Their 

characters  had  previously  been  embodied  by  Sir  James  Simpson  in  his  Archaic 

Sculpturing  s,\  in  which  he  stated  that  bones  of  existing  mammals,  frequently  split' 
so  as  to  remove  the  marrow,  sea-shells,  perforated  stones  and  implements  of  deer- 
horn  had  been  found  in  the  rubbish  of  the  floor  of  some  of  the  caves. 

In  1873  the  Rev.  R.  J.  Mapleton  described  §  the  contents  of  a  cave  found  in  1862 

at  Duntroon,  Argyllshire,  about  23  feet  above  high-water  mark  and  186  feet  distant 

from  it.  The  floor  was  formed  of  shingle,  with  sea-shells  of  several  species,  the 

bones  of  a  red  deer,  ash,  charcoal  and  scrapers  of  flint.  A  human  skeleton  in  the 

sitting  posture  and  bones  of  at  least  six  persons  were  exposed  amidst  the  loose 

stones  which  occupied  the  grave.  No  description  of  the  characters  of  the  bones 

has,  I  believe,  been  recorded.  In  1875  and  later  a  cave  was  explored  on  the  sea- 

coast  at  Borness,  Kirkcudbrightshire,  the  floor  of  which  was  about  27  feet  above 

high-water  mark.  Its  contents  were  most  carefully  described  ||  and  found  to  consist 

of  burnt  wood,  bones  of  birds,  mammals,  sea-shells,  numerous  bone,  stone,  bronze 

and  iron  implements,  fragments  of  two  human  skeletons  ;  also  a  part  of  a  cup  of 

*  Eilin.  New  /'hit.  Join:.  1850  ;  Howden  and  M'Bain  in  Proc.  Roy.  Phys.  Soc.  Edin.,  vol.  iii,  1867;  Proc.  Soc. 
Antiq.  Scot.,  vol.  x,  1875. 

I  Proc  Soc.  Antiq.  Scot,  vol.  \i,  L876.  ::  Idem,  vol.  vi,  18G8.  §  Idem,  vol.  x,  p.  30(3,  1875. 

||  BRUCE  CLARKE,  A.  J.  Corrie,  R.  J.  Johnson  and  A.  R,  Hunt  in  Proc.  Soc.  Antiq.  Scot.,  vol.  x,  pp.  470,  499 
1875  ;   vols,  xi,  ]>.  305,  and  xii,  p.  669. 
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Samian  ware.  Mr  John  Smith  excavated*  a  rock  shelter  near  the  Ardrossan 

railway  station  in  which  shell-heaps  rested  on  sand  and  gravel.  Remains  of  land 
animals  were  found,  along  with  human  bones  from  apparently  two  individuals. 

The  bay  of  Oban  is  a  part  of  the  coast  of  Scotland  which  has  furnished  several 

examples  of  caves  in  which  human  remains  have  been  found.  In  the  ancient  cliff 

which  bounds  the  25-30  feet  raised  beach  four  caves  have  been  explored.  In  1869 
Mr  John  Mackay,  whilst  quarrying  the  rock  at  the  north  end  of  the  bay,  opened 

into  a  cave  filled  with  earth  in  which  many  bones  were  found.  I  visited  it  in  the 

following  year  and  obtained  from  Mr  Mackay,  whose  name  I  associated  with  the 

cave,  bones  of  deer,  dog,  fox,  hare,  the  larger  of  which  had  been  split  for  the 

extraction  of  the  marrow.  Birds'  bones,  shell-fish,  flint  chips  and  implements  were 
also  present.  But  further,  portions  of  two  human  skeletons  were  obtained,  one  that 

of  an  adult  male,  the  other  that  of  a  youth  about  eight  or  nine  years  old.  f 

In  1877  I  received  specimens  from  a  cave  in  proximity  to  the  Oban  Gasworks,! 

which  consisted  of  bones  and  teeth  of  pig,  goat,  ox  and  red  deer,  some  of  which  had 

been  split ;  also  sea-shells,  a  flint  chip  and  fragments  of  pottery,  which  Dr  Joseph 
Anderson  regarded  as  resembling  the  cinerary  urns  of  the  late  neolithic  and  bronze 

age.     Fragments  of  human  bones  were  also  sent,  but  too  much  injured  to  be  restored. 

In  1890  a  cave  was  exposed  in  the  cliff  behind  the  Oban  Distillery,  situated  about 

40  feet  above  the  present  sea-level.  In  clearing  out  the  soil  and  debris  cart-loads  of 

sea-shells  were  removed.  Flint  and  bone  implements  were  also  present.  A  small 
number  of  bones  of  mammals,  birds  and  fish  were  also  obtained,  including  as  many  as 

eight  human  lower  jaws  of  adults  and  children,  with  other  bones  of  the  skeleton, 

though  too  much  injured  to  be  restored. 

The  most  noteworthy  discovery  was  that  of  the  MacArthur  Cave,  explored  and 

carefully  described  by  Dr  Joseph  Anderson  in  March  1895. §  This  cave  was  about 

30  feet  higher  in  the  cliff  than  the  level  of  the  present  beach,  and  100  yards  distant 

from  it.  A  bed  of  gravel  or  small  water-rolled  pebbles,  about  6  feet  in  its  greatest 

thickness,  extended  over  the  floor  of  the  cave.  Intercalated  in  the  upper  part  of  the 

gravel,  but  thinning  out  towards  the  sides  and  entrance,  was  a  deposit  of  sea-shells, 

the  lower  shell-bed,  which  varied  in  thickness  from  5  to  26  inches.  On  the  top  of 

the  gravel  was  an  accumulated  refuse-heap  from  27  to  36  inches  thick  of  the  shells 

of  edible  molluscs,  interspersed  amongst  which  were  patches  of  ashes,  wood  charcoal, 

bones  of  deer,  ox,  pig,  dog,  badger,  the  larger  of  which,  as  well  as  horns  of  deer,  were 

splintered  for  the  manufacture  of  implements,  many  of  which  were  scattered  through 

the  shell  refuse  and  the  gravel ;  bones  of  birds,  fish  and   claws  of  crabs  were  also 

*  Ayr  and  Gal.  Arch.  Assoc,  vol.  vii,  pp.  62  et  seq.,  quoted  by  Dr  Robert  Munro. 
t  Described  in  Reports  of  Edinburgh  Meeting  of  British  Association,  p.  160,  1871  ;  the  femora,  in  my  "  Challenger  " 

Report,  part  xlvii,  p.  97,  1886  ;  the  bones,  more  fully  in  my  account  of  the  Caves  at  Oban,  Proc.  Soc.  Antiq.  Scot., 
vol.  xxix,  May  1895. 

{  The  Gaswork,  Distillery  and  MacArthur  Caves  are  described  in  my  memoir  on  the  Caves  at  Oban,  cited  above. 
§  Proc.  Soc.  Antiq.  Scot.,  vol.  xxix,  p.  211,  1895  ;  also  my  memoir  on  the  Caves  at  Oban  in  the  same  volume. 
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recognised.  On  the  surface  of  this  refuse  was  a  layer  of  black  earth  which  had 

drifted  into  the  cave,  containing  bones  of  birds  and  small  mammals.  The  imple- 
ments were  formed  of  stone,  flint,  bone  and  horn,  the  most  interesting  of  them  being 

seven  harpoons,  or  fish  spears,  made  of  deer-horn.  Two  human  skulls  were  found, 

along  with  other  bones  of  their  skeletons,  as  well  as  the  lower  jaw  of  a  third,  C,  and 



THE  CRANIOLOGY  OF  THE  PEOPLE  OF  SCOTLAND. 213 

Fig.  29.— Skulls  A  and  B,  MacArthur  Cave,  Oban. 
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four  axis  cervical  vertebrae,  so  that  at  least  four  persons  had  been  entombed  in  the 

cave.  One  skull,  A,  was  found  on  the  surface  of  the  black  earth  towards  the  back 

of  the  cave ;  another,  B,  was  embedded  in  the  shell-bed  immediately  subjacent  to 
the  black  earth. 

The  skulls  from  the  MacArthur  cave  were  adults.  B  was  a  powerful  male,  A 

possibly  also  a  male,  C  possibly  a  female.  In  B  the  general  form  of  the  cranium  was 

elongated  ovoid,  pentagonal  in  both  norma  verticalis  and  occipitalis,  broadest  at  the 

parietal  eminences,  the  parieto-squamous  region  vertical,  the  parieto-occipital  slope 

moderate,  cranial  sutures  in  course  of  closure,  cephalic  index  70 -2,  dolichocephalic; 
forehead  somewhat  retreating ;  glabella  and  supraciliaries  strong  ;  nasion  depressed  ; 

nasal  bones  short,  moderately  projecting;  facial  bones  injured,  vertical  diameter  of 

orbit  low,  index  microseme,  lower  jaw  massive,  angle  marked,  chin  strong.  In  length, 

breadth  and  horizontal  circumference  the  dimensions  were  large,  and  in  the  cubic 

capacity,  although  the  basi-occipital  was  broken,  the  cranial  cavity  could  contain 
1715  c.c.  of  water  (fig.  29,  A  and  B)  (Table  VI). 

In  A  the  cranial  sutures  were  unossified  and  the  dimensions  were  smaller  than 

in  B.  The  teeth  were  erupted  and  not  decayed.  The  general  form  of  the  cranium 

approximated  to  B,  but  the  slope  of  the  vault  from  the  sagittal  line  to  the  parietal 

eminences  was  not  so  steep.  The  right  parieto-squamous  region  was  imperfect,  and 
the  greatest  breadth,  138  mm.,  could  only  be  given  approximately,  which,  with  the 

glabello-occipital  length,  183  mm.,  gave  a  cephalic  index  75*4,  in  form  essentially 
dolichocephalic ;  the  vertical  index  was  76.  The  forehead  was  not  so  retreating 

as  in  B  and  the  glabella  and  supraciliaries  were  not  so  strong ;  the  nasion  was  not 

so  depressed  and  the  nasals  not  so  projecting;  the  nasal  index  47 '9  was  narrow 

leptorhine  ;  the  gnathic  index  94'2  was  orthognathous ;  the  orbital  index  82*5  was 

low,  microseme;  the  palato-maxillary  index  113-2  was  mesuranic,  and  the  palate 
was  symmetrical.  The  lower  jaw  had  a  forward  projecting  chin,  and  a  distinct 

angle.  The  lower  jaw  was  the  only  bone  of  C  to  be  identified  ;  it  was  well  formed 
and  with  a  definite  chin. 

The  skulls  from  the  Mackay  cave  were  those  of  a  man  and  a  child.  That  of  the 

adult  was  much  injured  ;  evidently  the  man  had  been  in  the  prime  of  life  for  the 

crowns  of  the  teeth  were  not  much  worn  ;  the  lower  jaw  was  well  formed,  the  supra- 

ciliaries, the  inion  and  the  curved  lines  were  prominent,  the  palate  was  highly  arched.  * 
The  child  was  probably  eight;  the  face  was  broken  away,  the  cranium  was  171  mm. 

long,  133  mm.  broad,  the  cephalic  index  was  77*8.  The  cranium  was  metopic,  small 
Wormians  were  in  the  lambdoid  and  each  pterion  had  an  epipteric. 

The  bones  of  the  shafts  of  the  lower  limb  showed  interesting  characters.  In  the 

Mackay  skeleton  the  tibiae  were  platyknemic  and  an  articular  surface  for  the  astragalus 

was  prolonged  in  front  of  the  lower  end  of  the  tibia.  In  1886  I  pointed  out*  that 
the  upper  third  of  the  anterior  surface  of  the  shaft  of  the  femur  was  transversely 

*  "  Challenger  Reports,"  Zoology,  part  xlvii,  p.  97,  1886. 
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widened  and  flattened,  and  an  external  infra-trochanteric  ridge  gave  a  defined  outer 
border  to  the  femoral  shaft  distinct  from  and  in  front  of  the  gluteal  ridge.  I  had 

also  described  a  similar  conformation  in  the  femora  of  Maoris,  Sandwich  Islanders, 

Lapps  and  Esquimaux.  Attention  has  since  been  called  by  Manouvrier  to  this 

character,  which  he  has  named  platymery,  in  femora  from  neolithic  burials  in  France 

and  from  the  Guanche  cave-burials  in  the  Canary  Islands.  In  the  Mackay  tibiae  the 

index  of  platyknemy  was  in  one  63'6,  in  the  other  65"6  ;  that  of  platymery  56"4  and 

58 "8  respectively.  In  the  MacArthur  cave  these  characters  in  the  shafts  of  the  tibiae 
and  femora  were  not  so  accentuated. 

It  should  be  pointed  out  that  in  each  cave^  considerable  quantities  of  soil  and 

rock  debris  were  present.  In  those  in  which  skulls  were  found  the  entrances  had 

been  obstructed ;  in  the  Mackay  cave  by  an  embankment  of  earth  8  to  9  feet 

thick,  in  which  beech  trees  were  growing,  and  in  the  MacArthur  cave  by  a  talus 

of  earth  and  stones  from  the  fall  of  superincumbent  rock,  which  blocked  and 

concealed  the  entrance.  Evidently,  therefore,  the  human  remains  found  in  these 

caves  were  not  from  recent  occupancy.  The  presence  of  bones  of  at  least  fifteen 

individuals  of  different  ages  and  sex,  with  the  remains  of  food  and  cooking,  points 

to  the  caves  having  been  at  some  former  period  places  of  residence  and  ultimately 
of  interment. 

It  is  to  be  noted  that  no  mention  is  made  of  either  bronze  or  iron  implements ; 

stone,  flint,  horn  and  bone,  were  the  material  provided  by  nature  and  rudely 

fashioned  by  the  people  for  their  purposes.  In  one  instance  only,  the  Gasworks  cave, 

were  some  fragments  of  coarse  pottery  found.  The  implements  were  therefore  those 

employed  by  neolithic  man,  and  it  was  to  this  period  that  the  caves  were  ascribed 

by  Dr  Anderson  and  myself  in  our  respective  memoirs. 

As  regards  the  skulls  in  the  MacArthur  cave,  it  has  been  argued  that  they  were 

not  cotemporaneous  with  the  makers  of  the  implements  owing  to  their  superficial 

position  on  the  floor  of  the  cave,  one  being  on  the  surface  of  the  black  earth,  another 

embedded  in  it  and  almost  on  the  top  of  the  subjacent  shell-bed.  It  should?  however, 
be  stated  that  of  the  boxes  containing  human  bones  which  reached  me  for  examina- 

tion, No.  2  was  labelled  "obtained  in  the  shell-bed  below  the  layer  of  black  earth," 

and  No.  3  "  bones  from  the  shell-beds  and  pockets  in  and  under  a  layer  of  gravel, 
situated  below  No.  2."  There  are  grounds  for  thinking  that  the  human  bones  which 
were  mingled  with  the  food  refuse  and  implements  were  those  of  the  original 

occupants.  The  skulls,  again,  found  more  superficially  were  presumably  those  of  the 

last  occupants,  which  remained  where  they  died.  It  does  not,  however,  follow  that 

they  were  not  the  descendants  of  the  older  dwellers  in  the  cave.  The  skulls  differed 

so  greatly  in  form  and  proportion  from  the  rounded  brachycephalic  heads  which 

are  associated  with  the  characteristic  tombs  and  implements  of  bronze  burials,  that 

we  cannot  associate  them  with  that  period.  They  must  therefore  belong  either  to 
an  antecedent  or  a  subsequent  period.     There  is  nothing  in  the  great  length  of  the 
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skull  B,  its  dolichocephalic  proportions,  or  its  large  cubic  capacity,  adverse  to  its 

being  from  the  neolithic  maker  of  the  implements  found  in  the  cave  ;  an  argument 

that  its  size  and  capacity  harmonised  rather  with  those  of  people  of  more  modern 

times  does  not  necessarily  confirm  it  as  being  a  relatively  recent  introduction  into 

the  cave  in  which  it  was  found,  for  skulls  undoubtedly  neolithic  have  been  obtained 

with  large  capacity. 

Dr  Anderson  in  his  memoir  emphasised  the  discovery  of  harpoons  of  deer-horn 

in  the  MacArthur  cave  as  the  first  examples  of  the  kind  seen  in.  a  cave  in  Scot- 

land, though  similar  implements  had  been  found  in  a  refuse  mound  at  Caisteal 

nan  Gillean  in  the  island  of  Oronsay.  He  also  referred  to  a  specimen  from  the 

neolithic  stratum  of  the  Victoria  cave,  Settle,*  and  others  from  Kent's  cavern 
at  Torquay  associated  with  implements  of  palaeolithic  type.  Since  the  publication 

of  his  memoir  a  rock  shelter  at  Druimvargie,  Oban,t  was  cleared  of  its  talus,  and 

a  refuse-heap  of  shells  and  broken  bones,  from  which  waterworn  pebbles,  borers 

and  chisels  of  bone,  together  with  portions  of  two  harpoons  of  deer-horn,  were 
obtained. 

In  an  article  commenting  on  the  Oban  caves  M.  Boule  called  attention  \  to 

similar  harpoons  found  in  caverns  in  France  by  himself  and  by  M.  Cartailhac,  also 

to  their  discovery  by  M.  Piette  in  the  cavern  of  Mas-d'Azil.  By  these  observers 
harpoons  of  this  type  were  regarded  as  occurring  in  a  stratum  of,  or  later  than,  the 

age  of  the  reindeer  which  had  been  succeeded  by  the  red  deer,  i.e.  at  a  time  inter- 
mediate to  the  palaeolithic  and  neolithic  epochs.  M.  Boule  considered  therefore  that 

the  archaeological  data  of  the  Oban  caves  are  not  to  be  regarded  as  neolithic,  as  was 

stated  by  Dr  Anderson  and  myself,  but,  like  the  discoveries  in  the  Mas-d'Azil,  inter- 
mediate between  it  and  the  palaeolithic  epoch. 

In  a  memoir  §  published  last  year,  Mr  Henderson  Bishop  gave  a  detailed  account 

of  his  excavations  on  a  sandhill,  Cnoc  Sligeach  in  Oronsay,  in  which  were  beds  of 

sea-shells  with  food  refuse  and  fragments  of  charcoal.  Implements  of  stone,  flint, 
bone  and  horn,  including  portions  of  harpoons,  were  figured.  He  regarded  the 

harpoons  as  for  the  most  part  of  characteristic  Azilian  type,  and  as  evidence  of  the 

culture  of  the  time  when  the  sandhill  was  occupied  and  the  refuse-heap  was  in 

process  of  accumulation  by  the  islanders.  He  concluded  that  this  period  was  directly 

correlated  with  that  of  the  occupation  of  the  Oban  caves. 

In  connection  with  the  assumed  relation  of  the  Oban  and  Oronsay  relics  with  the 

Azilian  stage  in  the  French  caves  in  which  harpoons  of  this  type  have  been  dis- 
covered, the  French  naturalists  have  associated  them  with  a  modification  in  the 

species  of  the  fauna,  remains  of  which  have  also  been  found,  with  the  disappearance 

of  the  reindeer  and  the  advent  of  the  red   deer,   a  difference  which    expressed  an 

*  Boyd  Dawkins,  Gave  Hunting. 
t  Robert  Munro  in  Prehistoric  Scotland,  p.  54,  1899. 
I  L  Anthropologic,  vol.  vii,  p.  319,  1896. 
§  Proc.  Soc.  Antiq.  Scot.,  vol.  xlviii,  p.  52,  1914. 
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interval  of  time  and  change  of  temperature.  In  the  Oban  caves  and  the  Oronsay 

refuse-heap  there  is  no  corresponding  modification  in  the  fauna,  the  species  of  which 
correspond  with  the  neolithic  period,  and  are  also  characteristic  of  the  present  time. 

No  painted  or  coloured  stones  were  found  in-  either  of  the  Scotch  localities  such  as 

have  been  described  by  M.  Piette*  in  the  Azilian  layer  in  the  cavern  of  that 
name,  which  is  regarded  as  immediately  preceding  the  neolithic  age. 

Iron  Age.     Table  VII. 

In  the  course  of  centuries  the  bronze-age  people  ceased  to  be  the  dominant  race 
in  Britain,  and  were  succeeded  by  successive  invasions  from  the  Continent  of  other 

races,  Celts,  Norsemen,  Anglo-Saxons,  Danes,  whilst  for  a  period  of  about  four 
centuries  the  Romans  had  occupied  South  Britain  and  for  less  than  a  century  the 

more  southern  part  of  North  Britain.  The  use  of  bronze  in  the  manufacture 

of  implements,  weapons  and  personal  ornaments  gradually  disappeared  and  was 

replaced  by  iron.  The  Celts,  the  immediate  successors  of  the  bronze-age  people, 
occupied  doubtless  the  country  along  with  them,  and  the  use  of  bronze  and  iron 

for  a  time  overlapped.  It  is  generally  admitted  that  the  extraction  of  iron  from 

its  ores  and  its  economic  applications  were  known  on  the  Continent  before  the 

first  invasion  of  Britain  by  Celtic  tribes  took  place,  and  that  it  was  through  them 

that  this  metal  was  introduced  and  gradually  displaced  the  use  of  bronze. 

Celts. — It  has  been  shown  that  the  neolithic  and  bronze-age  inhabitants  can  be 
recognised  by  the  character  of  their  interments,  by  the  grave  goods  and  the  skeletons 

found  in  their  tombs.  The  question  therefore  naturally  arises  if  the  prehistoric  Celts 

in  Scotland  had  a  distinctive  mode  of  burial,  and  if  their  skeletons  could  be  relied  on 

as  possessing  definite  ethnographical  features.  Dr  Joseph  Anderson  has  shown  in 

his  classical  Rhind  Lectures  that  abundant  specimens  of  the  artistic  work  of  the  Celts 

have  been  preserved  from  both  Pagan  and  Christian  times.  The  Celtic  art  of  the 

pagan  period  in  bronze,  iron  and  even  in  gold  displays  originality  in  design  and  skill 

in  execution,  whilst  evidence  of  constructional  architectural  ability  is  shown  in  the 

ancient  brochs  which  must  undoubtedly  be  assigned  to  the  Celtic  and  not  to  the  Norse 

period  of  occupancy  of  Scotland.  But  in  regard  to  a  distinctive  type  of  interment 

he  is  emphatic  in  stating  that  he  knows  of  no  characteristics  as  distinguishing  the 

burials  of  the  pagan  Celts  in  the  iron  age  in  Scotland,  so  that,  through  the  burning 

of  the  bodies  of  the  dead,  our  archaeology  is  absolutely  destitute  of  recorded  data  for 
this  purpose. 

Since  the  publication  of  his  lectures  discoveries  have  been  made  which  seem  to 

throw  some  light  upon  the  former  obscurity.  In  1903 1  a  grave  was  opened  at 

Moredun   near   Edinburgh   and   was   described   by   Mr   F.    R.   Coles.     A   cist  was 

*  V 'Antkropologie,  vol.  vii,  p.  385,  1896. 
t  Proc.  boc.  Antiq.  Scot.,  vol.  xxxviii,  1904. 
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Table  VII. 

Iron  Age. 

Celt. Norse. 
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Ad. Ad. Ad.       Ad. 
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M. 
F. 
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M.?       M. 
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77-8      78- Horizontal  circumference,  . 
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542  1 Frontal  longitudinal  arc,     . 123 
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128 Parietal          „             ,, 
■     145 116 
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Occipital         „             ,, 115 
111 109 
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Total      ,,             ,, 393 

358 371 
364 

Vertical  transverse  arc, 
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305 Length  of  foramen  magnum, 
34 

33 

36 
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Basi-nasal  length, 
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92 

93 
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Basi-alveolar  length,  . 
93 
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Gnathic  Index,     . 
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Nasio-mental  length,  . 115 

Nasio-alveolar  length, 

.71 

... 
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Orbital  width,    . 41 

40 41 
Nasal  height, 54 

Nasal  width, ... 22 

Nasal  Index, 

40-7 

Orbital  height,   . 31 

"29 

38 

Orbital  Index, 

75-6 
72-5 92-7 

Mandible.symphysial  height, 

"28 

exposed  which  gave  evidence  of  an  interment  at  an  early  period  of  the  iron  age, 

when  bronze-age  modes  of  burial  were  still  practised.  The  sides,  ends  and  cover  of 
the  cist  were  formed  of  sandstone  slabs  from  3-|  to  5  inches  thick.  It  was  an  almost 

regular  oblong  and  was  directed  practically  east  to  west.  The  inside  measurement 

was  approximately  4  feet  in  length  and  2  feet  3  inches  in  breadth.  The  cist  con- 
tained two  decayed  human  skeletons,  a  young  adult  and  an  adolescent  about  twenty- 

one  ;  an  iron  fibula,  an  iron  circular  brooch,  and  a  long  iron  pin.  The  cist  in  general 
form  and  construction  was  not  unlike  a  short  cist  of  the  bronze  age,  and  the  skeleton 

was  bent  on  itself;  but  the  presence  of  iron  objects  and  the  absence  of  urns  associated 

it  with  the  iron  period.  It  is  stated  that  a  portion  of  cloth  with  which  the  body 

had  been  wrapped  was  adherent  to  the  pin  of  the  fibula. 
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The  skull  of  the  adult  in  the  Moredun  cist,  though  much  damaged,  enabled 

Professor  Bryce  to  estimate  its  form  and  proportions  (Table  VII).  The  cranium 

was  ellipsoidal  in  the  norma  verticalis,  vertex  flattened,  no  sagittal  crest,  the 

sides  rounded,  the  parieto-occipital  slope  gradual,  the  occipital  probole  slightly 

marked,  the  frontal  bone  full  and  rounded,  the  glabella  and  supraciliaries  not  pro- 
jecting, the  upper  orbital  rim  thin,  characters  which  suggested  that  the  skull  was 

that  of  a  woman.  The  maximum  length  was  192  mm.,  the  basi-bregmatic  height 
140  mm.,  the  maximum  breadth  144  mm.  The  cephalic  index  was  75,  the  vertical 

index  72*8.  The  skull  was  dolichocephalic  and  the  vertical  index,  less  than  the 
cephalic,  was  metriocephalic.  The  face  was  high  leptoprosopic  and  the  jaw 

orthoo-nathous. 

In  1908  a  cairn  and  interments  were  explored  at  the  Black  Rocks,  Gullane,  East 

Lothian,  by  Dr  Edward  Ewart  and  Mr  Alexr.  0.  Curle.*  The  cairn  consisted 

of  whinstone  boulders  placed  on  the  shore  between  high-water  mark  and  the  line 
of  the  20-foot  beach.  Six  human  skeletons  were  found  in  the  cairn,  some  of  which 

were  in  the  contracted  position,  but  in  no  case  was  one  enclosed  in  a  built  cist. 

Near  one  of  the  skeletons  a  small  spiral  ring  of  bronze  was  found,  and  beneath 

another  was  a  rust-corroded,  fragile,  disc-shaped  iron  knife-dagger,  7  inches  long 

and  f  inch  broad.  A  disc  or  whorl  of  sandstone  2|  inches  in  diameter,  and  per- 
forated in  the  centre,  was  found  at  one  end  of  the  cairn.  In  the  neighbourhood 

of  this  cairn  were  others  similar  in  type,  though  some  were  smaller  in  size  and  con- 

tained single  burials.  In -only  one  of  these  did  a  cist  appear  to  have  been  noticed. 
It  was  thought  that  a  number  of  skeletons  had  been  buried  in  these  cairns.  So 

many  interments  in  a  comparatively  limited  area  point  to  the  locality  being  an 

ancient  cemetery. 

Three  skulls  were  procured,  which  enabled  Dr  Waterston  to  examine  and 

obtain  some  measurements.  In  one,  an  adult  male,  the  cephalic  index  was  76 '5,  the 

vertical  74'9  ;  in  a  second,  an  adult  female,  with  a  metopic  suture,  the  cephalic  index 

was  72 "3,  the  vertical  71 '7  ;  in  a  third  adult  the  coronal,  sagittal  and  lambdoid  sutures 
were  obliterated,  the  skull  had  a  subscaphocephalic  character  and  was  so  elongated 

in  relation  to  the  breadth  that  the  cephalic  index  was  only  67 '3  and  the  vertical 
64  9  (Table  VII).  A  femur  showed  strongly  marked  platymery  ;  also  an  articular 

facet  for  the  tibia  above  the  inner  condyl  due  to  great  flexion  of  the  knee  in  the 

squatting  posture.  Waterston  estimated,  from  the  length  of  the  femur  and  tibia, 
the  stature  of  the  individual  at  5  feet  3  inches. 

The  characters  of  the  crania  approximated  to  dolichocephalic  and  not  to  brachy- 
cephalic  proportions,  and  the  burial  of  the  bodies  in  the  sand  which  surrounded  the 

boulders,  and  not  in  built  cists,  together  with  the  presence  of  the  iron  knife,  points, 

notwithstanding  the  bronze  ring,  to  the  interment  having  been  made  at  or  later  than 

the  transition  from  the  bronze  to  the  iron  period.     These  interments  may  have  been 

*  Proc.  Soc.  Antiq.  Scot,  vol.  xlii,  1908. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  I  (NO.  5).  31 
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somewhat  later  than  that  at  Moredun,  and  they  are  perhaps  to  be  regarded  as 
Celtic  burials. 

In  1909  Mr  James  E.  Cree  described*  two  caves  which  he  had  explored  at 
Archerfield,  East  Lothian,  which  had  been  used  as  habitations.  Bones  of  domestic 

animals,  shells  of  edible  sea-molluscs,  fireplaces  and  charcoal  were  found.  Also 

broken  pottery,  some  of  which  was  coarse,  others  of  finer  paste  and  a  few  frag- 
ments of  Samian  ware.  Objects  of  stone,  bone,  horn  and  glass  fitted  to  be  of  use 

were  found.  An  iron  knife  corroded,  a  spear-head  and  nails,  also  a  bronze  pin 
and  small  portions  of  this  metal  were  obtained,  but  no  human  remains.  Mr  Cree 

associated  the  relics  and  the  use  of  the  caves  with  the  early  iron  period,  though 

the  Samian  ware  makes  it  probable  that  they  were  occupied  during  Romano- 
British  times,  f 

Many  years  ago  a  group  of  graves  was  exposed  at  Cramond,+  in  one  of  which 

an  iron  key  was  found  along  with  a  skeleton.  Its  presence  might  seem  to  point  to 

the  burial  as  of  the  iron  age,  but  this  grave,  like  the  others  in  the  same  group,  was 

arranged  and  built  on  the  type  of  the  long  stone  cists  to  be  described  in  a  later 

section  (pp.  229,  231).  A  figure  of  the  key,  which  evidently  had  been  little  corroded 

by  rust  and  had  a  modern  aspect,  is  given  in  the  Archseologica  Scotica.  I  am 

inclined  to  regard  these  graves  as  later  than  the  pagan  iron  age.  In  1864  a  skull 

was  presented  to  me  by  Dr  Lumgair  which  had  been  obtained  at  Largo,  in  the  field 

in  which  the  standing  stones  are  situated.  It  was  found  in  a  "  coffin  built  of  loose 

slabs,"  and  it  showed  a  fracture  in  which  a  piece  of  iron  was  lodged.  This  burial  1 
have  also  associated  with  the  long  stone  cists  (p.  228). 

Norsemen. — Without  taking  into  consideration  the  Roman  invasion  of  Scotland, 
which  probably  did  not  exercise  permanent  influence  on  the  physical  characters 
of  the  natives,  other  invasions  followed  which  have  left  their  mark.  The  most 

important  of  these  was  the  establishment  by  the  Norsemen  of  settlements  at  various 

parts  of  the  coast,  relics  of  which  have  been  preserved.  An  admirable  account  of 

some  of  these  burials  and  of  the  objects  found  was  given  by  Dr  Anderson  in  the 

first  and  second  of  his  Rhine!  Lectures.  §  Sutherland,  Caithness,  the  Orkneys,  the 

Shetlands,  May,  Mull,  Tiree,  Barra,  Sangay  and  St  Kilda  provided  examples.  Some 

were  Viking  burials  ;  they  contained  implements  and  weapons  of  iron,  and  various 

objects  in  bronze,  also  silver  ornaments.  They  were  in  mounds  containing  human 

skeletons  and  sometimes  bones  of  the  horse  and  dog.  The  skeletons  did  not  seem 

to  be  contained  in  stone  cists,  though  in  some  cases  planks  of  wood  with  iron  rivets 

were  present,  as  if  the  Viking  had  been  buried  in  his  ship. 

Subsequent  to  the  publication  of  these  Lectures,  additional  examples  have  beeu 

*  I'roc.  Soc.  Antiq.  Scot.,  vol.  xliii,  p.  243,  1909. 
+  In  the  section  on  Ethnography  (p.  247)  the  recent  discovery  of  iron  objects  by  Mr  Alexk.  0.  (Jurle  in  a 

fortification  on  Traprain  Law,  East  Lothian,  has  been  included  in  the  text. 
\  Archmologia  Scotica,  vol.  iii,  p.  40,  1831. 

§  Scotland  in  Pagan  Times — The  Iron  A<je,  1883. 
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recorded.  Anderson  himself  described  in  1907  objects  found  in  a  low  mound  near 

the  beach  on  the  east  of  the  island  of  Oronsay  :  *  brooches  of  bronze  with  iron  pins, 
beads  of  amber  and  serpentine,  an  iron  knife  and  two  human  skeletons  at  full  length 

directed  with  the  feet  to  the  S.S.E.  ;  also  iron  rivets,  as  if  the  burial  had  been  in 

a  ship.  His  description  included  an  account  of  a  Viking  grave  at  Kiloran  Bay, 

Colonsay,  from  notes  made  by  the  late  Mr  Wm.  Galloway.  A  mound  15  feet  by 

10  feet,  with  rough  schist  slabs,  contained  an  iron  sword,  spear,  axehead,  umbo  of  a 

shield,  with  some  bronze  articles,  Anglo-Saxon  coins  of  the  ninth  century,  also  a 
human  skeleton  in  a  crouched  position,  that  of  a  horse,  and  numerous  iron  rivets, 

as  if  this  also  had  been  a  ship  burial. 

In  1896,  within  a  gravel  mound  at  Lamlash,  Arran,  about  170  feet  above  high- 
water  mark,  a  Viking  burial  was  exposed,  and  was  subsequently  described  by  Mr  J.  A. 

Balfour,  f  It  contained  a  single-edged  iron  sword  and  the  iron  umbo  of  a  shield  of 

the  type  of  the  eighth  or  ninth  century.  More  recently,  in  1909,  a  cairn  at  King's 
Cross  Point,  Lamlash,  was  found  to  contain  a  heap  of  calcined  human  bones,  with 

charcoal,  iron  and  bronze  objects,  a  bronze  coin  of  the  ninth  century,  also  iron 

rivets,  as  if  the  body  had  been  cremated  in  a  boat. 

The  skeleton  from  Kiloran  Bay  was  said  to  be  that  of  a  powerful  man,  not  of  great 

stature,  with  a  long  narrow  dolichocephalic  skull  ;  those  from  Oronsay  were  from  a 

large  man  and  a  woman,  both  advancing  in  age.  Anderson  described  in  his  Rhind 

Lectures  on  the  Vikings,  graves  and  mounds  at  Westray  and  at  Pierowall  in  Orkney 

in  which  iron  implements  and  weapons,  human  bones  and  those  of  the  horse  and  dog 

were  found.  Those  from  Pierowall  were  associated  with  wooden  planks  and  iron 

rivets,  which  suggested  an  interment  along  with  the  ship.  In  the  National  Museum  of 

Antiquities  is  a  male  skull  (E.T.  63)  from  Pierowall  (Table  VII),  the  vertex  of  which 

was  flattened ;  the  parieto-occipital  slope  was  relatively  steep.  The  basi-occipital 
had  been  fractured  transversely,  and  subsequently  united  obliquely,  which  might 

have  affected  the  measurements  in  length  and  height  of  the  cranium  and  conse- 
quently the  cephalic  and  vertical  indices,  which  were  817  and  60  respectively. 

Another  male  skull  (E.T.  62),  stained  brown  from  peat  like  E.T.  63,  and  possibly 

from  the  same  place,  was  neither  flattened  nor  keeled  on  the  vertex,  and  the  parieto- 

occipital slope  was  not  so  steep.  It  was  longer  than  but  not  so  broad  as  in  63,  and 

the  cephalic  and  vertical  indices  were  75 "1  and  64  "9  respectively.  It  is  possible  that 
one  of  these  skulls  may  have  been  that  referred  to  by  Mr  Wm.  Rendall  J  as  from 

the  Norse  cemetery  at  Pierowall,  Westray,  and  the  other  from  the  group  of  grave 

mounds  at  Pierowall  examined  by  Messrs  Farrer  and  Gr.  Petrie  in  1841  and  1855. 

Opportunities  of  measuring  the  skulls  of  the  Norse   Vikings  have  been  scanty. 

*  Proe.  Soc.  Antiq.  Scot.,  vol.  xxv,  p.  432,  1891,  and  vol.  xli,  p.  437,  1907. 
t  Idem,  vol.  xliv,  p.  221,  1910  ;  The  Book  of  Arran. 

%  Anderson,  Tlie  Iron  Age  in  Scotland  in  Pagan  Times ;   also  Rendall  in  Proc.  Soc.  Antiq.  Scot.,  vol.  xiv, 
p.  85,  1880. 
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In  two  of  the  above  specimens  one  cranium  was  approximately  dolichocephalic, 
another  brachycephalic,  but  the  proportions  in  the  latter  may  have  been  modified 
from  the  fracture  of  the  basis  cranii. 

Prehistoric  Mausoleum.     Table  VI. 

In  November  1865  I  accompanied  the  late  Sir  J.  Y.  Simpson  to  SeaclifF  House, 
North  Berwick,  to  inspect  a  structure,  containing  human  skeletons,  which  had 

been  exposed  by  the  late  proprietor  Mr  J.  W.  Laidlay,  in  the  course  of  excavating  a 

deep  pit  for  the  construction  of  an  ice-house,  in  the  policy  adjacent  to  the  mansion- 
house.  In  notes  made  at  the  time  I  stated  that  the  pit  was  dug  in  a  mound  of 

sand  higher  than  the  level  of  the  surrounding  ground.  In  the  middle  of  the  mound 

the  roof  of  the  structure  had  been  brought  to  view  6  feet  below  the  surface,  and  in 

Fig.  30. — Section  of  Mausoleum,  Seaelifl'.  • 

the  further  process  of  excavation  one  of  the  walls,  which  I  may  call  the  front  wall, 

had  been  uncovered.  This  wall  had  fallen  down  before  our  arrival,  and  the  interior 

of  the  structure  was  partially  disclosed. 
The  sand  above  and  around  was  somewhat  stratified.  The  walls  of  the  structure 

were  built  of  fiat  flagstones  superimposed  on  each  other,  without  any  trace  of 

intermediate  mortar.  They  enclosed  a  four-sided,  low,  rectangular  chamber  longer 

in  one  diameter,  the  transverse,  than  in  the  other  or  antero-posterior  direction. 

The  roof  was  vaulted  and  formed  of  flat  stones,  placed  almost  horizontally,  and 

arranged  in  five  rows,  which  converged  across  the  transverse  diameter  of  the 

chamber.  The  top  of  the  wall  on  each  side  supported  the  outer  row  of  the  flat 

stones  of  the  roof,  which  in  their  turn  supported  the  second  roAv,  and  on  these  again 

the  stones  of  the  middle  row  rested  (fig.  30). 

The  interior  of  the  chamber  exposed  by  the  falling  down  of  the  front  wall  was 

seen  to  be  occupied  with  sand,  which  had  apparently  entered  through  the  inter- 

spaces between  the  stones.  For  the  most  part  the  sand  was  loose  and  easily  taken 

out,  but  near  the  floor  it  was  more  compact,  blackish  in  colour,  and  so  much  inter- 
mingled with  the  skeletons  resting  on  the  floor  as  to  interfere  with  their  removal. 
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In  the  course  of  the  investigation  the  bones  of  six  skeletons — four  male  adults, 

a  young  woman  and  a  child — were  recognised  on  the  floor  of  the  chamber.  In 

attempting  to  remove  the  child's  skull  the  frontal  bone  came  away  in  my  hand. 
Three  of  the  skulls,  two  adults  and  the  child,  were  close  to  the  back  wall  of  the 

chamber,  whilst  two  other  adult  skulls  lay  close  to  the  front  wall.  The  position  of 

the  sixth  skull  was  not  noted.  The  mingling  of  the  bones  with  the  compacted 

sand,  and  their  softened  and  fragmentary  condition,  made  it  impossible  to  disengage 

the  separate  skeletons.  As  two  of  the  skulls  were  near  the  front  wall  and  three 

at  the  back  wall,  it  seemed  as  if  the  bodies  had  been  laid  in  the  transverse  dia- 

meter  of  the   chamber   side   by  side  in   a    row,    alternately   heads   and   feet.     The 

Fig.  31.— Skull  A,  Seaeliff. 

conditions  under  which  the  skeletons  were  found  did  not  enable  me  to  say 

whether  the  bodies  had  been  buried  in  the  bent  or  the  extended  position.  The 

dimensions  of  the  chamber  were  not  taken,  but  it  was  sufficient  to  accommodate 

the  adults  and  the  child  lying  side  by  side  at  full  length. 

My  notes  do  not  refer  to  urns,  implements  or  other  relics  as  found  in  the 

chamber.  A  few  days  after  our  visit  Mr  Laidlay  brought  to  the  University  a  box 

containing  five  crania  ;  but  the  skull  of  the  child,  the  bones  of  which  had  come 

asunder,  had  not  been  preserved.  Only  one  of  the  adult  skulls  was  sufficiently  entire 

to  permit  of  a  fairly  complete  examination.  The  other  four  adults  had  no  vestige 

of  a  face,  excepting  portions  of  the  lower  jaw,  and  the  cranium  was  so  much  injured 

that  accurate  measurements  of  the  dimensions  could  only  be  partially  obtained. 

The  entire  skull,  A,  Table  VI  (fig.  31)  belonged  to  an  adult  man,  apparently  in 
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middle  life,  for  the  teeth  were  much  flattened  from  use,  but  the  sutures,  iucluding 

the  frontal,   were  distinct.     In   the  norma  verticalis   this  skull  was  broadly  ovoid, 

and   in   its  general   character  well  filled  ;  it  was  not  ridged  in  the  sagittal  region. 

Although  the  length  was  188  mm.,  the  greatest  breadth  was  as  much  as  147  mm., 

and   120   mm.    at   the  asterion.     Its  cephalic    index  was   78*2,  mesobrachycephalic. 
It  was   cryptozygous.     The   glabella  and    supraciliary  ridges   moderately  projected, 

the  forehead  was  slightly  receding.       The  vertex  was  somewhat  flattened,  the  slope 

outwards  and  downwards  to  the  eminences  was  moderate  and  in  the  parieto-occipital 

region   it   was  not  abrupt ;   the   occipital  squama  projected   behind  the  inion.     The 

basi-bregmatic  height  was  less  than   the  maximum  breadth,  and  the  vertical  index 
75  was  metriocephalic.     The  nasion  was  somewhat  depressed  ;  the  nasal  bones  were 

moderate  in  length,  concave  in  the  bridge  and  projected  downwards  and  forwards ; 

the  height  of  the  nose  was  more  than  twice  the  width,  and  the  index  was  almost 

leptorhine,    48  "2.     The    transverse    diameter   of    the    orbits   was    greater   than    the 

vertical,  and  the  index  was  microseme,  82*5.     The  alveolar  border  of  the  upper  jaw 
was  damaged  in  the   incisor  region,  but  the  gnathic  index,  approximately  96,  was 

obviously    orthognathous ;    the    face    was    moderately  high,   the   index    92*6,    lepto- 
prosopic.     The  lower  jaw  was  massive,  with  a  strong  chin,   deep  symphysis,  well- 
defined  angle,  and  the  teeth  were  much  worn.     The  palate  was  deeply  arched.     The 

palato-maxillary  index  121  was  hyperbrachyuranic.     No  special  modifications  of  the 
bones  were  noted,  except  the  metopic  suture.     The  cranial  capacity  was  1530  c.c. 

The  cranium  B,  apparently  that  of  a  man,  was  189  mm.  long;  but  as  the  left 

side,  which  was  probably  that  on  which  it  had  rested  in  the  chamber,  had  been 

broken  away,  it  was  not  possible  to  obtain  either  the  frontal  or  parieto-squamous 
breadth.  The  asterionic  diameter  was  only  100  mm.  From  the  general  aspect 

of  the  fragment,  it  is  probable  that  in  its  proportion  of  length  to  breadth,  in  its 

gradual  slope  downwards  in  the  parieto-occipital  region,  and  in  the  convex  occiput, 

the  cranium  was  dolichocephalic  ;  the  basi-bregmatic  height  was  materially  below 

that  of  skull  A,  and  the  vertical  index  69*3  was  chamsecephalic. 
The  cranium  C,  apparently  a  man,  had  also  lost  a  large  part  of  its  left  side. 

Its  length  was  175  mm.,  but  the  frontal  and  parietal  breadths  could  not  be  taken. 

The  parieto-occipital  slope  was  very  like  that  of  B ;  but  as  the  asterionic  diameter 
was  somewhat  greater,  it  is  possible  that  in  its  proportion  of  length  and  breadth 

C  may  have  been  intermediate  between  A  and  B.  Its  vertical  index  7 4 '9  was 
metriocephalic. 

In  1),  only  the  frontal  and  parietal  bones  had  been  preserved ;  the  glabello- 
lambdal  length  was  165  mm.,  the  parietal  breadth  was  136  mm.,  and  the  index 

computed  from  this  length  was  82*4.  In  E,  only  the  right  half  of  the  cranium 
had  been  preserved ;  the  frontal  region  had  feminine  characters,  which  were  also 

met  with  in  one  of  the  broken  lower  jaws,  so  that  one  of  the  skulls  was  without 

doubt  that  of  a  woman.     Skull  E  inclined  to  be  dolichocephalic. 
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Owing  to  the  absence  of  grave  goods  it  is  difficult  to  fix  the  time  when  this 

mausoleum  was  built  and  to  associate  it  with  a  definite  period.  The  small  flagstones 

with  which  it  was  constructed  remove  it  from  the  neolithic  period,  as  well  as  from 

the  short  cists  of  the  bronze  age,  each  of  which  was  characterised  by  its  massive  con- 
struction ;  moreover,  there  was  no  evidence  of  cremation.  From  the  constructive 

skill  displayed  in  the  superposition,  without  binding  mortar,  of  the  flat  stones  which 

formed  the  walls  and  roof,  it  had  probably  been  built  on  the  surface  of  the  ground, 

and,  after  the  bodies  had  been  placed  in  it,  covered  by  a  mound  of  sand  for  its 

protection.  The  size  and  shape  of  the  stones  reminded  one  of  the  flags  employed  in 

the  construction  of  the  long  cists  found  in  many  counties  north  and  south  of  the 

Forth,  but  they  were  laid  horizontally,  so  as  to  form  the  walls  of  a  chamber  much 

higher  than  that  of  a  long  cist  and  destined  to  contain  not  a  single  but  several 

bodies.  The  roof  also,  instead  of  having  only  a  single  row  of  flat  stones,  approxi- 
mated to  the  vault  shape,  such  as  has  been  seen  in  some  chambered  cairns 

and  brochs. 

Whatever  the  period  may  have  been,  the  tomb  was  obviously  the  mausoleum  of 

a  family,  for  it  contained  the  skeletons  of  four  men,  a  woman  and  a  child,  and  there 

was  no  evidence  of  wooden  coffins.  The  antero-posterior  diameter  of  the  chamber 

was  apparently  sufficient  to  allow  the  bodies  to  be  buried  as  extended.  They  had 

evidently  been  inhumed  at  the  same  time,  as  if  the  family  had  died  through  a 

common  calamity. 

At  Seacliff  Mr  Laidlay  described,  in  1870,  an  ancient  building  of  stone,  without 

mortar,  found  at  the  beach  on  the  Ghegan  Rock,  about  22  feet  above  high- water 

mark,  adjoining  which  was  a  kitchen  mid  ding.*  A  few  human  bones,  those  of  Bos 
longifrons,  small  sheep,  goats,  small  horses,  red  and  roe  deer,  various  rodents,  birds, 

fishes  and  sea-shells  were  contained  in  the  refuse-heap  ;  also  implements  of  bone 
and  combs,  but  none  of  metal,  fragments  of  pottery,  with  one  vessel  of  considerable 
size,  a  rude  quern  and  numerous  round  stones  which  bore  evidence  of  fire.  It  is 

difficult  to  assign  a  date  to  this  building  and  its  original  occupants,  though  the 
remains  point  to  a  prehistoric  habitation. 

Earlier  in  date  than  Mr  Laidlay's  paper  a  former  proprietor  of  Seacliff,  Mr 
George  Sligo,  had  described  a  cave  discovered  in  183 If  in  a  cliff  bounding  the 
bay  in  which  the  Ghegan  Rock  is  situated.  The  floor  of  the  cave,  about  20  feet 

above  high-water  mark,  was  paved  with  flat  stones.  A  large  stone,  4£  feet  high, 
stood  on  a  mound  3  feet  1  inch  in  height  at  the  middle  of  the  mouth  of  the  cave ; 
the  top  of  the  stone  was  flat  and  6|  feet  in  diameter.  Mr  Sligo  regarded  it  as 
an  altar  and  the  cave  as  a  place  of  sacrifice,  for  the  floor  of  the  cave  was  covered 

with  wood  ashes  mixed  with  bones  of  horse,  dog,  pig,  sheep  partially  calcined,  and 
limpet  shells.  The  skeletons  of  two  young  children  were  found  at  the  base  of  the 

so-called  altar-stone,  which  was  there  probably  for  defensive  purposes. 
Proc.  Soc.  Antiq.  Scot.,  vol.  viii,  p.  372,  1871.  t  Archxologica  Scotica,  iv,  p.  353. 

*    !■>,;, 
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LoN(i  Cists— Built  Graves— Stone  Coffins.     Table  VIII. 

Archaeologists  have  long  been  conversant  with  interments  in  Scotland  in  stone 

cists  made  about  2  feet  longer  than  the  short  cists  of  the  bronze  age,  so  as  to  allow 

the  dead  to  be  buried  at  full  length  and  not  in  the  bent  or  contracted  posture.  The 

sides,  ends  and  cover  stones  of  the  long  cists  did  not  consist  of  single  massive  slabs, 

but  were  built  of  several  thin,  undressed  flagstones  ;  those  of  the  ends  and  sides 

rested  by  the  lower  edge  on  the  ground,  whilst  their  upper  edge  gave  support  to 
the  horizontal  slabs  of  the  cover,  which,  like  those  of  the  sides,  were  several  in 

number.  The  lateral  borders  of  the  flags  were  not  connected  by  cement  or  clay,  but 

were  simply  apposed,  and  the  floor  might  either  be  paved  with  thin  flags  or  formed 

by  the  soil.  In  many  of  these  interments  the  cists  were  directed  east  to  west,  and 

it  was  frequently  noticed  that  the  skull  was  at  the  west  end.  These  cists  differed 

from  those  described  in  the  previous  sections  by  the  absence  of  urns,  implements, 

weapons  and  ornaments,  and  they  have  consequently  received  little  attention  from 

archaeologists,  though  in  a  few  cases  objects  of  iron  have  been  noticed  lying  near  the 
contained  skeleton. 

Interments  of  this  kind  have  been  frequently  exposed  near  the  surface  during 

agricultural  operations. 

Kirkliston,  W.  Lothian. — The  occasion  on  which  I  first  saw  long-cist  burials 
was  in  April  1864,  when  Sir  James  Simpson  invited  me  to  accompany  him  to  the 

cemetery  then  being  excavated  by  Mr  Kobert  Hutchison  of  Carlowrie  in  the 

Catstane  field,  Kirkliston.  Fifty-one  graves  were  exposed,  arranged  in  nine  rows, 

with  their  long  axes  directed  east  to  west.  In  the  longest  row  were  thirteen  graves, 

in  the  shortest  only  one.  They  were  constructed  as  above  described,  and  the  slabs 

were  usually  of  unhewn  freestone,  though  a  few  were  of  a  black  shale-like  stone. 

Twenty  cists  were  6  feet  or  upwards  in  length,  two  being  6  feet  9  inches,  twenty- 
seven  between  5  and  6  feet,  while  four  were  less  than  5  feet,  the  smallest  only  2  feet 

4  inches.  The  average  depth  below  the  surface  of  the  field  was  about  15  inches, 

and  about  a  foot  of  space  existed  between  the  graves  in  each  row.  When  the  covers 

were  removed  they  were  seen  to  be  paved  with  flat  stones  and  to  be  occupied  by 

sand  and  earth  in  which  human  bones,  usually  much  decayed,  were  present ;  the 

skeletons  had  been  lying  at  full  length  with  the  heads  at  the  west  end.  Four 

imperfect  skulls  were  obtained  (Table  VIII),  and  were  described  by  me  in  an 

appendix  to  Mr  Hutchison's  memoir.  In  one  the  cephalic  index  was  73*3,  in 
another  75  9,  in  a  third  77  ;  the  proportions  were  dolichocephalic  or  approximating 
thereto. 

Subsequent  to  the  publication  of  the  above  discovery  Mr  Hutchison  exposed 

near  the  house  of  Carlowrie  a  coffin  almost  similar  to  those  in  the  Catstane  field, 

except  that  the  floor  was  not  paved  ;  it  was  6  feet  long,  20  inches  broad  and 
18  inches  deep. 
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Table  VIII. 
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A  cist,  only  3  feet  8  inches  long,  was  found  at  the  same  time,  which  was  a 

good  example  of  a  short  cist,  and  its  walls  were  formed  of  rude  slabs  of  sandstone. 

Arniston  and  Melville,  Mid  Lothian. — In  the  same  year  I  examined  on  the  estates 

of  Arniston  and  Melville  long  cists  similar  in  construction.  Seven  of  these  were 

exposed  at  ArnistoD,  whilst  draining  a  field ;  from  one  cist  I  obtained  a  skull 

(Table  VIII).  No  grave  goods  were  found,  and  the  bodies  had  been  buried  in  the 

extended  position.  At  Melville  Grange  a  single  long  cist  was  on  view  when  I  visited 

the  place,  but  the  factor  told  me  that  in  previous  years  others  had  been  observed 

similar  in  character.  No  grave  goods  had  been  found  in  any  of  these  cists,  and  in 
that  which  I  saw  the  skeleton  was  too  fragile  to  be  removed. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  I..(NO.  5). 
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Kelso. — In  1864,  whilst  digging  a  drain  in  Butts  Lane,  near  the  Abbey,  several 

cists  upwards  of  5  feet  long  were  exposed,  one  of  which,  built  of  freestone  flags,  was 

6  feet  4  inches  long,  with  a  head  piece  at  the  west  end,  18  inches  wide  at  the 

shoulders  tapering  somewhat  to  the  feet,  and  12  inches  deep.  It  contained  an 

extended  skeleton,  the  skull  being  at  the  west.  The  graves  were  parallel  to  each 

other  and  not  more  than  a  yard  apart.  A  coarsely  woven  mort- cloth  was  wrapped 

round  the  skeleton,  but  unfortunately  no  bones  were  preserved.* 
Selkirkshire. — In  1865  the  minister  of  Yarrow,  Dr  Jas.  Russell,  described  a  cist 

about  5  feet  9  inches  long,  16  inches  broad  at  the  head,  and  directed  east  and  west.  It 

was  made  of  undressed  flat  stones,  the  covering  stones  of  which  were  only  about  one 

foot  from  the  surface.  It  was  found  on  the  farm  of  Whitehope  near  the  manse,  and 

was  about  25  yards  from  the  spot  where  some  years  ago  eight  similar  cists  had  been 

exposed.  The  skull  was  obtained  and  examined  by  me  along  with  Dr  J.  A.  Smith,  f 

It  was  well  formed,  dolichocephalic,  and  with  the  breadth  more  than  the  height  (see 

Table  VIII).  The  capacity  of  the  cranium  was  1362  c.c.  The  skeleton  was  moderate 

in  stature,  and  the  marks  on  the  bones  indicated  well-developed  muscles. 

Hopetoun. — In  1876  several  long  stone  cists,  lying  east  and  west,  close  together, 
and  from  5  feet  10  inches  to  6  feet  1  inch  long,  were  exposed  in  a  sandy  mound  near 

the  shore.  Portions  of  four  adult  skeletons  were  obtained  and  examined  by  Dr  J. 

Alexr.  Smith  and  myself  J:  Three  skulls  were  dolichocephalic  ;  one  was  essentially 

brachycephalic,  79 -4  (Table  VIII). 
Lundin  Links. — In  October  1864  I  was  present  at  the  exposure  of  a  long  cist  on 

Lundin  Links,  Largo,  Fife,  a  few  yards  above  high-water  mark.  It  was  about  3  feet 
below  the  surface  and  was  covered  by  a  layer  of  waterworn  pebbles  ;  its  direction 
was  east  to  west,  and  it  had  the  characteristic  construction  of  undressed  freestone 

slabs.  The  cist  contained  the  bones  of  a  child  which  had  been  buried  in  the  extended 

position.  Mrs  Dundas  had  described  cists  of  the  same  construction  discovered  on  the 

links  in  1858. §  At  a  meeting  of  the  Field  Naturalists'  Society,  Largo,  the  secretary 
stated  that  the  cists  had  been  arranged  in  parallel  rows,  from  east  to  west,  at  regular 

distances  from  each  other.  The  contained  skeletons  were  extended,  and  usually  lay 

on  shells  and  pebbles  which  covered  a  floor  paved  with  flagstones.  I  obtained 

several  skulls  from  the  graves  at  Lundin  (Table  VIII).  In  one  cist  a  piece  of 

corroded  iron  about  2  inches  long  lay  across  the  bridge  of  the  nose.  At  the  same 

meeting  it  was  stated  that  a  similar  burying-place  had  been  exposed  on  Hallow  Hill, 

St  Andrews,  and  on  the  skull  from  one  of  the  graves  a  piece  of  corroded  iron  had 

been  found.  Dr  Lumgair  of  Largo  also  presented  me  in  1864  with  a  skull  obtained 

some  twenty  years  previously  from  a  "coffin  built  of  loose  slabs"  which  had  been 
exposed  in  the  field  with  the  well-known  standing  stones  and  immediately  adjoining 
them.     He  told  me  that  it  showed  a  fracture  in  the  occipital  region  in  which  was  a 

*  Proc.  Hoc.  Antiq.  Scot.,  vol.  vi,  p.  246,  1868.  t  Idem,  vol.  vi,  p.  65,  1868. 
+  Idem,  vol.  xii,  p.  65,  1878.  §  Idem,  vol.  iii,  pp.  68,  76, 159,  183,  1862. 
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piece  of  iron  that  "crumbled  into  rust"  on  being  touched.  The  presence  of  iron  in 
these  graves  aud  in  that  from  Cramond  might  be  regarded  as  indicating  that  they 

should  have  been  placed  in  the  group  belonging  to  the  iron  age,  but  the  construc- 
tion of  the  graves  seems  to  justify  their  inclusion  amongst  the  long  cists.  The  skull 

from  Largo  had  evidently  been  injured  by  an  iron  weapon  such  as  might  have  been 

used  in  a  fight  in  days  subsequent  to  pagan  times.  Three  skulls  were  dolicho- 

cephalic, and  two  were  meso-dolichocephalic. 

Dunbar. — From  time  to  time  during  heavy  storms  the  sea  had  washed  away 
portions  of  the  coastline  near  Dunbar  and  had  disclosed  ancient  interments.  In 

1865  several  stone  cists  were  partially  laid  bare  on  the  links  at  Winterfield  Mains, 

about  3 \  feet  from  the  surface  of  the  soil.  When  fully  exposed  three  were  seen, 

one  of  which  measured  a  little  more  than  6  feet  in  length,  whilst  other  two  were 

said  to  be  5  J  feet  long,  about  a  foot  broad,  and  the  same  in  depth.  They  had  the 

characteristic  construction  of  long  cists,  and  were  lying  east  and  west,  the  head  being 

at  the  west  end.  Each  contained  a  skeleton  at  full  length,  but  no  urn  nor  other 

relic.  I  obtained  three  of  the  skulls.  In  1891  another  great  storm  encroached  on 

the  cliff  at  Belhaven,  Dunbar,  and  exposed  several  cists.  A  note  is  recorded  by  the 

Rev.  Robert  Paul,  who  stated*  that  they  were  about  7  feet  above  high- water 
mark,  and  at  a  uniform  level  of  about  4  feet  from  the  surface.  Nine  cists  were 

counted,  situated  6  feet  from  each  other.  They  were  placed  due  east  and  west  and 

were  of  the  long-cist  type  ;  the  floor  seemed  in  each  to  consist  of  a  single  slab.  In 
1908  another  storm  exposed  in  the  same  cliff  two  additional  cists  which  belonged  to 

this  group.  One  skull  was  dolichocephalic,  one  meso-dolichocephalic,  one  meso- 
brachycephalic  (Table  VIII). 

In  addition  to  the  above  examples,  many  of  which  I  personally  examined, 

similar  interments  have  been  found  elsewhere.  Amongst  the  earliest  was  a  group 

of  twenty-four  graves  exposed  on  Lord  Rosebery's  estate  at  Cramond  in  1822.f 
Similar  coffins  were  also  exposed  on  the  adjoining  estate  of  Craigiehall.  They  were 

arranged  in  parallel  rows  from  3  to  6  feet  apart,  and  the  skeletons  were  extended  : 

some  were  of  smaller  size  for  children.  In  one  grave  at  Cramond  an  iron  key  was 

found  near  the  skeleton. f  In  1849  a  similar  key  was  obtained  from  a  grave  at 

Cockenzie.  In  1829  a  -group  of  thirty  cists  was  exposed  at  Old  Haacks,  Fife,! 

arranged  in  two  parallel  rows,  containing  bones,  but  no  grave  goods  were  noted.  In 

1859  a  single  cist  was  found  at  Ardyne,  Argyllshire,§  which  contained  an  extended 

skeleton  ;  also  a  wedge-shaped  flint  implement,  about  2  inches  long  and  f  inch  at 
its  broadest  end.  In  1862,  at  Milton,  East  Lothian, ||  three  long  cists  were  observed, 

containing  extended  bodies  with  the  head  at  the  west  end,  but  without  grave  goods. 

In   1864,  whilst  foundations  were  being  dug  in  Bonnington  Road,  Edinburgh,  I 

*  Proc.  Soc.  Antiq.  Scot,  vol.  xxxix,  p.  350, 1905.     t  Archseologia  Scotica,  vol.  iii,  p.  40, 1831 ;  referred  to  supra,  p.  220. 
\Proc.  Soc.  Antiq.  Scot.,  vol.  iii,  p.  505,  1862.      %Idem,  vol.  ii,  p.  251,  1859. 
\\Idem,  vol.  iii,  p.  503,  1862. 
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ascertained  that  four  stone  coffins  of  this  type  were  exposed,  but  the  skulls  were  not 

preserved.  In  1868  Mr  Lawson  Tait  excavated  at  Kintradwell,  Sutherland,*  a 
similar  cist  5  feet  3  inches  long  :  the  skull  was  at  the  west  end  and  the  skeleton  was 
extended.  The  skull  was  removed  and  sent  to  me  for  examination  ;  its  dimensions 

are  given  in  Table  VIII:  the  cephalic  index  was  dolichocephalic.  No  grave  goods 

were  found  in  the  cist.  Three  short  cists  were  found  in  proximity  to  the  long  one. 

The  late  Mr  Wm.  Galloway  informed  me  that  in  1896  he  had  seen,  some  miles 

south  of  Inveraray,  a  group  of  long  stone  coffins  which  had  been  opened  and  partially 

destroyed. 

In  the  course  of  the  excavation  of  the  Roman  Camp  at  Inchtuthill,  Perthshire, f 

the  Hon.  John  Abercromby  exposed  in  a  mound  of  clayey  loam  a  cist  7  feet  6  inches 

long  which  contained  an  extended  skeleton.  He  also  described  j  three  long  cists  with 

skeletons  on  the  south  side  of  the  Gladhouse  reservoir.  Their  floors  were  not  paved. 

Subsequently  a  group  of  twenty-four  graves  was  described  by  him  and  Mr  MacTier 
Pirrie  at  Nunraw,  East  Lothian  § :  they  had  the  characteristic  construction  of  long 

cists,  and  contained  skeletons.  In  1906  Mr  J.  W.  Loney  recorded,  on  a  small  island 

in  the  North  Esk  reservoir,  a  group  of  six  graves  from  5  to  6  feet  long  arranged 

in  rows.  They  contained  human  remains,  but  no  grave  goods.  The  graves  were 

approximately  oriented. 

In  1901  the  Rev.  J.  Primrose  noted  the  find  of  over  twenty  long  stone  graves  at 

Uphall,  West  Lothian.  ||  They  were  oriented,  arranged  in  at  least  two  rows,  con- 
structed of  flagstone  of  the  customary  size  and  form,  but  not  paved  on  the  floor. 

In  1905  Mr  Alexander  Hutcheson  described  5|  two  full-length  stone  coffins 
found  on  Auchterhouse  Hill,  Dundee,  one  of  which  contained  a  human  skeleton. 

In  the  same  year  Dr  Richardson  recorded**  eight  long  coffins  lying  east  and  west  in 
Stenton  parish,  East  Lothian,  one  of  which  contained  a  skeleton  but  no  other  relics. 

In  1909  Mr  Wm.  Reid  noted  at  Leuchars,  Fife, ft  a  cemetery  of  thirty-four  long  cists, 

with  two  skeletons  in  each  cist ;  no  other  relics.  At  Broughty  Ferry  j'J  Mr  Hutcheson 
found  two  long  cists,  one  of  which  had  only  a  single  slab  on  each  side,  which  he 

regarded  as  the  only  specimen  up  to  that  time  recorded  in  a  long  cist. 

The  examples  now  specified  show  that  about  260  interments  in  this  form  of 

stone-built  cist  have  been  recorded  in  Scotland.  In  the  Lothians,  Roxburgh,  Selkirk, 

Fife,  Forfarshire,  Argyll,  Perth  and  Sutherland  one  or  more  graves  have  been 

exposed  in  the  same  locality.  Elsewhere  in  the  Lothians  and  in  Fife  the  graves 

were  at  times  so  numerous  as  to  give  the  spot  the  aspect  of  a  cemetery.  Thus  at 

Kirkliston  51  were  counted,  at  Leuchars  34,  at  Old  Haacks,  Fife,  30,  at  Cramond 

and  Nunraw  each  24,  at  Uphall  20,  Dunbar  12,  Yarrow  9,  Stenton  8,  Arniston  7,  North 

*  Proc.  Hoc.  Antiq.  Scot.,  vol.  vii,  p.  515,  1870.  t  Idem,  vol.  xxxvi,  1902. 
I  Idem,  vol.  xxxviii,  p.  96,  1904.  §  Idem,  vol.  xl,  p.  60,  and  p.  328,  1906. 
||  Idem,  vol.  xxxv,  1901  IT  Idem,  vol.  xxxix,  p.  393,  1905. 

**  Idem,  p.  441.  tt  Idem,  vol.  xliii,  p.  170,  1909. 
%X  Idem,  p.  317,  1909. 
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Esk  G.  Iii  their  arrangement  in  a  cemetery  they  were  in  rows  parallel  to  each  other, 

and  the  distance  between  the  graves  in  each  row  and  between  the  rows,  was  such  as 

to  ensure  economy  in  the  use  of  ground,  as  in  a  modern  cemetery.  Except  in  such 

modifications  in  size  as  were  needed  for  the  burial  of  an  adult  or  a  child,  no  material 

difference  in  their  appearance,  as  might  indicate  relative  rank  or  wealth,  was 

observed.  It  should  also  be  noted  that  whilst  several  have  been  exposed  at  and  near 

the  seashore,  others  again  have  been  found  inland  a  number  of  miles  from  the  coast, 

which  disposes  of  suggestions  at  one  time  made,  that  they  were  interments  of  ship- 
wrecked sailors.  Their  orderly  arrangement  in  cemeteries  and  the  special  graves  for 

children  showed  that  they  did  not  mark  an  ancient  battlefield,  but  were  the  burial- 
places  of  the  people  of  towns  and  villages  in  the  district,  and  had  apparently  been 

in  use  for  generations.  Their  uniformity  and  simplicity  of  design,  the  extended 

body  and  the  absence  of  grave  goods  and  cremation  indicated  a  community  of  thought 

amongst  the  builders,  which  gave  to  them  a  character  of  their  own,  distinct  from 

the  megalithic  graves  of  the  stone  age  and  the  short  cists  and  cinerary  urns  of  the 

bronze-using  people.  The  question  therefore  naturally  arises,  were  they  constructed 
by  a  race  distinct  from  and  later  in  time  than  the  people  of  the  stone  and  bronze 

ages  and  the  pagan  Celts  1*  In  regard  to  this  question  a  careful  perusal  of  the 
recorded  examples  shows  that  fragments  of  rusted  iron  have  been  found  in  a  few 

graves.  In  one  of  the  long  graves  at  Cramond  an  iron  key  was  found  near  the 

skeleton,  and  was  figured  in  the  Archwologica  Scotica.  One  of  the  skulls  from 

Lundin  had  a  piece  of  corroded  iron  lying  across  the  bridge  of  the  nose  ;  in  another, 

from  Largo,  the  skull  had  been  fractured  and  a  piece  of  rusted  iron  was  in  the 

fracture  ;  in  a  cist  at  Hallow  Hill,  St  Andrews,  a  fragment  of  corroded  iron  had  been 

found  on  the  skull.  These  examples  show  that  the  burials  had  been  made  after  the 

use  of  iron  had  become  general.  Other  characters  which  they  exhibited  dissociated 

them,  however,  from  interments  during  the  pagan  iron  age  of  the  archaeologist,  and 

the  question  arises  whether  the  presence  of  this  metal  were  not  due  rather  to  its 

accidental  intrusion  in  individual  examples,  than  as  a  customary  appanage  to  an 

interment  of  the  period. 

Graves  of  this  type,  however,  have  a  feature  which  has  always  been  regarded 

as  distinctive,  viz.  the  orientation  of  the  grave  and  the  body,  the  head  of  which  was 

at  the  west  with  the  face  looking  to  the  east.  This  mode  of  burial  is  associated 

with  the  introduction  of  Christianity  and  with  its  adoption,  while  the  absence  of 

grave  goods  and  cremation  indicate  different  conceptions  of  a  future  state  as  between 

the  pagan  builders  of  neolithic  and  bronze-age  tombs  on  the  one  hand  and  the 

Christian  people  who  apparently  constructed  the  long  stone  cists  on  the  other. 

I  have  made  measurements,  frequently  imperfect,  of  twenty  skulls  obtained 

from  long  cists  (Table  VIII).  The  crania  varied  in  length  from  168  to  190  mm., 
with  the  mean  182  mm.     The  breadth  varied  from  129  to  147  mm.,  with  the  mean 

*  This  question  is  discussed  more  fully  on  p.  251. 
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137  mm.;  the  height  from  120  to  142  mm.,  with  the  mean  129*8;  the  horizontal 

circumference  from  524  to  534  mm.,  with  the  mean  528 -9.  The  cubic  capacity  in 
three  male  skulls  was  from  1450  to  1585  c.c,  with  the  mean  1538  c.c.  ;  in  two 
females  the  mean  was  1265  c.c. 

The  cephalic  index  in  two  specimens  was  79  and  79*4  respectively,  approximating 
to  the  brachycephalic  standard  ;  in  three  specimens  it  was  between  76  and  78  in 

the  middle  of  the  mesocephalic  group  ;  in  three  specimens  between  75  and  76, 

approximating  therefore  to  the  dolichocephalic ;  in  eleven  it  was  below  75, 

dolichocephalic.  The  majority  of  the  skulls,  therefore,  had  dolichocephalic  char- 

acters, no  specimen  was  80,  and  the  mean  of  the  series  was  74 "9.  The  vertical 

index  ranged  from  63'8  to  76*3  ;  only  two  had  the  index  above  75,  high  skulls, 
hypsicephalic ;  five  were  from  70  to  75,  metriocephalic ;  six  were  below  70,  low 

skulls,  chamiecepha'lic  ;  the  mean  of  thirteen  skulls  was  70 '2,  metriocephalic.  In 
the  crania  in  which  both  breadth  and  height  could  be  measured  the  breadth  ex- 

ceeded the  height  except  in  one  where  these  diameters  were  equal. 

As  regards  the  face,  the  relation  of  length  to  breadth  was  obtained  in  eight 

skulls.  The  complete  nasio-mental  index  was  upwards  of  90  in  three  skulls,  long- 

faced  leptoprosopic ;  between  85  and  90  in  five,  mesoprosopic ;  no  face  wras  low, 

chamseprosopic ;  in  the  upper  or  maxillo-facial  proportions  the  index  in  seven 
specimens  was  above  50,  i.e.  leptoprosopic  ;  of  the  gnathic  index  no  specimen  was 

prognathous,  three  were  mesognathous,  six  were  orthognathous.  The  nasal  index 

in  one  skull,  54*2,  was  platyrhine  ;  six  were  narrow,  leptorhine  ;  one  was  mesorhine. 
The  orbits  in  four  specimens  were  rounded  at  the  aperture,  megaseme  ;  not  so  round, 

mesoseme,  in  three  ;  low  in  relation  to  the  width  in  one  specimen,  microseme.  The 

palato-maxillary  index  was  variable  as  usual,  and  ranged  from  109  to  128*5  ;  two 
were  dolichuranic,  two  were  mesuranic,  four  were  brachy-  or  hyperbrachy-uranic. 

In  general  configuration  the  crania  from  the  long  cists  were  an  elongated  ovoid, 

as  a  rule  dolichocephalic  or  approximating  thereto  ;  the  height  was  less  than  the 

breadth ;  the  face  was  long  and  narrow ;  the  upper  jaw  was  orthognathous  or 

approximated  thereto ;  the  nose  was  narrow  or  leptorhine  ;  the  orbits  were  moder- 

ately rounded  ;  the  hard  palate  was  not  elongated  but  in  shape  like  a  wide  horse- 
shoe. The  mean  cubic  capacity  of  the  male  cranium  was  high.  .Those  who  were 

buried  in  the  long  cists  were  in  respect  of  their  cranial  proportions  a  mixed  people, 

but  with  a  decided  preponderancy  of  the  dolichocephalic  type. 

Ethnography. 

In  attempting  to  solve  the  ethnographic  problem,  how  an  island  situated  in 

proximity  to  a  continent  became  inhabited,  one  has  to  consider  if  it  had  been 

continuous  with  the  mainland  in  a  previous  geological  age,  and  if  through  changes 

in  the  relative  level  of  land  and  water  it  had  become  disconnected  by  the  formation 
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of  an  intermediate  channel  or  strait.  This  problem  had  to  be  discussed  in  my  inquiry 

into  the  origin  of  the  Tasmanians,*  and  it  meets  us  in  a  more  complex  form  in  the 
study  of  the  early  inhabitants  of  Britain.  In  Tasmania  the  presence  of  mammals 

similar  to  those  still  living  in  Australia,  which  from  their  size  and  habits  could  only 

have  travelled  along  a  bridge  of  continuous  land,  naturally  indicated  that  its  early 

human  inhabitants  had  reached  it  by  the  same  route.  The  finding  in  Britain  and 

Western  Europe  of  the  fossil  remains  of  large  mammals  such  as  the  elephant,, 

mammoth,  tiger,  rhinoceros,  cave  bear,  etc.,  which  through  great  climatic  changes 

are  now  extinct  both  here  and  on  the  Continent,  points  to  the  former  existence  at 

one  time  of  a  similar  land  bridge.  The  rude  flint  and  stone  implements,  known  as 

palaeolithic,  which  occur  both  in  Western  Europe  and  South  Britain,  were  the  tools 
of  their  earliest  human  inhabitants,  whose  skeletal  remains  have  been  discovered  on 

the  Continent,  though  they  have  seldom  been  procured  in  South  Britain. 

In  Scotland,  again,  no  satisfactory  evidence  has  yet  been  obtained  of  the  remains 

of  palaeolithic  man  or  his  works.  If  one  were  to  suppose  that  he  had  indeed  at  one 

time  occupied  North  Britain,  the  absence  of  any  existing  evidence  may  be  regarded 

as  due  to  the  destructive  action  of  a  great  ice-sheet,  or  a  succession  of  ice-sheets, 

which  had  covered  the  country  almost  as  high  as  the  summits  of  its  loftiest  moun- 
tains, and  which  by  the  grinding  action  of  its  glaciers  had  destroyed  any  trace  of 

man  and  his  works  lying  on  or  near  the  surface  of  the  ground.  Specimens  of 

skulls  of  palaeolithic  man,  sufficiently  well  preserved  to  enable  measurements  to  be 

taken,  are  pronouncedly  dolichocephalic  ;  in  the  Neanderthal  and  Spy  group  they 

have  the  vertex  flattened  and  the  glabella  and  supraciliaries  strongly  projecting. 

In  skulls  from  other  localities,  also  regarded  as  palaeolithic,  the  crania,  though 

dolichocephalic,  have  feeble  supraorbitals  and  a  larger  cubic  capacity. 

After  the  disappearance  of  these  ice-sheets,  when  Britain  had  assumed  surface 
characters  approaching  to  those  of  more  modern  periods,  it  became  peopled  by  a 

race  which  employed  for  weapons  and  tools  natural  products  such  as  stones  to  be 

shaped  and  polished  into  celts  and  hammers ;  flints  to  be  delicately  chipped  into  arrow 

and  lance  heads,  scrapers,  and  useful  articles ;  or  bone  and  horn  capable  of  being 

worked  into  pins,  chisels,  and  other  tools.  These  implements  have  been  designated 

by  archaeologists  neolithic,  a  term  which  is  also  applied  to  their  makers.  The  question 

has  frequently  been  discussed  whether,  on  the  Continent  as  well  as  in  Britain,  the 

palaeolithic  race  had  become  extinct  before  the  advent  of  the  neolithic,  or  whether  they 

had  co-existed  and  the  neolithic  race  in  course  of  time  had  displaced  the  palaeolithic 
without  destroying,  or  being  substituted  for  it.  Climatic  changes,  modifying  the  food 

supply  and  the  temperature,  had  caused  the  disappearance  in  Western  Europe  of  the 

large  mammals  cotemporaneous  with  palaeolithic  man.  Man,  however,  has  a  power 

of  adapting  himself  to  changes  in  environment  both  as  regards  food  and  climate  far 

exceeding  that  possessed  by  any  other  mammal,  so  that  it  does  not  follow  that  he 

*  See  my  memoirs  in  Trans.  Roy.  Soc.  Edinburgh,  vols,  xlvi,  xlvii,  1. 
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also  should  have  become  exterminated.  When  the  continuous  land  bridge  in  course 

of  time  disappeared,  Britain  became  an  island  ;  and  although  the  larger  mammals 

became  extinct,  other  species  fit  for  food,  as  the  boar,  deer,  urus,  and  horse,  were 

continued  from  the  palaeolithic  into  neolithic  times.  One  sees  therefore  no  valid 

reason  why  palaeolithic  man  should  have  disappeared  either  before,  or  subsequent  to, 

the  advent  of  neolithic  man,  by  whom  smaller  food-producing  mammals,  as  the  small 

ox,  pig,  goat,  and  perhaps  also  sheep,  were  brought  into  Britain. 

Direct  descent  from  palaeolithic  man  cannot,  however,  be  claimed  in  Scotland, 

but  there  is  a  possibility  of  a  strain  of  palseolithic  blood  existing  in  the  people, 

through  intercrossing  in  more  genial  climes  with  their  immediate  neolithic  successors 
before  the  settlement  of  the  latter  in  North  and  South  Britain  had  been  effected. 

Neolithic  man  entered  Britain  from  the  Continent  possibly  before  the  dis- 
appearance of  the  land  bridge,  but,  if  the  intermediate  strait  had  formed,  then  by 

water,  though  it  is  difficult  to  conceive  that  their  domestic  mammals  could  have  been 

•conveyed  in  dugouts  or  coracles.  Hence  it  has  been  suggested  that  a  secondary  land 
bridge,  along  which  their  migration  could  have  taken  place,  may  have  been  elevated. 

Without  doubt  neolithic  man  first  landed  on  the  south-east  coast,  and  subsequently 

in  other  places,  to  spread  north  and  west  until  he  reached  the  north  of  Scotland. 

As  already  stated  in  the  section  on  the  neolithic  period,  he  constructed  monumental 

burying-places  in  Orkney,  in  the  extreme  north  of  the  Mainland,  in  Argyllshire,  Bute, 
Arran,  Galloway,  and  the  Western  Isles.  He  constructed,  especially  in  the  western 

English  counties,  also  in  Wiltshire,  Staffordshire,  Derby,  and  Yorkshire,  monumental 

mounds,  frequently  chambered, — the  Long  Barrows  for  the  reception  of  his  dead — in 
which  implements  of  flint,  stone,  bone,  and  horn,  also  rude  clay  pottery  and  human 

skeletons,  have  been  preserved  ;  but  there  is  no  evidence  of  metals.  The  skulls  in 

these  long  barrows  were  dolichocephalic,  and  the  weapons  and  implements  were  neo- 
lithic in  material  and  more  refined  in  form  than  those  of  the  palaeolithic  age.  The 

long-barrow  people  of  the  English  counties  are  regarded  therefore  as  of  the  same 
race  as  the  builders  of  the  chambered  cairns  in  Scotland.  It  is,  however,  to  be  noted 
that  the  characteristic  interments  were  not  diffused  over  the  whole  area  in  either  of 

the  two  divisions  of  the  island,  but  were  restricted  to  limited  districts  or  counties. 

It  should  also  be  stated  that  both  in  the  long  barrows  and  in  the  chambered  cairns, 

whilst  inhumation  was  the  more  common  practice,  cremation  had  also  been  employed. 

Consideration  has  been  given  to  the  part  of  the  European  continent  which  had 

been  occupied  by  neolithic  man  prior  to  his  migration  into  Britain,  and  to  the  race  from 

which  he  was  descended.  With  the  object  of  elucidating  these  questions  interments  in 

France,  Denmark,  the  Low  Countries,  Scandinavia,  Germany,  Switzerland,  Italy,  Spain, 

Eastern  Europe,  and  North  Africa  have  been  carefully  compared  with  those  examined 

in  Britain.  ArchcBologists  have  studied  the  modes  of  burial,  the  forms  of  the  tools, 

weapons  and  ornaments  found  in  the  sepulchres,  the  material  from  which  they  had 

been  made,  the  form  and  ornamentation  of  the  accompanying  pottery,  the  practice 
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of  occasional  cremation  along  with  inhumation,  the  proportions  of  the  skull,  the  char- 

acters of  the  other  bones  of  the  skeleton  and  the  probable  stature  of  the  individuals 

whose  skeletons  had  been  preserved.  From  this  extended  comparison  it  is  obvious 

that  large  tracts  in  Europe  had  been  peopled  by  neolithic  man,  whose  crania  had 

persistent  dolichocephalic  proportions  and  form,  and  whose  tools  and  weapons  were 

made  from  direct  natural  products,  which  preceded  in  their  use  the  metals,  copper, 

bronze  and  iron,  associated  with  interments  in  later  ages. 

Although  opinions  have  differed  as  to  the  race  with  which  neolithic  man  should 

be  associated,  there  is  now  a  consensus  that  he  was  derived  from  a  stock  which 

occupied  the  northern  shore  of  the  western  division  of  the  Mediterranean  ;  though 

possibly,  as  Serg-i  supposed,  its  cradle  was  on  the  northern  coast  of  Africa.  Some 
ethnographers  have  attempted  to  connect  it  more  specifically  with  the  coast  of 

Spain,  and  have  named  the  stock  Iberian.*  Rice  Holmes  has  not  limited  its  habitat 
to  the  Iberian  peninsula,  f  but  has  regarded  neolithic  man  as  descended  from  an 

ancestral  race  which  occupied  the  basin  of  the  Mediterranean^  so  that  the  term 

Iberian,  if  applied  to  the  neolithic  people  of  Britain,  should  be  used  in  a  purely  con- 
ventional sense.  Offshoots  from  this  stock  had  migrated  northwards  through  France, 

and,  after  reaching  the  north-west  of  that  country,  had  invaded  Britain,  in  all  proba- 
bility not  as  a  single  migration,  but  in  successive  waves  and  at  several  points,  and  under 

the  pressure  of  an  increasing  population  and  the  need  of  obtaining  more  supplies  of 

food,  had  diffused  themselves  in  it  to  its  furthest  limits.  Professor  Bryce  briefly  re- 

viewed §  their  continental  relations,  and  stated  that  the  chambered  cairns  in  Scotland  - 
resembled  the  gallery  graves  in  Western  France ;  he  noted  also  that  the  pottery  found 

in  the  megalithic  burials  in  Arran  had  marked  affinities  with  that  obtained  in  the 

"  dolmens "  in  France  and  with  the  late  neolithic  ceramics  from  the  Pyrenees  and 
Spain.  Further,  he  entertained  the  opinion  that  the  migration  from  France  pursued 

two  routes :  one  by  the  English  Channel  to  the  east  coast,  Caithness,  the  Orkneys,  and 

the  Baltic  ;  the  other  by  St  George's  Channel  to  Ireland,  the  west  of  England,  includ- 
ing the  region  of  the  long  barrows,  the  west  of  Scotland,  Arran,  and  the  Hebrides. 

The  recognition  of  ores,  the  discovery  of  the  methods  of  extracting  metals  in 

order  to  provide,  from  their  hardness  and  durability,  a  more  suitable  material  for 

the  manufacture  of  implements  and  weapons  than  the  flint,  stone,  and  bone  already 

in  use,  marked  important  advances  in  the  development  of  human  intelligence. 

Copper  came  apparently  first  into  use ;  but  further  progress  was  made  when  it  was 

discovered  that  an  alloy,  formed  by  the  fusion  of  copper  and  tin  in  certain  proportions, 

produced  the  metal  bronze,  which  from  its  greater  hardness  and  power  of  resisting 

the  atmosphere  was  much  more  serviceable  than  the  simple  unalloyed  metals. 

*  Tacitus  considered  that  the  ancient  Iberians  crossed  the  sea  from  Spain  and  settled  in  Britain  (Agricola, 
section  xi)  ;  a  sea  route  doubtless  impracticable  to  be  traversed  at  that  early  period. 

t  Ancient  Britain  and  the  Invasions  of  Julius  Gxsar,  Oxford,  1907. 
%  See  Sergi,  The  Mediterranean  Race  :  Europa,  Torino,  1908. 

§  Bryce  in  the  "  Cairns  of  Arran,"  P.  S.  Ant.  Scot.,  July  1902,  and  Scottish  Historical  Review,  April  1905. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  I  (NO.  5).  33 
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So  far  as  Scotland  is  concerned,  bronze  must  have  been  introduced  from  without, 

as  the  ores  of  its  metals  do  not  occur  in  North  Britain.  The  brachycephalic  builders 

of  the  short  cists  were,  without  doubt,  the  race  which  brought  bronze  into  Scotland, 

though,  from  the  small  proportion  of  their  burials  in  which  objects  formed  of  bronze 

have  been  found  (p.  184),  the  more  primitive  materials  employed  by  neolithic  man 

evidently  remained  for  a  long  time  in  use  during  the  bronze  age.  It  is  probable 

that  in  England  also  bronze  was  introduced  by  the  early  brachycephalic  invaders, 

but,  from  the  prevalence  of  the  ores  of  these  metals  in  many  parts  of  South  Britain, 

they  began  at  an  earlier  period  to  be  utilised  by  its  inhabitants  from  their  own 

natural  resources,  and  the  supply  was  not  limited  to  imports  from  without. 

Bronze  had  undoubtedly  been  in  use  on  the  Continent  before  the  brachycephalic 

invasion  of  Britain,  which  Sir  John  Evans  considered  might  have  taken  place  be- 

tween 1400  B.C.  and  at  the  latest  1200  B.C.,  though  Mr  Abercromby  gave  it  an 

earlier  date,  about  2000  B.C.  The  bronze  age  in  England  preceded  that  in  Scotland  ; 

and  whilst  the  interments  corresponded  in  both  countries  in  the  bent  position  of 

the  body  in  the  grave,  in  the  brachycephalic  proportions  and  form  of  the  skull,  and 

in  the  general  character  of  the  grave  goods,  it  showed  not  unfrequently  differences 

in  the  aspect  of  the  grave  itself.  When  inhumation  was  practised  in  Scotland  the 

body  was  placed  in  a  characteristic  short  cist,  which  in  some  cases  was  enclosed 

in  a  cairn  of  stones,  often  of  great  dimensions  ;  in  others  in  a  mound  or  tumulus 

of  sand  or  earth  ;  but  generally  it  was  placed  a  little  below  the  surface  of  the 

ground  without  any  external  mark  of  its  position.  In  England,  again,  especially  in 

certain  counties,  the  bodies  had  been  buried  in  mounds,  or  Round  or  Short  Barrows, 

distinguished  from  the  Long  Barrows  by  their  smaller  dimensions  and  rounded  form. 

Thurnam*  in  classifying  English  burials  in  barrows  during  the  neolithic  and  bronze 

age  periods  employed  the  aphorism  "long  barrows,  long  skulls  ;  round  barrows,  round 

or  short  skulls  "  ;  the  first  axiom  of  which  is  undoubtedly  applicable  to  the  form  of 
the  skull  in  the  long  barrow  in  England  and  in  the  chambered  cairn  in  Scotland.  In 

the  latter  country  short  cists  may  be  regarded  as  equivalent  to  round  barrows,  and 

short  skulls  are  as  a  rule  found  in  them  ;  but  in  both  countries  skulls  with  dolicho- 

cephalic proportions  formed  in  some  localities  a  proportion  of  the  crania  contained 
in  the  round  barrows  and  the  short  cists. 

In  considering  the  proportion  of  the  breadth  to  the  length  of  skulls  it  should  be 

kept  in  mind  that  Anders  Retzius,  who  introduced  the  terms  dolichocephalic  and 

brachycephalic  into  the  ethnographical  description  of  crania,  did  not  employ  the 

sharp  numerical  definition  now  in  use,  but  relied  on  their  general  character  as  pre- 

sented to  the  observer.  Broca  and  the  French  school  of  anthropologists  were  more 

specific,  and  used  the  term  dolichocephalic  to  express  crania  in  which  the  breadth 

bore  to  the  length  a  proportion  of  less  than  75  to  100  ;  whilst  brachycephalic  signified 

skulls  in  which  the  breadth  was  in  the  proportion  of  80  and  upwards  to  100.     To  the 

*  '•  Ancient  British  and  Gaulic  Skulls,"  Mem.  Anthrop.  Soc.  London,  vol.  i,  p.  158,  1865, 
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skulls  in  which  the  relative  breadth  ranged  between  75  and  80  he  gave  the  name 

mesaticephalic  (mesocephalic).  The  subdivision  on  these  lines  into  three  groups  has 

been  generally  accepted.  Dolichocephalic  and  brachycephalic  are  terms  employed 

to  express  types  at  two  extremes  easily  distinguished  by  the  naked  eye,  but  mesati- 
cephalic has  not  an  equally  precise  signification,  for  its  lowest  terms  blend  with  the 

dolichocephalic — its  highest  with  the  brachycephalic  divisions. 
In  Part  I  of  this  memoir,  I  suggested  that  if  the  intermediate  mesaticephalic 

group  were  divided  into  two  equal  parts,  those  with  an  index  between  77 "5  and  80 

approached  the  brachycephali,  whilst  those  that  ranged  from  75  to  77 "5  were  more 
allied  to  the  dolichocephali.  Hence  in  several  of  my  craniological  memoirs  those 

in  the  higher  term  of  the  mesaticephali  are  said  to  be  approximately  brachycephalic, 

i.e.  meso-brachycephalic,  and  those  in  the  lower  term  approximately  dolichocephalic, 

i.e.  mesc-dolichocephalic. 

The  divisions  are  expressed  in  the  following  formula : 

below  75  76  77-5 
Dolichocephalic       meso-dolichocephalic 

77-6  78  79        80  and  upwards 
meso-brachycephalic  Brachycephalic 

Mesaticephalic 

From  this  point  of  view  I  shall  now  analyse  the  cephalic  index  in  the  forty 

measured  short-cist  skulls  in  Tables  II  to  V.  In  twenty-nine  specimens  it  ranged 

from  80  to  94*6,  brachycephalic,  and  of  these  fourteen  were  hyperbrachycephalic,  85 

and  upwards;  in  six,  from  77'6  to  78 '9,  meso-brachycephalic;  in  three,  meso- 
dolichocephalic,  75  and  76  ;  in  two,  dolichocephalic,  below  75.  In  addition,  five  skulls 

specified  in  the  tables,  too  much  injured  to  permit  the  length  and  breadth  to  be 

accurately  measured,  had  the  brachycephalic  form.  The  brachycephali  and  the  meso- 

brachycephali,  in  all  thirty-five  skulls,  were  87*5  per  cent,  of  the  measured  specimens, 
so  that  obviously  a  large  majority  of  the  builders  of  the  short  cists  had  this  type  of 

head  and  were  the  dominant  race  in  Scotland  during  the  period  of  the  bronze  age. 

As  the  localities  from  which  the  skulls  came  are  specified  in  the  tables,  a 

conception  can  be  obtained  of  the  parts  of  Scotland  in  which  this  form  of  head 

prevailed.  Table  IV  contains  thirteen  measured  skulls  from  Aberdeen  and  Banff ;  of 

these  twelve  were  brachycephali,  eight  of  which  were  hyperbrachycephalic ;  in  addi- 

tion, one  was  meso-brachycephalic.  Table  III  contains  eight  brachycephali,  three  of 

which  were  hyperbrachycephalic.  Table  II  contains  six  brachycephali,  one  of  which 

was  hyperbrachycephalic  ;  two  also  were  approximately  or  meso-brachycephalic  ;  but 

two  others  from  Mull  and  Forfarshire  were  approximately  or  meso-dolichocephalic. 

Table  V  contains  three  brachycephali  from  the  Lothians,  two  of  which  were  hyper- 

brachycephalic, also  three  were  meso-brachycephalic ;  but  of  three  short-cist  burials 

from  the  Lothians  two  were  dolichocephalic,  one  meso-dolichocephalic. 

The  number  of  skulls  and  their  localities  were  too  few  to  enable  a  wide  generalisa- 

tion  to    be    made,    but    they    are   sufficient   to   show   that    brachycephali   were    in 



238  PRINCIPAL  SIR  WILLIAM  TURNER  ON 

occupation  of  Scotland  as  far  north  as  Orkney,  Caithness  and  Sutherland,  in  the 

north-eastern  counties  of  Aberdeen,  Banff,  Elgin,  and  Forfar,  in  the  west  in  Mull, 

Ayr,  and  Arran,  and  in  the  south  in  the  Border  counties  of  Berwick  and  Roxburgh. 

In  the  Lothians,  again,  although  four  specimens  were  brachy cephalic  and  two  approxi- 

mately so,  the  dolichocephalic  and  meso-dolichocephalic  types  asserted  themselves  in 

three  crania  from  short  cists  at  Morrison's  Haven,  Cockenzie  and  Bridgeness. 
L  also  pointed  out  in  Part  I,  as  the  result  of  the  study  of  one  hundred  and 

seventy-six  modern  Scottish  skulls,  that  a  strong  brachycephalic  strain  pervaded 

the  population  at  the  present  time.  Of  the  specimens  30  per  cent,  were  brachy- 
cephalic or  approximated  thereto ;  whilst  70  per  cent,  were  dolichocephalic  or 

meso-dolichocephalic.  The  brachycephalic  type  was  well  marked  in  Fife,  the  Lothians 

and  the  Border  counties.  In  Renfrew,  again,  of  twenty-one  skulls  none  had  the 
cephalic  index  as  high  as  80,  and  in  a  large  proportion  the  index  was  below  77. 

Of  the  seven  specimens  from  Aryshire  and  Wigtownshire,  only  one  was  brachy- 

cephalic, the  rest  were  dolichocephalic  or  its  approximation.  In  the  north-eastern 

counties  four  were  brachycephalic,  two  meso-brachycephalic,  and  three  were  dolicho- 

cephalic. The  Highlands  and  Islands  furnished  thirteen  specimens,  none  of  which  was 

brachycephalic,  only  three  had  the  index  above  77,  seven  were  dolichocephalic,  and 

three  approximated  thereto.  Of  five  skulls  from  the  Shetlands,  one  was  brachy- 

cephalic, one  meso-brachycephalic,  and  three  were  approximately  dolichocephalic. 
In  comparing  the  cranial  characters  of  the  prehistoric  people  of  Scotland  with 

the  present  inhabitants,  our  observations  should  not  be  limited  to  a  study  of  the 

cephalic  index.  The  cranial  capacity,  the  relative  length  and  breadth  of  the  whole 

face,  the  corresponding  dimensions  of  the  nasal  region,  orbits,  and  hard  palate,  and 

the  projection  of  the  upper  jaw  should  be  considered.  In  making  this  comparison 

I  include  both  the  neolithic  dolichocephali  and  the  bronze-age  brachycephali. 

As  regards  the  cubic  capacity,  the  mean  of  the  four  male  dolichocephali  in 

Table  I  (p.  178)  was  1480  c.c,  the  maximum  being  1560  c.c.  The  mean  of  thirteen 

short-cist  male  brachycephali  in  Tables  II-V  was  1448,  the  maximum  being 
1580  c.c.  In  the  modern  series,  Part  I,  the  mean  capacity  of  seventy-three 
males  was  1488  c.c,  the  most  capacious  skull  was  1855  c.c,  and  thirty-three 
were  upwards  of  1500  c.c  Of  these  skulls  twenty-five  were  dolichocephalic  and 
twenty-one  approximated  thereto,  and  the  mean  of  the  series  was  1519  c.c 
Thirteen  were  brachycephalic  and  fifteen  approximated  thereto,  and  their  mean 

was  1460  c.c.  In  the  modern  group,  as  pointed  out  in  Part  I,  the  dolichocephalic 
male  crania  were  distinctly  more  capacious,  had  larger  brains,  than  the  brachy- 

cephalic group.  Further,  the  modern  male  dolichocephali  were  more  capacious 
than  the  neolithic  skulls,  but  the  modern  brachycephali  were  only  slightly  larger 

than  the  bronze-age  brachycephali;  it  should,  however,  be  kept  in  mind  that  the 
prehistoric  skulls  are  too  few  for  a  wide  generalisation.  Similarly  the  female 
prehistoric  skulls  were  too  few  to  enable  one  to  say  that  they  were  on  the  average 
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10  per  cent,  less  capacious  than  the  males,  as  was  the  case  in  the  series  of  modern 
Scottish  skulls. 

The  relative  dimensions  in  breadth  and  length  of  the  complete  face  could  only 

be  taken  in  two  neolithic  skulls  which  were  high-faced — high  in  relation  to  the 

breadth — leptoprosopic,  a  character  also  presented  by  the  upper  or  maxillary  face. 

In  the  bronze-age  skulls,  again,  the  customary  proportion  was  low  in  relation  to 
the  breadth,  chamaeprosopic.  In  the  modern  examples  the  majority  of  those 

measured  were  high-faced,  though  a  proportion  were  low-faced,  but  the  general 
type  of  the  face  in  the  Scottish  skulls  was  leptoprosopic.  As  regards  the  neolithic, 

bronze-age  and  modern  skulls,  the  upper  jaw  was  straight  or  orthognathic,  and  in 
only  two  individuals  was  a  prognathic  jaw  seen.  The  nose,  not  widened  at  the 

nostrils,  was  relatively  narrow,  leptorhine  or  mesorhine,  except  in  one  neolithic 

and  in  four,  which  were  platyrhine,  of  the  one  hundred  and  twenty-three  modern 
Scottish  skulls  examined.  The  orbits  showed  variations  in  the  relations  of  width 

and  height  in  each  of  the  three  series  :  in  the  neolithic  and  bronze-age  specimens, 
however,  a  larger  proportion,  compressed  as  it  were  in  the  vertical  diameter,  was  low 
in  relation  to  the  width  than  in  the  modern  skulls,  in  which  it  was  the  rule  for 

the  orbit  to  be  high  in  relation  to  the  width  and  somewhat  rounded  in  outline. 

It  is  important  also  to  compare  in  each  cranium  the  height  or  vertical  diameter 

with  the  maximum  breadth.  In  Part  I  especial  attention  was  called  to  the  relation 

of  the  breadth  to  the  height  of  the  cranium  in  one  hundred  and  fifty  modern 

Scottish  crania  measured.  With  two  exceptions  the  breadth  exceeded  the  height, 

so  that  the  cephalic  or  breadth  index  was  more  than  the  vertical,  both  in  the  dolicho- 

cephalic and  brachycephalic  groups,  and  the  skulls  might  be  regarded  as  platychamse- 
cephalic.  In  the  prehistoric  skulls  now  under  consideration  this  point  was  also 

inquired  into  ;  in  the  neolithic  skulls  the  breadth  exceeded  the  height  ;  in  the  bronze- 

age  skulls  the  breadth  also  exceeded  the  height,  except  in  the  dolichocephalic  skull 

from  Morrison's  Haven,  in  which  the  vertical  index  was  75  and  the  cephalic  72 '9. 
From  the  comparison  now  made  it  will  be  seen  that,  when  the  bronze  period 

became  established,  two  races  existed  in  Scotland,  a  dolichocephalic  and  a  brachy- 

cephalic, and  that  a  like  distinction  in  head  form  prevails  at  the  present  time.  Both 

prehistoric  and  modern  heads  agreed  in  having  a  straight  or  orthognathous  upper 

jaw ;  a  relatively  narrow  nose,  not  sunk  at  the  root  nor  widened  at  the  nostrils  ; 

a  cranial  capacity  sufficient  to  contain  a  well-organised  brain.  In  the  neolithic 

and  modern  people  the  face  was  high  and  narrow  in  relation  to  the  breadth  ;  in  the 

bronze  age  it  was  lower  and  relatively  wider.  In  the  neolithic  and  bronze-age  skulls 
the  orbits  were  wider  in  relation  to  the  height,  due  in  part  to  their  thickened  upper 

border  and  the  development  of  the  frontal  air  sinuses,  an  excellent  example  of  which 

is  figured  in  the  skull  from  Bridgeness  (figs.  23,  24) ;  whilst  in  the  modern  skulls  the 

height  and  width  differed  less  from  each  other ;  the  palate  also  varied  from  an  elon- 

gated to  a  horseshoe-shaped  form.     The  skulls  therefore  belonged  to  a  type  which  may 
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l>e  called  European,  in  which  were  absent,  except  as  an  occasional  individual  variation, 

the  platyrhine  nose,  the  prognathic  jaw,  the  cranium  very  narrow  in  relation  to  its 

length,  the  vertex  keeled,  the  forehead  retreating,  the  capacity  relatively  small — 

characters  which  prevail  in  the  lower  races  of  men.  The  prehistoric  stone-  and 

bronze-age  skulls,  when  compared  with  the  modern  Scottish,  were  essentially  framed 

on  similar  lines  and  gave  no  evidence  of  structural  race  inferiority. 

In  attempting  to  deduce  from  the  skull  the  relative  position  in  mental  develop- 
ment and  capacities  of  the  races  of  men,  either  prehistoric  or  modern,  prime  importance 

is  to  be  given  to  the  volume  of  the  cranial  cavity  to  provide  space  for  the  growth 

and  improvement  of  the  brain  in  both  its  quantity  and  quality.  Increase  in  space 

permits  the  extension  of  the  convoluted  surface  of  the  grey  matter  of  the  brain,  with 

consequent  multiplication  in  the  number  of  nerve  cells,  as  well  as  of  an  amount  of 

white  matter,  with  its  constituent  nerve  fibres  to  connect  and  co-ordinate  the  groups 
of  nerve  cells,  which  collectively  constitute  the  centres  of  brain  activity.  Tn  comparing 

with  each  other  different  races  and  their  individual  members  the  degree  of  projection 

of  the  supraorbital  borders,  the  overhanging  eyebrows,  the  flattened  noses  with  wide 

nostrils,  the  projecting  upj)er  jaw,  the  feeble  retreating  chin  or  the  absence  of  a  chin, 

are  secondary  characters,  which,  if  based  on  a  solitary  and  perhaps  imperfect  specimen, 

cannot  displace  or  outweigh  the  significance  of  a  cranial  cavity  of  ample  size  for  the 

lodgment  of  a  brain  commensurate  with  the  exercise  of  human  intelligence. 

In  Part  I  attention  was  called  to  the  fact  that  in  certain  races,  in  whom  the 

dolichocephalic  index  was  pronounced,  the  height  as  a  rule  exceeded  the  breadth  and 

the  skulls  were  hypsistenocephalic,  whilst  in  pronounced  brachycephalic  skulls  the 

breadth  as  a  rule  exceeded  the  height  and  the  skulls  were  platychamsecephalic.  In 

pursuing  my  inquiries  into  this  subject  I  have  selected  races  which,  as  regards  the 

cephalic  index,  were  with  individual  exceptions  exclusively  either  of  one  type  or  the 
other,  and  the  results  stated  in  Tables  IX  and  X  have  been  obtained  from  adult  skulls 

personally  measured. 
Table  IX. 

Dolichocephali. 

Race. 

Australians,     .... 
Esquimaux,      .... 
Dravidians,      .... 
Veddahs,          .... 
Kaffirs  and  Hottentots,    . 

Number. 
Height  above 

B. 
Heights  B. 

M.  4 M.  1 
M.  3 
M.  1         F.  1 

None 

Height  less  than  B. 

M.    4      F.    7 
M.    6      F.    3 
M.    9      F.    2 

None 
M.    6      F.    4 

36 
22 
36 
12 24 

M.  16      F. 
M.  10      F. 
M.  18      F. 
M.    9      F. 
M.  12      F. 

5 
2 
4 
1 
2 

130 M.  65      F. 

14 

M.  9          F.  1 M.  25      F.  16 

Of  one   hundred   and    thirty  exotic   skulls    in    Table    IX    the    height  was  more 

than  the  breadth  in  sixty-five  males  and  fourteen  females,  i.e.   60*8    per   cent.  ;    in 



THE  CRANIOLOGY  OF  THE  PEOPLE  OF  SCOTLAND. 241 

nine  males  and  one  female  they  were  equal ;  in  twenty-five  males  and  sixteen  females, 

7'7  per  cent.,  the  height  was  less  than  the  breadth,  i.e.  31  5  per  cent.  Ninety-nine 

skulls  were  probably  males  and  thirty-one  females. 

Table  X. 

Brachycephali. 

Race.                             |  Number. Breadth  above  H. Breadth =H. i  Breadth  less  than  H.  J 

Burmese,         .... 
Andaman  Islanders, 
Siamese,          .... 
Chinese,           .... 
Sandwich  Islanders, 

34 7 
4 

11 
7 

M.  32 
M.    3        F.  4 
M.    4 
M.    7        F.  1 
M.    4        F.  3 

M.  2 
None 
None None 
None 

None 
None 
None 
M.  3 
None 

63 M.  50        F.  8 M.  2 M.  3 

Of  sixty-three  exotic  skulls  in  Table  X  the  breadth  was  more  than  the  height  in 

fifty  males  and  eight  females,  i.e.  92  per  cent.  ;  in  two  males  they  were  equal ;  in 

three  males  only  was  the  breadth  less  than  the  height.  Fifty-five  skulls  were 

probably  males,  eight  females.  The  persistency  of  this  character  was  as  marked 

in  these  exotic  races  as  in  the   Scottish  brachycephali. 

In  dolichocephalic  skulls  there  is  not  the  same  uniformity  in  the  relations  of 

breadth  to  height  as  in  the  brachycephali.  Of  the  exotic  skulls  in  Table  IX  the 

height  exceeded  the  breadth  in  the  proportion  of  about  six  specimens  to  four.  The 

crania  in  a  typical  dolichocephalic  race,  like  the  Australian,  were  narrow  both 

actually  and  relatively  to  the  length  and  height ;  the  side  walls  were  vertical ;  the 

vertex  was  keeled  or  roof-like,  with  a  sagittal  ridge  or  crest  which  Sergi  has  named  a 

"  lophus  "  ;  the  slope  from  this  crest  to  the  parietal  eminence  was  steep  ;  the  vertical 
transverse  arc  behind  the  bregma  was  laterally  compressed  ;  the  cranial  capacity  was 

relatively  small,  and  the  skull  had  the  character  to  which  Professor  Cleland  applied 

the  name  "  ill  filled."  *  In  the  Scottish  dolichocephali,  again,  both  prehistoric  and 
modern,  the  breadth  with  scarcely  an  exception  exceeded  the  height.  The  cranium 

was  broad,  though  not  in  such  relation  to  the  length  as  to  give  it  a  brachycephalic 

proportion  ;  the  side  walls  bulged  a  little  ;  the  vertex  was  not  keeled  but  flattened  ; 

the  slope  from  the  sagittal  line  to  the  parietal  eminence  was  gentle  ;  the  vertical 

transverse  arc  behind  the  bregma  was  rounded  ;  the  cranial  capacity  was  ample, 

and  the  skull  merited  the  term  "  well  filled "  which  Cleland  used  for  skulls  of  this 

character.  The  term  dolichocephalic,  while  indicating  a  relation  between  length  and 

breadth,  includes  skulls  which  have  no  common  relationship  as  between  height  and 

breadth,  and  requires  to  have  the  proportion  between  these  diameters  properly  dis- 
criminated in  the  comparison  of  the  skulls  of  different  races  with  each  other. 

*  Philosophical  Transactions  R.  S.,  London,  vol.  cl,  1870. 
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Numerous  skulls  from  the  English  Barrows  have  been  examined  and  described 

by  Thurnam,  *  Rolleston,  f  Garson,  |  Mortimer  and  Wright  §  in  their  respective 

memoirs.  Thurnam's  aphorism  "  Long  barrows,  long  skulls,"  based  on  the  study 
of  the  Long  Barrows  in  the  south-west  of  England,  has  been  confirmed  by  the 
description  by  Rolleston  of  skulls  from  long  barrows  in  Yorkshire  and  other  northern 

counties — that  in  no  skull  from  any  long  barrow  did  the  breadth  bear  to  the  length 

so  high  a  value  as  that  of  80  to  100.  The  mean  cephalic  index  in  Thurnam's 

specimens  was  71*4,  in  Rolleston's  72 "6.  In  the  neolithic  series  in  my  Table  I  the 
index  was  72"8,  the  maximum  of  which  was  only  76.  The  skulls  from  the  Round  or 
Short  Barrows  were  preponderatingly  brachycephalic  in  the  south-western  counties, 

but  in  Yorkshire  nearly  one-half  were  dolichocephalic,  which  doubtless  indicated  a 

large  proportion  of  intermixture  or  crossing  of  the  bronze-age  brachycephali  with 
their  predecessors  the  neolithic  builders  of  the  long  barrows.  Thurnam,  in  his  table 

of  measurements  of  twenty-five  long-barrow  skulls,  gave  the  mean  height  as  174 

mm.,  and  the  mean  breadth  as  171  mm.  Rolleston's  measurements  of  ten  long- 
barrow  skulls  from  Swell  in  Gloucestershire  gave  the  mean  height  at  76*3  and  the 

mean  breadth  at  72 "6  ;  in  both  series,  therefore,  the  height  exceeded  the  breadth, 
which  contrasted  with  my  measures  of  the  neolithic  Scottish  skulls.  In  the  skulls 

from  the  round  or  short  barrows  the  breadth  exceeded  the  height,  as  was  the  case 

with  the  series  of  brachycephali  from  the  short  cists  in  Scotland. 

Several  observers  have  pointed  out  that  skulls  from  short  cists  and  barrows, 

whilst  as  a  rule  brachycephalic  in  type,  are  not  uniform  in  many  of  their  other 

characters.  Dr  Low  has  shown  ||  that  a  large  proportion  of  skulls  from  the  cists 

in  the  Aberdeen  district  were  distinguished  by  their  great  relative  width,  hyper- 

brachycephalic,  that  the  breadth -height  index  was  low,  the  parieto-occipital  region 
flattened,  the  supraciliary  ridges  moderate,  the  face  low  and  broad,  and  the  lower 

jaw  not  heavy  or  strong  ;  moreover,  the  people  were  of  low  stature.  Rolleston 

regarded  the  brachycephalic  type  in  which  the  stature  was  high  as  having  a  marked 

sloping  forehead,  prominent  supraciliaries,  projecting  nose,  upper  jaw  frequently  pro- 

gnathic. Dr  Wright's  series  of  skulls  from  short  barrows  in  East  Yorkshire  con- 
tained so  large  a  proportion  of  dolicho-  and  mesaticephalic  skulls  that  the  brachy- 

cephalic specimens  were  not  equal  in  number  to  both  the  other  types. 

The  Stature  is  a  factor  of  importance  in  the  study  of  the  skeleton  of  prehistoric 

man.  Unfortunately,  in  my  specimens  the  long  bones  were  so  much  injured  that  the 

measurements  were  imperfect.  In  the  Oban  Mackay  Cave  I  estimated  from  the 

length  of  the  femur  the  stature  of  its  neolithic  occupant  as   5  feet  4   inches.     The 

*  Memoirs  Anthrop.  Soc,  London,  vol.  i,  pp.  120,  459,  1863-4. 

t  Skulls  described  in  Greknwell's  British  Barrows,  reprinted  in  Rolleston's  Scientific  Papers  and  Addresses, 
edited  by  W.  Turner,  1884. 

%  "Long- Barrow  Skulls,"  Jowrn.  Anth.  Frist,,  vol.  xxii,  1893  ;  "Orkney  Islanders,"  Joum.  Anth.  Inst.,  vol.  xiii,1883. 
§  Jowrn.  A  mil.  "ml  Ph/ys.,  vols,  xxxviii,  xxxix,  1904,  1905. 
||  Proc.  A  mil.  Anthrop.  Soc,  Univ.  Aberdeen,  1904-1906,  p.  146. 
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femur  was  platymeric  and  the  tibia  platyknemic.  Thurnam  and  Eolleston  have 

estimated,  from  the  length  of  the  femora,  the  mean  stature  of  the  neolithic 

occupants  of  the  long  barrows  as  5  feet  5  inches  to  5  feet  6  inches,  and  that  of  the 

brachycephali  of  the  round  barrows  as  5  feet  8  inches  to  5  feet  9  inches.  As  a 

rule,  the  long  bones  in  the  taller  brachycephali  had  stronger  muscular  ridges  than 

in  the  neolithic  skeletons.  Subsequent  measurements,  however,  of  the  Aberdeen 

series  of  brachycephalic  skeletons  have  given  a  range  of  height  from  5  feet  to 

5  feet  7  inches,  the  mean  being  5  feet  3  inches,  indicating  therefore  a  shorter 

stature  than  with  the  round  heads  of  the  English  round  barrows. 

The  coarse  Pottery  in  the  form  of  Urns  contained  in  the  short  cists,  as  well  as 

the  cinerary  urns  for  the  reception  of  the  calcined  bones,  have  been  investigated  with 

great  care  by  the  Hon.  John  Abercromby,*  who  compared  them  with  the  urns  found 
in  the  English  barrows  and  in  corresponding  interments  on  the  Continent.  He  con- 

sidered that  the  beaker,  or  drinking-cup,  type  is  the  oldest  in  time,  dating  probably 
from  2000  to  1500  B.C.,  coinciding  with  the  earliest  invasion  of  Britain  by  the 

bronze-age  brachycephali,  and  introduced  by  them.  He  thought  that  the  bronze-age 
people  had  but  little  knowledge  of  the  use  of  metal  until  near  the  close  of  the  beaker 

period.  The  bowl-shaped,  or  food-vessel,  type  came  into  use  apparently  during  the 
later  stage  of  that  period  ;  like  the  beaker  urn,  it  was  associated  in  the  Scottish  short 

cists  with  burials  by  inhumation.  The  cinerary  type  of  urn  for  the  reception  of 

the  ashes  was  naturally  taller  and  more  capacious  for  cremated  adult  bodies  than 

the  ceremonial  beaker  and  bowl-shaped  forms.  Its  introduction  marked  the  gradual 

cessation  of  inhumation  in  cists  ;  it  ultimately  superseded  that  form  of  interment,  and 

of  necessity  destroyed  the  physical  characters  of  the  skull  and  skeleton.  This  type 

has  been  found  in  a  few  cists  side  by  side  with  inhumed  bodies,  at  others  independ- 
ently, and  often  collected  into  cemeteries.  Abercromby  considered  that  it  continued 

for  about  seven  hundred  years  to  between  700  and  600  B.C. 

Drs  Low  and  Bryce  described  fifteen  beaker  urns  in  the  short  cists  in  Aberdeen- 

shire, Sutherland,  and  Caithness,  and  established  their  association  with  the  highly 

brachycephalic  skulls  and  the  relatively  low  stature  of  the  people  who  built  these 

cists.  In  the  short  cists  specified  in  Tables  II  to  V  and  in  the  text,  beaker  urns 

were  also  found  in  those  from  Fyrish,  Duns,  Kelso,  Windy  Mains  (East  Lothian),  St 

Andrews,  and  Largs,  in  addition  to  the  N.orth-Eastern  group.  Mr  Abercromby  has 

included  in  his  list  a  number  of  specimens  from  other  counties  in  Scotland  which 

corresponded  with  the  migration  of  the  bronze-age  people  from  south  to  north  and 
from  east  to  west.  He  noted  their  occurrence  in  various  parts  of  England,  in  which 

the  beaker  period  lasted  during  fifteen  or  sixteen  generations.  He  referred  also  to 

examples  on  the  Continent  in  the  Iberian  peninsula,  Italy,  the  Rhine,  North  Germany, 

Saxony,  Bohemia,  Hungary,  France,  Holland,  Holstein,  and  Jutland,  but  no  mention 

is  made  of  specimens  in  Sweden  and  Norway. 

*  Bronze-Age  Pottery  of  Great  Britain  and  Ireland,  Oxford,  1912  ;  op.  cit.,  p.  173. 

TRANS.  ROY.  S0C.  EDIN.,  VOL".  LI,  PART  I  (NO.  5).  34 
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Only  two  bowl-shaped  food  urns  were  noted  in  the  Aberdeen  district  at  Blackhills 

and  Lesmurdie,  but  specimens  were  found  in  the  Leith,  Belfield,  Bridgeness,  Cowden 

Hill  (Forfarshire),  Arrau,  Bute,  Aonach  (Boss),  and  Ardachy  (Mull)  cists  recorded  in 

the  tables  and  text.  The  type  has  also  been  noted  by  Abercromby  in  other  parts 

of  Scotland,  and  in  many  English  counties.  He  regarded  it  as  belonging  to  a  later 

period  of  the  bronze  age  than  the  beaker  urn,  though  sometimes  they  were  found 

together  in  the  same  interment.* 
The  pottery  of  the  bronze  age  is  sparsely  rejtresented  in  Ireland.  Two  beakers 

from  Co.  Down  and  Sligo  are  recorded  by  Abercromby  ;  more  than  twenty  bowl- 
shaped  urns  have  been  obtained  in  Ulster,  Wicklow,  Kildare,  Waterford,  Kilkenny 

and  as  far  south  as  Co.  Cork  and  Kerry,  and  from  the  west  in  Co.  Galway  and 

Mayo.  Similarly,  a  few  cinerary  urns  have  been  recorded  as  obtained  in  the 

Ulster  counties,  and  in  Wexford,  Kilkenny,  Carlow,  Galway,  and  Limerick.  It 

would  seem  therefore  as  if  the  brachycephalic  people  of  the  bronze  age  had  had, 

as  regards  numbers,  a  limited  distribution  over  Ireland  generally,  but  were  more 

frequent  in  the  northern  counties  which  constitute  the  province  of  Ulster. 

Ethnographers  have  classified  the  Races  of  Europe  into  groups  in  accordance  with 

their  physical  characters.  W.  Z.  Ripley  and  Gustaf  Retzius  employed  three,  but 

Deniker  by  a  further  subdivision  suggested  six.  Of  the  three  groups,  the  North 
European  is  dolichocephalic,  with  fair  skin  and  hair,  blue  eyes,  and  tall  stature  :  the 

Mid  European  is  brachycephalic,  with  dark  hair  and  eyes  and  short  stature  :  the 
South  European  has  also  dark  hair  and  eyes  and  short  stature,  but  is  dolichocephalic. 

I  have  already  referred  to  the  neolithic  dolichocephali  as  probably  descended  from 
the  South  European  people  of  the  basin  of  the  Mediterranean  (p.  235). 

The  question  of  the  origin  of  the  brachycephalic  people  of  the  bronze  age  should 
now  be  considered.  In  the  endeavour  to  solve  this  problem  the  cranial  characters 

of  the  prehistoric  people  of  north-western  Europe  have  to  be  studied,  as  far  as  the 
paucity  of  the  material  permits,  also  those  of  the  modern  inhabitants. 

In  Sweden  Gustaf  Retzius  has  shown  f  that,  in  the  latitude  of  Stockholm  and 

to  its  immediate  north,  87  per  cent,  of  the  present  people  were  dolichocephalic, 
13  per  cent,  brachycephalic.  Towards  Lapland  again  the  proportion  of  brachycephali 
increased,    also  in   the   more  southern  provinces,  but  in  none  did  the  percentage  of 

Supplementary  to  the  bronze-age  burials  specified  in  the  text,  recent  volumes  of  the  Proceedings  of  the  S.  Ant. 
Scot,  contain  accounts  of  short  cist  and  cinerary  urn  interments  by  Messrs  J.  Graham  Callander,  F.  R.  Coles, 
W.  Rbid,  W.  Mackenzie,  D.  M'Kinlay,  ami  .1.  II.  Craw.  Beaker  urns  additional  to  those  referred  to  in  the  text 
were  obtained  in  Aberdeenshire,  Banff,  Kincardine,  Argyll,  North  Berwick,  Dunbar,  and  Broomdykes,  Berwickshire. 
Bowl  urns  were  also  recorded  from  Ross,  the  Black  Isle,  Fife,  and  Merchiston,  Mid  Lothian. 

The  short  cists  in  general  form  resembled  the  dolmens  of  France,  but  on  a  smaller  scale  as  regards  the  magnitude 
of  the  stones  and  the  size  of  the  space  enclosed  by  them.  The  stone  boxes  seen  in  many  country  churchyards  with 

large  cover  slab,  built  on  the  surface  above  the  coffin  and  inhumed  body,  though  without  contents,  are  in  form 
a  survival  in  modern  times  of  an  ancient  cist  burial. 

t  Crania  Suecica  dntiqua,  Stockholm,  1900,  and  Huxley  Lecture  for  1909  in  Jouru.  Anthrop.  Inst.,  vol.  xxxix  ; 

also  Retzius  and  V tJMT,  A  nthropologia  Suecica,  Stockholm,"  1902. 
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brachycephali  rise  above  24  per  cent.  Of  forty-two  crania  of  the  stone  age 

examined,  twenty-three  were  dolichocephalic,  sixteen  mesocephalic,  and  only  three 

brachycephalic.  In  Norway  observations  have  been  made  by  C.  Arbo  *  on  the  heads 
of  recruits  for  the  Norwegian  army,  which  presented  two  distinct  types.  In  the 

mountains  the  dolichocephalic  type  prevailed,  and  to  their  west  the  mesocephalic 

were  numerous,  though  with  dolichocephalic  and  brachycephalic  centres  interspersed. 

Those  from  the  south  and  the  south-east  of  the  central  chain  of  mountains  were 

to  a  large  extent  mesocephalic.  The  south,  south-west,  and  west  coast  people  were 
brachycephalic,  and  this  type  extended  inland  on  the  shores  of  the  great  fiords.  The 

general  distribution  therefore  was  brachycephalic  with  dark  hair  and  skin  along  the 

coast ;  and  dolichomesocephalic  with  blonde  hair  and  skin  in  the  interior  and  at  the 

heads  of  the  fiords.  These  types  were  associated  with  differences  in  stature,  which 

was  upwards  of  170  cm.  (5  feet  7  inches)  in  the  long  heads  and  from  166  to  168  cm. 

(5  feet  3  inches  to  5  feet  6  inches)  in  the  round  heads.  Arbo  also  described  a 

Norwegian  skull  of  the  stone  age  rather  short  and  rounded,  small,  forehead 

broad,  and  with  a  cephalic  index  76*4.  It  differed  from  the  ordinary  dolicho- 
cephalic type.  C.  F.  Larsen  has  described  and  figured!  a  number  of  Norwegian 

skulls  dolichocephalic,  mesodolichocephalic,  brachycephalic,  mesobrachycephalic. 

The  brachycephali  were  from  Sole,  Tonsberg,  Oslo,  Gimso,  Trondhjem,  and  the 

dolichocephali  from  S0rengen,  Trondhjem,  Guldalen.  David  Hepburn  examined 

twenty-four  skulls  j  in  the  museum,  University,  Christiania,  and  found  fourteen 

from  Oslo,  Sole,  T0nsberg  to  be  dolichocephalic,  five  from  Sole,  Tonsberg,  Trondhjem 

mesocephalic,  five  from  Sole,  T0nsberg  brachycephalic.  In  Denmark  also  is  a  mixed 

population  of  dolichocephali  and  brachycephali.  Virchow,  from  the  examination 

of  forty-one  stone-age  skulls  in  the  Danish  museums,  observed  that  some  inclined 
to  the  dolichocephalic,  others  to  the  brachycephalic  type.  The  cephalic  index  in 

the  Borreby  group  was  79,  Udby  group  78,  and  a  skull  from  Naes  82 ;  other 

skulls  from  Naes  were  75 '4,  from  Stege  75'9 :  the  mean  of  the  series  was 

77  "3.  Virchow  considered  that  the  modern  Danish  skull  approximated  to  the 
Borreby  group,  mesocephalic,  with  an  inclination  towards  the  brachycephalic 

type.  A.  M.  Hansen  considered  that  in  Denmark  the  bronze  age  did  not 

introduce  a  new  craniological  type,  for  brachycephalic  skulls  were  not  uncommon 

in  the  stone  age.  H.  E.  Nielson  §  had  shown  that,  in  one  hundred  and  nineteen 

skulls  regarded  as  of  the  stone  age,  the  cephalic  index  was  dolicho-  or  mesocephalic 

in  eighty-three  specimens,  whilst  the  remainder  were  meso-  or  brachycephalic. 
Skulls  from  the  Frisian  coast  and  islands  have  been  examined  by  Virchow,  ||  which 

*  Several  memoirs  from  1891  to  1904.     A  general  remind 'is  given  in  0.  R.  du  Gongres  International  de  Medecine, 
Moscow,  1897,  and  Tidskrift  af  Svenska  Sellslt.  Antropol.  och  Geograf.,  1900. 

t  Vidensk.  Sellshabets  Skrifter,  Christiania,  1901,  1903. 
X  Vidensk.  Sellskabets  Forandl,  Christiania,  1905. 
§  Quoted  by  G.  Retzius. 
||  Abhandl.  der  Konig.  Akad.  der  Wissensch.,  Berlin,  1876. 
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in  the  mean  were  mesocephalic ;  some  approximated  to  the  dolichocephalic,  others 

to  the  brachycephalic  type,  the  tendency  to  which  was  associated  with  a  low  or 

chamaecephalic  cranium. 

France  in  palaeolithic  days  had  a  longheaded  race  and  their  neolithic  successors 

were  also,  dolichocephalic.  Skulls  which  were  found  in  a  gravel  pit  at  Grenelle 

near  Paris,  believed  by  some  to  be  of  Pleistocene  age,  were  however  brachy- 

cephalic, and  are  considered  by  others  to  resemble  those  of  the  bronze  period. 

Philippe  Salmon  analysed  *  the  proportions  of  six  hundred  and  eighty-eight  skulls 
of  the  stone  age  in  France,  and  stated  that  57  per  cent,  were  dolichocephalic;  21 

per  cent,  mesocephalic  (index  from  77  to  80) ;  21  per  cent,  brachycephalic.  The 

majority  in  the  dolichocephali  had  the  index  73  and  74,  in  the  brachycephali  80 

to  82.  He  distinguished  in  the  dolichocephali  an  older  quaternary  type  and  a 

newer  or  neolithic  type,  in  which  the  occiput  did  not  project  (chignon  occipital), 

and  he  named  it  the  Genay  Typus. 

Ample  evidence  exists,  therefore,  of  the  presence  of  brachycephalic  centres  in 

countries  which  had  or  now  have  coast  lines  opposite  to  Britain,  and  the  question 
arises  from  which  of  these  came  the  roundheaded  invaders  of  Britain  who  constructed 

the  round  barrows  and  the  short  cists.  Many  ethnographers  consider  that  they 

had  come  from  France,  landed  on  the  coast  to  the  south  of  the  Thames,  and  had 

gradually  spread  through  England,  thence  northward  into  Scotland,  so  that  the 

diffusion  took  place  from  one  original  centre  of  invasion  and  must  haver  occupied  a 

considerable  period  of  time.  The  recognition  of  definite  brachycephalic  centres  of 

population  in  Scandinavian  countries  opens  up  a  wider  field  of  inquiry.  These  people 

had  access  to  the  sea,  and  then  as  now  were  doubtless  not  disinclined  to  maritime 

adventure  across  the  North  Sea ;  their  boats  may  possibly  have  been  sufficiently 

large  and  strong  to  enable  them  to  have  made  settlements  on  the  east  coast  of 

Scotland  distinct  from  the  invasion  on  th.e  south  coast  of  England.  The  Aberdeen 

cists  have  disclosed  skeletons  of  short  stature  with  skulls  of  hyperbrachycephalic 

proportions,  flattened  occiput,  and  moderate  supraciliary  ridges,  which  contrasted 

with  the  skulls  from  the  round  barrows  in  England,  the  skeletons  in  which  were 

taller,  and  with  a  proportion  of  the  skulls  from  the  Lothians,  in  which  the  cephalic 

index  was  lower  and  the  occipital  squama  approximated  in  form  to  the  dolicho- 
cephalic type,  while  the  supraciliary  ridges  were  very  prominent.  Associated  with 

these  physical  differences  was  the  greater  prevalence  of  the  beaker  urn  in  the  short 

cists  in  the  north-east  of  Scotland  and  of  the  bowl-shaped  urn  in  the  Lothians.  The 
inference  drawn  by  Mr  Abercromby  that  the  latter  shape  did  not  appear  until 

towards  the  close  of  the  beaker  period,  points  to  their  possible  introduction  through 

a  later  wave  of  invasion  by  brachycephali  who  had  undergone  some  crossing  with  a 

longheaded  race,  which  had  modified  the  relative  breadth  of  the  cranium  and  led  to 

an  approximation  towards  the  dolichocephalic  type.     Although  the  bowl-shaped  urns 

*  Quoted  by  G.  Ret/.ius,  Crania  Suecica  Antiqua,  p.  49. 
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represented  a  later  stage  of  the  bronze  age  than  did  the  beaker  urns,  both  were 

important  ceremonial  adjuncts  in  interments  by  inhumation.  With  the  introduction 

of  cremation  they  and  their  symbolic  significance  disappeared. 

Whatever  be  the  immediate  starting-point  of  the  invasion,  a  further  question 

naturally  arises  as  to  the  European  centre  from  which  they  had  originally  proceeded. 

A  considerable  body  of  opinion  favours  the  view  that  their  parent  race  was  the 

brachy cephalic  Mid-European  group  which  is  now  represented  by  the  people  of  the 
valley  of  the  Ehine,  Switzerland,  South  Germany  and  the  Tyrol.  Their  centre  of 

dispersion  towards  Britain  was  from  the  Alps  of  Mid  Europe — hence  the  name  Alpine 

i-ace — northward  into  Scandinavia,  westward  to  France  and  the  Low  Countries, 

whence  migration  to  Britain  became  possible. 

The  Iron  Age  in  Britain  may  be  said  to  start  from  the  Celtic  invasion,  and  the 

discoveries  at  Hallstatt  have  shown  that  on  the  Continent  the  metal  had  been  wrought 

into  tools  and  weapons  during  the  sixth  and  fifth  centuries  B.C.  In  a  previous 

section  (p.  217)  I  have  stated  that,  through  the  practice  of  cremation  by  the  Celts 

and  the  paucity  of  distinctive  interments,  our  knowledge  of  the  physical  characters 

of  these  people  and  of  their  graves  is  very  imperfect.  Since  that  section  was  in 

type  I  have  had,  through  the  courtesy  of  Mr  A.  0.  Curle,  the  opportunity  of  read- 

ing the  proof-sheets  of  his  important  memoir  on  excavations  of  an  ancient  inhabited 
fortification  situated  on  Traprain  Law,  Prestonkirk,  East  Lothian,  to  be  published  in 

the  forthcoming  volume  of  the  Proceedings  of  the  Society  of  Antiquaries  of  Scotland. 

Though  no  remains  of  man  himself  were  recognised,  numerous  relics  were  exposed  of 

pottery,  native  and  Roman,  weapons  and  implements  of  bronze  and  iron,  harness 

mountings,  flint  scrapers,  whorls  and  discs  of  stone,  moulds  of  stone  and  baked  clay 

for  bronze  castings,  glass  vessels  and  ornaments  of  jet  and  glass.  The  character 

of  these  objects  and  a  few  coins  found  along  with  them  of  the  days  of  Hadrian, 

Antoninus  Pius  and  Trajan,  showed  them  to  be  of  the  iron  age  as  found  in 

southern  Scotland,  and  associated  them  with  the  Roman  and  Romano-British 

occupation  at  the  end  of  the  first  and  at  the  beginning  of  the  second  century. 

Interspersed  with  them  were  objects  having  the  characteristic  Celtic  ornamenta- 
tion, of  the  second  century.  Some  of  these  resembled  objects  described  by  Mr 

James  Curle  in  his  elaborate  work  on  the  Roman  fort  excavated  at  Newstead  a 

few  years  ago.*  On  the  other  hand,  one  or  two  specimens  could  be  definitely 
associated  with  the  bronze  age. 

The  collection  illustrates  the  overlapping  which'  occurs  in  the  transition  between 
different  periods,  the  persistency  of  custom,  and  the  care  that  is  required  in  the 

interpretation  of  the  age  of  objects  disclosed  in  archaeological  research. 

The  presence  in  graves  of  articles  belonging  to  different  periods  is  not  limited  to 

prehistoric  interments.  I  may  refer  to  "goods"  (now  in  the  University  Museum) 
from  the  grave  of  an  aboriginal  Australian,  which,    along  with  the   back  of  a  steel 

*  A  Roman  Frontier  Post  and  its  People,  1910. 
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knife  and  a  flint  nodule  doubtless  used  as  a  means  of  obtaining  light,  contained  a 

clay  pipe,  a  rusted  iron  spoon,  and  a  pannikin. 

Caesar  described  a  Celtic  tribe,  the  Belgae,  who  opposed  his  landing  in  Britain  in 

55-54  B.C.,  and  there  can  be  no  doubt  that  the  Celts  had  occupied  large  tracts  of  the 
island  during  several  previous  centuries.  It  is  difficult  to  state  the  exact  date  of 

invasion — possibly  about  400  B.C.  ;  and  scholars  differ  in  opinion  as  to  whether  it 
took  place  before  or  after  the  linguistic  division  into  the  Goidelic  (Gaelic)  and  the 

Brythonic  (Welsh)  dialectic  groups.  Great  uncertainty  has  also  prevailed  in  regard 

to  the  part  of  the  Continent  occupied  by  the  invaders  before  their  migration  west- 
wards, due  in  part  doubtless  to  the  indefinite  use  by  authors  of  the  term  Celts. 

Bkoca  and  other  French  ethnologists  had  restricted  the  name  to  the  brachy cephalic 

people  who  occupied  Central  Gaul ;  others  had  given  it  a  wider  signification,  embrac- 
ing a  larger  area  of  Europe  in  which  the  head  form  was  not  of  uniform  type.  Rice 

Holmes*  in  reviewing  the  opinions  of  different  writers  favours  the  view  that  the 
Celtic  invaders  of  Britain  were  not  a  pure  brachycephalic  people,  but  contained  pre- 

ponderating dolicho-  and  mesocephalic  elements,  as  a  result  of  intermixture  and 

intermarriage  with  longer-headed  races  before  their  migration.  It  is  difficult  there- 
fore to  express  by  a  single  term  the  characteristic  form  of  the  Celtic  skull.  Anders 

Retzius  distinguished  two  varieties :  the  one  long  and  narrow,  the  other  broader, 

not  so  compressed  laterally.  Sven  Nilsson  pronounced  it  to  be  vague  and  uncertain. 

Owing  to  the  practice  of  cremation,  authentic  specimens  are  few  in  number,  and 

skulls  catalogued  in  museums  as  Celtic  have  often  been  imperfectly  named,  their 

race  and  place  of  origin  being  uncertain.  The  conclusion  that  the  Celts  are  a  mixed 

people,  whose  crania  may  exhibit  brachy-,  meso-,  or  dolichocephalic  proportions, 
seems  therefore  to  be  not  without  justification. 

Associated  with  the  Celtic  question  are  the  terms  Picts  and  Scots,  employed  by- 
historians  in  describing  the  Roman  occupation  of  Britain  and  the  period  immediately 

following  its  evacuation  by  them.  The  term  Picts  was  applied  to  inhabitants  of 

Scotland  living  to  the  north  of  the  Forth  and  the  Clyde,  and  perhaps  may  have 

included  the  people  between  these  estuaries  and  the  Wall  of  Hadrian  and  the 

Solvvay.  Craniology  can  throw  no  light  on  their  racial  features,  as  no  specimens 

have  been  preserved  which  can  be  definitely  regarded  as  Pictish.  The  Pictish 

question  is  essentially  a  linguistic  one,  and  its  solution  mostly  hinges  upon  the 

interpretation  of  the  few  words  believed  to  be  Pictish  which  have  been  preserved. 

Scotland  had  been  from  remote  times  occupied  in  succession  by  neolithic  and 

bronze-age  people,  afterwards  by  Celts,  and  representatives  of  all  these  races  had 

without  doubt  survived  into  the  Roman  period.  In  ignorance  of  the  race  dis- 

tinctions with  which  we  are  now  acquainted,  the  Romans  may  have  regarded  their 

Pictish  opponents  as  one  people,  antagonistic  to  them  in  their  sentiments  and 

actions.     I  attach  therefore  weight  to  the  arguments  advanced  by  Mr  Rice  Holmes 
*  Ancient  Britain,  Oxford,  1907. 
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that  the  Picts  so  called  were   a  mixed   people,  possibly  comprising   descendants    of 

the  neolithic  aborigines,  the  bronze-age  people,  and  their  Celtic  invaders. 
The  Scots,  again,  had  originally  migrated  from  Ireland,  at  that  time  known  as 

Scotia,  and  belonged  to  the  Goidelic  division  of  the  Celtic  race  which  had  settled 

there.  They  took  possession  of  Argyll  and  the  adjacent  islands,  known  as  Dalriada, 

and  ultimately  their  name  was  applied  to  the  whole  of  Scotland  and  its  people. 

The  prehistoric  Celts  in  Scotland  should  not  be  regarded  as  exclusively  belonging 

to  the  Goidelic  division  of  that  race.  The  Brythonic  or  Welsh  division  had  pene- 
trated north  to  the  estuary  and  valley  of  the  Clyde  and  had  formed  the  kingdom  of 

Strathclyde,  which  included  the  south-western  counties.  In  the  early  years  of  the 
eleventh  century  the  northern  part  of  this  kingdom  became  fused  with  Dalriada,  and 

with  the  Goidelic  Celts  or  Picts  who  inhabited  Galloway.  At  about  the  same  time 

Malcolm  the  Second  defeated,  at  the  battle  of  Carham,  the  Anglo-Northumbrian  ruler 
of  the  Lothians  and  eastern  border  counties,  when  the  Sol  way  and  Tweed,  and  not 

the  Forth,  became  the  southern  border  of  the  Scottish  kingdom. 

The  Norse  invasion  covered  an  important  chapter  in  the  early  history  of 

Scotland.  The  Shetland  and  Orkney  Islands,  Caithness,  Sutherland,  and  the 

Western  Islands  were  conquered  by  the  Norwegians  about  the  end  of  the  ninth 

century  a.  d.,  and  several  Viking  interments  have  been  described  in  the  section  on  the 

Iron  Age  (p.  221).  To  these  I  may  add  an  account*  of  two  skulls  by  Barnard  Davis. 
One,  in  the  museum  of  Dunrobin  Castle,  was  from  a  stone-built  grave  about  eight  feet 
long,  exposed  alongside  of  a  second  similar  grave  in  which  was  the  rusted  iron  socket 

of  a  spear-head.  The  cephalic  index  of  this  skull  was  78,  mesobrachy cephalic, 

the  vertical  index  was  67 '2;  the  breadth  exceeded  the  height,  which  was  chamse- 
cephalic.  The  occipital  squama  bulged  behind  the  inion,  the  face  was  orthognathic. 
The  other  skull  was  found  at  the  foot  of  one  of  the  erect  stones  of  a  cromlech  at 

Nisibost,  isle  of  Harris.  It  was  broadly  ovoid,  with  feeble  glabella  and  supraciliaries  ; 

vertex  flattened  ;  post-parietal  slope  gradual ;  occiput  bulged  behind  a  feeble  inion  ; 
nose  narrow  and  moderately  projecting ;  orbits  rounded ;  teeth  much  worn.  The 

cephalic  index,  77 '8,  was  mesobrachycephalic,  the  breadth  much  greater  than  the 

height,  and  the  vertical  index  65  "6.  Montelius  considered  that  in  the  iron  age 
in  Scandinavia  cremation  was  practised  from  500  B.C.  to  about  1050  a.d.  Up  to 

about  800  a.d.  it  was  the  rule,  after  which  date  inhumation  in  cists  of  either  wood 

or  stone,  or  direct  interment  in  the  earth,  became  the  practice. 

G.  Retzius,  from  an  analysis  of  forty-one  iron-age  interments  in  Sweden,  found 

twenty-eight  to  be  dolichocephalic,  ten  with  the  cephalic  index  from  77  to  78*4, 
mesobrachycephalic,  only  three  were  brachycephalic.  In  the  iron  age,  as  in  the  bronze 

and  stone  ages,  the  dolichocephalic  type  predominated  in  Sweden  as  at  present. 

Justus  Barth  recognised  f  in  a  set  of  old  Norwegian  skulls  a  Viking  type,  ovoid, 

*  Crania  Britannica.     The  Dunrobin  burial  was  described  in  P.S.Ant.Sc,  vol.  i,  p-  297,  1855. 
t  Quoted  by  Retzius,  Omnia  Suecica. 
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# 

dolichocephalic,  orthognathic,  with  a  long  narrow  face  and  nose  ;  42  per  cent,  in  the 

collection  were  dolichocephalic,  52  mesocephalic,  only  6  per  cent,  brachycephalic. 

Virchow  found  five  iron-age  skulls  from  Denmark  to  be  dolichocephalic.  The  skulls 

from  burials  in  Scotland  recognised  as  Norse  are  as  yet  too  few  in  number  to  enable 

a  general  statement  to  be  made,  but  the  presumption  is  in  favour  of  the  type  being 

dolicho-  or  mesodolichocephalic,*  like  their  ancestors  in  Scandinavia  of  the  iron  age. 
At  the  close  of  the  Roman  occupation  of  Britain  in  the  fifth  century  the  island 

was  invaded  by  tribes  from  the  opposite  shores  of  the  North  Sea,  which  we  know 

now  as  Jutland,  Schleswig-Holstein,  the  Elbe  area,  Frisian  coast  and  islands,  and 
the  Netherlands.  The  tribes  named  separately  Angles  (Engles),  Saxons,  and  Jutes, 

collectively  formed  the  Anglo-Saxons.  Plunder  was  at  first  their  object,  but  in 
course  of  time  the  south,  the  east  and  the  middle  of  England  were  conquered  by  the 

Jutes  and  Saxons,  the  British  people  were  driven  into  Wales,  Devon,  and  Cornwall, 

those  who  remained  in  the  conquered  districts  were  to  some  extent  enslaved, 

Christianity  disappeared,  was  superseded  by  pagan  rites,  and  small  separate  Anglo- 
Saxon  kingdoms  were  established.  The  north  country  from  the  Humber  to  the  Forth 

was  conquered  by  the  Angles,  who  divided  it  into  Deira,  extending  from  the  Humber 

to  the  Tees,  and  Bernicia,  from  the  Tees  to  the  estuary  of  the  Forth  (the  Frisian 

Sea).  In  the  seventh  century  Edwin,  king  of  Deira,  annexed  Bernicia,  became  king  of 

Northumbria  which  included  the  south-east  border  Lowlands  and  the  Lothians,  and 

settlements  were  also  formed  by  the  Angles  and  Jutes  along  the  east  coast  further  to 

the  north.f  Including  the  Lothians,  the  Lowlands  were  the  parts  of  Scotland  which 

were  colonised  directly  by  the  Angles.  During  the  pagan  period  the  Anglo-Saxons 
practised  cremation.  No  satisfactory  evidence  has  been  obtained  in  Scotland  of 

Anglo-Saxon  burials  of  this  period,  or  of  their  cremation  urns,  and  I  know  of  no 

crania  collected  in  Scotland  which  can  be  regarded  as  those  of  pagan  Anglo-Saxons. 

In  England,  on  the  other  hand,  Anglo-Saxon  burials  have  been  investigated  by 

several  archaeologists.  Rolleston  has  described  I  Anglo-Saxon  cremation-urn  inter- 
ments at  Frilford,  Berkshire,  and  elsewhere,  before  they  were  superseded  by  the 

Christian  practice  of  inhumation  after  the  arrival  of  Augustine  at  the  court  of 

Ethelbert,  the  Kentish  king,  at  the  end  of  the  sixth  century.  Rolleston  emphasised 

the  practice  of  cremation  by  saying  that  every  fresh  discovery  of  distinctively  Anglo- 

JSaxon  urns  shows  how  thoroughly  England  was  overrun  by  the  "  heathen  of  the 

Northern  sea,"  in  the  period  which  elapsed  between  the  landing  of  Hengist  in 
Thanet  and  the  Christianising  of  the  invaders  by  Augustine  and  his  successors.     He 

*  Baknard  Davis  gave  measurements  of  an  ancient  Norse  skull  found  in  1840  near  Lough  Larne,  Antrim,  the 

cephalic  index  of  which  was  73  ;  also  another  marked  "ancient  Danish?"  from  East  Riding,  Yorkshire,  the  index 
nl'  which  was  74.     See  Thesaurus  Craniorum  and  Supplement. 

t  Hodgkin,  The  History  of  England  from  Earliest  Times  to  Norman  Conquest,  London,  1906,  chapters  vi,  viii,  xi. 

W.  F.  Skene  considered  ("Early  Frisian  Settlements  in  Scotland,"  P.S.A.S.,  iv,  169,1863)  evidence  to  exist  of 
Frisian  settlements  as  early  as  374  a.d.,  i.e.  prior  to  the  Saxon  invasion  of  England,  along  the  north  shore  of  the 

Firth  of  Forth,  the  south-east  shore,  and  the  shore  of  Forfar  and  Kincardine. 
j    Archasologia,  1870  and  1879  ;  also  Collected  Scientific  Papers,  vol.  ii,  edited  by  W.  Turner,  Oxford,  1884. 
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regarded  the  discovery  of  urns  from  a  cemetery  at  Sancton,  Yorkshire,  as  the 

limit  of  cremation  known  to  him  as  practised  by  the  Anglo-Saxons  in  the  north 
of  England.  The  conversion  of  Edwin,  the  king  of  Northumbria  and  the  Lothians, 

did  not  take  place  until  625  a.d. 

Anglo-Saxon  relics  of  various  kinds  and  their  crania  have  been  described  by 
Rolleston,  who  contrasted  the  skulls  with  the  Romano- British  skulls  also  found  in  the 

Frilford  cemetery.  Barnard  Davis  described  nineteen  skulls  in  Crania  Britannica 

and  the  Thesaurus  Craniorum  belonging  to  Jutes,  West  and  South  Saxons,  East  and 

North  Angles,  only  one  of  which  was  marked  "  Northumbrian  Angle."  Fourteen  skulls 
were  dolichocephalic  or  mesodolichocephalic,  three  were  bracbycephalic,  and  two  meso- 
brachycephalie.  In  sixteen  both  breadth  and  height  were  measured,  and  in  eleven 

the  breadth  exceeded  the  height,  in  one  they  were  equal,  and  in  two  dolichocephali 

the  breadth  was  less  than  the  height.  F.  G.  Parsons  has  investigated*  Saxon 
skulls,  probably  Jutes,  exposed  at  Folkestone  and  Broadstairs,  those  from  the  latter 

place  being  in  the  same  ground  as  two  undoubted  interments  of  the  bronze  age.  Of 

the  six  Jutes  from  Folkestone,  one-half  were  dolichocephalic  and  the  others  meso- 

dolichocephalic, the  mean  being  74 '1  ;  the  skulls  from  Broadstairs  were  described  as 
narrow  and  long,  but  certainly  not  low,  and  having  high  orbital  apertures. 

In  the  section  on  the  Long  Cists  (p.  226)  I  described  the  construction  of  graves 

of  that  type  and  the  absence  of  grave  goods,  which  distinguished  them  from  the 

pagan  neolithic  and  bronze-age  burials,  whilst  their  orientation  associated  them  with 

Christian  interments.  The  question  therefore  naturally  arises,  at  what  period 

subsequent  to  the  adoption  of  Christianity  did  this  form  of  burial  come  into  use? 

The  conversion  of  the  southern  or  Galloway  Picts  by  St  Ninian  is  said  to  date 

from  the  close  of  the  fourth  century.  In  the  latter  half  of  the  sixth  century 

St  Columba  converted  Brude,  the  king  of  the  northern  Picts.  Since  the  middle  of 

that  centurv  the  Northumbrian  Ano-les  had  extended  their  rule  as  far  north  as  the 

Firth  of  Forth,  and  doubtless  with  their  strong  pagan  beliefs  repressed  Christianity 

and  its  observances,  destroyed  its  memorials  and  decimated  the  people.  Hence  in  the 

Lothians  and  south-eastern  counties  no  definite  relics  of  the  early  Christian  period  have 

been  preserved.  Though  Edwin,  king  of  Northumbria,  was  baptised  in  627,  his  people 

remained  in,  or  relapsed  into  paganism,  and  it  was  not  until  thirty  years  after,  that 

Aidan  the  missionary  bishop  accomplished  the  conversion  of  the  northern  Angles. 

In  a  previous  section,  p.  230,  I  directed  attention  to  the  number  and  orderly 

arrangement  of  long  cists  in  cemeteries  in  the  Lothians,  Roxburgh,  Selkirk,  Fife, 

and  Forfar,  counties  which  had  been  occupied  or  invaded  by  the  Angles  and  possibly 

by  Jutes.  As  Scotland  became  more  settled  in  the  Lowlands  and  the  people  con- 

gregated in  villages  and  small  towns,  graves  would  cease  to  be  isolated  interments, 

but  would  follow  a  common  plan  in  a  prescribed  area  more  or  less  associated  with 

Christian  worship.     I  think  it  is  not  unreasonable  to  regard  this  type  of  grave  as 

*  Journ.  Anthrop.  Inst.,  vol.  xli,  1911,  and  vol.  xliii,  1913. 
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possibly  that  in  use  by  the  Anglo-Saxon  people  after  their  conversion  to  Christianity, 
and  the  occasional  presence  of  iron  in  long  cists,  to  which  I  have  previously  referred, 

is  not  adverse  to  this  view.  In  making  this  statement  I  do  not  wish  it  to  be  thought 

that  the  type  was  exclusively  used  by  persons  of  Anglo-Saxon  descent,  but  with  the 
spread  and  universal  acceptance  of  the  Christian  faith  in  the  Lowlands  it  would 

doubtless,  from  its  simple  construction  and  symbolic  significance,  be  adopted  and 

become  for  a  long  period  of  years  the  general  habit  of  the  people. 

I  would  recall  that  some  fifty  years  ago  I  saw  for  the  first  time  in  progress  an 

archaeological  excavation  of  long  cists  in  the  Catstane  field  at  Kirkliston  (p.  226). 

Sir  James  Y.  Simpson,  whom  I  accompanied,  published  an  elaborate  memoir  on  that 

ancient  stone,  a  pagan  memorial,  the  inscription  on  which  could,  he  thought,  be  read 

as  "Vetta  F(ilius)  Victi";  Vetta  being  regarded  as  the  grandfather  of  Hengist  and 
Horsa,  the  Jutish  invaders  of  Kent.  Should  this  reading  be  correct,  it  would  point  to 

the  presence  of  Saxons  north  of  the  wall  of  Hadrian  before  Hengist  landed  in  the  isle  of 

Thanet,  which  Sir  James  thought  might  have  been  owing  to  Saxon  soldiers  who  had 

constituted  an  element  in  the  Eoman  army  during  its  occupation  of  Britain.  Should 

it  be  the  case,  however,  as  some  historians  have  indicated,  that  a  direct  Jutish 

or  Frisian  invasion  of  the  south-east  coast  of  Scotland  took  place,  the  stone  may 

have  been  inscribed  by  them  prior  to  the  departure  of  the  Romans. 

The  measurements  made  by  Dr  John  Beddoe*  of  the  heads  of  persons  in  the 

border  counties  of  Scotland  gave  the  mean  cephalic  index  76 "4,  equal  to  an  index  74  #4 
for  the  cranium  ;  measurements  of  heads  in  Edinburgh  and  the  Lothians  yielded  the 

index  77 "4,  equal  to  the  cranial  index  75.  The  dolichocephalic  and  mesodolicho- 

cephalic  proportions  associated  them  with  the  Anglo-Saxon  type. 

The  Anglo-Saxons  in  their  turn  were  attacked  by  people  known  to  history  as  the 
Danes.  The  invasion  began  in  the  tenth  century  along  the  east  and  south  coasts  of 

England,  and  continued  at  intervals  for  nearly  half  a  century,  when  Canute  became 

king  and  ruled  the  south  of  England,  London,  and  the  eastern  counties.  Northumbria 
also  came  under  his  influence ;  but  it  is  doubtful  if  the  Lothians  and  Scottish  border 

counties  did  to  a  material  extent,  except  perhaps  on  the  sea  coast,  as  they  had  been 
lost  to  Northumbria  and  annexed  to  Scotland  before  the  Danish  invasion,  when  the 

present  border  line  became  established.  Although  called  Danes,  the  invaders  were 

from  at  least  two  of  the  three  Scandinavian  countries,  and  Norway  undoubtedly 
provided  a  large  Norse  contingent. 

About  the  same  time  western  France  was  invaded  by  the  Norsemen,  who 
established  the  dukedom  of  Normandy.  In  the  latter  half  of  the  eleventh  century 
Eugland  was  conquered  by  the  Norman  French,  who  founded  a  dynasty,  and 
inaugurated  a  political  and  social  revolution.  No  material  change  in  the  physical 

type  of  the  English  people  was  induced  by  this  new  invasion,  and  it  exercised  no 
influence  on  that  of  Scotland. 

"Sur  Pliistoire  de  Pindex  cdphalique  dans  les  Isles  Britanniques,"  in  L' Anthropologic,  vol.  v,  1894. 
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Reference  has  incidentally  been  made  in  the  text  to  the  colour  of  the  hair,  eyes, 

and  skin  of  the  races  now  under  consideration :  aspects  of  the  subject  which  form 

important  topics  for  anthropological  research.  I  have  not,  however,  personally 

conducted  systematic  investigations  into  these  matters.  As  regards  Britain,  elabor- 
ate series  of  observations  have  been  made  by  the  late  Dr  Beddoe  and  Messrs 

Gray  and  Tocher.*  Mr  Tocher  has  found  that  amongst  the  school  children  the 

hair  in  about  one-fourth  was  fair,  in  one-fourth  dark,  and  in  nearly  one-half  it  belonged 
to  two  intermediate  classes  embracing  various  shades  of  brown,  or  medium,  and  red 

hair.  As  regards  the  eyes,  nearly  one-fourth  were  dark  brown  or  dark  eyes  ;  over 

three-fourths  were  divided  into  15  percent,  pure  blue  eyes,  30  per  cent,  light  eyes, 
and  about  32  per  cent,  had  eyes  mixed  in  their  type.  He  observed  that  an  excess  of 

the  dark-  and  jet-black-haired,  along  with  blue  eyes,  occurred  in  the  western  Gaelic- 

speaking  counties — the  Scoto-Celts  ;  though  in  Argyll  and  the  Isles  a  light-eyed, 

dark-haired  type  prevailed. 
The  skin  in  the  Scottish  people  is  mainly  fair  or  blonde,  though  in  some  localities 

shades  of  brunette  appear,  with  sometimes  in  the  children  of  the  same  family 

examples  of  the  blonde  and  the  brunette. 

The  pigmentation  characters,  the  stature,  and  the  head  form  testify  to  the 

influence  exercised  by  the  races  of  Northern  Europe  on  the  physical  structure  of 

the  people  of  Britain. 

Summary. 

The  review  which  I  have  attempted  in  this  memoir  of  the  people  of  prehistoric 

Scotland,  though  necessarily  imperfect  from  paucity  of  material,  is  sufficient  to  show 

that  the  Scottish  people  have  a  long  ancestral  descent,  modified  in  type  throughout 

the  centuries  by  a  succession  of  invasions  from  the  Continent.  The  most  ancient  in 

point  of  time,  of  which  we  have  evidence,  were  the  neolithic  people  of  the  polished 

stone  age,  of  short  stature,  but  not  dwarfs.  They,  the  builders,  of  the  long  barrows 

and  chambered  cairns,  were  ignorant  of  the  use  of  metals.  Their  crania  were  long 

and  relatively  narrow,  purely  dolichocephalic.  The  face  was  high  in  relation  to  its 

breadth,  the  jaw  not  projecting,  the  nose  narrow.  We  have  no  knowledge  of  the 

colour  of  the  skin,  hair,  and  eyes,  but  if  the  conjecture  be  correct  that  they  were 

descended  from  the  South  European  people  of  the  Mediterranean  basin,  the  skin 

would  have  been  brunette,  the  hair  jet-black,  and  the  eyes  black  or  dark  brown. 
They  were  followed  by  a  different  type,  the  builders  of  the  round  barrows  and 

short    cists,    with   whom    cremation    was    at    first   an   occasional   accompaniment    of 

*  Beddoe,  in  Races  of  Britain,  1885,  and  the  Rhincl  Lectures  reprinted  from  Scottish  Review,  1893  ;  Gray  and 

Tocher  in  a  joint  memoir  (Journ.  Anthrop.  Inst.,  vol.  xxx,  1900),  and  in  separate  memoirs,  of  which  Tocher's  "  Pig- 
mentation Survey  of  School  Children  in  Scotland,"  Biometrika,  vol.  vi,  1908,  is  the  most  comprehensive.  He  analysed 

the  colour  characters  of  somewhat  more  than  half  a  million  child  ren,  and  gave  the  distribution  of  the  various  tints  and 
shades  of  colour  in  the  counties  in  Scotland. 

Dr  John  Brownlee,  ina  suggestive  paper(Jo«ra.  Anthrop.  Inst.,\o\.  xli,  1911),  based  on  Dr  Beddoe's  measure- 
ments, considered  the  possibility  of  analysing  race  mixtures  into  their  original  stocks  through  the  Mendelian  formula. 
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inhumation,  but  subsequently  became  general  and  gave  a  marked  character  to  their 

interments.  In  the  early  occupancy  of  Britain  their  weapons  and  tools  resembled 

those  of  their  neolithic  predecessors,  but  bronze  was  introduced  later  and  came  into 

use.  which  has  led  to  the  expression  bronze-age  people  being  applied  to  them.  In 

stature  they  were,  as  a  rule,  taller  than  their  predecessors,  though  in  some  localities 

shorter  skeletons  have  been  observed.  Their  crania  were  shorter  and  relatively 

broad,  brachycephalic  or  round-headed,  though  in  some  of  the  short-cist  and  round- 
barrow  burials  a  proportion  of  longer  skulls  occurred.  The  face  was  low  in  relation 

to  breadth,  the  jaw  not  projecting,  the  nose  narrow.  We  do  not  definitely  know 

the  colour  of  the  skin,  hair,  au,d  eyes,  though,  on  the  supposition  that  they  were 

derived  from  the  Mid-European  Alpine  stock,  the  hair  was  probably  dark-brown  or 

black,  the  eyes  brown  or  hazel,  and  the  skin  a  pale  brunette.  The  round-heads  for 
more  than  a  thousand  years  had  occupied  Britain  from  the  English  Channel  to  the 

Pentland  Firth  and  from  the  North  Sea  to  the  Atlantic,  though  their  remains  are  more 

abundant  on  the  east  than  on  the  west  side  of  the  island.  They  were  a  most  important 

factor,  which  persisted  during  later  invasions  and  is  in  evidence  at  the  present  day. 

Next  in  succession  were  the  Celts,  derived  apparently  from  G-aul  and  the  country 
of  the  Belgae.  The  stock  may  at  first  have  been  brachycephalic,  but  through  an 

intermixture  with  a  preceding  neolithic  race  in  their  own  area,  and  perhaps  also 

with  North  European  tribes  bordering  on  Mid-Europe,  they  became  a  mixed  people. 

They  did  not  possess  therefore  a  uniform  type  of  skull,  and  in  addition  to  dolicho- 
cephali  and  brachycephali  had  examples  of  the  intermediate  or  mesocephalic  type. 

The  jaw  did  not  project,  the  nose  was  narrow,  and  the  face  was  not  relatively  broad. 

They  constituted,  and  still  form,  an  important  element  in  the  people  of  both  North 

and  South  Britain,  who  derived  from  them  recognisable  physical  characters. 

The  Norsemen,  from  the  three  Scandinavian  countries  of  Northern  Europe,  were 

dolichocephalic,  though,  from  the  presence  of  brachycephalic  centres  on  the  sea  coast  of 

both  Norway  and  Sweden,  the  invaders  had  possibly  brought  with  them  a  proportion 

of  round-headed  comrades.     Their  stature  was  tall,  skin  and  hair  fair,  eyes  blue. 

The  Anglo-Saxons  were  in  large  measure  of  Norse  descent,  though  the  Saxon 

element  had  doubtless  undergone  some  intermixture  with  Mid-European  people. 

Owing  to  constant  intermarriage  and  crossing  amongst  these  races  in  the  course 

of  centuries,  it  has  become  difficult  to  discriminate  in  the  densely  populated  areas  of 
the  British  Isles  the  several  strains  of  blood.  Where  the  inhabitants  are  fewer  in 

number  and  through  local  conditions  scattered  and  relatively  isolated,  evidence  of 

descent  from  an  original  stock,  or  stocks,  can  be  traced.  From  the  intermarriage 

and  crossing  a  mixed  and  virile  people  have  been  evolved,  endowed  with  physical 

frames  capable  of  great  endurance  ;  provided  with  and  acting  under  the  governance 

of  brains  of  energy,  quality,  and  volume,  which  have  enabled  them  to  gain  and 

retain  a  dominant  position  amongst  the  nations. 
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EXPLANATION    OF    FIGURES. 

Figs.  7,  18,  19,  29  are  from  illustrations  in  the  Proceedings  of the  Society  of  Antiquaries  of  Scotland  ; 

the  blocks  were  kindly  lent  me  by  the  Council  of  the  Society.  Figs.  6,  10,  12,20,21,  22,  23,  24,  25,  26,  27, 

28,  31  are  from  photographs  of  the  skulls  kindly  made  by  Dr  W.  E.  Carnegie  Dickson.  Figs.  2,  3,  4,  5,  11, 

13  are  from  photographs  made  by  Mr  J.  C.  M'Kechnie.      The  process  blocks  are  by  D.  Stevenson  &  Co. 
Fig.     1.  Implement  of  deer-horn  found  alongside  skeleton  of  whale.      Drawn  by  A.  A.  Turner. 
Fig.     2  vertex,  fig.  3  profile  of  skull  from  Newbattle. 

Fig.     4  vertex,  fig.  5  profile,  fig.  6  face  of  skull  from  Nether  Urquhart,  Fife. 

Fig.     7.    Plan  of  chambered  cairn  with  passage,  Rousay,  Orkney. 

Fig.     8.   Cinerary  urn,  Kirkpark,  from  sketch  by  Professor  Arthur  Thomson. 

Fig.     9.   Cinerary  urn,  Chesters,  from  drawing  by  Mr  M.  G.  Craig. 

Fig.  10.   Bowl- shaped  urn,  Beltield. 
Fig.  11.  Short  cist,  Lei th. 

Fig.  12.  Bowl -shaped  urn,  Leith. 

Fig.  13.  Bowl-shaped  urn,  Bridgeness. 
Figs.  14  and  15.  Short  cist,  Cousland,  side  and  interior,  from  sketch  by  Mr  Andrew  Gow,  not  drawn 

to  scale. 

Fig.  16.  Flint  arrow  from  Belfield  cist,  tip  broken.      Drawn  by  A.  A.  Turner. 

Fig.  17.   Flint  arrow-head  from  cairn  on  Pentlands.      Drawn  by  A.  A.  Turner. 
Fig.  18.  Vertex  and  right  side  of  skull  from  Duns.     Drawn  by  W.  Turner. 

Fig.  19.   Skulls  from  short  cists,  Ardachy,  Mull,  front  face  and  profile. 

Fig.  20.  Skull  from  Leith,  profile,  fig.  21  vertex. 

Fig.  22.  Skull  from  Birsley,  vertex. 

Fig.  23.   Skull  from  Bridgeness,  face,  fig.  24  profile. 

Fig.  25.  Skull  from  Morrison's" Haven. 
Fig.  26.   Skull  from  Belfield,  face,  fig.  27  vertex. 
Fig.  28.  Skull  from  Cavers,  vertex. 

Fig.  29.   Skulls  from  MacArthur  Cave,  Oban  ;  A,  profile,  B,  profile,  vertex,  and  face. 

Fig.  30.   Section  of  Seafield  Mausoleum,  from  a  pen-and-ink  sketch  by  W.  Turner. 
Fig.  31.  Skull  from  Mausoleum,  profile. 
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Introduction. 

Hitherto  there  has  been  described  only  a  single  species — Dicoryne  conferta 

(Alder) — amongst  the  Hydrozoa  in  which  the  reproductive  body  is  a  sporosac  which 

becomes^  ciliated  and  free-swimming.  We  have  found  that  another  species  which, 

as  we  shall  show  (pp.  269-271),  must  be  named  Dicoryne  conybearei  gives  rise  to 

reproductive '  bodies  of  this  type,  which,  however,  differ  from  those  of  Dicoryne 
conferta  in  several  important  respects.  The  free-swimming  type  of  sporosac  has 
not  been  the  subject  of  close  observation  since  1872 ;  we  have  therefore  made 

as  complete  a  study  of  the  structure  and  development  of  the  sporosacs,  especially 

of  D.  conybearei,  as  material  gathered  from  several  sources  would  permit. 

The  material  of  D.  conybearei  at  our  disposal  consists  of  colonies  on  seven 

gastropod  shells,!  dredged  off  the  island  of  Nisida,  in  the  Bay  of  Naples,  in  April 

*  The  cost  of  the  blocks  for  text-figs.  2  and  3  and  of  reproduction  of  the  plates  has  been  defrayed  by  a  grant 
from  the  Carnegie  Trust  for  the  Universities  of  Scotland,  and  we  are  further  indebted  to  the  Trust  for  a  grant  for 
artistic  assistance  in  connection  with  Plate  VI. 

t  The  specimens  were  brought  to  the  Naples  Zoological  Station,  and  handed,  along  with  other  hydroid  material, 

to  Mr  T.  J.  Anderson,  who  was  at  that  time  studying  the  Hydrozoa  while  holding  a  Carnegie  Scholarship. 

I  was  working  in  the  Naples  Station  at  the  same  time,  and,  on  seeing  these  colonies  and  their  sporosacs,  realised, 

as  did  Mr  Anderson,  that  they  presented  several  new  and  interesting  features.  Mr  Anderson  left  Naples  shortly 
afterwards,  and,  before  he  had  been  able  to  work  further  at  the  material,  went  to  Nairobi  to  take  up  the 

appointment  he  now  holds.  On  his  departure  he  kindly  placed  the  specimens  in  my  hands.  Unfortunately, 

Mr  Anderson  did  not  make  any  notes  on  the  colours  of  the  colonies,  or  on  the  movements  of  the  sporosacs,  so 

that  on  these  points  I  have  merely  impressions  derived  from  glimpses  of  the  specimens  in  the  brief  intervals  of  my 

own  work  on  other  subjects. — [J.  H.  A.] 
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1906,  and  of  two  slides  containing  a  considerable  number  of  sporosacs  of  both 

sexes,  from  the  same  source,  mounted  in  formalin.  The  eruption  of  Vesuvius  of 

that  year  had  just  concluded,  and  the  showers  bf  fine  dust  had  produced  great 

mortality  among  the  marine  organisms.  To  this  cause  we  attribute  the  fact  that, 

of  the  seven  shells,  one  bore  a  dead  colony,  and  five  others  bore  colonies  from  which 

the  ordinary  polyps  had  almost  wholly  disappeared.  In  these  five  colonies,  however, 

living  substance  in  the  form  of  coenosarc  in  the  stolon  was  present,  and  a  number 

of  blastostyles — though  on  two  of  the  colonies  there  were  very  few — had  managed 
to  survive.  The  remaining  shell  bore  a  colony  in  good  condition,  and  it  is  on  this 
that  most  of  our  observations  have  been  made. 

General  Description  of  the  Colonies  of  Dicoryne  conybearei.* 

(See  PI.  VI.) 

The  colonies  are  in  each  case  on  small,  gastropod  shells  of  the  genus  Nassa,  and 

those  which  are  well  established  spread  over  the  entire  shell,  showing  no  preference 

for  any  particular  portion,  though,  as  a  rule,  the  individuals  in  the  neighbourhood 

of  the  mouth  of  the  shell  are  more  luxuriantly  developed. 

In  young  examples  the  stolon  can  be  easily  seen  forming  an  irregular  meshwork 

on  the  surface  of  the  shell,  but  in  older  examples  the  interspaces  between  the  strands 

of  the  stolon  become  filled  with  diatoms  and  debris  so  that  a  uniform  rusty-grey 
covering  is  formed,  obscuring  the  stolon  and  obliterating  the  finer  marking  of 
the  shell. 

From  the  stolon,  at  irregular  intervals,  arises  either  a  short  stalk  terminated  by 

a  single  hydranth,  or  a  longer  branched  stem  bearing  two,  three,  or  four,  (rarely 

more)  hydranths.  The  stems  are  rusty  grey  in  colour,  due,  as  in  the  case  of  the 

stolons,  to  a  covering  of  foreign  bodies  (in  this  case  chiefly  volcanic  dust)  adherent 

to  the  chitin.  The  perisarc  of  the  stem  is  irregularly  corrugated  or  wrinkled,  and 

at  its  distal  end  widens  slightly,  forming  a  small,  transversely  wrinkled  cup,  which 

bears  a  dense  coating  of  foreign  particles.  This  elementary  hydrotheca  covers,  in 

the  full-grown  polyps,  only  a  very  small  proximal  portion  of  the  hydranth  body. 
The  hydranths  are  ovoid  or  fusiform  according  to  the  state  of  expansion.  Each  has 

a  prominent  conical  hypostome  surrounded  by  a  whorl  of  filiform  tentacles.  The 

number  of  tentacles  varies  from  six  in  the  youngest  specimens  observed  to  sixteen 

in  the  largest  adults. 

The  sporosacs  are  borne  on  blastostyles  which  arise  either  directly  from  the 

stolon  or  from  the  stems  of  polyps.  The  blastostyle  varies  in  form  according  to 

its  phase  of  development.  It  is  at  first  almost  cylindrical  or  slightly  dilated  at 

its  distal  end,  which  is  armed  with  numerous  nematocysts,  but  soon  becomes 

swollen  about  the  middle  of  its  length  and  is  henceforward  more  or  less  vase-shaped. 

*  For  the  diagnostic  characters  of  this  species  see  p.  282. 
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The  fully  developed  blastostyle  lias  a  narrow  base  of  attachment  to  the  stolon  or  to 

a  hydranth  stem,  a  wide  middle  region  on  which  the  sporosacs  are  borne,  and  a 

narrower,  dome-shaped  distal  region  bearing  plentiful  nematocysts.  The  blastostyle, 
which  has  neither  mouth  nor  tentacles,  is  enveloped  at  its  base  by  a  simple 
hydrotheca  similar  to  that  of  a  hydranth. 

A  full-grown  blastostyle  bears  usually  from  eighteen  to  twenty-four  sporosacs,  but 

occasionally  more  are  present ;  the  largest  number  observed  was  thirty-four.  All  the 
sporosacs  on  a  blastostyle  are  of  the  same  sex,  and  throughout  any  one  colony  the  sex 

of  the  blastostyles  is  uniform. 

The  free-swimming  sporosac  is  provided  with  a  single  tentacle  *  and  is  ciliated 

all  over.  The  female  sporosac  is  sub-spherical  and  bears  in  every  case  only  a  single 

oocyte,  at  one  side  of  which  a  well-developed  spadix  is  present.  The  male  sporosac 
is  usually  rather  smaller,  and  more  oval  in  form,  and  the  mass  of  spermatozoa  is 

arranged  round  an  axial  spadix. 

Further  details  of  the  various  portions  of  the  colony  may  now  be  given. 

Stolon  (PI.  VI,  fig.  1  ;  PI.  VIII,  figs.  14,  15). 

The  external  surface  of  the  stolon  or  hydrorhiza  is  moderately  smooth,  i.e.  without 

corrugations,  and  there  are  no  internal  chitinous  projections  of  the  perisarc  such  as 

are  found  supporting  the  walls  in  several  gymnoblastic  and  calyptoblastic  hydroids, 

e.g.  Podocoryne  anechinata,  Ritchie ;  Sertularia  heterodonta,  Ritchie ;  Plumularia 

lagenifera,  var.  septifera,  Torrey.  Branches  are  produced  from  the  stolon  strands 

(fig.  l),  and  for  a  time  their  ends  are  free  and  rounded,  but  later  they  anastomose 

with  neighbouring  strands  of  the  stolon,  and  thus  the  meshwork  becomes  complex. 

The  perisarc  of  the  stolon  is  about  6  (jl  thick  and  of  a  brown  colour.  The  histology 

of  the  ccenosarc  does  not  present  any  unusual  feature. 

Regenerative  Capacity  of  the  Stolon. — A  point  of  considerable  biological  interest 
may  be  noted  here.  It  has  already  been  remarked  that  on  all  the  colonised  shells, 

except  one,  almost  all  the  larger  hydranths  are  disintegrated  and  their  stems  empty 

of  ccenosarc.  One  colony  was  evidently  dead  when  preserved,  but  even  in  the  least 

promising  of  the  others  a  few  very  small  hydranths,  with  only  six  tentacles  (fig.  1,  H  i), 

can  be  seen  growing  out  directly  from  the  stolon,  thus  giving  evidence  that,  in  spite 

of.  the  destruction  of  the  more  visible  portions  of  the  colony,  a  residue  of  living  cells 

still  remains  within  the  stolon  ready  to  start  into  being  a  new  series  of  individuals. 

Probably  these  young  hydranths  had  developed  during  the  few  days  the  colonies  had 

been  living  under  favourable  conditions  in  an  aquarium  in  the  Zoological  Station. 

Microscopic  examination  of  the  stolons  from  these  colonies  shows  that  although 

many  parts  are  empty,  other  portions  contain  a  plentiful  amount  of  normal  ccenosarc. 

This  living  ccenosarc  had  been  protected  and  shut  off  from  the  influence  of  deleterious 

*  One  abnormal  sporosac  with  a  bifid  tentacle  and  two  others  each  with  two  tentacles  have   been  observed 
(see  p.  277). 
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conditions  by  the  formation  of  thin  transverse  partitions  of  chitin  barring  the 

lumen  of  the  stolon  at  certain  points.  In  several  cases  barrier  after  barrier  had  been 

successively  formed  by  the  ccenosarc,  which  had  been  forced  to  retreat  stage  by  stage 

within  the  stolon  (PI.  VIII,  fig.  14).  Such  chitinoid  barriers  are  formed  by  a  plug  of 

coenosarc  (fig.  15),  composed  of  a  circular  plate  of  thick  ectoderm  and  of  solid 

endoderm,  similar  in  general  form  and  structure  to  the  "  Deckenplatte,"  which 
secretes  the  operculum  in  many  species  of  calyptoblastic  hydroids.  It  is  clear, 

therefore,  that,  in  addition  to  serving  as  a  hold-fast  for  the  colony,  the  stolon 
performs  an  important  function  during  time  of  stress  in  retaining  and  protecting 

from  harmful  environmental  influences  sufficient  ccenosarc  to  give  rise,  when  con- 

ditions have  again  become  favourable  for  normal  existence,  to  new  series  of  nutritive 

and  reproductive  individuals. 

Hydrocaulus  and  Hydranth  (PI.  VI). 

The  smallest  hydranths  observed  on  the  stolon  are  sessile,  are  about  '2-'3  mm.  in 
length,  and  have  already  developed  six  slender  tentacles  (fig.  l).  The  stem  of  the 

polyp  gradually  elongates,  and  not  long  after  the  polyp  has  attained  a  length  of 

about  a  millimetre  a  branch  usually  appears,  others  being  formed  later.  The  largest 

living  stems  observed  are  2*8  mm.  long  and  bear  four  individuals.  There  are,  how- 
ever, on  two  of  the  colonies  dead  stems  4-5  mm.  long,  which  bore  seven  to  eight 

individuals.  The  branches  arise  at  intervals  along  the  stem  and  lie  at  acute  angles 

to  the  main  stem,  to  which  they  are  more  or  less  parallel.  It  is  rare  to  find  the 

branches  subdivided;  this  occurs  only  in  a  very  few  of  the  basal  branches  of  the 

largest  stems.  Such  branches  bore  two,  and  in  one  case  three,  hydranths,  one  of 

which  was  small — a  blastostyle-bud  or  a  very  young  hydranth.  Examination  of 
hydranths  of  various  ages  gives  the  impression  that  there  are  longer  and  shorter 

tentacles  alternating,  and  that  the  longer  ones  in  life  pointed  distally  while  the  shorter 

ones  were  directed  more  or  less  horizontally.  It  is,  however,  difficult  to  make  certain 

of  this  in  preserved  specimens  in  which  the  tentacles  exhibit  various  phases  of  con- 

traction.    When  well  extended  the  longer  tentacles  slightly  exceed  '5  mm.  in  length. 
Towards  the  base  of  the  stem  or  hydrocaulus  the  perisarc,  which  as  usual  is 

laminate,  is  3-4 /x  thick,  and  of  a  brownish-yellow  colour.  Here  the  covering  of 
extraneous  debris  is  often  meagre,  in  strong  contrast  to  the  dense  coating  present  at 

the  distal  end  of  the  stem  at  the  base  of  the  hydranth  body.  In  its  distal  portion 

the  perisarc  is  less  definite  in  outline,  its  laminae  more  feebly  marked,  and  its  colour 

gradually  pales  until  the  portion  surrounding  the  base  of  the  hydranth  is  represented 

by  a  thin  hyaline  substance  the  outline  of  which  is  merely  indicated  by  the  presence 

of  adherent  foreign  particles. 

The  hydrocaulus  and  hydranth  have  been  examined  in  several  series  of  longi- 

tudinal sections.  As  the  two  cell-layers  do  not  appear  to  present  special  features,  we 
do  not  describe  their  histology  in  detail.     The  ectoderm  of  the  hydrocaulus  lies  in 
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close  contact  with  the  perisarc,  especially  in  the  distal  region.  At  the  level  of  the 

distal  edge  of  the  hydrotheca  the  cells  of  the  ectoderm  are  generally  more  columnar, 

elsewhere  they  are  less  regular.  Among  the  ectoderm  cells  of  the  stem  may  be 

noticed  a  few  large  nematocysts.  The  bases  of  the  ectoderm  cells  are  prolonged  into 

very  thin  contractile  processes  which  run  longitudinally.  The  ectoderm  is  separated 

from  the  endoderm  by  a  well-defined  lamella  of  mesoglcea.  The  endoderm  of  the 
stem  is  a  layer  of  flattened  epithelial  cells  with  granular  protoplasm  and  large 

vesicular  nuclei  in  most  of  which  a  large  nucleolus  is  present.  Here  and  there  are 

large  oval  cells  crowded  with  deeply  staining  spherules,  probably  of  excretory 
nature. 

In  the  greater  part  of  the  hydranth  the  mesoglceal  lamella  is  more  strongly 

developed  than  in  the  stem,  but  diminishes  in  thickness  towards  the  mouth  and  also 

on  entering  the  tentacles.  The  ectoderm  at  the  apex  of  the  hypostome  contains 

numerous  oval  nematocysts.  The  largest  of  these  are  about  6  /a  long  and  3  fi  broad, 

but  many  others  are  only  about  two-thirds  this  size.  The  endoderm,  which  in  the 

stem  is  thin,  becomes  in  the  hydranth  a  very  thick  layer.  Among  the  ordinary 

elongate,  vacuolated  endoderm  cells  are  many  clavate  cells  packed  with  spherules  of 

secretion.  The  wide  lumen  of  the  hydranth  narrows  rapidly  proximally,  i.e.  on 

approaching  the  stem,  to  a  canal  about  25-30  /x,  in  width  which  is  continuous  through 
the  similar  lumen  in  the  stolon  with  the  cavities  of  the  neighbouring  individuals 

of  the  colony. 

The  tentacles  are  solid,  the  endoderm  of  each  being  composed  of  a  single  column 

of  discoidal  cells  with  stout  walls.  Each  cell  is  much  vacuolated,  the  protoplasm 

being  aggregated  into  a  small  mass  around  the  central  nucleus,  from  which  a  few 

strands  radiate.  The  nematocysts  of  the  tentacles  are  small  and  oval,  about  4  [x  long 
and  2  /a  broad. 

Blastostyles  (PI.  VI). 

The  blastostyles  arise  either  directly  from  the  stolon  or  from  the  hydrocaulus, 

but  most  of  them  are  borne  on  the  stolon.  Those  arising  from  polyps  (fig.  1,  B  v) 
are  more  recently  formed  than  the  majority  of  those  on  the  stolon  ;  possibly  they 

are  formed  in  seasonal  succession,  first  on  the  stolon  and  later  on  the  hydrocaulus. 

A  blastostyle  arising  from  a  hydrocaulus  is  at  first  difficult  to  distinguish  from  a 

polyp-bud  of  the  same  size,  but  the  latter  soon  develops  tentacles  and  a  mouth, 

structures  which  are  not  present  in  blastostyles.  The  basal  portion  of  each  blasto- 
style is  protected  by  an  envelope  of  perisarc  the  distal  region  of  which  is  sometimes 

moderately  thick,  widened  into  a  shallow  cup-shape,  and  easily  seen  ;  but  more  often 
the  perisarc  is  thin  and  almost  transparent.  Invariably,  however,  the  distal  margin 

of  the  perisarc  is  marked  by  a  coating  of  extraneous  matter. 

The  blastostyles  vary  in  form  according  to  their  phases  of  development,  and  there 

are  also  considerable  individual  variations.  Young  blastostyles  are,  for  the  most 

part,  nearly  cylindrical  or  slightly  dilated   at    their    distal    ends,  where    numerous 
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ncmatocysts  are  present  (fig.  1,  B  i).  In  some  cases,  however,  the  blastostyle  is  more 

clavate,  and  in  others  is  even  more  dilated,  being  almost  ovate  distally  owing  to  the 

great  development  of  the  ectoderm  of  the  region  bearing  the  nematocysts  (fig.  1,  B  in). 

The  nematocysts  are  of  two  kinds  :  those  at  the  tip  of  the  blastostyle  are  large  and 

elongate  oval  in  form  (PI.  VII,  fig.  7),  their  length  being  about  15-16  /x  and  their 

breadth  4-5  /a  ;  the  nematocysts  on  the  sides  of.  the  distal  portion  of  the  blasto- 
style are  smaller  and  of  more  rounded  oval  form,  their  length  and  breadth  being 

about  6-7  ft  and  4  /a  respectively. 
In  young  blastostyles  the  endoderm  consists  of  high  columnar  cells,  filled  with 

finely  granular  protoplasm,  so  that  the  ccelenteron  is  represented  by  a  narrow  axial 

slit,  but  in  mature  blastostyles  a  large  ccelenteron  is  present,  though  in  the  distal 

portion — corresponding  to  the  hypostome  of  a  hydranth — the  cavity  is  smaller.  The 
greater  part  of  the  endoderm  of  such  a  mature  blastostyle  is  composed  of  elongate, 

thin-walled  cells  which  are  highly  vacuolated,  but  the  endoderm  of  the  hypostomal 
region  consists  of  smaller  columnar  cells  similar  to  those  of  the  young  blastostyle, 

and  their  granular  protoplasm  is  but  little  vacuolated.  Among  the  ordinary 

endoderm-cells  are  globular  cells — numerous  in  some  blastostyles,  more  scanty  in 

others — containing  masses  of  granules,  probably  excretory,  which  stain  deeply  with 

iron-heematoxylin. 

The  ectoderm  of  the  column  of  the  blastostyle  is  similar  to  that  of  a  hydranth, 

and  its  cells  are  provided  with  muscle-processes  which  run  longitudinally,  but  at  the 
distal  end  of  the  blastostyle  the  ectoderm  is  thicker  and  heavily  charged  with 

nematocysts  of  two  kinds  (see  above).  The  external  surface  of  the  ectoderm  is 

covered  by  a  thin  cuticle. 

The  mesoglcea  of  the  middle  region  of  the  blastostyle  attains  a  great  development, 

often  reaching  a  thickness  of  6  fi,  and  on  the  endodermal  side  is  raised  into  many 

irregular  folds.  In  the  hypostomal  area  the  mesoglcea  is  much  thinner,  and  at  the 

tip  of  the  blastostyle  is  a  film  of  extreme  tenuity. 

Oocytes  about  6  /u,  in  diameter  are  distinguishable  in  the  ectoderm  of  the  blasto- 

styles by  the  time  the  latter  have  attained  a  length  of  little  more  than  '2  mm.  They 
are  situated  in  a  zone  around  the  blastostyle  near  the  middle  of  its  length.  By  the 

time  the  blastostyle  is  about  '5  mm.  long  the  oocytes  become  so  large  as  to  cause 
ectodermal  elevations  * — the  beginnings  of  the  sporosacs — on  the  surface  of  the 
blastostyle.  About  this  time  the  blastostyle  generally  becomes  swollen  in  its  middle 

region  and  is  henceforward  vase-shaped,  the  sporosacs  being  borne  on  this  wider 
portion  (fig.  1,  B  iv).  The  distal  region,  which  throughout  the  life  of  the  blastostyle 

is  armed  with  the  two  varieties  of  nematocysts  described  above,  remains  narrower 

and  somewhat  dome-shaped.  The  longest  blastostyles  observed  are  about  "7  mm.  in 
length  (see  fig.  1,  B  iv). 

*  Occasionally  such  elevations  are  present  in  smaller  blastostyles,  in  one  case  when  the  blastostyle  was  only 

■25  mm.  long  (see  fig.  1,  Bn),  but  this  is  exceptional. 
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Development  of  the  Sporosacs. 

A.   The  Female  Sporosacs  (PI.  VII). 

The  oocytes  are  differentiated  and  grow  in  the  ectoderm  of  a  blastostyle  in  the 

positions  which  the  sporosacs  will  subsequently  occupy  ;  there  is  no  migration  of 

oocytes  from  endoderm  to  ectoderm,  nor  does  there  appear  to  be  any  movement  of 

oocytes  in  the  ectoderm.  The  differentiation  and  early  phases  of  growth  of  an 

oocyte  precede  the  formation  of  the  sporosac  which  is  to  contain  it.  Oocytes  of 

apparently  very  different  ages  are  present  in  the  reproductive  zone  of  a  single  blasto- 
style, and  there  seems  to  be  no  definite  rule  as  to  the  period  of  growth  or  size  of 

oocyte  governing  the  first  appearance  of  the  sporosac.  For  instance,  small  oocytes 

7—10  ft  in  diameter  have  been  observed  within  distinct  ectodermal  swellings,  but 
two  others,  each  about  18  ft  in  diameter,  lie  in  ectoderm  the  surface  of  which 
is  not  elevated. 

The  first  stage  of  formation  of  the  sporosac  is  due  directly  to  the  growth  in 

volume  of  the  oocyte.  As  the  bulk  of  the  latter  increases  the  overlying  ectoderm  is 

raised  into  a  dome-shaped  mound,  and  the  ectoderm  cells  surrounding  the  oocyte 

become  considerably  elongated.  At  this  stage  (fig.  2)  the  sporosac-elevation  is 
entirely  ectodermal,  no  changes  having  taken  place  in  the  neighbouring  endoderm 

and  mesoglcea. 

Further  increase  in  the  size  of  the  oocyte  soon  involves  the  formation  of  a  more 

definite  ovoid  outgrowth  (fig.  3).  The  ectoderm  cells  covering  the  rapidly  growing 

oocyte  multiply  and  form  a  single  layer  of  moderately  regular  cells  ;  at  the  same 

time  the  subjacent  endoderm  increases  and  the  mesoglcea  becomes  arched  outwards 

and  diminishes  in  thickness  to  a  mere  film.  The  base  of  the  sporosac  thus  becomes 

occupied  by  a  mass  of  endoderm — the  spadix — connected  with  the  endoderm  of  the 
blastostyle  by  a  narrow  neck.  The  cells  of  the  spadix  are  arranged  radially  and 

with  considerable  regularity,  and  there  is  a  small  axial  cavity  (frequently  filled  with 

granular  matter  as  indicated  in  the  figure)  continuous  with  the  ccelenteron  of  the 

blastostyle.  The  base  of  the  oocyte  applied  to  the  endoderm  lies  obliquely  with 

regard  to  the  axis  of  the  gonophore,  and  this  obliquity  is  still  further  increased  as 

growth  proceeds,  the  spadix  eventually  being  pushed  to  one  side  of  the  oocyte. 

In  the  older  sporosac,  shown  in  fig.  4,  the  spadix  has  a  large  central  cavity  and 

its  cells  contain  brownish  granules  which  apparently  increase  in  number  with  the 

age  of  the  sporosac.  Some  time  prior  to  the  stage  figured  there  appears,  immediately 

proximal  to  the  sporosac  proper,  a  constriction  which  is  of  great  importance  in  the 

subsequent  history  of  the  sporosac.  For  convenience  of  description  we  shall  refer 

to  the  region  proximal  to  the  constriction  as  the  sporosac-stalk,  to  the  distal  region 
as  the  sporosac,  and  to  the  connection  between  the  two  at  the  zone  of  constriction 

as  the  sporosac-neck.  In  the  sporosac-stalk  the  ectoderm  retains  its  original  character 
and  resembles  that  of  the  blastostyle,  being  composed  of  relatively  large  cells  with 
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correspondingly  large  oval  nuclei.  The  ectoderm  cells  of  the  sporosac  are  smaller 

and  of  a  different  type  ;  they  have  undergone  rapid  division,  resulting  in  the  formation 

of  a  thin  layer  of  uniform  squarish  or  oblong  cells  with  small,  spherical,  deeply 

staining  nuclei.  Occasional  small  oval  nematocysts  are  present  in  the  ectoderm  of 

the  sporosac  and  the  cells  are  finally  ciliated.  A  thin  continuous  cuticle  envelops 

the  whole  ectoderm  both  proximal  and  distal  to  the  constriction.  In  the  sporosac- 
stalk  the  mesogioea  is  of  moderate  thickness,  but  at  the  constriction  it  rapidly 

diminishes  in  amount  and  in  the  sporosac  is  very  thin.  At  an  early  stage  in  the 

differentiation  of  the  neck-region  of  the  sporosac  an  outgrowth — consisting  of 

ectoderm  and  endoderm — appears  at  the  base  of  the  sporosac.  This  outgrowth 

undergoes  rapid  development  and  becomes  a  finger-like  process — the  future  tentacle 

of  the  sporosac — with  ectoderm  like  that  of  the  sporosac  and  with  solid  endoderm  in 
a  single  column  of  cells.  The  tentacle  is  confined  between  the  ectoderm  and  cuticle 

of  the  sporosac,  its  tip  being  directed  distally. 

With  the  further  development  of  the  sporosac  the  constriction  at  the  neck 

becomes  more  and  more  pronounced.  The  ectoderm  of  the  sporosac  and  that  of  the 

stalk  no  longer  maintain  continuity,  with  the  result  that  in  its  final  stage  the  neck 

consists  only  of  a  narrow  tube  of  mesoglcea  with  a  slender  central  core  of  vacuolated 
endoderm  (fig.  4). 

During  the  later  phases  of  growth  of  the  sporosac  and  oocyte  a  narrow  peripheral 

zone  of  the  latter  becomes  differentiated ;  it  is  more  finely  granular  than  the 

remainder  of  the  yolky  cytoplasm  and  reacts  differently  to  stain  (p.  278).  Several 

of  the  larger  oocytes  examined  in  sections  are  enveloped  by  a  thin  pellicle  about 

1  /x  in  thickness — the  vitelline  membrane. 

By  the  time  the  oocyte  has  attained  a  diameter  of  about  80-90 /a  the  tentacle 
of  the  sporosac  is  fully  developed,  the  neck  has  been  reduced  to  its  minimum,  and  the 

sporosac  is  ready  to  break  away  from  the  blastostyle  and  become  free-swimming. 
The  process  of  release  appears  to  be  purely  mechanical,  and  to  be  due  to  the  action 

of  currents  in  the  surrounding  medium  playing  upon  the  relatively  large  bulk  of 

the  sporosac  and  breaking  its  slender  attachments.  At  any  rate,  no  histological 

change  could  be  observed  in  sporosac-stalks  from  which  the  sporosacs  had  recently 
escaped.  The  escape  is  evidently  due  simply  to  the  rupture  of  the  loose  cuticle  in 

the  neighbourhood  of  the  neck  and  then  of  the  thin  neck  itself.  In  a  few  cases 

where  the  cuticle  had  failed  to  rupture,  the  sporosacs  have  remained  attached  to  their 

stalks,  and  their  respective  oocytes  have  undergone  degeneration. 

On  the  sporosac  becoming  free  the  loose  cuticle  which  covers  it  is  usually  soon 

discarded.  The  tentacle,  now  released  from  its  confined  position,  becomes  extended 

so  as  to  lie  more  or  less  in  line  with  the  long  axis  of  the  sporosac,  in  the  position 

shown  in  fig.  5.  The  numerous  cilia  of  the  general  ectoderm  and  of  the  tentacle 

come  into  play  and  the  sporosac  swims,  at  the  same  time  rotating  on  its  own  axis, 

probably   with   the   tentacle   directed   anteriorly,   though  the    observations  on   the 
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living  specimens  in  captivity  were  not  sufficient  to  establish  this  point  with 

certainty. 

The  subsequent  life  of  the  sporosac  is  probably  of  short  duration.  The  ectoderm 

is  ruptured  (fig.  6),  the  oocyte  escapes,  and  maturation  and  fertilisation  no  doubt 

soon  take  place.  We  have,  however,  seen  three  examples  in  which  fertilisation  and 

egg-cleavage  had  occurred  while  the  egg  was  still  contained  in  the  remains  of  the 
sporosac,  but  these  are  probably  exceptional  cases  and  may  have  been  determined  by 

the  abnormal  conditions  of  captivity.  All  the  other  developing  eggs  were  found 

free  from  the  sporosacs.  Whether  the  eggs,  when  liberated,  float  or  sink  to  the 

bottom  we  are  unable  to  say. 

The  blastostyles  apparently  produce  successive  series  of  sporosacs,  for  on  a  blasto- 
style  which  bears  almost  fully  formed  sporosacs  are  oocytes  only  about  15/x  in 

diameter  in  small  elevations  of  the  ectoderm,  forming  incipient  sporosacs  of  a 
new  series. 

B.   The  Male  Sporosacs  (PI.  VIII,  figs.  8,  9,  10). 

The  material  at  our  disposal  for  the  study  of  the  male  sporosacs,  while  not  so 

complete  as  for  the  females,  is  sufficient  to  enable  us  to  give  an  account  of  the  main 

features  of  their  development.  Several  blastostyles  bearing  male  sporosacs  in  their 

early  and  middle  stages  of  development  were  present  on  three  of  the  colonies ;  these 

have  been  studied  entire  and  in  longitudinal  serial  sections,  and  about  a  score  of 

free  male  sporosacs  have  also  been  examined. 

The  male  sporosacs  are  confined  to  a  narrow  zone  about  the  middle  of  the 

blastostyle.  The  first  indication  of  their  appearance  is  the  differentiation  in  the 

base  of  the  ectoderm  of  one  or  more  cells  (usually  there  seem  to  be  two  or  three). 

These  are  ovoid  in  form,  their  protoplasm  stains  more  deeply  than  that  of  the 

neighbouring  cells,  and  their  nuclei  are  larger  and  of  a  more  vesicular  type,  with 

peripheral  granules  of  chromatin  and  a  large  nucleolus  (fig.  8). 

The  elevation  which  eventually  becomes  the  sporosac  seems  to  be  due  to  the 

almost  simultaneous  activity  of  both  cell-layers.  The  ordinary  ectoderm  cells  of 
such  an  incipient  sporosac  multiply  pari  passu  with  the  spermatogonia,  and  the 

subjacent  endoderm,  judging  from  the  special  character  of  the  cells,  is  also  in  a  state 

of  considerable  activity,  so  that  the  condition  seen  in  fig.  9  soon  results. 

The  thick  ectoderm  of  the  distal  end  of  the  sporosac  is  composed  chiefly  of 

a  mass  of  deeply  staining  cells — the  spermatogonia — on  the  periphery  of  which 
are  scattered  cells  which  stain  more  faintly,  these  being  the  ordinary  cells  which 

will  later  form  the  ectodermic  envelope  of  the  sperm  mass.  The  endoderm  cells 

below  the  spermatogonia  are  more  granular  and  stain  rather  more  deeply  than  the 

cells  proximal  to  them.  This  endodermal  spadix  is  either  solid  or  has  a  narrow 

central  lumen  continuous  with  the  ccelenteron  of  the  blastostyle.  The  mesogloea  of 

the  sporosac  is  thin  and  grades  into  that  of  the  blastostyle.     Such  a  sporosac,  having 
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an  axial  spadix,  is  radially  symmetrical,  a  symmetry  which  it  retains  until  the 
formation  of  the  tentacle. 

We  have  no  examples  intermediate  between  that  just  described  and  the  free 

sporosac  (fig.  10),  but  no  doubt  the  male  sporosac  becomes  detached  from  the 

blastostyle  in  the  same  manner  as  the  female.  Like  the  latter,  it  is  clothed  with 

long  cilia,  as  also  is  the  tentacle,  which  comes  to  lie  in  line  with  the  long  axis  of  the 

sporosac  ;  and  probably  the  male  sporosac,  like  the  female,  swims  with  the  tentacle 

directed  anteriorly. 

In  shape  the  male  sporosac  is  readily  distinguishable  from  the  female,  since  it  is 

elongate  oval — the  female  being  sub-spherical, — and  is  usually  a  little  smaller.  The 
average  length  (excluding  the  tentacle)  and  breadth  of  twenty  male  sporosacs  are 

'096  mm.  and  '064  mm.  respectively,  the  largest  being  '12  mm.  long  and  '07  mm. 

broad.  The  tentacle,  when  extended,  is  "04-'06  mm.  long.  The  average  length  and 

breadth  of  twenty  female  sporosacs  are  '115  mm.  and  '1  mm.  respectively,  the  largest 

being  '135  mm.  long  and  "115  mm.  broad,  and  the  tentacle  is  '05-'07  mm.  in  length 
when  extended. 

The  free  male  sporosac  is  of  simple  structure  (fig.  10).  Externally  it  is  covered 

with  ectoderm  composed  of  regular  ciliated  cells.  The  endodermal  spadix,  which  has 

a  central  cavity,  runs  axially  from  one  pole  to  the  other,  passing  at  one  end  into  the 

solid  endoderm  of  the  tentacle  and  at  the  other  abutting  against  the  ectoderm.  The 

cells  of  the  spadix  of  most  free  sporosacs  exhibit  a  degenerate  appearance.  Between 

the  ectoderm  and  the  spadix  lies  the  cylindrical  mass  of  spermatozoa.  We  have  no 

observations  on  the  mode  of  escape  of  the  sperms  from  the  sporosac. 

The  Sporosacs  of  Dicoryne  conferta  (Alder). 

The  characters  of  the  reproductive  bodies  described  in  the  preceding  pages  clearly 

place  them  in  close  relationship  with  the  free-swimming  sporosac  of  Dicoryne  con- 
ferta described  by  Allman  (1861  and  1872).  The  most  marked  differences  lie  in  the 

single  tentacle  of  the  Neapolitan  examples  as  contrasted  with  a  pair  in  D.  conferta, 

and  in  the  single  oocyte  of  the  former  as  against  the  normal  pair  *  in  the  latter. 

Allman  was  content  merely  to  mention  the  "  defined  line"  along  which  the  sporosac 
of  D.  conferta  becomes  detached,  without  indicating  its  origin  or  nature,  and,  owing 

to  lack  of  mature  material,  the  detailed  descriptions  of  later  writers  have  stopped 

short  of  the  stage  at  which  the  tentacles  develop.  In  the  hope  of  correlating  more 

definitely  the  developmental  stages  of  these  remarkable  and  closely  related  sporosacs, 

we  have  re-examined  their  development  in  D.  conferta. 

The  material  examined  consists  of  colonies  from  (a)  Kristineberg,  Sweden,  lent 

by  Professor  Hjalmar  Theel  from  the  collections  of  the  Stockholm  Museum ;  (b) 

*  Goette  (1907,  p.  67)  has  stated  that  in  young  sporosacs  of  D.  conferta  there  are  occasionally  three  or  four 
oocytes,  and  sometimes  only  one  ;  and  Hartlaub  (1897,  p.  480)  has  recorded  the  finding  of  free-swimming  sporosacs 
of  this  species,  in  plankton  collections  off  Heligoland,  which  possessed  three  oocytes  and  the  normal  two  tentacles. 
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Blacksod  Bay,  Plymouth:,  lent  by  Dr  E.  J.  Allen,  F.R.S.,  from  the  collections  in  the 

Laboratory  of  the  Marine  Biological  Association,  Plymouth  ;  and  (c)  North  Sea, 

lat.  57°  43'  N.,  long.  0°  38'  E.,  in  a  collection  received  for  identification  by  one  of  us 
from  the  North  Sea  Investigation  Committee  of  the  Scottish  Fishery  Board. 

It  is  a  matter  for  regret  that  the  specimens  from  each  of  these  localities  bear 

male  sporosacs  only.  As  in  the  Neapolitan  examples  these  are  clustered  upon  blasto- 
styles  borne  upon  the  hydrorhiza  or  upon  the  hydrocaulus,  but  in  D.  conferta  they 

are  relatively  more  frequent  on  the  latter. 

The  spermatogonia  are  first  to  be  distinguished  in  the  ectoderm  of  the  blastostyle 

on  account  of  the  deeper  stain  absorbed  by  their  nuclei.  They  do  not  migrate  :  their 

situation  already  indicates  the  position  of  the  future  sporosacs.  In  all  the  blasto- 
styles  of  D.  conferta  which  we  have  sectioned  the  mesogloea  is  of  unusual  thickness, 

averaging  6  ft  and  reaching  even  13 /a,  and  this  induces  a  slight  modification  in  the 

early  development  of  the  gonophore.  For  whereas  in  the  Neapolitan  examples  of 

D.  conybearei  the  mesogloea,  even  at  the  earliest  stage,  was  bent  outwards  into  the 

sporosac-mound,  in  D.  conferta  the  abrupt  edges  of  mesogloea  at  the  junction  between 

blastostyle  and  gonophore  show  that  a  disc  of  the  mesogloea  has  been  almost  com- 
pletely resorbed,  the  thin  film  remaining  being  then  pushed  outwards  by  the  growing 

endoderm  taking  part  in  the  formation  of  the  sporosac. 

The  early  development  of  the  sporosac  follows  the  course  described  for  the 

Neapolitan  examples  (see  pp.  265,  266).  There  is  a  large  endodermal  spadix  which 

either  has  a  narrow  central  lumen  or  is  solid,  a  thin  film  of  mesogloea,  and  a  thick 

cap  of  ectoderm  consisting  of  a  mass  of  spermatogonia  with  more  peripherally  placed 

covering  cells.  The  sporosac  is  invested  with  a  cuticle  considerably  thicker  and 

usually  developing  at  an  earlier  stage  than  that  present  in  the  Neapolitan  ones, 

and  foreign  particles  are  adherent  to  it. 

The  subsequent  development  is  marked  by  a  constriction  in  the  proximal  portion 

of  the  sporosac.  This  proceeds  to  such  an  extent  that  finally  a  neck  is  formed 

containing  only  a  narrow  cylinder  of  endoderm  invested  by  a  thin  film  of  mesogloea 

which  is  separated  by  a  considerable  interval  from  the  cuticle  still  strengthening  the 

connection  between  the  newly  developed  sporosac-stalk  (see  p.  263)  and  the  sporosac 
proper  (PI.  VIII,  fig.  16).  The  blastostyle  type  of  ectoderm  is  retained  in  the 

sporosac-stalk,  but  in  the  sporosac  a  thin  ectoderm  of  almost  uniform  cells,  with 
relatively  large  nuclei,  is  formed  by  rapid  division.  With  the  appearance  of  two 

tentacles,  the  origin  of  which  dates  from  the-  beginning  of  the  constriction  at  the 

sporosac-neck,  the  sporosac  assumes  bilateral  in  place  of  radial  symmetry.  The 
tentacles  originate  as  a  couple  of  buds  which  arise  opposite  each  other  from  the  wall 

of  the  sporosac  immediately  distal  to  the  narrow  neck.  Pushing  distalwards  they 

are  retained  alongside  the  sporosac  by  the  cuticle.  With  the  maturing  of  the 

reproductive  products  the  cells  of  the  spadix  undergo  regenerative  changes,  and  in 

most  cases  the  spadix  exhibits  a  distinct  central  cavity.     The  cuticle  enveloping  the 
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sporosac  appears  to  become  gradually  thicker  and  of  deeper  colour,  and  its  coat  of 

debris  also  increases  in  amount.  The  length  of  a  mature  male  sporosac  is  '17-' 19  mm., 
and  its  maximum  diameter  "1— '13  mm. 

Although  we  have  been  unable  to  follow  the  development  further  and  to  study  the 

actual  release  of  the  sporosacs,  it  is  evident  that,  as  in  the  Neapolitan  examples,  the 

cuticle,  probably  under  mechanical  tension,  becomes  ruptured  in  the  neighbourhood 

of  the  sporosac-neck,  that  the  neck  itself,  being  unable  to  bear  the  whole  strain  put 
upon  it,  breaks,  and  thus  the  sporosac  is  liberated.  The  tentacles,  on  being  released 

from  confinement,  come  to  lie  more  or  less  parallel  to  the  long  axis  of  the  body. 

Allman,  in  1861  (p.  169),  gave  a  description  of  the  adult  male  sporosac,  and  this 

he  repeated  in  substance  in  his  monograph  (1872,  p.  226).  He  gives  no  information 

regarding  the  development  of  the  sporosac,  nor  does  he  mention  the  peculiar  con- 
striction which  ultimately  leads  to  its  release;  indeed  his  figure  (1871,  pi.  viii, 

fig.  5)  is  defective  in  showing  no  trace  of  a  constriction  nor  of  the  "defined  line"  to 
which  he  refers  as  forming  the  breaking  plane  proximal  to  the  tentacle  bases.  It 

seems  to  us  also  that  Allman  has  distorted  his  description  and  obscured  the  issues 

by  impressing  on  this  unique  type  of  sporosac  a  terminology  derived  from  and 

depending  on  medusoid  homologies.  Thus,  as  applied  to  the  male  sporosac  of 

D.  conferta,  Allman' s  "  internal  sac"  or  "  endotheca"  is  no  more  than  the  ectoderm, 
a  direct  derivative,  slightly  modified,  of  the  ectoderm  of  the  blastostyle ;  and  the 

"  external  sac "  or  "  ectotheca "  is  simply  the  cuticle  secreted  by  the  ectoderm, 
homologous  and  continuous  with  the  cuticle  which  covers  the  ectoderm  of  the  blasto- 

style and  of  the  colony  in  general.  The  assumption  that  the  sporosac  is  a  medusoid 

has  led  Allman  into  a  further  error ;  for  assuming  the  usual  construction  of  a  medu- 

soid to  be  followed  in  this  case,  he  described  and  figured  a  distinct  space  between 

the  "ectotheca"  and  the  "endotheca"  (1871,  pi.  viii,  fig.  5).  So  far  as  we  have 
observed,  the  cuticle,  except  for  such  small  distortion  and  displacement  as  are 

unavoidable  in  preservation  and  mounting,  lies  close  upon  the  ectoderm,  and  there 

is  no  determinate  space  between  the  two  as  represented  in  Allman's  figure.  The 
tentacle  in  its  growth  forces  apart  the  cuticle  from  the  ectoderm,  but  there  is  not  an 

already  pre-existing  space.  In  his  description  of  the  release  of  the  sporosac  an 

obvious  slip  occurs,  for  the  sporosac  could  not  break  through  the  "  endotheca,"  as 

he  states,  but  escapes  from  the  so-called  "  ectotheca." 
Female  sporosacs  were  not  discovered  on  any  of  the  mature  colonies  of  D.  conferta 

examined  by  us.  In  this  respect  our  experience  agrees  with  that  of  Goette 

(1897,  p.  67),  who  found  that  colonies  with  female  sporosacs  were  entirely  unisexual. 

Allman,  however,  states  that  he  "  occasionally  met  with  both  male  and  female  stems 

in  the  same  colony"  (1872,  p.  226).  The  earliest  stages  in  the  development  of  the 
female  sporosacs  have  been  described  by  Goette  (1897,  pp.  67,  68,  Taf.  vi,  figs. 

122-127).  They  closely  resemble  those  of  our  Neapolitan  material,  except  that  in 
place  of  the  single  oocyte  of  the  latter  the  sporosac  of  the  former  includes  two.     In 
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the  Neapolitan  sporosacs  the  spadix  lies  to  one  side  of  the  enlarged  oocyte,  in 

D.  conferta  the  spadix  is  situated  between  the  two  oocytes  and,  notwithstanding 

considerable  compression  in  the  later  stages,  retains  its  original  axial  position  through- 

out development.  Goette's  observations  on  the  development  of  the  female  sporosac 
cease  at  a  stage  long  before  the  appearance  of  the  tentacles,  but  Allman  has  given 

a  moderately  full  description  of  the  free,  tentacled  sporosac  (1861,  1872). 

From  direct  observation  we  can  add  nothing  to  Allman's  account,  but  the  close- 
ness of  the  developmental  and  structural  relations  between  the  male  sporosacs  of 

D.  conferta  and  D.  conybearei,  together  with  the  similarity  in  the  general  lines 

of  development  of  the  earlier  stages  of  the  female  sporosac  in  these  species, 

suggest  that  the  adult  female  gonophores  of  the  two  species  will  present  similar 

structure.  We  may,  therefore,  indicate  probable  additions  to  and  slight  emendations 

in  the  description  given  by  Allman.  Some  of  the  remarks  made  on  his  description 

of  the  male  gonophore  (p.  268)  apply  also  to  the  female,  e.g.  in  regard  to  the 

"ectotheca"  and  "endotheca"  and  their  supposed  homology  with  the  layers  of  a 
medusoid  gonophore.  Allman  does  not  mention  the  formation  of  a  constriction  at 

which  the  sporosac  breaks  away  from  the  sporosac  stalk,  although  such  a  neck  is  no 

doubt  formed  in  the  female  as  in  the  male.  Further,  he  states  that  "  each  ovum  is 
invested  by  a  proper  membrane,  which  presents  the  remarkable  and  unique  character 

of  possessing  considerable  thickness  and  being  richly  set  with  thread-cell-like  bodies  " 
(1872,  p.  227).  In  connection  with  this  statement  we  draw  attention  to  the  fact 

that  the  oocyte  of  D.  conybearei  exhibits  a  differentiated  peripheral  zone  of  cyto- 
plasm and  not  infrequently  also  a  thin  vitelline  membrane,  but  these  are  not 

cellular  layers  and  they  do  not  contain  nematocysts.  Probably  the  condition  is 

similar  in  D.  conferta. 

Affinities  of  the  Free-swimming  Sporosacs  of  Dicoryne  conybearei. 

The  free-swimming  sporosacs  from  Naples  are  evidently  closely  related  to  those 
of  Dicoryne  conferta,  and  the  former  should  undoubtedly  be  referred  to  the  genus 

Dicoryne.  The  origin  and  development  of  the  gonads  and  of  their  investment 

agree  in  the  two  cases  almost  to  the  smallest  details,  the  main  point  of  difference 

being  that  the  Neapolitan  sporosacs  possess  only  one  tentacle  and  the  female  bears 

one  oocyte,  while  the  sporosacs  of  D.  conferta  have  two  tentacles  and  the  female 

contains  as  a  rule  a  pair  of  oocytes. 

A  close  relationship  also  exists  between  the  sporosacs  from  Naples  and  those  of 

Heterocordyle  conybearei,  Allman,  described  by  Allman  (1872,  pp.  307,  308  ;  pi.  x, 

figs.  4-7)  from  material  collected  in  Glengariff  Harbour,  Co.  Cork,  and  by  Weismann 
(1883,  p.  84,  Taf.  xi,  figs.  7,  8)  from  Neapolitan  specimens.  Allman  names  the  parts 

of  the  sporosac  of  H.  conybearei  in  accordance  with  his  view  of  their  medusoid 

homologies,  but  from  Weismann's  account    it    appears    that    in    every  respect    the 
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development  of  the  male  and  female  sporosacs,  as  far  as  it  was  traced,  agrees  with 

that  of  our  Neapolitan  sporosacs.  The  female  sporosac  of  H.  conybearei  bears  a 

single  oocyte.  According  to  the  accounts  of  Allman  and  Weismann,  the  develop- 
ment of  the  sporosacs  in  17.  conybearei  stops  a  long  way  short  of  the  stage  reached 

by  our  Neapolitan  sporosacs,  for  in  the  former  no  free-swimming  stage  was  observed 
and  no  trace  of  tentacle  detected,  so  that  the  sporosac  was  considered  by  both 

authors  to  belong  to  the  fixed  type. 

Evidence  we  have  accumulated  indicates  that  the  sporosacs  of  Heterocordyle 

conybearei  examined  by  Allman  and  Weismann  were  not  fully  mature,  and  that 

consequently  these  authors  (whose  accounts  have  been  followed  by  later  writers)  were 

misled  as  to  the  final  structure  and  essential  nature  of  the  sporosacs.  The  identity 

of  the  early  stages  of  the  sporosacs  of  H.  conybearei  with  those  of  our  material  has 

already  been  pointed  out,  but  it  was  desirable  to  ascertain  definitely  whether  or  not 

the  later  phases  were  identical,  which  could  only  be  determined  by  examining  a  well- 
preserved,  mature  colony  indubitably  belonging  to  H.  conybearei,  and  preferably 

obtained  from  some  source  other  than  Naples.  We  were  unable  to  obtain  such  a  colony 

until  this  paper  was  standing  in  proof,  when  Mr  E.  T.  Browne  kindly  lent  to  us  a 

colony,  collected  near  Plymouth  in  1895,  and  identified  by  him  as  H.  conybearei* — 
an  identification  with  which  we  fully  agree.  This  colony  covers  an  area  of  about 

9x4  mm.  on  a  portion  of  a  shell,  and  is  probably  younger  than  those  from  Naples 

examined  by  us,  since  nearly  all  the  stems  bear  a  single  hydranth,  only  a  few  having 

two.  The  characters  of  the  trophosome  of  Mr  Browne's  colony  are  in  agreement  with 
those  of  our  Neapolitan  examples,  but  the  largest  polyps  of  his  colony  are  distinctly 

larger  than  any  of  ours.  Further,  the  mature  blastostyles  of  his  colony  are  longer 

than  ours  (his  longest  being  about  1*3  mm.  and  ours  7  mm.  in  length  respectively), 
but  have  approximately  the  same  width.  We  do  not  attach  any  significance  to  these 

differences,  as  they  may  both  be  due  to  the  exceptional  conditions  under  which  the 

Neapolitan  examples  passed  their  last  days  in  the  seat  (see  P-  258). 

The  blastostyles  of  Mr  Browne's  colony  are,  with  one  exception,  confined  to  the 
stolon,  and  are  for  the  most  part  young,  only  five  bearing  sporosacs.  One  blasto- 

style,  which  was  removed  for  detailed  examination,  bears  a  dozen  large  sporosacs — 

evidently  its  first  series — in  a  cluster  slightly  distal  to  its  middle.  More  distal,  and 
extending  to  the  base  of  the  hypostomal  area,  is  a  broad  zone  the  ectoderm  of  which 

exhibits  numerous  small  elevations  (incipient  sporosacs)  each  containing  a  single 

oocyte.  Had  these  sporosacs  become  mature,  the  blastostyle  would  have  been  similar 

(except  in  length)  to  that  shown  in  fig.  1,  B  iv.  The  large  sporosacs  on  this  blasto- 

style are  about  "13  mm.  long  and  "1   mm.  broad;  each  has  a  single  tentacle  and  a 

"  Recorded  from  Plymouth  on  shells  of  Nassa  (cf.  p.  258)  and  Buccinum,  particularly  the  former.  See  Journ. 
Murine  Biol.  Assoc,  vol.  vii  (N.S.),  p.  190,  1904. 

t  It  is  possible  that  the  Neapolitan  and  British  specimens  belong  to  distinct  geographical  sub-species  or  races,  but 
this  can  only  be  determined  by  examination  of  a  longer  series  of  mature  examples. 
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single  oocyte,  and  exhibits  a  distinct  neck  or  constriction  near  its  base,  indicating 

clearly  that  the  sporosacs  would  soon  have  broken  loose  and  become  free-swimming. 
The  sporosacs  borne  upon  this  specimen  of  Heterocordyle  conybearei  from 

Plymouth  have  approximately  the  same  form  and  size,  and  present  exactly  the  same 

morphological  features,  as  our  Neapolitan  sporosacs ;  and  the  trophosomes  of  the 

two  specimens  being  also  in  agreement,  there  can  no  longer  be  any  doubt  that 

the  specimens  are  specifically  identical.  Hence  Heterocordyle  conybearei,  Allman,  is 

really  a  Dicoryne,  and  should  therefore  be  known  as  Dicoryne  conybearei  (Allman). 

To  this  species  belong  the  British  examples  described  by  Allman,  and  the  Neapolitan 

examples  *  described  by  Weismann,  and  by  ourselves  in  the  earlier  part  of  this 
paper,  f 

A  Discussion  of  the  Homology  of  the  Sporosacs  of  Dicoryne. 

Several  views  have  been  advanced  as  to  the  homology  of  the  sporosac  of  Dicoryne 

conjerta.  The  discovery  in  another  species  of  a  closely  related  sporosac,  of  which 

we  have  been  able  to  trace  the  complete  development,  and  the  re-examination  of  the 

male  sporosac  of  D.  conferta,  have  provided  new  facts  on  which  to  base  a  reconsidera- 
tion of  the  homology  of  the  sporosacs. * 

The  views  hitherto  advanced  may  be  grouped  into  two  classes  : — 

(1)  The  medusoid  homology. 

(2)  The  polyp-homology. 

To  take  them  in  the  order  of  their  appearance  : 

1.   The  Medusoid  Homology. 

In  1861  (p.  170)  Allman  stated  his  opinion  that  the  sporosac  of  D.  conferta  corre- 
sponded to  a  normal  medusiform  gonophore  in  which  certain  parts  were  much 

reduced.  This  theory  he  retained,  and  restated  in  somewhat  greater  detail  in  his 

classical  monograph  (1872,  p.  227).  The  significant  points  in  his  statement  are  as 

follows: — "The  planoblast  [  =  free  sporosac]  admits  of  a  very  instructive  com- 
parison with  an  ordinary  medusiform  gonophore.  It  is,  in  fact,  a  medusa  in  which 

the  place  of  the  umbrella  and  its  canals  is  taken  by  two  tentacles,  the  manubrium  of 

the  medusa  being  represented  by  the  rest  of  the  planoblast.     It  will  be  recollected 

*  The  species  apparently  extends  over  the  northern  portion  of  the  western  Mediterranean,  for  Mine.  Motz- 
Kossowska  has  recorded  specimens  from  the  Mediterranean  coast  of  France  (Banyuls)  and  Spain  (Blanes),  and  from 
the  Balearic  Islands  (Cabrera,  Mahon),  in  Arch.  Zool.  Expdr.,    ser.  4,  tome  iii,  p.  76,  1905. 

t  Owing  to  the  lack  of  mature  material  indubitably  belonging  to  11.  conybearei  for  comparison  with  our  Neapolitan 
specimens,  and  being  faced  with  the  definite  and  accepted  statements  of  Allman  and  Weismann  that  the  sporosacs  of  this 
species  did  not  become  free,  we  considered  that  we  were  not  fully  justified,  on  the  evidence  available  when  our  paper 
was  read  to  the  Society,  in  regarding  our  Neapolitan  examples  as  identical  with  H.  conybearei,  and  as  the  former  clearly 
belonged  to  the  genus  Dicoryne  we  designated  them  as  a  new  species — D.  parthenopeia.  (This  name,  which  has 

appeared  only  in  the  brief  report  of  the  meeting  given  in  Nature,  vol.  xcv,  p.  552,  now  lapses.)  We  suggested,  how- 
ever, that  further  study  of  the  sporosacs  of  H.  conybearei  might  reveal  their  identity  with  those  described  by  us  from 

Naples.  Conclusive  evidence  now  available  has  shown  this  to  be  so,  and  accordingly  the  name  parthenopeia  has  been 
deleted  from  the  proof. 
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that  the  two  tentacles  are  turned  forward,  while  the  sporosac  is  still  invested  by  its 

ectotheca,  and  that  they  then  hold  exactly  the  place  of  an  umbrella  (mesotheca) 

between  endotheca  and  ectotheca.  They  are,  in  fact,  the  radiating  canals  of  the 

medusa  reduced  to  two  and  developed  as  free  tubes,  instead  of  being  immersed  in 

the  walls  of  an  umbrella.  .  .  .  The  free  sporosac  of  Dicoryne  is  thus  a  medusa 

reduced  to  the  condition  of  a  manubrium  and  two  opposite  radiating  canals.  In 

order,  indeed,  to  convert  it  into  an  ordinary  medusa,  little  more  is  necessary  than  to 

suppose  the  number  of  tentacles  increased  to  four  by  the  symmetrical  development 

of  two  others,  their  extremities  connected  by  a  circular  canal,  and  their  sides  by  a 

continuous  muscular  membrane  (umbrella)  inflected  at  its  fore  margin  so  as  to 

form  a  velum." 
Allman  was  led  to  this  view  by  the  interpretation  he  put  upon  the  parts  of  the 

sporosac.  He  regards  the  external  cuticular  envelope  as  homologous  with  the 

"  ectotheca  "  of  an  ordinary  medusiform  gonophore,  and  the  ectoderm  layer  in  which 

the  oocytes  or  spermatogonia  are  differentiated  is,  in  his  view,  the  "  endotheca." 
Consequently  the  tentacles  of  D.  conferta,  lying  as  they  do  between  the  supposed 

"  ectotheca "  and  "  endotheca,"  occupy  exactly  the  position  of  the  umbrella  or 

"  mesotheca  "  and  its  canals,  in  a  normal  medusoid  gonophore. 
But  this  view  appears  to  us  to  be  untenable  and  to  have  been  supported  by  false 

homologies.  The  typical  medusoid  gonophore  exhibits,  according  to  Allman's 

terminology  (i860,  p.  3),  an  "  ectotheca,"  a  "  mesotheca,"  and  an  "  endotheca."  "  The 
ectotheca  is  a  simple  extension  of  the  ectoderm  of  that  part  of  the  zoophyte  from 

which  the  gonophore  arises,  and  it  encloses  either  a  sporosac  or  a  medusoid " 

(loc.  cit.).  Of  the  other  layers  "  the  inner  (endotheca)  is  the  equivalent  of  the 
ectoderm  layer  of  the  manubrium  of  the  medusa  ;  the  middle  layer  (mesotheca) 

corresponds  "to  the  umbrella,  and  like  it  may  have  a  system  of  canals  more  or  less 

completely  developed  in  it"  (1871,  pp.  39,  40). 
If  these  terms  are  to  be  employed  in  support  of  any  homology,  their  application 

must  be  uniform.  The  "  ectotheca,"  for  instance,  must  be  understood  in  its  original 
significance  as  applied  by  Allman  in  the  case  of  a  medusiform  gonophore,  where  it  is 

represented  by  the  external  investment — an  ectodermal  layer  which  arises,  along 

with  the  ectoderm  of  the  ex-umbrella,  from  the  ectoderm  of  the  blastostyle.  The 

"  ectotheca"  may  secrete  on  its  outer  surface  a  delicate  cuticular  film,  as,  for  instance, 
in  Bougainvillea.  This  ectoderm  is  totally  distinct  in  origin  from  that  covering  the 

manubrium,  for  the  latter  arises  from  the  thick  mass  of  ectoderm  cells — the 

"  Glockenkern  " — at  the  distal  end  of  the  medusa,  in  which,  by  the  development  of 
the  future  umbrella  cavity,  the  manubrium  becomes  differentiated  from  the  ectoderm 

of  the  sub-umbrella.  In  a  fully  differentiated  medusa  ("  phanerocodonic  gonophore") 

there  are  four  layers  of  ectoderm  from  without  inwards,  namely,  the  "  ectotheca," 
the  ectoderm  of  the  ex-umbrella,  that  of  the  sub-umbrella,  and  that  covering  the 

manubrium.     A  similar    condition  exists   in  a    medusoid  gonophore  ("  adelocodonic 
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A  B 

Text-fig.  1.  —  Diagrammatic  sections  of  A,  phanerocodonic,  and  B,  adelocodonicgonopkores.  a,  ectotheca;  b,  mesotheca 
or  umbrella  ;  c,  endotheca  or  ectodermal  layer  of  manubrium  ;  d,  spadix  ;  e,  ova  ;  /,  radial  canals  ;  g,  circular 
canal  seen  in  transverse  section  ;  h,  marginal  tentacle  ;  i,  ocellus  ;  k,  velum  ;  I,  peduncle  of  gonophore  ;  m,  general 
cavity  of  coenosarc  ;  n,  mouth  of  medusa.     The  endoderm  is  distinguished  from  the  ectoderm  by  its  darker  tint. 

[From  Allman,  1871,  rig.  13,  p.  39. Printed  from  the  original  wood-block,  kindly  lent  by  the  Council 
of  the  Kay  Society.] 

Coel. 
CoEL. 

A B 

Text-fig.  2. — Diagrammatic  sections  of  female  sporosacs  of  Dicoryne  conybearei.  A,r  a  mature  sporosac  on  the 
point  of  liberation  ;  B,  a  younger  stage  which  shows  more  clearly  the  essential  simplicity  of  the  sporosac. 
OffiL.,  ccelenteron  (general  cavity  of  coenosarc)  ;  Ect.,  ectoderm;  End.,  endoderm  ;  0.,  oocyte;  S.N.,  neck 
of  sporosac  ;  S.S.,  stalk  of  sporosac  ;  T.,  tentacle.  The  ectoderm  is  indicated  by  a  pale  tint,  the  endoderm  is 
darker,  and  the  cavity  of  the  spadix  and  coenosarc  is  black. 
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gonophore "),  except  that  the  two  ectoderm  layers  of  the  reduced  umbrella  have 
become  conjoined  (text-fig.  l). 

But  a  very  different  condition  is  presented  by  the  sporosacs  of  Dicoryne  corcferta 

and  D.  conybearei  (text-fig.  2),  for  in  these  the  only  layer  of  ectoderm  is  that  in  which 
the  reproductive  products  have  been  differentiated.  This  forms  the  external  ectodermal 

layer  of  the  sporosac  and  secretes  a  thin  cuticle  over  its  free  surface.  The  tentacle 

or  tentacles  lie  between  this  cuticle  and  the  layer  which  formed  it.  The  tentacles 

therefore  do  not  lie  in  the  position  of  a  "  mesotheca,"  i.e.  between  an  "ectotheca" 

and  "  endotheca,"  as  in  a  medusoid  gonophore,  and  Allman's  attempt  to  interpret 

them  as  homologous  with  the  canals  of  a  medusa,  which  lie  in  the  "  mesotheca," 

therefore  falls  to  the  ground.  The  tentacles  have  nothing  to  do  with  a  "  mesotheca  "  ; 

there  is,  in  fact,  no  "  mesotheca  "  in  the  full-grown  sporosac  of  Dicoryne,  nor  is  there 
any  trace  of  it  during  the  entire  course  of  development  of  the  sporosac. 

Further,  the  single  ectodermic  layer  of  the  sporosac  of  Dicoryne  does  not  agree 

in  mode  of  origin,  and  is  clearly  not  homologous,  with  that  covering  the  manubrium 

of  a  medusiform  gonophore,  i.e.  is  not  homologous  with  the  "  endotheca."  If  the 
enveloping  ectoderm  of  the  sporosac  can  be  regarded  as  a  homologue  of  any  layer 

in  a  medusoid  gonophore,  it  is  with  the  external  layer  of  the  early  stage  of  the 

latter,  which  subsequently  gives  rise  to  the  "  ectotheca "  and  to  the  ex-umbrellar 
ectoderm. 

Consequently  the  gonophore  of  Dicoryne  cannot  be  regarded  as  a  manubrium, 

and  we  have  already  seen  that  the  tentacles  are  not  the  homologues  of  radial  canals. 

It  may  be  noted  that  the  tentacles  of  the  sporosacs  of  Dicoryne  are  solid,  and  not 

"  free  tubes,"  as  Allman  stated. 
Several  authors  have  followed  the  view  propounded  by  Allman,  that  the  sporosac 

represents  a  degenerate  medusa  which  has  lost. its  umbrella  but  retained  two  radial 

canals.  Hincks  (1868  [1869],  p.  106)  considered  that  it  consisted  "of  a  sexual 
polypite  (manubrium)  furnished  with  two  tentacles,  which  represent  the  more  usual 

natatory  organ,  while  simple  ciliary  action  replaces  the  propulsive  movement  of  the 

swimming  bell."  Delage  and  Herouard  (1901,  p.  64)  and  Kemna  (1908,  p.  280)  give 

a  general  adherence  to  Allman's  "  ingenieuse  conception,"  reserving  final  judgment 
to  such  time  as  the  development  shall  be  completely  known. 

Chun  has  suggested  an  alternative  view.  He  regards  the  sporosac  as  represent- 

ing a  much-compressed  medusa  in  which  the  sub-umbrellar  cavity  has  become 
entirely  closed  and  filled  with  sexual  products.  Regarding  the  tentacles  he  offers  no 

suggestion.  "  Bei  ihnen  [the  sporosacs]  ist  die  Glockenhohle  vollstiindig  geschlossen 
und  von  den  Geschlechtsproducten  erfullt.  In  der  Nalie  des  aboralen  Poles  des 

Medusoids  entspringen  zwei  lange  opponirte  Tentakel,  die  ebenso  wie  der  diinn- 

wandige  Glockenmantel  mit  Cilien  besetzt  sind"  (Chun,  1896,  p.  264).  Both 
Delage  and  Herouard  (1901,  p.  64)  and  Kemna  (1908,  p.  280)  allege  that  Chun 

regards  the  tentacles  as  true  marginal  tentacles,  and  on  this  account  readily  demolish 
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his  theory.  But  Chun's  statement  in  the  passage  quoted  above  will  not  bear  this 
interpretation.  Indeed,  the  fact  that  he  described  the  tentacles  as  occurring  at  the 

aboral  pole  shows  that  he  did  not  regard  them  as  marginal.  Unfortunately,  Chun  does 

not  show  how  his  "complete  medusoid"  homology  is  to  be  applied  in  detail  to  the 
sporosac,  nor  can  we,  after  examination  of  his  view,  offer  any  interpretation  which 

will  bear  even  the  semblance  of  probability.  If  the  sub-umbrellar  cavity  is  closed  and 
has  become  filled  with  sexual  products,  then  the  ova  and  sperms  should  lie  between 

ectodermal  layers,  the  inner  one  representing  the  ectoderm  of  the  manubrium,  and 
the  outer  one  either  the  ectoderm  of  the  whole  umbrella  or  that  of  its  inner  surface. 

But  there  is  no  such  complication  in  the  sporosac  of  Dicoryne,  nor  in  the  develop- 
ment is  there  any  trace  of  a  medusa  rudiment  (Glockenkern).  Apart  from  the 

impossibility  of  applying  Chun's  theory  in  detail  to  the  cell-layers,  there  remain  the 
tentacles  to  be  accounted  for.  With  complacency  Chun  leaves  them  arising  from 

the  roof  of  the  supposed  umbrella,  offering  no  explanation  of- so  unlikely  a  condition. 

Carlgren  (1909,  p.  11)  adopts  Chun's  view  of  the  relationship  of  the  sporosac 
without  adding  to  our  knowledge  of  its  interpretation. 

A  third  suggestion  as  to  the  possible  medusoid  homology  of  the  sporosac  of 

Dicoryne  has  been  made  by  Delage  and  Herouard  :  "  On  pourrait  plutot  admettre 

que  le  corps  n'est  forme  que  par  un  manubrium  nu,  que  l'ombrelle  n'existe  pas  et  que 
les  tentacules  ont  ete  reportes  a  la  base  du  manubrium  par  la  regression  de 

l'ombrelle.  .  .  .  Des  lors,  le  corps  reproducteur  serait  non  un  simple  sporosac,  mais 

un  gonophore,  puisqu'il  aurait  un  rudiment  d'endoderme  ombrellaire "  (1901, 
pp.   64,  65). 

As  we  have  seen  above,  however,  the  ectoderm  of  the  sporosac  of  Dicoryne  does 

not  correspond  in  mode  of  origin  to  the  ectoderm  of  the  manubrium  of  a  medusa,  and 

there  is  no  rudiment  of  umbrellar  endoderm,  nor,  indeed,  of  any  portion  of  an  umbrella. 

The  view  of  Delage  and  Herouard  is  therefore  entirely  unsupported  by  the  facts  of 

development  and  the  structure  of  the  fully  formed  sporosac  of  Dicoryne* 
The  sporosac  of  Dicoryne  (taking  the  female  as  an  example)  is  not  a  preformed 

structure  into  which  migrate  comparatively  small  oocytes,  but  is  an  elevation  first  of 

ectoderm,  later  of  both  layers,  following  upon  and  seemingly  called  forth  by  the 

presence  at  that  point  of  a  large  and  growing  oocyte. 

Even  in  gonophores  so  reduced  as  those  of  Clava  squamata  (Harm,  1902)  a 

"  Glockenkern "  is  present  for  some  time,  and  subsequent  to  its  disappearance  a 
primary  endoderm  lamella  is  found  between  the  oocyte  and  the  ectoderm  enveloping 

the  gonophore.  Such  an  endoderm  layer  is  not  visible  in  our  preparations  of  the 

early  sporosacs  of  Dicoryne.     Further,  it  may  be  noted  that  the  ectoderm  of  the 

*  Another  argument  of  general  bearing  may  be  adduced  against  the  homology  of  the  sporosac  of  Dicoryne  with  a 
manubrium.  In  the  regression  of  medusie  and  medusoid  gonophores  the  marginal  tentacles  are  first  lost,  then  the 
manubrium  suffers  reduction  or  disappears,  and  only  a  hint  of  the  medusoid  rudiment  is  apparent.  It  is  therefore 
directly  contrary  to  the  general  course  of  events  to  suppose  that  the  manubrium  should  survive  the  umbrella,  and 
still  more  difficult  to  imagine  that  a  marginal  tentacle  should  remain  after  loss  of  the  umbrella. 
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distal  end  of  the  young  female  sporosac  is  thinner  than  that  present  elsewhere,  there 

being  no  attempt  at  the  formation  of  a  Glockenkern,"  and  although  young  male 
sporosacs  exhibit  distally  a  thickened  ectoderm,  the  increased  thickness  is  due  to  the 

presence  there  of  the  spermatogonia. 

To  summarise  the  evidence  regarding  medusoid  homologies  of  the  sporosac  of 

Dicoryne.  This  view  derives  no  support  from  the  facts  of  development,  for  there 

is  not  at  any  stage  a  "  Glockenkern,"  and  therefore  there  cannot  be  a  manubrium,* 
nor  is  there  any  trace  of  umbrella  or  canals.  The  single  or  paired  tentacles  of  the 

sporosac  of  Dicoryne  do  not  arise  at  the  free  end,  where  marginal  tentacles  are  formed 

in  medusae,  but  at  the  proximal  end,  and  the  tentacles  are  therefore  not  equivalent  in 

the  two  cases.  There  is  no  evidence  that  the  sporosacs  of  Dicoryne  have  undergone 

regression  from  the  condition  of  medusas  or  medusoid  gonophores.  If  .  they  have 

undergone  such  regression,  it  is  so  far-reaching  as  to  have  completely  suppressed  all 
trace  of  the  ancestral  condition  and  to  have  brought  the  tentacles  into  an  anomalous 

position. 
2.   The  Polyp- Homology. 

Goette  has  suggested  the  polyp-homology  of  the  sporosac  of  Dicoryne  in  place  of 
the  earlier  medusoid  homologies.  Having  traced  the  earlier  stages  of  formation  of 

the  female  sporosacs  of  D.  conferta  (although  he  failed  to  obtain  the  tentacle-bearing 
stage),  Goette  came  to  the  conclusion  that  there  could  be  no  question  of  medusoid 

likeness,  and  that  the  resemblance  to  a  degenerate  polyp  was  much  more  evident : 

'  Von  einer  medusoiden  Bildung  kann  also  bei  den  Gonanthen  von  Dicoryne  gar 
nicht  Rede  sein  ;  und  mit  viel  grosserem  Recht  kann  mann  behaupten,  dass  die 

basalen  Tentakel  dieser  Gonanthen  deren  Polypen-ahnlichkeit  unzweideutig  hervor- 
treten  lassen  ;  es  fehlt  nur  noch  der  Mund,  um  ein  Hydranthenkopfchen  vollstandig 

zu  machen "  (1907,  p.  68).  According  to  this  view,  the  body  of  the  sporosac  is 
equivalent  to  the  mouthless  hypostome  of  a  hydranth,  the  tentacles  are  normal  in 

position,  but  the  proximal  portion  of  the  hydranth  is  wanting. 

Of  the  various  theories  advanced,  Goette's  polyp-homology  appears  to  agree 
most  closely  with  the  actual  condition  of  the  sporosac.  But  owing  to  the  essential 

simplicity  of  the  structure  and  development  of  a  polyp,  resemblances  between  any 

two-layered  bud  and  a  polyp  may  be  taken  for  granted,  and  on  this  account  the  polyp- 
homology  is  as  difficult  to  prove  as  it  is  to  refute. 

Weismann  (1883,  p.  245)  has  suggested  that  the  fact  that  hydranths  never  spring 

from  the  heads  of  other  hydranths  militates  against  the  possibility  that  blastostyle- 

*  This  statement  refers  only  to  the  development  of  medusae  in  the  Anthomedusae,  Leptomedusse,  and  perhaps 
the  Siphonophora.  An  interesting  comparison  might  be  made  between  the  sporosac  of  Dicoryne,  regarded  as  a 
manubrium,  and  the  larva  of  certain  Narcoinedusac  in  which  the  manubrium  first  appears  and  two  tentacles  arise 
subsequently  near  its  aboral  end.  There  is  a  general  external  resemblance  between  the  free-swimming,  two-tentacled, 
ciliated  sporosac  of  Dicoryne  conferta  and  the  free-swimming,  two-tentacled,  ciliated  larva  of  Myinopsis  rnediterranea, 
four  days  old.  But  in  its  mode  of  origin  and  its  subsequent  history  this  larva  differs  entirely  from  the  sporosac 
of  Dicoryne,  and  the  general  resemblance  in  external  form  is  not  to  be  taken  as  evidence  of  homology,  but  is  probably 

■in  instance  of  "convergence." 
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borne  sporosacs  can  be  regarded  as  degenerate  hydranths.  Although  there  are 

exceptions  to  this  postulate,  the  general  criticism  advanced  by  Weismann  seems 

to  be  valid.  , 

Further,  the  suggestion  that  the  sporosacs  of  Dicoryne  are  degenerate  hydranths 

which  have  become  secondarily  the  bearers  of  sexual  products  seems  to  be  at  variance 

with  the  actual  order  of  development  observed  in  D.  conybearei.  For  there,  in 

the  case  of  both  male  and  female  sporosacs,  the  first  indication  was  the  differentiation 

of  the  germ  cell  or  cells,  the  stimulus  of  the  presence  of  which  apparently  brought 

about  the  origin  and  growth  of  the  sporosacs.  On' the  hydranth-hypothesis  we  should 
have  expected  that  the  hydranth-bud  or  hydranth-sporosac  would  have  first  been 
indicated,  and  that  secondarily  the  germ  cells  would  have  been  differentiated  therein 

or  migrated  thereto.  Kuhn  (1910,  p.  103)  favours  Goette's  view,  but  the  theory 
that  the  sporosac  of  Dicoryne  is  a  modified  hydranth  is  unsatisfactory  in  a  general 

way,  because  in  asserting  it  a  far-reaching  assumption  of  homology  is  made  which, 
owing  to  the  simplicity  of  the  structures  concerned,  seems  incapable  of  being  either 

proved  or  definitely  disproved. 

A  close  examination  of  the  anatomy,  and  especially  of  the  development  of  the 

sporosacs  of  two  species  of  Dicoryne,  has  left  us  with  the  impression  that  too  great 

efforts  have  been  made  to  bring  these  essentially  simple  structures  into  line  with 

theories  necessitating  detailed  and  not  infrequently  obscure  homologies.  It  seems 

to  us  that  the  sporosac  of  Dicoryne  is  essentially  an  outgrowth  of  almost  the  simplest 

possible  form,  produced  apparently  by  the  stimulus  due  to  the  presence  of  the  germ 

cells.  The  ectoderm  in  which  these  lie  grows  'pari  passu  with  them  and  forms  the 

envelope  for  them,  the  subjacent  endoderm — which  soon  grows  out  as  a  "spadix" — 
is  applied  to  the  germ  cells  and  carries  the  supply  of  nutrient  material  necessary  for 

their  growth.  This  bud-like  outgrowth,  like  other  simple  buds  in  the  Hydrozoa, 
produces  one  or  two  tentacles,  similar  in  structure  to  those  of  a  polyp,  and 

eventually  becomes  free.  The  most  striking  difference  between  such  a  bud  and 

any  other  known  in  the  Hydrozoa  is  its  ciliation,  which  is  probably  an  adaptive 

development.  The  free-swimming  sporosacs  of  Dicoryne  are  the  only  ciliated  re- 
productive members  known  in  the  Hydrozoa. 

Abnormal  Sporosacs  of  Dicoryne  conybearei. 

Amongst  the  many  free  sporosacs  examined  three  only  show  any  departure  from 

the  normal,  and  in  each  case  the  variation  relates  to  the  tentacle.  Both  sexes  are 

represented  in  this  short  abnormal  series,  which  exhibits  two  types  of  variation. 

In  one  of  the  male  sporosacs,  otherwise  normal,  the  tentacle  is  bifurcated  near  the 

tip  (text-fig.  3,  A),  both  branches  possessing  ectoderm  and  endoderm  cells  of  the 
usual  type  and  arrangement. 
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The  second  type  of  variation  consists  in  the  development  of  two  tentacles.  In 

another  male  sporosac  (text-fig.  3,  B)  one  of  the  tentacles  is  of  normal  length,  while 
the  other  is  little  more  than  a  bud.  The  remainder  of  the  sporosac  is  normal,  so 

that  the  abnormality  may  be  regarded  as  a  sport  tending  towards  the  condition 

represented  in  the  two-tentacled  sporosac  of  Dicoryne  conferta. 

In  the  solitary  abnormal  female  sporosac  two  well-developed  tentacles,  each  of 

normal  length,  are  present  (text-fig.  3,  C).     These  arise  contiguously,  and  resemble  in 

a  b  c 

Text-fig.  3. — Three  abnormal  sporosacs  of  Dicoryne  conybearci,  from  Naples,      x  250. 

their  arrangement  and  divergence  the  tentacles  of  the  sporosac  of  D.  conferta.  In 

our  specimen,  however,  the  spadix  appears  to  be  double,  a  branch  embracing  either 

side  of  the  single  oocyte.  The  simplest  interpretation  of  this  condition  is  probably 

that  here  the  phenomenon  of  duplication  of  parts,  moderately  common  in  other 

groups  of  animals,  is  exhibited. 

Early  Developmental  Stages  of  Dicoryne  conybearei. 

(PL  VIII,  figs.  11,  12,  13.) 

A  considerable  number  of  free-swimming  sporosacs  of  D.  conybearei  of  both 

sexes — but  males  predominating — were  kept  alive  in  small  vessels  for  a  day  or  two, 
and  many  of  them  shed  their  genital  products.  About  sixteen  of  the  eggs  had  been 

fertilised  and  had  passed  through  the  cleavage  phases  before  the  material  was 

preserved. 

The  earliest  stage  of  development  represented  is  a  blastula  (fig.  11),  slightly  oval 

in  form,  about  100  fi  long  and  90 /x  broad,  and  consisting  of  about  120  similar  cells 

which  surround  the  large  central  cleavage-cavity  or  blastoccele.  Cleavage  of  the  egg- 

was  total,  and  apparently  equal  or  nearly  so.  Cell-outlines  are  present  though  not 

easily  seen,  as  the  cells  are  loaded  with  yolk-spherules  of  different  sizes.  In  each 
blastomere  is  a  peripheral  zone  of  minute  granules  of  uniform  size,  which  differ  from 

the  yolk-spherules  in  their  reactions  to  stains.  These  granules — the  presence  of 

which  in  the  oocyte  has  been  already  noted  (p.  2G4) — remain  peripheral  throughout 
development  and  are  found,  though  in  diminished  number,  in  the  ectoderm  cells  of 
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the  latest  stage  examined.  Their  ultimate  fate  cannot  be  ascertained  in  our  material, 

but  it  is  probable  that  they  will  later  form  the  thin,  cuticular  covering  of  the  young 

polyp.  The  nucleus  of  each  blastomere  lies  near  the  peripheral  margin,  is  vesicular, 

and  usually  exhibits  two  or  three  deeply  staining  nucleoli.  Ten  of  the  nuclei  of  this 

blastula  are  in  karyokinetic  division,  and  the  axes  of  the  spindles  are  all  placed 

tangentially  (see  fig.  ll);  the  planes  of  division  of  the  blastomeres  are  therefore 

radial,  and  by  such  divisions  the  cells  increase  rapidly  in  number,  with  the  result  that 

they  become  less  in  size,  for  five  blastulae  in  this  later  stage,  with  about  400  blasto- 
meres, are  no  larger  than  the  blastula  first  described. 

The  next  phase  of  development,  represented  in  our  material  by  four  specimens, 

shows  the  cleavage-cavity  containing  numerous  cells — the  endoderm — with  here 
and  there  small  spaces  between  them  (fig.  12).  A  few  nuclei  in  karyokinesis 

are  visible  in  the  ectoderm ;  the  spindles  of  some  of  these  lie  tangentially,  but 

others  are  at  right  angles  to  the  periphery,  so  that  the  divisions  of  these  cells 
result  in  the  formation  of  inner  (endodermic)  and  outer  (ectodermic)  elements. 

The  appearances  presented  by  sections  of  these  specimens  suggest  that  the 

endoderm  has  been  produced  at  several  or  many  places  (multipolar  immigra- 
tion), though  here  and  there  are  blastomeres  which  have  apparently  not  yet  taken 

part  in  this  process.  Some  of  the  endoderm  cells  are  of  considerable  size,  but  by 

division  of  the  central  cells,  and  the  accession  to  the  endodermic  mass  of  other 

cells  from  the  wall  of  the  blastula,  the  cleavage-cavity  becomes  tightly  packed  with 
cells,  in  a  few  of  which  karyokinetic  divisions  are  present.  The  surrounding  ectoderm 

is  composed  for  the  most  part  of  cells  of  almost  uniform  size,  and  the  nuclei  are 

situated  fairly  regularly  near  the  periphery. 

In  the  latest  phase  (fig.  13),  represented  by  a  single  complete  and  two  damaged 

specimens,  there  is  a  central  cavity— the  ccelenteron, — which  has  been  formed  by 
the  breaking  down  of  some  of  the  endoderm  cells,  the  debris  of  which  lies  in  the 

cavity.  Cell-outlines  are  scarcely  distinguishable  in  the  ectoderm,  except  at  the 
extreme  periphery  of  the  cells,  and  are  apparent  only  in  a  few  places  in  the  endoderm. 
The  nuclei  of  ectoderm  and  endoderm  are  similar  in  size  and  structure.  There  is  no 

indication  of  the  mesoglceal  lamella  at  this  stage. 

The  general  development  of  the  egg  most  closely  resembles  that  of  Bougainvillea 

superciliaris  as  described  by  Gerd  (1892),  a  point  of  some  interest,  since  on  other 

grounds,  e.g.  resemblances  in  the  trophosomes,  Dicoryne  and  Bougainvillea  are 

placed  in  the  family  Bougainvillidse. 

The  egg  is  usually  completely  detached  from  the  sporosac.  We  have  three 

examples  of  D.  conybearei  in  which  the  sporosac  has  ruptured  and  the  egg,  having 

escaped  from  the  now  wrinkled  body  of  the  sporosac,  has,  however,  remained 

attached  near  the  point  of  union  of  the  spadix  and  the  tentacle.  Here  it  has 

undergone  normal  cleavage  :  in  one  case  a  blastula  and  in  the  others  morula  stages 
had  been  reached. 
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Distinctive  Characters  of 

Dicoryne  conybearei 
(Allman),        char, 
emend. 

Dicoryne 

(Alder) 
conferta 

Matuue  Tkophosomb. 

Height. 

Up  to  4-8  nnii. 

Dicoryne 
Sars fle.aiosa, 

Dicoryne    annul  i  it  a, 
v.  Lendenfeld 

Up  to  13  mm. 

i  mm. 

About  10  mm 

Hydrocaulus. 

Branches. 

Few  or  none,  seldom 
subdivided,  arising 
from  a  main  stem 
which  resembles 
them  in  thickness 

Many,  usually  sub- divided, arising 
from  a  weak  main 

stem,  which  scarce- 
ly exceeds  them  in 

diameter 

Few,  occasionally 
subdivided,  arising 

from  a  thin,  flexile 
stem  which  is  often 

dichotomously  di- 
vided 

Few,  not  subdivided, 
arising  from  a 
stout  stem 

Wriukling  of  Perisarc. 

Generally  distributed, 

but  irregular  and  in- distinct 

Base    of    stem     indis- 
tinctly wrinkled 

Hardly  any  wrinkles 

Wrinkled  throughout, 
"  terminal  cup-shaped 

expansions  a  little 

larger  than  in  D.  con- 

ferta " 

Polyp. 

Maximum  N        f 

No.  of  Polyps     „,         ', u    ,  Jt       lentacles 
on  Hydro- caulus. 

Polyp. 

6  on  youngest 
to  16  on 
largest speci 
men 

[About  12] 

[About  3] 

[2] 

G  on  youngest 

to  about  16 

12 

[About  10  or 

11] 

Note. — Square  parentheses  [  ]  indicate  that  in  view  of  the  incomplete  descriptions  of  authors  the 
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Species  of  Dicoryne. 

Gonosome. 

Blastostyle. 

Position  of 

Blastostyles. 

On  stolon  and 

hydrocaulus 

On  stolon  and 

hydrocaulus. 
[7  on  a  single 
hydrocaulus] 

On  hydrocaulus only 

Shape  of 
Blastostyles. 

Long,  spindle-  or 
vase-shaped,  pro- 

jecting above  and 
below  mass  of 

sporosacs 

Long,  spindle-shaped, 
projecting  above 
and  below  mass  of 

sporosacs 

Very  short,  almost 
or  entirely  covered 

by  mass  of  sporo- sacs 

Sporosacs. 

No.  of 

Sporosacs  on Blastostyle. 

18  to  24  as  a  rule, 
exceptionally  as 

many  as  34  to 
40,  in  globular 
or  elongate 
clusters 

17  to  33,  in  globu- 
lar clusters 

[24     to     30],     in 
slobular  clusters 

[On  stolon] Long,  spindle-shaped, 
projecting  far 
above  and  below 

mass  of  sporosacs 

[About  1 2],  in  elon- 
gated clusters 

Character  of  Sporosacs. 

Free-swimming,  cili- 
ated, with  1  tentacle, 

and    female    with  1 
ovum 

Free-swimming,  cili- 
ated, with  2  tentacles, 

and  female  with  2  ova 

(exceptionally  with 1  or  3  ova) 

[Free  sporosacs  not  ob- served Female  with 

2  ova] 

"Generative  zooids 
similar  to  those  of  the 

European  species " [i.e.  D,  confertd] 

Distribution. 

Locality. 

West  coast  of 
Scotland,  and 
Ireland,  and 
south  coast  of 

England;  Gulf 
of  Naples  and 
Western  Medi 
terranean 

Iceland,  Nor- 
way, Sweden, 

Scotland,  Eng- 
land, Ireland, Denmark, 

North  Sea, 

Heligoland, 
Mediterranean Sea 

Norway ;  north- 
west of  Shet- land Islands ; 

Gulf  of  Maine, 

Nova  Scotia 

South  coast  of 
Australia 

Depth. 

Down  to 
about  10 
fathoms 

14  to  200 
fathoms 

50  to   150 
fathoms 

information  has  necessarily  been  derived  from  the  figures  illustrating  the  original  accounts. 
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Specific  Characters  of  Dicoryne  conybearei  (Allman),  emend. 

Syn.,  Heterocordyle  conybearei  of  Allman  and  later  authors. 

Trophosome. — The  hydrocaulus  springs  from  a  network  of  creeping  hydrorhizal 

tubes,  reaches  a  height  of  4-8  mm.,  and  is  either  simple  or  furnished  with  a  few 

branches  which  arise  acutely  from  the  stem  and  are  seldom  subdivided.  A  well- 
developed  perisarc  is  present,  slightly  and  irregularly  wrinkled  throughout  its  length. 

It  is  covered  with  a  dense  coat  of  foreign  particles  and  widens  at  the  base  of  each 

polyp  into  a  shallow,  cup-like  expansion.  Up  to  four  to  eight  polyps  are  borne  on  a 
single  hydrocaulus,  and  these  are  furnished  according  to  age  with  from  six  to  sixteen 

tentacles  in  a  single  whorl.* 

Gonosome. — Blastostyles  arise  on  the  stolon  and  on  the  hydrocaulus  ;  their  basal 

portion  is  covered  with  perisarc  which  terminates  in  a  cup-like  expansion  similar  to 
that  beneath  the  polyps.  Around  the  blastostyle  the  sporosacs,  in  general  eighteen 

to  twenty-four  and  exceptionally  as  many  as  thirty-four  to  forty,  are  grouped  in 
a  spherical  or  elongate  cluster.  The  sporosacs  arise  from  a  zone  encircling  the 

middle  region  of  the  blastostyle,  the  tip  and  base  of  which  project  beyond  the 

mature  cluster.  In  the  adult  state  the  sporosacs  are  free-swimming,  are  furnished 
with  one  tentacle,  and  are  covered  with  cilia.  Female  sporosacs  bear  a  solitary  oocyte. 

The  structure  of  the  sporosacs  is  of  the  simplest  nature,  as  they  consist  of  a  single 

layer  of  ectoderm  between  which  and  the  endodermal  spadix  lies  the  oocyte  or  the 

mass  of  spermatozoa. 

The  inclusion  of  this  species  within  the  genus  Dicoryne  necessitates  a  slight 

alteration  in  the  generic  characters  as  given  by  Allman  and  accepted  by  subsequent 

writers.     The  new  definition  is  as  follows  :  — 

Dicoryne,  Allman,  char,  emend,  (including  Heterocordyle,  Allman). 

Trophosome. — Hydrocaulus  consisting  of  simple  or  more  frequently,  in  mature 
colonies,  of  branched  stems  arising  at  intervals  from  a  creeping  filiform  stolon,  which 

forms  a  close  network.  Hydranths  fusiform,  merging  gradually  into  the  hydro- 

caulus, with  a  single  whorl  *  of  filiform  solid  tentacles  (with  a  single  series  of 
endoderm  cells)  surrounding  the  base  of  a  conical  hypostome. 

Gonosome. — Simple  sporosacs,  consisting  of  a  single  layer  of  ectoderm  and  an 
endodermal  spadix,  between  which  the  sexual  products  lie.  The  sporosacs  are 

borne  in  clusters  on  blastostyles  which  arise  from  the  stolon  or  the  hydrocaulus  or 

from  both.  At  maturity  the  sporosacs,  which  are  furnished  with  one  or  two  tentacles 

witli  solid  endoderm  and  are  entirely  covered  with  cilia,  break  away  from  their 

stalks  and  are  free-swimming. 

*  In  many  hydranths  there  are  longer  and  shorter  tentacles  alternating  ;  in  life  the  longer  ones?  jn'obably  pointed 

disUlly,  while  the  shorter  ones  wen-  directed  more  or  less  horizontally  (see  p.  200). 
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For  the  convenience  of  systematic  workers  we  have  inserted  a  table  summarising 

the  distinctive  characters  of  species  of  Dicoryne,  pp.  280,  281.  In  this  table  an 

endeavour  has  been  made  to  indicate  as  far  as  possible  the  points  in  which  authors 

themselves  regarded  their  new  species  as  differing  from  species  previously  known. 

These  characters  are  in  some  cases  highly  unsatisfactory. 

Dicoryne  conferta  and  D.  flexuosa. — As  regards  the  sporosacs  themselves  no 

difference  has  been  observed,  but  unfortunately  the  free-swimming  stage  of 

D.  flexuosa  is  not  known.  The  "immersion"  or  otherwise  of  the  blastostyle  in  the 
sporosac-cluster  seems  to  us  to  depend  more  on  the  state  of  contraction  of  the 
blastostyle  and  on  the  maturity,  and  therefore  size,  of  the  sporosacs,  than  upon  any 

constant  difference  in  shape.  Further,  the  characters  upon  which  Sars  especially 

relied — the  deficiency  of  wrinkling  on  the  perisarc  and  the  flexile  and  often  dichoto- 

mously  branched  stem  in  D.  flexuosa — are  characters  upon  which  little  weight  can 
be  placed,  since  on  occasion  they  are  exhibited  by  D.  conferta.  In  D.  conybearei 

the  number  of  tentacles  has  been  found  to  vary  from  six  to  sixteen  ;  a  similar  range 

of  variation  has  been  observed  in  D.  conferta,  and  it  is  possible  that  twelve  is  not 

a  fixed  number  for  D.  flexuosa.  It  seems  to  us  that  on  the  whole  these  two  species 

approach  suspiciously  close  to  one  another,  but  since  we  have  not  seen  specimens 

attributed  to  Sars'  species  we  hesitate  to  state  definitely  that  D.  flexuosa  is  a 
synonym  of  D.  conferta. 

Dicoryne  annulata. — The  description  of  this  species  given  by  von  Lendenfeld  is 
entirely  unsatisfactory.  There  is  no  evidence  that  free  sporosacs  were  seen,  and 

the  statement  that  the  generative  zooids  are  "  similar  to  those  of  the  European 

species"  is  so  vague  as  to  be  valueless.  Nor  is  the  statement  that  the  "terminal 

cup-shaped  expansions  [are]  a  little  larger  than  in  D.  conferta  "  of  any  significance, 

for  comparison  of  von  Lendenfeld' s  figure  with  North  Sea  specimens  of  D.  conferta 
shows  that  his  contrast  is  inaccurate.  The  probability  is  that  von  Lendenfeld  has 

misinterpreted  the  structure  of  D.  conferta  in  this  respect  from  Allman's  figure 
(1871,  pi.  viii),  in  which  the  terminal  expansions  are  scarcely  indicated. 
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DESCRIPTION   OF   FIGURES. 

List  op  Reference  Letters. 

B  i,  B  ii,  B  in,  B  iv,  B  v,  blastostyles. 

C,  cuticle. 

CO,  covering  cell. 
Cosl.,  ccelenteron. 

D.,  debris  adherent  to  perisarc. 

Ect.,  ectoderm. 

End.,  endoderm. 

Ex.C,  excretory  cell. 

H  i,  youngest  hydranth  of  colony. 
M.,  mesogloea. 

N.,  nematocyst. 

P.,  partition  formed  across  lumen  of  stolon. 

Pe.,  perisarc. 
P.Z.,  peripheral  zone  of  oocyte  containing  fine 

granules. S.N.,  sporosac-neck. 
Sp.,  spermatogonia. 

Spd.,  spadix. 

Spz.,  spermatozoa. 

S.S.,  sporosac-stalk. 
St.,  stolon. 

T.,  tentacle. 

Plate  VI. 

Dicuryne  conybearei  (Allman),  from  Naples. 

Fig.  1.  A  portion  of  a  colony  showing  a  recently  formed  hydranth  (Hi)  with  six  tentacles,  and  three 

larger  hydranths,  one  bearing  a  blastostyle-bud  (Bv)  in  the  ectoderm  of  which  several  oocytes  are  seen. 
Arising  from  the  stolon  are  three  young  blastostyles  (Bi,  En,  Bin)  and  one  full  grown  (Biv),  the  latter 

bearing  twenty-two  sporosacs,  fifteen  of  which  are  seen.  It  is  exceptional  for  a  blastostyle  so  small  as  B  n 
to  exhibit  such  large  oocytes  and  elevations  of  the  ectoderm  (i.e.  incipient  sporosacs).  Two  free  female 

sporosacs  (S  i,  S  n)  and  one  free  male  (S  in)  are  also  shown  ;  the  male  was  produced  on  another  colony.  The 
stolon  was  covered  with  debris  (omitted,  except  in  a  small  area  on  the  left),  and  there  was  also  a  considerable 

amount  of  debris  on  the  perisarc,  Bhown  only  on  the  large  central  hydrocaulus.      x  75. 

Plate  VII. 

All  the  figures  relate  to  Dicoryne  conybearei  (Allman),  from  Naples. 

Fig.  2.  Longitudinal  section  through  the  wall  of  a  blastostyle,  showing  a  large  oocyte  in  the  ectoderm. 

The  space  around  the  oocyte  is  an  artefact.     For  further  description  see  p.  263.      x  1000. 

Fig.  3.  Longitudinal  section  of  a  young  sporosac  and  the  adjacent  wall  of  the  blastostyle  which  bears  it. 

See  p.  263.      x  1000. 
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Fig.  4.  Longitudinal  section  of  an  older  and  almost  full-grown  sporosac.  For  description  see  p.  263. 
x  1000 

Fig.  5.  Free-swimming,  ciliated  female  sporosac.     See  p.  264.      x  500. 
Fig.  6.  Female  sporosac  after  escape  of  the  egg  by  rupture  of  the  ectoderm.      x  500. 

Fig.  7.  Section  of  a  portion  of  the  ectoderm  at  the  distal  end  of  a  blastostyle,  showing  a  discharged 

nematocyst  of  the  large,  elongate  oval  type.     See  p.  262.      x  1400. 

Plate  VIII. 

All  the  figures  except  fig.  16  relate  to  Dicoryne  coinjhearei  (Allman),  from  Naples. 

Fig.  8.  Longitudinal  section  of  the  ectoderm  and  mesoglcea  of  a  male  blastostyle,  showing  the  first 

differentiation  of  the  male  sexual  cells.  In  addition  to  the  two  spermatogonia  represented  there  was  a  third 

lying  immediately  underneath  them  (i.e.  at  a  deeper  level).     See  p.  265.      x  1000. 

Fig.  9.  Longitudinal  section  of  the  wall  of  a  male  blastostyle  showing  two  stages  in  the  formation  of 

sporosacs.  On  the  left  of  the  figure  note  the  spermatogonia  in  the  ectoderm ;  the  mesoglcea  is  already  bend- 
ing outwards.  In  the  later  stage  shown  on  the  right  of  the  figure  numerous  spermatogonia  are  seen  in 

the  ectoderm  at  the  distal  end  of  the  sporosac,  and  peripheral  to  them  are,  here  and  there,  cells  with  paler 

protoplasm  and  smaller  nuclei  which  will  later  form  the  covering  cells.  There  is  a  small  central  cavity  in 

the  endodermal  spadix,  but  it  is  filled  with  granular  matter.     See  p.  265.      x  1000. 

Fig.  10.  Longitudinal  section  of  a  free-swimming  male  sporosac.     See  p.  266.      x  500. 
Fig.  11.  Section  of  a  blastula  consisting  of  about  120  to  130  cells.     See  p.  277.      x  500. 

Fig.  12.  Section  of  a  later  stage  of  development;  the  cleavage  cavity  is  now  filled  with  a  mass  of 

endoderm  cells.     See  p.  278.      x  500. 

Fig.  13.  Section  of  a  still  later  stage  in  which  the  ccelenteron  has  been  formed  by  breaking  down  of 

some  of  the  endoderm  cells,  the  debris  of  which  lies  in  the  cavity.     See  p.  278.      x  500. 

Fig.  14.  Horizontal  section  of  a  portion  of  the  stolon,  showing  the  thick  perisarc,  the  adherent  debris, 

and  the  internal  partitions  (P  i-P  iv)  formed  successively  by  the  coenosarc  as  it  retreated  under  the  influence 
of  deleterious  conditions.     See  p.  260.      x  250. 

Fig.  15.  Horizontal  section  of  another  portion  of  the  stolon,  showing  the  coenosarc,  here  composed  of 

ectoderm  with  a  solid  mass  of  endoderm,  secreting  a  chitinous  barrier  across  the  lumen  of  the  stolon.  The 

coenosarc  has  contracted  away  from  the  perisarc.      x  500. 

Fig.  16.  Dicoryne  conferta  (Alder).  Median  section,  in  the  plane  of  the  tentacles,  of  a  mature  male 

sporosac  ready  to  be  released  from  its  stalk.  In  most  spadices  of  this  species  there  is  at  maturity  a  central 

cavity.  Note  the  great  thickness  of  the  mesoglcea  in  the  wall  of  the  blastostyle.  Compare  with  figs.  4 

and  10.     For  further  description  see  p.  267.      x  500. 
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A.  Introduction  and  Review  of  Previous  Work  on  Young  Horse  Embryos. 

Soon  after  the  publication  of  The  Origin  of  Species  it  was  realised  by  Huxley 

and  others  that  convincing  evidence  of  the  fact  of  evolution  might  be  obtained  by 

a  systematic  investigation  of  the  ancestral  history  and  development  of  the  Equidse. 

From  studying  material  in  the  British  and  other  Museums  Huxley  announced  at 

the  end  of  the  'sixties  that  he  believed  "  the  Anchitherium,  the  Hipparion  and  the 
modern  horses  constitute  a  series  in  which  the  modifications  of  structure  coincide 

with  the  order  of  chronological  recurrence  in  the  manner  in  which  they  must 

coincide  if  the  modern  horses  really  are  the  result  of  the  gradual  metamorphosis  in 

the  course  of  the  Tertiary  epoch  of  a  less  specialised  ancestral  form."  t  But  this 
conclusion  was  soon  profoundly  modified.  When  in  1876  Huxley  had  the  opportunity 

of  examining  the  Yale  and  other  collections  of  the  fossil  horses  of  America,  he  was 

satisfied  that  "we  must  look  to  America  rather  than  to  Europe  for  the  original  seat 

of  the  Equine  series,"  \  and  "  that  the  European  Hipparion  is  rather  a  member  of  a 
collateral  branch  than  a  form  in  the  direct  line  of  succession."  § 

Huxley  directed  his  attention  to  the  development  as  well  as  to  the  ancestral 

history.      Convinced  that   modern    horses    passed    through   a   three-toed   stage,   he 
*  The  cost  of  reproduction  of  the  plates  and  of  certain  of  the  text-figures  has  been  defrayed  by  a  grant  from 

the  Carnegie  Trust  f»r  the  Universities  of  Scotland. 

t  American  Addresses,  p.  83,  1877.  J  Loc.  cit.,  p.  86.  §  Loc.  cit.,  p.  87. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.  7).  42 



288  PROFESSOR  J.    COSSAR    EWART. 

examined  the  limbs  of  embryos  hoping  to  find  vestiges  of  the  phalanges  of  the  second 

and  fourth  digits.  Unfortunately,  he  failed  to  discover  in  the  specimens  at  his 

disposal  evidence  that  in  the  modern  horse  the  second  and  fourth  digits  are  nearly 

as  complete  during  the  earlier  weeks  of  development  as  they  were  in  the  three-toed 
Miocene  horses.  Since  1876,  when  Huxley  lectured  in  New  York  on  the  evolution 

of  the  Equidse,  our  knowledge  of  fossil  horses  has  advanced  so  rapidly  that  we  are 

now  familiar  with  almost  every  link  in  the  chain  connecting  the  one-toed  Pliocene 
horses  with  their  remote  four-toed  Eocene  ancestors.  Further,  we  know  that  in 

modern  breeds  the  second  and  fourth  digits  of  the  fore-limbs  bear  during  develop- 

ment nearly  the  same  relation  to  the  third  digit  as  in  three-toed  Miocene  horses.* 
But  while  some  progress  has  been  made  during  recent  years  in  working  out  the 

development  of  the  Equidse,  we  still  know  surprisingly  little  of  the  phases  through 

which"  the  horse  passes  during  the  earlier  weeks  of  gestation  ;  as  Assheton  pointed 

out  some  years  ago,  "  a  thorough  investigation  into  the  development  of  Equus  and 

its  placenta  has  still  to  be  made."  t 
It  is  doubtless  true  that  Hausmann  published  in  1840  an  account  of  the  earlier 

stages  of  equine  development,!  and  that  in  1890  Prof.  Martin  of  Zurich  described 

a  21-days  horse  embryo  ;  §  but  Hausmann's  views  are  no  longer  accepted,  and  there 
are  good  reasons  for  believing  that  Martin  overestimated  the  age  of  his  embryo. 

That  Hausmann's  contributions  were  of  no  great  permanent  value  may  be  inferred 
from  the  statements  made  by  Bonnet  in  1889,  at  the  Berlin  Conference  of  German 

Anatomists.  When  discussing  at  this  conference  the  foetal  membranes  of  the 

Equidae,  Bonnet  pointed  out  that  Hausmann's  account  of  the  development  during 
the  earlier  weeks  had  caused  more  confusion  than  enlightenment,  and  that  his 

drawings  of  horse  embryos  are  almost  incomprehensible  and  worthless. 

Though  in  1889  Bonnet  was  in  a  position  to  discuss  at  some  length  the  fetal 

appendages  of  a  28-days  horse  embryo,  he  was  unfortunately  unable  to  add 
appreciably  to  our  knowledge  of  yet  earlier  stages  ;  moreover,  by  asserting  that  the 

rate  of  development  in  the  horse  varied  greatly  during  the  earlier  weeks,  Bonnet, 

like  Hausmann,  has  caused  confusion  rather  than  enlightenment.  || 

In  the  Berlin  paper  Bonnet  relates  that  he  received  from  a  pupil  a  blastocyst 

taken  from  a  mare  21  days  after  the  first  service,  but  that,  owing  to  the  rare  specimen 

having  been  subjected  to  a  preliminary  examination  before  it  reached  his  hands,  he  could 

only  certainly  make  out  that  the  blastocyst  (fig.  3)  had  a  globular  form,  measured 

12  to  13  mm.  in  diameter,  and  was  invested  by  a  zona  pellucida  4/a  in  thickness. 

A  year  after  Bonnet's  paper  was  read  at  Berlin,  Prof.  Paul  Martin  of  Zurich 

*  Ewart,  "  The  Second  and  Fourth  Digits  in  the  Horse,"  Proc.  Roy.  Soc.  Edinburgh,  1894  ;  "  The  Limbs  of  the 
Horse,"  Journ.  Anat.  and  Physiol.,  Jan.  and  Feb.  1894. 

f  "The  Morphology  of  the  Ungulate  Placenta,"  Phil.  Trans.  Roy.  Soc,  vol.  c,  Ser.  B,  1906. 
I  Hausmann,  Uber  Zeugung  und  Enstehung  das  wahren  weiblichen  Eier  bei  den  Sdugetieren,  Hanover,  1840. 

ij  Paul  Martin,  "Ein  Pferdeei  vom  21  Tage,"  Schweizer  Archivfur  Thierheilkunde,  Zurich,  1890. 
||  Bonnet,  "Die  Erhaute  des  Pferdes,"  Verhandlungen  der  anat.  Gesellschaft,  Jena,  1889. 
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published  an  account  of  a  horse  embryo,  believed,  like  Bonnet's,  to  be  21  days  old.* 
This  embryo  was  obtained  from  an  eight-year-old  mare,  served  on  the  2nd  of  April, 
and  killed  on  the  23rd  of  the  same  month. 

Martin's  blastocyst,  instead  of  being,  like  Bonnet's,  globular  and  12  to  13  mm.  in 
diameter,  was  egg-shaped  (fig.  4)  and  measured  25  mm.  by  35  mm.  This  blastocyst 

was  very  much  smaller  than  a  2 8 -days  blastocyst  figured  by  Bonnet.  Hence  Martin 

came  to  the  conclusion  that  the  embryo  from  the  eight-year-old  mare  had  been 

arrested  in  its  development.  On  the  other  hand,  Bonnet,  on  realising  in  1891  that 

the  blastocyst  of  his  damaged  embryo  was  very  much  smaller  than  Martin's  blasto- 
cyst, came  to  the  conclusion  that  the  rate  of  development  in  the  Equidse  varies  con- 

siderably during  the  earlier  weeks,  and  unreservedly  stated  that  in  the  horse  the 

blastocyst  at  21  days  varies  from  13  mm.  to  35  mm.t 

From  the  observations  made  during  the  last  fifteen  years,  I  have  arrived  at  the 

conclusion  that  Bonnet's  13-mm.  blastocyst  (fig.  3)  represents  the  stage  reached  at 

the  end  of  the  second  week  of  gestation  ;  that  Martin'^  35-mm.  blastocyst  (fig.  4) 
represents  the  stage  reached  at  the  middle  of  the  third  week ;  and  that  at  the  end  of 

the  third  week  the  blastocyst,  in  a  breed  about  the  size  of  the  wild  horse  of  Mongolia, 

measures  at  least  50  mm.  (fig.  5).  If  I  succeed  in  giving  good  reasons  for  these 

conclusions,  in  showing  that  Bonnet's  so-called  21-days  embryo  is  14  or  15  days  old, 

and  that  Martin's  so-called  21-days  embryo  is  17  or  18  days  old,  and  that  at  the  end 
of  the  third  week  a  horse  embryo  is  nearly  as  well  developed  as  a  2-days  chick  and 

an  18 -days  sheep  embryo,  the  more  important  facts  about  the  development  of  the 
Equidse  during  the  first  three  weeks  of  gestation  will  have  been  established. 

It  is  obvious  that  a  difference  between  blastocysts  and  their  contents  may  be  due 

to  several  causes  :  e.g.  to  (1)  arrested  development,  or  (2)  arrested  growth,  or  (3)  a 

difference  in  age.  When  in  one  of  the  two  embryos  derived  from  the  same  fertil- 
.  ised  ovum  progress  is  retarded,  we  have  an  example  of  arrested  development ;  %  when, 

on  the  other  hand,  the  embryos  in  one  uterine  horn,  though  as  well  developed,  are 

smaller  than  those  in  the  other  horn,  we  have  an  example  of  arrested  growth  ;  § 

but  when  two  embryos  from,  say,  two  different  mares,  belonging  it  may  be  to  different 

breeds,  differ  in  size,  before  assuming  that  the  difference  is  due  to  arrested  develop- 
ment or  arrested  growth,  one  must  make  sure  that  it  is  not  due  to  a  difference  in 

age,  to  the  large  embryo  being  some  hours,  or  it  may  be  several  days,  older  than 
the  small  one. 

To  be  in  a  position  to  obtain  horse  embryos  of  a  definite  age  during  the  earlier 

*  "Ein  Pferdeei  vom  21  Tage,"  Schweizer  Archiv  fur  Thierheilkunde,  Band  xxxiii,  1890. 
f  Bonnet,  Grundriss  der  Entivickelungsgeschichte  der  Haussaugethiere,  Berlin,  1891. 
+  Assheton  found  a  difference  in  the  size  and  in  the  state  of  development  in  twin  germinal  areas  of  a  sheep. 

Journ.  Anat.  and  Physiol.,  April  1898. 

§  I  once  found  in  a  rabbit  doe  eight  young  (alike  in  size)  in  the  right  uterus,  and  four  young  (also  of  uniform 

size)  in  the  left  uterus  ;  but  when  the  eight  were  placed  in  one  scale  of  a  balance  and  the  four  in  the  other,  the  four 

weighed  a  few  more  grains  than  the  eight ;  nevertheless,  the  eight  small  foetuses  were  as  well  developed  as  the  four 

large  ones.     Ewart,  27th  Report  of  the  Bureau  of  Animal  Industry,  Dept.  of  Agriculture,  U.S.A.,  1911. 
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weeks  of  gestation,  it  is  necessary  to  ascertain  as  accurately  as  possible  when 

fertilisation  of  the  ovum  actually  takes  place.  This  implies,  amongst  other  things' 

that  each  mare  used  should  be  kept  long  enough  under  observation  to  admit  of  the 

normal  length  of  the  cestrous  period  being  determined. 

In  a  wild  Prjevalsky  mare  {Equus  prjewalskii)  imported  as  a  yearling  from 

Mongolia,  oestrus  (the  period  of  desire),  first  noticed  during  her  third  summer,  lasted 

as  a  rule  G  or  7  days.  Between  the  end  of  one  period  and  the  beginning  of  the  next 

there  was  an  interval  of  14  or  15  days;  i.e.  in  the  wild,  as  in  most  domestic  mares, 

the  cestrous  and  anoestrous  periods  together  as  a  rule  occupied  21  days.  The  period 

of  gestation  in  the  wild  mare,  if  one  may  judge  from  the  Woburn  and  other  records, 

averages  357  days  or  17  dioestrous  cycles  of  21  days  each.  In  the  wild  mare  I  had 

under  observation  oestrus  set  in  8  days  after  the  birth  of  her  first  foal.  She  was 

served  on  the  tenth  and  eleventh  days  after  foaling,  and  the  "period  of  desire" 

passed  off  before  the  morning  of  the  twelfth  day  and  never  recurred  u'ntil  after  her 
second  foal  was  born. 

In  domesticated  mares  living  under  nearly  natural  conditions  the  length  of  the 

oestrous  period  varies  considerably ;  and  one  occasionally  hears  of  in-foal  mares 

coming  regularly  "  in  season  "  during  at  least  the  first  three  months  of  the  gestation 

period.*  I  have  heard  of  a  mare  which  proved  in  foal  though  the  period  of  desire 
lasted  under  24  hours, f  and  have  had  mares  under  observation  which  were  continu- 

ously "  in  season  "  for  12  or  more  days. 
In  making  a  collection  of  embryos  with  a  view  to  working  out  the  development 

of  the  horse  it  would  be  a  great  advantage  if  one  had  definite  information  as  to 

when  ovulation  takes  place,  how  long  the  ovum,  after  escaping  from  the  follicle, 

retains  the  power  of  effectively  combining  with  a  sperm,  and  also  how  long  sperms 

retain  their  fertilising  power  after  reaching  the  oviduct.  Unfortunately,  we  have  no 

definite  information,  either  about  ovulation  in  the  Equidse  or  about  the  vitality  of 

their  ova  and  spermatozoa.  But  from  my  records  made  since  1895  it  may,  I  think, 

be  inferred  (l)  that  there  is  in  the  mare  an  intimate  relation  between  ovulation  and 

the  disappearance  of  oestrus — that  in  fact  the  period  of  desire  as  a  rule  terminates 
from  10  to  26  hours  after  ovulation  ;  (2)  that  spermatozoa  are  usually  stale  3  or  4 

days  after  reaching  the  oviduct ;  and  (3)  that  an  ovum  usually  fails  to  develop  unless 

it  is  fertilised  within  two  days  after  escaping  from  its  follicle.  In  support  of  these 

conclusions,  it  may  be  mentioned  that  when  oestrus  lasts  from  the  seventh  to  the 

tenth  day  after  foaling,  the  mare  is  likely  to  become  again  pregnant  if  served  on  the 

*  Mr  C.  M.  Douglas  of  Auchlochan  informs  me  that  Shetland  pony  mares  sometimes  take  the  horse  regularly 
all  through  the  period  of  gestation  and  yet  produce  a  normal  foal  to  the  first  service.  Further,  I  am  informed  that  in 
both  Shetland  and  Clydesdale  fillies  oestrus  may  occur  once  and  again  during  the  earlier  months  of  pregnancy  without 
interfering  with  the  normal  development  of  the  foal  ;  and  I  have  heard  of  a  Clydesdale  mare  that  came  in  season  ami 
was  served  three  weeks  before  giving  birth  to  a  fully  developed  hut  dead  foal. 

f  This  mare  belonged  to  a  herd  in  the  possession  of  the  late  Lord  Arthur  Cecil,  a  very  competent  and  trust- 
worthy observer. 
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eighth,  ninth,  or  tenth  clay,  but  may  fail  to  prove  in  foal  if  served  on  the  seventh  or 

not  until  the  eleventh  day.  Service  on  the  seventh  day  is  in  some  cases  of  no  avail, 

because  the  spermatozoa  lose  their  fertilising  power  before  the  ovum  escapes  from 

its  follicle  on  the  tenth  day,  while  service  on  the  eleventh  day  is  in  some  cases  with- 

out effect,  because  the  ovum  has  become  stale  before  it  is  reached  by  the  spermato- 

zoon.*1 With  a  view  to  securing  a  21 -days  embryo,  five  mares  were  kept  under 

observation  for  several  months.  One  of  the  five,  a  13'2-hands  Highland  pony,  came 

regularly  "  in  season  "  every  third  week,  and,  as  in  the  wild  mare,  oestrus  lasted  from 
6  to  7  days.  This  Highland  mare  was  served  by  a  14-hands  Arab  stallion  at  2  p.m- 

on  May  18,  1897,  7  days  after  she  came  "in  season"  (i.e.  on  the  seventh  day  of 
cestrus).  As  she  refused  to  take  the  horse  on  May  19,  it  may  be  assumed  that  an 

ovum  escaped  and  was  fertilised  soon  after  the  one  and  only  service  at  2  p.m.  on 

May  18.  On  June  8,  at  4  p.m.  (21  days  and  2  hours  after  service),  the  mare  was 

killed  and  the  pear-shaped  50-mm.  blastocyst  represented  in  fig.  5  was  found  in  the 
left  uterine  horn  (fig.  15).  Obviously  the  age  of  the  embryo  found  in  the  Highland 

mare  may  be  under,  but  it  cannot  possibly  be  more  than  two  hours  over,  21  days. 

Bonnet's  13-mm.  blastocyst  was  taken  from  a  mare  21  days  after  the  first  service. 
How  often  the  mare  was  served  is  not  stated.  If  served  on  the  first  day  of 

cestrus,  and  again  on,  say,  the  third  day,  and  if,  as  is  quite  possible,  ovulation  took 

place  on  the  sixth  or  seventh  clay  of  cestrus,  the  age  of  the  blastocyst  (though 

removed  21  days  after  the  first  service)  would  only  be  14  or  15  days.  I  am  hence 

inclined  to  believe  that  the  difference  in  size  between  Bonnet's  so-called  21 -clays 
blastocyst  (fig.  3)  and  the  blastocyst  from  the  Highland  mare  (fig.  5)  was  not  due  to 

either  arrested  development  or  arrested  growth,  but  to  a  difference  in  age — to  the 

ovum  from  which  Bonnet's  13-mm.  blastocyst  was  developed  being  fertilised  6  or  7 
days  after  the  first  service. 

Martin's  35-mm.  blastocyst  was  obtained  from  an  eight-year-old  mare,  which  had 
a  foal  the  previous  year.  This  implies  that  cestrus  probably  lasted  6  or  7  days.  The 

mare  was  served  at  1.30  p.m.  on  April  2,  and  killed  at  8  p.m.  on  April  23.  When 

cestrus  set  in  and  passed  off  is  not  mentioned.  If  ovulation  took  place  on  April  2 

a  few  hours  after  service,  the  age  of  Martin's  embryo  was  in  all  probability  21  clays ; 
but  if  the  ovum  only  escaped  from  its  follicle  on,  say,  April  6,  the  age  would  only  be 

17  clays.  The  difference  in  size  and  number  of  somites  between  Martin's  so-called 
21 -days  embryo  (fig.  7)  and  my  21 -days  embryo  (figs.  8  to  11)  is  considerable.  Seeing 
that  no  information  is  given  by  Martin  as  to  whether  the  mare  which  yielded  his 

embryo  was  served  at  the  middle  or  end  of  oestrus,  I  think  it  may  be  assumed  that  - 

the  difference  between  the  embryos  represented  in  figs.  7  and  8  is  more  likely  to  be 

due  to  a  difference  in  age  than  to  either  arrested  growth  or  arrested  development. 

Taking  these  and  other  facts  into   consideration,  I    shall,  I    think,  be   justified    in 

*  In  all  probability  service  sometimes  induces  ovulation  ;  but,  as  a  rule,  no  matter  how  often  the  mare  is  served, 
the  follicle  remains  intact  until  the  seventh  or  eighth  day  of  oestrus, 
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regarding  Bonnet's  13-mm.  blastocyst  as  representing  the  phase  reached  at  the 

beginning  of  the  third  week,  and  Martin's  35-mm.  blastocyst  as  representing  the 
phase  reached  at  the  middle  of  the  third  week  of  development.* 

1.  Bonnet's  13 -mm.  Blastocyst  (PI.  IX,  fig.  3). 

Sheep  and  goats  are  about  as  well  developed  and  precocious  at  birth  as  foals.  It 

might  hence  be  assumed  that  the  rate  of  development  in  Ungulates  bears,  as  a  rule, 

an  intimate  relation  to  the  gestation  period.  In  the  Celtic  pony  the  gestation  period 

is  approximately  366  days,f  in  sheep  it  seems  to  be  about  150  days,  and  in  the  pig 

about  112  days;  i.e.  in  the  Celtic  pony  the  gestation  is  practically  three  times  that 

of  the  pig  and  2"2  times  that  of  the  sheep.  But  the  examination  of  a  collection  of 
Ungulate  embryos  clearly  shows  that  the  rate  of  progress,  during  at  least  the  earlier 

weeks,  bears  little,  if  any,  relation  to  the  length  of  the  gestation  period,  and  especially 

that,  though  there  is  a  family  resemblance  between  the  embryos  of  odd-toed  and 

even-toed  Ungulates,  the  foetal  appendages  may  differ  profoundly. 
Further  inquiries  will  probably  show  that  the  blastodermic  vesicle  of  the  sheep 

at  the  end  of  the  twelfth  day  agrees  generally  with  the  blastodermic  vesicle  of  the 

horse  at  the  end  of  the  fourteenth  day,  and  that  a  15-days  sheep  embryo  %  differs 

but  little  from  a  17-  or  18-days  horse  embryo.  But  while  at  the  outset  horse  embryos 

differ  but  little  from  sheep  embryos,  there  seem  to  be,  almost  from  the  first,  differ- 

ences in  the  foetal  membranes.  In  Bonnet's  13-mm.  horse  blastocyst  the  zona  pel- 
lucida  was  smooth,  resistant,  and  elastic,  and  had  a  thickness  of  4/u..§  Though  in 

the  sheep  the  blastocyst  at  the  end  of  the  twelfth  day  only  measures  about  1*5  mm., 
the  zona  pellucida  has  completely  disappeared — according  to  Assheton  the  zona  is 
greatly  attenuated,  if  not  actually  absorbed,  at  or  about  the  eighth  day.||  Owing  to 

the  13-mm.  blastocyst  having  been  injured,  Bonnet  was  unable  to  say  anything  about 

the  embryo  it  contained — he  was  only  able  to  note  the  presence  of  isolated  nucleated 
polygonal  cells  adhering  to  the  inner  surface  of  the  zona  pellucida.  In  all  probability 

further  inquiries  will  show  that  a  horse  embryo  at  the  end  of  the  second  week  is  at 

least  as  far  advanced  as  a  1 0-day s  sheep  embryo. 

2.  Martins  35-mm.  Blastocyst  (PI.  IX,  fig.  4). 

Martin's  blastocyst  not  only  differed  from  Bonnet's  in  shape  and  size,  but 
also  in  having  a  4-mm.  thick  albumen  coat  (fig.  4,  alb.)  within  which  was  found  no 

*  A  19-days  horse  embryo  (text-fig.  19)  in  Hausmann's  collection  had  ten  mesodermic  somites.  Seeing 
that  Martin's  so-called  21-days  embryo  had  only  four  somites,  it  was  probably  under  rather  than  over  18  days. 

t  It  is  on  record  that  the  average  gestation  period  for  thirty-three  thoroughbred  mares  of  the  Middle  Park  stud, 

Eltham,  was  335-5  days  ;  but  in  Shires  and  Clydesdales  the  gestation  period  seems  to  approach  that  of  the  wild  horse 
of  Mongolia  (357  days),  while  in  the  ass  it  may  run  to  385  days. 

{  Assheton  has  pointed  out  that  in  the  sheep,  goat,  and  pig  "  there  is  a  close  parallelism  in  time  with  reference 

to  the  development  of  the  embryo."     (hiy's  Hospital  Reports,  vol.  lxii. 
§  That  the  zona  pellucida  of  a  13-mm.  equine  blastocyst  has  a  thickness  of  4/j.  wants  confirmation. 

||  Assheton,  "Segmentation  of  the  Ovum  of  the  Sheep,"  Quart.  Journ.  Micro.  Sci.,  vol.  xli,  1898, 
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trace  of  the  zona  pellucida.  Martin  thought  the  albumen  coat  was  perhaps  partly 

formed  in  the  oviduct,  and  that  it  provided  nourishment  as  well  as  protection. 

Though  Bonnet  makes  no  reference  to  an  albumen  coat  in  his  13-mm.  blastocyst,  it 
is  conceivable  that  the  material  for  this  coat  is  in  part,  as  Martin  suggests,  provided 

by  the  oviduct ;  but  in  all  probability  the  albumen  is  mainly  derived,  as  in  the  mole, 

from  the  uterus.*  On  making  sections  through  the  albumen  layer,  Martin  ascertained 
that  it  consisted  of  numerous  strongly  refractive  delicate  lamellae,  amongst  which 

were  groups  of  cells,  free  nuclei,  and  spermatozoa  at  various  stages  of  disintegration.! 

There  is  no  evidence  that  the  albumen  coat  served  to  fix  the  blastocyst  to  the  uterine 
mucous  membrane. 

Martin  describes  the  blastodermic  vesicle  as  consisting  of  two  quite  distinct 

layers — an  ectodermal  layer  composed  of  columnar  cells  which  seen  from  the  surface 
appear  polygonal,  and  an  endodermal  layer  of  flat  polygonal  cells  between  which  are 

many  gaps  of  a  considerable  size.  In  the  neighbourhood  of  the  embryo  the  blastocyst 

consisted  of  three  layers,  an  outer,  inner,  and  middle,  the  last  made  up  of  round  cells 

ec 

end 

Text-fig.  1. — Transverse  section  of  Martin's  embryo,     am.,  amnion  fold  ;  ec,  ectoderm  ;  end.,  endoderm  ;  ms,  mesoderm  ; 
pr.,  primitive  groove.     Compare  with  section  of  21-days  embryo  (text-fig.  12). 

continuous  with  the  embryonic  mesoderm.  When  the  blastocyst  was  removed  from 

the  uterus,  the  embryo,  being  transparent,  could  not  be  detected,  but  as  the  fixing 

proceeded  an  oblong  structure  resembling  the  sole  of  a  shoe  made  its  appearance. 

As  fig.  7  indicates,  this  embryo,  rounded  in  front  and  pointed  behind,  had  four  somites 

and  was  separated  by  a  narrow  area  pellucida  from  the  area  opaca.  In  a  pig  embryo 

with  four  mesodermic  somites  the  amnion  is  represented  by  head,  tail,  and  lateral 

folds,  and  there  is  a  mass  of  mesoderm  lying  under  the  tail-fold  which  in  course  of 

time  takes  part  in  forming  the  allantois.  Though  Martin's  embryo  was  3  "25  mm.  in 
length,  the  amnion  was  apparently  only  represented  by  short  inconspicuous  lateral 

folds  (text-fig.  1,  am.),  and  there  was  no  rudiment  of  an  allantois. 

That  Martin's  embryo  represents  a  very  early  phase  in  the  development  of  the 
horse — a  phase  reached  in  the  pig  on  the  fourteenth  or  fifteenth  day — is  made  evident 
by  the  figures  which  illustrate  his  paper.  In  a  dorsal  view  of  the  embryo  (fig.  7)  the 

primitive  streak,  the  broad  pointed  primitive  groove,  the  position  of  Hensen's  node, 
*  Heape,  "  The  Development  of  the  Mole,"  Quart.  Journ.  Micro.  Sci.,  vol.  xxiii,  1888. 

t  In  Marsupials,  as  Professor  Hill  states,  the  ovum  during  its  passage  down  the  oviduct  "  becomes  surrounded 
by  a  transparent  layer  of  albumen  '015  to  -022  mm.  in  thickness,  composed  of  very  delicate  concentric  lamellae,  and 

having  normally  numbers  of  sperms  embedded  in  it,"  and  that  this  albumen  layer  is  invested  by  a  double-contoured 

membrane  comparable  to  the  shell  membrane  of  the  Monotreme  egg.  J.  P.  Hill,  "  The  Early  Development  of  the 

Marsupialia,"  Quart.  Journ.  Micro.  Sci.,  vol.  lvi,  December  1910. 
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and  the  narrow  medullary  groove  with  four  somites  at  each  side  are  indicated,  while 

a  transverse  section  through  the  posterior  end  of  the  primitive  groove  (text-fig.  l) 
makes  it  clear  that  the  mesoderm  in  this  region  had  not  yet  split  into  somatic  and 

splanchnic  layers,  and  especially  that  very  little,  if  any,  progress  had  been  made  in 

providing  an  amnion. 

In  a  summary  Martin  directs  special  attention  to  the  35-mm.  blastocyst  being 

egg-shaped,  to  the  presence  of  an  albumen  layer,  and  to  the  rudimentary  condition  of 
the  amnion. 

3.  Hausmann  s  19-clays  Embryos. 

Hausmann,  who  had  a  stud  including  fifty-two  mares,  secured  three  19-days 
embryos,  viz.  one  19  days  45  minutes  after  service,  one  19  days  and  7  hours,  and 

one  19  days  and  20  hours  after  service.  Hausmann' s  figures  of  these  embryos  are 
reproduced  in  text-figs.  19  to  21.  Though  it  must  be  admitted  that  these  figures 
are,  as  Bonnet  says,  almost  incomprehensible,  they  afford  conclusive  evidence  in 

support  of  the  view  that  Martin's  embryo,  instead  of  representing  the  stage  reached 
at  the  end  of  the  third  week,  represents  the  stage  reached  on  the  seventeenth  or 

eighteenth  day  of  gestation.  Hausmann's  19  days  45  minutes  embryo  is  characterised 

by  ten  or  eleven  mesodermic  somites  ;  Martin's  embryo  had  only  four  somites  (fig.  7)- 

As  my  21 -days  embryo  had  over  twenty  somites  (fie-.  10),  it  may  be  safely  assumed  that 

Martin's  embryo  represents  the  stage  reached  about  the  middle  of  the  third  week. 

B.  The  Reproductive  Organs  and  Foetal  Membranes  at  the  End 

of  the  Third  Week. 

1.   The  Ovaries  and  Corpus  luteum,  Oviduct  and   Uterus. 

(l)  The  Ovaries  and  Corpus  luteum. — The  ovaries  of  the  mare  from  which  the 

21 -days  embryo  was  obtained  are  represented  in  figs.  12  to  15.  Up  to  the  time  ova 
begin  to  mature  the  ovaries  in  the  mare  are  small  and  smooth,  and  more  or  less 

kidney-shaped  ;  but  as  maturity  is  reached  they  increase  in  size,  and  eventually 
present  a  number  of  prominences  each  indicating  the  position  of  a  growing  ovarian 

follicle.* 
A  number  of  follicular  prominences  are  seen  in  figs.  12  and  13,  while  sections 

through  follicles,  from  which  the  contents  escaped,  are  represented  in  fig.  15. 

Evidently,  during  the  three  months  the  Highland  mare  was  under  observation,  a 

large  number  of  ova  were  maturing  with  a  view,  doubtless,  to  giving  her  a  chance 

*  Under  normal  conditions  fillies  reach  maturity — begin  to  discharge  ripe  ova — about  the  end  of  the  second  or 
beginning  of  the  third  year,  but  under  unfavourable  conditions  ovulation  may  only  begin  at  the  end  of  the  third 
year.  On  the  other  hand,  when  fillies  are  well  fed  during  their  first  winter,  maturity  may  be  reached  at  the  end 
of  the  first  or  the  beginning  of  the  second  year.  Evidence  of  early  maturity  we  have  in  a  member  of  the  Auchlochan 

herd  of  Shetland  ponies.  This  pony,  born  on  May  7,  1907,  had  a  well-developed  vigorous  foal  on  May  23,  1909 : 
assuming  the  gestation  period  was  336  days,  this  filly  became  pregnant  at  the  age  of  1  year  and  45  days.  Seeing 
that  a  heifer  may  become  pregnant  when  only  5  months  old,  it  is  not  surprising  that  a  filly  sometimes  reaches  maturity 
before  she  is  a  year  old. 
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of  eventually  proving  fertile  even  if  she  several  times  "  broke  service."  Some  of  the 
follicles  were  under  5  mm.,  some  were  over  40  mm.  in  diameter,  but  even  in  a  6-mm. 

follicle  (fig.  l)  I  found  what  appeared  to  be  a  well-advanced  ovum  (fig.  2).  The 
largest  follicle  in  the  left  ovary  (fig.  15)  doubtless  contained  a  nearly  ripe  ovum. 

In  the  mare,  up  to  the  end  of  the  sixth  week  the  trophoblast  is  at  the  best  only 

loosely  connected  to  the  uterine  mucous  membrane  ;  it  is  hence  mainly  prevented 

from  escaping  from  the  uterine  horn  by  internal  hydrostatic  pressure.*  Had  the 

blastocyst  escaped  from  the  uterus  (i.e.  had  the  Highland  mare  aborted,  "  broken 

service")  during  the  third  week,  the  large  follicle  seen  in  fig.  15  would  have  dis- 
charged an  ovum  on  or  about  June  8,  thus  giving  the  mare  a  chance  of  again  be- 
coming pregnant  without  any  loss  of  time.  On  the  other  hand,  had  the  gestation 

in  the  mare  been  allowed  to  run  its  course,  the  maturation  of  ova  would  have  been 

arrested  and  the  size  of  the  enlarged  follicles  in  both  ovaries  gradually  reduced. 

That  the  large  follicle  in  fig.  15  would  have  remained  intact  is  suggested  by  its 

outer  wall  being  decidedly  thicker  than  that  of  the  wall  of  the  large  follicle  in  the 

ovary  (fig.  16)  of  a  non-pregnant  mare  which  died  on  the  second  day  of  oestrus,  t 

The  corpus  luteum  in  the  ovary  of  the  mare  which  yielded  Martin's  embryo  was 
of  a  soft  consistency,  pale  red  in  colour,  and  about  double  the  size  of  a  lentil.  The 

corpus  luteum  found  in  the  left  ovary  of  the  Highland  mare  is  represented  in  fig.  1 8 

natural  size.  The  corpus  luteum  seen  in  fig.  17  occurred  in  the  ovary  of  a  mare 

which  died  three  months  after  giving  birth  to  a  foal.| 

(2)  The  Oviduct  and  Uterus. — In  the  mare  at  the  end  of  oestrus  the  trumpet-like 
expansion  at  the  free  end  of  the  oviduct  (fig.  19)  lies  near  to,  or  in  contact  with,  the 

follicle  about  to  discharge  an  ovum.  How  long  the  "trumpet"  retains  this  position 
after  ovulation  is  not  known — in  the  sheep  the  trumpet  is  said  to  adhere  to  the 
surface  of  the  ovary  for  eight  or  nine  days  after  service.  The  trumpet  is  lined  with 

numerous  lamellae  which  converge  to  the  ostium  abdominale  to  become  continuous 

with  the  interrupted  ridges  extending  along  the  oviduct ;  it  will  be  observed  from 

fig.  19  that  the  lamellae  lining  the  trumpet  are  continued  for  some  distance  over  its 

outer .  surface.  The  expanded  upper  part  of  the  oviduct,  immediately  within  the 

ostium,  may  play  the  part  of  a  seminal  receptacle — in  a  mare  killed  about  24  hours 
after  service  it  contained  numerous  active  spermatozoa.  The  oviduct  opens  into 

the  uterine  horn  (fig.  19)  by  a  minute  aperture  surrounded  by  the  terminal  portions 
of  the  lamellae  of  the  oviduct. 

At  birth  the  mucous  membrane   of  the   uterus    presents  few  furrows  and  only 

*  Experiments  by  Marshall  and  Jolly  seem  to  show  that  the  corpus  luteum  provides  a  secretion  essential  for 
the  attachment  of  the  embryo  and  for  its  nourishment  during  the  first  stages  of  pregnancy.  "  Contributions  to  the 
Physiology  of  the  Mammalian  Reproduction,"  Phil.  Trans.,  Ser.  B,  vol.  cxcviii,  1905. 

f  Purther  inquiries  may  show  that  in  the  case  of  mares  that  come  in  use  during  the  period  of  gestation  ovula- 
tion may  occasionally  take  place. 
%  The  function  of  the  corpus  luteum  in  the  mare  is  dealt  with  in  The  Physiology  of  Reproduction,  by  F.  H.  A. 

Marshall,  Longmans,  1910. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II.  (NO.  7).  43 
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rudiments  of  glands,  but  by  the  third  month  a  number  of  deep  furrows  extend  along 

the  horns  and  along  the  greater  part  of  the  body  of  the  uterus.  By  the  end  of  the 

first  year  the  uterine  mucous  membrane,  from  a  short  distance  within  the  cervix  up 

to  the  ends  of  the  horns,  is  folded  longitudinally  to  form  narrow  nearly  parallel 

ridges  separated  by  deep  furrows.  Eventually  these  ridges  are  cut  transversely  into 

numerous  tongue-shaped  processes  (figs.  14  and  2l).  The  condition  of  the  uterine 
mucous  membrane  at  the  end  of  the  third  week  is  indicated  in  figs.  25  and  26. 

With  the  exception  of  the  cervix  the  uterus  is  lined  by  a  layer  of  columnar 

epithelium  beneath  which  is  a  somewhat  dense  layer  of  connective  tissue  traversed 

by  numerous  capillaries  (fig.  24).  At  a  deeper  level  the  connective  tissue  of  the 

uterine  wall  forms  an  irregular  network  the  meshes  of  which  are  traversed  by  blood- 
vessels of  various  sizes,  and  by  the  numerous  uterine  glands  (fig.  26). 

Before  prooestrum  sets  in — i.e.  during  the  period  of  rest  (anoestrum) — the  uterine 
mucosa  is  of  a  pale  colour  and  coated  with  a  thin  layer  of  mucus  ;  but  as  prooestrum 

advances  it  becomes  more  and  more  congested,  with  the  result  that  the  glands  become 

more  active.  When  the  oestrous  phase  is  reached  the  tongue-like  processes  making 

up  the  uterine  ridges  (figs.  14  and  21)  are  red  and  swollen ;  this  is  partly  due  to  con- 
gestion of  the  capillaries,  and  partly  to  the  engorged  condition  of  the  glands.  An 

indication  of  the  condition  of  the  mucous  membrane  during  oestrus  will  be  gained 

from  figs.  23  and  24,  which  represent  sections  of  a  uterine  ridge  about  24  hours 

after  oestrus  set  in.  The  sections,  though  affording  no  evidence  of  the  escape  of  blood 

into  the  cavity  of  the  uterus  during  prooestrum,  show  at  places  extravasated  blood 

in  the  connective  tissue  and  in  the  lumen  of  the  glands.  It  will  be  noticed  that 

amongst  the  extravasated  blood  corpuscles  bodies  resembling  hsematoidin  crystals 

(fig.  24)  are  fairly  common ;  there  is,  however,  an  absence  of  pigment  such  as  usually 

occurs  in  sheep.# 
Martin  states  that  the  mucous  membrane  of  the  uterus  from  which  his  35-mm. 

blastocyst  was  obtained  was  swollen  and  spotted.  There  was  no  spotting  or  evidence 

of  congestion  in  the  uterine  horn  which  contained  my  21 -days  embryo;  in  fact,  at 
the  end  of  the  third  week,  as  during  anoestrum,  there  is  neither  marked  congestion 

nor  evidence  of  unusual  activity  of  the  uterine  glands  nor  yet  of  destruction  of  the 

uterine  epithelium.  In  the  absence  of  signs  of  unusual  activity  in  the  uterine  mucous 

membrane  during  the  earlier  weeks  of  gestation  the  mare  evidently  differs  from  the 

sheep  and  pig,  in  which,  in  addition  to  an  increase  of  the  interglandular  tissue,  there 

is  considerable  degeneration  of  the  lining  epithelium.  An  indication  of  the  difference 

between  the  uterine  mucosa  at  the  end  of  the  third  week  and  during  oestrus  will  be 

gained  from  figs.  23  to  26 ;  in  figs.  25  and  26  the  mucous  membrane  of  the  uterine 

horn  containing  the  21 -days  embryo  is  represented,  in  figs.  23  and  24  the  mucous 
membrane  at  the  end  of  the  first  day  of  oestrus. 

Notwithstanding  the  absence  of  marked  congestion  of  the  mucosa  at  the  end  of 

*  Marshall,  "The  (Estrus  Cycle  in  the  Sheep,"  Phil.  Trans.,  Ser.  B,  vol.  cxcvi,  1903. 
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the  third  week,  there  was — if  one  may  judge  by  the  presence  of  leucocytes  and  fat 

globules — abundance  of  the  uterine  milk  so  essential  during  the  earlier  weeks  for  the 
nourishment  of  the  embryo. 

2.   The  Blastocyst. 

It  has  already  been  mentioned  that  the  blastocyst  is  globular  in  form  and  measures 

13  mm.  at  the  beginning  of  the  third  week;  that  it  is  ovoid  and  has  a  length  of 

35  mm.  at  the  middle  of  the  third  week ;  and  that  by  the  end  of  the  third  week  it  is 

pear-shaped  and  measures  50  mm.  (fig.  5). 
Though  the  blastocyst  is  not,  as  Bonnet  stated  in  1889,  spherical  up  to  the 

seventh  week,  a  globular  form  is  retained  longer  in  the  Equidae  than  in  even-toed 

Ungulates  ;*  in  an  embryo  pig,  at  the  same  phase  as  a  21-days  horse,  the  blastocyst, 
instead  of  measuring  50  mm.,  may  reach  a  length  of  1000  mm.  Bonnet  believed 

there  was  still  a  trace  of  the  zona  pellucida  at  the  end  of'  the  fourth  week,  but 
Martin  failed  to  find  any  evidence  of  the  zona  in  his  35-mm.  blastocyst,  and  there  was 

no  vestige  of  a  zona  at  the  end  of  the  third  week.  As  soon  as  the  21-days  blastocyst 
was  exposed  the  embryo  was  seen  at  the  broad  rounded  end  (fig.  5),  and  there  were 

faint  indications  of  the  vitelline  vessels  and  the  sinus  terminalis.  Immediately 

beyond  the  sinus  it  was  possible  to  detect  minute  circular  projections  (trophoblastic 

discs),  and  still  nearer  the  small  end  shallow  semi-opaque  depressions  (fig.  34). 

3.   The  Trophoblast. 

The  isolated  nucleated  polygonal  cells  seen  by  Bonnet  adhering  to  the  inner 

surface  of  the  zona  pellucida  of  his  13-mm.  blastocyst  doubtless  belonged  to  the 

trophoblast.  The  trophoblast  of  Martin's  35-mm.  blastocyst  apparently  consisted 
throughout  of  epiblastic  cells  almost  tall  enough  to  rank  as  columnar  cells ;  as  is 

often  the  case  with  trophoblastic  cells,  the  nucleus  was  nearer  the  inner  than  the  outer 

end.  In  my  50-mm.  blastocyst,  in  the  absence  of  the  albumen  coat  present  in  the 

35-mm.  blastocyst,  the  trophoblast  lay  in  direct  contact  with  the  lining  of  the  uterus. 
As  in  this  embryo  the  amnion  was  complete  and  the  unsplit  mesoderm  highly 

vascularised,  I  expected  to  find  the  trophoblast  at  least  as  highly  specialised  as  in 

Marsupials  at  a  corresponding  stage  of  development. 

Sections  through  the  blastocyst  in  the  embryonic  area,  in  the  region  of  the  sinus 

terminalis,  and  in  the  non-vascular  distal  end  made  it  evident  that  three  kinds  of 

epiblastic  cells  took  part  in  forming  the  trophoblast,  viz.  :  (a)  typical  columnar 

cells,  (b)  very  tall  columnar  cells,  and  (c)  columnar  cells  ending  in  free  sac-like 
processes.  The  greater  part  of  the  trophoblast  consisted  of  cells  of  the  first  category, 

i.e.  of  fairly  tall  typical  polygonal  columnar  cells  in  contact  with  each  other  along 

their  entire  length,   with  deeply  placed    nuclei    and    nearly  square-cut    outer    ends 

*  Figures  of  the  blastocyst  at  the  end  of  the  fourth,  fifth,  sixth,  and  seventh  weeks  are  given  in  the  writer's 
pamphlet,  A  Critical  Period  in  the  Development  of  the  Horse,  A.  &  C.  Black,  1897. 
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(fig.  28,  tr.).  Cells  of  this  type,  with  cells  of  the  non-vascular  somatic  mesoderm  of 

the  embryonic  area,  formed  the  true  chorion  (text-fig.  L2,  ch.),  and  they  made  up 
the  trophoblast  forming  the  outer  wall  of  the  space  containing  the  unsplit  highly 

vascular  mesoderm  which  extended  from  the  exoccelom  to  a  short  distance  beyond 

the  sinus  terminalis  (fig.  34,  s.t.).  Typical  columnar  cells  also  occurred  beyond  the 

sinus;  they  occupied,  e.g.,  spaces  between  the  trophoblastic  discs  (fig.  34,  t.d.)  and 

between  the  shallow  depressions  scattered  over  the  pointed  end  of  the  blastocyst. 

Though  the  simple  columnar  trophoblastic  cells  in  the  embryonic  area  are  in  con- 
tact with  the  somatic  mesoderm  (fig.  34),  and  the  corresponding  cells  beyond  the 

sinus  terminalis  are  in  contact  with  the  yolk-sac  endoderm  (fig.  30),  the  cells  forming 
the  trophoblast  between  the  exocoelom  and  the  sinus  terminalis  are  not  in  contact 

with  the  unsplit  vascularised  mesoderm.  Evidence  of  this  we  have  in  fig.  28. 

From  this  figure  it  is  evident  that  there  is  a  space  between  the  trophoblast  (tr.)  and 

the  yolk-sac  endoderm  (y.e.),  in  which  is  suspended  the  rich  plexus  of  vitelline  vessels 
carrying  blood  to  and  from  the  embryo. 

There  is  no  evidence  at  the  end  of  the  third  week  that  any  of  the  cells  of  the 

trophoblast  up  to  the  sinus  terminalis  are  either  phagocytic  or  in  any  way  adapted 

for  fixing  the  blastocyst  to  the  lining  of  the  uterus.  In  all  probability  the  simple 

columnar  trophoblastic  cells  simply  imbibe  the  fluid  portion  of  the  uterine  milk  in 

much  the  same  way  as  the  cells  lining  the  intestine  of  the  adult  horse  absorb  the 

fluid  constituents  of  the  food  in  the  alimentary  canal.  This  fluid  on  reaching  the 

space  between  the  trophoblast  and  the  yolk-sac  endoderm  has  a  chance  of  at  once 

entering  the  capillaries  of  the  unsplit  mesoderm  and  being  conveyed  to  the  embryo 

by  the  vitelline  veins.  Taking  into  consideration  the  relatively  great  extent  of  the 

vascularised  mesoderm,  it  is  extremely  probable  that  the  trophoblast  extending 

between  the  exocoelom  and  the  sinus  terminalis  is  the  chief  means  by  which  nourish- 

ment is  secured  for  the  embryo  at  the  end  of  the  third  week. 

The  second,  or  very  tall,  cells  only  occur  in  the  fully  developed  trophoblastic 

discs.  These  discs  (text-fig.  2)  are  especially  numerous  near  the  edge  of  the  vascu- 

larised mesoderm  which  extends  beyond  the  sinus  terminalis  (fig.  22  and  text-fig.  4) — 

in  an  area  near  the  sinus  measuring  10  by  3  mm.  I  counted  27  discs  at  various  stages 

of  development.  A  disc  300  times  enlarged  is  given  in  text-fig.  3,  and  a  similar  disc, 

on  a  smaller  scale,  viewed  from  within,  is  given  in  text-fig.  4;  sections  of  discs 

are  given  in  figs.  29  and  30.  The  majority  of  the  sections  of  any  given  disc  con- 

tain so  many  nuclei  (fig.  29a)  that  one  is  apt  to  assume  that  the  peculiar  tropho- 

blastic projections  from  the  21 -days  horse  blastocyst  consist  of  several  layers  of 
cells,  are  in  fact  formed  by  a  heaping  up  of  cells,  and  are  hence  akin  to  the  heaps 

of  cells  met  with  in  the  trophoblast  of  Manis.*  But  sections  carried  through  the 
centre  of  a  disc  (fig.  29)  clearly  prove  that  even  the  largest  discs  consist  of  a  single 

*  Max  Weber,  "  Beitriige  zur  Anatomie  und  Entwickelung  der  Genus  Manis,"  Zoologische  Ergebnisse  einer  Reise 
in  Niederliindisch  Od-Indien,  Leiden,  1892. 
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Text-fig.   2. — Group  of  trophoblastic  discs  near  sinus  terminalis  at  various  stages  of  development,      x  28. 

Text-fig.  3. — A  full-grown  trophoblastic  disc  seen  from  without,      x  300. 
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layer  of  long,  narrow,  columnar  cells  ;  that  proliferation,  instead  of  leading  to  a 

heaping  up  of  cells,  has  simply  increased  the  extent  of  the  original  single  layer, 

with  the  result  that  it  has  bulged  outwards  to  form  a  dome-like  projection  with  a 
relatively  small  central  cavity. 

The  long  cells  forming  the  greater  part  of  the  disc,  i.e.  the  part  in  contact  with 

the  lining  of  the  uterus,  never  seem  to  end  in  sac-like  processes,  but  such  processes 
are  usually  seen  protruding  from  some  of  the  tall  cells  forming  the  edge  of  the  discs 

(fig.  29).  It  might  hence  be  inferred  that  the  discs  are  only,  or  at  least  mainly,  con- 
cerned with  fixing  the  embryonic  sac  to  the  lining  of  the  uterus.  If,  however, 

sections  of  a  disc  are  carefully  examined,  granules,  and  vacuoles  containing  one  or 

more  deeply  stained  bodies,  are  invariably  seen  in  or  between  the  tall  cells  (fig.  29) ; 

hence  it  may  be  assumed  that  the  discs  subserve  nutrition  as  well  as  fixation.* 
As  it  happens,  all  the  stages  in  the  development  of  the  trophoblastic  discs  are  met 

with  at  the  end  of  the  third  week.  Nothing  of  the  nature  of  a  basement  membrane 

or  coagulum  is  present  within  the  layer  of  simple  columnar  cells  forming  the  tropho- 

blast  up  to  the  sinus  terminalis,  but  in  sections  of  the  50-mm.  blastocyst  beyond  the 
unsplit  mesoderm  the  cells  of  the  trophoblast  seem  to  rest  on  a  basement  membrane. 

As  offshoots  from  this  apparent  basement  membrane  extend  up  between  the  tropho- 
blastic cells,  and  as  the  layer  reaches  a  considerable  thickness  under  the  developing 

and  completed  discs  (figs.  29  and  30),  it  is  evidently  formed  out  of  material  taken  in 

by  the  epiblastic  cells  forming  the  trophoblast  beyond  the  sinus  terminalis.  Under  the 

large  disc  represented  in  fig.  29  the  coagulated  material  reaches  a  considerable  thick- 
ness, but  under  the  developing  disc  given  in  fig.  30  the  amount  of  the  coagulum  is 

still  limited.  Sometimes  a  band  connects  the  coagulum  of  one  disc  with  that  of  an 

adjacent  disc.  Whether  the  thickening  of  the  coagulum  at  certain  definite  points  is 

due  at  the  outset  to  increased  activity  of  the  cells  under  which  it  lies,  or  to  a  zone  of 

phagocytic  cells  around  those  destined  to  form  the  disc,  I  am  unable  to  say.  It  is, 

however,  certain  that  as  the  coagulum  increases  in  amount  the  cells  lying  over  it 

increase  in  number,  and  especially  in  length. 

It  is  well  to  bear  in  mind  that  these  trophoblastic  discs  are  only  present  for  a 

short  time — they  are  not  yet  developed  at  the  middle  of  the  third  week,  and  they 
disappear  before  the  end  of  the  fourth  week. 

The  third  kind  of  trophoblastic  cells,  instead  of  ending  in  square-cut  ends, 

terminate  in  sac-like  processes  separated  from  each  other  by  more  or  less  distinct 

spaces.  Cells  of  this  type  are  always  found  in  the  grooves  surrounding  the  discs 

(fig.  30,  pc.)  ;  they  also  occur  in  patches  between  the  discs  and  line  the  shallow  de- 
pressions scattered  over  the  distal  end  of  the  blastocyst.  There  is  no  evidence  that 

the  sac-like  projections  of  these  cells  either  adhere  to,  fit  in  between,  or  destroy  the 

*  From  the  appearance  of  some  of  the  round  bodies  seen  in  the  disc  represented  in  fig.  29  it  is  extremely 
probable  that  had  the  21-days  blastocyst  been  fixed  with  osmic  acid,  fatty  globules  like  those  found  by  Jenkinson 
in  the  sheep  would  have  been  met  with  in  the  cells  forming  the  trophoblastic  discs.  Jenkinson,  "  Notes  on  the 

Histology  and  Physiology  of  the  Placenta  in  Ungulata,"  Proc.  Zool.  Soc,  1906. 
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cells  of  the  uterine  mucosa.  While  the  simple  columnar  cells  of  the  trophoblast  are 

probably  mainly  concerned  with  taking  in  nutritive  fluids,  the  cells  with  sac-like 
processes  seem  to  be  truly  phagocytic.  In  one  of  the  cells  in  fig.  30  minute  bodies 

are  seen  in  the  sac-like  projection. 

It  is  probable  that,  aftes  the  albumen  layer  (text-fig.  ll)  disappears,  phagocytic 
cells  are  comparatively  common,  but  that,  as  the  sinus  terminalis  migrates  towards 

the  distal  pole,  their  number  is  gradually  reduced.  Seeing  that  a  membrane-like 
coagulum  is  not  present  within  the  layer  of  simple  columnar  cells  forming  the 

trophoblast  up  to  the  sinus  terminalis,  it  may  be  presumed  that  the  coagulum  under 

the  trophoblast  beyond  the  sinus  is  mainly  formed  from  material  taken  in  by  the 

epiblastic  cells  with  sac-like  processes. 
Though  the  trophoblastic  discs  and  the  internal  hydrostatic  pressure  may  together 

be  sufficient  at  the  end  of  the  third  week  to  retain  the  blastocyst  in  the  same  position 

in  the  uterine  horn,  they  are  evidently  not  able  to  prevent  it  escaping  from  the 

horn  when  by  accident  or  otherwise  the  passage  leading  to  the  uterus  becomes 

dilated.  At  the  end  of  the  third,  as  at  the  end  of  the  sixth  week,  the  moment  the 

blastocyst  is  exposed  it  seems  to  detach  itself  from  the  lining  of  the  uterus  ;  to 

what  extent  this  result  is  due  to  uterine  contractions  induced  by  incisions  made  to 

expose  the  embryo  it  is  difficult  to  say,  but  the  fact  remains  that  until  the  allantoic 

villi  begin  to  appear  at  the  end  of  the  seventh  week  such  adhesions  as  exist  between 

the  blastocyst  and  the  uterus  are  easily  broken  down.  Structures  at  all  comparable 

to  the  trophoblastic  discs  of  the  21 -days  horse  blastocyst  have  not,  as  far  as  I  am 
aware,  been  met  with  either  in  other  Eutheria  or  in  the  Marsupialia.  The  discs 

differ  from  the  irregular  epiblastic  villi  which  in  the  rabbit  during  the  second  week 

of  gestation  acquire  a  close  attachment  to  the  mucous  membrane  of  the  uterus  and 

thus  aid  in  fixing  the  blastocyst.  They  differ  still  more  from  the  multinuclear  giant 

cells  which  in  some  cases  erode  the  uterine  mucosa,  and  from  the  large  trophoblastic 

masses  (syncytia)  which,  e.g.  in  Spermophilus,  not  only  penetrate  the  epithelium  but 
extend  some  distance  into  the  connective  tissue  of  the  uterus. 

4.   The  Yolk-sac. 

Just  as  a  typical  amnion  consists  of  an  inner  layer  of  ectoderm  and  an  outer 

layer  of  somatic  mesoderm,  a  typical  yolk-sac  consists  of  an  inner  layer  of  endoderm 

and  an  outer  layer  of  splanchnic  mesoderm.  In  the  horse  at  the  middle  of  the  third 

week  the  extra-embryonic  endoderm  consists  of  polygonal  epithelial  cells  separated 

by  many  gaps  of  a  considerable  size.  In  the  absence  of  mesoderm,  except  in  the. 

vicinity  of  the  embryo,  this  imperfect  layer  of  endoderm  lies  in  direct  contact  with 

the  trophoblast.  Hence  at  the  middle  of  the  third  week  the  yolk-sac,  except  in  the 

neighbourhood  of  the  embryo,  consists  only  of  an  imperfect  layer  of  endoderm. 

Before  the  end  of  the  third  week  is  reached  the  mesoderm  has  greatly  increased,  and, 

more  important  still,  has  split  within  and  for  some  distance  beyond  the  embryo  (fig.  33 
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and  text-fig.  12)  into  somatic  and  splanchnic  layers,  thus  giving  rise  to  coelomic  and 
exocoelomic  spaces.  Owing  to  this  partial  splitting  of  the  mesoderm  the  part  of  the 

yolk-sac  nearest  the  embryo  is  complete,  i.e.  it  consists  of  a  layer  of  endoderm  and  a 

layer  of  splanchnic  mesoderm.  But  beyond  the  exocoelom  (fig.  34  and  text-fig.  12)  the 

yolk-sac  at  the  end  of  the  third  week  is  not  yet  provided. witli  its  mesodermic  coat,  for 
up  to  a  line  slightly  beyond  the  sinus  terminalis  it  simply  consists  of  a  single  layer 

_  ̂ jaffsT •   •  •  ••  «    •    •  * 

Text-fig.  4. — Sinus  terminalis  (s./. )  of  a  21-days  embryo  and  trophoblastic  disc  (t.d.)  seen  from  within. 
b.  v.,  blood-vessels  on  growing  margin  of  unsplit  mesoderm  beyond  sinus  terminalis.      x  90. 

of  endoderm  which  forms  the  inner  boundary  of  a  space  occupied  by  the  unsplit 

mesoderm  ;  beyond  this  line  the  endoderm  is  intimately  related  to  the  trophoblast 

(fig.  28).*  The  cells  of  the  yolk-sac  endoderm  around  the  opening  into  the  yolk- 
stalk,  like  the  cells  lining  the  stalk,  are  columnar  in  form  (fig.  50) ;  but  within  a  short 

distance  of  the  yolk-stalk,  right  up  to  the  sinus  terminalis,  the  yolk-sac  endoderm 

consists  of  a  single  continuous  layer  of  fiat  polygonal  cells  (fig.  31,  a)  some  of  which 

*  Iu  the  sheep  and  pig  the  mesoderm  is  soon  completely  split  into  somatic  and  splanchnic  layers.  The  result 
of  this  splitting  is  the  formation  of  a  free  yolk-sac  vesicle  (text-fig.  13).  The  yolk-sac  is  nearly,  but  never  quite, 
a  free  vesicle  in  the  horse. 
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are   connected  by  protoplasmic    bands  with   the  vessels    of  the    unsplit   mesoderm 

(%  28). 
Except  within  the  trophoblastic  discs,  the  endoderm  beyond  the  margin  of  the 

unsplit  mesoderm  also  consists  of  a  single  layer  of  polygonal  cells  (fig.  30),  but 

opposite  the  discs  the  endoderm  cells  proliferate  to  form  tubercles  which  project 

into  the  cavity  of  the  yolk-sac  (figs.  29  and  32). 
The  first  indication  of  a  trophoblastic  disc  is  a  local  thickening  of  the  coagulum 

lying  between  the  trophoblast  and  endoderm,  presumably  the  result  of  the  increased 

activity  of  a  group  of  trophoblastic  cells  (fig.  30).  The  first  indication  of  a  yolk- 
sac  tubercle  is  an  ingrowth  from  the  thickened  coagulum  which  causes  the  endoderm 

to  bulge  into  the  cavity  of  the  yolk-sac  (figs.  31  and  31a).  The  endoderm  cells  in 
contact  with  the  globular  ingrowth  from  the  coagulum  stain  more  deeply  and  are 

decidedly  more  granular  than  the  surrounding  cells  (fig.  31a).  It  may  hence  be 

inferred  that  the  coagulum  is  attacked  by  the  endoderm  cells  in  its  immediate 

vicinity.  As  the  coagulum  expands  and  projects  further  into  the  cavity  of  the 

yolk-sac  it  acquires  an  almost  complete  investment  of  endoderm  cells  with  relatively 
large  nuclei.  A  section  through  the  centre  of  a  growing  tubercle  (still  connected 

by  a  short  stalk  with  the  subtrophoblastic  layer  of  coagulum)  is  represented  in 

fig.  32,  while  fig.  32a  represents  a  section  through  the  edge  of  the  same  tubercle. 

If,  as  is  usually  the  case,  the  coagulum  forming  the  kernel  of  the  tubercle  reaches 

a  considerable  size,  the  capsule  of  endodermic  cells  ruptures,  with  the  result  that  the 

coagulum  projects  freely  into  the  cavity  of  the  yolk-sac  (fig.  29).  Just  as  it  is  im- 
possible to  say  to  what  extent  the  uterine  milk  is  modified  as  it  passes  through  the 

trophoblastic  discs  to  form  the  coagulum,  it  is  impossible  to  say  how  the  contents  of 

the  tubercles  are  modified  by  the  endodermic  cells  forming  their  capsules. 

5.   The  Mesoderm. 

At  the  middle  of  the  third  week  the  mesoderm  is  in  the  act  of  splitting  in  the 

region  of  the  mesodermic  somites  ;  at  the  end  of  the  third  week,  as  already  mentioned, 

the  splitting  of  the  mesoderm  into  somatic  and  splanchnic  layers  has  extended  some 

distance  beyond  the  embryo  (fig.  34  and  text-fig.  12).  The  inner  portion  of  the  space 

resulting  from  the  splitting  becomes  the  coelom,  the  outer  forms  the  exoccelom  (text- 

fig.  12).  As  fig.  34  and  text-fig.  12  indicate,  the  greater  part  of  the  mesoderm  at  the 
end  of  the  third  week  is  still  unsplit,  and  lies  between  the  endoderm  and  trophoblast. 

This  unsplit  mesoderm  is  in  contact  neither  with  the  trophoblast  nor  the  endoderm  ; 

it  occupies  a  space  between  these  layers,  and  supports  the  vitelline  vessels  carrying 

blood  to  and  from  the  embryo.  The  blood  comes  direct  from  the  two  aortse  by  the  two 

vitelline  arteries  (text-fig.  7).  The  left  artery  (l.v.),  very  much  larger  than  the  right 
(figs.  27  and  35),  eventually  bifurcates  and  encircles  the  blastocyst  as  the  sinus 

terminalis  (fig.  34) ;  the  left  artery,  before  bifurcating  to  form  the  sinus,  gives  off 
numerous  branches,  some  of  which  anastomose  with  branches  from  the  small  right 
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artery.  These  branches,  together  with  many  others  from  the  sinus  terminalis,  form 

an  arterial  network  (fig.  34).  From  the  network  small  veins  proceed  which  unite 

ultimately  to  form  the  large  vitelline  veins,  by  means  of  which  the  blood  from  the 

yolk-sac  is  poured  into  the  sinus  venosus.  The  large  left  and  small  right  vitelline 

arteries  and  the  large  vitelline  veins  are  seen  in  fig.  35.  The  general  scheme  of  the 

yolk-sac  circulation  is  given  in  fig.  34,  while  fig.  22  and  text-fig.  5  represent  on  a 
larger  scale  the  network  formed  by  branches  proceeding  from  the  sinus  terminalis. 

Text-fig.  5. — Portion  of  vitelline  network  near  sinus  terminalis.     x  90. 

In  the  case  of  the  rabbit  and  other  mammals  in  which  the  lower  polar  region  of 

the  blastocyst  is  never  invaded  by  mesoderm,  blood-vessels  never  occur  beyond  the 
sinus  terminalis ;  when,  however,  as  in  the  sheep,  the  mesoderm  extends  throughout 

practically  the  whole  of  the  lower  portion  of  the  blastocyst,  no  definite  sinus  termin- 
alis appears.  In  the  horse  at  the  end  of  the  third  week,  though  a  sinus  has  been 

established,  it  does  not,  as  in  the  rabbit,  mark  the  limit  of  vascularisation,  for,  as  fig.  22 

and  text-fig.  4  indicate,  blood-vessels  or  blood-islands  extend  some  distance  beyond 

the  sinus.  But  by  the  end  of  the  fourth  week  there  are  neither  blood-vessels  nor 

blood-islands  beyond  the  sinus  terminalis  ;  hence  the  yolk-sac  circulation  in  the  horse 
has  even  a  different  history  from  that  of  the  pig,  in  which  a  temporary  sinus  is 

followed  by  general  vascularisation. 



STUDIES   ON   THE  DEVELOPMENT   OF  THE  HORSE.  805 

6.   The  Amnion. 

In  Martin's  embryo  the  amnion  was  only  represented  by  indistinct  lateral  ridges 
(text-fig.  1,  am.)  ;  in  my  21-days  embryo  the  amnion  was  complete  (figs.  33,  34,  and 

text-fig.  12).  In  the  sheep  and  pig  the  amnion,  well  advanced  on  the  fifteenth  day, 
may  be  complete  on  the  sixteenth  day,  i.e.  at  the  stage  characterised  by  from  8  to 
10  mesodermic  somites.  As  there  are  neither  head  nor  tail  folds  in  the  horse  on  the 

seventeenth  day,  the  amnion  is  probably  only  completed  on  the  twenty-first  day,  i.e. 
at  the  stage  characterised  by  about  twenty  somites.  It  may  hence  be  assumed  that 

the  amnion  appears  relatively  later  in  the  horse  than  in  the  sheep  and  pig — the  early 

development  of  the  amnion  in  even-toed  Ungulates  is  doubtless  correlated  with  the 
early  disappearance  of  the  zona  pellucida.  Whether  in  the  Equidee  the  amnion  is 

mainly  derived  from  a  head  fold,  as  in  the  chick,  or  from  a  tail  fold,  as  in  the  rabbit, 

will  doubtless  be  ascertained  when  a  more  complete  series  of  embryos  is  available. 

But  seeing  that  the  head  is  sharply  bent  backwards  (fig.  33)  at  the  end  of  the  third 

week,  the  probability  is  that  in  the  horse,  as  in  the  pig,  the  head  fold  contributes 

most.  In  a  longitudinal  section  of  the  21-days  embryo  the  amnion  (in  contact  at 
its  origin  with  the  allantoic  diverticulum)  is  seen  to  arch  upwards  and  forwards  over 

the  external  opening  of  the  spinal  cord  (fig.  33).  In  a  transverse  section  on  a  level 

with  the  minute  diverticulum  (fig.  33,  cl.)  which  seems  to  represent  the  cloacal  chamber, 

the  crescent-shaped  amniotic  cavity  is  seen  to  lie  immediately  above  the  lateral 

extensions  of  the  allantoic  diverticulum  (fig.  50,  al.d.).  In  the  semi-diagrammatic 
drawing  of  the  blastocyst  (fig.  33)  the  amnion  is  represented  as  having  a  large  cavity. 

As  a  matter  of  fact,  there  is  very  little  amniotic  fluid  at  the  end  of  the  third  week, 

with  the  result  that  in  transverse  sections  the  amnion  is  seen  to  be  only  separated  by 

a  narrow  space  from  the  embryo  (fig.  8). 

The  structure  and  relations  of  the  amnion  and  the  extent  of  its  cavity  will  be 

gathered  from  figs.  36  to  53.  It  will  be  observed  that  in  the  horse,  as  in  the  sheep 

and  pig,  the  amnion  is  directly  continuous  with  the  somatopleure,  and  that  in  some 

of  the  sections  the  mesodermic  layer  of  the  amnion  is  thrown  into  more  or  less 

distinct  longitudinal  ridges  (fig.  45).  It  will  be  further  observed  that  owing  to  the 

head  projecting  into  the  amnion  as  into  a  cowl  or  sac,  the  facial  portion  of  the  embryo 

is  completely  enveloped  by  the  amnion  (figs.  36  and  37). 

In  front  of  the  vitelline  veins  (figs.  39  and  40)  the  amnion  again  assumes  the  form 

of  a  sac  or  hood,  with  the  result  that  in  the  most  anterior  part  of  the  flexed  embryo 

the  dorsal  portion  of  the  amniotic  cavity  is  no  longer  separated  from  the  ventral 

portion.  It  will  be  noticed  that  many  of  the  sections  figured  suggest  that  the  one 

and  only  object  of  the  somatopleure  is  to  provide  a  water-jacket  over  the  back  of 

the  embryo.* 

*  With  a  water-jacket  (the  amnion)  above  and  a  water-bed  (the  yolk-sac)  underneath,  the  embryo  horse  is  as 
well  protected  from  jars  and  pressure  as  a  chick  all  but  completely  surrounded  by  amniotic  fluid. 
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7.   The  Allantois. 

In  the  rabbit  the  allantois  is  represented  on  the  eighth  day  by  a  mass  of  mesoderm 

cells  at  the  posterior  end  of  the  embryo.  On  the  ninth  day  a  diverticulum  from  the 

hind-gut  extends  into  this  cell  mass  and  soon  expands  to  form  the  allantoic  vesicle. 
In  the  pig  and  sheep  a  similar  diverticulum  (which  extends  into  a  mass  of  mesoderm 

on  or  about  the  fifteenth  day)  gives  rise  at  a  comparatively  early  stage  to  a  long 

compressed  allantoic  vesicle  (text-fig.  15).  If  the  allantois  appeared  relatively  as  soon 
in  the  horse  as  in  the  sheep,  one  would  expect  to  find  allantoic  mesoderm  investing 

the  posterior  end  of  Martin's  embryo  (fig.  7),  but,  as  already  stated,  there  is  no 
indication  of  an  allantoic  diverticulum  at  the  middle  of  the  third  week. 

In  the  21-days  embryo  the  caudal  end  was  surrounded  by  a  large  fin-like  expansion 
(fig.  11),  mainly  composed  of  mesoderm,  into  which  extended  a  diverticulum  from 

the  hind  end  of  the  intestine  (fig.  33).  From  the  series  of  transverse  sections  of  the 

21-days  horse  embryo  it  was  impossible  to  make  out  the  exact  form  and  relations 
of  either  the  allantoic  diverticulum,  the  heart,  or  the  pharynx.  These  difficulties, 

together  with  the  difficulty  of  accounting  for  the  difference  between  Bonnet's  and 

Martin's  so-called  21-days  embryos  and  the  still  greater  difference  between  Martin's 
embryo  and  my  21-days  embryo,  ultimately  led  to  a  deadlock.  Repeated  attempts 

to  obtain  14-days  horse  embryos  failed;  nevertheless,  progress  eventually  again 
became  possible.  With  the  help  of  information  gained  from  breeding  experiments 

I  was  in  course  of  time  able  to  account  for  the  differences  between  my  21-days 

embryo  and  the  so-called  21-days  embryos  of  Bonnet  and  Martin,  and  at  an 
opportune  moment  my  colleague  Professor  Robinson  was  good  enough  to  offer  to 

have  a  model  of  my  21-days  embryo  constructed  by  the  wax-plate  method. 
This  model  was  in  due  time  completed  in  the  Anatomical  Department  of  the 

University  of  Edinburgh  by  Mr  A.  Gibson,  M.B.* 
In  the  description  of  the  model  of  the  21-days  embryo, t  Professor  Robinson,  in  the 

section  dealing  with  the  foetal  membranes,  points  out  that  "  the  allantoic  diverticulum 
is  a  narrow-necked  sac  (fig.  33)  so  flattened  dorso-ventrally  that  its  cavity  is  reduced 

to  the  dimensions  of  a  narrow  cleft"  (fig.  52).  He  further  states  (a)  that  the 
diverticulum  expands  as  it  passes  caudally  into  the  somatic  mesoderm  beneath  the 

caudal  part  of  the  amnion  fold,  unti]  it  attains  a  width  of  235/a  ;  (b)  that  "  the  endo- 
dermal  diverticulum  is  surrounded  laterally,  ventrally,  and  caudally  with  mesoderm 

(fig.  33),  but  dorsally  it  lies  in  relation  with  the  ectoderm  in  the  region  of  the  caudal 

end  of  the  amnion  "  ;  and  (c)  that  "  the  allantoic  blood-vessels  consist  of  a  number  of 
dilated  capillaries  which  form  a  coarse  network  on  each  side.     Each  lateral  network 

*  Mr  Gibson,  before  leaving  Edinburgh  to  occupy  the  Chair  of  Anatomy  in  the  University  of  Winnipeg, 
was  good  enough  to  place  at  my  disposal  notes  and  drawings  of  the  model  he  made  under  the  supervision  of 
Professor  Robinson. 

t  "  Description  of  a  Reconstruction  Model  of  a  Horse  Embryo  Twenty-One  Days  Old,"  Trans.  Boy.  Soc.  Edin. 
vol.  li,  by  Arthur  Robinson,  M.D.,  Professor  of  Anatomy,  University  of  Edinburgh. 
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receives  two  branches  from  the  caudal  end  of  the  dorsal  aorta  of  the  same  side,  and  it 
terminates  at  the  caudal  end  of  the  allantoic  mass  in  a  terminal  transverse  sinus  from 

which  the  umbilical  veins  take  their  origin"  (text-fig.  7). 
That  the  endodermic  diverticulum  from  the  hind-gut  (fig.  33,  al.d.)  is  allantoic 

and  not  simply  a  portion  of  the  cloacal  chamber  is  suggested  by  its  narrow  neck,  its 

relation  to  the  vascular  and  capillary  plexus  of  blood-vessels  in  the  allantoic  meso- 
derm, and  by  its  agreement  with  the  diverticulum  recognised  as  the  rudiment  of 

the  allantois  in  the  sheep  and  pig. 

In  the  chick  the  allantois,  a  small  diverticulum  at  the  close  of  the  second  day, 

is  flask-shaped  and  half  the  length  of  the  embryo  on  the  fifth  day,  while  on  the  ninth 

day  it  almost  completely  surrounds  both  embryo  and  yolk-sac.  In  the  sheep  and  pig 
(in  which  the  foetal  appendages  appear  relatively  sooner  than  in  the  horse)  the 

allantois  has  the  form  of  a  small  two-horned  diverticulum  on  the  sixteenth  day  and 

of  a  large  double-horned  sac  on  the  eighteenth  day  (text-fig.  15).  Nevertheless,  the 
time  of  appearance  of  the  allantois  in  the  horse  may  be  said  to  closely  coincide  with 

that  in  the  chick,  for,  though  small  at  the  stage  characterised  by  about  twenty-two 

somites,  it  surrounds  two-thirds  of  the  embryo  on  the  twenty-eighth  day  and  nearly 

invests  the  entire  yolk-sac  on  the  sixty-third  day,  i.e.  at  the  stage  in  the  horse  which 
may  be  said  to  correspond  with  the  ninth  day  in  the  chick. 

C.  The  Embryo  at  the  End  of  the  Third  Week. 

1.  Size  and  External  Conformation. 

Martin's  embryo  (fig.  7),  which  represents  the  phase  reached  in  the  horse  at  or 

about  the  middle  of  the  third  week,  had  a  total  length  of  3 '25  mm.,  and  the  greatest 

breadth  was  I  "3  mm.  The  21-days  embryo,  instead  of  lying,  like  Martin's,  at 
right  angles  to  the  long  axis  of  the  blastocyst  (fig.  4),  occupied  a  position  nearly 

parallel  to  its  long  axis  (fig.  5).  Measured  round  the  curve  this  embryo  had  a 

length,  when  fresh,  of  11  mm.,  i.e.  it  was  more  than  three  times  the  length  of 

Martin's  embryo.  The  length  of  the  dorsal  portion  of  the  trunk  seen  in  fig.  10 

was  6'25  mm.  The  length  of  the  head  and  the  adjacent  part  of  the  trunk  seen  in 

fig.  11  was  3 '25  mm.,  and  the  greatest  breadth  2  mm. 

If  Martin's  embryo  represents  the  stage  reached  in  the  sheep  at  the  fifteenth  day 
of  gestation,  the  21-days  horse  embryo  probably  represents  the  stage  reached  in  the 

sheep  at  the  end  of  the  eighteenth  day.  In  the  21-days  embryo  horse  one  especially 

notices  : — (l)  the  curving  downwards  and  backwards  of  the  head  and  front  portion  of 

the  trunk  round  the  inner  ends  of  the  vitelline  veins  (fig.  8) ;  (2)  the  large  pericardial 

sac  lying  in  the  space  between  the  branchial  region  and  the  vitelline  veins  (fig.  8)  ; 

(3)  rudiments  of  the  external  gill  slits  and  of  the  gill  pouches,  between  the  branchial 

arches  (figs.  8  and  9) ;  (4)  the  openings  into  the  otic  sacs  (fig.  11)  ;  (5)  the  absence  of 

a  maxillary  process  from  the  mandibular  arch  ;  (6)  the  absence  of  nasal  sacs  and  of 
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limb  rudiments  ;  (7)  the  presence  of  a  broad  fin-like  expansion  at  the  caudal  end  of 

the  embryo  (fig.  1 1 ) ;  (8)  the  external  opening  from  the  posterior  end  of  the  spinal 

cord  (fig.  10)  ;  (9)  the  broad  yolk-stalk  connecting  the  embryo  with  the  yolk-sac 

(fig.  33)  ;  and  (10)  the  mouth  (fig.  33)  between  the  fronto-nasal  process  and  the  first 
pair  of  branchial  arches  (fig.  9). 

2.   The  Nervous  System  and  Sense  Organs. 

At  the  middle  of  the  third  week  the  nervous  system  is  represented  by  a  medullary 

groove,  shallow  at  its  origin  immediately  in  front  of  the  primitive  groove,  but  deep 

in  the  region  of  the  mesodermic  somites  (fig.  7).  This  groove  communicates  by 

means  of  a  neurenteric  canal  with  the  rudiment  of  the  hind-gut.  Before  the  end  of 
the  third  week  the  medullary  groove  is  converted  into  the  medullary  or  neural  canal. 

Though  at  the  end  of  the  third  week  the  neural  canal  still  opens  to  the  exterior  at 

the  caudal  end  (fig.  33),  it  is  closed  in  front  and  the  cerebral  vesicles  are  already 

modified  to  form  rudiments  of  the  fore-,  mid-,  and  hind-brain.  The  fore-brain, 

separated  by  a  shallow  groove  externally  and  a  faint  ridge  internally  from  the 

mid-brain,  occupies  the  greater  part  of  the  obliquely  directed  fronto-nasal  process 
(fig.  33).  The  transverse  sections  through  this  process  show  amongst  other  things 

the  original  cavity  of  the  anterior  cerebral  vesicle  and  the  primary  optic  vesicles 

(fig.  36).  The  mid-brain,  small  and  indistinctly  separated  from  the  hind-brain,  has 

a  relatively  large  oval  cavity.  In  fig.  37  the  large  cavity  of  the  mid-brain  is  seen 

also,  the  notochord  lying  between  the  mid-brain  and  the  diverticulum  (Seessel's  pouch), 
which  for  a  time  projects  from  the  roof  of  the  fore-gut  immediately  within  the  bucco- 

pharyngeal membrane. 

The  hind-brain  (figs.  38  to  40),  long  and  tubular,  is  neither  distinctly  separated 

from  the  mid-brain  nor  the  spinal  cord.  After  curving  backwards  and  downwards 

the  hind-brain  forms  a  dorsal  curve  which  probably  marks  the  beginning  of  the  spinal 
cord.  The  chief  interest  of  the  hind-brain  at  the  end  of  the  third  week  is  its  relation 

to  the  otic  vesicles.  These  vesicles  (fig.  38)  lie  close  to  the  hind-brain,  nearly  on  a 

level  with  the  second  branchial  pouch.* 
The  spinal  cord,  in  the  form  of  an  ectodermic  tube  with  a  distinct  lumen,  extends 

from  the  hind-brain  to  the  caudal  end  of  the  embryo  to  end  in  a  mass  of  cells  with 

which  the  notochord  and  the  cloacal  diverticulum  are  intimately  related.  The  rela- 

tion of  the  spinal  cord  to  the  notochord  and  hind-gut,  and  the  opening  of  its  canal 

to  the  exterior,  are  indicated  in  fig.  33,  while  in  fig.  52  a  section  of  the  cord  immedi- 
ately in  front  of  the  external  opening  is  represented.  From  the  figures  of  transverse 

sections  of  the  embryo  it  will  be  observed  that  the  spinal  cord  assumes  a  triangular 

form  in  the  caudal  region  (figs.  50  to  52),  but  a  more  or  less  oval  form  throughout 

the  greater  part  of  the  trunk  (figs.  41  to  49). 

*  Owing  to  the  slight  obliquity  of  the  section,  only  the  external  opening  of  one  of  the  vesicles  is  seen  in 
the  figure. 
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3.   The  Alimentary  Canal. 

At  the  end  of  the  third  week  the  alimentary  canal  is  closed  in  front  and  behind, 

but  the  middle  portion  is  in  free  communication  with  the  yolk-sac  (fig.  33).  An 

ectodermic  involution  in  front  of  the  fore-gut  represents  the  mouth,  while  an  endo- 

dermic  outgrowth  from  the  hind-gut  represents  the  allantois  (fig.  33).  The  mouth 

(stomodseum)  is  an  irregular  deep  pit  between  the  naso-frontal  process  and  the  first 
(mandibular)  pair  of  branchial  arches  (fig.  8).  The  floor  of  the  pit  which  separates 

the  embryonic  mouth  from  the  pharynx  consists  of  only  two  layers  (fig.  33),  a  layer  of 

Text-fig.  6. — Diagram  of  branchial  pouches  and  branchial  arches,  l.b.p.  to  IV. b. p.,  the  four 
branchial  pouches ;  I. b. a.  to  IV. 6. a.,  the  four  branchial  arches  ;  l.b.g.  and  III. b.g.,  the  first 
and  third  branchial  grooves  ;  l.a.a.,  first  aortic  arch  ;  II. a.a.,  second  aortic  arch  ;  mo.,  mouth 
pit ;  I. ,  possible  lung  rudiment ;  t. ,  tuberculum  impar. 

ectoderm  and  a  layer  of  endoderm,  the  latter  intimately  related  to  the  notochord  and 

the  mandibular  arches.  Immediately  behind  this  partition  (the  bucco-pharyngeal 
membrane)  between  the  mouth  and  the  pharynx  a  diverticulum  projects  upwards 

towards  the  notochord  (fig.  37),  which  Professor  Robinson  regards  as  Seessel's  pouch. 
The  Fore-gut. — At  the  end  of  the  third  week  the  pharyngeal  part  of  the  fore-gut 

is  especially  interesting  because  of  the  presence  of  branchial  or  gill  pouches  and  their 

related  branchial  arches.  In  the  chick  there  are  during  development  four  pairs  of 

pouches  and  five  pairs  of  arches,  and  for  a  time  each  of  the  three  foremost  pouches 

opens  to  the  exterior  and  thus  gives  rise  to  imperfect  gill  clefts.  In  man  at  the  end 

of  the  third  week  there  are  four  pairs  of  branchial  arches  and  four  pairs  of  branchial 
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pouches,  but  only  the  first  two  pairs  of  pouches  and  the  first  two  pairs  of  arches  (the 

mandibular  and  hyoid)  are  well  developed,  and  even  the  large  first  pouch  has  never 

been  found  opening  to  the  exterior. 

In  the  21-days  horse  the  branchial  pouches  and  arches  generally  agree  with  the 

corresponding  structures  in  man.  The  first  pouch  (figs.  9  and  33  and  text-fig.  6) 
projects  outwards  and  upwards  between  the  first  (mandibular)  and  second  (hyoid) 

a  relies  until  it  is  only  separated  from  the  first  branchial  groove  (fig.  8  and  text-fig.  6) 
by  a  thin  partition  (consisting  of  endoderm  and  ectoderm)  which  eventually  takes 

part  in  forming  the  tympanic  membrane.  The  second  branchial  pouch  (fig.  9  and 

text-fig.  6),  though  smaller  than  the  first,  extends  outwards  and  then  upwards 
towards  the  otic  sac  (fig.  38).  thus  filling  up  the  greater  part  of  the  space  between 

the  second  (hyoid)  and  third  branchial  arches.  On  the  way  it  approaches  the  second 

branchial  groove  (text-fig.  6)  ;  but  this  groove  is  neither  as  long  nor  as  deep  nor 
yet  as  intimately  related  to  its  pouch  as  the  groove  between  the  mandibular  and 

hyoid  arches. 

The  third  branchial  pouch  (figs.  9  and  39),  decidedly  shorter  and  narrower  than 

the  second,  extends  outwards  and  slightly  upwards  towards  the  space  between  the 

third  and  fourth  branchial  arches  (text-fig.  6)  to  end  some  distance  from  the  shallow 
third  indication  of  a  branchial  groove  (fig.  8).  In  the  horse,  as  in  man,  there  is  only 

a  minute  diverticulum  (text-fig.  6)  representing  the  fourth  branchial  pouch  of  the 
chick,  and  only  at  the  most  a  faint  indication  of  a  branchial  groove  lying  behind  the 

rudimentary  fourth  branchial  arch  (text-fig.  6). 
In  the  floor  of  the  pharynx  of  man  at  the  end  of  the  third  week  there  is  a  small 

mesial  tubercle  (tuberculum  impar)  between  the  mandibular  and  hyoid  arches,  a 

forked  elevation  (furcula)  between  the  second  and  third  arches,  and  furrows  lead- 
ing into  the  branchial  pouches  ;  the  tubercle  is  the  first  indication  of  a  tongue, 

while  the  furcula  gives  rise  to  the  epiglottis.  In  the  21-days  horse  there  is  a 
small  mesial  prominence  in  the  floor  of  the  pharynx  between  the  first  and  second 

branchial  arches  (text-fig.  6),  and  furrows  leading  to  the  branchial  pouches,  but 

no  rudiment  of  either  larynx  or  epiglottis.  It  may  be  mentioned  that  the  fore- 
gut  expands  behind  the  fourth  branchial  pouch  and  gives  off  at  each  side  a 

shallow  diverticulum  (text-fig.  6).  These  diverticula  may  represent  rudiments  of 
the  respiratory  system. 

The  Mid-gut  and  the  Hind-gut.— -The  mid-gut,  together  with  the  anterior  part 

of  the  hind-gut,  communicates  with  the  yolk-sac  by  means  of  a  broad  yolk-stalk  (fig.  33 

and  text-fig.  12).  In  the  region  of  the  yolk-stalk  the  cavity  of  the  hind-gut  has  the 

form  of  a  narrow  channel  (fig.  50),  but  behind  the  yolk-stalk  it  assumes  the  form  of 
a  wide  flattened  tube  (fig.  51),  the  end  of  which  projects  upwards  into  the  mass  of 

cells  occupying  the  space  between  the  notochord  and  the  terminal  portion  of  the 

spinal  cord  :  this  dorsal  diverticulum  (figs.  33  and  52)  seems  to  represent  the  cloacal 

chamber.     From  the  ventral  aspect  of  the  hind-gut  the  allantoic  diverticulum  (fig.  33) 
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extends  backwards  and  upwards  into  the  thick  layer  of  mesoblast  surrounding  the 

caudal  end  of  the  embryo. 

4.   The  Notochord. 

From  Martin's  statements  it  may  be  assumed  that  the  notochord  in  the  horse 
agrees  in  its  origin  with  that  of  the  mole.  As  in  the  mole,  the  endoderm  cells  under- 

lying  the  medullary  canal  in  front  of  the  primitive  streak  are  enlarged  and  arranged 

first  to  form  a  groove  and  then  a  cord  (the  chorda  dorsalis),  the  thickened  posterior 

end  of  which  may  contain  a  canal  continuous  with  the  neurenteric  canal.  At  the 

middle  of  the  third  week  large  cells,  continuous  with  ectodermic  and  endodermic 

cells  at  the  anterior  end  of  the  primitive  streak,  form,  a  groove  immediately  under 

the  medullary  groove.  At  the  end  of  the  third  week  the  place  of  this  groove  is 

occupied  by  the  notochord.  In  the  last  fifteen  sections  through  the  tail  end  of  the 

embryo  there  is  no  indication  of  a  notochord,  but  in  the  sixteenth  section  (fig.  52) 

the  notochord,  nearly  one-third  the  size  of  the  spinal  cord,  is  seen  to  the  right  of  the 

middle  line  :  like  the  spinal  cord,  it  has  a  distinct  central  canal. '*  Though  eccentric 
in  position  near  its  origin,  the  notochord  soon  occupies  the  middle  line  and  lies 

immediately  below  the  spinal  cord.  If  the  drawings  of  transverse  sections  through 

the  trunk  (figs.  43  to  52)  are  referred  to,  it  will  be  observed  that  the  notochord  and 

its  canal  vary  both  in  shape  and  size.  The  sections  through  the  head  and  pharynx 

(figs.  37  to  40)  show  that  the  notochord  varies  in  shape  and  size  and  is  inti- 
mately connected  with  the  endoderm  of  the  anterior  third  of  the  roof  of  the  pharynx 

(figs.  33  and  39)  and  with  the  hind-brain. 

5.  Heart  and  Blood-vessels. 

The  embryo  when  first  exposed  was  seen  to  be  surrounded  by  a  countless  number 

of  blood-vessels  engaged  in  carrying  blood  to  and  from  the  yolk-sac  (figs.  5,  34  and  35). 
Of  these  vessels  the  most  obvious  were  the  left  vitelline  artery,  the  sinus  terminalis, 

and  the  large  vitelline  veins  proceeding  to  the  large  bulging  heart  occupying  the 

space  between  the  pharynx  and  the  middle  portion  of  the  trunk  (fig.  33).  The  heart 

in  the  horse  at  the  end  of  the  third  week,  like  the  heart  in  a  3-day s  chick,  consists 

of  a  sinus  venosus,  an  atrium,  a  ventricle,  and  a  truncus  arteriosus."!"  In  a  3 -days 
chick,  as  in  man  about  the  end  of  the  third  week,  there  are  five  pairs  of  aortic  arches, 

but  in  the  3-weeks  horse  only  the  first  two  pairs  of  arches  (text-fig.  7)  have  made 

their  appearance.  There  were  neither  rudiments  of  a  heart  nor  yet  of  blood-vessels 

in  Martin's  embryo ;  hence  it  may  be  assumed  that  in  the  horse  during  the  second 
half  of  the  third  week  there  is  (l)  the  vascularisation  of  the  yolk-sac  and  the 
formation  of  the  vitelline  veins  ;   (2)   the  fusion  of  these  veins  to  form  a  single  tubular 

*  The  notochord  al  canal,  unlike  the  neural  canal,  is  closed,  does  not  open  into  the  amniotic  cavity, 
f  Professor   Robinson  in  his  description  of  the  model  recognises  (1)  a  sinus  venosus,  (2)  a  sinu-atrial  canal, 

(3)  a  ventricle,  (4)  an  atrio-ventricular  canal,  (5)  a  bulbus  cordis,  and  (6)  a  truncus  aorticus. 
TRANS.  ROY.  SOC.  EDIN.  VOL.  LI,  PART  II  (NO.  7).  45 
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heart;   (3)  the  elongation  and  folding  of  this  heart  so  that  it  assumed  the  form  of 

the  letter  "S";  and  (4)  its  constriction  into  four  more  or  less  distinct  chambers. 
laa. 

pcv 

Text-fig.  7. — Diagram  of  heart  and  blood-vessels.  v.v.,  right  vitelline  vein;  s.v.,  sinus  venosus  ; 
at,  atrium;  v.,  ventricle;  b.,  bulbus  arteriosus;  l.a.a.,  first  aortic  arch;  ll.a.a.,  second 
aortic  arch  ;  l.a.,  left  aorta  ;  r.a.,  right  aorta  ;  a.o.,  dorsal  aorta  ;  l.v.,  left  vitelline  artery  ; 
r.v.,  right  vitelline  artery;  pi. ,  plexus  in  allantoic  mesoderm;  a.c,  anterior  cardinal  vein; 
p.c.v.,  posterior  cardinal  vein  ;  c.d.,  duct  of  Cuvier  ;  u.v.,  umbilical  vein  ;  l.b.a.  to  IV.b.a.,  four 
branchial  arches  ;  l.b.p.  to  IV. b.p.,  four  branchial  pouches. 

The  vitelline  veins,  which  play  so  important  a  part  during  the  earlier  weeks,  are  seen 

in  figs.  34,  35,  and  43  approaching  the  embryo.  Fig.  43  also  shows  the  lateral 

portions  of  the  sinus  venosus  in  the  pleuro-peritoneal  canals.  The  intimate  relation 

of  the  sinus  to  the  fore-gut  is  made  evident  by  fig.  42.     The  sinus  venosus,  though 
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formed  from  the  vitelline  veins,  receives  blood  from  the  allantois  and  the  embryo  as 

well  as  from  the  yolk-sac.  The  allantoic  (umbilical)  veins  (text-fig.  7),  one  at  each 
side,  spring  from  a  transverse  sinus  in  the  allantoic  mesoderm  at  the  caudal  end  of 

the  embryo  (text-fig.  7).  The  blood  from  the  embryo  reaches  the  sinus  by  the  short 
Cuvierian  veins  formed  by  the  junction  of  the  anterior  and  posterior  cardinals.  Each 

anterior  cardinal  (primitive  jugular)  vein  (text-fig.  7)  begins  near  the  mandibular 
arch ;  as  it  runs  backwards  it  approaches  the  first  two  visceral  pouches  and  the  otic 

vesicle.  Each  posterior  cardinal  vein  (text-fig.  7)  runs  forwards  from  the  caudal  end 
of  the  embryo ;  on  the  way  it  is  intimately  related  to  either  the  pronephric  duct  or 

the  Wolffian  body.  The  blood  flows  from  the  sinus  (text-fig.  7)  by  a  wide  opening 
into  the  atrium  ;  the  atrium,  separated  by  a  constriction  from  the  sinus,  opens  by  a 

valved  aperture  into  the  ventricle — portions  of  the  atrium  and  ventricle  are  seen  in 
figs.  38  and  40.  While  the  sinus  and  atrium  occupy  the  uppermost  and  left  portion 

of  the  space  between  the  pharynx  and  the  middle  curved  portion  of  the  trunk,  the 

ventricle  occupies  the  middle  and  right  portion  and  lies  in  contact  with  the  floor  of 

the  fore-gut  and  the  yolk-stalk  (fig.  33).  The  truncus  (bulbus)  arteriosus  springs 
from  that  part  of  the  ventricle  lying  in  contact  with  the  floor  of  the  pharynx,  and 

runs  forwards  in  contact  with  the  atrium  (fig.  39)  to  reach  the  middle  line  and  give 

oft*  twTo  pairs  of  aortic  arches  (text-fig.  7) ,  a  pair  to  the  mandibular  arches  and  a  pair 
to  the  hyoid  arches. #  As  text-fig.  7  indicates,  the  first  aortic  arch  on  the  left  side 
proceeds  backwards  in  front  of  the  first  branchial  pouch  to  meet  and  unite  with  the 
smaller  second  aortic  arch  and  thus  form  the  left  aorta.  In  a  like  manner  the  first  aortic 

arch  on  the  right  side  unites  with  the  second  arch  to  form  the  right  aorta.  The  two 

dorsal  aortse  as  they  proceed  backwards  lie  one  at  each  side  of  the  notochord  (fig.  42), 

and  are  also  more  or  less  intimately  related  to  the  pharynx  and  gill  pouches,  the 

spinal  cord  and  otic  sacs,  the  pleuro-peritoneal  sinus  and  the  anterior  cardinal  veins 
(figs.  38  to  41).  On  nearing  the  sinus  venosus  the  two  aortse  approach  each  other 

and  completely  fuse,  but  they  again  separate  when  a  point  about  3  mm.  from  the 

caudal  end  is  reached  (text-fig.  7). 
As  the  two  aortse  proceed  backwards  through  the  posterior  third  of  the  trunk 

they  are  intimately  related  to  the  notochord  and  the  mesodermic  somites.  On 

reaching  the  posterior  border  of  the  yolk-stalk  the  distance  between  the  aortse  (text- 
fig.  7)  becomes  greater,  and  it  continues  to  increase  until  they  end  in  the  allantoic 

mesoderm.  As  the  aortse  proceed  backwards  the  left  gives  off  the  large  left  vitelline 

artery  (text-fig.  7),  which  eventually  bifurcates  to  form  the  sinus  terminalis  (fig.  34) ; 

the  right  gives  off  the  small  right  vitelline  artery  (text-fig.  7).  Before  ending 

blindly  each  aorta  gives  off  branches  to  the  hind-gut ;  some  of  these  branches  give 

rise  to  a  plexus  with  which  the  allantoic   (umbilical)  veins  communicate  (text-fig.  7). 

*  In  only  having  two  pairs  of  aortic  arches  the  21 -days  horse  agrees  with  a  human  embryo  of  about  15  days 
figured  by  His.  In  a  figure  by  His  of  a  human  embryo  of  about  3  weeks  all  five  aortic  arches  are  present.  If  the 

age  of  these  human  embryos  is  approximately  accurate,  the  aortic  arches  appear  later  in  the  horse  than  in  man. 
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D.  Early  Developmental  Stages  in  the  Horse  and  Sheep.* 

If  horses  are  descended  from  ancestors  allied  to  Hyracotherium  of  the  London 

Clay,  ample  time  has  elapsed  to  admit  of  prenatal  as  well  as  postnatal  variation  in 

directions  different  from  those  followed  by  even-toed  Ungulates.  It  is  hence  probable 
that  almost  from  the  outset  horse  embryos  will  differ  from  sheep  embryos  at  a  like 

stage  in  the  life-history. 

The  Ovum, — In  the  Eutheria  the  ova,  though  always  small,  vary  considerably  ; 

they  may  be  under  '1  mm.   or  over  '3  mm.  in  diameter.     For  example,  in  deer  the 

Text-fig.  8. — Segmenting  ovum  of  sheep  with  distinct  zona  pellucida  (s.p.). 
Text-fig.  9. — Blastodermic  vesicle  of  sheep,     tr.,  trophoblast ;  i.c.m.,  inner  cell  mass.     Note 

absence  of  zona  pellucida.     (After  Assheton.) 

Text-fig.  10. — Ovum  of  deer.  The  inner  cell-mass  (text-fig.  9)  has  differentiated  to  form 
(1)  the  embryonic  shield  {c.s. )  continuous  with  trophoblast  (tr.),  and  (2)  the  endoderm 

(end.).  At  the  corresponding  stage  in  the  horse  there  is  still  a  zona  pellucida — the  line  ex- 
ternal to  the  shield  and  trophoblast  represents  the  zona  in  the  horse.     (After  Keibel.) 

ovum  may  only  measure  '07  mm.  ;  on  the  other  hand,  the  human  ovum  varies  from 

'22  to  "32  mm.  In  sheep  the  ovum,  exclusive  of  the  zona  pellucida,  measures  '15  mm. ; 

in  the  horse  it  probably  never  exceeds  '18  mm.  In  the  ripe  ovum  of  the  sheep, 
figured  by  Assheton,  there  is  no  indication  of  a  perivitelline  space  ;  but  even  in  the 

unripe  ovum  shown  in  fig.  2  from  a  6-mm.  ovarian  follicle  of  a  mare  there  is  a 
distinct  space  between  the  vitellus  and  the  zona  pellucida. 

In  the  sheep  the  zona  (text-fig.  8,  z.p.),  attenuated  at  the  end  of  the  first  week, 
ruptures  and  disappears  about  the  ninth  day  of  gestation.  As  the  amnion  is  only 

completed  at  the  end  of  the  second  or  beginning  of  the  third  week,  it  follows  that 

*  For  information  about  the  development  of  the  sheep  I  am  mainly  indebted  to  papers  by  Assheton  and 

Bonnet,  more  especially  to  "The  Morphology  of  the  Ungulate  Placenta,"  Assheton,  Phil.  Trans.  Roy.  Soc,  1906; 

"The  Segmentation  of  the  Ovum  of  the  Sheep,"  Assheton,  Quart.  Jour.  Med.  Sci.,  1898  ;  "  Beitriige  zur  Embryologie 

der  Wiederkiiuer,"  R.  Bonnet,  Archivf.  Anat.  u.  Physiol.,  Anat.  Abth.,  1889. 



STUDIES   ON   THE   DEVELOPMENT  OF  THE   HORSE. 

315 
for  some  days  sheep  embryos  come  into  intimate  relation  with  the  lining  of  the 
uterus. 

In  the  horse  the  zona  pellucicla,  according  to  Bonnet,  has  a  thickness  of  4ju  when 

the  blastocyst  measures  13  mm.  (fig.  3),  i.e.  at  the  end  of  the  second  week.  Further, 

during  the  first  half  of  the  third  week  the  blastocyst  acquires  an  albumen  coat,  which 

at  the  middle  of  the  third  week  has  a  thickness  of  3  or  4  mm.  (fig.  4,  alb.). 

In  the  sheep  as  segmentation  proceeds  it  soon  becomes  evident  that  certain 

cells  will  give  rise  to  the  trophoblast  (text-fig.  9,  tr.),  and  that  others  will  form  the 

inner  cell-mass  (text-fig.  9,  i.c.m.)  which  is  eventually  differentiated  into  endoderm 

and  embryonic  shield.     In  text-fig.  10  the  embryonic  shield  (e.s.),  trophoblast  (tr.), 

a-lbn 

Text-fig.  11. — Diagram  to  indicate  the  stage  reached  in  the  horse  about  the  middle  of  the  third  week. 
albn.,  thick  (3-4  mm.)  albumen  coat;  am.,  amnion  fold  ;  ecd.,  ectoderm  ;  end.,  endoderm  ;  ms., 
mesoderm  ;  pr.,  primitive  groove.     Albumen  layer  is  lost  before  end  of  third  week. 

and  endoderm  (end.)  of  a  deer  are  represented.  Like  differentiations  and  phases 

in  all  probability  occur  in  the  Equidse. 

The  Blastocyst. — In  the  horse  the  blastocyst,  nearly  spherical  at  the  end  of  the 

second  week  (fig.  3),  is  egg-shaped  at  the  middle  of  the  third  week  (fig.  4)  and  pear- 
shaped  at  the  end  of  the  third  week  (fig.  5).  At  this  stage  it  has  a  length  of 

50  mm.,  and  occupies  the  lower  part  of  one  of  the  uterine  horns  (fig.  15). 

In  the  sheep  soon  after  the  rupture  of  the  zona  pellucida  the  blastocyst  loses  its 

spherical  outline  (text-fig.  13)  and  soon  elongates  into  a  narrow  tube  which  occupies 
both  uterine  horns.  This  tubular  blastocyst  may  have  a  length  of  240  mm.  at  the 

end  of  the  twelfth  day,  and  measure  400  mm.  (nearly  16  inches)  at  the  end  of  the 

third  week  (text-fig.  16). 

The  Trophoblast. — In  the  horse  up  to  the  middle  of  the  third  week  the  tropho- 

blast, except  in  the  vicinity  of  the  embryo  (text-fig.  11),  is  in  contact  with  the 
endoderm,  but  by  the  end  of  the  third  week,  over  and  immediately  beyond  the  embryo, 

it  is  in  contact  with  non-vascular  somatic  mesoderm  (text-fig.  12).  Beyond  the 

exoccelom  up  to  the  sinus  terminalis  the  trophoblast  forms  the  outer  wall  of  a  space 
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(fig.  28)  occupied  by  the  unsplit  highly  vascular  mesoderm  ;  beyond  the  sinus  it  is 

in  contact  with  the  yolk-sac  endoderm  (fig.  34). 

In  the  sheep,  up  to  the  appearance  of  the  amnion  folds,  the  trophoblast,  except 

under  the  embryonic  shield,  is  in  contact  with  a  thin  imperfect  layer  of  endoderm. 
so 

am 

Text-fig.  12. — Drawing  to  indicate  the  stage  reached  in  the  horse  at  the  end  of  the  third  week,  after  the  albumen  coat  as 
well  as  the  zona  has  disappeared,  am.,  amnion,  now  complete  ;  ch. ,  chorion,  made  up  of  a  layer  of  trophoblast  and  a 
layer  of  somatic  mesoderm  ;  s.c,  spinal  cord  ;  d.a.,  dorsal  aorta;  sp.,  splanchnopleure  ;  tr.,  trophoblast;  incs.,  unsplit 
vascularised  mesoderm  ;  end.,  endoderm. 

SO 

TEXT-FIG.  13. — Drawing  to  indicate  the  stage  reached  in  the  sheep  about  the  middle  of  the 
third  week.  In  the  21 -days  horse  the  mesoderm  is  only  split  in  the  vicinity  of  the 

embryo.  In  the  sheep  at  a  corresponding  stage  the  splitting  of  the  mesoderm  is  com- 
plete ;  the  inner  (splanchnic)  layer  has  united  with  the  endoderm  to  form  a  free  yolk- 

sac  vesicle  (y.s.),  the  outer  with  the  trophoblast  to  form  the  chorion  (ch. ).  am.,  amnion  ; 
s.c,  spinal  cord  ;  d.a.,  dorsal  aorta  ;  sp.,  splanchnopleure.     (After  Bonnet.) 

As  the  splitting  of  the  mesoderm  proceeds,  the  exocoelom  extends  in  all  directions, 

with  the  result  that  the  trophoblast  is  completely  separated  from  the  endoderm  and 

provided  with  a  lining  of  non-vascular  mesoderm  (text-fig.  13). 
In  the  horse  the  trophoblast  at  the  end  of  the  second  week  seems  to  consist  of 

simple  polygonal  nucleated  cells.  At  the  middle  of  the  third  week  the  cells  are 

cubical,  but  by  the  end  of  the  third  week  they  are  long  enough  to  rank  as  columnar 

cells.  Up  to  the  sinus  terminalis  there  are  simple  columnar  cells  (fig.  28) ;  beyond 

the  sinus,  in  addition  to  typical  columnar  cells,  there  are  very  tall  columnar  cells 
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forming  the  larger  trophoblastic  discs  (fig.  29)  and  cells  with  sac-like  processes 
(fig.  30),  some  of  which  surround  the  discs,  while  others  line  the  shallow  areas 

scattered  over  the  distal  end  of  the  blastocyst.  Up  to  the  end  of  the  third  week  the 

trophoblast  in  the  horse  consists  of  a  single  layer  of  cells,  which  are  either  quite  free 

or  loosely  connected  with  the  uterine  epithelium. 

In  the  sheep  the  trophoblast  at  the  outset  consists  of  a  single  layer  of  simple 

polygonal  cells ;  by  the  tenth  day  the  cells  are  wedge-shaped,  and  by  the  fourteenth 

cubical.  By  the  eighteenth  day  the  cells  which  roughly  correspond  to  the  coty- 
ledonary  burrs  projecting  from  the  lining  of  the  uterus,  have  assumed  a  columnar 

form.*  These  columnar  cells  develop  minute  ridges  which  by  fitting  into  slight 
grooves  in  the  cells  of  the  burrs  may  assist  in  fixing  the  blastocyst. 

The  Uterus. — In  the  sheep,  when  the  ovum  reaches  the  uterus  "  the  mucous 

membrane  is  that  typical  of  an  anoestrous  period  "  ;  but  as  development  proceeds  there 
is  a  general  increase  in  the  complexity  of  the  glands,  with  increased  secretion,  an 

invasion  of  the  epithelium  by  leucocytes,  and  towards  the  close  of  the  third  week  a 

thickening  of  the  stroma.  These  changes  are  accompanied  by  a  destruction  of  the 

uterine  epithelium  over  the  cotyledonary  areas  by  means  of  binucleate  trophoblastic 

cells  insinuating  themselves  between  the  cells  of  the  uterine  epithelium  to  form  a 

layer  between  the  epithelium  and  the  sublying  stroma.  The  nourishment  for  the 

embryo,  which  mainly  consists  of  "  uterine  milk,"  is  taken  up  by  the  cells  of  the 
trophoblast  lying  between  the  cotyledonary  burrs. 

In  the  mare,  even  at  the  end  of  the  third  week  of  gestation  the  mucous  membrane 

is  still  that  typical  of  the  anoestrous  period.  The  glands  at  the  end  of  the  third 

week  may  be  more  active,  and  leucocytes  may  be  more  numerous  in  the  uterine 

cavity,  but  of  this  there  is  no  evidence,  neither  is  there  any  indication  of  erosion  of 

the  uterine  epithelium  or  of  changes  in  the  sublying  stroma. f 

Martin  states  that  the  mucous  membrane  of  the  uterus  from  which  his  embryo 

was  obtained  was  congested  and  spotted.  There  was  neither  congestion  nor  spotting 

of  the  lining  of  the  uterus  from  which  I  removed  my  21 -days  embryo.  In  all  pro- 
bability, in  the  Equidse  at  the  end  of  the  third  week  the  whole  of  the  trophoblast 

takes  part  in  procuring  nourishment  for  the  embryo. 

Amnion. — In  the  sheep  the  lateral  folds  are  conspicuous  on  the  fourteenth  day, 
and  extend  well  over  the  embryo  on  the  following  day.  By  the  end  of  the  sixteenth 

day  the  amnion  is  complete  and  connected  by  a  cord  to  the  inner  surface  of  the 

chorion  (text-figs.  13  and  14). 
Though  in  the  sheep  the  amnion  is  well  advanced  on  the  fifteenth  day,  at  the 

stage  characterised  by  two  pairs  of  mesodermic  somites  (text-fig.  14),  there  is  no  indica- 

*  Opposite  the  cotyledonary  burrs  Assheton  says  the  trophoblast  perhaps  consists  of  two  layers. 
f  The  pig  closely  agrees  with  sheep  during  the  earlier  weeks  of  gestation.  The  blastocyst  begins  to  elongate  on 

the  eleventh  day.  As  it  increases  in  length  it  is  thrown  into  transverse  folds,  with  the  result  that,  though  apparently 
of  no  great  length,  it  may  measure  when  extended  over  1000  mm.  at  the  middle  of  the  third  week.  The  uterine 
epithelium  begins  to  degenerate  on  the  fourteenth  day,  and  is  reduced  to  a  thin  layer  by  the  eighteenth  day. 
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t  ion  of  the  amnion  in  the  horse  until  the  middle  of  the  third  week.  Even  when  four 

pairs  of  somites  are  present  the  amnion  in  the  horse  is  only  represented  by  very 

slight  lateral  ridges  (text-fig.  l),  but  by  the  twenty-first  day  the  amnion  is  complete. 

Text-fig.  14. —A  14-days  22-hours  sheep  embryo  with  two  mesodermic  somites  (ra.so.),  a  complete 
amnion  (a>n.),  and  an  allantoic  diverticulum  (al.d.).     (After  Bonnet.) 

Text-FIG.  15. — A  17-days  23-hours  sheep  embryo,  with  about  as  many  somites  as  a  21-days  horse. 
Note  the  large  allautois  (all.)  in  connection  with  the  hind-gut  [h.g.),  the  amnion  (am.),  and 
the  yolk-stalk  (y.s.).     (After  Bonnet.) 

all 

TEXT-FIG.  16.  —  Diagram  of  a  21-days  sheep  embryo  and  its  membranes.  Compare  with  diagram  of  a  21-days  horse  embryo 
(fig.  34).  A  21-days  sheep  is  at  about  the  same  stage  of  development  as  a  28-days  horse,  am,,  amnion  ;  clt.,  chorion  con- 

sisting of  a  trophoblast  (fr. ),  and  somatic  mesoderm  (so.m.) ;  y.s.,  yolk-sac  ;  all.,  allantois. 

The  early  rupture  of  the  zona  pellucida  and  the  absence  of  an  albumen  layer  may 

perhaps  account  for  the  amnion  appearing  at  an  earlier  phase  in  the  sheep  than  in 
the  horse. 

Yolk-sac  and  Mesoderm. — In  the  sheep   the  splitting  of  the  mesoderm  already 
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begun  at  the  end  of  the  twelfth  or  the  beginning  of  the  thirteenth  day  is  completed 

at  or  about  the  end  of  the  sixteenth  day.  When  the  yolk-sac  endoderm  is  completely 

invested  by  splanchnic  mesoderm  a  typical  yolk-sac  (i.e.  a  free  vesicle  separated  by 

a  distinct  space  from  the  chorion)  is  the  result  (text-fig.  13).  As  the  blastocyst 

assumes  a  tubular  form  the  yolk-sac  elongates  :  by  the  twenty-first  day  it  may  reach 

a  length  of  over  350  mm.  (14  inches)  (text-fig.  16).  As  the  mesoderm  splits  the 
splanchnic  layer  undergoes  vascularisation,  without,  hoivever,  a  sinus  terminalis  being 
established. 

In  the  horse  the  splitting  of  the  mesoderm  begins  on  the  seventeenth  or  eighteenth 

day,  but  proceeds  so  slowly  that  it  has  only  extended  a  short  distance  beyond  the 

embryo  on  the  twenty-first  day  (text-fig.  12).  As  the  unsplit  mesoderm  extends 
between  the  trophoblast  and  endoderm  it  undergoes  vascularisation,  and  the  left 

vitelline  artery  bifurcates  at  an  early  stage  to  form  a  sinus  terminalis  (fig.  34).#  As 
the  splitting  of  the  mesoderm  is  never  complete  in  the  horse,  the  most  distal  part  of 

the  yolk-sac  endoderm  retains  throughout  foetal  life  a  slight  connection  with  the 

trophoblast.  This  implies  that  the  yolk-sac  in  the  horse  is  never,  as  in  the  sheep,  a 
free  vesicle. 

In  the  horse  at  the  end  of  the  third  week  tubercles  project  into  the  cavity  of  the 

yolk-sac  (fig.  32),  each  endodermic  tubercle  being  related  to  a  trophoblastic  disc. 
There  are  apparently  neither  trophoblastic  discs  nor  endodermic  tubercles  in  the  sheep. 

Allantois. — In  the  sheep  there  is  a  rudiment  of  the  allantois  at  the  end  of  the 

second  week  (text-fig.  14) ;  a  like  stage  is  not  reached  in  the  horse  until  the  end  of 

the  third  week  (fig.  33).  On  the  sixteenth  day  the  allantois  in  the  sheep  is  a  two- 

horned  sac  27  mm.  in  width;  on  the  seventeenth  day  it  measures  16  mm.  (text- 

fig.  15) ;  the  following  day  the  width  is  nearly  double  ;  and  on  the  twenty-first  day, 

as  text-fig.  16  shows,  it  has  a  length  of  nearly  300  mm.  (nearly  12  inches). 
In  the  horse  at  the  end  of  the  third  week  the  allantois  is  still  a  minute  diverti- 

culum 235/a  in  width  ;  in  the  sheep  at  a  corresponding  stage  of  development  the  width 
between  the  horns  is  over  30  mm. 

The  Embryo. — The  youngest  sheep  embryo  figured  by  Bonnet  was  3  mm.  in 

length  (text-fig.  14).  It  represents  the  phase  reached  14  days  and  22  hours  after 

service,  and  is  characterised  by  two  pairs  of  mesodermic  somites.  In  Bonnet's  figure 
(text-fig.  14)  the  mesodermic  somites,  primitive  streak,  neural  groove,  allantoic  rudi- 

ment, and  parts  of  the  amnion  are  represented. 

The  horse  embryo  figured  by  Martin  (fig.  7)  differs  but  little  from  Bonnet's 
14-days  22-hours  sheep  embryo  (text-fig.  14).  Martin's  embryo,  which  represents  the 

stage  reached  at  the  middle  of  the  third  week,  measured  3'25  mm.  in  length  and  had 
four  mesodermic  somites.     Though  in  this  embryo  the  primitive  and  neural  grooves 

*  Id  the  pig,  in  which  the  yolk-sac  is  a  free  vesicle  as  in  the  sheep,  there  is  a  temporary  sinus  terminalis  followed 
by  general  vascularisation  ;  hence  in  a  sense  the  arrangement  of  the  yolk-sac  vessels  in  the  pig  is  intermediate  between 
that  of  the  sheep  and  that  of  the  horse. 
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are  distinct,  there  is  no  rudiment  of  an  allantois,  and  the  amnion  is  represented  by  two 

hardly  perceptible  lateral  ridges  ;  as  the  mesoderm  is  not  split  under  these  ridges, 
A  llantois 

Cloaca 

HORSE 

Text-fig.  17. — Diagram  of  the  endoderm  of  a  21 -days  horse  embryo.  Note  the  gill  pouches  in  connection  with 
the  fore-gut,  the  wide  yolk-stalk  leading  into  the  pear-shaped  yolk-sac,  the  cloaca,  and  the  minute  allantoic 
diverticulum  projecting  from  the  hind-gut. 

Yr>/A  -Sbc 
Yo/A-Sac 

SHEEP 

Text-fig.  18. — Diagram  of  the  endoderm  of  a  sheep  at  about  the  same  stage  of  development  as  a  21 -days  horse. 
Note  the  large  crescent-shaped  allantois  and  the  long  tubular  yolk-sac  which  extends  into  both  uterine  horns. 

one  is  perhaps  hardly  justified  in  regarding  them  as  rudiments  of  the  amnion. 

Martin  and  Bonnet  believed  this  3"25  mm.  embryo  was  21  days  old,  but  I  have  given 
reasons  for  regarding  it  as  representing  the  stage  reached  on  the  seventeenth  or 

eighteenth  day  of  gestation. 
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During  the  fifteenth  and  sixteenth  days  marked  progress  is  made  by  sheep 

embryos.  The  16-days  22-hours  embryo  figured  by  Bonnet  has  ten  mesodermic 

somites,  a  long  deep  neural  groove,  rudiments  of  the  fore-,  mid-,  and  hind-gut,  and 
two  branchial  arches ;  the  primitive  streak  is  still  distinct,  the  amnion  is  complete, 

and  there  is  a  crescent-shaped  allantois. 

In  1840  Hausmann  figured  a  19-days  horse  embryo  with  ten  or  eleven  meso- 

dermic somites.  While  generally  agreeing  with  Bonnet's  16-days  22-hours  sheep 

embryo,  Hausmann's  19-days  horse  embryo  (text-fig.  19)  has  apparently  no  rudiment 
of  an  allantois,  and  very  little  progress  has  been  made  in  the  development  of  either 

the  nervous  system,  gut,  or  branchial  arches.* 

In  a  17-days  sheep  embryo  there  are  over  twenty  somites,  the  greater  part  of  the 
neural  groove  is  converted  into  a  canal,  and  there  are  indications  of  otic  as  well  as  of 

19. 

Text-fig.  19.- 
Text-fig.  20.- 
Text-fig.  21.  ■ 

20. 

-Hausmann's  figure  of  a  19-days  45-minutes  horse  embryo. 
„  ,,  19-days  7-hours  ,, 
,,  ,,  19-days  26-hours  ,, 

cerebral  vesicles ;  the  fore-  and  hind-gut  have  assumed  a  definite  form,  and  the 

allantois  has  a  width  of  16  mm. ;  further,  there  are  branchial  arches,  a  three-chambered 

heart,  two  aortae,  and  a  rudiment  of  the  notochord  (text-fig.  15). 
In  a  sheep  embryo  at  the  beginning  of  the  nineteenth  day  there  are  more  than 

twenty  mesodermic  somites,  and  the  development  of  the  nervous  system  has  advanced 

so  far  that  the  three  regions  of  the  brain  are  easily  recognised  ;  there  are  distinct  optic 

as  well  as  otic  vesicles,  a  three-chambered  heart,  a  maxillary  process  from  the  first, 

visceral  arch,  and  a  large  allantois  in  connection  with  a  well-developed  hind-gut. 

The  21 -days  horse  embryo  is  in  some  respects  intermediate  between  a  17-days 

and  a  19-days  sheep  embryo,  but  it  obviously  differs  in  shape,  in  the  less-developed 

condition  of  the  hind-gut,  and  especially  in  the  blastocyst,  yolk-sac,  allantois,  and  the 
structure  of  the  trophoblast. 

For  some  years  it  has  been  assumed  that  the  rate  of  development  in  the  horse 

varies  greatly  during  the  first  three  weeks.  This  assumption  is  the  result  -of  Bonnet 

stating  in  1891  that  a  21 -days  blastocyst  varies  from  13  mm.  to  35  mm.f     Now 
*  Hausmann's  19-days  horse  embryo  lends  strong  support  to  the  view  that  Martin's  so-called  21 -days  embryo 

represents  the  stage  reached  at  the  middle  of  the  third  week. 

f  "Eier  vom  21-Tage  schwanken  zwischen  1-3  cm.-35  cm.  Lange,"  Bonnet,  Grundriss  des  Entwickelungsgeschichle, 
1891,  p.  240. 
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that  a  21-days  blastocyst  50  mm.  in  length  has  been  described,  presumably  Bonnet 
would  state  that  in  the  horse  the  blastocyst  at  the  end  of  the  third  week  varies  from 
13  mm.  to  50  mm. 

By  studying  the  oestrous  period  in  the  mare  and  the  condition  of  the  ovaries 

before  and  after  service,  I  arrived  at  the  conclusion  that  the  difference  between  my 

50-mm.  blastocyst  and  Bonnet's  13-mm.  blastocyst  was  not  due  to  arrested  develop- 
ment but  to  a  difference  in  age — a  conclusion  supported  by  drawings  of  horse 

embryos  (text-figs.  19-21)  published  in  1840  by  Hausmann. 
Further,  it  has  been  taken  for  granted  that  during  the  earlier  weeks  the  horse 

closely  agrees  in  its  development  with  other  typical  Ungulates.  It  is  conceivable 

that  up  to  the  end  of  segmentation,  perhaps  up  to  the  formation  of  the  embryonic 

shield,  there  may  be  almost  complete  agreement  between  even-toed  and  odd-toed 

Ungulates  ;  but  by  comparing  young  horse  embryos  with  sheep  embryos  at  a  corre- 
sponding stage,  evidence  has  been  obtained  in  support  of  the  view  that  from  the 

time  the  mesodermic  somites  make  their  appearance  the  two  main  groups  of  the 

modern  hoofed  mammals  follow  different  routes — the  sheep,  pig,  and  other  even-toed 
Ungulates  especially  differing  at  the  end  of  the  third  week  from  the  horse  in  the  form 

of  the  blastocyst,  yolk-sac,  and  allantois,  and  in  the  structure  and  relations  of  the 
trophoblast. 

E.  Summary. 

During  the  last  fifty  years  so  much  progress  has  been  made  in  clearing  up  the 

pedigree  of  the  horse  that  we  are  now  familiar  with  every  chapter  in  the  ancestral 

history  between  the  14-inch  four-toed  Hyracotherium  of  the  London  Clay  and  the 

60-inch  Equus  sivalensis  of  the  Indian  Pliocene. 

But  while  our  knowledge  of  the  remote  ancestors  of  the  Equidse  is  well-nigh  com- 

plete, we  still  know  surprisingly  little  about  the  more  interesting  chapters  of  the  life- 
history  of  the  horses  now  living  under  domestication.  We  are  acquainted  with  the 

ancestral  history  because  Cope,  March,  Osborn,  Scott,  and  other  American 

palaeontologists  made  a  systematic  and  exhaustive  study  of  "  fossil  "  horses  ;  we  know 
little  about  the  more  interesting  phases  of  the  life-history  of  the  living  Equidee 
because  embryologists  have  not  yet  succeeded  in  working  out  the  development  of 
either  horses,  asses,  or  zebras. 

In  America  several  expeditions  have  been  sent  out  in  search  of  material  for 

the  study  of  extinct  horses,  but  until  recently  only  one  serious  attempt  seems  to 

have  been  made  to  obtain  material  for  a  systematic  study  of  the  development  of 
recent  horses. 

Unfortunately,  this  attempt  (made  in  Hanover  by  Hausmann  some  eighty  years 

ago)  yielded  meagre  results.  Professor  Bonnet  of  Giessen,  famous  for  his  memoirs 

on  the  development  of  domestic  animals,  when  referring  in  1889  to  previous  work 

on  the  fastal  membranes  of  the  horse,  pointed  out  that  about  the  first  stages  of 
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development  we  have  nothing  to  depend  on  except  the  statements  and  drawings  of 

Hausmann,  who  had  a  stud  including  fifty-two  mares  at  his  disposal  for  his  researches. 
These  statements,  which  relate  to  the  development  at  the  end  of  the  third  week, 

owing  to  the  mistaken  views  of  their  author  about  the  ovum  and  its  membranes, 

Bonnet  points  out,  have  caused  more  confusion  than  enlightenment,  while  the 

drawings  which  illustrate  Hausmann's  contributions  are  almost  incomprehensible 
and  worthless. 

In  the  home  of  the  thoroughbred  racehorse  no  systematic  attempt  has  been 

made  by  embryologists  to  work  out  the  life-history  of  the  Equidse,  and  sporadic 

attempts  to  elucidate  special  points  in  the  early  history  have  hitherto  been  well- 

nigh  as  fruitless  in  England  as  the  ambitious  attempt  made  in  the  'thirties  of  last 
century  in  Hanover. 

From  first  to  last  the  difficulty  in  England  has  been  lack  of  material.  This  was 

especially  true  of  an  attempt  made  by  Huxley  to  find  rudiments  of  the  second  and 

fourth  digits.  When  preparing  the  lecture  on  fossil  horses  delivered  in  1876  in 

New  York,  it  occurred  to  Huxley  that  strong  evidence  in  support  of  the  fact  of 

evolution  would  be  forthcoming  if  it  were  proved  that  the  modern  horse  passes 

through  a  Hipparion  or  3-toed  stage  during  development. 
Armed  with  all  the  available  material  Sir  William  Flower  could  place  at  his 

disposal,  Huxley  proceeded  to  search  for  rudiments  of  the  phalanges  of  the  second 

and  fourth  digits.  To  Huxley's  great  disappointment  the  search  was  in  vain. 
Huxley  failed,  not  because-  the  3-toed  stage  is  absent  in  the  recent  horse,  but  because 
it  appears,  comes  and  goes,  much  earlier  than  he  expected.  Up  to  the  end  of  the 

Miocene  period  all  horses  had  throughout  life  three  complete  toes  both  in  front  and 

behind.  For  this  reason  it  seems  to  have  been  assumed  that  the  3-toed  phase,  if 
it  actually  occurred  in  the  modern  horse,  would  persist  for  a  considerable  time  and 

be  preceded  by  a  5 -toed  phase.  As  a  matter  of  fact,  as  I  shall  show  in  a  subsequent 
paper,  the  abbreviation  in  the  development  in  the  Equidae  is  so  marked  that  the 

3-toed  stage  is  reached  during  the  fifth  week  of  gestation  and  practically  comes  to 
an  end  during  the  seventh  week. 

It  seems  to  have  been  taken  for  granted  that  during  the  earlier  weeks  horse 

embryos  develop  along  the  same  lines  as  other  Ungulates.  I  find,  however,  that  from 
the  second  week  onwards  the  horse  follows  a  route  different  from  that  of  all  the  other 

mammals  hitherto  studied. 

Since  1891  it  has  been  assumed  that  during  the  earlier  weeks  the  development  of 
the  horse  is  retarded  in  some  cases,  accelerated  in  others.  In  the  roe  deer  the 

development  is  arrested  as  soon  as  the  cleavage  stage  is  reached,  with  the  result  that 

little  or  no  progress  is  made  for  several  months.  There  is,  however,  no  evidence 

that  at  any  stage  the  development  is  arrested  in  the  horse.  The  belief  that  in  the 

horse  progress  is  sometimes  retarded  is  based  on  a  statement  by  Bonnet,  who  in 

1891  asserted  without  any  reservation  that  the  blastocyst  at  the  end  of  the  third 
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week  varies  in  length  from  13  mm.  to  35  mm.,  i.e.  from  half  an  inch  to  over  1'5  inches. 
Bonnet  arrived  at  the  conclusion  that  a  21 -days  blastocyst  may  vary  from  13  mm. 

to  35  mm.  because  he  received  in  1889  a  13-mm.  horse  blastocyst  taken  from  a  mare 

twenty-one  days  after  the  first  service,  while  in  1890  Paul  Martin  of  Zurich  obtained 

a  35-mm.  blastocyst  also  taken  twenty-one  days  after  service.  I  find  that  at  the  end 

of  the  third  week  of  gestation,  i.e.  twenty-one  days  after  service,  the  blastocyst 

measures  50  mm.  ;  that  Bonnet's  so-called  21 -days  embryo  probably  represents  the 

stage  reached  at  the  end  of  the  second  week  ;  and  that  Martin's  so-called  21 -days 
embryo  represents  the  stage  reached  at  the  middle  of  the  third  week  of  gestation. 

The  age  of  Bonnet's  and  Martin's  embryos  having  been  dealt  with,  attention  is  next 
directed  to  the  condition  of  the  ovaries,  oviducts,  and  uterus  at  the  end  of  the  third 

week,  and  to  the  position  of  the  50-mm.  (2 1-day s)  blastocyst  in  the  uterine  horn 
(fig.  14).  The  trophoblast  at  the  end  of  the  third  week  is  unusually  interesting;  in 

several  essential  points  it  differs  from  that  of  the  sheep  and  pig  and  other  Ungulates 

hitherto  examined.  Up  to  the  sinus  terminalis  it  consists  of  typical  columnar  cells 

(fig.  28) ;  beyond  the  sinus  there  are  (l)  groups  of  very  tall  columnar  cells  arranged 

to  form  trophoblastic  discs  (fig.  29)  which  probably  help  to  fix  the  blastocyst  to  the 

lining  of  the  uterus,  (2)  groups  of  columnar  cells  in  the  act  of  elongating  to  form 

additional  discs  (fig.  30),  and  (3)  columnar  cells  with  sac-like  processes  (fig.  30) — 
these  phagocytic  cells  occur  around  the  margins  of  the  discs  and  in  the  grooves 

surrounding  the  discs,  but  especially  in  shallow  depressions  beyond  the  sinus 

terminalis  which  probably  lie  opposite  the  openings  of  the  uterine  glands  and  are 

concerned  in  taking  up  the  more  solid  particles  of  the  "  uterine  milk." 
In  the  region  of  the  embryo  the  trophoblast  by  uniting  with  the  somatic  layer  of 

mesoderm  forms  the  outer  wall  of  the  exoccelom  (text-fig.  12).  From  the  exocoelom 
to  a  short  distance  beyond  the  sinus  terminalis  the  trophoblast  forms  the  outer  wall 

of  a  narrow  space  occupied  by  highly  vascular  but  still  unsplit  mesoderm  (fig.  28). 

The  distal  portion  of  the  trophoblast  is  intimately  related  to  the  yolk-sac  endoderm 
(fig.  34).  Sections  of  the  blastocyst  afford  no  evidence  that  solid  particles  penetrate 

the  cells  of  that  part  of  the  trophoblast  extending  between  the  embryo  and  the  sinus 

terminalis,  but  they  afford  abundant  evidence  that  granules  of  various  sizes  enter 

both  the  tall  columnar  cells  of  the  discs  and  the  cells  with  sac-like  processes  which 
form  a  considerable  part  of  the  trophoblast  beyond  the  sinus  terminalis  (figs.  29 

and  30).  The  sections  further  demonstrate  the  presence  of  a  continuous  sheet  of 

coagulum  between  the  trophoblast  and  the  yolk-sac  endoderm  (fig.  30).  Between 
the  discs  this  coagulum  (which  probably  consists  of  nutritive  material  derived  from 

the  "  uterine  milk  ")  resembles  a  basement  membrane,  but  under  the  discs  it  reaches 
a  considerable  thickness  and  is  continuous  with  similar  coagulated  material  entering 

into  the  formation  of  yolk-sac  tubercles  (fig.  32). 

In  the  vicinity  of  the  embryo  the  yolk-sac  consists  of  endoderm  and  a  layer  of 
splanchnic   mesoderm,  but  from  the   exocoelom  to  the  sinus  terminalis  it   is   only 
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represented  by  endoderm  (text-fig.  12).  Beyond  the  sinus  the  yolk-sac  endoderm  is 
intimately  connected  with  the  trophoblast  (fig.  34).  Except  opposite  the  discs  the 

yolk-sac  endoderm  consists  of  a  single  layer  of  cells  ;  opposite  the  discs,  where  it  takes 

part  in  forming  the  yolk-sac  tubercles,  the  endoderm  may  consist  of  two  layers  of 
cells  (fig.  32). 

At  the  middle  of  the  third  week  the  splitting  of  the  mesoderm  is  only  beginning, 

and  the  amnion  is  only  represented  by  indistinct  lateral  ridges  (text-fig.  11).  At  the 
end  of  the  third  week  the  amnion  is  complete  and  the  mesoderm  is  split  so  as  to 

form  a  coelom  and  a  small  exocoelom  (text-fig.  12).  The  outer  (somatic)  layer  of 
mesoderm  together  with  a  layer  of  ectoderm  forms  the  amnion  ;  further,  by  uniting 

with  the  trophoblast  the  somatic  mesoderm  gives  rise  to  the  chorion  of  the  embryonic 

area  (text-fig.  12).  The  inner  (splanchnic)  layer  of  mesoderm  by  uniting  with 

endoderm  forms  the  yolk-stalk  and  the  upper  free  and  only  complete  part  of  the 

yolk-sac. 

The  unsplit  mesoderm  (text-fig.  12)  which  extends  from  the  exocoelom  to  the 
sinus  terminalis  is  highly  vascular  ;  it  receives  blood  from  the  embryo  by  the  vitelline 

arteries  and  returns  it  to  the  embryo  by  the  vitelline  veins  (fig.  34). 
There  is  no  indication  of  an  allantoic  diverticulum  at  the  middle  of  the  third 

week,  but  at  the  end  of  the  third  week  there  is  a  considerable  mass  of  vascularised 

allantoic  mesoderm  at  the  caudal  end  of  the  embryo,  into  which  extends  from  the 

hind-gut  a  small  allantoic  diverticulum  (fig.  33  and  text-fig.  17). 

Martin's  embryo,  the  age  of  which  is  almost  certainly  17  or  18  days,  has  four  pairs 

of  mesodermic  somites  (fig.  7).  Hausmann's  19-days  embryo  (text-fig.  19)  has 
probably  ten  somites,  but  the  21-days  embryo  has  over  twenty  somites  (figs.  10  and 

11).  Martin's  embryo  in  shape  resembles  the  sole  of  a  shoe;  my  21-days  embryo 

is  hook-shaped  (figs.  7  and  8).  That  this  strongly  bent  embryo  is  older  than  Martin's 
so-called  21-days  embryo  is  indicated  by  its  size,  by  the  phase  reached  in  the  develop- 

ment of  the  nervous,  alimentary,  and  circulatory  systems,  and  especially  by  the 

complete  amnion  and  the  allantoic  diverticulum.  The  nervous  system  is  represented 

by  a  fore-brain  with  optic  vesicles,  by  an  indistinct  mid-brain,  by  a  hind-brain  adjacent 
to  which  are  otic  vesicles,  and  by  a  spinal  cord  completely  closed  except  at  the  caudal 

end,  where  it  opens  by  a  neuropore  into  the  cavity  of  the  amnion  (fig.  33). 

The  alimentary  system  consists  (1)  of  a  fore-gut  from  which  branchial  pouches 

project  outwards  towards  shallow  branchial  furrows  (text-fig.  6)  lying  between 

branchial  arches,  (2)  of  a  mid-gut  which  communicates  by  a  yolk-stalk  with  a  large 

yolk-sac  (fig.  34),  and  (3)  of  a  short  hind-gut  from  which  a  cloacal  rudiment  projects 

upwards  and  an  allantoic  diverticulum  extends  backwards  (fig.  33  and  text-fig.  17). 

The  circulatory  system  is  represented  by  a  sinus  venosus,  an  atrium,  a  ven- 
tricle, and  a  bulbus  arteriosus  ;  by  two  pairs  of  aortic  arches,  two  dorsal  aortae, 

and  by  vitelline  and  other  arteries,  vitelline,  cardinal,  umbilical,  and  other  veins 

(text-fig.  7). 
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A  notochord  (fig.  33)  and  branchial  arches  (text-fig.  6)  represent  a  skeleton,  and 
excretory  organs  are  represented  by  Wolffian  bodies  and  pronephric  ducts. 

In  a  comparison  between  horse  and  sheep  embryos  it  is  pointed  out  that  even  at 

the  stage  characterised  by  four  pairs  of  mesodermic  somites  the  horse  differs  from 

a  sheep  at  the  corresponding  phase  in  its  life-history,  and.  that,  as  development 
proceeds,  the  differences,  more  especially  in  the  foetal  appendages,  become  more 

pronounced. 

EXPLANATION    OF   PLATES. 

Plate  IX. 

Fig.  1.  Ovarian  follicle  of  a  mare  containing  an  unripe  ovum;  this  follicle  only  measured  6  mm. 

The  large  follicle  in  fig.  16,  which  contained  a  ripe  ovum,  measured  37  by  33  mm. 

Fig.  2.  The  unripe  ovum  seen  in  fig.  1.  x  300.  This  ovum  measured  -11  mm.  exclusive  of  the 
zona  pellucida ;  the  average  size  of  the  ripe  ovum  of  the  mare,  exclusive  of  the  zona  pellucida,  is  probably 

•18mm.  In  the  sheep  the  ovum  is  about  T5  mm.  In  deer  the  ovum  maybe  under  *1  mm.;  in  Dasyurus 

it  averages  '24  mm. ;  while  the  human  ovum  varies  from  -22  to  *32  mm. ;  hence  the  ovum  in  the  horse,  as  in 
the  sheep,  is  relatively  large.  Between  the  ovum  and  the  zona  pellucida  (z.p.)  is  the  perivitelline  space  (p.s.) ; 

the  cells  external  to  the  zona  form  the  corona  radiata  (c.r.).  The  egg  of  amphioxus  only  measures  T2  mm., 

yet  it  contains  sufficient  deutoplasm  to  provide  all  the  energy  required  for  development  up  to  the  gastrula 

stage.  It  may  hence  be  assumed  that  the  ovum  of  the  mare  contains  all  the  nutrient  required  for  develop- 
ment up  to  at  least  the  morula  stage. 

Fig.  3.  This  figure  indicates  the  actual  size  of  Bonnet's  so-called  21-days  blastocyst — it  probably 
represents  the  phase  reached  at  the  end  of  the  second  week.  Bonnet  states  that  the  blastocyst  was  invested 

by  a  zona  pellucida  4/x  thick. 

Fig.  4.  Martin's  so-called  21-days  blastocyst,  natural  size,  invested  by  a  thick  (3  to  4  mm.)  albumen 
layer  (alb.).  This  35-mm.  blastocyst  probably  represents  the  stage  reached  at  the  middle  of  the  third 
week.     After  Martin. 

Fig.  5.  The  blastocyst,  natural  size  (50  mm.),  taken  from  a  Highland  mare  21  days  and  2  hours  after 

the  one  and  only  service  on  the  seventh  day  of  oestrus.  Note  the  difference  in  the  size  and  position  of  the 

embryo  from  the  embryo  in  fig.  4,  the  left  vitelline  artery,  the  sinus  terminalis,  and  the  vitelline  veins. 

Fig.  6.  A  section  through  the  lower  end  of  the  left  uterine  horn.  The  blastocyst  is  kept  in  contact 

with  the  tongue-like  processes  of  the  uterine  mucosa  by  hydrostatic  pressure.     Natural  size. 

Fig.  7.  A  dorsal  view  of  Martin's  so-called  21-days  embryo.  Note  the  four  pairs  of  mesodermic 
somites,  the  primitive  streak,  and  the  primitive  and  neural  grooves.      x  15.     After  Martin. 

Fig.  8.  The  21-days  embryo  seen  in  fig.  5.  This  hook-shaped  embryo  is  three  times  the  size  of,  and 

much  further  advanced  in  its  development  than,  Martin's  so-called  21-days  embryo.  Note  the  right 
vitelline  vein  (v.v.)  on  its  way  to  the  relatively  large  heart  (ht),  the  fronto-nasal  process  (f.p.),  the  four 

branchial  arches  (b.a.)  and  branchial  grooves,  and  the  depression  between  the  first  arch  and  the  fronto- 
nasal process,  which  represents  the  mouth  or  stomodseum  (s.).  Only  the  front  part  of  the  amnion  (am.)  is 

represented.      x  15. 

Fig.  9.  Part  of  the  same  embryo  with  its  amniotic  investment.  Note  the  swelling  near  the  end  of  the 

frontonasal  process  due  to  the  optic  vesicle  (o.ve.) ;  the  mouth  between  the  fronto-nasal  process  and  the 
first  pair  of  arches  (1  b.a.) ;  and  the  cavities  of  the  three  branchial  pouches  (b.p.).      x  15. 

Fig.  10.  A  dorsal  view  of  the  same  embryo.  Note  the  mesodermic  somites  and  the  neural  canal  with 

its  opening  to  the  exterior  at  the  caudal  end  (n.p.).      x  15. 

Fig.  I  1.  The  same  embryo  seen  from  below,  the  anterior  part  surrounded  by  the  amnion  (am.).  Note 

the  openings  of  the  otic  vesicles  (o.v.),  the  great  width  of  the  pericardial  chamber,  the  somites,  and  the  fin- 
like caudal  expansion  which  consists  in  part  of  allantoic  mesoderm.      x  15. 
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Plate  X. 

Figs.  12  and  13.  The  right  and  left  ovaries  of  the  Highland  mare  from  which  the  21-days  embryo  was 
obtained.     Natural  size. 

Fig.  14.  The  uterus,  oviducts,  and  ovaries  of  the  same  mare,  half  natural  size,  with  part  of  the  wall  of 

the  body  of  the  uterus  and  of  the  left  uterine  horn  removed  to  expose  the  21-days  blastocyst.  Note  the 

longitudinal  folds  of  the  uterine  mucous  membrane  cut  by  transverse  furrows  into  tongue-like  processes,  and 
the  opening  leading  from  the  right  uterine  horn. 

Fig.  15.  The  left  uterine  horn,  blastocyst,  and  oviduct,  and  the  ovary  sectioned  to  show  ovarian  follicles 

at  various  stages  of  growth.  Had  the  blastocyst  escaped  about  the  end  of  the  third  week  the  large  follicle 

on  the  right  (o.f.)  would  have  discharged  a  ripe  ovum  on  or  about  the  day  the  mare  was  killed.  Had  the 

gestation  gone  on  to  full  time  the  size  of  the  large  follicles  would  have  been  gradually  reduced.  There  is  no 
evidence  of  erosion  of  the  lining  of  the  uterus  by  trophoblastic  cells,  or  of  epiblastic  processes  from  the 

trophoblast  projecting  into  the  spaces  between  the  cells  of  the  uterine  mucosa.     Natural  size. 

Plate  XI. 

Fig.  16.  Section  through  the  ovary  of  a  mare  which  died  on  the  second  day  of  oestrus.  Note  that  the 

outer  wall  of  the  large  follicle  (o.f.)  is  thinner  than  in  the  large  follicle  in  fig.  15.  Had  this  mare  survived 

four  or  five  days  longer  this  follicle  would  have  doubtless  discharged  a  ripe  ovum.     Natural  size. 

Fig.  17.  Section  through  the  ovary  of  a  mare  which  died  three  months  after  giving  birth  to  a  foal. 

Note  the  corpus  luteum  (c.  Im.)  above  the  circular  follicle  near  the  middle  of  the  ovary.     Natural  size. 

Fig.  18.  The  corpus  luteum  found  in  the  left  ovary  of  the  mare  from  which  the  21-days  embryo  was 

taken.  Natural  size.  The  corpus  luteum  in  the  mare  from  which  Martin  obtained  his  so-called  21-days 
embryo  was  about  double  the  size  of  a  lentil. 

Fig.  19.  The  "trumpet"  of  the  oviduct  and  upper  end  of  the  left  uterine  horn  represented  in  fig.  14- 
Note  the  small  opening  (o.i.)  leading  from  the  horn  into  the  oviduct,  the  numerous  lamellee  lining  and 

extending  over  the  edge  of  the  trumpet,  and  the  interrupted  lamellae  lining  the  expanded  part  of  the  oviduct 

adjacent  to  the  trumpet.     Natural  size. 

Fig.  20.  Transverse  section  through  the  upper  end  of  the  left  uterine  horn  represented  in  fig.  14. 
Natural  size. 

Fig.  21.  Part  of  the  left  uterine  horn  in  contact  with  the  21-days  blastocyst  represented  in  fig.  15. 
It  shows  the  appearance  assumed  by  the  ridges  when  the  horn  is  pinned  out  on  a  flat  surface.  As  the  horn 

expands  the  ridges  become  less  prominent  and  the  spaces  between  the  ridges  are  gradually  increased. 
Natural  size. 

Fig.  22.  Part  of  the  sinus  terminalis  (s.t.)  taking  an  irregular  course  through  the  unsplit  mesoderm 

of  the  21-days  embryo :  v.a.,  vessels  proceeding  from  the  sinus  towards  embryo;  b.v.,  vessels  in  mesoderm 
beyond  the  sinus  ;  t.d.,  trophoblastic  disc,      x  28. 

Plate  XII. 

Fig.  23.  Section  showing  the  highly  congested  condition  of  the  uterine  mucosa  on  the  second  day  of 
oestrus.      x  40. 

Fig.  24.  Part  of  the  same  more  highly  magnified,  showing  congested  capillaries,  distended  glands,  and 

yellow  bodies  resembling  haematoidin  crystals.  There  was  no  evidence  of  the  escape  of  blood  corpuscles  into 

the  cavity  of  the  uterus  or  of  destruction  of  the  uterine  epithelium.      x  250. 

Fig.  25.   Section  through  a  ridge  from  the  uterine  horn  containing  the  21-days  embryo.      x  14. 
Fig.  26.  Part  of  the  same  section  more  highly  magnified  (  x  100).  At  the  end  of  the  third  week  of 

gestation  the  glands  are  decidedly  less  active  and  there  is  less  congestion  than  is  the  case  during  oestrus. 

Fig.  27.  The  21-days  embryo,  15  times  natural  size.  The  head  and  front  portion  of  the  trunk  are 
bent  backwards  round  the  large  heart,  v.v.,  the  large  vitelline  veins  reaching  the  sinus  venosus  from  the 

yolk-sac;  r.v.a.,  small  right  vitelline  artery;  l.v.a.,  large  left  vitelline  artery;  the  left  aorta  and  the 

proximal  part  of  the  left  vitelline  vessel  (text-fig.  8)  are  not  represented  in  the  drawing. 
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Plate  XIII. 

Fig.  28.  Section  of  the  blastocyst  immediately  beyond  the  sinus  terminalis.  tr.,  trophoblast  consisting 

of  columnar  cells — note  that  the  cells  are  in  contact  with  each  other  along  their  whole  length,  have  square-cut 
ends  and  deeply  placed  nuclei ;  md.,  unsplit  mesoderm  lying  in  a  space  between  the  trophoblast  and  the 

yolk-sac  endoderm ;  md.e.,  growing  edge  of  mesoderm,  in  contact  with  inner  surface  of  trophoblast ;  y.e., 

yolk-sac  endoderm,  in  contact  with  the  trophoblast,  immediately  beyond  the  growing  edge  of  the  mesoderm; 

!>.>:.,  a  blood-vessel  beyond  the  sinus  terminalis. 
Fig.  29.  Section  through  the  centre  of  a  trophoblastic  disc.  The  disc  consists  of  very  tall  cells,  devoid, 

except  round  the  margin,  of  sac-like  processes.  Some  of  the  cells  contain  one  or  more  round  bodies  derived 

perhaps  from  the  "  uterine  milk."  The  cavity  of  the  disc  is  occupied  by  a  deeply  stained  coagulum  con- 
tinuous with  a  membrane-like  coagulum  (cm.)  lying  between  the  trophoblast  (tr.)  and  endoderm  (end.). 

The  endoderm  between  the  discs  consists  of  a  single  layer  of  cells,  but  opposite  the  discs  it  sometimes  consists 

of  masses  of  cells  in  contact  with  a  lightly  stained  material  which  projects  into  the  cavity  of  the  yolk-sac. 

Many  of  the  cells  surrounding  the  disc  end  in  sac-like  processes  (pc). 
Fig.  29a.  Section  through  the  edge  of  a  disc.  In  such  sections,  owing  to  the  presence  of  many  nuclei, 

the  disc  seems  to  have  resulted  from  a  heaping  up  of  cells.  Many  of  the  endoderm  cells  (end.)  seen  in  this 

section  diner  from  the  typical  endoderm  cells  in  figs.  30  and  31. 

Fig.  30.  This  section  represents  an  early  stage  in  the  development  of  a  disc.  On  the  left  of  the  section 

are  nearly  typical  columnar  cells  (tr.) ;  then  come  cells  with  sacdike  processes  (pc.),  apparently  in  the  act  of 

taking  in  food  particles  ;  then  cells  which  by  proliferating  and  elongating  eventually  form  the  disc  ;  cells  with 

sac-like  processes  (pc.)  also  occur  on  the  right  of  the  elongating  cells.  In  the  region  of  the  developing  disc 
the  coagulum  is  thick  and  irregular ;  beyond  this  region  it  has  the  appearance  of  a  basement  membrane. 

Further,  within  the  developing  disc  the  endoderm  has  undergone  proliferation  and  lies  in  contact  with  a 

lightly  stained  coagulum. 

Plate  XIV. 

Fig.  31.  A  minute  coagulum  lying  between  the  trophoblast  and  the  endoderm.  This  represents  the  first 

stage  in  the  development  of  a  trojmoblastic  disc  and  of  a  yolk-sac  tubercle ;  tr.,  trophoblast ;  end.,  endo- 
derm ;  cm.,  coagulum.      x  400. 

Fig.  31a.  The  coagulum  in  fig.  32  seen  from  the  cavity  of  the  yolk-sac.  The  cells  in  contact  with  the 
coagulum  are  more  granular  and  more  deeply  stained  than  the  surrounding  endoderm  cells.      x  400. 

Fig.  32.  A  later  phase  in  the  development  of  a  yolk-sac  tubercle.  The  coagulum  (cm.),  now  larger,  is 
invested  by  highly  granular  endoderm  cells  (end.)      x  400. 

Fig.  32a.  Section  through  same  tubercle  beyond  the  margin  of  the  coagulum.      x  400. 

Fig.  33.  Diagram  of  longitudinal  section  of  21-days  embryo  and  its  membranes.  Note  the  complete 
amnion  (am.),  the  small  allantoic  diverticulum  (al.d.)  embedded  in  the  allantoic  mesoderm  (al.m.),  the  wide 

yolk-stalk  (ys.),  that  the  mesoderm  (md.a.)  except  in  the  immediate  vicinity  of  the  embryo  is  still  unsplit, 
and  that  the  spinal  cord  opens  at  its  caudal  end  (c.n.)  into  the  amniotic  cavity  (am.c.) ;  at ,  atrium;  cl., 

cloaca;  d.a.,  dorsal  aorta;  ecd.,  ectoderm;  end.,  endoderm.;  exo.,  exocoelom ;  f.b.,  fore-brain;  h.b.,  hind- 

brain;  m.,  "longitudinal  growth-centre  of  embryo";  m.b.,  mid-brain;  md.,  mesoderm;  mo.,  mouth; 
nc,  notochord ;  nex.,  canal  of  spinal  cord;  p.o.v.,  optic  vesicle;  s.c,  spinal  cord;  s.v.,  sinus  venosus ; 

t.,  tuberculum  impar;  v.,  ventricle;  y.sa.,  yolk-sac;  1,  2,  3,  4,  internal  branchial  slits.  Circa  15  times 
natural  size,  21-days  embryo. 

Fig.  34.  Semi-diagrammatic  drawing  of  the  21-days  blastocyst  with  part  removed  to  show  the  embryo. 

Note  the  complete  amnion  (am.),  the  yolk-stalk  (y.s.)  leading  into  a  large  yolk-sac,  the  left  vitelline  artery 
(v. a.),  the  sinus  terminalis  (s.t.),  and  the  right  vitelline  vein  (v. v.),  that  the  greater  part  of  the  mesoderm  is 

still  unsplit  (md.a.),  and  that  the  non-vascularised  distal  portion  of  the  blastocyst  consists  only  of  tropho- 
blast (tr.)  and  endoderm  (end.).  Beyond  the  sinus,  dots  (t.d.)  represent  some  of  the  trophoblastic  discs. 

am.c,  amniotic  cavity ;  exo.,  exocoelom ;  md.,  mesoderm.     Circa  3  times  natural  size. 

Fig.  35.  The  21-days  embryo  as  it  appeared  when  the  chorion  was  removed.  Note  the  large  left 

vitelline  artery  (v.a.),  the  large  right  and  left  vitelline  veins  (v.v.),  and  the  rich  plexus  of  vessels  in  the 

vicinity  of  the  embryo. 
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Plate  XV.* 
Fig.  36.  Section  through  fronto-nasal  process  of  the  21-days  embryo,  am.,  amnion;  am.c,  amniotic 

cavity;  f.b.,  cavity  of  fore-brain;  p.o.v.,  primary  optic  vesicle. 

Fig.  37.  Section  through  head  end  of  notochord  (nc).  m.b.,  mid-brain  ;  f.g.  fore-gut ;  s.p.,  Seessel's 
pouch  ;  sto.,  stomodseum  ;  1  a.a.,  first  aortic  arch. 

Fig.  38.  Section  through  otic  vesicles  (o.v.).  h.b.,  hind-brain ;  d.a.,  dorsal  aorta ;  f.g.,  fore-gut, 

from  which  notochord  projects  upwards  towards  floor  of  hind-brain ;  2  b.p.,  second  branchial  pouch ; 
d.a.,  dorsal  aortse  formed  by  union  of  first  two  aortic  arches ;  jit.,  atrium ;  b.co.,  bulbus  cordis ; 

pc,  pericardium. 
Fig.  39.  Section  through  third  branchial  pouch  (3  b.p.).  at.,  atrium ;  a.v.c,  atrio-veutricular  constric- 

tion ;  b.co.,  bulbus  cordis;  d.a.,  dorsal  aorta;  h.b.,  hind-brain;  pc,  pericardium;  v.,  ventricle. 

Fig.  40.  Section  through  fourth  branchial  pouch  (4  b.p.).  at.,  atrium;  at.v.,  atrio-ventricular  valve; 

b.co.,  bulbus  cordis;  d.a.,  dorsal  aorta;  h.b.,  hind-brain;  v.,  ventricle. 

Plate  XVI. 

Fig.  41.  Section  through  anterior  part  of  sinus  venosus  (s.v.).  am.,  amnion;  d.a.,  dorsal  aorta; 

f.g.,  fore-gut;  nc,  notochord;  pp.c,  pleuro-pericardial  cavity;  s.c,  spinal  cord;  v.v.,  vitelline  vein. 

Fig.  41a.  Section  through  middle  part  of  trunk  in  a  line  with  above,  m.g.,  mid-gut ;  m.p.,  muscle  plate; 
p.d.,  pronephric  duct;  u.v.,  umbilical  vein;  w.b.,  Wolffian  body.     Other  abbreviations  as  before. 

Fig.  42.  Section  through  trunk  and  middle  portion  of  sinus  venosus  (s.v.).  d.c,  duct  of  Cuvier  ; 

lu.,  lung;  v.v.,  vitelline  vein;  c.v.,  branch  of  vitelline  vein.     Other  abbreviations  as  before. 

Plate  XVII. 

Fig.  43.  Section  through  posterior  part  of  sinus  venosus  (s.v.)  and  the  terminal  portions  of  vitelline 

veins  (v.v.).     pc,  pericardium.     Other  abbreviations  as  before. 

Fig.  44.  Section  through  middle  part  of  trunk  in  region  of  yolk-stalk,  sp.,  splanchnopleure.  Other 
abbreviations  as  before. 

Figs.  45  and  46.  Sections  through  posterior  third  of  trunk.  Note  that  the  amnion  (am.)  is  folded  to 

form  longitudinal  ridges,     c.v.,  posterior  cardinal  vein.     Other  abbreviations  as  before. 

Fig.  47.  Section  near  the  point  where  the  dorsal  aorta  divides  in  two.     Abbreviations  as  before. 

Plate  XVIII. 

Figs.  48  and  49.  Sections  nearer  caudal  end  than  fig.  47,  showing  two  aortse  (d.a.).     Abbreviations  as 
before. 

Fig.  50.  Section  through  hind-gut  (h.g.)  immediately  in  front  of  posterior  wall  of  yolk-stalk.  Note  the 
triangular  form  of  the  spinal  cord  (s.c),  the  mesodermic  somites  (m.p.),  cardinal  veins  (c.v.),  and  the  two 

aortse  (d.a.). 

Fig.  51.  Section  through  the  posterior  wall  of  the  yolk-stalk  (y.st.).  al.b.,  allantoic  branches  of  aorta  ; 

h.g.,  hind-gut.     Other  abbreviations  as  before. 
Fig.  52.  Section  through  cloaca  (cl.)  immediately  in  front  of  opening  of  spinal  cord  into  amniotic  cavity. 

The  notochord  nc,  is  tubular,  and  lies  at  one  side  of  the  middle  line.  Note  the  wide  allantoic  diverticulum 

(al.d.)  and  the  crescent-shaped  amniotic  cavity  (am.c).     Other  abbreviations  as  before. 
Fig.  53.  The  tenth  section  from  the  caudal  end  of  the  embryo,  am.,  amnion;  am.c,  amniotic 

cavity;  al.d.,  terminal  portion  of  allantoic  diverticulum;  en.,  caudal  neuropore  ;  s.c,  spinal  cord;  sp., 

splanchnopleure  ;  u.v.  umbilical  vein. 

*  The  figures  in  Plates  XV-XVIII  are  all  magnified  75  diameters. 
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VIII. — Description  of  a  Reconstruction    Model    of  a    Horse    Embryo    Twenty-One 

Days  Old.     By  Professors  Arthur  Robinson,  M.D.,  and  A.  Gibson,  M.B.,  F.R.C.S. 

(MS.  received  June  7,  1915.     Eead  June  7,  1915.     Issued  separately  January  17,  1916.) 

[Plate  XIX,  figs.  54-63.     Text-figs.  22-26.] 

[Note. — The  following  account  of  a  horse  embryo  twenty-one  days  old  is  based  upon 
a  reconstruction  and  upon  notes  made  by  Mr  A.  Gibson,  M.B.,  F.R.C.S.,  etc.,  Professor 

of  Anatomy  in  the  Medical  College,  Winnipeg,  when  he  was  working  in  the 

Anatomical  Department  of  the  University  of  Edinburgh,  and  he,  therefore,  is 

responsible  for  everything  except  the  mere  writing. 

When  the  reconstruction  and  the  notes  were  completed,  Professor  Cossar  Ewart, 

to  whom  the  embryo  belonged,  was  too  fully  occupied  to  proceed  with  his  description 

of  the  embryo,  consequently  Mr  Gibson's  notes  were  put  aside  for  the  time.  Now, 
when  circumstances  permit  Professor  Ewart  to  proceed  with  his  part  of  the  work,  the 

services  of  Professor  Gibson  are  not  available  ;  therefore,  with  the  aid  of  the  recon- 

struction and  Professor  Gibson's  original  notes,  I  have  put  together  the  following 
account  of  the  embryo ;  but,  as  Professor  Gibson  has  not  had  the  opportunity  to 

revise  his  notes,  I  must  be  held  entirely  responsible  for  any  errors  of  description 

or  interpretation  which  may  be  found  in  the  account. 
Arthur  Robinson. 

Feb.  1915.] 

The  embryo,  as  represented  by  the  model,  is  bent  upon  itself,  at  the  level  of  the 

cranial  border  of  its  umbilical  orifice — that  is,  at  the  caudal  end  of  the  pericardial 
region ;  and,  as  a  result  of  the  bending,  the  general  outline  of  the  embryo,  when 

viewed  from  the  side,  is  hook-shaped. 
The  dorsal  and  longer  limb  of  the  hook  is  formed  by  the  more  caudal  portion  of 

the  embryo — that  is,  the  part  which  would  lie  caudal  to  the  cranial  margin  of  the 
umbilicus  if  the  embryo  were  unbent. 

The  shorter  limb  of  the  hook  is  formed  by  the  pericardial  and  cranial  regions 

of  the  embryo  with  the  included  foregut  and  the  stomatodseum.  This  part  of  the 

embryo  is  of  course  reversed  so  that  its  true 'dorsal  surface  is  directed  ventrally,  and 
its  ventral  surface  is  turned  dorsally  and  lies  in  relation  with  the  ventral  surface  of  the 

more  caudal  portion  of  the  embryo  (figs.  54,  55,  56,  PI.  XIX #  ;  and  8  and  11,  PI.  IX). 
When  Professor  Ewart  measured  the  embryo  in  the  fresh  condition,  it  was  found 

to  be  11  mm.  total  length,  measured  round  the  bend,  whilst  the  distance  from  the 

bend  to  the  most  anterior  part  of  the  head  was  3 '25  mm.  and  the  distance  from  the 

bend  to  the  caudal  extremity  was  6 '25  mm. 

*  Figs,  referred  to,  other  than  those  in  Plate  XIX,  are  in  the  Plates  of  Professor  Cossar  Ewakt's  paper. 
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The  material  given  to  Mr  Gibson,  for  reconstruction,  was  a  series  of  387  trans- 
verse sections,  each  section  being  IOju,  thick ;  therefore  the  total  length  of  the 

fixed  and  hardened  embryo  was  3'87  mm.  Shrinkage,  to  the  extent  of  about 
40  per  cent.,  must,  therefore,  have  occurred  during  the  preparation  and  embedding 
of  the  embryo. 

That  shrinkage  has  occurred  is  obvious  from  the  condition  of  the  heart  and  some 

of  the  other  organs.  Moreover,  whilst  the  shrinkage  does  not  appear  to  have  altered 

the  relative  positions  of  the  organs,  it  has  altered  the  relative  proportions  of  the 

two  parts  of  the  bent  embryo  ;  for  whilst  in  the  fresh  embryo  the  total  length  wae 

11  mm.,  and  the  proportion  of  the  shorter  to  the  longer  part  was  as  325  to  625,  the 

total  length  of  the  reconstruction  is  819  mm.  and  the  proportion  of  the  shorter  to 

the  longer  segment  is  as  230  to  387.  Nevertheless,  the  general  appearance  of  the 

reconstruction  and  the  drawings  of  the  fresh  embryo  are  essentially  alike  (figs.  54, 

55,  56,  PI.  XIX;  8,  11,  PI.  IX  ;  27,  PI.  XVI),  except  that  the  flexure  in  the  model 

is  more  acute,  on  account  of  a  certain  amount  of  shrinkage  of  the  heart,  and  that  the 

curve  of  the  head  and  the  part  of  the  body  on  the  cranial  side  of  the  umbilicus  is  less 

rounded  than  it  was  in  the  fresh  embryo. 

The  reconstruction  was  made  by  the  ordinary  wax-plate  method,  each  section 
being  enlarged  100  diameters  on  plates  1  mm.  thick;  the  reconstruction  is,  therefore, 

one  hundred  times  as  large  as  the  fixed  and  hardened  embryo. 

When  the  embryo  was  cut  into  sections,  portions  of  the  yolk-sac  were  still  attached 
to  it,  and  they  are  shown  in  the  model  (Sp.,  figs.  54,  55,  56,  PL  XIX). 

There  was  a  completely  closed  amnion,  which  was  removed  from  the  model  to 

expose  the  dorsal  surface  of  the  embryo. 

The  description  of  the  appearance  of  the  embryo  and  its  appendages  in  the 

fresh  condition  has  been  given  by  Professor  Ewart  in  the  preceding  pages ;  what 

follows  is  a  description  based  upon  the  reconstruction.  In  it  the  terms  "  cranial  "  and 

"  caudal "  portions  of  the  embryo  will  be  used  respectively  to  refer  to  the  shorter  and 
more  cranial,  and  the  longer  and  more  caudal  parts  of  the  bent  embryo  ;  whilst  the 

term  "  the  bend  of  the  embryo  "  will  refer  to  that  part  which  connects  the  cranial  and 
caudal  portions  together  and  forms  the  convex  projection  of  the  hook-shaped  bend. 

Surface   Views. 

AVhen  examined  from  above,  from  which  aspect  the  cranial  portion  of  the  embryo 

is  not  visible,  the  caudal  portion  has  an  hour-glass-shaped  outline  (fig.  54,  PI.  XIX), 
the  constricted  portion  being  a  little  nearer  the  caudal  than  the  cranial  end  of  the 

caudal  portion  of  the  embryo. 

The  constriction  is  not  an  artefact,  but  it  is  exaggerated  by  the  shrinkage,  for  it 

is  more  marked  in  the  reconstruction  than  in  the  fresh  specimen  (fig.  10,  PI.  XIII; 

fig.  54,  PL  XIX). 

In  the  region  of  the  constriction  the  somatic  wall  of  the  embryo  is  definitely 
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folded  upon  itself,  but  neither  the  constriction  nor  the  folding  appears  to  be  due  to 

any  external  extra-embryonic  cause. 
An  elevated  ridge  which  marks  the  position  of  the  neural  tube  runs  along  the 

median  part  of  the  dorsal  region  of  the  caudal  portion  of  the  embryo  (fig.  54, 

PL  XIX). 

At  the  caudal  end  of  the  median  ridge  there  is  a  narrow  cleft,  100/a  long  in  the 

embryo,  which  communicates  with  the  central  canal  of  the  neural  tube  (figs.  54,  61, 

PI.  XIX,  and  text-fig.  22,  p.  334),  and  constitutes  the  caudal  neuropore. 
In  the  cranial  part  of  the  caudal  portion  of  the  embryo  there  is,  on  each  side  of 

the  median  neural  elevation  ridge,  an  elevation  which  indicates  the  position  of  the 

subjacent  pleuro-pericardial  canal  (figs.  55,  56,  PL  XIX). 
When  the  model  is  examined  from  below,  the  dorsal  surface  of  the  cranial  portion 

and  the  ventral  surface  of  the  more  caudal  part  of  the  caudal  portion  of  the  embryo 

are  seen  (fig.  55,  PI.  XIX).  In  the  median  line  of  the  cranial  portion  the  neural 

ridge,  already  noted  on  the  caudal  portion,  extends  cranially  to  the  level  of  the 

dorsal  end  of  the  fourth  branchial  arch.  There  it  terminates  in  a  concavity  which 

corresponds  in  position  with  the  dorsal  wall  of  the  hind-brain  (figs.  55,  57,  58, 
PI.  XIX). 

Still  more  cranially  is  the  convexity  of  the  mid-brain  ;  at  that  point  the  head 

bends  towards  the  ventral  surface  of  the  embryo  and  it  terminates  in  a  rounded  con- 
vexity, which  forms  the  cranial  boundary  of  the  stomatodseum  and  which  is  bulged, 

on  each  side,  by  the  projection  of  the  rudimentary  optic  vesicle  (fig.  57,  PI.  XIX, 

and  fig.  36,  PI.  XV).     There  is  no  anterior  neuropore. 

The  portion  of  the  caudal  part  of  the  embryo  which  is  seen  when  the  model  is 

viewed  from  below  is  a  slightly  concave  and  smooth  area  which  forms  a  part  of  the 

wall  of  the  yolk-sac ;  for  although  the  area  in  question  will  eventually  form  part  of 

the  wall  of  the  alimentary  canal,  the  separation  of  the  post-umbilical  part  of  the 

alimentary  canal  from  the  yolk-sac  has  not  yet  commenced,  except  at  the  caudal  end 

of  the  embryo ;  there  a  narrow,  antero-posterior,  cleft  indicates  the  position  of  the 

already  partially  enclosed  cloacal  portion  of  the  hind-gut  (fig.  55,  PI.  XIX). 
When  the  model  is  examined  from  the  side  (figs.  56,  58,  PI.  XIX)  the  coelomic 

space  is  very  obvious  in  the  caudal  portion  of  the  embryo,  where  it  intervenes  between 

the  splanchnopleure  and  the  somatopleure,  and  the  peculiar  folding  of  the  somato- 
pleure,  immediately  before  it  becomes  continuous  with  the  amnion,  is  very  noticeable. 

It  is  most  obvious  in  the  constricted  region  which  was  noted  in  the  description  of 

the  dorsal  aspect  of  the  caudal  portion  (fig.  54,  PI.  XIX). 

On  each  side  of  the  cranial  portion  of  the  embryo  four  branchial  arches,  with  three 

intervening  furrows,  are  easily  recognised. 

The  ventral  ends  of  the  first  arches  are  fused  together  at  the  cranial  border  of 

the  pericardial  region,  which  they  separate  from  the  stomatodseum  ;  but  the  ventral 

ends  of  the  three  more  caudally  situated  arches  terminate  on  the  dorsal  border  of 
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the  more  cranially  situated  portion  of  the  bulging  pericardial  region.  Extending 

caudally,  from  the  dorsal  border  of  the  caudal  part  of  the  pericardial  region,  is  the 

ridge,  already  noticed  from  the  dorsal  aspect,  which  curves  round  the  bend  of  the 

embryo  and  indicates  the  position  of  the  pleuro-pericardial  canal  of  the  corresponding 
side  (fig.  56,  PL  XIX). 

The  Nervous  System. 

The  neural  tube  is  closed  and  it  is  separated  from  the  surface  ectoderm  except 

at  its  caudal  end.  There  it  opens  into  the  amniotic  cavity  through  a  narrow  cleft- 

like caudal  neuropore  100/a  long  (figs.  54,  57,  59,  PL  XIX,  and  text-fig.  22,  below). 
There  is  no  sharp  line  of  separation  between  the  cerebral  and  spinal  portions  of 

Left  dorsal 
Aorta 

Ca  udaJ neuwpow 

Allantoic  mesoderm^ 

Somatopleurv 

Allantoic  mesoderm 

Allantoic  entoderm 

Text-fig.  22. —  Dorsal  view  of  a  dissection  of  the  caudal  end  of  the  model  of  the  embryo,  showing  the  caudal 
neuropore,  the  terminal  part  of  the  left  dorsal  aorta,  and  the  allantoic  mesoderm  and  entoderm. 

the  tube,  but  the  cerebral  portion  is  clearly  demarcated  into  hind-,  mid-,  and  fore-brain 

sections,  of  which  the  hind-brain  is  the  largest  and  the  mid-brain  the  smallest.  On 

account  of  the  mid-brain  flexure  the  fore-brain  forms  an  obtuse  angle  with  the  hind- 

brain,  and  it  lies  in  the  anterior  boundary  of  the  fore-gut  and  the  stomatodseum 

(fig.  57,  PL  XIX).  It  is  separated  from  the  mid-brain  by  a  slight  internal  ridge  and 
a  less  marked  external  sulcus.  It  shows  no  signs  of  segmentation  ;  but  from  each 

side  of  its  cranial  end  a  primary  optic  vesicle  bulges  laterally,  forming  a  projection 

which  is  visible  from  the  external  surface  (fig.  36,  PL  XV). 

The  mid-brain  also  shows  no  signs  of  segmentation.  It  is  a  tube  of  fairly  uniform 

calibre,  and  it  passes  without  any  sharp  line  of  separation  into  the  hind-brain. 

The  hind-brain  is  curved  on  its  long  axis,  the  concavity  of  the  curve  being 
directed  dorsally,  and,  as  already  stated,  no  definite  line  can  be  fixed  at  which  it 

becomes  continuous  with  the  spinal  medulla.     Still,  in  the  region  immediately  caudal 
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to  the  hind-brain  curve  there  is  a  second  curve,  convex  dorsally,  which  may  be 
looked  upon  as  the  cervical  curve  ;  therefore  the  three  primary  flexures  of  the  neural 

tube  are  all  present :  the  cephalic  flexure,  in  the  mid-brain  region,  convex  dorsally  ; 

the  pontine  flexure  of  the  hind-brain,  concave  dorsally  ;  and  the  dorsally  convex 

cervical  flexure  at  the  region  of  junction  of  the  hind-brain  and  the  spinal  medulla. 

The  spinal  medulla  runs  from  the  hind-brain  to  the  caudal  end  of  the  embryo, 

where  it  terminates  in  a  mass  of  cells  in  which  the  hind-gut  and  the  notochord 

also  end  (text-fig.  23,  below). 
Throughout  its  whole  extent  the  dorsal  surface  of  the  spinal  medulla  lies  close  to 

the  surface  in  the  dorsal  median  line,  and  no  mesoderm  intervenes  between  it  and 
the  surface  ectoderm. 

As  the  spinal  medulla  passes  caudally  it  gradually  diminishes  in  size,  and  at  its 

Notochord 
NeuralCanaJ       \  Cauda/ Veurvpore Spina/ Medulm\  \  ; 

Somatop7eure     \         '.  |  !         Amnion  Cavity 

entoderm 

Text-fig.  23. — Diagram  representing  a  media]  sagittal  section  of  the  caudal  end  of  the  embryo. 

caudal  end,  where  it  is  not  yet  separated  from  the  surface  ectoderm,  its  central  canal 

opens  on  the  surface  through  the  caudal  neuropore  previously  mentioned  (figs.  54 

and  59,  PI.  XIX  ;  text-fig.  23,  above).      . 
Nerve  ganglia  and  nerves  were  present,  but  no  attempt  was  made  to  reconstruct 

them. 

The  Otic   Vesicle. 

Each  otic  vesicle  is  of  ovoid  form,  but  somewhat  compressed  in  the  cranio-caudal 
direction.  It  opens  on  the  surface,  at  its  dorsal  apex,  between  the  median  plane  and 

the  dorsal  end  of  the  second  visceral  arch  (fig.  55,  PI.  XIX). 

It  is  situated  opposite  the  middle  of  the  concavity  of  the  hind-brain  to  the  medial 
side  of  the  second  branchial  pouch,  at  the  level  of  the  cranial  border  of  the  pouch 

(figs.  55,  58,  PI.  XIX),  and  very  distinctly  caudal  to  the  dorsal  end  of  the  first 

branchial  pouch. 

The  greatest  cranio-caudal  length  of  the  vesicle,  in  the  embryo,  is  150ft.  Its 

immediate  relations  are :  medially,  the  hind-brain ;  ventrally,  the  corresponding 

dorsal  aorta  ;  and  ventro-laterally,  the  anterior  cardinal  vein. 
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The  Alimentary  Canal. 

The   alimentary   canal   comprises   an    ectodermal  stomatodseum,   an    entodermal 

fore-gut,  and  a  partially  enclosed  hind-gut.     The  mid-gut  is  not  yet  separated  from 

the  yolk-sac. 
The  Stomatodseum. 

The  stomatodseum  is  best  seen  from  the  ventral  aspect.  It  is  a  relatively  wide  and 

deep  recess  overhung  on  the  cranial  side  by  the  massive  fronto-nasal  process,  and 
bounded  laterally  and  caudally  by  the  mandibular  arches  (figs.  56,  57,  58,  PI.  XIX). 

Maxillary  processes  of  the  mandibular  arches  and  Kathke's  pouch  are  not  yet 
formed. 

Bucco-pharyngeal  Membrane. 

The  bucco-pharyngeal  membrane  is  still  present.  It  consists  of  ectoderm  and 
entoderm  alone.  Dorsally  it  is  attached  to  the  ventral  surface  of  the  head,  where 

its  entodermal  layer  is  fused  with  the  cranial  end  of  the  notochord.  Laterally  and 

ventrally  it  is  connected  with  the  cranial  borders  of  the  mandibular  arches  (fig.  57, 
PI.  XIX). 

SeesseVs  Pouch. 

Immediately  caudal  to  the  dorsal  end  of  the  bucco-pharyngeal  membrane  there 

is  a  small  dorsal  diverticulum  of  the  cranial  end  of  the  fore-gut.  It  obviously  corre- 

sponds in  position  to  Seessel's  pouch  (fig.  57,  PI.  XIX). 

The  Fore-gut. 

The  dorsal  wall  of  the  fore-gut  follows  the  contour  of  the  ventral  walls  of  the 

mid-  and  hind-brains  (fig.  57,  PI.  XIX). 

In  the  ventral  wall  of  the  fore-gut,  immediately  caudal  to  the  fused  ventral  ends 
of  the  mandibular  arches,  there  is  an  eminence  of  triangular  outline.  It  is  formed 

by  a  mass  of  entodermal  epithelium  which  lies  immediately  dorsal  to  the  cranial  end 

of  the  truncus  aorticus,  and  it  probably  represents  the  tuberculum  impar.  Along 

each  cranio-lateral  border  of  the  tuberculum  impar  there  is  a  slight  ridge  on  the 
ventral  end  of  the  corresponding  mandibular  arch  ;  therefore  at  this  stage  there  are 

present,  already,  three  rudiments  of  the  tongue  (fig.  63,  PI   XIX). 

The  median  part  of  the  caudal  border  of  the  tuberculum  impar  is  connected,  by 

a  median  ridge,  with  a  transverse  elevation  which  unites  the  ventral  ends  of  the 

second  branchial  arches  across  the  ventral  wall  of  the  pharynx  (fig.  63,  PI.  XIX). 

Branchial  Pouches. 

Four  branchial  pouches  are  present  (figs.  57,  58,  PI.  XIX).  The  first  and  second 

are  relatively  voluminous.  They  communicate  with  the  cavity  of  the  pharynx  by 

wide   apertures,   which   are  situated   immediately   ventral  to   the  dorsal   aorta,  and 
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they  are  separated  from  one  another  by  the  second  aortic  arch.  Each  is  provided 
with  a  dorsal  and  a  ventral  diverticulum. 

The  ventral  ends  of  the  first  pair  of  branchial  pouches  are  continuous  with  trans- 

verse grooves  in  the  ventral  wall  of  the  pharynx,  which  are  separated  from  one 

another  by  the  median  longitudinal  ridge  which  unites  the  tuberculum  impar  with 

the  transverse  ridge  between  the  second  arches  (fig.  63,  PI.  XIX). 

The  ventral  ends  of  the  second  branchial  pouches  are  connected  together  by  a 

transverse  sulcus  which  crosses  the  ventral  wall  of  the  pharynx  immediately  caudal 

to  the  second  arches  (fig.  63,  PI.  XIX). 

The  third  branchial  pouch  is  a  shallow  cranio-caudal  evagination  of  the  corre- 

sponding ventro-lateral  border  of  the  triangular  pharyngeal  cavity,  and  the  fourth 
pouch  is  of  similar  character  but  of  much  smaller  size  (fig.  57,  PI.  XIX). 

The  lateral  borders  of  the  third  and  fourth  pouches  can  be  seen  in  fig.  58,  PI.  XIX, 

lying  between  the  dorsal  aorta  and  the  dorsal  wall  of  the  right  atrium  immediately 
cranial  to  the  duct  of  Cuvier. 

Caudal  to  the  region  of  the  fourth  branchial  pouches  the  gut  rapidly  expands, 

and  immediately  dorsal  to  the  cranial  end  of  the  sinus  venosus  its  ventral  wall  dips 

slightly  in  the  median  plane,  whilst,  at  the  same  level,  the  ventral  part  of  each 

lateral  wall  expands  into  a  shallow  pouch.  It  is  probable  that  the  median  depression 

and  the  lateral  diverticulse  represent  the  rudiments  of  the  respiratory  system.  This 

supposition  is  supported  by  the  fact  that  each  lateral  diverticulum  abuts  against  the 

ventro-medial  wall  of  the  corresponding  pleuro-pericardial  canal  (text-fig.  26,  p.  342, 
and  fig.  57,  PL  XIX). 

The  cavities  of  the  first  and  second  branchial  pouches  are  separated  from  the 

corresponding  branchial  cleft  by  ectoderm  and  entoderm  only,  but  between  the 

cavities  of  the  third  and  fourth  pouches  and  the  exterior  there  is  mesoderm  as 
well  as  ectoderm  and  entoderm. 

The  Branchial  Clefts. 

Three  branchial  clefts  are  visible  on  the  surface  (fig.  56,  PI.  XIX).  They  are 

vertical  clefts,  broadest  and  deepest  at  their  ventral  ends,  which  lie  quite  close  to  the 

pericardium,  but  the  depth  of  the  clefts  is  considerably  less  than  that  of  the  corre- 
sponding pouches  (fig.  63,  PI.  XIX). 

The  Branchial  Arches. 

Four  arches  are  visible  on  the  exterior  aspect  of  the  pharyngeal  region,  but  only 

three  on  the  inner  aspect.  On  the  outer  aspect  the  first  three  form  vertical  ridges, 

of  which  the  first  is  the  longest  and  most  massive,  whilst  the  fourth  is  a  rounded 

eminence  (fig.  56,  PL  XIX).  The  ventral  ends  of  the  first  arches  are  joined  together 

in  front  of  the  cranial  border  of  the  pericardium.  The  ventral  ends  of  the  three 

posterior  arches  abut  against  the  dorsal  border  of  the  bulging  pericardial  region. 
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The  dorsal  ends  of  all  four  arches  fade  away,  on  the  dorsal  aspect  of  the  hind-brain 
region  of  the  head. 

On  the  inner  surface  of  the  ventral  end  of  each  first  arch  there  is  a  slight  ledge- 

like projection  which  runs  along  the  corresponding  cranio-lateral  border  of  the 
tuberculum  impar  and  fuses  in  front  of  the  tuberculum  with  its  fellow  of  the  opposite 

side.  These  ledges  probably  represent  the  rudiments  of  the  lateral  borders  and  the 

tip  of  the  tongue  (fig.  63,  PI.  XIX). 

The  inner  portions  of  the  ventral  ends  of  the  second  arches  are  fused  with  one 

another  across  the  floor  of  the  pharynx,  and  the  ventral  ends  of  the  inner  portions 

of  the  third  arches  end  in  slight  elevations,  on  the  floor  of  the  pharynx,  but  they 

are  not  yet  united  together  in  the  median  plane  (fig.  63,  PL  XIX). 

Each  first  and  second  branchial  arch  is  traversed  by  the  corresponding  aortic  arch, 

but  no  definite  blood-vessels  are  present  in  the  third  and  fourth  arches.  Their  cores 
are  formed  by  thickened  bars  of  undifferentiated  mesoderm  interposed  between  the 

ectodermal  and  entodermal  layers. 

Mid-gut  and  Hind-gut. 

There  is  no  definite  mid-gut,  and  only  a  small  part  of  defined  hind-gut.  For  a 
distance  corresponding  with  two  and  a  half  millimetres  of  the  embryo,  caudal  to  the 

cranial  border  of  the  umbilicus — that  is,  caudal  to  the  posterior  border  of  the  peri- 

cardial region — there  is  no  trace  of  demarcation  of  gut  from  yolk-sac,  but  more 
caudally  there  is  a  cleft  400/x  long,  in  the  embryo,  which  leads  into  a  definitely 

enclosed  hind-gut  (fig.  55,  PI.  XIX). 
It  should  be  noted  that  the  cleft  is  caused  by  infolding  of  the  lateral  parts  of 

the  splanchnopleure,  and  that  the  small  cloacal  chamber  and  the  allantoic  diverti- 
culum have  either  been  enclosed  by  the  meeting  and  fusion  of  the  lateral  folds  or 

they  are  diverticula  from  the  yolk-sac,  for  there  is  no  trace  of  any  caudal  fold. 
There  can  be  scarcely  any  doubt  that,  of  the  two  diverticula  from  the  caudal  end 

of  the  hind-gut,  the  one  which  runs  caudally  is  the  allantoic  diverticulum,  and  that 
which  passes  dorsally  is  either  a  part  or  the  whole  of  the  rudiment  of  the  cloacal 

chamber  ;  but  it  is  noteworthy  that,  of  the  two,  the  allantoic  diverticulum  at  this 

stage  approaches  nearer  to  the  amnion  cavity  than  does  the  cloacal  diverticulum, 

and  that  the  cloacal  membrane  is  a  comparatively  thick  mass  of  tissue,  with  but 

small  transverse  or  cranio-caudal  extension  (text-fig.  23,  p.  335,  and  fig.  57,  PI.  XIX). 

The  Entodermal  Cloaca. 

The  pouch-like  diverticulum  from  the  dorsal  wall  of  the  caudal  portion  of  the 
gut  which  represents  part  or  the  whole  of  the  rudiment  of  the  cloacal  chamber  has  a 

cavity  which  is  only  SOjjl  long  in  the  embryo.  Its  entodermal  epithelial  wall  is  thick, 

and  at  its  caudal  end  it  fuses,  dorsally,  with  a  terminal  mass  of  cells  in  which  end  the 
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epithelium  of  the  gut  wall,  the  spinal  medulla,  and  the  cells  of  the  caudal  end  of  the 

notochord.  In  other  words,  the  epithelium  of  the  dorsal  end  of  the  cloacal  diverti- 

culum fuses  with  the  longitudinal  growth  centre  of  the  embryo  ;  but  the  epithelium 

which  forms  the  caudal  boundary  of  the  diverticulum  abuts  against  the  surface 

ectoderm  of  the  tail  amnion  fold,  from  which  it  is  separated,  in  places,  by  a  very 

thin  layer  of  cells  which  appear  to  be  of  mesodermal  nature.  This  portion  of  the 

epithelial  wall  of  the  cloacal  chamber,  therefore,  takes  part  in  the  formation  of  the 

very  small  cloacal  membrane  which  separates  the  cloacal  chamber  from  the  amniotic 

cavity  (text-fig.  23,  p.  335,  and  fig.  57,  PL  XIX). 

The  Allantois  and  its  Blood-vessels. 

The  allantois  is  of  small  size  (text-fig.  24,  below,  and  figs.  55,  56,  57,  61,  PI.  XIX). 

It  consists  of  the  allantoic  diverticulum  from  the  hind-gut  and  the  somatic  mesoderm 
which  covers  it. 

The  allantoic  diverticulum  is  a  narrow-necked  sac  so  flattened  dorso-ventrally  that 
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Text-fig.  24. — Slightly  oblique  section  through  the  caudal  end  of  the  embryo  immediately  posterior  to  the 
angle  between  the  cloacal  chamber  and  the  allantoic  diverticulum.  The  section  shows  the  small  cloacal 
chamber,  the  flattened  allantoic  diverticulum,  and  the  hollow  notochord. 

its  cavity  is  reduced  to  the  dimensions  of  a  narrow  cleft  (text-fig.  23,  p.  335,  and 

fig.  57,  PI.  XIX). 

The  diverticulum  commences  by  a  narrow  neck  50/a  wide,  but,  as  it  passes 

caudally,  into  the  somatic  mesoderm  beneath  the  caudal  part  of  the  amnion,  it 

expands  till  it  attains,  in  the  embryo,  a  width  of  235/a  (fig.  61,  PI.  XIX).  The  ento- 

dermal  diverticulum  is  surrounded  laterally,  ventrally,  and  caudally  with  mesoderm, 

but  dorsally  it  lies  in  relation  with  the  ectoderm  in  the  region  of  the  caudal  end  of 

the  amnion.  It  is  possible,  therefore,  that  both  the  dorsal  and  the  ventral  diverticula 

are  portions  of  the  common  cloacal  chamber,  and  that  the  portion  of  the  embryo 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.  8). 49 
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between  their  extremities  which  lies  immediately  adjacent  to  the  amnion  cavity  is 

part  of  the  cloacal  membrane  ;  in  that  case  the  entodermal  allantoic  diverticulum  has 

not  yet  formed,  and  the  allantois  is  merely  represented  by  the  vascular  mesoderm 

which  covers  the  posterior  part  of  the  cloacal  chamber.  Which  of  the  two  views  is 

the  more  correct  can  only  be  decided  by  the  examination  of  somewhat  older  specimens, 

and  they  are  not  at  present  available.  In  the  meantime  the  indications  are  that  the 
caudal  diverticulum  is  allantoic  on  account  of  its  narrow  communication  with  the 

remainder  of  the  hind-gut  and  its  relation  to  a  capillary  plexus  of  blood-vessels 
which  communicate  on  the  one  hand  with  the  dorsal  aortse  and  on  the  other  with 

the  umbilical  veins  (figs.  60,  61,  PI.  XIX). 

The  allantoic  blood-vessels  consist  of  a  number  of  dilated  capillaries  which  form 
a  coarse  network  on  each  side.  Each  lateral  network  receives  two  branches  from 

the  caudal  end  of  the  dorsal  aorta  of  the  same  side,  and  it  terminates,  at  the  caudal 

end  of  the  allantoic  mass,  in  a  terminal  transverse  sinus  from  which  the  umbilical 

veins  take  their  origin  (figs.  59,  60,  61,  PI.  XIX).  But,  in  addition  to  the  connection 

with  both  umbilical  veins  through  the  terminal  sinus,  each  vascular  network  also 

communicates  directly  with  the  umbilical  vein  of  the  same  side  (fig.  60,  PL  XIX). 

The  Notochord. 

The  notochord  extends  from  the  dorsal  end  of  the  bucco-pharyngeal  membrane, 
with  which  it  is  continuous,  to  the  growing  point  at  the  caudal  extremity  of  the 

embryo,  where  it  fuses  with  the  mass  of  cells  in  which  the  spinal  medulla  and  the 

entoderm  of  the  caudal  end  of  the  alimentary  canal  also  end. 

In  the  greater  part  of  its  extent  it  is  a  rounded  cord  of  cells,  but  the  cranial 

and  caudal  portions  differ  from  the  longer  intermediate  part,  which  intervenes 
between  them. 

Where  it  lies  ventral  to  the  adjacent  parts  of  the  hind-  and  mid-brain  it  is 
triangular  in  outline,  in  transverse  section.  Nearer  the  cranial  extremity  of  the 

embryo  it  is  flattened  and  forms  a  strap-like  strand,  with  a  dorsal  and  ventral  edge 
and  right  and  left  surfaces.  The  dorsal  edge  lies  free,  ventral  to  the  brain,  whilst 

the  ventral  border  is  fused  with  the  entoderm  of  the  dorsal  wall  of  the  fore-gut.  Its 

cranial  extremity  is  fused,  as  previously  stated,  with  the  dorsal  border  of  the  ento- 

dermal layer  of  the  bucco-pharyngeal  membrane. 
The  caudal  portion  of  the  notochord  is  also  cylindrical,  but  it  is  of  considerably 

greater  diameter  than  the  more  cranially  situated  part.  Shortly  before  it  reaches 

its  caudal  end,  for  a  distance  of  110/a,  in  the  embryo,  it  becomes  a  hollow  tube  (text- 
fig.  24,  p.  339,  and  fig.  52,  PI.  XVIII),  and  this  portion  is  bent  slightly  towards  the 

left  side  of  the  embryo.  Its  caudal  extremity  fuses  with  the  mass  of  cells  which 

forms  the  growth  centre  at  the  caudal  end  of  the  body. 
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The  Vascular  System. 

The  Heart. — The  heart  includes  (l)  a  large  sinus  venosus  ;  (2)  a  sinu-atrial  canal ; 
(3)  a  ventricle;  (4)  an  atrioventricular  canal;  (5)  a  bulbus  cordis;  and  (6)  a 
truncus  aorticus. 

The  sinus  venosus  is  large.  It  forms  the  most  caudal  part  of  the  heart,  and  lies 

in  the  curve  of  the  bent  embryo. 

It  is  somewhat  cuboidal  in  form.  It  is  in  relation  dorsally,  and  near  the  median 

plane,  with  the  ventral  wall  of  the  fore-gut,  and,  on  each  side,  with  the  ventral  wall 

of  the  corresponding  pleuro-pericardial  canal,  into  which  it  bulges  (text-figs.  25,  26, 
below  and  p.  342,  and  fig.  58,  PI.  XIX). 

Spinal  Medulla 

Dorsal  Aorta 

Wall  of  Pleuro-pericardial 
Canal ■  Post.  Cardinal  Vein 

Pleuro-pericardial  Canal Sinus  Venosus ■Amnion 
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Post&nlinal  Vein 

Pericanlial Parity^ 

Vitelline  Vein 

Umbilical  Vein-'' 
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Text-fig.  25. — Oblique  section  through  the  embryo  along  the  line  1 ,  fig.  58,  PI.  XIX. 

On  account  of  the  curvature  of  the  embryo  the  ventral  part  of  the  sinus  venosus 

has  a  comparatively  reduced  cranio-caudal  extent,  as  contrasted  with  the  dorsal  part ; 
and  at  its  caudal  end,  near  the  median  plane  there  is  a  slight  evagination  which 

may  possibly  be  the  rudiment  of  the  cranial  end  of  the  inferior  vena  cava,  but  at 

this  stage  the  evagination  in  question  has  no  connection  with  any  venous  channel  in 

the  liver  region.  The  cephalic  end  of  the  sinus  opens  through  a  short  and  wide 

sinu-atrial  canal  into  the  caudal  part  of  the  atrium.  The  position  of  this  canal  is 
marked  on  the  exterior,  on  each  side,  by  a  very  definite  sulcus  (fig.  57,  PI.  XIX). 

The  tributaries  which  open  into  the  sinus  are  the  two  vitelline  veins,  the  two 

umbilical  veins,  and  the  two  ducts  of  Cuvier.  Each  vitelline  vein  enters  at  the 

caudal  end  of  the  corresponding  lateral  border  of  the  sinus.  The  terminations  of  the 
umbilical  veins  are  close  to  those  of  the  vitelline  veins,  but  are  situated  a  little  more 

medially  and  more  dorsally.  The  short  duct  of  Cuvier,  on  each  side,  enters  the  cranial 

end  of  the  sinus  on  its  dorsal  aspect  and  near  the  lateral  border  (fig.  58,  PI.  XIX). 
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The  Atrium. — Even  when  the  shrinkage  (figs.  57,  62,  PL  XIX)  which  the  atrium 
has  undergone  has  been  fully  taken  into  account,  it  is  obviously  a  smaller  chamber 

than  the  sinus  venosus.  It  lies  more  towards  the  left  than  the  right  side  of  the 

embryo,  cranial  to  the  sinus  venosus  and  dorsal  to  the  left  portion  of  the  ventricular 

chamber  (figs.  57,  58,  62,  PL  XIX).  Its  dorsal  wall  lies  close  to  the  ventral  wall  of  the 

fore-gut,  in  the  region  of  the  ventral  ends  of  the  second  and  third  branchial  pouches, 

and,  as  it  bulges  towards  the  fore-gut,  it  is  largely  responsible  for  the  elevation  which 

forms  the  ridge-like  caudal  boundary  of  the  groove  which  connects  the  ventral  ends  of 
the  second  branchial  pouches  together  (figs.  57,  63,  PL  XIX).  The  ventral  wall  of  the 

atrium  lies  in  relation  with  the  dorsal  wall  of  the  left  portion  of  the  ventricle,  into 

which  it  opens  through  a  short  but  distinct  atrio-ventricular  canal  (fig.  62,  PL  XIX). 

Spinal  Medulla 

Ant.  G'trdinal  Vein 

Sinus Venosus. 

FoJdofVite/Im Vein 

Jtudiment  or"-, 

Vitel/ineVein^ 
ZirerBudimen? 

Jiight Dorsal  Aorta 

DuctofCurier 

\.P/euro-perieardial  Canal 
-Sinus  Venosus 

•Amnion 

-  Vitelline  Vein 

)"  -Sp7anc7inopJeure '"—•l/mbiJical  \%in 

^Amnion  Cavity 
KMusc/ePIate 

"Dorsal  Aorta 

\Spinal Medulla 

U/nbdicaJ  Vein- 

Wolffian  Body  / 

Text-fig.  26.— Oblique  section  through  the  embryo  along  the  line  2,  fig.  58,  PI.  XIX. 

To  the  left  of  the  atrio-ventricular  canal  the  left  margin  of  the  atrium  projects 
ventrally,  forming  the  rudiment  of  the  left  auricle.  The  right  auricular  portion  of 

the  atrium  which  lies  medial  and  caudal  to  the  bulbus  cordis  is  not  so  distinctly 
deliminated. 

The  Ventricle. — The  ventricle  forms  the  most  ventral  portion  of  the  heart.  It 
crosses  the  median  plane  from  left  to  right,  but  lies  more  to  the  right  than  to  the 

left  side  (figs.  55,  56,  62,  PL  XIX).  Its  ventral  wall,  on  the  left  side,  is  deeply 

invaginated,  a  condition  obviously  due  to  shrinkage,  for  in  the  drawings  of  the 

fresh  specimen  the  ventricular  area  is  uniformly  convex.  There  is  already  definite 

surface  indication  of  the  separation  of  the  ventricle  into  right  and  left  portions 

(fig.  62,  PL  XIX). 

The  bulbus  cordis  commences  at  the  cranial  end  of  the  right  ■  segment  of  the 
ventricle  and  it  runs  medially  and  dorsally  till  it  reaches  the  median  plane,  where  it 
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terminates  in  a  short  truncus  aorticus  (figs.  58,  62,  PL  XIX).  The  truncus  aorticus 

lies  dorsal  to  the  ventricle,  cranial  to  the  atrium,  and,  at  its  termination,  it  is  on  the 

right  side  of  the  atrio-ventricular  canal  (fig.  62,  PL  XIX). 
Truncus  Aorticus. — The  short  truncus  aorticus  extends  from  the  bulbus  cordis 

to  the  ventral  wall  of  the  fore-gut,  where,  immediately  ventral  to  the  ventral  ends  of 
the  first  branchial  pouches,  it  terminates  by  dividing  into  four  branches,  two  on  each 

side.  The  more  cranially  situated  branches  are  the  ventral  roots  of  the  first  aortic 

arches  ;  the  more  caudally  situated  branches  are  the  second  aortic  arches. 

The  Aortic  Arches. — Two  aortic  arches  are  present  on  each  side. 
The  ventral  root  of  the  first  arch  runs  cranialwards  from  the  truncus  aorticus, 

below  the  aperture  of  the  first  branchial  pouch,  to  the  ventral  end  of  the  mandibular 

arch  ;  there  it  turns  dorsally  and  becomes  the  first  aortic  arch. 

The  first  aortic  arch  runs  dorsally,  along  the  cranial  border  of  the  aperture  by 

which  the  first  branchial  pouch  communicates  with  the  pharynx  (figs.  58,  63, 

PL  XIX),  and  at  the  level  of  the  dorsal  margin  of  the  aperture  it  turns  caudally 
and  becomes  the  dorsal  root  of  the  first  arch.  The  dorsal  root  of  the  first  arch 

terminates  by  joining  the  dorsal  end  of  the  second  arch  at  the  level  of  the  otic 

vesicle  and  ventral  to  the  anterior  cardinal  vein  (fig.  58,  PL  XIX). 

The  second  aortic  arch  runs  directly  dorsally,  through  the  second  branchial 
arch,  from  the  truncus  aorticus  to  the  caudal  end  of  the  dorsal  root  of  the  first 

aortic  arch,  with  which  it  unites  to  form  the  commencement  of  the  dorsal  aorta 

(fig.  58,  PL  XIX). 
The  Dorsal  Aortse. — The  dorsal  aortse  run  from  the  dorsal  ends  of  the  second 

aortic  arches  to  the  caudal  end  of  the  embryo,  where  they  terminate  by  breaking  up 

into  branches  which  join  the  capillary  plexus  of  the  allantois  (figs.  58,  59,  60,  61, 

PL  XIX).  In  the  head  region  each  dorsal  aorta  lies  medial  to  the  dorsal  extension 

of  the  second  branchial  pouch  of  the  same  side,  and  then  along  the  dorsal  surface 

of  the  lateral  margin  of  the  more  caudal  part  of  the  pharynx.  In  the  thoracic  region 

it  is  run  along  the  dorso-lateral  border  of  the  gut,  dorsal  to  the  pleuro-pericardial 

canal  of  the  same  side  (text-figs.  25  and  26,  pp.  341,  342).  Near  the  caudal  end  of 

the  fore-gut,  and  in  the  transverse  plane  in  which  the  vitelline  veins  join  the  sinus 

venosus,  the  two  dorsal  aortse  fuse  together  to  form  a  single  trunk.  This  trunk 

lies  in  the  median  plane,  dorsal  to  the  yolk-sac  and  ventral  to  the  notochord,  until 
within  a  short  distance  from  a  point  near  the  cranial  end  of  the  cleft  which  indicates 

the  position  of  the  hind-gut.  There  it  separates  again  into  a  right  and  a  left  dorsal 

aorta  which  run  caudally,  in  the  angles  between  the  spinal  medulla  and  the  dorsal 

wall  of  the  hind-gut,  to  their  terminations  in  the  allantoic  region  (figs.  58,  59,  60,  61, 

PL  XIX).  A  short  distance  from  its  termination  the  caudal  portion  of  each  dorsal 

aorta  gives  off  large  branches  to  the  wall  of  the  yolk-sac,  and  a  number  of  branches 

which  pass  ventrally  to  the  allantoic  capillary  plexus  already  described  (p.  340). 

The  Anterior  Cardinal  Veins. — Each  anterior  cardinal  vein  commences  near  the 
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dorsal  end  of  the  mandibular  arch  by  the  union  of  a  number  of  radicles.  From 

it-  commencement,  it  runs,  first  caudally  and  then  ventrally,  to  its  termination  in  the 

duct  of  Cuvier  of  the  same  side.  In  the  cranial  part  of  its  course  it  lies  dorsal  to  the 

dorsal  root  of  the  first  aortic  arch  and  the  most  cranial  part  of  the  dorsal  aorta, 

ventral  to  the  otic  vesicle,  and  medial  to  the  dorsal  extensions  of  the  first  and  second 

branchial  pouches.  As  it  reaches  the  thorax  it  turns  ventrally  and  crosses  the 
lateral  side  of  the  dorsal  aorta  a  short  distance  caudal  to  the  fourth  branchial 

pouch  (fig.  58,  PI.  XIX). 

The  Posterior  Cardinal  Veins.- — -Each  posterior  cardinal' vein  commences  in  the 
mesoderm  near  the  caudal  end  of  the  embryo,  and,  as  it  runs  towards  the  cranial  end 

of  the  body,  it  lies  at  first  ventral  to  the  corresponding  Wolffian  duct,  then  dorso- 

lateral to  the  duct,  and  next  on  the  ventro-lateral  aspect  of  the  more  cranially  situated 
portion  of  the  Wolffian  body.  After  leaving  the  Wolffian  body  it  runs  along  the 

dorso-lateral  wall  of  the  pleuro-pericardial  canal  (fig.  58,  PI.  XIX),  and,  shortly 
before  its  termination  in  the  duct  of  Cuvier,  it  lies  dorsal  to  the  more  caudal  part 

of  the  sinus  v.enosus  (fig.  58,  PI.  XIX). 

Ducts  of  Cuvier. — Each  duct  of  Cuvier  is  formed  by  the  union  of  the  anterior 
and  posterior  cardinal  veins  of  the  same  side  opposite  the  cranial  end  of  the  dorsal 

wall  of  the  sinus  venosus,  and  a  short  distance  caudal  to  the  fourth  branchial  pouch 

(fig.  58,  PI.  XIX).  It  is  quite  a  short  vessel,  which  is  compressed  from  side  to 

side,  and  which  runs  ventrally  and  somewhat  caudally  round  the  lateral  wall  of  the 

pleuro-pericardial  canal,  to  its  termination  in  the  sinus  venosus  (text-figs.  25  and  26, 

pp.  341,  342). 

The  Vitelline  Veins. — The  right  and  left  vitelline  veins  are  the  largest  blood- 

vessels of  the  embryo,  and  each  terminates  in  the  corresponding  ventro-lateral  angle 
of  the  caudal  portion  of  the  sinus  venosus.  The  orifice  of  termination  of  each  vein 

is  quite  distinct  from  that  of  its  fellow  of  the  opposite  side. 

The  Umbilical  Veins. — Each  umbilical  vein  takes  origin  from  the  transverse  sinus 
which  lies  in  the  allantoic  mesoderm  at  the  caudal  end  of  the  body  of  the  embryo, 

and  it  receives  a  number  of  additional  tributaries  from  the  capillary  plexus  in  the 

allantoic  mesoderm  (figs.  59,  60,  61,  PI.  XIX).  As  it  passes  towards  the  heart  each 

vein  lies  in  the  most  lateral  part  of  the  body  wall  of  the  corresponding  side,  and  it 

terminates,  in  the  dorsal  wall  of  the  caudal  part  of  the  sinus  venosus,  a  little  dorsal 

and  medial  to  the  termination  of  the  vitelline  vein  (text-figs.  25,  26,  pp.  341,  342, 
and  fig.  58,  PI.  XIX). 

The  Coelom.— -The  greater  part  of  the  intra-embryonic  portion  of  the  coelom  is  a 

narrow  cleft,  which  communicates  freely  with  the  extra-embryonic  coelom  at  the  mar- 
gins of  the  embryo  and  at  its  caudal  end.  The  more  cranially  situated  portion  of  the 

coelom  is  enclosed,  and  it  forms  a  pericardial  cavity  and  two  pleuro-pericardial  canals. 
The  pericardium  surrounds  the  heart.  Its  cranial  extremity  is  situated  at  the 

level  of  the  second  branchial  arch.     The  caudal  end  lies  at  the  cranial  border  of  the 
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umbilicus,  where  the  cavity  of  the  pericardium  is  separated  from  the  extra-embryonic 
coelom  by  the  mesodermal  septum  transversum. 

At  its  dorsal  boundary  on  each  side,  at  the  level  of  the  fourth  branchial  pouch 

and  the  cranial  border  of  the  duct  of  Cuvier,  the  pericardium  communicates  with  a 

pleuro-pericardial  canal  (fig.  58,  PI.  XIX). 

The  Pleuro-'pericardial  Canals. — Each  pleuro-pericardial  canal  commences  from 
the  dorsal  part  of  the  pericardial  cavity,  at  the  level  of  the  cranial  border  of  the 

duct  of  Cuvier.  It  runs  from  the  more  cranially  situated  to  the  more  caudally 

situated  end  of  the  bend  of  the  embryo,  terminating,  in  the  latter  situation,  in 

what  will  eventually  be  the  peritoneal  portion  of  the  coelom.  As  it  passes  between 
its  two  terminations  it  lies  medial  to  the  duct  of  Cuvier  ;  dorsal  to  the  sinus  venosus, 

by  which  its  ventral  boundary  is  invaginated ;  and  ventral  to  the  dorsal  aorta 

and  the  posterior  cardinal  vein  of  the  same  side  (text-figs.  25,  26,  pp.  341,  342,  and 
fig.  58,  PL  XIX). 

DESCRIPTION    OF   FIGURES   ON    PLATE   XIX. 

Fig.  54.  Dorsal  view  of  the  caudal  portion  of  a  reconstruction  of  a  horse  embryo  11  mm.  long. 

Fig.  55.  Dorsal  view  of  the  cranial  portion  of  the  reconstruction,  and  ventral  view  of  the  most  caudal 

part  of  the  caudal  portion,  of  a  horse  embryo  11  mm.  long.     Both  portions  have  been  partially  dissected. 

Fig.  56.  Left  lateral  view  of  a  reconstruction  of  a  horse  embryo  11  mm.  long.  A  portion  of  the  heart 

is  shown,  and  the  lines  of  incision  for  the  removal  of  the  ventral  wall  of  the  pharynx  and  the  dorso-lateral 

wall  of  the  left  pleuro-pericardial  canal  are  shown. 
Fig.  57.  View  of  a  median  section  of  a  reconstruction  of  a  horse  embryo  11  mm.  long.  The  heart  has 

not  been  divided,  and  its  left  side  is  shown. 

Fig.  58.  Right  lateral  view  of  a  reconstruction  of  a  horse  embryo  11  mm.  long.  The  reconstruction 

has  been  dissected  to  show  the  relations  of  the  branchial  pouches  and  the  otic  vesicle  to  the  blood-vessels 
and  the  heart. 

Fig.  59.  Dorsal  view  of  the  caudal  end  of  a  reconstruction  of  a  horse  embryo  11  mm.  long.  Dissected 

to  show  terminal  part  of  right  dorsal  aorta. 

Fig.  60.  Ventral  view  of  the  caudal  end  of  a  reconstruction  of  a  horse  embryo  11  mm.  long,  showing 
the  blood-vessels. 

Fig.  61.  Dissection  of  the  ventral  portion  of  the  caudal  end  of  a  reconstruction  of  a  horse  embryo 

11  mm.  long,  showing  cavities  of  allantoic  diverticulum  and  hind-gut. 
Fig.  62.  Ventral  view  of  a  reconstruction  of  the  heart  of  a  horse  embryo  11  mm.  long. 

Fig.  63.  View  of  the  dorsal  aspect  of  the  ventral  wall  of  the  pharynx  of  a  horse  embryo  II  mm.  long, 
showing  section  of  the  first  three  branchial  arches  and  sections  of  the  first  and  second  aortic  arches. 

Note. — Figs,  referred  to,  other  than  those  on  Plate  XIX,  are  in  the  Plates  of  Professor  Cossar  Ewart's 

paper. 

[Key  to  Lettering 



346      RECONSTRUCTION   MODEL   OF   A   HORSE   EMBRYO  TWENTY-ONE   DAYS   OLD. 

KEY   TO    LETTERING   OF   FIGURES    ON    PLATE   XIX. 

[1AA.   First  aortic  arch. 
•J.I .!.   Sordini  aortic  arch. 

.1/.   Allantois. 
Alii.  Allantoic  branches  of  aorta. 

All).  Allantoic  diverticulum. 

AIM.  Allantoic  mesoderm. 

Am.  Amnion. 

ACV.  Anterior  cardinal  vein. 

.  I  ii.i.  Anastomoses,  between  allantoic 
arteries  and  umbilical  veins. 

APpC.  Arrow  u  in     pleuro-pericardial 
canal. 

.1  T.  Atrium. 

.  I  I  ' '.  Atrio- ventricular  canal. 

1JJA.  1st  branchial  arch 
■Hi A.  2nd 

3BA.  3rd 

iBA.  4th  „ 

BO.  Bulbus  cordis. 
1BC.  1st  branchial  cleft. 

2BC.  2nd  branchial  cleft. 

BM.  Bucco-pharyngeal  membrane. 
IBP.  1st  branchial  pouch. IBP.  2nd  „ 

3BP.  3rd 

iBP.  4th 

CI.  Cloaca. 
CN.  Caudal  neuroporc. 

DA.  Dorsal  aorta. 
DC.  Duct  of  Cuvier. 

FB.  Fore-brain. 

HB.  Hind-brain. 

HG.  Hind-gut. 

Im.  Rudiment  of  lungs. 

MB.  Mid-brain. 

Nc.  Notochord. 

NeC.  Neural  canal. 

OV.  Otic  vesicle. 

OtV.  Otic  vesicle. 

PCV.  Posterior  cardinal  vein. 

PoV.  Primary  optic  vesicle. 

Ppr.  Pleuro-pericardial  ridge. 

Sm.  Somatopleure. 

Sp.  Splanchnopleure. 

SpM.  Spinal  medulla. 
SV.  Sinus  venosus. 

TA.  Truncus  aorticus. 
TI.  Tuberculum  impar. 

TS.  Terminal  sinus. 

TJV .  Umbilical  vein. 

V.  Ventricle. 

VV .  Vitelline  vein. 

For  ZBP,  fig.  55,  read  2BP. 
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The  present  communication  is  based  principally  on  the  results  of  a  series  of 

investigations  into  the  form,  dimensions,  and  characters  of  the.  skulls  that  comprise 

the  unique  collection  which  has  been  located  in  the  Anatomy  Department  at  the 

University  of  Glasgow  for  a  number  of  years,  and  of  which  no  account  has  yet 

been  published.  We  owe  the  collection  and  preservation  of  this  large  and  valuable 

series  of  crania — comprising  over  700  specimens — to  the  zeal  of  Mr  W.  K.  Hutton, 
Lecturer  in  Anatomy,  Queen  Margaret  College,  University  of  Glasgow,  to  whom 

I  am  much  indebted  for  permission  to  continue  the  work  begun,  but  given  up,  by 

him.*  I  am  very  grateful  to  Professor  Bryce  for  assistance  and  much  encourage- 
ment during  the  progress  of  the  research. 

*  Mr  Hutton  intended  to  carry  out  a  research,  not  dissimilar  to  my  own,  and  to  that  end  obtained  a  grant 
from  the  Carnegie  Trust  for  the  purchase  of  craniological  apparatus.  Unfortunately,  from  circumstances  over  which 
he  had  no  control,  he  was  unable  to  continue  the  work,  and  I  have  made  use  of  the  instruments  obtained  by  him.  The 

present  paper  formed  part  of  a  Thesis  presented  for  the  degree  of  Doctor  of  Medicine  to  the  University  of  Glasgow. 

I  have  gratefully  to  acknowledge  a  liberal  grant  from  the  Carnegie  Trustees  in  aid  of  its  publication. 
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The  skulls  were  obtained  in  a  Glasgow  burial-ground,  during  the  course  of 
excavations  preparatory  to  the  erection  of  a  building  on  the  site,  but  beyond,  that 

little  is  known  as  to  the  exact  period  of  time  to  which  the  skulls  belong.  In  one  of 

the  graves  a  token  was  found,  bearing  the  date  1840,  but  such  evidence  does  not  carry 

us  far,  and  probably  many  of  the  skulls  belong  to  a  period  antecedent  to  that  date. 

The  skulls  are  undoubtedly,  in  the  great  majority  of  cases,  Scottish  skulls,  and 

the  remarkable  uniformity  of  the  series,  which  is  evident  even  to  the  untrained  eye, 

points  to  the  fact  that  they,  for  the  most  part,  belong  to  one  type.  Proof  of  this 

uniformity  will  be  supplied  afterwards  when  we  consider  the  variability  exhibited  by 

the  series.  No  doubt  there  may  be  a  few  "  foreign  "  skulls  present  in  the  collection, 
but  the  number  is  certainly  small,  and  in  my  calculations  in  this  paper  I  think  that 

in  most  cases  I  work  with  a  series  sufficiently  large  to  prevent  a  few  aberrant  speci- 
men influencing  at  all,  or  at  most  to  a  trifling  degree,  the  final  results. 

In  order  to  pursue  my  investigations  in  connection  with  this  subject  I  have  found 

it  necessary  to  subdivide  the  series  into  the  following  subsidiary  groups  : — 

(A)  A  group  of  405  presumably  male  skulls. 

(B)  ,,  ,,  100  female  skulls. 

(C)  ,,  ,,  90  skulls  of  doubtful  sex. 

(D)  ,,  ,,  45  male  metopic  skulls. 

(E)  ,,  ,,  20  female  metopic  skulls. 

.  (F)        ,,       ,,         45  juvenile  skulls  of  various  ages. 

(G)       ,,       ,,       100  taken  from  group  (A)  for  the  application  of  Klaatsch's 
and  Schwalbe's  methods  of  examination,  and  afterwards 
for  median  sagittal  section.     (Series  K  in  Appendix.) 

It  will  be  seen  that,  in  arranging  these  skulls  in  the  above  sub-groups,  I  have 
endeavoured  to  arrange  them  according  to  their  sex.  This  is  not  a  difficult  task 

when  one  is  confronted  with  typical  male  and  female  specimens  presenting  well- 
marked  distinguishing  features  peculiar  to  the  two  sexes  (Plates  I,  II,  and  III),  but  in 

a  series  of  the  magnitude  of  the  present  one,  as  in  other  collections,  there  are  many 

skulls  which  present  no  very  definite  distinguishing  sexual  features,  which  lie  on  the 

border-line  between  the  two  sexes  as  it  were,  and  which  might  reasonably  be  placed 
in  either  division.  These  I  have  placed,  for  the  present,  under  the  heading  of 

"  doubtful  sex."  The  problem  of  allocating  skulls  to  the  proper  sex  when  there  are 
no  other  skeletal  remains  to  assist  one,  has  presented  difficulties  to  most  craniologists 

who  have  attempted  the  task.* 
The  405  skulls  put  down  in  the  subsidiary  group  as  males  have  what  are  usually 

regarded  as  the  distinguishing  male  features  pretty  well  marked,  and  I  have  little 

hesitation  in   affirming   that  the   great   majority  of  those  are   the   skulls  of  males, 

*  Turner  (1  and  2),  Bartel  (3),  Aeby,  Virchow  (4),  Klaatsch  (5),  Warren  (6),  Parsons  (7),  Pearson  (8), 
Robertson  (9),  and  Bryce  (10)  all  agree  that  it  is  sometimes  difficult,  if  not  impossible,  to  ascribe  certain  skulls  to 
their  proper  sex. 
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although  it  is  quite  possible  I  have  ascribed  a  few  to  the  wrong  sex.  A  similar 

statement  may  be  made  regarding  those  classed  as  females.  The  90  of  doubtful 

sex  I  have  decided  to  leave  aside  in  dealing  with  the  sexed  skulls,  instead  of  following 

the  method  advocated  by  some  craniologists,  -namely,  to  ascribe  them  to  the  sex  to 
which  they  showed  a  preponderance  of  characters.  In  the  present  work  I  have 

merely  recorded  for  future  use  their  principal  measurements,  and  have  calculated 
some  of  the  mean  values  and  variations  of  their  dimensions. 

With  such  a  large  collection  of  material,  moreover,  I  can  afford  to  set  aside  the 

"  doubtfuls,"  as  the  numbers  left  to  represent  the  two  sexes,  400  and  100  respectively, 
are  sufficiently  great  to  make  the  probable  error  reasonably  small  and  practically 

to  negative  the  influence  of  the  inclusion  of  a  few  specimens  of  the  wrong  sex  on  the 

final  results.  Besides,  400  is  as  large  a  number  as  is  convenient  to  work  with  when 

calculating  the  correlation  coefficients  by  the  most  reliable  method. 

In  the  Appendix  I  have  also  recorded  the  detailed  measurements  of  the  metopic 

and  juvenile  skulls,  but  shall  not  further  deal  with  them  in  the  present  publication. 

1.  (A)  The  Mean  Values  of  Dimensions  and  Indices  of  Male  Skulls. 

Table  I  shows  in  four  parallel  columns  the  mean  values  of  the  dimensions  of  the 

principal  cranial  characters  given  by  Sir  William  Turner  (l)  for  his  complete  Scottish 

series  and  his  Renfrewshire  group  as  regards  the  male  sex,  and  the  corresponding 

values  in  the  two  male  groups  (400  and  100)  of  the  series  of  Scottish  skulls  under 
examination. 

Table  II,  which  follows,  gives  in  three  parallel  columns  the  mean  values  for 

Turner's  complete  female  group,  his  female  group  derived  from  Renfrewshire,  and 

a  group  of  100  female  skulls  from  our  collection.  The  "K"  series  is  the  group  of 
100  presumably  male  skulls  which  became  separated  from  the  remainder  in  the 

following  way  : — 
As  a  preliminary  to  a  complete  investigation  into  the  characters  of  the  skulls 

comprising  the  collection,  I  began  with  a  group  of  100  skulls  taken  from  the  whole 

series  which,  having  the  characters  usually  ascribed  to  the  male  sex  fairly  well 

marked,  I  presumed  to  be,  in  most  cases,  the  skulls  of  males.  Unconsciously,  in 

making  this  selection,  but  as  might  have  been  expected,  I  have  included  in  the 

group  selected  an  unusually  large  proportion  of  the  larger  skulls.  This  influences 

to  a  marked  extent,  as  will  be  seen  later,  the  mean  capacity  and,  to  a  less  extent, 

the  other  measurements.  This  group  of  100  may  be  accepted,  notwithstanding,  as 

fairly  representative  of  the  relative  proportions  of  the  male  skulls,  although  the 

respective  mean  values  may  be  a  little  higher.  It  is  to  this  group  of  100  that  I 

have  applied  Klaatsch's  "  craniotrigonometrical "  method  of  examination  and 

Schwalbe's  measurements,  and  thereafter  I  had  them  all  bisected  in  the  median 

sagittal  plane  to  study  several  features  only  measurable  after  this  has  been  done. 
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Comparing  the  measurements  of  the  present  series  with  Turner's  series  and 
beginning  with  the  rapacity  of  the  male  skulls,  we  find  that,  in  the  large  male  group* 

the  mean  capacity  is  I  4595  c.c,  while  for  Turner's  male  series  the  mean  capacity  is 
L478  c.c,  a  difference  of  about  20  c.c  In  estimating  the  capacity  I  have  followed 

carefully  the  directions  of  Turner  both  as  to  material,  i.e.  shot,  and  technique,  as 

furnished  in  his  "  Challenger''  Reports  and  in  his  memoir  on  the  Scottish  skull,  but, 

as  is  well  known,  the  ''personal  equation"  is  an  important  factor  in  estimating 
•  apacity  of  skulls  even  by  similar  methods. 

Comparing  the  lengths  in  the  two  series  of  Scottish  skulls,  i.e.  the  glabello- 

occipital  lengths  or  greatest  lengths,  we  find  that  there  is  a  difference  of  about 

I  mm.  in  the  mean  values,  with  the  advantage  on  the  side  of  the  present  series,  the 

values  being  186'6  mm.  and  187 '52  mm.  respectively.  For  the  "K"  series  the  mean 

glabello-occipitai  length  is  189'2  mm. 

Table  I. 

Mean    Values  of  Dimensions  of  Male  Skulls. 

Character. Present  Series. Turner's  Series. 
Renfrew  Group. 

"K"  Series. 

Cubic  capacity 1459-5  +  411 1478 1526 
1511-3  +  8-60 

Glabello-occipitai  length    . 187-52 +  -20 

186-6 

190 
189-18  +  -39 

Basi-bregmatic  height l32-72±-17 

132-4 

133-5 

133-71  ±-37 Vertical  index  . 70-81  ±  -09 

70-9 

70-3 

70-7  ±-20 
Maximum  breadth    . 139-56  ±-16 

144-3 142-8 

140-7 +  -29 Cephalic  index 74-36 +  -08 

77-4 75-1 

74-41+16 

Horizontal  circumference  . 526-60  +  -47 
531 

531 

529-69 Vert,  trans,  circumference 
426-23 

434 

429-9 

428-03 Basi-nasal  length 100-37+13 

101-4 101-4 

100-96 +  -27 Basi-alveolar  length . 95-08 +  -16 

•     96 

94-5 

94-87  ±-32 
Gnathic  index 94-68 

94-5 
93-3 

Total  long,  circumference 
513-13 

513-2 

523 
517-43 Tnterzygomatic  breadth 127-16±-18 

132-2 

127-5 

128  14 

Nasi-alveolar  length 70-96 +  -16 

71-6 

73-5 

72-35 Maxillo-facial  index 55-81 

54-3 

58-1 

Nasal  height    . 
51-72+11 

53-5 
52-2 

53-32 
„      width 23  47 +  -06 

23-1 23-3 

23-18 

,,      index 45-58 +  -15 

38-9 

45-2 

Orbital  width  . 38-67  ±-05 

39 

39-3 

39-24 
height . 33-05  ±-07 34 

35 

33-76 
„        index  . 85-51  ±-17 

87-2 

89-08 Palato-alveolar  length 52-94 

55-6 
54-5 

50-84 
,,              breadth 

59-59 

60-9 

60-7 

57-91 
„               index 112-76 

113 

111-4 The  mean  values  of  the  basi-bregmatic  heights  are  practically  equal,  viz.  132 '4  mm. 
for  Turner's  series  and  13272  mm.  for  that  under  examination.  In  the  "  K  "series 
the  mean  value  is  about  1  mm.  greater,  i.e.  13371  mm. 

With  regard  to  the  greatest  breadth  or  parieto-squamous  breadth  we  find  a 
ootable  difference  in  the  two  series  of  Scottish  skulls;    the  mean   value    given    in 
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Turner's  memoir  is  149"3  mm.  (which  in  Macdonnell's  paper  in  Biometrika  (iii)  is 

given  as  144'3  mm.),  while  the  mean  value  for  the  group  of  405  is  139'56  mm. — 

sensibly  different  from  144'3  mm.  For  the  group  of  100 — the  "K"  group — the 
mean  value  is  140*7  mm.  :  still  much  smaller  than  Turner's  value.  Herein  lies  the 

most  notable  difference  between  the  two  series  of  Scottish  skulls,  Turner's  and 
the  present  one.  While  there  is  comparatively  little  difference  between  the 

respective  mean  lengths  and  heights,  there  is  a  distinct  difference  between  the 

mean  breadths,  amounting  to  10  mm.  if  we  accept  Turner's  figures,  or  5  mm. 

if  we  accept  Macdonnell's  correction.  Almost  wholly  due  to  this  difference  in 
breadth,  but  minimised  to  a  slight  extent  by  the  difference  in  the  greatest  lengths, 

we  have  the  higher  value  of  the  cephalic  index  in  Turner's  series,  namely  77*4, 

i.e.  mesaticephalic,  while  the  mean  cephalic  index  for  the  present  series  is  74'36, 

i.e.  dolichocephalic.  For  the  "K"  series  the  mean  value  of  the  cephalic  index  is 

74'4,  while  for  the  group  of  11  male  skulls  derived  from  Renfrewshire  and  included  in 

Turner's  series  the  mean  cephalic  index  is  75*1,  distinctly  below  that  for  the  whole 
series.     The  details  are  given  in  Table  II. 

Table  II.* 

Class. 

Turner's  Series. West  Scottish  Series. 

"K"  Series 

of  100. 

No. 
Per  cent. No. Per  cent. No.  and 

per  cent. 
Dolichocephalic,    —75 

Mesaticephalic,  <  --7k  7q.q 

Brachycephalic,  +80 

49 

45 45 35 

28 

26 26 

20   ■ 

232 
129 
35 
9 57-3 

31-8 
8-6 2-2 

58 
34 
7 
1 

Following  Turner's  method  of  subdividing  the  mesaticephalic  group  into  two 

subsidiary  sections,  one  with  the  index  from  75  to  77*4,  the  other  from  77'5  to  79"9,  as 
those  in  the  lower  section  approach  more  closely  to  the  dolichocephalic  type  and 

those  in  the  higher  section  to  the  brachycephalic  type,  it  was  found  that,  in  the 

"  K  "  series,  in  the  higher  division  of  the  mesaticephalic  group  and  the  brachycephalic 
group  were  contained  only  8  per  cent,  of  the  skulls  examined,  the  remainder  either 

being  dolichocephalic  (58  per  cent.)  or  in  the  lower  section  of  the  mesaticephalic 

group  (34  per  cent.),  whereas  in  Turner's  series  46  per  cent,  were  either  brachy- 
cephalic or  showed  a  tendency  towards  that  type,  while  the  remaining  54  per  cent, 

were  dolichocephalic  (28  per  cent.)  or  approached  that  type  (26  per  cent.). 

*  In  making  up  this  and  the  succeeding  tables  the  measurements  recorded  in  the  Appendix  were  all  tirst  reduced 

to  the  "arithmetical  mean."  In  Tables  II  and  XI,  however,  in  subdividing  the  mesaticephalic  skulls  into  Turner's 
two  classes,  this  was  not  done  for  the  indices  between  77  and  78,  but  all  the  skulls  with  indices  from  77  to  77-4  were 

placed  in  the  lower  group  and  those  with  indices  from  77'6  to  78  in  the  higher  group,  while  of  the  skulls  with 
indices  of  exactly  77io  half  were  placed  in  the  lower,  lialf  in  the  higher,  group. 
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In  the  complete  male  series  of  40a  skulls  the  proportions  in  the  different  groups 

were  as  follows  : — 

Dolichocephalic,  57*3  per  cent.,  or,  with  a  tendency  to  dolichocephaly,  31*8  per 

cent.  :  in  all,  89  per  cent.     Brachycephalic,  2*2  per  cent.,  or,  with  a  tendency  to  brachy- 

cephalv.  8'6  per  cent.  ;  in  all,  10'8  per  cent.     Although  less  well  marked  than   in  the 
K     series,  this  large  group  shows  well  the  remarkably  small  proportion  of  skulls 

contained  in  it  which  show  a  brachycephalic  tendency. 

In  the  Renfrewshire  group  in  Turner's  series,  which  comprised  21  skulls,  of  which 
I  I  were  male.  8  skulls  were  dolichocephalic  and  7  had  an  index  between  75  and  767, 

which  is  a  much  higher  proportion  of  skulls  showing  a  tendency  towards  dolicho- 

cephaly than  is  seen  in  the  generalised  results  in  Turner's  memoir.  They  belong 

to  the  same  type  as  the  group  "  K."  The  measurements  of  the  latter  furnish  additional 
evidence  of  the  fact,  which  has  been  demonstrated  by  several  authorities,  including 

Ripley  (14),  that  while  the  cephalic  index  throughout  Scotland — in  fact,  throughout 

Britain — is  remarkably  uniform,  it  has  a  lower  value  over  some  parts  of  the  west  and 

south-west  of  the  former  country  than  over  the  remainder,  especially  the  east,  where 
it  has  a  distinctly  higher  value.      I  shall  return  to  this  subject  later. 

The  conclusion  that  one  would  draw  from  an  examination  of  this  male  series 

is  that  the  type  of  skull  prevalent  in  Glasgow  and  the  surrounding  district  is  the 

dolichocephalic  type,  and  that  it  exists  almost  to  the  complete  exclusion  of  the 

brachycephalic  type.  There  is  little,  if  any,  evidence  in  this  series  of  "that 

strong  brachycephalic  strain  which  pervades  the  population  of  Scotland,"  according 
to  Turner  (1). 

On  comparing  the  height  indices  or  vertical  indices  of  the  two  series  there  was 

found  to  exist  a  close  similarity  between  them,  as  we  could  expect,  knowing  that  the 

mean  lengths  and  heights  were  approximately  equal  in  value.  In  Turner's  series  of 

98  male  skulls  (part  of  his  group  of  1  50)  the  mean  value  of  the  index  was  70'9,  in 

the  Renfrewshire  group  of  11  the  mean  value  is  70*3;  in  the  subsidiary  group  of 

'  K"  of  this  series  the  mean  value  of  the  index  is  70*7,  while  in  the  complete  male 

group  the  mean  value  is  70*81. 

Table  111. 

Class. 

— x   

Turner's  Series. 

"K"  Series. 

Complete  West Scottish  Series. 

No. Per  cent. No.  and 

per  cent. 

No. 

Per  cent. 

Below  70  :  .         .     Chamaecephalic 

Between  70']    75:     Metriocephalic 
Above  7-3"  I  :              Eypsicephalic  . 

65 
68 17 43 

-15 

11 

40 
56 
4 156 

220 

29 

38-5 

543 

74 

A  comparison  of  the  results  in  the  above  series  shows  that  the  percentages  found 
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iii  the  various  classes  are  very  similar  to  those  found  in  the  subsidiary  series  "  K," 

while  about  5  per  cent,  of  those  in  Turner's  chamsecephalic  group  and  4  per  cent, 
of  those  in  his  hypsicephalic  group  are  transferred  in  this  series  to  the  metriocephalic 

group.  A  feature  of  Scottish  skulls,  as  pointed  out  by  Turner  (l),  is  the  fact  that 

the  breadth  is  greater  than  the  height,  except  in  rare  instances.  In  his  series  of  150 

skulls  the  height  was  greater  than  the  breadth  in  two  instances  only  (l"3  per  cent.), 

the  height  was  equal  to  the  breadth  in  four  instances  (2"6  per  cent.),  while  the 
height  was  less  than  the  breadth  in  the  other  specimens,  i.e.  the  Scottish  skull  is 

platychamaecephalic. 

In  the  complete  male  series  now  under  examination,  associated  doubtless  to  a 

large  extent  with  the  smaller  value  of  the  maximum  breadth,  the  height  was  equal 

to,  or  greater  than,  the  breadth  in  67  specimens,  i.e.  16  per  cent,  compared  with 

4  per  cent,  in  the  former  series.  In  the  "  K"  subsidiary  male  series  the  height  was 
greater  than  the  breadth  in  12  per  cent,  and  equal  to  the  breadth  in  8  per  cent. — 
in  all,  20  per  cent. 

With  regard  to  the  circumferences  in  the  two  series,  we  see  that  while  the  mean 

values  of  the  total  longitudinal  circumferences  are  practically  equal,  as  regards  the 

horizontal  and  vertical  transverse  circumferences,  Turner's  series  shows  a  slight 
excess  in  value  over  the  present  series. 

The  longitudinal  circumference  comprises  the  complete  sagittal  arc,  with  its 

frontal,  parietal,  and  occipital  segments,  and  the  opisthio-nasal  length  or  Cleland's 
base  line. 

With  regard  to  the  segments  of  the  sagittal  arc,  I  quote  the  following  figures 

from  Turner  :  and  these  may  be  compared  with  the  corresponding  measurements 

in  the  "  K"  subsidiary  series  in  the  following  table  : — 

Table  IV. 

Turner. 
"  K  "  Series. 

Longest  frontal  arc        .... 
Shortest      ,,        ,, 

Longest  parietal  arc      .... 
Shortest       ,,,,.... 
Longest  occipital  arc     . 
Shortest      ,,           ,,.... 

148 111 
148 
102 
139 
94 

152 120 

143 
112 141 107 

Turner  says  that  the  occipital  arc  was  greater  than  the  frontal  arc  in  13  cases 
out  of  144,  and  less  than  it  in  131  cases. 

In  the  "  K"  series  of  100  the  occipital  arc  was  greater  than  the  frontal  in  3  cases 

and  equal  to  it  in  2  cases.  In  Turner's  series  of  138  the  occipital  arc  was  greater 

than  the  parietal  in  26  cases,  i.e.  less  in  112  cases.  In  the  "  K  "  series  the  occipital 

arc  was  greater  than  the  parietal   in  23  cases  and  equal  to  it  in  2.     In   Turner's 
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group  of  L58  the  parietal  arc  was  greater  than  the  frontal  in  55  cases  and  equal  to 

it  in  7.  In  the  "  K"  series  the  parietal  arc  was  greater  than  the  frontal  in  25  cases 

and  equal  to  it  in  8.  As  Turner  writes  :  "  It  is  the  rule,  therefore,  for  the  parietal 
;ind  frontal  longitudinal  arcs  to  exceed  the  occipital,  though  exceptions  to  the  rule 

occur  in  recognisable  numbers."  And  further  :  'k  It  is  obvious,  therefore,  that  so  much 

variation  occurs  in  the  relative  length  of  the  longitudinal  arcs,  they  have  no  appreci- 
able value  as  race  characters  in  the  Scottish  skulls,  and  the  variation  occurred  in  both 

the  brachycephalic  and  dolichocephalic  types."  Evidence  which  may  have  an  influence 
in  modifying  the  last  statement  will  be  supplied  later  when  we  come  to  consider  the 

correlation  that  exists  between  the  total  arc  and  its  various  segments,  frontal,  parietal, 

and  occipital,  and  between  these  segments  and  the  glabello-occipital  length  in  the 
present  series  of  Scottish  skulls.  As  has  been  noted  by  several  observers,  including 

Huschke,  Welsbach,  and  Cleland  (15),  the  relative  proportions  of  the  various 

segments  not  only  differ  in  the  two  sexes,  but  undergo  a  change  during  the  course 

of  development,  and  evidence  in  support  of  this  is  supplied  by  the  values  in  the 

series  of  juvenile  skulls. 

W  ith  regard  to  the  other  measurements  in  the  two  series  of  Scottish  skulls,  we 

find  that  the  mean  basi-alveolar  lengths  are  approximately  equal,  and  the  same  relation- 

ship holds  with  regard  to  the  nasi-alveolar  lengths.  As  a  consequence,  the  gnathic 
index  which  is  obtained  from  these  measurements  is  practically  the  same  in  the 

two  groups. 

The  mean  value  of  the  basi-nasal  length  is  only  about  1  mm.  less  in  the  West 

Scottish  male  series  of  405  than  it  is  in  Turner's  group.  Table  V  shows  the  skulls 
classified  according  to  the  gnathic  index  : — 

Table  V. 

Class." 

West  Scottish  Series. Turner's  Series. 

No. 
Per  cent. No. Per  cent. 

Orthognathous  (below  98) 
Mesognathous  (98-103) 
Prognathous  (103  and  upwards). 

308 

84 
7 

77-2 

21 
17 72 

24 
1 

74-22 
24-74 

1-03 

The  near  approach  to  equality  between  these  proportions  in  the  different  classes 

and  those  in  the  scries  under  examination  is  notable,  and  confirms  Turner's  con- 
clusion that  the  Scottish  skulls  are  characterised  by  an  almost  complete  absence  of 

prognathism. 

Skulls  are  classified  into  three  groups  according  to  the  value  of  their  orbital 

index  as  follows.  Tabic  VI  shows  the  two  series  classified  according  to  the  value 
of  the  index. 
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Table  VI. 

Class. 

West  Scottish  Series. 

Turner's 
Series. 

No. Per  cent. Per  cent. 

Microseme  (below  84)         .... 
Mesoseme  (84-89)     .         .         .         .  ,      . 
Megaseme  (89  and  upwards) 

132 
149 
118 

33 

37-3 29-5 
26-4 

26-4 

45-6 
It  will  be  observed  that  in  the  series  of  399  male  skulls  we  find  that  132  are 

microsemic,  149  are  mesosemic,  and  the  remainder  are  megasemic.  The  percentages 

in  the  microsemic  and  megasemic  classes  are  seen  to  be  approximately  equal,  while 

the  mesosemic  group  has  a  slight  excess.  In  Turner's  series,  which  included  both 
male  and  female  skulls,  it  is  evident  that  there  is  a  much  larger  proportion  in  the 

megaseme  class.  There  is  evidently  not  the  same  tendency  for  the  orbit  to  be  high 

relatively  to  the  breadth  in  the  present  group,  as  is  manifestly  the  case  in  Turner's 
series.  Turner  expresses  the  opinion  that  the  orbital  index  is  very  variable,  and 

that  it  only  possesses  "  a  secondary  value  as  a  race  character." 
We  shall  refer  to  the  variability  of  the  orbital  index  later  when  treating  of 

the  variability  of  the  Scottish  skull  and  also  to  Macdonnell's  comments  on 
Turner's  view. 

With  regard  to  the  nasal  index  the  following  table  expresses  the  relationship 

between  the  two  series  : — 

Table  VII. 

Class. 

West  Scottish. Turner's  Series. 

No. Per  cent. 
No. 

Per  cent. 

Leptorhine  (below  48)        .... 
Mesorhine  (between  48-53) 
Platyrhine  (53  and  upwards) 

271 

103 

25 67-9 
25-8 

6-2 

93 
26 

4 

75-6 

21-1 

3-2 

The  percentage  number  in  the  mesorhine  group  in  the  two  series  of  Scottish 

skulls  is  not  vastly  different,  as  it  is  only  about  4  per  cent.  The  leptorhine  group  in 

Turner's  series  contains  about  8  per  cent,  more  than  the  leptorhine  group  of  the 
West  Scottish  series  of  males  contains  of  the  whole  number  ;  while  there  is  about 

half  the  proportion  of  skulls  in  Turner's  platyrhine  group  than  obtains  in  this  other 
series  of  Scottish  skulls.  The  presence  of  this  relatively  small  platyrhine  group  in 

both  series  is  possibly  due  to  the  explanation  given  by  Turner,  i.e.  "  accidental,  and 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.  9).  51 
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duo  perhaps  to  intermixture,  through  an  ancestor  of  a  strain  of  some  race  in  which 

a  platyrhine  nose  was  an  ethnic  character." 
Owing  bo  the  fact  that  the  mandibles  have  not  been  preserved,  it  is  impossible  to 

obtain  a   complete  or  nasio-mental  facial  index  for  the  present  series.     The  maxillo- 

facial   index    or    upper    facial    index    of  Kollmann,    i.e. 
nasi-alveolar  length  x  100 

interzygomatic  breadth  ' 
has  been  calculated,  however,  for  both  the  male  and  female  groups,  and  in  the  former 

the  skulls  may  be  arranged  in  the  following  way,  adopting  Turner's  modification  of 

Kallmann's  mode  of  arrangement : — 

Table  VIII. 

Class. 

West  Scottish  Series. Turner's  Series. 

No. 
Per  cent. No. Per  cent. 

Leptoprosopic  (50 '1  and  upwards) 
Mesoprosopic  (45-50)          .... 
Chamaeprosopic  (below  45) 

380 
18 

1 

95-2 4-5 

•2 

72 
7 
0 

91-1 

8-8 
0 

While  in  Turner's  series  a  relatively  small  proportion  has  been  transferred 
from  the  leptoprosopic  to  the  mesoprosopic  group,  there  is  a  remarkably  close 

similarity  between  the  proportions  contained  in  the  respective  groups  in  the  two 

series  of  skulls.  The  general  type  of  face  in  the  series  under  examination  is  even 

more  notably  leptoprosopic  than  in  Turner's  series. 
As  regards  the  palato-alveolar  or  palato-maxillary  index,  I  have  adopted  the 

classification  devised  by  Turner,  and  the  grouping  for  the  399  male  skulls  is  as 

follows  : — 
Table  IX. 

Class. 

West  Scottish  Series. Turner's  Series  (82). 

No.            Per  cent. No.            Per  cent. 

1 

Hyperdolichuranic  (below  105)  . 
Dolichuranic  (105-110)      .... 
Mesuranic  (110-115)          .... 
Brachyuranic  (115-120)     .... 
Hyperbrachyuranic  (above  120) . 

55 

96 
85 

81 

82 13-8 

24 

21-3 

203 

20-5 

11 
20 

15 
17 
19 

13-4 24-4 

183 

20-7 
23-1 A    comparison    of   the    percentages   in    the    corresponding    groups    requires   no 

comment  :   the   close   similarity  is    obvious.     In   the   series  of  400   male  skulls  the 
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palato-alveolar  breadth  was  less  than  the  length  in  12  cases  only,  i.e.  3  per  cent., 

whereas  in  Turner's  series  this  occurred  in  3  specimens  or  3 '6  per  cent. 
There  are  a  few  other  measurements  in  this  series  which  we  can  compare  with 

the  corresponding  dimensions  in  Turner's  series. 

E.g.  Minimum  frontal  diameter  with  a  mean  value  of    9 6 "42  mm. 

Interstephanic  diameter  ,,  ,,  117'93 
Asterionic  diameter 

Intermalar  diameter 

Transverse  base 

Transverse  arc 

109-68 
90-12 

115-13 

311-10 
With  regard  to  some  of  these  measurements  in  his  Scottish  series  of  skulls 

Turner  (l)  makes  the  following  statement :  "  As  a  general  rule  the  frontal  Stephanie 
diameter  materially  exceeded  the  minimum  frontal ;  the  asterionic  diameter,  except 

in  one  skull,  was  greater  than  the  minimum  frontal,  but  as  a  rule  it  was  less  than 

the  Stephanie,  although  there  were  several  exceptions."  The  results  in  the  present 

series  are  in  accord  with  Turner's  results,  as  will  be  evident  from  an  analysis  of  the 
above  mean  values. 

Material  for  comparison  with  the  present  series  is  supplied  by  Turner's  memoir 
for  other  two  dimensions  of  the  undivided  skull,  namely,  the  length  of  the  base  of 

Cleland,  i.e.  the  opisthio-nasal  length,  that  of  the  sagittal  arc,  and  their  relationship 
to  one  another.  The  mean  length  of  the  base  line  in  the  group  of  male  skulls 

(22  in  number)  examined  by  Turner  was  134"3  mm.,  and  that  of  the  sagittal 

arc  was  376'5  mm.  The  average  base  line  in  the  series  "K"  was  135*3  mm.  (for  the 

405  male  skulls  it  was  134*5  mm.),  and  the  sagittal  arc  in  the  same  series  was 
382'3  mm.  In  the  series  of  100  the  mean  relation  of  the  base  line  to  the  arc  was 

1  to  2"819.  This  is  slightly  greater  than  the  figure  given  for  Scottish  skulls  by 

Cleland;  which  was  1  to  2'72 ;  the  latter  also  gives  1  to  2 '67  for  French  skulls,  1  to 

2'80  for  German,  and  1  to  2'89  for  Irish.  In  a  series  of  5  male  skulls  measured  by 

Turner  the  relation  of  the  base  line  to  the  arc  was  as  1  to  2 '7 8.  In  a  larger  series 

of  15  the  relation  was  as  1  to  2'8.  In  a  series  of  20  male  Australian  aboriginals, 

dolichocephalic  in  type,  the  mean  base  line  was  139'8  mm.  and  that  of  the  arc 

380'4  mm. ;  the  proportion  of  base  line  to  arc  being  as  1  to  2*72.  We  observe  that 
the  mean  arcs  in  the  dolichocephalic  West  Scottish  series  and  in  the  Australian 

aboriginal  group  are  approximately  equal,  while  the  difference  in  the  relative  pro- 
portions of  base  line  to  arc  is  mainly  due  to  the  longer  base  line  in  the  lower  type, 

the  Australian,  and  not  so  much  to  the  slight  degree  of  mean  difference  in  the  arc. 

It  was  long  ago  pointed  out  by  Cleland  (15)  in  his  well-known  memoir  on  the  skull 

that  "  uncivilised  or  lower  forms  are  in  general  characterised  by  the  possession  of  a 

relatively  longer  base  line,  while  the  length  of  the  arc  is  very  variable." 
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(B)  The  Mean  Values  of  Dimensions  and  Indices  of  Female  Skulls. 

Table  X  demonstrates  the  mean  values  of  the  principal  measurements  of  the 

female  skulls  in  Turner's  series  in  apposition   to  those  of  the  100  female  skulls 
contained   in   the  collection  at  present  under  examination,  and  a  brief  review  and 

comparison   of  these    values    shows    on    the    whole  a   nearer    approach  to   equality 

between    the    two    groups    of  female    skulls    than    between    the    two    male    groups 
alreadv  examined. 

Table   X. 

Mean   Values  of  Dimensions  of  Female  Skulls. 

Character. Present  Series. Turner's  Series. 
Benfrewshire 

Group. 

Cubic  capacity 1314-5±6-30 

1322 

1300-5 Glabello-occipital  length  . 177-97±-32 

178-7 

177 

Basi-bregmatic  height 125-01±-31 

126 
127 

Vertical  index 70-31±-20 

70-5 
71-3 

Maximum  breadth  . 135-16±-29 

138 

135-7 
Cephalic  index 76-03±-19 

77-2 76-3 

Horizontal  circumference 
503-61±-71 

506 

501-6 

Vertical  transverse  circumference 
408-10 

409-6 

406 

Basi-nasal  length 93-82±-20 

95-3 
95-2 

Basi-alveolar  length 88-61±-31 

91 

91-3 

Gnathic  index 9445 

94-8 95-8 

Total  longitudinal  circumference 
490-13 

488-8 489-9 

Interzygoinatic  breadth  . 118-16±-26 

121-5 
119-7 

Nasi-alveolar  length 65-83±-24 

67 

68-5 

Maxillo-facial  index 
55-71 

55-1 56-9 

Nasal  height    .... 48-41±-20 

49-9 
50-6 

,,      width              .... 22-56±-ll 

22-1 

21-3 

,,      index              .... 46-77±-30 

44-4 42-2 

Orbital  width  ..... 37-24±-09 

37-4 

36-8 

height   32-95±-13 

33-0 33-3 

,,        index  .... 88-53±-35 

84-6 
90-4 

Palato-alveolar  length 49-23 

51 

52-1 

,,            breadth   . 56-08 

58-3 
59-5 

,,             index 114-16 

109-8 114-6 

As  regards  cubic  capacity,  the  difference  of  the  mean  values  is  only  between 

7  and  8  cubic  centimetres,  with  the  excess  in  favour  of  Turner's  group  ;  and  this 
difference,  as  already  explained,  may  easily  be  accounted  for  by  the  fact  that  the 

cubage  in  the  two  series  has  been  estimated  in  a  similar  fashion  by  different  in- 

dividuals. The  glabello-occipital  length  and  the  basi-bregmatic  height  in  the  two 
groups  differ  in  their  mean  values  by  less  than  1  mm.,  with  the  advantage  in  favour 

of  Turner's  group.  The  vertical  index,  obtained  from  the  above  two  measurements, 
is  practically  equal  in  the  two  groups. 

A.S  regards  maximum  breadth,  the  dimension  which  was  notably  different  in  the 

two  male  groups,  there  is  a  difference  in  the  two  mean  values,  but  it  is  less  than 

•"•   inn).,  and.  as  in  the  male  series,  Turner's  value  is  the  greater.     Turner  in  his 
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memoir  gives  measurements  for  11  female  Scottish  skulls,  derived  from  Renfrew- 

shire, which  give  a  mean  value  for  maximum  breadth  of  1357  mm. — practically  equal 
to  that  of  the  group  under  consideration.  Although  the  number  of  skulls  is  so 

small  and  there  is  necessarily  a  large  probable  error,  it  is  interesting  that  there 

should  be  such  an  approach  to  equality. 

The  cephalic  index  mean  value  derived  from  glabello-occipital  length  and  maximum 

breadth  is  about  one  point  less  than  that  of  Turner's  female  group,  and  nearly  equal 
to  that  of  his  Renfrewshire  subsidiary  group.  We  see  that  the  female  groups  are 

more  nearly  equal  as  regards  this  value  that  the  two  male  groups.  In  Turner's 
series  the  values  for  the  male  and  female  groups  were  nearly  equal ;  in  this  series 

the  mean  value  for  the  female  cephalic  index  is  nearly  two  points  higher  than  that 

of  the  male,  so  that,  while  the  mean  male  skull  is  dolichocephalic,  the  mean  female 

skull  is  mesaticephalic.  With  regard  to  the  respective  circumferences  there  is  little 

difference  in  their  mean  values.  The  horizontal  and  vertical  transverse  circum- 

ferences of  Turner's  series  are  slightly  greater  than  in  the  present  one,  while  the 
total  longitudinal  circumference  in  the  latter  series  is  greater  than  in  the  former 
one  ;  but  in  none  of  the  three  did  the  mean  measurement  of  one  series  exceed  the 

corresponding  measurement  in  the  other  by  more  than  2^  mm.  The  mean  values 

of  the  basi-nasal  and  basi-alveolar  lengths  were  slightly  lower  in  the  present  series 

than  in  Turner's,  but  the  mean  gnathic  index  derived  from  the  above  measurements 
was  practically  equal  in  the  two  groups  and  almost  the  same  as  the  approximately 

equal  values  for  the  two  male  groups.  As  regards  nasi-alveolar  length  and  inter- 
zygomatic  breadth  the  mean  values  in  the  present  series  are  slightly  less  than  in 

Turner's,  while  the  mean  maxillo-facial  index,  derived  from  the  above  two  measure- 
ments, is  practically  the  same  in  the  two  groups,  and  almost  exactly  equal  to  that 

in  the  Scottish  male  group  of  405. 

From  Table  X  we  see  that,  while  the  mean  nasal  widths  in  the  two  series  are 

nearly  equal,  the  mean  nasal  height  is  slightly  greater  in  Turner's  series  than  in 

the  other,  and,  consequently,  the  nasal  index  is  slightly  lower  in  value  in  Turner's 
series  than  in  the  one  with  which  it  is  being  compared — the  difference  amounting 
to  fully  two  units  ;  a  still  greater  divarication  occurred  in  the  male  groups,  with  the 

excess  in  favour  of  the  present  series.  The  mean  orbital  heights  are  approximately 

equal  in  the  two  series,  as  are  also  the  mean  orbital  widths.  In  Turner's  series  the 
mean  orbital  index  is  distinctly  less,  however  (to  the  extent  of  four  units),  than  the 

orbital  index  in  the  other  group — a  reversal  of  the  magnitudes  of  the  mean  values  of 
the  indices  in  the  male  groups.  It  is  interesting  to  note  that  the  Renfrewshire 

group  of  1 1  skulls  has  a  mean  index  still  further  removed  from  that  of  Turner's 
complete  series  than  the  present  group.  The  values  for  palato-alveolar  breadth  and 

palato-alveolar  length  are  appreciably  smaller  for  the  present  series  of  100  than  for 

Turner's  series.  The  palato-alveolar  index,  on  the  other  hand,  has  a  mean  value 

for  the   100  distinctly  greater  than  that  for  Turner's  series,   the  difference  being 
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equal  to  fully  four  units,  although  the  index  derived  by  dividing  the  mean  breadth 

by  the  mean  length  gives  a  value  approximately  equal  to  that  given  by  the  present 

series.  Of  course,  such  a  value  is  only  an  approximation  to  the  mean,  as  it  differs 

from  the  true  mean  by  a  quantity  dependent  upon  the  variation  and  correlation 

coefficients  of  the  absolute  measurements  (Pearson).  It  is  interesting  to  note  that 

the  mean  value  of  the  index  in  the  Renfrewshire  group  of  11  females  is  practically 

the  same  as  in  the  present  series  of  loo. 

Turner  gives  no  figures  for  females  alone  in  the  various  groupings  according  to 

i  lie  value  of  the  respective  indices,  but  takes  the  male  and  female  together  in  arriving 

at  his  results.  We  must  therefore  combine  the  male  and  female  groups  to  get  figures 

comparable  with  those  given  by  Turner. 

Table  XL 

Cephalic  Index. West  Scottish  Series. Turner's  Series. 

Class. F.  (100). M.  (405). M.&F.  (505). M.  &  F. 

Dolichocephalic 

Mesaticephalic           .... 

Brachycephalic          .... 

per  cent. 

36 

(a)  34 
54 

(h)  20 

10 

per  cent. 

57-3 

31-8 
40-5 

8-6 

2-2 

per  cent. 

53 

32-2 

43T 

10-8 

3-7 

per  cent. 

28 

52 

20 

We  observe  from  the  above  table  the  distinctly  greater  tendency  towards  brachy- 
cephaly  in  the  female  than  in  the  male  skull,  and  how  that  grouping  the  male  and 

female  crania  together  brings  the  proportions  in  the  various  groups  slightly,  but  not 

to  a  marked  extent,  nearer  to  those  obtaining  in  Turner's  series. 
As  regards  the  vertical  index  we  may  examine  the  following  table  : — 

Table  XII. 

Class. 

West  Scottish  Series. Turner's  Series. 

F.  (100). M.  (405). M.  &  F.  (505). M.  &  F. 

Chamsecephalic         .... 
Metriocephalic.           .... 
Hypsicephalic           .... 

per  cent. 
46 
49 5 

per  cent. 

38-5 

54-3 

7-1 

per  cent. 

40 

53-2 

6'7 per  cent. 
43 
45 
11 

It  will  be  seen  that  the  proportions  in  the  three  groups  in  the  case  of  the  female 

series  are  not  greatly  different  from  those  in  the  male  series.  In  the  female  we 

have  7 2   per  cent,  more  in  the  chamsecephalic  group,  5  per  cent,  less  in  the  metric- 
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cephalic  group,  and  2  per  cent,  less  in  the  hypsicephalic  group  than  in  the  correspond- 
ing groups  in  the  male.     The  grouping  of  the  male  and  female  does  not  sensibly  alter 

the  percentage  in  the  hypsicephalic  group  compared  with  the  male  group. 

As  regards  the  breadth-height  index  we  have  the  grouping  as  follows  : — 

Table  XIII. 

Class. 
West  Scottish  Series. Turner's  Series. 

F. 
M. 

M.  &  F. M.  &F. 

Hypsistenocephalic  .... 
Platychamsecephalic 

per  cent. 4 

96 

per  cent. 

16-5 
83-5 

per  cent. 
14 

85-9 

per  cent. 4 
96 

In  Turner's  series  of  150  the  percentages  in  the  two  groups  were  exactly  the 
same  as  those  found  in  the  present  female  series  of  100.  By  associating  the  male 

and  female  percentages  together  we  find  that  the  numbers  in  the  two  groups  for  male 

and  female  together  are  sensibly  altered,  owing  to  there  being  a  relatively  high  pro- 
portion of  hypsistenocephalic  skulls  in  the  male  group. 

Passing  now  to  the  indices  that  are  derived  from  the  dimensions  of  the  facial 

skeleton   and  beginning  with  the   gnathic  index,  we  find  in  the  female  series   the 

following   grouping,  and    a  comparison    with  the    other  series    gives  the   following 

table  : — 
Table  XIV. 

Class. 

West  Scottish  Series. Turner's  Series. 

F.  (100). M.  (399). M.&F.(499). M.  &  F. 

Orthognathic  ..... 
Mesognathic    ..... 
Prognathic       ..... 

per  cent. 82 

15 3 

per  cent. 

77-2 

21 

1-7 

per  cent. 

78-1 

19-8 

2-2 

per  cent. 

74-2 
24-7 

1 

The  proportions  in  the  different  classes,  taking  male  and  female  together,  are  not 

very  different  in  the  two  series  of  Scottish  skulls.     Grouping  the  female  skulls  into 

the  three  classes  according  to  the  magnitude  of  the  nasal  index,  we  get  the  following 

results  : — 
Table  XV. 

Class. 

West  Scottish  Series. Turner's  Series. 

F.  (100). M.  (399). M.&F.(499). 

per  cent. 

66-3 
27-4 

6-2 

M.  &F. 

Leptorhine       ..... 
Mesorhine        ..... 

Platyrhine        ..... 

per  cent. 

60 

34 
6 

per  cent. 

67-9 

25-8 

6-2 

per  cent. 

75-6 
21-1 

3-2 
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Analysing  the  above  table,  we  find  that,  comparing  the  percentages  in  the  male 

and  female  groups,  those  in  the  platyrhine  group  are  equal,  while  there  is  about 

8  per  cent,  less  in  the  female  leptorhine  group  than  in  the  corresponding  male  group. 

Combining  the  female  and  male  groups,  we  get  figures  comparable  with  those 

supplied  by  Turner,  and  we  observe  that  there  is  9 "3  per  cent,  less  in  the  lepto- 

rhine group  in  the  present  collection  than  in  Turner's  series,  and  of  this  6 "3  per 
cent,  is  found  in  the  mesorhine  group  and  3  per  cent,  in  the  platyrhine  group. 

With  regard  to  the  orbital  index,  we  have  for  the  female  the  same  three  group- 

ings as  for  the  male  : — Table  XVI. 

Class. 

West  Scottish  Series. Turner's  Series. 

F.  (100). M.  (399). M.&F.(499). M.  &  F. 

Microsemic      ..... 
Mesosemic       .         .                   .          . 

Megasemic       ..... 

per  cent. 18 
36 
46 

per  cent. 33 

37-3 
29-5 

per  cent. 

30 

37 

32-8 

per  cent. 

27T 

27T 

45-6 

Comparing  the  male  with  the  female  groups,  we  find  that,  while  the  percentages 

in  the  mesosemic  groups  are  approximately  equal,  about  15  per  cent,  less  are  found 

in  the  female  microsemic  group  than  in  the  corresponding  male  group,  which  is  com- 
pensated for  by  an  excess  of  15  per  cent,  in  the  female  megasemic  group  over  the 

corresponding  male  group.  Comparing  the  present  series,  taking  male  and  female 

together,  with  Turner's  series,  where  male  and  female  results  are  aggregated,  we 

find  3  per  cent,  less  in  Turner's  microsemic  group  ;  10  per  cent,  less  in  his  mesosemic 
group  than  in  the  corresponding  groups  of  our  series,  while  13  per  cent,  is  added  to 

the  megasemic  group.  The  tendency  for  the  orbit  to  be  relatively  high  compared 

with  its  breadth  is  thus  better  marked  in  Turner's  series  than  in  the  present  one. 
As  regards  the  maxillo-facial  index  we  can  analyse  the  following  table  : — 

Table  XVII. 

Class. 

West  Scottish  Series. Turner's  Series. 

F.  (100). 
M.  (399). M.&F.  (499). 

M.  &F. 

Leptoprosopic           .... 
Mesopro8opic  ..... 
Cliamseprosopic        .... 

per  cent. 97 
3 

per  cent. 

95-2 
4-5 

•25 

per  cent. 

95-6 

4-2 

•20 

per  cent. 

91T 

8-8 

Even  more  markedly  than  Turner's  series  does  the  present  series,  including  male 
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and  female    skulls,  show  the    great    uniformity  in  the    relatively  long  and    narrow 
character  of  the  Scottish  face. 

For  the  series  of  100  female  Scottish  skulls  we  can  construct  the  following  table, 

according  to  the  magnitude  of  the  palato-alveolar  index,  subdividing  them  into  three 

groups  as  in  the  male  : — 
Table  XVIII. 

Class. 

West  Scottish  Series. Turner's  Series. 

F.  (100). M.  (400). M.  &  F.  (500). M.  &F. 

Hyperdolichuranic    .         .          .         . 
Dolichuranic   ..... 
Mesuranic         ..... 

Brachyuranic   ..... 
Hyperbrachyuranic  .... 

per  cent. 15 19 
18 

22 
26 

per  cent. 

13-8 
24-0 

213 

20-3 

20-5 

per  cent. 14 
23 

20-6 
20-6 

21-6 

per  cent. 

13-4 

24-4 
18-3 

20-7 

23-1 What  strikes  one  on  surveying  the  above  table  is  the  near  approach  to  equality 

in  the  numbers  of  the  different  groups  contained  in  the  various  classes.  The  hyper- 
dolichuranic class  contains  a  smaller  proportion  than  is  contained  in  the  other  classes, 

but  the  latter  are  remarkably  similar,  only  slight  variations  occurring  from  group 

to  group. 

In  the  series  of  100  female  skulls  the  mean  value  of  the  opisthio-nasal  length,  or 

Cleland's  base  line,  is  126'98  mm.,  which  is  considerably  shorter  than  the  mean 
length  of  the  base  line  of  100  male  skulls.  In  the  female  series  the  mean  length  of 

the  sagittal  arc  is  363'15  mm.,  and  the  mean  value  for  the  proportion  of  base  to  arch 

in  the  100  skulls  is  as  1  to  2'859,  which  proportion  of  base  to  arch  is  slightly  less  in 

the  female  than  in  the  male,  where  the  proportion  for  100  is  as  1  to  2'819.  This 
larger  proportion  of  the  arch  to  the  base  in  the  female  skull .  is  held  to  be  the  rule 

by  Welcker  (16)  and  Ecker  (17).  1  shall  return  to  this  subject  when  considering 

the  variability  of  the  skull. 

In  the  100  female  skulls  I  have  measured  the  lengths  of  the  frontal,  parietal,  and 

occipital  segments  of  the  total  sagittal  arc,  and  find  the  following  mean  values  : — 

Frontal  segment,  mean  value 

Parietal  segment      ,,         ,, 

Occipital  segment     ,, 
Total  arc 

126'96  mm. 
121*4       „ 

11476     „ 

363-15     „ 

In  the  series  of  100  the  occipital  arc  is  greater  than  the  frontal  in  8  per  cent. 

of  the  cases  and  equal  in  1  per  cent.  ;  the  occipital  is  greater  than  the  parietal  in 

20  per  cent,  and  equal  in  4  per  cent.  ;  the  frontal  is  greater  than  the  parietal  in 

70  per  cent,  and  equal  in  5  per  cent. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.  9). 52 
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This  relationship  may  be  expressed  in  the  form  of  a  table  as  follows 

Table  XIX. 

( iroup. 
Occip.  >  Frontal. Occip.  >  Parietal. 

Frontal  >  Parietal. 

Female  (100) 
Turner 
"K  "series  (100). 

8  per  cent.  (  =  1  per  cent.) 

3        „         (=2        „        ) 

20     per  cent.  (  =  4  per  cent.) 18-8       „ 

23          „        (  =  2        „        ) 

70  per  cent.  (  =  5  per  cent.) 
61        „        (  =  4-4     „        ) 
67        „        (  =  8        „        ) 

From  an  analysis  of  the  above  table  it  is  easily  seen  that,  comparing  the  male 

series  of  100  with  the  female  series,  the  numbers  expressing  the  frequency  of  a  definite 

relationship  of  the  arcs  in  length  to  one  another  are  closely  similar,  whereas  the 

percentages  for  the  three  classes  in  Turner's  series  (including  both  male  and  female) 
are  not  markedly  different  from  the  male  and  female  groups  of  the  series  under  ex- 

amination. The  individual  variation  in  the  proportional  length  of  the  different 

regions  is  very  considerable,  as  will  be  shown  when  we  consider  the  variability  of 

the  segments  of  the  sagittal  arc  ;  and  the  above  table  seems  to  be  confirmatory  of 

Cleland's  view  that  it  would  be  "  unsafe  to  deduce  any  definite  relationship  between 

the  variation  in  relative  lengths  of  the  arcs  and  the  sex  of  the  skull."  Cleland  (15) 
also  says  with  regard  to  the  relative  values  of  these  segments  of  the  sagittal  arc  that 

national  variation  is  slight,  while  Schwerz  (18)  says  that  "  studies  on  the  proportions 
of  the  different  bones  of  the  vault  to  one  another  have  shown  that  we  possess  in  these 

characteristics  a  useful  means  of  help  for  the  pursuit  of  racial  research  " — a  view 
somewhat  different  from  that  of  Cleland. 

It  has  been  asserted  that  the  proportion  which  the  parietal  segment  bears  to  the 

occipital  and  frontal  segments  of  the  sagittal  arc  varies,  not  only  during  development, 

but  also  to  a  marked  degree  in  the  two  sexes.  It  is  stated  that  the  examination  of  a 

large  number  of  female  skulls  goes  to  show  that  there  exists  a  lower  proportion  of 

both  occipital  and  frontal  arcs  compared  with  the  parietal  in  the  female  skull  than  in 

the  male.  Huschke,  quoted  by  Cleland,  states  that  "  in  the  female,  the  capacity  of 
both  the  frontal  and  the  occipital  segment  is  smaller  in  proportion  to  the  parietal  than 

in  the  male,"  while  Weisbach  speaks  of  the  small  forehead  of  the  German  female. 
For  100  male  and  100  female  skulls  of  this  series  we  get  the  following  mean 

values  : — Frontal  Arc. Parietal Arc. Occipital  Arc. 

Males 1  33'49  mm. 
127'91 

mm. 12078  mm. 

Females  . 126*9       „ 12T4 
?) 

11476     „ 

1  n  t,h  p  m  a  1  p 
frontal  arc  _ 

parietal  arc 

T043 occipital  arc  _  .„ 

parietal  arc 
In  the  female  . 

frontal  arc  _ 

parietal  arc 

1'045 

occipital  arc  _  .( 

parietal  arc 
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I  am  quite  well  aware  that  the  index  obtained  from  the  mean  values  of  the 

absolute  measurements  is  not  exactly  equal  to  the  mean  index,  as  the  latter  depends 
to  some  extent  on  the  coefficients  of  correlation  and  variation  of  the  absolute 

measurements.  The  above  approximate  results,  however,  for  female  and  male,  which 

are  practically  equal,  would  seem  to  show  that  there  is  no  marked  sexual  difference  in 

the  proportions  obtaining  between  the  parietal  and  the  occipital  and  frontal  arcs. 

I  have  instituted,  in  considerable  detail,  a  comparison  between  the  principal  mean 

values  of  the  various  dimensions  of  the  male  and  female  groups  in  Turner's  series 
and  the  corresponding  groups  in  the  series  at  present  under  investigation,  because  it 

is  only  in  that  important  memoir  that  I  can  obtain  material  for  comparison.  While 

there  are  many  slight  differences  in  the  mean  values  of  the  dimensions  in  the  two 

series — differences  by  no  means  negligible,  but  probably  partly  due  to  the  "  personal 

equation," — the  feature  that  stands  out  pre-eminently,  and  in  a  sense  overshadows 
the  minor  differences,  is  the  divergence  in  value  in  the  greatest  parieto-squamous  or 

maximum  breadth,  which  is  distinct  and  definite  in  the  female  groups,  but  exception- 
ally well  marked  in  the  male  groups.  To  this,  and  not  to  a  difference  in  the  greatest 

length,  is  due  the  difference  in  the  cephalic  index.  There  is  a  marked  tendency 

to  dolichocephaly  in  the  series  under  investigation,  whereas,  in  the  series  examined 

by  Turner,  there  is  a  distinct  tendency  towards  brachycephaly.  The  diminution  in 

cubic  capacity  in  the  present  series  compared  with  Turner's  series  is  undoubtedly 
a  real  difference,  not  entirely  due  to  the  personal  element  but  dependent  largely 

upon  the  smaller  maximum  breadth. 

In  the  following  table  I  have  arranged  the  mean  indices  according  to  their  classes 

for  both  male  and  female  groups  : — 

Table  XX. 

Class. 

Index. Remarks. M. F. 

Cephalic  index 

Height  index   . 
Height-breadth  index 
Maxillo-facial  index . 
Orbital  index   . 

Dolichocephalic 

Metriocephalic 
Platychamsecephalic 
Leptoprosopic 
Mesosemic 

Mesaticeplialic  (lower  divi- 

sion) 

Metriocephalic 
Platychamsecephalic 
Leptoprosopic 
Mesosemic 

F.  show  distinctly  greater  tend- 
ency to  brachycephaly 

Both  sexes  practically  similar 
Male  nearer  hypsistenocephaly 

Sexes  practically  alike 
F.  index  greater  (on  border  of 

megaseme  class) 
Nasal  index Mesorhine Mesorhine 

F.  higher  index  value Gnathic  index . Orthognathic Orthognathic Sexes  nearly  alike.    M.  slightly 

higher  mean  index Palato-alveolar  index Mesuranic Mesuranic 
F.  higher  index  than  M. 

(See  Plates  I,  II,  and  III  for  examples  of  typical  male  and  female  skulls  from  the  series.) 
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2.  Examination  of  the  Scottish  Skull  by  Biometrtc  Methods. 

Within  recent  years  much  attention  has  been  directed  to  the  application  of 

modern  biometric  methods  to  investigations  into  the  characters  of  various  collections 

of  crania,  and  what  is  described  as  the  "rational"  method  of  treating  craniometric 
statistics  has  been  evolved.  Two  of  the  pioneers  in  this  movement  have  been 

Pearson  (19)  and  Galton  (20),  who,  while  not  devising  this  method  of  treating 

statistical  facts  (which  is  due,  I  believe,  to  Quetelet  (2l)  as  far  back  as  1846),  have 

revived  and  extended  the  method  devised  by  the  latter.  Fawcett  and  Lee  (22), 

according  to  Robertson  (9),  were  the  first  "to  apply  modern  statistical  methods  to 

any  series  of  skull  measurements,"  though  Stieda  (24)  published  "  the  first  scientific 
determination  of  the  variabilities  of  the  skull."  Others  who  have  taken  a  notable 
part  in  this  movement  are  Macdonnell  (12),  Boas  (26),  Tschepourkowsky  (27),  and 

Berry  (28).  Fawcett  (22)  in  her  paper  on  the  Naquada  crania  states  "  that  cranio- 
metry cannot  in  future  content  itself  with  either  the  raw  measurements,  tables  of 

mere  averages,  or  graphical  exhibition  of  correlation  results,  but  must  adopt  the 

methods  of  modern  statistical  investigation,  tabulating  means,  variabilities,  corre- 
lations, and  their  probable  errors  in  order  to  draw  safe  inferences  and  make  racial 

comparisons";  and  further,  that  "the  correlation  of  the  mean  values  of  the  chief 
craniological  characters  in  50  or  100  races  would  be  a  most  valuable  investigation, 

breaking  practically  untrodden  ground"  :  while  Macdonnell  (12)  says,  "  I  venture  to 
think  that  the  chief  aim  of  craniologists  at  present  should  be  to  table  means,  standard 

deviations,  and  correlations  of  further  long  series  of  skulls  "  ;  and  again,  "  Only  when 
that  collection  is  far  more  complete  will  it  be  possible  to  state  general  conclusions 

applying  to  the  whole  range  of  craniology,  and  when  such  tables  are  formed  for  40  or 

50  long  series  we  shall  have  more  light  not  only  on  intraracial  but  on  interracial 

problems."  It  is  impossible  to  estimate  at  its  proper  value  how  much  we  are  indebted 
to  Pearson  not  only  for  the  numerous  and  important,  in  fact,  invaluable  papers  he  has 

contributed  himself  on  the  subject,  but  for  the  way  he  has  influenced,  controlled,  and 

advised  various  other  investigators,  in  addition  to  supplying  formulae  which  have  in 

many  cases  made  comparatively  easy  what  seemed  formerly  interminable  calculations. 

Having  made  a  full  and  complete  comparison  of  the  values  of  the  characters  of 

the  male  and  female  groups  of  our  series  of  skulls  with  the  values  in  the  correspond- 

ing groups  in  Turner's  series,  adopting  Turner's  measurements  and  methods  of 
examination,  which  the  supporters  of  the  new  school  are  pleased  to  call  the 

"  empirical  "  method  of  treating  cranial  statistics,  although  none  the  less  valuable 
on  that  account,  I  shall  proceed  to  apply  the  modern  biometric  methods  to  the 

present  series  of  Scottish  skulls.  I  feel  I  cannot  do  better  than  follow  the  scheme 

adopted  by  Fawcett  in  her  study  of  the  Naquada  crania,  and  also  by  Macdonnell  in 

his  study  of  the  Whitchapel  English  crania  and  other  series  of  English  skulls.  It 

will  be  necessary  in  the  first  place  for  comparative  purposes  to  construct  a  table  with 
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the  mean  measurements  of  the  present  series  in  apposition  with  the  mean  measure- 

ments of  various  other  series  to  which  these  methods  have  been  applied. 

The  measurements  and  nomenclature  made  use  of  by  these  investigators  are 

principally  those  of  the  Frankfurter  Verstdndigung ,  and  a  very  full  account  of  the 

measurements  taken  and  the  precautions  necessary  to  ensure  accuracy  and  exactly 

comparable  figures  are  given  in  the  two  papers  above  alluded  to.  If  further  in- 

formation is  required,  that  can  be  obtained  in  the  Correspondenz-Blatt  Deutsch. 

Anthropol.  Gesellsch.,  Bd.  xiv,  S.  1.  The  principle  underlying  the  adoption  of  the 

German  system  as  expressed  in  the  above  volume  is,  as  pointed  out  by  Fawcett,  to 

bring  any  unrecorded  series  of  skulls  into  relationship  with,  and  into  a  suitable  form 

for  comparison  with,  as  many  measured  series  as  possible.  I  shall  content  myself 

therefore  in  the  present  paper  with  merely  enumerating  the  various  measurements, 

only  adding  a  few  words  of  explanation  when  the  method  of  obtaining  the  measure- 
ment differed  from  that  of  the  above  investigators.  It  is  convenient  to  be  able 

to  refer  to  certain  measurements  by  a  reference  letter  (C,  F,  L,  etc.),  as  pointed  out 

by  the  above  authors,  and  I  follow  their  lead  also  in  that  respect.  The  measurements 

made  in  the  groups  of  male  and  female  skulls  were  as  follows  : — 

1.  Capacity  (C).  In  obtaining  this  measurement  I  made  use  of  the  method  advocated  by  Turner,  using 

shot  as  a  medium  and  exercising  due  precautions.*  I  have  performed  the  measurements  with 
great  care,  so  that  though  the  mean  may  be  altered  by  the  personal  equation  the  relative 
capacities  of  the  various  skulls  have  the  proper  proportions. 

2.  Flower's  ophryo-occipital  length  (F). 
3.  Greatest  length  from  glabella  to  occiput  (L). 

4.  Horizontal  length.     This  measurement  was  not  taken,  as  both  Macdonnell  and  Fawcett  agree  that 

little  importance  is  attached  to  it  when  the  other  two  measurements  of  length  are  given. 
5.  Greatest  horizontal  breadth  of  skull  (B). 

6.  Least  breadth  of  forehead  (B1).     This  measurement  was  taken  from  one  temporal  crest  to  the  other 
across  the  frontal  bone. 

7.  Height   of    skull   (H).     Basi-bregmatic   height    (405    male   and    100   female).     Frankfurt   method 
(100  male). 

8.  Auricular  height  (OH).     100  male  measured  on  sagittal  outline  of  skull  traced  by  dioptrograph. 

9.  Basi-nasal  length  (LB). 

10.  Horizontal  circumference  (Ux).     Measured  directly  above  the  superciliary  ridges  and  round  the  most 

projecting  part  of  the  occiput  (Flower). 

Ditto.     Circumference  measured  over  the  superciliary  ridges  as  adopted  by  Turner  (U2). 
11.  Sagittal  arc  (S).     From  nasion  over  top  of  head  to  opisthion. 

12.  Cross  circumference  of  transverse  arc  (Q).     From  upper  rim  of  one  auricular  passage  to  the  other 
over  the  bregma. 

13.  Complete  face  height.     This  measurement  could  not  be  taken,  as  no  skulls  were  preserved   with 
mandibles  attached. 

14.  Upper  face  height  (GH).     From  nasion  to  alveolar  point. 

*  Both  Macdonnell  and  Fawcett  have  devoted  prolonged  research  to  the  various  methods,  some  of  them 
complicated,  of  estimating  the  cubage  by  using  various  materials  and  also  by  formulse.  Macdonnell's  conclusion 
is  that  different  observers  using  different  methods  may  have  an  average  difference  of  20  c.c,  and  if  they  use  the 

same  method  an  average  difference  of  10  c.c.  The  "personal  equation"  is  thus  not  a  negligible  quantity,  and  is  a 
factor  that  will  always  influence  the  result.  Macdonnell  says  that  we  must  be  content  with  the  degree  of  agree- 

ment above  described  at  the  present  stage. 
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I ").  Pace  breadth  (GB).      From  the  lower  end  of  one  zygomatic-maxillary  suture  to  that  of  the  other. 
16.  Zygomatic  breadth  (J).     From  outermost  point  of  one  zygomatic  arch  to  that  of  the  other. 
1  7.  Nasal  height  (N  H). 

18.  Nasal  breadth  (Nil). 

19.  Breadth  of  orbit  for  right  and  left  eyes  (O1). 

20.  Greatest  height  of  orbit  for  right  and  left  eyes  (O2)* 
21.  Length  of  palate  (G,).      From  point  of  spina-mentalis-posterior  to  an  imaginary  surface  tangential  to 

the  inner  alveolar  surfaces  of  the  middle  incisors. 

22.  Breadth  of  palate  (G,).     Between  the  alveolar  walls  at  the  second  molars  Macr-onnem*  says  "that 
owing  to  great  unevenness  of  the  alveolar  walls  I  have  frequently  found  this  a  difficult  and 

unsatisfactory  measurement." 
23.  Profile  length  (GL).     From  the  basion  to  the  alveolar  point. 

24.  Profile  angle  (P).      Measured  in  the  case  of  the  series  "K"  on  the  sagittal  outline  projected  by  the 
dioptrograph  ;  in  the  case  of  the  female  by  the  same  method  and  by  the  goniometer. 

25.  Alveolar  angle  (A).     Between  GL  and  GH. ")  Determined  in  100  male  by  measuring  angles  on  projec- 
26.  Nasial  angle  (N).     Between  (JH  and  LB.       V      tion  outline,  in  female  by  completing  the  triangles  with 

27.  Basilar  angle  (B).     Between  LB  and  GL.      )       appropriate  length  for  sides  and  measuring  the  angle. 

28.  Basio-nasal-horizontal  angle  (180°  -  <N-  <P). 
29.  Basio-alveolar-horizontal  angle  (<P-  <  A). 

The  following  indices  were  also  calculated  : — 
1.  Cephalic  index. 
2.  Vertical  index. 

3.  Breadth-height  index. 

4.  Upper  face  index. 
5.  Orbital  index  (right  eye). 
6.  Nasal  index. 

7.  Palatal  index. 

(A)   Comparison  of  the  Mean  Values  of  the  West  Scottish  Skull  with  those  of 

Various  Other  Types  of  Skull  or  Skulls  of  Other  Races. 

In  the  two  tables  (Tables  XXI  and  XXII)  are  compiled  the  data  for  the  mean 

values  of  the  principal  characters  in  the  series  of  skulls  under  examination  and  the 

mean  values  of  the  same  characters  in  the  skulls  of  the  following  series  : — 
(a)  English  crania,  Whitechapel  series,  Macdonnell  (12),  M.  and  F.  groups. 

(//)  Bavarian    crania   (Altbayerisch   crania),   measured   by   Ranke,   and   published   in   his  Beitrdge  zur 
plujsisclien  anfhrojpol.  der  Bayern,  Bd.  i  (M.  and  F.). 

(c)  Wiirtemberg  crania  from  Die  anthropol.  Sammlung.  Deutsch.,  xvi  Tub.  (M.  and  F.). 

(d)  French  crania,  the  skulls  of  French  soldiers  who  died  in  Munich  during  the  Franco-Prussian  War, 
56  in  number.     Measurements  from  Die  anthropol.  Sammlung.  Deutsch.,  x  Mun.  (M.  and  F.). 

(e)  Naquada  crania  from  C.  D.  Fawcett's  memoir  (M.  and  F.). 
(f)  Modern  Negro  skulls  from  north  of  Africa,  extracted  from  the  German  Anthrop.  Catalogue.     (Taken 

from  C.  D.  Fawcett's  paper.)     M.  only. 

(g)  Aino  skulls,  Koganei's  measurements,  "  Beitraige  zur  phys.  anthropol.  der  Aino,"  Mittheil.  aus  der 
Mediciu  Facultdt  der  k.  j.  Universitat  Tokyo,  1894,  Bd.  ii  (M.  and  F.). 

(h)  Tasmanian  skulls   from   Berry  and  Robertson's  compiled  results  in  a  "  Biometrical  Study  of  the 

Relative   Purity  of  Race  of  the  Tasmanian,   Australian,  and  Papuan"  (M.  and  F.),  and  from 

Turner's  memoir  on  the  Craniology  of  the  Tasmanian. 

(i)  Australian  skulls  from  Robertson's  compiled  results  (9)    (M.  and  F.),  and  from  the  Catalogue  of  the 
Royal  College  of  Surgeons  of  England,  compiled  by  Flower. 

(j)  Turner's  Scottish  series  of  skulls. 
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These  tables  enable  one  to  see  at  a  glance  the  differences  between  the  mean  values 

of  the  principal  dimensions  of  the  skull  as  they  are  exhibited  in  the  Scottish  skull 

of  the  present  series  and  in  Turner's  Scottish  series  and  modern  advanced  types, 
Bavarian,  Wiirtemberg,  and  French  skulls  and  primitive  types,  including  the  Negro, 

Australian,  Tasmanian,  and  Aino,  as  well  as  the  Naquada,  the  representative  of  an 

ancient  civilisation.  I  include  Australian  and  Tasmanian  for  comparative  purposes 

at  this  stage,  to  show  how  they  differ  from  the  present  Scottish  series  as  shown  by 

the  application  of  the  ordinary  methods  of  measurement,  because  at  a  later  stage 

I  shall  institute  a  comparison  between  these  types  and  the  Scottish  skull  by 
other  methods. 

Male  Skulls. — Reviewing  the  above  tables  of  measurements  briefly  and  taking  the 
male  groups  first,  we  find  that,  as  regards  capacity,  the  present  Scottish  series  only 

differs  in  its  mean  value  from  the  Whitechapel  English  series  by  an  amount  which  may 

be  wholly  due  to  different  observers  utilising  different  methods  of  measurement. 

As  was  previously  mentioned,  this  may  account  for  a  difference  of  20  c.c,  which  is 

greater  than  the  difference  between  the  Scottish  and  English  mean  capacities.  The 

mean  cubic  content  value  of  Turner's  Scottish  series  is  practically  identical  with  that 
of  the  English  Whitechapel  group.  The  mean  capacity  of  the  two  German  series  of 

crania  is  distinctly  greater,  but  they  each  consist  of  a  group  of  about  100  skulls,  and 

one  would  like  to  know  if,  in  the  case  of  the  Altbayerisch  group,  which  was  taken 

from  a  much  larger  group,  the  same  influence  has  not  been  operative  as  has  made 

itself  apparent  in  my  selection  of  100,  and  with  a  like  vitiation.  In  selecting  male 

skulls,  did  they  not  select  skulls  with  male  characters  distinctly  marked  ?  If  so, 

these  are,  in  general,  skulls  with  a  capacity  above  the  mean  value  for  the  whole 

series,  in  fact,  large  skulls,  and  1503*5  c.c.  may  not  be  the  mean  capacity  if  they 
take  an  average  of  all  the  male  skulls.  The  mean  value  for  100  male  skulls,  chosen 

at  random  from  the  whole  series,  except  that  male  characters  were  as  a  rule  distinct, 

gives  a  mean  capacity  of  1511'3  c.c,  which  compares  very  favourably,  as  previously 
mentioned,  with  that  given  for  the  German  Altbayerisch  group.  The  mean  capacity 

of  the  French  group  is  practically  equal  to  that  of  the  Whitechapel  series,  and  differs 

from  the  Scottish  series  by  an  amount  which  may  be  again  due  to  the  personal 

equation  of  the  measurer.  The  mean  capacity  of  the  Scottish  skull  is  distinctly 

greater  than  that  of  the  Negro,  Naquada,  Tasmanian,  and  Australian,  but  practically 

equal  to  that  given  for  the  Aino — a  very  primitive  type. 
The  absolute  lengths  of  the  various  types  show  distinct  differences.  There  are 

different  methods  of  taking  this  measurement : 

(a)  Glabello-occipital  maximum  lengths. 

(/;)  Ophryo-occipital  maximum  lengths. 
(c)  Horizontal  length  (i.e.  the  distance  between  vertical  blocks  in  contact  with  the  skull  in  front  and 

behind  when  it  is  oriented  in  the  Frankfurt  horizontal  plane).  As  has  been  pointed  out  by 

Macdonnell  and  Fawcett,  there  is  very  little  advantage  to  be  gained  by  recording  all  these 
measurements. 
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Parsons  (7)  favours  the  ophryo-occipital  length  as  advocated  by  Flower,  as  he 
says  that  by  this  means  we  avoid  the  projection  due  to  the  frontal  sinus.  He  puts 

the  other  on  record,  however,  the  comparison  between  the  two  giving  one  some 

idea  of  the  development  of  that  sinus.  Still  it  is  remarkable  how  frequently  the 

frontal  sinus  extends  upwards  in  a  well-marked  form  beyond  the  point  where  the 

extremity  of  the  one  arm  of  the  calipers  is  usually  placed  in  taking  the  ophryo- 
maximum  length,  as  is  evident  from  our  series  of  sectionised  skulls.  He  says  that 

on  an  average  the  ophryo-maximum  length  is  about  2  mm.  less  than  the  glabello- 

maximum  length  in  the  male  Hythe  crania  and  equal  in '  the  female,  and  this  is 
confirmed  by  the  Whitechapel  series  and  the  two  groups  of  the  present  Scottish 

series.  I  have  not  recorded  the  horizontal  length.  The  glabello-occipital  maximum 

mean  length  in  the  whole  Scottish  male  series  is  somewhat  below  that  of  the  White- 
chapel series,  but  the  subsidiary  male  group  of  100  has  a  mean  practically  identical 

with  the  latter.  The  German  and  French  absolute  mean  lengths  are  practically 

equal,  but  distinctly  less  than  the  two  means  above  mentioned,  while  the  Tasmanian, 

Australian,  and  modern  Negroes  are  all  distinctly  longer  than  the  German,  and  also, 

but  to  a  less  degree,  than  the  Naquada  and  Aino. 

As  regards  greatest  breadth,  we  find  that  the  Scottish  series  and  the  Whitechapel 

series  show  practically  identical  means,  while  the  German  and  French  are  notably 

higher.  The  mean  value  for  the  Aino  is  slightly  greater ;  then,  in  a  descending 

series,  follow  the  Tasmanian,  which  is  slightly  less  in  mean  value,  the  Naquada  and 

modern  Negroes  about  equal,  and  less  still  and  lowest  of  all,  the  Australian,  which  has 

a  mean  value  of  about  10  mm.  less  than  the  Scottish  skull  in  this  group. 

The  influence  of  the  relative  lengths  of  these  measurements  is  apparent  in  the 

cephalic  index,  i.e.  100B/L.  The  mean  cephalic  index  in  the  Whitechapel  series  is 

practically  identical  with  that  of  the  West  Scottish  series  of  400,  and  this  relationship 

is  not  appreciably  altered  if  we  take  the  mean  of  the  "K"  Scottish  series  of  100 
specimens.  The  cephalic  index  in  the  French  series  is  definitely  higher  than  the 

above,  and  lies  at  the  upper  limit  of  the  mesocephalic  class,  while  the  two  German 

series  show  a  mean  value  well  above  the  lower  limit  of  the  brachycephalic  class. 

The  Naquada  and  modern  Negroes  give  a  similar  mean  value,  while  the  Australian 

gives  the  lowest  value,  dependent  to  some  extent  upon  its  well-marked  glabello- 
occipital  maximum  length  but  to  a  larger  extent  on  its  extremely  small  maximum 
breadth. 

Macdonnell  (12),  from  a  comparison  of  modern  English  skulls,  obtained  by 

reduction  of  the  measurements  from  large  numbers  of  living  individuals,  comes  to 

the  conclusion  that  there  has  been  a  decided  change  in  the  shape  of  the  English 

skull  during  the  last  two  or  three  hundred  years — a  change  from  dolichocephaly  as 
exhibited  by  the  Whitechapel  series  towards  a  more  brachycephalic  type ;  the  length 

has  been  decreasing  and  the  breadth  increasing.  This  change,  he  says,  is  more 

marked  when  we  compare  English  with   modern   Germans.     According  to  Fawcett 
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(22),  a  similar  change  has  been  taking  place  in  the  development  of  Egyptian  skulls. 

Turner  in  his  memoir  says  that  in  Scotland  there  is  exhibited  at  the  present  time 

"  a  distinct  brachycephalic  tendency  "  ;  while  Pearson  (8)  states,  with  regard  to  the 

cephalic  index,  that  "  it  appears  to  be  a  quantity  closely  associated  with  degrees  of 
civilisation  and  capacity  for  racial  survival  in  the  struggle  for  existence.  It  is  a 

measure  of  round-headedness,  and,  in  a  certain  rough  sort  of  way,  round-headedness 

gives  the  maximum  of  skull  capacity  for  the  same  amount  of  material."  He  is  of 
the  opinion  that  the  extra  group  struggle  for  existence  has  gone  in  favour  of  the 

brachycephalic  races,  and  that  in  most  continents  we  find  the  mainland  occupied 

by  the  latter  races,  while  the  promontories,  outlying  borders,  and  islands  are 

occupied  by  dolichocephalic  races  apparently  driven  out  before  victorious  brachy- 
cephaly.  His  final  conclusion,  from  a  table  comprising  a  long  list  of  cephalic  indices, 

is  that  "  the  dominating  and  most  highly  civilised  peoples  of  the  world,  together 
with  the  races  from  which  they  have  sprung,  fall  into  the  brachycephalic  portion  of 

the  table."  He  admits  there  are  exceptions  to  this  general  statement,  including  the 
Anglo-Saxon  and  the  Whitechapel  English.  The  position  of  the  Anglo-Saxon  type 

he  ascribes  to  the  group  being  mixed  with  long-barrow  British  ;  but  "  the  White- 

chapel English  will  still,  however,  remain  a  striking  anomaly." 
It  is  interesting  to  be  able  to  range  alongside  the  Whitechapel  English  another 

series  of  skulls,  more  extensive  and  derived  from  an  entirely  different  source,  but 

almost  identical  in  their  mean  characters  with  the  above  series  in  support  of  the 

position  of  dolichocephaly. 

It  is  Pearson's  contention  that  the  Whitechapel  skulls  were  those  of  the  poorer 
classes,  and  that  this  accounts  for  the  long-headedness,  as  he  suggests  that  there  is  a 

class  distinction  to  be  noted  in  European  countries — the  higher  classes  having  a  dis- 

tinctly greater  tendency  to  brachycephaly  than  the  lower  classes.  Such  an  explana- 
tion would  not  hold  in  the  case  of  the  present  series,  as  there  is  no  evidence  that  the 

skulls  are  derived  from  people  in  the  lower  walks  of  life.  It  has  been  asserted  that 

town  populations  are  more  brachycephalic  than  country  populations,  but  the  evidence 

adduced  by  the  present  series  does  not  support  such  a  view,  as  the  series — manifestly 

a  town  series — is,  if  anything,  less  brachycephalic  as  regards  its  skull  form  than  the 
country  around. 

Parsons  (7)  writes  of  his  Hythe  crania  that  "  they  entirely  fail  to  substantiate 
the  theory  which  Dr  Macdonnell  advances,  that  during  the  last  two  or  three 

centuries  a  marked  change  has  been  going  on  in  the  shape  of  English  skulls ;  that 

their  length  has  been  decreasing  while  their  breadth  has  increased."  He  reminds 

Dr  Macdonnell  that  the  latter's  Whitechapel  series  cannot  be  regarded  as  repre- 
sentative of  the  English  skull  as  a  whole,  but  only  of  the  type  of  the  seventeenth- 

century  Londoner  and  nothing  more,  and  says  that  "  we  must  realise  the  fact  that 
we  are  still  in  complete  ignorance  of  the  skull  shapes  in  other  parts  of  England 

in  the  past." 
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With  regard  to  the  alleged  dominance  of  the  brachycephalic  over  the  dolicho- 

cephalic type,  Turneb  writes  that  "so  far  as  quality  of  type  is  expressed  by  the 
amount  of  cranial  capacity,  skulls  of  Scotland  do  not  sustain  this  claim,  as  those  with 

dolichocephalic  proportions  were  of  greater  mean  capacity  than  the  brachycephalic." 
In  25  dolichocephalic  crania  the  mean  capacity  was  1516  c.c.  ;  in  13  brachycephalic 
the  mean  was  1469  c.c. 

Comparing  our  series  "K"  of  typical  male  skulls  and  dolichocephalic  with  the 
Altbayerisch  German  group,  distinctly  brachycephalic  in  type,  we  find  that  the 

mean  capacity  of  the  dolichocephalic  is  greater  than  the  mean  capacity  of  the 

brachycephalic  type — a  result  which  supports  Turner's  statement.  We  are  re- 

minded by  the  latter  that  "  many  other  factors  besides  volume  of  cranial  capacity 
have  to  be  taken  into  consideration  in  the  estimation  of  the  intellectual  power 

either  of  individuals  or  of  a  collection  of  individuals  belonging  to  the  same  people 

or  race." 
The  mean  heights  of  the  different  types  in  the  present  West  Scottish  series, 

Turner's  series,  the  Whitechapel  group,  and  the  Tasmanian  series  are  nearly 
identical — slightly  greater  than  the  Wiirtemberg  series,  slightly  less  than  the 
Altbayerisch.  The  French  mean  value  is  approximately  equal  to  the  Wurtemberg 

value,  with  the  Australian  in  close  proximity  to  it.  The  Naquada  and  Negro  are 

practically  equal,  and  a  little  higher  than  the  Altbayerisch,  while  the  Aino  shows 

the  highest  value  of  all.  It  is  interesting  to  find  that  the  mean  value  for  the 

Scottish  subsidiary  "K"  group  of  100  is  identical  with  that  of  the  Altbayerisch 
group  of  100. 

The  relative  values  of  these  mean  absolute  dimensions  of  breadth  and  height  as 

well  as  length  are  shown  in  the  height  and  breadth-height  indices.  As  regards  the 

first  of  these,  the  full  Scottish  male  series,  the  subsidiary  Scottish  series  and  Turner's 
series  are  identical,  and  less  than  one  point  above  the  Whitechapel  English  series. 

The  Altbayerisch  group  is  practically  equal  to  the  Negro  in  this  respect,  about  four 

points  higher  than  the  Scottish,  as  in  it  we  find,  associated  with  the  occurrence  of  a 

nearly  equal  height,  a  smaller  maximum  length,  while  the  Wurtemberg  and  Naquada 

are  nearly  equal  and  slightly  less  in  value.  The  French  value  is  just  under  one 

point  less  than  the  last  two,  the  Australian  one  point  under  the  French,  while 

the  Aino,  owing  principally  to  its  relatively  great  height,  is  highest  in  value  of  all 

the  groups. 

The  height-breadth  index  (100  H/B)  is  hypsistenocephalic,  i.e.  over  100  in  three 
types,  viz.  Australian,  Naquada,  and  Negro,  and  of  these  the  Negro  shows  the  highest 

value,  while  the  other  two  are  practically  equal.  This  depends  principally,  in  the 

Australian,  on  the  extremely  small  maximum  breadth,  associated  with  a  moderate 

height,  while  in  the  other  two  it  seems  dependent  to  a  greater  extent  on  the  increase 

of  height,  which  is  associated  with  a  breadth  less  diminished  than  in  the  Australian. 

The  height-breadth  indices  in  the  Scottish  series  and  in  the  Whitechapel  series  con  c 
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spond  very  closely,  and  are  separated  by  a  definite  and  distinct  gap  from  the  two 

German  groups  which,  owing  to  their  marked  increase  in  maximum  breadth,  have 

distinctly  lower  indices. 

The  auricular  height  in  the  subsidiary  West  Scottish  series  of  100  has  a  mean 

value  slightly  greater  than  in  the  English  series,  and  intermediate  in  value  to  the 

two  German  series.  The  relationship  of  the  mean  values  in  the  various  groups  can 

be  readily  seen  and  compared  by  referring  to  the  table  for  male  skulls  described 

above.  The  basi-nasal  length  is  very  similar  in  the  West  Scottish  and  Altbayerisch 

groups,  slightly  greater  and  practically  equal  in  Turner's  Scottish  and  the 
Whitechapel  groups,  while  the  relatively  great  length  characteristic  of  primitive 

types  is  evident  in  the  values  for  the  Negro  and  Aino.  While  the  upper  face  heights 

are  approximately  equal  in  the  Scottish  male  group,  the  English  group,  and  the 

Altbayerisch  group — a  relationship  which  also  obtains  between  the  breadths  in  the 

two  former  groups, — the  breadth  in  the  Altbayerisch  group  is  distinctly  greater  than 
the  height,  and  so  we  find  in  this  group  of  German  skulls  a  smaller  index  and  a 

relatively  broader  face  than  in  the  other  two  groups. 

The  mean  nasal  heights  are  not  markedly  different  in  the  four  groups,  Scottish, 

English,  Altbayerisch,  and  Wtirtemberg,  and  the  same  may  be  said  of  the  respective 

breadths.  As  regards  the  nasal  index,  the  mean  value  in  the  Scottish  series  more 

nearly  equals  the  Wiirtemberg  value  than  it  does  the  Whitechapel  one.  These  are 

all  leptorhine,  while  the  Altbayerisch  value  is  at  the  lower  limit  of,  but  within,  the 

mesorhine  group.  With  regard  to  the  mean  value  of  the  orbital  width,  which 

for  all  practical  purposes  is  the  same  on  the  two  sides,  it  corresponds  more  closely 

with  that  found  in  Turner's  series  and  in  both  German  series  than  with  the  English 
series,  which  is  markedly  greater,  while  the  value  for  orbital  height  is  very  similar 

in  the  same  groups.  We  see  this  relationship  reflected  in  the  orbital  index,  which  is 

practically  equal  in  the  West  Scottish  male  group  and  in  the  Wiirtemberg  group 

and  in  the  mesoseme  class,  slightly  greater  than  that  in  the  Altbayerisch  series  just 

within  the  mesoseme  group,  and  distinctly  less  in  the  English  Whitechapel  group, 
which  falls  into  the  microsemic  class. 

As  regards  palate  index  the  West  Scottish  group  is  more  nearly  equal  to  the  two 

German  groups  than  to  the  English  group.  With  regard  to  the  profile  angle  in  the 

various  groups  we  observe  that  the  angle  in  the  West  Scottish  series,  with  the  excep- 

tion of  that  in  the  Altbayerisch  group,  shows  the  highest  value  of  all.  It  is  on 

the  average  about  2°  less  than  in  the  Altbayerisch  group,  and  about  1°  higher 
in  value  than  the  English,  Wiirtemberg,  and  French  group  angles,  which  are 

approximately  equal. 

The  angles  of  the  triangle  formed  by  the  basi-nasal,  nasi-alveolar,  and  basi-alveolar 

lines  (fig.  1)  are  shown  in  the  table  for  the  "  K"  group  of  100  male  Scottish  skulls,  and 
are  not  very  different  from  those  in  the  English  and  Naquada  groups,  which  are  the 

only  two  other  groups  where  the  values  are  given.     The  angle  01  is  nearly  identical  in 
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the  three  groups  above  named,  while  it  is  slightly  less  in  value  in  the  Naquada  than 

in  the  other  two  groups. 

Female  Skulls. — Fewer  groups  are  available  for  the  comparison  of  the  values  of 
the  various  dimensions  in  the  female  skulls.  An  analysis  of  the  groups  arranged 

in  Table  XXII,  however,  shows  that  many  of  the  characters  in  the  various  series 

have  a  similar  relationship  to  one  another  as  they  have  in  the  corresponding  male 

groups. 
While  the  maximum  breadth  dimension  is  markedly  greater  in  the  German 

groups  than  in  the  English  and  Scottish  groups,  we  find  that  in  the  last  group  the 

proportional  values  of  length  and  breadth  have  altered,  and  as  a  result  the  Scottish 

skull  has  moved  into  the  mesaticephalic  class,  while  the  index  for  the  English  skull 

itasioiJ. 

-.££' 

AlVSotA^Po/tfT, 

Fig.   1. 

F.H.   Frankfurt  horizontal  plane.  P.  Profile  angle. 

A.  Alveolar  angle.  91  =  (180°  -  <P-  <N). 
N.  Nasial  angle.  02  =  (<P-<A). 
B.  Basilar  angle. 

remains  practically  the  same  as  the  male  index.  The  length  in  the  Scottish  series  is 

approximately  equal  to  that  in  the  Naquada  and  Aino  groups,  the  lengths  of  the 

Tasmanian  and  Australian  are  practically  alike,  while  the  Tasmanian  distinctly 

exceeds  the  Australian  in  breadth.  In  length  both  are  definitely  shorter  than  the 

Scottish  mean  value.  As  regards  height,  the  Scottish,  Whitechapel  English, 

Wiirtemberg,  Tasmanian,  and  Australian  have  nearly  equal  values,  while  the  Naquada 

is  distinctly  higher  in  value.  There  is  no  hypsistenocephalic  group  tabulated  in  the 

female  sex,  even  the  Australian  falling  below  100  as  regards  height-breadth  index. 
The  horizontal  circumference  is  approximately  equal  in  the  Scottish,  Whitechapel, 

two  German  and  Aino  groups,  and  distinctly  less  in  the  Naquada,  while  the  sagittal 

arc  in  the  two  German  female  groups,  as  in  the  male  groups,  is  distinctly  less  in  value 

than  that  found  in  other  series  which  are  very  similar  in  value. 

The  nasal  and  orbital  dimensions  show  much  the  same  relationship  in  the  female 

groups  as  in  the  male.  In  the  Scottish  female  group  the  nasal  and  orbital  indices 

are  higher  in  value  than  in  the  male  group,  the  nasal  index  is  much  the  same  in  the 

English  male  and  female  groups,  while  the  orbital  index  is  distinctly  higher  in  value 

in  the  female  than  in  the  male  series.     While  the  nasal  index  is  higher  in  value  in 
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the  two  German  groups  than  in  the  Scottish  group,  the  reverse  relationship  holds  in 

regard  to  the  orbital  index. 

The  palatal  indices  in  the  Scottish  and  Whitechapel  series  are  practically  equal, 

and  are  higher  in  value  than  those  found  in  the  two  German  groups. 

As  regards  the  alveolar,  basilar,  and  nasial  angles  of  the  triangle  ANB,  there 

is  no  great  difference  in  their  respective  values  for  the  English,  Scottish,  and 

Naquada  groups. 

The  profile  angle  was  computed  in  the  series  of  100  female  skulls  by  the  aid  of 

dioptrographic  median  sagittal  tracings.  The  angle  was  found  in  the  female  to  be 

on  an  average  about  1°  greater  than  in  the  male,  a  relationship  which  was  also 
present  in  the  English  group,  whereas  in  the  German  series  the  mean  angle  in  the 

female  was  slightly  smaller  than  in  the  male. 

The  upper  facial  index  is  approximately  equal  in  the  Scottish  and  English  groups 

and  distinctly  smaller  in  the  German  groups,  which  points  to  the  relatively  shorter 
and  broader  face  in  the  latter  race,  a  condition  found  also  in  the  male  sex. 

(B)  The   Variability  of  the  Scottish  Skull. 

One  of  Turner's  principal  aims  in  regard  to  the  formation  of  his  collection  of 
Scottish  skulls  was  that  it  should  be  thoroughly  representative,  and  should  contain 

specimens  not  only  from  many  different  but  from  definite  places  in  Scotland.  This 

he  has  been  successful  in  accomplishing,  but  diversity  is  apparent  in  the  high  degree 

of  variability  exhibited  by  the  skulls  when  grouped  together.  He  has  obtained  a 

representative  series,  but  at  the  expense  of  homogeneity.  The  collection  being 

derived  from  such  varied  districts  and  sources  lacks  uniformity,  although  it  loses  no 

value  on  that  account,  but  rather  receives  an  enhanced  value,  as  it  gives  us  a 

knowledge  of  the  different  types  in  the  different  parts  of  Scotland. 

There  has  been,  till  recently,  much  difficulty  in  defining  what  is  exactly  implied 

in  the  term  "  homogeneous  series,"  but  Pearson  (32)  has  made  a  definite  statement 
on  the  subject  which  has  removed  the  difficulty.  The  statement  is  to  the  effect  that 

"  the  heterogeneity  of  any  series  the  variability  of  which  for  skull  length  exceeds  6*5 
(standard  deviation),  or  for  skull  breadth  exceeds  about  the  same  amount,  should  be 

suspected  and  the  series  subjected  to  close  examination.  If  the  variability  of  skull 

length  be  less  than  5 '5,  or  of  skull  breadth  less  than  3*3,  then  we  must  suspect  that 
the  series  is  a  rather  stringently  selected  sample.  This  rule  will  generally  enable  us 

to  distinguish  between  heterogeneity  due  to  a  mixture  of  crania  from  diverse  races, 

and  the  homogeneity  of  a  single  race  which  may,  indeed,  be  the  product  of  a  number 

of  generations  of  cross-breeding  such  as  we  may  assert  of  modern  English,  French, 

and  German,  but  hardly  with  the  same  certainty  of  Ainos  or  Bengal  castes." 
Turner  in  his  summarised  results  in  his  memoir  gives  the  minimum,  the 

maximum,  and  mean  values  for  any  measurement  taken  by  him.     Macdonnell  has 
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calculated,  from  the  complete  series  of  results,  the  standard  deviation  for  maximum 

length  and  breadth,  and  finds  that  for  length  the  factor  is  7*418  for  males  and  7*151 

for  females  ;  for  breadth  5 '94  for  males  and  5 '11  for  females.  While  they  apparently 
satisfy  the  conditions  required  for  homogeneity  as  regards  breadth,  they  do  not  do  so 

in  the  case  of  length,  and  Macdonnell's  conclusion,  supported  by  Pearson,  regarding 

them  is  that  "  they  show  a  much  higher  variability  than  is  found  in  fairly  con- 

temporary individuals  of  homogeneous  races." 
With  regard  to  the  series  of  Scottish  skulls  at  present  under  examination,  which 

were  all  obtained  at  the  same  time  and  from  the  same  burial-place,  we  find  that 
the  conditions  for  uniformity  are  satisfied  both  by  maximum  length  and  breadth 

variability.  The  homogeneity  and  great  size  of  this  series  of  skulls  gives  this  part 

of  the  inquiry  a  general  interest  in  connection  with  the  general  principles  of  cranial 
variability. 

The  variability  for  length  and  breadth  shown  by  several  different  types  is 

exhibited  in  the  following  table  : — 

Table  XXIII. 

Series. 

Standard  Deviation. 

Skull  Length. Skull  Breadth. 

Naquada  crania    .... 
Bavarian       ,, 

Aino             ,,.... 
French         „                 . 
English         ,,.... 
Scottish        ,,      (present  series) 

,,             ,,      (Turner)    . 

5-722 
6-088 
5-936 
7-202 

6-446  (Whitechapel,  6-27) 
5-94 

7-418 

4-612 5-849 
3-897 

6-068 

4-976  (Whitechapel,  5-28) 

4-76 

5-94 

These  deviations  are  small  enough  in  the  case  of  the  present  series  of  Scottish 

skulls  to  warrant  the  conclusion  that  they  constitute  a  homogeneous  series.  Show- 

ing a  value  well  above  5 "5  for  length  and  3*3  for  breadth,  there  seems  no  reason  to 

suspect  that  the  series  is  a  "  stringently  selected  sample."  It  is  worthy  of  note  that 

in  the  subsidiary  male  series  "K"  the  standard  deviation  for  length  is  5 '82  and  for 

breadth  4*43,  figures  well  above  those  values  which  suggest  stringent  selection. 
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Table  XXIV. 

Variability  of  the  West  Scottish  Skull. 

Male. Female. 

Character. 1 
Mean. S.  D. 

V. 
Mean. S.  D. 

I 

V. 

C      . 145943  ±4-11 122-13 

8-36 

1314-5    ±6-30 93-51 

7-11 

F 185-77  ±  • 20 
6-04 

3-25 

L 187-52  ±  • 20 
5-94 

3-16 

177-97  ±  • 
32 

4-75 2-67 
Bx 

139-56  ± 
16 4-76 3-41 

135-16  ±  • 

29 
4-40 

3-26 

B2 

96-42  ± 
15 

4-46 4-63 

92-66  ±  • 

25 
3-76 4-05 

H 132-72  ± 17 5-30 
3-90 

125-01  ±  • 
31 

4-61 
3-68 

OH 118-11  ± 33 
4-92 

4-16 

LB 100-37  ± 13 
4-05 4-03 

93-82  ±  • 
20 311 

3-31 
Ux 

522-53  ± 47 
14-10 

2-69 
503-61  ± 71 10-64 

2-11 

u2 
526-60  ± 47 14-06 

2-67 

S 378-60  ± 
43 

12-89 

3-40 

363-15  ± 

68 

10-16 

2-79 

Q 311-10  ± 36 10-95 

3-52 

299-21  ± 

60 

9-04 
3-02 

G'H 
70-96  ± 16 

4-75 6-69 
65-83  ± 

24 
3-67 5-57 

GB 
90-12  ± 16 

4-89 
5-42 85-09  ± 

24 

3-64 
4-25 

J 127-16  ± 18 
5-37 4-22 118-16  ± 

26 

3-94 3-33 

NH 51-72  ± 11 

3-51 6-78 48-41  ± 
20 

3-00 6-19 

NB 
23-47  ± 06 

1-78 7-58 
22-56  ± 11 

1-71 7-58 

OxL 
38-31  ± 05 

1-79 4-67 
37-13  ± 

10 
1-55 

4-17 

OjR 
38-67  ± 05 1-73 

4-47 
37-24  ± 

09 

1-48 3-97 

02L 
3305  ± 

07 
2-15 6-50 32-94  ± 13 

2-05 
6-22 

02R 
33-05  ± 07 

2-11 6-38 32-95  ± 13 
2-07 6-28 

G1 

50-54  ± 11 
3-27 6-47 47-01  ± 

19 
2-96 6-29 

G2 

37-14  ± 08 

2-54 6-84 36-21  ± 
14 

2-09 
5-77 

GL 95-08  ± 
16 4-94 5-19 88-61  ± 

•31 

4-62 
5-21 

<P 
87-12°± 

20 3-09 

88-67°± 

•18 

2-70 

<A 
73-25°± 

19 2-82 

72-9  °± 

•21 

3-14 

<N 
64-36°± 

22 
3-30 

64-85°± 

■22 

3-35 

<B 42-39°  ± 

•18 

2-75 

42-19°± 

•18 

2-75 

h 
28-54°± 

•20 

2-98 

26-37°± 

•19 

2-90 

. . 

#2 

13-87°  ± 

•20 

3-05 

15-92°  ± 
20 

3-02 

100  B/L 74-36  ± 

•08 

2-53 
3-40 

76-03  ± 

•19 

2-89 
3-80 

100  H/L 70-81  ± 

•09 

2-92 4-12 
70-31  ± 

•20 

3-00 
4-26 

100  H/B 95-14  ± 

•14 

4-27 4-48 92-53  ± 

•29 

4-42 
4-77 

100  G'H/GB      . 
100  NB/NH      . 

78-86  ± 

•19 

5-91 7-49 77-45  ± 

•32 

4-79 6-18 

45-58  ± 

•15 

4-62 
10-13 

46-77  ± 

•30 

4-49 9-60 

100  Oo/O^       . 
85-51  ± 

•17 

5-25 6-13 88-53  ± 

•35 

5-21 
5-88 

100  Gg/Gj 73-69  ±  -21 
6-33 

8-45 
77-27  ± 

•41 

6-17 
7-98 

S.  D.  =  Standard  deviation. 
V.      =  Coefficient  of  variation. 

The  accompanying  table  (Table  XXIV)  gives  the  mean  values  of  many  of  the 

characters  of  the  Scottish  skulls  for  both  male  and  female  sexes,  with  their  standard 

deviations  and  coefficients  of  variation  for  the  comparison  of  their  variability  with 

that  occurring  in  the  corresponding  characters  of  various  other  series  of  crania.  I 

have  computed  the  additional  measurements  given  in  Table  XXV,  for  which  I  give 
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the  standard  deviation  and  the  coefficient  of  variation.  I  cannot  compare  their 

variability  with  the  corresponding  measurements  in  other  series  of  skulls,  as  these 

are  not  available,  but  it  is  of  interest  to  compare  them  with  the  corresponding  values 

in  the  female  group  : — 

Table  XXV. 

Character. 

Maxillofacial  index  (interzygomatic) 
Gnathic  index 

Frontal  segment 
Parietal        „ 
Occipital      ,, 
Transverse  base 

Cleland's  base  (opisthionic  nasal  length) 
Sagittal  arc/base  . 
Palatomaxillary  index . 
Asterionic  breadth 

Interstephanic  breadth 
Palatal  length  (T) 

breadth  (T) 

Male. 
Female. 

Mean. 
S.  D. 

V. 

Mean. S.  D. V. 

55-81 

3-58 
6-41 

55-71 

3-20 5-74 

94-68 

3-89 

4-10 

94-45 

3-78 4-00 

131-73 

6-44 4-88 

126-96 

5-70 

4-48 

127-00 

7-46 
5-87 

121-4 

6-74 
5-55 

119-88 

5*22 

435 
114-76 

6-53 
5-69 

115-13 

4-63 
4-02 

108-89 

3-72 

3-41 

134-53 

5-08 
3-77 

126-98 

4-16 3-27 

2-819 

•117 

4-16 2-859 

•1145 4-00 

112-76 

7-82 6-93 

114-16 

8-45 
7-40 

109-68 

4-21 3-83 

105-44 

4-03 

3-82 

11793 

5-33 
4-52 

114-91 

4-53 

391 

52-94 

3-03 
5-72 

4923 

2-72 

5-52 

59-59 

3-67 6-15 

56-08 

3-38 
6-04 

From  a  brief  survey  of  the  above  tables  we  observe  that  in  the  great  majority  of 

the  characters  or  dimensions  the  male  shows  a  greater  variability  than  the  female. 

The  female  is  more  variable  than  the  male  in  the  cephalic  index,  height  index,  height- 

breadth  index,  palato-maxillary  index,  occipital  segment  of  sagittal  arc,  basi-alveolar 
length,  alveolar  and  nasial  angles  ;  or  equal  variability  in  the  nasal  breadth,  asterionic 

breadth,  and  basilar  angle.  In  all  the  others,  i.e.  39  out  of  49,  the  female  is  less 

variable  than  the  male,  variability  being  determined  by  the  coefficient  of  variation  in 

all  the  instances  except  the  angles  when  the  standard  deviation  is  used. 

We  are  now  in  a  position  to  compare  the  variability  of  the  Scottish  skull  as 

regards  its  various  dimensions  with  that  shown  by  other  series,  and  we  begin  with 

the  capacity.  Pearson  in  his  Chances  of  Death,  vol.  i,  gives  the  coefficients  of 
variation  for  this  dimension  for  a  number  of  different  races  from  which  I  have 

made  a  selection  ;  Macdonnell  (12)  gives  the  coefficients  for  his  English  series,  and 

Fawcett  supplies  the  factor  for  the  Naquada  crania.  From  these  sources  I  have 

compiled  the  following  table  : — 
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Table  XXVI. 

Race  or  Type. 

Capacity. 
Coefficients  of  Variation. 

M. 

F. 

Scottish  ..... 

8-36 7-11 

English    . 

8-28 

8-68 

Parisian  French 
736 

7-10 

Modern  Italians 

8-34 
8'99 

„        Germans 774 

8-19 

Naquadas 
Ainos 

7-72 6-89 

6-92 
6-82 

Negroes  . 

7-07 

690 

Andamanese    . 

5-04 

559 

From  an  analysis  of  the  above  table  we  see  that  the  variability  of  the  Scottish 

skull,  as  regards  cubic  capacity,  is  very  high  in  the  case  of  the  male  group,  practically 

identical  with  the  Italian,  slightly  greater  than  in  the  English  series,  and  markedly 

greater  than  the  others  in  the  table. 

In  the  case  of  the  female  group,  however,  the  variability  is  distinctly  less  than  in 

the  male  group,  is  practically  equal  to  that  exhibited  by  the  Parisian  French,  and 

much  less  than  modern  Germans  and  Italians,  which  show  a  relatively  high  degree 

of  variation  for  the  female  sex  as  regards  this  dimension.  We  notice  that  the 

Scottish  female,  in  being  less  variable  than  the  male,  resembles  the  French,  Naquada, 

and  Aino,  while  the  opposite  relationship  holds  in  the  English,  modern  Italians,  and 
Germans. 

Comparing  the  coefficients  of  variation  of  length,  breadth,  height,  and  auricular 

height,  we  find  them  arranged  in  the  following  table  for  different  types  : — 

Table  XXVII. 

Len 

gth. 

Breadth. Hei 

ght. 

Auricular 

Height. 
Race. 

M. 

F. M. 
F. 

M. 

F. M. 

F. 

West  Scottish 

3-16 2-67 3-41 
3-26 

3-9 

3-68 
4-16 

English 3  31 345 

3-75 3-54 
4-21 

3-96 3-73 
4-12 

Bavarian 

3-37 

357 

3-89 

339 

4-47 

3-91 

French 

3-97 
3-65 4-21 

3-67 

Naquada 

3-17 
3-14 

3-29 
3-45 3-98 

3-66 
3-86 

354 
Aino 

3-20 3-08 2-76 2-68 

3-67 3-18 

Tasmanian 

3-18 

327 

3-49 2-47 

•3-60 
4-21 

Australian 404 

2-69 

369 

3-00 4-23 4-86 

Scottish  (T) 

3-97 4-00 4-11 3-71 4-60 
3-98 
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The  Scottish  male,  as  represented  in  the  present  series,  is  the  least  variable  as 

regards  length,  with  the  Naquada  and  Tasmanian  almost  equal  to  it ;  the  English 

male  is  distinctly  more  variable,  and  the  Australian  shows  the  highest  variation.  In 

the  case  of  the  female,  as  regards  length  the  Scottish  group  shows  the  smallest  co- 
efficient of  variation,  the  Australian  is  next  lowest  and  almost  equal  to  the  Scottish, 

while  all  the  other  types  are  distinctly  more  variable. 

In  respect  of  breadth,  the  Scottish  male  is  less  variable  than  the  English  male, 

which  is  less  than  the  German  ;  the  Tasmanian  shows  an  equal  variability  with 
the  Scottish  skull.  In  the  case  of  the  female,  the  Scottish  skull  is  less  variable 

than  the  English  and  German  but  distinctly  more  variable  than  the  Tasmanian 
and  Australian. 

As  regards  height,  the  English  skull  is  again  more  variable  than  the  West  Scottish, 

which  is  practically  equal  in  variability  to  the  Naquada  crania  and  distinctly  less  so 

than  the  Australian.  Auricular  height  I  have  calculated  only  for  100  male  skulls, 

and  the  variability  shown  for  this  measurement  is  greater  in  the  Scottish  than  in  all 

the  other  races  contained  in  the  table,  except  the  Germans. 

For  each  of  these  dimensions,  as  before  mentioned,  the  male  is  more  variable  than 

the  female. 

For  circumferential  measurements  we  can  compile  a  table  such  as  the  following 

from  the  figures  available  : — 
Table  XXVIII. 

Eace. 

Horizontal  Circum- 
ference. 

Vertical  Circum- ference. Sagittal  Arc. 

M. 

F. 

M. 
F. M. 

F. 

Scottish  .         .         . 

English   
Bavarian           .... 

Naquada           .... 
Row  Grave  Germans 

2-69 

2-87 
2-86 

2-54 
2-70 

2-11 

292 
309 

2-27 

2-40 

3-52 
3-70 

3-32 

3-02 

3-97 
2-72 

3-40 
3-63 

319 

2-79 

3-90 

3-51 

! 

From  an  examination  of  the  above  table  we  find  that,  for  the  horizontal  circum- 

ference in  the  male,  the  Naquada  crania  show  the  least  variability,  the  Scottish  and 

Row  Grave  Germans  practically  equal  variability  and  sensibly  greater  than  that  of 

the  Naquada,  while  the  English  and  Bavarian  coefficients  of  variation  are  equal  and 

distinctly  higher  than  that  shown  by  the  Scottish  series.  In  the  female,  on  the  other 

hand,  the  Scottish  group  shows  the  smallest  coefficient  of  variation;  then  the  Naquada, 

Row  Grave  Germans,  English,  and  Bavarian  in  an  ascending  degree. 

With  regard  to  the  vertical  circumference,  we  observe  that  the  Scottish  groups, 

both  male  and  female,  are  more  variable  than  the  corresponding  Naquada  groups  but 

less  variable  than  the  English  Whitechapel  series. 
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For  the  variability  of  the  sagittal  arc  the  same  relationship  obtains  in  the  male 

sex  as  for  the  transverse  arc,  but  in  the  female  the  sagittal  arc  is  less  variable  than 

in  the  Naquada  crania  and  the  Whitechapel  English.  No  figures  are  available  for 

the  sagittal  arc  and  the  transverse  arc  in  the  Bavarian  series. 

Fewer  figures  are  available  for  the  remaining  absolute  measurements  in  the 

various  races,  but  we  may  compare  the  following  : — 

Table  XXIX. 

Profile  Angle. 

Race. 

Standard  Deviation. 

M. 
F. 

Scottish       ..... 

English        ..... 
Bavarian      ..... 

Naquada      ..... 

3-09 

3-92 2-79 

2-87 

2-70 

2-85 3-59 

3-66 

The  English  skull  shows  the  highest  variability  in  respect  of  this  angle  in  the 

male  sex,  the  Scottish  is  next  in  magnitude,  while  the  coefficients  of  variation  in  the 

Bavarian  and  Naquada  are  distinctly  less  and  about  equal  in  value.  In  the  female 

there  is  a  rearrangement  of  the  groups.  The  Scottish  and  English  are  approximately 

equal  in  variability,  while  the  Bavarian  and  Naquada  are  sensibly  more  variable  and 

are  also  about  equally  so.  In  the  Scottish  and  English  groups  therefore  the  male  is, 

as  regards  this  dimension,  more  variable  than  the  female,  while  the  opposite  relation- 
ship obtains  in  the  Bavarian  and  Naquada. 

Comparing  palate  lengths  and  breadths  with  regard  to  variability,  we  have  the 

following  table  : — 
Table  XXX. 

Race. 
Length  of  Palate. Breadth  of  Palate. 

M. 
F. M. F. 

Scottish       ..... 

English        ..... 
Bavarian     ..... 

Naquada      ..... 

6-47 

5-65 
6-42 

649 

6-29 
6-53 

6-85 7-41 

6-84 

7-75 
9-29 

5-77 

7-68 

8-55 

The  above  table  shows  the  high  degree  of  variability  that  holds  in  all  the  series 

named  in  respect  of   palate  length  and  breadth.     For  palate    length    the    Scottish 
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male  is  more  variable  than  the  English  male,  while  the  female  is  less  variable  than  the 

English  female.  Exactly  the  opposite  arrangement  is  shown  in  the  values  for  the 

\  ,i liability  of  palate  breadth  in  these  two  series  of  crania.  In  both  male  and  female 

the  palate  length  is  more  variable  than  the  palate  breadth  in  the  Scottish  skull,  while 

in  the  English  series,  in  both  male  and  female,  palate  breadth  is  more  variable  than 

palate  length.  The  Naquada  crania  show  a  very  high  degree  of  variability  for  palate 

breadth  in  both  sexes.  The  variability  of  palate  length  in  the  male  Bavarian  is 

practically  equal  to  that  of  the  Scottish  male,  while  the  variation  in  the  female  is 

greater  than  the  male. 

The  following  table  shows  the  variability  of  certain  absolute  measurements  in 

Scottish,  English,  and  Naquada  skulls  : — 

Table  XXXI. 

Reference  Letter. 

B'  . 

LB  . G'H. 

GB  . 
J 
NH  . 
NB  . 

OjL. 
0,R. 
09L. 

02R. GL  . 

Character. 

Minimum  frontal  breadth 
Basi-nasal  length 
Nasi-alveolar  length 
Intermalar  breadth 

Interzygomatic  breadth 
Nasal  height 

, ,      breadth 
Orbital  breadth  (left) 

(right) 
Orbital  height  (left) 

>,     (right) Basi-alveolar  length 

Scottish. 

Eng 

lish. 
Naquada. 

M. 

F. 

M. 

F. 
M. 

F. 
4-63 

4-05 4-29 

4-55 
5-29 

4-47 

4-03 
3-31 4-07 

411 

4-88 

468 

6  69 

5-57 
5-50 

744 

6-08 

687 
5-42 

4-25 5-58 

5-40 

548 

4-77 

4-22 

333 

4-28 

4-13 

446 

4-77 

6-78 
6-19 5-08 5-55 

643 

6-81 

7-58 
7-58 

8-89 
7-06 

7-89 

7-28 

4-67 

447 

4-20 

353 

4-97 

5-30 

4-47 3-97 

469 

4-00 

502 

5-38 

6-50 6-22 
5-61 4-31 

7  06 

6-58 

6-38 6-28 
6-65 

4-47 7-27 6-85 

5-19 

521 

4-68 4-95 
4-84 5-09 

The  above  table  at  first  sight  seems  rather  complex,  but  it  shows  a  few  notable 

features.  First  of  all,  in  the  Scottish  series  the  variability  for  the  male  is  greater 

than  that  for  the  female  in  all  the  characters  except  two,  viz.  nasal  breadth  and 

basi-alveolar  length.  In  the  former  the  variabilities  shown  by  the  two  sexes  are 
equal ;  in  the  latter  the  female  is  slightly  the  more  variable. 

In  the  English  series  the  female  is  more  variable  than  the  male  in  several  of  the 

characters,  namely,  minimum  frontal  breadth,  basi-nasal  length,  nasi-alveolar  length, 

nasal  height,  and  basi-alveolar  length. 
In  the  Naquada  the  female  is  more  variable  than  the  male  in  the  following 

characters  :  nasi-alveolar  length,  interzygomatic  breadth,  nasal  height,  orbital  breadth 

(both  orbits),  and  basi-alveolar  length. 
Examining  the  male  coefficients  of  variation  we  find  that,  for  minimum  frontal 

breadth,  it  is  greatest  in  the  Naquada  and  least  in  the  English  ;  for  basi-nasal  length 

it  is  greatest  in  the  Naquada  and  smallest  in  the  Scottish  ;  for  nasi-alveolar  length 
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the  Scottish  series  shows  the  highest  value,  the  English  the  least,  and  Naquada 

is  intermediate ;  for  intermalar  breadth  the  English  has  the  highest  coefficient 

and  Naquada  the  smallest ;  for  interzygomatic  breadth  the  same  relationship 

holds ;  for  nasal  height  the  Scottish  shows  the  highest  value,  the  English  the 

least ;  for  nasal  breadth  the  English  group  has  the  highest  value  and  the  Scottish 
the  smallest. 

For  orbital  breadth  (left  orbit)  Naquada  is  most,  and  English  least,  variable  ;  for 

orbital  breadth  (right  orbit)  Naquada  is  most  variable,  but  now  Scottish  is  least 

variable ;  for  orbital  height  (left)  the  Naquada  is  most  variable  and  the  English 

group  least ;  for  the  right  orbital  height  Naquada  is  still  most  variable,  but  now 

Scottish  is  least  variable  ;  while  for  basi-alveolar  length  the  Scottish  group  is  most, 
the  English  group  least,  variable.  For  the  female  the  relationship  of  the  variabilities 

is  equally  changeable,  and  I  think  we  can  represent  it  best  in  the  following  way  : — 

Table  XXXII. 

• Male. Female. 

Character. 

Most  Variable. Least  Variable. Most  Variable. Least  Variable. 

B'      . Naquada English English 
Scottish 

LB    . D Scottish 
Naquada 

ii 

G'L  . Scottish 
English English 

ii 

GB   . English Naquada 

)> 

jj 

J       . 

ii 

'» 

Naquada 
>! 

NH  . Scottish English !> English 
NB  . English Scottish 

English 
Scottish 

0^. Naquada English Naquada English 
OjR . 

>! 

Scottish Scottish 

02L. 
J) English >> 

English 
02R. 

Scottish !> 
GL  . Scottish 

English Scottish 

>> 

The  English  group  is  most  often  least  variable  in  the  male  skulls  as  regards  those 

dimensions,  and  the  Scottish  is  least  variable  of  the  three  most  frequently  in  the 
female  sex. 

We  have  still  to  compare  the  variability  of  the  various  indices,  and  material  for 

this  purpose  is  more  abundant.  The  variability  is  determined  in  the  case  of  indices 

by  the  standard  deviation. 

[Table. 
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Table  XXXIII. 

Cephalic  Index. 

Breadth  and  Le 

ngth  (?  x  100\ Series. 

M. F. 

Scottish  ..... 

2-53 

2-89 

English    .... 

3-26 2-98 

Bavarian 

3-50 2-97 

French     . 

4-43 4-19 

Naquada 

2-80 3-12 

Row  Grave  Germans 

2-28 2-35 

Aino 

2-41 2-54 

Egyptian  mummies  . 
335 

3-36 

Modern  Egyptians    . 542 

5-10 

Negroes  . 

2-77 
3-52 

Punjabi  low  caste     . 

2-98 

375 Australian 

3-21 3-05 

English  (upper  classes) 

3-03 

Of  the  various  series  included  in  the  table  the  Scottish  male  is  less  variable  than 

all  the  others  as  regards  the  cephalic  index  with  the  exception  of  two,  namely, 
Aino  and  Row  Grave  Germans.  The  standard  deviation  in  the  Scottish  male  is 

sensibly  less  than  in  the  Bavarian,  French,  or  English,  and  less  than  the  factor  in  the 

female,  which  is  the  opposite  condition  to  what  is  found  in  the  German  and  English 

series,  the  male  in  the  two  latter  being  more  variable  than  the  female.  The 

Australian  male  and  female  are  more  variable  as  regards  their  index  than  the  corre- 

sponding sexes  in  the  West  Scottish  series. 

The  following  table  shows  the  data  for  the  vertical  or  altitudinal  index  : — 

Table  XXXIV. 

Race. 
100  x  ?. 

M. 

F. 

Scottish 

English French 

Naquada 
Australian     . 

2-92 

322 
353 

2-73 
3'39 

3-00 2-83 
3-67 

2-96 
3-83 

From  the  above  we  see  that  in  the  male  sex,  as  regards  the  vertical  index,  the 

Scottish  crania  are  less  variable  than  the  English,  French,  and  Australian,  but  more 

variable  than  the  Naquada  crania  ;  whereas  in  the  female  sex  the  English  female  is 
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less  variable  as  regards  this  index,  then  comes  the  Naquada,  then  the  Scottish,  while 
the  Australian  is  most  variable.  The  Scottish  male  is  less  variable  than  the  female 

as  in  the  Australian,  unlike  the  relationship  which  obtains  in  the  English  series. 

The  following  table  represents  the  variability  of  the  height-breadth  index  in  the 

various  types  : — 
Table  XXXV. 

Race. 

100,  |. 

M. F. 

Scottish  . 

English    . 
French    . 

Naquada 
Australian 

4-27 

4-58 
4-74 

4-73 
4-59 

4-42 
3-84 

431 
4-66 
4-81 

In  the  male  groups,  as  regards  the  height-breadth  index,  the  Scottish  series  is  the 
least  variable  ;  then  follow  the  English  and  Australian,  sensibly  different  and  showing 

equal  variability,  while  the  French  and  Naquada  are  still  more  variable  and  to  an 

equal  degree. 

In  the  female  groups  the  least  variable  is  the  English  series,  then  comes  the 

French,  then  the  Scottish,  and  last  of  all  the  Australian — most  variable,  with  the 
Naquada  between  it  and  the  Scottish. 

The  Scottish  male  is  less  variable,  as  regards  the  above  index,  than  the  female — 

a  relationship  which  also  obtains  in  the  Australian  series,  while  the  opposite  relation- 
ship holds  in  the  English,  French,  and  Naquada  series. 

The  standard  deviations  of  the  remaining  indices  in  the  different  series  are  as 

follows  : — 
Table  XXXVI. 

Race. 

Upper  Face  Index 
or  Maxillo-Facial  Index. Palatal  Index. 

M. F. M. 

F. 

Scottish     . 

English 
Bavarian    . 

Naquada   . 

5-91 
5-39 

3-26 
4-52 

4-79 

6-26 
3-33 

4-15 

6-33 
8-39 

10-23 

6-17 

8-52 8-20 

The  Scottish  male  is  more  variable,  as  regards  upper  facial  index  and  also  palatal 

index,  than  the  female  ;  and,  as  so  often  occurred  in  the  other  characters  examined, 

we  find  again  the  opposite  relationship  holding  in  the  English  series. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.  9). 
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The  Scottish  palatal  index  shows  a  remarkably  small  standard  deviation  compared 

with  that  shown  by  the  English  and  Naquada  crania. 

As  regards  the  maxillo- facial  index  in  the  male,  the  Bavarian  shows  the  least 
\  a  liability,  then  the  Naquada,  while  the  English  and  Scottish  are  appreciably 

more  variable.  In  the  female  the  Bavarian  is  again  the  least  variable ;  follow- 
ing this  comes  the  Naquada;  then  the  Scottish,  while  the  English  female  is  the 

most  variable. 

We  have  still  to  examine  the  orbital  and  nasal  indices,  and  the  following  table 

contains  all  the  figures  available  : — 

Table  XXXVII. 

Race. 

Orbital  Index. Nasal  Index. 

M. 

F. M. 
F. 

Scottish     . 

English 
Bavarian    . 

Naquada    . 

5-25  (R.) 
4-66  (R.) 

666 

5-00 

5-21  (R.) 
4-33  (R.) 
5-22 

478 

4-62 
4-58 

4-43 4-18 

4-49 3-90 

4-61 4-86 

In  the  Scottish  series  the  orbital  index  was  not  calculated  for  both  orbits,  as 

there  seemed  to  be  so  little  difference  between  the  mean  values  of  the  respective 

lengths  and  breadths.  The  orbital  index  in  the  above  table  is  obtained  from  the 

right  orbit. 
Examining  the  above  table,  we  observe  that  the  English  crania  are  least  variable 

in  both  sexes  for  the  orbital  index.-  In  the  male  the  Bavarian  is  highest  in  variability, 
the  Scottish  distinctly  less  variable,  and  the  Naquada  less  than  the  Scottish.  In  the 

female  sex  we  find  the  Naquada  next  to  the  English  in  variability  of  orbital  index, 

while  the  Scottish  and  Bavarian  are  distinctly  more  variable  than  the  latter  and  show 

an  equal  degree  of  variability.  The  variability  for  orbital  index  is  practically  equal 
for  the  male  and  the  female  in  the  Scottish  series. 

In  respect  of  the  nasal  index,  in  the  male  sex  the  Naquada  shows  least,  the 

Scottish  most,  variability,  while  the  English  series  is  just  a  slight  degree  less  variable 

than  the  Scottish.  In  the  female  the  English  is  the  least  variable,  the  Scottish 

comes  next,  and  the  Naquada  is  the  most  variable.  The  variability  of  the  nasal 

index  is  greater  in  the  male  than  in  the  female  in  both  Scottish  and  English  series, 

while  the  reverse  is  the  case  in  the  Bavarian  and  Naquada  groups.  In  this  Scottish 

series,  as  in  Turner's,  the  English,  and  Naquada  series,  the  nasal  index,  as  measured 
by  the  coefficient  of  variation,  is  much  more  variable  than  the  orbital  index,  although, 

as  M acdonnell  points  out,  Turner  says  that  the  latter  "shows  a  great  range  of 
variation  in  the  same  race,  and  that  it  possesses  only  a  secondary  value  as  a  race 
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character,"  while  he  says  of  the  former  "  that  it  constitutes  one  of  the  most  important 
anthropological  characters  of  the  face. 

The  results  shown  in  the  foregoing  tables  with  reference  to  the  variability  of 
the  different  characters  in  different  races  are  so  diverse  that  it  is  difficult,  in  fact 

sometimes  impossible,  to  find  evidence  therein  for  two  important  conclusions  of 

Pearson  : — 

(1)  That  the  male  is  not  more  variable  than  the  female. 

(2)  That  the  more  highly  civilised  races  are  the  more  variable. 

Before  Pearson's  essay  on  "Variation  in  Man  and  Woman"  appeared,  it  seemed 
to  be  the  general  belief — -a  view  supported  by  Darwin  (33) — that  the  male  was  more 
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Fig.  2. — Frequency  curve  for  glabello-occipital  length  in  100  male  and  100  female  skulls. 

variable  than  the  female.  This  belief  Pearson  ascribed  to  the  use  of  non-scientific 

methods  to  measure  the  variability,  and,  in  the  course  of  his  paper,  furnished  numerous 

instances  where,  in  the  most  diverse  characters,  the  female  is  as  variable  as,  if  not 

more  variable  than,  the  male  ;  so  that  his  conclusion  is,  with  regard  to  the  characters 

he  has  examined  for  both  sexes,  that  there  is  "no  evidence  of  greater  male  variability 

but  rather  of  a  slightly  greater  female  variability."     In  the  paper  above  mentioned 

the  measure  of  significant  variation  is  the  coefficient  of  variation     when 

the  sexual  means  differ  considerably,  and  the  standard  deviation  when  the  means 

are  practically  identical. 

As  previously  mentioned,  in  the  different  characters  for  which  the  variability  has 

been  estimated  by  these  criteria  in  the  present  collection,  with  very  few  exceptions, 

the  male  skull  shows  greater  variability  than  the  female.  Kespecting  the  second 

conclusion,  i.e.  that  the  more  highly  civilised  races  are  the  more  variable,  we  find 
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that  where  measurements  for  certain  characters  of  the  Australian  are  available  for 

comparison,  the  coefficients  of  variation  are  sensibly  greater  than  in  the  present 

Scottish  series  of  skulls  in  all  cases,  and  than  in  Macdonnell's  English  series  in 

Fig.  4.  —  Frequency  curve  for  basi-bregmatic  height  in  100  male  and  100  female  skulls. 

most  cases.  As  we  shall  see  later,  the  same  relationship  holds  in  the  Tasmanian  and 

Scottish  in  regard  to  certain  dimensions  in  Klaatsch's  scheme  for  the  examination 

of  skulls.  The  Tasmanian  not  infrequently  shows  greater  variability  than  the  Scottish 

skull  for  the  same  character.      Are  we  to  regard  these  in  the  light  of  "  exceptions 
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that  prove  the  rule,"  or  has  there  been  any  special  selection  of  skulls  made  in  our 
series,  especially  as  regards  the  female  group  ?  Of  such  a  contingency  I  am  not 

aware,  and  the  only  conclusion  I  can  come  to  is  that  there  is  room  for  further  research 

as  to  the  relative  variability  exhibited  by  the  two  sexes  in  different  races. 

The  variability  of  the  foregoing  dimensions  and  indices  may  be  graphically  repre- 
sented by  constructing  frequency  polygons  ;  and,  from  the  data  given  in  the  tables, 

it  only  requires  time  and  patience  to  calculate  the  analytical  constants  of  the  curves 

which  graphically  represent  the  true  nature  of  the  frequency  distribution. 

I  have  constructed  frequency  polygons  for  several  of  the  dimensions  and  indices 

representing  the  variability  of  these  in  both  sexes  (figs.  2  to  6).     One  of  the  pro- 

FlG.  5. — Frequency  curve  for  cephalic  index  in  100  male  and  100  female  skulls. 

minent  features  of  these  frequency  polygons  is  the  irregularly  peaked  or  multimodal 

appearance  they  present,  which  may  appear  to  point  to  heterogeneity  in  the  series 
of  crania  from  which  the  measurements  were  taken.  Both  C.  D.  Fawcett  and  Mao 

donnell  urge  us  strongly  to  be  cautious  against  using  this  "  mountain  range  "  appear- 
ance of  the  curve  as  an  argument  in  favour  of  heterogeneity,  as  the  peaks  may  be  due 

to  various  other  causes,  among  which  the  chief  are  : — 
(a)  That  we  are  dealing  in  most  cases  with  very  small  random  samples. 

(6)  That  some  of  the  skulls  are  attributed  to,  and  included  in,  the  results  of  the 

wrong  sex  group. 

(c)  That  "  foreign  "  skulls  are  included. 
(d)  That  the  ages  of  the  skulls  in  the  collection  are  very  varied. 

(e)  That  some  of  the  skulls  may  have  been  altered  by  post-mortem  changes. 
(/)  That  clustering  may  occur  due  to  family  groups  included  in  the  collection. 
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There  are  other  causes  that  operate  against  uniformity  in  the  curve  of  frequency ; 

and  one  that  is  specially  noticeable  in  the  curves  given  at  the  end  of  this  paper  for 

the  indices  is  the  small  size  of  the  unit  compared  with  the  number  of  skulls  in  the 

series.  The  indices  have  been  calculated  to  '5  as  well  as  to  whole  numbers,  which 

gives  "5  as  a  difference  between  successive  groups.     As  may  be  easily  seen  from  the 
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Fig.  6. — Frequency  curve  for  height  index  in  100  male  and  100  female  skulls. 

curves,  many  of  the  indentations  would  not  have  been  present  had  one  point  been  the 

difference  between  one  index  group  and  the  succeeding  one.  According  to  Fawcett, 

;'  it  would  be  quite  unjustifiable  to  argue  from  a  series  of  peaks  as  to  racial  mixtures. 
Even  if  like  peaks  occur  in  the  two  sexes  for  several  characters,  the  sources  of  hetero- 

geneity given  above  are  often  ample  explanation." 

(C)   The  Correlation  of  the  Characters  of  the  Scottish  Skull. 

Correlated  variability  is  such  a  relation  between  the  magnitudes  of  two  or  more 

characters  that  any  abmodality  of  the  one  is  accompanied  by  a  corresponding 

abmodality  of  the  other  or  others.  The  length  of  this  series  and  the  remarkable 

uniformity  of  the  type  of  skull  represented  presents  an  almost  unique  opportunity 

for  the  study  of  the  correlations  of  cranial  characters. 

As  the  possible  combinations  of  the  various  measurements  I  have  made  of  the 

different  skulls,  taking  two  at  a  time,  would  amount  to  a  very  large  number,  in  fact 

some  thousands,  it  is  necessary  to  make  a  selection  of  the  characters  for  the  purposes 

of  correlation.  My  choice  has  been  regulated  largely  by  those  for  which  I  can  find 

comparative  figures  in  other  races,  and  so  resembles  closely,  in  so  far  as  it  goes,  the 

list  given  by  Fawcett  and  Macdonnell,  which  includes  those  characters  of  special 
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interest.  Although  the  list  at  present  is  not  so  complete  as  theirs,  lack  of  time  and 

the  labour  and  calculations  involved  in  determining  the  coefficients  of  correlation  of 

the  pairs  of  characters  selected  by  the  method  which  gives  the  most  reliable  results, 

i.e.  by  estimating  the  sum  of  the  products  of  the  actual  pairs  of  measurement,  has 

made  the  list  smaller  than  intended.  The  data  for  a  longer  list  are  provided  in  the 

Appendix. 
I  give  tables  showing  the  pairs  of  characters  correlated  and  their  coefficients  of 

correlation,  with  the  probable  errors  of  that  criterion,  and  shall  proceed  to  examine 

the  various  coefficients  and  compare  them  with  those  that  have  been  calculated  for 
other  races. 

In  the  first  place,  we  may  construct  a  table  (XXXVIII)  for  length,  breadth,  and 

height  correlations  such  as  the  following  : — 

Table  XXXVIII. 

Race. 
Length  and  Height. Length  and  Breadth. Breadth  and  Height. 

No. 

405 
120 

860 
100 

87 
134 

M. 
No. 

100 

117 
340 
99 

63 

163 

F. 
No. 

405 
131 860 
100 

3000 

1000 
87 

139 

M. 
No. 

100 
130 340 

99 

63 
183 

F. 
No. 

M. 
No. 
100 

115 
340 
99 

63 
163 

F. 

Scottish    . 

EngUsh  (W.)     • 
French  f  . 
German  $ 
Enghsh  § 

(criminals)     . 
English  §    (mid. 

classes) 
Aino 

Naquada  *[j 
Australian  f  f    . 
Tasmanian  %%  . 
Sioux  Indians  §§ 

•356  ±-029 
•255  ±-058 
•294  ±-022 

-•097  ±-067* 

■501  ±054* 
•489  ±-044 
•337  ±-060 
•577  ±-061 
•36  ±-08 

•089  ±-066 
•425  ±051 
•132  ±036 

•314±061* 

•349  ±-075* ■283  ±-048 

■083  ±-143 

178±-119 

•454  ±-026 
•240  ±-055 

•089  ±-024 
•286  ±-062 

•402  ±010 

•345±019 

•432  ±-059 
•344  ±-050 
•313  ±069 

•452  ±-073 
•24   ±-08 

•187  ±064 

•350  ±-052 
-■042  ±-037 

•488  ±-052 

•376  ±073 
•143  ±049 
■016±144 

•256  ±-115 

405 116 

860 100 

87 129 

•264  ±031 

•233  ±-059 
■224  ±023 

■072  ±-067* 

•345  ±-064* 
•273  ±055 

•314  ±-069 
■268  ±-085 

•053  ±-066 
•340  ±-056 
•229  ±-035 

•276  ±-063* 

•178  ±-082* •119  ±052 

■311±130 
■151±120 

In  the  above  tables  the  correlations  for  length  and  height  and  breadth  and  height 

are  marked  with  an  asterisk  in  the  Aino  and  German  to  indicate  that  they  are 

not  comparable  with  the  other  results,  as  the  auricular  and  not  the  basi-bregmatic 
height  has  been  made  use  of;  whereas  in  the  Naquada  crania  the  height  was 

measured  from  the  basion  to  the  vault  vertically  above,  but  perpendicular  to,  the 

German  horizontal  plane,  instead  of  the  distance  between  the  basion  and  the 

bregma,  which  was  introduced  by  Broca  and  adopted  and  advocated  by  Turner, 

Flower,  and  many  others.  From  the  median  sagittal  tracing  of  100  male  skulls 

I  was  able,  having  also  traced  the  opening  of  the  external  acoustic  meatus  and  the 
t  Paris  Catacomb  Crania. 

§  Measurements  on  living  head. 

If  C.  D.  Fawcett,  Biometrika,  i,  p.  457. 

ff  Robertson,  Proc.  Roy.  Soc.  Edin.,  vol.  xxxi,  pt.  i. 

||  Berry,  Robertson,  and  Cross,  Proc.  Roy.  Soc.  Edin.,  vol.  xxxi,  pt.  i,  No.  2. 

§§  Boas,  Amer.  Anthropol.,  vol.  i,  p.  453. 

|  A.  Lee,  Phil.  Trans.,  vol.  cxcvi,  A,  p.  23. 

jl  A.  Lee,  Phil.  Trans.,  vol.  cxcvi,  A,  p.  23. 
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lower  margin  of  the  orbit,  to  delineate  on  the  tracing  not  only  the  line  of  the 

Frankfurt  horizontal  plane,  but  also  to  get  the  auricular  height  at  right  angles  to 

that  plane  and  the  distance  from  the  basion  to  the  vault  in  a  plane  at  right  angles 

to  it.  In  the  100  male  skulls  I  was  able  to  compare  the  basi-bregmatic  height 

(Broca's)  with  this  other  height  as  used  in  Germany,  and  was  able  to  convince 
myself  that  the  two  were  practically  identical  in  the  group  examined.  In  the  great 

majority  of  the  cases,  in  fact  with  the  exception  of  a  very  few,  the  two  measurements 

were  exactly  equal ;  in  some  cases  there  was  a  difference  of  a  \  mm.,  and  in  only 

practically  a  negligible  number  of  cases  did  the  difference  in  the  two  heights  equal 

1  mm.  in  amount.  So  far  as  the  present  series  goes,  therefore,  I  see  no  reason  why 

we  should  not  regard  the  correlations  of  length  and  height  and  breadth  and  height 

in  the  Naquada  and  Scottish  crania  as  truly  comparable,  the  difference  produced  in 

the  result  due  to  the  small  difference  in  the  heights  being  so  small  as  to  be  of  no 

account.  It  is  worthy  of  note  that  Huxley  (29)  pointed  out  many  years  ago  that 

the  difference  between  the  basi-bregmatic  height  and  a  more  perpendicular  height 
was  not  more  than  nyth  of  an  inch  on  the  average.  Having  obtained  the  auricular 

height  by  the  method  above  noted,  I  was  able  to  correlate  this  auricular  height 

with  the  length,  breadth,  and  basi-bregmatic  height  in  100  male  skulls  and  thus  get 
figures  comparable  with  the  Aino  and  German  male  results  given  by  Pearson  and 
Lee  (13). 

The  following  table  (XXXIX)  shows  the  comparison  : — 

Table  XXXIX. 

Race. 

Length  and 
Auricular  Height. 

Auricular  Height 
and  Breadth. 

Auricular  Height  and 
Basi-bregmatic  Height. 

M. 

M. 

M. 

Scottish  (100) 
German  (100) 
Aino  (87) 

•45  ±-053 
-  -096±-067 

•501  ±-054 

•39  ±-056 
•072±-067 
•345±-064 

•69±-034 

For  the  same  100  skulls  the  other  correlation  coefficients  were 

Race. 

Scottish 

Length  and 
Basi-bregmatic  Heigbt. •35±'058 

Breadth  and 

Basi-bregmatic  Height. •19±-064 

We  see  that,  taking  100  male  skulls,  i.e.  those  with  male  characters  well  marked, 

the  correlation  coefficient  of  length  and  basi-bregmatic  height  is  practically  unaltered, 

while  the  correlation  coefficient  of  breadth  and  basi-bregmatic  height  is  slightly 

diminished  in  value.  Taking  the  auricular  height  instead  of  the  basi-bregmatic  height 
to  calculate  the  coefficient  of  correlation,  we  find  that  the  auricular  shows  a  distinctly 

higher  correlation,  with  both  the  glabello-occipital  length  and  the  maximum  breadth 
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than  the  basi-bregmatic  height  does,  and  the  increase  is  more  marked  in  the  case  of 
auricular  height  and  breadth  than  in  the  other. 

Examining  the  above  table  of  correlation  coefficients,  we  find  great  diversity  in 

their  value  and  relationships.  The  first  feature  of  the  Scottish  series  that  attracts 

our  attention  is  the  high  correlation  for  these  characters  shown  by  the  male  com- 

pared with  that  by  the  female.  The  above  fact  is  brought  into  greater  prominence 

owing  to  the  circumstance  that,  in  the  English  Whitechapel  series  immediately 

underneath  the  Scottish  series  in  the  table  (XXXVIII),  the  female  is  more  highly 
correlated  than  the  male  for  all  these  dimensions. 

In  this  relationship  of  the  correlation  of  the  sexes  for  the  above  measurements 

the  Scottish  skull  resembles  the  Aino,  the  Naquada,  the  Tasmanian,  and  the 

Australian  ;  the  French,  in  so  far  as  length  and  breadth  and  length  and  height  are 

concerned,  also  shows  higher  correlation  coefficients  in  the  male  than  in  the  female  ; 

while,  as  regards  breadth  and  height,  the  two  correlation  coefficients  are  practi- 
cally equal.  In  the  German,  on  the  other  hand,  the  coefficients  of  correlation  in 

the  male  for  length,  breadth,  and  height  are  very  small  compared  with  those  in 

the  female — in  fact,  in  the  case  of  the  length  and  height  in  the  male,  the  coefficient 
is  negative. 

Of  the  three  pairs  of  characters  in  the  Scottish  series  we  observe  that  length  and 

breadth  has  the  highest  coefficient  and  breadth  and  height  the  least,  and  this  holds 
for  both  male  and  female. 

In  the  English  series  the  order  of  magnitude  in  the  coefficients  for  both  female 

and  male  is  rLH,  rLB,  and  rBH,  the  first  being  greatest,  but,  as  before  mentioned, 

the  coefficients  for  the  female  are  in  the  case  of  all  the  pairs  greater  than  for  the 

male.  So  far  as  the  results  of  the  Scottish  series  go  they  would  seem  to  support  one 

of  the  conclusions  of  Pearson  and  Lee  that  "  correlation  is  more  nearly  equal  for 

the  two  sexes  in  uncivilised  than  in  civilised  races,"  when  the  Aino  is  regarded  as  the 
type  of  the  uncivilised  race  ;  but,  in  the  case  of  length  and  height  in  the  Tasmanian, 

and  length  and  breadth  in  the  Australian,  the  difference  between  the  male  and  female 

coefficients  is  greater  than  in  the  corresponding  pairs  in  the  Scottish  series. 

With  the  second  conclusion  in  Pearson  and  Lee's  (13)  memoir,  "  that  woman 

tends  with  advance  in  civilisation  to  gain  in  correlation  on  man,"  the  results  supplied 
by  the  Scottish  skulls  appear  to  be  in  direct  contradiction.  According  to  Pearson 

and  Lee,  their  conclusions  on  this  subject  have  been  called  in  question  by  E.  T. 

Brewster  (35),  but  they  say  that  his  results  are  not  to  be  relied  upon  owing  to  his 

series  being  extremely  small  and  his  treatment  of  them  not  being  quite  satisfactory. 

They  find  confirmation  of  the  suggestions  of  their  paper  "  On  the  Relative  Variation 
and  Correlation  in  Civilised  and  Uncivilised  Races"  in  a  "  First  Study  of  the  Correla- 

tion of  the  Skull"  (13). 

Pearson  and  Lee's  chosen  representative  of  the  civilised  race  is  the  German,  and 
their  conclusions  are  largely  based  on  a  comparison  of  other  races  with  that  type. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.  9).  56 
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From  an  examination  of  the  table  of  correlations  of  length  and  breadth,  length 

and  height,  and  breadth  and  height,  we  observe  that  in  all  cases,  with  the  exception 
of  length  and  height  in  the  male  German  and  length  and  breadth  in  the  French 

female,  the  coefficients  of  correlation  are  positive  ;  that  in  the  case  of  each  of  these 

groups  of  skulls  of  different  types  where  one  of  these  dimensions  increases,  there  is 

a  distinct  tendency  for  increase  in  the  other  which  is  correlated  with  it.  In  the  case 

of  the  above  two  exceptions,  moreover,  the  value  of  the  negative  correlation  is  hardly 

significant,  considering  the  magnitude  of  the  probable  error  ;  whereas  in  most  of  the 

other  cases  the  positive  coefficients  are  scarcely,  if  at  all,  significantly  altered  by  the 

deduction  of  the  probable  error. 

This  series  of  Scottish  skulls  affords  new  proof  that  there  is  no  scientific  founda- 

tion for  the  theory  usually  defined  as  the  "  law  of  compensation."  This  was  first 
enunciated  by  Virchow  (36),  is  firmly  upheld  by  many  anatomists,  and,  according  to 

Professor  Thomson,  has  an  important  bearing  on  the  growth  of  the  cranium. 

Thomson  (37)  writes  :  "  As  that  distinguished  anatomist  (Virchow)  has  shown, 
among  skulls  belonging  to  the  same  type  a  breadth  above  the  average  is  compensated 

for  by  a  height  and  length  below  the  average."  This,  according  to  Thomson,  "  is 
also  associated  with  a  difference  in  the  activity  of  the  growth  along  the  line  of  the 

cranial  sutures  as  exemplified  in  the  types  of  form  described  as  scaphocephaly, 

thyrsocephalic,  and  trigonocephalic,  where  each  variety  is  associated  with  premature 

synostosis  of  the  sagittal,  coronal,  and  mid-frontal  sutures  respectively.  But  this 
principle  of  compensation  seems  to  act  independently  of  these  factors,  and  appears 

to  be  associated  with  the  poise  of  the  skull  upon  the  summit  of  the  vertebral 

column." 
The  evidence  supplied  by  405  male  skulls  and  100  female  skulls  of  the  same  type 

is  confirmatory  of  the  contention  that  we  do  not  find  between  the  lengths  and 

breadths  of  skulls  in  the  same  race  a  relation  which  is  in  accordance  with  the  principle 

spoken  of  as  that  of  "  compensational  growth."  If  one  increases  the  other  also  in- 
creases. It  is  otherwise  if,  according  to  Tschepourkowsky  (27),  we  take  dolicho- 

cephalic and  brachycephalic  groups  in  the  same  race  or  such  groups  from  different 

races,  "  If  we  pass  from  one  race  to  another  we  find  that  with  a  growth  of  length  there 
is  a  decrease  of  breadth,  and  vice  versa.  This  arises  from  the  fact  that  the  most 

brachycephalic  races  have  the  greatest  breadths  and  smallest  lengths." 

Boas  (26)  seems  to  favour  the  intraracial  "  law  of  compensation "  theory.  He 

states  that  "  when  capacity  is  introduced  into  our  consideration  of  the  question  a 
compensatory  growth  is  found  to  exist  between  the  breadth  of  the  head  on  the  one 

hand  and  height  and  length  on  the  other."  He  also  states  :  "  If  one  of  the  diameters 
differs  from  the  normal  in  being  excessively  large,  the  other  will  tend  to  be  too 

small."  This  view  is  not  supported  by  the  correlation  of  these  characters  in  series 
of  skulls  of  the  same  type. 
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Table  XL. 

Correlations  of  Capacity,  with  Height,  Breadth,  and  Length. 

Race. 

Capacity  and  Height. Capacity  and  Breadth. Capacity  and  Length. 

M. 
F. M. F. M. 

F. 

Scottish          .    .     . 
English 
Naquada 
Aino 
German 
Sioux 

•56±-024 
•501±-059 
•642±-043 
•544±-054 
•243±-064 
•440±-070 

•39±-05 
•600±-049 
•519±-046 
•521  ±-068 
■451±-054 

•73±-017 

•631±-048 
•434±-058 
•561±-053 
•672±-037 
•67±-05 

•63±-04 
•646±-044 
•532±-044 
•502±-070 
•706±-034 

•69±-017 

•597±-051 
•501  ±-054 
•893±-016 
•515±-050 
•54±-06 

•55±-050 

•691  ±-040 
•599±-039 
•663±-053 
•687±-037 

For    the    100    male    skulls    previously    mentioned    1    calculated    the    correlation 

between  the  capacity  and  both  the  basi-bregmatic  and  auricular  heights  with  the 

following  result  :- 
Capacity  and 

Height. 
Capacity  and Auricular  Height. Race. 

Scottish  (100)  .  .  -58±-045  '60  +  '043 

From  this  table  it  is  evident  that  the  coefficient  of  correlation  between  capacity 

and  basi-bregmatic  height  in  the  100  male  skulls  is  practically  the  same  as  the 
coefficient  for  the  larger  group  of  405  male  skulls.  The  coefficient  of  correlation 

between  the  auricular  height  and  capacity  is  sensibly  greater  than  between  basi- 

bregmatic  height  and  capacity,  but  only  amounts  to  '02,  with  a  probable  error  (the 
square  root  of  the  sum  of  the  squares  of  the  probable  errors  of  the  coefficients  them- 

selves) of  '06,  which  is  definitely  greater  than  the  difference,  so  that  there  is  no 
real  difference  between  the  coefficients  of  correlation  of  capacity  and  the  respective 

heights,  basi-bregmatic  and  auricular,  in  this  series  of  100  skulls. 
Examining  the  above  table,  we  find  that  in  the  Scottish  series  in  both  male  and 

female  the  maximum  breadth  and  glabello-occipital  length  have  each  a  distinctly 

higher  correlation  with  capacity  than  has  basi-bregmatic  height,  which  latter  dimen- 
sion has,  as  stated  above,  a  correlation  with  capacity  practically  equal  to  that  of 

auricular  height.  Comparing  the  Scottish  series  with  the  English  one,  we  observe 

that  in  the  former  the  three  correlation  coefficients  are  higher  in  the  male  than  the 

corresponding  ones  in  the  female,  a  condition  that  obtains  in  the  primitive  type,  the 

Aino  ;  whereas  in  the  English  series  the  opposite  relationship  holds,  as  it  also  does  in 

the  German.  In  fact,  looking  carefully  at  the  table,  there  is  seen  to  be  a  very  close 

resemblance  between  the  Scottish  male  coefficient  and  the  corresponding  German 

female  coefficient :  were  we  to  change  in  each  German  pair  the  coefficients  for  the 

sexes,  making  the  male  female  in  all  the  three,  we  would  be  at  once  struck  with  the 

approach  to  equality  exhibited  by  the  corresponding  coefficients.  Again,  there  is  a 

greater  difference  between  the  male  and  female  coefficients  in  the  Scottish  series  than 



398 DR   MATTHEW   YOUNG. 

in  the  Aino  series,  which,  unless  my  treatment  of  the  series  is  "  not  entirely  satis- 

factory," goes  to  disprove  Pearson  and  Lee's  second  conclusion,  namely,  "that 

woman  tends  with  advance  in  civilisation  to  gain  in  correlation  on  man." 

The  comment  of  Dr  Lee  (Phil.  Trans.,  vol.  cxcvi,  A,  1901)  on  Dr  F.  Boas'  (26) 

statement  to  the  effect  that  "  the  relation  between  capacity  and  head  diameters  is 
found  to  be  of  fundamental  importance,  and  among  these  the  relation  of  transversal 

diameter  and  capacity  is  more  significant,"  is  that  she  thinks  it  is  only  true  for  fairly 
brachycephalic  races.  He  is  dealing  with  87  Sioux  Indian  skulls  with  a  cephalic 

index  of  79.  Here  we  have  a  series  of  405  Scottish  skulls,  with  a  cephalic  index  of  74'4 
— distinctly  dolichocephalic,— -and  the  correlation  between  capacity  and  breadth  is 
definitely  greater  than  that  between  capacity  and  length  or  height. 

It  would  be  comparatively  easy  from  the  data  supplied  in  the  above  tables  to 
construct  a  formula  from  the  three  absolute  dimensions  of  the  skull  which  would 

give  the  capacity  in  the  Scottish  type. 

Let  us  now  compare  circumferences  and  capacity  : — 

Table  XLI. 

Race. 
C  and  U. C  and  Q. C  and  S. 

M. 

•78+ -013 
•82+-026 

■681  ±-040 
•813+-016 

F. 
M. 

F. 

M. 

F. 

Scottish 

English 
Naquada 
Theban  mummies 

•73+-032 

•848+-021 
•723+-030 
•826+-033 

•76+-041 

•812+-027 
•656+-042 
•788+-018 

•72+-032 

•744+-034 
•603+ -039 
•673+-038 

•714+-039 •811  +  -026 

Examining  the  above  table,  we  observe  that  the  coefficients  of  correlation  for 

horizontal  circumference  and  capacity  and  transverse  arc  and  capacity  are  in  the 

Scottish  series  in  each  case  of  greater  value  in  the  male  than  in  the  female,  but  that  the 

two  male  coefficients  are  approximately  equal,  and  that  the  two  female  coefficients  arc 

even  more  nearly  so.  The  coefficients  are  smaller  in  value  than  the  corresponding 

coefficients  in  the  English  series,  except  that  the  coefficient  for  transverse  arc  and 

capacity  is  approximately  equal  in  both.  There  is  a  close  resemblance  between  the 

correlation  in  the  English  series  and  that  obtaining  in  the  Theban  mummies,  while 

both  show  distinctly  greater  values  for  correlation  coefficients  than  the  Naquada. 

In  the  English  series  the  female  is  more  highly  correlated  than  the  male  with 

regard  to  C  and  U  and  C  and  S,  whereas  the  opposite  relationship  is  evident  in  regard 
to  C  and  Q. 

I  have  estimated  the  correlation  coefficients  for  some  absolute  measurements  for 

which  I  can  obtain  no  comparative  data.  With  regard  to  the  correlations  of  minimum 

frontal  breadth  (B'),  we  have  the  following  table  : — 
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Table  XLII. 

Race. 
B'  and  L. 

B'  and  B. B'  and  H. B'  and  C. 

M. F. 
M. 

F. 
M. F. M. 

F. 

Scottish •37±-056 •24±-064 •39±-056 •26±-061 •28±-061 •23±-064 •42±-056 

Here  again  we  observe  that  the  correlation  between  the  characters  in  the  male  is 

higher  than  that  between  the  corresponding  characters  m  the  female.  It  is  evident 

that  the  correlation  between  minimum  frontal  breadth  and  maximum  length  is 

approximately  equal  to  that  between  minimum  frontal  breadth  and  maximum  breadth, 

while  both  are  slightly  greater  than  that  between  minimum  frontal  breadth  and 

height  and  slightly  less  than  that  between  minimum  frontal  breadth  and  capacity. 

In  the  female  the  three  correlation  coefficients  are  practically  identical.  I  calculated 

these  correlation  coefficients  in  the  male  skulls  in  order  to  compare  them  with  the 

corresponding  coefficients  obtaining  in  the  metopic  male  skulls,  in  the  hope  that 

some  light  might  be  thrown  on  the  condition  of  metopism,  but  I  shall  refer  to  this 

subject  in  a  later  paper. 

It  was  pointed  out  earlier  in  the  present  communication,  when  comparing  the 

relative  lengths  of  the  three  components,  frontal,  parietal,  and  occipital,  of  the 

sagittal  arc,  that  these  varied  very  much,  and  that,  according  to  Turner  and 

Cleland,  their  relative  lengths  being  so  variable  they  could  not  be  regarded  with 

any  degree  of  certainty  as  having  either  a  racial  or  a  sexual  significance.  According 

to  Turner  also,  the  variability  was  as  great  in  the  brachycephalic  type  as  in  the 

dolichocephalic  type. 

The  question  as  to  whether  there  was  a  difference  in  their  relationship  to  one 

another  has  engaged  the  attention  of  other  anatomists,  and  the  idea  occurred  to  me 

that  the  correlation  of  these  dimensions  might  throw  some  light  on  the  subject.  To 

that  end  I  calculated  the  correlation  coefficients  between  each  segment  and  the  total 
arc  in  405  male  skulls  and  in  100  female  skulls,  and  the  coefficients  of  each  of  the 

segmental  arcs  with  the  greatest  length,  and  the  results  are  not  without  interest. 

They  are  included  in  the  table  below  : — 

Table  XLIII. 

Race. 

Frontal  Arc  and 
Total  Arc. 

Parietal  Arc  and 
Total  Arc. 

Occipital  Arc  and 
Total  Arc. 

M. F. 
M. F. M. 

F. 

Scottish  (400  M.,  100  F.) •73±-017 ■57  ±-048 •53±-025 •54±-050 •77±-013 •50±-050 
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We  observe  from  the  table  that,  in  the  case  of  the  male,  the  coefficients  for  frontal 

segment  and  total  arc  and  occipital  segment  and  total  arc  are  greater  than  the 

corresponding  coefficients  in  the  female  ;  while,  in  the  case  of  the  parietal  arc,  the 

coefficients  for  male  and  female  are  practically  equal,  taking  into  consideration  the 

greater  probable  error  in  the  case  of  the  latter.  Of  these  coefficients  the  greatest  of 

all  is  that  between  occipital  arc  and  total  arc,  this  being  slightly  greater  than  that  for 

frontal  arc  and  total  arc,  which  implies  a  slightly  greater  tendency  on  the  part  of  the 

occipital  arc  to  increase  corresponding  to  an  increase  in  the  sagittal  arc  than  is  shown 

by  the  frontal  arc.  The  coefficient  of  the  parietal  arc  and  total  arc  is  distinctly  less 

than  that  of  the  other  two  segments  with  the  total  arc. 

I  then  correlated  the  frontal,  parietal,  and  occipital  arcs  with  the  maximum 

glabello-occipital  length  in  100  male  ("  K"  group)  and  in  100  female  skulls,  and  the 
results  show  a  definite  relationship  between  these  measurements  to  obtain  in  the 

Scottish  series  under  examination.     The  results  are  included  in  the  following  table  : — 

Table  XLIV. 

Race. 

Frontal  Arc  and 
Maximum  Length. 

Parietal  Arc  and 
Maximum  Length. 

Occipital  Arc  and Maximum  Length. 

M. F. M. 
F. M. 

F. 

Scottish  (100  M.,  100  F.) 
•47±-05 •27±-06 •36±-05 •38±-05 •61±-04 •46  ±-05 

In  the  first  place,  the  correlation  coefficients  are  in  all  cases  smaller  than  those 

between  the  segments  of  the  arc  and  the  total  arc,  as  was  to  be  expected.  In  the  case 

of  the  frontal  and  occipital  correlations  with  the  maximum  length  the  coefficients  are 

distinctly  greater  in  the  male  than  in  the  female,  whereas  in  the  case  of  parietal  arc 

and  maximum  length  the  coefficient  for  the  male  is  approximately  equal  to  that  in 

the  female.  As  is  seen  from  the  table,  the  correlation  coefficients,  in  the  case  of  the 

occipital  arc  for  both  sexes,  are  distinctly  greater  than  the  corresponding  coefficients 

for  the  other  arcs  and  greatest  length.  It  would  not  have  been  so  surprising  had  the 

parietal  arc  shown  the  highest  correlation  with  the  greatest  length,  but  it  does  seem 

somewhat  anomalous  that  the  occipital,  whose  whole  length  does  not  take  part  in  the 

formation  of  that  portion  of  the  sagittal  arc  which  forms  the  arc  of  the  glabello- 

occipital  chord,  should  show  the  highest  correlation  with  the  aforesaid  chord.  Un- 
fortunately, there  are  no  comparative  figures  for  other  races,  but  so  far  as  these  figures 

go  they  seem  to  show  that  in  the  Scottish  series,  when  the  greatest  length  of  the 

skull  is  increased,  there  is  a  definitely  greater  tendency  in  the  male  for  the  occipital 

to  increase  in  proportion  ;  and  that  the  parietal  shows,  of  the  three  segments,  the 

smallest  tendency  to  increase  under  such  circumstances.  In  the  female,  with  increase 

of  glabello-occipital  length  the  occipital  arc  again  shows  the  greatest  tendency  to 
increase  proportionately,  while  the  frontal  shows  the  least  tendency  to  increase.     As 
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before  mentioned,  the  tendency  of  the  parietal  to  increase  when  the  glabello-occipital 
length  increases  is  approximately  equal  in  the  two  sexes. 

Amongst  other  correlations  I  have  calculated  for  the  Scottish  series  those  for 

cephalic  and  vertical  indices  and  cephalic  index  and  capacity,  and  they  are  embodied 

in  the  table  below  : — 

Table  XLV. 

Race. 
Capacity  and  Cephalic  Index. Cephalic  Index  and  Vertical  Index. 

No. 

405 

100 
100 76 

187 

56 56 76 

78 

M. 
No. 

97 

97 

52 
84 23 

38 

F. No. 

405 

100 

M. 

No. F. 

West  Scottish  . 

„        K      . 
German    . 
Aino 
Thebans   . 

Modern  Egyptians    . 
Male  French     . 
Male  Malays     . 
Etruscans 

•091±-033 
-•013±-06 

•202±-0647 
-  -3069±-0701 
-•1480±-0482 
-•1410±-0883 
•1437±-0883 
•0331±-0773 
•2157±-0729 

•15±-065 

-•0307±-0677 
-  -2466±-0878 
•0080±-0736 

-  -4960±-1060 

•1443±-1071 

•301±-03 
•211±-064 

100 
•316±-061 

Analysing  the  above  table,  there  seems  to  be  great  diversity  in  the  value  of  the 

correlation  coefficient,  so  much  so  that  Dr  Lee  (13),  from  whose  valuable  paper  most 

of  them  have  been  derived,  applies  the  term  "erratic"  to  describe  its  unstable  and variable  character. 

It  will  be  seen  that  I  give  in  Table  XLV  two  coefficients  of  correlation  for  the 

male  skulls,  one  for  a  group  of  100  and  the  other  for  one  of  405.  First  of  all,  I 

calculated  the  coefficient  for  the  100  whose  mean  cephalic  index  was  74"4,  and  found 

that  it  was  negative  in  value,  but  that  the  number  was  so  small  compared  with  its 

probable  error  as  to  be  practically  negligible.  I  then  calculated  the  coefficient  for 

the  whole  405  male  skulls  with  the  same  cephalic  index,  and  found  that  a  positive 

coefficient  was  the  result  and  that  the  coefficient  was  sensibly  greater  than  its 

probable  error.  The  latter  coefficient  should  be  more  reliable  than  the  former,  and 

we  may  take  it  as  definitely  representing  the  correlation  between  the  cephalic  index 

and  capacity  in  the  West  Scottish  male  series  rather  than  the  former,  which  is  derived 
from  a  smaller  number  of  skulls. 

The  conclusion  that  one  may  draw  from  this  positive  correlation,  even  though  it 

is  small,  is  that  in  this  Scottish  series  a  tendency  to  brachycephaly  is  associated  with 

a  tendency  to  greater  capacity. 

There  would  appear  to  be  some  doubt,  therefore,  in  regard  to  Dr  Lee's  conclusion 

on  this  subject,  i.e.  "  On  the  whole,  I  think,  we  must  conclude  that,  while  there  is 

only  a  small  relationship  between  cephalic  index  and  capacity,  yet  that  in  brachy- 

cephalic  races  greater  roundness  points  to  greater  capacity  and  in  dolichocephalic 
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races  less  roundness  points  to  greater  capacity.  In  either  case  the  emphasis  of  the 

racial  character  denotes  an  increase  of  capacity."  Here  in  the  Scottish  series  we  have 
a  dolichocephalic  group  consisting  of  at  least  four  times  the  number  of  specimens  of 

any  series  on  which  Dr  Lee's  conclusions  are  based  where,  if  the  accuracy  of  the 
calculation  of  the  coefficient  is  to  be  relied  upon,  we  have  a  decrease  in  the  emphasis 

of  the  racial  character  accompanying  an  increase  in  capacity.  Dr  Lee  gives  figures 

for  three  fairly  brachy cephalic  races  (3  male  and  1  female)  in  which  the  correlation 

is  positive,  denoting  increased  capacity  associated  with  increase  in  the  magnitude  of 
the  index.  Dr  Lee  admits,  however,  that  in  three  of  the  cases  the  correlation  is  so 

small  that  it  is  hardly  sensible  considering  the  size  of  the  probable  errors. 

There  is  apparently  need,  therefore,  for  revision  of  the  statement  that  "  there 
appears  to  be  little  doubt  that  in  dolichocephalic  races  those  who  possess  the  race 

character  most  markedly  have  the  greater  skull  capacity." 

The  mean  cephalic  index  for  the  male  Aino,  from  which  Dr  Lee's  coefficients  were 

calculated,  was  76*5,  and  for  the  female  77'4.  For  the  female  Scottish  group  of  100 

the  mean  cephalic  index  was  7 6 '03,  practically  equal  to  that  of  the  male  Aino  and 
more  dolichocephalic  than  the  female  Aino  ;  yet  we  find  in  the  case  of  the  Scottish 

female  a  positive  correlation  between  capacity  and  cephalic  index,  and  in  both  male 

and  female  Aino  distinctly  negative  coefficients.  The  female  German  skull,  as 

brachycephalic  as  the  male,  shows  a  negative  correlation  coefficient  which,  however, 

is  hardly  sensible  considering  the  magnitude  of  the  probable  error. 

The  results  certainly  are  very  erratic,  and  at  present,  if  the  Scottish  results  are 

reliable,  too  unstable  to  warrant  conclusions  regarding  the  relation  of  brachycephaly 

and  dolichocephaly  to  capacity. 

Thomson  (37)  claims  to  have  demonstrated  in  a  most  forcible  way  with  his 

"  elastic  capsule  arrangement"  the  gradual  transition  from  the  dolichocephalic  to  the 
brachycephalic  type  which  accompanies  increased  cranial  expansion,  and  states  that 

"  it  seems  absurd  after  this  exhibition  of  the  influence  of  internal  pressure  to  discuss 

the  independent  origin  of  the  dolichocephalic  and  brachycephalic  types."  He  states 

further  that  "  the  modification  in  shape  consequent  on  an  increase  of  the  bulk  of  the 
encephalon  will  tend  towards  sphericity  :  in  other  words,  the  cranium  will  become 

rounder."  This  is  in  direct  opposition  to  Pearson  and  Lee's  conclusion,  which  is, 
as  stated  above,  that  an  emphasis  of  the  dolichocephaly  in  a  skull  of  that  type  is 

associated  with  increased  capacity. 

In  our  large  male  series,  however,  there  is  a  positive  correlation,  though  it  is  very 

small,  between  cephalic  index  and  capacity,  which  shows  that  in  that  series  there  is  a 

very  slight  tendency  towards  brachycephaly,  associated  with  increase  in  capacity. 

Amongst  the  skulls  that  comprise  our  Scottish  collection  is  one  specimen  of  very 

large  size,  well  formed,  and  remarkable  in  appearance  only  in  so  far  that  the  facial 

part  seems  smaller  than  it  normally  does  owing  to  the  brain-box  being  so  large.  It 
may  have  been  the  seat  of  a  hydrocephalic  condition  at  an  earlier  stage,  but  of  that 
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there  is  no  evidence  now,  and  the  walls  are  of  average  thickness.  The  norma  verti- 

calis  presents  an  elongated  elliptical  form  and  the  cephalic  index  is  74'5.  I  had 
not  enough  shot  to  estimate  the  capacity  in  the  usual  way,  as  after  the  introduction 

of  fully  1950  c.c.  there  was  still  left  a  considerable  space  to  be  filled,  but  I  was  able 

to  calculate  the  capacity  by  using  Lee's  formula,  and  found  it  to  be  well  over  2050  c.c. 
It  thus  seems  possible  for  a  skull  from  a  dolichocephalic  group  to  attain  to  the 

above  capacity  without  in  any  way  "  tending  towards  sphericity."  If  future  stages 
of  evolution  therefore  should  be  characterised  by  an  increase  in  the  cranial  capacity, 

it  would  seem  that  this  end  is  attainable  in  a  dolichocephalic  type  of  skull  without  a 

necessary  change  in  the  prevailing  form  of  the  latter.  There  would  seem  to  be  some 

factors  exercising  an  influence  over  skull  form  when  the  capacity  is  increased  which 

are  not  demonstrable  by  the  aid  of  a  "  mechanical  appliance."  The  shape  of  this 
large  skull  is  proof  of  such  an  influence,  at  least  till  the  skull  capacity  reaches 
2000  c.c. 

I  have  also   calculated  the   correlation  existing   between  several  of  the  indices, 
T>  TT  T  T>  IT  T 

namely,  100  £  with  100  ̂   ;   100  ̂   with  100  £  ;  and  100  ̂   with  100  ̂ . L  L  H  H  i>  a 

As  has  been  pointed  out  by  Pearson  (23),  even  though  there  is  no  correlation 

between  the  absolute  measurements  taken  in  pairs,  in  arranging  them  in  the  above 

manner  and  correlating  two  indices  with  the  same  denominator  a  form  of  correlation 

exists  to  which  he  applies  the  term  "  spurious  correlation,"  and  suggests  that  this 
correlation  value  should  be  deducted  from  the  whole  value  or  gross  correlation 

obtained  by  correlating  the  indices  in  the  usual  way  to  get  the  real  measure  of 

correlation  between  those  indices  or  what  is  called  "  organic  correlation." 
Having  found  it  somewhat  arduous  to  calculate  the  correlation  between  indices 

by  the  method,  said  to  be  the  most  reliable,  of  multiplying  the  deviation  from  the 

means  in  pairs  and  summing  the  products  (which  requires  to  be  done  over  400  times 

in  each  calculation  in  the  male  group),  and  then  applying  the  requisite  formula  to 

obtain  the  coefficient  of  correlation,  I  decided  to  apply  the  formula  which  Karl 

Pearson  has  provided  for  calculating  the  coefficient  of  correlation  between  indices 
with  the  same  denominator  in  terms  of  the  coefficients  of  correlation  and  coefficients 

of  variation  of  the  three  absolute  measurements.  I  had  already  calculated  the 

coefficient  between  the  cephalic  and  vertical  indices  by  the  previous  method,  and 

found,  as  stated  in  a  former  table,  that  the  coefficient  had  a  value  in  the  male  of 

"301  ±'030  and  in  the  female  of  '316±'061.  By  the  formula  above  mentioned  the 

values  obtained  were  '302  and  '317  respectively,  quantities  practically  identical  with 
those  obtained  by  the  other  method.     I  applied  the  formula  to  find  the  correlation 

TD  T  TT  T 

existing  between  the  ̂   and  =  indices  and  the  ̂   and  r-  indices,  and  also  calculated H  rl  d  Jj 

the  spurious  correlation  values.     The  results  are  arranged  in  the  following  table,  with 

corresponding  values  from  other  races  for  comparison. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.  9).  5" 
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Table  XLVI. 

Race. 

B       ,  H -and-. 

M. 
F. 

No. Gross 
Correlation. Spurious Correlation. 

No. 

100 

Gross 

Correlation. Spurious 
Correlation. 

Scottish  series 
405 

•302  ±-030 •428±-028 
•317±-061 •320±-061 

English       ..              .         . 114 •439±-051 •419±-052 108 
•391±-055 •494±-049 

French        ., 
860 •489±-018 •464±-019 340 

•576±-025 •477±-028 

Naquada    ,, 
130 •284±-054 •432±-048 

166 •371±-046 •438±-043 

B       ,  L 

HandH- Scottish  series 405 •670±-020 •48±-025 100 •656±-043 •607±-043 

English       ,, 
114 •580±-042 •598±-041 

108 •58Hz-043 •559±-044 

French        „ 860 ■419±-020 •527±-017 340 
•417±-030 •541±-026 

Naquada    ,, 131 •595±-038 •603±-037 
163 •527±-039 •552±-037 

H       ,  L 

B  ̂  B 

Scottish  series 405 •49±-025 •48±-025 
100 

•507  ±-050 •514±-050 

English 114 •478±-049 •478±-049 108 •522±-047 •444±-052 

French        ,, 860 •586±-016 •508±-018 340 •503±-027 
•482±-028 

Naquada    „ 131 •601±-037 •459±-046 163 
•594±-035 •508±-040 

It  will  be  observed  that  the  value  for  spurious  correlation  has  the  same  sign  as 

that  for  gross  correlation  and  sometimes  equals,  sometimes  exceeds,  the  latter  in  value 

in  the  Scottish  as  in  the  other  series.     The  coefficient  of  correlation  (gross)  between 

—  and  j-  being  positive  in  the  Scottish  series  shows  that  in  this,  as  in  the  English, Li  Li 

French,   and   Naquada  groups,  a  tendency   to  brachycephaly  is  associated  with  a 

tendency  to  hypsicephaly. 

It  would  appear  that  neither  the  opisthio-nasal  length  (Cleland's  base  line)  nor 
the  transverse  base  in  a  series  of  skulls  is  entirely  independent  of  the  magnitude  of 

the  capacity,  as  is  generally  believed.  In  the  female  series  of  100  I  calculated  the 

coefficients  of  correlation  between  these  two  base  lengths  and  the  cubage  and  found 

that  in  the  former  case  the  value  of  the  coefficient  was  '38 i  "056,  and  in  the  latter 

'26 i '061,  showing  that  there  is  a  tendency,  in  the  female  series  at  least,  on  the  part 
of  both  of  these  diameters  to  increase  when  the  capacity  increases.  In  the  male 

series  of  100  skulls  I  also  found  that  the  coefficient  of  correlation  between  the  basi- 

nasal  length  and  the  maximum  length  of  the  skull  was  +'60=[='043,  so  that  there 
is  a  distinct  tendency  shown  for  the  former  to  increase  when  the  latter  increases. 
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The  feature  that  attracts  our  attention  in  a  survey  of  the  coefficients  of  correlation 

in  the  foregoing  tables,  apart  from  the  diversity  shown  in  the  values  in  different  races, 

which  is  very  marked  indeed,  is  the  fact  that  the  coefficients  between  the  magnitudes 

of  various  skull  characters,  with  a  few  exceptions,  i.e.  principally  when  cubic  capacity 

is  one  of  the  quantities  involved,  as  has  been  pointed  out  by  Macdonnell,  are  almost 

invariably  of  comparatively  small  value.  When  we  recollect  the  close  approximation 

to  unity  shown  by  the  correlation  coefficients  of  the  bones  of  the  extremities — for 

example  :  right  and  left  femur,  '96  ;  femur  and  humerus,  '84  ;  femur  and  tibia,  '81  ; 

humerus  and  ulna,  '75— '86, — this  fact  is  brought  into  greater  prominence. 
The  comparatively  low  value  on  the  whole  of  the  coefficients  in  the  Scottish  series 

points  to  the  infinite  variety  of  minor  differences  in,  or  refinements  of,  skull  form  that 

may  exist  in  such  a  homogeneous  dolichocephalic  series  as  the  present  one,  because 

it  is  possible  apparently  to  have  an  alteration  in  a  certain  dimension  with  only  a 

comparatively  slight,  though  in  most  cases  sensible,  tendency  to  a  corresponding 
increase  in  another  dimension. 

The  divergence  shown  in  the  coefficients  of  correlation  between  certain  skull 

characters  in  different  types  or  races  shows  to  what  a  small  extent  it  is  legitimate, 

in  the  present  state  of  our  knowledge,  to  apply  conclusions  drawn  from  the  evidence 

supplied  by  one  series  of  skulls  to  the  building  up  of  suggestions  or  laying  down  of 

laws  as  to  what  may  have  been  the  original  form  of  certain  defective  parts  of  pre- 
existent  or  fragmentary  skulls,  which  at  the  present  day  forms  the  basis  of  most  of 
the  schemes  for  the  reconstruction  of  skulls. 

3.  Klaatsch's  "  Craniotrigonometrical  Method." 

Having  completed  the  study  of  the  Scottish  skull  by  the  recently  introduced 
biometric  methods,  in  so  far  as  I  have  been  able  to  do  so  with  the  measurements 

and  time  available,  I  have  applied  the  scheme  for  the  examination  of  skulls  devised 

by  Klaatsch  to  the  "K"  series  in  order  to  see  if  any  fresh  features  would  be 
brought  to  light  by  its  use,  and  to  try  to  form  an  estimate  as  to  the  value  of  the 

method.  In  this  connection  I  have  again  found  it  convenient,  in  fact  necessary,  to 

utilise  biometric  constants  in  establishing  a  contrast  between  the  Scottish  skull  and 

other  types. 

The  method  introduced  and  made  use  of  by  Klaatsch  is  not  entirely  new,  as  some 

of  the  chords  and  angles  included  in  the  scheme  have  been  utilised  by  other  in- 

vestigators, including  Cunningham,  Schwalbe,  and  Turner,  and  Klaatsch  himself 

admits  that  it  is  merely  a  continuation  or  extension  of  the  pioneer  research  of  von 

Lissauer  on  the  "norma  sagittalis "  ;  but  the  complete  scheme  of  examination  is 

distinctly  original,  and  since  its  introduction  has  been  known  as  Klaatsch's  "  cranio- 

trigonometrical method." 

The  following  is  a  brief  account  of  the  procedure  adopted  in  utilising  this  scheme  : — 
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A  median  sagittal  outline  tracing  of  the  skull,  previously  centred  and  oriented  in 

the  glabella-lambda  horizontal  plane,  is  obtained,  and  on  this  outline  are  marked  care- 

full)'  the  positions  of  the  glabella,  bregma,  lambda,  inion,  basion,  and  prosthion.  In 

this  method  Klaatsch  adopts  the  glabella-lambda  line  as  his  base  line,  and  explains 
at  great  length  in  his  paper  why  he  does  so.  This  explanation  I  will  discuss  later. 

Within  the  outline  tracing  a  quadrilateral  figure  is  devised  (fig.  7)  with  its  angles 

situated  at  the  glabella,  bregma,  lambda,  and  basion  respectively,  and  this  polygon 

is  divided  by  the  two  diagonals  being  inscribed  into  four  triangles  almost  invariably 

right-angled  at  the  centre  of  the  figure  according  to  Klaatsch  ;  as  the  latter  dis- 

Fig.  7. — Median  sagittal  tracing  of  skull  No.  26,  series  K,  showing  the  inserted  quadrilateral 
figure  on  the  sides  of  which  triangles  are  erected.  The  values  of  the  various  dimensions  in  this 
skull  are  approximately  equal  to  the  mean  values  for  the  complete  series.  (For  lettering  see 
fig.  8.) 

covered  in  his  experimental  examination  of  skulls,  and  as  he  first  explained  at  the 

Berlin  Anatomical  Congress,  that  the  angle  which  the  two  lines  form  with  one  another 

is  either  a  right  angle  or  shows  a  deviation  of  only  a  few  degrees  from  that  value. 

The  point  of  intersection  he  named  the  central  point  or  zentrum.  The  triangles  so 

formed  are  known  as  the  inner  triangles,  and  are  numbered  I,  II,  III,  and  IV  in  fig.  8. 

On  the  four  sides  of  the  quadrilateral  figure  as  bases  are  erected  triangles  which  are 

named  the  frontal,  the  parietal,  the  chief  occipital,  and  the  upper  facial ;  the  chief 

occipital  with  its  vertex  at  the  inion,  the  upper  facial  with  its  vertex  at  the  prosthion, 

and  the  frontal  and  parietal  with  their  vertices  on  the  corresponding  arcs  at  the  points 

on  those  most  distant  from  the  frontal  and  parietal  chords  respectively.  On  the 

lambda-inion  line  as  base  another  triangle  is  erected  with  its  vertex  at  the  point  on 

the  lambda-inion  arc  most  distant  from  the  lambda-inion  chord.  This  triangle  is 

named  the  adjacent  occipital  triangle.     Perpendiculars  are  dropped  from  the  vertices 
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of  the  frontal,  parietal,  and  adjacent  occipital  triangles  to  the  bases  of  these 

triangles,  and  another  perpendicular  is  dropped  from  the  prosthion  on  the  lambda- 
glabella  line,  continued  forwards,  meeting  the  latter  at  the  point  Pr. 

The  lengths  of  the  various  lines  and  chords  composing  the  figure  so  devised 

and  the  magnitudes  of  the  various  angles  are  carefully  estimated  and  noted,  and 

an  analysis  of  the  whole  system  of  lines  and  angles  comprises  what  is  known  as 

Klaatsch's  "  craniotrigonometrical  method  "  for  the  study  of  the  skull.  In  applying 
the  method  to  the  group  of  100  male  skulls  I  have  made  use  of  the  dioptrograph  to 

Fig.  8.- -Outline  of  skull  No.  13  of  series  K.     This  skull  shows  the  highest  value  for  the  angle  at  the  zentrum,  i.e.  100" 
Note  the  relatively  long  glabella  bregma  and  relatively  short  glabella- basion  chord. 

G.  Glabella. 
Br.  Bregma. 
L.  Lambda. 
I.  Lnion. 
Ba.  Basion. 
P.  Prosthion. 
Z.  Zentrum. 

I,  II,  III,  IV.  Inner  triangles. 
V.  Frontal  triangle. 
VI.  Parietal  triangle. 
VII.  Chief  occipital  triangle. 
VIII.  Adjacent  occipital  triangle. 
IX.  Upper  facial  triangle. 

Br.Z.G.     Zentral  angle. 
Br.G.Z.      Upper  glabella  angle. 
Br.G.Ba.  Cranial  glabella  angle. 
G.Br.L.     Bregma  angle. 
G.Ba.L.     Basion  angle. 
Br.  L.Ba.  Lambda  angle. 

obtain  the  median  sagittal  tracings  necessary,  the  skulls  being  previously  carefully 

oriented  and  centred.  The  various  points  required  having  been  marked  on  the 

tracings,  the  quadrilateral  figure,  the  triangles  and  the  various  perpendiculars  were 
drawn  as  above  described.  The  lengths  of  the  various  chords  and  their  segments 

were  measured  and  the  values  of  most  of  the  angles  noted.  The  angles  of  the 

polygon  were  named  by  Klaatsch,  each  from  the  point  where  its  apex  lay,  that 

no  confusion  could  arise — as  does  happen  in  Schwalbe's  scheme, — and  the  position 
of  these  angles  will  be  readily  understood  from  fig.  8. 

From  a  superficial  examination  of  the  method,  one  would  think  that  the  measure- 
ments are  so  numerous  and  so  varied  that  one  should  be  able  to  make  a  minute  and 

detailed  examination  of  the  difference  between  any  two  skulls  or  skulls  typical  of 
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different  races.     Several  points  of  interest,  as  we  shall  see  later,  have  been  brought  to 

light  during  the  examination  of  the  results. 

The  only  large  series  of  skulls  to  which  the  method  has  been  accurately  applied, 
and  of  which  the  measurements  are  available,  is,  so  far  as  I  am  aware,  that  of  52 

Tasmanian  crania  by  Buchner  (ll) ;  of  these,  about  30  were  those  of  males,  and  he 
has  selected  and  recorded  27  different  measurements  in  each  skull.  It  is  between 

the  measurements  of  this  group  of  Tasmanian  skulls  and  those  of  the  series  examined 

!>v  myself  that  I  have  instituted  a  comparison  to  see  how  the  application  of  the 

method  will  bring  out  the  characteristic  features  of  each  type,  but  I  shall  also  refer 

to  the  measurements  recorded  by  Klaatsch  of  an  Australian,  a  European,  and  various 

other  specimens  as  figured  and  contrasted  by  him,  and  certain  measurements  of  the 

Tasmanian  and  Australian  given  by  Turner  in  his  memoirs,  as  well  as  certain  other 

measurements,  which  I  have  obtained  from  Falkenburger  (41 ),  from  Bolk  (42),  and 

from  Berry  and  Robertson's  atlases  (40  and  40a),  of  dioptrographic  tracings  of  series 
of  Tasmanian  and  Australian  crania. 

It  will  be  observed  that  the  types  compared — West  Scottish,  Tasmanian,  and 

Australian — are  all  of  the  dolichocephalic  type,  and  the  special  interest  of  the  inquiry 
in  this  and  the  next  section  came  to  be  the  answer  to  the  question,  What  are  the 

morphological  differences  in  the  cranial  vault  of  a  dolichocephalic  skull  of  high  status 
and  one  of  low  status  in  civilisation  1 

It  will  be  seen  that  the  general  shape  of  the  quadrilateral  figure  inscribed  within 

the  more  or  less  elliptical  outline  of  the  sagittal  tracing  of  the  skull  will  be  influenced 

by  the  altitudinal  index  ;  when  the  minor  axis  or  height  of  the  polygon  is  diminished 

in  relation  to  the  major  axis  or  length,  then  the  internal  angles  at  its  extremities  are 

correspondingly  increased,  while  those  near  the  extremities  of  the  major  axis  are 

diminished  in  magnitude. 

Examining  first  of  all  the  angles  of  the  figure  devised  within  the  outline  tracing, 

and  beginning  with  the  zentrum  angle,  or  the  angle  open  upwards  and  forwards  and 

with  its  apex  at  the  point  of  intersection  of  the  diagonals  of  the  quadrilateral,  we 

find  that  in  Buchner's  series  of  25  male  Tasmanian  crania  it  varies  from  85° 

to  93'5°,  with  a  mean  value  of  89'3°.  In  9  of  these  skulls  the  angle  is  exactly  90°, 

13  of  the  skulls  show  a  zentrum  angle  under  90°  in  value,  and  only  3  an  angle- 

over  90°.  The  coefficient  of  variation  of  the  angle  is  1*92.  Klaatsch  describes 

the  angle  as  being  almost  invariably  90°  in  the  Australian  skulls  examined  by  him 
by  this  method,  and  figures  one  with  that  value  in  his  paper  above  mentioned,  as 

well  as  a  European  skull  which  shows  an  angle  at  the  zentrum  of  the  same  value. 

Wetzel  (44)  did  not  find  the  rule  invariable  in  the  Australian  skulls  examined  by 

him.  In  2  very  typical  Australian  skulls  examined  by  me  the  angle  was  exactly  90 
in  each  case. 

I  have  been  enabled  recently  to  estimate  the  size  of  the  zentrum  angle  in  the 

larger  series  of  90  unsexed  Australian  crania  figured  in  Berry  and  Robertson's  atlas 
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of  dioptrographic  tracings,  and  find  that  the  angle  varies  in  value  from  84°  to  94°, 

with  a  mean  value  of  89*45°  ;  19  of  the  specimens  have  an  angle  exactly  90°  in  value, 

and  27  have  an  angle  greater  than  90°.  In  Buchner's  complete  series  of  40  Tasmanian 
skulls,  including  male  and  female,  like  the  above  Australian  group,  the  zentrum  angle 

ranges  in  value  from  85°  to  94*5°,  with  a  mean  value  of  89'6°  ;  14  specimens  have  an 

angle  exactly  90°,  and  9  are  over  90°  in  value. 
Bolk  (42),  from  an  examination  of  70  skulls  (of  which  the  race  is  not  stated),  has 

found  that  the  angle  which  the  basion-bregma  line  forms  with  the  glabella-lambda 

line  varies  between  84°  and  98°.  The  top  of  the  variation  curve  lies  at  90°  (i.e.  in 

17  cases  out  of  70).  He  further  states,  however,  that  "the  angle  formed  by  the 

basion-bregma  and  the  glabella-inion  lines  is  almost  as  constantly  found  at  112° 

(14  cases  out  of  70)."  In  the  present  series  of  100  the  angle  that  occurred  most 

frequently  between  the  last  two  lines  was  107°,  and  it  was  found  in  fifteen  instances. 

The  coefficient  of  variation  of  the  angle  was  2'95. 
Falkenburger  (41 ),  from  an  examination  of  a  series  of  deformed  Peruvian  and 

Mexican  skulls,  was  able  to  convince  himself  that  this  perpendicular  relationship  of 

the  basion-bregma  to  the  glabella-lambda  line  was  prevalent  also  in  such  skulls  ;  the 
variation  of  the  angle  occurring  in  these  skulls  was  about  equal  to  that  found  in  series 
of  normal  skulls. 

In  the  series  of  100  Scottish  skulls  examined  I  find  that  the  zentrum  angle  shows 

a  range  of  variation  from  87°  to  100°,  with  a  mean  angle  of  92 '5°  ;  the  angle  most 

frequently  found  is  91°,  and  it  occurs  21  times.  The  coefficient  of  variation  of  the 

angle  is  2'79.  The  angle  is  90°  exactly  in  11  per  cent,  of  the  skulls,  10  per  cent, 

only  are  under  90°,  while  the  remainder,  or  79  per  cent.,  show  an  angle  greater 

than  90°. 
In  the  Tasmanian  and  Australian  series,  therefore,  the  tendency  for  the  angle  to 

be  less  than  90°  is  marked,  while  in  the  Scottish  series  the  tendency  for  the  angle 

to  be  over  90°  is  still  more  evident.  A  comparison  of  the  coefficients  of  variation 
shows  that,  as  regards  this  angle,  the  Scottish  skull  is  slightly  more  variable  than 
the  Tasmanian. 

From  an  analysis  of  the  measurements  in  my  series  of  100  skulls  I  find  that  the 

magnitude  of  the  angle  at  the  zentrum  may  be  considered  to  depend  on  several 

variable  factors  : — 

1.  The  length  of  the  glabella-bregma  chord. 

2.  The  length  of  the  glabella-basion  chord. 
3.  The  size  of  the  upper  glabella  angle. 

There  is  a  very  close  relationship  between  the  tendency  towards  increase  in  size 

of  the  upper  glabella  angle  and  the  tendency  towards  decrease  in  the  zentrum  angle. 

The  relative  lengths  of  the  glabella-bregma  and  glabella-basion  chords  have  also  a 

close  relationship  with  the  size  of  the  zentrum  angle,  a  long  glabella-bregma  chord 
associated  with  a  short  glabella-basion  chord  tending  to  increase  the  angle,  and  vice 
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versa,  and  a  reference  to  the  two  diagrams  (figs.  8  and  9),  showing  the  two  extreme 

values  of  the  zentrum  angle  in  this  Scottish  series,  will  make  this  evident.  In 

the  Scottish  skull,  as  demonstrated  by  this  series,  the  glabella-bregma  chord  shows  a 

marked  tendency  to  be  longer  than  the  glabella-basion  line,  and  the  mean  of  the 
former  is  decidedly  greater  than  that  of  the  latter  ;  whereas  in  the  Tasmanian  and 

Australian  series  of  skulls  the  tendency  is  for  the  glabella-basion  chord  to  be  longer 

than  the  glabella-bregma  chord,  and  the  mean  of  the  former  is  greater  than  that  of 
the  latter. 

Fig.  9. — Outline  of  skull  No.  73  of  series  K.  This  skull  shows  the  lowest  value  for  the  angle  at  the  zentrum, 

i.e.  87°.  Note  the  relatively  short  glabella-bregma  and  relatively  long  glabella-basion  chord.  (For lettering  see  fig.  8.) 

The  size  of  the  upper  glabella  angle  depends  principally  on  the  position  of  the 

bregma,  which  again  depends  upon  : — 

1.  The  length  of  the  glabella-bregma  line  (representing  the  length  of  the  frontal 
bone),  and 

2.  The  slope  or  inclination  of  the  frontal  bone  to  the  glabella-lambda  line.* 
Schwalbe  (45)  believes  that  the  inclination  of  the  frontal  bone  hinges  on  two 

factors  :— 
1.  The  degree  of  elevation  or  depression  of  the  bone. 

2.  The  degree  of  its  curvature. 

He  believes  that  the  bregma  could  be  displaced  forwards  so  that  the  frontal 

became  more  or  less  vertical.  The  extent  of  the  displacement  he  measured  by  his 

frontal  and  bregma  angles ;  the  more  open  the  angles,  the  more  was  the  bone 
elevated. 

*  It  must  be  noted. that  the  argument  here  applies  only  to  Klaatsch's  inscribed  figure,  the  skulls  compared  being 

oriented  on  the  glabella-lambda  line  as  the  horizontal.  In  the  section  dealing  with  Schwalbe'8  data,  it  will  be 
demonstrated  that  another  f;ictor  of  importance  is  involved. 
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Schwalbe's  angle,  according  to  Sollas  (46),  is  determined  by  three  factors  : — 
1.  The  choice  of  a  base  line. 

2.  The  angular  position  of  the  bregma. 
3.  The  altitudinal  index  of  the  skull. 

All  three  combine  to  give  it  a  low  value  in  the  Australian  skull  and  in  the 
Neanderthal  group. 

For  Schwalbe's  angle  or  the  bregma  angle,  Turner  gives  for  Scottish  skulls,  6  in 
number,  a  variation  of  54°-58°,  with  a  mean  of  56°  ;  for  Tasmanian,  7  in  number,  a 

variation  of  54°-60°,  with"  a  mean  value  of  57"1°.  Klaatsch  gives  for  Tasmanians, 
8  in  number,  a  variation  of  54°-59°,  with  a  mean  of  57"3°  ;  Berry  gives  for  unsexed 

Tasmanians,  45  in  number,  a  variation  of  from  51  '5°  to  64°,  with  a  mean  of  56°.  In 

this  Scottish  series  of  100  there  is  a  variation  of  .from  50°  to  63°,  with  a  mean  of 

56'33°  ;  for  the  Australian  Klaatsch  gives  a  variation  of  from  51°  to  62°,  with  a 
mean  value  of  5 7 '5°.  The  Scottish  skull  thus  shows  a  lower  value  than  the  Tasmanian, 

according  to  Turner's  figures,  whereas,  according  to  the  figures  derived  from  the 
larger  numbers,  the  Tasmanian  and  the  Scottish  show  a  practically  identical  mean 

angle,  while  the  Australian  shows  the  highest  value.  Sollas  (46),  however,  gives  for 

the  Australian  an  angle  of  48 '3°,  which  is  lower  than  the  Scottish  mean  angle  and  is 
the  position  one  would  a  priori  expect  the  Australian  to  occupy,  and  this  is  con- 

firmed by  Berry's  results  (59)  for  a  series  of  100  Australian  crania  (unsexed).  In 

this  the  bregma  angle  varies  from  49°  to  60°,  with  a  mean  value  of  54'7°. 
Turner  (47),  making  use  of  the  nasi-tentorial  plane  to  avoid  the  variability  in  the 

glabella,  found  in  his  examination  of  the  angle  between  the  nasi-bregmatic  and  nasi- 
tentorial  lines  that  the  Australians  showed  the  highest  angle,  the  Tasmanians  the 

smallest,  and  the  Scottish  an  angle  intermediate  in  value. 

Berry's  dioptrographic  tracings  have  permitted  me  to  estimate  the  upper  glabella 
angle  in  90  Australian  crania,  and  its  mean  value  in  this  long  series  was  practically 

equal  to  that  shown  in  Buchner's  complete  series  of  Tasmanian  skulls,  while  the 

mean  angle  in  the  Scottish  series  was  lower  in  value  to  the  extent  of  2°.  With 
a  more  sloping  frontal  bone  we  would  have  expected,  as  Klaatsch  believed  to  be 

the  case,  that  the  angle  above  mentioned  would  be  smaller  in  the  Australian  than 

in  the  European  (as  represented  by  the  Scottish  skull). 

Schwalbe's  view  regarding  the  elevation  of  the  frontal  bone,  where  its  upper 
border  is  said  to  move  upwards  and  forwards  in  modern,  as  compared  with  palaeolithic, 

man,  the  resulting  displacement  of  the  bregma  and  more  vertical  direction  of  the 

frontal  bone,  has  been  criticised  by  Cunningham  (48),  who  raised  several  objections  to 

the  bregma  angle  : — 
1.  Because  the  glabella  was  so  variable. 

2.  Because  the  upper  end  of  the   frontal   was  affected  by  changes  in  the  other 

bones  of  the  vault  independent  of  those  due  to  elevation  or  depression  of 
the  frontal  bone. 
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According  to  Cunningham  (48),  different  degrees  of  extension  of  the  parietal  and 

occipital  regions,  as  well  as  differences  in  the  growth  of  the  frontal  area,  modify  the 

position  of  the  bregma.  The  difference  in  growth  of  the  frontal  region,  as  we  shall 

see  later,  is  brought  out  in  the  Scottish  series  examined  by  comparing  the  mean 

glabella-bregma  chord  found  therein  with  those  found  in  the  Australian  and  Tasmanian 
types,  and  I  believe  that  this  difference  in  growth  has  an  influence  on  the  size  of 

the  zentrum  angle,  while,  at  the  same  time,  as  will  be  demonstrated  later  on, 

growth  of  the  occipital  region  of  the  vault  is  an  important  factor,'  not  only 
as  affecting  the  zentrum  angle,  but  also  the  relative  positions  of  the  bregma,  and 

of  the  lambda,  and  the  size  of  the  upper  glabella  angle. 

The  mean  value  of  the  upper  glabella  angle  in  the  Tasmanian  is  greater  than  in 

the  Scottish  skull,  and  the  glabella-bregma  length  is  considerably  shorter  on  the 
average  in  the  former  than  in  the  latter.  The  result  of  these  various  factors  is  that 

the  zentrum  angle  in  the  Scottish  skull  is  on  the  average  greater  than  in  the 
Tasmanian  skull. 

In  the  Australian  skull,  as  calculated  from  the  series  of  90  dioptrographic  tracings, 

the  mean  glabella-bregma  line  is  relatively  shorter  than  the  glabella-basion  line,  the 
upper  glabella  angle  is  practically  equal  to  that  in  the  Tasmanian,  and  these  factors 

apparently  so  balance  one  another  than  the  mean  zentrum  angle  is  approximately 

equal  in  the  two  complete  series,  namely,  89'45°  in  the  Australian  and  89 "6°  in  the 
Tasmanian. 

It  is  interesting  to  note  in  connection  with  this  angle  that  in  the  skulls  of  the 

anthropoid  apes  of  different  ages  as  figured  in  median  outline  by  Klaatsch,  with  the 

basion-bregma  and  glabella-lambda  horizontal  lines  inserted,  at  an  early  age  in  the 

chimpanzee  and  orang-utan  the  zentrum  angle  is  89°  and  90°  respectively,  thus 
approaching  the  angle  found  in  the  human  subject ;  the  younger  the  animal  the 

closer  is  the  approximation  in  the  angle,  while  in  the  young  gorilla  it  is  84°.  With 
increasing  age  the  basion-bregma  line  slopes  more  and  the  upper  end  moves  forward 
relatively  to  the  lower  end  (Klaatsch),  so  that  the  zentrum  angle  is  considerably 

smaller  in  the  adult  than  at  an  earlier  stage.  The  explanation  of  the  alteration  in 

the  size  of  the  angle  is,  without  doubt,  that  it  is  due  largely  to  the  displacement 

backwards  of  the  foramen  magnum  and  so  of  the  basion,  the  mid-point  of  its 
anterior  margin,  that  takes  place  in  all  primates,  including  man,  in  their  passage 

from  the  juvenile  to  the  adult  stage,  and  which  is  due  to  the  increase  in  length  of 

the  basi-sphenoid  and  basi-occipital  that  takes  place  at  that  time  (Bolk). 
Another  factor  that  undoubtedly  influences  the  size  of  the  angle  at  different  ages 

is  the  fact  that,  as  pointed  out  by  Cleland  (49),  "  the  base  line  continues  to  elongate 

after  the  arch  has  acquired  its  permanent  characters,"  which  is  fully  confirmed  by  a 
comparison  of  the  juvenile  and  adult  skulls  in  the  present  collection. 

It  is  found  that  the  chimpanzee  shows  the  largest  zentrum  angle  when  it  has 

lied  the  adult  state  and  is  considerably  larger  than  that  found  in  the  gorilla  and 
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orang.  It  is  generally  agreed  that  of  the  members  of  the  anthropoid  group  the 

chimpanzee  stands  nearest  to  man,  i.e.  is  man's  nearest  relative.  It  would  seem 
therefore  that  from  the  relative  size  of  the  zentrum  angle  we  may  arrange  the 

groups  we  have  considered  in  an  ascending  series  as  follows  : — 

.  ,   ,  J       , ,  . .,     (  a.  Gorilla  and  orang-utan. 
1.  Aduit  anthropoids  ■{  _     „,  . 

I  6.  Chimpanzee. 

2.  Juvenile  anthropoids. 
3.  Tasmanians  and  Australians. 

4.  Scottish. 

The  tendency  for  the  zentrum  angle  to  be  greater  than  90°  in  the  last  series  is 
apparently  evidence  of  the  higher  morphological  status  of  the  Scottish  skull  than 
that  of  the  Tasmanian  and  the  Australian. 

Berry  (50)  was  at  first  of  the  opinion  that  the  Australian  stood  on  the  "  evolu- 

tionary plus"  side  of  the  Tasmanian,  but  has  since  come  to  the  conclusion  (59)  that 
the  reverse  relationship  holds.  While  there  is  not  a  great  difference  between  the 

mean  zentrum  angles  in  the  Tasmanian  and  Australian  complete  series,  it  is  note- 
worthy that  the  angle  in  the  latter  is  on  an  average  less  than  in  the  former. 

Klaatsch  refers  to  the  angles  at  the  glabella  as  the  most  important  angles  of  the 

quadrilateral  figure,  and  refers  to  the  different  values  of  the  two  component  parts  of 

the  complete  or  cranial-glabella  angle,  in  the  Australian  and  European  specimens 
figured  by  him. 

In  the  Tasmanian  series  the  cranial-glabella  angle  varies  from  69°  to  80°,  with 

a  mean  value  of  747°,  S.D.  2*84,  V.  3'80.  The  mean  angle  in  the  Australian 

series  of  90  (unsexed)  is  74'92°,  the  range  is  from  68°  to  83°,  and  the  standard 

deviation  is  3'13.  In  the  Scottish  series  the  angle  varies  from  67°  to  80°,  with 

a  mean  of  74'4°,  S.D.  272,  V.  3*65.  The  mean  values  of  the  angles  in  the 
three  types  are  thus  approximately  equal,  while  the  angle  in  the  Scottish  series 

is  less  variable  than  in  the  Tasmanian,  and  considerably  ■  less  variable  than  in  the 
Australian. 

With  regard  to  the  components  of  the  cranial-glabella  angle,  we  find  that  in  the 

Tasmanian  series  the  upper  glabella  angle  varies  from  34°  to  44°,  with  a  mean  of 

37"9°,  S.D.  2"26,  V.  5'9  ;  the  lower  component  varies  from  31°  to  44°,  with  a  mean 
value  of  36'8°,  S.D.  2"86,  V.  777.  In  the  Scottish  series  the  upper  component 

varies  from  32°  to  42°,  with  a  mean  of  35'9°,  S.D.  1"99,  V.  5'54;  the  lower  com- 

ponent varies  from  31°  to  44°,  with  a  mean  of  38-5°,  S.D.  2-63,  V.  6*84. 
In  the  Tasmanian  series  of  skulls  the  upper  glabella  angle  is  thus,  on  an  average, 

larger  than  the  lower  glabella  angle,  whereas  in. the  Scottish  series, the  reverse  is  the 

case  ;  the  upper  component  of  the  cranial-glabella  angle  being  on  an  average  smaller 

than  the  lower,  and  so  approximating  to  the  condition  found  in  the  Australian  figured 

by  Klaatsch,  and  also  to  that  of  an  Australian  measured  by  myself.  It  may  be 

shown  thus  : — 
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Upper  angle,  33. Lower  ,,  40 

Upper  angle,  34 

An  Australian  skull  (Klaatsch) 
Lower       ,,       40. 

Another  Australian  skull  . 
(.  Lower       ,,       39. 

From  an  examination  of  a  larger  series  of  Australian  skulls,  however,  it  has  been 

shown,  as  was  previously  mentioned,  that  the  upper  glabella  angle  was  approximately 

equal  in  the  complete  Australian  and  Tasmanian  series,  and  that  in  the  Australian,  as 

in  the  Tasmanian,  the  mean  upper  glabella  angle  is  greater  than  the  mean  lower 

glabella  angle  (vide  table). 

If  we  examine  the  two  components  of  the  cranial-glabella  angle  as  regards  vari- 
ability, we  find  that  the  upper  glabella  angle  shows  for  the  Tasmanian  a  S.D.  of 

2*26  and  a  V.  of  5*9,  and  for  the  Scottish  a  S.D.  of  1  "99  and  a  V.  of  5'54  ;  while  the 

lower  glabella  angle  gives  for  the  Tasmanian  a  S.D.  of  2*86  and  a  V.  of  777,  and  for 

the  Scottish  a  S.D.  of  2'63  and  a  V.  of  6'84.  In  both  upper  and  lower  glabella  angles 
the  variability  is  greater  in  the  Tasmanian  than  in  the  Scottish,  and  in  both 

Tasmanian  and  Scottish  series  as  well  as  the  Australian  the  variability  in  the  lower 

angle  is  greater  than  that  in  the  upper  angle,  which  is  exactly  contrary  to  what  one 

would  have  expected.  The  Australian  is  most  variable  of  the  three  in  the  upper 

angle  and  least  variable  in  the  lower  angle. 

The  lambda  angle  in  the  Tasmanian  series  varies  from  64°  to  75°,  with  a  mean  of 

69°,  S.D.  273,  V.  3*95  ;  in  the  Scottish  series  from  62°  to  76°,  with  a  mean  of  68*34°, 

S.D.  2'84,  V.  4*15  ;  in  the  Australian  series  from  64°  to  78°,  with  a  mean  value  of 

70*12°,  S.D.  2*98.  The  variability  of  the  angle  is  thus  slightly  greater  in  the  Scottish 
series  than  in  the  Tasmanian  series,  while  the  angle  is  on  an  average  so  little  less  in 

the  former  than  in  the  latter  that  they  may  be  considered  practically  equal.  The 

angle  is  slightly  greater  in  the  Australian  than  in  the  other  two  types,  and  shows 

the  greatest  variability  of  the  three. 

The  basion  angle  in  the  Tasmanian  series  varies  from  98°  to  117°,  with  a  mean  of 

107*8°,  S.D.  4*71,  V.  4*37.  In  the  Scottish  series  the  basion  angle  varies  from  95°  to 

120°,  with  a  mean  of  107*4°,  S.D.  4*43,  V.  4*12.  The  basion  angles  are  thus  shown  to 
be  approximately  equal  in  the  two  series  on  an  average,  while  that  of  the  Scottish 

series  is  slightly  less  variable  than  the  other.  In  the  Australian  series  the  basion 

angle  has  a  range  in  value  from  97°  to  120°  and  a  mean  value  of  107*75°,  practically 

equal  to  the  Tasmanian  mean,  and  its  standard  deviation  being  4*43,  it  is  less  variable 
than  the  latter. 

As  regards  the  bregma  angle,  this,  in  the  Tasmanian  series,  varies  from  100°  to 
1 1 3°,  with  a  mean  of  106*8°,  S.D.  2*98,  V.  2*79.  In  the  Scottish  series  the  angle  varies 

from  103°  to  115°,  with  a  mean  of  108*96°,  S.D.  2*98,  V.  2*73. 
The  above  angles  in  the  two  series  of  skulls  show  equal  deviations  and  nearly 

equal  coefficients  of  variability,  while  in  the  Tasmanian  series  the  mean  angle  is 

slightly  smaller  than  the  mean  angle  in  the  Scottish  series. 
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In  the  comparison  instituted  by  Klaatsch  between  the  Australian  specimen  and 

a  European  skull  he  pointed  out  as  a  feature  of  the  former  that  the  bregma  angle 
was  greater  than  the  basion  angle,  while  the  relationship  in  the  European  skull  was 
the  reverse.  The  result  of  the  examination  of  these  angles  in  the  100  Scottish 
skulls  is  that  the  mean  bregma  angle  is  greater  than  the  basion  angle,  and  so  the 
Scottish  skull  agrees  with  the  Australian  (of  Klaatsch)  in  this  respect.  The 
Tasmanian  mean  basion  angle,  on  the  other  hand,  is  slightly  greater  than  the  mean 

bregma  angle,  and  thus  shows  a  relationship  which  is  that  figured  in  the  European 
specimen  of  Klaatsch. 

In  Berry's  series  of  Australian  skulls,  90  in  number,  I  found  that  the  bregma  angle 
varied  from  98°  to  120°,  with  a  mean  value  of  106'94°.  The  standard  deviation  was 

3 '69.  This  angle  is  thus  in  a  series  of  Australian  skulls  lower  in  value  on  the  average 

than  the  basion  angle,  which  showed  a  mean  value  of  10775°,  so  that  the  opposite 
relationship  obtains  from  what  is  found  in  the  Scottish  skull  and  the  reverse  of  what 

Klaatsch  demonstrates  in  his  Kraniomorphologie  und  Kraniotrigonometrie. 

The  size  of  the  bregma  compared  with  the  basion  angle  in  any  specimen  largely 

depends  on  the  respective  distances  of  the  basion  and  bregma  from  the  glabella- 

lambda  horizontal,  a  high  value  for  the  bregma  angle  being  predicted  by  a  long  low 

vault  which  is  a  feature  of  the  Australian  skull.  Apparently  the  relationship 

pointed  out  by  Klaatsch,  in  comparing  the  Australian  and  European,  is  by  no 

means  constant,  as  in  many  of  the  Scottish  skulls  the  upper  segment  of  the  basi- 

bregmatic  line  is  considerably  shorter  than  the  lower  segment,  and  the  mean  length 

of  the  upper  segment  is  also  shorter  than  the  mean  length  of  the  lower  segment 

(upper,  65 '7  ;  lower,  67 '8),  while  in  the  Tasmanian  the  mean  values  of  the  two  segments 
of  this  line  are  approximately  equal.     To  this  I  shall  refer  later. 

With  regard  to  the  frontal,  parietal,  and  inion  angles  no  measurements  are  given 

by  Buchner  for  the  series  of  Tasmanian  skulls,  but  Berry  gives  for  the  first  in  a 

series  of  50  Tasmanians  a  range  in  value  from  131*5°  to  149°,  with  a  mean  of  139'5°, 

and  for  the  second  angle  a  range  in  value  from  125'5°  to  141'5°,  with  a  mean  of  134'3°. 

In  the  Scottish  series  the  frontal  angle  varies  from  127°  to  149°,  with  a  mean  of  136'9°  ; 

the  parietal  angle  varies  from  128°  to  146°,  with  a  mean  of  135*61°.  In  the  Australian 
specimen  figured  by  Klaatsch  the  frontal  angle  is  comparatively  large,  namely, 

149°,  i.e.  at  the  extreme  upper  limit  of,  but  still  within,  the  range  of  the  variation 

shown  by  the  Scottish  series  ;  the  parietal  angle  in  the  Australian  is  129°,  which  is 
within  the  range  of  the  Scottish  series  but  at  its  lower  limit.  Berry  and  Robertson 

(59)  find  that  in  a  series  of  100  Australian  skulls  the  angle  of  frontal  curvature  varies 

from  123*5°  to  153°,  with  a  mean  value  of  139*65°,  i.e.  distinctly  below  the  value 

figured  in  Klaatsch's  specimen  ;  while  the  angle  of  parietal  curvature  varies  from 

125°  to  145°,  with  a  mean  value  of  135*7°,  both  of  which  values  are  approximately 
equal  to  the  values  for  the  corresponding  angles  in  the  Tasmanian.  The  size  of  those 

angles  depends  obviously  upon  the  lengths  of  the  frontal  and  parietal  chords  and 
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the  heights  of  the  corresponding  arcs,  and  a  consideration  of  these  later  will  bring 

out  more  fully  the  greater  similarity  between  the  frontal  and  parietal  arcs  in  the 

Scottish  series,  as  evidenced  by  the  close  approximation  to  equality  in  the  size  of 

the  two  angles,  than  in  the  Tasmanian  and  Australian  as  shown  by  a  comparison  of 

Berry's  values,  and  than  in  the  Australian  as  figured  by  Klaatsch.  In  the  European 

skull  described  by  the  latter  the  frontal  angle  is  141°  and  the  parietal  129°. 
As  regards  the  inion  angle,  i.e.  the  angle  at  the  vertex  of  the  chief  occipital 

triangle,  in  the  Scottish  series  the  angle  varies  from  97°  to  114°,  with  a  mean  of 

10477°.  In  the  Australian  as  figured  by  Klaatsch  the  angle  is  101°,  well  within 

the  range  of  variation  found  in  the  Scottish  series  ;  in  another  Australian  it  is  105° ; 

in  the  European  (according  to  Klaatsch)  it  is  99°;  in  a  Negro  it  is  113°;  in  a 

Chinese  skull  104°,  and  in  a  brachycephalic  German  101°.  In  the  series  of  90  skulls 

shown  in  Berry's  atlas,  I  have  measured  the  angle  and  find  that  it  shows  in  these 

a  mean  value  of  104'84°  and  a  range  of  variation  from  95°  to  114°  (S.D.  4'12),  values 
which  are  practically  identical  with  those  given  by  the  above-mentioned  Scottish 
series.  The  angle  thus  shows  much  variation  in  the  Scottish  skulls,  but  the  values 

of  the  corresponding  angle  in  those  different  types  of  skull  all  fall  within  its  range. 

Figures  are  given  by  Buchner"(60)  for  the  Tasmanian  series  in  a  study  of  the 
prognathism  of  the  Tasmanian  aboriginal  for  the  first  of  the  two  angles  which 

Klaatsch  makes  use  of  in  his  median  diagrams  as  evidence  of  prognathism,  i.e.  the 

angle  at  the  prosthion  (at  the  vertex  of  the  upper  facial  triangle)  and  the  angle 

included  by  the  glabella-prosthion  line  and  the  continuation  forwards  of  the  lambda- 
glabella  line  ;  but,  as  I  intend  to  confine  my  attention  for  the  present  largely  to  the 

brain-box,  I  need  not  refer  to  this  at  greater  length  than  to  mention  that  in  the 
Australian,  as  evidence  of  the  prognathism  present,  these  angles  show  a  distinct 
diminution  in  value  from  the  mean  values  of  the  Scottish  series. 

With  regard  to  the  chords,  and  considering  first  of  all  the  glabella-lambda  length, 
we  find,  in  the  Tasmanian  series,  that  this  varies  from  167  to  189  mm.  in  the  male 

skulls,  with  a  mean  length  for  the  series  of  178*7  mm.,  S.D.  5'43,  V.  3'03.  In  the 
Scottish  series  the  range  of  variation  is  from  172  to  198  mm.,  with  a  mean  value  of 

18475  mm.,  S.D.  5'85,  V.  3'87. 
By  a  comparison  of  these  measurements  the  greater  absolute  length  of  this  chord 

in  the  Scottish  series  is  brought  out,  associated  with  the  greater  length  of  the  skull, 

while  in  the  two  series  the  coefficients  of  variability  show  a  fairly  close  correspondence 

with  one  another,  that  of  the  Scottish  series  being  slightly  greater  than  the  other. 

In  the  Australian  figured  by  Klaatsch  the  length  is  182  mm.,  which  is  not  greatly 

different  from  the  Scottish  mean  value,  but  in  the  90  Australian  skulls  previously 

mentioned  the  length  varies  from  160  to  192  mm.,  with  a  mean  value  of  177'12  mm., 

S.D.  6'83,  V.  4*42,  bringing  the  mean  length  of  the  line  in  the  Australian  below  that 
in  the  Tasmanian. 

The  basi-bregmatic  height  in  the  Tasmanian  series  varies  from  118  to  139  mm., 
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with  a  mean  value  of  130'1  mm.,  S.D.  5'27,  V.  4'05.  In  the  Scottish  series  the  basi- 

bregmatic  height  varies  from  123  to  147  mm.,  with  a  mean  of  133'7  mm.,  S.D.  5'47, 
V.  4'09.  In  this  dimension  also  evidence  of  the  difference  in  size  of  the  skulls  in 
the  two  series  is  marked,  while  the  standard  deviation  and  the  coefficients  of 

variability  are  very  similar  in  the  two  series. 

From  a  comparison  of  the  coefficients  of  variability,  with  regard  to  this  measure- 

ment and,,  the  previous  one,  it  is  shown  that  the  basi-bregmatic  height  is  in  both 

series  more  variable  than  the  glabella-lambda  length.  The  measurement  given  by 

KLAATSCH'for  an  Australian  specimen  is  133  mm.,  which  is  greater  than  the  mean 
value  of  the  Tasmanian,  smaller  than  the  Scottish  mean  value,  but  within  the  range 

of  both;  while  the  mean  of  Berry's  series  of  90  Australian  skulls  is  130  mm.,  and 

the  range  of  variation  shown  is  from  116  to  144  mm.,  S.D.  6'50,  V.  5'00. 
As  regards  the  two  segments  of  the  basi-bregmatic  height  in  the  Tasmanian 

series  of  male  skulls,  the  upper  segment,  which  is  the  measure  of  the  elevation  of 

the  glabella-lambda  arc,  varies  from  54  to  73  mm.,  with  a  mean  value  of  65*4  mm.  ; 
the  lower  segment  varies  from  55  to  75  mm.,  with  a  mean  value  of  65  mm.  The 

means  of  the  upper  and  lower  segments  are  thus  in  the  series  examined  nearly  equal. 

In  the  Scottish  series  the  upper  segment  varies  in  length  from  56  to  76  mm.,  with 

a  mean  of  65 '75  mm.  ;  the  lower  segment  varies  from  55  to  82  mm.,  with  a  mean  of 

67'85  mm.  The  mean  value  of  the  lower  segment  is  thus  greater  than  the  mean 
value  of  the  upper  segment,  and  in  this  respect  approximates  to  the  measurements 

of  the  Australian  skull  as  figured  by  Klaatsch  and  of  another  measured  by  myself. 

The  basi-bregmatic  height  of  this  Australian  skull  is  133  mm.,  the  upper  segment  is 

59  mm.,  the  lower  74  mm.  The  mean  value  of  the  basi-bregmatic  height  in  the 

Scottish  series,  as  stated  above,  is  133*7  mm.,  which  is  approximately  equal  to  the 

height  of  Klaatsch's  Australian  skull,  so  that  both  the  values  of  the  two  segments  of 
the  Australian  fall  well  within  the  ranges  of  variation  shown  in  the  corresponding 

segments  in  the  Scottish  series  of  skulls. 

Noting  a  few  measurements  of  these  segments  in  skulls  of  the  Scottish  series, 

we  can  compare  them  with  the  condition  found  in  Klaatsch's  Australian  in  the 
following  way  : — 

Table  XL VII. 

Australian. Scottish. 

Basi-bregmatic 
Height. Upper  Segment. Lower  Segment. Basi-bregmatic 

Height. Upper  Segment. 
Lower  Segment. 

133 59  mm. 74  mm. 

(a)  133  mm. (6)  133    „ 

(c)  133    „ 
(d)  142    „ 
(e)  146    „ 
(/)  140    „ 

63  mm. 

64  „ 

62  „ 

63  „ 
64  „ 

64    „ 

70  mm. 

69    „ 71  „ 

79    „ 
82    „ 
76    „ 
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The  table  shows  that  the  difference  of  the  two  segments  of  the  basi-bregmatic  height 
can  by  no  means  have  the  value  attached  to  it  by  Klaatsch  in  his  comparison  of  the 

Australian  and  European  skulls,  and,  as  the  size  of  the  basion  and  bregmatic  angles 

depends  largely  on  the  lengths  of  these  respective  segments,  the  relative  size  of 

these  angles  loses  also  the  significance  attributed  to  it  by  him. 

This  is  confirmed  by  the  examination  of  the  measurements  of  the  larger  series 

of  90  Australian  skulls.  In  this  group  the  upper  segment  of  the  basi-bregmatic 

height  varies  from  51  to  80  mm.,  with  a  mean  value  of  65 '6(5  mm.,  S.D.  5 '12, 
V.  779  ;  the  lower  segment  ranges  in  value  from  52  to  77  mm.,  with  a  mean  value 

of  64*34  mm.,  which  is  less  than  that  of  the  upper  segment.  The  S.D.  is  4'94  and 

the  coefficient  of  variation  7*67,  so  that  the  lower  segment  is  slightly  less  variable 
than  the  upper. 

The  glabella-bregma  chord  in  the  Tasmanian  series  varies  from  94  to  118  mm. 

and  has  a  mean  length  of  107*6  mm.  ;  S.D.  is  5*99,  V.  is  5*56.  In  Klaatsch's 
Australian  the  chord  is  106  mm.,  i.e.  within  the  range  of  both  series,  while  in  the 

larger  Australian  series  of  90  skulls  (unsexed)  the  chord  has  a  mean  value  of 

106*32  mm.,  with  a  range  of  variation  from  95  to  121  mm.,  S.D.  5*41,  V.  5*08.  In 
the  Scottish  series  the  chord  varies  in  length  from  101  to  126  mm.,  with  a  mean 

value  111*62  mm.,  S.D.  5*509,  V.  4*935.  The  mean  length  of  this  chord  is  thus  seen 
to  be  decidedly  greater  in  the  Scottish  series  than  in  the  Tasmanian  and  Australian 

series.  The  variability  of  the  line  in  the  Scottish  series  is  decidedly  less  than  in 

the  Tasmanian  series,  while  the  chord  in  the  Australian  lies  between  the  Scottish 
and  Tasmanian  crania. 

The  bregma-lambda  chord  in  the  Tasmanian  series  varies  from  99  to  127  mm.,  with 

a  mean  value  of  115*3  mm.  The  S.D.  is  6*08  and  V.  is  5*27.  In  the  Scottish  series 

the  chord  varies  in  length  from  104  to  126  mm.,  with  a  mean  value  of  115 "15  mm. 
The  S.D.  is  5*446  and  V.  is  4*729. 

The  mean  length  of  the  corresponding  chords  in  the  two  series  is  approximately 

equal,  but  the  variability  shown  by  that  in  the  Tasmanian  series  is  decidedly  greater 

than  that  in  the  Scottish  series,  as  in  the  case  of  the  previous  chord.  Klaatsch's 
Australian  specimen  gives  a  value  of  111  mm.,  i.e.  well  within  the  range  of  both  the 

Tasmanian  and  the  Scottish  series,  but  Berry's  series  of  dioptrographic  tracings  of 
90  Australian  skulls  shows  a  range  of  variation  from  100  mm.  to  137  mm.,  and  a  mean 

value  of  114*18  mm.     The  S.D.  is  6*49  and  the  coefficient  of  variation  5*68. 
The  lambda-basion  chord  in  the  Tasmanian  series  varies  from  103  to  123  mm., 

with  a  mean  value  of  114*3  mm.  The  S.D.  is  4*58  and  V.  is  4*00.  In  the  Scottish 
series  the  chord  varies  in  length  from  111  to  135  mm.,  with  a  mean  value  of 

120*58  mm.  The  S.D.  is  4*675  and  V.  is  3*87.  The  mean  value  of  the  chord  is  thus 

decidedly  greater  in  the  latter  than  in  the  former,  while  the  variability  shown  by  it 

is  slightly  less.  In  the  Australian  series  of  90  the  chord  varies  in  length  from  100  to 

124  mm.,  with  a  mean  value  of  112*01  mm.     The  standard  deviation  is  5*31,  and  the 
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coefficient  of  variation  4*74.      While  the  Australian  shows  the  smallest  mean  value  of 
the  three  types,  it  is  the  most  variable. 

With  regard  to  the  basion-glabella  chord,  this  in  the  Tasmanian  series  varies 

from  100  to  119  mm.,  with  a  mean  value  of  108'6  mm.  The  S.D.  is  4'84  and  V.  is  4'45. 
In  the  Scottish  series  the  chord  varies  in  length  from  98  to  119  mm.,  with  a  mean  of 

107'57  mm.  The  S.D.  is  4-183  and  V.  is  3*88.  The  mean  absolute  length  of  this  chord 
is  thus  seen  to  be  greater  in  the  Tasmanian  series  than  in  the  Scottish  series,  while 

the  variability  of  the  latter  is  decidedly  less  than  that  of  the  former.  In  the 

Australian  series  the  glabella-basion  chord  varies  from  97  to  119  mm.,  with  a  mean 

value  of  107 '03  mm.,  the  standard  deviation  5 "67,  and  the  coefficient  of  variation  5*29. 
The  mean  value  of  the  chord  is  thus  approximately  equal  to  that  of  the  Scottish 

series,  but  the  chord  in  the  former  is  distinctly  more  variable  than  the  latter.  Com- 

paring the  chords  as  regards  their  variability,  we  find  the  following  coefficients  of 

variation  : — 
Table  XL VIII. 

Glabella-bregma 
Chord. Bregma- lambda Chord. 

Lambda-basion 

Chord. 
Basion-glabella 

Chord. 

Tasmanian 
Australian  . 
Scottish 

V.  556 

V.  5-08 V.  493 
V.  5-27 V.  568 

V.  4-73 
V.  4-0 

V.  474 

V.  3-87 

V.  4  45 

V.  5-29 
V.  3-88 

In  the  Tasmanian  the  variability  of  the  glabella-bregma  and  bregma-lambda  chords 

is  greater  than  that  of  the  lambda-basion  and  basion-glabella  chords,  while  the  least 

variable  of  all  is  the  lambda-basion.  In  the  Australian  series  of  90  the  bregma- 

lambda  chord  is  most  variable,  the  lambda-basion  the  least,  while  the  basion-glabella 

chord  is-  more  variable  than  the  glabella-bregma  chord.  In  the  Scottish  series  we 

find  that,  as  in  the  Tasmanian,  the  glabella-bregma  and  bregma-lambda  chords  are 
decidedly  more  variable  than  the  lower  two,  and  the  least  variable,  as  before,  is  the 

lambda-basion,  although  this  is  less  marked  than  in  the  case  of  the  Tasmanian  series. 

The  fact  that  the  glabella-basion  chord  is  more  variable  than  the  lambda-basion  in 
the  Scottish  series  may  at  first  sight  be  thought  to  be  due  to  the  variability  in  the 

glabella.  We  find,  however,  on  comparing  the  basi-nasal  length  and  the  basi-glabella 
length  that,  in  a  series  like  the  present  one,  though  the  standard  deviation  of  the 
former  is  less  than  that  of  the  latter,  the  coefficient  of  variation  of  the  latter  is  less 

than  that  of  the  former  ;  and  as  this  quantity  is  the  true  measure  of  variability  when 

the  means  of  two  quantities  are  unequal,  we  must  come  to  the  conclusion  that,  in 

this  series,  the  basi-nasal  length  is  more  variable  than  the  basi-glabella  length.  This 

may  be  brought  forward  as  an  argument  against  the  use  of  the  basi-nasion  line,  which 

is  the  nearest  approach  that  can  be  obtained  in  a  non-sectionised  skull  to  Huxley's 
basi-cranial  axis,  as  a  base  line. 
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This  introduces  the  question  of  a  reliable  base  line  and  Huxley's  (5l)  well-known 

dictum  on  the  subject  :  "  No  comparison  of  crania  is  worth  much  that  is  not  founded 
upon  the  establishment  of  a  relatively  fixed  base  line  to  which  the  measurements  in 

all  cases  must  be  referred."  He  chose  the  basi-cranial  axis  as  his  base  line  because 
lie  thought  it  showed  least  variability,  but  apparently  in  a  uniform  series  of  skulls  like 

the  present  one  under  examination  the  basion-glabella  line  would  be  preferable  to  the 
basi-nasion  line. 

I  have  been  able  to  obtain  the  value  of  the  basi-occipito-sphenoid  axis  in  98  of 
the  same  skulls  from  which  the  above  results  were  obtained  after  median  section,  and, 

anomalous  as  it  may  appear  but  indubitably  proved  by  the  figures,  the  basi-occipito- 

sphenoid  length,  or  Huxley's  basi-cranial  axis,  is  more  variable  than  the  basi- 
glabella  line. 

Perhaps  I  should  explain  that  by  "more  variable"  I  mean  that  in  the  series 
examined  it  departs  more  from  its  mean  value  than  does  the  basi-glabella  line  from 

its  mean  value.  As  Pearson  (8)  explains,  we  cannot  compare  the  respective  vari- 
abilities of  an  elephant  and  a  man  without  making  allowances  for  their  difference  in 

size  ;  or,  to  state  the  matter  in  a  different  way,  it  is  very  evident  that  a  variation  of 

2  inches  above  or  below  the  mean  is  very  much  greater  when  the  mean  is  equal  to 

10  inches  than  when  it  is  equal  to  40  inches.  The  magnitude  of  the  coefficient  of 

variation  is  the  true  criterion  for  relative  variability,  and,  according  to  the  evidence 

supplied  by  this  factor,  Huxley's  basi-cranial  axis  is  not  the  least  variable  length  in 
a  homogeneous  series  of  skulls.  Of  all  the  chords  measurable,  the  least  variable  is 

the  greatest  length  or  glabello-occipital  length,  and  I  put  forward  on  this  account 
the  plea  that  it  should  be  adopted  as  a  base  line  if  the  least  variable  line  is  wanted 

for  such  a  purpose.  This  length  has  the  disadvantage,  however,  that  its  posterior 

extremity  does  not  come  to  any  definite  point  on  the  cranial  vault  such  as  the 
lambda  or  inion. 

It  will  be  noticed  that  in  his  craniotrigonometrical  method  Klaatsch  abandons 

the  glabella-inion  base  line  utilised  by  Schwalbe  and  others,  and  also  adopted  by 

himself  in  some  of  his  earlier  research  work,  and  makes  use  of  the  glabella-lambda 
line  and  plane.  He  advances  various  reasons  why  this  line  should  be  universally 

adopted  as  a  rational  base  line.  There  are  many  arguments  against  the  adoption  of 

the  above  line  as  a  base  line.  One  of  these  is  the  fact  that  it  includes  the  glabella, 

which  varies  considerably  in  development  in  different  types  of  crania,  but  con- 
siderable variation  has  also  been  found  to  occur  in  the  position  of  the  inion,  i.e. 

the  posterior  extremity  of  the  glabella-inion  line.  The  chief  objection  from  the 
point  of  view  of  morphological  analysis  of  the  cranial  vault  is  that  it  does  not 

correspond,  as  the  glabella-inion  line  roughly  does,  to  the  sub-cerebral  plane. 
According  to  Bolk  (42),  the  position  of  the  lambda  is  as  variable  as  that  of  the 

inion,  but  my  figures  from  the  present  series  show  me  that  the  glabella-lambda  is 

liable  than  the  glabella-inion  line.     Apparently  objections  may  be  raised  to 



A  CONTRIBUTION  TO   THE   STUDY    OF  THE   SCOTTISH   SKULL.  421 

the  use  of  any  base  line  adopted,  and  the  present  state  of  opinion  as  regards  this  may 

be  summed  in  the  words  of  Cleland  regarding  the  choice  of  a  base  line,  "  All  planes 

are  arbitrary  ;  if  any  be  true,  they  have  not  been  proved  to  be  so." 

One  of  Klaatsch's  reasons  for  the  adoption  of  the  glabella-lambda  line  as  a  base 
was  that  it  corresponded  with  the  natural  position  of  the  head  during  life,  but 

Cleland  (15)  came  to  the  conclusion  that  "it  is  quite  likely  that  it  will  always 
remain  impossible  to  determine  from  the  characters  of  a  skull  what  was  its  precise 

position  in  the  erect  posture  of  the  body."  The  respective  variability  shown  by  the 
various  lines  drawn  from  the  basion  to  the  nasion,  glabella,  and  prosphenion  show  that 

in  a  uniform  series  like  the  present  one  the  variability  of  development  of  the  glabella 

is  practically  negligible. 

Turner  (47)  adopted  the  nasi-tentorial  line  as  abase  line,  as  he  believed  the  nasion 
was  a  more  suitable  point  than  the  glabella  to  be  the  anterior  extremity  of  a  line 

drawn  to  estimate  the  length  of  the  cerebral  portion  of  the  cranial  cavity.  Keith  (25) 

takes  a  somewhat  similar  plane,  which  he  names  the  "  sub-cerebral."  Bolk  (42), 

dissatisfied  with  all  other  base  lines,  adopted  still  another,  called  the  "  Fronton- 

Occipiton"  line,  which  is  drawn  from  the  "Fronton,"  a  point  on  the  inner  surface 
of  the  anterior  cranial  wall  in  the  middle  line  where  this  becomes  continuous  with 

the  floor  of  the  anterior  cranial  fossa  to  the  "  Occipiton,"  the  point  on  the  inner 

aspect  of  the  posterior  cranial  wall  furthest  removed  from  the  "  Fronton."  If  there 

was  an  arc  equidistant  from  the  "  Fronton,"  the  centre  point  of  the  arc  was  taken 

as  the  "  Occipiton." 

In  my  study  of  the  sectionised  skull  I  have  made  use  of  Bolk's  line,  and  have  also 
drawn  in  the  nasi-tentorial  line  to  give  me  the  nasi-tentorial  plane.  I  have  calculated 
the  coefficients  of  variation  of  these  two  lines,  and  find  that  of  the  two  the  nasi- 

tentorial  line  is  slightly  the  more  variable,  while  both  are  distinctly  more  variable 

than  the  glabella-occipital  and  even  than  the  glabella-lambda  length,  but  slightly 

less  variable  than  the  glabella-inion  line  (the  magnitude  of  the  coefficient  of  variation 
being  taken  as  the  index  of  variability). 

In  a  uniform  series  of  skulls  like  the  present  one,  therefore,  the  variability  of  the 

prominence  of  the  glabella  may  be  considered  as  practically  negligible  in  regard  to 

any  influence  on  the  length  of  a  line  drawn  from  it  to  another  point  on  the  skull, 

but  of  course  in  a  heterogeneous  collection  of  skulls,  or  in  comparing  skulls  of 

different  races,  the  influence  of  its  variable  development  would  probably  be  more 

marked.  It  is  an  interesting  fact,  however,  that  even  in  such  a  homogeneous 

series  of  skulls  the  basion-lambda  line  should  show  the  smallest  coefficient  of 

variability. 

With  regard  to  the  lambda-inion  chord,  this  is  the  most  variable  of  all  the  chords 
measured  so  far.  In  the  Tasmanian  series  the  length  varies  from  47  to  73  mm.,  with 

a  mean  length  of  5 6 '7  mm.  ;  the  S.D..is  7 '04  and  V.  is  12 "4.  In  Turner's  Tasmanian 
series  of  6  the  mean  value  is  56  mm.,  while  in  the  Scottish  series  the  corresponding 
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chord  varies  in  length  from  46  mm.  to  88  mm.,  with  a  mean  length  of  65"19  mm.; 

the  S.D.  is  7730  and  V.  equals  11 '85.  This  chord  is,  to  a  certain  extent,  a  measure- 
ment of  the  length  of  the  corresponding  arc,  and  illustrates  its  variability. 

In  the  Australian  skull  figured  by  Klaatsch  the  length  of  the  chord  is  64  mm., 

which  is  approximately  equal  to  the  mean  length  in  the  Scottish  series  ;  but  in  the 

Australian  series  of  90  the  chord  shows  a  range  of  variation  from  41  to  69  mm.,  with 

a  mean  value  of  52*43  mm.,  which  is  slightly  less  than  the  mean  value  of  the  Tasmanian 
and  more  than  13  units  less  than  the  Scottish  mean  value.  As  the  standard  deviation 

is  5"65,  and  the  coefficient  of  variation  1077,  the  chord  is  not  so  variable  in  the 
Australian  as  in  the  Tasmanian  and  Scottish  series. 

The  inion-basion  length  varies  in  the  Tasmanian  series  from  77  to  96  mm., 
with  a  mean  of  86  mm.  ;  in  the  Scottish  series  from  68  to  97  mm.,  with  a  mean  of 

86'44  mm.  ;  in  the  series  of  90  Australian  skulls  from  68  to  101  mm.,  with  a  mean 

value  of  8 6 '48  mm.     The  mean  is  thus  practically  equal  in  the  three  series. 
In  the  Tasmanian  the  basion-prosthion  chord  varies  from  88  to  111  mm.,  with  a 

mean  of  99'6  mm.  ;  in  the  Scottish  series  the  chord  varies  from  81  to  107  mm.,  with 

a  mean  of  94'87  mm.  The  mean  value  of  this  chord  is  thus  considerably  less  in  the 
Scottish  skulls  than  in  the  Tasmanian,  while  the  value  of  this  measurement  in  90 

Australian  skulls  ranged  from  84  to  120  mm.,  with  a  mean  value  of  99'86  mm.,  i.e. 
practically  equal  to  that  of  the  Tasmanian. 

The  prosthion-glabella  length  in  the  Tasmanian  series  varies  from  62  to  88  mm., 

with  a  mean  value  of  73'5  ;  in  the  Scottish  series  the  length  varies  from  71  to  93  mm., 

with  a  mean  value  of  80'87  mm.  The  mean  length  in  the  Scottish  skull  is  thus  con- 
siderably greater  than  in  the  Tasmanian,  while  the  mean  length  of  90  Australian 

specimens  was  7472  mm.,  just  a  little  greater  than  the  value  in  the  Tasmanian. 

With  regard  to  the  respective  heights  of  the  frontal,  parietal,  and  occipital 

arcs,  the  following  values  have  been  obtained  in  the  present  Scottish  series  : — The 

frontal  varies  from  15  to  30  mm.,  with  a  mean  height  of  21 '69  mm.;  the  parietal 

varies  from  16  to  30  mm.,  with  a  mean  height  of  23 "49  mm.  ;  and  the  occipital 

varies  from  3  to  19  mm.,  with  a  mean  height  of  9 '7 6  mm.  Of  these  heights  the 
occipital  is  much  the  most  variable,  and  the  frontal  is  slightly  more  variable  than 

the  parietal,  as  will  be  seen  by  comparing  their  coefficients  of  variation  in  the  table 
that  follows. 

Measurements  for  the  above  dimensions  are  given  for  the  Tasmanian  series  of 

skulls,  50  in  number,  in  Buchner's  paper  (61)  "On  Curvatures  of  the  Tasmanian 

Aboriginal  Crania."  The  frontal  arc  height  varies  from  10  to  25  mm.,  with  a  mean 

value  of  18 '9  mm.  ;  the  parietal  arc  height  from  19  to  28  mm.,  with  a  mean  value 

of  23"3  mm.  ;  and  the  occipital  arc  height  from  2  to  12  mm.,  with  a  mean  value 
of  6*1  mm. 

Turner  (47)  gives  values  for  the  heights  of  the  bregma-glabella  arc  perpendicular 

in   series  of  Tasmanian,  Scottish,  and  Australian  skulls.     In  7  Tasmanian  the  per- 
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pendicular  varied  from  16  to  21  mm.,  with  a  mean  of  18 '5  mm.  ;  in  17  Australians 
the  perpendicular  varied  from  11  to  25  mm.,  with  a  mean  of  18  mm.  ;  in  16  Scottish 

the  perpendicular  varied  from  16  to  24  mm.,  with  a  mean  of  19'8  mm.  The  frontal 
projection  in  the  Australian  showed  the  smallest  mean,  then  with  a  slightly 

larger  mean  came  the  Tasmanian,  while  the  mean  value  was  distinctly  larger  in  the 
Scottish  series. 

He  also  pointed  out  that  a  very  much  greater  portion  of  the  perpendicular  was 

taken  up  by  the  thickness  of  the  bone  in  the  Australian  than  in  the  European.  The 

mean  height  shown  by  those  results  for  the  Scottish  series  is  about  2  mm.  less 

than  that  shown  by  the  mean  of  my  series,  and  it  shows  that  the  height  of  the 

Australian  figured  by  Klaatsch  as  13  mm.  can  by  no  means  be  taken  to  represent 

the  average  height  of  the  frontal  arc  in  that  type  of  skull.  This  is  confirmed  by 

the  measurements  in  a  series  of  90  Australian  skulls,  where  the  frontal  arc  height 

varied  from  13  to  28  mm.,  with  a  mean  value  of  19 '30  mm.  On  the  whole,  how- 
ever, the  height  of  the  frontal  arc  appears  to  be  decidedly  less  in  the  Australian  than 

in  the  Scottish. 

Turner  gives  for  the  parietal  arc  height  in  the  Tasmanian  a  mean  value  of 

24'1  mm.,  the  range  being  21  to  26  mm.,  which,  he  says,  closely  corresponded  with 
the  value  for  the  frontal  arc  height  as  measured  from  the  nasi-bregmatic  line,  and 
showed  that  in  their  entirety  these  bones  had  almost  similar  curvatures.  The  same 

relationship  holds  between  the  corresponding  heights  in  the  Scottish  series,  and  con- 
firms the  belief  that  these  bones  have  almost  similar  curvatures  in  the  Scottish  skull, 

which  was  shown  previously  by  the  near  approach  to  equality  exhibited  by  the  size 

of  the  frontal  and  parietal  angles.  For  a  larger  series  of  90  Australian  skulls  the 

height  of  the  parietal  arc  varied  from  16  to  30  mm.,  with  a  mean  value  of  22 '91  mm., 
i.e.  distinctly  greater  than  the  mean  frontal  arc  height. 

Turner  (47)  gives  for  the  occipital  arc  height  of  the  Tasmanian  a  range  of 

3  to  10  mm.,  with  a  mean  value  of  7'1  mm.  The  mean  value  for  the  occipital  arc 

height  in  90  Australian  crania  was  5 '78  mm.,  with  a  range  from  3  to  12  mm.  In  our 
series  the  lambda-inion  chord  was  very  variable,  and  the  above  height  varied  from 

3  to  19  mm.,  which  is  a  marked  illustration  of  Turner's  statement  "that  it  would 

be  possible  to  arrange  a  series  of  British  skulls  in  which  variations  from  a  well- 
marked  occipital  bulging  to  a  form  closely  approaching  that  of  the  Neanderthal 

could  be  seen."  This  would  seem  even  possible  in  such  a  homogeneous  series  as 
the  present  one. 

The  index  devised  by  Klaatsch  for  the   arcs,  i.e.  —r^ — -, — ^— :   T— ,  has  been 
J  length  ot  chord 

calculated  for  Tasmanian  and  Australian  series  of  skulls  by  Buchner  (61 ).     We  can 

compare  their  values  with  those  found  in  the  Scottish  series  in  a  table  such  as  the 

following : — 
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Table  XLIX. 

Mean  frontal  arc  index  in  Scottish  is  19-57    (100  specimens) 
,,  „  Australian  is  18-1  (51  ,,         ) 
,,  ,,  Tasmanian  is  18-7  (51  ,,         ) 

Mean  parietal  arc  index  in  Scottish  is  20-36    (100  specimens) 
„  Australian  is  20"2  (51  „         ) 

,,  ,,  Tasmanian  is  20-5  (51  ,,         ) 

Mean  occipital  arc  index  in  Scottish  is  14-81    (100  specimens) 
,,  „  Australian  is  10'9  (51  ,,         ) 
,,  ,,  Tasmanian  is  11-1  (51  „         ) 

By  this  means  the  flattening  of  the  curve  of  the  frontal  bone  as  compared  with 

that  of  the  parietal  is  shown  to  be  strongly  marked  in  the  Australian,  while  in  the 

Scottish  skull  the  tendency  is  for  the  two  arcs  to  show  more  equal  curvatures.  The 

mean  parietal  arc  index  is  not  greatly  different  in  the  three  types,  the  Australian 

showing  the  lowest  value,  the  Tasmanian  the  highest,  and  the  Scottish  an  inter- 
mediate value.  The  mean  occipital  arc  index  is  distinctly  greater  in  the  Scottish 

skull  than  in  the  other  two  races,  which  show  a  nearly  equal  degree  of  curvature. 

These  differences  in  curvature  of  the  arcs,  although  somewhat  obscured  by  the 

difference  in  absolute  size  of  the  types,  are  brought  out  fairly  well  in  the  super- 
imposed tracings  (figs.  10,  11,  12,  13). 

Leaving  out  of  account  for  the  present  the  upper  facial  triangle,  which  in  the 

Australian  shows  considerable  variation  from  that  in  the  Scottish  skull  owing  to 

prognathism  being  so  well  marked,  and  concentrating  our  attention  on  the  brain-box, 
it  is  evident,  from  a  consideration  of  many  of  the  measurements  given  above,  that 

some  of  the  features  on  which  Klaatsch  laid  stress  in  establishing  a  contrast 

between  the  Australian  and  European  specimens  figured  by  him  in  his  paper  are  by 

no  means  constant,  and  that,  within  a  homogeneous  series  of  skulls  such  as  the 

Scottish  one  under  examination,  and  also  I  believe  in  that  of  the  Tasmanian,  it  is 

possible  to  get  specimens  which  closely  approach  the  Australian  type  in  these 

characters  ;  in  fact,  the  range  of  the  values  in  the  Scottish  series  includes  in  most 

cases  the  respective  values  shown  by  the  Australian  ;  such  cases  include  the  size  of 

many  of  the  angles,  the  segments  of  the  basi-bregmatic  height,  and  the  lengths  of  the 
various  chords. 

The  retreating  forehead  of  the  Australian  and  the  flattening  of  the  frontal  arc, 

as  compared  with  the  parietal,  are  shown  by  the  small  mean  height  of  the  frontal 

arc  as  compared  with  that  of  the  parietal,  the  large  size  of  the  frontal  angle  as  com- 

pared with  the  parietal  angle,  and  the  well-marked  difference  in  the  two  indices.  In 
the  Scottish  skull,  as  previously  mentioned,  the  mean  heights  of  the  arcs  are  more 

nearly  equal,  so  also  the  mean  values  of  the  two  angles,  and  the  indices  given  by  com- 
paring the  heights  of  the  arcs  and  the  lengths  of  the  corresponding  chords  show  only 

a  small  difference  in  their  mean  value. 

Many  of  the  typical  characters,  of  the  Tasmanian  and  Australian  calvarise,  e.g.  the 
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longitudinal  depressions  in  the  vault  of  the  former  and  the  relatively  narrow  keeled 

shape  of  the  latter,  are  not  brought  out  in  median  sagittal  tracings,  and  considerable 

value  would  be  added  to  the  method  by  taking  horizontal  tracings  at  the  glabella- 

lambda  plane  and  vertical  transverse  tracings  at  right  angles  to  the  above-mentioned 
plane  passing  up  from  the  basion. 

I  have  done  this  in  a  few  specimens,  making  use  of  the  apparatus  devised  by 

Professor  Bryce,  which  enables  one  to  take  a  tracing  of  any  desired  contour  in  any 

horizontal  or  vertical  plane.  By  this  means  the  other  characters  of  the  brain-box  in 
the  Australian,  Scottish,  and  Tasmanian  are  well  shown,  e.g.  the  character  and  slope 

of  the  vault,  etc.,  as  well  as 'the  relations  of  breadth  and  height.     By  associating  or 
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Fie.  10. — Diagram  showing  sagittal  cranial  contours  and  quadrilateral  figures  of  mean  Tasmanian  skull 
and  mean  West  Scottish  skull  superimposed.     Glabella-lambda  line  as  base. 

West  Scottish — continuous  line.  Tasmanian — interrupted  line. 

combining  the  measurements  derived  from  the  sagittal  tracing  with  those  obtained 

from  the  vertical  and  horizontal  tracings,  one  can  obtain  a  complete  picture  or  model 
of  the  cranial  box  or  calvaria,  and  so  from  the  values  obtained  derive  more  assistance 

in  reconstructing  the  facial  part  of  a  skull  when  the  calvaria  is  alone  available,  and 

thus  be  able  to  come  to  more  definite  conclusions  and  with  a  greater  likelihood  of 

accuracy  than  if  the  figures  in  the  sagittal  plane  are  alone  made  use  of. 

This  method  of  Klaatsch  is  fitted  for  the  study  and  comparison  of  median 

sagittal  contours  of  different  skulls  or  types  of  skull  by  superposition  on  a  common 

base,  in  this  case  the  glabella-lambda  line.  I  have  constructed  four  quadrilateral 
figures,  giving  to  the  various  chords  lengths  equal  to  the  mean  values  shown  by  the 

Scottish  series  of  skulls,  and  with  the  zentrum  angle  92 '5° — the  mean  value  of  the 
angle  for  the  100  Scottish  skulls.  By  the  addition  to  each  quadrilateral  figure  of  the 

other  triangles  in  Klaatsch's  scheme,  making  their  respective  heights  equal  to  the 
mean  heights  of  the  Scottish  series,  I  have  obtained  a  sufficient  number  of  points  to 
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complete  a  curve  which  may  be  considered  in  each  case  a  close  approximation  to  that 

of  a  "  mean  Scottish  skull." 
I  have  done  the  same  with  the  Tasmanian  measurements,  making  the  angle  at  the 

Fig.  11. — Diagram  showing  sagittal  cranial  contours  and  quadrilateral  figures  of  Klaatsch's  Australian  skull 
and  mean  West  Scottish  skull  superimposed.     Glabella-lambda  line  as  base. 

West  Scottish — continuous  line.  Australian — interrupted  line. 

Fig.  12. — Diagram  showing  sagittal  cranial  contours  and  quadrilateral  figures  of  mean  Australian  skull 
and  mean  West  Scottish  skull  superimposed.     Glabella-laml'da  line  as  base. 

West  Scottish  skull— continuous  line.  Australian — interrupted  line. 

zentrum   89'3°,  and    have  obtained   a  sagittal  tracing  of  the  mean  male  Tasmanian 

skull.     This  I  have  superimposed  on  the  mean  Scottish  contour,  making  the  "  central 
points  exactly  coincident  and  the  glabella-lambda  lines  in  large  part  so  (fig.   10). 

In  a  second  case  (fig.  11)1  have  superimposed  on  the  mean  Scottish  skull  tracing 

the   Australian,    with    the    measurements    figured    by  Klaatsch,  and    the    principal 
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differences  referred  to  by  him  are  well  brought  out  in  so  far  as  they  can  be  revealed 

in  a  sagittal  tracing,  i.e.  (a)  the  relatively  low  character  of  the  portion  of  the  calvaria 

above  the  glabella-lambda  plane,  and  (b)  the  flatness  of  the  frontal  arc  compared  with 
the  parietal.  Fig.  12  shows  the  mean  Scottish  skull  and  the  mean  Australian  skull 

superimposed,  the  measurements  for  the  latter  being  obtained  from  Berry  and 

Eobertson's  series  of  dioptrographic  tracings.  The  exceptional  character  of  Klaatsch's 
Australian  and  the  near  approximation  of  the  Tasmanian  and  Australian  means  are 
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Fig.  13. — Diagram  showing  sagittal  cranial  contour  and  quadrilateral  figure  of  skull  No.  20  of  the  series 

superimposed  on  the  contour  and  figure  of  Klaatsch's  Australian  skull.     Glabella-lambda  line  as  base. 

West  Scottish — continuous  line.  Australian — interrupted  line. 

demonstrated  by  these  figures.  The  most  striking  difference,  apart  from  the  value 

of  the  zentrum  angle,  in  the  figure  of  the  West  Scottish  skull  and  that  of  the 

Tasmanian  or  Australian  is  seen  in  the  occipital  region.  It  will  be  observed  that 

the  height  of  the  glabella-lambda  arc  is  the  same  in  all  three. 

Fig.  13  shows  a  sagittal  tracing  for  the  Australian,  as  described  by  Klaatsch,  super- 
imposed on  a  Scottish  skull  (No.  20)  from  the  series  of  100.  In  this  case  the  sagittal 

tracings,  as  regards  the  calvaria  only,  show  a  very  close  resemblance  to  one  another. 

It  is  in  instances  like  the  present  one  that  coronal  tracings  would  be  of  great  value  in 

bringing  out  the  other  points  of  difference  in  the  vault  characteristic  of  the  Australian, 

because,  if  the  above  Scottish  skull  consisted  only  of  the  calvaria — it  being  similar  to 
the  Australian  in  the  various  values  of  the  polygon,  and  the  angle  at  the  zentrum 

being  90° — it  might  seem  quite  reasonable  to  affix  an  Australian  facial  portion. 
The  method  may  be  of  value  in  attempts  at  the  reconstruction  of  incomplete 

skulls,  as  the  zentrum  angle  seems  to  be  in  most  cases  not  removed  more  than  several 

degrees  from  a  right  angle  ;  but  the  study  of  the  correlation  of  the  cranial  characters 

in  the  Scottish  skull,  and  their  comparison  with  those  in  other  races,  confirms  me  in 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.  9). 60 
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the  belief  that  it  is  very  doubtful  at  present  how  far  it  is  permissible,  if  it  be  so  at 

all,  bo  build  up  conclusions  as  to  what  form  a  deficient  part  of  a  skull  should  take 

from  evidence  supplied  by  a  skull  of  another  type. 

The  above  essay  on  Klaatsch's  method  has  been  experimental.  As  the  reader  will 

perceive,  1  have  been  rather  seeking  my  way  through  the  somewhat  elusive  detail, 

bul  some  important  points  have  emerged,  and  I  have  left  the  matter  as  it  stands 

for  the  sake  of  possible  future  inquirers.  The  significance  of  some  of  the  chief  points 

will  be  considered  again  in  the  section  4  dealing  with  Schwalbe's  data. 

Table  L. 

Character. 

Scottish  Male  Series  (100). Tasmanian  Series  (50). 
Australian  (90). 

Mean  Value. 
S.D. 

V. 
Mean 
Value. 

Mean 
Value. S.D. 

V. 

Mean 

Value. 
S.D. V. 

M.  (30). M.  &F. 

M. M. 

Zen  t  rum    angle 

92-54° 

2-58 2-79 

89-3° 
89-6° 

1-72 
1-92 

89-45° 

2-05 

Cran.-glab.    „ 

74-40° 

2-72 

3  65 

74.70 

75-3° 

2-84 
3-80 

74-92° 

313 

Upper  glab.  „ 

35-96° 

1-99 5-54 

37-92° 

38-2° 

2-26 

5-9 

38-07° 

2-40 

6  30 
Lower      ,,    „ 

38-45° 

2-63 6-84 

36-8° 

37-0° 

2-86 7.77 

36-83° 

2-51 6-82 

Glab.  -breg.  -lamb,  or  breg. 
angle 

108-96° 

2-98 2-73 

106-8° 106-7° 

2-98 2-79 

106-94° 

369 

Breg. -lamb. -bas.  or  lamb. 
angle 

68-34° 

2-84 4-15 

69-0° 

69-2° 

2-73 

3  95 

70- 1*2° 

2-98 

Lamb.-bas.-glab.  orbasion 
angle 

107-44° 

4-43 4-12 

107-8° 108-9° 

4-71 4-37 

107-75° 

4-43 

Glab.-lambda  length 
Glab.-zentrum     „ 

184-75 
87-24 

5-857 

3-75 

3-17 

4-30 

178-7 
84-8 

175-2 

83 

5-43 

3  03 

177-12 
84-63 

6-83 
4-42 

77 

-93 

77-97 Zentrum-lamb.   ,, 

Basi-breg.  height 

Breg.-zentrum  height 

97-41 

133-71 
65-75 

3-956 
5-478 

4-072 

4-06 
4-09 

6-19 94  3 
1301 

65-4 

94-8 
128-0 

64-8 

87 

-99 

92-37 

130-00 
65-66 

79-103 

5-27 

|   4-05 

650 

5-12 

5  00 

7-79 

54 

-73 

Zentrum  basion     ,, 

Glab. -breg.  chord     . 

67-85 

111-62 

5-177 

5-509 
7-63 

493 

65-0 107-6 63-8 
105-2 

55 

-75 

64-34 

106-32 

4-94 

5-41 
7-67 
5-08 5-99 

5-56 

Breg. -lamb.     „ 
11515 

5-446 4-73 

115-3 
113-4 

6-08 

5-27 

114-18 

649 
568 Lamb. -basion  „ 

120-58 

4-675 

3-87 

114-3 
112-3 

4-58 
4-007 

112-01 

531 

4-74 

Basion-glab.    „ 107-57 

4-26 
3-96 

108-6 
105-7 

4-84 
4-46 

107-03 

5-67 5-29 

Lamb.-inion    „ 65-19 

7-73 

11-85 

56-7 
55-5 

7-04 

12-4 

52-43 

5-65 

10-77 
Basi-nasal  length 
Maximum      ,, 

100-96  " 
18918 

4113 
5-82 

4-07 

3076 96-60 

6-02 6-24 

Basion-prosth.  length 94-87 

4-76 

501 

99-6 
97-0 

88 

-111 

99-86 
84-120 

Front,  arc  height     . 21-79 

2-67 

12-25 
19-16 

18-9 

15 

-23 

19-30 
13-28 Pariet.  arc     „ 23-39 

2-72 

11-62 

24-3 
23-3 

20 

-28 

22-91 16-30 
Occipit.  arc    „ 

9-76 

311 
31-86 

6-53 

6-1 

4 

-11 

5-78 

3-12 

Glab.-breg.-bas.  angle 

51-31° 
47°-57° 

52-4° 51-9° 

49c 

-56° 

Lamb.-breg.-bas.     „ 

57-75° 
52°-63° 

54-8° 
54-8° 

50c 

-58° 

Breg.-lamb.-glab.    „ 

34-61° 
29°-41° 

34-0° 

35-1° 

31c 

-38° 

Bas.-lamb.-glab.      „ 

33-73° 
29°-41° 

34-6° 

35-0° 

30-5c 

-39° 

Lamb. -basi-breg.     „ 

5342° 
46°-61° 

55-8° 

57-7° 

48c 

-62° 

Glab. -basi-breg.      „ 

54-57° 
48°-63° 

52-0° 

52-3° 

47c 

-58° 

Inion-basion  length 86-44 68-97 

86-0 

r, 

-96 

86-48 68-101 Prostli.-glab.      „ 80-87 71-93 

73-5 72-5 

62 

-88 

74-72 
65-87 

Frontal  angle  . 

136  98° 
127°-149° 

139-5° 
1315c 

-149° 

139.65° 

123-5°-153° 

Parietal    „ 

135-61° 

128°-146° 

134-3° 

125-5C 

-141-5° 

135-7° 

125°-145° 

Inion        „ 

104-77° 

97°-114° 

104-84° 

95°-114° 
Note, — The  S.D.  and  V.  have  not  been  calculated  for  all  the  measurements.     The  range  of  variation  is  given  for these  measurements, 

The  second  column  of  Tasmanian  mean  values  and  the  column  of  Australian  mean  values  are  obtained  from 
both  male  and  female  skulls  or  unsexed  crania,  so  that  the  results  are  not  exactly  comparable  as  regards 
absolute  dimensions  and  degree  of  variability  with  those  of  the  Scottish  male  series. 



A   CONTRIBUTION   TO  THE  STUDY  OF  THE  SCOTTISH   SKULL.  429 

I  have  compiled  the  foregoing  table  (L)  showing  the  principal  mean  values  for 

the  Scottish  skull,  with  their  standard  deviations  and  coefficients  of  variation,  along- 
side the  corresponding  quantities  for  the  male  Tasmanian,  which  I  have  calculated 

in  many  cases  from  the  results  in  Buchner's  (ll)  paper,  as  well  as  the  results  for 
50  unsexed  Tasmanian  skulls  (Buchner)  and  the  values  for  90  Australian  crania 

(unsexed)  calculated  from  the  dioptrographic  tracings  shown  in  Berry  and  Robert- 

son's atlas  (40  and  40a). 
We  observe  that,  while  the  Scottish  skull  is  slightly  more  variable  than  the 

Tasmanian  in  glabella-lambda  length  and  in  basi-bregmatic  height  in  many  of  the 

other  chords,  it  is  decidedly  less  variable — a  result  which  is  not  in  agreement  with 

our  preconceived  notions  and  with  Pearson's  statement  that  we  get  increased 
variability  as  we  pass  from  primitive  or  uncivilised  to  the  civilised  type.  This  was 

alluded  to  before  in  speaking  of  the  mean  values  of  other  cranial  measurements  and 

their  variation  in  primitive  types  and  their  comparison  with  this  Scottish  series. 

Falkenburger's  Extension  of  Klaatsch's  Method. 

Falkenburger  (41),  while  pursuing  an  investigation  into  the  application  of 

Klaatsch's  craniotrigonometrical  method  to  a  series  of  deformed  Peruvian  and 
Mexican  skulls,  discovered  another  relationship  of  certain  lines  that  seemed  to  him  to 

occur  very  constantly,  and  he  has  pursued  his  investigations  regarding  this  latter 

point  in  skulls  of  individuals  belonging  to  twelve  different  races,  including  the  Negro, 

Australian,  and  European,  and  the  skulls  of  various  anthropoids  as  well.  He  asserts 

that  the  bregma-prosthion  line  stands  at  right  angles  to  the  basi-nasal  line,  and  that 

the  greatest  variation  from  this  relationship  is  about  5°.  There  seems  to  hold, 

consequently,  he  says,  "  almost  a  firmly  fixed  relationship  in  human  skulls."  He 

states  further  that  "  the  nasion-basion  line  is  parallel  to  the  bregma-lambda  line," 
which  implies  that  the  latter  line  is  also  perpendicular  to  the  bregma-prosthion  line. 
Prognathism  appeared  to  be  without  influence  on  the  relationship. 

In  the  anthropoids  the  angle  is  always  over  100°,  i.e.  falls  outside  the  latitude  of 

human  variation.  In  the  chimpanzee  the  mean  was  104°,  in  the  orang-utan  108°,  in 

the  gorilla  114°,  and  in  one  juvenile  gorilla  the  angle  was  99°.  He  is  convinced  that, 
these  very  constant  geometrical  relations  of  the  isolated  points  will  be  of  great  im- 

portance in,  and  in  fact  will  make  easy,  the  reconstruction  of  ancient  and  probably 

fragmentary  or  defective  skulls. 

The  point  seems  so  interesting  that,  having  median  sagittal  tracings  of  100  male 

skulls  forming  a  homogeneous  series,  it  seemed  worth  while  to  investigate  what 

relationship  held  between  the  lines  stated  in  such  a  group.  This  I  have  done,  and 

the  lines  and  figures  are  included  in  the  series  of  100  diagrams  in  which  I  have 

applied  Klaatsch's  and  Schwalbe's  methods  to  the  median  sagittal  tracings  of 
Scottish  skulls.     We  can  represent  the  lines  alluded  to  by  a  rough  sketch  (fig.  14). 
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Falkexburger  states  that  in  the  human  subject  in  most  cases  the  angle  NOBr  is 

a  right  angle  and  BL  is  parallel  to  BN. 
In  the  examination  of  our  series  of  100  Scottish  skulls  I  shall  refer  to  the  angle 

LBrO  as  the  angle  'L  A  "  and  the  angle  NOBr  as  the  angle  "  B."  In  the  case  of  the 

angle  "A"  it  was  found  that  the  mean  value  was  8978°  and  that  the  range  of 
variation  was  from  82°  to  99°  ;  the  S.D.  was  3"25  and  the  V.  3-62.  The  angle 

"B"  had  a  mean  value  of  89*02°  and  showed  a  range  of  variation  from  82°  to  95°, 

the  S.D.  was  2'59  and  the  V.  2"89  ;  the  latter  angle  was  thus  less  variable  than  the 
former  one. 

The  angle  "A"  was  exactly  equal  to  90°  in  12  per  cent,  of  the  skulls,  while 

the  angle  "  B"  was  equal  to  90°  exactly  in  22  per  cent.     The  two  angles  were  equal, 

Fig.  14. — Diagram  to  illustrate  Falken burger's  method. 
N.    Nasion.  Pr.  Prosthion. 

Br.  Bregma.  L.  Br.O.  =  angle  "  A." 
L.    Lambda.  Br.O.N.=angle  "  B." 

and  consequently  the  two  lines,  bregma  lambda  (BrL)  and  basion  nasion  (BaN),  were 

parallel  in  10  per  cent,  only  of  the  skulls  examined. 

There  is  thus  a  tendency  to  parallelism  of  the  two  above  lines,  and  we  may 

express  this  in  another  way  by  saying  that  the  coefficient  of  correlation  between  the 

two  angles  is  *33,  which  indicates  that  there  is  a  certain  tendency  for  the  one  angle 
to  depart  from  its  mean  value  in  a  certain  direction  when  the  other  departs  from  its 

mean  value  in  that  direction,  i.e.  either  in  the  direction  of  increase  or  decrease. 

It  is  not  legitimate  to  correlate  the  angles  of  one  triangle  by  the  usual  formula 

owing  to  the  influence  of  what  is  called  spurious  correlation,  but,  in  the  case  of  the 

above  two  angles,  we  may  regard  them  as  quantities  which  apparently  need  not 

be  dependent  on  one  another,  and,  as  such,  can  have  their  relationship  expressed 

in  the  above  way. 

In  a  South  German  skull  which  I  have  traced  in  the  sagittal  plane  the  angle  "  A 

is  84°  and  the  angle  "B"  88°,  while  in  a  Negro  skull  the  angle  "A"  is  a  100°  and 

the  angle  "  B"  97°.     We  can  arrange  in  two  parallel  columns  the  values  shown  for 
i  In    two  angles  in  a  short  series  of  skulls  taken  from  the  group  of  100. 
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Where  the  angle A"  is  83°,  angle  ' 
'B"is94° 

95°
 

89°
 

97°
 

91°
 

87°
 

93°
 

89°
 

94°
 

83°
 

88°
 

82°
 

84°
 

82°
 

89°
 

88°
 

82°
 

While  the  angle  "  B"  is  less  variable  than  the  angle  "  A,"  it  may  have  as  low  a 

value  as  82°,  and  values  of  84°,  85°,  and  86°  also  occur  ;  84°  twice,  85°  five  times, 

and  86°  three  times.  The  highest  value  of  the  angle  in  the  100  skulls,  however, 

is  95°,  which  occurs  only  on  a  single  occasion.  In  the  case  of  the  angle  "  A"  we  find 

that  the  angle  of  82°  occurs  in  3  per  cent.,  83°  in  2  per  cent.,  while  the  highest  value 

is  99°,  which  occurs  in  one  specimen,  though  the  angle  97°  occurs  twice. 
It  would  seem,  therefore,  that  even  in  such  a  homogeneous  series  as  the  present 

one  the  lambda-bregma  line  need  not  necessarily  be  parallel  to  the  basion-nasion 

line,  while  the  angle  formed  by  the  bregma-prosthion  line  may  vary  considerably  from 

a  right  angle.  The  angle  "  B  "  never  attains  to  the  value  of  100°,  however,  which  would 
bring  it  within  the  range  of  anthropoid  measurement.  In  spite  of  the  circumstance 

that  the  angle  "B"  shows  considerable  variation,  it  is  an  interesting  fact  that  the 

mean  angle  is  practically  90°  (8978°). 
The  relationship  as  shown  to  exist  between  these  respective  lines  should  un- 

doubtedly be  of  value  as  an  aid  to  reconstruction  ;  but  its  value  is  restricted  for  the 

same  reason  as  is  the  relationship,  pointed  out  by  Klaatsch,  between  the  basion- 

bregma  and  glabella-lambda  line,  viz.  it  involves  the  assumption  that  the  relationship 
which  exists  between  certain  dimensions  in  one  type  of  skull  will  hold  in  another  type, 

an  assumption  for  which  there  is  no  authority  in  the  present  state  of  our  knowledge. 

4.  Schwalbe's  Method  of  Measurement  of  the  Cranial  Vault. 

Having  completed  my  examination  of  the  series  of  male  Scottish  skulls  by 

Klaatsch's  method,  it  was  suggested  to  me  by  Professor  Bryce  that  I  should  apply 
the  methods  of  Schwalbe  to  the  same  series.  The  measurements  introduced  by 

Schwalbe  have  the  object  of  expressing  certain  morphological  features  of  the  vault, 

more  especially  of  the  frontal  bone,  and  were  used  primarily  to  elucidate  the 

characters  of  the  fossil  skulls  of  Homo  primigenius  (52  and  53).  In  recent,  years 
Professor  Berry  of  Melbourne  and  his  collaborators  have  used  this  method  of 

measurements  in  their  studies  of  native  Tasmanian  and  Australian  crania,  and  have 

added  certain  biometrical  methods  of  their  own  in  an  endeavour  to  place  these  crania 

in  their  proper  morphological  horizon.     In  my  selection  of  measurements  and  indices 
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I  have  limited  myself  to  those  given  by  Berry  and  Robertson  in  their  papers  on 

the  TasmaniaD  skull,  as  they  provide  the  only  data  available  for  comparison. 

Having  compared  the  Tasmanian  and  Australian  and  West  Scottish  series  of 

skulls  by  Klaatsch's  method,  I  thought  it  would  be  of  interest  to  see  if  Schwalbe's 
measurements  brought  to  light  any  new  features.  While  objections  have  been  raised 

to  the  value  to  be  attached  to  some  of  the  measurements  in  the  subjoined  scheme,  to 

which  I  shall  refer  later,  it  is  generally  agreed  that  they  provide  a  valuable  analysis 

of  the  characters  of  the  cranial  vault.  Although  morphological  in  their  nature  and 

of  value  in  a  general  way  in  establishing  a  comparison  between  the  anthropoid 

group,  primitive  man,  and  man  as  he  exists  at  the  present  day,  it  is  doubtful  as  to 

how  far  these  data  can  serve  to  define  the  relative  morphological  positions  of  types 

of  recent  man,  when  the  skull  forms  are  different. 

The  special  interest  in  my  inquiry,  confined  as  it  has  been  largely  to  the  brain 

case,  was  the  comparison,  in  respect  of  the  vault,  of  a  skull  of  dolichocephalic  type 

and  of  high  status  with  that  of  the  same  type  and  of  a  low  status  in  civilisation. 
In  the  series  of  100  West  Scottish  skulls  I  have  recorded  the  same  27  observations 

as  Berry  and  Robertson  in  their  papers  on  the  Tasmanian  skull,  and  all  these  except 

the  maximum  breadth  I  obtained  from  the  dioptrographic  median  sagittal  tracings. 

The  following  are  the  observations  : — 

1.  The  glabella-inion  length. 
2.  The  calvarial  height. 

o    rp,         ,       •  ,  ,    •  ,  ,  •    -,        •     calvarial  height  x  100 
3.  Ine  calvarial  height  index,  i.e.  — — — - — - — °       . 

glabella-inion  length 
4.  The  maximum  breadth. 

fc    mu        i       •  i  i    ■  w  i,       iii    •    i         ■     calvarial  height  x  100 
5.  Ine  calvarial  height-breadth  index,  i.e.    -   —  . maximum  breadth 

6.  Half  of  sum  of  the  glabella-inion  length  and  breadth  added  together. 
r,    rpi         i       ■  i  i    •  i  j.  i    if  i  i    ii    •    •       i       ,i      ■  calvarial  height  x  100 
7.  1  he  calvarial  height  hall  sum  glabella-inion  length,  i.e.  - — —   — — - — — —   -   —   r-r-. 

half  sum  glabella-inion  length  and  breadth 
8.  Distance  of  foot  point  of  calvarial  height  from  glabella. 

9.  The  calvarial  height  foot-point  positional  index. 
10.  The  frontal  angle. 

11.  The  bregma  angle. 

12.  The  distance  of  the  foot  point  of  the  bregma  from  the  glabella. 

13.  The  bregma  foot-point  positional  index. 
14.  Length  of  frontal  arc. 

15.  Length  of  frontal  chord. 

,„    n  .    ,         c       r       ,   ,    ■      frontal  chord  length  ,   100 
lb.  Curvature  index  of  os  frontal,  i.e.   -2   . frontal  arc  length 

17.  The  angle  of  frontal  curvature. 

18.  The  length  of  the  chord  of  pars  glabellaris  of  os  frontale. 

19.  The  length  of  the  chord  of  pars  cerebralis  of  os  frontale. 

™    ,„,        i  t.  ii  ill       i-i         ■      length  of  glabellar  chord  x  100 
20.  Lhe  glabella  cerebral  chord  index,  i.e.  — 5   5   , 

length  of  cerebral  chord 
21.  The  length  of  the  parietal  arc. 

22.  The  length  of  the  parietal  chord. 

23.  The  curvature  index  of  the  os  parietale. 
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24.  The  angle  of  parietal  curvature. 

25.  The  parietal  frontal  arc  index,  i.e. parietal  arc  x  100 frontal  arc 

26.  The  lambda  angle. 

27.  The  opisthionic  angle. 

Berry  in  his  researches  on  the  Tasmanian  and  Australian  skulls  takes  male  and 

female  results  together  as  unsexed  skulls,  and  as  the  Scottish  series  under  investiga- 
tion consists  of  male  skulls  only,  I  have  calculated  the  mean  values  for  the  above 

observations  in  the  male  Tasmanian  and  Australian  skulls  in  Berry's  series  so  that 
the  results  may  be  truly  comparable.  The  mean  values  obtained  for  the  absolute 

measurements  of  the  male  skull  are  slightly  greater  than  those  for  the  unsexed  skull, 

as  one  would  expect,  whereas  the  values  for  the  indices  are  little  if  at  all  altered. 

The  mean  values  for  the  observations  may  be  arranged  in  the  form  of  a  table  to 

compare  them  with  the  Tasmanian  and  Australian,  as  is  shown  in  Table  LI.  In  this 

Berry's  results  for  the  unsexed  skulls  are  placed  alongside  the  corresponding  male 
values,  and  the  close  correspondence  on  the  whole  between  the  two  sets  of  values 

will  be  very  apparent. 

Table  LI. 

Character. 

Scottish  Series. Tasmanian  Series. Australian  Series. 

Mean. Range  of  V. S.D. 
V. 

Mean. 
Range  of  V. Mean. Range  of  V. 

M. 

M.  & 

F. 

M. 

M. 
M.  & 

F. M. 

G.I.L. (1) 182-37 167-196 

6-57 3-60 

176-16 

173-1 

165-188 

181-34 179-51 

162-196 
Cal.H. (2) 103-37 

94-117 

5-30 5-12 

98-63 

97 
92-108 94-85 95-09 

79-108 

C.H.I. (3) 56-68 50-675 

3-36 

■  ■• 55-98 

56-1 

48-3-62-7 52-85 
53-00 44-91-60-67 

Max.B. (4) 
140-7 

131-152 

4-43 3-14 

136-13 

134-7 

120-145 
131-17 

13071 120-143 

C.H.B.I. (5) 73-46 65-83 

3-48 

72-64 

72-2 

64-4-79-2 73-12 
72-70 61-85-85-41 

|S.G.B.L. (6) 161-53 151-5-174 

4-55 

•  .  . 156-15 

154 
146-164-5 155-94 155-05 

143-166 

C.H.|S.I. (7) 63-90 
57-74-5 

3-25 
63-11 

63 

55-2-69-5 61-60 61-32 
52-30-69-95 

F.P.C.G. (8) 105-73 
91-123 

6-18 5-84 

103-88 

101-9 

•  92-115-5 
101-40 

101-11 

88-123 

C.H.P.I. (9) 57-93 50-66 

2-79 

•  *• 58-97 
59 53-2-639 

55-88 56-36 44-89-65-31 
Front.A. ;io) 90-91 78-103 

5-27 

84-81 

86 

72-92-5 
83-63 85-21 

71-100 

Breg.A. (ii) 56-33 50-63 

2-63 

55-88 56 51-5-60 
54-74 

54-77 49-60 

D.B.G. 

12) 

61-96 51-78 

5-86 9-49 
59-73 

58-7 
49-71-5 

61-84 
61-26 

53-74 

B.P.I. ;i3) 33-89 27-5-42 

2-76 

33-88 34 
29-8-38-2 

34-17 34-12 29-67-38-85 
F.A.L. 

14) 

133-54 120-152 

6-87 
5-14 

128-13 126 114-143 

127-55 126-84 
118-143 

F.C.L. 

'15) 

116-49 105-132 

5-36 4-60 

111-48 

109-5 

99-120 

111-65 110-87 
100-124 

C.I.O.F. ;i6) 87-25 80-5-93 

1-86 

87-38 

87-1 

81-4-97-5 
88-93 

87-43 81-30-90-83 
F.C.A.       i 

17) 

136-98 127-149 

3-69 

140-43 

139-5 

133-146 

140-52 
139-65 131-153 P.G.C. ;i8) 28-35 20-39 

3-60 

12-69 24T3 

23-8 

18-29 
22-58 

22-36 
15-29 

P.C.C.       ( 

19) 

96-4 

86-110 

5-60 5-80 

95-84 

93-7 

80-5-106-5 
96-55 95-98 

85-112 
G.C.C.I. 

'20) 

29-52 19-5-43 

4-51 

25-26 

25-5 

17-6-35-4 
23-68 23-60 15-62-33-52 

P.A.L. 

'21) 

127-83 112-143 

6-83 5-34 

12793 
125-8, 

114-145 
127-15 125-91 

109-147 
P.C.L. 

'22) 

115-15 
104-126 

5-24 4-55 

115-3 
113 

99-127 

115-68 114-60 

99-137 
C.I.O.P.    i 

'23) 

90-05 81-5-94-5 

2-20 

90-04 

90 

83-8-97-6 91-11 
91-06 

83-80-96-06 
A.P.C. 

24) 

135-61 
128-146 

3-44 

13388 

134-3 

128-140 

135-84 135-77 
125-145 

P.F.A.I.    < 

'25) 

95-97 80-1015 
7-2 

99-9 

99-7 

90-7-121 
99-75 99-32 

88-63-113-95 
L.A. 

'26) 

81-95 70-88 

3-46 

79-68 

80-5 

74-88 
79-34 79-56 

70-87 
Op.A. (27) 35-13 22-41 

3-95 

40-60 40  6 34-5-47 39-97 40-06 31-51 



434  DR  MATTHEW   YOUNG. 

1  do  not  propose  to  analyse  these  measurements  at  length,  as  I  did  in  the  case  of 

i  lie  less-known  method  of  Klaatsch,  but  shall  merely  endeavour  to  develop  the 
conclusions  to  which  they  point  when  taken  along  with  the  data  already  established. 

It  has  already  been  seen  (Table  XXI)  that  while  the  selected  series  of  100  West 

Scottish  skulls  has  the  same  mean  cephalic  index  as  the  Tasmanian  and  a  rather 

higher  index  than  the  Australian,  the  mean  altitudinal  index  in  the  first  is  slightly 

lower  than  in  both  the  others  because,  while  the  Scottish  skull  is  slightly  higher 

than  the  other  two,  its  relative  increase  in  length  is  more  marked. 

Showing  as  it  does  a  greater  mean  value  for  the  three  principal  dimensions,  the 

West  Scottish  skull  has  a  considerably  greater  capacity  than  the  other  two  types. 

As  tested  by  Schwalbe's  measurements,  the  West  Scottish  skull  has  a  con- 
siderably greater  calvarial  height  and  the  vault  above  the  glabella-inion  line  is 

longer,  broader,  and  higher  than  in  the  Tasmanian  and  Australian.  Coincidently 

with  this  the  frontal  bone  is  on  the  average  longer,  more  curved,  and  steeper,  as  is 

shown  by  a  comparison  of  the  length  of  the  frontal  chord,  the  curvature  index  of 

the  os  frontale,  the  size  of  the  bregma  angle,  and  the  angle  of  frontal  curvature  in 

the  three  types  ;  the  parietal  bone  is  on  the  average  approximately  equal  in  length 

in  the  three  races,  and  presents  the  same  proportionate  degree  of  curvature  in  all,  as 

was  also  demonstrated  by  the  equality  shown  for  the  three  types  by  Klaatsch's 
parietal-arc-height  index.  The  occipital  bone  in  the  Scottish  skull  is  less  acutely 

inclined  to  the  glabella-inion  line  (the  lambda  angle  being  larger)  and  is  flatter  below, 
as  the  opisthionic  angle  is  distinctly  smaller  than  in  the  Australian  and  Tasmanian. 

Now  by  Klaatsch's  method  it  was  shown  that  in  the  West  Scottish  skull  the  lower 
part  of  the  basi-bregmatic  height  was  on  the  average  longer  than  the  upper  segment, 
the  two  segments  were  equal  in  the  Tasmanian,  while  in  the  Australian  the  upper 

segment  was  greater  than  the  lower.  The  mean  value  for  the  upper  segment  was, 

however,  practically  identical  in  the  three  types.  Again,  the  lambda-inion  chord  was 
considerably  longer  in  the  Scottish  than  in  the  two  lower  types.  This  last  point  tends 

to  explain  the  greater  length  of  the  lower  part  of  the  basi-bregmatic  height,  and  also 

why  Schwalbe's  calvarial  height  is  greater  in  the  West  Scottish  skull  (fig.  15). 
The  greater  development  of  the  supra-inial  portion  of  the  occipital  bone  in  the 

mean  Scottish  than  in  the  mean  Australian  skull  also  explains  the  fact  that  while 

the  mean  upper  glabella  angle  is  smaller  in  the  former  than  in  the  latter,  the  bregma 

angle  is  smaller  in  the  latter  than  in  the  former.  The  frontal  bone  is  more  inclined 

in  the  Australian  than  in  the  Scottish  skull  when  the  glabella-inion  plane  is  taken  as 

the  horizontal,  but  apj)arently  less  inclined  when  the  glabella-lambda  line  is  taken  as 
the  horizontal.  The  vault  in  the  Scottish  skull  is,  in  short,  deeper  posteriorly ;  the 

lambda  is  more  elevated  above  the  glabella-inion  plane  ;  the  glabella-lambda  line 
does  not  lie  in  the  same  relative  plane  as  the  Australian  (fig.  15). 

If  therefore  supposing,  for  the  moment,  the  West  Scottish  brain  case  to  represent 

the  evolved  or  terminal  phase  of  a  brain  box  of  the  Tasmanian  or  Australian  type, 
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we  find  that  increased  capacity  is  associated,  first,  with  a  certain  increase  in  maximum 

length,  the  hinder  part  of  the  skull  being  chiefly  affected  ;  second,  with  marked  increase 

in  breadth,  affecting  frontal,  parietal,  and  occipital  regions,  so  that  the  vault  retains  its 

ellipsoidal  or  long  oval  shape  ;  third,  with  increase  in  height,  affecting  more  especially 

the  hinder  part  of  the  vault.  The  distinction  is  well  brought  out  in  fig.  15,  in  which 

the  mean  Scottish  and  mean  Australian  contours  are  superimposed  and  oriented  on 

the  glabella-inion  line  instead  of  the  glabella-lambda  line  as  in  fig.  10.  The  part 
taken  by  the  occipital  segment  in  the  lengthening  of  the  sagittal  arc  was  also  proved 

in  the  section  on  correlation,  and  the  facts  may  possibly  be  of  interest  in  connection 

with  the  feature  in  brain  evolution  which  has  been  pointed  out  by  Elliot  Smith,  viz. Br 
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Fig.  15. — Diagram  showing  sagittal  cranial  contours  and  quadrilateral  figures  of  mean  West  Scottish 

and  mean  Australian  skulls  superimposed — the  glabella-inion  line  as  base. 
G.,  glabella;   Br.,  bregma;   C.H.,  calvarial  height ;   L.,  lambda  ;    I.,  inion  ;   Ba.,  basion. 

West  Scottish— continuous  line.  Australian — interrupted  line. 

the  increase  in  the  higher  type  of  brain  of  the  great  association  area  between  the  sen- 

sory, the  auditory,  and  visual  areas,  by  which  the  regions  on  the  lateral  aspect  of  the 

occipital  lobe  have  been  pushed  backwards  and  finally  over  on  to  the  mesial  surface. 

As  pointed  out  in  the  section  on  Klaatsch's  method,  individual  skulls  may  be 
found  in  the  Scottish  series  showing  characters  which  approach  the  lower  type  ;  one 

such  skull,  number  20,  may  be  referred  to  in  this  connection.  It  has  a  cubic  capacity 

of  1520  c.c,  it  is  very  long,  moderately  broad,  but  coincidently  very  low,  being 

only,  as  regards  calvarial  height,  1  mm.  higher  than  the  Australian  mean  and  1  mm. 

lower  than  the  Tasmanian.  In  the  norma  lateralis  it  has  quite  a  strong  resemblance 

to  an  Australian  skull,  and  though  it  has  not  the  great  frontal  torus  it  has  a  very 

projecting  inion  and  distinct  occipital  torus.  Its  breadth,  however,  is  outside  the 

highest  range  of  the  Australian  in  this  direction.     By  the  peculiar  combination  of 

the  three  dimensions  the  measurements  fall,  in  all  but  five  of  the  tables  published  by 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.  9).  61 
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Berry  and  Robertson,  on  the  minus  side  of  the  Tasmanian,  and  in  all  but  eight  on 
the  minus  side  of  the  Australian. 

Berry  and  Robertson  (50)  assert  that,  taking  the  individual  observations  or 

measurements,  it  is  possible  to  construct  a  number  of  tables,  one  for  each  observation, 

in  which  is  shown  arranged  in  an  ascending  series,  according  to  the  increase  or 

decrease  of  the  corresponding  value  shown  by  different  types  compared  with  that 

shown  by  the  anthropoid  ape,  a  progression  of  all  the  different  types  of  skull  from 

the  anthropoid  ape  to  the  modern  European,  and  that  the  sequence  they  show  in 

each  table  is  more  or  less  in  accordance  with  our  accepted  views  at  the  present  day 

on  the  position  they  hold  in  the  evolutionary  scale,  views  which  are  largely  due  to 

Schwalbe's  researches  and  conclusions.  They  are,  of  course,  slight  variations  in  the 
order  exhibited  by  the  series  in  the  various  tables.  It  is  then  possible  to  combine 

the  different  tables  and  obtain  the  mean  position  of  any  type  from  the  whole  series 

of  observations,  and  the  above  authors  insist  that  it  is  possible  to  obtain  in  this  way 

a  very  good  idea  of  what  position  any  type  holds  in  the  evolutionary  scale. 

The  object  of  their  special  research  was  the  Tasmanian  skull,  and  naming  this 

the  zero  point,  they  placed  other  types  of  skull  in  their  approximate  positions 

relative  to  the  former  type  by  giving  them  minus  values  if  they  were  between 

the  anthropoid  and  the  Tasmanian  and  equal  in  amount  to  their  distance  from 

the  Tasmanian ;  on  the  other  hand,  if  the  type  in  any  table  lay  on  the  side 

of  the  Tasmanian  from  the  anthropoid,  it  received  a  plus  value,  and  this  was  of 

an  amount  in  accordance  with  its  distance  above  the  Tasmanian.  The  plus  values 

and  the  minus  values  for  the  27  observations  were  added  together,  and  the  total 

that  resulted,  which  was  either  plus  or  minus,  showed  whether  the  type  in  question 

was  on  the  plus  or  minus  side  of  the  Tasmanian  in  the  scale  of  evolution.  This,  as 

Berry  admits,  only  gave  them  a  rough  approximation  to  the  relative  positions  in  the 

above  scale  "  by  the  adaptation  of  modern  biometrical  methods."  Dissatisfied  with 
the  above  approximate  result,  they  have  obtained  a  true  mathematical  conception  of 

the  problem  worked  out  by  K.  Stuart  Cross  (38)  and  based  on  their  data. 

The  latter  has  produced  an  interesting  paper  which  has  "  resolved  itself  into  a 
numerical  calculation  of  the  approximate  relative  positions  of  types  (i.e.  racial  types 

extinct  and  existent)  in  the  evolutionary  scale,  together  with  a  determination  of  the 

relative  values  of  various  cranial  measurements  and  indices  employed  by  Schwalbe 

as  criteria  in  assigning  these  positions." 
Taking  the  mean  values  of  the  Scottish  series  examined  by  me,  I  have  gone  through 

the  necessary  calculations  shown  in  Cross's  paper  and  find  that  as  a  result  of  the 
consideration  of  the  values  of  all  the  27  observations,  with  the  exception  of  the 

glabella-inion  length,  the  glabella  chord,  the  cerebral  chord  of  the  frontal  bone,  the 

glabella-cerebral  chord  index,  and  the  angle  of  parietal  curvature,  the  mean  Scottish 
skull  takes  up  a  position  in  the  scale  between  the  Cro-magnon  skull  and  the  European, 

the  last  being  "845  and  the  first  '806,  while  the  Tasmanian  is  distinctly  lower,  i.e. 
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'753  for  the  same  values.  The  difference  in  the  Scottish  result  from  that  in  the 

Europeans  of  Berry  and  Robertson's  papers  may  be  due  to  the  fact  that  the  values 
of  the  latter  were  sometimes  obtained  from  one  specimen,  and  that  the  type  compared 

was  brachycephalic,  not  dolichocephalic. 

I  do  not  purpose  here  to  follow  Berry  and  Robertson's  biometrical  methods 
further.  I  am  prepared  to  admit  that,  taking  the  mean  value  in  a  sufficiently  large 

series  of  skulls  of  the  same  form  and  type  as,  for  instance,  the  Australian,  Tasmanian, 
and  West  Scottish,  the  summation  of  all  these  characters  of  the  vault  in  the  manner 

suggested  may  result  in  a  reasonable  order. 

The  difficulty  is  that  there  are  two  types  both  on  the  highest  evolutionary  plane 

— one  long  and  narrow,  the  other  short  and  broad  ;  and  even  though  the  calvarial 
height  remain  the  same,  many  of  the  characters  of  the  vault  may  be  different. 

Before  a  proper  comparison  can  be  instituted  between  different  types  it  is 

essential  that  large  series  should  be  available  to  get  representative  mean  values. 

5.  Median  Sagittal  Section  of  Skull. 

There  is  universal  agreement  amongst  craniologists  as  to  the  value  to  be  attached 

to  the  study  of  the  skull  after  it  has  been  sectionised  in  the  median  sagittal  plane  ; 

not  only  that  such  a  view  shows  us  essential  differences  between  the  human  skull 

and  that  of  lower  forms,  but  enables  us  to  utilise  certain  important  characters  in  the 

comparison  of  skulls  of  different  races  which  cannot  be  made  use  of  by  the  ordinary 

methods  of  measurement,  as  they  only  become  obvious  in  the  sectional  diagram. 

Amongst  those  who  have  recognised  the  importance  of  this  method  of  comparing 

skulls  are  Huxley  (51),  and  we  recall  his  well-known  "dictum"  on  the  subject; 

Turner  in  his  "  Challenger"  Reports  and  various  memoirs  ;  Cleland  ;  and  Bolk  (42). 
The  skulls  having  been  sawn,  the  difficulty  was  to  get  the  exact  outline  of  their 

mesial  section  quickly  transferred  to  paper. 

1  placed  a  thick  layer  of  blotting  paper  on  the  surface  of  a  slightly  yielding  pad 

and  placed  the  sheet  of  paper  with  the  carbon  paper  on  its  upper  surface  on  the 

blotting  paper.  The  skull  cut  surface  was  then  applied  to  the  carbon  paper  and 

firm  pressure  exerted  from  above,  with  the  result  that  an  accurate  impression  of  the 

cut  surface  of  the  skull  was  left  on  the  paper  underneath.  This  was  then  outlined 
in  ink. 

One  skull  was  not  bisected,  as  the  spheno-ethmoidal  region  was  seen  to  be 
defective  ;  in  another,  after  being  sawn,  the  same  region  was  found  to  be  deficient, 
and  the  values  for  these  skulls  are  not  included  in  the  results.  This  left  me  98  skulls 

for  investigation,  and  the  following  results  are  based  on  the  measurements  obtained 
from  these. 

I  decided  first  of  all  to  measure  and  examine  the  mean  value  and  variability  of 

certain  angles  measurable  on  the  mesial  section  which  are  regarded  as  of  morpho- 
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logical  importance.  For  the  present  I  shall  confine  my  attention  to  three  of  these  : 

two,  the  spheno-maxillary  and  spheno-ethmoidal  associated  with  the  name  of  Huxley. 

and  one,  the  foramino-basilar,  with  which  the  name  of  Turner  is  associated,  although 

there  have  been  many  others  described  of  less  importance. 

The  spheno-ethmoidal  angle  is  open  downwards  and  forwards  and  is  formed  by 

two  lines  which  may  be  named  the  basi-occipito-sphenoid  axis  (Turner)  or  basi- 
cranial  axis  (Huxley)  and  the  cribriform  axis,  the  former  extending  from  the  basion, 

the  middle  point  of  the  anterior  margin  of  the  foramen  magnum,  to  the  "pros- 

phenion  "  or  foremost  part  of  the  spheno-ethmoidal  junction  in  the  median  plane  ; 

Fig.  16. — Impression  of  median  sagittal  section  of 
skull  83,  series  K. 

Maximum  length,  203  mm. 
Basi-nasal  length,  110  mm. 

Sphenoethmoidal  angle,  170°. 
Spheno-maxillary  an^le,  95°. 
Foramino-basilar  angle,  166°. 

Dotted  line  represents  Frankfurt  horizontal  plane. 

Fiq.  17.  —Impression  of  median  sagittal  section 
of  skull  14,  series  K. 

Maximum  length,  200  mm. 
Basi-nasal  length,  105  mm. 

Spheno-ethmoidal  angle,  136". 
Spheno-maxillary  angle,  75°. 
Foramino-basilar  angle,  146°. 

Dotted  line  represents  Frankfurt  horizontal  plane. 

the  latter,  the  cribriform  axis  so  called,  may  be  continued  forwards  from  the 

prosphenion,  more  or  less  in  the  plane  of  the  cribriform  axis,  to  the  uppermost 

point  of  the  ethmo-frontal  suture  in  or  near  the  median  plane,  or  may  be  drawn  to 

the  nasion — a  more  definite  point.  Investigators  differ  in  their  conclusions  as  to 
where  the  second  line  should  terminate  in  front.  If  the  cribriform  plate  were  always 

horizontal,  so  that  one  could  have  the  line  in  its  plane  going  through  its  uppermost 

point  of  contact  with  the  frontal,  in  or  near  the  median  plane,  that  should  undoubtedly 

be  chosen,  but  I  found  that  the  cribriform  plate  was  often  very  much  curved  down- 
wards in  the  series,  and  that  it  was  impossible  to  get  the  line  in  all  cases  in  the 

plane  of  that  plate  and  at  the  same  time  to  pass  through  the  uppermost  part  of  the 

ethmo-frontal  suture,  i.e.  at  the  foramen  caecum.  Part  of  the  difficulty  in  following 

Turner's  directions  may  be  due  to  the  fact  that  the  skulls  were  sawn  as  nearly  as 
possible  in  the  middle  line  and  not  slightly  to  one  side  of  it,  as  in  the  case  of  his 
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specimens.  The  foramen  csecum,  which  might  be  chosen,  has  been  found  also  to  be 

very  variable,  and  so  I  have  followed  the  method  advocated  by  Duckworth  (54), 

i.e.  to  draw  the  line  from  the  prosphenion  to  the  nasion  or  middle  point  of  the  naso- 
frontal suture,  which,  although  not  without  disadvantages  owing  to  the  fact  that 

the  nasal  bones  vary  much  in  the  degree  to  which  they  extend  upon  the  surface  of 

the  skull,  is  usually  easily  identified  as  a  definite  point. 

For  the  value  of  the  angle  so  measured  there  are  many  figures  available  for 

comparison.  To  get  figures  exactly  comparable  with  those  of  Turner,  however, 

where  it  was  possible  in  the  present  series  of  skulls  I  drew  the  anterior  line  according 

to  his  directions  contained  in   the  "  Challenger"   Reports,  and  will  give  the  mean 

Fio.  18. — Impression  of  median  sagittal  section  of 
skull  17,  series  K. 

Maximum  length,  1 89  mm. 
Basi-nasal  length,  101  mm. 

Spheno-ethmoidal  angle,  164°. 
Spheno-niaxillaiy  angle,  89°. 
Foramino-basilar  angle,  156°. 

Fig.  19. — Impression  of  median  sagittal  section  of 
skull  13,  series  K. 

Maximum  length,  187  mm. 
Basi-nasal  length,  98  mm. 

Spheno-ethmoidal  angle,  142°. 
Spheno-niaxillary  angle,  75°. 
Foramino-basilar  angle,  136°. 

value  for  this  method  from  a  smaller  number  of  skulls  in  the  series.  Cleland  (15), 

instead  of  the  spheno-ethmoidal  junction,  took  as  the  apex  of  this  spheno-ethmoidal 

angle  the  mid-point  between  the  two  optic  foramina,  and  his  results  do  not  exactly 
correspond  to  those  given  above  ;  but  there  is  only  a  slight  difference,  and  we  may 

consider  the  spheno-ethmoidal  angle,  as  obtained  above,  to  be  formed  by  the  "  middle 
base  "  and  the  "  anterior  base  "  of  Cleland. 

The  spheno-maxillary  angle  is  the  angle  enclosed  between  two  lines,  the  basi- 

occipito-sphenoid  axis  as  described  above,  and  a  line  drawn  from  the  spheno-ethmoidal 

junction  to  the  prosthion.  This  second  line  in  Huxley's  (51)  original  description 
passed  not  through  the  prosthion  but  through  the  akanthion,  a  point  less  fixed 

morphologically  than  the  former.  The  spheno-maxillary  angle  is  the  most  important 
angle  for  measuring  the  degree  of  prognathism,  and  to  it  I  shall  refer  later. 

The  foramino-basilar  angle  is  that  enclosed  by  two  lines,  one  the  basi-occipito- 
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sphenoid  axis  as  above  described,  the  other  a  line  drawn  from  the  basion  to  the 

opistliion  and  lying  in  the  plane  of  the  foramen  magnum  ;  in  other  words,  the  angle 

lies  between  Cleland's  "middle  base"  and  "posterior  base."  To  some  extent  the 
alteration  in  the  magnitude  of  this  angle  may  be  considered  as  indicative  of  changes 

in  the  slope  of  the  plane  of  the  foramen  magnum. 

A.  Spheno-Ethmoidal  Angle. 

In  the  present  series  of  98  male  skulls  under  examination  it  was  found  that 

this  angle  had  a  range  of  variation  from  136°  to  170°,  and  that  the  mean  value  was 

152'35°  ;  the  S.D.  was  6'58  and  V.  was  4'32.  For  75  skulls  measured  according  to 

Turner's  direction  the  angle  ranged  in  value  from  133°  to  162°,  with  a  mean  value 

of  14772°  ;  the  S.D.  was  6'14  and  the  V.  was  4'15.  Turner's  mean  for  5  skulls  in 

his  series  was  140°  ;  so  that  if  my  results  are  truly  comparable  with  those  of  Turner, 
the  anterior  base  of  the  former  series  is  not  on  the  average  so  much  flexed  on  the 
middle  base  as  that  of  the  latter. 

For  the  spheno-ethmoidal  angle  Duckworth  (54)  gives  the  following  values  : — 

231° 

172° 

202° 

158° 

168° 

153° 

138° 

Dog  .         . 
Cercopithecus  monkey 
Simia 

Simiidse     |  Gorilla    . 

.Chimpanzee    . 

Tj      •   •  -i     (Aboriginal  Australians  (average  of  2) 
riommidaes  &  \ 

lEuropeans  (average  of  2) 

The  number  of  individuals  in  the  above  table  is,  of  course,  quite  insufficient,  but 

so  far  as  the  data  go  it  would  appear  that,  while  the  mean  angle  for  the  Scottish 

series  is  less  than  a  degree  below  that  of  the  Australian  aboriginal,  the  range  of 

variation  of  the  angle  is  so  great  that  it  includes  values  higher  than  those  given 

for  the  gorilla  and  chimpanzee,  and  even  attains  a  value  less  than  2°  below  that 
given  for  the  cercopithecus  monkey,  which  is  very  expressive  of  the  great  degree 

of  variability  in  the  extent  of  flexion  in  the  cranio-facial  axis  even  in  a  homo- 
geneous series. 

A  reasonable  explanation  for  the  well-marked  variation  in  the  above  angle  is  some- 
what difficult  to  find  even  with  the  evidence  supplied  by  such  a  long  series  of  skulls. 

At  first  sight  it  seemed  probable  that  a  long  basi-nasal  chord  would  be  associated 

with  a  wide  angle,  and  specimens  are  obtainable  from  the  series,  e.g.  fig.  16,  illustrat- 
ing this.  On  the  other  hand,  fig.  17  shows  that  it  is  possible  to  have  another  specimen 

with  a  basi-nasal  length  little  diminished  from  that  shown  in  the  former  figure,  but 

with  the  angle  diminished  to  the  extent  of  34°.  Figs.  18  and  19  show  two  skulls 
with  approximately  equal  basi-nasal  and  glabello-occipital  lengths,  but  with  spheno- 

ethmoidal angles  differing  by  more  than  20°. 
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If  we  regard  the  size  of  the  angle  as  a  quantity  which  either  increases  or  decreases 

throughout  the  series,  and  correlate  it  with  the  basi-nasal  length,  we  find  that  the 

coefficient  of  correlation  is  +'16  +  '065,  i.e.  it  is  positive  and  sensible  but  not  of  great 
magnitude,  so  that  while  there  is  a  tendency  for  the  spheno-ethmoidal  angle  to  in- 

crease when  the  basi-nasal  length  increases,  such  a  tendency  is  not  at  all  marked. 

Correlating  the  greatest  length  of  the  skull  with  the  spheno-ethmoidal  angle  gives 

a  coefficient  of  correlation  '053 ±  '067  positive  but  practically  negligible  considering 
the  size  of  the  probable  error,  so  that  the  size  of  the  angle  in  the  series  seems  to  be 

independent  of  the  length  of  the  skull,  although  the  latter,  as  has  been  previously 

stated,  shows  a  high  correlation  with  the  basi-nasal  length.     Both  the  middle  base 

Fig.  20. — Impression  of  median  sagittal  section  of  skull,  N.B.  series  F  ;  cubic  capacity  2060  c.c. 

Spheno-ethmoidal  angle,  156° ;   spheno-maxillary  angle,  88° ;  foramino-basilar  angle,  153°. 

and  the  anterior  base,  i.e.  the  boundary  lines  of  the  angle  above  mentioned,  vary  con- 
siderably in  their  degree  of  inclination  to  the  Frankfurt  horizontal  plane,  and  the 

angle  which  the  anterior  base  forms  with  this  plane  is  more  variable  than  that 

formed  by  the  middle  base. 

Apparently  there  is  some  doubt  as  to  the  value  to  be  attached  to  the  above  angle, 

as  has  been  stated  by  Duckworth  in  regard  to  the  foramino-basal  angle,  and  that 
the  former  should  be  used  like  the  latter  in  comparisons  of  the  Hominidae  with  the 

Simiidse  and  lower  forms  rather  than  for  the  comparative  study  of  members  of 

different  races  in  the  human  family. 

B.  Spheno-Maxillary  Angle  (a). 

This  angle  in  the  series  of  98  varied  from  67°  to  101°,  with  a  mean  value  of  8 4 "29°  ; 

the  S.D.  was  5 '43  and  the  V.  was  6 '44.  In  Turner's  group  of  5  the  mean  value  was 

8  6 '4°,  slightly  greater  than  the  mean  value  shown  by  our  series.     Duckworth  gives 
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for  aboriginals  of  Australia  (average  of  7)  an  angle  of  92°  20',  and  for  Europeans 

(average  of  2)  an  angle  of  75°  30'  ;  but  it  is  obvious  that  the  latter  value  cannot  be 
accepted  as  an  approximate  mean  value  for  European  skulls. 

The  spheno-maxillary  angle,  as  defined  by  Huxley,  and  slightly  different  from 
the  above  angle,  was  utilised  by  him  to  classify  crania  into  orthognathous  if  the 

angle  was  less  than  95°,  and  prognathous  if  it  was  more  than  95°.  The  size  of  the 
angle  is,  to  a  certain  extent,  an  index  to  the  degree  of  prognathism  ;  but,  as  Turner 

points  out,  it  is  influenced,  as  is  also  the  spheno-ethmoidal  angle,  by  the  variation  in 

the  slope  of  the  basi-occipito-sphenoid  axis. 
In  the  series  of  98  sagittal  tracings  under  examination  I  marked  in  the  Frankfurt 

horizontal    line,  and,   this   being    intersected   by   the    basi-occipito-sphenoid   axis,  I 

Fig.  21. — Impression  of  median  sagittal  section  of  skull 
No.  26,  series  F  ;   cubic  capacity,  1040  c.c. 

Spheno-ethmoidal  angle,  167°. 
Spheno-maxillary  angle,  90°. 
Foramino-basilar  angle,  143°. 

Fig.  22. — Impression  of  median  sagittal  section  of  skull 
No.  21,  series  F  ;   cubic  capacity,  1000  c.c. 

Spheno-ethmoidal  angle,"  156°. 
Spheno-maxillary  angle,  88°. 
Foramino-basilar  angle,  153°. 

measured  the  angle  between  the  two,  which  gave  me  the  change  of  slope  of  the  above 

axis  to  the  Frankfurt  horizontal  plane.  This  angle  I  have  named  the  "y"  angle  in 

my  tracings.  It  was  found  to  vary  in  the  series  from  29°  to  52°  ;  the  S.D.  was  4"14 
and  the  V.  was  10*29. 

From  the  above  range  of  variation,  i.e.  23°  in  the  slope  of  the  occipito-sphenoid 
axis  in  a  uniform  series,  it  is  quite  evident  that  this  factor  cannot  be  neglected  in 

the  general  statement  that  the  magnitude  of  the  spheno-maxillary  angle  may  be  used 
unreservedly  as  a  criterion  for  the  degree  of  prognathism. 

From  the  supposed  constancy  of  the  somewhat  similar  angle  between  the  basi- 

nasal  line  and  the  Frankfurt  horizontal  plane,  Thomson  and  M'Iver  (55),  who  found 

that  in  38  skulls  it  varied  from  22°  to  34°,  with  a  mean  value  of  27°,  made  use  of  it 
in  a  scheme  for  the  measurement  of  prognathism.  Furst  (56),  however,  found  that 

the  angle  possesses  such  a  degree  of  variation  that  a  constant  size  cannot  be 

;i<<epted  for  it. 
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0.  The  Foramino-Basilar  Angle  (d). 

This  angle  may  be  taken  to  a  certain  extent  as  an  index  to  the  degree  of  slope 

in  the  plane  of  the  foramen  magnum,  not  forgetting,  however,  that  the  variation  of 

the  inclination  of  the  basi-cranial  axis  will  also  exert  an  important  influence  in 

modifying  the  size  of  the  angle  as  well  as  variation  in  the  slope  of  the  above  plane. 

The  angle  in  the  series  of  98  skulls  was  found  to  have  a  range  from  135°  to  168°, 

with  a  mean  value  of  147'68°  ;  the  S.D.  was  6'36  and  the  V.  was  4'30.  The  following 
values  are  given  for  the  above  angle  in  Duckworth  (54)  : — 

Dog       . 
Cercopithecus  monkey 
Simia    . 

Gorilla  . 

Chimpanzee  . 

Aboriginals  of  Australia  (average  of  2) 

Europeans  (average  of  2) 

According  to  Duckworth  there  is  some  doubt  as  to  the  importance  to  be  attached 

to  the  angle,  and  that  it  is  to  be  used  "  in  comparisons  of  the  Hominidse  and  Simiidse 
with  other  families  and  other  orders  rather  than  for  the  comparative  study  of  various 

members  within  the  limits  of  these  families." 
While  the  mean  value  of  the  angle  in  the  series  of  98  skulls  is  just  one  degree 

greater  than  the  mean  angle  of  two  Australian  specimens,  the  latter  are  too  few  in 

number  to  warrant  a  conclusion  as  to  its  importance,  and  the  same  applies  to  the 

European  value  derived  from  two  skulls.  The  angle  in  the  Scottish  series  includes 

in  its  range  the  values  given  for  the  Cercopithecus  monkey  and  for  Simia. 

.  According  to  Turner  (2)  the  angle  presents  considerable  variations  in  different 

crania.  In  a  Fuegian  he  found  it  lowest  in  value,  i.e.  138°  ;  it  reached  its  maximum 

in  an  Australian,  157°  ;  while  in  three  Australians  it  ranged  from  139°  to  157°.  These 
values  are  all  included  in  the  range  of  variation  exhibited  by  the  Scottish  series. 

If  we  consider  the  spheno-ethmoidal  angle  as  described  above  as  comparable  with 

the  orbito-basilar  angle  denned  by  Cleland.  then,  the  mean  spheno-ethmoidal  angle 

being  greater  than  the  mean  foramino-basilar  angle  to  the  extent  of  about  5°,  the 

mean  cranial  curve  in  the  Scottish  series  would  be  less  than  180°  by  that  amount, 
and  would  approach  the  lowest  value  found  for  adult  Europeans,  according  to  this 

author.  It  would  seem,  however,  that  the  angles  above  mentioned  can  hardly  be 

regarded  as  strictly  comparable. 

If  we  accept  the   value    of  the    spheno-ethmoidal    angle  obtained  by  following 

Turner's  directions  as  comparable  with  the  above  angle  of  Cleland,  then  the  two 
mean  angles,  foramino-basilar  and  spheno-ethmoidal,  would   be  equal,  the  anterior 

base  would  be  parallel  to  the  posterior  base,  and  the  cranial  curve  would  be  180°. 
It  seems  somewhat  anomalous  that,  while  the  cranial  flexure  of  a  skull  which  has 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.  9).  62 
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a  capacity  of  over  2000  c.c.  shown  in  median  sagittal  section  (fig.  20)  should  fall 

short  of  a  value  of  180°  by  about  3°,  another  specimen  (fig.  21)  with  a  cubic  capacity 

of  about  1100  c.c.  should  show  a  cranial  curve  of  only  156°,  while  a  third  specimen 
(fig.  22),  very  similar  to  the  last,  and  of  an  equal  capacity,  should  show  a  cranial 

curve  of  about  190°.  One  would  have  expected  that  the  effect  of  the  increased 
cranial  expansion  in  the  very  large  skull  would  have  been  to  bring  the  anterior  part 

of  the  cranio-facial  axis  more  into  the  horizontal  than  in  the  case  of  the  smaller  skulls, 

but  this  is  not  the  case,  as  is  shown  by  the  specimens.  The  influence  of  the  slope  of 

the  plane  of  the  foramen  magnum  on  the  parallelism  of  the  anterior  and  posterior 

Fig.  23. — Impression  of  median  sagittal  section  of  skull  No.  41,  series  K,  illustrating  Bolk's  method  of  defining  the 
position  and  slope  of  the  foramen  magnum.     Spheno-ethmoidal  angles  151°. 

F.   Fronton.  BR  =  perpendicular  dropped  on  F0  from  hasion. 
0.  Occipiton.  FR 
B.   Basion. 

S.  Opisthion.  ^  RBS  =  angle  by  means  of  which  slope  of  foramen  magnum  is  measured. 

— —  =  basal  index  (Bolk). 

base  and  the  resulting  size  of  the  cranial  curve  will  be  very  apparent  in  the  diagrams 
above  mentioned. 

Much  research  has  been  devoted  to  the  question  of  the  position  and  the  inclina- 
tion of  the  plane  of  the  foramen  magnum  in  mammals.  Amongst  those  who  have 

contributed  to  the  subject  are  Daubenton  and  Broca,  and  the  angles  they  utilised 

are  still  associated  with  their  names.  A  more  recent  investigator  of  the  same  problem 

is  Bolk  (42),  and  I  have  adopted  the  methods  advocated  by  him  in  investigating 

these  points  in  the  present  series  of  skulls.  Bolk  does  not  favour  the  use  of  angles 

for  defining  position,  but  prefers  the  use  of  an  index  to  indicate  the  location  of  the 

foramen  magnum,  and  he  obtains  the  index  in  the  following  way  : — Having  obtained 
a  median  sagittal  section  of  the  skull  and  an  outline  of  this  on  paper,  he  defines  a 

point  on  the  inner  surface  of  the  anterior  cranial  wall  where  it  becomes  continuous 

with  the  floor  in  the  mesial  plane,  which  point  he  names  the  "  Fronton  "  (F  in  fig.  23). 
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From  this  he  draws  a  line  to  the  point  on  the  inner  surface  of  the  occipital  bone 

furthest  removed  from  the  Fronton,  which  he  names  the  "  Occipiton."  If  there  is  an 
arc  equidistant  from  the  Fronton  he  makes  the  Occipiton  the  centre  point  of  the  arc. 

This  Fronton-Occipiton  line  (FO)  is  his  base  line,  and  from  the  basion,  the  middle  point 
of  the  anterior  margin  of  the  foramen  magnum,  he  drops  a  perpendicular  on  the 

line  FO,  meeting  it  at  R,  then  the  length  FR  divided  by  the  length  FO  and  multiplied 

by  100  gives  him  an  index  which  defines  the  position  of  the  basion  and  thus  of  the 

foramen  magnum.  To  measure  the  degree  of  inclination  of  the  plane  of  the  foramen 

magnum  he  joins  the  point  B  to  opisthion  S,  and  the  size  of  the  angle  at  B 

formed  by  the  lines  BR  and  BS  is  a  measure  of  the  slope  of  the  plane  of  the 

foramen  magnum. 

I  have  followed  the  above  procedure  in  regard  to  the  98  skulls  in  the  series,  and 

find  that  the  index  described  above  or  the  "basal  index"  (Bolk)  ranges  from  39"5  to 

51 '5,  with  a  mean  value  of  45 '61,  which  points  to  the  fact  that,  as  a  rule,  the  anterior 
limit  of  the  foramen  magnum  is  in  front  of  the  middle  of  the  Fronton-Occipiton  line  ; 
in  fact,  there  are  in  the  series  only  two  skulls  with  an  index  above  50. 

Bolk's  important  conclusion  from  the  investigation  of  a  large  number  of  specimens 

is  "  that  in  man,  as  the  anthropoids,  the  foramen  magnum  is  shifted  occipitally  during 

development."  He  gives  values  for  the  index  of  position  of  the  foramen  magnum,  or 
index  basalis  as  he  names  it,  and  it  is  interesting  to  compare  these  values  with  those 

obtained  by  me  in  the  Scottish  series  : — 

Table  LII. 

Race. Index. 

Type  of  Skull. 

Zeelandians    . 
Javanese 

Papuans 
Frisians 

Negroes 
Scottish 

45-7 

47-9 

44-6 44-7 

466 

45-61 
• 

Brachycephalic 

Dolichocephalic 
Mesaticephalic 
Dolichocephalic 

>> 

The  Scottish  mean  index  is  thus  seen  to  be  about  equal  to  that  shown  by  the 

Zeelandian  specimens,  slightly  greater  than  that  shown  by  the  Papuans  and  Frisians, 

and  less  than  that  shown  by  the  Negro  and  Javanese  skulls.  In  the  case  of  the 

Negro  group  the  range  of  the  index  is  from  42  to  50  ;  in  the  Scottish  it  is  from  39 '5 

to  51  '5  ;  so  that  specimens  may  be  found  in  the  Scottish  series  with  the  foramen 
relatively  further  back  than  in  the  Negro,  although  on  the  average  the  opening  lies 

relatively  further  forward  in  the  former  than  in  the  latter. 

According  to  Bolk  there  is  "no  definite  relation  between  the  position  of  the 

foramen  magnum  and  the  shape  of  the  skull,"  i.e.  the  cephalic  and  basal  indices 
are  independent  of  one  another. 
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There  is  a  distinct  interval  between  the  index  shown  by  the  human  skull  in  its 

various  types  and  that  of  the  various  anthropoids,  which  have  always  an  index  well 

above  50,  usually  at  least  60,  although  in  their  juvenile  forms  they  may  reach  as 
low  a  value  as  52. 

With  regard  to  the  inclination  of  the  plane  of  the  foramen  magnum.  Bolk  (42) 

proves  conclusively  in  his  paper  that  a  change  in  the  slope  takes  place  during  de- 
velopment both  in  the  human  subject  and  in  the  anthropoids,  but  less  well  marked 

in  the  former  ;  the  young  anthropoid  in  this,  as  in  many  other  features,  agrees  more 

closely  with  the  human  condition  than  the  adult  one.  Man  occupies  a  distinct 

position  amongst  the  primates  in  that  the  opening  is  turned  towards  the  front  and 
not  towards  the  back. 

In  Bolk's  method  if  the  angle  is  equal  to  90°  the  plane  of  the  foramen  magnum 

is  parallel  to  the  base  line  and  is  considered  to  be  horizontal ;  if  greater  than  90°,  the 
foramen  looks  forwards  to  a  degree  which  increases  as  the  angle  increases.  Bolk 

gives  the  size  of  the  mean  angle  for  a  number  of  races,  and  we  can  compare  the  angle 
of  the  Scottish  series  with  these. 

In  Papuans  the  angle  is  equal  to 

In  Negroes 
In  Javanese 

In  Zeelandians 

In  Frisians 
101-9° 

99'2° 

99*4° 102-3° 

96-2° 

In  the  Scottish  series  the  mean  angle  for  the  98  was  94'80°,  but  showed  a  range 

in  value  from  84°  to  112°,  so  that  the  mean  inclination  of  the  foramen  magnum  was 
not  so  much  forward  as  in  any  of  the  races  for  which  values  are  quoted  by  Bolk, 

although  in  one  case  the  basal  angle  was  112°  and  in  a  number  of  others  it  was  over 

100°.  It  is  generally  believed  that  in  the  European  the  plane  of  the  foramen 
magnum  is  directed  forwards  to  a  greater  degree  than  in  the  Negro,  but  so  far  as  my 

figures  are  to  be  depended  upon  it  would  appear  that  in  this  Scottish  series  of  skulls 

the  inclination  of  the  opening  is  directed  forwards  on  the  average  to  a  less-marked 

degree  than  it  is  in  such  a  primitive  type  as  the  Negro.  There  is  a  distinct  gap 

between  the  values  shown  by  the  angle  in  the  human  skull  and  that  of  the  anthro- 

poids, in  which  the  angle  varies  from  70°  to  75°,  although  in  the  infantile  gorilla  an 

angle  of  95°  has  been  found.  The  smallest  angle  in  the  Scottish  series  was  84°,  while 

two  showed  an  angle  of  85°,  one  an  angle  of  86°,  five  were  87°,  and  four  were  88°. 
There  are  certain  lines  measurable  on  the  mesial  sagittal  section,  and  we  can 

compare  the  mean  values  of  those  given  by  Turner  for  the  corresponding  measure- 
ments in  his  series  in  the  form  of  a  table  (LIII). 
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Table  LIII. 

Turner's 

Series. Present  Scottish  Series  (98). 

Character. 
Mean. 

Mean. 

S.D. 
V. 

Basi-occipital  sphenoid  axis 
65  mm.  (5) 

66-21 

3-41 5-15 

Sphenomaxillary  line    . 74 
,     (5) 

75-39 

4-34 5-75 

Cribriform  axis 29 
.     (5) 23-74 

3-22 

13-56 
Basi-lamhda  line    . 

118-6 

120-58 

4-58 
4-00 

Perpendicular  radius 138 ^ 
135-85 

5-28 3-88 

Basi-bregmatic  length     . 

136-2 
133-7 

5-47 
4-09 

Basi-glabellar  length 111 1 

107-57 

4-183 3-88 

Basi-nasal  length   . 
103 

,     (5) 
10096 

4-113 4-073 

Basi-alveolar  length 

95-4 

,     (5) 
94-87 

4-76 
5-01 

Anterior  pole  distance  from  perpendicular  radius 
88 ,     (5) 

84-88 

6-91 8-14 

Posterior           .,                  ,,                  ,, 

81 

,     (5) 
84-61 

5-32 
6-28 

Sir  William  Turner,  in  his  investigation  into  the  characters  exhibited  on  the 

median  sagittal  section  of  some  specimens  from  his  series  of  Scottish  skulls,  pointed 

out  that  in  them  the  distance  from  the  perpendicular  radius  to  the  anterior  pole  of 

the  cranial  cavity  was  greater  than  that  from  the  corresponding  radius  to  the 

posterior  pole  of  the  cavity  in  all  the  skulls  examined.  He  points  out  further 

that  the  two  distances  were  more  nearly  equal  in  the  brachycephalic  than  in  the 

dolichocephalic  specimens,  and  that  he  found  the  posterior  pole  distance  greater 

than  the  anterior  pole  distance  in  the  dolichocephalic  Fuegian  and  other  dolicho- 

cephalic skulls  described  in  his  "  Challenger"  Reports,  while  in  the  brachycephalic  and 
mesaticephalic  specimens  from  the  same  groups  the  contrary  was  the  case.  It  would 

seem,  therefore,  he  says,  "  as  if  in  the  formation  of  some  dolichocephalic  skulls  the 
growth  takes  place  backwards  behind  the  plane  indicated  by  the  perpendicular 

radius  to  a  greater  extent  than  in  front  of  the  plane." 
In  the  series  of  98  Scottish  skulls  I  have  examined  which  are  dolichocephalic 

(C.I.,  74'4)  the  mean  value  of  the  posterior  distance  was  practically  equal  to  that  of 
the  anterior  distance,  while  the  latter  length  was  more  variable  than  the  former,  as 

shown  by  the  coefficient  of  variability. 

As  regards  the  individual  skulls,  we  find  that  the  distance  from  the  perpendicular 

radius  to  the  posterior  pole  was  greater  than  that  to  the  anterior  pole  of  the  cranial 

cavity  in  44  cases  and  the  distances  were  exactly  equal  in  4  cases,  which,  taken 

together,  is  just  less  than  half  the  number  of  the  specimens  examined. 

There  are  other  features  of  the  skulls  which  only  become  obvious  after  a  sagittal 

section  has  been  made,  and  these  include  the  extent  and  great  variability  in  the 

degree  of  development  of  the  various  sinuses,  especially  the  sphenoidal  and  frontal. 

They  are  seen  to  vary  very  much  in  extent,  in  the  case  of  the  latter  from  almost  or 

even  complete  absence  to  a  condition  where  it  extends  upwards  in  a  well-marked 
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form  well  beyond  a  third  of  the  length  of  the  frontal  bone,  and  this  not  in  the  skull 

of  an  aged  person. 

We  also  observe,  in  such  a  section,  the  great  variability  in  the  degree  of  distinct- 
ness which  the  impressions  corresponding  to  the  various  convolutions  exhibit,  being 

sometimes  quite  evident,  at  other  times  practically  invisible. 

Another  feature  brought  to  light  and  shown  well  in  the  sagittal  tracings  is  the 

variation  in  the  thickness  of  the  skull.  As  is  well  known,  the  skull  may  become 

much  thicker  in  old  age,  but  the  great  variations  shown  in  the  series  examined  is 

remarkable,  even  excluding  specimens  that  might  have  become  secondarily  thickened 

owing  to  advanced  years. 

I  estimated  the  thickness  with  the  calipers  at  six  places,  viz.  : — 
1.  At  the  glabella. 
2.  At  the  inion. 

3.  At  the  middle  of  the  frontal  (at  the  cut  edge  of  the  sagittal  section). 

4.  At  the  middle  of  the  parietal  (at  the  cut  edge  of  the  sagittal  section). 

5.  In  the  vicinity  of  the  frontal  eminence. 

6.  In  the  vicinity  of  the  parietal  eminence. 

The  figures  shown  in  the  following  table  are  interesting,  as  they  show  that  the 

thickness  at  the  glabella  is  the  least  variable,  using  the  coefficient  of  variation  as 

the  criterion  of  variability,  in  spite  of  the  variation  in  the  degree  of  development  of 
the  frontal  sinus  in  the  series. 

Table  LIV. 

Position  of  Measurement. Mean  Thickness. 
S.D. 

V. 

At  glabella          ..... 
At  inion      ...... 

Middle  of  frontal  (mid  line) 
Middle  of  the  parietal  (mid  line) 
At  frontal  eminence     .... 

At  parietal  eminence  .... 

15-88  mm. 14-25  „ 
7-01  „ 7-24  „ 
5-65  „ 

6-41     „ 

2-43 

336 
1-88 
1-42 1-61 

1-65 

15-30 2358 

26-81 

19-61 

28-5 

2574 

The  greater  variability  of  the  thickness  at  the  inion  is  to  be  attributed  largely  to 

the  fact  that  the  external  and  internal  occipital  protuberances  were  frequently  at 

different  levels,  as  has  been  pointed  out  by  various  observers,  including  Sollas  (46). 

Anderson  (57),  and  Klaatsch  (43),  so  that  the  two  eminences  did  not  always  come 
into  the  measurement  of  the  thickness. 

Anderson  (57)  measured  the  thickness  of  a  large  number  of  skulls,  making 

measurements  in  twelve  different  places  in  each.  I  have  taken  his  mean  measure- 
ments given  to  the  places  where  I  estimated  the  thickness,  converted  them  from 

inches  into  millimetres,  and  the  following  table  shows  the  mean  thicknesses 

compared  : — 
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Table  LV. 

Measurement. 
Anderson's  Series. Scottish  Series. 

Thickness  at  inion       .... 

About  middle  of  frontal  (mid  line) 
About  middle  of  parietal  (mid  line) 
At  frontal  eminence    .... 

At  parietal  eminence  .... 

9-10  mm. 6-59     „ 
5-93     „ 
5-78     „ 
5-66     „ 

14-25  mm. 

7-01     „ 
7-24    „ 
5-65     „ 6-41     „ 

There  is  considerable  divergence  in  the  mean  thickness  shown  by  the  two  series 

at  the  site  of  the  external  occipital  protuberance  or  inion  ;  but  whether  the  other 

measurements  may  be  taken  as  indicative  of  a  greater  mean  thickness  in  the  Scottish 

than  in  the  Irish  skull,  as  the  figures  given  would  lead  one  to  believe,  would  require 

further  investigation. 

Both  Turner  (47)  and  Sollas  (46)  refer  to  the  relatively  great  thickness  of  the 
cranial  wall  in  the  Australian  skull. 

6.  Origin  of  the  West  Scottish  Skull  Type. 

In  the  course  of  my  investigations  into  the  characters  of  this  Scottish  series  of 

crania,  I  was  impressed  by  the  remarkably  close  resemblance  they  presented  in  their 

general  proportions  to  those  of  illustrations  I  had  seen  depicting  crania  obtained  from 

long  barrows  in  various  parts  of  the  country,  generally  referred  to  as  "long-barrow 
crania,"  and  to  Professor  Bryce's  skulls  from  the  chambered  cairns  of  Arran ; 
especially  was  this  the  case  in  the  series  of  plates  in  Biometrika,  vol.  iv,  depicting 

long-barrow  crania  from  the  collection  of  the  University  of  Oxford,  described  by 
Schuster.  The  present  series  of  Scottish  skulls  also  presented  an  exceedingly  close 

resemblance  in  their  general  form  to  the  series  of  crania  described  by  Macdonnell 

and  known  as  the  Whitechapel  English  crania,  which  the  latter  regards  as  the  typical 

skull  of  the  Londoner  of  200  years  ago. 
Macdonnell  was  convinced  that  the  skulls  which  resembled  his  series  most 

closely  were  the  long-barrow  skulls.  Schuster  (62)  gives  some  measurements  for 

the  principal  dimensions  of  the  series  of  long-barrow  crania  in  the  museum  of  Oxford 

University,  and  I  have  made  use  of  some  of  his  measurements  and  placed  the  corre- 
sponding values  in  the  Scottish  series  alongside  for  comparison.  From  the  table  it 

is  quite  evident  that  the  present  series  of  male  Scottish  skulls  in  their  general  pro- 
portions are  not  far  removed  from  the  long- barrow  crania,  and  are  undoubtedly  of  the 

same  type.  Their  difference  from  Turner's  collection  of  crania  containing  specimens 

from  the  whole  of  Scotland — although  principally  derived  from  the  south, — especially 
in  regard  to  mean  maximum  breadth,  has  been  already  described  at  sufficient  length. 
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Table  LVI. 

Male. Female. 

Scottish  (100). Long  Barrow. 
(Schuster.) 

No. 
Scottish  (100). Long  Barrow. 

(Schuster.) 

No. 

13 
12 
12 

11 

12 
8 

L 
F 
B 

B'
 

H 
OH     . 
LB      . 
100  B/L 
100  H/L 
100  NB/NH 
P 

189-18  mm. 
187-97    „ 
140-7      „ 
97-48    „ 

133-71    „ 
11811    „ 

100-96    „ 

74-4 
70-7 
45-58 

87° 

190-6  mm. 187-1    „ 
142-4    „ 98-9    „ 

137-8    „ 
120-7    „ 
101-9    „ 

74-9 

72-7 
49-0 

83°
 

16 

17 18 
16 
12 

177-97  mm. 

135-16    „ 
9266    „ 

125-01    „ 

93-82 
76-03 
70-31 
46-77 

182-6  mm. 184       „ 
138-6    „ 
94-1    „ 

135-1    „ 

118       „ 

96-8 

76-3 

740 

49-1 
Are  the  skulls  in  this  series,  then,  to  be  regarded  as  those  of  descendants  of  the 

primitive  people  whose  skulls  have  been  found  in  the  long  barrows  and  chambered 

cairns,  who  have  remained  isolated,  as  it  were,  and  practically  uninfluenced  by  the 

influx  of  invaders  of  different  races  who  have  had  such  an  influence  in  producing 

diversity  of  cranial  form  in  the  Eastern  parts  of  Scotland  and  England  ? 

I  was  led  to  investigate  the  subject  further,  and  to  that  end  have  consulted  many 

contributions  of  various  authorities.  We  find  that,  between  forty  and  fifty  years  ago, 

Thurnam  (63),  investigated  the  characters  of  the  crania  of  the  long-chambered  tumuli, 

or  long  barrows,  and  found  there  a  long-headed  or  dolichocephalic  type  of  skull, 
whereas  in  the  round  tumuli  and  short  cists  of  Scotland  were  the  remains  of  another 

distinct  stock,  round-headed  or  brachycephalic  ;  and  so  constantly  was  this  found,  that 

his  phrase  "long  barrow,  long  skull;  round  barrow,  round  skull"  may  almost  be 
regarded  as  an  unfailing  law.  He  believed  that  the  dolichocephalic  type  was  the 

forerunner  of  the  brachycephalic  type  which,  having  come  from  Belgium  and 

France,  had  conquered  the  earlier  type  and  had  in  part  displaced,  in  part  mixed  with 

it,  as  appeared  from  occasional  admixture  of  the  two  types  of  crania  in  round  barrows. 

The  later  round-headed  type,  which,  according  to  Thurnam,  was  the  Celtic,  finally 
became  dominant. 

It  is  important  to  note  that  the  primitive  long-headed  stock  was,  and  is  still, 
regarded  as  immigrating  from  the  Iberian  Peninsula,  and  was  hence  called  the 

Iberian  stock.  Sergi  (58)  has  examined  the  skulls  from  these  British  long  barrows 

and  compared  them  with  ancient  and  modern  Mediterranean  skulls,  and  believes  that 

the  primitive  Mediterranean  stock,  having  occupied  the  Iberian  Peninsula,  invaded 

France  and  then  Britain,  constructing  tumuli  for  its  dead  wherever  it  took  possession. 

Osteological  remains  of  this  Neolithic  people  are  distributed  all  over  Britain  from 
end  to  end,  but  are  most  numerous    in   the   south-west.     As   Professor  Bryce  has 
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demonstrated  from  the  distribution  of  their  sepulchral  monuments,  they  seem  to  have 

entered  Scotland  from  south  and  west.  The  round-headed  or  Alpine  (Ripley)  race 
entered  Scotland  from  south,  and  east.  The  earliest  comers  buried  their  dead  in 

short  cists,  and  introduced  the  beaker  type  of  urn.  As  has  been  demonstrated  by 

Reid,  Low,  and  Bryce,  they  were  short  and  highly  brachycephalic  in  skull  form. 

The  later  invaders,  according  to  Wright,  founding  on  his  observations  on  the  skulls 

from  the  Yorkshire  round  barrows,  were  already  mixed  before  their  arrival  with  a 

long-headed  stock. 

This  round-headed  influx  is  stated  to  have  overrun  England  and  every  part  of 

Scotland,  but  not  Ireland.  The  question  arises — Did  it  reach  the  west  of  Scotland, 

the  part  furthest  removed  from  the  landing-place  1  Archaeological  evidence  clearly 
proves  that  it  did,  though  probably  it  did  not  overrun  the  west  to  the  same  degree 

as  the  east  of  the  country. 

There  is  another  point  to  consider,  however.  We  must  not  forget  the  Teutonic 

invaders  from  Denmark,  Germany,  and  Scandinavia  in  the  ninth  century,  who  settled 

down  amongst  the  natives,  and  descendants  of  whom  we  find  all  over  Britain  to-day. 
The  head  form  of  these  invaders  was  dolichocephalic,  and  quite  similar  to  the 

prevailing  type  in  the  parts  of  the  British  Isles,  where  the  Mediterranean  substratum 

had  maintained  its  position  previous  to  their  arrival. 

Apparently  the  collection  of  crania  forming  the  present  series  of  Scottish  skulls 

may  either  be  representatives  of  the  Mediterranean  stock  or,  on  the  other  hand,  may 

represent  those  of  a  colony  of  Teutonic  invaders  ;  they  are  Mediterranean  in  their 

dolichocephaly  but,  unfortunately,  just  as  much  Teutonic  in  that  respect. 

It  must  be  apparent  that  it  would  be  very  difficult,  in  fact  impossible,  to  decide 

such  an  important  question  from  the  evidence  supplied  by  the  skulls  alone,  but  the 

evidence  of  place-names  and  physical  traits  strongly  points  to  the  conclusion  that  in 
the  west  the  prevailing  type  owes  its  origin  to  the  earlier  invaders,  not  to  the 

Teutonic  settlers.  We  therefore  conclude  that  the  present  series  of  skulls  derived  from 

the  Glasgow  district  are  to  be  regarded  as  those  of  descendants  of  the  Mediterranean 

or  Iberian  stock,  represented  in  a  primitive  form  in  the  long-barrow  crania,  and  not 
as  descendants  of  the  more  recent  Teutonic  invaders.  They  seem  to  have  established 

themselves  in  this  region  at  a  remote  period,  and  have  preserved  their  skull  form 

practically  unaltered. 

The  present  series  of  skulls,  as  the  comparison  with  Turner's  series  demonstrates, 
represents  only  one  type  of  skull  prevailing  in  Scotland.  The  mean  values  are  not 

national  but  local  values  ;  but  none  the  less  the  type  represented  is  probably  the 

great  basal  national  type  which  has  remained  rather  purer  in  the  west  than  in  the 

east,  where  it  has  been  affected  to  a  larger  extent  by  the  early  intrusive  brachy- 
cephalic element. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.  9).  63 
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454  A   CONTRIBUTION   TO   THE  STUDY    OF  THE   SCOTTISH   SKULL. 

DESCRIPTION   OF   PLATES. 

Plate  I.  A  typical  male  skull  from  five  different  aspects :  norma  lateralis,  norma  facialis,  norma 

occipitalis,  norma  verticalis,  norma  basalis. 

Plate  II.  A  typical  female  skull  from  five  different  aspects :  norma  lateralis,  norma  facialis,  norma 

occipitalis,  norma  verticalis,  norma  basalis. 

Plate  III.  A,  A  typical  male  skull :  norma  lateralis  and  norma  verticalis  ;  B,  a  typical  female  skull : 
norma  lateralis  and  norma  verticalis. 
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TRANS.  ROY.  SOC.  EDIN.,  VOL   LI,  PART  II  (NO.  9) 





m*.  Roy.  Sx.  £din..  Vol.  LI.j 

SERIES    "K." 

Number. 1 2 3 4 5 6 7 8 9 10 11 

12 

13 

14 

15 16 17 18 19 20 21 22 23 24 25 26 27 28 

29 

30 

31 

32 

33 34 35 36 

37 
38 

39 40 41 

42 

43 44 45    1    46 

47 

43 

Age         ...        . 
Sex M. M. M. 51. 51 11. SI. M. SI. 51 M. si. M. 

.11 

M. 

SI. SI. 

M. M. SI. SI. 51. 

M. 

M. M. SI. 

SI. 

SI. 

SI. 

31. 

51. 

M. 

SI. 

SI. 

SI. SI. SI. SI. II. SI. 

SI. 

SI. 51. SI. SI. 

SI. 51. 

SI. 

Cable  capacity 1470 1490 
1610 1410 

1630 1380 1440 

lo'NI 

1160 

1470 

1640 

i:ao 
1480 

1670 
1510 

1490 

1470 1290 
1300 

1520 

193(1 

1580 

1450 1550 1390 

1360 

1590 1680 
1440 

1420 

1560 

1380 

1410 

1450 

14411 

1330 

1550 
150(1 

1420 

157(1 

1520 

1500 

1730 

1-1 10 

1470 

1430 1710 

1470     1 

GrlabeUo-occipital  length 
183 192 198 

187 

191 181 

186 

182 196 

'    189 

191 

182 187 

200 

189 

188 

189 179 184 193 198 

190 195 

189 191 189 190 199 182 187 

188 

181 189 178 183 190 186 198 181 189 

200 

186 

195 

190 181 

186 

200 

185 

Ophrvo-oceipital 
187 190 

195 

184 190 183 183 180 193 

185 

1SS 179 

185 

197 

187 188 

188 178 181 

192 

197 188 

193 

188 192 169 188 198 179 185 

187 

181 

187 

179 181 

186 187 197 

181 189 198 185 193 188 180 181 200 

183 

SlaxiinuiQ  breadth 
140 

142 148 144 141 138 138 

138 

140 

136 

144 

111 144 149 138 

143 

140 131 135 

145 

152 

140 

135 

141 

142 132 144 

140 

142 133 

110 

141 

145 

111 

138 
136 

142 

145 

139 139 136 141 

115 137 

140 133 

141 
136 

Jlinimcun  frontal  breadth 101 103 

95 96 

103 91 100 

97 

101 92 

109 

99 95 105 

95 93 

93 94 96 102 

101 

98 96 91 101 92 

106 

99 99 102 

102 

93 

92 101 94 96 

109 101 

95 

95 95 
95 

93 

96 94 85 103 96 

Ba-i-i-regniatic  height     . 140 140 128 

130 

138 130 139 129 131 135 140 126 

136 

138 

135 

132 

130 

127 132 

135 

139 136 124 131 

127 

132 

127 

141 

124 

123 

140 

133 135 131 131 130 

133 131 

130 139 

136 138 

140 131 131 133 140 

134 

Opisthio-nasal  length 
139 140 132 131 131 134 136 

135 136 

137 

140 

130 

134 

139 133 

135 136 

12S 

135 

148 

137 

144 134 130 132 135 

135 144 129 

133 

142 
134 

138 121 131 135 

137 

134 

127 

111 112 131 113 138 132 

137 

142 

133 

Basi-nasa] 103 109 97 95 98 100 103 98 105 102 102 96 

98 

105 99 99 100 94 100 112 102 109 96 

98 

102 103 102 

107 

99 

97 

104 

98 104 94 102 100 100 102 

93 

105 

107 

101 106 102 98 104 

106 

99 

Basi-alveolar 90 93 91 86 

93 
97 

94 93 103 

99 

98 87 92 

96 

90 93 94 94 92 107 92 100 91 93 99 98 96 99 

95 95 

101 

92 95 83 91 

97 

93 

96 87 

105 

97 91 98 100 

97 

93 98 92 

Xasi-alveolar       „ 

75 

75 

73 70 

77 

74 

75 

67 

71 

68 

70 

72 78 78 72 

72 
70 

70 

75 79 

73 

72 72 

71 75 71 

75 71 
68 64 

75 

65 

70 

68 

65 65 

67 

73 

70 

70 

70 73 

76 

75 75 

72 
74 

78 

Maxillary-facial  index  (ft) 

5B-6 
630 

58-4 
55-1 59-2 61-6 56-8 52-7 

52-9 

53-9 

52-2 

53-7 

61-9 

57-3 
53-7 

56-2 

55-1 
58-3 

57-2 
55-2 

55-7 

66-6 

58-5 
55-4 55-5 

55-4 

551 

550 

50-3 50-8 

56-8 

52-4 
51-4 

55-2 

51-5 
50-0 

50-7 

57-1 

56-0 

63-8 
02-6 

59-3 

09-3 

55-5 

r.'.i-r. 

58-5 

60-6 

60-1      ( 

InterrvL-oniatie  breadth 128 119 

125 

127 130 120 132 

127 

134 

126 

134 134 

126 

136 

134 128 127 

120 131 143 131 

127 

123 

128 

135 128 136 

129 

135 126 132 124 

136 

123 

126 130 

132 

127 125 

130 

133 123 

128 135 

126 

123 

122 121) 

Maxillary-facial  index  (£-} 

84-2 89-2 86-9 78-6 
78-5 

84-1 
78-1 

761 

72-4 80-L1 
76-9 

80-9 81-2 

75-0 

75-7 

77-4 80-4 

80-4 

73-5 

75-2 80-2 

79-1 

86-7 

77-1 

75-7 

73-9 82-4 

77-1 
70-8 

73-5 

82-4 

75-5 

80-4 

761 

78-3 

67-0 

75-2 

73-7 88-6 

78-0 

76-9 

77-6 

86-3 

72-8 

86-2 

87-8 
85-0 

90-7      1 

Intermaiar  breadth 

89 

84 84 89 98 88 96 88 98 85 91 89 95 104 95 93 

87 

87 1(12 

105 

91 91 

83 

92 99 96 

91 

92 

96 87 

91 

86 
87 

89 

83 

97 

89 99 

79 
86 

91 94 

88 

103 87 

82 

87 

'        66 

In-er-;teph3aic  breadth. 

118 125 

121 

115 125 

108 118 115 120 

114 
123 

115 

119 

128 118 

119 

111 111 

115 

120 135 122 

112 

117 

125 

107 

122 121 

117 

119 

119 117 115 

121 112 113 122 120 

116 

114 

117 

119 119 115 

118 107 

121 112 

Asterionic  diameter 108 

107 

111 115 

104 117 

112 110 

107 

109 110 

105 114 

115 

108 112 111 106 108 

118 119 

11(1 

106 111 110 105 109 

115 109 

107 

117 

109 116 

111 113 112 

107 

101 

106 
113 116 

111 116 108 

llll 

105 

111 

107 

Transverse  base 

118 106 118 115 

118 

110 117 

114 

113 

109 119 119 

119 125 121 

118 

117 113 

ill 124 117 122 108 

116 

114 112 118 121 

119 

119 

115 113 

123 

114 117 115 

120 

112 113 

118 123 

115 

121 

117 117 113 

114 111 

Length  oi  foramen  magnum 38 35 35 

36 
35 

35 36 38 

31 

36 40 36 38 35 35 

36 

35 36 38 3S 36 38 39 35 

30 

35 34 40 31 36 39 37 36 

29 
35 

36 38 

34 

35 38 36 33 

39 

37 

30 

36 36 

38 

Nasal  height  . 

52 

55 53 50 55 

50 

55 

46 

53 

50 
51 53 

51 

56 55 

51 

49 19 54 56 55 53 

50 

50 

52 50 

65 52 

50 

45 

54 

45 56 49 51 

47 

63 60 

60 51 

47 

85 68 

62 

06 

53 

61 

63 

breadth 22 24 21 

22 

22 24 

25 

24 26 

26 25 

23 24 23 24 

24 23 

23 26 

24 
23 

21 

23 22 23 

24 

24 22 

24 

24 23 

23 23 21 23 24 22 

23 

24 22 23 

25 

24 23 19 21 21 21 

Orbital  height  (R.) 34 

36 

34 35 

32 34 

35 

30 30 31 

35 

35 

35 

32 33 

31 

34 

34 32 

36 

36 

33 

31 32 

34 

31 

37 31 

32 

32 33 31 35 33 33 30 35 33 33 32 33 

31 

34 30 

31 

34 

35 

37 

„       (L.) 

34 

37 

34 

35 

33 34 35 32 29 31 35 35 

34 32 34 

33 34 34 32 37 35 34 

31 

32 

34 

32 37 31 32 32 32 31 35 33 32 

30 

35 

33 33 

32 

32 

31 

33 29 31 34 36 

37 

..       breadth  (R.) 40 38 38 38 38 40 40 38 40 40 41 10 39 39 38 41 38 

37 38 

44 10 39 40 38 

39 

38 41 40 

37 

39 40 36 40 37 38 39 40 

37 
49 47 

41 37 38 

38 

39 38 42 

-1(1 

..       M 40 39 39 

39 

37 

40 

40 

38 40 40 42 S9 39 39 38 41 39 37 38 43 43 39 40 38 

39 

38 42 

40 

37 

39 

39 

36 40 37 40 37 38 

37 

38 37 

41 

37 37 

38 

:ri 

38 

43 

39 

Palatal  length  (F.) 48 48 48 48 56 55 50 51 56 

51 

55 10 

52 

48 49 50 

47 

50 50 55 

51 
51 50 

16 

52 
51 52 

48 

54 

47 

55 48 

50 

46 

50 

51 

51 

51 

48 

54 

49 49 

52 52 

55 51 

60 

5-2 

index 

72-9 

75-0 

75-0 72-9 69-6 

70-9 

80-0 

72-5 

66-0 74-5 

67-2 
74-0 

73-0 87-5 
71-4 

76-0 
78-7 

700 

82-0 

70-9 

64-7 

80-4 

72-0 80-4 

73-0 

74-5 

78-8 

87-6 
77-7 

80-8 

61-8 

79-1 

80-0 
67-4 

82-0 

84-3 

82-3 

78-4 

81-2 

68-5 

81-6 

71-4 73-0 75-0 

67-2 

Oli-li 

66-0 

65-3      ( 

„      breadth 35 36 

36 

35 39 

39 

40 

37 

37 38 37 !7 38 

42 

35 38 37 35 41 39 33 41 36 

37 

38 38 41 42 42 38 34 38 40 

31 

41 43 42 40 39 

37 

40 35 38 39 

37 

34 33 34 

„      length  (Tcrsep.) 53 50 50 49 56 56 

50 52 

57 53 56 

52 

56 52 52 54 52 53 53 57 55 53 

54 50 

55 53 55 52 55 52 56 49 

50 

48 

51 

51 

52 

53 

51 57 

54 62 
54 

56 

67 

52 62 51 

Palato-maxillarv  index  . 
101-8 

116-0 114-0 
112-2 

107-1 103-5 1260 

119-2 105-2 111-3 
ll.is-9 

liil'-O 
114  3 

126-9 

117-3 

1111 

1(190 

109-4 124-5 
108-7 

90-9 

122-6 103-7 

116-0 
109-0 

1150 

101-8 
130-7 101-8 119-2 

100-0 120-4 
106-0 

102-0 
125-4 

125-1 

1211 

122-6 
113-7 

112-2 

116-0 

109-6 

122-2 114-3 

98-2 

105-7 

109-6 

101-8     1 

Palatal  breadth'      . 
54 58 57 55 60 58 03 

62 

60 59 61 

57 

64 

66 01 60 57 

58 

66 

62 50 

65 56 58 

60 

61 56 68 56 62 56 59 53 49 

64 

64 63 65 

58 64 63 

67 

66 64 

56! 

55 57 

651 

Horizontal  circumference 525 

530 

obi 

526 540 513 523 515 542 520 510 518 523 556 633 530 

532 

505 

512 

513 563 

530 

537 

530 

538 

520 

540 546 523 

525 

532 515 

530 

513 514 

522 

535 

510 020 

527 

543 

525 615 529 515 510 045 518 

Ophrvo-oe'-ipital  circumferent e 525 

532 542 

523 

538 

512 517 510 529 513 534 

5(18 

518 549 530 

529 525 

501 
5(16 

535 563 528 526 528 539 519 5311 544 515 519 

530 511 528 

515 513 515 532 

:,!" 

510 

528 531 

5211 

641 519 

615 504 

548 

512 

Arch  to  base  ratio  . 

2-73 2-76 
3-03 

2-92 

3-05 
2-70 

2-77 
2-67 2-85 2-75 

2-78 

2-78 

2-81 

2-97 

2-93 2-35 

2-80 

2-86 

2-7(1 

2-50 
3-00 

2-58 
2-82 

2-96 

2-90 

2-81 2-84 

2-80 

2-84 

2-76 

2-67 

2-75 
2-76 3-08 

2-72 
2-79 2-76 

2-94 

2-97 

266 

2-78 

2-93 

2-71 2-72 

2-81 

2-68 

2-77 

2-781    ! 

Sagittal  arc     . 380 387 400 383 400 

363 

377 361 388 

376 
390 

3J2 

377 

-113 

390 385 382 367 365 370 

412 

372 388 385 363 

380 

384 

404 

367 

367 

380 

369 381 

373 

365 377 

379 

394 378 375 396 

385 

-,,._, 

376 

372 

367 

398 

.'ISO 

Frontal  segment     . 

135 

130 

162 140 

135 

121 

137 

123 134 

125 132 122 

138 150 130 135 125 132 133 125 

145 

130 

137 

136 133 131 

138 

111 

130 123 

142 132 

140 

130 126 133 

Ml) 

137 

133 

130 130 

132 133 129 

125 125 

112 

128 

Parietal 135 143 

128 127 135 

129 

123 117 136 120 133 128 

119 

135 

132 130 135 116 125 120 

133 

127 

126 

126 127 

126 

130 131 125 

131 

111 120 

117 117 125 

120 

127 133 

132 

130 141 

138 133 131 126 

120 

120 

137 

Occipital     ., 

no 
114 120 

116 

130 113 

117 

121 

118 131 

125 

112 

120 12S 128 120 122 119 

107 125 

134 115 

125 

123 123 

120 116 129 

112 

113 

124 117 124 

126 

114 124 112 121 113 

115 

124 116 126 

116 

122 117 136 115 

Transverse  arc 313 

332 

318 

315 

321 

295 315 297 315 

312 

:;-:! 3118 

312 328 

313 

308 

309 300 

298 321 344 

310 301 312 

313 

297 307 

322 312 

303 

321 

315 

310 

309 

303 

303 
317 

315 308 308 302 317 

319 302 

315 

295 

325 308 

Cephalic  index 

74-5 
74-0 

74-7 

77-0 
73-8 

750 

71-2 

76-8 

71-1 

72-0 75-4 

77-5 

770 
745 

73-0 
76-1 

74-1 74-9 
73-4 

75-1 

76-8 

73-7 
69-2 

74-6 74-3 69-8 75-8 
70-4 

78-0 73-8 7-1-5 

77-9 

76-7 

80-9 75-4 71-6 

76-3 
73-2 

76-8 
73-6 

08-1.1 

75-8 

71-1 

721 

77-3 

71-6 

70-5 

73-5     ; 

Height  index 

74-5 
72-9 

64-6 
69-5 72-3 70-7 

74-7 

70-9 

66-8 71-4 
73-3 

692 

72-7 

69-0 71-4 
70-2 

63-8 

70-9 

71-7 

69-9 70-2 71-6 

63-6 
69-3 

66-5 

69-6 66-8 

70-9 

68-1 

05-8 

71-5 

73-5 

71-1 

73-0 71-6 

66-4 

71-5 
66-2 

71-8 

73-6 

68-0 

74-2 

71-8 68-9 

72-1 

71-5 

70-0 

72-1      ' 

!     .           sadth  index 

100-0 
98-6 

86-4 90-2 
97-8 91-2 100-7 

93-1 
93-5 

99-2 

972 893 

94-4 
92-6 

97-8 
92-3 

92-8 

94-7 

97-7 

93-1 
91-1 

97-1 

91-8 

92-9 89-4 

100-0 

88-2 

100-7 
87-3 

891 

100-0 

94-3 93-1 90-9 94-9 

95-5 93-6 

90-3 93-5 

11(00 

1O0-0 
97-8 96-5 

9511 

93-5 

100-1) 

99-2 

98-5    11 

Nasal  index 

42-3 43-6 
39-6 44-0 

400 

48-0 
45-5 

52-2 19-1 52-0 

49-0 

434 

171 411 

4.3-0 

47-1 

46-9 

46-9 
18-1 42-9 

41-8 

396 
460 

440 

44-2 
48-0 

43-6 

42-3 

480 

:,:(.; 

511 

41-1 
42-9 15-1 

51-1 

41-5 

41-8 

1811 

431 

48-9 

45-5 

ll-l 
11-2 31-5 

39-6 

41-2 

39-6      1 

Orbital    .. 

85-0 

94-7 

89-5 

921 

S4-2 85-0 

87-5 

78-9 
75-0 

77-5 

evi 

87-5 

89-7 92-1 

,8i;-,8 

82-9 

89-5 

91-9 

84-2 81-S 

90-0 

81-6 
77-5 

84-2 
87-2 

81-0 

90-2 

77-5 

80-5 

82-1 

82-5 

86-1 

87-0 

89-2 
86-9 

76-9 

87-5 

89-2 
81-6 

86-5 
80-5 

83-8 

89-5 
78-9 

87-2 

89-5 

83-3 92-5      ' 

Alveolar  .... 

87-4 85-3 
93-8 90-5 94-9 97  0 

91-3 94-9 
98-1 

97-1 

96-1 

906 

93-9 91-4 

90-9 

93-9 

94-0 
1 00-0 

92-0 95-5 90-2 
91-7 

94-8 
94-9 

97-1 95-1 

94-1 

92-5 

96-0 

97-9 

97-1 

93-9 

91-3 

88-3 92-2 

97-0 
93-0 

94-1 
93-5 

100-0 

90-7 
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00-0 

102- 1 
900 

I'S-n 

88. 1 

l'2-li 

93-0 
78-7 

03-0 

980 

939 

91-9 99-1 

80-3 

"l-i. 

92-5 

89-8 

98-9 

97" 

101-0 

93-1 95-3 
92-2 

94-8 

93-6 
91-9 

1011 

92-2 

920 

97-8 H2-5 

98-0 

96-4 

'US 

HI-- 

lis-,, 

H7  1 

'-11  2 

',,-1 

,,.,  | 

92- 1 
93.2 

.,.,.., 

'111! 

"li 

H7  1 

99-0 

103' 

115° 151° 
103" 

103° 

152" 100° 

III 

100° 
115° 

1-16° 

112° 

151 

155° 
155° 

111' 

104° 

lln 

149° 

I'll 

150° 
119° 

151°
 103° 

148°
 

152° 
160° 

163° 

153° 

145= 

116' 

152° 

144° 

170°
 

147° 

111' 

151, 

157 

II"- 
137° 

167° 

150 

161" 
153' 

150 

183' 

1.51 

1.,: 

■ 

1.12' 117' 

S18 

-,, 

80°
 

81°
 

92°
 

80°
 

80°
 

80°
 

83"
 

87°
 

67°
 

80°
 

70° 

87°
 

S3°
 

92° 

72 T
 

77°
 

77"
 81°

 
91. 

88°
 

SO' 
91°

 

90° 

79°
 

'   84° 

88°
 
90° 

•f!4° 

83°
 

79°
 
85°

 
85°

 

95°
 

83°
 

8.5"
 

90°
 

95'
 

7'- 

79°
 

83°
 

w 

si 

88' 
83°

 

90 

81 

m - 
in:,' 

1  ,1, 

113° 
136" 

102° 100° 
101° 

149° 

113° 
155° 

135° 
118°

 112° 

109° 

111° 

146° 
119° 

151' 

112°
 151° 

153° 
144° 

HI" 

144° 

156° 141°
 

148° 155° 153° 

142°
 

143° 

141° 142° 

137° 

166°
 

150° 

151= 

151° 

167° 187' 

112" 

115° 165° 117" 

1 16" 147° 

168° 

151*
 

■ 
l.nl 

Ill
* 



Tram,  Roy.  Sac.  Sdin.,  Vol,  LI. J 

SERIES  "  C." 

Number. 1 2 a 4 5 e 1 8 9 10 11 12 

18 

It 

15 16 17 

18 

ie 20 21 22 23 24 25 28 

27 
28 

29 
30 

31 32 

33 34 35 36 37 

88 
 ' 

39 

40 

41 42 

43 

44 45 46 47 48 

49 

M 61 52 63 54 

66 

68 57 

58 

69 

0) 

Ag. 
Sex   

F. 
F. 

F.
' 

M. 

F. 

F, 

1. 

M. 

F. F. 
F. 

F. 

F. 

1-'. 

F. 

F. 

F. F. F. F. F. D. 

D. 

M. 

D. 

F. F. F. F. F. F. F. 

M. 

F. F. D. 

F. 

F. 

F. 

D. 

D. 

J. 

F. 

F. 

F. 

F. 

F. 

P. 

F, 

V. 

1030 

n D. 
[200 

1711 

170 
130 

P. 

Ill  in 

l'\ 

l.'KNI 

171 

176 

112 

08 

F. 

1200 

IliT 

li)7 

111 

H!l 

L22 

119 

89 

88 
00 

03-7 

121 

7:111 

l<\ 

[300 

IK', 

iMr, 
[39 

'.12 

128 

132 
100 

'.il 

08 

68-1 

117 

HO -n 

D. 
1200 

181 
180 

183 

ill 

131 
130 
99 

95 
00 

IK-7 

Cubic  capaoity        . 

Glabollo-ocoipital  length 
Ophryo-ocoipital       „ 
Maximum  broadth 

1200 1330 1200 
1360 

1460 
1380 1170 1300 

1310 

I 

1-140 

1350 

1260 

1320 
1180 1330 

1380 

1400 1300 1310 
1270 

1410 

14-10 
1290 1210 1230 1370 1330 1180 1200 

ii  li- 

1320 

1440 1150 

1230 1310 

1270 

1270 

1350 

1170 

1330 I3'.BI 

1210 

160O 

1260 

Mm 

I'joo 

1360 

[240 

l.   

IHI 

181 

ISO 

'.il 

133 

127 

1400 

IH2 

IN;! 

Ill 

'.10 

121 
12Q 

1)1 

87 

01 

01 1'8 

1 
13 178 178 

170 190 

IBM 

177 180 

180 

179 173 179 180 179 174 

170 

179 

177 

178 

179 

177 173 186 

180 

179 173 

175 

172 

180 165 176 

no 175 

187 176 178 186 

172 179 186 

175 181 177 

172 183 180 182 161 

103 

17'-' 

IH] 

I7« 

177 

1.11 

178 178 
175 190 180 177 181 

180 

179 173 180 180 

179 

17-1 

170 

179 178 

177 

179 178 173 187 

186 

179 173 

175 

172 160 

165 177 

170 176 187 

176 

177 186 172 179 185 

170 181 177 

172 181 

180 

163 182 

108 172 

IKH 

IB2 
139 
81 

127 

127 

127 132 

137 

136 113 138 

132 

132 135 140 143 135 

128 

138 

131 

133 

137 

141 131 132 132 139 134 142 131 134 

140 

131 132 131 132 133 141 

125 

133 

136 
129 125 140 

129 131 134 

136 

138 132 

138 

131 
132 [30 

1311 

Minimum  frontal  breadth 02 91 94 

98 

91 87 92 90 91 93 98 90 92 93 90 92 

99 

93 

95 

99 100 92 95 100 92 92 

87 

92 89 86 

91 

98 98 

91 

91 

95 

88 89 

90 

87 90 

97 

92 

101 

94 

go 

90 

HI 92 

97 

01 

'Ml 

121 
[22 

Basi-brcgmatio  height    . 
Opisthio-nnsnl  length 
Basi-nosal            „ 

121 
129 

125 

122 128 120 125 

133 127 126 

129 126 123 121 120 133 132 128 130 128 129 133 130 129 

129 123 128 127 125 127 

123 129 

125 

120 119 

127 

124 122 

123 

119 131 130 

117 

134 123 131 121 

I'ju 

123 

124 

13-1 

120 
129 129 127 

120 

128 130 129 

126 125 

131 128 

130 

130 122 130 133 

127 

124 133 

135 

134 

125 

126 131 

123 127 124 118 125 

130 127 123 124 

126 135 117 

130 

124 

125 

132 

132 

122 129 

126 127 

128 121 120 13] 128 102 
95 

95 

95 01 91 95 95 

97 
95 

93 90 91 

96 

91 91 

96 

98 

96 
95 

99 

101 

101 92 94 99 93 

93 

93 88 92 

95 
93 92 

91 93 

97 

68 95 

92 92 100 98 90 94 

93 

31 

97 

91 

80 

09 

98 

'.il 

91 03 

til 

80 

06 

OO'O 

Ba9i-alvcolar 88 

80 

89 

96 

88 

80 89 89 90 94 92 

82 

99 

87 

66 

84 

90 

89 

90 

90 

103 99 86 91 

96 

851 90 93 84 89 92 82 88 80 83 

92 

81 91 91 

95 87 

91 

87 

85 
97 

89 

60 

eo 
80] 

4;, 

87 

90 

80 

ill 

81 
Nosi-alvoolar 

05 

07 

58 

67 

63 08 04 71 

67 

64 

71 

70 

65 

01 65 

62 

65 65 60 

71 
63 

68 

63 

69 04 68 67 

70 

64 

69 

66 08? 

70 

68? 

72 
71 

62 

02 

67 66 74 06 

621 

68 66 05 00? 
00 00i 

III! 

76 00 01 

Maxillary-facial  index  (a) 

67-0 58-2 48-7 
60-3 53-8 

68- 1 
53-7 

50-3 00-3 52-9 64-6 68-3 56-0 5H-4 

66-5 
03-8 52-8 

56-5 
51-7 

68-2 

52-5 
56-6 

53-3 

58-4 

02-4 

581 

56-3 

62-5 

55-6 

6II-D 

57-3 61-1 
58-8 

59-1 

69-0 

68-6 62-6 56-3 

69-3 
55-9 

62-7 

57-0 

64-3 

57-1 
65-1 

60-5 
07-3 

184 
686 

BO-fl 

03-0 

tvi-n 

60-1 

04-2 

0 
Intorzygomntio  breadth 114 lie 119 110 

117 117 

119 120 119 121 130 

120 

116 

121 115 

115 

123 

116 116 

122 

120 

120 118 

118 

122 

117 119 

112 

115 115 115 

125 119 

115 

122 
121! 

118 

lln 

113 118 118 

118 

111 119 119 

117 
110 

Mil 

111 

Mil 

110 [19 

1  hi 

1  IK NO 

73' 8 

[20 

70'3 

Maxillary-facial  index  (5) 

73-3 
78-8 

09-0 

77-n 

7-1-1 

82-9 
81-0 70-3 

77-0 70-3 

84-0 

78-6 
75-5 

76-3 81-2 

75-0 77-3 
75-5 68-9 82-6 

72-4 
79-0 

80-7 

78-4 

76-1 79-0 

78-8 82-3 

74-4 
81-1 

78-5 

76-1 

78-6 
86-0 

79-1 
81-5 75-6 70-6 

80-7 
750 

88- 1 

81'9 

72-9 

78-1 

73-3 

Bl-I 

78-6 

71  HI 
70-0 

72-0 

83  .M 

77-3 

76-3 

7K-II 

08-9 

' 
Intormalar  breadth 83 80 83 

87 

85 

82 79 

93 87 91 

84 89 

86 SI 

80 

82 81 86 

87 

86 87 

86 

78 88 84 86 85? 85 86 

85 

84 

89 89 79 91 

64 
82 

81 

83 

88 

81 83 85 

87 

go 

77 

84 m 

80 

HI 

00 

84 80 82 KH HI 

89 

80 

87 

111 Inter-stophnnic  breadth 108 

118 

118 120 123 

108 

111 115 118 115 

120 

113 111 

116 109 

113 121 119 

115 

112 118 

115 117 

124 114 

111 114 117 113 108 

107 

117 116 

111 104 119 112 111 119 

107 110 

115 HI 

116 

112 

Mil 

II. 

119 

no 

132 

1  IK 

112 116 107 127 

110 

117 

101 

118 

Asterionio  diameter 
104 

100 100 

112 

109 

105 

109 

110 102 

106 lll« 102 102 

106 

101 

107 

107 101 

99 

108 

106 
110 

111 111 106 104 

106 
105 

99 102 108 110 

106 

104 103 

105 

96 101 

100 

101 

103 105 102 107 107 107 

103 

[00 

101 [07 100 

In.: 

105 108 103 

112 

llu 

100 
Transverse  base      . 

105 
111 110 

108 107 

110 

111 

112 

110 113 118 109 

107 

111 108 

105 115 

102 

105 

109 110 112 111 

108 108 

105 no 107 

107 108 

110 112 no 

107 

HI 

110 

101 

103 

105 

107 

109 110 

107 

109 101 

ma 

1 00 

100 

100 

[00 109 

100 

l<  11; 

108 

107 

[09 

11') 

111 108 
Length  of  foramen  magnum   . 32 

34 

34 33 30 

31 

35 34 33 31 

38 

38 35 

38 

3-1 

35 

38 33 

31 

35 35 35 

35 

35 

33 
32 

35 

33 33 33 

35 

35 31 

33 

35 39 

30 

35 33 33 34 37 

33 
37 

33 

34 

31 32 

31 

99 

34 33 r, 

35 

31 

.11 

31 

35 

32 
Nasal  height   45 01 

45 

18 11 61 

60 

50 19 

15 

16 

49 

47 

18 

47 40 

50 49 43 52 

47 47 47 

51 

44 

48 

62 

50 48 52 

49 

49 

52 

51 53 

46 

43 49 46 60 

„l 
46 

17 

50 

48 

48 43 

40 

51 52 48 

17 

47 49 

47 40 

62 48 
,,     breadth 

21 23 

21 24 22 24 22 23 23 

22 

20 

211 

21 

22 

23 

22 22 21 22 

25 28 
22 

20 

24 22 

23 

24 22 22 23 

22 

22 

25 

22 24 24 

20 

20 

23 

22 

20 20 

24 20 23 

... 

23 21 21 

20 

20 21 21 22 23 21 23 22 
Orbital  height  (R.) 31 33 

28 35 28 

32 31 

36 

33 31 33 35 

30 

34 32 32 32 30 

30 33 

33 33 36 

34 32 

34 32 35 

35 

31 29 

37 
36 

36 37 33 33 

32 

32 30 34 34 31 31 33 32 

■x.\ 

30 

33 

34 

30 32 32 32 

34 

31 

32 

33 

:v\ 

„      (L.)          .        .        . 31 31 

27 

38 

29 

33 

34 

36 33 30 33 35 

31 

33 33 

31 

32 36 30 33 32 33 

36 

33 

32 

34 32 

35 35 

32 29 

36 

36 36 36 32 34 32 32 31 

35 35 

31 

33 

32 

32 

33 30 

:<l 

.'il 

38 32 32 32 31 31 

32 

36 

.Ml 

breadth  (R.) 30 40 35 39 35 36 30 36 30 

36 

39 30 36 

38 

30 37 37 36 36 38 38 

38 

38 36 37 36 

38 36 

34 

34 35 

38 

37 38 39 

38 
37 

37 

36 36 38 38 38 38 38 

.37 

30 30 88 

in 

38 30 

:\<\ 

39 

37 

37 

38 39 38 
.,      (L.)       .        .        . 3D so 35 39 30 30 30 

36 37 

36 38 

10 

37 

38 

36 37 37 36 

37 

39 38 

39 

38 36 

37 

36 38 35 34 33 35 37 38 38 39 

38 37 
37 

36 36 38 38 

39 

38 37 37 30 80 89 

in 

:w 

30 

:iij 

39 37 30 

37 

39 

38 

Palatal  length  (F.) 

47 

40 40 

47 

10 48 

■17 

16 49 

50 

18 

43 51 14 

4-1 

46 

47 
45 45 

50 58 53 45 

49 47 

43! 47 46 44 

50 

49 

441 

50 

44 

43 

51 

42 47 47 

53 

47 

45 

46? 46 

62 

45 

I'j 

43 43 00 45 49 

17 

42 11 

-10 

I'J 

60 

41 
,,      index         .... 

70-5 ea-i 78-2 76-6 80-4 
72-9 

72-3 

82-2 
70-5 

76-0 

79-1 

83-7 

72-6 
M-ll 

86-3 

82-6 80-8 
80-0 

73-3 

70-0 

68-9 66-0 
84-4 

79-5 

70-2 86-0 

80-8 

78-2 
79-5 

74-0 

65-3 

81-8 

72-0 

77-2 

95-3 

70-5 80'9 

76-6 

80-8 

06-11 
72-3 

73-3 

i'.-.-.i 

82-2 

78-8 

77-7 07  '3 

790 
83-7 

70-0 

BfHJ 

03<2 

IIH-0 

85-7 

HO '3 

83'G 

05-.,i 70'0 

02-7 

7 
,.      breadth      .... 30 41 30 30 37 

35 

34 37 

37 38 

38 

30 

37 37 
38 

38 38 

30 

33 38 40 

35 

38? 39 33 37 38? 36 

35 

37 32 36 30 

34 

41 

36 

34 36 38 35 34 33 34 37 

41 

35 33 

:ii 

30 

38 

30 31 32 

30 

.'IH 

,'IH 

32 

38 

32 
length  (Twiner) CI 49 

48 

51 

18 

60 

191 

■49 

51 

51 

52 

to 
51 

47 
46 48 

49 49 43 54 

59 

56 

48 

52 

50 45? 49 

50 

46 

62 

52 

46! 

53 

46 

46 

54 

46 49 

60 

55 50 

48 

481 

47 65 48 01 

40 

'10 

03 47 01 

60 

40 

47 

19 01 
50 

52 
Palato-maxillary  index  . 111-7 

124-1 11-1-5 
117-0 

111-6 
108-0 

97-9 
122-1 

111-7 117-0 
107-6 1 19-5 107-1 

121-2 

131 M 

125-0 

118-3 112-2 
116-6 

1071 

l"3-4 

87-5 

112-5 115-3 

114-0 
120-0 118-3 118-0 117-4 

111-5 

101-9 

130-4 109-4 

11:10 

136-9 

105-5 

12' HI 116-3 

120-11 

1H3-6 
1116-11 

II--; 

1125 1251 

107-2 
112-0 

I..,,, 

122-2 

[08-7 

[OO'O 

r.'.'M 

100-8 

Mn-M 

1 28'H 

123  1 110.3 

ln3'!J 

104-0 

lnl-'.i 

lr 

Palatal  breadth      .... 

57 01 

D5 

oo 

55 

64 

-181 

60 

57 

00 56 55 58 

57 

60 

OO 

58 55! 56 58 61 491 54 60 57 

54 

58 59 

54 

68 

53 

60 

58 

52! 

63 57 54 57 60 67 

63 

67 

54 

58 

69 

'-1 

01 

Dfl 001 

52 

68 00 

,:, 
58 68 57 

03 

62?       53 

Horizontal  circumference 
498 

005 

-197 

630 

612 

601 

606 

515 500 501 614 

610 5O0 

199 

483 503 

505 

510 

499 603 

5i  k  I 

525 

516 517 

489 

494 

496 

504 471 492 484 500 

531 

491 501 518 465 

496 

513 

487 

5115 199 493 

519 

505 

513 

003 

487 

488 

021 

605 

601 

!,'>'! 

509 

502 510 

491 522 505 
Ophrvo-occipitnl  circumference 
Arch  to  base  ratio 

2.00 
2-89 2-74 

300 

2-82 2-82 

2-911 

2-88 

2-77 2-80 
2-78 

2-67 2-81 2-84 

2-69 2-84 
3-03 

2-70 

2-55 

2-90 

2-85 

302 

2-94 2-93 
2-61 

2-81 
2-88 

2-80 

310 

2-77 

3-03 
2-80 2-99 

2-91 

300 
282 

2-78 

2-97 

2-88 

2-91 

305 

2-99 

2'88 

2-78 

■_ 

Sagittal  aro   
306 

373 354 

385 

379 362 

367 

373 

303 

360 

363 

367 

356 

318 

313 370 358 361 376 360 346 383 386 371 

351 

357 363 375 347 367 340 

358 

392 358 353 

370 

305 

360 

376 

353 369 353 

319 

366 

367 

382 301 

3-10 

367 

378 

301 

367 380 370 373 377 
343 

307 

370 

Frontal  segment     .... 

120 120 

125 141 138 

122 133 

132 

1211 

11, 

123 

128 122 119 120 120 118 128 138 130 122 136 130 120 

127 

125 130 129 

127 

135 123 

135 

141 

123 128 126 

125 122 

135 

122 135 128 123 144 

125 127 

120 

118 

129 
120 

132 

126 

128 

130 131 132 

123 

120 

127 

Parietal        ,,                  ... 120 120 119 127 

128 Il-:1 

125 

130 

127 110 127 122 

130 

1:2 

119 133 130 119 113 115 

118 

131 

135 135 

114 
11-5 

122 131 113 120 112 

120 

130 

122 113 

125 

125 

125 127 

116 
125 127 

H  * 

1.3-1 

113 
1.32 

120 

12'i 

IO0 

l:", 

118 

122 

l.'SI 

128 121 

1.30 

112 

127 116 

Occipital   
120 

123 

110 

117 113 

117 

109 111 110 

120 

113 

117 

101 

1-iT 98 

117 

110 114 

125 

115 

105 

116 121 116 110 

117 

111 

115 107 

112 105 

100 

121 

113 

112 

119 

113 113 114 116 

lull 

98! 118 

112 

129 123 112 |H7 122 123 

111 

110 118 112 110 110 

108 

120 127 
Cephalic  index        .... 

71-3 

7-1'! 
77-8 

71-1 
79-1 78-0 73-3 

73-3 70-1 
80-9 

79-9 
75-0 

71-5 

;  ■:; 

77-1 74-3 
77-4 79-2 

73-2 
74-6 

76-3 74-7 

72-0 
79-3 

75-7 76-6 

814 

72-8 

800 

71-4 

77-6 

764) 

75-4 71-0 

74-7 

731 

75-0 

69-8 

75-3 

73-7 

71-0 

75-7 

791 

75-4 

73-3 75-8 

72-4 

78'1 

7111 

713 

70-3 77-3 

73-9 

70-1 

81-0 

77-6 

80 '2 

75-1 
73-0 

7 
Height  index          .... 

09-7 72-5 
710 

01 -2 71-1 71-2 09-4 73-9 
70-9 

72-8 72-1 

700 

68-7 

l,-'5 

70-0 74-3 

74-6 

71-9 72-6 
72-3 

74-6 

71-5 69-9 

721 

74-6 
70-3 74-4 70-6 

75-8 
72-2 

72-4 

73-7 

66-8 

08-2 

66-9 

68-3 

72-1 

68-2 66-1 

1-,8-lj 

72- 1 

.-3-1 

li'-'i 

73-2 

08-3 

720 

11    -■ 

70-0 

70.  9 

QO'3 

70-3 

08-8 

72-3 

09-8 

7.'1 -0 

08' 1 

73-1 

09-2 

72-4 

6 

Height-breadth  index 
97-0 97-7 

91-2 90-3 
89-5 

91-8 
94-7 

Iiki-7 

91-0 

900 

90-2 93-3 

iiii-n 

b;i; 

910 

100-0 
90-3 

90-7 

99-2 96-9 

97-7 
95-6 

97  0 

90-8 98-1 

91-7 

91-1 

96-9 

91-7 

96-9 
93-1 

90-9 

88-li 

■»,ii 

89-4 

'133 

961 

97-6 

87-8 

92-2 

97-7 

97-n 

ni.ii 

■J7-1 

-,i.",- 1 
044) 

'M  i, 

90-  1 

Ktl-7 

89-3 

1000 

88-9 

97-8 

91-3 

89-4 

87-H 

84-7 

02'0 

98-5 

8 
Nasal  index                             .        . 

46-7 
151 

-10-7 

50-0 
53-7 171 

41-0 

10-0 
46-9 18-9 

13-5 

40-8 

51-1 

45-8 

18-9 

■47-8 

44-0 
42-9 

51-2 

181 

59-6 
46-8 

42-6 

47-1 

50-0 

47-9 

16-2 

440 

45-8 
44-2 44-9 

II  ■ 

48-1 

131 430 

15-3 13-5 

46-5 

46-9 

li-a 

mo 

39-2 

I2-5 
164) 

I., 

17'J 

48-8 

48*7 

01-0 

386 

13-8 

41-7 

40 '8 
44-0 

(8-9 

Jfi-7 

44-2 

45-8 

■1 

Orbital     „                               .        . 

80-1 
82-5 80-0 

89-7 

80-0 
88-9 

94-1 
loo.o 

91-7 

86-1 

84-6 

87-5 83-3 

89-5 

88-9 80-5 86-5 

  0 

83-3 80-8 

86-8 

80-8 

94-7 94-4 

86-5 

91-1 
81-2 

97-2 

l".'-'i 

91-2 

82-9 

9H 

97-3 

91  7 

94-9 

96-8 

89-2 

.-',:, 

88-9 

83-3 

89-5 

■-.'15 

61-6 

61-6 

86-8 

..,., 

-l    | 

8.3-3 

80-8 

.-.<> 

HI  7 

88-9 

88-9 
82-1 

91-9 83-8 

84-2 

84-6 

78-9 

8 
Transverse  arc        ...        . 

281 

:«.i 

298 

313 

317 

290 300 303 300 

309 

310 300 287 300 289 

305 305 

308 

301 

296 

295 

310 

295 313 

298 

■JUT 

305 

298 

295 285 288 

S97 

312 381 286 2"5 293 290 

305 

268 302 

3ii3 

28., 

316 297 

31'. 

295 293 

300 

312 

303 295 

309 308 

312 

304 305 

290 

303 5 
Alveolar  index 

92-0 
90-5 93-7 

1021 
96-7 

90-5 
93-7 

91-5 

94-7 

1011 

95-8 

9111 

103-1 

96-6 

94-6 
87-5 

91-8 

92-7 94-7 

97-0 

102-0 

980 

93-5 

96-8 

970 

91-4 96-8 

1000 

95-4 96-7 
96-8 

8J-1 

95-7 87-9 

-2 

94-8 

-.I2'i 

95-8 

98-9 

1"-,-:-, 

FT" 

92-9 

96-7 

90-1 
104-3 

91-7 
92-8 

91-5 

630 

90-0 

88-8 

98-9 

94-5 87-0 93-4 

112-0 

93-9 

910 

90'0 

9 

Da  U.  Youito— (2). 



59 80 61 62 63 64 65 66 67 68 

69 

70 71 72 

78 

74 75 76 77 78 

79 

80 

81 82 83 

84 

85 

86 

87 

88 

89 

90 

91 92 

93 

94 05 SO 07 08 00 100 

D. K. F. P F. F. F. D. 

F. 

F F. F. D. F. J. F. M. D. 

D. 

D. F 1 U. D. 

D. 

J. 
D. 

F. 

F. 51. F. F. 

I' 

li 

1' 

J. 

II. 

D. 

li. 

F. 

11 

M. 
260 Lin 1380 1230 

13211 1430 
1430 

13211 

1410 
1370 1300 1300 1520 

1330 1460 1370 1510 

1260 

13411 

1410 

I33H 

1350 
1200 

1260 

I2'.»> 

1320 1310 1440 1340 1250 

1300 

1310 

1680 1490 

1390 
1160 

1200 1420 

1270 

1310 
181 189 17H 179 

176 175 

179 
181 

IS5 
177 

180 

181 185 179 179 181 179 179 185 181 

1811 

183 

180 

[80 

182 

173 

178 

I7B 179 

187 

172 

180 

182 
1", 

180 IHO 

180 

1711 

INI 

1711 

177 

160 
180 1811 178 178 

176 175 
179 185 185 177 

180 

181 186 179 179 181 

179 

179 185 

180 179 

182 180 179 

182 

174 

179 ITS 

179 

188 

172 181 181 

175 

IH3 

187 IH1 

178 

180 170 170 180 
133 135 135 139 

135 
131 

136 
143 144 134 

143 

140 131 

132 

142 134 142 

137 

144 127 140 139 137 130 128 131 130 132 

l.'l.-i 

143 

137 

131 

no 

Mil 

I3H 112 

131 

131 132 
Hi; 

130 136 

94 93 92 93 92 

97 93 

99 96 

92 

92 94 98 

95 

89 93 93 

99 

95 91 

89 84 

83 

'.17 

93 93 92 

91 

93 90 93 89 hi 

'.13 

',12 

'.IH 

'.Hi 

00 

00 

DO 

68 

91 
131 120 120 118 120 122 124! 

123 
121 121 

126 116 

128 

127 

130 

124 

123 

127 135 

126 128 118 130 131 121 126 132 127 120 132 131 IIH 118 120 130 133 

133 

120 

122 

134 

I'jn 

120 

130 135 132 120 
123 

133 129 132 128 125 

129 

133 132 133 129 131 134 132 130 129 131 124 189 129 125 

125 127 

121 126 131 

126 

121 

I2H 

124 

132 128 132 18! 

127 

120 129 131 
99 98 

95 87 
92 95? 94? 

96 

94 92 92 93 

97 

99 

95 

95 98 98 

95 96 

96 91 

115 

98 

93 

97 

98 91 94 

97 

91 

'.«> 

'J3 

'.Kl 

98 

'.HI 

'.i'.. 

"' 

'.II 

97 

93 

117 

95 90 95 

80 
86 91! 92! 

97 

85 91 

87 

93 91 

91? 

91 

86 

98 

91 85 90 

93 

86 

•III 

90 87 

82 

'JO 

88! 90 89 

80 

H7 

'J2 

'.II 

',1'J 

in 

HH 

96 09 93 

'.in 

94 
60 66 68 60 65 

61 

63 66 

72 

63 

66 

71 

65 67 69 

61 
74 

70 70 65 

69 

62 67 

7" 

70 

02 

70 

64 66 70 

70 

OB 

O'J 

03 

O'J 

00 

71 

73 
70 

60 

09! 

08 

8-7 54-1 60' 1 
60-0 

516 530 

53-8 52-8 
67-1 52-0 52- 1 57-7 

660 

55-8 59-4 

51-7 

60-6 
55-6 68-3 67-0 

67-9 

511-8 

58-2 

60-8 

III  1-3 

62-1 

57-8 56-1 

M- 1 

l,i  IM 

58-3 

69-1 

Ml 

62-6 

,!■,, 
O'l-ll 

ftll-B 03-1 

068 

67-0 

67-9 

00-2 

123 122 113 110 119 115! 
117 125 126 

121 124 123 116 120 116 

118 

122 126 120 114 119 122 

115 

116 116 

119 

121 III 117 

120 

I2u 

116 

IIH 

1211 
12H 

111, 
126 

110 

110 III 

113 

123 

8-9 77-6 83-9 
81-4 77-3 

72-6 74-1 76-7 83-7 
76-8 72-2 

81-6 72-2 77-0 
87-3 

78-2 
79-5 75-2 

83-3 
75-5 

811 

82-6 

77-9 77-7 

85-3 

80  5 

78-6 

73-5 

75-0 86-3 

mil 

82-9 

70,0 

73-2 

71-7 79-2 81, 0 
83-0 

H'J-3 

72-2 

HII 

73-9 

87 85 81 
81 84 

84 85 86 86 82 90! 87 90 87 

79 

78 93 

93 

84 86 85 76 86 DO 82 77 

87 
87 

68 88 

87 

89 

'.in 

86 H3 

H7 

87 

87 

HIi 

911 

H2 

92 
III III 114 124 110 114 

113 
119 116 111 119 

116 117 115 

119 112 120 

117 118 

110 118 

105 

109 111 1117 

116 

112 

117 

113 

III IIH 113 

110 116 121 121 110 113 III 

117 

117 

112 
Kill 102 108 100 103 104 110 111 

107 
104 114 

110 106 

112 

107 

108 111 

110 105 

104 110 

113 

110 101 97 Inl 101 108 

106 

114 101 
lull 

III! 

UN 

Oil 

HI7 
107 

08 101 

mi 

HH 

109 

108 113 108 
99 

108 114 111 
116 116 

113 

117 

112 107 112 112 109 

117 114 110 106 

111 

115 108 1"7 106 

107 

108 

HIS 

110 III III 

IICI 

110 

112 

HI7 

IIIH 

111 mi 

III!'. 

107 

HH 

108 

32 37 37 
34 33 39 43! 36 34 32 38 40 36 34 36 

36 
37 

36 36 35 36 33 36 33 33 33 32 31 

33 

35 36 

31 

30 36 30 33 34 31 

31 

3Ii 

38 

31 

48 52 

47 

48 48 50 46 

47 

51 

45 

52 50 46 

46 

52 48 51 51 60 

46 

50 

48 

48 50 51 46 

48 

62 52 63 65 

60 

62 IB III 

17 

III 

60 

03 

47 

63 

61 

22 24 
21 23 

21 20 22 23 26 221 20 23 25 

24 

22 21 

25 25 26 
22 27 

20 22 22 20 

21 

23 23 

23 

21 

18 

20 

23 22 26 22 26 21 24 

'.II 

20 

24 
:in 34 

33 
34 34 33 33 32 36 

35 

34 

36 

30 34 31 34 32 

32 
33 

31 

32 

33 32 32 33 35 

32 

32 

33 33 

31 

35 33 33 33 31 34 33 
311 

,".|| 

33 36 

31 31 33 
35 

34 

34 32 

32 

35 

35 

35 35 31 34 31 33 33 33 33 33 32 

33 

32 33 33 36 32 

32 

31 31 35 30 33 

.31 

32 30 34 

93 

30 31 33 36 

38 39 38 
36 

38 38 38 40 38 38 40 38 39 37 35 33 38 38 37 36 36 

35 

35 

36 

37 35 

36 

3! 36 39 37 38 

38 

37 37 30 

37 

38 37 

37 

35 

37 

38 39 38 36 
37 

37 38 40 39 38 

40 

38 

40 

37 35 38 38 39 38 36 36 35 

35 

36 37 35 37 36 35 40 37 

38 

39 38 38 

30 37 

38 37 37 

35 37 

41 47 
51 

45 
48 47 51 

51 

49 

60 

46! 

47 47 

43 

47 

48 53 

47 45 

45 50 

43 46 

53 60 

40 

50 12 48 48 

43 

18 00 

60 

47 

16 

43 61 40 47 48 48 

2-7 70-2 64-7 
73-3 66-6 80-8 

70-5 

66-6 

73-4 
76-0 86-9 

78-7 91-5 83-7 76-5 

708 

75-4 80-8 

82-2 

82-2 

72-0 

79-0 

78-2 

07-9 

76-0 
80-0 

76-0 

7*5 

83-3 77-0 

86-0 

72-9 

740 

72-0 71-1 

760 

74-1 

72-6 

64 '7 

71-1 

72-'.l 

770 

32 33 
33 

33 32 38 36! 34 36 38! 40 37 43 36 36 34 

40 

38 37 37 36 31 36 36 

38 

32 

38 

33 

40 37 37 30 37 36 

30 

36 

32 

.17 

39 36 36 

37 

62 48 54 
46 

49 

49 

52 

53 

60 

52 

48 50 

50 

45? 60 

48 

56 49! 48 46 

53 

16 

60 

54 

52 

40 

53 

II 51 

52 

III 

61 

63 

62 

49 

48 18 

61 

00 

49 59 

01 

U 108-3 101-8 110-8 112-2 116-3 
100-0 

101-8 
104-0 

1115 

116-6 110-0 

120 

126-6 

1160 

104-1 

112-5 

122-4 
116-6 

123-9 
100-0 

117-4 

1120 

105-5 

117-3 

132-.-I 

113-2 

IS9-6 

115-6 

111-5 121-7 

107-8 

116  0 II.7U 

Lit  I 

125-0 

r—i 

107! 

120-0 

120-1 

11138 

113-7 

63 521 56 
51 

55 57 
52! 541 

52? 58? 56 55! 60 57 58 

160! 

63 60 56 57 63 64 56 57 

61 53 

00 67 

59 
08 

06 05 61 06 021 60 59 OS 

03 

69 

r,l 

68 

505 621 

2-74 

501 

2-71 

512 

310 

499 

2-81 

495 
508 
2-80 

526 
523 2-86 

500 

2-89 
514 
2-86 

615 2-69 518 509 2-72 513 

611 

2-78 
514 512 

522, 

499 

611 

2-79 

515 510 505 

501 

193 499 

601 

3-01 
509 

2-96 

624 

499 

2-88 

503 

2-93 

516 

2-86 

Mil 

620 

2-91 

620 

513 

I,'I3 

Will 

000 

2'7!l 

6'i 

520 

370 370 358 372 350 344 362 373 
367 

362 369 359 378 362 

371 

365 364 356 386 365 366 374 

372 

368 

367 

350 365 

374 

370 

389 
360 

3111 

367 

300 

385 

386 

372 

300 

365 

300 86! 376 
127 132 131 129 119 

123 
128 

121 
123 

130 

130 

135 

130 

118 

135 122 

126 

123 

135 

123 

124 

130 126 128 130 123 133 

132 

133 110 

I2B 

116 123 

123 136 

130 

137 

126 131 

I2!l 

12-1 

128 

116 125 116 129 116 
102 

119 
121 

130 124 

120 

115 

133 

117 125 

123 

117 117 

135? 123 121 120 122 112 

117 

120 

121 

123 

116 

127 

126 120 

118 

126 113 133 126 115 121 123 

l!'l 

134 

127 113 111 111 115 
119 

115 
121 114 

108 

119 109 

115 127 

111 

120 

121 116 

116 

119 121 124 124 128 120 107 

II! 
119 

121 

122 106 128 

120 

no 

107 

i"". 

III! 

120 

110 IIIH 

III! 113 

3-5 71-4 75-8 77-7 76-7 
74-9 

76-0 
76-9 77-8 

75-7 
79-4 

77-3 70-8 

73-7 79-3 

74-0 

79-3 
76-5 77-8 

70-2 77-8 

76-0 

76-1 75-6 
70-3 

75-7 
73-0 

71-2 

75- 1 

70-6 79-7 

711 

76-9 79-5 

7-1-2 

70-3 

74-4 

73-2 73'3 

77-8 

70-3 

72-6 

2-1 63-5 67-4 65-9 
68-2 

69-7 
69-3 66-1 

65-4 
68-1 

700 
64-1 

69-2 

70-9 

72-6 68-5 68-7 
70-9 

730 

69-6 711 

64-5 

72-2 72-8 68-1 
72-8 74-2 

71-3 

7H-1 

70-0 

76-2 

65-1) 

51-8 

71-6 
73-1 

71-6 

73-9 

07-0 

07-B 

7'M 

07-8 

67-2 

18-5 88-8 88-8 84-8 88-8 93-1 91-1 

960 

84-0 

90-3 881 821 

97-7 96-2 
91-5 

92-5 86-6 

92-7 

937 

99-2 91-4 84-8 

94-8 

96-3 
i.o-B 

961 

101-5 

96-2 

93-3 

92-3 

95-6 

88-0 

81-2 

BO-0 

93-6 

99-2 

iil-il 

92-1 

97-8 

88*8 

92-5 

5-8 46-2 44-7 47-9 43-8 
400 

47-8 
48-9 

51-0 

48-9 

38-5 

460 

55-6 52-2 42-3 43-8 
46-3 

49-0 52-0 47-8 51-0 41-7 
15-8 

14-0 39-2 
16-7 

47-9 
41-2 

14-2 

46-3 

32-7 

mo 

II  2 

40-8 

63- 1 

lll-K 

63-1 
IHO 

16-3 

,11 

37-7 

47-1 

8-9 87-2 86-8 94-4 89-5 
86-8 86-8 80-0 

92-1 
92-1 

85-0 

94-7 

76-9 91-9 88-6 89-5 

81-2 

84-2 
89-2 86-1 

88-9 

94-3 

91-1 

88-9 

Ki-2 

lno-o 88-9 
80-5 

91-7 

84-6 

91-9 
92-1 

86-8 

69-2 

89-2 

en-l 
91-9 

86-8 

M  a 

Bll 

HI.", 

97-3 

303 294 303 316 283 280 293 311 301 
293 

305 306 

295 295 

315 287 303 

295 

320 290 304 294 303 311 

292 

295 

300 301 

301 321 303 
■J-'. 

297 302 323 

321 

300 

300 300 307 

303 

303 

160 91-8 1000 
91-9 93-5 95-8 

97-9 101-0 
90-4 

98-9 

94-6 100-0 93-8 91-9 
95-8 90-5 

1000 

92-9 89-4 94-7 
96-9 

94-5 94-7 
98-0 

93-5 

81-6 

980 

96-7 

95-7 

91-8 

R7-3 

'in ; 

98-9 

101! 

93-9 

91-8 

89-8 

57-0 

97-9 

gg  'i 

06-8 

96-9 
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SERIES  "D." 

Number. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

16 

17 18 19 20 21 22 

23 

24 25 

26 

27 28 

29 

30 31 

32 

33 34 35 36 37 

38 

39 40 41 42 43 44 45 46 47 48 49 50 51 52 

51 

54 55 

Age 
Sex M. M. M. M. M. M. M. M. M. M. M. M. 

M. 

M. M. M. M. M. M. M. M. M. M. M. M. 

ill. 

M. 

M. 

M. M. 

11 

M. 
M. 

M. M. M. M. M. M. M. M. M. M. It. M. M. M. 

M. 

M. D. 

M. 

M. M. M. 
1350 

185 

182 

138 

95 

136 

140 

M. 

135" 

188 
185 

139 

97 

Cubic  capacity        .... 1490 1500 1260 1550 1460 1480 
1570 

1300 1260 1450 
1540 1320 1390 

15911 

1350 

14  lo 

1480 

1410 
1340 

1380 

1520 
1420 

1500 

1550 
1730 

1300 

1540 
1370 

1350 

Mao 

1620 

1390 

'  l'1'i" 

1480 1520 

1450 

1520 

1400 

1380 1560 
1390 

161)0 
1530 1120 

1410 

II;- 

1370 

1115" 
152" 1180 

1611" 

1. 'ID" 

Glabeilo-occipital  length 197 191 178 192 184 

190 

191 184 183 189 

195 195 

188 

198 185 

185 191 

185 180 

184 192 

181 

192 192 194 183 188 191 181 

189 

1115 

185 
181 196 

190 

188 189 

185 

186 198 189 195 191 192 180 
178 

182 

185 188 181 189 183 

180 

184 Ophryo-occipital       „ 

196 
189 

175 

191 184 189 190 183 182 

186 195 

189 188 

196 

184 183 188 181 

178 

182 

191 

182 190 

1SS 

192 180 186 

186 

183 188 1113 

183 

181 

196 188 

184 

187 183 

184 197 

185 

194 189 189 176 178 

182 

181 185 

177 

189 183 
Maximum  breadth 140 138 136 

139 

141 141 145 141 133 143 

138 

128 136 141 133 138 

146 138 

136 

139 136 

142 143 143 150 

135 

137 135 

137 

139 

1511 

141 138 138 141 142 

'    113 

132 

1311 

145 137 

140 

no 

140 

110 128 

139 135 

143 131 

147 
111 

143 
Minimum  frontal  breadth 91 97 

89 

102 98 

95 

95 96 91 102 

99 

95 

87 

100 

100 92 102 94 99 101 

97 

96 94 

95 97 

92 96 103 93 99 

97 

101 

97 

92 

.    87 

95 

102 93 103 94 

III 

95 103 

118 

101 91 

III 

91 103 HI 98 

100 

Bisi-bregmatic  height     . 135 125 123 131 

134 

132 126 

126 

136 124 133 131 128 111 132 128 

136 127 

131 

127 139 

134 

127 

130 

132 

124 139 129 

124 

134 143 

136 

130 128 130 124 131 131 

136 137 130 

no 

135 

130 

138 127 
125 

128 141 

127 
136 129 

126 
I  Ipisthio-nasal  length 136 133 128 134 129 

136 

131 

134 

133 

116 

144 416 

129 115 

140 128 131 130 

137 134 135 

132 139 142 133 131 140 136 135 134 134 139 134 139 132 134 

136 

133 131 111 136 

no 

141 

110 
1311 

128- 

131 131 138 120 

135 131 
136 

134 
100 
90 

Basi-nasal 99 100 95 99 98 101 96 99 98 105 

107 

109 

97 

108 104 95 

100 

96 

107 

100 104 

loo 100 

104 102 99 104 

100 

96 

101 

102 101 98 102 96 99 101 99 

103 

105 mi 

105 107 

102 

106 

96 97 

99 

107 

91 102 99 106 104 
Basi-slveolar       ,, 

96 93 93 

99 93 101 89 

97? 

97 98 

100 105 

92 

95 

103 95 85 90 

96 

99 88 

93 93 

101 94 99 

96 

92 99 92 96 

91 

97 

Hill 

93 

93 

91 

95 

92 

95 

95 102 103 94 

103 

96 94 

99 

99 

85 95 

95 

102 100 
Nasi-alveolar       .. 63 68 67 

69 

76 

72 

66 68 58 73 67 62 58 76 76 74 77 

71 

73 69 75 6S 

71 

74 

70 
69 

74 78 

71 78 

7" 

66 

70 72 71 79 

76? 

66 69 79 

71 68 

72 60 

72 

65 

71 

62 71 

00 

69 

65 

65 68 
Maxillary-facial  index  (a) 

48-4 
53-9 

56-7 57-9 
59-8 

59-0 51-9 
54-8 

-  50-4 

57-0 

51-5 

48-8 
48-3 58-8 58-8 

55-2 59-2 

58-6 
56-5 57-0 

6114 

51-8 

56-3 

54-4 
53-1 

52-6 55-6 60-9 

58-2 
59-0 

68-2 

48-8 

56-0 

57-6 

586 

63-7 68-4 
51-5 

53-0 60-3 
55-0 

52-7 

51-9 

52-3 

52-5 

514 

56-8 

5"4 
53-7 

49-1 

51-7 

51-5 

01-1 

50-7 

03-1 

126 

Interzygomatic  breadth 
130 

126 

118 

119 127 122? 

127 

124 

115 

128 

130 127 

120 129 139 

134 

130 121 129 

121 

124 

124 

126 

136 

131 

131 133 128 

122 

132 

15  1 

135 125 
125 

121 124 

130 128 

130 

131 129 

129! 131 

120 137 

1211 

125 

123 132 122 

126 126 
127 134 

Maxillary-facial  index  (5) 

67-7 75-5 

76-1 

80-2 
87-3 80'9 

73-3 
72-3 

66-6 78'5 

76-1 

70-1 
66-6 88-3 

80-8 
77-9 

96-2 

81-6 
85-8 

77-5 
89-2 

72-3 80-6 

79-5 76-0 72-6 
83-1 

86-6 

7S-S 

82-H 

79-6 

744 804 

79-1 

79-7 

94-0 

904 

79-5 

79-2 

85-8 

71-7 74-7 

75-7 

71-7 

72-0 

75-6 74-7 61-5 68-2 

69-7 

72-6 

75-5 

73-0 

71-5 

72-0 

Intermalar  breadth 93 90 

88 

86 87 

89 

90 94 

87 

93 88 

88 

87 

86 

94 95 

80 

87 85 

89 

HI 

94 88 

93 
112 

95 

89 90 

90 

94 

98 89 87 91 89 84 81 83 

87 

92 

95 

91 

95 

1)2 

11)0 

86 

95 96 

104 

80 

95 86 

89 

95 93 
Inter-stephanic  breadth 

117 
115 113 122 118 

117 

119 119 

105 

124 123 111 113 115 118 

IJii 

122 

117 117 120 

117 119 122 119 129 112 121 120 115 

116 

121 120 111 

118 

118 119 

128 

114 

119 115 115 

120 

120 

117 

120 

107 

119 111 121 

no 

122 120 

121 

111 121 
Asterionic  diameter 109 102 105 110 111 

109 110 

110 109 119 109 110 103 113 110 108 108 

115 109 

110 101 111 112 113 

116 118 

110 III 110 110 

113 

117 103 

115 111 

117 

III) 

109 

107 

114 113 III 

103! 

117 

III) 

103 114 

UK) 

112 

ion 108 

113 

110 
112 

1115 

Transverse  base      .... no 
113 

114 111 112 114 112 113 110 121 

115 

118 

107 115 115 

118 112 112 112 114 109 114 

115 

124 119 118 

119 117 

114 

115 

121 

123 117 115 

110 

116 114 113 117 

118 

117 

111 Ill 123 116 

110 

113 

Hill 

122 m 

115 
115 

117 

123 

1  1" 

Length  of  foramen  magnum   . 37 33 32 36 

32 

35 

34 

35 

35 

40 36 

38 

33 38 37 33 

32 

34 32 33 31 

33 

38 37 

31 

32 38 37 38 35 

33 

40 

35 36 

36 

34 31 35 34 36 36 35 

36 

.-111 

34 31 

35 33 

30 32 

3-1 

36 

31 40 55 
Nasal  height   47 51 49 49 53 55 

52 

53 46 54 

53 
51 

Hi 

55 

52 

.52 

56 

52 59 

51 

511 
51 

0(1 

III 

52 52 
61 

57 52 54 

59 

44 51 52 52 

54 

56 51 

III 

60 

63 02 53 

III 

52 

46 

61 

16 

50 

49 50 48 

17 

48 511 

.,     breadth 24 23 

32 

22 23 22 24 26 22 

27 
27 

22 24 26 23 22 

22 
24 

22 

21 

23 22 24 21 

23 

21 25 25 24 22 24 22 

23 

21 22 

25 23 

21 

27 25 

24 26 25 26 28 26 21 23 

26 

24 23 
Orbital  height  (E.) 

31 

36 33 34 35 33 

32 

32 31 34 

32 
31 

33 36 

32 

33 35 31 

37 
33 

35 32 

32 

36 

32 

31 

34 

37 35 

37 

35 33 32 30 

35 

34 35 

33 

36 30 33 32 33 32 

3D 

26 34 31 

30 

33 

32 

32 35 32 33 

„      (X-)         .        .        . 

31 

36 33 32 

34 

33 

31 

31 

31 

34 

32 32 31 37 33 

34 

35 32 

37 

33 35 

33 

32 35 

31 

31 34 37 35 36 36 32 

31 

30 35 

34 

35 34 36 36 

32 

31 33 

32 
30 28 

35 31 32 32 32 32 33 33 33 
.,       breadth  (R.) 

39 

37 

411 

41 

40 39 

40 36 

39 

37 38 41 38 41 37 38 39 37 

39 

38 

39 

40 

40 

43 

37 37 40 

37 

37 

40 

10 

39 

38 35 

40 

37 

111 

37 

41 

10 

37 39 41 37 40 38 38 38 

38 

39 

37 

37 38 39 

39 

„       (L.)        .        .        . 39 

37 

39 40 
39 

38 41 35 39 38 

37 

10 

37 11 

38 

38 39 37 

40 

38 

39 

39 40 13 37 35 40 38 37 40 12 38 39 35 39 

37 

39 38 41 41 37 39 39 

37 

39 38 39 38 

37 

39 

37 

37 10 

39 

39 
Paiata!  length  (F.)          ... 

52 

46 

51 

5! 
53 

56 

46 

48? 53 53 55 65 

■15 

48 55 53 

48 
47 

51 

64 

50 

46 

63 

54 III 49 

53 

52 55 

48 

54 

49 46 

53? 

41? 

55 

47 

60 

17 

52 

50 

54 

54 60 

53 49 49 

50 

51 
50 

14 

50 5" 

54 

49 

index          .... 

69-2 73-9 
70-6 

70-4 
69-8 69-6 

804 

79-1 
73-6 75-5 60-0 

66-5 
80-0 

75-0 

72-7 

71-7 

77-0 

78-7 

68-6 

68-5 

660 

87-0 

77-3 
68-5 

69-4 77-5 

64-2 

67-3 

63-6 

68-7 53-7 
75-5 

87-0 

75-5 

92-7 

691 

80-9 

68-0 

71-5 

69-2 

71-0 

70-4 

81-1 

71-0 

64-2 

71-1 

79-5 

71-11 

74-5 
76-0 

88-6 

64-0 

72-0 

71-11 

,,       breadth      . 36 

34 

36 

38 37 39 37 

38 

39 40 33 36 36 36 10 38 

37 37 

35 

37 

33 

40 

41 

37 

34 38 

34 

35 
35 

33 29 37 40 40 38 38 38 34 35 36 

37 

38 

44 37 

34 

35 39 37 38 38 

39 

32 36 

10 

38 
length  (Turner) 54 

49 

53 56 54 58 

50 
51? 

53? 55 55 56? 48 

51 

56 55 

50? 

50 53 56 52 49 

53! 

57 51 

52 

55? 

54 55 50 57 

51 50 

55? 

16? 
55 49? 52 19 54 

02 

55 57 

52 

56 51 54 53 53 

51! 

48 

52 

53 56 

53 

Palato-alveolar  index Inr.-r, 
122-4 109-4 107-1 105-5 110-3 

1200 115-6 
107-5 

116-3 
107-2 

98-2 

108-3 113-7 

119-6 
109-0 

1080 

13i  hi 111-3 
105-3 

105-7 

126-5 
122-6 

100-0 

100-O 119-2 

101-8 103-7 

110-9 

1200 

91-7 

113-7 

118-0 

1218 

123-9 110-9 

126-5 

109-6 
120-1 

1111 

1 13-1 

107-2 

122-8 

111-5 
105-3 111-7 114-8 111-3 

115-0 107-8 

129-1 

107-6 

105-0 

111-3 

118-8 

Palatal  breadth      .... 
57? 

60 58 
60 

57 

64 

60 59 57 64 

59 

55 

52? 

58 

67 

60 

64? 

65 

59 59 

55? 

62 

65 57 

51? 

62 56 

56? 

61 60 

54 

58 59 67 

57 

61 

62 

57 5!) 00 

59 
59 

70 

58 

59 

57 

02 

59 

01 56? 

62 

56 

56 61 63 
Horizontal  circumference 545 

530 501 

535 

521 

533 538 525 508 533 

539 

634 522 

550 

521 

518 539 

522 512 522 

531 

519 

535 

534 547 

515 527 

529 

524 532 

552 

526 527 545 526 532 

535 517 

525 

550 526 

543 538 535 

522 

192 

519 

516 

037 
6"7 

539 521 533 

523 

528 

Ophryo-occipital  circumference 
540 

527 

499 

533 

520 

529 

537 

520 

505 

529 

537 517 518 

5-15 

515 516 537 514 508 517 

529 516 532 

525 

545 

510 

522 523 521 

527 

519 

521 

517 

542 525 527 

532 512 

519 

543 

519 

641 

535 

55(1 

518 

III! 

364 

517 

370 

120 
128 
116 

513 528 

6111 

536 521 626 512 521 

Sagittal  arc   398 
375 

359 

387 

383 

385 

394 367 373 363 381 375 381 389 365 379 

390 

367 

355 

373 389 

375 

375 381 401 372 

380 

375 364 

383 

■105 

370 

376 389 386 366 

383 371 

370 398 378 390 383 

372 

373 

37" 

371 

373 382 

365 365 

362 376 

Frontal  segment 141 
126 

126 

125 

110 

128 142 

127 

131 

125 131 

122 133 132 126 127 128 

126 125 135 

155 

151 136 

126 135 128 130 131 

128 

128 
112 130 

128 135 

132 126 

133 

122 

130 138 

127 

133 132 123 128 

128 

120 130 127 132 130 118 126 131 

Parietal       „ 129 126 
116 126 

111 

140 140 113 116 

120 124 

128 116 118 

124? 

130 

137 

106 120 122 135 

mi 

128 

134 

130 

120 

132 

117 117 136 

125 
120 

133 131 111 

122 

134 

128 

125 125 128 138 128? 

137 

137 

129 

127 
130 

127 123 

125 127 

110 

136 

Occipital     „ 128 
123 117 

136 

132 117 

112 

127 126 118 

129 125 132 139 

115 

122 125 

135 

110 

116 

119 

125 

111 121 

136 

124 

118 127 119 

119 

138 

120 

115 123 

Mil 

118 mi 121 

120 

135 

123 124 123 112 108 107 

117 
111 

119 

127 

11" 
120 

126 

109 

Cephalic  index 711 

72-3 

76-4 
72-4 76-6 

74-2 

75  II 

76-6 
72-7 

75-7 70-8 

65-6 72-3 

71-2 

71-9 

74-6 76-4 

74-6 

75-6 75-5 70-8 

77-2 

74-5 
74-5 77-3 

73-8 
72-9 

70-7 

74-5 73-5 

76-9 

76-2 

75-0 

70-1 

74-2 

75-5 
75-7 

71-4 74-7 

73-2 

72-5 

71-8 

73-3 

72-9 

77-8 

71-9 

68-7 

89-9 
49-0 

89-5 

303 

96-9 

73" 

70-1 

740 

77-8 77-0 76-9 

74-6 

73-9 

Height 
68-5 

65-4 
69-1 68-2 

72-8 
69-5 66-0 68-5 

74-3 

05-6 68-2 
67-2 68-1 

71-2 

71-4 

69-2 

71-2 

68-6 
72-8 

69-0 

72-1 

72-8 

66-1 

67-7 
68-0 

67-8 

739 67-5 

67-4 

70-9 

73-3 

73-5 

70-7 

65-3 

684 

lili-0 

711-9 

70-8 

73-1 

69-2 

72-0 71-8 

70-7 67-7 

76-7 

71-3 

09-2 70-11 

70-2 

72-0 

70-5 
07-7 

73-5 

00-5 

Height-breadth  index 

96-4 
90-5 

90-4 94-2 

95-0 

93-6 86-8 89-3 
102-2 86-7 96-3 

102-,'i 

94-1 100-0 
99-2 

92-7 

93-1 

92-0 

96-3 91-3 
102-2 

94-3 

88-8 

90!) 

88-0 

91-8 

101-4 
95-5 

90-5 

96-1 

95-3 

964 

94-2 

92-7 

92-2 

87-3 93-7 

99-2 
97-8 

94 -4 99-2 

lllll-n 96-4 92-8 

98-5 
Hli-2 

94-8 

98-6 

94-7 

92-5 

914 

83-1 

98-5 

89-9 

Nasal  index    . 

51-1 45-1 44-9 44-9 
43-4 40-0 

46-2 

191 

47-8 

46-3 

50-9 
52-9 47-8 43-6 

50-0 

41-2 39-3 

42-3 

10-7 

431 

37-5 

451 

39-3 

490 

48-1 

46-2 

451 
368 

18-1 16-3 

424 

54-5 

434 

46-2 

42-3 
42-6 

37-5 

13-1 

14-9 

11-7 

43-1 

40-2 

50-9 

51-1) 

46-2 
54-3 

56-5 

56-0 

53-1 42-0 

47-9 

55-3 

50-0 

III." 

Orbital    „ 

79-5 
97-3 82-5 

S2-9 

87-5 
84-6 

80-0 88-9 79-5 91-9 
84-2 

75-1! 
86-8 

87-8 

86-5 

S6-8 89-7 
83-8 

94-9 

36-8 89-7 

90-0 

811-0 

81-4 
80-5 83-8 

85-0 

100-0 

94-6 

92-5 

87-5 

84-6 
84-2 

85-7 
87-5 

91-9 

87-5 

89-2 85-4 
90.0 

89-2 82-1 

80-5 
86-5 

750 

73-7 

81-0 

78-9 

84-6 

86-5 

86-5 

92-1 
82-1 

84-0 

Transverse  arc 
311 310 

294 

312 

313 

312 318 309 

300 308 

327 

294 301 308 306 304 326 296 307 307 311 313 303 307 331 296 318 296 

307 

308 

33" 

309 305 307 316 310 

324 

303 

306 316 303 326 322 

298 

323 

211" 

307 

316 

399 325 313 308 304 312 
Alveolar  index 

97-0 

930 

97-9 

1000 

94-9 

1000 

92-7 

980 

99-0 
93-3 93-5 

96-3 

94-8 
8841 990 

1000 

85-0 
93-8 89-7 99-0 81-6 93-0 

930 97-1 

92-2 100-0 

92-3 

920 

103-1 

91-1 

94-1 

90-1 

990 

98-0 
96-9 

93-9 
87-5 

96-0 89-3 
90-5 

94-1 

97-1 

96-3 92-2 

97-2 

Inn-" 

1 00-0 

'.12-6 

904 

93-1 

90-0 
96-2 

96-2 

960 

Dn  M-  Yooso — (3) 



53 54 55 56 57 58 

59 

60 61 62 63 

64 

65 66 

67 

68 

69 

70 71 

72 
 ' 

73 

74 75 76 77 78 79 80 81 82 83 84 85 86 87 

88 

89 90 91 92 93 94 95 96 97 98 99 

100 

VI. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. JI. M. M. Iff. M. 

D. 
M. 

H. M. M. 

Iff. 

M. SI. M. M. 

M. 

M. St. 

SI.  ■ 

M. 

Iff. 

M. 

M. 

M. SI. M. 
till 135U 1350 1530 

1430 
1430 1570 1420 1510 1310 1120 

15110 

1310 1400 
1590 

1510 

1290 
1580 

1470 
1480 

1550 
1440 

1430 
1490 

1520 

1340 
1490 

12S0 

1390 

1370 1410 1410 1420 1370 

1540 

115(1 

1380 

1460 1530 

1010 

1310 

1510 

1500 

1150 

15411 

1370 1370 
SI] 185 188 191 190 188 

196 
185 194 189 190 

19-1 

1SS 187 190 190 184 195 192 189 191 182 186 190 185 178 187 

181 

188 

187 

190 192 

IS7 

189 

187 

185 

187 187 

186 

187 188 

184 192 

187 

180 

193 IS2 

186 

184 182 185 190 189 
185 

194 
184 

193 

187 185 

190 

186 

186 (90 189 184 

192 

189 

187 

191 179 183 186 187 176 185 

180 

136 

183 188 192 

185 
187 

185 184 

187 187 

186 184 186 ISO 188 

185 

179 

191 179 183 
143 138 139 145 137 136 

152 141 
139 138 132 140 

130 

141 139 

139 

139 144 136 142 

147 

111 

Ml 

140 146 135 138 137 137 139 

no 

134 

137 

132 139 145 144 138 139 132 146 131 

111 143 

HI 113 144 136 
100 95 97 99 94 98 97 97 95 93 88 101 93 

95 97 

94 92 94 96 98 95 

97 

95 93 94 93 90 97 

97 

99 98 98 100 92 

89 

96 91 101 

9-1 

97 

92 

91 

102 

97 

1(H) 

89 

96 

91 
26 136 125 131 129 

131 
132 155 142 

125 133 

134 130 

135 

134 121 122 139 132 138 131 

135 

130 

126 

131 133 134 

124 131 

132 

Ho 

127 
133 136 

127 

136 

131 126 135 113 

129 

133 

139 

134 

136 

142 129 130 
;iii 140 134 146 133 134 

135 
135 142 

135 

140 137 140 130 131 129 129 139 

135 

142 130 

137 128 133 

124 130 138 

135 

133 139 

140 

137 

136 130 

131 

138 

142 131 131 135 129 

137 

138 130 126 

137 

128 
on 104 100 104 98 98 100 

103 
103 101 

104 

99 

105 98 

96 

94 93 100 

102 

106 

97 

103 97 

101 

95 

97 

104 

101 

100 

102 

107 

100 102 100 

97 

105 

103 97 100 100 

96 

99 

103 

97 

98 105 

loo 

02 100 96 93 

99 

95 

91 

96 

99 

97 

101 

97 

103 86 90 96 

92 

91 106 

93 

89 

96 89 91 93 
97(1) 

99 92 

91 

98 98 99 

91 

97 97 
lol 

105 

95 

SI) 

98 

91 

92 

95 93 89 

90 

ill) 

65 68 67 S3 75 

69 79 

7-1 

66 

62 71 

7-1 

64 65 67 71 65 

71 

75 77 67 65 67 

71 

64 63 

74 

68 76 

79 

77 66 77 

71 

69 

69 

68 63 

70 

75 

68 

09 

77 

7(1 

66 77 

70 
81 

1-1 50-7 531 
59-7 59-0 

53-4 
56-0 

56-9 
53-6 

49-6 

58-6 57-3 

51-6 

53-7 
52-3 

59-1 
53-2 

540 

61-4 
58-3 

53-6 

49-2 

51-1 

55-0 

53-3 

52-5 

55-2 52-7 59-8 

62-2 
57-9 

52-3 

60-1 

55-0 56-1 

51-4 

54-4 
62-0 

53-1 57-2 

51-1 

55-2 67-4 

54-6 

52-8 

69-6 

5-16 

65-8 

27 134 126 139 
127 

129 141 
130 

123! 

125 

121 129 124 

121 

128 120 

122 137 122 132 125 132 131 129 120 120 131 

129 

127 127 

133! 

126 

128 

129 123 

134 

125 121 

131 131 

133 

125 

13-1 

128 123 129 

128 

123 
3-0 

71-5 72-0 85-5 83-3 
78-4 S4-0 

76-2 74-1 6S-1 
80-6 81-3 73-5 

78-3 

75-2 

81-6 

80-2 

80-4 
80-6 

85-5 

80-7 

73-8 
75-2 

921 

77-1 

74-1 

73-2 

75-5 

87-3 

81-4 

89-5 
70-9 

82-8 77-1 

78-4 

74-2 

80-9 

68-1 

71-1 

78-9 73-1 

80'2 

81-0 

■  82-3 

73-0 

89-5 

760 

89-0 

SI! 95 
93 97 

90 88 

94 

97 

89 91 

88 

91 

87 

83 89 

87 

81 92 

93 

90 S3 88 89 76 83 85 

101 

90 

87 97 86 

93 
93 

92 

88 

93 

84 92 94 95 

93 

86 

95 

85 39 86 92 

111 

21 111 121 120 
116 115 126 

120 

118 
110 110 122 112 115 

120 

119 

115 

120 113 

118 

121 115 122 119 124 116 

112 

117 

118 

113 122 

116 116 106 115 

118 114 

122 

118 121 122 

107 

126 118 

118 

111] 

118 

116 
IS 112 106 112 112 110 116 

111 
111 105 

105 

113 111 111 108 

107 107 

119 110 

115 

107 112 103 110 104 

111) 

106 

110 106 103 

116? 

lol 113 111 

116 117 

108 105 113 

105 

IIS 102 109 115 

108 

1117 

110 

112 

n 123 110 121 
113 

118 
128 

119 
114 

114 

107 115 110 

108 112 

107 

112 

123 115 

125 114 

118 

III! 

119 108 107 

122 111 

119 115 

122? 

115 

119 

120 115 120 

116 

113 

121 

117 

120 

107 

119 118 117 122 

118 

113 
31 -III 35 13 35 35 34 

34 34 

40 33 37 38 34 33 35 36 36 33 

38 

34 

35 33 33 

30 35 
36 34 

34 38 

37 

39 

36 32 

35 

35 

40 34 33 37 

34 39 

37 36 

30 

35 

32 

33 
17 18 60 61 56 53 60 55 

51 

46 

51 54 

49 

50 

49 

52 46 55 

'50 

52 

511 

55 48 

52 

49 

45 

53 53 

52 

60 56 

48 

55 

55 

47 

53 45 48 18 

54 
51 63 

58 

51 

61 

57 51 58 
in 24 23 26 22 

25 24 25 24 26 

25 23 24 20 23 23 20 23 23 

24 

19 22 

26 

23 23 23 26 

24 

22 27 24 

25 

22 24 22 

28 

21 

25 
25 

22 

23 

20 

24 

21 

22 

22 

25 

20 

.10 32 33 
38 

34 

32 

34 36 29 28 34 33 33 

30 

33 32 34 36 34 33 32 33 

29 

35 33 

32 

33 35 

34 
32 

32 

36 

36 

35 31 30 30 

30 31 30 
29 33 

34 

30 

33 

3-1 

33 33 
33 33 33 

40 
34 

32 

35 35 28 28 35 33 33 

31 33 

34 34 36 34 

35 

32 

35 

29 34 

34 32 

33 

35 34 32 

33 37 36 

34 

30 

30 29 

30 
31 

30 

30 
32 32 

30 

34 

34 

33 34 
38 39 39 

40 
38 38 40 37 37 36 40 38 39 38 

40 

38 34 40 38 40 37 

38 

37 41 

36 

37 

39 

42 

10 

37 39 41 

40 

38 36 39 10 38 

39 

35 

39 

40 

42 

36 37 

■11 

37 37 
III 39 

39 

-111 

38 38 40 37 38 36 41 38 39 37 40 37 34 39 38 

40 

36 

■  38 

38 11 37 36 

38 

42 39 

37 

39 

40 

39 

38 36 40 

■10 

38 

39 

36 

39 39 

41 36 37 

40 

37 
37 

60 51 19 
51 

53 50 

51 

48 

52 

50 

56 

48 

54 

46 

49 

55 

47 

48 56 

50 

50 

51 

48 45 

51 

47 

52 
52 

54 
53 

53 55 17 

53 

51 50 

56 50 

48 66 53 

50 52 50 

48 

51 

48 49 
in 71" 77-5 74-5 

67-9 78-0 68-6 37-5 71-1 

82-0 

60-7 70-8 

74-0 

78-2 
77-5 

61-8 70-2 

72-9 

67-8 

76-0 
72-0 

66-6 72-9 

75-5 

64-7 

76-5 

78-8 
67-3 

62-9 
71-7 

67-9 
65-4 

80-8 

75-4 

72-5 80-0 

67-8 

68-0 

81-2 
71-4 

75-4 

74-0 

80-7 

Kl  1-1) 

70.(1 

68-6 

77-0 
67-3 

3i] 
•10 

38 
38 36 39 

35 

42 37 

41 

34 34 40 36 

38 

31 

33 

35 38 38 36 34 35 34 

33 

36 

41 

35 

34 

38 36 36 38 40 

37 

40 

38 

34 

39 

40 

111 

37 

42 

10 

36 

35 37 33 .-:: 56 53 53 56 52 53 

52 54 

52 

59 52 

57 48 

60 

57 49 

52 58 
52 52 

53 50 48 53 

50 
54 52 

55 55 53 

58 

50 

56 54 

52 

58 

51 

51 58 

54 52 

53 

50 

50 

64 

51 
52 

-If] 114-3 118-S 111-3 107-1 115-3 1111-8 

126-9 
1119-2 

!25-o 91-5 113-4 112-2 120-8 

1230 

1000 

112-2 113-1 

106-9 

115-3 

111-5 

103-7 

118-0 120-8 105-11 
118-0 114-8 

100-11 

113-6 

116-3 105-6 
103-4 

I20-.I 

112-5 

1111 

115-3 

105-1 

107-8 
119-6 

112-0 
111.8 

115-3 122-11 
11 611 

112.11 

107-1 

107-8 

103-8 

56 64 63 
59 

60 60 
54! 

66 

59 

65 

51 59 
64 

58 61 57 55 59 

62 

60 58 55 

59 5S 
56 

59 62 

52? 

57 

64 56 

60 

611 

63 

60 

60 

61 

55? 

61 

65 

62 

60 

65 

?   58 

56 

68 

55 

54 

33 523 528 
511 529 

522 550 
527 536 

525 

515 

543 519 

525 534 527 516 543 

529 531 539 520 

52-1 

525 

528 510 521 514 524 525 

537 527 

529 

521 521 526 527 

524 

520 

517 

535 512 545 535 517 536 524 

520 

26 512 521 538 524 
518 

547 

525 
533 517 507 

534 

513 

521 

532 527 515 540 526 525 

538 512 519 

518 528 506 517 

512 520 518 532 524 518 

516 

518 

525 

52il 

522 621 

515 

533 

501 

533 

529 515 531 

514 

516 
65 362 376 372 

383 
378 395 374 

392 371 

372 

388 

370 379 395 

391 

370 390 

384 

376 393 363 381 374 

389 

366 373 355 375 367 

381 

379 

373 390 

377 

378 

374 378 390 383 
381 370 

390 

380 

376 

395 

111  in 

370 

18 126 131 
137 132 134 135 128 

136 
124 

135 136 

124 131 

137 

128 126 

135 135 

132 112 125 129 131 

133 

125 

130 

125 

135 

135 134 123 125 135 

126 

132 

135 

130 138 132 

133 

126 133 123 

130 

135 

130 

125 
27 111) 

136 115 
130 

126 126 
132 128 

12-1 

120 129 126 

127 133 145 129 

138 
135? 

129 133 125 

121 127 

140 

130 118 115 

125 

no 

131 142 

120 

125 

130 

133 

115 

130 

133 134 

127 

132 

120 
130 

125 

135 

120 

no 

20 126 1119 
120 121 113 134 

114 
128 

123 117 

123 

120 

121 

125 

118 

115 117 

Ill 

115 

118 

113 

131 116 116 111 125 115 

115 

122 

116 

111 128 130 

121 

113 

124 

118 119 117 124 112 

137 127 

120 

125 

119 

135 

6-9 74-6 73-9 
75-9 

72-1 72-3 77-6 

76-2 
71-6 

73-0 
69-5 

72-2 

69-1 
75-4 

73-2 

73-2 
75-5 

73-8 
70-8 

75-1 

77-0 

77-5 
75-8 

73-7 

78-9 75-8 73-8 

75-7 

72-9 

74-3 
73-7 

69-8 

73-3 
69-8 

74-3 

78-4 

77-0 

73-8 

74-7 
70-6 

77-7 

71-2 

75-0 
76-5 

78-5 
7-1-1 

79-1 

73-1 

7-7 73-5 

67-3 
730 

73-2 
66-1 

70-0 69-1 

69-1 
72-2 70-5 

65-3 
66-3 

71-3 

68-8 

73-0 

70-2 
74-2 69-9 

66-3 

70-8 74-7 
71-7 

68-5 

69-7 

70-6 

73-7 

66-1 

71-1 

72-0 

67-9 
73-5 

70-1 

67-1 

72-6 

76-5 

72-3 

72-1 

73-6 

09-9 

1-1 IIS-:. 
89-9 

92-1 91-1 96-3 

86-8 95-7 
102-1 

90-5 
100-7 95-7 

100-0 95-7 

96-4 
89-2 

S7-7 96-5 

97-0 97-1 91-1 

95-7 

92-2 

90-0 

89-7 98-5 

97-1 

9D-0 

95-6 94-9 

100-0 

91-7 

97-0 

103-11 

91-3 

93-7 

90-9 
91-3 

97-1 

ins-.-; 

88-3 

101-5 

911-5 

93-7 

96-1 

99-3 

89.5 

95-0 

lli-i) 12-6 39-3 
47-2 

10-0 
45-5 

47-1 
50-5 49-0 

42-6 49-0 

400 

48-9 

412 

43-5 

41  -S 

46-0 

46-2 

380 

100 

51-2 
44-2 

46-9 

51-1 49-1 12-3 

45-0 
42-9 52-1 

40-0 

13-6 

46-8 

52-8 

46-7 

52-1 52-1 

10-7 

45-1 

37-7 

41-1 

17  -1 

13-1 
38-6 

490 

31-5 

89-5 84-2 
85-ti 

97-3 
78-1 77-8 85-0 

86-8 

81-6 

7S-9 

82-5 

84-2 llllj-O 90-0 89-5 

86-8 78-4 
85-4 

91-7 

86-5 

84-6 

86-5 
82-1 87-8 

90-0 

92-1 

86-1 

76-9 

75-0 

78-9 

79-5 

85-7 

7-1-1 

82-5 

81  II 

83-3 

82-9 

89-2 

89-2 

312 316 308 302 321 301 317 

308 

303 310 

301 

312 

316 306 
2II0X.I 

320 

311 

317 318 

310 311 

306 

322 

307 

303 

300 

305 

305 306 

297 312 300 

303 

320 
320 

307 

310 

323 317 298 323 317 317 

312 309 310 

960 
89-1 

1010 

96-9 94-0 

93-2 
96-1 

96-0 97-1 
98-0 

98-1 
87-8 93-S 102-1 98-9 

91-0 
103-9 

87-7 

91-8 

93-2 91-8 

90-1 97-9 

100-0 

95-2 

91-1 

9-1-0 

96-1 

91-6 

99-0 

92-2 

97-0 
100-0 

96-2 

101-9 
97-9 

89-0 

98-0 
97-9 92-9 

92-2 

' 

90-8 

85-7 

90-9 

92-0 
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SERIES    "  E." 

Xuniber. 1 2 3 4 5 6 7 8 9 10 11 12 13 

14 

15 

16 

17 18 19 20 21 22 23 24 25 26 27 28 

29 

30 31 

32 

33 34 35 36 

37 

38 

39 

40 41 42 

43 

44 45 46 47 

lee   
Si   

If. 

M. M. M. 51. D. M. It. M. 

If. 

M. 

M. SI. It D. 

M. 

If M. 11. M. II. M. SI. II. 

D. 

SI. 

It 

St 

II. 51. 51. 51. 51. 51. 

51. 51. 

SI. 

D. 

51. SI. 51. 

51. 

51. 51. 51. 51. JI. 

Cubic  capacity                 . 
1570 

1510 
1310 12-10 

1370 

1150 
1610 1-130 

1-100 

1150 1310 

1350 

1310 1120 

1370 

1321) 

1330 1330 

1380 
1350 

1800 
1280 

1471) 
1390 

1250 

1460 1340 
1390 

1411) 
1350 

1330 

1490 

1070 

Hill) 

1310 

170(1 

1530 1500 

1510 

1450 1  ISO 1150 1310 

1380 

1310 

1680 

1110 

(llabello-occipital  length. 

188 

189 

177 

178 181 176 
,  194 

190 

187 

186 183 188 m 138 

181 

ISO 1S3 185 192 186 

196 

176 

190 

191 

179 

182 161 

1K| 

190 

179 

171 

192 

195 

185 183 192 

195 178 

181 

I'll 

186 182 187 

186 
186 197 

187 

I  Iphryo-occipital       ... 

186 187 
177 176 184 175 191 187 181 

186 

182 186 183 187 180 180 

179 

183 187 185 196 

173 

189 

189 

179 

1S2 180 182 187 178 

171 

193 193 184 181 194 

193 

178 130 190 

185 

179 183 

183 

182 

1113 

185 
Maximum  breadth 

146 1-10 
139 

134 

135 

131 1-4-1 

137 138 112 

135 

136 139 134 

135 

134 

138 

138 

1411 

131 161 131 

137 

140 

III) 

1-11 

132 

137 139 

131 

138 

143 

139 

147 

142 

147 

135 140 

140 

139 

138 

133 132 139 135 143 135 

Mmimum  frontal  breadth !)G 98 94 03 100 

95 

103 98 99 100 95 

89 

!7 
95 

96 

91 

93 

91 97 

93 

105 

91 

101 

94 99 91 

90 

94 

loo 

101 

93 

102 

92 

93 

96 

92 

91 

93 95 91 

94 89 91 

95 92 
96 

93 

Basi-bregmatic  height 
137 

130 126 121 

126 125 

133 138 130 130 132 125 132 130 

125 136 

12-1 

135 126 131 

113 

130 133 134 

111) 

131 

129 

131 

127 

137 

131 

137 126 

128 129 

137 136 133 

131 132 133 135 131 HO 133 

1311 

125 

Opisthio-nasal  length 137 135 119 130 131 

125 136 

135 

133 

126 132 

110 

131 

138 

132 136 

127 

131 

131 131 139 

127 

132 

135 

128 

134 

134 

132 

136 136 

128 

133 

138 

125 

136 

1-10 

142 

125 
134 137 

131 137 135 133! 133 138 132 

Baii-nasal 1111 98 92 

1)5 

102 

95 

102 102 102 

93 

100 105 

)8 

100 

1011 

103 

91 103 98 

97 

107 91 98 

100 

93 

1(H) 
100 

94 99 101 96 mi 104 

95 99 

104 

107 

95 

99 

103 

96 

100 103 

100 

102 103 

98 

Basi-alveolar       ,:           ... 96 

80/ 
8-1 

91 98 

85 

97 94 96 

'     93 

96 

105 

92 99 96 

93 

88 91 

9-1 

93 99 91 

95 

95 

90 

92 

105 

88 98 

91 

93 

96 100 89 

95 

91 

102 

94 92 100 

93 97 

99 

95 95 

99 89 

\a-i-alvi.-olar       ..                            . 70 70 

71 

08 

69 

57 

72 

77 

68' 

60 68 

08 

U 76 68 

67 

78 09 

70 

68 SO 68 73 68 

67 

(19 

76 

61'! 

71 
09 

69 66 77 75 66 711 73 73 74! 73 

70 

72 

76 

71 

70 71 

09 

Maxillary-facial  index  {») 

53-8 51-8 

55-9 56-2 
67-5 

17-9 51-1 
60-1 61-1 

-18-0 

57-6 

55-7 

55-9 r,s-o 

53-1 

53-6 
56-5 

53-0 
56-9 

54-8 61-5 56-6 
58-1 

51-1 
54-9 

64-3 

62-3 

50-8 

58-7 

55-2 
55-6 

51-9 61-6 58-6 

53-2 

58-2 

57-9 

62-1 

56-0 

60-8 

53-4 57-0 

09-0 

58-6 

65-1 

56-1) 

19-1 

Interzygomatic  breadth 
130 

135 

127! 
121 120 119 133 

128 

125 

125 118 

122 1!7 

131 

128 

125 

138 130 

123 

121 130 

121) 

125 125 

122 

127 

122 

120 

126 

125 121 

127 

125! 

128 

124 

122 

126 

117 

132 120 131 125 

127 

121 

127 

132 120 

Slaxillarv-faciai  index  (o) 

72-9 73-0 
81-6 

83-9 
81-1 

61-9 81-7 

83-7 

70-8 

61-5 77-2 

78-1 78fl 

85-4 

78-1 

71-2 

89-6 

75-0 

81-4 

77-2 

83-3 

79-0 

77-9 
76-4 

78-S 

80-2 

83-5 

64-9 

75-5 
77-5 

76-6 

76-7 

84-6 

86-2 

80-1 

91-0 

79-3 

820 

80-4 
83-9 

71-1 

85-7 

82-1 

82-5 

760 

89- 1 

711-2 

Intetmalar  breadth 

96 95 

87 81 

82 

92 

85 

92 90 

93 

88 

87 

SI 

89 

87 

91 

87 

92 86 

88 96 86 

95 

89 SO 

86 91 

94 98 89 

91) 

86 91 

87 

82 78 92 89 

92! 

87 

91 84 91 86 

92 

83 81 

Inter-stephanic  breadth 128 120 123 

107 118 

117 

120 

119 120 

119 

111 

109 

115 111 117 116 108 

115 

122 

112 133 

III) 

126 

116 

11!) 

119 108 111 112 

117 

113 

124 116 

119 

115 

122 

112 121 

122 

116 III 113 

109 116 

116 

121 113 
Asterionic  diameter 112 

118 
103 104 

106 105 

115 115 108 107 101 

105 

11(1 

113 

100 103 

I0S 

111) 101 

1)2 114 

112 

111 

115 

115 

112 105 

108 112 101 

107 

114 106 

107 

111 108 

11)5 
109 108 

100 

III 105 105 

11(1 

113 

111 113 
Transverse  base 121 119 

108 107 

108 

107 

123 116 

113 

116 

112 

112 116 

116 110 

112 

120 

118 

105 113 

117 

110 

114 

116 108 119 112 

111) 

116 

111) 

113 

119 119 

116 

11-1 

114 

111) 

III) 

116 110 

114 

HI 

116 112 111 

117 107 

tength  of  foramen  magnum 37 

38 
29 

36 33 30 31 

36 

33 33 33 36 33 38 33 

36 

31 

30 

32 31 

33 
35 

34 31 

31 
35 

35 

38 

38 

36 34 33 

35 

31 38 

37 
35 

32 38 35 36 

38 

36 35! 31 

35 

33 
Nasal  height   

50 

53 

50 

52 52 

13 

52 56 

51 

45 

51 

50 is 03 

50 

51 

56 

52 

55 

47 55 

50 53 

49 

50 

54 51 44 54 

01) 

50 

17 

59 

51 

50 

51 52 51 

53 

511 5(1 

51 56 

511 

61) 

56 

17 

bieadth         .        .        .        . 24 

20 23 23 

22 24 

21 23 20 30 24 22 

22 

23 
23 23 23 

24 24 

27 

22 

22 23 25 

2-1 

21 
23 

25 23 

24 22 24 

25 

26 

23 

22 

25 23 23 23 

23 22 22 24 21 

23 

26 

Orbital  height  (R.) 31 36 33 33 36 

31 

36 30 31 

32 

31 31 

32 

34 

32 

30 

3S 

31 

30 

30 

35 

-'10 

29 32 

35 35 

32 30 

36 33 33 

30 

35 

32 31 33 29 30 

32' 

33 

33 

31 

32 

33 31 35 

3-1 

..       (L.) 30 36 31 33 36 30 36 32 

31 32 

31 31 33 

31 

34 31 37 3D 

30 

30 

33 31 30 31 

30 
35 

33 29 

35 

33 32 

311 

36 32 31 33 29 30 32 

32 
33 

31 33 32 29 35 33 

breadth  (R.) 36 37 39 37 40 37 39 10 38 38 36 

38 

38 39 

38 

37 39 38 

39 

37 

12 36 

38 

38 

37 39 37 

35 

-10 

■1(1 

36 

36 10 39 39 39 

37 
36 

38' 

111 38 

39 

36 38 36 

■12 

■11) 

..        It.) 36 37 39 37 40 37 38 39 

39 

38 

35 

37 

37 

38 

38 

37 39 38 39 

36 

41 35 

37 

38 

37 

3S 

36 

35 

39 

40 

36 

36 40 39 39 39 37 

36 

38 39 37 39 37 37 30 

12 

39 

Palatal  length  (F.) 

50 

44 

1-1 

IS 

51 

If 

52 50 45 51 

-18 

57 

19 50 

50 

49 

48 

50 46 

5(1 

50 
51 

50 

50 

47 52 55 

47 

51 

17 

-19 

51 

50 

49 

51 

44 51 

50 

46 
51 

50 

17 

62 49 49 

50 

11 

.,       index  (F.) 7-1-0 

81-8 
90-9 

72-9 
72-5 86-3 

71-1 
760 

81-1 80-1 
68-7 

68-4 

795 

72-0 64-0 75-5 
75-0 

78-0 
80-4 72-0 

70-0 

72-5 74-0 72-0 

76-5 

711 

67-2 

80-8 

72-5 

70-5 75-5 70-5 

72-0 

81-6 

74-5 

86-3 

76-4 

70-0 

'  78-2 

70-5 

7(1-0 

68-0 

76-9 

76-5 

79-5 

78-11 

81-0 

breadth 

37 

36 

10 

35 

37 

38? 

37 

38 

38 

41 

33 

39 

39 36 32 

37 

30 39 37 30 

35 

37 

37 

36 

36 
37 

37 33 

37! 

36 

37 36 

36 

111 

38 

38 

39 

35 

36 

36 

35 32 40 37 39 39 

37 

length  (Turner) 

52 

18' 

18 

51 

51 

-16! 
55 

53 

481 

53 

52 

60 

52 

53 54 

52 

52 

52 50 

53 

53 

53 53 55 

48 

54 

57 

■19? 

55 50 52 52 

52 52 

52 

■18 

54 

53 

50 

54 52 51 

54 52 

51 64 

46 

1'rlato-alveolar  index 
117-3 108-3 

131-2 105-8 101-8 119-5 
1 10-9 

111-3 116-6 121-5 
109-6 103-3 

1153 

115-11 

88-8 

113-4 119-2 

117-3 

11-1-0 

11)9-4 

107-5 

1150 

120-7 

100-11 

122-9 
109-2 

1 111-5 
12-1-1 

110-9 

1200 

119-2 
103-8 121-1 

115-3 

107-6 

1211-8 

111-8 

113-2 

1140 

109-2 111-5 

11)9-8 
122-2 

115-3 121-5 

109-2 

117-1 

Pjlatal  breadth CI 

52'
 

63 

54 

55 

55! 

61 59 56 

661 

57 62 

in 

61 

48! 

59 

62 

III 

57 58 57 61 

61 

55! 

59 

59 63 61 

61? 

60 

62 

54 

63 

60 

56? 

58 62 

60 

57 59 58 56 66 60 

62 59 

51 
Horizontal  eiretimfereuee 533 

536 509 509 518 IDS 

513 528 526 525 

509 

520 

519 

523 507 

51 15 

515 523 

530 

526 

561 

505 

534 

510 

511 

517 515 

521) 

532 504 

496 

543 538 

524 521 539 531 

511 

520 

526 

524 512 521 

520 

621 

5-f8 

522 

Ophryo-occipHa]  cin  ainlercnca 
532 534 

509 502 

517 

193 

510 

523 

520 

521 505 515 511 

518 

505 505 

507 

516 525 517 5(13 

495 

533 533 

511 

515 508 

513 503 192 542 

535 

523 517 539 523 

5111 

515 

521 519 
502 511 516 

513 

539 

618 

-     in'       . 373 3R1 

371 

351 365 362 386 

380 

371 386 369 303 

375 

372 355 366 368 372 383 381 101 366 389 388 353 

363 365 

375 374 

3711 

352 

3911 

375 

386 

360 

390 390 

381) 

366 379 375 365 363 

3RD' 

376 393 377 

Prontal  segment 

132 

Mo 

137 

131 129 

126 

142 133 134 

129 

126 

119 

138 

132 120 

127 

133 130 

138 

126 

112 

130 

130 

135 

120 131 

125 

128 
1311 

129 123 

1311 

133 III 124 

138 

110 

132 

131 131 132 129 126 129 

123 

1311 120 

Parietal     \. 
115 127 125 123 

126 128 

110 130 

125 137 

120 

126 

116 

116 

120 

130 

117 

125 

120 

139 136 

127 122 125 

II" 

111 

123 

117 

132 

136 

122 

127 127 

III) 

13(1 

132 128 

123 121 123 

124 

119 

111 123 

132 

HI) 130 

Occipital 

126 111 

109 

OKI 

no 108 134 

117 

112 

120 

123 

119 121 

124 

110 

109 

118 

117 

125 

mi 

126 109 

137 

128 123 118 117 

130 

112 105 11)7 

133 

115 

129 
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■1) 52-1 13-1 ■12-3 
49-1 

400 

44-1 51-11 
40-0 

•19-1 

43-6 44-9 

-43-9 

■18-0 

451 

Hi-" 

42-0 

52-0 

50-" 

48-3 

51-1 51-0 

46-2 45-3 

43-4 

55-1 

4-4-0 

17-1 40-1 
47-1 

500 

481 

■17-1 

52-1 

50-0 

38-6 
50-0 

I'M 

171 

51-" 

13-1 

43-8 

-1-1  -2 ■15-7 

S9-2 ■1 81-1 82-9 S6-8 91-0 
85-0 81-0 77-5 8041 

82-9 
89-5 

919 91-7 

S9-2 
87-5 88-6 80-5 

79-5 86-8 

840 

85-3 

800 

86-8 
S6-5 

S8-9 

70-0 

79-5 
83-7 

91-7 
800 S9-2 

S9-2 

82-5 

81-1 

78-0 

850 

SO-G 

SS-9 

8645 

89-2 

84-2 

821 

312 285 299 330 300 312 
::ii2 

320 

300 

305 297 

297 

320 

316 

322 

319 

309 310 

315 300 320 315 

320 

302 315 333 319 307 

309 

310 

306 

290 

302 

307 

315 

.'l"7 

321 322 309 

311 

313 

317 

' 1(11-0 93-5 91-3 
89-7 94-9 95-3 

92-7 
99-0 97-1 

100-0 

910 
95-7 

95-0 

99-0 

102-3 96-2 
102-9 

90-0 

950 

92-8 94-0 

960 

96-9 91-2 96-9 
94-1 83-8 

91-9 95-1 

88-0 

96-1 

94-8 

91-0 

101-9 

99-0 

98-1 

88-8 
94-1 

99-0 

'.15, 1 

94-9 

90-2 

90-8 
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SERIES  "P." 

Cubic  capacity 

Glabello-occipit.il  length 
Ophryo-oceipital        ,, 
Maximum  breadth 
Minimum  frontal  breadth 

Basi- bregma  tic  height     . 
OpLsthio-nasal  length 
Baa  i -nasal  ,. 

Basi-alveolai 

Xasi  -alveolar       „ 
Maxillary-facial  index  (a) 
Intorzygomatic  breadth 

Maxillary-facial  index  (b) 
Intermalar  breadth 

Inter-stephanic  breadth 
Asterionic  diameter 
Transverse  base 

Length  of  foramen  magnun 
Xasal  height  . 

breadth 

Orbital  height  (R.) 
..       (L.) 

„       breadth  (R.) 
..       <L.)        . 

Palatal  length  (F.) 

breadth 

length  (Turner) 
Palato-alveolar  index 
Palatal  breadth 

Hfjri?.orit-il  ■  ircu inference 

Uphrvfi-fM.'1'ipitat  i-ircuiiiferenci' 
Sagittal  arc     . 
Frontal  seirment      . 
Parietal        „ 

Occipital 
Cephalic  index 
Height 

Height-breadth  index 
Nasal  index    . 
Orbital    ..       . 
Transverse  aic 

I  Alveolar  index 

Db  M.  Yonso— (5) 

91 
141 

96 

128 138 

130 103 

96 

102 

82 

69 

71 

52-2 
56-9 

132 

130 

711 
80-4 

97 92 
IM 119 
10S 110 
120 120 
37 

31 

19 

48? 23 

26 

27 36 

27 

36 
38 

40 

38 40 

SI 

45 

804 
80-0 

41 36 

54 

40 

121-11 
260 

67 58 
522 532 
514 

530 383 386 
133 135 
133 127 
117 124 

74-2 75-7 
75-8 07-7 

11)22 

89-5 

46-9 
64-2 

71-0 

900 315 

316 990 

85-4 

189 

198 

190 194 

142 

134 
97 93 

130 

133 

127 

145 

96 

112 

124 

138 
95 

105 

71 68 

68-2 
51-9 

122 131 

78-8 

70-1 

901 

97 

119 

110 
103 

110 

110 

118 

31 33 
54 49 
22 26 

34! 

31 

34! 

31 
36 38 
36 

38 
51 51 

68-6 

72-5 

35 

37! 

52 53 

103-8 

101-8 51! 54! 
631 

538 
530 531 
393 376 

130 135 

132 

11.5 
126 126 

76-1 

67-7 68-8 

07-2 

91-5 

99-2 

40-7 

53-1 

94-4 
81-6 

323 

307 

99-0 

93-8 

45 

48 

47 

48 

M. 

M, 

M M. 

1320 

1310 

1380 

1270 

181 182 180 182 
179 

180 

179 

179 

135 141 139 130 
93 104 92 94 

131 130 

137 
123 

132 133 136 

134 

99 

99 

104 

98 

120 

129 

132 127 
93 95 103 93 

64 

69 

67 

69 

64-7 

05-6 
60-8 

57-5 

117 124 120 

120 

79-0 

79-2 

74-4 

83-1 

81 

87 

90 

83 

109 120 

120 

118 

108 112 104 

108 

III 

11-1 

III 

llll 

34 36 

31 

37 

52 
52 

45 53 
20 

23 

23 20 

33 

35 

28 

30 
33 36 

27 

31 
34 11 

37 

39 

34 41 36 

39 

45 52 

50 

51 

75-5 

67-3 

700 

66-6 
34 

35 

38 

31 

50 

53 54 63 

110-0 103-7 

122-2 
107-5 

55 

65i 

06 57 

511 519 

507 

510 
506 516 606 503 

369 362 

380 351 
128 125 131 121 
128 

117 

12-1 

121 
113 120 

155 

106 

74-6 

77-5 

77-2 

71-1 

72-1 

71-1 

76-1 
67-G 

97-0 

92-2 

98-5 

94-6 

38-6 

1-1-2 

51-1 

37-7 

97-1 

85-1 

75-7 

769 

302 

307 320 

290 93-9 

960 

99-0 

91-9 



48 43 50 51 52 53 54 55 56 57 58 59 60 61 

62 

63 64 65 66 67 68 

69 

70 71 

72 

73 74 75 76 

(Jltao.) 

77 78 79 80 81 82 S3 

84 

85 86 87 

88 

89 90 91 92 03 94 95 99 97 

98 

99   100  N.B. 

M. M. M. M. M. SI. 

ill. 

,M. M. M. M. 

M. 

M. M. M. M. M. M. 

M. 

M. M. 51. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. M. 

M. 

M. M. u, M. 
1370 

M. 

1580 

SI. 

2iH,nf 

1270 1710 1360 1740 1670 
1770 1460 1330 1350 

1100 
1410 

1430 

1220 

1520 
1470 

1510 14-40 1520 

1350 
1180 1580 1350 

1410 1550 

1290 

1450 

1490 

1090 

1350 

1470 
1410 

1330 
1680 

1220 
1410 1590 

1550 

1290 

1760 1670 

1200 

1130 

1171 

1610 1380 

182 196 191 201 
185 

193 189 179 

178 176 

192 193 183 

175 

190 

188 

190 

186 

178 181 175 192 

183 190 

196 178 189 

186 

172 1S4 200 181 191 

190 

179 

185 

175 

188 

177 203 214 174 

17s 

189 

187 

184 179 188 210 

215 

161 

173 196 191 200 
180 193 

185 
176 177 

173 

188 

190 

181 171 

190 

185 IBS 166 176 179 174 180 174 

184 

192 

172 

185 187 169 184 200 181 190 188 180 183 

172 

187 177 201 

210 

172 

171 181 

186 

182 178 189 
130 141 135 151 149 153 

139 135 
111 134 142 141 133 

127 

140 140 143 

140 

139 

135 134 

141 136 111 

142 

138 132 144 129 133 143 

137 135 

143 126 138 148 141 132 147 

147 

133 

127 

137 

1-13 

139 

134 

144 
91 103 

98 
1H2 99 102 100 97 

95 

90 

97 

100 

95 

96 101 93 102 93 

94 

92 88 

96 

90 

94 

104 

89 

92 

97 

90 

90 

106 

105 93 96 87 92 104 

100 

89 

94 106 87 86 

1IHI 

107 96 98 95 115 
123 146 138 142 136 

136 

130 
131 

130 

133 

146 

135 129 130 138 132 

131 

130 

112 

137 

130 141 132 132 

135 

131 135 129 120 129 135 134 

126 
127 126 

138 136 140 133 145 131 127 129 131 13G 131 

1712? 

137 

105 
134 144 135 116 

128 
140 139 135 129 

128 

140 

140 

131 

132 

128 132 136 

133 

129 140 123 

136 

138 140 

138 1-10 
135 

129 127 132 

142 

133 132 133 130 141 145 140 125 116 149 

129 130 

no 

136 132 

130? 

126 

113 

98 
127 
93 

108 

131 
97 

[02 126 
95 

106 91 
107 

105? 

101 

95 

98 

105 

102 

96 

96 93 96 99 98 

97 

103 

96 

101 100 107 103 104 102 98 93 99 

104 

101 101 

96 

96 102 107 106 95 

109 109 

96 99 101 100 98 

1001 

94 113 

100 
89 106 

'95? 

98 

90 

97 99 94 93 99 

69 

95 
97 

89 91 100 87 

95 

'96 

102 104 92 

'89 

99 

86 

102 97 94 101 90 102 

101 

ioo 

88 

8B 

106 108 90 

92 

97 

89 

'jo 

90? 

86 

100 

69 76 
63 75 

73 

68 

71 

75 69 66 

72 

76 67 67 65 80 

70 72 

67 

73 

66 73 77 72 

75 71 64 

75 

59 

75 

79 

70 
70 

65 

63 68 
68 70 

61 
71 

87 

64 66 

72 

78 

70 

03 

71 67 

57-5 584 

19-2 
551 

55-3 49-6 54-2 57-6 

56-4 

66-4 

54-9 
56-7 

56-3 
54-0 

537 

65-5 

53-0 

61-5 

55-3 

58-4 
55-9 

57-0 

58-7 

521 

60-0 52-6 
49-6 

69-5 

48-3 

63-5 

56-4 53-8 

57-8 
49-2 

52-5 53-1 
50-3 

56-1 
55-1 

53-3 

65-9 

53-7 

56-5 

55-3 

63-1 

604) 

60-8 

58-6 

51-5 

120 130? 
128 

136? 132 
137 

131 130 122 

117 

131 
134? 

119 124 121 122 132 117 

121 

125 

118 

128 

131 

138 

125? 

135 

129 126 122 118 

no 

130 121 

132! 

120' 

128 

135 

121? 

110 

133 132 
119 

115 

1311 

123 

123 

121 121 

130 

831 883 
670 83-3 79-3 76-1 

70-3 
86-2 

81-1 78-5 
73-1 

76-7 77-0 

71-2 
69-1 

89-8 78-6 

80-0 72-8 
81-1 

79-5 
81-1 89-5 77-4 89-2 

80-6 

74 -4 

86-2 

68-6 

S4-2 

85-8 

71-4 
76-0 

71-4 69-2 

71-5 79-0 81-4 78-2 

76-3 96-6 

68-0 

80-2 

86-7 
86-0 

ei-i 

78-7 

79-7 

720 

83 86 94 
90? 

92 89 93 87 85 84 

98 

99 

87 

94 

94 89 89 90 92 90 83 90 86 

93 

84 

88 86 

87 

S6 89 

92 

9S 92 

91' 

91 

95 

80 86 

78 

93 

90 

91 

SI S3 

90 

86 
80 

89 

93 

118 122 115 128 130 133 116 

115 
120 113 

119 123 116 113 129 112 121 116 

11s 

106 106 119 

117 

107 

131 

98 112 

118 108 

112 

122 122 

118 

128 

111 

118 

126 120 

111; 121 124 
115 

10:1 

120 

125 

121 110 

121 

150 

ins 108 108 
114 

109 120 111 

Mil 

107 

100 

113 

118 111 105 

114 110 

120 

103 

No 

101 102 111 111 

117 113 

114 106 

111 106 107 

118 105 

103 

120 

106 

107 111 98 100 107 

mi- 

107 

Kill 

111 

108 

no 

108 

107 

116 

no 114 115 
120 118 125 118 

112 

112 

113 123 
122? 

112 107 112 110 

118 

110 

113 115 

106 114 114 122 

118 

118 

113 

122 110 

105 

119 

115 

110 123 

105 117 

130-
 

107 

103 115 ni 115 103 115 115 113 113 

111 117 

37 38 32 41 36 

32 

36 32 

35 

32 34 40 35 

36 

36 36 37 35 35 40 32 

37 

39 36 36 37 35 32 34 35 38 

32 

31 

36 33 

39 

37 35 31 36 

40 

33 

3-1 

39 

37 

36 

36? 33 

31 

53 55 
50 54 

51 53 54 53 55 

50 

51 62 48 

53 

46 

57 57 

52 50 

53 

50 54 
60 

55 52 52 55 

52 

44 

50 
59 

48 48 49 45 49 53 50 43 

51 

62 

43 

17 

55 

59 

.'," 

49 48 

64 

20 27 
26 

26 22 24 24 24 24 22 26 

25 

21 26 24 22 24 23 22 

23 
25 

26 25 

25 

25? 22 23 

24 

22 23 25 20 24 23 22 23 26 24 20 24 24 

17 

22 20 24 22 23 24 

26 

30 36 
31 

35 

35 

32 30 33 32 32 33 

35 

28 28 31 32 34 

34 33 
32 31 

31 36 36 35 

36' 

32 

32 

32 

35 37 

31 

35 

31' 

27 

31 
32 32 

31 32 

40 32 

33 

31 37 

31 

33 

33 
30 

31 36 .31 35 

35 

33 

30 

34 31 

31 32 

35 28 30 

32 32 

31 35 33 32 

30 
31 

36 36 

■35 

36' 

32 32 

32 

35 35 32 34 

31 

27 

32 33 

32 

30 

30 

40' 

32 

31 
35 

37 

31 

33 

33 30 

39 41? 38 41 40 41 38 38 37 38 39 II 

38 

38 37 38 39 38 

37 

38 35 

■10 

40 39 

417 

■In 
36 

39 

37 39 

41 

39 39 

39 

38 

38 

11 40 34 

40 

10 

37 36 

.T.l 

41 37 38 

37 

42 

39 41? 38 
41? 

40 

40 

38 

38 

38 

38 

39 

■13 

37 

37 37 38 38 38 

37 

37 35 40 39 39 

41' 

40 36 39 36 39 43 38 39 39 

37 

38 40 40 34 40 

40' 

37 36 39 

11 

37 38 37 

42 

51 54? 
46 

52? 51 

53 

44 

52 

46 

52 57 

50 

52 55 49 

48 

52 51 19 

52 

44 

51 

56 55 56 49 41 

55 

45 

59 

54 

53 55 

50 53 

52 

■19 

44 47 58 62 49 

17 

53 63 

60 

49 14 

51 

66-6 711-3 
86-9 

73-0 70-5 71-7 

77-2 
65-3 82-2 

67-3 
64-9 

80-0 

67-3 

76-3 

75-5 79-1 

750 

72-5 
69-3 

75-0 
81-8 

76-4 

69-6 
70-9 

66-0 83-6 

75-0 
65-4 

75-5 

52-5 

72-2 

66-0 

67-2 

74-4 

73-5 

73-0 

72-1 

86-3 

63-8 65-5 51-8 

91-8 

71-1 

ill  1 

69-8 

76-0 

71-4 
81-0 

74-5 

34 38? 40 
38? 

36 

38 

33 

34 37 35 

37 

40 

35 

-12 

37 

38 39 37 34 

39 

36 39 39 39 

37 

41 33 36 34 

31 

39 

37 

37 

37 
39 

38 36 38 

30 

38 34 16 

35 

31 

37 38 35 37 

38 

53 56? 
50 

6-1? 

51 

55 

48 

55 48 54 59 53 53 

57 51 52 

55 

54 

51 

54 

48 

63 

60 

55 

58 

51 

46 

58 
47 

61 

58 

54 57 

50 

55 

51 

51 

46 

48?   59 

64 
52 

■19 

66 

55 

52 

50 

43 

62 

HIT'i 
1071 

124-0 1111 
117-6 116-3 114-5 103-6 

120-8 107-1 1000 
122-6 105-6 

115-7 

119-6 

121-1 118-1 
109-2 107-8 

116-6 

116-6 118-8 
103-3 

116-3 94-8 

125-4 

1130 

ll'S-li 

112-7 

86-S 

108-6 

112-9 

107-1 

11S-0 

112-7 

105-5 

107-8 
12S-2 

104-1 
108-4 

98-1 

125-0 

112-2 

103-6 

105-1 
1117 

108-0 
116-6 

115-3 

57 60? 
62 00? 

60 

61 

55 

57? 

58 53 

59 

65 

56 

66 

61 

63? 

65 59 55 63 56 63 62 64 55 64 

52 

63 

53 

53 63 

61 

61 59 

.  62 

57 55 

59 
:,n 

64 

63 

65 

55 
58 

58 

58 

64 

66 

60 

510 545 526 

560 

537 
557 

530 
506 

505 495 

637 

539 

515 491 

539 521 

535 

521 

5116 
503 

493 

532 516 

528 

548 

509 

524 530 484 507 565 515 525 539 

500 

513 516 

631 

499 

665 583 

■194 

491 527 636 517 

508 

630 

608 

503 513 525 
557 531 

556 523 504 

503 
489 532 530 

508 

486 

539 

515 

530 520 

504 498 490 524 

500 

518 543 495 

513 

530 

476 

506 

551 

514 

524 539 

498 

510 

513 

528 

500 

550 

572 

■193 

488 

519 531 

7,1,, 

506 529 0O8 

351 405 391 405 
395 

402 374 356 363 

359 39] 

381 377 348 104 381 384 380 372 354 358 3S4 

360 

367 388 341 

374 381 

340 

370 

394 369 

379 

392 

361 

368 

352 

387 

370 413 

407 

357 

319 

.'IT' 

380 373 365 403 

451 

121 138 137 138 
138 155 126 125 

130 

117 

143 

128 133 115 

150 130 138 

130 135 

129 128 

142 

122 

124. 

133 

119 

126 

133 

113 134 

138 129 

133 

143 123 

121 

119 

151 

134 

141 

133 

126 
117, 138 

134 128 

13S 

135 

163 

124 138 133 135 132 
138 126 

125 

120 

136 122 139 129 

117 

110 

135 117 

125 117 

118 126 123 120 

126 

128 115 

111 

122 114 

122 

139 

128 

119 122 122 127 

116 

122 122 

141 

145 

126 

126 122 129 122 117 145 

134 

106 129 121 132 125 109 122 106 112 106 

126 

114 

115 

116 

114 

116 129 125 120 107 

101 

119 118 

117 127 

109 

134 

126 113 

114 

117 

112 127 

127 

116 

120 

117 114 114 128 129 105 108 

111 

117 

123 

no 

123 154 

71  i 
71-0 70-7 

751 
80-5 

79-3 73-5 75-4 79-2 
76-1 

740 

73-1 72-7 72-6 

73-7 74-5 75-3 75-3 
78-1 74-6 

76-6 

73-4 

74-5 

74-2 72-4 

77-5 69-8 

77-4 

75-0 

72-3 
71-5 75-7 70-7 

77-9 

70-4 

74-6 

81-6 

75-0 

74-6 
72-4 

68-7 

-111 

713 

72-6 

7C-5 75-5 

74-9 

76-6 

74-5 

67-6 71-5 
72-3 70-6 

73-5 69-9 68-8 
73-2 

73-0 

75-6 
75-5 

69-9 
70-5 

74-3 72-6 

70-2 
6S-9 

69-9 79-8 

76-7 
74-3 

73-4 
72-6 

69-5 

68-9 

73-6 

71-1 

69-4 

69-S 

70-1 

67-5 

74-0 

66-0 66-8 

70-4 

74-6 

77-7 

74-5 

75-1 

714 

61-2 

730 

72-5 

69-3 

72-7 

71-2 

73-7 

72-9 

71-7 

94-11 1H3-5 102-2 

94-0 91-2 88-2 93-5 
97-0 

92-2 
99-2 102-1 

95-7 

96-9 102-3 98-5 
94-2 

91-6 
92-8 

102-1 

101-4 97-0 

100-0 

97-9 93-6 

950 

94-9 

102-2 

89  5 

93-0 
96-9 

91-4 

97-S 

93-3 

S5-8 
100-0 

1000 

91-8 99-2 

100-7 

98-6 

891 

95-5 

101-5 

95-6 

95-1 

,,,.- 98-6 

95-1 

96-2 

37-7 491 
52-0 48-1 13-1 

-1.1-3 

44-4 4.5-3 
43-6 

11 -0 

51-0 

48-1 

43-8 

19-1 52-2 
38-6 

421 

44-2 4111 

43-4 
50-0 

18-1 

■11-3 

45-5 

481 

42-3 41-B 46-2 

500 460 

12-4 

-11-7 

50-0 

16-9 

•IS-9 

16-9 

17-2 180 

40-5 
47-1 

38-7 

62-B 

16-8 

36'  1 

,10-7 

11-0 

46-9 

500 

48-1 

76-9 87-8 81-6 85-1 
87-5 

78-0 78-9 
86-8 

80-5 84-2 81-6 
79-5 

73-7 

73-7 
83-8 

84-2 
87-2 

89-5 89-2 

84-2 
88-6 

77-5 

90-0 

92-3 85-4 

90-0 

88-9 

821 

86-5 
89-7 

90-2 

79-5 89-7 

79-5 

71-0 

81-6 

79-0 

80-0 

91-2 

80-0 

100-0 

86-5 

91-7 

S7-2 

90-2 

83-8 

86-8 
89-2 

S5-7 

296 322 
310 332 

342 
347 

300 

301 305 302 326 

320? 

307 

296 

326 317 

318 

314 

316 

299 

299 317 302 301 326 302 

296 

300 

279 

-302 

310 

316 302 321 291 316 322 

330 

309 333 

330 

297 

286 

310 

319 

304 
300 

323 383 

94-9 89-8 
93-1 

94-3 
97-8 

99-1 
90-5 

94-2 
94-7 

99-0 
94-3 92-2 

96-9 

1031 

95-7 

99-0 

98-0 

90-8 
93-8 

97-1 

90-6 94-1 

960 

95-3 101-0 
88-5 

87-3 
101-0 

92-5 

103-0 93-3 

93-1 

100-0 

93-8 

lml-2 

99-0 

93-5 

83-0 

92-6 

97-2 99-1 93-B 92-9 

96-0 

89-0 

91-8 

90-0 

91-5 

88-5 
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SERIES  "G." 

Number. 1 2 3 4 5 6 7 S 9 10 11 12 13 14 15 16 17 

18 

19 

20 

21 22 

28 

24 25 2S 27 

28 29 

30 
31 32 83 

34 35 36 

37 

38 

39 40 41 

42 

>   > 

43 44 

45 46 

47 

Age   
Sex                   D. D. D. F. D. 

D. 

F. F. D. D. D. D. D. D. D. D. 

D. 

F. M. 

M. 

31. 11. D. D. F. F. D. D. D. D. D. 

D. 

M. F. D. D. D. D. 

D. 

D. 

D. 

F. D. 

F. F. 

F. D. 

Cubic  capacity        . 

1381) 

1410 1520 1390 1490 

1160 

1280 1330 
1270 

1160 

1420 

1250 

12t.ii 

1410 

1300 1350 
1200 

1350 1280 

1400 

1410 1400 

1430 1400 

1210 1330 1200 

1290 1200 

1430 

■  1400 

1420 

1570 1240 

1330 

1530 1300 

1270 

1370 

1280 

1350 1270 

1120 1130 1400 1380 1230 

GJabello-occipital  length 
189 181 193 185 184 172 181 

175 

178 180 

178 

177 178 

182 

183 183 

174 

175 

181 

178 189 

185 

183 164 181 176 178 173 179 

190 

185 

186 

189 

177 

189 189 

178 

178 176 177 179 

178 187 

182 

187 

183 184 

Ophryo-oecipital        „ 
190 182 193 185 184 172 183 176 176 178 179 176 177 181 181 183 173 

174 

179 

180 

189 183 

181 

182 180 

176 175 

173 178 

189 

184 

184 

188 176 

188 

189 

176 

176 

176 

178 179 

178 186 

182 

185 

1S3 183 

WaTrmnm  breadth 136 146 138 138 

146 

142 139 144 

134 

134 

142 

134 

130 

140 143 135 135 

140 

143 145 

136 

136 138 142 

133 

133 137 

128 

133 140 

139 

136 143 130 130 141 136 130 139 132 134 

136 

[39 

136 

135 138 132 

Mmimajn  frontal  breadth 93 

98 

104 99 95 

97 

95 

96 

93 

89 

90 92 SO 99 99 

97 

88 94 

99 

92 94 95 94 

96 

93 95 92 

91 

95 

94 

95 93 98 

93 
89 

95 90 94 89 90 96 94 97 102 96 94 101 

Basi-bregmatic  height     . 
134 125 121 131 

133 

119 121 120 124 122 128 

127 

125 128 116 

127 

126 120 127 133 

137 

131 

126 126 

121 

126 

121 132 126 

120 

130 132 137 120 135 128 

126 

129 123 129 132 

126 

130 

120 121 126 131 

Opisthio-nasal  length 
142 123 132 131 

130 

128 

128 130 126 128 123 128 129 124 

125 

132 

129 129 

133 

124 136 134 

131 

125 128 125 

126 

124 134 134 

133 

127 130 123 140 121 128 128 124 128 

125 

131 

134 131 134 134 139 

Basi-nasa]            „          . 

105 

92 

98 98 

96 93 97 

96 

94 97 

91 

96 93 

96 

90 

95 

98 94 102 95 102 99 95 

93 96 

94 

93 

92 

98 

98 

98 

96 

99 

92 103 88 

93 

98 89 

98 

95 

97 

101 

96 
98 

97 

103 

Basi-alveolar 

98 

85 

94 
90 

92 92 91 86 

82 

89 92 89 

94 

85 

80 

87 91 91 90 

81 

97 

92 92 

85 

89 

84? 

92 90 94 95 88 85 

92 

86 94 88 

87 

90 88 92 88 94 90 90 100 93 99 

Xasi-ajveolar       .,          . 

70 

64 77 67 63 

58 

69 

66 

59 

60 68 65 

71 

66 

63 
70 

68 

63 

68 

65 73 

70 

70 

68 67 65 69 65 63 

75 70 
72 

67 

67 67 

66 

08 71 70 

68 

71 

70 

60 05 

67 

74 

73 

Maxillary-facial  index  (a) 

58-3 52-4 
61-6 55-S 54-3 

46-7 

55-2 

52-8 

•17-5 

521 

57-1 

54-6 

606 

53-6 

500 

57-3 

56-2 

52-5 

55-7 

53-7 

58-4 

62-0- 

56-9 

52-3 

58-2 

63-7 

58-9 
53-2 

51-2 

64-1 

57-3 

62-0 

65-3 

57-2 

66-7 

56-4 

66-2 

08-2 67-3 

66-2 

57-7 

56-1 

51-9 

61-6 

05-3 

03-7 

58-1 

Inrerzvgomatic  breadth 

120' 

122 125 120 

116 

124 125 125 124 116 

119 

119 

117? 

123 

126 

122 121 120 

122 

121 125 120 

123 

130 

110 

121 

117 122 123 

117 

122 116 121 

117 

118 

117 

121 

122 122 

121 

123 

124 127 

126 121 

116 126 

Maxillary-facial  index  (5) 

81-4 

75-3 
91-6 

77-9 75-9 

69-8 76-6 

75-8 
70-2 73-1 

76-4 

69-9 
780 

75-8 
75-9 

84-3 

73-9 72-4 
85-0 

79-2 

82-9 83-3 

80-4 

78-1 84-8 

76-4 

81-1 

76-4 

68-4 88-2 
85-3 

81-8 
70-6 

77-9 
77-9 

79-5 

79-0 

82-0 

89-7 

731 

81-6 

83-3 

79-0 

78-3 

73-6 

92-6 

81-1 

Intermalar  breadth 86 85 

84 

86 83 83 90 87 84 82 89 93 

91 

87 

83 83 92 87 80 

82 88 

90 87 

87 

79 85 85 85 

92 

85 82 88 

96 

86 86 83 86 86 

78 

93 87 84 83 

S3 

91 

80 90 

Inter-stephanic  breadth 

117 

120 122 120 118 118 

111 

119 ioa 

111 

118 112 

108 

120 

118 117 

110 116 

125 

121 119 118 

118 118 

114 

118 116 

109 

112 

120 

117 
118 

126 114 110 

119 

114 

115 115 110 

119 

110 127 

122 

119 
116 110 

Asterionic-  diameter 111 113 110 109 MM. 109 

110 

113 

107 

105 111 110 

OH 

104 

114 106 

103 116 111 110 

112 

104 107 

108 104 110 101 

98 

102 

113 

111 103 

110 

98 

106 

114 106 

105 

113 

105 

104 104 

107 108 

111 112 

107 

Transverse  base      .... 

108 

114 114 110 108 114 114 

115 

111 109 114 

110 

105 110 

114 

109 110 111 111 111 

115 

113 112 119 

108 117 

104 110 

115 

111 

117 
106 

110 

1117 
108 

115 

111 110 112 

108 

109 111 

113 

112 

108 

112 

114 

Length  of  foramen  magnum  . 39 31 35 35 35 34 

31 

34 

32 

32 

32 32 
33 

31 

35 

36 

32 

35 

31 30 

35 37 36 

32 32 

33 34 33 36 

35 

35 32 32 32 38 

32 

35 33 36 30 

32 

35 

35 31 

35 

36 37 

Xasal  height             .... 

52 

50 58 

52 42 

44 

51 52 

48 48 41 

47 

19 

46 

50 
52 

49 47 48 

52 53 50 

50 51 

51 

48 

50 51 

49 

51 

45 

05 

50 

53 50 48 48 53 

52 
50 

49 50 49 49 60 50 53 

.,     breadth         .... 24 24 22 21 23 22 22 23 27 20 

23 

23 25 

25 

26 21 21 

23 

23 20 22 

22 23 23 
22 

23 22 22 24 

27 

23 23 

25 23 

23 21 

27 

22 20 

23 

25 26 

22 

23 25 

21 21 

Orbital  height  (R.) 

33 

35 

38 33 32 

31 

32 32 30 31 32 36 

32 

34 

33 

38 33 

31 

34 31 

34 

34 34 31 

34 

38 

34 29 32 33 

37 

33 31 

35 

31 30 

33 

36 34 30 34 

35 

31 37 

32 

31 31 

„      (L)          .        .        . 

33 

35 37 34 31 29 

31 

33 31 31 32 

36 

32 

35 33 

37 

33 31 35 

31 34 

36 

34 34 

33 37 31 30 32 

30 

36 33 

31 

33 32 

27 

33 

36 

34 30 

32 

36 

31 

37 

31 33 34 

..       breadth  (R.) 

37 

39 

43 38 

39 

■  39 

38 39 

39 

38 

31 

37 36 39 3S 39 

38 

37 

38 

37 
37 

40 

38 38 38 38 40 37 37 39 38 

38 36 
37 

37 

36 

36 

39 

36 

36 

37 38 42 39 

37 
37 

38 

,.        (L.)        .        . 37 38 43 38 

39 

39 38 38 38 38 34 36 36 30 38 39 36 

37 

38 37 

37 38 
37 37 

38 37 39 37 

37 

38 38 37 36 

37 
37 

36 35 39 

36 

36 37 38 

.42 

39 36 

37 

38 

Palatal  length  (F.) 

52 

47 

53 

45 

50 

47 

16 

44 43 46 

50 

44 IS 45 

40 46 47 

49 48 42 53 

50 

48 48 

45 

53 

47 

60 19 

48 

46 

41 49 48 

48 

47 
47 

48 

47 

60 

48 

47 

50 

51? 

52 

64 

index 

65-3 80-8 
66-0 

86-6 
7-1-0 

72-3 
80-4 

86-3 

930 

78-2 

63-0 79-5 

750 86-6 

84-1 

84-7 

70-5 

77-5 77-0 

73-8 
64-1 

75-0 

74-0 

79-1 

70-8 

77-7 

69-8 

68-0 

720 

79-5 72-9 

86-9 

97-6 

77-5 

79-1 

87-5 

76-5 

80-8 

79-1 

89-3 

680 

77-0 

74-4 
72-0 

66-6 

73-0 

68-5 

breadth       . 34 38 35 

39. 

37 

34 

37 

38 

103 

36 34 35 36 39 

38? 

39 

36? 

33 
37 

31 

34 39 

37? 

38 34 35 37 32 

36 

39? 

35 

40 

■10 

38' 

38 42 36 38 38 42 34 

37 
35 

36 

34 38 37 

„       length  (TrJp.srER) 48 55 46 

53 
50 

50 

46? 

44? 

48 52 

48 

19 47? 

47? 

48 

50 

.    49 

51 

44? 56 54 53 48 49 

47? 

55 

50 

53? 

52 61 

48 

■15 

51' 

50 50 

50 51 

60 

49 

50 

51 60 63 53 51 56 

Palate-maxillary  index  . 

Palatal  breadth*      . 94-2 125-0 
103-6 

136-9 

115-0 1120 

120-0 

108-7 
125-0 

10-1-1 

117-3 

116-6 

1201 
127-6 

110-6 

120-0 

102-0 

1241 

117-6 127-2 

I07-] 

III 

107T) 

110-6 

1020 
lnS-0 

105-1 

1160 

116-9 
117-3 

II  '3-9 

12741 

130-5 

107-8 

110-0 

124-0 116-0 

ra-r. 

114-0 

126-0 

11-40 

l"0-8 

112-n 

1117-5 
109-1 

105-5 

107-1 

-Ml? 

60 
57 63 

61 

56? 

60 

50? 55? 

50? 61 

56 

59 

60 

52? 

60 

51? 

61 

60 

56 60 

60 

57? 

56 50 

51? 

68 58 62 

61? 

53' 

01 61 

55? 

55 62 58 63 

07 

62 67 51 66 

57 

58 

57 

60 

H"riz'eit3l  circumference 

Ophryo-oceipital  circumference 
Arch  to  base  ratio 

520 

523 

5-11 

522 518 502 

519 515 

503 

496 006 

504 496 

518 

521 

514 

■197 

503 518 512 

521 

518 515 

519 

506 507 601 

191 
605 

529 

520 

517 

533 503 515 

529 506 

500 006 503 
506 502 623 015 

520 

519 515 

521 521 541 521 

2-87 

516 

501 

517 
2-85 

515 

2-72 
498 496 

506 

499 

493 

517 

518 

512 

493 

502 

2-69 

517 

514 

518 516 513 515 

502 

2-81 

503 

2-91 

499 

492 501 

529 

517 

-Oil 

032 

500 

2-87 

353 

512 

529 

503 

496 

602 

501 
504 601 

2-71 

520 

51-1 

2-76 

510 

2-71 

617 

2-73 

511 

.Sagittal  arc    . 

Frontal  segment 

Parietal      „           . 

Occipital     „ 

Cephalic  inrUx 

-   - Hei
ght

-br
ead

th 
 

ind
ex 

Xag
al 

 
ind

ex 
   

. 

Orb
ita

l  
  

„   
   

. 

Tra
nsv

ers
e  

arc 

Alv
eol

ar 
 

ind
ex 

372 375 385 376 

381 348 

365 

351 

361 356 

378 

359 357 374 360 

373 350 

347 

359 

376 385 

372 

366 

380 360 361 

358 366 352 376 378 
381 

392 375 393 367 

360 

363 365 372 

355 

372 

361 

368 367 366 

138 
127 

130 129 

136 130 

120 

125 

125 

124 123 129 

127 

155 

126 

123 

132 

124 

117 

132 

131 135 

130 130 132 

126 

129 121 

126 

118 120 

132 

132 

137 

123 131 131 128 

127 

121 117 

127 130 

130 

127 

129 

131 

133 

129 135 

115 127 

120 120 

115 

131 

125 

131 

120 

125 119 

123 

123 

115 

108 120 

124 

124 

123 

110 

130 

119 

117 

122 131 117 143 

116 

128 

135 

120 124 139 136 125 124 

127 
125 112 

120 

119 

120 

118 113 112 

116 

121 

125 

124 108 

120 

114 
lnfi 

108 

118 

112 107 129 119 

118 

111 122 107 118 120 

119 126 

118 

115 118 

112 109 

117 113 

130 

121 120 no 120 123 103 108 118 121 

120 113 

122 

115 

119 115 

115 

72-0 80-7 71-5 
74-6 79-3 

82-6 

75-5 

82-3 
75-3 

74-4 

79-8 

75-7 

73-0 

76-9 

78-1 

73-8 

77-6 

800 790 

81-5 

72-0 

73-5 

75-4 
77-2 

73-5 

75-6 

77-0 

Tl-ii 

74-3 

73-7 

75-1 

73-1 

75-7 

73-1 

68-8 

74-6 

76-4 

730 

79-0 

74-6 

74-9 

70-4 
74-3 

75-8 

72-2 

75-1 71-7 

71-2 

99-2 

39-6 

89-6 

302 

96-1 

70-9 
69-1 62-7 

70-8 

72-3 
69-2 

05-8 

68-6 

69-7 
G7-8 

71-9 71-8 702 
70-3 

63-1 
69-4 

73-6 

68-6 

70-2 

74-7 

72-5 

70-8 

68-9 

68-5 

66-9 

72-7 

680 

76-3 

70-4 
63-2 

70-3 

71-0 
72-5 67-8 

71-1 

67-7 

70-8 

72-5 

69-9 72-9 

73-7 
70-8 

69-5 

66-9 

0-1-7 

68-3 

98-5 

85-6 87-6 94-9 

91-0 

83-8 
87-0 83-3 

92-5 

91-0 

901 

94-7 

961 
91-4 

81-1 

91-0 

94-8 85-7 88-8 
91-7 

100-7 

96-3 

91-3 

88-7 
90-9 

96-2 

88-3 

103-1 

91-7 

85-7 

93-5 

97-0 

95-8 

92-3 
103-8 

90-7 

92-6 99-2 

88-4 

97-7 

985 

92-6 

93-5 

80-9 S9-0 

50-0 

80-5 

306 

102-0 

90-5 

■12-0 

91-9 

305 

95-9 

46-2 

48-0 37-9 

40-4 

54-8 
50-0 

431 

44-2 56-3 

41-7 

52-3 
48-9 

510 

54-3 

52-0 

40-4 
42-9 48-9 

47-9 38-5 

41-5 

39-3 

160 

45-1 

43-1 
47-9 

440 

43-1 

49-0 

oii-o 

511 

41-8 

50-0 

431 

46-0 

43-8 

56-3 

4 1-5 
38-5 

46  0 

51-0 

52-0 

44-9 

10-9 91-9 

299 

93-8 

89-2 89-7 88-4 
86-8 82-1 

79-5 84-2 

82-1 

Tti-'i 

81-6 
94-1 97-3 

8841 
87-2 86-8 97-1 

86-8 

83-8 

89-5 
91-9 91-9 

85-0 

89-5 

89-5 

89-5 
100-0 

85-0 

78-1 

86-5 
84-6 

97-4 

86-8 

86-1 

94-6 

83-8 83-3 

91-7 

92-3 

944 

83-3 

91-9 

92-1 

81  0 

305 313 

297 

312 209 296 294 

302 291 

29] 307 

302 

365 

316 293 307 305 295 315 320 

309 

304 308 306 300 

302 

305 

301 

295 

312 

307 

311 335 

290 

305 315 295 292 

290 

293 

306 

300 303 

93-3 92-3 

95-9 
91-8 

96-8 98-9 

93-8 
89-6 

87-2 

91-8 

1011 

92-7 

95-9 

88-S 
88-8 

91-6 
92-9 

96-8 

93-1 
85-2 

95-1 

92-9 

96-8 

91-1 
92-7 

89-3 98-9 

97-8 

95-9 96-9 

89-8 

88-5 

92-9 

93-5 

91-3 

100-0 

93-6 
91-8 

98-9 

93-9 

92-G 

96-9 

89-1 

Da  M.  Yacso.— (6) 

48 49 

D. 

50 51 52 

53 

54 55 56 

D. 

F. 

D. 

F F 

D. 

1370 

1280 1250 

1340 1320 

11.111 

189 

177 

171 

179 
173 

177 
175 

189 

177 

172 179 172 179 

175 

132 

131 

130 137 

132 

III 

131 

97 

85 93 

94 
96 

92 

127'
 

128 

128 120 
129 

132 

125 

1- 37 

121 

121 

129 120 
187 

132 

lii- 

93 

94 

93 

93 94 
86 94 86 

85 

92 

96 

66 

73 

G4 

07 

63 69 

71 

01-7 

63-0 

63-1 01-0 

04-0 

53-8 

55-2 
09-1 

57-5 

123 

115 121 

123 117 125 

1801 

70-9 

83-0 

09-0 

79-7 

74-1 

77-5 

83-5 

77 

93 

89 

92 84 SO 89 85 

116 

111 

116 

11.-, 

115 

117 

108 
116 

III! 

106 
106 

109 

108 

112 
loo 

103 

110 108 

112 III 

IDS 

116 108 

107 

32 33 32 35 32 31 38 32 

■10 

18 02 

50 

19 

44 

49 

52 

50 

22 

21 

25 

20 22 

20 

23 

22 

-'.;, 

33 31 

37 

31 

30 

-■»! 

32 

30 

■« 

31 

31 

37 

30 

30 

31 

33 

38 

38 

38 36 35 

30 

38 38 

38 

38 

38 36 

30 

36 

38 38 
50 

■111 

58 

51 

■14 

45 

53 53 

51 

71-7 

65-1 

70-4 

79-5 

77-7 

77-3 
71-7 

68-0 

03 

32 

39 

35 

35 

II 

38 35 
19 

50 

53 

47 
47 

56 
50 

01 

118:1 

118-0 

118-8 

121-2 

129-7 
11-1-5 

109-0 

111-1 

1 
61 08 

59 

63 

57 

01 

03 

198 

613 

491 

191 

007 

191 

5119 

191 580 

000 

012 491 

2-95 

191 505 2-81 
492 2-88 

0111 

191 525 

304 372 306 366 363 

361 

370 3IK 

373 
131 

128 

131 129 129 122 

127 

12" 

133 

122 116 

111 

115 

120 

133 

130 

121 119 
111 

128 118 112 

114 

106 
113 

I'll 

121 

77-3 

09-8 

74-0 

79-5 

76-0 

70-3 

81-4 

71-9 

75-1 

705 

67-2 
72-3 

71-9 

69-8 

74-6 

710 

71-1 

63-5 

911 

911-2 

97-7 

9-1-1 

91-2 

97-7 

91-0 

90-1 

845 

13-5 

15-8 

1(1-2 
00-1) 

51-0 

50-0 
10-8 

03-8 

II-" 

81-6 

92-1 

86-8 

81-0 

102-R 

88-6 
83-3 

78-9 

84-2 

303 294 299 

303 

307 301 

312 

■J' is: 

298 

95-7 

98-0 

92-0 

100-0 

92-5 

91-4 

97-9 

99-0 
99-0 



55 56 
57 58 

59 

60 61 62 63 

64 

65 66 67 68 69 70 71 

72 

73 74 

75 

76 77 78 79 80 81 82 

83 

84 86 86 87 88 89 90 91 

92 

93 94 95 96 97 98 99 100 

D. D. 
F. 

D. M. 

D. 

D. 

F. F. D. D. 

D. 

F. D. D. F. D. F. D. D. D. F. 

F. 

F. 

F. 

D. 
D. 

D. F. 

D. 

D. F. F. 

D. 

D. V F. n. F. F. F. F. F. F. F, 
1280 12110 1540 1300 1320 1210 

1010 
1240 

1450 1230 

1260 

1190 

1140 

1120 

1260 

1210 

1400 

1400 

1230 

1350 
1180 

1410 

1280 1390 1460 1200 1190 1380 

1310 

1210 1280 

1370 

1300 

1270 

1270 

1300 
1320 

1350 

1380 

1030 

1380 

1260 

175 189 182 
183 180 177 177 166 177 184 174 179 177 

166 

174 

175 175 

173 ISO 175 180 172 

179 

181 172 

180 

190 179 

173 

180 ]8t 

177 

182 180 182 175 172 179 175 181 170 187 l&l 

180 

171 175 189 182 183 178 
178 

175 163 

175 183 175 

,  176 

179 

166 

173 174 174 172 181 172 181 172 

179 

181 173 178 190 177 172 178 183 

170 

182 

ISO 

182 

175 

174 179 171 

180 

177 

187 

183 

181 

173 
1:11 112 133 138 133 141 

136 126 135 145 

135 132 130 130 131 133 

135 143 139 

133 

136 

134 

125 

137 136 139 143 138 130 136 132 

130 

131 138 141 

135 

134 112 142 135 138 135 

133 

132 133 

84 95 
96 

93 87 92 88 81 87 

97 
95 

99 87 88 

95 93 

89 

89 

95 

88 88 91 

88 

93 89 88 93 94 94 91 96 88 

98 
95 

88 93 S3 

95 

96 98 98 89 86 

92 88 

125 120 125 131 129 127 127 115 

121 

130 124 123 132 121 

127 

132 

126 

124 129 

116 

124 121 

127 

134 
126? 

127 

124 120 131 131 121 112 130 126 132 129 128 128 125 

126 

129 130 

122 120 123 
13a 131 129 126 134 122 127 

117 
127 133 

126 

131 

124 

115 

129 130 

123 

124 132 

120 

130 123 

127 

125 128 131 140 132 128 

127 

130 

128 

131 

127 

121 

Mil 

123 131 119 

130 

125 137 122 126 121 
97 99 

95 
91 101 91 95 86 91 99 92 99 93 86 97 96 

94 

92 

97 

85 

95 93 
96 

91 93! 95 103 

95 97 

97 95 92 

98 95 

93 89 90 

'  97 

91 

97 

89 

100 

93 

96 

89 

9G 98 90 

88 
95 93 95 

79 

92 

86! 

91 94 89 88 

95 
86 

83 90 91 84 90 90 90 

81 

90? 

88 

101 

93 

90 

91 
87 

95 96 

87 87 

86 

87 95 

81 87 

86 

98 

8-1 

89 

84 

71 69 58? 

68 
76 

62 70 

60 

74 

65 69 

69 

65 67 66 

64 

65 

69 

66 

66 

67 65 

62 76 

63 

62 69 

74 72 
69 

67 

72 66 

70 

67 

65 

61 

66 65 05 

69 

70 63 

61 

63 
59-1 57-5 50-1 51-8 

60-8 
51-6 

58-3 52-1 
62-7 50-7 57-0 

56-4 

56-0 

58-7 

55-0 

52-4 

53-7 

57-0 

53-6 

54-1 
57-2 

541 

54-8 

61-2 

51-7 

55-8 

07-0 

59-6 

59-5 

54-7 

55-8. 

62-6 

54-1 

69-3 

56-3 
51-6 

61-2 

mi 550 

51-5 

17-9 

59-8 

56-7 

61-9 

06-2 

13"! 120 115 121 125 120 120 115 
118 128 

121 122 116 114 120 122 121 121 123 122? 117? 
120? 

113 124 

115 

111 

120' 

124 121 126 

120 

115 

122 118 119 

119 

119 122 118 1211 123 

117 

111 

111 

112 
53-S 784 

66-6 ,79-0 
86-3 

68-8 
814 

75-0 84-1 79-2 77-5 

76-6 

78-3 
31-7 

75-8 

77-1 76-4 
80-2 76-7 

75-0 

83-7 
73-8 76-5 

91-5 

74-1 

794 

77-5 

891 

80-0 78-4 

81-8 
80-0 

75-0 

86-3 
78-8 

80-2 

62-2 

7-1-1 

78-3 

69-1 

67-8 

81-1 

7-1-1 

70-2 

76-8 

85 88 
87 86 

68 90 86 

80 

88 

82 

89! 

90 

83 

82 87 83 

85 

86 

86? 

83 

80 

88 81 83 85 

78 

89 83 90 88 

79 90 

88 

82 

85 

81 

UK  n.ii 89 83 

94 

87 80 

85 

80 
82 

108 116 116 123 112 114 
101 

102 110 

118 116 

120 

106 114 115 

113 108 126 

118 

111 

116 

111 108 114 111 112 118 112 112 111 

115 

HI 

III 122 

113 

117 

112 115 120 

116 

122 114 112 

115 

111 
105 103 106 108 105 109 108 

97 
106 107 

106 

107 

108 

103 106 

102 

105 112 

104 

106 

105 99 

105 108 108 

108 

113 

110 

105 

106 1116 

103 

105 

105 

99 103 

97 

110 107 

100 

103 

108 
107 

1011 

99 

108! 107 103 111 115 
108 108 106 

106 117 108 110 109 

109 

110 111 

11" 

113 111 109 112 
106? 

106 

115 

111 

107 

117 

112 109 

114 

no 

108 107 

105 

107 106 106 

113 111 

115 

109 

113 

1"! 99 

II 10' 

38 32 33 36 34 

31 

31 31 36 35 

33 

33 31 29 33 34 30 32 36 34 36 

31 

32 

.  36 

32? 

37 

36 37 

34 

32 85 

35 

32 32 30 32 33 31 29 

34 

35 30 2S 32 32 
52 50 15 56 55 

"15 

50 18 51 54 48 

51 

48 15 50 43 

46 

50 

43 49 48 

50 

46 

54 

46 47 

52 53 

50 49 46 

51 

47 

49 50 12 46 

■17 

50 48 44 

50 

■18 

48 45 
23 22 23 20 21 24 

27 

22 23 

21 

24 20 22 

23 

23 22 23 23 23? 

25 

23 23 22 18 

24 

19 

20 
25 

24 

20 

23 23 

24 

13 

21 

21 24 24 20 26 22 21 25 21 23 
30 

-32 
31 31 35 

33 

33 31 34 36 33 

32 

31! 38 

33 

33 34 35 34? 34 33 33 28 37 33 

32 

34 36 35 34 32 31 31 34 

31 31 
32 

3-1 

32 

38 

32 34 33 31 30 
31 33 

32 31 
36 33 34 33 34 36 

33! 

33 

31 

27 

33 

-  33! 

34 

35 

34 

31 

33' 

32 

28 

37 

32 

31 33 

35 

35 

34 

32 32 31 33 31 33 33 31 32 37 31 36 32 

31 

30 
38 38 

37 37 
40 

36 37 

31 

35 

38 39 41 38! 34 38 40 36 38 38? 38? 

37 

38? 35 -in 

37 

34 

37 

39 

38 37 

37 
37 

38 35 

36 

37 37 38 

37 

41 36 38 38 33 

35 

38 38 
37 37 

40 

36 37 34 35 37 

39? 

39 38 35 38 40? 36 

39 

38 

38? 

37' 

38 

34 40 36 34 

37 

38 38 37 37 

37 

37 35 35 37 37 38 37 39 35 

30 

39 33 35 
53 

51 
17 

18 49 

47 

50 

43 47 45 

47 

48 48 

17 

53 

47 45 

48 45 46 

47 

46! 

60 

45 

46 

41 
50 

48 49 18 47 

46 

50 

45 
18 47 

11 

■19 

43 

50 

45 60 48 47 45 
Tl'7 68-6 80-8 66-6 Sl-6 

80-8 70-0 76-7 78-7 75-5 

85-1 

854 

75-0 

80-8 

73-5 

74-1 

82-2 

79-1 
80-0 82-6 76-5 

80-1 72-0 
80-0 

80-1 

80-5 

68-0 
72-9 

77-5 

79-1 
74-1 

804 

70-0 

77-7 

72-9 76-5 

81-8 

75-5 

83-7 

760 
84-1 

fii-0 

81-2 

78-7 

73-3 

38 35 38! 32 40 

38 

35 

33 

37 

31 40 11 

36 

38 39 

35 

37 38 

36? 

38? 

36' 

37 

36 36 37 33 

34 

35 

38 
38 

35 

37 

35 35 35 36 36 37 36 38 

38 

32 

39 

37 

33 

55 51 50! 51 

52 

49 

52 

45! 

50 

48! 49! 

51 

50 

51 

55 

49 48 

51 

48 48? 49 48? 

50 

47 48 

16 

52 

52 
52 50 

50 

50 

52 

48 

51 51 

46 51 
45?   537   48 

62 

60!   47 

48 
19-0 111-1 108-0 101-9 113-4 

1224 
109-6 108-8 

118-0 
108-3 

122-4 119-6 
1160 

119-6 
110-9 

112-2 118-7 

109-8 
120-8 

118-7 

110-2 116-6 1000 

1191 

118-7 

119-0 

103-8 

103-8 

115-3 

120-0 

I1M 129-0 

111-5 118-7 

113-7 

109-8 

104-3 

I'll  K 

126-6 
1150 

lnr.i 
1 16-3 

108-0 

121-2 

118-7 

60 60 51! 
52 

59 

60 

57 49 

59 

52  i 

60 

61 58 

61 

61 55 57 56 58? 57? 

51 

56 50! 56 

57 

55 

54 54 

60 

60 59 

60 

.  58 

57 

58 
56 

48 55 

57 

61 

60 

00 

51 

57 

57 

191 526 512 519 
506 508 501 468 

498 
522 496 

501 

495 478 489 496 194 

510 

502 494 512 

489 496 

507 

494 505 529 510 

487 

510 

512 194 509 

513 

508 501 491 

512 

507 

612 

505 516 507 

603 

■187 

in  1 525 510 
2-86 

520 500 508 
496 

464 
2-83 

494 

2-77 

521 

496 

502 

495 
301 

476 

486 494 

2-79 

493 509 

2-92 

500 

489 

511 

489 

2-S2 495 2-89 
506 

302 
494 

604 

528 606 

185 

2-72 

507 

509 

-190 

2-75 

505 

2-81 

511 607 503 

3-10 

492 

2 '.18 

510 

508 

■■in'- 

612 

2-83 

505 

2-91 

516 

2-78 

5(17 

,3-13 

502 
2*1 

488 

-■Mill 

318 373 369 380 358 
370 354 332 

352 371 357 351 374 

353 

349 363 358 363 368 350 

360 

347 

367 

378 358 

365 

375 

350 

349 

366 

369 

352 

368 

369 380 

369 367 361 365 368 364 

381 

382 358 

303 

121) 133 125 129 131 130 121 
117 

122 135 124 122 

136 

121 114 

123 130 

130 131 118 

128 115 

124 132 

121 

125 

130 129 

124 

132 128 

118 

127 132 138 

125 

138 128 

130 128 

120 

121 

129 130 

126 

121 119 113 132 101 130 111 113 121 

121 

121 120 124 119 124 

131 

110 

127 

125 

120 

117 

120 125 130 

124 

125 129 103 

116 123 

111 

122 127 

108 

101 

130 

112 

115 

122 

Ins 

130 

135 

111 

118 119 
Ml 121 131 119 

126 
110 116 102 109 

115 

112 

109 

114 113 111 

109 

118 

105 

112 112 115 112 118 

116 

113 115 

116 

113 

109 

111 125 

112 

114 129 

138 

111 

117 

118 

113 132 111 

122 

122 

110 

118 

Till 
75-1 73-1 

754 

73-9 
79-7 

76-8 75-9 76-3 
78-8 

77-6 

73-7 73-4 
78-3 

75-3 

760 

77-1 

82-7 

77-2 

76-0 
75-6 

77-9 

69-8 
75-7 

79-1 17-2 

75-3 

77-1 

76-1 
75-6 

71-7 

73-4 

72-0 

76-7 77-5 

77-1 

77-9 
79-3 

81-1 

74-0 

78-4 

72-2 

72-3 

73-3 

77-8 

71-1 63-5 68-7 71-6 71-7 
71-8 71-8 69-3 

684 

70-7 71-3 68-7 

74-6 

72-9 

730 

75-4 72-0 

71-7 

71-7 

66-3 

68-9 

70-3 70-9 

71-0 73-3 

70-6 

65-3 

67-0 

76-7 

72-8 

67-1 

63-3 

714 

70-0 

72-5 73-7 

71-1 

71-6 

7M 

69-6 73-3 

69-5 

110-3 

60-7 

71-9 

954 81-5 93-9 91-9 96-9 90-0 93-3 
91-2 89-6 

89-6 

91-8 
93-1 

101-5 

93-0 
96-9 

99-2 
93-3 86-7 

92-8 

87-2 91-1 

90-3 

101-6 97-8 

II2-H 

91-3 

86-7 

86-9 

100-7 

96-3 

93-9 

86-1 

99-2 

91-3 

93-6 

95-5 

95-5 

90-1 

88-0 

93-3 93-4 

96-3 

91-7 

93-9 

924 

53-8 44-0 511 13-6 
38-2 

53-3 51-0 45-8 52-6 

38-9 50-0 

39-2 

45-8 

51-1 

46-0 51-2 
50-0 46-0 

47-9 

51-0 47-9 

460 

47-8 
33-3 

52-2 

40-4 

38-5 47-2 

4S-0 40-8 

501 

15-1 

51  1 

36-7 

12-0 

67-1 53-3 

511 

ion 
62-1 

50-0 

12-0 

52-1 

13-8 

51-1 

78-9 81-2 91-9 
91-0 87-5 91-7 

89-2 

100-0 
97-1 

94-7 84-6 
780 

81-6 

821 

86-8 82-5 

944 

92-1 

89-5 89-5 

89-2 

86-8 

800 

92-5 

89-2 
94-1 

91-9 92-3 

921 

89-2 

86  5 

83-8 

81-6 97-1 

8G-1 
83-8 

86-5 

89-5 

8N-5 

92-7 

88-9 

89-5 

66-8 

93-9 
85-7 

298' 298 300 313 
294 315 287 273 

292 316 309 296 301 288 

295 

301 299 316 308 288 306 

286? 

291 306 300 303 307 

302 

291 

310 

306 

282 296 

312 

310 

303 307 

309 310 

300 

309 

309 

290 

291 

290 

990 
99-0 94-7 96-7 

91-1 102-2 100-0 91-8 
101-1 86-9 98-9 

94-9 
95-7 

103-5 
97-9 

89-6 
88-3 

97-8 93-8 
98-8 

94-7 

96-8 

938 

89-0 

96-8 

92-6 

98-1 
97-9 

92-8 
93-8 

91-6 

103-3 

96-9 

91-6 93-5 

96-6 
96-7 

97-9 

89-0 

89-7 

96-6 

98-0 
90-3 

93-7 

94-3 
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SPECIAL   SERIES   "X.' 
SERIES   "Y."— FACIAL   PORTION   DEFECTIVE. 

JUVENILE   SERIES   "J.' 

dumber. 1 2 3 4 5 6 7 

1  Aae.  veais 
fe     . 31. M. F. M. 

F. 

M. M. 

1  Cnbic  capacity 1430 1280 1380 1450 
1350 

1300 
1530 

1  Glabello-oceipital  length 
191 182 182 185 180 

183 

189 

phryo-occipital      „ 
1S9 182 182 182 180 182 191 

1  VaTiTniiTn  breadth 
135 

137 

134 148 138 

138 

144 
I  ̂ linimnm  frontal  breadth 107 94 94 

95 

92 93 98 

I  Basi-bregmatic  height 13S 129 128 
127 

118 123 122 

1  Opjsrhio-nasa!  length 
139 123 130 138 126 

(135) 129 

1  Basi-nasal             „ 109 93 

98 
100 

92 99 94 

1  Baa-alveolar 102 

86 

90 

96 

90 

93 

94 

1  Kaa-alveolar 

80 

73 

65 

69 66 75 67 

1  JlaxIDarv-facial  index  (a) 

63-4 61-8 
56-0 

51-8 
55-4 57-6 

57-2 

1  Interzygomatic  breadth 
126 118 

116 133 119 130 

117 

1  Va-riTlaTy-farial  index  (6) 
90-9 

84-8 
76-4 78-4 

78-5 78-9 
77-0 

1  Iniermaiar  breadth 88 86 

85 

88 

84 

95 87 

1  Inter-stephanic  breadth . 123 
119 120 

130 119 113 123 
diameter 107 100 

109 
112 110 

107 107 

T::~"--:-     ~-l~ 

119 113 109 
124 110 114 110 

\  Length  of  foramen  magnum 33 33 33 38 34 35? 

37? Nasal  height   . 56 50 

45 

52 

49 

51 

48 

.,      breadth 

23 21 22 

22'
 

21 

28 

26 

I  Orbital  height  (E.)- 

35 

33 31 32 31 35 34 

(L.I          .        . 

35 

32 31 31 30 

35 

34 

1       „       breadth  (B.) 41 

37 38 

39 

38 

40 36 

„        (L.)        •         ■ 

41 37 

38 39 38 40 35 
Palatal  length  (F.) 52 

47 

48 48 

45 

48 

50 

„      index 

69-2 78-7 
70-8 79-2 

82-2 85-4 

78-0 

\.    „       breadth 36 38 34 38 37 41? 39 
1        .,       length  (TrBXEB) 54 49 

50 52 

49 

52 

52 

Palate-maxillary  index  . 
120-3 

112-2 114-0 117-3 118-3 
107-6 115-3 

1  Palatal  breadtb 65 55 57 61 58 56 

60 

1  Horizontal  circumference 532 510 508 534 
507 

511 538 

1  Ophryo-occipital  circumferenc 529 510 508 526 508 508 540 
Sagittal  arc 380 373 

367 
363 373 369 390 

J:    .-ii  segment 

138 
132 

127 127 
139 

133 128 

■  Parietal 
129 123 126 120 116 120 146 

Occipital     „ 113 
118 

114 116 

118 

116 

116 

Trs^vecse  arc 310 
303 

301 
314 300 300 313 

r.----alic- index 

70-7 75-3 73-6 

800 

76-7 
75-4 

76-2 

|Baght  index 
72-3 

70-9 70-3 68-6 65-6 67-2 64-6 
■  Height-breadth  index 

101-4 
94-1 95-5 85-8 

85-5 89-1 
84-7 

Haeal  index    . 

41-1 
42-0 

48-9 42-3 
42-9 

54-9 
54-2 

Orbital    ., 

85-4 89-2 81-6 
82-1 

81-6 
87-5 94-4 

Upper  face  index    . 
Alveolar  index 

93-6 92-5 91-8 

96-0 
97-8 

93-9 
100-0 

Arc  to  base  ratio     . 

2-82 
2-96 

Number. 1 2 3 4 5 6 7 

Age,  years       ..... Sex   M. M. M. 

M. 
M, 

M. M. 

Cubic  capacity 

1600 

1250 1570 
1540 

1400 
1360 

1330 

Glabello-occipital  length 193 187 190 194 182 179 184 

Ophryo-occipital       „ 
190 186 192 191 182 

177 185 

Maximum  breadth 142 132 

143 137 

140 134 131 

Minimum  frontal  breadth 

106 

93 95 96 98 92 

95 

Basi-bregmatic  height 129 131 

137 

130 

128 126 

123 

Upisthio-nasal  length 

136 

130 

127 136 126 

132 129 

Basi-nasal  length     . 102 

95 

94 99 95 93 

95 

Inter-stephanic  diameter 
132 114 120 

118 

124 

115 

114 

Asterionic  diameter 111 107 

107 107 107 106 

98 

Transverse  base 112 108 

109- 

112 112 113 106 

Length  of  foramen  magnum    . 35 34 

34 

37 33 

39 

35 

Horizontal  circumference 540 515 530 534 518 505 

511 

Ophryo-occipital  circumference 
539 512 531 526 517 502 

512 

Sagittal  arc     . 
383 383 

407 386 

375 

"361 

373 

Frontal  segment 

136 

132 148 

129 137 

121 130 
Parietal      „ 131 

129 

130 128 

127 

122 130 

Occipital     „ 116 122 129 129 111 

118 113 

Transverse  arc 

325 305 

322 310 310 301 295 

Cephalic  index 

73-6 70-6 75-3 70-6 76-9 

74-9 

71-2 

Height 

66-8 
70-1 

72-1 

67-0 
70-3 70-4 

66-8 

Height-breadth  index 

90-8 99-2 
95-8 

94-8 

91-4 94-0 
93-8 

Number. 
1 2 3 4 5 6 7 

Age,  years 

Sex         .... 
(5-6) ? 

(4  or  4-) 

? 

(4  or  4-) (4  or  4-) 

<*' 
(4  or  4-) 

'? 

Cubic  capacity 

Glabello-occipital  length 
165 164 

155 

162 

176 

161 

177 

Ophryo-occipital        „ 165 

166 

156 164 

177 

163 179 

Maximum  breadth  . 

126 

130 120 

130 137 

123 

131 

Minimum  frontal  breadth 

87 

84 83 85 

88 

79 90 Basi-bregmatic  height     . 

118 

Opisthio  -nasal  length 

114
' 

114 110 

117 

122 

108 

122 Basi-nasal            „ 

81 

Basi-alveolar       „ 

71 

Nasi-alveolar       „ 

56 

51 

49 

48 

56 

48 58 Maxillary-facial  index  (a) 

57-7 
53-6 

52-6 48-0 

54-9 

53-9 
55-2 

Interzy  go  mafic  breadth 97 

95 

93 

100 

102 

89 

101 

Maxillary-facial  index  (6) 

83-5 72-8 

71-0 

69-5 86-1 

72-7 

79-4 

Intermalar  breadth 

67 

70 

69 69 

65 

66 73 
Inter-stephanic  breadth  . 

107 108 

103 

113 115 

101 

117 

Asterionic  diameter 
102 99 

»     93 
99 102 

98 

101 
Transverse  base 92 91 92 96 98 

83 

95 
Length  of  foramen  magnum 34 Nasal  height  . 

39 

38 35 36 42 35 

41 

„      breadth 

20 

19 19 17 19 

16 

21 Orbital  height  (R.) 

31 

28 

32 

31 

30 

27 

32 

„      (L.)-         - 

31 29 

31 

31 30 

27 

31 

breadth  (R.) 

34 

32 

32 32 34 30 34 

„        (L.) 

34 

32. 

31 32 

35 

30 33 Palatal  length  (F.)  . 
35 35 

33 
33 

38 

35 
37 

„       breadth 

28 

30 

26 28 
26 27 

30 
„       length  (Turner) 37 36 

36 

34 40 36 38 

„       breadth 

50 

47 
45 

48 

49 44 55? 
Horizontal  circumference 464 462 

444 

466 

496 

451 494 

Ophryo-occipital  circumference 
466 

467 

446 468 

499 455 

Arch  to  base  ratio 

2-99 

3-08 3-02 
2-94 

2-99 

3-14 

3-07 

Sagittal  arc     . 

341 352 

333 

345 

365 339 375 
Frontal  segment 109 121 

117 123 125 116 

131 
Parietal       „ 

124 119 

106 120 

128 114 135 
Occipital     „ 108 112 110 

102 

112 109 109 
Transverse  arc 

286 

302 

276 300 320 280 

312 

Cephalic  index 

76-4 

79-3 

77-4 

80-2 

77-8 

76-4 

74-0 

Vertical       „ 

71-5 

Height-breadth  index 

93-6 

Nasal  index     . 

51-3 

50-0 54-3 

46-4 

45-2 

45-7 

51-2 

Orbital     „ 

91-2 

87-5 

100-0 

96-8 

88-2 

900 

94-1 

Alveolar  „ 
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JUVENILE   SERIES   "K." 

Number. i 2 3 4 5 6 7 8 9 10 11 12 13 

14 

15 

16 17 

18 19 20 

Age,  years Sex 

Cubic  capacity 
Glabello-occipital  length 

Ophryo-occipital      „ 
Maximum  breadth 

9-10 
9-10 

11-12 

9-10 

2 

9-10 

2 11-12 2 
11-12 

2 

9-10 

<J> 

9-10 

<8> (7) 

(8) 2 

{? 

l? 

■■ 

(7)  Met. (7)  Met. 

2 

(7)  Met. 

2 

(7)  Met. 

2 

173 178 173 169 178 i76 

176 

173 170 172 

172 

181 

163 

169 164 170 171 178 

167 

174 179 173 170 178 174 178 

175 173 173 

173 182 164 171 

165 

172 173 179 169 134 
134 129 

127 

130 138 135 134 

135 

127 

135 

133 

127 

131 132 

137 

133 134 130 

Minimum  frontal  breadth 90 90 92 88 93 

91 91 

94 92 88 86 87 88 90 

85 

93 94 

95 

90 

Basi-biegmatic  height     . 
Opisthio-nasal  length 
Basi-nasal             ,, 

126 
122 122 

125 

128 

125 133 116 

126 118 

127 

120 

123 125 119 

125 

126 

121 129 126 

91 

124 

86 
129 
93 

121 
86 

129 
93 

119 
-87 

126 
94 

124 

92 

124 
87 

120 
90 

121 
85 

118 

85 

121 

90 

117 

85 

114 

80 
120 
84 

122 

89 

118 

84 

118 
86 

Basi -alveolar       ,, 83 80 

82 81 

90 83 

85 

86 

80 

83 

74 

79? 

85 79 73 75 80 75 

75 

Nasi-alveolar        ,, 60 

58? 

58 

53 57 

62 

63 

61 

58 

61 51 

50 53 58 

51 
51 

56 51 52 

Maxillarv-facial  index  (a) 
560 

55-2 50-4 51-4 
51-3 54-8 

56-2 

55-4 

54-7 
51-0 48-5 48-6 

55-7 

53-1 48-1 

560 

48-5 

Interzvgomatic  breadth  . 

107 

105? 
115 103 111 113 112 110? 106? 

100 103 

109 104 96 

106 100 105 

Maxillary-facial  index  (6) 

75-0 80-5 
69-0 

70-6 
70-3 

78-4 
78-7 76-2 72-5 

76-2 
70-8 

69-4 

68-8 
75-3 69-8 

65-3 75-6 62-9 

75-3 

Intermalar  breadth 80 

72 

84 75 81 

79 

80 80 80 80 

72 

72 

77 

77 

73 78 74 
81 69 

Inter-stephanic  breadth  . 
Asterionic  diameter 

116 114 112 109 113 

113 118 

112 112 

110 

111 110 110 109 

111 

120 

115 119 116 

104 100 

106 

101 108 103 109 

101. 

102 97? 104 

103 

100 

97 99 

98 101 

97 

98 

Transverse  base 103 

103 
109 

99 

106 103 

106 

103 

100(1) 

106 

98 98 

101 

97 

94 100 98 99 96 

Length  of  foramen  magnum 
Nasal  height   . 

„     breadth 

35 

36 36 

35 37 

33 33 31 36 31 

37 

32 

32 

33 32 36 33 34 34 
45 

38 

43 

40 42 

42 

47 

43 

43 42 39 

36 

41 42 38 40 44 39 38 
20 

18 

23 19 

20 

19 21 

21 

21 21 

20 19 

22 20 19 

22 

22 

20 

19 

Orbital  height  (B.) 32 31 30 

28 

32 29 

35 

31 

32 32 

29 30 

29 

31 30 33 31 31 31 

»     (L-) 

32 

31 31 28 31 

29 

35 31 32 

31 

29 31 

29 

30 30 

33 

31 

31 30 

„       breadth  (R.) 33 

33 

34 32 

37 

33 

35 37 

34 34 32 

34 

33 

35 

32 34 33 34 31 

„    -    (L-) 33 33 34 

32 

37 33 35 

37 

34 

34 32 34 33 35 

32 

34 33 

34 

30 

Palatal  length  (F.) 41 40 44 39 43 43 40 42 38 

39 

35 

36 39 42 35 31 

38 

36 36 

„       index . 

75-6 72-5 81-8 

74-4 74-4 

87-5 

71-4 

76-1 

„       breadth 

31 

29 36 31 

32 

32 

35 

30 

31 

31 

28 

32 

32 32 

27 
29 

29 

29 

26 

length  (Tuekeb) 

43 

41 46 42 45 

46 43 

44? 39 41 

38 

38? 

40 

44 

36 

35 

40 

38 

38 

Palato-maxUlary  index  . 

1260 

115-2 

Palatal  breadth 56 53 58 54 

58 

53 

57 

52 

66 50 51 53 55 

54 

49 

52 53 

53 

47 

Horizontal  circumference 492 
498 487 471 

496 497 

497 491 489 

483 

485 

496 

469 

482 470 

489 

488 

499 479 

Ophxyo-occipital  circumferenc 
e 471 496 495 471 

Arch  to  base  ratio  . 

2-84 2-96 
2-69 

2-95 
2-83 

3-06 2-89 2-82 

2-88 

2-91 

2-95 

3-16 2-81 3-03 3-06 
3-03 2-94 

3-14 
3-01 

Sagittal  arc     . 358 368 

347 

358 

366 

365 365 350 358 350 

358 373 

341 

355 

349 364 

359 

371 

356 

;  Frontal  segment 122 

126 
113 122 124 125 

135 125 123 117 117 

131 111 124 

123 125 

118 

125 

120 

|  Parietal      „ 

125 

127 

122 123 

125 

134 

118 120 

122 

126 

127 

127 

119 120 

115 

131 130 

127 124 

Occipital     „ 111 115 112 113 

117 106 

112 

105 113(2) 

107 114 115 

111 111 111 108 111 119 

112 

Transverse  arc 

303 
292 

286 

294 300 

309 

309 

297 

S-liM 
J'Jl !(.',) 

304 

298 287 293 

298 

312 302 

304 

306(4) 

Cephalic  index 

77-5 
75-3 

74-6 

75-1 73-0 78-4 

76-7 

77-5 

79-KJ) T.'i-K(x) 

78-5 

73-5 

77-9 

77-5 80-5 80-6 

77-8 

75-3 77-8 

Height 

72-8 
68-5 

70-5 
74-0 71-9 

71-0 

75-6 

67-1 

7-1 -1 

68-6 
73-8 66-3 75-5 

74-0 
72-6 

73-5 73-7 
68-0 

77-2 

Height-breadth  index 
940 

91-0 94-5 
98-4 

98-4 
90-5 

98-5 

86-5 93-3 92-9 94-0 
90-2 96-8 95-4 90-1 91-2 

94-7 90-3 

99-2 

Nasal  index    .... 

44-4 
474 

53-5 47-5 47-6 
45-2 

44-7 

48-8 48-8 
50-0 

51-3 

52-8 53-7 
47-6 

50-0 

55-0 

500 

51-3 

500 

Orbital    ,,.... 970 

93-9 

88-2 

87-5 
86-5 

87-9 
100-0 

83-8 
94-1 

94-1 

90-6 

88-2 

87-9 

88-6 

93-7 

97-1 
93-9 

91-2 
100-0 

Alveolar  „ 

91-2 

930 

98-9 
94-1 96-8 

95-4 

90-4 

93-5 91-9 

92-2 

87-0 92-9 
94-4 92-9 

91-2 
89-2 

89-8 

89-2 

87-2 
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JUVENILE  SERIES   »L.' 

Number. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Aee,  Years 13-20 13-20 
13-20 13-20 13-20 13-20 

13-20 
13-20 

11-12 

13-20 13-20 13-20 
13-20 

13-20 13-20 13-20 
13-20 

11-12 

Sex  '     . 

(iiictop.) 
(mctop.) 

Cubic  capacity 
Glabello-occipital  length 186 

i82 

181 

170 

183 187 

173 

177 184 173 172 ire 178 181 175 

ire in 

i76 

Ophrvo-occipital       „ 
182 183 183 171 184 

188 

172 

178 

184 173 171 177 

179 

181 

176 

175 

171 174 
Maximum  breadth 

140 
138 144 

137 

141 

139 136 

130 

137 135 

131 132 133 

136 

136 

127 128 

135 
minimum  frontal  breadth 94 94 

95 

96 99 93 89 

91 

96 

90 

89 

92 82 

88 93 93 96 96 

Basi-bregmatic  height     . 138 132 125 126 

135 127 128 

125 133 

132 

117 125 

129 129 119 

129 

127 134 

Opisthio-nasal  length 
138 133 130 124 136 128 

124 

128 134 129 122 117 124 131 122 

130 

125 131 

Basi -nasal            ,, 101 

99 

94 89 100 92 92 

92 

99 97 90 88 91 

96 

91 

96 95 96 

Basi-alveolar 

89 

94 89 

82 

97 92 91 83 

83 

86? 

89 84 

84 

89 87 88 90 84 

Nasi-alveolar       ., 

74 

65 

67 

57? 

63 62 

61 65 

63! 62? 

59 66 66 63 65 57 65 

74 

Maxillary-facial  index  (a) 

57-3 56-5 

57-2 
50-9 

50-2 
54-8 

52-5 

63-5 65-7 54-8 52-6 

50-0 

60-5 55-7 
58-5 

50-9 580 

63-8 

Interzygomatic  breadth 129 
115 

117 112 

125 113 116 

107 113 113 

112 

112 109 113 111 112 112 

116 

Maxillary-facial  index  (6) 

78-7 
80-2 

77-0 65-5 

69-2 

72-9 
71-7 

86-6 72-4 73-8 71-0 70-8 84-6 
78-7 

83-3 
67-8 

80-2 

891 

Intennalar  breadth 94 81 87 87 91 85 85 75 87 

84 

83 79 78 80 78 84? 81 

83 

Inter-stephanic  breadth 118 122 

125 117 

122 

115 113 

117 

117 116 113 

112 112 113 

117 110 

113 

121 

Asterionic  diameter 110 109 

106 

104 111 

110 

107 

99"
 

111 105 

102 

103 103 110 

105 

101 101 104 
Transverse  base 

117 105 
113 112 115 

108 106 

98 107 

105 

108 104 100 110 102 103 102 110 

Length  of  foramen  magnum 38 

37 35 35 37 

37 

32 

36 37 

34 32 29 

35 36 

33 

35 

33 

38 

Nasal  height  . 53 

48 

50 

45 

47 43 45 48 49 

46 

49 41 50 45 46 42 48 55 

„     breadth 20 

21 23 22 23 22 

23 20 

19 

19 24 23 21 

23 

20 21 

25 

24 
Oibital  height  (P..) 34 31 33 32 30 32 31 

36 

33 32 30 

28 

30 29 31 

29 

31 36 

„     (X.) 

35 

31 33 32 31 32 31 34 33 

30 30 

28 32 29 

31 

29 

32 

36 

breadth  (P..) 

38 36 38 36 36 36 

38 35 36 35 34 34 

33 36 36 

36 36 35 

„        (L.)        ■ 38 36 38 35 

38 36 

38 36 36 

35 

35 34 34 36 35 

36 

35 35 
Palatal  length  (F.) 47 44 

45 

39 49 

45 48 

43 42 42? 44 43 44 

45 45 

42 

48 

48 
index 

80-8 77-2 82-2 
87-1 71-4 84-4 72-9 72-0 

83-3 

85-7 
84-0 

72-0 79-5 80-0 
66-6 

76-1 

68-7 
72-9 

„       breadth 

38 34 

37 34 

35 38 

35 31 

35 

36 37 

.31 

35 

36 30 32 33 

35 

„      length  (Tubnee) 50 46 48 42! 

51 

49 

50 

46 

44? 44? 47 

45 

46 47 48 

45 

50 

50 

Palato-maxularv  index 

120-0 119-5 
131-2 

142-8? 
117-6 126-6 

118-0 115-2 
138-6 

136-3 
125-5 

117-7 121-7 121-2 108-3 120-0 120-0 
120-0 

Palatal  breadth      . 

60 

55 

63 

60 60 

62 

59 53 

61 

60 59 

53 

56 57 

52 

54 

60 

60 
Horizontal  circumference 518 

512 520 

487 

516 

518 490 497 515 490 482 490 494 

503 

494 

485 

486 

497 

Ophryo-occipita]  circumferene 515 510 

521 

489 516 

520 491 498 515 490 480 492 495 604 494 484 484 495 
Arc  to  ba*e  ratio    . 

2-68 
2-74 2-86 2-84 

2-74 2-94 2-82 2-83 

2-75 2-76 2-88 

3-13 

2-96 

2-79 

2-85 

2-73 

2-76 

2-71 

Sagittal  arc 370 365 372 

353 

373 377 350 

363 

369 

357 

352 

367 368 366 348 356 

345 355 
Frontal  segment 120 126 128 127 133 129 120 134 131 123 114 128 120 

125 119 

124 117 

126 

Parietal       ., 129 124 132 

119 127 126 

120 

126 126 

125 

126 

108 133 120 121 123 111 

115 

Occipital     ,, 121 
115 

112 

107 113 

122 110 103 112 109 112 131 

116 

121 

108 109 117 

114 

Transverse  arc- 

310 
312 314 300 

325 

310 305 

315 

312 307 283 

293 

302 302 

298 291 

291 303 

Cephalic  index 
75-7 

75-8 79-6 
80-6 

77-0 
74-3 78-6 73-4 

74-5 78-0 

76-2 76-0 
74-7 

75-1 

77-1 

72-6 

74-9 
76-7 

Height 

74-6 
72-5 69-1 74-1 73-8 67-9 

74-0 

70-6 

72-3 76-3 

680 

71-0 72-5 
71-3 

680 
73-7 

74-3 

76-1 

Height-breadth  index 

98-5 95-6 86-8 
91-9 

95-7 
91-3 94-1 

96-1 
97-0 

97-7 89-3 94-7 

96-9 

94-8 

88-1 

101-5 

99-2 

99-2 

Nasal  index    ... 
37-7 

43-8 46-0 48-9 

48-9 51-2 

51-1 

41-7 38-8 
41-3 

49-0 

561 

420 

61-1 

43-6 
50-0 

62-1 

43-6 

. 
Orbital    „ 

89-5 86-1 86-8 
88-9 

83-3 88-9 

81-6 

100-0 

91-7 91-4 

88-2 

82-4 90-9 
80-6 86-1 80-6 

86-1 

102-9 

. 
Alveolar   

88-1 
94-9 

94-7 92-1 
97-8 100-0 

98-9 90-2 83-8 88-7 98-9 

96-0 

93-1 

92-7 

95-6 
91-7 

94-7 

87-5 

•     J 
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METOPIC   SKULLS.— SERIES   "A." 

Number. 1 2 3 4 5 6 7 8 9 10 

11 

12 13 

14 

15 16 17 18 19 20 

21 

22 

23 

24 25 

Age         ...        . 
Sex         .... M. 

M. 

M. M. M. 

M. 

M. M. M. M. M. M. M. M. 

M. M. 

M. M. M. M. M. M. M. 

M. 

D. 

Cubic  capacity 1560 1350 1620 1620 
1540 

1550 1510 

1540 

1600 
1450 

1640 1220 1350 1420 

1400 

1420 
1360 

1630 

1430 1520 
1350 

1640 1220 1210 

Glabello-occipital  length. 188 
187 

191 

187 

193 189 

186 184 

186 186 185 177 

186 187 184 

175 

188 180 

191 180 196 

186 196 175 

172 

Ophryo-oceipital      „ 
Maximum  breadth 

187 187 
189 

186 
189 

188 184 182 

186 184 

185 176 

184 

185 

182 

176 187 178 189 

180 194 

185 

•  196 

174 

172 
139 

137 
141 

146 
143 149 

140 148 

150 138 138 137 

133 135 

140 142 134 

137 

145 138 141 

135 144 137 

136 
Anniimim  frontal  breadth 

95 

99 100 104 96 106 99 

96 

112 

95 100 

92 

101 95 101 

103 

88 

98 

105 104 102 98 111 

93 

104 

Basi-bregmatic  height     . 136 126 
136 

130 

133 

138 

145 133 

135 130 

138 

125 127 132 

130 126 

121 

130 

134 133 134 124 

140 125 

123 

Opisthio-nasal  length 
134 128 144 134 131 133 138 

129 

133 138 128 127 131 

138 

134 128 

135 133 

132 132 

136 

133 146 125 124 

Basi-nasal            ,, 102 

95 
107 

99 102 101 

107 

95 

97 103 95 

.  98 

97 

103 102 93 99 97 99 

99 

104 

99 

105 93 93 

Bad-alveolar        ,, 

97 

94 98 89 90 

94 

98 91 90 

99 

91 94 

91? 

99 92 92 98 89 86 

93 

100 

97 

95 

92 

87 

Xasi-alveolar       ,, 66 

71 

70 80 72 74 

75 

71 74 72 

75 

72 

72? 67 79 66 

65 

66 

66? 

71 

74 69 78 72 

63 

Maxillarv-facial  index  [a) 

53-6 
60-1 54-6 61-5 

55-8 

58-7 
57-6 55-4 

56-4 
56-6 

59-0 

60-6 55-3 54-0 

62-2 

52-3 54-6 50-7 50-0 

57-2 
57-8 

57-9 

54-5 

59-5 
50-8 

Interzygomatic  breadth . 123 
118 

128 

130 129 

126 

130 

128 131 

127 

127 119 130 124 127 

126 119 130 

132 

124 128 119 

143 121 

124 

Maxillary-facial  index  (o) 

77-6 
78-0 

73-6 

85-1 77-4 

860 

83-3 78-0 

82-2 
75-7 78-9 

800 

77-4 
72-8 89-7 

77-6 

81-2 

72-5 

81-4 

79-7 

81-3 
81-1 

75-7 

86-7 

73-2 

Intermalar  breadth 

85 

91 95 94 93 

86 

90 91 90 

95 

95 90 93 92 88 85 80 91 81 89 

91 

85 

103 

83 

86 

Inter-stephanic  diameter 126 
115 

124 133 

123 

128 122 124 127 

.   112 

114 

105 115 

115 115 119 116 118 

133 

123 

120 

121 

128 115 

123 
Asterionic  diameter 106 

107 
112 113 

107 

118 104 

110 

117 

103 

111 100 110 113 116 103 112 110 100 

108 

107 

109 

112 

108 

105 
Transverse  base 112 111 

115 117 

110 

118 116 114 

120 109 110 107 

115 

112 118 112 117 

116 

120 114 114 112 128 109 111 

Length  of  foramen  magnum 34 33 38 38 34 35 

35 35 

37 35? 33 31 

36 

35 36 

36 35 
37 35 

34 

34 35 41 33 31 

Xasal  height  . 

52 

52 51 55 55 

52 

57 52 54 55 55 51 

54 

51 59 47 51 49 

53 52 

55 51 61 57 46 

„     breadth 

23 22 25 

22 

24 

21 23 

22 

22 22 21 23 

22 

23 20 

22 

20 21 20 22 

23 

21 

29 

23 21 

Orbital  height  (E.) 34 36 32 37 36 30 

31 

31 

36 

35 32 32 

35 

33 

35 

32 34 32 

34 36 

34 34 37 32 

32 

„      (L.).        . 33 

35 

32 37 36 

30 

33 31 

35 35 

32 

32 

37 31 

36 

31 34 31 33 

36 

34 34 

37 

34 

32 

„     breadth  (E.) 37 

37 

39 40 39 

37 

39 

38 38 

40 39 36 

37 

38 37 

35 

37 37 38 

36 

40 40 43 

37 

37 

„        (L.) 
37 38 38 40 39 37 

38 

37 39 

39 38 36 

40 39 

37 35 

37 38 

38 

36 40 40 44 

37 

37 

Palatal  length  (F.) . 50 47 

50 

46 

491 

49 

52 48 48 50 52 49 45? 

49 

53 48 53 47 43 49 56 50? 51 49 46 
.,      index . 

80-0 
680 

78-0 

78-2 75-5 

75-5 
80-7 83-3 85-4 

760 

61-5 71-4 
86-6 77-5 69-8 68-7 

71-7 74-4 
83-7 71-4 57-1 78-0 

86-2 

75-5 76-0 

..       breadth 40 
.32 391 

36 37? 

37 

42 40 41 

38 

32 

35 

39 38 37 33 

38 

35 

36 35 

32 39 45 37 

35 

..       length  (Tuenee) 52 

51 

51 49 

501 

52 

53 

52 

49 

52 

55 

50 

47? 

52 

53 

52 

53 49 

47 

51 

59 

52? 

52 54 

47? 
Palato-alveolar  index 

110-3 109-8 
103-9 112-2 

96-0 
113-4 120-7 

1211 

128-5 

1230 

103-6 

1120 

129-7 119-2 
107-5 

111-9 109-4 108-1 
112-7 

107-8 103-4 
105-7 

128-8 
107-4 114-8 

Palatal  breadth 60 56 
53 ! 

55 48? 59 64 63 

63 64 

57 56 

61 

62 

57 53 

58? 53? 53? 

55 

61 

55 

67 

58 54 
Horizontal  circumference 

530 

525 
545 

540 

538 545 

525 

526 536 528 525 

508 

516 

523 

524 

513 521 

513 543 516 549 518 

557 

503 505 
Sagittal  arc     . 380 380 374 374 

380 

383 377 371 

375 

367 

400 

352 

367 

370 362 357 373 300 390 

365 388 374 

393 363 359 
Frontal  segment 

135 125 .   127 
135 

125 

125 130 

125 

130 128 

135 

120 

130 

120 130 122 

125 

120 

135 127 

130 128 143 122 123 
Parietal      „ 

120 120 
128 

127 

130 

135 

122 132 125 112 140 125 

125 125 115 123 125 120 125 

123 

127 

129 126 123 128 
Occipital     „ 

125 135 
119 112 

125 

123 

125 

114 120 

127 125 

107 

112 125 

117 

112 

123 120 

130 

115 

131 117 124 

118 

108 
Transverse  arc 317 

298 
320 323 

323 

325 322 

325 319 

312 

315 

300 293 302 

300 

310 303 303 320 316 

305 

302 322 300 305 
Cephalic  index 

73-9 73-3 
73-8 

78-1 74-1 
78-8 

75-3 
80-4 

80-6 

74-2 

74-6 77-4 71-5 72-2 76-1 81-1 71-3 

76-1 

75-9 
76-7 

71-9 72-6 
73-5 78-3 79-1 

„ 

72-3 67-4 71-2 
69-5 

68-9 73-0 
78-0 

72-3 

72-6 

69-9 
74-6 

70-6 

68-3 

70-6 

70-7 

720 

64-4 
72-2 

70-2 

73-9 

68-4 

66-7 
71-4 71-4 71-5 

Height-breadth  index     . 
97-8 91-9 

96-4 

890 
930 

92-6 
103-5 

89-8 

90-0 

94-2 
100-0 

91-2 
95-5 97-7 

92-8 

88-7 
90-3 94-8 

92-4 
96-3 

95-0 

91-8 97-2 

91-2 90-4 

Xasal  index    . 

44-2 
42-3 

490 
40-0 

43-6 

40-4 
40-4 42-3 

40-7 

400 

38-2 
45-1 

40-7 

45-1 33-9 
46-8 

39-2 

42-9 

37-7 

42-3 
41-8 41-2 49-1 

40-4 

45-7 

Orbital   

91-9 
97-3 

82-1 92-5 92-3 811 

79-5 81-6 

94-7 

87-5 82-1 
88-9 

94-6 86-8 
94-6 91-4 91-9 86-5 89-5 100-0 

85-0 

85-0 86-0 

86-5 
86-5 

Alveolar  „      .        .        . 

95-1 98-9 
91-6 

89-9 
88-2 

93-1 

91-6 

95-8 92-8 

96-1 95-8 95-9 93-8 

96-1 90-2 

98-9 99-0 

91-8 86-9 93-9 
96-2 98-0 

90-5 
98-9 

93-5 

I>E  M.   \'o<::^,.—'i>u 
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METOPIC   SKULLS.— SERIES   "  B." 

Climber. 1 2 3 4 5 6 7 8 9 10 

11 12 

13 14 15 16 

17 

18 19 20 21 22 

23 

24 

25 

Age        ....        . 
Sex          .... 
Cubic  capacity 
Glabello-occipital  length 
Ophrvo-oceipital      ,, 
Maximum  breadth  . 

P. 

D. M. D. D. P. P. M. P. F. 

F. 

D. F. F. D. 

F. 

F. F. D. D. 

M. 

M. P. 

F. 

F. 

1450 1540 1450 1350 
1450 

1330 1530 1680 1520 1300 1300 1390 1280 1420 1470 
1320 

1270 
1370 1550 

1290 

1520 
1200 1270 

1310 
1310 185 

180 179 176 178 

180 

181 192 

175 

175 178 180 177 179 

185 

179 175 

185 186 

174 

183 

177 172 

181 

174 187 
ISO 179 

176 

179 

180 181 191 

175 

176 178 ISO 177 180 

185 

179 175 

185 186 

174 184 

178 

172 182 175 

13S 
145 

134 141 143 134 

147 

142 144 

138 

138 

134 130 137 133 131 135 140 

139 139 145 

134 133 133 134 

Minimum  frontal  breadth 
105 105 

103 101 93 100 

99 

101 96 101 

95 

96 

93 

100 97 97 95 104 

106 

99 99 100 

89 

103 

93 

Basi-bregmatic  height     . 
Opisthio-nasal  length 
Basi-nasal             ,, 

128 132 133 129 128 127 

134 

128 

138 125 

122 

135 127 

.124 130 

125 126 

121 

136 

131 130 

125 

124 

125 

127 137 
130 129 

126 

130 129 

127 

143 

127 124 122 

129 

123 124 130 131 123 129 132 129 

126 

121 

127 135 

128 

104 

95 95 

92 94 

96 

94 104 

94 

95 

91 

98 91 

96 

95 

94 

91 97 98 

"     97 

93 90 92 100 

94 

Basi-alveolar        „ 98 

97 87 S5 

88 

88 89 

971 

86 88 

86 

90 

S8 

89 

88 

86? 82? 

88 86? 88 90 S5 85 99 

92 

Xasi-alveolar        ., 65 

60 

61 70 

69 

70 

66 

70? 

65 69 

67 

69 68 68 72 

60? 

65 67 66 67 74 70 64 68 

66 

Maxiilarv-faeial  index  (a) 
Inrerzvgoniatic  breadth  . 
Maxillarv-facial  index  (6) 52-4 51-2 

50-0 56-9 57-9 57-3 

550 

56-0 55-5 

55-2 
56-7 55-6 58-6 57-6 61-5 53-1 

520 

53-6 
53-6 

55-3 59-2 58-8 
53-7 

57-6 

55-0 

124 
117 

122 123 119 

122 

120 125 117 125 

118 124 

116 

118? 

117 113 125 125 123 121 

125 119 

119 118 120 

73-0 65-9 71-7 

76-9 

81-1 84-3 
79-5 

85-3 

77-3 76-6 82-7 75-8 79-0 78-1 

81-8 

73-1 74-7 72-8 

69-4 

79-7 

88-1 
79-5 75-3 

80-9 

77-6 

Intermalar  breadth 89 91 85 91 85 83 

83 82 

84 90 81 

91 

86 

87 

88 

82 

87 92 95 

84 

84 88 85 

84 

85 

Inter-Stephanie  depth     . 
Asterionic  diameter 

124 129 123 122 

115 118 

125 120 120 

•"119 

123 121 

115 126 125 117 

119 120 129 121 

126 

120 112 123 

116 

117 117 

102 

107 109 115 

112 lit 113 

105 

105 

105 101 107 

102 102 107 

106 110 

110 104 

106 106 107 

110 

Transverse  base 
115 

112 10S 114 111 112 114 119 112 111 110 

109 

103 104 109 110 115 

110 

112 112 111 

107 

111 110 

108 

Length  of  foramen  magnum 34 35 

36 

35 37 33 

36 

39 

34 

31 

32 

35 

34 30 38 37 33 34 33 

35 

33 

-      31 

35 35 35 

Nasal  height  . 

51 

48 48 53 50 55 48 

54 

48 48 49 

52 

50 

46 

53 

47 

50 51 
50 

50 53 50 47 47 47 

breadth 

25 

23 

21 

23 20 

25 

22 22 24 24 

22 

24 

22 23 23 

20 

22 22 

25 

19 

20 

21 24 20 26 

Orbital  height  (E.) 31 32 

30 

34 35 

35 

33 33 31 31 32 32 34 34 34 32 35 38 34 33 32 31 32 33 32 

.,       (L.) 

32 

31 30 34 35 35 

34 

32 31 30 

33 

31 34 34 34 32 

35 

37 35 33 32 31 32 33 

32 

breadth  (B.) 38 36 39 

37 

36 37 

35 
35 

34 36 36 

37 36 36 35 36 
39 

40 37 

36 
.  35 

35 35 

36 36 

(L) 38 

36 38 37 

36 37 35 

35 

34 37 36 36 

36 

37 

36 

36 

39 

40 

38 
35 35 36 

36 

36 

37 

Palatal  length  (F.)  . 50 53 

47 47 

46 47 

46 

48? 

44 

47 

49 

44 51 47 48 44? 47? 48 47? 50 50 46 

44 50 50 

..      index 680 

64-1 70-2 78-7 
76-0 

74-4 

82-6 

77-0 

77-2 80-8 65-3 86-3 70-5 
74-4 66-6 77-2 80-8 64-5 

72-3 66-0 70-0 71-7 68-4 

70-0 74-0 

breadth 

34 

34 33 37 35 35 

38 

37 34 38 32 38 

36 35 

32? 34? 38? 31 34 33 35 33 30 35 37 

„      length  (TrENEE) 53 

54 

48 

49 

49 

48 47 49? 46 

51 

51 49 52 

50 51 

45? 49? 

51 

49? 

51 52 

49 45 

52 
51 

Palato-alveolar  index 
103-7 105-5 

97-9 
118-3 114-2 

100-0 127-6 120-4 119-5 121-5 

111-7 124-4 113-4 112-0 101-9 

120-0 

102-0 
107-8 

102-0 

109-8 109-6 

118-3 117-7 115-3 113-7 

Palatal  breadth 55 57 

47 

58 

56 

48 

60 59 55 

62 

57 61 

59 

56 

52? 

54? 

50? 55? 

50 56 57 58 

53 
60 

58 
Horizontal  circumference 518 516 510 

511 

514 511 528 541 

505 

505 508 508 497 509 

514 

505 505 

529 

530 503 518 

505 

490 

510 

503 

Sagittal  arc 365 378 

368 
368 373 

■  370 

376 

380 

371 357 

366 

372 

365 

371 378 

362 

362 372 390 357 384 368 354 

364 362 

■  Frontal  segment 

118 128 135 133 130 125 

132 132 

125 125 

133 133 126 

126 

132 120 130 141 

140 

117 130 

128 

118 115 123 

Parietal       ., 
127 127 125 117 

122 

125 

120 138 120 

115 117 

120 

127 126 135 

110 

120 

117 

132 

128 130 122 

125 

131 115 

Occipital     „ 120 
123 108 118 

121 

120 

124 

lln 

126 117 

116 119 

112 

119 

111 132? 112 114 118 112 124 

118 

111 118 

124 

1  Transverse  are 

295 
321 310 308 

303 

300 

320 

307 

328 

304 

296 

304 294 307 309 

290 

300 300 

315 

310 322 

307 293 300 

298 

Cephalic  index 

74-6 
80-6 

74-9 
80-1 80-3 74-4 

81-2 

74-n 

82-3 

78-9 

77-5
' 

74-4 

73-4 
76-5 71-9 

73-2 
77-1 

75-7 
74-7 

79-9 79-2 75-7 
77-3 73-5 77-0 

Height 

69-2 73-3 74-3 
73-5 71-9 71-1 

740 

66-7 

78-9 

71-4 

71-9 

75-0 71-8 

69-3 70-3 
69-8 

72-0 
65-4 73-1 75-3 

71-0 

70-6 

72-1 

691 

73-0 

Height-breadth  index 
92-7 

910 

99-2 

91-4 
89-5 

94-7 

91-1 
90-1 

95-8 
90-5 

88-4 100-7 97-6 
90-5 97-7 95-4 

93-3 

86-4 

97-8 

94-2 

89-6 

93-2 93-2 

93-9 

94-7 

Xasa!  index    .        .        t 

49-0 
47-9 43-8 43-4 

40-0 
45-5 

45-8 
40-7 

50-0 

50-0 

44-9 
46-2 44-0 

50-0 

43-4 42-6 

440 

43-1 
50-0 38-0 

37-7 

42-0 

51-1 

42-6 

55-3 

Orbital    „ 

81-6 88-9 

76-9 
91-9 

97-2 
94-6 

94-3 
94-3 

91-2 
86-1 

88-9 

86-5 
94-4 

94-4 
97-1 88-9 89-7 

95-0 

91-9 

91-7 

91-4 88-6 

91-4 
91-7 

88-9 

Alveolar  „       .         .         . 

94-2 102-1 91-6 
92-4 93-6 91-7 94-7 

93-3 

91-5 92-6 94-5 

91-8 

96-7 92-7 92-6 91-5 90-1 
90-7 87-8 

90-7 96-8 
94-4 

92-4 

99-0 

97-9 
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METOPIC   SKULLS.— SERIES   "H." 

Number. 1 2 3 4 5 6 7 8 9 10 11 12 13 

14 

15 16 17 18 19 20 

21 

22 23 24 25 

Age        ... 
Sex         ... M. 

M. 

M. 

'M. 

M. M. 

M. 

M. M. M. M. D. M. 

D. D. M. 
F. 

F. 

D. D. D. 

F. 

F. F. F. 

Cubic  capacity 
Glabello-occipital  length 

1440 1320 
1430 

1500 
1440 

1410 1300 

1280 

1440 1250 

1350 

1380 1230 1270 1280 
1330 1180 

1390 
1180 

1180 

1270 

1430 1470 1430 
190 

177 
187 

181 

187 

182 174 

178 

191 

179 180 

186 175 

173 

175 

178 

174 168 

181 168 171 

178 

174 180 173 

Ophryo-oecipital       ., 
Maximum  breadth . 

188 
176 

187 180 1S6 1S1 173 

176 

193 178 180 184 

176 

171 178 178 174 

-167 

182 167 172 

180 176 

181 

174 

141 132 145 139 140 140 131 132 142 135 140 131 131 135 139 

137 

139 

135 

134 126 

137 

130 

135 

136 

142 

Arinimnm  frontal  breadth 
101 

97 

100 102 

103 

100 93 93 104 99 

96 

96 

92 

97 100 

95 

97 90 97 94 91 97 89 97 96 

Basi-bregmatic  height     . 

134 127 
129 132 129 127 129 123 129 124 

126 

123 123 

124 

131 

119 

128 

123 

133 120 122 

124 129 

128 130 

Opisthio-nasal  length 
Basi-nasal            „ 

135 
139 

130 

132 

136 

126 128 129 129 

128 

131 131 128 

124 126 

129 124 122 131 127 

126 121 116 

128 

125 

101 100 
98 

96 

103 

90 

94 93 97 97 94 99 92 90 

93 

94 94 92 97 93 93 89 87 95 

93 

Basi-slveolar 94 94 

91 

86 91? 88 91 91 

84? 

95 90 93 97 

82 

90 82 88 

82 

89? 

90 92 89 

77 

89 86 

Nasi-alveolar 65 70 64 

69 64 

70 66 70 67 68 

72 72 

65 70 

62 

67 64 68 65 67 68 

65 

63 

64 66 

Maxillary-facial  index  (a) 

52-8 58-3 51-6 54-7 48-8 
54-2 

55-0 
57-8 

54-4 
55-7 

55-3 

61-5 

520 

57-3 
52-5 

54-9 54-7 

56-6 

54-1 
57-2 

55-2 

55-0 54-7 55-1 55-9 

Interzygomatic  breadth  . 

123 
120 124 

126 

131 129 120 121 123 122 

130 117 

125 122 

118 

122 117 120 120 117 123 118 

115 

116 

118 

Maxillary-facial  index  (b) 

74-7 81-4 
68-8 92-0 74-4 72-9 

760 

83-3 75-2 

74-7 

82-7 
85-7 72-2 77-7 74-7 76-1 

75-3 
80-0 

75-5 81-7 

75-5 
71-4 

79-7 

77-1 82-5 

Intennalar  breadth 87 85 93 75 

86? 

96 

88 84 89 

91 

87 84 90 90 83 88 85 

85 

86? 

82 

90 91 79 83 80 

Iuter-stephanic  breadth  . 

117 117 
124 

127 118 

122 

117 111 

128 

.117 

115 119 

112 

118 127 115 

118 

118 

123 116 

115 

117 120 121 126 
Asterionic  diameter 115 

110 106 
106 

110 

110 

106 

113 111 100 113 97 

107 109 104 

104 107 

100 105 

99 

107 

102 93 104 107 
Transverse  base 112 111 

115 117 

HI 

115 

110 

113 113 

109 

117 

107 114 

111 110 112 

109 109 

112 103 113 104 100 111 110 

Length  of  foramen  magnum 35 39 33 39 34 36 

34 
37 

33 

32 

37 33 

35 

34 33 

35 

32 31 36 

36 

32 32 31 34 34 

Nasal  height  . 

47 

50 49 

51 53 

49"
 

48 

50 49 47 54 

53 

47 

53 

46 49 

51 48 

49 49 

49 48 49 49 49 

„     breadth 
23 22 26 

18 

24 21 

24 20 

23 24 23 22 24 

22 

23 

24 

22 20 22 22 23 23 20 

21 

21 

Orbital  height  (P..) 32 

37 

32 36 

36? 

37 

31 34 34 

34 

37 36 

29 

34 30 33 34? 32 31? 35 31 

28 
30 

32 34 

„      (L) 32 

36 

32 36 36 36 32 

35 

34 33 37 

35 

30 32 31 31 

34! 

32 31? 

35 

30 

28 28 

32 33 

„      breadth  (E.) 39 39 40 41 

41? 

40 

36 

37 41 

35 

40 

36 

37 

37 37 38 

37 

38 38 

37 

35 

34 35 

36 35 

„        (L) 38 39 

40 

41 41 40 

36 

37 41 

35 

40 

36 37 

37 

36 38 

37? 

38 

38? 

36 35 

34 34 

36 
35 

Palatal  length  (F.) . 49 

47 46 48 

49? 47 

50 

46 
47 

52 

47 48 53 47 

45 

48 

50 

44 46? 47 50 49 41 44 

45 

index 

75-5 78-7 97-8 66-6 73-4 72-3 

660 

76-0 

680 

69-2 
78-7 75-0 

73-6 

680 

77-7 72-9 

72-0- 

77-2 

82-6 

70-2 

660 

75-5 80-5 
79-5 

77-7 

„      breadth 37 37 

45 

32 36 34 33 

35 

32 

36 37 

36 39 32 

35 

35 36 

34 38 

33 33 

37 

33 35 35 

„      length  (Tttsnbb) 

51 

50 
48? 

50 
50? 

50 

52 

51 

50? 54 

52 51 

55 47 

48 

51? 

52? 

46? 

48? 

48 

50 51 

44 

47 

48 

Palate-maxillary  index  . 
101-9 

1220 

131-2 

1040 

112-0 112-0 
105-7 

107-8 
100-0 107-4 

115-3 
119-6 

114-5 121-2 118-7 

98-0 
92-3 

117-4 
116-6 114-5 

1140 

113-7 

120-4 
119-1 

116-6 

Palatal  breadth 52 61 63 

52 

56 56 55 55 50? 58 60 61 63 

57 

57 50? 48? 

54 

56 55 57 58 53 56 56 
!  Horizontal  circumference 527 503 

534 
517 

524 

520 

491 

503 

537 506 

517 

517 

495 

501 

506 505 

503 

486 

507 482 494 498 496 

508 

504 

Ophryo-occipital  circumferenc 
e 

525 497 
533 516 520 518 

488 499 

539 504 515 516 492 499 510 506 504 

484 

606 479 493 

500 

499 

509 505 

Sagittal  arc     . 

375 
346 378 365 368 

375 356 

352 

393 358 364 

368 360 358 

373 354 358 

343 365 330 

348 

372 

375 

372 361 

1  Frontal  segment     . 

125 125 
132 

125 
125 130 

122 118 138 

128 

127 

126 125 127 

132 125 125 123 126 

123 118 

132 

131 

129 133 
Parietal      „ 

117 

111 
119 128 125 

130 

113 

119 123 112 124 

125 

130 

118 

132 109 120 

109 126 107 

115 128? 119 133 117 
Occipital     „ 

133 
110 

127 
112 

118 115 121 115 

132 118 

113 117 

105 113 

109 120 

113 111 113 100 

115 

112 

125 

110 111 
Transverse  arc 

307 
292 321 306 309 

306 

294 

286 319 

300 

298 

294 289 298 320? 303 303 294 303 283 294 

298 308 299 

320 

Cephalic  index 

74-J 74-6 77-5 76-8 
74-9 

76-9 75-3 
74-2 

74-3 

75-4 

77-8 

70-4 
74-9 78-0 

79-4 

77-0 
79-9 

80-4 74-0 

750 

80-1 
73-0 

77-6 

75-6 

82-1 

Height 

70-5 
71-8 69-0 

72-9 
69-0 69-8 

74-1 69-1 

67-5 

69-3 

700 

66-1 
70-3 71-7 74-9 

66-9 

73-6 

73-2 

73-5 71-4 71-3 

69-7 

74-1 71-1 
75-1 

Height-breadth  index 
950 

96-2 88-9 94-9 92-1 90-7 98-4 

93-1 

90-8 91-8 

90-0 93-8 
93-8 

91-8 

94-2 

86-8 

920 

911 

99-2 

95-2 89-0 95-3 95-5 94-1 

91-5 

Nasal  index    . 
48-9 44-0 

53-1 
35-3 45-3 

42-9 

50-0 
40-0 

46-9 

51-1 

42-6 41-5 

61-1 

41-5 

60-0 

49-0 
43-1 41-7 

44-9 

44-9 

46-9 47-9 

40-8 
42-9 42-9 

Orbital    „      . 

82-1 
94-9 80-0 

87-8 
87-8 

92-5 

86-1 
91-9 

82-9 

97-1 

92-5 

1000 

78-4 

91-9 

81-1 

86-8 91-9 84-2 
81-6 94-6 

88-6 

82-4 

85-7 
88-9 

97-1 

Alveolar  „ 

93-1 
94-0 92-9 89-6 

88-3 97-8 
96-8 

97-8 

86-6 

97-9 
95-7 

93-9 105-4 

91-1 

96-8 

87-2 

93-6 

89-1 

91-8 
96-8 

98-9 
100-0 

88-5 
93-7 92-6 
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X. — Skiagraphic  Researches  in  Teratology.     By  Harry  Rainy,  M.D.,  F.R.C.P.E., 
and  J.  W.  Ballantyne,  M.D.,  F.R.C.P.E.     (With  Fifteen  Plates.) 

(Read  February  15,  1915.     MS.  received  November  5,  1915.     Issued  separately  December  31,  1915.) 

The  study  of  human  teratology  has  always  been  rendered  difficult  by  the  relative 

scantiness  of  available  material ;  consequently  it  is  of  great  importance  that  such 

cases  as  can  be  obtained  should  be  fully  utilised  and  recorded.  It  has  seemed  to  us 

that  in  this  respect  the  employment  of  X-rays  is  likely  to  prove  of  service,  for  the 
abnormalities  of  the  skeletal  structures  can  then  be  readily  and  fully  studied  without 

interfering  with  the  integrity  of  the  specimen  or  its  utility  in  the  investigation  of 

other  elements.  We  therefore  desire  to  place  on  record  the  skiagraphic  findings 

of  several  series  of  developmental  anomalies  in  the  human  subject,  in  order  that 

they  may  be  available  for  future  workers. 

Some  of  the  specimens  have  been  already  described'  from  the  anatomical  stand- 
point, without  X-ray  photographs,  and  references  are  given  in  such  cases  ;  others 

are  presented  in  this  communication  for  the  first  time,  and  we  desire  to  express  our 

indebtedness  to  those  who  have  placed  the  material  in  our  hands,  as  well  as  to  the 

Trustees  of  the  Moray  Fund,  who  have  aided  us  in  meeting  the  expense  of  producing 

the  skiagrams.  We  also  wish  to  acknowledge  our  obligations  to  Dr  Berry  Hart 

for  many  valuable  suggestions. 

One  of  us  *  has  elsewhere  pointed  out  that  there  are  three  main  subdivisions  of 
antenatal  pathology,  corresponding  to  the  three  main  subdivisions  of  antenatal  life. 

Of  these  subdivisions  of  the  subject,  the  first  is  foetal  pathology,  characterised  in 

great  measure  by  the  same  diseases  as  those  of  the  child  and  adult.  The  second  is 

embryonic  pathology,  or,  as  it  is  more  commonly  called,  teratology,  which  deals 

with  the  monstrosities  of  the  embryo,  for  at  this  stage  morbid  agencies  produce  not 

diseases  but  malformations  and  monstrosities.  These  are  naturally  carried  forward 

when  the  embryo  becomes  a  foetus,  and  so  the  condition,  though  a  product  of  early 

intrauterine  pathology,  is  continued  into  the  later  stages  of  life.  The  third,  and  in 

some  respects  the  most  interesting,  part  of  antenatal  pathology  is  concerned  with  the 

action  of  morbid  causes  on  the  organism  in  the  early  germinal  period.  It  is  at  this 

period  that  many  of  the  teratological  formations  that  are  usually  referred  to  em- 
bryonic pathology  most  probably  arise,  and  if  we  tentatively  accept  the  suggestion  that 

"  unit  characters  "  are  fixed  by  the  fate  of  their  "  determinants  "  in  the  germinal  stage 
of  development  (and  especially  at  the  moment  when  the  polar  bodies  are  expelled), 

we    may    obtain    a   scheme    of   classification    of  certain    well-defined   monstrosities 

*  J.  W.  B.,  Glasgow  Med.  Joum.,  xlix,  241,  1898. 
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which,  whether  it  is  eventually  found  to  be  true  or  not,  will  at  least  help  us  to 

arrive  at  a  clearer  conception  of  their  production. 

The  examples  whose  skiagrams  form  the  subject  of  this  communication  may  be 

arranged,  in  accordance  with  the  suggested  classification,  into  :  (A)  cases  where  a 

complete  system  of  "  determinants  "  is  absent ;  of  this  group  achondroplasia  may 

serve  as  a  type:  (B)  cases  where  parts  of  one  or  more  systems  of  "determinants" 
are  absent  ;  this  is  exemplified  in  anencephaly  and  aprosopia  :  (C)  cases  where  the 

"  determinants "  though  apparently  present  may,  in  consequence  of  some  inherent 
defect,  lead  to  anomalous  developments  ;  some  instances  of  iniencephaly  may  be 

placed  in  this  group  :  (D)  cases  where  there  is  an  excess  of  "  determinants,"  as  in 
Polydactyly  and  dichirus. 

These  various  defects  in  "  determinants  "  are  revealed  in  the  soma  of  the  cases  that 
form  the  subject  of  this  paper,  but  doubtless  the  defect  is  transmitted,  at  least  in  some 

cases,  in  the  germ  plasm  also,  and  so  may  become  hereditary,  if  the  somatic  deformity 

is  not  so  serious  as  to  preclude  the  foetus  from  attaining  to  sexual  maturity. 

There  are  many  forms  of  monster  which  do  not  find  a  place  in  the  above  scheme, 

for,  even  where  the  character  and  grouping  of  the  "  determinants  "  are  normal,  the 
moulding  of  the  embryo  is  interfered  with  by  pathological  occurrences  during  intra- 

uterine existence,  and  there  is  but  little  doubt  that  the  amnion  (whose  formation  in 

the  mammalian  embryo  is  very  different  from  that  described  in  the  chick)  is  fre- 
quently responsible  for  grave  disturbances  of  normal  development. 

Group  A. 

{Characterised  by  total  absence  of  a  system  of  determinants.) 

This  type  is  represented  by  the  following  cases  of  achondroplasia. 

The  first  case  is  that  of  a  female  infant  born  in  the  practice  of  Dr  Mowat  of 

Edinburgh  in  1903.  The  external  appearance  is  shown  in  fig.  1,  Plate  II,  and  a 

frozen  section  of  the  body  is  reproduced  in  colour  in  Plate  I,  fig.  a. 

The  X-ray  photograph  (fig.  2,  Plate  II)  shows  the  characteristic  defect  in  the 
formation  of  those  bones  of  the  basis  cranii  which  are  early  prefigured  in  cartilage, 

causing  marked  indentation  at  the  root  of  the  nose.  It  also  demonstrates  the  extreme 

shortness  of  the  long  bones,  and  the  broadening  of  the  hands. 

The  second  case  is  that  of  a  full-time  male  foetus  which  also  presents  a  very 
typical  example  of  the  condition.  Fig.  3,  Plate  III,  shows  the  general  appearance  at 

birth  ;  fig.  4  shows  the  broad,  short  forearm  and  hand ;  whilst  fig.  5  is  a  stereoscopic 

photograph  of  the  head,  which'enables  one  to  distinguish  with  great  clearness  the 
details  of  the  defective  development  in  the  basis  cranii. 

Fig.  6,  Plate  IV,  represents  the  subsequent  development  of  the  wrist  and  hand 

bones  in  achondroplasia,  as  exhibited  in  an  adolescent  patient.  Fig.  7  shows  the  final 

result  in  an  adult  case  of  the  same  abnormality. 
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Further  illustrations  of  this  condition  are  figured  in  The  Treasury  of  Human 

Inheritance,  parts  vii  and  viii,  section  xv,  A  (Eugenics  Laboratory  Memoirs, 

Dulau  &  Co.,  London). 

Group  B. 

{Characterised  by  the  absence  of  part  of  one  or  more  systems  of  determinants.) 

Fig.  8,  Plate  V,  represents  a  sagittal  section  of  an  anencephalic  foetus,  which 

occurred  in  the  practice  of  Dr  Ferguson  of  Anstruther  in  1899.  It  is  a  female,  as  is 

so  often  the  case  ;  and  the  spinal  canal  is  closed  save  in  the  cervical  region,  constitut- 

ing the  derencephalic  variety  of  anencephalus.  The  X-ray  photograph  (fig.  9)  shows 
a  certain  measure  of  that  excess  of  bone  in  the  upper  part  of  the  spine  which  has 
been  recorded  in  similar  cases. 

It  will  be  noted,  in  this  and  the  following  photographs  of  anencephalic  terata, 

that  there  is  usually,  but  not  always,  an  abnormal  curvature  of  the  cervical  vertebral 

column  just  below  its  articulation  with  the  skull. 

Fig.  10,  Plate  V,  shows  the  external  appearance,  and  fig.  6,  Plate  I,  the  sagittal 

section,  and  fig.  11,  Plate  VI,  the  skiagram  of  an  anencephalic  foetus,  which  was  sent 

for  examination  to  Dr  Ballantyne  by  Dr  Korie  of  Cardenden  in  1898.  The  foetus, 

a  male,  exhibits  the  characteristic  features  of  anencephaly,  along  with  marked  lordosis 

of  the  cervical  vertebrae.  There  is.  practically  no  chin-groove  in  front,  and  the  spinal 
canal  is  closed  below  the  region  of  the  neck.  The  lower  jaw  and  clavicle  are  shown 

to  be  well  formed  ;  the  ossification  of  the  spine  is  unusually  good  for  anencephaly, 

except  in  the  cervical  region  ;  the  sternum  is  unossified,  and  therefore  is  practically 

invisible  in  the  skiagram,  thus  contrasting  markedly  with  the  clavicle. 

Fig.  12,  Plate  VI,  is  the  skiagram  of  another  specimen  of  anencephalus.  The  foetus 

occurred  in  the  practice  of  Dr  James  Smith  of  Edinburgh  in  1892,  and  is  described 

and  figured  in  the  Transactions  of  the  Edinburgh  Obstetrical  Society  (vol.  xviii, 

p.  256,  1893).  The  X-ray  photograph  shows  the  presence  of  the  lower  jaw,  temporal 
bones,  basis  cranii,  and  ribs.  The  sternum  is  mainly  cartilaginous,  but  small  ossific 

centres  can  be  seen.     As  in  all  anencephalics,  the  cranial  vault  bones  are  wanting. 

Fig.  13,  Plate  VI,  is  taken  from  another  anencephalic  foetus,  which  shows  an 

open  condition  of  nearly  the  whole  spinal  canal.  The  curvature  of  the  spine  is 

cyphotic  in  the  cervical  and  lumbar,  and  lordotic  in  the  dorsal,  regions.  An  ex- 
aggeration of  this  curvature  would  mark  the  beginning  of  retroflexion  of  the  foetus. 

The  more  extreme  degrees  of  this  curvature  are  shown  in  the  specimens  of 

iniencephaly. 

The  next  case  we  have  figured  is  one  of  a  very  interesting  monstrosity,  in 

which  anencephaly,  lumbar  spina  bifida,  a  caudal  appendage,  and  deformities  of  the 

limbs  are  combined  in  the  same  foetus.  The  infant  was  born  in  the  practice  of 

Dr  C.  A.  Butchart,  in  January  1894.  The  naked-eye  appearances  are  shown  in 

figs.   14  and  15,  Plate  VII.     The   most   noteworthy  features   shown   in    the    radio- 
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graph  (fig.  16)  are  the  acute  curvature  of  the  lower  lumbar  region  associated 

with  the  spina  bifida,  the  well-developed  state  of  the  lower  and  upper  jaws  and 
of  the  basis  cranii,  and  the  deformed  condition  of  the  feet  and  knees  (genu 

recurvatum).     The  latter  abnormalities  are  often  considered  to  be  of  amniotic  origin. 

The  condition  of  genu  recurvatum  may  occur  by  itself,  and  is  shown  in  fig.  17, 

Plate  VIII,  where  it  was  present  in  an  otherwise  healthy  infant. 

Fig.  18,  Plate  VIII,  shows  a  foetus  from  the  practice  of  Dr  Arthur  Wilson, 

Edinburgh,  in  1893,  with  anencephalus  and  exencephalus.  The  details  are  given  in 

the  Transactions  of  the  Edinburgh  Obstetrical  Society,  vol.  xix,  p.  49,  1894.  The 

K-ray  photograph  gives  additional  information  regarding  the  basis  cranii,  where  the 

pituitary  fossa  is  clearly  outlined  and  the  basi-occiput  is  well-developed. 
Fig.  19,  Plate  VIII,  is  from  an  anencephalic  fcetus,  full  details  of  which  were 

published  in  the  Journal  of  Obstetrics  and  Gynecology  of  the  British  Empire  for 

1902  (vol.  ii,  p.  521).  There  was  practically  no  doubt  that  the  fcetus  was  post- 
mature, for  the  labour,  which  was  due  on  April  25th  or  26th,  did  not  occur  till 

June  13th,  and  the  anatomy  of  the  monster  showed  advanced  development  of  all 

its  parts  except  its  head  (anencephalic).  The  circumference  of  the  shoulders  was 

42  cm.  ;  the  weight  was  nine  pounds,  which  was  high  when  it  is  borne  in  mind 

that  there  were  no  cranial  vault  bones  ;  the  length  was  55  cm.  The  X-ray  features 

bear  out  the  diagnosis  of  post-maturity. 

Fig.  20,  Plate  IX,  represents  a  foetus  aprosopus  (faceless  fcetus),  wrhich  was 

born  to  a  woman,  forty-three  years  of  age,  as  her  first  child.  She  afterwards  had 
a  normal  infant.  The  mother  is  described  as  healthy  and  active,  but  very  neurotic. 

The  pregnancy,  which  terminated  at  about  the  eighth  month,  was  accompanied  by 

some  hydramnios.  The  external  appearances  are  shown  in  fig.  67  (p.  434)  of  the 

Manual  of  Antenatal  Pathology,  vol.  ii.*  The  malformation  affects  the  head  and  the 
left  hand.  The  former  is  reduced  to  little  more  than  a  rounded  knob,  and  shows  no 

external  trace  of  nose,  eyes,  or  mouth  ;  there  are  two  large  external  ears  situated 

laterally.  The  left  hand  exhibited  marked  irregularity  of  the  digits,  the  ring  finger 

being  shorter  than  the  little  finger. 

The  X-ray  appearances  are  as  follows  : — there  is  an  irregular  mass  of  bone  at  the 
apex  of  the  vertebral  column,  in  which  the  lower  jaw  can  be  easily  recognised  and  is 
seen  to  articulate  at  the  level  of  the  ears. 

Fig.  21,  Plate  IX,  is  a  second  case  of  foetus  aprosopus,  which  was  sent  to 

Dr  Ballantyne  in  the  end  of  1905  by  Dr  Macdonald.  Several  of  the  vertebral 

bodies  in  the  lower  dorsal  region  show  malformation  (half  vertebrae,  etc.) ;  the 

right  clavicle  is  irregularly  bent  in  its  central  portion  ;  and  the  ossific  nuclei  in 

the  lower  ends  of  the  femora  are  absent.  The  cranial  bones  form  an  irregular 

mass,  in  which  it  is  impossible  to  separate  the  constituent  elements. 

*  Manual  of  Antenatal  Pathology  and  Hygiene,  by  J.  W.  Ballantyne,  M.D.     Edinburgh  :  William  Green  &  Sons, 
1902-1905. 
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Fis.  22,  Plate  X,  shows  the  skeletal  structure  in  a  so-called  siren  foetus  or 

sympodia.  It  will  be  noted  that  the  lower  part  of  the  vertebral  column  is  im- 
perfectly developed,  that  the  pelvis  is  exceedingly  rudimentary,  being  represented 

by  one  small  iliac  bone,  and  that  only  one  lower  extremity  is  present.  This  contains 

two  bones,  the  upper  of  which  represents  the  femur,  and  the  lower  the  tibia.  It  will 

further  be  noted  that  the  radius  is  symmetrically  absent  in  both  arms.  This  last 

abnormality  is  by  no  means  an  uncommon  one,  and  is  shown  also  in  fig.  23  and 

in  fig.  24,  Plate  X,  the  latter  being  taken  from  a  child  aged  eleven  years.  As 

the  pelvis  and  lower  extremity  in  this  case  represent  only  one  limb,  the  specimen 

may  be  classed  as  an  example  of  the  variety  known  as  monopodia. 

Group  C. 

{Characterised  by  the  occurrence  of  determinants  with  inherent  dejects.) 

Fig.  25,  Plate  XI,  is  taken  from  a  foetus  iniencephalus  which  was  given  to  Dr 

Ballantyne  for  examination  by  Professor  Sir  Alexander  Simpson,  to  whom  it  was 

sent  with  no  clinical  details.  It  is  described  in  the  Manual  of  Antenatal  Pathology 

(vol.  ii,  pp.  275,  276),  where  also  its  external  appearances  (fig.  44)  and  a  sectional 

view  of  the  left  slab  (fig.  45)  are  figured.  This  monstrosity  is  so  extreme  that  the 

human  form  is  lose,  the  head  and  trunk  together  making  a  more  or  less  rounded 

mass  from  which  the  limbs  project.  Through  the  extreme  backward  bending  of 

the  head  upon  the  trunk,  the  nape  of  the  neck  loses  its  external  position.  The  three 

factors  in  the  production  of  iniencephaly  are  imperfect  development  of  the  occiput 

in  the  neighbourhood  of  the  foramen  magnum,  spina  bifida  of  considerable  extent, 
and  retroflexion  of  the  trunk. 

The  X-ray  photograph  supplements  the  frozen  sectional  view  in  respect  to  the 
state  of  the  lower  jaw,  the  ribs,  and  the  pelvis.  The  jaw  is  fairly  well  formed,  the 

ribs  are  much  crowded  together,  the  ossification  of  the  lower  half  of  the  spine  is 

very  irregular,  and  the  pelvis  is  rudimentary. 

Fig.  26,  Plate  XI,  represents  an  iniencephalic  foetus  which  occurred  in  the  practice 

of  Dr  Murray  Cairns  of  Liverpool  in  1900.  The  labour  was  prolonged  by  reason 

of  the  deformity.  In  this  case  the  X-ray  appearances  which  chiefly  call  for  remark 
are  the  acute  flexure  which  is  present  at  the  upper  end  of  the  cervical  spine,  and 

the  sharp  bend  in  the  lumbar  region. 

Fig.  27,  Plate  XII,  is   taken   from  a   foetus   with   exomphalos   and  a  congenital 

cutaneous  band  attaching  the  right  wrist  to  the  margin  of  the  exomphalic  aperture. 

It  was  born  in  the  practice  of  Dr  Maclagan  of  Sleaford  in  1901,  and  it  is  figured 

and  described  in  the  second  volume  of  the  Manual  of  Antenatal  Pathology  (fig.  34, 

p.    180).      The   X-ray  photograph    shows    the    right   arm   in    its   attached   position. 
Opposite  the  point  where  the  exomphalos  occurs  there  is  an  acute  flexure  of   the 
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spinal  column.  There  is  an  extraordinary  degree  of  distortion  of  the  ribs,  which  is 

probably  secondary  to  the  malposition  of  the  viscera. 

The  flexure  of  the  spinal  column  in  these  .cases  should  be  compared  with  the 

sigma  curve  of  the  column  of  primitive  segments  in  the  dorsal  region  of  the  early 

embryo  (Manual  of  Antenatal  Pathology,  vol.  ii,  figs.  10,  11,  and  12). 

Fig.  28,  Plate  XII,  is  taken  from  a  specimen  which  has  been  described  in  the 

second  volume  of  the  Manual  of  Antenatal  Pathology  (fig.  75,  pp.  518,  519).  It 

represents  anencephalus  and  exomphalos,  with  an  extraordinary  degree  of  curvature 

of  the  spinal  column.  There  is  spina  bifida  affecting  almost  the  whole  vertebral 

canal.  The  monstrosity  was  born  in  the  practice  of  the  late  Dr  C.  E.  Underhill  of 

Edinburgh,  and  the  details  are  given  in  the  Transactions  of  the  Edinburgh  Obstetrical 

Society  (vol.  xvii,  p.  278,  1892).  The  X-ray  photograph  shows  that  the  lumbar 
spine  is  fairly  straight,  whilst  there  is  marked  kyphosis  of  the  dorsal,  and  lordosis  of 

the  cervical,  regions. 

Fig.  29,  Plate  XIII,  is  somewhat  similar  to  the  preceding,  but  the  spinal  curvature 

is  still  more  marked  and  more  extraordinary.  The  fetus  was  born  in  the  practice  of 

Dr  Ballantyne  of  Dalkeith,  and  details  are  given  in  the  Transactions  of  the  Edin- 

burgh Obstetrical  Society  (vol.  xvii,  p.  241,  1892).  The  X-ray  photograph  shows 
very  clearly  the  extreme  degree  of  spinal  curvature. 

Fig.  30,  Plate  XIII,  is  somewhat  similar  as  regards  the  curvature  of  the  spine, 

but  there  is  no  exomphalos.  The  specimen  came  from  Dr  Duff  of  Helensburgh,  and 

details  are  given  in  the  Transactions  of  the  Edinburgh  Obstetrical  Society  (vol.  xx, 

p.  13,  1895).  The  X-ray  photograph  shows  the  extraordinary  dorsi-fiexion  of  the 

head  and  the  abruptness  of  the  S-shaped  curve  of  the  spine. 

Group  D. 

( Characterised  by  the  presence  of  an  excess  of  determifiants. ) 

In  fig.  31,  Plate  XIV,  a  good  example  is  presented  of  the  arrangement  of  the 

bones  of  the  hand  in  a  case  of  dichirus,  and  in  fig.  32  in  the  same  Plate  are  shown 

the  doubled  thumbs  from  a  case  of  symmetrical  Polydactyly. 

Fig.  33,  Plate  XV,  is  a  radiograph  of  thoracopagous  united  twins  that  occurred  in 

the  practice  of  Dr  Robert  Stewart  of  Edinburgh.  The  external  appearances  are 

given  in  the  Manual  of  Antenatal  Pathology  (vol.  ii,  p.  657).  They  had  to  be 

separated  from  each  other  in  order  to  make  their  birth  possible.  The  most  marked 

feature  is  the  extreme  distortion  of  the  spinal  column  in  each.  This  case  is  of  con- 
siderable intrinsic  interest,  and  perhaps  it  may  be  explained  by  assuming  that  the 

determinants  were  doubled  and  segregated  at  an  early  age.  Each  ordinary  deter- 
minant is  thus  represented  by  two  separate  determinants.  If  the  process  is  complete 

for  all  the  determinants,  one  gets  "  identical  twins"  ;  if  it  is  partial,  the  result  is  the 
formation  of  complete  or  partial  double  monsters. 
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XI. — On  a  Small  Collection  of  Terrestrial  Isopoda  from  Spain,  with  Descriptions 

of  Four  New   Species.     By  Walter   E.  Collinge,  M.Sc,  F.L.S.,  etc.,  Research 

'  Fellow     of    the    University    of    St     Andrews.       Communicated    by    Professor 

M'Intosh.     (With  Two  Plates.) 

(MS.  received  August  2,  1915.     Read  December  6,  1915.     Issued  separately  December  28,  1915.) 

I  am  indebted  to  the  kindness  of  Dr  Leonard  Doncaster,  F.R.S.,  for  the 

opportunity  to  examine  the  present  collection  of  Terrestrial  Isopoda  from  the 

Cambridge  University  Museum  of  Zoology. 

The  Terrestrial  Isopoda  of  Spain  have  received  considerable  attention  in  the 

past  at  the  hands  of  L.  Koch,*  Budde-Lund,!  0.  de  Buen,  J  and  Dollfus,§ 
and  present  many  features  of  great  interest,  one  of  the  most  striking  of  which 

is  perhaps  the  large  size  of  the  various  species,  particularly  in  the  genera  Porcellio, 

Latreille,  and  Armadillidium,  Brandt,  and  to  these  I  am  now  able  to  add  the  genus 
Cubaris,  Brandt. 

As  Dollfus  (op.  cit.)  has  already  remarked,  the  fauna  of  the  Pyrenees,  so  far 

as  the  Isopoda  are  concerned,  is  characterised  by  a  group  of  species  quite  distinct 
from  the  Mediterranean  coast  fauna,  and  one  which  well  deserves  further 

investigation. 

The  present  collection  contains  seven  species,  of  which  four  are  new,  two  of 

them  coming  from  the  Pyrenees.     The  list  is  as  follows  : — 

1.  Porcellio  batesoni,  n.  sp.     S.  Spain. 

2.  ,,  explanatus,  n.  sp.     La  Massane,  Pyrenees. 

3.  ,,  rathhei,  Brandt.     E.  Pyrenees. 

4.  ,,  sp.     La  Massane,  Pyrenees. 

5.  ,,  sp.     Madeira. 

6.  Armadillidium  nitididus,  n.  sp.     Madeira. 

7.  Cubaris  invenustus,  n.  sp.     La  Massane,  Pyrenees,  and  S.  Spain. 

1.  Porcellio  batesoni,  n.  sp.     (PI.  I,  figs.  1-6.) 

Body  large,  oblong-oval,  covered  with  irregular  coarse  tubercles,  dorsal  face 
convex.  Cephalon  (fig.  l)  with  large  lateral  lobes,  terminally  truncate,  median  lobe 

small  and  slightly  indented  in  the  median  line,  epistoma  convex.  Eyes  moderate 

in  size,  situated  dorso-laterally.     Antennae  (fig.  2)  covered  with  minute  setae,  joints 

*  Die  Thierun  Andalusiens,  1856,  pp.  418-423. 
t  Crust,  hop.  Terr.,  1885,  pp.  1-319. 
\  Ann.  de  la  Soc.  Esp.  Hist.  Nat,  1887. 

§  Ibid.,  1892,  t.  xxi,  pp.  161-190,  13  text-figs. 
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1-3  short,  4th  with  groove  on  the  outer  side,  the  5th  being  the  longest ;  flagellum 

two-jointed,  with  terminal  style.  Oral  appendages  typical.  The  segments  of  the 
mesosome  are  convex  dorsally  and  roughly  tuberculate,  with  moderately  developed 

pleural  plates,  the  first  of  which  partly  surrounds  the  cephalon  ;  posterior  angles 

acutely  produced  backwards.  Thoracic  appendages  long,  otherwise  typical. 

Uropoda  (figs.  3-5)  extending  considerably  beyond  the  telson,  basal  plate  grooved 
on  the  outer  side  ;  exopodite  long,  lanceolate,  and  slightly  curved  upwards,  setaceous  ; 

endopodite  short,  slightly  longer  than  the  basal  plate  and  telson,  terminating  in 

four  stout  spines  and  a  long  style,  setaceous.  Telson  (fig.  3)  with  broad  anterior 

portion,  terminating  posteriorly  in  a  long,  blunt  point,  slightly  grooved  dorsally. 

Length  17  mm. 

Colour  (in  alcohol)  blackish  with  a  tinge  of  olive-green. 

Habitat. — S.  Spain.     Easter  1894  (W.  Bateson). 

Type. — In  the  Cambridge  University  Museum  of  Zoology. 
This  interesting  species  finds  its  nearest  ally  in  P.  nicMesi,  Dollfus,  from  which, 

however,  it  is  separated  by  the  form  of  the  lateral  lobes  of  the  cephalon,  the 

antennae,. the  uropoda,  and  the  telson.  In  the  form  of  the  cephalon  it  bears,  at  first 

sight,  a  superficial  resemblance  to  P.  magnificus,  Dollfus,  but  is  very  distinct 

from  that  species  when  examined  in  detail. 

I  have  much  pleasure  in  associating  with  this  fine  species  the  name  of  Professor 

W.  Bateson,  F.R.S.,  to  whom  the  University  is  indebted  for  the  specimens. 

2.  Porcellio  explanatus,  n.  sp.     (PI.  I,  figs.  7-11.) 

Body  large,  broadly  oval,  sparsely  tuberculate,  dorsal  face  somewhat  flattened. 

Cephalon  (fig.  7)  with  well-developed  lateral  lobes,  deflected  downwards  ;  median 
lobe  a  narrow  ridge  between  the  two  lateral  lobes ;  epistoma  convex.  Eyes 

moderate  in  size,  situated  dorso-laterally.  Antennulse  short  and  stout.  Antennse 

(fig.  8)  covered  with  minute  setae,  joints  1-3  short,  3rd  joint  with  tooth-like 
process  on  the  outer  side,  4th  joint  with  groove  on  the  outer  side,  the  5th  being  the 

longest ;  flagellum  two-jointed,  with  terminal  style.  The  segments  of  the  mesosome 
are  somewhat  flattened,  sparsely  tuberculate,  with  moderately  developed  pleural 

plates,  the  first  of  which  partly  surrounds  the  cephalon,  the  posterior  angles  slightly 

produced  backwards.  Uropoda  (figs.  9-11)  extending  beyond  the  telson,  setaceous, 
basal  plate  almost  cubical  and  deeply  grooved  on  the  outer  side ;  exopodite  broad, 

lanceolate,  biconvex,  with  slightly  raised  median  ridge  ;  endopodite  short,  slightly 

longer  than  the  basal  plate  and  telson,  and  produced  into  a  ridge  on  the  ventral 

side,  terminally  there  is  a  short  style.  Telson  (fig.  9)  anteriorly  more  triangular 

than  in  P.  batesoni,  terminating  posteriorly  in  a  long  acute  point,  with  slight  dorsal 

groove. 
Length  20  x  10  mm. 
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Colour  (in  alcohol)  :  body  blackish  grey,  head  pale  green  with  three  dark,  irregular, 

triangular  patches.  The  middle  portions  of  both  mesosomatic  and  metasomatic 

segments  are  occasionally  marked  with  light-green  patches. 

Habitat. — La  Massane,  E.  Pyrenees.     June  22nd,  1891  (D.  Sharp). 

Type. — In  the  Cambridge  University  Museum  of  Zoology. 
In  certain  features  this  species  is  allied  to  P.  exjjansus,  Dollfus,  but  differs  from 

that  species  in  the  smaller  size,  the  shape  of  the  cephalon  and  its  lateral  and  median 

lobes,  the  antennae,  and  the  uropoda. 

3.  Porcellio  rathkei,  Brandt. 

Habitat. — E.  Pyrenees.     June  1891  (D.S.).     Two  examples. 

4.  Porcellio  sp. 

This  is  probably  a  new  species  ;  unfortunately,  there  is  only  a  single  imperfect 

specimen. 

Habitat. — La  Massane,  E.  Pyrenees.     June  22nd,  1891  (D.S.). 

5.  Porcellio  sp. 

Habitat. — Madeira,  1892  (J.  W.  Clark).     Two  imperfect  specimens. 

6.  Armadillidium  nitidulus,  n.  sp.     (PL  I,  figs.  12-15  ;  PL  II,  figs.  16-19.) 

Body  oblong,  strongly  convex.  Cephalon  (figs.  12  and  13)  large,  broadly  quad- 
rangular, marginate,  lateral  lobes  rounded,  deeply  concave  below,  epistoma  vertical, 

with  triangular  shield  from  the  frontal  margin.  Eyes  distinct,  dorso-lateral.  Anten- 

nulae  (fig.  14)  small,  three-jointed,  terminal  joint  with  pointed  end  and  seven  strong- 
lateral  spines.  Antennae  (fig.  15)  short,  joints  2-4  flattened  on  their  outer  sides, 

5th  joint  slightly  grooved  ;  flagellum  two-jointed.  First  maxillae  (fig.  16)  :  the  outer 

lobe  terminates  in  four  stout  curved  spines  and  five  more  slender  ones,  with  numer- 
ous setae  distally  on  the  outer  side  ;  inner  lobe  terminally  rounded,  thin,  with  two 

setose  spines.  Second  maxillae  terminate  in  an  inner  dense  tuft  of  setae  and  a  blade- 

like outer  lobe.  The  segments  of  the  mesosome  are  strongly  convex  and  shiny, 

pleural  plates  1-5  distinct,  the  1st  only  overlaps  the  segment  behind,  posterior  margin 

not  incised,  those  of  6  and  7  lamellar-like  and  truncate  terminally.  Outer  palp  of 
the  maxillipedes  terminates  in  spinous  process  with  a  multispinous  termination. 

Metasome  comparatively  small.  Uropoda  (figs.  18  and  19)  short,  not  extending 

beyond  the  telson,  basal  plate  stout,  somewhat  triangular,  with  broadly  expanded 

anterior  surface  ;  exopodite  spatulate,  endopodite  rudder-shaped,  flattened  ventrally 
and  slightly  raised  on  the  dorsal  surface.  Telson  (fig.  17)  rather  long,  triangular, 

terminating  in  a  truncate  base. 

Length  16 '5  mm. 
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( Joloui  (iii  alcohol)  dark  shiny  olive-green,  with  the  posterior  margins  of  all  the 
segments  lighter. 

Habitat. — Madeira,  1892  (J.  W.  Clark). 

Type. — In  the  Cambridge  University  Museum  of  Zoology. 
Some  dozen  or  more  species  of  this  genus  have  been  described  from  Spain,  but  I 

have  been  unable  to  identify  any  of  them  with  the  present  species.  In  the  elongated 

telson  and  the  form  of  the  uropoda,  cephalon,  antennulse,  and  antenna?  it  differs  from 

any  of  them.  Its  nearest  ally  is  probably  A.  vulgare  (Latreille)  ;  it  is,  however,  more 

elongated  than  that  species,  and  differs  from  it  in  the  characters  above  mentioned,  as 

also  in  the  structure  of  the  mouth  parts. 

7.   Cubaris  invenustus,  n.  sp.     (PI.  II,  figs.  20-28.) 

Body  oblong-oval,  strongly  convex,  smooth.  Cephalon  (figs.  20,  21)  flattened, 
marginate  anteriorly,  lateral  lobes  small,  median  lobe  absent ;  epistome  almost 

vertical,  with  slightly  raised  triangular  shield.  Eyes  situated  dorso-laterally.  Anten- 

nulas  (fig.  22)  short  and  stout,  three-jointed,  with  number  of  stout  setae  on  the  lateral 
portion  of  the  3rd  joint,  terminal  portion  rounded  and  with  short,  blunt  spine. 

Antennae  (fig.  23)  short,  sparsely  covered  with  fine  setae,  2nd  to  5th  joints  grooved 

on  the  inner  side  ;  flagellum  two- jointed,  the  distal  joint  being  a  little  over  twice  as . 
long  as  the  proximal  one.  Segments  of  the  mesosome  with  the  pleural  plates 

excavate  anteriorly,  not  produced  backwardly,  6th  and  7th  segments  terminally 

truncate,  lateral  portions  of  1st  and  2nd  segments  notched  and  grooved  on  their 

lower  inner  margins  for  reception  of  succeeding  segments  (fig.  24).  Maxillipedes 

(fig.  25),  the  outer  palp  terminates  in  a  multispinous  process  on  the  outer  side,  with 

a  long  spine  below  it  and  two  smaller  ones  within  ;  the  inner  palp  has  two  blunt, 

tooth-like  spines  and  a  much  smaller  one  on  the  internal  border.  Thoracic  appendages 
typical.  Uropoda  (figs.  26  and  27)  not  extending  beyond  the  telson,  basal  plate 

thick  and  robust,  with  raised  dorsal  face,  posterior  margin  almost  straight ;  exopodite 

very  small,  situated  on  the  lower  inner  border  of  the  basal  plate,  endopodite  large, 

setaceous.  Telson  (fig.  28),  posterior  margin  straight,  and  as  broad  as  length  of 

segment,  expanded  anteriorly  with  triangular  convexity,  and  slight  concavity  in  the 
median  line. 

Length  16 '5  mm. 
Colour  (in  alcohol)  light  green  with  dark  brown  transverse  stripe  on  the  posterior 

of  each  mesosomatic  segment. 

Habitat. — La  Massane,  E.  Pyrenees,  June  20th,  1 891  (D.  Sharp);  also  S.  Spain, 
May  3rd,  1894  (W.  Bateson). 

Type. — In  the  Cambridge  University  Museum  of  Zoology. 
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EXPLANATION  OF  PLATES. 

Plate  I. 

Porcellio  batesoni,  n.  sp. 

Fig.  1.  Dorsal  view  of  the  cephalon  and  1st  mesosomatic  segment. 

Fig.  2.   Left  antenna. 
Fig.  3.   Last  metasomatic  segment,  telson,  and  uropoda. 

Fig.  4.   Right  uropod  seen  from  above. 

Fig.  5.  Portion  of  same  seen  from  below. 

Fig.  6.  Terminal  portion  of  endopodite  of  right  uropod,  showing  terminal  style  and  large  setae. 

Porcellio  explanatus,  n.  sp. 

Fig.  7.  Dorsal  view  of  the  cephalon  and  1st  mesosomatic  segment. 

Fig.  8.  Left  antenna. 

Fig.  9.  Last  metasomatic  segment,  telson,  and  nropoda. 

Fig.  10.  Right  uropod  seen  from  above. 

Fig.  11.  Portion  of  same  seen  from  below. 

Armadillidium  nitidulus,  n.  sp. 

Fig.  12.  Dorsal  view  of  the  cephalon  and  1st  mesosomatic  segment. 
Fig.  13.  Anterior  view  of  the  cephalon. 

Fig.  14.  Right  antennule. 

Fig.  15.  Left  antenna. 

Plate  II. 

Fig.  16.  Terminal  portions  of  the  1st  maxilla,  inner  and  outer  lobes. 

Fig.  17.  Last  metasomatic  segment,  telson,  and  uropoda. 
Fig.  18.  Right  uropod  seen  from  above. 

Fig.  19.  The  same  seen  from  below. 

Cubaris  invenustus,  n.  sp. 

Fig.  20.  Dorsal  view  of  the  cephalon  and  1st  mesosomatic  segment. 
Fig.  21.  Anterior  view  of  the  cephalon. 

Fig.  22.  Left  antennule. 

Fig.  23.   Left  antenna. 

Fig.  24.  Lateral  portion  of  the  1st  and  2nd  mesosomatic  segments,  showing  notches  and  grooves  on  the 
under  side. 

Fig.  25.  Terminal  portion  of  the  maxillipede. 

Fig.  26.  Right  uropod  seen  from  above. 
Fig.   27.  The  same  seen  from  below. 

Fig.  28.  Last  metasomatic  segment,  telson,  and  uropoda. 
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1.  Introductory. 

For  two  centuries  and  a  half  the  ampullary  canal  system  of  Elasmobranch  fishes 

has  occupied  the  attention  of  a  series  of  investigators,  who  have  treated  the  subject 

from  a  variety  of  standpoints,  and  have  amassed  a  considerable  literature  represent- 
ing, in  spite  of  repetition  and  some  conflicting  statements,  a  gradual  advance  to  a 

fuller  knowledge  regarding  the  occurrence  and  the  structure  of  the  organs  in 

question. 
Early  researches  suffered  from  the  want  of  recognition  of  any  distinction  between 

the  sensory  canal  system  and  the  ampullary  canal  system,  both  being  included  under 

the. term  "mucous  canals,"  a  name  given  on  account  of  the  secretory  function  which 
was  ascribed  to  them.  Later,  electricity-producing  and  sensory  functions  were  in 
turn  attributed  to  them,  and  the  disputed  point  of  their  physiology  became  one  of 

the  chief  points  of  interest  among  the  investigators  of  the  first  half  of  the  nineteenth 

century.  From  the  middle  of  the  nineteenth  century  onwards,  the  histology  and 

innervation  of  the  ampullae  and  their  canals  attracted  attention,  and  as  a  result 

these  gradually  came  to  be  recognised  as  organs  of  sense. 

In  spite,  however,  of  continuous  work  and  varied  treatment,  no  one  among  this 

series  of  investigators  has  undertaken  to  give  a  complete  description  of  the  ampullary 

canals  in  any  one  genus,  observations  having  been  made  in  turn  on  Torpedo,  some 

species  of  Raia,  Scyllium,  Acanthias,  Pristiurus,  and  others.  It  has  therefore  been 

the  purpose  of  the  present  investigation  to  attempt  what  has  hitherto  been  omitted, 

and  to  describe  as  fully  as  possible  one  genus — the  genus  Raia, — comparing  with 
one  another  as  many  species  of  the  genus  as  have  been  available. 

The  present  paper  gives  an  account  of  the  general  anatomy  of  the  ampullary 

canal  system,  based  on  work  which  has  been  carried  out  in  the  Zoology  Department 

of  the  University  of  Edinburgh.  It  is  hoped  that  later  an  account  of  the  histology 

of  the  ampullae  may  be  contributed. 
TRANS.  ROY.  SOC.  EDIN ,  VOL.  LI,  PART  II  (NO.  12).  68 



468  AUGUSTA    LAMONT   ON 

Acknowledgments  are  due  for  assistance  granted  from  the  Earl  of  Moray's 
Endowment  for  the  Promotion  of  Original  Research,  University  of  Edinburgh. 

2.  Historical. 

The  first  observer  to  record  the  occurrence  of  the  so-called  "  mucous  canals  "  was 
Nils  Stenson,  who  in  1664  and  1669  makes  mention  of  having  seen  their  openings 

in  Raia,  Canis  carckarias,  and  Galeus  Isevis  ;  but  it  was  the  Italian,  Lorenzini,  who 

first  gave  a  definite  description  of  the  "  ampulla?," — as  he  named  them — and  their 
canals,  and  who  assigned  to  these  structures,  in  his  work  on  Torpedo  in  1678,  a 

secretory  function.  The  term  "  Lorenzinian  ampullae,"  therefore,  first  made  use  of 
by  Boll  nearly  two  hundred  years  later,  with  justice  associates  these  organs  with 
their  discoverer. 

No  further  work  on  the  subject  appeared  until  Monro,  after  more  than  a  century, 

published  in  1785  his  Structure  and  Physiology  of  Fishes.  In  it  he  described  and 

figured  for  the  skate  a  pair  of  groups  of  radiating  ducts  containing  a  viscid 

mucus  and  possessing  a  rich  supply  of  nerves,  and  these  structures  he  classed  as 

glandular  organs. 

The  next  investigator  was  Geoffroy  St  Hilaire  (1801),  whose  work  led  him 

to  the  conclusion  that  the  gland-like  masses  and  radiating  canals  of  Raia  rubus  were 
the  homologue  of  the  electric  organs  of  the  Torpedo. 

The  work  of  Jacobson  (1813)  presents  a  considerable  advance  on  that  of  his  pre- 

decessors. He  was  the  first  to  record  the  occurrence  of  five  pairs  of  "  central 

organs  "  (groups  of  ampullae),  to  mention  the  presence  of  similar  organs  throughout 
the  sharks  and  rays,  and,  repudiating  former  theories,  to  class  them  as  organs  of 

touch  adapted  for  the  perception  of  undulatory  motion.  He  compared  these  organs 

to  the  vibrissas  of  birds  and  mammals,  and  stated  in  support  of  this  comparison  that 

both  series  of  structures  are  supplied  by  the  same  branch  of  the  fifth  nerve. 

G.  R.  Treviranus,  who  followed  (1819),  agreed  with  Jacobson  in  classing  the 

ampullary  structures  as  sense  organs,  but,  demurring  at  attributing  to  them  a  tactile 

function,  hinted  at  the  possibility  of  a  sense  other  than  the  five  possessed  by  man. 

His  observations  were  made  on  Squalus  acanthias,  Raia  batis,  and  R.  rubus,  and  he 

was  the  first  to  observe  the  partitioned  structure  of  the  ampullae. 

Another  supporter  of  Jacobson's  theory  was  found  in  Blainville  (1822),  who, 

in  his  work  on  Comparative  Anatomy,  treats  of  the  "  tubular  organs  "  (ampullary 

canals)  of  Selachii  generally  under  the  heading  of  "  active  organs  of  touch."  He 

clearly  distinguished  between  these  "tubular  organs"  and  the  "lacunar  system" 
(lateral  canal  system),  but  appears  to  have  recognised  only  three  pairs  of  ampullary 

capsules,  and  fell  into  the  curious  mistake  of  supposing  that  these  capsules — apart 

from  the  canals — were  the  possible  homologue  of  the  electric  organ  of  Torpedo. 
Shortly  after  Blainville,  Robert  Knox  (1825)  wrote  on  the  theory  of  a  sixth 
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sense  in  sharks,  tope-fishes,  and  rays,  but  he  appears  to  have  been  rather  a  theorist 

than  an  original  worker.  Without  assigning  any  reason,  he  contradicts  Treviranus's 
statement  regarding  the  division  of  the  ampullae  into  compartments,  and  bases  state- 

ments of  his  own  on  microscop  .al  observations  undertaken  for  him  by  another  in 

default  of  original  investigations.  In  spite  of  being  aware  of  former  confusion 

between  the  two  canal  systems,  he  appears  himself  to  have  fallen  into  the  error  of 

not  clearly  distinguishing  between  them.  He  considers  the  function  of  the  "  tubular 

organs "  (ampullary  canals)  to  be  intermediate  between  hearing  and  touch,  and 

suggests  that  the  shark's  facility  for  tracking  prey  is  accounted  for  by  the  possession 
of  this  additional  sense. 

Delle  Chiaje  (1839),  in  his  work  on  Torpedo,  shortly  describes  the  ampullary 

organs,  introducing  the  subject  in  connection  with  a  description  of  the  electric 

organ  and  pointing  out  similarities  between  the  two  systems.  He  mentions 

having  seen  the  same  system  with  its  rich  nerve-supply  in  Zygsena,  the  Hammer- 
head shark. 

The  investigations  of  John  Davy,  on  the  electric  properties  of  Torpedo,  published 

in  1839,  were  undertaken  in  fulfilment  of  a  last  request  of  his  brother  Sir  Humphry. 

His  account  includes  a  description  of  the  "  mucous  system,"  the  mucus  of  which  the 
author  considers  to  be  a  good  conductor  of  electricity,  while  at  the  same  time  he 

holds  that  its  secretion  is  stimulated  by  the  electric  function.  No  mention  is  made 

of  previous  workers  other  than  Lorenzini  and  Monro,  and  no  distinction  is  drawn 

between  the  sensory  and  ampullary  canals,  both  of  which  are  figured  in  his  Plate  X 

as  arising  from  the  group  of  ampullae  shown. 

Savi,  who  also  worked  on  the  electric  organ  of  Torpedo,  similarly  gives  an 

account  of  the  so-called  "  mucous  organs."  Writing  in  1841,  he  inclines  to  repudiate 

the  view  of  the  secretory  function  ;  but  in  1843  he  alludes  to  the  organs  as  "  mucous 

follicles,"  and  describes  their  contained  humour  as  continually  flowing  out  on  the 
skin,  although  without  committing  himself  to  any  theory  regarding  the  purpose  of 
the  secretion. 

Mayer,  writing  in  the  same  year  (1843),  is  said  to  have  revived  the  theory  that 

the  ampullae  of  rays  are  the  homologue  of  the  electric  organ  of  Torpedo,  while 

Miescher,  early  in  1844,  writing  on  "the  organs  discovered  by  Professor  Mayer  in 

non-electric  Rays,"  again  reverts  to  the  view  that  they  are  mucus-secreting  structures. 
He  shortly  describes  for  Raia  clavata  four  pairs  of  these  glands,  evidently  reckoning 

the  ophthalmic  and  inner  buccal  groups  of  ampullae  together  as  one,  since  the  other 

three  are  unmistakably  recognisable  from  the  description  given. 

The  researches  of  Robin  (1846)  had  for  their  object  the  investigation  of  the 

electric  organ  of  rays  (Raia) ;  and  the  ampullary  capsules  and  tubes  are  chiefly 

considered  in  order  to  repudiate  theories  suggesting  their  homology  with  the  electric 

organ.  Robin  limits  the  number  of  pairs  of  capsules  in  Raia  to  four,  and  claims  to 

have  been  the  first  to  describe  the  fourth  capsule    (mandibular),  maintaining  that 
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Jacobson  described  only  three  while  mentioning  five,  and  thus  ignoring  the  work 
Of  MlESCHER. 

Retzius  (1847),  who  investigated  "the  supposed  electric  organs"  in  Raia  batis 
and  Squalus  acanthias,  also  described  four  pairs,  and  concluded  from  their  rich 

nerve-supply  that  Jacobson's  theory  as  to  their  sensory  function  was  correct. 
Stannius,  in  his  memoir  on  the  Peripheral  Nervous  System  of  Fishes  (1849), 

describes  for  Plagiostomi  the  innervation  of  the  ampullary  system,  which  he  alludes 

to  throughout  as  a  "  mucus-secreting  apparatus."  He  gives  an  account  of  the  innerva- 
tion of  the  ampullae  by  the  ophthalmic  and  buccal  branches  of  the  trigeminus,  and 

by  the  hyomandibular  and  mandibular  branches  of  the  facialis.  He  describes  a  single 

nerve-thread,  composed  of  eight  or  ten  fibres,  as  entering  each  ampulla,  and  admits 

his  failure  to  have  discovered  anything  definite  regarding  the  nerve-endings.  Spinaoc, 
Raia  batis,  and  R.  clavata  are  mentioned  as  subjects  of  the  investigation. 

The  work  of  H.  Muller  (185 1)  was  in  many  respects  an  advance  on  that  of  his 

immediate  predecessors.  He  appears  to  have  written  largely  with  the  object  of 

refuting  the  suggestion  of  the  existence  of  a  relation  between  the  follicular  apparatus 

of  Torpedo  and  electricity  production,  by  means  of  a  comparison  with  the  mucous 

canals  of  other  Plagiostomi.  He  clearly  distinguished  between  the  different  systems 

of  canals,  and  recognised  that  the  ampullae  and  their  tubes  were  confined  to  car- 
tilaginous fishes,  inclining  to  a  belief  in  the  sensory  function  of  the  system.  He 

described  in  more  detail  than  previous  workers  the  distribution  of  the  ampullary 

canals,  especially  in  the  genus  Raia,  of  which  he  investigated  three  species.  He 

points  out  the  pigmentation  and  wide  distribution  of  the  canals  of  R.  vomer  *  com- 
pared with  the  more  restricted  distribution  and  hyaline  appearance  of  those  of 

R.  undulata  and  R.  asterias.]' 
.Leydig,  who  did  much  to  advance  knowledge  of  the  ampullary  canal  system, 

contributed  between  the  years  1852  and  1868  several  publications  dealing  with  the 

subject.  He  investigated,  in  considerable  detail,  the  structure  of  the  ampullae  in 

various  Elasmobranchs,  contributing  much  that  was  new  regarding  their  histology, 

innervation,  and  vascular  supply.  He  maintained,  throughout,  the  sensory  function 

of  these  organs,  and  concluded  that  they  are  organs  of  a  sixth  sense  adapted  for  life 

in  water  ;  suggesting,  however,  that  secretion  might  take  place  in  association  with  a 

sensory  function  allied  to  that  of  touch.  In  this  connection  he  raised  the  question 

as  to  whether  similarly  among  the  sweat-glands  of  mammals  there  may  not  be  some 
which  have  a  more  direct  relation  to  the  nervous  system  than  to  secretion. 

Contemporaneous  with  the  work  of  Leydig  was  that  of  Lamballe,  Eckhard, 

and  M'Donnell,  the  two  first  of  whom  both  published  the  results  of  their  investiga- 
tions in  1858. 

Jobert  de  Lamballe  appears  to  have  been  ignorant  of  any  of  the  work  of  his 

predecessors  on  the  subject  of  the  ampullary  canal  system,  with  the  exception  of  an 

*  Raia  vomer,  Mull.  =  R.  uxyrhynchus,  Linn.  t  Raia  asterias,  Mull.  =  R.  maculata,  Mon  t. 
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account  given  by  Cuvier  and  Valenciennes  in  their  Natural  History  of  Fishes. 

Dealing  with  the  "  Electric  Organs  of  Electric  Fishes,"  he  describes  a  single  pair  of 
ampullary  capsules  in  the  skate,  and,  reverting  to  the  standpoint  of  St  Hilaire, 

concludes  that  these  represent  an  elementary  electric  apparatus  comparable  to  that 

of  Torpedo. 

Eckhard,  dealing  with  Torpedo  alone,  went  into  the  microscopic  structure  of  the 

ampullae  in  considerable  detail,  and  concluded  that  the  six  spheres  contained  in  each 

ampulla  are  peripheral  ganglia.  While  considering  it  as  proved  that  these  organs 

are  not  secretory,  he  was  non-committal  as  to  what  type  of  sensory  function  they 
might  fulfil. 

M'Donnell  (1861)  rejected  St  Hilaire's  theory,  and  supported  Leydig's  view  of 
the  tactile  function  of  the  muciferous  tube  system  of  sharks  and  rays. 

Boll  (1868),  m  his  work  on  Lorenzini's  ampullae  in  Torpedo  and  an  unnamed 

species  of  shark,  devoted  much  attention  to  their  histology,  and  confirmed  Leydig's 
view  as  to  their  partitioned  structure. 

The  researches  of  Todaro  (1870)  are  referred  to  by  both  Merkel  and  Fritsch, 

who  followed  him,  but  his  "  Contribuzione "  have  unfortunately  not  been  available 
for  reference. 

Balfour  (1878),  who  was  the  first  to  deal  with  the  subject  from  the  embryological 

point  of  view,  pronounced  in  his  work  on  The  Development  of  Elasmobranch  Fishes 

that  the  ampullary  canals  are  products  of  the  mucous  layer  of  the  epiblast. 

The  work  of  Sappey  (1879)  contains  more  detail  as  to  the  distribution  of  the 

canals  than  that  of  any  of  his  predecessors.  He  gives  detailed  accounts  of  the 

grouping  of  them  in  a  skate  (la  raie)  of  which  he  does  not  give  the  specific  name, 

but  the  description  as  far  as  it  goes  is  applicable  to  several  of  the  genus,  although 

it  is  incomplete  in  giving  an  account  of  only  three  pairs  of  capsules.  He  repudiated 

Leydig's  view  as  to  the  sensory  function  of  these  organs,  and  maintained  the  glandular 
structure  of  both  the  ampullae  and  their  ducts,  the  function  of  which,  he  considered, 

was  to  pour  mucus  on  the  surface  of  the  skin,  although  he  admitted  the  use  of  the 
mucus  to  be  still  in  doubt. 

Merkel's  researches  (1880)  dealt  with  the  nerve-endings  and  sensory  cells  of  the 
system  in  Elasmobranchs  generally,  of  which  he  investigated  a  number  of  different 

species.  After  a  detailed  study  of  the  histology  of  the  ampullae,  he  arrived  at  the 

conclusion,  confirming  that  of  Jacobson  and  his  followers,  that  the  sensory  function 

of  these  organs  is  established  beyond  all  question,  and  that  the  probability  of  this 

function  being  of  a  tactile  nature  has  much  to  support  it. 

Ten  years  later  we  find  again  in  the  work  of  Fritsch  (1890)  a  reversion  to  the 

theory  of  secretion.  In  the  section  of  his  memoir  on  Electric  Fishes  dealing  with 

Torpedoes  he  expressed  the  opinion  that  the  ampullary  canal  system  is  a  part  of  the 

lateral  canal  system,  from  which  it  has  become  separated  in  structure  and  in  function, 

and  that  thus,  while  the  lateral  canal  system  is  sensory  in  function,  the  ampullary 
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system  has  become  predominantly  secretory.  He,  however,  considers  it  possible  that 

the  ampullae  may  at  the  same  time  be  organs  of  sense,  although  he  holds  that  the 

variability  of  their  structure  in  the  different  types  of  Selachii  is  to  be  taken  as 

evidence  against  this  view,  seeing  that  sensory  epithelia  are  of  noticeably  similar 

structure  even  in  classes  of  animals  whose  relationships  are  only  remote. 

As  a  result  of  the  work  of  Ewart  (1889-1891)  on  the  cranial  nerves  and  lateral 

sense-organs  of  Elasmobranchs,  the  innervation  of  both  the  sensory  canals  and  the 
ampullae  by  nerves  of  the  facial  complex,  and  not  by  branches  of  the  trigeminus, 

became  established.  His  figures  of  the  sensory  canals  of  Laemargus  and  Rata  batis, 

and  their  supplying  nerves,  also  show  the  relative  position  and  the  associated  innerva- 
tion of  the  ampullae,  and  his  naming  the  groups  of  ampullae  after  their  supplying 

nerve-branches  instituted  a  system  of  nomenclature  by  means  of  which  the  ampullary 
groups  can  be  homologised  in  different  types  of  Selachians. 

Fuchs  (1895)  was  the  first  since  Davy  in  1839  to  institute  experiments  with 

the  object  of  elucidating  the  vexed  problem  of  the  physiology  of  the  ampullae.  His 

experiments,  which  were  carried  out  on  live  specimens  of  Torpedo  and  Raia,  took 

the  form  of  severing  the  supplying  nerve-branch  on  one  or  both  sides,  applying 
pressure,  heat,  and  acids,  and  stimulating  the  organs  after  they  had  been  laid  bare. 

The  results  were  negative  in  all  cases  except  that  of  pressure  applied  to  the  nerve 

supplying  Savi's  vesicles,  and  Fuchs  therefore  concluded  that  as  a  result  of  his 
experiments  the  ampullary  system  must  be  denied  the  sensory  function.  Later,  the 

experiments  were  judged  by  Brandes  to  have  proved  nothing  at  all. 

In  1895  Collinge,  in  a  paper  on  the  sensory  and  ampullary  canals  of  Chim&ra, 

maintained  that  the  innervation  of  the  ampullae  is  from  the  trigeminus  only,  and 

was  severely  criticised  by  Cole  for  perpetuating  this  old  error.  In  the  following 

year  Cole  published  the  results  of  his  own  work  on  the  cranial  nerves  of  Chimajra, 

in  which  the  innervation  of  the  ampullae  from  branches  of  the  facialis  is  clearly 
described. 

During  the  following  ten  or  twelve  years  several  works  appeared  dealing  with 

the  histology  and  development  of  the  ampullae.  Peabody  in  1897  published  a  well- 
illustrated  abstract  of  results  obtained  from  work  on  Galeus  canis.  giving  the  most 

complete  account  that  had  till  then  appeared  of  the  histology  of  the  ampullae,  and 

describing  more  fully  and  clearly  than  had  hitherto  been  done  the  manner  of  the 

nerve-endings. 

Brandes,  in  1898,  also  published  a  preliminary  note  on  his  work  on  the  ampullae 

of  Elasmobranchs  generally,  confirming  all  Merkel's  histological  results,  including 
the  presence  of  a  ciliated  epithelium  (denied  by  Peabody),  but  interpreting  the 

"  pear-shaped  "  cells  as  being  glandular  and  the  "  cover"  cells  as  sensory. 
Forssell,  in  a  publication  which  appeared  in  1898,  gives  a  very  complete  account 

of  the  anatomy  and  histology  of  the  ampullae  of  Acanthias  vulgaris.  His  conclusion 

is  that  a  sensory  function  is  to  be  attributed  to  the  epithelium  of  the  ampullae,  but 
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that  the  gelatinous  contents  are  produced  by  the  activity  of  the  lining  cells  of  the 

canals,  and  have  the  function  of  protecting  the  sensory  epithelia,  and  of  affording  a 

means  of  transmitting  stimuli. 

Minckert  (1901)  and  Coggi  (1902)  both  worked  at  the  development  of  the 

ampullae — the  former  in  Spinax  niger,  the  latter  in  Torpedo,  Rata,  Mustelus,  and 
Pristiurus.  Coggi  points  out  that,  since  the  lateral  sensory  apparatus  appears  while 

the  ectoderm  still  consists  of  a  single  layer,  Balfour's  statement  as  to  the  mucous 
layer  only  taking  part  in  its  formation  is  incorrect. 

Alms's  memoir  (1902)  on  the  Sensory  Canals,  Eye-Muscles,  and  Cranial  Nerves 
of  Mustelus  Isevis  was  the  result  of  work  undertaken  primarily  in  order  to  investigate 

the  innervation  of  the  ampullae  and  the  lateral  canal,  and  during  the  course  of  it  the 

author  became  confirmed  in  his  previous  impression  that  the  ampullae  of  Selachians 

are  homologous  with  the  terminal  buds  of  Ganoids  and  Teleosts  and  the  nerve-sacs 

of  Acipenser  rather  than  with  the  pit-organs  of  those  fishes.  This  view  is  criticised 

by  Johnston  (1902)  as  being  "  wholly  unsound  and  likely  to  lead  to  further 
difficulties." 

The  work  of  Mrs  Hawkes  (1906)  on  The  Cranial  and  Spinal  Nerves  of 

Chlamydoselachus  anguineus  touches  only  indirectly  on  the  ampullae,  the  chief 

points  of  interest  in  connection  with  which  are  their  diffuse  arrangement  and 

the  absence  of  a  mandibular  group. 

Further  researches  on  the  development  of  the  Lorenzinian  ampullae  were  carried 

out  by  Brohmer  (1908)  in  Spinax  embryos.  He  claims  that  his  work  confirms  and 

supplements  that  of  Minckert,  but  he  makes  no  mention  of  the  more  recent  and 

very  complete  work  of  Coggi,  with  whose  results  as  regards  the  stages  in  develop- 

ment observed,  and  as  to  the  non-simultaneous  appearance  of  the  ampullae,  Brohmer's 
was  nevertheless  in  agreement.  The  very  confusing  nomenclature  adopted  by 

Brohmer  for  the  ampullary  groups  might  have  been  avoided  had  he  observed 

Coggi's  remark  that  "  the  most  rational  way  to  classify  the  ampullae  is  according 

to  their  innervation,  especially  since  this  accords  with  the  facts  of  development." 

3.  General  Characters  and  Distribution  of  the  Ampullary  Canals. 

The  species  of  Raia  investigated  in  the  course  of  these  researches  were  seven  in 

number,  viz.  R.  batis,  R.  fullonica,  R.  radiata,  R.  circularis,  R.  clavata,  R.  micro- 

cellata,  and  R.  maculata,  the  nomenclature  adopted  being  that  used  by  Day,  in  his 

Fishes  of  Great  Britain  and  Ireland.  Of  these  the  first  four  were  obtained  in  Edin- 

burgh from  the  Firth  of  Forth,  while  the  specimens  of  the  last  three  species  were 

obtained  in  Brixham  fish-market,  on  the  south  coast  of  England. 
The  results  of  the  observations  made  have  been  summarised  so  that  an  account 

of  the  ampullary  system  could  be  given  applicable  to  the  genus  as  a  whole  ;  sub- 

sequently each    species  is  reviewed  in  turn  and  the  distinguishing  features  pointed 
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out,  so  that,  with  the  aid  of  the  drawings  of  both  dorsal  and  ventral  dissections,  a 

comparison  of  the  several  species  can  be  made  (Plates  I  to  VIII). 

Thus,  throughout  the  genus,  this  system  of  organs  consists  of  five  paired  groups —-c 

N  - 
Text-fig.  1. — A  group  of  ampullae  from  the  hyoid  capsules,  R.  radiata.      x  5. 

A.  Ampulla.  C.  Canal.  N.  Nerve. 

ri 

Text-fig, 

N.  Nerve. 

-Ampullae  of  R.  radiata. 
A.  Ampulla. 

x21. 

C.  Canal. 

of  ampullae,  situated  in  the  cephalic  region,  and  innervated  by  branches  of  the  seventh 

cranial  nerves.  In  many  cases  each  group  of  ampullae  is  enclosed  in  a  fibrous  covering, 

the  so-called  "  capsule."  The  ampullae  themselves  are  irregularly  sacculated  vesicles, 
each  receiving  proximally  a  nerve-twig,  and  passing  distally  into  a  thin-walled 

hyaline  tube,  or  canal  (text-figs.    I    and  2),  which  contains  a  colourless  and   trans- 



THE  LATERAL  SENSE  ORGANS  OF  ELASMOBRANCHS.  475 

parent  gelatinous  substance,  and  opens  on  the  external  surface.  The  groups  of 

ampullae,  and  the  proximal  portions  of  the  canals,  are  more  or  less  deeply  embedded 

in  connective  tissue,  and  become  visible  only  on  first  removing  this.  Distally,  how- 
ever, the  canals  lie  to  a  large  extent  immediately  below  the  skin,  on  removing  which 

they  are  revealed  spreading  out  in  all  directions  on  both  dorsal  and  ventral  surfaces. 

Where  they  pass  over  the  muscles  of  the  pectoral  fin  their  course  presents  a  series 

of  small  undulations  caused  by  the  ridges  and  furrows  of  the  muscle-plates.  Some 
of  the  canals  are  short,  and  lead  in  a  more  or  less  vertical  direction  to  the  external 

surface  ;  others  are  long  and  horizontally  spreading,  in  many  cases  diverging  widely 

as  they  follow  their  course  from  the  ampullae  to  the  exterior.  In  all  cases  the  canals 

terminate  at  the  outer  surface  in  apertures  which  appear  as  little  round  dots  in  the 

skin,  irregularly  scattered  or  arranged  in  definite  curved  rows.  The  jelly  contained 

in  the  tubes  does  not  appear  to  be  naturally  extruded  through  these  openings,  though 

it  can  by  pressure  be  forced  out.  Retzius's  supposition  (1847.)  that  the  canal-openings 
are  contractile,  and  capable  of  being  opened  and  closed  at  the  will  of  the  animal,  does 

not  appear  to  have  been  either  confirmed  or  refuted  by  any  more  recent  physiologist ; 

but  the  frequently  expanded  appearance  of  the  canals  towards  the  openings,  followed 

by  a  contraction  at  the  opening  itself,  suggests  at  least  a  passing  of  the  contained  jelly 

towards  the  exterior,  and  a  checking  of  further  movement  as  the  opening  is  reached. 

The  groups  of  ampullae — or  "central  organs"  as  they  have  frequently  been  termed, 
since  they  are  the  centres  from  which  these  canal  systems  arise — are  constant  in 
position,  and  the  five  pairs  in  which  they  are  arranged  have  been  named  by  Ewart 

after  the  branches  of  the  facial  nerve  by  which  respectively  they  are  supplied. 

Three  groups  lie  at  no  great  distance  from  one  another,  embedded  in  the  gelatinous 

tissue  of  the  snout.     These  are  in  some  species  enclosed  in  capsules,  but  not  in  all. 

1.  The  superficial  ophthalmic  is  the  most  anterior  group,  and  lies  close  to  the 

rostrum  about  mid-way  between  the  eye  and  the  tip  of  the  snout  (text-fig.  6). 
2.  The  inner  buccal  is  situated  posterior  to,  and  to  the  outer  side  of,  the  preceding 

group,  and  lies  between  it  and  the  nasal  capsule.  Cases  occur  where  this  and  the 

ophthalmic  lie  in  such  close  contact  that,  where  there  is  no  enclosing  capsule,  it  is 

only  by  means  of  the  innervation  that  they  can  be  distinguished  from  one  another. 

Text-fig.  3  represents  a  dissection  of  these  groups  in  Rata  clavata  where  this  was  the 
case.  The  same  figure  also  shows  how  the  inner  buccal  ampullae  may  be  distributed 

in  two  sub-groups.  In  Raia  batis,  however,  a  single  capsule  encloses  all  the  ampullae 

innervated  by  the  inner  buccal  nerve  (text-fig.  7). 

3.  The  outer  buccal  group  lies  immediately  exterior  to  the  nasal  capsule — between 

it  and  the  propterygium,  and  just  in  front  of  the  antorbital  cartilage  (text-fig.  6). 
4.  The  largest  and  most  conspicuous  group  is  the  hyoid,  situated  at  the  angle 

between  the  branchial  region  and  the  inner  border  of  the  propterygium.  This  group 

is  in  all  cases  enclosed  in  a  capsular  covering  (text-figs.  6  to  9). 
5.  The  fifth  or  mandibular  group  is  found  on  the  lower  jaw,  slightly  posterior  to 
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the  corner  of  the  mouth  and  nearer  to  the  median  line  (text-fig.  7).  This  is  the 

smallest  of  the  five  groups,  and  it  is  invariably  enclosed  in  a  capsule.  It  alone  can 

be  conveniently  dissected  out  entire  and  completely  separated  from  the  surrounding 

tissues,  when  it  appears  as  a  neat  oval  body  about  3  or  4  mm.  in  length  (text-fig.  4). 

Text-fig.  5  represents  an  abnormal  mandibular  capsule,  containing  only  two  ampullae, 
obtained  in  a  specimen  of  Raia  circularis. 

Text-fig.  3. — Ventral  dissection  of  ophthalmic  and  inner  buccal  ampullae,  R.  clavata.      x-J. 

S.O.  Superficial  ophthalmic  ampullse.  I.B.  Inner  buccal  ampullae. 
N.A.  Nasal  aperture.  M.  Mouth. 

Of  the  five  groups  of  ampullae,  three — -the  hyoid,  the  ophthalmic,  and  the  outer 

buccal — have  canals  opening  on  both  dorsal  and  ventral  surfaces ;  while  two — the 

inner  buccal  and  the  mandibular — have  canals  opening  on  the  ventral  surface  only. 
The  canals  in  all  cases  are  distributed  in  definite  groups,  constant  enough  in 

relative  position,  course,  and  manner  of  divergence  from  the  ampullae  to  be  recognised 

in  each  species  and  to  be  known  by  some  distinguishing  name.  The  number  of  canals 

in  a  group  is  not  constant  for  a  species,  nor  indeed  are  the  numbers  necessarily  equal 

in  the  corresponding  groups  on  the  right  and  left  sides  of  the  same  individual. 

Nevertheless,  there  is  an  average  number,  characteristic  of  each  group  of  canals  in 

a  species,  from  which  there  are  no  extreme  variations,  and  which  justifies  statements 

regarding  the  numerical  superiority  of  certain  groups  relative  to  others,  and  as  to 
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the  larger  or  smaller  numbers  of  canals  generally,  characteristic  of  species  relative 
to  one  another. 

(l)  Superficial  Ophthalmic  Canals. 

The  dorsal  canals  of  the   ophthalmic   ampullae  are   distributed    in  two  groups  : 

(l)  an  anterior,  and  (2)  a  posterior  group,  both  of  which  lie  close  to  and  parallel  with 

the  rostrum  (Plate  I).     The  canals  of  the  anterior  group  are  directed  forwards  towards 

c.w. 

Text-fig.  4. — Mandibular  capsule,  R.  radiata.     xl4. 
A.  Ampulla.  C.W.  Capsular  wall.  C.  Canal. 
N.  Nerve.  N.S.  Nerve  to  sensory  canal. 

C.W. 

N 

Text-fig.  5. — Abnormal  mandibular  capsule,  R.  circularis. 
A.  Ampulla.  C.W.  Capsular  wall. 
C.  Canal.  N.  Nerve. 

xl4. 

the  tip  of  the  snout ;  those  of  the  posterior  group  are  directed  backwards  to  a  point  in 

front  of  and  slightly  to  the  inner  side  of  the  anterior  corner  of  the  eye.  These  canals 

were  overlooked  by  Sappey,  who  described  a  species  of  "  la  raie  "  to  which  he  gives  no 

specific  name.  He  expressly  states  that  canals  arising  from  his  "cephalic  glands" 
(ampullae  of  the  cephalic  region)  open  on  the  ventral  surface  only,  and  in  his  figure 

of  a  dissection  of  the  dorsal  surface  canals  are  represented  arising  from  the  hyoid 

ampullae  only.  Similarly,  G-arman,  in  his  paper  on  the  lateral  canal  system,  omits 
them  from  a  figure  of  the  ampullary  canals  of  Raia  Isevis  which  he  gives  for  purposes 

of  comparison  with  the  sensory  canals. 
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The  canals  opening  on  the  ventral  surface  are  directed  towards  the  tip  of  the 

snout,  and  are  arranged  in  a  single  group,  sometimes  with  a  few  detached  scattered 

canals  appearing  scarcely  to  form  a  part  of  the  group  nor  yet  a  group  by  themselves 

(Plate  II). 

(2)  Inner  Buccal  Canals, 

These  canals  open  on  the  ventral  surface  only,  and  are  distributed  in  two  groups, 

one  of  which  is  directed  backwards  on  the  naso-buccal  flap,  while  the  other  takes  an  out- 
ward course  in  front  of  the  nasal  aperture,  round  which  it  then  curves  in  a  backward 

direction  (Plate  IV,  fig.  6). 

(3)  Outer1  Buccal  Canals. 

The  canals  from  the  outer  buccal  ampullae  opening  on  the  dorsal  surface  are 

comprised  in  a  single  small  group  situated  a  short  distance  anterior  and  exterior  to 

the  front  angle  of  the  eye.  They  are  few  in  number — in  some  cases  not  more  than 

seven  or  eight — and  are  directed  from  within  outwards,  so  that  they  are  readily 
overlooked,  and  even  when  searched  for  are  only  distinguished  with  some  difficulty. 

They  come  to  the  surface  immediately  anterior  to  the  mandibular  muscle,  and  just 

on  the  outer  side  of  the  infra-orbital  (sensory)  canal,  from  the  branches  of  which 
they  can  be  distinguished  by  their  soft  consistency  and  hyaline  appearance,  which 

contrast  with  the  tougher  texture  and  opaque  white  appearance  of  the  sensory  canals, 

characters  which  also  combine  to  give  the  respective  openings  of  the  two  systems 

a  different  appearance.  These  canals  appear  to  have  been  overlooked  by  previous 

investigators  ;  like  the  dorsal  canals  of  the  ophthalmic  ampullae,  they  go  unrecorded 

by  Sappey,  who  gave  more  attention  than  others  to  the  distribution  of  the  ampul- 
lary  canals,  and  they  are  not  represented  by  Garman  in  his  figure  of  Raia  Isevis 

mentioned  above  (Plate  I). 

Three  groups  of  canals  open  on  the  ventral  surface  : — (l)  An  outer  group  has 

typically — but  subject  to  modification  in  some  species — an  arrangement  in  which 

the  canals  diverge  forwards,  outwards,  and  backwards  in  radiating  fashion,  over- 
lapping the  most  anterior  canals  of  the  hyoid  ampullae.  (2)  An  anterior  group  is 

composed  of  canals  directed  forwards.  (3)  A  posterior  group  lies  external  to  the 

naso-buccal  groove,  and  its  canals  are  directed  backwards  (Plate  II). 
Collectively  the  canals  of  the  ophthalmic,  inner  buccal,  and  outer  buccal  ampullae 

opening  on  the  ventral  surface  occupy  the  region  between  the  tip  of  the  snout,  the 

mouth,  and  the  propterygium.  The  openings  appear  to  be  irregularly  scattered, 

and  even  after  removal  of  the  skin  it  is  not  always  easy  to  say  from  which  group  of 

ampullae  the  canals  arise,  and  they  must  be  traced  back  and  the  ampullae  exposed 

before  this  can  be  decided.  As  the  ampullae  are  deeply  situated,  and  as  the  canals 

are  short,  the  course  of  these  is  directed  largely  from  within  outwards  rather  than 

along  the  surface,  and  they  appear  as  little  tufts  radiating  from  within  towards  the 

exterior.     Except  in  cases  where  pigment  is  present  in  the  canal-walls,  they  are  so 
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like  the  gelatinous  tissue  of  the  snout  in  transparency  and  want  of  colour  that  they 

are  not  readily  seen,  and  require  more  careful  dissection  and  examination  than  do 

the  conspicuous  canals  of  the  hyoid  ampullae. 

(4)  Hyoid  Canals. 

The  canals  of  the  hyoid  ampullae  opening  on  the  dorsal  surface  are  arranged  in 

four  groups  which,  adopting  the  nomenclature  of  Sappey,  may  be  distinguished  as 

anterior,  outer,  inner,  and  posterior  (Plate  I),  (l)  In  the  anterior  group  the  canals 

lie  parallel  to  one  another,  and  are  directed  forwards  along  the  groove  between  the 

anterior  inner  border  of  the  pectoral  fin  and  the  cephalic  region.  They  open  close  to 

one  another  where  this  groove  approaches  the  outer  border  of  the  disc.  (2)  The  canals 

of  the  outer  group  diverge  outwards  and  fan-wise  over  the  anterior  and  middle  portion 
of  the  pectoral  fin,  opening  at  short  and  approximately  equal  distances  from  its 

outer  border.  The  most  posterior  canals  of  the  group  are  from  three  to  four  times 

as  long  as  those  whose  course  is  directed  immediately  outwards  to  the  nearest 

portion  of  the  edge  of  the  fin.  (3)  The  inner  group  comprises  a  compact  fascicle 

of  parallel  or  slightly  divergent  canals,  directed  inwards  and  backwards  along  the 

anterior  border  of  the  branchial  region,  and  ending  in  openings  which  form  a  semi- 
circular curve  near  the  median  line  between  the  two  gill  regions.  The  canals  of  this 

group  are  of  approximately  equal  length.  (4)  .The  posterior  group  contains  typically 
fewer  canals  than  any  of  the  preceding  groups.  They  are  directed  backwards  in  a 
sinuous  course  along  the  junction  line  of  the  pectoral  fin  and  the  trunk.  In  some 
species  these  canals  present  a  succession  of  different  lengths,  the  openings  occurring 
at  intervals  along  the  course  of  the  group  ;  in  other  species  they  are  all  equally  long. 
The  longest  of  them  reach  to  near  the  posterior  border  of  the  fin,  and  these  either 

equal  or  exceed  in  length  the  longest  of  the  canals  of  the  outer  group.  Usually  the 
canals  of  this  group  are  of  larger  calibre  than  others,  and  increase  markedly  in  width 
towards  their  openings ;  for  instance,  in  a  specimen  of  Raia  clavata  measuring  about 

21  inches  across,  the  width  of  these  canals  was  1'5  mm.  near  the  ampullge,  and  3  mm. 
near  the  openings. 

The  hyoid  canals  opening  on  the  ventral  surface,  although  showing  a  certain 
correspondence  in  arrangement,  are  somewhat  less  definitely  grouped  than  those  of 
the  dorsal  side  (Plate  II).  They  are  best  described  as  falling  into  two  groups  :  an 
inner  and  an  outer,  (l )  The  inner  group  corresponds  to  the  inner  group  on  the  dorsal 
surface,  and  extends  inwards  and  backwards  along  the  upper  and  inner  borders  of 
the  gill  region  ;  but  instead  of  lying  close  together  and  having  approximately  equal 
lengths,  the  canals  in  this  case  diverge  to  some  extent,  and,  taking  a  more  curving 
course,  end  at  varying  distances  between  the  ampullae  and  the  extremity  of  the  group. 

(2)  The  outer  group  of  canals  (including  Sappey's  outer  and  posterior  groups)  may 
be  taken  as  corresponding  to  the  anterior,  outer,  and  posterior  groups  of  the  dorsal 
surface,  and  like  these  collectively  they  spread  out  fanwise,  extending  forwards,  out- 
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wards,  and  backwards,  and  covering  the  region  between  the  propterygium,  the  outer 

anterior  border  of  the  pectoral  fin,  and  the  side  of  the  abdominal  cavity.  The  canals 

are,  however,  not  subdivided  into  separate  groups,  but  form  a  continuous  series, 

diverging  over  the  region  described,  and  ending  at  varying  distances  from  the  ampullae 

in  such  a  way  that  the  area  they  cover  forms  a  definite  and  characteristic  shape 

which  varies  slightly  according  to  species. 

(5)  Mandibular  Canals. 

The  canals  of  the  mandibular  ampullae  are  uniformly  arranged  in  one  group 

opening  on  the  ventral  surface,  and  they  are  directed  inwards  towards  the  median 

line,  just  posterior  and  parallel  to  the  lower  jaw.  Not  only  is  the  capsule,  which  in 

all  cases  encloses  these  ampullae,  smaller  than  the  others,  but  the  number  of  its 

canals  is  less,  and  these  and  their  ampullae  are  smaller  in  size  than  those  of  the 

other  ampullary  groups  (Plate  III,  fig.  4). 

4.  Distinguishing  Features  of  the  System  in  the  Several  Species. 

Of  the  various  British  species  of  Rata  collectively  the  most  noticeable  point  is 

that  they  at  once  fall  into  two  groups: — {l)  Those  with  many,  widely  distributed, 
and  pigmented  canals.  (2)  Those  with  fewer  canals  of  more  restricted  distribution, 

and  without  pigment. 

The  first  group  contains  only  three  species— Raia  batis,  R.  macrorhynchus,  and 
R.  oxyrhynchus.  Of  these  Raia  batis  only  was  included  among  the  species  examined 

during  the  present  investigation,  but  it  is  obvious  from  Muller's  description  of 
R.  oxyrhynchus  (which  he  refers  to  under  the  name  of  R.  vomer)  that  it  belongs  to 

this  group.  Couch's  reference  to  the  pigmented  tubes  appearing  as  dusky  lines  and 
spots  on  the  ventral  surface  of  R.  macrorhynchus  is  also  conclusive  with  regard  to 

that  species. 

The  second  group  contains  the  remaining  seven  species,  viz.  Raia  alba, 

R.  fullonica,  R.  radiata,  R.  circularise  R.  clavata,  R.  microcellata,  and  R.  maculata, 

of  which  only  the  first  was  missing  from  among  the  subjects  of  this  investigation. 

Among  these  there  is  a  remarkable  similarity  in  the  general  distribution  of  the 

canals,  the  most  distinguishing  feature  between  the  species  occurring  in  the 

number,  length,  and  distribution  of  the  posterior  dorsal  group  of  canals  of  the 

hyoid  ampullae. 

Following  out  Garman's  idea  that  the  canal  systems  may  be  used  as  a  basis  for 

classification,  one  is  at  once  led  to  the  conclusion  that  Day's  division  of  the  genus 

into  "long-snouted"  and  "short-snouted"  species  is  artificial,  since  that  grouping 
entails  the  classing  of  Raia  alba  and  R.  fullonica  along  with  the  types  having 

pigmented  canals.  Couch  considered  the  grey  colour  on  the  ventral  surface  (due  to 

the  presence  of  pigmented  canals)  of  systematic  importance,  and  went  so  far  as  to 
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advocate  the  separation  of  the  pigmented  species  into  a  distinct  genus  under  the 

name  of  "  Batis." 

This  grouping,  arrived  at  by  Couch  from  external  characters,  and  confirmed  by 

dissection  of  the  ampullary  canal  system,  would,  as  he  himself  points  out,  be  in 

accordance  with  the  distinction  made  by  fishermen,  who,  in  Devonshire  at  all  events, 

call  Raia  batis  a  "  skate,"  while  they  class  R.  fullonica,  R.  clavata,  R.  maculata, 

R.  microcellata,  and  R.  circularis  all  together  as  "  rays." 

(l)  Pigmented  Types. 

Raia  batis,  Linn.,  or  the  common  skate,  taken  as  the  only  available  representative 

of  the  types  with  pigmented  canals,  is  easily  distinguished  from  any  species  of  the 

non-pigmented  group.  Contrasted  with  these  it  is  characterised  by  the  presence  of 
a  dark  pigment  in  the  canal  walls  at  and  towards  their  openings.  The  pigment 

causes  the  openings  of  the  canals  to  appear  on  the  external  surface  as  little  black 

dots,  and  also  makes  the  course  of  the  canal  visible  as  a  grey  streak  for  a  short 

distance  through  the  skin. 

The  large  number  and  wide  distribution  of  the  canals  are  somewhat  less  pro- 
nounced on  the  dorsal  surface  (Plate  I).  The  canals  of  the  posterior  hyoid  group 

usually  number  ten  or  eleven,  and  are  of  varying  lengths.  It  is  convenient  to  take 

special  notice  of  this  group  for  purposes  of  comparison,  its  isolated  and  superficial 

position,  as  well  as  the  small  number,  greater  length,  and  larger  calibre  of  its 

component  canals,  rendering  accurate  counts  and  correct  delineation  easier  than  in 
other  cases.  Another  characteristic  feature  on  the  dorsal  surface  occurs  in  the 

distribution  of  the  canals  of  the  ophthalmic  group  of  ampullae  ;  these,  as  already 

described,  lie  parallel  to  the  rostrum,  one  group  running  forwards  to  the  tip  of  the 

snout,  and  another  backwards  to  the  nasal  capsule  ;  but  in  this  case  only  canals  of 

varying  lengths  terminate  between  the  two  extremities,  so  that  their  openings  are 

roughly  grouped  in  linear  series  along  the  edge  of  the  rostrum. 

On  the  ventral  surface  (Plate  II)  the  canals  are  so  numerous  and  so  widely 

dispersed  as  to  defy  enumeration,  covering  almost  the  whole  of  the  cephalic,  thoracic, 

and  abdominal  regions,  as  well  as  the  whole  surface  of  the  pectoral  fin,  with  the 

exception  of  a  zone  about  15  inch  wide  (in  specimen  17  to  18  inches  across)  along 

the  posterior  edge.  The  canals  of  all  the  three  anterior  groups  of  ampullae  are 

widely  divergent,  as  are  also  those  of  the  inner  hyoid  group,  while  the  mandibular 

canals,  although  directed  inwards,  are  not,  as  in  other  cases,  closely  parallel,  but 

diverge  somewhat  and  terminate  at  varying  distances  posterior  to  the  lower  jaw, 

forming  an  elongate  fringe-like  arrangement  extending  from  the  corner  of  the 
mouth  inwards. 

It  is,  however,  in  regard  to  the  outer  group  of  the  ventral  hyoid  canals  that  the 

most  distinctive  grouping  is  observable.  The  canals  here  are  clustered  in  little  sub- 
groups of  about  six  or  seven,  those  forming  a  group  being  of  different  lengths,  but 
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lying  in  contact  with  one  another  as  far  as  their  course  persists,  except  towards  the 

extremity  of  each,  where  it  diverges  from  the  rest.  The  canals  of  a  sub-group  are 

thus  separated  by  spaces  from  the  next  sub-group,  but  not  from  one  another.  This 
arrangement,  and  the  fact  of  the  exceptionally  fine  calibre  of  the  canals,  as  well  as 

their  large  numbers,  suggests  the  possibility  that  each  such  sub-group  may  in  reality 

be  the  equivalent  of  the  larger  and  separately  placed  canal  in  the  corresponding- 

group  of  non-pigmented  species. 

(2)  Non-pigmented  Types. 

The  arrangement  of  the  canals  in  the  non-pigmented  species  is  similar  to  that  of 
the  pigmented  types,  but  their  distribution  is  more  restricted  and  their  numbers  are 

considerably  less.  Owing  to  the  absence  of  pigment  in  the  canals  of  these  species, 
and  also  on  account  of  the  colours  of  the  skin  of  the  dorsal  surface,  the  dorsal  canals 

are  practically  indistinguishable  before  dissection,  and  their  openings  are  detected 

only  with  difficulty.  On  the  ventral  surface,  however,  which  in  all  these  species  is 

white,  their  course  can  often  be  traced  through  the  skin,  and  the  openings  stand 

out  distinctly  as  round  pores  dotted  over  the  surface  and  predominating  in 

the  head  region. 

On  the  dorsal  surface  the  arrangement  of  the  canals  is  more  characterised  by 
restriction  in  numbers  than  in  distribution.  On  the  ventral  surface  the  canals  are 

both  fewer  and  of  less  extent,  spreading  only  over  the  head  region  and  over  the  basal 

and  anterior  portions  of  the  pectoral  fin  (Plate  III,  figs.  3  and  4). 

Particular  instances  of  a  difference  in  the  manner  in  which  the  canals  are  disposed 

may  be  observed  in  the  case  of  those  arising  from  the  ophthalmic  and  the  mandibular 

ampullae.  The  dorsal  ophthalmic  canals,  instead  of  terminating  as  described  for 

Raia  batis  at  varying  distances  along  the  side  of  the  rostrum,  are  all  of  approxi- 

mately equal  length  ;  an  anterior  fascicle  directed  forwards  has  its  openings  grouped 

close  to  the  tip  of  the  snout,  while  the  canals  of  the  posterior  fascicle,  directed  back- 

wards, all  terminate  close  together,  anterior  to  the  front  angle  of  the  eye.  A  similar 

difference  is  observable  in  the  case  of  the  mandibular  canals  which,  being  also  more 

equal  in  length  and  running  closely  parallel  towards  the  median  line,  avoid  the 

fringe-like  arrangement  described  for  It.  batis. 
The  general  arrangement  of  the  canals  is  better  understood  by  a  glance  at  the 

accompanying  figures  than  by  means  of  any  description,  but  it  must  be  borne  in 

mind  that  the  drawings  do  not  claim  to  be  exact  representations  as  regards  numbers  of 

canals  where  these  are  very  numerous,  deeply  embedded,  or  overlapping  one  another. 

The  general  distribution,  and  an  approximation  to  the  numbers  visible  is  all  that  has 

been  aimed  at,  for  instance,  in  the  case  of  the  ventral  surface  of  the  snout  region, 

where  the  clear  colourless  appearance  both  of  the  canals  and  of  the  gelatinous  tissue  in 

which  they  are  embedded  renders  the  former  very  inconspicuous.  In  the  case  of  the 

dorsal  posterior  hyoid  canals,  on  the  other  hand,  the  drawings  represent  the  actual 
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numbers  present  in  the  specimens,  since  the  size,  position,  and  arrangement  of  these 

canals  renders  exact  delineation  possible. 

With  regard  to  the  individual  species  of  this  group  it  is  difficult  to  single  out 

any  definite  features  by  means  of  which  they  may  be  distinguished  from  one 

another  ;  but  attention  may  be  drawn  to  one  or  two  points  which  appear  to  constitute 

the  most  noticeable  differences.  These  occur  in  the  number,  length,  and  divergence 

of  the  dorsal  posterior  group  of  hyoid  canals,  and  in  the  length  of  the  most  posterior 

canal  or  two  of  the  dorsal  outer  hyoid  group.  Differences  as  regards  these  points 

will  therefore  be  noted  as  each  species  is  passed  in  review. 

Another  feature  of  the  species  of  this  group  is  the  absence  of  a  capsular  wall 

surrounding  the  ampullae  of  the  ophthalmic  and  inner  and  outer  buccal  groups 

(text-figs.  8  and  9).  H.  Muller  remarked  in  this  connection  :  "  The  central  organs 

(i.e.  groups  of  ampullae)  are  frequently,  but  not  always,  surrounded  by  a  strong- 

fibrous  capsule,  which  is  pierced  alike  by  the  tubes  and  nerves."  In  specimens 
dissected  to  make  observations  on  this  point,  the  ampullae  were  found  to  be  merely 

embedded  in  the  gelatinous  tissue,  but  a  more  fibrous  layer  of  connective  tissue 

immediately  underlay  the  skin,  covering  all  the  gelatinous  area  of  the  snout,  and 

this  had  to  be  cut  through  before  the  ampullae  were  exposed.  This  fibrous  layer 

did  not,  however,  surround  the  groups  of  ampullae. 

R.  fullonica,  Linn.,  the  "  Sandback  Ray"  of  the  Brixham  trawlers.  In  the 
single  specimen  examined  the  canals  of  the  posterior  group  of  the  hyoid  ampullae 

on  the  dorsal  surface  were  five  in  number.  They  were  of  varying  lengths,  and  th? 

longest  diverged  from  one  another  towards  their  extremities  (Plate  III,  fig.  3). 

The  dorsal  outer  canals  of  the  hyoid  ampullae  were  considerably  more  numerous 

than  in  other  "  rays,"  numbering  about  fifty-five,  as  against  from  thirty  to  forty,  but 
there  was  nothing  exceptional  in  the  length  of  the  last. two  canals  of  the  group. 

On  the  ventral  surface  (Plate  III,  fig.  4)  the  outer  group  of  canals  from  the 

outer  buccal  ampullae  was  less  extended  outwards  over  the  pectoral  fin  than 

in  other  species,  most  of  the  canals  being  directed  backwards  along  the  pro- 
pterygium  and  lying  close  together,  for  the  first  part  of  their  course  at  least  in  a 

compact  fascicle. 

R.  radiata,  Donovan. — Specimens  of  this  species  (Plate  IV,  figs.  5  and  6)  were 

examined  in  which  the  canals  of  the  same  posterior  dorsal  group  numbered  respec- 

tively four  and  five,  and  in  another  specimen  there  were  six  on  the  left  side  and  five  on 

the  right.  The  specimen  figured  shows  these  canals  of  approximately  equal  length, 

all  except  two  diverging  from  one  another  towards  their  openings. 

R.  circularis,  Couch,  known  in  Edinburgh  as  the  "Medallion  Skate,"  and  in 

Devonshire  as  the  "  Cuckoo  Bay,"  has  four  or  five  canals  in  the  dorsal  posterior  hyoid 
group,  of  which  one  or  two  are  shorter  than  the  rest,  while  the  longer  ones  are 

divergent  (Plate  V,  fig.  7).  In  the  specimen  figured  it  will  be  noticed  that  the  most 

posterior  canal  of  the  dorsal  outer  hyoid  group  is  slightly  shorter  than  those  next  to 
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it,  and  that  there  are  only  five  canals  in  the  dorsal  inner  hyoid  group — a  decidedly 
lesser  number  than  in  other  species. 

On  the  ventral  surface  (Plate  V,  fig.  8)  the  outer  group  of  hyoid  canals  is  shorter  and 

covers  a  less  extended  surface  of  the  fin  than  it  does  in  other  members  of  the  genus. 

Capsular  walls  were  observed  to  be  absent  from  the  ophthalmic  and  inner  and 

outer  buccal  ampullae. 

R.  clavata,  Linn.,  or  the  "  Thornback  Kay,"  has  the  three  or  four  canals  in  the 
dorsal  posterior  hyoid  group  all  of  equal  length  and  lying  close  together  for  the 

whole  of  their  course.  The  last  two  canals  of  the  dorsal  outer  hyoid  group  terminate 

at  a  greater  distance  from  the  border  of  the  fin  than  do  the  canals  next  to  them 

(Plate  VI,  figs.  9  and  10). 

Specimens  of  this  species  also,  dissected  for  the  three  cephalic  groups  of  ampullae, 

showed  an  absence  of  enclosing  fibrous  tissue. 

R.  microcellata,  Montagu. — The  only  specimen  examined  had  in  the  group 
selected  for  comparison  three  close  and  parallel  canals  of  nearly  equal  length 

(Plate  VII,  figs.  11  and  12). 

The  last  canal  of  the  dorsal  outer  hyoid  group  ended  at  the  angle  where  the 

other  canals  cease  to  cross  the  muscle  ridges  and  commence  to  follow  the  groove 
between  them. 

R.  maculata,  Montagu,  has  five  canals  in  the  dorsal  posterior  hyoid  group,  lying 

close  together  for  the  whole  of  their  course,  and  all  of  equal  length  (Plate  VIII, 

figs.  13  and  14). 

The  features  above  enumerated  have  been  selected  for  purposes  of  comparison 

where  distinguishing  features  are  neither  obvious  nor  easy  to  describe.  It.  is  not, 

however,  suggested  that  these  characters  are  necessarily  constant,  but  rather  that, 

owing  to  the  variability  which  the  canals  exhibit,  especially  as  regards  numbers,  the 

development  of  any  given  species  might  be  expected  to  be  in  the  direction  indicated, 

with  fluctuations  about  an  average  type. 

5.  Innervation. 

As  stated  above,  all  the  five  pairs  of  groups  of  ampullae  are  innervated  by 

branches  of  the  facial  nerve,  and  have  been  named  after  the  branches  by  which  they 

are  severally  supplied.  Each  of  these  supplying  branches  innervates,  in  addition  to 

the  ampullae,  sense  organs  of  the  sensory  canals,  as  described  and  figured  by  Ewart 

in  his  paper  on  the  Sensory  Canals  of  the  Common  Skate,  in  which  the  relationship 

of  the  two  systems  as  regards  their  innervation  is  made  clear.  For  facts  relating  to 

the  nerve-supply  of  the  sensory  canals  reference  has  therefore  been  made  to  the 
above  paper. 

Since  a  dissection  of  the  dorsal  surface  best  exposes  the  nerve-supply  of  the 
superficial  ophthalmic,  outer  buccal,  and  hyoid  ampullae,  while  the  inner  buccal  and 
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Text-fig.  6.— Dorsal  dissection  of  nerve-supply  of  ampullae,  E.  hatis,  natural  size. 

S.O.  Superficial  ophthalmic  ampullae.  O.B.  Outer  buccal  ampullse.  H.  Hyoid  ampulla:. 
S.  Spiracle.  N.C.  Nasal  capsule. 
i.b.  Inuer  buccal  nerve. 

A.C.  Auditory  capsule. 
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mandibular  nerves  can  only  be  traced  to  their  respective  groups  of  ampullae  from  the 

ventral  side,  the  accompanying  drawings  (text-figs.  6  to  9)  aim  at  representing  the 

Text-fig.  7. — Ventral  dissection  of  nerve-supply  of  ampullae,  R.  batis,  natural  size. 
I.  B.  Inner  buccal  ampullae.  H.  Hyoid  ampullae.  M.  Mandibular  ampullae. 
N.A.  Nasal  aperture.  L.J.  Lower  jaw.  o.b.  Outer  buccal  nerve. 

two  aspects  of  the  nerve-supply  as  actually  seen  on  dissection,  and  not  at  a  theoretical 
scheme  of  the  whole  as  it  would  appear  at  one  glance. 

In  most  cases  the  supplying  nerve  divides  on  approaching  the  ampullary  group, 
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and  on  entering  the  capsule,  where  one  is  present,  each  division  again  divides  to 

send  a  small  nerve-twig  to  each  ampulla. 

(l)  Superficial  Ophthalmic. 

The  main  portion  of  this  nerve  proceeds  to  the  ophthalmic  group  of  ampullae 

(text-figs.  6  and  8),  giving  off  slender  branches  to  the  supra-orbital  (sensory)  canal 

Text-fig.  8. — Dorsal  dissection  of  nerve-supply  of  ampullae,  R.  circularis,  natural  size. 
O.  Gills.  Other  lettering  as  in  text-fig.  6. 

on  its  way,  and  continuing  as  a  slender  branch  beyond  the  ampullae  to  the  tip  of 

the  snout  for  the  further  supply  of  the  sensory  canal. 

(2)  Inner  Buccal. 

The  inner  buccal  branch  of  the  buccal  nerve,  after  its  division  from  the  outer 

buccal,  passes  under  the  nasal  capsule  and  sends  two  branches  to  the  inner  buccal 
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ampullae  (texl  figs.  7  and  9).  On  its  way  it  sends  off  a  series  of  slender  branches  to  the 

\  i'u t nil  portion  of  the  infra-orbital  canal,  and  after  supplying  the  ampullae,  proceeds 
to  the  tip  of  the  snout  for  the  further  supply  of  the  same  sensory  canal.  Where 

the  inner  buccal  ampullae  are  enclosed  by  a  capsule,  as  shown  in  the  accompanying 

i .... y 
y 
Q 

/ 

/ 

Text-fig.  9. — Ventral  dissection  of  nerve-supply  of  ampullae,  R.  circularis,  natural  size. 
G.  Gills.  Other  lettering  as  in  text-fig.  7. 

sketch  of  a  dissection  of  Raia  batis  (text-fig.  7),  both  the  branches  mentioned 

pass  through  it  before  breaking  up  for  the  supply  of  the  individual  ampullae.  In 

R.  clavata  the  condition  represented  in  text-fig.  3  was  observed.  The  two  branches 

— much  longer  than  those  of  R.  batis — supplied  each  a  separate  little  cluster  of 
ampullae.  The  ophthalmic  ampullae  lay  between,  though  a  little  anterior  to  these  two 

clusters,  and  in  close  contact  with  them,  and,  since  there  were  no  enclosing  capsules, 
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the   two   groups  appeared  as   one,  and  the   importance  of  the  innervation  in   dis- 

tinguishing between  the  groups  of  ampullae  was  demonstrated  in  a  practical  way. 

(3)  Outer  Buccal. 

The  outer  buccal  branch  of  the  buccal  nerve,  after  its  division  from  the  inner 

buccal,  proceeds  direct  to  the  outer  buccal  ampullae,  passing  through  the  antorbital 

cartilage  on  its  way  (text-figs.  6  and  8).  After  the  major  portion  of  the  nerve  has 
broken  up  for  the  supply  of  the  ampullae,  the  remaining  slender  portion  continues 

forwards  for  the  supply  of  part  of  the  infra-orbital  (sensory)  canal. 

(4)  Hyoid. 
The  large  hyomandibular  nerve  proceeds  direct,  behind  the  spiracle,  to  the  hyoid 

group  of  ampullae,  where  it  breaks  up  into  numerous  branches,  some  of  which  go  to 

supply  the  ampullae,  and  others  to  supply  both  the  dorsal  and  ventral  loops  of  the 

hyomandibular  (sensory)  canal  (text-figs.  6  to  9). 

(5)  Mandibular  Nerve. 

The  mandibular  branch  of  the  hyomandibular  nerve  divides  oft*  from  the  main 
stem  before  this  splits  up  for  the  supply  of  its  sense  organs,  and  then,  curving  round 

to  the  lower  jaw,  sends  a  short  branch  to  the  mandibular  capsule,  and  a  longer  one 

to  the  mandibular  (sensory)  canal  (text-figs.  7  and  9). 

6.  Comparison  with  other  Members  of  the  Batoidei. 

In  closing  this  account  it  may  be  well  briefly  to  compare  the  structure  and 

arrangement  of  the  ampullary  system  in  Raia  with  that  of  the  most  closely  related 

forms  which  have  been  described.  These  are  Torpedo  and  Trygon — the  only  other 
genera  of  the  Batoidei  of  which  accounts  have  been  given.  For  details  relating 

to  the  former,  reference  has  been  made  to  Leydig's  Rochen  und  Haie,  Fritsch's 

Torpedineen,  and  Coggi's  Sviluppo  delle  Ampolle  di  Lorenzini.  The  ampullary 

system  of  Trygon  has  been  referred  to  nowhere  except  in  Leydig's  Rochen  und 
Haie,  where  very  brief  allusions  are  introduced  among  references  to  many  other 
Selachians. 

According  to  Leydig,  Torpedo  has  the  simplest  ampullae,  and  he  describes  them 

as  simple  round  vesicles  without  outward  sacculations,  although  internally  four- 
chambered  by  means  of  partitions.  He  describes  the  only  two  pairs  of  ampullary 

groups  which  he  recognised  as  being  enclosed  in  capsules. 

According  to  Coggi's  more  recent  account  of  Torpedo  ocellata,  there  are  three 
pairs  of  groups  of  ampullae,  comprising  168  ampullae  in  all,  and  supplied  respectively 

by  the  superficial  ophthalmic,  the  buccal,  and  the  external  mandibular  branches  of 

the  facialis.     Of  these  groups  the  mandibular  contains  by  far  the  largest  number  of 
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ampullae,  the  superficial  ophthalmic  contains  considerably  fewer,  while  only  four  to 

six  ampullae  are  innervated  by  a  single  small  branch  of  the  buccal  nerve.  In  Raia 

the  total  number  may  be  taken  to  be  in  excess  of  this — in  some  species  very  greatly 
so.  According  to  figures  and  descriptions  of  the  ampullary  canals  in  Torpedo,  the 

canals  appear  to  be  less  widely  distributed  over  the  surface  than  is  the  case  even  in 

those  rays  which  have  the  shortest  and  fewest  canals. 

The  ampullae  of  Trygon  pastinaca  are  described  by  Leydig  as  representing  the 

next  step  in  development  above  those  found  in  Torpedo.  Each  ampulla  has  four  big 

sacculations  which  bulge  out  especially  in  a  downward  direction,  as  shown  in  Plate  II, 

fig.  4  of  Roc/ten  uud  Haie,  and  which  are  not  indented  like  those  of  Raia.  The 

ampullae  are  smaller  than  those  of  Raia  clavata  or  Leviraia  oxyrhynchus*  and  are 
peculiar  in  having  a  yellowish  colour.     There  are  five  pairs  of  ampullary  capsules. 

The  ampullary  canal  system  of  Raia  thus  appears  in  some  respects  to  be  more 

highly  developed  than  that  of  either  Torpedo  or  Trygon.  The  number  of  its 

ampullae  and  ampullary  groups  is  in  excess  of  those  possessed  by  Torpedo,  where 

the  hyoid  and  one  of  the  buccal  groups  are  absent ;  and  the  individual  ampullae  are 

more  complicated  in  structure  than  those  of  either  Torpedo  or  Trygon.  On  the 

other  hand,  the  much  greater  development  of  the  mandibular  group  in  Torpedo — 

both  relative  to  the  same  group  in  Raia,  and  to  the  other  groups  in  Torpedo  itself — 
invites  remark,  reversing  as  it  does  the  condition  found  in  Raia,  where  that  group  is 

always  the  least  both  in  size  and  in  number  of  the  contained  ampullae. 

BIBLIOGRAPHY. 

1664.   Stenson,  De  Musculis  et  Glandulis  Observationum  specimen,  etc.,  Amst.,  1664. 

1669.  Stenson,  Elementorum  Myologix  specimen,  etc.,  Amst.,  1669. 

1678.  Lorenzini,  Osservuzioni  intorno  alle  Torpedini,  Firenze,  1678;  London,  1705,  Angl. 

1785.   Monko,  Alexander,  The  Structure  and  Physiology  of  Fishes,  1785. 

1801.  St.  Hilaire,  Geopproy,  "M^moire  sur  l'anatomie  comparer;  des  organes  electriques  de  la  Raie 

torpille,  du  Gymnote  engourdissant,  et  du  Silure  trembleur,"  Ann.   Mus.  Nat.  d'Hist.  Nat., 
1802,  i,  p.  392. 

1813.  Jacobson,   "  Extrait   d'un  memoire   sur  un  organe    particulier  des   sens  dans    les  Raies   et  les 

Squales,"  Nouv.  Bull.  Sci.  Societe  Philom.  Paris,  1813,  vi,  p.  332. 

1820.  Treviranus,  G.  R.,  "  Uber  die  Nerven  des  Funften  Paars  als  Sinnesnerven,"  Vermischte  Schriften 
anatomischen  und  physiologischen  Inhalts,  Bremen,  1820,  iii,  pp.  135-146. 

1822.  Blainville,  Traite  des  animaux :  de  leur  organisation,  ou  principes  d'anatomie  comparee,  Paris, 
1822,  i. 

1825.  Knox,  Robert,  "On  the  Theory  of  the  Existence  of  a  Sixth  Sense  in  Fishes,  supposed  to  reside 
in  certain  peculiar  Tubular  Organs  found  immediately  under  the  integuments  of  the  Head 

in  Sharks  and  Rays,"  Edinburgh  (Brewster's)  Jour.  Sci.,  1825,  ii,  pp.  12-16. 
1828.  Cuvier  et  Valenciennes,  Histoire  naturelle  des  poissons,  Paris,  1828,  i,  p.  521. 
1836.   Delle  Chiaje,  Instituzione  di  anatomia  comparata,  1836. 

*  Leviraia  oxyrhynchus,  Bonap.  —  Raia  oxyrhynchus,  Linn. 



THE  LATERAL  SENSE  ORGANS  OF  ELASMOBRANCHS.  491 

1839.  Delle  Chiaje,  "Anatomiche  disamine  sulle  Torpedini,"  Atti  R.  Instituto  d'  Incorragiamento  alle 
Scienze  Nat.  Napoli,  1840,  vi.     (Published  separately  in  1839.) 

1839.  Davy,  John,   "An  Account  of  some  Experiments  and  Observations  on  the  Torpedo,"  Researches 
Physiological  and  Anatomical,  London,  1839,  i,  pp.  1-93,  pis.  x  and  xi. 

1841.  Savi,  Atti  della  terza  Riunione  degli  Scienziati  Italiani,  Firenze,  1841,  pp.  334-335. 

1843.  Savi,    Traitf    des    phenomenes    electro-physiologiques    des    animaux,    par    C.    Matteuci,    suivi 

d' "  Etudes   anatomiques  sur  le  systeme  nerveux  et  sur  l'organe   electrique  de    la  Torpille," 
par  Paul  Savi,  Paris,  1844,  chaps,  vi  and  ix,  pp.  329-331,  pi.  iii. 

1843.  Mayer,  Spieilegium  Ubservationum  Anatomicarum  de  Organo  electrico  in  Raiis  anelectricis,  1843. 

1844.  Miescher,  Bericht  iiber  die  Verhandl.  der  Naturforschender  Gesellschaft  in  Basel,  vi,  pp.  107-108, 
31st  January  1844. 

1846.  Robin,  "Secherches  sur  un  appareil  qui  se  trouve  sur  les  poissons  du  genre  des  Raies  (Raia, 

Cuv.),  et  qui  presente  les  caracteres  anatomiques  des  organes  electriques,"  Ann.  des  Sci.  Nat., 
3"u-  serie,  Zoologie,  1847,  vii,  pp.  193-204. 

1847.  Retzius,  "  tjber  die  vermeintlichen  elektrischen  Organe  bei   den   nicht   elektrischen  Rochen," 
Froriep's  Notizen  aus  dem  Gebiete  der  Natur-  mid  Heilkunde,  1848,  No.  3,  vol.  v,  pp.  54-55. 

1849.  Stannius,  Das  peripherische  Nervensystem  der  Fische  anatomisch  und  physiologisch  untersucht, 

Rostock,  1849,  Dritter  Abschnitt,  pp.  20-74. 

1851.  Muller,  H.,  "  Die  Nervose  Follikelapparat  der  Zitterrochen,  und  die  sogenannten  Schleimkanale 

der   Knorpelfische,"    Verhandl.   der  Physikaliscli-medicinischen  Gesellschaft  in   Wiirzburg,  ii, 
1852;  No.  9,  1851,  pp.  134-144;  No.  10,  1851,  pp.  145-149. 

1852.  Ecker,  "  Jahresbericht  iiber  die  Fortschritte  der  vergleichenden  Anatomie  der  Wirbelthiere  in  den 

Jahren  1845,   1846,  und  1847,"  Midler's  Archiv  fur   Anat.,    Physiol,    und   wissenschaftliche 
Medicin,  1852,  p.  27. 

1852.  Leydig,  Beitrdgezur  mikroskopischen  Anatomie  und  Entivickelungsgeschichte  der  Rochen  und  Haie, 

■   1852,  pp.  36-50. 
1857.  Leydig,  Lehrbuch  der  Histologie  des  Menschen  und  der  Thiere,  1857,  pp.  196-210. 

1868.  Leydig,  "Uber  Organe  eines  sechsten  Sinnes,"   Verhandl.  der  Kaiser.  Leopold.-Carol.  deutschen 
Akad.  der  Naturforscher  (Nova  Acta),  1868. 

1858.  De  Lamballe,  Jobert,  Des  appareils  electriques  des  poissons  electriques,  Paris,  1858. 

1858.  Eckhard,  "Uber   die    Endigungsweise   der   Nerven   in  den  Schleimkanalen  des  Zitterrochen," 
Beitrdge  zur  Anat.  und  Physiol.,  Giessen,  1858,  i,  Fiinfte  Abhandlung,  pp.  85-94. 

1861.  M'Donnell,  "On  an  Organ  in  the  Skate  which  appears  to  be  the  Homologue  of  the  Electric 

Organ  of  the  Torpedo,"  Nat.  Hist.  Review,  1861. 
1852.  Couch,  British  Fishes,  1862,  i. 

1665.  Dumeril,  Histoire  naturelle  des  poissons,  Paris,  1865,  tome  premiere :  Elasmobrancb.es. 

1868.  Boll,  "Die  Lorenzinischen  Ampullen  der  Selachier,"  Schultze's  Archiv  fur  mikro.  Anat.,  1868. 

1873.  Boll,   "Ein  historischer  Beitrag  zur  Kenntniss  von  Torpedo,"  1873;  Reichert's  und  Du  Bois- 

Reymond's  Archiv  fur  Anat.  und.  Physiol.  (Midler's  Archiv),  Leipzig,  1874.     (On  Lorenzini's 
Osservazioni.) 

1870.  Todaro,  Contribuzione  alia  anatomia  e  alia  fisiologia  dei  tubi  di  senso  dei  Plagiostomi,  Messina, 
1870. 

1878.  Solger,  B.,  Uber  die  Seitenorgane  der  Fische,"  Verhandl.  der  Kaiser.  Leopold.-Carol.  deutschen 
Akad.  der  Naturforscher  (Nova  Acta),  1878,  Heft  14,  pp.  74-80;  Nachtrag,  ebd.  pp.  159-160. 

1878.  Balfour,  The  Development  of  Elasmobranch  Fishes,  1878,  pp.  141-147. 
1885.  Balfour,  A  Treatise  on  Comparative  Embryology,  1885,  ii,  p.  540. 

1879.  Sappey,  Etudes  sur  V appareil  mucipare  et  sur  le  systeme  lymphatique  des  poissons,  Paris,  1880. 

1880.  Merkel,  Uber  die  Endigungen  der  Sensiblen  Nerven  in  der  Haut  der  Wirbelthiere,  Rostock,  1880, 

pp.  39-48. 
1880.  Day,  The  Fishes  of  Great  Britain  and  Ireland,  London  and  Edinburgh,  1880-1884,  ii. 

1888.  Garman,  "On  the  Lateral  Canal  System  of  the  Selachii  and  Holocephala,"  Bull.  Mus.  Comp. 
Zool.  Harvard  College,  Cambridge,  Mass.,  U.S.A.,  1888-1889,  xvii,  pp.  57-119. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  II  (NO.   12).  71 



492  AUGUSTA    LAMONT   ON 

1889.  Fritsch,  "Uber  Ban  und  Bedeutung  der  Kanalsysteme  unter    er  Haut  der  Selachier,"  Sitzungs- 
berichte  der  Konig.  Preuss.  A  lead,  der  Wissensch  often   zu   Berlin,    Berlin,    1888;    Jahrgang 
1888,  Erstcr  Halbband. 

1890.  Fritsch,  Die  elektrischen  Fitehe.     Zweite  Abtheilung :  die  Torpedineen,  Leipzig,  1890,  pp.  78-92. 

1889.  Ewart,  "On  the  Cranial  Nerves  of  Elasmobranch  Fishes:  Preliminary  Communication,"  Proc. 
Roy.  Soc.  Lond.,  xlv,  November  1888-April  1889,  pp.  524-537. 

1891.  Ewakt,  "  The  Lateral  Sense  Organs  of  Elasmobranch  Fishes  :  i,  The  Sensory  Canals  of  Lsemargus" 
Trans.  Roy.  Soc.  Edin.,  vol.  xxxvii,  part  i,  1892,  pp.  59-85,  pis.  i  and  ii. 

1891.  Ewart  and  Mitchell,  "The  Lateral  Sense  Organs  of  Elasmobranchs :  ii,  The  Sensory  Canals  of 

the  Common  Skate  (Raia  batis)"  Trans.  Roy.  Soc.  Edin.,  1892,  vol.  xxxvii,  part  i,  pp.  87-105, 

pi.  iii. 
1895.  Fuchs,  S.,  "Uber  die  Function  der  unter  der  Haut  liegenden  Canalsysteme  bei  den  Selachiern," 

Pfliiger's  Archiv  fur  die  ges.  Physiol,  des  Menschen  und  der  Thiere,   Band  lix,  Bonn,  1895, 
pp.  454-478,  pi,  vi. 

1895.  Collinge,  W.  E.,  "On  the  Sensory  and  Ampullary  Canals  of  Chimxra"  Proc.  Zool.  Soc.  Lond., 
1895,  pp.  878-890,  pis.  li-liii. 

1895.  Cole,  F.  J.,  "On  the  Sensory  and  Ampullary  Canals  of  Chimsera,"  Anat.  Anzeiger,  1896,  Band  xii, 
pp.  172-182.     (Criticism  of  above.) 

1896.  Cole,  F.  J.,  "On  the  Cranial  Nerves  of  Chimxra  monstrosa  (Linn.),  with  a  Discussion  of  the 

Lateral  Line  System,  and  of  the  Morphology  of  the  Chorda  tympani,"  Trans.  Roy.  Soc.  Edin., 
1896,  vol.  xxxviii,  part  iii. 

1897.  Peabody,  J.  E.,  "The  Ampullae  of  Lorenzini  of  the  Selachii,"  Zoological  Bulletin,  Boston,  U.S.A., 
1898,  vol.  i,  pp.  163-178,  with  9  text-figures. 

1898.  Brandes,  G.,   "Die  Lorenzinischen  Ampullen,"   Verhandl.  der  deutschen  Zool.    Gesells.    (Achte 
Jahresversammlung),  1898  :  Leipzig,  1898,  pp.  179-182. 

1898.  Forssell,  G.,  "Beitrage  zur  Kenntniss  der  Anatomie  der  Lorenzinischen  Ampullen  bei  Acanthias 

vulgaris,"  Zeitschrift  fiir  wissenschaftlicher  Zoologie,  1899,  Band  lxv,  pp.  725-744,  pi.  xxxiv. 

1901.  Minckert,  W.,  "Zur  Topographie  und  Entwickelungsgeschichte  der  Lorenzinischen  Ampullen," 
Anat.  Anz.,  Jena,  1901,  Band  xix,  pp.  497-527,  11  figures. 

1902.  Allis,  E.  P.,  Jr.,  "  The  Lateral  Sensory  Canals,  the  Eye-Muscles,  and  the  Peripheral  Distribution 
of  certain  of  the  Cranial  Nerves  of  Mustelus  Isevis,"  Quart.  Journ.  of  Micro.  Science,  London, 
1902,  vol.  xlv,  new  series,  pp.  87-236,  pis.  x  and  xi. 

1902.  Johnston,  J.  B.,  "The  Homology  of  the  Selachian  Ampullae  :  A  Note  on  Allis's  recent  paper  on 
Mustelus  Isevis,  Anat.  Anz.,  1902,  Band  xxi,  pp.  308-313.     (Criticism  of  above.) 

1902.   Coggi,  A.,  "Nuove  ricerche  sullo  sviluppo  delle  ampolle  di  Lorenzini,"  Atti  R.  Accad.  Lincei, 
anno   299,   1902.     Serie  quinta,  Rendiconti,   Classe  di  Scienze  fisiche,  matematiche,  naturali, 

Roma,  1902,  vol.  xi :  I  semestre,  Nota  I,  pp.  289-297  ;  Nota  II,  pp.  338-340. 

1906.  Hawkes,  Mrs  O.  A.  Merritt,  "The  Cranial  and  Spinal  Nerves  of  Ghlawydoselachus  anguineus 

(Gar.),"  Proc.  Zool.  Soc.  Lond.,  1906,  ii,  pp.  959-991,  pis.  lxviii  and  lxix,  and  2  text-figures. 
1908.  Brohmer,     "Die    Sinneskanale    und   die   Lorenzinischen    Ampullen    bei    SpinaxEmbryonen," 

Anat.  Anz.,  Jena,  1908,  xxxii,  pp.  25-40,  8  text-figures. 

EXPLANATION   OF   PLATES. 

Plates  I  to  VIII,  figs.  1,  3,  5,  7,  9,  11,  and  13,  show  the  ampullary  canals  of  the  several  species  as 

seen  on  removing  the  skin  from  the  dorsal  surface.  The  hyoid  and  superficial  ophthalmic  ampullae  only 

are  shown,  the  outer  buccal  ampullae  becoming  exposed  only  when  a  deeper  dissection  is  made. 

Plates  II  to  VIII,  figs.  2,  4,  6,  8,  10,  12,  and  14,  show  the  ampullary  canals  of  the  several  species  as 

seen  on  removing  the  skin  from  the  ventral  surface.     In  most  cases  the  hyoid  and  mandibular  ampullary 
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capsules  are  shown ;    the  superficial  ophthalmic  and  inner  and  outer  buccal  ampulla?  are  not  exposed  by 

a  superficial  dissection. 

COMMON  REFERENCE  LETTERS  FOR  PLATES. 

S.O.  Superficial  ophthalmic  ampullary  canals. 
O.B.  Outer  buccal  canals. 
LB.  Inner  buccal  canals. 

H.   Hyoid  ampullae. 

A.  Anterior  canals  of  hyoid  ampullae. 

0.  Outer  canals  of  hyoid  ampullae. 

P.   Posterior  canals  of  hyoid  ampullae. 

I.   Inner  canals  of  hyoid  ampullae. 
M.  Mandibular  canals. 

S.C.  Sensory  canal. 
E.  Eye. 

S.  Spiracle. 

G.  Gills. 
Mth.  Mouth. 

M.R.  Muscle  ridges. 
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I.    Introduction  and  Previous  Literature. # 

Benguella  is  a  province  of  Angola,  the  chief  Portuguese  colony  in  western  Africa. 

From  the  chief  town,  Benguella  (lat.  12'35°  S.)  and  from  Catumbella  (lat.  12'25°  S.) 
old-established  trade  routes  go  inland  on  to  the  Benguella  plateau,  and  across  it 
along  the  watershed  between  the  Congo  and  the  Zambesi  to  Katanga  and  the  Upper 

Congo.  The  geographical  pioneers  in  this  part  of  Africa  showed  that  the  land  rises 

in  steps  from  the  coast  to  a  high  plateau,  which  consists  of  a  foundation  of  ancient 

crystalline  and  sedimentary  rocks,  and  is  flanked  by  younger  marine  beds  along 
the  coast. 

Angola  is  divided  into  three  provinces,  of  which  the  northern,  Loanda,  and  the 

southern,  Mossamedes,  are  better  known  geologically  than  the  middle  province, 

Benguella.  The  geology  of  Loanda  is  the  most  varied,  and  the  first  important  con- 
tribution to  the  interpretation  of  its  structure  was  by  Livingstone,  who  crossed  it 

during  his  trans-African  march  from  the  Upper  Zambesi  to  the  coast  at  Loanda.  Of 
Benguella  he  saw  only  the  far  interior,  and  he  reached  the  western  edge  of  the 

African  plateau  in  Loanda.  Welwitsch  (1889),  the  well-known  British  Museum 
botanical  collector,  made  important  geological  observations  in  the  same  region  and 

*  The  bearings  given  are  from  true  north.  The  variation  has  been  taken  as  18°  W.  ;  at  Benguella  it  is 
18°  10'  W. ;  at  Huambo  Fort  17°  53' ;  it  decreases  to  the  north-east. 

The  spelling  of  place-names  varies  considerably,  and  K  has  been  often  used  instead  of  C.  I  have  followed  in 

most  cases  the  spellings  adopted  on  the  Portuguese  map  of  Angola  (2nd  edit.,  1910)  and  by  the  Benguella  Rail- 
way Co. 

References  are  given  by  the  author's  name  and  date  to  the  list  at  the  end, 
TRANS.  ROY.  SOC.  EDIN,  VOL.  LI,  PART  III  (NO.  13).  72 
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in  Mossamedes,  but  his  valuable  notes  and  sections  were  not  published  until  1889. 

Meanwhile,  the  existence  of  gneiss,  schist,  gypsum  beds,  limestones,  volcanic  rocks, 

and  copper  ores  on  the  Benguella  coast-land  was  announced  by  Monteiro  (1875, 
vol.  i,  pp.  145,  177,  189,  192,  197,  283  ;  vol.  ii,  pp.  65,  70,  91,  152,  177,  196,  199,  219, 

etc.),  a  mining  engineer  who  was  for  many  years  engaged  at  the  copper  mines  ;  his 

work  also  dealt  mainly  with  Loanda.  Lovett  Cameron,  who  crossed  the  whole 

width  of  the  Benguella  plateau,  showed  (1877,  vol.  ii,  pp.  231,  236,  254,  etc.)  the 

widespread  distribution  of  granite  in  the  interior,  the  presence  of  red  sandstones  on 

the  plateau  at  Bihe  (ibid.,  p.  317),  and  of  limestones  containing  ammonites  on  the 

coast  near  Catumbella  (ibid.,  p.  261). 

Major  Serpa  Pinto  (1881,  vol.  i,  pp.  218-219)  referred  to  the  existence  of  lime- 

stone at  Dombe  Grande,  30  miles  south-east  of  the  city  of  Benguella,  and  of 
granite  at  nine  scattered  localities  on  the  plateau  to  the  east  (ibid.,  pp.  54,  55,  72, 

73,  85,  87,  121,  219,  22l).  Capello  and  Ivens  (1882,  vol.  i,  pp.  32,  43,  81,  217,  etc.) 

recorded  many  exposures  of  granite,  gneiss,  and  schist  on  the  Benguella  plateau. 

Jose  d'Anchieta  (1885),  a  Portuguese  zoologist,  briefly  described  the  geology  of  the 
neighbourhood  of  Benguella,  and  referred  to  the  gneisses  and  schists  of  the  interior 

and  to  the  Cretaceous  beds  of  the  coast;  and  as*  he  called  the  last  Quadersandstein, 
he  had  recognised  their  Cenomanian  age. 

The  first  important  contributions  to  the  geology  of  the  coastal  limestones  were 

issued  by  Meunier  (1887)  and  by  Choffat  and  de  Loriol  (1888).  Meunier  described 

some  Cenomanian  cephalopods,  as  well  as  some  foraminifera  from  Lobito  Bay.  The 

studies  of  Choffat  and  de  Loriol  were  based  on  collections  made  by  L.  Malheiro, 

mainly  in  the  Dombe  Grande  district,  and  showed  the  presence  of  several  Middle  and 

Upper  Cretaceous  horizons.*  In  this  monograph  Choffat  summarised  what  was 
known  regarding  the  geology  of  Angola  ;  most  of  the  information  referred  to  Loanda. 

He  showed  the  presence  of  Kainozoic  rocks  both  in  Loanda  and  Mossamedes,  and  the 

occurrence  of  Cretaceous  rocks  at  many  localities  along  the  coast ;  he  recorded,  on 

the  identification  of  Gomes,  the  presence  of  nepheline-basalt  at  Dombe  Grande. 
The  first  important  contribution  to  the  petrography  of  the  older  rocks  of  the 

Benguella  plateau  was  made  by  J.  P.  Gomes  (1898)  on  specimens  collected  by  R.  P. 

Leconte  between  Benguella  and  Catoco,  250  miles  to  the  east-south-east.  Gomes 

identified  granite,  biotite-granite,  amphibolite,  adinole  with  veins  of  epidote,  mica- 
schist  and  other  schists,  quartzites,  diabasic  porphyrite,  and  basic  eruptives. 

In  1895  Choffat  summarised  the  geology  of  Angola  and  gave  a  classification  of 

the  Cretaceous  beds,  which  range  from  the  Albian  to  the  Senonian.  He  again  reviewed 

the  literature  on  the  country,  and  described  further  additions  to  the  Cretaceous  fauna 

in  an  important  memoir  in  1905.  The  widespread  distribution  of  gneiss  and  granite 

associated  with  basalt,  quartzite,  and  diorite  in  the  Bailundo  and  Huambo  districts 

and  of  a  siliceous  limestone  at  Bailundo  was  reported  by  an  official  mission  on  the 

*  According  to  Schlomkekoer  (1888)  the  foraminifera  indicated  a  Miocene  horizon  as  well. 
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colonisation  of  the  Benguella  plateau  in  1909  (Angola,  1910,  pp.  41-44).  Senhor 
J.  P.  Nascimento  (1912)  briefly  referred  to  the  geology  of  the  Benguella  plateau, 

and  recorded  the  presence  of  granite,  diorite,  basalt,  and  quartzites,  and  also  the 

existence  of  hot  springs  at  Andulo  and  Chieuca,  in  what  had  become  known  as  the 

volcanic  district  of  Bihe.  During  the  same  year  Jo ao  de  Almeida  (1912)  described 

the  Kainozoic  rocks  along  the  coast  of  Mossamedes,  and  gave  further  details  regard- 
ing the  ancient  rocks  of  the  Serra  Chella  and  Humpata  plateau,  which  are  the 

southern  continuation  of  the  Benguella  plateau.  Further  references  to  the  geology 

of  Benguella  are  included  in  the  list  (pp.  532-534),  which  includes  a  few  relating  to 
the  coastal  rocks  of  the  other  provinces  of  Angola. 

In  1912  I  visited  Benguella  at  the  invitation  of  Mr  Israel  Zangwill  to  report  on 

its  economic  and  agricultural  suitability  for  a  refugee  colony.  The  special  object  of 

the  journey  involved  consideration  of  the  geological  structure  of  the  country  from 

the  light  it  would  throw  on  the  quality  and  distribution  of  the  soils.  But  as 

geology  was  only  involved  in  the  work  of  the  mission  to  that  extent,  I  often 

had  to  leave  points  unsettled,  if  they  had  no  bearing  on  the  economic  possibilities 

of  the  country. 

Thanks  to  the  kindness  of  General  Sir  J.  J.  Machado,  the  general  manager  of 

the  Benguella  Railway  Co.,  and  Mr  E.  Robins,  the  chief  engineer  in  Benguella,  I  had 

the  opportunity  of  seeing  far  more  than  I  could  have  reasonably  expected  in  the  time 

at  my  disposal.  I  have  also  to  express  my  thanks  to  Senhor  Andrade,  the  Minister 

of  State  for  the  Colonies  of  Portugal,  to  their  Excellencies  Senhor  Norton,  the 

Governor-General  of  Angola,  and  Major  Pinto,  the  Governor  of  Benguella,  and  to 
Professor  A.  Ben  Saude  in  Lisbon  ;  also  to  Senhor  Sacramento  Monteiro,  my  kind 

host  at  the  agricultural  station  at  Quingenge,  to  Mr  Varian  and  other  officers  of  the 

Benguella  Railway  Co.,  and  in  fact  to  all  those  whom  it  was  my  privilege  to 

meet  in  the  country.  I  must  also  express  my  particular  indebtedness  to  the  invalu- 
able help  and  congenial  comradeship  of  my  companion,  Professor  C.  J.  Martin, 

F.R.S.,  Director  of  the  Lister  Institute,  who  kindly  accompanied  me  in  order  to 

report  on  the  healthiness  of  the  country. 

I  have  also  to  express  my  thanks  to  the  authors  of  the  accompanying  reports  on 

the  collections,  to  Mr  R.  B.  Newton  on  the  general  Mollusca,  Mr  G.  W.  Tyrrell  on 

the  igneous  rocks,  Mrs  M.  F.  Romanes  on  the  fossil  algse,  and  to  Mr  J.  M.  Wordie 

for  a  provisional  list  of  cephalopods.  Mr  Wordie' s  departure  for  the  Antarctic  pre- 
vented the  completion  of  this  work,  which  has  been  kindly  undertaken  by  Mr  G.  C. 

Crick.  I  am  also  indebted  to  Professor  A.  C.  Seward,  F.R.S.,  for  kindly  examining 

some  slides  of  fossil  algse,  and  to  Professor  R.  A.  Berry  for  analyses  *  and  study  of 
the  soil  samples  collected. 

It  may  be  convenient  to  summarise  the  route  followed.  We  landed  at  Lobito 

Bay,  the  terminus  of  the  Benguella  Railway,  whence  I  visited  various  localities-  along 
*  These,  and  an  account  of  the  country  visited,  are  published  in  Gregory,  1913. 
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the  coast  from  Hanha  to  Benguella.  Owing  to  the  kindness  of  Mr  Robins,  I 

accompanied  him  by  motor  trolley  from  Lobito  along  the  railway  to  Lepi,  which  was 

then  the  railway  terminus  ;  and  while  he  was  inspecting  work  along  the  line  I  was 

able  to  examine  many  interesting  sections  and  exposures  beside  it.  After  organising 

a  caravan  at  Lepi,  Professor  Martin  and  I  marched  to  Huambo,  and  thence  to 

Bailundo,  of  which  the  fertility  was  so  glowingly  described  by  Cameron.  Thence 

we  marched  north-eastward  into  the  Cutato  valley,  to  the  mission  station  at  Ochilesa, 
which  was  reported  to  be  a  volcanic  district.  We  then  went  south  to  the  Bihe 

plateau  and  the  Bulu-Vulu  plains,  and  returned  westward  to  Huambo  along,  for  part 
of  the  march,  the  northern  watershed  of  the  Zambesi.  I  spent  a  few  days  in  the 

neighbourhood  of  Quingenge,  while  Professor  Martin  marched  to  Cubal,  whence  we 

returned  to  Lobito  Bay. 

II.  Geological  Observations. 

A.   The  Coast  Zone  and  the  Cretaceous. 

The  coast  of  Benguella  consists  chiefly  of  Cretaceous  rocks  and  of  an  alluvial 

coastal  plain.  North  of  Lobito  Bay  the  Cretaceous  rocks  form  a  line  of  cliffs  which 

are  washed  by  the  sea  ;  but  from  that  bay  to  the  south  of  Benguella  the  Cretaceous 

plateau  is  separated  from  the  shore  by  a  low  plain  composed  of  alluvium,  with  some 

sheets  of  sand  and  lines  of  sand  dunes.  The  coastal  plain  is  separated  in  places  from 

the  Cretaceous  beds  by  a  very  irregular  boundary ;  but  elsewhere,  as  north  of 

Catumbella,  it  ends  inland  at  the  foot  of  a  straight  steep  hill  face,  which  has  the 

characteristics  of  a  fault  scarp.  This  scarp  is  the  front  of  a  limestone  plateau,  which 

begins  west  of  Lobito  at  a  height  of  about  300  feet  and  rises  gradually  inland  to 

about  500  feet.  It  ends  against  another  scarp,  by  which  the  Cretaceous  rocks  rise 

to  the  height  of  from  800  to  1000  feet ;  and  behind  that  scarp  is  a  third  plateau, 

1500  feet  above  sea-level. 

The  Cretaceous  rocks  form  a  comparatively  narrow  band  along  the  coast.  Their 

range  inland  is  limited  by  the  great  plateau  of  ancient  rocks  that  form  the  main 

foundation  of  the  province  of  Benguella.  The  Cretaceous  rocks  are  best  known  by 

the  work  of  Choffat  (1888,  1896,  1905),  whose  studies  were  based  mainly  on  collections 

from  Dombe  Grande,  to  the  south-east  of  Benguella,  by  Malheiro,  and  from  the 

"  Schloenbachia"  inflata*  beds  of  Lobito  Bay.  Little,  however,  was  known  of  the 
general  succession  and  distribution  of  the  Cretaceous  rocks  near  Lobito ;  their 

sequence  is  shown  in  the  great  sections  on  the  gorge  of  the  Catumbella  River.  Mr 

Robins  gave  us  the  privilege  of  accompanying  him  on  a  railway  trolley  up  the  valley 

to  the  Catumbella  dam  ;  but  this  hasty  visit  only  gave  opportunity  to  observe  the 

most  obvious  facts  and  collect  a  few  specimens  from  the  hillside  above  the  new 
reservoir. 

My  visits  to  the  Cretaceous  rocks  were  so  hurried  and  the  rocks  themselves  are 

*  Mr  Crick  tells  me  that  this  ammonite  is  now  included  in  the  genus  Mortoniceras. 
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so  disturbed  that  I  was  not  able  fully  to  satisfy  myself  as  to  the  succession.  Un- 
fortunately, the  fossils  are  usually  in  the  form  of  casts,  so  many  of  those  collected 

have  proved  indeterminable.  The  list  of  fossils  collected  by  Malheiro  during  his 

long  residence  at  Dombe  Grande  contains  so  large  a  proportion  in  which  the  genus 

only  has  been  determined,  that  the  poor  condition  of  the  fossils  appears  to  be  general 

along  this  coast. 

(l)  The  Catumbella  Section. — Immediately  south  of  the  railway  bridge  at  Catum- 

bella  is  a  cliff  of  gypsiferous,  false-bedded  limestone,  which  yielded  a  large  Tylostoma 

globosum  *  ;  and  close  beside  this  section  was  an  exposure  of  marls  containing  the 

characteristic  ammonite  "  Schloenbachia"  injiata. 
Further  east,  along  the  southern  bank  of  the  Catumbella  River,  the  laminated 

injiata  marls  dip  to  the  west  and  are  succeeded  by  underlying  conglomerates  which 

contain  large  boulders  of  gneiss  and  granite.  This  conglomerate  series  has  been  bent 

into  many  gentle  folds.  It  is  succeeded  to  the  east  by  a  thick  bed  of  clay  containing 

some  thin  bands  of  limestone.  The  clay  at  one  place  forms  most  of  a  cliff  about  200 

feet  high,  the  upper  part  of  which  consists  of  the  bedded  injiata  limestone.  Further 

east  the  valley  of  the  Catumbella  widens,  as  the  land  on  both  sides  is  formed  of  clay  ; 

and  where  the  limestone  cap  has  been  removed  the  clay  has  been  worn  by  the  rain 

into  many  spurred  ridges.  The  beds  on  both  sides  of  the  river  are  repeatedly  folded 

and  faulted.  The  thick  clays  disappear  eastward  under  hard  white  limestones,  which 

on  the  northern  side  of  the  river,  just  below  the  dam,  form  a  synclinal  traversed  by 

several  faults.  The  limestones  occur  on  the  floor  of  the  valley  beside  the  new 

reservoir.  At  the  base  of  the  cliff  there  is  a  cream-coloured  nodular  limestone 

crowded  with  concentric  algae,  which  Mrs  Romanes  has  described  as  composed  of 

two  new  species,  Girvanella  minima  and  Lithothamnium  angolense.  About  80  feet 

above  the  algal  limestone  is  a  white  earthy  limestone  which  yielded  an  Epiaster 

catumbellensis  ;  the  limestone  on  a  terrace  at  the  height  of  about  150  feet  yielded  a 

Panopea  cf.  plicata,  numerous  gastropod  casts,  and  a  fragment  of  an  ammonite  which 

Mr  Crick  has  determined  as  "S."  lenzi.  This  bed  is  therefore  Vraconnian  (Lower  Ceno- 

manian).  Above  this  shelly  limestone,  at  the  height  of  about  240  feet,  is  a  band  con- 
taining many  haematite  nodules,  and  amongst  other  fossils  a  new  species  of  Neithea 

(N.  angoliensis).  At  the  level  of  about  850  feet  the  limestone  contains  abundant 

nodules  of  chert  and  numerous  undetermined  gastropods.  I  was  unable  to  go  further 

up  the  hill ;  but  Mr  Robins  kindly  gave  me  two  ammonites,  which  came  from  the 

top  of  the  plateau,  and  they  are  excellent  specimens  of  "S."  injiata.  The  thickness  of 
the  limestones  beside  the  Catumbella  dam  between  the  Lithothamnium  bed  below 

and  the  injiata  marls  must  be  about  1000  feet.  Further  up  the  valley  the  injiata 

beds  are  said  to  rest  directly  upon  the  older  crystalline  rocks. 

The  beds  along  the  Catumbella  River  have  been  disturbed  by  a  complicated  series 

of  parallel  faults,  of  which  I  noticed  fifteen  between  the  railway  bridge  and  half  a 

*  For  the  names  of  the  gastropods  and  lamellibranchs  I  am  indebted  to  Mr  R.  B.  Newton. 
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mile  above  the  dam.  Many  of  them,  such  as  a  50-foot  overthrust  fault  on  the  south 
bank  to  the  west  of  the  dam,  four  parallel  faults  on  the  right  bank  just  below  the 

dam,  and  others  on  the  north  bank  near  Catumbella,  are  unmistakable.  But  others, 

of  greater  stratigraphical  importance,  I  had  not  time  to  confirm.  The  Cretaceous 

succession  in  this  section  is  therefore  not  free  from  doubt,  but  it  is  apparently  as 

given  on  the  table  on  page  521. 

(2)  South-east  ofLobito  (fig.  2). — The  inflata  beds  are  most  conveniently  examined 

on  the  south-eastern  shore  of  Lobito  Bay.  They  occur  near  the  landing-place  at 
Old  Lobito,  and  most  of  the  fossils  that  have  been  sent  to  Europe  from  Lobito  were 

probably  collected  at  that  locality.  I  found  there  "S."  inflata,  "  S."  elobiensis,  "  S."  cf. 

lenzi,  "S."  ?  candollianus,  and  two  species  which  Mr  Wordie  regards  as  new.  Seen 
from  the  bay  the  cliffs  on  the  south-east  side  appear  as  a  long  straight  scarp,  which 
cuts  across  the  old  valleys,  and  leaves  some  of  them  as  hanging  valleys.  This  cliff 

presents  the  aspect  of  a  recent  fault  scarp.  I  was  accordingly  not  surprised  on 

landing  to  find  the  rocks  broken  by  numerous  faults  which  are  parallel  to  the  coast. 

Some  of  the  smaller  faults  are  overthrusts,  with  the  downthrow  on  the  south-western 

side.  The  inflata  beds  consist  of  well-bedded  nodular  limestones  and  marls.  The 
fossils  are  mostly  in  the  form  of  casts.  I  collected  one  Epiaster  catumbellensis  a  few 

feet  above  sea-level  in  the  inflata  marls.  The  sequence  inland  is  shown  in  the 
canyon  of  the  usually  dry  river  which  ends  at  Old  Lobito.  In  the  examination  of 

this  section  from  the  shore  to  the  hills  5  miles  inland,  I  had  the  valuable  help  of 

Professor  Martin.  Both  walls  of  the  gorge  at  first  consist  of  the  inflata  marls, 

dipping  gently  to  the  north-west.  They  rise  to  the  edge  of  the  plateau  about  300 

feet  above  sea-level.  These  beds  are  cut  off  inland  by  two  parallel  faults  that  bring 

up  intensely  false-bedded  limestone,  of  which  the  prevalent  dip  is  at  first  to  the  south- 

east. After  passing  more  of  the  marls,  with  fragments  of  "  Schloenbachia"  inflata 

and  of  an  ammonite  which  Mr  Wordie  tells  me  is  a  new  species  of  "  Schloenbachia," 

the  beds  resume  their  normal  dip  to  the  north-west  at  15°.  Then  follows  a  series  of 
limestones  containing  casts  of  Mollusca  ;  an  anticline  then  brings  up  the  cream- 
coloured  limestone  with  concentric  algse,  which,  according  to  Mrs  Romanes,  are 

identical  with  those  at  the  Catumbella  dam.  Near  where  the  river  enters  the  gorge, 

at  the  level  of  380  feet,  we  found  fragments  of  "S."  elobiensis  in  beds  dipping  inland. 
We  climbed  on  to  the  plateau  at  the  level  of  about  500  feet  and  crossed  it  to  the 

foot  of  the  next  hill  face.  A  little  to  the  north-east  of  the  exact  line  of  section  the 

algal  bed  occurs  on  the  plateau  at  the  foot  of  the  scarp  ;  this  low-lying  bed  has 
probably  been  brought  to  the  surface  by  the  eastern  limb  of  the  synclinal,  of  which 

the  other  limb  occurs  where  we  had  left  the  gorge.  At  about  650  feet  the  first 

plateau  ends  at  the  foot  of  a  scarp,  the  upper  edge  of  which  is  at  the  level  of  about 

810  feet.  The  scarp  consists  mostly  of  hard  shelly  limestone  dipping  about  7°  to 
the  north-west.  Above  this  limestone  the  country  extends  back  in  an  irregular 

plateau  which  rises  to  another  scarp.     At  the  height  of  850  feet,  a  short  distance 
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from  the  north-western  edge  of  the  second  plateau,  is  an  exposure  of  a  marl  contain- 

ing Salenia  dombiensis,  var.  triangularis,  "  S."  injiata,  Epiaster  catumbellensis,  and 
some  molluscs  which  have  been  identified  by  Mr  R.  B.  Newton  as  Neithea  sequicostata, 

Lima  cf.  itieriana,  Trigonarca  diceras,  Mrhilaia  cr.  nerinazformis. 

Mr  Newton  compares  these  fossils  with  Turonian,  Cenomanian,  and  Albian  species, 

the  affinities  being  strongest  with  the  Cenomanian.  This  conclusion  is  supported  by 

the  ammonites,  which  prove  that  the  bed  is  on  the  injiata  horizon  and  therefore 

Lower  Cenomanian  in  age. 

The  only  satisfactory  interpretation  of  the  section  to  the  south-east  of  Lobito  is 
that  the  high  level  of  the  injiata  beds  here  is  due  to  faulting,  and  that  the  face  of 

the  hills  between  the  second  and  coastal  plateaus  is  a  fault  scarp.  The  smaller  faults 

between  the  800-foot  scarp  and  the  cliff  at  Old  Lobito  are  probably  due  to  the  beds 
having  been  somewhat  compressed  between  the  two  major  step  faults. 

(3)  From  Lobito  to  Hanha. — The  coast  cliffs  from  Lobito  north-eastward  to  the 
mouth  of  the  Hanha  River  give  good  sections  of  the  Cretaceous  beds.  The  rocks 

along  the  shore  of  Lobito  Bay  consist  chiefly  of  the  injiata  marls,  but  exposures  of 

the  hard  shelly  limestone  rise  from  befow  them  near  the  second  and  third  gullies 

from  Old  Lobito.  The  first  part  of  the  coast  section  consists  of  a  straight  scarp  ; 

the  plateau  surface  is  even  except  where  it  is  notched  by  valleys,  most  of  which  are 

hanging  valleys,  though  a  few  have  been  cut  down  to  sea-level.  There  are  some 
overthrust  faults  with  the  downthrow  on  the  south-western  side.  Further  on  the 

beds  show  repeated  changes  in  dip  and  are  broken  through  by  groups  of  parallel 

faults.  I  landed  about  an  hour's  sail  west  of  the  Hanha  River,  on  a  beach  whence 

Lobito  Lighthouse  bears  226°.  The  beds  there  dip  25°  seaward,  and  include  a  hard 
limestone  and  a  bed  containing  numerous  small  fossils  converted  into  ironstone  :  one 

of  the  ammonites  Mr  Wordie  has  provisionally  identified  as  "  S."  gracillima,  Kosmat, 
from  the  lower  Utatur  beds  (Cenomanian)  of  Southern  India.  A  brachiopod  has 

been  determined  by  Mr  R.  B.  Newton  as  Terebratula  depressa. 

The  first  plateau  is  here  about  150  feet  high.  Behind  it  is  a  second  plateau 
rising  from  about  400  to  540  feet;  it  ends  at  the  foot  of  a  line  of  hills.  Along  the 

path  leading  south-westward  to  Lobito  the  algal  limestone  is  exposed  at  the  foot  of 

this  upper  scarp.  To  the  east-north-east  towards  Hanha  a  road  cutting  has  exposed 

beds  containing  many  Epiaster  catumbellensis,  which  is  associated  with  "  S."  injiata. 
A  road  section  at  the  edge  of  the  plateau  overlooking  the  deep  valley  of  the  Hanha 

exposes  the  following  in  descending  order  : — The  injiata  beds  with  Akera  gregoryi  ; 
a  chalky  limestone  containing  chert  in  nodules  and  veins,  shell  casts,  and  Astroccenia 

cf.  konincki,  Ed.  and  H.  ;  a  massive  white  limestone  containing  a  few  shell  casts  :  it 

is  cut  through  by  a  fault  with  a  downthrow  of  3  feet  to  the  west.  Below  this  white 

limestone  is  a  sandy  limestone.  The  section  is  there  crossed  by  a  crushed  white  lime- 

stone, to  the  east  of  which  is  a  massive-jointed  limestone  dipping  4°  westward ;  this 
is  cut  off  to  the  east  by  a  broad  band  of  crushed  rock  due  to  a  fault  which  hades  west- 
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ward.     On  the  eastern  side  of  the  fault  the  beds  near  the  surface  are  covered  by  talus, 

beneath  which  are  stratified  yellow  clays  and  marls  with  some  layers  of  chert. 

From  this  point  an  extensive  development  of  these  clays  is  seen  in  the  Hanha 

valley,  and  they  probably  belong  to  the  same  series  as  those  of  the  lower  part  of  the 
Catumbella  section. 

From  this  road  cutting  a  valley,  which  was  obviously  at  one  time  the  main  outlet 

of  the  Hanha  River,  descends  to  the  north-east.  On  its  flat  swampy  floor,  at  the 

height  of  about  130  feet  above  sea-level,  is  an  outcrop  of  the  algal  limestone.  This 

old  valley  joins  the  Hanha  River  (fig.  3)  where  it  emerges  from  a  picturesque  canyon, 

the  walls  of  which  give  excellent  sections  of  the  limestone  series.  The  beds  are 

gently  folded,  and  a  major  anticlinal  crosses  the  gorge  near  the  first  main  bend 

below  the  Hanha  basin ;  this  upfold  brings  up  a  sandy  limestone  and  some 

conglomerates  containing  boulders  of  gneiss,  one  of  which  was  9  by  5  by  5 
inches  in  diameter.  The  size  of  these  boulders  indicate  that  the  beds  are  near 

the  base  of  the  Cretaceous  Series.     The  boulder  bed  is  covered  by  a  quartzose  sandy 

rfea  Level 

Fig.  3. 

limestone  containing  blocks  of  a  massive  astrean  coral.  This  coral  has  been  so 

acted  upon  by  water  that  all  the  septa  have  been  removed,  and  they  were  not  even 

recognisable  in  a  slice  cut  from  the  middle  of  the  mass.  The  coral  with  its  narrow, 

long,  crowded  prismatic  corallites,  and  their  union  by  the  walls,  agrees  with 

Astrocoenia  ;  and  of  the  species  described  it  would  agree  best  with  A.  konincki,  Ed. 

and  H.,from  the  Turonian  of  Gosau  ;  but  the  corallites  are  smaller,  the  average  in 

places  being  less  than  2  mm.,  in  diameter.* 
This  coral-bearing  limestone  is  succeeded  by  beds  of  sandy  and  sometimes  false- 

bedded  marls,  One  bed  of  which  is  3  feet  thick.  Above  these  beds  is  the  great  mass 

of  stratified  limestone,  dipping  south-eastward. 

At  the  south-eastern  end  of  the  canyon  the  boulder  beds  reappear  with  large  blocks 

of  gneiss  and  bands  of  the  algal  limestone.  I  searched  here  for  ammonites,  but  was 

unable  to  find  any  ;  nor  could  I  learn  that  any  specimen  of  "  S.  "  inflata  had  been 
found  at  this  locality,  though  it  occurs  on  the  coast  at  the  mouth  of  the  Hanha  River. 

The  walls  of  the  Hanha  basin  expose  a  thick  bed  of  red  clay  over  white  and 

yellow  clays.  A  hill  of  gneiss  rises  above  the  floor  of  the  basin  beside  the  manager's 
house  ;  the  foliation  strikes  to  50°.  This  rock  is  covered  at  the  height  of  230  feet 
above  the  floor  of  the  valley  by  gypsiferous  marls  and  limestone  containing  bands  of 

*  Sections  of  limestone  from  the  road  cutting  (p.  502)  retain  the  internal  structure;  the  corallites  are  about 
2-5  mm.  in  diameter. 
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selenite.      I  could  find  no  fossils  in  this  gypsiferous  bed,  but  saw  no  evidence  why  it 

should  not  be  included  in  the  lower  part  of  the  Cretaceous  Series. 

The  correlation  of  the  Cretaceous  beds  is  considered  on  pp.  521,  522. 

B.  Benguella  to  the   Upper  Catumbella  River. 

At  the  city  of  Benguella  the  railway  turns  inland  and  goes  south -south-eastward 

over  a  wide  alluvial  plain  in  the  valley  of  the  Cavoca  River.  The  Cretaceous  rocks 

are  seen  in  the  distance  on  both  sides  of  this  valley.  At  Bimbas  Road  Station  two 

wells  were  sunk  through  the  beds  on  the  floor  of  the  valley  to  the  depth  of  56  and 

7G  feet  *  ;  they  passed  only  through  sand. 
South  of  Bimbas  Road  a  cliff  of  conglomerate  can  be  seen  to  the  east  of  the 

railway,  which  passes  between  hills  of  gravel  and  coarse  conglomerate  ;  the  latter 

contains  blocks  of  gneiss,  granite,  and  schist.  The  boulders  are  as  much  as  4  by  3^ 

by  1\  feet  in  diameter,  and  they  are  well  rounded  and  embedded  in  coarse  sand.  These 

beds  were  clearly  deposited  as  torrential  fans  at  the  foot  of  the  gneiss  hills  to  the 

east.  This  boulder  bed  passes  gradually  upward  into  sandstone.  Mr  Robins  had 

seen  no  fossils  in  these  rocks,  and  their  age  is  uncertain.  They  may  belong  to  the 
lowest  part  of  the  Cretaceous  Series  or  may  represent  part  of  the  Dombe  Sandstone, 
which  Choffat  includes  in  the  Cretaceous,  but  has  been  also  assigned  to  the  Lower 
Mesozoic. 

The  conglomerate  and  sandstone  end  inland  against  hills  of  ffneiss,  which  is  well 

exposed  in  the  Lengwe  Gorge.  Although  the  edge  of  the  plateau  has  been  cut  away 
in  the  Lengwe  valley,  even  there  the  slope  is  so  steep  that  the  railway  ascends  by 
rack  work,  which  begins  at  380  feet  (at  km.  5f8)  t  and  ends  at  790  feet  (km.  54). 
The  gneiss  is  well  seen  on  the  banks  of  the  gorge  and  in  the  cuttings  along  the 
railway.  The  most  characteristic  rock  is  a  coarse,  well-foliated  biotite-gneiss,  which 
is  mostly  gray  or  dark  bluish  in  colour.  Pink  bands  also  occur.  Some  of  the  rocks 

show  an  augen  structure  and  wisps  and  clots  of  biotite.-  The  foliation  is  often  con- 
torted. Some  of  the  layers  are  hornblendic  gneiss.  Some  varieties  contain  biotite 

in  excess  and  pass  into  coarse  biotite  schists.  The  gneiss  is  traversed  by  quartz- 

felspar  veins,  some  of  which  are  coarse  pegmatites  with  large  biotites.  In  others 

there  is  no  biotite,  and  but  little  felspar  ;  so  they  pass  into  quartz  veins,  one  of  the 
largest  of  which  is  beside  the  second  viaduct.  Some  of  the  intrusive  veins  show  well- 

developed  graphic  structure. 

The  gneiss  is  often  broken  by  faults,  of  which  the  most  typical  are  small  parallel 
thrust  planes  that  are  nearly  horizontal.  In  one  case,  at  km.  50^,  four  such  faults 

occur  in  a  height  of  12  feet ;  the  upper  side  has  been  moved  to  the  north-west. 

-  One  of  them  was  at  first,  a  Mowing  well.  Both  at  first  gave  good  water,  but  after  heavy  rains  all  the  water 
in. in  the  deeper  well  became  too  charged  with  magnesia  to  he  of  use  ;  and  though  this  well  was  several  times  pumped 
dry,  tin-  water  never  recovered  its  original  good  quality. 

I    The  kilometre  distances  are  those  along  the  railway  from  Lobito. 
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The  general  character  of  this  series  of  gneisses  is  remarkably  similar  to  that  of 
the  biotite-gneisses  in  the  Lewisian  of  North-Western  Scotland. 

The  strike  is  generally  between  55°  and  60°  (about  N.E.  by  E.). 
Above  the  Lengwe  Gorge  the  railway  continues  to  rise  steeply  past  a  series  of 

cliffs  of  gypsiferous  sandstone.  This  bed  rests  on  an  eroded  surface  of  gneiss,  as  at 

km.  52*1,  at  the  height  of  413  feet  (fig.  4).  The  sandstones  are  here  irregularly 
bedded,  and  contain  alternations  of  soft  sandstone  or  sand-rock  with  layers  of  loam. 
Some  of  these  bands  are  cut  through  by  small  slip  faults.  A  band  of  conglomerate 
is  interbedded  in  this  sandstone.  Some  of  the  sandstone  bands  end  off  abruptly 
against  vertical  steps  in  the  gneiss.  One  band  contains  some  obscure  impressions 

which  may  be  organic  in  origin,  but  I  found  no  determinable  fossils.  The  best  clue 

to  the  age  of  this  rock  is  that  some  of  the  bands  are  full  of  wind-rounded  grains. 

The  material  is  very  different  lithologically  from  that  of  the  Cretaceous  rocks,  and 

Fig.  4. 

it  was    probably   deposited    under    different    climatic    conditions.       These    subaerial 

sandstones  are  probably  Mesozoic  but  of  pre-Cretaceous  age. 
The  gneiss  series  is  again  exposed  east  of  the  station  of  San  Pedro.  The  first 

notable  railway  cutting  is  at  km.  55,  and  the  rocks  there  are  biotite-schist  and  a 
regularly  banded  gneiss.  The  foliation  is  vertical,  and  the  rock  is  traversed  by 

pegmatite  veins  and  horizontal  faults.  The  strike  is  to  east-north-east.  Some  of 
this  rock,  by  its  even  banding,  low  proportion  of  felspar,  and  arrangement  of  the 

biotite,  resembles  the  Moine  Gneiss  of  Scotland,  though  owing  to  its  vertical  foliation 

and  conditions  of  weathering  the  characteristic  flaggy  structure  of  the  Moine  Gneiss 

is  not  developed. 

Three  kilometres  beyond  this  exposure  and  shortly  beyond  Monte  Sahoa  occur 

the  first  outcrops  of  the  granites,  which  are  the  predominant  rock  from  58  km.  to 

the  bridge  across  the  upper  Catumbella  River  at  km.  272.  The  granites  form  a  belt 

of  desert  country  which  formed  the  great  obstacle  to  communications  between  the 

coast  and  the  better-watered  highlands  of  the  interior.  The  railway  enters  this 

desert  on  a  course  to  the  south-south-east.  The  level  gradually  rises  from  790  feet 
at  km.  54  to  2970  feet  at  km.  95.     The  chief  features  in  the  scenery  are  the  numerous 
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granite  bosses  and  tors.  The  rock  is  exposed  in  many  railway  cuttings,  and  the  soil 

is  all  a  granitic  wash.  The  most  widespread  variety  is  a  massive  biotite-granite. 
The  granite  in  places  is  coarsely  porphyritic. 

After  passing  across  the  second  plateau  (the  Cretaceous  being  the  first),  the 

railway  at  km.  72h  begins  the  ascent  on  to  the  third  plateau.  The  level  of  2972  feet 

is  reached  at  the  Portella  Coroteva  at  km.  95.  Occasional  exposures  of  gneissoid 

rocks  occur,  as  at  the  cuttings  at  km.  77  and  km.  90.  Portella  Coroteva  cuts 

through  a  ridge  of  granitoid  biotite-gneiss,  intersected  by  numerous  pegmatite 
veins,  and  interbedded  with  some  biotite-schist.  The  numerous  tors  included  in 

the  magnificent  view  from  the  Portella  Coroteva  shows  that  the  granite  extends 

far  on  both  sides  of  the  railway  and  eastward  over  the  basin  of  the  Catengue  to  the 
hills  around  Cubal. 

The  railway  descends  this  ridge,  passing  massive  porphyritic  granite  at  km.  104^ 

and  also  at  km.  112.  The  granite  is  intruded  by  occasional  altered  basic  dykes,  as 

at  km.  108  and  Portella  Solo.  At  km.  114  the  granite  is  light  gray  and  porphyritic 

and  is  associated  with  decomposed  biotite-schist  or  biotite-gneiss  traversed  by  many 
quartz  veins. 

Large  exposures  of  foliated  white  granite  occur  at  Catengue,  km.  121,  and  the 

brown  soft  decomposed  biotite-gneiss  reappears  at  km.  124  ;  and  it  is  here  broken  by 
bosses  of  white  granite  weathering  in  large  exfoliation  surfaces.  From  Catengue  the 

railway  rises  to  the  Portella  Solo,  km.  134-|,  2972  feet.  At  this  pass  the  granite  is  in 
contact  with  a  compact  selvage  of  hornfels,  which  Mr  Tyrrell  has  determined  as  a 

recrystallised  basalt  hornfels  or  augitite.  One  and  a  quarter  km.  to  the  east  of  the 

pass  the  granite  becomes  more  basic  ;  at  km.  143  the  rock  beside  the  line  is  a  white 

granite,  which  probably  forms  the  picturesque  tors  to  the  north  and  the  larger 

granite  hills  to  the  south.  Near  Bombola,  at  km.  157,  is  another  occurrence 

of  compact  hornfels.  Thence  to  the  Cubal  River  (station  at  km.  197,  2976  feet) 

the  line  continues  through  granitic  country  between  numerous  rugged  and 

picturesque  tors. 

On  the  return  journey  Professor  Martin  followed  the  course  of  the  Cubal  for 

some  miles  to  the  north,  and  found  that  the  ordinary  granites  extend  along  the 

river  and  are  intruded  by  dykes  of  augitite  or  basic  basalt  similar  to  that  of  the 
Portella  Solo. 

Before  reaching  Cubal  the  general  condition  of  the  country  improves  owing  to 

increasing  rainfall.  After  crossing  the  Cubal  River  there  is  a  long  level  tract  with 

no  rocks  exposed  beside  the  line  ;  and  the  improvement  in  the  condition  of  the 

country  is  shown  by  the  large  baobab  at  km.  205^,  being  the  last  beside  the  line. 

The  granite  continues  for  km.  70  east  of  the  Cubal,  and  it  rises  in  high  tors  and 

bosses.  The  granite  at  km.  238  is  hornblcndic  ;  but  most  of  the  specimens  examined 

consist  of  the  ordinary  gray  biotite-granite,  though  some  is  more  basic  and  there  are 
occasional  exposures  of  granodiorites, 
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C.   Oendolongo  Mountain*. 

A  change  in  the  structure  of  the  country  at  length  appears  at  km.  275.  The 

Oendolongo  Mountains  to  the  west  have  a  stratified  aspect  and  the  railway  is  ballasted 

with  ferruginous  sandstone.  From  the  crossing  of  the  Catumbella  River  at  km.  275 

to  Quingenge,  at  km.  297  (44f>0  feet),  the  line  slowly  rises  up  the  valley  of  the  Cuati, 

from  the  head  of  which  it  passes  to  that  of  the  Cuiva  River.  The  railway  is  near 

the  junction  of  granitic  country  to  the  north,  with  the  stratified  and  volcanic  rocks 

which  form  the  Oendolongo  Hills  to  the  south.  Granite  hills  are  conspicuous  to  the 

north,  and  numerous  granite  bosses  occur  close  to  the  railway. 

An  excursion  from  Quingenge  to  the  Cuati  showed  that  the  granites  outcrop 

immediately  on  the  northern  side  of  the  railway  near  Cruz's.  A  mile  further  north 
the  white  granite  lias  been  replaced  by  bluish-gray  dioritic  granite.  A  quarter  of  a 
mile  further  north  the  ground  is  strewn  with  blocks  of  rhvolitic  tuff  resting  on  granite, 

which  continues  as  far  north  as  the  bank  of  the  Cuiva  River,  where  the  granite  is 

especially  siliceous.  Across  the  river  the  granite  forms  the  Ilala  (or  Uhilala  range) 

to  the  north-west,  and  the  Binda  range  to  the  north.  South  of  the  Cuati  River,  to 

the  north  of  Quingenge  Station,  the  rock  is  gneissoid  and  is  seamed  with  epidote  veins. 

Continuing  eastward  along  the  railway,  the  sandstones  recur  after  crossing  the 

Cambuacambula  stream  at  km.  298^  ;  but  after  km.  300  the  railway  is  again  on 

granite,  of  which  there  are  numerous  outcrops  along  this  part  of  the  Cuiva  valley. 

Some  of  this  granite  is  fine-grained,  like  that  to  the  east,  of  the  Agricultural  Station 

at  Quingenge  ;  granite  continues  along  the  line  to  Cuma  (km.  317,  4708  feet)  and 

beyond  it.  At  km.  327^  the  railway  crosses  a  felspathic  sandstone,  which  forms  a 

spur  from  the  southern  hills,  and  a  synclinal  in  the  hill  face  to  the  south  of  km.  323 

is  probably  in  rocks  of  the  same  series.  The  granite  reappears  at  km.  328  from 

beneath  red  sandstones,  which  form  the  hills  to  the  south  and  probably  also  the  table- 
topped  hills  to  the  north.  The  railway  crosses  the  Cuiva  and  thence  follows  its 

tributary,  the  Chicanda  River,  which  is  crossed  at  km.  344  near  a  granite  tor.  The 

railway  shortly  afterwards  reaches  the  sedimentary  rocks  that  form  the  mountainous 

country  around  Lepi  (km.  367,  5371  feet),  but  granite  outcrops  continue  to  the  three 

tors  south  of  Lepi,  which,  being  the  most  easterly  in  the  district,  form  an  important 
landmark. 

The  Oendolongo  Mountains  (fig.  5),  which  rise  to  the  south  of  the  railway,  form 

the  first  break  from  the  monotony  of  granite  to  the  east  of  Mount  Sahoa.  The 

mountains  extend  from  the  Upper  Catumbella  River  on  the  south-west  to  the 

Chicanda  River  on  the  south-east.  They  present  a  bold  scarp  face  to  the  north-west, 

parallel  to  the  railway  line,  and  from  their  high  north-western  summit  of  Kanomba 

(7250  feet)  the  mountain  face  turns  abruptly  to  the  south-east.  The  western  corner 

of  this  mountain  mass  consists  of  well-stratified  quartzites,  which  are  well  exposed 

about  Babaera,  where  they  are  exposed  around  the  station  of  Senhor  Ferreira  and 
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beside  a  spring  in  the  valley  of  Bandionhime.  The  water  of  this  spring  has  been 

bottled  and  sold  in  Benguella  as  a  mineral  water  ;  but  its  value  appears  to  depend 

on  its  remarkable  purity.  The  spring  flows  from  the  quartzites,  which  there  strike 

to  *_>(.)0°  and  dip  from  15°  to  20°  northward.  The  quartzites  extend  from  Ferreira's 
to  Babaera,  where  they  are  well  exposed  beside  the  waterfall.  The  rocks  there  dip 

35°  to  the  north  of  north-west.  To  the  west  of  Senhor  Pire's  farm  the  rocks  dip  40° 
west  and  strike  to  nearly  due  south.  The  rocks  are  coarse-grained  quartzite  grits, 
containing  many  fragments  of  felspar  ;  and  the  rock  has  obviously  been  formed  from 

the  waste  of  the  granitic  rocks.  These  quartzites  are  considerably  altered,  for  they 

contain  authigenous  muscovite  (PI.  II,  fig.  2),  lines  of  authigenous  epidote,  and 

inclusions  have  been  developed  in  the  quartz  along  lines  which  are  continuous  across 

adjacent  grains.  These  rocks  are  associated  witli  banded  cherts,  which  under  the 

microscope  prove  to  be    silicified    rhyolites.     To   the   east  of  these  quartzites,  and 
s 
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apparently  overlying  them,  are  volcanic  rocks  which  form  most  of  the  central  part 

of  the  Oendolongo  Hills.  A  sheet  of  columnar  rock  above  the  third  stream  west  of 

Cruz's  can  be  recognised  from  the  railway,  but  I  had  not  time  to  reach  it.  A 
sheet  of  rhyolite  tuff  is  exposed  at  intervals  from  just  east  of  the  Agricultural 

Station  of  Quingenge,  westward  along  the  foot  of  the  hills  ;  it  rests  there  upon 

the  granites,  which  outcrop  over  the  plain  to  the  north  of  the  hills  and  can 

be  seen  in  some  of  the  gullies.  The  tuffs  east  of  Quingenge  Agricultural  Station 

consist  of  fairly  coarse  fragments  ;  but  further  west  the  rock  is  very  fine-grained 
and  compact,  so  that  in  hand  specimens  I  was  doubtful  how  much  of  it  was  tuff, 

for  some  of  it  might  have  been  a  felspar-porphyrite.  Mr  Tyrrell's  microscopic 
examination  indicates  that  the  whole  sheet  is  a  rhyolite  tulf.  The  rock  in  some 

places,  as  close  to  the  Agricultural  Station,  has  been  silicified  and  thus  acquired  a 

greasy  or  horny  lustre  similar  to  that  of  some  keratophyre. 

To  the  east  of  Quingenge  a  mass  of  pinkish  fine-grained  granite  rises  from  beneath 
the  rhyolite  tuffs.  This  rock  can  be  followed  for  a  couple  of  miles  east  of  Quingenge, 

and  rises  to  a  considerable  height  on  the  hills.  This  fine-grained  granite  is  succeeded 
eastward  by  the  sandstones  of  the  eastern  part  of  the  Oendolongo  Mountains. 
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South  of  the  Agricultural  Station  of  Quingenge  the  Cambuacambula  flows  for 

about  3  miles  over  the  fine-grained  granite,  which  is  exposed  owing  to  the 

denudation  of  the  tuffs.  As  the  floor  of  the  valley  rises  more  rapidly  up  the  hills 

the  rhyolite  tuffs  appear  in  blocks  scattered  over  the  granite.  A  mile  further  on 

the  granites  are  covered  by  a  black  rhyolite.  I  could  not  find  the  actual  contact, 

but  saw  the  rhyolite  within  a  foot  or  two  of  the  junction  ;  and  the  rock  showed  no 

trace  of  contact  alteration  and  there  were  no  tongues  of  granite  entering  it.  Hence 

the  rhyolites  appear  to  be  younger  than  the  granite.  The  path  then  rises  steeply, 

showing  numerous  exposures  of  rhyolite,  some  of  which  is  vitreous  and  some  has  a 

glomero-porphyritic  structure.  On  weathered  surfaces  the  banded  structure  is  often 
clearly  displayed.  These  rocks  continue  to  the  top  of  the  pass  at  the  height  of  about 

6500  feet ;  and  on  the  top  of  the  hills  on  the  eastern  side  of  the  pass  (6670  feet)  it  is 

clearly  a  banded  rhyolite  with  conspicuous  phenocrysts  of  quartz.  The  red  sandstones 

also  occur  near  the  top  of  the  pass,  which  commands  a  fine  view  southward  over  a 

large  basin  ;  the  outlet  to  the  Catumbella  River  is  through  a  gorge  at  the  south-western 

end.  A  kopje,  obviously  of  granite,  occurs  on  the  floor  of  the  basin  at  212°  from  the 
pass.  The  basin  is  bounded  to  the  west  by  hills  which  appear  to  be  the  continuation 

of  the  quartzites  of  Babaera. 

The  central  part  of  the  northern  face  of  the  Oendolongo  Hills,  therefore,  consists 

of  a  thick  series  of  rhyolites  resting  on  a  rhyolitic  tuff,  which  is  itself  underlain  by 

the  normal  granites  of  the  district.  The  rhyolite  series  is  overlain  by  a  thick  series 

of  red  and  white  sandstones.  The  western  part  of  the  hills  is  composed  of  white 

altered  quartzites,  with  some  authigenous  micas,  associated  with  cherty  banded 

rhyolites.  The  fine-grained  pinkish  granite  east  of  Quingenge  may  perhaps  be 
younger  than  the  main  series  of  granites,  but  I  saw  no  evidence  to  connect  it  with 

the  rhyolites. 

West  of  Cruz's  store  an  olivine-basalt  dyke  cuts  through  the  granite  and  probably 
continues  into  the  tuffs. 

D.  From  Lepi  to  Huambo. 

Near  Lepi  (km.  367,  5371  feet)  the  railway  enters  a  new  type  of  country  different 

from  any  seen  between  that  station  and  the  coast.  Between  Lepi  and  the  granite 

hill  to  the  west  at  Old  Lepi  (km.  355,  4783  feet)  is  an  area  of  deep  chocolate-red 

soil  which  is  due  to  a  sheet  of  olivine-dolerite  that  is  exposed  in  the  railway  cuttings. 
This  rock  is  doubtless  intrusive,  since  a  coarse  quartzose  sandstone  beside  it  is 

extremely  decomposed.  The  sandstone  belongs  to  a  series  of  old  sedimentary  rocks 

which  extend  eastward  to  the  Kunhungamua  valley  ;  they  may  be  grouped  and 

named  after  their  most  characteristic  rock,  the  Lepi  graywackes.  The  railway  on 

leaving  Lepi  climbs  by  a  very  sinuous  route  up  the  Chicanda  valley  on  to  the  summit 

of  one  of  the  highest  of  the  Benguella  plateaus.  The  rocks  are  well  exposed  in  the 

numerous  railway  sections,  and  they  include  graywackes,  quartzite,  cherts  and  slates, 
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and  some  interbedded  rhyolite  tuft's  which  arc  blue-hearted  when  fresh  but  turn  gray 
when  weathered.  The  volcanic  rocks  arc  less  abundant  than  in  the  Oendolongo 

Mountains,  and  I  saw  only  tuffs  and  none  of  the  rhyolitcs  themselves. 

The  most  typical  rocks  of  this  series  are  a  black,  fine-grained  cherty  graywacke, 
which  in  the  field  I  recorded  as  chert.  One  variety  (No.  130),  from  a  spur  east  of 

Lepi  and  about  a  mile  west  of  the  locality  known  as  Homer's  Camp,  appears  in  a 
hand  specimen  to  be  a  banded  cherty  quartzite  ;  under  the  microscope  it  proves  to  be 

a  fine-grained  graywacke  ;  the  larger  grains  of  quartz  range  from  about  a  tenth  to  a 
quarter  of  a  millimetre  in  diameter  ;  the  grains  are  angular,  and  include  a  little  felspar, 

some  of  which  is  oligoclase,  and  white  mica.  The  rock  shows  an  imperfect  cleavage, 

the  particles  having  been  to  some  extent  rearranged  by  pressure.  A  graywacke 

(No.  131)  on  the  spur  to  the  east  of  the  last  specimen  is  also  fine-grained,  but  the 
rock  is  more  massive  ;  it  is  not  cleaved,  and  the  banding  is  faint ;  to  the  west  of  the 

cherty  graywacke  (No.  130)  the  rock  may  be  described  as  an  indurated  siliceous 
mudstone.     The  series  includes  some  slates. 

The  prevalent  dip,  in  spite  of  some  folds,  is  to  the  east,  so  that  the  rocks  nearer 

Homer's  Camp  and  in  the  steep  ascent  to  Calenga  are  higher  in  the  series  than  the 
graywackes  nearer  Lepi.  These  higher  rocks  are  mainly  quartzites ;  in  fresh 

specimens  the  fracture  passes  through  the  grains  as  readily  as  around  them,  and 

specimens  in  which  this  does  not  happen  (i.e.  the  sandstone  beside  the  olivine-dolerite 
west  of  Lepi)  are  probably  decomposed  quartzites. 

The  graywackes  near  Lepi  are  only  imperfectly  cleaved  ;  but  further  east  the 

rocks  are  more  altered,  and  some  show  an  incipient  foliation.  This  feature  is  well 

marked  in  a  greenish  quartzite  (No.  135)  from  near  Homer's  Camp.  The  rock  was 
identified  in  the  field  as  an  epidotic  sandstone  ;  under  the  microscope  it  proves  to  be 

an  altered  graywacke  ;  the  original  quartz  grains  show  undulose  extinction,  and  the 

borders  have  been  occasionally  altered  to  a  granular  mosaic  ;  the  base  has  been 

recrystallised  as  secondary  quartz,  abundant  granular  epidote,  and  prisms  of 

clinozoisite.  The  epidote  has  been  formed  along  irregular  lines,  and  has  thus  given 

rise  to  an  incipient  foliation. 

The  Lepi  Series  is  intersected  by  intrusions  of  dolerite.  Some  of  the  dykes  and 

the  slates  which  they  intersect  are  intensely  decomposed,  and  at  about  km.  379^ 

they  have  been  altered  to  a  china  clay,  probably  by  pneumatolytic  action.  Close 

beside  the  china  clay  are  exposures  of  decomposed  pink  clay.  Two  kilometres  further 

are  exposures  of  blue  cherty  graywacke  and  variegated  slates,  which  have  been  bent 
into  occasional  shallow  folds. 

This  varied  series  forms  the  great  dissected  plateau  which  includes  the  mountain 

of  Holocasa  (7848  feet)  to  the  north  of  the  railway,  and  the  range  known  as  the  Serra 

Corvo  Andrade,  which  extends  from  the  railway  south-south-westward  across 

Benguella  to  the  province  of  Mossamedes.  The  sedimentary  structure  of  this 

country  is  well  seen  in  many  views  near  and  east  of  Calenga.     Thus  the  footpath 
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from  Lepi  to  Calenga,  after  leaving  Homer's  Camp,  ascends  over  weathered  gray- 
wacke  and  reaches  the  plateau  near  a  60-foot  kopje  of  subquartzitic  grit,  which 
weathers  gray  and  consists  of  grains  of  about  one -eighth  inch  in  diameter. 

Further  along  the  line  at  km.  387  the  white  weathered  banded  cherts  are  covered 

by  a  yellow  soil.  One  and  a  half  kilometres  further  east  a  view  down  the  upper 
valley  of  the  Calai,  the  head  stream  of  the  Cunene,  is  bounded  to  the  east  by  a  long 

regular  escarpment  of  the  Calenga  quartzite,  which  dips  10°  eastward.  East  of 
Calenga  the  granitic  rocks  soon  reappear  from  beneath  the  Lepi  graywackes,  and 
picturesque  tors  are  seen  in  the  distance  ;  but  the  sedimentary  series  continues  along 

the  high  ground  to  km.  395.  Blue-hearted  cherty  graywackes  are  exposed  beside 

the  railway  at  km.  391,  and  at  km.  392^  is  a  dyke  of  coarse  dark-blue  epidiorite. 

Just  east  of  the  locality  known  as  Varian's  Camp,  at  km.  393,  is  a  deep  gully, 
which  exposes  the  blue  cherty  graywackes.  They  are  somewhat  coarser  in  grain 

than  those  near  Lepi,  and  hand  specimens  that  show  large  fragments  of  felspar 

resemble  porphyritic  felsites ;  the  rock  contains  pyrites,  secondary  quartz,  and 

granules  of  epidote,  but  it  lacks  the  incipient  foliation  of  the  epidotic  quartzite 

(No.  135).  The  railway  cuttings  on  the  eastern  side  of  this  ravine,  at  about 

km.  394^,  are  of  sandstone  interbedded  with  slate  and  graywacke  and  dipping  15° 
eastward.  From  this  point  there  is  a  long  tract  of  level  ground  with  no  sections. 

Bold  tors  to  the  north  and  south  indicate  that  the  lower  ground  on  both  sides  of  the 

ridge  followed  by  the  railway  consists  of  granite.  The  ridge  itself  is  probably  capped 

by  a  thin  layer  of  the  graywackes,  as  just  before  reaching  the  Kunhungamua  bridge 

the  ground  is  littered  with  felspathic  graywacke,  but  I  could  see  none  in  situ. 

Immediately  to  the  east  of  the  railway  bridge  is  a  hill  of  porphyritic  granite.  The 

rock  has  a  compact,  fine-grained  selvage  which,  as  Mr  Tyrrell  has  shown,  contains 
cassiterite.  After  leaving  these  granite  exposures  we  saw  no  rock  in  situ  before 

reaching  "  Huambo  Crossing,"  5  km.  further  east.  The  railway  cuttings  are  in  buff 
rock-sand,  which  might  be  formed  either  from  decomposed  granite  or  from  dis- 

integrated arkose.  From  Huambo  Crossing,  which  is  on  granite,  we  could  see 

granite  tors  both  north  beyond  Huambo  Fort  and  southward,  bearing  147°,  in  the 
valley  of  the  Cunene. 

E.  Huambo  to  Ochilesa. 

From  Mount  Salioa,  near  the  head  of  the  Lengwe  Gorge,  to  Huambo,  and,  as  we 

found  later,  extending  25  miles  further  east  to  Candumbo,  is  a  long  belt  of  granite, 

which  is  only  hidden  from  view  where  it  is  covered  by  the  sandstones  and  rhyolites 

of  the  Oendolongo  Mountains  and  by  the  graywackes  and  quartzites  of  the  Serra 

Corvo  Andrade  between  Lepi  and  Kunhungamua.  These  sedimentary  rocks  are 

mainly  composed  of  the  waste  of  the  underlying  granites,  so  they  give  rise  to  soils 

of  similar  quality  which  are  of  only  second-rate  value.  The  uniformity  of  the 

conditions  was  probably  clue  to  our  route  having  followed  along  the  grain  of  the 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  13).  74 
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country  and  not,  as  I  had  expected,  across  it.  So  at  Huambo  Crossing  we  left 

the  route  of  the  railway,  which  was  there  still  under  construction,  hoping  by  a 
traverse  northward  to  reach  a  more  varied  series  of  rocks  and  better  soils.  The 

Commander  of  the  Huambo  Fort  kindly  engaged  for  us  extra  porters  in  order  to 

visit  Bailundo  and  the  head  streams  of  the  Cutato  River,  a  tributary  of  the  Cuanza.# 

A  mile  and  a  half  18°  east  of  north  from  Huambo  Crossing  is  an  exposure  of  a 
coarse-grained  white  quartzite,  and  beside  it  lay  fragments  of  decomposed  slate  and 

quartzite'.  A  little  over  a  mile  further  a  stream  gully  exposes  a  coarse  white  granite 
especially  rich  in  quartz.  Thence  to  Huambo  Fort  the  plateau  is  littered  with 

fragments  of  sandstone,  while  the  gullies  reach  quartzose  granite.  Near  the  fort 

the  granite  is  exposed  on  the  surface  of  the  plateau.  The  fort  stands  on  a  rise  of 

porphyritic  granite,  which  forms  part  of  the  watershed  between  the  rivers  discharg- 

ing south-westward  through  the  Cunene  and  Mossamedes,  and  those  which  go  north- 
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north-westward  through   the  Queve  and   Culele  to  the  Cuivo  and   thus   reach   the 
Atlantic  north  of  Novo  Redondo. 

The  track  to  Bailundo  starts  from  Huambo  on  an  approximately  north-north- 
easterly course,  across  the  head  streams  of  the  Queve  and  Culele.  The  country 

consists  of  granite  for  the  first  8  miles  north  of  the  fort.  The  granite  rises  in 

tors  and  monoliths,  one  of  which  is  known  as  Cleopatra's  Needle.  The  granite  is 
generally  biotitic,  and  sometimes  porphyritic,  with  large  blebs  of  biotite,  and  on  the 

margins  of  some  of  the  granite  bosses  are  bands  of  a  tough  granite  porphyry.  At 

the  Landula  t  River  this  last  rock  occurs  in  veins  in  the  normal  granite.  This  river 

exposes  a  green,  massive  quartzite,  which  is  so  compact  that  the  grains  are  barely 

recognisable  except  on  weathered  surfaces.  It  belongs  to  the  group  referred  to  as 

the  Huambo  Quartzites.  Approaching  the  Queve  River,  the  granite  is  succeeded  by 

decomposed  quartzite,  and  at  that  river  are  exposures  of  a  quartz-schist  with  large 

clastic  grains.  The  rock  is  noncrystalline,  and  the  original  cement  has  recrystal- 

lised  in  lines  of  fine-grained  quartz-mosaic.  They  represent  a  fine-grained,  purely 
siliceous  variety  of  the  Bailundo  Schistose  Quartzites.  They  differ  from  the  Huambo 

Quartzites  by  their  well-developed  foliation. 

*  There  is  another  Cutato  in  the  district,  which  is  a  tributary  to  the  Zambesi. 
t  Thus  spelt  by  A.  DE  Andrade  ;  spelt  Lamlulo  by  Varian,  and  also  as  Londulo. 
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North  of  the  Queve  River,  between  it  and  the  track,  are  hills  of  schistose 

quartzite,  which  is  intruded  by  a  boss  of  diorite-porphyry  in  which  the  base  has  been 
altered  to  a  granular,  hornfelsed  mosaic.  The  edge  of  this  rock  is  a  blue  hornfelsed 

quartz-porphyry.  From  this  point  the  route  continues  over  a  quartzite  gravel.  On 
the  northern  bank  of  the  Lumbanda  or  Lumbwambwa  River  are  the  Ambussa  Hills, 

which  trend  to  a  little  south  of  east ;  they  consist  of  schistose  quartzite  with  a  well- 

developed  flaser  structure  and  numerous  quartz  veins.  Some  bands  are  schistose- 

conglomerates  and  perhaps  crush-conglomerates.  The  rock  strikes  to  87°.  Near 
the  western  end  of  this  ridge  are  the  ruins  of  a  prehistoric  stone  fort,  whence  the 

view  southward  across  the  plain  includes  the  hill  of  Bavi  or  Kubave,  the  northern 

face  of  which  has  a  fine  cirque-like  hollow. 

Just  north  of  the  western  end  of  the  Ambussa  Hills  is  an  exposure  of  granite, 

unusually  rich  in  biotite.  This  rock  disappears  beneath  the  schistose  quartzites, 

which  extend  thence  to  Bailundo  ;  they  are  well  exposed  about  the  Culele  River, 

where  the  rock  is  coarse  and  saccharoidal  (No.  151 )  ;  and  as  similar  rocks  are  exposed 

where  we  crossed  the  line  of  the  Lumbanganda  Mountains,  they  are  probably  also 

composed  of  the  schistose  and  saccharoidal  quartzites. 

The  hill  beside  the  fort  at  Bailundo  consists  of  coarse  pink  gneiss  (No.  152)  of 

which  the  strike  is  to  a  little  north  of  east.  The  rock,  no  doubt,  belongs  to*  the 
same  series  of  gneisses  as  those  of  the  Lengwe  Gorge  ;  but  it  represents  the  pinkish 

granitoid  gneisses  of  the  Laxford  type  of  the  Lewisian  Series,  and  not  the  common 

biotite-gneiss. 
From  Bailundo  we  turned  north-eastward  towards  Ochilesa  and  soon  left  the 

Bailundo  gneiss.  It  is  succeeded  by  a  granulitic  quartzite  that  weathers  into  sand- 
stone, and  is  often  covered  by  a  litter  of  ironstone  conglomerate.  The  route  passed 

to  the  west  of  the  Ueia  Mountains,  some  spurs  of  which  have  the  rough  craggy 

weathering  of  the  schistose  quartzites.  About  3  miles  from  Bailundo  is  a  lateritic 

ironstone  conglomerate,  including  blocks  of  granulitic  quartzite.  The  quartzite 

beneath  this  conglomerate  contains  angular  fragments  of  felspar,  and  resembles  some 

of  the  non-schistose  Dalradian  Quartzites  of  the  Scottish  Highlands. 

From  4  to  5  miles  north-east  of  Bailundo  the  track  passes  over  an  area  of  a 
rich,  red  chocolate  soil,  which  continues  in  patches  for  about  3  miles.  They  are 

succeeded  by  the  ordinary  yellow  loamy  soil.  Where  the  rock  that  gives  rise  to 

this  chocolate  soil  could  be  found  it  always  proved  to  be  igneous,  and  generally  an 

olivine-dolerite.  Coarse  biotite-gneiss  reappears  about  10  miles  north-east  of 
Bailundo,  near  one  of  the  last  streams  which  pass  through  the  Culele  to  the  Cuivo. 

This  gneiss  is  of  the  Lewisian  type  ;  it  contains  bands  1  inch  thick,  which  are  pink 

owing  to  the  abundant  felspar,  and  4-inch  veins  of  pegmatite. 
Fourteen  miles  from  Bailundo  the  higher  ground  is  covered  by  a  gray,  light, 

loamy  soil  due  to  the  decomposition  of  the  schistose  quartzites  ;  but  on  the  floor  of 

the  gullies  and  on  the  lower  land  to  the  south  and  east  of  our  camp  were  bosses  of 
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gneiss.  The  strike  of  the  foliation  is  to  68°  ;  and  this  rock  is  interstratified  with 

quartzites,  quartz-schists,  and  sillimanite-schist,  in  all  of  which  the  foliation  is  nearly 
vertical.  The  sillimamte  is  abundant  in  some  layers,  and  the  crystals  are  large 

enough  to  be  seen  by  the  naked  eye.  Lower  down  this  gully  the  gneiss  is  invaded 

by  a  hornfelsed  tonalite-porphyry  (No.  159). 
The  exposures  at  this  locality  show,  as  I  had  suspected  from  their  general 

character,  that  the  schistose  quartzites  from  the  Ambussa  Hills  northward  are  a 

much  older  series  than  the  sandstones  of  the  Oendolongo  Mountains  and  near 

Kalenga  ;  the  quartzites  of  the  Bailu-ndo  district  are  quartz-schists  and  holocrystalline 
Quartzites,  and  are  interstratified  in  the  lower  Archean  foundation. 

The  route  next  day  lay  along  the  ridge  that  forms  the  watershed  between  the 

Cuivo  and  the  Lovule — the  first  tributary  to  the  Cuanza.  The  chief  rock  seen  is  a 
saccharoidal  quartzite,  which  is  often  capped  by  an  efflorescent  ironstone  that  is 

sometimes  botryoidal.  Some  bands  of  a  red  chocolate  soil  indicate  the  deposition  of 

some  basic  rock.  In  the  valley  of  the  Lovule,  8  miles  from  our  previous  camp, 

are  bosses  of  dark  bluish-gray  biotite-gneiss,  which  encloses  large  blebs  of  quartz  an 
inch  square,  and  is  traversed  by  contorted  quartz  veins.  Nearly  a  mile  further  on 

are  exposures  of  gneiss  and  felspathic  quartzite  ;  further  along  the  route  are  frequent 

exposures  of  a  dark-grey  biotite-gneiss  ;  and  the  first  main  branch  of  the  Lovule 

River,  a  little  west  of  the  station  of  Catotlo,  flows  over  sub-granulitic  biotite-gneiss. 
Around  this  station  are  further  exposures  of  crystalline  quartzites.  Between  Senhor 

Leite's  two  stations  of  Catotlo  and  Chieuca  is  the  upper  part  of  the  Lovule  basin  ; 
the  ground  consists  of  series  of  flat-topped  ridges  between  the  valleys  of  the  successive 
tributaries.  Exposures  on  the  first  part  of  the  route  are  scanty,  but  the  country 

probably  consists  of  schistose  quartzite.  At  the  bridge,  about  12  miles  north-east 

of  Catotlo,  are  outcrops  of  dark-blue  gneiss. 
The  higher  ground  to  the  east  of  this  stream  is  littered  with  quartzite  gravel, 

and  about  4  miles  before  reaching  Chieuca  is  an  exposure  of  the  schistose  quartz- 
ites ;  the  foliation  is  nearly  vertical,  but  with  a  slight  inclination  to  the  north,  and 

strikes  from  50°  to  56°. 
The  station  of  Senhor  Rodriguez  Leite  at  Chieuca  is  on  a  high  ridge  of  volcanic 

rocks,  which  weather  into  a  very  rich  red  soil.  The  summit  of  the  ridge  to  the 

north  of  the  station  is  composed  of  volcanic  tuff  and  agglomerate.  The  general 

aspect  of  these  rocks  and  their  freshness  indicate  that  they  are  much  younger  than 

most  of  the  rocks  of  the  Benguella  plateau.  Many  of  them  show  no  signs  of  pressure, 

and  some  of  the  lavas  are  still  glassy. 

Mr  Tyrrell  has  identified  these  rocks  as  shonkinite,  sodalite-syenite,  solvsbergite- 
tull,  and  vitrophyre.  Chieuca  is  a  volcanic  neck  composed  of  alkaline  lavas.  From 

Chieuca  the  ground  descends  steeply  to  a  ford  over  the  Cutato  River,  the  gravels  of 

which  consist  of  felspathic  quartzite  and  gneiss.  The  rocks  were  not  present  in  situ, 

but  the  boulders  on   the  stream  bed  are  so  angular  that  they  cannot  have  travelled 
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far.  Six  miles  from  the  Cutato  the  track  crosses  the  Canji  River,  beside  which  are 

outcrops  of  schistose  quartzites  and  a  coarse  biotite-gneiss  striking  almost  due  east- 
ward. Some  of  the  gneiss  about  this  locality  contains  but  little  quartz.  The  banks 

of  a  rushing  stream,  about  4  miles  north-north-east  of  the  Canji,  consist  of  a  white 
granitoid  gneiss  in  which  the  foliation  is  indefinite,  but  long  inclusions  show  that  the 

direction  is  to  83°. 
About  2  miles  further  on  are  exposures  of  a  gray  gneiss  ;  this  rock  continues 

to  the  Okanusi  Pass,  by  which  the  route  leads  down  to  the  American  Mission  Station 

at  Ochilesa.  Half  an -hour  before  reaching  this  village  I  noticed  the  first  exposure 

of  a  light-coloured  pinkish  gneiss  very  rich  in  felspar.  Mr  Tyrrell's  determination 
of  the  ferro-magnesian  constituents  in  this  rock  as  hypersthene  shows  that  the  rock 
is  a  charnockite. 

F.  Ochilesa  to  Sacccmjimba. 

Ochilesa  is  a  locality  of  especial  geological  interest,  owing  to  its  sodalite-syenites 
and  alkaline  dykes  ;  but  we  had  only  time  to  spend  a  day  and  a  half  there,  when 

we  enjoyed  the  kind  hospitality  of  Dr  Woodside  and  Mr  Niepp.  Along  the  banks 

of  the  stream,  the  Quime,  are  a  series  of  warm  alkaline  springs  of  which  the  maximum 

temperature  is  reported  as  114°  F.  To  the  south  of  Ochilesa  is  a  flat-floored  basin, 
the  Changa,  which  is  about  8  miles  long  and  4  miles  wide  and  surrounded  by 

an  elliptical  ring  of  hills.  The  proximity  of  this  oval  depression  to  the  hot  springs 

had  led  to  the  view  that  the  basin  is  a  volcanic  crater,  and  the  neighbourhood  of 

Ochilesa  has  been  described  as  the  volcanic  district  of  Bihe.  I  was  unable,  however, 

to  find  here  any  evidence  of  recent  volcanic  action,  though  shonkinite  and  orrachitite 

dykes  occur  on  the  banks  of  the  Quime. 

The  Changa  basin  is  a  cauldron  due  to  subsidence,  and  the  hot  springs  arise  along 

the  northern  continuation  of  the  fault  that  passes  along  the  western  side  of  this 

basin.  The  alkaline  nature  of  the  water  is  doubtless  explained  by  the  richness  in 

alkalies  of  the  adjacent  rocks.  As  the  Quime  is  fed  by  these  springs,  it  deposits 

along  its  course  a  series  of  beautiful  tufa  terraces  built  up  by  the  constructive  water- 
falls which  connect  the  successive  basins.  The  following  analysis  of  the  tufa,  by 

Mr  W.  C.  Scott  of  Sandusky,  Ohio,  was  shown  me  by  Mr  Niepp  : — 

Silica   2*6    per  cent. 

Iron  and  alumina  .  .  .  .  .3*6  ,, 

Carbonate  of  lime .  ....     89*64         ,, 

Magnesia       ......       2'12         ,, 

97*96 
These  springs  are  similar  to  the  group  of  Katanga  hot  springs  described  by 

Mathieu  (1913,  p.  124),  in  which  the  water  has  a  temperature  of  from  70°  to  100°  F., 
and  deposits    calcareous    tufa.     The   thermal   springs   in  Katanga  discharge  at  the 
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contact  of  the  older  quartzites  with  granitic  rocks,  and  those  at  Ochilesa  are  probably 

due  to  water  rising  along  a  deep  fault.  The  warmth  of  the  water  has  aided  the 

growth  along  the  upper  part  of  the  Quinie  of  the  most  tropical  vegetation  we  saw 

on  the  plateau,  including  palms  60  feet  high,  a  dense  undergrowth  of  ferns,  and 
numerous  lianas. 

To  the  south  of  the  Changa  are  some  iron  lodes  which  are  the  most  extensive  ore 

deposits  yet  discovered  on  the  Benguella  plateau.  I  was  unable  to  visit  the  main 

ironstone  lode,  but  examined  some  of  the  smaller  ore  masses  to  the  west  of  it,  at 

some  old  native  workings  at  Quimbundu.  The  lodes  here  strike  on  an  average  from 

150°  to  155°,  and  they  are  bounded  by  decomposed  felspathic  gneiss  or  schist  con- 
taining but  little  quartz. 

The  ore  occurs  in  lenticles,  of  which  one  that  1  measured  is  13  yards  wide 

by  30  yards  long,  and  its  strike  is  to  28°.  The  country  rock  is  a  grayish  schistose 
felspar  porphyry,  and  the  strike  of  its  foliation,  where  I  observed  it,  varied  between 

150°  and  165°.  The  country  is  cut  through  by  north  and  south  faults  by  which  the 
rocks  have  been  greatly  crushed.  The  leaching  of  the  country  rock  along  these 

crushed  bands  has  led  to  the  segregation  of  the  iron  into  lodes,  lenticular  ore  bodies, 
thin  veins,  and  small  scattered  nodules  of  ore. 

On  the  bank  of  the  Quime,  near  the  mission  station  at  Ochilesa,  a  light-gray  gneiss 
is  interbedded  with  a  blue  non-foliated  rock,  which  in  the  field  I  recorded  as  diorite. 

Mr  Tyrrell's  miscroscopic  examination  shows  it  to  be  a  dark-coloured  hornblende- 
hyperite  and  to  be  a  member  of  the  Charnockite  Series.  This  rock  includes  many 

inclusions  of  hornfels,  which  are  no  doubt  altered  fragments  of  sedimentary  rocks  ; 

so  that  the  Charnockite  Series  is  apparently  intrusive  into  the  gneiss  and  schistose 

quartzites.  Dykes  of  shonkinite  occur  close  by  this  exposure,  but  the  vegetation 
there  concealed  their  relations. 

From  Ochilesa  we  turned  southward  through  the  uppermost  part  of  the  valley  of 

the  Cutato  (Cuanza)  to  the  watershed  between  the  northern  drainage  and  that  to 

the  Zambesi.  We  began  this  march  across  the  basin  of  the  Changa  and  over  the 

pass  to  the  west  of  the  Iron  Mountain.  About  3  miles  to  the  south  of  the  pass, 

beside  a  village  whence  Iron  Mountain  bears  10°,  are  good  exposures  of  a  white 
felspathic  schist  interbedded  with  bands  of  a  schistose  quartzite  composed  wholly  of 

interlocking  quartz.     Beside  this  village  were  some  deserted  native  iron  workings. 

About  a  mile  and  a  half  to  the  south-south-east,  on  the  banks  of  the  Canji  River, 

is  a  light-coloured  gneiss  injected  with  granite  veins  ;  and  these  intrusions  may  help 

to  explain  the  unusual  strike  of  the  rocks,  which  is  to  153°.  After  crossing  this 
river  we  passed  some  large  slag  heaps  of  old  iron  workings  and  reached  the  Bui 

River,  beside  which  are  extensive  exposures  of  a  gray  gneiss  containing  biotite  in 

patches  one  inch  long  by  half  an  inch  thick.  The  strike  here  is  47°,  with  a  steep  dip 
to  the  north-west. 

South   of  the    Bui  River  is  a  plateau  littered  with  schistose  quartzites,  including 
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fine-grained,  coarse-grained,  and  compact  glassy  varieties.  Some  of  the  more  massive 
varieties  are  similar  to  the  Huambo  Quartzite.  On  the  edge  of  the  plateau  south  of 

the  Chimboia  River  are  large  blocks  of  ironstone  conglomerates  containing  quartzite, 

and  the  soils  indicate  that  the  quartzites  continue  for  3  miles  south  of  the  river, 

where  the  gneiss  reappears  with  a  coarsely  speckled  variety.  Quartzite  occurs  again 

on  the  high  ground  between  this  locality  and  the  next  stream,  which  is  about  2^ 
miles  to  the  south,  where  half  a  mile  to  the  east  of  the  track  is  a  boss  of 

gneiss.  From  this  point  the  gneiss  extends  for  a  great  distance  to  the  south.  It  is 

seen  in  all  the  stream  beds  as  well  as  occasional  large  exposures  on  the  intervening 

ridges.  On  the  Warwar  River  the  gneiss  is  a  dark-blue  variety,  rich  in  biotite  ;  it 

strikes  to  78°,  and  is  penetrated  by  coarse  veins  of  biotite-granite.  At  the  large 
village  of  Embala  Andulo  the  foliation  of  the  gneiss  is  very  irregular,  different 

measurements  in  the  same  exposure  giving  the  strike  as  8°,  18°,  43°,  and  48°.  The 
variations  are  due  to  disturbances  occasioned  by  numerous  faults  and  granitic  veins. 

Most  of  these  veins  and  also  some  faulted  quartz  veins  trend  to  the  north-west,  while 

the  faults  trend  to  the  north-east.  The  gneiss  here  is  especially  quartzose,  and  con- 
tains pink  felspars  and  many  pegmatite  veins. 

From  Embala  Andulo  the  track  descends  steeply  to  the  Unyamba  River,  on  the 

south  side  of  which  is  a  coarse-grained  gneissoid  granite  with  a  very  irregular 

foliation  ranging  from  48°  to  110°.  This  gneissoid  granite  is  invaded  by  an 
amphibolite  dyke,  which  Mr  Tyrrell  has  determined  as  a  hornblende-hyperite 
belono;ino;  to  the  Charnockite  Series. 

About  3  miles  south  of  the  Unyamba  and  half  way  to  the  village  of  Etunda 

the  gneiss  is  of  a  dark-blue  dioritic  type.  Mr  Tyrrell  has  identified  it  as  a  rock 
belonging  to  a  granulitic  intermediate  division  of  the  charnockites.  The  more  basic 

character  of  the  rocks  in  this  neighbourhood  was  indicated  by  the  red  soils  upon 

the  plateau. 

About  a  mile  and  a  half  south  of  the  charnockite  is  a  red  sandstone,  and  quartzite 

fragments  become  conspicuous  in  the  soil.  Quartzite  is  seen  in  situ  just  north  of 

Etunda  and  for  at  least  3  miles  to  the  south  of  that  village.  Then  follows  a  long 

interval  with  no  exposures.  To  the  north  of  Saccanjimba  the  track  descends  into 

the  valley  of  one  of  the  uppermost  tributaries  of  the  Cutato,  along  which  are  extensive 

exposures  of  gneiss  of  which  the  strike  is  at  first  to  52°.  A  mile  further  south,  on 
the  floor  of  the  valley  to  the  north  of  the  mission  station  at  Saccanjimba,  the  rock  is 

a  hornblendic  or  diorite  gneiss  with  irregular,  obscure  foliation,  its  direction  being  in 

places  to  112°.  The  proximity  of  intrusive  rocks  is  indicated  by  the  existence  of  a 
large  pegmatite  dyke  beside  the  ford.  This  dioritic  gneiss  is  succeeded  higher  up 

the  slope  leading  to  the  abandoned  buildings  of  the  Saccanjimba  mission  by  white 

saccharoidal  quartzite  and  a  pink  quartzite  which  weathers  into  a  white  sandstone. 

Its  strike  is  to  58°  and  it  dips  70°  south,  but  this  may  be  exaggerated  by  slip 
down  the  hillside. 
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G.    The  Bulu-Vulu  to  Huambo. 

South  of  the  old  mission-house  at  Saccanjimba  is  a  plateau  of  about  2  square 

miles,  covered  by  black  soil,  but  I  was  unable  to  find  any  exposure  of  the  rock  which 

gave  rise  to  it.  On  the  slope  southward  to  the  river  the  first  rock  observed  was  a 

gneiss  with  a  strike  of  102°,  and  up  the  slope  on  the  southern  side  the  strike  is  122°. 

At  the  next  stream,  half  an  hour  to  the  north  of  Gordon's  Store,  the  rocks  were 

quartz-schist  and  saccharoidal  quartzite,  striking  127°  and  dipping  south-west. 
(l)  The  Bulu-Vulu. — Gordon's  Store  is  on  the  track  from  Katanga  to  Benguella, 

and  on  the  north-western  edge  of  a  great  tract  of  level,  grass-covered  plains  known 

as  the  Bulu-Vulu.  They  extend  eastward  beyond  Belmont,  the  chief  settlement  in 

Bilie,  which  was  established  by  the  famous  Portuguese  trader  Silva  Porto. 

I  made  an  excursion  off  our  main  route  to  examine  the  nature  of  this  Bulu-Vulu. 

It  consists  of  black-soil  plains.  The  soil  is  composed  of  quartz  grains  blackened  by 

organic  matter. Gullies  on  the  side  of  this  plateau  show  that  the   sand  is  about 

sw. 
BtAu  Vulu C<Lm6enf*  J*^  &mp 

HE. 

...•V-    uvjri7" 

Fig.  7. 

4  feet  in  thickness,  and  beneath  it  is  a  layer  of  yellow  clay  containing  loose  fragments 

of  a  white  quartzite.  The  yellow  clay  serves  as  an  excellent  paint,  and  is  probably 

due  to  the  leaching  of  iron  from  the  quartzite.  Beneath  this  clay  is  often  a  gravel, 

which  is  composed  of  quartzite  and  ironstone,  and,  on  the  north-western  edge  of  the 

Bulu-Vulu,  rests  on  gneiss.  The  Bulu-Vulu  may  result  from  the  decomposition  of  a 

widespread  sheet  of  quartzite  ;  but  it  is  probably  due  to  a  sheet  of  younger  sandstone — 
the  Bihe  sandstone,  which  is  the  local  representative  of  the  Lubilash  beds.  Coal  is 

said  to  occur  under  the  Bulu-Vulu  ;  I  could  learn,  however,  of  no  adequate  grounds 

for  this  report,  which  may  be  based  only  on  the  blackness  of  the  soil  and  on  occasional 

occurrences  of  a  peaty  material ;  but  the  existence  of  coal  wTould  strengthen  the 
reference  of  the  Bulu-Vulu  sands  to  the  Lubilash  beds. 

The  relations  of  the  Bulu-Vulu  and  of  the  adjacent  rocks  are  shown  in  the 

section  (fig.  7). 

(2)  Cambenge  and  the  Umbal. — Descending  from  the  Bulu-Vulu  we  passed  first 
a  quartzite  and  ironstone  gravel,  which  probably  represents  the  decomposed  outcrop 

of  the  Bulu-Vulu  sandstones.  This  layer  rests  upon  gneiss.  The  quartzites  occur 

beside  the  stream,  which  is  one  of  the  upper  tributaries  of  the  Umbal.  On  the 

plateau  near  Cambenge  Station  is  a  handsome  pink,  granulitic,  quartz-felspar  gneiss  ; 

it  is  succeeded  to  the  north  of  Correo's  Stores  at  Cambenge  by  a  blue  diorite-gneiss 



CONTRIBUTIONS  TO  THE  GEOLOGY   OF  BENGUELLA.  519 

which  strikes  to  132°.  Journeying  thence  north-westward  the  track  crosses  a  hill  of 
quartzite  and  descends  to  the  deep  valley  of  the  Umbal,  the  banks  of  which  consist 

of  massive  gneiss  with  obscure  foliation.  This  rock  is  bounded  on  the  western  bank 

of  the  river  by  a  hornfels-like  rock  which  Mr  Tyrrell  has  determined  as  a  granulitic 
amphibolite.  The  strike  of  the  gneiss  is  here  almost  due  north  and  south,  and  on 

the  margin  of  the  gneissoid  rock  are  many  basic  segregations  or  inclusions.  The 

gneissoid  rock  is  then  probably  intrusive  into  the  amphibolites  ;  but  I  failed  to  find 

any  indications  of  contact  alteration  in  the  sandstones,  which  overlie  the  crystalline 

rocks  on  the  western  slope  of  the  valley.  It  appears  probable  that  this  sandstone  is 

a  younger  rock  resting  on  the  gneiss  and  schistose  quartzites. 

(3)  The  Umbal  to  Huambo. — -From  our  camp  on  the  Umbal  we  marched  in  a 
westerly  direction  to  the  railway,  which  had  now  been  extended  as  far  as  Huambo. 

The  route  for  the  first  6  miles  was  westward  over  quartzites  and  a  plateau  which 

had  part  of  the  character  of  the  Bulu-Vulu,  though  the  grassy  plains  were  narrow 
and  were  bordered  by  woods.  After  marching  6  miles  the  track  turned  south,  to 

keep  along  the  high  ground  around  the  head  of  the  Cutato  valley,  and  after  about 

4  miles  in  this  direction  we  came  on  exposures  of  cherty,  coarse,  white  quartzites. 

After  another  2  miles  we  saw  some  bosses,  obviously  of  gneiss,  down  the  valley 

to  the  east-north-east;  but  the  route  still  lay  over  quartzites,  and  we  continued- 
on  them  for  about  6  miles,  after  reaching  a  waggon  road  which  had  been  opened 

from  Belmont  to  the  railway  head.  Blocks  of  gneiss  appeared  from  beneath  the 

quartzites,  and  about  a  mile  further  on,  in  a  shallow  valley  to  the  north  of  the 

road,  is  a  water-hole  due  to  a  bar  of  hornfelsed  felspar  porphyry  with  abundant 
scapolite  (No.   199). 

I  had  not  time  to  visit  the  Chingwari  Hills,  which  may  consist  of  either  quartzite 

or  of  hornfelsed  porphyry,  which  occurs  to  the  north  as  well  as  to  the  east  of  them. 

At  the  northern  foot  of  the  Chingwari  Hills  is  an  extensive  plain  known  as  the  Little 

Bulu-Vulu,  which  appears  to  be  due  to  a  sheet  of  gray  marls  and  sandstones,  of 
which  exposures  occur  due  north  of  the  summit  of  Chingwari.  We  continued  over 

this  Little  Bulu-Vulu  for  about  6  miles,  an  occasional  valley  showing  exposures  of 

white  quartzite  and  pebbles  of  sandstone.  To  the  west  of  the  Bulu-Vulu  plain  are 

numerous  exposures  of  quartzite  containing  grains  from  one-eighth  to  one-sixteenth 

of  an  inch  in  diameter.  At  the  head,  however,  of  the  Cubango,  one  of  the  north- 
western tributaries  of  the  Zambesi,  we  again  entered  an  area  of  gneiss.  Most  of  it  is 

the  normal  gray  biotite-gneiss,  but  it  includes  some  dark  gneiss  with  obscure  foliation, 
and  some  intrusions  of  a  felspar  porphyry.  Travelling  along  the  watershed  to  the 

west  of  the  head  streams  of  the  Cubango  we  passed  again  for  about  3  miles  over 

some  coarse  white  quartzite,  and  then  a  large  boss  of  a  fine-grained  gray  biotite-gneiss 

with  a  foliation  of  48°.  Close  beside  our  camp,  in  a  picturesque  group  of  gneiss  crags, 

we  crossed  a  bar  of  schistose  quartzite,  which  strikes  to  43° ;  and  on  the  higher 
ground    above    it    was    a    considerable   exposure   of  a   coarse   granular-  sedimentary 
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quartzite  (No.  227).  The  quartzites  in  this  district  appear  to  belong  to  two  different 

categories.  The  older  quartzites  which  have  a  high  dip  and  are  interstratified  with 

the  gneisses  belong  to  the  Bailundo  Schistose  Quartzites,  while  the  higher  ground 

along  the  divide  is  formed  of  the  Huambo  Quartzites. 

After  passing  the  head  of  the  Cubango  the  route  lay  westward  over  biotite-gneiss 
with  irregular  foliation  ;  and  the  appearance  of  a  bold  tor  at  Candumbo,  about  1 1 

miles  to  the  west,  warned  us  of  our  approach  to  the  granite  belt.  About  7  miles 

before  reaching  Candumbo,  at  the  head  of  a  deep  tributary  to  the  Queve,  we  passed 

a  band  of  cordierite-hornfels  with  its  foliation  striking  to  the  north.  The  country 
between  Candumbo  and  Huambo  is  composed  mainly  of  granite  ;  there  are  numerous 

exposures  beside  the  track  and  in  high  tors  to  the  south  and  north.  One  of  them 
we  called  Chichester  Cathedral,  from  the  resemblance  of  an  isolated  monolith  beside 

it  to  a  detached  belfry  ;  this  mass  consists  of  a  coarse-grained  biotite-granite. Hua.m6o 

CuhmaJiala. 
Valley 

Fig.  8. 

Near  Huambo  the  granite  extends  on  both  sides  of  the  track,  which  crosses  a 

long  strip  of  a  white  friable  sandstone  composed  of  quartz  grains  in  a  felspathic 
base  ;  and  the  relations  of  these  rocks  beside  the  Culimahala  River  show  that  the 

granites  were  once  covered  by  a  widespread  sheet  of  arkose  due  to  their  decom- 

position (fig.  8). 

The  streams  that  flow  northward  have  deep  rocky  gorges,  while  those  to  the  south 

lie  on  the  floor  of  wide  shallow  valleys ;  this  contrast  shows  that  the  northern 

streams,  which  discharge  to  the  Atlantic,  are  extending  inland  and  thus  encroaching 
on  the  Zambesi  basin. 

III.  The  Correlation  of  the  Benguella  Series. 

The  rocks  seen  in  Benguella  may  be  divided  up  into  five  groups  : 

(1)  Pleistocene  deposits,  including  drifts,  alluvial  deposits,  sand  dunes,  lake  beds, 

the  sands  on  the  Bulu-Vulu,  the  calcareous  tufas  of  Ochilesa,  laterites,  etc. 
(2)  The  Mesozoic  rocks  of  the  coast  zone. 

(3)  A  series  of  old  sedimentary  rocks  widely  spread  on  the  surface  of  the  plateau. 

(4)  Gneisses,  schists,  and  granitic  rocks,  which  form  the  foundation  of  the  whole 
country. 

(5)  Various  lavas,  and  intrusive  rocks  of  undetermined  age. 
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A.   The  Mesozoic  Rocks. 

Their  chief  representatives  are  the  Cretaceous  beds,  of  which  Choffat's  classifica- 
tion may  be  summarised  as  follows  : — 

Senonian 

Turonian 

Cenomanian 

Vraconnian 

Albian 

Sandstone  with  Cardita,  Rondaireia,  etc. 

Limestone  with  Inoceramus  langi. 

White  coral  limestone  with  Nerinsea  capelloi. 

Marly    arenaceous    limestone    with    Epiaster    and 

Cyprina  ivensi. 

Marly    limestone    with    "  Schloenbachia"    inflata,     . 
Epiaster,  etc. 

Marls  with  "  Acanthoceras  "  *  mammillare,  Salenia 
dombeensis,    Algse,    etc. 

The  Cretaceous  beds  seen  near  Lobito  appear  to  represent  only  the  Albian  and 

the  Vraconnian  (Lower  Cenomanian).  A  few  anomalies  appear  in  the  distribution  of 

the  fossils.  For  instance,  Salenia  dombeensis,  which  Choffat  records  at  Dombe 

Grande  in  the  Albian  mammillare  marls,  I  found  only  in  almost  the  highest  fossil- 

iferous  bed  above  sea-level;  it  was  there  associated  with  "S."  inflata  and  Epiaster 
catumbellensis,  which  according  to  Choffat  characterise  a  higher  horizon.  Such 

extensions  of  the  range  of  the  fossils  is  naturally  to  be  expected  with  further  collect- 

ing. The  correlation  of  the  beds  near  Lobito  from  Hanha  to  Catumbella  appears  to 

be  as  follows  : — 

Age. Catumbella  Gorge. S.E.  of  Lobito. Hanha. 

, 
Inflata  marls Inflata  marls  with  Salenia 

Inflata  beds Cheity,  shelly  limestones dombeensis,  var.  triangu- 
Epiaster beds Haematite      nodules      and 

laris,  and  Epiaster  catum- Chalky     limestone      with 
Neithea  angolensis bellensis chert  nodules 

Vraconnian       .  \ Limestones  with  Panopea Limestones  with  gastropod Massive  shelly  limestone 
plicata  and  Pholodomya casts,  T  r  achy  car  dium Sandy  marls 
vignesi 

syriacum,     Trigonia, Limestone  with  Astrocoenia 

Epiaster  marls crinoid     ossicles,    anne- 
I lids,  etc. 

Algal  limestone Algal  limestone Algal  limestone  and  sandy 
Clays,  and  marls  with  bands limestone 

Albian of  torrential  gravel Clays  with  torrential  wash 
Gypsiferous    marl    resting 

V on  gneiss 

The  general  relations  of  the  fauna,  as  remarked  by  Choffat  (1895,  p.  89),  are  with 

the  Cenomanian  of  the  Mediterranean  basin,  though  some  of  the  fossils  occur  also  in 
Southern  India  and  Zululand. 

The  ammonites  "  S."  elobiensis  and  "  S."  inflata  range  northward  along  the  West 
*  According  to  current  nomenclature  Douvilleiceras. 
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African  coast,  as  in  the  French  Congo  near  the  mouth  of  the  Gaboon.  The  Angola 

Cretaceous  beds  were  probably  deposited  in  an  arm  of  the  Tethys,  which  ran  down 
the  western  coast  of  Africa.  The  evidence  for  a  connection  with  India  around  South 

Africa  appears  as  yet  inadequate. 

A  lower  Mesozoic  horizon  may  be  represented  by  the  gypsiferous  sandstones  with 

wind-rounded  grains  from  the  head  of  the  Lengwe  Gorge.  The  sandstone  of  Dombe 

has  been  repeatedly  referred  to  the  Trias  (see,  e.g.,  Choffat,  1888,  p.  4l).#  Choffat 

(1888,  p.  45,  and  1905,  p.  56)  suggests  that  it  is  the  same  age  as  the  coal-bearing 
sandstone  of  Dondo  and  of  the  Dande  valley.  These  three  localities  are  in  the 

north-western  corner  of  Angola,  and  Choffat  (1888,  p.  45)  considers  that  this 
horizon  is  also  represented  further  south  at  Novo  Redondo  and  at  Dombe  Grande. 

The  sandstone  at  the  head  of  the  Lengwe  Gorge  probably  belongs  to  the  same  group, 

as  its  lithological  characters  indicate  that  it  was  laid  down  under  different  climatic 

conditions  from  those  of  the  Cretaceous,  and  it  is  not  improbably  of  Lower  Mesozoic 

age.  Some  of  the  deposits  at  the  base  of  the  Cretaceous  Series,  such  as  the  gyp- 
siferous beds  resting  on  the  gneiss  at  Hanha  or  the  sandstones  or  conglomerates  at 

the  foot  of  the  Lengwe  Gorge,  are  perhaps  also  pre-Cretaceous. 

B.   The  Older  Sedimentary  Rocks  on  the  Plateau. 

Upon  the  ancient  gneisses  which  form  the  foundation  of  the  Benguella  plateau 

rest  disconnected  areas  of  sedimentary  rocks,  which  have  hitherto  yielded  no  fossils. 

Their  correlation  may  therefore  appear  impracticable.  The  wide  distribution  of  old 

unfossiliferous  sediments  is  one  of  the  most  striking  features  in  the  geology  of 

South  and  Central  Africa,  and  fortunately  the  geologists  who  have  worked  in 

those  regions  have  had  the  courage  to  attempt  the  correlation  of  these  deposits  by 

their  lithological  characteristics  and  the  extent  to  which  they  have  undergone  dis- 
location. These  rocks  clearly  belong  to  various  ages,  and  it  is  recognised  that  they 

range  from  the  pre-Cambrian  to  the  Carboniferous. 
The  older  sedimentary  rocks  which  I  saw  on  the  Benguella  plateau  (excluding 

those  near  Lengwe)  may  be  divided  into  five  groups — 

(1)  The  Bihe  Sandstone. 

(2)  The  Oendolongo  Series. 

(3)  The  Lepi  Graywackes. 

(4)  The  Huambo  Quartzites. 

(5)  The  Bailundo  Schistose  Quartzites. 

In  the  absence  of  paloeontological  evidence  the  correlation  of  these  rocks  depends 
on  their  resemblances  in  structure  and  succession  to  those  in  South  and  Central 

Africa.     It  is  natural  to  compare  them  first  with  the  long  and  varied  succession  of 

*  Mr  A.  Holmes  (1915,  p.  231)  also  refers  to  the  Dondo  coal-bearing  shales  and  grits  of  North-Western  Angola 

as  of  Lower  Karroo  age.     (,'oknet  (1894,  p.  195)  says  it  is  pre-Jurassic. 
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older  sediments  in  the  Belgian  Congo,  which  have  been  described  in  a  considerable 

literature,  and  especially  in  the  memoirs  by  Cornet.*  Recently  F.  E.  Studt  (1914) 
in  a  valuable  memoir  has  traced  the  general  distribution  of  the  older  sedimentary 

rocks  in  southern  Africa,  has  shown  that  the  same  general  succession  occurs  through- 
out, and  has  correlated  the  beds  of  the  Congo  and  Northern  Rhodesia  with  the 

geological  systems  of  the  Transvaal  and  the  Cape. 

The  correlation  of  sedimentary  rocks  by  their  lithological  characters  is  necessarily 

somewhat  uncertain,  except  in  the  case  of  beds  with  exceptional  characteristics  ; 

and  there  are  still  important  differences  of  opinion  as  to  the  relations  of  the 

unfossiliferous  pre-Karroo  deposits  of  South  Africa.  These  differences  will,  how- 
ever, probably  disappear  with  fuller  knowledge,  and  the  points  of  agreement  are 

sufficient  to  justify  the  attempt  to  determine  the  position  of  the  various  Benguella 

rocks  in  the  general  South  African  succession. 

Cornet  has  based  a  recent  classification  of  the  Congo  beds  (1912,  No.  1,  p.  9)  on 
the  extent  to  which  the  rocks  have  been  dislocated.  The  rocks  of  his  oldest  division 

consist  of  the  Archean  and  Primary  rocks,  all  of  which  are  more  or  less  metamorphosed 

and  all  greatly  dislocated.  Those  of  the  second  division,  including  his  Kundelungu 

System,  are  but  slightly  dislocated.  His  uppermost  division,  including,  in  ascending 

order,  his  Lualaba,  Lubilash,  and  Bussira  Systems,  are  not  dislocated. 

Studt  has  based  his  correlation  of  the  rocks  of  southern  Africa  upon  their  general 

lithological  characters,  and  he  attempts  to  trace  the  representatives  of  the  South 

African  Systems  through  Northern  Rhodesia  into  Katanga  and  the  Lower  Congo. 

He  considers  that  representatives  of  the  Karroo,  Waterberg,  Transvaal,  Swazi,  and 

Archean  Systems  of  South  Africa  can  all  be  recognised  in  these  northern  territories  ; 

the  only  systems  missing  are  the  Ventersdorp  and  Witwatersrand  Systems,  and  their 

absence  leaves  a  great  gap  between  the  Transvaal  and  Swazi  Systems. 

(l)  The  Bihe  Sandstones. — The  long  succession  of  unfossiliferous  beds  ended  with 
the  Lualaba  beds,  which  are  succeeded  by  the  Lubilash  beds.  It  is  agreed  that  the 

Lualaba  beds  are  of  Lower  Karroo  age,  for  they  contain  coal-seams  in  North- Western 
Katanga,  and  some  ehtomostraca  from  these  beds  have  been  described  by  Leriche  as 

Triassic  (Leriche,  1913,  pp.  167,  168).  According  to  Cornet  (1912,  No.  1,  p.  4)  they 

are  probably  Triassic.  The  position  of  the  Lubilash  (or  Lubilache)  beds  is  less  certain. 

According  to  Cornet,  who  founded  it  as  a  "  system,"  it  is  later  than  the  Lualaba  System 
(cf.  Cornet,  1912,  No.  1,  p.  9) ;  but  Studt  represents  it  as  earlier  than  the  Lualaba 

beds.  The  fossils  obtained  by  Ball  and  Shaler  have  been  examined  by  E.  0.  Ulrich 

(Ball  and  Shaler,  1910,  pp.  687,  688),  who  regards  them  as  Triassic  or  Jurassic,  and 

thus  supports  Cornet's  view. 
I  am  not  aware  of  the  existence  of  any  Lualaba  beds  in  Benguella,  but  the 

Lubilash  beds  may  be  widely  represented.  The  typical  Lubilash  beds  are  sheets  of 

soft,  easily  disintegrated  sandstones.  Cornet  called  this  rock  "  Gres  tendres,"  which 
*  Cf.  Cornet,  1894,  1  and  2,  1896,  and  a  later  synopsis  of  his  classification,  1912,  1. 
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Ball  and  Shaler  report  as  "  the  common  name  for  the  Lubilache  formation  "  (Ball 
and  Shaler,  1910,  p.  688).  These  beds  are  probably  represented  in  eastern  Benguella 
by  the  Bihe  Sandstones. 

The  Bihe  Sandstones  are  a  series  of  soft  sandstones,  which  weather  into  beds  of  loose 

white  quartz  sand  ;  they  give  rise  to  the  wide  plains  of  the  Bulu-Vulu,  and  apparently 
also  of  the  Hungry  Country  to  the  east  of  Bihe  and  Fort  Silva  Porto.  I  only  reached 

the  western  margin  of  this  area,  but  from  the  descriptions  of  the  country  to  the  east 

of  Bihe,  it  is  probable  that  the  wide  extent  of  poor  woodland  in  that  part  of  Benguella 

is  due  to  the  disintegration  of  the  Bihe  Sandstones.* 

The  palseontological  evidence,  though  meagre,  is  in  favour  of  the  Karroo  and 

probably  Triassic  age  of  the  Lubilash  beds,  for  Ball  and  Shaler  (1910,  p.  687) 

definitely  correlate  them  with  the  Sto'rmberg  beds.  Studt,  however,  correlates  them 
with  the  Waterberg  Sandstones.  South  African  opinion  appears  to  be  steadily 

growing  in  favour  of  the  view  that  the  Waterberg  System  is  Devonian  and  is  the 

Transvaal  representative  of  the  Table  Mountain  Sandstone.  This  opinion  is  not 

universal,  for  Professor  Schwarz  has  advanced  (1912,  pp.  187-188)  arguments  in 

favour  of  the  pre-Devonian  age  of  the  Waterberg  System  ;  he  has  referred  to  the 

similarity  of  the  Waterberg  Sandstones  to  the  Torridonian  of  Scotland,  though  he 

accompanies  this  suggestion  by  the  warning  that  the  two  formations  are  too  far 

apart  for  the  lithological  correlation  to  be  convincing. 

The  Bihe  Sandstone  and  other  Lubilash  beds  present  some  important  differences 

from  the  Waterberg  System  of  the  Transvaal,  which  includes  an  upper  series  of  well- 
cemented  red  sandstones  and  a  lower  series  of  volcanic  rocks.  It  seems  to  me  there- 

fore that  the  Bihe  Sandstones  may  be  provisionally  correlated  with  the  Lubilash  beds, 

and  are  younger  than  the  Waterberg  System  ;  and  from  the  evidence  in  the  Congo 

they  are  probably  of  Triassic  age. 

(2)  The  Oendolongo  Series. — This  series  consists  of  firmly  coherent  sandstones, 

quartzites  and  shales,  and  of  rhyolites  and  rhyolite  tuffs  some  of  which  have  been 
silicified  into  banded  cherts.  The  rocks  are  neither  foliated  nor  cleaved.  The  sand- 

stones and  quartzites  are  composed  chiefly  of  quartz,  but  contain  abundant  grains 

of  felspars  (PI.  II,  fig.  l).  They  agree  in  character  with  the  "  Gres  durs  fels- 

pathiques"  of  Cornet  (1897,  No.  1,  p.  29) ;  he  identified  these  rocks  in  1896  as  his 
Kundelungu  System,  and  subsequently  (1912,  p.  9)  included  them  in  his  slightly 

dislocated  division.  The  Oendolongo  beds,  apart  from  the  presence  of  rhyolites  and 

tuffs,  agree  best  with  Cornet's  description  of  the  lower  part  of  the  Kundelungu 

System  ;  this  subdivision  he  has  called  the  "  Systeme  de  la  Mpioka,"  and  described  it 
(1897,  No.  1,  p.  29)  as  composed  of  red,  micaceous,  argillaceous  beds  which  pass  into 

"  psammite,"  and  alternate  with  medium  or  fine-grained  sandstones  which  are  very 
coherent,   often   felspathic,   and    red,    gray,   or    dark    in   colour.     They  are  slightly 

*  This  Hungry  Country  is  said  by  Captain  Boyd  Cunninghame  (1904,  p.  155),  who  knows  it  well,  to  have  a 
good  soil,  and  lie  regards  its  poverty  as  unexplained. 
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undulating,  and  contain  veins  of  quartz.  This  Kundelungu  System  of  Cornet  has 

been  assigned  to  the  Carboniferous  or  Permian.  Ball  and  Shaler  (1914,  p.  609) 

remark,  e.g.,  that  the  Kundelungu  is  the  "  Permian  of  most  geologists  "  ;  but  according 
to  Studt  (1914,  p.  71)  it  represents  the  Transvaal  System,  and  he  regards  it  as  there- 

fore Devono-Silurian  or  Silurian  in  age. 
The  Oendolongo  Series  has  one  significant  feature  in  common  with  the  Waterberg 

System  of  the  Transvaal,  in  which  the  upper  part  consists  of  red  sandstones  and  the 

Fie.  9. 

lower,  in  the  eastern  part  of  the  formation,  of  volcanic  rocks  and  tuffs  (e.g.  Schwarz, 

1912,  p.  187).  Ball  and  Shaler  have,  it  is  true,  remarked  (1914,  p.  612)  that 

igneous  activity,  except  for  some  diabase  intrusions,  had  ceased  before  the  deposition 

of  the  Kundelungu  beds;  but  according  to  Studt  (1914,  p.  56)  the  Kundelungu 

beds  are  associated  with  basic  lavas  as  well  as  having  been  intruded  by  a  variety  of 

igneous  rocks.  The  Oendolongo  Series  is  probably  the  Benguella  representative  of 

the  Kundelungus,  and  I  should  be  disposed  to  regard  it  as  equivalent  to  the  Water- 

berg System  of  the  Transvaal.  If  so,  there  is  much  to  be  said  for  the  reference  of 

the  Oendolongo  beds  to  the  Devonian ;  but  when  examining  these  rocks  I  felt  that 

they  might  be  much  older  and  possibly  be  one  of  those  unfoliated  and  comparatively 
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unaltered  red  sandstones  which  occur  in  so  many  parts  of  the  world  between  the  base 

of  the  Cambrian  and  the  great  Eparchean  unconformity.  The  considerable  re- 
crystallisation  of  some  of  these  quartzites,  with  the  development  of  large  flakes  of 

authigenous  muscovite  (PI.  II,  fig.  2)  and  lines  of  epidote,  is  consistent  with  the 

pre-Cambrian  age  of  these  rocks. 

(3)  The  Lej)i  Gfraywackes. — The  Lepi  beds  are  nearly  related  to  the  Oendolongo 

Series,  but  they  are  more  disturbed  and  altered.  They  include  a  series  of  gray- 

wackes,  some  of  which  are  coarse-grained  and  others  very  fine-grained.  Some  of  the 

fine-grained  varieties  have  been  silicified,  and  I  recorded  them  in  my  field  notes  as 

cherts.  The  beds  include  rhyolite  tuff's  similar  to  those  in  the  Oendolongo  Hills, 
but  I  saw  no  rhyolites.  East  of  Lepi  the  beds  show  an  incipient  foliation,  and  the 

felspathic  material  along  these  developing  foliation  planes  has  been  altered  into  lines 

of  epidote.  The  Lepi  beds  appear  to  correspond  with  the  lower  part  of  the  Oendo- 
longo Series,  and  contain  the  same  rhyolite  tuffs,  but  they  were  deposited  beyond  the 

range  of  the  lavas. 

In  North-Western  Katanga  the  Kundelungu  beds  are  underlain  conformably  by 
the  Lubudi  beds,  which  are  cleaved  and  include  an  extensive  series  of  cherts  and 

oolitic  limestones ;  and  though  I  did  not  find  any  limestones  in  my  hurried  traverse 

across  the  Lepi  Series,  it  agrees  in  so  many  respects  with  the  Lubudi  beds  that  these 

groups  may  be  provisionally  correlated.  I  had  no  opportunity  of  determining 

whether  the  Lepi  graywackes  are  conformable  to  the  Oendolongo  Sandstones,  for  I 

nowhere  saw  them  in  contact ;  but  the  Lepi  beds  are  the  more  steeply  inclined  and 

more  disturbed.  They  correspond  in  petrographic  characters  to  the  rocks  of  the 

Transvaal  System,  the  age  of  which  is  uncertain.  It  may  be  Lower  Palaeozoic,  an 

opinion  which  has  been  strengthened  by  Hermann's  discovery  of  a  badly  preserved 
Orthoceras  in  the  Otavi  dolomites  of  Damaraland  (Hermann,  1908,  pp.  265,  266), 

which  have  been  correlated  with  the  dolomites  of  the  Transvaal  System.  The 

evidence  for  this  correlation  is,  however,  not  convincing  ;  and  Hermann  (ibid., 

p.  270)  regards  the  Otavi  dolomite  as  the  equivalent  of  the  Bokkeveld  beds,  and  if 

so  they  are  much  later  than  any  part  of  the  Transvaal  System.  The  correlation  of 

these  fossiliferous  dolomites  of  German  South-West  Africa  with  the  Transvaal 

dolomites  may  suffer  the  fate  of  several  previous  suggestions  as  to  the  identity  of 

marginal  marine  beds  in  South  Africa  with  rocks  on  the  high  plateaus  of  the  interior. 

(4)  The  Huambo  Quartzites. — The  Lepi  beds  are  bounded  to  the  east  by  a  wide 

tract  of  granite,  which  further  east  beyond  Huambo  is  covered  by  granular  non- 
crystalline quartzites.  These  rocks  must  have  been  coarse  sandstones  originally  ; 

their  cement  has  recrystallised  into  small  grains,  so  that  the  larger  grains  are  fretted 

together  and  show  strain  effects.  They  show  no  definite  foliation.  Specimens  were 

collected  on  the  Lundula  River,  also  east  of  Candumbo,  and  north  of  Gordon's  Store 
near  Saccanjimba  (No.  187).  Similar  quartzites  occur  further  north  near  Cinjamba 

and  the  Canji  River.      1  did  not  see  them  clearly  associated  with  the  gneisses,  and 
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they  may  be  younger  than  the  schistose  quartzites  that  are  found  to  the  north  of 

them.  It  is,  however,  possible  that  they  belong  to  the  same  division  as  the  schistose 

quartzite  and  gneiss,  and  represent  granular  quartzites  due  to  the  alteration  of  pure 

siliceous  sandstones.  These  Huambo  quartzites  appear  to  agree  with  the  Kafubu 

quartzites  of  South-Eastern  Katanga  and  also  with  the  Nzilo  beds  of  North-Western 
Katanga.  The  Nzilo  beds  are  described  by  Studt  (1914,  p.  53)  as  compact  to  glassy 

white  and  red  quartzites  which  are  granular  and  often  show  false  bedding.  This 

description  would  apply  well  to  the  Huambo  Quartzites,  and  Studt  has  suggested 

that  the  Kafubu  beds  are  of  Cambrian  age  ;  but  I  should  incline,  from  their  crystalline 

character,  to  the  view  that  the  Huambo  Quartzites  are  pre-Cambrian  and  belong  to 
the  lower  division  of  the  Eozoic. 

(5)  Bailundo  Schistose  Quartzites. — To  the  north  and  north-east  of  the  Huambo 
Quartzites  are  large  outcrops  of  a  schistose  quartzite.  These  rocks  are  coarsely 

foliated.  They  are  traversed  by  planes  of  authigenous  micas  and  pass  by  increase  in 

the  new  felspar  into  coarse  gneisses.  They  are  also  interstratified  with  cordierite 

and  sillimanite  schists.  The  schistose  quartzites  of  the  Ambussa  Hills  to  the  south 

of  Bailundo  are  typical  examples  of  this  group,  which  occupies  a  wide  extent  of 

country  to  the  north  and  north-east  of  Bailundo.  The  rocks  have  a  very  high  dip, 
are  interstratified  with  the  coarse  gneisses,  and  belong  to  the  highly  crystalline 
foliated  Eozoic  foundation. 

Weathered  hand  specimens  of  the  older  quartzites  may  be  indistinguishable  from 

the  quartzites  of  the  Oendolongo  Series  ;  but  fresh  material  from  the  two  series  is 

very  different  in  character,  and  the  quartzites  which  are  interstratified  with  the 

gneisses  can  be  readily  separated  in  the  field  by  their  higher  dip. 

A  limestone  is  reported  to  occur  near  Bailundo,  but  I  was  unable  to  visit  the 

locality.     It  is  probably  a  crystalline  limestone  belonging  to  the  Eozoic  Series. 

Correlation  of  the  Older  Sediments. 

The  suggested  classification  and  relation  of  these  rocks  may  therefore  be  sum- 
marised as  follows  : — 

Equivalents  in 
Geological  Age. 

Congo. South  Africa. 

Bihe  Sandstones 

Oendolongo  Series 

Lepi  Graywacke  Series 

Huambo  (Quartzites 

Bailundo  Schistose  Quartzites 

Lubilash  beds 

Kundelungu  beds 
Lubudi  beds 

Nzilo      beds      and 

Kafubu  Quartzites 

Lower  Karroo 

Waterberg  System 
Transvaal  System 

I  Swazi  System 

Trias 
„          .                     (or  perhaps 
Devonian               J      TT 

Lower  Palaeozoic  )      ™      • 

{      Eozoic 
Lower  Eozoic 
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The  various  conclusions  as  to  the  age  of  the  Waterberg  and  Transvaal  Systems 

are  matters  of  impression  rather  than  of  direct  evidence.  One  current  of  opinion  is 

in  favour  of  their  Lower  Palaeozoic  age,  the  absence  of  fossils  being  explained  by 

"  the  imperfection  of  the  geological  record  "  and  the  still  inadequate  search.  Accord- 
ing to  the  opposite  view,  the  beds  are  lithologically  similar  to  the  unfoliated  Upper 

Ko/oie  rocks,  and  the  fact  that  this  vast  series  of  sediments  has  not  yet  yielded  a 

single  fossil,  affords  strong  presumptive  evidence  that  the  beds  are  pre-Palseozoie. 
The  balance  of  opinion  in  South  Afriea  is  in  favour  of  the  former  view  ;  my  own 

tendency,  I  must  admit,  is  towards  the  latter. 

C.   The  Eozoic  Gneisses. 

The  sehistose  quartzites  of  the  Bailundo  Series  are  interstratified  with  coarse 

gneisses  which  are  exposed  at  many  localities  in  the  Bailundo  and  Bihe  districts. 

These  rocks  so  elosely  resemble  the  Laurentian  and  Lewisian  gneisses  that  they  are 

probably  foliated  plutonic  rocks  of  Lower  Eozoic  age.  Similar  rocks  are  also  well 

exposed  at  the  Lengwe  Gorge,  where  they  are  not  associated  with  quartzites  ;  but  the 

gneisses  are  so  similar  that  they  probably  belong  to  the  same  division,  and  as  the 

strike  of  their  foliation  is  roughly  east  and  west,  they  are  probably  connected,  at  least 

below  the  surfaee,  north  of  the  Benguella  railway  from  Lengwe  to  Bailundo. 

The  Benguella  gneiss  series  is  intruded  by  granites  which  occupy  most  of  the 

country  for  250  miles  between  Mount  Sahoa  and  Candumbo  to  the  east  of  the  Huambo. 

These  granites  have  clearly  been  intruded  into  the  older  Archean  rocks,  which  have 

been  altered  at  the  contact  into  hornfels,  while  their  foliation  is  often  very  disturbed. 

The  granites  are  older  than  the  Oendolongo  Series,  which  is  largely  composed  of 
their  debris. 

The  most  typical  of  the  Benguella  gneisses  resemble  those  of  the  Laurentian  rocks 

of  Canada  and  the  Lewisian  of  Scotland  ;  and  their  associated  granites  are  connected 

by  the  charnockites  of  the  Ochilesa  district  with  the  ancient  rocks  of  Southern  India 

and  with  the  Ivory  Coast  of  Western  Africa,  where,  amongst  granites  and  gneisses 

similar  to  those  of  Benguella,  the  existence  of  a  Charnockitic  Series  has  been  deter- 
mined by  Professor  Lacroix  (1910). 

D;   The  Volcanic  Rocks  and  Intrusive  Rocks  of  Undetermined  Age. 

The  widest  sheet  of  volcanic  rocks  is  that  of  the  rhyolite  tuffs  of  the  Oendolongo 

Hills  ;  and  the  occurrence  of  similar  tuffs  in  the  beds  east  of  Lepi  is  a  point  in  favour 

of  the  Lepi  beds  belonging  to  the  same  series  as  the  Oendolongo  Quartzites.  Near 

Lepi  occur  some  of  the  best  exposures  of  the  widely  spread  olivine-dolerite.  It 
occurs  in  dykes  in  many  localities,  and  apparently  in  sills  near  Lepi,  and  in  sills  or 

flows  to  the  north-east  of  Bailundo.  The  dolerite  is  apparently  younger  than  the 

Oendolongo  Series,  though  1  had  not  time  to  trace  a  dyke  of  this  rock  west  of  Cruz's 
into  the  sandstones. 
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The  volcanic  neck  of  Chieuca  may  be  approximately  of  the  same  age  as  these 

dolerites,  for  some  of  its  rocks  are  fresh  and  show  no  signs  of  pressure.  I  was  in  the 

field  disposed  to  regard  the  alkali  series  of  Chieuca  and  Ochilesa  as  probably  belong- 
ing to  the  same  age  as  the  alkaline  volcanic  rocks  of  British  East  Africa  and  of  the 

Atlantic  islands  and  as  probably  of  early  Kainozoic  age.  They  are  certainly  much 

younger  than  the  Oendolongo  Series,  though  there  is  no  direct  stratigraphical  evidence 
to  establish  this  conclusion. 

The  Charnockite  Series  of  Ochilesa  is  probably  much  older  than  the  alkaline  lavas, 

and  it  belongs  to  the  underlying  foundation  of  older  rocks.  The  charnockites  have 

been  intruded  into  the  gneisses,  and  their  age  is  probably  the  same  as  that  of  the 

great  series  of  granites  along  the  railway  route  from  Mount  Sahoa  to  Candumbo. 
Near  the  charnockites  at  Ochilesa  are  considerable  occurrences  of  a  sodalite- 

syenite  and  shonkinite  which  doubtless  belong  to  an  intrusion  of  the  same  age  as  the 

Chieuca  neck.  A  sodalite-eleolite-syenite  has  been  described  from  Zenza  do  Itombe, 

in  the  interior  of  Loanda  (Berg,  1903,  p.  359),  and  a  nepheline-basalt  from  Dombe 
Grande  has  been  identified  by  Gomes  and  recorded  by  Choffat  (1888,  p.  29).  The 
latter  rock  is  doubtless  Kainozoic,  and  is  one  of  the  basalts  of  the  coast  zone  of 

southern  Benguella  and  Mossamedes  ;  but  the  eleolite-syenite  was  probably  intrusive 

into  the  biotite-gneisses  of  Loanda,  and  may  be  of  any  post-Eozoic  age.  M.  Pereira 

de  Sousa  (1913,  pp.  1451-2)  has  announced  the  discovery  in  North- Western  Angola 

of  riebeckite-fegyrine-leptynite,  nordmarkite,  nepheline-syenite,  nepheline-phonolite, 
and  tinouaite* '&■ 

IV.  Tectonic  Geology. 

The  tectonic  geology  of  Benguella  appears  to  be  comparatively  simple.  The 

problem  of  chief  importance  is  the  origin  of  the  steps  by  which  this  part  of  West 

Africa  rises  from  the  sea  to  the  high  plateaus  of  the  interior.  This  structure  was 

clearly  expressed  by  Livingstone,  the  value  of  whose  observations  in  Angola  is 

usually  underrated,  as  they  are  judged  from  the  remarks  in  his  Missionary  Travels 

instead  of  from  his  technical  paper  and  section  in  the  Journal  of  the  Geographical 

Society  (1855,  p.  232).  Livingstone's  Ideal  Section  of  Angola  was  an  important 

contribution  to  its  geology  and  topography.  It  shows  the  trough -like  form  of  the 

valley  of  Cassange  and  the  abrupt  descent  from  the  main  plateau  in  the  Golungo- 

Alto  district ;  and  it  truly  represents  the  coast-lands  as  formed  of  marine  fossiliferous 

marls,  which  are  modern  near  the  coast  and  include  older  beds  inland. 

The  coast  zone  between  Hanha  and  Benguella  shows  the  step  and  plateau 

structure  on  a  smaller  scale.  The  land  rises  to  the  height  of  1000  feet  by  three 

steps  ;  and  that  they  are  due  to  parallel  step  faults  appears  conclusively  proved  by 

the  geological  evidence.     The  inflata  beds  occur  at  sea-level  on  the  coast  at  Old 

*  A  description  of  these  and  other  alkaline  igneous  rocks  from  this  area  by  Mr  A.   Holmes  is  now  in  course  of 

publication  (Holmes,  1915). 
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Lobito,  and  at  the  height  of  800  feet  5  miles  inland.  This  difference  of  level 

might  be  attributed  to  a  westward  dip;  but  at  the  step  by  which  the  land  rises 

from  500  to  800  feet  the  algal  limestone  occurs  near  the  foot  of  the  step  only 

300  feet  lower  than  the  injiata  beds,  and  their  relations  can  only  be  explained 

by  the  step  being  a  fault  scarp.  The  faults  in  the  Cretaceous  beds,  as  remarked 

on  pp.  4!)'.),  501,  are  clearly  seen  at  Lobito  and  Hanha  and  especially  in  the 
Catumbella  valley. 

A  recent  subsidence  of  the  whole  coastal  area  has  been  frequently  asserted  from 

the  famous  submarine  canyon  off  the  mouth  of  the  Congo.  That  submarine  trench 

has  been  advanced  (E.  Hull,  1912,  p.  13)  as  proof  of  the  subsidence  of  the  whole 

country  to  the  depth  of  even  6000  feet.  There  seems,  however,  to  be  no  evidence 

of  any  such  lowering  of  x\ngola.  The  existence  of  this  canyon  was  first  announced 

by  Stallibrass  (1887,  p.  391).  It  has  also  been  described  by  Dr  J.  Y.  Buchanan 

(1887,  pp.  222,  223).  It  is  1450  feet  deep  within  the  Congo  estuary,  off  Banana  Creek  ; 

35  miles  off  the  mouth  of  the  river  it  is  3428  feet  deep  ;  and  it  is  over  G600  feet 

deep  where  it  notches  the  750-fathom  contour  80  miles  from  the  coast.  Dr  J.  Y. 

Buchanan  explained  this  canyon  as  having  "  been  built  up  and  not  hollowed  out." 
He  regards  it  as  a  canyon  of  accumulation  due  to  the  deposition  of  the  Congo  silts 

on  either  side  of  the  river  mouth,  like  the  deep  channel  off'  the  entrance  of  the 
Rhone  into  Lake  of  Geneva.  This  view  has  also  been  adopted  by  the  Portuguese 

geographer  Vasconcellos.  The  observations  by  Admiral  Purey-Cust  in  1899 

(pp.  180,  181)  show,  however,  that,  instead  of  "the  sea  water  running  up  the  gully 

at  the  bottom  and  returning  in  the  upper  layers,  mixed  with  the  river  water" 
(Buchanan,  1887,  p.  223),  and  thus  keeping  the  canyon  empty  by  a  vertical  circula- 

tion, the  trench,  even  within  the  estuary,  is  occupied  by  almost  or  quite  stagnant 

sea  water,  and  the  bottom  is  covered  by  deep  soft  mud  containing  vegetable  matter. 

Hence  the  trench  is  being  filled,  though  perhaps  very  slowly,  by  the  Congo  silts. 

The  most  probable  alternative  to  Dr  Buchanan's  theory  is  that  a  long  stretch  of  land 
off  West  Africa  has  foundered  beneath  the  Atlantic,  and  owing  to  the  recent  date 

of  this  subsidence  the  continuation  of  the  Congo  valley  across  the  sunken  belt  has 

not  yet  been  wholly  filled.  Neither  this  explanation  nor  Dr  Buchanan's  involves 
any  great  subsidence  of  the  existing  coast-land,  and  any  such  movement  is  disproved 
by  the  physiographic  evidence  on  the  mainland.  The  shore  of  Angola,  with  its  long 

even  lines,  is  quite  unlike  a  drowned  coast. 

A  recent  uplift  of  the  coast  near  Lobito  to  the  extent  of  500  feet  has  been 

suggested  on  the  ground  that  modern  marine  shells  occur  at  that  height  on  the 

plateau  to  the  east  of  Lobito  Bay.  The  aspect  of  the  country,  as  seen  from  the  sea, 

certainly  resembles  a  plain  of  marine  denudation.  I  was,  however,  unable  to  find 

on  it  any  clear  evidence  of  recent  uplift.  Sea-shells  are  often  carried  inland  by  birds 
or  by  natives,  and  my  informant  promised  to  obtain  some  of  these  shells  while  \ 

was  in  the  interior,     They  were,  however,  not  forthcoming,  and  it  is  quite  possible 
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that  the  report  may  be  based  on  Cretaceous  shells.  I  saw  no  raised  beaches  or  other 

indications  of  marine  action  except  upon  the  low  coast  plain  between  Lobito  and 

Benguella.  The  evidence  of  the  wells  near  Bimbas  Road  (p.  504)  is  not  in  favour  of 

the  marine  origin  of  the  recent  deposits  in  the  valley  of  the  Cavoca. 

The  age  of  the  coast  faults  is  post-Cretaceous,  and  it  is  probably  Pleistocene.  The 

cliff  on  the  south-east  shore  of  Lobito  Bay  appears  modern,  for  some  of  the  valleys 

which  notch  it  are  still  in  the  condition  of  hanging  valleys  ;  and  as  the  rocks  on 

their  beds  are  soft,  these  valleys  must  be  quite  young.  Earthquakes  frequently 
happen  along  this  coast,  and  they  may  be  due  to  continued  movements  on  these 
recent  coast  faults. 

A  more  difficult  problem  is  whether  the  great  steps  by  which  the  country  rises 

over  6000  feet  above  sea-level  to  the  Bihe  plateau  are  also  fault  scarps.  The  section 
across  the  Western  Congo  by  Cornet  represents  the  country  as  built  of  a  succession 

of  plateaus  with  steep  faces  toward  the  west,  and  according  to  his  interpretation 

(Cornet  1897,  No.  1,  p.  22)  the  faces  are  escarpments  and  the  plateaus  are  long  dip- 

slopes  to  the  east.  In  one  part  of  his  section,  however,  near  the  "  crete  de  Bonza 

Manteka,"  the  plateau  cuts  across  the  bedding  and  its  surface  is  therefore  due  to 
denudation.  In  Benguella  the  general  succession  of  the  plateaus  to  the  west  of  the 

coastal  belt  appears  also  to  be  due  more  to  denudation  than  to  faulting.  The 

arrangement  of  the  north-western  and  south-western  faces  of  the  Oendolongo  Hills 
is,  however,  suggestive  of  their  having  been  determined  by  faults. 

The  edges  of  the  main  plateaus  are  so  intensely  dissected  that  even  if  the  steps 

were  due  to  faulting  their  most  conspicuous  present  features  are  due  to  denudation. 

The  successive  plateaus  are  not  sharply  separated  in  the  section  showing  the  relief 

of  the  railway  line,  for  the  railway  naturally  follows  the  gulleys  and  sometimes 

adopts  a  sinuous  course  in  order  to  increase  the  distance  and  thus  lessen  the  grade. 

If  the  railway  had  adopted  a  shorter  course,  rack  sections  would  have  been  necessary, 

and  they  were  proposed  at  two  localities  where  they  have  been  avoided  by  lengthen- 
ing the  line.  The  plateau  fronts  are  therefore  not  well  seen  from  the  railway,  and 

the  determination  of  their  nature  would  require  long  traverses  north  and  south  from 

the  railway.  If  plateaus  were  originally  bounded  by  faults  the  original  scarps  have 

been  destroyed  except  near  the  coast,  and  in  the  interior  the  fault  lines  are  buried  to 

the  west  of  the  steps. 

The  explanation  of  the  steps  by  denudation  alone  would  be  difficult.  The  terraces 

might  be  regarded  as  successive  pene-planes  due  to  halts  in  the  uplift  of  the  land  ; 
but  though  that  explanation  would  explain  the  surface  of  the  plateaus,  it  does  not 

appear  consistent  with  the  nature  of  the  steps.  The  step-like  structure  of  this 
country  appears  to  require  either  a  series  of  monoclinal  folds  or  of  step  faults ;  as 

these  two  structures  are  tectonically  equivalent,  the  choice  between  them  is  com- 
paratively unimportant.  I  saw,  however,  nc  evidence  of  monoclinals,  while  faults 

are  numerous. 
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Benguella  presents  an  interesting  tectonic  contrast  with  East  Africa.  The  rock 

sequence  of  the  two  regions  has  many  points  in  common,  and  both  have  been  sub- 
jected to  Kainozoic  meridional  dislocations.  Those  of  Angola  are  simple  coastal  step 

faults,  which  have  disturbed  the  Cretaceous  limestones.  Whether  the  steps  by  which 

the  country  rises  to  the  plateaus  of  the  interior  are  due  to  earth  movements  of  the 

same  age  is  uncertain.  Hence  the  coastal  faults  are  the  only  proved  representative 

in  Angola  of  the  meridional  faults  which  in  East  Africa  formed  the  great  system  of 

rift  valleys. 
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EXPLANATION    OF   PLATES. 

Plate  I. 

Geological  Map  of  part  of  Benguella. 

Alluvium. 

Dombe  Sandstones. 

Bihe  Sandstones. 

Oendolongo  Series  (sandstones,  quartzites,  rhyolifces,  turf's). 

Lepi  Series  (graywackes,  cheris,  slates,  rhyolite-tuils,  etc.). 

Huambo  Quartzites. 

Bailundo  Schistose  Quartzite. 

Gneiss. 

Granites. 

Alkaline  Lavas  and  dykes. 

Plate  II. 

The  oldei  Sedimentary  Rocks  of  the  Benguella  Plateau. 

Fig    1.   Oendolongo  Sandstone.      Pass  at  head  of  Cambuacainbula  River,  south  of  Quingenge  Agricultural 

Station.      The  large  central  grain  is  felspar.      (No.  256.) 
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Fig.  2.  Oendolongo  Quartzite.  Hill  west  of  Senhor  Pire's  at  Babaera.  With  authigenous  muscovite  (m). 
(Crossed  Nicols.)     (No.  241.) 

Fig.  3.  Epidotic  Quartzite.     East  of  Lepi.     The  dark  granules  are  mainly  epidote.     (No.  135.) 

Fig.  4.  Micaceous  Schistose  Quartzite  with  interlocking  grains.  Bailundo  Series.  West  bank  of  Lovule 
River,  east  of  Catotlo.     (Crossed  Nicols.)     (No.  161.) 

Fig.  5.  Schistose  Quartzite.  Bailundo  Series.  Ambussa  Hills,  near  old  stone  fort.  (Crossed  Nicols.) 

(No.  149.) 

Fig.  6.  Sillimanite  Schist.  Bailundo  Series.  South-east  of  first  camp,  about  ten  miles  north-east  of 
Bailundo.     (No.  158.) 

All   x  24  diameter. 

EXPLANATION  OF  ILLUSTRATIONS  IN  TEXT. 

Fig.  1.  Geological  section  along  the  Benguella  Railway  from  Lobito  Bay  to  Candumbo.  The  hills 

outlined  in  broken  lines  are  situated  south  of  the  railway.  (Scale:  Vertical,  1"  =  30  miles; 

horizontal,  1"  =  about  30  miles.) 
Cretaceous  and  alluvium. CC 

o  o 
o  o  O 

Sandstones  at  Culimahala  (age  undetermined). 

Oendolongo  Series. 

K^S^nJ     Lepi  graywackes 

"\X  |     Gneiss. 

j  /\  /\  I     Granite,  etc. 

i Dolerite. 

Fig.  2.  Section  across  the  Cretaceous  beds  south-east  of  Lobito  Bay.     (Scale:  Vertical,   1 "  =  1000  feet; 

horizontal,  1"=  1  mile.) 
i  =  inflata  beds. 

a  =  Algal  limestone. 

*  =  False-bedded  inflata  beds. 

Fig.  3.  Section  along  the  Hanha  River.     (Scale  as  in  fig.  2.) 

c  =  Astroccenia  bed. 

a  =  Algal  limestone. 
      Boulder  bed. 

I     Gneiss. 

Fig.  4. — The  sandstone  above  the  gneiss  at  the  head  of  the  Lengwe  Gorge. 

Fig.  5.  Section  across  the  Oendolongo  Mountains  and  through  the  Quingenge  Agricultural  Station  to  the 

Cuiva  River.     (Scale:  Vertical,  1"=  2000  feet;  horizontal,  1"  =  2  miles.) 
s  =  Sandstone. 

r  =  Rhyolite. 
t  =  Tuffs. 

Q  =  Quartzite. 
A  =  Fine-grained  granite. 

A  =  Coarse-grained  granite. 
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Fig.  6.  Section   from   Huambo  to  Ochilesa.      Approximate  average  direction  south-west  to  north-east. 

(Scale:  Vertical,  1"  =  1250  feet;  horizontal,  1"  =  15  miles.) 

Shonkinite,  etc. 

S     (Lavas  and  
dykes. 

Dolerite'?. 

|  CC  |     Charnockite. 

Diorite. 

A  Granite. 

Schistose  quartzite. 

5  S  S  I     Gneiss. 

Fig.  7.  Section  from  the  Bulu-Vulu  to  the  Umbal  near  Cambenge.     (Scale:  Vertical,  1"  =  1000  feet; 
horizontal,  1"  =  1  mile.) 

Bihe  Sandstones. 

^v\\]     Schistose  quartzites. 

|  V\\|     Gneiss. 

Fig.  8.  Section  along    the    track    to   Candumbo,   east    of   Huambo.     (Scale:    Vertical,    1"=1000  feet; 

horizontal,  1"  =  3  miles.) 

Sandstones  (age  undetermined). 

A  f[  |     Granite. 

Fig.  9.  Geological  sketch-map  of  part  of  Angola. 
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XIV. — A  Contribution  to  the  Petrography  of  Benguella,  based  on  a  Rock  Collection 
made  by  Professor  J.  W.  Gregory.  By  G.  W.  Tyrrell,  A.R.C.Sc,  F.G.S., 

Lecturer  in  Geology,  Glasgow  University.  Communicated  by  Professor 

J.  W.  Gregory,  F.R.S.     (With  One  Plate.) 

(MS.  received  June  2,  1915.     Read  June  28,  1915.     Issued  separately  August  11,  1916.) 

Very  little  is  known  of  the  petrography  of  the  Portuguese  West  African  colony 

of  Angola,  and  of  its  three  provinces  that  of  Benguella  is  probably  least  well  known 

in  this  respect.  Granites,  gneisses,  schists,  limestones,  and  red  sandstones  have  been 

recognised  by  the  earlier  observers  of  the  geology  of  the  region,  and  detailed  descrip- 
tions of  rocks  from  Angola,  and  especially  of  its  northern  province,  Loanda,  have  been 

given  by  Berg  #  and  Holmes,  t  From  Benguella  itself  J.  P.  Gomes  J  has  described 
the  collection  of  R.  P.  Leconte,  which  contained  granites,  amphibolite,  adinole  with 

epidote  veins,  various  schists,  quartzites,  diabase-porphyrite,  and  basic  eruptives. 
Senhor  J.  P.  de  Nasciamento§  in  1912  recorded  granite,  diorite,  basalt,  and  quartzite 

on  the  Benguella  plateau. 

During  his  recent  journey  in  Benguella,  Professor  Gregory  collected  about  a 

hundred  and  fifty  specimens  of  igneous  rocks  or  their  metamorphic  derivatives,  and 

these  offer  a  most  interesting  and  varied  study.  This  paper  is  concerned  only  with 

their  petrographic  character  ;  for  their  geological  relations  the  reader  is  referred  to 

the  preceding  paper  by  Professor  Gregory. 

For  descriptive  purposes  the  classification  given  below  has  been  found  to  be  most 

natural  and  convenient.  The  order  in  which  the  rocks  are  arranged  also  closely 

follows  their  sequence  in  time  : — 

I.  Basement  gneisses  and  schists. 
II.   Charnockite  series. 

III.  A  series  of  hornfelsed  porphyries  and  other  hornfels. 

IV.  Granites,  granodiorites,  and  associated  rocks. 

V.  Rhyolite  (dellenite). 

VI.  An  alkaline  series,  including  nepheline-sodalite-syenite  and  other  syenites, 
shonkinite,  solvsbergite,  and  ouachitite. 

VII.  Basic  intrusions. 

I  am  much  indebted  to  A.  Scott,  M.A.,  B.Sc,  for  two  excellent  chemical  analyses 

of  rhyolite  and  shonkinite  respectively. 

*  Berg,   G.,    "  Gesteine  von  Angola,  Sao   Thome,   und   St   Helena,"  Tscher.  min.  u.  petr.  Mitth.,  xxii  (1903), 

pp.  357-362. 
t  Holmes,  A.,  "  Contribution  to  the  Petrology  of  North-western  Angola,"  Geol.  Mag.,  dec.  vi,  vol.  ii,  pp.  228-232  ; 

267-272  ;  322-328  ;  366-370,  1915. 

+  Gomes   J.  P.,  "  Echantillons  de  roches  recueillis  entre  Benguella  et  Catoco,"  Comm.  Dir.  Trab.  Geol.  Portugal, 

vol.  iii,  fasc.  11,  pp.  239-243,  1898. 
§  Nasciamento,  J.  P.  de,  and  Mattos,  A.  A.  de,  A  Colonisacao  de  Angola,  Lisbon,  163  pp.,  1912. 
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I.  The  Gneisses  and  Schists. 

The  gneisses  are  predominantly  quartzo-felspathic  varieties  with  biotite  as  the 

principal  ferro-magnesian  constituent.  They  are  medium-  to  coarse-grained,  pink  or 

grey,  well-foliated  rocks,  with  the  biotite  aggregated  into  thick  clots  or  folia,  or  less 
often  evenly  spangling  the  rock.  Hornblendic  gneisses  occur,  but  are  much  less 

common  than  the  biotite-bearing  varieties. 

In  thin  section  the  biotite-gneisses  are  coarse-grained  aggregates  of  quartz  and 

potash-felspar  with  folia  of  biotite,  and  show  marked  dynamo-metamorphic  effects. 
The  larger  quartz  crystals  are  broken  up  into  a  comparatively  coarse  granular  mass 

of  angular  fragments  ;  but  the  felspars  have  only  suffered  a  fine  peripheral  granula- 
tion, the  products  of  which,  mingled  with  quartz,  form  a  kind  of  groundmass  in 

which  the  larger,  more  or  less  rounded,  "eyed"  crystals  of  felspar  are  set.  The 
felspar  is  prevailingly  microcline.  Orthoclase  is  subordinate,  and  a  little  oligoclase 

is  occasionally  present.  The  felspars  show  the  effects  of  crushing  in  the  irregularity, 

curvature,  and  fracture  of  their  twin  striations.  The  biotite  is  of  the  common  yellow 

variety,  and  occurs  in  large  clots  or  folia  consisting  of  small  flakes  felted  together 

with  minute  grains  of  quartz,  epidote,  and  occasionally  a  little  muscovite.  Felspar 

is  absent  from  these  aggregates. 

The  above  description  refers  particularly  to  a  rock  from  the  Bui  River,  S.  of 

Ochilesa  (l85),#  which  may  be  taken  as  typical  of  the.  predominant  biotite-gneisses. 

Other  rocks  of  the  same  type  occurring  at  Bailundo  (15^)  are  very  rich  in  "gitter" 
microcline.  Rocks  from  the  Lengwe  Gorge  (105,  106,  109)  are  decidedly  richer  in 

soda-lime  felspars  (oligoclase  or  albite-oligoclase),  and  show  a  development  of  minute, 
colourless,  euhedral  crystals  within  the  felspars.  These  appear  to  be  of  two  or  three 

different  kinds.  Some  are  clearly  small  zircons,  but  others  are  referred  to  clinozoisite 

and  epidote.  In  some  types  (e.g.  (156),  W.  branch  of  Lovule  River),  the  foliation  is 

not  so  definite  as  in  the  above-described  rocks.  The  texture  is  evenly  granular  and 
the  biotite  is  uniformly  distributed.  The  granulitic  texture  becomes  more  pronounced 

in  a  rock  from  the  Benguella  Railway,  55  kilometres,  E.  of  San  Pedro  (114).  In  this 

specimen  the  biotite  occurs  as  thin  leaves  which  appear  as  narrow  bands  of  biotite 

flakes  in  thin  section,  and  produce  a  bacillar  type  of  foliation.  This  rock  has  some 

resemblance  to  the  Moine  gneisses  of  the  Scottish  Highlands.  Biotite  becomes  very 

scarce  and  the  cataclastic  texture  very  prominent,  in  a  pink,  granulitic,  quartzo- 
felspathic  gneiss  from  Kambengi  (195). 

The  rocks  described  above  are  all  orthogneisses  derived  by  dynamo-metamorphism 

from  ordinary  biotite-granites.  These  rocks  grade  into  biotite-schists,  e.g.  at  55  kilo- 

metres, Benguella  Railway  (115).  The  texture  becomes  more  even  and  finer-grained, 

the  amount  of  quartz  and  biotite  increases,  whilst  that  of  felspar  diminishes,  in  com- 

parison with  the  gneisses  described  above.     Another  mode  of  transition  is  into  a 

*  The  numbers  refer  to  the  registration  numbers  of  the  rocks  in  Professor  Gregory's  collection. 
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group  of  gneisses  with  very  pronounced  cataclastic  textures,  showing  all  gradations 

to  mylonite.  In  the  first  stage  the  pseudo-porphyritic  "  eyed  "  felspar  becomes  highly 
rounded,  and  the  quartz  is  broken  into  coarse-grained  aggregates  of  angular  frag- 

ments. Both  minerals  are  set  in  a  minutely  crystalline  paste  of  crushed  quartz  and 

felspar  (190,  N.  of  Saccanjimba).  In  succeeding  stages  all  the  quartz  is  reduced  to 

mylonite,  and  the  crushed  groundmass  is  thus  increased  at  the  expense  of  the  intact 

crystals  of  felspar.  The  latter  are  much  reduced  in  size,  show  angular  outlines,  and 

are  traversed  by  lines  of  mylonised  material  (173,  W.  of  Ochilesa).  The  ferro- 

magnesian  constituents,  such  as  biotite,  have  been  crushed  out  of  recognisable 

existence,  and  appear  now  as  aggregates  of  chlorite  and  limonite.  A  few  large 

crystals  of  anthophyllite,  now  in  process  of  alteration  to  talc,  have  been  formed  in 
the  Ochilesa  rock. 

The  three  hornblendic  gneisses  in  the  collection  differ  considerably  from  those 

described  above.  They  occur  towards  the  lower  end  of  the  Lengwe  Gorge  (1056), 

N.  of  the  Saccanjimba  Mission  (189),  and  in  the  river  W.  of  Kambengi  (197).  In 

thin  section  they  consist  of  a  coarse  foliated  aggregate  of  hornblende  and  plagioclase 

felspar,  with  subordinate  quartz,  orthoclase,  and  biotite.  The  ferro-magnesian 

minerals  bulk  more  largely  in  these  rocks  than  in  the  biotite-gneisses.  The  horn- 
blende is  a  strongly  pleochroic  variety,  of  strong  absorption,  and  with  colour  extremes 

of  bluish-green  and  yellowish-brown.  Small  felts  of  biotite  and  epidote  cluster  with 
the  larger  hornblende  crystals.  The  felspars  mostly  belong  to  andesine,  and  contain 

colourless  needles  similar  to  those  described  above  in  the  biotite-gneisses  of  the 
Lengwe  Gorge.  Cataclastic  structures  are  also  frequent.  These  rocks  are  typical 

diorite-gneisses. 
Only  one  basic  hornblende  rock  occurs  in  the  collection.  This  comes  from  the 

river  W.  of  Kambengi  (195).  It  is  a  fine-grained,  dark-green,  non-foliated  rock,  con- 
sisting, in  thin  section,  of  an  evenly  granular  mass  of  hornblende  crystals  of  the  usual 

bluish-green  colour.  The  small  and  sparse  interspaces  are  filled  with  quartz  and 

decomposed  felspathic  material.     The  rock  is  a  granulitic  amphibolite. 

II.  Rocks  of  the  Charnockite  Series. 

These  are  dark-greenish  or  greyish  fine-grained  rocks,  in  which  none  of  the 
minerals,  save  an  occasional  flake  of  biotite,  are  macroscopically  identifiable.  The 

outstanding  microscopical  characters  of  these  rocks  are  their  thoroughly  granulitic 

texture,  their  pyroxenic  composition,  and  their  ideal  freshness.  The  mineral  con- 

stituents, occurring  in  varying  proportions  throughout  the  series,  are  a  pale-green 
monoclinic  pyroxene,  hypersthene,  plagioclase,  orthoclase,  quartz,  hornblende,  biotite, 

and  magnetite.  This  assemblage  is  identical  with  that  of  the  charnockite  series  of 

Southern  India.*     The  invariable  presence  of  hypersthene,  the  granulitic  texture, 

*  Holland,  "The  Charnockite  Series,"  Mem.  Geol.  Surv.  India,  vol.  xxviii,  part  ii,  p.  124,  1900. 
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and  the  almost  exact  correspondence  of  petrographic  types,  make  the  identity  of  the 
two  series  even  more  certain. 

Rocks  referable  to  three  of  the  four  divisions  into  which  Holland  divides  the 

charnockite  series  are  to  he  found  in  this  collection,  as  well  as  a  rock  which  may  be 

described  as  a  charnockite-porphyry.  A  rock  comparable  to  charnockite  in  the  narrow 
sense  is  found  to  the  W.  of  Ochilesa  (177).  It  consists  mainly  of  quartz,  oligoclase, 

orthoclase,  with  subordinate  biotite,  hypersthene,  and  monoclinic  pyroxene.  Both 

quartz  and  orthoclase  show  strain-shadows,  and  the  twinning  of  the  oligoclase  is  often 

discontinuous,  wedging  out  in  short  distances  and  then  reappearing.  *The  soda-lime 

felspar  is  rather  more  abundant  than  in  the  Indian  charnockite,  and  considerably  ex- 
ceeds the  orthoclase  in  quantity  (see  Table  I,  l).  The  biotite  occurs  in  large  ragged 

flakes,  and  is  of  a  dark-brown,  strongly  pleochroic  variety.  Hypersthene  is  uniformly 

distributed  in  typical  irregular,  prismatic,  cross-fractured  crystals,  with  distinct 

pleochroism  and  faint  lamellar  twinning.  There  is  also  a  pale-green  monoclinic 
pyroxene.  This  mineral  appears  in  all  stages  of  alteration  to  a  fibrous  amphibole 

which  has  a  distinct  pleochroism  from  yellowish-green  to  a  glaucophane-like  blue. 
The  amphibole  occasionally  forms  a  narrow  zone  grown  around  the  hypersthene 

crystals.  The  texture  of  this  rock  is  not  so  thoroughly  granulitic  as  in  the  more 

basic  rocks  of  the  series.  It  may  be  described  as  intermediate  between  granitic  and 

granulitic.  In  the  hand  specimen  this  rock  has  a  distinct  gneissic  banding,  which  is, 

however,  not  apparent  in  thin  section. 

A  rock  from  the  N.  of  Etunda  (193)  is  referable  to  Holland's  intermediate 
division  of  the  charnockite  series.  Compared  with  the  foregoing,  quartz  and  ortho- 

clase have  so  diminished  in  quantity  as  to  become  merely  interstitial  to  the  abundant 

plagioclase,  whilst  the  amount  of  ferro-magnesian  minerals  remains  stationary. 
Magnetite  shows  a  large  increase  (see  Table  I,  2).  Monoclinic  pyroxene  does  not 

appear  in  this  rock.  The  hypersthene  is  thoroughly  anhedral,  and  has  an  intense 

pleochroism  from  pink  to  bluish-green.  The  rock  also  contains  a  little  pink  garnet 
which  forms  the  centres  of  irregular  aggregates  of  hypersthene  and  biotite.  There  is 

a  tendency  for  the  ferro-magnesian  minerals  to  segregate  into  narrow  linear  areas, 

giving  rise  to  a  rude  banding.*  The  water-clear  plagioclase  is  richer  in  the  anorthite 
molecule  than  in  the  charnockite  proper,  and  is  an  andesine  of  composition  Ab4An3. 

The  texture  of  this  rock  is  thoroughly  granulitic.  Its  normal  eruptive  equivalent 

would  probably  be  called  quartz-mica-hypersthene-diorite  or  quartz-mica-norite. 
From  the  district  S.  of  Andulo  (194«),  and  from  Ochilesa  (1766),  come  rocks 

strictly  comparable  with  those  called  "  hornblende-augite-norite "  by  Holland.! 
These  are  ideally  fresh  rocks  consisting  of  a  thoroughly  granulitic  aggregate  of  water- 

clear  plagioclase  (A.b]Ani)  with  pale-green  augite,  hypersthene,  hornblende,  iron-ores, 

and  a  little  biotite.     In  the  rock  from  Andulo  (194a)  the  hornblende  is  a  brownish- 

*  Of.  "  Charnockite  of  the  Ivory  Coast,"  Lacroix,  Comptea  Kendus,  cl  (1910),  p.  20. 
t  Holland,  op.  cit.,  p.  157. 
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green,  strongly  pleochroic  variety,  and  is  disposed  about  the  augite  in  such  a  way  as 

to  indicate  that  it  is  due  to  molecular  instability  of  the  pyroxene  during  or  after 

crystallisation.  The  hornblende  of  the  Ochilesa  rock  (1766)  is  of  a  reddish-brown 
tint.  Some  of  the  hypersthene  shows  a  close  lamellar  twinning  and  a  small  amount 

of  schillerisation.  The  rounded  grains  of  iron-ore  are  embedded  in  the  pyroxenes, 
and  in  the  augite  they  form  centres  from  which  amphibolisation  has  started.  These 

rocks  are  hornblende-hyperites  approaching  melanocratism,  in  which  the  amount  of 
plagioclase  and  quartz  is  estimated  to  be  only  half  that  of  the  ferro-magnesian 

minerals  (see  Table  I,  3,  4).  They  belong  to  Holland's  basic  division  of  the  char- 
nockite  series.  A  similar  rock  (192)  occurs  near  Andulo,  and  is  distinguishable  only 

by  its  finer  grain. 

Holland's  ultrabasic  division  of  the  charnockite  series  is  not  represented  in  this 
collection,  but  a  thoroughly  melanocratic  hornblende-hyperite  from  Ochilesa  (176a) 

forms  an  approach  to  that  division.  The  proportion  of  ferro-magnesian  minerals  to 
plagioclase  in  this  rock  is  estimated  at  three  to  one  (see  Table  I,  5)  ;  otherwise  the 

rock  differs  little  from  the  hyperite  described  above. 

This  completes  the  description  of  the  series  comparable  with  the  charnockites  of 

India.  One  other  rock  undoubtedly  belongs  to  this  series,  but  has  no  Indian  equiva- 

lent. This  rock  is  from  the  W.  of  Chieuca  (164),  and  is  interstratified  with  well- 

foliated  gneiss.  It  may  be  described  as  a  charnockite-porphyry.  It  consists  of  small 

phenocrysts  of  quartz,  oligoclase,  orthoclase,  augite,  hypersthene,  and  biotite,  pro- 

fusely scattered  over  a  minute,  evenly  granular,  microcrystalline  groundmass  com- 

posed mainly  of  quartz  grains  with  subordinate  water-clear  felspar.  The  augite  is 

well  schillerised,  and  has  fringes  of  greenish-brown  hornblende.  Biotite  occurs  in 
large  clots  consisting  of  small  flakes  felted  with  granules  of  augite  and  magnetite. 

It  has  exactly  the  appearance  of  the  new-formed  flakes  in  a  hornfelsed  rock,  and  the 
whole  aspect  of  the  rock  suggests  that  it  is  secondary.  Oligoclase  forms  the  largest 

and  most  abundant  set  of  phenocrysts.  The  rock  appears  to  be  the  hypabyssal 

equivalent  of  the  Ochilesa  charnockite.  The  granulitic  texture,  the  extreme  fresh- 

ness, and  the  presence  of  abundant  new-formed  biotite,  indicate  that  this  rock  has 
suffered  some  thermal  metamorphism.  It  is  linked  by  these  characters,  as  well  as 

others,  to  the  hornfelsed  porphyries  described  in  the  next  paragraph. 

The  quantitative  mineralogical  composition  or  mode  of  this  series  has  been 

obtained  by  the  Rosiwal  method  of  measurement  on  five  of  the  rock  types,  with 
the  results  shown  in  Table  I. 

[Table 
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Table  I. 

1. 

2. 

3. 

4. 

5. 

Quartz  .... 

39-2 19-8 

2-5 
1-7 

23 
Orthoclase     . 8-6 

43 

Oligoclase  (AbgAiij) 

28'0 

... 

... 

Andesine  (Ab,An3) 49  0 

Labradorite  (Ab,Anj)     . 

30-4 

324 

22-8 

Biotite  .... 

10-7 
8-6 Pyroxenes 

126 

11-8 

491 

34-5 

39-5 

Hornblende  . 

16-G 

29-5 28-6 

Magnetite 

•6 

5-9 

1-4 
1-7 

6-8 
Apatite 

•6 

•4 

Felsic/ Mafic  ratio  . 

/    75-8 
1    24-2 

731 

26-9 

32  9 

671 3&9?*! 

66-1 
25-1 

749 

Summation  in  each  case,  100. 

1.  Charnockite  (177),  Ochilesa. 

2.  Charnockite,  intermediate  variety  (193),  N.  of  Etunda. 

3.  Hornblende-hyperite  (194a),  S.  of  Unyamba  River,  Andulo. 

4.  Hornblende-hyperite  (1766),  Ochilesa. 

5.  Melanocratic  hornblende-hyperite  (176a),  Ochilesa. 

By  calculating  the  ratios  of  the  felsic  and  mafic  constituents,*  it  is  seen  that  the 

series  falls  into  two  well-marked  groups,  one  dofelsic,  consisting  of  the  charnockites 
proper  and  the  intermediate  varieties  ;  and  other  domafic,  consisting  of  the  hyperites. 

No  rocks  intermediate  between  these  groups  occur  in  the  collection.  The  first  group 

is  mineralogically  distinguished  by  the  abundance  of  quartz  and  the  presence  of 

orthoclase  and  biotite.  In  the  domafic  group,  quartz,  while  still  present,  is  in  ex- 
tremely small  quantity,  orthoclase  and  biotite  have  disappeared,  and  pyroxenes  and 

hornblende  constitute  the  bulk  of  the  rocks. 

Whilst  belonging  to  the  ancient  basement  of  the  Benguella  plateau,  the  char- 

*  The  terms  felsic  and  mafic  (Cross,  Iddings,  Pirsson,  and  Washington,  Journ.  GeoL,  xx,  1912,  p.  560)  are  used 
to  denote  two  main  groups  of  rock-forming  minerals,  one  containing  quartz,  felspars,  and  felspathoids,  and  the  other 
pyroxenes,  amphiboles,  micas,  olivine,  iron-ores,  etc.  Variations  in  the  relative  proportions  of  these  groups  give 

rise  to  the  important  variations  in  igneous  rocks  denoted  qualitatively  by  Brogger's  terms,  leucocratic  and  melano- 
cratic. A  quantitative  meaning  may  be  imparted  to  the  terms  felsic  and  mafic  by  attaching  the  prefixes  do-  and  per-, 

with  exactly  the  same  connotation  in  respect  to  the  mode  (actual  mineralogical  composition)  as  the  analogous  terms 
persalic,  dosalic,  etc.,  have  in  respect  to  the  norm  (standard  mineral  composition)  of  the  American  Quantitative 
Classification. 

Felsic  constituents      7 Perfelsic 

Dofelsic 

Mafelsic 

Domafic 

Permafic 

Mafic  constituents      1 

<?>5. 

1       3 <\>V 

< 
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nockite   series    is    unquestionably   intrusive    into    the    gneisses    and    schists    of   the 
basement. 

It  is  interesting  to  record  that  Lacroix  has  described  a  very  similar  series  of  char- 

nockites  from  the  Ivory  Coast. #  These  rocks  cover  a  great  area  in  a  region  on  the 
frontiers  of  French  Guinea,  the  Ivory  Coast,  and  Liberia.  They  form  a  series  rang- 

ing from  hypersthene-granite  very  poor  in  ferro-magnesian  minerals,  through  quartz- 
norites,  to  norites  witli  50  per  cent,  of  hypersthene.  These  rocks  are  identical  with 

those  described  above  with  the  single  exception  that  hornblende  does  not  occur  to 

any  extent  in  the  more  basic  types.     The  country  rock  is  stated  to  be  granitic. 

III.    HORNFELSED    PORPHYRIES    AND    OTHER    HORNFELS. 

In  this  section  is  described  a  curious  and  puzzling  group  of  rocks,  which,  though 

unmistakably  igneous  rocks  of  an  acid  character,  appear  to  have  suffered  consider- 
able thermal  metamorphism.  The  evidence  for  this  lies  in  their  perfect  freshness, 

the  recrystallisation  of  the  groundmass  into  an  evenly  granular,  water-clear  mosaic, 

and  the  presence  of  abundant  new-formed  biotite,  characters  superposed  upon  their 

original  igneous  characters.  The  rock  described  as  charnockite-porphyry,  although 
of  somewhat  different  mineral  composition,  has  exactly  the  same  characters  as  these 

rocks,  and  must  be  included  in  their  discussion.  It  might  also  be  remarked  that  the 

rocks  of  the  charnockite  series  themselves  present  features,  such  as  granularity,  ideal 

freshness,  and  presence  of  biotite,  which  might  be  interpreted  as  affording  evidence 

of  thermal  metamorphism.  On  the  other  hand,  the  mineral  composition  of  these 

porphyries,  especially  the  common  occurrence  of  magnetite-cassiterite  intergrowths, 
links  them  to  the  granites  described  later.  Finally,  associated  with  these  porphyries, 

and  indubitably  of  thermometamorphic  origin,  are  rocks  determined  as  scapolite- 

epidote-hornfels  and  cordierite-biotite-hornfels. 

In  hand  specimens  these  rocks  may  be  described  as  "  dark  porphyries."  They 
generally  show  a  fine-grained,  but  obviously  crystalline  groundmass  of  a  dark-bluish 
colour,  with  the  peculiar  saccharoidal  texture  of  hornfels  and  granulites,  and  contain 

dark  phenocrysts  of  felspar.  One  or  two  examples  are  light-coloured,  and  are  aplitic 

or  halleflintas-like  in  appearance. 
The  most  typical  example  of  these  rocks  is  a  specimen  from  N.E.  of  Bailundo 

(159).  In  thin  section  this  shows  phenocrysts  of  felspar  together  with  peculiar  clots 

or  felts  of  hornblende,  biotite,  magnetite,  and  cassiterite,  embedded  in  a  microcrystal- 

line,  granulitic  mosaic  consisting  mostly  of  quartz,  and  necked  with  anhedral  shreds 

of  biotite.  A  plagioclase  felspar  forms  by  far  the  most  abundant  set  of  phenocrysts. 

It  is  extremely  zonal  and  is  characterised  by  minute,  indefinite,  bent,  and  discon- 
tinuous  twin-lamellse,   which  renders   the  exact   determination   of  its   composition 

*  A.  La.croix,   "Sur  l'existence  a  la  Cote  d'lvorie  d'un   series  petrog.  comparable  a  celle  de  la  charnockite," 
Gomptes  Renins,  cl  (1910),  pp.  18-22. 
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difficult.  From  the  imperfect  determinations  possible  it  appears  that  the  range  of 

composition  is  from  AD45A1155  to  AD75A1125,  but  the  bulk  of  the  felspar  is  probably 

near  the  latter  composition.  In  thin  section  the  felspars  have  a  bluish  tinge  owing 

to  the  abundance  of  minute,  dust-like  inclusions.  They  appear  to  have  suffered 
magmatic  corrosion,  as  their  angles  are  rounded  off,  and  they  have  been  worn  into 

curious  irregular  shapes. 

The  next  most  abundant  phenocryst  is  a  deep-green,  strongly  pleochroic  horn- 
blende forming  irregular  plates  which  poikilitically  enclose  numerous  rounded  grains 

of  quartz.  Frequently  the  crystals  contain  a  core  consisting  of  irregular  grains  of 

quartz  and  magnetite,  devoid  of  the  green  hornblende.  The  plates  frequently  retain 

optical  continuity,  but  occasionally  they  have  been  broken  up  into  individual  rounded 

grains  intermixed  with  the  quartz  mosaic.  Next  to  the  hornblende  in  abundance  are 

the  magnetite-cassiterite  intergrowths.  These  generally  consist  of  a  highly  irregular 
core  of  magnetite  invested  by  a  thin  sheath  of  cassiterite.  The  latter  mineral  is 

easily  recognised  by  its  uniaxial  character,  its  well-marked  twin-lamellation,  and 

decided  pleochroism  from  yellow  to  reddish -brown. 
Biotite  is  evenly  spread  as  minute  anhedral  shreds  amidst  the  quartz  mosaic,  but 

is  more  prominent  as  a  constituent  of  curious  clots  or  felts  of  the  coloured  minerals, 

which  are  a  feature  of  the  rock.  These  clots  consist  of  the  magnetite-cassiterite 
intergrowths,  with  numerous  flakes  of  biotite,  and  the  poikilitic  hornblende,  which 

occasionally  envelops  the  other  constituents. 

The  groundmass  consists  of  an  even  mosaic  of  quartz  grains  with  subordinate 

water-clear  untwinned  felspar.  The  whole  aspect  of  this  rock,  as  described  above,  is 
suggestive  of  recrystallisation  at  a  not  very  high  temperature.  It  is  clearly  a 

hornfelsed  porphyry  belonging  to  the  granodiorites,  although  quartz  does  not  occur 

among  the  phenocrysts. 

A  rock  from  N.  of  Huambo  (148)  differs  from  the  above  in  several  particulars. 

Amongst  the  phenocrysts  quartz  is  abundant,  and  orthoclase  is  at  least  as  abundant 

as  oligoclase.  Hornblende  is  absent,  but  large  flakes  of  muscovite  enter  as  a  con- 

stituent of  very  closely  felted  clots  consisting  mostly  of  biotite  flakes.  The  ground- 
mass  is  of  the  same  nature  as  that  of  the  Bailundo  rock,  but  is  of  much  denser  texture. 

This  rock  is  clearly  a  granite-porphyry.  In  another  specimen  from  the  same  locality 
(145)  the  secondary  biotite  is  very  abundant,  and  epidote  enters  the  biotite  felts  as  a 

prominent  constituent.  From  307^  kilometres  on  the  Benguella  Railway  (124)  comes 

a  .specimen  of  the  same  nature,  but  the  biotite  forms  wavy,  sub-parallel  streaks, 

which,  in  thin  section,  give  a  semi-foliated  aspect  to  the  rock. 

A  rock  from  N.  of  Cruz's  (233)  clearly  belongs  to  the  same  group  as  the  above. 
It  contains,  however,  no  quartz  phenocrysts,  and  only  a  few  of  felspar.  The  latter 

are  highly  altered  and  are  now  little  more  than  masses  of  granular  epidote.  The 

new-formed  biotite  is  not  aggregated  into  clots,  but  is  scattered  evenly  over  the 
i|iiartzose  groundmass. 
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Scapolite-epidote-homfels. — This  rock,  which  occurs  E.  of  Chingwari  (199),  is  a 
dark  porphyry  of  appearance  similar  to  that  of  the  rocks  described  above.  It  consists 

mainly  of  a  mosaic  of  quartz,  biotite,  and  epidote,  in  which  the  first-named  is  perhaps 
the  most  abundant  constituent.  Magnetite  and  blue  tourmaline  form  subordinate 

members  of  the  mosaic.  Embedded  in  this  groundmass  are  occasional  phenocrysts 

of  andesine,  witnessing  to  the  original  igneous  character  of  the  rock.  These  crystals 

frequently  enclose  the  biotite  and  epidote  of  the  groundmass.  There  are  also 

numerous  irregular  areas  of  scapolite  which  are  crowded  with  grains  of  the  mosaic 

groundmass.  The  mineral  is  easily  recognised  by  its  bright  second-order  polarisation 
tints,  its  cleavage,  straight  extinction,  and  uniaxial  character.  Whilst  the  poikilitic 

areas  frequently  retain  optical  continuity,  they  are  occasionally  broken  up  into 

grains  with  different  orientations.  The  abundant  biotite  presents  no  unusual  optical 

features,  and  is  very  closely  intergrown  with  epidote.  This  rock  is  clearly  the  pro- 

duct of  combined  contact-metamorphism  and  pneumatolysis. 

Cordierite-biotite-liornfels. — This  rock  occurs  seven  miles  E.  of  Candumbo  (230) 

and  in  hand  specimen  is  a  dark-bluish,  finely  crystalline  granulite.  In  thin  section  it 
is  seen  to  consist  of  a  thoroughly  granulitic  groundmass  of  cordierite,  quartz,  together 

with  abundant  biotite,  muscovite,  and  magnetite.  The  cordierite  forms  rounded 

sections,  occasionally  showing  lamellar  twinning,  and  the  frequent  development  of 

a  strong  yellow  pleochroism  around  minute  inclusions.  It  is  undergoing  an  incipient 

alteration  to  small  flakes  of  white  mica.  The  biotite  is  intergrown  with  muscovite. 

The  magnetite  is  evenly  distributed  in  minute  subhedral  grains  throughout  the  rock. 

Occasional  areas  of  turbid  material  with  traces  of  multiple  twinning  suggest  the 

presence  of  lime-soda  felspar.  The  original  nature  of  this  rock  is  not  so  evident  as 
in  the  foregoing.  It  was  probably  an  impure  sandstone  or  greywacke,  and  was 

almost  certainly  not  of  igneous  origin,  as  it  is  devoid  of  the  felspar  phenocrysts 

characteristic  of  the  types  above  described. 

The  rocks  described  in  this  section  appear  to  form  part  of  the  ancient  basement 

of  the  Benguella  plateau,  into  which  the  batholiths  of  tin-bearing  granite  described 
later  were  injected.  They  are  interstratified  with  and  injected  into  gneiss,  and  into 

the  quartzites,  quartz-schists,  and  sillimanite-schists  of  the  Bailundo  series.  They 
formed  a  series  of  acid  igneous  rocks  associated  with  various  sediments.  The  presence 

of  minerals  such  as  cassiterite,  tourmaline,  and  scapolite,  suggest  that  the  alteration 

they  have  undergone  was  due  to  pneumatolysis  as  much  as  to  contact-metamorphism. 

The  cassiterite-magnetite  intergrowths  of  the  Bailundo  rock  are  identical  with  those 
occurring  in  the  Benguella  granites  (p.  547),  suggesting  that  this  mineral  association, 

together  with  scapolite  and  tourmaline,  were  pneumatolytic  introductions  derived 

from  the  Benguella  granite  batholiths,  and  that  the  peculiar  modifications  these 

rocks  have  undergone  were  consequent  upon  the  intrusion  of  these  great  masses 
of  molten  material. 

The  characters  of  this  group  of  rocks  suggest  comparison  with  the  "  leptites " 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  14).  79 
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and  granulites  of  Finland  and  Sweden,  which  include  rocks  derived  from  various 

porphyries,  along  with  cordierite,  andalusite,  and  scapolite-bearing  rocks.#  Their 

characters  are  supposed  to  be  due  to  "  immersion  "  in  a  great  granite  batholith.  It 
may  also  be  noted  that  scapolite  rocks  occur  along  with  the  charnockite  series  in 
Peninsular  India,  t 

IV.  Granites,  Granodiorites,  and  Associated  Rocks. 

These  are  fine-  to  coarse-grained  rocks  of  white,  pink,  or  grey  colour,  and  of 
comparatively  uniform  texture.  In  only  one  specimen  is  there  any  tendency  for 

felspar  to  assume  a  porphyritic  development.  Hornblende  is  macroscopically 

prominent  in  some  of  the  granodiorite  specimens. 

Under  the  microscope  two  quite  distinct  types  may  be  distinguished.  The  most 

abundant  group,  that  of  the  granites  proper,  are  distinguished  by  an  early  generation 

of  euhedral  striped  felspar  approaching  albite  in  composition,  and  usually  much 

altered  with  the  development  of  white  mica.  These  crystals  are  prominent  as  white 

opaque  areas  in  hand  specimens  and  slides.  Rocks  of  this  type  occur  on  the  Benguella 

Railway  at  Kunhungamua  (138),  Portella  Coroteva  (116),  and  Caimbango  (123),  in 

the  district  of  Quingenge  (248,  249,  252),  on  the  Cuiva  River  (242),  and  W.  of 

ChingwTari  (23 1).  They  consist  of  a  coarse  hypidiomorphic  aggregate  of  fresh 
microcline  and  quartz,  enclosing  the  above-mentioned  early  crystals  of  albite.  The 

quartz  also  occurs  as  rounded  blebs  embedded  in  the  microcline.  The  only  ferro- 
magnesian  constituents  are  biotite,  partially  altered  to  chlorite  and  epidote,  and  a 

little  magnetite.  The  quantitative  mineral  composition  of  the  Quingenge  rock,  as 

estimated  by  the  Rosiwal  method,  is  given  in  Table  II.  It  may  stand  as  a  good 

average  sample  of  the  Benguella  granites,  wrhich  may  therefore  be  said  to  consist  of 
about  50  per  cent,  of  microcline,  10  of  albite,  35  of  quartz,  and  5  per  cent,  of  biotite 

and  iron-ores.  The  textures  are  typically  granitic  and  vary  in  grain-size  from  coarse 
(Benguella  Railway)  to  fine  (Chingwari  and  the  Cuiva  River). 

The  second  type  is  a  coarse  granitoid  rock  indistinguishable  in  general  appearance 

from  those  described  above.     In  thin  section,  however,  they  are  seen  to  contain  no 

albite,  the  place  of  which  is  taken  by  abundant  fresh  plagioclase  felspar  of  average 

composition  AbyAna  (acid  andesine).     They  are  further  distinguished  by  the  presence 

of  hornblende  along  with  biotite  (although  the  latter  remains  the  dominant  coloured 

constituent),  and  by  a  larger  proportion  of  the  ferro-magnesian  constituents.     These 
rocks   correspond   to  the  Continental  tonalites  and  to  the  American  granodiorites. 

They  occur  at  kilometres  135f,  223,  and  238  on  the  Benguella  Railway  (119,  121, 

123),  and  at  a  locality  between  Quingenge  and  the  Cuiva  River  (244).     The  rock  from 

kilometres  223  on  the  Benguella  Railway  is  a  fresh  typical  sample  of  this  type.     It 

consists  mainly  of  quartz  and  oligoclase-andesine  in  hypidiomorphic  relations,  with 

*  P.  Ekkola,  "  Petrology  of  the  Orijarvi  Region  in  South-western  Finland,"  Bull.  Comm.  Geol.  de  Finlande,  No.  40, 
1914,  pp.  14,  15,  131. 

+  Holland,  op.  cit.,  p.  232. 
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subordinate  alkali  felspar,  mostly  microcline,  with  a  little  orthoclase.  The  ferro- 
magnesian  constituents  are  biotite,  and  a  green  hornblende,  which,  in  the  position 

of  greatest  absorption,  shows  a  distinct  tinge  of  blue.  Magnetite,  cassiterite,  and 

apatite  occur  sparingly,  and  in  one  place  are  associated  in  a  small  intergrowth  like 

those  in  the  hornfelsed  porphyry  from  Bailundo  (see  p.  544).  Cassiterite  also  occurs 

in  the  rock  from  kilometres  238,  Benguella  Railway,  where  it  is  associated  with  little 

clots  of  biotite.  Epidote  and  chlorite  occur  sparingly  as  secondary  products  derived 
from  the  alteration  of  biotite.  The  quantitative  relations  of  the  minerals,  as 
determined  by  the  Rosiwal  method,  are  set  out  in  Table  II.  A  typical  Benguella 

granodiorite  therefore  contains  about  25  per  cent,  of  quartz,  15  per  cent,  of  alkali 

felspar,  50  per  cent,  of  oligoclase-andesine,  and  10  per  cent,  biotite,  hornblende,  and 

iron-ores.  The  typical  American  granodiorites  are  somewhat  richer  in  the  mafic 
constituents. # 

Table  II  shows  the  contrast  between  the  two  types  of  granitic  rocks  in  Benguella. 

The  granites  proper  are  rich  in  microcline  and  albite,  whereas  the  granodiorites  are 

poor  in  alkali  felspar,  and  contain  nearly  50  per  cent,  of  oligoclase-andesine.  Along 

with  this  they  are  decidedly  poorer  in  quartz,  and  richer  in  the  mafic  constituents. 

The  granodiorites  contain  cassiterite,  but  this  mineral  is  in  too  small  quantity  to 

come  under  the  Rosiwal  measurement,  and  its  amount  must  therefore  be  considerably 
less  than  1  per  cent. 

Table  II. L       . 

2. 

Quartz      .         . 
Microcline  and  orthoclase  . 

Albite  (Ab)       . 
Andesine  (Ab7An3)    . 
Biotite  and  chlorite   . 
Hornblende 

Magnetite 
Epidote    .... 

Felsic/Mafic 

359 
473 

10  5 

3-9 
2-4 

(        93-7 1           63 

26-5 15-4 

48-4 
5-5 
16 

1-5 11 903 
9-7 

1.  Biotite-granite,  E.  of  Quingenge,  Benguella  (248). 

2.  Biotite-granodiorite,  kilometres  238,  Benguella  Railway  (123). 

Of  especial  interest  in  this  connection  is  the  occurrence  of  a  stanniferous  selvage 

to  the  Kunhungamua  granite.  This  rock  (139)  is  an  even-grained  microgranite  con- 
sisting of  quartz  and  orthoclase,  with  the  latter  distinctly  in  greater  quantity.  The 

orthoclase  frequently  has  the  mottled  and  moire  appearance  which  indicates  a  con- 

siderable content  of  the  albite  molecule.  The  dominant  ferro-magnesian  constituent 

is  a  greenish-brown  biotite,  but  there  are  also  a  few  large  ragged  patches  of  a  bleached 

*  "Geology  and  Ore  Deposits  of  Butte,  Mont.,"  U.S.  Geol.  Surv.,  Prof.  Paper  No.  74,  1912,  p.  36. 
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green  hornblende.  Cassiterite  occurs  ratEer  abundantly  in  spongy  anliedral  crystals 

which  enclose  quartz  and  felspar.  It  is  yellowish-brown  in  colour,  distinctly  pleochroic, 
and  shows  a  fine  lamellar  twinning.  It  is  commonly  associated  with  small  grains  of 

magnetite.  No  other  mineral  of  the  tin  association  is  found,  except,  perhaps,  one 

faint  purplish  section  doubtfully  referred  to  axinite. 

The  only  specimen  which  may  be  regarded  as  the  hypabyssal  equivalent  of  the 

granites  is  a  coarsely  porphyritic  rock  from  E.  of  Lepi  (224),  which  shows  numerous 

large  white  felspars  in  a  dense  greyish  groundmass.  In  thin  section  the  felspar 

phenocrysts  are  seen  to  form  at  least  half  the  rock.  They  are  much  altered,  with 

the  formation  of  white  mica  and  epidote.  Hence  they  belong  to  an  acid  soda-lime 
felspar  (probably  oligoclase),  a  conclusion  strengthened  by  the  occasional  retention  of 

multiple  twinning.  These  phenocrysts  frequently  have  a  ragged  external  zone  of 

orthoclase  which  interpenetrates  with  the  groundmass.  The  only  other  phenocrysts 

are  large,  partially  chloritised  crystals  of  hornblende.  This  mineral  also  appears  in 

the  dense  groundmass,  which,  in  the  main,  is  a  fine  micrographic  intergrowth  of  quartz 

and  alkali  felspar.  Magnetite  and  large  apatite  crystals  form  rather  abundant  acces- 

sories. This  rock  is  a  granodiorite-porphyry,  and  is  clearly  to  be  associated  with  the 
Benguella  granodiorites.  It  differs  entirely  in  appearance  from  the  hornfelsed  and 

granulitic  porphyries  described  in  a  previous  section. 

V.  Rhyolite  (Dellenite). 

An  extensive  series  of  lava-flows  belonging  to  this  group  occurs  in  the  neigh- 
bourhood of  Lepi  and  Quingeng*.  In  hand  specimens  they  are  dense  flinty  rocks, 

generally  light-grey  in  colour,  occasionally  dark-grey  to  black,  with  numerous,  small, 
inconspicuous  phenocrysts  of  quartz  and  felspar. 

In  thin  section  they  show  numerous  small  phenocrysts  of  quartz,  orthoclase, 

oligoclase,  and  biotite,  in  a  dense,  cryptocrystalline  groundmass.  The  quartz  ranges 

from  1  to  3  mms.  in  diameter,  and  is  subhedral,  rounded,  and  embayed  by  corrosion. 

The  felspars  are  euhedral,  averaging  2  mms.  in  diameter,  and  mostly  belong  to  ortho- 
clase. In  some  of  the  rocks,  however,  oligoclase  becomes  a  prominent  constituent, 

and  nearly  equals  the  orthoclase  in  quantity.  Its  composition  ranges  from  oligoclase 

(AbaAni)  to  oligoclase-andesine  (Ah5An3).  The  biotite  is  bleached  and  decomposed, 

and  is  often  represented  by  chloritic  decomposition-products  and  epidote  (257,  260, 
261,  Quingenge).  The  groundmass  is  dense,  uniform,  cryptocrystalline  to  glassy, 

and  is  besprinkled  with  minute  unidentifiable  microlites.  A  fiow-orientation  is  indi- 
cated by  faint  differences  of  colour  and  texture  in  different  parts  of  the  groundmass. 

The  proportion  of  phenocrysts  to  groundmass  is  estimated  at  one  to  two,  and  quartz 

is  about  equal  to  the  felspars  amongst  the  phenocrysts.  In  some  rocks  (245,  Quin- 
genge) the  groundmass  has  apparently  undergone  silicification,  which  has  also 

involved  most  of  the  felspars,  leaving  "ghosts"  of  the  latter  and  much  diffused 
sericitic  matter. 
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Some  of  the  specimens  from  Lepi  are  compacted  rhyolite-tuffs  (225,  E.  of  Lepi). 

These  contain  numerous  fragments  of  quartz,  oligoclase,  orthoclase,  and  microcline, 

along  with  numerous  angular  fragments  of  microcrystalline  quartz-porphyry,  in  a 
dense,  cryptocrystalline  groundmass. 

A  rock  generally  similar  to  the  rhyolites  described  above,  from  W.  of  Cruz's, 
Quingenge  (234),  is  much  poorer  in  phenocrysts,  and  is  devoid  of  phenocrystic 

quartz. 
A  chemical  analysis  of  one  of  these  rocks  (258,  Quingenge)  has  been  made  for  me 

by  A.  Scott,  M.A.,  B.Sc,  with  the  result  set  out  in  Table  III,  1. 

Table  III. 

1. 

2. 

3. 

4. 

Si02      .       •. 68-98 72-60 6691 69-48 
Ti02       .         . 

•23 

•30 

•33 

A1203      . 15-24 
13-88 16-62 13-88 

Fe203     . 

2-83 1-43 
2-44 2-67 

FeO 

•43 

•82 

1  33 

1-53 

MnO 

•05 

•12 

04 

•15 

MgO  .     . 

1-08 

•38 

1-22 

•71 

CaO 

3-01 
1-32 

3-27 

2  39 

(Ba,  Sr)0 tr. 

Na20      . 

3-88 
3-54 

413 
374 

K20        . 
353 403 250 

4-44 

H20+     . 

H20  -     . 

•53  ) 
•39  ) 

1-52 

113 

1-19 

PA     . 

•09 

•06 

•08 

C02        .         . nt.  fd. 

100-27 100-00 100-00 100-18 

1.  Rhyolite    (dellenite),    Toscanose-Lassenose    (T,  4,  2',  (3)  4),    Quingenge,    Benguella 
(258).     Anal.,  A.  Scott. 

2.  Average  rhyolite,  quoted  from  Daly,  Igneous  Rocks  and  their  Origin,  1914,  p.  19. 

3.  Average  dacite,  ibid.,  p.  25. 

4.  Dellenite,    Toscanose   (V,  '4,  2,  3),  Dellen,    Helsingland,    Sweden.       Quoted   from 
Iddings,  Igneous  Rocks,  vol.  ii,  1913,  p.  128. 

Consideration  of  this  analysis,  combined  with  what  is  known  of  the  mineral  composi- 

tion, shows  that  the  Quingenge  rocks  are  the  lavaform  equivalents  of  the  grano-diorite 
rather  than  of  the  granite  family,  and  belong  therefore  to  the  group  called  dellenite 

by  Brogger.*  The  toscanites  of  Italy  are  chemically,  but  not  mineralogically,  similar 

to  the  Benguella  type.  The  averages  of  sixty -four  analyses  of  rhyolite,  and  of  thirty 
dacites,  as  calculated  by  Daly,!  are  given  for  comparison  in  Table  III.  The  average 

rhyolite  is  richer  in  silica,  poorer  in  lime,  and  has  a  slightly  greater  content  of 

alkalies  in  which  potash  is  predominant,  than  the  Quingenge  rock.     On  the  other 

*  See  Iddings,  Igneous  Rocks,  vol.  ii,  1913,  p.  104.  t  Igneous  Rocks  and  their  Origin,  1914,  pp.  19,  25. 
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hand,  the  average  dacite  is  poorer  in  silica,  and  has  a  decided  predominance  of  soda 

over  potash.  In  most  respects,  therefore,  the  Quingenge  rhyolite  is  intermediate 

between  average  rhyolite  and  dacite.  The  analysis  of  the  type  dellenite  from  Sweden 

(Table  III,  4)  is  very  similar  to  that  of  the  Quingenge  rock.  It  is,  however,  richer 

in  potash  and  poorer  in  lime.  The  Swedish  rock  contains  hypersthene,  and  was 

originally  called  hypersthene-andesite  ;  but  the  analysis  shows  that  this  identifica- 
tion was  completely  astray.  It  is  worth  while  comparing  the  norms  of  these  rocks 

(Table  IV). 

Table  IV. 

1 2. 

Quartz      .... 
Orthoclase 
Albite       .... 
Anorthite 

Femic  minerals,  water,  etc. 25-4 20-6 33-0 

13-6 
7-4 

25-6 

26-1 30-9 8-3 
91 

1.  Rhyolite  (dellenite),  Quingenge,  Benguella. 
2.  Dellenite,  Dellen,  Helsingland,  Sweden. 

The  norms  correspond  very  closely,  especially  in  regard  to  the  salic  constituents, 

to  the  modes  that  would  have  been  developed  had  the  rocks  been  holocrystalline. 

The  dellenite  is  shown  to  be  somewhat  richer  in  orthoclase  and  poorer  in  oligoclase 

than  the  Quingenge  rock,  but  the  figures  are  sufficiently  close  to  justify  the  identi- 
fication of  the  latter  as  dellenite.  I  have  not  been  able  to  find  records  of  ancient 

African  rhyolites  similar  to  those  of  Benguella,  but  some  of  the  Tertiary  rhyolites  of 

Algeria  approach  them  closely  in  chemical  and  mineral  composition.  In  the  American 

Quantitative  Classification  the  dellenite  of  Quingenge  falls  into  the  subrang  lassenose, 

but  is  transitional  to  toscanose.     The  type  dellenite  of  Sweden  falls  into  toscanose. 

VI.  The  Alkaline  Series. 

An  interesting  series  of  alkaline  rocks  occurs  in  Benguella  in  the  district  of 

Ochilesa,  the  extreme  north-eastern  point  reached  by  Professor  Gregory.  At 
Chieuca  these  rocks  are  found  within  a  volcanic  vent,  associated  with  tuffs  and 

igneous  breccias  composed  of  the  same  materials ;  but  there  are  also  intrusive  masses 
within  the  district  which  are  not  in  actual  connection  with  the  vent. 

The  principal  alkaline  types  found  in  the  collection  are  nepheline-sodalite-syenite 
and  other  types  of  syenite,  shonkinite,  solvsbergite,  and  ouachitite,  which  are  treated 
in  order  below. 

1.  Syenites. 

A.  Nepheline-sodalite-syenite. — This  type  occurs  as  an  intrusion  at  Ochilesa  (209). 

It  is  a  thoroughly  leucocratic  or  perfelsic,  coarse-grained  rock,  consisting  n  ainly  of 
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broad,  simply-twinned  anhedrons  of  soda-orthoclase,  which  are  irregularly  mottled 
in  polarised  light,  together  with  subordinate  nepheline  and  sodalite.  The  nepheline 

is  distinguished  by  its  lower  interference  tints,  and  total  absence  of  the  mottling 

which  characterises  the  orthoclase,  as  well  as  by  refractive  index  and  interference 

figure  tests.  The  sodalite  has  occasionally  a  faint  bluish  tinge,  and  is  crowded  with 
minute  bubbles  and  other  inclusions.  It  is  identical  with  a  mineral  which  occurs  in 

the  shonkinite  described  later,  and  which  has  been  determined  by  chemical  means. 

The  ferro-magnesian  constituents  consist  of  ragged  anhedrons  of  a  pleochroic 

greenish-brown  hornblende,  which  envelops  small  tablets  of  biotite,  and  occasionally 
contains  a  small  core  of  almost  colourless  pyroxene.  Irregular  grains  of  eegirine  are 

frequently  inserted  around  the  margins  of  the  crystals.  Apatite  and  magnetite  are 

also  abundant  as  inclusions  in  the  amphibole  sections.  The  pleochroism  of  the 

mineral  is  from  pale  yellowish-green  to  a  light  brown-red  which  has  a  tinge  of  violet. 
There  is  always  an  irregular  marginal  zone  in  the  crystals  in  which  the  colour 

becomes  bluish-green.  The  extinction  in  most  sections  is  in  the  neighbourhood  of 

17°,  but  may  range  up  to  31°.  The  mineral  is  probably  a  soda-amphibole  belonging 
to  the  katoforite-arfvedsonite  series,  or  possibly  to  ksersutite.  iEgirine  also  occurs 

as  small  anhedrons  embedded  in  the  felspars.  An  estimate  of  the  relative  propor- 

tions of  the  constituents  is  :  soda-orthoclase,  80  per  cent.  ;  nepheline  and  sodalite, 
10  per  cent.  ;  hornblende,  augite,  biotite,  etc.,  10  per  cent. 

B.  Sodalite- syenite. — A  second  variety  of  syenite  occurs  in  the  volcanic  vent  of 
Chieuca  (163).  It  differs  from  the  above  in  its  much  finer  grain,  in  the  substitution 

of  a  pale-purplish  titanaugite  for  hornblende  as  its  principal  mafic  constituent,  and 
in  a  smaller  proportion  of  nepheline  and  sodalite.  The  titanaugite  encloses  biotite 

tablets,  apatite,  and  magnetite  ;  and  is  in  all  stages  of  alteration  to  granular  eegirine- 

augite.  The  mass  of  the  rock,  however,  is  soda-orthoclase,  with  a  very  subordinate 
amount  of  euhedral  nepheline  and  sodalite.  The  latter  mineral  penetrates  the  felspars 

in  channels  directed  by  the  cleavages,  as  though  it  had  made  its  way  by  corrosion. 

Sphene  is  an  important  accessory  constituent. 

Decomposed  specimens  of  this  type,  in  which  the  pyroxene  has  completely  passed 

over  to  aggregates  of  fibrous  amphibole,  and  the  felspar  completely  "  kaolinised,"  occur 
in  the  Ochilesa  district  (208a,  209e,  219/). 

C.  Aherite. — An  alkali-syenite  containing  neither  nepheline  nor  sodalite  occurs 

to  the  W.  of  Ochilesa  (1726).  It  consists  mainly  of  anhedrons  of  mottled  soda- 
orthoclase,  with  oligoclase  (AbaAni)  in  little  inferior  quantity.  Biotite  forms  the 

principal  ferro-magnesian  constituent,  but  is  accompanied  by  a  little  brown  hornblende 

similar  to  that  of  the  nepheline-sodalite-syenite  of  Ochilesa  described  above.  These 

crystals  may  contain  a  core  of  nearly  colourless  pyroxene.  Crystals  of  apatite  and 

magnetite  are  common  enclosures  within  the  ferro-magnesian  minerals.  This  rock 

has  a  close  affinity  with  the  akerite  of  Norway,  although  the  principal  ferro-magnesian 
constituent  of  the  latter  is  augite. 
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Nepheline-syenites  appear  to  be  widely  distributed  in  Central  Africa.  Berg  *  has 

described  a  ncpbeline-sodalite-syenite  from  Senze  do  Itombe,  and  HolmesI"  has  recently 
described  a  nepheline-syenite  from  the  same  locality  in  north-western  Loanda,  the 

nortliern  province  of  Angola.  This  rock  contains  segirine-augite  as  the  principal  ferro- 
magnesian  constituent,  but  this  mineral  is  frequently  bordered  by  amphiboles  which 

are  identified  with  hastingsite  or  a  mineral  of  the  katoforite-arfvedsonite  series. 

2.  Shonkinite. 

This  remarkable  rock  occurs  in  the  Chieuca  volcanic  vent  (170&,  170<7),  and  at 

Ochilesa  (172a,  208b,  208c).  It  appears  to  be  the  dominant  type  in  this  volcanic 

district.  It  is  a  fine-grained  rock  of  bluish-grey  colour  and  doleritic  appearance,  and 
is  besprinkled  with  numerous  small  black  crystals  of  hornblende  ranging  up  to  \  inch 
in  diameter. 

In  thin  section  the  rock  is  ideally  fresh,  and  consists  mainly  of  orthoclase  with 

interstitial  sodalite,  and  a  comparatively  large  quantity  of  mafic  minerals  which 

include  titanaugite,  barkevikite,  and  magnetite.  Apatite  is  an  important  accessory. 

The  texture  of  the  rock  is  thoroughly  granitoid  or  hypidiomorphic.  Many  of  the 

augite  and  hornblende  crystals  are  larger  than  those  of  the  orthoclase  composing  the 

mass  of  the  rock,  but  their  porphyritic  character  is  not  so  apparent  in  thin  section 

as  in  the  hand  specimen.  The  felsic  constituents  poikilitically  enclose  numerous 

small  crystals  of  titanaugite,  magnetite,  and  apatite,  which  doubtless  gives  the  rock 
its  dark  colour. 

The  orthoclase  forms  elongated  prisms  which  are  simply  twinned,  or  it  builds  more 

equidimensional  subhedral  crystals  which  contain  numerous,  evenly  spaced,  parallel 

rows  of  very  minute  bubbles,  apparently  of  liquid.  These  rows  are  perpendicular  to 

a  direction  of  cleavage  within  the  mineral,  and  are  also  parallel  to  a  direction  of 

extinction.  A  pale-bluish  sodalite  fills  •  up  many  interspaces,  and  is  frequently 
crowded  with  minute  bubbles  and  inclusions.  The  presence  of  sodalite  was  confirmed 

by  obtaining  a  silver  chloride  precipitate  in  a  nitric  acid  digest  of  the  rock,  after 

removing  apatite  by  means  of  a  heavy  liquid. 

The  felsic  minerals  form  a  sort  of  coarse  groundmass  to  numerous,  pseudo-porphy- 
ritic,  perfectly  euhedral  crystals  of  barkevikite  and  titanaugite,  and  also  poikilitically 

enclose  a  swarm  of  small  grains  of  the  same  minerals  along  with  apatite  and  magnetite. 

The  barkevikite  and  titanaugite  are  in  roughly  equal  amount.  The  former  occurs  in 

fine,  euhedral,  red-brown  crystals,  occasionally  with  simple  twinning,  and  narrow 

darker-tinted  borders.  In  some  of  the  rocks  considerable  resorption  of  the  hornblende 

has  taken  place,  the  final  appearance  being  of  an  irregular  mass  of  magnetite  mixed 

with  granules  of  a  greenish  amphibole,  the  whole  being  surrounded  by  a  dense  corona 

of  magnetite  granules.  The  pyroxene  has  occasionally  undergone  a  similar  alteration, 

but  to  a  lesser  extent.     The  augite  is  of  the  purplish  tint  which  is  held  to  indicate  a 

*  Tscherm.  min.  ydr.  Mittk,  vol.  xxii  (1903),  p.  359.  t  Geol.  May.,  dec.  vi,  vol.  ii  (1915),  p.  323. 
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high  content  of  soda  and  titania.  It  is  zonal,  with  hour-glass  structure,  faint  pleo- 

chroism,  and  strong  dispersion  of  the  bisectrices.  In  some  slides  the'  smaller 
crystals,  and  the  borders  of  the  larger  ones,  have  a  greenish  tinge,  indicating  some 

admixture  of  the  segirine  molecule.  Apatite  occurs  abundantly  in  large  dusty 

crystals  with  rounded  corners.  In  some,  an  addition  of  fresh  material  has  grown 

around  them  with  sharp  crystalline  boundaries,  in  a  manner  which  recalls  the  quartz 

crystals  of  the  Penrith  sandstone.  A  little  sphene  occurs  in  the  usual  wedge-shaped 

crystals  ;  and  there  is  frequently  a  border  of  granular  sphene  fringing  irregular  masses 
of  titaniferous  iron-ore. 

The  affinities  of  this  rock  are  clearly  with  the  type  described  as  shonkinite  by 

Pirsson.  In  his  latest  work  Rosenbusch  *  defines  shonkinite  as  a  hypidiomorphic 
granular  rock  of  the  alkaline  series,  characterised  by  the  mineral  combination  potash- 
felspar  and  nepheline,  and  by  the  predominance  of  coloured  constituents.  This 

definition  would  make  it  the  melanocratic  facies  of  the  nepheline-syenite  group. 

Iddings  t  defines  the  rock  as  a  phanerite  characterised  by  alkali-felspar  and  equal  or 
nearly  equal  amounts  of  mafic  minerals,  with  small  but  notable  amounts  of  fels- 

pathoids  such  as  nepheline  or  sodalite  ;  and  he  treats  it  as  the  mesocratic  facies  of 

nepheline-syenites.  In  the  original  shonkinite  of  Square  Butte,  Montana,  nepheline, 
along  with  sodalite,  was  regarded  as  a  rare  accessory  mineral,  and  was,  indeed,  only 

detected  by  chemical  means. J  The  rock  was  thus  regarded  as  the  mesocratic  or 

melanocratic  facies  of  alkali-syenites.  The  later  work  of  Pirsson  showed,  however, 
that  his  type  shonkinite  contained  5  per  cent,  of  nepheline  and  1  per  cent,  of  sodalite. § 

The  term  shonkinite,  in  fact,  has  been  used  to  cover  rocks  which  belong  to  the  meso- 

cratic and  melanocratic  divisions  of  both  alkali-syenites  and  nepheline-syenites. 
Recognising  this,  Lacroix  has  proposed  to  restrict  the  term  to  the  melanocratic  types 

of  the  alkali-syenite  family, ||  and  to  use  another  term  for  the  equivalent  rocks  of  the 

nepheline-syenite  family.H  In  his  latest  description  Rosenbusch  himself  speaks  of 

"  the  typical,  nepheline-poor  shonkinite  of  Montana."  ##  The  Ochilesa  rock  falls 
most  naturally  under  the  original  definition  of  the  term. 

The  quantitative    mineral   composition    of  the    Ochilesa    shonkinite    has    been 

determined  by  the  Rosiwal  method,  with    the  result  shown  in  Table  V,  1.     It  is 

*  Gesteinlehre,  3rd  ed.,  1910,  p.  199.  t  Igneous  Rocks,  vol.  ii,  1913,  p.  230. 
|  Weed  and  Pirsson,  Bull.  Geol.  Soc.  America,  vol.  vi,  1895,  p.  415. 

§  Pirsson,  "  Geol.  and  Petr.  of  Higliwood  Mountains,  Mont.,"  U.S.  Geol.  Surv.,  Bull.  237,  1905,  p.  104. 
||  Lacroix,  Nouv.  Arch,  du  Mus.,  1902,  p.  179. 

IT  Lacroix  proposes  to  use  the  term  theralite  in  this  sense.  This,  however,  ignores  Rosenbusch's  plain  intention 

of  using  this  term  for  the  plagioclase-nepheline  rocks  of  pin  tonic  habit.  It  is  true  that  the  original  "  theralite  "  of  the 
Crazy  Mountains,  Montana,  on  which  Rosenbusch  erected  the  group,  was  erroneously  described  by  Wolff  as  carrying 

plagioclase,  and  is  in  fact  a  shonkinite  in  the  sense  of  Rosenbusch  and  Iddings.  Lacroix's  usage  of  the  term  thera- 
lite, however,  merely  perpetuates  the  original  mistake  in  the  diagnosis  of  the  Crazy  Mountain  rocks.  When 

Rosenbusch  discovered  the  mistake,  he  promptly  withdrew  these  rocks  from  the  theralite  group,  and  placed  them 

under  shonkinite.  He  then  created  as  his  type  theralite  the  unquestionable  plagioclase-nepheline  rock  of  Duppau  in 
Bohemia,  thus  preserving  his  term  theralite  with  its  original  connotation. 

**  Loc.  cit.,  p.  203. 
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there  compared  with  the  type  shonkinite  of  Square  Butte,   Montana,  and  with  a 

shonkinitic  syenite  from  Middle  Peak  in  the  same  district. 

Table  V. 

1. 

2. 3. 

Alkali-felspar  *  . 
610 20 532 

Nepheline 
5 

Sodalite     . 2-0 1 
Biotite 8 

4-0 Titanaugite 

14-1 

46 

32-3 

Barkevikite 

13-4 

.  .  . 
Olivine 10 

1-7 

Iron-ores  t 
7-5 

6 

7-9 
Sphene 

■6 

Apatite 1-4 
4 

•9 

1.  Shonkinite,  Ochilesa,  Benguella. 

2.  Shonkinite,  Square  Butte,  Montana.     Quoted  from  Pirsson,  U.S.  Geol.  Surv., 

Bull.  237,  1905,  p.  104. 

3.  Shonkinitic  syenite,  Middle  Peak,  High  wood  Mountains,  Montana ;  ibid.,  p.  93. 
• 

The  Square  Butte  rock  is  much  richer  in  the  mafic  constituents  than  that  of 

Ochilesa,  which  resembles  the  Middle  Peak  shonkinitic  syenite  much  more  closely. 

As  is  shown  in  the  discussion  of  the  chemical  analyses,  the  type  shonkinite  of  Square 

Butte  tends  now  to  become  an  extreme  type  as  compared  with  the  average  of  the 

rocks  which  have  been  grouped  as  shonkinites  ;  and  the  Ochilesa  rock  is  very  close 

to  the  average  shonkinite.  It  differs  from  all  previously  described  shonkinites  in 

containing  abundant  hornblende.  It  compares  well  with  the  Montana  types  in  con- 

taining a  little  sodalite,  and  in  being  associated  with  sodalite-syenites. 
The  chemical  composition  of  the  Ochilesa  shonkinite  has  been  kindly  determined 

for  me  by  A.  Scott,  M.A.,  B.Sc.  The  figures  are  set  out  in  Table  VI,  1  ;  and  are 

there  compared  with  the  type  shonkinite  of  Square  Butte,  and  with  the  average 

shonkinite.  The  composition  of  the  latter  has  been  derived  from  the  average  of 

twenty-one  analyses  of  shonkinitic  rocks  found  in  Iddings'  Igneous  Rocks,  vol.  ii 

(1913),  and  in  Rosenbusch's  Gesteinlehre,  3rd  ed.,  1910.  In  the  collection  is  included 
the  shonkinites  of  Montana,  Arkansas,  Celebes,  and  the  Katzenbuckel,  Odenwald  ; 

also  the  malignites  (nepheline-pyroxene-garnet-shonkinites)  of  Ontario  and  British 

Columbia  ;■  and  the  marosites  (biotite-augite-shonkinites)  of  Celebes.  The  range  of 

rocks  covered  by  this  average  corresponds  to  that  covered  by  Rosenbusch's  defini- 
tion and  descriptions,  and  consequently  includes  nepheline-bearing  types.  Certain 

"  microshonkinites "  described  by  Lacroix  from  the  Los  Islands,  West  Africa,  are 
excluded,  since    they  are  far  too  rich  in  nepheline  to  come  under  the  heading  of 
shonkinite. 

*  Mostly  soda-orthoclase.  t  Magnetite  and  ihnenite. 
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Table  VI. 1. 

2. 

3. 

Si02 

47-41 46-73 47-46 

Ti02 1-86 

•78 

1-14 
A1203 

12-30 1005 14-28 
Fe203 

6-99 

353 
4T6 

FeO 

5-03 

8-20 
4-97 

MnO 

•14 

•28 

•19 

MgO 

6-82 
9-27 6-64 

CaO 

9-57 

13-22 

9-42 

(Ba,  Sr)( 
) 

p.n.d. 

Na.,0 

3-06 
1-81 

3  86 

K20 

4-05 

3-76 

465 
H90  + 

H20- 

1-24 

•31 

1-24 

I      1-66 
p2o5 1-62 

1-51 

102 

CI F   . 

C02 

•07 
•21 

nt.  fd. 

T8 1       Rest 

j"        -72 

100-68 100-56 100-17 Less  0  = 
CI,  F.'TO 

•04 

100-58 100-52 

1.  Shonkinite,  Lamarose  (III,  5',  2,  3),  Ochilesa,  Benguella. 

2.  Shonkinite,  Shonkinose  (III',  6,  2,  '3),  Square  Butte,  Montana. 
Quoted  from  Pirsson,  U.S.  Geol.  Surv.,  Bull.  237,  1905,  p.  102. 

3.  Average  shonkinite,  Shonkinose  (Til,  6,  2,  3). 

The  Square  Butte  shonkinite  is  richer  in  lime  and  magnesia,  and  poorer  in  alkalies, 

than  the  Ochilesa  rock  or  the  average  shonkinite,  thereby  revealing  its  more  mafic 

character.  The  analysis  of  the  average  shonkinite,  however,  is  extraordinarily  like 

that  of  the  Ochilesa  type.  It  is  somewhat  richer  in  alkalies  and  alumina,  but  the 

correspondence  of  the  other  constituents  is  very  close.  A  notable  feature  of  most 

analyses  of  shonkinite,  including  the  Ochilesa  rock,  is  their  abundance  in  phosphorus 

pentoxide,  which  constituent  commonly  reaches  1*5  per  cent.,  indicating  about  3^  per 
cent,  of  apatite.  The  Ochilesa  shonkinite  falls  into  the  subrang  III,  5,  2,  3  (lamarose) 
of  the  American  Quantitative  Classification,  but  is  intermediate  towards  the  next 

subrang,  III,  6,  2,  3  (shonkinose),  in  which  the  typical  shonkinites  are  found.  The 

average  shonkinite  falls  almost  centrally  into  the  subrang  shonkinose. 

Light-coloured  veins  of  alkali-syenite-aplite  (208c)  occur  in  the  shonkinite  of 

Ochilesa.  On  the  other  hand,  a  boulder  of  sodalite-syenite  from,  the  volcanic  vent 

of  Chieuca  shows  a  vein  of  microshonkinite  or  shonkinite-aplite.  It  is  unnecessary 

to  describe  these  rocks  in  detail,  as  they  are  merely  fine-grained  modifications  of  the 
rocks  above  described. 
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3.  Solvsbergite. 

The  volcanic  vent  of  Chieuca  is  filled  with  tuff  and  agglomerate  consisting  of 

boulders,  pebbles,  and  comminuted  debris  of  shonkinite,  sodalite-syenite,  and  grey  or 
green  compact  rocks  identified  as  solvsbergite.  It  is  possible  that  the  latter  rock 

also  occurs  as  small  intrusive  masses  or  as  lava-flows.  The  principal  rocks  of  the 

vent  may  be  described  as  shonkinite-tufT  (I70h),  and  as  solvsbergite-tuff  (170c,  170/). 
Many  specimens  of  the  solvsbergite  were  collected  (170,  170a,  170e,  1626);  and 

amongst  these  three  varieties  may  be  distinguished.  One  contains  large  phenocrysts 

of  soda-orthoclase,  oligoclase  (AbaAni)  diopside  with  mantles  of  segirine-augite,  and 

small  crystals  of  segirine-augite,  in  a  dense,  felted,  trachytic  groundmass  consisting 

of  minute  laths  of  orthoclase,  granules  of  green  pyroxene  and  magnetite,  with  some  * 
indeterminate  material.  A  few,  small,  partially  resorbed  crystals  of  barkevikite 

occur.  In  the  second  variety  the  barkevikite  constitutes  the  only  phenocrystic 

mineral  apart  from  small  crystals  of  segirine-augite,  and  this  type  may  therefore  be 

called  hornblende-solvsbergite.  The  groundmass  here  contains  abundant  segirine 
and  a  little  nepheline,  and  the  rock  is  therefore  transitional  to  tinguaite.  The 

barkevikite  has  suffered  considerable  resorption  ;  the  crystals  are  always  surrounded 

by  a  dense  corona  of  granules  of  green  pyroxene.  Frequently  the  core  of  barkevikite 

has  entirely  disappeared. 

A  third  type  is  characterised  by  a  colourless  glassy  groundmass  crowded  with 

acicular  green  microlites.  It  carries  small  and  sparse  phenocrysts  of  euhedral 

barkevikite,  segirine-augite,  orthoclase,  and  a  little  nepheline.  In  some  of  the  slides 
are  small  rounded  areas  of  sodalite.  The  glassy  base  is  probably  highly  alkaline,  and 

the  rocks  may  be  termed  solvsbergite-  and  tinguaite-vitrophyres.  These  rocks  un- 
doubtedly represent  the  hypabyssal  or  volcanic  phases  of  the  syenites  described  above. 

The  lavaform  equivalent  of  the  shonkinite  does  not  appear  in  the  collection,  although 

it  probably  occurs  in  the  field. 

4.  Ouachitite. 

A  remarkable  rock  belonging  to  the  alkaline  series  occurs  as  dykes  in  the  sodalite- 

syenite  of  Ochilesa  (209).  In  hand  specimens  it  is  a  dark-green,  grey,  or  brown, 
compact  rock,  which  effervesces  freely  with  acid,  and  in  which  the  only  identifiable 

constituent  is  biotite.  It  is  characterised  by  an  irregular  banding  due  to  the  alterna- 

tion of  strips  differing  slightly  in  texture,  colour,  or  mineral  composition.  In  thin 

section  the  bulk  of  the  rock  is  seen  to  consist  of  biotite  and  a  grass-green  pyroxene, 
embedded  in  a  groundmass  consisting  of  allotriomorphic  plates  of  calcite.  Anatase 

derived  from  ilmenite,  and  apatite,  are  important  accessories  ;  whilst  soda-orthoclase, 

and  a  mineral  identified  as  melilite,  occasionally  appear  in  the  slides.  The  biotite 

forms  large  plates  of  a  bleached  yellow  tint,  with  much  darker  borders.  Large  cross- 
sections  ranging  up  to  5  mms.  in  length  are  frequent,  as  are  also  good  basal  sections. 

It  is  extensively  altered  to  a  peculiar  yellow  mineral,  which  is  usually  granular  in 
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texture,  but  occasionally  becomes  massive  and  then  shows  aggregate  polarisation. 

This  mineral  retains  the  cleavage  of  a  mica,  although  it  is  not  so  perfect  as  in  the 

biotite.  The  double  refraction  is  rather  lower  than  that  of  biotite,  but  its  pleochroism 

is  usually  very  feeble.  In  some  sections,  however,  a  pleochroism  from  orange  to  a 

pale-green  was  observed.  The  mineral  is  sensibly  uniaxial.  These  characters  agree 

on  the  whole  with  those  of  the  penninite  variety  of  chlorite.  In  the  text-books,  how- 
ever, the  double  refraction  of  penninite  is  stated  to  be  extremely  low,  whereas  the 

mineral  in  question  has  a  double  refraction  not  much  lower  than  that  of  biotite  itself. 

The  pyroxene  occurs  in  small  euhedral  crystals,  or  as  granular  aggregates  em- 

bedded in  the  plates  of  calcite  and  biotite.  It  is  grass-green  in  colour,  with  only  a 

slight  pleochroism  from  green  to  a  yellowish-green.  The  cross-sections  are  frequently 

rectangular,  with  well-marked  cleavages  parallel  to  the  rectangular  sides.  There  is 
occasionally  a  slight  truncation  of  the  corners  giving  rise  to  octagonal  sections.  The 

extinction  diagonally  bisects  the  cleavages  and  the  rectangular  sections.  The  crystals 

are  therefore  prismatic  with  only  a  feeble  development  of  the  pinacoid  faces.  There 

is  great  dispersion  of  the  bisectrices,  and  some  of  the  sections  fail  to  give  perfect 

extinction  in  white  light.  Many  of  the  pyroxene  crystals  are  mere  shells,  the  interiors 

having  been  entirely  replaced  by  calcite. 

The  biotite  and  augite  are  embedded  in  a  groundmass  of  large  allotriomorphic 

plates  of  calcite.  Within  the  latter,  or  enveloping  biotite  or  augite,  are  found  areas 

of  a  colourless  mineral  with  very  low  double  refraction  and  a  dark-blue  polarisation 
tint.  There  is  occasionally  some  approach  to  a  prismatic  form,  and  on  the  thin  edge 

of  sections  a  cleavage  may  be  observed  parallel  to  the  direction  of  elongation,  which 

is  also  the  negative  or  "fast-ray"  direction.  The  extinction  is  straight  in  regard  to 
the  cleavage,  the  mineral  is  optically  uniaxial,  and  has  a  refractive  index  considerably 

higher  than  that  of  Canada  balsam.  These  characters  agree  with  those  of  melilite, 

but  the  characteristic  peg  structure  of  this  mineral  has  not  been  observed. 

There  are  numerous  irregular  patches  of  a  black  mineral,  which  in  very  thin 
section  becomes  translucent  and  of  a  beautiful  blue  colour.  The  identification  of 

this  mineral  as  anatase  was  put  beyond  doubt  by  finding  it  growing,  in  small 

rectangular  tablets,  out  of  decomposing  ilmenite.  Apatite  is  also  very  abundant  in 

small  euhedral  crystals.  In  one  of  the  slides  (209d)  one  of  the  bands  or  schlieren 

consists  of  biotite  and  granular  pyroxene  in  a  groundmass  consisting  entirely  of 

grains  of  apatite.  In  another  section  a  considerable  amount  of  soda-orthoclase 

appears  in  large  anhedral  plates,  with  which  the  biotite  forms  peculiar  poikilitic  inter- 
growths.  Notwithstanding  the  alteration  of  the  rock,  and  the  rather  uncertain 

identification  of  melilite,  the  general  character  of  this  rock  is  similar  to  that  of  the 

alnoite  group,  as  defined  by  Rosenbusch,*  and  it  is  here  provisionally  classed  with 
that  group.  The  type  alnoite  of  Alno,  Sweden,  differs  from  the  rock  here  described 

only  in  containing  serpentinised  olivine,  garnet,  and  perofskite  as  the  titaniferous 
*  Rosenbusch,  Gesteinlehre,  1910,  p.  304. 
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mineral  in  place  of  ilmenite  and  anatase.  It  is  very  rich  in  apatite,  and  contains 
abundant  calcite  as  the  result  of  the  alteration  of  the  auoite  and  melilite.  In  the 

absence  of  olivine  and  garnet,  the  Ochilesa  rock  has  closer  affinities  with  the  biotite- 
monchiquite  or  ouachitite  of  Arkansas  than  to  the  type  alnoite.  According  to 

Rosenbusch  *  the  ouachitite  of  Hot  Springs,  Arkansas,  contains  a  small  quantity  of 
melilite,  and  is  free  from  garnet.     It  is  included  by  him  in  the  alnoite  group. 

VII.  Basic  Intrusions. 

A  group  of  basic  rocks  including  dolerites  and  basalts  is  widely  spread  over  the 

area  traversed  by  Professor  Gregory.  Their  geological  relations  suggest  that  they 

are  the  youngest  set  of  igneous  rocks  in  the  region. 

A  rock  from  the  railway  W.  of  Lepi  (127)  is  a  coarse-grained  ophitic  olivine- 

dolerite,  consisting  of  a  plexus  of  broad  laths  of  labradorite  (AbiAni)  in  ophitic  re- 
lations with  irregular  plates  of  brown  augite.  There  is  also  some  anhedral  olivine, 

magnetite-blackened,  and  partly  altered  to  colourless  serpentine  ;  and  titaniferous 

iron-ore.  The  rock  is  mesocratic  or  mafelsic,  i.e.  the  felspars  are  roughly  equal  in 

amount  to  the  ferro-magnesian  minerals. 

A  similar  rock  forms  a  dyke  W.  of  Cruz's,  Quingenge  (236).  It  is,  however, 
finer  in  grain,  and  the  iron-ore  is  more  abundant,  than  in  the  Lepi  rock.  The  augite 
has  a  marked  purplish  tone. 

Rocks  from  near  Cubal  (300c)  and  Portella  Solo  (118)  are  very  basic  basalts 

approaching  augitite.  The  Cubal  rock  contains  numerous  large  phenocrysts  of  brown 

augite  in  a  fine-grained  groundmass  consisting  of  augite  and  plagioclase,  of  which  the 
former  is  by  far  the  more  abundant.  The  texture  is  obscurely  ophitic,  and  the  augite 

phenocrysts  enclose  very  small  laths  of  plagioclase.  The  only  remaining  consti- 
tuents are  ilmenite  passing  over  to  leucoxene,  and  small  green  patches  which  may 

represent  a  little  original  olivine.  The  rock  from  Portella  Solo  differs  from  the  above 

only  in  its  non-porphyritic  character  and  the  slightly  greater  proportion  of  the 

felspar.  It  occurs  at  the  margin  of  a  granite  mass,  and  appears  to  have  been  re- 

crystallised  as  a  basalt-hornfels,  with  little  or  no  new  mineral  formation.  Both 
these  rocks  are  practically  devoid  of  olivine,  and  in  the  abundance  of  augite  approach 

the  augitite  end-member  of  the  basalt  family. 

EXPLANATION   OF    PLATE. 

Fig.  1.  Charnockite,  Ochilesa.  Ordinary  light,  x  15.  A  granulitic  aggregate  of  clear  quartz,  cloudy 

felspars,  with  biotite  (centre  of  field)  and  pyroxenes  (below  biotite).     The  latter  is  mostly  hypersthene. 

Fig.  2.  Hornblende  -  hyperite,  Ochilesa.  Ordinary  light,  x  15.  A  granulitic  aggregate  of  felspar 

(plagioclase)  with  a  little  quartz,  abundant  hypersthene,  and  hornblende.  .  The  hypersthene  is  easily  dis- 
tinguishable by  its  comparatively  high  relief. 

*  Rosenbusch,  Gesteinlehre,  1910,  p.  305. 
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Fig.  3.  Hornfelsed  porphyry,  Bailundo.  Ordinary  light,  x  15.  A  recrystallised  granulitic  quartzo- 
felspathic  groundmass,  which  contains  irregular  clots  of  intergrown  hornblende,  biotite,  magnetite,  and 
occasionally  cassiterite ;  and  cloudy  phenocrysts  of  felspar  (orthoclase  and  oligoclase). 

Eig.  4.  Shonkinite,  Ochilesa.  Ordinary  light,  x  15.  Shows  pseudo-porphyritic  euhedral  crystals  of 

barkevikite  (centre),  and  titanaugite  (south-eastern  quadrant),  in  a  groundmass  consisting  of  orthoclase,  and  a 
little  sodalite  which  is  not  distinguishable  in  the  photograph.  The  felsic  minerals  contain  numerous  small 

inclusions  of  titanaugite  and  barkevikite,  and  apatite  is  enclosed  within  the  coloured  minerals. 

Fig.  5.  Solvsbergite-vitrophyre,  Chieuca.  Ordinary  light,  x  24.  Shows  small  phenocrysts  of  aegirine. 
augite  and  magnetite  (centre  of  field),  in  colourless  glassy  groundmass  crowded  with  microlites  of  aegirine. 

Fig.  6.  Ouachitite,  Ochilesa.  Ordinary  light,  x  15.  Shows  numerous  small  euhedral  sections  of  green 

augite,  and  large  plates  of  bleached  biotite  (centre  of  field),  in  groundmass  of  calcite  (colourless  areas),  and  a 
little  melilite  (?)  which  cannot  be  distinguished  in  the  photograph.  The  irregular  black  sections  are  of  blue 

translucent  auatase  which  has  been  derived  by  the  alteration  of  ilmenite. 
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Introduction. 

The  following  notes  have  been  prepared  as  the  result  of  a  study  of  a  small  collection 

of  fossils  belonging  chiefly  to  the  Pelecypoda  and  Gastropoda,  which  were  obtained 

by  Professor  J.  W.  Gregory,  F.R.S. ,  from  the  Cretaceous  rocks  of  the  neighbour- 

hood of  Lobito  Bay,  situated  to  the  north  of  Benguella,  in  the  province  of  Angola. 

At  first  sight  the  specimens  appeared  to  be  of  too  unsatisfactory  a  character  for 

determination,  on  account  of  their  fragmentary  condition,  besides  often  consisting 

of  natural  casts.  From  a  closer  examination,  however,  it  has  been  possible  to  trace 
some  details  of  structure  which  have  afforded  clues  to  the  identification  of  certain 

genera  and  species,  a  record  of  which  will  assist  in  extending  our  present  limited 

knowledge  of  the  Cretaceous  conch  ology  of  this  region  of  Africa.  During  the 

progress  of  these  researches,  a  few  further  specimens  from  the  same  locality  were 

added  to  Professor  Gregory's  collection,  having  been  specially  obtained  by  Mr 
E.  Robins,  of  the  Benguella  Railway  Company.  So  far  as  the  literature  of  the 

subject  is  concerned,  we  appear  to  be  indebted  to  the  memoirs  of  Professor  Paul 

Choffat  t  of  Lisbon  for  most  of  our  information  on  the  Cretaceous  fauna  of  Angola, 

although  reference  should  also  be  made  to  a  small  and  important  paper  by 

M.  Stanislas  Meunier  J  issued  in  1888,  which  contains  the  earliest  known  figures  of 

*  Published  by  permission  of  the  Trustees  of  the  British  Museum. 

t  "  Note  preliminaire  sur  les  Fossiles  recueillis  par  M.  Lourenco  Malbeiro  dans  la  province  d' Angola,"  Bull.  Soc. 

Ge'ol.  France,  1887,  ser.  3,  vol.  xv,  pp.  154-157  ;  "  Materiaux  pour  l'etude  stratigraphique  et  paleontologique  de  la 

province  d' Angola,"  Mem.  Soc.  Phys.  Hist.  Nat.  Geneve,  1888,  vol.  xxx,  No.  2  ;  "  Nouvelles  denudes  sur  la  zone 

littorale  d'Angola/'  Contrib.  Ge'ol.  Colonies  Portugaises  Afrique — Com.  Sen.  Ge'ol.  Portugal,  1905. 

I  "Contribution  a  la  geologie  de  1' Afrique  occidentale,"  Bull.  Soc.  Ge'ol.  France,  1888,  ser.  3,  vol.  xvi,  pi.  1, 
figs.  1-5,  pp.  61-63. 
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Cretaceous  mollusca  (Cephalopoda)  from  Angola,  consisting  of  Schloenbachia  inflata, 

J.  Sowerby,  Desmoceras  cuvervillei,  Stan.  Meun.,  Hamites  virgulatus,  Brongniart, 

and  //.  tropicalis,  Stan.  Meun.  These  specimens,  obtained  from  the  limestones  of 

Lobito  Bay,  north  of  Benguella,  were  considered  to  be  of  Albian  age,  the  forms  of 

S.  inflata  being  regarded  as  identical  with  a  variety  of  that  species  which  had  been 

figured  by  Szajnocha  *  from  the  Elobi  Islands,  situated  off  the  north-west  territory 
of  the  French  Congo. 

From  an  examination  of  the  mollusca  and  other  organisms,  Choffat  divided 

the  Cretaceous  rocks  of  Angola  into  : — Albian  (beds  with  Pholadomya  pleuromyee- 

formis) ;  Vraconnian  (beds  with  Schloenbachia  inflata) ;  Cenomanian-Turonian 
(beds  with  Cyprina  invensi,  Actseonella,  Nerinea) ;  and  Senonian  (beds  with 

Ostrea  olisiponensis,  Roudaireia  forbesi,  Ostrea  baylei,  Cardita  barroneti,  and 

Lioceramus  langi). 

In  the  light  of  these  researches,  and  from  a  study  of  the  present  fossils,  it  is 

recognised  that  the  fauna  here  described  belongs  to  the  Vraconnian  stage  of  the 

Cretaceous  series,  which  includes  the  zone  of  Schloenbachia  inflata.  Strong  con- 
firmation of  this  horizon  is  offered  by  the  Cephalopod  remains  forming  part  of  the 

collection,  and  which  are  in  course  of  description  by  Mr  G.  C.  Crick,  as  there  are 

certain  Ammonites  showing  close  relationships  with  Schloenbachia  infl,ata.  Whether 

the  zone  should  be  regarded  as  the  lowest  Cenomanian  or  latest  Albian  need  not  now 

be  discussed,  it  being  sufficient  for  the  purposes  of  this  paper  to  acknowledge  that  it 

belongs  to  Renevier's  Vraconnian  stage  as  adopted  by  Choffat,  and  so  representing 
an  intermediate  or  passage  series  of  beds  between  the  Albian  and  Cenomanian. 

The  Angola  fauna  undoubtedly  bears  the  European  facies,  being,  besides,  related 

in  its  details  to  that  characterising  North  African  regions,  a  few  of  the  species 

occurring  as  well  in  Syria,  Socotra,  and  Zululand.  It  is  connected,  likewise,  with  the 

southern  Indian  Cretaceous  series  on  account  of  the  presence  there,  at  the  base  of 

the  Utatur  group,  of  Schloenbachia  inflata.  Further,  a  resemblance  may  be  noted 

with  the  fauna  of  the  Sergipe  beds  of  Brazil  described  by  C.  A.  White, t  and  which 

has  already  been  pointed  out  by  Dr  F.  Kossmat,|  who,  on  account  particularly  of 

the  presence  of  Ammonites  of  the  group  S.  inflata,  regarded  those  deposits  as  of 

Cenomanian  age.  Certain  specimens  of  the  present  collection  help,  also,  to  confirm 

the  existence  of  a  Brazilian  facies  in  the  Angola  fauna,  among  which  may  be 

mentioned  : — Neithea  sequicostata,  N.  tricostata,  Trigonia  crenulata,  Tylostoma 
globosum,  and  Akera  gregoryi.  The  distribution  of  the  species  referred  to  in  this 

paper  is  set  out  in  the  following  table  : — 

*  "Zur  Kenntniss  der  mittelcretacischen  Cephalopodenfauna  der  Insel  Elobi  an  der  Westkiiste  Afrika's," 
Denkschr.  k.  Alcad.  Wins.  [Wien],  1884-1885,  vol.  xlix,  p.  231,  with  4  plates. 

t  "  Contributions  to  the  Paleontology  of  Brazil,"  Archiv  Mas.  Nation.  Brazil,  1888,  vol.  vii. 
X  "  On  the  Importance  of  the  Cretaceous  Rocks  of  Southern  India,  etc.,"  Records  Geol.  Surv.  India,  1895, 

vol.  xxviii,  p.  45.     [  =  English  translation  of  memoir  issued  in  the  Jahrb.  k.lc.  Geol.  Eeichs.,  1894,  vol.  xliv.] 
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List  of  Cretaceous  Mollusca  {excluding  Cephalopoda),  etc.,  from  Angola, 
collected  by  Prof   Gregory  and  Mr  E.   Robins. 

Genera  and  Species. 

Brachiopoda — 

*  Terehratula  depressa,  Lamarck  . 

Pelecypoda — 
Exogyra  cf.  flabellatu,  Goldfuss 
Neitliea  xquicostata,  Lamarck   . 

*  ,,        angoliensis  (sp.  nov.)    . 
.  *       ,,        quadricostata,  J.  Sowerby 
*  ,,        tricostata,  Coquand 
*  Lima  cf.  itieriana,  Pictet  and  Roux 

Vulsella  sp.  (  =  MocUola)  . 

*  Trigonarca  cf.  ligeriensis,  Orbigny 
cf.  diceras,  Seguenza 

*  Trigonia  creuulata,  Lamarck 
*  Anthonya  cf.  baudeti,  Coquand 
*  Trachycardium  cf.  syriacum,  Conrad 
*  Panopeea  cf.  plicata,  J.  de  C.  Sowerby 
*  Pholadomya  cf.  vignesi,  Lartet . 

Toucasia  sp. 

Gastropoda — 

*  Tylostoma  globosum,  D.  Sharpe 
*  Mrhilaia  cf.  nerinseformis,  Coquand  . 
*  Hipponyx  sp.   . 
*  Akera  gregoryi  (sp.  nov.)  . 

Geological 
Distribution. 

A  ptian-Vraconnian 

Cenomanian-Turonian 

Vraconnian 
Albian-Cenomanian 
Cenomanian 

A  lbian-Cenomanian 
Vraconnian 
Cenomanian 

Aptian-Cenomanian 
Cenomanian-Senonian 
Vraconnian 

Cenomanian-Turonian 
Cenomanian 
Vraconnian 
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Note. — The  asterisks  (*)  to  the  left  of  the  above  names  indicate  new  records  for  the  Cretaceous  of  Angola. 

Description  of  the  Specimens. 

BRACHIOPODA. 

Fam.    TEREBRATULID.E. 

Terehratula  depressa,  Lamarck.     (PI.  I,  fig.  1.) 

Terehratula  depressa,  Lamarck:  Hist.  Nat.  Anim.  sans  Vert.,  1819,  vol.  vi,  part  1,  p.  249;  Davidson: 

Ann.  Mag.  Nat.  Hist.,  1850,  ser.  2,  vol.  v,  pi.  xiii,  fig.  15,  p.  435;  British  Cretaceous  Brachiopoda, 

Mon.  Pal.  Soc,  1854,  pi.  ix,  tigs.  9-24,  p.  70;  Suppl.  1874,  pi.  iv,  figs.  1-10,  p.  40. 

Remarks. — -A  single  specimen  of  this  species  is  all  that  is  represented  in  the 
collection.  It  exhibits  a  good  external  view  of  the  ventral  or  pedicle  valve, 

with  only  the  crushed  remains  of  the  brachial  or  dorsal  valve,  which  is  too  much 

mutilated  for  the  determination  of  characters.     The  ventral  valve  is  very  shallow 
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and   gently  arched,  with  markedly  straight  and  oblique  lateral  margins  diverging 

from  a  fairly  narrow  and   tapering   summit  region  to  the   rounded   and   expansive 

base.       Numerous    concentric    growth     striations    cover    the     surface,    the     more 

prominent    of   which    are    more    or    less    equidistantly    arranged.       On    the    dorsal 

aspect   of  the  specimen  is  seen  the   remains  of  an  apparently    large  foramen,    the 

details    of   which,   on  account    of   fracture,   are    too    obscure    for   description.     The 

microscopically    punctate   character  of  the    Terebratulidse  is  well   displayed  in  the 

test  of  this  specimen. 

Dimensions  (ventral  valve). — 
Length  ......         37  mm. 

Width  .  .  .  .  .  .  34     „ 

Diameter      .  .  .  .  .  .  12     ,, 

This  is  a  very  variable  species.  The  Angola  specimen  compares  favourably 

with  the  more  elongate  examples  from  the  type  locality  of  Tour  nay  in  Belgium 

which  occur  in  the  "  Tourtia "  beds,  regarded  as  of  Cenomanian  age.  Excellent 

figures  have  been  published  of  the  species,  Lamarck's  type  specimen  having  been 

drawn  by  Davidson,  while  d'Archiac  has  issued  illustrations  and  descriptions  of 
examples  from  Belgium  under  the  name  of  T.  nerviensis.  The  specimen  gives  no 

indication  of  folds  or  plications,  being  perfectly  smooth  ;  hence  it  differs  from  both 

T.  biplicata  and  T.  dutempleana,  which  are  recorded  in  the  lists  of  Cretaceous 
fossils  from  northern  areas  of  Africa. 

Distribution. — The  later  studies  of  Davidson  have  demonstrated  that  the 

species  had  its  origin  in  Aptian  times,  having  been  found  at  Faringdon,  Upware, 

Shanklin,  and  other  English  localities.  In  the  present  case  the  species  may  be 

considered  as  of  older  Cenomanian  or  Vraconnian  age,  since  it  is  associated  with 

fragmentary  Ammonites  indicating  the  zone  of  Schloenbachia  injiata. 

Occurrence. — In  a  limestone  similar  to  that  associated  with  Neithea  tricostata, 

exhibiting  minute  specks  of  mica  and  glauconitic  grains. 

Locality. — No.  295 — N.E.  of  Lobito  Bay. 

PELECYPODA. 

Fam.  OstreidjE. 

Exogyra  cf.  jiabellata,  Goldfuss.     (PL  II,  fig.  1.) 

Exogyra Jiabellata,  Goldfuss:  Petrifacta  Germanize,  1833,  vol.  ii,  pi.  lxxxvii,  fig.  6,  p.  32. 

Ostrea  flahella   and  Jiabellata,   Orbigny  :    Pat.   Frangaise:   Terr.   Cretaces  Lamellibi  anchia,    1846,  vol.   iii, 

pi.  475,  p.  717. 

Exogyra  Jiabellata,  Pervinquiere  :  Etudes  Pal:  Tunisienne :  Gast.  Lametlib.  Cretaces,  1912,  pi.  xiii,  figs.  6-8, 

p.  189. 

Remarks. — The  collection  contains  a  fragmentary  pair  of  valves  in  the  closed 
condition    which    may    apparently   be   referred   to  an   exogyriform  oyster   probably 
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related  to  Exqgyra  fiabellata  of  Goldfuss,  although  the  umbonal  region  is  entirely 

absent.  The  lower  valve  consists  of  a  fairly  well-arched  portion  of  possibly  the 

ventral  region,  which  is  furnished  with  remains  of  seven  obtusely  angulate, 

equidistant  radial  costse  divided  by  wide  sulcations  which  are  ornamented  with 

robust,  concentric  and  regularly  undulating  ridges  and  striations,  these  being 

continued  over  the  summits  of  the  costse.  The  opposing  surface  representing  part 
of  the  upper  or  flatter  valve,  which  fits  closely  into  the  other,  exhibits  five  radial, 

funnel-shaped,  roundly  convex,  and  smooth  plications  separated  by  moderately 
narrow  and  deep  grooves.  For  an  explanation  of  these  structures  it  is  necessary  to 

refer  to  good  figures  such  as  those  published  by  Orbigny  of  examples  from  the 

French  Cenomanian.  _0n  that  author's  plate  (475)  the  details  similar  to  those  in 
the  Angola  fossil  are  more  or  less  well  represented.  The  strongly  developed,  funnel- 

shaped  costse  of  the  upper  valve  are  well  seen  in  his  fig.  1,  whereas  the  more 

obtusely  angulate  character  of  the  costse  of  the  lower  valve  with  their  wide 

dividing  furrows  are  to  be  observed  in  fig.  2. 

Under  the  same  name  (Ostrea  cf.  fiabellata),  but  without  description  or  figure, 

M.  Choffat  *  has  recognised  a  probably  similar  mollusc  in  the  Cenomanian-Turonian 
beds  of  Dombe  Grande,  Angola. 

It  is  interesting  to  note  that  the  double  plication  of  this  species  of  Exogyra  was 

used  by  Bayle  as  the  significant  character  for  the  establishment  of  his  genus 

Ceratostreon,  the  true  Exogyra  having  only  its  lower  valve  plicated,  while  the 

upper  bears  a  concentric  sculpture.  This  fossil  measures  50  by  49  mm.,  its  greatest 

diameter  being  20  mm. 

Distribution. — This  species  has  a  wide  geographical  range,  being  found  in  Europe 
(France,  Italy,  Portugal,  etc.),  Algeria,  Egypt,  Tunisia,  Arabia,  Palestine,  etc.  It  is 

essentially  Cenomanian,  and  chiefly  belongs  to  the  upper  part  of  that  horizon,  as  well  as 

occurring  in  the  Lower  Turonian  rocks  of  the  island  of  Socotra,  according  to  Kossmat. 

Occurrence. — The  fossil  is  without  matrix,  except  as  an  infilling  material  between- 

the  valves,  composed  of  a  hard  light-coloured  limestone. 

Locality. — No.  12 — Hanha  near  Lobito. 

Fam.   Pectinid^e. 

Neithea  tequicostata,  Lamarck.     (PL  I,  figs.  2  and  3.) 

Pecten  xquicostatus,  Lamarck  :  Hist.  Nat.  Anim.  sans  Vert.,  1819,  vol.  vi,  part  1,  p.  181. 

Vola  xquicostata,  Choffat:  Recueil  Etudes  Pal.  Faune  Cret.  Portugal,  1901-02,  pi.  iii,  fig.  10,  p    152. 
Pecten  (Neithea)  xquicosta/us,  Pervinquiere  :  Etudes  Pal.  Tunisienne:  Gast.  Lamellib.  Terr.  Crstaces,  1912, 

p.  135 

Remarks. — A  somewhat  small  lower  valve  exhibiting  an  external  view  is  referred 

to  this  species.     The  length  and  height  are  the  same,  viz.  16  mm.     It  is  furnished 

*  Mem.  Soc.  Phys.  Hist.  Nat.  Geneve,  1888,  vol.  xxx,  No.  2,  p.  25  ;  Contrib.  Ge'ol.  Colonies  Portugaises  Afrique, 
1905,  part  2,  p.  59. 
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with  about  20  equal  costse  and  furrows,  which  are  ornamented  with  a  close  and  trans- 
versely striated  surface.     The  ears  are  not  visible. 

Pervinquiere  refers  to  small  forms  of  this  species,  with  a  similar  number  of  ribs 

to  the  present  specimen,  which  he  found  in  Tunisia,  although  the  presence  of  a 

transversely  striated  sculpture  is  not  mentioned  in  connection  therewith,  nor  is  it 

a  usual  character  of  the  shell,  which  is  supposed  to  bear  a  smooth  surface.  Such  a 

sculpture  does  exist,  however,  in  well-preserved  specimens  of  the  species.  It  should 

be  mentioned  that  Vola  cf.  sequicostata  has  been  recognised  by  M.  Choffat  *  as 
occurring  in  the  Schloenbachia  injiata  zone  of  Dombe  Grande,  Angola  ;  but  whether 

it  belongs  to  the  same  species  as  Dr  Gregory's  shell  it  is  impossible  to  say,  as  the 
statement  is  without  description  or  figure. 

It  is  of  interest,  also,  to  remark  that  the  present  Angola  specimen  shows  a 

resemblance  to  Neithea  sergipensis  of  C.  A.  White  t  from  the  Schloenbachia  injiata 
zone  of  Brazil  (Sergipe). 

Distribution. — This  species  is  characteristic  of  the  Cenomanian  rocks  of  Europe 
(France,  England,  Germany,  Portugal,  etc.).  In  Portugal  it  occurs  in  Turonian  beds, 

Pervinquiere  having  alluded  likewise  to  its  occurrence  in  the  Cenomanian  of  Tunisia. 

Occurrence. — The  specimen  is  embedded  in  a  cream-coloured  limestone,  associated 
with  small  examples  of  a  Lima. 

Locality. — No.  294 — from  E.  of  Lobito,  plateau  800  feet. 

Neithea  angoliensis,  sp.  nov.     (PI.  1,  fig.  4.) 

Description. — Lower  valve  small,  of  arched  contour,  umbonal  region  comparatively 

narrow ;  latero-marginal  surfaces  nearly  vertical,  depressed,  smooth  ;  pallial  region 
furnished  with  6  robust,  equidistant  primary  costse,  and  intermittent  furrows 

occupied  by  a  single  median  rib  with  an  occasional  accessory  rib. 

Dimensions. — 
Length  ......  10  mm. 

Height  .  .  .  .  .  .  15      „ 

Remarks. — This  specimen  is  quite  a  small  form  of  Neithea,  and  exhibits  an 
external  view  of  a  lower  valve.  Any  fine  surface  sculpture  that  may  have  originally 

existed  is  entirely  obliterated.  The  ears  are  not  disclosed.  Only  one  probable 

accessory  rib  can  be  traced,  this  being  seen  very  obscurely  near  the  ventral  margin 

on  the  posterior  corner  of  the  specimen  ;  otherwise  a  single  secondary  rib  occupies 
each  of  the  furrows. 

In  contour  the  specimen  appears  to  be  related  to  both  Janira  tricostata  of 

Coquand  \  from  the  Cenomanian  of   Algeria  and  Tunisia,  and  Janira  jicalhoi  §  of 

*  (Jontrib.  G4ol.  Colonies  Portugaises  Afrique,  1 905,  part  2,  p.  58. 

t  "  Contributions  to  the  Paleontology  of  Brazil,"  Archiv  Mus.  Nation.  Brazil,  1888,  vol.  vii,  pi.  iii,  figs,  6,  7,  p.  39. 

\  Ueuloyie  et  Pale'ontologie  Constantine,  1862,  pi.  xiii,  figs.  3,  4,  p.  219. 
§  M4m.  Soc.  Phys.  Hist.  Nat.  Gentee,  1888,  vol.  xxx,  No.  2,  pi.  v,  figs.  8-10,  p.  89. 



AND    MOLLUSCA   FROM    ANGOLA,    PORTUGUESE   WEST   AFRICA.  567 

Ohoffat  from  the  Albian  of  Dombe  Grande,  Angola.  Both  these  species,  however, 

have  more  than  one  secondary  rib  between  the  primaries,  the  first-mentioned  having 
three  and  the  other  two.  The  nearly  unicostate  character  of  the  present  shell  is  an 

interesting  feature  which,  so  far  as  can  be  ascertained,  has  not  previously  been 

observed  in  this  genus. 

Occurrence. — In  a  creamy-coloured  limestone  with  ironstone  nodules. 

Locality. — No.  20 — 80  metres  above  the  Catumbella  Dam. 

Neithea  tricostata,  Coquand.     (PI.  I,  figs.  5-7.) 

Janira   tricostata,   Coquand :    Gvologie   et  paleontologie   de   la   region   sud  de   la  province   de  Constantine, 

1862,  pi.  xiii,  figs.  3-4,  p,  219  [non  Pecten  tricostatus,  Bayle]. 
Pecten  coquandi,  Peron  :   Desc.  Moll.  Foss.  Cretach  Tunisie,  Explor.  Scient.  Tunisie,  1891,  part  2,  p.  224. 

Pecten  (Neithea)  shawi,  Pervinquiere  :  Etudes  Pal.  Tunisienne  :  Gastropodes  et  Lamellibranches  des  'Terrains 
Oretaces,  1912,  pi.  ix,  figs.  1-3,  p.  136. 

Remarks. — There  are  two  examples  of  this  species  in  the  collection,  the  better 
one  being  of  considerable  size  and  in  a  fine  state  of  preservation.  It  consists  of  a 

lower  valve  with  the  central  part  of  the  shell  substance  removed  by  fracture. 

Otherwise  the  characteristic  external  sculpture  is  entire  and  well  displayed.  The 

interspaces  dividing  the  six  great  primary  costse  are  furnished  with  three  equidistant 

ribs  of  unequal  size,  the  central  being  the  most  robust,  whereas  the  rib  on  each 

side  is  narrower  and  less  elevated.  A  few  nearly  obsolete  radial  ribs  may  also  be 

traced  on  the  large  lateral  areas,  the  surfaces  of  which,  in  common  with  the 

remaining  parts  of  the  valve,  are  covered  with  fine  concentric  and  closely  arranged 

striatums.  The  valve  has  a  greater  height  than  length,  and  in  addition  it  may  be 

stated  that  the  ventral  margin  is  of  strong  polygonal  contour,  while  the  aliform 

expansions,  although  only  partially  seen,  give  the  idea  of  extreme  smallness  of  size. 

Dimensions. — 

Length         ......         80  mm. 

Height         .  ....         99     „ 
Diameter  .  .  .  .  .  40     ,, 

This  species  has  been  often  confused  with  J.  Sowerby's  Pecten  quadricostata, 
from  which  it  differs  in  its  smaller  auricles  and  in  possessing  a  greater  relative 

height,  and  therefore  not  presenting  a  sub-quadratic  contour  ;  while  further  the 
intermittent  costse  are  of  unequal  size  instead  of  being  generally  of  equal  strength 

as  in  Sowerby's  shell.  It  is  not  possible  to  agree  with  Pervinquiere  in  regarding 

Shaw's  #  old  figure  of  a  North  African  fossil  as  representing  this  species  ;  it  is 
much  more  likely  to  be  a  form  related  to,  if  not  identical  with,  N.  quadricostata, 

on  account  of  its  much  more  nearly  square  outline,  and  from  the  fact  that  a  similar 

measurement  characterises  the  height  and  length  of  the  valve.    This  species  offers  con- 

*  "  Pectinites,"  Thomas  Shaw  :  Voyage  en  Barbarie,  1743,  vcl.  ii,  fig.  24,  p.  128  (fide  Pervinquiere)  ;  German 
edition,  1765,  pi.  xxviii,  fig.  24,  p.  407. 
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siderable  resemblance  to  C.  A.  White's*  Neithea  quadricostata  from  the  Cretaceous 
deposits  of  Brazil  (province  of  Sergipe),  and  only  seems  to  differ  in  possessing  more 

prominent  costal  furrows.  It  would  appear  to  be  quite  permissible  to  retain  Coquand's 
specific  name  of  tricostata,  to  which  was  attached  the  generic  term  Janira,  not- 

withstanding that  Bayle  f  had  described  in  previous  years  another  fossil  as  Pecten 

tricostatus  because  the  specific  term  had  been  applied  to  two  different  genera. 

Distribution. — Hitherto  this  species  appears  to  have  been  known  only  in  the 
Cenomanian  beds  of  Northern  Africa,  Algeria,  and  Tunisia. 

Occurrence. — In  a  cream-coloured  limestone  with  occasional  ferruginous  staining, 
and  containing  minute  specks  of  glauconite  (?)  and  mica. 

Locality. — Lobito,  Angola. 
Collector. — Mr  E.  Robins. 

Neithea  quadricostata,  J.  Sowerby.     (PI.  I,  fig.  8.) 

Pecten  quadricostata,  J.  Sowerby:  Mineral  Conchology,  1814,  vol.  i,  pi.  lvi,  figs.  1,  2,  p.  121. 

Neithea  quadricostata,  R.  B.  Newton:  Trans.  Roy.  Soc.  South  Africa,  1909,  vol.  i,  pi.  ii,  figs.  18-20,  p.  55. 

Remarks. — The  collection  contains  a  specimen  showing  an  internal  view  of  a 
small  upper  valve  in  the  limestone  matrix  ;  it  belongs  in  all  probability  to  Pecten 

quadricostata,  J.  Sowerby.  Although  of  considerably  less  size,  it  agrees  remarkably 

well  with  an  excellent  text-figure  in  Mr  H.  Woods'  Monograph  of  the  Cretaceous 
Lamellibranchia  of  England,  published  by  the  Palseontographical  Society,  1903, 

vol.  i,  part  5,  fig.  5,  p.  214,  depicting  a  similar  interior  of  a  specimen  from  the 

Upper  Greensand  of  Warminster,  which  is  attributed  by  some  authors  to  the 

Cenomanian  horizon.  In  the  Angola  fossil  the  length  is  greater  than  the  height, 

which  is  one  of  the  characters  of  the  species  ;  and  the  shell  is  furnished  with  a 

relatively  large  posterior  ear,  the  anterior  one  not  being  preserved.  The  surface 

is  covered  with  some  twenty  rounded  radial  costse  separated  by  furrows  of  rather 

greater  width,  to  see  which  a  wax  squeeze  has  been  necessary.  Otherwise  the 

flattened-looking  ribs  of  the  fossil  represent  the  broad  furrows,  as  would  be  seen 
on  the  external  surface  if  it  were  so  exposed.  The  wax  impression  also  proves 

that  the  valve  was  distinctly  concave. 

Dimensions. — 
Length  .  .  .  .  .  .21  mm. 

Height         .  .  .  .  .  .         19     ,, 

Distribution. — According  to  Mr  Woods,  the  species  ranges  from  the  Albian 
to  the  Cenomanian  in  British  and  European  regions  ;  the  species  has  also  been 

recorded  from  Africa  (Zululand,  etc.). 

Occurrence. — In  a  cream-coloured  limestone. 

Locality. — No.  19 — Catumbella  Dam. 

*  "Contributions  to  the  Paleontology  of  Brazil,"  Archiv  Mus.  Nacion.  Brazil,  1888,  vol.  vii,  pi.  iv,  figs.  1,  2,  p.  37. 

t  Foornel,  Richesse  minerale  de  I'Alge'rie,  1849,  pi.  xviii,  fig.  30,  p.  369. 
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Fam.  Limid^e. 

Lima  cf.  itieriana,  Pictet  and  Koux.     (PL  I,  fig.  9.) 

Lima  parallela,    Orbigny :    Pal.    Frangaise :    Terr.    Gretaces    Lamellibranchia,    1846,    vol.    iii,    pi.    416, 
figs.  11-14,  p.  539,  non  J.  Sowerby. 

Lima  itieriana,  Pictet  and  Roux :  Desc.  Moll.  Foss.  Gres  Verts,  1852,  pi.  xl,  fig.  5,  p.  484. 

Remarks. — The  collection  contains  two  limestone  casts  of  right  valves  which 
appear  to  present  affinities  with  this  species.  They  possess  the  same  number  of 
costse,  about  20  ;  no  ornamentation  can  now  be  traced,  nor  is  there  any  evidence 
of  a  thin  rib  occupying  the  grooves,  which  is  a  characteristic  feature  of  the  shell 

when  properly  preserved.  A  resemblance  undoubtedly  exists  between  these 

specimens  and  the  Lima  interlineata  of  C.  A.  White,*  which  has  been  recorded 

from  the-  Schloenbachia  inflata  beds  of  Brazil  (Sergipe).  The  species  itself  is 
synonymous  with  Plagiostoma  elongata  of  J.  de  C.  Sowerby,  which  has  been  included 

by  Mr  H.  Woods  in  his  Lima  (Mantellum)  gaultina.  t 

Distribution. — The  species  ranges  in  Europe  from  the  Albian  to  the  Cenomanian, 
but  both  Peron  and  Pervinquiere  have  recognised  it  in  rocks  of  Cenomanian  age 
in  Tunisia. 

Occurrence. — Found  in  a  cream-coloured  limestone  with  Neithea  sequicostata. 
Locality.— No.  294— Plateau  800  feet  E.  of  Lobito. 

Fam.  Mytilid^e. 

Volsella  sp.     (PI.  I,  figs.  10  and  11.) 

Remarks. — This  genus  is  represented  by  one  specimen  possessing  very  tumid 

valves,  a  gently  excavated  ventral  margin,  a  pair  of  nearly  terminal  umbones,  a  pro- 
minent lanceolate  ligament  cavity,  and  a  concentrically  striated  ornamentation. 

Dimensions. — 
Length  ......         60  mm. 

■    Height  .  .  .  .  .  23     „ 
Diameter  (with  closed  valves)  .  .  .  24     „ 

Judging  from  the  lateral  view  of  this  specimen,  there  is  much  in  its  contour 

and  general  appearance  to  connect  it  with  Modiola  siliqua  of  Matheron  from 

the  "  Craie  chloritee "  or  Cenomanian  beds  of  France,  \  especially  Orbigny's 
interpretation  of  that  species,  §  although  a  comparison  shows  that  the  Angola  fossil 

is  furnished  with  much  more  inflated  valves  and  is  relatively  wider  at  the  anterior 

end.      It   is    probably   a    new    species,  although    the   surface   ornamentation   is   too 

*"  Contributions  to  the  Paleontology  of  Brazil,"  Archiv  Mus.  Nacion.  Brazil,  1888,  vol.  vii,  pi.  iii, 
figs.  3,  4,  p.  42. 

t  Mon.  Pal.  Soc.  :  Cretaceous  Lamellib.  England,  1904,  vol.  ii,  pi.  v,  figs.  16-20,  p.  31. 
\  Gat.  Method.  Foss.  Bouches-du-Rhone,  1842,  pi.  xxviii,  figs.  5,  6,  p.  178. 

§  Pal.  Francaise :  Terr.  Cre'tace's  Lamellibranchia,  1844,  vol.  iii,  pi.  339,  figs.  3,  4,  p.  274. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  15).  82 
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obscure,  through  possible  erosion,  for  a  more  complete  description  of  an  otherwise 

interesting  specimen. 

Occurrence. — A  limestone  specimen  and  more  or  less  of  a  cast ;  the  surface  is 
tinged  with  a  brownish  colour.  It  was  found  associated  with  Trigonarca,  crinoidal 
stem  ossicles,  etc. 

Locality. — No.  292 — Canyon  E.  of  Old  Lobito. 

Fam.  ArcidvE. 

Trigonarca  cf.  ligeriensis,  Orbigny.     (PI.  I,  figs.  12  and  13.) 

Area   ligeriensis,    Orbigny:    Pal.    Frangaise:    Terr.    Cretaces    Lamellibranchia,    1844,    vol.    iii,    pi.    317, 

figs.  1-3,  p.  227  {rum  figs.  4  and  5). 

Trigonarca  ligeriensis,  R.  B.  Newton:  Trans.  Roy.  Soc.  Soutli  Africa,  1909,  vol.  i,  pi.  iv,  figs.  13-18,  p.  33. 

Remarks. — A  small  form  of  Trigonarca  occurs  rather  plentifully  in  the  cream- 
coloured  limestones,  mostly  as  natural  casts.  The  specimens  are  rather  more 

quadrate  than  in  the  normal  condition  of  this  species  ;  otherwise  they  are  closely 

related,  and  may  even  be  young  examples.  One  specimen  fits  into  a  limestone 

impression  which  exhibits  the  strongly  and  divergently  grooved  ligament  region — 
the  teeth  on  the  cast  itself  possessing  striations  on  the  lateral  surfaces.  The  same 

impression  shows  remains  of  external  sculpture  which  consists  of  fine  and  closely 

arranged  concentric  striations  crossed  by  obscure  radial  lines,  which  is  especially 

well  seen  around  the  umbonal  region. 

Distribution. — The  species  is  known  from  the  Cenomanian  of  Europe,  Syria, 

Egypt,  and  Zululand. 
Occurrence. — These  casts  are  found  in  the  cream-coloured  limestone  associated 

with  Trachycardium,  etc. 

Localities.— N os.  281,  292— Plateau  N.  of  Lobito  (28 1)  ;  Canyon  E.  of  Old 
Lobito  (292). 

Trigonarca  cf.  diceras,  Seguenza. 

Area  diceras,  Seguenza  :  Studi  geol.  Cretaceo  Italia :  Atti  Accad.  Lined  {Roma),  1882,  ser.  3  ;  Mem.,  vol.  xii, 

pi.  xiv,  fig.  1,  p.  158. 

Area  (Trigonoarca  1)  diceras,  Pervinquiere  :  JStudes  Pal.  Tunisienne :  Gast.  Lamell.  Cretaces,  1912,  pi.   vii, 

figs.  23,  25,  26,  p.  102. 

Remarks. — This  determination  refers  to  a  rough  limestone  cast  exhibiting  both 
valves  in  the  closed  condition,  and  showing  a  pair  of  very  anterior,  distant  umbones 

that   are   separated   by    a    wide    and   deeply    excavated   cardinal    region,   while    the 

adductor  scar   impressions    are  represented   by  large    and   prominent  pits  of  more 

or  less  trigonal  contour. 

Dimensions.-  — 
Length  ......         68  mm. 

Height  .  .  .  .  .  42     „ 
Diameter      .  .  .  .  50     „ 
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The  fossil  is  closely  related  to  Area  diceras  of  Seguenza,  from  the  Cenomanian  of 

Italy,  which  was  founded  on  a  similar  limestone  cast,  and  chiefly  seems  to  differ  in " 
its  rather  greater  length  of  valve,  the  dimensions  of  the  type  showing  a  length  of 
60,  height  45,  and  diameter  50  mm. 

Distribution. — This  species  belongs  to  the  Cenomanian  of  Italy  and  Tunisia,  and 
is  also  found  in  Algeria,  according  to  Pervinquiere. 

Occurrence. — The  specimen  was  found  associated  with  some  fragmentary  ammon- 
ites of  the  group  of  Schloenbachia  injiata,  and  some  other  mollusca. 

Locality.— No.  294— Plateau  800  feet  E.  of  Lobito. 

Fam.  TRiGONiiDiE. 

Trigonia  crenulata,  Lamarck.     (PI.  I,  fig.  14.) 

Trigonia  crenulata,  Lamarck:  Hist.  Nat.  Anim.  sans  Vert.,  1819,  vol.  vi,  part  1,  p.  63  ;  Orbigny,  Pal. 

Francaise:  Terr.  Cretaces  Lamellibranchia,  1843,  vol.  iii,  pi.  295,  p.  151  ;  Coquand,  Geol.  Pal. 
Constantine,  1862,  p.  290. 

Remar'ks. — -A  small  limestone  cast  with  both  valves  closed  together  agrees  in 
every  particular  with  specimens  of  this  species  in  a  similar  condition  from  the 

Cenomanian  of  France  (Rouen),  in  the  British  Museum.  It  shows  a  well-excavated 
areal  region,  while  the  sides  of  the  valves  retain  obscure  evidence  of  the  obliquely 

arranged  costse. 

Dimensions.  — 
Length  ......         25  mm. 

Height  .  .  ...  .  .  20     ,, 

Diameter      .  .  .  .  .  17     ,, 

A  better  specimen  of  what  is  apparently  the  same  species  is  preserved  as  an 

impression  on  a  limestone  slab,  from  Catumbella,  Angola,  belonging  to  the  British 

Museum  (Ansorge  collection).  A  wax  squeeze  of  this  yields  an  externo-lateral 

view  of  a  fragmentary  right  valve  .in  which  the  antero-marginal  region  is  not 

present.  It  shows,  however,  a  sharply  defined  posterior  carina  to  which  is  con- 
nected anteriorly  a  regular  series  of  equidistant  coarsely  crenulated  costse,  much 

finer  costse  of  similar  but  more  minute  structure  being  present  on  an  incomplete 

postero-areal  surface. 

Great  resemblance  may  be  noted  between  this  specimen  and  Trigonia  sub- 

crenulata  as  figured  by  C.  A.  White*  from  the  Schloenbachia  injiata  zone  of 
Brazil  (province  of  Sergipe),  which  is  much  more  likely  to  represent  a  form  of 

T.  crenulata  rather  than  T.  subcrenulata  described  by  Orbigny  t  from  the  Aptian 

rocks  of  Columbia,  South  America,  which  has  fewer  and  more  distinct  costse,  besides 

belonging  to  an  older  Cretaceous  horizon. 

Distribution. — This    species    was    originally  described   from  Mans  in  the  north- 

*  "  Contributions  to  the  Paleontology  of  Brazil,"  Archiv  Mus.  Nacion.  Brazil,  1888,  vol.  vii,  pi.  v,  fig.  3,  p.  70. 

t   Voyage  dans  I'Ame'rique  Me'ridionale,  pt.  4,  "  Paleontologie,"  1842,  vol.  iii,  pi.  xix,  figs.  7-9,  p.  87. 
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\\  est  of  France.  Coquand  has  referred  to  its  having  been  found  in  Algeria,  and 

Peron  *  mentions  casts  from  Tunisia  which  he  determined  as  Trigonia  cf.  crenulata. 
The  age  of  the  species  is  usually  regarded  as  Cenomanian. 

Occurrence. — In  a  hard  creamy-coloured  limestone. 

Localities. — No.  292 — Canyon  E.  of  Old  Lobito ;  Catumbella  .  .  .,  British 
Museum,  L.  18,582. 

Fam.  Crassatellitid^. 

Anthony  a  cf.  baudeti,  Coquand.     (PI.  I,  figs.  15  and  16.) 

Crassatella  baudeti,  Coquand  :  Geol.  Pal.  Constantine,  1862,  pi.  xiii,  figs.  5-7,  p.  198. 
Grassatella  (Anthony a)  baudeti,  Pervinquiere  :  ittudes  Pal.  Tunisienne :  Gast.  Lamell.  Cretaces,  1912,  p.  250. 

Remarks. — It  is  interesting  to  be  able  to  determine  one  of  the  specimens  of 

this  collection  as  being  closely  related  to  Coquand's  Crassatella  baudeti  from  the 
Cenomanian  deposits  of  Algeria,  a  species  which  is  also  known  from  rocks  of 

similar  age  in  Tunisia  and  Italy.  Its  dentition,  however,  has  never  been  ascertained, 
so  that  the  identification  hitherto  has  had  to  be  based  on  external  and  cast  features 

only.  Quite  recently  Pervinquiere,  in  referring  to  its  occurrence  in  Tunisia,  has 

placed  the  species  in  Anthonya,  a  genus  founded  by  Gabb  for  a  Crassatelliform  shell 

from  the  Upper  Cretaceous  of  California,t  with  which  its  sculpture  and  contour  show 
considerable  resemblance.  But  the  interest  of  Anthonya  is  its  dentition,  which 

consists  of  two  strong  divergent  cardinals  in  each  valve  ;  moreover,  the  hinge  region 

is  without  the  ligamental  fossette  so  characteristic  of  Crassatellites  (  =  Crassatella), 
details  which  are  of  sufficient  importance  for  the  recognition  of  Anthonya  as  a 

genus  and  not  merely  a  section  as  implied  by  Pervinquiere,  although  it  must  be 

granted  he  was  without  knowledge  of  the  dental  features  of  the  shell. 

Dr  Gregory's  Angola  specimen  is  curiously  fractured  in  the  umbonal  region,  so 
that  the  dentition  of  the  left  valve  is  well  displayed,  and  is  seen  to  agree  in  its 

main  features  with  that  of  Anthonya.  There  is,  however,  this  distinction,  that  the 

teeth  are  laterally  and  transversely  striated,  \  no  mention  being  made  of  such  a 

structure  by  Gabb,  although  it  may  possibly  be  present  in  specimens  of  thoroughly 

good  preservation.  A  difference  exists  also  in  the  sculpture,  the  Angola  fossil 

showing  minute  vertical  striations  between  the  concentric  costse  which  ornament 

the  valves,  a  feature  not  yet  recorded  in  the  history  of  Coquand's  species  nor  in 

the  type  form  of  Gabb's  genus.  Although  found  in  another  region  of  Africa,  this 
interesting  specimen  may  be  considered  as  furnishing  a  clue  to  the  dentition  of 

C.  baudeti,  and  therefore  connecting  it  with  Gabb's  genus  Anthonya,  as  first  suggested 
by  Pervinquiere,  on  external  characters  only. 

*■  Moll.  Foss.  Cretaces  Tunisie :  Explor.  Scien.  Tunisie,  1891,  pt.  2,  p.  263. 
t  Geol.  Surv.  California  :  Palaeontology,  1864,  vol.  i,  pi.  xxx,  figs.  236,  236a,  p.  182. 
X  A  similar  structure  has  been  observed  by  Gaisb  in  bis  Cretaceous  genus  Remondia  from  Mexico  (Geol.  Surv. 

California:  Palaeontology,  1869,  vol.  ii,  pi.  xxxvi,  figs.  17,  17a,  p.  270),  which,  however,  is  distinct  from  Anthonya  in 
possessing  more  teeth,  and  is  besides  of  a  totally  different  contour. 
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Dimensions. — 

Length  ......         40  mm. 
Height  .  .  .  .  .  .         23     „ 

Distribution. — This  species  is  regarded  as  of  Cenomanian  age,  and  has  been 
reported  from  Algeria,  Tunisia,  and  Italy. 

Occurrence. — The  specimen,  embedded  in  a  cream-coloured  limestone,  consists  of 
a  pair  of  united  valves  in  the  closed  condition  showing  the  external  surface  of  the 

right,  and  only  the  hinge  of  the  other  valve  being  exposed.  In  the  same  limestone 

are  examples  of  Trigonarca  cf.  ligeriensis,  crinoidal  stem  ossicles,  and  Nullipore 
structures. 

Locality. — No.  286 — Plateau  N.  of  Lobito. 

Fam.  Cardiice. 

Tr  achy  car  dium  cf.  syriacum,  Conrad. 

Gardium  syriacum,  Conrad  :  Lynch's  Offic.  Rept.  United  States  Exped.  Dead  Sen,  1852,  pi.  vii,  fig.  45,  p.  217. 
Cardium  (Acanthocardia)  syriacum,  Hamlin:   Mem.  Mus.   Comp.  Zoology  Harvard,    1884,  vol.  x,  No.  3, 

pi.  iii,  fig.  7,  p.  48. 

Remarks. — The  cream-coloured  limestone  yielding  Trigonarca  and  other  shells 

contains  also  some  excellent  internal  casts  of  Cardium-like  valves  which  closely 

resemble  Conrad's  Cardium  syriacum  from  the  Cenomanian  rocks  of  Palestine. 
They  possess  a  narrowly  elongate  and  very  much  incurved  umbonal  region,  while  the 

surface  is  furnished  with  numerous  fine  and  closely  arranged  radial  costse  which 

appear  to  show  obscure  traces  of  minute  lateral  asperities. 

In  contour  the  valves  are  subglobose,  heart-shaped,  somewhat  oblique,  and  of 
greater  height  than  length.  The  hinge  line  is  short.  Such  characters  would 

suggest  the  inclusion  of  this  species  in  Morch's  genus  Trachycardium  (type 
=  Cardium  isocardia,  Linnaeus)  rather  than  in  Acanthocardia  (type=C.  aculeatum, 

Linnaeus)  as  suggested  by  Hamlin,  in  which  the  valves  are  usually  longer  than  high, 

besides  possessing  a  more  extended  hinge  region. 

Dimensions.  — 

Length  ......         25  mm. 

Height  .  .  .  .  .  .         29     „ 

Diameter  (with  closed  valves)  .  .  .  23     „ 

Distribution. — So  far  as  can  be  ascertained,  this  species  has  been  hitherto 
restricted  to  the  Cenomanian  (Buchiceras  zone)  rocks  of  Palestine. 

Occurrence. — Found  in  the  cream-coloured  limestone  with  Trigonarca,  crinoidal 

stem  ossicles,  and  other  remains  (No.  281) ;  another  example  occurs  with  Hipponyx 
(No.  286) ;  and  some  isolated  specimens  are  in  a  similar  matrix  (No.  292). 

Localities.— -N os.  281,  286,  292— Plateau  N.  of  Lobito  (281,  286);  Canyon  E.  of 
Old  Lobito  (292). 
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Fam.  Saxicavid^e. 

Paiwpsea  cf.  plicata,  J.  de  C.  Sowerby. 

Mya  plicata,  J.  de  C.  Sowerby  :  Mineral  Concholoyy,  1823,  vol.  v,  pi.  419,  fig.  3. 

Panopna  plicata,  J.  de  C.  Sowerby,  Mineral  Concholoyy,   1829,   vol.  vi,  p.  211;  Pervinquiere,  Etudes  Pal. 

Tunisienne :  Gast.  Lamell.  Cretaces,  1912.  pi.  xxi,  figs.  1-4,  p.  284  (see  this  work  for  comprehensive 
synonymy). 

Remarks. — A  large  limestone  cast,  with  united  valves,  exhibits  the  contour  lines 
of  this  species.  Its  length  is  roughly  about  twice  the  height  given  in  the  original 

description. 

Dimensions, — 
Length  .  .  .  .  .  .107  mm. 

Height  .  .  .  .  .  .         60     „ 

Diameter      .  .  .  .  .  .         47     ,, 

Distribution. — Generally  regarded  as  a  Lower  Cretaceous  species,  being  found 
in  Britain,  Europe,  and  Tunisia.  Pervinquiere  mentions  a  probable  Cenomanian 

example  from  Tunisia. 

Locality. — No.  11 — from  50  metres  above  Catumbella  Dam. 

Fam.    PHOLADOMYIDiE. 

Pholadomya  cf.  vignesi,  Lartet. 

Pholadomya  viynesi,  Lartet,  Explor.  Geol.  Mer  Morte,  1877,  pi.  xi,  fig.  9,  p.  126;  Blanckenhorn,  Beitr. 

Geol.  Syriens,  1890,  pi.  v,  figs.  14-17,  p.  94;  Pervinquiere,  Etudes  Pal.  Tunisienne:  Gast.  Lamell. 
Cretaces,  1912,  pi.  xxi,  figs.  8,  9,  p.  290. 

Remarks. — It  is  interesting  to  be  able  to  record  a  small  form  of  Pholadomya 
which  is  evidently  related  to  P.  vignesi.  The  specimens  consist  of  two  limestone 

casts  representing  the  subglobose  valves  of  this  species,  and  which  are  furnished 

with  numerous  radial  costse — excepting  posteriorly,  where  the  surface  is  smooth — 
and  obscure  concentric  striations.  This  sculpture,  best  seen  in  the  umbonal 

region,  includes  also  a  minutely  granulated  structure.  As  remarked  in  a  previous 

account  of  the  species  from  Zululand  by  the  present  writer, #  it  is  unquestion- 
ably related  to  Cardium  lucerna  of  Forbes  from  the  Upper  Cretaceous  rocks  of 

Southern  India,  t  and  would  appear  to  differ  chiefly  in  possessing  finer  and  more 
numerous  costse. 

Dimensions. — 
Length  ......  22  mm. 

Height  .  .  .  .  .  21     „ 

Diameter  (with  closed  valves)  .  .  .  17     ,, 

*  Trans.  Roy.  Soc.  South  Africa,  1909,  vol.  i,  p.  80. 
t   Trans,  (hoi.  Soc.  London,  1846,  ser.  2,  vol.  vii,  pi.  xvii,  fig.  10,  p.  145. 
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This  form  of  Pholadomya  is  not  to  be  confused  with  either  P.  pleuromy&formis, 

Choffat,  or  P.  cf.  collombi,  Coquand,  which  have  been  recorded  by  Choffat  from 

the  Albian  rocks  of  Dombe  Grande  in  Angola.* 

Distribution. — The  species  is  characteristic  of  the  Cenomanian,  having  been 
found  in  Algeria,  Tunisia,  Palestine  (Buchiceras  zone),  the  island  of  Semha  near 
Socotra,  and  Zululand. 

Occurrence. — The  examples  consist  of  isolated  limestone  casts. 

Locality. — No.  15 — Cliffs  beside  Catumbella  Dam. 

Fam.  Diceratid^;. 

Toucasia  sp.     (PI.  I,  fig.  17.) 

Remarks. — The  specimen  consists  of  a  badly  preserved  internal  cast  in  a  hard 
calcareous  sandstone,  which  appears  to  represent  a  form  rather  similar  to  that 

figured  by  Orbigny  t  as  Requienia  {Caprotina)  carantonensis  from  the  Cenomanian 

of  France.  In  the  chief  lateral  view  of  this  specimen,  which  is  evidently  a  lower 

valve,  a  well-arched  umbonal  region  is  observed  with  remains  of  a  secondary 
umbonal  body  beneath  it  possessing  a  strong  inward  curvature  at  the  nucleus, 

while  the  opposing  lateral  surface  is  much  too  obscure  for  definition  ;  the  valve 

throughout  is  regularly  compressed  and  of  moderate  width  ;  no  indication  exists 

of  the  upper  valve. 

Dimensions. — 
Length  ......         55  mm. 

Depth  .  .  .  .  .  .         25     ,, 

Width  (dorsal)  .  .  .  .    •         .         32     „ 

The  occurrence  of  similar  fossils  in  the  Cenomanian-Turonian  rocks  of  Dombe 

Grande,  Angola,  has  already  been  referred  to  by  Choffat  j  under  the  name  Requienia, 

but  without  description  or  figure,  as  forming  part  of  the  fauna  found  in  the 

"  calcaires  coralliens  blancs." 
It  should  be  mentioned  also  that  the  generic  name  Toucasia  was  founded  by 

Munier-Chalmas  §  on  Matheron's  type  of  Requienia  carinata  from  the  Aptian 
rocks  of  France,  1 1  a  species  related  to  the  well-known  British  fossil  Dicer  as  lonsdalii 
of  J.  de  C.  Sowerby,  from  beds  of  the  same  horizon,1F  and  which  was  subsequently 

recognised  as  occurring  in  the  Urgo-Aptian  beds  of  Algeria  by  Coquand,  under  the 

genus  Toucasia.**  There  seems  to  be  little  doubt  that  Dr  Gregory's  specimen, 
which  resembles  those  species,  may  be  regarded  as  belonging  to  this  genus. 

*  Mem.  Soc.  Phys.  Hist.  Nat.  Geneve,  1888,  vol.  xxx,  No.  2,  pi.  iv,  fig.  12,  and  pi.  v,  figs.  1-3,  pp.  83,  84. 

t  Pal.  Francaise :  Terr.  Cre'taces,  1850,  vol.  iv,  pi.  592,  fig.  3,  p.  259. 
\  Mem.  Soc.  Phys.  Hist.  Nat.  Geneve,  1888,  vol.  xxx,  No.  2,  p.  25  ;  Contrib.  Geol.  Colonies  Portugaises  Afrique, 

1905,  part  2,  p.  59.  §  Journ.  Conchyl.,  1873,  vol.  xxi,  p.  74. 
||  Gat.  Foss.  Bouches-durRMne,  1842,  pi.  ii,  figs.  1-5,  p.  104. 
IT  Trans.  Geol.  Soc.  London,  1836,  ser.  2,  vol.  iv,  pi.  xiii,  fig.  4,  p.  338. 

**  Etndes  Supple'm.  Paleontologie  Alge'rienne,  1880,  p.  191.   ■ 
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Occurrence. — The  specimen  is  associated  in  the  same  matrix  (calcareous  sand- 

stone of  brownish-grey  colour)  with  a  compound  tubular  coral  of  crystalline  and 
mineralised  structure  and  therefore  quite  indeterminable. 

Locality. — No.  273 — Hanha  Gorge. 

GASTROPODA. 

Fam.  Naticid^:. 

Tylostoma  globosum,  D.  Sharpe.     (PI.  I,  figs.  18,  19.) 

Tylostoma  globosum,  Sharpe  :   Quart.  J  own.  Geol.  Soc,  1849,  vol.  v,  pi.  ix,  fig.  5,  p.  379. 

Tylostoma  aff.   sequiaxis,  Peron :   Moll.    Fosn.    Cretaces    Tunisie :  Explor.    Scient.    Tunisie,    1890,   pi.   xix, 

fig.  23,  p.  57. 

Remarks. — This  form  is  represented  by  two  limestone  casts  of  which  the  largest 
is  much  crushed  in  front  and  so  obliterates  all  details  of  the  aperture.  It  is  of 

greater  dimensions  than  the  type,  although  agreeing  with  it  in  contour  and  structure 

of  the  spiral  region.  The  second  specimen  is  of  more  normal  measurements,  show- 

ing a  well-inflated  body  whorl,  and  a  narrow  and  semilunate  aperture  with  indica- 
tions of  a  marginal  constriction  ;  the  summit  is  much  covered  with  matrix,  although 

the  penultimate  whorl  is  well  exposed. 

Dimensions. —  Larger  Smaller 
Example.  Example. 

Length         ......         79  67  mm. 
Width  .  .  .  .  .  .74  55    „ 

Distribution.—  The  species  was  originally  described  from  the  Cretaceous  of 
Portugal,  and  Chofpat  has  recognised  it  as  ranging  in  that  country  from  Cenomanian 

to  Turonian.  Peron  quotes  it  from  the  Senonian  of  Tunisia,  whereas  Pervinquiere 

regards  it  as  belonging  to  the  Lower  Turonian  of  that  country.  It  should  be  also 

mentioned  that  the  present  Angola  examples  of  this  species  bear  considerable 

resemblance  to  C.  A.  White's  *  T.  globosum  (?)  from  the  Cretaceous  beds  of  Brazil 
(Sergipe),  which  therefore  indicates  the  zone  of  Schloenbachia  injiata.  The  species 

is  in  no  way  related  to  Choffat's  Tylostoma  pechueli  from  the  Albian  of  Dombe 
Grande,  Angola,!  nor  can  it  be  stated  to  be  equivalent  to  Tylostoma  sp.  of  the 

same  author  from  the  Schloenbachia  injiata  zone  of  Dombe  Grande  and  Catumbella, 

Angola,  because  the  characters  of  that  form  are  not  known,  the  determination  being 

without  figure  or  description.} 

Occurrence. — In  a  light-coloured  limestone. 

Locality. — No.  100 — Gypsum  beds  by  Catumbella  Bridge;  and  Lobito  (collected 
by  Mr  E.  Robins). 

*  "Contributions  to  the  Paleontology  of  Brazil,"  Archiv  Mus.  Nacion.  Brazil,  1888,  vol,  vii,  pi.  xvii, 
fig.  10,  p.  190. 

t  Mem.  Soc.  Phys.  Hist.  Nat.  Geneve,  1888,  vol.  xxx,  No.  2,  pi.  iv,  figs.  6,  7,  p.  80. 
J  Contrib.  Geol.  Colonies  Portwjaises  Afrique,  1905,  No.  2,  p.  57. 
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Fam.  Nerin^eid^. 

Mrhilaia  cf.  nerinaeformis,  Coquand.     (PI.  I,  fig.  20.) 

Turritdla  nerinaeformis,  Coquand  :  Geologie  et  paleontologie  de  la  region  sud  de  la  province  de  Constantine, 
1862,  pi.  iii,  fig.  2,  p.  176. 

Mrhilaia  nerineeformis,  Pervinquiere  :  Etudes  Paleont.  Tunisienne :  Gastropodes  et  Lamellibranches  Crt'taces, 
1912,  pi.  iii,  figs.  31-38,  p.  39. 

Remarks. — This  Gastropod  is  represented  by  a  fragmentary  limestone  cast, 
showing  only  the  basal  whorl  and  an  imperfect  aperture  with  obscure  evidence  of 

a  columella  plication.  The  whorl  has  deeply  excavated  sides,  besides  bearing  an 

indication  of  marginal  nodulations.  Similar  and  better-preserved  casts  are  among 

the  Angola  fossils  in  the  British  Museum  (Ansorge  collection) ;  they  exhibit  a  wide 

and  deep  sutural  excavation,  as  well  as  occasional  concentric  bandings  on  the  concave 

walls  of  the  volutions,  which  continue  over  the  basal  surface  of  the  body  whorl. 

The  existence,  however,  of  the  marginal  nodulations,  not  referred  to  in  the  original 

or  later  descriptions,  creates  a  doubt  as  to  the  Angola  specimens  belonging  really  to 

this  species.  They  are,  however,  regarded  as  being  closely  related,  and  not  to  be 

confused  with  the  highly  sculptured  species  Nerinsea  capettoi  which  Choffat  has 

described  and  figured  from  the  Dombe  Grande  area  of  Angola  of  a  rather  later 
Cretaceous  horizon.* 

Distribution. — The  species  belongs  to  the  Cenomanian  stage,  and  has  been 
recorded  from  Algeria,  Tunisia,  Dead  Sea  area,  and  Italy.  W.  Paulcke  t  has 

recognised  a  similarly  determined  form  in  the  Albian-Cenomian  rocks  of  Peru. 

Occurrence. — In  a  cream-coloured  limestone  with  mica  and  glauconite  grains. 
Localities. — No.  294 — Plateau  800  feet  E.  of  Lobito,  associated  with  Ammonites 

of  the  group  S.  inflata  and  other  mollusca ;  and  Catumbella  (British  Museum 

specimens). 

Fam.  Hifponycid.e. 

Hipponyx  sp.     (PL  I,  fig.  21.) 

Remarks. — A  specimen  of  Hipponyx,  consisting  of  a  limestone  cast,  must  have 

been  originally  about  the  size  of  an  adult  form  of  the  well-known  H.  cornucopias 
from  the  Eocene  (Lutetian)  formation  of  France.  The  proportions  and  contour 

likewise  show  a  considerable  resemblance  to  the  Tertiary  species.  It  possesses 

mostly  a  smooth  surface,  with,  however,  some  obscure  indications  of  the  presence  of 

longitudinal  striations,  especially  in  the  region  of  the  basal  margin,  where  they  are 
seen  to  be  of  thick  and  robust  character.  The  fossil  shows  no  concentric  costee  such 

as  are  typical  of  Calyptrsea  (?)  corrugata  of  Forbes  from  the  Upper  Cretaceous  rocks 

(Ariyalur  group)  of  India, J  which,   besides,  is  rounder  and  of  smaller   dimensions. 

*  Mem.  Soc.  Phys.  Hist.  Nat.  Geneve,  1888,  vol.  xxx,  No.  2,  pi.  iii,  figs.  15-18,  p.  77. 
t  Neues  Jahrb.  Beilage — Band  xvii,  1903,  p.  275. 
|  Trans.  Geol.  Soc.  London,  1846,  ser.  2,  vol.  vii,  pi.  xii,  fig.  11,  p.  137. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  HI  (NO.  15).  83 
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Probably  this  is  a  form  more  or  less  intermediate  in  character  between  the  Tertiary 

and   Cretaceous   species    mentioned,   but    further   material    is   required   for   a   more 
accurate  determination. 

Dimensions. — 
Length  ......         30  mm. 
Diameter  .  .  .  22     „ 

Occurrence. — Accompanying    Cardium    sp.    and    other    shell    remains,    crinoidal 
stem  ossicles,  etc.,  in  a  cream-coloured  limestone. 

Locality. — No.  286 — Plateau  N.  of  Lobito. 

Fam.  Akerid.e. 

Akera  gregoryi,  sp.  nov.      (PI.  II,  fig.  2.) 

Deselection. —  Shell    very    large,    broadly    ovate,    ventricose ;    volutions    three 
(probably),  slightly  projecting  above    outer  whorl,  deeply  canaliculated  at  suture  ; 

last    whorl    widely  convolute,  subcylindrical  in    front  for  half  its  length,  columella 

broadly   excavated    anteriorly ;  aperture   extensive,    curved,    narrowing    posteriorly, 

widest  in   front,   outer   lip   free   at   the  summit ;    sculpture  showing  distant,  longi- 
tudinally curved  growth  lines  without  flexuosity. 

Dimensions. — 
Length  ......         60  mm. 

Width  (maximum)   .  .  .  .  50     ,, 

Remarks. — This  description  applies  to  a  natural  limestone  cast  which  probably 
represents  one  of  the  largest  forms  of  Ahera  yet  referred  to  in  literature.  Not  a 

vestige  remains  of  the  delicate  thin  shell  that  once  invested  the  surface,  and  which 

is  so  characteristic  of  the  genus.  The  specimen  is  related  to  Coquand's  *  Bulla 
tevesthensis  from  the  Turonian  of  Algeria,  and  to  a  lower  Turonian  form  from  Syria 

described  by  Whitfield  f  as  Akera  siliciosa ;  but  affinities  of  possibly  greater 

alliance  may  be  traced  with  C.  A.  White's  j  Akera  broivni  from  the  Cretaceous  of 
Brazil,  a  species  showing  considerable  resemblance  in  general  contour,  but  of  smaller 

dimensions,  being  only  about  half  the  size,  besides  possessing  distinctly  sinuous 

growth  lines,  a  lesser  anterior  excavation  of  the  columella,  and  an  outer  lip  terminat>- 
ing  with  a  closer  attachment  to  the  spire.  Unfortunately,  the  Brazilian  type  is 

without  definite  locality,  the  species  being  stated  to  occur  both  at  Sergipe  and 

Pernambuco,  the  rocks  of  which  areas,  according  to  Kossmat,  are  of  different 

Cretaceous  horizons,  the  Sergipe  deposits  belonging  to  the  Schloenbachia  injlata 

group,  whereas  those  of  Pernambuco  are  of  later  age  and  would  be  recognised  as 

equivalent  to  the  Ariyalur  stage  of  India  or  the  Danian  of  Europe. 

*  (Hoi.  Pal.  H.  Gonstantine,  1862,  pi.  v,  fig.  9,  p.  189. 
t  Bull.  American  Mus.  Nat.  Hist.,  1891,  vol.  iii,  pi.  x,  figs.  14,  15,  p.  441. 

I  "Contributions  to  the  Paleontology  of  Brazil,"  Archiv  Mus.  Nation.  Brazil,  1888,  vol.  vii,  pi.  ix,  figs,  (i-8, 

p.  200. 



AND   MOLLUSCA   FROM    ANGOLA,   PORTUGUESE   WEST   AFRICA.  579 

The  specific  name  is  in  honour  of  Prof.  J.  W.  Gregory,  F.R.S.,  who,  from  a 

series  of  extended  studies  as  well  as  from  personal  surveys,  has  greatly  advanced  our 
knowledge  of  African  geology. 

Occurrence. — The  cast  is  in  a  cream-coloured  limestone,  and  was  found  associated 

with  an  Ammonite  of  the  Schloenbachia  injiata  type. 

Locality. — No.  266 — plateau  south-west  of  Hanha. 

EXPLANATION   OF   PLATES. 

(Figures  are  of  the  natural  size,  except  when  otherwise  specified.) 

Plate  I. 

Terebratula  depressa,  Lamarck. 

Fig.  1.  An  external  view  of  the  ventral  or  pedicle  valve,  the  ohlique  lateral  margins  and  concentric 
growth  striations  being  well  marked. 

Locality. — Hanha,  near  Lohito  (No.  12). 

Neitliea  sequicostata  (Lamarck). 

Fig.   2.  External  aspect  of  a  small  lower  valve  with  a  similar  length  and  height,  exhibiting  a  series 
of  equal  costse. 

Fig.  3.  Magnified  view  of  costre  of  same  specimen,  showing  an  obscure  transversely  striated  sculpture. 

Locality.— E.  of  Lobito  (No.  294). 

Neitliea  angoliensis,  sp.  nov. 

Fig.  4.  Lateral  view  of  lower  valve,  showing  the  six  robust  primary  costse  with  a  secondary  rib  between 

each,  of  apparently  shorter  length,      x   2. 

Locality. — 80  metres  above  the  Catumbella  Dam  (No.  20). 

Neithea  tricostata  (Coquand). 

Fig.  5.  Lateral  view  of  a  large  lower  valve,   showing  the  six  primary  costaj    with    the   interspaces 

occupied  by  the  three  unequal  and  nearly  equidistant  ribs. 

Fig.  6.  Anterior  aspect  of  same  specimen,  exhibiting  the  curvature  and  structure  of  the  costal  system. 

Fig.  7.  Magnified  details  of  sculpture,  showing  the  close  and  undulating  concentric  striations. 

Locality. — Lobito ;  collected  by  Mr  E.  Robins. 

Neithea  quadricostata  (J.  Sowerby). 

Fig.  8.  An  internal  view  of  a  small  upper  valve  embedded  in  limestone,  showing  a  large  posterior  ear, 

the  flattened-looking  ribs  indicating  a  series  of  broad  furrows. 

Locality. — Catumbella  Dam  (No.  19). 

Lima  cf.  itieriana,  Pictet  and  Roux. 

Fig.  9.  Right  lateral  aspect  of  a  limestone  cast,   showing  about  twenty  ribs  with  resemblances   to 

this  species. 

Locality. — E.  of  Lobito  (No.  294). 
Volsella  sp. 

Fig.   10.  Dorsal  view  of  specimen  with  united  valves,  showing  considerable  tumidity. 

Fig.    11.  Left  lateral  aspect  of  same  specimen  concentrically  striated. 

Locality.— Canyon  E.  of  Old  Lobito  (No.  292). 
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Trigonarca  cf.  ligeriensis  (Orbigny). 

Fig.  12.  External  aspect  of  summit  region,  preserved  as  a  limestone  cavity,  showing  the  divergently 

grooved  ligament  region  as  well  as  microscopically  fine  and  closely  arranged  concentric  costa?.  crossed  by 

obscure  radial  striations.     From  a  wax  impression.      x   2. 

Fig.  13.  Natural  limestone  cast  of  another  specimen,  showing  internal  characters  of  a  right  valve, 

including  muscular  impressions  and  teeth. 

Locality:— -N.  of  Lobito  (No.  281). 

Trigonia  crenu/ata,  Lamarck. 

Fig.   14.  External    view    of   a   right    valve    preserved    as   a    limestone   cavity,    showing   the   coarsely 

crenulated  costae  and  the  more  minute  ornamentation  of  the  post-areal  surface.     From  a  wax  impression. 

Locality. — Catumbella.     British  Museum  (Ansorge  Coll.),  L.  18,582. 

Anthonya  cf.  baudeti  (Coquand). 

Fig.  15.  View  of  fragmentary  specimen  with  closed  valves,  the  right  being  fractured  in  the  summit 

region  and  so  exposing  the  dentition  of  the  opposing  valve. 

Fig.  16.  Enlarged  portion  of  same  specimen,  showing  the  two  divergent  cardinal  teeth  and  minute 

vertical  striations  between  the  closely  arranged  concentric  costae.      x   2. 

Locality.— N.  of  Lobito  (No.  286). 
Toucasla  sp. 

Fig.   17.  Natural  internal  cast,  giving  a  lateral  view  of  a  lower  valve  with  an  arched  umbonal  region 

and  a  secondary  umbonal  structure  beneath  it  with  a  similar  curvature. 

Locality. — Hanha  Gorge  (No.  273). 

Tylostoma  ghbosum,  D.  Sharpe. 

Fig.   18.  Medium-sized  example  illustrating  the  semilunate  aperture  of  this  species. 

Locality. — Lobito ;  collected  by  Mr  E.  Robins. 
Fig.  19.  A  giant  form  of  the  same  species,  showing  the  characteristic  irregularity  in  the  suture  of  the 

body  whorl. 

Locrt/t'/?/.— Catumbella  Bridge  (No.  100). 

Mrhilaia  cf.  nerinxformis  (Coquand). 

Fig.  20.  Front  view  of  limestone  cast,  showing  the  excavated  faces  of  the  volutions,  the  deep  suture 

and  obscure  traces  of  marginal  nodulatidns. 

Locality. — Catumbella.     British  Museum  (Ansorge  Coll.),  G.  17,024. 

Hipponyx  sp. 

Fig.  21.  Lateral  view  of  a  limestone  cast,  showing  remains  of  longitudinal  striations  at  the  basal  margin. 

Locality.— -N.  of  Lobito  (No.  286). 

Note. — The  specimens  herewith  figured,  as  well  as  other  portions  of  this  collection,  are  in  course  of 
presentation  to  the  British  Museum  by  Professor  Gregory,  with  the  exception  of  those  represented  by 

figs.  14  and  20,  which  already  belong  to  that  institution. 

Plate  II. 

This  plate  bears  its  own  explanations. 



Roy.  Soc.  Edin. 
Vol.   LI. 

R.  Bullen  Newton:  Cretaceous  Brachiopoda  and  Aollusca,  Angola— Pl.  I. 

Phcj  by  J.  Green 

CRETACEOUS   BRACHIOPODA,   PELECYPODA   AND  GASTROPODA 

from  Angola,  Portuguese  West  Africa. 

[Except  when  otherwise  marked,  the  figures  are  of  natural  size.] 
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K.  Bullen  Newton  on  some  Cretaceous  Brachiopoda  and  Mollusca  from  Angola, 

Portuguese  West  Africa. — Plate  II. 

-Exocjyra  cf.  flabcllata,  Goldfuss  (figures  of  nat.  size). 

A,  ventral  view  of  lower  valve  of  specimen  without  umbonal  characters,  showing  the  widely 
distant  costae  and  the  undulating  concentric  ridges  both  of  the  furrows  and  costae. 

B,  ventral  aspect  of  the  upper  valve  of  same  specimen,  showing  wide  funnel-shaped  costae 
and  prominent  grooves. 

Locality. — Hanha,  near  Lobito  (No.  12). 

Note. — The  dotted  lines  indicate  probable  contours  of  the  missing  umbonal  portions  of  the  fossil. 

Fig.  2. — Akera  gregoryi,  sp.  nov.  (figures  of  nat.  size). 

A,  ventral  view,  showing  sub-cylindrical  body  whorl  and  the  extensive  aperture.  B,  dorsal 
view  of  same,  showing  the  slightly  projecting  penultimate  whorl.  C,  summit  view, 
showing  the  canaliculate  suture. 

Locality. — Hanha,  near  Lobito  (No  266). 
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XVI. — Note  on  an  Algal  Limestone  from  Angola.  By  Mrs  M.  F.  Romanes,  late 

Harkness  Scholar,  Newnham  College,  Cambridge.  Communicated  by  Professor 

J.  W.  Gregory,  F.R.S.     (With  One  Plate.) 

(MS.  received  June  2,  1915.     Read  June  28,  1915.     Issued  separately  April  25,  1916.) 

The  specimens  here  described  were  collected  by  Professor  J.  W.  Gregory  in  Angola, 

and  belong  to  the  series  described  in  the  paper  by  him  on  the  geology  of  that  country. 
The  horizon  of  the  beds  from  which  the  limestone  was  obtained  is  Albian. 

The  specimens  are  of  a  yellowish  pisolitic  limestone.  In  hand  specimens  the 

weathered  surface  has  a  warty  appearance — the  diameter  of  each  knob  being  about 
1  cm.  A  fractured  surface  shows  circular  forms  varying  in  size  and  having  decided 

concentric  markings.  These  concentric  markings  are,  however,  less  evident  in 

microscopic  sections,  and  this  is  probably  due  to  the  effects  of  preservation.  A 

similar  case  has  been  described  by  Mr  H.  Yabe,#  where  the  genus  Metasolenopora  is 
affected  in  this  way.  These  circular  forms  make  up  the  greater  part  of  the  rock,  and 

are  cemented  together  by  a  fine  calcareous  paste  in  which  are  fragments  of  shell  and 

quartz  grains,  with  occasional  grains  of  other  minerals,  such  as  felspar  and  muscovite. 

The  specimens  of  limestone  examined  varied  to  some  extent  in  texture,  some  being 

more  compact,  and  even  slightly  siliceous,  but  the  contained  organisms  are  present 

in  similar  amounts  regardless  of  the  texture  of  the  rock. 

With  care,  small  roughly  circular  nodules  can  be  extracted  from  the  looser 
varieties  of  the  limestone. 

In  thin  section,  under  the  microscope  they  are  seen  to  consist  of  algal  growth 

round  a  nucleus.  The  substance  of  the  nucleus  varies,  and  may  be  the  plate  of  an 

echinoid,  or  more  commonly  is  the  fragment  of  a  spine.  In  some  cases  a  group  of 

quartz  grains  serves  as  a  centre  round  which  growth  has  taken  place.  Instances  of 

this  have  been  noted  by  Mr  Wethered  t  among  the  pisolites  of  the  Jurassic.  Some- 
times also  small  bodies,  cf.  calcispher8e,|  help  to  form  a  nucleus.  Some  also  occur 

scattered  throughout  the  matrix  of  the  rock.  Their  possible  presence  in  this  lime- 
stone is  interesting  in  view  of  the  fact  that  the  association  of  calcispherse  with 

abundant  plant  remains  has  already  been  noted.  § 

Two  different  genera  of  algae  have  been  determined  making  up  the  pisolitic  nodules. 

The  genus  present  in  the  greatest  abundance  has  been  identified  as  Girvanella  Nich.|| 

*  H.  Yabe,  Sci.  Rep.  Imp.  Tohoku  Univ.  Sendai,  Japan,  vol.  i,  No.  1,  1912,  p.  2. 
t  E.  Wethered,  Geol.  Mag.,  dec.  3,  vol.  vi,  1889,  pp.  196-200. 

J  E.  J.  Garwood,  Q.J.G.S.,  vol.  lxviii,  1912,  p.  580,  pi.  xlvii,  "Carboniferous  Succession  in  N.W.  England." 

§  R.  C.  M'Le^n,  Proc.  Camb.  Phil.  Soc,  vol.  xvi,  pi.  vi,  1912,  p.  512,  "Group  of  Rhizopods  from  Carboniferous 

Period." 
||  A.  Nicholson  and  R.  Etheridge,  A  Monograph  of  the  Silurian  Fossils  of  the  Girvau  District,  Edin.,  1878,  p.  23, 

pi.  ix,  fig.  24. 
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The  tubuli  of  this  organism  form  the  centres  of  all  the  nodules,  and  can  be  dis- 

tinguished amongst  the  fine  calcareous  material,  in  association  with  the  quartz  grains, 

etc.,  which  form  the  nuclei  of  the  nodules.  The  average  diameter  of  the  tubuli  is  6/x. 

Their  length  it  is  not  possible  to  measure,  as  they  twist  and  bend,  the  same  cell- 
thread  passing  to  different  levels  in  the  section. 

Sometimes  they  appear  to  branch  dichotomously.  They  form  an  anastomosing 

bundle  of  cell-threads  in  the  centre  of  the  nodules,  and  have  no  concentric  arrange- 

ment till  towards  the  outside,  and  here,  owing  to  the  state  of  preservation,  it  is 

frequently  impossible  to  distinguish  them.  The  boundary  of  each  pisolitic  grain  is, 

however,  clearly  denned  against  the  cementing  matrix.  In  every  respect  the  tubuli 

are  comparable  with  the  smaller  varieties  described  by  Mr  Wethered  *  in  his  papers 

on  Girvanella.  The  dimensions  of  the  tubuli  in  these  species  are  as  follows  : — 
G.  minuta,  7/J-;  G.  intermedia,  10/x  ;  G.  incrustans,  10/u,.  The  first  two  occur  in  the 

Coralline  oolite  of  the  Jurassic  ;  and  the  third,  together  with  G.  sinensis,  described 

by  H.  YABE,f  and  having  tubuli  10>  in  diameter,  is  confined  to  the  Carboniferous. 

This  species  from  the  Albian  beds  of  Angola  is,  therefore,  the  smallest  so  far  described, 

and  may  be  known  as  Girvanella  minima,  n.  sp. 

The  genus  is  now  accepted  as  a  calcareous  alga,  although  its  systematic  position 

has  not  yet  been  definitely  ascertained.  There  is  reason  to  believe  that  it  is  most 

nearly  related  to  the  Siphonese.ij;  So  far,  Girvanella  has  been  described  as  ranging 

from  the  Cambrian  to  the  Jurassic  ;  but,  as  Mr  Chapman  remarks,  "  others,  no  doubt 

allied  to  fossil  forms,  exist  at  the  present  day."  It  is  not  surprising  to  find  it  in 
Cretaceous  rocks  which  have  been  deposited  under  suitable  conditions. 

The  second  genus  has  been  identified  as  Lithothamnion  Phil.  This  alga  occurs 

towards  the  circumference  of  the  nodules,  frequently  as  little  excrescences,  and  can 

be  detected  on  nodules  that  have  been  freed  from  the  matrix.  In  longitudinal  section 

the  cells  have  a  width  of  from  8/a-12/a,  and  their  length  is  greater  than  this;  but 
measurement  is  difficult,  as  there  is  reason  to  believe  that  the  transverse  walls  have 

suffered  more  by  replacement  than  the  longitudinal  walls.  The  quadratic  form  of 

the  cells,  characteristic  of  Lithothamnion ,§  is  not  so  clearly  developed  as  in  some 

species,  but  can  be  made  out,  and  the  lack  of  clearness  is  almost  certainly  due  to  the 

state  of  preservation.  The  thallus  is  made  up  of  cells,  somewhat  radially  arranged  ; 

branching  takes  place  at  different  levels,  so  that  the  whole  assumes  a  fan-shaped 

form  growing  from  a  point.  The  edges,  where  growth  has  been  last  in  process, 

are  irregular  and  lobate.  This  applies  equally  to  sections  cut  tangentially  near  the 

growing  point. 

The   measurements  of  the  cells  in    tangential    sections    vary  from    8/u,  x  10/x  to 

*  E.  Wethered,  Q.J.G.S.,  vol.  xlvi,  1890,  p.  270,  "On  the  Occurrence  of  Genus  Girvanella  in  Oolitic  Rocks"  ; 

also  Geol.  Mag.,  dec.  3,  vol.  vi,  1889,  p.  196,  "  On  the  Microscopic  Structure  of  Jurassic  Pisolite." 
t  H.  Yabe,  op.  cit. 

\  F.  Chapman,  Rep.  Aust.  Ass.  Adv.  Sci.,  vol.  xi,  1907,  p.  377. 

§  A.  Rotupletz,  Ztit.  deutsch.  Geol.  Ges.,  vol.  xliii,  1891,  p.  302,  "Calcareous  Algae." 
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12m  x  16/*.  The  outline  of  the  cells  in  some  of  the  sections  is  polygonal,  often  with 

five  sides.  Some  of  the  tangential  sections  show  large  polygonal  markings ;  these 

are  clue  to  growth  having  taken  place  from  different  adjoining  centres,  with  the 

resulting  compressional  structure  (Plate). 
The  most  characteristic  feature  of  the  species  is  the  presence  of  reproductive 

organs,  which  have  been  observed  in  several  sections,  and  in  sections  made  from  one 

specimen  they  were  very  abundant. 

The  conceptacles  have  a  distinctive  shape,  as  will  be  seen  from  the  plate.  Their 

dimensions  bear  a  close  resemblance  to  those  of  species  which  are  mentioned  by 

Dr  Rothpletz  in  his  paper  on  "  Calcareous  Algae."  *  In  L.  ramosissimum  Reuss.  the 
measurements  for  the  conceptacles  are  given  as  280//,  long  x  80/x  high,  in  L.  suganum 

Rothp.  as  250/a  long  x  100/x  high,  and  in  L.  torulosum  Glint,  as  400/x  long  x  150/x. 

high.  From  the  plate  it  will  be  seen  that  owing  to  the  curved  shape  of  the 

conceptacles  measurement  is  not  satisfactory,  but  an  average  of  well-formed  ex- 

amples, reckoning  from  edge  to  edge,  gave  350/x  long  x  125/x  high.  The  conceptacles 

occur  most  usually  towards  the  edge  of  the  thallus.  Although  they  are  usually 

isolated  and  are  situated  most  commonly  on  the  same  circumference,  it  seems  that 

sometimes  they  may  be  so  close  together  as  to  coalesce  in  forming  a  band  of  "  con- 

ceptacle  tissue,"  with  the  loss  of  individual  shape.  In  a  single  thallus,  isolated 
conceptacles  can  be  seen  to  pass  into  the  conceptacle  band.  No  spores  have  been 

observed  in  the  conceptacles,  although  they  contain  a  certain  amount  of  structure, 

suggesting  canals.  When  writing  on  the  classification  of  the  Nelobesiese,  Foslie  f 

distinguishes  between  those  Lithothamnia  in  which  the  sporangia  are  grouped  in 

conceptacles,  and  those  in  which  they  are  not,  placing  the  former  in  subgenus 

Eulithothamnion.  This  subgenus  he  divided  into  two  sections  according  to 

whether  the  conceptacles  remained  superficial  or  not.  In  the  species  under  dis- 

cussion the  material  of  the  thallus  subsequently  grows  round  the  conceptacle,  so 

that  this  species  falls  into  the  section  Innatse  Fost.,  to  which  section  also  belono- 

L.  ramosissimum,  L.  suganum,  L.  torulosum.  The  conceptacles  in  the  first  two  are 

smaller,  and  in  the  third  larger,  than  in  this  species.  It  resembles  those  three  which 

are  Tertiary  most  nearly,  but  is  distinguished  from  them  by  the  characteristic  shape 
of  the  conceptacles.  The  specific  name  of  Lithothamnion  angolense,  n.  sp.,  is  pro- 

posed for  it. 
Girvanella  forms  the  largest  proportion  of  the  nodules,  but  the  two  have  been 

observed  in  association  in  all  the  sections  examined.  It  appears  that  bundles  of 

Girvanella  tubes  have  first  been  formed,  enclosing  fragments  of  echinoid  plates  or 
quartz  grains,  and  that  subsequently  Lithothamnion  has  begun  to  grow  on  the 

nodules  so  produced.  Its  growth  has,  however,  been  arrested  at  an  early  stage,  for 
in  no  instances  are  large  masses  found,  and  the  original  outlines  of  the  Girvanella 

nodules  are  only  slightly  modified. 

*  A.  Rothpletz,  op.  cit.  t  H.  Foslie,  Kongl.  Norske  Vidensh  Selsk.  Skr.,  1900,  No.  5,  p.  12. 
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Localities. — The  limestone  is  from  beds  near  Lobito  Bay  in  the  province  of 

Benguella.  The  localities  from  which  the  specimens  were  obtained  are  given  below — 

the  numbers  refer  to  Professor  Gregory's  collecting  list. 

8  and  10.  Catumbella  dam.     This  rock  is  cream-coloured  and  very  compact. 
2G4.  Ilanha  Gorge.  The  matrix  in  this  specimen  is  coarser,  and  contains  much 

quartz  and  some  felspar,  both  oligoclase  and  microeline.  The  specimen 

is  weathered,  and  the  nodules  stand  out  clearly,  some  attaining  a  length 

of  1*8  cm. 

271.  Beach,  one  hour  S.W.  of  the  mouth  of  the  Hanha  River.  This  specimen 

is  greyer  in  colour  than  the  rest,  and  is  partially  polished.  The  algae 

were  here  associated  with  Schloenbachia,  n.  sp. 

290.  Coastal  Plateau,  at  the  foot  of  the  scarp  of  the  Second  Plateau,  about  G  miles 

from  Old  Lobito,  on  the  track  to  Hanha.  This  specimen  is  compact 

and  deep  yellow  in  colour.  The  material  from  here  gave  the  best  con- 

ceptacles. 

297.  This  limestone  is  less  compact,  and  contains  a  greater  number  of  shell  frag- 
ments forming  nuclei. 

The  specimens  are  so  similar,  especially  microsopically,  that  there  seems  no 

reason  to  suppose  they  do  not  all  belong  to  one  bed. 

Throughout  the  observations  recorded  in  this  note  I  have  been  indebted  to 
Professor  Gregory. 

EXPLANATION  OF  PLATE. 

Fig.  1.  Girvanella  minima,  sp.  nov.     Section  of  264  x  66. 

Fig.   2.   Lithothamiiion  angol&nse,  sp.  nov.     Longitudinal  section  of  290  x  33.  • 
Fig.   3.  „  ,,  ,,  Transverse  section  of  290  x  66. 

Fig.  4.  .,  .,  ,,  Transverse  section  of  290x66,  showing  lines  produced 

by  compression,  due  to  growth. 

Fig.  5.  ,,  „  ,,  Group  of  conceptacles  in  290  x  24. 

Fig.  6.  ,.  „  ,,  Conceptacles  which  have  coalesced,  forming  a    band,  in 
290  x  66.     This  shows  structure  suggesting  canals. 
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XVII.   On  some  Cretaceous  Echinoidea  from  the  Neighbourhood  of  Lobito  Bay. 

By  Professor  J.  W.  Gregory,  F.R.S.,  D.Sc. 

(MS.  received  June  2,  1915.     Read  June  28,  1915.     Issued  separately  August  21,  1916.) 

Nine  species  of  Echinoidea  were  described  by  de  Loriol  *  from  Benguella  and 
mainly  from  the  neighbourhood  of  Dombe  Grande. 

1.  One  of  his  species,  Epiaster  catumbellensis,t  is  common  in  the  Lobito  district. 

It  is  recorded  by  de  Loriol  from  the  Inflata  beds  at  Catumbella,  and  the  younger 

Cyprina  ivensi  sandstone  at  Dombe  Grande.  It  is  a  variable  species.  According 

to  the  dimensions  given  by  de  Loriol,  the  length  varies  from  25  to  36  mm.,  and  the 

breadth  varies  from  88  to  94  per  cent,  of  the  length  and  the  height  from  66  to  77  per 

cent,  of  the  length.  His  illustrations  show  that  the  species  has  two  chief  forms  :  in 

one  the  shape  is  depressed  and  the  posterior  margin  is  nearly  vertical ;  in  the  other 

the  posterior  interambulacrum  is  subcarinate,  and  the  posterior  margin  is  more  sloping 

owing  to  the  projection  of  the  lower  posterior  corner.  In  de  Loriol's  figure,  pi.  viii, 

No.  4,  the  posterior  margin  has  a  slope  of  only  7°  from  the  vertical  ;  in  his  fig.  5  this 

slope  is  15°  from  the  vertical. 
I  collected  specimens  of  this  species  50  feet  above  the  algal  bed  at  the  Catumbella 

dam,  where  it  was  below  the  level  of  the  Inflata  beds  ;  from  marls  with  "  S"  inflata 
at  Old  Lobito  ;  from  some  marly  beds,  in  which  it  is  abundant,  in  the  upper  part  of 

the  Inflata  zone  ;  and  also  from  the  Salenia  bed  and  at  a  slightly  higher  level 

(850  feet)  above  that  bed.  Many  of  the  specimens  are  poorly  preserved,  and  some 

are  found  only  as  internal  casts.  The  dimensions  are  therefore  quoted,  as  they  are 

useful  in  the  determination  of  the  species. 

It  is  possible  that  two  of  the  forms  figured  by  de  Loriol  should  be  separated,  but 

they  were  both  found  together  in  Lobito. 

Specimens  Collected.! 

No.  292.  Gorge  near  Old  Lobito. 

1.  Good  internal  cast.     1.,  29  ;  b.,  26  ;  h.,  19| ;  a  depressed  variety. 
2.  1.,  29  ;  b.,  29  ;  h.,  17  ;  very  depressed  variety. 

3.  1.,  32  ;  b.,  32|- ;  h.,  25  ;  broad  high  variety. 

4.  Specimens  with  best-preserved  granulation. 

*  In  Choffat  and  de  Loriol,   "Materiaux  pour  l'ttude  stratigraphique  et  paleontologique  de  la  province 
d'Angola,"  Mem.  Soc.  Phys.  Hist,  Nat.  Geneve,  vol.  xxx,  1888,  116  pp.,  8  plates, 

t  Ibid.,  pp.  112-114,  pi.  viii,  figs.  3-6. 
|  Dimensions  are  in  mm.  :— 1.  =  length  ;  b.  =  breadth  ;  h.  =  height. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  17).  85 



586  PROFESSOR   J.    W.    GREGORY   ON   SOME   CRETACEOUS   ECHINOIDEA 

No.  269.  First  Plateau  ;  two  specimens,  of  which  one  has  subcarinate  posterior 

ambulacrum  more  strongly  developed  than  is  shown  in  de  Loriol's 
fig.  4.     1.,  261;  b.,  24;  h.,  20. 

No.  281.  Collection  of  specimens  from  the  Epiaster  bed  on  the  First  Plateau  on 

the  road  to  Hanha,  south-west  of  the  steep  descent  to  the  Hanha 
basin  ;  one  large  specimen  of  the  depressed  variety  has  1.,  33  ;  b.,  30  ; 

h.,  22. 

No.  288.  Summit  of  Second  Plateau ;  south-west  of  the  Epiaster  bed,  on  road 

to  Hanha.     A  weathered  cast.     1.,  32  ;  b.,  27-g- ;  h.,  2l|. 

No.  294.  Salenia  bed  ;  Upper  or  Second  Plateau,  800  feet  above  sea-level ;  five 

miles  east-south-east  of  Lobito  Bay. 

1.  l.,30i;  b.,  28i;  h.,  23|. 

2.  1.,  26^;  b.,  26;  h.,  20. 

3.  1.,  31  ;  b.,  29;  h.,  24. 

No.  270.  Three  poorly  preserved  specimens  ;  top  of  Upper  or  Second  Plateau, 

850  feet  above  the  sea-level ;  above  the  Salenia  bed ;  five  miles 
east-south-east  of  Lobito. 

2.  Holaster  dombeensis,  Lor.  ;  a  broken  specimen  and  a  fragment  from  the 

Inflata  marls  at  Old  Lobito  agree  in  the  characters  available  for  comparison  with 

this  species  from  the  Inflata  beds  at  Dombe  Grande. 

3.  Salenia  domheensis,  Lor.,  var.  triangularis,  n.  var.  Two  worn  specimens  of 

Salenia  were  found  on  the  top  of  the  Second  Plateau  at  the  height  of  800  feet  above 

sea-level,  five  miles  east-south-east  of  Lobito  Bay.  One  specimen  is  fairly  well 

preserved,  though  the  granules  are  only  faintly  indicated.  It  agrees  very  closely 

with  Salenia  dombeensis  of  de  Loriol,*  which,  however,  occurs  on  a  lower  horizon. 

According  to  de  Loriol,  that  species  is  found  at  Dombe  Grande  in  the  mammillare 

beds,  which  are  Albian,  whereas  the  Salenia  bed  near  Lobito  contained  "  S"  inflata, 
and  a  series  of  mollusca  which  Mr  Newton  has  shown  have  Cenomanian  and  even 

Turonian  affinities. 

The  epistroma  of  this  Salenia  is  poorly  preserved  ;  but  sufficient  patches  of 

o-ranules  are  recognisable  to  show  that  the  arrangement  is  practically  identical  with 
that  of  S.  dombeensis.  The  Dombe  Grande  specimens  are  a  little  flatter  :  the  dia- 

meter recorded  by  de  Loriol  varies  from  11  to  28  mm.,  and  the  height  varies  from 

64  per  cent,  to  78  per  cent,  of  the  diameter  ;  in  the  specimen  from  near  Lobito  the 

diameter  is  19  mm.,  the  height  15|,  so  that  the  height  is  nearly  82  per  cent,  of  the 
diameter. 

The  apical  disc  lacks  many  of  the  slits  shown  in  de  Loriol's  figure,  but  they  are 
very  variable,  and  their  presence  is  not  regarded  as  of  specific  value.  The  only 

definite  difference  which  I  can  recognise  is,  that  in  the  Lobito  specimens  the  madre- 

*  Op.  cit.,  pp.  100-102,  pi.  vi,  figs.  2-4. 
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porite  occupies  a  triangular  instead  of  a  nearly  circular  depression  ;  it  differs  markedly 

from  that  in  the  apical  disc  shown  by  de  Loriol  in  his  pi.  vi,  fig.  2d  ;  but  in  his 

figure,  pi.  vi,  fig.  4,  there  are  faint  indications  of  a  smaller  depression  below  the 

genital  pore.     Were  it  not  for  the  difference  in  horizon  I  should  have  been  disposed 

Salenia  dombeeusis,  Lor.,  var.  triangularis,  n.  var. 

to  attach  little  value  to  this  character ;  but  it  may  be  worth  while  to  separate  the 

new  Salenia  as  a  distinct  variety,  named,  from  the  shape  of  the  madreporite,  var. 

triangularis.     The  apical  disc  of  the  Lobito  specimen  is  shown  in  the  figure. 

4.  Cottaldia,  allied  to  Benettiie,  Konig  :  diameter,  18  mm.  ;  height,  13^  mm. 

Found  in  the  Ejoiaster  bed  on  the  First  Plateau,  south-west  from  Hanha.  This 
specimen  is  too  covered  with  matrix  for  description. 
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XVIII. — Contributions  towards  a  Knowledge  of  the  Anatomy  of  the  Lower 

Dicotyledons.  I.  The  Anatomy  of  the  Stem  of  the  Papaveracese.  By 

R.  J.  Harvey-Gibson,  D.L.,  M.A.,  Professor  of  Botany,  University  of 

Liverpool;  and  Minnie  Bradley,  M.Sc,  Hartley  Research  Scholar,  University 

of  Liverpool.     (With  Three  Plates.) 

(MS.  received  December  6,  1915.     Read  December  6,  1915.     Issued  separately  September  16,  1916.) 

Introductory. 

The  systematic  study  of  the  cluster  of  orders  lying  at  the  base  of  the  Dicotyledon 

phylum  has  of  late  years  become  of  fundamental  importance  in  view  of  the  various 

theories  advanced  by  different  authorities  as  to  the  origin  of  the  so-called  Mono- 
cotyledons. The  anatomical  structure  of  many  of  these  groups  has  been  but  little 

investigated  from  this  aspect,  and  the  present  paper  is  the  first  of  a  series  which 

it  is  hoped  to  publish  with  the  object  of  discovering  to  what  extent  anatomy 

supports  or  contradicts  one  or  other  of  views  held  on  the  phylogeny  of  flowering 

plants.  One  such  research  is  already  far  advanced,  viz.  on  the  anatomy  of  the 

Magnoliacese,  and  another,  the  present  contribution,  deals  with  the  stem  structure 

of  the  Papaveracese.  Although  both  researches  have  been  retarded  owing  to  one  of 

the  authors  being  engaged  on  war  service,  there  would  seem  no  reason  for  delaying 
the  publication  of  such  observations  as  have  been  made. 

Naturally,  no  attempt  has  been  made  in  the  present  paper  to  draw  any  general 

conclusions  outside  the  genera  actually  investigated  ;  such  generalisations  must  be 

postponed  until  the  completion  of  other  work  now  in  progress. 

The  Anatomy  of  the  Stem  of  the  Papaverace^. 

m  According  to  Prantl  and  Ktjndig  (8),  the  order  Papaveracese  includes  the  genera 
usually  grouped  under  Fumariacese,  but  by  them  placed  in  a  section  Fumarioidese. 

Twenty -eight  genera  in  all  are  described  in  the  PJlanzenfamilien,  and  of  these 
twelve,  represented  by  twenty-six  species,  have  been  investigated  by  us,  viz.  Papaver, 
Meconopsis,  Argemone,  Chelidonium,  Glaucium,  Bocconia,  Eschscholzia,  Hypecoum, 
Dicentra,  Adlumia,  Romneya,  and  Corydalis.  Some  of  the  remaining  sixteen  we  hope 
to  discuss  in  a  future  paper,  as  material  becomes  available. 

Papaver  Rhoeas,  L.,  is  placed    by  Leger    (ll)  in  a  subgroup  Rhceades,  which 
includes  P.  Argemone,  L.,  P.  dubium,  L.,  and   P.  hybridum,  L.,   and    he    selects 
P.  dubium  for  detailed  description,  stating,  however,  that  the  whole  group  exhibits 
great  similarity  in  anatomical  structure.      In    the  present  instance   P.  Rhceas  has 
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been  selected  for  detailed  study  and  other  species  are  referred  to  only  in  so  far  as 

they  differ  from  it. 

A    transverse    section    through    an    internode    of   P.    Rhceas   (figs.   1,  2)  shows, 

successively  inwards,  epidermis,  chlorophylliferous  cortex,  several  layers  of  sclerotic 

pericycle,  vascular   bundles  arranged   in  an  undulating  circle,  medullary  rays,  and 

parenchymatous  medulla.     The  epidermis  has  a  moderately  thick  cuticle,  and  stomata 

occur  in  the  interfascicular  regions.     Multicellular  hairs  are  present,  as   stated  by 

Leger,  but  a  distinct  exodermis  is  absent.     The  term  "exodermis"  is  applied  by 
Leger  to  the  layer  of   non-green  cells  found  immediately  below  the  epidermis  in 

many  Papaveracese.     In   P.  Rhceas  the  subepidermal  layer  contains  chlorophyll  and 
its   thin-walled  cells  resemble  those   of  the   cortex.     The  cortex  consists  of  three 

or  four  layers  of  thin-walled  parenchyma  containing   chlorophyll,  with   prominent 

intercellular  spaces.     An  endodermis  is  not  distinguishable,  although  Leger  claims 

to  have  identified  a  fairly  well-marked  one  in  P.  dubium  consisting  of  non-green 

cells  larger  than  those  of  the  cortex.     He  draws  attention  to  the  danger  of  con- 
fusing the  endodermis  with  the  pericycle  owing  to  sclerosis.     In  P.  Rhceas  sclerosis 

has  advanced  so  far  as  to  render  it  impossible  to  distinguish  between  endodermis 

and  pericycle,  in  the  adult  at  least.     The  pericycle  consists  of  three  or  four  layers 

of  cells  polygonal  in  transverse  section  and  more  elongated  than  the  cortical  cells. 

Their    walls    are    strongly  lignified    and  abundantly  pitted.      In  the  interfascicular 

regions  this  pericycle  merges  gradually  into  thin-walled  medullary  ray  parenchyma, 
while    in    the  fascicular  regions  it  abuts  directly  on  the  hard  bast.     The  vascular 

bundles  are  arranged  in  one  or  more  circles  according  to  the  region  of  the  stem  under 

examination.     The    phloem    consists    of   lignified   fibres,    unlignified    sieve    tubes, 

companion    cells,    and    phloem    parenchyma.     The    fibres    are    narrower   and    much 

longer  than  those  of  the  pericycle.     Pits  are  present  on  their  walls,  but  these  are 

not  so  prominent  as  those  of  the  pericycle.     Leger  found  no  pits  on  the  walls  of  the 

bast  fibres  either  in  P.  dubium  or  the  present  species.     As  to  the  sieve  tubes,  Leger 

states    that    the   sieve   plates   are   poorly   developed  and    often  unrecognisable,  but 

careful  examination,  after  suitable  treatment,  shows  that  the  plates  are  of  the  normal 

angiospermic  type.     The  lateral  walls  are  well  supplied  with  sieve  fields,  broken  up 

into  subareas  by  secondary  thickening  of  the  wall  as  the  tube  gets  older  (fig.  3). 

Later  on  callus  becomes  deposited  on  either  side  of  the  membrane.     Hill  (2)  points 

out  that  the  connecting  filaments  react  differently  to  reagents  after  the  formation 

of  callus,  and  regards  them  as  "  slime-strings."     In  P.  Rhceas  sieve  tubes  are  by  no 
means  infrequent,  although  owing  to  the  small  quantity  of  callus  formed  they  are 

not  always  easy  to  locate  (fig.  4).     The  companion  cells  are  usually  as  long  as  the 

sieve    tubes,  and   in   communication  with  them  by  groups  of  protoplasmic  threads 

(fig.  5),  as  are  also  the  abundant  phloem    parenchyma,    not  mentioned  by  Leger. 

When  callus  is  formed  in  these  cases  the  thickening  occurs  on  the  side  of  the  sieve 
tube  only. 
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The  laticiferous  tissue,  so  characteristic  of  the  Papaveracese,  is  found  in  the 

phloem,  and  is  arranged  in  an  arc  between  the  primary  and  secondary  elements 

(fig.  6).  The  tubes  are  articulate,  and  form  a  much-branched  network  (fig.  7).  In 

the  developing  stem  protuberances  arise  from  the  vertical  tubes,  which  push  their 

way  between  adjoining  sieve  tubes  and  unite  with  other  later  tubes  in  the  vicinity. 

The  course  of  the  tubes  may  readily  be  observed  if  fresh  material  be  boiled  for  a  few 

seconds  in  a  10  per  cent,  solution  of  KOH  and  afterwards  well  washed  and  sectionised. 

The  xylem  is  separated  from  the  medulla  and  medullary  rays  by  conjunctive  par- 
enchyma, and  similar  cells  are  interspersed  among  the  xylem  elements  themselves. 

The  protoxylem  elements  have  single  or  double  spirals  followed  by  annular  and  later 

by  pitted  vessels.  The  older  secondary  wood  consists  of  radially  arranged  pitted 

tracheae  and  fibres,  the  latter  forming  the  main  mass  of  the  secondary  tissue  and 

corresponding  to  the  conjunctive  parenchyma  of  the  primary  xylem  (figs.  8,  9). 

The  secondary  phloem  consists  of  narrow  elongated  elements  with  a  few  laticiferous 

tubes.  Only  very  rarely  is  anything  in  the  nature  of  a  sieve  tube  or  companion  cell 

recognisable  (fig.  4).  The  narrow  elongated  cells  are,  however,  in  protoplasmic 

communication  with  each  other  through  their  lateral  walls.  The  secondary  latici- 
ferous tissue  is  in  the  form  of  tubes  running  side  by  side  and  connected  by  large 

perforations  in  contiguous  walls. 

A  transverse  section  through  the  basal  region  of  the  stem  shows,  as  Leger  points 

out,  marked  differences  from  such  a  region  as  that  already  described.  The  epidermis 

is  deficient  in  cuticle  ;  the  cortex  consists  of  about  seven  layers  of  non-green, 
slightly  elongated  cells  ;  the  pericycle  and  hard  bast  are  much  less  lignified,  and 

finally,  in  regions  nearest  the  base,  form  with  the  cortex  one  homogeneous  zone  of 

thin-walled  cells.  Meanwhile  the  vascular  bundles  coalesce  and  both  secondary 
xylem  and  phloem  are  produced  abundantly.  Medulla  and  medullary  rays  are 

slightly  lignified.  The  internodes  are  short,  owing  to  the  crowding  of  the  radical 

leaves,  and  the  epidermis  and  outer  layers  of  the  cortex  tend  to  die  off  and 

exuviate.  At  the  points  of  entry  of  an  axillary  shoot  concentric  bundles  often 

'appear,  the  occurrence  of  which  is  not  noted  by  Leger  (fig.  10,  a).  The  phloem  in 
these  cases  is  central,  and  has  associated  with  it  a  complete  ring  of  laticiferous  vessels 

(fig.  ll).  The  secondary  xylem  in  this  region  consists  entirely  of  lignified  fibres 

with  pitted  walls. 

Leger  describes  the  course  of  the  vascular  bundles  only  in  the  regions  immedi- 
ately below  the  flowers.  The  anatomy  of  several  floral  axes  was  investigated  right 

through  the  thalamus  ;  some  of  these  flowers  had  eight,  some  ten,  and  others 

thirteen  carpels,  but  they  all  agreed  in  their  essential  characters,  and  the  following 

account  may  be  taken  to  apply  equally  well  to  all  types  examined.  The  vascular 

bundles  of  the  pedicel  are  arranged  in  a  ring,  large  and  small  bundles  usually 

alternating.  These  bundles,  as  the  thalamus  is  approached,  increase  in  number  by 

repeated  divisions  until  an  almost  complete  cylinder  of  vascular  tissue  has  been 
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tunned.  A  large  number  of  cords  are  then  given  off'  to  supply  the  sepals  and 
petals  ;  the  ring  then  re-forms,  and  almost  immediately  gives  off  numerous  bundles 

to  supply  the  stamens.  Once  more  the  ring  closes,  and  then  finally  splits  into  as 

many  vascular  cords  as  there  are  placental  plates.  Between  these  cords  there  is 

at  first  no  vascular  tissue,  but  later  on  independent  groups  of  tracheids  are  differen- 
tiated,  branching  in  all  directions,  but  especially  towards  the  ovarial  cavity. 

Further,  the  placental  cords  send  innumerable  branches  to  the  ovules  scattered 

over  the  placental  plates.  It  was  noted  that  the  number  of  vascular  bundles  in 

the  pedicel  did  not  always  correspond  to  the  number  of  placental  bundles  in  the 

fruit  wall.  The  vascular  system  as  a  rule  becomes  stable  just  below  the  flower 

head  and  remains  unchanged  until  the  insertion  of  the  first  leaf-trace,  but  occasion- 
ally forking  or  fusion  occurs,  resulting  either  in  an  increase  or  a  diminution  of  the 

number  of  the  bundles  from  that  seen  at  a  higher  level.  The  observations  made 

on  the  mode  of  insertion  of  the  leaf-traces  agree  on  the  whole  with  those  of  Leger, 

though  more  variations  were  met  with.  Just  before  the  entry  of  the  first  leaf- 
trace  the  bundles  of  the  stem  lose  their  definite  arrangement  in  three  concentric 
circles  and  form  a  more  or  less  undulating  ring.  The  bundles  of  the  leaf  on 

approaching  its  base  fuse  into  three  or  more  cords.  Where  the  system  consists  of 

three  cords  (fig.  12,  a-f)  the  main  central  bundle  forks  and  gives  off  anterior  strands, 

while  the-  adjacent  stem  bundles  fuse  laterally.  With  this  compound  bundle  the 
anterior  strands  unite.  This  composite  mass  then  splits,  and  the  four  bundles  of 

the  leaf-trace  enter  by  the  gap  so  created.  Finally,  the  two  branches,  arising  by 

the  forking  of  the  median  leaf-trace  bundle,  unite  with  the  lateral  bundles  of  the 

same  leaf-trace  and  run  down  the  axis  as  two  independent  cords.  After  a  time 
these  bundles  split  into  smaller  strands  and  the  normal  arrangement  of  the  vascular 

system  becomes  established. 

Leger  states  that  anterior  strands  are  given  off  from  all  the  leaf-trace  bundles. 
That  is  not  so ;  further,  in  some  cases  no  anterior  strands  are  formed  at  all. 

Numerous  variations  are  met  with.  Thus  in  one  instance  where  no  anterior  strands 

were  formed  the  entire  leaf-trace  did  not  enter  by  the  main  gap  produced  by  the 

forking  of  the  compound  stem  bundle  ;  in  another  case  a  special  layer  of  parenchyma 

enclosed  both  the  leaf-trace  and  the  vascular  system  of  the  axillary  branch.  The 

leaf-traces  at  the  base  of  the  stem  are  simpler,  for  in  some  only  one  bundle  enters 

the  foliar  gap.  The  smaller  anterior  strands,  instead  of  fusing  into'  an  arc  and 
uniting  with  the  axis  system,  may  remain  distinct  and  persist  in  this  condition  for 

a  considerable  distance.  The  vascular  tissue  of  the  axillary  branch  is  inserted  one- 

half  on  either  side  of  the  leaf-trace,  just  as  the  latter  enters  the  stem. 

The  stem  anatomy  of  other  species  of  Papaver  need  be  described  only  in  so 
far  as  it  shows  differences  from  that  of  P.  Rhceas. 

Papaver  dubium,  L. — The  layer  beneath  the  epidermis  usually  forms  a  well- 

defined  exodermis  in  Leger's  sense  of  the  term,  but  not  infrequently  it  is  indis- 
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tinguishable  from  the  general  cortex,  although  Leger  describes  its  presence  as   a 

constant  character  of  this  species. 

Papaver  somniferum,  L. — A  transverse  section  shows  numerous  vascular  bundles 

arranged  in  concentric  circles,  giving  the  general  appearance  presented  by  a  mono- 
cotyledonous  stem  (fig.  13).  The  exodermisis  distinct,  the  chlorophyll  zone  is  five  to 

seven  layers  in  thickness,  the  pericycle  is  less  sclerotic  than  in  P.  Rhceas,  and  there 

is  a  gradual  transition  both  in  the  shape  of  the  cells  and  in  the  intensity  of  sclerosis 

from  the  pericycle  to  the  medullary  rays.  A  band  of  non-sclerotic  cells  intervenes 
between  the  sclerotic  pericycle  and  the  hard  bast  in  the  fascicular  regions,  but  the 

hard  bast  is  not  well  developed  in  this  species. 

Papaver  pilosum,  Sibth. — The  anatomy  of  the  stem  resembles  very  closely  that 
of  P.  Rhceas.  Both  exodermis  and  endodermis  are  well  marked,  the  pericycle  is 

very  sclerotic,  and  this  character  is  maintained  in  the  medullary  rays.  The  peri- 

cycle closely  surrounds  the  hard  bast,  save  where  the  latter  abuts  on  the  sieve-tube 
region.  The  vascular  bundles  are  more  deeply  seated  than  in  any  of  the  preceding 

species. 

Papaver  orientate,  L. — The  main  axis  of  this  species  is  perennial,  and  gives 
off  erect  annual  shoots.  The  arrangement  of  bundles  is  monocotyledonous  in  char- 

acter, as  in  P.  somniferum,  the  smaller  outer  bundles  being  more  or  less  imbedded 

in. a  slightly  sclerotic  pericycle.  The  cortex  is  composed  of  several  layers  of  cells, 

the  outer  alone  containing  chlorophyll.  There  is  no  distinct  exodermis,  and  the 

peripheral  bundles  frequently  consist  of  phloem  and  laticiferous  tubes  only. 

Papaver  Iwvigatum,  Bieb.,  resembles  in  anatomy  P.  Rhceas,  and  concentric 

bundles  also  occur  as  in  that  species. 

Papaver  glaucum,  Boiss. — The  anatomy  resembles  that  of  P.  Isevigatum  in  all 
essential  points. 

Papaver  lateritium,  Koch,  is  similar  to  P.  Rhceas,  but  the  hard  bast  is  only 
feebly  developed. 

Papaver  nudicaule,  L.—  The  main  stem  is  extremely  short,  while  the  erect  axes 
are  correspondingly  elongated  and  well  developed.  No  distinct  exodermis  is  visible, 

and  the  chlorophyll  zone  varies  in  thickness.  There  are  three  or  more  layers  of 
green  cells  about  half  way  down  the  axis,  but  below  and  above  this  level  these  cells 

decrease  in  number  and  finally  disappear  altogether.  The  pericycle  is  thick  and 

sclerotic,  merging  gradually  into  the  non-sclerotic  rays,  but  abutting  directly  on  to 
the  hard  bast  in  the  fascicular  regions. 

Papaver  alpinum,  L. — This  species  on  the  whole  resembles  P.  nudicaule,  but  on 
a  reduced  scale.  The  peduncles  are  sometimes  fistular.  By  some  authors  P.  alpinum 
is  regarded  as  synonymous  with,  or  merely  a  variety  of,  P.  nudicaule. 

Papaver  rupifragum,  Boiss. — The  structure  of  the  stem  is  in  all  respects 
comparable  with  that  of  P.  Rhceas.  Here  also  there  is  a  tendency  towards  the 
formation  of  concentric  bundles. 
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The  stem  anatomy  of  other  genera  of  Papaveracese  may  now  be  considered. 

Meconopsis  cambrica,  Vig. — The  main  axis  is  short  and  thick,  and  from  it 
numerous  leaves  and  flower-stalks  arise.  The  exodermis  is  indistinct,  and  the  inner 

chlorophyll-bearing  layers  are  often  sclerotic  in  varying  degree.  The  endodermis  is 
indefinable,  the  pericycle,  five  or  six  layers  deep,  is  sclerotic  and  merges  gradually 

into  the  non-sclerotic  medullary  rays  in  the  interfascicular  regions  and  abuts  directly 

on  the  hard  bast  opposite  the  bundles.  The  medulla  is  non-sclerotic  and  often 
tistular.  The  bundles,  which  are  of  the  normal  dicotyledonous  type,  are  arranged 

in  circles,  and  each  is  surrounded  by  one  or  two  clearly  denned  layers  of  conjunctive 

cells.  The  hard  bast  is  strongly  sclerotic,  while  the  sieve  tubes  are  prominent  and 

show  sieve  areas  on  the  walls  adjacent  to  the  phloem  parenchyma.  These  cells  also 

exhibit  a  tendency  to  bulge  out  and  meet  similar  protuberances  from  neighbouring 

cells,  as  do  the  laticiferous  elements  in  Papaver.  Latex  tubes  also  occur  and  run 

parallel  with  the  phloem  elements,  but  without  any  sign  of  branching. 

Argemone  mexicana,  L. — The  exodermis  in  this  species  is  fairly  well  denned,  but 
no  endodermis  can  be  distinguished.  The  protoxylem  elements  are  scattered  amongst 

an  inner  mass  of  parenchyma  which  is  itself  bounded  by  a  well-marked  V-shaped 
band  of  sclerenchyma.  Laticiferous  tissue  occurs  in  the  pericycle,  in  the  conjunctive 

tissue  of  the  medullary  rays,  along  the  borders  of  the  primary  phloem  and  in  the 

secondary  phloem,  in  the  xylem  parenchyma,  and  a  few  elements  are  found  even  in 

the  hard  bast  and  in  the  lignified  tissue  bordering  the  inner  parenchymatous  mass 

of  each  bundle.  The  elements  are  branched,  and  have  sinuous  walls  in  the  phloem, 

but  in  other  regions  resemble  more  in  form  the  tissues  among  which  they  occur 

(fig.  14).  Prominent  perforations  occur  on  the  walls  of  the  latex  tubes.  The  stem 

anatomy  of  Argemone  hispida  and  of  Argemone  ochroleuca  differs  in  no  essential 

respect  from  that  of  Argemone  mexieana. 

Chelidonium  majus,  L. — The  exodermis  of  this  species  is  fairly  well  defined,  but 
its  cells  more  nearly  resemble  those  of  the  epidermis  than  of  the  cortex,  which 

consists  of  a  single  layer  of  green  cells  (fig.  15).  There  is  no  obvious  endodermis, 

and  the  pericycle  is  represented  by  about  six  layers  of  sclerotic  cells,  the  intensity 

of  sclerosis  diminishing  from  without  inwards,  so  that  the  pericycle  gradually  merges 

into  the  non-sclerotic  medullary  rays.  Laticiferous  tissue  occurs  at  the  periphery 
of  the  vascular  bundles,  more  rarely  in  the  secondary  phloem  and  medullary  rays. 

Most  of  it  consists  of  a  series  of  cells  placed  end  to  end,  showing  no  lateral  branching, 

but  those  cells  which  occur  in  the  medullary  rays  are  less  regularly  superposed  and 

occasionally  show  indications  of  branching.  Their  walls  contrast  with  those  of 

Papaver  in  being  free  from  perforations  save,  infrequently,  where  the  lateral  walls 

are  contiguous. 

Glaucium  corniculatum,  Curt. — The  peripheral  region  is  shown  in  fig.  16. 
There  is  no  definite  endodermis,  but  just  within  the  chlorophylliferous  zone  is  a 

region   of  sclerotic   cells  five  to  ten   layers  deep  which   comprises   pericycle,  hard 
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bast,  and  the  outer  portions  of  the  medullary  rays,  the  whole  forming  a  continuous 

cylinder  of  mechanical  tissue.  In  section  the  laticiferous  tubes  which  occur  at  the 

periphery  of  the  hard  bast  assist  in  differentiating  pericyle  from  hard  bast  owing 

to  their  larger  lumina.  Prantl  and  KtiNDiG  state  (I.e.)  that  in  Glaucium  laticiferous 

tubes  occur  only  in  the  roots,  but  this  is  not  the  case,  and  no  doubt  these  authors 

failed  to  recognise  them  in  this  situation.  A  few  isolated  tubes  are  also  to  be  found 

in  the  pericycle  and  medullary  rays  and  in  the  secondary  phloem.  When  old  the 

latex  tubes  lose  their  contents,  and  those  external  to  the  vascular  bundles  become 

sclerotic.  The  cells  are  usually  isolated,  and  show  no  tendency  to  form  a  series. 

Although,  as  above  stated,  there  is  usually  a  gradual  transition  in  the  interfascicular 

region  from  well-lignified  pericycle  cells  to  less  sclerotic  and  finally  non-sclerotic 

medullary  ray  cells,  sometimes  the  whole  of  the  medullary  ray  as  well  as  the 

medulla  itself  is  transformed  into  mechanical  tissue.  The  xylem  and  phloem  do 

not  call  for  remark  beyond  the  fact  that  the  sieve  tubes  are  especially  well 

developed. 

Bocconia  microcarpa,  Max. — A  transverse  section  through  the  stem  of  this 

species  shows  a  well-marked  epidermis  of  brick-shaped  cells  whose  walls  tend  to 
become  lignified  (fig.  17).  Beneath  the  epidermis  lie  a  double  layer  of  collenchyma 

and  two  or  three  layers  of  chlorophyll-bearing  cells.  The  collenchymatous  cells 
show  traces  of  chloroplasts,  indicating  their  modification  from  ordinary  cortical 

cells.  Further,  traces  of  collenchymatous  thickening  appear  in  the  thin- walled, 
green  cortical  cells,  so  that  the  difference  between  these  two  zones  is  one  of  degree 

rather  than  of  kind.  No  definite  endodermis  is  discernible.  The  pericycle  is  only 

slightly  sclerotic,  and  in  the  interfascicular  regions  merges  gradually  into  the 

medullary  ray  tissue,  which,  like  that  of  the  medulla,  is  parenchymatous.  The 

vascular  bundles  are  arranged  in  a  single  compact  circle  close  to  the  periphery. 

The  xylem  consists  of  vessels  with  bordered  pits  (fig.  18)  and  wood  parenchyma. 

Laticiferous  tubes  are  found  at  the  periphery  of  the  hard  bast,  but  in  the  adult  they 

become  less  obvious  owing  to  lignification.  They  occur  also  on  the  inner  margin  of 

the  internal  parenchymatous  mass,  and  may  be  recognised,  even  when  lignified,  by 

their  large  lumina  and  contents. 

Eschscholzia  californica,  Cham. — The  stem  of  this  plant  is  furrowed,  the  angles 
being  rounded  and  about  ten  in  number,  though  varying  in  different  regions  of  the 

stem  (fig.  19).  Stomata  occur  in  the  furrows,  while  the  subepidermal  tissue  opposite 

the  ridges  is  collenchymatous  (fig.  20).  The  chlorophylliferous  tissue  lies  in  the 

furrows,  and  merges  into  thin-walled  parenchyma  continuous  beneath  the  collenchy- 
matous bands.  Many  of  the  cells  show  traces  of  latex,  but  the  latex  tends  to 

disappear  almost  entirely  in  the  adult,  affording  an  explanation  of  the  statement  by 

Prantl  and  Kundig  (I.e.)  that  latex  does  not  occur  in  the  stem  of  this  genus.  The 

pericycle  is  only  feebly  sclerotic,  and  is  from  one  to  three  cells  deep.  The  latex 

tubes  occur  chiefly  in  the  deeper  cortex,  though   occasionally  also  in  the  secondary 
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phloem    and   medullary   rays.     The    tissue    resembles   in    all    respects    that    already 
described  for  Glaucium. 

Hypecoum  grandifiorum,  Benth. — -The  main  stem  is  very  short,  most  of  the 
aerial  portion  being  formed  of  long  slender  leaves  and  floral  axes  bearing  smaller 

leaves  arranged  in  a  2/5  spiral.  The  stem  anatomy  is  as  follows  :  The  epidermis 

is  thin-walled  and  shows  no  definite  cuticle,  and  beneath  lie  three  layers  of  cells 
containing  either  chlorophyll  or  red  sap  (fig.  21 ).  The  inner  cells  abut  on  an 

amyliferous  layer  which  is  more  evident  in  young  plants.  The  sclerotic  pericycle 

follows  next,  and  many  of  its  cells  are  laticiferous.  The  vascular  bundles  are  few  in 

number,  only  four  occurring  above  the  entry  of  the  first  leaf-trace.  Each  bundle  is 
surrounded  by  a  sheath  of  collenchyma  specially  well  developed  on  the  inner  side. 

Laticiferous  elements  are  present  in  all  the  tissues,  and  latex  occurs  even  in  the 

xylem  vessels  (fig.  22).     The  tubes  are  unbranched. 

Dicentra  formosa,  DC. — The  chief  axis  is  obliquely  ascending,  its  lower  region 

being  covered  with  crowded  leaf-bases,  and  its  parenchyma  is  crammed  with  starch. 
A  transverse  section  of  the  floral  axis  exhibits  a  fluted  outline  with  the  larger 

bundles  occupying  the  angles.  The  epidermis  is  only  slightly  cutinised,  and 

the  subepidermal  tissue  is  poor  in  chlorophyll  but  rich  in  latex.  The  pericycle 

varies  in  thickness  and  is  sclerotic.  Laticiferous  tubes  are  present,  but  latex  occurs 

also  in  the  ordinary  cells  of  the  pericycle.  Latex  tissue  is  also  found  in  the  cortex, 

phloem,  and  wood  parenchyma,  and  latex  may  even  occur  in  the  xylem  vessels. 

There  is  no  branching  or  anastomosing  of  latex  tubes  (fig.  23). 

Adlumia  cirrhosa,  Raff. — The  only  available  material  was  some  stem  fragments 
showing  leaf  insertion,  and  hence  the  following  account  of  the  anatomy  of  this 

species  must  necessarily  be  very  incomplete.  The  plant  is  a  climber,  and  has  very 

long  slender  ribbed  stems  (fig.  24).  Immediately  below  the  epidermis  is  a  layer 

of  non-green  cells  representing  an  exodermis.  The  ridges  of  the  stem  are  occupied 
by  bands  of  collenchyma,  while  the  furrows  are  subtended  by  loose  chlorophylliferous 

tissue  with  large  intercellular  spaces  opening  on  to  stomata.  A  sclerotic  pericycle 

abuts  on  the  collenchyma  and  chlorophyll-bearing  tissue,  but  ends  abruptly  inwards. 
The  hard  bast  is  deeply  imbedded  in  the  sclerotic  pericycle,  the  whole  forming  a 

continuous  cylinder  of  mechanical  tissue.  The  laticiferous  tubes  are  solitary  or  in 

short  rows,  and  are  found  chiefly  in  the  subepidermal  layer,  the  cortex,  soft  bast,  and 

conjunctive  parenchyma,  but  the  latex  tends  to  disappear  as  the  stem  gets  older. 

Romneya  trichocalyx,  Eastw. — The  exodermis  in  this  form  is  fairly  clearly 
defined.  The  subjacent  chlorophylliferous  zone  is  discontinuous,  and  separated  into 

bands  by  non-green  plates  (fig.  25).  The  inner  cortex  from  which  these  plates  arise 
consists  of  ordinary  parenchyma  ten  to  twelve  layers  deep.  No  endodermis  or 

pericycle  is  distinguishable.  The  elements  of  the  xylem  are  worthy  of  note.  Spiral 

thickenings  occur  on  their  walls  in  conjunction  with  more  or  less  bordered  pits. 

The  material  available  was  old,  and  here  as  in  other   species  the   latex  tends  to  dis- 
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appear  as  age  progresses.     The  distribution  of  the  elements  could  not  therefore  be 

determined  with  certainty. 

Corydalis  racemosa,  Pers. — The  epidermal  and  subepidermal  cells  in  this  form 
have  curiously  folded  walls  (fig.  26).  Though  furrowed  like  Adlumia,  subepidermal 

collenchyma  is  absent.  The  endodermis  is  not  distinguishable,  and  the  pericycle 

is  only  slightly  sclerotic  and  varies  in  thickness.  Cells  with  folded  walls  similar  to 

those  found  in  the  epidermis  and  subepidermis  also  appear  in  the  conjunctive 

parenchyma  surrounding  the  vascular  bundles  or  scattered  among  other  cells  on 

the  inner  side  of  the  vascular  bundles  (fig.  27).  Similar  cells  with  folded  walls  occur 

in  other  species  of  Corydalis  and  also  in  species  of  Argemone,  Dicentra,  and 

Eschscholzia.  Latex  occurs  in  the  subepidermal  layer,  in  the  conjunctive  parenchyma 

of  the  vascular  bundles,  and  also  but  to  a  less  extent  in  the  xylem  and  phloem. 

Some  of  the  medullary  ray-  and  medullary  cells  also  contain  latex,  but  in  trifling 
amount,  and  in  all  cases  it  tends  to  disappear  in  the  adult. 

Corydalis  glauca,  Pursh.,  agrees  in  its  anatomy  with  C.  racemosa  in  all 

essentials,  as  does  also  C.  capnoides,  Wahl. 

As  has  been  already  pointed  out  under  Papaver  Rhoeas,  the  anatomy  of  the 

stem  base  may  differ  considerably  from  that  of  the  aerial  portion,  and  a  few  notes 

may  be  added  as  to  the  peculiarities  of  that  region  in  other  species  of  Papaver  and 

in  the  genera  just  discussed.  The  only  point  worthy  of  note  in  the  stem  bases  of 

P.  dubium  and  P.  somniferum  is  the  feebleness  of  the  lignification,  while  in 

P.  pilosum  the  secondary  wood  even  consists  of  only  a  few  xylem  vessels  scattered 

among  thin-walled,  slightly  prosenchymatous  cells. 
In  P.  orientate  Leger  states  that  the  vascular  bundles  remain  isolated  even  at 

the  base  of  the  stem,  and  arrange  themselves  in  one  or  two  cycles.  This  is  not  the 

case,  however,  as  may  be  seen  in  fig.  28,  where  the  bundles  are  not  isolated  though 
their  individuality  may  still  be  made  out  by  their  protoxylems.  Leger  also 
emphasises  the  permanence  of  hard  bast  in  the  basal  region,  in  contrast  with  the 
condition  obtaining  in  preceding  species.  It  is  true  that  the  bast  fibres  do  persist 
for  some  time,  but  eventually  they  disappear  entirely.  One  point  of  interest  not 
noticed  by  Leger  is  the  occurrence  of  a  secondary  zone  of  cambial  activity  inside 
the  vascular  ring,  i.e.  in  the  medulla,  which  produces  xylem  outwards  and  phloem 
inwards  (figs.  29,  30).  The  two  xylem  zones,  the  outer  formed  by  the  normal  the 
inner  by  the  medullary  cambium,  are  separated  by  a  layer  of  cells  identical  with  those 
of  the  medulla,  though  in  some  places  the  two  xylems  are  practically  confluent. 

Save  for  variations  in  the  degree  of  sclerosis  in  the  medulla  and  medullary 
rays  and  in  the  amount  of  secondary  xylem  formed,  the  stem  bases  of  the  remain- 

ing species  of  Papaver  examined  do  not  call  for  any  special  description.  The 
secondary  phloem  in  the  stem  base  of  Meconopsis  cambrica  exhibits  abundant  latex, 
tubes  arranged  in  concentric  circles.  No  special  features  call  for  mention  in  the 
stem  bases  of  Argemone  mexicana,  A.  hispida,  A.  ochroleuca,  Chelidonium  majus, 
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Glavci'iin  corniculatum,  Bocconia  microcatpa,  and  Eschscholzia  califomica.  The 

main  stem  of  Hypecoum  grandijlorum  is  short,  and  corresponds  to  the  stem  bases 

of  types  already  mentioned.  In  its  upper  regions  its  vascular  system  consists  of 

from  ten  to  twelve  isolated  bundles  which  rapidly  increase  in  number  as  the  base 

is  approached  owing  to  the  insertion  of  leaf-traces.  Lateral  fusion  then  takes  place, 
and  finally  the  vascular  system  forms  a  complete  ring  broken  only  at  intervals  by 

the  entry  of  leaf-traces.  The  xylern  vessels  are  abundant,  and  the  stem  contrasts 
in  this  respect  with  the  preceding  types.  The  anatomy  of  the  stem  base  in  Dicentra 

formosa  closely  resembles  that  of  Hypecoum,  as  does  also  that  of  Romneya  trichocalyx. 

In  the  genus  Corydalis  the  features  are  in  all  respects  similar,  save  for  certain  un- 
important variations  in  the  degree  of  sclerosis  of  the  cortical  and  medullary  cells 

and  in  the  amount  of  secondary  wood  formed  and  the  extent  of  its  lignification. 

The  course  taken  by  the  vascular  strands  in  Papaver  Rhceas  has  been  already 

described,  but  a  few  notes  may  be  added  as  to  conditions  obtaining  in  this  respect  in 

other  species  of  Papaver  and  in  other  genera  of  Papaveracese.  So  far  as  the  course 

of  the  bundles  in  species  of  Papaver  is  concerned,  it  may  be  said  at  once  that  it 

differs  in  no  essential  from  that  found  in  P.  Rhceas.  In  Meconopsis  cambrica  the 

capsule  contains  four  placental  plates  with  four  placental  vascular  strands,  while  the 

peduncle  contains  a  ring  of  several  isolated  bundles  which  exhibit  frequent  fusions 

and  splittings.  In  Argemone  mexicana  there  are  also  four  placental  bundles, 

horseshoe-shaped  in  section.  Each  opens  out  and  fuses  laterally  with  its  neighbours 
so  as  to  form  a  ring  of  vascular  tissue  prior  to  the  entry  of  the  stamen  traces. 

Small  leaves  are  attached  close  to  the  top  of  the  peduncle,  and  their  method  of  entry 

is  shown  in  fig.  31,  a,  b,  c. 

In  Chelidonium  majus  the  flowers  are  arranged  in  corymbs,  though  some  authors 

regard  the  inflorescence  as  a  true  umbel.  The  vascular  tissue,  however,  shows  that 

the  main  axis  gives  off  a  series  of  bundles  to  small  bracts  each  with  a  flower-stalk  in 

its  axil,  the  whole  arranged  in  a  close  spiral.  The  ovary  consists  of  two  carpels,  and 

the  strands  from  each  of  these,  together  with  those  from  other  floral  parts,  form  in 

the  pedicel  a  circle  of  four  large  and  three  or  four  smaller  bundles  which  follow 

independent  courses  until  the  base  of  the  pedicel  is  reached,  where  they  fuse  to  form 

a  vascular  ring.  The  bract  trace  consists  of  a  single  bundle,  and  the  vascular  system 

of  the  pedicel  at  the  point  of  attachment  to  the  main  axis  splits,  one-half  being 
thrown  to  either  side  of  the  bract  trace,  all  three  cords  entering  by  a  gap  formed  in 

the  vascular  system  of  the  chief  axis.  The  bract  traces  tend  to  become  multi- 
fascicular  in  the  lower  regions. 

The  course   of  the  bundles   in   Glaucium   corniculatum  does  not  differ  in  any 

essential    respect    from    that    described    in    Papaver   Rhoeas,    while    that   seen   in 

m  Bocconia  microcarpa  closely  resembles  the  arrangement  in  Chelidonium  majus.     In 

Eschscholzia  califomica  the  five  vascular  cords  from  the  carpels  fuse  into  a  ring  at 

the  base  of  the  ovary,  to  which  are  attached  the  cords  from  the  stamens  and  petals. 
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The  vascular  strands  from  the  sepals,  however,  fuse  into  an  outer  vascular  ring,  while 

the  inner  ring,  at  a  lower  level,  opens  out  once  more  and  its  elements  unite  with  the 

outer  ring.  The  conjoint  vascular  tissue  then  splits  up  into  independent  strands  of 

various  sizes  and  descends  the  peduncle  in  that  form. 

In  Hypecoum  grandiflorum  the  main  stem  is  short,  and  most  of  the  aerial  region 

is  composed  of  long  slender  leaves  and  floral  axes,  each  of  the  latter  bearing  several 

flowers  in  racemes.  The  vascular  tissue  of  each  pedicel  consists  of  four  bundles  prior 

to  the  entry  of  the  first  leaf-trace.  Each  pedicel  (save  the  terminal  one)  receives 
two  leaf  insertions  before  becoming  attached  to  the  main  axis.  Each  is  unifascicular, 

and  the  single  strand  enters  a  gap  formed  by  the  splitting  of  the  nearest  pedicel 

bundle,  the  branches  fusing  with  the  adjacent  axial  strands.  After  the  two  inser- 

tions the  vascular  system  of  the  pedicel  thus  consists  of  two  large  and  two  small 

bundles.  When,  as  is  sometimes  the  case,  the  leaf-traces  are  trifascicular,  each 

member  of  the  trace  maintains  its  independence  and  the  base  of  the  pedicel  then 

shows  the  presence  of  eight  bundles.  Similarly,  the  vascular  system  of  the  pedicel 

enters  a  gap  formed  for  it  in  the  system  of  the  chief  axis,  one-half  of  the  pedicel 
system  ranging  itself  on  either  side  of  the  bract  trace.  Lateral  fusions  later  on 

result  in  the  ten  to  twelve  bundles  seen  in  a  section  of  the  main  axis. 

The  inflorescence  in  Dicentra  formosa  is  a  biparous  cyme.  The  vascular  system 
of  the  youngest  pedicel  consists  of  five  bundles,  that  of  the  subjacent  bract  of  one  or 
three.  The  vascular  tissue  of  each  pedicel  fuses  laterally  into  two  masses,  one  on 
either  side  of  the  incoming  bract  trace,  and  these  three  strands  are  often  distinguish- 

able for  some  considerable  distance.  The  course  of  the  vascular  system  in  Romneya 
trichocalyx  does  not  differ  materially  from  that  found  in  Papaver  Rhceas.  In 
Corydalis  racemosa  the  vascular  tissue  of  the  terminal  flower-stalk  consists  of  four 

independent  cords.  These  fuse  in  pairs  lower  down,  thus  creating  two  gaps  through 
one  of  which  the  vascular  system  of  the  next  peduncle  and  its  bract  enters.  The 
vascular  cord  of  the  bract  unites  with  that  of  the  peduncle  at  the  moment  of  in- 

sertion. Leger  worked  out  the  course  of  the  vascular  system  in  the  inflorescence  of 
C.  solida,  but  the  arrangement  of  cords  in  C.  racemosa,  C.  glauca,  and  C.  capnoides 
does  not  quite  correspond  to  his  description.  In  the  last-named  species  the  vascular 
tissue  of  the  terminal  flower  is  represented  by  a  single  cord  which  splits  in  two  just 
before  the  entry  of  the  next  lower  peduncle  and  bract. 

Some  notes  may  now  be  added  on  the  insertion  of  leaf-traces  in  other  species  of 
Papaver  and  in  other  genera  of  the  order. 

Papaver  dubium— -The  leaf-trace  entry  in  this  species  closely  resembles  that 
described  for  P.  Rhodas.  Leger  says  that  at  the  base  of  the  leaf  the  numerous  leaf 
bundles  unite  into  three,  the  middle  bundle  forks,  and  its  two  sections  fuse  with  the 
lateral  bundles.     He  also  states  that  all  the  bundles  of  the  leaf-trace  give  off  strands 

is 

inwards  which  either  arrange  themselves  into  an  arc  whose  extremities  later  on  fuse 
with  the  nearest  stem  bundles,  or  remain  free  and  follow  an  independent  course  down 
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the  stem.  Dissection  shows,  however,  that  the  number  of  bundles  into  which  the 

vascular  system  of  the  leaf  resolves  itself  depends  entirely  on  the  size  of  the  leaf, 

that  the  forking  of  the  central  cord  occurs  very  late,  and  that  the  interior  strands 

are  by  no  meaus  constant,  many  leaf-traces  showing  none  at  all.  Fig.  32,  a—c,  shows 
the  most  fully  differentiated  anterior  strands  that  could  be  found,  and  it  will  be  seen 

that  only  those  of  the  median  bundle  are  developed. 

The  course  of  the  leaf-trace  in  P.  somniferum  follows  no  fixed  rule,  several 
different  methods  having  been  noted.  In  no  case  was  there  any  indication  of  the 

formation  of  anterior  bundles.  Several  variations  were  also  met  with  in  P.  pilosum, 

in  which  species  also  anterior  bundles  are  absent.-  The  leaf-trace  in  P.  orientale 

consists  of  several  strands  which  finally  merge  into  three  groups,  the  central  consist- 
ing of  one  bundle  and  the  lateral  of  several.  The  anterior  bundles  are  present,  but 

are  only  feebly  developed  ;  these  fuse  into  three  arcs.  These  anterior  bundles  consist 

only  of  phloem  accompanied  by  laticiferous  tubes.  The  leaf-trace  enters  by  three 
gaps  in  the  axial  system.  Irregular  fusion  takes  place  between  the  axis  bundles, 

even  the  innermost  series  of  strands  being  disturbed.  On  this  point  Leger's 
account  differs. 

The  leaf-trace  in  P.  Itevigatum  consists  generally  of  seven  bundles,  and  anterior 
bundles  are  occasionally  found,  and  even  then  are  feebly  developed.  Here  also 

variations  in  the  mode  of  entry  are  frequent. 

In  P.  glaucium  the  leaf  base  largely  ensheathes  the  stem  (fig.  33,  a-c),  and  the 
leaf  bundles  finally  unite  into  six,  which  give  off  small  anterior  strands.  Further 

fusions  result  in  the  formation  of  three  main  cords  which  pursue  an  independent 

course  down  the  stem.     No  anterior  cords  appear  in  young  leaves. 

P.  lateritium  shows  two  types  of  leaf-trace  entry  with  general  features  in  common 
but  differing  in  detail.  When  a  leaf  has  an  axillary  branch  the  entry  is  effected  as 

shown  in  fig.  34,  a,  b  ;  when  there  is  no  axillary  branch  the  method  is  as  shown  in 

fig.  35,  a-c.  In  P.  nudicaule  the  leaf-trace  consists  of  one  large  median  and  two 
large  and  several  smaller  lateral  bundles.  As  the  trace  approaches  the  stem  cylinder 

the  bundles  approximate  to  each  other.  The  median  bundle  enters  first,  followed  by 

the  lateral  bundles,  and  these  gradually  fuse  in  their  passage  down  the  stem.  In  the 

peduncle,  on  the  other  hand,  the  leaf-trace  bundles  fuse  into  one  cord  before  entry. 

The  same  is  true  of  the  leaf-traces  of  P.  alpinwm. 

The  mode  of  entry  of  the  leaf-trace  in  P.  rupifragum  is  very  similar  to  that  met 
with  in  P.  Rhoeas,  but  as  in  that  species  variations  occur  even  in  the  same  plant. 

When  an  axillary  branch  occurs  the  vascular  tissue  consists  of  a  ring  of  isolated 

bundles.  These  fuse,  but  leave  a  gap  opposite  the  incoming  leaf-trace,  half  the  cords 

of  the  axillary  branch  being  placed  on  either  side  of  the  leaf-trace.  In  the  leaf- 
traces  entering  the  stem  near  its  base  the  anterior  bundles  are  not  so  prominent  nor 

is  the  forking  of  the  median  bundle  so  well  marked  ;  indeed,  as  a  rule  the  two  final 

strands  representing  the  leaf-trace  rapidly  unite  into  one  broad  bundle.     Variations, 



THE  ANATOMY   OF  THE  STEM   OF  THE  PAPAVERACE^E.  601 

as  above  stated,  are  frequent ;  thus  one  leaf-trace  examined  showed  no  forking  of  the 

median  strand,  but  one  of  the  lateral  bundles  fused  with  the  median  one  and  the  leaf- 

trace  was  continued  down  the  stem  as  one  large  and  one  small  bundle,  the  former 

formed  by  fusion  of  the  median  strand  with  one  of  the  lateral  cords.  Later  on  these 

strands  fused  also.  In  another  case  the  complete  leaf-trace  failed  to  enter  by  one 
gap  ;  the  median  and  one  of  the  lateral  bundles  entered  through  the  main  gap,  while 
the  other  lateral  bundle  inserted  itself  between  two  axial  bundles,  with  which  it 

ultimately  fused.  The  compound  bundle  so  formed  then  behaved  like  an  ordinary 

lateral  leaf-trace  bundle,  fusing  with  one  of  the  forks  of  the  median  leaf-trace. 

There  are  two  chief  types  of  leaf-trace  insertion  in  Meconopsis  cambrica.  In 

the  upper  leaves  inserted  just  below  the  flowers  the  leaf-trace  consists  of  three  strands 

uniting  into  one  cord  which  enters  the  axis  system  by  a  gap  in  that  system.  In  the 

lower  leaves  the  leaf-trace  consists  of  several  strands,  united  ultimately  into  one 
median  and  two  lateral  cords.  An  axillary  branch  occurs  in  the  axil  of  each  of  these 

leaves,  whose  vascular  system  splits  into  two  parts,  each  half  inserting  itself  on  either 

side  of  the  gap  in  the  stem  system.  The  median  strand  of  the  leaf-trace  enters  the 

gap,  followed  by  the  lateral  strands.  The  median  trace  splits,  and  each  half  fuses 

with  the  adjacent  lateral  cord.  These  two  strands  fuse  later  into  one,  which  merges 
into  the  vascular  ring  of  the  axis. 

In  Argemone  mexicana  two  types  of  leaf-trace  insertion  are  also  found.  In  the 

case  of  the  upper  leaves  the  leaf-trace  consists  of  several  bundles  showing  a  tendency 
to  aggregate  into  three  groups.  These  give  off  well-marked  anterior  strands  which 

turn  through  180  degrees,  thus  making  the  leaf- trace  take  the  form  of  a  circle  of 
bundles.  The  vascular  bundles  of  the  stem  separate  opposite  the  leaf  insertion,  and 
the  leaf- trace  throws  its  anterior  strands  right  and  left  as  it  enters.  Irregular 
fusions  occur,  so  that  ultimately  the  number  of  bundles  in  the  stem  is  scarcely 
increased  by  the  leaf-trace  entry.  In  the  case  of  the  lower  leaves  three  or  five 
circles  of  bundles  are  found.  The  median  series  enters  first,  while  the  lateral  circles 
follow,  as  shown  in  fig.  36.  When  an  axillary  branch  is  present  some  of  its  bundles 
are  sometimes  intercalated  between  those  of  the  leaf-trace,  but  usually  all  of  it  passes 
down  the  stem,  half  on  either  side  of  the  leaf-trace. 

The  tendency  for  the  leaf-trace  bundles  of  the  lower  leaves  to  unite  into  three 
or  five  circles  is  not  so  marked  in  A.  hispida;  the  anterior  strands  are  later  in 
appearing,  and  are  not  so  well  developed.  The  same  features  are  presented  by A.  ochroleuca. 

The  leaf-traces  in  Chelidonium  majus  are  multifascicular  at  their  points  of  in- 
sertion, and  the  vascular  system  of  the  axillary  branch  forms  two  semicircular  cords, 

the  gaps  left  being  opposite  the  main  axis  and  the  leaf-trace.  The  median  strand  of 
the  leaf-trace  enters  by  the  gap  opposite  to  it.  A  gap  is  then  formed  in  each  of  the 
semicircular  cords  coming  from  the  axillary  branch,  and  the  lateral  strands  of  the 
leaf-trace    enter   by   these   gaps.     The  whole    of  these   bundles   may   maintain  an 
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independent  course  through  the  next  internode,  but  more  usually  the  median  bundle 

only  runs  distinct,  while  the  lateral  bundles  fuse  with  adjacent  bundles.  This  species 

shows  occasionally  two  axillary  branches  in  the  axil  of  each  leaf. 

G 1  nudum  corniculatum. — The  leaf-trace  consists  of  several  strands  which  follow 

fairly  independent  courses  down  the  stem,  the  vascular  tissue  from  the  axillary 

branch  being  intercalated  between  the  leaf-trace  strands.  Fusion  then  takes  place 
between  these  bundles  and  the  stem  bundles,  so  that  the  number  of  cords  in  the  stem 

is  not  much  increased  over  that  present  above  the  leaf  entry. 

In  Bocconia  microcarpa  the  leaf-trace  usually  consists  of  seven  strands  which 
(save  the  median  one)  split  and  again  reunite  in  the  basal  region  of  the  petiole  before 

entering  the  stem  cylinder  (fig.  37).  The  mode  of  entry  is  very  gradual.  First  of 

all  the  vascular  system  of  the  axillary  branch  separates  and  the  median  bundle  from 

the  leaf  enters  ;  then  the  lateral  bundles  of  the  axillary  branch  separate  to  permit 

the  lateral  cords  of  the  leaf-trace  to  enter  between  them,  but  there  are  no  immediate 

fusions.  Further  down  the  bundles  of  the  branch  fuse  and  taper  off,  becoming  much 

less  prominent  than  the  leaf-trace  cords  intercalated  between  them.  The  entry  of 
the  basal  leaf-traces  is  effected  in  a  similar  manner. 

In  Eschscholzia  californicn  the  leaf-trace  is  formed  of  one  large  median  and  four 
to  six  smaller  lateral  bundles.  These  latter  fuse  among  themselves,  while  the  median 

bundle  remains  distinct.  As  a  rule  the  median  and  lateral  cords  do  not  enter  by  the 

same  gap,  but  the  former  is  separated  from  the  latter  by  certain  stem  bundles.  The 

median  bundle  retains  its  individuality  for  a  considerable  distance,  while  the  lateral 

strands  merge  into  the  stem  cylinder. 

In  Hypecoum  grandijiorum  the  leaf-trace  is  uni-  or  tri-fascicular.  The  upper 

leaf-trace,  which  is  usually  unifascicular,  is  inserted  between  two  segments  of  a  stem 
bundle,  and  maintains  its  independence  through  an  entire  internode.  Although  the 

phyllotaxis  is  a  2/5  spiral,  the  first  two  leaves  arise  so  close  together  that  the  leaf- 

traces  are  inserted  practically  simultaneously.  When  the  leaf-trace  is  trifascicular 

the  method  of  entry  is  identical  with  that  of  Eschscholzia  californica ;  many  varia- 
tions, however,  occur. 

In  Dicentra  formosa  the  traces  are  unifascicular  and  enter  without  forking, 

while  the  vascular  tissue  of  the  axillary  branch  arranges  itself  half  on  either  side  of 

the  entering  leaf-trace.  The  radical  leaves  have  generally  three  main  bundles  and 
several  smaller  ones,  all  of  which  enter  by  one  gap  ;  and,  although  at  first  they 

remain  independent  for  some  time,  they  gradually  fuse  in  groups  and  ultimately  lose 

their  identity  in  the  stem  cylinder. 

The  leaf-trace  in  Adlumia  cirrhosa  consists  of  an  arc  of  several  independent 
strands  which  enter  the  stem  system  by  one  gap.  Their  number  is,  however,  reduced 

to  five  by  lateral  fusion  before  actual  entry  (fig.  38).  Two  marginal  strands,  one  on 

either  side,  fuse  with  adjacent  stem  bundles — sometimes  simultaneously,  sometimes 

in  succession.     Three  bundles  remain,  of  which  the  two  lateral  unite  with  these  com- 
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pound  bundles,  while  the  remaining  median  bundle  pursues  an  independent  course 

for  some  distance  before  fusing  with  the  stem  cylinder. 

The  entry  of  the  leaf-trace  in  Romneya  trichocalyx  is  effected  in  a  very  simple 
manner.  The  trace  consists  of  five  to  seven  strands  ;  the  three  central  bundles 

usually  fuse  to  form  one  large  median  bundle.  The  vascular  tissue  of  the  axillary 

branch  distributes  itself  half  on  either  side  of  the  entering  leaf-trace  and  gradually 
loses  its  independence  by  lateral  fusion,  although  the  median  bundle  maintains  its 

identity  for  a  considerable  distance.  The  traces  from  the  lower  leaves  do  not, 

however,  enter  entirely  by  one  gap,  although  the  median  bundle,  as  in  the  case  of  the 

upper  leaves,  remains  distinct. 

In  Corydalis  racemosa  the  leaf-trace  at  the  moment  of  insertion  on  the  stem 
consists  of  three  strands,  one  large  median  and  two  smaller  lateral.  The  bundles  of 

the  axillary  branch  fuse  laterally  to  form  two  vascular  masses  (fig.  39),  between  which 

the  median  leaf-trace  enters,  while  the  two  lateral  leaf-trace  bundles  enter  by  smaller 
gaps  between  adjacent  stem  bundles.  The  same  method  is  adopted  in  C.  glauca,  but 

in  C.  capnoides  the  three  bundles  enter  together.  The  median  cord  divides  into 

three  just  before  entry,  all  five  bundles  showing  variations  in  degree  of  fusion 
amongst  each  other  and  with  the  stem  bundles. 

Anatomical  Peculiarities  in  the  Stem  of  the  Papaverace^e. 

In  the  foregoing  pages  attention  has  been  drawn  to  certain  peculiar  anatomical 

conditions  in  the  structure  of  the  stem  of  the  Papaveracese,  of  which  the  following 

are  the  more  noteworthy  : — 

1.  Secondary  Thickening  in  the  Stem  Base  of  Papaver  orientate. 

An  extra  cambium  forms  in  the  medulla,  producing  xylem  outwards  and  phloem 

inwards.  This  is  the  only  case  of  abnormal  secondary  thickening  that  has  been  met 

with  in  the  order.  The  condition  is  in  all  respects  comparable  with  that  described 

by  Sanio  (7)  as  occurring  in  the  stem  of  Tecoma  radicans,  and  indications  of  a 

similar  anatomical  peculiarity  appear  in  Rumex  crispus. 

2.   The  Secondary  Thickening  in  the   Walls  of  the  Xylem  of 
Romneya  trichocalyx. 

The  pitted  vessels  and  tracheids  possess  a  double  spiral  thickening  such  as  Leger 
found  to  occur  in  Dendromecon  rigidum,  Benth. 

3.   The  Occurrence  of  Concentric   Vascular  Bundles. 

Concentric  vascular  bundles  occur  in  Papaver  Rhoeas,  P.  sbmniferum,  P. 
Isevigatum,   P.    aljnnum,   and    Glaucium   corniculatum.      The   phloem    invariably 
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occupies  the  centre  of  the  bundle,  and  the  concentric  character  is  found  to  be  due  to 

the  insertion  of  an  axillary  branch.  Such  concentric  vascular  cords  also  occur  at 

the  Lower  ends  of  the  leaf-trace  bundles  of  many  rhizomes  of  Monocotyledons,  e.g. 
Iris  germanica,  Cyperus  aureus,  Carex  arenaria,  Papyrus,  etc.  (5,  6). 

4.  Folding  in  Cell   Walls. 

.Many  of  the  cortical  cells  of  Corydalis  racemosa  as  well  as  of  the  parenchyma 

surrounding  the  vascular  bundles  show  marked  folding  of  their  walls.  Often  these 

cells  form  a  continuous  layer,  suggestive  of  an  endodermis.  Frequently  such  cells 

are  unequally  distributed,  e.g.  the  dorsal  and  lateral  surfaces  of  the  bundles  are 

destitute  of  them,  while  the  ventral  side  may  have  a  layer  three  or  four  cells  thick. 

This  irregularity  of  distribution,  however,  scarcely  suggests  an  endodermis.  In 

Corydalis  solida  the  cells  with  folded  walls  are  often  restricted  to  one  layer  round 

each  vascular  cord,  which  may  have  led  to  the  conclusion  (3)  that  this  layer  was  an 

endodermis  and  that  Corydalis  solida  was  polystelic.  Detailed  investigation  shows 

th'at  this  view  is  untenable.  In  Argemone  ochroleuca  cells  with  folded  walls  occur 
not  only  round  the  vascular  bundles  but  also  in  the  epidermis  and  cortex,  while 

in  Dicentra  formosa  practically  the  entire  medulla  consists  of  such  cells,  as  well  as 

the  cells  in  the  more  immediate  neighbourhood  of  the  vascular  bundles.  In  Adlumia 

cirrhosa  and  Eschschohia  californica  folds  occur  on  the  walls  of  some  of  the  cortical 

cells  as  well  as  in  those  near  the  vascular  system.  Leger  and  De  Bary  also  suggest 

that  these  folds  are  caused  by  the  limiting  nature  of  the  tissue  in  which  they  are 

found,  but  this  theory  does  not  account  for  the  folds  in  the  medullary  cells  of 

Dicentra  formosa  nor  for  those  in  the  cortical  cells  of  Corydalis  racemosa. 

5.   The  Occurrence  of-  Reticulate  Secondary  Thickening  in  the 
Walls  of  the  Secondary  Xylem. 

In  by  far  the  majority  of  plants  the  walls  of  the  vessels  and  tracheids  of  the 

secondary  xylem  are  pitted,  but  in  Papaver  there  is  a  preponderance  of  the  reticulate 

type  of  secondary  thickening,  while  P.  pilosum,  P.  lateritium,  P.  rupifragum,  P. 

orientale,  P.  nudicaule,  and  P.  alpinum  show  reticulate  elements,  to  the  exclusion  of 

all  pitted  forms.  Reticulate  elements  are  also  found  in  Meconopsis  cambrica  and 

Chelidonium  majus.  Similarly,  the  xylem  of  the  Crassulacese  also  shows  reticulate 

thickenings  in  the  secondary  wood,  though  the  stems  in  that  order  are  much  more 

lignified  than  in  the  Papaveracese. 

G.   The  Occurrence  of  Bordered  Pits. 

Bordered  pits  occur  in  the  xylem  elements  of  Bocconia  microcarpa  similar 

to  those  found  in  other  dicotyledonous  woods,  e.g.  Cheilanthus  arboreus, 
Vitis,  etc. 
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7.  Peculiarities  of  the  Cortex  of  Romneya  trichocalyx. 

"Arms"  of  rather  thick-walled  cells  span  the  gap  between  the  pericycle  and 
epidermis.  These  appear  to  be  primarily  for  support,  and  may  be  compared  with  the 

collenchymatous  pads  of  Esohschohia  calif omica. 

Summary. 

1.  The  stem  structure  throughout  the  Papaveracese  is  very  uniform,  the  chief 

characteristics  being 

(a)  A  subepidermal  band  of  chlorophyll-bearing  tissue. 
(b)  A    sclerotic    pericycle    (except    in    Argemone    mexicana   and    Romneya 

trichocalyx). 

(c)  A  massive  pith,  often  fistular,  e.g.  Hypecoum  procumbens. 

Minor  differences  occur  which  are  constant  for  individual  genera  and  thus 

useful  for  classification  purposes,  e.g. 

(a)  The  amount  of   cortical  tissue  ;    e.g.  two  layers    in   Chelidonium  majus, 

the  outer  being  a  colourless  exodermis,  the  inner  only  being  green,  or 

several  layers,  as  in  Papaver  orientate  and  P.  somniferum. 

(b)  The    distribution   of    chlorophyll.     All    the    cortical    cells    may    contain 

chlorophyll,  e.g.  Papaver  Rhosas,  or  only  some  of  them,  e.g.  P.  orientale, 

Corydalis  racemosa,  Adlumia  cirrhosa,  Romneya  trichocalyx,  and 

Dicentra  formosa. 

(c)  The  intensity  of  sclerosis  in  the  pericycle,  which  may  vary  considerably. 

In  Romneya  trichocalyx  and  Argemone  mexicana  the  pericycle  is  not 

sclerotic,  in  Papaver  pilosum  and  P.  Rhoeas  it  is  entirely  so,  while  it 

it  is  only  feebly  sclerotic  in  Eschscholzia  califomica,  Corydalis  race- 
mosa, Papaver  somniferum,  and  P.  orientate. 

(d)  The  thickness  of  the  pericycle.     In  the  fascicular  regions  in  Meconopsis 

the  pericycle  is  usually  five  or  six  layers  deep,  while  in  Hypecoum  and 

Eschscholzia  it  consists  of  only  one  layer.  In  the  interfascicular 

regions  it  usually  merges  gradually  into  the  non-sclerotic  medullary 
rays,  but  in  Adlumia  cirrhosa  there  is  an  abrupt  change  from 

sclerotic  to  non-sclerotic  tissue  in  this  region. 
(e)  The  degree  of  differentiation  of  the  exodermis.     The  exodermis  (of  Leger) 

is    well    marked    in    some    genera,    e.g.    Chelidonium,    in    others,    e.g. 

Papaver  Rhosas,  scarcely  at  all. 

(/)  The    distribution   of  the    vascular    bundles.     These    are    numerous,    and 

arranged  in  a  single  compact  circle  in  Argemone  mexicana,  they  are 

few  and  far  apart  in  Hypecoum  procumbens,  numerous  and  arranged 

in  a  monocotyledonous  manner  in  P.  orientale  and  P.  somniferum. 
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(</)  The  intensity  of  sclerosis  in  the  border  of  the  internal  parenchymatous 

mass.  In  some  forms  the  border  is  non-sclerotic,  in  others  feebly  so, 
while  in  others  still,  e.g.  Argemone  mexicana  and  Bocconia  microcarpa, 

the  sclerosis  is  intense.  This  feature  is,  however,  not  constant,  for  the 

genus  for  Argemone  hispida  has  no  sclerotic  border. 

(h)  The  nature  of  the  secondary  thickening  in  the  tracheae  and  tracheids  is 

distinctive  of  Romneya  trichocalyx. 

(i)  The  sectional  outline  of  the  stem  and  the  degree  of  differentiation  reached 

in  the  cortex,  ridged  stems  generally  having  subepidermal  pads  of 
collenchyma. 

The  stem  bases  in  the  Papav^racese  also  exhibit  a  very  uniform  anatomical 

structure.  In  all  types  examined,  save  Corydalis  capnoides  and  Eschscholzia 

californica,  the  vascular  bundles  as  they  approach  the  base  of  the  stem  proceed  to 

unite  into  a  cylinder  broken  only  by  the  entry  of  the  leaf-traces  of  the  radical 
leaves.  The  stems  are  not  all  equally  lignified ;  thus  Bocconia  microcarpa, 

Romneya  trichocalyx,  and  Papaver  nudicaule  have  well-lignified  stem  bases,  those 
of  P.  Rhceas  and  many  others  are  only  moderately  lignified,  while  those  of 

Chelidonium  majus,  Corydalis  capnoides,  and  C.  racemosa  are  scarcely  woody  at 

all,  their  secondary  xylem  consisting  almost  entirely  of  unlignified  parenchyma. 

The  secondary  xylem  consists  of  tracheae,  tracheids,  xylem  fibres,  and  parenchyma. 

In  the  woody  stem  bases  the  fibres  predominate,  while  in  the  non-woody  forms  the 
parenchyma  is  more  abundant.  The  vessels  and  tracheids  of  the  secondary  xylem 

are  often  pitted,  but  in  many  species  of  Papaver  the  reticulate  type  is  more  common, 

as  also  in  yieconopsis  cambrica  and  Chelidonium  majus.  As  a  general  rule  reticulate 

elements  are  more  common  in  the  secondary  xylem  of  non-woody  forms,  but  Papaver 
alpinum  and  P.  nudicaule  are  exceptional  in  this  respect. 

The  secondary  phloem  consists  of  cambiform  cells  amongst  which  the  sieve  tubes 

and  companion  cells  are  difficult  to  locate. 

2.  The  methods  of  leaf-trace  entry,  as  has  been  shown,  are  numerous.  Often  the 
same  species  presents  three  or  four  different  types.  The  most  common  type  is  that 

exhibited  by  Papaver  Rhosas,  P.  dubium,  P.  Isevigatum,  P.  lateritium,  and 

P.  rupifragum.  Another  type  of  entry  is  that  seen  in  P.  pilosum,  P.  alpinum, 

P.  nudicaule,  and  P.  somniferum,  while  P.  glaucum  and  P.  orientale  show  characters 

common  to  both,  but  at  the  same  time  with  peculiarities  of  their  own.  Meconopsis 

is  the  only  other  genus  examined  showing  marked  similarity  to  P.  Rhosas,  but  it 

possesses  no  anterior  strands,  a  feature  exhibited  by  Argemone  only.  The  leaf-trace 
insertions  of  Glaucium  and  Dicentra  closely  resemble  each  other,  while  those  of 

Eschscholzia,  Hypecoum,  Romneya,  and  Corydalis  form  another  group,  the  remaining 

genera  showing  special  features  of  their  own. 

3.  Similarly  the  vascular  system  found  in  the  axillary  axis  varies.     The  bundles 
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composing  it  may  fuse  laterally  just  before  their  insertion  on  the  vascular  ring  into 
two  or  four  vascular  cords.  In  other  cases  the  vascular  bundles  remain  isolated 

throughout.  Again,  the  vascular  tissue  of  the  axillary  branch  may  be  inserted  half 

on  either  side  of  the  leaf-trace  or  may  be  partly  or  wholly  intercalated  between  the 
leaf-trace  strands. 

4.  Laticiferous  tissue  occurs  in  all  the  Papaveracese  examined,  but  its  distribution 

and  histological  differentiation  vary  in  different  cases.  There  is  a  gradual  transition 

from  the  simple  laticiferous  tissue  of  Corydalis,  where  it  occurs  chiefly  in  the  non- 
vascular areas,  to  the  complex  system  seen  in  Papaver  and  Argemone,  where  it 

occurs  exclusively  in  the  vascular  system.  Meconopsis  and  Chelidonium  form 

transitional  types,  for  their  laticiferous  tissue  is  found  at  the  periphery  of  the 
vascular  bundles  and  consists  of  articulate  tubes  which  are  seldom  branched. 

The  discussion  of  the  exact  affinities  of  the  different  genera  must  of  necessity  be 

postponed  until  the  anatomy  of  the  other  organs  has  been  investigated. 
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EXPLANATION    OF   PLATES. 

(All  figures  marked  "  L "  are  drawn  under  a  magnification  of  approximately  80,  those  marked  "H" 
under  a  magnification  of  450,  save  where  otherwise  stated.) 

Plate  I. 

Fig.     1.  Transverse  section  of  stem  of  Papaver  Bhosas  (L). 

„       2.  Transverse  section  of  the  peripheral  region  of  the  stem  (H). 

„       3.  Longitudinal  section  of  the  stem,  showing  sieve  plates  and  sieve  fields  (  x  800). 
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Fig.  4.  Longitudinal   section   of    the    phloem,    showing   sieve    tubes    with    callus    and   laticiferous    cells 
with  perforations  (H). 

,,  5.  Longitudinal  section,  showing  sieve  tubes  and  companion  cells  (H). 

„       6.  Transverse  section  of  vascular  bundle  (H). 

,,        7.  Longitudinal  section  of  phloem,  showing  laticiferous  tubes  (H). 

,,       8.  Transverse  section  of  primary  xylem,  showing  conjunctive  parenchyma  (H). 

,,       9.  Transverse  section  of  secondary  xylem,  showing  wood  fibres  replacing  conjunctive  parenchyma  (H). 

,,  10.  Transverse  section  of  vascular  system  at  the  base  of  the  stem,  showing  concentric  bundles  (L). 

,,  11  (on  Plate  II).  Transverse  section,  concentric  bundle  from  stem  base  (Hj. 

„  12,  a-f.  Successive  transverse  sections,  showing  the  mode  of  entry  of  the  leaf-trace  (L). 
,,  13.  Transverse  section  of  stem  of  Papaver  somniferum  (L). 

„  14.  Laticiferous  cells  of  A rgemone  mexicana  (H). 

,,  15.  Superficial  layers  of  the  stem  of  Chelidonium  majus  (H). 

,,  15a.  Transverse  section  of  stem  of  Chelido?iium  majus,  diagrammatic  (L). 

„  16.   Superficial  layers  of  the  stem  of  Glaucium  corniculatum  (H). 

,,  17.  Superficial  layers  of  the  stem  of  Bocconia  microcarpa  (H). 

Plate  II. 

Fig.  18.  Bordered  pits  in  surface  and  section  from  the  xylem  of  Bocconia  microcarpa  (H). 

,,  19.  Transverse  section  of  stem  of  Eschscholzia  calif omica  (L). 

,,  20.   Peripheral  layers  of  the  stem  (H). 

„  21.  Transverse  section  of  peripheral  layers  and  vascular  bundle  of  Hypecoum  grandiflorum  (H). 
„  22.   Xylem  elements  containing  latex  (H). 

,,  23.  Transverse  section  of  peripheral  layers  and  vascular  bundle  of  Dicentra  formosa  (H). 

,,  24.  Transverse  section  of  stem  of  Adlumia  cirrhosa  (L). 

Plate  III. 

Fig.  25.   Cortical  region  of  the  stem  of  Romneya  trichocalyx  (H). 

,,  26.  Epidermis  and  subepidermis  of  Corydalis  racemosa  (H). 
,,  27.  Cells  with  folded  walls  on  the  inner  margin  of  the  vascular  bundles  (H). 

,,  28.  Fusion  of  the  vascular  bundles  in  the  stem  base  of  Papaver  orientale  (L). 

„  29.  Medullary  cambium  in  the  stem  base  (L). 

.,  30.  Formation  of  secondary  xylem  and  phloem  from  the  medullary  cambium  (L). 

,,  31,  a,  b,  c.  Successive  stages  in  the  entry  of  the  leaf-trace  of  Argemone  mexicana  (L). 

„  32,  a,  b,  c.  Successive  stages  in  the  entry  of  the  leaf-trace  of  Papaver  dubium  (L). 

„  33,  a,  b,  c.  Successive  stages  in  the  entry  of  the  leaf-trace  of  Papaver  glaucium  (L). 

,,  34,  35.  Types  of  leaf-trace  entry  in  Papaver  lateritivm  (L). 

,,  36,  a,  b,  c.  Entry  of  leaf-traces  in  Argemone  mexicana  (L). 
,,  37.  Entry  of  leaf-trace  in  Bocconia  microcarpa  (L). 

,,  38.  Entry  of  leaf-trace  in  Adlumia  cirrliosa  (L). 
,,  39.  Entry  of  leaf-trace  in  Corydalis  racemosa  (L). 
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XIX.   Apractocleidus   teretipes  :    A  new  Oxfordian  Plesiosaur  in   the  Hunterian 

Museum,  Glasgow  University.  By  William  R.  Smellie,  M.A.,  B.Sc.  (With 

One  Plate.)  Communicated  by  Professor  J.  W.  Gregory,  D.Sc,  F.R.S. 
Edin.  and  Lond. 

(MS.  received  January  15,  1916.     Read  March  20,  1916.     Issued  separately  August  29,  1916.) 

This  Plesiosaur  was  collected  from  the  Oxford  Clay  near  Peterborough  by  A.N.Leeds, 

Esq.,  F.G.S.,  and  was  acquired  for  the  Hunterian  Museum,  Glasgow  University,  by 

Professor  J.  W.  GreCxORY.  The  major  portion  of  the  skeleton  is  present,  and  the 

bones  are  in  an  excellent  state  of  preservation.  The  specimen  has  many  striking 

resemblances  to  Cryptocleidus  oxoniensis,  but  detailed  examination  showed  that  it 

could  not  belong  to  that  species,  and  the  differences  existing  in  the  paddle,  shoulder- 

girdle,  number  of  vertebrae,  and  conditions  of  ossification  are  such  that  it  cannot  be 

retained  in  that  genus  as  now  defined.  Under  the  circumstances  it  seems  advisable 

to  create  a  new  genus.  A  short  preliminary  account  of  the  specimen  has  already 

been  published  (Smellie,  1915),  and  from  that  account  the  following  diagnosis  of  the 

genus  has  been  taken  : — 

Apractocleidus,  gen.  nov.* 

Plesiosaurs  in  which  the  neck  is  composed  of  about  twenty-nine  vertebrae,  of  which 
the  centra  are  wider  than  high  and  slightly  higher  than  long.  The  oval  articular 

ends  are  concave  in  the  centre  but  convex  near  the  margin.  There  are  three  pectoral 

vertebrae  and  twenty-three  dorsals,  or  two  pectorals  and  twenty-four  dorsals.  The 

shoulder-girdle  is  of  Elasmosaurian  type,  and  so  ossified  as  to  form  a  very  rigid 
structure.  The  coracoids  are  exceptionally  broad,  and  the  posterolateral  processes 

are  greatly  produced.  The  dorsal  rami  of  the  scapulae  are  widely  extended  in  a 

similar  fashion.  The  ventral  ramus  of  the  scapula  is  large,  and  in  the  adult  the 

anterior  portion  has  grown  forward  beyond  the  clavicles,  which  are  very  thin  films 

of  bone  lying  wholly  within  the  visceral  surface  of  the  scapulae.  A  rudimentary 

interclavicle  may  be  present.  In  the  mid-ventral  line  the  scapulae  and  the  anterior 

parts  of  the  coracoids  impart  a  slightly  carinate  appearance  to  the  shoulder-girdle. 
The  humerus  is  greatly  expanded  distally,  and  articulates  with  four  elements.  The 

pelvis  is  of  great  breadth,  and  the  wide  spread  of  the  antero-external  angles  of  the 

pubes.  taken  in  conjunction  with  the  breadth  of  the  shoulder-girdle,  indicates  a  genus 
of  exceptionally  broad  build.  The  femur  is  slightly  smaller  and  more  slender  than 

the  humerus,  and  is  not  greatly  expanded  distally. 

*  The  name  Apractocleidus,  meaning  idle  or  functionless'clavicle,  has  been  adopted  to  accord  with  the  names  of 
the  related  genera  Tricleidus  and  Cryptocleidus.  For  the  suggestion  of  the  name  I  am  indebted  to  the  Rev.  Gavin 
Waknock,  B.D. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  19).  89 



G10 WILLIAM   R,    SMELLIE   ON 

The  genus  is  represented  by  one  species,  Apractocleidus  teretipes,  n.  sp.,  the 

specific  name  (from  teres  =  rubbed,  well-chiselled,  elegant,  and  pes  =  &  foot)  being 
descriptive  of  the  symmetrical  outline  of  the  paddle. 

In  the  type  specimen  the  parts  preserved  form  a  large  portion  of  a  fully  adult 

individual,  and  the  state  of  preservation  of  the  bones  is  remarkably  perfect  even  for 

Oxford  Clay  fossils.  The  head,  unfortunately,  is  absent,  but  the  vertebral  column, 

ribs,  shoulder  and  pelvic  girdles,  and  fore  and  hind  limbs  are  all  well  represented. 

Vertebral  Column. 

The  bones  present  comprise  the  atlas  and  axis  and  other  twenty-seven  cervical 

vertebrae — three  pectorals,  twenty-three  dorsals,  and  one  sacral.     All  posterior  to  the 

a  b  c 
.nip.. -.n.sfi 

ax.c 

aw.  lr 

Text-Fig.  1. 

Atlas  and  axis  of  Apractocleidus  teretipes  :  A,  from  front  ;  B,  from  right  side  ;  C,  from  behind.  (Type  specimen  V.  1091,  nat. 
size.)  at. a.,  neural  arch  of  atlas;  a.w.b.,  anterior  wedge-bone;  ax. a.,  neural  arch  of  axis;  ax.c,  centrum  of  axis; 
hy.r.,  hyapophysial  ridge;  n.c,  neural  canal  ;  n.sp.,  neural  spine;  od.,  odontoid;  p.z.,  posterior  zygapophysis ;  r.„  rib 
of  atlas  ;  r.t,  rib  of  axis. 

first  sacral  are  missing.  From  the  atlas  to  the  sacral  the  series  seems  complete,  and, 

while  it  is  not  impossible  that  the  neck  lacks  its  full  complement,  it  is  certain  that 

pectoral  and  dorsal  regions  show  no  missing  vertebra,. and  it  seems  a  sound  assump- 
tion to  consider  the  series  complete  as  far  as  it  goes. 

The  atlas  and  axis  (text-fig.  1,  A,  B,  C). — The  various  bones  composing  the  atlas 
and  axis  are  so  completely  fused  in  the  specimen  that  it  is  with  the  greatest  difficulty 

and  uncertainty  that  the  sutures  can  be  even  partially  traced.  In  the  atlantal  cup 

the  sutures  between  the  anterior  wedge-bone  (a.tv.b.)  and  the  odontoid  (od.),  and 
between  the  odontoid  and  the  lateral  pieces  of  the  neural  arch  of  the  atlas  (at.a.),  are 

almost  obliterated.     The  cup  itself  is  deeply  excavated  and  smooth,  and,  in  section, 
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shows  considerable  flattening  on  the  top.  The  anterior  wedge-bone  forms  the  lower 
third  of  the  cup,  and  the  rim  extends  downwards  to  the  base  of  the  prominent 

hyapophysial  ridge  (liy.r.).  The  lateral  pieces  of  the  neural  arch  of  the  atlas  (at. a.) 

are  broken,  but,  from  what  remains,  it  is  clear  that  they  did  not  unite  above  but 

continued  back  and  fused  with  the  anterior  zygapophyses  of  the  axis,  thus  enclosing 

a  small  opening  on  each  side  between  the  arch  of  the  axis  (ax.a.)  and  the  arch  of  the 

atlas.  In  the  axis  there  is  a  low  neural  spine  (n.sp.)  with  an  indifferently  developed 

ridge  at  its  base.  The  posterior  end  of  this  spine  is  1  cm.  thick,  and  contains  two 

deep,  semicircular  facets  separated  by  a  vertical  ridge  (text-fig.  1,  C).  The  neural 
canal  (n.c),  in  section,  is  an  ellipse  with  the  long  axis  vertical,  and  at  the  axis 

end  this  elongation  is  more  pronounced.      The  rib  of  the  atlas  (r.j)  has  evidently 

n.s 

CL7L 

a.  a — 

Text-Fig.  2. 

Anterior  cervical  vertebra  (sixth)  of  Apraetocleidus  teretipes :  A,  from  leftside; 
B,  from  behind.  (Type  specimen  V.  1091,  \  nat.  size.)  «.«.,  anterior 
angle  of  rib;  «.«.,  anterior  zygapophysis  ;  c.r.,  cervical  rib;  n.c,  neural 
canal  ;  n.s.,  neural  spine  ;  p.z.,  posterior  zygapophysis. 

been  considerably  smaller  than  the  rib  of  the  axis  (r.2),  although  both  are  now 
incomplete.  The  facets  for  those  ribs  are  not  confluent,  but  distinctly,  though 
slightly,  separated.  The  posterior  face  of  the  centrum  (ax.c.)  is  much  wider  than 
high,  and  the  upper  side,  forming  the  floor  of  the  neural  canal,  is  quite  fiat. 
The  central  portion  is  gently  concave,  but  between  this  part  and  the  circumference 
there  is  a  convex  portion  and  the  rim  is  turned  back,  the  reflection  of  the  under 
part  being  most  pronounced. 

Besides  the  atlas  and  axis  there  are  other  twenty-seven  cervical  vertebrw  (text- 
fig.  2;  Plate,  fig.  3).  In  the  measurements  of  the .  centra,  the  proportions  are 
not  found  to  differ  in  any  essential  from  those  of  Crypto cleidus  oxoniemis.  The 
ends  of  the  centra  are  transversely  oval,  the  upper  part,  forming  the  floor  of  the 
neural  canal  (n.c),  being  flat  or  slightly  concave.  The  ends  are  decidedly  concave 
in  the  centre,  but  convex  and  reflexed  at  the  margins.     The  ventral  side,  between 
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the  ribs,  is  concave  both  longitudinally  and  transversely  except  for  the  longitudinal 

ridge  between  the  nutritive  foramina.  This  ridge  is  inconspicuous  in  anterior 

cervical  regions,  but,  towards  the  posterior,  the  nutritive  foramina  become  more  widely 

separated  and  the  consequent  increase  in  the  width  of  the  dividing  ridge  causes  the 

ventral  side  of  the  centra  to  become  actually  convex  from  side  to  side.  By  the  time 

pectoral  and  dorsal  vertebrae  are  reached  this  process  has  caused  the  centra  to 
assume  a  much  more  circular  outline.  The  sides  of  the  cervical  centra  above  the 

rib  facets  are  gently  concave.  The  centra  in  middle  cervical  regions  have  rugosities 

and  tubercles  situated  both  on  the  sides  and  under  surfaces,  close  to  the  posterior 

ends.  These  are  less  well  marked  in  the  anterior  ends.  The  rugosities  persist  into 

dorsal  regions  and  form  definite  plications. 

Throughout  the  neck  the  neural  arches  are  fused  to  the  centra,  but  the  sutures 

can  be  traced,  most  easily  in  the  anterior  region,  as  concave  lines  coming  well  down 

the  sides  of  the  centra.  The  neural  arch  occupies  the  whole  length  of  the  centrum, 

and  bears  strong  anterior  and  posterior  zygapophyses  (a.z.  and  p.z.),  the  latter  pro- 
truding a  greater  distance  over  the  end  of  the  centrum.  In  the  anterior  part  of  the 

neck  the  anterior  and  posterior  zygapophyses  are  connected  by  a  sharp  ridge, 

concave  upwards,  which  persists,  although  becoming  less  sharp,  in  the  posterior  part 
of  the  neck. 

The  neural  spines  (n.s.)  are  fairly  perfect  in  cervical  regions.  The  spine  on  the 

first  cervical  is  very  similar  to  that  on  the  axis,  and  half  way  between  the  tip  and 

the  line  of  the  zygapophyses  there  is  a  pronounced  rough  ridge  sloping  downwards 

and  forwards.  This  ridge  persists  in  the  other  anterior  cervicals,  but  is  less  apparent, 

and  is  represented  finally  by  a  few  tubercles  half  way  up  the  side  of  the  spine.  Both 

anterior  and  posterior  borders  of  the  spine  are  very  sharp. 

The  cervical  ribs  (c.r.)  are  noteworthy  for  their  variation.  They  are  greatly 

compressed  from  above  downwards,  especially  in  middle  cervical  regions.  Some 

might  be  described  as  straight,  flat  rods  of  bone  with  slight  rounding  at  the  anterior 

end  of  the  extremity.  Others  show  the  anterior  angle  (a. a.),  relic  of  the  double 

head,  almost  as  prominently  as  the  cervical  ribs  of  Picrocleidus .  These  last  occur 

chiefly  in  the  anterior  part  of  the  neck,  where  the  ribs  are  short.  Towards  the 

posterior  the  ribs  become  long  and  straight  and  lack  the  terminal  expansion  present 

in  the  others  (text-fig.  6,  A).  Each  rib  broadens  at  its  junction  with  the  centrum, 
and  occupies  practically  the  whole  length  of  the  centrum  in  anterior  cervical  regions  ; 

but  the  posterior  cervicals  have  a  distinct  space  between  the  anterior  edge  of  the 

rib  facet  and  the  end  of  each  centrum.  Going  from  the  posterior  end  of  the  neck 

forwards,  the  cervical  ribs  show  a  progressive  degree  of  fusion.  Thus,  on  the  left 

side,  from  the  first  to  the  nineteenth  cervical,  the  ribs  are  closely  fused  to  the  centra 

(text-fig.  2)  and  the  suture  closed  and  hard  to  trace.  The  next  three  ribs  are  fused 
imperfectly,  leaving  the  suture  gaping.  The  next  has  been  slightly  fused  and  has 

separated   along  the  suture,  while  the  remainder    are  quite  separate  and   show  no 
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trace  of  ever  having  been  fused  (text-fig.  6,  A).  They  have  large,  rough  convex 
heads  (/>.),  which  are  accommodated  by  corresponding  concavities  in  the  centra.  The 

free  cervical  ribs  are  much  less  compressed  from  above  downward  (cf.  text-figs.  2,  c.r., 

and  6,  A),  and  about  the  twenty-seventh  a  section  through  the  neck  of  the  rib  is  an 
equilateral  triangle.  It  is  noteworthy  that  the  neural  arches  of  the  posterior 

cervical  vertebrae  are  closely  fused  to  the  centra,  the  sutures  being  even  less  visible 

than  in  the  anterior  cervicals,  so  that  the  freedom  of  the  ribs  is  not  matched  by  any 

corresponding  looseness  in  the  neural  arch  of  the  same  vertebra.  The  freedom  and 

lack  of  breadth  of  the  ribs  in  the  posterior  of  the  neck  must  have  served  to  mitigate 

Text-Fig.  3. 

Pectoral  vertebrae  of  Apractocleidus  teretipcs  :  from  left  side.  (Type  specimen 
V.  1091,  J  nat.  size.)  a.z.,  anterior  zygapophysis  ;  n.s.,  neural  spine; 
p.z.,  posterior  zygapophysis  ;  r.f.,  rib  facet. 

the  excessive  rigidity  which,  as  insisted  on  by  Williston  (1913),  must  have  existed 
in  the  thick  portion  of  the  neck  of  Plesiosaurs. 

Pectoral  vertebrae  (text-fig.  3).— The  sutures  between  neural  arch  and  centrum 
are  so  indistinct  in  posterior  cervical  and  pectoral  regions  that  nothing  definite  can 
be  deduced  from  them.  The  rib  facets  begin  to  rise  on  the  centra  about  the 
twenty-fifth  cervical  vertebra,  and  after  the  twenty-seventh  a  sudden  change  occurs— 
instead  of  the  rib  articulating  in  a  rough  depression  in  the  side  of  the  centrum,  a 
short  process  with  smooth  termination  receives  the  rib,  and  this  process  is  situated 
higher  up  on  the  centrum.  The  next  two  vertebrae  are  very  similar,  but  show  the 
process  steadily  ascending  on  the  side  of  the  centrum.  The  smooth  terminations  of 
the  processes  (r.f.)  of  the  pectoral  vertebrae  show  slight  sinuosities  on  their  other- 

wise fiat  surfaces.  In  the  next  vertebra  (the  first  dorsal)  the  transverse  process 
is  borne  wholly  on  the  neural  arch,  is  considerably  longer,  and  has  a  decidedly 
convex  oval  termination    whose  anterior  dorsal  margin  is  reflexed.     In  this  region 
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•  if   the    back  the  centra    present  a    more    circular    outline,    but    still    preserve    the 

flattening  under  the  neural  canal. 

Dorsal  vertebrae  (text-fig.  4,  A,  B). — In  the  dorsal  vertebrae  the  neural  spines  (n.s.) 
and  transverse  processes  (t.p.)  have  suffered  much  from  fracture  and  crushing.  In 

the  anterior  the  transverse  processes  continue  to  rise  on  the  neural  arch  and  to 

increase  in  length.  They  terminate  in  expanded  oval  facets  (r.f.),  the  long  axis  of 

the  oval  sloping  downwards  and  backwards.  These  rib  facets  are  strongly  convex 

and  have  the  upper  anterior  lip  refiexed.  This  is  matched  by  a  similar  structure 

on  the  concave  articular  surfaces  of  the  heads  of  the  dorsal  ribs  (text-fig.  6,  B,  C,  D). 

A 
B. 

Text-Fig.  4. 

Middle  dorsal  vertebra  (39th)  of  Apractoclcidus  terctipes  :  A,  from  right  side  ;  B,  from  front. 
(Type  specimen  V.  1091,  \  nak  size.)  a.z. ,  anterior  zygapophysis  ;  n.c,  neural  canal  ; 
n.s.,  neural  spine;  p.z.,  posterior  zygapophysis;  r.f.,  facet  for  rib  ;  t.p.,  transverse  process. 

In  dorsal  regions  the  nutritive  foramina,  following  the  rise  of  the  transverse 

processes,  rise  on  to  the  sides  of  the  centra.  Towards  the  posterior  end  of  the  back 

the  transverse  process  becomes  shorter,  more  slender,  and  lower  set  on  the  neural 

arch,  and  the  articular  ends  of  the  centra  become  wholly  concave  and  lack  the 

convexity  and  reflexion  at  the  margins. 

The  sacral  vertebra  (text-fig.  5,  A,  B)  shows  a  wide,  rough,  excavated  facet  (r.f.) 
for  articulation  with  the  sacral  rib  (C),  borne  partly  on  the  centrum  and  partly  on 
the  neural  arch.  The  sacral  rib  has  not  been  fused  to  the  vertebra,  and  the  head  of 

the  rib  bears  a  rough  articular  surface  corresponding  to  the  rib  facet  (r.f.)  on  the 

vertebra,  This  surface  is  formed  of  two  surfaces  meeting  at  an  angle  of  about 

LOO  degrees,  the  upper  portion,  doubtless,  corresponding  to  that  part  of  the  facet 
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contributed  by  the  neural   arch,  and  the  lower  to  the  portion  contributed  by  the 

centrum.     The  vertebrae  posterior  to  the  first  sacral  have  not  been  preserved. 

The  ribs  (text-fig.  6)  in  cervical  regions  have  been  referred  to  above.  In  anterior 
dorsal  regions  the  ribs  are  short  (B,  C),  but  increase  rapidly  in  length  (D)  towards 

middle  dorsal  regions.  The  heads  (h.)  of  the  ribs  are  smooth  and  concave,  and  fit 

the  rib  facet  on  the  corresponding  transverse  process  with  great  accuracy.  The 

upper  anterior  margin  of  the  articular  surface  is  broken  by  a  small  lip  sharply  folded 

back.  In  middle  dorsal  regions  this  lip  becomes  less  abrupt  and  the  articular  surface 

of  the  head  becomes  almost  flat.  The  head  (h.)  bears  numerous  roughened  pits  and 

tubercles  (s.)  for  muscle  attachment,  and  these  are  most  pronounced  on  the  upper 

and  posterior  portions  of  the  head.     The  rugosities  continue  down  the  anterior  side 

n.S 

Text-Fig.  5. 

Sacral  vertebra  and  rib  of  Apractodciclus  teretipes  :  A,  from  right  side  ;  B,  from  behind  ;  0,  sacral  rib.  (Type  specimen 
V.  1091,  £  nat.  size.)  a.z.,  anterior  zygapophysis  ;  n.c,  neural  canal;  n.s.,  neural  spine  ;  p.z.,  posterior  zygapo- 
physis  (broken)  ;  ■/•„/.,  rib  facet ;  s.f.,  facet  for  ilium. 

of  the  rib  and  converge  towards  the  smooth  ridge  (r.),  which  is  most  marked  in  the 
ribs  of  anterior  dorsal  regions.  In  the  long  ribs  (D)  of  middle  dorsal  regions  this 
ridge  is  a  much  less  prominent  feature.  These  long  heavy  ribs  contain  a  well-defined 
pit  (p.)  a  short  distance  from  the  end,  on  the  upper  anterior  side.  This  pit  probably 
served  for  the  insertion  of  a  strong  ligament  for  the  support  of  the  long  and 
heavy  rib.  The  lower  portions  of  the  long  ribs,  below  the  ridge  (r.),  remain  of  almost 
uniform  diameter  and  oval  to  circular  in  section.  At  the  distal  end  there  is  a  slight 
expansion,  and  the  bone  ends  in  a  concave,  oval  surface,  having  been  tipped  with 
cartilage  in  life.  The  sacral  ribs  (text-fig.  5,  C)  are  short  strong  rods  of  bone  some- 

what expanded  at  the  facets  at  their  ends.  The  facet  (s.f.)  for  the  attachment  to  the 
ilium  is  an  irregularly  convex  surface  with  well-defined  margins  but  no  prominent 
tubercles.  Numerous  ventral  ribs  and  rib  fragments  are  present,  #and  doubtless  these 
went  to  the  formation  of  a  plastron  of  ventral  ribs  (text-fig.  9)  arranged  as  in 
Cryptodeidus  (Andrews,  1910,  p.  175,  text-fig.  86). 
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Text-Fig.  (i. 

Ribs  of  Apradocleidus  teretipes  (type  specimen  V.  1091,  $  nat.  size) :  A,  posterior  cervical  rib  ;  B  and  C,  anterior 

dorsal  (33rd)  rib,  left  side  ;  D,  middle  dorsal  rib,  lt'ft  side,  h.,  head  ;  p.,  pit  for  insertion  of  ligament  ;  r. ,  crest 
of  ridge  ;  s.,  roughened  surface  for  muscle  attachment. 

The  shoulder-girdle  (text-fig.  7,  A  ;  Plate,  fig.  l)  consists  of  fused  coracoids  (cor.), 
fused  scapulae  (sc),  the  anterior  parts  of  the  left  missing,  and  right  clavicle  (cl.),  the 

left  having  been  lost  with  the  anterior  part  of  the  scapula.  The  scwpulsn  are 

triradiate  bones  each  consisting  of  a  dorsal  ramus  (d.sc.)  directed  upward  and  out- 
ward, a    heavy  bar  directed    backward    and    carrying   the  articular  surface  for  the 
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humerus  (gl.)  and  the  surface  of  union  with  the  coracoid,  and  the  ventral  ramus 

(v.sc),  which  meets  the  ventral  ramus  of  the  other  scapula  in  the  mid-ventral  line, 
the  two  sending  back  the  posteriorly  directed  process  which  passes  imperceptibly 
into  the  anterior  median  extension  of  the  coracoids. 

The  dorsal  rami  (d.sc.)  are  chiefly  remarkable  for  their  length  and  wide  spread, 

and  this  gives  the  first  intimation  that  the  specimen    is    an   animal    of  distinctly 

a  B 

/>.«./>. 

Text-Fig.  7. 

A,  Shoulder-girdle  of  Apraclocleidus  teretipes,  from  above.  (Type  specimen,  V.  1091,  about  ̂   nat.  size. )  B,  Sboulder-girdle 
oi Cryptocleidus oxoniensis,  from  above.  (R.  2616,  about  £  nat.  size.  After  Andrews,  1910,  text-fig.  87.)  cl.,  clavicle; 
cor.,  coracoid;  d.sc,  dorsal  ramus  of  scapula  ;  for.,  foramen  between  coracoids;  gl.,  glenoid  cavity;  p.c.p.,  postero- 

external process  of  coracoid  ;  se.,  scapula  ;  v.sc.,  ventral  ramus  of  scapula. 

broader  build  than  Cryptocleidus,  a  fact  which  is  further  emphasised  by  both 

coracoids  and  pubes.  Each  dorsal  ramus  has  suffered  a  curious  fracture  just  where  it 

leaves  the  main  body  of  the  scapula,  so  that  the  end  has  been  slightly  displaced  and 

rejoined,  while  in  neither  case  is  the  tip  complete  enough  to  show  how  the  bone 

terminated.  Just  anterior  to  the  above-mentioned  fracture,  and  about  2  cm.  from 

the  outer  edge  of  the  bone,  a  roughened  ridge  rises  and  runs  forward  and  inward 

on  the  ventral  side  of  the  bone  almost  parallel  to  the  margin.  This  ridge  termin- 

ates close  to  the  edge  of  the  bone  near  the  point  reached  by  the  postero-external 
angle  of  the  clavicle  (el.),  but  a  continuation  of  the  line  would  lead  along  the 
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smooth    concave    part    of    the    margin    and    terminate    in   the    strong    outwardly 
directed  tubercle. 

The  posterior  bar  of  the  scapula  is  triangular  in  section,  and  terminates  in  two 

faces  making  an  angle  with  each  other  distinctly  greater  than  a  right  angle.  The 

one  face,  the  glenoid  surface  (gl.),  forms  half  an  ellipse,  is  comparatively  smooth  and 

gently  concave  ;  it  measures  5'5  cm.  by  G  cm.,  the  line  of  junction  with  the  coracoid 
being  the  smaller.  The  other  face,  the  surface  of  union  with  the  coracoid,  is  a 

triangle  8  cm.  high  and  almost  right-angled  in  the  outer  (ventral)  angle.  This 
surface  and  the  corresponding  one  on  the  coracoid  are  very  rough,  but  there  has 

been  no  extensive  symphysis,  for,  in  places,  the  separation  of  the  bones  has  left 

pieces  of  the  one  adhering  to  the  other,  indicating  a  close  union  and  at  least  partial 

fusion  during  life.  About  3  cm.  from  the  glenoid  surface  the  lower  border  rises  into 

a  rough  ridge  which  runs  in  a  straight  line  towards  the  anterior  extremity  of  the 

scapula,  but  flattens  out  before  it  passes  the  well-marked  tubercle  on  the  anterior 
lateral  border.  Between  this  ridge  and  the  similar  one  on  the  dorsal  ramus  there  is 

a  well-marked  angular  hollow.  The  inner  edge  of  the  posterior  bar  of  the  scapula  is 

thin  and  sharp  ;  it  forms  the  outer  border  of  the  coraco-scapular  opening. 
The  ventral  ramus  (v.sc.)  is  partly  covered  on  its  inner  (visceral)  side  by  the 

clavicle  (cl.),  and  the  covered  part  shows  a  sudden  and  appreciable  reduction  in 

thickness.  The  anterior  lateral  border  is  composed  of  two  concavities  separated  by 

the  prominent  tubercle  referred  to  above.  The  border  approaches  the  median  line 

at  an  angle  of  45  degrees,  but,  when  it  is  about  3 "5  cm.  distant  from  the  median  line,  it 
turns  abruptly  inwards  and  the  extreme  anterior  portion  bends  up  protectively  in  front 

of  the  clavicle  and  has  a  roughened  unfinished  edge  as  if  the  bone  had  a  cartilaginous 

continuation  in  life.  The  median  border  of  the  scapula  is  fused  to  that  of  its  fellow, 

and,  as  they  have  met  after  making  a  sharp  bend  downwards,  a  strong  median  ridge 

lias  resulted.  The  posterior  prolongation  of  the  united  scapulae  passes  imperceptibly 

into  the  anterior  prolongation  of  the  fused  coracoids.  The  bones  have  been  separated 

by  fracture,  and  there  is  no  trace  of  symphysis  or  suture  to  indicate  that  they  were 

separated  in  life.  The  median  ridge  above  mentioned  continues  into  the  cora- 
coids,  and  only  flattens  out  when  crossing  a  line  joining  the  outer  angles  of  the 

glenoids.  This  ridge  is  very  rough,  and  at  its  highest  part  finishes  with  a  concave 

roughened  tip  indicating  a  cartilaginous  termination.  The  ventro-dorsal  depth  of 

this  bar  is  7'5  cm.,  while  its  diameter  between  the  coraco-scapular  fenestra  is  only 

I  '8  cm.  A  section  through  the  corresponding  part  of  Cvyptoclcidus  is  nearly 
circular.  The  inner  (visceral)  side  of  the  ventral  rami  (v.sc.)  shows  considerable 

thickening  between  the  anterior  ends  of  the  coraco-scapular  foramina,  but  forward 
from  this  the  median  line  is  occupied  by  a  hollow  corresponding  to  the  ridge  on  the 
under  side. 

Only  the  right  clavicle  (text-fig.  7,  A,  cl.)  is  present.     It  lies  very  closely  on  the 
inner  surface  of  the  scapula,  and  does  not  protrude  beyond  the  border  of  the  scapula 
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except  for  a  small  part  of  its  extreme  poster o-lateral  border.  The  posterior  border 
of  the  clavicle  is  deeply  concave,  and  its  outer  angle  bears  a  very  rough  facet  which 

fits  a  corresponding  depression  in  the  scapula,  the  edge  of  which  is  roughened 

in  a  similar  fashion  posteriorly  to  this  point.  The  outer  border  of  the  clavicle 

follows  closely  the  lines  of  the  scapula,  and  bears  a  small  protuberance,  corresponding 

to  the  tubercle  on  the  scapula,  with  gentle  concavities  on  each  side.  As  the 

anterior  of  the  clavicle  is  approached  the  border  is  found  to  retreat  further  within 

the  border  of  the  scapula  till  the  tip  is  fully  1  cm.  behind  the  tip  of  the  scapula. 

The  median  border  is  straight,  and  follows  the  downward  curve  of  the  scapula 

closely,  although  the  median  hollow  is  not  conspicuous  owing  to  the  thickness  of  the 

clavicle  here.  The  anterior  end  of  the  clavicle  is  much  roughened  at  the  point 

where  the  margin  joins  the  median  line.  Except  for  the  median  border  the  whole 

clavicle  is  of  very  thin  bone. 

The  coracoids  {cor.)  are  fused  into  one  massive  bone,  no  trace  of  symphysis  or 

suture  remaining.  The  combined  bone  might  be  described  as  built  on  a  framework 

of  four  thick  bars — one  stretching  between  the  glenoids  ;  another,  which  thins  near 
its  middle  point,  occupying  the  median  line  ;  and  one  each  side  stretching  from  the 

glenoid  to  the  postero-lateral  process  (p.e.p.) ;  while  the  intervening  spaces  are 
occupied  by  bone,  thin  in  proportion  to  its  distance  from  any  of  those  massive  bars. 

Thus  at  a  point  midway  between  the  postero-lateral  process  and  the  centre  of  the 

bone  the  thickness  is  less  than  2  mm.  The  keel-like  anterior  prolongation  of  the 
coracoids  has  already  been  described  in  reference  to  the  scapula,  and  the  glenoid  and 

surface  of  union  with  the  scapula  are  very  similar  to  the  corresponding  surfaces  in 

that  bone,  but  make  an  angle  of  135  degrees  with  each  other.  Between  the  glenoids 

the  bone  is  very  massive  and  almost  flat  on  its  inner  (visceral)  side.  Behind  this  flat 

portion  is  a  saucer-shaped  depression,  in  the  middle  of  which  the  bone  is  very  thin 
and  pierced  by  a  foramen  (for.)  which  is  situated  practically  in  the  middle  of  the 

combined  bone  but  slightly  to  the  right  of  the  median  line.  Continuing  backwards 

from  this  point  along  the  median  line  the  bone  thickens  again,  and  is  1'5  cm.  thick 
at  a  point  only  4  cm.  from  the  margin.  The  postero-external  processes  (p.e.p.)  are 
chiefly  remarkable  for  their  wide  spread,  the  distance  between  them  being  slightly 

greater  than  the  length  of  the  whole  shoulder-girdle.  The  tips  are  rough  and 
deeply  concave,  indicating  a  cartilaginous  termination.  This  condition  is  continued 

along  the  posterior  border  of  the  left  process  for  a  distance  of  9  cm.,  while  the  right 
presents  a  smooth,  rounded,  finished  edge  at  this  part.  Other  two  prominences, 

each  situated  about  mid-way  between  the  postero-external  angle  and  the  median  line, 
terminate  with  thickened  concave  borders  ;  otherwise  the  posterior  border  of  the 
coracoids  terminates  with  a  fine  edge  of  bone  only  about  1  mm.  thick.  The  lateral 

borders,  from  the  glenoid  to  the  postero-external  angles,  are  concave,  the  bone  being 
thick  and  smooth  until  14  cm.  off  the  postero-external  processes,  when  for  5  cm.  the 
edge  of  the  bone  is  raised  into  a  sharp  ridge  with  rough  tubercles, 
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The  figures  (text-fig.  7,  A  and  B)  and  measurements  of  the  shoulder-girdle  show 
some  of  the  points  of  difference  between  this  species  and  Cryptocleidus  oxoniensis. 

Notable  points  of  difference  are  seen  in  the  relative  proportions  of  the  shoulder- 

girdle,  Api'ac/oclcidus  being  much  shorter  and  relatively  broader;  processes  are 

longer,  ossification  is  much  more  advanced,  and  the  mid-ventral  portion  of  the  girdle 

is  carinate  between  the  coraco-scapular  fenestra.  The  increase  in  the  ventral  ramus 

of  the  scapula  has  brought  it  forward  till  it  forms  the  anterior  end  of  the  shoulder- 
girdle,  leaving  the  retracted  clavicle  lying  functionless  behind  the  upturned  tip.  In 

the  scapula  the  angle  between  the  glenoid  surface  and  the  surface  of  union  with  the 

coracoid  is  110  degrees,  as  compared  with  90  degrees  in  Cryptocleidus.  This  change 

better  enables  the  glenoid  to  receive  a  more  directly  forward  thrust  from  the  head 

of  the  humerus  at  each  drive  of  the  paddle,  and  this  makes  for  increased  speed.  It 

is  uncertain  whether  the  shoulder-girdle  contained  an  interclavicle  or  not.  The 
clavicle  is  obscurely  notched  on  the  median  margin  about  a  third  of  its  length  from 

the  forward  end,  so  that  it  is  possible  that  a  rudimentary  interclavicle  may  have 

been  present  and  either  lost  or  never  ossified. 

The  bones  of  the  fore  limb  are  in  a  very  perfect  state,  have  suffered  no  crushing 

or  distortion,  and  exhibit  details  of  articulation  and  muscle  attachment  as  clearly  as 

freshly  macerated  bones.  Comparison  of  the  figures  (text-fig.  8,  A,  B,  C)  shows  the 
striking  manner  in  which  the  fore  limb  combines  the  characteristics  of  Tricleidus 

and  Cryptocleidus.  The  humerus  (B,  hum.)  is  very  similar  to  that  of  Cryptocleidus 

(C,  hum.),  but  can  be  easily  distinguished  from  it  by  the  facets  on  the  distal  end. 

The  head  (h.)  is  almost  circular  in  outline,  and  bears  a  convex  roughened  surface ; 

the  convexity  and  roughness  are  greatest  in  the  centre,  while  the  rim  at  the  circum- 
ference is  comparatively  flat  and  smooth.  The  edge  is  sharp  and  cleanly  cut,  and  the 

state  of  the  whole  head  is  such  that  the  cartilage  cap  might  have  been  removed 

only  recently.  The  surface  of  the  head  is  continued  across  a  narrow  (3  cm.) 

concave  passage  into  that  of  the  tuberosity  (tu.)  which  forms  an  irregular  quadrate 

prominence  situated  on  the  outside  of  the  head  and  slightly  to  the  posterior.  The 

tuberosity  has  also  been  capped  with  cartilage,  but  it  is  convex  only  near  the  outside 

and  is  deeply  concave  between  that  and  its  junction  with  the  head  of  the  humerus. 

The  prominent  anterior  and  posterior  borders  of  the  tuberosity  are  soon  lost  amid 

the  deep  rugosities  (m.r.)  which  cover  the  outside  of  the  upper  surface,  and  shade 

inconspicuously  into  the  general  contour  of  the  oval  neck;  The  short,  strong  shaft 

of  the  bone  appears  slender  by  comparison  with  the  massive  head  and  wide  distal 

expansion.  Both  margins  are  concave,  the  posterior  being  more  so.  The  rugosities 

on  the  posterior  margin  of  the  great  tuberosity  are  continued  to  the  posterior  border 

and  inner  side  of  the  shaft,  where  they  become  very  pronounced.  The  anterior 

margin  is  sharply  rounded  and  smooth  except  for  a  few  rugosities  on  the  upper  part 

of  the  shaft  which  are  a  continuation  of  those  on  the  anterior  of  the  great  tuberosity. 

The  distal  expansion  is  very  wide  (24'6  cm.),  but  only  4  cm.  deep  at  its  thickest.     It 
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is  covered  with  rugosities  and  plications  which  rise  from  the  smooth  shaft  and 

spread  fanwise  over  the  expansion.  These  terminate  in  a  line  of  small  depressions 

situated  about  1  cm.  from  the  margin,  and  a  comparatively  smooth  strip  is  left  on 

the  -distal  and  post-axial  borders.  The  distal  expansion  bears  four  distinct  facets 

for  the  articulation  of  four  bones — radius  (r.),  ulna  (u.),  pisiform  (p.),  and  post-axial 
accessory  ossicle  (a.).  The  facet  for  the  radius  is  the  largest,  and  it  is  slightly 

concave.  The  facets  for  the  ulna  and  pisiform  are  differentiated  by  a  slight  salient, 

and  almost  at  right  angles  to  the  line  of  the  last  two  there  is  a  convex  facet,  about 

mc.V. 

Text-Fig.  8. 

Proximal  portions  of  fore  paddles  :  A,*  left  fore  paddle  of  Tricleidus  seeleyi,  from  above.  (Type  specimen  K.  3539,  \  nat. 
size.)  B,  left  fore  paddle  (outer  side)  of  Apractocleidus  teretipes.  (Type  specimen  V.  1091,  about  I  nat.  size.)  C,*  right 
fore  paddle  (ventral  face)  of  Cryptoekidus  oxonicnsis.  (R.  2412,  £  nat.  size. )  a. ,  accessory  ossicle  ;  h. ,  head  of  humerus  ; 
hum.,  humerus  ;  int.,  intermedium  ;  wc.V.,  fifth  metacarpal  :  m.r.,  ridges  for  muscle  insertion  ;  p.,  pisiform  ;  r.,  radius  ; 
rod.,  radiale  ;  la.,  tuberosity  of  humerus  ;  u.,  ulna  ;  uln.,  ulnare. 

*  A,  after  Andrews,  1909,  p.  420,  fig.  2.    C,  after  Andrews,  1910,  p.  182,  text-fig.  90,  C. 

4  cm.  long,  on  the  post-axial  margin,  for  the  articulation  of  an  accessory  ossicle. 
The  epipodial  bones  resemble  those  of  Tricleidus  (A)  in  shape  and  arrangement. 
They  conform  closely  to  the  outline  of  the  facets  on  the  humerus,  and  form  a  very 
elegant  paddle.  The  radius  (r.)  is  very  large,  and  its  surface  is  marked  in  the  same 
fashion  as  the  distal  expansion  of  the  humerus.  It  is  shaped  like  the  radius  of 
Cryptocleidus  except  for  its  ulnar  border,  which  bears  two  facets  separated  by  a  well- 
marked  foramen  similar  to  that  of  Tricleidus.  Its  distal  margin  bears  facets  for  the 
radiale  (rad.)  and  intermedium  (hit.).  The  ulna  (uln.)  is  a  pentagonal  platelet  of 
bone  fused  to  the  pisiform  (p.),  and  its  radial  margin  carries  two  facets  separated  by 
the  foramen,  the  other  half  of  which  separates  the  two  facets  on  the  radius.  It  is 
very  similar  to  the  ulna  of  Tricleidus  (A,  u.),  and  articulates  in  a  similar  fashion 
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with  intermedium  and  ulnare  (uln.).  The  third  bone  articulating  with  the  humerus 

is  the  pisiform  {p.),  which  is  a  hexagonal  platelet  of  bone  fused  to  the  ulna.  The 

posterior  margin  of  the  pisiform  is  thin  and  evidently  a  finished  edge  of  bone  ;  but 

between  this  and  the  humeral  facet  there  is  a  facet,  for  the  accommodation  of  a 

definite  ossicle  (a.),  similar  in  size  to  the  facet  on  the  post-axial  margin  of  the  distal 

expansion  of  the  humerus.  Although  the  fourth  bone  (a.)  is  missing,  the  excellent 

preservation  of  the  other  bones  shows  the  facets  above  mentioned  with  such  precision 

that  there  is  little  risk  in  postulating  the  presence,  position,  shape,  and  size  of  this 

accessory  ossicle  (a.).  The  presence  of  this  bone  completes  the  resemblance  of  this 

part  of  the  paddle  to  Tricleidus  (text-fig.  8,  A,  a.).  The  proximal  row  of  carpals 
consists  of  the  radiate  (rad.),  carrying  a  fused  accessory  ossicle  and  articulating  with 
a  second  ;  the  intermedium  (int.);  and  the  uhiare  (uln.),  which  articulated  with  an 

TuxT-Fifi.  9. 

Diagrammatic  restoration  of  the  skeleton  of  Apractodeidus  teretipcs.     (About  ̂ eth  nat.  size.) 

accessory  ossicle  occupying  the  angle  contained  by  the  posterior  margins  of  the 

pisiform  and  ulnare.  The  three  distal  carpals  are  similar  in  shape  to  the  bones  in  the 

proximal  row,  but  smaller  in  size.  The  shape  and  articulations  of  the  carpals  and  the 

close-fitting  pavement  they  form  are  best  described  by  reference  to  the  plate  and 

figure  (Plate,  fig.  4  ;  text-fig.  8,  B).  The  fourth  bone,  in  the  same  row  as  the 
distal  carpals,  is  the  fifth  metacarpal  (B,  mc.V.).  This  bone  is  somewhat  flattened, 

like  the  carpals,  and  articulates  with  the  ulnare  and  the  third  distal  carpal,  but 

otherwise  it  shows  a  tendency  to  a  cylindrical  shape  like  the  phalanges.  The  other 

metacarpals  bear  facets  on  their  proximal  ends  for  articulation  with  each  other  and 

witli  the  distal  carpals,  while  their  distal  ends  are  almost  flat.  The  phalanges  are 

dumb-bell-shaped  bones  with  flat  or  gently  convex  ends,  and  they  decrease  in  size, 
though  they  do  not  change  in  shape,  as  the  distal  end  of  the  paddle  is  approached. 

In  the  incomplete  paddle  figured  (Plate,  fig.  4)  there  are  thirty  of  those  bones. 

The  peine  girdle  (Plate,  fig.  2)  contains  pubes,  ischia,  and  the  left  ilium,  the 

other  having  been  lost. 

The  pubis  may  be  described  generally  as  a  broad  plate  of  bone,  uniformly  thin, 
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except  for  the  thickening  at  the  symphysis  and  the  two  thick  bars  forming  the 

lateral  and  posterior  margins.     These  meet  in  the  massive  head  which  carries  the 

acetabular  surface.     The  lateral  margin  is  thin  and  straight  to  within  0  cm.  of  the 

anterior  angle,  when  it  thickens  and    passes  sharply  outward    into   the  prominent 

beak-shaped  antero-external  angle.     The  anterior  margin  of  this  angle  is  hollowed 

and  rouo-h  for  about  7  cm.     From  this  point  to  the  prominent  process,  which  occurs 

about  the  middle  of  the  anterior  margin,  the  bone  is  thin  and  presents  a  finished 

edge  ;  but  from  this  process  inward  the  margin  has  again  been  tipped  with  cartilage, 

which  was,  no  doubt,  continuous  with  the  median  symphysis  and  the  cartilage  of 

the  opposite  pubis.     Approaching  the  symphysis,  the  anterior  border  comes  in  at  an 

angle  slightly  greater  than  a  right  angle  to  within  5  cm.  of  the  centre,  then  turns 

sharply  back  and  strikes  the  mid-ventral  line  at  an  angle  of  45  degrees.     This  portion 

of  the  pubis  is  strikingly  unlike  that  of  Cryptocleidus,  where  the  anterior  and  inner 

margins  form  practically  one  continuous  curve  from  external  angle  to  symphysis. 

The    symphysial    surface    is    straight,  and    the    two    pubic    bones    must    have  been 

practically  in  contact  for  a  distance  of  17  cm.     There  is  no  divergence  of  the  bones 

posteriorly  except  for  a  slight  reflexion  of  the  posterior  extremities,  each  of  which 

shows  a  small  lip,  rough  like  the  rest  of  the  symphysis,  serving  for  the  attachment 

of  the    cartilage  which    bridged    the    gap    to    the  ischiurh   and    made  the   division 

between  the  foramina  obturatoria.     The  posterior  margin  of  the  pubis  is  concave, 

and  the  edge  is  sharply  rounded,  only  becoming  full  as  it  approaches  the  head.     The 
head  carries  the  acetabular  surface,  which  forms  half  of  an  elongated  oval  and  looks 

outwards  and  backwards,  making  an  angle  of  135  degrees  with  the  articular  surface 

for  the  ischium.     The  acetabular  surface  is  smooth  and  slightly  concave.     From  the 

surface  of  union  with  the  ischium,  it  is  evident  that  at  least  a  partial  fusion  of  the 

pubis  and  ischium  has  taken  place  ;  the  bones  have  not  separated  along  a  symphysis, 

but  have  broken,  leaving,  in  one  place,  a  piece  of  the  pubis  still  fused  to  the  ischium 

along  an  interlocking  suture  line. 

The  ischium  consists  of  a  massive  head  carrying  the  three  articular  surfaces,  a 

rather  weak  neck  oval  in  section,  and  the  broad  expansion  in  which  it  approaches 

the  mid-ventral  line.  The  acetabular  surface,  looking  out  and  slightly  up,  occupies 
most  of  the  head,  and  the  surface  for  the  ilium  is  much  smaller  and  faces  out,  back, 

and  up.  The  anterior  margin  of  the  bone  forms  the  posterior  border  of  the  obturator 

foramen,  and  like  the  posterior  border  of  the  pubis  it  is  concave  and  its  edge  is  thin 

and  sharply  rounded.  The  symphysial  border  is  deepest  in  the  anterior  third.  It 

is  straight  or  slightly  convex  for  about  16  cm.,  after  which  it  curves  rapidly  outwards 

and  meets  the  posterior  border  in  a  right  angle.  The  surface,  all  its  length,  is  rough 

and  hollow,  indicating  a  cartilaginous  continuation  with  the  opposite  ischium.  The 

posterior  border  is  concave  and  smooth  except  for  a  rough  ridge  near  the  posterior 

angle.  The  inner  (visceral)  side  of  the  head  of  the  ischium  is  roughened  into 

very  prominent  tuberosities  in  the  angle  formed  by  the  edges  of  the  acetabular  and 
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iliac  surfaces,  and  also  in  the  posterior  part  of  the  neck.  These  mark  the  attachment 

of  the  muscles  which  held  the  ilium  in  position. 

The  ilium  is  a  stout  bone,  and  its  lower  end,  bearing  as  it  does  the  facets  for  the 

acetabular  surface  and  for  the  ischium,  is  greatly  enlarged.  The  two  jfacets  are  con- 
tinuous with  one  another,  but  that  for  the  acetabulum  is  turned  up  and  prolonged 

into  a  sharp  lip  with  roughened  borders.  Practically  the  whole  rim  of  the  head 

except  the  anterior  inner  side  is  roughened  for  muscle  attachment.  The  shaft  is 

stout  and  roughly  triangular  in  section  in  the  proximal  part,  but  flattens  out  to 

conform  to  the  spade-like  form  of  the  upper  extremity.  The  anterior  margin  of  the 
bone  is  concave,  but  the  posterior  is  slightly  convex,  with  prominent  tubercles  in  the 

middle.  From  this  point  to  the  upper  end  of  the  bone  rugosities  cover  both  margins. 

The  end  of  the  bone  is  greatly  flattened  from  within  outwards,  and  the  surface  is 

smooth.  The  inner  lip  bears  strong  rugosities  for  muscle  attachment,  and  the  outer 

margin  and  both  sides  of  the  bone  also  bear  rugosities,  but  less  conspicuously.  These 
would  serve  for  the  muscular  attachment  of  the  end  of  the  ilium  to  the  sacrum. 

There  are  no  indications  that  the  ilium  was  fused  to  the  ischium. 

Considering  the  whole  pelvis  in  relation  to  the  pelvic  girdles  of  other  Oxfordian 

Plesiosaurs,  differences  are  observed  comparable  to  the  changes  found  in  the  shoulder- 

girdle.  The  pubes  are  very  broad,  and  the  great  width  between  the  antero-external 
angles  of  the  united  bones  is  a  repetition  of  the  same  feature  found  in  the  united 

coracoids,  and  further  emphasises  the  broad  build  of  the  animal.  From  the  low  angle 

in  which  the  two  sides  of  each  girdle  meet  in  the  mid-ventral  line,  it  is  evident  that 
the  under  side  of  the  animal  was  almost  flat.  The  increased  rigidity  due  to  the 

peculiar  ossification  of  the  shoulder-girdle  is  reflected  again  in  the  pelvis — at  least,  so 
far  as  the  pubes  and  ischia  are  concerned.  Along  the  median  symphysis  these  bones 

have  been  in  contact  for  a  great  proportion  of  their  length,  and  the  pubis  and  ischium 

of  each  side  have  been  partially  fused.  With  the  ilium  the  case  is  different.  As  the 

limbs  were  used  habitually  for  the  propulsion  of  the  body  through  the  water  and  not 

for  its  support  on  land,  the  connections  between  the  ischium  and  ilium  and  between 

the  ilium  and  sacrum  were  wholly  ligamentous.  Further,  the  ilium  is  directed  back- 
wards more  than  upwards,  the  whole  arrangement  being  suitable  for  resisting  the 

tension  set  up  at  each  drive  of  the  paddle  rather  than  for  functioning  in  the  support 

of  the  weight  of  the  body. 

Hind  Limb. — The  only  bone  of  the  hind  limbs  preserved  is  the  left  femur 
(Plate,  fig.  5).  It  resembles  the  humerus,  and,  though  somewhat  more  slender,  it 

is  only  slightly  shorter  than  that  bone.  The  head  is  convex  and  rough,  having  been 

capped  with  cartilage  in  life.  It  is  oval  in  outline,  with  the  long  diameter  running 

antero-posteriorly.  The  surface  of  the  head  is  continuous,  through  a  wide  (5 '5  cm.) 
constriction,  with  the  surface  of  the  trochanter.  The  trochanter  is  large  and  roughly 

rectangular  in  outline,  and  its  surface  is  irregularly  concave  ;  its  posterior  margin  is 

low.  so  that  the  trochanter  has  a  decided  slope  to  the  rear.     The  outer  surface  is 
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marked  with  deep  rugosities,  which  continue  down  the  posterior  margin  to  the  inner 

surface  of  the  shaft  of  the  bone,  where  they  merge  with  the  deep  pits  and  tubercles 

occurring;  there  for  muscle  insertion.  The  shaft  of  the  femur  is  oval  in  section, 

smooth  and  somewhat  flattened  in  front.  The  distal  expansion  is  not  so  wide  as 

in  the  humerus,  but  it  is  4 '5  cm.  thick  in  the  centre,  which  is  greater  than  the 
corresponding  measurement  of  the  humerus.  The  surface  of  the  expansion  is  rugose 

and  plicated,  the  plications  spreading  out  fan-wise  as  in  the  humerus.  Since  nothing 
distal  to  the  femur  has  been  preserved,  it  is  uncertain  with  how  many  elements  it 

articulated.  Going  on  the  similarity  to  Tricleidus  presented  by  the  fore  limb,  it 

might  be  expected  that,  as  in  that  genus,  the  femur  articulated  with  two  elements 

only,  tibia  and  fibula.  However,  the  facets  on  the  distal  end  of  the  femur  of 

Apractocleidus  do  not  lend  support  to  this  supposition,  but  point  rather  to  articula- 
tion with  four  elements  as  in  the  humerus.  The  facets  on  the  femur  are  smaller,  less 

well  differentiated  and  slightly  different  in  inclination  in  the  pOst-axial  portion,  but 
otherwise  they  are  essentially  similar  to  those  in  the  humerus.  Thus  it  seems 

probable  that  the  femur  articulated  with  tibia,  fibula,  and  other  two  elements  similar 

to  the  pisiform  and  accessory  ossicle  of  the  fore  limb.  These  two  additional  elements 

would  probably  be  smaller  and  less  definite  in  shape  than  in  the  fore  limb,  for  the 

facet  on  the  post-axial  portion  of  the  femur  contains  a  rounded  depression  indicating 
that  the  fourth  element  may  have  been  no  more  than  a  rounded  ossicle. 

From  the  foregoing  description  of  Apractocleidus  it  will  be  seen  that,  of  pre- 

viously described  Oxford  Clay  Plesiosaurs,  it  resembles  most  the  genera  Crypto- 
cleidus  and  Tricleidus.  Though  in  some  respects  intermediate  between  those  two 

genera,  in  others  it  gives  indications  of  a  higher  organisation  than  either,  and 

seems  to  combine  the  strong  points  of  both.  The  fore  limb  (text-fig.  8  ;  Plate, 
fig.  4)  is  the  chief  illustration  of  this  feature.  The  humerus  (B,  hum.)  compares 

favourably  with  the  humerus  (C,  hum.)  of  Cryptocleidus  in  size,  shape,  ossification, 

and  width  of  distal  expansion,  and  in  those  same  criteria  of  efficiency  it  is  immeasur- 

ably superior  to  the  humerus  (A,  hum.)  of  Tricleidus.  The  last  genus  compensates 

to  some  extent  for  lack  of  width  of  distal  expansion  by  the  presence  of  a  well- 

formed  ossicle  (a.)  articulating  with  the  post-axial  portion  of  the  humerus.  This  is 
lacking  in  Cryptocleidus  but  present  in  Apractocleidus.  As  in  Ophthalmosaurus, 

the  presence  of  a  large  pisiform  bone  articulating  with  the  humerus  provides 

"a  broad  base  for  the  expanded  terminal  portion  of  the  paddle"  (Andrews,  1915). 
In  Cryptocleidus  the  humerus  articulates  with  only  two  elements  (r.  and  u.),  although 

in  some  specimens  an  indefinite  ossicle  attached  to  the  ulnare  comes  up  into  the 

position  of  the  pisiform  (Andrews,  1910,  p.  184,  text-fig.  91,  A,  a.o.). 

The  development  of  the  shoulder-girdle  has  proceeded  exactly  on  the  lines 
indicated  by  Dr  Andrews  (1910,  p.  107),  and  has  been  carried  a  stage  further  than 

in   Cryptocleidus  : — "  and  from  the  Nothosauridse  through  the  Plesiosauridse  to  the 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  19).  91 
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most  highly  specialised  Elasmosauridse  the  modifications  of  the  shoulder-girdle  that 
have  taken  place  are  in  the  direction  of  increased  rigidity  in  that  region.  In  the 

course  of  this  series  of  changes  there  is  a  tendency  to  the  reduction  of  the  clavicular 

arch  accompanied  by,  and  consequent  upon,  the  increasing  size  and  importance  of 

the  ventral  ramus  of  the  scapula."  In  Apractocleidus  the  fusion  of  the  scapulae,  of 
the  coracoids,  and  of  the  scapulae  to  the  coracoids  (text-fig.  7)  provides  the  maximum 
rigidity  ;  while  the  increase  in  size  of  the  ventral  ramus  of  the  scapula  has  resulted 

in  the  forward  growth  of  the  scapulae  beyond  even  the  anterior  tip  of  the  clavicular 

arch,  which  in  this  way  becomes  quite  invisible  from  below  (Plate,  fig.  l).  In 

Cryptorfeidus  the  clavicles  protrude  beyond  the  anterior  end  of  the  scapulae  (text- 

fig.  7,  B;  Andrews,  1910,  p.  179,  text-fig.  88)  to  a  varying  extent,  but  in  Apracto- 
cleidus they  lie  functionless  (hence  the  generic  name)  wholly  within  the  visceral 

surface  of  the  scapulae.  Further,  the  slight  increase  in  the  angle  of  the  glenoid 

would  enable  the  shOulder-girdle  to  receive  better  a  directly  forward  thrust  from  the 
head  of  the  humerus. 

In  the  pelvis,  excepting  the  ilia,  where  ligamentous  union  is  most  suitable,  the 

rigidity  of  the  shoulder-girdle  is  repeated,  being  brought  about  by  fusion  of  the 
pubis  and  ischium,  and  by  a  long  contact  in  the  median  symphysis. 

The  high  degree  of  ossification  present,  and  the  elongation  of  processes — for 

example,  the  dorsal  rami  of  the  scapulae  and  the  postero-external  processes  of  the 

coracoids  (text-fig.  7) — -are  indications  of  a  higher  organisation.  Seeley  stated  (1874, 

p.  449),  when  discussing  the  Plesiosaurian  pectoral  arch,  that  "  the  only  general 
conclusion  at  which  I  have  arrived  is  that  Plesiosauria,  in  common  with  all  similar 

groups,  show,  in  the  newer  rocks  as  compared  with  the  older  ones,  a  greater  amount 

of  ossific  energy,  probably  coincident  with  higher  organisation,  which  manifests 

itself  in  more  perfect  ossification  of  the  bones,  elongation  of  the  processes,  and 

blending  of  subordinate  with  the  principal  ossific  centres."  Again,  in  a  paper  on  the 

shoulder-girdle  in  Sauropterygia,  Seeley  (1892,  p.  148)  states:  "In  the  shoulder- 
girdle  nothing  but  continued  ossification  apparently  is  needed  to  convert  the  Liassic 

Plesiosaurian  into  the  Oolitic  and  Cretaceous  Elasmosaurian  type."  Judged  by  the 
above  criteria,  Apractocleidus  can  be  fairly  claimed  to  be  a  more  highly  organised 

type  than  any  of  the  related  Oxford  Clay  Plesiosaurs. 

The  habits  of  Apractocleidus  probably  differed  in  no  essential  from  those  of 

previously  described  Oxford  Clay  Plesiosaurs  (Andrews,  1910,  pp.  xv-xvii).  The 
paddles,  with  their  strength  and  symmetry  of  outline  and  deep  rugosities  for  muscle 

attachment,  speak  eloquently  of  powerful  swimming.  The  comparatively  short  neck, 

usually  associated  with  fast  swimming,  and  probably  accompanied  with  slender 

gripping  teeth,  indicate  predaceous  habits  and  in  all  probability  a  diet  of  fish  or 

cephalopods. 

In  conclusion,  I  have  to  express  my  indebtedness  to  Dr  C.  W.  Andrews  for 

providing    me    with    every    facility    for    studying    the  Leeds    Collection    at    South 
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Kensington  ;  and  my  best  thanks  are  due  to  Professor  Gregory  for  the  interest  he 

has  taken  in  the  work,  and  for  the  indispensable  guidance  I  have  received  from  him. 

I  have  also  to  express  my  gratitude  to. the  Carnegie  Trust,  the  Eesearch  Com- 

mittee of  which  generously  provided  a  grant  for  the  illustrations  in  this  paper. 

The  dimensions  (in  centimetres)  of  the  type  specimen  (V.  1091)  are  given  below, 

and  in  some  cases  measurements  of  corresponding  parts  of  Cryptocleidus  oxoniensis 

are  given  for  comparison  : — 
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EXPLANATION  OF  PLATE. 

Apradocleidus  teretipes,  gen.  et  sp.  nov. 

Fig.  1.  Shoulder-girdle  from  below  (about  ̂   nat.  size). 

„    2.  Pelvis  from  above  (about  \  nat.  size).* 
„    3.  Atlas  and  axis  and  other  thirteen  anterior  cervical  vertebrae,  from  the  left  (about  i  nat.  size). 
,,    4.  Outer  side  of  left  fore  paddle  (about  \  nat.  size). 

,,    5.  Outer  side  of  left  femur  (about  \  nat.  size). 
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William  E.  Smellib  :  Apradocleidus  teretipes. 

Fig.  1.—  Shoulder-Girdle. Fig.  2.— Pelvis. 

Fig.  3. — Cervical  Vertebra. 

Fig.  5.— Femur. Fig.  4.— Fore  Paddle. 
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XX.— The  Anatomy  and  Affinity  of  Platyzoma  microphyllum,  R.  Br.  By  John 

M'Lean  Thompson,  M.A.,  B.Sc,  Chief  Assistant  in  Botany  and  Robert 

Donaldson  Research  Scholar,  Glasgow  University.  Communicated  by  Professor 

Bower,  F.R.S.      (With  Four  Plates.) 

(MS.  received  February  7, 1916.     Read  February  7,  1916.     Issued  separately  November  6,  1916.) 

In  the  year  1810  there  appeared  in  Robert  Brown's  Prodromus  Florae 
Novas  Hollandiae  et  Insulae  Van  Diemen,  p.  160,  a  brief  description  of  a  rare 

Australian  Fern  to  which  the  generic  name  Platyzoma  was  given.  The  habit  of 

stem  and  leaf,  and  in  general  the  form  and  position  of  the  sporangia,  led  Brown 

to  the  conclusion  that  Platyzoma  was  of  Gleicheniaceous  affinity.  It  was  noted 

that  the  plant  was  heterophyllic ;  for  not  only  did  it  possess  pinnate  leaves 

suggestive  of  those  of  certain  Gleichenioid  forms,  but  also  small,  compressed,  and 

filiform  leaves  devoid  of  pinnae.  To  the  form  of  the  larger  and  pinnate  leaves 

Brown  paid  particular  attention,  noting  chiefly  that  the  leaves  of  Platyzoma 

were  unbranched,  whereas  a  branched  condition  was  typical  of  the  leaves  of 

Gleichenias.  This  unbranched  condition  of  the  leaf  seemed  to  Brown  a  suffici- 

ently distinctive  feature  to  justify  the  foundation  of  a  new  Gleicheniaceous  genus 

— the  monotypic  genus  Platyzoma ;  and  he  named  the  single  species  Platyzoma 
microphyllum. 

Brown's  opinion  was,  then,  that  Platyzoma  was  allied  to  Gleichenia,  but 
was,  at  the  same  time,  worthy  of  recognition  as  a  distinct  genus.  It  would 

appear,  however,  that  at  a  later  date  Brown  doubted  the  value  of  the  character 

on  which  he  had  laid  most  emphasis  in  founding  the  genus  Platyzoma,  for  in 

1814#  he  wrote :  "  Among  the  Australian  Ferns  there  is  no  genus  absolutely 
confined  to  that  country,  except  Platyzoma,  but  this,  perhaps,  ought  not  to  be 

separated  from  Gleichenia."  Still  later,  in  1838,  while  describing  Polypodium 

{Dipteris)  Horsfiehlii,~\  Brown  referred  to  the  axis  of  Platyzoma,  and  indicated 
that  it  differed  anatomically  from  the  axis  of  all  Gleichenias  he  had  examined. 

The  pinnate  leaves  and  sporangia  of  Platyzoma  were  figured  in  1842  by 

Bauer  in  Sir  Wm.  Hooker's  Genera  Filicum,  and  here  it  was  affirmed  that 

"  Platyzoma  differs  from  Gleichenia  more  by  its  undivided  leaves,  than  by  any 

differences  in  their  sporangia."  In  the  Synopsis  Filicum,  1874,  1883  (Hooker  and 
Baker),  Platyzoma  was  placed  as  the  first  genus  of  the  Gleicheniaceae,  and  a 

note  was   appended   affirming    that    Platyzoma  is   "a    genus   which    has    been    too 

*  General  Remarks,    Geographical  and   Systematic,   on  the  Botany   of  Terra  Australiensis :    Misc.  Bot.    Works  of 
Robert  Brovm,  vol.  i,  p.  59,  Ray  Society  Publications,  1866. 

t  Plantse  Javanicse.  Rariores,  p.  2. 
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Dearly  allied  to  Gleichenia."  F.  Muller,  however,  rejected  the  opinion  expressed 
in  the  Synopsis  Filicum,  and  maintained  that  Platyzoma  should  be  considered  a 

species  of  Gleichenia;  accordingly,  he  named  it  Gleichenia  'platyzoma.  In  1878, 
Benthem  endorsed  the  opinion  of  Hooker  and  Baker,  and,  writing  in  Flora 

Australiensis,  vol.  vii,  p.  696,  he  held  that  Platyzoma  "  is  a  genus  limited  to  the 

single  species  endemic  in  Australia.  The  great  difference  in  '  fructification '  as 
well  as  in  habit  appears  to  preclude  its  union  with  Gleichenia  as  proposed  by 

F.  Muller."  In  1897,  H.  Christ*  sank  Platyzoma  in  Gleichenia,  and  named 
it  Gleichenia  microphylla,  while  in  1902  Diels  t  followed  a  similar  course.  And 

lastly,  in  1906,  Carl  Christensen,  in  his  Index  Filicum,  placed  Platyzoma  in  very 

close  relationship  to  Gleichenia,  but  at  the  same  time  was  not  disposed  to  reduce 

Platyzoma  to  the  rank  of  a  species  of  Gleichenia.  It  will  be  noted,  then,  that 

the  systematists,  without  exception,  have  followed  Brown's  example  in  placing 
Platyzoma  in  the  Gleicheniacese,  and  that  the  only  point  upon  which  opinions 

have  differed  is  the  rank  which  Platyzoma  merits  within  this  group. 

The  following  characters  of  Platyzoma  have  been  recorded  by  the  systematists  : — 
The  axis  is  a  short,  horizontal  rhizome  beset  with  a  thick  covering  of  long, 

glistening,  golden-brown  hairs.  The  branching  and  fibrous  roots  spring  from 
the  lower  surface,  and  occasionally  from  the  sides  of  the  stem.  Regarding  the 

heterophylly  there  is  but  a  single  statement,  namely,  that  which  is  found  in 

Brown's  original  description  of  Platyzoma.  It  is  remarkable  that  later  systematists 

have  not  even  referred  to  Brown's  remarks  on  this  feature,  for  he  stated  clearly 
that  Platyzoma  possesses  not  only  undivided  pinnate  leaves,  but  also  leaves  of 

a  compressed  and  filiform  character.  The  pinnate  leaves  range  from  about  6 

inches  to  1  foot  in  length.  They  are  densely  crowded  upon  the  upper  surface  and 

sides  of  the  rhizome  ;  they  are  dark  and  sclerotic,  and  their  bases  are  surrounded 

by  clumps  of  firm  hairs.  They  are  simply-pinnate  and  unbranched,  and  both 
petiole  and  rachis  are  smooth  and  slender.  The  pinnae  are  small  and  numerous, 

and  seldom  exceed  2  mm.  in  length.  They  are  ovate-orbicular  in  outline,  and 

their  margins  are  so  revolute  that  the  stomata — which  are  restricted  to  the 

lower  surface — are  in  a  nearly  closed  cavity.  The  upper  epidermis  is  smooth 

and  strongly  cuticularised,  and  much  of  the  mesophyll  is  composed  of  water- 
storage  tissue.  The  margins  of  the  pinnae  bear  numerous  minute  irregular  hairs, 

and  similar  hairs  are  distributed  upon  the  lower  surfaces  of  the  pinnae.  The 

venation  is  a  short  sympodium.  There  are  but  a  few  sporangia  in  any  fertile 

pinna.  They  are  disposed  terminally  upon  the  lateral  branches  of  the  sympodium, 

and  are  at  maturity  globular  and  almost  sessile.  They  are  hidden  beneath  the 

broad  revolute  margin  of  the  pinna  ;  they  are  irregular  in  form,  and  their  dehiscence 
is  variable. 

IJkxthem    has  noted   (loc.   cit.)   the  localities  from   which   Platyzoma  has   been 

*  Die  Famkraiiter  der  Krde,  p,  339.  f  Eng.  and  Prl.,  i,  4,  p.  355. 
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recorded.  In  N.  Australia  both  Brown  and  Gulliver  collected  this  plant  by  the 

Gulf  of  Carpentaria,  while  Muller  found  it  by  the  Fitzmaurice  River  and  at 

Providence  Hill.  Later  on,  Martin  encountered  Platyzoma  by  the  Glenelg  River 

on  the  north-west  coast.  In  Queensland,  both  Brown  and  Hill  have  found  Platy- 

zoma at  Facing  Island,  while  other  collectors  have  discovered  it  at  York  Peninsula, 

Rockingham  Bay,  and  on  the  downs  of  the  interior.  In  the  Synopsis  Filicum  it 

is  referred  to  as  inhabiting  the  tropical  and  subtropical  regions  of  Australia.  In 

1901,  Boodle*  laid  emphasis  on  the  xerophytic  nature  of  Platyzoma;  and  in  1910, 
H.  Christ  t  figured  a  heterophyllic  specimen,  and  referred  to  Platyzoma  as  a 

xerophytic  plant  from  the  desert  zones  of  Australia. 

Regarding  the  anatomy  of  Platyzoma  very  little  is  known.  In  1893,  Poirault| 

briefly  described  the  rhizome,  and  referred  to  its  curious  type  of  stele.  It  was  here 

noted  that  there  is  a  central  sclerotic  pith,  completely  surrounded  by  an  endodermis, 

outside  which  is  a  zone  of  parenchyma  surrounded  by  a  broad  ring  of  parenchy- 
matous xylem.  It  was  further  noted  that  at  the  periphery  of  the  xylem  there  is  a 

narrow  zone  of  phloem,  which  is  in  turn  surrounded  by  a  large-celled  pericycle  and 
an  endodermis.  Special  reference  was  made  to  the  shortening  of  the  internodes, 

and  the  crowding  of  the  leaf-traces  in  the  cortex.  No  leaf-gaps  were  recorded  by 
Poirault.  Nevertheless,  he  considered  this  anomalous  stelar  state  to  have  arisen  by 

obliteration  of  the  leaf-gaps  from  an  original  solenostele.  We  are  indebted  to 
Boodle  §  for  fuller  information  regarding  the  rhizome.  He  discussed  in  greater 

detail  the  medullate  stele,  with  its  annular  xylem  and  internal  endodermis,  and 

described  the  origin  of  a  leaf-trace  by  the  nipping  out  of  a  group  of  phloem  and 
xylem  elements  from  the  periphery  of  the  stele,  and  indicated  the  collateral  nature 

of  the  leaf-trace  on  its  way  out  through  the  cortex  of  the  rhizome.  He  regarded 

Platyzoma  as  "  a  xerophytically  reduced  form  in  which  the  leaf-traces  have  become 

small  and  crowded."  He  also  indicated  the  possibility  of  Platyzoma  having  been 
derived  from  a  solenostelic  form  by  obliteration  of  the  leaf-gaps  and  disappearance 
of  the  internal  phloem  of  the  stele.  But,  on  the  other  hand,  he  emphasised  the 

possibility  of  Platyzoma  having  been  derived  from  a  protostelic  Gleichenia,  by  the 

formation  de  novo  of  a  pith  and  internal  endodermis.  On  the  one  hand  it  was  noted 

that  the  stele  in  Gleichenia  is  typically  protostelic,  and  on  the  other  that  a  widely 

different  type  of  structure — a  solenostelic  structure — exists  in  one  species,  Gleichenia 

pectinata.  Platyzoma  might  then  be  regarded  as  occupying — as  far  as  stelar  con- 

struction is  concerned — a  position  intermediate  between  Gleichenia  pectinata  and  all 
other  known  Gleichenias. 

To  the  view  that  the  present  stelar  condition  of  Platyzoma  has  arisen  by  trans- 

formation of  a  solenostele  both  Jeffrey  and  Tansley  have  lent  their  support,  the 

*  "  Anatomy  of  the  Gleicheniaceae,"  Ann.  Bot.,  xv.  t  Die  Geographic  der  Fame,  p.  180. 
J  "  Reclierches  sur  les  Gry-ptogames  vasculaires,"  Ann.  des  Sciences  Nat.  Bot.,  7e  ser.,  torn,  xviii. 
§  "  Anatomy  of  the  Gleicheniacese,"  Ann.  Bot.,  xv,  1901. 



634  MR   JOHN   M'LEAN   THOMPSON   ON 

latter  stating  definitely  *  that  "  Platyzoma,  with  its  extreme  xerophily  and  anomalous 

leaf-traces,  may  almost  certainly  be  regarded  as  reduced  from  the  solenostelic  type." 
Bower  and  others  have  inclined  to  the  belief  that  the  original  condition  of  Platyzoma 

was  protostely.  But  in  any  case,  Boodle  considered  that  the  construction  of  the 

stele  of  Platyzoma  was  sufficiently  individualistic  to  justify  the  separation  of  Platy- 
zoma from  Gleichenia,  as  proposed  by  Hooker  and  Baker.  It  is  then  evident  that 

the  facts  advanced  regarding  the  stele  have  led  neither  to  the  removal  of  Platyzoma 

from  the  Gleicheniaceae  nor  to  a  definite  settlement  of  its  position  within  this  group. 

A  brief  consideration  of  the  characters  which  have  been  employed  in  determining 

Platyzoma  s  systematic  position  may  not  be  out  of  place  at  this  point.  The  habit 

of  stem  and  leaf,  and  in  general  the  form  and  position  of  the  sporangia,  led  Brown 

to  place  Platyzoma  in  the  Gleicheniaceae.  These  same  general  features  have  likewise 

been  the  main  guides  of  later  systematists.  But  at  the  present  day,  when  convergent 

evolution  is  being  widely  recognised  among  Ferns,  it  is  necessary,  for  systematic 

determinations,  to  be  provided  with  detailed  knowledge  of  the  anatomy  of  stem,  leaf, 

and  root,  and  of  the  original  position  and  form  of  the  sporangia.  The  exact  position 

and  form  of  the  annulus  and  the  form  and  output  of  spores  per  sporangium  are  of 

much  importance.  The  nature  of  the  dermal  appendages  should  also  be  determined. 

In  fact,  it  has  been  found  that  while  general  habit  has  frequently  proved  a  true  index 

in  phyletic  groupings,  at  other  times — when  taken  by  itself—  it  has  led  to  gross 
error.  In  the  case  of  Platyzoma  no  definite  information  has  hitherto  been  advanced 

regarding  the  anatomy  of  leaf  and  root,  nor  has  any  accurate  account  been  given  of 

the  form  and  development  of  the  sporangia,  the  character  of  the  annulus,  and  the 

spore  form  and  output. 

Both  Poirault  and  Boodle  have  contributed  to  our  knowledge  of  the  stele  of 

Platyzoma.  Nevertheless,  a  wider  knowledge  on  this  subject  is  necessary,  and  the 

facts  already  advanced  are  far  from  sufficient  to  prove  or  disprove  the  proposed 

Gleicheniaceous  affinity.  Further,  one  would  have  expected  that  the  heterophylly 

noted  by  Brown,  and  shown  in  Christ's  figure,  was  a  character  of  too  great  im- 
portance to  be  neglected  by  the  systematists.  Boodle  has  informed  me  that  in  five 

of  the  sheets  of  specimens  of  Platyzoma  in  Kew  Herbarium  the  heterophylly  is  clearly 

shown ;  while  in  a  beautiful  specimen,  collected  in  1902  by  Professor  Baldwin 

Spencer  at  Boorroololoo,  N.T.,  and  kindly  supplied  to  us  by  the  authorities  of  the 

National  Herbarium  of  New  South  Wales,  Sydney,  this  heterophylly  is  a  conspicuous 
feature  (figs.  6  and  8). 

As  to  the  original  distinction  drawn  by  Brown  between  the  branched  leaves  of 

Gleichenia  and  the  unbranched  leaves  of  Platyzoma  a  few  remarks  are  necessary. 

It  was  noted  by  Bower  in  1899  t  that  the  pinnate  leaf  of  Platyzoma  is  occasionally 

forked,  as  is  seen  in  specimens  of  a  " forma  furcata"  sent  by  the  late  Baron  Sir  F.  V. 

*  "  Lectures  on  the  Evolution  of  the  Filicean  Vascular  System,"  New  Phytologist,  1908. 

t  "Studies  in  the  Morphology  of  Spore-producing  Members,"  Phil.  Trans.  Royal  Soc.  London,  iv. 
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Muller  to  the  Kew  Herbarium.  Regarding  this  branching  I  am  indebted  to  Boodle 

for  fuller  information.  Forking  of  the  leaf  is  shown  in  two  cases  in  which  the  leaf 

branches  once.  In  the  first  (text-fig.  6)  the  leaf  is  attached  to  the  rhizome,  the 

branching  takes  place  at  some  distance  from  the  base,  and  pinnae  are  distributed  on 

the  rachis  below  the  forking.  The  terminal  portions  of  this  leaf  had  been  damaged. 

In  the  second  specimen  (text-fig.  7)  pinnae  are  again  developed  on  the  rachis  below 

the  point  of  branching  ;  and  while  it  is  impossible  to  determine  the  length  of  the 

Text-fig.  1. Text-fig.  2. Text-fig.  3. Text-fig.  4. 

Text-fig.  5. 

Text- fig.  6. 
Text-fig.  9. Text-fig.  10. 

unbranched  portion  of  the  rachis — since  the  leaf  is  detached, — the  branching  is 
suggestive  of  a  dichotomy.  And  further,  in  a  specimen  in  the  herbarium  of  Glasgow 

University  a  pinnate  leaf  was  found  showing  perfect  dichotomy  (text-fig.  8).  In 
this  case  the  branching  occurs  close  to  the  base  of  the  leaf,  and  there  is  no  pinnation 

below  the  point  of  forking.  It  is  worthy  of  note  that  both  simple  and  branched 

leaves  are  found  in  Gleichenia  speluncse,  Br.  (Gl.  circinata,  Sw.) ;  while  in  Gleichenia 

simplex,  Hk.,  is  found  a  species  characterised  by  simply-pinnate  leaves.  From  con- 
sideration of  these  points  it  is  apparent  that  the  chief  distinction  drawn  by  Brown 

between   Platyzoma  and  Gleichenia   has    broken    down,  and    the   question    remains 
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whether  or  not  there  are  other  characters  which  will  justify  their  separation.  And 

finally,  a  brief  consideration  of  the  facts  above  detailed  regarding  Platyzoma  will 

suffice  to  show  that  the  Grleicheniaceous  affinity  has  not  been  proved,  and  that, 

even  supposing  Platyzoma  be  admitted  to  this  group,  its  nearer  relationships  are  in 
much  doubt. 

In  this  paper  are  set  forth  some  additional  facts  gleaned  from  the  specimen 

supplied  to  us  from  Sydney  Herbarium.  It  is  still  impossible  to  speak  with  assur- 
ance of  the  affinity  of  Platyzoma,  but  the  facts  here  detailed  may  serve  as  a  basis 

for  comparisons  at  a  later  date,  when  the  development  of  the  sporangium  will 
be  described. 

The  axis  is  a  slender,  horizontal  rhizome  measuring  some  2|-  inches  in  length 

(fig.  6).  It  is  closely  invested  by  a  dense  covering  of  beautiful  golden-brown  un- 
branched  hairs  (figs.  2  and  8),  which  spring  from  all  sides  and  cluster  around  the 

leaf-bases.  The  roots  are  inserted  on  the  lower  surface  and  occasionally  on  the  sides 

of  the  rhizome.  They  are  strong  and  fibrous  and  are  frecp^ently  branched.  The  root 

hairs  are  remarkably  long  and  persistent,  and  their  walls  are  thick  and  brown.  The 

heterophylly  is  well  shown.  The  large  pinnate  leaves  are  about  11  inches  long, 

while  the  small  filiform  leaves  vary  from  about  2 1-  inches  to  ̂   inch  in  length.  The 

petiole  of  the  pinnate  leaves  measures  about  1  inch.  The  leaves  are  closely  crowded 

upon  the  condensed  and  apparently  slow-growing  rhizome,  and  are  definitely  zoned, 

so  that,  if  the  leaves  of  a  single  year's  growth  be  examined,  they  are  found  to  divide 
roughly  into  two  groups.  Of  these  the  first  are  composed  almost  exclusively  of  long 

pinnate  leaves,  the  second  of  delicate  filiform  types.  At  first  sight  it  might  be  con- 
cluded that  the  pinnate  leaves  definitely  precede  the  filiform  leaves  in  order  of 

development.  Further,  the  majority  of  the  pinnate  leaves  spring  directly  from  the 

upper  surface  of  the  rhizome,  and  only  a  few  encroach  slightly  upon  its  sides.  No 

pinnate  leaves  arise  from  the  lower  surface  of  the  stem.  The  filiform  leaves  are  in- 
serted upon  the  sides  and  lower  surface  of  the  rhizome,  and,  curving  forwards  and 

upwards,  pass  out  in  a  fairly  definite  group  in  front  of  the  pinnate  leaves.  There 

might  be  a  slight  tendency  towards  a  succession  from  pinnate  to  filiform  leaves  in  a 

season's  growth,  but  this  is  not  the  chief  cause  of  the  zoning.  It  is  due  primarily  to 
a  definite  tendency  in  this  rhizomatous  plant  to  initiate  the  larger  leaves  on  or 

towards  the  upper  surface,  and  the  smaller  leaves  upon  the  sides  and  lower  surface. 

The  length  of  the  pinnate  leaves  varies  from  about  10  inches  to  12  inches.  They 

are  either  sterile  or  fertile,  but  stature  is  of  little  value  as  a  guide  to  their  sterility 

or  fertility.  The  filiform  leaves  are  invariably  sterile.  The  pinnate  leaf  is  typically 

unbranched,  but,  as  has  already  been  noted,  a  dichotomous  branching  may  occur. 

Only  slight  differences  exist  between  the  pinnae  of  sterile  and  fertile  leaves,  and, 

further,  a  leaf  may  be  partly  fertile  and  partly  sterile.  The  fertile  pinnae  are,  if  any- 
thing, more  robust  than  the  sterile  pinnae,  and  their  margins  are  strongly  revolute 

(compare  text-figs.  1  to  5  and  9).     The  vascular  supply  is  in  both  cases  a  sympodium 
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which  varies  in  detail  from  pinna  to  pinna.  Irregularities  in  the  numbers  of  the 

lateral  branches  of  the  sympodium,  and  the  tendency  to  establish  sympodial 

dichotomies,  are  the  features  worthy  of  note  (text-figs.  1  to  5).  The  filiform 
leaves  varied  much  in  both  length  and  form.  The  longest  measured  some  2\  inches, 

while  the  smallest  were  minute  and  slender  structures  of  about  ̂   inch  in  length. 

The  larger  filiform  leaves  were  inserted  chiefly  upon  the  sides  of  the  rhizome  ;  the 

smallest  sprang,  almost  invariably,  from  the  lower  surface.  In  fig.  7  a  filiform  leaf, 

which  measured  about  1^  inch,  is  represented  as  seen  from  its  lower  surface.  Three 

distinct  regions — a  basal,  middle,  and  terminal  region — are  recognisable.  The  basal 

region  measures  about  -g-  inch.  Its  superficial  tissues  are  dark  brown  and  sclerotic, 
and  on  its  upper  surface  it  widens  out  on  both  sides  into  a  distinct  flange.  Beneath 

each  of  these  flanges  is  a  shallow  lateral  groove.  The  flanges  die  out  as  the  middle 

region  of  the  leaf  is  approached,  but  the  grooves  persist,  and,  having  passed  to  the 

lower  surface,  they  deepen  and  run  parallel  until  the  terminal  region  is  reached. 

The  middle  region  constitutes  the  greater  part  of  the  leaf,  and  variations  in  its 

length  are  mainly  responsible  for  variations  in  the  length  of  the  larger  filiform 

leaves.  It  is  a  more  slender  and  delicate  region  than  the  leaf-base.  Its  superficial 

tissues  are  not  sclerotic,  but  its  epidermis  is  strongly  cuticularised.  As  has  been 

indicated,  it  is  deeply  grooved  on  both  sides  of  its  lower  surface.  On  its  upper 

surface  are  found  a  pair  of  grooves,  similar  to  those  already  noted  on  the  lower 

surface.  These  upper-surface  grooves  likewise  continue  to  the  terminal  portion  of 
the  leaf.  The  terminal  region  is  short  and  bulbous.  In  it,  both  the  upper  and 

lower  pairs  of  grooves  become  rapidly  shallow,  and  finally  die  out  just  before  the 

leaf-tip  is  reached. 

A  leaf  of  the  smaller  type  taken  from  the  lower  surface  of  the  rhizome,  and  which 

had  remained  almost  hidden  among  the  hairs,  is  represented  in  fig.  3.  It  measured 

about  J  inch,  and  its  tip  was  distinctly  circinate.  But  in  this  case  no  division  into 

basal,  middle,  and  terminal  regions  could  be  made,  and  no  distinct  grooves  were 

recognised.  The  leaf  became  gradually  slender,  and  the  superficial  tissues  passed 

gently  from  a  sclerotic  to  a  strongly  cuticularised  condition,  as  one  passed  forward. 

The  great  majority  of  the  filiform  leaves  were  of  the  first  type,  and  only  a  very  few 
resembled  the  second  type  described. 

Four  remarkable  leaves  formed  a  reduction  series,  illustrating  a  transition  from 

the  typically  pinnate  to  a  filiform  condition.  The  first  stage  in  this  reduction  is 
shown  in  fig.  5,  which  illustrates  a  leaf  found  among  the  broken  petioles  of  dis- 

carded leaves.  It  measured  about  l|  inch  in  length,  and  possessed  about  20  pinnae  of 
very  variable  size  and  irregular  distribution.  The  lower  third  was  entirely  devoid  of 
pinnae,  and  might  therefore  be  considered  petiole.  The  remainder  of  the  leaf  was 
mainly  pinnate,  and  was  therefore  undoubtedly  rachis.  Here,  then,  as  in  the  typical 
pinnate  leaf,  the  rachis  bulked  more  largely  than  the  petiole.  The  superficial  tissues 
of  both  petiole  and  rachis  were  sclerotic,  as  in  the  typical  pinnate  leaf,  and  neither 
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basal  flanges  nor  grooves  were  present.  Despite  the  fact  that  the  pinnae  varied 

greatly  in  size,  their  venation  was  invariably  a  sympodium.  This  leaf  was  inserted 

upon  the  upper  surface  of  the  rhizome,  and  might  be  regarded  as  a  pinnate  leaf  which 
had  suffered  extensive  reduction  of  its  rachis. 

The  second  step  in  leaf  reduction  is  shown  in  fig.  9.  It  represents  a  leaf  which 

measured  roughly  1  inch  in  length.  The  numerous  pinnae  were  crowded  upon  a 

condensed  rachis  which  measured  little  more  than  -5  inch  in  length.  The  venation 

of  the  majority  of  the  pinnae  was  a  simple  midrib,  but  no  vascular  supply  was  dis- 
covered in  several  of  the  smaller  terminal  pinnae.  At  the  base  of  the  rachis  an 

abortive  branch  arose  as  a  short  and  slender  projection.  The  nature  of  this  branch- 
ing will  be  discussed  later.  In  this  leaf,  then,  is  seen  a  further  reduction  of  the 

rachis,  and  a  simplification,  and  even  total  loss,  of  the  venation. 

A  third  step  in  this  reduction  process  was  shown  by  a  leaf  which  is  depicted  in 

fig.  2.  Of  the  |  inch  which  it  measured,  the  greater  part  consisted  of  petiole 

of  the  smaller  type  of  filiform  leaf  already  described.  The  pinnate  portion  of  this 

leaf  had  been  damaged,  but  the  vascular  supply  to  each  of  the  four  persisting  pinnae 

was  a  simple  unbranched  vein.  As  will  be  shown  later,  when  the  anatomy  of  these 

reduced  leaves  is  being  described,  the  rachis  of  this  leaf  had  been  very  short,  and 

the  number  of  pinnae  which  had  been  destroyed  was  probably  very  small.  There  is 

here,  in  fact,  a  .leaf  in  which  the  rachis  has  been  reduced  to  a  small  and  condensed 

column,  bearing  a  few  small  pinnae  with  the  simplest  possible  venation. 

The  fourth  step  in  leaf  reduction  remains  to  be  considered.  It  is  illustrated 

by  a  small  leaf,  g  inch  long,  which  was  found  among  the  hairs  on  the  side  of  the 

rhizome  {fig.  12).  Its  tip  was  hooked,  suggestive  of  an  original  circinate  vernation, 

and  it  bore  almost  terminally  two  small  pinnae,  to  which  the  vascular  supplies 

were  simple  unbranched  veins.  There  is  here  the  minimum  of  pinnation,  and 

one  step  further  in  reduction  would  lead  to  the  smaller  type  of  filiform  leaf.  It 

is  a  far  cry  from  the  elaborate  pinnate  leaf  to  this  smaller  type  of  filiform  leaf, 

but  the  reduction  series  here  briefly  outlined  can  bridge  the  gap  between  them. 

It  may  be  asked  wThat  is  the  position  of  the  larger  filiform  leaves  in  this  varied 
aggregation  of  leaf  types.  It  is  my  purpose  to  show  in  succeeding  paragraphs 

that  the  larger  and  smaller  filiform  leaves  alike  are  reductions  from,  or  replace- 
ments of,  larger  pinnate  types.  It  is  believed,  indeed,  that  the  leaves  of  Platyzoma 

have  undergone  drastic  morphological  changes,"  resultant  from  the  present  rhizo- 
matous  habit  and  extreme  xerophytic  conditions.  But  the  small  filiform  leaves, 

and  the  pinnate  leaves  showing  reduction,  were  rare  occurrences  in  my  specimen, 

while,  on  the  other  hand,  the  larger  filiform  leaves  were  numerous.  I  am  of  the 

opinion  that,  when  abundant  material  has  been  examined,  it  will  be  found  that 

the  larger  filiform  leaf  is  the  typical  reduction  leaf  of  the  present  day,  just  as 

the  unbranched  pinnate  leaf,  and  not  the  branched  pinnate  leaf,  is  typical  of 

Platyzoma  in  its  present  condition.     The  forked  pinnate  leaf,  the  reduced  simply- 
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pinnate  leaf,  and  the  smaller  filiform  leaf,  may  be  regarded  as  harkings  back  to 

steps  taken  earlier  in  an  evolution  of  reduction,  from  which  the  unbranched  pinnate 

leaf  and  the  larger  filiform  leaf  have  emerged  as  dominant  types.  The  anatomy 

of  the  various  leaf  types  recorded  can  be  considered  when  we  have  before  us 

the  main  facts  concerning  the  anatomy  of  the  rhizome. 

It  will  be  convenient  to  delay  the  consideration  of  the  sporangia  until  the 

end,  and  accordingly  the  examination  of  the  chief  anatomical  features  of  Platyzoma 
will  now  be  made. 

The  axis  of  Platyzoma  possesses  a  broad  cortex,  developed  peripherally  as  a 

strong  zone  of  sclerenchyma,  and  more  centrally  as  a  mass  of  storage  parenchyma 

(fig.  l).  The  stele  is  centrally  placed,  and  from  it  depart  a  close  succession  of 

leaf-traces  and  roots,  which  pass  out  rapidly  through  the  cortex  and  emerge  in 

close  succession  upon  the  surface.  The  leaf-traces,  on  their  way  out  through  the 
cortex,  are  oval  or  almost  circular  in  transverse  section,  and  vary  in  size  from 

large  traces,  originating  mainly  from  the  upper  surface  of  the  stele,  to  smaller 

traces,  which  arise  from  the  sides  and  lower  surface  of  the  stele.  The  majority 

of  the  roots  come  off  from  the  lower  surface  of  the  stele,  but  occasionally  they 

have  a  lateral  origin.  There  is  a  bulky  central  sclerenchymatous  pith.  Its  cell 

walls  are  not,  however,  strongly  thickened,  and  centrally  they  are  of  a  light  brown 

colour,  and  enclose  mucilaginous  protoplasts.  The  pith  is  surrounded  by  an  un- 
interrupted endodermis,  which  is  immediately  followed  by  two  or  three  layers 

of  large-celled  parenchyma.  There  is  no  inner  phloem,  and  the  large-celled 
parenchyma  is  followed  immediately  to  the  outside  by  a  remarkable  ring  of 

xylem.  The  xylem-ring  varies  in  thickness  as  one  passes  from  the  upper  to  the 
lower  surface  of  the  stele.  On  its  upper  surface  the  ring  is  invariably  thin,  while 

on  its  lower  surface  it  is  relatively  thick.  The  thickness  of  the  xylem-cylinder 
increases  gradually  during  the  passage  from  the  upper  to  the  lower  sides  of  the 

stele.  At  some  points  along  the  course  of  the  rhizome  this  difference  in  the 

thickness  of  the  upper  and  lower  portions  of  the  stele  is  only  slightly  marked 

(figs.  4  and  10),  while  at  other  points  it  is  a  very  conspicuous  feature  (figs.  1,  13, 

and  63).  The  bulk  of  the  sclerenchymatous  pith  does  not,  however,  vary  to  any 
great  extent  from  point  to  point,  for  increase  in  the  thickness  of  the  lower  side 

of  the  xylem  is  not  attained  so  much  by  encroachment  centrally,  as  by  a  centrifugal 
thickening. 

The  xylem-cylinder  is  composed  of  scalariform  tracheides  together  with  chains 
and  groups  of  parenchymatous  cells,  which  follow  irregular  courses  between  the 
tracheides,  and  which  fuse  and  branch  repeatedly.  No  protoxylem  elements  can 

be  recognised,  but  the  xylem-cylinder  can  be  divided  roughly  into  two  concentric 
cylinders  according  to  the  characters  of  the  tracheides  and  the  distribution  of 

the  parenchyma.  The  inner  cylinder  is  composed  of  wide  storage  tracheides 
associated  with  numerous  chains  and  masses  of  #parenchyma.  It  forms,  essentially, 
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the  parenchymatous  part  of  the  xylem.  The  outer  cylinder  is  composed  of  small 

and  narrow  tracheides  which  are  more  closely  packed  than  are  the  tracheides  of 

the  inner  cylinder.  Parenchyma  does  not  bulk  largely  in  the  organisation  of 

this  outer  cylinder,  but  the  chains  and  groups  are  short  and  narrow,  and  the 

elements  composing  them  are  few  in  number.  This  outer  cylinder  is  alone 

involved  in  the  process  of  supplying  the  traces  of  the  leaves  ̂ nd  roots. 

It  has  been  noted  that  the  xylem  is  thin  on  the  upper  surface  of  the  stele,  while 

on  the  lower  surface  it  is  usually  comparatively  thick.  It  may  be  stated  at  once 

that  the  difference  in  xylem  thickness,  between  the  lower  and  upper  sides  of  the 

stele,  is  not  primarily  due  to  a  progressive  thinning  of  the  xylem  on  the  upper 

surface  as  a  whole.  It  is  mainly  due  to  an  increase  in  the  bulk  of  the  parenchymatous 

storage  xylem  towards  the  lower  surface  of  the  stele  (figs.  1,  4,  10,  13,  63).  The 

outer  xylem-cylinder  does  not  vary  markedly  as  one  passes  from  the  upper  to  the  lower 
surface  of  the  stele.  It  is  true  that  it  is  of  irregular  thickness  from  point  to  point, 

but  it  is  maintained  consistently  on  all  sides  of  the  stele,  whereas  the  inner  xylem- 
cylinder  may  be  locally  massive  towards  the  under  surface,  and  at  the  same  time 

reduced  almost  to  the  vanishing  point  on  the  upper  side  of  the  stele.  It  is 

therefore  evident  that  it  is  the  parenchymatous  inner  portion  of  the  xylem- 
cylinder  which  is  most  liable  to  fluctuations,  either  in  the  direction  of  increase  or 

reduction  (figs.  4  and  63). 

Further,  the  great  increase  in  the  parenchymatous  xylem  just  noted  is  subject 

to  local  accentuation  ;  for,  while  this  type  of  xylem  is  certainly  conspicuous  at  all 

points  along  the  lower  surface  of  the  stele,  it  becomes  very  massive  in  those 

regions  where  the  numerous  and  closely  crowded  traces  are  being  liberated  (figs.  13 

and  63).  On  the  other  hand,  it  is  usually  less  dominant  in  those  portions  of  the 

stele  where  the  leaf-traces  are  less  numerous  and  crowded. 

As  to  the  absence  of  definite  protoxylem  groups  a  word  may  be  said.  It  is 

generally  recognised  that  the  presence  or  absence  of  definite  protoxylems  depends 

upon  the  degree  and  rate  of  extension  which  take  place  in  the  xylem.  There  can 

be  no  doubt  that  the  axis  of  Platyzoma  is  either  slow-growing  or  is  subject  to  little 
or  no  extension  as  maturity  is  approached.  To  this  the  close  succession  of  the 

leaves  and  the  condensed  nature  of  the  rhizome  bear  ample  witness,  and  accordingly 

the  absence  of  protoxylems  need  be  cause  for  no  surprise.  The  absence  of  protoxylems 

may  then  be  regarded  as  indicative  of  a  slow  rate  of  growth  or  of  but  slight  exten- 
sion of  the  stele.  It  is  an  index  of  the  peculiar  physiological  conditions  of 

Platyzoma,  but  as  a  systematic  character  it  is  unreliable. 

The  phloem  follows  almost  immediately  upon  the  outer  surface  of  the  xylem.  It 

is  separated  from  the  xylem  only  locally  by  a  single  layer  of  small  parenchymatous 

cells ;  it  is  from  three  to  five  layers  broad,  and  is  composed  entirely  of  typical  fern- 

sieve  tubes.  It  is  only  interrupted  at  points  where  leaf-  and  root-traces  are  departing. 

The  phloem  is  followed  externally  by  a  large-celled  pericycle  of  three  to  four  par'en- 
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chymatous  layers,  and  beyond  this  is  an  outer  endodermis  separating  the  stele  from 
the  cortex. 

This  curious  stele  has  been  interpreted  by  various  observers  as  a  reduced  soleno- 
stele  which  has  lost  its  inner  phloem.  But  while  the  leaves  are  numerous,  and  many 

of  them  are  relatively  large  and  are  provided  with  strong  leaf-traces  from  the  stele, 

no  leaf-gaps  involving  a  breaking  of  the  continuity  of  the  stele  occur  at  any  point. 
As  will  be  shown  directly,  the  outer  endodermis  is  in  no  case  even  temporarily 

incomplete  when  a  trace  is  being  liberated.  A  break  in  the  endodermis  does  cer- 
tainly arise,  but  the  cortex  cannot  invade  the  stele.  Further,  the  xylem  of  the  stele 

may  be  so  depleted  by  the  demands  of  a  leaf-trace  that  at  the  point  of  departure  of 

the  trace  the  xylem-ring  may  be  broken  or  traversed  by  a  sheet  or  mass  of  parenchyma. 
But  at  no  point  along  the  entire  length  of  stele  examined  was  the  inner  endodermis 

found  to  be  defective.  It  was  neither  broken  nor  did  it  show  any  tendency  to  break, 

opposite  any  leaf-trace  or  at  any  other  point.  Poirault  has  attempted  to  explain 

this  stele  as  a  reduction  from  a  solenostele  from  which  leaf-gaps  have  been  obliterated. 

But  it  may  be  remarked  that  not  only  are  leaf-gaps  non-existent  in  the  stele  of 
Platyzoma,  but  no  anatomical  evidence  can  be  advanced  in  support  of  the  suggestion 

that  they  have  existed  at  any  time.  There  is  no  connection  whatever,  either  by  leaf- 
gaps  or  perforations,  between  the  cortex  and  the  pith,  and  the  pith  is  accordingly 

recognised  as  a  completely  isolated  mass  of  sclerenchyma,  bounded  on  all  sides  by  an 

unbroken  endodermis.  But  if  no  evidence  can  be  advanced  in  support  of  Poiratjlt's 
suggestion  of  a  solenostelic  origin  for  the  stele  of  Platyzoma,  a  serious  objection  has 

presented  itself  to  Jeffrey's  theory  of  the  origin  of  the  pith  in  Pteridophytes. 
Jeffrey  has  maintained  that  the  pith  is,  in  all  cases,  of  cortical  origin,  and  that  it 

has  arisen  through  an  invasion  of  the  stele  by  the  cortical  parenchyma  at  the  points 

of  departure  of  leaf-traces,  or  at  other  points.  It  seems  more  than  difficult  to  explain 

the  origin  of  the  bulky  pith  of  Platyzoma  by  such  a  theory,  since  neither  leaf-gaps 

nor  perforations,  nor  any  tendency  towards  the  formation  of  such  gaps  and  perfora- 

tions, have  been  found  in  the  stele.  And  further,  even  supposing  the  inner  endo- 

dermis could  be  shown  to  be  locally  imperfect  or  interrupted — so  that  parenchymatous 

connections  could  exist  between  the  cortex  and  pith — the  stele  of  Platyzoma  would 

still  be  open  to  interpretation  as  of  directly  protostelic  origin.  For  if  the  G-leicheni- 

aceous  affinity  of  Platyzoma  could  be  definitely  established,  its  stele  might  be 

interpreted  as  a  transformed  protostele,  in  which  sclerenchymatous  replacement  of 
the  xylem  core  has  taken  place,  and  an  inner  endodermis  has  arisen,  de  novo, 

around  the  pith.  With  one  exception — namely,  Gleichenia  pectinata — the  genus 
Gleichenia  is  protostelic.  The  core  of  the  typical  Gleicheniaceous  protostele  is  a 

parenchymatous  mass  of  large  storage  tracheides  ;  and  if  the  stele  of  Platyzoma 

has  been  originally  protostelic,  the  inner  parenchymatous  xylem-cylinder — which 

has  been  described  as  the  most  variable  part  of  the  stele — might  be  considered  the 
last  remnant  of  a  solid  xylem  core.     Lang  has  shown  recently  that  endodermis  can 
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arise  de  novo*  and  it  will  be  shown  immediately  that,  in  the  liberating  of  the 

leaf-traces  of  Platyzoma,  endodermis  is  formed  where  and  when  required.  It  is  then 
not  impossible  that  the  inner  endodermis  of  Platyzoma  is  of  relatively  recent  origin, 

and  has  been  at  no  point  in  descent  in  connection  with  the  outer  endodermis,  either 

through  leaf-gaps  or  perforations.  If  this  be  so,  the  pith  of  Platyzoma  cannot  have 
been  of  cortical  origin,  and  the  stele  cannot  be  interpreted  as  a  reduced  solenostele. 

We  come  now  to  the  origin  and  nature  of  the  leaf- traces.  There  are  both  large 

and  small  leaf-traces  (tigs.  1,  4,  and  13).  The  largest  traces  arise  typically  from  the 
upper  surface  of  the  stele,  but  occasionally  their  points  of  origin  are  at  a  slightly 

lower  level.  The  smallest  traces  originate  from  the  lower  surface  of  the  stele,  and 

between  the  largest  and  smallest  types  traces  of  intermediate  size  exist.  These 

latter  are  inserted  typically  upon  the  sides  of  the  stele.  There  is,  then,  a  gradation 

in  the  sizes  of  the  leaf-traces  as  one  passes  from  the  upper  to  the  lower  surface  of  the 
stele.  Slight  differences  of  detail  occur  from  trace  to  trace,  but  one  general  method 

is  adopted  throughout  in  the  formation  of  the  leaf-traces.  It  will  suffice  to  describe, 

in  detail,  the  departure  of  a  large  leaf-trace,  and  to  indicate  briefly  such  points  as  are 
of  interest  in  the  smaller  types. 

The  first  indication  of  the  formation  of  a  leaf-trace  is  the  marking  out  and  pro- 

jection of  a  peripheral,  tangential  band  of  tracheides  from  the  outer  xylem-cylinder 
(fig.  41).  Beneath  this  band  of  tracheides  a  definite  mound  of  parenchyma  has 

formed,  while  above  it  the  phloem,  pericycle,  and  endodermis  have  been  raised  in 

a  gentle  curve.  As  the  band  of  xylem  becomes  more  distinctly  curved  and  projecting, 

the  band  of  phloem,  displayed  upon  its  convex  side,  becomes  thinner.  Very  soon 

the  xylem  band  begins  to  free  itself  from  the  xylem  of  the  stele,  and  to  pass  out  as 

the  crescent-shaped  xylem  of  a  leaf-trace  (fig.  42).  It  may  sever  its  connections 
with  the  stelar  xylem  simultaneously  at  both  sides,  or  it  may  become  free  on  one 

side  more  rapidly  than  on  the  other.  But  in  any  case,  while  the  phloem  which  clothes 

the  outer  surface  of  the  leaf-trace  xylem  has  become  thinner,  no  diminution  of 

phloem  has  taken  place  at  the  points  where  the  leaf-trace  xylem  has  freed  itself. 

In  fact,  no  sooner  has  an  edge  of  the  leaf-trace  xylem  become  free,  than  phloem 

begins  to  appear  in  the  gap  which  separates  it  from  the  stelar  xylem,  and,  as  the  gap 

widens,  a  sheet  of  phloem  appears  in  the  parenchymatous  mass  lying  beneath  the 

leaf-trace  xylem  (compare  figs.  42  and  43).  This  sheet  of  phloem  is  an  inward  con- 

tinuation of  the  stelar  phloem  beneath  the  developing  leaf-trace.  It  is  destined  to 
meet  a  similar  phloem  sheet  projecting  inwards  from  the  gap  which  separates  the 

leaf-trace  xylem  from  the  stele  at  the  other  edge ;  and  when  these  phloem  sheets 
have  met  and  fused,  a  continuous  layer  of  phloem  will  be  spread  once  more  over  the 

surface  of  the  stelar  xylem.  Two  stages  in  this  process  are  represented  in  figs.  43 

and  44.  Meantime  the  leaf-trace  xylem  and  its  accompanying  crescent  of  phloem 

have  continued  their  outward   course,  and  very  soon  the  phloem  of  the  leaf-trace 

*  Ann,  Bot.,  1913,  pp.  236-239. 



THE   ANATOMY   AND    AFFINITY   OF   PLATYZOMA   MICROPHYLLUM.  643 

becomes  free  from  the  phloem  of  the  stele  (compare  figs.  44  and  45).  The  endo- 
dermis  and  pericycle  have  moved  outwards  in  order  to  accommodate  the  xylem  and 

phloem  of  the  leaf-trace,  and  when  the  limit  of  this  accommodation  has  been  reached 

the  leaf-trace  is  a  crescent  of  solid  xylem,  with  phloem  on  its  convex  surface  and 
around  its  margin  (fig.  45). 

When  any  gap  which  had  arisen  in  the  peripheral  cylinder  of  stelar  xylem  has 

been  repaired,  and  when  the  phloem   covers    the  stele  once  more  as  a  continuous 

sheet,  endodermal  cells  appear  on  both  sides  of  the  leaf- trace  (fig.  45).     These  new 
endodermal  cells  spread  obliquely  inwards  from  points  upon  the  outer  endodermis, 

and,  having  passed  rapidly  inwards,  unite  to  form  a  continuous  endodermis  which 

completely  shuts  off  the  leaf-trace  from  the  stele  (fig.  46).     But  further,  no  sooner 
has  this    endodermal    formation    been  completed,    than    the    curved   portion  of  the 

endodermis,  which  has  accompanied  the  leaf-trace  on  its  outward  course,  becomes 

free  as  a  crescent-shaped  band,  following  the  general  outline  of  the  leaf-trace.     The 

endodermis  of  the  leaf- trace  is  then,  at  this  point,  of  an  imperfect  character,  being 
maintained  upon  the  outer  side  of  the  trace,  but  absent  from  the  inner  side.     This 

condition  is  not,  however,  long  maintained,  for  an  inner  band  of  endodermis  soon 

appears,  repairing  the  gap  (fig.  46)  and  determining  the  contour  of  the  leaf-trace  as 
it  passes  out  through  the  cortex.     It  is  here  a  solid  though  narrow  band  of  xylem, 

with  a  thin  layer  of  phloem  upon  its  convex  surface,  and  a  well-developed  pericycle 

(fig.  47).     It  is  well  to  note  that  in  this  process  of  leaf-trace  formation  the  inner 
endodermis  is  in  no  way  involved,  and,  further,  that  there  exists  no  point  where  the 

stele  is  not  entirely  enclosed  in  outer  endodermis.     Not  only  has  it  been  established 

that  the  cortex  and  pith  are  connected  at  no  point,  but  it  will  now  become  evident 

that  no  connection  exists  between  the  cortex  and  the  pericycle  at  the  point  of  final 

liberation  of  the  leaf-trace  into  the  cortex.     The  possibility  of  such  a  connection  has 
been  removed  by  the  local  doubling  of  the  outer  endodermis  as  described  above.     It 

frequently  occurs,  however,  that  when  the  liberation  of  a  leaf-trace  imposes  a  large 
drain  on  the  tracheides  of  the  .outer  stelar  cylinder,  a  parenchymatous  bridge  appears 
passing  athwart  the  xylem-ring  (fig.  63).     But  many  chains  of  parenchyma  traverse 
the  xylem  from  side  to  side — though  their  courses  may  be  irregular  and  narrow, — 
and  in  no  case  do  these  bridges  disturb  the  inner  or  outer  endodermis.     It  happens 
occasionally  that  the  xylem  of  the  leaf-trace  is,  at  the  point  of  departure  of  the  trace, 
a  compact  mass  of  tracheides  which  appears  almost  circular  in  section  ;    but  as  the 
trace  is  followed  outwards,  the  xylem  becomes  extended  laterally,  and  when  sectioned 
shows  the  typical  crescent  arrangement  described  above. 

The  smallest  leaf-traces  may  now  be  considered.  Two  stages  in  the  liberation  of 
a  small  trace  from  the  lower  surface  of  the  cylinder  are  represented  in  figs.  48  and 
49.  It  will  be  evident  that  they  reproduce,  in  miniature,  the  method  of  trace- 
departure  described  above  for  the  largest  leaves.  As  they  pass  outwards  into  the 
cortex  the  steps  described  for  the  large  leaf-traces  repeat  themselves,  and  when  the 
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traces  are  free  within  the  cortex,  they  appear,  in  transverse  section,  as  represented 

in  fig.  51.  They  merely  reproduce,  in  miniature,  the  characters  of  the  largest 
leaf-traces. 

A  leaf-trace  of  the  transitional  type,  and  springing  from  the  side  of  the  stele,  is 

represented  in  transverse  section  in  fig.  50.  It  shows  the  re-formation  of  the  layer 

of  stelar  phloem  below  the  departing  leaf-trace,  and  the  liberation  of  the  leaf-trace 

phloem  from  the  stelar  phloem.  I  am  not  aware  of  any  leaf-trace  departure  which 
is  exactly  comparable  with  the  one  described  in  these  paragraphs,  and  for  the  present 

we  may  consider  it  an  unique  type. 

The  origin  of  the  roots  presents  no  points  of  special  interest.  The  roots  are 

restricted  to  the  lower  surface  and  lower  portions  of  the  sides  of  the  stele.  They 

originate,  as  do  the  leaf-traces,  by  a  protrusion  of  the  outer  xylem-cylinder  (figs.  1 
and  52).  When  they  have  entered  the  cortex  they  appear  in  transverse  section 

as  a  solid  mass  of  xylem,  with  small  peripheral  and  larger  central  tracheides. 

Around  this  xylem  core  is  a  narrow  zone  of  phloem,  a  well-developed  pericycle,  and 

an  endodermis  (fig.  53).  A  typical  root-structure  is  not  established  until  the  cortex 
has  been  traversed.  When  free  from  the  cortex,  the  root  has  typically  a  diarch  stele 

(fig.  54).  The  pericycle  and  phloem  are  well  developed,  and  the  endodermis  is  of 

large  and  delicate  cells.  A  two-layered  zone  of  sclerenchyma  gives  the  fibrous 
character  to  the  mature  roots,  and  the  outer  part  of  the  cortex  consists  of  two  or 

three  layers  of  large  parenchymatous  cells,  with  which  are  associated  numerous, 

long,  and  often  persistent  root-hairs.  There  is  nothing  remarkable  in  the  roots 

except  the  persistency  of  the  long  root-hairs  and  the  cortex.  This  persistency  was 
so  marked  a  feature  that  perfect  sections  could  be  obtained  from  old  roots  of  the 

specimen  which  I  had  at  my  disposal. 

The  largest  leaf-traces  pass  into  the  large  pinnate  leaves  and  the  smallest  traces 
typically  supply  the  filiform  leaves.  The  traces  of  intermediate  size  divide  roughly 

into  two  groups.  The  first  group  includes  traces  of  moderate  size  which  spring  from 

the  upper  portions  of  the  sides  of  the  stele,  and,  as  a  rule,  supply  pinnate  leaves. 

The  second  group  is  composed  of  traces  springing  from  the  lower  portions  of  the 

sides.  Almost  invariably  they  supply  filiform  leaves.  The  leaf-zoning  has  there- 

fore found  its  explanation  in  the  dispositions  of  the  large  and  small  leaf-traces  upon 
the  stele. 

Passing  now  to  the  anatomy  of  the  leaves,  the  outstanding  features  of  the  typical 

simply-pinnate  leaf  may  be  considered  first.  The  petiole  is  circular  or  oval  in  section 
(fig.  14).  The  epidermis  and  the  peripheral  zone  of  cortex  are  markedly  sclerotic, 

but  the  inner  cortex  is  composed  mainly  of  large-celled  parenchyma  with  thin  walls, 
and  mucilaginous  protoplasts.  The  protoplasts  of  the  cortical  sclerenchyma  are 

also  highly  mucilaginous,  and  the  general  condition  of  the  cortex  is  indicative  of 

extremely  xerophytic  conditions.  The  trace  is  roughly  oval  in  section,  and  the 

endodermis    is  slightly  indented    on    the    upper   surface.     There    is    practically    no 
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pericycle,  and  the  phloem  is  a  narrow  band  displayed  over  the  lower  convex  surface 

of  the  xylem  and  around  its  hooked  margins.  The  xylem  is  an  extended  narrow 

strap,  which  is  composed  of  two  types  of  elements.  The  lower,  central,  and  more 

massive  portion  is  composed  mainly  of  large  tracheides.  The  incurved  margins 

of  the  strand  are  of  numerous,  very  small,  and  relatively  thin-walled  tracheides. 

This  marked  difference  in  size  between  the  elements  of  the  central  and  marginal 

portions  of  the  xylem  is  a  conspicuous  feature  throughout  the  greater  portion  of 

the  leaf.  The  incurved  xylem-strap  encloses  a  parenchymatous  ground  tissue,  and 

if  protoxylems  are  at  all  developed  they  are  involved  in  the  small-celled  and  arched 

margins  of  the  strap.  As  the  rachis  is  approached  the  petiole  becomes  somewhat 

flattened  dorsiventrally,  and  this  is  accompanied  by  a  lateral  extension  of  the 
trace. 

Within  the  rachis  itself  little  or  no  change  takes  place  in  the  epidermal  and 

cortical  tissues,  but  the  leaf-trace  has  become  extended  laterally,  and  the  margins 

of  the  xylem-strap  have  become  thinner  and  more  attenuated  (fig.  15).  The  pinna- 

traces  are  small,  and  of  extra-marginal  origin.  They  are  given  off  from  the 

convexity  of  the  incurved  leaf-trace,  their  xylems  being  contributed  by  the  sharply 

curved  parts  of  the  small-celled  and  incurved  margins  of  the  xylem-strap.  The 

pinna-traces  pass  quickly  through  the  cortex  to  the  almost  sessile  pinnae.  The 
venation  of  the  pinnae  has  already  been  indicated.  Towards  its  distal  end  the 

rachis  becomes  slender  and  laterally  compressed.  The  xerophytic  characters  of 

the  superficial  and  cortical  tissues  already  noted  are  still  dominant,  and  the  leaf- 
trace,  though  now  greatly  reduced  in  bulk,  retains  the  general  features  noted 

in  the  lower  regions  of  the  leaf  (fig.  16).  The  pinna-traces  are  still  of  extra- 
marginal  origin,  but  now  the  drain  made  by  the  pinnae  upon  the  sharply  curved 

portion  of  the  xylem-strap  leads  frequently  to  a  depletion  of  the  small  tracheides  ; 

so  that,  when  seen  in  section,  the  margins  of  the  xylem-strap  appear  fragmented, 
and  separated  from  the  main  lower  and  central  portion  of  the  strap.  The  margin 

of  the  xylem-strap  is,  in  fact,  in  process  of  reduction.  Close  to  the  apex  of  the 
leaf  the  rachis  has  become  very  slender.  Its  cortex  is  greatly  reduced,  and  the 

leaf-trace,  though  now  very  small,  is  still  clearly  defined  (fig.  17).  The  infolded 

margins  of  the  xylem-strap  have  been  entirely  reduced  at  a  lower  level,  and  the 
strap  has  become  a  thin,  irregular,  and  disintegrating  assemblage  of  tracheides, 

from  which  the  last  few  small  pinnae  cannot  fail  to  be  supplied  in  a  marginal 

manner.  From  what  has  been  recorded,  it  will  be  evident  that  in  general  form 

of  leaf-trace,  and  in  the  dominantly  extra-marginal  origin  of  the  pinna-traces,  the 
pinnate  leaf  of  Platyzoma  falls  easily  into  line  with  most  Gleichenioid  types. 

From  the  section  of  a  small  pinna  shown  in  fig.  17,  it  will  be  clear  that  the 

epidermis  is  well  developed,  and  that  the  mesophyll  of  the  pinna  is  partly  lacunar. 

The  upper  epidermis  is  strongly  cuticularised,  and  is  devoid  of  stomata.  The 
stomata    are    restricted    to  the   lower    surface,  and    lie    hidden    within    the    almost 
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closed  cavity  formed  by  the  infolding  of  the  membranous  leaf-margins.  Hairs 

arise  from  the  leaf-margins  and  along  the  course  of  the  veins,  and  assist  still 
further  in  the  protection  of  the  stomata.  The  anatomy  of  the  pinnate  leaf  has 

revealed  characters  expressive  of  extremely  xerophytic  life  conditions. 

It  will  be  convenient  to  record,  at  this  point,  the  anatomical  features  of  the 

forked  pinnate  leaf  which  I  had  at  my  disposal  (text-fig.  8).  It  forked  near  to  its 

base,  no  pinnse  appeared  below  the  point  of  forking,  and  the  leaf-branches  were  of 
equal  length.  The  pinnate  portions  of  this  leaf  were  of  no  special  interest,  for  they 

agreed  in  general  plan  with  the  rachial  part  of  the  simply-pinnate  leaf.  The 
branching  petiole  was,  however,  of  considerable  interest,  for  its  trace  was  found  to 

undergo  a  perfect  dichotomy.  The  leaf-trace — in  transverse  section, — as  seen  in 
the  leaf  base,  is  shown  in  fig.  28.  There  is  not  so  marked  a  difference  in  size  of 

element  between  the  central  and  marginal  portions  of  the  xylem-strap  as  existed 

in  the  simply-pinnate  leaf,  but  the  general  plan  of  construction  of  leaf-trace  is  the 

same  in  both  cases.  The  leaf-trace  of  the  dichotomising  leaf  was  larger  than  that 

of  the  simply-pinnate  leaf,  and  its  xylem  was  "more  extended.  As  the  petiole  of  the 
forked  leaf  was  ascended,  a  small  group  of  tracheides  appeared  in  the  parenchymatous 

bay  enclosed  in  the  curved  xylem-strap  (fig.  29).  At  a  still  higher  level,  the  trace 
had  become  extended  laterally,  and  the  island  of  tracheides  in  the  bay  of  parenchyma 

had  grown  considerably  (fig.  30).  Very  soon  a  junction  was  established  between 

the  island  and  the  middle  portion  of  the  much  extended  xylem-strap  (fig.  31),  and 

two  promontories  had  developed — -one  to  right  and  the  other  to  left  of  the  free  end 

of  the  original  island, — so  that  two  parenchymatous  bays  were  now  formed  on  the 

upper  or  adaxial  side  of  the  leaf-trace.  A  split  then  developed  in  the  middle  region 

of  the  xylem-strap  (fig.  32).  It  traversed  the  strap  from  its  upper  to  its .  lower 
surface,  and  divided  it  into  two  similar  portions.  Further  on,  when  the  endodermis, 

pericycle,  and  phloem  had  become  nipped  across  along  the  same  direction-line,  there 

were  formed  two  similar  leaf- traces  (fig.  33)  which  supplied  the  two  limbs  of  the 

dichotomised  leaf.  It  would  be  of  interest  to  know  what  takes  place  in  the  branch- 
ing of  the  leaf  in  the  two  specimens  already  referred  to  as  belonging  to  Kew 

Herbarium.  It  seems  probable  that  they  too  are  dichotomous  branchings,  but  their 

further  interest  lies  in  the  facts  that  they  are  pinnate  below  the  points  of  branching, 

and  that  they  branch  at  points  considerably  removed  from  their  bases.  It  is  doubt- 

ful whether  these  bifurcations  of  the  leaf  of  Platyzoma  will  bear  any  phyletic  inter- 
pretation. The  bifurcations  are  seen  to  occur  at  various  levels,  and  seem  to  have 

no  particular  relation  to  the  pinnae.  They  are  probably  of  the  same  nature  as  those 

bifurcations  found  in  many  other  Fern  leaves,  e.g.  Polypodium  vulgare,  Scolopendrium, 

Neph rodium  molle,  etc.,  and  are  akin  also  to  those  distal  forkings  which  give  rise  in 

varying  degree  to  the  "  forma  furcata"  varieties.  The  remarkable  point  is  that  the 
forking  should  occur  in  such  a  Fern  as  Platyzoma,  for  it  is  more  usual  in  advanced 

Leptosporangiates.     But  nevertheless  it  is  seen  in  Osmuuda. 
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The  typical  filiform  leaf  is  now  to  be  described.  At  its  point  of  insertion  upon 

the  axis  it  is  compressed  laterally  and  its  epidermis  is  thickened  (fig.  18).  The 

cortex  is  composed  of  mucilaginous  cells  which  form  a  bulky  water-storage  tissue 
towards  the  lower  side.  The  leaf-trace  is  small  and  compressed,  and  has  altered 

very  little  from  the  condition  which  it  showed  on  its  way  through  the  cortex  of  the 

rhizome.  A  slight  indication  is  already  present  of  the  formation  of  the  flanges  which 

are  so  conspicuous  in  the  basal  region.  Fig.  19  represents  a  section  at  a  slightly 

higher  level.  The  trace  has  become  slightly  more  bulky,  and  the  xylem-strap  has 
become  thinner  and  broader.  The  flanges  are  clearly  established,  and  the  lateral 

grooves  are  apparent.  In  fig.  20  a  typical  section  of  the  basal  region  is  depicted. 

The  flanges  are  well  developed,  and  the  cortex  is  lacunar.  The  trace  has  grown  con- 

siderably, and,  while  the  xylem-strap  has  extended,  no  very  marked  differences  can 
be  recorded  between  the  elements  of  its  middle  and  marginal  portions.  The  passage 

from  the  basal  to  the  middle  region  is  characterised  by  the  possession  of  two  pairs 

of  grooves — one  pair  on  the  upper  surface,  and  the  other  on  the  lower  surface.  The 
grooves  on  the  lower  surface  of  this  middle  region  are  the  continuations  of  those 

grooves  which  exist  in  the  basal  region,  and  which  have  passed  to  the  lower  surface 

at  the  junction  of  the  basal  and  middle  leaf-regions.  The  grooves  on  the  upper 
surface  are  new  grooves  which  have  commenced  at  the  base  of  the  middle  region. 

A  typical  section  of  the  lower  half  of  the  middle  leaf-region  is  shown  in  fig.  21. 
The  epidermis  is  strongly  cuticularised,  but  not  thickened  as  is  the  epidermis  of  the 

basal  region.  Stomata  are  occasionally  found  in  the  grooves  on  the  lower  surface. 

The  xylem  of  the  trace  is  of  particular  interest.  It  has  developed  into  a  broad  strap 

with  long,  thin,  curved  margins.  The  margins  are  composed  of  small  tracheides, 

while  the  middle  is  a  zone  of  large,  thick-walled  tracheides.  It  will  be  apparent  that 

in  this  region  the  trace  thus  resembles  the  trace  of  the  simply-pinnate  leaf  in  the 

rachial  portion  particularly.  But  this  condition  of  the  xylem-strap  is  not  always 
found.  In  a  number  of  filiform  leaves  the  condition  represented  in  fig.  22  is  found. 

It  is  clear  that  the  margin  of  the  xylem  is  not  characterised  by  small  tracheides, 

and,  in  fact,  short  storage  tracheides  are  irregularly  distributed  in  both  the  middle 

and  marginal  portions. 

Passing  forward  in  this  middle  region  the  grooves  on  the  upper  surface  deepen, 

and  the  xylem  of  the  trace  undergoes  remarkable  modifications.       As  is  shown  in 

fig.  23,  the  middle  zone  of  the  xylem  remains  typically  large-celled,  but  the  margins 
have  become  extended  until  they  have  met  to  form  a  practically  closed  tube  of  xylem 
around  a  core  of  parenchyma.     Here  again  there  are  variations,  for  in  several  leaves 

the  condition  found  at  this  region  is    as    shown    in    fig.    24.     The    xylem    is   more 
massive  than  in  the  former  case,  the  parenchymatous  core  is  almost  obliterated,  and 
there  is  not  so  marked  a  difference  in  size  between  the  tracheides  of  the  middle  zone 

of  xylem  and  those  of  the  revolute  and  now  fused  margins. 

Sections  through  the  tips  of  the  terminal  lobes  of  two  filiform  leaves  are  repre- 
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sented  in  figs.  25  and  26.  In  the  first  of  these  the  lower  surface  grooves  had  died 

away  before  the  upper  grooves,  while  in  the  second  the  upper  surface  grooves  had 

been  lost  first.  In  both  cases  the  infolded  margins  of  the  xylem-strap  are  being 

reduced,  and  storage  tracheides  are  appearing  in  the  middle  xylem-zone. 
The  anatomy  of  these  remarkable  filiform  leaves  has  then  shown  that  the  trace  is 

of  an  elaborate  type,  comparable  in  form  with  the  trace  of  the  pinnate  leaves ; 

and  that,  while  the  trace  is  admirably  constructed  for  the  supplying  of  extra-marginal 

pinna-traces,  similar  to  those  which  feed  the  ordinary  pinnae,  no  pinna-traces  are 
initiated  in  the  filiform  leaves.  It  may  be  that  the  ridges  of  tissue  which  run  along 

the  margins  of  the  filiform  leaves  mark  the  middle  zone  as  of  rachial  nature.  But 

until  definite  evidence  is  advanced,  showing  that  those  ridges  represent  coalesced 

and  aborted  pinnae,  no  definite  opinion  can  be  formed  regarding  the  interpretations 

of  the  three  regions  of  the  filiform  leaves.  That  these  leaves  are  reduction  forms 

seems  undeniable  ;  but  whether  they  are  useless  abortions  or  serviceable  structures 

cannot  be  determined  from  an  herbarium  specimen. 

The  anatomy  of  the  transitional  leaf-forms  remains  to  be  considered.  Regarding 
the  small  filiform  leaf  with  the  circinate  tip,  represented  in  fig.  3,  it  will  suffice 

to  note  that  for  the  greater  part  of  its  length  its  leaf-trace  remained  of  the  type 

shown  by  the  basal  region  of  the  longer  filiform  leaves,  and  that,  as  the  leaf- tip  was 

approached,  the  margins  of  the  xylem-strap  were  reduced  and  the  trace  died  out. 
The  anatomy  of  the  first  of  the  reduction  series  of  four  leaves  (fig.  5)  showed  no 

essential  points  of  difference  from  an  ordinary  simply-pinnate  leaf.  It  might  be  con- 
sidered a  pinnate  leaf  in  miniature.  The  anatomy  of  the  second  leaf  of  the  reduction 

series  (fig.  9)  showed  two  points  of  interest.  In  its  basal  portion  it  resembled  the 

foregoing  leaf,  but  at  a  point  near  to  the  rachis  the  petiole  became  distended.  At 

this  point  the  stele  showed  a  peculiar  condition.  The  xylem-strap  was,  as  usual, 
divisible  into  the  marginal  and  middle  regions,  but  a  parenchymatous  replacement 

of  the  tracheides  was  taking  place  in  the  centre  of  the  strap  (fig.  27).  This  led, 

finally,  to  what  appeared  to  be  an  equal  division  of  the  stele  into  two  parts.  Of  these, 

the  one  part  passed  into  the  pinnate  branch,  but  the  other  rapidly  degenerated,  and 

only  an  irregular  group  of  tortuous  tracheides  and  a  few  softer  elements  entered 

the  aborted  branch.  I  am  of  the  opinion  that  this  leaf  might  have  developed  a 

true  dichotomy,  but  that  it  became  malformed  during  development.  No  pinna-trace 

was  found  supplying  the  minute  pinna-like  protuberances  which  stood  distally  on 
the  pinnate  branch. 

The  terminal  portion  of  the  small  leaf  which  provided  the  third  step  in  the 

reduction  series  is  worthy  of  remark  (fig.  11).  At  least  five  pinnae  were  supplied  with 

traces.  The  supplies  for  the  basal  pair  of  pinnae  are  represented  in  fig.  34  on  their 

way  through  the  cortex.  In  fig.  35  the  trace  to  one  of  the  second  pair  has  already 

been  liberated,  while  the  second  trace  is  in  process  of  separation.  It  is  noteworthy 

that  the  second  pair  of  traces  are  here  much  more  bulky  than  are  the  first  or  lower 
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pair.  This  seems  to  be  due  mainly  to  a  thickening  of  the  extraordinarily  extended 

leaf-trace  margins,  at  the  points  where  the  infolding  of  the  margins  takes  place. 

This  thickening  of  the  margin  is  more  pronounced  in  fig.  36,  which  shows  the 

extra-marginal  departure  of  the  fifth  pinna-trace.  When  this  last  pinna-trace  had 

departed,  the  xylem  became  suddenly  a  solid  mass  of  tracheides  (fig.  37).  It  is 

probable  that  this  marked  the  approach  of  the  leaf-tip,  and  that  few  if  any  more 
pinnae  were  developed  on  this  leaf. 

And  lastly,  in  the  pinnate  portion  of  the  small  leaf  which  is  represented  in  fig. 

12 — and  which  showed  the  simplest  possible  pinnate  condition — the  supply  to  the 

pinnae  is  of  extra-marginal  origin.  Three  stages  in  the  preparation  of  the  pinna-traces 
of  this  leaf  are  shown  in  figs.  38,  39,  and  40.  The  condition  typical  of  the  trace 

in  the  rachis  of  the  pinnate  leaf,  and  in  the  middle  region  of  the  larger  filiform  leaf, 

was  found  to  dominate  the  stalk.  It  is  depicted  in  fig.  38.  Fig.  39  shows  the 

lateral  extension  of  the  trace  as  the  pinna-traces  begin  to  form,  and  in  fig.  40  one  of 

the  two  pinna-traces  is  almost  liberated. 

The  facts  regarding  those  various  leaf-types  have  been  recorded  in  some  detail ; 
for  not  only  was  it  necessary  to  recognise  the  transitions  from  pinnate  to  filiform 

leaves  by  external  form,  but  a  knowledge  of  the  anatomical  features  could  provide 

a  valuable  check  on  any  conclusions  which  might  be  drawn.  On  the  ground  of 

external  form,  it  seemed  almost  certain  that  the  large  filiform  leaves  might 

justifiably  be  regarded  as  reductions  from  pinnate  leaves,  and  the  evidence  which 

has  now  been  advanced — both  regarding  these  filiform  leaves  themselves  and 

also  the  "transitional"  types — seems  to  lend  strong  support  to  this  opinion.  It 

is  not  to  be  supposed  that  the  "transitional"  types  are  considered  illustrations 
of  definite  transitional  forms,  lying  between  the  departure  from  the  pinnate 

leaves  and  the  arrival  of  the  filiform  leaves,  but  in  themselves  they  are  proofs  of 

leaf-reductions  in  Platyzoma,  and  the  filiform  leaves  may  be  resultants  of  a  like 
reduction  process. 

The  sporangia  remain  to  be  considered.  At  present  I  am  unable  to  give  an 

account  of  their  development,  but  there  are  certain  outstanding  features  which 

may  be  noted  here.  They  are  developed  either  terminally  upon  the  main  lateral 

branches  of  the  sympodium,  or,  if  more  than  one  sporangium  is  developed  upon 

a  branch  of  the  sympodium,  the  distal  portion  of  the  branch  is  forked  and  the 

sporangia  are  again  terminal  (text-fig.  9).  The  bundle-endings  which  thus 

supply  the  isolated  sporangia  are  worthy  of  note.  They  are  composed  of  long 

tracheides  with  spiral  and  reticulate  markings,  and  a  sheath  of  long,  narrow,  and 

delicate  cells  which  persist  to  the  very  tip  of  the  bundle  (text-fig.  10).  I  am 

not  aware  of  any  other  Leptosporangiate  Fern  in  which  the  condition  just  described 

exists.  It  may  be  most  nearly  matched  by  some  early  Eusporangiates.  The 

sporangia  in  any  one  pinna  vary  in  size,  but  no  definite  arrangement  of  the 

sporangia  according  to  size  can  be  followed.     There  are  large  and  small  sporangia, 
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and,  between  these,  transitional  forms  exist  (text-fig.  9,  and  figs.  55-62,  67-68). 
The  large  sporangia  contain  small  numbers  of  large  spores,  the  small  sporangia 

larger  numbers  of  small  spores  (figs.  64,  65,  and  66).  The  small  sporangia  are 

invariably  short-stalked,  but  in  form  they  are  very  variable.  In  some  cases  the 

capsule  is  globular,  in  others  it  is  ovoid  or  almost  pear-shaped,  while  frequently 

it  is  very  lopsided  (figs.  55-59,  61,  and  62).  The  annulus  is  variable  in  position 
and  form.  It  is  seldom,  if  ever,  perfectly  regular,  and  is  frequently  very  irregular. 

In  a  few  cases  it  was  found  to  be  almost  horizontal,  passing  round  the  capsule 

as  an  irregular  and  broken  ring,  and  having  no  organised  stomium  (figs.  61  and  62). 

But  in  the  majority  of  the  sporangia  examined  the  annulus  was  almost  vertical, 

though  typically  irregular  or  broken.  These  sporangia  possessed  a  definite  stomium 

(figs.  55-58).  Figs.  55-58  show  a  single  sporangium  from  above  (fig.  57),  below 
(fig.  58),  back  (fig.  55),  and  front  (fig.  56).  From  these  it  is  apparent  that 

the  annulus  begins  at  the  stalk,  passes  obliquely  and  with  irregularities  upwards, 

and,  having  passed  over  the  top  of  the  capsule,  descends  to  the  stalk  once  more 

as  an  irregularly  developed  stomium.  The  annulus  is,  then,  interrupted  by  the 

stalk.  A  more  regular — though  also  more  oblique — annulus  is  represented  in 
back  view  in  fig.  59,  while  in  fig.  60  the  wall  of  a  sporangium  which  has  been 

opened  out  is  represented.  It  is  apparent  that  in  this  case  the  annulus  began 

close  to  the  stalk,  and  passed  almost  vertically  over  the  summit  of  the  capsule. 

But  here  an  irregularity  arose.  This  led  to  a  displacement  of  the  stomium,  so  that 

it  did  not  descend  directly  to  meet  the  stalk,  but,  having  passed  to  one  side  of  it, 
came  into  close  contact  with  the  end  of  the  annulus  which  had  met  the  stalk. 

The  number  and  the  size  of  the  spores  which  were  found  in  those  smaller 

sporangia  varied.  The  largest  number  of  spores  found  in  any  small  sporangium 

was  32,  and  such  numbers  as  30,  29,  28,  and  26  were  frequently  counted.  The 

spores  are  tetrahedral,  and  the  lines  of  junction  of  the  tetrads  are  well  marked 

(figs.  64  and  65).  The  exospore  is  beautifully  sculptured,  there  being  numerous 

small  areas  enclosed  by  wavy  borders,  and  possessed  of  little  mounds  which  give 

an  added  roughness  to  the  spore  coat.  The  smallest  type  of  spore  found  in  a 

small  sporangium  is  shown  in  fig.  65.  It  was  taken  from  a  sporangium  containing 

32  similar  spores.  The  largest  type  of  spore  found  in  a  small  sporangium  is  shown 

in  fig.  64.     It  was  taken  from  a  sporangium  containing  29  similar  spores. 

One  of  the  largest  sporangia  found  is  represented  in  figs.  67  and  68.  It  is 

apparent  from  the  back  view  (fig.  68)  that  the  annulus  stops  short  at  the  stalk 

and  passes  irregularly  over  the  top  of  the  capsule.  The  stomium  is  shown  in  fig. 

67.  It  is  separated  from  the  annulus,  and  passes  downwards  obliquely  to  the 

stalk.  The  largest  number  of  spores  found  in  a  large  sporangium  was  16  ;  14  was 

an  average  count,  and  12  was  a  rare  number.  A  typical  large  spore  is  shown  in 

fig.  66.  It  resembles  the  smaller  spores  in  form  and  external  markings,  but  differs 

from   them   remarkably  in    size.     Two   large   sporangia   contained   both   large  and 
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small  spores.  In  the  first  of  these  there  were  14  spores  of  the  largest  type  and 

two  of  the  intermediate  size  ;  in  the  second  instance  there  were  14  large  spores  and 

one  small  spore.  It  is  impossible  to  decide  at  this  point  whether  there  is  here  a 

true  heterospory,  or  the  variation  in  spore  size  is  merely  the  result  of  peculiar 

local  nutritive  conditions.  I  have  not  yet  examined  the  contents  of  these 

remarkable  spores,  and  accordingly  can  give  no  indication  from  this  standpoint  of 

the  significance  of  the  variation  in  spore  size  and  output  per  sporangium.  It  is 

hoped  to  throw  more  light  on  the  nature  of  these  spores  when  the  development  of 

the  sporangium  has  been  studied  and  the  spores  can  be  germinated.  But  while 

in  general  form  of  sporangium,  and  obliquity  and  irregularity  of  the  annulus, 

Platyzoma  somewhat  resembles  some  species  of  Gleichenia,  the  differences  of 

sporangial  and  spore  size  and  the  small  spore  output  are  not  characteristic  of  any 
known  Gleichenia. 

The  chief  facts  obtained  from  the  specimen  of  Platyzoma  have  now  been 

considered.  The  habit  of  the  plant,  upon  which  the  systematists  chiefly  relied, 

has  sunk  in  importance  before  the  remarkable  characters  of  the  stele,  the  leaf- 

traces,  the  leaves,  and  the  sporangia.  This  plant  has  proved  anomalous  at  almost 

all  points,  and  in  fact  it  would  be  difficult  to  indicate  any  known  Fern  with  which 

Platyzoma  can  be  reasonably  compared.  One  is  forced  to  the  conclusion  that  it 

is  not  a  Gleichenia.  The  development  of  the  sporangia  and  the  true  nature  of 

the  spores  may  throw  a  fuller  light  upon  its  true  affinity ;  and  until  information 

on  these  points  is  forthcoming,  it  would  be  foolish  to  separate  Platyzoma  from  a 

relationship  which  may  prove  to  be  its  nearest  affinity.  But  although  one  cannot 

speak  with  any  degree  of  confidence  regarding  the  actual  place  of  Platyzoma  in 

the  phyletic  system,  the  study  of  its  anatomy  has  laid  bare  facts  regarding  the 

stele,  reduction  processes  in  the  leaf,  and  sporangial  characters  which  may  be  of 

value  in  later  discussions.  The  material  available  for  the  investigation  was  an 

herbarium  specimen,  and  accordingly  it  was  impossible  to  do  more  than  collect 

the  most  important  facts  of  mature  anatomy.  The  present  memoir  is  to  be  regarded 

as  an  instalment  of  the  facts  relating  to  this  remarkable  Fern,  and  the  statement 

is  not  to  be  considered  a  final  one.  This  being  so,  it  has  been  thought  well  not 

to  enter  upon  detailed  comparisons,  though  the  remarkable  facts  relating  to 

Platyzoma  provoke  them.  It  has  likewise  been  deemed  well  to  abstain  from  any 

very  definite  statement  as  to  the  systematic  position  of  Platyzoma  until  the 

sporaugial  conditions  have  been  more  fully  examined.  These  matters  can  be  better 

dealt  with  when  properly  preserved  materials  are  available. 

I  am  indebted  to  the  Director  of  Sydney  Botanic  Garden  for  the  specimen  upon 
which  these  observations  have  been  made  ;  to  Professor  Bower  for  much  valuable 

guidance  and  criticism  ;  to  Mr  Boodle  for  information  regarding  the  Kew  specimens 

of  Platyzoma,  and  to  the  Carnegie  Trust  for  their  assistance  in  the  production  of 
the  illustrations. 
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Summary. 

The  chief  facts  obtained  from  the  single  herbarium  specimen  available  of 

Platyzoma  have  now  been  described.  At  some  points  the  account  has  been  less 

complete  than  would  have  been  the  case  if  sufficient  material,  properly  preserved, 

had  been  at  hand.  Development  has  been  necessarily  omitted.  But  the  fuller  facts 

relating  to  mature  structure  which  have  been  acquired  may  help  towards  establish- 
ing the  position  which  this  plant  should  hold  in  relation  to  other  ferns.  The  habit 

of  the  plant  is  chiefly  notable  in  relation  to  the  heterophyllous  character  of  its 

xerophytic  foliage.  The  horizontal  rhizome  bears  with  some  degree  of  regularity 

zones  of  smaller — probably  reduced— foliage  leaves  with  pinnse  vestigial  or  absent, 
and  these  alternate  with  zones  of  larger  pinnate  leaves  which  are  mostly  fertile. 

The  rhizomatous  condition  is  probably  derivative  from  one.  in  which  the  axis  had  an 

upright  habit,  and  the  heterophylly  has  probably  followed  upon  the  change  of  habit. 

Occasional  cases  of  bifurcation  of  the  leaves  have  been  seen.  It  is  probable  that 

these  are  of  the  same  nature  as  those  branchings  seen  in  the  " forma  fur 'cata"  of 
many  Ferns.  The  crowded  grouping  of  the  leaves  is  a  feature  in  strong  antithesis  to 

the  isolation  of  the  leaves  prevalent  in  the  Gleichenias ,  with  which  Platyzoma  has 

habitually  been  grouped.  The  presence  of  hairs  and  absence  of  flattened  scales 

accords  with  what  is  seen  in  Gl.  linearis  and  pectinata,  and  is  again  a  point  marking 

Platyzoma  off  from  many  of  the  Gleichenias  ;  while  it  is  in  itself  a  character  of 

relatively  primitive  Ferns.  But  external  habit,  upon  which  the  systematists  have 

hitherto  placed  their  chief  reliance,  has  sunk  in  importance  before  the  remarkable 

characters  of  the  stele,  the  leaf-trace,  and  the  sporangia. 
The  stele  is  little  removed  from  the  protostelic  state.  It  consists  of  a  continuous 

ring,  which  has  never  been  seen  to  be  broken  by  leaf-gaps  or  perforations.  Definite 
protoxylem  has  not  been  recognised.  But  the  xylem  is  differentiated  into  two 

zones,  an  outer  consisting  of  smaller  tracheides  with  occasional  parenchymatous 

groups  and  chains,  the  inner  of  large  storage-tracheides  intermixed  with  larger 
groups  and  chains  of  parenchymatous  cells.  The  inner  zone  appears  to  be  primarily 

a  storage  zone.  Centrally  lies  a  bulky  pith  which  is  sclerotic  and  mucilaginous.  It 

is  surrounded  by  a  continuous  inner  endodermis  which  is  throughout  distinct  and 

separate  from  the  outer  endodermis.  Between  the  inner  endodermis  and  the  xylem- 

ring  lies  a  narrow  zone  of  parenchyma,  but  no  phloem.  Externally  to  the  xylem-ring 
lies  a  continuous  narrow  zone  of  phloem,  a  pericycle,  and  external  endodermis. 

The  leaf-traces  depart  without  any  leaf-gap.  They  vary  in  size  according  to  the 
dimensions  of  the  leaves  which  they  serve,  but  even  those  of  the  largest  fertile  leaves, 

though  they  may  interrupt  the  xylem  to  its  inner  limit,  do  not  disturb  the  inner 

parenchymatous  zone  or  the  inner  endodermis  :  thus  there  is  no  leaf-gap.  The  leaf- 
trace  draws  off  from  the  outer  zone  of  xylem  as  a  crescentic  mass  of  tracheides, 

accompanied  by  an  outer  arc  of  phloem.     There  is  no  definitely  constituted  proto- 
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xylem.  As  this  simple  leaf-trace  separates  from  the  stelar  cylinder,'  the  stelar 
phloem  and  xylem  right  and  left  of  it  close  behind  the  outgoing  leaf-trace.  Mean- 

while the  outer  endodermis  is  unbroken — a  state  which  is  maintained  until  the  stelar 

ring  has  been  reconstituted.  Only  then  does  the  arc  of  outer  endodermis  accompany- 

ing the  departing  leaf-trace  break  its  connection  with  the  remainder  of  the  endodermis. 

This  it  does  at  two  points  right  and  left.  An  outer  separate  arc  of  endodermis  is 

thus  liberated,  and  it  accompanies  the  outgoing  leaf-trace.  Meantime  the  continuity 
of  the  outer  endodermis  of  the  stele  has  been  maintained  by  the  appearance  of  tracts 

of  endodermis,  right  and  left,  which  finally  meet  beneath  the  leaf-trace  before  the  arc 
of  leaf-trace  endodermis  has  become  detached.  Following  the  leaf- trace  outwards, 

its  peripheral  arc  of  endodermis  is  soon  extended  on  the  adaxial  side,  and  completes 

the  enclosure,  in  which  state  the  trace  enters  the  leaf. 

The  zonation  recognised  externally  is  seen  anatomically  to  be  apparent  rather 

than  real.  For  it  is  found  that  the  leaf-traces  directed  downwards  are  smaller  and 

supply  the  smaller  vegetative  leaves  ;  those  towards  the  upper  side  of  the  rhizome 

are  larger  and  supply  the  larger  and  fertile  leaves.  The  apparent  zonation  depends 

upon  the  separate  grouping  of  the  larger  and  smaller  leaves  in  their  forward  and 

upward  course.  The  smaller  and  larger  leaf-traces  originate  from  the  stele  in  the 
same  way,  and  differ  only  in  the  extent  to  which  they  affect  the  stele  on  their 

departure.  This  accords  with  the  facts  of  abortive  pinnation  of  the  vegetative 

leaves — an  indication  that  they  are  of  reduced  type.  The  leaf-trace  remains  undivided 

throughout,  and  the  pinnation  is  always  of  extra-marginal  type,  except  towards  the 
tip  of  the  leaf,  where  a  reduced  condition  exists. 

The  sporangia  are  distributed  solitarily  upon  the  lower  surface  of  the  pinnae,  and 

terminally  on  the  veins.  They  do  not  constitute  definite  sori.  A  well-developed 
bundle  ending  runs  to  the  base  of  each  sporangium.  There  is  no  indusium,  but  hairs 

are  distributed  along  the  veins  and  the  revolute  margins  of  the  pinnae.  The 

sporangial  stalk  is  short  and  consists  of  three  rows  of  cells ;  the  head  is  globular  and 

lopsided.  The  annulus  is  typically  oblique,  but  is  irregular  in  position  and  in 
constitution.  The  number  of  cells  of  the  annulus  is  variable,  and  their  succession 

is  apt  to  be  irregular  and  interrupted.  The  annulus  is  always  interrupted  at  the 

stalk.  The  stomium  is  variable  in  form  and  position,  and  where  the  annulus  is 

almost  horizontal  no  organised  stomium  is  found.  This  indicates  a  transitional  state. 

Roughly,  the  sporangia  are  differentiated  into  two  types — the  larger  sporangia  with 
few  large  spores  (16, 14,  and  12),  the  smaller  with  more  numerous  small  spores  (32-26). 

In  actual  dimensions  a  large  spore  may  be  many  times  the  size  of  a  small  spore. 
The  facts  above  detailed  would  still  allow  of  a  Gleicheniaceous  relation  for 

Platyzoma.  But  their  divergence  from  the  Gleichenia  characters  is  so  pronounced 
that  it  seems  quite  impossible  to  retain  a  view  of  close  affinity.  The  sporangial 
characters  are  specially  divergent,  and  indicate  a  probable  derivative  position  for 
Platyzoma  from  some  Gleicheniaceous  source.     Meanwhile  the  retention  of  hairs  and 
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the  anatomical  state  show  a  greater  conservatism.  In  fact,  Platyzoma  is  again  a 

type  somewhat  anomalous  in  its  characters.  Like  Cheiropleuria  it  shows  sporangial 

advance  with  a  relatively  primitive  vegetative  condition. 

DESCRIPTION    OF   FIGURES    IN    THE   TEXT. 

Figs.  1-3.  Diagrams  of  3  sterile  pinnae  of  Platyzoma,  seen  from  the  upper  surface.  They  show 
the  chief  variations  in  the  sympodial  venation. 

Figs.  4,  5.  Diagrams  of  2  sterile  pinnae  of  Platyzoma,  seen  from  below.  They  show  further  variations 

in  venation.     The  strongly  revolute  margins  of  the  pinnae  bear  fringes  of  small  teethdike  hairs. 

Fig.  6.  Diagram  of  a  forked  pinnate  leaf  of  Platyzoma  in  Kew  Herbarium.  The  leaf  is  attached 

to  the  rhizome,  and  bears  pinnae  both  above  and  below  the  point  of  branching.  The  terminal  portions 
of  this  leaf  are  damaged. 

Fig.  7.  Diagram  of  a  forked,  and  probably  dichotomised,  pinnate  leaf  of  Platyzoma  in  Kew  Herbarium. 

The  leaf  was  detached  from  the  rhizome.     It  bears  pinnae  both  above  and  below  the  point  of  branching. 

Fig.  8.  Diagram  of  a  perfectly  dichotomised  leaf  of  Platyzoma,  taken  from  an  herbarium  specimen 

in  Glasgow  University.  The  leaf  dichotomised  at  a  point  near  to  its  base,  and  no  pinnae  were  developed 

below  the  point  of  branching. 

Fig.  9.  Diagram  of  a  fertile  pinna  of  Platyzoma,  seen  from  below.  The  margins  are  very  revolute. 

The  sporangia  are  of  variable  size,  but  are  invariably  inserted  terminally  upon  the  main  lateral  veins  or 

upon  branches  of  these. 

Fig.  10.  Bundle-ending  of  a  vein,  supplying  a  sporangium  of  Platyzoma.  It  consists  of  a  conspicuous 
group  of  long  reticulated  tracheides,  and  a  sheath  of  more  delicate  and  narrow  cells  which  persist  to 

the  tip  of  the  bundle. 

DESCRIPTION   OF    FIGURES    IN   THE   PLATES. 

Plate  I. 

Fig.  1.  Transverse  section  of  the  rhizome  of  Platyzoma.  Four  large  leaf-traces  are  seen  on  their 
way  out  through  the  cortex ;  a  fifth  is  being  liberated  from  the  upper  surface  of  the  stele.  On  the 

right  a  small  leaf-trace  is  separating  from  the  stele,  and  on  the  left  a  root- trace  is  departing.     (  x   12.) 
Fig.  2.  A  multicellular  unbranched  hair  taken  from  the  rhizome.     (  x    10.) 

Fig.  3.  A  filiform  leaf  with  circinate  tip,  and  measuring  about  -J-  inch.  It  was  taken  from  the  lower 
surface  of  the  rhizome.     (  x    6.) 

Fig.  4.  Transverse  section  of  the  stele  of  Platyzoma,  showing  a  large  leaf-trace  about  to  be  liberated 

on  the  upper  surface  Small  leaf-traces  are  being  separated  from  the  sides  and  lower  surface.  The 
xylem  of  the  stele  is  clearly  differentiated  into  an  outer  zone  of  small  tracheides,  and  an  inner  zone  of 

broad  tracheides  intermixed  with  many  parenchymatous  groups.  (  x  24.)  Towards  the  upper  side  of  the 

stele  the  inner  xylem-zone  is  greatly  reduced. 
Fig.  5.  A  reduced  pinnate  leaf,  taken  from  the  upper  surface  of  the  rhizome.  It  was  about  1£  inch  long. 

The  pinnae  are  variable  in  size,  but  their  venation  is  invariably  a  sympodium.     (  x   6.) 

Fig.  6.  A  photograph  of  the  specimen  of  Platyzoma  upon  which  this  paper  is  founded.     (  x   £.) 

Fig.  7.  A  typical  filiform  leaf  measuring  about  \\  inch,  seen  from  its  lower  surface.  (  x  6.)  It  is 

differentiated  into  a  broad  basal  region,  a  slender  middle,  and  a  bulbous  terminal  region. 

Fig.  8.  A  photograph  of  part  of  the  specimen  upon  which  this  paper  is  founded.  The  heterophylly  is 

clearly  shown,  and  the  crowding  and  grouping  of  pinnate  and  filiform  leaves  is  demonstrated.     (Natural  size.) 

Fig.  y.  A  "  redaction  "  leaf  which  measured  about  1  inch.     The  venation  of  the  majority  of  the  pinnae 
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is  a  simple  midrib,  and  no  vascular  supply  is  seen  in  the  small  terminal  pinnae.  At  the  base  of  the  rachis 

is  a  small  aborted  branch  devoid  of  pinnae.     (  x    6.) 

Fig.  10.  Transverse  section  of  the  stele  of  Platyzoma.  The  sclerenchymatous  pith  is  breaking  from  the 

stelar  ring  along  the  inner  endodermis.  In  this  section  the  difference  in  thickness  between  the  upper  and 

lower  sides  of  the  xylem-cylinder  are  not  so  pronounced  as  in  figs.  1,  4,  13,  and  63.      (  x    36.) 

Fig.  11.  An  incomplete  "reduction"  leaf,  §  inch  long.  Only  a  few  terminally  aggregated  reduced 
pinna)  are  developed.     (  x   6.) 

Fig.  12.  A  "reduction"  leaf,  \  inch  long,  taken  from  the  side  of  the  rhizome.  Towards  its  hooked  tip 
are  two  small  pinnae  with  simple  unbranched  veins.     (  x   6.) 

Fig.  13.  Transverse  section  of  the  stele  of  Platyzoma,  showing  3  large  leaf-traces  departing  from  the 
upper  surface ;  a  trace  of  intermediate  size  being  liberated  on  the  upper  portion  of  the  right  side ;  and 
small  traces  departing  on  right  and  left  towards  the  lower,  surface.     (  x   36.) 

Plate  II. 

Fig.  14.  Transverse  section  at  the  base  of  the  petiole  of  a  typical  pinnate  leaf  of  Platyzoma.     (       15.) 

Fig.  15.  Transverse  section  of  the  lower  part  of  the  rachis  of  a  typical  pinnate  leaf.     (  x    15.) 

Fig.  16.  Transverse  section  of  the  upper  part  of  the  rachis  of  a  typical  pinnate  leaf.     (  x    15.) 

Fig.  17.   Transverse  section  of  the  terminal  part  of  the  rachis  of  a  typical  pinnate  leaf.     (  x    15.) 

Fig.  18.  Transverse  section  of  the  very  base  of  a  typical  filiform  leaf.     (  x   15.) 

Fig.  19.  Transverse  section  of  the  same  leaf  at  a  slightly  higher  level  in  the  leaf-base  and  showing  the 
establishment  of  the  lateral  grooves.     (  x    15.) 

Fig.  20.  Transverse  section  of  the  same  leaf-base  at  a  still  higher  level.     The   xylem   of  the   leaf-trace 

has  widened  laterally,  the  water-storage  tissue  is  established  towards  the  lower  surface,  and  the  flanges  and 
grooves  are  fully  developed.    (  x    15.) 

Fig.  21.  Transverse  section  at  the  base  of  the  middle  zone  of  a  typical  filiform  leaf.     (  x    15.) 

Fig.  22.  Transverse  section  at  the  base  of  the  middle  zone  of  another  typical  filiform  leaf.      (  x    15.) 

The  xylem  of  this  leaf  is  much  more  massive  than  in  the  leaf  seen  in  section  in  fig.  21. 

Fig.  23.  Transverse  section  of  the  upper  part  of  the  middle  zone  of  a  filiform  leaf.     (  x    15). 

Fig.  24.  Transverse  section  of  a  similar  portion  of  another  filiform  leaf.     The  xylem  is  here  much  more 

massive  than  in  fig.  23.     (  x    15.) 

Figs.    25,    26.  Transverse    sections    through    the    bulbous    terminal    portions    of   two    typical    filiform 

leaves.      (  x    15.) 

Fig.  27.  Transverse  section  of  the  petiole  of  the  reduced  leaf  depicted  in  fig.  9,  and  showing  the  prepara- 
tion for  the  splitting  of  the  xylem  prior  to  supplying  the  two  branches  of  the  rachis.     (  x    15.) 

Figs.    28-33.  An  ascending  series  of   transverse    sections    of    the   stele   in    the   basal   portion    of   the 

dichotomised    pinnate   leaf   represented    in    text-figure   8.     The  series    illustrates    the  chief  steps   in    this 
dichotomy.     (  x    15.) 

Plate  III. 

Figs.  34-37.  An  ascending  series  of  transverse  sections  of  the  rachial  portion  of  the  small  leaf  repre- 

sented in  fig.  11.  The  series  illustrates  the  extra-marginal  pinna-trace  supply,  and  the  massing  and 
strengthening  of  the  xylem  towards  the  tip  of  the  leaf.     (  x    15.) 

Fig.  38-40.  An  ascending  series  of  transverse  sections  through  the  pinnate  portion  of  the  small  leaf 

shown  in  fig.  12.     It  shows  the  preparation  for  and  liberation  of  a  pinna-trace.     (  x    15.) 

Figs.  41-47.  A  series  of  sections  showing  the  origin  and  liberation  of  a  large  leaf-trace  from  the  upper 
surface  of  the  stele.  In  fig.  47  the  trace  is  as  seen  in  transverse  section  on  its  way  out  through  the 
cortex.     (  x    15.) 

Figs.  48-51.  A  series  of  sections  showing  the  origin  and  liberation  of  a  small  leaf-trace  from  the  lower 
surface  of  the  stele.  In  fig.  51  the  trace  is  as  seen  in  transverse  section  on  its  way  out  through  the 
cortex.     (  x   15.) 
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Fig.  52.  A  section  of  the  stele  of  Platyzoma,  showing  the  origin  of  a  root-trace  from  the  outer  xylem- 
cylinder.     ( x   15.) 

Ki,^r.  53.  Transverse  section  of  a  root-trace  on  its  way  out  through  the  cortex  of  the  rhizome.     (  x    15.) 
Fig.  54.  Transverse  section  of  a  root  of  Platyzoma.     (  x    15.) 

Plate  IV. 

Figs.  55-58.  A  small  sporangium  of  Platyzoma  seen  from  behind,  in  front,  above,  and  below.  The 
irregularities  in  the  nearly  vertical  annulus,  and  the  interruption  of  the  annulus  by  the  stalk,  are 

shown.     (  <   36.) 

Fig.  59.  A  sporangium  with  almost  globular  capsule,  and  an  oblique — though  almost  regular — 
annulus.     (  x    36.) 

Fig.  60.  The  wall  of  a  sporangium  opened  out  so  as  to  show  the  irregular  and  broken  annulus.     (  x   36.) 
Figs.  61,  62.  Two  views  of  a  rarer  type  of  small  sporangium  of  Platyzoma.  The  annulus  is  almost 

horizontal,  but  is  irregular  and  broken,  and  no  clearly  denned  stomium  is  developed.     (  x   36.) 

Fig.  63.  Transverse  section  of  the  stele  of  Platyzoma,  at  a  point  where  the  xylem  towards  the  lower 

surface  is  broad.  The  groups  of  tracheides  appear  lohite  in  the  photograph,  and  the  chains  and  groups  of 

xylem  parenchyma  are  black.     (  x   36.) 

Fig.  64.  A  spore  of  the  intermediate  size.     (  x   90.) 

Fig.  65.   A  spore  of  the  smallest  size.     (  x   90.) 

Fig.  66.  A  spore  of  the  largest  size.     (  x   90.) 

Figs.  67,  68.   A  front  and  a  back  view  of  one  of  the  largest  sporangia  of  Platyzoma.     (  x   36.) 
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XXI. — On  Leaf- Architecture  as  illuminated  by  a  Study  of  Pteridophyta.  By 

F.  O.  Bower,  D.Sc,  F.R.S.,  Regius  Professor  of  Botany  in  the  University  of 

Glasgow.     (With  One  Plate.) 

(MS.  received  March  6,  1916.     Read  March  6,  1916.     Issued  separately  November  8,  1916.) 

The  expression  "architecture"  as  applied  to  the  leaf  was  introduced  by  Prantl 
in  his  monograph  on  the  Hymenophyllacese.*  It  may  be  adopted  as  connoting 
the  sum  of  the  facts  of  construction  of  leaves ;  together  with  those  principles 

or  methods  deduced  from  them,  upon  which  we  find  the  leaf  to  be  built  up. 

The  varieties  of  size,  form,  and  complexity  of  leaves  appear  infinite  ;  but  simi- 
larities in  the  scheme  of  their  construction  are  obvious.  It  cannot  be  assumed 

that  where  similarities  occur  they  are  necessarily  due  to  immediate  community  of 

descent.  They  may  or  may  not  be.  Parallel  development  under  similar  conditions 

may  be,  and  probably  has  been  often,  the  source  of  such  similarity.  But  even  so 

it  may  be  possible  to  connect  the  simpler  and  the  more  complex  within  the  several 

lines  of  nearer  relationship,  and  a  study  of  several  such  lines  may  be  expected  to 

disclose  certain  underlying  principles  or  methods  which  have  ruled  in  the  construc- 
tion of  foliar  organs  at  large.  The  recognition  of  these,  in  their  evolutionary  aspect, 

is  the  proper  basis  for  a  scientific  knowledge  of  leaf-architecture. 

There  are  three  chief  avenues  which  may  lead  to  such  knowledge  : — 
(1)  A  comparative  study  may  be  made  of  adult  leaves,  in  the  mature  state  or  in 

the  course  of  their  individual  development,  in  a  large  number  of  different  types. 

(2)  A  study  may  be  made  of  the  juvenile  leaves  of  the  individual,  and  the 

gradual  steps  be  traced  up  to  the  adult  form.  Comparison  may  then  be  made  of  the 

results  in  various  forms  related  or  systematically  apart,  and  especially  in  the  case 

of  those  types  that  are  believed  to  be  relatively  primitive. 

(3)  The  results  of  such  comparisons  may  be  placed  in  relation  to  the  fossil 

record,  and  any  conclusions  thus  obtained  as  to  phyletic  progression  may  be  checked 

accordingly. 

All  of  these  avenues  should  be  pursued  in  order  to  arrive  at  a  scientific  knowledge 

of  the  "  architecture  "  of  leaves  in  Vascular  Plants.  Naturally  the  first  of  these  took 
priority  in  the  history  of  the  science  ;  and  unfortunately  it  was  first  practised  for 

the  most  part  upon  the  Higher  Flowering  Plants.  This  often  led  to  the  interpretation 

of  the  lower  in  terms  of  the  higher,  and  to  the  consequent  failure  to  recognise  the 

full  significance  of  the  facts  observed.  In  some  measure  this  has  been  corrected  by 

the  pursuit  of  the  third  avenue  of  study,  viz.  by  the  comparison  of  the  fossils. 

The  flattened  form  of  the  leaf-blade,  which  has  led  to  its  very  perfect  preservation 
*  Leipzig,  1875,  p.  7. 
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in  the  state  of  impressions,  has  supplied  important  features.  The  second  avenue 

has,  however,  been  somewhat  neglected,  and  especially  in  the  case  of  those  plants 

which  should  serve  as  the  basis  for  such  comparisons — the  Pteridophyta.  I  am  not 
aware  of  any  methodical  synthesis  having  been  given  of  the  facts  relating  to  the 

juvenile  leaves  of  the  Pteridophyta,  so  as  to  make  a  general  comparison  of  them 

possible.  In  many  of  the  more  important  primitive  types  the  facts  are  still  very 

imperfectly  known.  The  attempt  has  therefore  been  made  here  to  supply  the 

material  for  pursuing  this  second  avenue  of  study,  and  to  place  the  results  in  relation 

to  those  from  other  sources.  It  is  only  when  the  facts  have  been  ascertained  and 

the  underlying  principles  have  been  laid  down,  in  some  such  way  as  this,  that  a 

beginning  can  properly  be  made  for  the  discussion  of  such  larger  questions  as  the 

phyletic  origin  of  that  member  designated  as  the  "  leaf,"  and  its  probable  relation 
to  the  axis  which  bears  it. 

But  before  the  detailed  description  of  the  juvenile  leaves  is  entered  upon,  it 

will  be  well  to  summarise  the  views  which  have  been  expressed,  and  the  con- 

clusions attained  by  others,  on  the  subject  of  leaf-architecture,  in  so  far  as  they  have 

been  based  upon  the  elaborate,  leaves  of  the  Filicales.  Hofmeister  #  states  that 

"  the  formation  of  the  pinnse  of  the  frond  in  the  species  of  Pteris,  as  in  the  rest  of 
the  Polypodiaceae,  is  the  result  of  a  true  bifurcation  of  the  punctum  vegetationis 

.  .  .  each  of  the  new  shoots  is  alternately  more  strongly  developed,  thus  changing 

the  direction  of  the  bifurcation  to  the  right  or  to  the  left.  The  weaker  one  is  pushed 

on  one  side  so  as  to  appear  to  be  lateral."  The  continual  change  in  the  direction  of 
the  less  vigorous  bifurcations  causes  the  feather-like  form  of  the  frond,  whose  seg- 

ments (as  is  well  known)  are  in  no  species  exactly  opposite  to  one  another.  This 

description,  based  on  a  special  example,  includes  facts  which  will  be  found  to  be  of 

wide  application.  It  is  doubtless  this  passage  to  which  Sachs  refers  in  his  Text- 
book,^ where  he  introduced  the  terminology  which  has  since  been  generally  adopted 

for  branching.  He  noted  the  apparently  true  dichotomy  in  Platycerium  alcicorne, 

and  that  "  according  to  an  older  statement  of  Hofmeister  it  appears  that  branching 
of  Fern-leaves  generally  commences  dichotomously,  although  mature  leaves  mostly 

resemble  a  monopodium."  Further,  he  notes  that  "  since  the  branches  or  lobes  are 
apparently  always  alternate  and  not  opposite,  and  the  terminal  lobes  of  the  leaves 

are  frequently  developed  as  equally  strong  bifurcations,  leaves  of  this  kind  may  be 

considered,  according  to  Hofmeister's  hypothesis,  as  dichotomies  developed  in  a 
sympodial  manner  .  .  .  the  midrib  representing  the  sympodium,  and  the  apparent 

lateral  branchlets  the  weaker  branches.  ...  A  similar  interpretation  may  perhaps 

be  permitted  for  the  simply  pinnate  leaves  of  the  Cycadaceae." 
The  observations  of  Sadebeck  J  translated  these  conclusions  into  terms  of  cellular 

construction,  thus  actually  demonstrating  the  dichotomous  character  of  the  ultimate 

*  Higher  Cryptogamia,  p.  209.  t  First  English  edition,  p.  161. 
I  Friedrichs-Eealschule  Jahresbericht,  Berlin,  1874. 
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branchings  of  the  lamina  in  the  juvenile  leaf  of  Asplenium.  They  were  followed 

closely,  in  1875,  by  Kny's  monograph  on  the  Parkeriaceae.  Here  the  demonstration 
was  given  that  where  the  single  initial  cell  is  still  active  in  leaf-forming  pinnae, 

these  do  not  necessarily  coincide  with  segments  from  the  initial  cell.#  In  the  same 

year  Prantl's  monograph  on  the  Hymenophyllaceee  appeared.  The  general 
conclusion  from  his  detailed  developmental  and  comparative  study  was  that 

in  them  the  leaves,  simple  or  complicated,  were  the  result  of  purely  dichotomous 

branching,  and  usually  developed  sympodially.  He  suggests  that  this  conclusion  is 

applicable  also  to  other  Ferns. t  In  1881  he  published  similar  observations  on 

the  Schizaeaceae.  The  result  was  that  he  was  able  to  refer  the  branching  in  all  of 

them  ultimately  to  dichotomy.  He  for  the  first  time  followed  carefully  the  steps  of 

departure  to  the  sympodial  development,  both  in  the  juvenile  leaves  and  in  the 

pinnae  of  the  adult  leaf:  and  he  constructed  diagrams  illustrating  that  progression 

for  Ly g odium  circinatum.\ 

The  term  "dichotomy"  has  appeared  repeatedly  in  the  preceding  paragraphs. 
It  must  not  be  assumed  in  all  cases  where  it  has  been  used,  or  where  it  will  be  used 

in  this  memoir,  that  there  has  been  the  equal  division  of  an  apical  cell.  The 

observations  for  or  against  such  a  conclusion  are  mostly  wanting.  Still,  a  near 

approach  to  such  a  theoretical  perfection  of  dichotomy,  if  not  an  actual  demonstra- 
tion of  it,  has  been  given  by  Sadebeck  in  the  seedling  leaf  of  Asplenium.  From 

such  a  condition,  which  seems  actually  to  exist  in  some  cases,  the  gentlest 

gradations  lead  to  what  is  clearly  monopodial  branching.  What  is  often  seen  is 

then  "  apparent  dichotomy,"  that  is,  the  "  continuation  of  one  shoot  by  two  equally 

strong  ones."  §  Cases  where  the  resulting  shoots  are  not  equal,  lead  to  what  in  our 

descriptions  are  designated  "  sympodial  developments  of  dichotomy."  It  is  believed 
that  the  fundamental  construction  in  leaves  was  the  true  dichotomy,  and  that  these 

are  derivatives  from  it  along  lines  which  are  clearly  suggested  in  the  juvenile  leaves 

of  many  Ferns. 

It  will  be  superfluous  here  to  abstract  the  scattered  literature  giving  details  of 

further  isolated  examples,  whether  in  adult  or  in  juvenile  leaves,  where  the  demon- 

stration of  dichotomous  branching  has  been  given.  It  must  suffice  to  say  that  in 

very  many  cases  the  dichotomy  is  obvious  enough.  Accordingly,  we  may  pass 

directly  to  the  general  statements  of  Goebel  on  the  subject  of  leaf-construction  in 

Ferns,  given  in  his  Organographie,  as  representing  the  outlook  of  present  morphology 

on  this  matter.  ||  He  noted  the  similarity  of  juvenile  leaves,  even  in  Ferns  where  the 

adult  leaves  are  divergent  in  character.  These  may  be  either  dichotomous  or 

sympodial  in  their  development.  The  latter  is  the  case  where  the  growth  is  apical 
(Scheitelzellwachsthum),   but   apical    growth    merges    into    marginal    (Randzellen- 

*  P.  41,  Taf.  vii.  f  P.  14-  I  PI.  i. 
§   Lang,  Address  to  Sec.  K,  Brit.  Assn.,  1915,  p.  8. 
||  2te  Aufiage,  1913,  p.  337  ;  see  also  Engl,  ed.,  part  ii,  pp.  313-321. 
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wachsthum).  Where  the  growth  is  apical  the  origin  of  the  pinnae  may  be  mono- 

podial,  as  already  shown  in  Ceratopteris  by  Kny,  and  exemplified  by  Goebel  in 

Adiantum  Edgeivorthi*  Where  the  marginal  growth  has  supervened  the  branch- 
ing becomes  dichotomous.  This  has  been  summed  up  by  Goebel  in  the  following 

words  :  "  In  all  Ferns  the  lateral  primordia  of  pinnae  appear  on  the  primordium  of 
the  leaf,  and  if  the  leaf  is  a  greatly  elongated  one  the  lateral  parts  are  laid  down  in 

rapid  succession  ;  but  where  surface-growth  predominates,  then  there  is  dichotomous 

branching,  and  there  is  no  formation  of  a  strong  leaf-spindle  or  midrib." 
Such  facts  suggest  a  phyletic  meaning.  Bearing  on  this  question  Goebel 

recognises  three  stages  of  leaf-development  in  Ferns  :  (i)  marginal  growth  and 
dichotomous  branching  ;  (ii)  apical  growth,  with  monopodial  branching,  but  later 

marginal  growth  and  dichotomous  branching  ;  (iii)  persistent  apical  growth,  forming 

long-growths  and  short-growths,  the  latter  limited,  as  in  Gleichenia  and  Lygodium. 

He  remarks  that  "  whether  this  series  forms  an  ascending  or  a  descending  one,  or 
whether  we  must  recognise  it  as  simply  one  construction,  cannot  certainly  be 

determined.  What  is  certain  is  that  the  configuration  of  the  primordium  of  the 
leaf  is  connected  with  that  of  the  mature  condition  in  the  manner  that  has  been 

indicated  above."  The  facts  and  comparisons  to  be  brought  forward  in  this  memoir 
will  help  to  resolve  this  question.  It  may  here  be  briefly  stated  that  they  are 

believed  to  indicate  that  the  marginal  growth  and  dichotomous  branching  represent 

the  primitive  foliar  development  ;  that  the  stronger  apical  growth  with  prevalent 

monopodial  branching  is  a  derivative  state,  which  is  absent  from  many  juvenile 

leaves,  and,  though  commonly  present  in  the  adult,  it  lapses  into  the  primitive 

dichotomy  in  the  distal  region.  Already  there  is  much  evidence  from  anatomical 

sources  which  indicates  that  in  Fern  leaves  the  apex  and  base  show  more  primitive 

characters  than  the  middle  region.  It  will  be  important  to  keep  this  conception  in 

mind  when  examining  the  leaf-constructions  to  be  detailed  below,  f 
Goebel  describes  the  juvenile  leaves  as  arrested  members  (Hemmungsbildungen)4 

But  if  the  comparative  evidence  leads  to  the  conclusion  above  stated,  this  would 

appear  to  be  an  inversion  of  the  true  evolutionary  conception  of  the  leaf,  as 

exemplified  in  the  ontogeny.  A  more  probable  thesis  would  be  that  the  juvenile 

leaf  is  not  arrested,  but  is  something  similar  to  the  primitive  and  fundamental  type  ; 

while  the  adult  leaf  is  a  promoted  condition,  and  its  higher  development  is  consequent 

upon  a  phyletic  advance  in  complexity  comparable  to  that  seen  in  the  ontogeny. 

But  the  later  and  more  elaborate  leaves  may  be  subject  to  arrest  due  to  various 

causes,  which  throws  them  back  to  such  a  state  as  is  seen  in  the  juvenile  leaves. 

This  is  the  theoretical  position  which  will  be  entertained  in  this  memoir,  and  it 
will  be  seen  later  how  far  it  is  in  accord  with  the  facts  to  be  described. 

*  Organography,  Engl.  ed.,ii,  p.  317,  fig.  20. 
t  E.  W.  Sinnott,  Ann.  of  Hot,  1911,  p.  167  ;  and  other  writers. 

J   Flora,  1 889,  p.  28  ;   Vergleichende  Entwickelungsgeschichte,  p.  254  ;  Organographie,  2te  Autlage,  p.  378. 
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While  the  statements  of  Goebel  in  his  Organography  present  the  purely 

morphological  position,  Potonie  had  been  approaching  questions  of  leaf-architecture 

from  the  avenue  of  palaeontological  comparison.*  He  regarded  dichotomy  as  the 

primitive  type  of  branching,  and  monopodial  (pinnate)  as  the  derivative.  He  notes 

the  greater  prevalence  of  the  former  in  Palaeozoic  than  in  more  modern  times,  and 

that  it  still  exists,  though  less  frequently,  in  the  Higher  Plants,  being  represented 

atavistically  in  their  cotyledons.  He  discusses  why  the  pinnate  should  have  replaced 

the  dichotomous,  and  sees  the  explanation  in  the  point  that  a  dichotomous  blade 

would  result  in  a  circular  surface  of  leaf-expanse,  while  a  pinnate  blade  approaches 

the  oval,  which  has  mechanical-physiological  superiority,  and  is  better  fitted  to 

resist  leverages  of  weight  and  wind-pressure.  He  passes  from  Ferns  to  Vascular 

Plants  generally,  and  asserts  (provisionally)  that  all  monopodial  branchings  origi- 
nated phylogenetically  from  dichotomies.  This  question  will  come  up  for  discussion 

towards  the  end  of  this  memoir. 

Turning  more  especially  to  the  leaves  of  Ferns,  Potonie  t  discusses  their  archi- 
tecture in  the  ancient  fossils,  as  regards  both  venation  and  branching.  He  notes  as 

some  of  the  chief  features  in  early  Ferns  :  (l)  the  preponderance  of  dichotomy  in 

them  ;  (2)  their  frequently  unsymmetrical  development  by  interchange  of  forking 

and  pinnation,  and  transitions  from  one  to  the  other  ;  (3)  the  frequent  occurrence  of 

lobes  of  the  ultimate  order  between  those  of  the  penultimate  order  ;  and  (4)  the 

frequently  large  size  of  the  katadromic  pinnule.  In  addition  to  these  features  he 
remarks  also  that  most  Palaeozoic  fronds  have  katadromic  construction,  while  in 

recent  types  the  anadromic  greatly  preponderates.  Also  that  in  the  earliest  a 

midrib  is  absent  in  the  ultimate  pinnules,  while  in  later  forms  it  is  present.  Further, 

that  reticulation  becomes  more  prevalent  from  lower  to  higher  horizons.  He  notes 

that  Stur  in  his  Culm-Flora  does  not  represent  a  single  case  of  reticulation  :  this  is 
initiated  in  the  Middle  Coal  Measures,  and  becomes  more  prevalent  upwards,  while 

the  highest  type  of  reticulation,  with  smaller  meshes  within  larger  areolae,  occurs 

first  in  the  Mesozoic  period. 

Such  statements  as  these,  based  upon  a  wide  knowledge  of  fossils,  supply  a 

foundation  upon  which  to  work.  They  serve  as  checks  to  comparative  conclusions  ; 

and  it  is  a  very  reassuring  fact  that  the  results  already  attained  by  comparison  of 

living  forms  are  in  substantial  accord  with  them.  A  real  advance  has  thus  been 

made  along  the  two  avenues  of  study  on  the  adult  leaves  and  on  the  fossil  types. 

But  a  knowledge  of  the  actual  facts  as  to  the  structure  of  the  primordial  leaves  is 

still  very  incomplete.  It  may  be  a  question  how  far  their  characters  will  bear  an 

atavistic  interpretation.  But  on  this  it  is  impossible  to  approach  any  opinion  until 

the  facts  are  before  us.     These  will  now  be  described  so  far  as  they  are  available. 

*  "  Die  Beziehungen  zwischen  dem  echt-gabeligen  und  dem  fiederigen  Wedel- Auf bau  der  Fame,"  Ber.  d.  d.  Bot., 
Ges.  xiii,  1895,  p.  244  ;  also  Lehrbuch  der  Pflanzen-Palaeontologie,  Berlin,  1899,  p.  110,  etc. 

t  Lehrbuch,  p.  110,  etc. 
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The  method  of  preparation  has  been  a  very  simple  one.  The  leaves  are  made 

transparent  by  eau  de  Javelle  ;  stained  with  safranin  ;  cleared  in  bulk  in  oil  of 

cloves ;  and  mounted  in  Canada  balsam.  The  result  is  a  transparency,  with  the 
vascular  tissue  so  stained  that  the  connections,  even  those  at  the  base  of  the  blade, 

can  be  readily  followed. 

The  relation  between  branching  of  the  leaf  itself  and  branching  of  the  veins  is 

obviously  a  close  one.  It  suggests  that  where  the  branch-veins  run  parallel  the 
venation  represents  a  latent  branching  of  outline,  and  that  originally  distinct  lobes 

have  been  "  webbed,"  or  laterally  merged  together.  This  seems  highly  probable  in 
simple  cases,  but  it  may  be  doubted  whether  the  branching  of  veins  is  always  the 

equivalent  of  a  webbed  branching  of  outline.  In  complex  cases  where  reticulation 

occurs  there  can  be  no  question  but  that  vascular  strands  have  been  formed  de  novo. 

At  the  moment  it  is  difficult  to  make  any  general  statement  on  this  point.  It  is  best 

to  be  fully  aware  of  the  difficulty,  and  to  recognise  provisionally  that  a  close  relation 

subsists  between  branching  and  venation.  When  a  large  number  of  examples  have 

been  considered  in  detail  it  may  be  possible  to  draw  some  more  definite  conclusion. 

Comparative  study  of  the  leaf-architecture  of  the  Pteridophyta  is  the  natural 

foundation  for  a  similar  inquiry  for  the  Spermophyta.  The  actual  lines  of  evolu- 
tion may  be  obscure,  but  there  can  be  no  doubt  that  the  one  will  illuminate  the 

other.  This  was  the  view  of  Hofmeister,  Sachs,  Prantl,  and  other  morphologists. 

Accordingly  wevmay  be  prepared  to  trace  at  least  analogies,  if  not  some  nearer  degree 
of  resemblance,  between  the  construction  of  the  leaves  of  the  more  primitive 

Pteridophyta  and  that  of  the  relatively  advanced  Seed-bearing  Plants.  No  special 
observations  relating  to  the  latter  will  be  described  here,  and  it  may  be  that  further 

inquiry  will  be  necessary  before  full  advantage  can  be  taken  of  the  basis  for  com- 
parison which  the  Pteridophyta  can  supply.  But  at  the  close  of  this  memoir 

some  attempt  will  be  made  to  carry  onwards  to  the  Flowering  Plants  the  applica- 
tion of  the  results  acquired,  which  may  help  to  elucidate  the  architecture  of  their 

•leaves  also. 

Description  of  the  Architecture  of  the  Leaves  of  the  Pteridophyta,  with 

special  reference  to  their  Primordial  Leaves. 

Lycopodiales. 

In  all  of  these  the  leaf  is  relatively  small,  and  its  construction  is  always  simple 

both  in  form  and  venation.  It  was,  however,  of  considerable  actual  size  in  the 

Lepidodendraceae  and  Sigillariacese,  as  it  is  also  in  the  living  Isoetes.  It  is  traversed 

by  a  single  unbranched  vascular  strand.  The  only  known  exception  to  this  among 

living  or  fossil  Lycopods  is  in  certain  Sigillarias,  where  in  the  middle  region  of  the 

leaf  there  are  two  equal  strands.*     These  fuse    towards   the  apex,  and  the  whole 

*  Scott,  Studies  in  Fossil  Botany,  p.  230,  fig.  95,  of  Sigillaria  sulcata. 
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structure  suggests  not  a  dichotomy  but  a  local  segregation  of  the  vascular  tissue 

of  the  single  strand  in  the  middle  region  of  the  leaf,  where  the  blade  is  broadest. 

The  analogy  with  what  is  seen  in  certain  Conifers  is  obvious.  Notwithstanding 

this  constant  simplicity  which  the  leaves  of  the  Lycopodiales  show,  they  do  not 

differ  essentially  in  mode  of  origin  from  the  leaves  of  other  Vascular  Plants. 

Indeed,  they  may  be  matched  very  nearly  in  point  of  size  and  complexity  by  the 

leaves  of  the  Hydropterideae,  while  the  primordial  leaves  of  Pilularia  and  Marsilia 

resemble  in  many  of  their  features  the  submerged  leaves  of  Isoetes.  It  may  remain 

an  open  question  whether  the  simplicity  of  the  Lycopod  leaf  is  primitive,  or  the 
result  of  reduction.  A  circumstance  which  favours  the  former  alternative  is  the 

great  uniformity  which  they  show,  not  only  in  the  living  forms,  but  also  in  the 

fossils.  The  juvenile  leaves  in  these  plants  do  not  show  characters  of  comparative 

interest,  beyond  the  fact  that  they  are  often  more  succulent  than  the  leaves  of 
the  adult. 

I  find  myself  unable  to  follow  Lignier  in  the  distinction  which  he  draws  between 

"  phylloides,"  by  which  term  he  designates  the  leaves  of  the  "  Prohepatiques  "  and 
Lycopods,  and  the  leaves  of  the  Filicinese.  As  regards  their  relation  to  the  axis, 

their  acropetal  succession,  and  their  general  characters  of  form  and  structure,  the 

foliar  appendages  of  the  Lycopodiales  fall  into  the  category  of  "leaves"  just  as 
much  as  those  of  other  Vascular  Plants.  It  is  not,  however,  necessary  to  regard 

them  as  all  derived  along  a  single  ancestral  line.* 

Eqtjisetales. 

The  leaves  of  Equisetum  are  mere  webbed  teeth,  each  provided  with  a  single 

vascular  strand,  and  united  into  a  sheath.  They  are  probably  reduced  representa- 
tives of  an  ancestry  with  larger  leaves,  less  fully  webbed,  or  even  free.  Thus  in 

Annularia  and  Phyllotheca  the  leaves  are  slightly  webbed  :  but  in  Asterophyllites , 

which  is  traced  back  to  the  Devonian  Period,  the  leaves  appear  quite  separate  in 

widely  divergent  whorls.  These  leaves  were  simple,  though  of  larger  dimensions 

than  the  leaf-teeth  of  Equisetum ,  and  more  effective  than  these  as  assimilating 
organs.  But  among  the  earliest  forms,  such  as  Asterocalamites  (Schimper)  from 

the  Culm,  the  separate  leaves  were  themselves  branched  in  repeated  dichotomies, 

as  shown  in  the  well-known  drawing  of  STUR.f 

These  facts  indicate  that  in  the  earlier  Equisetales  the  leaves  were  separate 

assimilating  organs,  and  were  sometimes  susceptible  of  dichotomous  branching. 

That  they  were  liable  to  cohesive  webbing.  That  with  this  in  some  cases  went  a 

reduction,  so  that  they  became  mere  protective  sheaths  to  the  assimilating  axis, 

as  in  Equisetum.     In  others  they  became  enlarged,  and  the  sheaths  split  into  broad 

*  Compare   Lignier,  "Equisetales  et   Sphenophyllales :    leur  origine   Filicineenne  commune,"  Bull,  de  la  Soc. 
Linn,  de  Normandie,  50  serie,  7e  vol.,  Caen,  1903. 

t  See  Land  Flora,  fig.  199  ;  or  Zeiller,  Pal&obotanique,  fig.  112. 
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pseudo-leaves,  each  with  several  veins,  which  however  do  not  appear  to  have  them- 

selves branched.  This  is  seen  in  Schizoneura*  For  our  comparisons  the  most 
important  fact  is  the  existence  of  equal  dichotomy  of  the  linear  leaves  within  the 

Equisetales  (Asterocalamites) ,  though  in  most  of  them  the  leaf  is  unbranched. 

In  this  connection  must  be  mentioned  two  organisms  of  great  antiquity  but  of 

rather  uncertain  affinity.  Pseudobornia,  which  was  described  by  Nathorst  from 

the  Upper  Devonian  of  Bear  Tsland,  had  jointed  stems  and  whorled  leaves,  according 

in  this  with  the  Equisetales  and  Sphenophyllales.  But  the  leaves  are  palmately 

branched  with  repeated  dichotomies,  the  segments  having  serrate  edges  and  the 

whole  presenting  a  fern-like  habit,  with  a  more  complex  leaf-structure  than  is 
found  in  the  Equisetales  or  Sphenophyllales.  t  Another  early  type  with  elaborate 

leaves  borne  in  whorls  on  a  jointed  axis  is  Cheirostrobus,  of  which  only  the  fertile 

cone  is  known.  Each  sporophyll  is  composed  of  three  equal  sterile  lobes  and  three 

sporangiophores.  In  so  compact  a  branching  as  it  shows  it  is  difficult  to  be  sure 

of  the  method  of  branching.  It  suggests  trichotomy.  But  there  is  no  doubt  that 

the  distal  end  of  each  of  the  sterile  lobes  shows  a  dichotomous  branching.  It  thus 

appears  that,  though  in  both  cases  the  knowledge  is  limited  and  development 

unknown,  still  there  is  clear  evidence  of  dichotomy  in  the  construction  of  their 

foliar  organs.J 

Sphenophyllales  and  PsiLOTACSyE. 

But  dichotomy  is  much  more  prevalent  in  the  leaves  of  the  Sphenophyllales  and 

their  living  correlatives  the  Psilotacese.  The  latter  bear  in  the  vegetative  region 

simple  leaves  with  an  unbranched  vascular  strand ;  but  their  sporophylls  show 

normally  a  single  dichotomy  associated  with  the  production  of  a  sporangiophore. 

In  abnormal  cases  the  dichotomy  may  be  repeated.  A  possible  interpretation  of 

these  facts  would  be  that  the  vegetative  leaves  are  simple  by  reduction,  while  the 

forked  sporophylls  represent  the  more  primitive  state.  This  would  bring  them 

into  line  with  the  fossil  Sphenophylls,  in  which  branching  exists  both  in  the 

vegetative  leaves  and  in  the  sporophylls,  and  is  carried  further  than  in  the 

Psilotaceae.  This  is  particularly  well  seen  in  Sphe?iophyUum  majus,  where  the 

sporophyll  may  show  two  successive,  equal  dichotomies  ;  but  these  are  repeated 

still  further  in  S.  cuneifolium,  and  especially  in  the  relatively  large-leaved 
Trizygia. 

There  is  a  great  variety  in  the  state  of  "  webbing  "  in  this  family.  All  grades 
of  it  can  be  illustrated,  from  narrow  linear  dichotomising  segments  with  a  single 

vein,  as  in  S.  tenerrimum,  to  webbed  segments  with  a  marginal  tooth  at  the  distal 

end  of  each  vein  of  the  dichotomy,  as  seen  in  S.  cuneifolium.  The  most  advanced 

state  of  webbing  is  seen  in  those  with  dichotomous  venation,  but  entire  margin,  as 

*  See  Feistmantel's  drawing  reproduced  in  Engler  and  Prantl,  i,  4,  fig.  345. 
t  Nathorst,  K.  Svensk  Vetmskaps-Akad.  Hand.,  xxxvi,  No.  3. 

I  Scott,  Studies  in  Fossil  Botany,  i,  pp.  114-123. 



LEAF-ARCHITECTURE  AS   ILLUMINATED   BY  A   STUDY  OF  PTERIDOPHYTA.      665 

in  S.  verticillatum.  Potonie  states*  that  on  the  whole  the  size  of  the  leaves 

increases  in  passing  from  the  older  to  the  later  horizons,  but  that  the  converse 

holds  for  the  cutting  of  the  blade.  S.  tenerrimum  from  the  lower  horizons  with 

smaller  leaves  has  quite  narrow,  linear,  radiating  segments,  while  S.  Thoni  from 

the  "  Unterrothliegenden  "  has  large  undivided  leaves.  This  is  an  important  point 
for  comparison  with  the  Ferns  ;  but  in  this  connection  it  must  be  remembered  that 

in  S.  cuneifolium  both  linear  and  webbed  leaves  are  found  on  the  same  specimen. 

This  fact  does  not  invalidate  Potonie's  point,  but  it  detracts  somewhat  from 
its  value. 

Filicales. 

In  dealing  with  this,  the  largest  group  of  the  Pteridophyta,  which  shows  so  great 

a  diversity  in  foliar  structure,  those  which  are  held  to  be  relatively  primitive  types 

will  be  taken  first,  and  the  descriptions  will  relate  chiefly  to  their  juvenile  leaves. 

These  commonly  prefigure  in  some  measure  the  characters  of  the  adult  leaf.  But 

it  will  be  seen  from  numerous  examples  that  there  is  a  greater  similarity  in  the 

juvenile  leaves  of  Ferns  at  large  than  is  seen  in  their  adult  leaves.  In  the  former, 

dichotomy,  either  with  equal  branching  or  sympodially  developed,  is  in  most  cases 

a  quite  obvious  feature. 

Osmundacese. 

It  is  convenient  first  to  describe  the  case  of  Osmunda  regalis,  as  its  juvenile 

leaves  show  a  condition  which  is  unusually  regular.  But,  however  exceptional  this 

degree  of  regularity  may  be  in  other  Ferns,  the  study  of  it  serves  to  bring  into 

prominence  that  dichotomous  structure  which  underlies  the  branching  in  the  leaves 

of  Ferns.  The  cotyledon  has  a  single  vascular  strand  traversing  its  stalk,  which 

forks  as  it  enters  the  lamina,  and  each  resulting  shank  forks  again  twice  (fig.  1,  a). 

The  two  main  branches  of  the  first  dichotomy  occupy  the  two  slightly  unequal  and 

not  \ery  clearly  marked  lateral  lobes  ;  but  the  left-hand  branch  in  this  particular 
leaf  is  slightly  the  stronger,  and  it  shows  signs  of  a  second  lobing.  Older  leaves 

taken  from  different  plants,  compared  in  succession  of  size,  show  at  first  a  very 

striking  equality  of  lobation  and  of  dichotomous  venation.  Examples  are  seen  in 

fig.  1,  b-d,  where  this  equality  is  strictly  maintained,  especially  in  the  latter.  But 
as  we  pass  to  older  leaves,  of  larger  dimensions,  the  equality  is  gradually  lost,  and 

in  0.  regalis  the  progressive  steps  may  be  more  readily  followed  than  in  most  Ferns. 

Thus  in  fig.  1,  e,  while  the  lobing  and  the  dichotomy  of  the  venation  are  not  markedly 

different,  the  left  lobe  is  larger  than  the  right,  and  the  acroscopic  shank  of  the 

venation  of  the  left  lobe  has  correspondingly  increased.  Moreover,  the  basal  parts 

of  the  alternate  right  and  left  shanks  of  its  successive  dichotomies  have  disposed 

themselves  in  a  sympodial  fashion.  The  left-hand  lobe  has  also  become  clearly 

divided  into  two  parts,  of  which  the  acroscopic  projects   the  farthest,  and  with  a 
*  Lehrbuch,  p.  176. 
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a 

si  raightening  up  and  sympodial  development  of  its  venation  it  almost  takes  the 

position  of  a  terminal  lobe  with  a  midrib.  In  (/)  the  pseudo-terminal  position 
appears  plainer,  though  its  Venation  still  appears  as  a  very  regular  dichotomy. 

But  in  (g)  the  sympodial.  development  of  the  veins,  both  in  the  pseudo-terminal 

lobe  and  in  the  apparently  lateral  lobes,  has  advanced  so  that  each  appears  to  be 

b  e 

Fig.  1,  a-rj. — Successive  juvenile  leaves  of  Osmunda  regalis,  showing  steps  of  progression  from  equal  dichotomous 
venation  to  sympodial  branching,  and  the  establishment  of  a  terminal  lobe.     (  x  5.) 

provided  with  a  midrib  in  its  basal  part.  At  the  distal  region  of  each,  however, 

the  venation  reverts  to  the  original  type  of  almost  equal  dichotomy.  In  older  leaves 

the  terminal  leaflet  and  lateral  pinnae  are  themselves  liable  to  similar  lobing,  all 

having  the  venation  of  the  type  already  established  in  (g).  And  this  architectural 

method  may  be  continued  without  further  essential  modification  till  the  fully 
formed  adult  leaf  is  reached. 

The  general  characters  of  these,  with  their  high  state  of  pinnation,  are  too  well 

known  to  need  redescription.     But  interest  attaches  to  the  origin  of  the  pinnae,  their 
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relation  to  the  venation,  and  to  the  developments  seen  at  the  leaf-base  ;  for  all  of 
these  points  have  their  bearing,  not  only  on  this  individual  case,  but  also  upon  the 

behaviour  of  leaves  at  large. 

The  origin  of  the  lower  pinnae  of  the  mature  leaf  is  known  to  be  monopodia!* 
They  arise  in  acropetal  sequence  below  the  apex,  and  in  the  already  massive  organ 

from  which  they  spring  they  cannot  be  traced  as  having  any  definite  relation  to  its 

apical  segmentation.  But  passing  up  from  the  base  of  the  whole  leaf  to  the  distal 

end  there  is  a  gradual  transition,  similar  to  that  already  known  in  other  Fern  leaves ; 

this  leads  to  a  mode  of  origin  of  the  last  branchings  being  referable  to  a  sympodial 

dichotomy,  of  the  same  type  as  that  seen  in  the  juvenile  leaves.  The  base  of  the 

terminal  lobe  often  gives  indication  of  the  relation  which  exists  between  these  later 

Fig.  2. — Portions  of  adult  leaves  of  Osmunda  rcgalis,  showing  the  relation  of 
pinnules  to  the  venation  and  to  the  leaf  outline,     (x  4.) 

branchings  of  the  leaf  and  its  venation.  The  branch-system  resulting  from  the 
dichotomy  of  each  single  lateral  vein  may  in  the  distal  part  of  the  lobe  be  included 

within  the  margin  of  that  lobe  ;  but  towards  its  base  a  convex  crenation  may  some- 

times be  seen,  which  includes  the  whole  of  such  a  branch-system  (fig.  2,  a).  Lower 
down  a  more  definitely  projecting  lobe  may  be  found,  and  lower  lobes  still  may 

successively  be  elongated  outwards  and  their  venation  be  sympodially  developed. 

The  separation  of  such  lobes  from  the  terminal  lobe  may  be  completed  by  involution 

of  the  margin  down  to  the  midrib.  Such  steps,  which  link  together  the  branchings 

of  the  venation  with  the  origin  of  the  separate  pinnae,  are  seen  at  the  base  of  the 

leaflet  shown  in  fig.  2,  b.  Such  a  relation  is  found  to  hold  very  widely  in  Ferns.  It 

shows  that  even  a  pinnate  leaf  is  constructed  on  the  basis  of  sympodial  dichotomy, 

while  the  pinnae  thus  produced  may  be  alternate,  or  apparently  opposite,  and  owe 

their  origin  to  monopodial  branching. 

This  seemingly  alternate  or  paired  disposal  of  the  pinnae  is  prefigured  by  similar 

dispositions  of  the  lateral  veins.  Uniformity  in  the  mutual  relations  of  the  veins  is 

not  necessarily  found  throughout  a  single  pinna.     This  is  illustrated  by  fig.  3.     In 

*  Phil.  Trans.,  part  ii,  1884,  p.  570. 
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the  right-hand  pinna  there  shown  the  successive  veins  alternate  throughout  its 

length.  In  the  left-hand  pinna  they  alternate  at  the  base,  but  in  the  upper  part  the 
lateral  veins  appear  to  be  inserted  opposite  to  one  another.  In  reality,  however,  as 

Hofmeister  noted,  they  alternate  still.  But  the  distance  between  the  successive 

dichotomies  is  so  abbreviated  that  the  appearance  is  given  of  paired  veins,  arising 

on  opposite  sides  of  a  continuous  midrib.  This  appearance,  which  is  very  common 

in  Ferns,  as  it  is  also  in  the  leaves  of  Angiosperms,  is  thus  simply  the  result  of  a 

slight  modification  of  the  sympodial  dichotomy.  The  steps  of  that  modification  are 

well  illustrated  in  the  juvenile  leaves  of  Todea  barhara  (see  below). 

The  leaf-base  of  the  Osmundacese  shows  developments  which  appear  only  in  the 
older  leaves,  and  have  no  relation  to  the  distal  branchings.     They  rank  with  similar 

Fig.  3. — Two  pinnules  of  an  adult  leaf  of  Osmunda  regalis,  showing 
how  their  venation  is  essentially  alternate,  but  may  in  places  be 

apparently  opposite,     (x  4.) 

growths  in  a  number  of  primitive  types.  In  Osmunda  these  consist  in  wide  lateral 

flaps  which  form  a  broad  sheathing  base  to  the  leaf-stalk.  This  development,  which 
is  biologically  important  for  protection,  is  of  the  nature  of  an  extension  of  those 

lateral  wings  which  extend  the  whole  length  of  the  leaf  in  varying  prominence,  and 

merge  finally  into  the  marginal  growth  at  the  distal  end.# 
Most  Ferns  are  liable  to  occasional  variations  from  the  normal ;  these  may 

illuminate  their  morphology.  The  "  forma  furcata "  is  such  a  variant,  seen  in 
Polypodium  vulgare,  Scolo'pendriwm  vulgare,  Athyrium,  Nephrolepis,  etc.,  etc.t 
The  forking  is  frequently  a  very  perfect  dichotomy,  and  may  affect  only  the 

distal  ends  of  the  pinnoe,  or  the  apex  of  the  leaf,  or  it  may  extend  downwards, 

so  that  in  extreme  cases  it  may  result  in  apparently  two  complete  leaves  seated 
on  a  common  stalk. 

In  a  specimen  of  0.  regalis  from  India  the  distal  ends  of  the  pinnae  only  were 

affected,  and  this  gave  an  opportunity  for  examining  the  relation  of  the  forking  to 

the  venation,  and  so  to  the  regular  architecture  of  the  leaf.     Three   examples  are 

*  See  Phil.  Trans.,  1884,  p.  577.  t  See  the  writings  of  Moore,  Lowe,  Luerssen,  etc. 
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shown  in  fig.  4,  a,  b,  c.  In  (a)  the  forking  is  slightly  unequal,  the  stronger  being 

to  the  left.  There  is  a  regular  alternation  of  the  veins  forming  the  sympodium, 

and  the  supply  to  the  smaller  right-hand  lobe  may  be  held  to  be  one  of  these  veins, 

which  has  developed  more  strongly  and  branched  more  frequently  to  supply  the 

marginal  outgrowth.  On  this  view  it  would  represent  a  partial  reversion  from 

the  inequality  of  the  forking  in  the  sympodium  towards  the  primitive  equality,  such 

as  is  seen  in  the  juvenile  leaves.  A  similar  interpretation  would  apply  to  (6),  but 

there  the  branching  of  the  lateral  lobe  is  more  extensive.  Such  conditions  lead 

easily  to  that  in  (c),  where  the  two  lobes  are  very  equally  developed,  so  that  it  is 

difficult  to  say  whether  one  or  the  other  is  the  apex  of  the  sympodium.  In  other 

words,  one  branching  of  the  sympodium  has  reverted  very  perfectly  to  the  primitive 

equal  dichotomy.  , 

Fig.  4,  a-c. — Various  states  of  "  furcation  "  of  the  apex  of  the  pinnule  in  Osmunda  regalis.    (  x  4. 

Seedlings  of  Todea  barbara,  kindly  supplied  by  Messrs  Hill  of  Edmonton, 

have  been  compared,  and  they  show  an  earlier  departure  from  the  equal  dichotomy 

than  in  O.  regalis.  In  fig.  5,  a,  b,  c,  a  number  of  cotyledons,  or  at  most  second 

leaves,  are  shown,  and  they  illustrate  in  the  succession  of  their  lettering  gradual 

steps  from  equal  dichotomy  to  sympodial  branching.  This  applies  not  only  to  the 
venation,  but  also  to  the  lobation,  which  is  much  more  marked  than  it  is  in  Osmunda. 

Fig.  5,  a,  is  an  almost  diagrammatic  dichotomy,  and  the  length  of  the  shanks  between 

the  first  and  second  branchings  is  approximately  equal.  In  (b)  the  dichotomy  is 

slightly  unequal,  the  right  lobe  being  the  larger,  but  still  the  distance  between  the 

first  and  second  forkings  is  equal  in  the  two  shanks.  In  (c)  that  length  is  unequal, 

the  longer  being  that  of  the  stronger  limb,  which  is  unusual.  The  more  frequent 

condition  is  that  seen  in  (d),  where  between  the  first  branching  and  the  second  the 

distance  on  the  weaker  limb  is  greater  than  on  the  stronger.  This  leads  to  the 

insertion  of  the  vascular  supply  of  the  lower  lobes,  right  and  left,  being  nearly 

opposite  to  one  another.  It  is  still  more  nearly  the  case  in  (e).  The  transition  is 

seldom  so  clearly  seen  as  in  these  cases,  and  it  accords  with  what  has  already  been 
noted  above  in  Osmunda. 
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Comparison  may  be  made  with  the  juvenile  leaves  of  Todea  superba,  in  which 

species  the  mature  leaves  are  dissected  into  fine  lacinise,  each  containing  a  single 

vascular  strand.  The  terminal  branchlets  of  the  adult  leaf  or  pinna  show  obvious 

dichotomy,  and  the  relation  of  the  lacinise  indicates  a  sympodial  origin.     The  first 

b  e 

Fig.  5.  — Juvenile  leaves  of  Todca  barbara.     (  x  4. ) 

a 

Fig.  6,  a-c. — Cotyledons  of  Todea  superba,  showing  different  complexity  of  construction.     (  x  3.) 

leaves  appear  in  strong  antithesis  to  those  of  Osmunda,  for  they  have  from  the  first 

not  only  separate  lacinise,  but  also  sympodial  development.  This  is  shown  in  fig.  6, 

a,  b,  c,  which  are  readily  understood.  They  are  all  cotyledons,  and  it  appears  that 

with  the  narrow  laciniae  goes  an  early  adoption  of  sympodial  development.  But  none 

the  less  dichotomous  branching  underlies  the  structure  of  the  cotyledon,  as  it  also 
does  that  of  the  adult  leaf. 
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The  developments  at  the  base  of  the  leaf  in  T.  superba  go  a  step  further  than  in 

Osmunda,  for  the  broad  lateral  flaps  extend  across  the  face  of  the  petiole,  so  as  to 

form  a  continuous  envelope,  which  ensheathes  the  next  younger  leaf.  In  this  respect 

it  is  comparable  with  that  seen  in  the  Marattiaceae  and  Ophioglossaceae.* 
A  comparison  of  these  three  examples  from  the  Osmundacese  thus  shows  a  near 

similarity  in  the  venation-system,  but  a  difference  in  the  degree  of  laciniation.  It 
lies  near  to  hand  to  suggest  that  the  entire  cotyledon  of  Osmunda  is  a  result  of 

"  webbing  "  of  a  laciniate  type,  such  as  T.  superba  ;  the  vascular  skeleton  remaining 
of  the  same  fundamental  type,  and  subject  in  either  case  to  the  same  sympodial 

modifications.  On  the  other  hand,  the  sympodial  development  replaces  the  equal 

dichotomy  relatively  late  in  Osmunda,  while  in  T.  superba  it  is  already  advanced 

even  in  the  cotyledons.  The  diversity  thus  seen  in  the  Osmundacese  is  widespread 

in  Ferns.  The  primary  steps  of  equal  dichotomy  so  well  seen  in  O.  regalis  are  apt 

to  be  abbreviated,  or  wholly  omitted. 

The  modifications  of  the  dichotomy  from  the  equal  to  the  sympodial  thus  far 

seen  have  been  described  in  plain  words.  They  all  fall  under  a  well-known  scheme, 
designated  the  scorpioid  sympodial  dichotomy,  t  The  differences  which  they  show 

depend  chiefly  upon  (i)  the  degree  of  sympodial  development,  (ii)  the  relative 

distance  intervening  between  the  successive  forkings,  and  (iii)  the  number  of 

these  forkings. 

Schizseaceas. 

Few  personal  observations  have  been  made  on  the  juvenile  leaves  of  any 

Schizaeaceae,  excepting  Aneimia  adiantifolia.  But  that  is  little  matter  for  regret, 

since  this  family  has  been  very  adequately  studied  by  Prantl.  \  The  genus  Schizaea 

regularly  maintains  the  dichotomous  branching  in  the  vegetative  region  of  the  adult 

leaf.  But  the  matter  is  not  so  clear  in  the  fertile  region,  where  the  branches  are 

crowded  together  in  a  dense  group  and  folded  so  as  to  face  one  another.  If 

transparent  preparations  be  made  from  the  adult  leaf,  the  branching  may  be  traced 

through  the  vascular  connections,  as  seen  in  S.  dichotoma  (fig.  6  bis).  In  (a)  the 

leaf-tip  has  been  halved,  and  the  view  from  the  inner  surface  shows  seven  pinnae,  of 
which  the  uppermost  and  lowest  have  themselves  forked.  The  vascular  strands  all 

gather  up  to  the  main  supply  in  a  way  that  is  made  more  clear  by  (6),  which  shows 

the  adaxial  aspect  of  another  specimen.  The  pinnae  are  in  apparently  opposite  pairs, 
and  the  leaf  ends  in  a  bifurcation.  The  arrangement  is  to  be  interpreted  thus  :  the 

pinnae  are  not  in  exact  pairs,  but  are  really  formed  in  a  close  sympodial  series.     The 

*  Compare  Phil.  Trans.,  part  ii,  1884,  p.  577,  plate  xxxvii,  fig.  8. 
t  There  have  been  misunderstandings  in  the  use  of  terms  applied  to  branch-systems.  The  use  of  the  terms 

here  adopted  is  that  of  Hofmeister  (Allgemeine  Morphologie,  p.  435)  as  applied  to  sympodial  developments  of 
monopodial  branchings.  The  term  "  scorpioid"  in  this  sense  was  introduced  by  Bravais,  while  Schimper  designated 
this  type  of  sympodium  a  Gicinnus.  The  terminology  founded  for  monopodial  systems  may  be  adopted  for  designat- 

ing the  similar  developments  in  dichotomous  systems. 
\  Schizaeaceen,  1881. 
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actual  relation  of  each  apparent  pair  is  like  that  of  the  lateral  lobes  already 

discussed  in  O.  regalis,  and  the  seemingly  paired  limbs  are  in  each  case  forkings  of 

different  order.     In  fact,  they  constitute  a  -close  scorpioid  sympodium. 

The  point  is  clearer  in  the  vegetative  leaf  of  Marsilia,  a  genus  now  acknowledged 

to  have  near  affinity  to  the  Schizseacese,  which  will  be  considered  later. 

In  other  genera  of  the  Schizseacese  the  equal  dichotomous  branching  is  widely 

departed  from  in  the  direction  of  sympodial  forms.  Prantl  has  analysed  the  steps 

towards  this  condition,  both  in  the  adult  and  in  the  juvenile  leaves  of  Lygodium 

circinatum.  He  remarks*  that  notwithstanding  the  complexity  of  the  adult  leaf 

of  Lygodium,  the  underlying  architecture  is  simple.  There  is  a  spindle "  of 

unlimited  apical  growth,  which  bears  alternating  "  primary  segments  "  :  each  of  the 
latter  has  a  short  secondary  spindle,  and  it  bears  regularly  two  secondary  segments, 

a  b 

Fig.  6  bis,  a,  b. — Branching  in  the  fertile  region 
of  Schizcca  dichotoma.     (x  4.) 

which  vary  in  character  according  to  the  species.  They  show  conditions  grading 

between  that  of  a  dichotomy  of  the  venation  (shown  for  L.  palmatum  in  Prantl, 

pi.  i,  fig.  1,  which  is  comparable  with  our  fig.  1,  d,  of  the  young  Osmunda  leaf)  and 

the  sympodial  development  with  a  terminal  lobe,  having  a  midrib  (in  L.  venustum, 

Prantl,  pi.  i,  fig.  9,  which  is  comparable  with  our  fig.  1,  g,  of  an  older  leaf  of 

Osmunda).  In  its  secondary  segments  L.  circinatum,  corresponds  essentially  with 
the  former  type. 

Having  ascertained  this  transition  by  comparison  of  the  secondary  segments  in 

different  species,  Prantl  examined  the  juvenile  leaves  of  L.  circinatum,  and  found 

that,  in  their  successive  stages  from  the  cotyledon  onwards,  they  as  a  whole  showed 

just  the  same  transition  from  the  dichotomous  to  the  sympodial  type,  and  he 

represents  them  by  schematic  drawings,"!"  which  with  slight  modifications  are 
reproduced  as  fig.  7,  a,  b,  c.  Of  these,  fig.  a  represents  the  condition  of  the 

cotyledon,  which  shows  a  regular  dichotomy.  Fig.  b  shows  the  state  of  a  later 

juvenile  leaf,  in  which  the  shanks  are  unequally  developed  and  a  sympodial  state 

is  initiated.  Fig.  c  represents  the  condition  of  the  adult  leaf,  the  arrow  indicating 

the  unlimited  growth  of  the  sympodial  rachis,  upon  which  the  pinnae  now  take 

a  lateral  position,  characteristic  of  the  scorpioid  sympodium. 

*  Schizaeaceen,  p.  8.  f  PI.  i,  figs.  12-14. 
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Prantl  applied    a  similar  analysis  to  the  leaves  of  Aneimia  and  Mohria,  and 

found  that  they  were  susceptible  of  a  similar  interpretation  ;  but  in  them  the  apical 
growth  is  limited. 

a 

Fig.  7.— Schematic  drawings  after  Pbantl,  showing  the  sympodial  development 
in  leaves  of  Lygodium  circinaticm.     (See  text. ) 

As  material  was  available  from  my  Jamaican  collections,  it  was  thought  worth 

while  to  examine  and  depict  the  successive  stages  of  the  juvenile  leaves  of  Aneimia 

adiantifolia  (fig.  7  bis,  1-1 1).     The  simplest  leaf  is  seen  in  (l) :    it  shows  a  single 

10  9 

Flo.  7  bis,  1-11. — Successive  stages  of  development  of  the  juvenile  leaves  of  Aneimia  adiantifolia.     (  x  4.) 

forked  vein,  and  two  equal  distal  teeth.     Transitional  stages  (2,  3)  lead  to  a  double 

dichotomy,  with  four  equal  distal  teeth.     The  two  limbs  of  the  dichotomy  begin,  in 

more  elaborate  forms  (4-7),  to  develop  unequally,  while  a  deeper  indentation  marks 
off  the  two  lobes.     Each  of  these  is  supplied  by  the  branches  of  one  limb  of  the 

fundamental  dichotomy,  and  each  has  distal  teeth  corresponding  to  the  veins.     The 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  21).  99 
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inequality  in  more  advanced  leaves  (8,  9)  becomes  more  pronounced,  while  the 

anadromic  half  of  that  which  is  the  more  strongly  developed  overtops  the  rest.  In 

(10)  it  has  assumed  the  character  of  a  terminal  lobe.  In  this  lobe  in  the  more 

advanced  leaves  a  similar  progression  is  repeated  (ll),  and  an  apparently  simple 

pinnate  leaf  is  the  result.  Already  in  relatively  small  leaves  the  lateral  pinnae  may 

repeat  the  same  method  of  advance.  It  is  perceptible  in  the  older  pinnae  of  (ll). 
And  thus  a  scheme  of  elaboration  is  initiated  which  has  no  theoretical  limit. 

It  corresponds  to  that  of  the  other  Schizseaceee,  as  analysed  by  Prantl,  and  it  is 

essentially  the  same  as  seen  in  Osmunda.  All  are  scorpioid  sympodia.  In  such 

cases  the  chief  differences  lie  in  the  earlier  or  later,'  and  the  greater  or  less  assertion 
of  the  sympodial  development.  There  is,  however,  one  additional  complication. 

That  is  the  formation  of  reticulate  fusions  of  the  veins,  which  appear  in  Lygodium, 

§  Hydrudictyon,  and  in  Aneimia,  §  Aneimidictyon.  This  may  be  held  to  have 

been  a  relatively  recent  acquisition. 

MarsiliacesB. 

The  adult  vegetative  leaf  of  Pihdaria  is  simple.     That  of  Marsilia  is  normally 

four-lobed,  but  its  juvenile  leaf  is  simple.*     The  progression  in  M.  Ernesti  from  the 

Fig.  8. -Successive  stages  of  the  juvenile  leaves  of  Marsilia. 
After  Biiaun. 

simple  to  the  adult  was  followed  by  A.  Braun,  and  is  discussed  by  GoEBEL.t 

Braun's  drawings  are  reproduced  as  fig.  8,  where  1-4  show  successive  expansions 
of  the  distal  end,  with  dichotomous  venation,  the  veins  being  linked  at  the  margin 

*  These  facts  compare  with  what  is  seen  in  Schizxa  rupestris,  in  which,  as  noted  by  Goebel  (Orgauograjihy, 

Engl,  ed.,  ii,  p.  478),  its  sterile  leaf  is  unbranched.  The  branching,  such  as  is  seen  in  the  sterile  leaves  of 

S.  digitate  and  elegant,  appears  here  only  in  the  fertile  region. 

t   Very  I.  Entwic'kelungsges.,  p.  254. 
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by  arched  commissures,  as  in  the  mature  leaf.  (5)  shows  an  obvious  dichotomy  of 

the  blade.  Goebel*  remarks  the  absence  of  an  apex  (Endtheil)  between  them  ; 

but  this  is  in  itself  evidence  of  the  dichotomy.  He  notes  the  occasional  existence 

of  trifid  leaves.  These  would  be  explained  on  the  same  footing  as  the  ternate  leaf 

of  Helminthostachys  or  Osmunda.  Finally,  (6)  shows  four  lobes,  the  two  distal 

beino-  clearly  the  result  of  dichotomy,  since  again  the  apex  is  absent.  The  facts, 

viewed  in  the  light  of  the  juvenile  leaves  of  other  Ferns,  seem  to  uphold  the  in- 

terpretation of  Braun  rather  than  that  given  by  Goebel.     They  indicate  that  the 

Fig.  9.— a,  base  of  insertion  of  the  four  pinnae  in  Marsilia  polycarpa,  showing  the  vascular  connections. 
6,  scheme  of  their  arrangement  as  result  of  three  dichotomies. 

x  35.) 

quatrefoil  leaf  is  the  result  of  three  successive  dichotomies  developed  in  a  scorpioid 

sympodium. 
The  development  of  the  adult  leaf  has  been  traced  by  Hanstein.I  The  two 

lower  pinnae  arise  monopodially,  one  being  inserted  lower  than  the  other.  \  The 

leaf  is  then  three-lobed.  "Next  the  apical  cell  as  such  ceases  its  activity,  while 
laterally  from  it  the  marginal  activity  increases,  and  so  the  middle  lobe  gradually 

divides  once  more."  The  interpretation  of  this,  in  accordance  with  experience  of 
other  related  Ferns,  is  that  the  four-lobed  leaf  results  phyletically  from  three 

successive  dichotomies,  though  actually  the  two  lower  pinnae  are  produced  mono- 
podially, as  is  the  case  with  the  lower  pinnae  of  so  many  other  Ferns.  But  the 

original  dichotomy  is  retained  in  the  origin  of  the  two  later  pinnae. 
The  vascular  connections  of  the  mature  adult  leaf  lead  to  clearer  views  of  these 

relations.     They  appear  as  in  fig.  9,  a.     The  insertion  of  the  lower  apparent  pair  is 

L.c,  p.  254. f  Pringsh.  Jahrbuch,  iv,  p.  249. \  L.c,  pi.  xiv,  fig.  2. 
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not  exactly  opposite  :  in  the  drawing  the  right-hand  pinna  is  lower  than  the  left. 
The  two  distal  pinnae  are  an  obvious  result  of  bifurcation.  Thus,  following  the 

adult  vascular  connections,  the  whole  is  to  be  interpreted  as  a  scorpioid  sympodium 

with  only  three  forkings,  and  it  may  be  represented  diagrammatically  as  in  fig.  9,  b. 

Transverse  sections  of  the  mature  region  of  insertion  support  this  conclusion.*  The 
fertile  region  in  Schizsea  has  been  seen  to  be  constructed  on  the  same  plan,  but 

carried  further  by  repeated  forkings. 

The  fertile  leaf  of  M.  polycarpa  bears  a  large  number  of  sporocarps,  and  ac- 
cordingly offers  opportunity  for  study  of  their  morphological  relations.  Goebel  has 

shown  that  in  origin  these  are  of  the  nature  of  pinnse,f  and  Miss  Allison  J  has 

demonstrated  that  the  insertion  of  their  vascular  supply  upon  that  of  the  leaf-stalk 

is  marginal,  as  are  all  the  pinna-traces  in  the  Schizseace8e.§  The  actual  origin  of 
the  sporocarps  as  described  by  Goebel  is  monopodial.  Phyletically  the  probable 

explanation  of  their  peculiar  arrangement  is  that  in  repeated  forkings  the  shanks 

successively  right  and  left  of  the  forkings  are  constantly  the  weaker ;  in  fact,  it  is 

a  helicoid  sympodium,  examples  of  which  will  be  described  below  for  Matonia  and 

Pteris  semipinnata,  etc.|| 

The  simple  acicular  juvenile  leaves  of  Marsilia  correspond  on  the  one  hand  to 

the  simple  leaves  of  Pilularia,  and  on  the  other  to  the  vegetative  leaves  of  Schizsea 

rupestris  and  other  species.  In  all  of  these  it  may  be  held  that  dichotomy  was 

probably  present  in  the  ancestry,  as  it  is  in  the  rest  of  the  Schizseacese.  They  may 

be  held  to  have  reverted  to  a  condition  where  the  simple  juvenile  leaf  is  maintained 

throughout  life.  The  same  may  also  be  the  true  interpretation  of  the  simple  leaf- 
structure  seen  throughout  life  in  Salvinia  and  Azolla. *&j 

Marattiacese. 

In  Dansea,  Marattia,  and  Angiopteris  the  ultimate  venation  of  the  adult  leaf 

shows  prevalent  dichotomy.  But  in  Kaulfussia  the  venation  is  reticulate.  All 

of  them  have  prominent  midribs,  from  which,  in  the  former  cases,  the  dichotomising 

veins  spring,  while  each  strand  extends  in  Angiopteris  and  Marattia  into  a  short 

marginal  tooth.  The  juvenile  leaves  have  been  figured  in  all  the  genera,  but  the 

transitions  to  the  mature  state  have  not  been  fully  followed.  Thus  Campbell  has 

depicted  the  juvenile  leaves  of  Dansea,^  of  Marattia  ,**  of  Angiopteris, \\  and  of  Kaul- 

*  Allison,  New  Phyt.,  vol.  x,  pi.  iii.  t  Organography,  Engl,  ed.,  ii,  p.  479.  J  L.c,  p.  204. 
§  Davie,  Trans.  Roy.  Soc.  Edin.,  vol.  1,  pt.  ii,  No.  11,  p.  354. 

||  The  use  of  this  term  is  that  adopted  by  Hofmeister,  after  Bravais  (Allg.  Morph.,  p.  435),  as  applied  to 

monopodial  branchings,  and  transferred  to  dichotomies  also.  An  inversion  of  the  use  of  the  terms  "helicoid"  and 

"scorpioid"  appeared  both  in  the  Textbook  of  Sachs,  Engl,  ed.,  1875,  p.  157,  and  in  that  of  Van  Tieghem,  p.  38. 
But  they  are  used  in  their  original  sense  in  the  Textbook  of  Strasburger. 

IT  Eusp.  Ferns,  fig.  125,  p.  148. 

**  L.c,  fig.  122,  p.  147. 

tt  L.c,  fig.  122,  p.  147  ;  also  Farmer,  Ann.  of  Hot.,  vi,  pi.  xv. 
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fussia*     From  all  of  these  drawings  it  would  appear  that  dichotomy,  as  expressed 

in    outline    or  in  venation,  is  not  an  obvious  character  of  the  juvenile  leaf.     But 

d 

Fig.  10.—  Juvenile  leaves  of  Danoea  nodosa,     (x  4.) 

Fie.  11.— Young  leaf  of  Angiopteris  everfa,  showing  at  its  base,  on  the  right,  a  pinna, 
and  on  the  left  another  is  indicated.     (  x  4. ) 

comparison  of  such  leaves  themselves,  and  their  interpretation  in  the  light  of 

experience  from  other  Ferns,  shows  that  dichotomy  developed  sympodially  is  the 
fundamental  construction  of  them  all. 

Observations  were  made  on  young  plants  of  Dansea  nodosa,  collected  in  Jamaica. 

The  smallest  cotyledon  seen  is  shown  in  fig.  10,  a,  and,  though  the  outline  is  entire, 

*  L.c,  fig.  123,  p.  147  ;  also  Buit.  Ann.,  2nd  series,  vol.  vii,  pi.  viii. 
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the  vein  dichotomises.  In  (b)  there  are  three  veins  ;  evidently  the  right  shank  has 

forked  again.  From  this  condition  (c,  d)  illustrate  how,  by  repeated  right  and  left 

dichotomies,  a  sympodial  venation  may  be  built  up,  with  a  prominent  midrib.  This 

corresponds  to  what  has  been  shown  in  Campbell's  drawings  for  Angiopteris, 
Marattia,  and  Dantea.  It  is  an  easy  transition  from  fig.  10,  d,  to  fig.  11,  which  shows 

a  young  leaf  of  Angiopteris  with  incipient  pinnation  at  the  base.  The  venation  of 

its  upper  region  is  a  simple  elaboration  of  that  in  fig.  10,  d.  It  shows  on  the  right 

hand  a  first  basal  pinna,  and  a  second  on  the  left  is  imperfectly  indicated.  The 

basal  lateral  vein,  essentially  dichotomous,  has  developed  sympodially,  with  a 

marked  midrib.  The  next  vein  on  the  left,  though  it  supplies  an  evident  lobe,  or 

imperfectly  formed  pinna,  has  a  venation  that  is  clearly  dichotomous,  the  sympodial 

development  being  hardly  established.  Upon  these  simple  materials  the  scheme 

of  construction  of  the  leaf  in  the  genera  Dansea,  Marattia,  and  Angiopteris  is 

wholly  based.  In  all  it  is  essentially  dichotomous,  but  with  a  scorpioid  sympodial 

character  asserted  early. 

In  Kaidfussia  the  fundamental  nature  of  the  venation  appears  to  be  the  same. 

But  it  is  obscured  even  in  the  juvenile  leaves  by  reticulate  anastomosis,  which 

may  be  held  on  ground  of  general  comparison  to  be  a  character  relatively  recently 

acquired.  This  is  borne  out  by  the  first  juvenile  leaves,*  in  which  anastomosis  is 
superposed  upon  a  venation  similar  in  its  main  branchings  to  that  seen  in  Dansea 

and  Angiopteris.  But  the  distal  ends  of  the  veins  in  Kaulfussia  are  connected 

by  curved  loops. 

Certain  features  of  the  adult  leaf  of  Angiopteris  were  described  many  years  ago.t 

It  was  found  that  the  pinnae  appear  monopodially,  in  acropetal  succession,  and  with 

regular  alternation  on  rhe  two  sides  of  the  leaf.  Their  number  is  small,  and  the 

"  phyllopodium "  terminates  abruptly  in  a  blunt  cone,|  which  may  sometimes  still 
be  recognised  in  the  mature  leaf.  An  appearance  is  thus  produced  as  though  the 

leaf  were  sympodial.  Sometimes  the  last  pinna  takes  an  apparently  terminal 

position,  but  examination  of  the  development  shows  that  this  is  not  its  real  position. 

These  features  are  important  for  comparison  on  the  one  hand  with  other  Ferns,  and 

on  the  other  with  the  Higher  Plants.  It  would  appear  that  in  Angiopteris,  after  the 

few  monopodial  pinnae  have  originated,  the  apical  growth  usual  in  Ferns  ceases,  as 

it  does  in  Cycads  and  Angiosperms.  Nevertheless  their  arrangement  accords  with 

the  scorpioid  sympodium  usual  in  the  earlier-formed  pinnae  of  other  Ferns. 

It  was  further  concluded  that  the  so-called  "  stipules  "  are  basal  growths  origin- 
ating below  the  pinnae,  and  not  of  pinna-nature.  They  are  formed  from  those 

marginal  wings  which  may  be  more  or  less  clearly  traced  throughout  the  length 

of  the  leaves  of  Ferns.  They  appear  to  be  of  the  same  nature  as  the  basal  growths 

in   the  Osmundaceae,  but   more    massive.     In    Angiopteris   there    is    a    commissure 

*  Campbell,  liuit.  Ann.,  t.  xiii,  pi.  viii,  fig.  36.  t  Bower,  Phil.  Trans.,  part  ii,  1884,  p.  479. 
\  L.c,  figs.  16,  17. 
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across  the  frontal  face  of  the  leaf,  as  in  Todea.  Thus  there  is  nothing  in  the  leaf 

of  Angiopteris,  as  an  example  of  the  Marattiaceae,  incompatible  with  what  is  seen 

elsewhere  in  Ferns  ;  but  certain  features  point  a  comparison  with  Seed-Plants. 

Opliioglossacese. 

The  cotyledon  of  Helminthostachys  has  been  depicted  by  Lang.*  The  ternate 
form  of  the  leaves  is  shown,  but  no  special  attention  was  paid  to  their  venation. 

Dr  Lang  has  kindly  supplied  to  me  three  juvenile  leaves  (either  cotyledons  or  second 

leaves)  from  his  Eastern  collections,  from  one  of  which  fig.  12  was  drawn.  The 

deeply  ternate  lamina  has  a  venation  which  is  evidently  a  scorpioid  sympodial 

dichotomy.  The  junction  of  the  pinna-supply  at  the  base  of  the  left-hand  pimia  is 

the  lower,  and  the  right-hand  the  upper  ;  and  it  will  be  noted  that  the  insertion  of 

Fig.  12. — A  juvenile  leaf  of  Helminthostachys,  probably  an  actual  cotyledon. 
From  the  collection  of  Dr  Lang.     (  x  4.) 

the  main  shanks  in  the  distal  lobe  alternate,  the  lowest  being  on  the  left,  thus 

alternating  with  the  right-hand  pinna.  In  fact,  the  whole  structure  is  disposed  on 
the  same  plan  as  in  fig.  1,  g,  of  Osmunda.  The  chief  differences  are  that  the  sinus 

between  each  pinna  and  the  terminal  lobe  in  Helminthostachys  is  deeper,  and  that 

the  basal  pinna  in  fig.  1,  g,  of  Osmunda  is  to  the  right;  this  character  is,  however, 

inconsistent  in  Osmunda.  We  have  seen  that  in  Osmunda  the  stage  of  fig.  1,  g,  is 

only  arrived  at  relatively  late,  being  preceded  by  smaller  leaves  with  regular 

dichotomy.  Thus  Helminthostachys  steps  direct  into  a  position  that  is  only 

secondary  and  derivative  in  Osmunda.  The  latter  may  then  serve  to  interpret  the 

real  nature  of  the  venation  in  the  former,  and  the  comparison  justifies  its  recognition 

as  a  scorpioid  sympodium,  although  the  preliminary  stage  of  equal  dichotomy  is  not 

actually  shown  in  its  first  leaves. 

The  mature   leaf  of  Helminthostachys   has  a  venation  with  a  strongly  marked 

midrib  in  each  segment,  from  which  veins  arise  in  pinnate  fashion,  forking  once,  or 

*  Ann.  of  But.,  vol.  xvi,  pi.  ii,  fig.  61  ;  and  by  Campbell,  Eusp  Fern*,  figs.  10,  45,  78. 
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sometimes  twice,  on  their  course  outwards  to  the  margin.  No  anastomoses  are  seen. 

Thus  the  venation  of  the  segments  of  the  adult  leaf  is  merely  an  extension  of  the 

type  shown  in  the  juvenile  leaf.  But  the  adult  blade  as  a  whole  has  a  rather  unusual 

branching,  which  is  not,  however,  constant  in  its  details  ;  but  a  central  type  is  well 

shown  in  Fitch's  drawing  in  Hooker's  Second  Century  of  Ferns,  pi.  xciv.  It  is,  as 
a  matter  of  fact,  a  relatively  simple  development  from  the  type  of  the  ternate  coty- 

ledon. The  place  of  the  middle  lobe  is  taken  by  a  scorpioid  sympodial  series  of 

lobes,  equally  developed  on  each  side,  so  that  they  are  arranged  in  apparent  pairs, 

after  the  manner  of  the  first  pair.  But  each  of  the  two  lateral  lobes  of  the  cotyledon 

is  here  replaced  by  a  sympodium  of  the  helicoid  type.  It  branches  repeatedly,  the 

lower  (katadromic)  shank  developing  as  a  lobe,  while  the  upper  (anadromic)  shank 

forks  again,  and  so  on.  This  development  is  already  foreshadowed  in  the  cotyledon. 

It  is  a  type  of  branching  known  as  an  anadromic  helicoid  scheme. 

Fig.  13.- — Cotyledon  of  Botrychium  virginianum.     (x  4. ) 

A  circumstance  which  may  in  some  degree  explain  the  advanced  structure  of  the 

cotyledon  is  that  the  young  plant  springs  from  a  bulky  saprophytic  prothallus. 

Botrychium  also  has  a  large  prothallus,  and  the  cotyledon  in  B.  virginianum  is  a 

relatively  large  one.  It  has  already  been  drawn  by  Jeffrey  #  and  by  Campbell^ 
The  drawing  of  a  cotyledon  shown  in  fig.  13  is  from  a  specimen  collected  in  Jamaica. 

It  is  ternate  like  that  of  Helminthostacliys,  but  more  deeply  cut  into  secondary  lobes, 

so  that  a  single  vein  may  supply  each  one  of  these.  The  plan  of  the  venation  is  the 

same  as  in  Helminthostachys,  though  simpler.  It  also  is  a  dichotomy  developed  as 

a  scorpioid  sympodium.  From  the  cotyledon  of  B.  virginianum  to  the  adult  leaf 

the  development  involves  only  continued  progress  along  the  lines  thus  initiated,  the 

adult  leaf  being  itself  ternate.  Fig.  14  shows  its  apex,  but  other  species,  such  as 

B.  ternatum,  have  a  more  robust  habit,  with  thicker  leaves,  less  finely  cut.  Fig.  15 

shows  a  normal  lobe  of  such  a  leaf,  together  with  two  imperfectly  separated  segments 

at  its  base.  A  comparison  of  this  with  fig.  1 1  of  Angicpteris,  and  fig.  2  of  Osmunda, 

shows  a  very  striking  similarity  both  as  regards  venation  and  the  relation  of  the 

lobes.      Notwithstanding    the    differences    noted,    the    venation    is    the    same   as  in 

*  "  Gametophyte  of  Botrychium  virginianum,"  Trans.  Canadian  lust.,  1896-1897,  vol.  v,  pt.  2,  pi.  i,  figs.  9,  10. 
t  Eusp.  Ferns,  fig.  7. 
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B.  virginianum,  though  more  profusely  branched,  while  the  h
igher  lobation  of  the 

latter  is  indicated  in  the  segments  of  the  former  only  by  sinuosities
  of  the  margin. 

But  B.  ternatum  is  not  an  extreme  case.  Fig.  16  shows  the  apical  region 
 of  a 

leaf  of  B.  Jenmani,  Und,  where  the  branchings  in  each  lobe  are  mor
e  numerous, 

while  the  webbing  is  so  complete  that  only  a  slight  sinuosity  of  the  mar
gin  is  seen. 

Its  condition  approaches  that  well  known  in  B.  Lunaria,  in  which,  tho
ugh  laciniate 

forms  have  been  described,*  the  outline  of  the  lobes  in  normal  forms  is  vir
tually 

smooth.     This  is  shown  in  fig.  17,  in  the  case  of  one  of  the  youngest  plants  obse
rved. 

Fig.  14. — Apex  of  adult  leaf  of  Botrychiuin 
virginianum.     (  x   2. ) 

Fig.  15. — Apical  lobe  of  an  adult  leaf  of 
Botrychiuin  ternatum.     (x  4.) 

The  venation  is  like  that  of  B.  Jenmani,  and  it  may  be  compared  with  that  in 

Osmunda  regalis,  while  the  laciniate  state  of  B.  virginianum  resembles  Todea 

superba.  It  has  been  suggested  that  the  Osmunda  type  is  the  result  of  "  webbing" 
of  a  laciniate  type  such  as  T.  superba,  and  the  same  would  apply  to  the  forms  of 

Botrychium.  The  co-existence  of  webbed  and  laciniate  forms  of  the  same  genus  or 
species,  or  even  on  the  same  plant,  is  a  common  feature  in  Ferns.  It  is  seen  very 

prominently  in  the  species  of  Schizsea  ;  S.  dichotoma  having  narrow  segments  and 

S.  elegans  being  webbed  in  varying  degree,  but  with  similar  branching  of  the  veins. 

Comparison  may  also  be  made  of  Asplenium  dimorphum,  quoted  by  GoEBEL.t 

The    cotyledons   of  B.   ternatum  and   Jenmani  have   not   been   seen.      But  Mr 

Harold  Lyon  sent  me  some  years  ago  a  photograph  of  young  plants  of  B.  (Scep- 

*  Rab.  krypt.  Flora,  iii,  p.  558,  fig.  176.  f  Organography,  Engl,  ed.,  ii,  p.  478,  fig.  316. 
TRANS.  ROY.  SOC.  EDIN,  VOL.  LI,  PART  III  (NO.  21).  100 
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tridium)  oblitjuum,  in  which  the  cotyledon   is  termite,  closely  resembling  that  of 
Helminthostach  ys. 

The  leaves  of  Ophioglossum  show  reticulated  venation.*     This  feature  may  be 

Jig.  16. — Distal  end  of  a  leaf  of  Butrychium  Jenmani.     (  x  4. ) 

held  as  a  strong  indication  of  the  advance  of  the  genus  along  relatively  modern 

lines.  The  juvenile  leaves  have  not  been  examined  in  detail ;  but  from  Campbell's 
drawings  of  them  in  0.  moluccanum  and  allied  species  t  it  would  appear  that  the 

venation  at  the  base  of  the  blade   is  of  the  type  seen  in  Helminthostachys,  but 

Fig.  17. — Relatively  juvenile  leaf  of 
*  Botrychium  Lunuria.     (x  4.) 

reticulately  developed  in  the  distal  region.  Thus  the  fusions  of  veins  appear  early 

in  the  ontogeny,  as  has  been  seen  to  be  the  case  also  in  Kaulfussia,  and  others 
where  the  venation  of  the  adult  is  reticulate. 

*  See  Prantl,  Ueitraye  zur  Systematilc  der  Ophioglossaceen,  1884,  Taf.  7,  8. 
f  Eusp.  Ferns,  p.  12,  fig.  2. 
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Gleich  eniaceae. 

In  this  relatively  primitive  family  the  leaves  are  profusely  branched,  and  have 

the  well-known  apical  growth,  interrupted  as  a  rule  by  periods  of  inactivity.  The 

morphology  of  the  leaf  has  been  misunderstood  in  some  quarters,  though  correctly 

interpreted  by  Goebbl  and  others.*  But  a  necessary  step  to  its  complete  elucidation 
would  seem  to  be  the  examination  of  its  juvenile  leaves.     This  has  been  clone  by 

a 

Fir,.  18,  a-e. — Juvenile  leaves  of  Glcichcnia  (Dicranopieris)  fulva.     (a,  c,  d,  x  5  ;   6,   x  4;   e,  x  10  ;  e\  x  30.) 

Campbell,  but  without  fully  taking  up  the  points  required.!  Observations  were 

therefore  made  on  young  plants  of  G.  (Dicranopteris)  fulva,  collected  in  Jamaica. 

In  some  of  the  young  plants  the  juvenile  leaves  develop  as  simple  pinnate  leaves 

(fig.  18,  a).  In  the  lowest  pinnae  the  vein  may  show  a  simple  dichotomy,  but  in  those 

that  are  higher  and  larger  the  forking  may  be  repeated  with  sympodial  development. 

Passing  up  to  the  apex,  as  the  pinna  diminishes  the  vein  may  be  unbranched,  and 

the  terminal  lobe  ends  in  a  simple  sympodial  venation.  The  whole  juvenile  leaf  is 

constructed  on  a  dichotomous  system,  as  an  advanced  scorpioid  sympodium.     The 

*  Organography,  Engl,  ed.,  ii,  p.  318. 
t  Ann.  Jard.  Bot.  Bait.,  2  s£ric,  vol.  viii,  p.  93,  ]>]s.  ix,  x. 
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same  is  the  case  for  the  older  leaves,  and  it  is  illustrated  in  the  successively  larger 

pinnse  which  they  bear.  Thus  in  fig.  18,  b,  the  apical  region  of  two  older  leaves  is 

shown,  with  their  distal  scorpioid  sympodium.  The  branches  entering  the  upper- 
most pinnae  show  a  single  forking  ;  but  passing  downwards  clear  steps  are  seen 

leading  to  a  scorpioid  sympodium  in  each,  with  a  marked  midrib  in  the  lowest,  and 

even  a  secondary  lobation.  Thus  is  initiated  a  leaf-construction  which  may  be 
pursued  ad  infinitum.  Though  relatively  simple,  it  is  to  be  interpreted  on  the  same 

lines  as  in  the  previous  cases. 

It  may  be  noted  that  in  the  earliest  pinnse  there  is  some  inconstancy  in  the 

venation,  which  is  sometimes  anadromic  (pinnse  marked  (  X  )  in  fig.  18,6,  c),  but  much 

more  frequently  it  is  katadromic,  and  the '  latter  seems  to  be  the  constant  condition 
to  which  it  settles  down  in  the  mature  plant :  it  is  clearly  indicated  in  the  lower 

pinnse  of  fig.  18,  b.  These  simple  examples  of  instability,  in  a  character  which  has 

often  been  used  as  distinctive,  throw  light  on  what  is  the  real  nature  of  it.  Where 

the  vein  of  a  pinna  has  forked,  either  of  the  two  shanks  may  take  the  further  lead. 

Such  simply  forked  pinnae  are  seen  in  all  the  plants  here  represented.  If  the  acro- 
scopic  shank  takes  the  lead  and  forks  again,  the  other  appears  as  an  appendage,  and 

the  venation  would  be  termed  "  katadromic."  If  the  basiscopic  shank  takes  the  lead 
and  forks  again,  the  acroscopic  shank  appears  as  an  appendage,  and  the  venation  is 

"  anadromic."  Such  instability  as  Gleichenia  shows  may  be  considered  intelligible 
in  a  Fern  which  in  its  early  stages  has  not  advanced  far  from  the  primitive  equal 
dichotomy. 

The  young  plants  of  G.  fulva  afford  an  insight  into  the  origin  of  the  well-known 

"  false  dichotomy  "  of  the  leaves  in  the  genus.  Three  young  plants  have  been  drawn 
(fig.  18,  c,  d,  e),  and  in  each  of  them  the  foot  is  still  recognisable.  The  leaf 

opposite  to  it  is  the  cotyledon  (cot.),  and  in  fig.  18,  e,  the  insertion  of  its  vascular 

strand  proves  that  it  is  so.  In  (c)  the  cotyledon  is  small  and  its  apex  fully 

developed,  as  is  also  that  of  the  second  leaf;  but  in  the  third,  though  it  has 

developed  four  pinnse,  it  has  its  apex  still  curled  up,  and,  as  no  pinnse  of  reasonable 

size  are  seen  upon  it,  it  may  be  held  to  be  in  a  state  of  arrest.  In  fig.  18,  d,  a  plant 

is  shown  in  which  the  second  leaf  is  in  a  corresponding  state.  In  fig.  18,  e,  it  is  the 

cotyledon  itself  that  is  arrested,  while  the  next  leaf  has  its  apex  fully  formed.  This 

cotyledon  is  shown  on  a  larger  scale  in  fig.  18,  e,  and  it  appears  already  to  illustrate 

the  fundamental  features  of  the  Gleicheniaceous  leaf.  Right  and  left  are  pinnse 

fully  formed,  though  on  a  quite  rudimentary  plan,  while  between  them  is  the 

arrested  tip,  representing  the  whole  upper  region  of  the  sympodium.  Dichotomy 

is  in  actual  fact  present,  and  it  is  shown  with  equal  shanks  in  each  of  the 

lobes.  Comparison  with  other  Ferns  shows  that  dichotomy  underlies  the  whole 

sympodium  of  this  leaf.  But  the  apparent  or  "false  dichotomy"  of  the  Gleichenia 
leaf  is  not  a  simple  dichotomy  at  all ;  it  is  a  result  of  arrested  development  in  a  leaf 

constructed  throughout  as  a  scorpioid  sympodium.     These  observations  accord  with 
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those  of  Campbell  on  the  cotyledons  of  G.  dichotoma*     But  there  the  arrested 

apex  is  shown  expanded,  not  still  circinate  as  in  the  case  of  G.  fulva. 

The  young  plants  thus  provide  all  the  morphological  essentials  for  the  formation 

of  the  most  elaborate  leaves  of  the  genus,  viz.  a  scorpioid  sympodial  branching,  and 

a  possible  arrest  of  the  apex,  which  may  be  periodical  above  any  of  the  apparently 

opposite,  paired  pinnae.  Unlimited  development  along  these  lines,  but  with  varying 

proportions,  will  account  for  the  various  types  of  leaf  seen  in  the  genus. 

Matoninese. 

The  very  striking  leaf-architecture  of  Matonia  has  been  repeatedly  discussed,  for 
instance  by  DiELsf  and  by  Tansley.J    The  latter  collected  young  plants  on  the  Malay 

d 

FlO.  19,  a-d.  —Juvenile  leaves  of  Matonia  peetinata.  a,  though  detached  and  broken,  was  the  cotyledon 
of  the  plant,  b.  The  drawings  were  made  from  specimens  collected  by  Dr  Lang  on  the  Malay 
Peninsula,  and  kindly  lent  for  the  purpose.     (  x  4.) 

Peninsula,  and  depicted  them.  Though  his  observations  help  materially  to  a 

solution,  they  do  not  provide  an  exhaustive  account.  Dr  Lang,  who  travelled  with 

Mr  Tansley,  has  kindly  lent  me  his  preparations  of  young  plants  of  Matonia,  and  a 

more  consecutive  series  illustrating  the  structure  of  the  juvenile  leaves  can  now  be 

given.  But  it  appears  that  the  young  plants  and  prothalli  are  only  rarely  met  with 
in  their  native  habitat. 

The  prothallus  was  still  attached  to  the  youngest  specimens.  The  simplest  form 

of  juvenile  leaf  is  that  shown  in  fig.  19,  a.  It  was  originally  attached  to  the  plant 

(J>),  but  broke  away  in  the  preparation,  clearing,  and  staining,  and  it  had  already 

been  broken  across  the  middle.  There  is,  however,  no  doubt  that  it  was  the  coty- 

ledon, and  that  it  was  unbranched.     The  venation  is  a  scorpioid  sympodium,  with 

*  L.c,  pi.  x,  figs.  55-57. t  Natiirl.  Pflanzenfam.,  i,  4,  p.  343. |  Ann.  o/Bot.,  1905,  p.  447. 
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the  lateral  branches  sometimes  forked,  but  usually  simple  ;  in  construction  it  corre- 

sponds to  that  of  Gleichenia  (fig.  18,  a),  and  the  resemblance  of  the  venation  would 

be  very  close  if  the  lobation  of  the  Gleichenia  leaves  were  undeveloped  and  the  leaf 

entire.  The  next  older  leaf  of  the  same  plant  showed  equal  dichotomy  (b),  each  lobe 

having  scorpioid  sympodial  venation.  In  fig.  19,  c,  the  leaf  appears  to  be  the  coty- 

ledon, but  its  branching  is  more  advanced,  the  left-hand  lobe  having  dichotomised 
again.  The  process  has  gone  further  in  fig.  18,  d,  but  the  inequality  in  the  two 

primary  lobes  is  greater,  though  the  number  of  lobes  is  the  same  in  each.  More- 

over, the  branching  is  clearly  that  of  an  anadromic  helicoid  sympodium.  Com- 

parison may,  however,  be  made  with  the  young  leaf  drawn  by  Tansley.*  It 

showed  five  lobes,  one  a  "  middle  lobe,"  while  each  of  the  laterals  branched  again. 

Assuming  these  branchings  to  be  dichotomies,  this  frond  "  may  be  regarded  as  a  sort 

of  prototype  of  the  adult  frond."  Considering  the  facts  that  Tansley  shows,  and 
the  comparison  that  may  be  made  with  other  Ferns,  that  assumption  appears  justified. 

But  if  so,  this  is  a  case  of  a  katadromic  helicoid  sympodium.  We  conclude  that  in 

the  young  leaves  of  Matonia  pectinata  the  branching  is  dichotomous  ;  but  that  it 

may  be  sympodially  developed,  and  fluctuates  between  the  anadromic  and  kata- 

dromic types.  This  is  a  particularly  interesting  conclusion  in  view  of  the  archi- 
tecture of  the  adult  leaves  in  Matonia  and  Dipteris.  The  latter  will  be  shown  below 

to  be  constructed  on  the  anadromic  scheme  (Plate-fig.  B) ;  but  the  adult  leaf  of 

M.  pectinata  is  a  katadromic  sympodium  (Plate-fig.  A).  The  transition  from  the 

state  seen  in  Tansley's  fig.  2  to  the  adult  leaf  of  Matonia  only  presumes  a  continua- 
tion of  the  katadromic  sympodium  thus  initiated.  The  consequence  of  this  method  of 

construction  would  be  that  the  pinnae — that  is,  the  weaker  developed  shanks  of  the 

successive  dichotomies — would  appear  constantly  on  the  acroscopic  side  (katadromic 

scorpioid  sympodium)  (Plate-fig.  A).  Comparing  this  with  Helminthostachys,  the 
difference  is  that  there  the  weaker  shanks  are  thrown  off  on  the  basiscopic  side 

(anadromic  scorpioid  sympodium),  while  the  branchings  are  fewer  and  less  regular 
than  in  Matonia.  • 

The  apparently  divergent  leaf  of  Matonia  sarmentosa  is  built  up  of  segments 

with  a  venation  and  form  like  those  of  the  juvenile  leaves  of  M.  pectinata.  Its 

branching  was  analysed  by  DiELS.t  He  concluded  that  it  is  essentially  on  the  same 

system  as  M.  pectinata,  but  that  the  advance  or  suppression  of  the  shanks  of  the 

dichotomies  occur  alternately  on  the  inner  (acroscopic)  and  the  outer  (basiscopic) 

limbs  :  "  that  is,  they  lead  to  a  bostrychoid  instead  of  a  cicinnoid  structure."  The 
matter  has  been  reconsidered  by  Compton4  He  finds  the  frond  far  less  stereotyped 

than  in  M.  pectinata.  "  The  rachis  forks  repeatedly,  and  one  of  two  things  may 
happen  :  (l)  both  branches  may  develop  more  or  less  equally,  forming  elongated 

axes,  which  fork  again  and  again  ;  or  (2)  one  of  the  branches  may  develop  fully, 

while   the  other,  after  bearing  a  very  few  (usually  two)  pinnae,  ends  in  an  aborted 

*  L.c,  fig.  2.  f  Natilrl.  Pflanzenfam.,  i,  4,  p.  343,  fig.  180,  B.  \  New  Phyt,  viii,  p.  299. 
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bud.  The  latter  is  the  more  usual  process.  ...  It  seems  probable  that  the 

appearance  of  pinnation  in  the  frequent  pairing  of  the  pinnse  at  the  base  of  the 

rachis-segment  is  a  secondary  modification."  This  analysis  was  based  upon  pre- 
served material,  and  supported  by  anatomical  observations.  It  is  probably  correct. 

Moreover,  it  receives  support  from  the  facts  now  demonstrated  for  the  juvenile  leaves 

of  M.  pectinata.  It  is  in  fact  just  the  sort  of  instability  of  the  sympodial  development 
seen  in  them  which,  if  continued  in  the  larger  adult  leaf,  would  lead  to  something 

not  unlike  the  leaf-construction  of  M.  sarmentosa. 

In  neither  species  of  Matonia  does  the  leaf-architecture  coincide  with  that  of 

Gleichenia,  but  both  originate  from  a  like  sympodial  source.  But  the  modi- 
fications are  different  in  them  all.  M.  sarmentosa  appears  to  be  more  like 

Gleichenia  than  M.  pectinata.  For  in  both  of  them  arrest  of  branches  is  a  feature. 

In  M.  sarmentosa  short  shanks  of  dichotomy  bearing  usually  two  limited  pinnae 

and  an  aborted  bud  are  produced,  though  not  with  regularity,  on  an  approximately 

equal  dichotomising  system.  In  Gleichenia  similar  shanks,  which  may  or  may  not 

lose  their  apical  growth,  and  a  bud,  are  borne  on  a  sympodially  developed  scorpioid 

system.  The  juvenile  leaves  of  Gleichenia  provide  the  simplest  type  of  this  leaf- 
construction.  It  is  thus  possible  to  interpret  all  of  them  as  variants  of  that 

sympodial  dichotomy  to  which  the  juvenile  leaves  of  the  primitive  Filicales  so 

clearly  point. 

Dipteridinse. 

The    adult    leaves    of   most   species    of  Dipteris   are    notable    for    their   regular 

dichotomy,  of  which   the    shanks    remain    separate   laterally    in    D.    Lobbiana   and 

quinquefurcata,  but   are  webbed    into   two  equal  coherent  lobes  in  D.  conjugata 

(Plate-fig.  B).     Notwithstanding  this  simplicity  of  branching,  there  is  an  advanced 

reticulation  of  the  veins  of  the  type  "  venatio  anaxeti."     But  no  one  can  doubt  that 
the  venation  of  the  adult  leaf  is  based  on  primitive  dichotomy,  notwithstanding  the 

small-meshed  reticulation  characteristic  of  relatively  recent  forms.     In  Matonia  the 
ultimate  venation  is  forked,  and  usually  free,  with  few  and  irregular  fusions,  and  it 

thus  stands  on  a  more  primitive  footing  than  Dipteris.     The   reticulation  appears 

even   in   the  juvenile   leaves   of  Dipteris,  but  it   does  not   effectively  obscure  the 

dichotomy.     An    early  leaf,  perhaps    the    cotyledon,  of  D.  Lobbiana   is   shown    in 

fig.  20,  a,  which  is  simple  in  form  and  shows  no  completed  reticulations.     The  single 

median  vein  and  four  lateral  branches  which  it  shows  would  be  readily  referable  to 

a  scorpioid  sympodium.     But  there  is  no  evidence,  beyond  comparison  with  Matonia 

and  Gleichenia,  that  this  is  actually  its  character.     Fig.  20,  b,  c,  shows  juvenile  leaves 

which  are  bifurcate  both  in  form  and  venation.     Accessory  veins  already  forecast  the 

mature  reticulation.     Later  leaves  fork  again  (fig.  20,  d),  and  so  the  plant  advances 

towards    the   mature    state.*     Similarly    with    D.   conjugata,    notwithstanding   the 
extensive  webbing  and  profuse  reticulation  of  the  adult  leaf,  the  juvenile  leaf  shows 

*■  Compare  Sewakd,  Phil.  Trans.,  B,  vol.  194,  pi.  xlviii. 
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dichotomy  of  the  main  veins  and  fine  reticulation  from  the  first  (fig.  21,  a,  b,  c,  d). 

The  webbing  is  also  pronounced,  but  variable  in  the  older  stages  leading  to 

the  adult  leaf.* 
d 

Fit?.  20,  a-d. — Juvenile  leaves  of  Dipteris  Lobbiana.     a,  b,  from  specimens  belonging  to  Dr  Lang  ;  c,  d,  after 
drawings  by  Miss  de  Bkuyn.     (a,  b,  c,   x  2  ;  d,   x  2.) 

a  b 

Flu.  21,  a-.l. — Juvenile  leaves  of  Dipteris  conjwjala.     (x  6.) 

In  the  adult  leaf  of  D.  conjugata  the  dichotomy  shows  a  distinctly  sympodial 

tendency.  The  inner  anadromic  branches  are  favoured,  as  compared  with  the  outer. 

This  is  apparent  from  Plate-fig.  B.  The  same  method,  without  the  webbing,  under- 
lies the  construction  of  the  leaf  of  the  probably  related  fossil,  Dictyophyllum  exile 

*  Skward,  I.e.,  pi.  xlviii. 
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(Plate-fig.  C).  The  same  again,  with  the  added  point  'of  a  spiral  curvature  of  the 
shanks,  is  seen  in  Camptopteris  spiralis  (Plate-fig.  D).  All  of  these  are  examples 
of  sympodial  dichotomies,  but  showing  in  increasing  degree  the  consequences  of  the 

anadromic  helicoid  development. 

Biologically  these  forms  are  interesting  as  showing  how  from  a  flattened  organ 

the  advantages  of  a  radial  symmetry  may  be  acquired.  The  modern  forms  are 

rhizomatous,  with  long-stalked  upright  leaves.  Probably  the  fossils  were  the  same. 
The  problem  then  would  be  how  best  to  expose  the  assimilating  surface.  In  Matonia 

the  helicoid  sympodium  is  expanded  almost  into  the  form  of  a  widely  open  funnel, 

the  effect  of  which  is  lost  in  pressed  specimens.*     This  is  still  more  the  effect  of  the 

a  h 

Fig.  22.— a,  juvenile  leaf  of  Cheiropleuria  ;  b,  a  similar  leaf  of  Platycerium  Vcitchii.     (  x  3. 

webbed  expanse  of  Dipteris  conjugata.]  But  in  Camptopteris,  by  the  adoption  of 
the  spiral  curvature  of  the  sympodia,  the  pinnae  radiate  outwards  like  bristles 

of  a  spiral  wire  bottle-brush.  A  good  substitute  for  a  radial  vegetative  shoot 
is  the  result. 

On  the  other  hand,  it  is  only  a  step  in  simplification  from  the  condition  of  the 

leaf  of  D.  conjugata  to  that  in  the  allied  Cheiropleuria. \  There  the  adult  blade 
may  be  entire,  or  variously  lobed.  But  its  base  shows  the  dichotomy  very  plainly, 
while  it  appears  in  the  juvenile  leaf  in  almost  exactly  the  same  way  as  in  Dipteris 
(fig.  22,  a).  It  may  further  be  noted  that  Platycerium,  in  which  the  adult  fertile 

leaves  show  often  very  equal  dichotomy,  has  in  its  juvenile  leaves  a  venation  closely 
similar  to  that  of  Cheiropleuria  (fig.  22,  b). 

*  Compare  Seward,  Fossil  Plants,  vol.  ii,  p.  293,  fig.  228. 
X  Ann.  ofBot.,  1915,  p.  495. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  21). 

f  See  Christ,  Geographie  der  Fame,  fig.  5. 
101 
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Such  examples  as  those  quoted  serve  to  illustrate  steps  of  transition  between  open 

venation  and  reticulation.  The  fossil  record  indicates  that  the  former  is  relatively 

primitive.  The  structure  of  the  juvenile  leaves  accords  with  this,  the  dichotomous 

venation  being  clearly  the  foundation,  with  the  reticulation  superposed  upon  it. 

Hymenoph  yllacese. 

This  family  of  Ferns  is  now  generally  accepted  as  a  relatively  ancient  one,  but 

highly  specialised  in  relation  to  a  moist  habit ;  the  filmy  structure  of  its  leaves  is  no 

longer  regarded  as  an  indication  of  affinity  to  the  Bryophyta,  as  was  formerly 

believed.  Less  importance  may  accordingly  be  attached  now  to  the  details  of  its 

leaf-architecture  than  at  the  time  when  Prantl  wrote  his  Monograph.  Nevertheless, 
their  importance  should  not  be  unduly  discounted,  as  indicating  primitive  characters 

of  general  application,  and  anatomical  comparison  with  the  Zygopteridese  strengthens 

this  position. 

The  branching  and  venation  of  their  leaves  has  been  studied  very  closely,  and 

Prantl  in  particular  has  analysed  them  in  relation  to  dichotomous  branching.* 
He  referred  all  the  diverse  forms  of  leaf  seen  in  the  family  to  the  development  of  a 

dichotomous  system.  In  certain  cases  the  leaf  is  simple  in  form,  with  entire  margin, 

and  no  apparent  branching  of  the  blade.  This  is  traversed  by  veins,  and  the  general 

construction  is  like  the  "webbed"  types  in  other  Ferns.  Where  the  leaf-blade  is 
circular,  the  whole  branching  system  of  veins  may  show  very  perfect  and  equal 

dichotomy,  as  in  Trichomanes  reniforme,  and  both  shanks  of  each  forking  develop 

with  an  almost  diagrammatic  regularity  (fig.  23).  But  in  certain  other  entire  leaves 

that  equality  is  not  maintained,  as  in  Trichomanes  punctatum  (fig.  24,  a) ;  and 

steps  may  be  found  leading  by  easy  stages  to  a  high  inequality  of  the  shanks,  with 

the  continual  assertion  of  a  sympodial  false  axis  (fig.  24,  b,  c).  But  if  such  steps 

may  be  followed  in  the  webbed  or  unbranched  types,  much  more  plainly  is  this  to 

be  seen  in  those  which  are  profusely  branched.  The  analysis  of  many  forms  from 

this  point  of  view  was  carried  out  by  Prantl."!"  In  view  of  his  observations  it  will 
be  unnecessary  to  enter  into  further  detail  here  as  to  the  relation  of  the  branching 

to  the  cellular  construction.  He  concluded]:  that  all  complicated  leaf-forms,  such 
as  he  described  for  the  Hymenophyllacese,  were  referable  to  a  simple  type  of 

dichotomous  branching,  and  he  suggested  that  a  similar  method  might  be  applicable 

also  to  other  families  of  Ferns.  He  applied  it  himself  to  the  Schizseacese,  and  we 

now  see  that  its  application  extends  to  the  juvenile  leaves  of  other  primitive 

types  of  Ferns. 
Prantl  was  disposed  to  regard  the  fully  webbed  types,  such  as  T.  reniforme,  as 

relatively  primitive.  This  is  a  position  open  to  doubt,  and  especially  so  in  view  of 

the  facts  relating  to  many  other  Ferns.  It  would  seem  more  probable,  and  it  certainly 

accords  equally  with  the  facts,  that  the  entire  leaves  are  a  result  of  "  webbing  "  in  an 
*  Hymenophyllacee?i,  Leipzig,  1875.  t  L.c,  p.  7,  pi.  ii.  J  P.  14. 
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originally  laciniate  branch-system.     Moreover,  fig.  24,  b,  shows  in  the  marginal  sinus 

which  separates  certain  of  the  dichotomising  vein-systems  what-  may  be  held  as  a 

Fig.  23. — Adult  leaf  of  Trichomancs  rcniforme,  showing  details  of  venation,  and  especially 
the  vascular  connections  before  entering  the  petiole.  +  marks  the  limit  between  the 
right  and  left  halves  of  the  dichotomy.    Drawn  by  Mr  J.  M.  Thompson.    (Natural  size.) 

a 

Fig.  24,  a-c. — Adult  leaves  of  Trichomancs  punctatum.     (x  10.) 

last  relic  of  the  merged  leaf-segments.  The  evidence  from  the  juvenile  leaves 
would  be  valuable  in  this  relation.  Unfortunately,  observations  on  juvenile  leaves  in 

this  family  are  not  extensive.  But  they  show  what  would  be  theoretically  expected, 

if  the  above  conclusion  were  true.  Thus  the  cotjdedon  of  T.  rigidum.,  Sw.,  as  shown 

by  Goebel's  drawing  quoted  in  Natilrl.  Pjianzenfam.,  i,  4,  p.  16,  fig.  11,  is  single- 
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nerved,  and  of  simple  form.  Given  dichotomy  of  the  apex,  the  whole  complexity  of 

Hymenophyllaceous  leaves  can  be  derived  from  such  a  source,  with  "  webbing " 
thrown  in  secondarily,  as  an  occasional  but  not  a  general  factor.  But  the  facts  are 

not  yet  in  hand  upon  which  a  demonstration  of  the  point  can  be  given  for  the 

Hymenophyllaceae. 

Notes  on  some  other  Leptosporangiate  Ferns. 

Representatives  of  all  those  families  of  living  Ferns  which  are  held  to  be 

relatively  primitive  have  now  been  examined  as  to  their  juvenile  leaves,  and  the 

relation  which  their  structure  shows  to  the  adult  state.  It  would  be  superfluous  to 

pursue  this  inquiry  exhaustively  onwards  through  the  enormous  number  of  Lepto- 
sporangiate Ferns  which  are  held  to  be  later  and  derivative.  Moreover,  the  juvenile 

leaves  of  these,  as  well  as  the  adult,  have  been  the  subject  of  many  observations. 

Thus  Suminsky  shows  for  the  cotyledons  of  Pteris  serrulata  a  branching  readily 

referable  to  dichotomy  with  a  sympodial  tendency.*  This  is  also  seen  in  the  familiar 

figure  of  Adiantum  capillus-veneris,~\  where  the  dichotomy  seems  quite  perfect. 
Two  other  examples,  selected  from  Ferns  where  the  mature  leaf  has  still  an  open 

venation,  will  be  shown  here  in  detail,  the  one  (Cyathea)  from  the  superficial,  the 

other  (Pteridium)  from  the  marginal  series. 

The  first  leaf  in  Cyathea  insignis  shows,  as  a  rule,  an  obvious  dichotomy 

(fig.  25,  a),  though  the  two  shanks  may  not  be  exactly  equal  (b).  It  will  be  noticed 

on  comparing  these  that  while  in  (a)  the  distance  along  each  shank  from  the  first  to 

the  second  dichotomy  is  approximately  equal,  in  (6)  it  is  longer  in  the  weaker  shank 

than  in  the  stronger.  This  difference  is  still  more  marked  in  (c),  where  also  the 

inequality  of  the  branch-systems  which  spring  from  the  two  is  greater.  This  leads 
to  the  condition  seen  in  (d),  where  the  distance  between  the  first  and  second 

dichotomies  is  so  short  that  the  limb  of  the  first  appears  almost  exactly  opposite 

to  the  left-hand  limb  of  the  second,  giving  the  effect  as  of  two  almost  equal  pinnae ; 
while  the  right  limb  of  the  second  dichotomy  appears  as  a  terminal  lobe.  This 

corresponds  exactly  to  what  is  seen  in  Helminthostachys  and  others.  The  same 

development  is  repeated  in  older  leaves  in  the  distal  lobe  itself  (e),  thus  leading  to 

the  elaborate  state  of  the  pinnate  adult  leaf  of  Cyathea,  which  is  thus  referable  to 
a  dichotomous  source. 

Comparison  with  the  juvenile  leaves  of  Pteridium  aquilinum  leads  to  similar 

results,  though  the  two  are  widely  apart  in  the  system.  The  cotyledons  are  some- 

times very  equally  dichotomous  in  their  branching  (fig.  26,  a,  b) ;  in  others  slight 

inequalities  appear  (c,  d,  e),  with  shortening  of  the  distance  between  the  first  and 

second  dichotomies  on  the  stronger  shank.  This  is  more  pronounced  in  cases  where 

the  inequality  of  the  lobes  is  greater  (/,  g),  giving  the  usual  appearance  of  a  ternate 

leaf.     If  development  of  the  apparently  distal  lobe — really  one  half  of  the  second 

*  Entw.  d.  Farnkrauter,  Berlin,  1848.  f  Sachs'  Textbook,  fig.  258. 
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b  c 

Fig.  25,  a-e.  —Juvenile  leaves  of  Cyathca  insignis,  illustrating  their  progressive 
development,     (x  4.) 

Fig.  26,  a-i. — A  series  of  juvenile  leaves,  many  of  them  actually  cotyledons,  of  Pteridiwm  aquilinurn.  They  illustrate 
steps  of  progression  from  equal  dichotomy  to  the  scorpioid  sympodium.  The  differences  in  size  are  largely  due  to 
greater  or  less  advance  of  the  individual  development,    (x  5.) 
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dichotomy — be  repeated  on  the  same  plan  (compare/,  g),  the  result  is  reached  as  in 
(It)  or  (i).  From  these  to  the  adult  leaf  of  Pteridium  the  course  is  plain  enough. 

It  is  interesting  to  note  the  close  similarity  of  the  juvenile  leaves  of  Dennstsedtia 

punctilobula,  as  shown  by  Conard.* 
In  this  description  of  juvenile  leaves  of  Ferns  the  types  with  reticulate  venation 

have  been  purposely  omitted,  as  they  are  with  reason  believed  to  be  derivative 

forms  in  respect  of  that  venation.  But  they  must  not  be  wholly  neglected.  Already 

the  juvenile  leaves  of  Dipteris  have  been  described,  and  there  the  venation  was 

found  to  be  fundamentally  and  equally  dichotomous  (D.  conjugate),  or  a  sympodial 

dichotomy  (D.  Lobbiana),  with  reticulate  loops  superposed  upon  that  branching. 

/ 

Fig.  26  bis. — Juvenile  leaves  of  Ceratopteris  thalictroides.    (  x  4.) 

Another  example  has  been  examined  in  Ceratopteris,  in  which  the  seedling  leaves 

had  already  been  figured  by  KNY.t  The  youngest  leaves  have  a  simple,  unbranched, 

median  strand  (fig.  26  bis,  a) ;  slightly  more  advanced  leaves  may  show  dichotomy, 

with  free  branches  (b),  but  later  leaves  may  have  the  distal  ends  connected  by  a 

loop  (c),  while  free-ending  branchlets  radiate  outwards  from  it  (c,  d).  From  this 
state  further  advances  may  be  made  connecting  these  branchlets  into  further  loops, 

and  also  by  commissures  between  the  main  veins  (e,f).  But  still  the  fundamental 

dichotomy  may  be  recognised  at  the  base  of  the  blade,  even  in  relatively  advanced 

leaves,  showing  that  the  reticulation  is  a  superstructure  upon  it. 

It  seems  unnecessary  to  repeat  in  additional  examples  progressions  from  the 

juvenile  to  the  adult  leaf  which  follow  substantially  similar  lines.  The  above  will 

suffice  to  illustrate,  first  for  the  Leptosporangiate  Ferns  with  open  venation,  and  also 

for  those  showing  reticulation,  how  an  apparently  pinnate  leaf  may  originate  from  a 

dichotomous  source.     A  few  notes  are,  however,  appended  here  upon  certain  out- 
*  Carnegie  Inst.,  No.  94,  pis.  xxiv,  xxv.  t  Parkeriaceen,  pi.  xxii,  figs.  4-8. 
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standing  types  of  leaf-formation.  Some  ferns  retain  a  very  exactly  equal  dichotomy 

of  the  primary  venation  even  in  the  adult  leaf.  This  usually  goes  along  with  a  more 

or  less  orbicular  blade,  entire  or  more  or  less  laciniate,  borne  distally  on  a  relatively 

long  petiole.  Many  genera  with  as  a  rule  highly  divided  leaves  include  species 

with  such  a  character.  This  raises  the  question  of  their  phyletic  relation  to  the 

more  normal  laciniate  and  pinnate  representatives.  Such  characters  are  seen  in 

Actiniopteris  radiata  (fig.  27),  a  Fern  of  rather  uncertain  affinity.  It  is  also 

seen  in  the  sterile  leaf  of  Elaphoglossum  {Rhipidopteris)  peltatum,  which  is  also 

an   isolated  type    (fig.    28).      In   both   cases  the  venation   is   that   characteristic    of 

Fig.  27? — Basal  part  of  the  lamina  of  an  adult 
leaf  of  Actiniopteris  radiata.     (  x  4.) 

juvenile  rather  than  of  adult  leaves.  They  are  deeply  laciniate,  with  a  single  vein 

in  each  segment.  They  may  be  held  to  have  retained  and  elaborated  a  relatively 

primitive  construction. 

A  somewhat  similar  condition  is  seen  in  those  species  with  entire  reniform  leaves, 

which  appear  in  several  distinct  genera,  such  as  Adiantum,  Gymnogramme,  and 

Scolopendrium,  their  outline  and  venation  being  essentially  the  same  as  in  Tricho- 
manes  reniforme.  A  succession  of  the  juvenile  leaves  of  Adiantum  reniforme,  var. 

asarifolium,  is  seen  in  fig.  29.  The  first  of  these  shows  only  a  slight  advance  upon 

a  simple  dichotomy  of  the  veins,  with  an  entire  blade  (a).  The  further  series  (b-e) 

explains  itself,  while  the  similarity  of  the  last  to  the  drawing  (fig.  24,  a)  of  Tricho- 
manes  punctatum  is  remarkable.  But  these  Ferns  are  all  widely  apart  in  the  system. 

They  are  probably  results  of  independent  development,  possibly  in  response  to 

similar  requirements.      They   are   perhaps   best  explained   as   extreme  results   of  a 
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webbed  condensation  of  a  profusely  dichotomous  system,  while  the  dichotomy  may 

be  held  to  be  that  of  the  juvenile  leaf  retained  in  the  adult.  They  resemble  the 

previous  examples,  but  with  the  difference  that  all  the  veins  are  included  in  an 
entire  webbed  blade. 

Fig.  28. — Basal  part  of  the  lamina  of  an  adult  sterile  leaf  of 
Elaphoglossum  {Rhipidopteris)  peltatum.     (x  4.) 

a 

Fig.  29,  a-e. — A  progressive  series  of  juvenile  leaves  of  Adiantum  reniformc, 
var.  asarifolium.     (  x  4.) 

A  particularly  good  instance  as  bearing  upon  the  probable  secondary  origin  of 

the  "  webbed  "  condition  in  these  reniform  leaves  is  seen  in  Scolopendrium  Delavayi, 
Franch.,  a  species  collected  by  Henry  in  Yunnan  (fig.  30).  The  petiole  is  long  and 

the  lamina  reniform,  with  an  entire  margin.  The  venation  is  a  sympodial  dichotomy, 

leading  to  a  ternate  structure,  as  indicated  by  brackets  in  the  drawing ;  but  there  is 

no  marginal  involution.  The  distal  group  is  a  scorpioid  sympoclium  ;  the  lateral 
ones  are  katadromic  helicoid,  after  the  manner  of  Matonia.      The  double  sori  are 



LEAF- ARCHITECTURE   AS   ILLUMINATED   BY   A  STUDY  OF  PTERIDOPHYTA.      (597 

situated  on  pairs  of  the  parallel  veins,  as  typical  of  Scolopeiidrium.  The  interest 

of  this  species  is  first  in  comparison  with  S.  vulgare  ;  the  blade  may  here  be  held 

to  be  a  shortened  and  condensed  form  of  that  there  seen.  But  the  structure  in 

S.  vulgare  has  recently  been  elucidated  by  comparison  of  Blechnurn  punctulatum* 
This  very  variable  leaf  has  been  shown  to  be  a  derivative  from  the  typical  Blechnurn 

sporophyll ;  the  latter  is  a  probable  derivative  from  a  Cyatheoid  source,  such  as 

Matteuccia,  and  ultimately  with  probability  from  a  Gleicheniaceous  affinity.  But 

Matteuccia  has  an  ordinary  pinnate  leaf.  Unless,  then,  all  the  comparisons  given  in 

detail  in  my  memoir  on  Blechnurn  are  at  fault,  the  conclusion  will  be  that  the 

reniform   blade  of  S.  Delavayi  is   the   result   of  a   condensation   of  the   leaf,  with 

Fig.  30. — Basal  part  of  the  lamina  of  an  adult  leaf  of  Scolopcndrium  Delavayi,  Fr.     (  x  4.) 

simplifications  of  its  outline,  starting  from  a  pinnate — that  is,  a  scorpioid — type.  This 

case  is  important  in  its  bearing  upon  "webbing,"  and  indicates  that  here  an  entire 
reniform  leaf  is  probably  derivative  from  a  more  elaborate  and  laciniate  type  of  leaf. 

Another  peculiarity  which  is  striking,  but  by  no  means  restricted  to  any  given 

systematic  group,  is  the  unilateral  branching  of  pinnae,  by  helicoid  development,  as 

in  Matonia  and  others.  It  is  seen  in  Pteris  semipinnata  in  a  very  prominent  form 

(Plate-fig.  E).  While  Pteris  quadriaurita  and  others  show  an  equal  lobation  on 
either  side  of  the  pinna,  or  pinnule,  in  P.  semipimiata  the  branching  appears  on  the 

katadromic  side  only  (fig.  31).  This  may  be  interpreted  as  the  unequal  development 

of  successive  dichotomies,  so  that  the  anadromic  shank  is  constantly  the  stronger. 

A  similar  condition  has  been  described  for  Stenochlsena  by  Christ.!  On  his  plate  iii 

he  represents  it  for  a  species  from  Borneo,  and  on  plate  iv  for  one  from  "  Deutsch- 

Neu-Guinea."  Thus  it  is  not  a  local  peculiarity.  This  anadromic  helicoid  branching 
is  also  represented  in  the  fossil  Odontopteris  minor,  Brongn.,  as  shown  by  Zeiller 

*  Ann.  of  Bot.,  vol.  xxviii,  pp.  405-411.  f   Verhandl.  d.  Schw.  Naturf.  Ges.,  89,  p.  178. 
TRANS.  ROY.  SOG.  EDIN.,  VOL.  LI,  PART  III  (NO.  21).  102 
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(Plate-fig.   F),  while  it  may  there  be  combined   with   an   equal  dichotomy  of  the 
whole  blade. 

Lastly,  this  peculiarity  of  sporadic  equal  dichotomy  must  be  considered.  We  see 

it  in  fossils.  It  is  frequent  in  living  Ferns.  It  appears  sometimes  at  the  distal  ends 

of  the  pinnules  ;  sometimes  it  involves  whole  pinnse,  or  the  whole  distal  region  of 

the  blade,  or  even  the  lower  part  of  the  leaf,  so  that  in  extreme  cases  the  appearance 

is  as  of  two  whole  leaves  borne  on  a  single  stalk.  In  one  degree  or  another  it  is  a 

common  abnormality,  and  provides  the  "  forma  fur  cata"  of  Fern  collectors.  It  has 
already  been  described  above  in  Osmunda  (fig.  4),  and  it  is  found  in  Polypodium, 

Scolopendrium,  Nephr odium,  and  Athyrium,  while  it  appears  also  frequently  in 

Nephrolepis.  An  unexpected  but  very  striking  example  is  seen  in  Platyzoma,  in 

a  furcate  form  sent  by  Baron  F.  von  Muller  to  the  Kew  Herbarium.  It  has  also 

been  examined  by  Mr  J.  M.  Thompson,*  in    specimens  supplied  from  the   Sydney 

Fig.  31. — Part  of  a  pinna  of  Ptcris  semipinnata,  showing  the  relation 
of  two  of  the  pinnules  to  a  pinna,  and  to  its  venation.     (  x  3.) 

Herbarium.  It  may  be  there  seen  to  affect  the  distal  end  of  the  leaf  only,  or  to 

extend  lower  down  to  the  petiole.  It  is  shown  also  in  the  fossils,  as  in  the 

Pteridosperm  Odontopteris  (Plate-fig.  F).  Definite  furcate  races  have  been  estab- 
lished, where  this  character  became  permanent,  as  in  Nephrolepis.  Such  a  race 

of  Nephr  odium  molle  was  cultivated  some  years  ago  in  the  Glasgow  Botanic  Garden. 

The  petiole  in  such  forked  leaves  showed  a  very  perfect  division  of  the  vascular 

supply  into  equal  parts.  Such  forkings  .may  be  interpreted  as  the  result  of  a 

reversion,  in  the  6ase  of  individual  branchings  of  a  sympodium,  to  the  primitive 

equal  dichotomy.  Their  existence  in  so  many  genera  and  species  may  be  held  as  an 

indication  that,  even  where  the  sympodial  development  is  strongly  marked,  the 

branching  is  still  essentially  dichotomous,  and  capable  of  quite  equal  development 
of  its  shanks. 

The  interest  in  the  various  leaf-forms  analysed  in  the  above  pages  lies  not  so 
much  in  their  mere  existence,  as  in  the  fact  that  they  are  all  capable  of  elucidation 

in  terms  of  the  underlying  dichotomy.  So  that  a  general  statement  may  be 

formulated  with  regard  to  the  construction  of  the  leaf  in  Ferns,  including  these 

peculiarities  : — That  the  architecture  of  the  Fern-leaf  is  fundamentally  dichotomous; 

*  Trans.  Roy.  Soc.  Edin.,  1916. 
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and  that,  as  far  as  observation  extends,  the  architecture  of  all  leaves  of  Ferns  may 

be  interpreted  in  terms  of  dichotomy,  with  or  without  sympodial,  and  ultimately 

monopodial,  developments. 

It  has  been  seen  above  that  in  other  phyla  of  Pteridophytes  the  leaf  is  either 

unbranched,  or  that  it  bifurcates.  The  only  case  of  difficult  interpretation  is  the 

three-lobed  sporophyll  of  Cheirostrobus,  and  even  there  the  distal  end  of  each  lobe 

forks  equally.  It  is  possible  that  it  shows  either  trichotomy  or  a  very  condensed 

pair  of  dichotomies.  Thus  it  may  be  stated  generally  for  the  Pteridophyta  that  in 

them  the  leaf  is  either  unbranched  or  dichotomous ;  or  it  shotvs  branching  and  webbed 

venation  that  may  be  recognised  as  a  sympodial  derivative  of  dichotomy. 

Comparative  Conclusions. 

In  order  to  help  in  obtaining  a  scientific  foundation  for  views  of  "  leaf- 

architecture,"  the  leading  facts  have  been  summarised  in  the  above  pages  as  to  the 
branching  and  venation  of  the  leaf  in  those  Vascular  Plants  which  are  held  to  be 

primitive.  More  especially  attention  has  been  given  to  their  juvenile  leaves,  as 

elucidating  the  construction  of  the  adult.  But  in  many  characters  of  form,  of 

venation,  of  webbing,  of  basal  growths,  and  even  of  apical  arrest,  the  leaves  of 

Pteridophyta  prefigure  the  leaf-construction  of  Flowering  Plants.  We  may  now 
consider  how  far  the  conclusions  stated  above  can  be  extended  so  as  to  include  all 

leaves  of  Vascular  Plants.  And  it  will  be  found  possible  to  base  upon  the  data 

before  us,  together  with  other  facts  already  well  known,  certain  general  conclusions 

relating  to  leaf-architecture  at  large,  which  will  now  be  briefly  discussed  and 
formulated. 

I.  The  conception  of  the  shoot,  and  of  its  constituent  parts,  axis  and  leaf,  as 

laid  down  by  Sachs,*  is  adopted  for  the  purpose  of  this  discussion,  but  it  is  the 
leaf  of  the  sporophyte  only  that  is  treated  here.  The  leaf  is  normally  a  bifacial 

member,  with  the  adaxial  and  abaxial  relations  indicated  structurally  and  develop- 
mentally.  Its  form  is  as  a  rule  flattened,  with  convex  margins.  But  even  where 

the  form  is  cylindrical,  as  in  Pihdaria,  the  segmentation  clearly  indicates  the 

bifacial  character.  Or,  in  the  case  of  the  leaf-stalks  of  certain  Ferns  that  appear 
cylindrical,  the  margins  are  still  indicated  by  lines.  Putting  aside  exceptional 

cases  of  high  specialisation,  it  may  be  stated  that  the  leaf  is  a  bifacial  member  with 

margins  defined  structurally,  though  these  may  be  obscured. 

II.  In  the  simplest  cases  the  leaf  has  not  a  marked  apical  growth  :  it  is  un- 
branched, and  may  contain  only  a  simple  unbranched  vein.  This  is  the  constant 

state  in  the  Lycopodiales,  fossil  and  modern.  It  is  also  generally  seen  in  the 

Equisetales,  though  in  Asterocalamites  and  Pseudobornia  dichotomy  existed. 

Dichotomy  is,  however,  the  rule  in  the  Sphenophyllales  and  Psilotaceee,  though 
in  the  Psilotacese  the  vegetative  leaves  are  simple.     This  is  also  seen  occasionally  in 

*  Textbook,  2nd  Engl,  ed.,  p.  153  ;  and  Lectures  on  the  Physiology  of  Plants,  Lecture  I. 
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the  juvenile  leaves  of  Filicales  {Trichomanes,  Marsilia)  ;  it  is  common  in  Gymno- 

sperms,  and  occurs  in  som-e  Angiosperms.  In  all  such  cases  the  question  arises 
whether  the  simple  structure  is  really  primitive,  or  the  result  of  reduction.  The 

fact  that  a  consecutive  series  of  ascending  steps  from  these  simple  types  to  the 

most  complex,  and  that  such  steps  are  commonly  illustrated  in  more  or  less  complete 

series  in  the  individual  life,  as  we  pass  from  the  juvenile  leaf  to  the  adult,  seems  to 

indicate  quite  clearly  that  there  is  no  difference  in  kind,  but  only  in  degree,  between 

the  simple  and  the  branched  leaf  of  the  sporophyte  ;  it  also  accords  with  the  view 

that  primitive  leaves  were  simple.  But  it  is  well  to  have  in  view  a  clear  case  of 

simplicity  by  reduction.  It  is  seen  in  Platyzoma*  In  this  Fern  Thompson  has 
shown  that  the  leaves  are  dimorphic,  the  fertile  being  simply  pinnate,  the  sterile 

being  apparently  simple.  But  careful  examination  has  shown  various  stages  of 

abortion  of  the  pinnae  in  the  sterile  leaf,  leading  to  cases  where  the  pinnae  are 

wholly  absent.  Thus  by  abortion  a  simple  leaf  may  be  derived  from  a  pinnate  leaf. 

The  simple  leaf  of  a  Lycopod  or  an  Equisetum  may  actually  be  primitively  simple, 

or  the  result  of  a  simplification  of  a  similar  nature  to  that  of  Platyzoma.  But 

whether  the  one  or  the  other,  the  simple  leaf  may  be  held  to  be  just  as  much  a 

"  phyllome  "  as  are  the  more  complex  leaves  of  Ferns.  We  may  conclude  generally 
that  a  leaf  may  be  simple  or  branched.  Branching,  whether  seen  in  form  or  only 

in  venation,  is  not  of  the  essence  of  foliar  nature,  but  is  to  be  regarded  as  a  means 

of  elaboration  of  the  member,  which  may  be  subject  again  to  simplification  by 

suppression  of  the  branches.] 

III.  In  the  great  majority  of  cases  the  leaf  is  branched,  and  the  relatively 

primitive  types  show  that  the  branching  is  primarily  distal.  This  may  affect  the 

outline  of  the  leaf,  and  lead  to  its  being  more  or  less  distinctly  lobed  ;  or  it  may  be 

seen  only  in  the  venation,  and  the  limb  be  entire.  The  relation  of  these  states  will 

be  considered  later  (V).  It  has  already  been  seen  that  the  opinion  expressed  in 

the  writings  of  Hofmeister,  Sachs,  Prantl,  Goebel,  and  Potonie  is  that  the 

fundamental  type  of  branching  in  Fern-leaves  is  dichotomous.^  The  first  result  of 
the  observations  here  described  is  to  establish  the  fact  that  from  all  the  primitive 

types  of  Filicales  the  branching  in  the  juvenile  leaves  is  dichotomous.  In  this 

respect  they  accord  with  what  is  seen  in  the  adult  leaves  of  the  Sphenophyllales  and 

of  certain  archaic  Equisetales.  Thus  it  follows  that  in  all  the  primitive  phyla  of 

Vascular  Plants  where  branching  occurs,  distal  dichotomy  is  the  fundamental  mode 

of  that  branching. 

IV.  Dichotomy  may  be  apparent  only  in  the  venation,  or  it  may  characterise 

also  the  configuration  of  the  leaf.  Within  near  circles  of  affinity  both  states  may  be 

represented.     A  good  example  is  seen  on  comparison  of  Todea  superba  (fig.  6)  and 

*  Thompson,  Trans.  Roy.  Soc.  Edin.,  1916. 

t  Compare  Lignier,  "Equisetales  et  Sphi'nophyllales,"  Bull.  Soc.  Linn,  de  Normandie,  5  serie,  vol.  vii,  p.  93,  1903. 
I  See  paragraph  on  p.  659  as  to  the  use  of  this  term. 
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the  closely  related  Osmunda  regalis  (fig.  l),  while  Todea  barbara  (fig.  5)  takes  a 

middle  position.  Other  examples  may  be  found  among  the  species  of  Hymeno- 
phyllum,  of  Botrychium,  and  of  Dipteris.  In  fact,  there  is  hardly  any  large  genus 

of  Ferns  in  which  the  gradations  of  "  webbing  "  of  the  branched  leaf  between  the 
laciniate  and  the  webbed  are  not  found.  Sphenophyllum  illustrates  the  same  pheno- 

menon ;  for  the  archaic  S.  trichomatosum  has  deeply  cut  leaves,  while  C.  cuneifolium 

has  its  leaves  entire,  with  a  slightly  wavy  distal  margin,  and  Trizygia  has  even  the 

margin  entire,  and  the  leaf  expanded  as  a  large  assimilating  organ.  Such  facts 

suggest  that  a  progressive  "  webbing  "  of  leaves  originally  laciniate  has  taken  place 
within  the  family.  The  facts  for  the  genus  Dipteris  *  are  hardly  susceptible  of 
any  other  interpretation,  and  there  is  reason  to  believe  that  it  occurred  extensively 

among  early  Vascular  Plants. 

Already  Potonie  f  has  indicated  that  in  Sphenophyllum  the  species  from  the 

lower  horizons  are  laciniate,  while  those  of  the  more  recent  are  entire,  indicating  a 

progressive  webbing.  To  this  view  for  the  Sphenophyllacese  Dr  Kidston  assents. 

But,  however  cogent  the  evidence  of  this  may  be  for  certain  cases,  there  is  no  doubt 

that  in  the  course  of  descent  the  reverse  has  also  happened.  It  is  illustrated  in  the 

submerged  species  of  Ranunculus  and  Potamogeton.  The  general  conclusion  will 

then  be  this  :  that  it  is  probable  that  in  leaves  with  branched  venation  a  progressive 

webhing  has  occurred  in  the  course  of  evolution.  But  where  there  is  an  actual 

state  of  laciniation  seen  in  any  given  case,  it  may  either  be  really  the  primitive 

state  preserved,  or  an  adaptive  reversion  to  it,\ 

V.  The  dichotomy  in  juvenile  leaves,  whether  as  seen  in  their  laciniate  outline 

or  only  in  their  venation,  may  be  equal  or  unequal.  In  the  latter  case  the  system  is 

commonly  developed  sympodially,  and  all  possible  gradations  may  be  observed  from 

the  one  to  the  other.  These  are  well  illustrated  in  the  juvenile  leaves  of  Pteridium 

(fig.  26)  and  of  Osmunda  (fig.  l).  It  is  important  to  note  that  the  order  of  the 

ontogenetic  progression  is  normally  from  equal  dichotomy  to  sympodial  development. 

Potonie  also  points  to  a  similar  progression  in  the  juvenile  leaves  of  Flowering 

Plants, §  in  which  the  outline  may  be  dichotomous,  though  not  so  in  the  adult  leaves. 

He  quotes  Kny  and  Winckler  to  the  same  effect.  But  to  take  the  mere  outline 

into  consideration  without  the  venation  may  be  misleading.  Apparent  dichotomy 

may   be   merely  a    result    of  deep  emargination,  and   there  are  indications   in   the 

*  Land  Flora,  p.  618,  etc.  f  Lehrbuch,  p.  176. 
I  It  may  be  a  question  whether  all  cases  of  complex  venation  in  any  leaf-expansion  represent  the  result  of 

webbing  of  lacinipe  originally  distinct.  It  is  possible  that  a  branching  of  veins  may  be  initiated  ale  novo  in  a  leaf- 
expansion.  We  know  that  some  such  new  developments  have  produced  the  reticulate  state.  It  would  therefore  be 
rash  to  deny  that  something  similar  may  in  some  cases  account  for  the  origin  of  additional  veins  in  an  entire  blade. 

We  may  conclude  that  in  primitive  types  with  open  venation  which  are  "webbed"  the  venation  may  be  a  near 
index  of  a  primitive  laciniation.  But  in  derivative  types,  and  especially  where  the  venation  is  reticulate,  as  ia 
Angiosperms,  this  may  have  so  obliterated  the  original  scheme  of  construction  that  what  is  actually  seen  can  no 
longer  be  tiusted  as  indicating  it  further  than  in  quite  general  features. 

§  Her.  d.  d.  Bot.  Ges.,  xiii,  p.  245. 
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Cruciferae  that  it  is  so.  The  venation  in  such  questions  will  have  to  be  examined 

more  carefully  than  hitherto.  What  emerges  from  examination  of  the  illustrations 

in  Lubbock's  book  On  Seedlings  is,  that  the  prevailing  venation  in  the  cotyledons  of 
dicotyledonous  plants  is  of  a  type  similar  to  that  of  an  entire  juvenile  leaf  of  the 

Ophioglossaceae  or  Marattiaceae ;  but  this  subject  will  have  to  be  gone  over  more 

critically  before  comparisons  can  be  applied  in  detail. 

The  earliest  juvenile  leaves  do  not  always  show  an  equal  dichotomy.  The  series 

may  be  more  or  less  abbreviated,  and  the  construction  typical  of  the  primitive  forms 

may  be  omitted.  This  is  particularly  obvious  in  Botrychium  (fig.  12)  and  Helmin- 
thostachys  (fig.  12).  The  Marattiaceae  are  interesting  in  this  connection  ;  for  while 

Dansea  (fig.  10)  may  show  an  initially  equal  dichotomy,  in  Angiopteris*  the 
cotyledon  itself  has  distinctly  sympodial  development,  the  primitive  equal  dichotomy 

being  omitted.  This  seems  to  be  the  prevailing  type  in  the  dicotyledons.  Thus 

there  is  in  the  juveyiile  leaves  of  Vascular  Plants  an  orderly  progression  of  structure 

more  or  less  fully  indicated,  hut  apt  to  he  abbreviated  in  certain  types.  That  pro- 

gressioyi  may  he  held  to  he  prohahly  phyletic  in  relatively  primitive  types.  It 

proceeds  from  equal  dichotomy  to  sympodial  construction. 

VI.  Where  sympodial  development  of  dichotomy  is  seen  it  may  take  various 

forms.  Where  the  favoured  shank  is  alternately  right  and  left,  which  is  the 

commonest  state,  the  sympodium  is  scorpioid,  as  in  figs.  11,  14,  15.  Where  it  is 

repeatedly  on  the  same  side  the  sympodium  is  helicoid,  as  in  Plate-figs.  A-F.  But 
in  leaves  there  are  two  possible  types  of  this  last,  in  relation  to  the  leaf  as  a  whole. 

The  favoured  shanks  may  be  on  the  side  towards  the  leaf-base,  and  the  result  may  be 

designated  a  katadromic  helicoid  sympodium,  as  in  Matonia,  Plate-fig.  A.  Or  it 
may  be  on  the  side  towards  the  apex,  when  it  is  called .  an  anadromic  scorpioid 

sympodium,  as  in  Pteris  semipinnata,  Plate-fig.  E.  The  various  types  of  sympodial 
development  are  variously  distributed  in  the  construction  of  leaves,  and  produce 

very  characteristic  effects  upon  their  outline  and  venation. 

VII.  Where  the  size  of  the  leaf  and  the  complexity  of  its  branching  are  consider- 
able, as  in  most  adult  leaves  of  Leptosporangiate  Ferns,  the  primordium  shows 

continued  apical  growth.  The  lower  pinnae  are  then  as  a  rule  initiated  monopodially, 

budding  out  laterally  below  the  apex.  This  adult  condition  is  gradually  led  up  to 

in  the  successive  leaves  of  the  individual  plant.  But  there  is  also  as  a  rule  a  pro- 
gression in  the  individual  leaf  from  this  adult  mode  of  origin  of  the  lower  pinnae 

to  a  sympodial  origin,  and  finally  to  equal  dichotomy.!"  This  is  in  fact  a 
reversion  in  the  later  stages  of  the  ontogeny  of  the  leaf  to  that  branching  which  is 

characteristic  of  the  juvenile  leaves.  If  the  phyletic  history  be  truly  reflected  in  the 

steps  of  increasing  complexity  of  construction  in  the  successive  leaves  from  the 

juvenile  to  the  adult,  then  the  steps  in  succession  of  origination  would  read  thus: — 
(i)  Equal   Dichotomy,  modified   to  produce    (ii)    the   Sympodial   Dichotomy;   and 

*  Campbell,  Eusp.  Ferns,  fig.  122.  t  See  Land  Flora,  p.  627,  and  refs. 
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(in)  where  the  development  of  the  leaf  is   strong   there  may   be   transition   to   the 

Monopodial  Branching. 

VIII.  But  in  the  individual  Fern-leaf  the  order  of  events  is  developmentally  the 

reverse  of  this.  The  first-formed  branches  (pinnae)  are  monopodial,  the  later  of 

sympodial  origin,  and  the  final  branching  dichotomous.  Thus  the  distal  end  of  the 

Fern-leaf  may  be  held  to  retain  its  primitive  characters.  Anatomically  it  is  found 
that  ancestral  features  are  also  located  in  the  leaf-trace  at  the  base.  It  is  thus 

possible  to  regard  the  middle  region  of  the  leaf  as  an  evolutionary  innovation,  a 

view  which  accords  equally  with  anatomical  fact  and  with  the  comparative  study 

of  leaf-development.  It  may  then  be  stated  as  a  working  hypothesis  that  the  most 
archaic  regions  of  the  leaf  (especially  in  Ferns)  are  the  apex  and  base,  and  the 

middle  region  is  derivative. 

IX.  In  some  cases  of  highly  organised  leaves,  especially  in  Ferns,  the  branching 

of  the  adult  leaf  may  be  throughout  that  of  equal  dichotomy.  This  is  usually 

accompanied  by  a  long  petiole,  so  that  the  orbicular  or  laciniate  lamina  is  expanded 

far  from  the  leaf-base.  Historically  this  may  be  either  a  retention  of  the  primitive 
dichotomy  or  a  reversion  to  it :  an  opinion  can  only  be  formed  on  the  facts  for  each 

individual  case  (figs.  27,  28).  Thus,  in  some  highly  organised  leaves  the  sympodial 

or  monopodial  states  may  not  be  represented  at  all. 

X.  In  other  cases  the  converse  may  happen,  as  in  the  adult  leaves  of  Angiopteris* 
where,  though  in  the  young  leaf  the  branching  is  a  scorpioid  sympodium,  the 

relatively  few  pinnae  of  the  adult  arise  monopodially,  and  the  phyllopodmm  is  then 

arrested  in  its  growth.  It  does  not  progress  to  the  primitive  dichotomous  stage, 

which  is  thus  omitted  from  the  adult  leaf.  A  similar  state  is  seen  in  the  Cycadaceae.t 

In  them  even  the  acropetal  succession  is  not  strictly  maintained.  This  probably 

gives  a  correct  clue  to  the  architecture  of  the  leaves  in  most  Angiosperms,  in  which 

arrest  of  apical  growth  at  an  early  stage  is  a  marked  feature  of  the  leaf-development. 
Certain  extreme  examples  of  such  arrest  of  apical  growth  involve  the  atrophy  of  the 

whole  distal  region.  They  are  seen  in  simple  form  in  the  protective  scales  of  the 

Osmundacese,  where  the  whole  branch  system  of  the  lamina  is  arrested  in  its  early 
stages,  while  the  sheathing  base  remains  of  normal  size.  The  same  is  seen  in  the 

Cycadacese,  In  Angiosperms  this  is  the  case  with  bud-scales,  in  which  in  various 

degree  the  "lamina"  is  represented  in  atrophied  state,  while  the  intercalary  petiole 
is  not  initiated.!  Such  cases  may  be  held  as  further  advances  in  that  arrest  which 

is  already  seen  in  Angiopteris.  Not  only  is  the  phyletically  earlier,  dichotomous 

region  of  the  distal  branching  omitted,  bjut  the  whole  of  it ;  and  the  effective  part  of 

the  scale  originates  from  the  "  hypopodium"  (Blattgrund  of  Eichler).  Thus  it  may 
be  stated  that  in  some  Ferns,  in  Cycads,  and  in  almost  all  Angiosperms  the  apical 

growth  of  the  leaf-primordium  is  arrested  early,  and  the  distal  primitive  stage  of 

*  Phil.  Trans.,  pt.  ii,  1884,  rigs.  15-17.  t  Ibid.,  pt.  ii,  1884,  figs.  24-44. 
I  Goebel,  Organography,  Engl,  ed.,  ii,  p.  386. 
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equal  dichotomy  is  omitted.  In  this  case  the  pinnae  are  all  of  monopodial  origin, 

and  it  is  the  phylogenetically  later  region  that  constitutes  the  adult  leaf.  A  step 

further  is  seen  in  the  bud-scales  of  the  Osmundaceae,  Cycads,  and  Angiosperms,  where 
the  effective  region  originates  basally. 

XI.  The  distal  branching  of  the  leaf-primordium  results  in  a  lobed,  or  webbed, 
blade.  But  other  developments  not  referable  to  this  appear  in  some  cases  at  the 

leaf-base.  They  are  often  included  under  the  term  "  stipules."  They  may  be  absent 
from  whole  families,  but  constantly  present  in  others;  and  this  applies  both  to  Pterido- 
phyta  and  to  Flowering  Plants.  Among  the  former  the  Osmundacese,  Marattiaceae, 

and  Ophioglossacese  have  them  ;  others  have  not.  They  appear  to  be  primarily  the 

result  of  enlargement  of  the  wings  of  the  leaf-base,  with  or  without  a  commissure. 
The  latter  is  seen  in  the  Marattiaceae,  in  Todea  and  Stangeria,  but  not  in  Osmunda 

or  Cycas*  They  may  have  been  of  distinct  phyletic  origin  in  the  different  families.! 

Such  developments,  which  are  usually  styled  "  stipular,"  are  basal  in  origin,  and 
distinct  in  nature  from  the  distal  branchings  of  the  leaf. 

XII.  The  factor  which  becomes  most  prominent  in  determining  the  leaf-form  in 
the  Higher  Vascular  Plants  is  intercalary  growth.  In  them  what  is  lost  by  arrest  of 

apical  growth  is  largely  made  up  by  intercalary  growth.  This  is  effective  in  pro- 
ducing the  petiole,  but  it  is  also  active  in  the  blade.  Here  the  marginal  teeth  (if 

present)  are  produced  early,  by  monopodial  branching  upon  the  phyllopodium. 

They  are  carried  outwards  by  transverse  intercalary  growth  below  their  base,  and 

appear  at  maturity  as  the  marginal  teeth.  Thus  in  the  leaves  of  the  Higher  Plants 

intercalary  growth  is  prevalent,  and  its  results  disguise  the  similarity  of  the  archi- 
tectural scheme  to  that  in  the  Pteridophyta. 

XIII.  But  the  intercalary  growth  may  intervene  at  various  points  in  the  phyllo- 
podium, and  thus  in  the  mature  state  pinnae  which  were  in  close  juxtaposition  when 

formed  may  be  separated.  Especially  it  may  intervene  between  the  lowest  pinnae 

and  the  rest.  They  would  then  appear  at  maturity  at  the  base  of  the  petiole,  and 

be  liable  to  be  ranked  as  "  stipules,"  though  differing  in  origin  and  nature  from  the 
stipules  described  above.  Something  of  this  nature  is  foreshadowed  in  those  basal 

pinnae  seen  in  the  Cyatheaceae,  and  styled  "  aphlebiae."  It  is  on  developmental  and 
comparative  grounds  that  the  line  will  have  to  be  drawn  in  each  special  case  between 

the  two  possible  sources  of  the  parts  ranked  as  "  stipules"  viz.  basal  developments  of 
tvings,  and  pinnae  left  in  a  basal  position  by  intercalary  growth  above  them. 

The  attempt  has  been  made  in  the  above  pages  to  study  the  architecture  of  the 

leaf  in  the  Sporophyte  on  the  broadest  lines.  All  the  three  avenues  of  comparison 

named  at  the  outset  have  been  used  :  viz.  a  comparative  study  of  adult  leaves ;  a 

similar  study  of  juvenile  leaves ;  and  reference  to  the  fossil  record.     It  will  now 

*  See  Phil.  Trans.,  pt.  ii,  1884,  pis.  xxxviii-xl. 

f  Goebel  states  pointedly  that  "  the  structures  which  were  frequently  considered  to  be  stipules  in  the  Ophio- 
glossaceae  are  not  of  that  nature"  {Organography,  Engl,  ed.,  ii,  p.  365).  He  gives  no  reason  for  this  statement, 
though  he  admits  the  use  of  the  term  for  the  similar  growths  of  the  Marattiacese. 
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appear  that  the  study  of  the  juvenile  leaves  in  relatively  primitive  Vascular  Plants 

is  not  the  least  valuable  of  them  in  eliciting  the  phyletic  story  of  leaf-architecture. 

The  view  has  been  adopted  throughout  that  the  juvenile  leaves  of  the  Pteridophyta 

are  rudimentary,  not  arrested.  For  they  are  free-living  leaves,  that  have  never 

been  controlled,  like  the  cotyledons  of  Seed-Plants,  by  the  exigencies  of  packing 
within  a  seed,  or  by  adaptation  to  storage.  It  is  held  that  the  adult  leaf  is  the  result 

of  promoted  development  from  this  relatively  simple  source.  The  theoretical  position 

is  entertained  that  the  progression  which  successive  juvenile  leaves  show  with 

greater  or  less  perfection,  from  equal  dichotomy  to  sympodial  and  ultimately  to 

monopodial  branching,  reflects  with  some  degree  of  accuracy  a  probable  story  of 

phyletic  advance  in  leaf-architecture.  The  microphyllous  Pteridophytes  would  then, 
speaking  generally,  be  types  which  had  progressed  less  far,  though  in  some  cases 

simple  leaves  appear  to  have  become  so  by  reduction.  This  may  have  been  so  in 

Equisetum,  and  it  is  believed  to  be  the  case  for  the  simple  leaves  of  some  Ferns  and 

Flowering  Plants.  But  such  an  interpretation  will  not  apply  to  the  Lycopodiales  : 

for  in  them  the  leaf  is  always  simple,  and  the  earliest  fossils  of  the  family  bear  this 

out.  They  appear  to  have  retained  a  primitive  simplicity  of  the  leaf.  Excepting , 

then,  such  cases  as  are  probably  reduced,  a  general  working  hypothesis  may  be 

adopted,  that  the  progressive  steps  seen  with  varying  completeness  in  the  successive 

juvenile  leaves  of  the  individual,  and  reflected  by  comparison  of  the  adult  leaves  in 

various  early  vascular  types,  indicate  the  steps  of  elaboration  which  prevailed  in 

the  evolution  of  foliar  structures  in  the  Sporophyte. 

The  complex  scheme  thus  set  up  in  the  megaphyllous  types  was  suitable  enough 

for  hygrophytic  vegetation,  such  as  the  Filicales  and  Pteridosperms.  But  it  was 

liable  to  modification  under  exposed  subaerial  conditions.  The  phyletic  history  of 

the  Angiosperms  may  be  uncertain,  but  the  probability  is  that  they  sprang  from  a 

megaphyllous  rather  than  a  microphyllous  source.  And  already  among  megaphyllous 

types  we  have  seen  evidences  of  certain  modifications  which  would  have  the  effect 

of  producing  a  leaf  like  that  of  the  Angiosperms.  The  chief  of  these  are  apical 

arrest,  with  omission  of  the  phyletically  oldest  but  biologically  most  vulnerable 

distal  region,  and  the  substitution  of  intercalary  for  apical  growth.  Thus,  we  may 

believe,  there  was  produced  a  type  of  leaf  with  various  added  advantages  ;  such  as 

an  early  maturation  of  the  apex,  a  more  robust  construction,  a  capacity  for  close 

packing  in  the  bud,  and  a  more  adaptable  development  of  form  to  meet  the  various 

biological  needs  of  subaerial  life.  In  fact,  the  biological  probability  that  such  changes 

should  supervene  as  amendments  of  the  Filical  construction  lends  support  to  the 

conclusions  arrived  at  on  a  basis  of  comparison.  The  application  of  the  results 

obtained  from  the  Pteridophyta  to  the  leaves  of  Flowering  Plants  can  here  be  only 

suggested  in  general  terms.  It  is  hoped  on  some  future  occasion  to  develop  the 
points  of  comparison  on  the  basis  of  fresh  observations  on  them.  But  if  the  com- 

parisons here  instituted  are  correct,  they  indicate  as  a  general  statement  for  Vascular 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  21).  103 
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Plants   that    their  leaf-architecture   in  throughout  referable   to  modifications   of  a 

branch-system  originating  'phyletically  in  a  simple  leaf  subject  to  equal  dichotomy. 

Postscript. 

On  Theories  of  the   Ultimate  Origin  of  the  Leaf. 

The  views  put  forward  in  this  memoir  depend  upon  the  way  in  which  the  juvenile 

leaves  are  regarded.  If  they  are,  as  is  believed,  relatively  primitive  in  their  char- 
acters, and  the  adult  leaves  are  similar  forms  promoted  to  higher  complexity,  then 

the  sequence  of  leaves  in  the  individual  will  indicate  the  probable  steps  of  phyletic 

advance.  Similarly,  a  comparison  of  the  microphyllous  Pteridophytes  with  the 

megaphyllous  gives  a  sequence  of  very  similar  steps.  It  seems  not  unnatural  to 

suggest  that  along  these  parallel  lines  a  true  indication  may  be  found  of  how  the 

megaphyllous  state  originated  in  descent.  Thus  it  would  appear  probable  that  the 

ultimate  origin  of  the  leaf  was  as  a  lateral  appendage  upon  the  axis,  relatively  small 

originally,  but  capable  of  enlargement  by  branching,  together  with  such  other  steps 

as  are  exemplified  in  the  comparisons  given  above. 

It  may  be  noted  that  a  lateral  origin  of  the  leaf  accords  with  the  facts  of 

embryology  of  Vascular  Plants.  It  has  been  shown  by  comparison  of  the  embryos 

of  the  Pteridophyta  that  in  all  adequately  examined  cases  the  first  segmentation  of 

the  zygote  stamps  the  polarity  of  the  embryo,  and  that  the  apex  of  the  axis  coincides, 

as  nearly  as  is  consistent  with  the  detail  of  the  segmentation,  with  the  centre  of  the 

epibasal  hemisphere.*  Thus  in  point  of  fact  the  position  of  the  axis  is  defined 
before  the  origin  of  the  leaf  is  apparent.  That  is  so  also  for  the  embryos  of 

Gymnosperms  and  Dicotyledons.  But  till  recently  the  case  of  the  Monocotyledons, 

as  exemplified  by  the  commonly  accepted  type  of  Alisma,  seemed  to  be  an  exception, 

for  there  the  cotyledon  appears  to  be  terminal.  But  Coulter  and  Land  t  have  met 

this  difficulty  by  showing  that  Alisma  is  not  a  general  type  of  embryogeny  for 

Monocotyledons.  In  Agapanthus  and  others  there  is  a  peripheral  cotyledonarv 

sheath,  surrounding  the  apex  of  the  axis,  which  is  itself  actually  central,  as  in  other 

types  of  embryos.  In  the  case  of  Alisma  the  single  cotyledon  may  then  be  held  to 

have  assumed  the  terminal  position  as  a  consequence  of  its  early  and  strong 

development,  by  a  sort  of  "  phyletic  slide."  If  this  be  so,  then  the  exception  of 

the  Monocotyledons  as  a  whole  falls  away.  The  "terminal"  cotyledon,  where  it 
does  occur,  is  not  phyletically  terminal,  but  lateral.  Thus  the  conclusion  of  primary 

origin  of  leaves  laterally  in  the  embryogeny  of  Vascular  Plants  is  of  general  appli- 
cation, though  liable  to  secondary  displacement,  as  in  some  Monocotyledons. 

But  this  conclusion,  and  this  way  of  regarding  the  leaf  as  a  member  originally 

microphyllous  and  progressively  asserting  itself  in  descent,  is  out  of  harmony  with 

opinions  expressed  by   various  recent  writers.      Thus   Campbell   has  advocated  a 

*  Land  Flora,  chap,  xlii,  p.  670.  f  Bot.  Gaz.,  1914,  pp.  509-514. 
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megaphyllous  origin,  holding  that  the  leaf  preceded  the  axis  in  the  evolution  of 

the  shoot.  His  view  is,  in  fact,  a  phytonic  theory  akin  to  that  of  Gaudichaud,  but 

stated  in  terms  of  embryonic  development.  He  bases  his  argument  largely  upon 

facts  relating  to  the  Ophioglossaceae,  and  particularly  on  the  embryology  of  species 

of  Ophioglossum  itself.  But  it  is  necessary  to  point  out,  as  invalidating  his  argument, 

first,  that  Ophioglossum  is  probably  a  highly  specialised  representative  of  its  family. 

This  is  indicated  by  its  reticulate  venation,  and  by  many  facts  in  its  anatomy  and 

morphology.  Secondly,  in  this  family  the  dormant  axillary  buds  observed  by 

Gwynne-Vaughan  and  Lang  are  themselves  very  minute,  but  none  the  less  the 

axial  nature  is  recognisable  in  them,  bearing  leaves  in  case  of  their  further  develop- 
ment. And  generally,  when  the  facts  adduced  by  Campbell  for  special  cases  such 

as  Ophioglossum  are  placed  against  those  from  Pteriodophyte  embryology  as  a 

whole,  it  does  not  appear  that  his  thesis  of  the  priority  of  leaf  over  axis  is  sustained 

by  the  actual  facts. 

On  the  other  hand,  Tansley,  in  his  Lectures  on  the  Evolution  of  the  Filicinean 

Vascular  System,  has  contemplated  a  megaphyllous  origin  of  the  leaf.  He  supported 

his  view  by  comparisons  between  the  vascular  anatomy  of  the  adult  leaf  and  that  of 

the  axis  in  certain  early  fossils.  Especially  he  traced  his  most  convincing  parallel 

in  the  leaves  of  those  Zygopterids  which,  with  an  upright  habit  of  the  leaf,  bore 

four  vertical  rows  of  pinnae.  He  remarks  :  *  "  This  tendency  to  radial  organisation  of 
the  frond  may  perhaps  be  regarded  as  a  relic  of  the  time  when,  according  to  our 

basal  hypothesis,  the  structure  of  the  fronds  of  Ferns  was  but  little  differentiated 

from  the  structure  of  their  stems."  On  a  previous  page  t  he  had  stated  the  theory 

thus  :  "I  am  inclined  to  believe  that  the  Fern-leaf  is  in  phylogenetic  origin  a  branch, 
or  rather  a  branch-system,  of  a  primitive  undifferentiated  sporangium-bearing  thallus, 

and  not  an  appendicular  organ,  differing  ab  initio  from  the  axis  on  which  it  is  borne." 
Miss  Bancroft  \  finds  anatomical  support  for  the  theory  in  Rachiopteris  cylindrica, 

and  gives  copious  references  to  cognate  literature. 

Tansley  refers  the  modern  statement  of  this  theory  in  the  first  instance  to 

Potonie.  §  But  in  1884  1  had  myself  stated  substantially  the  same  hypothesis 

thus :  ||  "  May  we  not  with  good  reason  think  that,  just  as  the  phyllopodium 
gradually  asserts  itself  as  a  supporting  organ  among  structures  originally  of  similar 

origin  and  structure  to  itself,  so  also  the  stem  may  have  gradually  acquired  its 

characters  by  differentiation  of  itself  as  a  supporting  organ  from  other  members 

originally  similar  to  itself  in  origin  and  development?  Thus  the  stem  and  leaf 

would  have  originated  simultaneously  by  differentiation  of  a  uniform  branch-system 

into  members  of  two  categories."  Finding  later  that  facts  were ,  deficient  for  any 
approach  to  a  proof  of  this  hypothesis,  I  left  it,  so  to  speak,  in  the  air  ;  but  now  I 
return  to  the  consideration  of  it  after  more  than  thirty  years. 

*  L.c,  pp.  23-24.  f  P.  1.  +  Ann.  of  Bot.,  1915,  p.  562. 
S  Deutsche  Bot.  Monatsschrift,  xv,  1897.  ||  Phil.  Tram.,  ii,  p.  605. 
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The  obvious  rejoinder  to  this  theory,  supported  as  it  now  is  by  the  study  of 

relatively  early  fossils,  is  that  it  starts  from  forms  of  extraordinary  complexity. 

I  do  not  anticipate  that  any  settled  conclusion  can  be  arrived  at  for  the  present 

as  to  the  ultimate  origin  of  foliar  structures  in  the  Vascular  Plants.  Perhaps  the 

most  valid  suggestions  may  come  from  newly  discovered  fossil-types.  But  in  my  view 
the  methods  pursued  in  this  memoir,  based  as  they  are  upon  the  general  study 

of  well-known  living  plants,  are  preferable  meanwhile  to  comparisons  of  the  mature 
anatomy  of  adult  organs,  in  plants  which  are  imperfectly  known  and  appear  to  have 

been  highly  elaborated  and  specialised.  A  comparison  based  upon  embryology ;  upon 

the  successive  juvenile  leaves  of  the  individual,  leading  up  to  the  adult;  and  upon 

the  form  and  venation  of  the  adult  leaves  of  all  the  leading  types  of  Vascular  Plants, 

and  checked  by  reference  to  the  fossil  record,  offers  a  footing,  however  precarious, 

upon  which  to  approach  some  reasonably  probable  conclusion.  That  provisional  prob- 
ability is,  that  leaves  were  initiated  as  lateral  appendages  of  an  axis  ;  and  that  the 

more  complex  leaves  resulted  from  elaboration  of  a  simpler  type. 

DESCRIPTION  OF  PLATE. 

Fig.  A.  Leaf  of  Matonia  pectinuta,  R.  Br. ;  reduced  to  ̂   natural  size. 

Fig.  B.  Leaf  of  Dipteris  conjugata  (Kaulf  ),  Reinw.  ;  reduced  to  \  natural  size. 

Fig.  C.  Leaf  of  Dietyophyllum  exile  ;  much  reduced.     After  Nathorst,  from  Seward's  Fossil  Plants. 

Fig.  D.  Leaf  of  Camptopteris  spiralis ;  much  reduced.     After  Nathorst,  from  Seward's  Fossil  Plants. 
Fig.  E.  Leaf  of  Pteris  semipmnata,  reduced. 

Fig.  F.  Leaf   of    Odontopteris  minor,  Brongn.  ;   rather  less  than  i  natural  size.      After  Zeiller,  from 

Seward's  Fossil  Plants. 
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XXII. — Contributions   to    our   Knowledge    of  British   Palaeozoic   Plants.      Part   I. 

Fossil  Plants   from  the  Scottish   Coal    Measures.     By    Dr  R.  Kidston,  F.R.S. 

(With  Three  Plates.) 

(Eead  July  3,  1916.     MS.  received  July  10,  1916.     Issued  separately  November  29,  1916.) 

Introduction. 

In  this  series  of  papers  it  is  proposed  to  describe  new  or  interesting  Palaeozoic 

plants,  many  of  which  were  collected  several  years  ago.  Some  of  these  are  in  the 

possession  of  the  Geological  Surveys  of  England  and  Scotland,  others  belong  to 

personal  friends  or  are  in  the  collections  of  public  museums,  while  the  remainder  are 

in  my  own  collection.  They  come  from  various  localities  and  horizons,  and  a  few 

from  coalfields  of  which  papers  dealing  with  their  fossil  plants  have  already  been 

published,  and  they  are,  in  many  cases,  additions  to  these  lists. 

I  take  this  opportunity  of  tendering  my  thanks  to  all  who  have  so  kindly  helped 

me  in  my  investigation  of  the  Carboniferous  flora,  to  whose  kind  and  sympathetic 

assistance  I  owe  much  of  my  knowledge  of  British  Palaeozoic  botany. 

I  am  also  indebted  to  the  Executive  Committee  of  the  Carnegie  Trust  for  a  grant 

to  defray  the  cost  of  the  plates  which  illustrate  this  memoir. 

In  this  part  of  the  series  the  following  species  are  described  : — 

Sphenopteris  incurva,  n.  sp. 

Sphenopliyllum  cuneifolium  Sternb.,  sp.,  forma  amplum,  n.f. 

Sigillaria  elegans  Sternb.,  sp. 

Sigillaria  incerta,  n.  sp. 

Sigillaria  Strivelensis,  n.  sp. 

Stigmaria  minuta  Goppert. 

Lagenospermum  parvulum,  n.  sp. 

Sphenopteris  incurva  Kidston,  n.  sp.     (PI.  Ill,  figs.  1,  la;  text-fig.  1.) 

Description. — Frond  .  .  .  ;  penultimate  pinnae  free,  rachis  smooth,  winged  ;  ulti- 

mate pinnae  alternate,  linear-lanceolate,  rachis  straight,  winged  ;  pinnules  alternate, 

subcuneate  or  rhomboidal,  and  bearing  1-2  pairs  of  narrow  upward-directed  decurrent 
lobes  with  rounded  apices,  and  a  similar  blunt,  sometimes  cuneate,  terminal  lobe, 

which  is  occasionally  larger  than  the  other  lobes  of  the  pinnule.  The  terminal 

pinnule  frequently  consists  of  two  narrow,  blunt,  incurved  segments  with  a  sinus 

between  them.  A  single  vein  enters  each  pinnule,  which  gives  off  a  veinlet 
to  each  lobe. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  22).  104 
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Remarks. — The  specimen  is  shown  natural  size  on  PI.  Ill,  fig.  1,  and  a  portion  is 
enlarged  two  times  at  fig.  la,  to  show  the  form  of  the  pinnules.  The  remarkable 

feature  of  this  fossil  is  the  curious  form  of  the  pinnules  which  terminate  the  pinnae. 

These  consist  of  two  narrow  cusp-like  lobes  which  bend  towards  each  other,  leaving 

a  space  between  them  and  enclosing  a  triangular  area.  The  two  horns  are  some- 

times open  above  (fig.  la,  A  A,  and  text-fig.  1,  A  and  C,  X  7),  but  at  other  times  they 

meet  (fig.  la,  B  B,  and  text-fig.  1,  B,  X7).  The  structure  is  very  suggestive  of  some 
organ,  now  removed,  having  been  attached  at  the  base  of  and  between  the  two 

incurved  horn-like  segments. 

Sphenopteris  incurva  is  allied  to  Sphenopteris  herbacea  Boulay,*  but  differs  in  its 
smaller  and  more  rhomboidal  pinnules,  which  usually  only  bear  one  or  two  pairs  of 
alternate  lateral  lobes  and  a  terminal  one.  The  curious  forked  and  incurved  terminal 

pinnules  are  also  not  known  to  occur  on  Sphenopteris  herbacea. 

Locality. — Barony  Pit,  Oldbyres  Farm,  about  1^  mile  west  of  Auchinleck,  Ayrshire. 

Horizon. — Overlying  Ell  Coal.     Westphalian  Series.     Collected  by  Mr  D.  Tait. 

Sphenophyllum  cuneifolium  Sternb.,  sp.,  forma  amplum,  n.f. 
(PI.  Ill,  figs.  2,  3.) 

Remarks. — The  form  of  Sphenophyllum  cuneifolium  figured  here  approaches  in 

its  size  to  Sphenophyllum  majus  Bronn,  sp.,t  but  the  narrow  wedge-shaped  leaves,  with 
their  sharp  teeth,  show  that  the  specimens  are  only  an  exceptionally  large  form  of 

Sj>henophyllum  cuneifolium  Sternb.,  sp.,  which,  however,  seems  worthy  of  a  distinctive 

name.     The  leaves  are  1*4  cm.  long  on  the  specimen  seen  at  fig.  3,  and  1*7  cm.  long 
*  Boulay,  Terr.  howl,  du  Nord  de  la  France,  p.  27,  pi.  i,  fig.  5,  1876.  Zeiller,  Flore  foss.  bassin  houil.  d.  Valen., 

p.  106,  pi.  vi,  fig.  4  ;  pi.  vii,  figs.  3-4.  Sorotheca  herbacea,  Stur,  Die  Fame:  Garb. -Flora  d.  Schatz.  Schichten,  p.  279, 

pi.  xxxiv,  figs.  4-8. 
f  Rotularia  major,  Bronn  in  Bischoff,  Kryptogam.  Gewiichse,  pp.  89,  131,  pi.  xiii,  figs.  2a,  2b,  1828.  Spheno- 

phyllum majus  Kidston,  Mem.  Muse'e  roy.  d'hist.  nat.  de  Belyique,  p.  221,  pi.  xiv,  figs.  1-4,  4a  ;  pi.  xv,  figs.  2,  3  ; 
text-fig.  35,  1911. 
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on  that  at  fig.  2.  On  the  typical  plant  the  leaves  seldom  exceed  0'80  mm.  to  1  cm. 
in  length.  The  specimens  were  collected  by  Mr  A.  Macconochie,  and  are  preserved 

in  the  Collection  of  the  Geological  Survey,  Edinburgh. 

Localities. — Meadow  Bank  Pit,  \  mile  south  of  Polmont,  and  No.  13,  Callender 
Pit,  \  mile  S.S.E.  of  the  Glen,  near  Falkirk,  Stirlingshire. 

Horizon. — Shale  resting  on  Ball  Coal.     Lanarkian  Series. 

Sigillaria  elegans  Stemb.,  sp.    (PL  II,  figs,  l,  la,  2,  3,  4 ;  PI.  Ill, 
figs.  4  and  8,  8a.) 

1826.  Favularia  elegans,  Stemb.,  Essai  flore  monde prim.,  vol.  i,  fasc.  iv,  pp.  xiv  and  48,  pi.  lii,  fig.  4. 

1836.  Sigillaria  elegans,  Brongt.,  Hist.  d.  vegk.foss.,  p.  438,  pi.  cxlvi,  fig.  1  ;  pi.  civ  ;  pi.  clviii,  fig.  1. 

1886.  Sigillaria  elegans,  Zeiller,  Flore  foss.  bassin  liouil.  d.  Valen.,  p.  582,  pi.  lxxxvii,  figs.  1-4. 

1887.  Sigillaria  elegans,  Weiss,  Sigillarien  d.  preuss.  Steinlc. :  I,   Gruppe  Favularien,  p.  32,  pi.  (4)  x, 

figs.  38-41,  43-50.     {Includes  varieties.) 

1911.  Sigillaria  elegans,  Kidston,  "Vt'get.  houil.  dans  le  Hainaut  beige,"  Mem.  Musee  roy.  d'hist.  nat., 
vol.  iv,  p.  185.* 

1887.  Sigillaria  elegantula,  Weiss,  I.e.,  p.  44,  pi.  (7)  xiii,  figs.  74-78.     (Includes  varieties.) 
1905.  Sigillaria  elegantula,  Koehne  in    Potonie,  Abbild.    u.    Beschreib.  foss.    Pftanzen-Reste,  Lief,    iii, 

No.  52,  figs.  1-17  (?  18),  19-30.     (Includes  varieties.) 
1887.  Sigillaria  lorienta,  Weiss,  I.e.,  p.  18,  pi.  (1)  vii,  figs.  3,  4.     (Includes  varieties.) 

1905.  Sigillaria  lorirata,  Koehne  in  Potonie,  I.e.,  No.  54,  figs.  1-6. 

1887.  Sigillaria  squamata,  Weiss,  I.e.,  p.  25,  pi.  (2)  viii,  figs.  17-22.     {Includes  varieties!) 
1887.  of.  Sigillaria  microrhombea,  Weiss,  I.e.,  p.  17,  pi.  (1)  vii,  figs.  1,  2.     (Includes  varieties.) 

1905.  Sigillaria  microrhombea,  Koehne,  I.e.,  No.  53,  fig.  3  (?  figs.  1,  2.) 

1887.  cf.  Sigillaria  fossorum,  Weiss,  I.e.,  p.  28,  pi.  (3)  xi,  figs.  25-32.     (Includes  varieties.) 

1905.  cf.  Sigillaria  fossorum,  Koehne  in  Potonie,  I.e.,  No.  55,  figs.  1-14  (?  15),  16-18  (1 19-22). 
1887.  Sigillaria  Fannyana,  Weiss,  I.e.,  p.  35,  pi.  (5)  xi,  figs.  51,  52. 

Remarks. — Some  palseobotanists  hold  the  opinion  that  the  plant  figured  under 
the  name  of  Sigillaria  elegans  by  Brongniart  is  not  the  same  species  as  that  to  which 

Sternberg  applied  the  name  of  Favularia  elegans,  and  with  which  Brongniart  identi- 
fied his  specimens.  This  view  was  adopted  by  Weiss,  who  proposed  to  restrict  the 

name  of  Sigillaria  elegans  Brongt.  (non  Sternb.)  for  those  specimens  whose  cushions 

were  smooth  or  nearly  smooth  below  the  leaf  scar,  while  for  those  whose  cushions 

below  the  leaf  scar  are  provided  with  two  diverging  lines  or  ridges  he  proposed  the 

name  of  Sigillaria  elegantula.  These  differences  are  not  constant  and  are  found  even 

on  the  same  specimen.  Sigillaria  elegans  Brongt.  is  therefore  now  united,  by  those 

who  believe  that  the  S.  elegans  Brongt.  is  not  the  Favularia  elegans  Sternb., 

with  Sigillaria  elegantula  Weiss.  On  the  other  hand,  those  who  believe  that 

Brongniart  was  correct  in  identifying  his  specimens  with  the  Favularia  {Sigillaria) 

elegans  Sternb.  unite  Sigillaria  elegantula  Weiss  with  that  species,  and  this  is  the 

view  that  is  adopted  here. 

From  what  has  been  already  said,  it  will  be  seen  that  Sigillaria  elegans  is  a 

variable  species,  and  some  interesting  variations  in  the  form  of  the  leaf  scars  and  in 

*  Full  references  and  synonymy  are  given  here. 
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the  length  of  the  cushion  which  separates  them  are  shown  on  PI.  II,  figs.  1  4,  and 

PI.  Ill,  figs.  4  and  8.  These  specimens  are  preserved  in  the  Collection  of  the 

Geological  Survey  of  Scotland,  Edinburgh. 

Near  the  top  of  the  specimen  given  on  PI.  II,  fig.  1,  are  seen  some  cone  scars,  in 

the  neighbourhood  of  which  the  leaf  scars  are  much  compressed,  being  broader  than 

long,  and  occupy  the  whole  of  the  cushion  except  a  small  portion  at  both  sides 

(fig.  la).  The  upper  and  lower  margins  are  straight  or  even  slightly  hollowed  in 

some  cases,  while  others  have  on  the  basal  margin  a  prominent  central  little  point. 

On  the  lower  part  of  the  specimen,  the  leaf  scars  assume  the  normal  form  of  Sigillaria 

elegans  (fig.  l),  some  of  which  are  emarginate  on  their  upper  margin  and  rounded  at 

the  base,  below  which  is  only  a  very  narrow  band  of  smooth  cushion. 

Fig.  2  shows  portion  of  a  specimen  on  whose  upper  part  are  some  normal  leaf 

scars,  but  immediately  below  them  the  cushions  and  leaf  scars  begin  to  elongate,  the 

lower  margin  of  the  latter  ending  in  somewhat  sharp  points.  The  cushion  below  the 

leaf  scar  is  smooth.  A  piece  of  the  counterpart  is  given  at  fig.  3.  In  both  the 

cushions  are  clearly  delimited  by  a  straight  furrow,  and  from  some  of  the  leaf  scars  a 

decurrent  line  descends  from  the  lateral  angles,  which,  bending  slightly  inward,  runs 

parallel  with  the  margin  of  the  cushion.  In  fig.  4,  PI.  II,  the  smooth  leaf  cushions 

are  not  quite  so  much  developed  as  in  the  last  example.  The  leaf  scars,  which  in  all 

cases  are  situated  at  the  upper  end  of  the  cushions,  have  emarginate  upper  margins 

and  generally  end  in  a  point  at  the  base.  The  lateral  angles  are  prominent.  These 

characters  can  be  clearly  seen  on  the  figures,  which  should  be  examined  with  a  lens. 

Another  small  fragment  is  given  on  PL  III,  fig.  4,  enlarged  two  times.  On  the 

upper  part  of  the  fossil,  in  the  neighbourhood  of  a  branch  whorl,  the  leaf  scars  are 

much  transversely  elongated  and  partially  deformed  through  mutual  pressure.  At 

the  bottom  of  the  figure  they  assume  the  usual  characters  of  Sigillaria  elegans.  The 

leaf  scar  is  emarginate  at  the  top  and  has  sometimes  a  sharp  point  at  the  base,  the 

lateral  angles  are  well  developed ;  the  leaf  scar  occupies  the  whole  width  of  the 

cushion,  except  at  the  margins,  where  there  is  a  narrow  border  of  cortex. 

This  specimen  is  identical  with  the  Sigillaria  micr07'hombea^  as  figured  by  Koehne,* 
and  very  similar  to  Sigillaria  microrhombea,  var.  acutissima  Weiss, t  only  the  leaf 

scars  are  not  quite  so  sharp-pointed  laterally  as  in  Weiss'  figure.  With  Sigillaria 
elegans  Sternb.,  sp.,  must  also  be  united  the  Sigillaria  squamata  Weiss4  There 

appear  to  be  no  fixed  characters  whereby  these  "species"  can  be  separated  from 
Sigillaria  elegans  Sternb.  and  Brongt.  or  from  Sigillaria  elegantula  Weiss. 

All  the  specimens  described  above  occurred  together. 

Another  small  specimen  of  Sigillaria  elegans  Sternb.,  sp.,  is  given  on  PI.  Ill,  fig.  8, 

natural  size,  and  a  part  is  enlarged  two  times  at  fig.  8a.  Here  the  relative  proportion 

of  cushion  to  leaf  scar  varies  considerably.  At  the  upper  end  of  the  specimen,  seen 

more  clearly  on  the  enlargement  fig.  8a,  the  leaf  scars  are  those  of  Sigillaria  elegans, 

*  I.e.,  No.  53,  fig.  3.  f  I.e.,  p.  17,  pi.  (1)  vii,  fig.  2.  %  I.e.,  p.  25,  pi.  (2)  viii,  figs.  17-22. 
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but,  as  the  interfoliar  area  elongates,  the  leaf  scars  and  cushions  assume  the  form  of 

Sigillaria  Fannyana  Weiss,*  which  can  only  be  regarded  as  a  form  of  Sigillaria 
elegans. 

Locality. — Stein's  Fireclay  Works,  f  mile  north-east  of  Castlecary  Railway 
Station,  Stirlingshire.     (PI.  II,  figs.  1-4  ;  PI.  Ill,  fig.  4.) 

Horizon. — Upper  part  of  Millstone  Grit,  Lanarkian  Series.   Collected  by  Mr  D.  Tait. 

Locality. — Shell  Brook,  branch  of  river  Dane,  near  Mareknowles,  fully  I  mile 
north  of  Barghleighford,  North  Staffordshire.     (PI.  Ill,  fig.  8.) 

Horizon. — Below  Fifth  Grit,  near  base  of  Millstone  Grit.  Lanarkian  Series. 

Collected  by  Mr  D.  Tait. 

Sigillaria  incerta,  n.  sp.    (PI.  II,  figs.  5,  5a,  6,  7  ;  PI.  Ill,  figs.  5,  5a.) 

1894.  Sigillaria  Brardii,  Kidston  (non  Brongt.)  (pars),  Proc.  Roy.  Phys.  Soc.  Ed.,  vol.  xii,  p.  252. 

Description. — Sigillaria  showing  arrangement  of  leaf  cushions  intermediate 
between  Favularia  and  Clathraria  sections.  Vertical  rows  of  leaf  cushions  separated 

by  a  very  strongly  marked  zigzag  furrow.  Cushions  hexagonal,  or  rounded  hexagonal, 

sometimes  with  feeble  notch  on  the  upper  margin,  resting  on  each  other  above  and 

below  for  about  one-third  of  their  width,  with  prominent  lateral  angles,  smooth. 
Leaf  scar  occupying  almost  the  entire  surface  of  the  cushion  or  having  a  greater  or 

less  portion  of  the  cushion  prolonged  beyond  its  lower  margin,  rounded  above,  lower 

margin  rounded  or  ending  in  a  point ;  lateral  angles  prominent.  Cicatricules  placed 

slightly  above  the  centre,  middle  one  (the  vascular  bundle  scar)  punctiform,  the 

lateral  (parichnos)  slightly  elongated. 

The  cone  scars  form  a  verticil  of  one  row  deep. 

Remarks. — An  impression  of  a  specimen  of  this  species  is  shown  natural  size  on 

PI.  II,  fig.  5,  and  a  portion  is  enlarged  two  times  at  fig.  5a.  The  Favularian  arrange- 
ment of  the  leaf  scars  is  clearly  seen  on  the  upper  portion  of  the  fossil,  though  at  the 

central  part  their  distribution  approaches  to  that  of  the  Clathrarian  section.  To- 

wards the  centre  of  the  fossil  is  part  of  a  verticil  of  cone  scars,  arranged  in  a  single 

row.  The  leaf  scars  are  subhexagonal  with  prominent  lateral  angles  equidistant  from 

top  and  bottom  of  the  scar.  The  three  cicatricules  are  placed  slightly  above  the 

middle,  the  central  punctiform,  the  two  lateral  elongate,  converging  to  or  diverging 

from  each  other.  Immediately  below  the  cone  verticil  (fig.  5a)  the  leaf  scars 

occupy  almost  the  entire  cushion,  which  only  forms  a  very  narrow  border — a  border 

probably  representing  the  elevated  sides  of  the  cushion  before  it  was  compressed. 

At  the  upper  and  lower  ends  of  the  fossil  the  cushion  below  the  leaf  scar  is  slightly 

elongated  and  the  leaf  scar  occupies  its  summit,  the  lateral  angles  of  which  join  the 

margin  of  the  cushion  some  little  distance  above  its  lateral  angles.  These  elongated 
cushions  are  hexagonal,  smooth,  and  only  rarely  show  indications  of  two  diverging 
ridges  from  the  base  of  the  leaf  scar. 

*  Weiss,  I.e.,  p.  35,  pi.  (5)  xi,  figs.  51  and  52. 
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At  figs.  6  and  7  two  small  portions  of  the  outer  surface  of  a  compressed  stem  are 

given,  enlarged  two  times.  At  fig.  6  the  leaf  scars  are  seen  to  be  more  pointed 

below  and  slightly  flattened  or  emarginate  on  their  upper  margin.  The  smooth 

cushion  here  forms  a  distinct  marginal  area  at  the  sides  and  especially  below  the  leaf 

scar.  At  fig.  7,  which  holds  the  same  level  on  the  other  side  of  the  stem  as  fig.  6, 

the  leaf  cushion  is  still  further  developed  below  the  leaf  scar,  and  on  the  lowest 
cushion  in  the  centre  row  there  are  indications  of  two  decurrent  ridges  which  descend 

from  the  base  of  the  leaf  scar.  Some  of  the  cushions  and  leaf  scars  on  this  example 

correspond  very  closely  with  some  towards  the  lower  end  of  figs.  5  and  5a. 

Another  small  specimen  is  given  on  PL  III,  fig.  5,  natural  size,  and  enlarged  two 

times  at  fig.  5a,  where  the  leaf  scars  and  cushions  are  more  transversely  elongated. 

The  leaf  scars  are  here  placed  very  close  to  the  upper  end  of  the  smooth  cushions. 

It  was  on  this  example  I  recorded,  in  error,  the  occurrence  of  Sigillaria  Brardii 

Brongt.  from  the  Lanarkian  Series.  This  species  must  therefore  now  be  removed 

from  the  lists  of  fossil  plants  from  that  horizon. 

Sigillaria  incerta  is,  however,  easily  distinguished  from  Sigillaria  Brardii  Brongt. 

by  the  lateral  angle  of  the  leaf  scar  of  Sigillaria  incerta  joining  the  margin  of  its 

cushion  some  distance  above  the  lateral  angle  of  its  cushion,  except  in  those  con- 
ditions where  the  leaf  scar  occupies  almost  the  entire  cushion. 

If  the  specimens  of  Sigillaria  incerta  be  compared  with  those  of  Sigillaria  elegans 

Sternb.,  sp.,  described  in  this  communication,  it  will  be  seen  that  they  possess  certain 

points  in  common.  On  the  specimen  of  Sigillaria  elegans  given  on  PI.  II,  figs.  1  and 

la,  it  is  seen  that  the  lateral  angles  of  the  leaf  scar  and  its  cushion  are  on  the  same 

level,  a  condition  we  also  find  in  the  central  portion  of  Sigillaria  incerta,  PI.  II, 

figs.  5,  5a ;  but  where  the  leaf  cushions  become  elongated  below  the  leaf  scar,  the 

lateral  angle  of  the  leaf. scar  is  at  a  higher  level  than  the  lateral  angle  of  the  cushion. 

This  is  seen  on  some  of  the  cushions  of  Sigillaria  elegans  figured  on  PL  II,  fig.  3. 

They  also  agree  in  having  the  cone  scars  arranged  in  a  single  verticillate  row. 

They  further  agree  in  the  lower  margin  of  the  leaf  scar  being  occasionally  pointed 

(cf.  PL  II,  fig.  3  and  figs.  6,  7).  These  circumstances  have  raised  a  suspicion  in  my 

mind  that  Sigillaria  incerta  may  be  an  extreme  variation  of  Sigillaria  elegans, 

especially  as  the  fossils  occur  together.  I  am,  however,  unable  to  satisfy  myself  that 

this  is  really  the  case,  so  I  have  deemed  it  safer  to  keep  separate  the  plant  given  at 

PL  II,  figs.  5,  5a,  6,  and  7,  and  PL  III,  figs.  5,  5a,  which  is  here  distinguished  as 

Sigillaria  incerta. 

Locality. — Stein's  Fireclay  Works,  f  mile  north-east  of  Castlecary  Railway 

Station,  Stirlingshire.     (PL  II,  figs.  5-7.) 
Horizon. — Upper  part  of  Millstone  Grit,  Lanarkian  Series.  Collected  by  Mr 

D.  Tait. 

Locality. — East  Newton,  Wemyss,  Fife.     (PL  III,  fig.  5.) 
Horizon. — Coxtool  Coal  (=Six-Foot  Coal),  Lanarkian  Scries. 
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Sigillaria  Strivelensis  Kidston,  n.  sp.    (PI.  I,  figs,  l,  2,  3,  3a,  4,  4a,  5,  5a.) 

Description. — Stem  ribbed,  ribs  slightly  convex,  furrows  strongly  undulated. 

Leaf  scars  placed  at  the  top  of  the  inflations,  with  their  lateral  angles  at  the  widest 

part  and  occupying  almost  the  entire  width  of  the  rib,  more  or  less  distant,  penta- 

gonal, notched  on  upper  margin,  basal  margin  pointed,  rarely  rounded,  lateral  angles 

slightly  above  the  centre,  prominent,  short,  and  quickly  reaching  the  furrow  ;  cica- 
tricules  placed  a  little  above  the  centre  of  the  leaf  scar,  the  central  (vascular) 

transversely  lunate  or  punctiform,  the  lateral  (parichnos)  on  the  same  level,  elongate, 

slightly  diverging.  Outer  surface  of  ribs  ornamented  with  three  lines  of  diverging 

transverse  bars  (rarely  uniting  to  form  a  single  central  band),  which,  descending 

from  the  base  of  the  leaf  scar,  gradually  broaden  out  till  they  reach  the  top  of  the 

leaf  scar  below.  Immediately  above  the  leaf  scar,  and  arising  from  the  notch,  is  a 

plumose  arrangement  of  fine  ridges.  Ligule  pit  not  observable.  Subcortical  condition 

finely  striated  longitudinally. 

Remarks. — As   there   is  apparently   here   either   an  abnormal  elongation  of  the 
cortex  between  the  leaf  scars  in  some  of  the  specimens  or  a  reduction  in  its  extent  in 

others,  as  shown  by  the  varying  distances  which,  separate  them,  it  is  not  possible  to 

determine  which  is  the  normal  form  of  the  species.     It  has  therefore  been  deemed 

best  to  accept  provisionally  a  middle  condition  and  describe  it  first.     This  is  seen  at 

figs.  1,  2,  PI.  I,  which  are  both  enlarged  two  times.     Fig.  1  shows  the  undulations  of 

the  furrows,  with  the  leaf  scars,  which  are  about  their  own  height  apart,  placed  on 

the  expanded  portion  of  the  rib.   '  They  occupy  almost  its  whole  width,  having  only  a 
narrow  band  of  cortex  between  their  lateral  angles  and  the  furrow,  which  the  descend- 

ing   ridges    springing  from  the  lateral    angles  speedily   reach.     The    leaf   scars  are 

distinctly  notched  on  their  upper  margin  and  some  of  them  rounded  at  their  base, 

though    others    are    more  pointed.     The  three    diverging    and    broadening   lines  of 

ornamentation  which  descend  from  the  base  of  the  leaf  scar  abut  against  the  top  of 

the  scar  lying  below.     Immediately  above  the    leaf  scar    indications  of  the  small 

plume-like  ornamentation  can  be  seen  to  spring  from  the  notch.     The  small  example 
given  at  fig.  2  is  very  similar,  only  the  leaf  scars  are  slightly  more  distant  and,  with 

the  exception  of  the  lowest  one  seen  in  the  figure,  which  is  somewhat  rounded  below, 

fche  basal  margin  of  all  the  others  ends  in  a  point.    The  plume-like  marking  above  the 
leaf  scar  is  well  seen  on  this  example.     In  all  cases  the  leaf  cushions :_ have  formed 

prominent  and    probably  considerably  elevated  bracket-like  structures,  their  upper 

margins    forming    the    base    of    an    upward-rising    surface    to    which    the    leaf  was 
attached.     On  the  specimen  given  at  fig.  3,  of  which  a  portion  is  enlarged  two  times 

at  fig.  3a,  the  leaf  scars  are  less  than  their  length  apart  and  the  inflations  and  con- 

tractions of  the  ribs  become  more  marked.     Owing  to  pressure,  the  interfoliar  area 

seems  to  be  pressed  over  the  upper  margin  of  the  leaf  scar,  frequently  obscuring  the 

"  notch "  and  hiding  the  plumose  marking.     On  most  of  the  interfoliar  areas,  the 
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three  descending  lines  of  ornamentation  are  clearly  seen.  The  basal  margins  of  the 

leaf  scars  are  always,  on  this  example,  prominently  pointed.  The  leaf  scars  are  also 

longer  than  broad. 

At  fig.  4  another  small  specimen  is  given  where  the  inflation  of  the  ribs  is  very 

marked,  so  much  so  that  they  form  hexagonal  areas  whose  bases  being  pressed 

against  and  over  the  upper  margins  of  the  leaf  scars  below,  give  a  very  Lepidophloid 

appearance  to  the  specimen,  somewhat  similar  to  the  Lepidophloios  tumidus  Bunbury, 

sp.*  The  leaf  scars  on  this  example  are  also  transversely  extended  and  become 
broader  than  long  ;  they  are,  however,  of  the  same  general  structure  as  those  on  the 

other  specimens,  having  prominent  lateral  angles  and  notched  upper  margin  with 

pointed  base.  The  ornamentation  of  the  interfoliar  area  is  also  identical.  The 

slight  differences  in  the  form  of  the  interfoliar  areas  and  the  leaf  scars  seem  to  be  the 
result  of  a  lateral  extension  of  the  ribs. 

Another  example  of  this  species  is  illustrated  at  fig.  5,  PI.  I,  and  a  portion  enlarged 

two  times  at  fig.  la.  Here  the  leaf  scars  are  separated  by  about  three  times  their 

length.  The  furrows,  though  still  distinctly  undulated,  are  not  so  much  so  as  in 

the  specimens  already  described.  The  leaf  scars  possess  the  same  characters, 

especially  as  those  seen  on  figs.  2  and  3.  They  are  notched  on  the  upper  margin  and 

pointed  at  base,  with  prominent  lateral  angles,  and  on  the  cortex  immediately  above 

the  leaf  scar  is  the  same  plume-like  marking,  but  the  ornamentation  on  the  interfoliar 
portion  of  the  rib  assumes  more  the  form  of  a  central  band.  Notwithstanding  this 

difference,  I  have  no  hesitation  in  referring  this  example  to  the  same  species  as 

figs.   1-4. 
The  nearest  allies  to  Sigillaria  Strivelensis  are  Sigillaria  contracta  Brongt.t 

Sigillaria  Feistmanteli  Gemitz,}  and  Sigillaria  polyploca  Boulay.§  On  the  first 

two  mentioned  the  leaf  scars  are  pyriform,  which  at  once  distinguish  them  from 

Sigillaria  Strivelensis,  and  further,  the  ornamentation  of  the  interfoliar  cortex  in 

S.  contracta  is  punctiform  and  covers  the  whole  of  the  contracted  portion  of  the  rib, 

as  seen  on  the  type  which  is  now  preserved  in  the  British  Museum,  and  not  in 

the  form  of  a  series  of  lines  descending  from  a  central  ridge  as  given  by  Brongniart. 

Such  specimens,  however,  as  those  given  on  PI.  I,  figs.  3  and  4,  have  a  resemblance 

to  Sigillaria  polyploca  Boulay,  but  they  differ  in  the  form  of  the  ornamentation  of  the 

cortex,  and  the  ridges  which  descend  from  the  lateral  angles  are  shorter  and  less 

prominent,  and  there  is  never  any  transverse  furrow  above  the  leaf  scars  in  our 

species. 1 1  The  plumose-like  ornamentation  above  the  leaf  scars  is  also  absent  in 
Sigillaria  polyploca  Boulay. 

*  Lepidodendron  ?  tumidum,  Banbury,  Quart.  Journ.  Geol.  Soc,  vol.  iii,  p.  432,  pi.  xxiv,  fig.  1,  1847. 

f  Hist.  d.  vege't.  foss.,  p.  459,  pi.  cxlvii,  fig.  2. 
X  Neues  Jahrb.,  1865,  p.  392,  pi.  iii,  figs.  4  and  4a  ;  Feistmantel,  Vers.  d.  bohm.  Kohl-Ablag.,  Abth.  iii,  p.  14, 

pi  iii,  figs.  4,  46,5,  5a,  1876. 

$  Le  terr.  houil.  da  Nord  de  la  France,  p.  47,  pi.  ii,  fig.  8,  Lille,  1876  ;  Zeiller,  Flore  foss.  bassi7i  houil.  d.  Valen., 
p.  540,  pi.  lxxxii,  figs.  7,  8,  1886. 

||  Cf.  figs.  1,  2,  and  5. 
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The  specimens  were  collected  by  Mr  D.  Tait,  and  are  preserved  in  the  Collection 

of  the  Geological  Survey  of  Scotland,  Edinburgh. 

Locality. — Stein's  Fireclay  Works,  f  mile  north-east  of  Castlecary  Railway 
Station,  Stirlingshire. 

Horizon. — Upper  part  of  Millstone  Grit,  Lanarkian  Series. 

Stigmaria  minuta  Goppert.    (PI.  Ill,  fig.  6.) 

1848.  Goppert,  Preisschrift  iiber  Steinkolden,  pi.  xiv,  fig.  24. 

1852.  Stigmaria  ficoides,  var.  minuta,  Gopp.,  Ulwgangs,  p.  246. 

1866.  Stigmaria  Evenii,  Lesqx.,  Geol.  Survey  of  Illin.,  vol.  ii,  Paleeont.,  p.  488,  pi.  xxxix,  fig.  9. 

1879.  Stigmaria  Evenii,  Lesqx.,  Atlas  to  the  Coal  Flora,  p.  16,  pi.  lxxv,  fig.  1. 

1886.  Stigmaria  Eveni,  Zeiller,  Flore  fuss.  d.  bassin  houil.  d.  Valen.,  p.  618,  pi.  xci,  fig.  7. 

1890.  Stigmaria  Eveni,  Grand'Eury,  Bassin  houil.  <lu  Gard,  pi.  xiii,  fig.  13. 
1880.  Stigmarioides  Euenii,  Lesqx.,  Goal  Flora,  p.  333. 

1890.  Sliijmariopsis  Eveni,  Grand'Eury,  Bassin  houil.  du  Gard,  p.  243. 
1894.  Stigmaria  ficoides,  var.  minima  Nathorst  {non  Goldenberg),  Foss.  Flora  d.  Polarldnder,  Erster 

Theil,  Erste  Lief.  :   Zur palaeoz.  Flora  d.  arJdischen  Zone,  p.  44,  pi.  viii,  fig.  9,  and  text-fig.  p.  44. 

Description.— Rhizome  bearing  distant  rounded  or  elliptical  scars,  from  1  mm.  to 
3  mm.  in  diameter,  with  a  small  central  elevation  surrounded  by  a  depressed  ring 

with  a  raised  outer  margin,  somewhat  irregularly  placed  and  occasionally  varying  in 

size  on  the  same  specimen.  Cortex  very  finely  granular,  with  or  without  irregular 

longitudinal  furrows  or  foldings. 

Remarks. — This  species  of  Stigmaria,  originally  described  as  a  variety  of 
Stigmaria  ficoides  by  Goppert,  has  the  smallest  rootlet  scars  of  any  described 

Stigmaria,  and  is  easily  distinguished  from  the  common  forms  of  Stigmaria  ficoides 

by  this  character  alone.  The  fine  granular  outer  surface  is  generally  distinctly  seen, 

but  on  imperfectly  preserved  specimens  may  not  be  observable. 

Stigmaria  minuta  is  also  distinguished  from  Stigmaria  minor  Geinitz  *  by  its 
small  rootlet  scars  and  more  distinctly  granular  cortex. 

The  Stigmaria  anabathra,  var.  minima  Goldenberg, t  must  not  be  confused  with 

the  Stigmaria  minima  Nathorst,  from  which  it  is  quite  distinct.  Goldenberg' s  var. 
minima  is  closely  related  to,  if  not  identical  with,  the  Stigmaria  minor  of  Geinitz 

while  Nathorst's  var.  minima  is  indistinguishable  from  Stigmaria  minuta  Gopp. 
Stigmaria  minuta  Gopp.  is  very  rare  in  the  Lanarkian  Series,  and  hitherto  I  have 

only  seen  it  from  this  series  from  the  locality  and  horizon  mentioned  below.  In  the 

Westphalian  Series  it  is  more  frequent,  but  by  no  means  a  common  fossil. 

The  specimen  figured  was  collected  by  Mr  A.  Macconochie  and  is  preserved  in  the 

Collection  of  the  Geological  Survey  of  Scotland,  Edinburgh. 

Locality. — Meadow  Bank  Pit,  ̂   mile  south  of  Polmont,  Stirlingshire. 
Horizon. — Shale  resting  on  Ball  Coal,  Lanarkian  Series. 

*o 

*  Stigmaria  ficoides,  var.  minor  Geinitz,  Vers.  d.  Steinkf.  in  Sachsen,  p.  49,  pi.  iv,  fig.  6  ;  pi.  x,  fig.  1,  1855. 
+  Flora  Hareepont  foss. ,  Heft  iii,  pp.  19  and  42,  pi.  xiii,  figs.  3,  3a,  1862. 
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Lagenospermum  Nathorst. 

1914.   Lagenospermum,  Nathorst,  Foss.  Flora  d.  Polarldnder,  Erster  Teil,  Vierte  Lief.  :  Nachtrage  zur 
palaeozoischen  Flora  Spitzbergens,  p.  29. 

1914.   Radiospermum,  Arber  {pars),  Annals  of  Botany,  vol.  xxviii,  p.  101. 

Description. — Seeds  generally  small,  oval,  elongate,  or  spindle-shaped,  which  are 
characterised  in  being  entirely  surrounded  by  a  cupule,  the  upper  margin  of  which  is 

usually,  if  not  always,  divided  into  teeth.  The  cupule  frequently  shows  ribbing,  and 

this  appears  to  correspond  with  the  number  of  the  teeth  possessed  by  the  cupule, 

which  are  frequently  six.  In  some  cases  the  cupules  seem  to  be  smooth,  though  a 

little  furrow  may  pass  down  the  cupule  in  a  line  corresponding  with  the  margins  of 

two  neighbouring  teeth.  The  seeds  themselves  appear  in  some  cases  to  be  ribbed 

{Lagenospermum  Kidstoni  Arber,  sp.),  while  in  other  cases  they  are  smooth.*  The 
seeds  may  be  borne  on  a  compound  branch  system  or  terminate  dichotomously 
divided  branchlets. 

Remarks. — The  genus  is  altogether  provisional  and  was  formed  for  the  reception 
of  seeds  having  a  cupular  structure,  as  in  Lagenostoma  Williamson,  which  was, 

however,  founded  on  specimens  showing  their  internal  organisation.  Several  cupulate 

seeds,  of  which  only  the  external  form,  and  in  some  cases  also  the  outline  of  the  seed, 

is  known,  have  been  placed  by  their  describers  in  Williamson's  genus ;  but  as  no 
knowledge  is  possessed  of  their  internal  organisation,  Nathorst  founded  the  genus 

Lagenospermum  for  their  reception.  Some  of  these  may  prove  to  be  true  members 

of  the  genus  Lagenostoma  Will.,  but  as  at  present  we  are  entirely  ignorant  of  their 

structure  beyond  the  fact  that  they  possess  a  cupule,  they  have  no  claim  to  be 

included  in  a  genus  founded  on  clearly  defined  anatomical  characters. 

The  genus  Lagenospermum  has  been  intentionally  made  a  very  wide  one,  and  its 

essential  character  is  the  presence  of  a  cupule.  There  can  be  little  doubt  that,  if  we 

knew  the  organisation  of  the  seeds  included  in  it,  it  would  most  probably  be  found 

that  they  represent  more  than  one  type  ;  but  from  our  present  imperfect  knowledge 

of  their  structure  it  is  much  better  to  include  such  cupulated  seeds,  which  are  only 

known  as  incrustations  or  impressions,  in  a  provisional,  wide  and  comprehensive, 

genus. 
In  Lagenospermum  Nathorst  I  would  include  the  following  British  species  : — 

1905.  Lagenorioma  Kidstoni,  Arber,  Proc.  Roy.  Soc.  London,  vol.  B  Ixxvi,  p.  247,  pi.  i,  fig.  1  ;  pi.  ii, 

figs.  1-6. 
1905.  Lagenostoma  Sindairi,  Kidston,  MS.  Arber,  ibid.,  p.  251,  pi.  ii,  figs.  7-11. 
1914.   Lagenostoma  oblongum  Kidston,   Trans.  Roy.  Soc.  Edin.,  vol.  1,  p.   160,  pi.  vii,  figs.   1,  la,  2,  2a; 

text-fig.  8. 

1914.  Lagenostoma  1  urceolaris,  Kidston,  ibid.,  p.  161,  pi.  xvi,  figs.  9,  9«,  10,  10a. 

Lagenospermum  parvulum,  Kidston,  n.  sp. 

*  Carpentiee,   "  Sur  cpielques  fructifications   et   inflorescences  du   Westphalien,"  h'cvue  generate  de  botanique, 
vol.  xxiii,  p.  1,  pi.  xii,  figs.  1,  4,  1911. 
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Lagenospermum  parvulum  Kidston,  n.  sp.    (PI.  Ill,  figs.  7,  7a ;  text-fig.  2.) 

Description. — Small,  seed  entirely  surrounded  by  the  cupule,  4*5  to  5  mm.  long, 

2'15  to  2 '65  mm.  wide,  oval,  rounded  at  base  and  slightly  contracted  towards  the 
apex,  frequently  longitudinally  plicate,  and  terminating  in  six  short  teeth.  Epidermal 

cells  of  cupule  small,  quadrate. 

Remarks. — Lagenospermum  parvulum  is  closely  related  to  L.  Kidstoni  Arber,  sp., 
but  differs  in  its  smaller  size  and  in  the  cupule  being  slightly  contracted  upwards, 

which  gives  it  a  less  obtuse  form  at  the  apex.  The  average  size  of  L.  Kidstoni  is 

6  mm.  long  with  a  width  of  2'5  to  3  mm.,  whereas  L.  parvulum  is  only  5  mm.  long 

and  2"15  to  2*65  mm.  wide.  The  teeth  also  appear  to  be  a  little  more  clearly  defined. 
Owing  to  the  colour  of  the  matrix  it  was  difficult  to  get  a  good  photograph  of  the 

specimen,  but  the  text-figure  (2,  A  and  B,  x7)  gives  a  clear  idea  of  the  form  of  the 

a  B 

TWct-Fig.   2. 

cupule — the  only  part  of  the  fossil  exhibited,  as  the  seed  is  entirely  surrounded  and 
obscured  by  it. 

Locality. — Pelbower  Burn,  fully  \  mile  north  of  Kirkconnel  Church,  Dumfries- 
shire. 

Horizon. — In  blaes,  3  feet  above  a  5-inch  coal,  a  few  fathoms  above  the  "  Skipsey 

Band."  Westphalian  Series.  Collected  by  Mr  D.  Tait.  Specimen  in  the  Collection 
of  the  Geological  Survey  of  Scotland. 

EXPLANATION   OF   PLATES. 

Plate  I. 

Fig.   1.  Sigillaria  Strivelensis  Kidston,  n.  sp.      x  2.     (T.  2195  B.) 

Fig.  2.          „                 „                 „  „         x  2.     (T.  2212  B.) 

Fig.  3.         „                 „                 „  „        Natural  size.     Fig.  3a,   x  2.     (T.  2189  B.) 

Fig.  4.         „                 „                 „  „                 „               Fig.  4«,   x  2.     (T.  2198  B.) 

Fig.  5.         „                 „                 „  „                 „               Fig.  5a,   x  2.     (T.  2394  B.) 

Locality. — Stein's  Fireclay  Works,  f  mile  north-east  of  Castlecary  Railway  Station,  Stirling- 
shire. 

Horizon. — Millstone  Grit.  Lanarkian  Series. 
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Plate   II. 

Fig.   1.  Sigillaria  elegant  Sternb.,  sp.     Natural  size.     Fig.  la,   x  2.     (T.  2400  B.) 

Locality. — Stein's  Fireclay  Works,  J  mile  north-east  of  Castlecary  Railway  Station,  Stirling- shire. 

Horizon. — Millstone  Grit.     Lanarkian  Series. 

Fig.  2.  Siijillaria  elegans  Sternb.,  sp.     Natural  size.     (T.  2393  B.) 
Same  locality  and  horizon. 

Fig.  3.  Sigillaria  elegans  Sternb.,  sp.     Natural  size.     (T.  2396  B.) 
Same  locality  and  horizon. 

Fig.  4.  Sigillaria  elegans  Sternb.,  sp.     Natural  size.     (T.  2398  B.) 
Same  locality  and  horizon. 

Fig.  5.  Sigillaria  inrerta  Kidston,  n.  sp.     Natural  size.     Fig.  5a,   x  2.      (T.  2197  B.) 
Same  locality  and  horizon. 

Figs.  6,  7.  Sigillaria  incerta  Kidston,  n.  sp.      x  2.     (T.  2395  B.) 
From  different  sides  of  the  same  specimen.     Same  locality  and  horizon. 

Plate   111. 

Fig.   1.  Sphenopteris  incurva  Kidston,  n.  sp.     Natural  size.     Fig.  la,   x  2.     (T.  1149  D.) 

Locality. — Barony  Pit,  Oldbyres  Farm,  \\  mile  west  of  Auchinleck,  Ayrshire. 
Horizon. — Shale  overlying  the  Ell  Coal.     Westphalian  Series. 

Figs.   2,   3.    Sphenoplujllum    cuneifolium,    Sternb.,    sp.,    forma    amplum  Kidston,  n.f.     Natural   size. 

(Fig.  2,  M.  1698  F.,  and  fig.  3,  M.  1754  F.) 

Locality. — Meadow  Bank  Pit,  J  mile  south  of  Polmont,  Stirlingshire. 
Horizon. — Shale  resting  on  Ball  Coal.     Lanarkian  Series. 

Fig.  4.  Sigillaria  elegans  Sternb.,  sp.      x  2.     (T.  2392  B.) 

Locality. — Stein's  Fireclay  Works,  J  mile  north-east  of  Castlecary  Railway  Station,  Stirling- shire. 

Horizon. — Millstone  Grit.     Lanarkian  Series. 

Fig.  5.  Sigillaria  incerta  Kidston,  n.  sp.     Natural  size.     Fig.  5a,   x  2.     (K.  2310.) 

Locality. — East  Newton,  Wemyss,  Fife. 

Horizon. — Coxtool  Coal  (  =  Six-Foot  Coal).     Lanarkian  Series.     Collected  by  the  late  Mr 
J.  W.  KlRKBY. 

Fig.  6.  Stigmaria  minuta  Goppert.     Natural  size.     (M.  1717  F.) 

Locality. — Meadow  Bank  Pit,  h  mile  south  of  Polmont,  Stirlingshire. 

Horizon. — Shale  resting  on  Ball  Coal.     Lanarkian  Series. 
Fig.  7.  Lagenospermum  parvulum  Kidston,  n.  sp.     Natural  size.     Fig.  7a,   x  2.     (T.  627  E.) 

Locality. — Pelbower  Burn,  fully  J  mile  north  of  Kirkconnel  Church,  Sanquhar,  Dumfries- shire. 

Horizon. — In  blaes,  3  feet  above  a  5-inch  coal  seam,  a  few  fathoms  above  the  "  Skipsey 

Band."     Westphalian  Series. 
Fig.   8.  Sigillaria  elegans  Sternb.,  sp.     Natural  size.     Fig.  8a,   x  2.     (T.  347  B.) 

Locality. — Shell  Brook,  branch  of  the  river  Dane,  near  Mareknowles,  fully  ̂   mile  north 
of  Barghleighford,  Staffordshire. 

Horizon. — About  100  feet  below  Fifth  Grit,  near  base  of  the  Millstone  Grit.     Lanarkian 
Series. 

All  the  figured  specimens  are  preserved  in  the  Collection  of  the  Geological  Survey  of  Scotland,  except 

PI.  Ill,  fig.  8,  which  is  in  the  Collection  of  the  Geological  Survey  of  England,  London,  and  PI.  HI,  fig.  5, 

which  is  in  the  writer's  Collection. 
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Fig.  5.  Sigillaria  incerta,  Kidston  n  sp. 

,,    6.  Stigmaria  ficoides,  Sternb.  sp.,  var.  urinuta,  Gopp. 

,,    7.  Lagenospermum  parvulum,  Kidston  n.sp. 
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I.  Introduction. 

Many  of  the  earlier  accounts  of  the  group  of  Crustacea,  known  as  Isopoda,  suffer 

from  want  of  more  detailed  diagnoses  and  figures.  To  some  extent  this  has  been 

remedied  during  recent  years  by  the  authors  of  different  monographs,  but  there  are 

still  many  families  which  remain  somewhat  obscure,  or  only  partially  understood, 

owing  to  the  above-mentioned  cause.     Such  a  family  is  the  Idoteidae. 
In  the  present  communication  I  propose  to  revise  the  diagnoses  of  the  British 

genera  and  species,  to  set  forth  in  greater  detail  than  has  hitherto  been  done  their 

structure,  illustrating  the  same,  and  to  discuss  the  classification  and  affinities  of  the 

family  as  a  whole. 

This    investigation    has    been    carried    out    at  the   Gatty   Marine  Laboratory  of 

St   Andrews    University,    during    my    tenure    of    a    Research    Fellowship    of    the 

University,  and  of  a  Walker  Trust  Research  Scholarship. 

*  The  author  desires  to  thank  the  Carnegie  Trust  for  the  Universities  of  Scotland  for  their  grant  to  meet  the 
cost  of  reproduction  of  the  plates. 
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My  lust  thanks  are  here  tendered  to  Professor  W.  C.  M'Intosh  for  the  facilities 
he  has  so  kindly  given  me  for  carrying  out  the  work,  and  for  material  from  the 

University  Natural  History  Museum  and  his  private  collection. 

I  also  wish  to  record  my  thanks  to  the  Rev.  T.  R.  R.  Stebbing  for  specimens  of 

Zenobiana  prismatica  (Risso)  and  Stenosoma  lanciferum  (Leach) ;  to  Professor  G.  0. 

Sabs  for  examples  of  the  Norwegian  species  of  Idotea  ;  to  Professor  D'Arcy  W. 
Thompson  for  the  facilities  he  has  at  all  times  so  kindly  given  me  for  examining  the 

collections  in  the  Museum  of  University  College,  Dundee  ;  to  Dr  Raffaele  Issel  for 

specimens  of  Zenobiana  prismatica  (Risso)  and  other  species  ;  to  Dr  K.  Stephen- 
sen  for  specimens  of  Idotea  metallica,  Bosc,  and  various  species  of  Zenobiana  and 

Stenosoma ;  to  Professor  L.  A.  L.  King  and  Dr  Thomas  Scott  for  other  species  ; 

and  to  Dr  W.  T.  Calman  for  his  kind  advice  on  certain  matters  of  terminology. 

Finally,  I  have  to  thank  Miss  H.  G.  Kirk  for  the  great  pains  she  has  taken  with  the 

figures,  many  made  from  my  rough  drawings,  and  others  direct  from  the  specimens 
themselves. 

Methods  and  Technique. 

Whilst  examples  of  both  sexes  of  all  the  species  here  enumerated  have  been 

examined,  many  of  them  alive,  dissections  of  all  have  been  made  and  the  different 

parts  treated  in  various  ways  to  bring  out  the  minute  structure.  A  brief  account  of 

the  methods  employed  may  prove  useful. 

Killing. — Where  living  specimens  have  been  obtainable  these  have  been  killed 
by  placing  them  in  small  glass  jars  and  slowly  adding  equal  parts  of  fresh  water  and 

90  per  cent,  alcohol.  When  dead  the  specimens  were  transferred  to  75  per  cent, 

alcohol,  and  finally  to  85  per  cent.  Some  species  are  apt  to  become  very  soft  in  the 

75  per  cent,  alcohol,  so  that  it  is  well  to  change  them  to  the  stronger  alcohol  after 
an  hour  or  two. 

Staining. — Various  fluids  have  been  tried,  but  only  those  possessing  great 
penetrative  powers  were  found  to  be  of  any  value.  The  best  results  were  obtained 

with  Mayer's  alcoholic  carmine.  When  the  parts  were  not  required  as  permanent 
mounts,  very  good  results  were  obtained  by  leaving  them  for  four  or  five  hours  in 

an  aqueous  solution  of  methyl-green. 

Mounting. — All  permanent  preparations  were  treated  with  alcohol,  xylol,  and 
mounted  in  Canada  balsam  (xylol).     Temporary  mounts  were  examined  in  xylol. 

For  the  removal  of  soft  parts  in  the  appendages,  temporary  preparations  were 

held,  after  mounting  in  Canada  balsam,  over  a  spirit  lamp  for  about  the  third  of  a 

minute.  Where  permanent  preparations  were  desired,  the  different  parts  were  boiled 

in  a  weak  caustic  soda  solution,  then  washed  in  alcohol,  stained,  cleared  in  xylol, 
and  mounted  in  Canada  balsam. 
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II.  Historical. 

This  family  of  Isopoda  lias  received  considerable  attention  from  carcinologists 

in  all  parts  of  the  world.  Miers  (44)  in  his  well-known  "Revision"  of  1881  has 
reviewed  the  work  of  most  of  the  earlier  authors,  and  as  I  shall  have  occasion  to 

mention  some  when  discussing  the  classification  and  affinities,  no  useful  purpose 

would  be  served  in  repeating  these  here. 

The  genus  Idotea  was  constituted  by  J.  C.  Fabricius  in  1798,  the  first  description 

appearing  at  page  302  in  his  Supplementum  Entomologia  Systematica.  Two  years 

previously  he  had  indicated  that  he  intended  describing  the  genus  as  new  in  the 

Supplement  (cf.  Index  Alphabeticus,  1796,  p.  86).  In  this  latter  publication  he 

used  the  "  nomen  nudum"  Idothea,  but  in  1798  at  the  head  of  his  description  he 
uses  the  name  Idotea,  and  I  agree  with  Canon  Norman  (47)  that  the  latter  spelling 

of  the  name  should  be  retained.  Firstly,  as  he  points  out,  because  this  is  the  spelling 

which  is  used,  and  intentionally  used,  with  the  description  ;  and  secondly,  because  it 

is  the  spelling  which  has  been  almost  universally  employed  for  a  hundred  years. 

Miss  Richardson  (57)  prefers  to  use  the  spelling  Idothea,  pointing  out  that  that 

of  Idotea  is  preoccupied  by  Weber,  1795. 

The  earlier  references  to  the  family  by  Linne,  Pallas,  Pennant,  De  Geer, 

Risso,  Bosc,  Latreille,  Desmarest,  Brandt,  Kroyer,  Milne-Edwards,  Leach, 
Rathke,  White,  and  others  need  not  be  considered  here,  beyond  the  remark  that 

frequently  the  definitions  of  these  authors  were  insufficient,  and  that  they  were  not 

always  clear  as  to  the  species  they  were  describing. 

Dana  (16)  in  1853,. in  his  great  work  on  the  Crustacea  of  the  U.S.  Exploring 

Expedition,  described  six  new  species  of  Idotea,  and  diagnosed  the  new  genera 

Epelys,  Cleantis,  and  Erichsonia. 

Bate  and  Westwood  (3)  gave  a  good  account  of  the  British  species,  as  then 

known  ;  and  Harger  (32)  also  gave  a  very  full  account  of  those  genera  and  species 
found  on  the  eastern  coast  of  the  Northern  United  States. 

Miers'  (44)  work  of  1881  was  a  great  advance  upon  any  previously  published,  and 
included  a  discussion  of  no  less  than  forty-seven  species,  included  in  four  genera. 

Chilton  (11a)  in  1885  described  the  interesting  Idotea  f estiva  from  New  Zealand. 

In  1894  (46)  Norman  drew  attention  to  several  distinct  varieties  of  Idotea 

baltica,  which  have  since  been  elevated  by  Sars  to  specific  rank.  Dollfus  (20)  in 

1894-95  gave  a  brief  account  of  the  species  found  upon  the  coast  of  France. 
Stkbbing  (69)  in  1895  proposed  the  name  Zenobiana  for  the  genus  Zenobia,  Risso; 

and  Sars  (64)  two  years  later  showed,  in  connection  with  the  Norwegian  species,  that 

what  had  generally  been  considered  by  recent  authors  as  only  varieties  of  one  and 

the  same  species,  were  in  reality  referable  to  no  less  than  six  different  species,  all 

easily  recognisable  in  both  sexes.  Benedict  (4)  in  1897  published  a  useful  revision 

of  the  genus  Synidotea.     Chilton  (ll)  in  1899,  in  a  paper  which  seems  to  have  been 
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overlooked  by  later  authors,  gave  an  account  of  the  New  Zealand  species.  Stebbing 

(70)  in  1900  described  the  genus  Paridotea  with  the  Oniscus  ungulata  of  Pallas  as 

the  type  ;  and  in  1904  (68)  the  genus  Glyptidotea  for  the  /.  liclitensteinii  of  Krauss. 

NORMAN  (47)  in  the  same  year  catalogued  eleven  species  as  occurring  in  the  British 

Isles.  Miss  Richardson  (55)  in  1904  described  a  new  genus,  Symmius,  for  a 

Japanese  species,  in  which  the  uropoda  each  consist  of  a  single  piece,  the  metasome 

has  three  segments,  the  flagellum  of  the  antennae  a  single  joint,  and  the  maxillipede 

a  three-jointed  palp.  In  the  same  year  (56)  she  described  another  Japanese  genus, 

Penti as,  which  is  characterised  by  the  five-jointed  palp  of  the  maxillipedes  and 
a  uniarticulate  metasome.  In  1905  the  same  writer  (58)  redescribed  the  then  known 

species  of  North  America,  amplifying  the  earlier  diagnoses  and  adding  the  two  new 

genera  Mesidotea  and  Pentidotea. 

In  1910  Racovitza  and  Sevastos  (52)  gave  an  interesting  account  of  a  new  fossil 

species  for  which  they  erected  the  genus  Proidotea. 

In  1912  Miss  Richardson  (60)  pointed  out  that  the  Cleantis  isopus  of  Miers  could 

not  be  retained  in  the  genus  Zenobiana,  and  suggested  the  new  genus  Cleantiella  for 

its  reception. 

Issel  (35)  in  1913  redescribed  and  figured  Zenobiana  prismatica  (Risso), 

pointing  out  various  errors  in  Bate  and  Westwood's  figures  and  description,  and 

further  showed  that  Dana's  genus  Cleantis  was  synonymous  with  this. 
Barnard  (Ann.  Sth.  Afr.  Mils.,  vol.  x)  in  1914  described  the  new  genus  Engidotea, 

a  new  species  of  Synidotea  (setifer),  and  three  new  species  of  Paridotea,  Stebbing. 

In  1915  the  writer  published  a  diagnosis  of  Idotea  hectica  (Pallas)  with 

figures  (14),  and  also  gave  a  brief  account  of  the  species  of  the  family  occurring 

in  St  Andrews  Bay  (15). 

III.  Classification  and  Affinities. 

In  the  various  attempts  that  have  been  made  at  a  classification  of  the  Isopoda, 

almost  every  part  of  the  exoskeleton  has  at  some  time  or  other  been  employed. 

Many  authors  have  put  forth  different  systems,  but  few  of  them  have  proved 
successful  or  serviceable. 

Of  the  earlier  systems  very  little  need  be  said,  for,  as  has  been  frequently  pointed 

out,  many  of  the  errors  and  much  of  the  synonymy  arose  owing  to  the  imperfect 

'Icsoriptions  and  absence  of  figures,  so  that  an  author  often  confused  one  species  with 

another  ;  such  conditions  are,  of  course,  common  to  all  branches  of  zoology. 

BRANDT  (7)  was  perhaps  the  first  to  realise  that  certain  parts  of  the  exoskeleton 

were  more  constant  than  others,  amongst  which  he  specially  emphasised  the  import- 
ance of  the  antennae,  the  telson,  and  the  uropoda. 

Milne-Edwards  (45)  very  largely  copied  Brandt,  but,  accepting  imperfect 
descriptions  by  earlier  authors,  his  work,  in  this  particular  respect,  has  not  proved 

of  any  great  value. 
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Dana  (16)  in  .1853  to  a  large  extent  followed  the  main  lines  of  Milne-Edwards' classification. 

Kinahan  (37)  in  1857  very  thoroughly  and  critically  examined  the  different  systems 

up  to  that  date,  and  at  once  recognised  the  importance  of  the  antennae  and  the  uro- 

poda,  and,  he  adds,  perhaps  the  form  of  the  maxillipedes,  but  he  states  :  "  Two  very 
important  sets  of  characters  have  been  omitted  or  overlooked,  which  must  be  taken 

into  account  in  any  classification  which  seeks  to  form  natural  groups  ;  these  are  :  the 

characters  drawn  from  the  form  of  the  head  and  from  the  epimerals  "  (coxal  places). 
It  is  upon  the  whole  of  the  above-mentioned  characters  that  the  classification 

in  the  present  paper  is  based. 

The  leading  structural  characters  of  systematic  value  are  undoubtedly  shown  in 

the  form  of  the  cephalon  and  its  appendages,  the  coalescence  of  the  abdominal 

segments,  and  the  operculiform  inferior  uropoda.  In  all  of  these  characters  the 

Idoteidse  exhibit  a  close  relationship  with  the  Arcturidae.  Both  families  are 

probably  of  ancient  origin,  and  many  of  their  genera  afford  evidence  of  more  recent 

modifications  and  adaptations.  Unfortunately  many  of  the  earlier  species  are  in- 
completely described  and  still  more  incompletely  figured,  as  already  pointed  out. 

Ohlin  (48)  very  pertinently  remarks,  the  classification  of  the  different  genera 

is  as  yet  very  uncertain,  and  is  very  much  in  want  of  a  renewed  critical  revision. 

Such  a  revision  the  writer  hopes  to  complete  at  no  very  distant  date. 

Latreille  (39)  in  1829  included  in  his  fourth  section  of  the  family  (the  Idoteides 

of  Leach)  the  genera  Idotea,  Fabricius  ;  Stenosoma,  Leach  ;  and  Arcturus,  Latreille. 

Milne-Edwards  (45)  in  1840  employed  the  same  section  for  the  genera  Arcturus, 

Idotea,  and  Anthura,  Leach,  but  this  last-mentioned  genus  has  little  in  common 
with  either  of  the  preceding  ones,  apart  from  the  elongated  form  of  the  body. 

In  1853  Dana  (16)  removed  the  Arcturidae  to  a  new  group,  which  he  termed 

Anisopoda,  and  placed  the  Idoteidae  with  the  Chaetiliidae,  a  proceeding  which  few 

subsequent  authors  have  thought  was  warranted.  Of  the  three  genera  he  described, 

Epelys,  Cleantis,  and  Erichsonia,  the  first  is  now  regarded  as  synonymous  with 

Edotia,  Guerin-Men.,  the  second  with  Zenobiana,  Stebbing,  and  for  the  third  name, 
which  was  preoccupied,  Benedict  substituted  Ericlisonella. 

Bate  and  Westwood  (3)  in  1867  associated  together  the  families  Arcturidae  and 

Idoteidae.  Claus  (12)  in  1871  placed  both  Chsetilia,  Dana,  and  Arcturus  in  his 

group  Idoteides. 

Both  Harger  (32)  in  1880,  and  Miers  (44)  in  1881,  recognised  the  close  affinity 
of  the  Idoteidae  with  the  Arcturidae,  as  have  practically  all  subsequent  authors. 

Bonnier  (5)  in  1887,  following  Claus,  placed  both  Arcturus  and  Idotea  in  the  family 
Idotheidae.  Hansen  (30)  in  the  same  year  gave  an  account  of  Glyptonotus  entomon 

(Linn.),  and  figured  and  described  some  of  the  oral  appendages.  Dr  Hansen 

informs  me  (in  litt.  7th  Dec.  1915)  that  he  now  considers  the  specimens  he  examined 
to  be  referable  to  the  G.  sibiricus  of  Birula. 
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In  1901  Ohlin  (48)  described  from  Patagonia  a  new  genus  and  species  (Pseud- 

idothea  bonnieri)  as  the  type  of  a  new  family — Pseudidotheidse, — which  he  regarded 

"  as  an  intermediate  link  between  Idotheidte  and  Arcturidse."  It  is  characterised 
l)\  the  transformation  of  the  first  pair  of  metasomatic  appendages  into  a  copulatory 

organ  in  the  male,  in  addition  to  the  usual  style  on  the  endopodite  of  the  second 

pair,  the  coalescence  of  the  metasomatic  segments,  the  small  antennulaa,  the  two- 

jointed  flagellum  of  the  antennae,  and  a  five-jointed  palp  on  the  maxillipedes. 
The  specimens  very  much  resemble  the  Idotea  miersi  of  Studer  (74),  and  whilst 

the  characters  given  may  serve  to  constitute  a  new  genus,  or  even  subfamily,  I  feel 

very  doubtful  whether  they  are  sufficiently  important  to  rank  above  this. 

Thomson  (77a)  in  1904  described  the  new  family  HolognathidEe  and  genus 

1 1 < >I ognathus  for  the  reception  of  the  Idotea  stetvarti,  Filhol,  which  differs  from 

the  true  Idoteidae  in  possessing  a  three-jointed  mandibular  palp. 

Racovitza  and  Sevastos  (52)  in  1910  constituted  a  new  sub-family,  Mesidoteini, 
witli  the  genus  Mesidotea,  Richardson,  as  the  type,  and  including  also  Chiridotea, 

Harger,  and  Proidotea,  Racovitza  and  Sevastos.  In  this  interesting  and  thought- 
ful paper  the  authors  point  out  that  the  family  Idoteidse  is  an  ancient  one,  and 

especially  the  genera  of  the  new  sub-family,  which  are  completely  isolated  from  the 

remaining  genera.     They  summarise  as  follows  : — 

"  (a)  La  famille  des  Idotheides  est  formee  par  plusieurs  lignees  qui  actuellement 
ne  sont  reunies  par  aucune  forme  intermediaire. 

"  (6)  Au  cours  de  leur  evolution  ces  lignees  ont  subi  un  certain  nombre  de 
transformations  orthogenetiques  souvent  identiques,  ce  qui  a  produit  un  grand 

nombre  d'adaptations  convergentes  ou  paralleles. 

"  (c)  Les  Mesidoteini  littoraux  septentrionaux  sont  d'une  autre  lignee  que 

( xl ' uptonotus  littoral  austral  avec  lequel  ils  ont  ete  reunis  a  tort. 

"  (d)  C'est  egalement  a  tort  que  Ohlin  rapproche  son  genre  subantarctique  littoral 

Macroehiridothea  de  Chiridotea  littoral  subarctique." 
So  far  as  I  am  aware,  they  are  the  only  authors  who  have  expressed  an  opinion 

upon  the  peculiarly  modified  uropoda,  stating  :  "La  transformation  des  uropodes  en 
appareil  protecteur  des  pleopodes,  qui  caracterise  les  Valvifera,  doit  etre  fort 

ancienne  puisque  Proidotea  est  pourvue  de  '  valves '  typiques.  II  n'est  pas  possible 

de  savoir  actuellement  si  cette  disposition  a  ete  acquise  d'une  facon  independante 

par  les  differents  valviferes  ou  si  elle  est  l'heritage  d'un  commun  ancetre.  Quoi 

qu'il  en  soit  elle  a  du  s'effectuer  de  la  facon  suivante  en  partant  d'une  (ou  plusieurs 
formes)  a  uropodes  droits  pourvus  de  protopodites  plus  petits  que  les  uropodites  : 

Habitude  de  replier  les  uropodes  en  dedans — augmentation  progressive  des  proto- 

podites  avec  reduction  consecutive  des  uropodites — allongement  du  pleotelson  et 

de  l'uropode — reduction  et  disparition  de  l'exopodite  inutile  precedent  la  reduction 

puis  la  disparition  de  l'endopodite  qui  seul  joue  d'abord  un  role  protecteur." 

Lssel  (35)  in   1913  showed   that  Dana's  genus   Cleantis  was  synonymous  with 
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Zenobiana,  Stebbing.  Bate  and  Westwood  were  evidently  of  this  opinion,  for 

writing  in  1867  (3)  they  stated:  "This  species  [Idotea  par  allela  =  Zenobiana 
prismatica  (Risso)]  appears  to  us  to  be  very  closely  allied  to,  if  not  identical  with, 

the  genus  Cleantis  of  Dana." 

Miers  (44)  in  his  "Revision"  states  that  Leach's  diagnosis  of  Stenosoma  "does 
not  permit  of  its  being  used  for  a  sectional  designation.  .  .  .  Leptosoma,  on  the 

other  hand,  will  include  all  Idoteae  with  a  uniarticulate  postabdomen."  This  author, 

however,  overlooked  the  fact  that  Risso's  name  Leptosoma  was  preoccupied. 

Leach's  original  diagnosis  of  Stenosoma  (41,  p.  365)  is  as  follows: — "Antennae 

exteriores  corporis  longitudine,  articulo  tertio  quarto  longiore.     Corpus  lineare." 
He  included  in  this  genus  two  such  dissimilar  species  as  his  hectica  ( =  Idotea 

linearis  (Pennant))  and  acuminata  ( =  the  Stenosoma  acuminatum,  Leach). 

The  fact  that  Say  (65),  when  describing  his  jiliformis  (  =  Erichsonella  jiliformis) , 
included  it  in  this  genus,  Gould  (26)  his  Idotea  irrorata,  and  Dana  (17)  his  Idotea 

gracillima,  sufficiently  illustrates  how  imperfect  the  diagnosis  is.  The  name  has 

been  used  with  so  many  varied  conceptions  that,  with  Miers,  I  agree  that  it  cannot 

be  employed  for  any  section  or  division  of  the  family. 

Seeing  that  neither  of  the  above  names  can  be  employed,  I  am  proposing  that 

of  Synisoma,  and  give  an  emended  diagnosis  of  the  genus. 

Synisoma,  it  may  be  remarked,  differs  from  the  genus  Erichsonella  of  Benedict 

in  the  following  characters  : — 
1.  The  flagellum  of  the  antennae  does  not  consist  of  only  a  single  clavate  joint. 

2.  The  coxal  plates  are  distinctly  separated  and  visible  dorsally  on  all  excepting 

the  first  segment. 

As  pointed  out  above,  Racovitza  and  Sevastos  have  already  separated  the 

genera Mesidotea,  Richardson,  Chiridotea,  Harger,  and  Proidotea,  Rac.  andSev.,and 

placed  them  in  the  sub-family  Mesidoteinae.  The  remaining  genera  fall  into  at 
least  three  or  four  further  subfamilies,  of  which  the  Idoteinae  of  Miers  would  contain 

the  genus  Idotea,  Fabr.,  and  allied  genera. 

Barnard  (Ann.  Sth.  Afr.  Mus.,  1914,  p.  203)  has  recently  described  the  new 

genus  Engidotea,  with  the  /.  lobata  of  Miers  as  the  type,  which  species  is  charac- 
terised by  the  inner  lobes  of  the  first  maxillae  having  only  two  setose  spines,  the 

second  maxillae  having  only  two  lobes,  and  no  setose  styles  on  the  uropoda.  The 

palps  of  the  maxillipedes  are  five-jointed. 

IV.  Geographical  Distribution. 

Whilst  members  of  the  Idoteidae  are  found  in  all  parts  of  the  world,  they  would 

seem  to  be  more  numerous  in  the  temperate  and  colder  seas  than  elsewhere.  Many 

species  are  found  on  the  shore  and  in  shallow  water,  whilst  others  frequent  moderate 

depths,  and  a  few  have  been  taken  at  considerable  depths.     Harger  (30)  records 
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Edotia  nodulosa,  Krciyer,  at  a  depth  of  190  fathoms,  oft'  Halifax,  U.S.A.,  and 
Mesidotea  entomon  (Linn.)  has  been  recorded  from  60  fathoms. 

Some  species,  like  I.  baltica  (Pallas),  are  cosmopolitan,  whilst  others  have  a  very 

restricted  distribution.  The  whole  question  of  the  distribution  of  the  different 

genera  would  well  repay  further  investigation. 

Zenobiana,  Stebbing,  and  Synisoma,  Cllge.  (  =  Stenosoma,  Auctt.),  would  seem  to 

be  rare  in  northern  waters  around  the  British  Isles,  although  Bate  and  West- 
wood  (3)  mention  having  received  examples  of  S.  acuminata  (Leach)  from  Cumbrae. 

The  latter  genus  has  probably  a  southern  distribution.  It  is  recorded  from 
numerous  localities  on  the  shores  of  the  Mediterranean,  Adriatic,  and  Black  Seas, 

and  also  from  the  southern  coast  of  England. 

Of  our  British  species  of  this  family,  the  majority  of  the  species  of  Idotea  are 
common  round  the  coasts  of  the  British  Islands.  /.  metallica,  Bosc,  and  /.  viridis 

(Slabber)  are  perhaps  rarer  than  the  remainder.  /.  sarsi  has,  so  far,  only  been 

received  from  St  Andrews  Bay. 

I  have  elsewhere  (15)  pointed  out  that  of  the  eight  previously  recorded  British 

species  of  Idotea,  seven  have  been  found  in  St  Andrews  Bay,  viz.  : — 

i".  baltica  (Pallas) ;  /.  pelagica,  Leach  ;  /.  neglecta,  G.  0.  Sars  ;  /.  emarginata, 
Fabr.  ;  /.  granulosa,  Rathke  ;    /.  viridis  (Slabber) ;  /.  linearis  (Pennant). 

V.  Variation. 

Apart  from  the  colour  markings,  which  are  endless,  and  slight  variations  in  the 

mandibles  and  first  and  second  maxillae,  very  few  variations  have  been  met  with  in 

the  large  number  of  specimens  I  have  examined.  In  /.  baltica  (Pallas)  Bate  and 

Westwood  (3,  p.  381)  give  figures  of  variations  in  the  form  of  the  terminal  segment 

of  the  body.  Some  of  these  are  undoubtedly  of  young  examples,  or  possibly  were 

not  referable  to  this  species.  In  the  form  of  the  antennae,  apart  from  the  number  of 

joints  in  the  fiagellum,  and  in  the  shape  of  the  terminal  segment,  I  have  found  very 

few  variations  indeed,  and  Sars  (64,  p.  81)  states  that  he  has  found  the  form  of  the 

terminal  segment  of  the  metasome  pretty  constant,  even  in  young  specimens. 

According  to  Chilton  (ll),  the  segmentation  of  the  metasome  is  liable  to  vary  in  a 

species.  As  an  instance  he  cites  the  difference  in  Idotea  peronii,  M.-Edw.,  and 
/.  stricta,  Dana,  and  unites  the  two  species. 

Miers  (44)  was  of  opinion  that  there  were  several  distinct  geographical  sub- 
species or  varieties  of  /.  baltica,  and  I  fully  concur  with  this  view.  Thus  in 

St  Andrews  Bay  the  ordinary  large  form  occurs  in  great  abundance,  exhibiting 

innumerable  colour  variations ;  but  there  is  also  a  very  much  rarer  and  smaller  form, 

which  is  found  only,  so  far  as  my  observations  go,  on  the  algae  in  the  rock  pools  on 

the  east  shore.  It  is  by  no  means  common,  for  diligent  search  has  so  far  only 

resulted  in  obtaining  eight  specimens. 
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From  the  Mediterranean  I  have  the  same  species,  but  in  all  the  specimens  the 

tridentate  terminal  segment  of  the  metasome  is  less  pronounced,  and  the  mesosome 

in  both  sexes  is  comparatively  wider. 

In  examples  of  /.  linearis  (Pennant)  received  from  Plymouth,  eight  specimens 

all  show  a  depressed  area  on  the  ventral  side  of  the  fifth  peduncular  joint  of  the 

antennae,  and  in  one  example  of  the  same  species,  received  from  the  Bay  of  Nigg, 

Aberdeen,  the  left  antenna  has  six  peduncular  joints. 

There  appears  to  be  a  considerable  amount  of  variation  in  the  size  of  the  different 

species  according  to  locality.  Of  the  species  treated  of  in  this  paper  I  give  below  a 

list,  and  the  measurements  given  by  different  authors.  The  first  line  of  figures  refers 

to  the  length  of  the  male,  and  the  second  to  that  of  the  female,  where  two  are  quoted. 

Species. 

Authority. 

Ba
tb
  an
d 

We
st
wo
od
. 

03 

a 

n 

■< 

M 

CO 

m 

o 
m 
a 

-X 

a 
o 

EH 
EH 

O 
O 
m 

<( 

03 
« 
H 
H 

Eh 

< 

m 

03 

H 
W 

Ph 

W 

EH 

m 

k4 

H 

03 
03 

1— 1 

H 

g 
ti 
hi o 
O 

1.  /.  baltica  (Pallas)  .... 

in. mm. 
30 

mm. 

30-38 

mm. 

35 

mm. 
20 mm. mm. 

35 
mm. 

mm. mm. 

35 

2.  1.  pelagica,  Leach i 
2 

20 

13 13 

20 

13-14 

3.  J.  neglecta,  G.  0.  Sars    . 
9 25 

25-33 
9 

25 

9-10 

27-5 

i.  I.  emarginata  (Fabr.)     . n 35 

16 

30 

16 

30 

16-17 
30 

5.  /.  granulosa,  Rathke 25 

18 
15 

18 

15 

20 

19-21 
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9.  Zenobiana  prismatica  (Risso) 

15 
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10.  Synisoma  lancifer  (Leach) 

20 

22-5 

11.  Synisoma  acuminata  (Leach) . 25 15 

VI.  External  Structure. 

The  form  and  structure  of  the  exoskeleton  of  this  family  have  only  been  very 
imperfectly  described  and  figured.  The  differences  in  a  given  species  in  the  descrip- 

tions and  figures  of  different  authors  are  difficult  to  account  for.  Thus  in  such  a 
cosmopolitan  form  as  Idotea  baltica  (Pallas),  Sars  (64)  states  that  there  are  sixteen 
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to  twenty  articulations  in  the  flagellum  of  the  antennae  and  figures  eighteen.  Bate 

and  Wkstwood  (3)  state  about  twenty.  Miss  Richardson  (58)  gives  fourteen  as  the 

number,  whilst  I  Larger  (30)  states  twelve  to  sixteen,  and  shows  seventeen  in  his 

figure  (pi.  v,  fig.  25b). 

Both  Miss  Richardson  and  Harger  in  their  figures  of  the  maxillipedes  show  the 

basal  segment,  to"  which  the  four-jointed  palp  is  attached,  as  one  piece.  Bate  and 
Wkstwood  show  it  with  a  short  lateral  process  on  the  inner  side,  but  only  figure 

three  joints  in  the  palp.  Sars  shows  the  joint  and  process,  but  the  terminal  portion 

is  scarcely  correct.  I  have  elsewhere  shown  (13)  that  the  oral  appendages  in  the 

Isopoda  are  liable  to  considerable  variation,  but  not  to  the  extent  of  the  fusion  or 

total  absence  of  the  different  parts. 

Numerous  other  instances  might  be  quoted,  for  similar  variations  are  to  be  found 

in  the  figures  of  the  first  and  second  maxillse,  the  shape  of  the  cephalon,  the  coxal 

plates,  and  the  uropoda,  but  these  are  sufficient  to  indicate  how  imperfectly  described 

and  figured  the  various  species  are. 

No  author,  so  far  as  I  am  aware,  either  describes  or  figures  the  groove  on  the 

third  joint  of  the  palp  of  the  maxillipede.  A  certain  amount  of  difference  may  be 

due  to  figuring  and  describing  immature  specimens  (see  p.  739),  in  other  cases  the 

differences  are  possibly  due  to  differences  in  the  sexes,  many  authors  not  stating 

whether  the  examples  were  male  or  female  ;  be  this  as  it  may,  the  need  of  more 

accurate  figures  must  have  been  felt  by  everyone  who  has  studied  the  family. 

(a)  General  Form. 

The  body  is  more  or  less  broad  and  flattened,  the  various  genera  and  species 

ranging  from  an  oblong  oval  to  an  elongated  linear  shape.  There  is  considerable 

range  in  the  size  of  the  different  genera  and  species.  The  largest  member  of  the 

family  is  Glyptonotus  antarcticus,  Eights,  which  attains  a  length  of  90  mm.,-  and 
the  smallest  is  Idotea  danai,  Miers,  which  is  only  2  mm.  long.  The  males  in 

practically  all  cases  are  larger  and  more  robust  than  the  females. 

(b)  The  Cephalon. 

Excepting  in  Chiridotea,  Harger,  the  cephalon  is  quadrate  in  outline.  In 

Idotea  baltica  (Pallas),  /.  neglecta,  G.  0.  Sars,  and  /.  pelagica,  Leach,  it  is  cleft  on 

the  posterior  lateral  margins,  and  in  many  species  there  is  a  more  or  less  distinct 

sinuous  line  towards  the  posterior  margin. 

1.  The  Eyes. — Paired  compound  eyes  are  present  in  all  the  genera  of  the  family. 

In  most  species  they  are  large,  and  situated  dorsally  or  dorso-laterally.  In  a  few 
species  they  are  quite  small.  In  no  genera  or  species  of  the  family  are  they  known 
to  be  absent. 

2.  Antennulm. — These  are  composed  of  a  three-jointed  peduncle  with  the  flagellum 
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consisting  of  a  single  clavate  joint.     On  the  dorsal  surface  of  this  joint  are  a  varying 

number  of  groups  of  sensory  setae,  probably  of  an  olfactory  nature. 

3.  Antennas. — There  are  five  peduncular  joints  in  these  appendages,  and  usually 

a  multiarticulate  fiagellum.  In  Erichsonella,  Benedict,  Eusymmerus,  Richardson, 

Zenobiana,  Stebbing,  and  Symmius,  Richardson,  the  joints  are  united  to  form  a  single 

piece.  In  Edotia,  Guerin-Meneville,  the  antennae  are  rudimentary,  and  the  fiagellum 
consists  of  a  single  joint.  Terminally  there  is  a  more  or  less  conical  style  with  a 

number  of  long  fine  setae  at  the  apex. 

4.  Oral  Appendages. — These  include  the  upper  and  lower  lips,  the  mandibles, 
the  first  and  second  maxillae,  and  the  maxillipedes.  The  lips  have  been  regarded  by 

most  authors  as  integumentary  modifications  rather  than  true  appendages,  although 

Miss  Arms  "  maintains  that  the  leaves  of  the  lower  lip  '  are  independent  outgrowths 
or  buds  from  the  integument,  as  much  as  any  other  pair  of  appendages  ;  and  the  fact 

that  the  parts  of  the  segment  to  which  they  must  have  belonged  have  disappeared, 

or  cannot  be  readily  found  is,'  in  her  opinion,  '  an  argument  of  doubtful  weight '  "  (66). 
The  upper  lip  is  plate-like,  and  projects  from  the  dorsal  border  of  the  mouth  over  the 
mandibles ;  a  second  and  inner  plate  is  present  in  some  Isopoda.  The  lower  lip  is 

bilobed,  and  consists  of  a  small  inner  pair  of  lobes  and  an  outer  larger  pair. 

The  mandibles  are  without  palps  ;  each  consists  of  a  stout  robust  body  with  a 

bidenticulated  apical  portion,  below  which  is  a  broad  truncated  molar  tubercle. 

There  is  considerable  variation  in  the  form  of  the  teeth,  according  to  age,  etc. 

The  first  maxillae  each  consist  of  a  short  robust  outer  lobe  terminating  in  a 

variable  number  of  stout  curved  spines,  and  an  inner  series  of  more  slender  ones, 

which  may  be  simple  or  toothed.  The  inner  lobe  is  a  thin,  flat,  narrow  chitinous 

band  with  a  series  of,  usually  setose,  spines  terminally.  In  Idotea,  Fabricius,  Mes- 

idotea,  Richardson,  Glyptidotea,  Stebbing,  Zenobiana,  Stebbing,  Paridotea,  Stebbing, 

Pentias,  Richardson,  and  Synisoma,  Collinge,  there  are  three  of  these  spines  ;  in 

Synidotea,  Harger,  and  Engidotea,  Barnard,  only  two.* 
The  second  maxillae  each  arise  from  the  protopodite  as  two  flat  laminar  lobes,  the 

innermost  of  which  is  bilobed  ;  all  of  them  are  fringed  with  long  setae. 

The  maxillipedes  each  consist  of  a  coxopodite  which  is  divided  into  two,  a  basal 

segment  or  basiopodite  composed  of  a  single  joint ;  articulating  with  this  distally  is 

the  palp  or  endopodite,  on  the  outer  side  is  an  epipodite,  whilst  on  the  inner  side  is 

a  short  joint  articulating  with  the  basal  segment,  which  joint  is  provided  with  one  or 

more  peculiar  handle-shaped  appendages  known  as  the  coupling  processes. 
In  CJiiridotea,  Harger,  Synidotea,  Harger,  Edotia,  Guerin-Men.,  Chiriscus, 

Richardson,  Symmius,  Richardson,  and  Macrochiridothea,  Ohlin,  the  palp  is  three- 
jointed  ;  in  Idotea,  Fabricius,  Colidotea,  Richardson,  Eusymmerus,  Richardson, 

and   Erichsonella,  Benedict,    four-jointed ;   in    Mesidotea,   Richardson,    Pentidotea, 

*  In  an  Australian  form  (genera  unci  species  as  yet  undetermined)  there  are  four  spines  present.     Paridotea  ungu- lata  also  has  four. 
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Richardson,  Paridotea,  Stebbing,  Zenobiana,  Stebbing,  Glyptidotea,  Stebbing, 

Cleantiella,  Richardson,  Engidotea,  Barnard,  and  Pentias,  Richardson,  five-jointed ; 
and  in  Glyptonotus,  Eights,  the  number  varies  from  three  to  five  joints. 

(c)  The  Mesosome. 

The  mesosome  or  thorax  consists  of  seven  free  segments  articulating  with  each 

other.  An  exception  to  this  is  found  in  Crabyzos  longicaudatus,  S.  Bates  (2),  where 

the  cephalon  is  partially  coalescent  with  the  first  mesomatic  segment. 

The  first  segment  is  usually  narrower  than  the  rest,  and  partly  surrounds  the 

cephalon.  The  pleural  plates  may  be  well  developed,  as  in  /.  baltica,  I.  neglecta, 

and  /.  emarginata,  or  very  small,  as  in  I.  linearis. 

1.  Coxal  Plates. — In  most  members  of  this  family  the  coxopodites  of  the  appen- 
dages are  developed  to  such  an  extent  as  to  protrude  beyond  the  pleural  plates  or 

overlap  or  replace  them  on  the  dorsal  surface.  Many  authors  have  used  the  term 

"  epimera"  for  these,  but,  as  Calman  (10)  points  out,  that  term  has  been  used  in  so 
many  different  senses,  that  it  seems  better  to  abandon  it  altogether.  In  our  British 

species  the  greatest  development  of  these  plates  is  seen  in  I.  baltica,  1.  neglecta, 

and  I.  emarginata,  and  they  are  smallest  in  /.  linearis  and  Zenobiana  prismatica, 

and  occupy  an  intermediate  position  in  the  members  of  the  genus  Synisoma.  In 

/.  hectica  (Pallas),  an  Atlantic  and  Mediterranean  species,  they  do  not  protrude 

beyond  the  ventral  surface  of  the  pleural  plates. 

2.  Appendages. — Each  segment  carries  a  pair  of  appendages,  and  each  appendage 
is  composed  of  seven  joints.  The  coxopodite  and  basiopodite  may  be  very  small, 

whilst  in  the  first  and  second  appendages  the  distal  joints  are  usually  shorter  than 

in  the  remaining  ones.  In  many  species  the  anterior  appendages  are  smaller  than 

the  posterior  ones ;  on  the  other  hand,  in  Crabyzos  longicaudata  (S.  Bate)  the  first 

pair  are  said  to  be  the  largest.  The  dactylopodite  is  chelate  and  unguiform.  All 

the  appendages  are  provided  with  setae,  sometimes  of  three  or  four  kinds,  and  all 

are  ambulatory  in  character. 

In  the  females  the  third  and  the  three  following  appendages  each  have  at  their 

base  a  large  membranous  plate  folded  beneath  the  body  to  form  an  ovigerous  sac  or 
marsupial  chamber. 

(d)  The  Metasome. 

The  metasome  in  the  Idoteidse  has  undergone  considerable  modification  by  a 

consolidation  of  the  terminal  segments  to  form  a  strong  dorsal  shield. 

The  number  of  segments  varies  in  the  different  genera  :  thus  in  Glyptonotus, 

Eights,  there  are  four  or  five  segments ;  in  Mesidotea,  Richardson,  Chiridotea, 

Harger,  four  ;  in  Idotea,  Fabricius,  Chiriscus,  Richardson,  and  Pentidotea,  Richard- 

son, three  are  present;  in  Cleantiella,  Richardson,  there  are  two  segments;  in 

Zenobiana,   Stebbing,   three    to    five    may    persist;    whilst   in    Synidotea,   Harger, 
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Colidotea,  Richardson,  Edotia,  Guerin-Men.,  Crabyzos,  S.  Bate,  Eusymmerus, 
Richardson,  Erichsonella,  Benedict,  Pentias,  Richardson,  Paridotea,  Stebbing,  and 

Synisoma,  Collinge,  the  fusion  is  complete,  the  segments  being  represented  by 

a  single  piece.  In  nearly  all  cases  there  are  evidences  of  one  or  more  suture  lines 

indicating  a  further  segment  or  segments. 

1.  Appendages. — There  are  five  pairs  of  appendages,  each  of  which  consists  of 

a  basal  segment  carrying  two  elongate-oval  lamellae  fringed  with  long  setae.  The 
inner  lamellae  of  the  second  pair,  and  of  the  first  pair  also,  in  Pseudidothea,  Ohlin, 

in  the  male  bears  a  fine  stylet. 

2.  Uropoda. — This  pair  of  appendages  differs  in  this  family,  in  common  with 
other  members  of  the  suborder  Valvifera,  from  the  condition  obtaining  in  any 

other  Isopoda.  Here  they  consist  of  a  pair  of  somewhat  flattened,  opercular-like 
plates  (the  protopodites)  closing  within  the  metasomatic  appendages,  by  meeting  in 

the  mid-ventral  line  or  overlapping  one  another.  Each  is  attached  to  the  metasome 
laterally.  Posteriorly  there  is  in  most  genera  a  hinge  dividing  off  a  posterior  plate 

(the  endopodite).  In  some  genera,  e.g.  Mesidotea,  Richardson,  Chiridotea,  Harger, 

Glyptonotus,  Eights,  and  Macrochiridothea,  Ohlin,  there  is  an  inner  plate  to  each 

uropod  (the  exopodite).  Articulating  laterally  on  the  outer  side,  or  dorso-laterally, 
there  is  usually  a  plumose  style.  Stebbing  (70)  states  that  this  is  absent  in 

Paridotea ;  and  in  Symmius,  Richardson,  the  endopodite  is  not  present,  each 

uropod  consisting  of  a  single  piece. 

VII.  Bionomics  and  Economics. 

Very  little  is  known  as  to  the  life-history  and  habits  of  the  family  of  Isopods 
here  treated  of.  Roux  (63)  has  given  some  interesting  details  of  their  habits,  and 

Issel  (34)  has  studied  the  tube-dwelling  species  of  the  genus  Zenobiana. 

Whilst  the  family  contains  some  of  the  largest  known  Isopods,  some  are 

quite  small. 

Many  species  are  exceedingly  plentiful.  Most  of  them  seem  to  prefer  decaying 

masses  of  algae  in  rock  pools  or  still  water,  where  they  feed  upon  dead  fishes, 
molluscs,  crustaceans,  annelids,  etc. 

Although  the  majority  of  species  are  marine,  Loven  has  recorded  Mesidotea 

entomon  from  deep  Scandinavian  lakes,  and  Thomson  (77)  has  described  a  species  of 
Idotea  (lacustris)  from  a  fresh-water  lagoon  in  New  Zealand. 

Roux  remarks  that  when  the  sea  is  rough  they  seek  deep  water,  and  are  often 
thrown  back  by  the  action  of  the  waves.  This  is  so  in  St  Andrews  Bay,  where, 
after  a  rough  sea,  large  numbers  of  the  commoner  species  are  to  be  found  clinging 
to  the  algae  in  the  rock  pools. 

Idotea  baltica  progresses  by  a  series  of  short,  jerky  jumps,  whereas  /.  linearis 
moves  less  rapidly,  often   apparently  floating  with   the  uropoda  open   and    hanging 
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perpendicular  to  the  body.  Most  of  the  species  are  nocturnal,  hiding  under  algae 

during  the  day.  Idotea  linearis  is  fairly  active  during  the  daytime,  gliding  grace- 
fully through  the  water  even  when  strong  sunlight  was  shining  on  the  vessel  in 

which  it  was  contained.  In  the  rock  pools  also  I  have  noticed  this  species  active 

during  the  daytime. 

Roux  records  that  in  the  Mediterranean  the  fishermen  collect  these  Isopods  and 

use  them  as  bait.  The  method  of  collecting  is  by  tying  together  bundles  of  fucus, 

which  are  sunk  below  the  water;  on  these  the  Idoteae  assemble,  and  from  time  to 

time  the  masses  of  algae  are  drawn  up  and  the  specimens  collected. 
Fishes  would  seem  to  be  the  chief  enemies  of  these  Crustacea.  Mr  W.  Ramsay 

Smith,  in  his  papers  on  the  food  of  fishes,*  has  given  many  records  of  their 
occurrence  in  the  stomachs  of  various  species,  as  has  also  Dr  Thomas  Scott  in  his 

"  Observations  on  the  Food  of  Fishes."  t  I  have  records  of  the  occurrence  of  all 
the  British  species  of  Idotea,  excepting  viridis  and  metallica,  from  the  stomachs  of 

the  cod,  haddock,  and  plaice. 

Matzdorff  (43)  has  given  a  most  interesting  account  of  the  colour  variation  in 

/.  haltica.  The  remarkable  variability  of  this  species  has  been  frequently  com- 
mented upon.  He  enumerates  and  figures  a  number  of  colour  varieties,  and  shows 

that  they  are  common  to  both  sexes.  The  same  individual  changes  colour  by  the 

expansion  or  contraction  of  dark  brown  chromatophorous  cells,  adapting  itself  to  its 

surroundings.  Thus  specimens  found  near  the  surface,  on  the  top  of  algae,  were 

light-coloured,  while  those  on  the  bottom,  in  the  same  locality,  were  dark-coloured. 
After  the  extirpation  of  the  eyes  the  animals  cease  to  undergo  these  colour  changes. 

VIII.  Systematic. 

Many  genera  of  doubtful  value  have  been  made  by  different  authors,  often  upon 

very  trivial  differences. 

Dana  (16),  1852,  divided  the  family  into  the  following  five  genera: — Idotea, 

Fabr.  ;  Edotia,  Guerin-Men. ;  Erichsonia,  Dana  ;  Cleantis,  Dana  ;  and  Epelys,  Dana. 
Bate  and  West  wood  (3),  1867,  included  all  the  British  species  in  the  genus  Idotea, 

Fabr.     Miers  (44),  1881,  gives  the  following  divisions  : — 

Fam.  IDOTEID^,  Dana. 

Sub-fam.  i.  Glyptonotin.^. 

Genus  (rlyptonotus,  Eights. 
Sub-fam.  ii.  Idotein^e. 

Genera  Idotea,  Fabr.  ;  Edotia,  Guerin-Men.  ;  and'  Cleantis,  Dana. 

BARGER  (30)  included  the  five  genera: — Chiridotea,  Harger ;  Idotea,  Fabr.; 

Xi/nidotea,  Harger  ;  Erichsonia,  Dana  ;  and  Epelys,  Dana.     Stebbing  (68)  recognised 

*  7th,  8tli,  9th,  and  10th  Reports  of  the  Fishery  Board  of  Scotland. 
t  Tbid.,  20th  Report,  1902,  pp.  486-538. 
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the  following  genera : — Glyptonotus,  Eights  ;  Chaetilia,  Dana  ;  Arcturides,  Stucler  ; 

Idotea,  Fabr.  ;  Edotia,  Guerin-Men.  ;  and  Cleantis,  Dana.  Norman  (47),  1904, 
mentions  only  the  three  British  genera,  whilst  Richardson  (58)  in  1905  arranged 

the  genera  as  follows  : — Mesidotea,  Richardson  ;  Chiridotea,  Harger  ;  Idothea,  Fabr.  ; 

Pentidotea,  Richardson  ;  Synidotea,  Harger  ;  Colidotea,  Richardson  ;  Edotia,  Guerin- 
Men.  ;  Eusymmerus,  Richardson  ;  Erichsonella,  Benedict ;  and  Cleantis,  Dana. 

In  the  present  communication  I  propose  to  divide  the  family  as  follows  : — 

Fam.  IDOTEIDiE,  Leach,  1813.  * 

Sub-fam.  i.  Idotedsle,  Miers,  1881. 

Genus  1.  Idotea,  Fabr.,  1798. 

(l)  Idotea  baltica  (Pallas). 
(2)        , 

,      pelagica,  Leach. 
(3)        , ,       neglecta,  G.  0.  Sars. 

(4)        , ,       emarginata  (Fabricius). 

(5)        , ,      granulosa,  Rathke. 
(6)        , ,       sarsi,  n.  sp. 

(7)        , ,      viridis  (Slabber). 

(8)        , ,       metallica,  Bosc. 
(9)        , ,       linearis  (Pennant). 

Sub-fam.  ii. 

Genus  2.  Zenobiana,  Stebbing,  1895. 

(l)  Zenobiana  prismatica  (Risso). 

Sub-fam.  iii. 

Genus  3.  Synisoma,  nov.  nom. 

(1)  Synisoma  lancifer  (Leach,  MSS.). 

(2)  ,,         acuminata  (Leach). 

Fam.  Idoteid^e,  Leach,  1813. 

Body  ovate,  oblong  or  elongate,  and  more  or  less  depressed.  Cephalon  and 
mesosomatio  segments  distinct;  coxal  plates  separate  from  or  confluent  with  the 
segments  ;  metasome  with  some  or  all  of  the  segments  consolidated  into  a  terminal 
scutiform  piece.  Eyes  usually  dorso-lateral,  occasionally  dorsal,  multifaceted. 
Antennules  with  three-jointed  peduncle,  fiagellum  uniarticulate.  Antennae  with 
five-jointed  peduncle,  fiagellum  usually  multiarticulate,  but  may  consist  of  a  single 
joint  or  may  be  short  or  rudimentary.     Mandibles  without  palps.     First  maxillae 

*  Given  on  the  authority  of  Agassiz,  Nomenclator  Zoologicus. 
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with  outer  lobe  terminating  in  a  series  of  stout,  curved  spines,  inner  lobe  terminating 

in  two  to  four  setose  spines.  Second  maxillae  each  consist  of  three  lobes  fringed  with 

setae.  Maxillipedes  operculiform,  palp  with  three  to  five  joints.  Mesosomatic  seg- 
ments, excepting  the  first,  usually  about  equal  in  length,  coxal  plates  distinct  or 

coalesced  with  the  segments.  Thoracic  appendages  uniform  in  structure,  ambulatory, 

varying  in  size  from  before  backwards,  usually  stronger  in  male  than  in  female,  occa- 
sionally approaching  a  subcheliform  character  ;  dactylus  strong,  unguiform,  unequally 

bi-dentate.  Metasome  with  some  or  all  of  the  segments  fused  to  form  a  large  terminal 

scute-like  segment.  Metasomatic  appendages  laminate.  Uropoda  inferior,  arching 
over  the  ventral  side  of  the  metasome  and  enclosing  the  appendages. 

Key  to  the  Genera  of  British  Iboteibm. 

1.  Body  ovate,  oblong,  or  elongate,  more  or  less  depressed. 

Antennae  with  multiarticulate  flagellum. 

Maxillipedes  with  four-jointed  palp. 
Coxal   plates   of  the   mesosomatic  segments,    excepting    the   first,   distinctly 

separated. 
Metasome  composed  of  three  segments. 

Idotea,  Fabricius. 

2.  Body  somewhat  slender,  long  and  narrow,  with  parallel  sides. 

Antennae  short,  with  single-jointed  flagellum,  or  with  restricted  number  of 

joints. 
Maxillipedes  with  five-jointed  palp. 
Coxal  plates  of  the  mesosomatic  segments  distinct,  but  small  and  narrow. 

Metasome  composed  of  three  to  five  segments. 
Zenobiana,  Stebbing. 

3.  Body  oblong,  moderately  convex,  usually  with  indications  of  a  keel. 

Antennae  with  multiarticulate  flagellum. 

Maxillipedes  with  four-jointed  palp. 
Coxal  plates  small,  but  distinct. 

Metasome  composed  of  a  single  segment. 

Synisoma,  Collinge. 

1.  Genus  Idotea,  Fabricius. 

Idotea,  Fabricius,  J.  C,  Suppl.  Entom.  Syst.,  1798,  p.  302. 

Body  ovate,  oblong  or  elongate,  more  or  less  depressed.  Cephalon  subquadrate, 

not  expanded  laterally,  sometimes  with  lateral  clefts  or  posterior  sinuous  furrow. 

Coxal  plates  of  mesosome  usually  well  defined  on  the  second  to  seventh  segments. 

Eyes   dorso-lateral.     Antennulae   with    short,    clavate    flagellum.       Antennae    with 
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elongated  multiarticulate  flagellum.  Maxillipedes  operculiform,  palps  (endopodites) 

with  four  joints,  basipodite  expanded.  Metasome  composed  of  three  distinct  segments 

and  lateral  suture  lines  in  front  of  the  long  terminal  segment.  Uropoda  laminar, 

with  basal  joint  and  setose  spine.     Male  usually  larger  than  female. 

Key  to  the  British  Species  of  the  Genus  Idotea. 

I.  Body  oblong  ovate. 

1.  Coxal  plates  wide. 

a.  Metasome  terminally  produced  in  the  middle  and  extending  beyond 
the  lateral  angles. 

/.  baltica  (Pallas). 

b.  Metasome  terminally  broad  and  rounded. 

I.  pelagica,  Leach. 
/.  neglecta,  G.  0.  Sars. 

c.  Metasome  terminally  marginate. 

I.  emarginata  (Fabr.). 

•2.  Coxal  plates  rather  narrow. 
d.  Metasome  terminally  drawn  out  and  pointed. 

/.  granulosa,  Rathke. 
/.  sarsi,  Collinge. 
/.  viridis  (Slabber). 

e.  Metasome  terminally  more  or  less  truncate. 
/.  metallica,  Bosc. 

II.  Body  elongated,  filiform. 

I.  Coxal  plates  very  small. 

a.  Metasome  terminally  emarginate. 
/.  linearis  (Pennant). 

(l)  Idotea  baltica  (Pallas).     (PI.  I,  figs.  1-1 4.) 

Oniscus  hallieus,  Pallas,  Spic.  Zool.,  1772,  vol.  ix,  p.  67,  pi.  iv,  fig.  6. 

Idotea  entomon,  Pennant,  Brit.  Zool.,  1777,  vol.  iv,  p.  38,  pi.  xviii,  fig.  5. 

Stbnotioma  irrorata,  Say,  Journ.  Acad.  Nat.  Sci.  Phila.,  1818,  vol.  i,  p.  423. 

Idotea  tridentata,  Rathke,  Fauna  None,  1843,  t.  xx,  p.  21. 

Idotea  tricuspidata,  Desmarest,   Did.  des  Sci.  Nat.,  1823,  t.   xxviii,   p.  373,   pi.  xlvi  ;  Roux,  Crust,  de  la 

Medil.,  1828,  pi.  xxix,  figs.  11,  12;  Milne-Edwards,  Hist.  Nat.  Crust.,   1840,  vol.  iii,  p.  129;  Sars, 
Fork.    Videns/c.  SelsJc.  Christ.,  1859,  p.   151  ;  Norman,  Rep.  Brit.  Assoc,   1866,  p.   197  ;  Bate  and 

Westwood,  Brit.  Sessile-eyed  Crust.,  1868,  vol.  ii,  p.  379. 
Idotea  irrorata,  Harger  and  Verrill,  Rep.    U.S.  Fish  Comm.,   1873,  pt.  i,  p.  569,  pi.  v,  fig.  23  ;  Verrill, 

Am.  Journ.  Sci.  Ads,  1874,  vol.  vii,  pp.   131,   134  ;  Harger,   Proc.   U.S.  Nat.  Mus.,   1879,  vol.  ii, 

p.  160. 
Idotea  tricuspidata,  Stebbing,  Journ.  Linn.  Soc.  Lond.  {Zool.),  1876,  vol.  xii,  p.  148;  Dollfus,  Feuille  des 

jeunes  Nat.,  1895,  p.  55. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  23).  108 
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Idotea  marina,  Miers,  J  own.  Linn.  Soc.  Land.  {Zool.),  1881,  vol.  xvi,  p.  25. 

Idothea  ha/lira.  G.  O.   Sars,   Crust.  Norn:,  1897,  vol.  ii,  p.  80,  pi.  xxxii ;  Richardson,   Bidl.  54,  U.S.  Nat. 

Mu^.,  1900,  p.  364  ;  Tattersall,  Nord.  Plan!,:,  1911,  p.  219,  figs.  83-87. 
Idotea  balthica,  Norman,  Ann.  and  Mag.  Nat.  Hist.,  1904  (s.  7),  vol.  xiv,  p.  441. 

Body  oblong  oval,  moderately  convex,  dorsal  surface  perfectly  smooth.  Ceplialon 

(fig.  I )  wider  than  long,  slightly  emarginate  anteriorly,  posterior  margin  almost 

straight,  posteriorly  with  lateral  clefts  continuing  inwardly  as  dorsal  ridges.  Eyes 

large,  round,  situated  dorso-laterally,  slightly  anterior  to  the  median  transverse  line. 
Antennulse  (fig.  2)  extending  to  the  end  of  the  third  peduncular  joint  of  the  antennae, 

first  joint  expanded,  irregularly  angular,  second  joint  broad  but  rather  smaller,  third 

joint  elongated  ;  flagellum  single-jointed,  clavate,  with  nine  or  ten  groups  of  spatulate 
setae,.  Antennae  (figs.  3  and  4)  elongated,  first  peduncular  joint  very  short,  second 

longer  and  deeply  incised  ventrally,  third  and  fourth  increasing  in  length,  but 

decreasing  in  diameter  ;  flagellum  normally  with  twenty  Joints,  of  which  the  first 

ten  or  eleven  are  somewhat  cuboid,  remainder  elongated  and  slightly  clavate,  with 

terminal  style  and  long  setae  (fig.  3).  First  maxillae  (fig.  5),  outer  lobe  terminates  in 

ten  short  curved  spines  and  a  single  fine- pointed  one,  inner  lobe  narrow,  terminating 
in  three  setose  spines.  Second  maxillae  consisting  of  three  laminar  setose  lobes. 

The  segments  of  the  mesosome,  excepting  the  first,  which  is  shorter,  are  about  equal 

in  length.  Coxal  plates  large,  occupying  the  whole  of  the  lateral  margins  of  second 

to  seventh  segments,  gradually  increasing  in  width  (fig.  12).  Maxillipedes  (fig.  6) 

with  four-jointed  palp,  the  third  joint  grooved  for  the  reception  of  the  postero-lateral 
border  of  the  first  (fig.  7),  basal  segment  large,  with  inner  lobe  distally,  epipodite 

oblong  oval,  extending  as  far  as  the  third  joint  of  the  palp.  Thoracic  appendages 

(figs.  8-1 1)  more  or  less  alike  in  structure,  with  few  stout  setae,  first  appendage  short 
and  stout,  remainder  gradually  becoming  larger  from  the  second  to  the  seventh. 

Metasome  (fig.  13)  has  two  short  segments  and  indications  of  a  coalesced  third, 

terminal  segment  long,  slightly  convex,  with  the  posterior  margin  tridentate,  median 

tooth  produced  as  an  acute  point,  extending  beyond  the  lateral  ones.  Uropoda 

(fig.  14)  flattened,  elongated,  rounded  anteriorly,  sides  nearly  parallel,  inner  margins 

sloping  obliquely  towards  the  median  line  ;  articulating  with  the  basal  plate  on  its 

dorsal  side  is  a  short  setose  style ;  endopodite  flat,  posterior  margin  narrowed  and 

slightly  emarginate. 

Length  of  $  35  mm.,  of  P  20  mm. 

Colour  exceedingly  variable. 

Geographical  Distribution. — Common  all  round  our  coasts.  Amongst  many 

others  I  have  the  following  records  : — Shetland,  Moray  Firth,  St  Andrews,  Firth  of 
Forth,  Yorkshire,  Norfolk,  Suffolk,  and  Essex  coasts,  Isle  of  Wight  and  South  coast, 

Devon  coast  (west  and  south),  Llandudno,  Blacksod  Bay  (Co.  Mayo),  Irish  Sea, 

St  Kilda,  Firth  of  Clyde,  and  Sutherland  coast.  It  is  also  recorded  as  occurring  on 

the  Scandinavian  and  European  coasts  from  Holland  to  the  Mediterranean  and  Black 
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Seas,  on  the  Atlantic  coast  of  North  America  (Harger),  West  Indies  (Richardson), 

Brazil,  Java,  and  Red  Sea  (Miers),  and  from  New  Zealand  (Chilton). 

Remarks— This  species  is  easily  distinguished  from  all  other  members  of  the 

genus  by  the  characters  exhibited  in  the  antennules,  antennae,  cephalon,  the  meso- 

somatic  segments,  in  the  tridentate  character  of  the  posterior  margin  of  the  last 

metasomatic  segment,  and  the  form  of  the  uropoda. 

Minor  characters  are  to  be  found  in  the  form  of  the  first  maxillae,  the  maxilli- 

pedes,  and  the  thoracic  appendages. 

Young  examples,  measuring  2*5  mm.  in  length,  found  on  the  metasomatic 

appendages  beneath  the  uropoda,  strongly  resemble  the  parents,  excepting  in  the 

form  of  the  antennules,  antennae,  and  the  terminal  segment. 

The  maxillipedes  of  this  species  are  larger  and  better  developed  than  in  any 

other  British  member  of  the  genus.  On  the  anterior  border  of  the  third  joint  of 

the  palp  there  is  a  deep  groove  (PL  I,  fig.  7)  in  which  the  thickened  posterior 

border  of  the  fourth  joint  moves. 

In  examining  the  antennae  of  this  and  the  other  species  here  enumerated,  I  have 

found  the  shape  of  the  terminal  style  exceedingly  constant,  and  have  therefore  given 

figures  of  it  in  all  the  species. 

The  actual  number  of  joints  in  the  flagellum  varies  according  to  age.  I  have 

endeavoured  to  figure  those  in  what  I  consider  to  be  fully  adult  specimens.  In 

a  young  specimen  of  I.  baltica,  measuring  2  "5  mm.  in  length,  the  flagellum  was 
composed  of  only  three  joints  and  a  style. 

(2)  Idotea  pelagica,  Leach.     (PI.  II,  figs.  15-25.) 

Idotea  pelagica,    Leach,    Trans.    Linn.    Soc.    Lond.,    1815,  vol.  xi,   p.   365;    Bate  and  Westwood,    Brit. 

Sessile -eyed   Crust.,    1868,    vol.    ii,    p.    384,    figs.]   Dollfus,   Feuille  des  jeunes   Nat.,    1895,  p.   8, 

fig.  23. 
Idothea  pelagica,  G.  0.  Sars,  Crust.  Norw.,  1897,  vol.  ii,  p.  81,  pi.  xxxiii. 

Idotea  pelagica,  Norman,  Ann.  and  Mag.  Nat.  Hist.,  1904  (s.  7),  vol.  xiv,  p.  442;  Tattersall,  Nord.  Plank., 

1911,  vol.  vi,  p.  220,  figs.  88-93. 

Body  comparatively  short  and  stout.  Cephalon  (fig.  15)  wider  than  long,  anterior 

margin  slightly  concave,  posterior  margin  straight,  with  sinuous  line  in  front.  Eyes 

comparatively  large,  rounded,  situated  anterior  to  the  median  transverse  line.  An- 

tennulae  (fig.  16)  small,  first  joint  widely  expanded,  second  less  so,  and  third  ex- 
panded distally.  Antennae  (figs.  17  and  18)  short  and  stout,  extending  just  beyond 

the  first  segment  of  the  mesosome,  first  three  joints  almost  subequal,  as  also  fourth 

and  fifth  ;  flagellum  short,  composed  of  eight  joints,  terminal  style  short,  with  three 

or  four  stout  setae.  First  maxillae  (fig.  19),  outer  lobe  terminating  in  seven  stout 

curved  spines,  a  single  fine-pointed  one,  and  two  toothed  ones,  inner  lobe  with  three 
setose  spines.  The  segments  of  the  mesosome  (fig.  23)  are  about  equal  in  length, 

anterior  angles  of  the  pleural  plates  of  the  first  segment  bluntly  pointed.     Coxal 
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plates  occupy  the  whole  of  the  lateral  margins  of  the  second  to  seventh  segments, 

widening  from  before  backwards.  Maxillipedes  (fig.  20)  with  elongated  basal  plate 

and  epipodite,  distal  inner  lobe  fairly  large,  no  groove  on  the  third  joint  of  the  palp. 

Thoracic  appendages  (figs.  21  and  22)  short  and  strongly  built.*  Metasome  (fig.  24) 

with  two  short  segments  and  well-marked  lateral  sutures  indicating  a  further 

coalesced  one,  terminal  segment  with  slight  median  ridge,  lateral  margins  converg- 

ing slightly  to  an  obtuse  point.  Uropoda  (fig.  25)  rather  broad,  posterior  margin 

obliquely  transverse,  outer  margin  slightly  curved  inwards,  endopodite  terminally 

obliquely  truncate,  outer  margin  converging  a  little  towards  the  distal  end,  setose 

style  short. 

Length  of  <?  13-14  mm.,  of  i>  9-10  mm. 
Colour  dark  brownish. 

Geographical  Distribution. — Not  a  plentiful  species  in  St  Andrews  Bay.  I  have 

examples  from  Lowestoft,  Boscombe,  and  Plymouth.  Recorded  from  the  Firth  of 

Forth  ;  Bell  Rock  (Bate  and  Westwood)  ;  Aberdeen  (Scott)  ;  Firth  of  Clyde  ;  Port 

Erin  Bay  (Hewitt)  and  South-West  Ireland  (Norman)  :  also  coasts  of  Norway  (G.  0. 
Sars)  and  France  (Bonnier). 

Remarks, — Although  for  long  confused  with  /.  baltica  (Pallas),  this  is  a  very 

distinct  species,  and  there  is  no  difficulty  in  at  once  separating  both  sexes  from 

the  former  species. 

(3)  Idotea  neglecta,  G.  0.  Sars.     (PI.  Ill,  figs.  26-36.) 

Idotea  marina,  Bollfus,  Feuille  des  Jewries  Nat.,  1895,  p.  7,  fig.  22. 

Idothea  neglecta,  G.  O.  Sars,  Crust.  Norw.,  1897,  vol.  i'i,  p.  84,  pi.  xxxv,  fig.  1. 
Idotea   neglecta,   Norman,   Ann.   and  Mag.   Nat.    Hist.,   1904   (s.  7),  vol.    xiv,    p.    442;    Tattersall,   Nord. 

Plank.,  1911,  p.  225,  figs.  106-110. 

Body  oblong  oval,  wider  anteriorly  than  posteriorly.  Cephalon  (fig.  26)  wider 

than  long,  slightly  emarginate  anteriorly,  posterior  margin  almost  straight,  pos- 
teriorly with  slight  lateral  clefts  and  dorsal  ridges.  Eyes  rather  large,  situated 

dorso-laterally,  anterior  to  the  median  transverse  line.  Antennulse  (fig.  27)  extend- 
ing to  the  end  of  the  third  peduncular  joint  of  the  antennae,  first  and  second  joints 

expanded,  third  elongated  ;  flagellum  single,  rather  long,  clavate  joint.  Antenna 

(figs.  28  and  29)  of  moderate  length,  peduncular  joints  gradually  increasing  in 

length  from  the  first  to  the  fifth  ;  flagellum  composed  of  eighteen  to  twenty  joints 

and  short  setose  style.  First  maxillse  (fig.  30),  outer  lobe  terminating  in  eight 

stout  curved  spines  and  three  toothed  ones  ;  inner  lobe  narrow,  terminating  in  three 

setose  spines  and  a  short  spine  on  the  outer  side  distally.  The  segments  of  the 

mesosome  (fig.  34)  almost  subequal,  anterior  angle  of  the  first  pleural  plates  directed 

forwards,  obtusely  pointed.     Coxal  plates  of  male  occupy  the  whole  of  the  lateral 

*  In  the  male  there  is  usually  a  riense  fringe  of  fine  setae  bordering  the  inside  of  the  outer  joints  ;  income  cas?&, 
however,  these  were  not  present,  and  no  difference  was  observable  from  the  condition  obtaining  in  the  female. 
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margins  of  the  second  to  seventh  segments,  gradually  increasing  in  width,  smaller 

in  female.  Maxillipedes  (fig.  31)  with  four-jointed  palp,  groove  on  the  third  joint 

very  slight,  basal  plate  elongated,  with  inner  lobe  fairly  broad,  epipodite  extending 

to  the  middle  of  the  third  joint  of  the  palp.  Thoracic  appendages  (figs.  32  and  33) 

moderately  strong.  Metasome  (fig.  35)  with  two  short  segments  and  sutural 

indications  of  a  third  coalesced  segment,  terminal  segment  long,  raised  in  the  mid- 

dorsal  line,  slightly  narrowing  distally,  terminating  in  an  obtuse  point,  lateral  angles 

rounded.  Uropoda  (fig.  36)  broad,  bluntly  rounded  anteriorly,  with  raised  inner 

margin,  posterior  margin  obliquely  excavate,  endopodite  terminally  transversely 
truncated. 

Length  of  c?  27 '5  mm.,  of  P  16-17  mm. 
Colour  dark  brown  or  greenish-black,  sometimes  variegated  with  irregular 

lighter-coloured  patches. 

Geographical  Distribution. — St  Andrews  Bay,  Firth  of  Forth,  Lowestoft,  and 

Plymouth ;  Clyde  Area  (Patience)  ;  Moray  Firth  (Scott)  ;  Shetland  and  Falmouth 

(Norman)  ;  west  coast  of  Ireland  (Tattersall)  :  also  Norwegian  coast  (Norman  and 
Sars). 

(4)  Idotea  emarginata  (Fabr.).     (PI.  VI,  figs.  37-47.) 

Gymothou  emarginata,  Fabricius,  Entom.  Syst.,  1793,  vol.  ii,  p.  508. 
Holea  emarginata,  Fabricius,  Entom.  Syst.  Supply  1798,  p.  303;    Latreille,  Hist.  Nat.  Crud.  et  Ins.,  1803, 

vol.  vi,  p.  370;   Milne-Edwards,  Hist.   Nat.    Crust.,    1840,  vol.   iii,  p.   130;   Bate  and  Westwood, 
Brit.  Sessile-eyed  Crust.,  1868,  vol.  ii,  p.  386,  figs.;  Miers,  Journ.  Linn.  Soc.  Loud.,  1881,  vol.  xvi, 

p.  43. 
Idotea  oestrum,  Leach,    Trans.  Linn.  Soc.  Lond.,  1815,  vol.  xi,   p.  365;  Desmarest,  Consid.    Crust.,  1825, 

p.  289. 
Idothea  emarginata,  G.  O.  Sars,  Crust.  Norw.,  1897,  vol.  ii,  p.  85,  pi.  xxxv,  fig.  2. 

Idotea  emarginata,  Dollfus,  Feuille  des  jcuues  Nat.,  1895,  p.  6,  figs.  17,  18;  Norman,  Ann.  and  Mag.  Nat. 

Hist.,  1904  (s.  7),  vol.  xiv,  p.  443;  Tattersall,  Nord.  Plank.,  1911,  p.  226,  figs.  111-115. 

Body  oblong  oval,  slightly  convex,  surface  smooth.  Cephalon  (fig.  37)  wider 

than  long,  anterior  margin  slightly  emarginate,  posteriorly  with  sinuous  line. 

Eyes  large  and  •  round,  situated  dorso-laterally.  Antennulae  (fig.  38)  extending  to 
the  end  of  the  third  peduncular  joint  of  the  antennae  ;  first  joint  much  expanded 

and  produced  on  the  inner  side,  second  smaller,  third  elongated.  Antennae  (figs. 

39  and  40)  long,  first  three  joints  excavated  on  their  outer  side,  fourth  and  fifth 

elongated  ;  fiagellum  composed  of  from  fourteen  to  sixteen  joints,  with  elongate 

setose  style.  First  maxillae  (fig.  41)  with  outer  lobe  terminating  in  eight  stout 

curved  spines  and  two  toothed  ones,  inner  lobe  with  three  elongated  setose  spines, 

rather  wide  at  their  bases,  and  with  small  setule  distally  at  the  outer  border.  The 

segments  of  the  mesosome  (fig.  45)  almost  subequal,  anterior  angle  of  the  pleural 

plates  of  first  segment  sharply  pointed.  Coxal  plates  wide  and  occupying  the 

whole  of  the  lateral  margins  of  the  second  to  seventh  segments,  posterior  angle  of 

the  seventh   produced  backwardly  as  sharp  spine.     Maxillipedes  (fig.  42)  elongated 
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and  somewhat  narrow,  basal  plate  and  epipodite  long,  groove  on  the  third  joint  of 

the  palp  only  small.  Thoracic  appendages  (figs.  43  and  44)  stout.  Metasome 

(fig.  46)  with  two  short  segments  and  lateral  indications  of  a  further  coalesced  one, 

terminal  segment  broad,  slightly  convex,  lateral  margins  curved,  posterior  margin 

slightly  emarginate,  with  truncate  median  portion,  lateral  angles  projecting. 

Uropoda  (fig.  47)  with  almost  parallel  sides,  posterior  margin  slightly  emarginate, 

endopodite  with  straight  internal  lateral  margin,  externally  sloping,  posterior 

margin  emarginate. 

Length  of  <?  30  mm.,  of  ?  20  mm. 
Colour  variable. 

Geographical  Distribution. — Common  all  round  our  coasts.  I  have  records  from 

numerous  localities,  amongst  which  may  be  mentioned  the  following  : — Wick,  Caith- 
ness, Moray  Firth,  Aberdeen,  St  Andrews  Bay,  Firth  of  Forth,  Northumberland 

and  whole  of  the  eastern  coast,  Sussex,  Dorset,  and  Devon  coasts,  Welsh  coast, 

Firth  of  Clyde,  Firth  of  Lorn,  Skye  and  Sutherland  coast.  Also  recorded  from 

Kattegat  (Meinert)  and  coasts  of  France  and  Spain.  I  have  what  1  believe  to  be 

young  examples  of  this  species  from  the  Mediterranean. 

Remarks. — This  species  stands  out  as  distinct  from  any  other  member  of  the 
genus,  its  large  size  and  robust  form  contrasting  strongly  with  any  other  species, 

excepting  /.  baltica,  from  which  it  differs,  however,  in  quite  a  number  of  struc- 
tural details. 

Some  small,  dark-coloured  male  forms  which  have  been  examined,  at  first  sight 

bear  a  superficial  resemblance  to  /.  metallica,  but  in  nearly  all  cases  they  have  a 

slight  median  stripe  running  down  the  middle  of  the  mesosomatic  segments,  which 

at  once  serves  to  distinguish  them,  as  also  the  more  convex  mesosome,  and  in  being 
wider  anteriorly  than  posteriorly. 

Like  /.  baltica  (Pallas)  this  species  is  subject  to  great  variation  in  its  colour 
markings. 

(5)  Idotea  granulosa,  Rathke.     (PL  V,  figs.  48-58.) 
Idotea  granulosa,  Ratbke,  Beitrdge  zur  Fauna  Norwegens,  1843,  p.  23. 

Idotea  phosphorea,  Harger,  Rep.   U.S.  Comms.  Fish  and  Fisheries,  1874,  part  i,  p.  569  ;  Proc.    U.S.  Nat. 

Mus.,   1879,  vol.  ii,  p.  160;    Rep.   U.S.  Comms.  Fish  and  Fisheries,  1880,  part  vi,  p.  347,  pi.  v, 

figs.  27-29. 
Idotea  marina,  war.  phosphorea,  Miers,  Journ.  Linn.  Soc.  Lond.,  1881,  vol.  xvi,  p.  31. 

Idothea  granulosa,  G.  0.  Sars,  Crust.  Norw.,  1897,  vol.  ii.  p.  82,  pi.  xxxiv,  fig.  1. 

Idotea  granulosa,  Norman,  Ann.   and  Mag.  Nat.  Hist.,   1904  (s.   7),  vol.   xiv,   p.  441;   Tattersall,   Nord. 

Plank.,  1911,  p.  223,  tigs.  94-99. 
Idothea  phosphorea,  Richardson,  Bull.  No.  54,  U.S.  Nat.  Mus.,  1905,  p.  367,  3  figs. 

Body  oblong  oval,  moderately  convex,  dorsal  surface  finely  granular  or  almost 

smooth.  Cephalon  (fig.  48)  broader  than  long,  with  the  anterior  margin  almost 

straight,  posteriorly  with  transverse  sinuous  line.  Eyes  moderately  large,  situated 

just   in   front  of   the   median   transverse  line    on    the   lateral    margin.      Antennulse 



A    REVISION   OF  THE   BRITISH  IDOTEID^E.  743 

(fig.  49)  with  first  joint  expanded,  second  less  so,  third  elongated  and  somewhat 

expanded  distally  ;  flagellum  clavate.  Antennae  (figs.  50  and  51)  stout,  first  three 

joints  almost  subequal,  fourth  longer,  fifth  longest ;  flagellum  with  sixteen  joints. 

First  maxillae  (fig.  52),  outer  lobe  terminating  in  eleven  curved  spines,  inner  lobe 

with  three  setose  spines.  The  segments  of  the  mesosome  (fig.  56)  are  almost  sub- 

equal,  except  the  first,  the  coxal  plates  occupy  the  anterior  two-thirds  of  the 
lateral  margin  of  the  second  segment,  the  third  rather  more,  and  the  remainder 

the  whole  of  the  lateral  margins,  increasing  in  breadth  from  the  fourth  to  the 

seventh  segments.  Maxillipedes  (fig.  53)  with  four-jointed  palp,  groove  on  the 
third  joint  small,  basal  plate  elongated,  with  narrow  epipodite  extending  to  the 

third  joint  of  the  palp  ;  inner  lobe  also  narrow.  Thoracic  appendages  (figs.  54 

and  55),  first  short  and  stout,  gradually  becoming  larger  from  the  second  to  the 

seventh.  Metasome  (fig.  57)  composed  of  two  narrow  segments  and  lateral  sutures 

indicating  a  coalesced  third,  the  terminal  segment  tapering  to  a  pointed  extremity 

with  the  lateral  angles  rounded.  Uropoda  (fig.  58)  flattened,  elongated,  rounded 

anteriorly,  sides  nearly  parallel,  inner  margin  posteriorly  extended,  exopodite  bluntly 

pointed  posteriorly,  anterior  margin  convex,  short  setose  style. 

Length  of  c?  19  to  21  mm.,  of  £  16  mm. 

Colour  (in  alcohol)  light  reddish,  or  yellowish-brown  with  minute  black  dots. 

Geographical  Distribution. — St  Andrews  Bay,  Firth  of  Forth,  Isle  of  Wight ;  Bay 
of  Nigg  (Scott)  ;  Port  Erin  Bay  (Hewitt)  ;  Northumberland,  and  Berehaven,  Ireland 

(Norman)  ;  South  and  West  Ireland  (Tattersall)  :  also  Norwegian  coast  (G.  0.  Sars). 

Remarks. — The  narrow  lanceolate  form  of  the  terminal  segment  at  once  serves 
to  distinguish  this  species  from  any  other  member  of  the  genus.  Sars  (64)  states 

that  the  coxal  plates   are  "  comparatively  small,"  but  in  all  the  British  specimens 
1  have  examined  they  are  as  figured  (PI.  V,  fig.  56).  Examples  received  from 

Professor  Sars  are  rather  smaller  than  ours,  the  largest  being  18  mm.  in  length, 

but  the   coxal  plates   are,  comparatively,  only   very   slightly  smaller   on  segments 
2  and  3.  That  there  is  considerable  variation  in  size  in  different  localities  is 

evident.  Sars  gives  the  length  of  the  male  and  female  as  15  and  11  mm.  respec- 

tively, whereas  those  I  have  examined  from  this  country  average  19  and  16  mm. 

Harger  (32)  states  that  the  length  of  his  1.  marina,  var.  phosphorea.  was  25  mm. 

Although  the  dorsal  surface  is  usually  finely  granulated,  specimens  with  a 

perfectly  smooth  surface  are  by  no"  means  rare. 

(6)  Idotea  sarsi,  n.  sp.  (PL  VI,  figs.  59-69.) 

Body  oblong  oval,  moderately  convex,  dorsal  surface  rough.  Cephalon  (fig.  59) 
wider  than  long,  anterior  margin  emarginate,  posterior  margin  narrower  than  the 
anterior  one.  Eyes  fairly  large,  situated  dorso-laterally.  Antennulse  (fig.  60)  with 
first  joint  expanded,  second  joint  small,  third  joint  elongated  ;  flagellum  single  clavate 
joint,  slender.      Antennae  (figs.  61  and  62)  short,  first  joint  small,  fifth  joint  with 
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tooth-like  spine  on  the  anterior  inner  border  ;  flagellum  with  thirteen  to  fourteen 
joints.  First  maxillae  (fig.  63)  with  outer  lobe  terminating  in  eleven  curved  and  a 

single  straight  spines,  inner  lobe  with  three  setose  spines,  and  a  small  curved  spine 

on  the  outer  side  distally.  The  segments  of  the  mesosome  (fig.  67),  excepting  the 

first,  are  almost  subequal ;  the  pleural  plates  of  the  first  are  laterally  truncate,  with 

the  anterior  angle  pointed.  Coxal  plates  large,  occupying  the  whole  of  the  lateral 

margins  of  the  -second  to  seventh  segments,  gradually  increasing  in  width  ;  posterior 

angle  of  the  seventh  produced  backwardly.  Maxillipedcs  (fig.  64)  with  four-jointed 
palp,  no  groove  on  the  third  joint,  basal  plate,  epipodite,  and  inner  lobe  elongated. 

Thoracic  appendages  of  normal  type  (figs.  65  and  66).  Metasome  (fig.  68)  has  two 
short  segments  and  sutures  indicating  a  coalesced  third,  terminal  segment  long, 

slightly  convex  and  raised  in  the  mid-dorsal  line,  sides  straight  and  gradually 
tapering,  lateral  angles  obtuse,  posterior  margin  medially  produced  in  a  blunt  rounded 

process  extending  beyond  the  lateral  angles.  Uropoda  (fig.  69)  somewhat  narrow, 

endopodite  with  posterior  margin  bluntly  rounded,  anterior  margin  slightly 

produced. 
Length  of  c?  19  mm.,  of  P  15  mm. 

Colour  (in  alcohol)  light  brown. 

Geographical  Distribution. — At  present  known  only  from  St  Andrews  Bay. 

Remarks. — Externally,  small  examples  of  this  species  are  not  unlike  /.  viridis 
(Slabber) ;  indeed,  I  had  referred  such  to  that  species  until  meeting  with  the  larger 

specimens.  Later,  on  examining  the  minute  structure  numerous  important  differ- 
ences were  found.  Fortunately,  whilst  engaged  upon  this  species,  Professor  G.  0. 

Sars  very  kindly  sent  me  examples  of  /.  viridis  from  ISLorway,  and  it  was  at  once 

evident  that  I  had  something  very  different.  Large  adult  males  might  easily  be 

mistaken  at  first  sight  for  I.  granulosa,  Rathke. 

From  /.  granulosa  this  species  differs  in  the  shape  of  the  cephalon,  which  is  more 

deeply  excavated  on  the  anterior  margin,  and  the  posterior  lateral  portions  slope 

inwards.  The  antennulse  are  more  slender,  as  also  the  antennae,  the  style  of  the 

latter  being  longer.  There  are  minor  differences  in  the  form  of  the  first  maxillae  and 

maxillipedes.  The  coxal  plates  form  the  complete  lateral  margin  of  the  mesosomatic 

segments  2-7,  whereas  in  /.  granulosa  those  on  the  second  segment  occupy  the 

anterior  two-thirds  and  not  the  whole  of  the  third  segment.  The  segments  of  the 
metasome  differ  in  form,  especially  the  terminal  one,  which  has  the  sides  gradually 

sloping,  with  the  posterior  margin  truncate  laterally  and  a  prominent  median  tooth. 

The  endopodites  of  the  uropoda  are  more  triangular  in  shape,  being  cut  away 
laterally. 

From  /.  viridis  (Slabber)  the  differences,  apart  from  its  greater  size,  are  more 

striking  ;  thus  it  differs  in  the  shape  of  the  cephalon,  the  antennulae,  and  the  antennae. 

The  style  of  the  antennae  is  much  shorter  than  in  /.  viridis.  In  the  form  of  the  first 

maxillae  and  in  the  maxillipedes  the  differences  are  more  pronounced,  especially  the 
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shortened  basal  segment  and  the  elongated  outer  lobe  of  the  latter  appendages.  In 

I.  viridis  these  two  parts  are  about  equal  in  length,  and  the  coxal  plates  do  not  form 

the  complete  lateral  margin  of  the  second  to  fourth  mesosomatic  segments,  as  in  this 

species.  The  posterior  margin  of  the  terminal  segment  of  the  metasome  in  /.  viridis 

is  not  laterally  truncate,  whilst  the  endopodites  of  the  uropoda  are  broader  and  more 

truncate  in  that  species  than  in  this. 

It  gives  me  great  pleasure  to  associate  with  this  species  the  name  of  Professor 

G.  0.  Sars,  to  whom  I  am  indebted  for  many  interesting  species  of  this  family. 

(7)  Idotea  viridis  (Slabber).     (PI.  VII,  figs.  70-80.) 
Oniscus  viridis,  Slabber,  Naturk.  verlustigingen,  1778,  p.  104,  pi.  xii,  figs.  4,  5. 

Idotea  plioyhorea,  Hoek  (nee  Harger),  Crust.  Neerlandica,  1889,  ii,  p.  7,  pi.  vii,  fig.  2,  2r. 
Idotea  salinarum,  Dollfus,  Feuille  des  jeunes  Nat.,  1895,  p.  7,  fig.  21. 

Idothea  viridis,  G.  0.  Sars,  Crust.  None,  1897,  ii,  p.  83,  pi.  xxxiv,  fig.  2. 

Idothea  angusta,  G.  O.  Sars,  ibid.,  p.  84. 

Idotea  viridis,  Norman,  Ann.  and  Mag.  Nat.  Hist.,  1904  (s.  7),  xiv,  p.  442. 

Body  oblong  linear,  somewhat  depressed.  Cephalon  (fig.  70)  wider  than  long, 

anterior  and  posterior  margins  slightly  emarginate.  Eyes  moderate  in  size,  situated 

dorso-laterally.  Antennuke  (fig.  71),  first  joint  only  very  slightly  expanded,  second 
and  third  elongated  ;  fiagellum  with  single  clavate  joint.  Antennae  (figs.  72  and  73) 

slender,  fourth  and  fifth  joints  subequal ;  fiagellum  with  twelve  joints,  mostly 

elongated,  style  conical  with  long  sete.  First  maxillae  (fig.  74),  outer  lobe  narrowed 

distally,  with  six  stout  curved  spines  and  three  toothed  ones.  The  segments  of  the 

mesosome  (fig.  78)  are  somewhat  unequal  in  length,  pleural  plates  of  the  first  with 

rounded  anterior  and  posterior  angles.  Coxal  plates  of  the  second  to  fourth  segments 

narrow  and  not  occupying  the  whole  of  the  lateral  margin,  those  of  the  fifth  and 

seventh  segments  much  wider  and  occupying  the  whole  of  the  lateral  margins. 

Maxillipedes  (fig.  75)  elongated,  palp  four-jointed,  basal  plate  narrowed  on  the  inner 

side,  epipodite  oblong  oval,  distal  inner  lobe  fairly  large.  Thoracic  appendages  (figs.  76 

and  77)  much  more  slender  than  in  most  other  species,  and  elongated.  Metasome 

(fig.  79)  with  two  short  segments  and  well-marked  lateral  sutures  indicating  a  further 
coalesced  one,  terminal  segment  slightly  convex,  lateral  margins  almost  parallel, 

narrowing  a  little  towards  the  posterior  end,  posterior  margin  terminating  as  a 

drawn-out  point,  with  obtuse  lateral  corners.  Uropoda  (fig.  80)  narrow,  endopodite 
obtusely  truncated  terminally,  outer  margin  cut  away,  setose  style  normal. 

Length  of  ̂   12  mm.,  of  $  10  mm. 

Colour  greenish  or  greenish-yellow. 

Geographical  Distribution. — St  Andrews  Bay  and  Isle  of  Wight ;  St  Kilda 
(Hewitt)  ;  Clyde  Area  (Patience)  ;  Suffolk  coast,  Weymouth,  and  Guernsey  (Norman)  ; 
South  and  West  Ireland  (Tattersall)  :  also  Norwegian  coast  (G.  O.  Sars)  ;  coasts  of 

Holland  and  France  (Hoek).    * 

Remarks. — This  species  must  be  considered  rare  in  St  Andrews  Bay.     Thanks  to 
TRANS.  ROY.  SOU.  EDIN.,  VOL.  LI,  PART  III  (NO.  23).  109 
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the  kindness  of  Professor  G.  0.  Sars,  I  have  been  able  to  examine  examples  from 

Norway.  Apart  from  being  slightly  smaller,  they  do  not  differ  at  all  from  the 

specimens  taken  in  St  Andrews  Bay,  and  they  are  practically  identical  with  specimens 

from  Freshwater  Bay,  Isle  of  Wight,  kindly  sent  to  me  by  Mr  W.  Omer-Cooper. 

(8)  Idotea  metallica,  Bosc.     (PI.  VIII,  figs.  81-91.) 
Idotea  metallica,  Bosc,  Hist,  Nat.  ties  Crust.,  1802,  t.  ii,  p.  179,  pi.  xv,  fig.  6;  Latreille,  Hist.  Nat. 

Crust.,  1803,  t.  vi,  p.  373. 

Idotea  peloponesiaca,  Roux,  Crust,  de  la  Me'dit.,  1828,  pi.  xxx,  figs.  10-12. 
Idotea  atrata,  Costa,  Fauna  del  R.  Napoli  (Crust.),  1838,  pi.  xi,  fig.  3. 

Idotea  rugosa,  Milne-Edwards,  Hist.  Nat.  Crust.,  1840,  vol.  iii,  p.  131. 
Llothea  robusta,  Kroyer,  Naturliist.  Tidssk.,  1846  (s.  2),  vol.  ii,  p.  108,  pi.  xxvi,  fig.  3. 

Idothea  compacta,  White,  List  Crust.  Brit.  Mus.,  1847,  p.  95. 

Idothea  algirica,  Lucas,  Anim.  artic.  Expl.  Sci.  Algerie,  1849,  vol.  i,  Crust.,  p.  61,  pi.  vi,  fig.  2. 

Idotea  robusta,  Harger,  Rep.  U.S.  Comms.  Fish  and  Fisheries,  1880,  p.  349,  pi.  vi,  figs.  30-32. 
Idotea  metallica,  Miers,  Journ.  Linn.  Soc.  Lond.,  1881,  vol.  xvi,  p.  35;  Norman,  Ann.  and  Mag.  Nat. 

Hist.,  1904  (s.  7),  vol.  xiv,  p.  443;  Tattersall,  Fisheries,  Ireland,  Sci.  Invest.,  1904,  No.  2 

[1905],  p.  50;  Stebbing,  Trans.  Linn.  Soc.  Lond.  (Zool.),  1910,  vol.  xiv,  p.  108;  Tattersall, 

Nord.  Plank.,  1911,  p.  227,  fig.  116;  nee  Stephensen,  Rep.  Banish  Oceauog.  Exp.,  1908-1910, 
No.  3,  1915,  p.  12,  fig.  4. 

Idothea  metallica,  Richardson,  Bull.  No.  54,  U.S.  Nat.  Mus.,  1905,  p.  362,  3  figs. 

Body  oblong  ovate,  moderately  convex,  surface  more  or  less  rugose.  Cephalon 

(fig.  81)  wider  than  long,  anterior  margin  slightly  emarginate,  posteriorly  with 

deeply  impressed  furrow.  Eyes  large  and  round,  situated  dorso-laterally.  Anten- 
nulse  (fig.  82)  extending  to  the  end  of  the  second  peduncular  joint  of  the  antennae. 

Antennae  (figs.  83  and  84)  short  and  robust,  joints  1  to  4  of  the  peduncle  short, 

fifth  joint  longer  ;  flagellum  short,  with  eight  to  ten  joints.  First  maxillse  (fig.  85) 

with  outer  lobe  terminating  in  nine  plain  spines  and  three  toothed  ones,  inner  lobe 

with  three  elongated  setose  spines.  The  segments  of  the  mesosome  (fig.  89)  almost 

subequal,  anterior  angle  of  pleural  plates  of  first  segment  bluntly  rounded.  Coxal 

plates  occupy  the  whole  of  the  lateral  margins  of  the  second  to  seventh  segments, 

posterior  angles  of  those  of  the  fifth  to  seventh  produced  backwardly  as  sharp  spines. 

Maxillipedes  (fig.  86)  broad,  joints  of  the  palp  and  basal  plate  short  and  broad,  as  also 

the  epipodite  ;  inner  distal  lobe  large.  Thoracic  appendages  (figs.  87  and  88)  robust. 

Metasome  (fig.  90)  with  two  short  segments  and  strongly  marked  lateral  sutures, 

indicating  a  further  coalesced  one,  terminal  segment  with  a  strong  median  ridge, 

lateral  margins  converging  to  a  truncate  extremity.  Uropoda  (fig.  91)  oblong,  with 

almost  parallel  sides,  endopodite  with  slightly  sloping  lateral  margins,  posterior 

margin  truncate,  setose  style  short. 

Length  of  $  23  mm.,  of  £  18  mm. 

Colour  (in  alcohol)  bluish-green. 

Geographical  Distribution. — As  previously  pointed  out,  this  species  has  not  as  yet 

been  found  in  St  Andrews  Bay.  Dr  Scott  informs  me  that  he  took  it  oft"  the  N.E. 
coasl    of   Scotland   in    L909.      I  have  examples  from    South-West    Ireland  (whence 
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it  is  recorded  by  Norman  and  Tattersall),  also  from  the  Adriatic  and  Mediterranean 

Seas,  Japan,  and  the  Atlantic  coast  of  North  America.  Recorded  also  from  Greenland, 

Iceland,  and  Patagonia  (Richardson)  ;  New  South  Wales  and  Borneo  (Miers). 

Remarks. — This  species  is  widely  separated  from  any  other  British  species.  It 

approaches  /.  emarginata  (Fabr.)  in  the  form  of  the  cephalon  and  uropoda,  and  less 

so  in  the  form  of  the  coxal  plates  of  the  mesosome.  In  the  form  of  the  antennules 

and  antennae,  the  first  maxillae,  the  maxillipedes,  and  in  the  shape  of  the  metasome, 

there  are  marked  differences.  The  maxillipedes  are  short  and  broad,  whilst  in 

I.  emarginata  they  are  narrow  and  elongated.  Miss  Richardson  (58,  p.  363,  fig. 

393)  wrongly  figures  the  coxopodite  as  a  single  piece,  and  Stephensen's  figure 
(73,  p.  13,  fig.  4)  of  I.  metallica  is  really  of  a  new  and  allied  species  which  I  am 

describing  elsewhere.  The  lateral  margins  of  the  metasome  in  1.  metallica  are 

straight,  whereas  in  I.  emarginata  they  are  slightly  curved. 

On  the  posterior  region  of  the  cephalon  there  is  in  this  species  a  deeply  impressed 

transverse  furrow.  Referring  to  this,  Tattersall  (75)  remarks  that  this  species 

"  may  be  distinguished  from  I.  emarginata  very  readily  by  the  presence  of  a  small 

supplementary  segment  between  the  cephalon  and  the  first  segment  of  the  thorax.'.' 

The  term  "  supplementary  segment"  is  somewhat  unfortunate,  as  examination  shows 
that  this  furrow  is  in  no  sense  a  segment  or  even  a  suture  indicating  one,  but  simply 

the  sinuous  line,  common  to  a  large  series  of  genera  and  species  of  this  family,  near 

the  posterior  margin  of  the  cephalon.  In  I.  baltica  and  other  species  it  is  laterally 

continued  as  a  cleft ;  in  J.  metallica  this  is  not  so,  only  it  is  more  deeply  impressed.  In 

the  closely  allied  species  (the  I.  metallica  of  Stephensen)  this  is  not  so  pronounced. 

Somewhat  similar  lines  or  furrows  are  present  on  the  segments  of  the  mesosome  in 

many  species  of  Isopoda,  and  as  a  sinuous  line  it  is  present  on  the  cephalon  of 

I.  baltica,  I.  neglecta,  I.  pelagica,  I.  emarginata,  1.  linearis,  and  many  other  species. 

There  is  perhaps  less  difference  in  the  form  of  the  body  in  the  two  sexes  in  this 

species  than  in  any  other  British  species  of  the  genus. 

(9)  Idotea  linearis  (Pennant).     (PI.  IX,  figs.  92-102.) 

Onisrus  linearis,  Pennant,  Brit.  Zool.,  1777,  vol.  iv,  pi.  xviii,  fig.  2. 

Idotea  fridenlata,  Latreille,  Gen.  Crust,  et  Ins.,  1806,  vol.  i,  p.  611. 

Idotea  hectica,  Leach,  Edinb.  Encycl.,  1833,  vol.  vii,  p.  404  (nee  Pallas). 

Stenosoma  lineare,  Leach,  Trans.  Linn.  Soc.  Lond.,  18 J  5,  vol.  xi,  p.  366. 

Idotea  linearis,  Milne-Edwards,  Hist.  Nat.  Crust.,  1840,  vol.  iii,  p.  132. 
Idothea  sexlineata,  Kroyer,  Naturhist.  Tidssk.,  1846  (s.  2),  vol.  ii,  p.  88;   Voyage  en  Scand.,  etc.,  pi.  xxvi, 

fig.  1. 

Idotea  linearis,    Bate  and   Westwood,   Brit.  Sessile-eyed  Crust.,  1868,  vol.  ii,  figures   on   p.   388;    Miers, 
Joum.  Linn.  Soc.  Lond.,  1881,  vol.  xvi,  p.  47;  Norman,  Ann.  and  Mag.  Nat.  Hist.,  1904  (s.   7), 
vol.  xiv,  ]>.  443  ;  Tattersall,  Nord.  Plank.,  1911,  p.  229,  fig.  117. 

Body  narrow,  elongated,  somewhat  depressed  dorsally,  surface  uneven.  Cephalon 
(fig.    92)   wider   than   long,    with    anterior   margin   deeply   emarginate,   lateral   lobe 
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broadly  rounded,  posterior  margin  almost  straight,  with  slight  impressed  line 

anterior  to  the  margin.  Eyes  large,  situated  dorso-laterally  immediately  behind 
the  lateral  lobes.  Antennulae  (fig.  93)  extending  beyond  the  third  peduncular  joint 

of  the  antennae,  first  joint  comparatively  small,  second  joint  very  small.  Antennae 

(figs.  94  and  95)  large,  with  last  two  joints  of  peduncle  nearly  subequal,  and  each 

nearly  twice  as  long  as  the  two  preceding  ones;  fiagellum  normally  with  twenty 

joints,  terminal  style  long,  distally  with  dense  brush  of  setae.  First  maxillae  (fig.  96) 

with  outer  lobe  terminating  obliquely  truncate,  with  nine  curved  spines,  inner  lobe 

terminating  in  three  fine  setose  spines.  The  segments  of  the  mesosome  (fig.  100), 

excepting  the  first,  almost  subequal,  pleural  plates  small,  coxal  plates  small,  occupy- 
ing the  anterior  portion  of  the  lateral  margin  of  segments  2  to  4,  the  middle 

portion  of  the  fifth  segment,  and  the  posterior  portion  of  the  sixth  and  seventh. 

Maxillipedes  (fig.  97)  with  four-jointed  palp,  groove  on  the  third  joint  scarcely 
visible,  basal  segment  short  and  broad,  inner  distal  lobe  large,  epipodite  roughly  oval. 

Thoracic  appendages  (figs.  98  and  99)  only  moderately  stout,  protopodite  of  the 

seventh  deeply  grooved.  Metasome  (fig.  101)  has  two  short  segments  and  indica- 
tions of  a  coalesced  third,  terminal  segment  long,  lateral  margins  slightly  incurved 

anteriorly,  widening  a  little  beyond  the  middle  and  contracting  towards  the  posterior 

margin,  which  is  excavate  with  median  obtuse  point,  and  longer  and  more  acutely 

produced  laterally.  Uropoda  (fig.  102)  flattened,  elongated,  rounded  and  narrower 

anteriorly,  widening  towards  the  joint,  endopodite  narrower  than  the  terminal 

margin  of  the  basal  plate,  longer  than  the  breadth,  and  slightly  cut  away  on  the 

outer  postero-lateral  border. 

Length  of  6  28-30  mm.,  of  ?  25  mm. 

Colour  (in  alcohol)  pale  brownish-green,  with  darker-coloured  longitudinal 
stripes. 

Geographical  Distribution. — Fairly  common  all  round  our  coasts.  I  have 
records  from  a  large  number  of  localities,  amongst  which  the  following  may 

be  mentioned : —  Moray  Firth,  Aberdeen,  St  Andrews,  Northumberland  coast, 
Norfolk  and  Suffolk  coasts  (very  small  examples),  Weymouth,  Plymouth,  Bristol 

Channel,  Blacksod  Bay  (Co.  Mayo),  Irish  Sea,  and  Firth  of  Clyde.  I  have  examined 

very  fine  specimens  in  the  Cambridge  University  Museum  of  Zoology,  measuring 

38  mm.  in  length,  from  Lowestoft.  Also  recorded  from  Netherlands,  Denmark, 

Mediterranean,  and  Java  (Miers)  ;  Channel  Isles  and  coasts  of  France  and  Spain 
(Norman). 

Remarks. — /.  linearis  stands  out  distinct  from  any  other  species  of  the  family 
occurring  in  the  British  Isles.  Its  long  filiform  body,  graceful  antennae,  and  small 

coxal  plates  at  once  serve  to  identify  it. 
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2.  Genus  Zenobiana,  Stebbing. 

Zenobia,  Risso,  Hist.  Nat.  de  V Europe  Merid.,  1826,  v,  p.  110;  Miers,  Joum.  Linv.  Soc.  Lond.,  1881,  xvi, 

p.  19;  Dollfus,  Fenille  d.jeunes  Nat.,  1895,  p.  9. 
Cleantis,  Dana,  Amer.  Joum.  Set.  and  Arts,  1849  (s.  2),  viii,  p.  427;  ibid.,  1852,  p.  300;  U.S.  Explor. 

Exped.,  1853,  pp.  697,  707. 

Zenobiana,  Stebbing,  Ann.  and  Mag.  Nat.  Hid.,  1895  (s.  6),  xv,  p.  24;  Norman,  ibid.,  1904  (s.  7),  xiv, 

p.  443;  Tattersall,  Nord.  Plank.,  1911,  p.  231  ;  Issel,  Ann.  Mus.  Zool.  Napoli,  1913,  iv,  p.  2. 

Body  somewhat  slender,  long  and  narrow,  with  parallel  sides.  Cephalon  wider 

than  long.  Eyes  small,  situated  dorso-laterally.  Antennae  short ;  flagellum  short, 

with  single  joint,  or  restricted  number  of  joints.  Maxillipede  with  five-jointed  palp. 
Coxal  plates  distinct,  usually  small  and  narrow.  Metasome  with  three  to  five 

segments,  lateral  margins  of  the  terminal  segment  partly  folded  over  the  dorsal  side 

towards  the  depressed  area  at  the  posterior  extremity. 

As  already  pointed  out,  Issel  (35)  regards  the  genus  Cleantis,  Dana,  as  synony- 
mous with  Zenobiana.  Tattersall  (76)  in  1911  had  previously  pointed  this  out, 

but  was  in  favour  of  retaining  Dana's  name.  He  states,  p.  231  :  "  Es  scheint  mir  dass 
die  Genus  Cleantis,  Dana,  sich  als  Synonym  mit  Zenobiana  erweisen  wied,  und  dass 

daher,  da  der  Name  Zenobia  sich  nach  Stebbing  als  schon  vergeben  erweisen  hat 
und  daher  fur  das  in  Rede  stehende  Genus  nicht  wahlbar  ist,  das  letztere  den  Namen 

Cleantis  tragen  muss  der  ursprunglich  von  Dana  fur  dasselbe  vorgesehen  ist." 
As  it  stands  at  present  the  genus  is  an  unsatisfactory  one,  including  as  it  does 

species  widely  separated  from  one  another.  Miss  Richardson  (60)  has  very  rightly 

placed  the  Cleantis  isopus  of  Miers  in  a  new  genus,  Cleantiella,  "  owing  to  the 
differences  in  the  shape  of  the  body,  which  is  broader  and  more  flattened,  and  in  the 

character  of  the  legs,  and  to  the  fact  that  the  abdomen  is  composed  of  but  two 

segments." 
o 

(1)  Zenobiana  prismatica  (Risso).     (PI.  X,  figs.  103-114.) 
Zenobia  prismatica,  Risso,  Hist.  Nat.  de  V Europe  Merid.,  1826,  v,  p.  110,  pi.  v,  fig.  24. 
Zenobia  mediterranea,  Risso,  ibid.,  p.  111. 

Idotea  chelipes,  O.  G.  Costa,  Fauna  del  regno  di  Napoli,  1838,  p.  2,  pi.  xi,  fig.  2a,  b,  c, 

Idotea  prismatica,  Heller,  Verh.  zool.-bot.  Ges.  Wien,  1866,  xvi,  p.  729. 

Idotea  parallela,  Bate  ami  Westvvood,  Brit.  Sessile-eyed  Crust.,  1867,  ii,  p.  391,  fig. 
Idotea  (subg.  Zenobia)  prismatica,  Miers,  Joum.  Linn.  Soc.  Lond.,  1881,  xvi,  p.  21. 

Zenobiana  prismatica,  Stebbing,  Ann.  and  Mag.  Nat.  Hist,  1895  (s.   6),  xv,  p.  24;  Norman,  ibid.,  1904 
(s.  7),  xiv,  p.  444;  Tattersall,   Nord.  Plank.,  1911,  p.  231,  fig.  120;  Issel,  Ann.  Mus.  Zool.  Napoli, 
1913,  iv,  p.  1,  figs.  1-9. 

Body  elongated,  narrow,  with  the  sides  of  the  metasome  parallel.  Cephalon 

(fig.  103)  wider  than  long,  and  wider  anteriorly  than  posteriorly,  anterior  margin 
curving  very  slightly  inwards  towards  the  median  line  ;  dorsal  surface  convex,  sloping 
towards  the  anterior  margin.  Eyes  small,  dorso-lateral.  Antennulse  with  first  and 
second  joints  slightly  expanded,  third  joint  small ;  flagellum  club-shaped,  with 

terminal  setae.     Antennae  (figs.  104-108)  short,  first  joint  small,  second  widely  ex- 
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panded,  third  short  and  wide,  third  and  fourth  subequal  and  deeply  indented  distally 

on  the  ventral  side  ;  flagellum  with  three  or  four  joints  in  the  male,  female  usually 

unjointed.  First  maxillae  (fig.  109)  with  outer  lobe  terminating  in  four  stout  curved 

spines  and  three  toothed  and  one  small  one,  inner  lobe  with  three  long  setose  spines. 

The  segments  of  the  mesosome  (fig.  112)  are  slightly  depressed,  the  pleural  plates  of 

the  first  extending  forwards  and  partly  flanking  the  cephalon.  Coxal  plates  of  the 

second  to  fourth  segments  very  narrow  and  not  extending  over  the  whole  of  the 

lateral  margin,  fifth  and  seventh  much  wider,  forming  the  entire  lateral  margin  with 

the  posterior  angles  produced  into  an  elongated  point.  Maxillipedes  (fig.  110) 

elongated,  palp  five-jointed,  with  well-marked  groove  on  the  third  joint,  epipodite 
wide  and  long,  distal  inner  lobe  pointed  distally.  Thoracic  appendages  (fig.  Ill) 

fairly  robust.  Metasome  (fig.  113)  with  three  short  segments  and  lateral  indications 

of  a  further  coalesced  one,  terminal  segment  with  lateral  margins  straight  and  pos- 
teriorly elevated,  folding  over  on  to  the  dorsal  side,  posterior  margin  rounded. 

Uropoda  (fig.  114)  wider  anteriorly  than  posteriorly,  setose  on  the  inner  and  outer 

lateral  margins,  endopodite  narrower  than  the  basal  plate. 

Length  13*5  mm. 
Colour  (in  alcohol)  variable. 

Geographical  Distribution.- — Firth  of  Clyde,  south  and  south-west  coast  of  England 
(Stebbing)  ;  Jersey  (Sinel)  ;  west  coast  of  France  (Dolleus)  ;  Adriatic  Sea  (Claus)  ; 

Mediterranean  (Issel). 

Remarks. — This  species  has  been  very  fully  described  by  Issel  (35),  who  has 

given  outline  figures  of  the  animal  and  various  appendages.  In  addition  to  correct- 

ing Bate  and  Westwood's  description  and  figures,  he  has  pointed  out  that  there  is 
considerable  variation  in  the  flagellum  of  the  antennas  of  the  female.  Three  of  his 

figures  are  here  reproduced  illustrating  this  (figs.  106-108). 

3.  Genus  Synisoma,  nov.  nom.  =Stenosoma,  Auctt. 

Body  oblong,  widening  slightly  towards  the  middle  of  the  length  of  the  meso- 
some, usually  keeled,  surface  smooth,  tuberculated  or  sculptured.  Cephalon  with 

well-developed  lateral  lobes.  Antennulae  with  first  joint  expanded,  flagellum  com- 
posed of  a  single  joint.  Antennae  with  large  second  joint,  flagellum  multiarticulate, 

style  short.  Palp  of  maxillipede  four-jointed,  distal  inner  lobe  usually  wide. 
Segments  of  the  mesosome  keeled  or  raised,  pleural  plates  of  the  first  segment 

produced  laterally  or  forwards.  Coxal  plates  small,  but  visible  dorsally  on  all 

segments  excepting  the  first.  Appendages  somewhat  slender.  Metasome  composed 

of  a  single  segment,  with  lateral  sutures  indicating  coalesced  segments  ;  terminally 

the  segment  is  usually  pointed.  Uropoda  flattened,  endopodite  more  or  less  tri- 
angular in  shape. 

Dollfus  (20)  wrongly  confounded  the  genus  Synidotea,  Harger,  with  this  genus. 
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(1)  Synisoma  lancifer  (Leach,  MSS.).*     (PL  XI,  figs.  115-128.) 

Leptosoma  lancifer,  Le>ich,  MSS.  in  Brit.  Mas. 

Llotea  appemliculata,  Bate  and  Westvvood  (nee  Risso),  Brit.  Sessile-eyed  Crust.,  1867,  ii,  p.  396,  figs. 
Stenosoma  lancifer,  Dollfus,  Feuille  desjeunes  Nat.,  1895,  p.  5,  fig.  13. 

Stenosoma  laitciferum,  Norman,  Ann.  and  Mag.  Nat.   Hist.,   1904   (s.  7),    xiv,  p.  444;   Tattersall,   Nord. 

Plank.,  1911,  p.  230,  fig.  118. 

Body  oblong,  widest  at  the  third  mesosomatic  segment,  with  well-marked  dorsal 
keel.     Cephalon  (fig.  115)  wider  than  long,  and  wider  anteriorly  than  posteriorly, 

anterior  margin  produced  in  the  median  line  as  a  depressed  sharp  point,  lateral  lobes 

well  developed,  sinuous  in   front  of  the  posterior  margin.     Eyes  moderate  in  size, 

situated  dorso-laterally.     Antennulse  (fig.  116)  with  first  joint  expanded.     Antennae 

(figs.  117  and  118)  fairly  stout,  first  joint  short,  second  the  largest,  third  and  fourth 

subequal,  fourth  about  the  length  of  the  first ;  flagellum  with  sixteen  joints,   1   to 

6   cubical,  remainder  elongated,   terminal   style    short    and  conical.     First    maxillae 

(fig.  119),  outer  lobe  terminating  in  five  stout  curved  spines  and  six  inner  ones,  of 

which  two  are  toothed ;  inner  lobe  terminally  rounded,  with  three  long  setose  spines 

and  a  small  spine  on  the  outer  anterior  border  of  the  lobe.     The  segments  of  the 

mesosome  (fig.  126)  slope  from  a  strong  dorsal  keel,  third  segment  the  widest  and 

longest,  gradually  becoming  smaller  anteriorly  and  posteriorly  ;  pleural  plates  small, 

that  of  the  first  segment  truncate  anteriorly.     Coxal  plates  occupying  the  anterior 

half  of  segments    2    and    3,  slightly  more  of   4,  5,  and   6,  and    nearly  the   whole 

of  the   seventh.      Maxillipedes    (fig.  120)    broad   and   stout,    basal   plate   medium 

size,  epipodite  elongated,  narrowing   anteriorly,   distal  inner   lobe  very  wide,  with 

marginal  stout  spines  and  setose  spines  distally   (fig.    121).     Thoracic  appendages 

(figs.  122-125)  somewhat  slender,  sparsely  setose.     Metasome  (fig.  127)  composed  of 
a  single  segment,  with  lateral  sutures  anteriorly  indicating  three  coalesced  segments, 

lateral  margins  almost  straight  anteriorly,  expanding  towards  the  posterior  end  and 

rounded,  terminating  in  a  drawn-out  rounded  process.     Uropoda  (fig.  128)  flattened, 
endopodite  triangular  in  shape,  short  setose,  style. 

Length  of  c?  22"5  mm. 
Colour  (in  alcohol)  yellowish-brown. 

Geographical  Distribution. — South  and  south-west  coast  of  England  (Norman 
and  Stebbing)  ;  Channel  Isles  (Koehler)  ;  also  west  coast  of  France  (Dollfus)  ; 
Mediterranean  (Stephensen). 

I  have  to  thank  Dr  E.  J.  Allen,  F.R.S.,  for  kindly  sending  me  for  examination 
very  fine  examples  from  Wembury  Bay  and  Looe  Island. 

Remarks. — This  handsome  species  is  easily  separated  from  any  of  its  allies  by  the 
prominent  keel  in  adult  specimens,  and  the  form  of  the  terminal  segment. 

Stephensen's    (73)   8.  appendiculatum  (Risso),    1826,   is  the  S.   acuminata  of 
♦  As  the  International  Rules  of  Zoological  Nomenclature  (1905)  prohibit  the  use  of  an  "  unpublished"  name,  it might  be  advisable  to  adopt  Dollfds  as  the  authority. 
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Leach,  1815,  whilst  his  S.  acuminatum  (Leach) — represented  by  two  examples  from 

different  localities — is  in  one  case  referable  to  S.  capito  (Rathke),  the  other 

approaching  S.  lancifer  (Leach),  but  I  am  inclined  to  regard  it  as  a  distinct  species. 

Judging  from  the  material  I  have  examined,  I  am  of  opinion  that  there  is  a 

further  British  species,  allied  to  S.  lancifer,  in  which,  however,  the  metasome  has  the 

lateral  margins  of  the  terminal  segment  almost  straight,  and  the  posterior  margin 

gradually  converging  to  a  blunt  point.  Stephensen's  figure  of  his  S.  acuminata 
(73,  p.  15,  fig.  5)  approaches  this  very  closely. 

2.  Synisoma  acuminata  (Leach). 

Stenosoma  acuminatum,  Leach,  Trans.  Linn.  Soc.  Lond.,  1815,  xi,  p.  366  ;  Edinb.  Ency.,  1833,  vii,  p.  433. 

Llotea  acuminata,  White,  List  Cnist.  Brit.  Mus.,  1847,  p.  95  ;  Bate  and  Westwood,  Brit.  Sessile-eyed  Crust., 
1867,  ii,  figures  on  p.  394  ;  Miers,  Journ.  Linn.  Soc.  Lond.,  1881,  xvi,  p.  59. 

Stenosoma  acuminatum,  Dollfus,  Feuille  des  jeunes  Nat.,  1895,  p.  5,  fig.  14;  Norman,  Ann.  and  May.  Nat. 

Hist.,  1904  (s.  7),  xiv,  p.  444;  Tattersall,  Nord.  Plank.,  1911,  p.  231,  fig.  119. 
Stenosoma  appeivliculatum,  Stephensen,  Rep.  Danish  Oceanog.  Exp.,  1915,  p.  17,  fig.  7. 

I  regret  that  I  have  not  been  able  to  obtain  any  British  examples  of  this  species. 

The  following  description  is  taken  from  Miers  (44),  with  some  slight  alterations  in 

the  terminology  : — 

"  Body  narrow,  elongated,  moderately  convex,  with  indications  of  a  longitudinal 
median  dorsal  carina.  Cephalon  with  its  anterior  margin  somewhat  excavated,  and 

its  antero-lateral  angles  rather  prominent.  First  four  segments  of  the  mesosome 
each  widest  in  the  middle,  and  with  their  lateral  margins  (in  a  dorsal  view)  more 

or  less  angulated  ;  the  posterior  segments  of  the  mesosome  are  widest  at  or  near 

their  postero-lateral  angles.  Metasome  ovate-lanceolate,  with  the  lateral  margins 
at  first  straight  and  then  curving  regularly  to  the  distal  extremity,  which  is  subacute 
or  acute,  or  even  acuminated,  and  with  more  or  less  distinct  traces  of  lateral  sutures 

near  its  base,  indicative  of  two  coalescent  segments.  Eyes  small,  placed  in  the 

middle  of  the  lateral  margins.  Antennules  do  not  reach  the  extremity  of  the  ante- 
penultimate joint  of  the  peduncle  of  the  antennae,  with  their  basal  joints  moderately 

dilated.  Antennae  reaching  sometimes  to  the  posterior  margin  of  the  sixth  meso- 
somatic  segment ;  the  last  two  joints  of  the  peduncle  slender,  subequal,  and  each 

longer  than  the  preceding  ;  fiagellum  about  nineteen-jointed,  and  longer  than  the 
peduncle.  Legs  very  slender,  subequal.  The  coxal  plates  (in  a  dorsal  view)  are  very 

small,  and  in  the  second  to  fourth  segments  occupy  the  middle  of  the  lateral  margins  ; 

in  the  fifth  and  sixth  segments  they  are  placed  near  to,  and  in  the  seventh  segment 

quite  at,  the  postero-lateral  angle  of  the  segment ;  in  the  last  two  segments  they  are 
of  nearly  triangular  form.  The  terminal  plates  of  the  uropoda  are  considerably 

longer  than  broad,  and  rounded  at  their  distal  ends. 

"  Length  of  the  largest  example  in  the  British  Museum  collection  about  1  inch 

(25  mm.),  breadth  rather  less  than  \  inch  (5  mm.)." 
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Miers  further  states  :  "  This  is  a  very  variable  species,  and  I  have  been  obliged 
to  unite  under  one  name  several  types  that  have  usually  been  considered  distinct. 

"  It  occurs  on  the  shores  of  the  Mediterranean  and  Adriatic,  in  the  Black  Sea, 
and  on  the  South  British  coasts,  and  northward  apparently  as  far  as  the  island  of 

Cumbrae  on  the  Clyde. 

"  Dr  Leach's  designation  of  /.  acuminata  may  apply  to  what  may  be  considered 
the  typical  form  of  this  species,  in  which  the  body  is  less  distinctly  carinated,  the 

epimera  [coxal  plates]  less  distinctly  angulated,  and  the  terminal  segment  lanceolate, 

with  the  sides  rounding  off  to  the  distal  extremity,  which  is  acute  or  subacute,  but 

not  produced  and  acuminated. 

Besides  Leach's  typical  specimen  (which  is  in  very  bad  condition),  there  is  but 
a  single  specimen,  from  Tripoli,  in  the  British  Museum  collection  presenting  these 

characters." 

Geographical  Distribution. — "  On  the  shores  of  the  Mediterranean  and  Adriatic, 
in  the  Black  Sea,  on  the  South  British  coasts,  and  northward  apparently  as  far  as 

the  island  of  Cumbrae  on  the  Clyde"  (Miers).     Channel  Isles  (Koehler). 
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EXPLANATION    OF    PLATES. 

(All  the  figures  are  drawn  from  male  specimens,  unless  otherwise  stated.) 

Idotea  baltica  (Pallas). 

Fig.   1.  Dorsal  view  of  the  cephalon.      x   7. 

Fig.  2.  Dorsal  side  of  the  left  antennule.      x   20. 

Fig.  3.  Terminal  style  of  the  antenna.      x   110. 

Fig.  4.  Dorsal  side  of  the  left  antenna.      x    11. 
Fig.   5.  Ventral    side   of    the   terminal    portions   of    the   inner   and    outer    lobes   of    the   right   first 

maxilla.      x    130. 

Fig.  6.  Ventral  side  of  the  right  maxillipede.      x   21. 

Fig.  7.  Portion  of  the  third  and  fourth  joints  of  the  right  maxillipede,  showing  the  thickened  edge  of 

the  latter  and  the  groove  on  the  former. 

Fig.  8.  Ventral  view  of  the  second  thoracic  appendage.      x    14. 

Fig.  9.  Claw  of  same  enlarged. 

Fig.   10.  Ventral  view  of  the  eighth  thoracic  appendage.      x   10. 

Fig.   11.  Claw  of  same  enlarged. 

Fig.  12.   Dorsal  view  of  the  lateral  portions  of  the  mesosomotic  segments,  showing  the  coxal  plates.      x  35. 

Fig.   13.  Dorsal  view  of  the  metasome.      x   5. 

Fig.  14.  Left  uropod.      x   7. 

Idotea  pelagica,  Leach. 

Fig.  15.  Dorsal  view  of  the  cephalon.      x   7. 

Fig.  16.  Dorsal  side  of  the  left  antennule.      x   30. 

Fig.  17.  Dorsal  side  of  the  left  antenna.      x   16. 

Fig.  18.  Terminal  style  of  the  antenna.      x    110. 

Fig.  19.  Ventral   side   of   the    terminal   portions   of    the   inner   and   outer   lobes    of    the    right    first 
maxilla.      x    130. 

Fig.  20.  Ventral  side  of  the  right  maxillipede.      x   21. 

Fig.  21.  Ventral  view  of  the  second  thoracic  appendage  of  p.      x   9. 

Fig.  22.  Ventral  view  of  the  eighth  thoracic  appendage  of  £> .      x   6"5. 
Fig.  23.  Dorsal    view    of   the    lateral    portions   of    the   mesosomatic   segments,    showing    the    coxal 

plates,      x  35. 
Fig.  24.  Dorsal  view  of  the  metasome.      x   5. 

Fig.  25.  Left  uropod.      x   7. 

Idotea  neglecta,  G.  O.  Sars. 

Fig.  26.  Dorsal  view  of  the  cephalon.      x   7. 
Fig.   27.    Dorsal  side  of  the  left  antennule.       x    30. 
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Fig.  28.  Dorsal  side  of  the  left  antenna.  x  16. 

Fig.  29.  Terminal  style  of  the  antenna.  x  110. 

Fig.  30.  Ventral  side  of  the  terminal  portions  of  the  inner  and  outer  lobes  of  the  right  first  maxilla. 
x    130. 

Fig.   31.  Ventral  side  of  the  right  maxillipede.      x   21. 

Fig.  32.  Ventral  view  of  the  second  thoracic  appendage,      x   14. 

Fig.  33.  Ventral  view  of  the  eighth  thoracic  appendage.      x   7. 

Fig.  34.  Dorsal  view  of  the  lateral  portions  of  the  mesosomatic  segments,  showing  the  coxal  plates. 
x   3  5. 

Fig.  35.  Dorsal  view  of  the  metasome.      x   5. 

Fig.  36.  Left  uropod.      x  7. 

Idotea  emarginatu  (Fabr.). 

Fig.  37.  Dorsal  view  of  the  cephalon.      x   7. 

Fig.  38.  Dorsal  side  of  the  left  antennule.      x   30, 

Fig.  39.  Dorsal  side  of  the  left  antenna.      x   11. 

Fig.  40.  Terminal  style  of  the  antenna.      x   110. 

Fig.  41.  Ventral  side  of  the  terminal  portions  of  the  inner  and  outer  lobes  of  the  right  first  maxilla. 
x   130. 

Fig.  42.  Ventral  side  of  the  right  maxillipede.      x   21. 

Fig.  43.  Ventral  view  of  the  second  thoracic  appendage.      x   10. 

Fig.  44.  Ventral  view  of  the  eighth  thoracic  appendage.      x   7. 

Fig.  45.  Dorsal  view  of  the  lateral  portions  of  the  mesosomatic  segments,  showing  the  coxal  plates. 

x   3-5. 

Fig.  46.  Dorsal  view  of  the  metasome.      x   3*5. 
Fig.  47.  Left  uropod.      x   7. 

Idotea  granulosa,  Rathke. 

Fig.  48.  Dorsal  view  of  the  cephalon.      x   7. 
Fig.  49.  Dorsal  side  of  the  left  antennule.      x   30. 

Fig.   50.  Dorsal  side  of  the  left  antenna,      x   11. 

Fig.  51.  Terminal  style  of  the  antenna.      x   110. 

Fig.  52.  Ventral  side  of  the  terminal  portions  of  the  inner  and  outer  lobes  of  the  right  first  maxilla. 
x   130. 

Fig.  53.  Ventral  side  of  the  right  maxillipede.      x   21. 

Fig.  54.  Ventral  view  of  the  second  thoracic  appendage.      x    14. 

Fig.  55.  Ventral  view  of  the  eighth  thoracic  appendage.      x    14. 

Fig.  55.  Dorsal  view  of  the  lateral  portions  of  the  mesosomatic  segments,  showing  the  coxal  plates. 
x   5-5.       ' 

Fig.  57.  Dorsal  view  of  the  metasome.      x   5. 

Fig.  58.  Left  uropod.      x   7. 

Idotea  sarsi,  n.  sp. 

Fig.  59.  Dorsal  view  of  the  cephalon.      x   7. 

Fig.  60.  Dorsal  side  of  the  left  antennule.      x   30. 
Fig.  61.  Dorsal  side  of  the  left  an tenna.      x   11. 

Fig.  62.  Terminal  style  of  the  antenna,      x   110. 

Fig.  63.  Ventral  side  of  the  terminal  portions  of  the  inner  and  outer  lobes  of  the  right  first  maxilla. 
x    130. 

Fig.  64.  ̂ Ventral  side  of  the  right  maxillipede.      x   37. 

Fig.  65.  Ventral  view  of  the  second  thoracic  appendage.      x    14. 

Fig.   66.   Ventral  view  of  the  eighth  thoracic  appendage.      x    10. 
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Fig.  67.  Dorsal  view  of  the  lateral  portions  of  the  mesosomatic  segments,  showing  the  coxal  plates. 
x   5. 

Fig.  68.  Dorsal  view  of  the  metasome.      x   5. 

Fig.  69.  Left  uropod.      x   7. 

Idotea  viridis  (Slabber). 

Fig.  70.  Dorsal  view  of  the  cephalon.      x    14. 

Fig.  71.  Dorsal  side  of  the  left  antennule.      x   56. 

Fig.  72.  Dorsal  side  of  the  left  antenna.      x   11. 

Fig.  73.   Terminal  style  of  the  antenna.      x   110. 

Fig.  74.  Ventral  side  of  the  terminal  portions  of  the  inner  and  outer  lobes  of  the  right  first  maxilla. 
x   130. 

Fig.  75.  Ventral  side  of  the  right  maxillipede.      x   37. 

Fig.   76.  Ventral  view  of  the  second  thoracic  appendage.      x   27. 

Fig.   77.  Ventral  view  of  the  eighth  thoracic  appendage,      x   27. 

Fig.   78.  Dorsal  view  of  the  lateral  portions  of  the  mesosomatic  segments,  showing  the  coxal  plates. 

x   8-5. 
Fig.  79.  Dorsal  view  of  the  metasome.      x    10. 

Fig.  80.   Left  uropod.      x   14. 

Idotea  metallica,  Bosc. 

Fig.  81.  Dorsal  view  of  the  cephalon.      x   7. 

Fig.  82.  Dorsal  side  of  the  left  antennule.      x   30. 

Fig.  83.  Dorsal  side  of  the  left  antenna.      x    11. 

Fig.  84.  Terminal  style  of  the  antenna.      x   110. 

Fig.  85.  Ventral  side  of  the  terminal  portions  of  the  inner  and  outer  lobes  of  the  right  first  maxilla. 
x    130. 

Fig.  86.  Ventral  side  of  the  right  maxillipede.      x   13. 

Fig.  87.  Ventral  view  of  the  second  thoracic  appendage.      x    10. 

Fig.  88.  Ventral  view  of  the  eighth  thoracic  appendage.      x   6. 

Fig.  89.  Dorsal  view  of  the  lateral  portions  of  the  mesosomatic  segments,  showing  the  coxal  plates. 
x   5. 

Fig.  90.  Dorsal  view  of  the  metasome.      x   2"5. 
Fig.  91.  Left  uropod.      x  7. 

Idotea  linearis  (Pennant). 

Fig.  92.  Dorsal  view  of  the  cephalon.      x   7. 

Fig.  93.  Dorsal  side  of  the  left  antennule.      x   30. 

Fig.  94.  Dorsal  side  of  the  left  antenna.      x   5. 

Fig.  95.  Terminal  style  of  the  antenna.      x   110. 

Fig.  96.   Ventral  side  of  the  terminal  portions  of  the  inner  and  outer  lobes  of  the  right  first  maxilla. 
x    130. 

Fig.  97.  Ventral  side  of  the  right  maxillipede.      x   21. 

Fig.  98.  Ventral  view  of  the  second  thoracic  appendage.      x    14. 

Fig.  99.   Ventral  view  of  the  eighth  thoracic  appendage.      x  10. 

Fig.  100.  Dorsal  view  of  the  lateral  portions  of  the  mesosomatic  segments,  showing  the  coxal  plates. <   5. 

Fig.  101.  Dorsal  view  of  the  metasome.      x    5. 

Fig.  102.   Left  uropod.      x   7. 

Zenobiana  prismntioa  (Risso).    < 

Fig.    103.  Dorsal  view  of  the  cephalon.      x   8. 

Fig.    104.   Dorsal  side  of  the  left  antenna.      x   20. 
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759 Fig.   105.  Ventral  side  of  the  same.      x   20. 

Fig.   106.  Flagellum  of  the  antenna  of  a  male  (after  Issel). 

Fig.   107.  Flagellum  of  the  antenna  of  a  male  (after  Issel). 

Fig.  108.  Flagellum  of  the  antenna  of  a  female  (after  Issel). 

Fig.  109.  Ventral   side   of   the    terminal   portions   of   the   inner 
maxilla.      x    165. 

Fig.  110.  Ventral  side  of  the  right  maxillipede.      x    43. 

Fig.  111.  Ventral  view  of  the  second  thoracic  appendage 

Fig.  112.  Dorsal   view   of  the   lateral   portions   of    the 

plates.      x   8. 
Fig.  113.  Dorsal  view  of  the  metasome.      x   8. 

Fig.  114.  Left  uropod.      x   24. 

60. 60. 

60. 

and 

x   33. 

raesosomatic 

outer    lobes   of   the   right  first 

segments,    showing    the    coxal 

Synisoma  laneifer  (Leach). 

Fig.  115.  Dorsal  view  of  the  cephalon.      x   7. 

Fig.  116.  Dorsal  side  of  the  left  antennule.      x   28. 

Fig.  117.  Dorsal  side  of  the  left  antenna.      x   6. 

Fig.  118.  Terminal  style  of  the  antenna.      x   110. 

Fig.  119.  Ventral   side   of   the   terminal   portions   of   the   inner   and   outer   lobes   of   the  right  first 
maxilla. 

Fig.  120.  Ventral  side  of  the  right  maxillipede.      x   24. 

Fig.  121.  Terminal   portion  of  the  distal  inner  lobe  of  the  right  maxillipede, 

plumose  setae.      x   300. 

Fig.  122.  Ventral  side  of  the  second  thoracic  appendage. 
Fig.   123.  Claw  of  the  same,      x   73. 

Fig.  124.  Ventral  side  of  the  eighth  thoracic  appendage. 
Fig.  125.  Claw  of  the  same.      x   73. 

Fig.  126.  Dorsal    view   of   the  lateral   portions   of    the 

plates,      x   35. 
Fig.  127.  Dorsal  view  of  the  metasome.      x   5. 

Fig.  128.  Left  uropod.      x   7. 

showing   spines   and 

x   15. 

x   15. 

mesosomatic    segment, 

showing 

the    coxal 
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rdgirina  (Idotea),  746 

angusta  (Idotea),  745 
Anisopoda,  Dana,  725 

antarcticus  (Glyptonotus),  73') 
Anthura,  Leach,  725 

appendicidata  {Synisoma),  751 
Arcturidaa,  726 

Ardurus,  Latreille,  725 

atrata  (Idotea),  746 

B 

baltica  (Idotea),  737 

bonnieri  (Pseudidothea),  726 

capito  (Synisoma),  752 
Chxtilia,  Dana,  735 

Chaetiliidee,  725 

chelipes  (Idotea),  749 
Chiridotea,  Harger,  735 

Chiriscus,  Richardson,  732 

Cleantiella,  Richardson,  749 
Cteantis,  Dana,  749 

Colidoten,  Richardson,  735 

compada  (Idotea),  746 

Crabyzos,  S.  Bate,  732 

D 

danai  (Idotea),  730 
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E 

Edotia,  Cut'-riii-Men.,  735 
emarginata  {Idotea),  741 

Engidotea,  Barnard,  732 
ent onion  {Idotea),  737 

entomon  (Mesidotea);  733 

Epelys,  Dana,  734 
Erichsonella,  Benedict,  735 
Erichsonia,  Dana,  734 

Eusymmerus,  Richardson,  735 

f estiva  {Idotea),  723 

fili/ormis  {Erichsonella),  727 

G 

Glyptidotea,  Stebbing,  731 

Glyptonotinse,  734 

Glyptonotus,  Eights,  735 

gracillima  {Idotea),  727 

granulosa  {Idotea),  742 

H 

hectica  {Idotea),  747 

Holognathidse,  726 

Holognathus,  726 

Idotea,  Fabr.,  736 

Idoteidse,  735 

Idoteinse,  735 

Idothea,  723 

irrorata  {Idotea),  737 

isopns  (C/eantis),  74  9 

lacustris  {Idotea),  733 

lancifer  {Sgnisoma),  751 

Leptosoma,  Risso,  727 

lichtensteinii  {Glyptidotea),  724 

linearis  {Idotea),  747 

lobata  {Engidotea),  727 

longicaudatus  (Crabyzos),  732 

M 

Macrochir idothea,  Ohlin,  733 

marina  {Idotea),  740 

mediterranea  {Zenobiana),  749 
Mesidotea,  Richardson,  735 
Mesidoteiux,  727 

metallica  {Idotea),  746 

miersi  {Idotea),  726 

N 

0 

neglccta  {Idotea),  740 
nodulosa  {Edotia),  728 

oestrum  {Idotea),  741 

varallela  {Idotea),  749 

Paridotea,  Stebbing,  733 

pelagica  {Idotea),  739 
peloponesiaca  {Idotea),  746 
Pentias,  Richardson,  733 

Pentidotea,  Richardson,  735 

peronii  {Idotea),  728 

phosphorea  {Idotea),  742 
prismatica  {Idotea),  749 

prismatica  {Zenobiana),  749 
fProidotea,  Racovitza  and  Sev.,  727 
Pseudidothea,  733 

Pseudidotheidae,  726 

robusta  {Idotea),  746 

rugosa  {Idotea),  746 

R 

S 

salinarum  {Idotea),  745 

sam  {Idotea),  743 

setifer  {Synidotea),  724 
sexlineata  {Idotea),  747 

sibiricus  {Glyptonotus),  725 

Stenosoma,  Leach,  725 

stewart i  {Idotea),  726 

stricta  {Idotea),  728 

Symmius,  Richardson,  733 

Synidotea,  Harger,  750 

Synisoma,  n.  nom.,  750 

tricuspidata  {Idotea),  737 
tridaitata  (Idotea),  Til 

U 

ungulata  {Paridotea),  731 

V 
Valvifera,  733 

viridis  {Idotea),  745 

Z 

Zenobia,  Risso,  749 

Zenobiana,  Stebbing,  749 
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W.    E.   Collinge:    British   Idoteidae.— Plate   I. 
IDOTEA     BALTICA     (PALLAS). 
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10  x  10 

14  x  7 13  x  6 





Roy.  Soc.  Edin. 
Vol.  LI. 

W.    E.   Collinge:    British   Idoteidae.— Plate   II. 
1DOTEA     PELAGICA.      LEACH. 

16  X  30 

18  X  110 

15  X  7 
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W.    E.   Collinge:    British    Idoteidae.— Plate  III. 
IDOTEA     NEGLECTA,     G.    O.    SARS. 

29  X  110 

34x3-5 

28  x  16 

33  x  7 

36  x  7 
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W.    E.   Collinge:    British    Idoteidae.— Plate   IV. 
IDOTEA     EMARG1NATA     (FABR.). 

<IB  >   30 

42  X  21 

37  X  7 

46  x  3'5 

40  x  110 

45  x  3-5 

47  X  7 

39  x  11 

43  x  10 

41  x  130 44  x  7 
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W.    E.   Collinge:    British   Idoteidae.— Plate  V. 
IDOTEA     GRANULOSA.      RATHKE. 

49  X  30 

52  x  130 

48  X  7 

63  x  21 

58  X  7 

51  X  110 

56  X  5-6 

50  X  11 

54  X  14 

57  x  6 
56  x  14 
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60  X  30 

63  x  130 
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W.    E.   Collinge:    British   Idoteidae.— Plate  VI. 

68  x  5 

59  x  7 

Idotea    sarsi.    n.  sp. 

64  X  37 

69  X  7 

!  !      1 

62  x  110 

67  x  5 

61  x  11 

65  x  14 

66  x  10 
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W.    E.   Collinge:    British    Idoteidae.— Plate  VII. 
IDOTEA     VIR1DIS     (SLABBER). 

70  X  14 

71  X  56 

72  X  11 

30  x  14 
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79  x  10 

75  x  37 73  x  110 

78  x  8-5 

76  x  27 

77  X  27 
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W.    E.   Collinge:    British   Idoteidae  —  Plate  VIII. 
IDOTEA     METALLICA.      BOSC. 

82  X  30 

85  X  130 

90  X  2-5 

81  X  7 

86  X  18 

84  X  110 

89  x  5 

83  x  11 

87  x  10 

91  x  7 
88  x  6 

DEL.D  NAT. 
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93  x  30 

97  x  21 

Vol.  LI. 

W.    E.   Collinge:    British    Idoteidae.-Plate    IX. 1DOTEA     LINEARIS     (PENNANT). 
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101  x  5 

92  x  7 

98  X  14 

t02  x  7 
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100  x  5 

94  x  5 
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W.    E.   Collinge:    British   Idoteidae.— Plate 

X. 

ZENOBIANA     PRISMAT1CA     (RlSSO). 

,\ 

104  X  20 105  X  20 
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103  x  8 

109  x  165 

110  x  43 

113  x  8 
114  x  24 

111  X  33 

112  x  8 
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116  x  28 

120  X  24 

127  X  5 
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W.    E.   Collinge:    British    Idoteidae.-Plate   XI. Synisoma    lancifer   (Leach). 

115  x  7 

126  X  3-5 

121  x  300 
123  x  73 

124  x  15 
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XXIV. — On  Old  Red  Sandstone  Plants  showing  Structure,  from  the  Rhynie  Chert 

Bed,  Aberdeenshire.  Part  I.  Rhynia  Gwynne-Vaughani,  Kidston  and  Lang. 

By  R.  Kidston,  LL.D.,  F.R.S.,  and  W.  H.  Lang,  D.Sc,  F.R.S.,  Barker  Professor 

of  Cryptogamic  Botany  in  the  University  of  Manchester.     (With  Ten  Plates.) 

(MS.  received  July  10,  1916.     Read  July  3,  1916.     Issued  separately  February  27,  1917.) 

Introduction. 

The  chert  of  the  Muir  of  Rhynie,  containing  plant-remains,  was  discovered  by 
Dr  W.  Mackie  of  Elgin  while  investigating  the  sedimentary  and  volcanic  rocks  of 

Craigbeg  and  Ord  Hill  which  occur  in  that  area.*  The  original  discovery  was  made 
on  loose  specimens,  built  into  the  dykes  or  scattered  over  the  fields,  especially  those 

lying  to  the  north  of  the  road  which  runs  from  Rhynie  to  Cabrach,  and  east  and 

west  of  the  right-of-way  that  here  connects  Windyfield  Farm  with  the  public  road. 
Our  investigations  have  so  far  shown  that  only  two  vascular  plants  occur  in  the 

deposit.  A  transverse  section  of  a  stem  of  each  of  these  was  figured  in  Dr  Mackie's 
paper,  but  the  plants  were  neither  named  nor  described.  We  have  named  the  plant 

that  occurs  in  greatest  abundance  Rhynia  Givynne-VaughaniJ  after  our  late  friend 

Professor  D.  T.  Gwynne-Vaughan,  who,  it  had  been  hoped,  would  have  been  con- 
cerned with  the  investigation  of  these  fossils.  A  full  description  of  this  plant  is 

given  in  the  present  paper. 

The  second  vascular  plant  has  been  named  Asteroxylon  Mackiei,  after  Dr  Mackie, 

the  discoverer  of  the  original  specimens.}  This  plant  has  so  far  been  found  only 

in  a  few  isolated  patches  among  the  remains  of  Rhynia.  The  description  of 

Asteroxylon  Mackiei  and  certain  other  vegetable  remains  is  reserved  for  a  later 
communication. 

As  it  was  uncertain  whether  the  isolated  plant-containing  blocks  of  chert,  some 
ot  which  were  2  feet  in  diameter,  were  derived  from  the  Old  Red  Sandstone  or  from 

another  series  of  rocks,  Mr  D.  Tait,  acting  on  instructions  from  Dr  Flett,  dug  three 
trenches  in  the  lower  field  between  Easaiche  Bridge  and  Windyfield  farmhouse.  § 
In  one  of  these  trenches  the  chert  was  found  in  situ.  By  some  the  section  exposed 

was  not  thought  to  be  conclusive  as  to  the  age  of  the  chert  bed,  and  to  enable  this 

to  be  determined  beyond  doubt,  grants  were  received  from  the  British  Association 

and  the  Royal  Society  of  London  to  defray  the  expense  of  having  additional  trenches 
dug  on  a  more  extended  scale. 

The  work  was  again  put  under  the  supervision  of  Mr  D.  Tait,  when  more  com- 

*  W.  Mackie,  "  The  Rock  Series  of  Craigbeg  and  Ord  Hill,  Rhynie,  Aberdeenshire,"  Trans.  Edin.  Geol.  Soc, 
vol.  x,  pp.  205-236,  pi.  xxii. 

t  Mackie,  I.e.,  pi.  xxiii,  fig.  5.  +  Mackie,  I.e.,  pi.  xxiii,  fig.  6.  §  Mackie,  I.e.,  p.  223. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  24).  Ill 
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plete  exposures   were  laid  bare  which  showed  that  the  chert  bed  was  interbedded 

with  the  Dryden  Shales  and  therefore  referable  to  the  Old  Red  Sandstone.* 

From  the  section  exposed  in  trench  No.  1  t  in  the  lower  field  between  Easaiche 

Bridge  and  Windyfield  farmhouse  the  following  measured  section  was  taken  : — 

Section  of  Chert  Band  in  Trench  No.  1,  in  First  Field  North  of  Easaiche 

Bridge,  on  South-east  Side  of  Path  and  Ditch  separating  two  Fields,  and 
178  Feet  North-east  of  the  Road,  Muir  of  Rhynie,  Aberdeenshire. 

\° N 

ft.  in. 

0      5 

0      6 

M 

K 

H 

G 

0     9 

1     0 

0     3 

0     3 

E 

0     1 
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1      1 

22 21 

20  | 

19 

18a 

186 

17 

16 

15 

U 

13 

12 

11 

111 

°{ 

10 

Dryden  Shales. 

Bedded  silicious  sandstone  in  very  thin  layers  with  carbonaceous  remains. 

Silicious  sandstone  with  sandy  layer  and  lenticular  masses  of  silicified  peat  formed 
of  Rhynia, 

Silicious  sandstone  with  irregular  beds  of  chert  full  of  Rhynia.     Sandstone  formed 
of  very  thin   layers  separated  by  black  lines,  irregularly  bedded,  and   full  of 
carbonised  plant-remains. 

Silicified  peat  mixed  with  sandy  matter.     Vegetable  remains  much  broken  up. 
Layer  of  silicious  sandstone  at  top  and  at  base,  the  latter  about  1  inch  thick. 

Intermediate  portion  formed  of  silicified  peat  composed  of  Rhynia.  Vegetable 
remains  in  lower  part  of  bed  much  broken  up.  Upper  part  contains  stems  little 
or  not  compressed. 

Bedded   silicified    peat   composed    of 
occasionally  some  sandy  material. 

Bed  of  silicious  sandstone  with  intercalated 

Rliynia. 

Rhynia,    in    part    much   decomposed,   with 

lenticular  patches  of  peat  formed  of 

Silicified  peat  with  much  broken-up  vegetable  remains.     Thin  sandy  layer  at  top. 

Bed  of  silicified  peat  with  thin-bedded  sdicious  sandstone  at  top  about  ̂   inch  thick. 
Rhynia  slightly  compressed. 

Much  decomposed  bed  of  silicified  peat  composed  of  Rhynia. 

Bed  of  silicified  peat  formed  of  Rhynia,  a  good  deal  decomposed  and  broken  up, 

with  thin  layer  of  very  fine-bedded  silicious  sandstone  at  top  and  base. 

Irregular  thin  beds  of  silicious  sandstone.  Silicified  peat  formed  of  broken-up  and 
decomposed  Rhynia. 

Bedded  silicified  peat  formed  of  Rliynia  with  layer  of  fine  bedded  silicious  sand- 
stone, about  \  inch  thick  at  top,  with  another  of  about  the  same  thickness  at  base. 

Silicious  bed  of  sandstone  in  very  thin  laminae  at  top,  less  than  1  inch  thick,  with 
black  lines  on  bedding  surfaces.  Remainder  of  bed  composed  of  more  or  less 
distinctly  bedded  silicified  peat  formed  of  Rhynia.  The  stems  in  this,  as  in 
most  of  the  other  beds,  lie  horizontal  with  the  bedding  and  in  many  cases  are 
almost  uncompressed,  while  at  other  places  in  this  bed  the  vegetable  matter  is 
much  decomposed  and  broken  up.  At  one  place  a  sandy  layer  occurs  which  has 
followed  the  natural  irregularities  of  the  surface  of  the  peat  at  the  time  of 
deposition  (see  PI.  I,  fig.  1),  a  feature  characteristic  of  the  sand  beds  which 
occur  in  the  silicified  peat. 

*  The  exact  horizon  of  the  Rhynie  Old  Red  Sandstone  has  not  yet  been  definitely  determined,  but  it  cannot  be 
younger  than  the  Middle  Old  Red  Sandstone. 

f  The  site  of  this  trench  is  shown  on  the  map  (fig.  1)  in  the  Report  of  the  Committee  on  "The  Plant-bearing 
Cherts  at  Rhynie,  Aberdeenshire,"  Brit.  Assoc.  Rep.,  1916,  Newcastle  Meeting. 
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Continued. 

D 

ft. 

0 

in. 

3 8 Silicious  band  with  thin  sandstone  layer  at  top  and  base  with  plant  remains. 

C 0 3 7 Fine  light  grey  silicious  sandstone. 

(
■
 

0 9 

'{ 

Band  of  bedded  silicified  peat  formed  of  Rhynia,  with  stems  usually  much  decayed. 
At  top  occurs  a  thin  bed  of  silicious  sandstone. 

(•
■ 

0 6 
5 
4 

Cherty  sandstone  with  carbonaceous  matter. 

•  A" 
1 3 

3 
2 

1* 

Silicious  sandstone  with  carbonaceous  matter. 

Highly  silicious  sandstone  with  Asteroxylon. 
Thick  bed  of  impure  peat  with  Rhynia  and  Asteroxylon.     Stems  generally  much 

decomposed. 

0 
2 

2 

1 
0 

0 

Grey  clay. 
White  plastic  clay,  greenish  tint  and  rusty  spots,  bedding  obscure  but  more  distinct 

near  bottom. 

Clay  or  clayey  shale,  not  so  light  in  colour  as  that  above. 

Rhynia  extends  throughout  the  whole  section.     Asteroxylon  has  only  been  observed 

up  to  the  present  in  bed  A". 

It  is  not  our  sphere  to  treat  of  the  detailed  geology  of  the  Rhynie  area  ;  that  will 

be  done  by  other  and  more  competent  writers.  As  intimately  connected  with  the 

petrifactions  which  have  been  placed  in  our  hands  for  description,  it  is,  however, 

necessary  to  make  some  remarks  on  the  nature  of  the  chert  band  in  which 

they  occur. 

Our  material  has  consisted  of  a  complete  set  of  specimens  taken  from  the  chert 
band,  lettered  and  numbered  as  noted  in  the  first  and  third  columns  of  the  section 

given  above.  In  addition,  some  of  the  loose  specimens  have  yielded  most  valuable 

information.  The  chert  is  much  jointed  and  fissured,  and  when  fresh  is  of  a  blackish 

or  dark  grey  colour  in  which,  when  visible,  the  plants  are  only  indicated  by  darker 

spots  or  streaks.  Specimens  naturally  weathered  sometimes  assume  a  light  buff 

colour,  and  the  plant-remains  are  clearly  exhibited  (PL  II,  fig.  2).  When  blocks  are 
treated  with  a  weak  solution  of  hydrofluoric  acid,  which  etches  the  surface  and  brings 

out  more  or  less  distinctly  the  structure  of  the  chert,  the  plant-remains  are  also 
rendered  more  visible  (PL  I,  fig.  1  ;  PL  II,  fig.  5). 

The  blocks  themselves  and  the  numerous  microscopical  sections  studied  prove 

that  the  whole  chert  zone  was  originally  formed  of  a  series  of  peat  beds  which, 

during  their  formation,  had  been  subject  to  periodic  inundation,  when  thin  layers  of 

sand  were  spread  over  the  surface.  Each  bed  of  peat  appears  to  have  a  thin  layer 
or  bed  of  sand  at  its  top. 

Several  of  the  isolated  specimens  have  shown  the  plants  growing  vertically  from 

*  This  column  gives  the  original  numbers  of  the  specimens  as  collected. 
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the  old  land  surface  represented  by  the  peat  (PI.  II.  figs.  2  and  5).  One  specimen 

(fig.  5)  seems  to  contain  a  tuft  of  Rhynia  which  must  have  grown  on  the  surface 

at  the  time  the  peat  bed  was  brought  to  a  final  close  by  infiltration  with  silica. 

This  example  shows  the  upright  stems  for  a  length  of  6  inches  above  the  bed  from 

which  they  grew.  The  uppermost  parts  of  the  stems  are  embedded  in  almost  pure 

silica  without  any  admixture  of  peaty  substance,  and  with  only  a  little  fine,  dust-like 
matter  disseminated  through  the  silica  (PL  V,  fig.  20). 

The  whole  history  of  the  formation  of  the  Rhynie  Chert  Zone,  at  least  of  that 

portion  from  which  our  specimens  were  taken,  can  be  clearly  read.  One  can  in 

imagination  see  a  land  surface,  subject  at  intervals  to  inundation,  covered  with  a 

dense  growth  of  Rhynia  Givynne-Vaughani.  By  the  decay  of  the  underground 
parts  of  Rhynia  and  the  falling  down  of  withered  stems  (for  this  plant  had  no  leaves) 

a  bed  of  peat  was  gradually  formed  varying  from  an  inch  to  a  foot  in  thickness. 

The  peat  was  then  flooded  and  a  layer  of  sand  deposited  on  its  surface.  Again  the 

Rhynia  covered  the  surface,  and  this  process  of  the  formation  of  beds  of  peat,  with 

the  deposition  of  thin  layers  of  sand,  went  on  till  a  total  thickness  of  8  feet  had 
accumulated. 

After  the  formation  of  8  feet  of  alternating  peat  and  sand  local  physical  con- 
ditions must  have  altered,  for  water  with  silica  in  solution,  possibly  discharged 

from  fumaroles  and  geysers,  poured  over  the  peat  bed  and  sealed  it  up.  Thus  the 

whole  was  converted  into  a  band  of  chert,  the  structure  of  the  plants  being 

preserved  in  many  cases  in  great  perfection.  It  may  be  mentioned  that  the 

presence  of  geysers  or  hot  springs  has  been  suggested  by  Dr  Mackie  as  an  explana- 
tion of  the  occurrence  of  so  many  cherty  developments  in  the  rock  series  of  Rhynie 

{I.e.,  pp.  233-236). 

Rhynia  Gwynne-Vaughani,  Kidston  and  Lang. 

Mode  of  Occurrence. 

As  mentioned  in  the  introduction,  the  silicified  peat  is  almost  entirely  formed 

of  the  prostrate  stems  and  the  rhizomes  of  Rhynia,  while  in  one  or  two  fortunate 

cases  the  closely  crowded  aerial  stems  were  seen  standing  vertically  (PI.  II, 

figs.  2  and  5).  In  these  cases  the  ancient  land  surface  with  its  vegetation  is 

recorded  in  a  manner  very  rarely  met  with. 

The  horizontal  bedding  of  the  silicified  peat  is  distinctly  seen  in  PI.  I.  fig.  1, 

which  represents  a  block  from  bed  E  10  of  the  vertical  section  on  page  762.  In 

the  lower  parts  of  the  individual  peat  beds  the  plant-remains  can  be  seen  to  become 
more  compressed  than  above.  This  is  also  seen  in  the  microscopical  section  shown 

in  PI.  Ill,  fig.  9,  where  the  stems  in  the  upper  part  are  round  and  separated  by  a 

considerable  amount  of  amorphous  peaty  matrix,  while  in  the  lower  part  they  are 

crowded  and  compressed.     In    fig.    10,    from    the    lower   part    of  another  bed    the 
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stratification  of  the  silicified  peat  layers  in  different  degrees  of  decay  is  still  more 

clearly  visible  ;  two  thin  bands  a  and  b  occur  in  which  the  stems  are  much  more 

decayed  and  crushed  together.  These  two  photographs  give  an  idea  of  the 

abundance  of  the  stems  of  Rhynia  in  the  peat.  From  the  fact  that  they  are 

practically  all  cut  transversely  in  these  "sections,  it  can  be  inferred  that  for  some 
reason  or  other  the  stems  lay  horizontally  and  more  or  less  parallel. 

A  horizontal  surface  of  a  block,  on  which  the  closely  crowded  and  flattened 

stems  of  the  plant  show  that  the  whole  growth  had  been  laid  down  and  compressed, 

is  represented  in  PL  II,  fig.  3.  The  small  portion  of  this,  enlarged  two  diameters,  in 

fio-.  4  shows  at  a  a  median  line  on  the  flattened  stem.  This  will  be  seen  below  to 

indicate  the  position  of  a  central  vascular  strand.* 
In  contrast  to  this  mode  of  preservation,  the  unaltered  cylindrical  stems  of  the 

free  aerial  portion  of  the  plant  can  be  exposed  by  fracturing  the  chert.  Examples 

of  such  stems,  which  have  preserved  their  shape  perfectly  in  the  almost  pure 

silicious  matrix,  are  shown  enlarged  fourteen  times  in  PI.  Ill,  figs.  6-8. 

External  Morphology. 

Owing  to  the  favourable  nature  of  the  material,  it  has  been  possible  to  arrive 

at  a  clear  conception  of  the  morphology  of  the  plant  as  a  whole.  It  will  assist  the 

reader  if  we  deal  briefly  with  the  general  organisation  of  Rhynia  before  entering 
into  the  details  of  its  structure. 

The  plant  formed  a  practically  pure  growth,  and  its  erect  cylindrical  stems  stood 

closely  crowded.  These  stems  probably  attained  a  height  of  8  inches  or  more,t  and 

range  from  6  mm.  to  under  1  mm.  in  diameter.  The  plant  was  rootless  and  had  no 

leaves,  being  composed  entirely  of  a  system  of  cylindrical  axes  or  stems.  Its  lower 

portion  consisted  of  branched  underground  rhizomes  attached  to  the  peaty  soil  by 

numerous  rhizoids.  Branches  of  the  rhizome  turned  gradually  or  abruptly  up  and 

assumed  the  characters  of  the  aerial  stems.  The  latter  were  occasionally  branched 

dichotomously  and  tapered  gradually  upwards.  They  bore  small  hemispherical 

projections  which  were  more  or  less  closely  placed  without  apparent  regularity. 

On  some  of  these  bulges  tufts  of  rhizoid-like  hairs  were  borne,  while  in  other  cases 
the  projections  developed  into  adventitious  branches,  usually  attached  by  a  narrow 

base.  Some  of  these  branches  appear  to  have  been  readily  detached,  and  their 

occurrence  free  in  the  peat  suggests  that  they  served  to  propagate  the  plant 

vegetatively. 

Even  in  the  most  complete  specimens,  preserved  as  they  grew  from  the  peat, 

the  terminal  parts  of  the  aerial  stems  are  wanting.  The  reproductive  organs  have 

not  been  observed  attached  to  the   complete   plants,  and   it    is    impossible    to    say 

*  Such  impressions,  with  or  without  an  evident  midrib,  according  to  their  preservation,  might  easily  be 
described  as  linear  leaves  or  even  algae. 

f  The  stems  in  PI.  II,  fig.  5,  measured  6  inches,  but  were  incomplete. 
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whether  the  sporangia  terminated  the  main  axes  or  some  of  the  lateral  branches. 

It  is,  however,  certain  from  detached  specimens  found  in  the  silicified  peat  that  some 

aerial  axes  ended  in  large,  elongate-pointed  sporangia. 
That  the  rhizomes,  aerial  stems,  and  sporangia  were  portions  of  the  same  plant 

might  have  been  inferred  from  their  association  in  a  bed  composed  of  one  type  of 

plant  only.  Their  continuity  has,  however,  been  directly  traced,  and  is  established 

by  anatomical  evidence. 

Quite  apart  from  any  question  of  affinity,  the  build  of  Rhynia,  with  its  rootless 

rhizomes  of  delicate  structure  sending  up  xerophytic  aerial  stems,  finds  its  closest 

parallel  among  existing  plants  in  the  general  morphology  of  Psilotum. 

Anatomy  of  the  Vegetative  Organs. 

The  plant  consists  throughout  of  cylindrical  axes  with  an  epidermis,  a  relatively 

wide  cortex,  and  a  simple  central  cylinder.  The  latter  has  a  solid  strand  of  tracheides 

surrounded  by  a  zone  of  phloem.  It  will  be  convenient  to  describe  the  rhizomes  in 

the  first  place  and  then  to  deal  with  the  aerial  stems. 

Rhizome. 

The  rhizomes  seem  to  have  been  formed  of  more  delicate  tissue  than  the  stems 

arising  from  them,  so  that  the  peat  often  consists  entirely  of  the  latter,  the  rhizomes 

having  decayed.  In  other  portions  of  the  peat,  however,  well-preserved  rhizomes 
have  been  found;  thus  PI.  IV,  fig.  13,  shows  a  small  portion  of  a  section  through 

the  peat  in  which  rhizomes  are  seen  in  their  natural  position.  The  section 

passes  through  three  pieces  of  the  rhizome.  The  uppermost  is  cut  transversely, 

and  shows  the  broad  cortex  and  the  single  stele.  The  lowest  section  is  also 

transverse,  but  goes  through  a  rhizome  where  dichotomous  branching  is  about  to 

take  place,  the  stele  having  already  divided.  The  middle  section  passes  longi- 
tudinally through  a  rhizome,  just  missing  the  xylem  of  the  stele  except  on  the 

extreme  right.  The  lower  side  of  this  rhizome  shows  two  large  hemispherical  bulges 

of  the  outer  cortical  tissues.  Portions  of  these  bulges,  more  highly  magnified,  are 

represented  in  figs.  11  and  12  on  PI.  III.  The  greater  development  of  the  cortex 

on  the  lower  side  of  the  two  transverse  sections  in  fig.  13  is  due  to  the  plane  of 

section  passing  through  similar  bulges.  From  the  downwardly  directed  surfaces 

of  all  three  rhizomes,  and  especially  from  the  hemispherical  bulges  of  the  middle 

piece,  numerous  rhizoids  extend  into  the  peat.* 
Sections  through  other  rhizomes  are  shown  on  PI.  IV.  In  fig.  17  two  rhizomes 

of  different  sizes  are  seen  in  transverse  section.  The  stele  of  the  larger  one  has 

divided  preparatory  to  dichotomous  branching.     From   the  epidermal  cells  of  its 

*  The  peculiar  oval  bodies  in  the  cortex  of  the  two  lowest  rhizomes  in  fig.  13  are  the  reproductive  organs  of 
saprophytic  fungi.  The  detailed  description  of  the  numerous  fungi  which  occur  in  the  deposit  is  reserved  for  a 
future  comnfunication,  but  the  reader  must  allow  for  their  presence  in  many  of  the  illustrations  to  this  paper. 



SHOWING  STRUCTURE,    FROM   THE   RHYNIE   CHERT   BED,    ABERDEENSHIRE.     767 

lower  side  rhizoids  are  given  off  without  the  cortex  forming  a  very  definite  projection. 
On  the  other  side  of  this  rhizome  a  distinction  is  evident  between  the  narrow  zone 

of  outer  cortex  and  the  broad  inner  cortex.  The  smaller  section  in  this  figure  has 

a  single  stele,  and  its  outer  tissues  continue  on  the  lower  side  into  a  marked  bulge 
which  would  doubtless  later  have  borne  rhizoids. 

The  position  and  general  appearance  of  the  rhizoids  in  all  the  examples  examined 

show  that  the  rhizomes  were  growing  naturally  in  the  peat  when  preserved.  In 

fig.  18  a  portion  of  the  rhizoid-bearing  surface  of  another  rhizome  is  more  highly 
magnified,  and  shows  very  clearly  the  relation  of  the  rhizoids  to  the  peaty  soil.  The 

rhizoids  are  seen  to  be  non-septate,  and  do  not  appear  to  have  been  divided  off  from 
the  epidermal  cells  bearing  them.  In  fig.  14  the  rather  large  rhizome  seen  in 

transverse  section  is  attached  by  numerous  rhizoids  below,  while  from  the  opposite 

side  an  aerial  branch  ascends  vertically. 

The  small  rhizome  shown  rather  more  highly  magnified  in  fig.  15  is  preparing 

to  branch.  The  slender,  transversely  extended  strand  of  tracheides  is  cut  some- 
what obliquely.  Another  rhizome  in  transverse  section  is  shown  still  more  highly 

magnified  in  fig.  19.  Around  the  central  strand  of  xylem  (x.)  comes  the  thin- 
walled  phloem  (ph.),  passing  without  a  sharp  limit  into  the  inner  cortex  (i.e.).  The 

two  or  three  outermost  layers  of  the  cortex  (o.c.)  contrast  with  the  inner  cortex 

in  their  appearance.  The  epidermis  (ep.)  of  the  rhizome  has  its  outer  cell  walls 

thin  as  compared  with  the  aerial  stems  to  be  described  below,  and  the  cuticle  is  less 

developed.  Stomata  have  not  been  observed  in  the  epidermis  of  the  rhizome,  the 

cells  composing  which  are  four-  to  six-sided  in  surface  view  and  almost  isodiametric 

(fig.  16).  On  the  vertical  branch  in  fig.  14,  which  was  presumably  the  base  of  an 

aerial  stem,  the  epidermal  cells  assume  a  more  elongated  form  and  a  stoma  occurred 
near  to  the  base  of  the  branch. 

The  histological  details  of  the  various  regions  will  be  described  more  fully  in 

connection  with  the  aerial  stems.  It  is  sufficient  to  recognise  here,  as  shown  in 

the  sections  of  rhizomes  on  PL  IV  : — 1.  The  epidermis,  the  cells  of  which  can  grow 
out  as  rhizoids  ;  2.  The  narrow  zone  of  outer  cortex  ;  3.  The  broad  inner  cortex  ; 

■i.  The  phloem  ;  5.  The  slender  strand  of  tracheides  forming  the  xylem.  These 
tissues  are  often  less  sharply  defined  than  in  the  aerial  stems,  but,  except  for  the 

differences  in  the  epidermal  layer,  there  is  no  fundamental  distinction  between 

the  anatomy  of  the  rhizome  and  that  of  the  aerial  stem. 

The  epidermis,  the  outer  cell  walls  of  which  are  thin  as  compared  with  those 

of  the  aerial  stem,  is  seen  to  be  fairly  well  defined  in  fig.  19  and  on  the  upper  side 

of  the  rhizomes  in  figs.  15  and  17.  On  the  lower  side,  where  numerous  rhizoids 

are  borne,  no  cuticle  is  recognisable,  and  the  epidermis  itself  is  less  sharply  dis- 

tinguished from  the  cortex  on  account  of  periclinal  divisions  having  taken  place 

in  the  superficial  cells.  In  other  cases,  as  is  best  seen  in  fig.  13,  this  cell  division 

in  the  epidermis  and  outer  cortical  layers  has  led  to  the  formation  of  large  hemi- 
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spherical  protuberances.  As  figs.  11  and  12  on  PI.  Ill  show,  this  has  involved  a 

large  number  of  the  superficial  cells,  but  only  affects  the  epidermis  and  outer  cortex. 

The  result  of  this  is  that  the  large  bulges,  like  the  smaller  bulges  on  the  aerial  stems 

to  be  described  below,  are  growths  from  the  superficial  tissues  only,  and  have  no 

vascular  supply  from  the  stele  of  the  rhizome. 

The  cell  contents  have  disappeared  or  are  unrecognisable,  but  no  evidence  of  the 

presence  of  a  fungus  forming  a  mycorhiza  has  been  found,  although  the  saprophytic 

fungi  in  the  peat  are  well  preserved. 

Aerial  Stem. 

The  aerial  stems,  as  already  shown  (PI.  II,  fig.  5),  tapered  gradually  upwards,  and 

slight  modifications  of  the  structure  will  have  to  be  taken  into  account.  Moreover, 

the  lower  portions  of  the  stems  must  have  been  surrounded  by  the  peat,  and  would 

constitute  an  ill-defined  transition  region.  The  range  in  diameter  of  stems  can  be 

seen  at  a  glance  in  figs.  21-25  on  PL  V.  These  transverse  sections  are  all  of  the 

same  magnification  (x  20),  but  the  largest  (fig.  21 )  is  of  a  stem  of  only  medium 

size,  a  little  under  3  mm.  in  diameter,  while  stems  of  0  mm.  diameter  have  been 

observed.     The  smallest  (figs.  24-25)  are  under  1  mm.  in  diameter. 

Fig.  20,  PL  V,  shows  a  number  of  stems  from  the  upper  region  of  the  plant 

embedded  in  an  almost  pure  silicious  matrix.  As  the  portions  isolated  in  the  round 

show  (PL  III,  figs.  0-8),  the  stem  had  a  well-marked  epidermis,  was  destitute  of 
leaves,  but  bore  small  hemispherical  projections  which  were  irregularly  distributed. 

The  sections  of  stems  in  figs.  21-25  do  not  pass  through  any  of  these  small  pro- 
jections, but  the  transverse  section  in  fig.  27,  and  the  longitudinal  section  in  fig.  20, 

show  them.  The  bulges  of  similar  size  shown  in  figs.  28-29  differ  by  bearing 

rhizoid-like  hairs.  It  is  a  reasonable  supposition,  though  we  have  no  direct  evidence 
for  it,  that  these  rhizoids  were  mainly  developed  in  the  transition  region.  In  one 

case,  however,  a  rhizoid  was  observed  on. a  bulge  in  the  upper  region  of  a  stem. 

Fig.  30  shows  an  aerial  stem  preparing  for  dichotomous  branching.  The  stele 
is  already  divided. 

A  characteristic  aerial  stem  of  good  size  is  shown  in  transverse  section  in  fig.  21. 

It  exhibits  the  well-marked  epidermis  (ep.)  with  a  thick  outer  wall  and  cuticle. 
The  two  or  three  succeeding  layers  of  clear  cells  form  the  narrow  outer  cortex  or 

hypoderma  (o.c).  The  broad  inner  cortex  (i.e.)  is  composed  of  smaller  rounded  cells 

with  intercellular  spaces.  The  phloem  (ph.)  contrasts  with  the  cells  of  the  sur- 

rounding cortex  by  the  smaller  diameter  of  its  thin-walled  elements.  In  the  centre 

is  the  solid  strand  of  xylem  (x.).  The  corresponding  arrangement  of  the  tissues  is 

seen  in  longitudinal  section  in  fig.  20,  and  even  more  clearly  on  PL  VIII,  fig.  59. 

The  several  tissues  may  now  be  considered  in  order  from  without  inwards. 

Epidermis  and  Stomata. — The  appearance  of  the  epidermis  in  transverse  section 

is  well  shown  in  PL  VI,  fig.  35,  which  includes  portions  of  the  outer  surface  of  two 
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adjacent  stems.  Its  cells  are  smaller  than  the  underlying  cortical  cells.  Their  outer 

wall  is  thick,  and  in  favourable  cases  exhibits  a  distinction  into  several  layers,  the 

outermost  layer  being  the  strongly  developed  cuticle.  More  usually,  as  in  this 

figure,  it  is  so  preserved  as  to  appear  thick  and  uniform.  The  lateral  and  inner 

walls  are  thin.  The  epidermal  cells  are  longer  than  broad,  and,  viewed  from  the 

outside,  either  on  the  surface  of  exposed  stems  (PL  III,  figs.  6-8)  or  in  tangential 

sections  (PL  VI,  figs.  31-32)  are  seen  to  be  broadly  fusiform.  They  are  often 
characterised  by  a  peculiar  dark  median  line  (fig.  3l).  Suitable  transverse  sections 

show  that  this  line  is  the  expression  of  a  sharp  cuticular  ridge  springing  from  the 

middle  of  the  slightly  convex  surface  of  each  epidermal  cell.  This  ridge  is  shown 

in  fig.  36,  where,  however,  a  slight  obliquity  exaggerates  the  thickness  of  the  outer 

cell  wall.  In  other  cases  this  ridge  is  wanting,  sometimes  at  least  as  the  result  of 

imperfect  preservation,  but  in  some  regions  of  the  stem  the  epidermal  cells  were 

wider  and  normally  lacked  the  central  ridge  (PL  III,  fig.  6  ;  PL  VI,  fig.  32).  This 

lias  been  verified  from  the  study  of  outer  surfaces  of  stems  by  reflected  light  as 
well  as  from  sections. 

Stomata  occurred  in  the  epidermis,  but  in  no  region  do  they  seem  to  have  been 

at  all  numerous.  They  have  not  been  observed  on  the  rhizome,  but  in  the  case  of 

the  stem  springing  from  a  rhizome  in  PL  IV,  fig.  14,  a  stoma  was  present  on  the  base 

of  the  branch  at  St.  They  were  thus  present  in  the  epidermis  of  the  transition 

region,  though  doubtless  more  abundant  on  the  upper  portions  of  the  aerial  stems. 

A  stoma  is  shown  in  surface  viewT  in  PL  VI,  fig.  32,  and  figs.  33  and  34  are  of 
stomata  in  transverse  section.  Fig.  37  passes  longitudinally  through  a  stoma  at  st. 

ks  these  figures  show,  there  is  nothing  peculiar  about  the  shape  of  the  guard  cells,  and 

they  are  not  depressed  below  the  general  surface,  though  the  sparseness  of  the  stomata 

and  the  thickness  of  the  cuticle  indicate  the  xerophytic  construction  of  the  plant. 

Cortex. — The  outer  cortex  (PL  VI,  fig.  35,  ox.)  consists  of  one  to  four  layers  of 
cells  which  are  large  relatively  to  the  cells  of  the  epidermis  and  of  the  inner  cortex. 

It  is  best  marked  in  the  lower  and  thicker  portions  of  the  aerial  stems.  The  cells 

of  the  outer  cortex  generally  appear  clear  and  empty-looking,  and  are  slightly 
longer  than  broad. 

The  cells  of  the  inner  cortex  are  round  in  transverse  section  and  were  separated 

by  fairly  large  intercellular  spaces  (PL  VI,  figs.  38  and  40).  They  are  longer  than 
broad,  this  being  more  marked  on  passing  from  above-  downwards  in  the  stems 
(cf.  PL  VII,  fig.  42,  with  fig.  43).  As  preserved,  the  inner  cortex  often  has  a  darker 

brown  colour  which  is  specially  marked  in  the  cells  immediately  below  the  outer  cortex 
(PL  V,  figs.  21,  22,  and  24).  In  a  few  cases  the  cells  of  the  inner  cortex  were  filled 

with  closely  crowded  bodies  suggestive  of  chloroplasts  or  possibly  starch  (PL  VI, 
fig.  39).  The  inner  cortex  was  especially  liable  to  decay,  and  stems  are  often  found 
in  which  it  had  wholly  disappeared  while  the  stele  and.  outer  cortex  remained. 

That  the  inner-  cortex  in  the  aerial  stems  probably  constituted  the  assimilating TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  24).  112 
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tissue  while  the  outer  cortex  is  to  be  regarded  as  a  hypodermal  layer,  is  shown  not 

merely  by  the  characters  of  their  respective  cells,  but  by  their  relations  to  each 

other  in  the  neighbourhood  of  a  stoma.  This  is  seen  in  the  transverse  section  on 

PI.  VI,  fig.  34.  The  hypoderma,  which  in  this  case  was  clearly  marked  and  con- 
sisted of  two  layers  of  large  cells  (fig.  34,  o.c),  is  not  developed  beneath  the  stoma 

(st.),  but  the  inner  cortex  (i.e.)  here  extends  to  the  surface.  Thus  the  well- 

developed  system  of  intercellular  spaces  in  the  inner  cortex  was  placed  in  communi- 
cation with  the  external  atmosphere.  In  the  longitudinal  section  shown  in  fig.  37 

the  inner  cortex  had  disappeared,  but  the  interruption  in  the  hypoderma  beneath 

the  stoma  is  beautifully  shown.  This,  as  fig.  34  showed,  was  originally  filled  by 
cells  of  the  inner  cortex. 

While  there  is  no  doubt  as  to  the  hypodermal  nature  of  the  outer  cortex  in  the 

aerial  stems,  it  must  be  borne  in  mind  that  a  distinction  of  this  narrow  zone  of 

cells  from  the  inner  cortex  is  traceable  throughout  the  plant.  This  holds  even  for 

regions  which  there  is  no  reason  to  think  had  a  specialised  hypoderma  or  assimi- 
lating inner  tissue.  Thus  it  has  been  seen  in  the  rhizomes  (PI.  IV,  figs.  15  and  19), 

and  even  in  small  axes  without  a  stele  (PI.  X,  fig.  73). 

The  stem  shown  on  PI.  X,  fig.  74,  is  peculiar  in  having  one  sector  of  the 

transverse  section  composed  of  cells  of  larger  size.  This  applies  both  to  the 

hypoderma  and  the  inner  cortex. 

Stele. — The  stele  throughout  the  plant  is  composed  of  a  central  strand  of 
tracheides  surrounded  by  a  zone  of  phloem.  It  is  not  delimited  from  the  inner 

cortex  by  any  layers  which  can  be  interpreted  as  endodermis  or  pericycle.  The 

stele  exhibits  a  considerable  range  in  size,  partly  in  relation  to  the  region  of  the 

plant,  and  partly  in  relation  to  the  stoutness  of  the  individual  stems  (PL  V,  figs.  21- 

25  ;  PL  VII,  figs.  44-46).  Thus  the  stele  represented  in  PL  VII,  fig.  45,  is  a  fairly 
large  one,  and  has  a  strand  of  xylem  composed  of  numerous  tracheides  ;  while  that 

in  fig.  46,  which  belongs  to  the  slender  stem  represented  in  fig.  25,  had  only  two 
tracheides.  Slender  axes  are  also  met  with  in  which  no  vascular  tissues  have  been 

differentiated  (PL  VIII,  fig.  60  ;  PL  X,  fig.  73). 

The  phloem  in  transverse  section  (PL  VII,  figs.  41  and  44)  is  composed  of  thin- 

walled  elements,  four-  to  six-sided,  and  fitted  closely  together.  No  distinction  can 
be  made  between  the  various  elements  in  this  zone,  which  is  about  four  or  five 

cells  in  depth.  In  longitudinal  section  (PL  VII,  fig.  42)  the  elements  composing 

the  phloem  are  much  longer  than  the  cells  of  the  inner  cortex.  They  further  differ 

from  the  cortical  cells  in  their  end  walls  being  oblique  instead  of  transverse.  As 

comparison  of  figs.  42  and  43  will  show,  the  elements  forming  the  phloem  become 

shorter  and  less  characteristic  in  the  stele  of  the  more  slender  upper  region  of  the 

stem.  Although  sieve  plates  have  not  been  found,  the  position  of  this  zone,  its 

clear  appearance,  and  the  form  of  its  component  elements  seem  to  justify  its 

recognition  as  true  phloem. 



SHOWING  STRUCTURE,   FROM   THE   RHYNTE   CHERT  BED,   ABERDEENSHIRE.      771 

The  xylem  strand,  whether  composed  of  few  or  many  tracheides,  is  always  solid, 

no  parenchyma  being  mixed  with  the  tracheides.  No  distinction  between  proto- 
xylem  and  metaxylem  can  be  drawn,  all  the  tracheides  being  alike.  The  thickening 
of  the  tracheides  was  annular  (PI.  VII,  figs.  47  and  48).  It  had  the  form  of  rather 

broad  rings,  which  give  the  tracheides  the  appearance  of  being  transversely  barred. 

Occasionally  two  of  the  bars  converge  and,  uniting  at  one  end,  take  the  shape  of 

a  Y  or  V,  but  neither  definite  spiral  thickening  nor  the  passage  to  a  scalariform 

type  of  thickening  has  been  seen. 

Hemispherical  Projections. — In  PI.  Ill,  fig.  7,  a  number  of  the  definite  little 
bulges  which  occur  on  the  stems  are  seen  in  the  round.  Several  of  these  projections 
are  seen  in  the  transverse  section  of  a  stem  on  PI.  V,  fig.  27.  Their  structure  is 

illustrated  in  greater  detail  in  figs.  49-51  on  PI.  VII.  In  fig.  -49  a  small 
bulge  is  seen  from  the  outside  on  an  obliquely  viewed  epidermal  surface.  In 

this  view  the  surface  cells  of  the  projection  are  isodiametric.  They  fit  closely 

together  without  intercellular  spaces.  They  contrast  in  form  with  the  surrounding 

epidermal  cells  and  have  a  much  thinner  outer  wall  than  these,  but  we  have 

satisfied  ourselves  that  there  is  unbroken  continuity  between  the  two.  Two  bulges 

in  longitudinal  vertical  section  are  represented  in  figs.  50  and  51.  As  is  especially 

clearly  shown  in  fig.  51,  the  bulge  is  due  to  periclinal  division  in  the  epidermis 
and  outer  cortical  cells.  The  thick  outer  wall  and  the  cuticle  cease  to  be  marked 

over  the  projection ;  this  often  exhibits  a  brown  discoloration  of  its  outer  cells, 
which  are  sometimes  broken  down. 

Though  much  smaller,  these  projections  agree  in  their  relation  to  the  tissues 

with  the  large  bulges  on  the  rhizome  (PI.  Ill,  fig.  ll).  In  connection  with  this  it 

is  interesting  to  find  that  the  superficial  cells  of  some  of  the  small  projections 

grow  out  as  rhizoids  similar  to  those  on  the  rhizome.  Examples  of  these  rhizoid- 
bearing  projections  will  be  found  on  PI.  V,  figs.  25  and  29,  and  more  highly  magnified 

on  PI.  VIII,  figs.  52-54. 

Lateral  Branches. — Many  of  the  small  projections  were  the  seat  of  a  further 
development  of  considerable  interest,  adventitious  lateral  branches  being  produced 

from  them.  This  is  illustrated  in  figs.  55-61  on  PI.  VIII.  The  tissues  at  the  base 
of  the  branch  are  continuous  with  the  epidermis  and  outer  cortex  of  the  parent 

axis.  The  branch  in  fig.  57  has  its  own  vascular  strand,  but  this  does  not  exhibit 

any  connection  with  the  stele  of  the  parent  axis.  Such  transverse  sections  through 

the  main  axis  and  branch  did  not,  however,  exclude  the  possibility  that  the  stele 

of  the  branch  might  have  continued  obliquely  downwards  as  a  trace  through  the 

cortex  of  the  main  axis  to  join  with  the  stele  of  the  latter.  Where,  however,  as  in 

fig.  61,  we  see  the  bases  of  two  fairly  large  branches  in  a  longitudinal  section  that 

includes  the  stele  of  the  parent  axis  throughout,  and  there  is  no  indication  of  traces 

passing  out,  it  seems  safe  to  conclude  that  these  lateral  branches  had  no  vascular 
connection  with  the  main  axis. 
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In  fig.  55  several  small  bulges  are  present  around  the  stem,  only  one  of  which 

has  given  rise  to  a  branch.  The  branch  in  fig.  56  is  itself  branching.  These 

adventitious  branches  appear  to  have  arisen  from  all  regions  of  the  stem. 

The  particular  example  shown  in  fig.  58  is  from  a  stem  about  4  inches  above 

the  ground,  in  the  block  shown  on  PI.  II,  fig.  5. 

Some  of  the  branches  had  a  fairly  wide  base  of  attachment  (PI.  VIII,  figs.  56- 
59,  61),  while  others  widen  out  from  a  very  narrow  attachment  (fig.  60).  All 

intermediate  forms  are  found.  The  adventitious  branches  appear  to  have  been 

readily  detached.  In  fig.  55  this  separation  of  the  branch  has  almost  taken  place. 

Specimens  with  a  very  narrow  stalk-like  base  of  attachment  have  been  met  with 
free  in  the  peat,  a  good  example  being  shown  on  PL  X,  fig.  72.  This  branch  widens 

rapidly  but  has  not  developed  a  stele.  The  distribution  in  the  peat  of  such 

detached  branches  suggests  that  new  plants  started  from  them,  and  that  this  was 

an  important  method  of  vegetatively  propagating  the  plant. 

Doubtless,  as  the    branch  grew   on,  a  stele    was  differentiated  in  it,  but  small 

cylindrical  stems  of  various  diameters  without  any  indication  of  a  stele  have  been 

frequently  met  with   (PI.  X,  fig.  73).     Another  example  is  shown  in  fig.  60,  lying  ' 
beside  the  attached  branch,  which  itself  has  no  indication  of  a  stele. 

The  scar  left  by  the  separation  of  a  branch  often  became  the  seat  of  degenerative 

changes.  Its  position  is  then  marked  by  a  small  black  patch  of  dead  tissue.  The 

adjoining  cells  had  frequently  elongated  at  right  angles  to  this,  the  wound-reaction 
showing  that  the  separation  of  the  branch  had  occurred  during  the  life  of  the  plant. 

The  foregoing  description  of  the  vegetative  organs  of  Rhynia  Gwynne-Vaughani 

has  been  based  upon  the  best-preserved  specimens.  We  may  add  a  remark  on  some 
results  of  less  perfect  preservation  in  producing  a  different  structural  appearance, 

especially  in  the  region  of  the  stele.  The  fairly  large  stem  represented  in  PI.  X, 

fig.  75,  shows  the  commencement  of  the  decay  of  the  epidermis  and  of  the  inner 

cortex.  When  this  is  more  advanced  it  leads  to  the  complete  disappearance  of  the 

inner  cortex,  only  the  stele  and  the  thin  cylinder  of  the  outer  cortex  being  preserved. 

A  further  change  affecting  the  stele  has  been  observed  in  numerous  examples  of 

partially  decayed  stems  of  various  sizes.  It  is  illustrated  in  the  large  steles  shown 

in  figs.  76-78,  PI.  X.  The  markings  on  the  xylem  disappear,  while  dark  material  is 
deposited  throughout  the  stele  (fig.  76).  This  leads  to  a  dark  core  representing 

the  xylem  surrounded  by  a  dark  zone  in  the  position  of  the  phloem.  A  somewhat 

similar  condition  is  represented  in  fig.  77,  where,  however,  the  inner  portion  of  the 

phloem  has  broken  down,  leaving  a  clear  space  between  a  dark  central  mass  and  a 

surrounding  dark  ring.  In  fig.  78,  though  decay  is  less  advanced,  the  xylem  (x-) 

actually  appears  lighter  in  tint  than  the  phloem  (ph.),  and  has  lost  all  its  thickening, 

while  the  zone  of  phloem  appears  to  consist  of  elongated  and  very  dark  pointed 
elements. 

This  condition  of  preservation  will  be  referred  to  further  in  the  concluding  remarks. 
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Sporangium. 

The  aerial  stems  of  Rhynia  Gwynne-Vaughani  have  been  traced  for  at  least 

6  inches  from  the  surface  of  the  soil,  but  the  block  shown  in  PL  II,  fig.  5,  unfortu- 

nately did  not  contain  the'  terminal  portions  of  the  stems.  Both  dichotomous  and 
lateral  branching  were  occasionally  observed  in  the  upper  regions.  No  reproductive 

organs  have,  however,  been  seen  attached  to  these  stems,  though  presumably  they 

would  occur  on  the  higher  portions.  It  is  impossible  therefore  to  say  whether  the 

main  axis  terminated  in  a  sporangium  or  whether  sporangia  were  borne  on  special 

lateral  branches,  though,  judging  from  the  size  of  the  sporangium,  the  latter  sup- 

position appears  less  probable. 

A  number  of  specimens  of  sporangia  have,  however,  been  met  with  in  the  sub- 
stance of  the  silicified  peat  (PL  IX),  while  free  spores  were  disseminated  throughout 

the  matrix. 

It  might  have  been  inferred  with  reasonable  certainty  from  the  purity  of  the 

vegetation  that  these  sporangia  were  the  reproductive  organs  of  Rhynia.  The 

small  specimen  shown  in  figs.  63  and  63a  fortunately  places  the  matter  beyond 

doubt,  for  the  sporangium  is  here  borne  terminally  on  a  slender  axis  with  the 
characteristic  vascular  strand  and  tracheides  described  above. 

Another  and  larger  sporangium  was  cut  in  a  series  of  transverse  sections 

(slides  Nos.  2417-2422),  and  following  the  series  down,  the  basal  region  of  the 
sporangium  was  found  to  be  continuous  with  a  badly  preserved  but  characteristic 

axis  of  Rhynia  (cf.  PL  IX,  fig.  69). 

The  sporangium  attained  a  length  of  at  least  12  mm.  and  a  breadth  of  2 '5  mm., 

and  the  axis  it  terminated  was  about  1'5  mm.  in  diameter.  More  precise  measure- 
ments cannot  be  given,  as  the  sporangia  varied  considerably  in  size.  It  was 

cylindrical  in  form,  though  as  enclosed  in  the  peat  it  is  generally  slightly  flattened 

(figs.  64  and  65).  The  form  of  the  base  of  the  sporangium  and  its  junction  with 

the  stalk  is  best  shown  in  fig.  62.  The  apical  region  of  this  specimen  appears 

somewhat  more  rounded  than  was  actually  the  case,  owing  to  the  section  being 

slightly  tangential.     As  fig.  64  shows,  the  sporangium  was  more  pointed. 

In  several  cases  a  pair  of  sporangia  have  been  met  with  lying  side  by  side  in 

the  silicified  peat  (figs.  65,  69).  This  is  suggestive  of  a  possible  junction  of  their 

stalks,  but  proof  of  this  is  wanting. 

The  wall  of  the  sporangium  is  J  mm.  thick,  and  is  differentiated  into  several 

layers  (figs.  66-67).  In  fig.  66,  which  represents  more  highly  magnified  a  portion 
of  the  wall  of  the  sporangium  shown  in  fig.  65,  the  wall  is  seen  in  true  transverse 

section.  The  cells  of  the  epidermal  layer  are  narrow,  and  greatly  extended  at  right 

angles  to  the  surface.  They  have  thick-  walls,  and  are  covered  by  a  well-marked 

cuticle.  In  this  specimen  the  middle  layers  of  the  wall  had  wholly  decayed,  their 

position  being  represented  by  the  clear  space  which  separates  the  epidermal  layer 
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(ep.)  from  what  we  interpret  as  a  persistent  tapetal  layer  (taj).).  The  cells  of  the 

latter  appear  rounded,  have  thin  walls,  and  vary  in  size.  For  the  most  part  the 

tapetum  consists  of  a  single  layer  with  a  rather  irregular  surface  towards  the  cavity 

of  the  sporangium,  but  at  places  it  is  two  cells  thick. 

The  tissue  intervening  between  the  epidermis  and  the  tapetum  was  evidently 

more  delicate  and  is  not  well  preserved  in  any  of  our  specimens.  It  is  best  shown 

in  fig.  68,  PI.  IX,  and  consisted  of  a  considerable  number  of  layers  of  small,  thin- 
walled  cells. 

The  corresponding  layers  are  recognisable  in  the  sporangial  wall  when  cut 

longitudinally  (fig.  67).  The  tapetal  cells  were  seen  to  be  longer  than  broad. 

In  this  view  the  epidermal  cells  appear  almost  square.  This  difference  from 

their  appearance  in  transverse  sections  (fig.  66)  is  explained  by  the  actual  form  of 

these  cells  as  seen  from  the  outside,  being  narrowly  fusiform,  like  the  epidermis 

of  the  stem,  though  on  a  smaller  scale. 

The  thick-walled  epidermal  layer  appears  to  have  been  uniformly  continuous 
over  the  surface  of  the  sporangium.  No  satisfactory  indication  of  any  lines  of 

dehiscence  has  been  detected  in  any  of  the  sections,  though  specially  looked  for. 

The  sporangium  contained  an  enormous  number  of  spores.  In  some  cases  these 

were  still  united  in  tetrads  (PI.  X,  fig.  70),  each  spore  showing  a  convex  outer  wall 

and  a  three-sided  inner  face  where  it  adjoined  its  sister  cells.  In  other  sporangia 
the  spores  were  separate.  They  exhibit  some  variation  in  form  and  size  but  on  an 

average  measure  about  65  fi  in  diameter. 

The  spores  found  scattered  through  the  peat  (PL  X,  fig.  7l)  resemble  those  in 

the  sporangia,  but  had  increased  slightly  in  size.  Only  the  cuticularised  wall 

is  preserved.  One  of  the  spores  in  fig.  71  shows  the  triradiate  marking  on  its 
inner  face. 

No  stages  in  the  germination  of  the  spore  have  been  seen,  nor  has  the  gameto- 

phyte  been  found. 

Summary. 

1.  The  plants  grew  in  a  gregarious  fashion  in  a  peaty  soil  practically  composed 

of  the  decaying  remains  of  the. same  species.  This  land  surface  was  probably  in  the 

neighbourhood  of  water,  and  liable  to  periodic  inundations. 

2.  The  plant  had  no  roots  and  no  leaves.  It  was  entirely  composed  of  branched 

cylindrical  stems. 

3.  The  branched  underground  rhizomes  were  attached  to  the  peat  by  numerous 

rhizoids,  most  abundant  on  large,  downwardly  directed  bulges  of  the  outer  cortex. 

4.  Some  of  the  branches  grew  upwards  as  tapering  aerial  stems. 

5.  The  aerial  stems  bore  small  lateral  projections  irregularly  scattered  over 
the  surface. 

6.  Some  of  the  projections,  possibly  in  the  lower  region,  developed  rhizoids. 
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7.  Some  of  the  projections  at  various  levels  on  the  stem  gave  rise  to  adven- 
titious lateral  branches. 

8.  Some  of  the  lateral  branches,  attached  by  a  narrow  base,  were  readily 

detachable  and  probably  served  for  vegetative  propagation. 

9.  Dichotomous  branching  of  the  stem  occurred  sparingly. 
10-  In  the  rhizomes  and  stems,  epidermis,  outer  cortex,  inner  cortex,  and  stele 

can  be  distinguished. 
11.  The  epidermis  in  the  aerial  stems  had  a  thick  outer  wall  and  stomata  were 

sparingly  present. 
12.  The  cortex  consisted  of  a  narrow  outer  zone,  which  in  the  aerial  stems  had 

the  character  of  a  hypoderma,  and  a  broader  inner  cortex.  The  more  delicate  tissue 
of  the  inner  cortex  had  intercellular  spaces  and  was  in  relation  with  the  stomata.  It 

possibly  represented  the  assimilating  tissue. 

13.  The  vascular  system  consisted  throughout  of  a  simple  cylindrical  stele 

composed  of  a  slender  solid  strand  of  tracheides  with  broad  annular  thickenings 

and  no  distinction  of  protoxylem  and  metaxylem.  Surrounding  the  xylem  was  a 

zone  of  phloem  consisting  of  elongated  thin-walled  elements. 
14.  No  vascular  strands  were  given  off  to  the  small  projections  on  the  stem. 
15.  No  vascular  connection  existed  between  the  stele  of  a  lateral  branch  and  the 

stele  of  the  parent  axis. 

16.  In  the  dichotomous  branching  of  the  stem  the  stele  divided  to  supply  the 
two  branches. 

17.  The  plant  bore  large  cylindrical  sporangia.  The  sporangium  had  a  thick 

wall,  and  terminated  a  stout  stalk  which  corresponded  to  a  small  stem. 

18.  The  sporangium  contained  numerous  spores  which  were  all  of  one  kind. 

Concluding  Remarks. 

The  plant  which  has  been  described  (whatever  the  precise  age  of  the  Old  Red 

Sandstone  Beds  in  which  it  is  found  may  prove  to  be)  is  the  most  ancient  land  plant 

of  which  the  structure  is  at  all  fully  known.  By  a  fortunate  circumstance  of  its 

preservation  in  large  quantity  as  it  grew,  its  external  form,  structure,  and  sporangia 

are  known  almost  as  well  as  if  we  were  dealing  with  an  existing  species. 

It  will  be  evident  that  the  simplicity  of  the  general  organisation  and  of  the 

anatomy  of  Rhynia  has  important  bearings  on  the  origin  of  the  sporophyte  and  its 

differentiation  into  stem,  root,  and  leaf  in  the  Pteridophyta.  While  fully  alive  to 

the  interest  of  this,  we  do  not  propose  in  the  present  paper  to  consider  the  bearing 

of  the  new  facts  here  brought  forward  on  these  speculative  questions.  We  hope  to 
consider  them  later. 

In  attempting  to  indicate  the  position  of  Rhynia  Givynne-Vaughani  in  the 
vegetable  kingdom,  it  will  be  sufficient  to  briefly  compare  it  on  the  one  hand  with 
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the  existing  group  of  the  Psilotales,  and  on  the  other  hand  with  one  less  perfectly 

preserved  Devonian  plant,  Psilophyton  princeps,  Dawson.  Even  these  comparisons 

will  not  be  developed  fully  until  Asteroxylon  has  been  described  in  the  next  paper 
of  this  series. 

The  Psilotales,  with  the  two  existing  genera  Psilotum  and  Tmesipteris,  have 

always  presented  difficult  morphological  problems.  They  are  rootless,  the  under- 
ground parts  consisting  of  rhizomes  bearing  rhizoids.  The  leaves  are  small  and 

without  vascular  system  in  Psilotum,  larger  and  with  a  vascular  supply  in  Tmesi- 

pteris. Their  reproductive  organs  consist  of  bi-  or  tri-locular  synangia,  subtended 

by  a  pair  of  leaf-like  lobes.  This  fertile  structure  has  been  variously  interpreted  as 
a  bifid  sporophyll  subtending  an  adaxial  synangium  or  sporangiophore,  or  as  a  lateral 

branch  bearing  a  pair  of  leaves  and  terminating  in  a  synangium. 

The  Psilotacese  agree  with  Rhynia  and  differ  from  all  other  Pteridophyta  in  the 

absence  of  roots  and  (if  the  second  interpretation  be  accepted)  in  the  position  of 

the  synangia  terminating  a  short  branch.  There  is,  further,  a  striking  general 

agreement  between  Psilotum  and  Rhynia  in  the  plant  consisting  of  more  or  less 

delicate  subterranean  rhizomes,  bearing  a  system  of  xerophytic  stems,  and  in  the 

occurrence  of  both  dichotomous  and  lateral  branching.  We  also  find  in  the  rhizome 

or  in  the  ultimate  branches  of  Psilotum  a  parallel  to  the  simplicity  of  the  stele 

of  Rhynia. 

The  Psilotaceae  exhibit,  however,  some  important  points  of  difference  from 

Rhynia,  such  as  the  presence  of  leaves,  the  specialisation  of  the  fertile  branches 

or  sporophylls,  the  more  complicated  anatomy,  the  synangia,  and  the  shape  of  the 

spores. 
The  comparison  will  not  be  carried  further  at  present,  but  it  may  be  noted  in 

passing  that  it  would  lead  us  to  regard  the  Psilotacese  as  having  preserved  many 

primitive  characters  and  not  as  reduced.  On  this  view  the  Psilotaceee  would  be  the 

little  modified  survivors  in  the  existing  flora  of  a  type  of  plant  that  existed  in  early 

geological  times,  the  most  fully  known  example  of  which  is  now  Rhynia  Givynne- 
Vaughani.  It  does  not,  however,  follow  that  a  direct  line  of  descent  is  to  be  drawn 

between  Rhynia  and  the  Psilotacese  as  we  know  them:* 
With  regard  to  the  comparison  of  Rhynia  with  extinct  plants,  it  is  only  necessary 

at  present  to  consider  Psilophyton  princeps,  Dawson,  including  under  this  the 

variety  ornatum,  which  probably  merely  represents  the  lower  portions  of  the 

stems.  We  take  the  description  of  this  species  as  given  by  Dawson  in  the  "  Fossil 

Plants  of  the  Devonian  and  Upper  Silurian  Formations  of  Canada,"  t  though  the 
plant  has  been  described  by  him  in  several  of  his  other  works.     The  main  characters 

*  The  primitive  nature  of  the  general  organisation  of  the  Psilotacew  is  clearly  held  on  other  grounds  by  C.  Eg. 

Bertrand  in  his  Recherches  sur  les  Tmesipteride'es,  Lille,  1883,  pp.  313-316;  and  by  Lignier  in  his  "  Equise tales 
ct,  Sphenophyllales  leur  origine  filicineenne  comnmne,"  p.  95,  Bull.  Soc.  Linn,  de  Normandie,  5e  ser.,  vol.  vii,  1903, 
]>.  93,  Caen. 

t  Geological  Survey  Canada,  Montreal,  1871. 

I 
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of  Psilophyton  princeps,  as  we  understand  it,  are  shown  on  pi.  ix,  figs.  97-110; 

pi.  x,  figs.  112-114,  118-120;  pi.  xi,  figs.  127,  128,  133a,  b,  c,  and  134,  134a,  b,  c 

of  the  memoir  cited  above.* 

Psilophyton  princeps  as  thus  limited  t  consisted  of  upright  stems  which 

frequently  dichotomised,  the  weaker  branches  often  appearing  as  if  borne  laterally. 

The  stouter  stems  bore  numerous  spiny  outgrowths  but  no  definite  leaves.  The 

growing  regions  of  the  stem  were  circihately  coiled.  The  stems  were  marked  by 

longitudinal  ridges.  The  finer  branches  appear  to  have  been  destitute  of  spines. 

They  dichotomised  repeatedly,  and  their  ultimate  branches  terminated  in  oval 

sporangia  which  were  borne  singly  or  in  pairs. 

The  material  of  Psilophyton  princeps  is  mainly  in  the  form  of  impressions. 

Dawson  has,  however,  figured  a  few  specimens  in  which  the  structure  was  imperfectly 

preserved,}  and  has  based  a  reconstruction  §  on  such  remains.  The  most  interesting 

of  these  is  the  axis  given  natural  size  in  his  fig.  133c,  and  magnified  in  fig.  134. 

This  had  a  wide  cortex  and  a  single  central  cylinder.  Little  of  the  structure  of  the 

cortex  was  preserved,  but  the  central  cylinder  is  figured  and  described  ||  as  consisting 

of  "  an  axis  of  scalariform  vessels  surrounded  by  a  cylinder  of  parenchymatous  cells 

and  by  an  outer  cylinder  of  elongated  woody  cells."  Dawson's  figures  are  of  such 
interest  that  they  are  reproduced  in  the  accompanying  text-figs.  1  and  2,  together 
with  his  description  of  the  figures. 

The  description  of  the  central  bundle  of  Psilophyton  princeps  as  composed  of 

"scalariform  vessels"  surrounded  by  "woody  fibres"  is  at  first  sight  difficult  to 
understand,  but  seems  to  become  intelligible  in  the  light  of  the  imperfectly  preserved 

examples  of  Rhynia  described  above  on  page  772. 

While  we  have  not  seen  Dawson's  original  specimens,  we  venture  to  interpret 
his  published  figures  as  exhibiting  a  stem  with  a  stele  consisting  of  a  solid  strand 

of  tracheides  surrounded  by  a  zone  of  phloem  which  had  become  partially  decayed 

and  discoloured  much  as  in  the  specimens  of  Rhynia  shown  in  our  PL  X, 

figs.  76-78.  In  particular,  Dawson's  fig.  134  (see  text-fig.  2)  may  be  compared 
with  our  fig.  77,  and  his  reconstructed  fig.  127  (see  text-fig.  l)  with  our  fig.  78. 

Dawson's  fig.  134a  suggests  that  the  tracheides  in  his  specimens  were  annular rather  than  scalariform. 

What  Dawson  speaks  of  as  "  the  outer  fibrous  cylinder  "  or  "  bark  fibres  "  would 

correspond  to  the  persistent  outer  cortex  of  Rhynia.  The  "  cellular  cylinder  "  in 
text-fig.  1  would  correspond  to  the  inner  cortex ;  this  has  almost  completely  dis- 

*  It  will  be  observed  that  we  exclude  from  Psilophyton  -princeps  Dawson's  figures  of  "  rhizomes,"  pi.  x,  figs.  Ill, 
115,  116,  and  117.  We  also  exclude  at  present  from  Psilophyton  all  the  other  species  which  have  been  referred  to  it 
by  Dawson  and  other  writers,  as  they  do  not  seem  to  show  the  characters  necessary  for  their  definite  reference 
to  this  genus. 

f  The  course  we  adopt  is  in  general  agreement  with  the  views  of  Solm-Laubach,  Fossil  Botany,  pp.  189-192, 

and  more  recently  of  P.  Bertrand  in  "  Note  preliminaire  sur  les  Psiloxmytons  des  gres  de  Matringhen,"  Ann.  Soc. 
ge'ol.  du  Nord,  yol.  xlii,  p.  157,  1913. 

|  L.c,  pi.  xi,  figs.  133  and  134.  §  L.c,  pi.  xi,  fig.  127.  ||  i.e.,  p.  37. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  III  (NO.  24).  113 
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Text-fig.  1. — Psilophyton  princeps,  Dawson. 

"Restored  section  of  magnified  stem,  showing  (a)  scalarifomi  axis,  (6)  woody  cylinder, 
(c)  cellular  cylinder,  (d)  outer  fibrous  cylinder."    (Dawson,  I.e.,  p.  90,  pi.  xi,  lig.  127  ) 

The  letters  placed  below  the  figure  indicate  our  int  -^rotation  of  Dawson's  reconstruction. 
o.c,  outer  cortex  ;  i.e.,  inner  cortex  ;  ph.,  phloem  ;  x. ,  xyle 

/33^ 

/31+": 

I    if** 
/3U-~k 

/3U-^. 

Text-fig.  2. — Psilophyton  princeps,  Dawson. 

"  Fig.  133. — Rhizoma,  transverse  sections  showing  axis.     Natural  size. 
"  Fig.  134. — The  same  magnified.     134a,  scalariform  tissue  ;  1346,  woody  fibres  ;  134c,  bark 

fibres.     100  diams." 
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appeared  in  text-fig.  2.  The  "woody  cylinder"  or  "woody  fibres"  (b  in  text-figs. 

1  and  2)  would  correspond  to  the  phloem  of  Rhynia,  while  the  "  scalariform  axis" 
{a,  text-figs.  1  and  2)  is  the  equivalent  of  the  central  strand  of  xylem.  To  make  this 

interpretation  clear,  we  have  added  letters  below  text-fig.  1  corresponding  to  the 

lettering  used  throughout  our  plates.  This  text-figure  may  further  be  compared 
with  the  longitudinal  sections  shown  in  figs.  26,  42,  and  59  of  this  paper. 

If  this  interpretation  be  correct,  there  would  be  a  substantial  agreement  in 

structure  between  Psilophyton  princeps  arid  Rhynia  Gwynne-Vaughani.  The  two 
plants  further  agree  in  bearing  large  oval  sporangia  on  the  ends  of  ultimate  branches 

of  the  stem.  Psilophyton  princeps  differs  from  Rhynia,  however,  in  the  presence  of 

spines,  in.  the  more  profuse  dichotomous  branching,  in  the  subordination  of  some  of 

the  branches  to  a  sympodial  main  axis,  and  in  the  absence,  so  far  as  we  know,  of 
lateral  adventitious  branches. 

On  these  grounds  we  regard  Psilophyton  as  exhibiting  characters  which  ally  it 

with  the  more  fully  known  Rhynia,  and  separate  these  two  genera  from  all  other 

vascular  plants.  The  differences  b- 'tween  Rhynia  and  Psilophyton,  however,  warrant 
their  being  treated  as  distinct  genera. 

It  will  be  clear  that  Rhynia  and  Psilophyton  belong  to  the  Vascular  Cryptogams 

or  Pteridophyta,  but  they  ca  not  be  placed  in  any  of  the  Classes  of  this  great  group 

as  at  present  known  and  defined.  These  Classes  are  the  Filicales,  Equisetales, 

S j>li enophyllales ,  Psilotales,  and  Lycopodiales. 

It  is  therefore  necessary  to  recognise  another  group  of  Pteridophyta,  of  equivalent 

value  to  those  mentioned,  to  include  Rhynia  Givynne-Vaughani  and  certain  of  the 
specimens  described  under  the  name  of  Psilophyton  princeps.  This  Class  is 

characterised  by  the  sporangia  being  borne  at  the  ends  of  certain  branches  of  the 

stem  without  any  relation  to  leaves  or  leaf  like  organs.  For  this  Class  we  propose 

the  name  Psilophy tales.  This  name  is  derived  from  that  of  the  earlier  described 

though  less  perfectly  known  genus  Psilophyton,  and  further  suggests  the  resemblance 

between  the  plants  of  this  class  and  the  existing  Psilotales.  Whether  the  other 

characters  in  which  Rhynia  and  Psilophyton  seem  to  agree  will  prove  to  be  common 

characters  of  the  whole  group,  must  be  left  open  for  the  present,  but  they  are  not 
essential  for  its  definition. 
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Classification  and  Diagnosis. 

Psilophytales  :  A  Class  of  Pteridophyta  characterised  by  the  sporangia 

being  borne  at  the  ends  of  certain  branches  of  the  stem  without  any 

relation  to  leaves  or  leaf-like  organs. 

Rhynia  Givynne-Vaughani,  Kidston  and  Lang,  n.g.  and  n.  sp. 
Psilophyton  princeps,  Dawson  (pars). 

"Fossil  Plants  of  the  Devonian  and  Upper  Silurian  Formation  of  Canada,"  Geol.  Survey  Canada,  1871, 
p.  37,  pi.  ix,  figs.  97-110;  pi.  x,  figs.  112-114,  118-120;  pi.  xi,  figs.  127,  128,  133,  134. 

Rhynia,  Kidston  and  Lang,  n.g. 

Diagnosis. — Aerial  stems  without  leaves  or  spines  but  bearing  small  protuber- 
ances ;  sporangium  large,  cylindrical,  terminal  on  ultimate  branches. 

Rhynia  Gwynne-Vaughani,  Kidston  and  Lang,  n.  sp. 

Diagnosis. — Plant  gregarious,  rootless  and  leafless.  Underground  rhizomes  with 
rhizoids,  generally  situated  on  large,  downwardly  directed  protuberances  of  the 

cortex.  Aerial  stems  cylindrical,  tapering  upwards,  about  8  inches  in  height, 

bearing  small  hemispherical  protuberances.  Stems  sparingly  dichotomous  and  also 

bearing  lateral  adventitious  branches. 

Sporangium  large,  cylindrical,  and  terminating  an  aerial  stem.  Sporangial  wall 

thick,  of  many  layers  of  cells.  Homosporous,  spores  developed  in  tetrads  about  65  fi 
in  diameter. 

Stele  throughout  the  plant  small,  cylindrical,  consisting  of  a  solid  strand  of 

annular  tracheides,  surrounded  by  a  zone  of  thin-walled  phloem.  Cortex  consisting 
of  an  inner  and  outer  zone.  Epidermis  of  aerial  stems  with  cuticularised  outer  wall 
and  stomata. 

Locality. — Muir  of  Rhynie,  Aberdeenshire. 

Horizon. — Old  Red  Sandstone  (not  younger  than  the  Middle  Division  of  the 
Old  Red  Sandstone  of  Scotland). 

In  conclusion,  we  wish  to  express  our  thanks  to  Dr  W.  Mackie,  Elgin,  for 

placing  his  slides  in  our  hands  for  description  as  well  as  supplying  us  with  material ; 

to  Dr  J.  S.  Flett,  F.R.S.,  Director  of  the  Geological  Survey  of  Scotland,  for  kind 

assistance  ;  and  to  Mr  D.  Tait  for  much  help  given  when  examining  the  chert  band 

at  Rhynie. 

We  also  gratefully  acknowledge  our  indebtedness  to  the  Executive  Committee 

of  the  Carnegie  Trust  for  a  grant  towards  defraying  the  expense  of  the  plates 

illustrating  this  memoir. 
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EXPLANATION   OF  PLATES. 

(All  the  figures  are  from  untouched  photographs.) 

Rhynia  Gwynne-Vaughani,  Kidston  and  Lang. 

Plate  I. 

Fi".  1.  Vertical  surface  of  a  block  from  the  chert  band  (E  10  of  section  on  page  762),  etched  with 

hydrofluoric  acid  to  render  the  plant-remains  more  distinct.  The  dark  layers  s,  s  and  s,  s  are  silicious 
sandstone  with  carbonaceous  matter.  From  s,  s  to  the  base  of  the  block  and  between  s,  s  and  s,  s  are  two 

layers  of  the  silicified  peat  (P  1,  P  2)  composed  of  the  remains  of  Rhynia  Gwynne-Vaughani.  The  structure 
of  some  of  the  larger  stems  is  clearly  shown,  especially  in  the  lower  layer  of  peat.     Natural  size.    (No.  5282.) 

Plate  II. 

Fi<*.  2.  Portion  of  the  vertical  surface  of  a  block  of  the  Rhynie  chert  which  had  been  weathered 

naturally.  The  rounded  stems  of  Rhynia  stand  in  low  relief  from  the  surface.  Up  to  the  level  a-a, 
which  marks  an  original  land  surface,  the  stems  lie  horizontally  in  the  silicified  peat,  but  above  this  level 

they  are  seen  to  become  vertical.     Natural  size. 
Fi<*.  3.  Portion  of  the  horizontal  surface  of  another  block  of  the  Rhynie  chert  showing  the  crowded 

stems  of  Rhynia  flattened  down  and  compressed.     Natural  size.     (No.  5283.) 

Fi<*.  4.  A  small  portion  of  fig.  3  enlarged.  At  a  and  at  other  places  the  narrow  ribbon-shaped  com- 
pressed stems  show  a  raised  median  line  marking  the  position  of  the  stele.      x  2.     (No.  5283.) 

Fig.  5.  A  loose  block  of  the  Rhynie  chert,  etched  with  hydrofluoric  acid  and  viewed  from  the  side.  The 

lower  portion  up  to  the  level  of  the  old  land  surface  a,  a  shows  remains  of  Rhynia  lying  in  all  directions 
in  the  silicified  peat.  From  this  level  to  the  summit  of  the  block  the  tapering  aerial  stems  can  be  followed 

bending  over  to  the  right.     Natural  size. 

Plate  III. 

Fig.  6.  Small  stem  exposed  on  a  fractured  surface  of  the  chert  showing  the  rounded  form  of  the  stem 

and  the  epidermal  cells  which  in  this  case  have  no  median  line.      x  14.     (No.  5286.) 

Fig.  7.  Similar  specimen  showing  a  number  of  the  small  projections  or  bulges.  The  epidermal  cells 

in  this  and  the  following  figure  have  the  median  ridge.      x  14.     (No.  5284.) 

Fig.  8.  Hollow  impression  from  which  the  stem  has  been  removed  showing  the  epidermis  and  three  of 

the  small  projections,      x  14.     (No.  5285.) 

Fig.  9.  Portion  of  a  vertical  section  through  the  peat.  The  stems  in  the  lower  part  are  more 

compressed  and  decayed,  while  those  above  are  uncompressed  and  separated  more  widely  by  interstitial 

matter,      x  5£.     (Slide  No.  2410.) 

Fig.  10.  Portion  of  a  similar  vertical  section  through  the  silicified  peat  showing  still  more  marked 

decay  and  crushing  of  the  stems  at  a  and  b.      x  5|-.     (Slide  No.  2388.) 
Figs.  11-12.   Enlargements  of  portions  of  fig.  13,  PI.  IV.     For  description  see  explanation  to  fig.  13. 

Plate  IV. 

Fig.  13.  Portion  of  section  through  peat  composed  of  much  decayed  stems  in  which  three  rhizomes  are 

shown  in  their  natural  position.  On  the  downwardly  directed  sides  of  all  the  rhizomes  the  epidermis 

and  outer  cortex  show  increased  development,  which  in  the  case  of  the  longitudinal  section  is  seen  to  have 

resulted  in  the  formation  of  two  definite  rhizoid-bearing  bulges,  a  and  b.  A  portion  of  the  bulge  a  is  more 
highly  magnified  in  fig.  11,  PI.  Ill,  and  of  the  bulge  b  in  fig.  12.  These  figures,  and  especially  fig.  11,  show 
the  origin  of  the  bulge  by  increased  growth  and  division  of  cells  of  the  epidermis  and  outer  cortex. 

o.c,  outer  cortex;  i.e.,  inner  cortex.     Fig.  13,   x  14.     Figs.  11-12,   x  60.     (Slide  No.  2412.) 
Fig.  14.  Transverse  section  of  a  rhizome  attached  to  the  peat  by  rhizoids  (rh.),  and  sending  up  an  aerial 

stem.     Close  to  the  base  of  the  latter  at  st.  a  stoma  was  recognised.      x  20.     (Slide  No.  2396.) 

Fig.  15.  Small  rhizome  preparing  to  branch,  the  xylem  of  the  stele  having  divided.  x  20.  (Slide 
No.  2396.) 



782     DR    R.    KIDSTON    AND   PROF.    W.    H.   LANG   ON   OLD   RED   SANDSTONE  PLANTS 

Fig.  16.  Tangential  section  showing  the  isodiametric  epidermal  cells  of  a  rhizome  in  surface  view. 

/•A.,  rhizoids.      x  60.     (Slide  No.  2396.) 
Fig.  17.  Two  rhizomes  in  the  peat  in  transverse  section.  Further  description  in  text.  x  14.  (Slide 

No.  2396.) 

Fig.  18.  Section  through  a  rhizoid-bearing  bulge  of  another  rhizome  showing  the  long  non-septate 
rhizoids  extending  downward  into  the  peat,     rh.,  rhizoids.      x  28.     (Slide  No.  2411.) 

Fig.  19.  Transverse  section  of  rhizome.  <  60.  ep.,  epidermis;  o.c,  outer  cortex;  i.e.,  inner  cortex ; 

/>li..,  phloem ;  x.,  xylem.     (Slide  No.  2396.) 

Plate  V. 

Fig.  20.  Section  through  chert  showing  cylindrical  aerial  stems  in  an  almost  pure  silicious  matrix  free 

from  foreign  vegetable  matter.      x  9.     (Slide  No.  2408.) 

Figs.  21-25.  Transverse  sections  of  aerial  stems  of  different  diameters.  x  20.  The  various  regions  of 
the  stem  distinguished  by  lettering  in  figs.  21  and  23  can  also  be  recognised  in  the  other  figures,  ep., 

epidermis;  o.c,  outer  cortex;  i.e.,  inner  cortex;  ph.,  phloem;  x.,  xylem.  Fig.  21  (Slide  No.  2398).  Fig.  22 
(Slide  No.  2398).     Fig.  23  (Slide  No.  2397).     Fig.  24  (Slide  No.  2399).     Fig.  25  (Slide  No.  2416). 

Fig.  26.  Portion  of  a  longitudinal  section  of  an  aerial  stem.  ep.,  epidermis;  o.c,  outer  cortex; 

i.e.,  inner  cortex;    ph.,  phloem;  x.,  xylem;   pr.,  small  projection.      x  20.     (Slide  No.   2390.) 

Fig.  27.  Transverse  section  of  an  aerial  stem  showing  three  projections.  pr.,  projections.  x  20. 

(Slide  No.  2406.) 

Figs.  28-29.  Transverse  sections  of  two  stems  showing  small  projections  bearing  rhizoids.  pr.,  pro- 
jections ;  rh.,  rhizoids.      x  20.     (Slide  No.  2389.) 

Fig.  30.  Transverse  section  of  an  aerial  stem  showing  the  stele  dividing  preparatory  to  dichotomous 

branching.      x  20.     (Slide  No.  2392.) 

Plate  VI. 

Fig.  31.  Epidermis  in  surface  view  showing  the  form  of  the  cells  and  the  dark  median  line.  x  60. 

(Slide  No.  2390.) 

Fig.  32.  Stoma  with  surrounding  epidermal  cells  in  surface  view;  median  line  absent.  Of.  fig.  31. 

x  160.     (Slide  No.  2394.) 

Fig.  33.  Stoma  in  transverse  section  showing  the  two  guard  cells  and  the  pore.  x  160.  (Slide 
No.  2408.) 

Fig.  34.  Transverse  section  of  the  epidermis  and  the  underlying  tissues  in  the  neighbourhood  of  a 

stoma,  st.,  stoma;  ep.,  epidermis;  o.c,  outer  cortex  interrupted  beneath  stoma;  i.e.,  inner  cortex  extending 

outwards  to  beneath  stoma.      x  160.     (Slide  No.  2405.) 

Fig.  35.  Epidermis  and  underlying  tissues  in  two  adjacent  stems.  .  ep.,  epidermis ;  o.c,  outer  cortex ; 

i.e.,  inner  cortex.      x  60.     (Slide  No.  2405.) 

Fig.  35.  Transverse  section  showing  the  cuticular  ridges  of  the  epidermal  cells.  Cf.  fig.  31.  x  60. 

(Slide  No.  2389.) 

Fig.  37.  Longitudinal  section  through  the  epidermis  and  outer  cortex  in  the  region  of  a  stoma  (st.).  The 

inner  cortex  which  filled  the  interruption  in  the  outer  cortex  has  decayed,      x  60.     (Slide  No.  2395.) 

Fig.  38.  Transverse  section  showing  the  rounded  cells  and  intercellular  spaces  of  the  inner  cortex. 

x60.     (Slide  No.  2398.) 

Fig.  39.  Transverse  section  of  inner  cortex  showing  the  cell  contents  partially  preserved.  x  160. 

(Slide  No.  2395.) 

Fig.  40.  Transverse  section  of  an  aerial  stem,  ep.,  epidermis  ;  o.c,  outer  cortex,  not  well  marked  ;  i.e., 

inner  cortex  with  large  intercellular  spaces ;  ph.,  phloem  ;  x.,  xylem.      x  60.     (Slide  No.  2397.) 

Plate  VII. 

Fig.  41-  Transverse  section  of  stem  with  well-marked  stele,  ph.,  phloem;  x.,  xylem.  x  60.  (Slide 
No.  2392.) 

Fig.  42.  Portion  of  longitudinal  section  of  stem  shown  in  fig.  26  more  highly  magnified,  ep.,  epidermis  ; 

o.c,  outer  cortex  ;  i.e.,  inner  cortex  ;  ph.,  phloem  ;  x.,  xylem.      x  60.     (Slide  No.  2390.) 
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Fig.  43.  Longitudiual  section  of  stele  of  the  upper  region  of  an  aerial  stem,  i.e.,  inner  cortex ;  ph., 

phloem  ;  x.,  xylem.      x  60.     (Slide  No.  2415.) 

Fig.  44.  Transverse  section  of  small  stele  to  show  the  phloem.  ph.,  phloem;  *.,  xylem.  x  160- 
(Slide  No.  2391.) 

Fig.  45.  Transverse  section  of  xylem  of  stele  represented  in  fig.  41.     ph.,  phloem;  x.,  xylem.      >  160. 
(Slide  No.  2391.) 

Fig.  46.  Transverse  section  of  the  stele  of  the  small  stem  shown  in  fig.  25.  i.e.,  inner  cortex;  ph., 

phloem ;  x.,  xylem  consisting  of  two  tracheides.      x  160.      (Slide  No.  2416.) 
Fi"s.  47  and  48.  Longitudinal  sections  of  the  xylem  showing  the  broad  annular  thickening  of  the  walls 

of  the°tracheides.      x  250.     Fig.  47  (Slide  No.  2403).     Fig.  48  (Slide  No.  2400). 
Fig.  49.  Part  of  an  oblique  section  of  an  aerial  stem  showing  the  epidermis  (ep.)  in  surface  view,  and 

also  a  surface  view  of  one  of  the  small  projections  (pr.).      x  60.     (Slide  No.  2390.) 

Figs.  50  and  51.  Two  longitudinal  sections  passing  through  small  projections,  ep.,  epidermis;  o.c,  outer 

cortex;  i.e.,  inner  cortex,      x  60.     Fig.  50  (Slide  No.  2390).     Fig.  51  (Slide  No.  2415). 
c 

Platk  VIII. 

Figs.  52,  53,  and  54.  Examples  of  small  projections  (pr.)  bearing  rhizoids  (rh.)  shown  in  transverse 

sections  of  stems.     Figs.  52-53,   x  60.     Fig.  54,   x  160.     (Slide  No.  2389.) 
Fig.  55.  Transverse  section  of  a  stem  showing  two  projections  (pr.)  and  a  partially  separated  branch  (t>r.) 

which  is  leaving  a  scar  (sc).      x  60.     (Slide  No.  2413.) 

Fig.  56.  Obliquely  transverse  section  of  a  stem  bearing  a  lateral  branch  (br.)  attached  by  a  fairly  broad 

base.  The  adventitious  branch  appears  to  be  itself  branching,  x.,  xylem  of  parent  stem ;  x '.,  xylem  of 
branch,      x  20.     (Slide  No.  2409.) 

Fig.  57.  Transverse  section  of  stem  with  an  adventitious  branch  (br.)  attached  by  a  fairly  narrow  base. 

x.,  xylem  of  parent  stem ;  x '.,  xylem  of  branch.      x  20.     (Slide  No.  2402.) 
Fig.  58.  Longitudinal  section  from  the  higher  region  of  the  stem  showing  on  the  right  a  branch  (br.) 

with  a  fairly  wide  base,  while  on  the  left  the  base  of  another  branch  is  cut  obliquely.  x  20.  (Slide 

No.  2414.) 

Fig.  59.  Longitudinal  section,  becoming  oblique  on  the  left,  of  a  stem  with  well-marked  tissues.  The 
branch  (br.)  is  attached  by  a  broad  base,  ep.,  epidermis;  o.e.,  outer  cortex;  i.e.,  inner  cortex;  ph.,  phloem; 

.<-.,  xylem  of  parent  stem;  x'.,  xylem  of  branch.      x  20.     (Slide  No.  2401.) 
Fig.  60.  Transverse  section  of  a  stem  with  a  small  projection  (pr.)  and  a  branch  (br.)  attached  by  a  very 

narrow  base.  The  branch  has  no  stele,  and  a  transverse  section  of  another  small  axis  without  a  stele  lies 

beside  it.      x  60.     (Slide  No.  24.13.) 

Fig.  61.  Median  longitudinal  section  of  a  stem  showing  at  br.  and  br2.  the  bases  of  two  lateral 
branches.  No  vascular  connection  exists  between  these  and  the  parent  axis,  x.,  xylem  of  parent  axis; 

x.,  xylem  of  one  of  the  branches.      x  20.     (Slide  No.  2404.) 

Plate  IX. 

Fig.  62.  Slightly  tangential  longitudinal  section  of  a  sporangium  terminating  a  fairly  stout  stem.  The 

sporangium,  which  is  filled  with  an  enormous  number  of  spores,  is  lying  in  the  peat.  x  5£.  (Slide 
No.  2393.) 

Fig.  63.  Small  empty  sporangium  (sp.)  borne  on  a  slender  stem  (ax.)  and  lying  in  the  peat.  x  5|. 
(Slide  No.  2392.) 

Fig.  63a.  The  sporangium  shown  in  fig.  63  more  highly  magnified,  ep.,  thick-walled  epidermis ;  tap., 
tapetal  layer;  x.,  xylem  of  axis;  a,  accidentally  contracted  junction  of  axis  and  base  of  sporangium.  x  20. 
(Slide  No.  2392.) 

Fig.  64.   Longitudinal  section  of  another  sporangium  showing  the  pointed  apex,      x  7.    (Slide  No.  2396.) 

Fig.  65.  Two  sporangia  (s.  and  s'.)  cut  transversely  as  they  lay  side  by  side  in  the  peat.  x  14.  (Slide 
No.  2411.) 

Fig.  66.  Portion  of  the  sporangium  &.  in  fig.  65  more  highly  magnified,  ep.,  thick-walled  epidermis ; 
m.l.,  decayed  middle  layers  of  wall;  tap.,  tapetum ;  sp.,  spores.      x  60.     (Slide  No.  2411.) 
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Fig.  67.  Portion  of  the  wall  of  the  sporangium  in  fig.  62  more  highly  magnified.  ep.,  thick-walled 
epidermis;  m.l.,  decayed  middle  layers  of  wall;  tap.,  tapetum  ;  sp.,  spores.      x  60.     (Slide  No.  2393.) 

Fig.  68.  Transverse  section  of  another  sporangium,  ep.,  thick-walled  epidermis ;  m.l.,  middle  layers  of 
wall;  tap.,  tapetum;  sp.,  spores.      x  14.     (Slide  No.  2395.) 

Fig.  69.  Section  through  the  silicified  peat  passing  transversely  a  sporangium  (s.)  and  an  axis  which 

bore  another  sporangium.  The  axis  is  shrivelled  and  altered,  but  in  a  manner  characteristic  of  Rhynia. 

c,  cortex  of  axis;  v.s.,  vascular  strand.      x  11.     (Slide  No.  2421.) 

Plate  X. 

Fig.  70.  Spores,  some  still  united  in  tetrads,  from  the  sporangium  shown  in  fig-  68.  ̂   160.  (Slide 
No.  2395.) 

Fig.  71.  Spores  free  in  the  silicified  peat,  one  showing  the  triradiate  marking.  x  160.  (Slide 
No.  2395.) 

Fig.  72.  Adventitious  branch  widening  out  from  very  narrow  base  and  occurring  free  in  the  silicified 

peat.  °  x  33.     (Slide  No.  2406.) Fig.  73.  Transverse  section  of  small  stem  without  any  stele.      x  60.     (Slide  No.  2391.) 
Fi".  74.  Transverse  section  of  stem,  the  cortical  cells  of  which  are  of  larger  size  in  one  sector  than 

elsewhere,      x  20.     (Slide  No.  2392.) 
Fie.  75.  Transverse  section  of  large  stem  showing  commencing  decay  of  the  inner  and  persistence  of  the 

outer  cortex,      x  20.     (Slide  No.  2387.) 
Fig!  76.  Transverse  section  of  a  partially  decayed  stem,  ox.,  remains  of  outer  cortex  ;  ph.,  phloem  ; 

x.  xylem.     The  space  marked  i.e.  was  originally  occupied  by  inner  cortex.      x  60.     (Slide  No.  2393.) 
Fi".  77.  Transverse  section  of  a  similar  stem  to  that  in  fig.  76,  but  with  the  inner  portion  of  the  phloem 

broken  down.     Lettering  as  in  fig.  76.      x  60.     (Slide  No.  2393.) 

Fi».  78.  Longitudinal  section  of  the  stele  of  a  partially  decayed  stem ;  the  xylem  (x.)  has  lost  its 

thickenings,  while  the  phloem  (ph.)  has  assumed  a  dark  colour.      x  60.     (Slide  No.  2395.) 

(All  the  figured  specimens  are  in  the  collection  of  Dr  R.  Kidston.) 
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XXV. — The  Prothallus  of  Tmesipteris  Tannensis.     By  Professor  A.  Anstruther 
Lawson,  D.Sc,  F.L.S.     (With  Three  Plates.) 

(MS.  received  May  9,  1916.     Read  June  4,  1916.     Issued  separately  April  21,  1917.) 

The  Psilotacese  constitute  one  of  the  most  interesting  of  existing  Pteridophyte 

groups.  This  interest  is  mainly  due  to  their  phylogenetic  isolation.  They  are  perhaps 

the  most  isolated  of  existing  types — showing  no  close  affinity  to  other  Pteridophytes. 
They  are  very  highly  specialised  in  their  anatomy,  habit,  and  habitat,  and  limited  to 

a  comparatively  narrow  geographical  distribution.  They  include  two  probably 

monotypic  genera — Tmesipteris  and  Psilotum — which  are  closely  related.  Although 

both  genera  are  limited  to  the  tropics  and  sub-tropics,  Psilotum  has  a  much  wider 
distribution  than  Tmesipteris.  The  latter  is  confined  to  the  South  Sea  Islands, 

Australia,  New  Zealand,  and  parts  of  Polynesia.  Up  till  recent  years  they  have 

been  classed  with  the  Lycopodiales,  but  this  has  been  more  a  matter  of  convenience 

than  an  indication  of  close  relationship,  and  has  only  served  as  a  temporary  classification 

until  more  knowledge  has  been  obtained  regarding  them.  The  peculiar  nature  of 

these  plants,  as  shown  in  their  structure  and  in  their  habitat,  suggests  that  they  are 

highly  specialised  remnants  of  a  much  larger  group  which  has  practically  become 

extinct.  Recent  inquiry  into  the  structure  of  the  sporophyte  of  both  plants  has 

made  this  much  more  than  a  suggestion.  As  a  result  of  the  careful  investigations 

of  Scott  (1908),  Boodle  (1904),  Bower  (1894-1908),  Ford  (1904),  and  others,  there 
has  been  a  marked  tendency  to  remove  the  Psilotacese  from  their  temporary  position 

among  the  Lycopodiales  and  associate  them  with  the  extinct  Sphenophyllales. 

Scott  (p.  631)  states  that  it  seems  best  to  regard  the  Psilotacese  as  forming  a  class 

of  their  own,  the  Psilotales,  under  the  main  division  Sphenopsida — their  closest 
affinity  under  this  class  being  the  Sphenophyllales.  This  probable  affinity  of  the 

Psilotacese  to  such  an  ancient  and  long  extinct  race  as  the  Sphenophylls ,  and  the 

great  uncertainty  of  their  relationship  to  other  existing  types,  have  awakened  a  great 

interest  in  these  two  specialised  and  isolated  genera.  When,  in  addition  to  this,  we 

consider  that  the  Psilotacese  is  the  only  group  of  Pteridophytes  in  which  the  gameto- 

phyte  generation  and  embryo  are  not  yet  definitely  known,  our  interest  in  these 

plants  becomes  twofold,  and  any  new  information  throwing  additional  light  on  their 

life-histories  will  be  welcomed. 

Our  knowledge  of  the  gametophyte  generation  of  the  Psilotacese  consists  entirely 

of  a  description  of  a  structure  supposed  to  be  the  prothallus  of  Psilotum.  This 

supposed  prothallus  was  described  by  Lang  in  1904,  and  his  account  of  it  is  based 

upon  the  study  of  a  single  specimen.  It  was  found  embedded  among  the  adventitious 

roots  of  a  tree-fern  and  associated  with  a  Psilotum  sporophyte  which  had  already 
[produced  aerial  shoots  and  rhizomes.  It  was  more  or  less  cylindrical  in  form,  about 
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a  quarter  of  an  inch  in  length,  and  about  three-sixteenths  of  an  inch  at  its  broader 
end.  It  tapered  off  to  a  point  at  the  opposite  end,  and  had  the  general  appearance 

and  symmetry  of  a  prothallus  of  a  certain  species  of  Lycopodium.  Lang  identified 

two  regions  in  the  prothallus,  as  in  Lycopodium — a  lower  vegetative  region  and  a 
wider  upper  region  to  which  the  reproductive  organs  were  confined.  The  lower 

vegetative  region  was  of  a  brown  colour  and  bore  numerous  rhizoids.  The  structure 

is  subterranean  in  habitat,  wholly  saprophytic,  and  seems  to  correspond  to  the  type 

of  prothallus  of  Lycopodium  clavatum  or  complanatum.  It  bore  several  antheridia, 

but  no  evidence  of  archegonia  or  embryo  was  revealed.  Since  only  one  specimen 

was  found,  the  knowledge  derived  from  its  study  is  very  fragmentary,  and  there  was 

no  real  evidence  to  prove  that  the  prothallus  described  is  really  that  of  Psilotum. 

Doubt  certainly  exists,  and  the  uncertainty  is  freely  acknowledged  by  the  discoverer. 

In  regard  to  the  other  genus  of  the  Psilotacese,  nothing  whatever  concerning 

the  prothallus  has  so  far  been  recorded.  We  have  no  knowledge  of  the  gametophyte 

generation  or  embryo  of  Tmesipteris.  With  the  exception  of  the  doubtful  and  very 

uncertain  prothallus  described  by  Lang,  our  knowledge  of  the  gametophytes  and 

embryo  of  the  Psilotacese  may  be  regarded  as  a  complete  blank. 

It  seemed  therefore  to  me,  upon  my  arrival  in  Australia  in  February  1913  to 

occupy  the  Chair  of  Botany  in  the  University  of  Sydney,  that  an  opportunity  had 

at  last  offered  itself  for  filling  in  this  interesting  gap  in  our  knowledge  of  the 

Pteridophytes.  A  day  or  two  after  my  arrival  I  learned  that  both  Tmesipteris  and 

Psilotum  were  to  be  found  growing  in  great  abundance  in  the  immediate  vicinity  of 

Sydney.  It  was  hoped  that  a  careful  search  would  confirm  Lang's  account  of 
Psilotum  and  reveal  the  gametophyte  of  Tmesipteris.  After  close  attention  to  this 

matter,-  I  am  now  happy  to  be  able  to  report  that  my  efforts  have  been  .partly 

successful.  I  have  discovered  several  specimens  of  a  structure  which  I  believe  un- 
doubtedly to  be  the  prothallus  of  Tmesipteris,  and  a  single  specimen  of  a  structure 

that  I  believe  to  be  the  prothallus  of  Psilotum.  The  latter  structure,  however,  bears 

no  resemblance  to  the  supposed  prothallus  described  by  Lang. 

In  the  search  for  the  prothalli  of  these  plants  two  methods  were  followed.  Search 

was  made  in  the  field  for  the  prothalli  as  they  occur  in  nature  ;  and  spores  were  sown 

in  various  media  with  the  hope  of  their  germinating  and  developing  prothalli.  In 

the  latter  method  many  attempts  were  made  to  cause  the  germination  of  the  spores 

in  the  soil  in  which  Tmesipteris  and  Psilotum  sporophytes  were  growing.  A  soil 

was  made  by  taking  the  surface  from  the  trunks  of  Dicksonia,  Alsophila  and  Todea, 

on  which  Tmesipteris  grows  very  freely.  It  is  also  a  fact  to  note  that  Tmesipteris 

grows  quite  freely  in  soil  in  nature,  as  well  as  on  tree  trunks  ;  and  such  soil  was  also 

taken  as  a  medium  in  which  to  germinate  the  spores.  Cuts  were  made  in  the  tree 

trunks  with  a  sharp  axe,  and  in  the  cleft  thus  made  spores  were  abundantly  sown. 

Similar  experiments  were  made  with  Psilotum.  It  sometimes  happens  that  Psilotum 

and  Tmesipteris  grow  together  under  very  similar  conditions,  but  this  is  rather  the 
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exception  than  the  rule.  The  general  rule  is  that  the  two  plants  require  very 

different  habitats.  Psilotum  flourishes  abundantly  in  exposed  rocky  places — especially 
in  the  crevices  of  sandstone  cliffs  ;  while  Tmesipteris,  on  the  other  hand,  requires 

shady,  moist  conditions,  especially  in  gullies  near  waterfalls.  Spores  of  both  plants 

were  sown  in  definitely  marked  places  in  the  field,  and  have  been  examined  from 

time  to  time.  Many  of  these  experiments  are  still  under  careful  observation.  When 

the  results  of  these  germinations  are  more  complete,  I  hope  to  describe  a  detailed  series 

of  stages.  But  in  the  meantime  I  propose  to  give  a  preliminary  account  of  the  mature 

prothallus  of  Tmesipteris,  as  I  have  found  several  specimens  associated  with  young 

sporophytes  in  nature.  The  first  of  these  specimens  was  found  in  the  substance  of 

the  outer  part  of  the  trunk  of  Todea  barbara  in  the  month  of  April  1914,  at  Bulli 

Pass,  N.S.W. 

In  May  of  the  same  year  a  second  specimen  was  found.  Of  the  first  specimen 

found  I  had  some  doubts,  for  it  showed  neither  antheridia  nor  archegonia,  but  I  now 

believe  it  to  be  a  portion  of  the  prothallus  which  was  broken  off  from  the  rhizome 

of  a  young  sporophyte.  This  was  to  some  extent  confirmed  by  the  discovery  of  the 

second  specimen,  which  showed  undoubted  antheridia  and  archegonia.  From  these 

two  specimens  I  felt  certain  in  my  own  mind  that  I  had  at  last  been  successful  in 

finding  the  prothallus,  but  as  only  one  of  them  showed  the  reproductive  organs, 

I  thought  it  better  to  delay  publication  until  I  had  confirmed  these  preliminary 

observations  by  the  finding  of  other  specimens.  It  was  not  until  March  and  April  of 

1915  that  I  was  able  to  find  additional  prothalli,  and  these  I  found  at  Mount  Wilson, 

on  the  trunks  of  Dicksonia.  In  this  locality,  which  is  quite  one  hundred  miles  north 

of  Bulli  Pass,  where  the  first  specimens  were  found,  two  additional  prothalli  were 

found.  These  were  both  in  close  association  with  very  young  sporophytes,  and 

showed  exactly  the  same  sort  of  structure  as  those  found  at  Bulli.  In  one  case 

the  prothallus  was  in  actual  contact  with  the  rhizome  of  a  young  Tmesipteris  plant, 

but  it  became  detached  while  removing  the  particles  of  soil  and  sand  with  a  camel's- 
hair  brush.  Later  on  in  the  same  year  an  additional  specimen  was  found  at  Sommerby 
Falls,  near  Gosford,  New  South  Wales,  and  I  have  since  found  others  at  Mount 

Wilson.  I  have  therefore  no  hesitation  in  definitely  describing  these  specimens  as 

the  gametophyte  generation  of  Tmesipteris  Tannensis. 

General  Features  of  the  Prothallus. 

Compared  with  the  Lycopodiales  and  other  Pteridophytes  the  prothallus  of 

Tmesipteris  is  small.  The  largest  specimen  examined  measured  just  about  one-eighth 

of  an  inch  in  length  and  varied  in  thickness,  being  three  or  four  times  longer  than 

broad.  It  is  practically  cylindrical  in  form,  but  slightly  wider  at  one  end  than 

at  the  other,  as  shown  in  figs.  1,  2,  and  3.  The  form,  although  in  the  main 

cylindrical,  varies  considerably  ;  no  two  specimens  showed  the  same  shape,  some  of 
them  even  showed  branching.     The  method  of  its  branching  does  not  seem  at  all 
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regular.     It  may  bifurcate  in  a  dichotomous  fashion  or  a  branch  may  grow  out  at 

right  angles  to  the  main  axis,  as  shown  in  figs.  2  and  3. 

One  of  the  most  striking  features  of  the  prothallus  is  the  presence  of  numerous 

long  rhizoids.  These  rhizoids  are  borne  on  all  sides.  They  are  of  great  length, 

frequently  attaining  a  length  half  that  of  the  prothallus  itself,  and  in  growing  out 

from  the  surface  take  on  very  curious  twists  and  spiral  shapes,  as  indicated  in  figs. 

1,  2,  and  3.  All  of  the  specimens  were  found  at  least  half  an  inch  below  the  surface. 

From  this  as  well  as  for  other  reasons  I  conclude  that  the  prothallus  is  strictly 

subterranean.  No  evidence  whatever  was  found  of  their  appearing  on  the  surface  of 

the  substratum  in  which  they  were  growing.  It  was  with  the  greatest  difficulty 

that  they  were  isolated  from  the  particles  of  soil  and  sand  which  clung  very  closely 

to  the  rhizoids.  The  tissue  of  the  prothallus  itself  is  extremely  soft  and  fragile,  and 

more  than  one  specimen  was  destroyed  in  my  attempts  to  remove  the  particles  of 

sand  and  soil  by  means  of  a  soft  camel's-hair  brush.  It  was  only  with  the  greatest 
of  care  that  such  particles  could  be  removed.  Such  removal  was  quite  necessary  in 

order  to  observe  accurately  the  surface  cells  of  the  prothallus  and  the  reproductive 

organs.  The  least  particle  of  grit  left  on  the  surface  made  it  impossible  for  micro- 
tome sections. 

The  colour  of  the  prothalli  is  a  feature  to  be  noted.  They  are  of  a  light  brown, 

very  similar  to  the  colour  of  the  hairs  and  soil  clinging  to  the  surface  of  the  trunks 

of  the  tree-ferns,  or  in  the  soil  in  which  they  .are  growing.  This  close  harmony  in 
the  colour  of  the  prothallial  tissue  and  the  substratum  in  which  they  grow  has  no 

doubt  been  one  of  the  reasons  why  these  structures  have  not  before  been  discovered. 

As  a  matter  of  fact,  the  specimens  that  I  have  found  were  first  recognised  while 

examining  the  substratum  with  a  binocular  microscope.  With  the  naked  eye  it  is 

difficult  to  distinguish  a  prothallus  from  a  fragment  of  a  young  rhizome.  The  first 

specimen  found  was  really  thought  to  be  a  portion  of  a  rhizome,  but  later  study  and 

the  discovery  of  additional  specimens  by  the  same  methods  has  proved  this  first 

specimen  to  be  an  undoubted  prothallus. 

As  stated  above,  the  colour  is  characteristic  and  constantly  brown,  and  in  none 

of  the  specimens  found  was  there  any  trace  whatever  of  the  pigment  chlorophyll. 

In  this  connection  it  is  of  importance  to  note  that  the  prothalli  studied  consisted  of 

living  tissue.  This  was  proved  to  my  satisfaction  by  the  appearance  of  the  living 

cytoplasm  and  nuclei  in  the  cells.  Had  the  prothalli  been  dead  when  found,  the 

absence  of  chlorophyll  might  be  accounted  for  on  basis  of  decay  and  disintegration 

of  the  protoplasm.  The  cells,  however,  were  living,  and  I  am  inclined  to  believe  that 

chlorophyll  is  normally  absent,  and  that  these  prothalli  do  not  depend  upon  photo- 

synthesis for  their  initial  food-supply.  This  absence  of  chlorophyll  is  quite  in 
harmony  with  their  subterranean  habitat. 

When  we  consider  the  saprophytic  nature  of  Lycopodium,  Botrychium,  and  other 

subterranean  Pteridophyte  prothalli,  it  is  not  surprising  to  find  this  same  habit  in 
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Tmesipteris.  When  such  structures  become  strictly  saprophytic  they  not  only  lose 

all  trace  of  chlorophyll  in  their  cells,  but  they  nearly  always  become  symbiotically 

associated  with  a  mycorrhizal  fungus.  To  this  rule  Tmesipteris  is  no  exception.  It 

is  strictly  saprophytic.  It  bears  no  chlorophyll  in  its  tissues,  but  becomes  infected 

with  an  endophytic  fungus.  In  many  saprophytic  Pteridophyte  prothalli  the  endo- 
phytic fungus  becomes  localised  in  certain  definite  regions  of  the  prothallus.  This 

seems  not  to  be  the  case  in  Tmesipteris.  The  fungus  here  seems  to  infect  any  of  the 

cells  in  the  vegetative  tissue  of  the  prothallus.  This  is  shown  in  figs.  4,  5,  and  6. 

It  is  a  very  definite  and  conspicuous  thread-like  mycelium  which  enters  into  the 

interior  of  the  cells,  forming  long  coil-like  structures  in  the  protoplasm  of  the  host 
cells.  The  endophytic  fungus  is  certainly  more  conspicuous  in  the  surface  cells  and 

those  near  the  surface,  but,  as  shown  in  sections  and  as  illustrated  in  fig.  6,  the 

infection  may  extend  into  the  very  interior  of  the  prothallus.  I  cannot  say  whether 

the  fungus  ever  infects  the  archegonial  cells,  because  none  of  my  specimens  showed 

the  early  unfertilised  stages  of  the  archegonium.  Although  many  older  archegonia 

were  found,  none  of  their  cells  showed  the  endophytic  fungus.  This  was  also 

observed  to  be  the  case  in  regard  to  the  antheridia.  Here  both  young  and  old  stages 

were  found,  but  in  none  of  the  antheridial  cells  was  the  fungus  observed.  In  this 

connection  it  should  also  be  noted  that  in  the  case  where  the  young  stages  of 

the  embryo  were  observed,  as  shown  in  figs.  6  and  16,  none  of  the  embryo  cells 

appeared  to  be  infected.  This  absence  of  the  fungus  from  the  embryo  cells — -which 

of  course  may  not  prove  to  be  general — made  it  possible  for  a.  sharp  contrast  to  be 
drawn  between  the  cells  of  the  young  sporophyte  and  the  cells  of  the  surrounding 

gametophyte  which  contain  the  fungus  (fig.  6).  The  young  sporophyte,  however, 

does  later  become  infected  by  what  certainly  appears  to  be  the  same  fungus  that 

infects  the  gametophyte. 

In  the  gametophyte  tissue  the  endophytic  fungus  evidently  provides  all  the 

necessary  food  for  its  host.  And  if  one  may  judge  from  the  appearance  of  sections, 

it  would  seem  that  the  fungus  may  remain  within  the  protoplasm  of  the  host  cells 

without  causing  immediate  destruction.  But  the  appearance  of  older  infected  cells 

makes  it  quite  clear  that  the  fungus  eventually  causes  the  death  and  disintegration 

of  the  cell  contents  it  infects.  As  indicated  in  figs.  4  and  5,  the  nucleus  seems  to  be 

quite  normal,  but  as  the  fungus  increases  within  the  cell  the  nucleus  appears  to 

undergo  a  gradual  change,  and  finally  disintegrates  along  with  the  other  protoplasmic 

structures  of  the  host  cells.  As  far  as  I  have  been  able  to  judge,  it  would  seem  that 

the  prothallus  becomes  infected  at  a  very  early  period,  and  I  am  inclined  to  believe 

that  the  endophytic  fungus  is  necessary  for  the  germination  of  the  spore.  I  shall, 

however,  go  into  this  matter  more  in  detail  in  a  future  paper. 

There  is  evidently  no  differentiation  of  the  prothallus  into  reproductive  and 

vegetative  regions.  As  we  would  expect  to  find  in  prothalli  of  subterranean  habitat, 

the  antheridia  and  archegonia  are  produced  on  the  same  individual.     These  reproduc- 
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fcive  organs  were  confined  to  no  particular  region.  The  antheridia  were  compara- 
tively large  structures,  and  were  found  variously  distributed  over  the  surface.  The 

archegonia,  on  the  other  hand,  were  quite  small  and  very  numerous.  This  maybe 

observed  in  figs.  3  and  6.  In  this  respect  Tmesipteris  does  not  show  a  feature 

which  is  characteristic  of  Lycopodium,  where  the  reproductive  sexual  organs  are 
limited  in  their  distribution. 

So,  taking  these  main  features  of  the  prothallus  of  Tmesipteris  into  account,  there 

appears  to  be  very  little  resemblance  to  other  known  Pteridophytes.  Its  saprophytic 

habit  and  subterranean  habitat  do  recall  Lycopodium,  but  structually  there  is  no 

real  resemblance.  On  the  other  hand — with  the  probable  exception  of  the  general 

form  of  the  archegonia  and  antheridia — there  is  not  the  remotest  suggestion  of 

Equisetum,  which,  of  course,  is  a  free-living,  chlorophyll-bearing  prothallus  growing 
upon  the  surface  of  the  soil.  If  one  may  draw  conclusions  from  these  few  specimens, 

which  form  the  basis  of  this  study,  it  would  seem  that  we  have  in  the  Psilotales  a 

type  of  prothallus  that  is  not  closely  related  to  any  other  existing  Pteridophytes  ;  and 

this  lends  support  to  the  more  recent  ideas  that  their  relationships  to  the  Lycopodiales 

on  the  one  hand,  and  the  Equisetales  on  the  other,  are  very  remote.  The  only  other 

alternative  would  be  a  close  relationship  to  the  Sphenophyllales ,  which  has  already 

been  suggested  by  both  Scott  and  Bower. 

The  Antheridia. 

All  of  the  specimens  found — with  one  exception — bore  antheridia.  While  all  of 
the  stages  in  the  development  of  these  structures  were  not  found,  sufficient  material 

was  obtained  to  make  a  considerable  study  of  them.  In  the  first  place,  the  antheridia 

seemed  not  to  be  confined  to  any  particular  region  of  the  prothallus.  They  were 

found  at  both  ends,  in  the  middle  and  on  both  sides.  Compared  with  the  archegonia, 

they  were  very  large.  They  grow  out  from  the  surface  as  large,  almost  spherical, 

structures.  I  do  not  know  of  any  Pteridophyte  that  has  larger  antheridia.  The 

distributing  of  the  antheridia  over  the  surface  of  the  prothallus  is  shown  in  figs. 

2  and  3.  These  figures  also  show  the  relative  size  of  the  two  kinds  of  reproductive 

organs.  In  none  of  the  cases  examined  were  there  archegonia  found  on  the  prothallus 

without  being  accompanied  with  antheridia.  The  antheridia  and  archegonia  were 

nearly  always  found  in  close  proximity  to  one  another. 

The  antheridia  are  almost  spherical  in  form,  and  extend  out  quite  conspicuously 

from  'the  surface  of  the  prothallus  as  rounded  protuberances.  They  are  quite 
evidently  superficial  structures,  and  in  this  respect  stand  in  contrast  to  Lycopodium 

and  Equisetum  and  also  to  the  description  given  by  Lang  (1904)  of  the  supposed 

prothallus  of  Psilotum,  types  in  which  the  mature  antheridium  comes  to  lie  below 

the  surface.  As  shown  in  figs.  3,  7,  8,  9,  10,  and  11,  the  antheridium  here  in 

Tmespiteris  has  a  distinct  character  of  its  own,  both  in  size  and  surface  position. 
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The  very  early  stages  in  its  formation  were  not  found,  but  the  series  shown  in 

figs.  8,  9,  10,  and  11  gives  a  fair  idea  of  the  development.  Fig.  8  represents  a  section 

through  the  antheridium,  and  here  we  observe  the  nature  of  the  wall,  which  even  in 

this  early  stage  shows  seven  cells  in  section  surrounding  the  spermatogenous  tissue. 

A  little  later  stage  is  shown  in  fig.  9  :  here  eleven  cells  are  to  be  seen  in  a  single 

section  of  the  wall,  and  this  completely  surrounds  a  large  mass  of  sperm  mother  cells. 

In  fig.  7  we  have  represented  two  antheridia  in  section  lying  close  together.  In 

fig.  10  the  antheridium  is  shown  not  in  section  but  in  surface  view,  and  it  contains 

a  very  large  number  of  spermatocytes.  This  figure  also  shows  the  relative  size  of  the 

mature  antheridia  in  relation  to  the  mature  archegonia,  which  are  situated  close 

beside  it.  At  the  very  apex  of  the  spherical  antheridium  the  main  wall  cell  is  larger 

than  the  others,  and,  judging  from  figs.  10  and  11,  it  is  this  cell  which  becomes  free, 

forming  an  exit  for  the  spermatozoids.  The  mature  spermatozoids  were  not  found, 

but  if  one  may  judge  from  the  appearance  of  the  nuclei  in  the  sperm  mother  cells 

shown  in  figs.  9  and  10,  they  must  be  of  considerable  size  and  quite  numerous. 

Old  antheridia  from  which  the  spermatozoids  had  been  discharged  were  frequently 

met  with,  and  some  of  these  are  shown  in  figs.  2  and  3.  A  more  highly  magnified 

example  is  shown  in  fig.  11.  From  the  large  number  of  spermatozoids  that  are 

evidently  formed  and  the  close  proximity  of  the  antheridia  to  the  numerous  arche- 
gonia, fertilisation  is  easily  accomplished.  From  the  evidence  to  hand  one  cannot 

say  definitely  whether  these  spermatozoids  are  multiciliate  or  biciliate.  One  would 

expect  to  find  the  former  condition.  As  I  now  know  how  to  obtain  the  prothalli,  I 

can  safely  promise  a  more  thorough  investigation  of  spermatogenesis  and  fertilisation 

in  the  near  future.  As  far  as  this  brief  description  has  gone,  however,  it  is  sufficient 

to  convince  one  that  there  is  not  a  very  strong  resemblance  of  the  antheridium  of 

Tmesipteris  to  either  Lycopodium  or  Equisetum. 

The  Archegonia. 

The  archegonia  of  Tmesipteris  are  quite  small  in  size  and  very  simple  in  structure. 

As  already  stated  above,  there  is  clearly  no  differentiation  of  a  vegetative  and  repro- 
ductive region  of  the  prothallus.  Almost  any  part  of  the  prothallus  apparently  bears 

archegonia.  They  were  found  at  both  ends  and  on  all  sides,  as  shown  in  figs.  3  and  6. 

Fig.  3  is  drawn  from  an  entire  prothallus,  and  one  surface  view  shows  fourteen 

archegonia  associated  with  three  antheridia.  On  the  opposite  side  of  this  same 

prothallus,  which  was  studied  by  turning  the  slide  over,  no  less  than  sixteen 

archegonia  were  observed  associated  with  antheridia.  Fig.  6,  which  represents  a 

fairly  median  section  through  another  prothallus,  shows  clearly  that  the  archegonia 

may  be  distributed  on  at  least  two  opposite  sides.  In  this  section  we  may  see  eight 

archegonia  in  the  upper  side  of  the  figure  and  four  on  the  lower  side.  In  fig.  2  we 

have  represented  an  entire  prothallus  with   only  two  archegonia  showing,  so  that 
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from  these  figures  it  seems  that  the  distribution  of  the  archegonia  has  little  if  any 

regularity.  When  they  are  produced  in  the  older  prothalli  they  are  quite  numerous 

and  set  closely  together. 

Fig.  12  is  a  representation  of  a  more  highly  magnified  view  showing  four 

archegonia  as  they  appear  in  a  surface  aspect.  This  figure  is  instructive,  as  it  shows 

the  relative  size  of  the  archegonia  to  the  ordinary  vegetative  cells  of  the  prothallus 

and  to  the  rhizoids.  It  will  be  observed  from  this  aspect  that  the  opening  of  the 

canal  is  surrounded  by  four  neck  cells,  and  that  these  neck  cells  are  very  much 

smaller  than  the  ordinary  surrounding  vegetative  cells.  At  the  point  where  the  four 

neck  cells  meet  there  is  a  distinct  opening  or  canal,  and  this  region  in  the  mature 

prothalli  always  took  on  a  deep  brown  colour.  These  brown  regions  were  quite 

helpful,  for  they  indicated  the  presence  of  the  archegonia  from  a  mere  superficial 

study  with  the  hand  lens. 

Before  these  structures  were  actually  found  the  bases  of  old  detached  rhizoids 

were  at  first  mistaken  for  archegonia,  but  a  close  study  of  them  with  the  high- 
power  magnification  soon  revealed  their  true  nature.  The  archegonium,  as  stated 

above,  is  a  very  simple  structure.  Although  unfortunately  the  very  early  stages  in 

its  development  were  not  found,  scores  of  older  ones  were,  and  a  study  of  these  makes 

it  clear  that  in  their  form  and  simplicity  the  archegonia  are  unique.  No  evidence  of 

canal  cells  or  of  ventral  canal  cells  presented  itself ;  and  while  no  doubt  a  more 

careful  future  study  will  reveal  these  structures,  they  cannot  form  a  very  conspicuous 

feature.  The  youngest  archegonium  found  is  represented  in  fig.  13,  which  was  drawn 

from  a  median  longitudinal  section.  Here  two  of  the  neck  cells  are  shown,  and  also 

the  egg  cell  which  occupies  the  central  position  of  the  venter.  The  latter  structure, 

as  in  all  Pteridophytes,  is  buried  in  prothallial  tissue.  The  nucleus  of  the  egg  cell 

is  clearly  shown,  occupying  a  central  position  in  a  dense  mass  of  protoplasm.  My 

interpretation  of  this  figure  is  that  it  represents  a  mature  archegonium  ready  for 

fertilisation,  and  if  canal  cells  and  ventral  canal  cell  were  formed  they  have  disin- 
tegrated and  disappeared.  Figs.  14  and  15  show  two  other  mature  archegonia  which 

have  not  been  fertilised.  A  great  many  sections  of  archegonia  of  this  nature  were 

found,  and  they  all  show  a  distinct  peculiarity  in  the  form  of  the  neck  cells.  In  every 

specimen  examined  it  was  found  that  these  neck  cells  extend  very  little  indeed 

beyond  the  surface  of  the  prothallus,  and  in  section  they  appear  as  terminating  in 

curiously  pointed  margins,  and  these  all  four  together  form  a  flat  disc  concave  in  the 

middle  but  otherwise  parallel  with  the  surface  of  the  prothallus.  The  concavity  of 

.  the  disc  formed  by  the  four  neck  cells  varied  somewhat  with  the  maturity  of  the 

archegonium,  as  shown  in  the  figs.  3  and  12.  The  shaded  portion  of  the  archegonia 

in  fig.  12  is  intended  to  represent  the  concavity  of  the  neck  cells  just  above  the 

canal.  This  curious  form  of  the  archegonium  would  suggest  an  adaptation  for  the 

holding  of  water  above  the  canal  and  below  the  overlapping  portions  of  the  four  neck 

cells.     In  the  immature  stages  one  would  expect>to  find  these  four  curious  neck  cells 
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not  curved  back  and  overlapping  the  surface  of  the  prothallus,  but  growing  straight 

forward  in  the  form  of  a  straight  tube. 

It  will  be  seen  from  this  brief  description  that  the  structure  of  the  archegonium 

in  Tmesipteris  bears  no  very  striking  resemblance  to  either  Equisetum  or  Lycopodium 

or  to  any  other  Pteridophyte.  In  its  general  form  and  simplicity  one  is  inclined  to 

regard  it  as  reduced.  In  certain  respects  it  recalls  Selaginella,  but  the  resemblance 

here  is  a  remote  one.  It  should  be  remembered  that  we  are  dealing  here  with  a 

plant  whose  sporophyte  and  gametophyte  are  both  reduced  and  highly  specialised 

and  adapted  to  definite  habitats.  It  is,  therefore,  not  surprising  to  find  a  reduction 

also  in  at  least  one  of  the  sexual  organs. 

The  Embryo. 

The  discovery  of  the  gametophyte  structure  of  Tmesipteris  will  no  doubt  prove 

of  very  great  interest,  not  only  because  it  fills  in  an  important  gap  in  our  know- 
ledge of  the  Pteridophytes  as  a  whole,  but  also  because  it  helps  to  establish  the 

phylogenetic  position  of  the  PsilotaJes.  But  I  fully  realise  that  in  respect  to  the 

latter  the  structure  of  the  embryo  sporophyte  will  prove  of  more  importance  than 

the  prothallus  itself.  It  should  be  remembered  that  in  both  Psilotum  and  Tmesipteris 

no  roots  have  ever  been  found  as  a  structure  of  the  sporophyte.  It  will  be  of  very 

great  interest  to  know  whether  the  very  young  sporophyte  ever  possessed  a  root, 

and  if  so  at  what  time  such  a  root  disappears.  It  will  also  be  of  interest  to  know 

if  a  suspensor  is  present  in  the  very  young  embryo.  Added  to  this,  the  facts  revealed 

from  a  study  of  the  vascular  anatomy  of  the  embryo  will  prove  of  great  value f 

especially  in  view  of  their  supposed  relationship  to  the  fossil  sphenophylls. 

Realising  the  importance  of  these  matters,  I  believe  it  will  be  best  to  leave  the 

matter  of  the  embryo  for  the  present  until  more  material  is  obtained.  I  found  only 

one  specimen  of  the  very  young  embryo,  but  this  unfortunately  was  not  sufficiently 

advanced  to  show  any  vaseular  tissue,  and  was  too  old  to  show  the  initial  divisions 

of  the  egg  cell.  The  embryo  found  is  shown  in  figs.  6  and  16,  and  is  represented  in 

median  section.  The  region  of  the  prothallus  occupied  by  the  embryo  bulges  forward 

as  a  distinct  protuberance.  Carried  forward  on  the  prothallial  tissue  one  may  see 

two  archegonia,  one  of  which  has  been  fertilised  and  had  developed  the  embryo.  The 

general  position  of  the  embryo  in  relation  to  the  prothallus  is  seen  in  fig.  6.  The 

details  of  the  embryo  at  this  stage  and  as  seen  in  median  section  are  shown  in  fig.  16. 

There  is  clearly  here  an  upper  and  lower  portion  of  the  embryo.  The  upper  part  forms 

the  main  axis  of  the  embryo.  But  it  was  impossible  to  distinguish  the  cotyledon 

region  from  the  initial  stem.  The  lower  half  of  the  embryo  shows  three  lobes  in 

section.  One  of  these,  marked  R,  I  interpret  to  be  the  root.  The  two  other  lobes 

constitute  the  foot.  But  the  curious  division  of  this  latter  region  is  significant,  and 

the  smaller  portion  of  it  may  prove  to  be  a  suspensor.  But  this  is  merely  suggestive, 

and  must  be  confirmed  by  the  study  of  additional  material. 
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As  T  now  know  how  and  when  to  obtain  material,  I  have  hopes  of  procuring  a 

fresh  supply  in  the  near  future,  and  these  details  of  the  embryo  will  be  carefully 
studied. 

In  conclusion,  I  beg  to  acknowledge  my  indebtedness  to  Dr  S.  J.  Johnston,  of  the 

Zoology  Department,  University  of  Sydney,  who  showed  me  where  Tmesipteris  was 

growing  at  Bulli  Pass,  N.S.W.  I  am  also  greatly  indebted  to  my  friend  Mr  Darnell- 
Smith,  of  the  Bureau  of  Biology,  Department  of  Agriculture,  N.S.W. ,  who  was  kind 

enough  to  show  me  where  Tmesipteris  grows  abundantly  at  Sommerby  Falls.  At 

both  of  these  localities  I  found  prothalli,  two  at  Bulli  Pass  and  one  at  Sommerby 

Falls.  To  Mr  John  M'Luckie,  B.Sc,  of  the  Department  of  Botany,  University  of 
Sydney,  I  am  also  indebted  for  some  young  sporophyte  plants  which  he  obtained  at 
Mount  Wilson. 

LITERATURE   CITED. 

1894.  Bower,  F.  0.,  "Studies  in  the  Morphology  of  Spore-producing  Members,"  Phil.  Trans.  Roy.  Soc,  1894. 
1908.  Bower,  F.  O.,  The  Origin  of  a  Land  Flora,  Macmillan  &  Co.,  London,  1908. 

1904.   Boodle,  L.  A.,   "On  the  Occurrence  of   Secondary  Tracheides   in    Psiloturn,"  Ann.  Bot.,  vol.  lxxi, 
p.  505,  1904. 

1904.  Boodle,  L.  A.,   New  Phyfologist,  1904. 

1904.  Ford,  S.  O.,  "The  Anatomy  of  Psilotvm  triquetrum,"  Ann.  Bot.,  lxxii,  p.  589,  1904. 

1904.  Lang,  W.  H.,  "On  a  Prothallus  provisionally  referred  to  Psilotnm,"  Ann.  Bot.,  lxxii,  p.  571,  1904. 
1908.  Scott,  D.  H.,  Studies  in  Fossil  Botany,  Black,  London,  1908. 

DESCRIPTION   OF   FIGURES. 

Fig.  1.  A  portion  of  a  prothallus  of  Tmesipteris  as  seen  from  the  surface. 

Fig.  2.  Another  specimen  seen  from  the  surface  and  showing  its  branching. 

Fig.  3.  Another  specimen  of  prothallus  seen  from  above  and  showing  the  characteristic  rhizoids, 

antheridia,  and  archegonia. 

Fig.  4.  A  section  showing  a  few  prothallial  cells  containing  the  endophytic  fungus. 

Fig.  5.  Another  of  the  same  showing  the  fungus  more  in  detail. 

Fig.  6.  A  median  section  through  the  prothallus  showing  the  distribution  cf  the  archegonia  on  the 

surface,  the  position  of  the  embryo,  and  the  distribution  of  the  infection  by  the  endophytic  fungus. 

Fig.  7.  Sections  of  two  young  antheridia. 

Fig.  8.  A  young  antheridium  seen  in  section  more  highly  magnified. 

Fig.  9.  A  later  stage  in  development  of  the  antheridium  as  seen  in  section. 

Fig.  10.  An  antheridium  seen  from  the  surface. 

Fig.  11.   An  old  antheridium  from  whicli  the  contents  have  been  discharged. 

Fig.  12.  A  surface  view  showing  four  archegonia. 

Fig.  13.  A  mature  archegonium  ready  for  fertilisation  and  seen  in  section. 

Figs.  14  and  15.  Older  stages  of  the  same. 

Fig.  16.   A  section  through  a  portion  of  a  prothallus  containing  an  embryo. 
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Introductory  Remarks. 

The  principal  descriptions  and  figures  of  the  Ordovician  and  Silurian  brachiopods 

of  the  Girvan  district  are  found  in  Davidson's  Monograph  on  the  British  Fossil 
Brachiopoda,  completed  about  thirty  years  ago,  and  issued  by  the  Palseontographical 

Society.  The  third  volume  of  this  work  (published  1866-1870),  and  the  Supplement 

to  the  fifth  volume  (published  1882-1883),  dealing  with  species  from  Ordovician  and 
Silurian  beds,  contain  descriptions  of  many  Girvan  forms,  but  not  apart  from  those 

occurring  in  other  British  localities.  No  independent  and  comprehensive  treatise 

on  this  group  as  represented  in  the  Girvan  area  has  been  published,  though  many 

short  papers  have  dealt  with  a  few  species  or  portions  of  the  fauna.  Especially 

noteworthy  are  the  papers  and  works  by  M'Coy  and  Salter,  mentioned  in  the 
list  at  the  end  of  this  memoir.    , 

The  attempt  to  refer  fossils  to  well-known  and  previously  established  species  in 
spite  of  minor  morphological  differences  was  a  common  custom  in  the  past,  and  was 

partly  due  to  the  imperfect  correlation  of  stratigraphical  horizons.  But  the  general 

disinclination  to  multiply  specific  names  was  the  main  influence  at  work,  particularly 

when  the  variability  of  all  organisms  was  recognised.  The  result  of  this  attitude 

was  that  specific  conceptions  became  too  comprehensive  and  indefinite,  and  it  is 

only  of  late  years  that  small  differences  of  character  have  been  adequately  admitted 

to  be  important  from  the  zonal,  distributional,  and  zoological  points  of  view. 

The  diagnoses  of  species  given  by  earlier  investigators  suffered  from  looseness, 

mdefiniteness,  or  brevity  ;  but  some  modern  palaeontologists  are  not  wholly  free  from 

the  same  reproach,  and  even  at  the  risk  of  inserting  superfluous  detail  it  has 

seemed  best  to  the  present  writer  to  err  on  the  side  of  fulness  in  describing  any 

new  species. 

All  previous  work  on  the  Girvan  brachiopods  has  been  hindered  by  the  paucity 

or  poor  preservation  of  the  material  available,  and  under  such  conditions  the  in- 
correct identification  of  some  forms  was  unavoidable.  Such  difficulties  have  been 

removed  to  some  extent  by  the  larger  collections  and  better  specimens  which  are 

now  open  to  examination,  but  in  many  cases  we  have  still  to  confess  imperfect 

knowledge  owing  to  the  fragmentary  condition  of  the  fossils.  In  nearly  every  case 

Davidson's  figures  are  restorations  of  the  actual  specimens,  and  unfortunately  they 
are  frequently  inaccurate  and  misleading. 
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As  in  the  case  of  all  the  groups  of  invertebrates  found  in  the  Ordovician  and 

Silurian  beds  of  the  Girvan  area,  most  of  the  advance  now  made  in  our  knowledge 

of  the  brachiopod  fauna  is  due  to  the  indefatigable  and  long-continued  labours  of 
Mrs  Robert  Gray,  who  has  amassed  an  immense  and  unique  collection  of  specimens 

which  have  been  freely  placed  at  my  service. 

It  is  therefore  principally  upon  fossils  in  her  possession  that  the  following  work 

is  based.  But  all  the  available  -material  in  the  museums  in  London,  Edinburgh, 

Cambridge  and  elsewhere  has  been  utilised  in  the  preparation  of  this  memoir,  and 

my  thanks  are  due  to  the  various  authorities  who  have  afforded  me  the  requisite 

facilities  for  my  work. 

The  references  to  the  synonymy  of  the  species  have  been  restricted  to  the  type 

descriptions,  the  British  examples,  and  Davidson's  Monograph,  except  in  a  few  cases 
where  additional  references  appeared  necessary. 

As  far  as  possible  unverified  synonyms  have  been  omitted,  and  foreign  records 

of  the  occurrence  of  British  species  abroad  have  not  been  quoted,  though  a  different 

practice  is  not  unusual  in  geological  literature. 

The  collections  of  Girvan  brachiopods  which  have  been  examined  in  connection 

with  this  memoir  are  indicated  by  numbers  in  their  order  of  importance  as  follows  : — 

(1)  Mrs  Gray's  collection. 
(2)  Museum  of  Practical  Geology,  Jermyn  Street. 

(3)  Sedgwick  Museum,  Cambridge. 

(4)  Hunterian  Museum,  University  of  Glasgow. 

(5)  Geological  Survey  Museum,  Edinburgh. 

(6)  Royal  Scottish  Museum,  Edinburgh. 

(7)  British  Museum  (Nat.  Hist.),  South  Kensington. 

The  classification  and  order  of  treatment  of  the  genera  is  that  employed  by 

Schuchert  in  the  second  edition  of  the  translation  of  Zittel's  Text-book  of 
Paleontology,  vol.  i,   1913. 

Stratigraphical  Classification. 

The  horizons  from  which  the    species    here    described  have  been  obtained   are 

shown  in  the  following  table  : — '  Penkill  Group. 

_,..     .  Camregan  Group. 
Silurian      4  °        n Saugh  Hill  Group. 

.  Mulloch  Hill  Group. 

Drummuck  Group. 

Whitehouse  Group. 

Ordovician^  Balclatchie  Group. 

Stinchar  Limestone  Group. 
Ballantrae  Group. 
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Note. — It  is  to  be  regretted  that  the  brachiopods  from  the  Ballantrae  Group  are 
so  rare  and  poorly  preserved  that  their  description  is  at  present  unavoidably  brief 

and  incomplete.  The  identifications  of  species  given  by  previous  writers  are 

mostly  questionable,  but  it  seems  to  be  the  case  that  nearly  all  the  forms  belong  to 
the  Atremata. 

DESCRIPTION   OF   THE   SPECIES. 

Genus  Micromitra,  Meek. 

Subgenus  paterina,  Beecher. 

Micromitra  {Paterina)  Davidsoni,  sp.  nov. 

(Plate  I,  figs.  1,  2.) 

1870.  Acrotreta  (?)  Nicholsoni,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  343,  pi.  xlix, 
figs.  38,  39  (non  figs.  36,  37,  40). 

1883.  Acrotreta  Nicholsoni,  Davidson  (pars),  op.  cit.,  vol.  v,  Silur.  Suppl,  p.  213.  pi.  xvi,  fig.  22  (non 
figs.  21,  23). 

1912.  Acrotreta  Nicholsoni,  Walcott  (pars),   Cambrian  Brachiopoda~  (Mon.    U.S.   Geol.  Surv.,  vol.  li), 
p.  696,  pi.  Ixxiii,  figs.  1/t,  \i  (non  cet.). 

Shell  minute,  subcircular,  with  a  nearly  straight  hinge-line  and  rounded  cardinal 

angles.  Pedicle-valve  conical,  with  slightly  excentric  pointed  apex,  perforated ; 

apical  angle  100°-110°.  Posterior  face  of  pedicle-valve  flattened,  nearly  vertical  or 
steeply  inclined,  forming  triangular  false-area,  bearing  narrow  convex  triangular 

pseudo-deltidium  in  middle  third,  sunk  between  rather  deep  grooves.  Surface  of 
shell  marked  with  fine  concentric  striae. 

Dimensions. — Diameter,  1'2-1'3  mm.  ;  height,  0'8-0'9  mm. 
Horizon. — Balclatchie  Group. 

Locality. — Balclatchie. 

Remarks.—  This  small  shell  cannot  be  referred  to  the  genus  Acrotreta,  if  we 

follow  Walcott's  #  revised  definition  of  the  genus,  for  the  latter  has  a  median 
vertical  groove  across  the  false-area  of  the  pedicle-valve  and  no  pseudo-deltidium. 

The  species  from  Dobbs'  Linn,  Moffat,  described  by  Davidson  t  as  Acrotreta  (?)  Nichol- 
soni, to  which  these  Balclatchie  shells  have  been  referred,  differs  in  having  a  much 

lower  pedicle-valve,  a  much  wider  apical  angle,  a  median  groove  across  the  false-area, 

no  pseudo-deltidium,  and  an  impressed  line  limiting  the  false-area  on  each  side.  Our 

Girvan  species  appears  to  be  referable  to  the  subgenus  Paterina  of  the  genus  Micro- 

mitra according  to  Walcott's  definition,!  and  may  be  especially  compared  with  the 
type-species  P.  [Iphidea  Billings  1872,  non  Baly  1865]  bella,  Billings.§ 

*  Walcott,  Camb.  Brack  (Mon.  U.S.  Geol.  Surv.,  vol.  li,  1912),  p.  671. 
t  Davidson,  Geol.  Mag.,  vol.  v  (1S68),  p.  313,  pi.  xvi,  figs.  14-16. 
;  Walcott,  op.  cit.,  pp.  332,  343. 

§  Ibid.,  p.  344,  pi.  ii,  figs.  1,  la-c. 
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Genus  Obolus,  Eichwald. 

Obolus  audax,  sp.  nov. 

(Plate  I,  figs.  3-8.) 
1883.  Lingula  Ramsayi,  Salter,  Davidson  (pars),  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  206, 

pi.  xvii,  figs.  7-11  ?  (only  the  specimens  from  Balclatchie). 

Non  1859.  Lingula    Ramsayi,    Salter,    in    Murchison's    Siluria    (1859),    p.    55,    woodcut,    foss.     10, 

fig.   20. 
Non  1865.  Lingula  Ramsayi,  Salter,  Davidson,  op.  cit.,  vol.  iii,  pt.  vii,  p.  49,  pi.  iii,  figs.  49-52. 

Shell  broadly  subovate  to  subcircular,  nearly  as  broad  as  long,  not  acuminate, 

weakly  biconvex.  Pedicle-valve  with  small  slightly  elevated  intra-marginal  beak  ; 

posterior  margin  of  valve  turned  in  and  thickened,  forming  narrow  false-area 
below  beak,  traversed  by  small  triangular  fissure  with  an  internal  pair  of  large 

papillae  at  apex  of  notch  ;  interior  of  pedicle-valve  with  pair  of  faintly  marked 

small  transverse  oblique  oval  muscle-scars  situated  at  about  one-fifth  the  length 
of  the  valve  and  submedian  in  position,  separated  by  pair  of  very  thin  low  closely 

placed  subparallel  ridges  continued  in  front  of  muscle-scars ;  traces  of  pair  of 
curved  submarginal  vascular  trunks  at  posterior  end  of  valve  ;  scattered  large  pits 

sparingly  distributed  internally.  Brachial  valve  more  subcircular ;  beak  less 

prominent ;  internal  characters  indistinct.  External  surface  of  both  valves 

densely  and  minutely  punctate  and  covered  with  rather  strong  thick  regular 

concentric  raised  rounded  lines  equidistant  and  of  equal  size,  and  marked  with  a 

few  interrupted  straight  radial  wrinklings  or  thick  broken  raised  lines  widely  spaced, 

irregularly  developed,  and  chiefly  present  in  anterior  median  portion  of  shell  on 
both  valves. 

Dimensions. — Average  length,  13-14  mm.  ;  average  width,  12-13  mm. 

Horizon. — Balclatchie  Group. 

Locality. — Balclatchie. 

Remarks. — The  shell  from  Girvan  which  Davidson  referred  to  Lingula  Ramsayi 

(Salter)  #  is  certainly  distinct  from  genuine  examples  of  the  latter  from  its  typical 
locality  in  Wales,  and  its  internal  characters,  so  far  as  they  are  known,  suggest  its 

reference  to  Obolus  or  one  of  its  subgenera,  using  the  generic  name  in  the  sense 

defined  by  Walcott.  t  It  must  be  regarded  as  distinct  from  the  Craighead  shell  here 

described  as  Obolus  Maccullochi.  Davidson's  figures  of  all  these  shells  from  Girvan 
are  poor  and  misleading,  and  cannot  be  satisfactorily  identified  with  the  marked 

specimens.  The  typical  L.  Ramsayi  has  a  different  and  distinctive  ornamentation ; 

its  internal  characters,  however,  are  practically  unknown.  The  distinction  between 

Obolus  and  Lingulella  seems  somewhat  arbitrary,  and  transitional  forms  are  admitted 

by  Walcott  to  occur. 

*  Salter,  in  Murchison's  Siluria,  1859,  p.  55,  woodcut  10,  fig.  20. 
t  Walcott,  op.  cit.,  pp.  370-468. 
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Obolus  Maccullochi,  sp.  nov. 

(Plate  I,  figs.  9-13.) 

1883.  Lingula  Ramsayi,  Salter,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  206, 

pi.  xvii,  figs.  7-1 1  *?  (only  the  specimens  from  Craighead). 

Shell  broadly  subovate,  widest  in  front  of  middle,  anteriorly  rounded,  as  broad 

as  long  or  nearly  so ;  gently  biconvex.  Pedicle-valve  acuminate  ;  beak  pointed, 

shoulders  meeting  at  about  90°-100°  and  extending  about  one-third  the  length  of 

valve  ;  interior  imperfectly  known,  but  pair  of  small  umbonal  muscle-scars  present 

near  beak,  as  well  as  pair  of  elongate  impressed  lateral  muscle-scars  diverging  slightly 

anteriorly  and  distinctly  bounded  at  sides,  apparently  divided  in  front  into  unequal 

halves  longitudinally,  and  separated  by  impressed  narrower  median  area  (?  visceral 

cavity)  towards  front ;  length  and  anterior  ends  of  lateral  muscles  unknown. 

Brachial  valve  shorter  than  pedicle-valve,  with  inconspicuous  beak  and  obtusely 

rounded  posterior  end  ;  interior  of  valve  showing  boundaries  of  splanchnocoel  pro- 
longed anteriorly  into  elongated  median  tongue  nearly  reaching  front  end  of  valve, 

divided  centrally  by  thin  low  longitudinal  ridge;  pair  of  oval  "central"  muscles 
rather  deeply  sunk,  situated  at  base  of  tongue,  and  pair  of  stout  vascular  trunks 

diverging  from  base  of  splanchnoccel  and  continued  forwards  concentric  to  lateral 

margins.  Surface  of  shell  ornamented  with  fine  regular  concentric  closely  placed 

sublamellose  lines  of  rather  unequal  strength  ;  interior  of  shell  marked  with  fine 

closely  placed  radial  striae  and  a  few  pits  posteriorly. 

Dimensions. — Length,  135  mm.  ;  width,  12'5  mm. 
Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Remarks. — The  interior  of  the  brachial  valve  which  is  exhibited  in  one  specimen 
(118/III)  in  the  Geological  Survey  Museum,  Edinburgh,  is  of  considerable  interest,  for 

it  resembles  that  of  Lingulella  Sehvyni,  Matthew,  which  Walcott  #  puts  in  the  genus 
Obolus.     Matthew  had  previously  remarked  that  the  plan  of  the  muscular  scars  was 

very  like  that  of  Obolus  apollinis  Quenstedti  (Mickwitz).     The  subgenus  of  Obolus 

termed   Westonia  by  Walcott  (op.  cit.,  p.  450),  ranges  up  into  the  Ordovician,  and 

Lingulobolus ,  another  subgenus,  is  confined  to  the    Ordovician    (Walcott,  op.  cit., 

p.  379).     There  is  nothing,  moreover,  in  the  external  characters  against  referring 

this  Craighead  shell  to  the  genus  Obolus  as  interpreted  by  Walcott,  and  the  internal 

characters,  so  far  as  they  are  known,  agree  better  with  it  than  with  Lingulella.     In 

shape  the  shell  much  resembles  0.  dolatus  (Sardeson)  t  of  the  Ordovician  of  America. 

The  internal  radial  striation  is  a  common  feature  in  species  of  Obolus.     No  good 

interior  of  a  pedicle-valve  is  known  to  me.     The  more  acuminate  projecting  beak  of  the 

pedicle-valve  and  the  general  linguloid  shape  and  ornamentation  of  the  shell,  as  well 

*  Walcott,  Camb.  Brack.,  1912,  p.  413,  pi.  xxxvi,  figs.  1,  2  ;  pi.  xxxvii,  fig.  1. 
Walcott,  op.  cit.,  p.  390,  text-figs.  35a-c. 
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as  the  internal  characters,  distinguish  this  species  from  0.  audaoc.     We  may  dedicate 

this  species  to  the  Scotch  geologist  John  Macculloch. 

Genus  Paterula,  Barrande. 

Paterula  balclatchiensis,  Davidson. 

(Plate  I,  figs.  14-20.) 
1883.  DiscAna  ?  balchtchiensis,    Davidson,   Mon.    Brit.    Foss.    Brack.,  vol.   v,  Silur.  Suppl.,    p.    210, 

pi.  xvii,  fig.  41  (non  fig.  42). 

1884.  Paterula  balchtchiensis,  Davidson,  ibid.,  p.  391. 

Davidson's  description  of  the  species  is  sufficient  except  on  one  point ;  for  in  the 
types  as  well  as  in  several  other  specimens  of  the  pedicle-valve  from  Balclatchie 
there  is  seen  to  be  present  the  small  narrow  marginal  slit  or  notch  in  the  posterior 

border  which  occurs  in  P.  bohemica,  Barrande, #  representing  the  pedicle-passage. 
Traces  of  a  few  very  fine  radial  ridges  are  also  visible  on  the  interior  in  a  few  cases. 

Hall  and  Clarke  t  hesitated  in  placing  P.  balclatchiensis  in  the  genus  Paterula 

owing  to  the  supposed  absence  of  these  characters.  Certain  specimens  from  the 

shore  at  Bennane  Head  also  show  the  pedicle-notch.  Davidson  recorded  the  species 
from  Drummuck  as  well  as  from  Balclatchie,  but  the  specimens  possess  certain 

characters  which  warrant  their  separation,  though  he  said  they  were  "  exactly 

similar."  The  interior  of  one  pedicle-valve  from  Dow  Hill  (fig.  18),  probably  referable 
to  P.  balclatchiensis,  shows  a  rhomboidal  muscle-scar  bluntly  pointed  anteriorly  and 
apparently  composed  of  five  (?)  elements  which  cause  the  anterior  edge  of  the  scar  to 

be  lobed  and  diverge  in  a  fan-like* manner  from  the  apex  of  the  shell,  reaching  nearly 
half  its  length.  Hall  and  Clarke  (op.  cit.,  pi.  ivK,  fig.  l)  figure  a  somewhat  similar 

scar  in  a  specimen  attributed  to  Paterula  (?)  from  the  Quebec  Group.  The  Ballantrae 

specimens  are  poor,  but  seem  indistinguishable  from  those  from  Balclatchie. 

Horizons. — (l)  Balclatchie  Group;  (2)  Ballantrae  Group  (Arenig). 

Localities. — (l)  Balclatchie,  Dow  Hill ;  (2)  Shore  at  Bennane  Head. 

Paterula  ?  aibida,  sp.  nov. 

(Plate  I,  figs.  21-25.) 

Shell  circular  or  subcircular  in  outline,  compressed.  Pedicle-valve  gently  convex, 
most  so  posteriorly,  with  submarginal  slightly  elevated  small  beak.  Margin  of  shell 

thickened  regularly  all  round  and  forming  smooth  raised  narrow  band,  specially 

thickened  along  posterior  edge,  with  minute  triangular  pedicle-groove  across  it 
behind  beak ;  rest  of  surface  of  shell  ornamented  with  fine  concentric  striae. 

Interior  of   shell  with  3-4  very  faint  delicate  lines  radiating  forwards  from  beak 

*  Barrande,  Syst.  Silur.  Boherne,  vol.  v,  p.  110,  pi.  95,  fig.  i,  1-3 ;  pi.  152,  fig  i,  1-9. 
t  Hall  and  Clarke,  Palmont.  New  York,  vol.  viii,  1892,  Brach.,  i,  p.  79. 
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and  traces  of  paired  muscle-scars.  Brachial  valve  slightly  concave ;  with  short 

oroove  across  posterior  thickened  margin  ;  muscle-scars  indistinct. 

Dimensions. — Diameter  of  shell,  3-4  mm. 

Horizon. — Whitehouse  Group. 

Localities. — Whitehouse  Bay,  Shalloch  Mill. 
Remarks. — This  small  shell  much  resembles  Paterula  balclatchiensis  in  its 

general  character  and  thickened  margin,  but  we  may  entertain  some  doubt  as  to 

its  right  generic  position.  Traces  of  a  pair  of  small  subcentral  scars  and  a  shield- 

shaped  muscle-area  are  visible  in  some  pedicle-valves.  It  seems,  however,  distinct 
from  Pholidops  antiqua,  which  is  found  on  the  same  horizon. 

Paterula  ?  Jamesoni,  sp.  nov. 

(Plate  I,  figs.  26-28.) 
1883.  Discina  1  balcletchiensis,  Davidson  (pars),  Mori.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suj>pl.,  p.  210, 

pi.  xvii,  figs.  42,  42a  (non  fig.  41). 

Shell  subcircular  to  oval,  rather  longer  than  wide,  both  valves  gently  convex, 

low  ;  apex  very  excentric,  situated  close  to  posterior  margin,  gently  raised,  with 

short  steep  posterior  slope.  Interior  of  brachial  (?)  valve  with  narrow  flattened 

regular  smooth  limb,  and  two  pairs  of  small  subcircular  muscle-scars,  of  which  the 

posterior  pair  is  situated  at  about  one-fourth  the  length  of  shell  and  are  larger  than 
the  anterior  pair,  which  are  closer  together  and  subcentral  ;  a  faint  narrow  elongated 

scar  divided  by  a  fine  median  line  is  situated  just  in  front  of  the  anterior  pair  of 

scars  ;  behind  the  pair  of  posterior  scars  is  a  fine  wavy  impressed  transverse  line, 

thickened  in  middle  ;  traces  of  fine  faint  radial  lines  are  seen  running  forwards  from 

the  posterior  scars.     External  surface  of  valve  ornamented  with  fine  concentric  striae. 

Dimensions. — Length,  2'8  mm.  ;  width,  2'5  mm. 
Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — The  true  generic  position  of  this  little  shell  is  doubtful.  The  general 
appearance  recalls  Paterula  oalclatchiensis ,  but  the  margin  is  apparently  entire. 

There  is  no  scutellum  as  in  Pholidops,  which  otherwise  it  resembles.  The  muscle  - 

scars  are  somewhat  like  Pseudocrania,  but  the  transverse  impressed  posterior  line 

suggests  the  "  crescent"  of  the  Trimerelloids. 
The  specific  name  is  given  in  honour  of  the  Scotch  geologist  Robert  Jameson. 

Genus  Dinoboltjs,  Hall. 

Dinobolus  Davidsoni  (Salter). 

1853.  Obolus  Davidsoni,  Salter  MS.,  Davidson,  Mori.  Brit.  Foss.  Brach.,  vol.  i,  p.  136,  figs.  54-56. 

1866.   Obolus  Davidsoni,  Salter,  Davidson,  op.  cit,  vol.  iii,  pt.  vii,  p.  58,  pi.  iv,  figs.  30-39. 
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1874.   Dinobolus   Davidsoni,  Salter,  Davidson  and  King,  Quart.  Journ.   Geol.  Soc,  vol.  xxx,  p.   161, 

pi.  xviii,  figs.  6-11. 
1883.  Dinobolus  Davidsoni,  Salter,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Suppl.  p.  212,  pi.  xvi, 

fig.  20. 

This  species,  which  has  been  fully  described  by  Messrs  Davidson  and  King,  is 

not  believed  by  Hall  and  Clarke  *  to  be  specifically  distinct  from  D.  Conradi, 
Hall.  No  Scotch  examples  were  recorded  by  Davidson,  but  good  internal  casts  of 

both  valves  and  external  impressions  from  Mulloch  Hill,  and  some  poor  ones  from 

Woodland  Point  are  present  in  Mrs  Gray's  collection. 
Horizons. — (l)  Mulloch  Hill  Group  ;  (2)  Saugh  Hill  Group. 

Localities.— (I)  Mulloch  Hill ;  (2)  Woodland  Point. 

Genus  Rhinobolus,  Hall. 

Rhinobolus  ?  balclatchiensis,  sp.  nov. 

(Plate  I,  fig.  29  ;  Plate  II,  figs.  1,2.) 

Shell  transversely  subcircular.  Pedicle-valve  with  short  pointed  prominent 
beak  and  high  cardinal  area  having  the  deltidium,  deltidial  ridges,  and  areal  borders 

of  nearly  the  same  width  ;  interior  of  valve  showing  broad,  very  low,  not  excavated 

platform,  obtusely  pointed  in  front,  nearly  half  the  length  of  the  shell ;  lateral  scars 

broad,  with  low  median  ridge  dividing,  them  posteriorly.  Brachial  valve  without 

prominent  beak  ;  interior  with  very  low  platform,  not  excavated,  with  short  broad 

blunt  median  anterior  projection  and  arched  subparallel  lateral  edges  ;  anterior  scars 

on  projecting  tongue  ;  lateral  scars  ridged  concentrically  with  edges  of  platform  ; 

subcardinal  scars  small  and  conjoint.  Crescent  indistinct. 

<  Dimensions. — Length,  about  12  mm.  ;  width,  about  15  mm. 

Horizon. — Balclatchie  Group  (conglomerate). 

Locality. — Balclatchie. 

Remarks. — Only  three  specimens  of  this  brachiopod  are  known  to  me  (all  in 

Mrs  Gray's  collection),  and  they  are  not  well  preserved,  so  that  the  above  description 
is  necessarily  incomplete.  In  the  shape  of  the  platform  and  its  poor  development 

and  non-excavation,  as  well  as  in  the  position  of  the  muscle-scars  which  it  bears  and 

in  the  characters  of  the  cardinal  area  of  the  pedicle-valve,  we  notice  a  close  re- 

semblance to  the  Silurian  Rhinobolus  Davidsoni,  Hall  and  Clarke, t  and  it  is  un- 
doubtedly distinct  from  Dinobolus  Davidsoni  (Salter). 

*  Hall  and  Clarke,  PalxoiU.  New  York,  vol.  viii,  1892,  Brach.,  i,  p.  36,  pi.  ivb,  figs.  13-24. 

+  Hall  and  Clarke,  op.  cit.,  Brach.,  i,  pp.  44,  176,  pi.  ivB,  figs.  10-12. 
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Genus  Lingula,  Bruguiere. 

Lingula  amabilis,  sp.  nov. 

(Plate  II,  figs.  3-8.) 
1866.   Ling/da  attenuata,  Sowerby,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  44, 

pi.  iii,  figs.  24,  25  (non  cet.). 

1883.   Lingula  attenuata,  Sowerby,  Davidson  (pars),  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  206,  pi.  xvii, 

figs.  13-15  (non  cet.). 

Shell  sub-ovate  to  subcuneiform,  widest  near  anterior  end,  obtusely  rounded  in 

front,  weakly  biconvex.  Pedicle-valve  with  acutely  pointed  somewhat  produced 

beak ;  shoulders  long,  sloping  away  at  about  60°  to  75°,  passing  gradually  into 
arched  sides.  Brachial  valve  obovate,  with  inconspicuous  beak;  interior  with  weak 

median  septum  extending  about  half  the  length  of  valve.  Interior  of  both  valves 

marked  with  widely  spaced  irregularly  distributed  coarse  pits,  and  strong  concrete 

lateral  muscle-scars  (occasionally  visible).  Surface  of  valves  covered  with  fine  con- 

centric lines  and  growth-ridges  of  somewhat  unequal  strength. 
Dimensions.  — 

Pedicle-valve.  Brachial  valve. 

(1)  Balclatchie.  (2)  Ardmillan.  (3)  Balclatchie. 

Length        ....      10"4  mm.  17'0  mm.  9'2  mm. 
Maximum  width  .  .        8'0  mm.  12'0  mm.  7'1  mm. 

Horizon. — Balclatchie  Group. 

Localities. — Balclatchie,  Ardmillan. 

Remarks. — It  is  doubtful  if  this  shell  should  be  regarded  as  only  a  variety  of 

Lingula  attenuata,  Sowerby, *  rather  than  as  a  distinct  species.  The  types  of 

Sowerby's  shell  came  from  the  Llandeilo  Flags  of  Rorington  and  Meadowtown  and 
are  poor,  and  the  description,  as  is  frequently  the  case  in  older  works  on  Silurian 

brachiopods,  is  inadequate.  Davidson's  figures  of  the  Girvan  shells,  which  he 
attributes  to  L.  attenuata,  make  the  shoulders  appear  too  long  and  the  sides  too 

short  in  the  pedicle- valves. 

Lingula  brevis,  Portlock,  var.  nov.  angustior. 

(Plate  II,  figs.  9,  10.) 

?1843.  Lingula  brevis,  Portlock,  Geol.  Rep.  Londond.,  p.  443,  pi.  xxxii,  fig.  2. 

Non  1883.   Lingula  brevis,  Portlock,  Davidson,  Mon.  Brit.  Foss.  Braeh.,  vol.  v,  Silur.  Suppl.,  pi.  xvii,  figs. 
27-30,  36. 

In  certain  shells  from  the  Balclatchie  Group  which  bear  a  resemblance  in  many 

ways  to  Lingula  brevis,  Portlock,  there  are  a  few  points  of  difference  which  suggest 

that  they  should  be  separated  as  a  variety  or  perhaps  as  a  distinct  species.     The  beak 

*  Sowerby  in  Murchison's  Silur.  Syst.,  1839,  p.  641,  pi.  xxii,  fig.  13. 
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of  the  pedicle-valve  seems  rather  more  pointed  and  acuminate  than  in  the  typical 
Tyrone  form,  and  the  whole  shell  is  rather  narrower  and  more  lanceolate,  and  some 

of  the  concentric  ridges  on  the  surface  are  stronger  than  others.  The  average 

dimensions  are  under  5  mm.  in  length  ;  one  specimen  measures  4 '4  mm.  in  length 

and  2 '5  mm.  in  width.  Portlock  says,  with  regard  to  his  Tyrone  examples  of 
L.  brevis,. that  the  external  concentric  lines  of  growth  are  very  fine,  and  that  the 

length  is  to  the  breadth  as  5:4.  From  the  narrower  shape  of  our  shell  we  may 

term  this  variety  angustior. 

Horizon. — Balclatchie  Group. 

Localities. — Balclatchie,  Dow  Hill,  Ardmillan. 

Lingula  brevis,  Portlock,  var.  nov.  carrickensis. 

(Plate  II,  figs.  11-13.) 

1883.  Lingula  brevis,  Portlock,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  224. 

Shell  oval,  widest  across  middle,  unequally  biconvex,  subtruncate  anteriorly. 

Pedicle-valve  strongly  convex,  almost  inflated,  most  so  towards  beak ;  beak  swollen, 

pointed,  slightly  incurved ;  shoulders  short,  ill  defined,  meeting  at  about  75°-90°  at 
beak.  Brachial  valve  less  convex  and  shorter  than  pedicle-valve.  Surface  of  shell 
ornamented  by  very  delicate  concentric  striae,  with  occasionally  a  few  stronger 

growth-ridges,  and  some  very  fine  and  faint  radial  striae.     Interior  unknown. 

Dimensions. — Length,  4'4  mm.  ;  width,  3'0  mm. 
Horizon. — Whitehouse  Group. 

Locality. — Whitehouse  Bay. 

Remarks. — This  little  shell  is  rather  common  at  Whitehouse  Bay,  but  I  am  not 

at  all  satisfied  that  it  is  identical  with  L.  brevis,  Portlock. #  The  swollen  nature  of 

the  pedicle-valve  is  unusual,  and  the  faint  radial  striae  which  are  occasionally  visible 

are  peculiar.  But  in  outline  the  shell  seems  practically  indistinguishable.  David- 

son labelled  these  shells  as  "  L.  brevis,  I  think,"  so  that  he  evidently  entertained 
some  doubt  as  to  their  specific  identity.  Portlock  described  the  surface  of  his 

species  as  "  flattened,"  and  stated  that  the  shell  had  a  "  short  wide  aspect."  This 
does  not  agree  with  our  specimens. 

Lingula  ?  crumenoides,  sp.  nov. 

(Plate  II,  fig.  14.) 

Shell  subcuneiform,  rounded,  increasing  in  width  anteriorly,  subequally  biconvex. 

Pedicle-valve    with    slightly    prominent   and   pointed   beak,  the    shoulders   sloping 

away   at   about    75°-80°    for    less    than    one-fourth    length    of  shell,    making   very 
obtuse  angle  with  sides  ;  interior  of  shell  with  large  scattered  pits  and  a  faint  longi- 

*  Davidson,  op.  cit.,  vol.  iii,  pt.  vii,  p.  50,  pi.  iii,  figs.  34-39. 
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tudinal  median  ridge  more  than  half  length  of  shell ;  pair  of  strong  oval,  rather 

deep,  slightly  oblique  contiguous  muscle-scars  situated  a  short  distance  in  front  of 
beak.  Surface  of  shell  with  very  fine  concentric  lines  and  thin  undulated  irregular 

lamellae ;  internal  layer  with  very  delicate  and  closely  placed  radial  striae. 

Dimensions. — Length  (estimated)  about  30  mm.  ;  maximum  width  about  21  mm. 

Horizon.  — Ballantrae  Group. 

Locality. — Bennane  Head,  Ballantrae. 

Remarks. — Only  one  specimen  of  this  shell  in  the  Survey  Museum  at  Edinburgh 
(Reg.  No.  174)  is  known  to  me,  and  it  has  the  anterior  part  broken  and  imperfect. 

Its  shape,  however,  is  very  distinctive,  and  it  somewhat  resembles  in  this  respect 

L.  cuneata,  Conrad,*  from  the  Medina  Sandstone.  The  muscle-scars  seem  to  be  like 
those  in  L.  Davidsoni,  Barrande,t  from  Stage  Dd.  4.  The  Silurian  species  L.  crumena, 

Phillips,|  nas  somewhat  the  same  shape. 

Lingula  Lewisi,  Sowerby. 

1839.  Lingula  Leioisi,  Sowerby,  in  Murchison's  Silur.  Syst.,  p.  615,  pi.  vi,  fig.  9. 
1866.  Lingula  Lewisi,  Sowerby,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  p.  35,  pi.  iii,  figs.  1-6. 

This  species  is  represented  at  Mulloch  Hill  and  Craigens.  The  oblong  siibquadrate 

shape  distinguishes  it  from  the  other  Silurian  species  in  the  G-irvan  district,  and 
though  Davidson  does  not  record  it  from  this  area,  and  doubts  §  the  reported  occur- 

rence of  this  species  in  Llandovery  beds  (as  it  is  typically  a  Ludlow  form),  it  does  not 

seem  possible  to  distinguish  these  Mulloch  Hill  and  Craigens  specimens  from  the 

Ludlow  types.  In  size  these  Mulloch  Hill  shells  measure  about  13  mm.  long  by 
10  mm.  wide. 

Horizons. — (l)  Mulloch  Hill  Group  ;  (2)  Saugh  Hill  Group. 

Localities. — (l)  Mulloch  Hill;  (2)  Craigens. 

Lingula  mediostriata,  sp.  nov. 

(Plate  II,  figs.  15,  16.) 

1 1883.  Lingula  ovata,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  207,  pi.  xvii,  fig.  25. 

Shell  ovate  to  sub-oblong  •;  sides  subparallel,  very  slightly  arched ;  anterior  end 

obtusely  rounded  to  subtruncate  ;  biconvex,  somewhat  flattened  anteriorly.  Pedicle- 

valve  gently  convex  ;  beak  pointed,  with  short  shoulders  diverging  at  75°-90°  and 
reaching  less  than  one-third  the  length  of  shell.  Brachial  valve  with  inconspicuous 
obtuse  beak  and  with  shoulders  diverging  at  very  wide  angle.  Surface  of  valves  marked 

by  numerous  closely  placed  minutely  undulated  fine  concentric  lines  with  occasional 

stronger  growth-ridges,  and  a  median  group  of  very  delicate  straight  radiating  lines 

*  Hall  and  Clarke,  op.  cit.,  Brach.,  i,  p.  12,  pi.  i,  figs.  11,  12. 
t  Barrande,  Syst.  Silur.  Boheme,  vol.  v,  1879,  pi.  civ,  figs,  viii,  1-4. 

|  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  pi.  ii,  fig.  3.  ' 
§  Ibid.,  p.  35. 
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showing  through  shell.     Interior  of  pedicle* valve  with  double  narrow  low  median  ridge 

from  beak  expanding  suddenly  at  one-third  the  length  of  valve  into  low  oval  boss. 
Dimensions. — 

0)  (2) 
Length  .         .         .107  11 '8  mm. 
Width    .         .         .     7"0  8 -2  mm. 

Horizon. — Drummuck  Group  (including  Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — This  shell  is  much  the  shape  of  shells  usually  attributed  to  L.  ovata, 

M'Coy,*  but  the  ornamentation  is  different.  The  poor  interior  of  a  brachial  valve 
from  Drummuck,  figured  by  Davidson  (op.  cit.)  as  L.  ovata  in  his  Supplement,  may 

belong  to  this  species. 

Lingula  ovata,  M'Coy  ? 
1816.  Lingula  ovata,  M'Coy,  Synopsis  Silur.  Foss.  Ireland,  p.  24,  pi.  iii,  fig.  1. 

1866.  Lingula  ovata,  M'Coy,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  38,  pi.  ii,  fig.  19 
(1  figs.  20-23). 

Non  1883.  Lingula  ovata,  M'Coy,. Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  207,  pi.  xvii,  fig.  25. 

It  is  doubtful  if  this  species  really  occurs  in  the  Girvan  area,  but  some  poor 

specimens  from  the  Whitehouse  Beds  may  perhaps  be  attributed  to  it.  Their  state 

of  preservation  renders  a  precise  determination  impossible. 

Horizon. — Whitehouse  Group. 

Locality. — Whitehouse  Bay,  Shalloch  Mill. 

Lingula  pseudoquadrata,  sp.  nov. 

(Plate  II,  figs.  17,  18.) 

Shell  subquadrate,  length  to  width  about  3  :  2,  widening  slightly  anteriorly  ;  sides 

subparallel ;  anterior  end  abruptly  truncate,  nearly  straight ;  shoulders  short,  making 

large  obtuse  angle  at  beak.  Pedicle-valve  somewhat  flattened,  with  pair  of  low 
straight  rounded  diverging  ridges  running  forwards  from  beak  to  anterior  lateral 

angles  of  valve ;  beak  slightly  raised,  with  small  steep  area  below  it  crossed  by 

triangular  pedicle-slit  or  groove.  Surface  of  valves  marked  by  rather  coarse  concentric 

lines  and  growth-ridges  of  unequal  strength. 

Dimensions. — Length  of  valve  about  7 '5  mm.  ;  width  of  valve  about  5'0  mm. 
Horizon. — Balclatchie  Group. 

Locality. — Dow  Hill. 

Remarks. — It  may  be  considered  doubtful  whether  this  form  is  not  the  young 

of  some  species,  but  I  cannot  discover  any  shell  on  the  same  horizon  which  can 

be  regarded  as  its  adult  representative.  Of  various  species  L.  quadrata  comes  nearest 

to  it,  but  I  have  no  certain  evidence  that  this  occurs  in  the  Balclatchie  Beds.  The 

pair  of  low  ridges  diverging  to  'the  anterior  lateral  angles  are  distinctive,  and  are 
certainly  not  due  to  any  distortion  or  accident  of  preservation. 

*  M'Coy,  Syn.  Silur.  Foss.  Irel.,  p.  24,  pi.  iii,  fig.  1. 
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Lingula  quadrgtta,  Eichwald. 

1829.  Lingula  quadrata,  Eichwald,  Zool.  Special.,  vol.  1,  p.  273,  pi.  iv,  fig.  2. 

1883.  Lingula  quadrata,  Eichwald,  Davidson,  Man.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  203, 
pi.  xvii,  figs,  2,  3. 

This  species  is  fairly  common  in  an  imperfect  condition  at  Craighead,  and 

Davidson's  identification  appears  to  be  correct.  Gagel*  describes  it  from  the 

Ordovician  pebbles  of  Prussia.  It  grows  to  a  large  size,  one  of  Davidson's  figured 
specimens  measuring  about  35  mm.  in  length.  The  closely  allied  or  identical  species 
from  the  Trenton  and  Lorraine  Formations  is  known  as  L.  rectilateralis,  Emmons,  t 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Lingula  solvens,  sp.  no  v. 

(Plate  II,  fig.  19.) 

Shell  almost  subquadrate  ;  sides  slightly  arched  outwards,  subparallel ;  anterior 

end  bluntly  rounded  ;  beak  obtuse  ;  shoulders  short,  meeting  at  about  120°-130°. 
Surface  of  shell  ornamented  with  very  regular  equal  and  equidistant  concentric 

lines ;  interior  marginally  marked  with  irregular  vascular  branches. 

Dimensions. — Length,  34  mm.  ;  width,  24  mm. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — In  shape  this  shell  is  much  like  the  specimen  referred  to  L.  ovata, 

M'Coy,  from  the  Chair  of  Kildare,  which  was  figured  by  Davidson,!  but  the  latter 

seems  distinct  from  M'Coy's  type  of  L.  ovata  from  Ballygarvan,  Wexford.  There  is 
only  the  one  good  specimen  here  measured  which  I  have  seen  of  this  species  from 

Girvan,  and  it  is  in  Mrs  Gray's  collection.  L.  ioivaensis,  Owen,§  of  the  American 
Ordovician  appears  to  resemble  it  in  shape.     The  interior  of  our  species  is  unknown. 

Lingula  Symondsi,  Salter. 

1866.  Lingula  Symondsi,  Salter  MS.,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  45,  pi.  iii, 

figs.  7-17  (?  all). 

1883.  Lingula  Sysmondi  [sic],  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  224,  pi.  xvii,  figs.  23,  24. 

The  occurrence  of  this  species  in  the  Girvan  district  seems  tolerably  certain,  but 

none  of  the  specimens  which  I  have  seen,  including  those  which  Davidson  identified, 

are  quite  satisfactorily  preserved. 

Horizons. — (l)  Saugh  Hill  Group ;  (2)  Camregan  Group  ;  (3)  Penkill  Group. 

Localities. — (l)  Woodland  Point ;  (2)  Bargany  Pond  Burn  ;  (3)  Penkill. 

*  Gagel,  "  Brach.  camb.  silur.  Gesch.  Ost-  u.  Westpreussen,"  Beitr.  natur/c.  Preussens,  vi,  1890,  p.  19,  t.  i,  fig.  9. 
t  Ruedemann,  Bull.  162,  New  York  State  Mus.,  1912,  p.  91,  pi.  iv,  fig.  1. 

*  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  pi.  ii.  fig.  20  (non  cet.). 
§  Winchell  and  Schuchert,  Falseont.  Minnesota,  iii,  p.  349,  pi.  xxix,  figs.  19-22. 
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Genus  Lingulasma,  Ulrich. 

Lingulasma  ?  ardmillanense,  sp.  no  v. 

(Plate  II,  figs.  20-23.) 

Shell  biconvex,  elongated  oval,  about  twice  as  long  as  wide  ;  sides  subparallel, 

nearly  straight ;  anterior  end  rather  abruptly  rounded,  sub  truncate.  Pedicle-valve 

gently  convex  ;  beak  acuminate,  with  shoulders  meeting  at  about  75° ;  interior 
with  large  low  triangular  platform  slightly  pointed  in  middle,  extending  nearly 

across  width  of  valve  and  for  more  than  one-third  its  length.  Brachial  valve 

with  blunter  beak ;  surface  gently  convex ;  interior  with  long  straight  median 

septum  starting  a  little  in  front  of  beak  and  reaching  about  three-fourths  the  length 
of  valve,  dividing  platform  ;  platform  low,  more  than  half  length  of  valve,  with 

median  tongue  projecting  anteriorly,  arched  forwards  and  bearing  at  base  of 

tongue  a  pair  of  nearly  contiguous  oval  "  central "  muscle-scars.  Surface  of  shell 
ornamented  with  closely  placed,  somewhat  irregular,  minutely  sinuous  thin  imbri- 

cated concentric  lamellae. 

Dimensions. — Length,  18"0  mm.  ;  width,  9 "5  mm. 
Horizon. — Balclatchie  Group. 

Locality. — Ardmillan. 

Remarks. — -The  shape  of  the  shell  is  much  like  that  of  L.  nympha,  Billings,*  of 
the  Quebec  Group,  and  L.  philomela,  Billings,!  of  the  Trenton  Limestone.  It  is  also 

similar  to  that  of  L.  longissima,  Pander,  as  interpreted  by  M'Coy  and  Davidson.} 
But  the  internal  characters  are  those  of  Lingulasma  as  described  by  Ulrich  §  and  by 

Hall  and  Clarke,||  though  the  platform  is  less  elevated  and  solid. 

Lingulasma  ?  canadense  (Billings). 

(Plate  II,  fig.  24.) 

1862.  Lingula  canadensis,  Billings,  Geol.  Surv.  of  Canada:  Palseont.,  vol.  i,  p.  114,  fig.  95. 

1877.  Lingula  canadensis,  Billings'?,  Davidson,  Geol.  Mag.,  N.S.,  vol.  iv,  p.  16,  pi.  ii,  figs.  4,  ia-c. 
1883.  Lingula  canadensis,  Billings?,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  202; 

pi.  xvii,  figs.  la-c. 

Davidson's  figure  of  the  ornamentation  of  the  specimen  from  Balclatchie,  which 

he  attributed  to  Billings'  species  Lingula  canadensis,  is  not  correct ;  the  concentric 
raised  rounded  lines  are  not  drawn  sufficiently  thick,  and  the  tubercular  swellings 

resulting  from  the  crossing  of  the  finer  equidistant  radial  and  thicker  concentric  lines 

are  made  too  large,  too  circular,  and  too  close  together.  The  tubercles  are  in  reality 

small,  laterally  compressed,  annular,  and  rarely  contiguous.     There  is  a  fragment  of  a 

*  Billings,  Palseoz.  Foss.  Canada,  vol.  i  (1862),  p.  214,  fig.  198. 
t  Billings,  op.  cit.,  p.  49,  fig.  53. 

\  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  51,  pi.  iii,  figs.  28-30. 
§  Ulrich,  Amer.  Geol,  iii,  1889,  p.  389,  fig.  5  on  p.  378. 

||  Hall  and  Clarke,  Palseont.  New  York,  vol.  viii,  1892,  Brach.,  i,  p.  24,  pi.  ii,  figs.  17-23. 
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shell  from  Craighead  in  Mrs  Gray's  collection  which  has  the  radial  lines  of  tubercles 
rather  more  closely  placed  and  the  tubercles  themselves  more  prominent  than  in 

the  Balclatchie  form,  but  it  can  scarcely  be  separated. 

This  shell  is  much  like  our  L.  pulcherrimum,  and  is  undoubtedly  allied  to  it,  but 
the  ornamentation  is  coarser. 

Ulrich  #  has  suggested  that  Billings'  Lingula  canadensis  t  may  belong  to  the 

genus  Lingulasma,  but  unfortunately  the  type  of  Billings'  species  is  lost,  and 
apparently  no  other  specimens  are  known.!  Lingulasma  Schucherti,  Ulrich  (op.  cit.), 

from  the  "  Hudson  River  Group,"  §  is  the  type  of  the  genus. 
Horizons. — (l)  Balclatchie  Group  ;  (2)  Stinchar  Limestone  Group. 

Localities. — (l)  Balclatchie  ;  (2)  Craighead. 

Lingulasma  ?  penultimum,  sp.  nov. 

(Plate  II,  figs.  25,  26.) 

Shell  regularly  oval,  biconvex,  widest  across  middle,  sides  arched ;  anterior  end 

rounded  or  slightly  subtruncate.  Brachial  valve  rather  flatter  than  pedicle-valve. 
Shell  thick,  laminated,  longitudinally  striated  over  whole  interior.  Surface  of  shell 

covered  densely  with  small  equal  rounded  granules  arranged  in  regular  concentric 

and  radial  rows  ;  granules  closely  placed,  equidistant,  less  than  their  own  diameter 

apart. 

Dimensions. — Length  about  15  mm.  ;  width  about  10  mm. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — Only  one  specimen  of  this  species  is  known  to  me,  but  it  is  nearly 

perfect,  with  the  exception  of  the  beak  of  the  pedicle-valve.  The  ornamentation  is 
much  like  that  of  the  other  species  here  referred  to  IAngulasma,  and  especially  to 

L.  granulata,  Phillips, ||  which  Ulrich  H  suspected  belonged  to  this  genus.  Un- 
fortunately, the  internal  characters  of  this  Girvan  shell  are  unknown.  In  L.  granulata 

the  shell  is  quadrate  in  form  and  the  granules  are  coarser.  In  L.  tenuigranulata, 

M"Coy,*#  the  radial  arrangement  predominates  and  the  shell  is  of  a  different  shape. 

Lingulasma  ?  pulcherrimum,  sp.  nov. 

(Plate  II,  figs.  27,  28  ;  Plate  III,  fig.  1.) 

Shell  elongated  oval  to  sub-oblong,  nearly  twice  as  long  as  wide  ;  sides  gently 

arched,  subparallel ;    anterior   end   rather   abruptly   rounded.      Pedicle-valve    with 

*  Ulrich,  American  Geologist,  vol.  iii,  No.  6,  1889,  p.  383,  figs,  ha,  b,  c,  d  (p.  378). 
+  Billings,  Palseoz.  Fobs.  Canada,  vol.  i,  1862,  p.  114,  fig.  95  ;  Winchell  and  Schuchert,  Palseont.  Minnesota, 

iii,  p.  352,  fig.  26. 

X  Hall  and  Clarke,  Palseont.  New  York,  vol.  viii,  1892,  Brach.,  i,  p.  27. 

§  Hall  and  Clarke,  ibid.,  pi.  ii,  figs.  17-23. 

|j  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  36,  pi.  ii,  figs.  15-18. 

1  Ulrich,  Amer.  Geol.,  iii,  1889,  p.  389.  **  Davidson,  op.  cit.,  p.  37,  pi.  ii,  figs.  9-14 
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acuminate  beak,  shoulders  meeting  at  75°-80°.  Brachial  valve  shorter,  with  obtuse 
beak,  faint  traces  of  muscle-scars,  and  thin  median  internal  septum.  Interior  of 
both  valves  with  delicate  radial  striae.  Surface  of  shell  ornamented  with  numerous 

closely  placed  delicate  concentric  strise,  of  equal  strength,  more  or  less  minutely 

undulated,  irregularly  increasing  in  number,  and  closely  set  with  very  numerous 

minute  equal  and  equidistant  granules  which  are  generally  arranged  in  obscure 

radiating  lines,  particularly  near  the  anterior  end  of  shell ;  occasionally  several 

adjoining  granules  in  the  same  concentric  row  are  fused  together. 

Dimensions. — Length,  10"0,  19'0,  14'0  mm.  ;  width,  5'5,  11 '5,  8"0  mm. 
Horizons. — (l)  Balclatchie  Group;  (2)  ?  Stinchar  Limestone  Group. 

Localities. — (l)  Dow  Hill,  Ardmillan ;  (2)  Craighead,  Minuntion. 

Remarks. — The  shape  of  the  Balclatchie  specimens  is  closely  like  that  of 

L.  ardmillanense,  but  the  Craighead  ones  are  more  oval  and  less  parallel-sided. 

The  interior  is  not  well  known.  The  ornamental  granules  are  not  so  definitely 

arranged  in  radial  lines  as  in  L.  tenuigranulata,  M'Coy,  for  the  concentric  lines  are 
much  more  marked  in  our  shell. 

Lingulasma  ?  quaestor,  sp.  nov. 

(Plate  III,  figs.  2-4.) 
1883.   Lingula  granulata,  Phillips,  Davidson,  Man.  Brit.  Foss.  Brach.,   vol.  v,  Silur.  Suppl.,  p.  207, 

pi.  xvii,  figs.  20,  21. 
Non  1848.  Lingula  granulata,  Phillips,  Mem..  Geol.  Surv.,  vol.  ii,  pt.  i,  p.  370,  pi.  xxv. 

Shell  oblong  ;  length  to  width  about  3:2;  sides  subparallel,  nearly  straight ; 

anterior  end  abruptly  truncate.  Pedicle-valve  gently  convex,  with  small  obtuse 

prominent  beak  and  shoulders  meeting  at  about  100°-120°  ;  interior  with  posterior 
fourth  part  of  valve  occupied  by  very  low  indistinct  platform  defined  at  front  end 

by  short  transverse  arched  ridge  on  each  side  of  broad  low  median  septum  extending 

in  front  of  platform  to  about  half  the  length  of  valve.  Brachial  valve  gently  convex, 

with  obtuse  beak  ;  interior  with  thick  low  median  septum  commencing  in  front 

of  beak  and  extending  fully  four-fifths  the  length  of  valve,  with  traces  of  fan-like 

"  lateral"  scars  on  each  side  of  its  posterior  part  and  in  front  of  them  a  pair  of  sub- 

circular  approximate  "  central  "  scars.  Surface  of  valves  covered  with  rather  unequal 
concentric  lines  and  growth-ridges,  the  finer  ones  showing  very  faint  granulation. 

Dimensions. — Length  about  18"0  mm.  ;  width  about  11 '5  mm. 
Horizon. — Balclatchie  Group. 

Localities. — Ardmillan  Brae,  Balclatchie. 

Remarks. — The  internal  characters  seem  to  be  those  of  Lingulasma,  though  the 

platforms  in  both  valves  are  almost  obsolete,  especially  in  the  pedicle-valve. 

Since  the  granulations  in  Phillips'  Lingula  granulata  are  much  coarser  and  the 
interior  is  unknown,  it  does  not  seem  advisable  to  refer  this  Girvan  shell  to  that 

species. 
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Lingulasma  ?  tenax,  sp.  nov. 

(Plate  III,  figs.  5,  6.) 

Shell  broadly  oval ;  sides  gently  arched  outwards  ;  anterior  end  rounded,  not 

truncate.  Pedicle-valve  acuminate,  with  short  pointed  beak  ;  shoulders  meeting  at 

right  angles  or  less  and  extending  less  than  one-third  the  length  of  shell.  Brachial 
valve  with  more  obtuse  beak.  Surface  of  valves  ornamented  with  very  fine  closely 

placed  minutely  undulated  concentric  lines  bearing  numerous  regular  equidistant 

minute  granules  of  equal  size,  obscurely  and  rather  irregularly  arranged  in  radiating 

lines.     Inner  layer  of  shell  with  fine  radiating  striae. 

Dimensions. — Length,  18 "5  mm  ;  width,  14'0  mm. 
Horizons. — (l)  Saugh  Hill  Group  ;  (2)  Penkill  Group  ? 

Localities. — (l)  Woodland  Point ;  (2)  Penkill. 

Remarks. — As  the  interior  is  unknown  the  reference  to  Lingulasma  is  doubtful ; 
but  the  ornamentation  is  of  the  same  type  as  that  described  in  L.  pulcherrimum. 

The  granules  are  not  so  large  nor  so  close  nor  so  numerous  as  in  that  species,  and 

the  shell  is  much  broader  and  shorter.  The  concentric  lineation  is  more  conspicuous 

than  the  radial  arrangement  of  the  granules.  L.  scobina,  Williams,*  from  the 
Silurian  of  Maine,  appears  to  have  a  somewhat  similar  ornamentation. 

Genus  Siphonotreta,  De  Verneuil. 

Siphonotreta  micula,  M'Coy. 

1851.  Siphonotreta  micula,  M'Coy,  Ann.  Mag.  Nat.  Hist.,  ser.  2,  vol.  viii,  p.  389. 

1852.  Siphonotreta  micula,  M'Coy,  Synopsis  Brit.  Pal.  Foss.  Woodw.  Mus.,  p.  188,  pi.  iH,  fig.  3. 

1866.  Siphonotreta  micula,  M'Coy,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  p.  76,  pi.  viii,  figs.  2-6. 

1883.  Siphonotreta  micula,  M'Coy,  Davidson  (pars),  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  224. 

Some  small  shells  from  Ardmillan,  Dow  Hill,  and  Balclatchie  appear  to  be  refer- 

able to  this  species,  the  exterior  of  one  specimen  showing  the  numerous  delicate 

short  spines  on  the  edges  of  the  concentric  laminae  and  the  others  the  bases  of 

similar  spines.  The  terminal  foramen  on  the  short  beak  of  the  pedicle-valve  can  also 
be  detected. 

Dimension. — Length,  2'5-3"0  mm. 
Horizon.—  Balclatchie  Group. 

Localities. — Ardmillan,  Dow  Hill,  Balclatchie. 

Siphonotreta  ?  thraivensis,  sp.  nov. 

(Plate  III,  figs.  7,  8.) 

Shell  broadly  ovate,  nearly  as  wide  as  long.     Pedicle-valve  with  short  acuminate 

perforated  beak,  shoulders  meeting  at  about  90° ;    sides   of  valves   gently  arched, 
*  Williams,  Proc.  U.S.  Nat.  Mus.,  vol.  xlv,  1913,  p.  339,  pi.  xxx,  fig.  18. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  26).  118 
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passing  imperceptibly  into  broadly  rounded  anterior  margin.  Brachial  valve  with 

more  obtuse  beak.  Interior  of  brachial  ?  valve  with  thin  median  septum  about  half 

the  length  of  valve.  Surface  of  shell  ornamented  with  rather  irregular  sublamellose 

concentric  ridges  radially  fimbriated  or  armed  with  short  recumbent  spines,  especially 
near  margin. 

Dimensions. — Length,  3 "2  mm.  ;  width,  3'0  mm. 
Horizon. — Drummuck  Group. 

Locality. — Thraive  Glen. 

Remarks. — This  small  imperfectly  known  species,  of  which  the  largest  example 
only  measures  5  or  G  mm.  in  length,  seems  to  belong  to  the  genus  Siphonotreta, 

judging  from  its  resemblance  to  S.  micula,  M'Coy. 

Genus  Schizambon,  Walcott. 

Schizambon  scoticus  (Davidson). 

(Plate  III,  figs.  9-14.) 
1877.  Siphonotreta  scotica,  Davidson,  Geol.  Mag.,  vol.  iv,  1877,  p.  13,  pi.  ii,  figs.  5,  6. 
1883.  Siphonotreta  scotica,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.   217,  pi.  xvi, 

figs.  31-33. 
1883.  Lingula  Ramsayi,  Salter,  Davidson  (pars)  ibid.,  pi.  xvii,  fig.  6. 

Shell  broadly  oval.  Pedicle-valve  with  subacuminate  terminal  beak,  shoulders 

enclosing  angle  of  about  120°;  anterior  end  rounded;  subcentral  oval  foramen,  with 
external  rounded  groove  running  back  from  it  to  beak  and  tapering  posteriorly. 

Interior  of  pedicle-valve  showing  pedicle-groove  as  a  low  broad  rounded  ridge 
slightly  widening  and  thickening  from  beak  to  subcentral  foramen.  Brachial  valve 

gently  convex,  with  blunter,  more  obtuse  beak  ;  narrow  weak  median  longitudinal 

depression  traversing  surface  and  dying  out  near  anterior  margin.  Surface  of  both 

valves  covered  with  numerous  concentric  sublamellose  imbricating  ridges  with  finer 

concentric  lines  between  ;  from  the  ridges  arise  widely  separated  scattered  short 

tubular  spines  or  hollow  tubercles  usually  arranged  alternately  on  successive  con- 
centric ridges  in  an  irregular  quincunx  manner ;  nearer  the  edges  of  the  valves  the 

spines  are  longer,  and  closer  together,  and  round  the  margin  a  horizontal  fringe  of 

long  straight  radiating  spines  of  subequal  or  equal  strength  projects  nearly  one-eighth 
the  length  of  the  shell.     Substance  of  shell  minutely  punctate. 

Dimensions. — 

Length       .... 
Width  .... 

Horizon. — Stinchar  Limestone  Group. 

Localities. — Craighead,  Minuntion. 

Remarks. — Owing  to  Davidson's  diagnosis  of  the  species  being  imperfect  and 
incorrect,  the  preceding  revised  description  has  been  drawn  up  from  a  re-examination 

(1) 
(2) 

15'0 

c.  20"0  mm 

13'0 

16'0  mm 
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of  the  types  and  other  material.  There  is  no  perforation  of  the  beak,  as  he  mentions, 

but  there  is  a  distinct  pedicle-groove  which  is  represented  as  a  ridge  in  his  figure 

(op.  cit.,  pi.  xvi,  fig.  32)  of  the  interior  of  a  pedicle-valve.  This  groove  is  well 
exhibited  in  the  specimen  which  he  figured  as  Lingula  Ramsayi.  The  weak  median 

depression  in  the  brachial  valve  which  widens  but  dies  out  anteriorly  is  best  seen  in 

the  Minuntion  specimens.  This  character  is  present  in  Schizambon  (Siphonotreta  ?) 

minnesotensis,  Hall  and  Clarke,*  from  the  Trenton  Formation,  and  the  characters 

of  the  pedicle-valve  also  closely  agree  with  those  of  S.Jissus,  var.  canadensis,  Ami.t 
S.  Dodgei,  Winchell  and  Schuchert,|  and  S.  duplicimuratus,  Hudson, §  are  likewise 

allied  species.  But  Sch.  fissus,  var.  canadensis,  was  regarded  by  Hall  and  Clarke 

as  probably  not  congeneric  with  the  type  species  of  the  genus,  Sch.  typicalis, 

Walcott,||  on  account  of  the  structure  of  the  pedicle-passage,  and  it  may  be  necessary 
to  put  this  whole  group  of  species  in  a  separate  genus  or  subgenus. 

Schizambon  scoticus  (Davidson)  var. 

(Plate  III,  figs.  15-17.) 

There  is  an  imperfectly  known  shell  closely  resembling  Sch.  scoticus  which  occurs 

in  the  Starfish  Bed,  and  probably  it  will  have  to  be  regarded  as  a  distinct  species  when 

we  have  better-preserved  specimens  for  study.  But  at  present  it  may  best  be  placed 
as  a  variety  of  Sch.  scoticus.  It  differs  from  the  Stincliar  Limestone  form  in  having 

(l)  a  shorter  foraminal  groove;  (2)  stronger  and  more  prominent  imbricating  ridges 

on  the  surface  ;    and  (3)  fewer  and  coarser  spines. 

Dimensions. — Length,  7-15  mm. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Genus  Acrothele,  Linnarsson. 

Acrothele  medioradiata,  sp.  nov. 

(Plate  III,  figs.  18-22.) 

Shell  corneous,  circular  or  subcircular.  Pedicle-valve  low  conical,  with  Ions 

anterior  concave  slope  and  shorter,  steeper  posterior  slope  without  a  definite  false 

area ;  apex  sharp,  prominent,  pointed,  situated  at  about  one-third  the  length  of  the 
valve,  with  minute  circular  foramen  at  apex  and  internal  narrow  groove  ending  at 

about  three-fourths  the  distance  between  apex  and  posterior  margin.     Brachial  valve 

*  Hall  and  Clarke,  Palseont.  New  York,  vol.  viii,  1892,  Brach.,  i,  p.  177,  pi.  iv,  figs.  37,  38. 
t  Hall  and  Clarke,  ibid.,  p.  115,  pi.  iv,  figs.  32-36. 
I  Winchell  and  Schuchert,  Palseont.  Minnes.,  iii,  p.  361,  pi.  xxx,  figs.  5,  6. 
§  Clarke,  Rep.  State  Palseont.  1903,  New  York  State  Mus.,  1905,  Bull.  80,  p.  284,  pi.  5,  figs.  6,  7. 

||  Walcott,  Mori.  U.S.  Geol.  Surv.,  vol  viii,  1884,  "  Pal.tont.  Eureka  Distr.,"  p.  69,  pi.  i,  fig.  3 ;  id.,  Camb.  Brach. 
{Mon.  U.S.  Geol.  Surv.,  vol.  li    1912),  p.  624,  pi.  lxxxiv,  figs.  1,  la-Id. 
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gently  convex,  beak  marginal  or  submarginal,  not  much  raised.  Surface  of  both 

valves  marked  with  fine  concentric  striae  and  several  (6-8)  strong  low  radiating 
wrinkles  running  from  the  apex  to  the  middle  of  the  anterior  margin.  Interior 

of  shell  finely  punctate. 

Dimensions. — Diameter,  3-7  mm.  ;  height,  1-2 '5  mm. 
Horizon. — Balclatchie  Group. 

Localities. — Balclatchie,  Dow  Hill. 

Remarks. — It  is  probable  that  this  shell  is  referable  to  the  genus  Acrothele,  and 

in  its  external  ornamentation  and  shape  it  resembles  A.  subsidua  (White)  *  and  its 
varieties.     A.  Mattheivi  (Hartt)  t  and  its  varieties  also  seem  to  be  allied. 

Acrothele  (?)  sp.  a. 

(Plate  III,  figs.  23,  24  ?  25  ?) 

1883.  Acrotreta  Nicholsnni,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack,  vol.  v,  Silur.  Suppl.,  pp.  213,  224. 

Shell  corneous,  subcircular  to  elliptical,  wider  than  long.  Brachial  valve  flattened, 

slightly  raised  towards  beak,  with  posterior  edge  nearly  straight  and  a  shallow  broad 

median  depression  on  surface  towards  anterior  margin  ;  beak  small,  submargina], 

slightly  raised,  with  traces  of  a  pair  of  minute  cardinal  muscle-scars ;  interior  with 
short  median  septum.  Surface  of  shell  marked  with  concentric  lines  very  minutely 

granulated. 
Dimensions. — Diameter  about  5-6  mm. 

Horizon. — Balclatchie  Group. 

Localities. — (l)  Balclatchie,  Ardmillan,  Dow  Hill. 

Remarks. — Some  of  the  minute  shells,  labelled  by  Davidson  Acrotreta  Nicholsoni, 
may  be  referable  to  Acrothele,  but  others  (figs.  24,  25)  may  belong  to  Acrotreta.  No 

pedicle-valve  which  can  be  associated  with  them  has  so  far  been  discovered. 

Acrothele  (Redlichella  ?)  sp.  b. 

(Plate  III,  figs.  26,  27.) 

1883.  Siphonotreta  micula,  Davidson  (pars),  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  224. 

Non  1851.  Siphonotreta    micula,    M'Coy,    Ann.    Mag.    Nat.    Hist.,    ser.    2,  vol.  viii  (1851),  p.  389;  Syn. 
Brit.  Pal.  Foss.  Woodiv.  Mus.,  p.  188,  pi.  iH,  fig.  3. 

There  is  a  small  horny  brachiopod  occurring  at  Balclatchie  which  much  resembles 

the  small  shells  from  the  Llandeilo  of  Co.  Down,  referred  by  Davidson  \  to  Acrothele 

granulata,  Linnarsson,§  of  the  Middle  Cambrian  of  Sweden,  but  it  is  probable  that 

the  Llandeilo  and  Cambrian  forms  are  nevertheless  distinct,  though  Walcott  ||  puts 

*  Walcott,  Uamb.  Brach.  (Mon.  U.S.  Geol.  Surv.,  vol.  li,  1912),  p.  656,  pi.  lx,  figs   1,  8,  9. 
t  Ibid.,  p.  650,  pi.  lxi,  figs.  1,  2,  3,  5. 
\  Davidson,  op.  cil,  v,  p.  214,  pi.  xvi,  figs.  29,  30. 

§  Linnarsson,  Bih.  t.  k.  svensk.  vet.  Akad.  HandL,  Bd.  iii,  No.  12,  1876,  p.  24,  pi.  iv,  figs.  51a-c. 
||  Walcott,  Camb.  Brach.  (Mon.  U.S.  Geol.  Surv.,  vol.  li,  1912),  p.  663,  pi.  lvi,  figs.  2,  2a-n. 
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them  together  in  his  list  of  references  to  the  species.  Some  of  these  Girvan  specimens 

were  labelled  by  Davidson  Siphonotreta  micula,  M'Coy,  but  they  do  not  possess  the 
shape  or  characters  of  that  species,  being  subcircular  in  outline,  and  having  irregular 

sublamellose  finely  fimbriated  concentric  striae  ;  the  beak  also  is  intra-marginal,  and 
seems  to  form  the  apex  of  a  low  cone.  In  size  they  average  3  mm.  in  diameter  or 

less.  A.  granulata,  Linnarss.,  is  taken  by  Walcott  as  the  type  of  his  subgenus 

Redlichella  (op.  cit.,  p.  662). 

Horizon. — Balclatchie  Group. 

Locality. — Balclatchie. 

Genus  Acrotreta,  Kutorga. 

"  Acrotreta  costata,"  Davidson. 

1883.  Acrotreta  1  costata,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  213,  pi.  xvi, 

fig.  24. 

The  one  small  specimen  on  which  this  species  is  based  is  very  imperfect,  and 

Davidson's  figure  is  a  highly  imaginative  restoration,  unless  the  specimen  has  sub- 
sequently been  much  injured,  which  does  not  seem  to  have  been  the  case.  The  shell 

may  belong  either  to  the  genus  Conotreta  or  Acrotreta,  but  the  "  radial  ribs  "  which 
are  now  visible  seem  to  be  only  the  imperfect  cast  of  the  posterior  face  of  the  pedicle- 

valve  showing  the  pedicle-groove  and  edges  of  the  false-area.  But  the  specimen  is 

too  poorly  preserved  and  too  fragmentary  for  a  satisfactory  determination.  Walcott  * 

says  :  '  The  description  and  figures  suggest  a  genus  allied  to  Cyrtia,  Hall  and  Clarke, 

of  the  Silurian  "  ;  but,  as  stated  above,  Davidson's  figures  are  untrustworthy. 
Horizon. — Balclatchie  Group. 

Locality. — Balclatchie. 

Acrotreta  Nicholsoni,  Davidson  ? 

1  1868.  Acrotreta  t  Nicholsoni,  Davidson,  Geol.  Mag.,  vol.  v,  p.  313,  pi.  xvi,  figs.  14-16. 
1871.  Acrotreta  ?  Nicholsoni,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  343,  pi.  xlix, 

figs.  36,  37,  40  (non  figs.  38,  39). 

Non  1883.  Acrotreta  Nicholsoni,  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  213,  pi.  xvi,  figs.  21-23. 
1912.  Acrotreta  Nicholsoni,   Walcott  (pars),    Camb.   Brack.  (Mon.    U.S.    Geol.    Surv.,  vol.   li,   1912), 

p.  696,  pi.  Ixxiii,  figs.  1,  lc,  Id,  Ih,  li,  Ik  (non  figs,  la,  lb,  le,  1/,  lg). 

In  describing  the  new  species  Micromitra  Davidsoni  it  has  been  mentioned  above 

that  the  type  of  A.  Nicholsoni  came  from  Dobbs'  Linn,  Moffat.  Lapworth  f  only 
records  the  latter  from  the  zone  of  Dicrano.  Clingani  in  that  region.  The  Girvan 

specimens  referred  by  Davidson  to  this  Moffat  species  cannot  be  retained  in  it  or  in 

the  same  genus,  though  Walcott  has  adopted  Davidson's  conclusions  and  figures.  An 
examination  of  the  figured  specimens  shows  that  the  drawings  are  incorrect  and  mis- 

leading.    The  median  groove  from  the  apical  foramen  of  the  pedicle-valve  to  the 

*  Walcott,  Camb.  Brack.  (Mon.  U.S.  Geol.  Surv.,  vol.  li,  1912),  p.  674. 
t  Lapworth,  Quart.  Journ.  Geol.  Soc,  vol.  xxxiv,  1878,  pp.  313,  331. 
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posterior  margin  is  wanting,  and  this  seems  to  be  an  essential  character  of  Acrotreta 

Nicholsoni.  In  the  brachial  valve  of  Acrotreta,  Walcott  (op.  cit.)  mentions  a  long, 

well-defined  median  ridge  and  a  pair  of  strong  cardinal  tubercles  near  the  margin  of 
the  area,  but  these  cannot  be  clearly  detected  in  any  of  the  Girvan  specimens. 

Some  of  Davidson's  figured  specimens  of  A.  Nicholsoni  from  Girvan  have  been 
removed  to  Micromitra  Davidsoni  (p.  797),  and  others  must  be  placed  in  a  new  species 

of  Conotreta  (C.  conoidea,  q.v.) ;  while  others  labelled  A.  Nicholsoni  by  Davidson 

seem  to  belong  to  the  genus  Acrothelc  rather  than  Acrotreta.  Consequently  it  is  highly 

doubtful  if  the  Moffat  form  A.  Nicholsoni  really  occurs  in  the  Girvan  area  at  all. 

Acrotreta  (?)  sp.  a. 

(Plate  III,  fig.  28.) 

There  are  some  small  calcareo-corneous  brachial  valves  occurring  in  the  Stinchar 
Limestone  and  Balclatchie  Groups  which  are  probably  referable  to  some  species  of 

this  genus,  and  somewhat  resemble  Acrotreta  curvata,  Walcott,#  from  the  passage 
beds  between  the  Cambrian  and  Ordovician  of  Eureka,  Nevada.  The  valve  is  sub- 

circular  in  shape  ;  the  beak  is  small,  acute,  and  marginal,  and  from  it  a  shallow 

depression  may  run  forward  across  the  flattened  surface  of  the  valve  to  the  front 

edge.  The  ornamentation  consists  of  fine  concentric  lines.  The  cardinal  scars  can 

be  rarely  detected. 

Dimensions. — Diameter  about  2'0  mm. 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead;  (2)  Balclatchie. 

Acrotreta  (?)  sp.  b. 

(Plate  III,  figs.  29-31.) 

Shell  transversely  subcircular.  Brachial  valve  gently  convex,  with  small  pointed 

marginal  beak ;  interior  with  long  straight  septum  extending  about  three-fourths  the 
length  of  valve  ;  pair  of  small  triangular  cardinal  scars  contiguous  to  septum  in  median 

line  close  to  beak,  and  a  pair  of  similarly  placed  small  subcircular  "  central"  (?)  scars 
at  about  one-third  length  of  valve.  External  surface  of  shell  with  concentric  growth- 
lines,  and  a  few  fine  radial  striae  in  interior. 

Dimensions. — Length,  c.  4  mm.  ;  width,  c.  5  mm. 

Horizon. — Stinchar  Limestone  Group. 

Localities. — Bennane  Burn,  E.  Stinchar  ;  Craighead. 

Rem,arks. — One  specimen  of  the  interior  of  a  brachial  valve  [2809,  Geol.  Surv. 

Mus.,  Edinburgh]  shows  the  muscle-scars  and  internal  septum  which  suggest  its 
reference  to  the  genus  Acrotreta.     The  others  merely  show  the  internal  septum. 

*  Walcott,  op.  cit.,  p.  682,  pi.  lxviii,  figs.  l/-li. 
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Genus  Conotreta,  Walcott. 

Conotreta  conoidea,  sp.  nov. 

(Plate  IV,  figs.  1-5.) 

1883.   Acrotreta  Nicholsoni,  Davidson  (pars),  Mon.   Brit.  Foss.  Brack.,  vol.   v,  Silur.  Suppl.,  p.  213, 

pi.  xvi,  figs.  21,  23  (non  fig.  22). 

1912.   Acrotreta   Nicholsoni,   Walcott    (pars),   Camb.   Brach.  (Mod.    U.S.    Geol.   Surv.,  vol.  li,    1912), 

p.  696,  pi.  Ixxiii,  figs,  le,  1/,  \g  (non  cet.). 

Shell  very  inequivalve.  Pedicle-valve  high,  acutely  conical,  rounded ;  height 
usually  greater  than  width  or  length  ;  width  slightly  greater  than  length  ;  apical 

angle,  20°-30°  ;  apex  sharply  pointed,  excentric,  nearer  posterior  edge,  perforated  by 
minute  circular  foramen  ;  posterior  face  below  apex  vertical,  somewhat  flattened,  not 

defined,  with  two  very  weak  obscure  furrows  running  down  its  centre  from  apex  to 

margin  and  faintly  enclosing  very  narrow  slightly  depressed  median  triangular  area 

(often  indistinct).  Interior  of  pedicle-valve  with  several  longitudinal  ridges  running 

about  one-half  of  the  distance  down  anterior  face,  of  which  two  or  three  bifurcate. 

Surface  of  valve  with  rather  strong  concentric  striae.  [?  Brachial  vah^e  nearly  flat, 

transversely  sub-circular,  with  small  pointed  inconspicuous  beak  and  thin  median 
internal  ridge ;  surface  ornamented  with  rather  strong  concentric  strise.] 

Dimensions. — 
Brachial  valve. 

(2) 
5 "5  mm.  Length     .  .     4'3  mm. 
3'4  mm.  Width      .         .     4'6  mm. 

Horizons. — (l)  Stinchar  Limestone  Group ;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead  ;  (2)  Ardmillan,  Balclatchie,  Dow  HilL 

Remarks. — The  type  of  this  shell  is  from  Craighead,  where  the  best-preserved 

specimens  occur.  Davidson's  unfortunate  figures  of  Acrotreta  Nicholsoni  have  been 
the  cause  of  much  confusion.  Acrotreta  Nicholsoni  has  a  much  lower  pedicle-valve, 
and  the  posterior  face  and  interior  have  different  characters. 

Our  Craighead  shells  and  some  from  Balclatchie  and  Ardmillan  agree  much  more 

closely  with  Conotreta  Rusti,  Walcott,*  of  the  Trenton  Formation,  not  only  in  their 

external  shape  and  features  but  in  the  internal  impressions  in  the  pedicle-valve. 

Davidson's  figure  of  the  Ardmillan  specimen  is  misleading,  for  there  are  no  such 
grooves  on  the  posterior  face  as  he  has  indicated 

The  brachial  valve  of  the  genus  Conotreta  is  not  described  by  Hall  and  Clarke, 

and  the  small  flat  valves  above  described  as  probably  belonging  to  C.  conoidea  may 

possibly  belong  to  Acrothele. 

*  Walcott,  Proc.  U.S.  Nat.  Mus.,  xii,  1890,  p.  365,  figs.  1-4 ;  Hall  and  Clarke,  op.  tit.,  Brach.,  i,  p.  104, 
pi.  ivK,  figs.  16-21. 

Pedicle-valve 
(1) 

Height 

.     5'0 Width .     37 
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Genus  Trematis,  Sharpe. 

Trematis  craigensis,  sp.  nov. 

(Plate  IV,  figs.  6-9.) 

Shell  obovate  to  subcircular,  widening  slightly  anteriorly.  Brachial  valve  gently 

convex  ;  beak  blunt,  intramarginal,  not  projecting  ;  interior  with  median  muscle-scar 

formed  by  pair  of  elongated  subtriangular  "  central  "  muscles  situated  behind  centre 
of  valve,  separated  by  very  low  weak  median  septum  ;  marginal  scars  indistinct.  In- 

ternal surface  of  shell  marked  by  very  fine  radial  striae ;  external  surface  covered 

with  small  closely  placed  hexagonal  cells  separated  by  narrow  walls  ;  cells  becoming 

smaller  near  margins.     Pedicle-valve  unknown. 

Dimensions. — Length,  13  mm. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Remarks. — This  species  is  undoubtedly  allied  to  T.  punctata  (Sow.)*  and  T. 
millepunctata,  Hall,t  but  the  shape  of  the  shell  is  rather  different  and  the  external 

ornament  is  finer,  the  cells  being  smaller  than  in  the  former  species,  and  the  beak  of 

the  brachial  valve  in  the  latter  is  more  prominent  and  the  central  muscle-scars  more 

anteriorly  placed,  being  almost  in  the  middle  of  the  shell. 

Trematis  melliflua,  sp.  nov. 

(Plate  IV,  fig.  10.) 

Shell  transversely  subcircular  ;  brachial  valve  gently  convex  [?  with  weak  median 

depression  from  beak  to  margin]  ;  beak  marginal,  blunt,  slightly  incurved  ;  surface 

of  shell  marked  with  a  few  concentric  growth-ridges  and  covered  with  very  minute 
closely  placed  hexagonal  pits,  arranged  in  quincunx  manner ;  no  radiating  lines 

present. 
Dimensions. — Length,  5'1  mm.  ;  width,  6*3  mm. 
Horizon. — Balclatchie  Group. 

Locality. — Balclatchie. 

Remarks. — The  absence  of  radiating  lines  and  the  densely  placed  very  small  pits 

give  a  minutely  cancellated  or  honeycomb  appearance  to  the  shell-surface,  as  in 
Trematis  millepunctata,  Hall,|  from  the  Hudson  River  [Lorraine]  Group,  with  which 

species  ours  may  be  compared.  I  am  only  acquainted  with  one  specimen  of  this 

interesting  little  brachiopod,  and  it  is  in  Mrs  Gray's  collection.  The  median 
depression  may  be  due  to  crushing  and  thus  not  be  an  original  or  specific  feature. 

The  shape  of  the  shell  and  the  much  finer  ornament  distinguish  this  species  from 

that  of  the  Stinchar  Limestone  termed  T.  craigensis. 

*  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  69,  pi.  vi,  fig.  9. 
t  Hall,  24th  Ann.  Rep.  N.Y.  State  Gab.  Nat.  Hist.,  1872,  p.  221,  pi.  7,  figs.  22-25. 
{  Hall  and  Clarke,  Palneont.  New  York,  vol.  viii,  Brack.,  i,  p.  139,  pi.  ivc,  figs.  4-10 ;  Schuchert,  Bull.  87, 

U.S.  Geol.  Surv.,  p.  452  (for  references). 
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Trematis  siluriana,  Davidson. 

(Plate  IV,  fig.  11.) 

1866.  Discina  (Trematis)  siluriana,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  71,  pi.  vi, 

figs.  8,  8a,  8b. 

This  species,  of  which  the  type  comes  from  the  Bala  beds  of  Horderley,  was  not 

recorded  by  Davidson  from  the  Girvan  district.  Only  three  imperfect  specimens  are 

known  to  me,  and  these  occur  in  Mrs  Gray's  collection.  They  show  the  characteristic 
radiating  lines  of  transversely  subquadrate  to  subcircular  pits  lying  between  the 

radial  ridges,  and  one  specimen  consists  of  the  pedicle-valve  which  has  not  been 
previously  described  in  this  species.  This  valve  forms  a  low  depressed  cone  with  a 

narrow  triangular  fissure  running  inwards  from  the  margin  to  the  subcentral  apex, 

and  it  resembles  in  these  respects  the  pedicle-valve  of  Tr.  millepunctata,  Hall,  as 

figured  by  Hall  and  Clarke.* 
Dimensions. — Diameter  about  20  mm. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Genus  Schizocrania,  Hall  and  Whitfield. 

Schizocrania  asteroidea,  sp.  nov. 

(Plate  IV,  figs.  12-14.) 
1851.   Orbiculal  crassa,  Hall,  Salter,  Proc.  Geol.  Soc.  London,  vol.  vii,  p.  175,  pi.  x,  figs.  3,  4 ;  p.   151, 

woodcut  7. 

?  1866.  Discina  crassa  (Hall?),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  69,  pi.  vi,  fig.  7. 

?  1883.  Discina  crassa,  Davidson,  op.  cit,  vol.  v,  Silur.  SuppL,  p.  224. 

Non  1847.   Orbiculat  [Obolella]  crassa,  Hall,  Falmont.  New  York,  i,  p.  290,  pi.  79,  fig.  8. 

Shell  oval ;  brachial  valve  gently  convex,  most  so  just  behind  centre  ;  apex  sub- 
marginal,  low,  close  to  posterior  margin,  blunt,  slightly  incurved.  Surface  covered 

with  fine  rounded  equal  and  equidistant  thread-like  lines,  increasing  in  number  by 

interpolation,  and  curving  back  slightly  on  each  side.  Pedicle-valve  unknown. 

Interior  of  brachial  .valve  with  a  pair  of  elongate  closely  placed  posterior  muscle- 
scars  converging  and  narrowing  to  apex  of  shell,  and  with  a  weak  median  ridge 

running  forwards  from  apex. 

Dimensions. — Length,  10'3  mm.  ;  width,  8'0  mm.  ;  height,  2'2  mm. 
Horizon. — (l)  Drummuck  Group  (Starfish  Bed) ;  (2)  Whitehouse  Group? 

Locality. — (l)  Thraive  Glen  ;  (2)  Whitehouse  Bay. 

Remarks. — This  shell  resembles  Schizocrania  jilosa  (Hall)  t  in  its  shape  and 
ornamentation,  and  in  the  muscle-scars  of  the  brachial  valve,  so  far  as  it  is  known. 

The  specimen  figured  by  Davidson  from  Penwhapple  Glen  as  Discina  crassa,  Hall  (?) 

(and  of  which  the  occurrence  at  Thraive  was  subsequently  recorded),  is  probably  the 

*  Hall  and  Clarke,  Palxont.  New  York,  vol.  viii,  Brach.,  i,  p.  138,  pi.  ive,  fig.  8. 
t  Hall  and  Clarke,  ibid.,  p.  142,  pi.  ivo,  figs.  22-29  (?  30). 

TRANS.  ROY.  SOC.  EDIN,  VOL.  LI,  PART  IV  (NO.  26).  119 
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same  species.  But  Hall's  Orbicula  ?  [Discina]  crassa  is  referred  by  Schuchert* 
to  the  genus  Oboletta,  and  is  a  Lower  Cambrian  species ;  and  Walcott  t  likewise 
places  it  in  this  genus. 

Genus  Orbiculoidea,  D'Orbigny. 
Orbiculoidea  Armstrongi,  sp.  nov. 

(Plate  IV,  figs.  15-17.) 

Shell  circular  or  slightly  subcircular.  Pedicle-valve  gently  convex,  low  conical ; 

apex  subcentral ;  interior  with  pedicle-tube  extending  rather  more  than  half  the 

distance  from  centre  to  posterior  margin.  Brachial  valve  low  conical,  with  apex  ex- 

central,  situated  at  about  one-third  the  diameter  or  less  from  posterior  margin.  Surface 
marked  with  strong  regular  rounded  concentric  ridges  of  rather  unequal  size. 

Dimensions. — Average  diameter  8  mm. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — This  species  is  undoubtedly  very  close  to  Discina  perrugata,  M'Coy  ,j 
the  type  of  which  came  from  the  Llandovery  beds  of  Kilbride,  Ireland.     But  I  am 

not  convinced  that  it  is  identical,  especially  as  it  comes  from  a  different  horizon. 

M'Coy  says  that  the  apex  is  situated  at  one-third  the  diameter  from  the  margin  ; 
this  would  apply  only  to  the  brachial  valve.     Davidson  does  not  record  Orbic.  [D.] 

perrugata  from  the  Drummuck  beds,  but  he  states  §  that  it  occurs  at  Balclatchie. 

1  have  not,  however,  seen  any  specimens  attributable  to  it  from  this  locality.     It  may 

be  named  Armstrongi,  after  one  of  the  authors  of  the  Catalogue  of  Western  Scottish 

Fossils,  1876. 
Orbiculoidea  shallochensis,  sp.  nov. 

(Plate  IV,  figs.  18-20.) 
1883.  Discina  perrugata,  Davidson  (pars),  Mori.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  pp.  210,  224 

(non  pi.  xvii,  fig.  47). 

Shell  circular  to  subcircular.  Pedicle-valve  low  conical,  with  sharp  central  apex ; 

interior  with  pedicle-tube  extending  nearly  three-fourths  the  distance  from  centre  to 
posterior  margin  ;  edge  of  valve  somewhat  flattened  or  thickened.  Brachial  valve 

very  low  conical,  more  or  less  flattened ;  apex  very  excentral,  situated  at  about  one- 
fourth  the  diameter  from  posterior  margin.  Surface  with  numerous  fine  concentric 
close  rounded  lines. 

Dimensions. — Length,  9"0  mm.  ;  width,  8 '5  mm. 
Horizon. — Whitehouse  Group. 

Locality. — Whitehouse  Bay,  Shalloch  Mill. 

Remarks. — The  finer  surface-ornamentation  and  the  longer  pedicle-tube  and  more 
excentnc  apex  of  the  brachial  valve  distinguish  this  species  from  O.  Armstrongi. 

*  Schuchert,  Bull.  87,  U.S.  Geol.  Surv.  (1897),  p.  373.  f  Walcott,  Camb.  Brack,  1912,  p.  592. 

+  M'Coy,  Syn.  Silur.  Foss.  Ird.,  1846,  p.  24,  pi.  iii,  fig.  2. 
Sj  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  65,  pi.  v,  fig.  23. 
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Orbiculoidea  stincharensis,  sp.  nov. 

(Plate  IV,  figs.  21-24.) 

1883.  Discma  perrugata  (M'Coy),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  pp.  210, 
224,  pi.  xvii,  fig.  47. 

Shell  slightly  oval  or  elliptical,  longer  than  wide.  Pedicle-valve  low  conical,  more 
or  less  flattened  ;  apex  subcentral,  rather  nearer  posterior  than  anterior  end  ;  interior 

with  pedicle-tube  extending  about  half  the  distance  from  centre  to  margin.  Brachial 

valve  with  apex  more  excentric,  situated  about  two-fifths  to  one-third  of  the  diameter 
from  posterior  margin.     Surface  covered  with  coarse  rounded  low  concentric  ridges. 

Dimensions. — Length,  7'5  mm.  ;  width,  G'5  mm. 
Horizon. — Stinchar  Limestone  Group. 

Locality.  — Craighead . 

Remarks. — The  oval  shape  of  the  shell,  the  shorter  pedicle-tube,  and  the  coarser 
and  fewer  concentric  ridges  distinguish  this  form  from  the  other  Girvan  species. 

It  appears  to  resemble  0.  lamellosa,  Hall,#  from  the  Trenton  Formation,  but  has 
more  rounded  concentric  ridges. 

Subgenus  schizotreta,  Kutorga. 

Orbiculoidea  (Schizotreta  ?)  Forbesi,  Davidson. 

(Plate  IV,  fig.  25.) 

1848.  Orbicula  Forbesi,  Davidson,  Bull.  Soc.  Geol.  France,  siv.  2,  vol.  v,  p.  334,  pi.  iii,  fig.  45. 

1866.  Orbiculoidea  Forbesi,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  73,  pi.  vii,  figs.  14-18. 
1883.  Orbiculoidea  Forbesi,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  224. 

The  specimens  attributable  to  O.  Forbesi  from  Woodland  Point  are  broken  or 

poorly  preserved,  and  the  internal  and  apical  characters  are  not  clearly  recognisable. 

One  pedicle-valve  is  circular  or  subcircular  in  shape,  and  shows  minute  transverse 
striae  in  the  rather  broad  grooves  between  the  narrow  concentric  ridges  on  the  surface. 

The  brachial  valves  have  a  more  excentric  apex,  and  are  oval  or  rather  narrower 

posteriorly,  as  Davidson  mentions.  The  Niagaran  species,  Orbic.  (Schizotreta) 

tenuilamellata  (Hall)  t  is  probably  closely  allied. 

Horizons.— (l)  Saugh  Hill  Group  ;  (2)  Mulloch  Hill  Group  ? 

Localities.— (\)  Woodland  Point ;  (2)  Mulloch  Hill. 

"  Orbicula  oblongata." 

The  specimens  attributed    by  Davidson  %  to  "Orbicula"   [Discina]    oblongata, 
Portlock,§  and  described  as  Discina  oblongata  from  the  Balclatchie  Beds,  do  not 

appear  to  be  brachiopods  at  all.     Only  the  so-called  pedicle-valve  has  been  found,  and 

Davidson  himself  remarked  (op.  cit.,  p.  6G)  that  no  "lower"  [brachial]  valve  was 
*  Hall,  Palxont.  New  York,  vol.  i,  1847,  p.  99,  pi.  30,  fig.  10. 
t  Hall,  Palxont.  New  York,  vol.  ii,  1852,  p.  250,  pi.  53,  fig.  3. 
I  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  66,  pi.  vii,  figs.  4,  5? ;  ibid.,  Suppl.,  v,  p.  209,  pi.  xvii, 

figs.  13-46.  §  Portlock,  Rep.  Geol.  Londond.  (1843),  p.  445,  pi.  xxxii,  fig.  13. 
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known.  The  "  upper  "  valve  shows  no  foramen  and  no  internal  characters  which  would 
lead  us  to  place  it  with  the  Discinidw  :  there  is  no  trace  of  a  pedicle-tube  or  groove. 

"The  shape  of  the  shell,  the  incurved  pointed  apex,  and  its  general  aspect  suggest  that 
it  should  be  referred  to  the  gasteropod  genus  Archinacella  or  to  some  allied  patelliform 

genus.  Probably  Portlock's  specimens  from  Desertcreat  should  also  have  the  same 
reference.  We  may  remark  that  it  bears  a  considerable  resemblance  to  Archinacella 

orbiculata  (Hall),*  A.  deleta  (Sardeson),t  and  allied  species  from  the  Ordovician  of 
America. 

Genus  Philhedra,  Koken. 

Philhedra  drummuckensis,  sp.  nov. 

(Plate  IV,  figs.  26-29.) 

Shell  circular.  Upper  valve  conical,  capuliform,  with  pointed  apex  situated 

excentrally  at  about  one-fourth  to  one-fifth  the  diameter  of  valve  from  posterior 
end,  with  steeper  posterior  slope.  Surface  of  valve  covered  with  closely  set  fine 

radiating  lines  of  minute  radially  elongated  pustules,  and  a  few  irregular  concentric 

growth-ridges. 

Dimensions. — Diameter,  5-5  "5  mm.  ;  height,  2-2 '5  mm. 
Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — The  general  affinities  of  this  shell  seem  to  be  with  Ph.  rivulosa 
(Kutorga)4  but  it  is  much  more  closely  allied  to  the  species  Ph.  mullochensis 

described  below,  though  it  has  a  more  pointed  apex.  The  internal  characters  are 

not  satisfactorily  preserved. 

Philhedra  mullochensis,  sp.  nov. 

(Plate  IV,  figs.  30-33.) 
1883.   Crania  siluriana,  Davidson  (pars),  Man.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  215,  pi.  xvii, 

figs.  51-53  (non  figs.  49,  50). 
Non  1866.   Crania  siluriana,  Davidson,  op.  cit.,  vol.  iii,  pt.  vii,  p.  82,  pi.  viii,  figs.  19,  20. 

Shell  subcircular.  Upper  valve  convex,  capuliform,  rounded,  subcorneal,  with 

blunt  apex  situated  near  posterior  margin  at  about  one-fourth  to  one-third  the 
diameter  of  the  shell.  Surface  of  valve  covered  with  minute  pustules  arranged  in 

very  numerous  closely  placed  regular  radial  rows  ;  one  or  two  coarse  irregular  low 

rounded  concentric  rugse  usually  present.  Interior  of  upper  valve  with  pair  of 

faintly  impressed  large  anterior  occlusors,  and  slightly  thickened  internal  margin. 

Dimensions. — Diameter,  9-11  mm.  ;  height,  3-4  mm. 

Horizons. — (l)  Mulloch  Hill  Group ;  (2)  Saugh  Hill  Group. 

Localities. — (l)  Mulloch  Hill,  Craigens  ;  (2)  Newlands. 

*  Ruedemann,  Bull.  525,  New  York  Educ.  Dep.  (Mus.  Bull.  162),  1912,  p.  108,  pi.  7,  figs.  1-6. 
f  Ui.uich  and  Soofield,  Palseont.  Minnesota,  vol.  iii,  pt.  ii,  1897,  p.  831,  pi.  lxi,  figs.  16-20. 
{.  Von  Huene,  Verhundl.  Euss.  Miner.  Gesellsch.  St  Petersburg,  ser.  2,  vol.  xxxvi  (1899),  p.  300,  t.  iv  (xii),  figs.  8-16. 
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Remarks. — This  species  differs  from  the  typical  Philhedra  siluriana  (Davidson)  #  of 
the  Wenlock  Beds  by  its  more  elevated  rounded  capuliform  shape  and  less  central  apex 

and  by  its  pustulate  ornamentation.  Several  of  the  species  of  Philhedra  described  by 

Von  Huene  t  from  the  Baltic  provinces  have  a  general  resemblance  to  it  and  some- 
what similar  ornamentation,  but  none  seem  very  closely  allied.  It  differs  chiefly  from 

Crania  setifera,  Hall,}  of  the  Niagara  Group,  by  its  more  excentric  and  blunter  apex. 

Philhedra  ?  penkillensis,  sp.  nov. 

(Plate  IV,  fig.  34.) 

Shell  subcircular,  conical,  less  than  half  as  high  as  wide  ;  apex  excentric,  situated 

at  about  one-third  the  diameter  of  shell  from  posterior  margin.  Interior  of  upper 

valve  with  two  ?  pairs  of  subcircular  muscle-scars,  the  anterior  pair  subcentral  and 
large,  posterior  pair  indistinct.  Surface  of  shell  ornamented  with  very  fine  closely 

placed  equal  raised  thread-like  radial  lines  and  a  few  concentric  striae  and  growth- 
ridges.     Lower  valve  nearly  flat. 

Dimensions. — Diameter  about  5 '5  mm.  ;  height  about  2  mm. 
Horizon.—  Penkill  Group. 

Locality. — Penkill. 

Remarks. — The  single  specimen  of  the  upper  valve  with  the  shell  preserved,  on 
which  this  species  is  founded,  was  labelled  by  Davidson  as  Discina  sp.  and  marked 

as  drawn,  but  I  cannot  find  out  where  it  was  figured.  The  position  of  this  shell  may 

be  either  in  the  genus  Philhedra  or  Pseudocrania,  and  its  affinities  may  be  with 

Ph.  Solaris  (Eichwald).§  The  muscle-scars  are  somewhat  indistinct  and  uncertain, 
but  the  anterior  pair  is  fairly  well  seen  in  an  internal  cast. 

Philhedra  Playfairi,  sp.  nov. 

(Plate  IV,  figs.  35,  36.) 

Shell  subquadrate,  widening  anteriorly,  slightly  emarginate  on  anterior  and 

posterior  borders.  Upper  valve  convex,  rounded ;  apex  obtuse,  excentric,  situated 

nearer  posterior  than  anterior  margin  ;  posterior  face  short,  steep.  Interior  of  upper 

valve  with  weak  transversely  oval  posterior  occlusors  close  to  margin,  and  deeply 

sunk  subcentral  circular  anterior  occlusors  situated  closer  together,  with  narrow 

longitudinal  median  ridge  in  depression  between  them  ;  strong  lateral  vascular  sinus 

on  each  side,  extending  round  in  front  of  anterior  occlusors  and  nearly  meeting  in 

middle  and  giving  off  to  margins  short  radiating  lateral  branches.  Surface  of  shell 

ornamented  with  thin  sublamellose  concentric  growth-ridges  somewhat  irregular, 

and  bearing  small  sub-equidistant  pustules. 

*  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pr,.  vii,  p.  82,  pi.  viii,  figs.  19,  20. 
t  Von  Huene,  op.  rib.,  pp.  297-315. 

%  Hall,  11th  Ann.  Rep.  State  Geol.  Indiana,  1882,  p.  283,  pi.  21,  figs.  8-10. 
§  Von  Huene,  op.  cit.,  p.  308,  t.  iv,  figs.  23,  24. 



824  DR    F.    R.    C.    REED   ON   THE 

Dimensions. — Length,  12'0  mm.  ;  width  (maximum),  15'0  mm. 
Horizon. — Balclatchie  Group. 

Locality. — Dow  Hill. 

Remarks. — Only  one  internal  cast  of  the  upper  valve  and  a  portion  of  the 
impression  of  the  shell  of  the  same  specimen  are  available.  The  internal  characters 

suggest  a  relationship  to  Ph.  rivulosa  (Kutorga),*  but  the  ornamentation  of  the 
surface  is  more  like  Pseudocrania  petropolitana  (Pander),  f  The  interior  is  much 

like  Crania  Crofti,  Dav.,|  from  the  Bala  beds  of  Wales.  This  species  is  dedicated  to 

the  famous  Scotch  professor,  John  Playfair. 

Philhedra  siluriana  (Davidson). 

(Plate  IV,  fig.  37.) 

1866.   Crania  siluriana,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  82,  pi.  viii,  figs.  19,  20. 

1883.   Crania  siluriana,  Davidson  (pars),  op.  cit.,  vol.  v,  Silur.  SuppL,  p.  215,  pi.  xvii,  figs.  49,  50 

(non  figs.  51-53). 

This  species  was  recorded  by  Davidson  from  Woodland  Point  and  Mulloch  Hill, 

but  nearly  all  those  from  the  latter  locality  seem  to  belong  to  the  species  here 

described  as  Ph.  mullochensis.  The  typical  Ph.  siluriana  is  much  flatter,  more 

depressed,  and  the  ornamentation  consists  only  of  concentric  growth-ridges.  Hall's  § 
Crania  siluriana  from  the  Niagara  Group  is  probably  identical  in  this  restricted 

sense.  In  a  few  examples  from  Woodland  Point  some  of  the  muscle-scars  can  be 
distinguished,  and  it  is  seen  that  the  anterior  occlusors  are  circular  and  larger  than 

the  posterior  ones  (which  are  very  faint)  and  situated  their  own  diameter  apart. 

Von  Huene  ||  refers  this  species  to  the  genus  Philhedra. 

Horizons— (l)  Saugh  Hill  Group ;  (2)  ?  Mulloch  Hill  Group. 

Localities.— (I)  Woodland  Point;  (2)  ?  Mulloch  Hill. 

Philhedra  sp. 

(Plate  IV,  fig.  38.) 

One  internal  cast  of  the  upper  valve  of  a  species  of  Philhedra  from  the  Starfish 

Bed  occurs  in  the  British  Museum,  but  it  cannot  be  referred  to  the  above-described 
species  Ph.  drummuckensis  from  the  same  horizon. 

The  shell  is  conical,  and  semi-elliptical  in  shape,  being  wider  than  long  ;  the  apex  is 
situated  nearer  the  posterior  than  the  anterior  end  ;  a  pair  of  large  subcircular  anterior 

occlusors  lie  at  about  half  their  diameter  apart  a  little  behind  the  apex,  and  the 

much  smaller  posterior  adductors  are  situated  submarginally  and  relatively  further 

apart  from  each  other,  but  the  centres  of  the  pairs  of  muscle-scars  lie  on  parallel 

*  Von  Huene,  op.  cit.,  p.  300,  pi.  iv,  figs.  8-16.  t  Von  Huene,  op.  cit.,  p.  231,  pi.  i,  figs.  4-14. 
I  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl,  v,  p.  215,  pi.  xvii,  figs.  54-56. 
$  Hat.l,  Trans.  Alba7iy  Instit.,  vol.  iv,  p.  208  (1863);  id.,  11th  Ann.  Report  State  Geol.  Indiana,  1882,  p.  282, 

pi.  21,  figs.  3-7  ;  Beecher  and  Clarke,  Mem.  New  York  Slate  Mus.,  i,  1889,  p.  13,  pi.  1,  figs.  1,  2. 
||  Von  Huene,  op.  cit.,  p.  217. 



ORDOVICIAN    AND  SILURIAN   BRACHIOPODA   OF  THE  GTRVAN   DISTRICT.      825 

longitudinal  lines.  The  surface  of  the  shell  appears  to  have  been  covered  with  rather 

strong  numerous  rounded  radii  which  project  over  the  edge  as  minute  marginal  teeth, 

but  no  pustules  can  be  detected.  Indeed,  the  whole  character  of  the  shell  suggests 

its  relationship  with  Davidson's  Crania  Crofti*  which  Von  Huene  t  places  in  "the 
genus  Philhedra ;  but  the  marginally  projecting  radii  especially  resemble  Pseudo- 
crania  pectinata,  Gagel,}  from  the  Jevesche  Bed  of  Estland. 

Dimensions. — Length,  7'5  mm.  ;   width,  9'0  mm.  ;  height,  c.  3'0  mm. 
Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Genus  Pholidops,  Hall. 

Pholidops  antiqua  (Schlotheim)  ? 

(Plate  V,  figs.  1-3.) 
1822.  Patellites  antiquus,  Schlotheim,  Petrefaktenkunde,  Supply  i,  p.  62,  t.  xii,  fig.  2. 

1899.  Pholidops  antiqua,  Von  Huene,  Verh.  Russ.  Miner.  Gesell.  St  Petersburg,  ser.  2,  Bd.  xxxvi,  p.  270, 

text-fig.  11,  t.  ii,  figs.  19-21  (and  references). 

A  few  badly  preserved  specimens  of  a  species  of  Pholidops  in  Mrs  Gray's  collection 
from  Shalloch  Mill  appear  to  have  the  muscle-scars,  scutellum,  and  pallial  line 
developed  in  the  same  manner  as  Ph.  antiqua,  Schloth.,  which  they  resemble  rather 

than  the  Silurian  species  Ph.  implicata  (i8ow.).§  But  the  material  is  too  imperfect 

for  a  precise  determination.  The  same  remarks  apply  to  a  specimen  from  the 
Starfish  Bed. 

Horizons. — (l)  Whitehouse  Group;  (2)  Drummuck  Group  (Starfish  Bed). 

Localities.— (l)  Shalloch  Mill;  (2)  Thraive  Glen. 

Pholidops  implicata  (Sowerby). 

(Plate  V,  fig.  4.) 

1839.  Patella  1  implicata  Sowerby,  in  Murchison's  Silur.  Syst.,  p.  625,  pi.  xii,  fig.  14a. 
1866.   Crania  implicata  (Sowerby),  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  80,  pi.  viii, 

figs.  13-18. 
1883.  Pholidops  implicata  (Sowerby),  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  216,  pi.  xvii,  fig.  48. 

This  interesting  little  species  is  represented  on  several  horizons  in  the  Llandovery 
of  Girvan,  and  Davidson  recorded  it  from  the  Penkill  and  Woodland  Point  Beds. 

The  curious  central  scar,  well  described  and  illustrated  by  Von  Huene,  ||  is  clearly 

seen  in  several  specimens.  The  relations  of  this  species  with  Ph.  antiqua  (Schl.)  are 

discussed  by  Von  Huene  (op.  cit.,  p.  281),  and  again  by  Moberg  and  Gronwall.H 

*  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  215,  pi.  xvii,  figs.  54-56.  +  Von  Huene,  op.  cit.,  p.  217. 
\  Gagel,  Brach.  camb.  silur.  Gesch.,  1890,  p.  25,  t.  i,  fig.  11. 

§  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  86,  pi.  viii,  figs.  13-18. 
||  Von  Huene,  op.  cit.,  p.  276,  t.  ii,  figs.  22-25  ;  text-fig.  12. 

1  Moberg  and  Gronwall,  "  Om  Fyledalens  Gotlandium,"  Lunds  Univ.  Arsskrift,  N.F.,  Af.  2,  Bd.  v,  No.  J,  1909, 
p.  30,  t.  ii,  figs.  8,  9. 
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Horizons. — (l)  Saugh  Hill  Group  ;  (2)  Penkill  Group  ;  (3)  Camregan  Group. 

Localities. — (l)  Woodland  Point,  Newlands  ;  (2)  Penwhapple  Glen;  (3)  Bargany 
Pond  Burn. 

Genus  Pseudocrania,  M'Coy. 

Pseudocrania  divaricata,  M'Coy. 

1851.  Pseudocrania  divaricata,  M'Coy,  Ann.  Mag.  Nat.  Hist.,  ser.  2,  vol.  viii,  p.  388. 

1852.  Pseudocrania  divaricata,  M'Coy,  Syn.  Brit.  Pal.  Foss.  Woodw.  Mus.,  p.  187,  pi.  ih,  figs.  1,  2. 

1853.  Crania  divaricata,  M'Coy,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  i,  Introd.,  p.  122,  tigs.  246,  247. 

1866.   Crania  divaricata,  M'Coy,  Davidson,  op.  cit.,  vol.  iii,  pt.  vii,  p.  78,  pi.  viii,  figs.  7-12. 

This  species  was  not  recorded  by  Davidson  #  from  the  Girvan  area,  but  a  poor 

specimen  occurs  in  Mrs  Gray's  collection  from  the  Starfish  Bed,  measuring  about 
25  mm.  in  length,  and  showing  the  typical  characters. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Pseudocrania  multifilosa,  sp.  nov. 

(Plate  V,  fig.  5.) 

Shell  broadly  oval  to  elliptical,  convex,  capuliform,  forming  low  cone  with 

excentric  subacute  apex  directed  forwards  and  situated  from  posterior  margin  about 

one-third  the  length  of  the  shell.  Surface  of  shell  marked  with  a  few  concentric 

growth-lines  and  wrinkles  and  with  closely  placed  very  numerous  delicate  radiating 
fine  lines,  curving  slightly  back  at  sides. 

Dimensions. — Length,  8"0  mm.  ;  width,  6'5  mm.  ;  height,  3'2  mm. 
Horizon. — Druminuck  Group  (Starfish  Bed). 

Localities. — Drummuck,  Thraive  Glen. 

Remarks. — This  species  does  not  seem  closely  allied  to  any  previously  described 

British  species.     The  interior  is  unknown. 

Pseudocrania  aff.  depressa  (Eichwald). 

(Plate  V,  fig.  6.) 

aff.  1842.  Orbicula  depressa,  Eichwald,  Urwelt  Russland,  ii,  p.  76,  t.  i,  fig.  11. 

Shell  subquadrate,  widening  somewhat  anteriorly,  truncate  posteriorly.  Brachial 

valve  convex,  rounded,  capuliform,  most  elevated  towards  posterior  end ;  posterior 

face  steep,  short,  abrupt;  interior  of  valve  showing  (l)  broad  flattened  marginal 

limb  ;  (2)  weak  median  longitudinal  ridge  leading  to  shallow  emargination  of  front 

margin ;  (3)  pair  of  large  oval  anterior  occlusor  muscle-scars  well  defined  except  in 
front  and  closely  placed  to  median  ridge  which  separates  .them,  situated  behind  middle 

of  shell ;  (4)  low  broad  rounded  concentric  ridge  at  posterior  end  of  valve,  halfway 

*  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  pp.  79,  80  ;  Von  Huene,  op.  cit.,  p.  224. 
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between  muscle-scars  and  edge  of  valve  ;  whole  interior  of  valve  densely  covered 

with  minute  pits  arranged  in  concentric  lines.     Exterior  of  shell  unknown. 

Dimensions. — Length,  9'5  mm;  width  (maximum),  10"5  mm.  ;  height  (maximum), 
4'0  mm. 

Horizon. — Balclatchie  Group.  •> 

Locality. — Ardmillan. 

Remarks. — Only  one  internal  cast  of  the  shell  above  described  has  come  under 

my  notice.  It  appears  to  be  related  to  Ps.  depressa  (Eichwald),  as  interpreted  by 

Von  Huene.*     The  minute  pits  show  of  course  as  tiny  granules  in  the  internal  cast. 

Order  PROTREMATA. 

^Genus  Orthis,  Dalman. 

The  classification  of  the  numerous  species  of  this  genus  has  been  attempted  by 

several  palaeontologists  with  .more  or  less  success,  but  the  most  comprehensive  and 

detailed  system  is  that  put  forward  by  Messrs  Hall  and  Clarke,  t  The  probability 

of  further  additions  to  the  number  of  groups  or  subgenera  equivalent  in  value  to 

those  which  they  proposed  was,  however,  recognised  by  these  authors,  and  it  must  be 

confessed  that  their  scheme  is  not  entirely  comprehensive  or  sufficient  when  applied 

to  British  species.  Some  new  divisions  of  subgeneric  rank  have  accordingly  been 

here  introduced.  It  may  be  mentioned  that  Schuchert|  has  elevated  several  of 

Hall  and  Clarke's  groups  to  the  rank  of  genera,  and  has  also  used  several  new 
subgeneric  terms.  But  in  the  present  state  of  our  knowledge  it  seems  wiser  to  group 

all  the  species  in  one  genus  Orthis,  while  recognising  the  fact  that  it  contains  many 

more  or  less  distinct  subgeneric  divisions. 

Subgenus  orthis,  sens,  restr. 

Orthis  calligramma,  Dalman,  var.  nov.  craigensis. 

(Plate  V,  figs.  7-9.) 

H868.   Orthis  calligramma,  Dalman,  var.,  Davidson, "Mow.  Brit.   Foss.   Brack.,  vol.  iii,  pi.  xxxv,  fig.    6 
(non  cet.). 

A  form  of  0.  calligramma  occurs  at  Craighead  in  considerable  abundance,  but 

it  does  not  agree  strictly  with  the  usual  Welsh  and  English  shells  referred  to 

this  species.  It  closely  resembles  Wiman's  type  §  from  the  Orthoceras  Limestone, 
except  in  the  more  conical  shape  of  the  pedicle-valve  and  smaller  incurvature  of  the 
beak.  In  this  Craighead  variety  the  shell  is  subquadrate  to  subcircular  and  of  rather 

large  size,  averaging    20-25    mm.    in  length ;    the    pedicle-valve    is    subconical    and 

*  Von  Huene,  oji.  cit.,  p.  249,  t.  i,  figs.  24-27  ;  t.  ii,  figs.  1,  2. 
t  Hall  and  Clarke,  Palseont.  N.Y.,  vol.  viii,  Brach.,  i,  1892,  pp.  186-229. 

I  Schuchert,  in  Zittel's  Text-book  of  Palaeontology,  vol.  i  (translation,  2nd  edit.,  1913),  pp.  381,  382. 
S  Wiman,  Bull.  Geol.  Instit.  Upsala,  vol.  viii,  1907,  p.  103,  pi.  viii,  figs.  28-30. 
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slightly  convex,  with  the  beak  forming  the  apex  and  rising  high  above  the  hinge- 

line,  but  not  much  incurved  ;  the  hinge-area  is  large  and  steeply  inclined,  and  has 

a  large  triangular  delthyrium.  The  muscle-scar  in  this  valve  is  very  short,  being 
limited  almost  entirely  to  the  beak,  and  it  is  deeply  sunk  and  well  circumscribed. 

.The  brachial  valve  is  flattened,  but  has  occasional  traces  of  a  weak  median  depression. 

There  are  24-30  simple  equal  regular  straight  rounded  ribs,  separated  by  subequal 
or  slightly  narrower  rounded  interspaces,  and  both  the  ribs  and  interspaces  are 

ornamented  by  fine  longitudinal  lines,  while  the  interspaces  usually  show  strong 
concentric  striae. 

Horizon. — Stinchar  Limestone  Group. 

Localities. — Craighead,  Bogang. 

Orthis  calligramma,  Dalman,  var.  nov.  subplicata. 

(Plate  V,  figs.  10-15.) 
1883.   Orthis  calligramma,  Dalman,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

p.  225. 1883.   Orthis  rustica,  Sowerby,  Davidson  (pars),  ibid.,  p.  226. 

Shell  plano-convex,  subquadrate,  rounded  to  semielliptical ;  hinge-line  rather  less 

than  width  of  shell  or  equal  to  it ;  cardinal  angles  obtuse  or  subrectangular.  Pedicle- 

valve  strongly  convex,  swollen ;  beak  rather  high,  incurved ;  hinge-area  large, 
triangular,  lying  in  plane  of  valve  or  steeply  inclined.  Brachial  valve  flattened,  with 

very  weak  median  depression  widening  anteriorly ;  beak  small,  inconspicuous,  not 

raised  ;  hinge-area  narrow,  nearly  at  right  angles  to  valve. 

Interior  of  pedicle-valve  with  broad  subtruncate  short  triangular  muscle-scar, 
rather  deeply  impressed,  less  clearly  defined  in  front,  composed  of  two  narrow 

diductors  enclosing  adductors  of  about  one-third  the  width  of  the  scar ;  a  pair  of 

short  broad  rapidly  disappearing  subparallel  vascular  sinuses  run  forward  from 
diductors  ;    teeth  short,  small. 

Interior  of  brachial  valve  with  thickened  cardinal  plate,  long  narrow  linear  cardinal 

process,  and  very  short  stout  triangular  crural  plates  ;  muscle-scars  obscure. 

Surface  of  valves  ornamented  with  20-26  rounded  ribs  of  equal  strength  and 

equidistant  on  margin  ;  about  half  the  number  are  primaries,  the  others  being  inter- 

calated in  the  interspaces  or  branching  off  one  side  of  the  primaries  at  about  one- 

fourth  to  one-half  their  length.  Interspaces  wider  than  ribs,  rounded,  with  strong- 
concentric  striation.     Ribs  curve  back  slightly  on  both  sides  towards  cardinal  angles. 

Dimensions. — Length,  20  mm.  ;  width,  24  mm. 

Horizon. — Mulloch  Hill  Group. 

Locality. — Mulloch  Hill  Wood. 

Remarks. — These  shells  were  mostly  labelled  by  Davidson  O.  rustica,  but  they 
are  quite  distinct  in  their  convexity  and  ribbing.     The  interior  of  the  brachial  valve 
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is  much  like  0.  plicala,  Sow.,*  and  the  interior  of  the  pedicle-valve  and  its  shape 

and  contour  somewhat  resemble  0.  virgata,  Sow.,t  but  from  the  former  it  differs  by- 
its  shorter  hinge-line  and  from  the  latter  by  its  different  ribbing.  O.  sowerbyana, 
Dav.,  is  much  more  transverse  and  has  more  numerous  and  closer  ribs.  The  interior 

of  our  shell  and  general  characters  suggest  that  it  is  closely  allied  to  0.  flabellites, 

Foerste,j  of  the  Clinton  Beds. 

Orthis  calligramma,  Dalman,  var.  ? 

(Plate  V,  figs.  16-19.) 
?  1883.  Orthis  calligramma,  Dalman,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppt., 

pp.  181,  225. 

It  is  possible  that  some  small  shells,  measuring  5-10  mm.  in  width,  from  the 
Starfish  Bed  are  referable  to  this  species  ;  but  as  no  larger  examples  have  been  found, 

they  may  be  only  the  young  of  some  other  species.  In  shape,  ribbing,  number  of 

ribs,  and  internal  structure,  so  far  as  known,  they  possess  the  usual  characters  of  this 

species  in  its  wide  sense,  and  indeed  more  resemble  the  type-form  than  the  Stinchar 
Limestone  and  Mulloch  Hill  varieties  above  described. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Orthis  Playfairi,  sp.  nov. 

(Plate  V,  figs.  20-32.) 
1883.   Orthis  calligramma,  Dalman,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

pi.  xiii,  fig.  24  (non  cet.). 

1 1883.  Orthis  unguis,  Sovverby,  Davidson,  ibid.,  p.  117,  pi.  xiii,  fig.  28. 

Shell  subquadrate  to  subcircular,  unequally  biconvex  to  plano-convex  ;  hinge-line 
rather  less  than  maximum  width  of  shell ;  cardinal  angles  obtuse  or  slightly  rounded. 

Pedicle-valve  regularly  convex,  rounded  ;  beak  more  or  less  raised  and  swollen, 

somewhat  incurved,  rising  well  above  hinge-line  ;  hinge-area  rather  large,  triangular, 
lying  in  plane  of  valve  or  steeply  inclined  ;  delthyrium  wide,  triangular.  Brachial 

valve  flattened  or  very  weakly  convex,  much  less  deep  than  opposite  valve,  with 

weak  median  depression ;  beak  low,  small,  inconspicuous ;  hinge-area  narrower  than 
in  opposite  valve. 

Interior  of  pedicle- valve  with  large  and  stout  teeth,  and  with  elongated  sub- 

triangular  muscle-scar  occupying  beak,  bounded  in  front  by  short  strongly  convergent 
ridges  merging  into  low  broad  thickening  of  shell  forming  semioval  boss  ;  diductors 

long,  subtriangular,  separated  by  narrow  adductor  impressions  ;  ovarian  areas  marked 
with  weak  radial  orooves. 

Interior  of  brachial  valve  with  very  thick  transverse  cardinal  plate  bearing  straight 

*  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pi.  xxxvii,  fig.  1.  t  Ibid.,  pi.  xxxvii,  fig.  2. 
+  Grabau,  Bull.  N.Y.  State  Mus.,  No.  45,  vol.  ix,  1901,  p.  186,  fig.  94. 
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linear   cardinal  process  and  very  stout  short  crural   plates  ;    adductor  scars  rather 

deeply  sunk,  separated  by  broad  rounded  ridges  about  one-third  the  length  of  valve. 

Ribs  12-24  in  number,  angular  or  subangular,  simple,  coarse,  regular,  straight, 
decreasing  in  size  towards  the  cardinal  angles,  separated  by  angular  or  subangular 

interspaces  equal  in  size  to  ribs,  both  ornamented  with  a  few  fine  longitudinal  lines 

and  closely  set  concentric  striae.  Shell  substance  pierced  with  a  few  large  punctse 

or  tubules.     Ribs  show  marginally  inside  valves. 

Dimensions. — (l)  Craighead  form,  average  length,  10-12  mm.  ;  (2)  Balclatchie 

form,  average  length,  12-15  mm.  ;  (3)  Shalloch  Mill  form,  average  length,  10-14  mm. 

Horizons. — (l)  Stinchar  Limestone  Group;  (2)  Balclatchie  Group;  (3)  White- 
house  Group. 

Localities. — (l)  Craighead,  Minuntion,  Tramitchell,  Doularg,  Bogang  ;  (2)  Bal- 
clatchie, Ardmillan  ;  (3)  Shalloch  Mill. 

Remarks. — This  shell  undoubtedly  belongs  to  the  group  of  0.  calligramma  as 

understood  by  Wysogorski,*  but  cannot  be  regarded  as  a  typical  example  of  this 
species,  though  included  in  it  by  Davidson  and  most  authors.  It-  differs  in  the 

angularity,  greater  coarseness,  and  smaller  number  of  the  ribs,  and  in  these  respects 

resembles  Wysogorski's  0.  Schmidti  and  0.  callactis,  Dalm.  The  variety  of 
0.  callactis  figured  by  Lindstrom  f  differs  in  having  the  ribs  less  angular,  but 

otherwise  is  much  like  our  Girvan  form.  The  Craighead  specimens  have  rather 

fewer  ribs  and  a  lower  hinge-area  on  the  pedicle-valve  and  are  usually  smaller 
than  those  from  the  Balclatchie  Beds,  but  otherwise  seem  specifically  inseparable. 

Wysogorski's  O.  lyckholmiensis  (op.  cit.),  as  interpreted  by  Wiman,|  may  be  corn- 
pared  as  regards  ribbing,  but  it  has  a  lower  beak  to  the  pedicle-valve  and  the  shell 

is  biconvex,  besides  occurring  at  a  higher  horizon.  Gagel's  §  0.  calligramma  may 
be  identical  with  our  form.  It  appears  advisable  to  separate  the  latter  from  the  true 

O.  calligramma,  and  it  may  be  distinguished  as  0.  Playfairi.  It  is  probable  that 

Davidson's  O.  calligramma  of  his  pi.  xxxiv,  figs.  1  and  3,  from  Moelydd,  is 
identical,  but  it  is  doubtful  if  the  specimen  from  Craighead,  fig.  4,  belongs  to  the 

same  species,  as  the  ribs  seem  rounded  and  more  widely  spaced.  Dr  Matley  ||  has 

recently  discussed  the  synonymy  of  O.  proava,  Salter,  which  is  closely  allied  to 

our  Girvan  shell ;  but  I  am  not  prepared  to  consider  them  identical,  because  the 

Welsh  shell  has  a  more  convex  shape,  a  more  deeply  lobed  brachial  valve,  and  a  less 

distinct  angularity  of  the  ribs.  The  coarseness  and  especially  the  angularity  of  the 

ribs  recall  certain  examples  of  0.  actonise ;  but  the  internal  characters,  the  shape  of 

the  shell  and  the  less  swollen  and  less  incurved  beak  of  the  pedicle-valve  distinguish 
the  present  species.     The  internal  characters  are  chiefly  known  from  the  specimens 

*  Wysogorski,  Zeitsch.  deut.  geol.  Gesell.,  lii,  1900,  p.  230,  t.  viii. 
t  Lindstrom,  Fragm.  Silur.,  p.  26,  pi.  xiv,  figs.  1-3. 

|  Wiman,  Arkivf.  Zool.,  Bd.  iii,  No.  24,  1907,  p.  8,  t.  ii,  figs.  9-12. 
§  Gagel,  Brach.  camb.  silur.  Gesch.,  1890,  p.  33,  t.  ii,  fig.  13. 

||  Matley,  Appendix  III,  Summary  of  Progress  of  Geol.  Surv.for  1911,  1912,  p.  78. 



ORDOVICIAN   AND  SILURIAN   BRACHIOPODA   OF  THE  GIRVAN   DISTRICT.      831 

from   the   Balclatchie   Beds,   which   mostly   occur    as    internal    casts   with    external 

impressions  ;  and  it  is  possible  that  these  should  be  separated  as  a  variety. 

The  Shalloon  Mill  examples  more  closely  resemble  the  shells  from  Craighead 

than  those  from  Balclatchie,  and  are  especially  comparable  to  the  above-mentioned 

0.  lyckholmiensis,  Wysog. ;  the  longitudinal  striations  of  the  Craighead  and 
Balclatchie  forms  seem,  however,  missing.  This  species  is  dedicated  to  the 

distinguished  Scotch  professor,  John  Playfair. 

Subgenus  plectorthis,  Hall  and  Clarke. 

Orthis  (Plectorthis)  ardmillanensis,  sp.  nov. 

(Plate  V,  figs.  33-39.) 

Shell  semicircular  to  semielliptical ;  hinge-line  equal  to  width  of  shell ;  cardinal 

angles  rectangular  or  slightly  pointed.  Pedicle-valve  subcorneal,  slightly  convex  ; 

beak  pointed,  not  incurved  ;  hinge-area  large,  at  right  angles  to  plane  of  valve  or 
steeply  inclined,  with  triangular  delthyrium.  Brachial  valve  flattened  or  slightly 

concave  except  near  beak,  with  a  broad  very  shallow  median  depression  widening  to 

margin  ;  beak  small,  inconspicuous  ;  hinge-area  steeply  inclined,  smaller  than  that  on 

pedicle-valve.  Interior  of  pedicle-valve  with  small  broad  subcircular  or  transverse 

well-defined  muscle-scar  about  one-fourth  (or  less)  the  length  of  valve  ;  teeth  small, 

supported  on  dental  plates.  Brachial  valve  with  thickened  hinge-plate,  thin  laminar 
cardinal  process,  and  large  stout  crura.  Posterior  adductors  well  marked,  oval,  widely 

separated  ;  anterior  adductors  smaller,  weaker.  Surface  of  valves  ornamented  with 

28-35  simple  rounded  or  quadrate  equal  and  equidistant  ribs,  separated  by  rounded 
interspaces  of  equal  size.  Ribs  and  interspaces  crossed  by  delicate  concentric 

striae,  and  usually  marked  with  a  few  fine  longitudinal  strise,  of  which  the  one  in 

the  middle  of  each  interspace  is  the  most  prominent.  Ribs  show  near  margins  of 
interior  of  shell. 

Dimensions. — Length  (average),  10  mm.  ;  width  (average),  12  mm. 

Horizon. — Balclatchie  Group. 

Localities. — Ardmillan,  Balclatchie  (conglomerate)  ? 

Remarks. — In  its  essential  characters  this  new  species  much  resembles  O.  trice- 

naria, Conrad, #  and  Davidson  t  himself  described  a  shell  from  Piedmont  Glen, 
apparently  belonging  to  our  species,  as  O.  tricenaria  with  a  query.  In  its  ribbing  it 

much  resembles  0.  calligramma,  but  in  its  general  shape  and  in  the  contour  of  the 

valves  it  is  different.  The  ribbing  is  not  quite  the  same  as  in  0.  tricenaria,  and  is 

more  like  that  in  the  Girvan  species  described  below  as  0.  subplicatella,  but  the 

nature  of  the  muscle-scar  in  the  pedicle-valve  and  the  conical  shape  of  that  valve 

distinguish  it.     O.-duftonensis,  Reed,  J  differs  by  the  greater  convexity  of  the  brachial 

*  Winchell  and  Schuchert,  Faleeont.  Minnesota,  vol.  iii,  p.  418,  pi.  xxxii,  figs.  18-20. 
t  Davidson,  op.  cit.,  iii,  p.  276,  pi.  xxxviii,  fig.  28. 

1  Reed,  Geol.  Mag.,  dec.  v,  vol.  vii,  1910,  p.  295,  pi.  xxiv,  figs.  5-11. 
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valve  and  the  less  transverse  outline  of  the  shell  and  by  the  shape  and  characters  of 

the  muscle-scars.  The  best  preserved  and  most  typical  examples  of  O.  ardmillanensis 

come  from  Ardmillan.  There  is  a  variety  (figs.  37-39)  occurring  at  this  locality  and 
in  the  Balclatch-ie  conglomerate  which  seems  to  differ  only  in  the  greater  number 

(40-45)  of  its  ribs,  and  probably  it  can  only  be  separated  as  a  variety  of  the  type. 

Orthis  (Plectorthis)  duftonensis,  Reed,  var. 

(Plate  V,  figs.  40,  41  ;  Plate  VI,  figs.  1,2.) 

?  1883.   Orthis  calligramma,  var.  plicata,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  178, 

pi.  xiii,  fig.  26  (excl.  cet.). 

A  few  shells  from  Ardmillan  showing  the  external  impression  and  internal  casts 

of  both  valves  seem  to  be  specifically  inseparable  from  0.  duftonensis,  Reed,* 
described  from  the  neighbourhood  of  Melmerby.  The  shape,  contour,  and  type  of 

ribbing  are  identical ;  and  the  internal  characters,  including  the  remarkable  vascular 

sinuses  in  the  pedicle-valve,  agree  in  all  essential  particulars ;  the  number  of  ribs  is 

also  relatively  the  same,  varying  from  40-45.  In  the  typical  0.  duftonensis  from 
Melmerby  the  ribs  are  rather  narrower  than  the  interspaces,  but  in  the  smaller 

Ardmillan  specimens  the  ribs  are  equal  in  width  to  the  interspaces  or  rather  wider 

than  them.  The  Girvan  examples  vary  from  10-25  mm.  in  width.  Davidson 

labelled  them  O.  calligramma,  var.  "plicata,  and  the  general  resemblance  of  O.  duf- 
tonensis to  this  form  was  pointed  out  by  me  in  the  original  description  of  the  species. 

Vascular  sinuses  of  much  the  same  character  occur  in  O.  insculpta,  Hall,t  and  in 

O.  Ranhini,  Dav.  (sens,  restr.),  as  described  below. 

Horizon. — Balclatchie  Group. 

Locality. — Ardmillan. 

Orthis  (Plectorthis)  rustica,  Sowerby. 

(Plate  VI,  figs.  3-8.) 

1839.   Orthis  rustica,  Sowerby,  in  Murchison's  Silurian  System,  p.  624,  pi.  xii,  fig.  9. 
1868.  Orthis  rustica,  Sowerby,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  p.  238,  pl.xxxiv,  figs.  13-17. 
1883.  Orthis  rustica,  Sowerby,  Davidson  (pars),  op\  cit.,  vol.  v,  Silur.  Suppl.,  p.  226. 

1883.   Orthis  plicata,  Sowerby,  Davidson  (pars),  ibid.,  p.  226. 

The  typical  form  of  O.  rustica  occurs  at  Woodland  Point,  but  is  much  less 

abundant  than  its  variety  rigida.  Externally  the  much  closer  and  more  Dumerous 

ribs  distinguish  it  from  the  latter  as  well  as  the  more  marked  convexity  of  the 

brachial  valve  which  in  var.  rigida  is  nearly  flat.  But  in  some  specimens  the  ribs 

are  fewer  and  mostly  simple.  Internally  the  muscle-scar  in  the  pedicle-valve  is,  as 

Davidson  described,  saucer-shaped  or  rather  subcircular  to  subpentagonal,  but  it  is 

nearly  as  broad  as  long  and  not  elongated,  and  is  only  about  one-fourth  the  length 

*  Reed,  Geol.  Mag.,  dec.  v,  vol.  vii,  1910,  p.  295,  pi.  xxiv,  figs.  5-11. 
t  Hall  and  Clarke,  op.  cit.,  Brack,  i,  pi.  va,  fig.  13. 
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of  the  valve,  while  the  diductors  are  not  separated  by  a  ridge,  and  there  is  a  pair  of 

strong,  outwardly  curved  divergent  vascular  sinuses  starting  from  its  front  end  and 

enclosing  the  ovarian  areas.  In  the  brachial  valve  the  two  pairs  of  adductors  are 

strongly  marked,  but  rather  small ;  and  there  are  distinct  vascular  sinuses  diverging  oh 

each  side  from  them.     Davidson*  showed  these  features  fairly  well  in  his  figs.  16,  17. 

Horizon. — Saugh  Hill  Group. 

Locality. — Woodland  Point. 

Orthis  (Plectorthis)  rustica,  var.  nov.  paucicostata. 

(Plate  VI,  figs.  9-12.) 
1883.   Orthis  rustica,  Sowerby,  Davidson  (pars.),  op.  tit.,  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl., 

p.  226. 
1883.  Orthis  calligramma}  Dalman,  var.  plicata,  Sowerby,  Davidson,  ibid.,  p.  226. 

Some  of  the  larger  shells  from  Woodland  Point  and  Cuddystone  Glen,  which  have 

the  general  characters  of  O.  rustica,  differ  by  the  smaller  number,  greater  simplicity, 

and  regularity  of  the  ribs  on  the  surface,  which  also  show  strongly  on  the  interior,  as 

in  the  variety  rigida.  Thus  there  are  only  from  25-30  primary  ribs  on  a  shell  with 

a  width  of  about  20-30  mm.  ;  these  ribs  are  all  rounded  and  simple  and  straight  and 
of  equal  or  subequal  size,  while  at  about  half  their  length  there  may  be  intercalated 

a  shorter,  smaller  rib,  and  there  is  an  absence  of  the  concentric  rugosities  generally 

noticeable.  The  internal  characters  appear  to  be  identical  with  0.  rustica,  but  the 

cardinal  angles  are  usually  more  pointed  and  the  ribbing  is  more  like  that  of  0.  plicata, 

Sowerby.  This  variety  is  difficult  to  separate  completely  from  O.  rustica  and  its 

variety  0.  rigida,  as  it  occurs  associated  with  them,  and  transitional  forms  are 

observable.  Davidson  labelled  those  from  Cuddystone  Glen  0.  rustica,  and  those 

from  Woodland  Point  O.  calligramma,  var.  plicata.  It  seems  best  to  regard  them 

as  a  separate  variety  of  O.  rustica,  and  they  may  be  designated  paucicostata. 

Horizons. — (l)  Saugh  Hill  Group  ;  (2)  Camregan  Group. 

Localities. — (l)  Woodland  Point;  (2)  Cuddystone  Glen. 

Orthis  (Plectorthis)  rustica,  Sowerby,  var.  rigida,  Davidson. 

(Plate  VI,  figs.  13-19.) 
1847.  Orthis  rigida,  Davidson,  Oeol.  Journal,  p.  64,  pi.  xiii,  fi>s.  1-4. 
1868.   Orthis  rustica,  var.  rigida,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.   238,  pi.  xxxiv, 

figs.  18,  19. 

1883.   Orthis  rustica,  var.  rigida,  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  pp.  178,  226. 

This  form  is  very  abundant  at  Woodland  Point,  and  ranges  in  size  from  10-20 

mm.  in  length.     The  pedicle-valve  is  conical  to  moderately  convex  and  is  always 
swollen  about  the  beak,  which  is  somewhat  incurved  ;  the  brachial  valve  is  nearly 

flat  or  only  weakly  convex,  with  a  faint  median  depression  in   the    less    flattened 

*  Davidson,  op.  cit.,  iii,  p.  238,  pi.  xxxiv,  figs.  13-17. 
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examples.  The  ribs  are  subangular,  and  there  are  about  20-30  primaries  with  shorter 
and  smaller  ones  intercalated  rather  irregularly  as  regards  number  and  length,  but 

usually  at  about  one-third  and  again  at  about  three-fourths  ;  rarely  do  the  primaries 
divide.  The  interspaces  between  them  are  somewhat  unequal  and  irregular  in  size. 

The  lateral  ribs  curve  back  slightly.  On  the  margin  the  ribs  are  unequal  in  strength. 

All  are  crossed  by  close  concentric  lamellations.  In  no  case  are  they  as  numerous 

as  in  the  typical  0.  rustica  from  the  Wenlock  Limestone.  The  internal  characters 

of  this  variety  were  not  depicted  by  Davidson,  but  show  some  noticeable  features. 

In  the  pedicle-valve  the  muscle-scar  forms  an  elongated  pentagon,  nearly  twice  as 

long  as  wide,  and  is  sunken  and  well  denned  ;  it  is  rather  less  than  one-third  the 
length  of  the  shell  and  is  truncated  in  front ;  the  diductors  are  distinct,  and  separated 

by  a  narrow  median  ridge.  In  the  brachial  valve  the  cardinal  process  is  narrow, 

short,  and  linear,  and  the  crural  plates  are  short  and  widely  divergent ;  the  two  pairs 

of  adductors  are  usually  feebly  impressed.  Davidson*  was  incorrect  in  saying  the 
muscle-scar  in  the  pedicle-valve  was  saucer-shaped  if  he  meant  this  description  to 
apply  to  var.  rigida.  It  may  be  necessary  to  regard  this  variety  as  a  distinct 

species  on  account  of  this  difference,  which  sharply  distinguishes  it  from  the  typical 
0.  rustica. 

Horizon. — Saugh  Hill  Group. 

Localities. — Woodland  Point,  ?  Shalloch  Forge. 

Orthis  (Plectorthis)  rustica,  var.  ivalsalliensis,  Davidson. 

(Plate  VI,  fig.  20.) 

1848.   Orthis  Walsallii,  Davidson.  Bull.  Soc.  Geol.  France,  ser.  2,  vol.  v,  1848,  p.  322,  pi.  iv,  fig.  7. 

1868.   Orthis  rustica,  var.  wallsalliensis,  Davidson,  Mon.  Brit.  Foss.  Bra -A.,  vol.  iii,  pt.  vii,  p.  238, 

pi.  xxxiv,  figs.  20-22. 
?1883.    Orthis  rustica,  var.  walsalliensis,  Davidson,  ibid.,  vol.  v,  Sifur.  SuppL,  p.  226. 

Davidson  described  this  variety  originally  from  the  Wenlock  Limestone  of 

Walsall,  but  subsequently  figured  examples  from  Eushall  Canal  and  Build  was,  and 

mentioned  it  as  occurring  in  the  Girvan  area  at  Penkill.  Some  poor  specimens 

from  Penwhapple  Glen  appear  to  be  referable  to  it,  judging  from  their  shape  ami 
numerous  ribs. 

Horizon. — Penkill  Group. 

Locality. — Penwhapple  Glen. 

Orthis  (Plectorthis)  subjissicosta,  sp.  nov. 

(Plate  VI,  fig.  21.) 

1883.   Orthis  iutercostata,  Portlock,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  220. 

Non  1843.   Orthis  intercostata,  Portlock,  Geol.  Rep.  Londond.,  p.  454,  pi.  xxxvii,  fig.  3. 

Shell  transversely  semielliptical ;    hinge-line  equal  to  width    of  shell ;    cardinal 

angles  rectangular.     Pedicle-valve  gently  convex,  most  so  near  beak  ;  beak  small, 
*  Davidson,  op.  cit.,  vol.  iii,  p.  238,  pi.  xxxiv,  figs.  18, 19. 
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pointed,  very  slightly  incurved,  rising  a  little  above  hinge-line  ;  hinge-area  small, 
triangular,  steeply  inclined,  with  triangular  delthyrium.  Brachial  valve  (not  well 

known)  flatter  than  pedicle-valve,  with  smaller  inconspicuous  not  elevated  beak  and 

narrower  hinge-area.  Surface  of  valve  with  12-14  primaries  dividing  into  two  or  three 
unequal  ribs  close  to  beak,  the  middle  one  usually  the  strongest ;  a  shorter  rib  of 

intermediate  size  is  usually  intercalated  between  the  primary  fascicles  at  one-third  to 

one-fourth  their  length,  and  near  the  hinge-line  all  the  ribs  are  smaller,  subequal,  and 
more  closely  placed  ;  all  the  ribs  are  subangular  and  straight. 

Dimensions. — Length,  13  mm.  ;  width,  19  mm. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Aldons. 

Remarks. — The  two  specimens  on  which  the  above  description  is  based  were 

labelled  0.  intercostata,  Portl.,*  by  Davidson,  and  onef  of  his  figured  specimens  of 
this  species  is  stated  in  the  explanation  of  the  plate  to  be  from  Girvan,  but  he 

does  not  give  this  locality  in  the  description  on  p.  236,  though  in  his  Supplement 

it  is  entered  in  the  list  on  p.  226  as  occurring  at  Craighead,  Aldons,  and  in  the 

Balclatchie  conglomerate.  However,  these  specimens  from  Aldons  do  not  agree  in 

their  ribbing  with  the  type  of  0.  intercostata,  Portlock,  from  Tyrone  (Davidson,  op. 

cit.,  iii,  pi.  xxxviii,  figs.  1,  3),  and  they  more  resemble  0.  Jissicosta,  Hall,j  particularly 

in  respect  of  the  ribs,  though  the  latter  divide  closer  to  the  beak  in  our  species  than 
in  the  American  one. 

Orthis  (Plectorthis)  subplicatella,  sp.  nov. 

(Plate  VI,  figs.  22-26.) 

Shell  transversely  subelliptical ;  unequally  biconvex  ;  hinge-line  rather  less  than 

maximum  width  of  shell ;  cardinal  angles  obtuse.  Pedicle-valve  strongly  convex, 

somewhat  flattened  anteriorly  in  middle ;  beak  rounded,  incurved ;  hinge-area 
moderate,  triangular,  nearly  in  plane  of  valve.  Brachial  valve  much  less  convex 

than  opposite  valve,  somewhat  flattened  ;  beak  small,  inconspicuous,  not  incurved  ; 

hinge-area  smaller  than  that  of  opposite  valve,  steeply  inclined  or  at  right  angles  to 
plane  of  valve.  Surface  of  valves  covered  with  about  30  straight  simple  regular 

equal  quadrate  or  rounded  ribs  with  vertical  sides,  equidistant,  rather  wider  than  the 

interspaces,  which  are  deep,  regular,  rounded  ;  both  covered  with  close  regular  con- 

centric striations.  Interior  of  pedicle-valve  with  small  teeth,  and  with  oblong  to 

subpentagonal  muscle-scar,  truncate  anteriorly,  about  one-third  (or  less)  the  length 
of  valve,  deeply  sunk,  with  sharp  lateral  marginal  edges  and  long  subparallel  sides 

slightly  indented  at  about  half  length  ;  diductors  duplicate  on  each  side,  enclosing- 
narrow  adductor  scar. 

*  Portlock,  Geol.  Rep.  Londond.,  p.  454,  pi.  xxxvii,  fig.  3. 
t  Davidson,  op.  cit.,  iii,  p.  236,  pi.  xxxviii,  fig.  4. 

I  Hall,  Palxont.  N.Y.,  vol.  i,  1847,  p.  121,  pi.  xxxii,  fig.  7;  Foerste,  Bull.  Denison  Univ.,  vol.  xiv  (190D), 
p.  221,  pi.  iv,  figs.  5a,  b;  ibid.,  vol.  xvi  (1910),  p.  48,  pi.  vi,  fig.  4. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  26).  121 
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Interior  of  brachial  valve  with  sublanceolate  cardinal  process,  stout  triangular 

crural  plates ;  adductor  scars  widely  separated,  posterior  pair  subcircular,  more 

distinct,  and  larger  than  anterior  pair.  Ribs  show  internally  round  margins  of 
shell. 

Dimensions. — Length,  10-11  mm.  ;  width,  15-16  mm. 

Horizon. — Balclatchie  Group. 

Localities. — Balclatchie,  Ardmillan. 

Remarks. — This  shell  agrees  in  shape  and  general  characters  of  ribbing  and  in- 

ternal characters  with  O.  plicatella,  Hall,*  of  the  Hudson  River  and  Trenton  Groups. 
The  shape  of  the  muscle-scar  in  the  pedicle-valve  recalls  O.  Whitfieldi,  Winched,  t 
Our  species  is  allied  to  0.  calligramma  and  0.  ardmillanensis  in  the  regularity, 

shape,  and  simplicity  of  its  ribs,  and  likewise  to  0.  duftonensis,  but  it  cannot  well 

be  associated  with  any  of  these  species  in  any  strict  conception  of  their  specific 

limitations  on  account  of  the  nature  of  the  muscle-scars. 

The  general  characters  of  the  exterior  and  interior  suggest  the  group  Austinella,\ 

in  which  Foerste  §  places  0.  Whitfieldi,  and  of  which  0.  scovillei,  Miller,  is  the  geno- 

type. || 

Orthis  (Plectorthis)  thraivensis,  sp.  nov. 

(Plate  VI,  figs.  27-32  ;  Plate  VII,  fig.  1.) 

Shell  transversely  semielliptical  to  subquadrate,  plano-convex,  or  slightly  concavo- 

convex  ;  cardinal  angles  rectangular  ;  hinge-line  equal  to  maximum  width  of  shell. 

Pedicle-valve  forming  a  low  cone,  flattened  or  slightly  concave,  less  deep  than 
opposite  valvje  except  at  beak.  Beak  forming  apex  of  .cone,  pointed,  not  incurved, 

higher  than  that  of  brachial  valve.  Hinge-area  large,  triangular,  steeply  inclined  or 
nearly  at  right  angles  to  plane  of  valve  ;  delthyrium  large,  triangular. 

Brachial  valve  gently  convex  ;  beak  small,  not  prominent,  slightly  incurved ; 

hinge-area  smaller  than  that  of  pedicle-valve,  vertical  or  nearly  so. 

Interior  of  pedicle-valve  with  subcircular  to  subpentagonal  well-circumscribed 

muscle-scar,  less  than  one-third  length  of  valve,  composed  of  two  simple  diductors 
obscurely  separated  by  narrow  linear  adductors,  with  sharp  curved  marginal  ridges 

defining  it  at  sides  but  weaker  in  front. 

Interior  of  brachial  valve  with  narrow  thin  compressed  linear  cardinal  process, 

stout  cardinal  plate  produced  into  low  broad  median  ridge  separating  obscurely 
marked  adductor  scars ;  dental  sockets  with  thick  anterior  walls. 

Surface  of  walls  covered  with  narrow  rounded  regular  straight  ribs  of  equal  size, 

*  Hall,  Palxont.  New  York,  vol.  i,  1847,  p.  122,  pi.  xxxii,  fig.  9  ;  Meek,  Palseont.  Ohio,  vol.  i,  1873,  p.  108, 

pi  viii,  fig.  7:  Hall  and  Clarke,  op.  cit.,  pi.  v,  figs.  18-20. 
t  Winchell  and  Schuchert,  Palseont.  Minnesota,  vol.  iii,  pi.  xxxiii,  fig.  8,  p.  437. 

I  Fokrkte,  Bull.  Deyiison  Univ.,  vol.  xiv,  1909,  p.  225. 

S  Foerste,  ibid.,  vol.  xvii,  1912,  p.  131.  ||  Foerste,  ibid.,  p.  130,  pi.  viii,  figs.  8a,  b,  c. 
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nearly  all  primaries  (especially  in  young  individuals),  and  increasing  in  number  by 

regular  intercalation  close  to  beak  (and  very  rarely  again),  separated  by  equal 

rounded  or  subquadrate  interspaces  ;  all  ribs  equal  in  size  and  equidistant  on  margin 

and  numbering  50-GO  in  the  larger  shells.  Ribs  and  interspaces  crossed  by  strong 
close  concentric  striations.  Ribs  show  strongly  on  interior  of  shell. 

Dimensions.  — (1) 
(2) (3) 15 

13'5 

14 '5  mm. 

20  • 

18'0 

20"0  mm. Length     . 
Width     . 

Horizon. — (l)  Drummuck  Group  (Starfish  Bed)  ;  (2)  Whitehouse  Group? 

Locality.— (l)  Thraive  Glen  ;   (2)  Shalloch  Mill. 

Remarks. — This  shell  may  be  placed  in  the  subgenus  Plectorthis.  In  the  shape, 
regularity,  and  simplicity  of  the  ribbing  it  recalls  many  shells  referred  to  the  species 

0.  calligramma  by  different  authors,  and  may  also  be  compared  to  0.  duftonensis* 
The  interior  of  the  brachial  valve  specially  resembles  that  of  O.  plicata,  Sow.t 

Fragmentary  specimens  are  difficult  to  distinguish  from  O.  porcata,  M'Coy.  Some 
poorly  preserved  shells  from  Shalloch  Mill,  of  which  the  internal  characters  are 

unknown,  were  labelled  by  Davidson  O.  soiverhyana  and  0.  calligramma,  but  agree 

in  shape  and  ribbing  with  the  Drummuck  examples  of  0.  thraivensis. 

Subgenus  dinorthis,  Hall  and  Clarke. 

Orthis  (Dinorthis)  fiabellulum,  Sowerby,  var.  nov.  carrickensis. 

(Plate  VII,  figs.  2-6.) 
1883.  Orthis  flabellulum,  Sowerby,  Davidson  (pars),  Mon.    Brit.  Foss.    Brack.,  vol.  v,  Silur.  Suppl., 

p.  179,  pi.  xiii,  figs.  3-5  (non  fig.  6). 

Shell  piano-  to  concavo-convex,  semicircular  to  semielliptical ;  length  to  width 

about  4:5;  hinge-line  less  than  width  of  shell ;  cardinal  angles  rounded  or  obtuse. 

Pedicle-valve  subconical,  flattened  or  slightly  concave,  shallow,  deepest  at  beak,  re- 

supinate ;  beak  small,  not  incurved  nor  much  elevated,  pointed  ;  hinge-area  at  right 

angles  to  plane  of  valve,  moderately  large,  triangular.  Brachial  valve  gently  con- 

vex ;  beak  small,  inconspicuous  ;  hinge-area  smaller  than  that  of  opposite  valve  and 
lying  in  plane  of  valve.  Surface  of  valves  covered  with  straight  radiating  rounded 

ribs,  of  equal  size,  increasing  by  fairly  regular  bifurcation  at  about  one-third  (or 

less)  their  length,  numbering  50-60  on  margin  ;  interspaces  equal  to  or  narrower 
than  ribs,  rounded  ;  ribs  and  interspaces  crossed  by  fine  concentric  striae.  Interior 

of  pedicle-valve  with  short  subquadrate  well-defined  muscle-scar,  about  one-fourth 
(or  less)  the  length  of  valve,  weakly  emarginate  behind. 

Remarks. — The  large  resupinate  shells  from  Craighead  which  Davidson  referred 

*  Reed,  Geol.  Mag.,  dec.  v,  vol.  vii,  1910,  p.  295,  pi.  xxiv,  figs.  5-11. 
f  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  245,  pi.  xxxv,  figs.  25,  26  ;  pi.  xxxvii,  fig.  1. 
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to  this  species  differ  to  some  extent  from  the  typical  form  of  O.  flabellulum*  The 
ribs  are  more  numerous  and  divide  more  regularly  and  more  often,  splitting  up  into 

two  or  three  smaller  ones  at  one-third  to  two-thirds  their  length,  and  as  there  are 

24-30  primaries  the  total  number  of  ribs  on  the  margin  is  much  greater  than  in  the 
type.  Indeed,  the  shells  approach  O.  porcata  in  their  ribbing  and  shape,  but  the 

ribs  are  coarser  and  stronger,  the  pedicle-valve  is  shallower,  and  the  beak  less 

prominent.  Davidson's  figures  of  this  Girvan  variety  do  not  correctly  represent 
the  ribbing.  There  is  no  good  interior  preserved,  but  a  fragmentary  cast  of  a 

pedicle-valve  shows  the  characteristic  muscle-scar.  The  specimens  from  Craighead 

are  all  of  large  size  and  measure  30-35  mm.  in  length.  Smaller  examples  of  the 
same  variety  occur  at  Ardmillan  Brae.  We  may  note  a  considerable  resemblance  to 

Dinorthis  Ulrichi,  Foerste,f  from  the  Ordovician  of  Kentucky. 

Horizons. — (l)  Stinchar  Limestone  ;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead  ;  (2)  Ardmillan  Brae. 

Orthis  (Dinorthis)  porcata,  M'Coy. 

(Plate  VII,  figs.  7-12.) 
1846.   Orthis  porcata,  M'Coy,  Syn.  Silur.  Foss.  Ireland,  p.  32,  pi.  iii,  fig.  14. 
1848.   Orthis  inflata,  Salter,  var.  retrorsa,  Salter,  Mem.  Geol.  Surv.,  vol.  ii,  p.  373,  pi.  xxvii,  figs.  3,  4. 

1852.   Orthis  porcata,  M'Coy,  Syn.  Brit.  Pal.  Foss.  Woodw.  Mus.,  p.  223,  pi.  ia,  figs.  41,  42. 
1  1860.   Orthis  Carleyi,  Hall,  13th  Rep.  New  York  State  Cab.  Nat.  Hist,  p.  120,  text-fig. 

1870.  Orthis  porcata,  M'Coy,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  pi.  xxxi,  figs.  12-16 
(1 17-20). 

1883.   Orthis  Sowerhyana,  Davidson  (pars),  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  pp.  78,  226. 

1883.   Orthis  flahellidum,  Sowerby,  Davidson  (pars),  ibid.,  p.  179,  pi.  xiii,  fig.  6  (non  figs.  3-5,  20,  21). 
1  1892.   Ortliis  (Plesiomys)  retrorsa,  Salter,  Hall  and   Clarke,  Palxont.  New    York,  vol.  viii,  Brach.,  i, 

pp.  197,  222,  pi.  va,  figs.  14-16. 
?  1912.  Dinorthis    Carleyi,  Hall,  Foerste,   Ohio   Naturalist,  vol.    xii,    No.    3,   pp.    449,    453,    pi.   xxii, 

figs.  8a-d. 

The  resupinate  shells  from  Girvan  which  I  refer  to  O.  porcata  were  identified  by 

Davidson  partly  as  O.  flabellulum,  Sow.,  and  partly  as  O.  sowerbyana.  All  of  them 

come  from  the  Upper  Bala  or  Starfish  Bed  of  Thraive  Glen.  Davidson  apparently 

relied  on  the  internal  characters  of  the  pedicle-valve  for  his  identification  of  some  as 

O.  flabellulum  (Supply  p.  179,  pi.  xiii,  fig.  6),  for  there  is  a  note  in  his  writing  on  one 

marked  specimen  saying  :  "  This  is  a  very  characteristic  interior  of  the  ventral  valve 

of  O.  flabellulum,  making  the  identification  certain."  But  the  characters  of  the 
exterior  of  the  shell  are  quite  sufficient  to  separate  it  from  this  species,  while 

internally  there  are  certain  differences  which  show  that  it  cannot  be  associated  with 

the  typical  O.  flabellulum,  Sow.,  from  Boduan. 

Some  of  the  Girvan  shells  are  more  convex  than  others,  and  such  were  labelled 

O.  sowerbyana  by  Davidson  and  quoted  by  him  from  Thraive  Glen  (op.  cit.,  p.  178). 

*  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  248,  pi.  xxxiv,  figs.  1-12. 
t  Foerste,  Bull.  Denison  Univ.,  vol.  xiv,  art.  17  (1909),  p.  320,  pi.  vii,  figs.  7a-c. 
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This  corresponds  to  the  shell  called  inflata,  var.  retrorsa,  by  Salter.*  The  internal 
characters  of  the  brachial  valve  are  precisely  those  figured  by  Davidson  in  0.  porcata 

(op.  cit.,  iii,  pi.  xxxi,  fig.  15) ;  it  also  agrees  with  the  specimen  from  Coniston  figured 

by  M'Coy  t  under  this  name.     A  comparison  with  the  original  types  proves  this  fact. 
With  regard  to  external  characters,  the  ribbing  is  identical  with  the  Coniston 

type,  but  M'Coy  was  incorrect  in  stating  that  the  ribs  only  increase  by  division,  for 

they  also  increase  by  intercalation,  and  only  occasionally  bifurcate  at  one-third  to 

one-half  their  length  in  the  pedicle-valve,  while  in  the  brachial  valve  they  appear  to 

increase  mainly  by  bifurcation  at  one-fourth  to  one-third  their  length  and  often 

again  at  two-thirds,  and  sometimes  close  to  the  margin.  The  interspaces  between 
the  ribs  are  subequal,  rounded,  and  usually  narrower  than  the  ribs  themselves.  The 

primary  ribs  number  about  20-25  and  continue  right  through  to  the  margin  without 
increasing  in  size,  and  are  regular  and  equidistant,  but  as  a  result  of  the  intercalation 

or  division  of  other  ribs  there  are  usually  about  75-80  on  the  margin.  All  the  ribs 
of  whatever  length  are  uniform  and  equal  in  size  on  the  margin,  and  are  straight, 

except  towards  the  cardinal  angles  of  the  brachial  valve,  where  they  curve  back 

slightly.  There  is  considerable  variation  in  the  amount  of  convexity  of  the  brachial 

valve,  but  the  shells  are  always  strongly  resupinate,  and  between  the  large  swollen 

and  the  gently  convex  condition  all  intermediate  stages  can  be  found.  The  pedicle- 
valve  likewise  varies  in  the  degree  of  concavity  or  flatness. 

In  the  brachial  valve  it  should  be  remarked  that  the  sides  of  the  oval  or 

lanceolate  cardinal  process  are  obliquely  channelled  by  3-4  distinct  grooves,  and  this 

feature  is  also  well  seen  in  the  type-specimen  of  Portlock's  0.  grandis,  \  which 
Davidson  (op.  cit.,  pi.  xxxi,  fig.  19)  refers  to  O.  porcata.  With  regard  to  the  muscle- 
scars,  the  anterior  adductor  scars  are  roughened  and  smaller  than  the  posterior 

ones,  as  in  M'Coy's  Coniston  types. 
In  the  interior  of  the  pedicle-valve  the  muscle-scar  is  subpentagonal,  well  circum- 

scribed, but  not  deeply  sunken  :  it  is  weakly  emarginate  in  front,  and  each  half 

seems  composed  of  two  unequal  elements  side  by  side,  this  feature  being  indicated 

by  the  bilobation  of  the  lateral  margins.  •  In  this  respect  the  scar  is  distinguished 
from  that  of  0.  fiabellulum. 

The  original  specimen  of  0.  porcata  on  which  the  species  was  founded  by  M'Coy  § 
came  from  Portraine,  but  the  description  given  by  him  of  the  ribbing  does  not  apply 

well  to  the  shells  from  Coniston  subsequently  figured  by  him  under  the  same  name, 

for  he  states  that  "the  ridges  [  =  ribs]  are  angular,  of  unequal  length,  and  frequently 
branch  into  three  or  four  at  once,  but  alternating  with  these  are  some  quite  simple 

from  beak  to  margin  and  others  dividing  into  two."     The  Tyrone  shell  described  by 

"  Salter,  Journ.  Geol.  Soc,  vol.  i,  1845,  name  in  table  facing  p.  21  ;  id.,  Mem.  Geol.  Surv.,  vol.  ii,  1848,  p.  373, 
pi.  xxvii,  figs.  3,  4. 

t  M'Coy,  Syn.  Brit.  Pal.  Foss.  JVoodw.  Mus.,  223,  pi.  iH,  figs.  41,  42. 
\  Portlock,  Geol.  Rep.  Londond.,  p.  452,  pi.  xxxii,  fig.  25. 

§  M'Coy,  Syn.  Silur.  Foss.  Ireland,  p.  32,  pi.  iii,  fig.  14. 
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Portlock  as  O.  grandis,  and  based  on  the  internal  cast  of  a  brachial  valve,  was 

referred,  as  above  stated,  by  Davidson  to  0.  porcata  ;  but,  while  it  agrees  in  internal 

characters  with  M'Coy's  form  from  Coniston  and  with  our  Girvan  specimens,  the  ribs 
appear  to  be  much  finer  and  more  numerous,  and  the  cardinal  angles  are  more  rect- 

angular and  the  whole  shell  more  subquadrate  in  shape,  so  that  its  specific  separation 

may  be  necessary.  The  interior  of  the  pedicle-valve  of  the  Tyrone  shell  was  not 
figured  by  Portlock,  but  Davidson  figured  (op.  cit.,  pi.  xxxi,  fig.  20)  one  of  his 

specimens  (now  in  the  Jermyn  Street  Museum),  and  it  agrees  in  the  muscle-scar,  etc., 
with  the  Coniston  O.  porcata,  but  the  valve  is  less  concave  and  more  subquadrate 

and  is  rather  abruptly  deflected  at  the  margin.  A  series  of  other  examples  from 

Tyrone  indicates  that  these  features  are  constant. 

Our  Girvan  shell,  on  the  other  hand,  closely  resembles  0.  Carleyi,  Hall,#  from  the 
Hudson  River  Group  of  America,  and  has  frequently  been  identified  with  O.  retrorsa, 

Salter,  which,  as  above  stated,  is  placed  by  Davidson  in  O.  porcata,  M'Coy.  Hall 
and  Clarke  put  both  in  the  subgenus  Plesiomys,  but  subsequently  Schuchert  f  in- 

cluded this  subgenus  in  Diiiorthis,  and  the  separation  of  the  two  seems  inadvisable. 

FoersteJ  is  inclined  to  separate  0.  Carleyi  from  0.  retrorsa,  but  puts  both  in 

Dinorthis.  In  the  Girvan  area  0.  porcata  appears  to  be  confined  to  the  Drummuck 

Group,  whatever  its  vertical  range  may  be  elsewhere. 

Horizon. — Drummuck  Group  (especially  Starfish  Bed). ' 
Locality. — Thraive  Glen. 

Subgenus  hebertella,  Hall  and  Clarke. 

Orthis  (Hebertella)  balclatchiensis,  Davidson. 

(Plate  VII,  figs.  13-20.) 
1888.   Orthis  Bouchardi,  Davidson  (pars),  Mori.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  pi.  xxvi,  fig.  23 

(non  figs.  16-22). 

1883.   Orthis  batdetchiensis,  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  176,  pi.  xiii,  figs.  12-14. 
1883.   Orthis  crispa,  Davidson  (pars),  ibid.,  p.  176,  pi.  xiii,  fig.  8. 

Davidson's  description  of  this  species  is  correct  so  far  as  it  goes,  but  the  interior 
of  the  shell  is  only  figured  without  any  remarks  on  its  characters.  Internal  casts  of 

both  valves  from  Balclatchie  and  Ardmillan  in  Mrs  Gray's  collection  show  that  the 

pedicle-valve  had  a  strongly  marked  triangular  muscle-scar,  bluntly  truncated  w 

front,  and  raised  on  a  distinct  thickening  of  the  shell ;  the  diductor  scars  are  narrow, 

and  are  separated  by  a  shorter  adductor  scar  of  equal  width  ;  and  the  genital  areas 

are  marked  by  radiating  broken  sinuous  ridges  and  vascular  sinuses,  a  specially 

strong  pair  usually  running  forwards  divergently  from  the  front  end  of  the  diductor 

scar  and  dying  out  at  about  two-thirds  the  length  of  the  shell. 

In  the  brachial  valve  the  crura  are  short,  stout,  and  triangular ;  there  is  a  narrow 

*  Hall  and  Clarke,  Paleeont.  New  York,  viii,  pt.  i  (1882),  pp.  197,  222,  pi.  va,  figs.  14-16. 
f  Schuchert,  Bull.  87,  U.S.  Geol.  Surv.,  1897,  pp.  134,  215. 

J  Foerste,  Ohio  Naturalist,  vol.  xii,  No.  3  (1912),  pp.  449,  453,  pi.  xxii,  figs.  8a-d. 
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thin  low  laminar  cardinal  process  and  a  broad  subquadrate  muscle-scar  composed  of 

two  pairs  of  deeply  impressed  adductors  of  which  the  anterior  pair  is  the  larger  and 

expands  anteriorly ;  a  strong  median  ridge  is  present,  and  the  genital  areas  are 

pitted  and  ridged. 

As  regards  the  external  shape  it  may  be  mentioned  that  the  pedicle-valve  is 

usually  deeper  and  more  conical,  and  has  a  larger  hinge-area  than  the  other  valve, 
but  the  median  sinus  is  less  marked  or  may  be  absent.  The  number  of  ribs  varies, 

and  occasionally  the  median  rib  divides  into  2  or  3  subequal  ones  a  short  distance 
from  the  beak. 

This  species  is  closely  allied  to  0.  crispa,  M'Coy,  which  occurs  on  a  higher 
horizon  in  the  Girvan  area,  but  the  former  differs  in  the  shape  of  the  muscle-scar 

in  the  pedicle-valve,  in  the  beaks  of  the  valves  being  more  equal  in  size,  in  the 
brachial  valve  being  more  convex,  in  the  teeth  being  larger  and  stouter,  and  in 

the  ribs  being  fewer  in  number.  The  shell  is  also  usually  smaller.  The  American 

species  0.  (Heb.)  bellarugosa,  Conrad,*  from  the  Galena  shales  of  Minnesota,  bears 
a  considerable  resemblance  to  it. 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead;   (2)  Balclatchie  (shales  and  conglomerate),  Ardmillan. 

Orthis  (Hebertella)  bellatrix,  sp.  nov. 

(Plate  VII,  figs.  21-28  ;  Plate  VIII,  figs.  1,  2,  ?  31.) 
1883.   Orthis  sowerbyana,  Davidson  (pars),  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  pp.  178,  226. 

Shell  unequal,  biconvex,  transversely  subelliptical ;  hinge-line  straight,  rather  less 

than  width  of  shell ;  cardinal  angles  obtuse  or  slightly  rounded.  Pedicle-valve  less 

convex  than  brachial  valve,  with  very  shallow  broad  median  sinus  or  flattening  of- 
surfape  causing  wide  weak  sinuation  of  front  margin  ;  beak  moderately  high,  slightly 

incurved,  prominent,  with  high  triangular  hinge-area  steeply  inclined  to  plane  of  valve ; 

delthyrium  large.  Interior  with  elongate  subpentagonal  to  oval  muscle-scar,  about 

one-fourth  the  length  of  the  valve,  deeply  sunk  and  circumscribed,  composed  of  a 
pair  of  small  elongate  diductors  with  narrow  linear  adductor  scar  between  them  ; 

teeth  strong,  short. 

Brachial  valve  swollen,  more  convex  and  deeper  than  opposite  valve  ;  beak  low, 

small,  inconspicuous,  not  projecting  ;  hinge-area  narrow,  nearly  in  plane  of  valve. 

Interior  with  long  narrow  linear  cardinal  process,  swollen  at  base ;  strong  short 

crural  plates ;  adductor  scars  separated  by  low  broad  rounded  ridge  ;  posterior 

adductors  large,  circular,  deep,  well  marked  ;  anterior  adductors  smaller,  indistinct. 

Surface  of  valves  ornamented  by  numerous  subequal    subangular   ribs,  slightly 

curved   back    on    sides,   increasing    rather    irregularly  by  division    into    2    or    3    at 

about  one-fourth  their  length,  and  frequently  again  at  half  or  two-thirds  their  length, 
and  rarely  by  intercalation  ;  ribs  finer  and  closer  together  towards  cardinal  angles, 

*  Winchell  and  Schuchert,  Fal.  Minnes.,  vol.  iii,  p.  434,  pi   xxxiii,  figs.  1-4. 
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but  elsewhere  on  margin  nearly  equal  in  size  and  numbering  in  all  100-130.  Coarse 
concentric  close  striation  over  ribs  and  interspaces.  Ribs  apparent  near  margins  in 
interior  of  shell. 

Dimensions. — Average  length,  24  mm.  ;  width,  30  mm.  ;  thickness,  14  mm. 

Horizons. — (l)  Balclatchie  Group  (including  conglomerate) ;  (2)  Stinchar  Lime- 
stone Group  ? 

Localities. — (l)  Balclatchie,  Dow  Hill ;  (2)  Doularg. 

Remarks. — The  best-preserved  specimens  come  from  Balclatchie  ;  those  from  the 
conglomerate,  which  Davidson  labelled  O.  soiverbyana  (op.  cit.,  Swppl.,  p.  178),  have 

rather  finer  ribs,  but  there  is  in  each  case  some  variation  in  their  strength.  This 

shell  must  undoubtedly  be  put  in  the  subgenus  Hebertella,  and  is  allied  to 

0.  alveata-richmondensis,  Foerste, #  0.  subjugata,  Hall,t  O.  occidentalism  Hall,| 
and  0.  sinuata,  Hall.§  One  specimen  from  Doularg  (fig.  31)  labelled  by  Davidson 

as  a  "most  characteristic  specimen  of  0.  conjinis"  seems  to  be  referable  to  our 
new  species. 

Orthis  (Hebertella)  crispa,  M'Coy. 

(Plate  VIII,  figs.  3-7.) 

1846.    Orthis  crispa,  M'Coy,  Si/n.  Silur.  Foss.  Ireland,  p.  29,  pi.  iii,  fig.  10. 

1870.  Orthis  crispa,  M'Coy,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  256,  pi.  xxxviii,  tigs.  5-10. 

1883.   Orthis  crispa,  M'Coy,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  176,  pi.  xiii,  fig.  7  (non  8). 

Shell  unequally  biconvex,  subquadrate  to  semicircular  or  transversely  semi- 

elliptical,  from  1^  to  l|-  times  as  wide  as  long  ;  hinge-line  usually  rather  less  than 
width  of  shell  or  just  equal  to  it ;  cardinal  angles  obtuse  or  slightly  rounded. 

Pedicle-valve  moderately  convex,  somewhat  flattened  in  middle  near  anterior  margin, 
or  weakly  depressed  ;  beak  rather  high,  pointed;  not  much  incurved  or  swollen ; 

hinge-area  moderate,  steeply  inclined. 

Brachial  valve  strongly  convex,  more  swollen  than  pedicle-valve,  and  usually 
without  any  median  depression  ;  beak  much  lower  and  smaller  (but  more  incurved) 

and  hinge-area  much  narrower  than  in  opposite  valve. 

Interior  of  pedicle-valve  with  completely  circumscribed  sunken  muscle-scar, 

rounded  to  subtruncate  in  front,  one-fourth  to  one-third  the  length  of  valve,  with 
broad  adductor  impression  between  the  pair  of  diductors  ;  teeth  small. 

Interior  of  brachial  valve  with  transverse  thickened  cardinal  plate  prolonged  in 

front  into  short  ridge  between  adductor  scars ;  cardinal  process  pear-shaped,  widest 
at  base;  crural  plates  stout,  triangular,  prominent;  posterior  adductors  well  marked, 
sunken  ;  anterior  adductors  faint. 

Ribs  angular,  closely  placed,  subequal,  increasing  by  bifurcation  once  or  twice  or 

occasionally  by  trifurcation  and  intercalation  ;  lateral  ribs  curve  back  on  each  side ; 

*  Foerste,  Bull.  Denison  Univ.,  vol.  xvi  (1910),  art.  2,  p.  55,  pi.  v,  figs.  10,  17. 
t  Foerste,  op.  cit.,  vol.  xvii  (1912),  p.  129,  pi.  viii,  fig.  6. 

\  Foerste,  op.  cit.,  vol.  xvi,  p.  53,  pi.  ii,  figs.  1,  2.  §  Foerste,  op.  cit.,  vol.  xvi,  p.  52,  pi.  ii,  tig.  5. 
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ribs  and  interspaces  equal  and  all  crossed  by  concentric  scale-like  lamellae.  Ribs  80-100 
in  number  on  margin  of  specimen  20  mm.  wide,  and  plainly  marked  inside  shell, 

Dimensions. — Width  (average),  12-20  mm.  ;  length  (average),  9-15  mm. 

Horizons. — (l)  Drummuck  Group  (Starfish  Bed) ;  (2)  Whitehouse  Group, 

Localities.— (1)  Thraive  Glen  ;  (2)  Shalloch  Mill. 

Remarks. — M'Coy's  #  diagnosis  of  the  specific  characters  was  too  brief  and 

inadequate.  Davidson's  figures  and  description  are  not  satisfactory,  and  he  gave 
no  details  of  the  internal  characters. 

This  species  occurs  chiefly  at  Thraive,  where  it  is  abundant.  It  is  closely  allied 

to  0.  balclatchiensis,  Dav.,  of  the  Balclatchie  Beds,  from  which  it  principally  differs 

by  its  finer  and  more  numerous  ribs,  by  the  absence  of  the  vascular  and  genital 

markings  in  the  interior,  and  by  the  more  rounded  muscular  scar  in  the  pedicle- 
valve.  It  is  closely  allied  to  O.  insculpta,  Hall,  t  The  external  and  internal 

characters  show  that  it  is  referable  to  the  subgenus  Hebertella.  The  Ardmillan 

specimen  figured  by  Davidson  (Suppl.,  pi.  xiii,  fig.  8)  as  O.  erispa  is  referable  to 

O.  balclatchiensis,  and  so  are  probably  the  Tramore  shells  recorded  by  Davidson. 

Orthis  (Hebertella)  Lapworthi,  Davidson. 

(Plate  VIII,  figs.  8-17.) 
]  883.   Orthis  Lapworthi,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  176,  pi.  xiii,  figs.  9,  10. 

The  specimen  of  this  species  first  figured  by  Davidson  {pp.  cit.,  fig.  9)  is  said  to 

be  from  Shalloch  Mill  in  the  explanation  of  the  plate,  but  the  actual  shells  which 

correspond  with  this  figure  and  fig.  10,  and  which  were  marked  by  Davidson  him- 
self as  figured,  come  from  the  Balclatchie  conglomerate.  None  of  the  Shalloch  Mill 

shells  attributed  by  Davidson  to  this  species  and  thus  labelled  in  Mrs  Gray's  collec- 
tion were  marked  by  him  as  figured,  nor  do  any  of  them  agree  with  his  figures. 

There  is  therefore  probably  a  mistake  as  to  the  locality  in  the  explanation  of  the 

plate,  and  the  Balclatchie  conglomerate  specimens  must  be  regarded  as  the  types 

and  as  fixing  the  specific  characters.  Unfortunately,  both  Davidson's  figures  and 
description  are  unsatisfactory.  Thus  he  says  that  the  pedicle-valve  is  very  convex ;  but 

it  is  simply  deeply  conical,  with  the  beak  forming  the  apex  and  the  hinge-area  at  right 
angles  to  the  valve  ;  the  middle  rib  is  also  only  slightly  larger  than  the  others  in  the 

type-specimen  and  in  the  other  better-preserved  examples,  but  a  slight  median  carina- 
tion  of  the  valve  sometimes  causes  the  middle  rib  to  be  rather  more  prominent  than 

the  rest.  The  ribs  are  really  of  equal  or  subequal  size.  Davidson's  fig.  10  accurately 
depicts  the  brachial  valve,  and  one  internal  cast  of  this  valve  shows  a  small  cardinal 

process,  a  thickened  hinge-plate,  small  dental  sockets,  and  stout  strong  crural  plates. 
This  species  much  resembles  Orthis  monticula,  Salter,}  from  the  Ordovician  of 

*  M'Coy,  Syn.  Silur.  Foss.  Ireland,  p.  29,  pi.  iii,  fig.  10.        t  Hall,  Palxont.  N.  Y.,  i  (1847),  p.  125,  pi.  xxxii,  fig.  1 2. 
t  Salter,  Palxont.  Niti  (Calcutta,  1865),  p.  43,  pi.  iv,  fig.  7;  Reed,  "Ordov.  Silur.  Foss.  Centr.  Himalayas" 

{Palxont.  Indica,  ser.  xv,  vol.  vii,  No.  2,  1912),  p.  27,  pi.  v,  figs.  1-5. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  26).  122 
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the  Central  Himalayas,  but  the  internal  characters  so  far  as  known  are  opposed  to 

referring  it  to  the  genus  Scenidium.  The  species  named  O.  equivocalis,  Reed,*  from 
the  Dufton  Shales,  seems  to  be  allied  or  to  belong  to  the  same  group.  But  we  may 

especially  compare  O.  baldatchiensis,  Dav.,  young  examples  of  which  are  almost  in- 
distinguishable from  it,  both  in  shape,  ribbing,  and  concentric  imbrications.  Indeed, 

the  specific  separation  of  these  species  may  be  questioned,  for  no  large  specimens  of 

0.  Lapworthi  from  the  Balclatchie  Beds  are  known,  the  largest  measuring  only 

6'4  mm.  in  width.  In  young  examples  of  0.  baldatchiensis  the  ribbing  is  much 
coarser  than  in  the  adult,  and  most  or  all  of  the  ribs  are  simple.  Both  species  also 

occur  on  the  same  horizon,  at  the  same  locality,  and  in  the  same  state  of  preservation. 

The  Shalloch  Mill  specimens  are  doubtfully  referred  to  the  same  species ;  the  median 

sinus  in  the  brachial  valve  seems  deeper,  more  open  and  rounded,  and  the  two  ribs 

in  it  smaller  than  the  rest.  One  specimen  with  coarse  lamellae  (PI.  VIII,  fig.  18)  is 

probably  distinct  from  the  rest. 

Horizons. — (l)  Balclatchie  Group;  (2)  ?  Whitehouse  Group. 

Localities. — (l)  Balclatchie  (conglom.)  ;  (2)  Shalloch  Mill. 

Orthis  (Hebertella)  scotica,  M'Coy. 

(Plate  VIII,  figs.  19-23.) 

1852.  Orthis  scotica,  M'Coy,  Syn.  Pal.  Foss.  Woodio.  Mus.,  p.  232,  pi.  iH,  figs.  29,  29a,  296. 
1868.  Orthis  call/ gramma,  var.   scotica,  M'Coy,  Davidson,  Mori.  Brit.  Foss.  Brack.,   vol.  iii,  p.  244, 

pi.  xxxv,  fig.  20  (121,  22)  (figures  incorrect). 

1883.   Orthis  calligramma,  var.  scotica,  M'Coy,  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  226. 

The  type-specimen  from  Craighead  is  in  the  Sedgwick  Museum,  and,  though 
somewhat  rubbed,  shows  the  characters  well.  There  are  several  other  examples  of 

this  form  from  Craighead  in  Mrs  Gray's  and  other  collections  which  Davidson 
labelled  O.  calligramma,  as  he  considered  it  only  a  variety  of  the  latter.  It  differs* 

however,  in  shape,  convexity,  size  of  beaks,  and  especially  in  ribbing  from  this 

species,  so  that  it  seems  necessary  to  regard  it  as  distinct.  It  is  easily  separated 

by  its  exterior  from  the  variety  of  0.  calligramma  and  0.  Playfairi,  which  occur  with 

it  at  Craighead.  Typically  the  shell  is  transversely  subquadrate  to  semielliptical, 

the  length  being  to  the  breadth  from  3:4  to  2:3,  and  it  is  moderately  and  sub- 
equally  biconvex,  the  valves  being  nearly  of  the  same  depth  ;  the  cardinal  angles  are 

nearly  rectangular  or  obtuse,  and  the  hinge-line  is  nearly  equal  to  the  width  of  the 

shell.  The  ribs  are  rounded,  equal  or  subequal  in  strength  on  the  margin,  about 

28-3G  in  number,  and  every  other  one  is  intercalated  close  to  the  beak  with  con- 
siderable regularity ;  the  interspaces  are  equal  to  or  rather  less  than  the  ribs  in 

width.  Thus  the  ribbing  is  markedly  different  from  that  of  0.  Playfairi.  With 

regard  to  the  contour  of  the  valves,  the  pedicle-valve  in  0.  scotica  has  not  a  much 

higher  beak  or  hinge-area  than  the  brachial  valve,  and  it  is  less  conical  and  the  beak 

0  Rked,  Geol.  Mag.,  dec.  v,  vol.  vii  (1910),  p.  297,  pi.  xxiv,  figs.  1-4. 
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more  incurved  than  M'Coy's  figure  indicates,  while  there  is  also  a  slight  median 
flattening  or  very  shallow  broad  sinus  in  the  anterior  portion  of  the  valve.  The 

brachial  valve  also  shows  a  similar  (though  usually  less  marked)  median  depression. 

The  beaks  of  both  valves  are  nearly  of  equal  height,  and  the  whole  aspect  of  the  shell 

more  recalls  members  of  the  subgenus  Hebertella.  The  interior  of  a  brachial  valve 

(fig.  23)  probably  referable  to  O.  scotica,  from  Ardmillan,  is  in  support  of  this  view. 

It  seems  more  allied  to  0.  balclatchiensis  than  to  0.  calligramma. 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group  ? 

Localities. — (l)  Craighead ;  (2)  Ardmillan,  Balclatchie  (conglom.). 

Subgenus  platystrophia,  King. 

Orthis  (Platystrophia)  biforata  (Schlotheim). 

(Plate  VIII,  fig.  24.) 

1820.   Terebratulites  biforatus,  Schlotheim,  Petrefact.,  p.  265. 

1870.  Orthis   biforata,    Schlotheim,    Davidson,    Mon.    Brit.    Foss.    Brack.,    vol.    iii,    pt.    vii,    p.    268, 

pi.  xxxviii,  figs.  12—14. 
1883.   Orthis  biforata,  Schlotheim,  Davidson  (pars),  op.  cit.,  vol.  v,  Silur.  Suppl.,  pp.  181,  225. 

Davidson  figured  this  species  from  Craighead  in  the  third  volume  of  his  Mono- 

graph (loc.  cit.,  supra),  and  in  his  Supplement  likewise  records  it  from  this  locality 
and  horizon,  but  from  none  other  in  the  Girvan  district. 

The  Craighead  form  is  characterised  by  having  4  ribs  equidistant  and  of  equal 

size  on  the  fold  of  the  brachial  valve  and  3  in  the  corresponding  sinus  of  the  pedicle- 
valve,  all  of  which  start  from  the  beak  and  are  usually  equal,  though  sometimes  the 

middle  one  is  larger  ;  there  are  also  7-9  (usually  8)  ribs  of  equal  size  on  each  side. 

The  shells  have  rounded  or  obtuse  cardinal  angles,  and  the  hinge-line  is  not  produced, 
being  rather  less  than  the  width  of  the  shell.  Specimens  from  Balclatchie  and 

Ardmillan  show  the  same  features,  but  some  examples  from  the  last-mentioned  locality 
have  only  5  or  6  ribs  on  each  side,  and  these  are  larger  and  more  rounded  than  in 

those  from  Craighead.  The  shells  from  Dow  Hill  have  4  ribs  in  the  sinus,  the  2 

middle  ribs  being  also  somewhat  stronger,  and  there  are  5  or  6  on  the  fold,  with  the 

median  one  enlarged.     Young  shells  from  Craighead  have  only  2  ribs  on  the  fold. 

These  Lower  Ordovician  examples  of  O.  biforata  resemble  O-  (PI.)  colbiensis, 

Foerste,  and  its  varieties  as  described  by  Foerste,*  and  are  distinct  from  the  Silurian 
form,  which  occurs  at  Woodland  Point  in  the  Girvan  area.  This  latter  form  has  the 

ribs  much  stronger  and  more  angular,  and  the  fold  is  not  so  much  elevated  ;  there  are 

also  only  6  ribs  on  each  side  and  1  smaller  one  close  to  the  hinge-line.  But  the  sinus 
as  in  the  Craighead  ones,  holds  3  equal  ribs,  and  the  fold  bears  4  equal  ribs. 

The  chief  and  most  striking  difference  is  the  greater  strength  and  coarseness  of 

the  ribs,  and  the  shells  recall  0.  (PI.)  prof  undo  sulcata,  Meek,  as  figured  by  FoERSTE.t 

*  Foerste,  Bull.  Denison  Univ.,  vol.  xvi,  art.  2,  p.  55,  pi,  iv,  figs.  1-3. 
f  Foerste,  op.  cit.,  p.  58,  pi.  vi,  figs.  15a,  b. 
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But  it  is  not  the  case  that  the  Girvan  Silurian  ones  have  an  odd  number  of  ribs  on 

the  fold  and  an  even  number  in  the  sinus,  as  is  found  in  the  American  species. 

It  is  probable  that  O.  biforata  also  occurs  at  Shalloch  Mill  in  the  Whitehouse 

Beds,  but  the  specimens  are  poorly  preserved. 

The  numerous  specimens  from  the  Starfish  Bed,  Thraive  Glen,  exhibit  considerable 

variation  amongst  themselves.  The  fold  is  prominent,  and  has  generally  a  rather 

narrow  crest  and  bears  2  or  3  strong  angular  plications,  and  there  are  5-6  coarse 

angular  plications  on  each  side,  with  7-8  much  smaller  subequal  ones  near  the 

cardinal  line.  In  shells  of  this  type  the  sinus  on  the  pedicle-valve  is  correspondingly 

deep  and  narrow  and  holds  2-3  angular  plications,  and  the  lateral  lobes  have  the 
ribs  developed  as  in  the  opposite  valve.  The  whole  shell  is  marked  by  its  much 

inflated  character  and  strong  fold  and  sinus,  and  more  resembles  the  Silurian  form 

than  the  Craighead  one. 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group ;  (3)  ?  White- 
house  Group  ;   (4)  Drummuck  Group  ;  (5)  Saugh  Hill  Group. 

Localities. — (l)  Craighead;  (2)  Balclatchie,  Ardmillan ;  (3)  Shalloch  Mill;  (4) 
Thraive  Glen,  Auld  Thorns  ;  (5)  Woodland  Point. 

Orthis  (Platystrophia)  dorsata  (Hisinger)  ? 

(Plate  VIII,  fig.  25.) 

?  1837.  Atrypa  dorsata,  Hisinger,  Leth.  Suec,  p.  76,  pi.  xxi,  fig.  14. 

1883.  Stricklandinial  shalloehiensis,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.   164. 

pi.  ix,  figs.  26,  26a. 

The  one  specimen  from  Shalloch  Mill  on  which  Davidson  based  his  Strichlandinia  \ 

shalloehiensis,  and  of  which  he  gave  a  brief  and  inadequate  description,  appears  to 

have  been  quite  misinterpreted.  The  larger  valve  which  he  described  as  the 

"  ventral "  is  probably  the  brachial  valve,  and  only  a  small  portion  of  the  other  valve 
is  preserved  near  the  beak,  but  it  is  sufficient  to  show  that  this,  the  true  ventral  or 

pedicle-valve,  has  a  small,  retrorse,  low  and  not  incurved  beak,  with  a  triangular  hinge- 
area  set  at  right  angles  to  the  shell.  The  big  swollen  subcircular  valve  has,  on  the 

other  hand,  a  much  elevated,  swollen,  large  and  strongly  incurved  beak  rising  well 

above  the  hinge-line,  with  a  very  narrow  hinge-area.  The  fold  on  this  valve  is  low 
but  definite,  rather  narrow  near  the  beak,  but  increasing  gradually  in  width  anteriorly  ; 

it  bears  6-7  equal  or  subequal  and  subangular  ribs,  3  or  4  of  which  start  from  the 

beak,  and  2  or  3  of  them  bifurcate  at  less  than  one-fourth  their  length.  On  each 

lateral  lobe  of  the  valve  are  9-10  similar  equal  subangular  ribs,  of  which  only  3-4 
start  from  the  beak,  the  others  arising  by  division  and  the  lateral  ones  curving  back 

slightly.     The  interspaces  are  equal  to  or  rather  wider  than  the  ribs. 

This    shell   much    resembles  Orthis  (Platystrophia)  dorsata,  Hisinger,   from  the 

Chasmops  Limestone,  as  figured  and  described  by  Lindstrom,*  and  it  does  not  seem 
*  Lindbtrom,  Fragm.  Silur.,  p.  28,  t.  xiv,  tigs  33-37. 
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possible  to  refer  it  to  the  genus  Pentamerus  or  Strichlandinia.  In  some  respects  it 

resembles  Protorhyncha  nasuta  (M'Coy)  (see  p.  937),  but  the.  brachial  valve  in  that 

species  has  a  lower  and  less  swollen  beak.  Davidson's  specimen,  on  which  he  founded 
Sir.  shallockiensis,  is  much  less  well  preserved  than  his  figure  would  lead  us  to  imagine, 

and  he  was  evidently  not  satisfied  with  his  determination,  for  he  wrote  on  the  back 

of  the  tablet,  "  This  specimen  puzzles  me." 
Dimensions. — Length,  32  mm.  ;  width,  31  mm. 

Horizon. — Whitehouse  Group. 

Locality. — Shalloch  Mill. 

Subgenus  heterorthis,  Hall  and  Clarke. 

Orthis  (Heterorthis  ?)  confinis,  Salter. 

(Plate  VIII,  figs.  26-29,  ?  30,  ?  32,  ?  33.) 
1848.  Orthis  confinis,  Salter,  Quart.  Journ.  Geol.  Soc,  vol.  v,  p.  15,  pi.  i,  fig.  4. 

1870.   Orthis  confinis,  Salter,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  p.  266,  pi.  xxxvi,  figs.  1-3  (non  4). 
1883.  Orthis  confinis,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  180. 

The  types  of  this  species,  founded  by  Salter  *  in  1848  and  described  again  in 

1851, t  came  from  the  "limestone  of  the  Stinchar  River"  and  from  Bogang  [Bugon]. 

M'Coy  |  and  Davidson  also  described  it,  but  the  latter  was  mistaken  in  quoting  it 
from  the  Llandovery  of  Mulloch  Hill,  for  it  is  an  essentially  Llandeilo  species,  and 

his  figures  do  not  give  such  a  correct  idea  of  the  ribbing  as  Salter's.     It  should  be 
also  remarked  that  the  pedicle-valve  is  shallower  than  the  brachial,  is  subconical, 
gently  convex  (most  so  in  the  umbonal  region),  has  occasionally  a  weak  keel  near 

the  beak,  but  tends  to  be  flattened  or  slightly  concave  towards  the  front,  especially 

in  the  young  shells.     The  brachial  valve  is  always  more  convex  and  deeper  than  the 

other  valve,  and  has  sometimes  a  weak  shallow  median  sinus  or  depression  towards 

the  front.     With  regard  to  the  muscle-scars,  Davidson  simply  stated  that  they  were 

small,  though  the  interior  of  a  pedicle-valve  was  figured,  and  several  interiors  from 

Minuntion  in  Mrs  Gray's  collection  were  referred  by  Davidson  to  this  species.     The 
muscle-scar  in  the  pedicle-valve  is  about  one-third  the  length  of  the  valve,  broadly 
subpentagonal,  strongly  forked  behind,  the  ends  of  the  diductors  being   free  and 

pointed,  and  the  adductor  scar  is  short.     The  diductors  are  elongate  and  subparallel- 
The  interior  of  the  brachial  valve  is  not  well  known,  but  the  cardinal  process  in  the 

specimen  (fig.  33),  which  is  doubtfully  referred  to  it,  is  short,  oval  and  elevated,  the 

cardinal    plate    is    thickened,   the    crura    are    short,    stout   and    divergent,    and    the 

muscle-scars  are  indistinct.     Frequently  a  submarginal  internal  thickening    of  the 
shell  is  present.     The  ribbing  varies  somewhat,  as  mentioned   by  all   authors,  but 

the  fasciculation   is   rarely  visible,  and  the   ribs  are    mostly  primaries,  as   Salter 

showed  clearly  in  his  original  figure.     The  specimens  from  Craighead  and  Bogang 

have  fewer  and  coarser  ribs  than  those  from  other  localities,  and  those  from  Bogang 

*  Salter,  Q.J.G.S.,  vol.  v,  1848,  p.  15,  pi.  i,  fig.  4.  t  Ibid.,  vol.  vii,  1851,  p.  170,  pi.  viii,  fig.  5. 
1  M'Coy,  Syn.  Brit.  Pal.  Foss,  Woodw.  Mus.,  p.  215. 
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are  typically  provided  with  short,  pointed  ears,  the  cardinal  angles  being  produced, 

and  this  form  I  would  regard  as  characteristic  since  it  comes  from  the  type  locality. 

The  subgeneric  position  of  this  shell  is  probably  in  Heterorthis,  Hall  and  Clarke,*  as 
it  seems  allied  to  0.  Clyde,  Hall,t  and  to  its  relations  ;  but  it  may  belong  to  the  group 

containing  0.  deflecta,  Conr.,j  or  to  the  new  subgenus  Harhnessella  (see  p.  862),  for 

the  external  characters  of  specimens  from  the  type  locality  (Plate  VIII,  figs.  26,  26a) 

recall  0.  vespertilio. 

Horizon.— Stmch&v  Limestone  Group. 

Localities. — Bogang,  Minuntion,  Doularg,  Benan  Burn,  Tramitchell,  Craighead. 

Subgenus  bilobites,  Linne. 

Orthis  (Bilobites)  biloba  (Linne). 

(Plate  IX,  figs.  1,  2.) 

1767.  Anomia  biloba,  Linne\  Syst.  Wat.,  ed.  xii,  vol.  i,  p.  1154. 

1868.   Orthis  biloba,  Linne,  Davidson,  Mon.  Brit  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  206,  pi.  xxvi,  figs.  10-15. 

This  species  occurs  in  the  Middle  Llandovery  of  Woodland  Point  and  appears  to 

agree  closely  with  the  usual  Wenlock  Limestone  form,  but  it  differs  in  some  respects 
from  the  Ordovician  form  found  in  the  Girvan  area  which  is  described  below  as  a 

distinct  variety.  The  rib  along  the  crest  of  each  lobe  of  the  shell  in  the  Woodland 

Point  shell  is  straight  and  sometimes  rather  stronger  than  the  others,  and  it  has 

usually  1  or  2  short  ribs  two-thirds  or  three-fourths  its  length  intercalated  on  each 
side  between  it  and  the  lateral  ones ;  the  latter  diverge  on  each  side  and  number 

10-12  on  each  lobe  ;  there  is  no  marked  central  rib  in  the  sinus  of  the  pedicle-valve 
as  in  the  Whitehouse  Bay  form,  and  the  ribs  are  coarser,  stronger,  and  more  equal  in 

size.  Davidson  (op.  cit.,  Suppl.,  p.  180)  only  records  this  species  in  Scotland  from  the 

Ludlow  of  the  Pentland  Hills  and  Shalloch  Mill  and  says  it  is  very  rare. 

Horizons. — (l)  Saugh  Hill  Group  ;  (2)  Camregan  Group. 

Localities. — (l)  Woodland  Point ;  (2)  Bargany  Pond  Burn. 

Orthis  (Bilobites)  biloba  var. 

(Plate  IX,  figs.  3-6.) 
1883.  Orthis  biloba,  Linne,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  pp.  180,  225. 

In  this  variety  one  valve,  the  pedicle-valve,  is  strongly  convex,  the  other  is  con- 

cave and  resupinate.  The  lobes  of  the  pedicle-valve  are  subcarinate,  and  each  crest 
is  usually  marked  by  a  rib  stronger  than  those  on  the  slopes ;  the  median  sinus  has 

also  a  decidedly  strong  simple  central  rib  with  weaker  finer  ribs  on  each  side  of  it  in 

the  floor  of  the  sinus  ;  5-7  ribs,  increasing  in  size  and  becoming  more  distant,  ornament 
the  inner  slopes  of  the  lobes,  and  on  the  outer  side  of  the  lobes  similar  ribs  are  present, 

closing  up  and  becoming  smaller  near  the  cardinal  angles ;  all  the  ribs  are  simple  and 

*  Hall  and  Clarke,  Palseont.  New  York,  vol.  viii,  1892,  Brach.,  i,  p.  202.  f  Ibid  ,  pi.  vb,  figs.  20-24. 
1  Ibid.,  pi.  va,  figs.  28-30;  Winchell  and  Schuchert,  Palseont.  Minnes.  GeoL  Surv.,  vol.  iii,  1893,  p  422, 

pi.  xxxii,  figs.  24-30. 
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primaries,  except  one  or  two  shorter  intercalated  ones  on  the  outer  slopes  of  the.  lobes. 

This  shell  much  resembles  the  "  Caradoc"  form  of  the  species  figured  by  Davidson* 
from  Cefn  Rhyddan,  and  is  distinguishable  from  the  Wenlock  type,  though  it  is 

perhaps  hardly  worthy  of  a  varietal  name. 

Horizon. — Whitehouse  Group. 

Localities. — Whitehouse  Bay,  Shalloch  Mill. 

Subgenus  dalmanella,  Hall  and  Clarke. 

Orthis  {Dalmanella)  basalis,  Dalman. 

(Plate  IX,  fig.  7.) 

1827.   Orthis  basalis,  Dalman,  Svensk.  Vet.  Ahad.  Haudl.,  p.  116,  pi.  ii,  fig.  5. 

1868.  Orthis  basalis,  Dalman?,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  217,   pi.  xxvii, 

figs.  10,  11. 
1883.  Orthis  el  eg  antida,  Dalman,  Davidson  (pars),  op.  cit.,  vol.  v,  Silur.  Suppl.,  pp.  178,  226. 

There  are  many  specimens  from  the  Llandovery  of  Woodland  Point  which  have 

been  assigned  to  the  species  0.  elegantula,  but  should  be  placed  in  0.  basalis,  Dalman, 

for  they  completely  agree  with  the  Falfield  shells  which  Davidson  t  correctly  referred 

to  this  species,  and  with  specimens  from  Gotland  named  by  Lindstrom.  They  differ 

especially  from  0.  elegantula  by  the  lower  beak,  lower  hinge-area,  and  less  inflation  of 

the  pedicle-valve.  The  shape  of  the  shell,  moreover,  is  circular  or  nearly  so,  instead 

of  oval.  The  pedicle-valve  is  often  subcarinate,  and  especially  swollen  in  the  middle, 
while  the  opposite  valve  is  only  very  weakly  convex,  most  so  near  the  inconspicuous 

beak,  or  may  be  flattened  or  slightly  concave,  with  a  trace  of  a  weak  median  depression 

close  to  the  beak.  The  ribbing  is  not  very  regular ;  the  primaries  are  fairly  equal 

in  strength,  but  the  ribs  increase  in  number  either  by  the  intercalation  of  2-4  rather 
finer  ones  or  less  often  by  their  unequal  and  rather  irregular  bifurcation  or  even 

trifurcation  once  or  twice  at  one-third  to  one-half  their  length.  Every  fourth  or  fifth 
rib  is  rather  stronger,  and  this  greater  strength  is  maintained  even  to  the  margin. 

The  larger  shells  are  about  9-10  mm.  in  diameter,  and  a  trifle  less  in  length.  I  have 

not  seen  any  well-preserved  interiors  from  Woodland  Point. 

Horizon. — Saugh  Hill  Group. 

Locality. — Woodland  Point. 

Orthis  (Dalmanella)  crassa,  Lindstrom  ? 

(Plate  IX,  figs.  8-10.) 
1860.  Orthis  crassa,  Lindstrom,  Gotlands  Brachiopoder,  p.  369. 

1883.   Orthis  elegantula,   Dalman,   Davidson  (pars),   Mon.  Brit.  Foss.    Brach.,   vol.  v,  Silur.    Suppl., 

pp.  178,  226. 

This  species  J  appears  to  be  represented  at  Penkill  by  some  specimens  labelled 

0.  elegantula  by  Davidson.  Examples  of  O.  crassa  from  Gotland,  named  by 

Lindstrom,  which  I  have  examined,  agree  very  closely  with  this  Girvan  shell  in 

*  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  pi.  xxvi,  fig.  12. 
t  Davidson,  op.  cit.,  iii,  p.  217,  pi.  xxvii,  figs.  10,  11.  {  Davidson,  op.  cit.,  xxiii   p.  213,  pi.  xxvii,  figs.  17-19. 
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shape,  size,  and  other  characters.     Some  Mulloch .  Hill  specimens  show  the  internal 
characters  in  internal  casts. 

Horizons. — (l)  Penkill  Group  ;  (2)  Camregan  Group  ;  (3)  Mulloch  Hill  Group. 

Localities. — (l)  Penkill ;  (2)  Bargany  Pond  Burn  ;  (3)  Mulloch  Hill,  Craigens. 

Orthis  (Dalmanella)  elegantula,  Dalman. 

182S.   Orthis  elegantula,  Dalman,  Vet.  Akad.  Handl.,  p.  117,  pi.  ii,  fig.  6. 

188o.   Orthis   elegantula,  Dalman,  Davidson  (pars),  Mon.   Brit.    Foss.    Brack.,  vol.    v,    Silur.    Suppl., 

pp.  178,  226. 

The  typical  form  of  0.  elegantula  occurs  at  Woodland  Point,  Mulloch  Hill, 

Penkill,  and  Newlands.  The  ribbing  in  poorly  preserved  specimens  and  indeed  at 

all  times  is  difficult  to  distinguish  from  0.  crassa,  but  the  shape  of  the  valves  and 

prominence  of  the  beak  of  the  pedicle-valve  generally  permit  of  the  separation  of  the 
species.  I  have  refrained  above  from  quoting  the  usual  long  synonymy  and  list  of 

references  given  by  Davidson  and  others  for  this  species,  for  undoubtedly  there  are 

many  erroneous  identifications,  and  a  re-examination  of  the  material  is  most  desirable. 

Horizons.  — {!)  Saugh  Hill  Group  ;  (2)  Mulloch  Hill  Group  ;  (3)  Penkill  Group. 

Localities. — (l)  Woodland  Point,  Newlands ;  (2)  Mulloch  Hill,  Craigens ;  (3) 
Penkill. 

Orthis  {Dalmanella)  elegantula,  Dalman,  var.  nov.  drummuchensis. 

(Plate  IX,  figs.  11-15.) 
1883.   Orthis   elegantula,   Dalman,  Davidson  (pars),   Mon.    Brit,    Foss.    Brack.,   vol.   v,  Silur.    Suppl., 

pp.  178,  226. 

The  small  shells  labelled  by  Davidson  as  0.  elegantula  from  the  Starfish  Bed 

appear  to  belong  to  a  more  or  less  distinct  variety  as  regards  the  ribbing,  and  are 

certainly  separable  from  the  Silurian  shells  passing  under  that  name.  In  shape  they 

have  the  usual  typical  oval  or  subcircular  form  and  the  usual  relative  convexity  of 

the  two  valves.  The  ribs,  however,  curve  back  on  each  side,  are  subangular,  rather 

unequal  in  size,  increasing  by  unequal  bifurcation  at  about  one-third  their  length 

and  again  at  about  two-thirds  their  length  ;  on  the  margin  they  are  usually  of 

subequal  size,  and  number  about  60  in  an  average  shell  of  8-9  mm.  long.  The  fine  con- 
centric lineation  is  strongly  marked.  The  interior  of  the  pedicle-valve  shows  the  usual 

oval  muscle-scar,  strongly  margined  laterally  by  sharp  edges,  but  rather  indefinite 
behind.  Comparison  with  typical  examples  of  0.  elegantula  from  Gotland,  named  by 

Lindstrom,  shows  that  in  the  latter  the  ribs  are  more  regular,  less  angular,  and  do  not 

have  the  second  division.  This  variety  appears  to  be  closely  related  to  Dalmanella 

jugosa,  James,*  of  the  Ohio  Ordovician. 
Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

*  Foerste,  Bull.  Denison  Univ.,  vol.  xiv  (1909),  p.  218,  pi.  iv.  figs.  16,  a,  b  ;  id.,  Ohio  Naturalist,  1912, 

pi.  xxii,  figs.  1a-g. 
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Orthis  (DalmaneUa)  Jederata,  sp.  nov. 

(Plate  IX,  figs.  16-22  ;  variety,  figs.  23-27.) 

1883.  Orthis  testudinaria,  Dalman,  Davitlson  (pars),  Mon.  Brit.   Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

pp.  178,  226. 

Shell  subcircular  to  subquadrate  or  subelliptical,  plano-convex  to  unequally  bi- 

convex ;  hinge-line  equal  to  or  rather  less  than  width  of  shell ;  cardinal  angles  rect- 

angular or  obtuse.  Pedicle-valve  convex,  subcarinate  ;  beak  elevated,  pointed,  some- 

what incurved  ;  hinge-area  triangular,  high,  large,  steeply  inclined  or  nearly  in  plane 
of  valve.  Brachial  valve  nearly  flat  or  gently  convex,  with  shallow  median  sinus 

widening  anteriorly,  sometimes  subangular  ;  beak  small,  low,  inconspicuous  ;  hinge-area 

narrow.  Interior  of  pedicle-valve  with  suboval  to  subpentagonal  well-defined  muscle- 

scar,  about  one-third  the  length  of  the  valve,  composed  of  two  subtriangular  diductors 

laterally  enclosing  somewhat  shorter  adductor  impression ;  teeth  short,  stout.  In- 
terior of  brachial  valve  with  small  oval  cardinal  process,  large  stout  short  crural 

plates,  and  median  rounded  ridge  running  forwards  from  thick  hinge-plate  between 
two  pairs  of  adductor  scars  ;  posterior  adductors  small,  subcircular,  well  defined  ; 
anterior  adductors  smaller,  less  distinct.  Surface  of  valves  ornamented  with  numerous 

angular  fasciculate  ribs,  the  14-20  rather  coarse  primaries  dividing  into  2  or  3 

close  to  beak  and  each  again  into  2  or  3  smaller  ones  at  one-half  to  two-thirds 
their  length  ;  laterally  the  ribs  curve  back  slightly  ;  interspaces  angular,  deep,  equal 

to  or  larger  than  primaries ;  all  crossed  by  strong  close  concentric  striation. 

Dimensions. — Length,  5-8  mm. 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead ;  (2)  Balclatchie.  Variety,  Balclatchie,  Ardmillan, 
Dow  Hill. 

Remarks. — This  small  shell  is  characterised  by  the  fasciculation  of  the  ribs,  which 
is  especially  well  seen  in  the  Craighead  examples.  The  precise  mode  of  division  and 

number  of  the  ribs  varies  slightly,  and  in  the  smaller  specimens  the  ribs  are  relatively 

coarser  and  fewer.  Davidson  referred  these  shells  to  O.  testudinaria,  but  the  ribbing 

and  muscle-scar  of  the  pedicle-valve  mark  them  off,  and  they  seem  most  like  O.  obtusa, 

Pander,  as  interpreted  by  Gagel,*  and  the  Balclatchie  form  somewhat  closely  resembles 
the  shell  referred  by  me  to  this  species  from  the  Tourmakeady  Beds  in  Ireland,  t 

The  fasciculation  of  the  ribs  recalls  0.  hirnantensis,  M'Coy4  and  0.  edgelliana,  Dav.,§ 
as  well  as  O.  argentea,  His.,  as  figured  by  Lindstrom  ||  and  Wiman.1T  The  ribs  are 

coarser  in  some  of  the  examples  from  the  Balclatchie  Beds,  and  their  fasciculation 

is  generally  less  marked   than  in   those  from   Craighead,  the  muscle-scars   in  both 

*  Gagel,  Beitr.  naturk.  Pretiss.,  vi  (1890),  p.  33,  t.  ii,  fig.  23. 
f  Reynolds,  Gardiner  and  R,EED,.Quart.  Journ.  Geol.  Soc,  vol.  lxvi  (1910),  p.  277. 

|  Davidson,  op.  cit.,  vol.  iii,  p.  261,  pi.  xxxii,  figs.  5-9.  §  Ibid.,  p.  228,  pi.  xxxii,  figs.  1-4. 
||  Lindstrom,  Fragm.  Silur.,  p.  26,  t.  xiv,  figs.  12-15. 
1  Wiman,  Arkiv).  Zool,  Bd.  iii,  No.  24,  p.  9,  t.  i,  figs.  20,  21. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI.  PART  IV  (NO.  26)  123 
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valves  also  are  rather  different ;  so  that  we  may  probably  regard  these  Balclatcliie 

shells  as  constituting  a  variety  (PI.  IX,  figs.  23-27). 

Orthis  {DalmanellaV)  girvanensis,  Davidson  (emend.). 

(Plate  IX,  figs.  28-30.) 
1868.  Orthis  girvaniensis,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  216,  pi.  xxviii,  fig.  10. 

Davidson's  description  of  this  species  leaves  little  more  to  be  said.  It  may  be 
remarked  that  the  convexity  of  the  shell  varies,  but  usually  the  brachial  is  more 

convex  than  the  pedicle  valve.  The  ribs  are  very  regular,  close,  filiform,  and  rounded, 

and  they  increase  by  unequal  bifurcation  at  one-fourth  to  one-half  their  length,  or 

by  intercalation  at  about  one-fourth  their  length  ;  and  they  scarcely  curve  at  all 
backwards,  even  on  the  lateral  and  cardinal  portions  of  the  shell. 

Though  the  interior  of  the  examples  from  Craighead,  which  is  the  typical  locality, 

is  unknown,  there  are  some  internal  casts  of  brachial  valves  from  Ardmillan,  probably 

referable  to  this  species,  which  show  a  thin  straight  laminar  cardinal  process  in- 
creasing slightly  in  thickness  towards  its  base,  where  it  is  attached  to  a  median 

thickening  of  the  shell  extending  forwards  as  a  low  broad  ridge  dying  out  anteriorly. 

The  posterior  adductor  scars  are  small  and  faint,  and  from  them  diverge  anteriorly 

two  low  narrow  ridges  extending  forwards  from  half  to  three-fourths  the  length  of 
the  shell.     The  crura  are  large,  stout,  and  triangular. 

This  species  may  especially  be  compared  with  0.  conferta,  Lindstrom,*  which  it 
much  resembles  in  shape,  convexity,  and  ribbing,  but  our  Craighead  specimens 

possess  no  median  depression  in  the  brachial  valve,  though  the  supposed  Ardmillan 

examples  show  it. 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatcliie  Group  ? 

Localities. — (l)  Craighead  ;  (2)  Ardmillan. 

Orthis  {DalmanellaV)  Rankini,  Davidson  (sens,  restr.). 

(Plate  IX,  figs.  31-37  ;  Plate  X,  figs.  1-3.) 

1883.  Orthis  Rankini,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Sujipl.,  pp.  190,  226,  pi.  xi, 

figs.  17-18,  J 19.     • 

The  types  of  O.  Rankini  as  described  and  figured  by  Davidson  in  his  Supplement 

are  from  Ardmillan  Brae,  but  he  intended  the  name  to  cover  all  those  forms  which 

he  had  previously  {op.  cit.,  iii,  pi.  xxviii,  figs.  13-24,  p.  227)  included  under  the 

name  O.  testudinaria.  With  this  view  it  is  impossible  to  agree,  and  we  must  there- 

fore limit  the  application  of  the  name  strictly  to  these  Ardmillan  shells.  -  Davidson's 
diagnosis  of  the  species  is  barely  sufficient  to  differentiate  it  from  other  similar 

forms ;  but  his  figures  to  some  extent  make  up  for  the  inadequate  description, 

though  they  are  not  wholly  satisfactory.     His  fig.  17  is  the  external  impression  of  a 

*  LindstrOm,  Fragm.  Silur.,  p.  26,  pi.  xiii,  figs'.  1-3. 
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brachial  valve,  and  fig.  18  is  the  internal  cast  of  the  same  specimen;  fig.  19  is  a 

restoration  from  an  imperfect  internal  cast  of  a  pedicle-valve,  but  the  ribbing,  as  far 
as  can  be  judged  from  the  margins,  seems  to  be  coarser  and  the  ribs  straight  instead 

of  curved  at  the  sides  as  in  the  figured  brachial  valve,  so  that  the  reference  to  the 

same  species  appears  doubtful.  The  amended  and  enlarged  specific  description 

should  therefore  be  as  follows : — 

Shell  transversely  subelliptical  to  subquadrate  ;  hinge-line  rather  less  than  maxi- 
mum width  of  shell ;  cardinal  angles  obtuse  to  subrectangular.  Brachial  valve 

moderately  convex,  with  weak  narrow  median  depression  from  beak  to  margin  ;  beak 

very  small,  not  swollen  or  projecting,  inconspicuous ;  hinge-area  moderate,  at  right 
angles  to  plane  of  valve.  Interior  of  valve  with  thickened  transverse  cardinal  plate  ; 

cardinal  process  thin,  linear,  straight,  with  a  short  groove  on  each  side  diverging 

from  it  anteriorly ;  crura  very  stout,  triangular,  prominent ;  dental  sockets  small ; 

low  broad  ridge  separating  adductor  impressions ;  posterior  adductors  small,  deep, 

well  marked ;  anterior  adductors  smaller,  indistinctly  denned ;  pair  of  short  median 

closely  placed  parallel  vascular  sinuses  running  straight  forwards  from  front  of 

median  ridge ;  two  lateral  pairs  of  straight  parallel  closely  placed  divergent  vascular 

sinuses,  each  lateral  pair  making  an  angle  of  about  30°  with  median  line  ;  ovarian 
areas  covering  space  between  cardinal  line,  and  lateral  sinuses  marked  with  fine 

broken  irregular  radiating  lines  and  pits ;  similar  markings  in  middle  between  lateral 
sinuses. 

Surface  of  valve  ornamented  with  fine  subangular  closely  placed  ribs,  curving 

back  on  each  side,  subequal  on  margin  and  there  numbering  120-140,  increasing 
in  number  firstly  by  intercalation  close  to  beak,  secondly  at  about  half  their  length, 

and  often  again  with  considerable  regularity  at  about  three-fourths  their  length, 
rarely  bifurcating.  Interspaces  subangular,  subequal  to  or  wider  than  ribs  ;  both 

covered  with  close  concentric  striae,  coarsest  and  most  distinct  near  margin. 

Dimensions. — Length,  16*0  mm.  ;  width,  20*5  mm. 
Horizon. — Balclatchie  Group. 

Localities. — Ardmillan,  Dow  Hill,  Balclatchie. 

Remarks. — The  above  description  is  from  the  type-specimens  (Davidson's 
figs.  17  and  18),  which  are  the  external  impression  and  internal  cast  of  a  brachial 

valve  ;  but  several  pedicle-valves  with  well-marked  characters  may  be  referred  to  the 
same  species  from  their  agreement  in  shape,  size,  ribbing,  development  of  vascular 

sinuses,  and  occurrence  on  the  same  horizon  at  the  same  locality. 

The  description  of  them  is  as  follows  : — Pedicle-valve  gently  convex,  transversely 

semi-elliptical ;  cardinal  angles  rectangular  ;  beak  rather  high,  pointed,  scarcely  in- 

curved, rising  well  above  hinge-line  ;  hinge-area  triangular,  steeply  inclined,  larger 
than  that  of  opposite  valve.  Interior  with  pair  of  short,  stout  teeth  ;  diductors 

short,  small,  elongated,  triangular,  confined  to  interior  of  beak,  separated  by  narrow 

adductor    scar    and    prolonged    anteriorly  into    pair    of   parallel    broad    well-marked 
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closely  placed  vascular  sinuses  extending  nearly  three-fourths  of  the  shell  and  then 
curving  outwards ;  lateral  portions  of  valve  covered  with  sinuous  radiating  fine 

vascular  markings,  dividing  somewhat  irregularly;  margin  of  shell  showing  ribs. 

The  internal  characters  of  this  species  mark  it  off  Irom  all  British  forms,  though 

externally  it  much  resembles  O.  testudinaria,  auct.,  as  employed  in  a  wide  sense. 

The  grooves  on  each  side  of  the  cardinal  process  forming  a  tripartite  mark  (which 

Davidson  showed  in  his  fig.  18a)  are  a  feature  of  importance,  and  the  development 

of  the  vascular  sinuses  is  unusually  distinct,  and  in  the  pedicle-valve  somewhat 
recalls  O.  duftonensis.  I  am  extremely  doubtful  if  it  should  be  placed  in  the  group 

Dalmanella,  sens.  str. 

Orthis  (Dalmanella)  testudinaria,  Dalman,  var.  nov.  gracilis. 

(Plate  X,  figs.  4-6.) 

Shell  subcircular,  unequally  biconvex  to  plano-convex  ;  hinge-line  about  two- 
thirds  the  width  of  shell ;  cardinal  angles  rounded  or  very  obtuse. 

Pedicle- valve  gently  and  uniformly  convex,  not  carinate  ;  beak  elevated  above 

hinge-line,  slightly  incurved  ;  hinge-area  rather  large,  steeply  inclined  to  plane  of 
valve  ;  delthyrium  large.  Brachial  valve  very  slightly  convex,  more  or  less  flattened, 

with  small  inconspicuous  beak,  weak  median  depression,  and  small  hinge-area.  Surface 
of  valves  ornamented  with  numerous  fine  subangular  ribs  somewhat  irregular  in  size, 

numbering  about  100  on  margin,  curving  back  on  each  side  to  cardinal  angles  and 

decreasing  in  size,  increasing  rather  irregularly  in  number  by  subequal  division  into 

two  at  one-fourth  to  one-third  their  length,  and  again  sometimes  into  two  smaller 
ones  close  to  margin ;  interspaces  rounded,  narrower  than  ribs ;  fine  concentric 

lineation  over  ribs  and  interspaces,  becoming  coarser  and  imbricated  near  margin. 

Dimensions. — Length,  13*5  mm.  ;  width,  16"0  mm. 
Horizons. — (l)  Balclatchie  Group  ;   (2)  Stinchar  Limestone  Group? 

Localities. — (l)  Ardmillan,  Balclatchie  ;  (2)  Craighead. 

Remarks. — This  shell  may  be  provisionally  regarded  as  a  variety  of  0.  testudi- 

naria, Dalm.,  but  owing  to  the  confusion  connected  with  this  species  and  the  well- 
marked  characters  of  this  Ardmillan  form,  it  may  be  distinguished  by  a  special 
varietal  name. 

The  ribbing  is  coarser  and  less  regular  than  in  0.  girvanensis  from  the  Balclatchie 

Beds,  and  the  subdivision  of  the  ribs  takes  place  less  uniformly,  so  that  they  are  less 

equal  in  size  on  the  margin  and  have  not  the  fine  regular  filiform  appearance  of  that 

species.  The  interiors  of  some  small  brachial  valves,  probably  attributable  to  this 

variety,  have  the  two  pairs  of  well-marked  subcircular  adductor  scars  and  the  cardinal 
process  and  crura  of  the  same  character  as  in  typical  0.  testudinaria,  Dalm.  The 

ribbing,  but  not  the  shape  of  the  shell,  recalls  O.  Rankini,  sens,  restr. 



ORDOVICIAN   AND  SILURIAN   BRACHIOPODA   OF  THE  GIRVAN   DISTRICT.       855 

Orthis  (Dalmanetta)  testudinaria,  Dalman,  var.  nov.  shallochensis. 

(Plate  X,  figs.  7-11.)     * 
1883.  Orthis  testudinaria,  Dalman,  Davidson  (pars),    Mon.  Brit.  Foss    Brack.,  vol.   v,   Silur.  Suppl., 

p.  226. 

Shell  transversely  semielliptical  to  subquadrate  or  subcircular ;  unequally 

biconvex  to  plano-convex  ;  hinge-line  less  than  width  of  shell ;  cardinal  angles  sub- 

rectangular  or  obtuse.  Pedicle-valve  gently  convex,  subcarinate,  and  swollen  near 

beak ;  beak  moderate,  sharp,  rising  a  little  above  hinge-line,  slightly  incurved ; 

hinge-area  small,  triangular,  steeply  inclined  to  plane  of  valve.  Brachial  valve  very 
slightly  convex,  flattened,  divided  by  broad  shallow  sinus  widening  anteriorly  ;  beak 

small,  inconspicuous,  not  elevated ;  hinge-area  narrower  and  smaller  than  that  of 

pedicle-valve.  Eibs  subangular,  numerous,  curving  gently  outwards  on  each  side, 
unequal  in  size,  the  primaries  being  stronger;  increasing  in  number  to  SO  or  100  on 

margin  by  rather  irregular  intercalation  of  a  rather  fine  rib  in  each  interspace  at  one- 

third  (and  frequently  another  at  one-half  to  three-fourths)  their  length,  but  rarely  by 
division  of  the  primaries  into  two  unequal  ribs  ;  interspaces  subangular,  equal  in  size 

to  the  ribs ;  both  crossed  by  fine  concentric  strise.  Interior  of  pedicle-valve  with 
short  broad  feebly  impressed  diductor  scar,  not  forked,  obtusely  pointed  in  front. 

Interior  of  brachial  valve  with  two  fairly  defined  pairs  of  subcircular  adductor 

scars,  separated  by  broad  low  median  ridge  ;  crura  short,  stout,  triangular ;  cardinal 

process  small. 

Dimensions. — 

(l) 
Length         .         .         .         .13 
Width  .         .         .         .18 

Horizon.  —  Whitehouse  Group. 

Localities. — Shalloch  Mill,  Whitehouse  Bay. 

Remarks. — Some  of  these  shells  were  labelled  by  Davidson  0.  testudinaria, 
others  0.  elegantula,  and  others  0.  vespertilio.  They  cannot,  however,  be  separated, 

and  the  large  number  of  specimens  now  available  from  Shalloch  Mill  prove  that  they 

all  must  be  included  in  one  species.  The  ribs  in  all  of  them  increase  as  a  rule  in 

number  by  one  or  more  intercalations  (not  by  division,  except  very  rarely,  and  then 

near  the  lateral  angles),  but  otherwise  they  could  scarcely  be  separated  externally 

from  0.  testudinaria  as  generally  understood.  Indeed,  Schuchert  *  puts  O. 
emacerata,  Hall,  |  and  0.  multisecta,  Meek, J  which  our  Shalloch  Mill  form  much 

resembles,  as  varieties  of  0.  testudinaria.  The  muscle-scar  in  the  pedicle-valve,  so  far 
as  it  is  known,  does  not  agree  with  O.  testudinaria  as  figured  by  Davidson,§  and  thus 

in  addition  to  the  ribbing  there  seems  sufficient  reason  for  separating  it  as  a  variety. 

*  Schuchert,  Bull.  87,  U.S.  Geol.  Surv.,  1897,  p.  205. 
t  Foerste,  Bull.  Denison  Univ.,  vol.  xiv,  p.  21,  pi.  iv,  fig.  1  ;  ibid.,  vol.  xvii,  p.  128,  pi.  viii,  fig.  3. 
\  Foerste,  ibid.,  vol.  xiv,  p.  217.  §  Davidson,  op.  cit.,  iii,  pi.  xxviii,  figs.  20,  21. 

(2) 
(3) 17 

12  mm 

22 14  mm 
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Orthis  (DalmaneUa)  testudinaria,  Dalman,  var. 

(Plate  X,  figs.  12-14.) 

Shell  subcircular  to  transversely  elliptical,  plano-convex ;  cardinal  angles  obtuse 

or  rounded.  Pedicle-valve  strongly  convex,  rounded,  not  carinate ;  beak  obtuse, 
elevated,  more  or  less  swollen  and  incurved.  Brachial  valve  flattened,  with  shallow 

median  indefinite  depression  widening  anteriorly  ;  beak  small,  low,  inconspicuous. 

Surface  of  valves  covered  with  numerous  small  ribs  of  rather  unequal  and  irregular 

size  curving  back  on  each  side,  the  primaries  usually  rather  stronger  and  giving  off 

one  or  two  lateral  smaller  ribs  or  dividing  into  two  equal  or  subequal  ribs  at 

irregular  distances,  rarely  increasing  by  intercalation.  Shell  substance  densely 

punctate.  Interior  of  brachial  valve  with  large  oval  muscular  area  about  half  the 

length  of  valve,  composed  of  two  pairs  of  adductors,  of  which  the  anterior  are  the 
smaller. 

Dimensions. — Length  about  5-8  mm. 

Horizon. — Whitehouse  Group. 

Localities. — Shalloch  Mill,  Whitehouse  Bay. 

Remarks. — This  small  shell  is  rather  imperfectly  known,  but  it  does  not  appear 
to  belong  to  the  variety  shallochensis,  being  more  subcircular  in  form  and  having 

the  ribs  coarser  and  less  equal  in  size.  It  is  too  ill  defined  to  warrant  a  distinctive 

designation,  but  I  do  not  think  it  can  be  referred  to  0.  argentea,  His.,  which  it  was 

labelled  by  Davidson,  though  this  species  is  not  recorded  in  his  list  of  brachiopods 
from  the  Girvan  district. 

Orthis  (DalmaneUa)  cf.  visbyensis,  Lindstrom. 

(Plate  X,  figs.  15,  16.) 

1883.  Orthis  turgida,  M'Coy,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  pp.  187, 225. 

Non  1868.  Orthis  turgida,  M'Coy,  Davidson,  op.  cit.,  vol.  iii,  pi.  xxxii,  fig.  18  (Penkill),  non  figs.  12-17,  19,  20. 

The  specimens  from  Penwhapple  Glen,  measuring  about  19  mm.  long,  which 

Davidson  erroneously  referred  to  0.  turgida,  M'Coy,*  consist  of  two  internal  casts 
of  pedicle-valves  with  the  shape,  contour,  and  high  incurved  beak  of  0.  elegantnla 

and  0.  visbyensis,  Lindstrom.  The  muscle-scar  is  deeply  sunk,  elongated,  triangular, 
well  defined  at  sides  but  less  so  in  front,  where  it  is  slightly  emarginate,  the  median 

adductor  impression,  which  is  fully  one-third  the  width  of  the  whole  scar,  being  some- 
what shorter  than  the  diductors.  The  ribbing  which  is  seen  round  the  edge  on  the 

fragments  of  shell  attached  to  the  casts  consists  of  about  130-150  fine  equal  or  sub- 
equal  rounded  ribs  separated  by  slightly  wider  interspaces  and  gently  curved  back 

on  each  side.  Similar  specimens  occur  at  Woodland  Point,  but  no  brachial  valves 

are  known ;  the  ribs  in  the  shells  from  this  latter  locality  seem  less  equal  in  size  and 

*  M'Coy,  Syn.  Brit.  Palxoz.  Foss.  Woodw.  Mus.,  1852,  p.  229,  pi.  iH,  figs.  20-24. 
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finer  ones  seem  intercalated  near  the  margin.  The  whole  shell  is  closely  and 

minutely  punctate.  A  comparison  of  these  specimens  with  examples  of  Lindstrom's 
0.  visbyensis*  from  Gotland,  shows  that  a  very  close  similarity  exists  between  them. 

Dimensions. — Length,  13-19  mm. 

Horizons. — (l)  Saugh  Hill  Group  ;  (2)  Penkill  Group. 

Localities. — (l)  Woodland  Point;  (2)  Penwhapple  Glen. 

Subgenus  rhipidomella,  Oehlert. 

Orthis  (Rhipidomella)  polygramma,  Sowerby,  var.  pentlandica,  Davidson. 

1868.  Orthis  pohjrjrumma,  var.  pentlandica,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  219, 

pi.  xxix,  figs.  4-10. 
1883.  Orthis  polygramma,  var.  pentlandica,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  179,  pi.  xiii,  figs.  15,  16. 

1  1883.  Orthis  reversa,  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  180,  pi.  xvi,  fig.  13;  and  p.  225. 

?  1868.   Orthis  turgida,  Davidson  (pars),  ibid.,  vol.  iii,  pi.  xxxii,  fig.  18  (non  cet.). 

This  variety  of  O.  polygramma  was  sufficiently  described  by  Davidson,  but  his 

figures  are  restorations  of  the  actual  specimens  from  Girvan.  No  interiors  are  known 

from  Girvan,  and  those  figured  by  Davidson  belong  to  examples  from  the  Pentland 

Hills.  It  may  be  mentioned  that  the  thread-like  ribs  are  rounded,  not  acute,  and 

that  there  are  minute  pits  between  them  as  in  Orthis'1.  punctostriata,  Hall.t  It  is 
probable  that  the  specimen  from  Woodland  Point  figured  as  O.  reversa  belongs  to 

this  species. 

Horizons. — (l)  Penkill  Group  ;  (2)  Saugh  Hill  Group  ? 

Localities. — Penwhapple  Glen  and  Burn,  Penkill ;  (2)  Woodland  Point. 

Orthis  {Rhipidomella)  prematura,  sp.  no  v. 

(Plate  X,  figs.  17,  18.) 

Shell  suboval,  somewhat  subquadrate,  widest  near  front,  longer  than  broad ; 

hinge-line  less  than  maximum  width  of  shell ;  cardinal  angles  obtuse.  Pedicle-valve 

gently  convex,  with  small  slightly  elevated  incurved  beak ;  interior  of  pedicle-valve 

with  large  oval  muscular  scar  two-thirds  the  length  of  valve,  with  sharp  raised  lateral 
margins  but  undefined  in  front,  composed  of  two  large  elongate  flabelliform  diductors 

separated  by  a  narrow  median  ridge  becoming  stronger  and  stouter  in  the  middle  of 

the  valve  but  dying  out  a  little  in  front  of  muscle-scar ;  ovarian  areas  marked  with 
a  few  large  pits,  more  or  less  elongated,  and  fused  radially.  Surface  of  valve 

covered  with  very  numerous  (170-200)  regular  equal  closely  placed  fine  rounded 

riblets  curving  back  slightly  on  each  side  near  hinge-line. 

Dimensions. — Length,  20  mm. ;  width  (maximum),  17  mm. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

*  Lindstrom,  Ofvers.  k.  vet.  Akad.  Forhandl.,  No.  8,  1860,  p.  366,  pi.  xii,  fig.  8. 
t  Hall,  Palmont.  New  York,  ii,  1852,  p.  254,  pi.  Iii,  figs.  5a-/;  Grabau,  Bull.  N.  Y.  State  Mas.,  No.  45,  vol.  ix, 

1901,  p.  186,  fig.  95. 
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Locality. — Thraive  Glen. 

Remarks. — There  is  only  one  internal  cast  of  the  pedicle-valve  and  a  portion  of 
the  external  impression  of  the  same  specimen  which  I  have  observed  amongst 

the  collections.  But  it  is  such  a  well-marked  and  peculiar  form  that  it  certainly 

deserves  attention.  It  must  be  referred  to  the  subgenus  RJiipidomella,  and  is  un- 

doubtedly allied  to  0.  polygramma,  though  the  muscle-scars  are  different  in  that 
species.  It  more  resembles  some  Devonian  or  Carboniferous  species  of  Rhipidomella, 

and  though  at  present  imperfectly  known  it  may  be  distinguished  by  the  specific 

name  'prematura.  The  American  species  Rhipidomella  magnicardinalis,  Foerste,* 
from  the  West  Union  Limestone  (Silurian)  of  Ohio,  appears  to  be  allied  to  this 
Girvan  form. 

Subgenus  schizophqrella,  nov. 

Definition. — Shell  unequally  biconvex,  transversely  elliptical,  with  hinge-line  less 
than  width  of  shell  and  cardinal  angles  obtuse,  with  a  more  or  less  independent 

broad  low  fold  on  the  brachial  valve  and  corresponding  sinus  on  the  pedicle-valve. 

Beaks  and  hinge-areas  on  both  valves  small.  Surface  of  shell  covered  with  numerous 

small  closely  placed  thread-like  radiating  lines.  Interior  of  pedicle-valve  with  large 

elongated  well-marked  muscle-scars  parallel  or  divergent,  and  thin  short  dental  plates. 
Interior  of  brachial  valve  with  prominent  oval  or  lanceolate  cardinal  process  and 

stout  prominent  curved  crura.  Ovarian  markings  in  both  valves  frequently  strong. 

Type  :  Orthis  fallax,  Salter. 

The  species  comprised  in  this  new  subgenus  appear  allied  to  the  Schizophoria 

group  f  of  Upper  Palseozoic  times,  and  cannot  well  be  referred  to  any  of  the  preceding 

subgenera. 

Orthis  (Schizophorella)  fallax,  Salter. 

(Plate  X,  figs.  19-24.) 

1846.   Orthis  fallax,  Salter,  Appendix  to  M'Coy's  Syn.  Silur.  Foss.  Ireland,  p.  72,  pi.  v,  fig.  3. 
1868.   Orthis  fallax,  Salter,    Davidson,    Mon.    Brit.    Foss.   Brach.,    vol.    iii,    pt.  vii,  p.  223,  pi.  xxxi, 

figs.  9-11. 
1883.   Orthis  mullochiensis,  Davidson  (pars),  ibid.,  vol.  v,  Silur.  Suppl.,  p.  180  (specimens  from  Upper 

Bala  of  Thraive). 

This  species  is  very  abundant  in  the  Starfish  Bed  of  Thraive  Glen,  and  it  agrees 

absolutely  with  the  typical  examples  of  0.  fallax  which  Salter  figured  from  Tyrone, 

but  it  was  erroneously  placed  with  the  Llandovery  species  0.  mullochensis  \  by 

Davidson.  Though  undoubtedly  allied  to  it,  0.  fallax,  as  M'Coy§  pointed  out,  differs  in 
the  following  points  : — (l)  The  cardinal  process  is  more  linear  ;  (2)  the  median  septum 

is  weaker  and  often  inconspicuous  ;  (3)  the  diductors  form  a  regular  oval  scar  in  tlie 

"  Foerste,  Journ.  Cincinnati  Soc.  Nat.  Hist.,  vol.  xxi,  No.  1  (1909),  p.  27,  pi.  i,  figs.  11a-d,  pi.  ii,  figs.  12a-b. 
t  Hall  and  Clarke,  Palxont.  New  York,  vol.  viii,  Brach.,  i,  p.  211. 

%  Davidson  op.  cit.,  iii.  p.  221,  pi.  xxix,  figs.  14-18,  §  M'Coy,  Syn.  Brit.  Pal.  Foss.,  p.  261. 
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pedicle-valve  and  have  not  any  divergence  in  front  ;  (4)  the  hinge-line  is  relatively 

longer;  (5)  the  cardinal  angles  are  less  rounded;  (6)  the  hinge-area  is  larger;  and 
(7)  the  fold  on  the  brachial  valve  is  more  independent  in  its  elevation  and  more 

defined,  particularly  near  the  margin.  There  is  a  danger  of  confusing  it  with  Triplecia 

spiriferoides  from  the  exterior,  but  the  internal  characters  are  quite  distinct. 

A  large  number  of  well-preserved  internal  casts  allow  us  to  revise  the  exist- 

ing descriptions  of  0.  fallax  by  the  following  details  : — Shell  transversely  oval, 

anterior  margin  sinuated  ;  hinge-line  straight,  less  than  width  of  shell ;  cardinal 

angles  obtuse.  Brachial  valve  convex,  deeper  than  pedicle-valve,  with  low  median 

rounded  fold  arising  at  about  one-third  the  length  of  the  valve  and  increasing  in 
height  and  width  anteriorly  but  not  sharply  marked  off  from  lateral  lobes  ;  beak 

small,  inconspicuous,  rising  above  hinge-line,  incurved  with  triangular  vertical  hinge- 

area  in  plane  of  valve.  Pedicle-valve  shallower  than  brachial  valve,  with  broad 
shallow  rounded  indefinite  sinus  widening  anteriorly  and  starting  at  about  half  the 

length  of  the  shell ;  beak  high,  more  prominent  than  that  of  opposite  valve,  very 

slightly  incurved,  with  larger  triangular  hinge-area  below  it  steeply  inclined  to  plane 
of  valve. 

Interior  of  brachial  valve  with  prominent  oval  or  lanceolate  cardinal  process,  and 

small  dental  sockets  with  much  thickened  anterior  walls  bearing  stout  curved  crura  ; 

low  tapering  median  ridge,  broad  at  base,  extending  forwards  from  thick  cardinal 

plate  between  weakly  marked  adductors  ;  ovarian,  markings  on  each  side  distinct. 

Interior  of  pedicle-valve  with  teeth  forming  thin  short  dental  plates  ;  muscle-scar 

oval,  more  than  one-third  length  of  valve,  sharply  enclosed  at  sides  by  curved 
elevated  ridges  nearly  meeting  in  front ;  diductors  scars  elongate,  enclosing  narrow 

lanceolate  pair  of  adductors.  Ovarian  areas  large,  coarsely  pitted,  and  marked  with 

irregular  radial  grooves.  Surface  of  shell  ornamented  with  closely  placed  very  fine 

regular  straight  rounded  or  subangular  riblets  of  equal  or  subequal  size,  increasing 

by  bifurcation  and  interpolation  at  about  half  their  length,  so  as  to  number  about 

100-120  on  the  margin  ;  ribs  slightly  curved  back  on  lateral  slopes  and  becoming 
smaller  nearer  hinge-line. 

Dimensions. — Average  length,  15-16  mm.  ;  average  width,  19-20  mm. 
Horizon. — Drummuck  Group  (Starfish  Bed). 
Locality. — Thraive  Glen. 

Orthis  (Schizophorella)  mullochensis,  Davidson  (emend.). 

1868.   Orthis  reversa,  Salter,  var.  mullochiensis,  Davidson,   Mon.    Brit.    Foss.  Brack.,  vol.    iii,  p.    221, 
pi.  xxix,  figs.  11-13. 

1883.   Orthis  mullochiensis,  Davidson  (pars),  ibid.,  vol.  v,  Silur.  Suppl.,  p.  180. 

The  full  description  and  figures  of  this  species  sufficiently  define  its  characters, 

but  many  of  the  shells  which  Davidson  labelled  as  O.  mullochensis  in  Mrs  Gray's 
collection  belong  to  O.  crassa  or  other  species.     There  is,  however,  no  need  to  confuse 

TKANS.  R07.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  26).  124 
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this  species  in  dealing  with  fairly  well-preserved  exteriors,  as  the  contour  of  the 
valves  and  shape  of  the  shells  as  well  as  the  ribbing  are  different,  and  internally  the 

muscle-scars  and  hinge-apparatus  easily  mark  them  oft".  0.  mullochensis  is  quite 
distinct  specifically  from  0.  reversa,  of  which  Davidson  *  at  first  regarded  it  as  a 
variety,  though  subsequently  t  he  stated  that  it  might  be  distinct.  I  have  not  seen 

any  examples  from  the  Upper  Bala  of  Thraive  Glen,  in  which  Davidson  says  it 

occurs ;  and  it  seems  strictly  confined  to  the  Lower  Llandovery. 

Horizon. — Mulloch  Hill  Group. 

Localities. — Mulloch  Hill,  Craigens,  Auld  Thorns. 

Subgenus  nicolella,  nov. 

Definition. — -Shell  transverse,  semicircular,  more  or  less  alate,  plano-convex  to 

concavo-convex,  widest  along  hinge-line.  Brachial  valve  flat  or  slightly  concave. 

Pedicle-valve  strongly  convex,  more  or  less  inflated,  with  large  obtuse  swollen 

incurved  beak,  large  hinge-area,  and  somewhat  flattened  cardinal  angles.  Surface 
of  valves  covered  with  a  few  coarse  angular  or  subangular  prominent  ribs,  usually 

simple,  straight  and  separated  by  equal  or  subequal  angular  interspaces.  Interior  of 

pedicle- valve  with  small  teeth,  and  broad  transverse  subcircular  weakly  impressed 

muscle-scar.  Interior  of  brachial  valve  with  large  prominent  lanceolate  or  oval 
cardinal  process  and  small  very  widely  divergent  crura.  Type  :  Orthis  Actonise, 

Sowerby.  * 
It  seems  impossible  to  place  this  shell  naturally  in  any  of  the  previously  recog- 

nised subgenera  of  the  genus,  the  combination  of  characters  differentiating  it  from 

all  of  them.  Davidson  §  himself  thought  its  features  so  peculiar  that  he  regarded 

it  as  simulating  certain  forms  of  "  Strophomena."  The  forking  of  the  ribs,  on  which 
Sowerby  laid  much  stress,  is  not  general,  the  majority  of  the  Welsh  specimens 

having  simple  undivided  ribs.  The  type  specimens  came  from  Acton  Scott,  near 

Church  Stretton.     The  subgenus  is  named  after  James  Nicol. 

Orthis  {Nicolella)  Actonise,  Sowerby. 

(Plate  X,  figs.  25-27.) 

1839.   Orthis  Actonim,  Sowerby,  in  Murchisou's  Silurian  System,  p.  639,  pi.  xx,  fig.  16. 
1868.   Orthis    Adoince,  Sowerby,  Davidson    (pars),  Mon.  Brit.  Foss.  Brach.,  vol.   iii,    pt.   viii,  p.  252, 

pi.  xxxvi,  figs.  5-12,  14-17  (non  13). 

The  typical  form  of  this  well-known  species  occurs  rarely  in  the  Girvan  area  and 
only  with    certainty  at  Shalloch  Mill.     Specimens  from   this  locality  agree  closely 

with  some  of  the  examples  from  other  places  figured  by  Salter  ||  and  Davidson. ^| 

The  small  number,  regularity,  sharpness,  prominence,  and  simplicity  of  the  ribs  and 

*  Davidson,  op.  cit.,  vol.  iii,  p.  221,  pi.  xxix,  figs.  11-13.  f  Ibid.,  vol.  v,  p.  180,  pi.  xvi,  figs.  14,  15. 
I  Sowerby  in  Murchison's  Silur.  Syst.,  p.  639,  pi.  xx,  fig.  16.  $  Davidson,  op.  cit.,  vol.  iii,  p.  252. 
||  Salter,  Mem.  Geol.  Surv.,  vol.  iii,  p.  339,  pi.  xxi,  figs.  1-8. 
IT  Davidson,  op.  cit.,  vol  iii,  pi.  xxxvi,  figs.  8-10. 
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of  the  interspaces  distinguish  them  from  the  variety  found  in  the  Drummuck  Beds 

which  is  described  below.  It  is  possible  that  the  species  also  occurs  at  Craighead, 

but  the  evidence  is  not  quite  conclusive.  Lindstrom  *  figures  a  shell  from  the 
Chasmops  Limestone  of  Sweden  as  a  variety  of  0.  Actonise  with  a  query,  which 

much  resembles  our  Shalloch  Mill  form ;  and  G-agel's  f  shell  from  the  drift  of 
Germany  seems  to  be  practically  identical. 

Horizons. — (l)  Whitehouse  Group;  (2)  Stinchar  Limestone  Group? 

Localities. — (l)  Shalloch  Mill ;  (2)  Craighead. 

Orthis  (Nicolella)  Actonise,  Sowerby,  var.  nov.  asteroidea- 

(Plate  X,  figs.  28-35  ;  Plate  XI,  figs.  1,  2.) 

1883.   Orthis  Actonise,  Sowerby'?,  Davidson,  Man.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  SuppL,  p.  226. 

Shell  semicircular  to  semielliptical,  plano-convex  to  concavo-convex,  somewhat 
flattened  near  cardinal  angles,  about  one  and  a  half  times  to  twice  as  wide  as  long  ; 

hinge-line  straight,  as  wide  as  or  slightly  wider  than  shell ;  cardinal  angles 

rectangular  or  pointed  at  about  75°,  not  produced.  Pedicle-valve  more  or  less 
swollen,  strongly  convex  in  middle,  somewhat  flattened  towards  cardinal  angles ; 

beak  rounded,  broad,  swollen,  incurved,  rising  well  above  hinge-line ;  hinge-area 
moderate,  lying  in  plane  of  valve  or  steeply  inclined.  Brachial  valve  flattened  or 

slightly  concave  ;  beak  small,  inconspicuous  ;  hinge-area  narrow.  Interior  of  pedicle- 

valve  with  broad  transverse  or  short  subcircular  faint  muscle-scar,  composed  of 

lanceolate '  median  adductor  scar,  embraced  by  diductors  ;  teeth  short,  small ;  apex 
of  beak  with  shell  thickened  internally.  Interior  of  brachial  valve  incompletely 

known ;  cardinal  process  small,  lanceolate  ;  crural  plates  small,  making  very  acute 

angle  with  hinge-line.  Surface  of  valves  ornamented  by  coarse  equal  or  subequal 
angular  or  subangular  ribs,  occasionally  dividing  close  to  beak  into  two  equal  or 

unequal  ribs,  but  usually  increasing  in  number  rather  irregularly  and  unsym- 

metrically  by  intercalation  of  a  smaller  short  rib  at  about  one-fourth  the  distance 

from  the  margin ;  24-30  ribs  in  all  on  margin.  Bibs  in  brachial  valve  straight, 

radiating  ;  lateral  ribs  in  pedicle-valve  curved  slightly  outwards  to  cardinal  angles. 
Interspaces  angular,  equal  or  subequal  to  ribs.  Concentric  striation  present.  Ribs 

and  interspaces  clearly  visible  over  whole  interior  of  shell. 

Average  Dimensions. — Length,  15  mm.  ;  width,  20-22  mm. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — This  abundant  shell  of  the  Starfish  Bed  differs  from  the  typical 

0.  Actonise  as  illustrated  by  Davidson|  by  its  cardinal  angles  being  non-alate,  _by 

the  possession  of  more  numerous  ribs,  and  by  the  muscle-scar  in  the  pedicle-valve 

*  Lindstrom  and  Angelin,  Fragm.  Silur.,  p.  27,  t.  xii,  figs.  44-47  (non  t.  xiv,  figs.  4-9). 
t  Gagel,  "Bracli.  camb.  silur.  Gesch.  Ost-Westpreuss."  (Beitr.  naturh.  Preuss.,  vi,  1890),  p.  31,  t.  ii,  fig.  25. 
\  Davidson,  op.  cit.,  vol.  iii,  p.  252,  pi.  xxxvi,  figs.  5-12  (?  13),  14-17. 
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being  more  transverse  and  less  impressed.  It  more  resembles  some  of  Lindstrom's 

forms*  from  Sweden  which  are  doubtfully  referred  to  this  species,  and  differs  from 
the  shell  figured  by  WiMANf  from  the  Leptsena  Limestone  by  its  more  numerous 

ribs.     Davidson  +  records  this  species  from  Thraive  Glen  with  a  query. 

Subgenus  harknessella,  nov. 

Definition. — Shell  subquadrate,  unequally  biconvex,  with  more  or  less  pointed 

cardinal  angles,  widest  at  hinge-line;  anterior  margin  somewhat  excavated.  Pedicle- 
valve  with  sharp  median  carination  or  angular  fold,  lateral  angles  somewhat  flattened ; 

beak  small,  pointed,  only  a  little  incurved.  Brachial  valve  more  or  less  strongly 

bilobed  by  median  sinus.  Surface  of  shell  ornamented  with  small  bifurcating  ov 

fasciculate  ribs.  Interior  of  pedicle-valve  with  small  teeth  and  elongated  sub- 

triangular  or  subpentagonal  muscle-scar,  slightly  forked  anteriorly  and  well  marked. 
Interior  of  brachial  valve  with  large  stout  prominent  oval  cardinal  process  and  very 

stout  thick  triangular  large  subparallel  crura,  directed  at  about  75°-80°  to  hinge-line ; 
cardinal  plate  much  thickened  and  slightly  produced  in  middle,  with  high  front  edge 

excavated  on  each  side.     Shell-substance  densely  punctate. 
Type  :  Orthis  vespertilio,  Sowerby.  § 

Sowerby's  type  of  O.  vespertilio  came  from  the  Bala  Beds  of  Corton,  near  Clun- 
bury,  and  consisted  of  internal  casts  of  the  two  valves.  From  an  examination  of 

specimens  from  this  locality,  as  well  as  of  many  others  from  Wales  and  elsewhere 

named  by  Salter  and  M'Coy  as  well  as  Davidson,  the  peculiarities  of  the  species 
seem  so  great  as  to  necessitate  its  position  in  an  independent  group,  no  other  species 

appearing  to  be  closely  related  to  it,  and  the  subgenus  may  be  named  Harknessella 
after  Robert  Harkness. 

Orthis  {Harknessella)  vespertilio,  Sowerby. 

(Plate  XI,  figs.  3-7.) 

1839.   Orthis  vespertilio,  Sowerby,  in  Murchison's  Silurian  Systevi,  p.  640,  pi.  xx,  fig.  11. 
1868.  Orthis  vespertilio,  Sowerby,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  237,  pi.  xxx, 

figs.  11-21. 
1883.  Orthis  vespertilio,  Sowerby,  Davidson  (pars),  ibid.,  vol.  v,  Silur.  Suppl.,  p.  226. 

The  occurrence  of  this  species  at  Craighead  was  noted  by  Davidson,  who  stated 

that  it  was  very  common  there.  The  second  example  of  the  species  which  he  figured 

(op.  cit.,  siqira,  fig.  12)  came  from  that  locality.  But  I  have  not  seen  any  undoubted 

examples  of  it  from  the  other  localities  which  he  mentions  in  his  Supplement,  i.e. 

Shalloch  Mill,  Arclmillan  Brae,  and  Doularg. 

The  Craighead  examples  in  Mrs  Gray's  collection  are  of  rather  large  size,  oue 
measuring  36  mm.  wide  and  26  mm.  long.     The  fasciculate  subangular  ribs  are  some- 

*  Lindstrom,  Fragm.  Silur.,  p.  27,  t.  xiv,  figs.  4-9. 
t  Wiman,  Arkivf.  Zool,  Bd.  iii,  No.  24  (1907),  p.  8,  t.  ii,  tigs.  8-86. 

\  Davidson,  op.  cit.,  Silur.  »S'i/^p/.,  p.  226.  §  Sowerby,  in  Murchison's  Silur.  SysL,  p.  (>40,  pi.  xx,  fig.  11. 
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what  irregular  in  size  in  these  specimens,  but  such  is  also  sometimes  the  case  in 

English  examples  of  the  species.  The  original  typical  Shropshire  specimens  re- 

figured  by  Davidson*  from  Acton  Scott  have  no  alation  of  the  cardinal  angles,  and 
such  is  also. the  case  with  those  from  Girvan. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Genus  uncertain. 

Orthis  ?  nina,  Davidson. 

(Plate  XI,  figs.  8-12.) 

1883.  Orthis  nina,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppt.,'p.  177,  pi.  xiii,  fig.  11. 

Shell  small,  semielliptical,  plano-convex  ;  hinge-line  equal  to  maximum  width  ; 

cardinal  angles  rectangular.  Pedicle-valve  (?)  low,  subconical,  writh  broad  weak  median 

sinus  ;  beak  pointed,  small,  forming  apex  of  cone,  not  elevated  nor  incurved  ;  hinge- 
area  triangular,  nearly  at  right  angles  to  plane  of  valve.  Brachial  valve  (?)  gently 

convex  ;  beak  elevated,  slightly  swollen,  and  incurved  ;  hinge-area  narrow.  Surface 
of  valve  ornamented  with  about  50  fine  closely  placed  straight  ribs,  of  which  every 

third  or  fifth  one  (particularly  in  the  middle  of  the  pedicle-valve)  is  rather  stronger. 

Dimensions. — Average  width,  2-3  mm. 

Horizon. — Whitehouse  Group. 

Locality. — Whitehouse  Bay. 

Remarks. — This  species  was  incorrectly  and  inadequately  described  by  David- 
son, so  that  the  above  revised  description,  based  on  the  type  specimens,  is  rendered 

necessary.  His  figures  were  restorations,  and  are  quite  unlike  both  the  specimens 

labelled  as  figured  and  all  the  others  named  by  him  0.  nina.  None  are.  well 

preserved,  and  the  species  is  altogether  rather  unsatisfactory,  and  it  is  doubtful 

which  is  the  pedicle-valve  and  which  is  the  brachial.  No  specimens  showing  the 
interior  have  been  found. 

Genus  Rafinesquina,  Hall  and  Clarke, 

The  genotype  of  Rafinesquina  chosen  by  Hall  and  Clarke  f  is  Leptaena 

alternata,  Conrad,  which  ranges  from  the  Trenton  to  the  Lorraine  Groups  in  North 

America.  Some  species,  such  as  Leptaena  deltoidea,  Conrad,  which  were  placed  in 

this  genus  by  these  authors,  were  specially  mentioned  as  combining  to  some  extent  the 

characters  of  Leptaena  and  Rafinesquina,  and  to  this  intermediate  group  some  of  the 

Girvan  species  must  be  referred.  A  subgeneric  name  for  this  subordinate  group  is 

desirable,  and  the  name  Playfairia  is  suggested,  after  the  famous  Edinburgh  pro- 
fessor, with  L.  deltoidea,  Conrad,  as  the  type  (see  p.  866).  The  generic  position  of 

the  new  species  described  as  Raf.  brumalis  and  R.  subarachnoidea  is  uncertain,  as 

*  Davidson,  op.  cit.,  vol.  iii,  pi.  xxx,  tigs.  11,  11a,  b. 
f  Hall  and  Clarke,  op.  cit.,  Brach.,  i,  p.  281,  pi.  viii,  figs.  6-11  {Raf.  alternata). 
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their  internal  characters  are  unknown,  and  it  is  possible  that  they  should  be  com- 

pletely removed  to  another  genus. 

Rafinesquina  concentrica  (Portlock). 

(Plate  XI,  figs.  13-16.) 
1843    Orthis  expansa,  Sowerby,  var.    concentrica,  Portlock,   Geol.    Rep.  Londond.,  p.  452,  pi.  xxxvii, 

fig.   I- 

1870.  Strophomena   expansa   (Sowerby),  Davidson    (pars),  Man.    Brit.  Foss.   Brack.,  vol.    iii,  pt.    vii, 
pi.  xlv,  fig.  9  (hon  cet.). 

Shell  subquadrate  to  transversely  semielliptical,  wider  than  long ;  hinge-line 
straight,  equal  to  maximum  width  of  shell  or  slightly  less  than  it ;  cardinal  angles 

rectangular  to  subacute,  rarely  subalate.  Pedicle-valve  gently  convex  ;  beak  obtuse, 

small,  rising  a  little  above  hinge-line,  slightly  incurved ;  hinge-area  narrow,  nearly 
at  right  angles  to  plane  of  valve,  striated  along  its  length  ;  interior  of  valve  with  pair 

of  short  strong  large  low  teeth  inclined  at  about  30°  to  hinge-line,  rather  far  apart, 
with  inner  face  crenulated ;  diductor  muscle-scars  large,  broad,  flabelliform,  radial ly 
rigid,  extending  nearly  half  the  length  of  valve,  with  short  narrow  deep  median 

groove  between  them  at  their  base  in  beak  ;  adductors  forming  narrow  oval  median 

scars  about  half  length  of  diductors  and  completely  enclosed  by  them ;  low  rounded 

strong  continuous  submarginal  concentric  thickening  of  shell.  Brachial  valve  nearly 

flat  or  slightly  concave ;  hinge-area  very  narrow ;  beak  small,  inconspicuous,  not 
raised ;  interior  with  submarginal  concentric  thickening ;  cardinal  process  large, 

bilobed,  composed  of  pair  of  closely  placed  triangular  sessile  lobes  ;  muscle-scars  well 

marked,  composed  of  subflabelliform  posterior  adductors,  about  one-fifth  length  of 
valve,  rather  deeply  sunk,  and  elongate  narrow  anterior  adductors  of  twice  the 

length,  indistinctly  defined  in  front ;  low  rounded  median  longitudinal  ridge  between 

adductors,  and  traces  of  radiating  vascular  sinuses  in  anterior  lateral  portions  of 

valve.  Small  strongly  pitted  transverse  circumscribed  area  on  each  side  of  beak 

adjacent  to  hinge-line. 
Interior  of  both  valves  with  a  few  coarse  low  rounded  concentric  growth-ridges. 

Surface  of  valves  covered  with  very  numerous  fine  rounded  thread-like  primary 
radii  of  equal  strength,  some  continuous  from  beak  to  margin,  others  originating  at 

half  or  less  than  half  their  length  ;  interspaces  with  1-3  much  finer  thread-like  lines ; 
several  more  or  less  developed  continuous  low  concentric  corrugations  on  surface,  and 

frequently  3-4  small  short  rugse  on  each  side  of  beak. 
Dimensions.  — 

Length 
Width 

Horizon. — Balclatchie  Group. 

Localities. — Dow  Hill,  Ardmillan. 

(1) 

(2) 

(3) 
18 

31 30  mm 28 
42 35  mm 
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Remarks. — Our  Girvan  specimens  agree  completely  with  specimens  of  Portlock's# 

"  Strophomena"  concentrica  from  the  typical  locality  in  Tyrone,  and  are  closely  com- 
parable with  Raf.  alternata  (Conrad)  f  from  the  American  Ordovician.  The  crenulation 

of  the  posterior  edge  of  the  inner  face  of  the  hinge-teeth  in  the  pedicle-valve  is  well 
seen  in  our  specimens.  It  does  not  seem  possible  to  include  this  form  with  the  typical 

"  Stropliomena"  expansa,  Sowerby  ,|  the  types  of  which  came  from  Moel  y  Garth 
and  Gaerfawr,  near  Guilsfield,  Montgomeryshire.  1  have  not  been  able  to  detect 

the  dental  crenulations  in  the  Welsh  examples,  which  with  the  concentric  corruga- 
tions on  the  surface  and  the  marked  submarginal  internal  ridge  in  both  valves  seem 

together  sufficient  to  separate  this  Girvan  species  from  the  true  R.  expansa  (Sow.). 

Rafinesquina  expansa  (Sowerby),  var.  no  v.  Macallumi. 

(Plate  XI,  figs.  17-20.) 
1883.  Strophomena  expansa,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  227, 

pi.  xv,  fig.  2  (non  figs.  1,  3-5). 

Shell  subquadrate  to  semielliptical,  concavo-convex,  not  flattened  but  much 

compressed ;  hinge-line  equal  to  width  of  shell ;  cardinal  angles  rectangular  or 

slightly  obtuse ;  hinge-line  not  denticulate.  Pedicle-valve  very  gently  convex ; 

beak  small,  pointed,  scarcely  rising  above  hinge-line  ;  hinge-area  narrow.  Brachial 

valve  slightly  concave  ;  beak  inconspicuous  ;  hinge-area  narrower  than  in  opposite 

valve.  Interior  imperfectly  known ;  muscle-scars  very  faint.-  Pedicle-valve  with 

very  weakly  impressed  iiabellate  diductor  scars,  about  one-fourth  to  one-third  length 

of  valve.  Surface  of  valve  covered  with  40-60  subequidistant  regular  straight 
filiform  primary  riblets  of  equal  size  and  increasing  in  number  by  intercalation  at 

about  half  their  length  and  again  nearer  margin,  with  3-7  much  finer  intermediate 

thread-like  lines  between  them  in  interspaces  ;  whole  surface  of  shell  crossed  by  very 
delicate  concentric  striation.     Substance  of  shell  finely  and  densely  punctate. 

Dimensions. — Length,  20-29  mm.  ;   width,  25-44  mm. 

Horizon. — Stinchar  Limestone  Group. 
Localities. — Minuntion,  Doularg,  Bogang,  Bennane  Burn. 

Remarks. — Specimens  of  this  shell  were  labelled  simply  Strophomena  expansa 

by  Davidson,  but  they  differ  from  Sowerby's  type  in  the  more  strongly  concavo- 
convex  shape  of  the  shell,  the  finer  ornamentation,  and  the  feeble  and  smaller 

diductor  scars.  The  American  species  Raf.  alternata  (Conrad), §  from  the  Lorraine 

Group,  bears  a  close  resemblance  to  them,  and  we  may  also  draw  attention  to  the 

similarity  of  Raf.  Winchester ensis-filistriata,  Foerste.||  It  seems  to  deserve  a 

distinctive   appellation,    and   we    may   term    it   Macallumi,    after   the    well-known 

*  Portlock,  Geol.  Bep.  Londond.,  1843,  p.  452,  pi.  xxxvii,  fig.  1  ;  Davidson,  op.  cit.,  pi.  xlv,  fig.  9  (non  cet.). 
t  Hall  and  Clarke,  op.  cit.,  p.  281,  pi.  viii,  figs.  6-11. 

t  Sowerby,  in  Murchison's  Silur.  SysL,  1839,  p.  638,  pi.  xx,  tig.  14. 
§  Hall  and  Clarke,  op.  cit.,  Brack,  i,  pi.  viii,  figs.  6-11. 
II   Foerste,  Bull.  Venison  Univ.,  vol.  xvi,  art.  2  (1910),  p.  42,  pi.  v,  figs.  14,  15. 
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collector  of  fossils  in  the    Girvan    area.     I    have  not  identified  with  certainty  any 

representative  of  this  variety  from  the  Balclatchie  Group. 

Subgenus  nov.  playfairia. 

Definition. — Shell  concavo-convex,  generally  geniculated.  Interior  of  pedicle- 
Naive  with  small  subcircular  or  subpentagonal  muscle-scar,  about  one-fourth  the 

length  of  the  valve  ;  vascular  markings  and  pustules  generally  present.  Brachial 

valve  with  internal  characters  closely  resembling  Leptsena. 

Type  :  Leptsena  deltoidea,  Conrad. 

Remarks. — This  subgenus  is  distinguished  from  the  typical  Rafinesquina  by  the 

smallness  of  the  diductors  in  the  pedicle-valve  and  by  the  internal  characters  of  the 
brachial  valve  being  almost  identical  with  Leptsena  (type  L.  rhomboidalis).  The 

general  habit  is  also  that  of  Leptsena. 

Rafinesquina  {Playfairia)  deltoidea  (Conrad). 

(Plate  XI,  figs.  21-30.) 
1839.  Strophomena  deltoidea,  Conrad,  3rd  Ann.  Rep.  New  York  Geol.  Surv.,  p.  64. 

1883.  Strophomena  deltoidea,  Conrad,  Davidson,   Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  197, 

pi.  xv,  figs.  16-22. 
Non  1870.  Strophomena  deltoidea,  Conrad,  Davidson  (pars),  ibid.,  vol.  iii,  pi.  xlii,  figs.  3a,  36. 

This  well-marked  species,  originally  described  from  the  -Trenton  Limestone  of 
which  it  is  a  typical  form,  is  abundant  in  the  Balclatchie  Group.  The  average  size 

of  the  specimens  is  only  10-12  mm.  in  width.  The  geniculation  is  not  usually  so 
abrupt  and  angular  as  Davidson  made  it  appear  to  be  in  his  figures,  nor  is  the  disc 

generally  so  flattened  or  defined.  His  figure  also  (op.  cit.,  fig.  22)  of  the  interior  of  a 

brachial  valve  is  misleading,  for  the  muscle-scars  are  less  definitely  circumscribed  and 

of  a  different  shape  than  represented  ;  the  anterior  pair  forms  a  long  subrhomboida! 

scar  much  longer  and  narrower  than  the  posterior  pair,  which  are  shorter,  trans- 
verse, laterally  extended,  radially  ridged  and  flabelliform  rather  than  subcircular. 

Examples  of  this  species  from  the  Stinchar  Limestone  are  less  common  than  from 

the  Balclatchie  Beds  and  are  usually  of  a  larger  size,  some  being  as  much  as  25  mm. 

in  width  ;  the  disc  also  is  generally  flatter. 

Horizons. — (l)  Stinchar  Limestone  Group;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead;  (2)  Ardmillan,  Dow  Hill,  Balclatchie. 

Rafinesquina  (Playfairia)  deltoidea  (Conrad),  var.  nov.  multicorrugata. 

(Plate  XI,  fig.  31  ;  Plate  XII,  fig.  1.) 

Cf.  187(J.  Strophomena  deltoidea,  Davidson,  Mon.    Brit.    Foss.    Brach.,  vol.  iii,  pt.  vii,  p.   292,  pi.  xlii, 

figs.  3,  Za-h. 

Some  specimens  from  Ardmillan  in  Mrs  Gray's  collection  are  decidedly  different 
from  the  common  type  of  R.  deltoidea  occurring  in  the  Balclatchie  Beds,  and  closely 
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resemble  the  form  from  Grangegeeth,  Co.  Meath,  figured  by  Davidson  (op.  cit.,  iii, 

p.  xlii,  fig.  3) ;  the  interior  of  the  brachial  valve  is  well  shown,  and  is  identical  in 

character  with  the  latter  (figs.  3a,  3b).  The  disc  is  about  three-fourths  the  length 

of  the  shell  and  is  as  long  as  wide  ;  the  rugae  number  16-18  and  are  regularly  con- 

centric and  continuous  right  across  the  disc,  meeting  the  hinge-line  nearly  at  right 

angles,  whereas  in  the  common  Balclatchie  form  there  are  only  3-7  rugse  developed 

near  the  lateral  angles,  and  meeting  the  hinge-line  at  an  acute  angle  but  continued 
likewise  across  the  disc. 

Dimensions. — Length,  20  mm.  ;  width,  26  mm. 

Horizon. — Balclatchie  Group. 

Localities. — Ardmillan,  ?  Balclatchie. 

Rafinesquina  (Playfairia)  deltoidea  (Conrad),  var.  nov.  tenuicorrugata. 

(Plate  XII,  figs.  2,  3.) 

There  is  a  large  imperfectly  known  shell  occurring  in  the  Balclatchie  Beds  and 

represented  by  only  about  half  a  dozen  poor  specimens  in  Mrs  Gray's  collection 
which  seems  to  be  a  definite  variety  of  R.  deltoidea  distinct  from  that  termed  multi- 

corrugata.  The  general  shape  and  ornamentation  are  those  of  R.  deltoidea,  but  over 

the  whole  disc,  which  extends  about  half  the  length  of  the  shell,  there  are  20-25  fine 

close  irregularly  undulating  concentric  rugae,  mostly  broken  and  non-continuous. 
This  is  a  marked  feature,  and  more  recalls  some  specimens  of  Leptwna  rhomboidalis 

than  the  usual  form  of  R.  deltoidea  occurring  on  this  horizon. 

Dimensions. — Width,  30-38  mm. 

Horizon. — Balclatchie  Group. 

Locality. — Balclatchie. 

Rafinesquina  (PlayfairiaVjfelix,  sp.  nov. 

(Plate  XII,  figs.  4-10.) 

Shell  gently  concavo-convex,  flattened,  with  anterior  margin  very  slightly  bent 

down   but    not   geniculated,    transversely   semicircular;    widest    along    hinge-line; 
cardinal  angles  flattened,  acutely  pointed,  produced  into  small  pointed  distinct  ears. 

Pedicle-valve  very  slightly  convex,  more  or  less  flattened,  gently  arched  down  near 

margin  ;  beak  small,  sharp,  pointed,  slightly  elevated,  and  projecting  above  hinge-line  ; 

hinge-area  narrow,  striated  from  end  to  end ;  teeth  small,  curved,  elongated,  nearly 

parallel  to  hinge-line  ;  interior  with  small  transversely  subcircular  muscle-scar,  about 

one-fourth  the  length  of  the  valve,  well  defined  at  sides ;  diductors  subtriangular, 
slightly  diverging  anteriorly,  and  embracing  narrow  elongate  adductor  scar ;   pair  of 

narrow  vascular  trunks  running  forwards  from  diductors  and  breaking  up  into  a  few 

smaller  vessels ;  whole  interior    coarsely  pustulate    in    radial   lines.     Brachial  valve 

gently  concave ;  beak  small,  inconspicuous  ;  interior  unknown.     Exterior  of  valves 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  26).  125 
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marked  with  7-9  strong  equidistant  straight  primary  filiform  radii,  of  which  one  is 
median  and  rather  stronger  than  the  rest ;  a  few  shorter  secondary  radii  occasionally 

present ;   very  delicate  concentric  lines  over  whole  surface. 

Dimensions. — Length,  6-12  mm. ;   width,  10-20  mm. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — This  shell  is  very  doubtfully  referred  to  the  same  genus  as  R,  (PI.) 

deltoidea.  The  muscle-scar  in  the  pedicle-valve  is  similar,  but  the  coarse  internal 
pustulation  and  characters  of  the  brachial  valve  are  more  like  some  species  of 

PI  ectambonites  or  Chonetes.  The  absence  of  distinct  geniculation  is  unlike  R.  (PI.) 

deltoidea  and  typical  Leptzena,  but  resembles  Plectambonites.  The  special  prominence 

of  the  median  radius  recalls  Raf.  [Leptaena  ?]  unicostata  (Meek  and  Worthen),#  of 

which  the  generic  position  is  disputed,  but  the  diductor  muscle-scars  are  much  smaller 
and  more  compact,  though  the  general  shape  of  the  shell  is  not  unlike  it. 

Rafinesquina  (Playfairia)  Ricliardsoni,  sp.  no  v. 

(Plate  XII,  figs.  11,  12.) 

Shell  small,  transverse,  strongly  geniculated  at  about  half  its  length,  widest  at 

hinge-line  ;  cardinal  angles  acutely  pointed,  produced,  subfusiform.  Pedicle-valve 
with  flattened  disc,  slightly  elevated  towards  beak  ;  geniculation  abrupt,  rounded ; 

beak  small,  pointed ;  hinge-area  making  acute  angle  with  disc.  Brachial  valve 

concave  ;  beak  inconspicuous.  Surface  of  valves  covered  with  regular  thread-like 
rounded  lines  of  subequal  size,  but  every  third  or  fourth  one  is  very  slightly  larger 

and  the  median  one  is  stronger  and  more  prominent  than  any  of  the  rest.  Interior 
unknown. 

Dimensions. — Length,  9'0  mm.  ;  width,  14'5  mm. 
Horizon. — Whitehouse  Group. 

Locality. — Shalloch  Mill. 

Remarks. — The  external  distinction  between  this  species  and  R.  deltoidea  consi3ts 
in  the  ornamentation  ;  the  single  strong  median  primary  radius  and  the  almost 

equal  strength  of  the  other  radii,  without  any  conspicuous  differentiation  into  two 

series,  at  once  strike  the  eye.  In  respect  of  the  median  radius  we  may  compare 

R.  declivis,  James, f  and  R.  mediocostalis,  Reed,*  but  it  cannot  be  considered  identical 
with  either.  This  species  is  named  after  the  Rev.  Peter  Richardson  of  Dailly,  who 

collected  many  of  the  Girvan  trilobites  figured  by  Nicholson  and  Etheridge. 

*  Meek  and  Worthen,  Geol.  Surv.  Illinois,  iii  (1868),  p.  335,  pi.  4,  fig.  11  ;  Hall  and  Clarke,  op.cit.,  Brach.,  i, 
pi.  xva,  fig.  39,  pi.  xx,  fig.  25  ;  Winchell  and  Schuchert,  Geol.  Surv.  Minnesota,  Palseont.,  iii  (1893),  ]>.  411,  pi. 

xxxii,  figs.  6-9. 

t  Fokrste,  Bull.  Venison  Univ.,  vol.  xvi,  art.  2,  p.  43,  pi.  ii,  fig.  4  ;  pi.  v,  figs.  12a-d. 
I  Reed,  Geol.  Mag.,  dec.  v,  vol.  ii  (1905),  p.  449,  pi.  xxiii,  figs.  10,  11. 
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Rafinesquina  (Playfairia)  semiglobosina  (Davidson). 

(Plate  XII,  figs.  13-20.) 

1870.  Strophomena  imbrex,  var.  semiglobosa,  Davidson  (pars),  Mon.  Brit.   Foss.  Brack.,  vol.  iii,  pt.  vii, 

pi.  xli,  figs.  5,  6  (non  figs.  1-4). 
1883.  Strophomena  imbrex,  var.  semiglobosina,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  195,  pi.  xv,  fig.   11  (non 

figs.  9,10). 

Shell   subquadrate   to   semielliptical,    strongly   concavo-convex ;    valves    closely 

appressed,  sometimes  subauriculate  ;  hinge-line  equal  to  (rarely  less  than)  maximum 

width    of    shell ;     cardinal    angles     usually    rectangular.        Pedicle-valve    swollen, 
moderately  to  strongly  convex,  not  geniculated  but  regularly  arched ;  lateral  angles 

sometimes  flattened ;  beak  small,  not  much  incurved ;  hinge-area  triangular,  rather 
narrow,  steeply  inclined  to  plane  of  valve,  with  triangular  delthyrium.     Interior  of 

pedicle-valve  with  small  subcircular  forked  muscle-scar,  well  defined  at  sides,  less 

than  one-fourth  the  length  of  valve,  composed  of  two  flabellate  diductors  divergent 
anteriorly,  with  narrow  elongate  adductor  scar  between  them ;  teeth  small.     Brachial 

valve  regularly  concave,  with  inconspicuous  beak  and  narrow  hinge-area  nearly  at 
right  angles  to  plane  of  valve.     Interior  of  brachial  valve  with  strong  submarginal 

thickening  coarsely  corrugated  radially ;    cardinal    process    large,  thick,  prominent, 

bilobed,  deeply  cleft  to  base,  with  grooved  subtriangular  face  to  each  lobe ;  crural 

plates  stout,  thickened,  continued  round  posterior  adductors ;    muscle-scars   deeply 
sunk ;    posterior    adductors    transverse,    subcircular ;     anterior    adductors    elongate, 

forming    much  narrower  less-defined  scar   in    front.     Ovarian   areas    closely   pitted. 

Shell  finely  punctate.     Surface    of   shell    covered    with    30-50    primary   thread-like 
regular    equidistant    equal    riblets,  with    usually   a    secondary   one    arising    in    each 

interspace  at  half  their  length  midway  between  them ;    primaries  and    secondaries 

all  equal  in  strength  and  equidistant  on  margin  ;    3-7  much    finer   radial   lines  in 
each  interspace  between  primaries   and  secondaries ;    short  concentric    corrugations 

near  hinge-line  sometimes  present. 
Dimensions. — 

(1)  (Davidson's  pi.  xv,  fig.  11.)         (2) 

Length      ...  23  24  mm. 
Width       ...  27  31  mm. 

Horizons. — (l)  Stinchar  Limestone  Group;   (2)  Balclatchie  Group.  v 

Localities. — (l)  Craighead,  Bogang,    Minuntion,  Aldons ;    (2)  Balclatchie    (mud- 
stones  and  conglomerate),  Ardmillan. 

Remarks. — This  shell  is  so  distinct  from  the  Wenlock  Raf.  imbrex,  var.  semiglobosa, 
that  it  certainly  should  be  specifically  separated,  though  Davidson  only  put  it  as 

another  variety  of  R.  imbrex,  in  spite  of  remarking  upon  the  differences  between 

them.  Our  shell  much  resembles  Raf.  incrassata,  Safford,*  as  regards  the  interior 

of  the  brachial  valve,  but  has  much- smaller  diductors  in  the  opposite  valve.     The 

*  Hall  and^  Clarke,  op.  cit.,  Brach.,  i,  pi.  viii,  figs.  1-5. 
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apical  foramen  in  the  pedicle-valve  is  sometimes  present,  as  Davidson  showed 
(pi.  xli,  fig.  5).  The  examples  from  the  Balclatchie  Group  have  more  numerous 

riblets  than  those  from  the  Stinchar  Limestone  Group,  but  otherwise  seem  identical. 

The  interior  of  the  pedicle-valve  has  only  been  seen  in  a  specimen  from  Balclatchie. 

It  does  not  appear  probable  that  the  fossil  described  by  Brogger  *  as  Strophomena 
imbrex,  var.  cf.  semiglobosa,  from  Norway,  is  identical. 

Rafinesquina  ?  brumalis,  sp.  nov. 

(Plate  XII,  figs.  21-24.) 

Shell  small,  semielliptical  to  subquadrate,  sometimes  nearly  as  long  as  wide, 

flattened,  compressed,  plano-convex ;  hinge-line  straight,  equal  to  or  slightly  less 
than  maximum  width  of  shell ;  cardinal  angles  rectangular  or  slightly  obtuse,  not 

produced.  Pedicle- valve  very  gently  convex  near  beak,  elsewhere  nearly  flat ;  beak 

small,  pointed,  acute,  rising  a  little  above  hinge-line,  not  incurved.  Brachial  valve 
flat  or  slightly  concave ;  beak  inconspicuous,  not  projecting.  Interior  of  valves 

unknown.  Surface  of  shell  ornamented  with  about  30  primary  equidistant  regular 

thread-like  radii,  curving  back  rather  strongly  on  each  side  of  middle  line,  with  a  few 

shorter  secondary  similar  radii ;  interspaces  flat,  holding  3-5  very  delicate  radial  lines 

and  crossed  by  minute  close  low  non-continuous  concentric  wrinklings  and  striae. ' 

Dimensions. — Length,  8 '5  mm.  ;  width,  ll'O  mm. 
Horizon. — Balclatchie  Group. 

Locality. — Balclatchie. 
Remarks. — This  small  shell  is  rather  rare.  It  differs  from  R.  subarachnoidea 

(described  below)  by  its  more  subquadrate  shape,  rectangular  cardinal  angles,  more 

numerous  and  curved  radii,  and  finer  concentric  markings.  It  is  more  allied  to  Sir. 

arachnoidea,  Tornquist,f  in  shape,  ornamentation,  and  small  acute  projecting  beak. 

Rafinesquina'1.  subarachnoidea,  sp.  nov. 

(Plate  XII,  figs.  25-31.) 
1870.  Strophomena   corrugatella,  Davidson    (pars),  Mori.  Brit.    Foss.   Brack.,  vol.  iii,  pt.  vii,  pi.  xli, 

fig.   12  (cet.  excl.). 

1883.  Strophomena  corrugatella,  Davidson  (pars),  ibid.,  vol.  v,  Silur,  Suppl.,  p.  192,  pi.  xv,  figs.  23, 

24,  26  (non  fig.  25). 

Shell  semicircular  to  subsemicircular,  much  compressed,  flattened  or  concavo- 

convex  to  plano-convex,  alate  or  subalate,  nearly  twice  as  wide  as  long ;  hinge-line 
equal  to  maximum  width  of  shell,  with  acutely  pointed  slightly  produced  cardinal 

angles.  Pedicle-valve  fiat  or  very  gently  convex  ;  beak  pointed,  small,  acute,  rather 

prominent,  projecting  a  little,  not  incurved ;  hinge-area  narrow,  with  small  convex 

*  Brooger,  Die  Silur.  Etagen  2  und  3  (1882),  p.  50,  t.  xi,  fig.  6a. 
t  Lindstrom,  Fragm.  Silur.,  p.  29,  t.  xiv,  figs.  41,  42. 
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deltidium  covering  delthyrium.  Brachial  valve  flat  or  slightly  concave  ;  beak  incon- 

spicuous ;  hinge-area  narrower  than  in  opposite  valve,  and  deltidium  smaller.  Surface 

of  valves  marked  with  7-12  fine  straight  thread  dike  primary  radii,  equidistant  and 
of  equal  strength,  separated  by  wide  flat  interspaces ;  at  half  the  length  and  midway 

between  the  primaries  an  equally  strong  but  shorter  secondary  radius  is  intercalated, 

and  6-8  very  fine  delicate  radial  striae  on  each  side  of  it  filling  up  the  interspace. 

Closely  placed  concentric  ruga3  present  on  both  valves,  usually  fine,  sometimes 

coarse,  continuous  on  pedicle-valve  only  near  hinge-line,  which  they  meet  at  acute 
angles,  and  usually  less  strongly  developed  over  rest  of  surface,  but  always  at  right 

angles  to  primary  radii,  thus  giving  an  angulated  appearance  to  the  ornamentation  ; 

rugse  generally  stronger  and  more  numerous  in  adult  shells,  wider  apart  or  absent  in 

young  individuals,  but  fine  concentric  wrinkling  of  surface  always  present. 

Dimensions. — Length,  2'0-12  mm,  ;  width,  3'5-23  mm. 
Horizon. — Balclatchie  Group. 

Localities. — -Balclatchie,  Ardmillan,  Dow  Hill,  Benan  Crag  ? 

Remarks. — This  shell  was  included  by  Davidson  in  his  Stroph,  corrugatella,  but 

it  is  a  well-marked  form  limited  to  the  Balclatchie  Group,  and  differs  in  its  more 
transverse  shape,  flatness,  and  ornamentation.  The  majority  of  the  specimens  are 

small,  averaging  10-14  mm.  in  width.  The  specimens  figured  by  Davidson  from  the 
Balclatchie  conglomerate  (op.  cit.,  pi.  xv,  figs.  23,  24,  26)  are  amongst  the  largest 

and  have  the  coarsest  rugae.  In  the  finer-grained  and  shaly  beds  the  specimens  have 

finer  rugae.  The  resemblance  to  Str.  arachnoidea,  Tornquist,*  is  noticeable,  but  our 
shells  are  usually  alate  and  have  fewer  primary  rays  and  stronger  transverse  rugae. 

Gagel's  f  Stroph,  corrugatella,  from  the  Beyrichia  Limestone,  seems  somewhat 
similar  to  the  Giryan  form.  The  differences  separating  it  from  B.  brumalis  of 
Balclatchie  have  been  mentioned  above. 

Genus  Lept^ena,  Dalman. 

Leptsena  rhomboidalis  (Wilckens). 

(Plate  XII,  fig.  32  ;  Plate  XIII,  figs.  1-9.) 
1769.   Gonchita  rhomboidalis,  Wilckens,  Nachricht.  selten  Verstemerungen,  p.  77,  pi.  viii,  figs.  43,  44. 

1883.  Sfrophomena  rhomboidalis  (Wilckens),  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  pp.  192,  226. 

This  common  species  ranges  through  the  whole  succession  of  beds  in  the  Girvan 

area  from  the  Stinchar  Limestone  Group  to  the  Penkill  Group.  But  the  examples 

from  each  group  have  certain  peculiar  and  distinctive  features  which,  though  scarcely 

deserving  varietal  designations,  are  worthy  of  notice. 

(l)  (var.  a.)  The  specimens  from  Craighead,  Minuntion,  and  the  Balclatchie  con- 
glomerate are  transversely  oblong  with  scarcely  any  auriculation,  the  ears  which  are 

present  in  most  other  examples  being  absent ;    the  geniculation  of  the  shell  is   at 

*  Lindstrom,  Fragm.  Silur.,  p.  29,  t,  xiv,  figs.  41-43. 
t  Gagel,  Brack,  camb.  silur.  Gesch.,  1890,  p.  46,  t.  iii,  fig.  19. 
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two-thirds  to  three-fourths  its  length  ;  there  is  one  strong  raised  concentric  ridge 
at  the  geniculation,  but  on  the  disc,  which  is  somewhat  sunken  and  depressed,  there 

are  only  faint  or  narrow  concentric  rugae  (PI.  XII,  fig.  32). 

(2)  (var.  /3.)  The  specimens  from  Shalloch  Mill  have  pointed  ears;  the  shell 

is  geniculated  at  three-fourths  to  four-fifths  its  length  ;  there  are  8-1.0  equal  and 

regular  concentric  rugse  on  the  disc,  and  they  bend  out  to  meet  the  hinge-line  at 
acute  angles.  The  examples  from  Whitehouse  Bay  have  the  rugae  directed  more  at 

right  angles  to  the  hinge-line  (PL  XIII,  fig.  l). 

(3)  (var.  7.)  The  form  from  the  Starfish  Bed,  where  the  species  is  very 

abundant,  has  the  shell  usually  auriculated ;  the  geniculation  is  sharp  and  at  one- 

half  to  two-thirds  the  length  of  shell,  and  is  continued  all  round ;  the  disc  is  semi- 

circular to  semielliptical  or  subquadrate,  and  carries  8-11  fairly  regular  strong 
somewhat  wavy  concentric  rugae  increasing  in  strength  to  the  geniculation,  and 

they  mostly  meet  the  hinge-line  at  right  angles,  only  the  outermost  2  or  3  bending 
out  to  meet  it  at  acute  angles  (PL  XIII,  figs.  2,  3). 

(4)  (var.  S.)  The  Mulloch  Hill  shells  are  of  semicircular  shape,  with  slightly 

pointed  ears ;  the  geniculation  takes  place  at  about  two-thirds  to  three-fourths  the 

length  of  the  shell;  there  are  8-10  concentric  rugae  meeting  the  hinge-line  at  about 

75°-80°,  but  the  outer  ones  do  not  bend  out  to  meet  it  more  acutely  (PL  XIII,  fig.  4). 
(5)  (var.  e.)  The  specimens  from  Woodland  Point  tend  to  be  emarginate  iu 

front,  with  a  broad  median  flattening  or  shallow  sinus  in  the  bent-down  portion,  which 

is  produced  in  the  middle  into  a  tongue,  and  the  anterior  edge  of  the  disc  is  some- 

what swollen  and  raised  on  each  side.  The  geniculation  takes  place  at  about  two- 

thirds  to  three-fourths  the  length  of  the  shell,  but  in  the  young  shells  at  about 

one-half  the  length.  The  larger  shells  have  well-produced  ears,  and  the  concentric 

rugae  on  the  disc  meet  the  hinge-line  at  an  acute  angle,  except  the  innermost  2  or  3 

(PL  XIII,  figs.  5-7). 
(6)  (var.  £.)  The  Upper  Llandovery  forms  from  Penkill  and  Bargany  Pond 

Burn  have  long,  pointed  ears  and  12-14  (or  more)  rather  closely  placed  regular 

concentric  rugae,  of  which  all  the  outer  ones  bend  out  to  meet  the  hinge-line  at 

acute  angles.  There  is  also  a  median  group  of  6-8  noticeably  stronger  radii  on  the 

surface,  with  2-4  smaller  ones  between  each  pair,  though  over  the  rest  of  the  surface 
there  is  no  distinction  into  stronger  and  weaker  radii  (PL  XIII,  figs.  8,  9). 

Horizons. — Var.  a  (l)  Stinchar  Limestone  Group ;  (2)  Balclatchie  Group;  var.  ft 

(3)  Whitehouse  Group  ;  var.  y  (4)  Drummuck  Group  (Starfish  Bed) ;  var.  8  (5) 

Mulloch  Hill  Group ;  var.  e  (6)  Saugh  Hill  Group ;  var.  £  (7)  Camregan  Group ; 

(8)  Penkill  Group. 

Localities. — Var.  a  (l)  Craighead,  Minuntion ;  (2)  Balclatchie  (conglom.) ;  var.  P 
(3)  Shalloch  Mill,  Whitehouse  Bay;  var.  y  (4)  Thraive  Glen;  var.  S  (5)  Mulloch 

Hill,  Craigens ;  var.  e  (G)  Woodland  Point,  Newlands ;  var.  £  (7)  Bargany  Pond 

Burn  ;  (8)  Penkill,  Penwhapple  Glen. 
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Note. — -It  has  been  hitherto  held  that  the  hinge-line  of  this  species  is  not  denti- 

culated, but  recently  Chapman  *  has  described  a  neanic  specimen  from  the  Silurian 

of  Victoria.  Australia,  which  shows  "  fine  but  well-marked  linear  ridges  normal  to 

the  hinge-margin"  along  the  cardinal  line,  "  especially  on  the  portions  nearest  to  the 

cardinal  process  of  the  opposed  brachial  valve."  I  have  seen  distinct  signs  of  a  similar 
but  more  minute  denticulation,  extending  apparently  along  the  whole  hinge-line  in 
some  examples  of  var.  £  from  Bargany  Pond  Burn,  and  doubtful  traces  in  some  of 
var.  e  from  Woodland  Point. 

Genus  Leptella,  Hall  and  Clarke. 

Leptella  Grayse  (Davidson). 

(Plate  XIII,  figs.  10-17.) 
1883.  Leptcena  Gray  a,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  171,  pi.  xii,  figs.  23-25. 

1  1883.   Leptcena  Uandeiloensis,  Davidson  (pars),  ibid.,  p.  171,  pi.  xii,  figs.  27-29  (non  fig.  26). 

Shell  transversely  subsemicircular  to  semielliptical  or  subtriangular,  widest  along 

hinge-line ;  concavo-convex  ;  cardinal  angles  rather  less  than  right  angles  or  rect- 

angular. Pedicle-valve  convex,  subcarinate,  most  elevated  along  middle  line,  lateral 

slopes  more  or  less  flattened ;  beak  small,  pointed,  not  incurved ;  hinge-area 
triangular,  at  right  angles  to  plane  of  valve,  with  triangular  delthyrium.  Brachial 

valve  slightly  concave ;  beak  inconspicuous ;  hinge-area  very  narrow.  Interior  of 

pedicle-valve  with  small  stout  teeth  and  short  rounded  fiabelliform  divergent 

diductors  about  one-fifth  the  length  of  valve.  Interior  of  brachial  valve  with 
sharp  prominent  raised  concentric  ridge,  emarginate  in  middle,  situated  at  about 

half  the  length  of  valve,  bounding  pair  of  large  saucer-like  areas  in  contact  in 
middle  line  along  thin  single  or  double  median  ridge  joining  emargination  of 

concentric  ridge  in  front  and  here  much  elevated  as  a  blunt  spine ;  saucer-shaped 
areas  radiately  grooved  and  containing  weakly  impressed  faint  fiabelliform  adductor 

scars  divisible  into  two  contiguous  radiating  pairs.  Surface  of  shell  ornamented 

with  numerous  straight  low  radiating  subequal  rounded  thread-like  radii  numbering 

100-120  on  the  margin,  and  increasing  in  number  from  the  beak  by  frequent  inter- 
calation at  irregular  distances,  some  of  the  radii  (primaries)  being  slightly  stronger 

than  the  others ;  all  crossed  by  fine  concentric  striation. 

Dimensions. — 
(Davidson's  (Davidson's  (Davidson's         (Davidson's 

pi.  xii,  fig.  25.)  pi.  xii,  fig.  27.)     pi.  xii,  fig.  24.)     pi.  xii,  fig.  23.) 

Length  .         .  14'0  20  14*5  13'0  8'0  mm. 
Width    .         .  22-5  27  25'0  18'5  10*0  mm. 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead,  Doularg  ? ;   (2)  Balclatchie  (conglom.). 

Remarks. — The  species  L.  Grayse  was  based  by  Davidson  on  complete  shells  from 
Craighead,  but  he  only  described  the  external  characters,  and  apparently  was  not 

*  Chapman,  Proc.  Roy.  Soc.  Victoria,  vol.  xxvi  (N.S.),  vol.  i,  pt.  xvi,  1913,  p.  102,  pi.  x,  fig.  3. 
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.acquainted  with  any  interiors.  The  brachial  valves  from  Craighead  referred  by  him 

to  L.  llandeiloensis  (op.  cit.,  pi.  xii,  figs.  27-29)  precisely  agree  in  shape  and  orna- 
mentation with  the  Craighead  types  of  L.  Grayse,  and  the  ridging  of  the  pedicle- 

valve  in  the  latter  is  explained  by  the  presence  of  the  internal  median  ridge  and 

spine  in  the  brachial  valve  as  there  pictured.  The  true  L.  \Plect.\  llandeiloensis 

has  for  its  type  the  Ardmillan  shell  (Davidson,  op.  cit.,  pi.  xii,  fig.  26  only),  and  is 

completely  distinct  (see  p.  876)  ;  and  it  does  not  occur  in  the  Stinchar  Limestone 

Group.  There  is  no  internal  concentric  ridge  in  the  pedicle-valve  of  L.  Grayge  as 
there  is  in  L.  llandeiloensis,  and  the  external  ornamentation,  of  which  Davidson 

gave  an  incorrect  description,  is  quite  different. 

We  must  refer  L.  Grayse  to  the  genus  Leptella,  Hall  and  Clarke,  to  which  Hall 

and  Clarke, #  owing  to  Davidson's  confusion  of  the  Craighead  and  Ardmillan  forms, 
were  led  to  refer  L.  llandeiloensis. 

Leptella  %  pseudoretrojlexa,  sp.  nov. 

(Plate  XIII,  figs.  18-26.) 
1  1870.  Strophomena  retroflexa,  Salter,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  298, 

pi.  xlii,  rig.  17  (non  figs.  15,  16). 

1883.  Strophomena  retroflexa,    Salter,    Davidson    (pars),    ibid.,    vol.    v,    Silur.    Suppl.,    pp.    195,    227 

(non  pi.  xv,  figs.  7,  8). 

Shell  transversely  semicircular  to  semielliptical,  subalate,  with  pointed  cardinal 

angles,  widest  along  hinge-line,  compressed,  flattened,  weakly  piano-  to  concavo- 

convex  ;  cardinal  angles  acute,  usually  pointed  at  about  60°,  and  often  slightly 
produced  ;  hinge-line  straight,  minutely  crenulated  along  whole  length  (?).  Pedicle- 
valve  flat  or  slightly  concave,  very  shallow ;  beak  small,  slightly  elevated,  pointed, 

not  incurved ;  hinge-area  triangular,  inclined  to  plane  of  valve  at  45°-60°,  with 
narrow  convex  triangular  deltidium  covering  delthyrium.  Brachial  valve  gently 

convex,  deeper  than  other  valve,  with  very  weak  median  depression  occasionally 

present ;  beak  small,  inconspicuous  ;  hinge-area  triangular,  rather  narrower  than  that 
of  opposite  valve,  inclined  nearly  at  right  angles  to  plane  of  valve,  with  small 

convex  triangular  deltidium  covering  fissure.  Surface  of  valves  covered  with 

numerous  small  straight  radiating  ribs  of  equal  size  regularly  arranged,  closely 

placed,  increasing  rarely  by  intercalation  at  about  half  their  length,  so  as  to  number 

60-90  on  margin ;  interspaces  rather  wider  than  ribs,  coarsely  pitted ;  fine  con- 

centric striation  present.  Interior  of  pedicle-valve  with  pair  of  small  stout  teeth 
and  numerous  coarse  irregularly  spaced  and  broken  rugae  radiating  outwards  and 

becoming  more  prominent  and  thicker  towards  margin  of  valve,  where  they  unite 

with  a  thick  interrupted  submarginal  concentric  ridge  outside  which  the  extern;!  1 

ribbing  shows ;  muscular  scar  broad,  indistinctly  defined  in  front,  transverse 

in  shape,  about  one-third  the  length  of  shell,  composed  of  pair  of  flabelliform 
*  Hall  and  Clarke,  op.  cit.,  Brach.,  i,  p.  293,  pi.  xva,  figs.  12-16. 
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diductors  embracing  broad  adductors.  Interior  of  brachial  valve  with  similar  coarse 

irregular  radiating  rugae,  but  without  concentric  submarginal  thickening  ;  cardinal 

process  small,  prominent,  with  stout  basal  stalk,  and  with  posterior  face  faintly 

trilobed  (?) ;  crura  short,  blunt,  stout,  diverging  at  about  45°  to  hinge-line  ;  low 
median  ridge  grooved  along  middle,  extending  from  thick  hinge-plate,  increasing 
in  height  and  thickness  anteriorly  and  nearly  reaching  margin ;  adductor  scars 

elongate,  oval,  contiguous  to  median  ridge,  about  one-third  length  of  valve. 

Dimensions. — Length,  13—16  mm.  ;  width,  18-21  mm. 

Horizon.- — Balclatchie  Group  (including  conglomerate). 

Localities. — Balclatchie,  Ardmillan. 

Remarks. — This  shell  cannot  be  referred  to  the  genus  Strophomena,  and  it  is  not 
identical  with  the  true  Stroph.  ?  retroflexa,  Salter,  the  type  of  which  comes  from  the 

Chair  of  Kildare,  the  relative  convexity  of  the  valves  being  reversed  and  the  ornamen- 
tation different.  The  internal  characters  of  the  Irish  Str.  retrojiexa  are  unknown. 

In  our  Girvan  shell  the  crenulation  of  the  hinge-line,  the  internal  rugosities,  the 

characters  of  the  muscle-scars,  the  apparently  trilobed  cardinal  process,  the  piano-  or 

concavo-convex  shape  of  the  shell  and  external  ornament  form  a  combination  of 

characters  which  render  its  generic  location  difficult.  The  genera  Leptella* 
Leptsena,  Chonetes,  and  Plectambonites  show  some  points  of  resemblance,  and 

perhaps  Leptella  rather  than  Plectambonites  should  receive  it. 

Genus  Plectambonites,  Pander. 

The  generic  name  Plectambonites  is  employed  in  the  manner  advocated  by  Hall 

and  Clarke, t  with  PI.  planissima,  Pander,  as  the  type.  But  it  is  probable  that  it  is 

not  an  homogeneous  genus  and  that  it  is  capable  of  subdivision. 

Plectambonites  Etheridgei  (Davidson). 

(Plate  XIII,  figs.  27-31.) 

1883.  Lepteena  Etheridgei,  Davidson,  Mov.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.   170,  pi.  xii, 

figs.  11,  12. 

Davidson's  figure  (op.  cit.,  fig.  12)  of  the  interior  of  the  brachial  valve  hardly 
does  justice  to  the  specimen.     The  muscle-scars  are  more  triangular  in  shape  and 
more  sharply  pointed  in  front  than  he  represents,  and  they  lie  on  a  thickening  of  the 

shell,  highest  anteriorly  and  ending  abruptly  so  as  to  form  a  kind  of  sloping  platform  ; 

the  muscle-scars  also  diverge  slightly,  and  there  is  no  median  septum  between  them. 
as  he  incorrectly  represents ;   there    is    also  a  weak    submarginal    concentric    ridge 

outside   which   the   valve   bends   down   rather  more  steeply.     With   regard    to   the 

pedicle-valve,  it  is  not  uniformly  convex  or  semicircular,  but  is  decidedly  inflated  in 
the  middle,  with  somewhat  depressed  and  pointed  lateral  angles,  making  an  angle  of 

45°- 60°,  and   thus   not  rectangular;    sometimes    they    are   semicylindrical,    though 
*  Hall  and  Clarke,  op.  cit.,  Brach.,  i.  p.  293.  t  Hall  and  Clarke,  op.  cit,  Brach.,  i,  pp.  295-298. 
TltANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  26).  126 
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not  produced.  The  beak  also  is  somewhat  swollen  and  overhanging.  The  interior  of 

this  valve  is  incompletely  known,  but  in  one  cast  from  Craighead  (fig.  31)  the  diductors 

appear  to  be  small,  short,  and  triangular,  and  there  is  a  pair  of  median  subparallel 

vascular  trunks  which  border  laterally  a  coarsely  pitted  median  oblong  space  about 

two-thirds  the  length  of  the  valve,  bending  in  at  its  anterior  end  and  giving  off  here  a 
small  outer  divergent  branch,  but  themselves  breaking  up  as  they  run  forwards  into 

several  smaller  branches.  In  some  Ardmillan  specimens  probably  referable  to  this 

species  there  are  several  lateral  vascular  trunks  diverging  from  the  diductors. 

The  ornamentation  of  the  exterior  is  very  faint,  as  Davidson  remarked,  but  it 

seems  to  consist  of  very  delicate  radial  striae  without  primary  radii. 

This  species  appears  to  be  closely  allied  to  Plectamb.  pisum,  Ruedemann,*  from 
the  Trenton  conglomerate  of  Rysedorph  Hill,  near  Albany,  N.Y. ;  for  its  shape,  relative 

convexity,  and  internal  characters  bear  a  considerable  resemblance.  Rttedemann  com- 

pares his  species  with  PL  scissa  (Salter),  but  this  is  undoubtedly  distinct  (see  p.  880), 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead;  (2)  Balclatchie  (conglom.),  Ardmillan  ? 

Plectambonites  Uandeiloensis  (Davidson). 

(Plate  XIII,  figs.  32-34  ;  Plate  XIV,  figs.  1-3.) 

1883.  Leptxna  Uandeiloensis,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  171, 

pi.  xii,  figs.  26,  26a,  b  (non  figs.  27-29). 

Shell  transversely  semielliptical,  strongly  concavo-convex,  widest  along  hinge- 

line  ;  cardinal  angles  rectangular ;  hinge-line  minutely  crenulated.  Pedicle-valve 

strongly  and  uniformly  convex,  swollen,  rounded ;  beak  small,  pointed,  slightly  in- 

curved, scarcely  projecting  ;  hinge-area  narrow,  in  plane  of  valve.  Brachial  valve 

strongly  concave,  with  more  or  less  flattened  disc  ;  hinge-area  narrow,  nearly  at  right 

angles  to  disc.  Interior  of  pedicle-valve  with  low  rounded  concentric  thickening  of 
shell  close  to  margin  ;  teeth  small,  stout,  triangular,  widely  separated ;  diductor 

muscles  deeply  sunk,  well  defined,  short,  triangular,  strongly  divergent,  weakly 

bilobed  by  shallow  notch  on  anterior  margins,  posteriorly  embracing  well-marked 
oval  adductor  scar  ;  pair  of  vascular  trunks  running  forwards  with  slight  divergence 

for  about  half  length  of  valve  from  anterior  inner  angles  of  diductors,  each  trunk  then 

dividing  into  a  short  inner  and  a  long  outer  branch  widely  diverging  and  giving  off 

short  subparallel  branches  to  margin.  Interior  of  brachial  valve  with  small  bilobed  (?) 

cardinal  process,  and  thickened  undefined  cardinal  plate  giving  off  laterally  a  long 

curved  somewhat  undulating  ridge  on  each  side  forming  anterior  walls  of  large 

transverse  sockets  for  teeth  ;  sharp  prominent  concentric  thickened  semicircular 

ridge  situated  at  about  half  length  of  valve,  bilobed  and  sharply  indented  in  middle, 

bounding  pair   of   large   depressed   concave   areas   separated   by  thin   short  median 

*  Ruedemann,  Bull.  49,  New  York  State  Mus.,  1901,  p.  19,  pi.  i,  figs.  8-20. 
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septum  or  ridge  only  developed  in  front  and  not  continued  back  to  cardinal  plate  ; 

adductors  weakly  impressed  in  these  areas,  flabelliform,  divergent,  extending  about 

one-third  length  of  shell.  Interior  of  shell  finely  punctate  in  radial  lines.  External 

surface  ornamented  with  5-7  straight  radiating  primary  radii  regularly  disposed  (and 
occasionally  shorter  secondary  radii),  with  fine  radial  striae  between  them. 

Dimensions. — Length,  5 '5  mm.  ;  width,  lO'O  mm. 
Horizon. — Balclatchie  Group. 

Locality. — Ardmillan. 
Remarks. — This  shell  is  undoubtedly  distinct  from  the  Balclatchie  Leptella  Grayse 

and  from  the  Craighead  examples  of  that  species  (see  p.  873),  which  were  wrongly 

referred  by  Davidson  to  L.  Uandeiloensis  (op.  cit., -pi.  xii,  figs.  27-29).  His  description 
of  the  internal  characters  and  of  the  external  ornamentation  of  L.  Uandeiloensis  is 

an  attempted  combination  of  the  two,  and  therefore  is  unsatisfactory.  We  cannot, 

indeed,  refer  these  two  species  to  the  same  genus,  and  the  typical  L.  Uandeiloensis 

from  Ardmillan  must  be  placed  apparently  in  Plectambonites.  Hall  and  Clarke  # 

figure  just  such  an  internal  concentric  ridge  and  pair  of  saucer-shaped  areas  in  the 
brachial  valve  of  the  shell  from  the  Trenton  Limestone  referred  by  them  to  Plect- 

ambonites sericea.  The  muscle-scars  and  other  internal  characters  seem  to  forbid  us 

referring  our  shell  to  the  genus  Plectella,\  in  spite  of  many  points  of  resemblance. 

Plectambonites  quinquecostata  (M'Coy). 

1846.   Orthis  quinquecostata,  M'Coy.  Syn.  Silur.  Fuss.  Ireland,  p.  33,  pi.  iii,  fig.  8. 

It  may  be  doubted  whether  typical  examples  of  M'Coy's  species  occur  in  the 
G-irvan  district,  but  there  are  undoubtedly  several  forms  which  must  be  regarded  as 
varieties  ;  and  as  they  are  characteristic  of  different  stratigraphical  horizons  and 

seem  to  be  limited  in  their  vertical  distribution,  they  are  considered  worthy  of  varietal 

designations.     The  following  varieties  have  been  recognised  : — 

Plectambonites  quinquecostata  (M'Coy),  var.  nov.  balclatchiensis. 

(Plate  XIV,  figs-.  4-9.) 

1870.  Le-ptxna  quinquecostata,  M'Coy,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  322, 
pi.  xlviii;  figs.  26,  27  (non  figs.  23-25). 

?  1883.   Leptxna  quinquecostata,  M'Coy,  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  169,  pi.  xii,  fig.  13. 

Shell  transverse,  nearly  or  quite  twice  as  wide  as  long,  semicircular  to  semi- 

elliptical  ;  cardinal  angles  acute,  sometimes  slightly  produced.  Pedicle-valve  uni- 
formly and  gently  convex,  rarely  depressed  or  flattened  towards  lateral  angles  ;  beak 

small,  acute,  not  swollen,  slightly  incurved,  scarcely  projecting  above  hinge-line. 

Brachial    valve    flat    or    gently    concave.     Surface    of    pedicle-valve    with    3    main 

*  Hall  and  Clarke,  op.  cit.,  Brach.,  i,  pi.  xv,  fig.  27. 

t  Lamanskt,  Mem.  Com.  Ge'ol.  St  Pe'tersbourg  (N.S.),  vol.  xx,  1905,  p.  156. 
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equidistant  radii  diverging  at  45°  apart,  forming  a  distinct  median  group  ;  interspaces 
very  delicately  striated.     Internal  characters  insufficiently  known. 

Dimensions. — Length,  4  mm.  ;  width,  8  mm. 

Horizons. — (l)  Balclatchie  Group  ;  (2)  Stinchar  Limestone  Group? 

Localities. — (l)  Balclatchie,  Ardmillan,  Dow  Hill ;  (2)  Craighead. 

Remarks. — This  variety  is  distinguished  from  the  type  of  the  species  by  its  shape, 
less  swollen  beak,  and  the  marked  group  of  3  radii  dividing  the  surface  into  4  sub- 

equal  areas  ;  one  of  these  radii  is  always  central. 

Plectambonites  quinquecostata  (M'Coy),  var.  nov.  cylindrica. 

(Plate  XIV,  figs.  11-17.) 
1870.  Leptsena   quinquecostata,    M'Coy,    Davidson    (pars),  Mon.    Brit.  Foss.   Brack.,    vol.  iii,  pt.  vii, 

p.  332,  pi.  xlviii,  fig.  23  (non  figs.  24-27). 

1883.  Leptxna  quinquecostata,  M'Coy,  Davidson  (pars),  ibid.,  vol.  v,  Silur.  Suppl.,  pp.  169,  227. 

Shell  transverse,  subfusiform,  subtriangular,  with  pointed  lateral  angles.  Pedicle- 
valve  subtriangular,  strongly  inflated  to  subcarinate  in  middle  ;  lateral  portion:; 

depressed  ;  cardinal  angles  more  or  less  produced,  subcylindrical,  acutely  pointed  : 

beak  swollen,  strongly  incurved.  Brachial  valve  strongly  concave.  Surface  of 

valves  with  8-12  primary  radii,  usually  weakly  differentiated  in  strength  from  the 

intermediate  lines,  with  frequently  a  median  group  of  3-4  primaries  strongly 
developed  and  shorter  secondaries  intercalated. 

Dimensions. — Length,  7  mm.  ;  width,  12  mm. 

Horizon. — Whitehouse  Group. 

Locality. — Shalloch  Mill. 

Remarks. — The  shape  of  the  shell  somewhat  approaches  PI.  Etheridgei  and 
PI.  transversalis,  var.  Duvali  (see  p.  887),  and  resembles  the  original  Irish  type  of 

PI.  quinquecostata.     The  internal  characters  are  unknown. 

Plectambonites  quinquecostata  (M'Coy),  var.  nov.  depressa. 
(Plate  XIV,  figs.  18,19.) 

1883.  Leptsena  quinquecostata,  M'Coy,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

pp.  169,  227. 

Shell  gently  plano-convex,  compressed,  semicircular  to  transversely  semielliptical ; 

cardinal  angles  subrectangular  or  obtuse,  flattened.  Pedicle-valve  very  gently 
convex  ;  beak  not  swollen,  nor  incurved,  nor  overhanging.  Brachial  valve  flat  or 

very  slightly  concave.  Surface  with  3  main  primary  radii  diverging  apart  at 

45°-60°,  with  usually  1  or  2  shorter  smaller  secondary  or  tertiary  ones  intercalal 
and  occasionally  a  few  small  concentric  rugae  near  beak.     Interior  unknown. 

Dimensions. — Length,  9  mm.  ;  width,  18  mm. 

Horizon. — Whitehouse  Group. 

Localities. — Shalloch  Mill,  Whitehouse  Bay. 
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Remarks. — The  flatness  of  the  valves  and  shape  distinguish  it  from  the  typical 

PI.  quinquecostata  ;  the  cardinal  angles  are  never  acute,  nor  produced,  nor  semi- 
cylindrical  ;  the  ribbing  is,  however,  more  like  that  of  this  species  than  of  PL 

sericea  or  any  of  its  varieties. 

Plectambonites  quinquecostata  (M'Coy),  var.  no  v.  sublobata. 

(Plate  XIV,  figs.  20-24,  10.) 

Shell  transversely  oblong,  with  lateral  edges  nearly  straight  and  subparallel  and 

at  right  angles  to  anterior  margin  ;  cardinal  angles  subacute,  pointed,  not  produced  ; 

anterior  margin  nearly  straight  or  broadly  and  weakly  emarginate  ;  surface  of  shell 

weakly  bilobed  by  wide  shallow  median  depression  generally  holding  a  low  rounded 

median  fold  ;  lateral  lobes  gently  swollen  and  more  elevated.  Pedicle-valve  with 
more  or  less  defined  flattened  disc,  subgeniculate  anteriorly  ;  beak  small,  scarcely 

elevated,  not  projecting  nor  incurved  ;  lobation  of  surface  usually  distinct.  Interior 

unknown.  Brachial  valve  strongly  concave ;  interior  with  long  oval  flabelliform 

non-contiguous  slightly  divergent  muscle-scars  about  half  the  length  of  shell,  with 
inner  edges  sharply  raised  ;  anterior  (inner)  adductors  better  marked  and  narrower 

than  posterior  (outer)  adductors ;  thin  median  septum  separating  muscle-scars ; 

general  surface  of  interior  densely  pustulate,  in  regular  radial  lines.  Surface  of  shell 

marked  with  3  straight  primary  radii  diverging  at  45°  from  each  other,  with  occasion- 
ally 2-3  shorter  weaker  secondary  radii  present ;  very  fine  delicate  striae  in  interspaces. 

Dimensions. — Length,  7 "2  mm.  ;  width,  10*5  mm. 
Horizon. — Balclatchie  Group  (conglomerate). 

Locality. — Balclatchie. 

Remarks. — In  the  lobation  of  the  shell  we  are  reminded  of  Plect.  segmentum,  var. 

cornuta,  Dav.,#  from  the  Wenlock.  The  few  primary  radii  are  like  Plect.  quinque- 
costata and  its  varieties.  The  interior  of  the  brachial  valve  resembles  Plect.  sericea 

in  its  wide  sense.  On  the  whole  it  seems  best  to  associate  it  with  PI.  quinquecostata, 

especially  bearing  in  mind  its  resemblance  to  the  variety  balclatchiensis. 

Plectambonites  ruralis,  sp.  nov. 

(Plate  XIV,  figs.  25-33.) 

Shell  concavo-convex,  transversely  semicircular  to  semielliptical,  about  twice 

as  wide  as  long,  widest  along  hinge-line ;  cardinal  angles  about  75°  or  sub- 
rectangular.  Cardinal  margin  thickened,  denticulated  along  most  of  its  length  with 

minute  oblique  teeth.  Pedicle-valve  strongly  and  uniformly  convex,  lateral  portions 
not  flattened ;  beak  small,  incurved,  not  swollen  nor  projecting,  slightly  elevated  ; 

hinge-area  triangular,  narrow,  in  plane  of  valve  ;  interior  with  short  broad  trans- 

versely   subpentagonal    emarginate    muscle-scar,  about   one-fourth  length   of  valve, 

*  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl,  p.  166,  pi.  xii,  figs.  1-3. 
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composed  of  two  subtriangular  pointed  diductors,  anteriorly  free,  enclosing  posteriorly 

a  short  broadly  oval  adductor  scar  ;  interior  marked  by  pair  of  subparallel  equal 

vascular  trunks  arising  from  muscle-scar  and  by  numerous  smaller  radial  vessels 
dividing  once  or  twice ;  a  strong  lateral  trunk  arises  also  from  beak  and  runs 

outwards  parallel  and  close  to  cardinal  line ;  some  large  elongated  pustules  lie 

sparsely  scattered  between  the  vascular  branches.  Brachial  valve  gently  concave ; 

beak  inconspicuous ;  hinge-area  narrow,  steeply  inclined  to  plane  of  valve ;  interior 

with  prominent  trilobate  cardinal  process  on  large  thickened  subpentagonal  hinge- 

plate  ;  crural  plates  strong,  divergent ;  pair  of  large  contiguous  flabelliform  deeply 

sunk  muscle-scars,  nearly  half  length  of  valve,  each  weakly  bilobed  in  front  and 
obscurely  divided  into  outer  and  inner  halves  ;  thin  short  median  septum  present, 

not  continued  in  front ;  rest  of  interior  with  close  subparallel  small  vascular  trunks 

running  to  margins  of  valve,  the  pair  in  front  of  inner  adductors  being  generally 

rather  stronger.  Surface  of  shell  marked  with  about  10  equidistant  fine  primary 

radii,  often  increased  to  double  the  number  by  secondary  ones;  8-12  delicate  radial 

strise  in  each  interspace,  and  minute  p-unctse  in  radial  lines. 

Dimensions. — Length,  10-12  mm.  ;  width,  18-20  mm. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — This  species  is  fairly  abundant  in  the  Starfish  Bed.  Its  internal 

characters  differentiate  it  from  all  the  other  forms.  Professor  0.  T.  Jones' 
description  and  figures  of  this  new  species  have  not  yet  been  published,  though 

a  MS.  name  was  attached  by  him  to  several  of  Mrs  Gray's  specimens  some 
years  ago. 

Plectambonites  scissa  (Salter). 

(Plate  XIV,  figs.  34,  35.) 

1865.   Leptsana  scissa,  Salter  MS.,  Cat.  Coll.  Mus.  Pract.  Geol.,  p.  36. 

1870.  Leptxna   scissa,    Salter,    Davidson    (pars),    Mon.  Brit.  Foss.  Brach.,  vol.  iii,  p.  325,  pi.  xlvii, 
figs.  21-23  (non  figs.  24,  25). 

In  the  Girvan  shells  referable  to  this  species,  as  in  Davidson's  figured  example 
(op.  cit.,  fig.  22a)  from  the  Llandovery,  the  muscular  scars  in  the  brachial  valve  are 

large,  triangular,  flabelliform,  deeply  sunk  (especially  in  front),  with  sharp  raised 

lateral  edges  united  anteriorly  across  the  middle  of  the  valve  by  an  acutely  emarginate 

continuous  sharp  ridge  joining  the  low  broad  rounded  median  ridge  which  separates 

the  anterior  ends  of  the  slightly  divergent  scars.  Though  these  scars  are  radiately 

striated,  yet  they  do  not  show  clearly  a  division  into  conjoint  adductors,  nor  is  there 

any  marginal  bilobation.  A  thin  low  thickening  of  the  shell  just  inside  the  margin 

is  usually  developed  in  this  valve  as  in  PI.  llandeiloensis.  Davidson  described 
the  muscular  characters  of  the  brachial  valve  from  an  Ordovician  Sholeshook 

specimen  (op.  cit,  fig.  25),  which  he  wrongly  attributed  to  the  same  species  as  Salter's 

Llandovery  type,  the  true  PI.  scissa.     In  the  pedicle-valve  of  these  Girvan  repre- 
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sentatives  of  PI.  scissa  the  transverse  impression  formed  by  the  diductors  can  scarcely 

be  described  as  "  saucer-shaped,"  for  it  is  transversely  oblong,  broadly  emarginate  in 
front,  and  consists  of  a  pair  of  short  broad  strongly  divergent  subquadrate  scars, 

obscurely  notched  at  their  outer  ends  and  in  contact  in  the  middle,  with  a  small 

adductor  scar  between  them  ;  and  from  the  outer  angles  of  the  diductors  there  is  on 

each  side  a  pair  of  short  divergent  ridges  or  vascular  trunks.  The  hinge-line  is 
crenulated  as  in  PL  llandeiloensis. 

Horizons. — (l)  Camregan  Group  ;  (2)  Mulloch  Hill  Group  ;  (3)  Saugh  Hill  Group. 

Localities. — (l)  Bargany  Pond  Burn  ;  (2)  Mulloch  Hill ;  (3)  Newlands. 

Plectambonites  segmentum  (Angelin). 

1838.  Leptama,  segmentum,  Angelin  MS.,  Mus.  Palseont.  Suec. 

It  is  doubtful  if  the  true  PI.  segmentum  of  Angelin  (MS.)  occurs  in  the  Girvan 

area,  but  there  is  one  fairly  well-marked  variety  represented  at  Woodland  Point. 

The  shells  which  Davidson  #  attributed  to  PI.  segmentum  from  the  Wenlock  Shale 
of  Dudley,  Build  was,  etc.,  are  distinct  from  our  variety,  but  are  probably  identical 
with  the  Gotland  form. 

Plectambonites  segmentum  (Angelin),  var.  nov.  woodlandensis. 

(Plate  XIV,  figs.  36-41.) 

1883.  Leptama  segmentum,  Angelin,  Davidson  (pars),   Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

p.  227. 

Shell  small,  short,  swollen,  rounded,  subtriangular  to  semicircular,  strongly 

concavo-convex  ;  cardinal  angles  pointed,  acute,  depressed,  more  or  less  produced 

into  very  short  semicylindrical  ears.  Pedicle-valve  semiglobose,  much  inflated, 
with  very  small  depressed  pointed  lateral  angles ;  beak  swollen,  much  incurved,  and 

overhanging  ;  hinge-area  r  arrow,  lying  in  plane  of  valve.  Brachial  valve  strongly 

concave  ;  hinge-area  at  right  angles.  Surface  of  pedicle-valve  with  3-5  primary 
radii,  of  which  the  middle  2  or  3  are  most  pronounced ;  interspaces  with  very 
fine  delicate  or  indistinct  striae.     Interior  unknown. 

Dimensions. — Length,  5 '5-6  mm.  ;  width,  8  mm. 
Horizon. — Saugh  Hill  Group. 

Locality. — Woodland  Point. 

Remarks. — Davidson  labelled  some  of  these  shells  L.  quinquecostata ;  the 
ribbing,  indeed,  bears  much  resemblance,  but  the  contour  and  shape  more  resemble 

PI.  Etheridgei.  The  shell  is  generally  more  inflated  and  globose,  the  cardinal 

angles  smaller,  more  pointed,  and  semicylindrical,  and  the  beak  more  swollen 

and  incurved  than  in  the  Dudley  examples  of  PI.  segmentum. 

*  Davidson,  op.  cit.,  vol.  iii,  p.  321,  pi.  xlviii,  figs.  28-30. 
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Plectambonites  sericea  (Sowerby). 

1839.   Leptxna  sericea,  Kowerhy,  in  Murchison's  Silurian  System,  p.  636,  pi.  xix,  figs.  1  (1  2). 

The  name  Plectambonites  sericea  has  been  applied  by  most  authors  indiscriminately 

to  shells  of  a  certain  type  from  various  Ordovician  horizons,  though  they  show  con- 

siderable differences.  The  stratigraphical  or  zonal  separation  of  these  forms  requires 

much  further  detailed  work,  but  probably  definite  varieties  or  species  will  be  found  to 

mark  different  horizons.  In  the  case  of  the  Girvan  specimens  an  attempt  is  here  made 

to  split  up  the  heterogeneous  assemblage  of  forms  usually  included  under  the  one 

specific  name,  but  at  present  varietal  names  are  only  applied. 

Plectambonites  sericea  (Sowerby),  var.  nov.  albida. 

(Plate  XIV,  figs.  42-46  ;  Plate  XV,  figs.  1-3.) 

1883.   Leptxna  quinquecostata,  M'Coy,  Davidson  (pars),   Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppi., 

pp.  169,  227. 

Shell  small,  semielliptical,  gently  concavo-convex  to  plano-convex,  compressed  ; 

cardinal  angles  rectangular.  Pedicle-valve  gently  convex  ;  beak  small,  not  swollen 
nor  prominent  and  scarcely  incurved.  Brachial  valve  nearly  flat.  Surface  of  shell 

ornamented  with  fine  subequal  radial  lines,  with  usually  about  8-12  primary  radii 
rather  irregularly  distributed  and  usually  scarcely  differentiated  in  size  from  the  others 

(except  on  brachial  valve,  where  3  stronger  ones  generally  form  a  median  group) ; 

a  few  shorter  secondary  radii  developed  irregularly  towards  margin.  Interior  of 

brachial  valve  with  pair  of  large  subtriangular  muscle-scars  about  two-thirds  the 

length  of  valve,  with  raised  edges,  and  separated  by  high  sharp  median  septum 

extending  to  weak  concentric  submarginal  ridge  formed  by  row  of  large  pustules  at 

outer  ends  of  short  radial  ridges. 

Dimensions. — Average  length,  4'0  mm.  ;  average  width,  6'0  mm. 
Horizon. — Whitehouse  Group. 

Locality.1 — Whitehouse  Bay. 

Remarks. — This  shell  is  distinguishable  from  the  others  by  the  subequal  strength 
and  irregular  development  of  the  radii,  and  especially  by  the  internal  characters  of 
the  brachial  valve.     No  good  interiors  of  the  other  valve  have  been  observed. & 

Plectambonites  sericea  (Sowerby),  var.  nov.  conspicua. 

(Plate  XV,  figs.  4-11.) 

1870.    Leptsen't  sericea,  var.  rhombica,  M'Coy,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii, 
p.  325  (non  pi.  xlviii,  figs.  20-22). 

1883.  Leptxna  sericea,  var.  rhombtca,  M'Coy,  Davidson  (pars),  ibid.,  vol.  v,  Silur.  Suppl.,  pp.  169,  227. 

?  1 8 o 2 .   Leptxna  quinquecostata,  M'Coy  (pars),  Syn.  Paleeoz.  Foss.  Woodw.  Mas.,  p.  236,  pi.  m,  fig.  32. 

Shell  transversely  semielliptical  to  subtriangular,  widest  along  hinge-line,  concavo- 
convex,  compressed ;  cardinal  angles  not  produced,  subrectangular  or  less  than  right 

angles.     Pedicle-valve  moderately  convex,  most  so  in  middle  line,  subcarinate  or  mow 
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or  less  swollen  ;  beak  small,  very  slightly  projecting,  not  prominent  nor  swollen, 

scarcely  incurved  ;  hinge-area  triangular,  narrow,  steeply  inclined  or  in  plane  of  valve. 

Interior  of  pedicle-valve  with  pair  of  very  short  broad  subrhomboidal  diductors 
traversed  by  pair  of  broad  divergent  vascular  trunks  bifurcating  at  about  half  the 

length  of  valve  into  two  strong  branches  at  right  angles  to  trunk  and  giving  off  smaller 

branches  to  margin  ;  rest  of  interior  covered  with  numerous  small  radiating  vascular 

markings  and  coarse  pustules ;  hinge-line  with  denticulations  for  half  its  length  on  each 

side  of  beak.  Brachial  valve  concave  ;  beak  inconspicuous  ;  hinge-area  narrow,  at 
right  angles  to  plane  of  valve  ;  interior  with  muscular  platform  bearing  thick  strong 

median  ridge,  extending  nearly  half  the  length  of  valve  and  rising  abruptly  at  front 

end  into  blunt  spine ;  muscle-scars  large,  broad,  flabelliform,  each  divided  longitudinally 

by  ridge  into  subequal  halves  ;  inner  edges  of  muscle-scars  raised  ;  rest  of  interior 
covered  with  radial  lines  of  more  or  less  fused  or  elongated  pustules.  Surface  of  shell 

ornamented  with  10-18  equidistant  primary  radii,  with  shorter  secondary  and  occasion- 

ally tertiary  ones  between  them,  and  3-8  finer  thread-like  lines  in  interspaces  ;  traces 

of  concentric  rugse  near  hinge-line  rarely  present. 

Dimensions. — Width,  25-27  mm.  ;  length,  15-17  mm. 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group? 

Localities. — (.1)  Craighead,  Minuntion,  Colmonel  1 ;  (2)  Balclatchie,  Ardmillan. 

Remarks. — This  variety  of  PI.  sericea  occurs  typically  at  Craighead  and  differs 

from  the  variety  rhombica,  M'Coy,#  the  type  of  which  came  from  Mathyrafal,  by  its 
subcarination,  its  less  numerous  radii,  the  remarkably  developed  internal  septum  of 

the  brachial  valve,  and  the  much  less  swollen  and  non-incurved  beak  of  the  pedicle- 
valve.  The  muscle-scars  of  the  brachial  valve  resemble  those  in  the  shell  attributed 

by  Davidson  to  PI.  sericea  from  Llanfyllin  and  Desertcreat.t  No  interiors  of  the 

pedicle-valve  from  Craighead  have  been  observed,  the  description  of  the  internal 

characters  of  the  pedicle-valve  here  given  being  based  on  specimens  from  Bal- 
clatchie and  Ardmillan,  in  which  the  shell  is  less  subcarinate  and  more  uniformly 

rounded  ;  these  characters  closely  agree  with  those  of  an  example  referred  to  PI. 

sericea  from  Haverfordwest,  figured  by  Davidson. J 

Plectambonites  sericea  (Sowerby),  var.  nov.  craigensis. 

(Plate  XV,  figs.  12-17.) 
1883.  Leptxna  sericea,  Sowerby,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  227. 

Shell  semicircular,  plano-convex,  compressed,  flattened,  widest  along  hinge-line, 

cardinal  angles  subacute  at  60°-75°,  slightly  alate,  pointed.  Pedicle-valve  very 
slightly  convex,  most  so  along  middle  ;  beak  small,  acute,  not  swollen,  scarcely  project- 

ing, very  slightly  incurved  ;  hinge-area  very  narrow,  steeply  inclined  to  plane  of  valve  ; 
interior  with  pair  of  very  small  short  divergent  triangular  diductors  about  one-fifth 

*  M'Coy,  Syn.  Brit.  Pal.  Foss.  Woodw.  Mus.,  p.  239. 
t  Davidson,  op.  cit.,  vol.  iii,  pi.  xlviii,  figs.  16,  18  (non  cet.).  %  Ibid.,  pi.  xlviii,  figs.  19,  19a. 
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the  length  of  valve.  Brachial  valve  flat  or  very  slightly  concave  ;  beak  incon- 

spicuous ;  interior  with  large  subflabellate  divergent  muscle-scars  about  one-third  to 

one-half  the  length  of  valve,  with  thickened  crinkled  anterior  margins,  and  each 

muscle-scar  divided  by  narrow  radial  ridge  into  anterior  and  posterior  adductor. 

Surface  of  valves  ornamented  with  12-16  unusually  strong  straight  primary  radii, 

generally  equidistant,  with  a  shorter  secondary  one  in  each  interspace  and  3-5  finer 

thread-like  lines  between.  Interiors  with  coarse  pustules  radially  arranged  along 
the  lines. 

Dimensions. — -Length,  2'75-4"5  mm.  ;  width,  5"50-7'0  mm. 
Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Remarks. — This  small  shell  is  certainly  distinct  from  Sowerby's  type  of  PI.  sericea. 
and  more  resembles  PI.  quinquecostata,  var.  balclatchiensis.  In  external  appearance 

it  resembles  PI.  sericea,  var.  albida,  but  the  internal  characters  are  distinctive. 

Plectambonites  sericea  (Sowerby),  var.  rhombica  (M'Coy). 
1852.  Lepteena  sericea,  var.  rhombica,  M'Coy,  Synop.  Brit.  Palxoz.  Foss,  Woodw.  Mus.,  p.  239. 

1870.  Leptiena  sericea,  var.  rhombica,  M'Coy,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  325, 

pi.  xlviii,  figs.  20-22. 
1883.  Leptsena  sericea,  Davidson  (pars),  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  227. 

From  a  comparison  of  M'Coy's  types  of  PI.  sericea,  var.  rhombica,  with  some 
poorly  preserved  shells  from  Shalloch  Mill  it  seems  probable  that  this  variety  occurs 

at  this  locality ;  but  the  lateral  angles  are  more  pointed  and  acute  than  Davidso>: 

showed  in  his  figures  of  Welsh  examples.  The  Shalloch  Mill  form  differs  from  the 

variety  conspicua  in  the  more  swollen,  more  prominent,  and  incurved  beak  of  the 

pedicle-valve,  and  more  uniform  convexity.  Primary,  secondary,  and  tertiary  radii 

seem  more  numerous,  and  the  muscle-scars  of  the  brachial  valve  seem  identical  with 

those  of  the  PI.  sericea  from  Llanfyllin,  figured  by  Davidson,  but  no  median  septum 

appears  to  be  present.     No  cardinal  denticulations  have  been  observed. 

Dimensions. — Length,  18 '5  mm.  ;  width,  44 '0  mm. 
Horizon. — White  house  Group. 

Locality. — Shalloch  Mill. 

Plectambonites  sericea  (Sowerby),  var.  nov.  semirugata. 

(Plate  XV,  figs.  18-26.) 

1873.  Leptxna  quinquecostata,  M'Coy,  Salter,  Cat.  Camb.  Silur.  Foss.  Woodw.  Mus.,  p.  64. 

Shell  transversely  semielliptical,  plano-convex    to   concavo-convex,  about  twice 

as  wide  as  long  ;  cardinal  angles  acutely  pointed  at  about  45°-60°,  sometimes  slightly 
produced  and    subalate  ;    cardinal   margin  with  6-8  denticulations  on  each  side  of 

beak,  decreasing  in  size  to  lateral  angles.     Pedicle-valve  gently  convex,  with  lateral 
portions  somewhat  flattened  ;  beak  small,  pointed,  not  projecting,  scarcely  incurved ; 

interior    with   pair    of  small    short   pointed  subrhomboidal  diductors  diverging  at 
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about  60°-75°,  extending  about  one-fifth  to  one-fourth  the  length  of  the  valve,  with 

swollen  boss  between  them  ;  vascular  trunks  diverging  at  about  60°,  strong,  well 
marked,  deeply  sunk,  running  along  diductors,  and  extending  beyond  them  for  about 

half  the  length  of  valve,  rarely  provided  with  lateral  branches.  Brachial  valve  flat 

or  very  slightly  concave  ;  cardinal  process  tripartite  ;  interior  with  large  triangular 

muscle-scar  formed  by  pair  of  fiabelliform.  contiguous  double  muscle-scars  raised  on 
thickened  platform,  extending  fully  half  the  length  of  valve  and  radially  ridged. 

Interiors  of  both  valves  covered  with  radially  arranged  small  pustules  becoming 

larger  towards  margins.  External  surface  of  shell  covered  with  20-28  strong 

radii,  mostly  developed  only  near  margin,  with  4  or  5  smaller  thread-like  lines 

between  them ;  lateral  portions  of  valves  marked  with  9-10  more  or  less  wavy 

concentric  wrinkles  meeting  hinge-line  at  45°-60°. 
Dimensions.  — 

Length   . 
Width     .... 

Horizon. — Balclatchie  Group. 

Localities. — Ardmillan  Brae,  Dow  Hill,  Balclatchie. 

Remarks. — This  shell  is  distinguished  from  the  other  varieties  by  the  concentric 
rugse  on  the  surface  and  the  denticulation  of  the  cardinal  margin.  The  internal 

and  muscular  characters  are  much  like  those  of  a  specimen  of  PI.  sericea  from 

Haverfordwrest,  figured  by  Davidson  (op.  cit.,  iii,  pi.  xlviii,  fig.  19).  The  concentric 
wrinkling  and  general  external  appearance  resemble  PI.  sericea,  var.  aspera 

(James),*  from  the  Trenton  Formation  of  New  York,  but  in  the  latter  no  mention 

is  made  of  the  denticulation  of  the  hinge-iine. 

Plectambonites  sericea  (Sowerby),  var.  nov.  thraivensis. 

(Plate  XV,  figs.  27-32.) 

Shell  semielliptical  to  semicircular,  with  acute  slightly  produced  cardinal  angles, 

rarely  semicylindrical.  Pedicle-valve  moderately  convex,  most  so  in  middle,  more 
or  less  inflated,  with  lateral  portions  somewhat  depressed  or  flattened ;  beak  small, 

slightly  incurved,  not  swollen  nor  overhanging  ;  hinge-area  rather  large,  steeply 
inclined  or  in  plane  of  valve.  Interior  of  pedicle-valve  with  pair  of  very  small 
indistinct  diductors  and  pair  of  short  strong  straight  subparallel  vascular  trunks 

dividing  at  about  one-fourth  to  one-third  the  length  of  valve  into  2  or  3  smaller  sub- 
parallel  branches.  Brachial  valve  gently  concave  ;  interior  with  pair  of  large  broad 

fiabelliform  very  weakly  impressed  muscle-scars  diverging  at  about  20°,  with  sharp 
straight  raised  inner  margins,  less  than  half  the  length  of  valve.  Whole  interior  of 

both  valves  rather  coarsely  pustulate.     Surface  of  shell  marked  with  12-20  primary 

*  James,  Cincinnati  Quart.  Journ.  Sc,  1874,  i,  p.  151 ;  Meek,  Palxont.  Ohio,  1873,  i,  p.  70,  pi.  v,  fig.  3 ; 
Rcedemann,  Bull.  49,  New  York  State  Mus.,  1901,  p.  18,  pi.  i,  figs.  6,  7. 
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radii,  of    which  the  median  ones   are  usually  most    conspicuous  ;    interspaces  with 
fine  striae. 

Dimensions. — Length,  4'5  mm.  ;  width,  9'0  mm. 
Horizon. — Drummuck  Group  (including  Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — The  general  shape  and  ornamentation  suggest  that  this  shell  is  a 
variety  of  PI.  sericea,  but  the  internal  characters  seem  to  be  distinct  from  the 

typical  form. 
Plectambonites  subcorrugatella,  sp.  nov. 

(Plate  XV,  figs.  33,  34.) 

1883.  Strophomena  corrutjatella,  Davidson  (pars),  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  227. 

Shell  transverse,  semicircular,  widest  along  hinge-line,  twice  as  wide  as  long ; 

concavo-convex ;  cardinal  angles  acute,  about  60°,  not  produced.  Pedicle-valve 
gently  convex  ;  beak  small,  slightly  incurved  ;  hinge-area  narrow,  steeply  inclined, 

with  triangular  delthyrium  ;  surface  with  10-12  strong  primary  radii  and  6-9  fine 
striae  in  the  interspaces,  and  occasionally  a  shorter  secondary  radius  equal  in  strength 

to  the  primaries  ;  short  arched  transverse  corrugations  in  each  interspace.  Brachial 

valve  gently  concave  ;  beak  inconspicuous ;  interior  with  trilobate  cardinal  process 

and  muscle-scars  supported  on  raised  solid  platform,  highest  and  abruptly  ending  at 
anterior  end  ;  surface  of  platform  bearing  pair  of  large  subtriangular  scars  with  raised 

edges,  slightly  diverging,  and  composed  of  two  pairs  of  contiguous  adductors ; 

weak  concentric  submarginal  thickening  internally.  Exterior  ornamented  like 
other  valve. 

Dimensions. — Length,  6'5  mm.  ;  width,  14*0  mm. 
Horizon. — Whitehouse  Group. 

Localities. — Shalloch  Mill,  Whitehouse  Bay. 

Remarks. — Though  this  shell  has  the  same  ornamentation  as  Stroph.  cormgatella, 
Dav.,  and  was  thus  labelled  by  Davidson,  yet  the  internal  characters  prove  it  to  be 

referable  to  the  genus  Plectambonites.  In  shape  and  convexity  it  resembles  PI.  sericea. 

It  is  a  rare  form,  only  five  specimens  having  come  under  my  observation. 

Plectambonites  transversalis  (Dalman). 

(Plate  XV,  figs.  35,  36.) 

1828.  Leptiena  transversalis,  Dalman,  Vet.  Akad.  Handl.,  p.  109,  pi.  i,  fig.  4. 

1870.  Leptse.ua   transversalis,    Dalman,    Davidson,    Mon.    Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  318, 

pi.  xlviii,  figs.  1-9. 
1883.  Leptxna  transversalis,  Davidson  (pars),  ibid.,  vol.  v,  Silur.  Suppl.,  p.  227. 

The  Girvan  examples  of  this  species  seem  to  belong  to  five  types.  One  is  the 

characteristic  form  of  the  species  as  found  in  the  Wenlock  rocks  of  England,  but  it 

does  not  apparently  possess  the  divergent  diductor  scars  shown  by  Davidson  (op.  cit., 
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iii,  pi.  xlviii,  fig.  9b)  in  a  pedicle-valve  from  the  Pentland  Hills.  The  others  are  fairly 

distinct  'varieties.  The  typical  form  occurs  at  Woodland  Point,  and  is  distinguished 
externally  from  the  Mulloch  Hill  variety  by  its  much  more  numerous  radii.  The 

transversely  elongated  form  from  Woodland  Point  has  fewer  radii  than  the  type,  as 

well  as  other  differences,  and  never  attains  such  large  dimensions. 

Dimensions  (typical  form). — Length,  15-17  mm.  ;  width,  21-23  mm. 

Horizon. — Saugh  Hill  Group. 
Localities. — Woodland  Point,  Newlands. 

Plectambonites  transversalis  (Dalman),  var.  Duvali,  Davidson. 

(Plate  XV,  figs.  37-40.) 
1847.  Leptxna  Duvalii,  Davidson,  Geo!.  Journ.  London,  vol.  i,  p.  58,  pi.  xii,  figs.  17-19. 

The  transverse  shells  from  Woodland  Point,  with  more  or  less  produced  sub- 
cylindrical  pointed  cardinal  angles  and  fusiform  shape,  do  not  appear  to  be  sharply 

separable  from  the  typical  PI.  transversalis  which  occurs  on  the  same  horizon 

associated  with  them.  But  the  extreme  forms  are  sufficiently  distinct,  and  to  these 

Davidson  *  applied  the  varietal  name  Duvali.  With  regard  to  external  characters, 
it  may  be  remarked  that  the  Girvan  examples  of  this  variety  sometimes  have  the 

interspaces  between  the  primary  radii  slightly  concave  and  depressed,  especially  near 

the  margin,  and  the  primary  radii  near  the  middle  of  the  pedicle-valve  are  often  larger 

and  thicker  than  the  others.  In  the  interior  of  one  pedicle-valve  it  may  be  observed 
that  there  is  a  pair  of  gently  arched  strong  vascular  trunks  which  cross  obliquely  the 

elongated  faintly  impressed  divergent  diductor  scars  and  extend  about  one-third  to 

one-half  the  length  of  the  valve  before  dividing  into  two  or  more  strongly  divergent 
small  branches.  An  oval  adductor  scar  lies  in  the  fork  of  the  diductors.  The 

lateral  portions  and  cardinal  region  are  coarsely  pustulate,  but  elsewhere  finer  and 

smaller  papilhe  are  developed  in  radial  lines.  The  brachial  valve  possesses  internally 

a  pair  of  subparallel  oval  or  linguiform  compound  muscle-scars,  about  half  the  length 
of  the  valve,  each  with  strongly  raised  inner  edges  and  divided  longitudinally  into 
anterior  and  posterior  adductors  ;  a  prominent  median  septum  shorter  than  the  scars 
is  developed  in  the  space  between  them. 

Horizon. — Saugh  Hill  Group. 

Localities. — Woodland  Point,  Newlands. 

Plectambonites  transversalis  (Dalman),  var.  nov.  mullochensis. 

(Plate  XV,  figs.  41,  42;  Plate  XVI,  figs.  1,2.) 

Shell    transversely  subtriangular    to    subsemicircular,  concavo-convex ;    cardinal 

angles  pointed  at  45°-60°,  not  alate  nor  produced  ;  cardinal  line  minutely  denticulate 
for  more  than  three-fourths  its  length  on  each  side  of  beak,  with  20-25  small  teeth. 

*  Davidson,  op.  cit,  vol.  iii,  p.  318,  pi.  xlviii,  figs.  4,  5. 
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Pedicle-valve  convex,  most  so  in  middle ;  beak  moderately  incurved,  somewhat 

swollen,  rounded  and  projecting;  hinge-area  in  plane  of  valve;  interior- of  shell 

rugose,  with  small  short  ill-defined  diductors  (apparently  not  elongated  nor  divergent 
as  in  type  of  species) ;  and  with  pair  of  strong  slightly  divergent  vascular  trunks 

arising  from  beak,  traversing  diductor  scars,  and  dividing  at  about  one-third  the 
length  of  valve  into  several  subparallel  finer  branches.  Brachial  valve  concave,  with 

interspaces  on  surface  between  radii  slightly  depressed  ;  interior  with  pair  of  laro-e 

elongate  linguliform  deeply  sunk  muscle-scars  diverging  slightly  ;  median  interspace 

between  muscle-scars  thickened  and  bearing  low  median  septum  ;  each  muscle-scar 
divided  subequally  by  strong  longitudinal  ridge.  Interior  of  both  valves  marked 

with  close  broken  radial  lines  composed  of  more  or  less  fused  pustules  which  become 

larger  and  more  distinct  near  cardinal  angles.  External  surface  of  shell  ornamented 

with  7-11  primary  radii,  with  numerous  fine  radial  striae  in  interspaces. 

Dimensions. — Length,  10'5  mm.  ;  width,  21 '4  mm. 
Horizon. — Mulloch  Hill  Group. 

Locality. — Mulloch  Hill. 

Remarks. — The  internal  characters  of  the  pedicle-valve  differentiate  it  from  the 

type  form.  The  presence  of  cardinal  denticulations,  though  represented  by  David- 

son *  in  the  figure  of  a  specimen  from  the  Pentland  Hills  (but  not  mentioned  in  his 
diagnosis  of  PI.  transversalis,  and  apparently  absent  in  typical  Wenlock  examples),  is 
another  characteristic  feature. 

Plectambonites  transversalis,  Dalman,  var.  nov.  penkillensis. 

(Plate  XVI,  figs.  3-7.) 
1883.  Leptxna  transversalis,  Davidson  (pars),  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  SuppL,  p.  227. 

Shell  transversely  spindle-shaped  to  subtriangular ;  cardinal  angles  produced, 

acutely  pointed  at  30°-45°.  Pedicle-valve  convex,  subcarinate,  with  median  portion 
strongly  swollen  and  lateral  portions  more  or  less  depressed ;  beak  strongly  in- 

curved, projecting,  somewhat  swollen  ;  hinge-area  narrow,  triangular,  lying  in  plane 

of  valve.  Interior  of  pedicle-valve  radially  pustulate,  with  pair  of  small  teeth  and 
pair  of  elongaated  slightly  divergent  diductors  deeply  sunk  posteriorly  but  weak  and 

undefined  anteriorly ;  short  low  thick  median  septum  in  front  of  them ;  pair  of 

strong  straight  vascular  trunks  traversing  diductors  longitudinally,  diverging  slightly 

anteriorly,  and  dividing  at  about  one-third  length  of  valve  into  3-4  smaller  radiating 
branches  of  unequal  length.  Brachial  valve  concave  ;  interior  unknown.  Surface  of 

pedicle-valve  marked  with  8-10  primary  radii,  the  median  one  occasionally  stronger 
and  more  prominent  than  rest,  with  a  secondary  radius  of  about  half  the  length  and 

numerous  fine  radial  striae  in  each  interspace. 

Dimensions. — Length,  8-11  mm.  ;  width,  12-15  mm. 

Horizons. — (l)  Penkill  Group  ;  (2)  Camregan  Group. 
*  Davidson,  op.  cit.,  iii,  p.  318,  pi.  xlviii,  figs.  9a,  96. 
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Localities. — (l)  Penkill ;  (2)  Bargany  Pond  Burn,  Cuddystone  Glen. 

Remarks. — Davidson  labelled  this  species  L.  transver satis,  but  the  muscle-scars 
and  the  outline  and  contour  of  the  shell  are  quite  distinct.  The  outline  more 

resembles  the  variety  Duvali,  but  the  shell  is  less  transverse  and  more  triangular, 

and  the  median  part  of  the  pedicle-valve  is  more  swollen  and  more  differentiated 
from  the  lateral  portions  ;  the  beak  is  more  incurved  and  more  swollen  and  projects 

further  beyond  the  hinge-line,  and  the  primary  radii  are  less  numerous.  From 

PI.  segmentum  it  also  differs  in  shape  and  internal  characters.  The  muscle-scars, 

vascular  markings,  and  median  septum  are  much  like  those  in  the  shell  *  from  the 

"  Caradoc"  of  Haverfordwest,  referred  by  Davidson  to  PI.  sericea. 

Plectambonites  transversalis  (Dalman),  var  nov.  tricostata. 

(Plate  XVI,  figs.  8-13.) 
1883.  Leptaena  segmentum,  Angelin,  Davidson  (pars),   Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

p.  227. 

Shell  transversely  elongated,  subtriangular  to  subfusiform,  concavo-convex ; 

cardinal  angles  acutely  pointed  at  15°-25°,  produced,  slightly  alate.  Pedicle-valve 
gently  convex,  most  so  in  middle,  rounded,  not  carinate ;  lateral  portions  flattened, 

rarely  subcylindrical ;  beak  small,  incurved,  pointed,  not  swollen,  scarcely  projecting  ; 

median  portion  of  valve  bearing  group  of  three  equidistant  strong  radii  diverging  at 

about  20°-30°,  with  a  very  short  stout  radius  (?)  on  each  side  of  central  one  arising 
from  beak  ;  interspaces  somewhat  depressed,  with  very  fine  radial  strise ;  lateral 

portions  of  valve  with  primary  radii  wanting  or  obsolescent,  but  with  faint  concentric 

rugse  near  cardinal  angles. 

Dimensions. — Length,  5"1  mm.  ;  width,  14'0  mm. 
Horizon. — Saugh  Hill  Group. 

Locality. — Woodland  Point. 

Remarks. — This  variety  seems  to  pass  into  that  termed  Duvali,  but  the  cardinal 
angles  are  not  generally  cylindrical,  and  the  median  group  of  radii  and  concentric 

rugae  are  usually  sufficient  to  separate  it.  The  two  short  so-called  radii  seen  near 

the  beak  on  exteriors  of  the  pedicle-valve  seem  to  correspond  to  internal  ridges,  but 
no  interiors  of  the  shell  are  known. 

Plectambonites  ?  youngiana  (Davidson). 

(Plate  XVI,  figs.  14-18.) 
1870.  Leptaena  transversalis,   Dalman,    var.    youngiana,  Davidson,  Mon.    Brit.   Foss.  Brack.,  vol.  iii, 

pt.  vii,  p.  320,  pi.  xlvii,  figs.  19,  20. 

1883.  Leptaena  youngiana,  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  168,  pi.  xii,  figs.  14-16. 

Davidson  did   not   describe  the  internal  characters  of  this  species,  though  he 
figured  in  his  Supplement  {op.  cit.,  pi.  xii,  fig.  1G)  one  interior  of  a  brachial  valve 

*  Davidson,  op.  cit.,  vol.  iii,  pi.  xlviii,  figs.  19,  19a  (non  cet.). 
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in  Mrs  Gray's  collection.  Unfortunately  his  figure  does  not  accurately  or  fully 
represent  the  features  which  are  present,  so  that  a  precise  description  and  new 

figures  are  requisite.  We  also  know  now  the  interior  of  the  pedicle-valve,  though 
specimens  of  it  are  rare.  In  the  case  of  the  brachial  valve  the  cardinal  and  umbonal 

region-  is  not  well  preserved,  but  the  adductor  muscle-scars  are  well  seen.  These 

muscle-scars  are  narrow,  elongated,  linguiform,  compound,  prominent,  subparallel, 
arching  at  first  slightly  outwards  and  then  curving  gently  inwards  to  their  anterior 

ends,  which  nearly  touch  ;  their  edges  are  raised  and  sharp,  and  each  scar  is  obscurely 

divided  down  the  centre  into  two  subequal  parts.  They  extend  fully  two-thirds 
the  length  of  the  valve,  and  they  rest  on  a  thickened  platform,  most  elevated 

posteriorly.  The  narrow  lanceolate  area  between  the  muscle-scars  is  depressed  and 
marked  longitudinally  by  a  median  groove.  The  marginal  portion  of  the  valve 

outside  the  muscular  impressions  is  marked  by  fine  short  irregular  radiating 
vascular  sinuses. 

The  interior  of  the  pedicle- valve  shows  a  definite  inner  pair  of  narrow  long 
vascular  trunks  widely  separated  and  somewhat  arched  outwards,  extending  nearly 

the  whole  length  of  the  valve,  and  having  a  broad  area  between  them,  finely  striated 

and  pitted  longitudinally ;  outside  this  main  pair  of  vascular  trunks  there  is  a  group 

of  5-6  subparallel  short  smaller  vascular  trunks  running  forwards  and  outwards. 
No  distinct  diductors  can  be  observed.  Delicate  radial  lines  of  very  minute  papillae 
cover  the  rest  of  the  interior. 

The  exterior  of  the  shell  appears  to  be  practically  smooth,  the  radial  striae  being 

extremely  fine  and  delicate  and  rarely  preserved ;  but  concentric  growth-ridges, 
frequently  sublamellose,  are  generally  developed. 

This  shell  is  particularly  characteristic  of  the  Craighead  Limestone.  In  shape  it 

recalls  Christiania  tenuicincta  (M'Coy),  but  the  muscle-scars  are  much  like  those  of 
Plect.  transversalis  as  figured  by  Hall  and  Clarke.* 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead;  (2)  Balclatchie,  Ardmillan. 

Genus  Stropheodonta,  Hall. 

The  genus  Stropheodonta  was  founded  by  Hall   in    1852    with   the   Devonian 

species  Leptaena  deniissa,  Conrad,  as  the  type,  and  Hall  and  Clarke  #  state  that 

the  genus  is  "  emphatically  characteristic  of  the  Devonian,"  and  that  it  "  makes  its 

first  appearance  in  the  Clinton."     Thus  they  do  not  recognise  any  representatives 

of  it  in  Ordovician  beds.     Schuchert  in  Eastman  Zittel's  Text-book  of  Paleontology 
(2nd  edit.,  1913),  p.  385,  separates  off  as  distinct  subgenera  the  groups  Leptostrophia, 

Douvillina,  and  Brachyprion  mentioned  by  Hall  and  Clarke,  but  likewise  only 

mentions  them  as  occurring  in  Silurian  or  Devonian  beds.     The  denticulation  of  the 

*  Hall  and  Clarke,  op.  cit,  Brach.,  i,  pi.  xv,  fig.  36. 

t  Hall  and  Clarkk,  op.  cit.,  Brach.,  i,  pp.  284-289. 
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cardinal  margins  is  given  as  the  main  distinction  from  Rafinesquina.  The  genus, 

however,  certainly  occurs  in  the  British  Ordovician,  and  probably  is  represented  by 

more  than  one  subgenus.  But  the  groups  of  OrdoAdcian  species  are  not  as  yet 

firmly  enough  established  to  warrant  distinctive  names. 

Stropheodonta  arenacea  (Salter  MS.). 

(Plate  XVI,  fig.  19.) 

1865.  Strophomena  arenacea,  Salter,  Cat.  Mux.  Pract.  Geol.,  p.  36. 

1870.  Strophomena   arenacea,  Salter,  Davidson,  Mon.  Brit.  Foss.   Brack.,  vol.    iii,    pt.    vii,    p.    296, 

pt.  xlii,  figs.  6-8. 
1883.  Strophomena  arenacea,  Salter,  Davidson,  ibid.,  vol.   v,  Silur.  Suppl.,  p.  197,  pi.  xvi,  figs.  3,  4,  5 

(Ifig.  2). 

Davidson  recorded  this  species  from  Camregan  Wood  and  Woodland  Point,  but 

the  specimen  which  he  figured  from  the  latter  locality  is  doubtful,  and  there  are 

also  certain  specimens  in  Mrs  Gray's  collection  from  Camregan  Wood  which  he 
labelled  Str.  compressa,  but  they  must  certainly  be  referred  to  Str.  arenacea.  The 

following  additional  details  of  internal  structure  may  be  gathered  from  these  specimens, 

two  of  the  internal  casts  of  the  brachial  valve  being  well  preserved.  The  hinge-line 
is  finely  denticulate,  the  cardinal  process  is  prominent  and  divided  into  two  triangular 

lobes  diverging  and  increasing  in  height  anteriorly  and  with  the  posterior  sloping 

face  of  each  lobe  grooved  ;  the  hinge-plate  is  thickened,  elongated,  diamond-shaped, 
pointed  in  front,  and  it  separates  posteriorly  the  elongated  parallel  adductors  which 

are  ill  defined  in  front ;  the  crural  plates  are  short,  and  make  an  angle  of  about  30° 

with  the  hinge-line.  These  shells  have  a  subquadrate  shape  like  Davidson's  figured 
specimens  from  Gunwich  Mill  and  Huntley  Hill  (op.  cit.,  vol.  iii,  p.  297,  pi.  xlii, 

figs.  7,  8)  and  are  not  transverse  like  the  first  figured  example  (fig.  6)  from  Norbury. 

Davidson  was  of  the  opinion  that  two  species  had  been  included  by  Salter  under 

this  name,  and  this  seems  to  be  very  probable. 

Horizons. — (l)  Camregan  Group  ;  (2)  Saugh  Hill  Group. 

Localities. — (l)  Camregan  Wood  ;  (2)  Woodland  Point. 

Stropheodonta  corrugatella  (Davidson). 

(Plate  XVI,  fig.  20.) 

1870.  Strophomena   corrugatella,  Davidson    (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  p.   301,  pi.   xli. 
figs.  8-11  (non  figs.  12-14,  nee  Suppl.,  pi.  xv,  figs.  23-26). 

The  true  Stroph.  corrugatella  seems  to  occur  in  the  Starfish  Bed,  and  this  is 

approximately  on  the  same  horizon  as  the  Desertcreat,  Keisley,  and  Kildare  beds  in 
which  it  is  well  known.  It  agrees  fairly  well  with  the  type  of  this  species,  Orthis 

corrugata  of  Portlock,*  from  Desertcreat,  but  the  transverse  pittings  in  the  inter- 
spaces are  not  clearly  crescentic,  and  they  do  not  seem  so  large  or  so  generally  developed 

*  Poktlock,  Geol.  Rep.  Londond.,  p.  450,  pi.  xxxii,  figs.  17,  18. 
TRANS.  ROY  SOC.  ED1N.,  VOL.  LI,  PART  IV  (NO.  26).  128 



892  DR  F.    R.    C.    REED   ON    THE 

over  the  surface  as  in  the  type  form  from  Ireland.  The  fact  that  the  radii  are  straight 

at  once  distinguishes  it  from  Str.  Jamesoni  (see  p.  893),  in  which  they  are  curved. 

In  these  Girvan  examples ' of  Str.  corrugatella  the  cardinal  process  is  occasionally 
preserved,  and  we  note  that  it  is  high,  strongly  bilobed,  and  rerlexed,  being  composed 

of  two  large  oval  lobes  divergent  posteriorly  ;  the  crura  are  far  apart,  short,  and 

inclined  at  about  45°  to  the  hinge-line.  In  the  pedicle-valve  the  teeth  are  very 
short ;  the  muscle-scar  is  rather  small,  subcircular,  and  composed  of  two  feebly 

impressed  radially  grooved  contiguous  flabelliform  diductors.  On  each  side  of  the 

beak  the  line  transverse  denticulations  along  the  whole  length  of  the  hinge-line  can 
be  observed.     The  supposed  Shalloch  Mill  examples  are  poor  and  doubtful. 

Dimensions. — Length,  20  mm.  ;  width,  30  mm. 

Horizons. — (l)  Drummuck  Group  (Starfish  Bed) ;  (2)  Whitehouse  Group? 

Localities.— (l)  Thraive  Glen  ;  (2)  Shalloch  Mill. 

Stropheodonta  donax,  sp.  nov. 

(Plate  XVI,  figs.  21-27.) 

Shell  transversely  semicircular  to  semielliptical,  fully  twice  as  wide  as  long,  sub- 

auriculate,  widest  along  hinge-line,  concavo-convex  to  plano-convex,  compressed  ; 

hinge-line  very  minutely  denticulated ;  cardinal  angles  subacute,  less  than  right 

angles,  somewhat  produced.  Pedicle-valve  gently  convex;  beak  small,  slightly 

rising  above  hinge-line,  gently  incurved ;  hinge-area  narrow,  elongate-triangular, 

lying  in  plane  of  valve  ;  teeth  small,  short ;  muscular  area  small,  transversely  sub- 

circular  to  subpentagonal,  well  defined,  with  sharp  raised  margins  about  one-fourth 

to  one-third  length  of  valve  ;  diductors  short,  subtriangular",  embracing  laterally 
narrow  lanceolate  elongated  adductor  scars  produced  in  front  of  diductors  and 

separated  by  median  ridge,  sometimes  continued  weakly  in  front  of  scars.  Brachial 

valve  concave  to  flat ;  beak  inconspicuous  ;  hinge-area  steeply  inclined  to  plane  of 
valve,  narrower  than  in  opposite  valve  ;  cardinal  process  divided  to  base  into  two 

parallel  and  closely  placed  stout  lobes,  with  posterior  faces  grooved  ;  crural  plates 

low,  short,  widely  divergent,  inclined  at  about  20°  to  hinge-line.  Surface  of  val 
covered  with  numerous  closely  placed  small  subequal  regular  rounded  riblets,  in- 

creasing by  intercalation  to  100-130  on  margin,  separated  by  interspaces  equal  in  width 

to  riblets,  with  fine  concentric  striation  and  a  few  stronger  growth-ridges  over  all 

Dimensions. — Length,  15-16  mm.  ;  width,  28-31  mm. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — The  denticulations  on  the  hinge-line  are  very  minute,  and  may  easily 

escape  notice,  as  this  part  of  the  shell  is  generally  imperfectly  preserved.  But  the 

examination  of  a  large  series  of  specimens  has  proved  their  existence,  and  they 

appear  to  extend  the  whole  length  of  the  hinge-line.     A  good  internal  cast  of  a  pedicle 
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valve  in  Mrs  Gray's  collection  which  plainly  shows  them  was  labelled  by  Davidson 

"  Orthis  Actonix,  young."  In  outline  and  convexity  the  shell  recalls  Str.  Orbignyi, 
Dav.,#  of  the  Wenlock  Limestone,  but  in  ornament  it  is  more  like  some  of  the  Welsh 

specimens  referred  wrongly  by  Davidson  to  Str.  shallochensis.i  It  is  possible  that 

it  is  related  to  Str.  retrojlexa,  Salter,}  and  the  muscle-scar  in  the  pedicle-valve  and 

convexity  resemble  Str.  ungula,  M'Coy.§ 

Stroplieodonta  Jamesoni,  sp.  nov. 

(Plate  XVI,  figs.  28-30  ;  Plate  XVII,  figs.  1,2.) 
1883.  Strophomena  corrugate/la,  Davidson  (pars),  Mon.  Brit.  Foss.  Brarh.,  vol.  v,  Silur.  SuppL,  p.  192, 

pi.  xv,  fig.  25  only  (non  tigs.  23,  24,  26). 

Shell  semioval  to  subquadrate,  widest  along  hinge-line,  much  compressed, 
flattened  ;  cardinal  angles  subacute,  rather  less  than  right  angles,  usually  slightly 

produced,  pointed,  and  subauHculate.  Pedicle-valve  much  flattened,  slightly  raised, 
and  subcarinate  along  middle  line  ;  margin  occasionally  slightly  arched  down  ;  beak 

small,  pointed,  scarcely  rising  above  hinge-line  ;  hinge-area  narrow,  linear,  longitudin- 

ally striated,  steeply  inclined,  or  nearly  at  right  angles  to  plane  of  valve  ;  hinge-line 
minutely  denticulate ;  delthyrium  small,  triangular,  with  convex  deltidium. 

Interior  of  pedicle-valve  with  very  short  small  dental  lamellae,  large  faint  flabelli- 
form  diductors,  and  coarse  pustules  over  surface  in  irregular  radial  lines.  Brachial 

valve  gently  concave  on  disc,  flattened  elsewhere ;  beak  small,  inconspicuous ; 

hinge-area  narrower  than  in  opposite  valve.     Interior  imperfectly  known. 

Surface  of  valves  ornamented  with  20-30  primary  thread-like  riblets,  sometimes 
slightly  nodulose,  equidistant,  and  of  equal  strength,  curving  back  gently  on  each 

side  of  middle  line  ;  interspaces  filled  with  2-7  finer  thread-like  radii,  of  which  one 

or  more,  rather  irregularly  at  one-third  to  three-fourths  their  length,  increases  to 

size  of  primaries  (or  nearly  so),  so  that  marginally  there  are  100  or  more  subequi- 

distant  equal  or  subequal  riblets  with  finer  intermediate  radii ;  4-6  strong  widely 

spaced  short  concentric  rugse  on  each  side  close  to  hinge-line,  bending  out  sharply 
so  as  to  meet  it  at  very  acute  angles,  not  continued  over  disc.  Interspaces  generally 

marked  with  short  straight  unbent  transverse  equidistant  shallow  pits,  developed 

somewhat  irregularly  over  half  or  two-thirds  the  length  of  shell. 

Dimensions. — Length,  28  mm.  ;  width  along  hinge-line,  39  mm. 
Horizon. — Saugh  Hill  Group. 

Localities. — Woodland  Point,  Newlands. 

Remarks. — This   shell   is   undoubtedly   much    like   Str.   corrugatella,  to    which 
species  it  was  assigned  by  Davidson.     But  it  differs  in  the  greater  flatness  of  the 

valves,   the  less  transverse   shape,  the    marginal   corrugations  on  the   valves    near 

the  hinge-line,  the  outward  curvature  of  the  riblets,  and  the  different  shape  and 
*  Davidson,  op.  cit.,  vol.  iii,  p.  306,  pi.  xlii,  figs.  12-14.  t  Ibid.,  SuppL,  vol.  v,  pi.  xii,  fig.  30. 
I  Ibid.,  vol.  iii,  p.  298,  pi.  xlii,  figs.  14-16  (?non  17).  §  Ibid.,  vol.  iii,  p.  296,  pi.  xlii,  figs.  6-8. 
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smaller  development  of  the  transverse  pits  and  rugee  in  the  interspaces.  The 

true  type  of  Str.  corrugatella  is  Portlock's  Orthis  corrugata  from  the  Bala  of 
Desertcreat,  which  Davidson  refigurecL*  Our  shell  is  more  allied  to  Stropheodonta 
corrugata,  Conrad, f  from  the  Clinton  Beds,  and  perhaps  to  Stroph.  sculpta,  Gagel,} 

and  especially  in  ornamentation  to  Stroph.  Patersoni,  Hall.§  This  new  species  is 

named  after  Robert  Jameson  the  Professor. of  Natural  History  in  Edinburgh  at 

the   end  of  the  eighteenth  century. 

Subgenus  leptostrophia,  Hall  and  Clarke. 

Stropheodonta  (Leptostrophia)  Jilosa  (Sowerby),  var.  nov.  mullochensis. 

(Plate  XVII,  figs.  4-8.) 
L883.   Strophomena  expa?isa,  Sowerby,  Davidson,  Man.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  SuppL,  p.  194, 

pi.  xv,  figs.  1,  3-5  (non  fig.  2). 

Shell  subquadrate  to  semielliptical ;  much  compressed,  plano-convex ;  hinge-line 

equal  to  width  of  shell ;  cardinal  angles  rectangular,  rarely  obtuse.  Pedicle-valve 
very  gently  convex,  flattened  in  cardinal  region  laterally  ;  beak  small,  acute,  scarcely 

projecting  above  hinge-line  ;  hinge-area  narrow,  linear  ;  hinge-line  with  short  marginal 

denticulations  for  whole  length.  Interior  of  pedicle-valve  with  thin  long  linear 

dental  plates  diverging  at  about  60°  to  hinge-line  ;  muscle-scar  triangular,  composed 
of  pair  of  weakly  impressed  flabelliform  diductors,  undefined  in  front,  enclosing 

elongated  oval  adductor  scar.  Brachial  valve  flat ;  hinge-area  narrow,  linear,  sub- 

equal  to  that  on  pedicle-valve  ;  beak  small,  inconspicuous.  Interior  of  brachial  valve 
with  small  bilobate  cardinal  process,  the  narrow  elongate  lobes  diverging  anteriorly 

at  about  30°  ;  crural  plates  short,  blunt,  diverging  at  about  45°  to  hinge-line  ;  adductor 
scars  very  faint,  with  low  broad  median  ridge  between  them.  Surface  of  valves 

ornamented  with  very  numerous  fine  subequal  delicate  radii  curving  back  a  little  on 

each  side  and  increasing  by  frequent  intercalation  ;  every  fifth  or  sixth  radius  is 

rather  stronger,  and  a  few  of  these  are  primaries,  continuous  from  beak  to  margin. 

Shell  densely  punctate  with  small  pits,  equal  and  equidistant  and  closely  set  between 

the  radial  lines.  A.  few  small  short  bent  concentric  rugse  occasionally  developed  on 

each  side  of  beak  close  to  hinge-line,  and  meeting  it  at  acute  i  ngles. 

Dimensions. — 
(1)  (2) 

Length       .  .  .  .  .  .18  23  mm. 
Width   22  34  mm. 

Horizon. — Mulloch  Hill  Group. 

Localities. — Mulloch  Hill,  Craigens. 

Remarks. — It   is    curious   that   this  shell    should  have  been  mistaken  for  Raf. 

*  Davidson,  op.  cit.,  vol.  iii,  pi.  xli,  fig.  8. 
t  Hall,  Palxont.  N.Y.,  ii,  1852,  pi.  21,  figs.  2o^2c ;  Grab.vu,  Bull.  New  York  State  Mm.,  No.  45,  vol.  ix  (1901J 

p.  181,  fig.  85. 
I  Gagkl,  op.  cit.,  p.  46,  t.  iii,  Bg.  21.  5;  Hall  and  Clakke,  Brach.,  i,  pi.  xiv,  rig.  16. 
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expansa;  the  denticulations  of  the  hinge-line  can  usually  be  observed  in  all  the 
examples,  and  are  distinct  in  one  of  those  figured  by  Davidson.  A  comparison  with 

the  well-known  Wenlock  species  Str.  filosa  (Sowerby)*  shows  that  the  Girvan  form 
can  only  be  separated  as  a  variety,  differing  by  the  absence  of  angular  mucronate 

wings  to  the  cardinal  angles,  and  by  its  more  subquadrate  shape.  The  Llandovery 

species  Str.  compressa  (Sowerby)  f  resembles  the  Girvan  shell  more  closely  in  out- 
line, but  less  closely  in  its  internal  characters. 

Stroplieodonta  (Leptostrophia)  subfilosa,  sp.  nov. 

(Plate  XVII,  figs.  9-12.) 

Shell  semielliptical,  widest  along  hinge-line,  much  compressed,  flattened  to  plano- 

convex ;  cardinal  angles  subrectangular ;  hinge-line  furnished  with  regular  small  denti- 

culations along  its  whole  length.  Pedicle-valve  fiat,  or  very  slightly  convex  ;  beak 

small,  scarcely  rising  above  hinge-line  ;  hinge-area  narrow,  triangular,  longitudinally 
striated,  nearly  at  right  angles  to  plane  of  valve,  with  small  triangular  delthyrium 

and  deltidium  ;  interior  of  pedicle-valve  with  pair  of  small  teeth  and  flabelliform 

divergent  diductor  scars,  anteriorly  truncated,  extending  about  two-fifths  the  length 
of  the  shell  and  embracing  moderately  broad  oval  adductor  scars  between  them. 

Brachial  valve  slightly  concave  or  nearly  flat ;  beak  inconspicuous,  not  raised  ;  hinge- 
area  very  narrow,  nearly  at  right  angles  to  valve.  Surface  of  valves  ornamented 

with  about  30-40  straight  thread-like  radii,  of  which  about  half  the  number  are 

primaries,  the  others  arising  as  secondaries  or  tertiaries  at  about  half  to  three-fourths 
the  length  of  the  valve,  all  subequidistant  and  fairly  regularly  developed  ;  interspaces 

rather  wide,  holding  3-5  delicate  radial  striae  crossed  by  fine  concentric  striation. 
Dimensions.  — 

(1)  (2) 

Length   16  13'5  mm. 
Width   23  20*0  mm. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Remarks. — The  denticulation  of  the  hinge-line  and  flatness  of  the  shell  obliges 
us  to  separate  this  from  Rafinesquina,  but  the  ornamentation  is  much  like  that  of 

R.  expansa,  var.  Macallumi.  The  flatness  and  small  depth  of  the  shell  do  not  seem 
due  to  compression  in  the  rock.  The  muscle-scars,  so  far  as  they  are  known,  support 
the  reference  to  Stropheodonta,  but  no  interior  of  a  brachial  valve  has  been  observed. 

The  species  seems  allied  to  Stroph.  compressa,  Sow.,}  and  Stroph.  filosa,l  Sow.,  but 
these  are  both  Silurian  species.  The  hinge-line  of  the  pedicle-valve  has  a  series  of 
small  separated  pits  sunk  in  the  thickness  of  the  shell  to  receive  corresponding  small 
teeth  of  the  opposite  valve,  and  such  is  the  case  in  Stroph.  filosa. 

*  Sowerby,  in  Murchison's  Silurian  System,  p.  630,  pl.  xiii,  fig.  12  ;  Davidson,  op.  cil,  vol.  iii,  pt.  vii,  p.  307, pi.  xliv,  figs.  14-20.  +  /MA>  p  315;  pl  xlvi)  figs  7._10 
|  Davidson,  op.  cit,  vol.  ili,  p.  315,  pl.  xlvi,  figs.  7-10.  §  Ibid.,  p.  307,  pl.  xliv  figs.  14-20. 
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Subgenus  brachyprion,  Shaler. 

Stropheodonta  {Brachyprion)  columbaria,  sp.  nov. 

(Plate  XVII,  tigs.  13-19.) 
1883.   Orthis   sagittifera,    M'Coy,   Davidson,   Mon.  Brit.  Fuss.  Brack.,  vol.  v,  Si/ur.  Suppl.,  p.  181, 

pi.  xiii,  fig.  29  (non  Orthis  sagittifera,  M'Coy,  1851). 
1883.  Strophomena  expansa,  Sowerby,  Davidson  (pars),  ibid.,  pp.  194,  227. 

Shell  subquadrate,  nearly  as  long  as  wide,  unequally  biconvex,  widest  at  hinge- 

line  ;  cardinal  angles  rectangular  or  slightly  less  than  right  angles,  rarely  alate. 

Hinge-line  furnished  with  6-10  small  oblique  transverse  crenulations  for  a  short 

distance  on  each  side  of  delthyrium.  Pedicle-valve  gently  convex,  most  so  along 
median  line,  often  subcarinate,  deepest  just  behind  middle,  more  or  less  flattened 

towards  cardinal  angles;  beak  small,  acute,  rising  well  above  hinge-line;  hinge-area 
triangular,  moderately  high,  steeply  inclined,  with  wide  triangular  delthyrium, 

frequently  narrowed  by  lateral  ingrowths  of  margins.  Interior  of  pedicle-valve  with 

pair  of  stout  teeth  inclined  at  60°-70°  to  hinge-line  ;  muscle-scar  deeply  impressed 
behind,  but  weak  and  indistinctly  defined  in  front,  composed  of  pair  of  rather  large 

fiabelliform  diductors  enclosing  small  oval  raised  adductor  scar  ;  ovarian  areas  pitted. 

indefinite.  Brachial  valve  more  uniformly  convex  than  opposite  valve,  occasionally 

with  a  weak  median  depression  ;  beak  small,  inconspicuous ;  hinge-area  narrower 

than  that  of  pedicle-valve,  nearly  at  right  angles  to  plane  of  valve,  with  triangular 
delthyrium.  Interior  of  brachial  valve  with  prominent  thick  anterior  walls  to  dental 

sockets,  and  stout  cardinal  process  composed  of  pair  of  closely  placed  triangular  lobes 

deeply  grooved  on  posterior  face  ;  hinge-plate  thick,  produced  anteriorly  into  low 
broad  rounded  median  ridge  dying  out  anteriorly,  and  with  small  median  tubercle 

situated  immediately  in  front  of  cardinal  process  ;  adductor  muscle-scars  weakly  im- 
pressed, indistinct,  apparently  consisting  of  two  pairs  ;  ovarian  areas  strongly  pitted, 

indefinite.  Surface  of  valves  covered  with  numerous  regular  closely  placed  radiating 

small  rounded  or  subangular  ribs,  slightly  curved  back  on  each  side,  with  shorter 

rather  finer  ones  intercalated  rather  irregularly  between  the  primaries,  usually 

at  one-third  and  again  at  one-half  to  three-fourths  their  length,  and  with  very  fine 
concentric  striation  over  all. 

Dimensions. — Length,  18-24  mm;  width,  20-27  mm. 

Horizon. — Mulloch  Hill  Group. 

Localities. — Mulloch  Hill,  Craigens,  East  Threave  Farm. 

Remarks. — The  crenulations  of  the  inner  part  of  the  hinge-line  are  rarely  visible 
owing  to  the  state  of  preservation  of  the  specimens.  But  the  bilobed  cardinal 

process  at  once  separates  it  from  the  true  Orthis  sagittifera,  M'Coy, #  to  which 
Davidson  referred  some  examples,  and  the  coarse  ornamentation  as  well  as  the  internal 

features  render  it  difficult  to  see  how  Davidson  was  led  to  label  some  other  specimens 

"Strophomena"  expansa,  Sowerby.     The  reference  to  the  subgenus  Brachyprion 
*  M'Coy,  Syn.  Brit.  Palmoz.  Foss.  Woodw.  Mus.,  1852,  p.  227,  pi.  iH,  figs.  15-19. 



ORDOVICIAN   AND   SILURIAN   BRACHIOPODA   OF  THE   GIRVAN    DISTRICT.       897 

is  indicated  by  the  limitation  of  the  cardinal  crenulations  to  a  portion  of  the  hinge- 
line,  and  the  internal  characters  agree  in  a  general  manner  with  Str.  (Br.)  varistriata 

(Conrad)*  and  Str.  (Br.)  profunda  (Hall),t  of  the  American  Silurian. 

Stropheodonta  (Brachyprion)  Walmstedti  (Lindstrom). 

(Plate  XVII,  fig.  3.) 

I860.  Strophomeha  Walmstedti,  Lindstrom.  Proc.  Roy.  Acad.  Stockholm,  pi.  xiii,  fig.  16. 

1868.  Strophomena   Walmstedti,  Lindstrom,   Davidson,  Trans.  Geol.  Soc.  Glasyow,  vol.  i,  p.  18,  pi.  iii, 

figs.  5,  6. 
1870.  Strophomena   Walmstedti,  Lindstrom,  Davidson,  \lon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  290, 

pi.  xl,  figs.  6-8. 
1883.  Strophomena  Walmstedti,  Lindstrom,  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  226. 

This  species  is  recorded  by  Davidson  \  from  the  Wenlock  Shale  of  the  Pentland  Hills 

and  from  the  Upper  Llandovery  of  Cuddystone  Glen,  Girvan.  The  two  specimens 

from  the  latter  locality  in  Mrs  Gray's  collection  labelled  by  Davidson  are  poor  ;  one  is 
the  internal  cast  of  a  pedicle-valve,  measuring  about  40  mm.  in  length,  and  shows  ob- 

scurely the  muscle-scars  and  pittings  and  coarse  oblique  denticulations  on  the  hinge-line 
close  to  the  beak  which  were  not  mentioned  or  depicted  by  Davidson  but  are  typical  of 

the  subgenus.     A  specimen  from  Penkill  occurs  in  the  Hunterian  collection  at  Glasgow. 

Horizons. — (l)  Camregan  Group  ;  (2)  Penkill  Group. 

Localities. — (l)  Cuddystone  Glen  ;  (2)  Penkill. 

Stropheodonta  (Brachyprion)  sp. 

(Plate  XVII,  fig.  20.) 

Shell  transversely  semicircular,  widest  along  hinge-line  ;  cardinal  angles  slightly 

alate  and  pointed  at  about  45°-60°.  Pedicle-valve  gently  convex,  lateral  portions 
somewhat  flattened  ;  beak  small,  acute  ;  hinge-area  narrow,  triangular,  transversely 
striated,  steeply  inclined  to  plane  of  valve,  with  triangular  delthyrium  ;  hinge-plates 
semioval  near  delthyrium,  elongate,  extending  for  a  short  distance  along  hinge-line 
close  to  beak,  marked  with  12-14  transverse  oblique  parallel  straight  grooves; 
remainder  of  hinge-line  not  denticulate.  Diductor  scars  large,  flabelliform,  indistinct, 
very  weakly  impressed.     Surface  ornamentation  unknown. 

Dimensions. — Length  about  12  mm.  ;  width  about  24  mm. 
Horizon.    -Camregan  Group. 
Locality.     Camregan  Wood. 

Re  marks.  -The  more  transverse  shape  of  this  shell  and  the  apparent  absence  of 
the  coarse  radial  ornamentation  distinguish  this  imperfectly  known  shell  from  Str. 
columbana.  Only  two  internal  casts  of  the  pedicle-valve  are  known,  so  that  the 
material  is  quite  insufficient  for  a  satisfactory  comparison. 

*  Conrad,  Journ.  Acad.  Sc.  Philadelphia,  viii,  1842,  p.  255,  pi.  14,  fig.  (;. 
t  Hall,  Palxont.  New  York,  vol.  ii,  1852,  p.  61,  pi.  21,  figs.  4,  5. 
%  Davidson,  op.  cit.,  vol.  iii,  p.  290,  pi.  xl,  figs.  6-8. 
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Stropheodonta  ?  Nicholsoni,  sp.  nov. 

(Plate  XVII,  fig.  21  ;  Plate  XVIII,  figs.  1-8.) 

L883.  Strophomena  imbrex,  var.  semighbosina,  Davidson  (pars),  A/ore.  Brit.  Foss.  Brack.,  vol.  v,  StYar. 
Suppl.,  p.  195,  pi.  xv,  figs.  9,  10  (non  fig.  11). 

Shell  concavo-convex,  compressed,  subquadrate  to  semielliptical,  widest  along 

hinge-line,  about  one-third  wider  than  long  ;  cardinal  angles  subrectangular  to  sub- 

acute, less  than  right  angles,  sometimes  slightly  alate  and  pointed  at  60°-75° 
[hinge-line  furnished  along  whole  length  with  coarse  projecting  denticles  not  closely 

placed].  Pedicle- valve  inflated,  strongly  convex,  with  slightly  flattened  lateral 

angles ;  beak  obtuse,  somewhat  swollen,  rather  high  and  incurved ;  hinge-area 

triangular,  transversely  striated,  lying  in  plane  of  valve,  with  large  triangular  del- 

thyrium.  Interior  of  pedicle-valve  with  pair  of  stout  triangular  teeth  and  weakly 

impressed  subcircular  muscle-scar  less  than  one-fourth  length  of  valve  and  composed 
of  pair  of  short  blunt  flabelliform  diductors  separated  by  narrow  oval  adductors. 

Brachial  valve  concave,  usually  with  broad  shallow  indefinite  median  depression  ;  beak- 

small,  not  swollen,  inconspicuous  ;  hinge-area  narrower  than  that  in  opposite  valve 
and  nearly  at  right  angles  to  it ;  interior  with  strong  short  crural  plates  inclined 

at  15°-20u  to  hinge-line  ;  cardinal  process  imperfectly  known  ;  muscle-scars  very 
faint ;  weak  concentric  submarginal  rugose  and  coarsely  pustulose  internal  thicken- 

ing sometimes  present.  Surface  of  valves  covered  with  60-100  straight  subangular 
or  rounded  radiating  subequal  riblets,  mostly  primaries,  closely  placed,  with  shorter 

and  usually  rather  smaller  secondary  ribs  occasionally  intercalated  at  irregular 

intervals  towards  margins  ;  interspaces  equal  in  size  to  ribs,  subangular  to  rounded; 

all  ribs  and  interspaces  crossed  by  fine  regular  concentric  lineation  ;  ribs  apparent 

on  interior  of  both  valves. 

Dimensions. — (1)  (2) 

Length        .  .         .  .         .  .21  11*0  mm. 
Width   30  15"5  mm. 

Horizon.  — Balclatchie  Group  (including  conglomerate). 

Locality. — Balclatchie. 
Remarks. — The  cardinal  process  of  this  shell  is  unfortunately  not  well  preserved  in 

.any  of  the  specimens ;  its  apparent  simplicity  and  absence  of  bifurcation  is  probably 

due  to  the  fact  that  only  the  stalk  is  preserved  in  the  few  imperfect  casts  or  impres- 
sions which  are  available.  The  cardinal  denticulation  also  is  somewhat  uncertain. 

The  shell  has  altogether  a  certain  Orthoid  appearance  which  renders  its  true  position 

doubtful,  though  its  general  characters  seem  to  point  to  Stropheodonta. 

The  specimens  from  the  Balclatchie  conglomerate  referred  by  Davidson  to  '  Stro- 

phomena imbrex,  var.  semiglobosina,"  were  inaccurately  figured,  for  in  one  (op.  cit., 
fig.  1 0)  the  cardinal  angle  on  the  left  side  is  omitted  and  the  long  straight  hinge  lii 

therefore  unduly  shortened.    In  the  other  specimen  (op. cit., fig.  9)  the  cardinal  angle-  are 
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imperfect  and  broken,  but  the  flattening  in  this  region  is  apparent.  In  both  the  orna- 
mentation is  completely  different  from  that  of  the  true  Raf.  semiglobosina  (Dav.) 

(see  p.  869). 

The  ribbing  and  shape  of  Str.  Nicholsoni  recall  some  species  of  StropJiomena 

from  the  American  Ordovician  (e.g.  Str.  'planoconvexa,  Hall,*  and  Str.  sulcata, 

Verneuil  f ),  but  the  strongly  swollen  beak,  the  apparently  denticulated  hinge-line,  and 
the  reversed  convexity  of  the  valves  mark  it  off  from,  all  of  these  species  and  from  this 

minis.  It  is  named  in  honour  of  Professor  Alleyne  Nicholson,  whose  monograph 

on  the  Grirvan  fossils,  in  collaboration  with  R.  Etheridoe,  jun.,  is  well  known. 

Stropheodonta  ?    Waltoni  (Davidson)  ? 

1  1847.   Leptxna  Waltoni,  Davidson,  London  Geol.  Journ.,  vol.  i,  p.  56,  pi.  xxvi,  fig.  3. 

1 1848.  Leptsena  Waltoni,  Davidson,  Bull.  Soc.  Geol.  France,  ser.  2,  vol.  v,  p.  317,  pi.  iii,  fig.  6. 

1883.  Strophomena    Waltoni,    Davidson,    Mon.    Brit.    Foss.    Brack.,    vol.    v,    Silur.    SuppL,    p.    195, 

pi.  xvi,  fig.  1. 

There  is  only  one  poor  external  cast  of  one  valve  of  this  species,  and  Davidson's 
figure  is  more  or  less  a  restoration.  Davidson's  identification  with  Str.  Waltoni  is 
uncertain,  though  the  shape  of  the  shell  is  similar  to  the  type  of  Str.  Waltoni  from 

the  Wenlock  Shale  of  Falfield,|  but  the  ornamentation  is  not  clearly  preserved.  The 

hinge-line  is  apparently  denticulate,  and  the  shell  may  be  probably  referred  to  the 
genus  Stropheodonta.  It  is  possible  that  this  specimen  may  belong  to  the  species 

Stroph.  arenacea,  Salter,  which  has  been  above  described  from  Camregan. 

Horizon. — Camregan  Group. 

Locality. — Cuddystone  Glen. 

Stropheodonta  sp. 

(Plate  XVIII,  figs.  9,  10.) 

There  are  some  fragmentary  shells  from  Mulloch  Hill  in  Mrs  Gray's  collection 

which"  seem  to  possess  many  of  the  characters  of  Str.  corrugatella  (Dav.)  of  the 
Upper-  Ordovician,  but  on  account  of  certain  differences  it  does  not  seem  possible  to 
include  them  in  this  species.  Thus  the  shell  is  subquadrate  in  form,  with  small 

pointed  ears,  and  it  is  rather  suddenly  arched  down  at  about  two-thirds  its  length, 

though  not  provided  with  a  flattened  disc  or  distinct  geniculation.  The  character- 
istic ornamentation  is  mainly  limited  to  the  portion  of  the  shell  which  is  not  bent 

down,  the  latter  portion  being  only  covered  with  the  radiating  primary  riblets  with 

the  wide  interspaces  showing  2-3  finer  radial  lines.  These  characters  resemble  those 

of  Str.  Patersoni,  HallJ  of  the  Devonian  of  North  America  rather  than  the  typical 

Str.  corrugatella  (Dav.).     One  internal  cast  of  a  pedicle-valve,  somewhat  broken  and 

*  Fokrste,  Bull.  Seient.  Lab.  Denison  Univ.,  vol.  xvii,  1912,  p.  54,  pi.  i,  figs.  1a-e,  2a,  b. 
t  Ibid.,  p.  102,  pi.  i,  figs.  4a-o  ;  pi.  xi,  fig.  2.  +  Davidson,  op.  cit.,  vol.  iii,  p.  310,  pi.  xlii,  fig.  11. 
§  Hall,  Tenth  Ann.  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  114,  figs.  1-5  ;  Hall  and  Clarke,  op.  cit. 

Brach.,  i,  1892,  pi.  xiv,  fig.  15. 

TRANS.  ROY.  SOC.  EDIN,  VOL.  LI,  PART  IV  (NO.  26).  129 
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crushed,  shows  a  short  subcircular  muscle-scar,  more  deeply  sunk  and  more  sharply 

margined  than  in  the  last-mentioned  species,  but  otherwise  the  internal  characters 
are  not  preserved. 

Dimensions. — Length  about  22"0  mm.  ;  width  (on. hinge-line)  about  2G'0  mm. 
Horizon. — Mulloch  Hill  Group. 

Locality.— Mulloch  Hill. 

Genus  Strophonella,  Hall. 

Strophonella  euglypha  (Hisinger). 

1819.  Leptivna  euglypha,  Hisinger,  Anted-,  pi.  vi,  fig.  4. 
1870.  StropJiomena  euglypha  (Hisinger),  Davidson,  Mon.  Brit.  Fans.  Brack.,  vol.  iii,  pt.  vii,  p.  288, 

pi.  xl,  figs.  1-5  (for  further  references). 

This  species  seems  very  rare  in  the  Girvan  district.  There  is  one  good  interior 

of  a  pedicle-valve  from  Woodland  Point  in  Mrs  Gray's  collection,  showing  the 
characteristic  large  diductor  scars  and  other  features  of  the  species,  and  it  seems 

indistinguishable  from  typical  Wenlock  examples.  Davidson  does  not  record  this 

species  from  Girvan. 

Horizon. — Saugh  Hill  Group. 

Locality. — Woodland  Point. 

Strophonella  'penkillensis,  sp.  nov. 

(Plate  XVIII,  figs.  11-13,  14?) 
1883.  Strophomena  antiquata,  Sowerby,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

p.  193  (non  pi.  xv,  figs.  12-14). 

Shell  transverse,  triangular,  maximum  width  along  hinge-line  ;  concavo-convex, 

strongly  resupinate  ;  cardinal  angles  flattened,  acutely  pointed  at  about  30°-45° ; 
weak  indefinite  median  fold  present  near  anterior  margin  ;  disc  flattened,  somewhat 

obscurely  marked  off  from  anterior  half,  which  is  arched  down  ;  hinge-line  finely 

crenulated.  Pedicle-valve  strongly  concave  ;  beak  small,  pointed,  not  projecting, 

inconspicuous  ;  hinge-area  linear,  narrow  ;  interior  with  pair  of  small  teeth  and  short 

transversely  subcircular  completely  circumscribed  muscle-scar,  about  one-fourth  (or 
less)  the  length  of  shell,  composed  of  two  flabellate  broad  shtfrt  diductors,  slightly 

divergent,  with  narrow  ridge  between  them  anteriorly.  Brachial  valve  with  flattened 

disc  and  cardinal  angles;  margin  arched  down  and  swollen  into  low  fold  in  middle: 

beak  inconspicuous  ;  hinge-area  very  narrow,  linear  ;  interior  of  valve  with  prominent 
elevated  large  bilobed  cardinal  process,  each  lobe  oval  and  grooved  on  inner  face ; 

crural  plates  long,  straight,  thick,  at  30°-45°  to  hinge-line ;  hinge-plate  thiek  ; 
posterior  adductors  small,  deeply  sunk,  subcircular  ;  anterior  adductors  longer,  narrow, 

parallel,  suboval,  undefined  in  front,  but  laterally  with  thickened  edges.  Surface  of 

shell  marked  with  regular  fine  equidistant  primary  radii  about  20-30  in  number,  with 

interspaces  occupied  by  5-7  much  finer  thread-like  equal  radii,  all  crossed  by  delicate 
concentric    lineation.     Occasionally    a   shorter    secondary  radius    equal  in  strength 
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to  the  primaries  is  intercalated  at  half  their  length,  but  all  the  primaries  and 

secondaries  are  equidistant  on  the  margin. 

Dimensions. — Length,  14  mm.  ;   width,  24  mm. 

Horizons. — (l)  Penkill  Group  ;  (2)  Camregan  Group. 

Localities. — (l)  Penkill;  (2)  Bargany  Pond  Burn. 

Remarks. — This  rare  shell  must  be  referred  to  Strophonella,  audit  agrees  in  many 

respects,  such  as  ornamentation  and  general  internal  characters,  with  Stroph.  euglypha* 
but  it  is  more  transverse  and  the  muscle-scar  in  the  pedicle-valve  is  smaller.  The 

difference  in  the  ribbing  distinguishes  it  at  once  from  Str.  antiquata,  var.  woodland- 
ensis,  and  the  shell  is  also  shorter,  but  more  transverse,  and  the  cardinal  angles  more 

pointed.     Some  examples  of  it  were  labelled  by  Davidson  Strophomena  antiquata. 

Strophonella  undata  (M'Coy). 

(Plate  XVIII,  figs.  15-18.) 

1846.   Orthis  undata,  M'Coy,  Syi>.  Sihtr.  Foss.  Ireland,  p.  36,  pi.  iii,  fig.  21. 

1852.  Strophomena  deltoidea,  var.  /?,  undata,  M'Coy,  Syn.  Brit.  Pal.  Foss.  Woodw.  Mus.,  p.  234,  pi.  ih, 
figs.  38,  39. 

1870.  Strophomena   deltoidea,  var.  [3,  undata,   M'Coy,  Davidson,  Mon.   Brit.  Foss.   Brack.,   vol.    iii, 
pt.  vii,  p.  295,  pi.  xxxix,  figs.  23,  24. 

1883.  Stro}ihomena  deltoidea  (Conrad),  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  pp.  199,  226. 

The  type  of  this  species  was  obtained  from  Ireland,  and  both  M'Coy  and  Davidson 
came  to  regard  it  as  merely  a  variety  of  Raf.  deltoidea,  but  apparently  they  were 

ignorant  of  its  internal  characters.  Amongst  the  specimens  from  the  Starfish  Bed 

which  i  would  refer  to  this  species,  are  casts  of  the  interior.  The  pedicle- valve  is 
concave  and  geniculated,  not  convex  as  in  R.  deltoidea;  the  disc  is  slightly  convex 

and  is  as  long  as  wide,  and  the  closely  placed  rather  narrow  rugse  on  it  meet  the 

hinge-line  at  right  angles  ;  the  valve  is  geniculated  at  about  two-thirds  its  length  ;  the 

hinge-area  is  strongly  striated  and  the  hinge-line  coarsely  denticulated  ;  the  muscle- 

scar  is  well  defined,  transversely  subcircular,  about  one-third  the  length  of  the  valve, 

and  the  large  fiabellate  diductors  are  radially  ridged  ;  the  ovarian  areas  are  coarsely 

pustulate.  In  the  brachial  valve  the  disc  is  usually  depressed  and  slightly  concave 

and  the  beak  is  inconspicuous  ;  internally  the  cardinal  process  shows  two  lobes  widely 

diverging  and  grooved  on  their  posterior  face  ;  the  thickened  rhomboidal  hinge-plate 

is  produced  as  a  low  pointed  ridge  passing  into  a  thin  low  median  septum  between 
faintly  impressed  adductors.  The  radial  ornament  on  both  valves  is  almost  the  same 

as  described  and  illustrated  by  M'Coy,  but  the  primary  radii  are  less  distinct. 
The  true  generic  reference  of  this  shell  must  be  to  Strophonella  rather  than  to 

Strophomena,  on  account  of  the  denticulation  of  the  hinge-line,  and  a  comparison 

with  M'Coy's  figured  specimens  indicates  that  it  should  be  placed  in  his  species 
Str.  undata.  Externally  it  is  practically  indistinguishable  from  Raf.  deltoidea,  but 
the  internal  characters  and  reversed  convexity  of  the  valves  forbid  us  to  associate 

*  Davidson,  op.  cit.,  iii,  p.  288,  pi.  xl,  figs.  1-5  (especially  figs.  4,  5). 
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it  with  this  species  or  with  Lept.  rliomboidalis,  with  which  fragmentary  specimens 
mioht  be  confused. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Genus  Christiania,  Hall  and  Clarke. 

Christiania  tenuicincta  (M'Coy). 
(Plate  XVIII,  fig.  19.) 

1846.    Produda  tenuicincta,  M'Coy,  Syn.  Silur.  Foss.  Ireland,  p.  25,  pi.  iii,  fig.  4. 

1852.  Leptnena  tenuicincta,  M'Coy,  Syn.  Brit.  Pal.  Foss.  Woodw.  Mus.,  p.  239,  pi.  m,  fig.  40. 

1870.  Leplxna  tenuicincta,  M'Coy,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  326,  pi.  xlvii, 

fig.  7-18. 

1883.   Leptsena  tenuicincta,  M'Coy,  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  168,  pi.  xi,  fig.'  28;  pi.  xii, 

figs.  17-21. 

Davidson's  figures  and  description  of  this  species  give  a  good  idea  of  its  external 
and  internal  characters,  but  he  omitted  to  mention  the  presence  of  the  foramen  in 

the  beak  of  the  pedicle-valve. 
This  foramen  is  frequently  well  seen  in  the  specimens  from  Balclatchie  with  the 

shell  preserved,  and  even  in  internal  casts  the  little  projecting  peg  is  seen  in  the 

cast  of  the  beak  indicating  its  presence.  It  should  also  be  mentioned  that  the  whole 

interior  of  the  shell  is  sometimes  ornamented  with  rather  coarse  longitudinal  striae, 

broken  up  in  places  near  the  margins  into  elongated  pustules. 

The  Craighead  shells  are  narrower  and  longer  than  the  others,  widening  anteriorly, 

and  are  usually  bilobed  by  a  shallow  rounded  continuous  depression  extending  from 

the  beak  to  the  anterior  margin  of  the  pedicle-valve  ;  the  ears  are  also  more  depressed 
and  more  sharply  marked  off  from  the  body  of  the  shell.  I  am  doubtful  if  all  the 

Girvan  shells  from  different  horizons  belong  to  the  same  species,  and  the  Craighead 

form  may  at  any  rate  be  regarded  as  a  variety  for  which  the  designation  bilobata  is 

suggested.     Hall  and  Clarke  *  referred  the  species  to  their  genus  Christiania. 

Horizons. — (l)  Stinchar  Limestone  Group;  (2)  Balclatchie  Group;  (3)  White- 
house  Group  ;  (4)  Drummuck  Group. 

Localities. — (l)  Craighead;  (2)  Balclatchie,  Ardmillan  ;  (3)  Shalloch  Mill;  (4) 
Thraive  Glen. 

Genus  Strophomena,  Blainville  (sens,  restr.). 

Strophomena  antiquata  (Sowerby),  var.  nov.  ivoodlandensis. 

(Plate  XVIII,  figs.  20,  21  ;  Plate  XIX,  figs.  1-5.) 
?  1870.  Strophomena  antiquata  (Sowerby),  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii, 

p.  299,  pi.  xliv,  fig.  5  (non  cet.). 

1883.  Strophomena  antiquata  (Sowerby),  Davidson  (pars),  ibid.,  vol.  v,  Silur.  Suppl.,  p.   193,  pi.  xv, 

figs.  12-14. 

Shell  subtriangular  to  semioval,  rather  wider  than  long,  widest  along  hinge-linfe, 

more  or  less  produced  anteriorly  into  a  tongue-like  fold  or  bluntly  pointed,   will) 
*  Hall  and  Clarke,  op.  dt.,  Brach.,  i,  p.  300. 
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(3) 

26 
22  mm. 

33 27  mm. 

ORDOVICIAN  AND  SILURIAN  BRACHIOPODA  OF  THE  GIRVAN  DISTRICT.      903 

somewhat  flattened  disc,  subgeniculate,  concavo-convex ;  cardinal  angles  slightly 

flattened,  pointed,  and  produced.  Pedicle-valve  concave,  generally  produced  in 

front  into  short  blunt  tongue  ;  interior  of  valve  with  short  subcircular  well-defined 

muscular  area  with  sharp  raised  edges,  extending  about  one-fourth  the  length  of  valve, 
composed  of  a  pair  of  contiguous  fiabelliform  diductors.  Brachial  valve  gently 

convex,  with  more  or  less  flattened  ill-defined  disc  and  bent-down  margins  ;  cardinal 

process  bilobed,  deeply  cleft,  set  on  thick  hinge-plate  ;  crural  plates  short,  stout, 

inclined  at  about  30°  to  hinge-line  ;  muscle-scars  well  marked,  deep,  the  posterior 
adductors  subcircular,  rather  wide  apart,  and  the  anterior  pair  longer,  elongate-oval. 
Surface  of  valves  covered  by  rather  coarse  angular  straight  or  slightly  curved  ribs  of 

unequal  and  irregular  size  varying  in  number  and  increasing  by  intercalation  at 

irregular  intervals  of  smaller  ribs  of  unequal  size,  all  rugose  and  crossed  by  con- 
centric striations,  more  or  less  coarse. 

Dimensions. — 
(1) 

Length  .  .  .  .29 
Width  .  .  .  .34 

Horizon. — Saugh  Hill  Group. 

Locality. — Woodland  Point. 

Remarks. — This  form  is  a  well-marked  variety  and  is  abundant  at  Woodland 

Point.  It  approaches  most  nearly  the  Wenlock  variety  scabrosa,  Davidson,*  but 
the  ribs  in  the  Girvan  variety  are  not  so  numerous  nor  so  regular,  and  are  also 
coarser  and  more  variable  in  size,  while  the  scabrous  concentric  lamellae  are  less 

developed.  The  presence  of  a  more  or  less  definite  disc  and  of  the  tongue-like 

projection  in  front  are  additional  points  of  difference.  The  internal  characters,  how- 

ever, are  essentially  the  same  as  Davidson  figured  for  his  var.  scabrosa,  so  that  it 
can  only  be  regarded  as  a  local  variety. 

Strophomena  deficiens,  sp.  nov. 

(Plate  XIX,  figs.  6-10.) 

Shell  semielliptical  to  subquadrate,  concavo-convex  to  plano-convex,  much  com- 

pressed, widest  at  hinge-line ;  cardinal  angles  rectangular.  Pedicle-valve  gently 
concave  to  nearly  fiat,  slightly  swollen  near  beak;  beak  small,  pointed,  rather 
retrorse,  not  incurved  ;  hinge-area  of  moderate  width,  triangular,  steeply  inclined 
to  plane  of  valve,  with  large  broad  triangular  delthyrium  covered  by  convex  plate  ; 
interior  of  valve  with  pair  of  short  small  teeth  on  thin  dental  plates,  posteriorly 
defining  transverse  subcircular  short  muscle-area,  about  one-third  length  of  valve, 
composed  of  a  pair  of  contiguous  fiabellate  short  radially  ridged  diductor  scars 
feebly  denned  in  front;  weak  submarginal  concentric  ridge  occasionally  present 
near  edge    of    valve.      Brachial    valve    gently  convex;    beak  small,  inconspicuous; 

*  Davidson,  op.  tit.,  vol.  iii,  p.  299,  pi.  xliv,  figs.  10-13. 
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hinge-area  narrow  and  nearly  in  plane  of  valve  ;  interior  with  short  small  strongly 
bilobed  cardinal  process  (the  oval  faces  of  the  lobes  facing  inwards)  rising  from 

small  thick  transverse  hinge-plate;  crural  plates  long,  thin,  slightly  arched  back, 

very  divergent,  making  angle  of  10°-20°  with  cardinal  line.  Surface  of  shell 
covered  with  very  numerous  fine  straight  rounded  closely  placed  subequidistant 

thread-like  riblets,  of  which  30-40  are  usually  primaries,  with  2-3  finer  thread-like 

lines  between  them  increasing  by  intercalation  to  6-12  on  margin,  every  third  or 

fourth  of  these  finer  lines  usually  becoming  rather  larger  near  margin,  and  forming 
secondary  riblets  shorter  than  the  primaries  ;  all  covered  by  close  concentric  striation. 

Minute  closely  set  pustules  generally  distributed  over  interior,  fusing  into  sinuous 

radial  lines  near  cardinal  angles. 

Dimensions. — Length,  21  mm.  ;  width,  33  mm. 

Horizons. — (l)  Balclatchie  Group  ;  (2)  Stinchar  Limestone  Group  ? 

Localities. — (l)  Balclatchie,  Ardmillan  ;  (2)  Craighead. 

Remarks. — This  shell  is  especially  allied  to  Strophomena  incurvata,  Shepard 

(=Str.  Jllitexta,  Hall)  of  the  Trenton  Formation  in  America.  But  the  British 

Strophomena  simulans,  M'Coy,t  is  also  a  near  relative,  though  the  muscle-scar  in 
the  pedicle-valve  is  of  a  different  character,  and  the  brachial  valve  is  more  convex 

and  there  are  concentric  rugse  near  the  hinge-line.  The  Stinchar  Limestone  specimens 

seem  to  have  the  pedicle-valve  rather  flatter  than  those  from  Balclatchie,  and  usually 
all  the  radii  are  of  subequal  size,  but  occasionally  the  median  primary  riblet  is 

enlarged  and  conspicuous  ;  the  muscle-scars  also  in  the  pedicle-valves  from  Craig- 
head are  less  strongly  marked.  The  Balclatchie  examples,  which  are  taken  as  typical. 

consist  of  internal  casts  and  external  impressions  of  both  valves  and  arc  fairly 

abundant.  The  relative  strength  of  the  primary  and  secondary  radii  vary,  ami 

they  may  be  almost  equal  in  size. 

Strophomena  shallochensis,  Davidson  (emend.). 

(Plate  XIX,  figs.  11,  12.) 

1883.  Strophomena  sliallockiensis,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Sttppl.,  p.  192, 

pi.  xi,  figs.  20,  21  (non  pi.  xii,  fig.  30) ;  pi.  xvi,  fig.  8. 

This  species  was  somewhat  briefly  described  by  Davidson,  and  though  he  un- 
doubtedly regarded  the  Shalloch  Mill  form  as  the  type  of  the  species,  yet  he  figured 

first  (op.  cit.,  pi.  xi,  figs.  20,  21)  a  shell  from  Corwen,  North  Wales.  In  the  Shallocl 

Mill  type  specimen  (op.  cit.,  pi.  xvi,  fig.  8)  it  should  be  remarked  that  in  both  va 

the  hinge-areas  are  steeply  inclined  to  the  plane  of  the  valve,  but  in  the  case  of  the 

concave  pedicle-valve  the  hinge-area  is  at  right  angles  and  larger;  there  is  also  a  large 

*  Shepard,  Amer.  Journ.  Sc,  vol.  xxxiv,  1838,  p.  144,  figs.  1,  2  ;  Hall,  Palseont.  New  York,  vol.  i,  1817,  p.  Hi. 

pi.  xxxiB,  fig.  3  ;  Hall  and  Clarke,  Palxont.  New  York,  vol.  viii,  Brach.,  i,  pi.  ix,  figs.  1-7,  pi.  ixA,  figs.  11-14; 
Schuchert,  Bull.  U.S.  Geol.  Sure,  No.  87,  1897,  p.  431. 

t  M'Coy,  Syn.  Brit.  Palxoz.  Foss.  Woodw.  Mm.,  p.  403,  pi.  iH,  figs.  33,  34,  ?35  ;  Davidson,  op.  cit.,  vol.  iii, 
p.  297,  pi.  xlii,  figs.  9,  9a-c,  ?10. 
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triangular  delthyrium  in  each  valve.  In  this  specimen  there  are  about  50-60  ribs  on 
each  valve,  all  of  equal  strength  on  the  margin  and  equidistant,  except  near  the 

cardinal  angles,  where  they  are  more  crowded  ;  the  ribs  are  rounded,  straight,  simple, 

and  separated  by  rather  wider  interspaces  ;  about  half  the  number  of  ribs  are  primary, 

the  others  arising  by  intercalation  usually  close  to  the  beak  ;  all  are  concentrically 

lineated.  In  some  of  the  other  specimens  from  Shalloch  Mill,  perhaps  attributable 

to  this  species,  there  are  3-4  considerably  finer  radial  lines  between  the  larger 
ribs,  as  are  shown  in  the  shell  from  Corwen.  The  interior  is  very  inadequately 

known,  but  Davidson's  figure  of  the  interior  of  a  supposed  ventral  valve  (op.  cit., 
pi.  xi.  fig.  2 1)  looks  more  like  the  interior  of  a  brachial  valve.  One  imperfect  interior 

of  a  pedicle-valve  from  Shalloch  Mill  in  Mrs  Gray's  collection  shows  traces  of  weakly 
impressed  short  fiabelliform  diductors. 

Dimensions  (Davidson's  type,  pi.  xvi.  fig.  8). — Length,  21  mm.  ;  width,  35  mm. 
Horizon. — Whitehouse  Group. 

Locality. — Shalloch  Mill. 

Strophomena  valens,  sp.  nov. 

(Plate  XIX,  figs.  13-17.) 

Shell  semicircular  to  transversely  semielliptical,  nearly  twice  as  wide  as  long, 

compressed,  slightly  resupinate,  concavo-convex  ;  maximum  width  of  shell  along 

hinge-line  ;  cardinal  angles  rectangular  or  bluntly  pointed  at  about  75°.  Pedicle- 
valve  gently  concave,  with  rather  prominent  retrorse  pointed  beak  rising  a  little  above 

hinge-line  ;  hinge-area  triangular,  steeply  inclined  to  plane  of  valve,  with  rather 
narrow  delthyrium.  Interior  with  strong  short  dental  plates  diverging  at  right 
angles,  and  large  transversely  subcircular  muscle-scar  about  one-third  the  length  of 
the  valve,  composed  of  a  pair  of  radially  ridged  flabellate  diductors  not  deeply  sunk 
nor  sharply  defined  in  front.  Brachial  valve  gently  convex,  with  small  inconspicuous 
beak  ;  hinge-area  narrower  than  in  opposite  valve.  Interior  of  brachial  valve  with 
strong  broadly  oval  bilobed  cardinal  process,  the  inner  faces  of  the  lobes  elongated, 
sublanciform,  parallel,  closely  placed,  lying  in  plane  of  valve,  with  posterior  face 
grooved  ;  crural  plates  thick,  short,  slightly  curved,  diverging  at  more  than  right 
angles  ;  muscle-scars  faint,  weakly  impressed,  separated  by  low  broad  median  ridge. 
Surface  of  shell  covered  with  very  fine  numerous  straight  radiating  closely  placed 
radii,  increasing  by  intercalation,  numbering  about  350-400  on  margin,  with  every 
6th,  7tli,  or  8th  one  rather  larger,  all  crossed  by  fine  concentric  striee.  (The  ribs 
show  strongly  round  the  margins  in  internal  casts.) 

Dimensions. — Length,  22  mm.  ;  width,  36  mm. 
Horizon. — Drummuck  Group  (Starfish  Bed). 
Locality. — Thraive  Glen. 

Remarks,— This   species   is  only  found   in   the    Starfish   Bed,  but  some  of  the 
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triangular  specimens  were  labelled  by  Davidson  Str.  shallochensis,  though  he  only 

recorded  this  species  ((7*.  cit.,  p.  192)  from  Shalloch  Mill  in  the  Girvan  area.  It 

undoubtedly  resembles  the  Corwen  shells  also  referred  to  Str.  shallochensis  by 
Davidson  and  figured  under  this  name  by  him,  but  the  cardinal  angles  in  Str. 

valens  are  usually  more  pointed,  and  the  difference  in  the  strength  of  the  radii  is  less 

marked.  ( )ur  Str.  deficiens  from  Balclatchie  is  a  near  relative,  and  so  is  Str.  sim  ulans, 

M'Coy,  while  several  American  species  (e.g.  Str.  flitexta,  Hall)  appear  to  be  allied. 

Genus  Schuchertella,  Girty. 

Schuchertella  applanata  (Salter). 

(Plate  XIX,  figs.  18-20.) 

1846.  Ort/iisl  applanata,  Salter,  Appendix  to  M'Coy's  Syn.  Silur.  Foss.  Ireland,  p.  72,  pi.  v,  fig.  1. 
1865.  Strophomena  applanata  (Salter),  Haswell,  Silur.  Form.  Fentlands,  p.  34,  pi.  ii,  fig.  18. 

1868.  Strophomena  applanata    (Salter),   Davidson,    Trans.   Geol.    Soc.    Glasgow,   vol.   i,   p.   19,  pi.  ii, 

figs.  19,  20. 
1S70.  Strophomena  applanata  (Salter),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii.  p.  308. 

pi.  xliii,  figs.  12-14. 
1883.  Strophomena  applanata  (Salter),  Davidson,  ibid.,  vol.  v,  Silur.  Sujpl.,  p.  226. 

This  species  was  recorded  by  Davidson  in  his  Supplement  from  Penkill,  Bargany 

Pond  Burn,  and  Cuddystone  Glen  in  the  Girvan  district.  These  specimens  are  all 

small,  not  exceeding  22  mm.  in  width,  and  they  agree  with  the  typical  form  from 

the  Wenlock  Shale  of  the  Pentland  Hills,  but  the  species  was  originally  described  by 

Salter  from  Cong  in  Ireland  as  Orthis,  with  a  query.  The  projection  of  the  main 

ribs  on  the  margin  is  not  marked,  and  a  few  very  oblique  short  corrugations  arc 

frequently  present  along  the  hinge-line,  meeting  it  at  very  acute  angles.  Tin 
internal  characters,  so  far  as  they  are  preserved,  indicate  its  close  resemblance  to 

Soli,  pecten,  Linn. 

Horizons. — (l)  Penkill  Group;  (2)  Camregan  Group;  (3)  Saugh  Hill  Group. 

Localities. — (1 )  Penkill ;  (2)  Bargany  Pond  Burn,  Cuddystone  Glen  ?  ;  (3)  Newlands. 

Schuchertella  '.   incxpectata,  sp.  nov. 

(Plate  XIX,  figs.  21,  22.) 

Shell  semielliptical,  compressed,  flattened;  hinge-line  equal  to  or  slightly 
than  maximum  width  of  shell  ;  cardinal  angles  rectangular  or  slightly  rounded. 

Pedicle-valve  nearly  flat;  beak  small,  scarcely  rising  above  hinge-line;  bin 

very  narrow;  interior  of  valve  with  small  short  triangular  teeth  and  indistinct  small 

flabelliform  contiguous  diductor  impressions.  Brachial  valve  nearly  fiat  ;  beak  very 

small;  hinge-area  linear;  interior  with  thin  laminar  short  transverse  cardinal 

process  continued  at  sides  into  long  thin  crural  plates  making  a  very  small  angle 

(l5°-20°)  with  hinge-line.  Exterior  of  valves  covered  with  30-32  regular  equi- 
distant strong  rounded  straight  radiating  primary  ribs  of  equal  size,  with  wider 
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interspaces  holding  2-3  smaller  and  rather  shorter  ribs,  of  which  one  usually  becomes 

larger  than  the  others  towards  the  margin  ;  ribs  and  interspaces  crossed  by  strong- 
close  concentric  lineation. 

Dimensions. — Length,  8'0  mm.  ;  width,  12 "5  mm. 
Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — This  small  shell  seems  to  belong  to  the  same  genus  as  Sch.  applanata 
and  Sch.  pecten,  the  former  of  which  it  much  resembles  in  its  ribbing  and  general 

aspect.  The  cardinal  process  and  crura,  so  far  as  they  are  preserved,  appear  to 

possess  the  typical  structure  of  this  genus,  and  the  whole  character  of  the  shell 

suggests  its  reference  to  Schuchertella  rather  than  to  Strophomena,  though  its 

occurrence  on  an  Ordovician  horizon  is  unexpected. 

Schuchertella  pertinax,  sp.  no  v. 

(Plate  XIX,  fig.  23  ;  Plate  XX,  figs.  1-3.) 
1883.  Strophomena  pecten  (Linne),  Davidson  (pars),  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl., 

p.  194,  pi.  xv,  fig.  15  (non  Str.  pecten,  Davidson,  ibid.,  vol.  iiif  p.  304,  pi.  xliii,  figs.  1-11). 

Shell  semielliptical  to  subquadrate,  large,  flattened,  compressed  ;  hinge-line  equal 
to  or  rather  less  than  maximum  width  ;  cardinal  angles  rectangular  or  slightly 

obtuse.  Pedicle-valve  flatter  than  brachial  valve  or  very  slightly  concave,  except 
near  beak,  where  it  is  gently  convex ;  beak  small,  pointed,  not  projecting  above 

hinge-line  ;  hinge-area  narrow,  steeply  inclined,  longitudinally  striated,  with  small 

triangular  convex  deltidium  and  inner  "  secondary  area."  *  Interior  of  pedicle-valve 
with  large  short  stout  triangular  teeth,  and  pair  of  large  indistinct  flabelliform 

diductors  about  one-third  the  length  of  the  shell ;  genital  areas  coarsely  and  radially 
pustulate.  Brachial  valve  very  gently  convex,  flattened  ;  beak  small,  inconspicuous  ; 

hinge-area  linear,  narrower  than  in  opposite  valve.  Interior  of  brachial  valve,  with 
cardinal  process  low,  sessile,  broad,  stout,  fused  with  crural  plates,  arising  at  right 
angles  to  floor  of  valve,  divided  into  a  pair  of  low  rounded  subparallel  oval  lobes 

closely  placed,  highest  in  front,  facing  posteriorly,  grooved  (?) ;  crural  plates  short, 

strong,  slightly  curved,  making  angle  of  30°-40°  with  hinge-line  ;  low  weak  broad 
median  ridge  running  forward  from  base  of  cardinal  process  between  very  faintly 
impressed  adductor  scars. 

Surface  of  shell  ornamented  with  about  30-40  primary  riblets,  regular,  rounded, 
or  subangular,  equidistant,  equal,  and  straight,  except  those  on  lateral  portions  near 

hinge-line,  which  are  very  gently  curved  back  ;  interspaces  wide,  flat,  holding  2-6 
much  finer  thread-like  radii  increasing  in  number  by  intercalation,  and  1  or  more  of 
them  becoming  stronger  at  one-third  to  one-half  their  length,  and  as  strong  on 
margin  as  primaries,  so  that  70-90  strong  equal  equidistant  riblets  are  found  around 

*  Thomas,  "Brit.  Carb.  Orthotetinae  "  (Mem.  Geol.  Surv.,  vol.  i,  pt.  ii,  1910),  p.  97,  fig.  2. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  26).  130 
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the    edge.     Riblets   and    interspaces  crossed  by  very  fine  inconspicuous  concentric 

striation.     Substance  of  shell  finely  punctate. 

Dimensions. — 

(1)  (2)  (3)      (4)  (Davidson's  type.) 
Length         ....     34  39  21  33  mm. 
Width  ....     43  51  27  45  mm. 

Horizon. — Saugh  Hill  Group. 

Localities. — Woodland  Point,  Newlands. 

Remarks.—  Davidson  referred  these  shells  to  "  Strophomena"  pecten  (Linn.),*  but 
they  differ  from  this  species  firstly  and  principally  by  their  distinct  ornamentation, 

and  secondly  by  the  more  rectangular  shape  of  the  cardinal  angles,  shorter  hinge- 
line,  and  absence  of  strong  concentric  lineation.  The  species  seems  more  to  resemble 

Sch.  tenuis  (Hall)  t  of  the  Niagara  Group. 

Genus  Triplegia,  Hall. 

Triplecia  craigensis,  sp.  nov. 

(Plate  XX,  figs.  4,  5.) 

1883.   Rhynchonella   baleletehiensis,  Davidson    (pars),  Mon.  Brit.  Foss.  Brach.,  vol.   v,  Silur.   Suppl., 

p.  200,  pi.  xi,  figs.  23a-d. 
Non  1883.   Rhynchonella  baleletehiensis,  Davidson,  ibid.,  p.  160,  pi.  x,  figs.  15,  16. 

Shell  transverse,  widest  across  middle,  broader  than  long,  subelliptical,  with 

strong  angular  median  fold  on  brachial  valve  and  corresponding  sinus  on  opposite 

valve,  and  deeply  sinuated  anterior  edge,  usually  emarginate  ;  hinge-line  straight, 
short,  about  one-third  width  of  shell. 

Pedicle-valve  gently  convex,  shallow,  with  angular  median  sinus  arising  at  about 
half  the  length  of  valve  and  rapidly  increasing  in  depth  and  width  to  front  margin ; 

edges  of  sinus  sharply  angular  ;  lateral  lobes  flattened  ;  beak  small,  acute,  rising- 

above  hinge-line,  with  apical  foramen  ;  hinge-area  small,  triangular,  slightly  concave, 
steeply  inclined,  with  median  triangular  delthyrium.  Brachial  valve  swollen,  carinate, 

with  strong  median  fold  rising  a  little  in  front  of  beak  and  rapidly  becoming  sub- 
angular  or  angular,  rising  high  above  lateral  lobes  on  front  margin,  and  sharply 

marked  off  from  them  ;  lateral  lobes  gently  swollen,  dependent ;  beak  small,  rounded, 

incurved,  lower  than  that  of  opposite  valve.  Surface  of  lateral  lobes  of  brachial 

valve  marked  with  about  15  fine  faint  equidistant  thread-like  radial  lines,  slightly 

curved  back  on  each  side  ;  fold  of  brachial  valve  and  whole  of  pedicle-valve  covered 
with  very  fine  concentric  lineation.     Interior  unknown. 

Dimensions. — 
(1)  (2) 

Length       .  .         .  .  .12  11  mm. 
Width   18  14  mm. 

*  Davidson,  op.  cit.,  vol.  iii,  p.  304,  pi.  xliii,  figs.  1-11. 
t  Hall,  11th  Ann.  Rep.  State  Geol.  Indiana,  1882,  p.  287,  pi.  xxiii,  figs.  11-13. 
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Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group  (conglomerate)  ? 

Localities. — (l)  Minuntion,  Craighead  ;  (2)  Balclatchie. 
Remarks. — It  is  difficult  to  understand  the  reasons  which  led  Davidson  to 

include  this  well-marked  shell  in  his  Rhynchonella  balclatchiensis  (see  p.  923),  for 
it  is  more  transverse  and  more  convex,  the  fold  and  sinus  are  much  stronger  and 

more  angular ;  there  is  no  short  groove  in  the  middle  of  the  anterior  end  of  the 

fold,  and  there  are  more  or  less  distinct  radial  lines  on  the  lateral  lobes.  A 

comparison  with  Davidson's  type-specimens  of  Rh.  [Camarella]  balclatchiensis 
proves  that  their  association  is  inadmissible.  Our  shell  is  more  like  T.  extans, 

Emmons,*  and  it  also  resembles  Mimulus  contrarius,  Barrande,t  and  M.  ivaldron- 
ensis,  Miller  and  Dyer,|  but  the  two  latter  occur  in  the  Silurian.  It  differs  from 

T.  nucleoides,  sp.  nov.  (see  below),  of  the  Stinchar  Limestone,  in  its  more  transverse 

shape,  flatter  pedicle-valve,  and  the  more  angular  fold  on  the  brachial  valve,  as 
well  as  in  its  ornamentation.  In  general  shape  it  bears  a  superficial  resemblance 

to  Pugnax  acuminata  (Martin)  of  the  Carboniferous. 

Triplecia  insularis  (Eichwald). 

1842.   Terebratula  insularis,  Eichwald,  Urwelt.  Russl.,  vol.  ii,  p.  49,  pi.  ii,  figs.  6a-c. 
1870-  Orthis  insularis,  Eichwald,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  273,  pi.  xxxvii, 

figs.  8-15. 

Davidson  does  not  record  this  species  from  Girvan,  but  there  are  good  examples 

from  the  Starfish  Bed  and  Whitehouse  Beds,  showing  the  characteristic  external 

features  and  the  peculiar  muscle-scars,  etc.,  in  internal  casts.  Some  of  these  from 
Shalloch  Mill  were  labelled  by  Davidson  Porambonites  intercedens,  Pander,  with  a 

query ;  but  they  neither  show  the  external  ornamentation  of  that  species  nor  its 

other  characters.  The  form  of  Tr.  insularis  occurring  in  these  Girvan  localities  is 

subovaLin  shape  and  rarely  transverse,  and  those  from  the  Starfish  Bed  especially 

resemble  the  specimen  from  the  Chair  of  Kildare  figured  by  Davidson  (op.  cit.,  iii, 

pi.  xxxvii,  figs.  8,  12,  13,  14)  and  the  shell  named  Orthis  galea,  M'Coy,§  from  the 
same  locality  and  horizon. 

Horizons. — (l)  Whitehouse  Group;  (2)  Drummuck  Group  (Starfish  Bed). 

Localities.— (I)  Shalloch  Mill ;  (2)  Thraive  Glen. 

Triplecia  ?  nucleoides,  sp.  nov. 

(Plate  XX,  figs.  6,  7.) 

Shell  subtriangular,  rounded  to  subcircular,  widest  a  little  in  front  of  middle, 

strongly  biconvex,  inflated  ;  anterior  margin  strongly  sinuated  ;  hinge-line  about 

one-third  the  width  of  shell.  Pedicle-valve  with  wide  rounded  sinus  arising  at  half 

the  length  of  valve,  rapidly  widening  to  more  than  one-third  the  width  of  valve  on 

*  Hall  and  Clarke,  op.  cit.,  Brach.,  i,  p.  269,  pi.  xic,  figs.  1-7. 
t  Barrande,  Syst.  Silur.  Boheme,  vol  v,  pi.  ix,  figs,  via,  e. 

X  Hall  and  Clarke,  op.  cit.,  pi.  xic,  figs.  23-28.  §  M'Coy,  Syn.  Silur.  Foss.  Irel.,  p.  30,  pi.  iii,  fig.  12. 
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front  margin ;  lateral  portions  high,  swollen,  subangular ;  beak  small,  pointed, 

scarcely  incurved,  with  small  triangular  hinge-area  below  it.  Brachial  valve  in- 
flated, swollen,  more  convex  than  opposite  valve,  with  broad  rounded  fold  arising  at 

about  half  its  length,  and  rising  highest  at  front  margin  ;  lateral  lobes  slightly 

swollen,  dependent;  beak  swollen,  rounded,  strongly  incurved;  interior  with  two 

pairs  of  subcircular  muscle-scars,  and  median  septum  nearly  half  the  length  of  the 
valve.  Surface  with  regular  close  fine  concentric  lines  (with  traces  of  minute  pits 
between  them  ?). 

Dimensions. — Length,  10  mm.  ;  width,  11  mm. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Remarks. — Some  of  these  small  shells  were  labelled  by  Davidson  "  Triplecia 

maccoyana,  Dav.,"  but  they  are  quite  distinct  from  that  species,  the  type  of  which 
came  from  Brynbedwog  Quarry  near  Bala,#  and  Davidson  does  not  record  it  from 
Girvan  in  his  list  of  species,  t  The  nearest  ally  of  our  species  appears  to  be  TV. 

nucleus,  Hall,J  from  the  Trenton  Limestone.  Tr.  poloi  (Martelli)  §  from  the  Ordo- 
vician  of  China  seems  to  be  allied.  Martelli  ||  put  the  latter  species,  which  is  now 

attributed  by  Weller  to  Triplecia,  in  the  genus  Porambonites,  and  the  occurrence  of 

small  pits  on  the  Girvan  shell  would  also  suggest  this  generic  reference. 

Triplecia  woodlandensis,  sp.  nov. 

(Plate  XX,  figs.  8-16.) 
1883.   Pentamerus  undatus,  Sowerby,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

pi.  ix,  figs.  16-18  (non  figs.  10-15,  19-20,  nee  Pentamerus  undatus,  auctt.). 

Non  1839.  Atrypa  undata,  Sowerby,  in  Murohison's  Silur.  Syst.,  p.  637,  pi.  xxi,  fig.  2. 

Shell  subquadrate,  rounded  to  transversely  elliptical ;  anterior  margin  subtruncate 

or  lobate  ;   hinge-line  less   than   width    of   shell ;    cardinal   angles  rounded,  obtuse. 

Pedicle-valve  flattened  on  lateral  portions,  slightly  swollen  near  beak,  middle  third 

occupied  by  broad  concave  sinus,  rapidly  widening  anteriorly,  with  straight  sharp 

angular  margins,  and  concave  floor  produced  as  rounded  tongue  ;    beak  small,  acute, 

slightly  incurved,  scarcely  rising    above    hinge-line,  with   minute    apical  foramen ; 

hinge-area  narrow,  at  right  angles  to  valve,  with  wide  triangular  delthyrium  ;  diduc- 
tor  muscle-scars  separate,  flabelliform,  strongly  divergent.     Brachial  valve  convex, 

swollen,  with  beak  much  inflated  and  incurved,  rising  high  above  hinge-line  and 

nearly  touching  beak  of  opposite  valve  ;  well-defined  broad  median  rounded  fold  on 

surface  increasing  anteriorly  in  height  and  width  and  rising  steeply  from    lateral 

lobes  ;  muscle-scars  very  faint. 

*  Davidson,  op.  cit,  vol.  iii,  p.  199,  pi.  xxiv,  fig.  29. 
+  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl,  pp.  224,  225. 

+  Hall,  Palxont.  N.Y.,  i,  1847,  p.  138,  pi.  33,  fig.  2  ;  Hall  and  Clarke,  op.  cit.,  Bracli.,  i,  pi.  xic,  figs.  8,  9. 
§  Weller,  Research  in  China,  vol.  iii,  1913,  p.  281,  pi.  25,  figs.  7-9. 
||  Martelli,  Boll.  dell.  Soc.  Geol.  Ital,  vol.  xx,  1901,  p.  304,  pi.  iv,  figs.  13-16. 
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Surface  of  shell  smooth,  except  for  a  few  widely  spaced  fine  concentric  growth- 

ridges  near  margins. 

Dimensions. — 

Length 
Width 

Horizon. — Saugh  Hill  Group. 

Locality. — Woodland  Point. 
Remarks. — The  affinities  of  this  shell  are  with  T.  wenlockiensis,  Davidson,*  and 

T.  insularis,  Eichw.,t  but  it  differs  from  the  former  by  the  better  defined  fold  on 

the  brachial  valve,  and  from  the  latter  by  the  sharp  edges  to  the  sinus  on  the  pedicle- 
valve.  It  bears  a  closer  resemblance  in  these  respects  to  the  Clinton  species 

T.  Ortoni,  Hall,{  but  is  more  transverse  and  less  quadrate.  Davidson's  figure  §  of  a 
Llandovery  shell  referred  to  T.  insularis  from  Minsterley  bears  more  resemblance  to 

our  Girvan  species,  and  it  seems  indistinguishable  from  the  Kashmir  shell  referred  to 

T.  insularis  by  the  author. ||  It  is  difficult  to  understand  how  Davidson  confused 

some  of  the  better  specimens  belonging  to  this  new  species  with  the  true  Penta- 

■met'us  undatus  (Sowerby),  which  also  occurs  at  Woodland  Point  associated  with  it, 
though  crushed  and  fragmentary  shells  are  not  easily  distinguished. 

Genus  Mimulus,  Barrande. 

Mimulus  ?  incertus  (Davidson). 

(Plate  XX,  figs.  17-23.) 
1870.  Atrypa  incerta,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.   203,  pi.  xxiv,  fig.  30  ; 

pi.  xxv,  figs.  7,  8. 

1883.   Triplesia  incerta,  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  145,  pi.  viii,  figs.  24-28,  1  29. 

In  this  species  the  convexity  and  fold  belong  to  the  pedicle  (ventral)  valve,  and 

the  interior  of  this  valve  was  figured  by  Davidson  (op.  cit.,  pi.  viii,  fig.  28)  and 

correctly  described  as  such  in  the  text,  but  referred  to  as  a  "dorsal"  valve  in  the 
explanation  of  the  plate.     The  fold  is  often  undifferentiated  from  the  general  swollen 

subcarinate  rounded  surface  or  is  only  developed  near  the  front  margin  ;  the  beak  is 

very  high,  acutely  pointed,  and  more  or  less  incurved,  with  the  apex  perforated  by  a 

small  foramen  ;  the  hinge-area  is  triangular  and  very  high,  and  the  wide  flattened 
deltidium  seems  to  have  a  narrow  median  slit  or  impressed  line,  if  Davidson  rightly 

interprets  the  markings  on  the  hinge-area.     Internally  there  seem  to  be  small  teeth 

in  the  pedicle-valve,  but  the  interior  of  the  beak  is  apparently  filled  up  by  a  pair  of 
thick  plates  completely  fused  together  except  in  front,  where  they  form  thick  short 

*  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl,  p.  144,  pi.  viii,  fig.  23;  Hall  and  Clarke,  Pal.  N.Y.,  Brach.,  i, 
pi.  xic,  fig.  22. 

t  Davidson,  op.  cit.,  vol.  iii,  p.  273,  pi.  xxxvii,  figs.  8-15.         J  Hall  and  Clarke,  op.  cit.,  pi.  xic,  figs.  12-20. 
8  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl,  p.  134,  pi.  viii,  fig.  18. 
||  Reed,  Mee.  Geol.  Surv.  India,  vol.  xlii,  pt.  i,  1912,  p.  27,  pi.  ix,  fig.  14. 
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free  triangular  projections  ;  these  Davidson  called  the  dental  plates,  but  it  is  doubtful 

if  they  are  homologous  with  true  dental  plates,  as  they  seem  to  be  within  the  cavity 

of  the  beak  and  away  from  the  teeth.  These  plates  project  into  the  base  of  the 

short  flabelliform  muscle-scars  (?  diductors)  which  are  in  contact  in  the  middle  line 

and  form  a  triangular  transverse  scar  about  one-third  the  length  of  the  valve  ;  the  scars 
are  separated  by  a  narrow  groove,  and  each  scar  is  also  longitudinally  divided  into 

two  subequal  portions.  A  pair  of  narrow  short  obscure  adductors  (?)  lies  immediately 
in  front  of  them. 

The  brachial  valve  has  a  low  inconspicuous  beak,  and  is  marked  anteriorly  (or  for 

most  of  its  length)  by  a  wide  indefinite  shallow  sinus,  having  a  broad  rounded  anterior 

tongue  bending  up  into  the  marginal  fold  on  the  opposite  valve.  The  interior  of 

the  brachial  valve  is  unknown.  With  these  corrections  and  additions,  Davidson's 
description  holds  good. 

This  species  may  be  compared  with  Rhynchonella  apiculata,  Salter  and  Forbes 

MS.,#  from  the  Chair  of  Kildare.  The  fold  being  in  the  pedicle-valve  and  the 
sinus  in  the  brachial  recalls  Mimulus  perversus,  Barrande,t  the  type  of  the 

genus  Mimulus,  rather  than  any  species  of  Triplecia,  and  it  seems  more  probably 

to  belong  to  Mimulus  than  to  any  other  genus. 

Horizons.- — (l)  Penkill  Group  ;  (2)  Camregan  Group  ;  (3)  Saugh  Hill  Group  ? 

Localities. — Penkill,  Penwhapple  Glen  ;  (3)  Bargany  Pond  Burn  ;  (3)  Wood- 
land Point. 

Genus  Streptis,  Davidson. 

Streptis  Hornei,  sp.  nov. 

(Plate  XX,  figs.  24,  25.) 

1883.   Triplegia  monilifera,  Davidson  (pars),  Man.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Stippl.,  p.   147, 

pi.  viii,  fig.  31  j  p.  225. 

Non  1870.   Triplesia  monilifera,  Davidson,  op.  cit.,  vol.  iii,  p.  200,  pi.  xxv,  figs.  3-5. 

Shell  small,  transversely  elliptical,  symmetrical,  biconvex  ;  hinge-line  less  than 

maximum  width  of  shell  ;  cardinal  angles  rounded.  Pedicle-valve  moderately 
convex,  with  broad  shallow  median  sinus  widening  anteriorly,  with  rather  sharp 

edges  defining  it  laterally  ;  beak  small,  acute  ;  hinge-area  triangular.  Brachial  valve 
more  convex,  with  regular  median  rounded  fold  extending  from  beak  to  margin, 

widening  anteriorly  ;  beak  rounded,  incurved,  inconspicuous.  Interior  of  pedicle- 
valve  with  pair  of  thin  divergent  dental  plates  following  the  marginal  ridges  of  the 

sinus  and  extending  about  one-third  the  length  of  valve.  Surface  of  shell  marked 

with  8-9- concentric  sharp  lamellae,  having  regularly  frilled  edges,  not  nodulated; 
interspaces  with  fine  concentric  lines. 

*  Davidson,  op.  cit.,  vol.  iii,  p.  202,  pi.  xxv,  fig.  6. 
t  Barrande,  Syst.  Silur.  Boheme,  v,  pi.  i,  fig.  3,  C,  E  ;  Hall  and  Clarke,  op.  cit.,  Brach.,  i,  p.  272,  pi.  xic, 

figs.  31,  32. 
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Dimensions. — Length,  6*5  mm.  ;  width,  8 "5  mm. 
Horizon. — Saugh  Hill  Group. 

Locality. — Woodland  Point. 

Remarks. — This  species  differs  from  Sir.  monilifera  of  the  Chair  of  Kildare 
Limestone  in  the  frilled  instead  of  nodulated  edges  of  the  concentric  lamellae  and 

in  the  more  sharply  bounded  sinus  and  better  defined  fold.  From  Str.  Grayi, 

Dav.,#  of  the  Wenlock  Limestone  it  is  distinguished  by  its  symmetry  and  by  the 

presence  of  the  fold  on  the  brachial  valve.  It  is  with  pleasure  I  dedicate  this 

species  to  Dr  John  Horne,  F.R.S. 

Genus  Cliftonia,  Foerste. 

Cliftonia  Gray  as  (Davidson,  emend.). 

(Plate  XX,  figs.  26,  27.) 

1870.  Triplesia  Grayise,  Davidson,  Man.  Brit.  Foss.  Brack.,  vol.  iii,  p.   198,   pi.  xxiv,  figs.  31,   32, 

(]pl.  xxv,  figs.  9,  10,  11). 
1883.   Triplesia^  Grayi,  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  144,  pi.  viii,  fig.  32. 

The  description  of  this  species  was  given  by  Davidson  in  a  sufficiently  complete 

manner,  but  his  figures  make  the  length  of  the  hinge-line  too  great,  the  prominence 
and  angularity  of  the  cardinal  angles  too  marked,  and  the  strength  of  the  radial 

ornamentation  somewhat  exaggerated.  There  seem  to  be  also  minute  pits  between 

the  radial  lines,  a  feature  which  he  *lid  not  mention.  There  is  a  small  foramen  at  the 

apex  of  the  beak,  as  he  suspected  ;  but  the  deltidial  plate  covering  the  delthyrium  is 

not  broad  nor  elevated  along  its  middle,  as  his  figures  indicate,  being  high,  narrow, 

and  simple,  as  in  typical  examples  of  Triplecia  and  its  congener  Cliftonia,  which  has 

been  established  by  Foerste  t  to  contain  the  radially  striated  members  which  Hall 

and  Clarke  |  doubtfully  retained  in  Triplecia.  The  original  type-specimens  of 
CI.  Gray sb  described  by  Davidson  came  from  Craighead  (op.  cit.,  pi.  xxiv,  figs.  31, 

32),  and  other  examples  were  stated  by  him  to  occur  in  a  green  breccia  in  Pen- 

whapple  Glen,  but  the  latter  statement  I  am  unable  to  substantiate. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Cliftonia  Andersoni,  sp.  nov. 

(Plate  XXI,  figs.  1-4,  ?  5.) 

1883.  Triplesia  1  spiriferoides,  M'Coy,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

p.  146,  pi.  viii,  fig.  30  (non  Strophomena  spiriferoides,  M'Coy,  Ann.  Nat.  Hist.,  vol.  viii, 
1851,  p.  402). 

1883.  Orthis  biforata,  Schlotheim,  Davidson  (pars),  ibid.,  p.  181. 

!  1883.  Rhynckonella  nasuta,  M'Coy,  Davidson  (pars),  ibid.,  p.  160,  pi.  x,  tig.  21. 

Shell   transversely    elliptical    to    subquadrate,    biconvex,  more    or  less  inflated ; 

hinge-line  less  than  width  of  shell ;  cardinal  angles  rounded.     Pedicle-valve  slightly 
*  Davidson,  op.  cit,  p.  141,  pi.  xiii,  figs.  14-22. 
t  Eastman-Zittel,  Text-book  of  Palmont.  (2nd  edit.  1913),  p.  387. 
%  Hall  and  Clarke,  op.  cit.,  Brach.,  i,  p.  271. 
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swollen  near  beak,  with  strong  median  sinus,  having  flat  floor  and  steep  sides, 

in  (leasing  in  width  to  margin  and  ending  in  rounded  short  obtuse  tongue  more  or 

less  strongly  bent  up  to  meet  fold  in  opposite  valve  ;  beak  rather  swollen,  rising- 

above  hinge-line,  incurved  ;  hinge-area  small,  steeply  inclined,  triangular  ;  lateral 
lobes  of  valve  somewhat  swollen  ;  teeth  small,  supported  on  thin  divergent  dental 

plates ;  muscle-scars  very  faint.  Brachial  valve  swollen,  slightly  emarginate  in 
front,  with  abruptly  elevated  rounded  median  fold  increasing  in  width  to  margin 

and  having  steep  sides  and  flattened  top ;  lateral  lobes  rounded,  dependent ;  beak 

swollen,  less  high  but  more  incurved  than  that  of  opposite  valve  ;  interior  of  valve 

with  stout  cardinal  process  (base  only  known)  and  pair  of  short  rod-like  crura ;  two 
pairs  of  faint  subcircular  large  adductor  scars,  the  posterior  ones  better  marked  and 

separated  by  narrow  sharp  transverse  curved  ridges  from  anterior  pair.  Surface  of 

valves  ribbed,  having  6-7  low  subequal  or  equal  subangular  or  rounded  closely  placed 

ribs  both  on  the  fold  and  in  the  sinus,  and  8-13  rather  larger  simple  similar  ribs  of 
uniform  size  on  each  lateral  lobe  slightly  curved  back  ;  occasionally  the  ribs  on  fold 

and  in  sinus  increase  in  number  by  division. 

Dimensions. — 
(1)  (2) 

Length       .  .  .  .  .         .18  13  mm. 
Width   21  17  mm. 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead  ;  (2)  Ardmillan,  Dow  Hill,  Balclatchie. 

Remarks. — This  shell  is  seen  by  its  internal  and  external  characters  to  belong  to 

the  genus  Cliftonia,  Foerste,  and  it  is  allied  to  Triplecia  plicata,  Wiman,*  from  the 
Leptsena  Limestone,  and  T.  Ulrichi,  Winch,  and  Schuch.,f  from  the  Lorraine  Group. 

It  is  not  always  easy  to  distinguish  specimens  of  it  from  Orthis  (Platystrophia) 

biforata,  but  the  ribs  in  the  sinus  are  always  more  numerous  and  smaller  than  in 

that  species.  The  Balclatchie  examples  usually  have  fewer  ribs  on  the  fold  and 

on  the  lateral  lobes  than  the  Craighead  specimens,  and  the  outermost  ribs  on  the 
fold  are  sometimes  smaller  than  the  others.  We  name  it  in  honour  of  Mr  Thomas 

Anderson,  who  was  a  well-known  collector  of  fossils  in  Girvan. 

Cliftonia  spiriferoides  (M'Coy). 
1851.  Stropltumena  spiriferoides,  M'Coy,  Ann.  Mag.  Nat.  Hist.,  p.  402. 

1870.   Orthis  spiriferoides  (M'Coy),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  275,  pi.  xxxvii, 

figs.  3-7. 
1883.   Triplecia  spiriferoides  (M'Coy),  Davidson  (pars),  ibid.,  p.  224. 

Non  1883.   Triplecia  spiriferoides  (M'Coy),  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  146,  pi.  viii,  fig.  30. 

This  is  a  rare  species  in  the  Girvan  area,  but  two  well-preserved  internal  casts 

and  two  external  impressions  occur  in  Mrs  Gray's  collection  from  the  Starfish  Bed. 
Davidson  records  it  from  Thraive  in  his  list  of  Girvan  brachiopods  (op.  cit.,  p.  224). 

*  Wiman,  Arkivf.  Zool.  Stockholm,  Bd.  iii,  No.  24,  1907,  p.  12,  t.  ii,  figs.  13-17. 
t  Winchell  and  Schuchert,  Palxont.  Minnesota,  iii,  1893,  p.  409,  text-figs.  34a-e. 
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but   it   does  not  occur  at  Ardmillan  also,  as  he  stated,  for  the  shell  thus  quoted 

belongs  to  the  other  species  here  described  under  the  name  CI.  Andersoni. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Genus  Chonetes,  Fischer  de  Waldheim. 

Chonetes  advena,  sp.  nov. 

(Plate  XXI,  figs.  6-11.) 

Shell  concavo-convex,  transversely  semielliptical,  widest  along  hinge-line,  twice 

(or  more  than  twice)  as  wide  as  long  ;  cardinal  angles  rectangular.  Pedicle-valve 
gently  and  quite  uniformly  convex ;  beak  small,  acute,  scarcely  incurved,  not 

prominent  nor  swollen,  but  rising  above  hinge-line  ;  hinge-area  triangular,  narrow, 

with  several  (4-5)  oblique  tubules  on  each  side  of  beak  running  inwards  through 

substance  of  shell  from  upper  'edge  of  hinge-area ;  interior  of  valve  with  pair  of  sub- 
triangular  pointed  muscle-scars,  in  contact  posteriorly  but  strongly  diverging  at 

about  120°  anteriorly,  extending  about  one-third  the  length  of  valve  ;  each  scar 
obscurely  and  unequally  divided  lengthwise  by  weak  median  ridge,  and  separated 

posteriorly  by  stronger  shorter  ridge.  At  the  anterior  points  of  the  muscle-scars  there 
arise  short  wide  vascular  trunks,  each  of  which  divides  into  two  divergent  smaller 

trunks,  splitting  up  into  numerous  smaller  vessels  which  run  forwards  subparallel 

to  the  margin  ;  the  rest  of  the  interior  is  covered  with  elongated  radial  lines  of 

small  pustules,  most  developed  near  the  margins.  Brachial  valve"  with  broad  widely 
divergent  subtriangular  low  crural  plates  (ending  in  fine  points),  fused  at  base  so  as 

to  form  transverse  cardinal  plate,  deeply  and  widely  cleft  in  middle  ;  cardinal  process 

very  small,  of  three  (or  four)  very  short  thin  lobes ;  muscle-scars  large,  very  faintly 
impressed  ;  pair  of  thick  septa  slightly  divergent,  extending  forwards  for  more  than 

half  the  length  of  valve  from  base  of  cardinal  process,  dying  out  anteriorly  and 

apparently  dividing  the  contiguous  large  oval  faint  muscle-scars  into  outer  and  inner 
portions  ;  rest  of  interior  covered  with  radial  lines  of  elongated  pustules. 

Surface  of  shell  ornamented  with  fine  close  thread-like  radiating  lines  of  which 
every  fourth  or  fifth  one  is  slightly  stronger  than  the  others. 

Dimensions. — Width,  14-18  mm.  ;  length,  7-9  mm. 

Horizon.  —Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — The  peculiar  tubules  through  the  substance  of  the  shell  in  the  cardinal 
region  are  characteristic  of  the  group  of  shells  which  includes  Chonetes,  Chonostrophia, 

Chonopectus,  Chonetina,  and  Chonetella,  and  show  in  casts  of  this  species  as  small 

rods,  but  they  do  not  seem  to  correspond  with  external  spines,  as  there  are  no 

traces  of  the  latter  in  any  of  the  Girvan  specimens.  It  is  doubtful  if  the  so-called 

septa  or  ridges  in  the  brachial  valve  are  homologous  with  the  true  "  brachial  ridges  " 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  26).  131 
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of  Chonetes  proper,  and  the  muscle-scars  of  the  pedicle-valve  are  more  like  those  of 
Plectambonites.  It  seems  probable  that  at  least  a  subgenus  should  be  set  up  for  its 

reception,  and  the  name  Eochonetes  may  be  suggested.  According  to  Twenhofel,* 
the  earliest  known  appearance  of  the  genus  Chonetes  is  in  zone  3  of  the  Charleton 

Formation,  Richmondian  Series  (=Upper  Ordovician)  of  Anticosti  Island,!  but 

the  species  there  represented  is  referred  to  the  subgenus  Eodevonaria,  Breger. 

Professor  0.  T.  Jones  has  attached  a  MS.  name  to  some  examples  of  this  species  in 

Mrs  Gray's  collection,  but  his  description  has  not  been  published. 

Genus  Clitambonites,  Pander. 

Clitambonites  [Orthisina']  ascendens  (Pander). 

(Plate  XXI,  figs.  12-18.) 
1830.   Clitambonites  (Pronites)   ascendens,    etc.,   Pander,    Beitr.    Geog.    Russ.    Reich.,    p.   72,  pi.  xvii, 

figs.  2-6. 
1870.   Orthisina  ascendens,  Pander,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  278,  pi.  xlix, 

figs.  27-29. 
1883.  Skenidium  Grayiae,  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  175,  pi.  xi,  figs.  3,  4,  5. 

1883.   Orthisina  ascendens,  Pander,  Davidson,  ibid.,  p.  175,  pi.  xvi,  figs.  16-18. 

It  is  curious  that  while  Davidson  described  and  figured  Orthisina  ascendens 

from  Welsh  localities,];  he  did  not  recognise  it  in  the  Girvan  area,  where  it  is  abundant 

on  one  horizon,  but  he  described  some  imperfect  specimens  of  it  as  a  distinct  species 

which  he  referred  to  the  genus  Scenidium  as  Sc.  Grayite.  These  specimens,  and 

the  numerous  other  better  ones  from  the  Starfish  Bed  which  are  now  available,  show 

all  the  typical  external  and  internal  characters  of  the  genus  Clitambonites  §  and  of  the 

species  CI.  ascendens  as  interpreted  by  Davidson.     The  average  length  is  20  mm. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Clitambonites  complectens  (Wiman),  var.  nov.  albida. 

(Plate  XXI,  figs.  19,  20.) 

Pedicle-valve  very  deep,  conical,  sharply  pointed  at  apex,  with  rather  broad 
rounded  median  sinus  on  surface  widening  to  anterior  margin  ;  cardinal  angles 

acute  ;  beak  small,  pointed,  not  incurved,  forming  apex  of  cone.  Hinge-area  very 
large,  triangular,  nearly  at  right  angles  to  plane  of  valve,  with  wide  triangular 

delthyrium  nearly  one-third  the  width  of  valve,  having  its  lower  portion  covered  by 
convex  pseudodeltidium,  leaving  large  oval  foramen  in  upper  half;  edges  of  foramen 

elevated  to  form  basal  tube  for  stalk.     Surface  of  valve  covered  with  regular  strong 

*  Twknhofel,  Canadian  Geol.  Surv.  Museum,  Bull.  No.  3,  1914,  p.  26. 
t  Schdchbrt  and  Twenhofel,  Bull.  Geol.  Soc.  America,  vol.  xxi,  1910,  p.  697. 

I  Davidson,  op.  cit.,  iii,  p.  278,  pi.  xlix,  figs.  27-29  ;  ibid.,  Suppl.,  p.  175,  pi.  xvi,  figs.  16-18. 
§  Halt-  and  Clarke,  Brach.,  i,  p.  233,  pi.  vii,  figs.  23,  24. 
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equidistant  thick  raised  rounded  concentric  lines ;  lateral  margins  of  sinus  marked 

by  one  fine  strong  straight  rib,  with  traces  of  2-3  very  faint  smaller  ribs  on  lateral 
slopes  of  valve. 

Dimensions. — Length,  3'25  mm.  ;  width,  6'00  mm.  ;  depth  at  beak,  4'00  mm. 
Horizon. — Whitehouse  Group. 

Locality. — Shalloch  Mill. 

Remarks. — One  of  the  two  small  specimens  of  this  peculiar  little  shell  from 
which  the  above  description  is  drawn  up  was  found  mounted  on  the  same  tablet  with 

Davidson's  types  of  CI.  shallochensis  described  below.  It  is  certainly  quite  distinct 
from  that  species,  and  is  closely  similar  to  CI.  [Orthisina]  complectens,  Wiman,# 
from  the  Leptsena  Limestone  of  Sweden.  From  the  latter  it  differs  only  in  having 

the  radial  lines  scarcely  developed  at  all,  and  the  cancellation  of  the  surface  therefore 
not  so  noticeable. 

Clitambonites  shallochensis  (Davidson,  emend.). 

(Plate  XXI,  figs.  21-23.) 

1883.  Skenidium  Shallockiense,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  174,  pi.  xi, 

figs.  6,  7. 

Shell   transversely  semielliptical   to   semicircular ;   hinge-line  straight,  equal  to 
maximum  width  of  shell ;  cardinal  angles  usually  less  than  a  right  angle  and  more 

or  less  acute  and  subalate.     Pedicle-valve  very  deep,  conical,  with  a  broad  rounded 
shallow   median  sinus ;    beak  forming  apex  of  cone,  small,  pointed,  not  incurved ; 

hinge-area  very  large,  triangular,  at  right  angles  to  plane  of  valve,  with  large  wide 
triangular  delthyrium  covered  in  lower  part  by  convex  plate  leaving  large  oval  foramen 

near  beak.     Brachial  valve  very  gently  convex,  more  or  less  flattened,  with  median 

sinus  bilobing  it ;  beak  small,  inconspicuous,  not  elevated  ;  hinge-area  very  narrow, 

with  broad  triangular  delthyrium.     Surface  of  valves  covered  with  40-50  low  rounded 
closely  placed  subequal  ribs  curving  back  slightly  near  cardinal  line,  and  sometimes 

with  shorter  rather  smaller  ribs  intercalated  at  about  one-fourth  their  length,  all 
crossed  by  close  concentric  rather  coarse  striae. 

Dimensions. — 
(1)  (Davidson's  fig.  6.)     (2)  (Davidson's  fig.  7.)  (3) 

Length   7"0  475  10'5  mm. 
Width   13*0  8*00  17*5  mm. 

Depth  of  pedicle-valve  at  beak .  6'5  6'00  9"0  mm. 
Horizon. — Whitehouse  Group. 

Locality. — Shalloch  Mill. 

Remarks. — Davidson's  description  was  so  inadequate  that  a  fresh  diagnosis  of  the 
species  based  on  the  type  and  on  the  other  specimens  now  available  is  necessary.     He 

was  only  acquainted  with  three  pedicle-valves,  so  that  his  description  was  unavoidably 

*  Wiman,  Arkivf.  Zool.  (Stockholm),  Bd.  iii,  No.  24,  1907,  p.  11,  t.  i,  figs.  1-4. 
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incomplete.     The   true  generic  position  of  this  shell  is  certainly  in  Clitambonites, 
although  we  are  still  ignorant  of  the  internal  characters. 

The  sharply  conical  shape  of  the  pedicle-valve,  the  median  sinus  on  its  surface 

instead  of  a  carina,  the  inclination  of  the  hinge-area  and  the  wider  delthyrium,  the 
more  numerous  and  less  regular  ribbing  distinguish  it  from  Sc.  Greenoughi  (see 

p.  920)  from  the  same  horizon  and  locality. 

Genus  Hemipronites,  Pander. 

Hemipronites  carrickensis,  sp.  nov. 

(Plate  XXI,  figs.  24-26.) 
1883.  Strophomena  retroflexa,  Salter,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl, 

p.  195,  pi.  xv,  figs.  7-8. 
Non  1865.  Strophomena  1  retroflexa,  Salter  MS.,  Cat.  Foss.  Mus.  Pract.  Geol,  p.  8. 

Shell  semielliptical  to  subquadrate,  unequally  biconvex  ;  hinge-line  rather  less 

than  maximum  width  ;  cardinal  angles  subrectangular  to  obtuse.  Pedicle-valve 

deepest  at  beak,  conical,  with  somewhat  flattened  surface  ;  beak  forming  apex  of 

cone,  not  incurved,  the  margins  of  hinge-area  meeting  at  beak  at  very  obtuse  angle 

(about  130°-140°);  hinge-area  large,  flat,  triangular,  steeply  inclined'  to  plane  of 
valve,  with  narrow  median  delthyrium.  Brachial  valve  gently  convex,  with  weak 

median  depression  usually  present ;  beak  small,  inconspicuous,  not  rising  above  hinge- 

line  ;  hinge-area  narrow,  steeply  inclined. 

Surface  of  valves  covered  with  small  rather  unequal  closely  placed  rounded  thread- 
like lines  increasing  in  number  by  intercalation  more  than  once,  every  second  or  third 

or  fourth  line  rather  stronger  than  the  others,  and  all  arched  back  slightly  on  lateral 

portions  of  valves  ;  3-4  strong  concentric  lamellose  growth-ridges  usually  present 
near  margin,  and  fine  concentric  striation  over  rest  of  surface. 

Dimensions. — 
Pedicle-valve.  Brachial  valve. 

(1)  (2)  (3)  (4) 

Length.        .         .  .     16*0       15'0  mm.  12"0       12'5  mm. 
Width  .         .         .     20*0       16*5  mm.  15'5       17'0  mm. 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead  ;  (2)  Balclatchie  (conglomerate). 

Remarks. — The  external  characters  of  this  shell,  in  spite  of  our  ignorance  of  its 

internal  structure,  are  such  as  to  make  its  reference  to  the  genus  Hemipronites  *  a 
matter  of  little  doubt,  and  it  seems  to  be  related  to  H.  inflexa,  Pander,  as  interpreted 

by  Pahlen,!  and  to  H.  Giraldi,  Martelli.J 

The   type   of  "Strophomena"  retroflexa,  Salter,   to  which  species  Davidson  § 
*  Hall  and  Clarke,  op.  cit.,  Brach.,  i,  p.  238. 
t  Pahlen,  Mem.  Acad.  Imp.  Sc.  St  Petersburg,  ser.  vii,  vol.  xxiv,  1877,  No.  8,  p.  28,  t.  iii,  figs.  1,  2  (cet.  excl.) ; 

Lamansky,  Mem.  Com.  Geol.  St  Pe'tersbourg  (N.S.),  xx,  1905,  pp.  73,  176. 
\  Martelli,  Boll.  Soc.  Geol.  Ital.,  vol.  xx,  1901,  p.  305,  pi.  iv,  figs.  7-12. 
§  Davidson,  op.  cit.,  vol.  iii,  p.  298,  pi.  xlii,  figs.  15-17. 
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attributed  these  Craighead  shells,  came  from  Kildare,  and  is  certainly  distinct  in 

character,  having  mucronate  wings  and  different  ribbing ;  and  the  Ardmillan 

shells,  which  he  also  referred  to  this  species,  belong  to  the  genus  Leptella  or 

Plectambonites,  and  are  described  in  this  memoir  as  L.  pseudoretrojlexa  (see  p.  874). 

The  flattened  conical  shape  of  the  pedicle-valve,  its  obtusely  pointed  and  lower 

non-incurved  beak,  the  flat  (instead  of  concave)  and  more  inclined  hinge-area,  and 
the  less  regular  and  rather  coarser  riblets  seem  sufficient  to  distinguish  this  species 

from  the  other  species,  H.  Thomsoni,  described  below. 

Hemipronites  Thomsoni,  sp.  no  v. 

(Plate  XXI,  figs.  27,  28.) 

1883.  Orthis  turgida,  M'Coy,   Davidson  (pars),   Mon-  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  187, 
pi.  xiv,  fig.  18  (non  figs.  17,  19,  20). 

Non  1870.   Orthis  turgida,  M'Coy,  Davidson,  ibid.,  vol.  iii,  pt.  vii,  p.  258,  pi.  xxxii,  figs.  12-20. 

Non  1852.  Orthis  turgida,  M'Coy,  Syn.  Brit.  Pal.  Foss.  Woodw.  Mus.,  p.  229,  pi.  iH,  fig.  20. 

Shell  subcircular  to  subelliptical,  strongly  biconvex ;  hinge-line  rather  less  than 

maximum  width  ;  cardinal  angles  obtuse  or  rounded.  Pedicle-valve  convex,  rounded, 
not  carinate,  much  longer  than  brachial  valve,  with  high  elevated  pointed  beak,  slightly 

incurved,  and  with  cardinal  slopes  meeting  at  80°-100°  at  beak  ;  hinge-area  large,  high, 
triangular,  lying  nearly  in  plane  of  valve  or  slightly  sloping  back,  concave,  with 

triangular  open  delthyrium.  Brachial  valve  transversely  elliptical,  with  traces  of  a 

broad  median  depression  generally  present ;  beak  small,  inconspicuous,  obtuse  ;  hinge- 
area  narrow,  steeply  inclined.  Surface  of  valves  covered  with  very  numerous  closely 

placed  regular  equal  rounded  low  riblets  dividing  usually  close  to  margin,  and  number- 
ing about  150  on  edge  of  valves,  gently  curved  back  on  lateral  portions  of  shell,  and 

all  crossed  by  fine  concentric  striae,  with  2-3  lamellose  growth-ridges  near  margins. 
Interior  unknown. 

Dimensions. — 
Pedicle-valve.  Brachial  valve. 

(1)  (2)  (1)  (2) 

Length        ....     15'4       16"0  mm.  11*8       13'6  mm. 
Width  .  .         .     16*0       18"0  mm.  lG'O       18'0  mm. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Remarks. — This  shell  does  not  seem  identical  with  M'Coy's  Orthis  turgida  *  from 

the  Llandeilo  of  Llandeilo  ;  the  ribbing  is  different,  and  M'Coy's  type,  which  is  a 
brachial  valve,  is  more  convex  and  has  a  more  marked  rounded  sinus.  M'Coy's  and 

Davidson's  figures  are  restorations,  and  inaccurate.  The  other  specimens  referred 
by  these  authors  to  the  same  species  are  certainly  also  distinct  from  these  Craig- 

head shells,  which  much    resemble   H.    infiexa,  Pander, t    in  shape,  ribbing,   high 

*  M'Coy,  Syn.  Brit.  Palseoz.  Foss.  Woodw.  Mus.,  1852,  p.  229,  pi.  iH,  fig.  20  (?  21-24). 
+  Von  Pahlen,  Mem.  Acad.  ImpCr.  Sc.  Si  Petersbourg,  ser.  vii,  vol.  xxiv,  1877,  p.  28,  pi.  iii,  figs.  1-5. 
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hinge-area    to    the    pedicle-valve,    and    concentric    lamellose    growth-ridges.     This 
species  is  named  after  Professor  Wyvillb  Thomson. 

Hemipronites  Thomsoni,  var.  nov.  inconstans. 

(Plate  XXI,  figs.  29-31.) 
1883.   Orthis   elegantula,    Dalman,  Davidson    (pars),    Mori.    Brit.   Foss.  Brack.,  vol.   v,  Silur.  Suppl., 

pp.  178,  226. 

Shell  subcircular,  subquadrate,  or  transversely  elliptical,  unequally  biconvex ; 

hinge-line  rather  less  than  maximum  width  of  shell ;  cardinal  angles  obtuse, 

rounded  or  subrectangular.  Pedicle-valve  convex,  subcarinate  in  young,  deepest 

near  middle  ;  beak  large,  elevated,  rising  high  above  hinge-line,  acute,  slightly 

incurved  ;  hinge-area  large,  high,  triangular,  slightly  concave,  nearly  half  the  length 
of  shell  in  height,  lying  nearly  in  plane  of  valve,  with  narrow  triangular  delthyrium. 

Brachial  valve  much  shorter  and  less  convex  than  pedicle-valve,  transversely  elliptical 
in  shape,  more  or  less  bilobed  by  a  sharp  median  depression  which  extends  from 

beak  to  front  margin,  increasing  in  width  and  causing  sinuation  of  edge  of  valves ; 

beak  small,  obtuse,  rising  slightly  above  hinge-line,  slightly  incurved,  with  narrow 

hinge-area  below,  set  at  right  angles  to  that  of  other  valve. 
Surface  of  valves  covered  by  numerous  small  rounded  somewhat  unequal  closely 

placed  riblets  curving  back  a  little  on  each  side  and  numbering  about  60  on  the 

margins,  about  one-third  of  which  are  primaries,  the  others  (usually  rather  smaller) 

arising  somewhat  irregularly  by  intercalation  at  about  one-third  or  one-half  their 

length.     Concentric  growth-ridges  usually  few,  lamellose,  strong,  submarginal. 

Dimensions. — Average  length,  9-11  mm.  ;  thickness,  6-8  mm. 

Horizons. — (l)  Stinchar  Limestone  Group;  (2)  ?  Balclatchie  Group. 

Localities. — (l)  Craighead  ;  (2)  Balclatchie  (conglomerate). 

Remarks. — This  small  shell,  of  which  only  a  few  specimens  from  Craighead  are 
positively  known,  appears  to  belong  to  the  group  of  Hemipronites  \_Orthisina]  injlexa, 

Pander.*  The  internal  characters  are  unknown.  It  differs  from  H.  carrickensis  by 
the  strongly  marked  bilobation  of  the  brachial  valve,  by  its  sinuated  anterior  margin, 

by  the  decided  carination  of  the  pedicle-valve,  and  by  its  relatively  higher  area. 
The  ornamentation  is  quite  unlike  that  of  Scenidium  Lewisi,  var.  craigense,  though 

the  somewhat  similar  shape  of  the  shell  might  suggest  a  comparison.  The  re- 
semblance to  H.  Thomsoni  is,  on  the  other  hand,  so  close  that  we  must  regard  it  as 

a  variety  of  this  species,  distinguished  only  by  its  marked  carination  and  bilobation. 

Genus  Scenidium,  Hall. 

Scenidium  Greenoughi,  sp.  nov. 

(Plate  XXI,  figs.  32-34.) 

Shell  semielliptical  to  subtriangular,  widest   along    hinge-line ;   cardinal   angles 

less  than  right  angles.     Pedicle-valve  convex,  deep,  swollen,  subcarinate  ;  beak  high, 

*  Lamansky,  Mem.  Com.  Ge'ol.  St  Petersbourg  (N.S.),  vol.  xx,  1905,  pp.  73,  176. 
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pointed,  small,  slightly  incurved,  not  swollen  ;  hinge-area  large,  high,  triangular, 
concave  or  flat,  steeply  inclined,  with  large  triangular  delthyrium.  Brachial  valve 

shallow,  very  slightly  convex  or  flattened,  deeply  bilobed  by  rounded  median  sinus, 

with  lateral  portions  of  valve  somewhat  swollen ;  beak  small,  inconspicuous ;  hinge-area 

triangular,  much  lower  and  narrower  than  in  opposite  valve,  steeply  inclined.  Surface 

of  valves  covered  with  24-30  simple  rounded  equal  closely  placed  low  ribs,  with  those 
in  sinus  of  brachial  valve  rather  smaller  than  rest ;  fine  concentric  striation  over  all. 

Dimensions. — Length,  8-9  mm.  ;  width,  10—11  mm. 

Horizon. — Whitehouse  Group. 

Locality. — Shalloch  Mill. 

Remarks. — It  is  impossible  to  regard  this  shell  as  merely  the  young  of  Clitam- 
bonites  [Scenidium]  shallochensis,  Davidson,  as  might  at  first  sight  be  suspected, 

for  the  subcarinate  contour  of  the  pedicle-valve  and  the  absence  of  the  median  sinus 

upon  it  are  distinctive.  Further  differences  are  mentioned  in  the  description  of  that 

species  (see  p.  917).  Sc.  Greenoughi  more  resembles  Sc.  Lewisi,  var.  asteroidea,  from 

Thraive  Glen  {q.v.),  and  Sc.  Haiti,  Safford,*  from  the  Ordovician  of  the  United  States. 
This  species  is  named  in  honour  of  J.  B.  Greenough,  one  of  the  founders  of  the 

Geological  Society  of  London. 

Scenidium  Lewisi,  Davidson,  var.  nov.  asteroidea. 

(Plate  XXII,  figs.  1-3.) 

There  are  a  few  specimens  of  a  Scenidium  from  the  Starfish  Bed  in  Mrs  Gray's 
collection  which  must  be  regarded  as  a  variety  of  Sc.  Lewisi;  though  not  precisely 

agreeing  with  any  of  the  other  varieties  here  described.  The  shell  is  less  sharply 

folded,  and  the  pedicle-valve  is  less  carinate  and  more  rounded  than  in  the  variety 
craigense,  and  agrees  better  with  var.  woodlandense.  The  ribs  also  are  coarser  and 

larger  than  in  the  Craighead  form.  There  are  about  20  simple  equal  angular  primary 

ribs,  with  only  1  or  2  short  marginal  intercalated  ones  near  the  sinus  in  the  brachial 

valve,  this  regularity  and  simplicity  of  the  ribbing  being  a  noticeable  feature  ;  and  all 

the  ribs  are  crossed  by  strong  imbricating  striae.  The  internal  casts,  which  are  well 

preserved,  show  a  spondylium  in  both  valves  and  in  front  of  it  a  short  stout  low 

median  septum  in  the  pedicle-valve  about  one-fourth  (or  less)  its  length,  while  the 

septum  in  the  brachial  valve  is  long  and  thin,  being  about  three-fourths  the  length 
of  the  valve.  In  the  brachial  valve  the  muscular  scars  are  as  represented  in 

Davidson's  figure  of  the  interior  of  Sc.  LewisiA  This  new  variety  does  not  appear 
to  be  very  closely  allied  to  the  variety  Hughesi,  Dav.  \  from  the  Coniston  Grits. 

The  largest  specimen  measures  8 '5  mm.  in  width. 
Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

*  Hall  and  Clarke,  op.  cit.,  Brach.,  i,  pi.  viiA,  figs  33-39. 
t  Davidson,  op.  cit.,  vol.  iii,  pi.  xxvi,  fig.  9a. 

I  Davidson,  ibid.,  p.  254,  pi.  xxxviii,  fig.  26. 
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Scenidium  Leivisi,  Davidson,  var.  nov.  craigensis. 

(Plate  XXII,  figs.  4-9.) 

Shell  small,  transversely  triangular  to  semielliptical,  sharply  folded  down  middle 

line  ;  hinge-line  equal  to  width  of  shell ;  cardinal  angles  subacute  to  rectangular. 

Pedicle-valve  deeply  conical,  strongly  carinate,  with  dependent  lateral  lobes  making 

a  wide  angle  ;  hinge-area  large,  triangular,  nearly  at  right  angles  to  plane  of  valve ; 
beak  small,  prominent,  forming  apex  of  cone,  pointed,  elevated,  and  slightly 

incurved.  Brachial  valve  bilobed  by  deep  angulated  median  sinus  increasing  in 

width  anteriorly,  with  gently  convex  lateral  lobes ;  anterior  margin  more  or  less 

emarginate  in  middle  ;  beak  inconspicuous ;  hinge-area  narrow ;  interior  with  long 
linear  cardinal  process,  median  septum  about  half  the  length  of  valve,  and  pair  of 

short  converging  plates  uniting  with  septum  and  forming  spondylium.  Surface  of 

valves  covered  with  30-40  simple  straight  subangular  closely  placed  regular  equal 
fine  ribs  ;  concentric  striae  very  faint  or  absent. 

Dimensions. — Length,  5-6  mm.  ;  width,  7-8  mm. 

Horizons. — (l)  Stinchar  Limestone  group;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead;  (2)  Ardmillan,  Dow  Hill,  Balclatchie  conglomerate. 

Remarks. — This  small  variety  is  very  closely  similar  to  the  Wenlock  type-form.* 
It  differs  from  var.  asteroideum  in  the  greater  fineness  and  number  of  the  ribs  and 

absence  of  imbricating  striae,  and  from  var.  woodlandense  in  its  more  triangular  shape, 

and  finer  regular  ribs.  In  shape  the  shell  much  resembles  Orthis  melmerbiensis,  Reed,t 
from  the  Dufton  Shales. 

Scenidium  Leivisi,  Davidson,  var.  woodlandensis,  Davidson  (emend.). 

1883.  Scenidium  Lewisi,  var.  woodlandiense,  Davidson,  Mori.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl., 

p.  174,  pi.  xi,  figs.  1,  2. 

As  Davidson  remarks,  this  shell  "  partakes  of  all  the  essential  characters  of  the 

Wenlock  type,  differing  from  it  in  size  only,  being  nearly  twice  as  large."  It  attains 
a  width  of  13-14  mm.  The  interior  is  imperfectly  known.  This  variety  differs  also 
from  the  Craighead  variety  by  its  larger  size  and  more  transverse  shape,  and 

by  the, pedicle-valve  being  less  strongly  carinate  and  without  any  distinct  median 

fold  ;  the  beak  also  is  higher  and  more  incurved,  the  hinge-area  lies  nearly  in  the 

plane  of  the  valve,  and  the  ribs  are  coarser  and  less  regular,  increasing  by  intercala- 
tion and  rarely  by  division.  It  seems  more  allied  to  the  variety  Hughesi,  Davidson 

(op.  cit.,  p.  254,  pi.  xxxviii,  fig.  26). 

Dimensions  (type,  op.  cit.,  pi.  xii,  fig.  l). — Length,  6 "8  mm.  ;  width,  8 '5  mm. 
Horizon. — Saugh  Hill  Group. 

Localities. — Woodland  Point,  Newlands. 

*  Davidson,  op.  cit.,  vol.  iii,  p.  208,  pi.  xxvi,  figs.  4-9. 
t  Reed,  Geol.  Mag.,  dec.  v.,  vol.  vii,  1910,  p.  296,  pi.  xxiii,  figs.  4-8. 
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Genus  Porambonites,  Pander. 

Porambonites  acutiplicata,  sp.  nov. 

(Plate  XXII,  figs.  10,  11.) 

Shell  subcircular  to  subelliptical,  biconvex,  deeply  folded ;  hinge-line  less  than 

width  of  shell ;  cardinal  angles  obtuse.     Pedicle-valve  with  very  deep  sharply  angular 
sinus  starting  from  near  beak  and  rapidly  deepening  and  widening  to  front  margin, 

bounded  by  sharp  angular  edges,  and  with  floor  produced  into  acutely  pointed  tongue, 

sharply  folded  along  middle  line  ;   beak  swollen,  rising  above  hinge-line,  incurved 

(but  less  so  than  opposite  valve) ;  hinge-area  steeply  inclined,  triangular,  with  median 
triangular  delthyrium.     Brachial  valve  strongly  convex,  swollen,  and  inflated,  with 

high  rounded  fold  corresponding  to  sinus  occupying  middle  third  of  valve  on  anterior 

margin,  which    is   acutely   emarginate ;    lateral   lobes    gently   convex,  not    strongly 

marked  off  from  fold ;    beak  large,   high,  swollen,    incurved,  rising  above  beak  of 

opposite  valve,  with  vertical  triangular  hinge-area  lying  in  plane  of  valve.     Surface 
of  shell  ornamented  with  small  closely  set  circular  pits  in  radial  lines,  about  ten  radial 

lines  to  every  4  mm.,  and  about  ten  pits  of  a  row  in  every  3  mm. 

Dimensions.— 

Length  .         ... 
Width   

Depth   

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Remarks. — There  are  only  two  specimens  of  this  interesting  shell  in  Mrs  Gray's 
collection,  and  neither  show  the  internal  characters.  It  is  quite  distinct  from 

Porambonites  intercedens,  var.  Jilosa,  M'Coy,  of  Co.  Waterford,#  and  from  those 
described  by  Davidson  from  Wrae  Quarry,  t  which  have  a  broad  flat  sinus.  In  re- 

ferring to  the  valve  carrying  the  fold  as  the  brachial  valve  I  have  followed  Noetling4 

Genus  Camarella,  Billings. 

Camarella  balclatchiensis,  (Davidson). 

(Plate  XXII,  figs.  12-15.) 
1883.  Rhynchonella   balcletchiensis,  Davidson  (pars),  Man.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

p.  160,  pi.  x,  fig.  15  (non  fig.  16,  nee  pi.  xi,  fig.  23). 

1883.  Rhynchonella  xmula,  Salter,  Davidson  (pars),  ibid.,  p.  160  (non  pi.  x,  fig.  17). 

Shell  subtriangular  to  subpentagonal,  broadest  anteriorly,  rounded  at  sides, 

usually  as  wide  as  long  or  rather  wider  than  long,  biconvex.  Pedicle-valve  with 

median  sinus  commencing  at  from  one-third  to  one-half  the  length  of  the  valve, 

increasing  rapidly  in  width  to  anterior  margin  to  more  than  one-third  the  anterior 

*  Davidson,  op.  cit.,  vol.  iii,  p.  195,  pi.  xxv,  fig.  16  ;  pi.  xxvi,  figs.  1,  2. 
t  Davidson,  ibid.,  pi.  xxv,  figs.  1 7-19  ;  pi.  xxvi,  fig.  3. 
J  Noetling,  Zeitschr.  deut.  geol.  Gesellsch.,  Bd.  xxxv,  1883,  p.  535. 
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(2)  (Crushed  specimen.) 

18 ?  20  mm. 
18 

24  mm. 

16 16  mm. 
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(2) 

(3) 

(4) 

9-2 

12'3 

12-2  mm. 

10'0 
13-8 

12*5  mm. 

5'2 8'0 

9'4  mm. 

width  of  shell,  shallow,  rounded,  with  floor  more  or  less  produced  into  tongue  ;  lateral 

margins  of  sinus  angular,  more  or  less  strongly  elevated  on  front  margin  ;  floor  of 

sinus  with  single  narrow  median  rib  of  variable  length  and  sometimes  nearly 

obsolete  ;  lateral  portions  of  valve  gently  convex,  with  traces  of  one  or  more  angular 

short  marginal  plications,  often  obsolete,  forming  zigzag  junctions  of  margin  ;  beak 

small,  acute,  elevated,  very  slightly  incurved,  higher  than  that  of  opposite  valve ; 

triangular  delthyrium  below  beak.  Brachial  valve  usually  more  convex  than 

pedicle-valve,  with  a  more  or  less  developed  fold  towards  anterior  margin  composed 
of  a  pair  of  rather  closely  placed  small  angular  or  subangular  plications  of  variable 

length,  becoming  highest  on  anterior  margin  ;  lateral  portions  of  valve  more  or  less 

convex  and  dependent,  occasionally  with  weak  marginal  plications  ;  beak  obtuse, 
low,  small.     Surface  of  valves  smooth. 

Interior  of  pedicle-valve  with  median  septum  fully  one-third  the  length  of  the 
valve.     Interior  of  brachial  valve  with  shorter  median  septum. 

Dimensions. — 

(1)  Type. 
Length  .  .  .     10  "5 
Width  .  .         .      10-5 

Thickness     .         .  .6*8 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Remarks. — This  species  varies  to  a  considerable  extent  in  certain  directions,  but 
it  always  retains  the  double  plication  on  the  fold,  and  never  has  more  than  a  single 

plication  in  the  sinus.  The  width  relative  to  the  length,  the  degree  of  inflation  and 

convexity  of  the  valves,  the  prominence  and  length  of  the  plications  on  the  fold  and 

of  the  one  in  the  sinus,  and  the  number  and  development  of  the  lateral  marginal 

plications  are  variable.  The  forms  from  Craighead  with  more  accentuated  plications 

and  greater  anterior  width  Davidson  referred  to  Rh.  semula,  Salter,*  which  comes 
typically  from  the  Chair  of  Kildare.  The  shells  from  the  Balclatchie  conglomerate 

figured  by  Davidson  t  as  Rh.  balclatchiensis  differ  in  their  greater  length,  more 

elongated  shape,  and  obsolete  median  plication  in  the  sinus,  and  constitute  a  fairly 

well-marked  variety  (see  next  page).  The  specimen  from  Minuntion  J  attributed  by 
him  to  this  species  is  completely  distinct,  and  is  described  in  this  memoir  as  Triplecia 

craigensis,  sp.  nov.  (see  p.  908). 

The  small  specimen  from  Penkill  attributed  to  Rh.  semula  by  Davidson  §  and 

figured  as  such  is  too  poorly  preserved  for  satisfactory  identification,  and  the  figure 
is  incorrect. 

C.  balclatchiensis  is  undoubtedly  closely  allied  to   C.   Thomsoni  (Davidson),  as 

*  Davidson,  op.  cit.,  vol.  lii,  p.  188,  pi.  xxiv,  fig.  21.' 
t  Davidson,  op.  cit.,  vol.  v,  Silur.  Supjrt.,  pi.  x,  fig.  16. 
}  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl,  p.  200,  pi.  xi,  fig.  23. 
§  Davidson,  op.  cit,  vol.  v,  Silur.  Suppl.,  v,  pi.  x,  fig.  17. 
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here  described  and  restricted  (see  p.  927),  but  the  former  differs  in  the  fold  being 

composed  of  a  pair  of  plications  and  in  the  broader  outline  of  the  shell ;  but  the 

separation  of  young  or  imperfect  specimens  is  difficult. 

C.  Volborihi  (Billings),*  the  type  of  the  genus,  is  more  closely  allied,  and  may  be 
identical ;  it  is  a  typical  Trenton  form.  Our  specimens  of  C.  balclatchiensis  do  not 

clearly  show  the  spondylium,  owing  to  their  imperfect  preservation,  but  otherwise 
agree  in  all  essential  characters. 

Camarella  balclatchiensis  (Davidson),  var. 

(Plate  XXII,  figs.  16-18.) 
1883.  Rhynchonella    balcletchiensis,  Davidson   (pars),  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl., 

p.  160,  pi.  x,  fig.  16  (non  fig.  15). 

1 1883.   Rhi/nchonella  portlockiana,  Davidson  (pars),  ibid.,  p.  159,  pi.  x,  fig.  12  (non  figs.  13,  14). 

Non  1868.  Rhynchonella  ? portlockiana,  Davidson,  ibid.,  vol.  iii,  pt.  vii,  p.  189,  pi.  xxiv,  figs.  23-25. 

This  variety  is  longer,  and  more  elongated  than  the  type  ;  it  is  widest  across 

the  middle  instead  of  anteriorly,  and  is  subpentagonal  in  shape,  with  longer  sloping 

shoulders  which  meet  at  the  beak  of  the  pedicle-valve  at  about  45°-50°.  In  these 
respects  it  differs  from  the  Craighead  type.  The  median  plication  in  the  sinus 

of  the  pedicle-valve  always  seems  to  be  obsolete  and  the  fold  in  the  opposite  valve 
may  be  ungrooved,  but  the  specimens  are  poorly  preserved  and  not  satisfactory, 

so  that  a  distinctive  name  is  not  applied  to  them. 

Horizon. — Balclatchie  Group  (conglomerate). 

Locality. — Balclatchie. 

Cam.arella  ?  Conybearei,  sp.  nov. 

(Plate  XXII,  figs.  19-24.) 

Shell  small,  elongate,  oval  to  subtrigonal,  posteriorly  pointed,  anteriorly  rounded, 

with  long  sloping  shoulders  more  than  half  the  length  of  shell ;  anterior  margins  of 

valves  meeting  in  deep  zigzag  junction.  Pedicle-valve  with  small  beak  acutely 

pointed  at  about  30°  ;  surface  of  valve  occupied  by  two  pairs  of  large  rounded  or 
subangular  nearly  equidistant  plications,  the  middle  pair  larger  than  the  lateral 

pair  (but  all  continuous  from  beak  to  margin).  Brachial  valve  with  smaller  lower 

more  obtuse  beak  than  in  opposite  valve  ;  surface  occupied  by  a  median  rounded 

plication  arising  in  front  of  beak,  and  a  pair  of  larger  more  elevated  lateral  plications 

similar  to  those  on  other  valve  and  continuous  from .  beak  to  margin.  General 

surface  of  both  valves  marked  by  regular  rather  sublamellose  concentric  striae. 

Dimensions. — -Length,  4-5  mm.  ;  width,  2 '5-3 "5  mm. 

Horizons. — (l)  Balclatchie  Group  ;  (2)  Stinchar  Limestone  Group. 

Localities. — (l)  Balclatchie  (conglomerate) ;  (2)  Craighead. 

Remarks. — This    small    shell    was   simply   labelled       '  Rhynchonella '    sp."    by 
*  Billings,  Genl.  Canada,  1863,  p.  143,  fig.  77  ;  Hall  and  Clarke,  op.  cit.,  Brach.,  ii,  p.  220,  pi.  lxii,  figs.  11-18. 
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Davidson,  but  it  somewhat  suggests  an  alliance  with  Camarella  Thomsoni  and 

C.  balclatchiensis ;  the  more  elongated  and  narrower  shape  of  the  shell  and  strong 

continuous  plications  help  to  distinguish  it.  The  ornamentation  also  is  a  notice- 

able feature,  well  seen  in  the  Balclatchie  examples.  The  true  generic  reference  is 

uncertain.     It  is  named  after  the  famous  geologist  of  last  century,  J.  J.  Conybeare. 

Camarella  ?  cuneatella  (Davidson). 

(Plate  XXII,  figs.  25,  26.) 

1883.  Rhynchonella   cuneatella,    Davidson,    Mon.   Brit.    Foss.    Brack.,    vol.   v,  Silur.  Suppl.,  p.  200, 

pi.  x,  fig.  11. 

In  this  shell  the  long  sloping  flattened  shoulders  with  false  areas  and  the  general 

shape  resemble  Rhynch.  ardmillanensis  (see  p.  941),  but  the  folds  are  coarser, 

fewer,  and  only  marginal ;  the  beak  of  the  pedicle-valve  also  seems  lower.  In 

Davidson's  poor  type-specimen  from  the  Balclatchie  conglomerate  there  are  five 
plications  on  the  brachial  valve,  and  they  do  not  curve  outwards  on  each  side  as 
Davidson  incorrectly  shows.  In  other  specimens  from  the  same  locality  (mounted 

and  named  by  Davidson  with  the  type)  there  are  5  or  6  folds  on  the  brachial 

valve,  the  2  middle  ones  being  usually  rather  larger  and  closer,  and  on  the  pedicle- 
valve  there  are  3-4  on  each  side  of  the  shallow  narrow  sinus. 

There  are  many  poorly  preserved  small  shells  from  Craighead  which  may  be  a 

variety  of  this  species,  but  the  marginal  plications  are  usually  6  or  7,  and  there  is  no 
median  sinus  or  fold,  the  front  edge  being  straight.  A  shell  compared  with  this 

species  has  been  described  by  the  author  #  from  the  Glensaul  Limestone,  Co.  Galway. 
Horizons. — (l)  Balclatchie  Group  ;  (2)  Stinchar  Limestone  Group  ? 

Localities. — (l)  Balclatchie  (conglom.),  Ardmillan  ;  (2)  Craighead. 

Camarella  Peachi  (Davidson). 

(Plate  XXII,  figs.  27,  28.) 

1883.  Rhynchonella    Peachi,    Davidson,    Mon.    Brit.    Foss.     Brack.,    vol.    v,    Silur.   Suppl.,    p.    201, 

pi.  xi,  fig.  25. 

This  species  has  been  sufficiently  described  by  Davidson,  but  he  was  misled  in 

thinking  that  it  resembled  his  Rhynchonella  scotica  from  Craighead,  for  the  latter 

is  a  Parastrophia  with  the  characteristic  generic  features  (see  p.  929).  C.  Peachi. 
is  allied  to  the  swollen  transverse  varieties  of  C.  Thomsoni  and  to  C.  balclatchiensis, 

as  above  described.  It  is  thus  also  related  to  C.  Volborthi,  Billings,  t  from  the 

Black  River  Limestone,  the  genotype  of  Camarella. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

*  Reed,  Quart.  Journ.  Geol.  Soc,  vol.  lxvi,  1910,  p.  278. 

t  Billings,  Geol.  Canada,  1863,  p.  143,  fig.  77  ;  Hall  and  Clarke,  op.  cit.,  Bracli.,  ii,  pi.  Ixii,  figs.  13-18. 
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Camarella  Thomsoni  (Davidson). 

(Plate  XXII,  figs.  29-32.) 

1868.  Rhynchonella    Thomsoni,    Davidson,    Mon.     Brit.    Foss.    Brack.,    vol.    iii,    pt.    vii,    p.     186, 
pi.  xxiv,  fig.  18. 

1883.  Rhynchonella  Thomsoni,  ibid.,  vol.  v,  Silur.  Suppl.,  pp.  148,  225. 

The  presence  of  2-3  marginal  plications  in  the  sinus  of  the  pedicle-valve,  the 
broad  low  fold  with  2-3  plications  on  it  in  the  brachial  valve,  the  presence  of  lateral 
plications,  and  the  absence  of  such  sharp  well-defined  edges  to  the  sinus  help  to 
distinguish  it  from  C.  balclatchiensis,  but  it  is  a  variable  species.  In  the  more 
transverse  varieties  with  accentuated  fold  and  sinus  we  see  a  resemblance  to 

C.  Peachi,  and  the  flattened  more  elongated  examples  are  difficult  to  distinguish 

from  the  Craighead  variety  of  C.  cuneatella.  Davidson's  type  of  the  species 
C.  Thomsoni  was  found  at  Craighead.  The  internal  characters  are  unfortunately 
unknown.  The  more  transverse  swollen  shells  may  possibly  be  the  adult  shells, 

and  the  flatter,  more  triangular  ones,  like  Davidson's  figured  one,  may  be  immature 
individuals.  The  frequent  want  of  symmetry  in  the  development  of  the  plications 
is  noticeable  in  this  and  allied  species. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Genus  Parastrophia,  Hall  and  Clarke. 

Parastrophia  emerita,  sp.  no  v. 

(Plate  XXII,  figs.  33,  34.) 

1883.  Rhynchonella  Salteri,  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  225. 

Nonl868.  Rhynchonella  Salteri,  Davidson,  ibid.,  vol.  iii,  pt.  vii,  p.  188,  pi.  xxiv,  figs.  19,  20. 

Shell  transversely  subpentagonal.  Brachial  valve  moderately  convex,  with  broad 

low  median  fold  arising  in  anterior  half  with  elevated  edges  and  somewhat  depressed 

centre ;  fold  composed  of  4  plications  consisting  of  a  pair  of  closely  placed  small 

short  median  ones  only  developed  near  the  margin,  and  a  pair  of  considerably  larger 

more  elevated  longer  subangular  lateral  ones,  tending  to  divide  into  2  smaller  ones 

near  their  anterior  extremities.  Lateral  lobes  separated  from  fold  by  wide  deep  groove 

on  each  side,  and  with  traces  of  2-3  weak  low  rounded  almost  obsolete  plications 
near  the  margins.  Interior  of  brachial  valve  with  minute  spondylium  and  straight 

median  septum  nearly  half  the  length  of  the  valve.  Surface  of  shell  ornamented 

with  a  few  concentric  lamellose  growth -ridges  and  lines. 

Dimensions. — Length,  8  mm  ;  width,  10'5  mm. 
Horizons. — (l)  Stinchar  Limestone  Group;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead  ;  (2)  Ardmillan  Brae. 

Remarks. — These  small  shells  were  labelled  by  Davidson  Rhynchonella  Salteri* 
*  Davidson,  op.  cit.,  iii,  p.  188,  pi.  xxiv,  figs.  19,  20. 
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but  the  type  of  this  species  which  comes  from  Penwhapple  Glen  has  only  2  or 

3  plications  forming  the  fold,  and  they  are  coarse  and  equal,  and  the  shell  is  less 

transverse  in  shape.  Our  shell  much  more  resembles  P.  thraivensis,  from  the  Starfish 

Bed  (see  p.  930),  and  P.  angulosa  (Tornquist),*  but  it  shows  some  variation  and 
irregularity  in  the  plications  on  its  surface  {e.g.  fig.  34). 

Parastrophia  rotunda  (Sowerby). 

(Plate  XXII,  figs.  35-41.) 

1839.   Atrypa  rotunda,  Sowerby,  in  Murchison's  Silur.  Syst.,  p.  629,  pi.  xiii,  fig.  7. 
186S.  Pentamerus  rotundus  (Sowerby),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  150,  pi.  xv, 

figs.  9-12. 
1883.  Pentamerus   rotundus   (Sowerby),    Davidson,   op.    tit.,    vol.    v,    Silur.    Suppl.,   p.    163,   pi.   ix, 

figs.  6-9. 
H883.  Pentamerus  galeatus  (Sowerby),  Davidson,  ibid.,  pJ164,  pi.  ix,  figs.  25,   25a  (non   Pentamerus 

galeatus,  Davidson,  op.  cit.,  vol.  iii,  p.  145,  pi.  xv,  figs.  13-23). 

The  diductor  muscles  are  not  shown  in  Davidson's  fig.  7  of  a  pedicle-valve  from 
Penkill,  though  they  are  well  seen  in  the  actual  specimen,  of  which  the  figure  is  a 

poor  restoration.  These  diductors  are  flabellate,  triangular,  lie  close  up  against  the 

septum,  are  radially  striated,  and  are  about  one-fourth  (or  rather  less)  the  length  of 

the  valve.  The  fact  that  the  sinus  is  on  the  pedicle-valve  distinguishes  this  shell 
from  Pentamerus  galeatus,  as  well  as  the  low  small  and  less  conspicuous  beak.  In 

Davidson's  figure  (fig.  9)  of  the  internal  cast  of  the  brachial  valve  from  Penkill  there 
should  be  shown  two  slightly  convergent  nearly  vertical  septa,  very  closely  placed, 

and  making  a  very  narrow  elongated  spondylium  extending  about  half  the  length  of 

the  valve,  beyond  which  the  septa  seem  to  unite  into  one  and  be  slightly  prolonged 

as  a  single  vertical  plate.  The  adductors  also  in  this  valve  are  not  as  he  shows,  but 

form  a  regularly  oval  area  bisected  by  the  spondylium  and  composed  of  two  pairs  of 

rather  small  scars  in  contact,  the  anterior  ones  being  the  smaller,  but  not  transverse, 

as  he  depicts.  The  dental  plates  in  the  pedicle-valve  are  short,  convergent  at  about 

45°-60°,  making  a  small  short  spondylium,  and  the  median  supporting  septum  is 
shorter  than  that  in  the  opposite  valve. 

It  is  probable  that  the  shell  from  Penkill  referred  by  Davidson  to  Pentamerus 

galeatus  (op.  cit.,  pi.  ix,  figs.  25,  25a)  belongs  to  this  species. 

As  Hall  and  Clarke  pointed  out,t  Atrypa  rotunda,  Sowerby,  must  be  placed  in 

the  genus  Parastrophia,  its  internal  characters,  position  of  fold  and  sinus,  am! 

external  features  much  resembling  P.  reversa  (Billings)  |  of  the  Clinton  Group. 

P.  rotunda  was  first  described  as  Atrypa  by  Sowerby  §  from  the  Wenlock  Group, 

and  Davidson  (op.  cit.,  iii,  p.  151)  was  perplexed  about  its  proper  generic  reference. 

Horizon. — Penkill  Group. 

Locality. — Penkill. 
*  Lindstrom,  Fragm.  Silur.  (1880),  p.  23,  t.  xiii,  figs.  14-19. 
+  Hall  and  Clarke,  op.  cit.,  Brach.,  ii,  p.  221.  J  Hall  and  Clarke,  ibid.,  pi.  lxiii,  figs.  8  14. 

§  Sowerby,  in  Murchison's  Silurian  System.,  pi.  xiii,  fig.  7  ;  Davidson,  op.  cit.,  vol.  iii,  p.  150,  pi.  xv,  figs.  9-11. 
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Parastrophial  (CamarellaX)  Salteri  (Davidson). 

(Plate  XXII,  fig.  42.) 

1868.  Rhynchonella  Salteri,  Davidson,  Mon.  Brit.  Fuss.  Brack.,  vol.  iii,  pt.  vii,  p.  188,  pi.  xxiv,  fig.  19 

(?fig.  20). 

H907.   Camarella  Salteri  (Davidson),  Wirnan,  Arkiv  f.  Zool.  (Stockholm),  Bd.  iii,  No.   24,  p.  6,  t.  ii, 

figs.  4-5. 

Shell  subpentagonal,  widest  across  middle.  Brachial  (?)  valve  moderately  convex  ; 

he;ik  obtuse,  incurved,  somewhat  swollen  ;  shoulders  long,  about  half  length  of  valve, 

with  somewhat  flattened  slopes  forming  false  areas  ;  median  fold  composed  of  a  pair 

of  large  angular  subparallel  plications  arising  at  about  one-third  the  length  of  the 
valve  and  increasing  in  height  and  strength  to  anterior  margin  ;  sides  of  fold  steeply 

inclined  ;  lateral  portions  of  shell  narrow,  smooth,  gently  convex,  without  plications. 

Interior  with  thin  median  septum,  about  one-third  the  length  of  valve. 

Dimensions. — Length,  9  mm.  ;  width,  10  mm. 

Horizon. — "  Caradoc  "  [?  Balclatchie  Group]. 
Locality. — Penwhapple  Glen  (Jermyn  Street  Museum). 

Remarks. — Davidson's  description  of  this  species  is  incorrect,  and  his  figure 
(op.  cit.,  fig.  19)  of  the  type  from  Penwhapple  Glen  is  not  reliable.  The  appear- 

ance of  3  plications  on  the  fold  is  due  to  the  flattening  out  of  one  by  crushing, 

and  to  an  oblique  chip  broken  off  its  anterior  end.  It  is  doubtful  if  the  Boduan 

specimen  (Davidson,  op.  cit.,  fig.  20)  is  referable  to  the  same  species.  The  strength 

and  anterior  elevation  of  the  plications,  and  the  presence  of  only  2,  separates  the  Pen- 
whapple form  from  P.  Youngi  (p.  930),  and  it  is  quite  distinct  from  the  Ardmillan  and 

Craighead  so-called  Rh.  Salteri  (=P.  emerita,  mihi).  It  may  be  a  distorted  variety 
of  Cam.  balclatchiensis,  but  it  cannot  be  regarded  as  an  altogether  satisfactory 

species,  and  the  precise  horizon  on  which  it  occurs  is  somewhat  doubtful. 

Parastrophia  scotica  (Davidson). 

(Plate  XXII,  fig.  43.) 

1883.   Rhynchonella  scotica,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  201,  pi.  xi,  fig.  26. 

Davidson's  figure  of  the  type  does  not  show  that  out  of  the  5  plications  on 
the  low  fold  on  the  brachial  valve  the  3  middle  ones  are  rather  smaller  than  the 

outermost  ones  and  are  more  closely  placed  together.  The  outermost  plication  on 

each  side  of  the  fold  is  equal  in  size  to  the  plications  on  the  lateral  lobes.  In  the 

pedicle-valve  there  are  4  plications  in  the  sinus.  It  should  also  be  remarked  that 
the  shell  is  more  globose  than  Davidson  showed  in  his  figure.  The  investigations  of 

Miss  Wilson  #  show  that  there  is  much  variation  in  the  number  of  plications  on  the 
shell  of  the  allied  P.  hemiplicata  (Hall).f 

In  all  its  essential  characters  P.  scotica  much  resembles  P.  hemiplicata  (Hall), 

*  Wilson,  Geol.  Surv.  Canada  Museum,  Bull.  No.  2(1914),  pp.  131-140,  pi.  iv. 
f  Hall,  Paleeont.  N.Y.,  vol.  i,  1847,  p.  144,  pi.  33,  fig.  10;  Hall  and  Clarke,  op.  cit,  Brach.,  ii,  p.  221, 

pi.  lxiii,  figs.  1-3. 
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from  the  Trenton  Limestone,  and  also  is  much  like  the  Swedish  "  Camerella" 

Tornquisti,  Wiman.*  Hall  and  Clarke  t  recognised  that  Davidson's  Rh.  scotica 
belonged  to  Parastrophia. 

Horizon.—  Stinchar  Limestone  Group. 

Locality. — Craighead. 

Parastrophia  thraivensis,  sp.  nov. 

(Plate  XXII,  figs.  44,  45.) 

Shell  strongly  biconvex,  with  deeply  re-entrant  valves,  subcircular ;  beaks  low, 

obtuse,  approximate.  Pedicle-valve  with  deep  sinus  increasing  in  width  and  depth 
anteriorly,  with  sharp  prominent  angular  edges,  and  with  flattened  floor  produced  into 

blunt  tongue,  and  bearing  in  anterior  half  2  small  closely  placed  plications  of  equal 

size  ;  sides  of  sinus  steep,  high  ;  lateral  lobes  of  valve  bearing  3-4  coarse  subangular 
plications  arising  at  about  half  the  length  of  valve,  those  bordering  the  sinus 

being  the  longest,  sharpest,  and  most  prominent.  Interior  of  pedicle-valve  with 

short  narrow  spondylium  and  median  septum  extending  from  it  about  one-third  the 

length  of  valve. 

Brachial  valve  strongly  convex,  with  median  fold  composed  of  a  pair  of  broader 

lateral  subangular  plications  and  a  smaller  narrower  median  one,  all  continuous  from 

beak  to  margin  and  subparallel ;  lateral  lobes  with  3-4  lower  plications  shorter  and 

arising  nearer  margin.  Surface  of  shell  marked  by  few  strong  concentric  growth- 
ridges. 

Dimensions. — 

Length  .... 
Width   

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Remarks. — This  shell  is  very  closely  allied  to  "  Camerella"  angulosa,  Tornquist,  J 
from  the  Leptsena  Limestone.  Parastrophia  reversa  (Billings)  §  also  bears  a  con- 

siderable resemblance  to  it. 

Parastrophia  Youngi,  sp.  nov. 

(Plate  XXII,  figs.  46,  47.) 

Shell  more  or  less  globose,  subcircular ;  beaks  approximate,  subequal,  swollen, 

obtuse.  Pedicle-valve  convex,  with  broad  shallow  median  sinus  arising  at  some 

distance  from  beak,  with  flattened  floor  continued  as  obtuse  tongue  bent  down  and 

*  Wiman,  Bull.  Geol.  Instit.  Upsala,  No.  10,  vol.  v,  pt.  ii,  1900,  p.  175,  pi.  vii,  figs.  22-25. 
(•  Hall  and  Clarke,  op.  cit.,  Brack,  ii,  p.  223. 
|  Lindstrom,  Fragm.  Sihir.,  p.  23,  pi.  xiii,  figs.  14-19. 
§   Hall  and  Clarke,  op.  cit.,  Brack,  ii,  pi.  lxiii,  figs.  8-14. 

(1) 
(2) 

10*5 

9*0  mm. 

10'0 

10'5  mm. 
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entering  other  valve,  and  holding  2  equal  angular  plications  arising  at  about  half 

the  length  of  valve  ;  anterior  sides  of  sinus  steep,  with  angular  edges  ;  2  or  3  short  sub- 

marginal  angular  plications  of  decreasing  strength  on  each  lateral  lobe.  Brachial 

valve  very  convex,  swollen,  with  low  broad  median  fold  arising  some  distance  in 

front  of  beak  and  composed  of  3  coarse  equal  angular  plications  ;  2  or  3  similar  ones 

on  each  lateral  lobe  arising  at  about  half  the  length  of  valve.  Beak  rather  higher 

than  that  of  opposite  valve.  Interior  of  brachial  valve  with  elongated  narrow 

spondylium  nearly  one-third  length  of  valve,  and  thin  median  septum  extending 

in  front  of  it.  Interior  of  pedicle-valve  with  minute  spondylium  and  short  median 

septum  about  one-third  the  length  of  valve.  Surface  of  valves  marked  with  con- 

centric growth-lines. 

Dimensions. — Length,  875  mm.  ;  width,  9'50  mm.  ;  depth,  8'25  mm. 
Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group. 

Localities. — (l)  Craighead  ;  (2)  Balclatchie. 

Remarks. — This  species  differs  from  P.  scotica  by  its  fewer  and  coarser  plications, 

particularly  on  the  fold  and  sinus.  It  seems  more  closely  allied  to  "  Camerella  " 
Tornquisti,  Wiman,*  from  the  Ordovician  of  the  Baltic  provinces.  Our  species  is 
dedicated  to  the  late  Professor  Young  of  Glasgow. 

Genus  Stricklandinia,  Billings. 

Stricklandinia  lens  (Sowerby),  var. 

(Plate  XXII,  fig.  48.) 

1883.  Stricklandinia  lens  (Sowerby),   Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

p.  165,  pi.  ix,  figs.  4,  5  (non  figs.  2,  3). 

Non  1839.  Atrypa  lens,  Sowerby,  in  Murchison's  Silurian  System,  p.  637,  pi.  xxi,  fig.  3. 
Non  1866.  Stricklandinia  lens,  Sowerby,  Davidson,  op.  cit.,  vol.  iii,  p.  161,  pi.  xix,  figs.  13-21. 

The  transverse  shells  figured  by  Davidson  as  Str.  lens  from  Woodland  Point  differ 

from  the  typical  subcircular  Str.  lens  of  English  and  Welsh  localities  principally  by 

their  shape,  being  much  wider  than  long.  The  beaks,  moreover,  of  the  valves  are 

nearly  in  contact,  and  there  is  no  cardinal  area  exposed  befow  the  beak  of  the  pedicle- 
valve  as  in  the  typical  form.  The  fold  and  sinus  are  usually  more  sharply  defined 

from  the  lateral  portions  of  the  shell  than  in  the  type,  but  the  internal  characters 

appear  to  be  identical.  We  may  observe  some  variation  in  the  shape  of  the  shell,  for 

stages  between  transversely  elliptical  and  subcircular  examples  occur.  The  general 

absence  of  radial  plications  and  the  more  broadly  rounded  cardinal  angles  and  shorter 

hinge-line  serve  to  distinguish  this  form  from  the  Mulloch  Hill  species  described 
below  as  Strickl.  mullochensis.  But  some  subcircular  specimens  with  faint  radial 

markings  prove  the  intimate  relationship  of  the  various  Girvan  forms. 

Horizon. — Saugh  Hill  Group. 

Localities. — Woodland  Point,  Newlands,  Shalloch  Forge. 

*  Wiman,  Bull.  Geol.  Instit.  Upsala,  No.  10,  vol.  v,  pt.  ii,  1900,  p.«175,  pi.  vii,  figs.  22-25. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  26).  133 
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Strichlandinia  lirata  (Sowerby),  var.  nov.  scotica. 

(Plate  XXIII,  figs.  1-4.) 
1883.  Strichlandinia  lirata  (Sowerby),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  165, 

pi.  ix,  fig.  1. 
1883.  Strichlandinia  lens  (Sowerby),  Davidson  (pars),  ibid.,  p.  165,  pi.  ix,  figs.  2,  3  (non  figs.  4,  5). 

This  variety  is  distinguished  from  the  type-form #  by  possessing  low  rounded 
radial  plications,  fewer  in  number  and  less  distinctly  marked.  In  shape  it  is  oval  to 

subcircular  and  not  transverse,  the  hinge-line  is  always  considerably  less  than  the 
maximum  width  of  the  shell,  and  the  cardinal  angles  are  well  rounded.  The  variety 

grows  to  a  large  size,  some  shells  measuring  over  50  mm.  in  length.  Davidson  figured 

some  of  these  shells  as  Strickl.  lens,  and  in  some  specimens  the  radial  plications  are  so 

faint  that  the  resemblance  is  great.  The  shape  of  the  shell,  moreover,  is  that  of  the 

typical  Str.  lens.  The  interior  is  not  well  seen  in  any  of  the  specimens.  There  are 

usually  fairly  well-marked  concentric  growth-ridges  on  the  surface  with  finer  con- 
centric lines  between  them,  but  these  concentric  markings  are  subordinate  to  the  radial 

plications.  From  Str.  mullochensis  this  variety  differs  in  the  stronger  radial  plica- 

tions as  well  as  in  the  shape  of  the  shell  and  length  of  the  hinge-line.  The  doubtful 
examples  from  Newlands  furnish  a  connecting  link.  The  species  described  by 

Gagel  t  as  Strickl.  Schmidti,  Kiesow,  is  very  closely  allied,  but  seems  to  have  no 

radial  plications  on  the  fold. 

Horizon. — Saugh  Hill  Group. 

Localities. — Woodland  Point,  ?  Newlands. 

Strichlandinia  mullochensis,  sp.  nov. 

(Plate  XXIII,  figs.  5-8.) 

Shell  transverse,  wider  than  long,  widest  at  hinge-line  ;  cardinal  angles  less  than 

right  angles  or  subrectangular,  very  slightly  rounded.  Pedicle-valve  gently  convex ; 

beak  small,  pointed,  slightly  incurved,  rising  above  hinge-line  ;  hinge-area  narrow  ; 
surface  of  valve  with  narrow  rounded  shallow  median  sinus  widening  slightly  towards 

the  front  ;  interior  with  small  spondylium  supported  on  short  septum  extending  a 

little  in  front  of  it.  Brachial  valve  gently  convex,  with  small  pointed  incurved  beak 

and  narrow  triangular  hinge-area  ;  surface  with  narrow  rounded  median  fold  ;  interior 

with  very  short  closely  placed  socket-plates  produced  into  small  crura,  and  with 

narrow  linear  faint  median  muscle-scar;  ovarian  areas  coarsely  pitted  and  extending 
nearly  to  cardinal  angles.  Surface  of  both  valves  covered  with  strong  low  concentric 

sublamellose  growth-ridges,  and  generally  with  faint  low  irregular  radial  undulations. 

Dimensions. — 
(1)  (2)  (3) 

Length  ....     28  21  18  mm. 
Width  ....     40  24  24  mm. 

*  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  159,  pi.  xx  figs.  1-13. 
t  Gagel,  Brack,  cambr.  silur.  Gesch.  ()st-We,st  Preussens  (Konigsberg,  1890),  p.  61,  t.  iv,  fig.  9. 
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Horizon. — Mullock  Hill  Group. 

Locality. — Mulloch  Hill. 

Remarks. — The  transverse  shape  of  this  shell  and  long  hinge-line  and  the  surface 
ornamentation  distinguish  it  from  the  typical  Strickl.  lens.  The  transverse  variety  of 
the  latter,  above  described,  from  Woodland  Point  and  Newlands,  has  not  the  coarse 

concentric  ridges  nor  the  radial  undulations.  Pentamerus  microcamerus,  M'Coy,# 
is  closely  similar  in  shape. 

Genus  Pentamerus,  Sowerby. 

Pentamerus  oblongus,  Sowerby. 

1839.  Pentamerus  oblongus,  Sowerby,  in  Murchison's  Silurian  System,  p.  641,  pi.  xix,  fig.  10. 
1866.   Pentamerus   oblongus,  Sowerby,  Davidson,    Mon.    Brit.    Foss.    Brack.,  vol.  iii,  pt.  vii,  p.   151, 

pi.  xviii,  figs.  1-12;  pi.  xix,  figs.  1,  2. 

1883.  Pentamerus  oblongus,  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  pp.  161,  225. 

Typical  examples  of  this  well-known  species  occur,  at   Cuddystone  Glen,  Pen- 

whapple  Glen,  and  Penkill,  and  attain  a  length  of  50-60  mm.     I  have  not  seen  any 
specimens  from  the  Middle  Llandovery  of  Newlands,  as  stated  by  Davidson. 

Horizons. — (l)  Penkill  Group  ;   (2)  Camregan  Group. 

Localities. — (l)  Penkill,  Pen whapple  Glen  ;  (2)  Bargany  Pond  Burn,  Cuddystone 
Glen. 

Subgenus  barrandella,  Hall  and  Clarke. 

Pentamerus  {Barrandella)  undatus  (Sowerby). 

1839.  Atrypa  undata,  Sowerby,  in  Murchison's  Silurian  System,  p.  637,  pi.  xxi,  fig.  2. 
1866.  Pentamerus  undatus  (Sowerby),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  155,  pi.  xix, 

figs.  4-9. 
1883.  Pentamerus  undatus,  Davidson  (pars),  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  162,  pi.  ix,  figs.  10-15,  19,  20 

(nou  figs.  16-18). 

A  considerable  number  of  specimens  of  a  large  subglobose  transverse  smooth 

pentameroid,  having  the  sinus  on  the  pedicle-valve  and  the  fold  on  the  brachial  valve, 
occur  in  the  beds  at  Woodland  Point  and  Newlands,  and  are  certainly  referable  to 

Sowerby's  Pentamerus  undatus,^  sens,  str.,  for  they  possess  all  the  typical  internal 
and  external  features.  Some  of  the  specimens  measure  as  much  as  40  mm.  in  width. 

The  large  swollen  incurved  beak  of  the  pedicle-valve  rising  high  above  that  of  the 
other  valve  and  with  a  concave  false  area  below  it  crossed  by  an  open  triangular 

delthyrium  are  characters  which  serve  to  distinguish  it  from  the  transverse  variety  of 

Strickl.  lens,  which  occurs  associated  on  the  same  horizon  ;  but  crushed  and  imperfect 

specimens,  especially  of  brachial  valves,  are  difficult  to  separate.  Davidson  figured 

several  examples  of  Pent,  undatus  from  Woodland  Point,  but  unfortunately  included 

some  specimens  (figs.  16-18)  of  Triplecia  woodlandensis  under  this  name  (see  p.  910). 

Horizons.— (\)  Sa'ugh  Hill  Group  ;  (2)  Mulloch  Hill  Group. 
Localities. — (l)  Woodland  Point,  Newlands;  (2)  Mulloch  Hill. 

*  M'Cot,  Ann.  Mag.  Nat.  Hist.,  ser.  2,  vol.  viii,  1851,  p.  290. 
t  Davidson,  op.  cit.,  vol.  iii,  p.  155,  pi.  xix,  figs.  4-9. 
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Pentamerus  (Barrandella)  undatus  (Sowerby),  var.  nov.  penkillensis. 

(Plate  XXIII,  figs.  9-13.) 
1883.   Pentamerus  undatus  (Sowerby),  Davidson  (pars),   Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

pp.  161,  225  (PenkiU  and  Penwhapple  Glen). 

1883.  Pentamerus  tjlobosus  (Sowerby),   Davidson  (pars),  ibid.,   p.  163,  pi.  ix,  figs.  21-24  (non   Atrypd 
globosa,  Sowerby). 

1883.    Whitfieldia  tumida  (Dalman),  Davidson,  ibid.,  p.  224. 

Shell  transversely  elliptical, rounded,  subglobose,  very  unequally  biconvex.  Pedicle- 
valve  swollen,  uniformly  convex,  rarely  with  faint  broad  median  flattened  sinus  near 

anterior  margin  ;  beak  large,  swollen,  incurved  over  concave  false  area  ;  floor  of  sinus 

produced  anteriorly  into  short  rounded  tongue.  Interior  of  pedicle-valve  with  low 

short  median  septum  about  one-fifth  to  one-sixth  length  of  valve,  and  small  short 
narrow  spondylium  beneath  beak ;  straight  subparallel  vascular  markings  radiating  over 

whole  internal  surface.  Brachial  valve  very  gently  convex  or  flattened,  with  promi- 
nent rounded  median  fold  increasing  rapidly  in  height  and  width  to  anterior  margin,  well 

defined  in  front.  Interior  with  pair  of  very  short  crural  (?)  plates  diverging  at  about 

G0°.     Surface  of  shell  smooth,  except  for  a  few  concentric  submarginal  growth-lines. 
Dimensions. — Length,  15-17  mm.  ;  width,  23-25  mm. 

Horizons. — (l)  PenkiU  Group  ;  (2)  Camregan  Group. 

Localities. — (l)  PenkiU,  Penwhapple  Glen  ;  (l)  Bargany  Pond  Burn. 

Remarks. — This  shell  seems  more  allied  to  P.  undatus  than  to  P.  globosus,  but 
differs  from  the  typical  P.  undatus  in  the  almost  complete  absence  of  a  sinus  on  the 

pedicle-valve.  The  true  P.  globosus  (Sow.),#  has  a  subcircular  shape  and  a  much 
longer  median  septum. 

Genus  Metacamarella,  nov. 

Shell  oval,  biconvex.  Pedicle-valve  with  low  median  fold  near  anterior  end  com- 

posed of  several  longitudinal  plications  chiefly  developed  towards  front  end  ;  beak 

high,  incurved,  with  open  delthyrium  ;  small  false  area  on  each  side  ;  interior  with 

small  subumbonal  spondylium  and  short  median  septum.  Brachial  valve  with  lower 

beak  than  opposite  valve  ;  low  median  fold  near  anterior  end,  composed  of  several 

longitudinal  plications  ;  interior  with  pair  of  long  recurved  crura,  pair  of  long  parallel 

median  septa,  and  muscle-scars  as  in  Parastrophia.     Shell  thick,  fibrous,  punctate 
externally. 

Metacamarella  balclatchiensis  (Davidson). 

(Plate  XXIII,  figs.  14-18.) 
1883.  Stricklandinia  1  balcletchiensis,  Davidson,   Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  SuppL,  p.  166, 

pi.  ix,  figs.  27,  28,  29. 

1894.   Camarella  1  balcletchiensis  (Davidson),  Hall  and  Clarke,  Palwont.  Netv  York,  vol.  viii,  Brach.,  ii, 

p.  221. 
Shell  elongated,  oval  to  subpentagonal,  widest  across  middle,  somewhat  truncated 

in  front,  strongly  biconvex.     Pedicle-valve  rounded,  convex,  more  or  less  inflated, 
*  Davidson,  op.  cit.,  vol.  iii,  p.  156,  pi.  xix,  figs.  10-12. 
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with  median  group  of  6-8  low  rounded  closely-placed  longitudinal  plications  forming 
broad  weak  flattened  fold,  arising  at  about  half  the  length  of  the  valve  and  most 

developed  close  to  anterior  margin,  scarcely  elevated  above  smooth  lateral  portions  ; 

beak  high,  pointed,  incurved,  rising  well  above  arched  hinge-line,  with  a  weak  ridge 
on  each  side  curving  off  to  define  imperfectly  a  slightly  depressed  false  area  ;  large 

open  triangular  delthyrium  below  beak.  Interior  of  valve  with  small  spondylium  and 

very  short  median  septum.  Brachial  valve  with  lower  beak  and  slightly  excavated 

shoulders  and  weaker  -flattened  median  fold  composed  of  5-7  longitudinal  plications 
like  those  on  opposite  valve  ;  lateral  portions  of  valve  smooth.  Interior  of  valve 

with  pair  of  long  parallel  closely  placed  septa  extending  more  than  one-third  length  of 

valve  ;  crura  long,  stout,  recurved,  diverging  at  about  60°,  close  to  hinge-line  ;  posterior 
adductors  large,  oval,  lying  against  septa  and  extending  to  their  extremities  ;  anterior 

adductors  small,  deep,  subtriangular,  situated  immediately  in  front  of  posterior  pair 

near  middle  line.     Shell  substance  thick,  fibrous,  and  externally  punctate. 

Dimensions. — 
Brachial  valve.  Pedicle-valve. 

Length    .         .  -                .         .         27  c.  35  mm. 
Width   25  c.  28  mm. 

Horizon. — Balclatchie  Group  (conglomerate). 

Locality. — Balclatchie. 

Remarks. — Davidson  figured  (op.  cit.,  pi.  ix,  fig.  27)  one  pedicle-valve  showing  the 
internal  cast  of  the  spondylium,  but  the  rest  of  the  specimen  is  not  well  preserved, 

though  the  longitudinal  plications  are  seen,  so  that  his  figure  is  a  restoration.  In 

another  figure  (fig.  29)  the  beak  and  open  delthyrium  of  the  pedicle-valve  are  shown  ; 
but  this  specimen  shows  the  median  septum  through  the  shell  and  a  shallow  groove 

along  the  low  median  fold  on  the  surface.  The  third  figure  (fig.  28)  represents  a 

brachial  valve,  and  shows  the  two  median  septa  to  some  extent.  But  the  best  in- 
terior of  a  brachial  valve,  mounted  on  the  same  tablet,  was  not  figured  by  him, 

and  this  cast  shows  the  crura,  septa,  and  muscle-scars  (PI.  XXIII,  fig.  18). 
It  does  not  seem  possible  to  keep  this  pentameroid  species  in  the  genus  Camarella, 

which  Hall  and  Clarke  *  suggested  as  its  probable  place,  for  the  strong  elongated 
crura  in  the  brachial  valve  are  peculiar,  and,  moreover,  in  Camarella  there  is  no 

pair  of  median  septa  in  the  brachial  valve.  The  muscle-scars  of  the  brachial  valve 

are  closely  similar  to  those  of  Parastrophia.]'  But  the  high  beak  of  the  pedicle- 
valve  and  the  open  delthyrium,  as*  well  as  the  spondylium  in  this  valve,  forbid  us 

placing  it  in  the  last-mentioned  genus.  The  very  thick  fibrous  and  punctate  shell  is 
another  distinctive  feature  of  our  Balclatchie  species,  and  on  the  whole  it  seems  to 

merit  a  new  genus  for  its  reception,  and  the  name  Metacamarella  is  proposed  as 
an  indication  of  its  affinities. 

*  Hall  and  Clarke,  Palxont.  New  York,  vol.  viii.  Brach.,  ii,  p.  221. 
f  Ibid.,  p.  387,  pi.  lxiii,  fig.  21. 
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Genus  Eichwaldia,  Billings. 

Eichwaldia  personalis,  sp.  nov. 

(Plate  XXIII,  fig.  19.) 

Shell  rounded,  subglobose,  strongly  biconvex,  widest  towards  anterior  end,  sub- 

truncate  in  front ;  margins  of  valves  regular,  simple,  not  sinuated.  Pedicle-valve 

gibbous,  swollen,  deeper  than  opposite  valve,  longer  than  wide,  with  long  sloping 

rounded  shoulders,  somewhat  contracted  near  umbo  and  reaching  nearly  two-thirds 
the  length  of  the  valve ;  beak  high,  prominent,  inflated,  rounded,  rising  above 

hinge-line  and  incurved,  nearly  touching  beak  of  opposite  valve ;  apex  of  beak 

truncated  by  large  circular  foramen  with  ill-defined  small  concave  false  area  below 

it ;  interior  with  pair  of  long  subparallel  muscle-scars  about  half  the  length 
of  valve.  Brachial  valve  strongly  convex,  subcircular  ;  beak  swollen,  not  much 

elevated,  incurved ;  interior  with  median  septum  extending  about  three-fourths 
the  length  of  valve.  Surface  of  both  valves  smooth ;  interior  of  shell  covered 

thickly  with  very  numerous  minute  punctse  arranged  in  regular  quincunx  manner 

in  curved  intercrossing  closely  placed  lines  (like  the  engine-turning  of  a  watch-case) 

about  10-12  punctse  to  a  millimetre. 

Dimensions. — Length    of  pedicle-valve,    17'0    mm.  ;    length    of  brachial    valve, 

14*5  mm.  ;  width  of  shell,  15'0  mm.  ;  depth  of  shell,  13*0  mm. 
Horizon. — Saugh  Hill  Group. 

Locality. — Woodland  Point. 

Remarks. — Only  one  specimen  of  this  interesting  shell  is  known  to  me,  and  it  is 
in  the  Sedgwick  Museum.  The  generic  reference  to  Eichwaldia  seems  probable, 

and  our  species  much  resembles  E.  gibbosa  (Hall),*  from  the  Niagara  Formation. 
The  ornamentation  is  internal  and  much  finer  than  in  E.  Capewelli  (Davidson),! 

the  only  British  species  hitherto  known,  and  the  shape  of  the  shell  is  different,  no 

median  fold  and  sinus  being  present.  These  two  Silurian  shells  are  usually  placed 

in  the  genus  Eichwaldia,  Billings,}  but  the  original  species  of  this  genus,  E.  sub- 
trigonalis,  Billings,  has  a  smooth  exterior,  and  Schuchert  §  refers  all  those  with 

a  pitted  surface  to  Dictyonella,  Hall. 

*  Hall,  20th  Rep.  New  York  State  Gab.  Nat.  Hist.,  1867,  p.  278  ;  Hall  and  Clarke,  op.  cit.,  Brach.,  ii, 
pi.  lxxxiii,  figs.  6,  7. 

t  Davidson,  op.  cit.,  vol.  iii,  p.  193,  pi.  xxv,  figs.  12-15. 
I  Billings,  Geol.  Surv.  Canada,  Rep.  Progress,  1857-58,  pp.  190,  192,  fig.  24. 
§  Schuchert,  Bull.  U.S.  Geol.  Surv.,  No.  87,  1897,  pp.  210,  220  ;  Eastman-Zittel,  Text-book  of  Palaont,  vol  i 

(2nd  edit.  1913),  p.  396. 
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Order  TELOTREMATA. 

Genus  Protorhyncha,  Hall  and  Clarke. 

Protorhyncha  nasuta  (M'Coy). 

(Plate  XXIII,  figs.  20-23.) 

1852.  Hemiihyris  nasuta,  M'Coy,  Syn.  Pal.  Foss.  Woodw.  Mus.,  p.  203,  pi.  il,  figs.  5,  5a. 

1868.   Rhynchonella   nasuta  (M'Coy),   Davidson,    Mon.   Brit.  Foss.    Brack.,    vol.   iii,  pt.    vii,  p.    173, 
pi.  xxiii,  figs.  19,  19a-fr. 

1883.  Rhynchonella  nasuta  (M'Coy),  Davidson  (pars),  op.  cit,,  vol.  v,  Silur.  Suppl.,  p.  160,  pi.  x,  fig.  20 
(non  fig.  2L). 

Shell  longitudinally  oval  to  subquadrate,  either  longer  than  wide  or  about  as  wide 

as  long  ;  cardinal  angles  and  sides  rounded ;  anteriorly  more  or  less  produced  into 

rounded  tongue  and  marginally  sinuated  ;  unequally  biconvex  ;  hinge-line  curved. 

Pedicle-valve  less  convex  than  brachial  valve,  but  with  more  prominent  higher  im- 

perforate (?)  beak  rising  above  hinge-line,  incurved,  with  triangular  hinge-area  and 

small  triangular  open  delthyrium  below  it ;  surface  of  pedicle-valve  with  broad 

shallow  Hat-bottomed  sinus  increasing  in  width  anteriorly,  and  having  steeply  sloping 

sides  and  angulated  edges  towards  front  margin  ;  floor  of  sinus  occupied  by  6-7  equal 
regular  ribs  ;  sides  of  sinus  with  usually  one  similar  rib  in  posterior  half  but  smooth 

anteriorly;  lateral  portions  of  valve  convex,  covered  with  12-16  somewhat  smaller 
and  closer  straight  ribs ;  interior  of  valve  with  short  median  septum  in  umbonal 

region.  Brachial  valve  more  convex  than  opposite  valve,  with  weak  rounded  median 

fold  on  surface  increasing  in  height  and  width  anteriorly ;  beak  much  smaller  and 

lower  than  that  of  pedicle-valve,  obtuse,  incurved  ;  surface  of  fold  bearing  5-7  ribs, 

and  lateral  lobes  bearing  12—16  similar  or  slightly  smaller  ribs. 
Dimensions. — 

(1)  (M'Coy's  type.)  (2)  (3)  (Davidson's  figured  specimen, 
pi.  x,  fig.  20.) 

Ped. -valve.     Brach.  valve.  Ped. -valve.  Brach.  valve. 

Length  .  .     29"0  26"0  c.  22'0  25*5  mm. 
Width    .  .     23'5  23*5  c.  21'0  c.  23'0  mm. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Remarks. — This  species  appears  to  be  related  to  the  so-called  Porambonites 

ottaivaensis,  Billings,*  which  Hall  and  Clarke  t  believed  might  be  referred  to  either 

the  genus  Protorhyncha  or  Orthorhynchula.  Our  shell  seems  to  suggest  its  refer- 
ence to  Protorhyncha,  for  the  hinge-line  is  not  straight  as  it  is  in  Orthorhynchula. 

Atrypa  dubia,  Hall,|  is  chosen  as  the  type  of  Protorhyncha,  and  this  species  occurs 

in  the  Chazy  Limestone,  but  Hall  and  Clarke  (op.  cit.,  pi.  lvi,  figs.  7-9)  figure 
another  species  (Pr.  sequiradiata)  from  the  Clinton  Group  which  seems  more  like 

*  Billings,  Geol.  Canada,  Palxoz.  Foss.,  vol.  i,  p.  140,  figs.  H7a-g. 
t  Hall  and  Claekk,  op.  cit,  Brach.,  ii,  pp.  180,  181. 
J  Hall,  Palxont.  New  York,  i,  1847,  p.  21,  pi.  iv  bis,  fig.  5 
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our  Craighead  shell.  The  definition  of  Pr.  nasuta  given  by  M'Coy  was  incomplete, 
and  has  been  here  revised  ;  but  his  original  specimen  still  is  the  best-known  example 
of  the  species. 

Protorhyncha  sp. 

(Plate  XXIII,  figs.  24,  25.) 

There  is  another  shell  from  the  Stinchar  Limestone  which  closely  resembles 

Protorhyncha  altilis  (Hall)  *  of  the  Chazy  Limestone.  It  possesses  a  very  globose 

shell  like  Wilsonia  Wilsoni  ;  there  are  about  24-25  equal  rounded  radii,  on  the 
surface,  7  or  8  of  which  lie  on  a  scarcely  perceptible  broad  undifferentiated  fold  on 

the  brachial  valve,  and  a  corresponding  number  in  an  equally  weak  sinus  of  the 

opposite  valve.  The  incurvature  of  the  beaks,  the  impressed  lateral  false  areas,  the 

ribbing  and  general  aspect  of  the  shell  so  closely  agree  with  Pr.  altilis  that  its 

specific  identity  may  even  be  suspected  ;  but  the  specimens  are  too  poor  for  satis- 

factory identification,  and  only  one  brachial  valve  from  Craighead  and  a  pedicle- 
valve  from  Minuntion  are  known  to  me. 

Dimensions. — Brachial  valve,  length,  13'0  mm.  ;  width,  c.  13'0  mm. 
Horizon. — Stinchar  Limestone  Group. 

Localities. — Craighead,  Minuntion. 

Genus  Orthorhynchula,  Hall  and  Clarke. 

Orthorliynchula  sub-borealis  (Davidson). 

(Plate  XXIII,  figs.  26,  27.) 

1883.  Rhynclionella  sub-borealis,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl.,  p.  149,  pi.  x, 

figs.  5,  6. 

Shell  transversely  elliptical,  gently  biconvex,  rarely  swollen  ;  hinge-line  straight, 

about    three-fourths   the    width    of    shell.       Pedicle-valve    with    rather   prominent 

elevated   slightly    incurved   beak,  with  triangular  concave  hinge-area  below  ((  and 
delthyrium  covered  by  pair  of  deltidial  plates) ;  median  sinus  moderately  dee])  to 

shallow,  widening  anteriorly,  with  sides  sloping  and  floor  bearing  2-4  subangular 

subequal  ribs ;    lateral   lobes   with   5-7   rather  larger  or   subequal  subangular  ribs 

straight   or   gently    curved    back.     Brachial  valve  deeper  than  pedicle-valve,  with 

smaller  low  inconspicuous  incurved  beak  and  very  narrow  hinge-area  ;  median  fold 

rounded,  more  or  less  distinctly  elevated,  rising  anteriorly,  less  than  one-third  width 

of  shell  on  front  margin,  composed  of  3-4  subangular  equal  ribs  ;  lateral  lobes  gently 

convex,  bearing  5-7  straight  or  slightly  curved  equal  subangular  ribs. 

Dimensions. — 
(1)  (Davidson's  tig.  5.)     (2)  (Davidson's  fig.  (J.) 

Length  .         .         .         .         .14*5  12'0  mm. 
Width   18*5  15-0  mm. 

Thickness        ....     14*0  8 '5  mm. 
*  Hall,  Pal&ont.  New  York,  i,  1847,  p.  23,  pi.  iv  bis,  figs.  9a~d  :  Hall  and  Clarke,  op.  cit.,  Brach.,  ii,  p.  181. 
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Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Remarks. — This  shell  must  be  referred  to  the  genus  Orthorhynchula,  Hall  and 

Clarke,*  on  account  of  its  straight  hinge-line  and  the  presence  of  a  hinge-area.  It 
is  not  quite  clear  if  the  delthyrium  is  closed  by  plates  or  open.  The  first  specimen 

figured  by  Davidson  (fig.  5)  is  an  unusually  thick  and  subglobose  example,  and  his 

fig.  6  represents  the  common  type,  the  other  being  quite  exceptional.  We  may 

compare  this  species  with  O.  Linneyi  (James), f  from  the  Lorraine  Group,  the  only 

described  species  of  the  genus  ;  this  species  also  varies  in  its  degree  of  globosity. 

Genus  Rhynchotrema,  Hall. 

Rhynchotrema  Lapworthi  (Davidson). 

(Plate  XXIII,  figs.  28-31.) 
1883.  Rhynchonella  Lapworthi,  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  v,  Silur.  Suppl.,  p.  154,  pi.  x, 

fig.  7. 

This  species  has  4  ribs  on  the  low  fold  in  the  brachial  valve,  3  in  the  better- 

defined  sinus  in  the  opposite  valve,  and  3-4  on  each  lateral  lobe,  with  1  or  2  smaller 
ones  near  the  hinge  and  the  lateral  false  areas.  The  ribs  are  all  equal  in  size, 

except  the  marginal  ones  bounding  the  sinus,  which  become  rather  higher  anteriorly, 

and  the  1  or  2  cardinal  ones  which  are  smaller  than  the  rest.  Davidson's  figure  does 
not  make  the  ribs  on  the  fold  straight  enough,  nor  the  top  of  the  fold  sufficiently  flat ; 

the  sides  of  the  sinus  are  also  not  shown  as  steep  as  they  are  in  reality.  This  species 

much  resembles  Rh.  insequivalve  (Castelnau),J  from  the  Trenton  Formation  of  North 
America. 

Some  specimens  of  Rh.  Lapivorthi  are  considerably  more  globose  and  less 

transverse  than  the  type,  but  cannot  be  separated  specifically. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Rhynchotrema  shallochense  (Davidson,  emend.). 

(Plate  XXIV,  figs.  1,  2.) 

1883.  Rhynchonella  shallockiensis,  Davidson,  Mon.  Brit.  Foss.  Brach.,   vol.  v,  Silur.  Suppl.,  p.   154, 

pi.  x,  fig.  19. 

This  is  a  badly  founded  and  badly  defined  species,  for  undoubtedly  the  shell 

which  Davidson  figured  as  the  type  (measuring  7  mm.  long  and  9  mm.  wide)  is  an 

immature  individual,  and  on  the  same  tablet  there  were  mounted  by  him  three  larger 

and  more  normally  rhynchonelloid  shells  and  one  specimen  referable  to  Platystrophia 

biforata.     The  shell  next  in  size  to  the  type,  and  probably  more  advanced  in  age,  is 

*  Hall  and  Clarke,  op.  cit.,  Brach.,  ii,  p.  181. 
t  Nettelroth,  Mem.  Kentucky  Geol.  Surv.,  1889,  p.  41,  pi.  34,  figs.  7-18 ;  Hall  and  Clarke,  op.  cit.,  p.  181, 

pi.  lvi,  figs.  10-13,  19  ;  Foerste,  Bull.  Denison  Univ.,  vol.  xvi,  art.  2  (1910),  p.  24,  pi.  iii,  fig.  10. 
\  Winchell  and  Schuchert,  Palseont.  Minnes.,  vol.  iii,  p.  459,  pi.  xxxiv,  figs.  9-25. 
TRANS.  ROY.  SOC  EDIN.,  VOL.  LI,  PART  IV  (NO.  26).  134 
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a  transverse  globose  shell  measuring  about  8  mm.  long,  10  mm.  wide,  and  6'5  mm. 
in  depth  ;  the  valves  are  deeply  re-entrant,  the  tongue  of  the  sinus  being  long  and 
strongly  bent  down,  and  the  union  of  the  valves  forms  deep  zigzags  ;  there  are  2  ribs 

in  the  sinus  and  3  on  the  fold,  with  3  on  each  lateral  lobe,  the  lateral  rib  bound- 

ing the  sinus  on  each  side  being  more  elevated  and  prominent  at  its  anterior  end. 

The  second  larger  shell  is  poorly  preserved,  but  seems  similar  to  the  above  described 

one.  The  third  and  largest,  measuring  11  mm.  long,  15  mm.  wide,  and  9"5  mm. 
deep,  is  similarly  transverse  and  globose,  with  deep  re-entrant  valves,  but  there  seeni 
to  be  4  ribs  in  the  sinus,  and  they  are  of  smaller  size  than  the  5  ribs  on  each  lateral 

lobe  ;  the  characters  of  the  brachial  valve  are  not  well  preserved.  Probably  this 

shell  is  the  adult  form  of  the  species.  It  may  be  compared  with  Rh.  inwquivalve, 

var.  laticostata,  Winchell  and  Schuchert.* 

Horizon. — Whitehouse  Group. 

Locality. — Shalloch  Mill. 

Rhynchotrema'1.  girvanense  (Davidson,  emend.). 

(Plate  XXIV,  figs.  3-6.) 
1883.  Rhynchonella  girvaniensis,   Davidson,  Mon.  Brit.   Foss.    Brack.,  vol.   v,  Silur.  Suppl.,  p.  155, 

pi.  x,  fig.  26. 
?  1883.  Rhynchonella  nucula,  var.  ?,  Davidson,  ibid.,  pp.  157,  225,  pi.  x,  fig.  30;  pi.  xi,  fig.  24. 

Shell  subcircular  to  transversely  elliptical,  subglobose.     Pedicle-valve  with  high 

prominent  slightly  incurved  acutely  pointed  beak  ;  shoulders  sloping  at  about  90° ; 
median  sinus  shallow,  rapidly  increasing  in  width  to  front  margin,  where  it  measures 

more  than  one-third  the  width  of  valve  ;  floor  of  sinus  flat,  carrying  3  equal  subangular 

ribs  ;  sides  of  sinus  steep,  low  ;  lateral  lobes  Rearing  4-6  subequal  ribs,  of  which  those. 
bordering  sinus  are   somewhat  elevated  at  anterior  ends.     Brachial  valve  convex, 

swollen,  with  low  inconspicuous  incurved  beak  ;  low  rounded  median  fold  composed 

of  3  subangular  ribs  ;  lateral  lobes    bearing  4-5  similar  subangular  ribs.     Interior 

with  median  septum  about  one-third  length  of  valve. 

Dimensions. — 
(Davidson's  fig.  26.) 

Length  ........       7'00  mm. 
Width   875  mm. 

THickness       .         .         .         .  .  .         .  c.  6*00  mm. 

Horizon. — Balclatchie  Group  (conglomerate). 

Locality.  — Balclatchie. 

Remarks. — Davidson's  description,  consisting  of  less    than  two  lines,  is  quite 
inadequate  as  a  specific  diagnosis,  and  his  figure  is  a  restoration  of  the  specimen. 

None  of  the  specimens  available  are  well  preserved.     The  form  which  he  termed 

Rh.  nucula,  var.  ?,  differs  in  having  rather  finer  and  more  numerous  ribs,  4  existing 

*  Winchell  and  Schuchert,  Pal&ont.  Minnes.,  vol.  iii,  p.  461,  pi.  xxxiv,  figs.  26-29. 
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on  the  fold,  and  it  is   rather  more  transverse  in  shape  ;  but  it  seems  doubtfully 

separable,  and  the  material  is  very  poor. 

Rhynchotrema  sp. 

(Plate  XXIV,  fig.  7.) 

There  is  one  pedicle-valve  of  a  rhynchonelloid  from  the  Balclatchie  conglomerate 

in  Mrs  Gray's  collection  which  may  be  compared  with  Winchell's  Rhynchotrema 
Ainsliei  #  from  the  Trenton  Shales.  It  has  5  regular  equal  ribs  in  the  shallow  sinus, 

which  rapidly  widens  anteriorly,  and  7-8  ribs  on  each  lateral  lobe,  gradually 
decreasing  in  size  to  the  cardinal  edges.  The  two  small  subparallel  dental  plates, 

about  one-sixth  the  length  of  the  valve,  are  well  seen.  The  number  of  ribs  at  once 
separates  it  from  Rh.  Lapivorthi  and  Rh.  girvanense. 

Dimensions. — Length,  16  mm.  ;  width,  17-18  mm. 

Horizon. — Balclatchie  Group. 

Locality. — Balclatchie  (conglomerate). 

Genus  Rhynchotreta,  Hall. 

Rhynchotreta  ardmillanensis  (Davidson,  MS.). 

(Plate  XXIV,  figs.  8-17.) 

?  1883.  Rhynchonella  cuneata,  Dalman  %  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

p.  152,  pi.  x,  figs.  9,  9a,  9b,  non  fig.  10  (nou  Rh.  cuneata,  Davidson,  op.  cit.,  vol.  iii,  p.  164, 

pi.  xxi,  figs.  7-11). 
1 1883.  Rhynchonella  Weaveril,  ibid.,  p.  158,  pi.  x,  fig.  24. 

Non  1868.  Rhynchonella  Weaveri,  Davidson,  op.  cit.,  vol.  iii,  p.  185,  pi.  xxiv,  fig.  14. 

Shell  cuneiform,  subtrigonal,  longer  than  wide,  broadest  and  subtruncate 

anteriorly,  gently  biconvex,  somewhat  flattened,  without  fold  or  sinus  (or  only 

weak  traces  of  them) ;  long  sloping  shoulders  with  elongated  more  or  less  flattened 

and  excavated  false  areas  which  extend  three-fourths  to  four-fifths  the  length  of  the 

shell.  Pedicle-valve  gently  convex,  with  rarely  very  weak  broad  shallow  sinus 

or  undulation  in  front  margin  ;  beak  high,  pointed,  acute,  slightly  incurved,  per- 
forated by  small  foramen  ;  interior  with  two  thin  subparallel  long  vertical  dental 

plates.  Brachial  valve  gently  convex,  less  so  than  opposite  valve,  sometimes 

flattened  or  with  slightly  increased  median  convexity  but  no  definite  fold ;  beak 

small,  pointed,  lower,  less  acute  and  less  prominent  than  in  opposite  valve,  scarcely 

incurved  ;  interior  with  minute  spondylium  and  single  long  straight  median  septum 

extending  nearly  half  the  length  of  the  valve.  Surface  of  both  valves  covered  with 

14-18  small  low  subangular  or  rounded  equal  plications,  strongest  near  front  margin, 
and  all  straight  except  outermost  lateral  ones,  which  curve  back  very  slightly. 

Dimensions. — Length  (average),  7-9  mm.  ;  width  (average),  5-8  mm. 

*  Winchell  and  Schuchert,  Palxont.  Miunes.,  vol.  iii,  p.  459,  pi.  xxxiv,  figs.  1-8. 
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Horizons. — (l)  Balclatchie  Group;  (2)  Stinchar  Limestone  Group? 

Localities. — (l)  Ardmillan,  Dow  Hill,  Balclatchie  ;  (2)  Craighead. 

Remarks. — This  small  shell,  of  which  some  specimens  from  Ardmillan  in 

Mrs  Gray's  collection  were  labelled  by  Davidson  Rh.  cuneata,  var.  ardmillanensis 
(MS.),  is  abundant  in  the  Balclatchie  Beds.  In  the  Craighead  limestone  there  is 

a  variety  with  a  weak  incipient  sinus  and  coarser  ribs.  A  shell  much  like  it  with 

rather  more  numerous  plications  (24-26)  was  described  by  Davidson  as  Rh. 
Weaveri  ?,  but  it  cannot  be  associated  with  the  Silurian  species  of  this  name  which 

occurs  at  Tortworth,  and  most  probably  it  is  only  a  variety  of  Rh.  ardmillanensis. 

The  first-named  variety  from  Craighead  was  figured  by  Davidson  as  Rh.  cuneata  ? 
(op.  cit.,  pi.  x,  fig.  9),  and  has  rather  coarser  larger  and  fewer  ribs  than  the  common 

Ardmillan  type,  and  it  seems  rather  broader  and  less  elongated  ;  but  it  can  scarcely 

be  regarded  as  a  distinct  species.  Rh.  [Camarella]  cuneatella,  Davidson,*  from  the 
Balclatchie  conglomerate,  has  fewer  and  broader  plications  and  they  are  only  developed 

near  the  margin  (see  p.  926).  The  typical  Wenlock  Rh.  cuneata,  Dalm.,  differs  from 

ours  in  possessing  fewer  and  coarser  ribs,  a  non-truncate  anterior  end,  and  clearer 
traces  of  fold  and  sinus.  Rh.  ardmillanensis  more  resembles  in  general  appearance 

Camarophoria  subcuneata,  Hall,t  from  a  much  higher  stratigraphical  horizon. 

Rhynchotreta  cuneata  (Dalman),  var. 

(Plate  XXIV,  fig.  18.) 

1866.  Rhynchonella   cuneata,    Dalman,  Davidson,  Mon.  Brit.  Foss.    Brack.,  vol.  iii,  p.  164,  pi.  xxi, 

figs.  7-12. 
Non  1883.   Rhynchonella  cuneata,  Dalman,  Davidson,  ibid.,  vol.  v,  Silur.  Sup})/.,  p.  152,  pi.  x,  figs.  9,  10. 

In  this  species  Davidson  states  that  there  are  10-14  ribs,  of  which  4  or  5  lie  in  the 
fold  and  3  or  4  in  the  sinus.  The  Girvan  examples  sometimes  have  as  few  as  8,  but 

occasionally  as  many  as  14  ribs,  and  there  is  no  marked  fold  in  the  brachial  valve  or 

sinus  in  the  pedicle-valve.  The  shells  also  are  flatter  and  have  longer  straighter 
shoulders.  It  should  also  be  noticed  that  there  is  always  a  marked  interspace  (but 

not  wider  or  deeper  than  those  between  the  other  ribs),  down  the  median  line  of  the 

brachial  valve,  and  that  along  it  lies  the  median  septum  extending  for  half  the  length 

of  the  shell.     There  is  considerable  variation  in  the  degree  of  coarseness  of  the  ribs. 

The  form  from  the  Lower  Ordovician  beds,  attributed  to  this  species  by  Davidson 

(op.  cit.,  p.  153),  is  now  separated  off  as  distinct  under  the  name  Rh.  ardmillanensis. 

Some  small  rare  shells  from  Thraive  Glen  are  very  doubtfully  referable  to  Rh.  cuneata, 
Dalman. 

Horizon. — (l)  Mulloch  Hill  Group ;  (2)  Drummuck  Group  (Starfish  Bed)  '. 

Localities. — (l)  Mulloch  Hill,  Craigens  ;  (2)  Thraive  Glen. 

*  Davidson,  op.  cit,  vol.  v,  Silur.  Suppl.,  p.  200,  pi.  x,  fig.  11. 
t  Hall  and  Clarke,  op.  cit,  Brach.,  ii,  pi.  lxii,  fig.  35. 
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Genus  Camarotgechia,  Hall  and  Clarke. 

Camarotoechia  decemplicata  (Sowerby). 

1839.   Terebratula  decemplicata,  Sowerby,  in  Murchison's  Silurian  System,  p.  641,  pi.  xxi,  fig.  17. 
1883.  Rhynclwnella  decemplicata,  Davidson,  Mon.  Brit.  Foss.  Brack.,   ?ol.   v,  Silur.  Suppl.,  p.  202, 

pi.  xi,  fig.  27. 

The  one  poor  specimen  from  Mulloch  Hill,  of  which  Davidson's  figure  is  a  liberal 
and  incorrect  restoration,  is  the  only  example  with  which  I  am  acquainted  from 

Grirvan.  The  two  median  ribs  are  shown  too  close  together  in  his  figure,  and 

the  sides  of  the  fold  should  be  steeper  and  lower  ;  there  are  only  5  plications  on  the 

lateral  lobes,  and  they  diverge  more  from  one  another  than  represented,  and  the 

whole  shell  is  more  transverse  and  not  so  subcircular.  Recently  Twenhofel  *  has 
identified  this  species  in  the  fauna  of  the  Silurian  of  Anticosti,  and  it  appears  also 

to  occur  in  the  Llandovery  beds  of  the  Christiania  district  in  Norway. 

Horizon. — Mulloch  Hill  Group. 

Locality. — Mulloch  Hill. 

Camarotoechia  llandoveriana  (Davidson),  var.  nov.  diversiplicata. 

(Plate  XXIV,  figs.  19-22.) 

1883.  Rhynchonella   llandoveriana,   Davidson    (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Suppl., 

p.  157,  pi.  x,  figs.  36,  37. 

Davidson  figures  a  specimen  of  this  shell  from  Camregan  Wood,  but  the  figure 

does  not  bring  out  the  difference  between  the  size  of  the  ribs  in  the  sinus  and  those 

on  the  lateral  lobes.  For  in  these  Camregan  shells  this  is  a  constant  feature  ;  there 

are  3-5  strong  angular  ribs  in  the  sinus,  corresponding  to  3-4  similar  ones  on  the  fold, 

while  on  each  lateral  lobe  there  are  9-10  smaller  less  prominent  and  more  closely 
placed  ribs.  Otherwise  in  shape  and  general  characters  our  Girvan  shells  agree  fairly 

well  with  Davidson's  types  of  Rh.  llandoveriana,  though  he  says  t  that  in  the  latter 
there  are  7-8  ribs  on  the  fold  and  in  the  sinus. 

Dimensions. — Average  length,  11  mm.  ;  average  width,  13  mm. 

Horizons. — (l)  Camregan  Group  ;  (2)  Mulloch  Hill  Group. 

Localities. — (l)  Camregan  Wood;  (2)  Craigens. 

Camarotoechia  nucula  (Sowerby)  ? 

1839.   Terebratula  nucula,  Sowerby,  in  Murchison's  Silurian  System,  p.  611,  pi.  v,  fig.  20. 
1868.  Rhynchonella   nucula   (Sowerby),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.   181, 

pi.  xxiv,  figs.  1-7  1 

Some  small  shells  in  a  poor  state  of  preservation  from  Mulloch  Hill  high-road, 

mounted  and  labelled  with  Davidson's  figured  specimen  of  Cam.  decemplicata,  appear 
*  Twenhofel  Geol.  Surv.  Canada,  Museum  Bulletin,  No.  3,  1914,  p.  28. 
t  Davidson,  op.  eit.,  vol.  iii,  p.  184,  pi.  xxiv,  figs.  8-13. 
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to  be  referable  to  C.  nucula  (Sowerby)  in  the  wide  acceptation  of  the  name,  but  this 

species  requires  revision,  as  the  term  has  been  loosely  applied  and  several  varieties  or 

species  have  been  included  under  this  name. 

Horizon. — Mulloch  Hill  Group. 

Locality. — Mulloch  Hill. 

Camarotoechia  sp. 

(Plate  XXIV,  fig.  23.) 

?  1883.  Rhynclumella  Wilsoni  (Sowerby),  Davidson  (pars),  Mon.  Brit.  Fots.  Brae//.,  vol.  v,  Silur.  Suppl., 

p.  225  (non  Terebratula  Wilsoni,  Sowerby). 

There  is  another  species  in  addition  to  the  variety  of  C.  llandoveriana  occurring 

in  the  Llandovery  of  Camregan  Wood,  but  there  is  scarcely  sufficient  material  to 

establish  a  separate  species.  It  much  more  resembles  the  specimen  called  a  typical 

C.  llandoveriana  by  Davidson, *  from  the  Upper  Llandovery  of  Minsterley,  than 

the  ordinary  variety  of  Camregan  above  described.  The  fold  on  the  pedicle-valve  is 

more  rounded  and  less  abrupt,  and  bears  6-7  ribs  which  are  scarcely  larger  or  only 

equal  in  size  to  those  on  the  lateral  lobes,  which  number  13-18  on  each  side.  A  strong 
median  septum  extends  nearly  half  the  length  of  the  brachial  valve.  Davidson 

labelled  some  specimens  of  it  Rh.  Wilsoni  with  a  query. 

Dimensions. — Length,  9  mm.  ;  width,  11  mm. 

Horizon. — Camregan  Group. 

Locality. — Camregan  Wood. 

Genus  Zygospira,  Hall. 

Zygospira  orbis,  sp.  nov. 

(Plate  XXIV,  figs.  24-27.) 

Shell  subcircular,  flattened,  very  gently  biconvex.  Pedicle-valve  uniformly  convex, 
with  small  elevated  slightly  incurved  beak,  apical  foramen,  and  false  area.  Brachial 

valve  with  small  inconspicuous  and  not  elevated  beak,  and  with  traces  of  broad 

shallow  median  depression  holding  4-5  ribs.  Surface  of  valves  bearing  20-22  small 
straight  equal  regular  equidistant  rounded  ribs  separated  by  interspaces  of  equal  size. 

Dimensions. — Length,  7  mm. 

Horizons. — (l)  Stinchar  Limestone  Group  ;  (2)  Balclatchie  Group  ? 

Localities. — (l)  Craighead;  (2)  Ardmillan,  Balclatchie  (conglomerate). 

Remarks. — This  small  shell  seems  comparable  to  the  more  finely  plicated  examples 
of  Zygospira  recurvirostra  (Hall)  from  the  Trenton  Limestone,  figured  by  Hall  and 

Clarke,  f  In  the  Balclatchie  specimens,  which  are  doubtfully  attributed  to  the  same 

species  as  those  from  Craighead,  the  median  interspace  in  the  brachial  valve  is  deeper 

*  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  pi.  x,  fig.  32. 
t  Hall  and  Clarke,  op.  cit.,  Brack,  ii,  p.  154,  pi.  liv,  figs.  4,  5. 
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and  wider  and  the  interior  shows  a  short  median  septum.     It  is  somewhat  allied  to 

Z.  Hicksi,  Reed,#  from  the  Slate  Beds  of  Haverfordwest. 

Zygospira  ?  sp. 

(Plate  XXIV,  figs.  28,  29.) 

One  internal  cast  and  external  impression  of  a  pedicle-valve  from  the  Starfish 
Bed  bears  a  considerable  resemblance  to  the  species  Zygospira  cincinnatiensis, 

Meek,t  from  the  Lorraine  Group.  Our  specimen  measures  just  over  9  mm.  in  length 

and  the  same  in  width,  being  subcircular  in  shape  ;  there  is  a  low  indistinct  median 

fold  with  a  narrow  deep  depression  along  its  middle  holding  2  ribs  which  arise  from 

the  bifurcation  of  one  near  the  beak  ;  on  each  side  of  this  depression  the  fold 

bears  3  rather  broader  rounded  ribs,  with  a  very  short  narrower  one  intercalated 

close  to  the  margin  alongside  the  depression.  The  lateral  portions  of  the  valve 

each  carry  8-9  similar  rounded  ribs,  of  which  balf  arise  by  intercalation  at  rather 

more  than  one-third  their  length.  The  short  thin  dental  plates  are  visible  in 
the  cast. 

The  species  appears  to  lie  between  Z.  cincinnatiensis,  Meek,  and  Z.  putilla,  Hall 

and  Clarke. I 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Genus  Protozyga,  Hall  and  Clarke. 

Protozyga  carrickensis ,  sp.  nov. 

(Plate  XXIV,  figs.  30,  31.) 

Shell  subpentagonal,  unequally  biconvex,  widest  across  middle,  rounded,  anteriorly 

emarginate,  and  sinuated.  Pedicle-valve  convex,  swollen,  subcarinate,  highest 
along  middle  line,  with  short  broad  shallow  groove  on  keel  near  anterior  margin  ; 

beak  small,  pointed,  incurved,  rising  above  hinge-line,  with  apex  perforated,  and  small 
triangular  broad  fissure  below.  Brachial  valve  weakly  convex  or  flattened,  bilobed 

by  narrow  median  straight  impressed  line  and  by  broad  indefinite  sinus  near 

anterior  margin  ;  beak  small,  inconspicuous.  Surface  of  valves  smooth.  Interior 
unknown. 

Dimensions. — Length,  11  mm.  ;  width,  11  mm. 

Horizon. — Stinchar  Limestone  Group. 

Locality. — Craighead. 

Remarks. — This  interesting  little  shell,  of  which  I  have  only  seen  two  specimens 

in  Mrs  Gray's  collection,  closely  resembles  Protozyga  exigua,  Hall,§  of  the  Trenton 

*  Reed,  Geol.  Mag.,  dec.  v,  vol.  ii,  1905,  p.  452,  pi.  xxiii,  figs.  17-19. 
t  Meek,  Paleeont.  Ohio,  i,  1873,  p.  126,  pi.  11,  fig.  5  ;  Hall  and  Clarke,  op.  cit.,  Brack,  ii,  pi.  liv,  figs.  13,  14. 

%  Hall  and  Clarke,  op.  cit.,  pp.  157,  365,  pi.  liv,  figs.  35-37 ;  pi.  lxxxiii,  figs.  29,  30. 
§  Hall  and  Clarke,  op.  cit.,  Brack,  ii,  p.  151,  pi.  liv,  figs.  47,  48. 
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Limestone,  but  differs  by  its  more  rounded  shape  and  by  the  median  groove  near 

the  anterior  end  of  the  keeled  pedicle-valve.  Perhaps  Rhynchonella  1  nana,  Salter 
MS.,*  from  Tyrone,  is  allied. 

Genus  Atrypina,  Hall  and  Clarke. 

Atrypina  Barrandei  (Davidson)  ? 

1848.    Terebratula  Barrandii,  Davidson,  Bull.  Soc.  Geol.  France,  vol.  v,  s6r.  2,  p.  332,  pi.  iii,  fig.  32. 
1866.  Retzial  Barrandii,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  128,  pi.  xiii,  figs.  10-13. 

A  few  small  shells,  3-4  mm.  long,  are  probably  referable  to  this  species,  but  the 

specimens  are  not  good.  Hall  and  Clarke  f  referred  Davidson's  species  Retzia  ? 
Barrandei  to  the  genus  Atrypina,  of  which  the  type  Leptoccelia  imbricata,  Hall, 

occurs  in  the  Lower  Helderberg  Group. 

Horizon. — Saugh  Hill  Group. 

Locality. — Newlands. 

Genus  Glassia,  Davidson. 

Glassia  compressa  (Sowerby). 

1839.  Atrypa  compressa,  Sowerby,  in  Murchison's  Silurian  System,  p.  629,  pi.  xiii,  fig.  5. 
1886.  Athyris  compressa  (Sowerby),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  122,  pi.  xii, 

figs.  16-18. 

Internal  casts  and  external  impressions  of  a  smooth  subcircular  shell  from  New- 
lands  may  be  attributed  to  Glassia  compressa,  Sowerby,  the  internal  characters  of 

which  do  not  seem  to  have  been  described.  In  the  pedicle-valve  the  teeth  are  small, 

short  slightly  curved,  thickened  plates,  nearly  parallel  to  the  hinge-line ;  the 
diductors  form  very  narrow  elongated  fiabelliform  weak  impressions  diverging  at 

about  30°,  with  a  triangular  area  between  them  for  the  adductors,  but  not  enclosed. 
In  the  brachial  valve  the  hinge-plate  has  the  curious  recurved  form  described  by 
Hall  and  Clarke  |  in  Nucleospira,  and  stated  by  them  {op.  cit.,  p.  152)  to  be  the 

same  in  Glassia ;  the  horizontal  suboblong  portion  is  deeply  grooved  or  divided  in 

its  posterior  half,  and  the  hinge-plate  is  continued  in  front  as  a  narrow  low  ridge 

extending  about  one-fourth  the  length  of  the  valve  between  the  flabelliform 

elongated  and  radially  striated  adductors ;  the  crura  are  short,  sharp-pointed, 
and  recurved. 

Dimensions.- — Length,  13*0  mm.  ;  width,  14*5  mm. 
Horizon. — Saugh  Hill  Group. 

Localities. — Newlands,  Woodland  Point. 

*  Davidson,  op.  cit.,  vol.  iii,  p.  192,  pi.  xxiv,  figs.  26,  26a-c. 
t  Hall  and  Clarke,  op.  cit.,  Brach.,  ii,  p.  161. 

|  Hall  and  Clarke,  op.  cit.,  Brach.,  ii,  p.  142,  pi.  xlviii. 
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Glassia  obovata  (Sowerby). 

1839.  Atrypa  obovata,  Sowerby,  in  Murchison's  Silurian  System,  p.  618,  pi.  viii,  fig.  9. 
1866.   Athyris  obovata  (Sowerby),  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  pt.  vii,  p.  121,  pi.  xii, 

fig.  19;  pi.  xiii,  figs.  5,  5a. 

1883.   Glassia  obovata  (Sowerby),  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  pp.  116,  224,  pi.  viii,  fig.  12. 

This  species  was  described  by  Davidson  from  Penkill,  and  I  have  not  seen  any 

examples  from  any  other  locality  or  horizon  in  the  Girvan  area.  The  internal 

characters  of  this  species  have  been  described  by  means  of  specimens  from  the 

Wenlock  Shales  of  Shropshire  (Davidson,  op.  cit.,  vol.  v,  p.  116,  pi.  vii,  figs.  11-20), 

and  one  internal  cast  from  Penkill  in  Mrs  Gray's  collection  shows  the  crural  bands 
in  the  brachial  valve  and  the  umbonal  characters  of  the  other  valve. 

Horizon. — Penkill  Group. 

Locality. — Penkill. 

Genus  Clintonella,  Hall  and  Clarke. 

Clintonella  cf.  vagdbunda,  Hall  and  Clarke. 

(Plate  XXIV,  fig.  32.) 

Shell  regularly  oval.  Brachial  valve  flattened,  marked  by  deep  well-marked 
wide  median  sinus  extending  from  beak  to  margin,  rapidly  increasing  in  width 

anteriorly,  and  with  its  floor  occupied  in  anterior  third  by  one  simple  gently  rounded 

low  fold ;  lateral  lobes  of  shell  with  inner  portion  occupied  by  3  straight  subequal 

narrow  rounded  closely  placed  ribs  on  each  side  of  sinus,  but  outer  posterior  part  of 

lobes  smooth  and  not  ribbed  ;  beak  low,  inconspicuous. 

Dimensions. — Length,  3'4  mm.  ;  width,  2'8  mm. 
Horizon. — Saugh  Hill  Group. 

Locality. — Newlands. 

Remarks. — No  species  except  Clintonella  vagabunda,  Hall  and  Clarke,*  of  the 
Clinton  Formation  of  the  United  States,  appears  to  bear  any  resemblance  to  this 

little  shell,  of  which  I  know  only  one  specimen  in  Mrs  Gray's  collection,  represented 
by  an  internal  cast  and  the  external  impression  of  the  same  brachial  valve. 

Genus  Atrypa,  Dalman. 

Atrypa  expansa,  Lindstrom,  var. 

A  shell  indistinguishable  from  the  variety  of  A.  expansa,  with  few  ribs,  which  was 

described  by  Lindstrom  t  from  Dalecarlia,  occurs  at  Shalloch  Mill,  but  is  rare.  It  is 

closely  allied  to  A.  imbricata,  Sow. 

Dimensions. — ^Length,  17  mm.  ;  width,  19  mm. 

*  Hall  and  Clarke,  op.  cit,  Brach.,  ii,  p.  159,  pi.  Iii,  figs.  1-11. 
t  Lindstrom,  Fragm.  Silur.,  p.  22,  t.  xii,  figs.  17-19. 

TRANS.  ROY.  SOC.  EDTN.,  VOL.  LI,  PART  IV    NO.  26).  135 
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Horizon. — Whitehouse  Group. 

Locality. — Shalloch  Mill. 

Atrypa  imbricata  (Sowerby). 

1S39.   Terebratula  imbricata,  var.  Sowerby,  in  Murchison's  Silurian  System,  p.  631,  pi.  xiii,  fig.  27. 
1866.  Atrypa  imbricata  (Sowerby),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.   135,  pi.  xv, 

figs.  3-6,  8  (non  7). 
1883.   Atrypa  imbricata  (Sowerby),  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  pp.  115,  224. 

"Typical  examples  of  this  shell  at  Woodland  Point ;  in  these  the  deep  sinus  in  the 
pedicle-valve,  with  sharp  angular  margins,  is  well  marked.  Flattened  examples  are 

difficult  to  separate  from  the  coarser-ribbed  forms  of  A.  reticularis,  which  also  seems 
to  occur  associated  with  it.  Davidson  records  it  from  Penkill  and  Bargany  Pond 

Burn  as  well  as  Woodland  Point,  but  I  have  seen  no  examples  from  the  two  former 
localities. 

Horizon.— Saugh  Hill  Group. 

Locality. — Woodland  Point. 

Atrypa  reticularis  (Lhme). 

1767.  Anomia  reticularis,  Linne^  Syst.  Nat.,  ed.  xii,  p.  1152. 

1866.  Atrypa  reticularis,  Linne\  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  129,  pi.  xiv 

figs.  1-22. 
1883.  Atrypa  reticularis,  Linne\  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  225. 

The  form  of  A.  reticularis  described  as  var.  orbicularis  by  Sowerby*  is  found  at 
Penkill  and  Bargany  Pond  Burn  ;  one  example  from  the  former  locality  was  figured 

by  Davidson  (op.  cit.,  pi.  xiv,  fig.  14).  The  coarser-ribbed  variety  occurs  in 
Penwhapple  Glen,  and  approaches  A.  aspera  in  character.  A  larger  and  flatter  form, 

covered  with  numerous  closely  imbricated  ribs,  is  found  at  Woodland  Point.  Though 

these  various  forms  seem  to  mark  different  localities  or  slightly  different  horizons,  the 

evidence  at  present  available  is  inadequate  to  separate  them  into  definite  varieties. 

Horizons.- — (l)  Mulloch  Hill  Group  ;  (2)  Saugh  Hill  Group  ;  (3)  Camregan  Group ; 
(4)  Penkill  Group. 

Localities. — (l)  Mulloch  Hill,  Rough  Neuk  ;  (2)  Woodland  Point;  (3)  Bargany 
Pond  Burn  ;  (4)  Penkill,  Penwhapple  Glen. 

Genus  Dayia,  Davidson. 

Dayia  cymbula  (Davidson),  var.  nov.  girvanensis. 

(Plate  XXIV,  figs.  33-35.) 
1868.  Meristal  cymbula,  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  204,  pi.  xxii,  ligs,  28,  29. 

1883.  Merista  cymbula,  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  138,  pi.  viii,  figs.  6-9. 

The  type-specimen  of  Dayia  cymbula  came  from  Hendre  wen,  Cerrig  y  druidion. 
The  Girvan  specimens  from  Drummuck  differ  in  certain  particulars  from  this  form  : 

they  are  rather  broader  and  more  subcircular,  and  the  beak  of  the  pedicle-valve  is 

t  Sowkrby  in  Murchison's  Silurian  System,  p.  637,  pi.  xix,  fig.  3. 



ORDOVIOIAN  AND  SILURIAN   BRACHIOPODA   OF  THE   GIRVAN   DISTRICT.       949 

rather  higher  and  more  inflated,  and  this  whole  valve  is  more  swollen.  Internally 

also  there  are  some  differences,  and  the  figures  of  the  interior  of  pedicle-valves  from 

Drummuck  given  by  Davidson  are  inaccurate,  for  the  strongly  marked  short  flabelli- 

form  muscle-scars  on  each  side  of  and  slightly  behind  the  crescentic  median  callosity 
were  not  shown,  nor  was  the  thickening  of  the  shell  inside  the  beak  clearly  indicated. 

In  the  brachial  valve  there  is  also  a  strong  median  septum  proceeding  from  the  small 

thickened  hinge-plate,  and  extending  from  one-fourth  to  three-fourths  the  length  of 

the  valve  ;  the  crura  are  short  and  rod-like,  and  there  are  two  pairs  of  faintly  marked 
elongate  adductors.  These  differences  are  sufficient  to  separate  off  our  Drummuck 

shell  as  a  variety.  The  Whitehouse  specimens  are  less  satisfactorily  preserved  and 
seem  more  like  the  Welsh  form. 

I  do  not  think  that  there  is  a  "  shoe-lifter  "  process  in  the  pedicle-valve,  as  David- 
son represents  in  his  restorations  of  the  interior,  and  our  shell  seems  rather  to  possess 

the  internal  characters  of  Dayia  navicula  (Sow.)  #  than  of  Merista,  sens.  restr.,f 
for  the  median  crescentic  thickening  in  the  floor  of  the  valve  has  merely  its  anterior 

face  slightly  excavated,  and  it  thins  off  on  each  side  into  lateral  horns. 

Probably  the  Keisley  species  Dayia  pentagonalis,  Reed,|  is  closely  allied  to  the 
Drummuck  form. 

Horizons. — (l)  Drummuck  Group  (Starfish  Bed) ;  (2)  Whitehouse  Group. 

Localities. — (l)  Thraive  Glen  ;  (2)  Whitehouse  Bay,  Shalloch  Mill. 

Dayia,  sp.  ind. 

(Plate  XXIV,  fig.  36.) 

Some  small  subcircular  shells  from  Bargany  Pond  Burn  seem  to  possess  the 

internal  characters  of  Dayia  and  resemble  D.  cymbula  rather  than  the  Silurian 

D.  navicula  (Sow.).  The  material  is,  however,  too  poor  for  a  satisfactory  identifica- 
tion.    Davidson  labelled  them  Merista  cymbula. 

Dimensions. — Width,  3'5-4'0  mm. 
Horizon.— Camregan  Group. 

Locality. — Bargany  Pond  Burn. 

Genus  Cyclospira,  Hall  and  Clarke. 

The  occurrence  of  this  genus  in  the  Girvan  area  rests  on  doubtful  evidence.  The 

type  chosen  by  Hall  and  Clarke  is  Orthis  bisulcata,  Emmons, §  of  the  Trenton 

Limestone.  Externally  this  shell  is  very  similar  to  Dayia  navicula  (Sow.)  of  the 

Wenlock  and  Ludlow  Beds,  but  internally  it  differs  essentially. 

*  Davidson,  op.  cit.,  vol.  iii,  p.  190,  pi.  xxii,  figs.  20-23  ;  ibid.,  vol.  v,  Silur.  Suppl,  p.  96,  pi.  v,  figs.  1-4. 
+  Hall  and  Clarke,  op.  cit,  Brach.,  ii,  p.  70. 

I  Reed,  Quart.  Jo  urn.  Geol.  Soc,  vol.  liii,  1897,  p.  75,  pi.  vi,  figs.  5,  ba-c. 
§  Emmons,  Geol.  New  York,  Rep.  2nd  Distr.,  1842,  p.  395,  fig.  4 ;  Hall  and  Clarke,  op.  cit.,  Brach.,  ii,  p.  146, 

pi.  liv,  figs.  38-40. 
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Cyclospira  ?  diversa,  sp.  nov. 

(Plate  XXIV,  figs.  37-43.) 

1883.  Rhynchonella  portloclciana,  Davidson  (pars),  Mon,  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Sttppl.,  p.  159, 

pi.  x,  fig.  13  (non  figs.  12,  14). 

Non  1868.  Rhynchonella  portloclciana,  Davidson,  op.  cit.,  vol.  iii,  pt.  vii,  p.  189,  pi.  xxiv,  figs.  23-25. 

Shell  subpentagonal  to  subtriangular,  widest  towards  front,  unequally  biconvex. 

Pedicle-valve  convex,  highest  along  middle,  subcarinate,  with  short  angular  or  sub- 
angular  median  sinus  more  or  less  developed  and  widening  anteriorly ;  beak  rather 

elevated,  pointed,  slightly  incurved,  with  small  false  area  below  ;  interior  of  valve 

with  pair  of  short  thin  slightly  divergent  dental  plates.  Brachial  valve  with  median 

portion  of  valve  somewhat  flattened  and  anterior  portion  depressed  into  wide  indefinite 

shallow  sinus  holding  short  narrow  median  fold  about  one-third  to  one-fourth  the 
length  of  valve ;  lateral  edges  of  valve  somewhat  flattened  at  right  angles  to 

plane  of  valves ;  interior  of  valve  with  small  thick  hinge-plate,  cleft  in  half 
down  the  middle,  and  with  long  thin  median  septum  extending  about  half  the 

length  of  the  shell.  Surface  of  shell  marked  by  rather  strong  lamellose  concentric 

growth-lines. 

Dimensions. — Length,  5-6'0  mm.  ;  width,  4-5 '5  mm. 
Horizon. — Balclatchie  Group. 

Localities. — Ardmillan,  Balclatchie. 

Remarks. — This  small  shell  seems  much  like  Cyclospira  bisulcata,  Emmons,*  but 

it  has  the  small  divided  hinge-plate  of  Atrypa  exigua,  Hall,f  which  Hall  and  Clarke 
put  into  a  distinct  genus  termed  Protozyga.\  Both  of  these  occur  in  the  Trenton 

Limestone.  The  internal  median  septum  in  the  brachial  valve  and  the  external 

characters  agree  better  with  the  first  named,  but  the  hinge-plate  with  the  last 
mentioned  species. 

In  all  the  Ardmillan  specimens  the  pedicle-valve  is  scarcely  at  all  carinated,  and 
the  median  groove  is  only  developed  in  the  anterior  portion  of  this  valve.  One  of 

Davidson's  specimens  (op.  cit.,  fig.  13)  from  the  mudstone  of  Balclatchie  has  a 
brachial  valve  precisely  similar  to  the  type  from  Ardmillan,  but  his  other  figured 

specimen  (op.  cit.,  fig.  12)  is  quite  distinct  in  character,  having  a  much  longer  narrow 

median  fold  in  this  valve,  and  its  true  reference  is  doubtful;  it  occurs  in  the  Bal- 

clatchie conglomerate.  The  typical  form  of  this  new  species  is  totally  distinct  from 

the  Kildare  " Rhynchonella" ' portlockiana,  Davidson.  Crushed  and  imperfect  specimens 
may  be  confused  with  Camarella  cuneatella,  C.  Conybearei,  C.  balclatchievsis,  and 

C.  Thomsoni.     The  generic  reference  must  be  considered  extremely  doubtful. 

*  Hall  and  Clarke,  op.  cit.,  Brack,  ii,  p.  146,  pi.  liv,  figs.  38-40. 
t  Hall,  Palxont.  N.Y.,  vol.  i,  p.  141,  pi.  xxxiii,  figs.  6a-d. 

J  Hall  and  Clarke,  op.  cit.,  Brack,  pp.  149-151,  pi.  liv,  figs.  47,  48. 
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Genus  Spirifer,  Sower  by. 

Spirifer  plicatellus,  var.  radiata,  Sowerby. 

1825.  Delthyris  lineatus  (radiatus),  Sowerby,  Miner.  Gonchol.,  vol.  v,  p.  493,  figs.  1,  2. 

1866.  Spin/era  plicatella,  var.  radiata  (Sowerby),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii, 

p.  87,  pi.  ix,  figs.  1-6. 
Spirifera  plicatella,  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  137,  pi.  viii,  figs.  2,  3. 

In  these  shells  the  lateral  lobes  are  devoid  of  folds,  as  is  the  case  in  Sowerby's 

original  #  type  from  the  Wenlock  Limestone.     It  appears  to  be  rare  in  the  Girvan  area. 

Horizons. — (l)  Penkill  Group  ;  (2)  Camregan  Group. 

Localities. — (l)  Penkill,  Penwhapple  Glen  ;  (2)  Bargany  Pond  Burn. 

Genus  Cyrtia,  Dalman. 

Cyrtia  exporrecta  (Wahlenberg). 

1821.  Anomites  exporrectus,  Wahlenberg,  Nov.  Act.  Reg.  Soc.  Scienf.,  vol.  viii,  p.  64,  No.  3. 

1866.   Cyrtia  exporrecta  (Wahlenberg),  Davidson,  Man.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  99,  pi.  ix, 

figs.  13-24. 
1883.   Cyrtia  exporrecta  (Wahlenberg),  Davidson,  ibid.,  vol.  v,  Silur.  Suppl.,  p.  137,  pi.  viii,  fig.  4. 

This  is  a  rare  shell  in  the  Girvan  district,  but  the  few  specimens  observed  show 

all  the  characteristic  features,  and  the  internal  structure  is  seen  in  casts  to  agree  with 

typical  examples  of  the  species. 

Horizons. — (l)  Penkill  Group  ;  (2)  Camregan  Group. 

Localities. — (l)  Penkill ;  (2)  Bargany  Pond  Burn. 

Genus  Rhynchospira,  Hall. 

Subgenus  homceospira,  Hall  and  Clarke. 

Rhynchospira  (Homoeospira)  Bouchardi  (Davidson),  var.  nov.  mullochensis. 

(Plate  XXIV,  figs.  44-46.) 

Shell  transversely  oval  to  subtrigonal,  biconvex.  Pedicle- valve  uniformly  convex  ; 
beak  acutely  pointed,  high,  slightly  incurved  ;  surface  ornamented  with  1  median 

straight  rib  and  8-9  similar  or  rather  smaller  low  rounded  ribs  on  each  side,  closely 

placed  and  curving  slightly  outwards.  Brachial  valve  shorter  than  pedicle-valve, 
with  small  low  inconspicuous  obtuse  beak  and  shallow  median  sinus  holding  1  fine 

straight  median  rib  (or  none?),  with  9-10  rather  stronger  ribs  (similar  to  those  on 
other  valve)  closely  placed  and  curving  slightly  outwards  on  the  gently  swollen  lateral 

lobes  ;  interior  with  median  septum  extending  about  half  the  length  of  the  valve. 

Dimensions. — Length  about  5  mm. 

Horizon. — Mulloch  Hill  Group. 

Localities. — Mulloch  Hill,  Craigens  ? 

Remarks. — This  small  shell  may  be  regarded  as  a  variety  of  Rh.  Bouchardi 
(Dav.),|  of  the  Wenlock  Beds,  but  it  differs  in  its  more  transverse  shape,  the  presence 

*  Davidson,  op.  cit.,  vol.  iii,  pi.  ix,  fig.  1.  t  Davidson,  op.  cit.,  vol.  iii.  pt.  vii,  p.  127,  pi.  xii,  figB.  26-30. 
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of  a  median  rib  instead  of  a  groove  on  the  pedicle-valve,  and  of  a  single  rib  in  the 

sinus  of  the  opposite  valve.  If  the  material  was  better  it  would  deserve  a  separate 

specific  designation.  There  are  some  coarser-ribbed  forms,  probably  of  the  same  or 

an  allied  species,  which  have  only  6-7  ribs  on  each  side  of  the  brachial  valve  and  the 
ribs  are  more  angular,  more  prominent,  and  wider  apart. 

Rhynchospira  (Homceospira)  camreganensis,  sp.  nov. 

(Plate  XXIV,  figs.  47-49.) 
1  1883.  Rhynchonella  auneata  (Dalman),  Davidson  (pars),  Mon.  Brit.  Foss.  Brack.,  vol.  v,  Silur.  Snppl., 

p.  152  (non  Rhynchonella  cuneata,  Dalman,  sens.  str.). 

Shell  oval,  longer  than  wide,  widest  across  middle,  unequally  biconvex.  Pedicle- 

valve  convex,  subcarinate,  with  sloping  shoulders  inclined  at  about  30°-45°  and 
extending  to  middle  of  shell ;  beak  high,  pointed,  slightly  incurved.  Brachial  valve 

subcircular,  less  convex  and  shorter  than  pedicle-valve,  with  very  weak  median  depres- 

sion ;  beak  small,  not  pointed  ;  interior  with  median  septum  extending  about  one-third 

the  length  of  the  valve.  Surface  of  valves  covered  with  27-31  small  low  rounded 

closely  placed  ribs  of  equal  size,  except  median  one  on  pedicle-valve,  which  is  slightly 
larger ;  lateral  ribs  on  brachial  valve  curve  gently  outwards  near  anterior  end. 

Dimensions. — Length,  7'0  mm.  ;  width,  5 '5  mm. 
Horizon. — Camregan  Group. 

Locality. — Camregan  Wood. 

Remarks. — This  small  shell,  which  was  labelled  in  Mrs  Gray's  collection 
Rhynchonella  cuneata,  resembles  Rhynchospira  Bouchardi,  var.  mullochensis,  but 

has  more  numerous  ribs  and  is  more  oval  in  shape.  It  may  be  compared  with 

Rh.  (Homceospira)  evax  (Hall),*  of  the  Niagara  Group,  of  which  some  of  the  examples 
have  finer  and  more  numerous  ribs  than  others. 

Genus  Nucleospira,  Hall. 

Nucleospira  pisum  (Sowerby)  ? 

1839.   Spiriferl  pisum,  Sowerby,  in  Murchison's  Silurian  System,  p.  630,  pi.  xiii,  fig.  9. 
1866.  Nucleospira  pisum  (Sowerby),  Davidson,  Mon.  Brit.  Foss.  Brack.,  vol.  iii,  pt.  vii,  p.  106,  pi.  x, 

figs.  16-20. 
1883.  Nucleospira   pisum  (Sowerby),    Davidson,  op.  cit.,  vol.   v,    Silur.  Suppl.,  pp.  91,    224,  pi.  iv, 

figs.  15-18. 

Two  internal  casts  of  brachial  valves  in  Mrs  Gray's  collection  may  probably  be 
referred  to  this  species,  but  the  evidence  for  its  occurrence  is  poor.  As  Davidson 

remarked,  it  can  scarcely  be  specifically  distinguished  from  N.  pisiformis,  Hall,  of 

the  Niagara  Group. 

Horizon. — Camregan  Group. 

Locality. — Bargany  Pond  Burn. 
*  Hall,  28th  Rep.  New  York  State  Mus.  Nat.  Hist,  1879,  p.  160,  pi.  25,  figs.  13-21. 
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Genus  Whitfieldella,  Hall  and  Clarke. 

Whitfieldella  angustifrons  (M'Coy). 
(Plate  XXIV,  fig.  50.) 

1851.  Hemithyris  angustifrons,  M'Coy,  Ann.  Mag.  Nat.  Hist.,  ser.  2,  vol.  viii,  p.  391. 
1851.  Terebratula  angustifrons,  Salter,  Quart.  Journ.  Geol.  Soc,  vol.  vii,  pi.  9,  fig.  10. 

1852.  Hemithyris  angustifrons,  M'Coy,  Syn.  Brit.  Pal.  Foss.  Woodw.  Mus.,  p.  199,  pi.  in,  figs.  6-8. 
1866.  Meristella   angustifrons,    Davidson,    Mon.   Brit.    Foss.   Brack.,   vol.   iii,   pt.   vii,   p.    Ill,   pi.   x, 

figs.  21-27. 
1885.  Meristella  ?  angustifrons,  Davidson,  op.  cit.,  vol.  v,  Situr.  Suppl.,  p.  133,  pi.  viii,  fig.  1  ;  pJ224. 

M'Coy's  type-specimens  came  from  the  "  sandstone  of  Dalquorhan,"  Mulloch 

Quarry,  and  all  Davidson's  figured  specimens  came  from  Mulloch  Hill,  but  he  also 

records  the  species  from  the  "  head  of  Thraive  Glen,  Auld  Thorns,  and  Thraive."  I 
have  only  seen  specimens  from  Mulloch  Hill,  Auld  Thorns,  and  Craigens.  The 

internal  characters  are  excellently  displayed  in  internal  casts,  and  were  partly 

described  by  M'Coy  and  Davidson.  It  should  be  mentioned  that  the  hinge-plate  is 
divided  into  a  pair  of  triangular  portions  by  a  narrow  median  slit ;  the  crura  seem  to 

be  short  and  sharply  pointed,  and  there  is  no  definite  median  septum,  but  only  a  thin 

weak  low  median  ridge.  The  pedicle-valve  shows  a  circular  apical  foramen  with  the 
deltidium  below  it,  and  the  diductor  scars  are  more  marked  and  flabelliform  than 

Davidson  represented  in  his  fig.  26a,  pi.  x,  while  there  is  only  a  narrow  low  median 

ridge  which  is  not  continued  in  front  of  the  diductors  ;  the  beak  also  has  the  shell 

thickened  internally.  We  may  especially  compare  this  species  with  Whitfieldella 

cylindrica,  (Hall),#  of  the  Clinton  and  Niagara  Formations. 

Horizon. — Mulloch  Hill  Group. 

Localities. — Mulloch  Hill,  Auld  Thorns,  Craigens. 

Whitfieldella  nitida  (Hall),  var.  ? 

(Plate  XXIV,  fig.  51.) 

There  are  several  specimens  of  a  broad  flattened  subcircular  shell  associated  with 

Whitfieldella  angustifrons  at  Mulloch  Hill  which  seem  closely  to  resemble   Whit- 

fieldella nitida,  var.  oblata,  Hall,t  Whitf.  intermedia,  Hall, J  and  Whitf  oblata,  Hall.§ 

One  interior  of  a  shell  of  similar  shape  and  external  appearance  shows  the  spiral  cones 

facing  outwards,  as  is  typical  in  the  genus,  and  they  are  composed  of  6-8  turns, 
with  a  pair  of  parallel  closely  placed  supporting  bands.     The  broadly  obovate  shape 

widening  towards  the  anterior  end  and  generally  more  flattened  towards  the  margins, 

distinguishes  this  shell  from  the  much  commoner  Whitf.  angustifrons,  and  it  does 

not  seem  possible  to  regard  it  as  only  a  variety  of  the  latter.     The  anterior  margin 

has  a  very  broad  scarcely  perceptible  median  sinuation. 

*  Hall,  Palseont.  N.Y.,  ii,  1852,  p.  76,  pi.  24,  fig.  2  ;  Hall  and  Clarke,  op.  cit.,  Bracb.,  ii,  p.  58,  pi.  xl, 
figs.  16-22. 

t  Hall,  Palseont.  N.Y.  ii,  1852,  p.  269,  pi.  55,  fig.  2.  J  Ibid.,  p.  77,  pi.  24,  figs.  3,  4,  ?6. 
§  Ibid.,  p.  9,  pi.  4,  figs.  4,  5. 
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Dimensions. — Length,  18*5  mm.  ;  width,  17*5  mm.  ;  thickness,  10*0  mm. 
Horizon. — Mulloch  Hill  Group. 

Locality. — Mulloch  Hill. 

Whitfieldella  1  sp. 

(Plate  XXIV,  fig.  52.) 

One  internal  cast  of  a  brachial  valve  of  a  simple  subcircular  moderately  convex 

shape  is  doubtfully  referred  to  the  genus  Whitfieldella.  There  is  no  median  fold,  and 

the  surface  is  uniformly  convex.  The  hinge-plate  is  very  large  and  stout,  triangular 
in  shape,  thickened  anteriorly,  and  fills  the  whole  umbonal  region  and  is  cleft  clown 

the  middle  by  a  narrow  slit.  The  anterior  edges  of  these  halves  into  which  it  is 

divided  are  furnished  with  short  sharply  pointed  thin  laminar  crura  curved  inwards. 

There  is  a  weak  low  rounded  ridge  between  the  narrow  elongated  parallel  muscle- 

scars  which  extend  more  than  half  (?)  the  length  of  the  shell.  The  hinge-plate  and 

crura  seem  to  resemble  those  of  Hyattidina  [=Hyattella,  Hall  and  Clarke,  non  For] 
rather  than  Wliitfieldella  or  any  other  genus,  but  it  is  possible  that  the  genus 

Hindella,  of  which  the  internal  characters  of  the  brachial  valve  are  incompletely 

known,*  should  receive  it. 

Dimensions. — Length  about  10'5  mm.  ;  width  about  11 '5  mm. 
Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Genus  Meristella,  Hall. 

Meristella  cf.  Circe,  Barrande. 

(Plate  XXIV,  figs.  53,  54.) 

Cf.  1847.   Terebratula    Circe,   Barrande,    "Silur.  Brach.  Boheme,"  Nat.   Abhandl.   vol.   i,  p.  37,    pi.   xvi, 
fig.  6. 

Shell  oval  to  elongated  subpentagonal ;  margin  sinuated.  Pedicle-valve  convex, 
with  broad  shallow  sinus  arisina;  at  about  half  to  two-thirds  the  length  of  the  valve 

and  produced  anteriorly  into  short  rounded  tongue  ;  edges  of  sinus  formed  by  low 

narrow  folds,  slightly  divergent  or  subparallel ;  narrow  rounded  median  fold  in  sinus, 

weakly  developed  near  beak  but  becoming  stronger  anteriorly  ;  interior  of  valve  with 

pair  of  thin  dental  plates  converging  at  first  inwards  and  then  running  forwards 

nearly  parallel  for  less  than  half  the  length  of  valve  and  enclosing  between  them  a 

small  low  boss  or  thickening  of  the  shell  at  their  point  of  convergence,  with  narrow 

ridged  diductor  scars  in  front  of  it.  Surface  of  shell  marked  with  a  few  strong 

concentric  growth-ridges  and  striae.      Brachial  valve  unknown. 

Dimensions. — Length,  9"0  mm.  ;  width,  7'5  mm. 
Horizon. — Mulloch  Hill  Group. 

*  Hall  and  Clarke,  op.  cit,  Brach.,  ii,  p.  65, 
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Locality. — Mulloch  Hill. 

Remarks. — Only  three  specimens  of  this  shell  are  known,  and  they  are  in 

Mrs  Gray's  collection  ;  one  occurs  as  a  good  internal  cast  and  external  impression 
of  the  pedicle-valve.  In  shape  and  external  features  it  much  resembles  the  shell 

referred  by  Davidson  *  to  Meristella  Circe,  Barrande,  and  its  internal  characters  seem 
to  be  those  of  Meristella. 

Meristella  ?  sp. 

(Plate  XXIV,  fig.  55.) 

A  few  internal  casts  of  small  oval  or  subcircular  smooth  shells,  measuring  only 

6-7  mm.  in  length,  occur  in  Mrs  Gray's  collection  from  the  Starfish  Bed.  They 
show  a  pair  of  long  gently  arched  dental  plates  at  first  converging  slightly  and  then 

diverging  and  enclosing  between  their  anterior  ends  the  beginning  of  the  long 

narrow  deeply  impressed  and  longitudinally  striated  diductor  scar.  The  pedicle- 

cavity  also  shows  a  strong  muscle-scar.  These  features  are  typical  of  Meristella,^ 
and  to  some  extent  recall  M.  crassa,  Sowerby  4  from  the  Llandovery.  Wiman  §  has 

recorded  a  species  of  Meristella  ?  from  the  Leptsena  Limestone  which  may  be  correlated 

with  the  Starfish  Bed,  and  Lindstrom  ||  figures  a  shell  which  he  refers  to  M.  crassa 

from  the  Leptsena  Limestone  and  from  a  Lower  Ordovician  horizon. 

Horizon. — Drummuck  Group  (Starfish  Bed). 

Locality. — Thraive  Glen. 

Genus  Ccblospira,  Hall. 

Ccelospira  hemispherica  (Sowerby). 

1839.  Atrypa  hemispherica,  Sowerby,  in  Murchison's  Silur.  Syst.,  p.  637,  pi.  xx,  fig.  7. 
1866.  Atrypa]  hemispherica,  Sowerby,  Davidson,  Mon.  Brit.    Foss.  Brach.,  vol.  iii,  pfc.  vii,  pi.  xiii, 

figs.  23-30  (?  fig.  26). 

1883.  Leptoccelia  hemispherica,  Davidson  (pars),  op.  cit.,  vol.  v,  Silur.  Suppl.,  pp.  147,  225. 

Typical  examples  of  this  species  occur  at  Camregan  Wood  and  at  Penkill.  These 

have  the  regular  simple  equidistant  rounded  ribs,  as  Davidson  well  depicts  (op.  cit., 

supra)  in  his  figures  of  May  Hill  specimens  (fig.  23).  He  also  figured  examples  from 

Penkill  (fig.  27),  Penwhapple  Glen  (fig.  29),  and  Mulloch  Hill  (fig.  26),  and  from 

Ardmillan  (fig.  25).H  But  I  have  not  seen  any  typical  specimens  from  Mulloch  Hill, 

where  the  species  C.  scotica  is  found.  The  true  C.  hemispherica,  sens,  str.,  seems 

confined  to  the  Upper  Llandovery  Beds.  Some  examples  from  Penkill  in  Mrs  Gray's 
collection  were  named  by  Davidson  Atrypa  reticularis. 

Horizons. — (l)  Camregan  Group  ;  (2)  Penkill  Group. 

Localities. — (l)  Camregan  Wood  ;  (2)  Penkill. 

*  Davidson,  op.  cit.,  vol.  iii,  pt.  vii,  p.  116,  pi.  x,  figs.  33-35  ;  ibid.,  Suppl,  v,  p.  105,  pi.  iv,  fig.  5. 
+  Hall  and  Clarke,  op.  cit,  Brach.,  ii,  p.  73,  pi.  xliv.        j  Davidson,  op.  cit.,  iii,  p.  117,  pi.  xiii,  figs.  1-3. 
§  Wiman,  Arkiv  for  Zool.,  Bd.  iii,  No.  24,  1907,  p.  6. 

||  Lindstrom,  Fragm.  Silurica,  1880,  p.  21,  t.  xiii,  figs.  4-8,  23-25. 
IT  There  must  be  some  mistake  in  this  locality,  as  no  Llandovery  Beds  occur  at  Ardmillan. 

TRANS.   ROY    SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  26).  136 



956  DR   F.    K.    C.    REED   ON  THE 

Ccelospira  scotica  (M'Coy). 

1851.  Atrypa  hemispherica,  Sow.,  var.  (Hemithyris  scotica,  M'Coy  MSS.),  Salter,  Quart.  Journ.  Geol. 
Soc,  vol.  vii,  p.  178,  pi.  ix,  fig.  \2a-c. 

1852.  Hemithyris   hemispherica,  var.   scotica,   M'Coy,   Syn,   Brit.    Pal.    Foss.    Woodw.    Mus.,  p.  202, 
pi.  iH,  fig.  10. 

1866.  Atrypal  scotica  (M'Coy),  Davidson,  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  p.  140,  pi.  xiii,  fig.  31. 

1883.   Atrt^al  scotica  (M'Coy),  Davidson,  op.  cit.,  vol.  v,  Silur.  Suppl.,  p.  224. 

The  original  locality  for  this  species  is  Mulloch  Hill.  The  differences  between  it 

and  C.  hemispherica  were  pointed  out  by  M'Coy  (op.  cit.).  We  may  add  that  the 
division  of  the  ribs  is  somewhat  irregular,  that  there  is  an  incipient  fold  on  the 

pedicle-valve  marked  off  by  rather  deeper  grooves  on  each  side  than  those  between 
the  ribs  and  corresponding  to  the  shallow  sinus  on  the  other  valve.  The  internal 

characters  seem  to  be  identical.  Davidson,  however,  in  his  Supplement  (op.  cit,, 

p.  224)  does  not  put  C.  scotica  in  the  same  genus  (Leptocoelia)  as  C.  hemispherica. 

Horizon. — (l)  Mulloch  Hill  Group. 

Localities. — (l)  Mulloch  Hill,  Craigens,  Auld  Thorns. 

Coelospira  scotica  (M'Coy),  var. 

(Plate  XXIV,  figs.  56-58.) 

The  Middle  Llandovery  examples  of  C.  scotica  seem  to  constitute  a  fairly  marked 

variety  of  the  Mulloch  Hill  type,  for  there  is  always  a  distinct  simple  single  median 

rib  on  the  pedicle-valve,  and  the  2  or  3  ribs  on  each  side  of  it  divide  into  2  equal 

smaller  ones  at  about  half  their  length,  while  the  remaining  lateral  4  or  5  ribs 

outside  are  simple.  In  the  brachial  valve  there  is  a  median  groove  in  the  sinus 

corresponding  to  the  median  rib.  Otherwise  the  shells  seem  to  be  identical  with 

the  typical  form.     Some  of  them  reach  a  length  of  12-13  mm. 

Horizon.- — Saugh  Hill  Group. 

Localities. — Newlands,  ?  Woodland  Point. 

List  of  Species  described,  with  Davidson's  Equivalents. 
[The  numbers  refer  to  the  collections  in  which  the  species  is  represented ;  see  page  2.] 

(1),  (7)  Micromitra  (Paterina)  Davidsoni,  sp.  no  v.  [Acrotreta  Nicholsoni  (pars)]. 

(1),  (2),  (3),  (7)  Obolus  audax,  sp.  no  v.  [Lingula  Kamsayi  (pars)]. 

(1),  (2),  (7)       ,,       Maccullocld,  sp.  nov.  [Lingula  Kamsayi  (pars)]. 

(1),  (2),  (3),  (4),  (5)  Paterula  balclatchiensis,  Dav.  [Paterula  balcletchiensis], 

(1)         ,,     1  albida,  sp.  nov. 

(1)         ,,     1  Jamesoni,  sp.  nov.  [Discina1?  balcletchiensis  (pars)]. 
(1)  Dinobolus  Davidsoni  (Salt.)  [Dinobolus  Davidsoni]. 

(1)  Bhinobolusl  balclatchiensis,  sp.  nov. 

(1),  (2),  (3),  (4)  Lingula  amabilis,  sp.  nov.  [Lingula  attenuata  (pars)]. 

(1)        ,,        brevis,  Portl.,  var.  nov.  angustior  [Lingula  brevis  (pars)]. 

(1),  (2),  (3)        „        brevis,  Portl.,  var.  nov.  carrichensis  [Lingula  brevis  (pars)]. 
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(5)  Lingula  ?  crumenoides,  sp.  nov. 

(1)        ,,        Leivisi  (Sow.). 

(1)        ,,        mediostriata,  sp.  nov. 

(1)        „        ovata,  M'Coy  ?  [Lingula  ovata  (pars)]. 
( 1 ),  (3)        ,,       pseudoquadrafa,  sp.  nov. 

(1),  (2)        „        quadrata  (Eichw.)  [Lingula  quadrata]. 
(1)        „        solvens,  sp.  nov. 

(1)        „        Symondsi,  Salt.  [Linguli  Symondsi]. 
(1)  Lingulasma  ?  ardmillanevse,  sp.  nov. 

(1)  ,,  ?  canadense  (Billings)  [Lingula  canadensis]. 

(1)  ,,  1  penultimum,  sp.  nov. 

0)>  (2  ?)  ,,  ?  pulcherrimum,  sp.  nov. 

(1)  „  ?  quxstor,  sp.  nov.  [Lingula  granulata  (pars)]. 
(1).  (2)  „  1  tenax,  sp.  nov. 

(1),  (3)  Siphonotreta  micula,  M'Coy  [Siphonotreta  micula  (pars)]. 
(1)  ,,         ?  thraivensis,  sp.  nov. 

(1)>  (2),  (3)  ScMzambon  scoticus  (Da v.)  [Siphonotreta  scotica  (pars)]. 
(1),  (3)  „  „        var. 

0)>  (2),  (3)>  (4),  (7)  Acrothele  medioradiata,  sp.  nov. 

(1)         „         ?sp.  (a)  [Acrotreta  Nicholsoni  (pars)]. 

(1)         „         (Redlichella  1)  sp.  (b)  [Siphonotreta  micula  (pars)]. 
(1),  (3)  Acrotreta  ?sp.  (a). 

(5)         .,         ?sp.  (6). 

(1)         ,,         (H)  costata,  Dav.  [Acrotreta  costata]. 
(1),  (7)  Gonotreta  conoidea,  sp.  nov.  [Acrotreta  Nicholsoni  (pars)]. 

(1)  Trematis  craiyensis,  sp.  nov. 

(1)         ,,         yaelliflua,  sp.  nov. 

(1)         ,,        siluriana,  Dav. 

(1)  Schizomania  asteroidea,  sp.  nov.  [Discina  crassa]. 

0)>  (?)  Orbiculoidea  Armstrongi,  sp.  nov.  [Discina  perrugata  (pars)]. 

(1)  »  shaUochensis,  sp.  nov.  [Discina  perrugata  (pars)]. 

(1)>  (2),  (3),  (7)  „  stincharensis,  sp.  nov.  [Discina  perrugata  (pars)]. 
(1)  ,,  (Schizotreta)  Forbesi  (Sow.). 
(1)  Phi/hedra  drummuckensis,  sp.  nov. 

U  )>  (2)         „  mullochensis,  sp.  nov.  [Crania  siluriana  (pars)]. 
(1)         „       ?  penkillensis,  sp.  nov. 

(1)         »  Playfairi,  sp.  nov. 

(1)>  (2)>  (3)         ,,  siluriana  (Dav.)  [Crania  siluriana  (pars)]. 
(7)         „  sp. 
(1)  Pholidops  antiqua  (Schloth.)  ? 

(1)>  (2)         „  implieata  (Sow.)  [Pholidops  implicata]. 

(1)  Pseudocrania  divaricata,  M'Coy. 
•  (1)  „  multifilosa,  sp.  nov. 

(1)  >,  aff.  depressa  (Eichw.). 

(1)>  (2),  (3),  (5)  Orthis  calligrumma,  Dahn.,  var.  nov.  craigensis  [Orthis  calligramrna  (pars)]. 

(1)>  (2),  (5),  (6)       ,,  })  var.  nov.  subplicata  [Orthis  calligramrna  (pars)]. 
(1).  (7)       „  „  ?var. 

(1)>  (2),  (3),  (5)       „      Playfairi,  sp.  nov.  [Orthis  calligramrna  (pars)]. 
(1)>  (2)       ,,       (Plectorthis)  ardmillanensis,  sp.  nov. 

0)       >>      (         „         )  duftonensis,  Reed,  var.  [Orthis  calligramrna,  var.  plicata 

(pars)]. 
(1)>  (3)>  (4)       „       (         „         )  rustica,  Sow.  [Orthis  rustica  (pars)]. 
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(1),(3) (1) 

(1).  (3) 

(1) 

(1),  (3),(7) 

(1),  (2),  (3),  (4),  (5),  (6) 

(1),  (2),  (7) 

(1).  (2),  (3),  (5) 

(I).  (5) 

(1) 

(1),  (3) 

(1),  (2),  (3),  (4),  (5),  (6) 

(1),  (2),  (3) 

(1) 

(1),  (2),  (3),  (5),  (6) 

(1),  (2),  (3),  (5) 

(1) (1),  (2),  (5),  (6) 

(1).  (2),  (3),  (4) 

(1).  (2),  W,  (6) 

(1),  (2),  (3),  (5),  (7) 

(1).  (2),  (3),  (5) 

(2),  (3),  (4),  (5) 

(1) 
(IX  (2) 

(1),  (2),  (3),  (5) 
(1) 

0) (1).  W 

(1) 
(1) 

(2),  (3),  (4),  (6),  (7) 
(1) 

(1) 

(1),  (3),  (4),  (5) 

(1) 

(1),  (3)  Orthis  (Pledorihis)  rustica,  var.  nov.  paucicostata  [Orthis  rustica  (pars),"Orthis calligramma,  var.  plicata  (pars)]. 

„         )        ,,        var.  rigida,  Dav.  [Orthis  rustica  (pars)]. 

,,         )        ,,        var.    walsalliensis,   Dav.    [Orthis   rustica,   var.  wal- salliensis]. 

,,         )  subfissicosta,  sp.  nov.  [Orthis  intercostata]. 

,,         )  subplicatella,  sp.  nov. 
,,         )  thraivensis,  sp.  nov.  [Orthis  calligramma  (pars)]. 

Dinorthis)  flabellulum,  Sow.,  var.  nov.  carrichensis  [Orthis  flabellulum 

(pars)]. 
,,        )  porcata,  M'Coy  [Orthis  sowerbyana  (pars),  Orthis  flabellulum 

(pars)]. Hebertella)  balclatchiensis,  Dav.  [Orthis  balcletchiensis]. 

,,         )  bellatrix,  sp.  nov.  [Orthis  sowerbyana  (pars)]. 

,,         )  crispa,  M'Coy  [Orthis  crispa  (pars)]. 
,,         )  Lapworthi,  Dav.  [Orthis  Lapworthi]. 

,,         )  scotica,  M'Coy  [Orthis  calligramma,  var.  scotica]. 
Platystrophia)  biforata,  Schl.  [Orthis  biforata  (pars)]. 

,,  )  dorsata  (His.)  1  [Stricklandinia  ?  shallockiensis]. 
Heterorthis  V)  confinis,  Salt.  [Orthis  confinis]. 

Bilobites)  biloba,  Linn. 

,,       )       ,,       var.  [Orthis  biloba]. 
Dalmanella)  basalis,  Dalm  [0.  elegantula  (pars)]. 

,,  )  crassa,  Lindstr.  1  [O.  elegantula  (pars)]. 

„  )  elegantula,  Dalm.  [0.  elegantula  (pars)]. 

,,  )  „  var.  nov.  drummuchensis  [0.  elegantula  (pars)J. 

,,  )  federata,  sp.  nov.  [0.  testudinaria  (pars)]. 

,,  ?)  girvanensis,  Dav.  [0.  girvaniensis]. 
,,  ?)  Iiankini,  Dav.  [O.  Rankini  (pars)]. 

„  )  testudinaria,  Dalm.,  var.  nov.  gracilis. 

,,  )  ,,  var.  nov.  shallochensis  [0.  testudinaria  (pars)]. 

,,  )  ,,  var.  ind.  [0.  argentea]. 
„  )  cf.  visbyensis,  Lindstr.  [0.  turgida  (pars)]. 

W dpid omella  1)  polygramma,   Sow.,  var.  pentlandicu,  Dav.   [0.  poly- 
gramma,  var.  pentlandica,  0.  reversa  (pars)]. 

,,  )  prematura,  sp.  nov. 
Schizophorella,  subg.  nov.)  fallax,  Salt.  [0.  mullochiensis  (pars)]. 

,,  „         )  mullochensis,  Dav.  [0.  mullochiensis  (pars)]. 
Nicolella,  subg.  nov.)  actonise,  Sow. 

„  ,,  )       ,,        var.  nov.  asteroidea  [0.  actoniae  ?]. 
Harknessella,  subg.  nov.)  vespertilio,  Sow.  [0.  vespertilio]. 
nina,  Dav.  [O.  nina]. 

(1),  (2),  (3),  (5) 

(1)>(2),(5) 

(1) 

a) 

(i) 
(i) 

(1),  (2),  (3),  (5) 

(1)  Rafinesquina  concentrica  (Portl.)  [Strophomena  expansa  (pars)]. 

expansa  (Sow.),  var.  nov.  Macallumi  [Strophomena  expansa(pars)j. 

(Playfairia,  subg.  nov.)  deltoidea  (Conr.)  [Strophomena  deltoidea 

(pars)]. 
(  „  „  )  „         var.  nov.  multicorrugata. 

(  ,,  ,,  )  ,,         var.  nov.  tenuicorrug<da. 

(  ,,  „         V)felix,  sp.  nov. 

(  ,,  „  )  Richardsoni,  sp.  nov. 

(  ,,  ,,  )   ■setaiglobosiiia   (Dav.)   [Strophomena  im- 
brex, var.  semiglobosina  (pars)]. 
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(1),  (2),  (3),  (4), 

(1),(2),(3),(4),(5), 

(1),  (2),  (3),  (4), 

(1), 
(1). 

(1).  (3),  (5 

(1),  (3), 

(1), 

(1), 

(1),  (3),  (4), 
(1). 

(1), 

(1).  (3), 

(1),  (3), 

(1),  (4), 
(1), 

(1). 

(1),  (2),  (3), 

(1),  (2),  (3),  (4),  (5), 

(1). 

(1),  (2),  (5), 

(1), 

(1), 

(1),  (3), 

(1),  (2),  (3), 

Rafinesquina  1  brumalis,  sp.  nov. 

,,  1  subarachnoidea,  sp.  nov.  [Strophomena  corrugatella  (pars)]. 

Leptxna  rhomboidalis  (Wilck.)  [Strophomena  rhornboidalis]. 

Leptella  Grayx  (Dav.)  [Leptrena  Grayse ;  L.  llandeiloensis  (pars)]. 

„      1  pseudoretroflexa,  sp.  nov.  [Strophomena  retroflexa  (pars)]. 

Plectambonites  Etlieridgei  (Dav.)  [Leptsena  Etlieridgei]. 

„  llandeiloensis  (Dav.)  [Lept.  llandeiloensis  (pars)]. 

,,  quinquecostata   (M'Coy),  var.  nov.  balclatchiensis  [Lept.  quin- 
quecostata]. 

,,  ,,  „         var.   nov.  cylindrica   [Lept.  quinque- costata]. 

,,  „  ,,         var.    nov.    depressa    [Lept.    quinque- costata]. 

„  „  „         var.    nov.    sublobata    [Lept.   quinque- costata]. 

,,  ruralis,  sp.  nov. 
,,  scissa  (Salt.)  [Lept.  scissa  (pars)]. 

,,  segmentum  (Ang.),  var.  nov    woodlandensis  [Lept.  segmentum 

(pars)]. ,,  sericea  (Sow.),  var.  nov.  albida  [Lept.  sericea  (pars)]. 

,,  ,,  „        var.  nov.  conspicua  [Lept.  sericea  (pars)]. 

„  „  ,,        var.  nov.  craigensis  [Lept.  sericea  (pars)]. 

,,  ,,  ,,        var.  rhombica  (M'Coy)  [Lept.  sericea  (pars)]. 
„  ,,  ,,        var.  semirugata  [Lept.  sericea  (pars)]. 

,,  ,,  ,,        var.  nov.  thraivensis  [Lept.  sericea  (pars)]. 

,,  subcorrugatella,  sp.  nov.  [Strophomena  corrugatella  (pars)]. 

,,  transversalis  (Dalm.)  [Lept.  transversalis  (pars)]. 

„  ,,  var.  Duvali  (Dav.). 

,,  ,,  var.  nov.  mullochensis. 
„  „  var.  nov.  penkillensis  [Lept.  transversalis  (pars)]. 

„  „  var.  nov.  tricostata  [Lept.  segmentum  (pars)]. 

„  1  youngiana  (Dav.)  [Lept.  youngiana]. 
Stropheodonta  arenaeea  (Salt.)  [Strophomena  arenacea]. 

,,  corrugatella  (Dav.)  [Strophomena  corrugatella  (pars)]. 

,,  donax,  sp.  nov. 
,,  Jamesoni,  sp.  nov.  [Strophomena  corrugatella  (pars)]. 

,,  (Leptostrophia)  filosa  (Sow.),  var.  nov.  mullochensis  [Strophomena 
expansa  (pars)]. 

,,  (  „  )  subfilosa,  sp.  nov. 
,,  (Brachyprion)  columbana,    sp.    nov.    [Orthis    sagittifera   (pars), 

Stroph.  expansa  (pars)]. 

„  (  ,,  )  Walmstedti  (Lindstr.)  [Strophomena  Walmstedti]. 
sp. 

,,  1  Nicholsoni,  sp.  nov.  [Stroph.  imbrex,  var.  semiglobosina  (pars)]. 

„  1  Waltoni  (Dav.)  1  [Strophomena  Waltoni]. 

„  sp. 
Strophonella  euglypha  (His.). 

,,  penkillensis,  sp.  nov.  [Strophomena  antiquata  (pars)] 

,,  undata  (M'Coy)  [Strophomena  deltoidea  (pars)]. 
Christiania  tenuicincta  (M'Coy)  [Lept.  tenuicincta]. 
,,  ,,  var.  nov.  bilobata. 

Strophomena  antiquata,  Sow.,  var.  nov.  woodlandensis  [Stroph.  antiquata  (pars)]. 
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(1),  (2),  (3),  (5)  Strophomena  deficiens,  sp.  nov. 

(1)  „  shallochensis,  Dav.  [Stroph.  shallockiensis]. 

(1)  ,,  valens,  sp.  nov. 
(1),  (2),  (4),  (5)  Schuchertella  applanata  (Salt.)  [Strophomena  applanata]. 

(1)  „  1  inexpectata,  sp.  nov. 

(1),  (2),  (3),  (5)  ,,  pertinax,  sp.  nov.  [Stroph.  pecten  (pars)]. 

(1),  (2),  (3)  Triplecia  craigensis,  sp.  nov.  [Rhynchonella  balcletchiensis  (pars)]. 

(1),  (4)         „         insularis  (Eichw.). 

(1)         ,,      1  nucleoides,  sp.  nov. 
(1)         ,,        ivoodlandensis,  sp.  nov.  [Pentamerus  undatus  (pars)]. 

(1),  (2),  (4)  Mimulus  lincertus  (Dav.)  [Triplesia?  incerta]. 

(1)  Streptis  Hornet,  sp.  nov.  [Triplesia?  monilifera]. 

(1),  (2),  (4)  Cliftonia  Grayx  (Dav.  em.)  [Triplesia?  Grayise]. 

(1),  (3)         „         Andersoni,    sp.    nov.    [Triplesia    spiriferoides    (pars),    Orthis    biforata   (pars), 
Rhynchonella?  nasuta  (pars)]. 

(1),  (7)         ,,         spiriferoides  (M'Coy)  [Triplesia  ?  spiriferoides]. 
(1),  (7)  Chonetes  advena,  sp.  nov. 
(1),  (7)  Clitambonites  ascendens,  Pander  [Skenidium  Grayse]. 

(1)  „  complectens  ( Wiman),  var.  nov.,  albida. 

(1),  (2)  ,,  shallochensis  (Dav.)  [Skenidium  shallockiense]. 
(1)  Hemipronites  carrickensis,  sp.  nov.  [Strophomena  retroflexa  (pars)]. 

(1),  (3)  „  Thomsoni,  sp.  nov.  [Orthis  turgida  (pars)]. 

(1)  ,,  ,,  var.  nov.,  inconstans. 
(1)  Scenidium  Greenoughi,  sp.  nov. 

(1),  (7)         ,,  Lewisi  (Dav.),  var.  nov.,  asteroidea. 

(1),  (2),  (3),  (4)         ,,  ,,       var.  nov.,  craigensis. 

(1),  (3),  (6)         ,,  „       var.  woodlandensis  (Dav.)  [Skenidium  Lewisi,  var.  woodlandience]. 
(1)  Porambonites  acutiplicata,  sp.  nov. 

(1),  (2)  Gamarella    baldatchiensis   (Dav.)    [Rhynchonella   balcletchiensis    (pars),    Rhynchonella 
semula  (pars)]. 

(1)         „  „  var.  [Rhynchonella  balcletchiensis  (pars)]. 

(1)         ,,         ?  Gonybearei,  sp.  nov. 
(1)         „        ?  cuneatella  (Dav.)  [Rhynchonella  cuneatella]. 

(1),  (2)         ,,  Peachi  (Dav.)  [Rhynchonella  Peachi]. 

(1),  (3),  (2)         „  Thomson/'  (Dav.)  [Rhynchonella  Thomsoni]. 
(1)  Parastrophia  emerita,  sp.  nov.  [Rhynchonella  Salteri  (pars)]. 

(1),  (4)  „  rotunda  (Sow.)  [Pentamerus  rotundus]. 

(1)  ,,  ?  Salteri  (Dav.)  [Rhynchonella  Salteri  (pars)] 

(1)  „  scotica  (Dav.)  [Rhynchonella  scotica]. 

(1)  ,,  thraivensis,  sp.  nov. 

(1)  „  Youngi,  sp.  nov. 
(1),  (3)  Stricldandinia  lens  (Sow.),  var.  [Strickl.  lens  (pars)]. 

(1),  (3)  ,,  lirata,  var.  nov.  scotica  [Strickl.  lirata,  Strickl.  lens  (pars]. 

(1),  (3)  ,,  mullochensis,  sp.  nov. 

(1),  (4)  Pentamerus  oblongus,  Sow.  [Pentamerus  oblongus]. 

(1),  (3)  „  (Barrandella)  undatus,  Sow.  [Pentamerus  undatus  (pars)]. 

(1),  (4)  ,,  (  ,,  )        „        var.  nov.,  penkillensis  [Pent,   undatus  (pars),   Pent. 
globosus  (pare)]. 

(1)  Metacamarella  baldatchiensis  (Dav.)  [Stricklandinia?  balcletchiensis]. 

(3)  Eiclnvaldia  personalis,  sp.  nov. 

(I),  (2),  (3)  Protorhgncha  nasuta  (M'Coy)  [Rhynchonella?  nasuta  (pars)]. 
(1)  „  sp. 
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(1).  (2), 

(1). 

(1). 

(1),(2), 

(1) 

(1), 

(1), 

(1).  (3), 

(1),  (2), 

(1),  (3),  (4), 

0)>  (3), 
(1),  (3), 

Orthorhynchula  sub-borealis  (Dav.)  [Rhynchonella  sub-borealis]. 
Rhynchotrema  Lapworlhi  (Dav.)  [Rhynchonella  Lapworthi]. 

„  shallochense  (Dav.)  [Rhynchonella  shallockiensis]. 

,,  ?  girvanense  (Dav.)  [Rhynchonella  girvanensis,  Rhynchonella  nucula?,  var.] 
SP- 

Rhynchotreta   ardmillanensis  (Dav.,  MS.)  [Rhynchonella  cuneata  (pars),  1  Rhynchonella 
Weaveri  (pars)]. 

,,  cuneata  (Dalm.),  var.  [Rhynchonella  cuneata  (pars)]. 

Gamarotceckia  decemplicata  (Sow.)  [Rhynchonella  decemplicata  (pars)]. 

,,  llandoveriana  (Dav.),  var.  npv.  diversiplicata  [Rhynchonella  llandoveriana 

(pars)]. 
,,  nucula  (Sow.)1?  [Rhynchonella  decemplicata  (pars)]. 
,,  sp.  [Rhynchonella  Wilsoni  (pars)]. 

Zygospira  orbis,  sp.  no  v. 
„        1  sp. 

Protozyga  carrickensis,  sp.  nov. 

Atrypina  Barrandei  (Dav.)  1 

Glassia  compressa  (Sow.). 

,,       obovata  (Sow.)  [Glassia  obovata]. 
Clintonella,  cf.  vagabunda,  Hall  and  Clarke. 

Atrypa  expansa,  Lindstr.,  var. 

„       imbricata  (Sow.)  [Atrypa  imbricata]. 

,,       reticularis  (Linn.)  [Atrypa  reticularis]. 

Dayia  cymbula  (Dav.),  var.  nov.  girvanensis  [Merista  cynibula]. 
Dayia  sp. 

Cyclospira  1  diversa,  sp.  nov.  [Rhynchonella  poitlockiana  (pars)]. 

Spirifer  plicatellus,  Linn.,  var.  radiata,  Sow.  [Sp.  plicatella,  var.  radiata]. 

Cyrtia  exporrecta  (Wahl.)  [Cyrtia  exporrecta]. 

Rhynchospira  (Homoeospira)  Bouchardi  (Dav.),  var.  nov.  mullocliensis. 

,,  (  „  )  camreganensis,  sp.  nov. 

Nucleospira  pisum  (Sow.)  [Nucleospira  pisum]. 

Whitfieldella  angustifrons  (M'Coy)  [Meristella  angustifrons]. 
,,  nitida  (Hall)  var.  1 

Meristella,  cf.  Circe,  Barr. 

„  sp. 
Gcelospira  hemispherica  (Sow.)  [Leptocoelia  hemispherica], 

,,  scotica  (M'Coy)  [Atrypa?  scotica]. 
var. 

Stratigraphical  Distribution  of  Species. 

ORDOVICIAN. 

Ballantrae  Group. 

(5)  Lingula  crumenoides,  sp.  nov. 
(5)  Paterula  balclatchiensis  (Dav.)  1 

(5)  Acrotreta  (or  Acrothele)  sp. 

Stinchar  Limestone  Group. 

(2)  Obolus  Maccullochi,  sp.  nov. 

(1),  (2)  Lingula  quadrata,  Eichw. 
(1)  Lingulasma  1  canadense  (Billings ). 
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(1),  ('21)  Linffulasma  1  pulchemmum,  sp.  nov. 
(1)  Acrothelel  sp.  (a). 

(1)  Acrotretal  sp.  (a). 

(1)  „       fsp.  (6). 
(1)  Conotreta  conoidea,  sp.  nov. 

(1),  (2),  (3)  Sckizambon  scoticus  (Dav.). 
(1)  Trematis  eraigensis,  sp.  nov. 

(1),  (2),  (3)  Orbiculoidea  stincharensis,  sp.  nov. 

(1),  (2),  (3),  (5)  Orthis  calligramma,  Dalm.,  var.  nov.  eraigensis. 

(1),  (2),  (3),  (5)      „       Playfairi,  sp.  nov. 

(1)      ,,       (Plectorthis)  snbfissicosta,  sp.  nov. 
(1),  (2),  (3),  (4),  (5),  (6)      ,,      (Dinorthis)  flabellulum,  Sow.,  var.  nov.  carrichmsis. 

(1),  (5)      ,,       (Hebertella)  balclatchiensis,  Dav. 

(1),  (2),  (3),  (4),  (5),  (6)      „       (        „        )  scotica,  M'Coy. 
(1),  (2),  (3)      „       (Platystrophia)  biforata,  Schloth. 

(1),  (2),  (3),  (5),  (6)       „       (Heterorthis  1)  confinis,  Salt. 

(1),  (2),  (3),  (5)      ,,      (Dalmanel/a)  federata,  sp.  nov. 

(!)>  (2)»  (3)>  (4)>  (5)       >,       (         »         ?)  girvanensis,  Dav. 

(1)      ,,       (         ,,  )  testudinaria,  var.  nov.  gracilis  t 

(1),  (2),  (3),  (4),  (5)      ,,       (Harlcnessella)  vespertilio,  Sow. 

(1)       ,,       (Nicolella)  Actonise,  Sow. 
(1)  Scenidium  Lewisi,  Dav.,  var.  nov.  eraigensis. 

(1),  (2),  (5)  Rafinesquina  expansa  (Sow.),  var.  nov.  Macallumi. 

(1),  (2),  (5)  „  (Playfairia)  deltoidea  (Conr.). 

(1),  (2),  (3),  (5)  „  (        ,,        )  semiglobosina  (Dav.). 
(1)  Lepte&na  rhomboid alis  (Wilck.),  var.  a. 

(1),  (2),  (3),  (4),  (5)  Leptella  Grayx  (Dav.). 

(1),  (2),  (3),  (5)  Stropheodonta  (Leptostrophia)  subfilosa,  sp.  nov. 

(1)  Christiania  tenuicineta  (M'Coy),  var.  nov.  bilobata. 
(1),  (5)  Pleetambonites  Etheridgei  (Dav.). 

(1),  (3),  (4),  (5)  ,,  serieea  (Sow.),  var.  nov.  conspicua. 

(1),  (3)  ,,  ,,  ,,        var.  nov.  eraigensis. 

(1),  (3),  (4),  (5)  ,,  youngiana  (Dav.). 
(1),  (2),  (5)  Strophomena  deficiens,  sp.  nov. 

(1),  (2),  (3)  Tripleeia  eraigensis,  sp.  nov. 

(1)         „       1  nucleoides,  sp.  nov. 
(1),  (2),  (4)  Gliftonia  Grayx  (Dav.). 

(1),  (3)         ,,         Andersoni,  sp.  nov. 
(1)  Hemvpronites  carriekensis,  sp.  nov. 

(1)  ,,  Thomsoni,  sp.  nov. 

(1)  ,,  ,,  var.  nov.  inconstans. 
(1),  (2)  Gamarella  balclatchiensis  (Dav.). 

(1)  „       1  Conybearei,  sp.  nov. 

(1)  „       1  cuneatella  (Dav.)  1 

(1),  (2  ?)  „         Peachi  (Dav.). 

(1),  (2),  (3)  „  Thomsoni  (Dav.). 
(1)  Parastrophia  emerita,  sp.  nov. 

(1)  ,,  scotica  (Dav.). 

(1)  ,,  Youngi,  sp.  nov. 
(1)  Porambonites  acutiplicata,  sp.  nov. 

(1)  Orthorhynchula  sub-borealis  (Dav.). 

(1),  (2),  (3)  Protorhyncha  nasuta  (M'Coy). 
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(1)  Protorhyncha  sp. 

(1),  (2),  (3)  Rhynchotrema  Lapworthi  (Day.). 
(1)  Rhynclwtreta  ardmillanensis  (Dav.,  MS.)  var. 

(1)  Zygospira  orbis,  sp.  nov. 
(1)  Protozyga  earrickensis,  sp.  nov. 

Balclatchie  Group. 

(1),  (2),  (3),  (4)  Obolus  audax,  sp.  nov. 
(1)  Micromitra  (Pater ina)  Davidsoni,  sp.  nov. 

(1)  Rhinobolusl  balclatchiensis,  sp.  nov. 

(1),  (2),  (3),  (4)  Paterula  balclatchiensis,  Dav. 

(1),  (2),  (3),  (4)  Lingula  amabilis,  sp.  nov. 

(1),  (2),  (3)        ,,        brevis,  Portl.,  var.  angustior. 

(1),  (3)        ,,       pseudoquadrata,  sp.  nov. 
(1)  Lingulasmal  ardmillanense,  sp.  nov. 

(1)  ,,  ?  canadense  (Billings). 

(1)  ,,  1  pulcherrimum,  sp.  nov. 

(1)  ,,  ?  quxstor,  sp.  nov. 

(1),  (2),  (3),  (4)  Acrothele  medioradiata,  sp.  nov. 

(1)         „         ?sp.  (a). 

(1),  (2)         „         ?sp.(6). 
(1)  Acrotreta  1  sp.  (a). 

(1),  (2)  Conotreta  conoidea,  sp.  nov. 

(1),  (3)  Siphonotreta  micula,  M'Coy. 
(1)  Trematis  melliflua,  sp.  nov. 

(1)  Orbiculoidea  sp. 

(1)  Philhedra  Playfairi,  sp.  nov. 

(1)  Pseudocrania,  aff.  depressa  (Eichw.). 

(1)  Orthis  Playfairi,  sp.  nov. 

(1),  (2)       „      (Plectorthis)  ardmillanensis,  sp.  nov. 

(1)       ,,      (        ,,         )  duftonensis,  Reed,  var. 

(1)       ,,      (         ,,  )  subplicatella,  sp.  nov. 
(1)       ,,      (Dinorthis)  flabellulum  (Sow.),  var.  nov.  earrickensis. 

(1),  (2),  (5)       ,,      (Hebertella)  balclatchiensis,  Dav. 

(1),  (5)       ,,      (        „        )  bellatrix,  sp.  nov. 

(1)"      ,,      (        „        )  Lapworthi,  Dav. 

(1)       „      (        „        )  scotica,  M'Coy  ? 
(1)       ,,      (Platystrophia)  biforata  (Schloth.). 

(1),  (2?),  (3)       ,,      (Dalmanella)  federata,  sp.  nov.  var. 

(1)       ,,      (  ,,         )  girvanensis,  Dav. 

(1)       ,,      (  ,,        *?)  Rankini,  Dav. 
(1),  (2)       ,,      (  „         )  testudinaria  (Dalm.),  var.  nov.  gracilis. 

(1)  Rafinesquina  concentrica  (Portl.). 

(1),  (2),  (5)  ,,  (Playfairia)  deltoidea  (Conr.). 

(1)  ,,  (        ,,         )        ,,         var.  nov.  multicorrugata. 

(1)  „  (        ,,         )        ,,         var.  nov.  tenuicorrugala. 

(1),  (21),  (3),  (5)  „  (        „        )  semiglobosina  (Dav.). 
(1)  ,,         1  brumalis,  sp.  nov. 

(1),  (2),  (3),  (4),  (5)  ,,  ?  subaraclinoidea,  sp.  nov. 
(1)  Leptxna  rhomboidalis  (Wilek.),  var.  a. 

(1)  Leptella  Grayx  (Dav.). 

(1)  Leptella  1  pseudoretroflexa,  sp.  nov. 
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(I)  Stropheodonta  Nicliolsoni,  sp.  nov. 

(1),  (3),  (5)  Christiania  tenuicincta  (M'Coy). 
(1)  Plectambonites  Etheridgei  (I)av.). 

(1),  (3),  (5)  ,,  llandeiloensis  (I)av.). 

(1),  (3),  (5?)  ,,  quinquecostata  (M'Coy),  var.  nov.  balclatcJiiensis. 

(1)  „  ,,  vai*.  nov.  suldobata. 
(1),  (5)  „  sericea  (Sow.),  var.  nov.  conspicual 

(1),  (3)  ,,  ,,       var.  nov.  semirugata. 

(1)  ,,  ?  youngiana  (Dav.). 
(1)  Strophomena  dejiciens,  sp.  nov. 

(1),  (4?)  Cliftonia  Andersoni,  sp.  nov. 

(1),  (2),  (3),  (4)  Scenidium  Lewisi,  var.  nov.  craigensis. 

(1)  Hemipronites  carrickensis,  sp.  nov. 

(1)  ,,  Thomsoni,  var.  nov.  inconstansl 
(1)  Camarella,  balclatchiensis  (Dav.),  var.  ? 

(1)  ,,        ?  Conybearei,  sp.  nov. 

(1)  „       ?  cuneatella  (Dav.). 

(1)  Parastrophia  emerita,  sp.  nov. 

(1)  „  1Satteri(Dav.)1 

(1)  „  Youngi,  sp.  nov. 
(1)  Metacamarella  balclatchiensis  (Dav.). 

(1)  Rhynchotrema  girvanense  (Dav.). 

(1)  „  sp. 
(1),  (2)  Rhynchotreta  ardmillanensis  (Dav.,  MS.). 

(1)  Zygospira  orbis,  sp.  nov.? 
(1)  Cyclospiral  diversa,  sp.  nov. 

Whitehouse  Group. 

(1)  Paterulal  albida,  sp.  nov. 

(1)  Lingula  brevis,  Portl.,  var.  nov.  carrickensis. 

(1)        „        ovata,  M'Coy? (1)  Orbiculoidea  shallochensis,  sp.  nov. 

(1)  Pholidops  antiqua  (Schloth.)? 

(1)  Scldzocrania  sp. 

(1),  (2),  (3),  (5)  Orthis  Playfairi,  sp.  nov.? 

(1),  (3)      ,,      (Plectorthis)  thraivensis,  sp.  nov.  ? 

(1)      ,,      (Hebertella)  crispa,  M'Coy  ? 

(1)      ,,       (         „        ?)  Lapworthi,  Dav.  ? 

(1)      „       (Platystrophia)  biforata,  Schloth. 

(1)      „  „  dorsata,  His. 

(1)      „      (Bilobites)  biloba,  Linn.,  var. 

(1),  (2),  (3),  (5)      ,,       (Dalmanella)  testudinaria,  var.  nov.  shallochensis. 

(1)      „  „  „  var. 

(1)      ,,       (Nicolella)  actonise,  Sow. 

(1)      „    ?  nina,  Dav. 
(1)  Rafinesquina  (Playfairi)  Richardsoni,  sp.  nov. 
(1)  Leptxna  rhomboidalis  (Wilck.),  var.  yS. 

(2)  Stropheodonta  corrugatella  (Dav.)? 

(1)  Christiania  tenuicincta  (M'Coy). 

(1)  Plectambonites  quinquecostata  (M'Coy),  var.  nov.  cylindrica. 

(1)  ,,  ,,  var.  nov.  depressa. 

(1)  ,,  sericea  (Sow.),  var.  nov.  albida. 
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(1)  Plectambonites  sericea,  var.  rhombica  (M'Coy). 
(1)  .,  subcorrugatella,  sp.  nov. 

(1)  Strophomena  skaUochensis,  Dav. 

(1),  (2)  Triplecia  insularis,  Eichw. 
(1)  Scenidium  Greenoughi,  sp.  nov. 

(1),  (2)  Cliiambonites  complectens  (Wiman),  var.  nov.  albida. 

(1),  (2)  „  shaUochensis  (Dav.). 
(1)  Rhynchotrema  shallochense  (Dav.). 

(1)  Dayia  cymbula  (Dav.),  var.  nov.  girvanensis. 

(1)  Atrypa  expansa,  Lindstr.,  var. 

Drummuck  Group. 

(1)  Paterulal  Jamesoni,  sp.  nov. 

(1)  Lingula  mediostriata,  sp.  nov. 

(1)        ,,        solvens,  sp.  nov. 
(1)  Lingulasma%  penultimum,  sp.  nov. 

(1)  Siphonotretal  thraivensis,  sp.  nov. 

(1),  (3)  Schizambon  sections  (Dav.),  var. 

(1)  Trematis  siluriana,  Dav. 

(1)  Schizomania  asteroidea,  sp.  nov. 

(1)  Orbiculoidea  Armstrongi,  sp.  nov. 

(1)  Philhedra  drummuckensis,  sp.  nov. 

(1)  Phulidops  antiqua  (Schloth.)  1 

(1)  Pseudocrania  divaricata,  M'Coy. 
(1)  ,,  multifilosa,  sp.  nov. 
(1)  Orthis  calliyramnia,  Dalm. 

(1)       ,,      (Plectorthis)  thraivensis,  sp.  nov. 

(1),  (2)       „      (Dinorthis)  porcata,  M'Coy . 

(1)       ,,      (Hebertella)  crispa,  M'Coy. 
(1)       ,,      (Platystrophia)  biforata,  Schloth. 

(1),  (2),  (3),  (5)       „      (Dalmanella)  elegantula,  Dalm.,  var.  nov.  drummuckensis. 

(1)       ,,      (  „         )  testndinaria,  Dalm.  ? 

(1)       „      (Rhipidomella)  prematura,  sp.  nov. 

(1)       „      (Schizophorella)  fallax,  Salt. 

(1)       „      (Nicolella)  actonim  (Sow.),  var.  nov.  asteroidea. 

(1)  Rafinesquina  (PlayfairiaVj  felix,  sp.  nov. 
(1)  Leptsena  rhomboidalis  (Wilck.),  var.  y. 

(1)  Stropheodonta  corrugatella  (Dav). 

(1)  „  donax,  sp.  nov. 

(1)  Strophonella  undata  (M'Coy). 

(1)  Christiania  tenuicincta  (M'Coy). 
(1)  Plectambonites  ruralis,  sp.  nov. 

(1)  „  sericea  (Sow.),  var.  nov.  thraivensis. 
(1)  Strophomena  valens,  sp.  nov. 

(1)  Schuchertellat  inexpectata,  sp.  nov. 

(1)  Ohonetes  advena,  sp.  nov. 

(1)  Triplecia  insularis  (Eichw.). 

(1)  Cliftonia  spiriferoides  (M'Coy). 
(1)  Cliiambonites  ascend  ens,  Pander. 

(1)  Scenidium  Lewisi,  Dav.,  var.  nov.  asteroidea. 

(1)  Parastrophia  thraivensis,  sp.  nov. 

(1)  Bhynchotreta  cuneata  (Dalm.),  var.  ? 
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(1)  Zygospiral  sp. 
(1),  (2),  (3),  (4)  Dayia  cymbula  (Dav.),  var.  nov.  girvanensis. 

(1)  Whitfieldellal  sp. 
(1)  Meristellal  sp. 

SILURIAN. 

Mulloch  Hill  Group. 

(1)  Dinobolus  Davidsoni  (Salt.). 

(1)  Lingula  Lewisi,  Sow. 
(1)  Orbiculoidea  (Schizotretal)  Forbesi  (Dav.)? 

(1),  (2)  Plrilhedra  mullochensis,  sp.  nov. 

(1)         ,,  siluriana  (Dav.)  ? 
(1),  (2),  (51),  (6)  Orthis  calligramma,  Dalm.,  var.  nov.  subplicata. 

(1)      ,,      (Plectorthis)  plicata,  Sow. 
(5)      ,,  ,,  rustica,  Sow.,  var.  rigida,  Dav.  1 

(1),  (2  1),  (3),  (4)      ,,      (Dalmanella)  crassa,  Lindstr.  1 

(1),  (2),  (4)      ,,      (  „         )  elegantula,  Dalm. 
(1),  (2),  (3),  (4),  (6)      „      (Schizophorella)  mullochensis,  Dav. 

(1),  (3),  (5)  Leptsena  rhomboidalis  (Wilck.),  var.  S. 

(1),  (2),  (3),  (4),  (5),  (7)  Btropheodonta  (Leptostrophia)  filosa  (Sow.),  var.  nov.  mullochensis. 

(1),  (2),  (5),  (7)  ,,  (Brachypriori)  columbana,  sp.  nov. 

(1)  „  sp. 
(1)  Plectambonites  scissa  (Salt.). 

(1)  ,,  transversalis  (Dalm.),  var.  nov.  mullochensis. 
( 1 )  Stricklandinia  mullochensis,  sp.  nov. 

(1)  Pentamerus  (Barrandella)  undains  (Sow.). 

(1)  Rhynchotreta  cuneata  (Dalm.),  var. 

(1)  Gamarotoechia  decemplicata  (Sow.). 

(1),  (3)  ,,  llandoveriana  (Dav.),  var.  nov.  diversiplicata. 

(1)  ,,  nucula  (Sow.)? 
(1)  Rhynchospira  Bouchardi  (Dav.),  var.  nov.  mullochensis. 

(1),  (3),  (4)  Whitfieldella  angustifrons  (M'Coy). 
(1),  (2)  ,,  nitida  (Hall),  var. 

(1),  (3),  (4)  Ccelospira  scotica  (M'Coy). 
(4)  Atrypa  reticularis  (Linn.)? 
(1)  Meristella,  cf.  Circe  (Barr.). 

Saugh  Hill  Group. 

(1)  Dinobolus  Davidsoni  (Salt.). 

(1)  Lingula  Lewisi,  Sow. 

(1)       „         Symondsi,  Salt. 
(1)  Linyulasmal  tenax,  sp.  nov. 
(1)  Orbiculoidea  (Schizotreta)  Forbesi  (Dav.). 

(1)  Philhedra  mullochensis,  sp.  nov. 

(1),  (2),  (3)         ,,  siluriana  (Dav.). 
(1),  (2)  Pholidops  implicata  (Sow.). 

(1),  (3),  (4)  Orthis  (Plectorthis)  rustica  (Sow.). 

(1),  (3)      „       (         ,,         )      ,,        var.  nov.  paucicostata. 

(1),  (5)      „       (         „         )      „       var.  rigida,  Dav. 

(1)      ,,       (Platystrophia)  biforata,  Schloth. 

(1),  (2),  (3),  (5)      „       (Bilobites)  biloba,  Linn. 
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(1),  (2),  (5),  (6)  Orthis  (Dalmanella)  basalts,  Dalm. 

(1),  (2),  (6)      ,,      (         „  )  elegantula,  Dalm. 

(1)      ,,      (         i,  ),  cf.  visbyensis,  Lindstr. 

(1)      „       (Rhipidomella)  polygramma,  Sow.,  var.  pentlandica,  D&v.l 
(1),  (3),  (6)  Scenidium  Leivisi,  Dav.,  var.  woodlandensis,  Dav. 

(1),  (3),  (5)  Leptsma  rhomboidalis,  Wilck.,  var.  c. 
(1)  Strnpheodonta  arenacea  (Salt.  MS.). 

(1),  (2),  (3),  (5)  „  Jamesoni,  sp.  nov. 
(1)  Strophonella  euglypha  (His.). 

(1),  (3)  Plectambonites  segmentum  (Ang.),  var.  nov.  woodlandensis. 

(1),  (3),  (5)  ,,  transversalis  (Dalm.). 

(1).  (3),  (5)  „  „  var.  Duvali  (Dav.). 

(1),  (3)  „  „  var.  nov.  tricostata. 

(1),  (2),  (3),  (5)  Strophomena  ardiquata  (Sow.),  var.  nov.  woodlandensis. 
(1)  Schuchertella  applanata  (Salt.). 

(1),  (2),  (3),  (5)  „  pertinax,  sp.  nov. 
(1),  (2)  Triplecia  woodlandensis,  sp.  nov. 

(1)  Mimulus  incertus  (Dav.)  1 

(1)  Streptis  Hornet,  sp.  nov. 

(1),  (3)  Stricklandinia  lens  (Sow.),  var. 

(\),  (2),  (3)  ,,  lirata  (Sow.),  var.  nov.  scotica. 
(1),  (3)  Pentamerus  (Barrandella)  undatus,  Sow. 

(1)  Atrypina  Barrandei  (Dav.)  1 

(1)  Glassia  compressa  (Sow.). 

(1)  Olintonella,  cf.  vagabunda,  Hall  and  Clarke. 

(1),  (3)  Atrypa  imbricata,  Sow. 

(1)       „    -  reticularis,  Linn. 

(1)  Coelospira  scotica  (M'Coy),  var. 
(3)  Eichwaldia  personalis,  sp.  nov. 

Camregan  Group.* 
(1),  B.  Lingula  Symondsi,  Salt. 

(1)",  B.  Orbiculoidea  sp. 
(1),  (2)  B.  Pholidops  implicata  (Sow.). 

(1)  Orthis  (Plectorthis)  rustica,  Sow.,  var.  nov.  paucicostaia. 

(1),  (2),  (5)  B.      „      (Bilobites)  biloba,  Linn. 
(1),  (2?)B.       ,,      (Dalmanella)  crassa,  Lindstr.  ? 

(1),  (5)  B.  Leptxna  rhomboidalis,  Wilck. ,  var.  £. 

(1)  Stropheodonta  arenacea  (Salt.  MS.). 

(1)  „  IWaltoni  (Dav.)? 
(1)  ,,  (Brachyprion)  Walmstedii  (Lindstr.). 

(1)  .»  (  ,,  )  sp. 
(1)  B.  Strophonella  penkillensis,  sp.  nov. 

(1)  B.  Pledambonites  scissa  (Salt.). 

(1)  B.'  „  transversalis,  var.  nov.  penkillensis. 
(1),  (2),  (5)  B.  Schuchertella  applanata  (Salt.). 

(1)  B.  Mimulus\  incertus  (Dav.). 

(1)  B.  Pentamerus  oblongus  (Sow.). 

(1)  B.  ,,         (Barrandella)  undatus.  var.  nov.  penkillensis. 

(1),  (2),  (3)  Camarotoechia  llandoveriana,  var.  nov.  diver siplicata. 

(1)  „  sp. 

*  All  the  species  marked  B  occur  at  Bargany  Pond  Burn. 
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(1)  B.  Atrypa  reticularis,  Linn. 

(1)  B.  Dayia  sp. 

(1)  B.  Spirifer  plicatellus,  var.  radiata,  Sow. 

(1)  B.  Cyrtia  exporrecta,  Wahl. 
(1)  Rhynchospira  (Homveospira)  camreganensis,  sp.  nov. 

(1)  B.  Nucleospira  pisum  (Sow.)? 

(1),  (3)  Coelospira  hemispherica  (Sow.). 

Penkill  Group. 

(1)  Lingula  Symondsi,  Salt. 

(1),  (2)  Lingulasmal  tenax,  sp.  nov.? 
(1)  Philhedral  penkillensis,  sp.  nov. 

(1)  Pholidops  implicata  (Sow.). 

(1),  (2)  Orthis  (Dalmanella)  crassa,  Lindstr.  % 

(1)       „     (  „         )  elegantula,  Daim. 

(1)        „     (         „         )  cf.  visbyensis,  Lindstr. 
(1),  (2)       ,,     (Rhipidomella)  polygramma,  Sow.,  var.  pentlandica,  Dav. 

(1)       „     (Plectorthis)  rustica,  var.  walsalliensis,  Dav. 

(1),  (4)  Leptxna  rhomboidalis  (Wilck).,  var.  £. 

(1),  (4)  Stropheodonta  (Brachyprion)  Walmstedti  (Lindstr.). 

(1),  (2)  Strophonella  penkillensis,  sp.  nov. 
(1),  (4)  Pledambonites  transversalis,  var.  nov.  penkillensis. 

(1),  (2),  (4  1)  Schuchertella  applanata  (Salt.). 

(4)  Triplecia  insularis,  Eichw.  1 

(1),  (2),  (4)  Mimulusl  incertus  (Dav.). 
(1),  (4)  Pentamerus  oblongus,  Sow. 

(1),  (4)  ,,  (Barrandella)  undatus,  Sow.,  var.  nov.  penkillensis. 

(1),  (4)  Parastrophia  rotunda  (Sow.). 

(1),  (2)  Glassia  obovata  (Sow.). 

(1),  (4)  Atrypa  reticularis,  Linn. 
(1)  Spirifer  plicatellus,  var.  radiatus,  Sow. 

(1)  Cyrtia  exporrecta,  Wahl. 

(2)  Nucleospira  pisum,  Sow.  % 
(1)  Coelospira  hemispherica  (Sow.). 

Composition  of  the  Fauna. 

In  the  foregoing  pages  over  230  species  or  varieties  have  been  described  as 

occurring  in  the  Ordovician  and  Silurian  rocks  of  the  Girvan  area.  Amongst  these 

there  are  over  70  named  species  new  to  science  and  a  large  number  of  named  varieties 

as  well  as  several  shells  whose  specific  individuality  or  relations  are  not  determinable. 

Most  of  the  others  have  been  previously  found  in  different  parts  of  the  British  Isles, 

though  some  have  not  hitherto  been  recorded  from  Girvan.  Davidson's  #  list  of 
Girvan  brachipods  showed  only  121  species,  but  in  many  cases  he  included  under 

one  specific  name  several  different  forms  which  have  now  been  separated  off. 

The  distribution  of  the  brachiopods  on  the  various  stratigraphical  horizons  shows 

some  interesting  features,  the  abundance  in  the  Stinchar  Limestone  and  Balclatchie 

Groups  being  in  strong  contrast  to  the  poverty  in  the  Camregan  and  Penkill  Groups. 

*  Davidson,  op.  cit.,  vol.  v,  Sihtr.  Suppl.,  pp.  224-227. 
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Relations  of  the  Successive  Brachiopod  Faunas. 

I.  The  Ballantrae  rocks  have  so  far  afforded  such  poorly  preserved  material  and 

so  scanty  a  number  of  brachiopods  that  it  is  impossible  in  the  present  state  of  our 

knowledge  to  give  a  satisfactory  survey  of  their  characteristics.  We  may  note, 

however,  that  all  the.  forms  belong  to  the  Atremata,  and  with  the  possible  exception 

of  one  species  none  occur  in  higher  beds. 

II.  The  Stinchar  Limestone  Group  has  yielded,  on  the  other  hand,  a  plentiful 

variety  of  species  and  individuals.  Sixty  species  and  varieties  are  now  recorded. 

Most  of  these  are  peculiar  to  this  horizon  or  to  the  Girvan  area,  but  about  20  of  the 

total  number  range  up  into  the  overlying  group. 

III.  The  richness  of  the  Balclatchie  Group  in  brachiopods  is  remarkable,  about  70 

species  or  varieties  being  recognised.  The  majority  are  limited  to  this  group  of 

beds,  and  none  of  the  peculiar  local  forms  pass  up  into  the  Whitehouse  Group. 

IV.  Only  34  different  forms  occur  in  the  Whitehouse  Group,  and  of  these  about 

20  are  positively  limited  to  it.  A  few  of  the  others  are  found  in  the  overlying 

Drummuck  Group,  but  practically  none  range  down  into  the  underlying  beds. 

V.  The  Drummuck  Group  contains  over  40  species  and  varieties  at  present 

recognised,  and  a  few  forms  such  as  Dayia  cymbula,  var.  girvanensis,  Christiania 

tenuicincta,  and  Triplecia  insularis  have  come  up  from  the  Whitehouse  Group. 

VI.  The  Mulloch  Hill  Group  ushers  in  the  Silurian  fauna,  and  its  connection  with 

the  older  faunas  is  slight.  Even  such  long-ranging  forms  as  Lept.  rhomboidalis  are 

represented  by  distinct  varieties.  But  new  genera,  especially  pentameroids,  rhyn- 

chonelloids,  and  spire-bearing  species  make  their  first  appearance.  Twenty-nine 
species  and  varieties  of  brachiopods  from  this  horizon  have  here  been  described. 

VII.  The  Saugh  Hill  Group  has  furnished  42  different  species  and  varieties, 

several  of  which  have  occurred  in  the  underlying  group.  But  new  forms  preponder- 
ate, and  these  ally  it  more  closely  with  the  succeeding  Camregan  Group. 

VIII.  In  the  Camregan  Group  27  different  brachiopods  have  here  been  recorded, 

but  most  of  these  come  from  the  locality  termed  Bargany  Pond  Burn  and  are 

Penkill  species,  so  that  the  individuality  of  the  brachiopod  fauna  of  this  group  is 

not  marked,  and  the  occurrence  of  some  of  the  species  rests  on  doubtful  evidence. 

IX.  The  Penkill  Group  has  yielded  25  species  or  varieties.  Several  of  these 

range  up  from  the  Saugh  Hill  Group,  or  occur  in  the  Camregan  Group.  Parastrophia 

rotunda,  Philhedra  penkillensis,  Strophoyiella  penkillensis,  and  perhaps  Orthis  poly- 
gramma,  var.  pentlandica,  seem  to  characterise  it  and  to  be  restricted  to  it. 

Affinities  of  the  Fauna. 

In  the  Stinchar  Limestone  and  Balclatchie  Groups  we  have  been  led  to  note  the 

close  relations  of  many  of  the  species  with  American  rather  than  with  English  or 

North  European  forms.  *     In  the  Whitehouse  and  Drummuck  Groups  these  affinities 
*  This  feature  is  also  observable  in  other  zoological  groups,  e.g.  the  Bellerpphontacea. 
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are  practically  absent  or  to  a  great  extent  unrecognisable  ;  and  though  many  species 

are  local  yet  others  occur  in  English,  Welsh,  and  Irish  localities  in  Bala  beds ;  the 

general  facies  is  thus  predominantly  British.  North  European  relations  are  also 

not  wanting  in  the  Drummuck  Group,  especially  in  the  Starfish  Bed. 

The  Silurian  beds  have  a  marked  British  stamp,  and  the  American  elements  seem 

to  have  disappeared.  In  common  with  northern  Europe,  we  may  note  the  existence 

of  a  widespread  and  dominant  facies  of  a  fairly  uniform  brachiopod  fauna  accompanied 

by  the  development  of  local  species  or  varieties. 

Conclusions. 

1.  The  Ordovician  may  be  recognised  as  possessing  two  main  brachiopod  faunas, 

the  older  one  being  limited  to  the  Stinchar  Limestone  and  Balclatchie  Groups,  the 

newer  one  to  the  Whitehouse  and  Drummuck  Groups. 

2.  In  the  case  of  the  Silurian  the  brachiopod  faunas  of  the  Mulloch  Hill  and 

Saugh  Hill  Groups  form  one  diviison,  while  those  of  the  Camregan  and  Penkill 

Groups  are  on  the  other  hand  linked  together ;  but  the  distinctive  characters  of 

these  two  divisions  are  not  very  strongly  marked. 

3.  Each  stratigraphical  group  of  beds  has  a  certain  individuality  in  the  com- 

position of  its  brachiopod  fauna,  and  usually  possesses  some  peculiar  species  or  varieties. 

4.  The  assemblage  of  species  in  the  Stinchar  Limestone  and  to  a  less  extent  in 

the  Balclatchie  Group  exhibits  distinct  American  affinities.  But  these  are  lost  in 

the  succeeding  stratigraphical  groups,  and  in  the  Silurian  beds  the  European  facies 

is  practically  unmixed  with  alien  elements. 

5.  The  predominance  of  local  and  peculiar  species  and  varieties  in  the  case  of 

the  brachiopod  fauna  of  the  Girvan  district  on  every  horizon  of  the  Ordovician  and 

Silurian  formations  is  a  distinctive  feature,  and  gives  to  the  whole  a  remarkable 

individuality  suggesting  a  considerable  degree  of  isolation  of  this  marine  area. 
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INDEX  OF  GENERA  AND  SPECIES. 

Acroth.de 

Acrotreta 
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acutiplicata,  Porambonites 
advena,  Chonetes 

albida,  Paterula 

amabilis,  Lingula 

Andersoni,  Cliftonia 

angustifrons,  Whitfieldella 

antiqua,  Pholidops  . 

antiquata,  Strophomena   • 
applanata,  Scbnchertella  . 

mlmillanense,  Lingulasma 
ardmillanensis,  Orthis 

ardmillanensis,  Rhynchotreta 
avenacea,  Stropheodonta  . 

Armstrongi,  Orbiculoidea 
ascendens,  Clitambonites 

asteroidea,  Schizocrania  . 
Atrypa 

Atrypina 
audax,  Obolus 

balclatchiensis,  Camarella 

balclatchiensis,  Metacamarella 

balclatchiensis,  Orthis 

balclatchiensis,  Paterula  . 

balclatchiensis,  Rhinobolus 

Barrandei,  Atrypina 
Barrandella   . 

basalis,  Orthis 

bellatrix,  Orthis 

biforata,  Orthis 

biloba,  Orthis 
Bilobites 

Bouchardi,  Rhynchospira 

Brachyprion    . 

brevis,  Lingula 

brumalis,  Rafinesquina    . 

calligramma,  Orthis 
Camarella 
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camreganensis,  Rhynchospira 
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carrickensis,  Protozyga     . 
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Reference  Letters. 

G.  =  Mrs  Gray's  Collection. 
E.  =  Geol.  Surv.  Museum,  Edinburgh. 

M. P. G.  =  Museum  of  Practical  Geology,  Jermyn  Street,  London. 

B.M.  =  British  Museum  (Nat.  Hist.),  London. 

H.G.  =  Hunterian  Museum,  Glasgow. 

S.M.  =  Sedgwick  Museum,  Cambridge. 

Plate  I. 

Fig.  1.  Micromitra  (Paterina)  Davvhoni,  sp.  nov.  Pedicle-valve,  apical  view,  x  10.  la.  Side-view 
x  10.  16.  Posterior  view,  x  10.  Balclatchie  Group,  Balclatchie.  G.  (Figured,  Davidson,  Suppl., 

pi.  xvi,  fig.  22,  as  Acrotreta  Nicholsoni.) 

Fig.  2.  Ditto.  Pedicle-valve,  apical  view,  x  10.  2a.  Side-view,  x  10.  2b.  Posterior  view,  x  10. 
Same  horizon  and  locality.     G. 

Fig.  3.  Obolus  audax,  sp.  nov.  Pedicle-valve,  x  2\.  3a.  Outline  side-view,  x  2\.  Balclatchie  Group, 
Balclatchie.     G.     (?  Figured  by  Davidson.) 

Fig.  4.  Ditto.     Pedicle-valve,      x  2\.     Same  horizon  and  locality.     G.     (?  Figured  by  Davidson.) 
Fig.  5.  Ditto,  ditto.      x  2\.     Same  horizon  and  locality.     G. 

Fig.  6.  Ditto.     Brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  7.  Ditto.     Pedicle-valve,  internal  cast,      x  2\.     Same  horizon  and  locality.     [13159.]     M.P.G. 

Fig.  8.  Ditto.     Pedicle-valve,  interior.      x  2\.     Same  horizon  and  locality.     [4052.]     M.P.G. 
Fig.  9.  Obolus  Maecullochi,  sp.  nov.  Pedicle-valve.  x  3.  Stinchar  Limestone  Group,  Craighead. 

G.     (?  Figured  by  Davidson.) 
Fig.   10.  Ditto.     Brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.   11.   Ditto.     Impression  of  exterior  of  pedicle-valve  1      x  3.     Same  horizon  and  locality.     G. 
Fig.   12.  Ditto.     Internal  cast  of  same  specimen.      x  3.     Same  horizon  and  locality.     G. 

Fig.  13.  Ditto.     Brachial  valve,  interior.      x  2h     Same  horizon  and  locality.     [118/III.]     E. 

Fig.  14.  Paterula  balclatchiensis,  Dav.  Pedicle-valve.  x  6.  Balclatchie  Group,  Balclatchie.  G. 
(Figured,  Davidson,  Suppl.,  pi.  xvii,  fig.  41.) 

Fig.  15.   Ditto,  ditto,      x  6.     Same  horizon  and  locality.     G.     (?  Figured  by  Davidson.) 

Fig.   16.  Ditto,  ditto.      x  6.     Same  horizon  and  locality.     O. 

Fig.   17.   Ditto.     Impression  of  exterior  of  pedicle  ?  valve.       x  6.     Same  horizon  and  locality.     G. 

Fig.  18.  Ditto.     Internal  cast  of  pedicle-valve.      x  5.     Same  horizon,  Dow  Hill.     G. 

Fig.   19.  Ditto.     Pedicle-valve.      x  8.     Same  horizon,  Balclatchie.     [13109.]     M.P.G. 
Fig.  20.  Ditto.     Brachial  valve.      x  10.     Ballantrae  Group,  Bennane  Head.     [4337.]     E. 

Fig.  21.  Paterulal  albida.  Internal  cast  of  pedicle-valve.  ■/.  5.  Whitehouse  Group,  Whitehouse 
Bay.     G. 

Fig.  22.  Ditto.     Brachial  valve.      x  5.     Same  horizon  and  locality.     G. 

Fig.  23.   Ditto.     External  impression  of  brachial  valve.      x  5.     Same  horizon  and  locality.     G. 

Fig.  24.  Ditto.  Brachial  valve  of  same  specimen,  with  shell  preserved.  x  5.  Same  horizon  and 
locality.     G. 

Fig.  25.  Ditto.     Internal  cast  of  pedicle-valve.      x  5.     Same  horizon  and  locality.     G. 

Fig.  26.  Pat<:rula%  Jamesoni,  sp.  nov.  Internal  cast  of  brachial'?  valve,  x  10.  Starfish  Bed, 
Drummuck  Group,  Thraive  Glen.     G. 

Fig.   27.  Ditto.     Interior  of  same  specimen,      x  10.     G. 

Fig.   28.  Ditto.     Internal  cast  of  brachial  1  valve.     Same  horizon  and  locality.     G. 

Fig.  29.  fihinoholusl  balclatchiensis,  sp.  nov.  Internal  cast  of  pedicle-valve.  x  2'.  Balclatchie 
<  Jump,  Balclatchie.     G. 
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Plate  II. 

Fig.  1.  Rhinobolusl    balclatclriensis,    sp.   nov.     Internal   cast    of    brachial   valve.      x  1\.     Balclatchie 

Group,  Balclatchie.     G. 
Fig.  2.  Ditto.     Brachial  valve.      x  2.     Same  locality  and  horizon.     G. 

Fig.  3.  Lingula  amabilis,  sp.  nov.     Pedicle-valve.      x  2J.     Balclatchie  Group,  Ardmillan.     G. 
Fig.  4.  Ditto,   ditto.      x  2.     Same    horizon    and    locality.     G.     (Figured,  Davidson,   Suppl.,   pi.    xvii, 

fig.  13.) 

Fig.  5.  Ditto.     Brachial  valve,  showing  partly  internal  cast.      x  3.     Balclatchie  Group,  Balclatchie.     G. 

Fig.  6.  Ditto.     Pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  7.  Ditto.     Internal  cast  of  pedicle- valve,  with    portion   of   shell  attached.      x  4.     Same  horizon 
and  locality.     [13155.]     M.P.G. 

Fig.  8.  Ditto1?     Pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 
Fig.  9.  Lingula    brevis,    Portl.,    var.     nov.     angustior.      Pedicle-valve.       x  4.      Balclatchie     Group, 

Balclatchie.     G. 

Fig.  10.  Ditto,  ditto.      x  4.     Same  horizon  and  locality.     G. 

Fig.  11.  Lingula    brevis,  Portl.,    var.    nov.    carrickensis.      Pedicle-valve.       x  4.      Whitehouse    Group, 
Whitehouse  Bay.     G. 

Fig.  12.  Ditto,  ditto.      x  5.     Same  horizon  and  locality.     G. 

Fig.  13.  Ditto.     Brachial  valve.      x  5.     Same  horizon  and  locality.     G. 

Fig.  14.  Lingula  1   crumenoides,   sp.    nov.     Pedicle-valve.      x  1£.     Ballantrae  Group,    Uennane   Head. 

[Reg.  No.  174.]     E. 
Fig.  14a.  Ditto.     Outline  side-view  of  same  specimen.      x  1|. 

Fig.  15.  Lingula  mediostriata,  sp.  nov.     Pedicle-valve.      x  3.     Drummuck  Group,  Thraive  Glen.     G. 
Fig.  15a.  Ditto.     Portion  of  surface  of  same  specimen.      x  8. 

Fig.  16.  Ditto,  ditto.     Internal  cast.      x  2£.     Starfish  Bed,  Drummuck  Group,  Thraive  Glen.     G. 

Fig.  17.   Lingula  pseudoqua •! 'rata,  sp.  nov.     Pedicle-valve.      x  5.     Balclatchie  Group,  Dow  Hill.     G. 
Fig.  18.  Ditto,  ditto.      x  5.     Same  horizon  and  locality.     G. 

Fig.  19.  Lingula  solvens,  sp.  nov.      x  1|.     Drummuck  Group  (Starfish  Bed),  Thraive  Glen.     G. 

Fig.  19a.   Ditto.     Portion  of  surface  of  same  specimen.      x  6.  • 

Fig.  20.  Lingtdasmal    ardmillanense,    sp.    nov.     Internal    cast    of    pedicle-valve.      x  2£.     Balclatchie 
Group,  Ardmillan.     G. 

Fig.  21.  Ditto.     Internal  cast  of  brachial  valve.      x  2£.     Same  horizon  and  locality.     G. 

Fig.  22.  Ditto.     Interior  of  shell  of  same  specimen.      x  2\. 

Fig.  23.  Ditto.     Portion  of  surface  of  shell,      x  8.     Same  horizon  and  locality.     G. 

Fig.  24.   Lingulasmal    canadense   (Billings).      x  lj.     Balclatchie   Group,    Balclatchie.      G.      (Figured 
Davidson,  Suppl.,  pi.  xvii,  fig.  1.) 

Fig.  24a.  Ditto.     Portion  of  surface  of  same  specimen,      x  10. 

Fig.  25.  Lingulasma  1  penultimum,  sp.  nov.     Pedicle-valve,      x  3.     Drummuck  Group  (Starfish  Bed), 
Thraive  Glen.     G. 

Fig.  26.  Ditto.     Portion  of   shell  showing  lamination  and  striation  of  interior.      x  8.     Same  horizon 

and  locality.     G. 

Fig.  26a.   Ditto.     Portion  of  external  surface  of  shell  of  same  specimen,  showing  granulation.       x  15. 

Fig.  27.  Lingulasmal      pulcherrimum,      sp.      nov.       Brachial      valve.        x  2.       Balclatchie      Group, 
Ardmillan.     G. 

Fig.  27a.  Ditto.     Portion  of  external  surface  of  same  shell,  showing  ornamentation.      x  15. 

Fig.  28.  Impression  of  surface  of  another  specimen  (figured  PI.   Ill,  fig.   1)  showing   ornamentation. 

x  15.     Same  horizon  and  locality.     G. 
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Fig.  1.  Lingulasma  1  pidcherrimum,  sp.  nov.  Brachial  valve  (with  pedicle-valve  displaced  hehind  it), 
x  2.     Balclatchie  Group,  Ardmillan.     G. 

Fig.  2.  Lingulasma  1  quxstor,  sp.  nov.  Internal  cast  of  brachial  valve.  x  2.  Balclatchie  Group, 

Ardmillan  Brae.     G.     (Figured,  Davidson,  Suppl.,  pi.  xvii,  fig.  20.) 

Fig.  3.  Ditto,  ditto,  x  2.  Same  horizon  and  locality.  G.  (Figured  Davidson,  Suppl.,  pi.  xvii, 
fig-  21.) 

Fig.  4.  Ditto.     Pedicle-valve.      x  2.     Balclatchie  Group,  Balclatchie.     G, 
Fig.  4a.  Ditto.     Portion  of  surface  of  same  specimen,  showing  ornamentation.      x  10. 

Fig.  5.  Lingulasma  ?  tenax,  sp.  nov.     Pedicle-valve.      x  2.     Saugh  Hill  Group,  Woodland  Point.      G. 
Fig.  5a.  Ditto.     Portion  of  surface  of  same  specimen,  showing  ornamentation.      x  20. 

Fig.  6.  Ditto.     Brachial  valve.      x  2.     Same  horizon  and  locality.      G. 

Fig.  7.  Siphonotreta  ?  thraivensis,  sp.  nov.  Pedicle-valve.  x  5.  Drummuck  Group,  Thraive 
Glen.     G. 

Fig.  8.   Ditto.     Internal  cast  of  brachial  valve.      x  5.     Same  horizon  and  locality.     G. 

Fig.  9.  Schizambon  scoticus  (Dav.).  Pedicle-valve.  ■  x  2£.  Stinchar  Limestone  Group,  Craighead.  G. 
(Figured,  Davidson,  Suppl.,  pi.  xvi,  rig.  32.) 

Fig.  10.  Ditto.  Brachial  valve.  x  2^.  Same  horizon  and  locality.  G.  (Figured,  Davidson,  Suppl., 
pi.  xvi,  fig.  33.) 

Fig.  11.  Ditto,  ditto.      x  3.     Same  horizon,  Minuntion.     G. 

Fig.  12.  Ditto,  ditto.      x  3.     Same  horizon,  Craighead.     G. 

Fig.  13.  Ditto.  Pedicle-valve.  x  1\.  Same  horizon  and  locality.  G.  (Figured,  Davidson,  Suppl., 
pi.  xvii,  fig.  6,  as  Lingula  Ramsayi.) 

Fig.  14.  Ditto.     Umbonal  region  of  pedicle- valve.      x  4.     Same  horizon  and  locality.     G. 
Fig.  15.  Schizambon  scoticus,  Dav.,  var.  Internal  cast  of  brachial  valve.  x  2\.  Starfish  Bed, 

Drummuck  Group,  Thraive  Glen.     G. 

Fig.  16.   Ditto.     Impression  of  exterior  of  same  specimen.      x  2£. 

Fig.  17.  Ditto.     Impression  of  exterior  of  pedicle-valve.      x2|.     Same  horizon  and  locality.     G. 
Fig.  18.  Acrothele  medioradiata,  sp.  nov.  Internal  cast  of  pedicle-valve.  x  5.  Balclatchie  Group, 

Balclatchie.     G. 

Fig.  19.  Ditto.     Impression  of  exterior  of  same  specimen.      x  5. 

Fig.  20.  Ditto.      Internal  cast  of  pedicle-valve.      x  3.     Same  horizon  and  locality.     [13105.]     M.P.G. 
Fig.  20a.  Ditto.     Outline  side-view  of  same  specimen.      x  3. 

Fig.  21.  Ditto.     Internal  cast  of  pedicle-valve.      x  3.     Same  horizon  and  locality.     [13104.]     M.P.G. 
Fig.  22.  Ditto.     Interior  of  brachial  valve.      x  4.     Same  horizon  and  locality.     G. 

Fig.  23.   Acrothele  ?  sp.  a.     Brachial  valve.      x  5.     Same  horizon  and  locality.     G. 

Fig.  24.  Ditto  ?     Brachial  valve.      x  5.     Same  horizon  and  locality.     G. 

Fig.  25.  Ditto  ?  ditto.      x  5.     Same  horizon,  Ardmillan.     G. 

Fig.  26.   Acrothele  (Redlichellal.)  sp.  b.      x8      Same  horizon,  Balclatchie.     G. 
Fig.  27.  Ditto.      x  8.     Same  horizon  and  locality.     G. 

Fig.  28.   Acrotreta%  sp.  a.     Brachial  valve.      x8.     Stinchar  Limestone  Group,  Craighead.     G. 

Fig.  29.  Acroiretal  sp.  b.     Interior  of  brachial  valve.      x  5.     Same  horizon  and  locality.     G. 

Fig.  30.  Ditto.     Counterpart  of  same  specimen.      x  5. 

Fig.  31.  Ditto.     Interior  of  brachial  valve.      x  5.     Bennane  Burn,  R.  Stinchar.     [2809.]     E. 

Plate  IV. 

Fig.  1.  Conotreta  conoidea,  sp.  nov.  Pedicle- valve,  posterior  view.  x  5.  Stinchar  Limestone 
Group,  Craighead.     G.     (Figured,  Davidson,  Suppl.,  pi.  xvi,  fig.  21,  as  Acrotreta  Nicholsoni.) 

Fig.  2.  Ditto.  Interior  of  pedicle-valve  (partly  exposed  by  removal  "of  shell).  x  4.  Same  horizon 
and  locality.     G. 
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Fig.  3.  Ditto.     Side-view  of  pedicle-valve,      x  5.     Same  horizon  and  locality.     G. 

Fig.  4.  Ditto.     Anterior  view  of  pedicle-valve.      x  5.     Same  horizon  and  locality.     G. 

Fig.  5.  Ditto.     Side-view  of  pedicle-valve.      x  5.     Balclatchie  Group,  Balclatchie.     G. 
Fig.  6.  Trematis  craigensis,  sp.  nov.     Interior  of  brachial  valve,      x  2.     Stinchar   Limestone    Group, 

Craighead.     G. 

Fig.  7.  Ditto,  ditto.      x  2A.     Same  horizon  and  locality.     G. 
Fig.  8.  Ditto.     Portion  of  surface  of  shell.      x  15.     Same  horizon  and  locality.     G. 

Fig.  9.  Ditto.     Impression  of  portion  of  surface  of  shell.      x  15.     Same  horizon  and  locality.     G. 

Fig.  10.  Trematis  melliflua,  sp.  nov.     Brachial  valve.       x  4.     Balclatchie  Group,  Balclatchie.     G. 

Fig.  10a.  Ditto.     Portion  of  surface  of  same  specimen.      x  24. 

Fig.  11.   Trematis  siluriana,  Dav.     Imperfect  pedicle-valve.      x  li      Starfish  Bed,  Drummuck  Group, 
Thraive  Glen.     G. 

Fig.   12.  Schizocrania   asteroidea,  sp.  nov.     Brachial   valve.      x  3.     Starfish  Bed,  Drummuck  Group, 
Thraive  Glen.     G. 

Fig.  12a.  Ditto.     Portion  of  surface  of  same  specimen.      x  8. 

Fig.  13.  Ditto.     (Shell  partly  eroded.)       <  2|.     Same  horizon  and  locality.     G. 

Fig.  14.  Ditto.     Internal  cast  of  brachial  valve.      x  2i      Same  horizon  and  locality.     G. 

Fig.  15.  0 rbiculoidea   Armstrongi,  sp.    nov.     Interior   of   pedicle-valve.      x  3.     Starfish   Bed,    Drum- 
muck Group,  Thraive  Glen.     G. 

Ditto.     Impression  of  exterior  of  pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 
Ditto.     Brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Orbiculoidea  shallochensis,    sp.   nov.      Pedicle-valve.      x  5.     Whitehouse   Group,    Whitehouse 

mui 

Fig. 

jup, 

16. 
Fig. 17. 
Fig. 18. 

Bay G. 
Fig. 19. 

Fig. 20. 
Ditto.     Brachial  valve.      x  6.     Same  horizon  and  locality.     G. 

Ditto.     Interior  of  pedicle-valve.      x  2|.     Same  horizon,  Shalloch  Mill.     G. 

Fig.  21.   Orbiculoidea  stinchar ensis  sp.  nov.     Pedicle-valve.      x  3.     Stinchar  Limestone  Group,  Craig- 
head.    G. 

Fig.  22.  Ditto,  ditto.       <  3.     Same  horizon  and  locality.     G. 

Fig.  23.  Ditto.     Interior  of  pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 
Fig.  24.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  25.   Orbiculoidea  (Schizotretal)  Forbesi,  Dav.      Brachial  valve,      x  2|.     Saugh  Hill  Group,  Wood- 
land Point.     G. 

Fig.  26.  Philhedra  drummuckensis,  sp.  nov.    Upper  valve,  internal  cast,     x  3.     Starfish  Bed,  Drummuck 

Group,  Thraive  Glen.     G. 

Fig.  27.  Ditto.     Counterpart  of  same  specimen.      x  3. 

Fig.  28.   Ditto.     Interior  of  valve.      x  5.     Same  horizon  and  locality.     G. 

Fig.  29.  Ditto.     Outline  side-view  of  upper  valve.      x  3.     Same  horizon  and  locality.     G. 
Fig.  30.  Philhedra  mullochensis,  sp.  nov.     Internal  cast  of  upper  valve.      x  2J.     Mulloch  Hill  group, 

Mulloch  Hill.     G. 

Fig.  31.  Ditto,  ditto.      x  2\.     Same  horizon  and  locality.     G. 

Fig.  32.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.   32a.  Ditto.     Outline  side-view  of  same  specimen.      x  2. 
Fig.  33.  Ditto.     Internal  cast  of  upper  valve,      x  2.     G. 
Fig.  33a.  Ditto.     Portion  of  surface  of  same.      x  10. 

Fig.  34.  Philhedral  penkillensis,  sp.  nov.         4.     Penkill  Group,  Penkill.     G. 

Fig.  34a.  Ditto.     Outline  side-view  of  same  specimen.      x  4. 

Fig.   35.  Philhedra  Play/am,  sp.  nov.     Internal  cast  of  upper  valve.      x  2.     Balclatchie  Group,  Dow 
Hill.     G. 

Fig.  36.  Ditto.     Impression  of  part  of  surface  of  same  shell.       -3.     G. 
Fig.  37.  Philhedra  siluriana  (Dav.).     Internal  cast,      x  2|.     Saugh  Hill  Group,  Woodland  Point.      G. 

Fig.  38.   Philhedra  sp.      Internal  cast  of  upper  valve.       <  3.     Starfish  Bed,  Drummuck  Group.     B.M. 

Fig.  38a.  Ditto.     Outline  side-view  of  same  specimen.      x  3. 
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Plate  V. 

Fig.  1.  Pholidops  antiqua  (Schloth.)?  Interior  of  upper  valve.  x  6.  Whitehouse  Group,  Shalloch 
Mill.     G. 

Fig.  2.  Ditto.      Internal  cast.      x  6.     Same  horizon  and  locality.     G. 

Fig.  3.  Ditto.     Exterior.      x  6.     Same  horizon  and  locality.     G. 

Fig.  4.   Pholidops  implicate  (Sow.).     Internal  cast.      x  6.     Saugh  Hill  Group,  Newlands.     G. 

Fig.  5.  Pseudocrania  midtifilosa,  sp.  nov.  Upper  valve.  x  3.  Starfish  Bed,  Drummuck  Group, 
Thraive  Glen.     G. 

Fig.  5a.  Ditto.     Outline  side-view  of  same,      x  3. 
Fig.   5b.  Ditto.     Portion  of  surface  of  same  specimen.      x  12. 

Fig.  6.  Pseudocrania  aff.  depressa  (Eichw.).  Internal  cast  of  brachial  valve.  x  2i  Balclatchic 
Group,  Ardmillan.      >  G. 

Fig.  6a.  Ditto.     Portion  of  surface  of  same  internal  cast.      x  8. 

Fig.  7.  Orthis  calligramma,  Dalm.,  var.  nov.  craigensis.  Complete  shell,  from  brachial  side,  x  \i. 

Stinchar  Limestone  Group,  Craighead.     G. 

Fig.  8.  Ditto.     Brachial  valve.      x  1£.     Same  horizon  and  locality.     G. 

Fig.  9.  Ditto.     Posterior  view  of  complete  shell.      x  1^.     Same  horizon  and  locality.     G. 

Fig.  10.  Orthis  calligramma,  Dalm.,  var.  nov.  subplicata.  Impression  of  exterior  of  brachial  valve, 

x  \\.     Mulloch  Hill  Group,  Mulloch  Hill  Wood.     G. 

Fig.   11.  Ditto.     Internal  cast  of  brachial  valve.      x  li      Same  horizon  and  locality.     G. 

Fig.  12.  Ditto.  Impression  of  exterior  of  brachial  valve.  x  1-|.  Same  horizon  and  locality.  [4185.] 
M.P.G. 

Fig.  13.  Ditto.     Internal  cast  of  pedicle-valve.      y\\.     Same  horizon  and  locality.     G. 

Fig.  14.  Ditto.     Impression  of  exterior  of  same  pedicle-valve.      x  1^.     Same  horizon  and  locality.     G. 

Fig.  15.   Ditto.     Internal  cast  of  pedicle-valve.       <  1£.     Same  horizon  and  locality.     G. 
Fig.  16.  Orthis  calligramma,  Dalm.,  var  J  Internal  cast  of  brachial  valve.  x  3.  Starfish  Bed, 

Drummuck  Group,  Thraive  Glen.     G. 

Fig.  17.  Ditto.     Impression  of  exterior  of  same  shell.      x  3.     G. 

Fig.  18.  Ditto.     Internal  cast  of  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  19.  Ditto.     Impression  of  exterior  of  same  shell.      x  3.     G. 

Fig.  20.  Orthis  Playfairi,  sp.  nov.     Pedicle-valve.      x  2.     Stinchar  Limestone  Group,  Craighead.     G. 
Fig.  21.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  22.  Ditto.     Brachial  valve.      x  2£.     Same  horizon  and  locality.     G. 

Fig.  23.  Ditto.     Interior  of  brachial  valve.       x  1\.     Same  horizon  and  locality.     G. 

Fig.  24.  Ditto.     Pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 
Fig.  25.   Ditto.     Impression  of  exterior  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  26.  Ditto.     Outline  side-view  of  complete  shell.      x  2.     Same  horizon  and  locality.     G. 

Fig.  27.  Ditto.     Internal  cast  of  pedicle-valve.      x  2.     Balclatchie  Group,  Balclatchie.     G. 
Fig.  28.  Ditto.     Internal  cast  of  brachial  valve.      x  2£.     Same  horizon  and  locality.     G. 

Fig.  29.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  30.  Ditto.     Pedicle-valve.      x  \\.     Whitehouse  Group,  Shalloch  Mill.     G. 
Fig.  31.  Ditto,  ditto,      x  \\.     Same  horizon  and  locality.     G. 

Fig.  32.   Ditto,  ditto.      x  \\.     Same  horizon  and  locality.     G.  , 

Fig.  33.  Orthis  (Plectorthis)  ardmillanensis,  sp.  nov.  Pedicle-valve.  x  2.  Balclatchie  Group  (con- 
glomerate), Balclatchie.     G. 

Fig.  33a.  Ditto.     Median  transverse  section  of  same.      x  2. 

Fig.  34.   Ditto.     Internal  cast  of  pedicle-valve.      x  3.     Balclatchie  Group,  Ardmillan.     G. 

Fig.  35.  Ditto.  Impression  of  exterior  of  brachial  valve  (with  hinge-area  of  pedicle-valve),  x  2£. 
Same  horizon  and  locality.     G. 

Fig.  35a.  Ditto.     Portion  of  surface  of  same  specimen,  showing  ribbing.      x  6. 

Fig.  36.  Ditto.     Brachial  valve  of  complete  shell,.      x  2.     Stinchar  Limestone  Group,  Craighead.     G. 
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Fig.  36a.  Ditto.     Outline  side-view  of  same  shell.      x  2. 
Fig.  37.  Ditto,  var.     Impression  of  exterior  of  brachial  valve.      x  2|.     Balclatchie  Group,  Ardmillan.     G. 

Fig.  38.  Ditto,  ditto,      x  2.     Same  horizon  and  locality.     G. 

Fig.  39.  Ditto.     Internal  cast  of  same  shell.      x  2. 

Fig.  40.   Orthis  (P/ectort/iis)  duftonensis,  Reed,  var.     Impression  of  exterior  of  brachial  valve.       x  2. 

Balclatchie  Group,  Ardmillan.     G. 
Fie.  41.  Ditto.     Internal  cast  of  same  shell,      x  2.     G. 

6.  J^tV- 

Plate  VI. 

Fig.  1.  Orthis  (Plectorthis)  duftonensis,  Reed,  var.  Internal  cast  of  brachial  valve,  x  2.  Balclatchie 

Group,  Ardmillan.     (Figured,  Davidson,  Suppl.,  pi.  xiii,  fig.  26.)     G. 

Fig.  2.  Ditto.     Internal  cast  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  3.  Orthis  (Plectorthis)  rustica,  Sow.  Interior  of  pedicle-valve,  x  \\,  Saugh  Hill  Group,  Woodland 
Point.     G. 

Fig.  4.  Ditto.     Interior  of  brachial  valve.      x  \\.     Same  horizon  and  locality.     G. 

Fig.  5.  Ditto.     Interior  of  pedicle-valve,      x  1|.     Same  horizon  and  locality.     G. 

Fig.  6.  Ditto.     Internal  cast  of  pedicle-valve.      x  1£.     Same  horizon  and  locality.     G. 
Fig.  7.  Ditto.     Internal  cast  of  brachial  valve.      xl|.     Same  horizon  and  locality.     G. 

Fig.  8.  Ditto.     Internal  cast  of  pedicle-valve.      x  1^.     Same  horizon  and  locality.     G. 
Fig.  9.  Orthis  {Plectorthis)  rustica,  var.  nov.  paucicostata.  Interior  of  brachial  valve.  x  1J.  Saugh 

Hill  Group,  Woodland  Point.     G. 

Fig.  10.  Ditto,  ditto.      x  lj.     Same  horizon  and  locality.     G. 

Fig.  11.  Ditto.     Pedicle-valve.      xl|.     Same  horizon  and  locality.     G. 
Fig.  12.  Ditto,  ditto.      x  1J.     Same  horizon  and  locality.     G. 

Fig.  13.  Orthis  (Plectorthis)  rustica,  var.  rigidu,  Dav.  Internal  cast  of  pedicle-valve,  x  2.  Saugh  Hill 
Group,  Woodland  Point.     G. 

Fig.  14.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  15.  Ditto.     Interior  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  16.  Ditto,  ditto,      x  2.     Same  horizon  and  locality.     G. 

Fig.  17.  Ditto.     Exterior  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  18.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  19.  Ditto.     Pedicle-valve.      x  1|.     Same  horizon  and  locality.     G. 
Fig.  20.  Orthis  (Plectorthis)  rustica,  var.  walsalliensis,  Dav.  x  1£.  Penkill  Group,  Penwhapple 

Glen.     G. 

Fig.  21.  Orthis  (Plectorthis)  subfissicosta,  sp.  nov.  Pedicle-valve.  x  2.  Stinchar  Limestone  Group, 
Craighead.     G. 

Fig.  22.  Orthis  (Plectorthis)  subplicatella,  sp.  nov.  Internal  cast  of  pedicle-valve,  x  2.  Balclatchie 
Group,  Balclatchie.     G. 

Fig.  23.  Ditto.     Portion  of  surface  of  shell  (from  squeeze),      x  5.     Same  horizon  and  locality.     G. 

Fig.  24.  Ditto.     Internal  cast  of  brachial  valve.      x  1\.     Same  horizon,  Ardmillan.     G. 

Fig.  25.  Ditto.     Same  shell  (from  squeeze  of  impression),      x  2|.     G. 

Fig.  26.  Ditto.     Internal  cast  of  pedicle-valve,      x  2.    Same  horizon,  Balclatchie.     G. 

Fig.  27.  Orthis  (Plectorthis)  thraivensis,  sp.  nov.  Pedicle-valve  (from  squeeze).  xl|.  Starfish  Bed, 
Drumrauck  Group,  Thraive  Glen.     G. 

Fig.  28.  Ditto.     Internal  cast  of  pedicle- valve.      x  \\.     Same  horizon  and  locality.     G. 
Fig.  29.  Ditto.     Internal  cast  of  brachial  valve.      x  1J.     Same  horizon  and  locality.     G. 

Fig.  30.  Ditto,  ditto.      x  \\.     Same  horizon  and  locality.     G. 

Fig.  31.  Ditto.     Posterior  view  of  internal  cast  of  complete  shell,      x  2.     Same  horizon  and  locality.     G. 

Fig.  32.  Ditto.     Portion  of  surface  of  shell  (from  squeeze).      x  4.     Same  horizon  and  locality.     G. 
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Plate  VII. 

Fig.  1.  Orthis  (Plectorthis)  thrawensis,  sp.  nov.  Brachial  valve  (from  squeeze  of  impression).  xl|. 
Starfish  Bed,  Drummuck  Group,  Thraive  Glen.     G. 

Fig.  2.  Orthis  (Dinorthis)  flabellulum,  Sow.,  var.  nov.  carrickensis.  Pedicle-valve.  Nat.  size.  Stinehar 
Limestone  Group,  Craighead.     G.     (Figured,  Davidson,  Suppl.,  pi.  xi,  fig.  5.) 

Fig.  3.  Ditto.  Brachial  valve.  Nat.  size.  Same  horizon  and  locality.  G.  (Figured,  ibid.,  pi.  xiii, 

%.  3.) 
Fig.  4.  Ditto.     Internal  cast  of  pedicle-valve,      x  1£.     Balclatchie  Group,  Ardmillan.     G. 

Fig.  5.  Ditto.     Impression  of  exterior  of  pedicle-valve.      x  1£.     Same  horizon,  Balclatchie.     G. 
Fig.  6.  Ditto.     Internal  cast  of  same  shell,      x  1^.     G. 

Fig.  7.  Orthis  (Dinorthis)  porcata,  M'Coy.  Internal  cast  of  brachial  valve.  x  1|-.  Starfish  Bed, 
Drummuck  Group,  Thraive  Glen.     G. 

Fig.  la.  Ditto.     Posterior  view  of  same  specimen.      x  1-L 
Fig.  8.  Ditto.  Internal  cast  of  cardinal  and  muscular  area  of  brachial  valve.  x  2£,  Same  horizon 

and  locality.     G. 

Fig.  9.  Ditto.     Internal  cast  of  pedicle-valve.      x  \\.     Same  horizon  and  locality.     G. 
Fig.  10.   Ditto.     Same  pedicle-valve  (from  squeeze  of  impression).      x  \\.     G. 

Fig.  11.  Ditto.  Left  half  of  brachial  valve  (from  squeeze  of  impression).  xl|.  Same  horizon  and 
locality.     G. 

Fig.  12.  Ditto.  Median  vertical  section  through  complete  internal  cast.  x  1J.  Same  horizon  and 
locality.     G. 

Fig.  13.  Orthis  (Hebertella)  balclatchiensis,  Dav.  Pedicle-valve.  x  2.  Balclatchie  Group  (conglom.), 
Balclatchie.     G. 

Fig.  13a.  Ditto.     Outline  side-view  of  same  specimen,      x  2. 

Fig.  14.  Ditto.     Pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 
Fig.  15.  Ditto.  Brachial  valve  (from  squeeze  of  external  impression).  x  2.  Balclatchie  Group, 

Ardmillan.     G. 

Fig.  16.  Ditto,  ditto,  x  2^  (from  squeeze).  Same  horizon  and  locality.  G.  (Figured,  Davidson, 

Suppl.,  pi.  xiii,  fig.  8.)  / 

Fig.  17.  Ditto.     Brachial  valve.      x  2.     Stinehar  Limestone  Group,  Craighead.     G. 

Fig.  18.  Ditto.  Internal  cast  of  posterior  portion  of  pedicle-valve.  x  2|-.  Balclatchie  Group, 
Balclatchie.     G. 

Fig.  19.  Ditto.     Internal  cast  of  pedicle-valve.      x  2|-.     Same  horizon,  Ardmillan.     G. 
Fig.  20.  Ditto.  Internal  cast  of  median  cardinal  region  and  muscular  area  of  brachial  valve,  x  2|. 

Same  horizon  and  locality.     G. 

Fig.  21.  Orthis  (Hebertella)  bellatrix,  sp.  nov.  Impression  of  exterior  of  brachial  valve.  x  1|. 

Balclatchie  Group,  Dow  Hill.     G. 

Fig.  22.  Ditto.     Median  transverse  section  of  complete  internal  cast  of  same  shell.      x  1J.     G. 

Fig.  23.  Ditto.     Brachial  valve.      x  lj.     Balclatchie  Group  (conglom.),  Balclatchie.     G. 

Fig.  24.  Ditto.     Complete  shell,  pedicle-valve.      x  li.     Same  horizon  and  locality.     G. 

Fig.  24a.   Ditto.     Outline  side-view  of  same  specimen.      x  li 

Fig.  25.   Ditto.     Impression  of  exterior  of  brachial  valve.      x  1£.     Balclatchie  Group,  Balclatchie.     G. 

Fig.  26.  Ditto.     Internal  cast  of  same  shell.      x  1|.     G. 

Fig.  27.  Ditto.     Impression  of  exterior  of  pedicle-valve.      x  1£.     Same  horizon  and  locality.    G. 

Fig.  28.  Ditto.     Internal  cast  of  pedicle.-valve.      x  1|-.     Same  horizon  and  locality.     G. 

Plate  VIII. 

Fig.  1.  Orthis  (Hebertella)  bellatrix,  sp.  nov.  Internal  cast  of  pedicle-valve.  x  1-L  Balclatchie  Group, 
Balclatchie.     G. 

Fig.  2.  Ditto.     Internal  cast  of  brachial  valve.      x  1L     Same  horizon  and  locality.     G. 
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Fig.  3.   Ortliis  (Hebertella)  crista,  M'Coy.     Brachial  valve  (from  squeeze  of  impression).      x  2.     Starfish 
Bed,  Drummuck  Group,  Thraive  Glen.     G. 

Fig.  4.  Ditto.     Internal  cast  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  5.  Ditto.     Internal  cast  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 
FiCT.  6.  Ditto.     Internal  cast  of  brachial  valve,      x  2.     Same  horizon  and  locality.     G. 

Fig.  7.   Ditto.     Internal  cast  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  8.   Orthvs    (Hebertella)    Lapworthi,    Dav.     Pedicle-valve.-     x  3.     Balclatchie    Group    (conglom.), 
Balclatchie.      G.     (Figured,  Davidson,  Suppl.,  pi.  xiii,  fig.  9.) 

Fig.  8a.  Ditto.     Outline  side-view  of  same  specimen.      x  3. 
Fig.  9.  Ditto.     Brachial   valve.      x  3.     Same    horizon  and   locality.     G.     (Figured,   Davidson,   ibid., 

pi.  xiii,  fig.  10.) 

Fig.  10.  Ditto.     Pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  10a.  Ditto.     Outline  side-view  of  same  specimen.      x  3. 

Fig.  11.  Ditto.     Pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 
Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Ditto.     Brachial  valve.      x  4.     Same  horizon  and  locality.     G\ 

Ditto.     Internal  cast  of  brachial  valve.      x  4.     Same  horizon  and  locality.     G. 

Ditto  ?     Pedicle-valve.      x  4.     Whitehouse  Group,  Shalloch  Mill.     G. 
Ditto  ?     Outline  side-view  of  same  specimen.      x  4. 

Ditto  ?     Brachial  valve.      x  4.     Same  horizon  and  locality.     G. 

Ditto?,  ditto,      x  4.     Same  horizon  and  locality.     G. 

Fig.  18.  Ortliis  aff.  Lapworthi,  Dav.  ?    Valve  with  coarsely  fimbriated  lamellae,     x  4.     Same  horizon  and 

locality.     G. 

Fig.  19.   Orthis  {Hebertella)  scotica,  M'Coy.      Complete   shell,  brachial  side.      x  1^.     Stinchar  Lime- 

stone Group,  Craighead.     S.M.     (Figured,  M'Coy,  Syn.  Pal.  Foss.,  pi.  i  h,  fig.  29.) 
Fig.  19a.  Ditto.     Outline  side-view  of  same  specimen.      x  1J. 
Fi<*.  20.  Ditto.     Complete  shell,  brachial  side.      x  1£.     Same  horizon  and  locality.     G. 

Fie.  21.  Ditto.     Pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  22.  Ditto.     Side-view  of  complete  shell,      x  1J.     Same  horizon  and  locality.     G. 
Fig.  23.  Ditto?     Internal  cast  of  brachial  valve,     x  2.    Balclatchie  Group,  Ardmillan.    G. 

Fig.  24.   Orthis  (Platystrophia)  biforata  (Schloth.).     Pedicle-valve,      x  1£.     Saugh  Hill  Group,  Wood- 
land Point.     G. 

Fig.  25.  Orthis  (Platystrophia)  dorsata  (His.)?     Brachial  valve  of  nearly  complete  shell.     Nat.  size. 

Whitehouse  Group,  Shalloch  Mill.     G.     (Figured,  Davidson,  Suppl.,  pi.  ix,  fig.  26.) 

Fie.  25a.  Ditto.     Side-view  of  same  specimen,  showing  small  retrorse  pedicle-valve.     Nat.  size. 

Fig.  26.   Orthis  (Heterorthisl)  confinis,  Salter.     Complete  shell  (typical  form),  pedicle-valve.      x  1|. 
Stinchar  Limestone  Group,  Bogang.     [4534.]     E. 

Fig.  26a.  Ditto.     Posterior  view  of  same  specimen,      x  \\. 

Fig.  27.  Ditto.     Internal  cast  of  pedicle-valve,      x  1^.     Same  horizon  and  locality.     [4531a\]     E. 
Fie.  28.  Ditto.     Brachial  valve.      x  2.     Same  horizon  and  locality.     [602.]     S.M. 

Fig.  29.  Ditto.      Portion  of  pedicle-valve,  showing  ribbing,      x  2.     Same  horizon  and  locality.     [603.] 
S.M. 

Fig.  30.  Ditto?     Pedicle-valve,      x  1\.     Same  horizon, .Bennane  Burn.     G. 
Fig.  31.  Orthis  (Hebertella)  bellatrixl  sp.  nov.     Complete  shell.      x  1|.     Stinchar  Limestone  Group, 

Doularg.     G.     (Labelled  by  Davidson  as  "a  most  characteristic  specimen  of  Orthis  confinis,  Salt.") 
Fig.  31a.  Ditto.     Outline  side-view  of  same  specimen.      x  1£. 

Fig.  32.  Orthis  (Heterorthis  1)  confinis,  Salt.?     Internal  cast  of  pedicle-valve.      xl|.     Same  horizon. 
Minuntion.     G. 

Fig.  33.  Ditto?     Internal  cast  of  brachial  valve.      x  lj.     Same  horizon  and  locality.     G. 
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Plate  IX. 

Fig.  1.   Ortliis  (Bilobites)  biloba  (Linn.).     Pedicle-valve,      x  4.     Saugh  Hill  Group,  Woodland  Point.     G. 
Fig.  2.  Ditto,  ditto.      x  4.     Same  horizon  and  locality.     G. 

Fig.  3.   Orthis  (Bilobites)  biloba  (Linn.),  var.     Pedicle-valve.      x  4.     Whitehouse  Group,  Whitehouse 
Bay.     G. 

Fig.  4.  Ditto,  ditto.      x  3.     Same  horizon,  Shalloch  Mill.     G. 

Fig.  5.  Ditto,  ditto.      x  4.     Same  horizon,  Whitehouse  Bay.     G. 

Fig.  6.  Ditto.     Brachial  valve,      x  5.     Same  horizon,  Shalloch  Mill.     G. 

Fig.  7.   Orthis  (Dalmanella)  basalis,  Dalm.     Complete  shell,  hrachial  side.      x  2.     Saugh  Hill  Group, 
Woodland  Point.     G. 

Fig.  la.  Ditto.     Median  vertical  section  of  same  specimen.      x  2. 

Fig.  8.   Orthis   (Dalmanella)  crassa,    Lindstr.  1      Pedicle-valve   (from   squeeze).       x  3.      Mulloch   Hill 
Group,  Mulloch  Hill.     G. 

Fig.  9.   Ditto.     Impression  of  exterior  of  pedicle-valve.      x  3.     Same  horizon,  Craigens.     G. 

Fig.  10.  Ditto.     Internal  cast  of  brachial  valve.      x  2-J-.     Same  horizon,  Mulloch  Hill.     S.M. 

Fig.  11.    Orthis   (Dalmanella)    elegantula,    Dalm.,    var.    nov.    drummuckensis.       Pedicle-valve    (from 
squeeze).      x  2\.     Starfish  Bed,  Drummuck  Group,  Thraive  Glen.     G. 

Fig.  12.  Ditto.      Internal  cast  of  pedicle-valve.       x  2|.     Same  horizon  and  locality.     G. 
Fig.  13.  Ditto.     Brachial  valve  (from  squeeze).      x  2|.     Drummuck  Group,  Drummuck.     G. 

Fig.  14.  Ditto.    Internal  cast  of  brachial  valve,    x  3.    Starfish  Bed,  Drummuck  Group,  Thraive  Glen.    G. 

Fig.  15.  Ditto.     Portion  of  surface  of  shell  (from  squeeze).      x  6.     Same  horizon  and  locality.     G. 

Fig.  16.  Orthis  (Dalmanella)  federata,  sp.  nov.     Brachial  valve.      x  3.      Stinchar   Limestone   Group, 

Craighead.     G. 

Fig.  17.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  18.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  19.  Ditto.     Internal  cast  of  pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  20.  Ditto.     Side-view  of  complete  shell.      x  2.     Same  horizon  and  locality.     G. 
Fig.  21.  Ditto.     Anterior  view  of  complete  shell.      x  2.     Same  horizon  and  locality.     G. 

Fig.  22.  Ditto.     Internal  cast  of  brachial  valve.      x  2£.     Balclatchie  Group,  Balclatchie.     G. 

Fig.  23.  Ditto,  var.     Internal  cast  of  pedicle-valve.      x  4.     Balclatchie  Group,  Balclatchie.     G. 
Fig.  24.  Ditto,  var.     Impression  of   exterior  of  brachial  valve  with  cardinal   area   of   opposite   valve 

attached.      x  3.     Same  horizon,  Dow  Hill.     S.M.  [1068]. 

Fig.  25.  Ditto,  var.     Impression  of  exterior  of  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  26.   Ditto,  var.     Impression  of  pedicle-valve  of  same  shell.      x  3.     G. 
Fig.  27.  Ditto,  var.     Internal  cast  of  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  28.  Orthis    (Dalmanellal)    girvanensis,    Dav.      Complete    shell,    brachial    side.       x  2.      Stinchar 
Limestone  Group,  Craighead.     G. 

Fig.  28a.   Ditto.     Outline  side-view  of  same  specimen.      x  2. 
Fig.  29.  Ditto.     Complete  shell,  pedicle  side.      x  1J.     Same  horizon  and  locality.     G. 

Fig.  30.  Ditto.     Pedicle-valve.      xl|.     Same  horizon  and  locality.     G. 

Fig.  31.   Orthis  (Dalmanellal)  Ranhini,  D&v.     Brachial  valve  (from  squeeze).      x  2.     Balclatchie  Group, 

Ardmillan.     G.     (Figured,  Davidson,  Suppl.,  pi.  xi,  fig.  17.) 

Fig.  32.  Ditto.      Internal  cast  of  same  brachial  valve.      x  2.     Same  horizon  and  locality.     G.     (Figured, 

Davidson,  ibid.,  pi.  xi,  fig.  18.) 

Fig.  33.  Ditto.     Internal  cast  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 
Fig.  34.  Ditto,  ditto  (with  part  of  shell  attached).      x  2.     Same  horizon,  Balclatchie.     G. 

Fig.  35.  Ditto.     Brachial  valve   and   cardinal   area    of   opposite    valve    (from    squeeze),      x  2.     Salne 
horizon  and  locality.     G. 

Fig.  36.  Ditto.     Internal  cast  of  pedicle- valve.      xl|.     Same  horizon,  Dow  Hill.     G. 

Fig.  37.  Ditto.     Exterior  of   pedicle-valve  of   same  shell  (from  squeeze).      x  1£.     Same  horizon   and 
locality.     G. 
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Plate   X. 

Fig.  1.  Orthis  (Dalmanellal)  Rankini,  Dav.  Internal  cast  of  pedicle-valve.  x  2.  Balclatchie 

Group,  Balclatchie.     G. 
Fig.  2.  Ditto.     Internal  cast  of  brachial  valve.      x  2.     Same  horizon,  Ardraillan.     G. 

Fig.  3.  Ditto,  ditto.      x  2.     Same  horizon,  Balclatchie.     G. 

Fig.  4.  Orthis  (Dalmanella)  testudinaria,  Dalm.,  var.  nov.  gracilis.  Impression  of  exterior  of 
brachial  valve,      x  2.     Balclatchie  Group,  Ardmillan.     G. 

Fig.  5.  Ditto.     Impression  of  exterior  of  pedicle-valve  of  same  shell.      x  2.     G. 
Fig.  6.   Ditto.     Impression  of  exterior  of  brachial  valve.      x  2J.     Same  horizon  and  locality.     G. 

Fig.  7.  Orthis  {Dalmanella)  testudinaria,  Dalm.,  var.  nov,  shallochensis.  Complete  shell,  pedicle 

side,      x  2.     Whitehouse  Group,  Shalloch  Mill.     G. 

Fig.  7a.  Ditto.     Median  vertical  section  of  same  shell.      x  2. 

Fig.  8.  Ditto.     Brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  9.  Ditto.     Complete  shell,  brachial  side.      x  2.     Same  horizon  and  locality.     G. 

Fig.  10.  Ditto.     Internal  cast  of  brachial  valve,      x  2.     Same  horizon  and  locality.     G. 

Fig.  11.  Ditto.     Portion  of  surface  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  12.  Orthis  (Dalmanella)  testudinaria,  Dalm.,  var.  ind.  Pedicle-valve.  x  3.  Same  horizon  and 
locality.     G. 

Fig.  13.  Ditto.     Brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  14.  Ditto.     Internal  cast  of  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  15.  Orthis  (Dalmanella)  cf.  visbyensis,  Lindstr.  Pedicle-valve.  x  1|.  Saugh  Hill  Group, 
Woodland  Point.     G. 

Fig.  16.  Ditto.     Internal  cast  of  pedicle-valve.      x  1|.     Penkill  Group,  Penwhapple  Glen.     G. 

Fig.  17.  Orthis  (Rhipidomella)  prematura,  sp.  nov.  Internal  cast  of  pedicle-valve.  xl|.  Starfish 
Bed,  Drummuck  Group,  Thraive  Glen.     G. 

Fig.  18.  Ditto.     External  impression  of  same  shell.      x  2.     G. 

Fig.  19.  Orthis  (Schizophorella)  fallax,  Salt.  Internal  cast  of  complete  shell,  pedicle-valve.  x  2. 
Starfish  Bed,  Drummuck  Group,  Thraive  Glen.     G. 

Fig.  19a.  Ditto.     Same  specimen,  brachial  valve.      x  2. 

Fig.  20.  Ditto.     Pedicle-valve  (from  squeeze).      x  1|.     Same  horizon  and  locality.     G. 
Fig.  21.  Ditto.     Anterior  view  of  complete  internal  cast,      x  1^.     Same  horizon  and  locality.     G. 

Fig.  22.-  Ditto.     Internal  cast  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 
Fig.  23.  Ditto.  Posterior  view  of  internal  cast  of  brachial  valve.  x  1|.  Same  horizon  and 

locality.     G. 

Fig.  24.  Ditto.     Internal  cast  of  complete  shell,  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  25.  Orthis  (Nicolella)  Actoniee,  Sow.  Pedicle-valve.  x  I  J.  "Whitehouse  Group,  Shalloch Mill.     G. 

Fig.  26.  Ditto.     Complete  shell,  brachial  valve.      xl|.     Same  horizon  and  locality.     G. 

Fig.  27.  Ditto  1     Complete  shell,  pedicle-valve,      x  1|.     Stinchar  Limestone  Group,  Craighead.     G. 
Fig.  28.  Orthis  (Nicolella)  Actonise,  Sow.,  var.  nov.  asteroidea.  Impression  of  exterior  of  brachial 

valve,      x  1£.     Starfish  Bed,  Drummuck  Group,  Thraive  Glen.     G. 

Fig.  29.  Ditto.     Internal  cast  of  same  shell.      x  1£.     G. 

Fig.  30.  Ditto.     Internal  cast  of  pedicle-valve.      x  1£.     Same  horizon  and  locality.     G. 
Fig.  31.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  32.  Ditto.     Pedicle-valve  (from  squeeze  of  impression).      x  2.     Same  horizon  and  locality.     G. 

Fig.  33.  Ditto.     Internal  cast  of  pedicle-valve.      x  1|.     Same  horizon  and  locality.     G. 
Fig.  34.  Ditto.     Impression  of  exterior  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  35.  Ditto.     Posterior  view  of  internal  cast  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 
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Plate  XI. 

Fig.  1. 

impression) 

Fig.  2. 

Fig.  3. 
Craighead. 

Fig.  4. 
Fig.  4a.  Ditto. 

Fig.  5.  Ditto. 

Fig.  6.  Ditto. 
Fig.  7.  Ditto. 'o1 

locality. 
Fig. 

Orthis  (Nicoldla)  Actonia',  Sow.,  var.  nov.  asteroidea.     Pedicle-valve  (from  squeeze  of  external 
x  2.     Starfish  Bed,  Druminuck  Group,  Thraive  Glen.     G. 

Ditto.     Internal  cast  of  same  shell.      x  2.     G. 

Orthis   (Harknessella)   vespertilio,  Sow.     Brachial   valve. 

[13100.]     M.PG. 
Ditto.     Pedicle- valve.      x  1|.     Same  horizon  and  locality 

Cardinal  region  of  same  specimen.      x  1|. 

Pedicle-valve.      x  1^.     Same  horizon  and  locality.     G. 
Brachial  valve  of  complete  specimen.      x  1£.     Same  horizon  and  locality, 

Left-hand     half     of     pedicle-valve,    showing    ribbing.       x  1|.      Same 

x  1|.     Stinchar   Limestone   Group, 

[13099.]     M.P.G. 

G. 

horizon    and 

G. 

.   Orthis  1  nina,  Dav.    Pedicle-valve?  x  4.     Whitehouse  Group,  Whitehouse  Bay.    [4180.]    M.P.G. 

Fig.  9.   Ditto.     Pedicle-valve  ?     x  6.     Same  horizon  and  locality.     G.     (?  Figured,  Davidson,  Suppl., 
pi.  xiii,  fig.  11.) 

Fig.  10.   Ditto,  ditto?    x  8.     Same  horizon  and  locality.     G. 

Fig.  11.  Ditto.     Brachial  valve  ?      x  6.     Same  horizon  and  locality.     G. 

Fig.  12.  Ditto,  ditto?       x  8.     Same  horizon  and  locality.     G. 

Fig.  13.  Rafinesquina  concentrica  (Portl.).     Internal  cast  of  pedicle-valve.      x  1|. 
Ardmillan.     G. 

Fig.  14.  Ditto,  ditto.     Nat.  size.     Same  horizon  and  locality.     G. 

Fig.  14«.  Ditto.     Cardinal  and  muscular  area  of  same  specimen.      x  2. 

Fig.  15.  Ditto.     Internal  cast  of  brachial  valve.      x  1J.     Same  horizon  and  locality. 

Fig.  16.  Ditto.     Impression  of  exterior  of  same  shell.      x  \\.     G. 

Fig.  16a.  Ditto.     Portion  of  surface  of  same  specimen.      x  5. 
var.  nov.  Macallumi.     Pedicle-valve. 

Balclatchie  Group, 

G. 

Fig.  17.  Rafinesquina  expansa  (Sow.) 

Group,  Doularg.     G. 

x  1L     Stinchar  Limestone Fig 

17a.  Ditto. 

Fig.  18.  Ditto. 

Portion  of  worn  surface  of  shell  of  same  specimen. 

Brachial  valve.      x  \\.     Same  horizon,  Minuntion. 

x6. 

G. 

Fig.  19. 

Fig.  20. 

Fig.  21. 

Ditto. 
Ditto. 

Outline  of  another  specimen.      x  §.     Same  horizon  and  locality.     G. 

x  1|.     Balclatchie     Group 

Same  horizon  and   locality.     (Figured, 

Portion  of  surface  of  shell.      x  6.     Same  horizon,  Bennane  Burn. 

Rafinesquina     (Playfairia)     deltoidea     (Conr.).       Pedicle-valve, 
(conglom.),  Balclatchie.     G. 

Fig.  22.  Ditto.       Brachial  valve    of    complete    shell.       x  1|. 

Davidson,  Suppl.,  pi.  xv,  fig.  17.)     G. 
Fig.  23.  Ditto.     Interior  of  brachial  valve.      x  1L     Same  horizon  and  locality.     (Figured,  Davidson, 

Suppl.,  pi.  xv,  fig.  22.)     G. 

Fig.  24.   Ditto.     Internal  cast  of  pedicle-valve.      xl|,     Same  horizon  and  locality.     G. 
25.  Ditto,  ditto.      x  1|.     Same  horizon  and  locality.     G. 

26.  Ditto,  ditto.      x  2.     Same  horizon,  Ardmillan.     G.  • 
27.  Ditto.     Internal  cast  of  brachial  valve.      x  2.     Same  horizon.     Balclatchie.     G. 

28.  Ditto.  ,  Impression  of  exterior  of  brachial  valve,      x  2|.     Same  horizon  and  locality. 

29.  Ditto,  ditto  (with  cardinal  area  of  pedicle-valve).      x  2J.     Same  horizon,  Ardmillan. 

30.  Ditto.     Outline  side-view  of  shell.      x  1^.     Same  horizon,  Balclatchie.     G. 
Fig.  31.  Rafinesquina  (Playfairia)  deltoidea  (Conr.),  var.  nov.  multicorrugata.     Impression  of  exterior 

of  brachial  valve.      x  2.      Balclatchie  Group,  Ardmillan.     G. 

Fig.  31a.  Ditto.     Portion  of  surface  of  same  specimen.      x  4. 

Fig. 
Fig. 

Fig. 
Fig. 

Fig. 
Fig. 

G. 

G. 

Plate   XII. 

Fig.  1.  Rafinesquina    (Playfairia)    deltoidea    (Conr.),    var.    nov. 

brachial  valve,      x  2.     (Exterior  of  same  shell  figured  PI.  XI,  fig.  31.) 

multicorrugata.       Internal    cast    of 

Balclatchie  Group,  Ardmillan.     G. 
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Fig.  2.  Rafinesquina  (Playfairia)  deltoidea  (Conr.),  var.  nov.  tenuicorrugata.  Impression  of  exterior 

of  brachial  valve.      x  1|.     Balclatchie  Group,  Balclatchie.     G. 

Fig.  3.  Ditto.     Internal  cast  of  pedicle-valve.      x  1|.     Same  horizon  and  locality.     G. 

Fig.  4.  Rafinesquina  (Playfairia  1)  felix,  sp.  nov.  Pedicle-valve.  x  2.  Starfish  Bed,  Drummuck 
Group,  Thraive  Glen.     G. 

Fig.  5.  Ditto,  ditto.      x  1\.     Same  horizon  and  locality.     G. 

Fig.  6.  Ditto,  ditto.      x  1\.     Same  horizon  and  locality.     G. 

Fig.  7.  Ditto,  ditto  (shell  partly  abraded).      x  1\.     Same  horizon  and  locality.     G. 

Fig.  8.  Ditto.     Internal    cast    of   brachial    valve.      x  2£.     Same  horizon  and  locality.     G. 

Fig.  9.  Ditto.     Internal  cast  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 
Fig.  10.  Ditto,  ditto,      x  2|.     Same  horizon  and  locality.     G. 

Fig.  11.  Rafinesquina  (Playfairia)  Rickardsoni,  sp.  nov.  Pedicle- valve.  x2|.  Whitehouse  Group, 
Shalloch  Mill.     G. 

Fig.  11a.  Ditto.     Median  longitudinal  section  of  same.      x  2£. 

Fig.  12.  Ditto.     Pedicle-valve.      x  2|.     Same  horizon  and  locality.     G. 

Fig.  13.  Rafinesquina  (Playfairia)  semiglobosina  (Dav.).  Pedicle-valve.  Nat.  size.  Balclatchie  Group 

(conglom.),  Balclatchie.     G. 

Fig.  13a.  Ditto.     Outline  side-view  of  same  specimen.     Nat.  size. 

Fig.  14.  Ditto.     Cardinal  areas  of  complete  shell.      x  ]1      Stinchar  Limestone  Group,  Craighead.     G. 

Fig.  15.  Ditto.     Internal  cast  of  pedicle- valve.      x  2.     Balclatchie  Group,  Balclatchie.     G. 

Fig.  16.  Ditto.  Interior  of  brachial  valve.  x  1^.  Stinchar  Limestone  Group,  Craighead.  G. 

(Figured,  Davidson,  Suppl.,  pi.  xv,  fig.  11.) 

Fig.  17.  Ditto,  ditto.      x  \\.     Same  horizon  and  locality.     G. 

Fig.  18.  Ditto.  Median  longitudinal  section  of  complete  shell.  Nat.  size.  Same  horizon  and 

'  locality.     G. 
Fig.  19.  Ditto.     Portion  of  surface  of  pedicle-valve.      x  2£.     Same  horizon  and  locality.     G. 
Fig.  20.  Ditto.     Interior  of  portion  of  shell.      x  8.     Same  horizon  and  locality.     G. 

Fig.  21.  Rafinesquina.  1  brumalis,  sp.  nov.     Pedicle- valve,      x  3.      Balclatchie  Group,  Balclatchie.     G. 
Fig.  22.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  23.  Ditto,  ditto,      x  3.     Same  horizon  and  locality.     G. 
Fig.  24.  Ditto.     Brachial  valve,      x  3.     Same  horizon  and  locality.     G. 

Fig.  25.  Rafinesquinal  subarachnoidea,  sp.  nov.  Pedicle-valve.  x  2 \.  Balclatchie  Group, 
Balclatchie.     G.     (Figured,  Davidson,  Suppl.,  pi.  xv,  fig.  23,  as  Strophomena  corrugatella.) 

Fig.  26.  Ditto,  ditto.      x  2£.     Same  horizon  and  locality.     G. 

Fig.  27.  Ditto.     Complete  shell,  brachial  view,      x  3.     Same  horizon  and  locality.     G. 

Fig.  28.  Ditto.  Cardinal  areas  of  complete  shell.  x  3.  Balclatchie  Group  (conglom.),  Balclatchie. 

G.     (Figured,  Davidson,  Suppl.,  pi.  xv,  fig.  26,  as  Sir.  corrugatella.) 

Fig.  29.  Ditto.     Right  half  of  pedicle-valve.      x  4.     Balclatchie  Group,  Balclatchie.     G. 

Fig.  30.  Ditto.     Pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  31.  Ditto.  Brachial  valve,  with  unusually  strong  corrugations.  x  2.  Same  horizon  (conglom.) 

and  locality.     G.     (Figured,  Davidson,  Suppl.,  pi.  xv,  fig.  24,  as  Sir.  corrugatella.) 

Fig.  32.  Leptxna  rhomboidalis  (Wilck.),  var.  a.  Complete  shell,  pedicle-valve.  x  2.  Balclatchie 
Group  (conglom.),  Balclatchie.     G. 

Fig.  32a.  Ditto.     Median  longitudinal  section  of  same  specimen.      x  2. 

Plate   XIII. 

Fig.  1.  Leptmna  rhomboidalis  (Wilck.),  var.  B.  Pedicle-valve.  x  3.  Whitehouse  Group,  White- 
house  Bay.     G. 

Fig.  2.  Ditto,  var.  y.  Internal  cast  of  pedicle-valve,  x  1J.  Starfish  Bed,  Drummuck  Group, 
Thraive  Glen.     G. 

Fig.  3.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 
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Fig.  3a.  Ditto.     Outline  side-view  of  same  specimen.      x  2. 

Fig.  4.  Ditto,  var.  8.     Pedicle-valve.      x  1£.     Mulloch  Hill  Group,  Mulloch  Hill.     G. 

Fig.  5.  Ditto,  var.  c.     Pedicle-valve.      x  1^.     Saugh  Hill  Group,  Woodland  Point.     G. 
Fig.  6.  Ditto,  var.  e.      xlj,     Same  horizon  and  locality.     G. 

Fig.  7.  Ditto,  var.  e,  ditto  (young  shell),      x  2.     Same  horizon  and  locality.     G. 

Fig.  8.  Ditto,  var.  £,  ditto.      x  1£.     Penkill  Group,  Penkill.       G. 

Fig.  9.  Ditto,  var.  £,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  10.  Leptella  Graym  (Dav.).  Pedicle-valve  of  complete  shell.  x  1|-.  Stinchar  Limestone  Group, 
Craighead.     G.     (Figured,  Davidson  SuppL,  pi.  xii,  fig.  25.) 

Fig.  11.  Ditto.     Brachial  valve  of  complete  shell.      x  2.     Same  horizon  and  locality.     S.M.  [1072.] 

Fig.  12.  Ditto,  ditto.  x  2.  Same  horizon  and  locality.  G.  (Figured,  Davidson,  Suppl.,  pi.  xii, 

%•  23.) 
Fig.  12a.  Ditto.     Posterior  view  of  same  specimen.      x  2. 

Fig.  13.   Ditto.     Right  half  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 
Fig.  14.  Ditto.     Interior  of  brachial  valve.      x  1£.     Same  horizon  and  locality.     G. 

Fig.  15.  Ditto?,  ditto.  x  \\.  Same  horizon  and  locality.  G.  (Figured,  Davidson,  Suppl.,  pi.  xii, 
fig.  27,  as  Leptx.ua  llandeiloensis.) 

Fig.  16.  Ditto,  ditto.      x  1|.     Same  horizon  and  locality.     G. 

Fig.  17.  Ditto.  Internal  cast  of  pedicle-valve.  x  2.  Balclatchie  Group,  Balclatchie.  G.  (Specimen 
named  by  Davidson  as  Leptsena  Grays). 

Fig.  18.  Leptella  1  pseudoretroflexa,  sp.  nov.  Complete  shell,  brachial  valve.  x  2.  Balclatchie  Group, 
Balclatchie.     G. 

Fig.  18a.  Ditto.     Posterior  view  of  same  specimen.      x  2. 

Fig.  186.  Ditto.     Median  longitudinal  section  of  same  specimen.      x  2. 

Fig.  19.  Ditto.     Interior  of  pedicle-valve.      x  2.     Balclatchie  Group,  (conglom.),  Balclatchie.     G. 
Fig.  20.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  21.  Ditto.     Brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  22.  Ditto.     Internal  cast  of  brachial  valve.      x  2|.     Balclatchie  Group,  Ardmillan.     G. 

Fig.  23.  Ditto,  ditto.      x  1|.     Same  horizon  (conglom.),  Balclatchie.     G. 

Fig.  24.  Ditto,  ditto.      x  2J.     Same  horizon,  Ardmillan.     G. 

Fig.  25.  Ditto.     Internal  cast  of  pedicle-valve.      x  2£.     Same  horizon  and  locality.     G. 
Fig.  26.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  27.  Plectambonites  Etheridgei  (Dav.).  Interior  of  brachial  valve.  x  2.  Stinchar  Limestone 

Group,  Craighead.     G.     (Figured,  Davidson,  Suppl.,  pi.  xii,  fig.  12.) 

Fig.  28.  Ditto.     Pedicle-valve,      x  1£.     Same  horizon  and  locality.     G. 

Fig.  29.   Ditto.     Complete  shell,  brachial  side.      xl|.     Same  horizon  and  locality.     G. 
Fig.  29a.  Ditto.     Median  longitudinal  section  of  same  specimen.,     x  1£. 

Fig.  30.   Ditto.     Interior  of  brachial  valve.      x  2.      Same  horizon  and  locality.     G. 

Fig.  31.  Ditto.     Internal  cast  of  imperfect  pedicle-valve.      x  1\.     Same  horizon  and  locality.     G. 

Fig.  32.  Plectambonites  llandeiloensis  (Dav.).  Internal  cast  of  both  valves  of  one  individual,  x  3. 
Balclatchie  Group,  Ardmillan.     G.     (Figured,  Davidson,  Suppl.,  pi.  xii,  fig.  26.) 

Fig.  33.  Ditto.     Internal  cast  of  pedicle- valve.      x  3.     Same  horizon  and  locality.     G. 
Fig.  34.  Ditto,  ditto,      x  3.     Same  horizon  and  locality.     G. 

Plate  XIV. 

Fig.  1.  Plectambonites  llandeiloensis  (Dav.).  Pedicle- valve,  x  1\.  Balclatchie  Group,  Ardmillan.  G. 
(Named  by  Davidson  Leptsena  scissal) 

Fig.  2.  Ditto.     Internal  cast  of  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  3.  Ditto,  ditto,      x  2f.     Same  horizon  and  locality.     G. 

Fig.  4.  Plectambonites  quinquecostata  (M'Coy),  var.  nov.  balclatchiensis.  Pedicle- valve,  x  2.  Bal- 
clatchie Group,  Balclatchie.     G. 

Fig.  5.  Ditto,  ditto,      x  2.     Same  horizon  and  locality.     G. 
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Fig.  6.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  7.  Ditto.     Internal  cast  of  pedicle-valve.      X  3.     Same  horizon,  Ardmillan.    G. 
Fig.  8.  Ditto.     External  impression  of  same  shell.      x  3. 

Fig.  9.  Ditto.     Complete  shell,  brachial  view.      x  1\.     Same  horizon  and  locality.     G. 

Fig.  10.  Plectambonites  quinquecostata  (M'Coy),  var.  nov.  sublobata.  Pedicle-valve,  x  4.  Balclatchie 
Group,  Balclatchie.     G.     [This  figure  was  accidentally  misplaced  on  the  plate.] 

Fig.  11.  Plectambonites  quinquecostata  (M'Coy),  var.  nov.  cylindrica.  Pedicle-valve.  x  2J.  White- 
house  Group,  Shalloch  Mill.     G. 

Fig.  12.  Ditto.     Median  longitudinal  section  of  complete  shell.      x  2.     Same  horizon  and  locality.     G- 

Fig.  13.   Ditto.     Pedicle-valve  (shell  partly  abraded)      x  2.     Same  horizon  and  locality.     G. 
Fig.  14.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  15.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  15a.  Ditto.     Outline  posterior  view  of  same  shell.      x  2. 

Fig.  16.  Ditto.     Complete  shell,  brachial  side.      x  2.     Same  horizon  and  locality.     G. 

Fig.  17.  Ditto.     Pedicle- valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  18.  Plectambonites  quinquecostata  (M'Coy),  var.  nov.  depressa.  Pedicle-valve.  xl|.  Whitehouse 
Group,  Whitehouse  Bay.     G. 

Fig.  19.  Ditto,  ditto,      x  1£.     Same  horizon  and  locality. 

Fig.  20.  Plectambonites  quinquecostata  (M'Coy),  var.  nov.  sublobata.  Pedicle-valve.  x  2.  Balclatchie 
Group  (conglom.),  Balclatchie.     G. 

Fig.  21.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  22.  Ditto,  ditto,      x  2.     Same  horizon  and  locality.     G. 

Fig.  23.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  24.  Ditto.     Interior  of  brachial  valve,      x  1|.     Same  horizon  and  locality.     G. 

Fig.  25.  Plectambonites  ruralis,  sp.  nov.  Internal  cast  of  pedicle-valve.  x  2.  Starfish  Bed, 
Drunimuck  Group,  Thraive  Glen.     G. 

Fig.  26.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  27.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  28.  Ditto,  ditto,      x  2.     Same  horizon  and  locality.     G. 

Fig.  29.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  30.  Ditto.     Posterior  view  of  internal  cast  of  pedicle-valve,     x  2J.    Same  horizon  and  locality.    G. 
Fig.  31.   Ditto.     Internal  cast  of  broken  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  32.  Ditto.     Impression  of  exterior  of  brachial  valve,      x  2.     Same- horizon  and  locality.     G. 

Fig.  33.  Ditto.     Left  half  of  pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  34.  Plectambonites  scissa  (Salt.).  Internal  cast  of  pedicle-valve.  x  3.  Saugh  Hill  Group,  New 
lands.     G.     . 

Fig.  35.  Ditto.     Internal  cast  of  brachial  valve.      x  4.     Some  horizon  and  locality.      G. 

Fig.  36.  Plectambonites  segmentum  (Ang.),  var.  nov.  woodlandensis.  Pedic-le-valve.  x  3.  Saugh  Hill 
Group,  Woodland  Point.     G. 

Fig.  37.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  38.  Ditto.     Complete  shell,  brachial  side.      x  3.     Same  horizon  and  locality.     G. 

Fig.  39.  Ditto.     Impression  of  exterior  of  brachial  valve.      x  4.     Same  horizon  and  locality.     G. 

Fig.  40.  Ditto.     Pedicle-valve,      x  3.     Same  horizon  and  locality.     G. 
Fig.  41.  Ditto,  ditto  (with  large  ears),      x  3.     Same  horizon  and  locality.     G. 

Fig.  42.  Plectambonites  sericea  (Sow.),  var.  nov.  albida.  Pedicle  and  brachial  valves  in  juxtaposition. 

x  4.     Whitehouse  Group,  Whitehouse  Bay.     G. 

Fig.  43.  Ditto.     Pedicle-valve,      x  4.     Same  horizon  and  locality.     G. 
Fig.  44.  Ditto,  ditto,      x  4.     Same  horizon  and  locality.     G. 

Fig.  45.  Ditto.     Brachial  valve,      x  3.     Same  horizon  and  locality.     G. 

Fig.  46.  Ditto.     Internal  cast  of  brachial  valve.      x  5.     Same  horizon  and  locality.     G. 
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Plate  XV. 

Fig.  1.  Plectambonites  seiHcea  (Sow.),  var.  nov.  albida.  Brachial  valve.  x  4.  Whitehouse  Group, 
Wliitehouse  Bay.     G. 

Fig.  2.   Ditto,  ditto.      x  4.     Same  horizon  and  locality.     G. 

Fig.  3.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  4.  Plectambonites  sericea  (Sow.),  var.  nov.  conspicua.  Interior  of  brachial  valve,  x  1^.  Stiuchar 
Limestone  Group,  Craighead.     G. 

Fig.  5.   Ditto.     Posterior  view  of  interior  of  brachial  valve.       x  1^.     Same  horizon  and  locality.     (!. 

Fig.  6.  Ditto.     Outline  side-view  of  ditto.     Nat.  size.     Same  horizon  and  locality.     G. 

Fig.  7.  Ditto.     Pedicle-valve.      x  1£.     Same  horizon  and  locality.     G. 

Fig.  8.  Ditto.     Right  side  of  pedicle-valve.      x  1£.     Same  horizon  and  locality.     G. 
Fig.  8a.   Ditto.     Portion  of  surface  of  same  specimen.      x  6. 

Fig.  8b.  Ditto.     Median  longitudinal  section  of  same  complete  shell.      x  \\. 

Fig.  9.  Ditto.     Outline  of  complete  shell.     Nat.  size.     Balclatchie  Group  (conglom.),  Balclatchic.     G. 

Fig.  10.   Ditto.     Median  longitudinal  section  of  same  shell.     Nat.  size. 

Fig.  11.  Ditto.     Diagrammatic  transverse  section  showing  carination  of  pedicle-valve. 

Fig.  12.  Plectambonites  sericea  (Sow.),  var.  nov.  craigensis.  Pedicle-valve.  x  3.  Stinchar  Limestone 
Group,  Craighead.     G. 

Fig.  13.  Ditto.     Internal  cast  of  brachial  valve.      x  4.     Same  horizon  and  locality.     G. 

Fig.  14.  Ditto.     Internal  cast  of  pedicle-valve.      x  4.     Same  horizon  and  locality.     G. 

Fig.  15.  Ditto.     Pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 
Fig.  16.  Ditto,  ditto.      x  4.     Same  horizon  and  locality.     G. 

Fig.  17.  Ditto.     Internal  cast  of  pedicle- valve.      x  4.     Same  horizon  and  locality.     G. 

Fig.  18.  Plectambonites  sericea  (Sow.),  var.  nov.  semirugata.  External  impression  of  pedicle- valve, 
x  3.     Balclatchie  Group,  Ardmillan.     G. 

Fig.  19.  Ditto.  External  impression  of  brachial  Valve  of  same  shell.  x  3.  Same  horizon  and 

locality.     G. 

Fig.  20.  Ditto.     External  impression  of  pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 
Fig.  21.   Ditto.     Internal  cast  of  same  shell,      x  3.     Same  horizon  and  locality.     G. 

Fig.  22.  Ditto.     Internal  cast  of  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  23.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  24.  Ditto.     External  impression  of  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  25.  Ditto.     Internal  cast  of  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  26.   Ditto.     Internal  cast  of  pedicle-valve.      x  2|.     Same  horizon,  Balclatchie.     G. 

Fig.  27.  Plectambonites  sericea  (Sow.),  var.  nov.  thraivensis.  Pedicle-valve.  x  4.  Drummuck  Group, 
Thraive  Glen.     G. 

Fig.  28.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  29.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  30.  Ditto.      Internal  cast  of  pedicle-valve.      x  3.     Same  horizon  (Starfish  Bed)  and  locality.     G. 

Fig.  31.  Ditto.     Internal  cast  of  brachial  valve,      x  4.     Same  horizon  (Starfish  Bed)  and  locality.     G. 

Fig.  32.  Ditto.  External  impression  of  brachial  valve  showing  cardinal  areas  of  both  valves,  x  1\. 
Same  horizon  (Starfish  Bed)  and  locality.     G. 

Fig.  33.  Plectambonites  subcorrugatella,  sp.  nov.  Pedicle-valve.  x  2.  Wliitehouse  Group,  Shalloch 
Mill.     G. 

Fig.  34.   Ditto.     Brachial  valve,  exterior.      x  2 J.     Same  horizon  and  locality.     G. 
Fig.  34a.  Ditto,  ditto.     Interior  of  same  specimen,      x  2£. 

Fig.  35.  Plectambonites  transversalis  (Dalm.).  Pedicle-valve.  x  1|.  Saugh  Hill  Group,  Woodland 
Point.     G. 

Fig.  36.   Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  37.  Plectambonites  transversalis  (Dalm.),  var.  Duvali,  Dav.  Pedicle-valve.  x  2£.  Same  horizon 
and  locality.     G. 

Fig.  38.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 
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Fig.  39.  Ditto.     Internal  cast  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 
Fig.  40    Ditto.     Interior  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  40a.  Ditto.     Posterior  view  of  same  specimen.      x  2. 

Fig.  41.  Plectambonites  transversalis  (Dalm.),  var.  nov.  mullochensis.  Internal  cast  of  pedicle-valve, 
x  2.     Mulloch  Hill  Group,  Mulloch  Hill.     G. 

Fig.  41a.  Ditto.     Posterior  view  of  same  specimen.      x  2. 

Fig.  42.  Ditto.     Internal  cast  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Plate  XVI. 

Fig.  1.  Plectambonites  transversalis  (Dalm.),  var.  nov.  mullochensis.  Impression  of  exterior  of  brachial 

x  2.     Mulloch  Hill  Group,  Mulloch  Hill.     G. 

Fig.  2.   Ditto.     Pedicle-valve  (shell  partly  abraded).       x2|.     Same  horizon  and  locality.     G. 

Fig.  3.  Plectambonites  transversalis  (Dalm.),  var.  nov.  penkillensis.  Pedicle-valve.  x  2.  Camregan 
Group,  Bargany  Pond  Burn.     G. 

Fig.  4.   Ditto.     Impression  of  exterior  of  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  5.  Ditto.     Internal  cast  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  6.  Ditto.     Pedicle-valve.      x  2.     Penkill  Group,  Penkill.     G. 
Fig.  7.  Ditto,  ditto  (shell  partly  abraded).      x  2^.     Same  horizon  and  locality.     G. 

Fig.  8.  Plectambonites  transversalis  (Dalm.),  var.  nov.  tricostata.  Pedicle-valve.  x  3.  Saugh  Hill 
Group,  Woodland  Point.     G. 

Fig.  9.  Ditto,  ditto.      x  4.     Same  horizon  and  locality.     G. 

Fig.  10.  Ditto.     Brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  11.   Ditto.     Pedicle-valve.      x  4.     Same  horizon  and  locality.     G. 
Fig.  12.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  13.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  14.  Plectambonites!:  youngiana  (Dav.).  Interior  of  brachial  valve.  x  1J.  Stinchar  Limestone 

Group,  Craighead.     G.     (Figured,  Davidson,  Suppl.,  pi.  xii,  fig.   16.) 

Fig.  14a.  Ditto.     Side-view  of  same  specimen.      x  1J. 
Fig.  15.  Ditto.      Interior  of  brachial  valve.      x  \\.     Same  horizon  and  locality.     G. 

Fig.  16.  Ditto.  Complete  shell,  brachial  side.  x  \\.  Same  horizon  and  locality.  G.  (Figured, 

Davidson,  Suppl.,  pi.  xii,  fig.  15.) 

Fig.  17.  Ditto.     Pedicle-valve.      x  \\.     Same  horizon  and  locality.     G. 

Fig.  18.  Ditto.     Internal  cast  of  pedicle-valve.      x  1|.     Same  horizon  and  locality.     G. 
Fig.  19.  Stropheodonta  arenacea  (Salt.).  Interior  of  brachial  valve  (from  squeeze).  x  1£.  Camregan 

Group,  Camregan  Wood.     G. 

Fig.  20.  Stropheodonta  corrugatella  (Dav.).  Internal  cast  of  imperfect  brachial  valve.  x  1|.  Starfish 

Bed,  Drummuck  Group,  Thraive  Glen.     G. 

Fig.  21.  Stropheodonta  donax,  sp.  nov.  Internal  cust  of  pedicle-valve.  x  \\.  Starfish  Bed,  Drum- 
muck  Group,  Thraive  Glen.     G. 

Fig.  22.  Ditto.     Impression  of  exterior  of  same  shell.      x  1^.     G. 

Fig.  23.  Ditto.     Internal  cast  of  pedicle-valve.      x  1-|.     Same  horizon  and  locality.     G. 
Fig.  23a.  Ditto.     Cardinal  region  of  same  specimen.      x  2£. 

Fig.  24.  Ditto.  Pedicle-valve  (from  squeeze  of  external  impression).  x  1|.  Same  horizon  and 
locality.     G. 

Fig.  25.  Ditto.     Cardinal  region  of  pedicle-valve.      x  2£.     Same  horizon  and  locality.     G. 
Fig.  26.  Ditto.     Brachial  valve.      x  1£.     Same  horizon  and  locality.     G. 

Fig.  27.  Ditto.     Internal  cast  of  cardinal  region  of  same  shell.      x  1\. 

Fig.  28.  Stropheodonta  Jamesoni,  sp.  nov.  Brachial  valve.  x  1|.  Saugh  Hill  Group,  Woodland 

Point.     G.     (Figured,  Davidson,  Suppl.,  pi.  xv,  fig.  25.) 

Fig.  29.  Ditto,  ditto.      xl|,     Same  horizon  and  locality.     G. 

Fig.  30.  Ditto.  Cardinal  region  of  pedicle-valve,  showing  minute  denticulations.  x  3.  Same  horizon 
and  locality.     G. 
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Plate  XVII. 

Fig.  1.  Stropheodohta  Jamesoni,  sp.  nov.  Pedicle-valve.  x  1£.  Saugh  Hill  Group,  Woodland 
Point.     G. 

Fig.  2.  Ditto.     Portion  of  surface  of  shell.      x  3.     Same  horizon  and  locality.     G. 

Fig.  3.  Stropheodonta  (Brachyprion)  Wahnstedti  (Lindstr.).  Cardinal  region  of  pedicle-valve,  x  2. 
Camregan  Group,  Cuddystone  Glen.     G. 

Fig.  4.  Stropheodonta  (Leptostrophia)  filosa  (Sow.),  var.  nov.  mulloehensis.  Pedicle-valve  (most 
of  shell  missing).      X  \\.     Mulloch  Hill  Group,  Mulloch  Hill.     G. 

Fig.  4a.   Ditto.     Portion  of  surface  of  same  specimen.      x  4. 

Fig.  5.   Ditto.     Internal  cast  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  6.  Ditto.     Brachial  valve.      x  2£.     Same  horizon  and  locality.     G. 

Fig.  7.  Ditto,  ditto  (left  half).      x  2£.     Same  horizon  and  locality.     G. 

Fig.  8.  Ditto.     Internal  cast  of  brachial  valve,      x  1|.     Same  horizon,  Craigens.     G. 

Fig.  8a.  Ditto.     Cardinal  region  of  same  specimen.      x  3. 

Fig.  9.  Stropheodonta  (Leptostrophia)  subfilosa,  sp.  nov.  Pedicle-valve.  x  1|.  Stinchar  Limestone 
Group,  Craighead.     G. 

Fig.  10.  Ditto.     Brachial  valve.      xl|.     Same  horizon  and  locality.     G. 

Fig.  11.  Ditto.     Cardinal  areas  of  complete  shell.      x2|.     Same  horizon  and  locality.     G. 

Fig.  12.  Ditto.     Left  half  of  pedicle-valve.      x  3.     Same  horizon  and  locality.     [2929.]     E. 

Fig.  13.  Stropheodonta  (Brachyprion)  columbana,  sp.  nov.  Pedicle-valve.  xl|.  Mulloch  Hill  Group, 
Mulloch  Hill.     G. 

Fig.  14.  Ditto.     Internal  casts  of  both  valves.      x  1|.     Same  horizon,  Plough  Neuk.     G. 

Fig.  15.   Ditto.     Brachial  valve  (from  squeeze).      x  1J.     Same  horizon,  Mulloch  Hill.     G. 

Fig.  16.   Ditto.      Pedicle- valve  (from  squeeze).       xl|.    Same  horizon  and  locality.     G. 

Fig.  17.  Ditto.     Internal  cast  of  pedicle-valve  (median  part.).      x  2.     Same  horizon,  Craigens.     G. 
Fig.  18.  Ditto.     Internal  cast  of  brachial  valve.      x  1^.     Same  horizon  and  locality.     G. 

Fig.  19.  Ditto,  ditto.      x  2.     Same  horizon,  East  Threave  Farm.     B.M. 

Fig.  19a.  Ditto.     Cardinal  region  of  same  specimen.      x  3. 

Fig.  20.  Stropheodonta  (Brachyprion)  sp.  Internal  cast  of  pedicle-valve.  x  1£.  Camregan  Group, 
Camregan  Wood.     G. 

Fig.  20a.  Ditto.     Cardinal  region  of  same  specimen.      x  3. 

Fig.  21.  Stropheodonta  1  Nicholson/,  sp.  nov.  Internal  cast  of  pedicle-valve.  xlj.  Balclatchie 
Group,  Balclatchie.      G. 

Plate  XVIII. 

Fig.  1.  Stropheodonta  1  Nicholsoni,  sp.  ■  nov.  Impression  of  exterior  of  brachial  valve.  x  1|. 
Balclatchie  Group,  Balclatchie.     G. 

Fig.  2.  Ditto.     Impression  of  exterior  of  pedicle-valve  of  same  shell.      xl|,     G. 
Fig.  3.  Ditto.     Impression  of  exterior  of  brachial  valve.      x  \\.     Same  horizon  and  locality.     G. 

Fig.  4.  Ditto.     Internal  cast  of  same  brachial  valve,      x  1^.     G. 

Fig.  5.  Ditto.     Impression  of  exterior  of  brachial  valve.      xl|.     Same  horizon  and  locality.     G. 

Fig.  6.  Ditto.      Internal  cast  of  pedicle-valve.      x  2.     Same  horizon  and  locality.      G. 
Fig.  7.   Ditto.     Internal  cast  of  small  brachial  valve.      xl|,     Same  horizon  and  locality.     G. 

Fig.  8.  Ditto.  Complete  shell,  pedicle-valve.  x  l^.  Same  horizon  (conglom.)  and  locality.  G. 
(Figured,  Davidson,  SuppJ.,  pi.  xv,  fig.  10.) 

Fig.  8a.   Ditto.     Same  specimen,  brachial  valve.      x  1A. 

Fig.  81.  Ditto.     Median  longitudinal  section  of  same  specimen.      x  1A 

Fig.  9.  Stropheodonta  sp.  Pedicle-valve  (broken),  (from  squeeze).  xl|.  Mulloch  Hill  Group, 
Mulloch  Hill.     G. 

Fig.  10.  Ditto.     Internal  cast  of  broken  pedicle-valve.      xl|.     Same  horizon  and  locality.     G. 
Fig.  11.  Strophonella  pmkillensis,  sp.  nov.  Internal  cast  of  brachial  valve.  x  1|.  Camregan  Group, 

Bargany  Pond  Burn.     G. 

i 
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Fig.  12.  Ditto.     Internal  cast  of  pedicle-valve.      x  1|.     Same  horizon  and  locality.     G. 
Fig.  13.  Ditto.  Portion  of  impression  of  surface  of  brachial  valve.  x  2£.  Same  horizon  and 

locality.     G. 

Fig.  14.   Ditto?     Internal  cast  of  brachial  valve.      x  2.     Penkill  Group,  Penkill.     [4104.]     M.P.G. 

Fig.  15.  Strophonella  undata  (M'Coy).  Brachial  valve.'  x  1£.  Starfish  Bed,  Drummuck  Group, 
Thraive  Glen.     G. 

Fig.  16.  Ditto.     Pedicle-valve  of  same  shell,      x  \\.     G. 

Fig.  17.  Ditto.     Internal  cast  of  pedicle-valve.      x  \\.     Same  horizon  and  locality.     G. 
Fig.  18.  Ditto.     Internal  cast  of  brachial  valve.      x  l£.     Same  horizon  and  locality.     G. 

Fig.  19.  Christiania  tenuicincta  (M'Coy),  var.  nov.  bilobata.  Pedicle-valve.  x  1|.  Stinchar  Limestone 
Group,  Craighead.     G. 

Fig.  19a.  Ditto.     Side-view  of  same  specimen.      x  1£. 

Fig.  20.  Strophomena  antiquata  (Sow.),  var.  nov.  woodlavdensis.  Pedicle-valve.  x  1]-.  Saugh  Hill 
Group,  Woodland  Point.     G.     (Figured,  Davidson,  Supp/.,  pi.  xv,  fig.  14.) 

Fig.  21.  Ditto.     Interior  of  pedicle  valve.      x  1^.     Same  horizon  and  locality.     G. 

Plate  XIX. 

Fig.  1.  Strophomena  antiquata  (Sow.),  var.  nov.  woodlandensis.  Brachial  valve.  x  1^.  Saugh  Hill 
Group,  Woodland  Point.     G. 

Fig.  2.  Ditto.     Interior  of  pedicle-valve,      x  1^.     Same  horizon  and  locality.     G. 
Fig.  3.  Ditto.     Internal  cast  of  brachial  valve.      x  1^.     Same  horizon  and  locality.     G. 

Fig  4.  Ditto.     Brachial  valve.      x  1^.     Same  horizon  and  locality.     G. 

Fig.  5.  Ditto,  ditto  (young  shell).      x  1J.     Same  horizon  and  locality.     G. 

Fig.  6.  Strophomena  deficiens,  sp.  nov.  Internal  cast  of  pedicle-valve.  x  1^  Balclatchie  Group, 
Balclatchie.     G. 

Fig.  7.  Ditto.     External  impression  of  same  shell.      x  2. 

Fig.  8.  Ditto.     Portion  of  surface  of  shell,      x  5.     Same  horizon  and  locality.     G. 

Fig.  9.  Ditto.     Internal  cast  of  brachial  valve.      x  1^.     Same  horizon,  Ardmillan.     G. 

Fig.  10.  Ditto?     Brachial  valve,     x  2.     Stinchar  Limestone  Group,  Craighead.     [2940.]     E. 

Fig.  II.  Strophomena  shallochensis  (Dav.).  Pedicle-valve,  x  1A.  Whitehouse  Group,  Shalloch  Mill. 
G.     (Figured,  Davidson,  SuppL,  pi.  xvi,  fig.  8.) 

Fig.  12.  Ditto.     Brachial  valve  of  complete  specimen.     Nat.  size.     Same  horizon  and  locality.     G. 

Fig.  12a.  Ditto.     Posterior  view  of  same  specimen,  showing  cardinal  area  of  pedicle- valve.     Nat.  size. 
Fig.  12?).  Ditto.     Median  longitudinal  section  of  same  specimen.     Nat.  size. 

Fig.  13.  Strophomena  valens,  sp.  nov.  Impression  of  exterior  of  brachial  valve,  x  1£.  Starfish  Bed, 
Drummuck  Group,  Thraive  Glen.     G. 

Fig.  13a.  Ditto.     Portion  of  surface  of  same  specimen.      x  6. 

Internal  cast  of  same  brachial  valve.      x  1|.     G. 

Internal  cast  of  pedicle-valve.      x  1^.     Same  horizon  and  locality.    G. 
Median  cardinal  region  of  internal  cast  of  brachial  valve.      x  2.     Same  horizon  and 

Fig.  17.  Ditto,  ditto       x  2.     Same  horizon  and  locality.     G. 

Fig.  18.  Schuchertella  applanata  (Salt.).  Internal  cast  of  pedicle-valve.  x  2^.  Penkill  Group, 
Penkill.     G. 

Fig.  19.  Ditto.     Pedicle-valve.      x  1£.     Same  horizon  and  locality.     G. 
Fig.  20.  Ditto.     Brachial  valve.      x  2£.     Same  horizon  and  locality.     G. 

Fig.  21.  Schuchertella  1  inexpectata,  sp.  nov.  Interior  of  pedicle-valve.  x2|.  Starfish  Bed, 
Drummuck  Group,  Thraive  Glen.     G. 

Fig.  22.  Ditto.     Counterpart  of  same  specimen.      x  2|.     G. 

Fig.  23.  Schuchertella  pertinax,  sp.  nov.  Interior  of  pedicle-valve,  x  1^.  Saugh  Hill  Group,  Wood- 
land Point.     G. 

Fig. 14. Ditto. 

Fig. 15. Ditto. 
Fig. 16. Ditto. 

locality. 
G. 
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Plate  XX. 

Fig.  1.  Schuchertella  perfinax,  sp.  nov.  Interior  of  brachial  valve.  x  1£.  Saugh  Hill  Group,  Wood- 
land Point.     G. 

Fig.  2.  Ditto.     Pedicle-valve.     Nat.  size.     Same  horizon  and  locality.     G. 
Fig.  2a.  Ditto.     Left  half  of  same  specimen.      x  2. 

Fig.  3.  Ditto.     Interior  of  pedicle-valve.      x  li.     Same  horizon  and  locality.     G. 
Fig.  4.  Triplecia  craigensis,  sp.  nov.  Complete  shell,  brachial  side.  x  2.  Stinchar  Limestone 

Group,  Minuntion.     G.     (Figured,  Davidson,  Suppl.,  pi.  xi,  fig.  23,  as  Rhynch.  balclatchiensis.) 

Fig.  4a.  Ditto.     Anterior  view  of  same  shell.      x  2. 

Fig.  5.  Ditto.     Complete  shell,  brachial  side.      x  2.     Same  horizon  and  locality.     [12968.]     M.P.G. 

Fig.  6.  Triplecial  nucleoirfes,  sp.  nov.  Complete  shell,  brachial  side.  x  1£.  Stinchar  Limestone 

Group,  Craighead.      G. 

Fig.  6a.  Ditto.     Posterior  view  of  same  specimen. 

Fig.  6b.  Ditto.     Anterior  view  of  same  specimen. 

Fig 
Fig 

Point.     
G. 

Fig.  9.  Ditto,  ditto.     Nat.  size, 

fig.  16,  as  Pentamerus  undatus.) 

Fig.  10.  Ditto,  ditto.     Nat.  size.     Same  horizon  and  locality. 

Fig.  10a.  Ditto.     Posterior  view  of  same  specimen.     Nat.  size. 

Fig.  11.  Ditto.     Brachial  valve.     Nat.  size.     Same  horizon  and  locality.     G. 

Fig.  12.  Ditto.     Complete  shell,  pedicle  side.     Nat.  size.     Same  horizon  and  locality.     G. 

Fig.  13.  Ditto.     Complete  shell,  side-view.     Nat.  size..    Same  horizon  and  locality.     G. 
Fig.  14.  Ditto?     Complete  young  shell,  pedicle  side.     Nat.  size.     Same  horizon  and  locality 

Fig.  15.  Ditto.     Internal  cast  of  brachial  valve.     Nat.  size.    Same  horizon  and  locality.     G. 

Outline  side-view  of  complete  shell  (restored). 
internal    cast 

Ditto.     Side-view  of  a  brachial  valve.      x  2J.     Same  horizon  and  locality.     G. 

Triplecia   ivoodlandensis,  sp.  nov.     Pedicle-valve.     Nat.  size.     Saugh   Hill    Group,  Woodland 

Same  horizon  and  locality.     G.     (Figured,  Davidson,  Suppl.,  pi.  ix, 

G. 

Fig.  16.  Dit 

Fig.  17.  Mimulusl    incertus,    Dav.     Pedicle- valve, 
G.     (Figured,  Davidson,  Suppl.,  pi.  viii,  fig.  28.) 

Fig.  18.  Ditto,  ditto.      x  li.     Same  horizon  and  locality.     G. 

Pedicle-valve.      x  li.     Same  horizon  and  locality.     G. 

Side-view     of    umbonal     portion     of     pedicle-valve. 

xlf. 

Penkill    Group,    Penkill. 

Fig. 
19. Ditto. 

Fig. 20. Ditto. 
locality. 

G. 
Fig. 

21. 
Ditto. 

Fig. 

22. 
Ditto. 

x  li       Same     horizon    and 

Complete  shell  from  brachial  side       x  li.     Same  horizon  and  locality.     G. 

Internal  cast  of  pedicle-valve.      x  1L     Same  horizon  and  locality.     [4170.]     M.P.G, 

Fig.  23.  Ditto.     Posterior  view  of  internal  cast  of  pedicle- valve.      xl|.     Same  horizon,  Penwhapplc 
Glen.     G. 

Fig.  24.  Sireptis  Hornei,  sp.  nov.     Pedicle-valve.      x  3.     Saugh  Hill  Group,  Woodland  Point.     G. 
Fig.  24a.   Ditto.      Portion  of  surface  of  same  specimen,      x  6. 

Fig.  25.  Ditto.     Brachial  valve.      x  3.     Same  horizon  and  locality. 

Fig.  26.   Cliftonia    Grayse  (Dav.).      Complete   shell,  pedicle  side.      x  2.     Stinchar  Limestone   Group, 

Craighead.     G.     (Figured,  Davidson,  Suppl.,  pi.  viii,  fig.  32.) 

Fig.  26a.  Ditto.     Same  specimen,  brachial  side.      x  2. 

Fig.  26b.  Ditto.     Portion  of  surface  of  same  specimen.      x  6. 

Fig.  27.  Ditto.     Complete  shell,  pedicle  side,      x  lj.     Same  horizon  and  locality.     G. 

Fig.  27a.  Ditto.     Same  specimen,  brachial  side.      x  1|. 

Fig.  27?;.  Ditto,  ditto.     Anterior  view.      x  1£. 

Fig.  27c.  Ditto,  ditto.     Side-view.      x  1J. 
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Platb  XXI. 

Fig.  1.   Gliftonia  Andersoni,  sp.  nov.     Complete  shell,   brachial  side.     Nat.  size.      Stinchar  Limestone 

Group,  Craighead.     G. 

Fig.  la.  Ditto.     Same  specimen,  pedicle  side.     Nat.  size. ' 
Fig.  lb.  Ditto,  ditto.     Posterior  view.     Nat.  size. 

Fig.  Ic.  Ditto,  ditto.     Anterior  view.     Nat.  size. 

Fig.  Id.  Ditto,  ditto.     Side-view.     Nat.  size. 
Fig.  2.  Ditto.     Posterior  view  of  internal  cast  of  brachial  valve.      x  2.     Balclatchie  Group,  Ardmillan. 

G.     (Figured,  Davidson,  SuppL,  pi.  viii,  fig.  30,  as  Triplecia  spiriferoides.) 

Fig.  3.  Ditto.     Side-view  of  brachial  valve.      x  1|.     Same  horizon  (conglom.),   Balclatchie.     G. 
Fig.  4.  Ditto.     Posterior  view  of  internal  cast  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  5.  Ditto  1   var.     Brachial  valve,      x  1J.     Stinchar  Limestone    Group,   Craighead.     G.     (Figured, 

Davidson,  Suppl.,  pi.  x,  fig.  21,  as  Bhynch.  nasuta.) 

Fig.  6.  Ohonetes   advena,  sp.    nov.     Internal   cast   of   pedicle-valve.      x  3.     Starfish   Bed,  Drummuck 
Group,  Thraive  Glen.     G. 

Fig.  7.   Ditto,  ditto.      x  1\.     Same  horizon  and  locality.     G. 

Fig.  8.  Ditto,  ditto.      x  1\.     Same  horizon  and  locality.     G. 

Fig.  9.  Ditto.     Brachial  valve.      x  2£.     Same  horizon  and  locality.     G. 

Fig.  10.  Ditto.     Impression  of  same  valve.      x  2\.     Same  horizon  and  locality.     G. 

Internal  cast  of  brachial  valve.      x  2|.     Same  horizon  and  locality.     G. 

Clitambonites  ascendens,  Pander.     Internal  cast  of  pedicle-valve  (broken  near  beak  to  show 
Starfish  Bed,  Drummuck  Group,  Thraive  Glen.     G. 

Impression  of  exterior  of  pedicle-valve.      x  1|.    Same  horizon  and  locality.     G. 
Impression  of  exterior  of  brachial  valve  of  same  shell.      X  1  J. 

Outline   side-view    of    internal   cast   of    complete   shell,      x  1|.     Same   horizon   and 

Internal  cast  of  pedicle- valve.      xl|.     Same  horizon  and  locality.     G. 

Pedicle-valve  (from  squeeze  of  external  impression  of  same  shell  as  fig.  16).      x  1£. 
Same  horizon  and  locality.     G. 

Fig.  18.  Ditto.     Internal  cast  of  brachial  valve,      x  1^.     Same  horizon  and  locality.     G. 

Fig.  19.   Clitambonites   complectens   (Wiman),    var.    nov.    albida.      Pedicle-valve.      x  3.      Whitehouse 
Group,  Shalloch  Mill.     G. 

Fig.  19a.  Ditto.     Side-view  of  same  specimen,      x  3. 

Fig.  20.  Ditto.     Pedicle-valve.      x  2.     Same  horizon  and  locality.     [4202.]     M.P.G. 

Fig.  20a.  Ditto.     Outline  side-view  of  same  specimen.      x  2. 

Fig.  21.   Clitambonites  shallochensis  (Dav.).     Pedicle- valve  of  complete  specimen,      x  2.     Whitehouse 
Group,  Shalloch  Mill.     G.     (Figured,  Davidson,  SuppL,  pi.  xi,  fig.  6.) 

Fig.  21a.  Ditto.     Brachial  valve  of  same  shell,      x  2. 

Fig.  22.  Ditto.     Pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  22a.  Ditto.     Side-view  of  same  specimen,      x  3. 

Fig.  23.  Ditto.     Pedicle-valve.      x  1£.     Same  horizon  and  locality.     G. 
Fig.  23a.  Ditto.     Posterior  view  of  same  specimen,      x  1£. 

Fig.  236.  Ditto.       Outline  side-view  of  same.      x  1|. 

Fig.  24.  Hemipronites  carrickensis,  sp.  nov.     Pedicle-valve,      x  l\.     Stinchar  Limestone  Group,  Craig- 
head.    G. 

Fig.  25.   Ditto.     Brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  26.  Ditto.     Side-view  of  pedicle-valve,      x  1|.     Same  horizon  and  locality.     G. 
Fig.  27.  Hemipronites  Thomsoni,  sp.  nov.     Complete  shell,  pedicle  side,      x  1^.     Stinchar  Limestone 

Group,  Craighead.     G. 

Fig.  27a.  Ditto.     Same  specimen,  brachial  side.      x  l\. 

Fig.  '27b.  Ditto.     Outline  side-view  of  same  specimen.      x  l\. 

Fig.  11. Ditto. 

Fig.  12. Clitam 

spondylium). 
xll Fig.  13. Ditto. 

Fig.  14. 
Ditto. 

Fig.  15. Ditto. 

locality.     G. 

Fig.  16. Ditto. 

Fig.  17. Ditto. 
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Fig.  28.  Ditto.  Complete  shell,  brachial  side.  Nat.  size.  Same  horizon  and  locality.  G.  (Figured, 

Davidson,  SuppL,  pi.  xiv,  fig.  18,  as  Orthis  turgida.) 

Fig.  28a.  Ditto.     Portion  of  surface  of  same  specimen.      x  2\. 

Fig.  29.  Hemipronites  Thomsoni,  var.  inconstans.  Complete  shell  (brachial  side),  surface  abraded. 

xl|,     Stinchar  Limestone  Group,  Craighead.     G. 

Fig.  29a.   Ditto.      Outline  anterior  view  of  same  specimen.      xl^. 

Fig.  30.  Ditto.     Pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  31.  Ditto.     Side-view  of  complete  shell.      x  2.     Same  horizon  and  locality.     G. 

Fig.  32.  Scenidium  Greenoughi,  sp.  nov.     Pedicle-valve.      x  2.     Whitehouse  Group,  Shalloch  Mill.     G. 
Fig.  33.   Ditto.     Brachial  valve.      x  2.     Same  horizon  and  locality.      G. 

Fig.  34.  Ditto.     Side-view  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 

Plate  XXII. 

Fig.  1.  Scenidium  Lewisi,  Dav.,  var.  nov.  asteroidea.  Impression  of  exterior  of  brachial  valve.  x  3. 

Starfish  Bed,  Drummuck  Group  Thraive  Glen.     G. 

Fig.  2.  Ditto.     Internal  cast  of  pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 
Fig.  3.  Ditto.     Internal  cast  of  complete  shell,  brachial  side.      x  3.   Same  horizon  and  locality.     G. 

Fig.  4.  Scenidium  Lewisi,  Dav.,  var.  nov.   craigensis.    Complete  shell,   brachial  side.      x  2.     Stinchar 

Limestone  Group,  Craighead.     G. 

Fig.  5.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  6.  Ditto.      Side-view  of  complete  shell,      x  1\.     Same  horizon  and  locality.     G. 

Fig.  7.  Ditto.     Pedicle-valve.      x  1\.     Same  horizon  and  locality.     G. 
Fig.  8.  Ditto.     Internal  cast  of  brachial  valve.      x  4.     Same  horizon  and  locality.      G. 

Fig.  9.  Ditto.     Internal  cast  of  complete  shell,  pedicle  side.      x  3.     Balclatchie  Group,  Balclatchie.  G. 

Fig.  10.   Porambonites  acutiplicata,  sp.  nov.     Complete  shell,  pedicle  side.     G.      x  1£.     Stinchar  Lime- 
stone Group,  Craighead.      G. 

Fig.  10a.  Ditto.     Same  specimen.     Brachial  side,      x  1L 

Fig.  10b.  Ditto.     Same  specimen,  side-view.      x  1J. 
Fig.  10c.   Ditto.     Same  specimen,  anterior  view.      x  1L 

Fig.  11.  Ditto.     Portion  of  surface  of  shell.      x  6.     Same  horizon  and  locality.     G. 

Fig.  12.   Camarella  baklatchiensis  (Dav.).     Complete  shell,  pedicle- valve.      xl|.     Stinchar  Limestone 
Group,  Craighead.     G.     (Figured,  Davidson,  SuppL,  pi.  x,  fig.  15.) 

Fig.  12a.  Ditto.     Same  specimen,  brachial  side.      xl|. 

Same  specimen,  side-view.      x  1£. 

Complete  shell,  pedicle  side.      xl|.     Same  horizon  and  locality.     G. 

Same  specimen,  brachial  side.      x  1£. 

Same  specimen,  side-view.      x  1J. 
Anterior  view  of  complete  shell.      xl|.     Same  horizon  and  locality.     G. 

Complete  shell  (swollen  variety)  brachial  side.      xl|.    Same  horizon  and  locality.    G. 

Fig.  15a.  Ditto.  Anterior  view  of  same  specimen.      x  1^. 

Fig.  16.  Camarella  balclatchiensis  (Dav.),   var.     Pedicle-valve.      x  1^.      Balclatchie  Group  (congloin.), 
Balclatchie.     C.     (Figured,  Davidson,  Suppl.  pi.  x,  fig.  16.) 

fl.17       Q.7Z-7£f       Fig.  17.  Ditto,  ditto.      xl|.     Same  horizon  and  locality.     G. 

$  Si.      £.7.2 7<t         Fig.  18.  Ditto.      Brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  19.  Gamarellal  Conybearei,  sp.  nov.  Pedicle-valve.  x  4.  Balclatchie  Group  (conglom.), 
Balclatchie.     G. 

Fig.  20.  Ditto.     Brachial  valve.      x  4.     Same  horizon  and  locality.     G. 

Fig.  21.  Ditto.     Pedicle-valve.      x  4.     Same  horizon  and  locality.     G. 
Fig.  22.  Ditto.     Brachial  valve.      x  4.     Same  horizon  and  locality.     G. 

Fig.  23.  Ditto.     Pedicle-valve,      x  2|.     Stinchar  Limestone  Group,  Craighead.     G. 
Fig.  24.  Ditto.     Brachial  valve.      x  2£.     Same  horizon  and  locality.     G. 

>• 
Fig.  12fc.  Ditto. 

a,M,  <3,7i"?£i 
Fig.  13.  Ditto. ,, 
Fig.  13a.  Ditto. 

,, 

Fig.  YSb.  Ditto. 
fi-H.     6  72.771 Fig.  14.  Ditto. 

Fig.  15.  Ditto. 
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Fig.  25.   Camarella  1   cuneatella    (Dav.).      Complete    shell,    brachial    side.      x  3.      Balclatchie    Group 

(conglom.),  Balclatchie.     G.     (Figured,  Davidson,  Suppl.,  pi.  x,  fig.  11.) 

Fig.  25a.  Ditto.     Side-view  of  same  specimen.      x  3. 
Fig.  26.  Ditto.     Brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  27.   Camarella  Peachi  (Dav.).     Complete  shell,  brachial  side.      x  \\.     Stinchar  Limestone  Group, 

Craighead.     G.     (Figured,  Davidson,  Suppl.,  pi.  xi,  fig.  25.) 

Fig.  27a.  Ditto.     Side-view  of  same  specimen.      x\\. 
Fig.  28.  Ditto.     Complete  shell,  pedicle  side.      xl|.     Same  horizon  and  locality.     G.  , 

Fig.  28a.  Ditto.     Anterior  view  of  same  specimen.      x  1^. 

Fig.  29.   Camarella    Thomsoni   (Dav.).      Complete  shell,  brachial   side.      x  1-3,-.      Stinchar   Limestone 
Group,  Craighead.     G. 

Fig.  29a.  Ditto.     Anterior  view  of  same  specimen.      x  1|. 

Fig.  296.  Ditto.     Outline  side-view  of  same  specimen.      x  1^. 

Fig.  30.  Ditto.     Complete  shell,  pedicle-valve.      x  1J.     Same  horizon  and  locality.     G. 
Fig.  31.  Ditto,  ditto.      xl|.     Same  horizon  and  locality.     G. 

Fig.  32.  Ditto.     Complete  shell,  brachial  side.      x  \h-     Same  horizon  and  locality.     G. 
Fig.  33.  Parastwphia  emerita,  sp.  nov.     Internal  cast  of  brachial  valve.      x  2.     Stinchar  Limestone 

Group,  Craighead.     G. 

Fig.  34.  Ditto  1  var.     Internal  cast  of  brachial  valve.      x  2.     Balclatchie  Group,  Dow  Hill.     G. 

Fig.  35.  Parastrophia  rotunda  (Sow.).     Internal  cast  of   brachial  valve.     Nat.  size.     Penkill  Group, 
Penkill.     G. 

Fig.  36.  Ditto,  ditto.     Nat.  size.     Same  horizon  and  locality.     G. 

Fig.  37.  Ditto,  ditto.      Nat.  size.     Same  horizon,  Penwhapple  Glen.     [L.  84.]     H.G. 

Fig.  38.  Ditto,  ditto.      x  1^.     Same  horizon,  Penkill.     G.     (Figured,  Davidson,  Suppl.,  pi.  ix,  fig.  9.) 

Fig.  38a.  Ditto.     Posterior  view  of  same  internal  cast  of  complete  shell.      x  1£. 

Fig.  39.  Ditto.     Internal  cast  of  pedicle- valve.     Nat.  size.     Same  horizon  and  locality.     G. 

Fig.  40.  Ditto.    Internal  cast  of  umbonal  region  of  pedicle-valve,      x  l£.    Same  horizon  and  locality.    G. 

Fig.  41..  Ditto.     Internal  cast  of  muscle-scars  of  pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  42.  Parastrophia^.    Salteri    (Dav.).     Brachial?     valve.        x  2.       "  Caradoc,"    Penwhapple    Glen. 
[11968.]     M.P.G.     (Figured,  Davidson,  vol.  iii,  pi.  xxiv,  fig.  19.) 

Fig.  43.  Parastrophia   scotica    (Dav.).     Complete    shell,    brachial   side.      x  l-£.      Stinchar    Limestone 
Group,  Craighead.     G.     (Figured,  Davidson,  Suppl.,  pi.  xi,  fig.   26.) 

Fig.  43a.  Ditto.     Anterior  view  of  same  specimen.      x  1£. 

Fig.  44.  Parastrophia  thraivensis,  sp.  nov.    Internal  cast  of  pedicle-valve,     x  2.    Starfish  Bed,  Drummuck 
Group,  Thraive  Glen.     G. 

Fig.  45.  Ditto,  ditto.      x  2.     Same  horizon  and  locality. 

Fig.  46.  Parastrophia    Youngi,  sp.  nov.     Complete   shell,  anterior  view.      x  1|.     Stinchar  Limestone 
Group,  Craighead.     G. 

Fig.  46a.  Ditto.     Side-view  of  same  specimen.       x  1£. 
Fig.  47.  Ditto.       Internal     cast     of     complete     shell,     pedicle    side.        x  1|.       Balclatchie     Group, 

Balclatchie.     G. 

Fig.  47a.  Ditto,  ditto.     Same  specimen,  brachial  side.      x  1|. 

Fig.  ilb.  Ditto,  ditto.     Same  specimen,  anterior  view.      x  \\. 

Fig.  48.  Stricklandinia  lens  (Sow.),  var.     Internal  cast  of  brachial  valve.      xl|,     Saugh  Hill  Group, 
Newlands.     G. 

Plate  XXIII. 

Fig.  1.  Stricklandinia    lirata  (Sow.),  var.    nov.  scotica.       Brachial   valve.      Nat.    size.      Saugh   Hill 
Group,  Woodland  Point.     G. 

Fig.  2.  Ditto.     Posterior  view  of  complete  shell.     Nat.  size.     Same  horizon  and  locality.     G. 

Fig.  3.  Ditto.     Umbonal  region  of  complete  shell.     Nat.  size.     Same  horizon  and  locality.     (Figured, 
Davidson,  Suppl.,  pi.  ix,  fig.  2.) 
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Fig.  4.  Ditto.     Striated  inner  surface  of  shell.      x  2.     Same  horizon  and  locality. 

Fig.  5.  StricMandinia   mullochensin,  sp.  now      Internal  cast  of  brachial  valve.      Nat.  size.     Mulloch 

Hill  Group,  Mulloch  Hill.     G. 

Fig.  6.  Ditto.     Brachial  valve.      x  1L     Same  horizon  and  locality.     G.' 
Fig.   7.   Ditto.     Pedicle-valve.      x  1L     Same  horizon  and  locality.     G. 

Fig.  8.  Ditto.    Internal  cast  of  imperfect 'brachial  valve,      xlj.     Same  horizon  and  locality.     G. 
Fig.  9.  Pentamerus  (BarrandeUa)  undatus  (Sow.),  var.   nov.  penkillensis.       Internal  cast  of   pedicle- 

valve,      x  1L     Penkill  Group,  Penwhapple  Glen.     G.  - 

Fig.   10.  Ditto.     Anterior  view  of  pedicle-valve.      x  1£.     Camregan  Group,  Bargany  Pond  Bum.     G. 

Fig.   10a.   Ditto.     Outline  side-view  of  same  specimen,      x  1J. 

Fig.   11.  Ditto.     Anterior  view  of  pedicle-valve.      x  1£.     Same  horizon  and  locality.     G. 

Fig.   12.  Ditto.     Internal  cist   of   pedicle-valve    (sinus    nearly    obsolete).      x  1|.     Same   horizon  and 
locality.     G. 

Fig.   13.   Ditto?     Internal  cast  of  brachial  valve.      xlj.     Same  horizon  and  locality.     G. 

Fig.   14.   Metacamarella   balclatchiensis   (Dav.).      Internal   cast   of   pedicle-valve.      x  1|.      Balclatchie 
Group  (conglom.),  Balclatchie.     G.     (Figured,  Davidson,  Suppl.,  pi.  ix,  fig.  27.) 

C.h.Q    t+6ot~7,      P'g-  15-  Ditto.     Brachial  valve.      x  1|.     Same  horizon  and  locality.     G.     (Figured,  ibid.,  pi.  ix,  fig.  28.) 
Fig.   16.  Ditto.     Front  view  of  beak  of  pedicle-valve.      xl{.     Same  horizon  and  locality.     G.    (Figured, 

ibid.,  pi.  ix,  fig.  29.) 

Fig.   16a.  Ditto.     Side-view  of  same  specimen.      x  1^. 

Fig.   17.  Ditto.      Brachial  valve.      x  1-k     Same  horizon  and  locality.     G. 

"  Fig.   17a.  Ditto.     Side-view  of  same  specimen.      x  14_. 
Fig.   18.   Ditto.     Internal  cast  of  brachial  valve.      xl|.     Same  horizon  and  locality.     G. 

Fig.   19.  Eichwaldia  personalis,  sp.  nov.     Complete   shell,   brachial   side.      x  1^.     Saugh  Hill  Group, 
Woodland  Point.     S.M. 

Fig.   19a.  Ditto.     Same  specimen,  pedicle  side.      xlj. 

Fig.   19fr.  Ditto.     Same  specimen,  side-view.      x  1^. 
Fig.   19c.  Ditto.     Portion  of  shell.      x  10. 

Fig.  20.  Protorhyncha  nasuta  (M'Coy).    Complete  shell,  pedicle-valve.     Nat.  size.     Stinchar  Limestone 

Group,  Craighead.     [445.]     S.M.     (Figured,  M'Coy,  Syn.  Pal.  Foss.  pi.  i  l,  fig.  5.) 
Fig.   20a.  Ditto.     Same  specimen,  brachial  valve.     Nat.  size. 

Fig.  20b.  Ditto.     Same  specimen,  side-view.     Nat.  size. 
Fig.   20c.  Ditto.     Same  specimen,  anterior  view.     Nat.  size. 

Fig.  21.  Ditto.     Pedicle-valve.      x  1|.     Same  horizon  and  locality.     G. 
Fig.  21a.  Ditto.     Same  specimen,  beak  and  delthyrium.      x  1^. 

Fig.  22.  Ditto.     Pedicle-valve.      x  1^.     Same  horizon  and  locality.     G. 

Fig.  23.  Ditto  1     Brachial  valve  of  complete  shell.      x  li.     Same  horizon  and  locality.     G. 
Fig.  24.   Protorhyncha  sp.       Brachial  valve.      x  1|.     Same  horizon  and  locality.     G. 

Fig.  25.  Ditto.     Pedicle-valve.      xl|.     Same  horizon  and  locality.     G. 

Fig.  26.   Orthorhynchula    sub-borealis    (Dav.).       Complete    shell,    brachial    side.        x  1£.       Stinchar 
Limestone  Group,  Craighead.     G.     (Figured,  Davidson,  Suppl.,  pi.  x,  fig.  5.) 

Fig.  26a.  Ditto.     Same  specimen,  pedicle  side.      x  lj. 

Fig.  26/;.  Ditto.     Same  specimen,  side-view.      x  1J. 
Fig.  27.   Ditto.     Complete  shell,  brachial    side.      x  \h      Same  horizon  and  locality.      G.     (Figured, 

Davidson,  Suppl.,  pi.  x,  fig.  6.) 

Fig.   28.     Rhynchotrema    Lapivorthi     (Dav.).       Complete    shell,    brachial     side.        x  1£.       Stinchai 

Limestone  Group,  Craighead.     G.     (Figured,  Davidson,  Suppl.,  pi.  x,  fig.  7.) 

Fig.  28a.  Ditto.     Same  specimen,  anterior  view.      x  1|. 

Fig.  29.  Ditto.     Brachial  valve.      x  1|.     Same  horizon  and  locality.     G. 

Fig.  30.  Ditto.     Complete  shell,  pedicle-valve.      X  1^.     Same  horizon  and  locality.     G. 

Fig.   31.   Ditto,  ditto.      x  11.     Same  horizon  and  locality.     G. 
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Fig.  1.  Rltynchotrtma  shallochense  (Dav.).     Complete  shell,  brachial  valve.      x  2.     Whitehouse  Group, 

Shalloch  Mill.     G.     (Figured,  Davidson,  Suppl,  pi.  x,  fig.  19.) 

Fig.  2.  Ditto,  ditto.     Pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 
Fig.  3.  Rhynchotremal   gircanense    (Dav.).      Brachial    valve.       x  2.       Balclatchie    Group    (conglom.), 

Balclatchie.     G.     (Figured,  Davidson,  Suppl.,  pi.  x,  fig.  26.) 
Fig.  4.  Ditto,  ditto.      x  2.     Same  horizon  and  locality.     G. 

Fig.  5.  Ditto.     Pedicle-valve.      x  2.     Same  horizon  and  locality.     G. 
Fig.  6.  Ditto,  var.     Brachial  valve.     Same  horizon  and  locality.     G.     (Marked  as  figured,  Davidson, 

Suppl,  pi.  x,  fig.  30,  Rhynch.  nucula  var.  ?) 

Fig.  7.  Rhynchotrema    sp.       Pedicle- valve,    internal     cast.        x  lj.       Balclatchie     Group    (conglom.), 
Balclatchie.     G. 

Fig.  8.  Rlujnchotreta   urdutillancnsis   (Dav.    MS.).     Internal   cast   of  pedicle-valve,      x  2.     Balclatchie 
Group,  Ardmillan.     G. 

Fig.  9.  Ditto.     Internal  cast  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  10.   Ditto,  ditto.       x  2.     Same  horizon  and  locality.     G. 

Fig.  11.  Ditto.     Internal  cast  of  pedicle-valve.      x  3.     Same  horizon  and  locality.     G.  ♦ 
Fig.  12.  Ditto.     Internal  cast  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  13.  Ditto,  ditto,      x  2.     Same  horizon  and  locality.     G. 

Fig.  13«.   Ditto,  ditto.     Side-view  of  same  specimen.       x  2. 
Fig.  14.  Ditto.     Same  brachial  valve,  from  squeeze  of  external  impression.      x  2.     G. 

Fig.  15.  Ditto.     Internal  cast  of  brachial  valve.      x  2.     Same  horizon  and  locality.     G. 

Fig.  16.  Ditto.     Outline  side-view  of  complete  shell.      x  2.     Same  horizon,  Dow  Hill.     G. 

Fig.  17.  Ditto,   var.     Complete  shell,   brachial   side.      x  H-.     Stinchar  Limestone   Group,    Craighead. 
G.     (Figured,  Davidson,  Suj>pl.,  pi.  x,  fig.  9,  as  Rhynch.  cuneata.) 

Fig.  18    Rlujnchotreta  cuneata  (Dalm.),  var.     Internal  cast  of   brachial    valve,      x  1-|.     Mulloch  Hill 
Group,  Mulloch  Hill  high  road.     G. 

Fig.  19.   Camarotaicliia  llandovei-iana  (Da.v.),\&v.  nov.  diversiplicata.     Brachial  valve.      xl|.     Camregan 
Group,  Camregan  Wood.     G. 

Same  horizon  and  locality.     G. 

Same  horizon  and  locality.     G. 

Same  horizon  and  locality.     G. 

Fig.  23.   Camarotaechia  sp.     Internal  cast  of  brachial  valve,     x  2.    Camregan  Group,  Camregan  Wood.    G. 

Fig.  24.  Zy/ospira  orbis,  sp.  nov.     Complete   shell,  pedicle  side.      x  2.     Stinchar  Limestone    Group, 
Craighead.     G. 

Fig.  24a.  Ditto.     Same  specimen,  brachial  side.      x  2. 

Fig.  2ib.  Ditto.     Same  specimen,  outline  side-view.      x  2. 
Fig.  25.  Ditto.     Complete  shell,  .brachial  side.      x  2.     Same  horizon  and  locality.     G. 

Fig.  26.  Ditto?     Internal  cast  of  brachial  valve.      x  2.     Balclatchie  Group,  Ardmillan.     G. 

Fig.  27.  Ditto?  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  28.  Zygospiral    sp.     Internal    cast   of    pedicle- valve.      x  2.     Starfish    Bed,    Drummuck    Group, 
Thraive  Glen.     G. 

Fig.  29.   Ditto.     Same  pedicle-valve  (from  squeeze  of  external  impression).      x  2.     G. 
£  Fig.  30.  Protuzyga  carrickensis,  sp.  nov.     Complete  shell,  brachial  side.      x  \\.     Stinchar  Limestone 

Group,  Craighead.     G. 

Fig.  30rt.  Ditto.     Same  specimen,  pedicle  side,      x  1£. 

Fig.  30/>.  Ditto.     Same  specimen,  anterior  view.       x  1£. 

Fig.  30c.  Ditto.     Same  specimen,  outline  side-view.      xl|. 
Fig.  31.  Ditto.      Complete  shell,  brachial  side.      x  1^.     Same  horizon  and  locality.     G. 

Fig.  32.   Olintonelhi  cf.  vagabunda  (Hall  and  Clarke).     Internal  cast  of  brachial  valve.      x  5.     Saugh 
Hill  Group,  Newlands.     G. 

Fig. 20. Ditto. Pedicle- valve. xH. 
Fig. 21. Ditto. Brachial  valve. 

xl£. 

Fig. 22. Ditto. Pedicle-valve. xli. 
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Fig.  33.  Dayia  cymbula  (Dav.),  var.  nov.  girvanensis.  Internal  cast  of  complete  shell,  brachial  side, 

x  2.     Starfish  Bed,  Drummuck  Group,  Thraive  Glen.     G. 

Fig.  33a.  Ditto.     Same  specimen,  pedicle  side.      x  2. 

Fig.  33/>.  Ditto,  ditto.     Posterior  view.      x  2. 

Fig.  34.  Ditto.  Complete  shell  from  brachial  side.  x  2.  Drummuck  Group,  Drummuck.  G. 

(Figured,  Davidson,  Suppl.,  pi.  viii,  fig.  6.) 

Fig.  35.  Ditto.    Internal  cast  of  umbonal  region  of  brachial  valve,      x  2.     Same  horizon  and  locality.    G. 

Fig.  36.  Dayia  sp.     Internal  cast  of  pedicle-valve.      x  3.     Camregan  Group,  Bargany  Pond  Burn. 

Fig.  37.  Cyclospiral  diversa,  sp.  nov.  Internal  cast  of  brachial  valve.  x  3.  Balclatchie  Group, 
Ardmillan.     G. 

Fig.  38.   Ditto.     Internal  cast  of  pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 
Fig.  39.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  40.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  41.  Ditto.     Internal  cast  of  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  42.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  43.   Ditto?  (broad  variety).     Pedicle-valve.      x  3.     Same  horizon,  Balclatchie.     G. 

Fig.  44.  Rliynchospira  (Homwospira)  Bouchardi  (Dav.),  var.  nov.  midlochensis.  Internal  cast  of  complete 
shell,  brachial  side.      x  3.     Mulloch  Hill  Group,  Mulloch  Hill.     G. 

Fig.  45.  Ditto.     Internal  cast  of  imperfect  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  46.  Ditto.     Internal  cast  of  imperfect  pedicle-valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  47.  Mhynchospira  (Homneospira)  camretjunensis,  sp.  nov.  Internal  cast  of  pedicle-valve,  x  3. 
Camregan  Group,  Camregan  Wood.     G. 

Fig.  48.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  49.  Ditto.     Internal  cast  of  brachial  valve.      x  3.     Same  horizon  and  locality.     G. 

Fig.  50.  Whitfieldella  angustifrons  (M'Coy).  Internal  cast  of  umbonal  region  of  complete  shell  from 
brachial  side,      x  2.     Mulloch  Hill  Group,  Mulloch  Hill.     S.M. 

Fig.  51.  Whitfieldella  iiitida  (Hall),  var. '?  Complete  shell,  brachial  side.  xl^.  Mulloch  Hill  Group, 
Mulloch  Hill.     G. 

Fig.  51a.  Ditto.     Outline  side-view  of  same  specimen.      x  1^. 
Fig.  52.  Whitfieldella  1  sp.  Internal  cast  of  brachial  valve.  x  2.  Starfish  Bed,  Drummuck  Group, 

Thraive  Glen.     G. 

Fig.  53.  Meristella  cf.  Circe,  Barr.  Internal  cast  of  pedicle-valve.  x  3.  Mulloch  Hill  Group, 
Mulloch  Hill.     G. 

Fig.  54.  Ditto,  ditto.      x  3.     Same  horizon  and  locality.     G. 

Fig.  55.  Meristella'':  sp.  Internal  cast  of  pedicle-valve.  x  3.  Starfish  Bed,  Drummuck  Group, 
Thraive  Glen.     G. 

Fig.  56.  Coelospira  scotica  (M'Coy),  var.  Internal  cast  of  brachial  valve.  x  2.  Saugh  Hill  Group) 
Newlands.     G. 

Fig.  57.  Ditto.     Impression  of  exterior  of  brachial  valve.      x  1£.     Same  horizon  and  locality.     G 

Fig.  58.  Ditto.     Internal  cast  of  pedicle-valve.      x  1^.     Same  horizon  and  locality.     G 

Notb. — Owing  to  the  disastrous  fire  at  the  printing  works,  which  destroyed  most  of  the  corrected  proofs 
and  some  of  the  MS.  of  this  Memoir,  much  delay  has  been  caused  in  its  publication,  and  it  has  been  difficult 

to  replace  all  that  was  lost,  since  few  duplicate  notes  had  been  kept. 
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XX VII.— The  Forest  of  Wyre  and  the  Titterstone  Clee  Hill  Coal  Fields. 

Introduction.     By  Dr  R.  Kidston,  F.R.S. 

Part  I :  The  Geology  of  the  Forest  of  Wyre  Coal  Field.      By  T.  C.   Cantrill,  B.Sc., 

F.G.S.—  The   Fossil    Plants    of  the  Forest  of  Wyre    Coal    Field.      By  Dr    R. 
Kidston. 

Part  II :   The  Geology  of  the  Titterstone  Clee  Hill  Coal  Field.     By  E.  E.  L.  Dixon, 

B.Sc.,  F.G.S.— The  Fossil  Plants  of  the  Titterstone  Clee  Hill  Coal  Field.     By 
Dr  R.  Kidston. 

With  an  Appendix  on  The  Fossil  Plants  collected  from  the  Core  of  the  Claverley 

Trial  Boring.     By  Dr  R.  Kidston. 

(With  Five  Plates  and  Six  Text-figures.) 

(Read  June  28,  1915.     MS.  received  January  24,  1916.     Issued  separately  March  9,  1917.) 

INTRODUCTION. 

The  investigations  recorded  in  this  communication  were  begun  some  years  ago, 

and  arose  chiefly  as  the  result  of  two  papers  published  on  the  Geology  of  the  Forest 

of  Wyre  by  Mr  T.  C.  Cantrill,  B.Sc* 
In  the  latter  paper  Mr  Cantrill,  after  carefully  summarising  all  the  available  data 

respecting  the  age  of  the  so-called  "Permian"  of  the  Forest  of  Wyre  (  =  Enville), 
arrives  at  the  following  conclusions  : — 

I.  That  these  "  Permian "  rocks  are  of  the  same  age  as  those  at  Hamstead  in 
South  Staffordshire. 

II.  That  the  Hamstead  red  rocks  were  shown  by  their  flora  to  be  Upper  Coal 
Measures. 

He  therefore  concludes  that  "  the  evidence  of  the  fossil  flora  and  the  Spirorbis- 
limestones  and  coal-seams  in  South  Staffordshire,  together  with  that  of  the 

»S/nVor&ts-limestoiie  and  coals  in  the  Wyre  Forest  district,  leads  us  to  regard 

the  associated  red  rocks  as  Upper  Coal  Measures.  .  .  ."  t 

In  his  paper  entitled  "  A  Contribution  to  the  Geology  of  the  Wyre  Forest  Coal- 

field, etc.,"  he  further  says  on  p.  16:  "The  Wyre  Forest  Coalfield  contains  two 
sets  of  Coal  Measures — 

"  A  younger  [grey]  group,  probably  of  Upper  Coal  Measure  age. 

"  An  older  [grey]  group,  probably  of  Middle  Coal  Measure  age." 

*  "A  Contribution  to  the  Geology  of  the  Wyre  Forest  Coalfield,  and  of  the  Surrounding  District,"  8vo,  Kidder- 
minster, 1895  ;  "On  the  Occurrence  of  S/nVorfo's-Limestone  and  Thin  Coals  in  the  so-called  Permian  Rocks  of  Wyre 

Forest ;  with  Considerations  as  to  the  Systematic  Position  of  the  '  Permians '  of  Salopian  Type,"  Quart.  Journ.  Geo!, 
Soc,  vol.  li,  p.  528,  1895. 

t  Quart.  Journ.  Geol.  Soc,  vol.  li,  p.  547. 
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On  p.  19  of  the  same  paper,  under  the  heading  of  "Upper  Coal  Measures,"  he 
further  states  : — 

"  These  form  almost  the  whole  surface  of  the  coalfield  except  the  districts  indi- 
cated. They  consist  of  yellow,  buff,  and  orange  sandstones,  shales  and  marls,  of 

great  similarity  to  the  upper  parts  of  the  Halesowen  Sandstones  of  South  Stafford- 
shire. They  contain  many  thin  pyritous  coals  and  several  poor  ironstones.  The  two 

most  important  and  constant  coals  are  the  Brock  Hall  seam  and  the  Main  Sulphur 

seam,  between  which  lies  the  Spirorbis  Limestone." 
Since  these  remarks  were  written,  now  twenty  years  ago,  much  has  been  done  to 

elucidate  the  geology  of  these  so-called  "  Upper  Coal  Measures."  When  writing  my 

paper  on  the  Fossil  Flora  of  the  Potteries  Coal  Field  in  1891,  I  referred  all  the  "  Red 

Measures  "  which  lay  above  the  Spirorbis  limestone  that  occurs  12  yards  above  the 
Bassey  Mine  ironstone  to  the  Upper  Coal  Measures,*  and  these,  I  understand,  are  the 

same  series  of  rocks  to  which  Mr  Cantrill  referred  his  "  Upper  Coal  Measures"  of 
the  Wyre  Forest. 

It  was  only  through  subsequent  study  of  the  fossil  plants  of  these  so-called 
Upper  Coal  Measures  that  it  was  seen  that  much  of  this  series  of  rocks  must  be 

regarded  as  passage-beds  between  the  true  Upper  Coal  Measures  ( =  Radstockian 

Series)  and  the  Middle  Coal  Measures  (  =  Westphalian  Series),  and  for  these  the  name 
of  Transition  Series  was  proposed.!  The  lowest  of  the  beds  that  were  classed  by 

the  Geological  Survey  as  Permian,  and  referred  by  Mr  Cantrill  to  the  Upper  Coal 

Measures,  have  now  been  identified  with  the  Keele  Group,  and  belong  to  the  true 

Upper  Coal  Measures  or  Radstockian  Series.]. 

When  the  name  "  Transition  Series "  was  proposed  for  these  passage-beds,  the 
occurrence  of  this  series  in  the  Potteries  Coal  Field  was  pointed  out ;  but  up  till  that 

time  they  had  yielded  very  few  fossil  plants,  and  in  the  absence  of  this  guidance  I 

failed  to  discover  the  important  place  they  held  in  North  Staffordshire,  and  selected 

as  my  type  areas  for  the  Transition  Series  the  Lower  Pennant  Rocks  of  the 

South  Wales  Coal  Field  and  the  New  Rock  and  Vobster  Groups  of  the  Somerset 
Coal  Field. 

It  is,  however,  to  Dr  Walcot  Gibson  §  that  we  are  indebted  for  our  intimate 

knowledge  of  the  Transition  Series  as  developed  in  North  Staffordshire,  and  of  the 

three  groups  of  which  it  is  composed.     These  are,  in  descending  order  : — 

I.  Newcastle-under-Lyme  Group. 
II.  Etruria  Marl  Group. 

III.  Black  Band  Group. 

*  Trans.  Hoy.  Soc.  Edin.,  vol.  xxxrvi,  p.  63,  1891.     See  especially  pp.  65  and  68. 
t  l'foc.  Roy.  Phys.  Soc.  Edin.,  vol.  xii,  p.  228,  1894. 
t  See  Quart.  Journ.  Geol.  Soc,  vol.  lxi,  1905,  p.  320. 
§  Memoirs  of  the  Geological  Survey  of  England  and  Wales:  The  Geology  of  the  North  Staffordshire  Coalfields, 

1905,  p.  51. 
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The  overlying  Keele  Group,  as  already  mentioned,  I  refer  to  the  true  Upper  Coal 

Measures  ( =  Radstockian  Series),  of  which  it  is  the  basal  part. 
At  a  later  date,  the  name  Staffordian  Series  was  substituted  for  the  earlier  term 

"Transition  Series"  which  had  been  applied  to  these  rocks.*  This  alteration  in 
nomenclature  was  suggested  chiefly  from  two  considerations  :  firstly,  that  the  term 

"Transition  Formation"  had  been  used  for  rocks  of  Lower  Carboniferous  or  Culm 
age,  and,  though  in  that  sense  the  term  seems  to  be  now  out  of  use,  its  employment 

might  lead  to  confusion  ;  f  and  secondly,  as  the  series  is  so  well  represented  in 

Staffordshire,  and  has  been  so  fully  described  in  the  northern  portion  of  that  county 

by  Dr  Gibson,  it  was  more  appropriate  to  name  it  after  the  area  where  it  had  been 

most  fully  worked  out  and  could  be  best  studied. 

It  was  with  these  rocks,  then,  which  we  now  call  Staffordian  Series,  that  Cantrill 

correlated  the  rocks  he  described  in  the  Forest  of  Wyre  under  the  name  of  "  Upper 

Coal  Measures."  This  correlation  holds  good  to-day,  if  we  remember  that  the  Keele 
Group,  also  present  in  the  Wyre  Forest,  is  retained  in  the  Upper  Coal  Measures. 

It  will  also  be  seen  that  Cantrill  was  right  in  referring  the  Lower  Coal  Group 

to  the  Middle  Coal  Measures  (  =  Westphalian  Series). 
The  present  investigations  were  instituted  with  the  object  of  determining  which 

groups  of  the  Staffordian  Series  are  present  in  the  Wyre  Forest  Coal  Field,  and  to 

ascertain  if  the  Keele  Group  could  be  shown  by  fossil  evidence  to  be  present  in  the 

area.  Though  the  latter  of  these  questions  we  have  not  been  able  to  solve  on 

palseontological  grounds,  some  advance  has  been  made  in  the  elucidation  of  the  other 

points,  as  well  as  in  adding  to  our  knowledge  of  the  fossil  flora  of  British  Carbon- 
iferous rocks. 

PART  I. 

THE  GEOLOGY  OF  THE  FOREST  OF  WYRE  COAL  FIELD. 

In  ordinary  circumstances  it  would  not  be  necessary,  in  what  is  mainly  a  palseo- 
botanical  paper,  to  enter  into  a  detailed  geological  description  of  the  district.  But 

as  the  Wyre  Forest  Coal  Field,  though  mapped  on  the  one-inch  scale  by  the  Geological 

Survey  over  fifty  years  ago,  has  not  been  described  in  any  official  memoir,  it  has 

been  thought  advisable  to  lay  before  the  student  a  brief  account  of  the  strati- 

graphical  sequence  and  geographical  distribution  of  its  various  Carboniferous 

divisions.  The  reader  will  thus  more  readily  appreciate  the  problems  that  still 
await  solution. 

The  Forest  of  Wyre  Coal  Field  \  commences  at  Bridgnorth,   on  the  Severn,  in 

*  Quart.  Journ.  Geol.  Soc,  vol.  lxi,  p.  320,  1905. 

t  See  Goppert,  Floram  fossilem  Formationis  Transitionis  =  Die  fossile  Flora  ales  bbergangsgebirges,  Breslau,  1852. 

+  The  coal  field  is  included  in  the  Old  Series  One-Inch  Geological  Maps,  Sheets  61  S.E.  (1852-55,  revised  1868) 

and  55  N.E.  (1853-55),  and  in  the  New  Series  One-Inch  Ordnance  Maps,  Sheets  167  and  182.     It  covers  parts  of 

Shropshire,  Worcestershire,  and  Staffordshire. 
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Shropshire,  where  the  Coalbrookdale  Coal  Field  reaches  its  southern  limit.  There  is 

no  complete  break  between  the  two,  but  the  outcrop  of  the  Coal  Measures  is  reduced 

to  a  narrow  band  between  the  Old  Red  Sandstone  on  the  west  and  the  so-called 

Permian  rocks  on  the  east.  From  Bridgnorth  the  Coal  Field  extends  southward, 

broadening  out  till  it  reaches  the  latitude  of  Bewdley,  in  Worcestershire,  beyond 

which  it  is  cut  off  on  the  south  by  the  emergence  of  the  Lower  Old  Red  Sandstone 

of  Heightington.  In  the  south-west  a  narrow  neck  of  Coal  Measures,  half  a  mile 
broad,  connects  this  main  northern  area  with  a  peninsular  portion,  which  extends 

in  a  south-eastward  direction  from  Bayton  as  far  as  the  Silurian  ridges  of  the 
Abberley  Hills. 

To  these  two  portions  must  be  added  the  anticlinal  tract  of  Trimpley,  where  a 

broad  fold  of  the  Old  Red  Sandstone  is  bounded  on  each  side  by  a  narrow  strip  of 

Coal  Measures.  These  strips  run  from  near  Bewdley  in  a  north  eastward  direction 

for  about  5  miles,  and  unite  in  the  neighbourhood  of  Compton,  where  the  Coal 

Measures  of  the  Forest  of  Wyre  are  separated  from  those  of  South  Staffordshire  by 

a  distance  of  only  5^  miles. 

The  broad  outlines  of  the  geological  structure  are  shown  on  the  accompanying 

sketch-map  (text-fig.  l),  which  is  based  on  that  of  the  Geological  Survey.  The  out- 

crops of  the  coals  and  Spirorbis-lime&tone  have  been  taken  partly  from  that  authority 
and  partly  from  the  maps  published  by  Mr  Daniel  Jones  in  1894  and  by  myself  in 

1895.  As  the  base  of  the  Sulphur  Coal  Group  has  not  yet  been  defined,  the  line  on 

the  map  has  been  taken  at  or  not  far  below  the  Main  Sulphur  Coal.  From 

Billingsley  to  Kingswood  and  thence  to  Button  Oak  the  line  is  purely  diagrammatic, 

and  must  remain  so  till  the  district  is  properly  surveyed. 

On  the  west  and  south  the  Coal  Field  is  bounded  by  the  Lower  Old  Red  Sandstone, 

on  which  the  Coal  Measures  rest  unconformably.  The  Carboniferous  Limestone  is 

absent.  The  so-called  Millstone  Grit,  shown  on  the  Geological  Survey  map  at  one 
spot  only,  near  Bagginswood,  is  believed  by  Mr  E.  E.  L.  Dixon  to  be  merely  a  white 

sandstone  in  the  Coal  Measures.  Eastward,  the  Coal  Measures  pass  under,  or  are 

faulted  against,  various  subdivisions  of  the  Trias. 
Between  the  Triassic  rocks  on  the  east  and  the  Old  Red  Sandstone  on  the  west 

the  following  descending  sequence  has  been  established  : — 

Coal  Measures 

"  Permian  "  and  Keele  Beds. 

Sulphur  Coal  Group,  with  pyritous  coals,  and  Spirorbis-limestone.     The 
chief  seams  are  the  Brock  Hall  and  the  Main  Sulphur  Coals. 

Sweet  Coal  Group,  with  non-pyritous  ("  sweet ")  coals  and  good  ironstones. 

At  the  present  time  the  sweet  coals  are  being  raised  in  the  Highley  region  at  the 

Billingsley,  Kinlet,  and  Highley  Collieries.  In  the  Mamble  region  the  sulphur 

coals  are  worked  at  three  or  four  collieries  between  Bayton  and  Abberley.  In  the 

past  the  coals  of  both  groups  have  been  worked  over  most  of  the  Coal  Field,  hut 
generally  in  a  small  way,  and  not  far  from  their  outcrops. 



MILES. 

'PERMIAN   &  KEELE 
BEDS 

SULPHUR  COAL  GROUP 
with  coals  & 

Spirorbis  Limestone 

SWEET  COAL  GROUP 
with  coals 

PRE-COAL-  MEASURE ROCKS 

jre.e. 

Text-fig.  1. — Geological  sketch-map  of  the  Wyre  Forest  Coalfield. 
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According  to  memoranda  made  by  Mr  Daniel' Jones,  the  Main  Sulphur  Coal  was 
being  worked  in  1809  at  the  Harpsford  or  Harpswood  Colliery,  at  the  northern  end 

of  the  Deuxhill  outlier,  where  the  seam  lies  about  2  yards  above  the  Old  Red  Sand- 

stone floor  ;  it  is  4  feet  2  inches  thick,  and  the  Spirorbis -limestone  lies  21  yards 
above  it.  hi  a  deep  pit  near  Eardington,  on  the  main  outcrop  farther  east,  the 

coal  wras  found  to  be  10  feet  above  the  Old  Red  Sandstone,  the  Brock  Hall  Coal 

being  34  yards  still  higher.  On  Chelmarsh  Common  the  latter  coal  was  worked 

close  to  the  farm  from  which  it  is  named  ;  it  is  presumably  the  lower  of  the  two 

CHELMARSH BILLINGSLEY 

Text-fig.  2. — Diagram  showing  succession  at  Chelmarsh  and  at  Billingsley. 

upper  seams  shown  on  the  Survey  map  ;  below  it  the  Spirorbis-limestone  crops  out 
in  Borle  Brook,  while  still  lower  the  Main  Sulphur  Coal  was  proved,  close  above  the 

Old  Red  Sandstone  floor.  It  will  thus  be  seen  that,  in  this  part  of  the  coal  field, 

the  relationship  of  the  Sulphur  Coal  Group  to  the  Old  Red  Sandstone  is  that  re- 

presented diagrammatically  in  the  left-hand  column  of  text-fig.  2. 
South  of  Billingsley,  however,  a  new  feature  appears.  At  the  Billingsley  Engine 

Pit  (a  little  west  of  the  present  Billingsley  Colliery),  the  Main  Sulphur  Coal,  instead 

of  being  underlain  at  once  by  the  Old  Red  Sandstone,  is  underlain  by  48  yards  of 

clunches,  rocks,  binds,  and  ironstones,  below  which  follow  several  sweet  coals.  The 

conditions  here,  then,  are  those  shown  in  the  right-hand  column  of  the  diagram 

(text-fig.  2).  These  sweet  coals  crop  out  and  have  been  worked  at  Billingsley, 
Harcott,  Bagginswood,  and  Baveney  Wood. 
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Still  farther  south,  what  is  probably  the  Brock  Hall  Coal  was  worked  at  Earnwood 

and  the  Birch.  The  Main  Sulphur  Coal  should  crop  farther  west,  somewhere  in  the 

position  assigned  to  it  upon  the  map  (text-fig.  l) ;  but  little 
or  nothing  is  known  of  it  till  we  reach  Winwoods  and 

Kingswood,  where  it  was  worked  at  a  depth  of  about  25 

yards.  The  ̂ n'roWn's-limestone  must  have  been  passed 
through  in  the  shafts,  as  pieces  of  the  stone  are  to  be  seen 

at  the  pit-mouths. 
The  seams  worked  at  Baveney  Wood  were  sweet  coals  ; 

and  it  is  significant  that  they  are  said  to  have  shown  signs 

of  having  deteriorated  in  number  and  thickness  as  compared 

with  their  development  at  Harcott  and  Billingsley.  A  coal 

cut  through  by  the  Birmingham  aqueduct  at  Silligrove  was 

said  to  be  a  sweet  coal,  and  Mr  Daniel  Jones  noted  a  coal- 

crop,  which  he  believed  to  belong  to  the  Sweet  Coal  Measures, 

in  a  cutting  on  the  Tenbury  railway  opposite  Furnace  Mill. 

These  outcrops  may  be  a  southerly  extension  of  the  Sweet 

Coals  of  Baveney  Wood.  Still  farther  south,  in  the  Dowles 

Valley  region,  no  such  sweet  coals  are  known  ;  and  their 

absence  may  be  due  to  their  having  become  unworkable  or 

to  their  having  thinned  out  completely,  as  is  suggested  in 

the  diagram  forming  text-fig.  3. 
East  of  Winwoods  and  Kingswood,  the  Main  Sulphur  Coal 

was  worked  below  the  Spirorbis -limestone  by  pits  at  Button 
Oak,  from  which  point  its  outcrop  is  apparently  shifted 

northward  by  a  fault,  and  what  is  believed  to  be  this  coal 

is  exposed  in  a  cutting  on  the  Severn  Valley  railway  a  few 

yards  south  of  Arley  Station.  It  then  crosses  the  Severn 

and  runs  through  Eymore  Wood  to  Shatterford,  the  outcrop 

being  marked  by  numerous  old  pits.  At  Shatterford  it 

was  worked  at  a  depth  of  176  yards;  but  a  deep  sinking, 

carried  down  below  the  sulphur  coals  in  1850-60,  though 
it  proved  a  great  thickness  of  measures,  failed  to  prove 

any  sweet  coals  worth  getting.  It  was  probably  the 

Main  Sulphur  Coal  that  was  worked  in  pits  and  drifts 

east  of  Brettels.  Beyond  this  point  nothing  is  known  of 

it ;  but  it  presumably  turns  round  the  end  of  the  Trimpley 

anticline  and  is  then  cut  off  by  the  faulted  margin  of  the 
Keele  Beds. 

In  the  Mamble  region  the  Main  Sulphur  Coal,  which 

appears  to  be  represented  by  two  seams  separated  by  about 
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7  yards  of  clod,  has  been  shown  on  the  Survey  map  ;  above  it  the  Spirorbis-limestone, 

was  detected  at  many  points  by  Mr  Daniel  Jones. * 
Murchison  in  1839  was  aware  that  in  the  Coalbrookdale  Coal  Field  two  groups  of 

Coal  Measures  are  present :  a  newer  group,  containing  a  thin  band  of  Spirorbis-lime- 
stone  and  several  sulphur  coals  similar  to  those  of  the  Shrewsbury  and  Lebotwood 

Coal  Fields,  and  an  older  group,  in  which  the  chief  coal-seams  and  ironstones  are 
contained  ;  but  he  appears  to  have  inferred  that  in  the  Forest  of  Wyre  Coal  Field 

only  the  newer  group  is  represented.  It  has  long  been  known  that  this  inference 
was  incorrect. 

The  researches  of  Mr  Daniel  Jones,!  begun  in  1868  in  connection  with  the  first 

Royal  Commission  on  Coal  Supplies,  materially  advanced  our  knowledge.  He  cor- 

related the  sweet  coal-seams  with  those  of  the  Clee  Hills,  Coalbrookdale,  and  South 

Staffordshire,  and  traced  throughout  most  of  the  district  the  Spirorbis-limestone, 
known  to  be  associated  with  the  sulphur  coals  in  the  Shrewsbury,  Lebotwood,  and 

Coalbrookdale  Coal  Fields.  He  was  thus  enabled  to  indicate  the  broad  geographical 

distribution  of  the  Sulphur  Coal  Group  and  Sweet  Coal  Group  respectively,  and 

established  the  fact  that  their  distribution  is  anomalous.  In  the  north,  at  Chelmarsh, 

and  generally  from  Bridgnorth  to  Billingsley,  the  Sulphur  Coal  Group,  as  we  have 

seen  (p.  1004),  rests  directly  on  the  Old  Red  Sandstone.  This  is  the  case  in  the 

south-west  also,  from  Bayton  to  Abberley.  But  in  the  intermediate  district,  from 
Billingsley  to  Baveney  Wood,  it  is  the  Sweet  Coal  Group  that  rests  directly  on  the 

Old  Red  Sandstone.  To  explain  this  anomaly,  Mr  Jones  applied  the  theory  of  a 

great  wash-out  or  denudation  of  Coal  Measure  date,  basing  this  view  on  Marcus 

Scott's  conclusion  that  in  Coalbrookdale  the  Sulphur  Coal  Group  is  unconformable 
to  the  Sweet  Coal  Group,  the  plane  of  unconformity  or  wash-out  being  known  as 
the  Symon  Fault.  On  this  hypothesis,  the  Wyre  Forest  district,  after  the  formation 

of  the  Sweet  Coal  Group,  was  subjected  to  an  extensive  denudation,  with  the  result 

that  the  Sweet  Coal  area  was  reduced  to  a  small  isolated  patch  or  outlier,  which 

owed  its  preservation  to  the  protection  afforded  by  the  basaltic  intrusion  of  Kinlet. 

Over  this  outlier  of  Sweet  Coal  Measures  the  Sulphur  Coal  Measures  were  then 

laid  down  unconformably.  The  outcrop  of  the  Sweet  Coal  Group  between  Billingsley 

and  Baveney  Wood  was  thus  regarded  as  the  exposed  western  margin  of  this  outlier, 

the  rest  of  the  outlier  being  buried  under  the  Sulphur  Coal  Group ;  though  it  was 

known  to  extend  eastward  as  far  at  least  as  Highley,  where  the  sweet  coals  had 

been  worked  for  some  years  at  a  considerable  depth  vertically  below  the  sulphur 

coals.  That  this  supposed  outlier  does  not  extend  as  far  south  as  the  Dowles  Valley 

was  thought  to  be  established  by  the  fact  that  a  series  of  deep  bore-holes  there  had 

proved  a  great  thickness  of  Coal  Measures,  but  had  one  and  all  failed  to  prove  work- 

*  Trans.  Manch.  Geol.  Soc,  vol.  x  (1870-71),  p.  37. 
t  Geol.  Mag.,  1871,  pp.  200-208,  363-371  ;  ibid.,  1873,  pp.  138,  348.  Colliery  Guardian,  vol.  xxii  (July-Dec. 

1871),  pp.  580,  605,  633,  659.  Trans.  Fed.  Inst.  Mm.  Eng.,  vol.  vii  (1893-4),  pp.  287-301,  577-580  ;  vol.  viii 
(1894-5),  pp.  356-360. 
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able  coals;  The  Dowles  Valley  Measures  were  therefore  believed  to  be  an  abnormally 

thickened  lower  part  of  the  Sulphur  Coal  Group,  directly  overlying  the  Old  Eed 
Sandstone.  In  an  eastward  direction  also,  as  no  workable  coals  were  found  in  the 

group  of  measures  underlying  the  Sulphur  Coals  in  the  deep  sinking  at  Shatterford, 

it  was  concluded  that  there  again  the  lower  beds  of  the  Sulphur  Coal  Group  are 

abnormally  thickened,  and  rest  directly  on  the  pre-Carboniferous  floor.  If  the  Sweet 

Coal  Group  had  ever  been  deposited  in  the  Dowles  Valley  and  Shatterford  regions, 

the  denudation  of  the  Symon  Fault  had  completely  removed  it  before  the  Sulphur 

Coal  Group  was  formed. 

But,  in  1895,  Dr  Kidston,  on  examining  the  plant-remains  collected  by  myself 

from  the  surface-beds  in  the  Trimpley  area,  showed  that  there  the  lowest  Coal 

Measures  directly  overlying  the  Old  Red  Sandstone,  instead  of  being  of  "  Upper," 
are  of  Middle  Coal  Measure  age.  Further,  a  number  of  plant-remains  from  ex- 

posures at  Cooper's  Mill,  in  the  Dowles  Valley,  on  a  horizon  probably  not  more 
than  200  or  300  feet  below  the  Main  Sulphur  Coal  of  Button  Oak  and  Kingswood, 

also  proved  to  be  of  Middle  Coal  Measure  age.  I  was  thus  led  to  express  the 

opinion  that  the  Sweet  Coal  Group  is  of  Middle  Coal  Measure  age,  and  corresponds 

to  the  productive  measures  of  Coalbrookdale  and  South  Staffordshire,  and  that  the 

Sulphur  Coal  Group,  with  its  pyritous  coals  and  Spirorbis -limestone,  is  therefore  of 

"'  Upper "  Coal  Measure  age,  i.e.  equivalent  to  the  barren  measures  that  in  South 
Staffordshire  lie  between  the  top  of  the  productive  measures  and  the  base  of  the 

"  Permian,"  and  equivalent  also  to  the  Coal  Measures  of  the  Shrewsbury  and  Lebot- 

wood  Coal  Fields.  I  stated  also#  that  the  "  Upper  "  Coal  Measures  of  the  Wyre  Forest 

are  "  of  great  similarity  to  the  upper  parts  of  the  Halesowen  Sandstones  of  South 

Staffordshire."  As  to  the  relationship  between  the  two  groups  of  measures  in  the 
Wyre  Forest  district,  I  was  at  first  disposed  to  accept  the  view  that  it  is  one  of 

strong  unconformity,  as  seemed  to  have  been  proved  to  be  the  case  in  Coalbrookdale 

by  Marcus  Scott  and  Mr  Daniel  Jones.  But  the  discovery,  based  on  the  fossil 

evidence,  that  in  the  Dowles  Valley  and  around  the  Trimpley  anticline  the  Middle 

Coal  Measures  are  not  washed  out,  but  are  present  in  great  thickness,  led  me 

subsequently  to  doubt  this  conclusion,  and  to  regard  the  abnormal  distribution  of 

the  two  groups  as  due  to  overlap,  accompanied  perhaps  by  a  slight  unconformity. 

It  seemed  to  follow  that  the  Sweet  Coal  Group  of  the  Highley  region,  instead  of 

forming  an  isolated  patch  or  outlier,  restricted  to  the  region  lying  north  of  the 

Dowles  Valley  and  west  of  Trimpley,  extended  into  these  districts  in  force  ;  and  I 

explained  the  absence  of  workable  coals  as  due  to  the  conditions  having  been  un- 
favourable to  the  formation  of  the  requisite  beds  of  vegetable  matter  on  account  of 

the  proximity  of  a  land-mass  to  the  south.  In  other  words,  the  sweet  coals  worked 

at  Harcott  and  Highley,  if  followed  underground   southward   and  south-eastward, 

*  "  A  Contribution  to  the  Geology  of  the  Wyre  Forest  Coalfield,"  8vo,  1895,  p.  19.     See  also  "  The  Wyre  Forest 
Coalfield,"  Colliery  Guardian,  vol.  lxxi,  1896,  p.  351. 
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would  be  found  to  deteriorate  in  quality  and  thickness,  to  become  unworkable,  and 

finally  to  die  out  altogether.  This  remains  to  be  proved.  But  that  the  pre- 

Carboniferous  floor  did  actually  rise  rapidly  to  the  south  and  south-west  is  shown  by 
the  fact  that  in  the  Mamble  region  the  Sulphur  Coal  Group  rests  directly  on  the 

Old  Red  Sandstone,  there  being  no  evidence  that  the  Sweet  Coal  Group  was  ever 

deposited  (text-fig.  3). 
Certain  other  results  followed  from  investigations  in  the  type  district  of  the 

"  Salopian  Permian  "  at  Upper  Alley, .Highley,  and  Alveley.  The  discovery  of  a  band 
of  Spirorbis-limestone  and  a  thin  coal-seam  between  200  and  300  feet  above  the 

base  of  these* red  rocks  led  me  to  advocate  their  inclusion  in  the  Upper  Coal  Measures.* 
The  almost  complete  absence  of  plant-remains  was  not  a  serious  obstacle  to  this 

proposal,  as  the  fossil  flora  collected  from  the  same  group  of  rocks  in  South  Stafford- 

shire during  the  sinking  of  the  Hamstead  shafts  had  already  led  Dr  Kidston  to 

determine  the  same  beds  at  Hamstead  to  be  of  Upper  Coal  Measure  age.  This  view 

of  the  systematic  affinities  of  the  Lower  Permian  rocks  of  Salopian  type  has  since 

been  adopted  by  the  officers  of  the  Geological  Survey,  who  found  that  the  same  beds 

in  North  Staffordshire  are  characterised  by  bands  of  Spirorbis-limestone,  thin  coals, 

and  Carboniferous  plant-remains ;  and  under  the  name  of  Keele  Series  they  are  now 
included  in  the  Upper  Coal  Measures. 

Since  that  date,  now  twenty  years  ago,  few  additions  to  our  knowledge  have  been 

made.  In  1901,  while  the  aqueduct  of  the  Birmingham  Corporation  Waterworks 

(Elan  supply)  was  under  construction  across  the  Wyre  Forest  Coal  Field,  I  was  deputed 

to  note  the  sections  exposed  along  the  pipe-trench.  The  result  t  showed  that  the 

Coal  Measures,  where  crossed  by  the  pipe-track,  "  appear  to  consist  of  two  groups  : 
a  lower,  of  variegated  marls  with  yellow  and  green  sandstone  .  .  .  and  a  higher  group 

of  grey  and  yellow  sandstones  with  thin  pyritous  coals  and  one  or  more  bands  of 

Spirorbis-limestone.  The  lower  group  has  some  likeness  to  the  Old  Hill  Marls  of 
South  Staffordshire  and  the  Etruria  Marls  of  North  Staffordshire  ;  while  the  higher, 

as  seen  at  Win  woods  and  Kingswood,  and  again  at  Woodhouse  Farm  near  Button 

Oak,  may  represent  the  Halesowen  Sandstones  of  the  former  district  and  the  New- 

castle-under-Lyme  beds  of  the  latter."  It  followed  from  this  that  the  lower  group, 
which  rests  directly  on  the  Old  Red  Sandstone,  if  not  the  equivalent  of  the  Etruria 

Marls,  must  be  Middle  Coal  Measures  that  have  assumed  the  barren  condition  and 

lithological  peculiarities  of  the  Etruria  Marls.  The  plant-remains  from  the  Cooper's 
Mill  exposure  in  the  Dowles  Valley  had,  however,  already  shown  that  there  at  least 

the  surface-beds  are  of  Middle  Coal  Measure  age.  I  felt,  therefore,  that  of  the  two 

alternatives  the  second  was  the  more  probable,  though  I  did  not  feel  justified  in 

putting  this  opinion  into  print,  as  to  do  so  without  further  confirmation  would  have 

run  counter  to  the  experience  of  my  colleagues  in  North  Staffordshire,  who  had  found 

*  Quart.  Joum.  Geol.  Soc,  vol.  li  (1895),  p.  528  ;  Colliery  Guardian,  vol.  lxxiii,  1897,  p.  581. 
t  Summary  of  Progress  of  the  Geol.  Survey  for  1901,  p.  63  (1902). 
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that  neither  there  nor  anywhere  else  in  the  Midlands  do  red  marls  associated  with 

espley  rocks  set  in  at  so  low  a  level  in  the  Coal  Measure  sequence. 

A  few  years  later  my  colleague  Mr  E.  E.  L.  Dixon  *  found  that  in  the  Titterstone 
Clee  Hill  Coal  Field,  a  few  miles  to  the  west,  the  ordinary  productive  measures, 

characterised  by  sweet  coals  and  believed  by  Mr  Daniel  Jones  to  belong  to  the 

same  horizon  as  the  Sweet  Coal  Group  in  Wyre  Forest,  contain  "  red  clays  and  green 

sandstones  of  '  espley '  type,  at  intervals  from  a  few  feet  above  the  base  upward." 
Mr  Dixon,  who  extended  his  investigations  into  the  western  borders  of  the  Wyre  - 
Forest  Coal  Field,  leaned  to  the  belief  that  near  Kinlet  the  Sweet  Coal  Group  underlies 

the  Sulphur  Coal  Group  without  unconformity,  and  therefore  corresponds  to  part  of 

the  Etruria  Marls.  This  view  was  not,  however,  supported  by  the  evidence  of  the 

fossil  flora  of  the  Clee  Hill  Coal  Measures,  which  suggested  to  Dr  Kidston  a  horizon 

lower  than  that  of  the  Etruria  Marls,  nor  by  the  presence  of  workable  coals  and 

ironstones,  which  nowhere  else  in  the  Midlands  occur  in  the  Etruria  Marl  Group. 

Meanwhile  the  attention  of  geologists  and  mining  engineers  was  diverted  from 

the  visible  coal  field  to  the  borderland  of  red  rocks  lying  to  the  east,  where  an 

experimental  bore-hole  had  been  put  down  in  1903-1905  at  Claverley,  5  miles  east 
of  Bridgnorth,  to  test  the  character  of  the  ground  between  the  Wyre  Forest  and 

South  Staffordshire  Coal  Fields.  The  site  lies  a  quarter  of  a  mile  east  of  Bulwardine 

Farm,  a  mile  south  of  the  village  of  Claverley.  The  chief  results  of  this  experiment 

have  been  described  by  Dr  Walcot  Gibson  ;  t  it  will  therefore  be  sufficient  to  give 

an  abstract  of  the  section  (see  Table,  p.  101 0). 

The  Lower  Permian  Group  yielded  fossil  plants  of  Upper  Coal  Measure  species, 

by  which  Dr  Kidston  correlates  the  group  with  the  Keele  Beds  of  North  Stafford- 
shire, i.e.  the  basal  beds  of  the  Radstockian  subdivision  of  the  Upper  Coal  Measures 

(p.  1079).  The  occurrence  of  bands  of  Spirorbis-limestone  forms  another  link  by 
which  these  beds  are  attached  to  the  Coal  Measures  and  not  to  the  true  Permian. 

The  Halesowen  Sandstone  Group  proved  to  be  364  feet  thick,  whereas,  6  miles 

to  the  south-west,  at  Highley  Colliery,  the  shafts  of  which  commence  below  the 
Keele  Beds,  the  group  appears  to  be  at  least  394  feet  thick.  In  the  boring  the 

Halesowen  sandstones  contain  two  thin  coals,  separated  by  109  feet  of  measures. 

These  may  possibly  represent  the  Brock  Hall  and  Main  Sulphur  coals  ;  but  the 

Spirorbis-limestone  of  Kingswood,  which  should  come  between  them,  was  not  found, 
though  looked  for.  In  this  respect  the  boring  agrees  with  the  sections  of  the 

Highley  Colliery  and  the  Kinlet  Colliery,  in  which  no  such  limestone  is  recorded, 

though  it  cannot  be  said  that  it  was  absent.  The  Halesowen  Sandstones  in  the 

boring  yielded  abundant  plant-remains. 
Below  the  Halesowen  Sandstones,  193  feet  of  alternating  red  clays  and  espley 

*  Rep.  Brit.  Assoc,  for  1910,  pp.  611-613  (1911). 

t  Stimmanj  of  Progress  for  1904  (Mem.  Geol.  Surv.),  pp.  150,  151  (1905);  ibid,  for  1905,  pp.  172-174  (1906). 
Also  Trans.  Inst.  Min.  Eng.,  vol.  xlv  (1912-13),  pp.  30-48. 
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rocks  were  met  with.  These  beds,  which  yielded  no  fossils,  Dr  Gibson  names  the 

Brick-Clay  or  Espley  Group,  and  correlates  on  lithological  grounds  with  the  Etruria 
Marls  of  North  Staffordshire.  Below  them  follow  the  ordinary  grey  measures,  with 

coals  and  ironstones  of  the  usual  type,  which  yielded  abundant  fossil  plants  of  Middle 

Coal   Measure    (Westphalian)    species,    and    contain    scarcely    any    of  the    red   and 

Claverley  Bore-hole. 

Thickness. Depth 
. 

ft. 

in. 

ft 

in. 

Upper  "  Permian  "  Group         ......... 
185 6 185 6 

Middle  " Permian"  Group         ......... 
286 8 

472 
2 

Lower  "  Permian" Group  =  Keele  Beds  (768  ft.) : — 
Red  and  mottled  marl  and  red  and  lavender-coloured  sandstones,  with 

plant-remains;  bands  of  >S/n'?wfo's-limestone  at  488^  ft.,  775  ft., and  972  ft.     No  coals  recorded  ....... 
768 

0 1240 2 

Halesowen  Sandstones  =  Netvcastle  Group  (364  ft.)  : — 
Grey  and  blue  shale  and  sandstone     ....... 46 o 

1286 
2 

Coal   3 
1286 

5 

Blue  shale  and  grey  sandstone    ........ 109 0 
1395 

5 

Coal,  friable      ........... 3 1395 8 

Grey  and  blue  shale  and  sandstone,  with  plant-remains  •     . 208 
6 

1604 
2 

Brick-Clay  or  Espley  Group  (193  ft.) : — 
Chocolate-red  and  variegated  hard  marls,  with  thick  beds  of  green  grit 

and  breccia  ("espley  "  rock)        ....... 
193 0 

1797 
2 

Productive  Measures  (393  ft.  4  in.) : — 
. 

Grey,   dark-grey,   and   black    shale,   with    1    ft.   of   variegated   marl ; 
Lingula  at  1811  ft.  8  in.     . 31 6 

1828 
8 

Coal   2 1828 

10 

Grey  and  black  shale,  fireclay,  sandstone,  and  some  ironstone,  with 
15  ft.  of  variegated  marls    ........ 79 4 1908 2 

Coal          .         .                   .      "   
6 

1908 
8 

Dark  shale,  and  fireclay  with  ironstone       .          .         .         .         .         . 

28 

6 
1937 

2 
Olivine  dolerite         .......... 23 0 1960 2 

!           Grey  sandy  shale,  sandstone,  and  ironstone          ..... 77 0 2037 2 

Coal,  friable,  dirty     .......... 4 2037 6 
Black  shale        ........... 7 0 2044 

.6 

Coal,  friable,  dirty     .......... 1 0 2045 6 

Fireclay,  ironstone,  black  shale,  and  small  layer  of  coal 

11 

0 
2056 

6 

Hard  fireclay  with  ironstone,  marl,  shale,  sandstone  with   ironstone, 
and  fine  streaks  of  coal        ........ 27 0 2083 6 

Marl  (part  mottled),  8   ft. ;  sandstones,  grey  shales,  marls,  and  fire- 
clays;  12  ft.  6  in.  of  fireclay  at  bottom        ..... 

107 

0 2190 6 

Silurian  (44  ft.  6  in.) : — 
Hard  grey  rock  with  fossil  shells  {Atrijj>a  reticularis,  etc.)  . 

44 

6 
£235 

0 

variegated  marls,  and  none  of  the  espley  rocks,  characteristic  of  the  overlying  group. 

The  small  thickness  of  productive  measures  (393  feet)  as  compared  with  the  southern 

end  of  the  neighbouring  South  Staffordshire  coal  field  (500-600  feet),  and  the 

apparent  absence  of  thick  and  workable  coals,  may  be  due  to  the  bore-hole  having 

pitched  upon  a  local  shoal  or  land-tract  that  remained  unsubmerged  till  late  in 

Middle  Coal  Measure  time — too  late,  in  fact,  for  the  formation  of  the  most  valuable 

of  the  South  Staffordshire   seams.     Other    explanations  may,  however,  be    offered. 
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If  Dr  Kidston  is  correct  in  his  inference  (p.  1081)  that  the  Lower  Coal  Measures 

(Lanarkian)  are  present,  the  whole  of  the  measures  below  the  Brick-Clay  or  Espley 
Group  (Etruria  Marls)  may  be  abnormally  thin,  and  the  coals  unworkable  or  absent 

through  conditions  being  unfavourable.  It  is  remarkable  that  the  lowest  Coal 

Measures  show  no  signs  of  shore-conditions,  and  it  is  possible  that  their  junction 
with  the  Silurian  is  a  fault.  But  in  spite  of  this  absence  of  workable  seams,  we  have 

at  Claverley  the  typical  South  Staffordshire  sequence,  in  which  red  clays  and  espley 

rocks  form  a  well-marked  group  (the  Etruria  Marls)  intermediate  in  position  between 
the  productive  measures  and  the  Halesowen  Sandstones. 

But  in  the  Wyre  Forest  district  the  lithological  conditions  are  quite  otherwise. 

At  Highley,  red  beds  recur  time  after  time  as  the  colliery-section  is  followed  for 
394  feet  below  what  is  regarded  as  the  Main  Sulphur  Coal.  At  Shatterford,  red 

beds  are  still  more  abundant.  Along  the  course  of  the  Birmingham  aqueduct  red 

clays  and  green  sandstones  are  conspicuous  at  the  surface  down  to  the  Old  Eed 
Sandstone  floor ;  while  farther  west,  at  the  Titterstone  Clee  Hill,  Mr  Dixon  finds 

that  similar  rocks  are  interbedded  among  the  coal-seams  themselves. 

It  appears,  then,  that  the  Claverley  boring,  while  confirming  the  Upper  Coal 

Measure  age  of  the  Lower  Group  of  the  local  Permian  rocks,  and  supporting  the 

view  that  the  Sulphur  Coal  Group  represents  the  Halesowen  Sandstones,  contributed 

little  towards  the  settlement  of  the  age  (l)  of  the  Sweet  Coal  Group  of  Wyre  Forest, 

and  (2)  of  the  barren  measures  lying  between  the  Sulphur  Coals  and  the  Sweet  Coals. 

Matters  stood  thus  till  1914,  when  Dr  E.  A.  Newell  Arber,*  in  a  paper  in  which 
the  work  of  previous  observers  is  reviewed  in  full,  brought  forward  a  number  of 

fresh  facts  and  conclusions,  based  on  his  own  study  of  the  fossil  flora  of  the  Wyre 

Forest  Coal  Measures.  The  more  important  of  Dr  Arber's  conclusions  are  the 

following  : — 

1.  The  dominant  type  of  rock  of  both  the  Sweet  Coal   and  the    Sulphur  Coal 

Series  is  a  coloured  shale  or  clay — chocolate,  red,  green,  or  mottled. 

Espley  rocks  occur  in  both  series.  The  rocks  immediately  associated  with 

the  coals  themselves  are  of  the  usual  grey  colours  (op.  cit.,  pp.  374-5,  431). 
2.  The  fossil  flora  associated  with  the  sweet  coal-seams  worked  in  the  Highley 

district  (at  Billingsley,  Highley,  and  Kinlet  Collieries)  is  a  Middle  Coal 

Measure  flora  (op.  cit.,  pp.  407-8). 

3.  The  unproductive  measures  of  the  Dowles  Valley  belong  to  the  Middle  Coal 

Measures  down  to  886  feet  from  the  surface  in  a  boring  known  as  the  Alton 

boring  (op.  cit,,  pp.  408-9). 
4.  The  Coal  Measure  beds  in  the  Claverley  boring  below  1800  feet  are  Middle 

Coal  Measures  (op.  cit.,  p.  409). 

*  "  On  the  Fossil  Floras  of  the  Wyre  Forest,  with  Special  Reference  to  the  Geology  of  the  Coalfield  and  its 

Relationships  to  the  Neighbouring  Coal  Measure  Areas,"  Phil.  Trans.  Roy.  Soc.  Lond.,  series  B,  vol.  cciv,  pp.  336- 
445  (1914). 
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5.  The  flora  of  the  Sulphur  Coal  Series  of  Mamble  (and,  inferentialfy,  that  of  the 

Highley  region)  is  a  Transition  [i.e.  Staftbrdian]  flora  (op.  cit.,  pp.  408-10). 
6.  The   Sulphur  Coal  Series  is  unconformable  to  the  Sweet  Coal  Series  in   the 

Highley  region  (op.  cit.,  pp.  374,  423,  431). 

7.  The  Sweet  Coal  Series  of  Wyre  Forest  is  the    equivalent  of  the  Productive 

Series  of  South  Staffordshire  and  Warwickshire  (op.  cit.,  p.  428). 

8.  The  Sulphur  Coal  Series  of  Wyre  Forest  belongs  to  the  same  horizon  as  the 

Red  Clay  Group  (=Etruria  Marls)  of  South  Staffordshire,  and  may  be  the 
actual  representative  of  that  very  series  (op.  cit.,  p.  429).  Dr  Arber  is  not 

satisfied  that  the  Halesowen  Sandstones  are  present  in  the  Wyre  Forest 

Coal  Field  (op.  cit.,  p.  429). 

9.  The  Claverley  section  resembles  that   of   Wyre  Forest  rather  than  that   of 

South  Staffordshire  (op.  cit.,  p.  429). 

10.  Dr  Arber  suggests  (op.  cit.,  p.  430)  that  the  coals  met  with  in  the  Claverley 

boring  are  probably  the  same  seams  as  were  found  in  the  lower  part  of  the 

Shatterford  pit,  "  at  the  base  of  the  Middle  Coal  Measures,"  and  that  the 
workable  coals  of  Highley  lie  near  the  top  of  the  Middle  Measures  and  are 

perhaps  equivalent  to  the  Upper  Coal  Series  of  Shatterford. 

11.  The  Coalbrookdale-Wyre  Forest  area  consists  of  four   distinct  and  isolated 
Coal  Fields  (op.  cit.,  pp.  423,  432),  plus  a  fifth  (?)  at  Claverley  (p.  431)  and 

a  sixth  (?)  at  the  Clee  Hills  (p.  436). 

The  four  distinct  and  isolated  Coal  Fields  postulated  by  Dr  Arber  are 

(l)  the  Lower  Series  of  Coalbrookdale ;  (2)  the  Sweet  Coal  Series  of 

Highley,  the  Dowles  Valley,  and  Shatterford ;  (3)  the  Upper  Series  of 

Coalbrookdale  and  the  Sulphur  Coal  Series  of  the  Highley  region  ;  (4)  the 

Sulphur  Coal  Series  of  the  Mamble  region  (pp.  432-3).  Of  these  the  first 
and  second  are  of  Middle  Coal  Measure  age  ;  the  third  and  fourth  are  of 

Transition  age  (pp.  432-3).  The  first,  the  second,  and  the  measures  of  the 
Titterstone  Clee  Hill  were  deposited  in  three  essentially  local  hollows  of 

the  old  Palaeozoic  floor,  which  were  presumably  never  connected  with  one 

another  (p.  436).  Folding,  elevation,  and  denudation  ensued,  and  in  irregular 

hollows  of  the  surface  so  produced,  Dr  Arber's  third  and  fourth  Coal  Fields 
were  laid  down,  unconformably  to  the  beds  below.  The  section  at  Claverley, 

not  being  closely  comparable  (according  to  Dr  Arber)  with  either  Wyre 

Forest  or  South  Staffordshire,  may  need  a  separate  Coal  Field  to  itself 

(p.  431). 

With  respect  to  these  conclusions  and  deductions  arrived  at  by  Dr  Arber,  the 

following  remarks  may  be  made  : — 

1 .  There  is  much  to  support  the  view  that  red  clays  and  espley  rocks  are  present 

throughout  the  whole  series  of  the  Wyre  Forest  Coal  Measures,  from  the 
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bottom  upward  to  the  base  of  the  "Permian"  [  =  Keele]  Beds,  and  that 
such  strata  are  not  restricted,  as  elsewhere  in  the  Midlands,  to  the  Etruria 

Marls.  But  this  suspicion  will  not  be  confirmed,  or  disproved,  till  the  whole 

area  has  been  mapped  in  detail. 

2.  This  confirms  the  opinion  of  Mr  Daniel  Jones,  based  on  the  correlation  of  the 

Sweet  Coals  of  Wyre  Forest  with  those  of  Coalbrookdale  and  South  Stafford- 
shire. It  also  agrees  with  the  conclusions  arrived  at  by  myself  from 

Dr  Kidston's  examination  of  the  plant-remains  collected  in  1895. 

3.  This  confirms  Dr  Kidston's  determination  of  the  age  of  the  plant-remains 

collected  by  myself  in  1895  from  the  surface-beds  exposed  at  Cooper's  Mill, 
close  by. 

4.  This  agrees  with  the  results  arrived  at  by  Drs  Gibson  and  Kidston,  though  the 

latter  observer  suspects  the  presence  of  Lanarkian  Measures  also  (p.  1081). 

5.  To  Dr  Arber  alone  belongs  the  credit  of  having  been  the'  first  to  identify  the 
flora  of  the  Sulphur  Coal  Group  of  Mamble  as  of  Transition  age.  Dr 

Kidston,  however,  feels  justified  in  going  further,  and  refers  the  series  in 

question  to  the  Newcastle  subdivision  of  the  Staffordian  ( =  Transition) 
Series  (see  above,  p.  1000). 

6.  This  conclusion — that  in  the  Highley  region  the  Sulphur  Coal  Group  is  uncon7 

formable  to  the  Sweet  Coal  Group — is  of  such  theoretical  and  practical  im- 
portance that  it  deserves  more  than  a  passing  comment.  We  have  already 

seen  (pp.  1004,  1006)  that  the  distribution  of  these  two  groups  is  anoma- 

lous. North  and  south  of  the  Highley  region  it  is  the  Sulphur  Coal  Group 

that  rests  upon  the  Old  Red  Sandstone  floor ;  at  Billingsley  and  Harcott, 

and  thence  to  Baveney  Wood,  the  Sweet  Coal  Group  comes  between.  This 

can  be  explained  either  (l)  as  a  case  of  simple  overlap,  unaccompanied  by 

unconformity,  or  (2)  as  an  instance  of  overstep,  the  Sulphur  Coal  Group 

spreading  unconformably  across  the  edges  of  the  Sweet  Coal  Group.  In 

1895  I  was  of  opinion  that  the  latter  was  the  explanation,  as  it  seems  to  be 
in  the  Coalbrookdale  field,  if  the  views  of  Marcus  Scott  and  Mr  Daniel 

Jones  are  right.  But  the  theory  has  never  been  definitely  proved  in  the 

case  of  Wyre  Forest.  Mr  Daniel  Jones's  "  outlier"  theory  involves  a  deep 
and  wide-spread  denudation  of  the  Sweet  Coal  Measures  prior  to  the 

.  deposition  of  the  Sulphur  Coal  Group,  in  order  to  explain  the  disappearance 

of  the  Sweet  Coals  themselves  somewhere  between  the  Highley  region  and 

the  Dowles  Valley  and  Shatterford.  But  though  the  coals  themselves  are 

absent  as  workable  seams,  their  associated  Middle  Measures,  as  shown  by 

the  fossil  flora,  are  present  in  force.  The  proof  of  great  denudation  and 

unconformity  must,  therefore,  be  sought  in  other  facts. 

Dr  Arber,  comparing  the  thickness  of  certain  barren  measures  that  inter- 

vene between  the  [Main]  Sulphur  Coal  and  the  Sweet  Coal  seams  in  the  Highley 
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region,  shows  that  these  measures  become  progressively  thinner  from  oust 

to  west,  and  thinks  that  this  is  best  explained  by  assuming  an  unconformity. 

But  the  base  of  the  Sulphur  Coal  Group  has  not  yet  been  either  defined  or 

identified.  When  discussing  the  sections  of  the  Billingsley  Engine  Pit  and 

the  Billingsley  Pit  (p.  372)  Dr  Arber  places  it  at  the  [Main]  Sulphur  Coal ; 

but  in  the  case  of  the  Highley  Pit  (p.  373)  he  puts  it  3  feet  4  inches  below 

that  seam,  and  in  the  Kinlet  Pit  (p.  373)  at  193  feet  below.  If  the  Sulphur 

Coal  Measures  below  the  Sulphur  Coal  swell  out  (from  north-east  to  south- 
west, by  the  way)  from  40  inches  at  Highley  to  193  feet  at  Kinlet,  what 

difficulty  is  there  in  believing  that  a  general  thickening  of  all  the  measures 

between  the  Main  Sulphur  Coal  and  the  Sweet  Coals  may  have  taken  place, 

and  that  the  varying  distance  between  the  two  sets  of  coals  is  due  to  this 
cause  alone  ? 

Before  any  argument  in  favour  of  unconformity  can  be  founded  on  such 

considerations,  the  base  of  the  Sulphur  Coal  Group  must  first  be  defined  and 

identified.  An  excellent  opportunity  of  doing  this  was  afforded  by  the 

sinking  of  the  Kinlet  Pits  about  1893,  when  the  fossil  flora  might  have  been 

collected,  the  Spirorbis -limestone  identified,  and  signs  of  unconformity 
looked  for.  But  nothing  of  the  kind  was  attempted  ;  and  little  can  now  be 

hoped  for  till  the  whole  district  is  mapped  in  detail  and  fossil  plants 

collected  from  every  available  exposure.  It  will  then  perhaps  be  possible 

to  determine  the  special  lithological  characters  and  distinctive  fossils  of  the 

Sulphur  Coal  Group,  to  trace  its  base  at  the  surface,  and  to  ascertain  its 

relationship  to  the  Sweet  Coal  Group.  It  may  even  be  possible  to  locate 

its  base  in  some  of  the  older  shaft-records. 

7.  This  is  in  agreement  with  previously  expressed  opinion. 

8.  Dr  Arber,  while  recognising  that  the  Sulphur  Coal  Group  of  Wyre  Forest 

belongs  to  the  Transition  (  =  Staffordian)  Series,  correlates  it  (op.  cit., 

p.  429),  not  with  the  Halesowen  Sandstones,  but  with  the  Red  Clay  Group 

[Etruria  Marls],  and  remarks  that,  if  the  Halesowen  Sandstones  are  present 

in  Wyre  Forest,  they  must  be  thin.  On  the  contrary,  it  seems  to  me  that 

to  recognise  in  the  Sulphur  Coal  Group  the  Halesowen  Sandstones  of  South 

Staffordshire  is  far  easier  than  to  recognise  the  Etruria  Marls.  Unfortu- 

nately, the  last-named  subdivision  of  the  Staffordian  Series  has  nowhere 

yielded  sufficient  plant-remains  to  enable  its  palseobotanical  horizon  to  be 
determined  :  in  North  Staffordshire  it  has  been  placed  in  the  Staffordian, 

because  it  overlies  the  Black  Band  Group,  which,  on  account  of  its  Transition 

fauna,  is  placed  in  the  Staffordian. 

If  the  Halesowen  Sandstones  are  represented  by  the  Sulphur  Coal  Group, 

the  Etruria  Marls  ought  to  be  looked  for  in  the  uppermost  of  the  barren 

measures  that  intervene  between  the  Sulphur  Coal  Group  and  the  Sweet 
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Coals.  That  the  thick  series  of  red  marls  worked  for  blue  bricks  at 

Aldridge,  Oldbury,  and  Old  Hill  in  South  Staffordshire  is  not  present  as 

such  in  the  Wyre  Forest  district  must  be  admitted.  But  the  series  may 

nevertheless  be  present  in  a  more  arenaceous  form.  What  is  needed  to 

settle  this  question  is  a  determination  of  the  upper  limit  of  the  Westphalian 

(Middle  Coal  Measure)  flora.  If  this  flora  extends  upward  to  the  base  of 

the  Sulphur  Coal  Group,  it  follows  that  either  (l)  the  Sulphur  Coal  Group 

represents  the  Etruria  Marls  (as  Dr  Arber  seems  to  suggest)  or  the  Etruria 

Marls  plus  the  Halesowen  Sandstones,  or  (2)  the  Sulphur  Coal  Group  is 

unconformable  to  the  Sweet  Coal  Group,  and  the  Etruria  Marls  are  absent 

through  overlap  or  overstep.  Toward  the  solution  of  this  problem  the 

so-called  Alton  No.  1  bore-hole  has  afforded  no  better  help  than  the  exposures 

at  Cooper's  Mill,  close  by,  which  have  shown  that  the  surface-beds  are 
Middle  Coal  Measures.  If  any  of  the  beds  that  intervene  between  the 

Cooper's  Mill  horizon  and  the  Main  Sulphur  Coal  at  Kingswood  ultimately 
prove  to  contain  a  Transition  (Staffordian)  flora,  these  beds  may  be  the 

equivalents  of  the  Etruria  Marls.  The  Sulphur  Coal  Group  with  its 

Spirorbis-limestoiie  would  then  fall  naturally  into  place  as  the  representative 
of  the  Halesowen  Sandstones. 

9.  It  is  not  easy  to  understand  why  Dr  Arber  regards  the  absence  at  Claverley 
of  workable  coals  and  ironstones  as  inconsistent  with  the  correlation  of 

Claverley  with  South  Staffordshire  (op.  cit.,  p.  430),  while  admitting  that 

the  totally  barren  measures  of  the  Dowles  Valley  are  of  the  same  Middle 

Coal  Measure  age  as  the  Sweet  Coal  Series — rich  in  coals  and  ironstones — 
of  Highley  and  the  similarly  productive  measures  of  South  Staffordshire 

(op.  cit.,  p.  376).  The  statement  (p.  430)  that  no  plant-remains  were  ob- 
tained from  the  Halesowen  Sandstones  at  Claverley  is  clearly  an  oversight. 

10.  The  suggestion  that  the  workable  coals  of  Highley  are  equivalent  to  those 

Dr  Arber  calls  the  upper  coals  at  Shatterford  is  inconsistent  with  the  fact 

that  the  latter  are  sulphur  coals,  and  with  the  theory  that  they  belong  to 

the  Sulphur  Coal  Group,  though  this  theory  needs  testing  by  the  evidence 
of  the  plants. 

11.  Dr  Arber's  demand  for  separate  coal  fields  is  unconvincing.     The  so-called 
separate  coal  fields  appear  to  be  in  some  cases  separate  basins  of  deposition, 

in  others  separate  tectonic  areas  as  determined  by  inter-Carboniferous  or 

post-Carboniferous  folding  and  denudation. 
Taking  1  and  2  together,  while  we  may  admit  that  at  Bridgnorth  the 

Middle  Measures  of  Coalbrookdale  are  not  continuous  at  their  outcrop  with 

the  Middle  or  Sweet  Coal  Measures  of  the  Highley  region,  no  evidence  is 

produced  to  show  that  the  same  want  of  connection  holds  good  farther  east, 
beneath  the  cover  of  Keele  Beds  and  Trias. 
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Taking  3  and  4  together,  where  is  the  difficulty  in  supposing  that  the 

Sulphur  Coal  Group  of  Highley,  which  extends  southward  to  the  northern 

edge  of  the  Dowles  Valley  at  Kingswood,  was  once  connected  and  continuous 

with  the  same  group  of  Rock  and  Mamble,  2  miles  to  the  south-west?  The 
erosion  produced  by  the  Dowles  Brook  itself  is  surely  a  sufficient  cause  of 

the  present  want  of  connection. 

Again,  it  is  not  clear  why  a  separate  basin  of  deposition  is  required  for 

Claverley  because  of  its  supposed  lithological  peculiarities,  when  Dr  Arber 

lays  such  stress  on  the  impersistence  of  lithological  types  (op.  cit.,  pp.  433-4). 
It  appears  to  me  that  the  gradual  subsidence  of  a  landlocked  basin  will 

adequately  explain  the  phenomena.  Near  the  land,  so  much  coarse  sediment 

was  laid  down  in  places  that  beds  of  conglomerate  and  coarse  "espley" 
grits  predominate,  while  elsewhere,  or  farther  away,  the  usual  types  of 

Coal  Measure  deposits — carbonaceous  clays,  shales,  and  coal-seams — were 
spread  out.  Where  the  basin  was  shallowest,  the  sequence  would  be  least 

complete.  Some  parts  of  the  floor  rose  so  far  above  others  that  they  were 

not  covered  by  any  Coal  Measure  deposits  till  the  Transition  period,  as  in 

the  Mamble  region  and  at  Chelmarsh,  where,  in  each  case,  the  Sulphur 

Coal  Group,  having  overlapped  or  overstepped  the  Middle  Measures,  rests 

directly  on  the  Old  Red  Sandstone  floor.  The  Claverley  boring  seems  to 

have  entered  one  of  these  uprisings,  for  only  950  feet  of  Coal  Measures  were 
found  to  intervene  between  the  base  of  the  Keele  Beds  and  the  floor  of 

Silurian  rocks.  Conversely,  where  the  basin  was  deep  the  measures  are 

much  thicker,  as  in  the  Dowles  Valley,  where,  in  the  so-called  Alton  boring, 
which  commenced  probably  several  hundred  feet  lower  in  the  sequence  than 

the  Sulphur  Coal  Group  of  the  Highley  region,  1102  feet  of  Middle  Measures 

alone  were  proved  (op.  cit.,  p.  376).  At  Shatterford  there  are  probably  at 
least  2000  feet  of  measures  between  the  base  of  the  Keele  Beds  and  the 

Old  Red  Sandstone  floor. 

With  such  variations  in  the  depth  of  the  basin  of  deposition,  it  is  clear 

that  overlap  would  result,  and  the  necessity  of  assuming  more  than  one 

basin  is  not  very  obvious.  The  lithological  type  of  sediment  would 

necessarily  vary  with  the  character  and  proximity  of  the  coast.  The  coal- 
seams  would  be  liable  to  thicken  and  thin,  to  disappear,  and  to  deteriorate 

m  quality  ;  and  a  normal  series  of  carbonaceous  shales,  clods,  and  coal-seams 
such  as  we  have  in  the  Highley  region  might  well  pass  horizontally  in  the 

direction  of  the  shore  into  a  series  of  red  marls,  green  grits,  and  useless 

smuts  like  those  of  Shatterford  and  Claverley. 

We  have  now  to  consider  the  bearing  of  the  fossil  plants   collected  from  the 

Wyre  Forest  Coal  Field  by  Messrs  John  Rhodes,  John  Pringle,  and  Robert  Eckford, 
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of  the  Geological  Survey,  in  1891,  1906,  and  1914.  Dr  Kidston  has  examined  these 

fossils  and  has  enabled  us  further  to  elucidate  the  Coal  Measure  horizons  present  in 

the  district,  and  to  clear  up  certain  doubtful  points  as  regards  the  geographical 
distribution  of  the  various  subdivisions. 

T7'impley  District. — On  the  southern  margin  of  the  Old  Ked  Sandstone  inlier  of 
Trimpley,  the  plants  from  a  locality  300  yards  west  of  Biddings  Barn,  on  the 

northern  edge  of  North  Wood,  indicate  that  the  beds  are  not  lower  than  the 

Westphalian.  As  the  beds  in  question  are  only  a  few  yards  distant  from  the  Lower 

Old  Red  Sandstone  which  forms  the  floor  on  which  the  Coal  Measures  were  deposited, 

we  may  conclude  that  here  the  lowest  Coal  Measures  present  are  Westphalian,  and 
that  the  Lower  Coal  Measures  (Lanarkian  Series)  are  absent. 

A  little  over  half  a  mile  farther  south,  the  plants  collected  from  a  railway  cutting 

150  yards  south-east  of  North  wood  House  may  be  either  Transition  or  Westphalian. 
The  beds  are  much  farther  removed  from  the  Old  Red  Sandstone  inlier,  and  are 

therefore  presumably  much  higher  in  the  Coal  Measure  sequence  than  those  of 

Riddings  Barn  ;  but  their  exact  position  in  the  sequence  is  not  determinable  from 

the  plants  collected. 

SecMey  Cliff. — On  the  western  bank  of  the  Severn,  at  Seckley  Cottage,  a  mile 
south  of  Upper  Arley,  the  Coal  Measures  form  a  cliff,  at  the  foot  of  which  a  coal 

has  been  to  some  extent  worked  at  the  outcrop.  This  coal  appears  from  strati- 
graphical  considerations  to  lie  several  hundred  feet  lower  in  the  sequence  than  the 

Spirorbis-limestone  and  the  Main  Sulphur  Coal  formerly  worked  at  Button  Oak,  on 

the  high  ground  half  a  mile  to  the  south-west.  Plants  collected  from  the  cliff  and 

old  spoil-banks  show  that  the  beds  belong  to  the  Westphalian  Series,  and  thus 
pertain  to  the  Sweet  Coal  Group. 

Dowles  Valley. — In  the  Dowles  Valley,  several  exposures  near  Cooper's  Mill  have 
yielded  a  further  good  assemblage  of  plants  which  Dr  Kidston  refers  to  a  horizon 

high  in  the  Westphalian  Series.  This  determination  confirms  the  deduction  made 

on  the  evidence  of  the  plants  collected  in  1895,  and  agrees  with  Dr  Arber's 
conclusion  that  the  whole  of  the  beds  penetrated  by  the  Alton  No.  1  bore-hole,  close 
by,  are  referable  to  the  Sweet  Coal  Group.  Probably  no  great  thickness  of  strata 

intervenes  between  the  Cooper's  Mill  beds  and  the  Main  Sulphur  Coal  formerly 
worked  at  Button  Oak.  In  these  intervening  beds  the  base  of  the  Sulphur  Coal 

Group  remains  to  be  located,  and  the  presence  or  absence  of  the  Etruria  Marls  put 

to  the  proof.  Still  farther  up  the  valley,  the  plants  from  a  locality  at  Furnace  Mill 

appear  to  place  the  beds  in  the  Westphalian  Series.  About  three-quarters  of  a  mile 

to  the  north-east,  the  Main  Sulphur  Coal,  attended  by  a  Spirorbis-limestone,  was 
worked  on  the  higher  ground  at  Kingswood  and  Winwoods. 

So  far,  then,  as  the  present  evidence  goes,  it  confirms  the  conclusions  I  had 

reached  twenty  years  ago,*  viz.  that  "  the  bulk   of  the  ground  along  the  Dowles 
*  "  A  Contribution,  etc.,"  1895,  p.  18. 
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Valley,  and  for  some  distance  on  either  side  of  it,  .  .  .  will  prove  to  be  Middle 

Coal  Measures." 

Highley  Region. — In  this  region  an  extensive  assemblage  of  fossil  plants  has 

been  obtained  from  the  spoil-banks  of  the  Highley  and  Kinlet  Collieries.  The 
material  consists  of  the  debris  removed  during  the  working  of  what  is  known  as  the 

Brooch  Coal.  At  the  Highley  Colliery  this  seam,  as  I  am  informed  by  the  manager, 

Mr  H.  V.  Eardley,  to  whom  the  Survey  is  indebted  for  permission  to  collect,  is  the 

one  called  the  Five-Foot  Coal  in  the  section  of  No.  1  shaft,  in  which  it  lies  at 

a  depth  of  875  feet  3  inches. 

The  seam  worked  at  the  Kinlet  Colliery  is  also  called  the  Brooch,  and  is  pre- 

sumably the  same  as  that  worked  at  Highley. 

The  fossil  list  is  described  by  Dr  Kidston  as  typically  Westphalian — a  conclusion 

in  harmony  with  Dr  Arber's  view. 
Mamble  Region. — In  this  district  no  evidence  has  yet  been  obtained  that  any  of 

the  coals  worked  belong  to  the  Sweet  Coal  Group.  As  the  coals  are  accompanied  by 

a  /S^VorfoVlimestone  and  are  more  or  less  sulphurous,  there  is  no  reason  to  doubt 

that  they  belong  to  the  same  group  as  the  Sulphur  Coals  of  the  Highley  district ; 

and  as  they  crop  out  around  the  margin  of  the  Coal  Measure  tract  within  a  short 

distance  of  the  Old  Red  Sandstone  floor,  there  is  no  room  for  the  Sweet  Coal  Group 

to  emerge  from  below  them.  These  Sulphur  Coals  are,  or  have  been  till  recently, 

worked  at  the  Bayton,  Mamble,  Pensax,  Abberley,  and  other  collieries. 

The  seams  are  worked  under  different  names  at  the  several  pits.  At  the  Bayton 

Colliery  the  seam  is  known  as  the  Three-Quarter  Coal ;  at  Mamble,  as  the  Soft  Coal ; 
at  Pensax,  and  at  the  Snead  Farm,  close  by,  as  the  Higher  and  Lower  Coal ;  and  at 

Abberley,  as  the  Top  and  Bottom  Coal.  Whether  all  these  are  one  and  the  same 

coal  it  is  not  possible  to  say  without  a  comparison  of  the  shaft-sections,  and  as  the 
shafts  are  in  many  cases  very  old,  sections  are  difficult  to  obtain  and  possibly  not 

very  reliable.  How  far  these  coals  correspond  to  the  Main  Sulphur  Coal  of  the 

Highley  region  is  uncertain  ;  but  their  position  not  far  below  a  Spirorbis-limestone 

renders  it  probable  that  they  occur  at  much  the  same  horizon.  The  plant-remains 

collected  from  the  spoil-heaps  at  the  collieries  mentioned  above  indicate  that  the 
beds  belong  to  the  Staffordian  Series  and  are  of  Transition  age,  which  agrees  with 

Dr  Arber's  opinion. 
Alveley. — In  the  hope  of  obtaining  some  plant-remains  from  the  Keele  Beds,  a 

quarry  300  yards  north-west  of  Alveley  Church  was  visited  by  Mr  Pringle,  but  the 
only  specimen  obtained  was  one  referred  by  Dr  Kidston  to  Sigillaria  Brardi  var. 

denudata  Gopp.  pro  sp.  As  the  range  of  this  plant  extends  from  the  Etruria  Marls 

to  the  Permian,  its  evidence  does  not  carry  us  so  far  as  the  plants  collected  from 

che  Claverley  boring  (p.  1078). 

Summary. — We  will  now  sum  up  our  present  knowledge  of  the  geology  of  what 
certainly  appears  to  be  one  of  the  most  puzzling  Carboniferous  districts  in  Britain. 
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The  Coal  Measures  present  in  the  Wyre  Forest  Coal  Field  consist  of  three  groups, 

of  which  the  lowest  is  known  as  the  Sweet  Coal  Group,  the  intermediate  as  the 

Sulphur  Coal  Group,  and  the  highest  as  the  Keele  Beds.  The  first  belongs  to 

the  Westphalian  or  Middle  subdivision  of  the  Coal  Measures,  the  intermediate  to 

the  Staffordian,  and  the  highest  to  the  Radstockian,  Stephanian,  or  Upper  Coal 
Measures. 

The  plant-remains  are  adequate  to  distinguish  the  Sweet  Coal  Group  from  the 
Sulphur  Coal  Group,  and  to  show  that  the  latter  is  of  Staffordian  age.  As  the  old 

Permian  is  the  equivalent  of  the  Keele  Group  of  North  Staffordshire,  it  follows  that 

the  Sulphur  Coal  Group  must  represent  either  the  Etruria  Marls,  or  the  Newcastle 

(Halesowen)  Sandstones,  or  both. 

Nowhere  in  the  Midlands  do  the  Etruria  Marls  contain  anything  but  a  scanty 

flora,  nor  do  they  contain  workable  coal.  The  Newcastle  Sandstones  contain  an 

abundant  flora  and  several  coals.  Lithologically,  the  Sulphur  Coal  Group  of  Wyre 

Forest  agrees  much  more  closely  with  the  Newcastle  Sandstones  than  with  any 

known  development  of  Etruria  Marls  ;  it  contains  workable  coals,  and  its  flora  is,  in 

the  opinion  of  Dr  Kidston,  closely  comparable  with  that  of  the  Newcastle  Beds. 

We  conclude,  therefore,  that  the  Sulphur  Coal  Group  of  Wyre  Forest  represents  the 
Newcastle  Beds  of  North  Staffordshire  and  the  Halesowen  Sandstones  of  South 

Staffordshire. 

The  Sulphur  Coal  Group  may  or  may  not  be  unconformable  to  the  Sweet  Coal 

Group  ;  its  base  has  yet  to  be  defined,  and  located  not  only  on  the  surface,  but  also 

in  the  pit-shafts. 
When  this  is  done,  it  will  be  found  either  (l)  that  the  Etruria  Marls  of  other 

districts  are  absent  through  unconformity,  or  (2)  that  they  are  represented  by  part 

of  the  barren  strata  that  separate  the  Sulphur  Coal  Group  from  the  Sweet  Coals. 

The  Sweet  Coals  of  Highley  are  absent  as  workable  coals  along  the  Dowles 

Valley  and  at  Shatterford  because  in  those  directions  conditions  were  unfavourable 

to  the  accumulation  of  the  requisite  vegetable  debris. 

The  fact  that  at  Highley  and  in  the  Dowles  Valley,  and  also  at  Shatterford,  both 

the  Sweet  Coal  Group  and  the  Sulphur  Coal  Group  are  developed,  while  north  of 

Billingsley  and  again  in  the  Mamble  region  the  Sulphur  Coal  Group  alone  is  present, 

is  explained  by  the  overlap  consequent  upon  the  filling  up  of  a  subsiding  basin,  the 

margin  of  which  received  no  Staffordian  (Transition)  Coal  Measure  deposits  till  the 

deeper  parts  had  been  already  filled  up  with  deposits  of  Middle  Coal  Measure  age. 

FOSSIL  PLANTS  OF  THE  FOREST  OF  WYRE  COAL  FIELD. 

The  species  included  in  Lists  I  to  III  were  collected  by  Messrs  John  Rhodes, 

John  Pringle,  and  Robert  Eckford,  except  a  few  that  were  collected  by 
Mr  T.  C.  Cantrill  in  1895. 
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I.  Radstockian  Series  (Upper  Coal  Measures). 

Keele  Group. 

Locality. — Quarry  300  yards  N.W.  of  Alveley  Church,  Shropshire.     (Pr.  1389.) 

Sigillaria  Brardi  Brongt.,  var.  denudata  Gopp.,  pro  sp. 

II.  Staffordian  Series. 

Newcastle  Group. 

Locality. — Abberley  Colliery,  |-  mile  N.W.  of  Abberley  Church,  Worcestershire. 

Horizon. — Shales  associated  with  Top  and  Bottom  Coal=Main  Sulphur  Seam  \ 

(Pr.  939-961.) 
cf.  Pecopteris  Miltoni  Artis  sp. 

Pecopteris  (Cyatheites)  sp. 

Neuropteris  sp. 

Aster •ophyllites  sp. 

Sphenophyllum  emarginatum  Brongt. 

Lepidodendron  sp. 
Cordaites  sp. 

Locality. — -Tip,  100  yards  W.  of  Snead  Farm,  §  mile  N.E.  of  Pensax,  Worcester- 
shire. 

Horizon. — Not  more  than  30  feet  above  Higher  and  Lower  Seam=Main  Sulphur 

Seam  ?     (Pr.  901-902.) 

Pecopteris  sp. 

Asterophyllites  equisetiformis  Schl.  sp. 

Locality. — Pensax  Colliery,  \  mile  N.  of  Pensax  Church,  Worcestershire. 

Horizon. — Shales    associated   with    Higher    and   Lower    Seam  =  Main    Sulphur 

Seam?     (Pr.  962-977.) 

Alethopteris  Serli  Brongt.  sp. 
sp. 

Neuropteris  rarinervis  Bunbury. 

sp. 

Sphenophyllum  sp. 

Locality. — Spoil-bank  at  Eock  Moor  Colliery,  Rock,  4  miles  S.W.  of  Bewdley, 
Worcestershire. 

Horizon. — "From  one  of  the  Sulphur  Coals  worked  in  1895  "  (T.  C.  Cantrill). 
Neuropteris  rarinervis  Bunbury. 

,,  Scheuclizeri  Hoffm. 

Alethopteris  aquilina  Schl.  sp. 



FOREST   OF   WYRE   AND   TITTERSTONB   CLEE   HILL   COAL  FIELDS.  1021 

Locality. — Tip  at  colliery,  300  yards  S.E.  of  Sodington  Hall,  Mamble,  Worcester- 
shire. 

Horizon.— Roof  of  Soft  Coal=Main  Sulphur  Coal  ?     (R.E.  171-177.) 

Neuropter'is  Scheuchzeri  Hoffm. 
Sphenophyllum  emarginatum  Brongt. 

Locality. — Tip  at  Mamble  Colliery,  Mamble,  Worcestershire. 

Horizon—Hoof  of  Soft  Coal=Main  Sulphur  Coal  ?     (Pr.  933-938  ;  R.E.  138-170.) 

Sphenopteris  neuropteroides  Boulay  sp. 

Pecopteris  Miltoni  Artis  sp. 

Neuropteris  rarinervis  Bunbury. 

,,  Scheuchzeri  Hoffm. 

,,  macrophylla  Brongt. 

,,  Osmundse  Artis  sp. 

Sphenophyllum  emarginatum  Brongt. 
sp. 

Locality. — Bayton  Colliery,  Bayton,  Worcestershire. 

Horizon. — Roof  of  Three-Quarter  Seam=Main  Sulphur  Seam  ?     (Pr.  905-932.) 

Pecopteris  Miltoni  Artis  sp. 

Neuropteris  tenuifolia  Schl.  sp. 

,,  Scheuchzeri  Hoffm. 
sp. 

Sphenophyllum  sp. 

Lepidodendron  aculeatum  Sternb. 

Lepidophyllum  lanceolatum  L.  &  H. 

Lepidostrobus  sp. 

Locality. — Newpool  Quarry,  W.  side  of  main  road,  ̂   mile  S.E.  of  Button  Bridge, 

near  Kinlet,  Shropshire.     (Pr.  1222-1235.) 

Calamites  sp. 

Lepidodendron  aculeatum  Sternb. 
Cordaites  sp. 

Locality.— Borle  Brook,  850  yards  N.  15°  E.  of  Wadeley  Farm,  f  mile  N.N.E.  of 
Billingsley  Church,  Shropshire.     (R.E.  243-247.) 

Horizon.— Not  far  above  Main  Sulphur  Coal? 

Sphenophyllum  emarginatum  Brongt. 
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Locality.  — Borle  Brook,  1000  yards  N.  10°  E.  of  Wadeley  Farm,  f  mile  N.N. PI  of 
Billingsley  Church,  Shropshire.     (R.E.  223-242.) 

Horizon. — Not  far  above  Main  Sulphur  Coal. 

Neuropteris  rarinervis  Bunbury. 

Sphenophyllum  emarginatum  Brongt. 

III.  Westphalian  Series. 

Sweet  Coal  Group. 

Locality. — Roadside  230  yards  S.E.  of  Bellman's  Cross  public-house,  Shatterford, 
1^  mile  N.E.  of  Upper  Arley,  Worcestershire. 

Horizon— (?)  Shales  just  above  basalt.     ?  Westphalian.     (Pr.   1390-1403  ;  R.E. 
181-184.) 

Pecopteris  Miltoni  Artis  sp. 

,,  (Cyatheites)  sp. 
Dactylotheca  plumosa  Artis  sp. 

Locality. — Railway  cutting,  110  yards  N.  of  Eymore  Farm,  f  mile  S.  of  Upper 

Arley.     (Pr.  1172-1177.) 

Neuropteris  sp. 

Cordaites  principalis  Germar  sp. 
Samaropsis  sp. 

Locality. — Railway  cutting  under  Hill  Farm,  1   mile  N.  of  Dowles  Church,  near 

Bewdley.     (R.E.  216-222.) 

Neuropteris  gigantea  Sternb. 

Alethopteris  lonchitica  Schl.  sp. 

Locality. — A  gully  about  300  yards  W.  of  Riddings  Barn,  on  northern  edge  of 

North  Wood,  1  mile  N.  of  Bewdley.     (Cantrill,  and  Pr.  1061-1067.) 
Horizon. — Lowest  beds  of  the  Coal  Measures. 

(?)   Corynepteris^s^. 

Mariopteris  muricata  Schl.  sp. 

Neuropteris  tenuifolia  Schl.  sp. 

,,  gigantea  Sternb. 
Calamites  sp. 

Lepidodendron  sp. 
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Locality. — Brook  700  yards  N.  of  Lightmarsh  Farm,  a  mile  N.  of  Bewdley. 
(Cantrill,  and  Pr.  1053-1060.) 

Neuropteris  sp. 

Cordaites  principalis  Germar  sp. 
sp. 

Locality. — Well  opposite  cottage  by  side  of  Severn  Valley  Railway,  400  yards 
N.  of  Northwood  House,  \  mile  N.  of  Bewdley.     (Pr.  1148-1152.) 

Neuropteris  gigantea  Sternb. 
Calamites  sp. 

Locality. — Railway  cutting,  150  yards  S.E.  of  Northwood  House,  \  mile  N.  of 

Bewdley.     (Cantrill,  and  Pr.  1068-1147;  R.E.  185-215.) 

Splienopteris  sp. 

Zeilleria  delicatula  Sternb.  sp.     (Fertile  and  sterile.) 

Pecopteris  Miltoni  Artis  sp. 

,,  sp.  (Cyatheites). 
Dactylotheca  plumosa  Artis  sp. 

Alethopteris  cf.  lonchitica  Schl.  sp. 

Loncliopteris  rugosa  Brongt. 

Neuropteris  sp. 

Calamites  sp. 

Asterophyllites  equisetiformis  Schl.  sp. 

Sphenophyllum  sp.# 
Sigillaria  sp. 

Sigillariostrobus  ciliatus  Kidston. 
sp. 

Cordaites  sp. 

Samaropsis  Guibieri  Geinitz  sp. 

Carpolithes  membranaceus  Gopp.     (See  p.  1060,  PI.  V,  figs.  8  and  9.) 

Locality. — Seckley  Cliff,  W.  bank  of  Severn,  450  yards  S.W.  of  Eymore  Farm, 

f  mile  S.  of  Upper  Arley,  Worcestershire.  (Pr.  1178-1221  ;  R.E.  99-137,  and 
Cantrill.) 

Sphenopteris  obtusiloba  Brongt. 

,,  Sauveuri  Crepin. 

,,  cf.  Walteri  Stur  sp. 
sp. 

Pecopteris  Miltoni  Artis  sp. 

*  Similar  to  the  isolated  sporangia  described  Trans.  Roy.  Soc.  Edin.,  vol.  1,  p.  131,  pi.  x,  figs.  5,  5a,  1914. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  27).  145 
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Dactylotheca  plumosa  Artis  sp. 

Neuropteris  heterophylla  Brongt. 

,,  ubliqua  Brongt. 
sp. 

Catamites  sp. 

Asterophytlites  equisetiformis  Sclil.  sp. 

Annularia  sphenophylloides  Zenker  sp. 

Sphenophyttum  cuneifolium  Sternb.  sp. 
sp. 

Lepidodendron  acuteatum  Sternb. 

Stigmaria  ficoides  Sternb.  sp. 
Cordaites  sp. 

Samaropsis  crassa  Lesqx.# sp. 

Locality. — South  side  of  Dowles  Valley,  W.  of  road  and  250  yards  W.  of  Dowles 

Church,  Bewdley.     (Pr.  1166-1171.) 

Catamites  sp. 

Lepidodendron  acuteatum  Sternb. 

Locality. — Quarry,  150  yards  N.  of  Grove  Farm,  f  mile  W.  of  Dowles  Church, 

Bewdley.     (Pr.  1161-1165.) 

Neuropteris  gigantea  Sternb. 
sp. 

Cordaianthus  sp. 

Locality. — Small  quarry,  150  yards  E.  of  Town  Mill,  Dowles  Valley,  near  Bewdley. 

(J.M.  4856-4865). 

Neuropteris  obliqua  Brongt.  sp. 

Asterophytlites  equisetiformis  Schl.  sp. 

Sphenophyttum  majus  Bronn. 
Catamites  sp. 

Locality. — Road  section,  250  yards  N.E.  of  Cooper's  Mill  (3rd  mill  W.  of  Dowles 
Church).     (Pr.  1153-1160.) 

Neuropteris  sp. 

Annularia  spicata  Gutbier  sp.     (See  p.  1039,  PI.  II,  figs.  6,  7.) 
Cordaites  sp. 

*  Coal  Flora,  pi.  cix,  fig.  12.     (Pr.  1216  ;  R.E.  131.) 
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Locality. — Roadside  at  back  of  building,  Cooper's  Mill  (3rd  mill  W.  of  Dowles 

Church),  1^  mile  W.  of  Dowles  Church,  near  Bewdley.  (Cantrill,  "  Contribution," 
1895,  p.  38;  Pr.  999-1052;  R.E.  12-86.) 

Sphenopteris  furcata  Brongt. 

,,  cf.  nummularia  Gutbier. 

,,  Duponti  Stur  sp. 

1885.  Diphthmema  Duponti,  Stur,  Fame:  Carb.  Flora  d.  Schatz.  Schichten,  p.  319,  pi.  xviii, 

fig.  9. 

1911.  Sphenopteris  Duponti,  Kidston,  Mem.  Mus'ee  roy.  d'hist.  not.  d.  Belgique,  vol.  iv,  p.  21. 
1885.  Diplothmema  Gilkineti,  Stur,  I.e.,  p.  320,  pi.  xxviii,  figs.  9-10. 
1910.  Sphenopteris  Gilkineti,  Deltenre,  in  Renier,  Documents  paleont.,  pi.  Ixxi. 

1913.  Palmatopteris   Gilkineti,    Gothan,    Oberschlesische    Steinkohlen    Flora,   i   Thiel,    p.    82, 

pi.  xvi,  fig.  3. 

Sphenopteris  Walteri  Stur.  sp. 

1885.  Calymmotheca  Walteri,  Stur,  Fame:  Garb.  Flora  d.  Schatz.  Schichten,  p.  263,  pi.  xxxvi, 

fig.  4. 

1893.  Palmatopteris    Walteri,  Potonie\    "Uber  einige  Carbonfarne,"  iv  Thiel,  Jahrb.  d.  k. 
Preuss.  geol.  Landesanst.  fur  1892,  p.  8,  pi.  iii. 

1914.  Sphenopteris  Walteri,  Kidston,  Trans.  Roy.  Soc.  Edin.,  vol.  1,  p.  88. 

Pecopteris  Miltoni  Artis  sp. 

Dactylotheca  plumosa  Artis  sp. 

Alethopteris  loncliitica  Schl.  sp. 

Neuropteris  heterophylla  Brongt. 

tenuifolia  Schl.  sp. 

cf.  Blissi  Lesqx. 

gigantea  Sternb. 
Scheuchzeri  Hoffm. 

sp. 

Catamites  ramosus  Artis. 

sp. 

Aster  ophyllites  equisetiformis  Schl.  sp. 

Annularia  radiata  Brongt. 

,,  sphenophylloides  Zenker  sp. 

Sphenophyllum  cuneifolium  Sternb.  sp. 

,,  „  forma  saxif rag  %  folium  pro  sp. 

,,  ,,  majus  Bronn  sp. 
sp. 

Asolanus  camptotsenia  Wood. 

Sigillariostrobus  ciliatus  Kidston. 

Cordaites  principalis  Germar. 

Cordaites  sp. 
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Samaropsis  emarginata  Gopp.  &  Berger.     (See  p.  1058,  PI.  V,  fig.  7.) 

Carpolithes  membranaceus  Gopp.     (See  p.  1060,  PI.  V,  figs.  8,  9.) 

Pinnularia  eapillacea  L.  &  H. 

Locality. — Dowles  Brook,  small  cliff  on  S.  side  of  stream  where  small  stream  joins 

i  lie  main  stream,  250  yards  W.S.W.  of  Cooper's  Mill. 

Horizon. — Same  horizon  as  beds  at  Cooper's  Mill.  (See  Cantrill,  "  Geol.  Forest 

of  Wyre.")     (Pr.  978-998;  R.E.  87-98.) 

Sphenopteris  Walteri  Stur  sp. 
sp. 

Neuropteris  sp. 

Asterophyllites  sp. 

Calamostachys  sp. 

Sphenophyllum  sp. 

Carpolithes  membranaceus  Gopp. 

,,  areolatus  Boulay  sp.     (See  p.  1062,  PL  V,  fig.  1.) 

Trigonocarpus  Parhinsoni  Brongt. 

Cordaites  palmseformis  Gopp.  sp. 
sp. 

Pinnularia  sp. 

Locality.—  Roadside  120  yards  N.E.  of  Furnace  Mill,  \  mile  N.W.  of  Wyre  Forest 

Station,  3  miles  E.  of  Cleobury  Mortimer.     (Pr.  1416-1452.) 

Sphenopteris  obtusiloba  Brongt.  (  =  Sph.  Schumanni  Stur.). 
Asterophyllites  equisetiformis  Schl.  sp. 
cf.  Annularia  sp. 

Sphenophyllum  cuneifolium  Sternb.  sp. 

,,  cf.  trichomatosum  Stur. 

Sigillaria  reticulata  Lesqx.     (See  p.  1055,  PI.  II,  fig.  1.) 

,,         transversalis  Brongt. 

Locality. — Draw-well  by  side  of  main  road  f  mile  S.  of  Far  Forest  Church  an3 
nearly  1  mile  S.  of  Wyre  Forest  Station,  3  miles  E.  of  Cleobury  Mortimer. 

Horizon. — Probably  below  Main  Sulphur  Seam.     (Pr.  1453-1475.) 

Neuropteris  sp. 

Asterophyllites  equisetiformis  Schl.  sp. 

Stigmaria  ficoides  Sternb.  sp. 
Cordaianthus  sp. 

Artisia  approximata  Brongt.  sp. 
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Locality. — Old  tip  (300  yards  N.  of  3rd  milestone  on  Bridgnorth  road  from  Cleo- 
bury  Mortimer),  Baveney  Wood,  Shropshire. 

Horizon.— Sweet  Coals.     (R.E.  178-180.) 

Sphenopteris  obtusiloba  Brongt. 

Locality. — Kinlet  Colliery,  E.  of  Tip  House,  1  mile  S.W.  of  Highley,  Shropshire. 

(Pr.  1476-1544;  J.M.  4914-4993.) 

Horizon. — Shales  associated  with  Brooch  Coal  (=Five-Foot  Seam  of  Highley 
Colliery  ?). 

Sphenopteris  obtusiloba  Brongt.* 
,,  Sauveuri  Crepin.f 

,,  Marrati  Kidston. 
sp. 

Renaultia  gracilis  Brongt.  sp. 

Zeilleria  avoldensis  Stur  sp. 

Pecopteris  Miltoni  Artis  sp. 

,,  cf.  Volkmanni  Sauveur. 

Dactylotheca  plumosa  Artis  sp. 

Mariopteris  muricata  Schl.  sp. 

Alethopteris  Serli  Brongt. 

Lonchopteris  Bricei  Brongt. 

Neuropteris  heterophylla  Brongt. 

,,  gigantea  Sternb. 
sp. 

Calamites  Sachsei  Stur. 

sp. 

Aster ophyllites  equisetiformis  Schl.  sp. 

,,  cf.  longifolius  Sternb.  sp. 

Annularia  microphylla  Sauveur. 

Palseostachya  Ettingshauseni  Kidston. 
sp. 

Paracalamostachys  striata  Weiss.J 

Lepidodendron  ophiurus  Brongt. 
sp. 

Lepidostrobus  sp. 

Sigillaria  vulgaris  Artis  sp. 

nudicaulis  Boulay.       (See  p.  1050,  PL  III,  figs.  2,  3.) 

*  Both  forms  of  Sphen.  obtusiloba  Brongt.,  the  Sphen.  Schummanni  Stur  and  Sphen.  striata  Gothan,  occur  here. 

t  This  specimen  is  the  Sphen.  (Diplothmema)  Richthofeni  Stur,  Fame :  Garb.  Flora  d.  Schatz.  Schichten,  pi.  xxv, 

figs.  6,  7  (nnn  fig.  5.)  (Non  pi.  xxxv,  fig.  1,  at  right  margin.)  See  Gothan,  Oberschlesische  Stemlcohlen  Flora, 

i  Theil,  p.  28,  1913. 

I  This  cone,  though  incomplete  at  either  end,  was  10  cm.  long. 
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Sigillaria  Voltzi  Brongt. 

,,  distans  Sauveur.     (See  p.  1051,  PL  IV,  fig.  4  ;  PI.  V,  fig.  10.) 

,,  elongata  Brongt. 

Candollei  Brongt.       (See  p.  1049,  PI.  IV,  figs.  1,  2.) 

,,  Pringlei  Kidston  n.  sp.     (See  p.  1053,  PL  III,  fig.  1.) 

Boblayi  Brongt.     (See  p.  1048,  PL  IV,  fig.  3.) 

,,  trayisversalis  Brongt.     (See  p.  1054,  PL  II,  figs.  2-4.) 
sp. 

Sigillariostrobus  cf.  rhombibracteatus  Kidston. 
sp. 

Stigmaria  sp. 

Cordaites  borassifolius  Sternb.  sp. 

,,         principalis  G-ermar  sp. 
Samaropsis  sp. 

Carpolithes  areolatus  Boulay. 

,,  membranaceus  Gopp. 

Locality. — Highley  Colliery,  Highley,  Shropshire. 

Horizon. — Shales  associated  with  Brooch  Coal  (=Five-Foot  Seam).     (Eh.  3598— 

3615;  Pr.  1240-1387;  J.M.  4866-4913.) 

Sphenopteris  Marrati  Kidston. 

,,  Dixoni  Kidston  n.  sp.     (See  p.  1077,  PL  V,  fig.  3-5.) 
cf.  Zeilleria  delicatula  Sternb.  sp. 

Oligocarpia  Brongniarti  Stur. 

Pecopteris  Miltoni  Artis  sp. 

,,  cf.  Volkmanni  Sauveur. 

Dactylotheca  plumosa  Artis  sp. 

Mariopteris  muricata  Schl.  sp. 

Alethopteris  Serli  Brongt.  sp. 

Lonchopteris  rugosa  Brongt. 

Neuropteris  heterophylla  Brongt. 

Grangeri  Brongt. 

tenuifolia  Schl.  sp. 

cf.  Blissi  Lesqx. 

obliqua  forma  impar  Weiss  pro  sp. 

gigantea  Sternb. 
Scheuchzeri  Hoffm. 

Calamites  Cisti  Brongt. 

,,  schiitzeiformis  Kidston  and  Jongmans.# 

*  See  Jongmans  and  Kukok,  "  Die  Calamariaceen  des  Rkeinisch-Westfalischen  Kohlenbeckens,"  Mededeelingen 

van  :s  Rijks  Herbarium,  Leiden,  No.  20  (1913),  p.  32. 
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Calamites  sp. 

Asterophyllites  equisetiformis  Schl.  sp. 

Cingularia  typica  Weiss.     (See  p.  1042,  PI.  I,  figs.  1-2.) 

,,  Cantrilli  Kidston  n.  sp.     (See  p.  1045,  PI.  I,  figs.  3-5.) 
cf.  Macrostachya  sp. 

Sphenophyllum  cuneifolium  Sternb.  sp. 

,,  ,,  forma  saxifragsefolium  Stbg.  pro  sp. 

Lepidophloios  acerosus  L.  &  H.  sp.     (See  p.  1057,  PI.  II,  fig.  5.) 

Lepidophyllum  lanceolatum  L.  &  H. 

Sigillaria  Davreuxi  Brongt. 
sp. 

Sigillariostrobus  rhombibracteatus  Kidston. 

Stigmaria  ficoides  Sternb.  sp. 

Cordaites  principalis  Germar  sp. 

,,  borassifolius  Sternb.  sp. 

Samaropsis  cf.  crassa  Lesqx. 

Carpolithes  membranaceus  G-opp. 
,,  areolatus  Boulay  sp.     (See  p.  1062,  PL  V,  fig.  1.) 

Locality. — Tip  at  Billingsley  Colliery,  1  mile  S.E.  of  Billingsley  Church, 
Shropshire. 

Horizon. — Shales  associated  with  one  of  the  Sweet  Coals  being  worked  in  June 

1914.     (J.M.  4994-5000;  R.E.  1-11.) 

Neuropteris  tenuifolia  Schl.  sp. 

,,  gigantea  Sternb. 
Asterophyllites  equisetiformis  Schl.  sp. 

Sphenophyllum  cuneifolium  forma  saxifragsefolium  Sternb.  pro  sp. 

Lepidodendron  sp. 

From  Rocks  probably  belonging  to  the  Westphalian  Series. 

Locality.  —  Brickworks,  W.  end  of  village,  Cleobury  Mortimer,  Shropshire. 

(Pr.  1405-1415.) 
Horizon. — Small  outlier  of  lowest  beds  of  the  Coal  Measures. 

Neuropteris  sp. 

Sphenophyllum  cuneifolium  Sternb.  sp. 
Samaropsis  sp. 

Several  species  of  considerable  interest  were  met  with,  some  of  which  are  new  to 

Britain  and  others  new  to  science  ;  but  before  figuring  and  describing  these,  the 

general  conclusions  deduced  from  these  collections  had  better  be  discussed,  and  with 
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this  object  a  complete  list  of  all  the  species  known  to  occur  in  the  Staffordian  and 

Westphalian  Series  of  the  Wyre  Forest  Coal  Field  is  given,  irrespective  of  the 

localities  from  which  they  were  collected. 

Dr  Arber  most  kindly  allowed  me  to  examine  his  collection,  which  is  preserved 

in  the  Sedgwick  Museum,  Cambridge,  and  any  species  comprised  in  it  which  are  not 

represented  in  the  collections  of  the  Geological  Survey  or  of  Mr  Cantrill  are  included 

in  the  lists  given  here,  but  are  distinguished  by  a  *. 
There  are,  however,  some  plants  recorded  by  Dr  Arber  on  which  I  wish  to  make 

some  remarks. 

Macrostachya  Schimperiana. 

Arber,  I.e.,  p.  389,  pi.  xxix,  fig.  31. 

The  Forest  of  AVyre  example  only  exhibits  the  outer  surface  of  the  bracts,  and 

does  not  show  the  position  of  the  sporangiophores,  an  essential  character  for  the 

identification  of  Palseostachya  Schimperiana  Weiss. f  In  Palseostachya  the  sporangio- 
phores spring  from  the  axils  of  the  bracts,  while  in  Macrostachya  they  are  believed 

to  arise  from  the  axis  midway  between  the  bract  verticils  as  in  C alamo  stachys.\ 

There  does  not  appear  to  be  any  adequate  reason,  therefore,  for  the  transference  of 

Palseostachya  Schimperiana  of  Weiss  to  the  genus  Macrostachya.  The  outer 

characters  shown  on  the  British  specimen  do  not  seem  to  me  to  be  alone  sufficient 

for  its  identification  with  Weiss's  species.  I  therefore  prefer  provisionally  to  name 

Dr  Arber' s  specimen  cf.  Macrostachya  sp. 

Neuropteris  plicata. 

Arber,  I.e.,  p.  391,  pi.  xxvii,  figs.  10,  11. 

This  is  neither  the  Neuropteris  plicata  Sternb.  nor  the  plant  figured  by  me  under 
that  name.§ 

Since  describing  and  figuring  my  specimen,  I  have  received,  through  the  kindness 

of  the  Director  of  the  Bohemian  Museum,  Prag,  a  photograph  and  plaster  casts  of 

the  true  Neuropteris  plicata  Sternb. ||  The  nervation  is  not  very  clearly  seen  on  the 

photograph,  but  as  far  as  visible  agrees  very  well  with  that  on  my  specimen.  On 

the  true  plant,  however,  the  pinnules  are  rather  more  obtuse,  and  the  plications  at 

the  margins  of  the  pinnules  are  much  more  prominent,  a  character  well  brought  out 

on  the  two  plaster  casts  kindly  sent  me,  where  they  are  much  more  conspicuous  than 

shown  on  Sternberg's  figure.  I  therefore  propose  the  name  of  Neuropteris  subplicata 
for  the  Staffordshire  specimen. IF 

t  See  Weiss,  Steinkohl.  Calamarien,  part  i,  p.  105,  pi.  v,  1876. 
I  Sterzei,  VII  Bericht  d.  Nahirw.  Gesell.  zu  Chemnitz,  1881,  p.  238.    See  also  Jongmans,  Anleitung,  i,  p.  349,  1911. 
i^   Trans.  Roy  Hoc.  Edin.,  vol.  xxxv,  p.  313,  plate,  figs.  1,  Ice,  1888. 
||  Vers.,  i,  fasc.  iv,  p.  16  ;  ii,  p.  74,  pi.  xix,  figs.  1  and  3. 

1"  See  Trans.  Roy.  Hoc.  Edin.,  vol.  xxxv,  p.  313,  pi.  figs.  1,  la,  1888. 
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Pecopteris  Integra. 

Arber,  I.e.,  p.  392,  pi.  xxvii,  fig.  15. 

From  an  examinati'on  of  this  specimen  I  feel  satisfied  it  is  a  somewhat  decayed 
example  of  Pec.  Miltoni  Artis  sp. 

Mariopteris  latifolia. 
Arber,  I.e.,  p.  386. 

This  appears  to  me  to  be  Mariopteris  muricata  Schl.  sp. 

Sigillaria  Utschneideri. 

Arber,  I.e.,  p.  398,  pi.  xxviii,  fig.  18. 

On  the  specimen  figured  by  Dr  Arber  the  ribs  are  smooth,  whereas  on 

Brongniart's  type  the  whole  of  the  interfoliar  portion  of  the  rib  is  characterised 

by  transverse  bars  or  ridges.  Dr  Arber's  specimen  may  therefore  be  specifically 
distinct. 

Sigillaria  elongata. 
Arber,  I.e.,  p.  386. 

This  I  believe  to  be  Sigillaria  rugosa  Brongt. 

Sigillariostrobus  nobilis  Zeiller. 

Arber,  I.e.,  p.  399,  pi.  xxvi,  figs.  1,  2,  4,  5. 

Some  of  the  bracts  of  the  specimens  of  this  cone  shown  me  by  Dr  Arber  exhibit 

some  fine  cilia  on  their  margins,  and  the  same  character  is  seen  on  some  specimens 

from  Yorkshire  collected  by  Mr  Hemingway,  which  I  also  refer  to  this  species. 

These  cilia  are  not  mentioned  in  Zeiller's  description,  but  are  very  delicate,  and  may 
not  have  been  preserved  on  his  specimens. 

Samaropsis  fiuitans. 

Arber,  I.e.,  p.  387. 

I  am  familiar  with  the  small  seed  named  Samaropsis  fiuitans  by  Dr  Arber,  and 

I  believe  in  Britain  it  has  been  frequently  identified  as  Dawson's  species.  I  am, 

however,  very  doubtful  of  its  specific  identity  with  Dawson's  Samaropsis  (Cardio- 
carpum)  fiuitans,  nor  does  it  seem  to  agree  with  those  so  named  on  the  Continent. 

I  therefore  for  the  present  think  it  safer  to  simply  name  the  Forest  of  Wyre 

•example  Samaropsis  sp. 

Odontopteris  Coemansi. 

Arber,  I.e.,  p.  388. 

This  specimen  is  rather  imperfectly  preserved,  but  I  think  it  is  a  fragment  of  a 

Sphenopteris.       The    pinnules    show    a   distinct    midrib    with    lateral    veinlets,   and 

therefore  cannot  be  referred  to  the  genus  Odontopteris. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  27).  146 
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In  the  following  lists  I  have  omitted  those  species  which  appear  to  be  doubtful, 

awaiting  confirmation  of  their  occurrence  in  the  Wyre  Forest  Coal  Field. 

Synopsis  of  all  the  Fossil  Plants  known  from  the  Staffordian  Series, 
including  the  sulphur  coal  group. 

Sphenopteris  neuropteroides  Boulay. 

Pecopteris  Miltoni  Artis  sp. 

,,  (Cyatheites)  sp. 
Dactylotheca  plumosa  Artis  sp. 

*  Odontopteris  Lindleyana  Sternb. 
Neuropteris  ovata  Hoffm. 

,,  tenuifolia  Schl.  sp. 

,,  rarinervis  Bunbury. 

*  ,,  flexuosa  Sternb. 
,,  Scheuchzeri  Hoffm. 

,,  Osmundse  Artis  sp. 

,,  macrophylla  Brongt. 

*  Alethopteris  lonchitica  Schl.  sp. 

,,  aquilina  Schl.  sp. 

,,  Serli  Brongt.  sp. 

*  Catamites  Suckowi  Brongt. 

*  „  (?)  Cisti  Brongt. 
Asterophyllites  equisetiformis  Schl.  sp. 

*  Sphenophyllum  cuneifolium  Sternb.  sp. 
,,  emarginatum  Brongt. 

Lepidodendron  aculeatum  Sternb. 

*  „  dichotomum  (?  Sternb.)  Zeiller. 

*  ,,  lanceolatum  Lesqx. 

*  ,,  Wortheni  Lesqx. 
Lepidostrobus  variabilis  L.  &  H. 

Lepidophyllum  lanceolatum  L.  &  H. 

Stigmaria  Jicoides  Sternb.  sp. 
Cordaites  sp. 

*  Cordaianthus  dubius  Grand'Eury. 
Cordaianthus  sp. 

Artisia  approximata  Brongt.  sp. 

Before  considering  this  list  in  its  application  to  the  zoning   of  the  Staffordian 

Series  of  the  Forest  of  Wyre,  the  previously  known  distribution  of  the  species  it 

*  Specimens  indicated  by  a  *  are  preserved  in  the  collections  made  by  Dr  Arber,  now  in  the  Sedgwick  Museum, 
Cambridge. 
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contains  in    British    Carboniferous  rocks  must  be  considered, 

annexed  table  : — 

Fossil  Plants  of  the  Staffordian  Series  of  the  Forest  of  Wyre 
Coal  Field. 

This  is  seen  in    the 

Spliennpteris  veuropteroides  Boulay  sp 
Pecopteris  Miltoni  Artis  sp. 

,,         (Cyatheites)  sp. 
Dactyl' rfheca  plumosa  Artis  sp.  . 
Odontopteris  Lindleyana  Sternb. 
Neuropteris  ooata  HofFm.  . 
„  tenuifolia  Schl.  sp.  . 
„  rarinervis  Bunbury . 

„  Jlexuosa  Sternb. 
„  Scheuchzeri  HofFm.  . 
„  Osmundx  Artis  sp.  . 
„  macrophxjlla  Brongt. 

Alethopteris  lonchitica  Schl.  sp.  . 
„  aquilina  Schl.  sp.    . 
„  Serli  Brongt.  sp. 

Calamites  Suckowi  Brongt. 
„  ?  Cisti  Brongt.    . 

Asterophyllites  equisetiformis  Schl.  sp 
Sphenophyllum  cunei/olium  Sternb.  sp. 

,,  emarginatum  Brongt. 
Lepidodendron  aculeatum  Sternb. 

,,  dichotomum  (?  Sternb.)  Zeiller 
„  lanceolatum  Lesqx. 
„  Worilieni  Lesqx. 

Lepidostrobus  variabilis  L.  &  H. 
Lepidophyllum  lanceolatum  L.  &  H. 
Stigmaria  ftcoides  Sternb.  sp.    . 
Cordaites  sp. 

Cordaianthus  dubius  Grand'Eury 

Artisia  approximata  Brongt.  sp. 
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This  table  shows  at  once  that,  of  the  fossil  plants  found  in  the  Staffordian  of  the 

Wyre  Forest,  the  majority  occur  in  the  Radstockian  Series,  where,  with  a  few 

exceptions,  they  are  all  frequent  or  common.  Under  Pecopteris  (Cyatheites)  sp. 

possibly  more  than  one  species  occurs,  but  in  these  "  Red  Measures,"  even  when  the 
outline  of  the  pinnules  is  clearly  exhibited,  all  trace  of  the  nervation  has  almost  in- 

variably disappeared,  and  in  this  condition  a  critical  determination  is  impossible.  In 

any  case  the  "  Pecopteris  type"  of  fern  is  rare  in  the  Staffordian  of  the  Wyre  Forest, 
and  in  this  it  differs  markedly  from  the  occurrence  of  the  genus  in  the  Radstockian 

Series,  where  they  are  extremely  plentiful. 

On  the  other  hand,  there  are  several  species  that  occur  in  the  Staffordian  of 

the  Wyre  Forest  which  have  not  yet  been  found  in  the  Radstockian,  and  which  are 

frequent  or  common  in  the  Westphalian,  such  as  Neuropteris  tenuifolia  Schl.  sp., 

Neuropteris  Osmundas  Artis  sp.,  and  Sphenophyllum  cunei/olium  Sternb.  sp.     Spheno- 
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phyttum  emarginatum  Brongt.,  though  it  extends  down  to  the  Black  Band  Group, 

has  not  been  found  in  a  lower  horizon  in  Britain.  It  is  particularly  common,  how- 
ever, in  the  Radstockian  Series.  Alethopteris  lonchitica  Schl.  sp.,  though  recorded 

from  the  Radstockian,  has  only  been  met  with  there  on  a  single  occasion,*  but  is  one 
of  the  most  common  Westphalian  and  Lanarkian  species. 

The  admixture  of  Radstockian  and  Westphalian  species  in  the  shales  associated 

with  the  "Sulphur  Coal  Group"  places  it,  as  pointed  out  by  Dr  Arber,  in  the 
Staffordian  Series. 

The  next  question  that  falls  to  be  considered  is  to  which  group  of  the  Staffordian 

is  the  "  Sulphur  Coal  "  Group  to  be  referred. 
The  fossil  flora  of  the  Staffordian  Series  is  still  very  imperfectly  known — much 

more  so  than  that  of  any  of  the  other  divisions  of  the  Upper  Carboniferous.  The 

following  table,  however,  shows,  as  far  as  at  present  known,  the  distribution  of  the 

Forest  of  Wyre  species  in  the  three  groups  into  which  the  series  is  divisible  : — 

Fossil  Plants  of  the  Staffordian  Series  of  the  Forest  of 

Wyre  Coal  Field. 

Newcastle- under-Lyme Group. 
Etruria 

Marl 
Group. 

Black Band 

Group. 

Sphenopteris  neuropteroides  Bonlay  sp.    . 
Pecopteris  Miltoni  Artis  sp.   . X X 

,,         (Cyat/teites)  sp.      . 
X .. X 

Dactylofheca  plumosa  Artis  sp.        . ... X 

Odontopteris  Liudleyana  Sternb.     . ... 
Neuropteris  ovata  Hofim.        .... X 

,,           tenuifolia  Schl.  sp.       . X 

,,           rarinervis  Bunbury X X 

,,          flexuosa  Sternb.  . X 

„           Scheuchzeri  Hoffm. X X X 

,,           Osmundx  Artis  sp.       . . , 
,,           macrophylla  Brongt.    . 

Alethopteris  lonchitica  Schl.  sp. X X 

„           aquilina  Schl.  sp. X 

„           Serli  Brongt.  sp. X 

.. 

Catamites  Suckowi  Brongt. X X 

,,         %  Cisii  Brongt. X 

Asterophyllites  equisetiformis  Schl.  sp.    . X .. X 

Sphenophyllum  cuneifolium  Sternb.  sp.   . X 

„              emartjinatum  Brongt. X X 

Lepidodendron  aculeatum  Sternb.   . 
,,             dichotomum  (1  Sternb.)  Zeiller X ..  • 

„             lanceolatum  Lesqx. 

... ,,              Wortheni  Lesqx. X 

Lepidostrohus  variabilis  L.  &  H. X 

Lepidophy/lum  lanceolatum  L.  &.  H. X 

Stigmaria  ficoides  Sternb.  sp. X X 

Qordaites  sp.          ..... ... 

... Cordaianthus  duhius  Grand'Eury    . 
»             SP   

Artisia  approximata  Brongt.  sp. 

K/233. 
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Of  these,  Dactylotheca  plumosa  Artis  sp.  and  Lepidodendron  Wortheni  Lesqx. 

occur  in  both  the  Radstockian  Series  and  Westphalian  Series,  and  are  well-marked 
species  of  both  these  horizons.  Lepidodendron  aculeatum  Sternb.  also  occurs  in  the 

Radstockian  and  Westphalian,  but  is  more  rare  in  the  first-mentioned  horizon. 
Sphenopteris  neuropteroides  Boulay  sp.  and  Odontopteris  Lindleyana  Sternb.  have 

not  previously  been  found  out  of  the  Radstockian.  Neuropteris  macrophylla  Brongt. 

has  on  a  previous  occasion  been  found  in  the  Staffordian  Series,  but  from  which 

group  is  not  at  present  determined.  Neuropteris  jiexuosa  Sternb.,  though  it  has 

been  collected  as  low  down  as  the  Black  Band  Group,  is  extremely  rare  there,  but  is 

a  characteristic  species  of  the  Radstockian.  Neuropteris  tenuifolia  Schl.  sp.  and 

Neuropteris  Osmundas  Artis  sp.  are  both  characteristic  of  the  Westphalian  Series 

and  are  very  rare  in  the  Staffordian.  Splienopliyllum  cuneifolium  Sternb.  sp.  is 

common  in  both  the  Lanarkian  and  Westphalian  Series,  and  I  have  not  previously 

seen  it  in  a  higher  horizon  than  the  Black  Band  Group.  Cordaianthus  dubius 

Grand'Eury  has  only  recently  been  recorded  as  a  British  species.  Artisia  ap- 
proximator Brongt.  sp.  is  the  pith-cast  of  a  Cordaitean  stem  and  has  no  value  as  a 

zonal  record,  as  similar  pith-casts  occur  as  low  down  as  the  Calciferous  Sandstone 
Series,  and  probably  originate  from  stems  which  have  no  specific  relationship. 

Stigmaria  jicoides  Sternb.  sp.  is  also  a  non-zonal  form. 
Among  the  species  found  in  the  Sulphur  Coal  Group  and  associated  measures, 

and  which  have  previously  been  recorded  from  the  Black  Band  Group,  are  several 

which,  though  they  occur  in  the  Westphalian,  also  occur  in  the  Radstockian.  Of  such, 

Neuropteris  Scheuchzeri  Hoffm.  and  Pecopteris  Miltoni  Artis  sp.  may  be  mentioned. 

The  former  is  more  characteristic  of  the  Radstockian,  but  the  latter  is  about  equally 
common  in  both. 

These  Radstockian  species  in  the  Wyre  Forest  are,  however,  accompanied  by  a 

few  most  characteristic  Westphalian  plants,  such  as  Neuropteris  tenuifolia  Schl.  sp. 

and  Neuropteris  Osmundx  Artis  sp.  These  are  both  specially  characteristic  of  the 

Westphalian  Series.  Sphenophyllum  cuneifolium  Sternb.  sp.,  Alethopteris  lonchitica 

Schl.  sp.,  Calamites  Suckowi  Brongt.,  Lepidodendron  aculeatum  Sternb.,  and 

Lepidophyllum  lanceolatum  L.  &  H.  are  common  plants  of  both  the  Westphalian 
and  Lanarkian  Series,  and  become  rarer  in  the  Staffordian. 

It  is  therefore  seen  that  the  Forest  of  Wyre  list  contains  a  greater  number  of 

characteristic  Radstockian  plants  than  Westphalian  species,  and  as  the  Radstockian 

species  are  much  more  numerous  than  found  to  occur  in  the  Black  Band  Group,  the 

beds  from  which  these  fossils  have  been  derived  must  hold  a  higher  horizon. 

These  considerations  clearly  show  that  the  beds  under  discussion  must  be  referred 

to  the  Newcastle  Group.  They  are  only  separable  botanically  from  the  "  Keele 

Group  "  of  the  Radstockian  Series  by  the  presence  of  a  few  characteristic  Westphalian 
plants  which  have  persisted  up  to  this  period,  but  after  which  they  seem,  as  far  as 

at  present  known,  to  have  disappeared. 
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The  fossil  plants  of  the  Etruria  Marl  Group  are  almost  entirely  unknown,  as  these 

rocks  have  proved  very  barren  of  fossils.  But  that  the  beds  under  discussion  are 

not  referable  to  the  Etruria  Marls  is  shown  by  the  very  close  agreement  of  the 

species  collected  from  the  Wyre  Forest  with  those  typical  of  the  Radstockian 
Series. 

It  is  therefore  seen  that  the  suggestion  made  by  Cantrill,  Prof.  Lapworth 

and  Prof.  Watts, *  that  the  Sulphur  Coals  belonged  to  the  Newcastle  Group  or 
Halesowen  Sandstone,  or  the  more  general  belief  of  Messrs  Meachem  and  Russ, 

that  the  Halesowen  Sandstone  Group  occurred  in  the  Wyre  Forest  Coal  Field,  is 

quite  correct. 

We  are  therefore  unable  to  accept  the  view  expressed  by  Dr  Arber  that  "  the 
Sulphur  Coal  Series  of  the  Wyre  Forest  belongs  to  the  same  horizon  as  the  Red 

Clay  group  t  of  South  Staffordshire,  and  may  be  the  actual  representative  of 

that  very  series";  and  further,  "if  the  Halesowen  Sandstone  Series  occurs  in  the 
Wyre  Forest  the  beds  must  be  thin,  for  there  does  not  appear  to  be  any  great 
development  there  of  grey  arenaceous  rocks  above  the  coals,  which  lie  at  the  base 

of  the  series."  \ 
The  Keele  Group  of  the  Radstockian  Series  is  present  in  the  Forest  of  Wyre,  but 

the  only  plant  derived  from  it  is  the  Sigillaria  Brardi  Brongt.  var.  denudata 

Gopp.  pro  sp. 

Synopsis  of  all  the  Fossil  Plants  known  from  the  Westphalian  Series 
(Sweet  Coal  Group). 

Sphenopteris  obtusiloba  Brongt. § 
Sauveuri  Crepin. 

cf.  nummularia  Gutbier. 

Marrati  Kidston. 

Duponti  Stur  sp. 

furcata  Brongt. 
Walteri  Stur  sp. 

Dixoni  Kidston  n.  sp.    (See  p.  1077,  PI.  V,  figs.  3-5.) 
Renaultia  gracilis  Brongt.  sp. 

Oligocarpia  Brongniarti  Stur. 

Zeilleria  delicatula  Sternb.  sp. 

*  Lapworth  and  Watts,  "Shropshire,"  in  Geology  in  the  Field,  8vo,  1910,  p.  739. 
t  The  Etruria  Marl  Group  of  North  Staffordshire. 

\  I.e.,  p.  429. 
§  I  unite  with  this  species  the  Sphenopteris  (Diplothmema)  Schumanni  Stur  (Die  Fame :  Curb.  Flora  d.  Schatx. 

Schichten,  p.  352,  pi.  lxv,  fig.  2)  and  the  Sphenopteris  striata  Gothan  ("  Oberschlesische  Steinkohlenflora,"  i  Theil,  p.  24, 
pi.  v,  figs.  3,  3rt,  pi.  vi,  figs.  3,  3a,  Abhandl.  Geol.  Landesanstalt,  Neue  Folge,  Heft  75, 1913).  The  distinctive  characters 
of  the  latter  are,  I  believe,  entirely  due  to  the  condition  of  preservation  of  the  specimens.  Both  forms  occur  here. 
See  Kidston.  Trans.  Roy.  Soc.  Edin.,  vol.  1,  part  i,  p.  78,  1914. 
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*Zeilleria  avoldensis  Stur  sp. 
Pecopteris  Miltoni  Artis  sp. 

,,  cf.  Volkmanni  Sauveur. 

Dactylotheca  plumosa  Artis  sp. 

Mavioptevis  muricata  Schl.  sp. 

Neuvoptevis  heterophylla  Brongt. 

,,  tenuifolia  Schl.  sp. 

,,  sp.  allied  to  Neuvoptevis  Blissi  Lesqx. 

,,  gigantea  Sternb. 

,,  Grangeri  Brongt. 

,,  obliqua  Brongt.  sp. 

„  Scheuchzeri  Hoffm. 

Alethopteris  lonchitica  Schl.  sp. 

„  Serli  Brongt.  sp. 

*  ,,  Grandini  Brongt.  sp. 

*  ,,  aquilina  Schl.  sp. 
Lonchopteris  rugosa  Brongt. 

,,  Bricei  Brongt. 
Catamites  Cisti  Brongt. 

,,  undulatus  Sternb.  (C.  v  avians  Sternb).  t 

„  vamosus  Artis. 

,,  vevticillatus  L.  &  H. 

,,  Sachsei  Stur. 

,,  schiltzeifovmis  Kids.  &  Jongm. 

*  ,,  Gbppevti  Ett. 
Astevophyllites  equisetifovmis  Schl.  sp. 

,,  cf.  longifolius  Sternb.  sp. 

~*Annulavia  galioides  L.  &  H. 

,,  micvophylla  Sauveur. 

,,  sphenophylloides  Zenker  sp. 

,,  vadiata  Brongt. 
Calamostachys  sp. 

Palseostachya  Ettingshausi  Kidston. 

Pavacalamostachys  stviata  Weiss. 

Cingulavia  typica  Weiss.     (See  p.  1042,  PI.  I,  figs.  1,  2.) 

Cantvilli  n.  sp.     (See  p.  1045,  PI.  I,  figs.  3-5.) 
* Macvostachya  sp. 

Sphenophyllum  cuneifolium  Sternb.  sp. 

*  Specimens  indicated  by  a  *  are  preserved  in  the  collections  made  by  Dr  Arber,  now  in  the  Sedgwick  Museum, 
Cambridge. 

t  See  Jongmans  and  Kukuk,  "  Die  Calamariaceen  des  Rheinisch-Westfalischen  Kohlenbeckens,"  Mededeelingen 
van  's  Rijks  Herbarium,  Leiden,  No.  20  (1913),  p.  12. 
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Sphenophyllum  cuneifolium  forma  saxifragasjolium  Sternb.  pro  sp. 

,,  majus  Bronn  sp. 
,,  cf.  trichomatosum  Stur. 

Lepidodendron  ophiurus  Brongt. 

,,  simile  Kidston. 

,,  dichotomum  (?  Sternb.)  Zeiller. 

Lejndodendron  Wortheni  Lesqx. 

Lepidophloios  acerosus  L.  &  H.     (See  p.  1057,  PI.  II,  fig.  5.) 

,,  cf.  laricinus  Sternb. 

Lepidophyllum  lanceolatum  L.  &  H. 

*Lepidostrobus  variabilis  L.  &  H. 
Asolanus  camptotsenia  Wood. 

*Sigillaria  scutellata  Brongt. 
mamillaris  Brongt. 

Boblayi  Brongt.     (See  p.  1048,  PI.  IV,  fig.  3.) 

vulgaris  Artis  sp. 
Davreuxi  Brongt. 

Candollei  Brongt.     (See  p.  1049,  PI.  IV,  figs.  1,  2.) 
Kinletensis  Arber. 

nudicaulis  Boulay. 

distans  Sauveur.     (See  p.  1051,  PI.  IV,  fig.  4  ;  PI.  V,  fig.  10.) 

Pringlei  n.  sp.     (See  p.  1053,  PI.  Ill,  fig.  1.) 
cf.  Utschneideri  Brongt. 

transversalis  Brongt.     (See  p.  1054,  PI.  II,  figs.  2-4.) 
Voltzi  Brongt. 

rugosa  Brongt. 

reticulata  Lesqx.     (See  p.  1055,  PI.  II,  figs.  1,  la-lc). 
Sigillariostrobus  ciliatus  Kidston. 

,,  rhombibracteatus  Kidston. 

,,  nobilis  Zeiller. 

Stigmaria  Jicoides  Sternb.  sp. 

Cordaites  borassifolius  Sternb.  sp. 

,,         principalis  Germar  sp. 

,,         palmseformis  Gopp.  sp. 

Samaropsis  crassa  Lesqx.  t 

,,  emarginata  Gopp.  &  Berger  sp. 

,,  Gutbieri  Geinitz  sp. 

,,  cf.  Meachemi  Kidston  sp. 

*  Specimens  indicated  by  a  *  are  preserved  in  the  collections  made  by  Dr  Arber,  now  in  the  Sedgwick  Museum, Cambridge. 

t  Goal  Flora,  pi.  cix,  fig.  12. 
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*Carpolithes  perpussilus  Lesqx. 
,,  membranaceus  Gopp. 

,,  areolatus  Boulay  sp. 

* Holcospermum  problematicum  Arber  sp. 
Trigonocarpus  Parkinsoni  Brongt. 

Pinnularia  capillacea  L.  &  H. 

No  discussion  is  necessary  on  this  list,  as  Dr  Arber  has  shown  that  the  "  Sweet 

Coal  Group  "  is  clearly  of  Westphalian  age  ;  but  the  additional  species  derived  by  us 
from  this  series  adds  to  our  knowledge  of  the  fossil  plants  of  this  Coal  Field. 

On  later  pages  the  following  species  are  described  and  figured  from  this  series  : — 

Annularia  spicata  Gutbier  sp.  (p.  1039). 

Cingularia  typica  Weiss  (p.  1042). 

,,  Cantrilli  n.  sp.  (p.  1045). 

Sigillaria  Boblayi  Brongt.  (p.  1048). 

„         Candollei  Brongt.  (p.  1049)o 

,,         nudicaulis  Boulay  (p.  1050). 

„         distans  Sauveur  (p.  1051). 

,,         Pringlei  n.  sp.  (p.  1053). 

,,         transversalis  Brongt.  (p.  1054). 

,,         reticulata  Lesqx.  (p.  1055). 

Lepidophloios  acerosus  L.  &  H.  (p.  4057). 

Samaropsis  emarginata  Gopp.  &  Berger  (p.  1058). 

,,  Gutbieri  Geinitz  sp.  (p.  1059). 

Carpolithes  membranaceus  Gopp.  (p.  1060). 

„  areolatus  Boulay  sp.  (p.  1062). 

Description  of  Specimens. 

Annularia  spicata  Gutbier  sp. 

PI.  II,  figs.  6,  6a,  7,  7a. 

1849.   Asterophijllites  spicata,  Gutbier,    Vers.  d.    Zechstein  u.  Rotld.  in  Sachsen,  Heft  ii,  p.    9,  pi.  li, 

figs.  1-3. 
1861.  „  „       Geinitz,  Dyas,  p.  136,  pi.  xxv,  figs:  5,  6. 

1871.  „  spicatus,  Weiss,  Foss.  Flora  d.  jilngst.  Stk.  u.  liothl.,  p.  128,  pi.  xviii,  fig.  32. 

1869.  Annularia  spicata,  Schimper,  Traite  d.  paleont.  veget.,  vol.  i,  p.  350. 

1892.  „  ,,        Zeiller  (pars),  Bassin  houil.  et  perm,  de  Brive,  p.  68,  (?)  pi.  xi,  fig.  4. 
1893.  ,,  ,,        Potonie,  Flora  d.  Rothl.  von  Tliilringen,  p.  175,  pi.  xxiv,  fig.  7. 

1907.  „  „        Zalessky,  Donetz,  Bull,  du  Comite  geol.  (St  Petersbourg),  vol.  xxvi,   p.  509, 

pi.  xxvi,  fig.  2. 
1911.  „  ,,        Jongmans  (pars),  Anleitung,  p.  263. 

1869.  cf.  Annularia  minuta,  Wood  (non  Brongt.),  Trans.  Amer.  Phil.  So<\,  vol.  xiii,  p.  347,  pi.  viii,  fig.  2. 

*  Specimens  indicated  by  a  *  are  preserved  in  tbe  collections  made  by  Dr  Arber,  now  in  the  Sedgwick  Museum, 
Cambridge. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  27).  147 
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Description. — The  branches  of  the  first,  second,  and  third  degrees  are  distichously 
developed,  two  arising  from  the  opposite  sides  of  each  node,  and  all  seem  to  lie  in  the 
same  plane. 

The  stem  (?)  attains  a  thickness  of  0'5  cm.  or  more,  with  internodes  375  cm.  long, 
striated  longitudinally.  Branches  of  first  order  are  about  2  mm.  thick,  with  the  basal 

internodes  about  1  cm.  long  ;  branchlets  of  the  second  order  very  slender,  with  lower 

internodes  about  0'5  cm.  long. 
Leaves  whorled,  those  on  the  stem  upright  or  adpressed,  and  probably  united  to 

each  other  by  their  bases.  Leaves  on  branches  and  branchlets  verticillate,  spreading, 

very  small,  about  2  to  2'50  mm.  long,  lanceolate,  widest  slightly  above  the  middle, 
and  as  many  as  fourteen  may  enter  into  the  formation  of  a  whorl  on  the  larger 
branchlets,  but  on  the  smaller  ones  the  whorls  are  formed  of  a  much  less  number 
of  leaves. 

Cones  small,  oblong,  about  0'5  cm.  long,  borne  on  the  ultimate  branchlets  and 
probably  in  whorls.     Internal  organisation  unknown. 

Remarks. — The  collection  contains  three  small  examples  of  Anmdaria  spicata 

Gutbier  sp.,  which  were  found  at  Cooper's  Mill  section.  The  fossils  are  of  a  rich  brown 
colour  on  a  buff  shale,  which  makes  it  very  difficult  to  photograph  them  ;  but  two  of 

the  specimens  are  given  on  PI.  II,  figs.  6  and  7. 

The  plants  are  much  broken  up,  but  show  a  few  branchlets,  either  isolated  or 

springing  in  pairs  from  the  nodes  of  a  larger  branch.  The  largest  leaves  on  these 

specimens  are  from  about  2  mm.  to  2'50  mm.  long,  lanceolate  and  sharp-pointed,  but 
it  is  only  in  rare  cases  that  they  are  perfectly  preserved.  The  leaves,  however,  agree, 

both  in  size  and  form,  with  the  description  given  by  Gutbier,  "  linear  lanzettliche 

Blattchen,"  and  there  can  be  no  doubt  as  to  the  specimens  belonging  to  Gutbikr's 

"  Asterophyllites  spicata"  with  which  they  agree  absolutely.  They  are  identical  with 
those  figured  by  Geinitz  in  Dyas,  pi.  xxv,  figs.  5,  6.  The  description  of  the  species 

given  here  is  partly  drawn  up  from  the  original  figures  and  description  of  Gutbier. 

Zeiller,  in  his  Bassin  houil.  et  perm,  de  Brive,  unites  to  this  species  the 

Annularia  minuta,  of  which  he  figures  the  two  specimens  originally  so  named  by 

Brongniart,  but  which  had  not  previously  been  figured  or  described.*  This,  however, 
I  believe  to  be  specifically  distinct  from  Annularia  spicata  Gutbier  sp.  Zeiller 

further  points  out  that  these  specimens  of  Annularia  minuta  much  resemble  the 

Annularia  microphylla  Sauveur  ;  t  but  the  Annularia  microphylla  is  a  larger  species 

with  sickle-shaped  leaves,  and  the  leaf-margins  are  recurved.^ 

According  to  my  view,  it  is  with  Annularia  galioides  L.  &  H.  sp.  that  Annularia 

spicata  must  be  compared. 

Though  the  leaves    of  Annularia  galioides  appear  to  have  had  a  pilose  upper 

*  Zeiller,  I.e.,  figs.  2,  3. 

t  Ve'ye't.  foss.  terr.  houil.  de  la  Belgique,  p.  lxix,  fig.  6,  1848. 
I  See  Kidston,  Trans.  Roy.  Soc.  Edin.,  vol.  1,  p.  172,  pi.  x,  figs.  1-3,  1914. 
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surface,  it  is  only  observable  when  the  specimens  are  exceptionally  well  preserved,* 
and  in  this  villosity  Annularia  galioides  is  thought  to  differ  from  Annularia  spicata, 

where  the  leaves  are  supposed  to  be  smooth.!  I  am  afraid  that  this  character 

cannot  be  regarded  as  of  distinctive  value,  because  occasionally  one  sees  a  hirsute 

covering  on  the  leaves  of  Annularia  radiata,\  and  Potonie  has  figured  Annularia 

stellata  Schl.  sp.  showing  a  similar  character.§  I  have  also  received  from  Dr 

Moysey  specimens  of  this  latter  species  in  which  the  hairy  surface  of  the  leaves  is 

beautifully  exhibited.  It  would  appear,  therefore,  that  the  presence  or  absence  of 
hairs  on  the  surface  of  the  leaves  of  Annularia  cannot  be  taken  as  a  character 

of  specific  importance,  as  their  presence  or  absence  seems  to  be  due  to  the  state  of 

preservation  of  the  fossil. 
The  leaves  of  Annularia  spicata  are  distinctly  narrower  in  proportion  to  their 

length  than  those  of  Annularia  galioides,  and  this  gives  a  less  dense  character  of 

growth  to  the  plant,  which,  taken  in  conjunction  with  the  smaller  size  of  Annularia 

spicata  in  all  its  parts,  offers  an  easy  means  of  distinguishing  the  two  species.  It  is 
therefore  with  Annularia  galioides  that  I  would  unite  the  Annularia  minuta  Brongt., 

with  which  in  the  size  and  form  of  the  leaves  it  agrees  perfectly,  especially  with 

those  on  the  smaller  branchlets  of  that  species. 

I  am  a  little  doubtful  if  the  specimen  figured  by  Zeiller  in  his  Bassin  houil.  et 

perm,  de  Brive,  pi.  xi,  fig.  4,  as  Annularia  spicata  should  be  referred  to  that 

species,  as  the  broader  form  of  the  leaves  seems  to  agree  more  with  those  of  Annularia 

galioides  L.  &  H.  sp.,  of  which  it  may  possibly  be  a  small  condition.  The  differ- 
ences between  these  two  species,  though  not  easy  to  put  in  words,  are  quite  clear 

when  specimens  of  the  two  plants  are  compared.  It  has  also  been  proposed  by 

Zeiller  to  unite  the  Annularia  radiiformis  Weiss  sp.  ||  with  Annularia  spicata 

Gutbier  sp.,  but  here  also  I  am  unable  to  accept  this  view,  as  I  fail  to  discover  any 

character  by  which  it  seems  possible  to  separate  the  Annularia  radiiformis  Weiss 

sp.  from  Annularia  galioides  L.  &  H.  sp.H 

The  British  specimens  of  Annularia  spicata  come  from  a  lower  horizon  than 

that  from  which  the  plant  has  been  previously  obtained. 

Locality.-— Roadside,  250  yards  N.E.  of  Cooper's  Mill,  l£  mile  W.  of  Dowles 
Church,  Bewdley. 

Horizon. — Westphalian  Series.     (Pr.  1156-1158.) 

*  K/2066. 

t  Jongmans,  Anleitung,  i,  pp.  258  and  263. 

+  See  Jongmans  and  Kikok,  Calamariaceen  d.  Rhein.  Westjal.  Kohlenbeckens,  p.  42,  pi.  xvi,  figs.  1,  2,  5,  1913. 

§  Flora  des  Rothl.  von  Thiiringen,  p.  162,  pi.  xxiv,  figs.  4,  5,  1893. 

||  Asterophyllites  radiiformis,  Weiss,  Foss.  Flora  d.  jtingst.  Sik.  u.  Rothl.,  p.  129,  pi.  xii,  fig.  3, 

IT  Bassin  houil.  et  perm,  de  Blanzy  et  du  Creusot,  p.  138,  1906. 
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Cingularia  Weiss. 
1871.   Cingularia,  Weiss,  Foes.  Flora  d.jungd.  Stk.  u.  Rothl.,  Heft  ii,  p.  137. 

1876.  „  Weiss,  Steinkohlen-Calamarien,  Heft  i,  p.  88. 

Remarks. — Up  till  the  present,  Cingularia  typica  Weiss  was  the  only  species 
comprised  in  this  remarkable  genus,  but  a  second  species  is  described  below. 

As  the  generic  and  specific  characters  are  so  intimately  connected,  these  need  not 

be  mentioned  here,  as  they  will  be  dealt  with  when  treating  of  Cingularia  typica. 

Cingularia  typica  Weiss. 

PL  I,  figs.   1,   la,  2,  2a. 

1828.  cf.  Equisetum  infundibuliforme,  Bronn,  in  Bischoff,  Krypt.  Gewdchse  Deutschl.,  p.  52,  pi.  vi,  fig.  4. 

1828.  cf.  „  „  Brongt.  (pars),  Hist,  d.  veget.  foss.,  p.  119,  pi.  xii,  fig.  16. 
1871.  Cingularia  typica,  Weiss,  Foss.  Flora  d.  jiingst.  Stk.  u.  Rothl.,  p.  138,  pi.  xiv,  fig.  4. 

1873.  ,,  ,,       Weiss,  Zeitsch.  d.  deut.  geol.  Gesell.,  p.  263,  fig.  5. 

1874.  „  „       Schimper,  Traite  d.  paleont.  veget.,  vol.  iii,  p.  460,  pi.  cix,  figs.  1-4. 
1876.  „  ,,       Weiss,    Steinkohlen-Calamarien,    Heft    i,  p.    99,  pi.  vi,  figs.   5,    6;   pi.    vii, 

figs.  1-9;  pi.  viii,  figs.  1-7;  pi.  ix,  figs.  1-7.   ■ 
1874.  ,,  „       Stur,  Verhandl.  d.  k.  k.  Reichsanst.,  No.  7,  p.  176. 

1882.  ,,  ,,       Weiss,  Aus  d.  Steink.,  p.  11,  pi.  x,  fig.  55  (Zweiter  Abdruck). 

1882.  ,,  ,,       Renault,  Cours  d.  hot.  foss.,  vol.  ii,  p.  144,  pi.  xix,  figs.  9-11. 

1887.  „  ,,       Stur,    Carb.   Flora   d.   Schatz.  Schichten :  Die  Calamarien,  p.    218,  pi.    iv/>, 

figs.   2,  3. 

1888.  ,,  „       Toula,  Die  Steinkohlen,  p.  206,  pi.  v,  figs.  34-36. 

1891.           ,,  ,,       Solms-Laubach,  Fossil  Botany,  p.  334,  fig.  47. 
1893.  ,,  ,,      Fischer,  Naturf.  Gesell,  in  Bern,  Jahrg.  1893,  p.  1,  pi.  i. 

1899.  ,,  ,,       Hofmann  et  Ryba  (pars),  Leitpflanzen  d.  palaeoz.  Steink.,  p.  31,  pi.  iii,  figs. 
1-3  (non  fig.  16). 

1900.  ,,  ,,      Scott,  Studies  in  Fossil  Botany,  p.  62,  figs.  26,  27. 

1900.            ,,  „       Zeiller,  Elements  de  paleobot.,  p.  168,  fig.  119. 

1907.  „  ',,       Zeiller,  Comptes  rendus,  vol.  cxliv,  p.  1140. 
1908.  ,,  ,,       Schuster,  Geognostischen  Jahreshefien  1907,  xx  Jahrg.,  p.  206,  fig.  1  (1),  p.  209. 

1908.  ,,  ,,       Bower,  Origin  of  a  Land  Flora,  p.  377,  fig.  204. 

1909.  ,,  ,,       Lotsy,  Botanische  Stammesgeschichte,  ii,  p.  542,  fig.  363. 

1911.           „  ,,       Jongmans,  Anleitung,  p.  357,  figs.  325-331. 

1911.  „  „       Kidston,  Mem.  Musee  roy.  d'hist.  nat.  de  Belgique,  vol.  iv,  p.  128. 
1914.  ,,  ,,       Pelourde,  Paleont.  vegetale,  p.  44,  fig.  9. 

Remarks. — The  stem  is  calamitoid,  jointed  and  ribbed,  and  the  leaves,  which  s<  em 
to  be  of  the  Asterophyllites  type,  possess  a  distinct  central  vein.  The  cones  have 

short  ribbed  stalks,  which  are  in  addition  striated  longitudinally  ;  on  the  axis  of  the 

cone,  the  ribs,  which  do  not  alternate  at  the  nodes,  are  narrow  and  separated  by 

wide  furrows  that  are  distinctly  and  very  regularly  striated. 

The  bract  whorls  are  somewhat  distant,  and  each  whorl  is  composed  of  two  parts, 

an  upper  sterile  and  a  lower  fertile  whorl. 

The  upper  sterile  whorl  consists  of  a  broad  fiat  sheath  formed  by  the  complete 
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union  of  the  lower  portions  of  the  bracts,  which  surround  the  stem  as  a  flat  disc  ;  the 

free  portions  of  the  bracts,  to  the  number  of  twenty  or  more,  extend  outwards  as 

narrow  lanceolate  or  linear-lanceolate  sharp-pointed  teeth,  which,  according  to  the 

figure  given  by  Weiss,  are  nearly  2  cm.  long.*  Where  the  teeth  become  free  from 
the  sheath,  they  are  separated  by  a  small  round  bay  or  sinus. 

The  fertile  whorl,  which  is  placed  immediately  beneath  the  sterile  one,  consists 

of  ten  to  twelve  sporophylls  which  are  also  united  to  each  other  for  about  half  their 

length,  and  form  a  disc-like  plate  surrounding  the  stem.  Their  free  portions  have 
truncate  extremities  which  are  again  divided  by  a  radial  cleft  that  extends  inwards 

for  about  half  their  length. 

When  their  upper  surface  is  exposed  to  view,  each  of  these  smaller  divisions 

shows  a  slight  concentric  furrow  at  its  base,  which  marks  off  the  two  free  terminal 

portions  from  the  undivided  part  of  the  sporophyll.  When  the  lower  surface  of  the 

fertile  whorl  is  exhibited,  each  of  these  smaller  outer  segments  shows  a  small  circular 

depression,  and,  in  a  radial  line  immediately  within  them  on  the  undivided  part,  two 

other  small  depressions  occur.  These  mark  the  points  from  which  the  sporangia 

have  been  removed.  Each  fertile  bract  therefore  bore  four  sporangia,  an  outer 

concentric  circle  on  the  smaller  lappets,  and  an  inner  circle  lying  within  it  on  the 

free,  undivided  portion  of  the  sporophyll. 

The  sporangia  are  large,  subquadrate  with  rounded  angles,  about  5  mm.  long  and 

3  mm.  broad,  and  exhibit  on  their  external  surface  very  fine,  slightly  bending  lines, 

representing  probably  the  cellular  structure  of  the  organ.  According  to  Fischer, 

the  sterile  and  fertile  whorls  are  united  to  each  other,  or,  as  he  otherwise  described 

it,  the  fertile  whorl  may  be  inserted  on  the  under  side  of  the  sterile  whorl,  t 

To  illustrate  more  fully  the  structure  of  this  cone  a  text-figure,  taken  from  the 

restoration  given  by  Weiss,  is  inserted  here  (p.  1044),  {  which  at  a  glance  will  show 
the  structural  characters  of  the  cone  of  Cingularia  typica  Weiss. 

Two  specimens  of  Cingularia  typica  from  Shropshire  are  figured  here  ;  that  at 

fig.  1  shows  portions  of  two  imperfect  cones.  The  sterile  bracts  are  only  recognisable 

at  one  or  two  points,  by  the  remains  of  their  free  lanceolate  portions,  and  are  seen 

best  at  fig.  la,  a.  These,  however,  are  very  rarely  preserved.  The  sporophylls  are 

also  imperfectly  seen,  and  their  margins  are  usually  more  or  less  fractured  through 

the  cleft  of  the  stone  containing  the  specimen  having  passed  irregularly  through 

them.  The  fragment  of  the  cone  on  the  right  hand  shows  the  axis  well,  on  account 

of  the  whorls  having  been  mostly  removed,  and  here  it  is  clearly  seen  that  the  ribs 

do  not  alternate  at  the  nodes,  but  pass  straight  over  them  in  their  course  up  and 

down  the  stem  (fig.  16,  a,  a). 

The  other  specimen,  given  at  fig.  2,  exhibits  a  fertile  whorl  from  a  cone  broken 

*  Weiss,  Steinkohl.  Calamarien,  Heft  i,  pi.  vi,  fig.  5. 

+  Mitt.  d.  Naturforschenden  Gesell.  in  Bern,  Jahrg.  1893,  p.  5. 

|  Steinkohl.  Calamarien,  Heft  i,  pi.  ix,  figs.  3,  4,  and  6. 
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across  at  right  angles  to  the  axis.  The  secondary  shorter  clefts  are  not  very  clearly 

seen,  as  in  some  cases  their  extreme  marginal  parts  are  slightly  buried  in  the  matrix, 

but  they  can  be  observed  at  one  or  two  points  on  the  enlargement  (fig.  2a). 

Weiss  distinguishes  a  var.  major  and  a  var.  minor,  of  Cingularia  typica ;  the 

former  has  twelve  principal  lappets  in  the  fertile  whorl,  and  the  latter  ten.  The 

English  specimens,  as  seen  from  fig.  2,  belong  to  the  var.  minor,  but  these  differences 

in  the  numbers  of  the  parts  do  not  seem  to  be  of  much  value. 

It   has  been  thought  by  Weiss  that  possibly  the  fossil   figured  by  Bronn  as 

B. 
C. Text-fig.  4. — Cingularia  typica  Weiss.     (Copied  from  Weiss.) 

A,  Restoration  of  portion  of  a  cone  showing  a  sterile  whorl,  a,  of  which  the  bracts  are  united  at  their 
base  to  form  a  flat,  disc-like  collar  round  the  stem ;  b,  the  fertile  whorl,  in  which  the 
sporophylls  are  also  grown  together  at  the  base,  but  at  their  distal  extremity  are  divided  into 

two  truncate  segments,  b'  and  b' ,  to  whose  lower  surface  are  attached  the  sporangia  s'  and  s  . 
The  sporangia  s"  and  s''  are  attached  to  the  undivided  portion  of  the  sporophyll  b"  and  b" . 
B  shows  one  of  the  sporophylls  as  seen  from  above,  with  part  of  the  concentric  line  I  at  the 
base  of  the  free  quadrate  terminal  portions.  C  shows  the  under  surface  of  a  sporophyll ;  I,  the 

concentric  line  ;  s',  s',  the  scars  of  the  two  outer  sporangia  on  the  truncate  free  extremities  of  the 
sporophyll  ;  $",  s",  the  scars  of  the  two  inner  sporangia  on  its  undivided  portion. 

Equisetum  infundibuliforme,  from  the  Coal  Measures  of  Saarbruck,  may  be  a 

specimen  of  Cingularia  typica  on  which  the  sterile  whorls  only  are  seen.* 
It  has  been  suggested  by  Schuster  that  the  plant  described  by  Zalessky  as 

Equisetum  Kidstoni  t  might  be  Cingularia  typica  ;  but  even  if  it  should  eventually  be 

shown  to  belong  to  Cingularia,  the  sheaths  seem  to  have  much  too  large  a  circum- 
ference for  reference  to  Cingularia  typica  Weiss. 

The  possibility  of  Sphenophyllum  cornutum  Lesqx.j  being  referable  to  Cingularia 

*  Bronn,  in  Bischofj',  I.e.,  pi.  iv,  fig.  4,  1828  ;  copied  by  Brongniart,  Hist.  d.  ve'git.  foss.,  p.  119,  pi.  xii,  fig.  16. 
Bronn's  specimen  is  certainly  specifically  distinct  from  the  other  specimens  which  Brongniart  includes  under  the 
name  of  Equisetum  infundibuliforme  (  =  Macrostachya  infundibuliformis). 

t  "Contributions  a  la  flore  fossiledu  terrain  houil.  du  Donetz,"  part  i,  Bull.  Comite  ge'ol.  (St  P&ersbourg),  vol.  xxvi, 
p.  359,  pi.  xiii,  fig.  6«  ;  pi.  xvi,  figs.  1,  2,  3,  1907  ;  ibid.,  part  ii,  p.  424,  pi.  xxi,  fig.  5,  1907. 

I  Geol.  Survey  of  Win.,  vol.  iv,  p.  421,  pi.  xix,  figs.  1, 2  (right-hand  fig.),  3-5, 1870 ;  Coal  Flora,  p.  57,  pi.  lvi,  fig.  5. 
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typica  has  also  been  pointed  out ;  but  if  the  figures  of  this  plant  correctly  represent 

the  structure  of  the  fossil,  its  belonging  to  Cingularia  is  most  improbable. 

Locality. — Highley  Colliery,  Highley,  Shropshire. 

Horizon. — Shales  associated  with  Brooch  Coal,  Westphalian  Series.  (Fig-  1, 
Pr.  1350  ;  fig.  2,  Pr.  1261.) 

Cingularia  Cantrilli  Kidston  n.  sp. 

PI.  I,  figs.  3-5. 

Description. — Stem,  leaves,  and  mode  of  attachment  of  cones  not  known.  Cone 

large,  1'20  cm.  wide,  but  complete  length  unknown.  Axis  stout,  about  4  mm.  broad, 
ribbed  and  distinctly  striated  longitudinally.  Whorls  close,  about  80  mm.  distant 

from  each  other,  slightly  overlapping,  and  formed  of  ten  sporophylls  without  an  ac- 

companying whorl  of  sterile  bracts.  Sporophylls  about  1  cm.  long  and  0*5  cm.  wide, 
united  in  their  lower  portions  for  about  half  their  length,  and  forming  a  saucer-like 
collar  round  the  axis.  A  short  distance  below  the  free  portions,  the  sporophylls  form 

a  knee  bending  upwards  and  surrounding  the  axis  as  a  cup-like  structure  divided  into 
ten  truncate  segments,  each  of  which  is  again  divided  into  two  lappets  by  a  cleft 

which  extends  inwards  rather  more  than  half  the  distance  of  the  free  part  of  the 

sporophyll. 

The  upper  surface  of  the  sporophyll  shows  a  furrow,  which,  rising  at  the 

outer   margin    a    slight   distance    below    the    apex,    slopes   obliquely   inwards    and, 

ending  at  the  base  of  the  cleft,  divides  the  sporophyll  into  two  parts.     On  each 

of  the  two  free  lappets    is    a   small    circular  point,  and  immediately  within  them 

on  the  united  part  of  the  sporophyll  are  two  additional  small  circular  prominences. 

These   indicate   the   position    of    the    four    sporangia   on   the    under    side    of  the 

sporophyll. 

The  under  surface  of  the  sporophyll  shows  two  prominent  ridges  that  run  obliquely 

across  the  two  lappets  of  the  sporophyll  and  end  at  the  base  of  the  cleft.     On  the 

two  free  lappets  of  the  sporophylls  so  delimited  an  outer  concentric  row  of  small 

circular  scars  is  seen,  one  on  each  lappet,  and  on  the  upper  part  of  the  united  portion 

of  the  sporophyll  another  inner  concentric  circle  of  small  round  scars  occurs ;  these 

scars  indicate  the  points  from  which  the  two  concentric  rows  of  sporangia  have  been 
removed. 

Sporangia  unknown. 

Remarks. — Only  two  specimens  of  this  cone  have  been  found,  both  of  which  come 
from  the  same  horizon  and  locality.     The  small  portion  seen  at  fig.  3  and  those  given 

at  figs.  4  and  5,  of  which  fig.  5  is  the  counterpart  of  fig.  4.# 
Fig.  3  probably  shows  the  upper  surface  of  a  portion  of  two  fertile  whorls,  natural 

size,  on  which  the  sporophylls  have  been  bent  downwards,  and  the  same  specimen  is 

*  Fig.  4  is  formed  of  Nos.  Pr.  1256  and  1257,  which  are  now  joined  together,  and  fig.  5  of  Nos.  Pr.  1258  and  1259. 
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enlarged  two  times  at  fig.  3a. #  At  a  and  a,  fig.  3a,  are  seen  the  two  oblong  truncate 
lappets  of  the  sporophyll,  which  are  formed  by  a  cleft  that  extends  inwards  as  far  as 

the  dotted  line  a.  From  the  base  of  the  cleft  a  furrow  extends  a  little  further 

inwards,  but  dies  out  on  reaching  the  collar  that  surrounds  the  stem  as  a  circular 

disc,  b.  At  a  and  a"  two  oblique  furrows  sloping  inwards  mark  the  limit  of  the 
cleft  which  forms  the  two  quadrate  free  lappets.  At  c  and  c  a  concentric  circle  of 

small  pit-like  depressions  are  seen  ;  these  indicate  the  position  of  the  outer  concentric 
circle  of  sporangia,  which  were  attached  to  the  lower  surface  of  the  sporophyll, 

and  at  c  and  c  are  seen  the  scars  of  the  inner  concentric  row  of  sporangia. 

From  the  part  marked  a  inwards  the  sporophylls  are  united  to  each  other  and  form 

a  disc-like  sheath  which  surrounds  the  axis. 

The  full  length  of  the  exposed  portion  of  the  sporophyll  is  1'2  cm.,  but  probably  a 
small  part  is  hidden  by  the  free  part  of  the  whorl  below  extending  slightly  over  it, 

and  its  width  at  the  extremity  is  4 '5  mm.  The  terminal  lappets  are  individually  a 
little  over  2  mm.  wide,  and  the  length  of  the  cleft  which  separates  them  is  from 

5  to  6  mm.  long. 

A  more  perfect  fragment  of  a  cone,  which  is  about  11  cm.  long  and  2*2  cm.  broad, 
is  given  at  figs.  4  and  5,  natural  size. 

The  whorls  are  closely  placed,  being  about  80  mm.  apart ;  the  axis  seen  at  a  is 

about  4  mm.  broad  (figs.  5  and  5a),  and  has  prominent  ribs,  of  which  there  are  five  on 

the  exposed  surface.     The  ribs  are  distinctly  striated  longitudinally. 

Neither  the  apex  nor  the  base  of  the  cone  is  preserved,  but  the  remaining 

portion  indicates  that  it  must  have  been  of  considerable  size.  The  whorls  consist 

entirely  of  sporophylls,  and  they  have  been  bent  upwards  so  that  they  exhibit 

their  lower  surface.  Only  half  of  the  sporophylls  which  compose  the  whorls  are 

exhibited,  and  as  there  are  five  shown,  probably  ten  was  the  complete  number 
in  a  whorl. 

The  basal  portions  of  the  sporophylls  are  united  into  a  collar  which  surrounds  the 

stem.  This  is  specially  well  seen  on  the  counterpart  given  at  fig.  5,  of  which  a 

portion  is  enlarged  two  times  at  fig.  5a,  where,  at  b,  the  collar  is  seen  surrounding  the 

axis  a.  The  sporophylls  in  this  species  do  not,  however,  appear  to  have  spread 

directly  outwards  as  in  Cingularia  typica,  for  at  f,  on  fig.  5a,  a  distinct  knee  is 

formed  within  the  united  portions  of  the  sporophylls,  from  which  level  they  appear 

to  bend  upwards  somewhat  suddenly.  The  cleft  which  divides  them  into  two 

smaller  lappets  terminates  at  the  inner'  ends  of  the  folds,  of  which  one  is  seen  at  g. 
The  sporophylls  bore  four  sporangia,  one  on  each  of  the  smaller  lappets,  forming  an 

outer  concentric  circle  of  which  the  points  of  their  attachment  can  be  seen  at  d'  and 

d",  and  an  inner  concentric  circle,  seen  at  e  and  e" '.  None  of  the  sporangia  are 
preserved  on  the  specimen. 

Irrespective  of  other  differences,  such  as  the  size  of  the  cone  and  the  cup-like 

*  Figs.  3  and  3a  have  been  placed  on  the  plate  in  inverted  position. 
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form  of  the  whorls  of  sporophylls,  Cingularia  Cantrilli  is  at  once  distinguished 

from  Cingularia  typica  by  the  entire  absence  of  whorls  of  sterile  bracts  in 
the  cone. 

Some  might  perhaps  think  that  the  absence  of  sterile  bract  whorls  in  the  cone  is 

of  sufficient  importance  for  the  exclusion  of  our  specimen  from  the  genus  Cingularia, 

but  the  entire  agreement  in  the  structure  of  the  sporophylls  and  the  position  of  the 

sporangia,  with  those  of  Cingularia,  altogether  outweighs  in  importance  the  minor 

fact  that  the  cones  do  not  possess  sterile  whorls. 

If  a  precedent  for  this  course  were  wanted,  the  case  of  Sphenophyllum  fertile  Scott 

Text-fig.  5. — Cingularia  Cantrilli  Kidston. 

Diagrammatic  representation  of  a  whorl  of  sporophylls  seen  from  below,  a,  Ribbed  and  striated 
axis,  b,  United  bases  of  sporophylls  forming  a  saucer-shaped  collar  round  axis,  c,  Level  at 
which  the  sporophylls  become  free,  d,  Cleft  dividing  the  sporophylls  into  two  lappets, 

e,  e,  limited  below  by  furrows/.  The  scars  c',  d  of  the  outer  concentric  circle,  and  g,  the 
scars  of  the  inner  concentric  circle  of  sporangia.  The  four  sporangia  of  a  sporophyll,  h' ,  h'  and 
h",  h".     Knee  caused  by  the  upward  bending  of  the  sporophylls,  i. 

may  be  mentioned,*  where  no  sterile  appendages  occur  in  the  fructification,  but  which 
are  present  in  the  other  described  cones  of  the  genus. 

I  have  much  pleasure  in  naming  this  species  of  Cingularia  after  Mr  T.  Crosbee 

Cantrill,  B.Sc,  to  whom  I  am  so  much  indebted  for  my  knowledge  of  the  Wyre 

Forest  geology. 

Locality. — Highley  Colliery,  Highley,  Shropshire. 
Horizon. — Shales  associated  with  Brooch  Coal.  Westphalian  Series.  Collected 

by  Mr  J.  Pringle.  (Pr.  1260,  fig.  3  ;  Pr.  1256,  1257,  forming  fig.  4  ;  and  Pr.  1258, 

1259,  fig.  5.) 

*  Scott,  "On  a  New  Type  of  Sphenophyllaceous  Cone  (Sphenophyllum  fertile)  horn  the  Lower  Coal  Measures," 
Phil.  Trans.,  ser.  B,  vol.  cxcviii,  p.  17,  pla.  iii-v,  1905. 

TRANS.  ROY.  SOC.  EDIN,  VOL.  LI,  PART  IV  (NO.  27).  148 
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Sigillaria  Boblayi  Brongt. 

PI.  IV,  figs.  3  and  3a. 

1836.  Sigillaria  Boblayi,  Brongt.,  Hist,  d.  veyet.  foss.,  p.  446,  pi.  cliv. 

1857.  „  ,,         Goldenberg,  Flora  Sarsep.  foss.,  Heft  ii,  p.  37,  pi.  x,  fig.  15. 

1886.  ,,  ,,         Zeiller,  Flore  foss.  bassin  houil.  d.  Valen.,  p.  572,  pi.  lxxxiii,  figs.  1-3. 

1904.  ,,  ,,         Zalessky,  "  Vcget.  foss.  du  bassin  du  Donetz,"  Mem.  du  Comite  geol.  (St  Piters- 
bourg),  nouv.  ser.,  livr.  xiii,  p.  120,  pi.  x,  fig.  5 ;  pi.  xi,  fig.   10  ;  and  text- 
fig.  11,  p.  71. 

1905.  ,,  ,,         Koehne,  in  Potonie  (pars),  Abbild.  u.  Beschreib.  foss.  Pfta7>zen-Ileste,Liei.  iii, 
No.  57,  figs.  1-4. 

1914.  ,,  „         Arber,  Phil.  Trans.,  ser.  B,  vol.  cciv,  p.  419,  pi.  xxviii,  fig.  22. 

1836.  Sigillaria  elliptica  var.  (3,  Brongt.,  Hist.  d.  veget.foss.,  vol.  i,  p.  447,  pi.  clii,  figs.  1,  2. 

1882.  ,,  ,,        Weiss,  Aus  d.  Sleink.,  p.  5,  pi.  i,  fig.  6  (Zweiter  Abdruck). 

1881.  Sigillaria  hexagonalis,  Achepohl,  Niederrh.  Westfdl.  Steinlc.,  p.  72,  pi.  xxi,  fig.  10. 

1879.  Sigillaria  mamillaris,  Lesqx.  (non  Brongt.)  (pars),  Coal  Flora,  p.  483,  pi.  Ixxii,  fig.  6. 

1912.  Sigillaria  trigona,  Arber  (non  Sternb.),  Phil.  Travs.  ser.  B,  vol.  ccii,  p.  253,  pi.  xii,  fig.  11. 

Description. — Stem  ribbed,  ribs  straight  or  slightly  undulating.  Leaf  scars  distant, 
but  sometimes  only  separated  by  a  space  of  not  more  than  from  ̂   to  ̂   their  own 

length,  and  occupying  from  ̂   to  f  the  width  of  the  rib,  hexagonal  or  hexagonal- 
pyriform,  upper  half  contracted  with  somewhat  concave  sides,  flattened  and  slightly 

emarginate  at  top  ;  basal  portion  of  scar  rounded,  with  frequently  two  blunt  points 

where  the  sides  join  the  more  flattened  base,  and  from  which  occasionally  two  short 

divergent  ridges  are  given  off.  Lateral  angles  pointed,  prominent,  and  give  rise  to 

two  diverging  lines  which  speedily  reach  the  furrow,  where  they  die  out.  Cicatricules 

situated  about  tj  the  length  of  the  scar  from  its  upper  margin,  central  punctiform, 

and  in  a  line  with  the  centre  of  the  two  lateral  straight  or  lunate  cicatricules. 

Immediately  above  the  leaf  scar  is  the  ligule  pit,  and  a  short  distance  above  it  is  a 

transverse  furrow  which  occupies  about  half  the  width  of  the  rib. 

Between  the  transverse  furrow  and  the  summit  of  the  leaf  scar,  the  cortex  is 

ornamented  with  short,  bent,  transverse  ridges ;  and  extending  from  the  base  of  the 

leaf  scar  to  the  furrow  is  a  broad  band  of  strongly  marked,  short  somewhat  irregular 

transverse  ridges  ;  marginal  areas  of  ribs  smooth  or  faintly  striated. 

"  Cone  scars  borne  at  the  edge  of  the  ribs  close  to  the  furrows,  forming  a  band 
round  the  stem,  irregularly  placed,  rounded  or  elliptical,  sometimes  deformed  and 

polygonal,  5  to  10  mm.  long  and  4  to  5  mm.  broad,  having  in  the  centre  a  strongly 

marked  cicatrice,  and  deforming  the  leaf  scars  among  which  they  are  placed " 
(Zeiller). 

Sub-cortical  surface  of  stem  strongly  striated  longitudinally. 

Remarks. — Though  the  distance  of  the  leaf  scars  in  this  species  varies  somewhat, 
they  never  seem  to  be  quite  so  far  apart  as  the  length  of  a  leaf  scar,  and  are  usually 
much  closer. 

When  the  leaf  scar  is  fully  exposed,  the  lateral  angles  are  very  prominent ;  but 
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in  impressions  they  are  sometimes  obscured  by  the  ridges  formed  by  the  casts  of  the 
furrows  being  bent  slightly  over  them. 

Sigillaria  Boblayi  has  some  similarity  to  Sigillaria  scutellata  Brongt.*  and  to 
Sigillaria  mamillaris  Brongt., t  but  from  the  former  it  differs  in  the  leaf  scars  being 

more  distinctly  hexagonal,  a  little  larger  and  more  closely  placed  to  each  other,  and 

from  the  latter  in  its  larger  leaf  scars  and  the  ornamentation  of  the  cortex,  which  is 

stronger  and  more  evenly  distributed  in  the  form  of  a  longitudinal  band. 

The  specimen  figured  by  Dr  Arber  as  Sigillaria  trigona  (I.e.)  appears  to  belong 
to  Sigillaria  Boblayi.  In  Sigillaria  trigona  Sternb.  the  ribs  are  flexuous  and  the 

transverse  furrows  extend  across  the  whole  width  of  the  rib,  dividing  it  into  com- 

partments, and  the  concavity  of  the  transverse  bars  also  faces  upwards.  In  Sigillaria 

Boblayi,  on  the  other  hand,  the  transverse  furrow  only  occupies  the  central  \  or 

f  of  the  rib,  and  any  slight  concavity  it  may  possess  faces  downwards.  Sigillaria 

trigona  belongs,  in  fact,  to  the  Favularia'  section,  while  Sigillaria  Boblayi  is  a 
member  of  the  Rhytidolepis  section  of  Sigillaria.  \ 

To  Sigillaria  Boblayi  I  would  also  refer  the  specimen  ascribed  to  Sigillaria 

mamillaris  by  Lesquereux  in  his  Coal  Flora,  pi.  lxxii,  fig.  6.  The  leaf  scars  on  this 

example  are  typically  those  of  Sigillaria  Boblayi. 

Locality. — Kinlet  Colliery,  1  mile  S.W.  of  Highley,  Shropshire. 

Horizon. — Shales  associated  with  Brooch  Seam.  Westphalian  Series.  Collected 
by  Mr  J.  Pringle  (Pr.  1480). 

Sigillaria  Candollei  Brongt. 

PI.  IV,  figs.   1,  la,  2,  2a. 

1836.  Sigillaria  Candollii,  Brongt.,  Hist.  d.  ve'get.  foss.,  p.  463,  pi.  cl,  fig.  4. 
1857.  „  „  Goldenberg,  Flora  Sarxp.  foss.,  Heft  ii,  p.  44,  pi.  viii,  fig.  11. 

1870.  „  ,,  Schiraper,  Traite  d.  paleont.  veget.,  vol.  ii,  p.  86. 

1890.  Sigillaria  Candollei,  Grand'Eury,  Geol.  et  paleont.  du  bassin  houil.  du  Gard,  p.  253,  pi.  x,  fig.  7. 

Description. —  Stem  ribbed,  ribs  straight,  convex.  Leaf  scars  distant  from  each 
other  from  lj  to  l\  times  their  own  length,  and  occupying  about  \  to  \  the  width  of 

the  rib,  oval,  about  1^  times  as  long  as  broad,  narrowed  towards  upper  end,  rounded 

below  and  above,  lateral  angles  scarcely  observable. 

Cicatricules  three,  and  placed  about  §  above  base  ;  central  punctiform,  the  lateral 

elongate  and  slightly  lunate. 

Immediately  above  the  leaf  scars  is  a  ligule  pit.  Surface  of  rib  ornamented  by 

a  band  of  delicate  sculpture  which  consists  of  a  few  stronger  obliquely  transverse 

lines  immediately  below  the  leaf  scar  (fig.  2),  sometimes  very  faintly  indicated,  or 

even  absent  (fig.  l),  which  speedily  die  out,  and  a  few  similar  markings  above  the 

*  Hist.  d.  vfyet.  foss. ,  p.  533,  pi.  1,  figs.  2,  3  ;  pi.  clxiii,  fig.  3. 
t  Ibid.,  p.  451,  pi.  cxlix,  fig.  1. 
I  See  Kidston,  Trans.  Roy.  Soc.  Edin.,  vol.  1,  p.  140,  pi.  xii,  figs.  2-4,  1914. 
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leaf  scar  ;  between  these  the  intermediate  part  of  the  band  bears  closely  placed,  fine, 

very  short  longitudinal  lines  which  can  only  be  clearly  seen  with  the  aid  of  a  lens. 

The  lateral  margins  of  the  ribs  are  faintly  striated  longitudinally. 

Remarks. — Two  specimens  of  Sigillaria  Candollei  are  given  on  PI.  IV,  figs.  1  and 
2.  The  example  given  at  fig.  1  is  from  an  older  stem  than  that  seen  at  fig.  2.  The 

leaf  scars  are  ovate  and  can  scarcely  be  said  to  possess  lateral  angles.  Both  the 

upper  and  lower  margins  are  rounded,  and  immediately  above  the  leaf  scar  the  ligule 

pit  is  situated.  This  is  placed  so  close  to  the  leaf-scar  margin  in  some  cases  that  it 
almost  rests  upon  it  and  causes  a  very  slight  flattening  of  its  surface. 

The  example  given  at  fig.  2  is  from  a  younger  stem,  and  the  ornamentation  is 

slightly  stronger  than  on  the  specimen  seen  at  fig.  1.  The  leaf  scars  also  occupy  a 
somewhat  larger  portion  of  the  ribs,  but  these  differences  I  believe  to  be  due  to  the 

different  ages  of  the  specimens. 

The  ornamentation  of  the  ribs  is  much  more  delicate  than  that  of  Sigillaria  rugosa 

Brongt.,  which  has  a  distinctly  continuous  band  of  punctate-rugose  ornamentation 

and  a  plume-like  marking  above  the  leaf  scar,  which  in  Sigillaria  Candollei  is  absent. 
The  lateral  angles  of  Sigillaria  rugosa  Brongt.  are  also  more  prominent  than 

those  of  Sigillaria  Candollei  Brongt.,  though  in  the  former  species  they  are 
frequently  obscured. 

Locality. — Kinlet  Colliery,  1  mile  S.W.  of  Highley,  Shropshire. 

Horizon. — Shales  associated  with  the  Brooch  Seam.  Westphalian  Series. 
(Fig.  1,  Pr.  1476;  fig.  2,  Pr.  1489.) 

Sigillaria  nudicaulis  Boulay. 

PL  III,  figs.  2,  2a,  3,  3a. 

1876.  Sigillaria  nudicaulis,  Eoulay,  Le  terr.  houil.  du  Nord  de  la  France,  p.  42,  pi.  iii,  n>s.  4  and  4  bis. 
(Excl.  syn.) 

1886.  „  „  Zeiller,  Flore  foss.  bassin  houil.  d.  Valen.,  p.  524,  pi.  lxxxiii,  fig.  6. 
1910.  cf.     „  ,,  Deltenre  in  Renier,  Paleont.,  pi.  xxix. 

Description. — Stem  ribbed,  furrows  straight,  leaf  scars  distant,  orbicular  or  oval, 
upper  margin  slightly  emarginate,  lower  margin  rounded,  lateral  angles  not  promi- 

nent, rounded,  with  or  without  short  decurrent  lines ;  cicatricules  three,  central 

punctiform,  lateral  straight,  extending  below  the  vascular  cicatricule.  Ligule  pit 
situated  immediately  above  the  leaf  scar. 

Outer  surface  of  cortex  bears  a  few  more  or  less  obscure  lines  above  the  ligule 

pit,  and  sometimes  a  few  short  transverse  wrinkles  immediately  below  the  leaf  sea  r ; 
other  portions  of  the  rib  surface  are  very  faintly  striated  longitudinally,  but  all  the 
ornamentation  is  so  delicate  that  to  the  unaided  eye  the  cortex  appears  to  be  smooth. 

Decorticated  surface  longitudinally  striated. 

Remarks. — The  specimen  given  at  PI.  Ill,  fig.  2,  of  which  a  portion  is  enlarged 
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two  times  at  fig.  2a,  has  somewhat  closer  placed  leaf  scars  than  the  examples  figured 

by  Boulay  and  Zeiller,  but  is  otherwise  quite  typical  of  the  species.  According  to 

Zeiller,  the  distance  of  the  leaf  scars  apart  varies  from  45  to  50  mm.  ;  on  our 

specimen  they  are  only  about  half  that  distance  from  one  another,  but  this  character 

is  one  which  is  subject  to  great  variation. 

The  ornamentation  both  above  and  below  the  leaf  scars  is  very  delicate,  and  in 

some  cases  appears  to  be  absent.  The  longitudinal  striation  is  also  very  faint,  so 

that  the  ribs  might  almost  be  described  as  smooth.  This  is  seen  on  fig.  2,  and  fig.  2a 

shows  the  slight  ornament  the  cortex  possesses. 

I  refer  to  this  species  provisionally  the  specimen  given  on  PI.  Ill,  figs.  3  and  3a. 

Here  the  leaf  scars  are  placed  closer  to  each  other  and,  though  not  much  more  so  than 

on  one  of  Botjlay's  figures,  are  a  little  more  oval ;  but  the  smooth  longitudinally 
striated  surface  of  the  cortex  is  similar  to  that  of  the  specimen  described  above. 

This  is  not  well  seen  on  the  figures,  as  they  have  been  photographed  with  the  light 

striking  them  parallel  with  the  ribs,  to  show  more  distinctly  the  form  of  the  leaf  scars. 

I  have  failed  to  distinguish  any  definite  character  on  this  specimen  by  which  it  can 

be  separated  from  the  example  given  at  fig.  1,  except  in  the  occasional  occurrence  of 

a  faint  plumose  ornamentation  immediately  above  the  leaf  scar  (fig.  3a). 

I  am  inclined  to  think  that  the  specimen  figured  by  M.  Deltenre  #  as  Sigillaria 
nudicaulis  does  not  belong  to  that  species.  He  gives  no  description  or  enlargement 

of  the  specimen,  but  so  far  as  one  can  observe  from  the  figure  there  seems  to  be  a 

distinct  band  of  ornamentation  occupying  the  central  area  of  the  ribs  and  connecting 

the  leaf  scars.  This  can  be  seen  on  the  upper  right-hand  portion  of  his  figure.  The 
plant  appears  to  be  similar  to  a  specimen  I  have  from  the  Yorkshire  Coal  Field,  but 

which  I  regard  as  specifically  distinct  from  Sigillaria  nudicaulis  Boulay. 

Both  of  the  specimens  figured  here  are  from  the  same  locality  and  horizon. 

Locality. — Kinlet  Colliery,  1  mile  S.W.  of  Highley,  Shropshire. 

Horizon. — Shales  associated  with  Brooch  Seam.  Westphalian  Series.  (Fig.  2, 
Pr.  1530;  fig.  3,  Pr.  1487.) 

Sigillaria  distans  Sauveur. 

PI.  IV,  figs.  4,  4a;  PL  V,  figs.   10,  10a. 

1848.  Sigillaria   distans,    Sauveur,    Veget.    foss.    d.    terr.  houil.  de  la   Belgique,  pi.    lv,    fig.    1    (sine 
descriptione). 

Description. — Stem  ribbed,  furrows  straight,  leaf  scars  distant,  sub-hexagonal, 
longer  than  broad,  or  about  as  broad  as  long  ;  upper  margin  round  with  very  shallow 

notch,  lower  margin  obtusely  pointed  or  rounded ;  lateral  angles  rounded,  distinct, 

and  from  which  descend  two  decurrent  furrows  which  first  bend  slightly  outwards 

and  then  turn  inwards  towards  each  other,  dying  out  before  they  reach  the  next 

*  In  Renter,  Documents  pour  Vitude  de  la  pale'ont.  du  terr.  houil.,  pi.  xxix,  1910. 
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lower  leaf  sear.  From  the  sides  of  the  leaf  scar  above  the  lateral  angles,  two  furrows 

extend  upwards  and  terminate  within  the  extremity  of  the  lateral  furrows  about  half 

way  towards  the  leaf  scar  next  above. 

Within  the  leaf  scar  and  about  ̂   from  its  summit  are  three  cicatricules,  the  central 

punctiform,  the  two  lateral  elongate,  straight,  slightly  diverging,  and  extending 
below  the  vascular  bundle  cicatricule. 

Immediately  above  and  resting  on  the  upper  margin  of  the  leaf  scar  is  the  ligule 

pit.  from  which  radiate  a  few  delicate  short  lines  ;  other  portions  of  the  cortex  are 

smooth  with  the  exception  of  a  few  faint  longitudinal  striae  which  are  especially  seen 

on  the  marginal  areas  of  the  ribs. 

Remarks. — Different  opinions  have  been  expressed  as  to  the  specific  value  of 

Sigillaria  distans  Sauveur. #  Boulay  believed  it  to  be  similar  to  his  Sigillaria 
nudicaulis,^  while  Zeiller  refers  it  to  Sigillaria  lcevigata.\ 

Whatever  may  be  the  true  systematic  position  of  Sigillaria  distans  Sauveur,  1 

think  that  there  can  be  no  doubt  that  the  plant  figured  here  on  PI.  IV,  fig.  4,  and 

PI.  V,  fig.  10,  is  Sauveur's  "species." 
The  two  furrows  which  extend  upwards  from  the  upper  margin  of  the  leaf  scar, 

which  are  less  distant  from  each  other  than  the  furrows  descending  from  the  lateral 

angles,  and  which  die  out  within  the  extremities  of  the  latter,  produce  a  character 

which  does  not  appear  to  be  accidental  and  which  is  also  seen  more  or  less  clearly 

in  Sauveur's  figure. 
The  basal  line  of  the  leaf  scar  of  our  specimen  appears  to  be  slightly  more  pointed 

than  on  some  of  the  leaf  scars  in  Sauveur's  illustration,  but  it  is  impossible  to  place 
any  great  value  on  this  distinction,  as  he  gives  no  enlargement  of  the  form  of  the  leaf 

scar,  and  on  his  figure  some  are  more  pointed  at  the  base  than  others. 

There  are  also  a  few  faint  radiating  lines  which  spring  from  the  neighbourhood 

of  the  ligule  pit  on  our  example,  but  these  are  too  faint  to  be  seen  on  the  fossil  with- 
out the  aid  of  a  lens. 

The  leaf  scars  are  somewhat  closer  on  the  English  than  on  the  Belgian  specimen, 

but  this  is  a  character  liable  to  considerable  variation,  even  on  the  same  example. 

Sauveur  gives  no  description  of  the  specimen  figured  in  his  work,  which  makes 

the  identification  of  his  species  much  more  difficult ;  but,  judging  from  what  data  his 

figure  affords,  there  does  not  appear  to  be  a  single  essential  point  of  difference  by 

which  the  specimen  figured  here  can  be  distinguished  from  his  Sigillaria  distans. 

The  next  question  to  be  considered  is  the  specific  individuality  of  Sigillaria 

distans — whether  it  should  be  referred  to  Sigillaria  nudicaulis  Boulay,  as  proposed 
by  that  author,  or  to  Sigillaria  laevigata,  as  suggested  by  Zeiller,  or  be  regarded  as 

a  true  species. 

*  The  Sigillmia  distans,  Geinitz,  Darstellung  d.  Flora  d.  Hainichen  Ebersdorfer,  etc.,  p.  61,  pi.  xiii,  figs.  4-(>,  1854, 

does  not  belong  to  Sauveur's  species. 
t  Le  terr.  houil.  du  Nord  de  la  France,  p.  42,  pi.  iii,  figs.  4  and  4  bis. 

\  Flore  foss.  bassin  houil.  d.  Valen.,  pp.  521  and  525. 
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From  typical  Sigillaria  laevigata  Brongt.*  the  specimen  figured  here  differs  in 
the  presence  of  the  furrows  extending  upwards  from  the  leaf  scars  and  the  delicate 

plume-like  lines  which  spring  from  the  neighbourhood  of  the  ligule  pit,  as  well  as  in 
the  more  oblong  form  of  the  leaf  scars  than  usually  shown  on  Sigillaria  laevigata, 

and  these  differences  make  me  hesitate  to  refer  Sigillaria  distans  to  that  species  ; 

but  it  is  possible  that  these  differences  may  be  dependent  on  the  different  ages  of 

the  specimens  under  comparison. 

I  figure  here  also  a  portion  of  a  specimen  of  a  Sigillaria  from  the  "  Bottom  Coal," 
Chimney  Colliery,  Angelbank,  Titterstone  Clee  (PI.  V,  figs.  10,  10a).  This  I  also  refer 

to  Sigillaria  distans  Sauveur.  The  leaf  scars  are  smaller  in  proportion  to  the  width 

of  the  ribs,  and  occupy  rather  less  than  one-third  their  breadth.  In  form  they  vary, 
some  being  oval,  and  others  rather  broader  than  long  (fig.  10a).  The  leaf  scars,  which 

have  a  slight  ornamentation  above  them,  as  already  described  (fig.  10a),  have  the 

upward-extending  lines  from  the  top  margin  and  the  decurrent  lines  from  their 

lateral  angles.  *In  this  example  there  is  perhaps  a  nearer  approach  to  Sigillaria 
laevigata  Brongt.,  but  the  characters  possessed  by  the  specimen  make  me  hesitate  to 

refer  it  to  Brongniart's  species.  On  the  other  hand,  in  all  its  salient  characters  it 
agrees  with  the  other  specimen  (PL  IV,  fig.  4)  which  I  have  referred  to  S.  distans 
Sauveur. 

From  Sigillaria  nudicaulis  Boulay,  Sigillaria  distans  differs  in  the  presence  of 

the  long  decurrent  furrows  from  the  lateral  angles,  as  well  as  in  the  furrows  which 

extend  upwards  from  the  upper  margin  of  the  leaf  scar,  differences  which  seem  to 

preclude  the  possibility  of  uniting  these  two  species,  t 

I  therefore  for  the  present  prefer  to  regard  Sigillaria  distans  Sauveur  provision- 
ally as  a  distinct  species,  though  believing  in  the  possibility  of  its  having  been  founded 

on  a  young  condition  of  Sigillaria  laevigata  Brongt. 

Locality. — Kinlet  Colliery,  1  mile  S.W.  of  Highley,  Shropshire. 

Horizon. — Shales  associated  with  the  Brooch  Coal.  Westphalian  Series.  Collected 
by  Mr  J.  Pringle  (Pr.  1485).     (PL  IV,  figs.  4,  4a.) 

Locality. — Chimney  Colliery,  Angelbank,  Titterstone  Clee  Hill,  Shropshire. 

Horizon. — Bottom  Coal.    Westphalian  Series  (K.  1413).     (PL  V,  figs.  10,  10a.) 

Sigillaria  Pringlei  Kidston  n.  sp. 

Plate  III,  figs  1,  la. 

Description. — Stem  ribbed,  ribs  straight,  broad  in  proportion  to  size  of  leaf  scar, 
smooth.  Leaf  scars  distant,  small,  broader  than  high  (transversely  oval),  upper 

margin  slightly  emarginate,  lower  margin  rounded,  lateral  angles  prominent  and 

from   which  descend   two  very    short  decurrent   lines.     Cicatricules   three,    placed 

*  Hist.  d.  ve'ge't.  foss.,  p.  471,  pi.  cxliii. 
t  See  ante,  p.  1050,  pi.  iii,  figs.  2,  3. 
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slightly  above  the  middle  of  the  leaf  scar,  the  central  punctiform,  the  two  lateral 

oval,  straight  or  very  slightly  diverging.  The  ligule  pit  rests  on  the  upper  margin 
of  the  leaf  scar  within  the  sinus. 

Remarks. — The  only  specimen  discovered  is  that  shown  on  PL  III,  fig.  1,  where 
it  is  given  natural  size,  and  a  small  portion  is  enlarged  two  times  at  fig.  la.  The 

ribs  are  1*3  mm*,  broad,  and  their  surface  is  entirely  without  ornamentation.  A  few 
longitudinal  crack-like  lines  are  seen  at  some  places  on  their  surface,  but  they  seem  to 
be  accidental. 

The  leaf  scars  only  occupy  about  ̂   of  the  width  of  the  rib  and  are  5  mm.  wide 

and  3 '5  mm.  high,  and  stand  about  3 '25  cm.  distant  from  each  other. 
The  form  of  the  leaf  scars  is  somewhat  similar  to  those  of  Sigillaria  reniformis 

Brongt.,*  but  they  are  more  transversely  oval  and  not  sub-hexagonal  as  in  that 
species.  Sigillaria  Pringlei  further  differs  in  the  absence  of  the  transverse  furrow 

above  the  leaf  scars  and  in  the  greater  distance  of  the  scars  apart,  as  well  as  in  the 

absence  of  the  division  of  the  rib  into  three  longitudinal  areas  by  the  long  decurrent 

lateral  lines  which  descend  from  the  leaf  scars  of  Sigillaria  reniformis. 

Locality. — Kinlet  Colliery,  1  mile  S.W.  of  Highley,  Shropshire. 

Horizon. —  Shales  associated  with  Brooch  Seam.  Westphalian  Series.  Collected 
by  Mr  J.  Pringle  (Pr.  1529). 

Sigillaria  transversalis  Brongt. 

PL  II,  figs.  2-4. 

1836.  Sigillaria  transversalis,  Brongt.,  Hist.  d.  veget.  foss.,  i,  p.  450,  pi.  clix,  fig.  3. 

1857.  ,,  „  Goldenberg,  Flora  Sarmp.  foss.,  Heft  ii,  p.  37,  pi.  x,  fig.  17. 
1886.  „  „  Zeiller,  Flore  foss.  bassin  houil.  d.   Valen.,  p.  531,  pi.  lxxxviii,  fig.  1, 

(text  1888). 

1904.  „  ,,  Koehne,  "  Sigillarienstamme,"  Abhandl.  d.  k.  preuss.  Geol.  Landesanstalt, 

p.  56  (text-fig.  9  ?). 
1904.  ,,  „  Zalessky,  Mem.  du  Comite  geol.,  nouv.  ser.,  livr.  xiii,  p.  Ill,  pi.  x,  fig.  1  ; 

pi.  xiii,  fig.  6. 
1914.  „  „  Arber,  Phil.  Trans.,  ser.  B,  vol.  cciv,  p.  398,  pi.  xxviii,  fig.  19. 

1876.  Sigillaria  transversalis  var.  sparsifolia,  Boulay,  Terr,  houil.  d.  Nord  de  la  France,  p.  47,  pi.  iv, 

fig.  4. 
1894.  Sigillaria  typus  Rhytidolepis,  Potonie\  Jahrb.  d.  k.  preuss.  geol.  Landesanstalt,  p.  26,  pi.  iii,  fig.  1. 

Description. — Stem  ribbed,  furrows  straight  or  slightly  undulating.  Leaf  scars 

distant,  occupying  from  about  |  to  the  whole  width  of  rib,  transversely  lenticular 

or  oval,  usually  broader  than  high,  upper  margin  rounded  with  a  prominent  notch, 

lower  margin  rounded  ;  lateral  angles  prominent,  placed  about  the  centre  of  the  sides, 

and  from  which  descend  two  diverging  lines  that  soon  terminate  in  the  furrow. 

Cicatricules  three,  placed  slightly  above    the  centre  of  the  leaf  scar,  the   central 

*  Brongniart,  Hist.  d.  vegil.  foss.,  p.  470,  pi.  cxlii  ;  Zeiller,  Flore  foss.  bassin  houil.  d.  Valen,  p.  556,  pi.  lixxiv, 

figs.  4-6. 
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(vascular)  punctiform  or  transversely  lunate,  the  two  lateral  oblong,  straight  or 

diverging.  The  ligule  pit  is  situated  immediately  above  the  leaf  scar,  and  a  short 

distance  above  the  ligule  pit  is  a  transverse  furrow,  which  is  sometimes  very 
indistinctly  defined. 

The  outer  surface  of  the  cortex  is  smooth,  or  ornamented  with  very  fine  irregular 

longitudinal  lines  which  sometimes  are  crossed  by  fine  transverse  lines. 

Sub-cortical  surface  longitudinally  striated. 

Remarks. — The  collection  contains  only  three  small  fragments  of  this  species, 
one  of  which  is  shown  natural  size  at  fig.  3,  and  enlarged  two  times  at  fig.  3a.  The 

leaf  scars  on  this  fragment  are  transversely  oval,  but  only  occupy  about  J  of  the 

width  of  the  ribs.  The  delicate  surface  ornamentation  is  seen  on  the  enlargement 

given  at  fig.  3a,  and  consists  of  short,  fine  irregular  lines,  which  make  an  imperfect 

reticulum.  On  the  same  specimen,  towards  the  upper  end,  where  the  epidermal 

layer  seems  to  have  been  removed,  the  exposed  surface  exhibits  a  fine  granulation. 

Another  small  fragment  is  given  at  fig.  2,  natural  size.  Here  the  upper  surface 

of  the  cortex  is  quite  smooth  and  the  transverse  furrows  and  ligule  pit  (above  the 

lower  scar)  are  more  clearly  seen.  Another  fragment,  enlarged  two  times  at  fig.  4, 

shows  the  outer  surface  of  the  cortex  to  be  also  quite  smooth. 

The  ornamentation  is  very  delicate,  and  its  degree  of  prominence  may  be  conse- 
quent on  the  state  of  preservation  of  the  specimen,  and  the  granulation  sometimes 

seen  may  depend  on  a  partial  decay  of  the  epidermal  surface. 

The  var.  sparsifolia,  as  its  name  indicates,  has  more  distant  leaf  scars  than  the 

type,  and  they  generally  occupy  a  smaller  portion  of  the  rib  and  usually  have  a 

greater  height  in  proportion  to  their  breadth,  but  the  variety  and  the  type  are 

connected  by  intermediate  forms.* 
Sigillaria  transversalis  Brongt.  is  rare  in  Britain. 

Localities. — Roadside,  120  yards  N.E.  of  Furnace  Mill,  |  mile  N.W.  of  Wyre 
Forest  Station,  near  Cleobury  Mortimer.  (Fig.  2,  Pr.  1420  ;  fig.  3,  Pr.  1451  ;  fig.  4, 
Pr.  1419.) 

Kinlet  Colliery,  Kinlet  (Arber). 

Horizon. — Westphalian  Series. 

Sigillaria  reticulata  Lesquereux. 

PI.  II,  figs.   1,  la-lc. 
18t30.  Sigillaria  reticulata,  Lesqx.,  in  Owen,  Second  Report.  Geol.  Recounoissance  of  Arkansas :  Bot.  and 

Palseont.  Report,  p.  310,  pi.  iii,  fig.  2. 

1880.  ,,  ,,  Lesqx.  (pars),  Goal  Flora,  vol.  ii,  p.  473  (non  pi.  lxxiii,  figs.  19,  19a). 

1886.  ,,  ,.  Zeiller,  Flore  foss.  bassin  houil.  d.  Valen.,  p.  587,  pi.  lxxxviii,  fig.  2. 

1883.  ,,  ,,  Lesqx.,  Indiana  :  Rept.  of  the  State  Geologist,  No.  13,  part  ii,  "Palaeontology," 
p.  92  (non  descr.  non  pi.  xx,  fig.  6). 

1910.  ,,  „  Renier,  Paleont.,  pi.  xxxiii. 

*  Zeiller,  Flore  foss.  bassin  houil.  d.  Valen.,  p.  532. 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  27).  149 
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Description.  —  Stem  not  ribbed.  Leaf  scars  distant,  arranged  in  vertical 
rows,  the  leaf  scars  of  one  row  alternating  with  those  of  the  row  on  each 

side  of  it,  varying  somewhat  in  their  proportion  of  height  to  breadth,  but 

generally  broader  than  high ;  upper  margin  with  a  deep  notch,  lower  margin 

rounded  or  sometimes  slightly  pointed,  with  frequently  concave  sides ;  lateral 

angles  very  prominent,  usually  on  a  line  with  the  internal  cicatricules,  but 

sometimes  on  a  slightly  lower  level.  Cicatricules  three,  placed  about  'f,  the 
length  of  the  scar  from  the  top,  the  central  punctiform,  and  on  a  line  with  the 

middle  of  the  two  lateral  oblong  cicatricules,  which  are  parallel  or  diverge  slightly 
outwards. 

Ligule  pit  situated  within  the  notch  on  the  upper  margin  of  the  leaf  scar  and 

frequently  difficult  to  observe.  Beneath  the  leaf  scar  is  a  sub-triangular  area  which 
is  sometimes  smooth,  at  other  times  covered  with  a  faint  shagreen  or  bears  a  few 
short  transverse  bars. 

Cortex  ornamented  with  short  longitudinal  more  or  less  fiexuous  lines,  which 

impart  a  shagreen  appearance  to  the  surface  ;  or  sometimes  the  lines  of  ornamenta- 
tion are  individually  longer  and  less  fiexuous. 

Remarks. — Sigillaria  reticulata  Lesqx.  varies  both  in  the  details  of  ornamentation 
of  the  cortex  and  in  the  form  of  the  leaf  scars.  Although  it  is  a  rare  species,  in 

addition  to  the  locality  for  the  specimen  here  described,  I  have  several  examples 

collected  by  Mr  Hemingway  from  the  Parkgate  Coal,  Dodworth,  Barnsley,  and  the 

Thick  Coal,  Monckton  Main  Colliery,  Barnsley,  Yorkshire,  from  rocks  belonging  to 

the  Westphalian  Series,  and  among  them  there  is  a  distinct  variation  in  the  details 

of  the  surface  ornamentation.  They  mostly  show  a  reticulate  shagreen  like  the 

specimen  illustrated  here  on  PL  II,  figs.  1  and  la. 

On  the  specimen  figured  by  Zeiller  (I.e.)  the  ornamentation  of  the  cortex  seems 

to  consist  of  longer  more  or  less  fiexuous  longitudinal  lines  which  do  not  form  so 

distinct  a  reticulum  or  shagreen. 

On  none  of  the  specimens  have  I  been  able  to  observe  any  short  transverse  bars 

on  the  sub-triangular  area  below  the  leaf  scars,  which  in  the  British  specimens  is 
either  smooth  or  bears  a  more  or  less  distinct  reticulation. 

The  leaf  scars  also  vary  a  little  in  form,  and  it  may  be  noticed  that  on 

the  specimen  figured  here  on  PL  II,  fig.  1,  the  leaf  scars  on  the  left  skle  of 

the  fossil  are  only  about  half  the  size  of  those  seen  on  the  right  bottom  corner. 

They  are  also  higher  in  proportion  to  their  breadth  than  the  leaf  scars  on  some 

specimens  in  my  collection,  where  they  are  generally  very  narrow,  as  figured 

by  Zeiller. 

It  is  frequently  very  difficult  to  observe  the  ligule  pit  on  account  of  its  being 

situated  close  up  to  the  margin  of  the  leaf  scar  within  the  "  notch,"  but  it  can  be 
seen  at  a  on  the  leaf  scars  enlarged  two  times  at  figs.  16  and  lc. 

Mons.  l'Abbe  Carpentier  figures  what    he   regards    as  a   variety    of  Sigillaria 
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reticulata  Lesqx.,#  which  differs  from  the  type  in  that  the  longitudinal  striae  are  long 
and  continuous  and  not  broken  up  into  short,  irregular,  tlexuous  striations  to  form  a 

reticulum.  This  author  also  mentions  that  on  his  specimen  the  area  below  the  leaf 
scars  is  devoid  of  transverse  bars. 

It  seems  to  me  possible  that  the  example  figured  by  Mons.  l'Abbe  Carpentier 
may  be  specifically  distinct  from  Sigillaria  reticulata  Lesqx.  His  specimen  appears 

to  show  some  similarity  to  the  Sigillaria  Jissa  Lesqx. t 

As  already  pointed  out  by  Zeiller,  in  his  subsequent  work  Lesquereux  included 

under  the  name  of  Sigillaria  reticulata  another  species  which  is  specifically 'distinct 
from  that  to  which  he  originally  applied  the  name.  The  plant  represented  in  the 

Coal  Flora,  pi.  lxxiii,  fig.  19,  which  has  been  refigured  in  the  13^/i  Ann.  Rept. 

of  Indiana,  1883,  pi.  xx,  fig.  6,  is  essentially  distinct  from  that  originally  described 

as  Sigillaria  reticulata,  and  is  easily  distinguished  by  its  closer  leaf  scars,  but  above 

all  by  the  ornamentation  of  the  cortex,  which  consists  of  a  series  of  transverse  lines. 

Locality. — Roadside,  120  yards  N.E.  of  Furnace  Mill,  |  mile  N.W.  of  Wyre  Forest 
Station,  near  Cleobury  Mortimer. 

Horizon. — Westphalian  Series.     (Pr.  1416.) 

Lepidophloios  acerosus  L.  &  H.  sp. 

PI.  II,  fig.  5. 

1831.  Lepidodendron  acerosum,  L.  &  H.,  Fossil  Flora,  vol.  i,  pi.  vii,  fig.  1,  pi.  viii. 

1893.   Lepidophloios  acerosus,  Kidston,  Trans.  Roy.  Soc.  Edin.,  vol.  xxxvii,  p.  558,  pi.   i,  figs.   1,   la; 

pi.  ii,  fig.  9. 
1910.  ,,  ,,         Renier,  Paleontologie,  pi.  viii,  a  (Ipars). 

1914.  ,,  ,,         Arber,  Phil.  Trans.,  ser.  B,  vol.  cciv,  p.  396,  pi.  xxviii,  fig.  20. 

1854.  Lepidodendron  brevifolium,  Ett.,  Steinhf.  v.  Badnitz,  p.   53,  pi.  xxiv,  figs.  4  and  5;   pi.  xxv  ; 

pi.  xxvi,  fig.  3. 

1869.  (?)  Lepidodendron  dichotomum,  Roehl  (pars)  (non  Sternb.),  Foss.  Flora  d.  Steink.  Form.  Westph., 

p.  125,  pi.  xi.  fig.  2. 

1862.   Lepidophloios  laricinum,  Goldenburg  (non  Sternb.)  (pars),  Flora  Sarsep.  foss.,  Heft  iii,  pp.  32,  34, 

pi.  xv,  fig.  9. 
1869.  (?)  Lepidofloios  laricinus,  Roehl  (pars),  Foss.  Flora  d.  Steink.  Form.  Westph.,  p.  150,  pi.  xxviii, 

fig.  9
.' 
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Remarks. — Part  of  a  small  specimen  enlarged  two  times  is  given  on  PI.  II,  fig.  5, 
as  it  shows  very  clearly  the  form  of  the  leaf  bases  of  this  species,  which,  though 

fairly  common,  frequently  suffers  considerably  from  pressure. 

The  leaf  bases  are  comparatively  long,  with  the  lower  part  of  the  sides  almost 

*  "Contribution  a  l'etude  du  Carbonifere  du  Nord  de  la  France,"  Mem.  Soc.  Geol.  du  Nord,  vol.  vii,  part  ii, 
p.  733,  pi.  vi,  fig.  9,  1913. 

t  Lesquereux,  Geol.  of  Pennsyl.,  vol.  ii,  part  ii,  p.  871,  pi.  xiii,  fig.  4  ;  Coal  Flora,  p.  470,  pi.  lxxiii,  fig.  17. 
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straight,  but  at  the  upper  part  they  form  a  rounded  shoulder  where  they  join  on  to 

the  sharp  angle  of  the  leaf  scar.  They  are  prominently  keeled,  and  the  ligule  pit  is 

placed  in  a  line  with  the  keel  immediately  below  the  leaf  scar,  for  on  the  younger 

branches  and  those  of  the  size  of  this  specimen  the  leaf  base  is  directed  upwards.* 
There  is  no  evidence  to  show  that  in  older  age  they  become  derlexed  in  this 

species,  as  in  other  members  of  the  genus. 

The  general  form  of  the  exposed  portion  of  the  fully  developed  leaf  base  is  therefore 

roughly  hexagonal,  but  on  very  young  branches  it  is  more  rhomboidal  in  form.  In 

Lepidophloios  laricinus  Sternb.t  the  exposed  portion  of  the  leaf  bases  is  much  more 

truly  rhomboidal  and  frequently  transversely  elongated  with  pointed  lateral  angles. 

Locality. — Highley  Colliery,  Highley,  Shropshire. 

Horizon. — Shales  associated  with  Brooch  Coal.  Westphalian  Series.  Collected 
by  Mr  J.  Pringle  (Pr.  1379). 

Samaropsis  emarginata  Goppert  and  Berger. 

PI.  V,  fig.  7. 

1848.   Cardiocarpon  emarginatum,  Gopp.  and  Berger,  Frudibus  et  seminibus,  p.  24,  pi.  iii,  fig.  35. 

1854.  ,,  ,,  Geinitz,  Darstel.  d.  Flora  d.  Hainichen-Ebersdorfer,  p.  49,  pi.  xii, 

figs.  2-8. 
1869.  ,,  ,,  Roehl,  Foss.  Flora  d.  Steink.  Form.  Westph.,  p.  153,  pi.  xxii,  fig.  15. 

1870.  Cardiocarpus  emarginatvs,  Geinitz,  Neues  Jahrb.,  p.  419,  pi.  iv,  fig.  6. 

1870.  ,,  ,,  Schimper,  Traite  d.  paleont.  veget.,  vol.  ii,  p.  221. 

1875.  Cardiocarpum  emarginatum,  Feistm.,    Vers.  d.  Bbhm.  Kohlenablager,  Abth.  ii,  p.  46,    pi.    xx, 

figs.  4-6. 
1857.   Cyclocarpon  emarginatum,  Fiedler,  "  Die  foss.  Friichte  d.  Steinkohlen  Form.,"  Nova  Act.  Acad.  Nat. 

Curios.,  vol.  xxvi,  p.  291. 

1911.  Samaropsis  emarginata,  Kidston,  "Veget.  houil.   Hainaut  Beige,"  Mem.  Mush  roy.  d'hist.  nat. 
Belgique,  vol.  iv,  p.  238,  pi.  xxii,  figs.  3,  3a. 

1914.  „  „  Arber,  Ann.  of  Bot.,  vol.  xxviii,  p.  98,  text-fig.  5. 
1852.   Cardiocarpum  orbiculare,  Ett.,  SteinJcf.  v.  Stradonitz,  p.  16,  pi.  vi,  fig.  4. 

1870.   Cardiocarpus  orbicularis,  Schimper,  Traite  d.  paleont.  veget.,  vol.  ii,  p.  224. 

1893.  ,,  ,,  Kidston,  Trans.  Roy.  Soc.  Edin.,  vol.  xxxvii,  p.  356. 

1899.   Rhabdocarpus  amygdalseformis,  Hofmann  and  Ryba  (non  Gopp.  and  Berger),  Leitpjianzen,  p.  101, 

pi.  xix,  fig.  14. 

Description. — Seed  varying  in  size  from  1'50  to  2  cm.  ;  almost  circular  in  form, 
but  slightly  narrowed  towards  apex  ;  nucule  cordate  acute,  lenticular,  occupying  about 

half  the  area  of  the  seed  ;  wing  broad,  slightly  narrower  at  the  base  than  at  the 

apex,  where  it  has  a  distinct  notch  or  sinus. 

Remarks. — This  species  is  easily  distinguished  from  Samaropsis  Guibieri  Geinitz 
by  its  broad  wing. 

I  have  previously  proposed  the  union  of  Samaropsis  annulata  Newberry  \  with 

*  Kidston,  Tram.  Roy.  Soc.  Edin.,  vol.  xxxvii,  p.  558,  pi.  i,  fig.  1,  1893. 
t  Lepidodendriiu  laricinum  Sternlj.,  Essaiflore  monde  prim.,  vol.  i,  fasc.  i,  pp.  23  and  25,  pi.  xi,  figs.  2-4. 

I   Cardiocarpon  annidatum,  (Jeol.  Survey  of  Ohio,  vol.  i,  part  ii,  "  Palaeont.,"  section  iii,  p.  374,  pi.  xliii,  figs.  8,  8<i 
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Samaropsis  emarginata  Gopp.  and  Berger,  but  in  Newberry's  species  the  seed  is 
slightly  larger  and  the  wing  is  broader  on  the  basal  margin,  so  I  have  deemed  it 
safer  to  omit  this  reference. 

Localities. — At  back  of  building,  Cooper's  Mill  (3rd  mill  W.  of  Dowles  Church), 
l£  mile  W.  of  Dowles  Church,  near  Bewdley  (K.  2118). 

Road  section,  250  yards  N.E.  of  Cooper's  Mill  (3rd  mill  W.  of  Dowles  Church). 
Horizon. — Westphalian  Series. 

Samaropsis  Gutbieri  Geinitz  sp. 

PI.  V,  fig.  6. 

1855.   Cardiocarpon  Gutbieri,  Geinitz,  Vers.  d.  Steinkf.  in  Sachsen,  p.  39,  pi.  xxi,  figs.  23-25. 

1870.  ,,  ,,         Geinitz,  Neues  Jahrb.,  p.  420,  pi.  iv,  figs.  1-5  ("  Ueber  organ.  Uberreste 

aus  der  Steink.  von  Langeac,  Haute-Loire"). 
1888.   Cardiocarpus  Gutbieri,  Kidston,  Trans.  Roy.  Soc.  Edin.,  vol.  xxxiii,  p.  403,  pi.  xxiii,  fig.  5. 

1893.  „  ,,  Potonie,  Flora  d.  Rothl.  v.  Thiiringen,  p.  254,  pi.  xxxi,  figs.  15-19. 
1914.  ,,  ,,  Arber,  Ann.  of  Bat.,  vol.  xxviii,  p.  97,  pi.  vi,  fig.  15. 

1881.   Cordaispermum  Gutbieri,  Renault,  Cours  de  bot.foss.,  vol.  i,  p.  103,  pi.  xiv,  fig.  7. 

1874.  cf.  Cardiocarpus  sclerotesta,  Brongt.,  and  Cardiocarpus  sclerotesta  minor,  Brongt.,  "  Graines  fossiles 

trouvees  a  l'^tat  silicifie,  etc.,"  Ann.  d.  Sciences  nal.  :  Bot.,  5e  s^r., 
vol.  xx,  pp.  245,  261,  pi.  xxi,  figs.  5,  6. 

1881.  cf.  „  ,,         Brongt.,  and  Cardiocarpus  sclerotesta  minor,  Brongt.,  Becker,  graines 

foss.  silic,  p.  37,  pi.  A,  figs.  5,  6. 

1890.  ,,  ,,         Renault,  Flore  foss.  bassin   houil.  d.    Commentry,    2e  part.,  p.  597, 
pi.  lxxii,  fig.  3. 

1877.  cf.  Cordaicarpus   major,    Grand'Eury,  Flore    Carbon,  d.  depart,  de  la  Loire,  p.  235,  pi.  xxvi, 
fig.  16  [nucule). 

1890.  cf.  „  ,,       Renault,   Flore  foss.  d.  bassin  houil.  d.   Commentry,  2e  part,  p.  600, 
pi.  lxxii,  figs.  10,  11  (nucule). 

1858.   Cardiocarpon  Ottonis,  Geinitz,  Leitpflanzen  d.  Rothl.  u.  Zechstein,  p.  18,  pi.  ii,  figs.  17,  18  (Oster 
Progiamm  d.  k.  Polytech.  Schule  zu  Dresden). 

1861-1862.   Cyclocarpon  Ottonis,  Geinitz,  Dyas,  p.  150,  pi.  xxxiv,  figs.  6,  7. 
1S58.  Cardiocarpon  reniformis,  Geinitz,  Leitpflanzen  d.  Rothl.  u.  d.  Zechstein,  p.  18,  pi.  ii,  figs.  15,  16. 

1861-1862.     „  ,,  Geinitz,  Dyas.,  p.  145,  pi.  xxxi,  fig.  16. 

Description. — Seed  cordate  or  reniform,  longer  than  broad  or  broader  than  long, 

and  varying  in  size  from  about  1*40  cm.  to  3  or  3'5  cm.  in  greatest  diameter.  Wing 
narrow  and  surrounding  the  lenticular  nucule  on  all  sides.     Surface  smooth. 

Remarks. — The  form  and  size  of  this  seed  varies  considerably  if  we  unite  with  it,  as 

done  by  Potonie,  the  Samaropsis  reniformis  Geinitz  sp.  and  the  Samaropsis  Ottonis 

Geinitz  sp.  These  two,  except  in  being  somewhat  larger  than  the  type,  have  no  other 

character  by  which  they  can  be  clearly  separated.  They  have  the  same  narrow  wing 

which  is  characteristic  of  Samaropsis  Gutbieri.  On  one  of  the  figures  of  Samaropsis 

reniformis  given  by  Geinitz, *  the  wing  seems  a  little  broader  than  on  the  majority 

of  the  specimens  of  this  species,  but  the  difference  is  so  slight  that  it  can  scarcely  be 

regarded  as  of  specific  value.     The  example  figured  here  is  identical  with  that  given 

*  Dyas,  pi.  xxxi,  fig.  16. 
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by  GEINITZ  on  his  pi.  xxi,  fig.  25, *  only  a  little  smaller.  The  specimen  figured 
from  the  Radstock  Coal  Field  t  is  more  of  the  form  of  his  fig.  23.  The  nucule  of 

this  latter  example  lifts  out  of  its  matrix  and  shows  its  original  lenticular  form. 

These  isolated  nucules  have  given  rise  to  the  creation  of  several  species,  and  of  such, 

which  are  probably  referable  to  Samaropsis  Gutbieri,  is  the  Cordaicarpus  major  of 

Grand'Eury  and  Renault. 
Though  the  marginal  wing  of  Samaropsis  Gutbieri  is  narrower  than  on  most 

species  of  the  genus,  when  the  seeds  are  well  preserved  it  is  perfectly  distinct  and 

morphologically  similar  to  the  wing  of  those  Samaropsis  on  which  it  attains  a 

greater  development.  It  seems,  however,  to  have  been  little  able  to  resist  decay,  so 

that  the  seed  is  frequently  represented  by  the  nucule  alone. 

Closely  allied  to  Samaropsis  Gutbieri,  if  not  specifically  identical,  is  one  of  the 

specimens  figured  by  Newberry  under  the  name  of  Cardiocarpon  bicuspidatum 

(non  Sternb.).j  The  wing  is  very  slightly  broader,  but  otherwise  it  agrees  perfectly 
with  this  species. 

Locality. — ?  Railway  cutting,  150  yards  S.E.  of  North  wood  House,  \  mile  N.  of 
Bewdley. 

Horizon. — Westphalian  Series. 

Carpolithes  membranaceus  Goppert. 

PL  V,  figs.  8  and  9,  text-fig.  6. 

1848.   "Saamen,"  Gipp.,  Holland.  Preisschrift  iiber  SteinhMen,  etc.,  p.  298,  pi.  xxii,  fig.  32,  A,  B. 
1848.   Carpolithes  membranaceus,  Gopp.,  in  Berger,  Fructibus  et  seminibus,  p.  25,  pi.  ii,  figs.  19,  20a,  20/;. 

1864.  ,,  ,,  Gopp.,  Foss.  Flora  perm.  Form.,  p.  178,  pi.  xxix,  figs.  19-21. 
1872.   Rhahdocarpus  (?)  ouoiduus,  Weiss  (non  Go  pp.)  (pars),  Foss.   Flora  d.  jiingst.  Steink.  u.  Rothl., 

p.  206,  pi.  xviii,  figs.  10-12;  (?)  figs.  13,  14;  fig.  18;  (?)  fig.  21. 
1872.   Rhabdocarpus  disciformis,  Weiss  (non  Sternb.)  (pars),  ibid.,  p.  205,  pi.  xviii,  fig.  16. 

1903.   Cordaicarpus  Cordai,  Kidston  (non  Geinitz),  Canonbie,  Trans.  Roy.  Soc.  Kdin.,  vol.  xl,  p.  800, 

pi.  i,  fig.  7. 

1911.  ,,  ,,  Kidston  (non  Geinitz)  (pars),  "Veget.  houil.  Hainaut  Beige,"  Mem.  Musie 

roy.  d'hist.  nat.  de  Belgique,  vol.  v,  p.  240,  pi.  v,  fig.  2  ;  pi.  ix,  fig.  3. 
1912.  Cardiocarpus   Cordai,  Vernon  (non    Geinitz),    Trans.    Geol.  Soc.    London,  vol.    lxviii,    p.    622, 

pi.  lviii,  fig.  7. 

1914.   Cordaicarpus  Cordai,  Arber  (non  Geinitz),  Ann.  of  Bot.,  vol.  xxviii,  p.  100,  pi.  vii,  fig.  29. 

1883.    Carpolithes  ovoideus,  Kidston  (noti  Gopp.  and  Berger),  Trans.  Roy.  Soc.  Edin.,  vol.  xxxiii,  p.  404. 

1888.  ,,  ,,        Kidston  (non  Gopp.  and  Berger),  ibid.,  vol.  xxxv.  p.  330,  plate,  fig.  8. 

1902.  „  ,,         Kidston  (non  Gopp.  and  Berger),   Proc.   Yorte.  Geol.   and    Polyteeh.  Soc, 

vol.  xiv,  part  iii,  p.  367,  pi.  lii,  fig.  1. 

1 9  i  4 .  ,,  „         Kidston  (non  Gopp.  and  Berger),  S.  Staffordsbire,   Trans.  Roy.  Soc.  Edin., 

vol.  1,  p.  157. 

1914.   Cordaicarpus  ovoideus,  Arber  (non  Gopp.  and  Berger),  Ann.   of  Rot.,  vol.  xxviii,  p.  100,  pi.   vii, 

fig  30. 

*  Geinitz,  Vers,  de  Steinkf.  in  Sachsen. 
t  Trans.  Roy.  Soc.  Edin.,  vol.  xxxiii,  pi.  xxiii,  tig.  5. 

|  Geol.  Survey  of  Ohio,  vol.  i,  part  ii,  "  Palaeont.,"  section  iii,  p.  373,  pi.  xliii,  fig.  9  (non  ?9a),  1873. 
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Description. — Seed  attaining  a  size  of  1  cm.  in  diameter,  sub-circular  or  oval,  some- 
times bluntly  pointed  at  apex,  more  rarely  at  base,  occasionally  surrounded  by  a  narrow 

false  wing.     Surface  smooth.     Epidermis  formed  of  thick- walled  hexagonal  cells. 

Remarks. — Carpolithes  membranaceus  Gopp.  has  been  united  with  Carpolithes 

(Rhabdocarjyus)  ovoideus  Gopp.  and  Berger  *  by  Weiss, t  and  this  course,  which  was 
followed  by  most  palseobotanists,  I  also  previously  adopted.  Recently,  however,  when 

examining  some  additional  specimens,  I  have  been  led  to  believe  that  Carpolithes 

membranaceus  must  be  treated  as  specifically  distinct  from  Carpolithes  ovoideus 

Gopp.  and  Berger  sp.  In  both  of  the  descriptions  of  Carpolithes  (Rhab  do  carpus) 

ovoideus,  it  is  stated  distinctly  that  the  seed  possesses  "  nerves."  In  the  Permian 

Flora,  Goppert  gives  the  following  diagnosis  :  "  Seed  ovate,  rounded  unequally  on  all 

sides,  pericarp  with  numerous  equal  veins  extending  from  base  towards  the  apex  "  ; 

whereas  Carpolithes  membranaceus  is  :  "  Capsule  elliptical,  smooth,  compressed,  seed 

similar  to  the  capsule."  The  essential  difference  between  the  two  seeds,  is  the 

presence  of  the  "nerves"  which  are  most  probably  sclerenchymatous  fibres  in  the 
pericarp  in  the  one,  and  their  absence  in  the  other.  The  union  of  the  two  seeds 

under  one  name  does  not  therefore  seem  to  be  justified. 

According  to  this  view,  none  of  the  seeds  included  under  Rhabdocarpus  (?)  ovoideus 

by  Weiss  belong  to  Carpolithes  ovoideus  Gopp.  and  Berger  sp.,  for  though  he  refers 

to  folds  and  furrows,  these  are  the  result  of  crumpling  or  of  deformation  through 

pressure,  and  he  nowhere  refers  to  sclerenchymatous  fibres  in  the  pericarp  {nerves)^ 

whose  presence  is  a  distinctive  character  of  many  fossil  seeds.  I  believe  that  the 

specimens  figured  by  Weiss  should  mostly  be  referred  to  Carpolithes  membranaceus 

Gopp.,  which  as  already  stated  he  unites  with  C.  ovoideus  Gopp.  and  Berger. 

The  seeds  seem  to  have  had  an  outer,  probably  thin,  fleshy  pericarp  and,  when 

subject  to  pressure,  vary  in  their  outer  form.  Occasionally  they  are  almost  circular, 

as  seen  in  one  of  Goppert's  figures,!  but  frequently  they  are  more  or  less  oval. 
Some  show  a  narrow  marginal  band,  but  this  is  merely  the  soft  and  flattened  pericarp 

projecting  beyond  the  nucule,  not  a  wing  in  the  true  sense  of  the  term.§  I  am  now 

satisfied  that  many  specimens  figured  and  described  by  myself  and  others  under  the 

name  of  Cordaicarpus  Cordai  belong  to  Carpolithes  membranaceus  Gopp. 

From  "mummified"  fragments  of  the  epidermis,  Goppert  was  enabled  to  figure 
and  describe  the  thick-walled  hexagonal  cells  of  which  it  is  composed,||  and  a  small 

portion  of  the  epidermis  of  a  specimen  which  has  been  subjected  to  the  maceration 

process  is  given  here  at  text-figure  6. 

At  PI.  V,  figs.  8,9,  some  seeds  are  shown  natural  size  to  illustrate  their  varying 
forms. 

*  Fruct.  et  semim.,  p.  22,  pi.  i,  fig.  17,  1848.  t  Foss.  Flora  d.jungst.  Stk  u.  Rothl,  p.  206. 

|  Foss.  Flora  perm.  Form.,  pi.  xxix,  fig.  19. 

§  See  Kidston,  Cordaicarpus  Cordai  (non  Geinitz),  "  Foss.  Plants,  Canonbie,  etc.,"  Trans.  Boy.  Hoc.  Edm.,  vol.  xl, 
pi.  i,  figs.  12,  13. 

||  Gopp.  in  Berger,  Fructibus,  etc.,  pi.  ii,  fig.  206. 
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Locality. — Highley  Colliery,  Highley,  Shropshire.     (Fig.  9,  Pr.  1293.) 

Locality. — Kinlet  Colliery,  1  mile  S.W.  of  Highley,  Shropshire.  (Fig.  8, 
Pr.    1527.) 

Horizon. — Both  from  shales  associated  with  Brooch  Coal.     Westphalian  Series. 

Locality. — At  back  of  building,  Cooper's  Mill  (3rd  mill  W.  of  Dowles  Church), 
U  mile  W.  of  Dowles  Church,  near  Bewdley. 

Horizon. — Westphalian  Series. 

Text-fig.  6. — Carpolithes  membraiiaceus  Gbpp.     Epidermis  enlarged. 

Locality. — Highley  Colliery,  Highley,  Shropshire. 
Horizon. — Brooch  Goal,  Westphalian  Series.     From  photo  by  Mr  Tams,  kindly 

lent  by  Prof.  Seward. 

Locality. — Dowles  Brook,  small  cliff  on  S.  side  of  stream  where  small  stream  joins 

the  main  stream,  250  yards  W.S.W.  of  Cooper's  Mill. 

Horizon. — Same  horizon  as  beds  at  Cooper's  Mill.     Westphalian  Series. 
Locality. — Railway  cutting,  150  yards  S.E,  of  North  wood  House,  \  mile  N.  of 

Bewdley. 

Horizon. — Westphalian  Series. 

Carpolithesareolatus  Boulay  sp. 

PI.  V,  figs.   1.  and   la. 

1879.   Cardiocarpus  (Cordaicarpus)  areolatus,  Boulay,  "Recher.  d.  paleont.  veget.  d.  le  terr.  houil.  d. 

Nord  de  la  France,"  p.  34,  Ann.  Soc.  scientifique  d.  Bruxelles,  4me  annee,  1880,  2e  part. 
1886.   Cordaicarpus  areolatus,  Zeiller,  Flore  foss.  bassin  houil.  d.  Valen.,  p.  646,  pi.  xciv,  fig.  12. 

1914.  ,,  ,,         Arber,  Annals  of  Botany,  vol.  xxviii,  p.  100,  text-fig.  7. 
1911.   Carpolithes  areolatus,  Boulay,  Revue  generate  de  Bot.,  vol.  xxiii,  p.  8. 

1911.  ,,  ,,         Kidston,  "Veget.  houil.  Hainaut  Beige,"  Mem.  Musee  roy.  d'hist.  nat.  de 
Belgique,  vol.  iv,  p.  244,  pi.  v,  figs.  5-7. 

1911.  ,,  .,  Carpentier,  Revue  generate  de  Bot.,  vol.  xxiii,  p.  8. 

1879.  Sporocystis  planus,  Lesqx.,  Atlas  to  the  Coal  Flora,  p.  13,  pi.  lxix,  figs.  15,  15a,  text  p.  458,  1880. 
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Description. — Seeds  oval  or  sub-circular,  4  to  6  mm.  in  greatest  diameter,  rounded 
at  base  and  sometimes  bluntly  pointed  at  apex.  Outer  surface  showing  an  irregular 

reticulation  formed  of  meshes  caused  by  a  series  of  ridges  on  the  outer  surface  of 

the  pericarp. 

Remarks. — A  small  slab  containing  some  seeds  is  given  on  PI.  V,  fig.  1,  and  a  few 
individuals  are  seen  enlarged  two  times  at  fig.  la.  As  in  Carpolithes  membranaceus 

their  form  varies  somewhat.  They  have  occasionally  a  rounded  base  and  blunt- 

pointed  apex  as  seen  in  fig.  1,  and  especially  in  the  specimen  at -the  upper  left-hand 
corner  of  the  enlargement,  but  at  other  times  they  are  more  oval  and  blunt  at  both 

ends.  The  chief  character  which  separates  this  species  from  Carpolithes  mem- 
branaceus is  the  mesh-like  reticulation  of  its  outer  surface.  These  meshes  are 

formed  by  a  crumpling  of  the  pericarp,  which  results  in  a  series  of  ridges  that  divide 

it  into  irregular  mesh-like  reticulations.  The  meshes  are  roughly  hexagonal,  some- 
times longer  than  broad  or  of  almost  equal  length  and  breadth,  but  frequently  of 

varying  size.  Originally  I  thought  that  the  reticulations  might  be  formed  by  a 

sclerenchymatous  network,  but  further  knowledge  of  the  seeds  has  compelled  me 

to  abandon  this  view  and  regard  them  as  mere  ridge-like  foldings  of  the  pericarp. 

It  has  been  suggested  by  Boulay  #  and  Zeiller  t  that  Carpolithes  areolatus 
Boulay  sp.  may  be  the  seeds  of  Cordaites  borassifolius  Sternb.  sp.,  but  this  appears 

to  me  scarcely  probable,  and  that  the  association  of  the  seeds  with  the  leaves  of  that 

plant  was  merely  accidental. 

I  possess  three  specimens  of  Sporocystis  planus  Lesqx.  which  I  received  from  the 

late  Mr  R.  D.  Lacoe  }  that  do  not  differ  in  any  essential  character  from  Carpolithes 

areolatus  Boulay  sp.  Lesqueretjx  supposed  that  his  fossils  were  sporangia  and  that 

the  irregular  mesh-work  they  exhibited  was  caused  by  the  impress  of  contained  flat 

spores.  He  further  states  that  the  meshes  are  "  marked  with  very  small  central 

mamillse."  This  is  shown  on  his  enlargement,  fig.  15a,  but  not  on  his  fig.  15, 
which  is  similar  to  the  specimens  in  my  possession.  There  does  not  appear  to 

be  any  character  by  which  Sporocystis  planus  can  be  separated  from  Carpolithes 
areolatus. 

Locality. — Highley  Colliery,  Highley,  Shropshire. 

Horizon. — Shales  associated  with  Brooch  Coal.  Westphalian  Series.  Natural 
size.     (Rh.  3607.)     (PI.  V,  figs.  1,  la.) 

Locality. — -Dowles  Brook,  small  cliff  on  S.  side  of  stream  where  small  stream  joins 

the  main  stream,  250  yards  W.S.W.  of  Cooper's  Mill. 

Horizon. — Same  horizon  as  beds  at  Cooper's  Mill.     Westphalian  Series. 
Locality. — Kinlet  Colliery,  1  mile  S.W.  of  Highley,  Shropshire. 
Horizon. — Shales  associated  with  Brooch  Coal. 

*  Boulay,  Rech.  d.  pale'ont.  vegit.  d.  terr.  houil.  du  Nord,  p.  34,  1879. 
t  Zeiller,  Flore foss.  bassin  houil.  d.  Valen.,  p.  647,  1888.  %  K/1373-1375. 
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PART  II. 

THE  GEOLOGY   OF   THE  TITTERSTONE  CLEE  HILL   COAL   FIELD. 

The  so-called  Millstone  Grit  (  =  the  Cornbrooh  Sandstone)  and  the 

Coal  Measures  of  Clee  Hill* 

Introduction. 

The  interest  of  the  Carboniferous  of  the  Clee  Hill  lies  largely  in  the  incomplete- 

ness and  abnormal  character  of  its  sequence.  For  purposes  of  comparison  it  will 

therefore  be  useful  to  enumerate  all  the  palseontological  divisions  of  the  British 

Carboniferous  System.     These  appear  on  the  left  in  the  following  table  : — 

7.  Radstockian  Keele  Group. 
'Newcastle  Group. 

Etruria  Marls  Group. 
.Black  Band  Group. 

5.  Westphalian  Middle  Coal  Measures. 
4.  Lanarkian  Lower  Coal  Measures  and  greater    part   of 

the  Millstone  Grit. 

3.  Pendleside  Series     Base  of  the  Millstone  Grit  and  the  Lime- 
stone Shales. 

2.  Upper  Avonian  1 1    ̂    ■,       . ,,  T  .  r,     . 
,     T  .         .        r  Carboniferous  Limestone  Series. 
1.  Lower  Avonian    > 

In  the  right-hand  column  are  given  the  equivalent  lithological  subdivisions  in 
the  North  Staffordshire  area,  where  the  sequence,  from  the  top  of  the  Upper  Avonian 

onward,  is  complete. 

The  Carboniferous  of  Clee  Hill  is  divisible  lithologically  into — 
c.  Coal  Measures. 

b.  Millstone  Grit  so  called — the  Cornbrook  Sandstone. 
a.  Carboniferous  Limestone  Series. 

To  which  of  the  palneontological  divisions  of  the  complete  sequence  does  the  Clee 

Hill  Carboniferous  belong  ? 

The  identification  of  Lower  Avonian  or  of  Upper  Avonian  is  based  on  faunas.} 

The  evidence  need  not  be  discussed  here,  however  ;  it  is  sufficient  for  our  purpose 

to  state  that  in  Dr  Vaughan's  opinion  §  only  the  Lower  Avonian  is  represented  in 
*  By  Clee  Hill  is  meant  the  mass  generally  called  Titterstone  Clee  in  the  Midlands,  though  on  the  Ordnance 

map  and  in  local  usage  the  name  "Titterstone'1  is  confined  to  the  north-western  portion.  The  Brown  Clee  Hill  is 
not  included  in  the  present  description. 

t  The  terms  Upper  and  Lower  Avonian  are  retained  tor  the  present  at  least,  though  they  are  nearly,  if  not 
(pule,  synonymous  with  the  Visean  and  Tournaisian  of  the  Continent. 

J  Dr  A.  Vaughan,  Quart.  Journ.  Geol.  Soc,  vol.  lxvii  (J  911),  pp.  367,  368,  542,  543. 

§  Quart.  Journ.  Geol.  Soc,  vol.  lxi  (1905),  pp.  252-254. 
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the  Carboniferous  Limestone  Series  of  Clee  Hill,  and  that  this  conclusion  is  confirmed 

by  all  my  subsequent  work.  Further,  Dr  Vaughan  has  suggested  that  the  Upper 

Avonian  is  represented  on  Clee  Hill  by  the  so-called  Millstone  Grit,  and,  as  we  shall 
see,  this  is  the  case. 

The  criteria  by  which  the  Pendleside  Series  is  identified  do  not  affect  us,  as  the 
series  is  absent  from  the  Clee  Hill. 

The  Lanarkian  and  the  higher  subdivisions  agree  in  possessing  an  Upper  Car- 
boniferous flora  ;  their  separation  from  one  another  and  the  evidence  for  referring 

the  Clee  Hill  Measures  to  the  Westphalian  are  discussed  elsewhere  (p.  1069). 

Meaning  of  the  term  Millstone  Grit. — The  relations  of  beds  called  Millstone  Grit 
to  these  palseontological  divisions  deserve  attention.  The  term  Millstone  Grit  has 

no  exact  time-value.  It  has  been  applied  to  rocks  of  any  age  so  long  as  they  include 
sandstones  and  lie  intermediate  between  Carboniferous  Limestone  and  Coal  Measures. 

The  Millstone  Grit  of  North  Staffordshire,  as  is  seen  from  the  table,  is  almost  wholly 

of  Lanarkian  age.  Its  lowest  beds  yield  a  Lower  Carboniferous  flora,  but  a  marked 

"  palseobotanical  break"  occurs  a  short  distance  above  the  base,  and  the  higher  beds 
have  a  Lanarkian  flora,  i.e.  an  Upper  Carboniferous  flora  from  which  certain  species 

that  are  abundant  in  the  Westphalian  (the  Middle  Coal  Measures)  are  absent. 

But  the  "Millstone  Grit"  of  South  Wales*  includes  (])  in  all  probability  the 
local  equivalent  of  the  Pendleside  Series,  presumably  succeeded  by  (2)  Lanarkian 

strata,  though  the  characteristic  flora  has  not  been  discovered,  and,  at  the  top, 

(3)  rocks  with  an  undoubtedly  Westphalian  flora. t  It  is  certain,  in  fact,  that  the 

equivalence  of  the  "  Millstone  Grits "  of  different  areas  to  one  another  cannot  be 
taken  for  granted  ;  in  each  area  the  exact  age  of  the  grit  must  be  established  by 

independent  evidence. 

The  Cornbrook  Sandstone  (the  Millstone  Grit  so  called)  of  Clee  Hill. 

Lithological  Characters. — Sandstones  with  subordinate  clays,  shales,  thin  coals 
(none  workable),  and  rarely  limestone.  The  series  was  evidently  formed,  on  the 

whole,  under  continental  conditions ;  but  the  limestone,  which  occurs  within 

300  feet  of  the  base,  is  a  marine  deposit,  containing  the  remains  of  sea-urchins, 
bellerophons,  etc. 

The  sandstones  have  the  characters  usually  associated  with  the  name  of  Millstone 

Grit.  They  are  chiefly  grey  or  white,  but  many  are  stained  brown,  or  are  cemented 

up  with  limonite,  or  coloured  buff,  yellow,  red,  or  green.  As  the  colours  of  the 

interbedded  clays  are  similar  and,  in  the  latter  case,  are  clearly  original,  it  may  be 

inferred  that  those  of  the  sandstones  also  are  original.  The  rocks  are  fine-  to  coarse- 

grained, and  many  are  pebbly.  The  included  pebbles,  which  are  rarely  more  than 

4  inches  in  diameter,  and  are  generally  much  less,  consist,  in  the  great  majority  of 

*  E.  E.  L.  Dixon,  in  "  The  Country  around  Tenby  and  Pembroke,"  Mem.  Geol.  Surv.,  in  preparation. 
t  Goode,  Quart.  Joum.  Geol.  Soc,  vol.  lxix,  p.  252,  1913. 
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cases,  of  white  vein  quartz  ;  but  grey  or  purple  and  green  quartzites — these  always 

better  rounded  than  the  quartz-pebbles — are,  in  a  few  beds,  as  frequent  as  quartzes, 
and  in  others  may  generally  be  found.  Subangular  red  jaspers  are  occasional ;  and 

highly  weathered  igneous  rocks — ?  felsites — are  abundant  in  the  conglomerate  that 
marks  the  base  where  the  formation  rests  directly  on  the  Lower  Old  Red  Sandstone. 

Besides  these  fragments  of  older  rocks,  flakes  of  contemporaneous  clays  are  generally 
included. 

The  sandstones  are  imperfectly  cemented  as  a  rule.  Many  break  down  readily 

to  pebbly  sand,  and  they  seldom  form  crags,  or  are  workable  for  building-stone.  The 
cement  appears  to  be  largely  siliceous,  and  some  beds  are  distinctly  quartzitic ;  but, 

as  may  be  inferred,  true  quartzites  are  rarely,  if  ever,  developed.  In  the  brown 

sandstones  the  cement  is  partly  ferruginous,  but  it  is  rarely  calcareous. 

A  variety  of  sandstone  is  noteworthy  as  having  yielded  the  only  plants  of  zonal 

value  yet  obtained.  It  is  grey  and  well  laminated,  the  bedding-planes  being  thickly 

sprinkled  with  carbonised  vegetable-debris.  Here  and  there  something  more  than  a 

mere  suggestion  of  form  about  the  plant-remains  encourages  the  hope  that  the  next 

plane  to  be  uncovered  will  reveal  something  good — a  hope  that  has  not  yet  been 
justified.  This  is  the  more  to  be  regretted  as  the  age  of  the  formation  is  important. 

Dr  Kidston,  however,  has  succeeded  in  identifying  the  forms  mentioned  on  p.  1076 

from  this  unsatisfactory  material.  The  levels  of  those  from  Studley  Tunnel  are 

unknown.  The  Stigmaria  from  the  Cornbrook  dingle  was  found  in  sandstone  below 

the  waterfall,  at  a  level  several  hundred  feet  above  the  base  of  the  group,  and  the 

Lejndodendron  (L.  Veltheimi  Sternb.)  from  the  same  dingle  occurred  in  one  of  the 

highest  sandstones  exposed,  nearly  1000  feet  above  the  base. 

The  more  massive  sandstones  occasionally  contain  plant-remains  which  are 
sometimes  large,  as  in  the  case  of  the  Stigmaria  mentioned  above  but  are  usually 

without  well-preserved  surface-markings.  Small  rootlets,  like  thos'  a  the  underclays, 
are  frequent  in  a  few  sandstones. 

The  clays  occur  as  frequent,  but  thin,  bands  between  the  much  thicker  masses  of 

sandstone.  The  clays  are  dicey  and  friable,  of  various  bright  colours  (red,  purple, 

buff,  or  yellow),  or  grey,  dark  or  light.  Some  of  the  light-grey  bands  are  penetrated 
by  rootlets  at  right  angles  to  the  bedding  and  are  indistinguishable  from  Coal 

Measure  underclays,  and  occasionally  such  a  band  is  overlain  by  black  carbonaceous 

clay.     True  shales  are  not  common. 

Thin  but  unworkable  coals  are  present.  Occasionally  a  smut,  or  a  highly 

carbonaceous  clay  or  shale,  may  be  seen,  and  coal-streaks  occur  in  some  of  the 
sandstones.  In  the  Cornbrook  dingle  an  old  working  suggests  that  an  attempt  has 

been  made  to  work  a  bed,  and  at  one  or  two  places  elsewhere  a  coal  or  coals  are 

said  to  crop  out. 

The  limestone  occurs  as  blue-hearted  lenticles  a  few  inches  thick,  in  grey  shale, 

weathered  to  buff  laminated  clay,  both  limestone  and  clay  containing  marine  fossil 
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among  which  the  abundance  of  sea-urchin  plates  is  remarkable.  The  level  of  this 
marine  band,  of  which  8  feet  is  exposed,  is  between  150  and  300  feet  above  the  base 

of  the  group. 

Thickness. — The  Cornbrook  Sandstone  nowhere  displays  its  complete  thickness, 
for,  though  in  places  its  true  base  is  present,  its  summit  is  not  preserved.  Owing  to 

paucity  of  exposures,  the  thickness  at  many  places  along  the  outcrop  is  uncertain. 

In  the  Cornbrook  dingle,  however,  it  is  evidently  little,  if  anything,  less  than  1000 
feet ;  but  on  the  other  side  of  Clee  Hill  it  has  been  reduced  to  a  few  feet,  and,  close 

by,  the  group  disappears  completely  beneath  the  Coal  Measures,  which,  as  we  shall 

presently  see,  rest  on  it  with  marked  unconformity. 

Relations  to  Older  Formations. — The  Cornbrook  Sandstone  is  known  to  rest  at 

different  places  on  the  Lower  Old  Eed  Sandstone  and  on  the  Carboniferous  Limestone 

Series.  Its  junction  with  the  Lower  Old  Red  Sandstone  is  sharp.  That  it  is  an 

unconformity  is  undoubted,  though  at  the  single  exposure  known  a  discordance  in 

dip  has  not  been  demonstrated.  The  junction  with  the  Carboniferous  Limestone 

Series,  which  is  of  greater  interest,  is,  on  the  other  hand,  undoubtedly  a  conformity. 

In  the  first  place,  wherever  the  junction  is  exposed  the  Cornbrook  Sandstone 

rests  on  one  particular  bed  of  the  Carboniferous  Limestone  Series,  and  this  bed  is 

a  soft,  red  clay  which  would  at  once  show  signs  of  erosion  if  the  sandstone  above 

were  unconformable.  The  clay,  though  thin,  persists  all  along  the  outcrop  of 

the  junction,  a  matter  of  several  miles,  being  present,  in  fact,  even  ivhere  the  whole 

Carboniferous  Limestone  Series  has  thinned  away  laterally  to  a  thickness  of  a  few 

yards.  Again,  the  junction  shows  some  of  the  features  of  a  passage,  though  there 

is  no  interbedding  ;  the  top  of  the  clay  below  is  sandy,  and  the  base  of  the  sandstone 
above  is  even. 

The  Cornbrook  Sandstone  overlain  by  the  Coal  Measures  unconformably. — The 
junction  of  the  Cornbrook  Sandstone  with  the  Coal  Measures  is  of  still  greater  interest, 

for  it  is  a  marked  unconformity.  It  is  clearly  exposed  beside  Benson's  Brook  on  the 
north  side  of  the  hill,  where  the  upper  formation,  its  lowest  beds  consisting  of  coarse 

conglomerate,  rests  with  gentle  dip  on  the  edges  of  the  sharply  dipping  Cornbrook 

Sandstones,  the  discordance  amounting  to  30°  or  more. 
Age  of  the  Cornbrook  Sandstone. — As  we  have  seen,  Dr  Vaughan  has  inferred 

that  the  Cornbrook  Sandstone  is  of  Upper  Avonian  age.  This  conclusion  has  been 

confirmed  by  more  recent  work,  which  has  shown  (l)  that  the  Sandstone  is  truly 

conformable  with  the  Carboniferous  Limestone  Series  below,  the  highest  recognisable 

horizon  of  which  belongs  to  the  top  of  the  Lower  Avonian  ;  (2)  that  the  flora  of  the 

Sandstone  so  far  as  known  is  Lower  Carboniferous  ;  and  (3)  that  the  Sandstone  is 

separated  from  the  Coal  Measures  by  a  marked  unconformity.  It  may  be  added  that 
the  fossils  so  far  obtained  from  the  marine  shale  and  limestone  in  the  Cornbrook 

Sandstone  are  of  no  zonal  value. 
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Coal  Measures. 

Lithological  Characters  and  Thickness. — The  Coal  Measures  are  not  known  in 

complete  sequence,  exposures  being  few  and  details  of  shaft-sections  almost  unknown  ; 

but  the}r  may  be  summarised  as  follows  in  descending  order  : — 

The  Coal  Measures  of  Titter  stone  Clee  Hill. 

Feet. 

12.  Sandstones,  buff- weathering,  with  much  green  material,  fine- to  coarse-grained;  small 
quartz  pebbles  in  some  beds, — at  least     .         .         .         .  .         .         .         .         .100 

11.  Clays,  chiefly  light-grey  or   red,  shales  and  sandstones,   many  of  whicb   are   espleys, 
with  ironstones,  and  thin  coals  ;  a  marine  band,  with  Productus  scabriculus  Martin 

and  Lamellibranchs  near  the  top,  and  probably  at  least  another  at  a  lower  level ; 

plants  chiefly  reed-like  stems  or,  in  some  sandstones,  large  fragments  :  Sph.  Laurenti 
Andrae  (near  the  top) ;  Mariopteris  muricata  Schl.  sp.,  Pecopteris  Miltoni  Artis  sp., 

Spheno]>teris  obtusiloba  Brongt.,  Artisia  approximate),  Brongt.  sp., — thickness  about  .       650 
10.  Great   Coal.     Many   plants   in   the  shales  and  clays  associated  with  this  coal  and  those 

(4,  6,  and  8)  immediately  below,  including  Sphenopteris  Marrati  Kidston,  Sphenopteris 

stipulata,  Gutbier,  Sphenopteris  Dixoni  Kidston  n.  sp.,  Pecopteris  Miltoni  Artis  sp., 
Pecopteris   cf.    Volkmanni    Sauveur,    Mariopteris   muricata    Schl.    sp.,    Neuropteris 

heterophylla  Brongt.,  Neitropteris  tenuifolia  Schl.  sp.,  Neuropteris  rarinervis  Bunbury, 

Neuropteris    gigantea     Sternb.,    Sphenophyllum    sp.,     Lepidodendron    selayinoides 
Sterab.,    Lepidophyllum    sp.,    Sig Maria    (Claihraria)    sp.,    Cordaites    borassifolius 

Sternb.    sp.,    Oarpolithes   membranaceus   Gb'pp.,    Pinnularia    capillacea    L.    &    H , 
and  Artisia  approximata  Brongt.  sp., — 5  feet  to 

9.  Underclay  and  sbale  with  ironstone  (worked), — 3  feet  to 
8.  Three  Quarter  Coal, — 1  foot  to  . 

7.  Underclay  and  measures, — 4i  feet  to  .  .  .  .  .         .         .  .         .         .         18 
6.  Smith  Coal,  with  clod, — 2  feet  to        ..........  .  6 

5.  Measures, — 12  feet  to  ............         40 

4.  Four  Feet  Coal,— 2  feet  to   4 
3.  Chiefly  clays  like  those  above  the  Great  Coal,  with  sandstones  which  are  occasionally 

thick  enough  to  form  surface-features  and  which  include  many  espleys ;  at  least  one 
marine  horizon  (Conularia)  ;  ironstones  and  thin  coals  at  various  levels;  Pecopteris 

Miltoni  Artis  sp.,  Dartylotheca  plumosa  Artis  sp.,  Mariopteris  muricata.  Schl.  sp., 

Neuropteris  gigantea  Sternb.,   Asterophyllites  equisetiformis  Schl.  sp.,  Pararalamo- 
stachys  cf.  striata  Weiss,  Sphenophyllum  cuneifolium  Sternb.  sp.  and  Lepidophloios 

sp., — possibly  no  more  than  250  feet  in  places,  and  nowhere  probably  exceeding        .       450 
2.  Gutter   or   Bluestone   Coal.      Many    plants   from    associated    beds,   including  Sphenopteris 

trifoliolata  Artis  sp.,  Sphenopteris  Kilimlii  Kidston,  Sphenopteris  Srhwerini  Stur  sp., 

Pecopteris  Miltoni  Artis  sp.,  Dactylotheca  plumosa  Artis  sp.,  Mariopteris  muricata 

Schl.  sp.,  Neuropteris  heterophylla  Brongt.,  Neuropteris  gigantea  Sternb.,  Neuropteris 
cf.  callosa  Lesqx.,  Annularia  radiata  Brongt.,  Paracalamostachya  cf.  striata  Weiss, 

Samaropsis  cf.  crassa  Lesqx.,  Oarpolithes  cf.  perpusillus  Lesqx.,  Artisia  approximata 

Brongt.  sp.    .............         .  3 
1.  Sandstones,  some  conglomeratic,  clays  and  shales,  with  a  coarse  basal  conglomerate  in 

places ;  this  bed  and  some  of  the  sandstones  have  the  lithological  characters  of 

Millstone  Grit,  but  interbedded  are  ironstones  (worked)  and  one  or  two  coal 

partings ;  typical  Upper  Carboniferous  plants  in  some  of  the  sandstones,  and  also  in 

pene-contemporaneous  flakes  of  shale  or  clay  enclosed  in  the  conglomeratic  sandstones  : 

Neuropteris  gigantea  Sternb.,  Cordaites  cf.  principalis  Germar  sp.,  Artisia  approxi- 
mata Brongt., — total  thickness  50  to       .  .         .         .         .         .         .         .         .100 

Total  thickness  about    .         .         .     1400 
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The  following  lithological  features  may  be  emphasised : — 
The  argillaceous  strata  are  chiefly  clays,  not  shales,  though  true  shales  also  occur. 

Many  of  the  clays  are  red,  purple,  or  green,  the  rest  being  light-grey.  Probably 

the  light-grey  exceed  the  red  clays,  but  the  latter  are  frequent  throughout. 
Many,  probably  most,  of  the  sandstones,  from  the  Gutter  Coal  to  the  highest  beds 

seen,  are  espleys,  as  they  contain  much  green  debris,  some  of  it  coarse,  the  whole  in 

a  friable  matrix.  It  is  unknown,  however,  whether  the  green  fragments  have  been 

derived  from  volcanic  rocks  ;  such  an  origin  has  been  proved  in  the  case  of  the 

espleys  of  the  Etruria  Marls  of  Staffordshire. 

The  basal  sandstones  up  to  the  Gutter  Coal  resemble  those  of  the  underlying 

Cornbrook  Sandstone,  the  so-called  Millstone  Grit,  in  being  light-grey  and  devoid  of 

green  debris  ;  some  are  hard,  thick-bedded,  and  pebbly.  It  might,  in  fact,  be  thought 
that  they  belong  to  the  Cornbrook  Sandstone,  were  it  not  that  in  one  place  they  rest 

with  evident  unconformity  on  that  group,  and  at  several  places  have  yielded  Upper 

Carboniferous  plants  such  as  Neuropteris  gigantea  Sternb.  sp. 

The  few  plants  from  the  basal  sandstones  are  species  common  to  both  the  West- 
phalian  and  the  Lanarkian  Series,  and  do  not  afford  sufficient  evidence  for  deciding 

whether  No.  1  of  the  section  should  be  referred  to  the  Westphalian  or  to  the 

Lanarkian.  It  appears  to  Dr  Kidston  that  it  might  probably  represent  the  Lanarkian 

Series,  but  the  palseontological  evidence  is  not  sufficient  to  determine  this  question. 

The  coals  up  to  the  level  of  the  Great  Coal  at  least  are  "  sweet,"  i.e.  non- 
sulphurous. 

The  ironstones,  like  the  coals,  occur  throughout  groups  1  to  11,  but  again,  like 

the  coals,  have  been  found  workable  at  a  few  levels  only.  The  great  majority  are 

nodular  masses,  up  to  several  feet  in  diameter,  of  grey  clay-ironstone.  A  dark  platy 

band,  locally  called  black-band,  which  occurs  in  the  roof  of  the  Gutter  Coal,  is  of 
interest  in  being  crowded  with  the  periostraca  of  lamellibranchs. 

Marine  bands  are  rare,  the  series  being  on  the  whole  of  continental  origin  ;  but 

it  is  important  to  note  that  one  well-defined  marine  band  lies  as  high  as  the  highest 
40  feet  of  the  group  11.  The  bands  differ  from  those  in  most  coal  fields  in  consisting 

of  light-grey  clay  with  light-grey  limestone  nodules,  and  in  yielding  no  cephalopods. 
Some  of  the  nodules  are  crowded  with  Productus. 

Fauna. — So  far  as  known,  of  no  zonal  value. 

The  Age  of  the  Titterstone  Clee  Hill  Coal  Measures. — As  is  shown  by  Dr  Kidston 

on  another  page,  conclusive  evidence  on  this  question  is  afforded  by  the  flora,  which, 

from  the  Gutter  Coal,  up  to  the  Great  Coal  at  least,  shows  the  beds  undoubtedly  to 

belong  to  the  Westphalian  Series  (Middle  Coal  Measures). 

Were  it  not  for  the  palseontological  evidence,  however,  there  would  be  some 

doubt  as  to  their  age.  The  stratigraphical  succession  shows  merely  that  their  period 

of  deposition  was  separated  from  that  of  the  Cornbrook  Sandstone  by  a  break  suffi- 

ciently prolonged  to  allow  the  older  formation  to  be  folded  somewhat  and  partly 
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denuded  before  the  newer  one  was  laid  down.  And  the  lithological  evidence  as  to  age 
is  conflicting,  certain  features  of  the  Coal  Measures  pointing  to  a  Middle  Coal  Measure 

horizon,  whereas  others  suggest  a  higher  level — that  of  the  Etruria  Marls.  The  dis- 
cordance will  be  apparent  from  the  following  summary  of  the  growth  of  our  knowledge. 

A  Middle  Coal  Measure  age  has  long  been  urged  by  Mr  Daniel  Jones,*  who 
bases  his  argument  on  the  resemblance  of  the  Titterstone  Clee  Measures  to  the  Sweet 

Coal  Series  of  the  adjoining  Forest  of  Wyre  Coalfield.  It  may  be  admitted  at  once 

that  the  resemblance  in  all  respects  is  so  close  as  to  demonstrate  conclusively  that 

the  Sweet  Coal  series  of  the  two  coal  fields  are  of  the  same  age,  and,  in  fact,  must 

have  been  deposited  in  one  basin.  But  the  Sweet  Coal  Series  of  the  Forest  of  Wyre 

is  isolated  from  coal  fields  of  known  Middle  Coal  Measure  age  with  which  Mr  Jones 

correlates  it,  and  also  it  differs  from  the  beds  in  those  coal  fields  in  various  respects. 

Consequently,  to  one  who  does  not  know  the  Forest  of  Wyre  and  neighbouring  coal 

fields  so  well  as  Mr  Jones,  the  correlation  of  these  coal  fields,  and  therefore  the  age 

of  the  Titterstone  Clee  Coal  Measures,  does  not  appear  to  have  been  conclusively 
established. 

My  own  work  on  the  lithological  sequence  of  the  Titterstone  Clee  and  Forest  of 

Wyre  Coalfields,  whilst  confirming  their  correlation  with  one  another,  partly  opposes, 

partly  supports  Mr  Jones's  correlation  of  them  with  beds  elsewhere.  As  will  be 
seen  from  the  section  on  p.  1068,  the  Titterstone  Clee  Measures  are  divisible  into  (a) 

a  lower  clay-series  (groups  1-1 1)  and  (b)  an  upper  sandstone-series  (group  12),  the 
latter  of  unknown  thickness,  as  only  the  lowest  100  feet  or  so  are  preserved. 

Similarly,  the  Forest  of  Wyre  measures,  as  developed  near  Billingsley  and  Baveney 

Wood,  consist  of  a  lower  clay-series  and  an  upper  sandstone  or  sandstone-and-clay 
series  ;  the  lower  series  (a)  in  the  two  coal  fields  are  so  nearly  identical  as  evidently 

to  have  been  deposited  contemporaneously.  Here  it  need  only  be  mentioned  that 

in  each  coal  field  the  same  parts  of  the  series  contain  "sweet"  coals,  and  the  whole 
includes  red  clays  and  espleys.  The  upper  series  (b)  also  consists  of  similar  rocks  in 

the  two  coal  fields,  though  in  the  Forest  of  Wyre  it  attains  a  great  thickness,  con- 

tinuing up  to  the  so-called  "  Permian."  As  the  sandstones  immediately  beneath  the 

"Permian"  in  parts  at  least  of  the  Forest  of  Wyre  belong  to  the  Newcastle  Group 
or  Halesowen  Sandstone,  t  it  has  been  suggested  |  that  the  whole  series  of  sandstones 

(6),  both  in  that  coal  field  and  in  Titterstone  Clee,  may  belong  to  the  Newcastle 

Group,  and  that  the  underlying  clay  series  (a)  may  be  a  facies  of  the  Etruria  Marls, 

which  normally  consist  wholly  of  red  clays  and  espleys. 

This  view  of  the  clay-series  did  not  accord  with  the  presence  in  that  series  of 
workable  coals  and  marine  bands,  and,  as  we  have  seen,  it  is  now  known  to  be 

definitely  refuted  by  the  flora,  which  is  Westphalian,  not  Staffordian. 

*  In  Geol.  Mag.  for  1871,  p.  363,  and  in  subsequent  papers. 

t  T.  C.  Cantrill,  "A  Contribution,  etc.,;'  1895,  p.  19;  Coll.  Guard.,  vol.  lxxi,  1896,  p.  351 ;  Dr  W.  Gibson 
Trans.  Inst.  Mining  Eng.,  vol.  xlv,  1912-13,  p.  30. 

X  E.  E.  L.  Dixon,  Hep.  Brit.  Assoc.  (Sheffield,  1910),  1911,  p.  611. 
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There  remains,  however,  the  question  of  the  age  of  part  of  the  sandstone-series 
above.  Both  in  Titterstone  Clee  and  in  the  Forest  of  Wyre  the  lowest  beds  of  this 

series  have  yielded  no  plants,  and  their  junction  with  the  clay-series  below  is  not 
exposed.  In  the  second  coal  field,  however,  the  sandstones  at  a  higher  level  have 

yielded  a  Staffordian  flora  (see  p.  1032).  The  position,  therefore,  is  this  :  the  clay- 
series  (a),  from  the  Gutter  Coal,  is  Westphalian,  at  least  up  to  about  the  level  of 

the  Great  Coal  of  Clee  Hill  inclusive  ;  but  above  this  no  definite  evidence  of  age  is 

forthcoming  until  a  level  well  up  in  the  sandstone-series  (b)  is  reached,  where  the 

flora  in  Wyre  Forest  is  Staffordian.  In  the  intervening  measures  a  non-sequence,  or 
even  an  unconformity,  may  have  been  passed  over,  but  no  field  evidence  of  such  a 

break  has  been  obtained.  It  would  naturally  be  sought  at  the  junction  of  the  clays 

with  the  sandstones.  But  this  junction  appears  to  be  a  conformity  ;  its  outcrop, 

when  followed,  maintains  its  distance  from  that  of  the  Sweet  Coals  in  the  clay-series 
below  ;  and  the  features  that  mark  it  vary,  as  though  the  individual  sandstone  bands 

along  it  were  impersistent.  Further  :  sandstones,  precisely  similar  to  those  above,  are 

intercalated  among  the  clays  below,  occurring  even  below  the  coals,  the  Westphalian 

age  of  which  is  certain.  The  clay-series  and  the  sandstone-series  therefore  appear  to 
form  one  conformable  sequence,  and  at  present  the  relations  of  the  Westphalian  and 

the  Staffordian  to  one  another  and  to  the  lithological  divisions  are  uncertain. 

Finally,  it  may  be  remarked  that  the  parallelism  between  the  lithological  divisions 

a  and  b  on  the  one  hand  and  the  sequence  Etruria  Marls-Halesowen  Sandstone  on 
the  other,  though  illusory  for  purposes  of  correlation,  is  sufficiently  close  to  show 

that  during  Coal  Measure  times  the  physiographic  changes  which  in  North  Stafford- 
shire initiated  the  Etruria  Marls  commenced  over  the  Titterstone  Clee-Forest  of 

Wyre  area  at  a  distinctly  earlier  period. 

FOSSIL  PLANTS  OF  THE  TITTERSTONE  CLEE  HILL  COAL  FIELD. 

The  earliest  records  of  fossil  plants  from  this  Coal  Field  are  those  given  by 
Lindley  and  Hutton  in  their  Fossil  Flora. 

Sphenopteris  polyphylla  L.  &  H. 

1835.  Sphenopteris  polyphylla,  L.  &  H.,  Fossil  Flora,  vol.  ii,  p.  185,  pi.  cxlvii. 

1892.  „  ,,  Kidston,  Proc.  Roy.  Phys.  Soc.  Edin.,  vol.  xi,  p.  239,  pi.  ix, 

figs.  2,  2a,  2c. 

In  a  note  appended  to  this  species,  the  authors  of  the  Fossil  Flora  say,  when 

referring  to  a  collection  made  by  Sir  Roderick  Murchison  from  the  "  Knowlsbury 

Coal  Field,"  that  the  specimens  "  occur  chiefly  in  the  roof  of  the  '  Great  Coal,'  and 

'  Gutter  Coal.' ':  This  to  a  certain  extent  fixes  the  horizon  of  this  specimen.  Since 

Lindley  and  Hutton's  time  Sphenopteris  polyphylla  has  not  been  again  met  with. 
The   type   is    now    preserved    in    the    Geological    Department    of   the    British 
TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  27).  151 
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.Museum,   to   which  it  was  presented  a    short    time    ago   by  the  Geological  Society 

of  London.* 

Rhacopteris  dubia  L.  &  H.  sp. 

1835.   Otopterisl  dubia,  L.  &  H.,  Fossil  Flora,  p.  191,  pi.  cl. 

1892.  Rhacopteris  duhia,  Kidston,  Proc.  Boy.  Phys.  Soc.  Edin.,  vol.  xi,  p.  238,  pi.  ix,  figs.  1,  la. 

This  specimen  was  "  procured  by  Mr  Murchison  from  the  sandstone  of  the 

Knowlsbury  Coal  Field."  It  is  preserved  in  a  fine-grained,  buff-coloured  sandstone. 
Rhacopteris  dubia  is  also  only  represented  by  the  type  specimen,  and  is  now  con- 

tained in  the  collection  of  the  Geological  Department  of  the  British  Museum,  having 

been  received  from  the  Geological  Society  of  London,  t 

A  third  specimen  was  described  by  Lindley  and  Hutton  from  the  "  Knowlsbury 

Coal  Field,"  the  Sigillaria  Murchisoni.  \  It  is  now  also  in  the  collection  of  the 
Geological  Department  of  the  British  Museum,  but  it  is  so  badly  preserved  that  it  is 

impossible  to  obtain  from  it  any  satisfactory  specific  characters.  § 

Specimens  collected  by  Mr  Dixon. 

Locality. — Knowbury  Brickworks,  Knowbury. 

Horizon. — Within  200  yards  above  Four  Foot  Coal.  From  almost  the  highest 
beds  in  the  coal  field. 

Sphenopteris  Laurenti  Andrae. 

Locality. — Penny's  Pit,  near  Collybrook  Cottage,  Knowbury. 
Horizon. — -Immediately  above  Great  Coal. 

Sphenopteris  obtusiloba  Brongt. 

Sigillaria  sp.  (Clathrate).    . 

Horizon. — Probably  a  few  feet  above  Great  Coal,  but  may  be  100  yards  above  it. 

Sphenopteris  obtusiloba  Brongt. 

Pecopteris  Miltoni  Artis  sp. 

Mariopteris  muricata  Sehl.  sp. 

Neuropteris  sp. 

Lepidophyllum  sp. 

Locality.- — Clee  Hill  Granite  Company's  Quarry,  near  Craven  Place. 
Horizon  — Measures  above  Dolerite,  above  Great  Coal. 

Neuropteris  gigantea  Sternb. 
Sigillaria  sp. 

Artisia  approximata  Brongt.  sp. 

*  No.  G.S.  5195a.  t  No.  G.S.  5093a. 

X  Fossil  Flora,  vol.  ii,  pi.  cxlix,  1835.  §  No.  G.S.  5231. 
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Locality. — Dhustone  Pit  (Coal),  Clee  Hill. 

Horizon. — Probably  from  Great  Coal ;  certainly  within  45  yards  above  it. 

Sphenophyllum  sp. 

Sigillaria  sp. 

Locality. — Deep    Pit  Mound,  Clee  Hill.     Cutting  to  Belfry  Quarry,  September 
1907. 

Horizon. — Great  Coal. 

Sphenopteris  stipulata  Gutbier. 

,,  Marrati  Kidston. 

,,  Dixoni  Kidston  n.  sp.     (See  p.  1077,  PI.  V,  figs.  3-5.) 
Pecopteris  Miltoni  Artis  sp. 

,,  cf. '  Volkmanni  Sauveur. 
Neuropteris  tenuifolia  Schl.  sp. 

,,  heterophylla  Brongt. 

,,  rarinervis  Bunbury. 

Lepidodendron  selaginoides  Sternb. 

1823.  Lepidodendron  selaginoides,  Sternb.,  Essai  flore  monde  prim.,  vol.  i,  fasc.  2,  pp.  29  and 
35  ;  fasc.  4,  p.  viii,  pi.  xvi,  fig.  3  ;  pi.  xvii,  fig.  1. 

Carpolithes  membranaceus  Gopp. 

Locality. — Whatsill  Colliery,  Clee  Hill. 
Horizon. — Roof  of  Great  Coal. 

Mariopteris  muricata  Schl.  sp.    • 
Neuropteris  tenuifolia  Schl.  sp. 

Cordaites  borassifolius  Sternb.  sp. 

Pinnularia  capillacea  L.  &  H. 

Locality. — Whatsill  Colliery,  Clee  Hill. 
Horizon. — Smith  or  Great  Coal. 

-  Mariopteris  muricata  Schl.  sp. 
Neuropteris  tenuifolia  Schl.  sp. 

Cordaites  borassifolius  Sternb.  sp. 

Locality. — Pit  about  \  mile  E.N.E.  of  Gobbits,  Cleeton. 

-     Horizon. — Within  42  yards  above  Gutter  Coal. 

Dactylotheca  plumosa  Artis  sp. 
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Locality. — Pit  near  Winthills  Wood,  Knowbury. 
Horizon. — Close  to  Gutter  Coal. 

Pecopteris  Miltoni  Artis  sp. 

Mariopteris  muricata  Schl.  sp. 

Asterophyllites  equisetiformis  Schl.  sp. 

Sphenophyllum  cuneifolium  Sternb.  sp. 

Locality. — Colliery,  350  yards  N.E.  of  St  Paul's  Church,  Knowbury. 
Horizon. — Near  Gutter  Coal. 

Sphenopteris  Schwerini  Stur  sp. 

1885.  Hapalopteris  Schioerini,  Stur,  Fame:  Carbonflora  d.  Schatz.  Schichten,  p.  43,  pi.  xli, 

figs.  8,  8a. 

1899.  Sphenopteris  (Renaultia)  Schwerini,  Zeiller,  Etude  sur  la  flore  foss.  du  bassin  houil. 

d'Heraclee,  p.  16,  pi.  i,  figs.  12,  12a. 
1913.   Sphenopteris  (1  Renaultia)  Schwerini,  Gothan,   Oberschlesische  Steinkohlenflora,  i  Thiel. 

p.  135,  pi.  xxviii,  figs.  1,  2,  2a,   2b;  pi.  xxix,  fig.   2  (?  fig.  1,  right  and  left  margin 
of  figure). 

1885.  Hapalopteris  Schiitzei,  Stur  (pars),  I.e.,  p.  56,  pi.  xli,  figs.  3  and  4  (non  figs.  1,  2). 

Pecopteris  Miltoni  Artis  sp. 

Dactylotheca  plumosa  Artis  sp. 

,,  ,,  ,,      forma  delicatula  Brongt.  pro  sp. 

Mariopteris  muricata  Schl.  sp. 

Neuropteris  cf.  callosa  Lesqx. 

1879.  Neuropteris  callosa,  Lesqx.,   Coal  Flora:  Atlas,   p.   4,  pi.  xvi,   figs.   1-8;  text,  1880, 

p.  115. 

Locality. — Colliery,  130  yards  W.S.W.  of  Craven  Cottage,  Catherton. 
Horizon. — Roof  of  Gutter  Coal. 

Sphenopteris  trifoliolata  Artis  sp. 

,,  Kilimlii  Kidston. 

Mariopteris  muricata  Schl.  sp. 

Neuropteris  heterophylla  Brongt. 

,,  gigantea  Sternb. 
Annularia  radiata  Brongt. 

/}aracalamostachys  cf.  striata  Weiss. 

1884.  Paracalamostachys    striata,    Weiss,    Steinkohlen-Calamarien,    part    ii,    p.     192,    pi.    xx, 

figs.  3-5. 

Samaropsis  sp. 

Carpolithes  cf.  perpusillus  Lesqx. 
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Locality. — Crinoline  Pit,  Farden. 

Horizon. — Probably  roof  of  Gutter  Coal,  but  there  is  a  bare  possibility  of  from 
anywhere  up  to  100  yards  above  it. 

Pecopteris  Miltoni  Artis  sp. 

Neuropteris  gigantea  Sternb. 

Paracalamostachys  of.  striata  Weiss. 

Sphenophyllum  sp. 

Lepidophloios  sp. 

Locality. — Crumps  Brook,  280  yards  W.  of  bridge  on  road  to  Ludlow. 
Horizon. — A  short  distance  above  Gutter  Coal. 

Artisia  approximata  Brongt.  sp. 

Locality. — L.  &  N.W.  &  G.W.  Joint  Kailway,  S.W.  side  of  cutting  about  550 
yards  below  top  of  Angelbank  incline. 

Horizon. — A  short  distance  below  Gutter  Coal. 

Neuropteris  gigantea  Sternb. 

Locality. — Crumps  Brook,  at  W.  margin  of  Catherton  Common. 
Horizon. — A  short  distance  below  Gutter  Coal. 

Cordaites  cf.  principalis  Germar  sp. 

In  addition  to  the  specimens  collected  from  the  Clee  Hill  Coalfield  by  Mr  Dixon, 

the  following  was  secured  by  myself  in  a  short  visit  there  in  1890  : — 

Locality. — Chimney  Colliery,  Angelbank,  Titterstone  Clee. 
Horizon. — Bottom  Coal.  • 

Sigillaria  distans  Sauveur. 

Dr  Arber  has  kindly  shown  me  the  specimens  in  the  Sedgwick  Museum,  Cam- 
bridge, from  which  the  list  was  compiled  in  his  remarks  on  the  Titterstone  Clee  Hill 

Coalfield.#  The  exact  horizons  for  the  specimens  are  not  known,  but  he  notes 
that  the  great  majority  of  them  were  obtained  from  the  horizon  of  the  Smith  Coal 

at  Watsall  (Whatsill)  Pit  (Trouts  Pit  Company),  Titterstone  Clee.  They  are  there- 

fore of  Westphalian  age.     The  following  amongst  others  are  mentioned  in  his  list : — 
Calamites  varians  Sternb.  =  cf.  Calamites  undulatus  Sternb. 

Sphenopteris  acuta  Brongt.  ?=cf.  Sphenopteris  sp. 

Mariopteris  latifolia  Brongt.  sp.  ?=cf.  Mariopteris  sp. 
Neuropteris  Scheuchzeri  Hoffm. 

Sigillaria  Boblayi  Brongt. 

Cordaianthus  approximatus  Kenault. 

*  Phil.  Trans.,  I.e.,  p.  418. 
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"  Millstone  Grit." 
Lower  Carboniferous. 

Locality. — Debris  from  Studley  Tunnel  (E.  end),  Birmingham  Corporation  Water- 
works. 

Horizon. — "  Millstone  Grit." 

Lepidodendron  Veltheimi  Sternb. 

Stigmaria  Jicoides  Sternb.  sp. 

Sphenopteris  sp. 

Locality. — West  bank  of  Cornbrook,  21.5  yards  below  Cornbrook  Bridge  and  just 
above  a  cottage. 

Horizon.— "Millstone  Grit." 

Lepidodendron  Veltheimi  Sternb. 

Locality. — Cornbrook,  east  bank,  below  waterfall. 

Horizon— •"  Millstone  Grit." 

Stigmaria  jicoides  Sternb.  sp. 

Synopsis  of  Species  from  the  Upper  Carboniferous  of  the 

Clee  Hill  Coal  Field. 

Sphenopteris  obtusiloba  Brongt. 

trifoliolata  Artis  sp. 
Marrati  Kidston. 

Laurenti  Andrae. 

'polyphylla  L.  &  H. 
stipulata  Gutbier. 
Schwerini  Stur  sp. 
Kilimlii  Kidston. 

Dixoni  Kidston  n.  sp.     (See  p.  1077.) 

Rhacopteris  diibia  L.  &  H.  sp. 

Pecopteris  Miltoni  Artis  sp. 

,,  cf.  Volkmanni  Sauveur. 

Dactylotheca  plumosa  Artis  sp. 

,,  ,,         forma  delicatula  Brongt.  pro  sp. 

Mariopteris  muricata  Schl.  sp. 

Neuropteris  heteropliylla  Brongt. 

,,  tenui folia  Schl.  sp. 

,,  rarinervis  Bunbury. 

,,  gigantea  Sternb. 
,,  Scheuchzeri,  Hoffm. 
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of.  Catamites  undulatus  Sternb. 

Asterophyllites  equisetiformis  Sclil.  sp 

Annularia  radiata  Brongt. 

Paracalamostachys  cf.  striata  Weiss. 

Sphenophyllum  cuneifolium  Sternb.  sp. 

Lepidodendron  selaginoides  Sternb. 

Lepidophloios  sp. 

Lepidophyllum  sp. 

Sigillaria  (Clathraria)  sp. 

,,         distans  Sauveur.     (See  p.  1051,  PI.  V,  fig.  10.) 

,,         Boblayi  Brongt. 
sp. 

Cordaites  borassifolius  Sternb.  sp. 

,,        cf.  principalis  Germar  sp. 

Cordaicladus  approximatus  Renault. 

Samaropsis  cf.  crassa  Lesqx. 

Carpolithes  membranaceus,  Gopp. 

Carpolithes  cf.  perpusillus  Lesqx. 

Artisia  approximata  Brongt.  sp. 

Pinnularia  capillacea  L.  &  H. 

Sphenopteris   Dixoni  Kidston  n.  sp. 

PL  V,  figs.  3-5. 

Description. — Frond  tripinnate  or  possibly  further  divided.  Primary  (?)  pinnae 
alternate,  linear,  touching  each  other  laterally ;  secondary  pinnae  linear,  slightly 

distant  or  touching  each  other  by  their  margins,  attaining  a  length  of  1'30  cm.  with  a 
width  of  about  4  mm.,  and  bearing  from  three  to  six  pairs  of  alternate  pinnules  accord- 

ing to  position  of  secondary  pinna  on  the  frond.  Rachis  straight,  winged.  Pinnules 

small,  2-3  mm.  long  and  075  to  1  mm.  wide  at  the  base,  decurrent,  with  a  dull  rough 

surface.  Basal  pinnules  frequently  bear  two  pairs  of  lateral  sub-opposite  lobes 
without  a  terminal  one  or  trifid ;  middle  pinnules  usually  trifid,  or  bifid,  uppermost 

ones  simple ;  lobes  or  segments  of  pinnule  spreading,  blunt.  Nervation  distinct.  A 

single  vein  enters  the  pinnules,  which  gives  off  a  veinlet  to  each  tooth  or  segment. 

Remarks. — This  species  is  allied  to  the  Sphenopteris  trifida  Gopp.,*  and  to  that 
species  I  was  at  first  inclined  to  refer  it ;  but  during  a  visit  from  Dr  Gothan  1  took 

the  opportunity  of  showing  him  the  specimens,  and  his  opinion  was  that  the  fossil 

was  specifically  distinct  from  that  species.  Subsequently,  through  his  kind  offices,  I 

received  from  Dr  Beyschlag  an  authentic  specimen  of  Sphenopteris  trifida  for  com- 

*  Gheilanthites  meifolius  (Strifidus,  Gopp.,  Syst.  fil.  foss.,  p.  241,  pi.  xv,  figs.  3,4,  1836  ;  Calymmotheca  trifida,  Stur, 
Curb.  Flora  d.  Schatz.  Schicht. :  Die  Fame,  p.  255,  pi.  xxxi,  fig.  4  ;  pi.  xxxvi,  fig.  3,  1885. 
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parisoD  with  the  Clee  Hill  fossils,  and  this  showed  conclusively  that  they  could  not 

be  referred  to  Sphenopteris  trifida  Gopp.  sp.,  but  were  an  undescribed  species. 

From  Splienopteris  trifida  it  differs  in  the  ultimate  pinnae  being  even  more 

linear.  On  many  of  the  pinnae  (probably  the  upper  ones)  the  pinnules  arc  bifid 

(rigs.  3,  3a),  on  others  and  probably  lower  pinnae  they  are  trifid  (figs.  4  and  5) ;  the 

pinnules  consisting  of  two  lateral  linear  segments  and  a  distinct  terminal  one ; 

whereas  on  Sphenopteris  trifida  the  pinnules  might  be  described  as  cuneate,  with 

three  teeth  on  the  upper  margin,  as  seen  in  Goppert's  original  enlargement ;  and  the 

same  character  can  be  seen  on  Stub's  two  figures  if  examined  with  a  lens.* 
1  have  pleasure  in  naming  this  species  after  Mr  E.  E.  L.  Dixon,  B.Sc,  F.G.S.,  to 

whom  I  am  indebted  for  my  knowledge  of  the  flora  of  the  Clee  Hill  Coal  Field. 

Locality. — Deep  Pit  Mound,  Clee  Hill,  Shropshire. 

Horizon. — Great  Coal  Seam.  Westphalian  Series.  (Fig.  3,  K/4074  ;  fig.  4, 

K/4073  ;  fig.  5,  K/4075.) 

Locality. — Highley  Colliery,  Highley,  Shropshire. 
Horizon.— Shales  associated  with  Brooch  Coal.     Westphalian  Series.     (Pr.  1264.) 

APPENDIX. 

LIST   OF   THE   FOSSIL   PLANTS   COLLECTED   FROM   THE   CORE 

OF   THE   CLAVERLEY   TRIAL   BORING, 

Five  Miles  East  of  Bridgnorth,  Shropshire. 

As  only  incidental  reference  has  been  made  to  the  fossil  plants  collected  from 

the  core  of  this  boring, t  it  has  been  thought  desirable  to  publish  a  complete  list  with 

the  depths  from  which  they  were  obtained. 

A  description  of  the  core,  accompanied  by  a  section,  has  been  given  by  Dr  Walcot 

Gibson  when  dealing  with  the  geological  and  economic  problems  suggested  by  this 

boring,|  and  an  abstract  of  the  section  is  given  here  by  Mr  Cantrill  on  p.  1010. 

List  of  Fossil  Plants  collected  from  the  Claverley  Boring. § 

Depth. 

Feet. Inches. 
185 
472 

6 
2 

Base  of  Upper  Permian.                                 )    0  ,            t, 

Middle  Permian                                  I  SaloP
,an  Permian 1240 2 n ,,      Keele  Group,  Radstockian  Series.  ) 

1604 2 
0 
© 

,,      Newcastle-under-Lyme  Group.  \ 
1797 2 

ScS 

,,      Etruria  Marl  Group.                    >  Staffordian  Series. 
Abse nt 

p,  c 

►^T  o ,,      Black  Band  Group.                     ) 
2032 0 ,,      Westphalian  Series. 
2190 6 

eg 

O ,,      Lanarkian  Series. 

*  Stur,  I.e.  t  Gibson,  Summary  of  Progress  for  1904,  pp.  150-151,  1905  ;  Ibid,  for  J905,  pp.  172-3,  1908. 
I   Trans.  Institute  of  Mining  Engineers,  vol.  xlv,  part  i,  pp.  30-48,  1913. 

§  The   specimens   are   preserved    in    the   collection   of    the    Geological    Survey    of   England  —  numbers   J.P. 
4222-4556. 
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Depth. 
Feet. 

15S 

647 
>> 

746 
840 
845 
848 
850 

876-878 

997 

Inches. 

0 
0 

0 
0 
0 
0 
0 

1009-1010 

1033 

1095 0 
1100 0 
1147 0 
1155 0 
1157 1 
1240 2 

1270 

1275 

1280 

1282 

1447-1449 

)) 
?> 

)) 1509-1514 

1604 

Keele  Group,  Radstockian  Series. 

Catamites  sp. 

Palseoxyris  cf.  carbonaria  Schimper. 
Neuropteris  sp. 
Cordaites  sp. 

)>         )> 
Catamites  sp. 

Walchia  cf.  hypnoides  Brongt. 
Pecopteris  Miltoni  Artis  sp. 
Neuropteris  heteroph ylla  Brongt. 

„  Scheuchzeri  Hoffm. 
Catamites  sp. 

Pecopteris  (Cyatheites)  sp. 
Neuropteris  ovata  Hoffm. 

,,  Scheuchzeri  Hoffm. 
Catamites  sp. 

Annularia  sptienopliylloides  Zenker  sp. 
Lepidodendron  sp. 
Pecopteris  cf.  cyathea  Brongt. 
Neuropteris  heterophytta  Brongt. 

„  ovata  Hoffm. 
Lepidodendron  sp. 

Sphenopteris  sp.  1 
Annularia  sphenophylloides  Zenker  sp.  ? 
Walchia  cf.  hypnoides  Brongt. 
Pecopteris  Miltoni  Artis  sp. 
Catamites  sp. 

Cordaites  borassifolius  Sternb.  sp. 

Base  of  Keele  Group. 

Newcastle-under-Lyme  Group  =  Halesowen  Sandstones. 

Neuropteris  Scheuchzeri  Hoffm. 
Catamites  sp. 

Asterophyllitrs  equisetiformis  Schl.  sp. 
Lepidophyllum  intermedium  L.  &  H. 
Pecopteris  arborescens  Schl.  sp. 
Alethopteris  Serli  Brongt.  sp. 
Neuropteris  ovata  Hoffm. 

„  Scheuchzeri  Hoffm. 
Lepidodendron  dichotomum  (Sternb.  1)  Zeiller. 
Lepidophyllum  sp. 
Lycopod  macrospores. 
Alethopteris  londiitica  Schl.  sp. 
Neuropteris  ovata  Hoffm. 
Alethopteris  lonchit.ica  Schl.  sp. 
Neuropteris  Scheuchzeri  Hoffm. 
Pecopteris  ui/ita  Brongt. 
Alethopteris  aquilina  Schl.  sp. 
Catamites  undulatus  Sternb. 

Aster ophyllites  equisetiformis  Schl.  sp. 
Spheuophyllum  emarginatum  Brongt. 
Alethopteris  aquilina  Schl.  sp. 
Neuropteris  rarinervis  Bunbury. 

Cyclopteris  {Neuropteris)  orbicularis  Brongt. 
Catamites  undulatus  Sternb. 

Lepidodendron  cf.  simile  Kidston. 
Lepidophyllum  sp. 
Base  of  Newcastle-nnder-Lyme  Group. 

TRANS.  ROY.  SOC.  EDIN.,  VOL.  LI,  PART  IV  (NO.  27). 152 
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Depth. 

Feet. Inches. 
1797 2 Base  of  Etruria  Marl  Group.     (No  fossils.) 

Black  Band  Group. — Absent. 

Westphalian  Series. 
1805-1807 Neuropteris  sp. 

I] 

Lepidodendron  sp. J) 

Cordaicarpus  Cordai  Geinitz  sp. )> 
Samaropsis  emaryinata  Gcipp.  and  Berger. 

1873-1875 Alethopteris  cf.  lonchitica  Schl.  sp. 
J) 

H 

Neuropteris  sp.  allied  to  Neuropteris  BUssi  Lesqx. 

Sphenopteris  Kilimlii  Kidston.- 1878 0 Stigmaria  ficoides  Sternb.  sp. 
1890 0 Lycopod  macrospores. 
1910 0 Stigmaria  ficoides  Sternb.  sp. 
1919 0 Neuropteris  gigantea  Sternb. 

1920-1922 
sp. 

)» Paleenstachya  Ettingshauseni  Kidston. 
a Stigmaria  ficoides  Sternb.  sp.,  var  reticulata  Gbpp. 

1930 0 Neuropteris  heterophylla  Brongt. 
1935 0 >>                   j; 

1973-1975 Sphenopteris  obtusiloba  Brongt. 
i) 

Mariopteris  muricata  Schl.  sp. >) 
Alethopteris  lonchitica  Schl.  sp. 

j> ,,           decurrens  Artis  sp. 
>) Neuropteris  tenuifolia  Schl.  sp. 

>> ,,           gigantea  Sternb. >> Asterophyllites  equisetiformis  Schl.  sp. 

>> 
Sphenophyllum  sp. 

2006-2008 Neuropteris  sp. 
Annularia  cf.  galioides  L.  &,  H.  sp. 

2009-2010 Neuropteris  heterophylla  Brongt. 

j» 

Catamites  sp. 

2020-2021 Neuropteris  gigantea  Sternb. >> 

Cyclopteris  (Neuropteris)  orbicularis  Brongt. 

y> 

Catamites  undulatus  Sternb. 
2028-2032 Neuropteris  gigantea  Sternb. 

,,           sp.  allied  to  Neuropteris  BUssi  Lesqx. 
Base  of  Westphalian    series   lies   somewhere  between  here and 

2082  feet. 

Lanarkian  Series. 
2082 0 

Spiropteris. 
)> Cordaites  principalis  Germar  sp. 

2119 0 Stigmaria  ficoides  Sternb.  sp. 
2123 0 Lepidophloios  acerosus  L.  &  H.  sp. 

Stigmaria  ficoides  Sternb.  sp. 
2125 0 Catamites  sp. 
2127 0 Mariopteris  muricata  Schl.  sp. jj 

Asterophyllites  equiaetiformis  Schl.  sp. 
)) Lepidophyllum  sp. 

2160-2162 Stigmaria  ficoides  Sternb.  sp. 
2167-2168 Neuropteris  gigantea  Sternb. 

1> 

Lepidodendron  aculeatum  Sternb. 
Stigmaria  ficoides  Sternb.  sp. 
Cordaites  principalis  Germar  sp. 

2172 0 Neuropteris  gigantea  Sternb. 
2190 6 Base  of  Lanarkian  Series. 

Silurian. 
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Remarks. 

One  of  the  most  interesting  plants  met  with  in  this  boring  is  Neuropteris  hetero- 
phylla  Brongt.,  of  which  two  specimens  were  collected  from  the  Keele  Group  ;  these 

are  the  first  and,  as  far  as  I  know,  the  only  two  records  for  the  occurrence  of  this 

species  in  the  Radstockian  Series.  I  am  indebted  to  Mr  Edward  Parry  for  one  of 

these  examples,  which  is  shown  on  PL  V,  fig.  2.  The  specimen,  which  is  typical  of 

the  species,  is  preserved  in  a  fine-grained  red  marl  from  which  the  carbonaceous 
matter  of  the  fossil  has  entirely  disappeared. 

The  specimens  I  name  "Neuropteris  sp.,  allied  to  Neuropteris  Blissi  Lesqx.," 
from  this  boring  and  from  the  Westphalian  rocks  of  the  Wyre  Forest  (ante,  pp.  1025, 

1028),  usually  occur  as  isolated  pinnules  whose  form  is  that  of  Neuropteris  Blissi 

Lesqx.*  ;  but  the  lateral  veins  follow  a  slightly  more  arched  course  in  their  passage 

from  the  midrib  to  the  margin  of  the  pinnule,  than  in  Lesquereux's  plant.  In  such 
a  difficult  and  critical  genus  as  Neuropteris,  until  more  perfect  specimens  are  secured 

it  is  better  not  to  attempt  a  definite  determination.  The  true  Neuropteris  Blissi  is 

very  rare  in  Britain.")" 
From  somewhere  between  2032  feet  and  2082  feet  the  Lanarkian  Series  appears 

to  come  in.  My  reason  for  referring  this  portion  of  the  bore  to  that  series  is 

the  entire  absence  in  this  part  of  the  measures  of  a  single  characteristic  West- 
phalian species.  It  is  true  that  all  the  plants  met  with  here  are  also  found  in  the 

Westphalian  Series,  but  one  of  the  important  points  which  separate  the  Lanarkian 

from  the  Westphalian  Series  is  the  absence  of  species  from  the  former  which  are 

frequent  in  and  characteristic  of  the  latter.  The  Lanarkian  has  some  species  peculiar 

to  itself,  and  though  none  of  them  appear  here,  the  absence  of  Westphalian  species 

cannot  be  ignored.  Their  absence  may  be  due  to  the  accidents  of  collecting,  but 

the  fact  remains  they  have  not  been  here  met  with  ;  therefore,  if  the  position  of 

these  measures  is  judged  by  its  available  palseontological  data,  I  can  only  conclude 
that  the  rocks  under  discussion  must  be  referred  to  the  Lanarkian  Series. 

Dr  Arber,  from  the  examination  of  the  plants  from  the  lower  part  of  this  boring, 

"  can  find,  however,  no  evidence  from  these  specimens  that  these  beds  belong  to  the 

Lower  Coal  Measures."  "  On  the  contrary,  the  flora  of  the  lowest  200  feet  of  the 

measures  is  undoubtedly  a  Middle  Coal  Measure  flora."  \  With  this  opinion,  as  far 
as  the  character  of  the  flora  is  concerned,  I  cannot  agree,  for  such  as  it  is,  it  is 

typically  Lanarkian.  Future  collecting  in  these  measures  may  reveal  a  West- 
phalian flora,  but  up  to  the  present  it  has  failed  to  do  so. 

Purely  geological  considerations  would  favour  the  view  that  the  lowest  portion 

of  the  bore  should  also  be  Westphalian,  but,  as  already  stated,  the  palseontological 

data  are  against  this.     The  material  from  which  the  fossils  were  collected  was  limited, 

*  Goal  Flora,  vol.  iii,  p.  737,  pi.  xcv,  figs.  1,  la,  1884. 
t  See  Neuropteris  Blissi  Lesqx.,  Trans.  Roy.  Soc.  Edin.,  vol.  xxxvii,  p.  329,  pi.  i,  figs.  3,  3a,  1893. 
t  Arber,  I.e.,  p.  409. 
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and,  as  already  mentioned,  there  is  the  possibility  that  the  absence  of  Westphalian 

species  from  this  part  of  the  bore  may  be  accidental ;  still,  from  some  cause  they 
are  absent. 

1  have  again  to  express  my  thanks  to  the  Executive  Committee  of  the  Carnegie 

Trust  for  a  grant  to  defray  the  cost  of  the  plates  illustrating  this  Memoir. 

EXPLANATION  OF  PLATES. 

Plate  I. 
Fig.  1.   Cingularia  typica  Weiss. 

Locality — Highley   Colliery,    Highley,    Shropshire.      Horizon — Shales  associated   with   Brooch 
Coal.     Natural  size.     (Pr.  1350.) 

Fig.  la.   Cingularia  typica  Weiss. 

Specimen  shown  at  fig.  1,  enlarged  2  times,     a,  remains  of  sterile  whorls. 

Fig.  lb.   Cingularia  typica  Weiss. 

Cone  axis  x  2,  to  show  that  the  ribs  do  not  alternate  at  the  nodes  a,  a. 

Fig.  2.   Cingularia  typica  Weiss. 

Fertile  whorl.     Same  locality  and  horizon  as  last.     Natural  size.     (Pr.  1261.) 
Fig.  2a.  Cingularia  typica  Weiss. 

Same  specimen  enlarged  2  times. 

Fig.  3.   Cingularia  Cantrilli  Kidston  n.  sp. 

Small  fragment  showing  the  upper  surface  of  the  sphorophylls.     Locality — Highley   Colliery, 

Highley,    Shropshire.       Horizon — Shales    associated    with    Brooch    Coal.      Natural   size. 
(Pr.  1260.)     (The  figure  is  placed  on  the  plate  in  inverted  position.) 

Fig.  3a.   Cingularia  Cantrilli  Kidston  n.  sp. 

Specimen  shown  at  fig.  3,  enlarged  2  times,     a  and  a,  the  two  free  truncate  lappets  of  the 

sporophyll ;  b,  the  united  bases  of  the  sporophylls  forming  a  collar  which  surrounds  the 

axis ;  c  and  c,  small  circular  points  indicating  the  position  of  the  outer  circle  of  sporangia 

on  lower  side  of  sporophyll ;  c  and  c,  position  of  inner  whorl  of  sporangia. 

Fig.  4.   Cingularia  Cantrilli  Kidston  n.  sp. 

Same  locality  and  horizon  as  last.     Specimen  showing  lower  surface  of  sporophylls.     Natural 

size.       a,  axis ;  b,  united  portion  of  sporophylls  forming  collar  round  axis ;  s  s,  sporophylls. 

(Pr.  1256  and  Pr.  1257.) 

Fig.  4a.   Cingularia  Cantrilli  Kidston  n.  sp. 
Portion  of  specimen  shown  at  fig.  4,  enlarged  2  times.     Lettering  as  in  fig.  4. 

Fig.  5.   Cingularia  Cantrilli  Kidston  n.  sp. 
Counterpart  of  tig.  4.     Natural  size.     (Pr.  1258  and  Pr.  1259.) 

Fig.  5a.   Cingularia  Cantrilli  Kidston  n.  sp. 

Portion  of  specimen  shown  at  fig.  5,  enlarged  2  times,  a,  ribbed  axis ;  b,  united  portion  of 

sporophylls  forming  a  collar  which  surrounds  the  axis ;  c',  one  of  the  two  lappets  forming 

the  free  portion  of  the  sporophyll ;  a",  d",  small  circular  scars  indicating  the  position  of 

the  outer  circle  of  sporangia ;  e',  e",  scars  of  inner  circle  of  sporangia ;  /,  knee  formed 
by  upward  bending  of  the  sporophylls;  g,  limit  of  the  free  portion  of  the  lappets  of 

sporophyll. 
Plate  II. 

Fig.  1.  Sigillaria  reticulata  Lesqx. 

Locality — Roadside  near  Furnace  Mill,  |  mile  N.W.  of  Wyre  Poorest  Station,  near  Cleobury 
Mortimer.  Horizon — Westphalian  Series.  Small  fragment  of  cortex.  Natural  size.  (Pr.  1416.) 
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Fig.  la.  Sigillaria  reticulata  Lesqx. 

Portion  of  specimen  seen  at  fig.  1,  enlarged  2  times  to  show  form  of  leaf  scars  and  ornamenta- 
tion of  outer  surface  of  cortex. 

Figs,  lb  and  1c.  Sigillaria  reticulata  Lesqx. 

Impressions  of  two  leaf  scars  from  the  same  specimen,  enlarged  2  times  to  show  the  ligule  pit  a. 

Fig.  2.  Sigillaria  transversalis  Brongt. 

Locality — Roadside  near  Furnace  Mill,  -|-  mile  N.W.  of  Wyre  Forest  Station,  near  Cleobury 
Mortimer.      Horizon — Westphalian   Series.      Small  fragment  showing  form  of  leaf  scars 
and  transverse  bars.     Natural  size.     (Pr.  1420.) 

Fig.  3.  Sigillaria  transversalis  Brongt. 

Same  locality  as  last.     Small  fragment  of  cortex.     Natural  size.     (Pr.  1451.) 

Fig.  3a.  Sigillaria  transversalis  Brongt. 

Same  specimen,  enlarged  2  times  to  show  form  of  leaf  scars  and  slight  ornamentation  of  outer 

surface  of  the  ribs  and  the  stronger  sub-epidermal  reticulate  marking. 
Fig.  4.  Sigillaria  transversalis  Brongt. 

Same  locality  and  horizon.      Small  portion  of  a  rib  enlarged  2  times  to  show  smooth  outer 

surface  of  cortex.     (Pr.  1419.) 

Fig.  5.  Lepidophloios  acerosus  L.  &  H.  sp. 

Locality — Highley   Colliery,    Highley,    Shropshire.     Horizon — Shales   associated   with  Brooch 
Coal.     Westphaliau  Series.     Portion  of  a  small  branch  enlarged  2  times  to  show  form  of 

cushion  and  leaf  scar.     (Pr.  1379.) 

Fig.  6.  Annularia  spicata  Gutbier  sp. 

Locality — Road  section,  Cooper's  Mill,  1|  mile  W.  of  Dowles  Church,  near  Bewdley.     Horizon — 
Westphalian  Series.     Small  fragment.     Natural  size.     (Pr.  1157.) 

Fig.  6a.  Annularia  spicata  Gutbier  sp. 

Same  specimen  as  shown  at  fig.  6,  enlarged  2  times. 

Fig.  7.  Annularia  spicata  Gutbier  sp. 

Same  locality  and  horizon  as  last.     Natural  size.     (Pr.  1156.) 

Fig.  7a.  Annularia  spicata  Gutbier  sp. 

Same  specimen  as  fig.  7,  enlarged  2  times  to  show  the  foliage. 

Plate  III. 

Fig.  1 .  Sigillaria  Pringlei  Kidston  n.  sp. 

Locality— Kinlet   Colliery,  S.W.    of   Highley,   Shropshire.      Horizon — Shales    associated    with 
Brooch  Seam.     Westphalian  Series.     Portion  of  cortex.     Natural  size.     (Pr.  1529.) 

Fig.  la.  Sigillaria  Pringlei  Kidston  n.  sp. 

Portion  of  specimen  shown  at  fig.  1,  enlarged  2  times  to  show  outer  surface  of  cortex  and  form 
of  the  leaf  scars. 

Fig.  2.  Sigillaria  nudicaulis  Boulay. 

Locality  and  horizon  as  last.     Portion  of  stem.     Natural  size.     (Pr.  1530.) 

Fig.  2a.  Sigillaria  nudicaulis  Boulay. 

Part  of  the  same  specimen  given  at  fig.  2,  enlarged  2  times  to  show  smooth  outer  surface  of 
cortex  and  form  of  leaf  scars. 

Fig.  3.  Sigillaria  cf.  nudicaulis  Boulay. 

Same  locality  and  horizon  as  last.     Fragment  of  stem.     Natural  size.     (Pr.  1487.) 

Fig.  3a.  Sigillaria  cf.  nudicaulis  Boulay. 

Portion  of  specimen  given  at  fig.  3,  enlarged  2  times  to  show  form  of  leaf  scar  and  faint  plumose 
ornamentation  above  leaf  scar. 

Plate  IV. 

Fig.  1.  Sigillaria  Gandollei  Brongt. 

Locality — Kinlet   Colliery,   S.W.   of   Highley,    Shropshire.      Horizon — Shales   associated   with 
Brooch  Seam.     Westphalian  Series.     Fragment  of  stem  shown  natural  size.     (Pr.  1476.) 
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Fig.  la.  Sigillaria  Candollei  Brongt. 

Part  of  specimen  given  at  fig.  1,  enlarged  2  times  to  show  form  of  leaf  scars  and  ornamentation 
of  the  cortex. 

Fig.  2.  Sigillaria  Candollei  Brongt. 

Same  locality  and  horizon  as  last.     Small  specimen  shown  natural  size.     (Pr.  1489.) 

Fig.  2a.  Sigillaria  Candollei  Brongt. 

Portion  of  specimen  given  at  fig.  2.  enlarged  2  times  to  show  form  of  the  leaf  scars  and  orna- 
mentation of  outer  surface  of  ribs. 

Fig.  3.  Sigillaria  Boblayi  Brongt. 

Same  locality  and  horizon  as  last.     Small  specimen  shown  natural  size.     (Pr.  1480.) 

Fig.  3a.  Sigillaria  Boblayi  Brongt. 

Part  of  rib  of  specimen  seen  at  fig.  3,  enlarged  2  times  to  show  form  of  leaf  scar. 

Fig.  4.  Sigillaria  distans  Sauveur. 

Locality  and  horizon  same  as  last.     Small  specimen  shown  natural  size.     (Pr.  1485.) 

Fig.  4a.  Sigillaria  distans  Sauveur. 

Part  of  rib  of  specimen  given  at  fig.  4,  enlarged  2  times  to  show  form  of  leaf  scar  and  plumose 

ornamentation  immediately  above  it. 

Plate  V. 

Fig.  1.   Car polithes  areolatus  Boulay  sp. 

Small    slab   containing   several    seeds.       Fig.    la,    a   few    examples     x  2.       Locality — Highley 

Colliery,  Highley,  Shropshire.      Horizon — Shale  roof  of  Brooch  Coal.     Westphalian  Series. 
Natural  size.     (Rh.  3607.) 

Fig.  2    Neuropteris  heterophylla  Brongt. 

Locality — Trial  boring,  Claverley,  near  Bridgnorth,  Shropshire.     Horizon — Keele  Group  (1009- 

1010  feet  below  surface — 230  feet  above  base  of  Group).     Radstockian  Series.     Natural 
size.     (K.  3614.) 

Figs.  3-5.  Spkenopteris  Dixoni  Kidston  n.  sp. 

Locality— Deep  Pit  Mound,  Clee  Hill,  Shropshire.     Horizon — Great  Coal  Seam.     Westphalian 
Series.      Fig.  3a,  portion    of   fig.    3,    x  2,  showing  form  of  the  pinnules.      Natural    size. 

(K.  4073-4075.) 
Fig.  6.  Samaropsis  Gutbieri  Geinitz  sp. 

Locality — ?  Railway  cutting,    150   yards   S.E.    of   Northwood   House,   \    mile    N.   of   Bewdley. 
Horizon — Westphalian  Series.     (K.  5223.) 

Fig.  7.  Samaropsis  emarginata  Goppert  and  Berger. 

Locality — At  back  of  building,  Cooper's  Mill,  Dowles  Valley,  near  Bewdley.     Horizon — West 
phalian  Series.     Natural   size.     (K.  2118.) 

Fig.  8.   Carpolithes  membranaceus  Goppert. 

Locality — Kinlet  Colliery,    S.W.   of    Highley,    Shropshire.      Horizon — Shales    associated   with 
Brooch  Coal.     Westphalian  Series.     Natural  size.     (Pr.  1527.) 

Fig.  9.   Carpolithes  membranaceus  Goppert. 

Locality — Highley  Colliery,  Highley,  Shropshire.     Horizon — Shales  associated  with  Brooch  Coal. 
Westphalian  Series.     Natural  size.     (Pr.  1293.) 

Fig.  10.  Sigillaria  distans  Sauveur. 

Locality — Chimney  Colliery,    Angelbank,    Titterstone    Clee    Hill,   Shropshire.     Fig.   10a,    x  2 
Horizon — Bottom  Coal.     Westphalian  Series.     (K.  1413.) 

{Note, — All  the  specimens  figured,  except   Plate  V,  figs.  2,  3,  4,  5,   6,   7,  and  10,  which  are  in  the 

author's   collection,   belong   to    the    Geological    Survey    of   England    and   are   preserved   in    the    Museum, 
Jermyn  Street,  London.) 
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