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A  TRIBUTE  TO 
WALTER  H.  LEWIS 

On  Sunday,   7   October    1990,   students,   col-      of  the  University  of  Virginia,  where  he^obtained 

leagues,  friends,  and  family  paid  tribute  to  the      his  docto 

ongoing  career  of  Walter  Hepworth   Lewis.  Al-      Flory,  Jr. 

under  the  guidance  of  Walt 

Walter 
though  it  is  long  before  Walter's  retirement,  the 

organizers  of  this  tribute  felt  that  the  passage  of     year  teaching  stint  at  Stephen  F.  Austin  State  Uni- 

his  60th  birthday  was  sufficient  reason  to  celebrate      versity   at   Nacagdoches,   Texas.   When  he   was 

Walter's  many-faceted  and  illustrious  career  and 
Guggenheim 

to  recognize  his  enduring  influence  on  those  who      from  the  National  Science  Foundation  for  study  in 

have  been  fortunate  enough  to  know  him  during      Europe  and  Africa,  he  took  a  leave  of  absenc
e. 

the  past  35  years. 

During 

The  tribute  to  Walter  Lewis  was  held  at  the      barium  at  the  Royal  Botanic  Gardens,  Kew,  and 

Missouri  Botanical  Garden.  It  was  a  day  of  scientific at  the  University  of  Leeds,  studied  at  the  Swedish 

and  social  activity  attended  by  over  a  hundred      Academy  of  Sciences  in  Stockholm  with  P
rofessor 

colleagues  and  friends.  The  afternoon  symposium      Gunnar  Erdtman,  and  took  a  six-month  La
nd  Rover 

was  presented  by  former  graduate  students  and tour  of  Africa  to  collect  cytological  materials  for 

long-time  colleagues,  and  the  following  10  papers      studies  of  Rubiaceae. 

are  the  written  versions.  The  diversity  of  topics 

indicates  the  multifarious  research  interests  of  Wal- 

ter Lewis.  The  social  program  included  a  dmner. 

Upon  his  return  to  North  America  he  accepted 
St.  Louis  with  the  Missouri  Botanical 

Washington  University.  Walter  acted 

and  the  addresses  by  Peter  H.  Raven,  Director  of      as  curator  and  director  of  th
e  Garden's  herbarium 

the  Garden,  Barbara  A.  Schaal,  Professor  of  Bi- from  1964  to  1972  and  continues  to  date  as  Senior 

ology  at  Washington  University,  and  tributes  by  Botanist  and  as  P
rofessor  of  Biology  at  the  uni- 

John  C.  Semple,  Thomas  B.  Croat,  Yutaka  Suda,  versity.  It  is  the  St
.  Louis  period  for  which  most 

and  others  pointed  out  the  many  contributions  made      tribute  part
icipants  know  WaUe- 

by  Waher  and  his  wife.  Memory. 
Waher  Lewis  was  born  on  26  June  1930  in 

Ontario  and  grew  up  in  British  Columbia.  He  at- 
tended Victoria  University  (British  Columbia)  and 

the  University  of  British  Columbia,  where  he  ob- 

tained his  undergraduate  and  master's  degrees. 

verse  honors  an  earlier  association  from  days  when 
Method 

University. 

Missouri  Botanical  Garden 

Walter  arrived  in  1964,  \ 

Then  he  studied  at  the  Blandy  Experimental  Farm      Garden  were  quite  stag
nant  following  the  death  of 

Ann.  Missouri  Bot.  Card.  79:  1-7,  1992. 
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Robert  Woodson,  former  director  of  the  herbarium,  institution,  could  obtain  the  best  possible  botanical 

and  short  tenures  for  Garden  directors  Hugh  Cut-  training.  One  feature  of  this  training  begun  by 
ler,  Edgar  Anderson,  and  Fritz  Went.  At  this  time  Walter  was  a  weekly  seminar  where  staff  and  stu- 

the  Garden's  outlook  was  bleak.  Walter  was  de-  dents  reviewed  the  systematics  of  one  or  more  plant 
termined  to  change  these  trends,  and  he  made  families,  a  series  that  continues  today.  Through 

many  significant  contributions  to  the  Garden's  fu-  this  consortium  of  institutions  Walter  was  able  to 
ture.  influence  Southern  Illinois  University  at  Edwards- 

Fieldwork  and  exchanges  were  reactivated  to      ville  to  hire  a  plant  morphologist,  Richard  Keating, 

and  the  University  of  Missouri-St.  Louis  a  phy- 
tochemist,  John  Averett. 

Other  significant  activities  for  the  Garden  in- 

cluded revitalizing  the  Annals  of  the  Missouri  Bo- 

milli 

specimen  was  added  to  the  herbarium  on  1  July 
1970.  A  collections  management  staff  was  estab- 

lished for  the  herbarium,  with  the  hirine  of  Susan 

Voerhoek  followed  by  Sheri  Davis  (now  Murphy),      tanical  Garden  in  1964.  Will  H.  Blackwell  was 
mounters Walter 

Substantial  financial 
lowed  by  Yutaka  Suda,  Richard  Maxwell  and  La- 

KrukoflF      veme  Durkee 
with 

Duncan 
major  herbaria  in  America  and  Europe  that  the 
Missouri  Botanical  Garden  would  act  as  a  primary 

Walter,  together  with  then  EHrector  of  the 
David  Gates,  was  instrmnental  in  planning 

repository  for  African  collections  in  North  America,      the  Lehmann  Building,  where  the  herbarium  and Walter 

immediately 

library 

Walter 
specimens  that  helped  establish  the  eromi 

William 
work  for  the  Garden's  present  African  programs.      G.  D'Arcy,  Robert  B.  Faden,  Cathy  Ferris,  Alwyn A  project  was  begun  to  print  photographic  nega-      H.  Gentry,  Joan W 

>/P, 

specunens 
nneth 

Woodson's  death  in  1963,  was  resumed 

;ed  erick  H.  Utech.  He  also  acted  as  advisor  to  students 

by  whose  major  professors  had  left  the  Garden  or  died: 
S.  Raymond  Altevogt  (working  with  Edgar  Anderson), 

Air  Force  and  the  National  Science  Foundation.  T.  C.   Huang  (Robert  Woodson),  and  Bruce  A. 

Wake 

Walte 
Washing 

MacBryde  (Derek  Burch). 

lecting  program  in  Panama,  and  many  students, 
post-doctoral  fellows,  and  other  staff  had  the  op- 

portunity to  participate  in  this  program.  By  1970, round 

Washington  University 

Walter  Lewis  has  been  an  active,  cordial,  and 

integral  member   of  the   Biology   Department  at 

Washington  University  since  the  fall  of  1964.  Dy- 
processed.  This  involved  the  purchase  of  a  house  namic,  gifted,  stimulating,  and  popular,  he  has  been 
trailer  as  a  residence  and  an  approach  to  a  bemused      an  outstanding  teacher  oi 

specunens 

unde 
undertak Walt 

an  extension  ofthe  Garden's  activities.  These  FZora  Medical  Plants,  has  had  the  highest  enrollment  of of  Panama  activities  resulted  in  greatly  increased  aD  undergraduate  upper-level  courses  offered  by 
acquisition  of  scientificaUy  interesting  specimens,  the  university,  and  he  makes  botany  an  interesting, the  training  of  many  future  tropical  botanists,  and, 
ultimately,  completion  of  the  Flora  of  Panama 

willin 
The 

^fP 

to  design  a  seminar  or  lecture  for  any  of  the  other 
courses  in  the  department,  and  these  are  superb. 
When  the    tonic    COnrems  thp^    Tivarn   TnrliaTic     nc  ig 

many  scientific  careers  in  other  institutions,  both      often  the  case,  the  lectures  are  tremendously  ef- in  the  United  States  and  abroad. un 

local    universities — Wash 

initiated 

University,    St. 
rn  Illinois 

Edwardsville,  and  the  University  of  Missouri-St. Lo to  divide  and  share  specializations  among  Walt 
them  so  that  students,  using  the  Garden  as  a  focal      almost 

After  one  of  these  presentations,  students  have 
even  been  known  to  say  that  they  wanted  to  stop 
going  to  medical  school  and  go  to  work  in  the tropics! 
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is  the  author  or  coauthor  of  four  texts,  Airborne 

and  Allergenic  Pollen  of  North  America  (1983), 

Ecology  Field  Glossary:  A  Naturalist^ s  Vocabu- 
lary (1977),  Rare  and  Endangered  Species  of 

Missouri  (1974),  and  Medical  Botany:  Plants 

Affecting  Man^s  Health  (1977);  the  last  is  already 
a  classic  and  in  its  tenth  printing.  He  also  edited 

Polyploidy:  Biological  Relevance  (1980). 

Walter's  academic  success  has  brought  the  bi- 
ology department  and  Washington  University  much 

recognition  and  honors.  In  addition  to  being  a  Gug- 
genheim Fellow,  he  was  elected  to  the  Linnean 

Society  of  London,  is  a  fellow  of  the  Royal  Geo- 

graphical Society  (London),  has  served  as  president 
of  the  International  Association  for  Aerobiology, 

and  currently  serves  as  president  of  the  Society 

for  Economic  Botany.  In  addition,  he  has  served 

on  the  editorial  boards  of  Brlttonia,  Grana^  Jour- 

nal of  Ethno pharmacology^  World  Pollen  and 

Spore  Flora^  and  Economic  Botany. 
He  has  served  on  the  Executive  Committee  for 

the  Department  of  Biology,  the  Committee  for  the 

Plant  Biology  Program  in  the  Division  of  Biology 

and  Biological  Sciences,  and  as  chairman  of  the 
Greenhouse  Committee.  This  administrative  work 

within 

Walter 

renowned 
Walter 

those  present  at  the  tribute,  have  benefited  from 
Walt 

techniqu 

taxonomy,  he  has  been  able  to  provide  examples 

from  the  many  plant  families  and  genera  he  worked 

with  and  knew  well — Rosaceae  {Rosa,  his  doctoral 

subject),  Rubiaceae,  Portulacaceae,  Convolvula- 

ceae,  Polygalaceae,  Iridaceae,  Leguminosae  {Er- 

ythrina),  Commelinaceae,  Linaceae,  Verbenaceae, 

and  Araliaceae  {Panax),  His  current  work  on  the 

ethnobotany  of  the  Jivaro  Indians  of  the  upper 

Amazonian  basin  has  been  the  subject  of  a  television 

segment  on  "National  Geographic  Explorer. 

With  an  awareness  that  not  many  graduate  stu- 

dents have  an  opportunity  to  honor  their  major 

»» 

undertak 

Walter Lewis 

Scientific  Publications  of 
Walter  H.  Lewis  Through  1990 

1955 

Monoecious  tendencies  in  the  crayfish  Cam- 

longulus  longulus  Girard.  Virginia  J.  Sci.  6: 146-148. 

.    Revision  of  the  genus  Rosa  in  eastern  North 

America:  a  review.  Amer.  Rose  Annual  42:   116- 
126. 

1957 

  .    An  introduction  to  the  genus  Rosa  with  special 

reference  to  R.  acicularis.  Virginia  J.  Sci.  8:  197- 202. 

1958 

.     Minor  forms  of  North  American  species  of 

Rosa.  Rhodora  60:  237-243. 
— .    The  roses  of  Virginia  and  West  Virginia.  Cas- 

tanea  23:  77-88. 
  .     Additions  to  the  roses  of  Virginia.  Castanea 
23:  135. 

1959 

  .     A  monograph  of  the  genus  Rosa  in  North 

America.  L  /?.  acicularis.  Brittonia  11:  1-24, 
  .     A  monograph  of  the  genus  Rosa  in  North 

America.  11.  R,foliolosa.  Southw.  Naturalist  3:  145- 153. 

  .     A  monograph  of  the  genus  Rosa  in  North 

America.  III.  /?.  setigera.  Southw.  Naturalist  3:  154- 174. 

.    Chromosome  numbers  for  Ampelopsis  arho* 

rea  (Vitaceae)  and   Linaria   texana  (Scrophulari- 
aceae).  Southw.  Naturalist  3:  214. 

.    Chromosomes  of  east  Texas  Hedyotis  (Rubi- 

aceae). Southw.  Naturalist  3:  204-207. 
,    Rosa  setigera  f.  alba,  a  form  of  var.  tomen- 

tosa.  Southw.  Naturalist  3:  214. 

  .    Three  chromosome  numbers  for  Claytonia  vir* 

ginica  (Portulacaceae).  Southw.  Naturalist  3:  130- 132. 

   &  D.  M.  Moore.  Hedyotis  australis  (Rubi- 

aceae), a  new  species  from  the  south  central  United 

States.  Southw.  NaturaUst  3:  208-211. 

1961 

number 

of  Callicarpa,  Lantana,  and  Phyla  (Verbenaceae), 

Southw.  Naturalist  6:  47-48. 
  .   Chromosome  numbers  for  four  North  American 

Asclepias,  Southw.  Naturalist  6:  46-47.   .    Chromosome  numbers  for  three  United  States 
South 

99-100. 

(So 

lanaceae).  Texas  J.  Sci.  13:  45-48, 
  •.    Merger  of  the  North  American  i 
nidenlandia  under  Hedyotis,  Rhod^ 
223. 

crosses 
Amer.  Soc 

78:  572-579. Lewis.    Medium 
from  herbarium 

26:  146-155. &  R.  L.  Oliver.  Cytogeography  and  phylogeny 

of  the  North  American  species  of  Verbena.  Amer. 

J.  Dot.  48:  638-643. &  R.  L.  Oliver.     Meiotic  chromosomes  in  six 

Texas  and  Mexican  Nemastylis  and  Sisyrinckium 

riridnceae).  Southw.  Naturalist  6:  45-46, 
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1962 

— -.    Aneusomaty  in  aneuploid  populations  of  Clay- 
tonia  virginica.  Amer.  J.  Bot.  49:  918-928. 
  ,    Chromosome  numbers  in  North  American  Ru- 
biaceae.  Brittonia  14:  285-290. 

  .    Introductory  Botany  Manual.  Wm.  C.  Brown 
Book  Co.,  Dubuque,  Iowa. 

  .    Monograph  of  Rosa  in  North  America.  IV.  R. 
X  dulcissima.  Brittonia  14:  65-71. 

  .    Phylogenetic  study  of  Hedyotis  (Rubiaceae)  in 
North  America.  Amer.  J.  Bot.  49:  855-865. 

  .    Two  new  species  of  Polygala  from  northern 
Mexico.  Rhodora  64:  225-227. 

  .   In:  Documented  chromosome  numbers  of  plants. 
Madrono  16:  266-268. 

  &  S.  A.  Davis.    Cytological  observations  of  Po- 
lygala in  eastern  North  America.  Rhodora  64:  102- 113, 

:   &  E.  E.  Terrell.    Chromosomal  races  in  eastern 
North  American  species  of  Hedyotis  {Houstonia), 
Rhodora  64:  313-323. 

  ,  H.  L.  Stripling  &  R.  G.  Ross.    Chromosome 
numbers  for  some  angiosperms  of  the  southern  Unit- 

ed States  and  Mexico.  Rhodora  64:  147-161. 
Oliver,  R.  L.  &  W.  H.  Lewis.  Chromosome  numbers  of 

Sisyrinchium  (Iridaceae)  in  eastern  North  America. 
Sida  1:  43-48. 

Osborne,  W.  P.  &  W.  H.  Lewis.  Chromosome  numbers 
of  Linum  from  the  southern  United  States  and  Mex- 

ico. Sida  1:  63-68. 

1963 

umented  chromosome  numbers 

Madrono  17:  116-117. 

1964 

  .    A  hexaploid  Linum  (Linaceae)  from  eastern 
Ethiopia.  Sida  1:  383-384. 

Chromosomes  of  two  Moraea  (Iridaceae)  from 
southern  Africa.  Sida  1:  381-382. 

ceae.  Sida  1:  274-293. 

Commelin. 

Oldenlandia  corymbosa  (Rubiaceae).  Grana 
Palynol.  5:  330-341. 

&  E.  Taddesse.    Chromosome  nmnb 
opian  Commelinaceae.  Kirkia  4:  213-215. 

J  965 

Monograph  of  Rosa  in  North  America.  V, 

52:  99-113. 

Ann 

  .     Cytopalynological  study  of  African  Hedyoti- deae  (Rubiaceae).  Ann.  Missouri  Bot.  Card.  52-  182- 
211. 

  .    Pollen  morphology  and  evolution  in  Hedyotis subgenus  Edrisia  (Rubiaceae),  Amer.  J,   Bot.   52- 
257-264. 

  .    Type  collections  of  African  rubiaceous  taxa  at the  Missouri  Botanical  Garden  Herbarium. 
souri  Bot.  Card.  52:  212-213. 

Aim 

&  R.  L.  Oliver.    Realignment  of  Calystegia  and 
(Convolvulaceae).  Arm.  Missouri  Bot. 

Card.  52:  217-222. 
ler.  B.  L.  &  W nmnber 

the  Compositae.  IX.  African  species.  J.  S.  Afr.  Bot. 

31:  207-217. 
  ,    Graduate  students  of  Robert  E.  Woodson,  Jr. 

Ann.  Missouri  Bot.  Card,  52:  248-250. 

1966 

  ,    The  Asian  genus  Neanotis  nomen  novum  {An- 
Otis)  and  allied  taxa  in  the  Americas  (Rubiaceae). 

Ann.  Missouri  Bot.  Gard.  53:  32-46. 

  .    In:  Chromosome  numbers  of  phanerogams  1 . 
Arm.  Missouri  Bot.  Gard.  53:  100-103. 

  .    Hedyotis  nicoharensis  Lewis,  nom.  nov.  (Ru- 
biaceae). Arm.  Missouri  Bot.  Card.  53:  109. 

  .   Arcytophyllum  laricifolium  (Cav.)  Lewis,  comb 
nov.  (Rubiaceae).  Ann.  Missouri  Bot.  Gard.  53:  110 

  &  R.  L.  Oliver.    Convolvulus  rozynskii  (Standi. 
Lewis  and  Oliver,  comb.  nov.  (Convolvulaceae).  Ann 
Missouri  Bot.  Gard.  53:  110. 

  .    Chromosome  numbers  of  Oldenlandia  corym 
bosa  (Rubiaceae)  from  southeastern  Asia.  Ann.  Mis 
souri  Bot.  Gard.  53:  257-258. 

  .    Clay  tonia  caroliniana  var.  spatulifolia  (Salis 
bury)  Lewis,  stat.  nov.  (Portulacaceae).  Ann.  Mis 
souri  Bot.  Gard.  53:  258-259. 

  .     Addendum:   Schlechter's  New  Guinea  dupli- 
cates of  Liparis  (Orchidaceae)  at  the  Missouri  Bo- 

tanical Garden.  Ann.  Missouri  Bot.  Gard.  53:  259- 260. 

  .  Typification  of  Hedyotis  procumbens  (Rubi- 
aceae) and  a  new  variety  from  southeastern  United 

States.  Ann.  Missouri  Bot.  Gard.  53:  377-378. 

1967 

  .     Cytocatalytic  evolution  in  plants.  Bot.  Rev. 
(Lancaster)  33:  105-115. 

  .     Family  96A,   Dichapetalaceae.   In:  Flora  of 
Panama,  Part  6.  Ann.  Missouri  Bot.  Gard.  54:  9- 12. 

  ,  Y.  Suda  &  B.  MacBryde.  Chromosome  num- 
bers of  Claytonia  virginica  in  the  St.  Louis,  Missouri 

area.  Ann.  Missouri  Bot.  Gard.  54:  147-152. 
  ,  R.  L.  Oliver  &  Y.  Suda.     Cytogeography  of 
Claytonia  virginica  and  its  allies.  Arm.  Missouri  Bot. 
Gard.  54:  153-171. 

  ,  Y.  Suda  &  R.  L.  Oliver.     In:  Chromosome 
mmibers  of  phanerogams  2,  Ann.  Missouri  Bot.  Gard. 
54:  178-181. 

1968 

Notes  on  Hedyotis  (Rubiaceae)  in  North  Amer- 
ica. Ann.  Missouri  Bot.  Gard.  55:  31-33. 

   &  Y.  Suda.  Karyotypes  in  relation  to  classifi- 
cation and  phylogeny  in  Claytonia,  Ann.  Missouri 

Bot.  Gard.  55:  64-67. 

1969 

  .     Discussion  of  "Comparative  cytology  in  sys- 
tematics"  by  H.  Lewis,  pp.  535-538.  In  Systematic 
ton,  D.C. 
  ,   The 

Washing 

55:  171-173. 

Ann.  Missouri  Bot 
endemic 
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  .    Hedyotis  acerosa  var.  bigelovii,  comb.  nov. 
(Rubiaceae).  Ann.  Missouri  Bot.  Gard.  55:  397. 
  .     Botanists  and  electrons.  Missouri  Bot.  Gard. 

Bull  57:  21-26. 
   &  0.  Herrera-MacBryde.    Family  96,  Polyga- 
laceae.  In:  Flora  of  Panama,  Part  6.  Ann.  Missouri 

Bot.  Gard.  56:  9-28. 

1970 

  .    Species  roses  in  the  United  States  and  their 
relation  to  modern  roses.  Amer.  Rose  Annual  55: 

78-85. 
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Abstract 

Field  and  herbarium  studies  of  the  Convolvulaceae  in  the  southwestern  United  States  indicate  that  1 7  species  are 
•e  in  all  or  part  of  their  ranges.  Degree  of  rarity  varies.  A  few  show  temperate  afEnities,  while  most  show  tropical atlonships.  Rare  Convolvulaceae  vary  from  being  exotics  introduced  in  the  area  to  United  States  endemics.  Tliose 

lifolia uncommon 

Bonamia  repens  and  /.  lindheimeri.  Taxa  on  the  margins  of  their  American  ranges  are  Calystegia  macounii,  Cressa 
nudicaulis,  Cressa  truxillensis,  Dichondra  argentea,  I.  dumetorum,  I.  x  leucantha,  I.  longifoUa,  I.  pubescens,  and J acquemontia  agrestis. 

& 

i 

^ 

Resumen 

Estudios  de  los  campos  y  los  herbarios  de  las  Convolvulaceas  en  el  sudoeste  de  los  Estados  Unidos  indican  que 
hay  1 7  especies  raras.  Todas  de  las  especies  no  estan  raras  en  toda  de  su  distribucion,  y  algunas  estan  mas  raras 
que  las  otras.  Algunas  especies  tienen  afinidades  a  las  zonas  temperadas,  pero  la  mayoria  tienen  afinidades  a  las  zonas 
tropicas.  Estas  especies  varian  de  especies  ex6ticas  y  introducidas  en  la  region  hasta  especies  endemlcas.  Las 
Convolvulaceas  raras  que  se  consideran  en  peligro  raundial  son  Bonamia  ovalifoUa,  Calystegia  longipes,  Ipomoea 
cardiophylla,  I.  tenuiloba,  y  /.  thurberi.  Las  especies  que  no  son  comunes  en  todos  sus  distribuciones,  pero  no  estan 
en  pehgro  son  Bonamia  repens,  y  /.  lindheimeri.  Las  especies  en  las  margenes  de  sus  distribuciones  son  Calystegia 
macounu,  Cressa  nudicaulis,  Cressa  truxillensis,  Dichondra  argentea,  I.  dumetorum,  I  x  leucantha,  I.  longifoUa, I.  pubescens,  y  Jacquemontia  agrestis. 

While 

Convolvulaceae  are  considered  weeds  and  pests,  Colorado,  Nevada,  and  Utah  have  up  to  eight  spe- 
most  of  the  1,000  or  more  species  in  the  famUy  cies.  For  the  foUowing  discussion,  species  are  con- 
are  not  this  common,  nor  weedy.  Indeed,  through-  sidered  rare  if  they  were  found  in  less  than  ten  of 
^^L^^  range^of  the  family  there  are  numerous      the  previously  recorded  sites  for  the  species. 

Field  observations  of  several  species  are  given, 

known 

rare  species.  During  my  recent  studies  of  the  Con- 

volvulaceae  in   the   southwestern   United   States  _    _     _  _  - 

^.t^^^^^l  \^?^^^'  ̂ '  ̂^V:  "^  ̂""^^^1'  '*  ̂̂ ^^"^^  ̂^-      Pointed  out  for  future  rtudrnts  of  the  region/lhe information  given  should  draw  attention  to  and  give 
known 

species  m  the  area.  For  comparison  with  the  total  some  documentation  for  those  that  are  potential 
floras  of  the  states,  30  Convolvulaceae  species  are  candidates  for  endangered  and  threatened  status, 
now  known  m  Arizona  (Austin,  in  press  1991),  23  Not  all  of  these  species  are  rare  throughout  their 
species  m  New  Mexico  (Austin,  1990b),  and  58  range  in  the  United  States,  and  the  specimen  ci- species  m  Texas  (Correll  &  Johnston,  1970).  Cal-  tation  reflects  this.  Those  soecies  that  are  known 

Insects  wL  idLi^ed  by  T.  l!  Cri^^S^r^r  ̂ X^  ̂ f -1^:^!^^  :Xl=3 
Arizona 

Boca 

Missouri 16.  1992. 

^ 
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from  just  a  few  specimens  are  cited  with  locality       known  of  their  growth  requirements.  Chaparral  is 
data,  when  available. 

Globally  Endangered  or  Threatened  Species 

BONAMIA  OVALIFOLIA  (TORREY)  H.  HALLIER 

the  preferred  habitat. 
Most  United  States  species  of  Convolvulaceae 

open  as  the  sun  strikes  them  or  they  open  later  in 

the  day.  Calystegia  longipes  is  unusual  in  that  it 
is  matinal,  the  flowers  opening  before  the  sun  strikes 

them,  between  5:00  and  5:30  A.M.  On  4  May  the 
This  Mexican  species  is  restricted  m  the  United  fl^^^^g  ̂ j^^^j  between  3:30  and  4:00  P.M.  in  the 

States  to  a  smgle  canyon  (Fig.    1)  m  Big  Bend  Sierra  Ancha  site,  but  by  31  May  they  were  closing 
National  Park,  Texas,  and  has  been  discussed  else-  j^^  2:30-3:00  P.M.  Temperatures  were  near  15^C 
where  (Austin,   1988).  Specimens  serving  as  the  ̂ ^en  the  flowers  first  opened  on  5  May  in  the 
United  States'  documentation  of  its  rarity  are  from  5^^^.^^  j^^^^^  ̂ ^^^   J^^^  population  was  visited  dur- one  locality  covering  a  few  square  meters.  When  ^^  ̂j^^  ̂ ^3^  f^^  hours  mostly  by  the  exotic  hon- 
I  studied  the  plants  there  were  no  poUinators  seen  ^^^^^  (^^-^  mellifera  L.:  Apidae).  As  the  temper- 
and  no  fruits.  A  single  flood  or  landfall  could  elim- 

inate the  species  from  the  United  States,  The  north- 
atures  rose  toward  21*^C  there  was  a  shift  in  flower 
visitors  from  the  honeybee  to  the  native  bees  Osmia 

ern  Mexican  population  apparently  has  not  been      ̂ ^^^-^  Cresson  (females)  and  O.  texana  Cresson relocated  since  the  middle  1800s. 

Representative  specimens  examined,      U.S.A.  TEXAS: 

(males)  (Megachilidae). 
Flowers  were  almost  absent  and  fruits  were  un- 

Brewster  Co.,  Big  Bend  National  Park,  near  Boquillas,  common  on  the  eight  plants  at  the  Sierra  Ancha 

Webster  s.n.  (TEX).  Mexico.  COAHUILA:  Rio  Grande  below  site  on  31  May  1990  on  all  the  plants.  About  one 
San  Carlos,  Parry  s.n.  (GH,  NY).  f^^^it  j^^d  been  produced  per  30-50  flowers  in  the 

population.  The  flowering  season  had  nearly  ended, 

and  one  plant  studied  had  four  open  flowers  and 

one  bud  to  open  the  following  day.  This  contrasts 
CALYSTEGIA  LONGIPES  (s.  WATSON)  BRUMMITT 

This  species  is  endemic  to  the  southwestern  with  the  early  flowering  period  when  there  were 

United  States.  Its  range  includes  southern  and  45  flowers  open  on  the  same  plant  (morning  of  5 

southeastern  Cahfornia,  southern  Nevada,  south-  May).  During  the  1990  season,  the  flowering  period 

western  Utah,  and  central  Arizona  (Fig.  2).  It  will  was  about  four  weeks.  Thirty-five  fruits  were  ex- 

be  discussed  more  fully  elsewhere  (Austin,  in  prep.),  amined  from  the  plants,  and  these  had  0-4  seeds 
common each  (mean 3.3;   standard  deviation 

0.9). 

part  of  its  range. Several  of  the  fruits  had  2-4  aborted  seeds.  This 

In  Arizona  this  rare  species  has  been  collected      low  fruit  set  and  the  number  of  aborted  seeds  may 

few  times  since  the   1930s  and   1940s.  Arizona      indicate  genetic  aberrations  due  to  small  population 

s  have  most  recently  been  found  in  th< 
Moimtains  (1985).  Mazatzal  Mountains 

Mountains 
Weave 

ed  below.) 

ecimens 

own 

size  and  high  degree  of  self-polHnation, 

Representative  specimens  examined.  U.S.A. 
ARIZONA:  Coconino  Co.,  Mormon  Lake,  Collom  s.n.  (ASU); 

Gila  Co.,  near  Pine,  McDougal  s.n.  (US);  Sierra  Ancha 
Mountains,  S  Pueblo  Canyon,  Delamater  et  al.  4192 

(DES),  Austin  &  Austin  7657  (ASU);  Mazatzal  Moun- 
-  tains,  Pigeon  Spring  Road  to  El  Oso  road  jet.,  Mittleman 

road  transects  made  where  the  species  was  known      ̂   Hodgson  695  (DES).  Austin  &  Austin  7659  (ASU); 
to  occur,  I  found  only  13  plants,  eight  in  the  Sierra      Maricopa  Co.,  N  of  Sunflower,  Earle  s.n.  (DES);  Mohave 

Co.,  along  road  to  Cottonwood  Spring,  Mason  &  Phillips 

2887  (ARIZ,  ASU.  NY,  UC);  Yavapai  Co.,  Stanton- 
Yarnell  road.  Butterwick  &  Hillyard  6567  (ARIZ,  ASU); 
Bradshaw  Mountains,  along  jeep  trail  T.9N,  R.IE,  NWV4 
of  NWVi  of  Sect.  26,  Ramsden,  Delamater  &  Hodgson 

Mounta 

Weaver 
found 

find 

Wendy      3597  (DES,  NY). 
find 

extensive  field  survey  in  the  Tonto  Basin-Mazatzal  ipoMOEA  CARDIOPHYLLA  GRAY 
Mountains  during  the  spring  and  early  summer  of  ,         «             .       ,       m               , 

1990.  This  low  frequency,  usually  noted  on  her-  Originally  tho
ught  to  be  restncted  to  Texas  and 

barium  labels,  suggests  a  rare  species  with  exacting  New  Mexico
  (U.S.A  )   the  plaiits  are  now  known 

ecological  requirements.  Except  for  an  herbarium  also  from  Ar
izona  and  Mexico  (Fig.  5)  (Chihuahua, 

label  statement  that  the  plants  are  most  common  Coahuila,  Duran
go,  Oaxaca    Queretaro    and  So- 

two  years  after  a  burn  in  chaparral,  nothing  is  nora).  T
he  type  was  collected  m  Texas  (Hudspeth 
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County:  Hueco  Mountains,  E  of  El  Paso,  13  Oct. 

1849,  Wright  1314,  GH)  where  a  population  was 
rediscovered  by  McDonald  (1982). 

The  species  was  reported  from  near  Tombstone 

in  Arizona  by  Mason  etal.  (1986)  and  was  relocated      Huachuca^Mo^^^^            ^  ...^...„  __ in  1989  {Austin  &  Austin  7608,  ASU).  This  site       lin  1153  (ARIZ);  Natural  Bridge  Trail,  cWcXua^Nltl is  at  an  altitude  of  3,700  ft.  in  mesquite-creosote 

intermediates  have  been  discussed  by  Yatskievych 
&  Mason  (1984). 

Representative    specimens    examined.      U.S.A. 
Ramsey  Canyon,  at  Bledsoe  Cabins. 

onument 

Brown Ranger  Station.  Holler  et  al  1170  (ASU,  DES);  Mule 

&  Lowe,  1980),  and  here  the  population  consists 
of  scattered  plants  extending  along  a  road  for  about 

Mountains 

ountains 

0.8  miles.  No  fruits  were  present  on  7  September      Beak  Trail,  Bowers  &M 

Rincon 

found Mount 

tember,  but  these  were  heavily  parasitized  by  in- 
sects. 

s.n.  (ARIZ);  Santa  Cruz  Co.,  Sycamore  Canyon,  Windam 
&  Yatskievych  81-332  (ARIZ,  ASU);  Santa  Rita  Moun- 
tains,  Madera  Canyon,  Reeves  1045  (ASU).  new  Mexico: 

blowers  open  at  6  A.M.  and  are  mostly  wilted      Eddy  Co.,  2  Aug.  1909,  Wooton  s.n.  (NMC);  Grant  Co.. 
by  1 1  A.M.  Neither  McDonald  (1982)  nor  I  found       Wagner  3444  (UNM);  Hidalgo  Co.,  15  Sep.  1980,  Tod- 

pollinators  on  the  plants.  McDonald  found  a  90%       ̂ ^."  ̂'^'  (^MC).  texas:  JefiF  Davis  Co.,  nr.  Davis  Moun- 

seed  set  on  cultivated  plants.  The  species  may  be      fide V  t^y autogamous. 
Widenine 

vych 

Worthing, 

eliminate 

species  from  Arizona.  Texas  and  New  Mexico  plants      ̂ ^^^^^^  THURBERI  GRAY tune may  be  as  rare. 

Representative  specimens  studied.     U.S.A.  ARIZONA:      ̂ ^^^tricted  to  the  United  States.  Although  not  in- 
SW unde 

Mule^Mountains  N  hwy.  between  Huachuca  Terrace  and      (1963-1965),  this  species  occurs  (Fig.  8)  in  Chi- 
o..  ̂ ^  (ARIZ).  NEW  MEXICO:  Dona      huahua,  Durango,  and  Sonora,  where  it  has  been 

Palomin 
Mountains 

(NMC);  28  Sep.  1980,   Worthington  6655  (TEX);   11 
imder  the  name  /.  gentryi  Standley  [F 

Oct.  1980,  6746  (TEX);  23  Oct.  1975,  Von  Loh687      ̂ ^^'   ̂ at.   Hist.   22:    46.    1940.   Type:    Mexico. 
(UNM);  Grant  Co.,  N  of  SUver  City,  Zimmerman  &      Chihuahua:   Rio   Mayo,   Sierra   Canelo,    30  Aug. 
Zimmerman  2006  (SNM  fide  McDonald,  1982).  TEXAS: 
Brewster  Co.,   W  of  Study  I 
(SRSC  fide  McDonald,  1982). 

IPOMOEA  TENUILOBA  TORREY 

With  a  narrow  ranp^p  CF 

1936,  H.  S.  Gentry  2497  (holotype,  F)]. 

In  the  United  States  the  species  is  presently 
known  from  Santa  Cruz  County,  It  was  found  in 
Cochise  (Huachuca  Mountains,  1882  to  1894)  and 
Pima  counties  (Santa  Rita  Moimtains,  1 927)  in  the 
past,  but  has  not  been  relocated  in  either  area recently. 

Mexico,  the  trans-Pecos  Mountains  in  Texas,  and  Kearney  &  Peebles  (1951)  reported  corollas  of 

also  in  Chihuahua,  Mexico,  this  species  seems  to      ̂^^^^^P^^^^^s  to  be  purple.  In  fact,  the  corollas  have 

enhanced 

flowers  (opening  after  1:00  A.M.  and  closing  be- 
tween 7:00  and  8:00  A.M.).  Because  the  flowers find 

pink  limb  and  green  throat;  they  wilt 
with  a  green  tube  and  purple  limb.  Flowers,  opening 
around  6:30  P.M.,  are  visited  by  sphinx  moths 
(probably  Hyles  lineata).  All  flowers  examined  had 
moth  scales  on  the  stigmas,  indicating  moth  pol- 

the  morphology  of  the  flowers  indicates  adaptation      ̂ "^^^^^'^-  ̂ ^J  30-50  plants  constitute  the  popu- 

pollin 

lunty 

or  other  evidence  of  visitation  by  moths  was  found      ̂ *"  ̂ ^03,  ASU).  The  species  is  rare  in  the  United 
in  1989.  Perhaps  the  plants  in  Arizona  are  autog- 

comm amous. and  should  be  placed  on  Arizona's  endangered  plant list. 
This  is  a  rare  species  that  should  be  considered 

threatened  throughout  its  range.  Plants  grow  in 
the  pine-juniper-oak  zone  in  Santa  Catalina  Moun- 

tains and  Huachuca  Mountains.  They  are  restricted 
to  quartzite  in  the  Huachuca  Mountains  (F.  Rei-       o,/co,.„t'7x  o      \-^i'  ---t,—,  ..^....^..  ^  .»...- 

chenbacher,  pers.  comm.).  Both  varieties  and  their      clw      r      ̂'    T'"*  "  o''  0'^°""«"  Canyon,  just  N  of /  vdneues  ana  their       Canipe  Cienega,  Nature  Conservancy  Property,  Yatskie- 

Representative  specimens  examined.  U.S.A. 
ARIZONA:  Santa  Cruz  Co.,  Peiia  Blanca  Lake,  Johnson  95 
(ASC);  Patagonia  Mountains,  Washington,  Kearney  & 
Peebles   10142  (ARIZ);   Nogales,   Harrison  &  Fulton 

I 
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vych  80-347  (ARIZ);  Nogales-Ruby  road  at  jet.  of  the       this  is  an  extremely  rare  species,  and  its  continued 
Summit  Motorway,  A:aiser  49-26i  (ARIZ);  Santa  Rita       existence  there   is  problematical.   Moreover,   the Mountains,  Madera  Canyon,  Peebles  et  al.  4560  (ARIZ). 

specunens 
tween  the  typical  material  from  Texas  and  New 
Mexico  and  the  allied  /.  puhescens. 

Representative  specimens  examined,  U.S.A. 
ARIZONA:  Cochise  Co.,  Gleeson,  25  Aug.  1927,  Thornber 
s.n.  (ARIZ);  Bisbee,  30  Sep.  1930,  Thornber  s.n.  (ARIZ); 

Species  Uncommon  throughout  Their  Ranges 

bonamia  repens  (l.  m.  johnston)  austin  &  staples 

The  species  is  restricted  to  Brewster  and  Terrell 

Counties,  Texas  (Fig.  1),  where  it  is  rare.  Specimen       Pi^rcZ'^rep^^^^^^^  KeIr^neV^&  Peeble^^ citation  has  been  given  earlier  (Austin  &  Staples,       Kearney  et  al.,  I960),  not  verified,  new  Mexico:  Dona 

1985).  In  Mexico  it  is  similarly  uncommon  (Austin       Ana  Co.,  19  Sep.  1976,  Todsen  s.n,  (NMC);  Eddy  Co., 
Carlsbad  Caverns,  Degener  5042  (NY);  Otero  Co.,  Gor- 

don &  Norris  552  (UNM);  County  unknown,  Wright 
1612  (NY).  TEXAS:  Brewster  Co.,  Marsh  214b  (TEX)  (in 

part);  Burnett  Co.,  Lundell  73459  (TEX);  Crockett  Co., 
Warnock  &  McBryde  15215  (TEX);  Culbertson  Co.» 
Correll  &  Johnston  19189{TEX);  Jeff  Davis  Co.,  Lundell 

&  Pedraza,  1983). 

CALYSTEGIA  MACOUNll  (GREENE)  BRUMMITT 

The  taxonomy  of  our  North  American  Calyste- 

gia  is  complex,  and  the  group  has  been  discussed       &  Lundell  13126  (TEX);  Kenny  Co.,  Correll  30431 
(TEX);  Llano  Co.,  Whitehouse  s.n.  (TEX);  Pecos  Co., 
Gould  7220  (TEX);  Sutton  Co.,  Cory  37305  (TEX); 
Terrell  Co.,  Johnston  6458  (TEX);  Travis  Co.,  Webster 
97  (TEX);  Uvalde  Co.,  Smith  &  Butterwick  67  (TEX); 

Shinners 

CRESSA  NUDICAULIS  GRISEB. 

confused  C  macounii  with  C.  sepium,  and  the 

range  of  the  genus  within  Texas  is  uncertain.  I 

have  not  studied  herbarium  specimens  from  Texas.       ValVerde  Co.,  Flyr  795  (TEX). 
Rare  in  Arizona  and  New  Mexico,  this  basically 

Great  Plains  (Austin,  1986b)  species  extends  into      Species  ON  THE  Margins  of  Their  Ranges 

the  Southwest  (Fig.  2),  The  plants  were  first  found 

in  Arizona  at  Flagstaff  (17  June   1887,  Mearns 

158,  NY)  and  were  recollected  there  as  recently  xhe  species  is  restricted  to  the  coastal  part  of 

as  1970  {Smith  s,n.,  ASC).  The  species  was  col-       southern  Texas  and  adjacent  Mexico  (Fig.  3).  Be- 
lected  in  Walnut  Canyon  east  of  Flagstaff  in  1969       cause  it  requires  coastal  saline  habitats,  its  distri- 
{Burrall  s.n.,   MNA)  but  does  not  appear  in  a       bution  is  limited.  The  wide  range  but  low  number 

checklist  of  the  area  (Joyce,  1985).  The  species       of  collections  from  Mexico  suggests  that  the  species 
had  not  been  collected  in  Arizona  since  1971,  when       {g  ̂ Igo  rare  there. 

I  foimd  it  again  in  the  early  summer  of  1990 

{Austin  &  Austin  7661,  ASU),  I  have  seen  only 
10  collections  from  Arizona  and  New  Mexico. 

Representative  specimens  examined.  U.S.A.  TEXAS: 
Cameron  Co.,  Loina  de  la  GruUa  Sur,  Johnston  249-5 
(M^C.V  Klebere  Co..  Riviera  Beach.  Correll  &  Correll 

F). 

Plants  grow  in  drainages  where  prairies  are  ad-       38892  (UC),  Correll  &  Johnston  17838  (UC);  Nueces 

jacent  to  wetlands,  such  as  near  Lake  Rogers  south-       Co.,  Corpus  Cristi,  Heller  181 1  (MSC);  Willacy  Co.,  nr. 
*    r  TTi       *  ir  i>i      *  .^       A  o!l>^r,a  7rU        Redfish  Bay,  Lundell  &  Lundell  8775  (UC).  MEXICO. 

west  of  Flaestaff.  Plants  are  scattered  among  Ins,       *^^"*'         /'  ^       Aon/APiT -,.  ^  i^,.T,       .1  •  TAMAULIPAS:  Mesquite,  Lag.  Madre,  Lebueur  630  (AKIZ, 
Lupmus,  Geranium,  and  Achillea  m  depressions. 

Flowers  open  near  dawn  and  begin  to  close  by  9:30 

A.M.,  especially  during  the  drought  of  1990,  which 

caused  stress.  Bees  (genera  not  determined)  were 

visiting  the  flowers.  The  species  is  notable  for  its 
saccate  bracts. 

Representative   specimens    examined.      U.S.A. 

CRESSA  TRUXlLLEysiS  HBK 

Perhaps  my  view  of  the  distribution  of  this  spe- 

cies was  distorted  by  the  drought  of  1989-1990. 

Actually,  one  colleague  told  me  that  "thousands 

ARIZONA:  Apache  Co.,  Canyon  de  Chelly  Natl.  Monument,       and  thousands  of  plants"  may  be  fouixd  on  certain 
upper  Canyon  Del  Muerto,  12  July  1971,  Halse  485       gj^gg^  My  limited  experience  was  different.  In  places 
(ARIZ);  Coconino  Co.,  SE  Flagstaff,  13  July  1966.  N  j^^^e  it  has  been  previously  considered  a  common 
shore  of  Mormon  Lake,  Niles  835,  Reese  164  (ARIZ);  ^  wu       1      . XT       .   V     \lr, .   ̂^^^,      .       T   1      J     lA  T        looQ        weed  (e  e..  Yuma,  Arizona),  the  plants  were  rare 
Navajo  Co.,  White  Mountains,  Lakeside,  10  June  1928,       weeo  (.e.g.,   xu       ,  /,  1 

Harrison  5506  (ARIZ,  US),  new  Mexico:  San  Miguel       {AustimSc  Austin  /586,  AbU),  and  no  plants  c
ould 

Co.,  Las  Vegas,  Soldier's  Camp,   14  June   1927,  Bro.       ̂ e  found  at  other  localities  where  the  species  had 
Arsene  18720  (US). 

IPOMOEA  LINDHEIMERI  GRAY 

This  species  occurs  (Fig*  6)  in  Arizona,  New 

Mexico,  Texas,  and  adjacent  Mexico.  In  Arizona 

formerly  been  collected  in  Arizona.  No  field  study 

was  made  in  other  states,  although  the  plants  were 

hunted  in  New  Mexico.  Plants  may  be  locally  com- 

mon,   but    populations    are    infrequent    to    rare 

throughout  their  range  in  the  southwestern  United 
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States(Fig.  3).  Indeed,  there  are  patches  of  suitable      disjunct  species  /.  cardiophylla  and  /.  lindhei- 

habitat  for  the  species  throughout  the  West  as  may      men 

be  seen  by  the  distribution  map  (Fig.  3).  Why  the 

species  occurs  in  some  of  these  islands  of  habitat 
Dichondra  argentea  often  grow  on  southwest- 

Luna 

and  not  others  that  seem  equally  suitable  is  un-      counties 
known. mon. 

The  herbaceous  tips  arise  from  a  deep  root  sys- 
Representative    specimens    examined,      U.S.A. tern.  Upper  parts  of  the  plants  die  and  disappear  Arizona:  Cochise  Co.,  Bisbee,  Harrison  8256  (ARIZ), 

during  the  drought,  and  when  rain  falls  again,  they  new  MEXICO:  De  Baca  Co,,  23  Oct.  1904,  Wooton  s.n. 

reappear  from  the  roots.  (^ June  1894,  Wooton 

Mountains,  Austin  &  Austin  7637  (ASU); 
Representative    specimens    examined,      U.S.A.       Grant  Co.,  Knight  2725  (UNM);  Harding  Co.,  Wooton 

ARIZONA:  Maricopa  Co.,  Komatke,  floodplain,  Rea  s.n.       s.n.  (UNM  18050);  Luna  Co.,  Goodding  3 J 89  (NMC). 

(ASU-27419);  Tempe,  S  Stitt's  home,  Stitt  &  McClellan 
1208  (ASU);  Mohave  Co.,  Chemehuevi  Valley,  Jepson 
5206  (ARIZ);  Navajo  Co.,  SW  of  Joseph  City,  SE  of 
Winslow,  Hugo  Meadows,  Pinkava  et  al,  13836  (ASU), 
13839  (ASU);  Pinal  Co.,  E  GQa  Crossing,  Peebles  13233 

DICHONDRA  SERICEA  SWARTZ 

widespread 

(ARIZ);  Sacaton  Agency!  Gi/man  234  (ARIZ);  Yuma  Co.,      ̂ ^^^^g^  '^   '^  known  f
rom  only   one  location  in 

RoU,77amt7rofi5,rt,  (ASU- 46383,  DES-6563);  near  Yuma,      Arizona  (Fig.  4).  The  single  Arizona  location  is 

Thornher  s.n.  (ARIZ);  40  mi.  E      Sycamore  Canyon,  near  the  Mexican  border.  It 
times Yuma  in  Mohawk  Valley,  Moody 

Bernalillo  Co.,  Dittmer  &  Clark  7361  (UNM);  Chaves  ,  i       *  j   •      mon      r*        «   i^^nr   l^i'Qtn*; 

Co.,  Waterfall  4313  (ARIZ);  Dona  Ana  Co.,  12  June  ̂ ^^  ̂^^   ̂ ^^^^^^^^  ̂     ̂^11.^^'^'  t      ̂      T 

1892,  Wooton  s.n.  (NMC);  Eddy  Co.,  Castetter  10683  (Austin  &  Austin  7604,  ASU).  Population  size  has 

(UNM);  Otero  Co.,  16  May  1936,  Hershey  s.n.  (NMC);  declined  from  that  recorded  previously  on  herbar- 
Soccoro  Co.,  Castetter  s.n,  (UNM  10619).  TEXAS:  Cul- labels 

Correll  &  Johnston  18457  (UC);  El  Paso  Co.,  San  An 
tonio,  along  Rio  Grande,  at  Fenton  Road  bridge,  Wor- 

Tharp 
;  state  by  one  flood,  rockfall,  or  similar  event. 
There  are  few  flowers  and  fruits  included  in  the 

Howard  Co.,  Big  Springs,  Eggert  s.n,  (UC);  Kleberg  Co.,      few  collections  of  this  population.  Study  over  sev- 
Riviera  Beach,  Correll  &  Correll  38892  (UC);  Pecos  Co.,       ̂ ^al  months  in  1 989- 1 990  indicated  that  flowering Fort  Stockton,  Cory  51953  (UC);  Starr  Co.,  E  of  El  Sauz, 

Ward 

Wash 
is  uncommon  and  fruiting  may  be  equally  rare. 

This  rarity  and  apparent  decline  may  be  related  to 

known,  Virginia  River,  Goodding  726  (UC).  UTAH:  Juab 
County  un-      shading  of  these  heliophylic  plants - 

Magu 
87  Of  {NY) Representative    specimens    examined.      U.o.A. 

ARIZONA;  Santa  Cruz  Co.,  Sycamore  Canyon,  about  200 
Clements  s.n.  (UC),  Garrett  5005  (UC).  Also  recorded  yds.  S  of  Piiiasco  Canyon,  on  E  bank,  2-10  ft.  above 
from  Box  Elder,  Davis,  Garfield,  MUlard,  Tooele,  Utah,  stream,  near  base  of  rock  face,  Barr  62-863  (ARIZ), 

Washington,  and  Weber  counties  (Welsh  et  al.,  1987).  Darrow  &  Haskell  2217  {ARIZ),  Goodding  6620  {AKIZI 
CALIFORNIA:  Riverside  Co.,  N  Lakeview,  Jacoby  430-4  Keiser  s.n.  (ARIZ). 

Moore 
Monument 

Alameda,  Colusa,  Contra  Costa,  Glenn,  Imperial,  Inyo,       IPOMOEA  DUMEWRUM  WILLD.  EX  ROEM.  &  SCHULT. 
Kern,  Lassen,  Los  Angeles,  Merced,  Modoc,  Orange,  San 

I 

Benito,  San  Bernadino 
Martin  &  Hutchins  (1981)  do  not  include  this 

achin,  Sonoma,  and  Yolo  coun-       species  in  their  flora  of  New  Mexico.  This  Mexican 
un 

DICHONDRA  ARGENTEA  WILLDENOW 

This  is  a  widely  distributed  species  (Fig.  4)  in 
Mountains 

and  the  Chihuahuan  Desert  region.  The  plants  are 
uncommon 

The 

Mesoamerican,  and  South  American  (Fig.  5)  spe- 

cies was  identified  and  relocated  by  McDonald 

(1982,  1984)  in  New  Mexico  and  Texas.  Mc- 

Donald (1984)  cited  specimens  in  addition  to  those listed  here. 

Representative  specimens  examined.      U.S.A.  NEW 
MEXICO:  Dona  Ana  Co.,  Organ  Mountains,  McDonald 
140  (TEX.  fide  MnDonalH     1  Qft2V   T.inroln  Co..  White 

resented  a  western  limit  to  the  range  of  the  species 

W< 
introduced 

White  Mounta: 

m,  Wooton  630  {MO,  fide  McDonald,  1982).  TEXAS:  Jeff 
similarly       Davis  Co.,  Mt.  Livermore,  ah.  2,700  m,  Warnock 

^t'T,,"?  VJ!!'"  '^Z1;/.','iLV:±  ̂ !'*^i"f}      meters  long.  The  plants  could  be  eliminated  from    v?l 1 
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(SRSC,  fide  McDonald,  1982);  Davis  Mountains,  Madeira       IPOMOEA  PUBESCENS  LAMARCK 
Canyon,  near  Livermore,  Hinckley  s.n.  (ARIZ). 

This  widespread  species  has  a  disjunct  distri- 
bution from  South  America  to  New  Mexico,  Texas, 

and  adjacent  Mexico  (south  to  Durango  and  San 

This  hybrid  originated  in  the  southeastern  Unit-       Luis  Potosi).  It  is  one  of  several  examples  of  amphi- 
ed  States  (Austin,  1978;  Abel  &  Austin,  1981).      tropical   distributions   in   the   family   (McDonald, 

IPOMOEA   y^LEUCANTHA  JACQUIN 

From  there  it  has  been  introduced  into  various 1984),  this  reaching  its  northern  limit  in  the  south- artin 
parts  of  the  Americas  by  seeds  (Fig.  5).  It  was  first  western  United  States  (Fig.  7). 
reported  in  Arizona  under  an  erroneous  identifi- 

cation as  /.  triloba  (Kearney  &  Peebles,  1951)  Hutchins  (1981),  although  they  had  specimens  of 
and  then  as  /.  lacunosa  (Shimiers,  1965).  In  Ar-  it  misidentified  as  /,  lindheimeri  in  the  UNM  her- 

izona  it  is  known  from  only  six  collections.  These  barium.  The  species  is  now  extremely  rare  in  Ar- 
weeds  of  agricultural  fields  are  probably  not  as  rare  izona.  Of  the  sites  where  it  was  formerly  collected 
as  collections  seem  to  indicate.  (Cochise,  Pima,  and  Santa  Cruz  counties),  plants 

This  autogamous  taxon,  known  from  few  col-  were  relocated  in  only  one  (Santa  Cruz  County: 
lections  in  the  southwest,  should  not  be  considered  Sycamore  Canyon,  Austin  &  Austin  7605,  ASU). 
a  threatened  species  but  a  weed.  In  the  south-  The  plants  are  not  common  in  adjacent  Mexico 
eastern  United  States  the  taxon  is  occasional  and  and  should  be  considered  endangered  in  Arizona. 
widespread. 

Specimens  examined.      U.SA.  ARIZONA:  Maricopa  Co., 
4  Oct.  1979,  Heathman  s.n.  (ARIZ,  ASU);  Santa  Cruz 

Representative  sepcimens  examined,  U.S.A. 
Arizona;  Cochise  Co.,  Huachuca  Mountains,  Glance  Can- 

yon, Goodding  868-49  (ARIZ);  Bisbee,   Thornber  s.n. 

Co..  1884,  Pringle  (ARIZ);  Pima  Co.,  1912,  Thornber      (ARIZ);  Dragoon  Mountains,  Sala  Ranch,  Goodding  72- 
s.n.  (ARIZ);  1945,  Goodding  &  Lusher  128-45  (NY);       54  (ARIZ);  Tombstone,  Goodding  9506  (ARIZ);  Gleeson, Thornber  s.n.  (ARIZ);  near  Herford,   Harrison  8269 Yuma  Co.,   7  Nov.   1985,   Tuttle  s.n.  (ARIZ);  County 
unknown,  LeRoy  s.n.  (NY). 

IPOMOEA  LONGIFOLIA  BENTHAM 

(ARIZ);  Bisbee,  Thornber  s.n.  (ARIZ);  Pima  Co.,  Babo- 
quivari  Mountains,  Fresnal  Canyon,  Gilman  5709  (ARIZ); 
Baboquivari  Mountains,  Toro  Canyon,  Kearny  &  Peebles 
70438  (ARIZ);  Santa  Cruz  Co.,  Pajarito  Mountains,  Syc- 

ryy-  .       -     ,  p  ^T     '       '     c  amore  Canyon,  Toolin  &  Kaiser  030  (ARIZ),  new  MEXICO: Itiis  species  is  known  trom  Mexico  m  oonora      r\  -     *       n      v      l.  oaic  n•[•K^\i\   i?jj    r-      n  -i 
,        J'  _,  _  o      T    •        vom  Ana  Co.,  Knight  3415  (UNM);  Eddy  Co.,  Badey 

south^to  Durango,  Guanajuato,  Zacatecas,  San  Luis  j21  (US);  Hidalgo  Co.,  Big  Hatchet  Mountains,  Thomp- 
Potosi,  Aguascalientes,  Queretaro,  and  Jalisco  (Fig.  son  Canyon,  collector  unknown  7367  (UNM);  Luna  Co., 

6).  In  the  United  States  it  is  restricted  to  Arizona.  Florida  Mountains,   Spellenberg  &  Spellenberg  6626 

These  plants,  although  not  rare  in  their  range,  are  J^MC).  texas:  Hudspeth  Co     Sierra  D
iablos,  head  of 

restricted  to  a  small  area  in  southeastern  Arizona 

between  the  Dragoon  (Cochise  County)  and  Pajari- 
to Mountains  (Santa  Cruz  County).  Flowers,  which 

open  between  3:30  and  4:00  P.M.,  are  pollinated 
by  moths  (Austin,  1986a). 

Victoria  Canyon,  Warnock  11431  (TEX). 

JACQIJEMONTIA  AGRESTIS  (CHOISY) 

MEISNER  IN  MARTIUS 

This  weedy  annual  was  collected  in  the  Babo- 

The  range  given  by  Martin  &  Hutchins  (1981:  quivari  Mountains,  Arizona,  several  times  between 

1,562)  includes  the  range  of/,  shumardiana  (Tor-  the  1920s  and  1940s,  but  It  has  not  been  collected 

rey)  Shinners,  a  distinct  Great  Plains  species.  The      since.  It  also  occurs  (Fig.  8)  in  Mexico  (Baja  Cal- 
Sono presence  of  /.  longifolia  has  not  been  verified  for      if 

any  part  of  the  United  States  except  southeastern      continues  into  Argentina. 

Arizona  (cf.  Austin,  1986a,  1990b). 

Representative   specimens    examined,       U.S.A. 
ARIZONA:  Cochise  Co.,  Lochiel,  Cazier  &  Davidson  s.n. 

NW 

The  current  status  of  the  species  in  Arizona  is 

uncertain.  It  may  be  native,  or  it  may  have  been 

brought  into  the  state  from  Mexico  as  a  weed  with 

nlants  cultivated  bv  the  Tohono  O'odham.  In  Mex- 

Whetstone  Mountains,  Whetstone 
ASC);  NE  Coronado  Natl.  Monument,  Johnson  72-77      ico  and  elsewhere  the  species  is  commonly  a  weed 

In  maize  fields  and  other  cultivated  crops. 

Representative    specimens    examined.       U.S.A. 
Baboquivari  Mountains 

skievych  80-2 5 8a  (ARIZ);  Santa  Cruz  Co.,  Patagonia 
ountauis.  W 

Morris 

Springs  and  Duquesne  roads,  Delamater  et  al.   4390      Kearney  &  Peebles  i03S9^(ARIZ);  Baboquivari ^Peak, 
(DES);  Arrivaca-Florida  Canyon,  MarsW/ &  ̂ /aAe/ej 
s.n.  (DES-40). 

^  boquivari  Moun 
tains,  Fresnal  Canyon,  Gilman  B]  13  (ARIZ). 
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Figures  1  -  4 .     Distribution  maps. 
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Figures  5-8  Distribution  maps.  — 5.  Ipomoea  cardiophylla  (circle).  /.  dumetorum  (triangle),  and  /.  x  Imrantha 

(square).-6.  Ipomoea  lindheimeri  (circle)  and  /.  longifolia  (triangle).-?.  Ipomoea  pubescens 
 in  North  America.- 

8.  Ipomoea  tenuiloba  (triangle),  /.  thurberi  (circle),  and  Jacquemontia  agrestis  (squar
e)  in  North  America. 
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SPECIES  DIVERSITY  OF 
ARACEAE  IN  COLOMBIA: 
A  PRELIMINARY  SURVEY 

Thomas  B,  Croat^ 

1 

Abstract 

Species  diversity  of  neotropical  Araceae  is  greatest  in  northwestern  South  America  along  the  Pacific  slopes  of  the 
Andes  in  Colombia  and  adjacent  regions  of  northern  Ecuador,  This  region  is  the  wettest  part  of  the  continent  and 

has  some  of  the  largest  tracts  of  relatively  undisturbed  forests.  Colombia  is  the  most  species-rich  area  for  Araceae. 
The  family  occurs  virtually  throughout  the  country,  but  is  much  more  diverse  from  sea  level  to  about  1,500  m  in 
the  Cordillera  Occidental.  Of  the  15  study  sites  in  Colombia,  containing  eight  different  Holdridge  Life  Zones,  the 

most  species-rich  was  the  wettest  life  zone  (premontane  rainforest  transition  to  tropical  wet  forest)  at  near  sea  level. 

Species  diversity  diminishes  substantially  at  higher  elevations  even  in  very  wet  forests,  but  is  moderately  rich  to  at 
least  1,100  m.  The  Cordillera  Central  of  Colombia  is  substantially  drier,  particularly  during  a  certain  part  of  the  year, 

and  has  fewer,  more  widespread  species.  It  is  also  the  area  most  heavily  disturbed.  The  Cordillera  Oriental  is  the 

most  poorly  collected,  but  appears  to  be  much  less  diverse  in  Araceae  than  the  Cordillera  Occidental.  The  one  site 

studied  on  the  eastern  side  of  the  Cordillera  Oriental  showed  the  presence  of  an  Amazonian  demerit  in  the  flora.  This, 

coupled  with  its  complement  of  endemic  species  at  higher  and  middle  elevations,  may  be  an  indication  that  the  eastern 

range  will  prove  to  be  more  species-rich  than  the  central  range  of  the  Andes  in  Colombia. 

Materials  and  Methods 

This  study  is  based  on  a  series  of  15  one-  or 

two-day  single  site  surveys  of  different  areas  in 
Colombia  between  1980  and  1990.  Although  the 

Araceae  are  poorly  known  in  their  totaUty,  aroid 

species  are  generally  easy  to  distinguish  by  aroid 

workers  on  a  local  basis.  This  familiarity  enables 

species  counts  to  be  made  on  a  site-by-site  basis 

World 

World 

and  subtropics.  The  total  number  of  species  is  un- 

known, but  is  believed  to  exceed  3,500.  About  two- 

thirds  of  the  species  are  believed  to  occur  in  tropical 

South  America  (Croat,  1979),  and  Colombia  may 

have  as  many  species  as  all  the  remaining  parts  of 

South  America  combined.  The  greatest  uncertainty 

in  species  count  is  attributed  to  the  poorly  known 
as  a  means  of  comparing  species  diversity  between      ^^^^^  ̂ ^  ̂ ^^  ̂ ^^  j^^^^^^  ̂ ^^^^^  j^  ̂ ^^  f^^jj^^ 
areas.  This  paper  deals  with  such  a  study.  The       A^^h^rium  and  Philodendron,  The  former  is  be- 

about purpose  of  the  study  is  to  compare  different  parts 

of  Colombia  both  in  a  general  way  for  a  variety  of      app^o^ij^ately  700. 
The  Central  American  aroid  flora  is  reasonably 

U  known  (Croat,  1981,  1983,  1986a,  1991) 
sites  throughout  the  country  and  in  a  more  specific 

way  for  two  principal  sites  on  the  Pacific  slope  of 

the  Cordaiera  Occidental.  Voucher  specimens  are       ̂ ^^  comprises  over  500  species.  Species  diversity 
on  deposit  at  the  Missouri  Botanical  Garden.  A  list      ̂   Central  America  increases  as  one  approaches 
of  the  specific  voucher  numbers  and  their  dates  of      ̂ ^^^^  America  (Croat,  1986b).  Using  Anthurium 
collection  may  be  obtained  by  contacting  the  au- 
thor. as  an  example,  Mexico  has  approximately  50  spe- 

Introduction 

The  Araceae,  a  family  of  106  genera  (Croat, 

1988),  are  taxonomically  one  of  the  most  poorly  America, 

known  families  of  flowering  plants  in  the  Neotrop-  In  cor 

ics.  The  family  has  two  major  centers  of  diversity,  Americar 

icaragua 

a  about  ] 

approximation certainly  it  has  more  species  than  all  of  Central 

South 

countries 

'  This  study  was  completed  with  support  from  National  Ceograpbc  Society  grant  4116
-89  as  weU  as  National 

Science  Foundation  grants  DEB80-11649,  BSR83-06297,  and  BSR89-05890  and  is 
 ba^d  on  field  observations  ,n 

Colombia  between  1980  and  1990.  Voucher  specimens  are  in  cultivation  at  the  Misso
uri  B<.tan.cal  Garden  for  future 

extensive  observations.  ^o,^^-  nnnn   it  c  a 
=  Missouri  Botanical  Garden,  P.O.  Box  299,  St.  Louis.  Missouri  63166-0299,  U.b

.A. 

Ann.  Missouri  Bot.  Gaku.  79:  17-28.  1992. 
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Exceptions  are  Venezuela  (Bunting,  1979;  Croat The  highly  dissected  nature  of  the  Andes  has 

&  Lambert,  1986),  Argentina  (Crisci,  1971),  and  apparently  led  to  great  speciation  there.  Even  rel- 

Paraguay  (Croat  &  Mount,  1988).  The  Guianas  atively  low  elevations,  such  as  the  state  of  Acre  in 

(Guayana,  Suriname,  and  French  Guiana)  and  the  Brazil  in  the  western  perimeter  of  the  Amazon  basin 

lowland  Amazonian  basin  are  reasonably  well  known  are  (perhaps  owing  to  a  rich  layer  of  alluvium 

and  contain  moderately  few  new  species  (probably  washed  down  from  the  Andes)  richer  in  species 

less  than  5-10%  of  the  total).  In  the  case  of  the  than  areas  further  to  the  east. 

latter  region,  a  large  portion  of  the  species  are Endemism  for  Araceae  is  high  in  the  Andean 

widespread,  extending  throughout  the  upper  Am-      region,  especially  at  middle  elevations  on  both  slopes 

and  A.  Engler. 

Considering  its  vast  extent,  the  Amazonian  basin 

above  for  Anthurium  sect.  Urospadix). 

Species  diversity  in  Araceae  is  comparatively 

is  comparatively  low  in  species  diversity  of  Ara-  high  on  both  slopes  of  the  Andes  in  northern  South 

ceae.  This  is  perhaps  owing  to  the  vast  extent  of  America,  but  diminishes  dramatically  south  of  Es- 
tropical  moist  forest  life  zones  in  the  region,  which  meraldas  Province  in  Ecuador,  especially  in  areas 

are  seasonally  too  dry  for  good  epiphyte  develop-  near  the  coast,  owing  to  the  effect  of  the  Humboldt 

ment,  and  also  because  much  of  the  area  along  currents  and  the  desertification  created  by  the  cool, 

rivers  is  annually  flooded,  sometimes  for  long  pe-  dry  air  above  it.  No  species  of  Araceae  occur  in 

riods  of  time.  Madison  (1979)  reported  that  the  Chile  or  in  southern  Argentina,  despite  the  fact 

Brazilian  state  of  Amazonas,  which  encompasses  that  some  species  occur  at  much  higher  latitudes 

15%  of  the  Amazon  basin,  for  example,  had  only  in  the  Northern  Hemisphere.  Relatively  few  species 
about  70  species.  1  believe  that  the  entire  lowland  occur  in  Peru  west  of  the  Andes,  and  these  are 

Amazonian  basin  has  probably  fewer  than    150  represented  either  high  in  the  mountains  or  at  lower 
species  for  areas  under  150  m  elevation elevations  only  near  the  northern  border  of  the 

Southeastern  South  America  was  also  botanized      country.  The  same  is  true  for  much  of  the  southern 
early  and  extensively,  especially  by  Glaziou,  and      part  of  Ecuador  on  the  Pacific  slope, 
many  species  were  described.  However,  owing  to 

the  complex  taxonomy  oi  Anthurium  sect.  Urospa- 
dixy  which  makes  up  a  large  portion  of  the  species 
in  this  region,  the  number  of  species  there  is  still 

1 

Geographical  Diversity  of  Colombia 

Colombia,  with  1,138,914  km^  (439,737  mi.'), 
poorly  known.  In  Brazil,  Simon  Mayo  has  made  a  is  both  large  and  geographically  diverse.  Though 

detaUed  listing  of  the  species  of  Araceae  from  Bahia  the  Andes  begin  in  southern  Colombia  as  an  ap- 
(Mayo,  pers.  comm.),  and  though  less  species-rich,  parently  single  massif,  they  split  into  three  chains 
there  is  a  treatment  of  the  Araceae  of  Santa  Ca-  in  Colombia,  with  the  Cordillera  Oriental  and  the 

tarina  do  Sul  (Reitz,  1957).  However,  many  por-  Cordillera  Central  somewhat  separated  from  the 
tions  of  southeastern  Brazil  are  stUl  poorly  known.  Cordillera  Occidental  and  deflected  to  the  east.  The 
The  region  is  also  among  the  most  disturbed  of  all  Cordillera  Occidental  extends  northward  relatively 
South  America,  with  the  state  of  Sao  Paulo,  for  near  the  coast  until  it  diminishes  in  northern  An- 
example,  having  only  a  small  percentage  of  its  land  tioquia  before  reaching  the  Caribbean  Sea.  The 
surface  stUl  forested.  Most  of  the  species  from  Cordillera  Central  extends  for  about  the  same  dis- 
southeastern  and  eastern  Brazil  are  endemic  to  the  tance  northward,  somewhat  parallel  to  the  western region,  and  relatively  few  occur  also  in  the  Ama- range,  and  is  delimited  by  the  Rio  Cauca  valley  to 
zonian  basin.  Species  diversity  in  the  Amazon  basin      the  west  and  the  Rio  Magdalena  valley  to  the  east 
increases  dramaticaUy  to  the  west,  especially  as      The  CordiUera  Oriental  is  deflected  markedly  to 

■
t
 

% 

azonian  drainage  in  Brazil  and  into  the  lowlands  of  of  the  Andes.  This  is  generally  true  of  all  elevated  ̂  

Colombia,  Ecuador,  Peru,  and  Bolivia.  Some  spe-  regions  of  Central  and  South  America.  Endemism 

cies,  such  as  Philodendron  melinonii  Brongn.  and  in  Anthurium  was  discussed  in  detail  for  Central 

Anthurium  honplandii  Bunting,  even  extend  from  America  (Croat,  1983,  1986a,  and  for  Anthurium 

the  Guiana  highlands  into  the  northern  Amazon  sect.  Pachyneurium^  Croat,  1991).  Though  the 

basin.  Because  of  the  widespread  nature  of  many  number  of  endemic  species  is  greatest  in  the  Andes 

of  the  species  in  the  Amazon  basin,  the  majority  of  western  South  America,  endemism  is  also  high 

of  the  species  occurring  there  were  collected  years  for  the  now  much  older,  eroded  moimtains  of  east- 
ago  by  early  explorers,  including  Spruce,  Ule,  ern  South  America,  including  the  Guiana  highlands 

Poeppig,  and  others,  and  were  described  by  the  and  the  remnants  in  eastern  and  southeastern  Bra- 
early  monographers  of  the  family,  H.  W.  Schott  zil,  south  of  the  Amazon  River  (as  was  discussed 

one  approaches  the  Andes. 

I 

■
I
 

I 

the  northeast,  includes  a  series  of  vast  tablelands, 
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and  extends  all  the  way  to  the  Venezuelan  border.  range  is  affected  by  moisture-laden  air  from  the 
There  it  branches  into  the  Cordillera  de  Merida,  Amazon  basin.  The  lower,  western  slopes  of  the 

which  extends  northeast  into  Venezuela,  and  the  Cordillera  Oriental  are  relatively  dry,  whereas  the 

Serrama  de  Perija,  which  extends  north  along  the  eastern  slopes  of  the  same  chain  are  much  wetter, 

western  Venezuelan  border  almost  to  the  Carib-  To  the  north,  however,  the  mountains  of  the  east- 

bean,  ern  chain  are  affected  by  the  moisture  arriving 

The  extensive  modifications  of  the  topography  from  Lake  Maracaibo  as  well  as  from  the  Caribbean 

of  Colombia  by  the  elevation  of  the  Andes  have  Sea.  Much  of  the  Cordillera  Oriental  is  degraded, 

resulted  in  dramatically  different  climatic  regions  especially  in  the  central  portions  of  the  range  near 

throughout  the  country.  A  total  of  29  life  zones  in  the  large  population  centers,  such  as  Bogota  and 

the  Holdridge  Life  Zone  System  (Inst.  Geogr.  Bucaramanga.  It  was  the  focus  of  some  of  the 

"Agustin  Codazzi,"  1977)  exist  in  Colombia,  and  earliest  collecting  in  Colombia,  but  still  remains  the 
at  least  15  of  these  contain  Araceae.  The  Choco  most  poorly  known  area  for  Araceae.  Parts  of  the 

Department  contains  eight  life  zones  (Forero,  1982;  range  to  the  northeast  of  Bogota  are  so  cold  and 

Forero  &  Gentry,  1 989),  and  all  are  rich  in  Ar-  high  as  to  develop  true  paramo,  from  which  aroids 

aceae.  These  include  tropical  rainforest  (bp-T,  are  excluded, 

henceforth  referred  to  as  pluvial  forest),  premon- 

tane  rainforest  (bp-PM),  tropical  wet  forest  (bmh-  ̂ ^^^^  DIVERSITY  IN  COLOMBIA 
T),  premontane  wet  forest  (bmh-PM),  tropical  moist 

forest  (bh-T),  lower  montane  rainforest  (bp-MB), 

lower  montane  wet  forest  (bmh-MB)  and  montane  the  region  most  poorly  known  floristically  in  South 

rainforest  (bp-M).  Symbols  are  those  used  on  the  America  is  the  slopes  of  the  Andes  in  western  South 

Holdridge  Life  Zone  map  published  by  Instituto  America.  Species  diversity  is  greatest  in  the  wet 

With 

Geogr afico  Agustin  Codazzi  (1977). tropical  areas  on  both  sides  of  the  equator  in  Co- 

Forests  along  the  Pacific  slopes  of  the  Andes  lombia,  Ecuador,  and  Peru.  The  aroids  are
  effec- 

receive  the  greatest  rainfaU,  with  up  to   11,700  tively  eliminated  from  the  Pacific  slope  of  Per
u 

mm  for  various  years  at  Tutunendo  (Gentry,  1 982).  and  southern  Ecuador  owing  to  the  Humbo
ldt  Cur- 

This  village  lies  at  ca.  90  m  elevation  between  rent  desertification,  whereas  Colombia  
is  exceed- 

Quibdo  and   Bolivar  in  a  region  of  premontane  ingly  rich  on  the  very  wet  Pacific  slope, 
 leading  to 

rainforest.  The  higher  slopes  are  subject  to  after-  a  much  greater  overaU  species  div
ersity.  This  fact, 

noon  fog  resulting  from  the  buildup  of  clouds  as  coupled  with  the  high  rate  of  
endenusm  in  the 

moisture  accumulates  in  the  atmosphere.  Both  the  famUy  and  the  much  more  comple
x  mountam  sys- 

rainfaU  and  the  moisture-laden  clouds  increase  at-  tem  in  Colombia,  has  create
d  a  situation  where  the 

mospheric  humidity  to  the  extent  that  epiphytism  aroid  flora  of  this  country
  is  the  highest  of  any 

is  greatly  enhanced.  region  in  the  world.  Parts  of  Ecuador  are  certainly 

Many  areas  of  the  Central  Cordillera  lie  to  some  as  species-rich  per  unit 
 area,  but  the  country  is 

extent  in  rain  shadows  of  moisture -laden  air  arriv-  much  smaller  and  geograph
ically  less  complex, 

ing  off  the  Pacific  Ocean  to  the  west.  The  same  is  The  South  America
n  Andes  are  poorly  known 

true  for  the  eastern  slopes  of  the  CordiUera  Occi-  owing  to  the  large  nu
mber  of  species  occurrmg  m 

dental,  which  are  much  drier  than  the  opposite  the  region  and  their 
 taxonomic  complexity    The 

slopes  of  the  same  mountain  chain.  These  rain  genus  Philoden<l
ron  and  some  sections   o{  An- 

shadows  affect  not  only  the  total  amount  of  rainfaU  thurium  are  parti
cularly  poorly  known.  Smce  these 

in  the  central  mountain  chain,  but  also  the  length  two  genera  may 
 consUtute  70-80%  of  the  aroid 

of  the  dry  season,  which  greatly  diminishes  the 

number  of  aroid  species  capable  of  surviving  in  the 

be 

known 

region.  The  Cordillera  Central  is  much  more  de-      poorly 

graded  than  the  western  range  because  of  the  drier ^ffenbachia^  Monstera 

conditions  caused  by  rain-shadowing  and  also  due  spatha,   
and   Spalhiphyllum.   Sienospermation, 

to  its  close  proximity  to  many  of  the  country's  rich  in  speci
es  and  even  more  poorly  known,  is ,  ,     .  \  narticularly  diverse  at  middle  to  high  elevations  m 

larger  population  centers.  P^^  ̂ *'^"'**   J  ^ 

The  CordUlera   Oriental  is  more  complex  cU-  the  Andes.  ,,.,,,  x.     .n  ̂      u 1     .     11      Ti      •  r  .u  *u  ̂ r.A  r-^ntriil  In  all   15  sites  were  studied  throughout  Colombia 
matoloeically.  Portions  of  the  south  and  central  ^^^^'  \z       ,       .     t    i    i     •  i       i  •     .u 

part  of  the  range  are  affected  by  rain -shadowing  (Fig. 
 1).  The  sites  included  e.gh    along  or  m  the 

from  blockage  by  the  western  and  central  range  wes
tern  range,  five  in  the  central  range,  and  two 

of  mountains.  Yet  at  the  same  time,  the  eastern  in  the 
 eastern  range.  Both  major  study  areas  were 
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Fig.  1. 
Fifteen  study  sites  in  Colombia  with  number  of  genera  and  species  collected.  (Map  prepared  by  J.  Myers.) 

in  the  Cordillera  Occidental.  Additional  sites  have 
with  large  numbe 

been  visited  in  the  easlern  range,  but  they  were      Zl       ,  "™T'''       ,^"  *"'  """^  ""l 
excluded  either  because  it  was  deemed  thT,  Zl  tT"  uT''  ™'' '""'''  ̂'«'  P'"""'  "^^""f time 

was  spent  in  them  to  ensure  a  complete  survey. 

Though  the  two  major  sites  were  extensively 
collected  and  the  results  probably  come  close  to 

The  study  sites  were  diverse  ecoWicaUv  ran.         TT         ̂   *°*^^  """^^^  ̂ ^  ̂P^^^  f«^  ̂^^ 

;  from  very  wet  to  moderately  dry.  IhelS  11      T ̂Ll^T.^ ̂ ^^If  .^  -^.  -"^-^  '^  ""^^ 
periods  of  time 

mcluded  were:  premontane  rainforest  trarmitmn  t.. 

pluvial  forest  (1);  tropical  wet  forest   2  sTeTpre  oT^ne  '"  ''  1^^'^^  to  represent  the  total  count 

montane  wet  forest  (4);  premontane  rainW.  ^9^  ̂      ?  "  *^^  ̂'^^'-  ̂ ^^^^^^  **^^  ̂^«^^  ̂ "^^^^^ 

lower  montane  wet  forest  l^^^r  Z    Le      L  ZT^  "^'"^^^"j  '^^^"^^  *'^  ̂^"^  ̂^^^  "°^ 

forest  (1);  premontane  moist  forest  (3)-  lower  mon'  7^      ZT  T"  ̂^T'^  *°  ̂^  °'  ̂^""^  ̂"'' 
tane  moist  forest  ( 1 ).  The  only  maior  iTf!  I  ̂""^  ̂^^^'^  '°  '"^""*  accurately  the  species 

V   ;.    ine  only  major  life  zones  richness  of  the  relative  ..«o=    Tu„  „...u„  ^f  *l,*. 

% 
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survey,  I  believe,  show  a  true  picture  of  the  dif-      the  old  road  between  Call  and  Buenaventura.  The 
ference  in  species  diversity  in  different  parts  of      study  site  yielded  five  genera  and  41  species. 

Colombia.  Despite  the  presumed  inaccuracy  of  the Identified  species  include  Anthurium  panduri- 
counts  for  total  species  in  each  area,  they  do  reflect,      forme  Schott,  A.   obtusilobum,  and  A,   tenerum 

in  general  terms,  the  trends  for  species  diversity      Engl. 

that  are  postulated. 
Rio  Imbi.      This  study  site  is  located  at  1**18'N, 

Collecting  sites  were  concentrated  in  the  Cor-  78'*04'W  along  the  Rio  Imbi  in  the  Department  of 
dillera  Occidental  owing  to  the  greater  diversity  Narino  near  Ricaurte,  in  a  somewhat  degraded 

and  the  greater  ease  of  access  to  imdisturbed  sites.  region  of  premontane  wet  forest  at  1,100  m.  It 

In  each  case  a  serious  attempt  was  made  to  collect  yielded  seven  genera  and  43  species.  Only  a  few 

every  species  present  at  each  site,  whether  fertile  of  the  species  located  here  also  occur  at  the  La 

or  sterile.  This  was  essential  since  at  any  one  time  Planada  study  site,  even  though  it  is  only  700  m 

only  a  small  percentage  of  the  flora  is  fertile.  Be-  lower  in  elevation  and  barely  7  km  away  from  that 
cause  live  material  was  collected  in  most  cases  for  latter  site- 

cultivation,  future  fertile  parts  will  provide  ultimate  Known  species  include  Anthurium  panduri- 

identification.                                                                     forme,  A.  draconopterum  Sodiro,  A,  obscuriner- 

vium  Croat,  A.  myosuroides  (HBK)  EndL,  A.  scan- 

dens  (Aubl.)  Engl.,  subsp.  pusillum  Sheffer, 

Philodendron  ecuadoriense  Engl,,  P.  inequilate- 

rum  Liebm.,  and  P,  verrucosum, 

Rio  Nambi.  This  area  is  along  the  Rio  Nambi 

in  Narino  Department  at  PIS'N,  78**04'W  in  a 
region  of  premontane  wet  forest  at  1,100  m,  west 

of  Altaquer.  Six  genera  and  61  species  were  col- 
lected. The  region  consists  of  virgin  forest  and 

showed  surprisingly  little  floristic  relationship  to  the 

Rio  Imbi  site  located  only  about  20  km  to  the 

northwest,  at  the  same  elevation  and  in  the  same 

life  zone. 

Identified  species  included  Anthurium  dracon- 

opterum, Philodendron  inequilaterumy  P.  ver- 
rucosum,  and  Xanthosoma  daguense  Engl. 

Discussion  of  the  Study  Sites 

GENERAL  SITES 

Cordillera  Occidental 

(Low  Elevations) 

Bahia  Solano.  This  is  the  northernmost  site 

studied,  situated  at  6°14'N,  77*'24'W  near  sea  level 
in  an  area  of  tropical  wet  forest  near  the  Pacific 

coast  in  Choco  Department.  The  survey  netted  nine 

genera  and  50  species,  but  the  forest  near  Bahia 

does 
richness 

Determined  species  from  the  area  include  An- 
thurium formosum  Schott,  A,  lancifolium  Schott, 

A,  obtusilobum  Schott,  A.  ramonense  Engl  ex  K. 

Krause,  and  Rhodospatha  moritziana  Schott. 

Quebrada  Anton.  The  site  is  situated  at 

5^20'30''N,  76*^1 3'45"W  in  an  area  of  premontane 
rainforest  at  about  240-250minthe  Department 

(Higher  Elevations  of  Eastern  Slope) 

Parque  Yotoco.  This  area  is  a  reserve  and  one 

of  the  few  remaining  tracts  of  natural  vegetation 

on  the  eastern  slopes  of  the  western  massif.  It  is 

located  in  the  Department  of  Valle  in  a  region  of 

of  Choco  near  the  border  of  Risaralda,  along  the  premontane  moist  forest  li
fe  zone  at  an  elevation 

road  between  Pueblo  Rico,  Risaralda,  and  Istmina,  of  about  1,500  m.  The  reserve
  is  located  along 

Choco.  Nine  genera  and  42  species  were  collected. 
The  taxa  defin 

fi 

Croat  &  Baker,  A,  warocqueanum  J.  Moore, 

Philodendron  verrucosum  Mathieu  ex  Schott, 

Rhodospatha  moritziana,  Stenospermation  mul- 

the  main  highway  between  Dapa  and  Loboguerrero 

at  3^52'N,  76^22'W. The  site  contained  five  genera  and  14  species; 

those  identified  are  Anthurium  myosuroides  and 

Xanthosoma  daguense  Engl. 

roanum  Croat,  and  5.  macrophyllum  Engl. 

fi 

(Middle  Elevations  of  Western  Slope) 

Micr 

The  site  is  at  3^30'N, W 
around 

Queremal 

Cordillera  Central 

Five  sites  were  studied  in  the  central  massif.  The 

intermountain  valleys  to  the  east  and  west  of  the 

Cordillera  Central  are  unknown,  since  most  por- 

tions have  been  completely  denuded  for  a  long  time. 

All  of  the  sites  studied  were  at  moderately  high 

elevations. 

Parque  Ucumari.      Thi*=  is  a  preserve  that  lies 
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at  4'*02'N,  TS'^SO'W,  southeast  of  the  city  of  Pe-  A.  trinerveMiq.,  Philodendron  inequilaterum,  P, 
reira  in  the  drainage  of  the  Rio  Otun  in  the  De-  megalophyllum    Schott,    and    P.    panduriforme 

partment  of  Risaralda  at  1,900-2,200  m  eleva-  Schott.  All  of  these  are  widespread  species  in  the 
tion.  It  lies  in  a  region  of  lower  montane  moist  Amazon  basin. 

forest  Ufe  zone  and  is  relatively  species-poor,  owing 
to  the  high  elevation,  with  only  five  genera  and  14  Cordillera  Oriental 

species  encountered.  One  of  the  species  common 

at  the  site  was  Anthurium  longegeniculatum  Engl. 

oro.     The  study  site  is  located  at  3**55'N, 
Mon 

W 

Valle  Department,  in  a  region  of  premontane  moist 

Only  two  sites  are  included  for  the  Cordillera 
Oriental,  one  located  on  the  western  slopes  of  the 
massif  and  one  in  the  Cordillera  de  la  Macarena, 

which  is  appropriately  a  part  of  the  eastern  range, 
r       .rt/AO/^Ai/^rii        •        rr^  i      thouffh  it  Hscs  Substantially  above  all  the  surround 
forest  at  2,080-2,100  m  elevation.  The  general      .  ■         j  .  v  j  r  u 
region  is  much  denuded,  but  the  study  site  remains 
relatively  undisturbed.  It  yielded  only  four  genera 
and  10  species. 

common 

unknown 

ing  terrain  and  is  somewhat  segregated  from  the 
rest  of  the  Cordillera. 

Neiva.  The  study  site  is  located  at  2*'56-57'N, 
75°0-7'W  in  the  Department  of  HuOa  in  the  moun- 

tains to  the  east  of  the  city  of  Neiva,  in  a  region 

^   ,1      .  .^,         J  .'  11    1         i'  1         1  of  premontane  moist  forest  at  745-870  m.  The ^amurium  with  cordate  blades,  a  laree  red  spathe,  *       .  ,,.,,,,  i    •    i 
and  a  yellow-green  spadix  was  also  found  at  the 
next  site,  Reserva  Merenberg. 

region  is  somewhat  disturbed  and  has  a  relatively 

marked  dry  season.  It  yielded  only  five  genera  and 

Me The  study  site  known  as  the  Re-  * 
Merenber 

W 
Among  the  species  were  the  widespread  Ama- 

zonian species  Philodendron  barrosoanum  Bun- 

r^^t^^i  ;«  *u^  T\        4.        ̂     r^xj    1      '^  ̂     ̂     ̂   r     tine  and  the  even  more  widespread  Xanthosoma Lentral  m  the  Department  of  Huila,  m  a  region  of  ^  _     _  *^        ,  . 
ir.T*.^w.rv,^^*«^^      +  f       *    *  o  OAA       T-i-  mexicanum  Liebm.  Also  occurrmg  there  were  An- lower  montane  wet  lorest  at  2,300  m.  The  preserve        _  _  ,      _,  ,    ̂   ,    ., 

murium  glaucospadix  Croat,  which  occurs  on  botn owner 

World  Wadlife .        n    ̂ 1   '      1  sides  of  the  Cordillera  Central,  and  A,  nymphaei-   -.  ..as  virtually  the  only  ̂            T^Tv^ion       i^                          t_ 

remaining  natural  vegetation  left  in  the  region  and  -^^^"^  ̂ '  *^^^^  *  ̂^^^^^'  ̂   ̂P^^^^'  7'^  ̂  ̂̂ "^ 

netted  only  four  genera  and  1 5  species  of  Araceae.  ̂ "^"^  ̂ ^"^  northern  distribution  in  the  eastern 
.;„.i„j^^  j^.A.,.:  range,  as  well  as  the  Cordillera  de  Menda  and Known  species  collected  here  included  Anthuri- 

um corrugatum  Sodiro,  A,  longegeniculatum^  A. 
microspadix  Schott,  A.  scandens  (Aubl.)  Engl., 
and  Chlorospatha  longipodum  (K.  Krause)  Mad- 
ison. 

Cordillera  de  la  Costa  in  Venezuela. 

San  Luis  de  CabarraL  The  study  site  was 

located  at  3^45'N,  73^45'W,  east  of  the  village  of 
Cabarral  near  the  base  of  the  Serrania  de  la  Ma- 

Buenos  Aires.      The  area  studied  Ues  at  1°04'N,      ""^'^^^  ̂   ̂^  ̂ '^^  ̂ ^  ̂"^P^^^^  ̂ ^*  ̂^""^"^  ̂'^^  "''"^ 
at  530  m  elevation.  Six  genera  and   18  species W 

tral  in  the  Department  of  Putumayo,  near  the 
village  of  Buenos  Aires,  west  of  Mocoa,  in  a  region 
of  lower  montane  rainforest  at  about  2,500  m. 
Relatively  large  tracts  of  vegetation  still  exist  in 

These  included  many  wide 

with 
with 

fendleri 

this  area,  but  they  are  becoming  rapidly  disturbed.      ̂ ''^''"'  ̂ -  P^^^'^phyUum  (Aubl.)  G.  Don  var.  pen 
The  vegetation  consists  of  small  trees  and  shrubs. 

Monstera  s^racilis  Enel..  M 
*..v.      ,^^vy..^^*v**    v.vrixo*oi.o    v^x     OHiail     Litres     dllU    MUUJJS.  'CU  r>  \^  P 

Four  genera  and  36  species  were  found  here;  the      ̂ ^"^  Schott,  Philodendron  acutatum  Schott,  r.
 

only  known  species  are  Anthurium  longegenicu- 
latum and  A,  scandens. 

Mocoa,  The  area  studied  lies  along  the  Rio 

Mocoa,  near  the  town  of  Mocoa  at  I^'IO'N, 
76**33'W  in  Putumayo  Department,  It  lies  on  the eastern  side  of  the  Cordillera  Central  in  an  area  of 
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dackii  Bunting,  Rhodospatha  oblongata  Poeppigt 

Spathiphyllum  cannifolium  (Dryand.)  Schott,  and 
Syngonium  yurimaguense  Engl. 

remnant 

premontane  wet  forest  transition  zone  to  tropical      "^^"^^^^^^  do  not  properly  reflect  the  total  potential The flora  for  the  region. 

disturbed 

and  13  species. 

The  species  known  from  the  study  site  are  An- 
thurium alienatum  Schott,  A.  harlingianum  Croat, 

SPECIFIC  SITES 
be 

known 

■I 

n 

I 

t 
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in  comparison  to  the  general  sites  mentioned  above.  with  the  assistance  of  the  World  Wildlife  Fund  and 

Both  were  in  the  Cordillera  Occidental,  so  for  the  operated  by  the  Fimdacion  para  Educacion  Su- 
purposes  of  general  conclusions  regarding  species  perior.  Elevations  range  from  1,300  to  2,100  m, 
diversity  in  Colombia  their  data  will  be  incorporated  but  most  of  the  collections  were  made  between 
with  the  general  sites. 1,700  and  1,850  m.  The  area  is  classified  as  pre- 

Bajo  Calima.      "Bajo  Calima"  refers  generally  montane  wet  forest  on  the  Holdridge  Life  Zone 
to  the  lower  Rio  CaUma  valley  in  the  Department  map  of  Colombia.  Its  forest  canopy  is  also  relatively 
of  Valle.  More  specifically,  as  defined  here,  it  refers  short,  with  trees  mostly  less  than  20  m  tall.  The 

to  the  area  south  of  the  Rio  Calima  near  the  Pacific  understory  vegetation  is  even  denser  than  at  Bajo 

Ocean.  The  study  site  is  located  at  3°57'-4^10'N  Calima,  and  a  much  larger  percentage  of  the  spe- 
and  77*^01- 12' W  and  is  within  the  forestry  con-  cies  occur  in  partly  rotted  debris  that  has  accu- 
cession  of  Carton  de  Colombia.  The  assistance  of  mulated  on  the  ground.  In  contrast  to  Bajo  Calima, 

the  lumber  company  has  been  instrumental  in  the  which  is  generally  quite  hot,  the  temperature  at 

success  of  the  survey.  The  forestry  concession  lies  La  Planada  is  substantially  cooler,  with  average 

largely  on  a  peninsula  of  land  jutting  out  into  the  temperatures   ranging   from    12**  to   22**  Celsius. 
Pacific  Ocean  and  separating  the  Bahia  de  Malaga  Though  mornings  are  usually  clear,  rains  generally 

to  the  north  from  the  Bahia  de  Buenaventura  to  begin  by  late  afternoon,  as  at  Bajo  Calima,  and 

the  south.  It  is  just  north  of  the  coastal  city  of  continue  into  the  night.  Average  annual  precipi- 
Buena Ventura  in  Valle  Department. tation  is  more  than  4,430  mm.  Though  rainfall  is 

The  region  consists  of  a  premontane  rainforest  rarely  heavy,  the  region  is  often  beset  with  cloudy 

in  transition  to  pluvial  forest.  Elevations  range  from  and  rainy  conditions  that  may  persist  for  weeks  at 

sea  level  to  about  200  m,  and  drainage  is  to  the       a  time.  The  soil  perhaps  never  dries  out. 

north  into  the  Rio  Calima,  to  the  west  into  the Species  characteristic  of  the  flora  are  Anthari' 

Bahia  de  Malaga  and  to  the  south  into  the  Bahia  um  carchiense  Croat,  A.  microspadix,  A.  min- 

de  Buenaventura.  The  overlying  forest  is  dense,  dense  Sodiro,  A.  ovatifolium  Engl.,  A.  scandens 

with  most  trees  less  thftn  60  cm  in  girth  and  less  subsp.  pusillum,  Monstera  adansonii  Schott,  M. 

than  30  m  in  height.  The  understory  vegetation  is  lechleriana,  Philodendron  lehmannii  Engl.,  Rho- 

dense  and  light  conditions  are  low.  Most  of  the  dospatha  densinervia  Engl.  &  K.  Krause,  and 

aroid  species  occur  as  epiphytes,  but  only  rarely  Xanthosoma  sagittifolium  Schott. 

are  they  very  high  in  the  trees.  Rainfall  at  Bajo 

Calima  is  usually  late  in  the  day  or  at  night  and 

usually  begins  as  a  light  mist,  often  as  early  as 

3:00  P.M.  Heavier  rains  usually  occur  at  night. 

Periods  of  rain  are  also  common  in  the  early  morn- 
ing. Total  rainfall  is  recorded  as  7,470  mm  (Gentry, 

FLORISTIC  COMPARISON  OF  PRINCIPAL  STUDY 

SITES  AT  BAJO  CALIMA  AND  LA  PLANADA 

Differences  at  the  generic  level 

Dramatic  differences  abound  between  the  two 

1991).  Rainfall  is  lowest  from  December  to  March  major  study  sites,  the  most  apparent  being  the 

(200-300  mm),  with  the  lowest  recorded  monthly  much  higher  species  diversity  and  generic  diversity 

rainfall  in  January  1963  when  only  139  mm  fell.  in  the  lowland  site.  With  133  species  known,  Bajo 

Annual  temperatures  average  27.3*^  with  a  daily  Calima  has  more  than  twice  as  many  species  as 

minimum  of  21.4**C  and  a  maximum  of  30.3*^  La  Planada,  with  57.  Moreover,  continued  studies 

(Faber-Langendoen,  1989). arc  likely  to  increase  this  difference  even  further 

Sod 
Species  characteristic  of  the  flora  are  Anthuri-  since  each  succeeding  trip  to  the  lower  site  has 

ro,  added  greater  numbers  of  known  species.  Because 

A.  coclense  Croat,  A,  insigne  Masters,  A.  palu-  of  the  dramatic  difference  in  elevation,  it  is  not 

dosum  Engl.,  A,  pluviaticum  R.  E.  Schultes,  A.  surprising  that  not  a  single  species  is  common  to 

trinerve,  A.  trisectum  Sodiro,  Philodendron  gran-  the  two  areas.  Since  both  areas  are  very  wet  and 

dipes  K.  Krause,  P.  inequilaterum,  P.  verruco-  lack   any  significant  dry  season,  temperature   is 

sum,  P.  senatocarpium  Madison,  P.  tripartitum  probably  the  primary  reason  for  differences  in  spe
- 

(Jacq.)    Schott,    Spathiphyllum  friedrichsthalii  cies  composition  between  t
he  two  sites. 

Schott,  Stenospermation  andreanum  Engl.,  and 

Syngonium  macrophyllum  Engl- 

la  Planada,      The  region  is  located  at  TOS'N, W  at  the  Reserva  Natural  La 

The  difference  in  temperature  between  the  two 

areas  is  also  likely  to  be  the  principal  reason  for 

the  unequal  generic  composition  (Table  1).  Generic 

diversity  is  much  less  at  the  upland  site,  with  five 

3,200-ha  biological  reserve  in  the  Municlpio  of      genera  lacking  altogether  a
t  La  Planada.  The  gen- 

Ri era  present  at  Bajo  Calima  but  lacking  at  La  Plana- 
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Table  1.     Species  diversity  in  Colombia 
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Western  Cordillera 

Bahia  Solano 
26 

3 1 1 
13 

2 2 1 1 

50 Quebrada  Anton 18 1 2 1 11 2 2 2 3 

42 Bajo  Calima 63 1 1 4 2 

40 

3 2 

12 

3 2 
133 

Microondas  Tokyo 27 2 6 3 3 

41 Parque  Yotoco 5 1 6 1 1 

14 
La  Planada 32 2 

12 

1 7 3 

57 

Rio  Imbi 
19 

2 1 17 1 2 1 

43 
Rio  Nambi 

26 
1 

23 

3 6 2 

61 

Central  Cordillera 

Ucumari 
10 

1 1 1 1 

14 
Monteloro 7 1 1 1 

10 

Merenberg 11 1 2 1 

15 

Buenos  Aires 
17 

12 
1 6 

36 

Mocoa 4 8 1 

13 

Eastern  Cordillera 

San  Luis  Cabarral 3 3 9 1 1 1 

18 

Neiva 2 1 1 3 1 8 

% 

1 

da  include  Caladium^  Chlorospatha,  Dieffenhach- 
ia,  Spathiphyllum,  and  Syngonium.  These  genera 
are  all  characteristically  more  abundant  and  di- 

wendlandii  Schott,  H,  peltatum  Masters,  and  one 
new  species 

The  genus  Heteropsis  is  rare  on  the  Pacific  coast 
verse  at  lower  than  at  higher  elevations.  Three  of      of  Colombia  and  was  not  found  at  any  of  the  study 
the   genera   {Chlorospatha,   Diefft and 

sites.  It  is  most  common  in  the  Amazon  basin  and 

Spathiphyllum)  lacking  at  the  1,800  m  site  of  La      In  eastern  Brazil.  While  it  occurs  in  Central  Amer- 

ica in  tropical  moist  forest  as  far  north  as  Nica- 
common 

few  kilometers  away  but  at  an  elevation  of  1,100  m.  ragua,  and  in  northern  Colombia  at  low  elevations 
Dracontium  is  widespread  in  Central  America,  it  is  known  on  the  Pacific  slope  of  South  America 

with  four  species  ranging  from  Mexico  to  Panama.  only  in  the  region  of  San  Jose  Palmar  at  930  m 
sly  common  in  some  areas  of  northern  elevation  in  montane  wet  forest  life  zones,  and  in 

ad  at  least  one  species,  D,  loretense  Ecuador  in  Esmeraldas  and  Los  Rios  Departments 
K.  Krause,  is  common  in  the  upper  Amazon  basin  in  premontane  rainforest.  No  collection  has  been 

ioderat 

Venezuela 

Peru  and  Ecuador.  It  has  not  been  found 

either  of  the  principal  study  sites  on  the  Pacific 
slope  of  Colombia.  Although  rare  on  the  Pacific 
slope  of  South  America,  it  is  to  be  expected  at  Bajo 
Calima.  since  it  has  hften  rollf»f-t*»r1  Jn  nrt^mnr»fant^ 

Quebrada  Anton 

the  Pacific  slope  of  Ecuador. 

lund 

Calima 
genus  almost 

seen  from  the  central  or  eastern  ranges  of  the country. 

Other  genera  not  foimd  in  the  surveys  that  might 

have  been  expected  were  Montrichardia  and  V^^' 
spatha.  Both  of  these  genera  occur  normally  at 
low  elevations.  Montrichardia  has  been  collected 

only  in  northern  Choco  Department  in  the  Rio 
Atrato  basin,  in  the  Atlantic  watershed.  Collections 
have  been  seen  from  the  Rio  Atrato  near  Bojaya 

simila W,  ca,  100  km  north  of  Quibd 

Three 
found 

study  sites  reported  here. 
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Urospatha  is  most  abundant  in  the  Amazon 

basin.  It  is  restricted  to  the  Caribbean  slope  in  Calima  and  La  Planada. 
Central  America  and  has  been  collected  in  north- 

eastern Venezuela  (Monagas  and  Delta  Amacuro). 
While  the  genus  is  common  in  southeastern  Co- 

lombia in  Vichada,  Meta,  and  Vaupes,  no  collec- 
tions have  been  made  in  northern  Colombia  or  on 

the  Pacific  slope  of  Colombia. 

The  genus  Stenospermation  is  common  at  Bajo      Belolonchium 

Calima  and  La  Planada,  but  its  high  diversity  at      C^^omy^trium 
Bajo  Calima  was  not  expected.  In  Central  America 

the  genus  is  not  very  abundant  at  elevations  below 

Table  2.     Comparison  olAnthurium  sections  at  Bajo 

Number  of 

species  per 
section 

Sections  of  Anthurium Bajo      La  Pla- Calima     nada 

Cardiolonchiunr 

Digittinervium 
Pachyneurium 

\ 

400  m,  and  then  only  in  tropical  wet  forest.  How-  Polytieurium 
ever,  the  Bajo  Calima  area,  with  1 2  species  already  Porphyrochitonium 
known,  is  surprisingly  rich.  Stenopermation  spe-  Semaeophyllium 
cies  are  generally  true  epiphytes  and  require  very  Tetraspermum 
humid  sites. Xialophyllium 

0 
4 
1 
2 
0 

11 

27 

1 
1 
6 
4 
4 

4 

2 
0 

1 
1 
8 
6 
0 
1 
6 
1 
5 Another  surprising  feature  of  the  Bajo  Calima  Section  unknown  (oblong  blades) 

site  is  the  number  of  species  of  typically  epiphytic  Section  unknown  (cordate  blades) 

genera  of  Araceae  that  occur  terrestrially  there. 

This  is  particularly  true  in  Anthurium  sect.  Por- 

phyrochitonium, which  only  rarely  occurs  terres-      site.  This  is  unusual,  since  it  is  one  of  the  most 
triaUy  in  Central  America. 

The  genus  Philodendron  is  typically  most  di- 

widespread  and  common  taxa  in  the  family. 
One  of  the  most  remarkable  differences  in  the 

verse  at  lower  elevations,  and  this  difference  is      sectional  distribution  of  Anthurium  between  the 

apparent  in  the  comparison  of  the  two  major  study      two  sites  was  exhibited  by  section  Porphyrochi- 
sites.  Philodendron  was  notably  more  diverse  at ionium,  which  has  27  species  at  Bajo  Calima  and 

Bajo  Calima,  with  40  species  versus  only  12  at  La  only  six  at  La  Planada.  This  section  has  a  wide 

Planada.  Since  the  flora  of  La  Planada  is  less  than  distribution,  but  is  concentrated  largely  at  lower 

half  as  rich  in  Araceae  as  Baio  Calima,  Anthurium      elevations  along  the  Pacific  slope  of  South  America. 

species  at  La  Planada  were  relatively  numerous, Not  surprisingly,  section  Pachyneurium  is  ab- 

versus  two  species,  respectively. 

with  a  total  of  32  species  versus  62  at  Bajo  Calima.      sent  from  Bajo  Calima.  The  section  is  absent  from 

The  only  genus  at  La  Planada  with  more  species      the  entire  wet  Pacific  slope,  with  the  exception  o
f 

than  at  Bajo  Calima  was  Xanthosoma,  with  three      ̂ ne  species  of  series  Multinervia  that  occurs  at 
La  Planada  and  two  species  of  series  Pachyneu- 

rium that  occur  on  the  highest  dry  slopes,  entering 

from  the  Cauca  River  valley  to  the  east. 
Section  Xialophyllium  is  generally  most  well 

In  addition  to  the  differences  so  evident  in  the      represented  at  higher  elevations,  but  perhaps  owing 

generic  composition  of  Bajo  Calima  and  La  Planada,      to  the  larger  size  of  the  area  studied  at  Bajo  Calima, 

differences  are  also  apparent  within  genera.  An-      the  number  of  species  at  the  two  sites  is  equal, 

thurium,  for  example,  which  can  be  easOy  sepa-      with  six  species  at  each  site. 

Differences  at  the  infrageneric  level 

rated  into  taxonomic  sections,  shows  unequal  rep- 
resentation in  the  two  areas  (Table  2). 

Section  Palyneurium  is  well  represented  at  both 

sites,  the  number  of  species  being  more  or  less 

The  sectional  system  of  classification  used  here  proportional  to  the  sizes  of  the  respective  floras, 

is  a  slightly  modified  version  of  that  of  Engler  with  1 1  represented  at  Bajo  Calima  and  eight  at 

( 1 905).  Modifications  of  Engler's  system  have  been      La  Planada. 

discussed  by  Croat  &  Sheffer  (1983),  which  in- 
Anthurium   sect.   Digittinervium   is   generally 

eludes  the  definitions  of  the  19  sections  and  iUus-      more  common  at  higher  elevations,  but  two  specie
s 

were  found  at  Bajo  Calima  versus  one  at  La  Pla- trations 

Anthurium  sect.  Tetraspermium  is  represented      nada. 

at  Bajo  Calima  by  A,  trinerve  and  at  La  Planada 
Section  Cardiolonchium  occurs  at  both  lower 

by  A,  scandens  subsp.  pusillum,  but  so  far  as  is      and  middle  elevations,  but  the  section  w
as  found 

only  at  Bajo  Calima,  with  one  species,  Anthurium known,  the  most  common 

scandens  subsp splendidum  W.  Bull,  having  been  discovered  there 
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recently.  This  was  the  first  herbarium  collection  of       12)  for  the  seven  in  the  combined  central  and 

this  species  since  the  type  was  prepared  in  1883.       eastern  ranges 

Section  Calomystrium  was  represented  at  both Anthurium  averages  about  27  species  (ranging 

sites,  but  was  not  particularly  rich  at  either,  with  from  five  to  63)  per  site  for  the  study  sites  in  the 

four  species  at  Bajo  Calima  and  two  at  La  Planada.  western  ranges  versus  an  average  of  about  eight 

Anthurium  sect.  Belolonchium,  typically  oc-  (ranging  from  two  to  17)  in  the  central  and  eastern    ̂  

curring  at  high  elevations,  would  not  have  been  ranges 

expected  at  Bajo  Calima.  Four  species  of  this  sec- 
tion occur  at  La  Planada, 

Four  genera  were  not  represented  at  all  in  any 

of  the  sites  of  the  central  and  eastern  ranges.  These 

Section  Semaeophyllium,  with  Anthurium  in-  were  Caladium^  Chlorospatha,  Dracontium,  and 

signe,  was  represented  only  at  Bajo  Calima.  Both  Homalomena,  In  addition,  Dieffenbachia  was  rare, 

areas  still  have  a  share  of  species  whose  sectional  having  been  collected  only  at  Neiva  on  the  western 

classifications  are  not  yet  known.  One  group  with  slopes  of  the  Cordillera  Oriental. 

oblong,  epunctate  blades,  which  does  not  fit  into Dracontium  occurs  on  the  wet  Pacific  slope  of 

any  of  the  currently  described  sections,  has  four  Colombia  and  Ecuador,  in  Venezuela,  and  through- 

species  at  Bajo  Calima  and  one  species  at  La  Pla-  out  much  of  the  Amazon  basin,  but  I  have  seen 

nada.  Another  unknown  group  with  cordate,  epunc-  no  collections  from  the  intermountain  valleys  in 

tate  leaf  blades  has  four  species  at  Bajo  Calima  the  Cordillera  Central  or  Cordillera  Oriental.  Since 
and  five  species  at  La  Planada it  often  occurs  in  seasonal  habits,  it  is  curious  that 

While  it  is  not  yet  possible  to  separate  the  Philo-  it  appears  not  to  have  been  collected  in  these  regions 

dendron  species  in  the  two  study  sites  into  infra-  where  numerous  appropriate  habitats  occur.  Prob- 
generic  taxonomic  groups  (with  the  exception  of  ably  the  elevations  in  these  regions  are  too  high. 

members  of  subg.  Pteromischum\  it  is  possible  to  Elsewhere  the  genus  occurs  mostly  below  600  m 

separate  them  into  scandent  or  appressed-climbing  elevation. 
plants.  Both  groups  are  hemiepiphytic.  No  truly 

epiphytic    Philodendron   species   occur   at   either  COMPARISONS  OF  STUDY  SITES  WITHIN  THE 

site.  At  Bajo  Calima  there  are  22  appressed  climb-  CORDILLERA  OCCIDENTAL 
ers  versus  14  vines.  Two  of  the  scandent  plants 
were  members  of  subgenus  Pteromischum, Because  the  study  sites  in  the  western  range 

were  more  numerous  and  more  diverse,  some  com- 

COMPARISON  OF  MAJOR  MOUNTAIN  SYSTEMS 

IN  COLOMBIA 

At  La  rianada  five  ot  the  species  were  appressed  .  ,  ,  ,  a  i  k       u  *Kp 
.,^  J.  .         ̂ ,  rii  pansons  can  be  made  amone  them.  Althougn  uic epiphytes  and  six  were  vmes.  Only  one  of  the  latter       ,      .,    i  ^    ,  i     •  l 

»  n.  •     iL  detailed  comparisons  of  the  premontane  pluviai 
group  was  m  subgenus /^^eromt5c/j«/n.  .  ,     ,      ,  ^.  ,    i 

forest  lowland  site  at  Bajo  Calima  and  the  pre- 
montane wet  forest  highland  site  at  La  Planada 

have  shown  conclusively  that  species  diversity  is 

much  greater  in  the  low,  warmer  site  than  in  the 

higher,  cool  site,  a  comparison  of  the  general  low- 
Though  there  are  obvious  differences  in  the  qual-      land  and  middle  elevation  sites  of  the  Pacific  slope 

ity  of  the  sites  in  the  different  ranges  (western,      does  not  conclusively  show  where  species  diversity 
central,  and  eastern)  owing  to  differences  in  size      is  greatest.  Generally,  the  middle  elevation  sites 
ofthe  sites  and  their  state  ofpreservation,  a  general      were  about  as  species-rich  or  more  so  than  the 
trend  is  clear.  The  wetter  sites  of  the  Cordillera 

Occidental  yield  much  higher  species  totals  than  At  the  highest  elevation  sites  Philodendron  was 
do  the  more  mesic  sites  of  the  Cordillera  Central 
and  Cordillera  Oriental.  The  eieht  sites  in  thp  w^^Qt. 

sites  at  lowest  elevations. 

usually  dramatically  less  diverse  than  Anthurium 

usually  much  less  than  one-half  as  diverse.  At  1,800 
ern  range  averaged  55  species,  whereas  all  sites  m  elevation  at  La  Planada,  there  were  32  species 
in  the  central  and  eastern  ranges  averaged  about  of  Anthurium  versus  only  1 2  species  of  Philo- 
14  species.  The  number  of  species  ranged  from  dendron,  and  the  Microondas  Tokyo  site  at  2,000 
14  to  133  species  in  the  western  ranges  versus      m  had  27  versus  six  species.  In  contrast,  the  low ombined Calima 
ranges versus  40  Philodendron,  Bahia  Solano  (26  vs.  23 

Philodendron  averaged  about  16  species  per      species),  and  Quebrada  Ant6n  (18  vs.  11  species) 
site  for  the  eight  study  sites  in  the  western  range      showed  that  Philodendron  had  one-half  to  three- 
(ranging  from  six  to  40  species  per  site)  versus      quarters  the  total  number  of  species  as  Anthurium. 
about  five  species  per  site  (ranging  from  zero  to  In  contrast,  the  middle  elevations  of  1,100  m 

P--' 
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^ 

^ 
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at  the  Rio  Imbi  and  the  Rio  Nambi  yielded  almost  atively  near  Rio  Imbi  in  the  same  life  zone  and  at 

SLS  many  Philodendron  species  as  Anthuriunij  with  the  same  elevation,  shared  few  species  with  Rio 
19  Anthurium  versus  17  Philodendron  and  26 

Anthurium  versus  23  Philodendron^  respectively. 

Imbi. 

Future  studies  will  involve  more  sites  in  the 

The  Yotoco  site  at  1,500  mi  showed  even  more  Cordillera  Central  and  the  Cordillera  Oriental  to 

Philodendron  than  Anthurium  species,  with  six       confirm  that  they  are  less  species-rich.  More  im- 
versus  five  species,  respectively. portantly,  lowland  sites  in  pluvial  forest  will  be 

The  Yotoco  site,  the  only  collecting  area  on  the  studied,  since  I  believe  that  these  will  prove  to  be 

eastern  slope  of  the  western  range,  was  enlightening  even  richer  than  those  of  the  premontane  rainforest 

in  another  respect.  The  eastern  slopes  of  the  west-  with  transition  to  pluvial  forest-  Plans  have  been 
ern  range  of  the  Andes  have  a  severe  dry  season  made  to  make  a  series  of  collections  at  different 

and  also  suffer  diminished  rainfall  as  the  result  of  sites  encompassing  tropical  wet  forest,  pluvial  for- 

rain-shadowing.  The  Yotoco  site  is  located  near  the  est,  premontane  rainforest,  and  premontane  wet 
summit  on  the  eastern  slope  in  premontane  moist  forest  in  the  Department  of  Narino.  The  same  will 

forest  and  is  substantially  drier  than  the  other  sites  be  done  in  the  Department  of  Valle,  where  there 

on  the  Pacific  slope  of  the  western  range.  The  is  a  series  of  reserves  between  the  Pacific  Ocean 

study  area  at  Yotoco  yielded  only  14  species,  far  and  the  Continental  Divide.  Future  studies  will  also 

fewer  than  any  of  those  sites  on  the  western  slope.  be  carried  out  at  a  number  of  sites  in  the  Depart- 

It  also  had  only  five  species  of  Anthurium. ment  of  Cauca.  These  studies  should  indicate  in 

Thegenerally  higher  number  of  ̂ rt^Aarmmver-  which  life  zones  species  diversity  is  greatest  and 

sus  Philodendron  species  at  the  highest  elevations  the  extent  of  overlap  in  species  composition  at 

usually  also  holds  in  the  central  and  eastern  ranges,  different  sites.  It  is  hoped  that  by  means  of  these 

where  most  of  the  sites  were  above  2,000  m.  For  studies  a  better  picture  wiU  emerge  of  the  nature 

example,  the  number  of  Anthurium  versus  Philo-  of  speciation  of  the  Araceae  in  this,  the  richest 

dendron  species  was  10  versus  one  at  Ucuman,  area  on  earth  for  aroid  diversity. 

seven  versus  one  at  Monteloro,  1 1  versus  two  at 

Merenberg,  and  three  versus  none  at  Neiva.  How-  Literature  Cited 
ever,  the  Buenos  Aires  site  has  17  Anthurium 

versus  12  Philodendron,  Mocoa,  located  nearby, 

had  four  Anthurium  versus  eight  Philodendron. 

The  lowland  site  on  the  eastern  slope  of  the  eastern 

range  at  the  margin  of  the  Amazonian  lowlands 

had  twice  as  many  Philodendron  as  Anthurium. 
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SOLANACEAE  OF 
MADAGASCAR:  FORM  AND 

GEOGRAPHY^ 

William  G.  D^Arcy 

Abstract 

The  larfielv  endemic  represcntutimi 
unusual 

pollinators  and  dispersal  agents  present  on  the  island.  Affinities  are  noted  with  plants  in  Africa,  South  America,  and 
W  — ^J^J    ^J           -— ^  --  ^     ̂ -^^   •^^   -*~^^         ^^ 

degrees  and  kinds  of  specialization 

different 
Channel  is  a  harrier  crossed 

germinate 

Madagascar  has  a  long  history  of  isolation,  and  African    or   larger    sphere.    The    new    treatment 

its  biota  has  evolved  many  unusual  adaptations  that  (D'Arcy  &  Rakotozafy,  In  |)ress)  covers  M.idagah- 
are  of  general  evolutionary  interest.  This  paper  car  and  the  Comoro  Islands. 
results   from  studies  made   for  a  recent  floristic 

The  Floristic  Study 

My  study  of  the  Solanaceae  for  the  ttorB  ̂ annH 

treatment  of  the  Solanaceae  for  Madagascar  and 
the  Comoro  Islands.  Some  unusual  features  of  the 

Solanaceae  of  Madagascar  are  discussed,  and  spec- 

iJations  are  offered  on  relationships  and  biogeog-  more  than  a  decade  and  included  examination  of 

raphy  of  these  plants.  specimens  at  several  European  institutions,  bor- 

Solanaceae  are  not  well  represented  on  Mada-  rowed  specimens,  and  two  trips  to  Madagascar. 

gascar.  Fourteen  genera  and  about  60  species  are  During  the  first  trip,  in  1983»  I  visited  the  bouth 

present,  of  which  only  two  genera  and  about  30  of  the  country,  the  wet  forest  and  coast  east  of 

species  are  clearly  native  (Table  1).  Of  the  species  Tananarive,  and  Nosi  Be  and  Anivorano  Nord  at 

native  to  the  flora  area,  all  except  six  shared  with  the  north  end  of  the  island. 

Africa  are  endemic.  Although  few  in  number,  the  In  1987, 1  went  to  the  Comoro  Islands  of  Grande 

Solanaceae  of  Madagascar  display  interesting  di-  Comore,  Anjouan,  and  Moheli  and  revisited  places 

versity  in  both  form  and  presumed  source  area east  of  Tananarive  and  in  the  north  of  Madagascar. 

In  the  present  century,  the  Solanaceae  of  Mad-  I  also  studied  the  wet  northeast  coast  near  Mt. 

agascar  were  studied  by  Bitter  (1913,  1917,  1921,  Marojejy.  A  valuable  part  of  the  study  wa<^  obser- 

1923),  Whalen  (1984),  Jaeger  (1985),  and  Jaeger  vation  in  the  Missouri  Botanical  Garden  research 

&  Hepper  (1986),  each  of  whom  considered  the  greenhouses  of  living  plants,  whirh   were  grown 

elements  from  Madagascar  in  the  context  of  an  from  seed  obtained  prr<^onaIly  in  Madagascar  or 

'  Grateful  acknowledgment  is  made  to  the  National  Geographic  Society  for  help  with  the  underlying  floristic 

treatment  (D'Arcy  &  Rakotozafy,  in  press),  and  to  the  following,  not  only  for  specific  assisUnce,  but  also  for  generally 

helpful  dialogue:  Richard  C.  Keating,  Southern  lUinoia  University  at  Edwardsville;  Alwyn  H.  Cf-ntry  and  George 

Schatz,  Missouri  Botanical  Garden,  David  E.  Symon,  State  Herbarium  of  South  Australia.  Botanic  Garden,  AiWaidr, 

South  Australia;  Sandra  D.  Knapp,  Mississippi  State  University;  and  Joan  Nowickc,  Smilhsoman  Iratilutjon.  Laboralory, 

technical,  and  photographic  assistance  was  provided  by  Richard  C.  Keating  and  hts  tprhnician.  Sue  Edcr,  an
d 

photographic  assistance  was  also  provided  by  Michael  Vieth,  Washington  University.  K. 
 Kafhl^cr 

Botanical  Garden,  helped  in  cultivation  of  plants  and  obficrvations  of  tbcir  charactert.  
Photon  th 

assessing  characteristics  of  plants  from  Madagascar  were  provided  by  George  SchaU  
ar>d  Jame. 

were  nrovJ^^.l  hv  th.«.  two  ̂ uA  hv  Peter  Phillipson  and  Sigrid  Liede,  aU  ausocialed  with  fbc  MiaBOuri 
ph  E.  Armstrong,  Illinois 

Miller^  and 

tanical 

microscope  slides  were  proviaea  uy  j 
led  bv:  L.  Anders  Nil^son,  Department  of  SystfUMiic  Botany.  Uppsala n*.^flrrh  Tenter.  Tucson,  Arizona;  and  Charies  D.  Micljcner  and 

Misso 

«ty;  Steven  L.  Buchmann,  Carl  Hayden  Bee  Rr^arch  Center, 

W.  Brooks,  Department  of  Entomology.  University  of  Kan^-
  Information  rHai 

..lA^A  u^  1   Bosber.  Museum  National  d'Hi^wre  Naturt-lle,  Laboratoirc  dc  Phan I  .S,A. 

■    J 

uri 
■:■ Box  299,  St.  Louis,  MiMOun 

Ann.  Missof  ri  Bot.  C\m.  79:  29-45.  1992. 
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Table  1.      Numbers  of  species  of  Solanaceae  on  Madagascar. 

Genera 

Brugmansia 
Brunfelsia 

Capsicum 
Cestrum 

Cyphomandra 
Datura 

Lycium 
Lycopersicon 
Nicandra 
Nicotiana 
Petunia 

Physalis 
Tsoala 
Solarium 

Totals 

Total 

species 
2 

3 
1 
3 
1 
3 
1 
1 
1 
1 
1 
4 
1 

39 

62 

Native  species 

Endemics Also  Africa 

1 

1 
23 

24 

5 

6 

•  Includes  species  that  are  cultivated,  naturalized,  or  both. 
*"  Datura  metel.  Solarium  aphananthum.  Solarium  virginianum. 

Introduced  species 

Total 

2 
3 
1 
3 
1 
3 

1 
1 
1 
1 
4 
^ 

11 

32 

Cultivated/ 

Naturalized" 2/0 

3/0 1/0 

3/0 1/0 

3/0 

1/0 

?/l 
1/0 1/0 

0/4 

8/7 
21/12 

Doubtful 

species'' 
1 

n 

2 

3 

^ 

provided  by  helpful  coworkers.  In  the  notes  that  genera  in  other  families.  Solanum  is  best  developed 

follow,  observations  and  speculations  are  my  own  in  the  New  World,  but  two  subgenera,  Leptoste- 
unless  identified  otherwise.  monum  and  Solanum,  are  native  in  the  Old  World. 

Subgenus  Leptostemonum,  one  of  the  few  large 

groups  of  Solanaceae  with  adaptations  to  hot  and 

xeric  conditions,  is  well  elaborated  in  Africa  and 

The  Solanaceae 

Worldwide,  the  Solanaceae  include  about  2,300 

r,^^r.'^^    ̂    '^^4     ,,    «u     ♦    nc^  /r^'A  Australia.  Subgenus  Solanum  is  more  widely  dis- species   arranged   m   about   95    genera   (D  Arcy,  ._         ,  ,       i  i      i-iu  w/  M 
tributed  but  has  fewer  species  m  the  Uld  Woria. 

Although  there  is  significant  development  of  So- 

1991).  The  family  comprises  two  major  subfami- 
lies, the  Solanoideae,  which  are  cosmopolitan,  and  , 

the  Cestroideae,  which  have  more  restricted  dis-  *^"^^^^^  ̂   ̂f"^^'  ̂ ^*^  ̂ ^"^  'P^^^^'  ̂ "^  ! 

tribution,  occurring  mainly  in  the  Americas  and  ̂«^«^°P"^*^nt  ̂ t  higher  taxonomic  levels  there  is  a 

Australia  notable  decrease  in  the  diversity  to  the  east  oi 

The  greatest  diversity  of  Solanaceae,  at  both  ̂ _^T_  ̂."^  Madagascar.  ̂   Peninsular  India  jj 
generic  and  species  levels,  occurs  In  western  South 
America,  and  the  extension  of  this  solanaceous  flora 
across  Central  America  into  southern  Mexico  has 

an  elaboration  of  species  but  little  development  at 

southeast  Asia  have  notably  low  representation  ot Solanaceae. 

The  Island  Setting 

with 
higher  taxonomic  levels.  Other  centers  of  solana-  Madagascar  is  an  island  continent  some  1,000 
ceous  diversity  are  northern  Mexico,  where  a  group 
of  endemic  genera  and  infrageneric  taxa  ranges 
into  the  southwestern  United  States,  Southwestern 

Australia  hosts  a  group  of  isolated  genera,  and  a 
group  of  distinctive  but   species-poor  temperate 
genera  ranges  from  Japan  westward  to  Gibrahar. 
The  laree  eenera.  hyrianthpR  and  Rnlnnum   "U^^tc 

wet  eastern  escarpment  and  lowlands,  and  drier 

shelving  on  the  west.  The  southern  part  (about  as 

far  from  the  equator  as  southern  Florida)  has  veg- 
etation distinct  from  the  northern  part  of  the  island. 

Along  the  island's  central  core  there  are  several 

■
"
■
»
 

* 

secondary  centers  in  New  Guinea  with  species  rang-      m  elevation, 
ing  westward  into  China  and  India. almost 

Madagascar  was  once  part  of  the  ancient,  south- 
em 

The  genus  Solanum  comprises  about  half  the 

species  in  the  family  and  is  currently  (D'Arcy, 
1972)  arranged  in  five  subgenera  and  about  55 

sections,  many  of  which  are  more  distinctive  than      120  mya  (Rabinowitz  et  al.,"^  1983;  Philip  Rabi- 

Africa  180-170  mya  and  reached  its  present  po 

about 

f 

rf- 
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nowitz,  pers.  comm.).  Madagascar  is  now  separated  rican  mainland.  The  recent  volcanic  nature  and 

from  Africa  by  the  Mozambique  Channel,  which  is  succession  of  island  ages  from  east  to  west  is  strik- 
about  250  mi.  (400  km)  wide  at  its  narrowest  point.  ing.  The  surface  of  Grande  Comore,  the  youngest 

The  separation  occurred  before  flowering  plants  and  westernmost,  consists  of  lava  rock  and  boulders 

are  known  in  the  fossil  record  and  long  before  the  and  contains  little  soil.  Anjouan  and  Mayotte,  older 

South  American  and  African  continents  separated  islands,  have  well-developed  agriculture.  Moheli, 
and  began  to  move  apart  ca.  130  mya  (Pitman,  the  smallest  island,  has  less  relief,  soil,  agriculture, 

in  press).  Most  texts  assume  that  Madagascar  has  and  rainfall.  The  main  affinity  of  the  native  flora 

been  at  least  partly  emergent  since  its  separation  is  with  Madagascar,  although  this  is  now  almost 

from  Africa.  Barron  (1987)  has  suggested  that  a  entirely  replaced  by  introduced,  pantropiral  spe- 

strike-slip  motion  between  India  and  Madagascar  cies.  The  Comoro  Islands  have  long  been  part  of 

prior  to  120  mya  resulted  in  the  linear  nature  of  the  African- Arabic  coastal  trading  province, 
the  continental  eastern  margin  of  Madagascar.  Al- 

though  Madagascar  drifted  away  from  Africa  too  ̂ ^^  i^^troduced  Solanaceae early  to  have  earned  along  any  flowermg  plants, 

land  has  been  present  for  colonization  by  flowering  On  Madagascar,  1 2  of  the  14  Solanaceae  genera 

plants  since  an  early  date  in  their  evolutionary  and  more  than  half  the  species  are  introduced, 

development.  some  of  them  known  only  in  cultivation.  Most  of 

Introductions  of  plants  and  animals  across  the  the  cultivated/introduced  flora  is  now  cosmopolitan 

incipient  and  actual  Mozambique  Channel  are  be-  in  tropical  cultivation  or  disturbance.  More  will  be 
lieved  to  have  led  to  a  more  or  less  continuous 

flora  in  the  past,  but  extinction  episodes  in  Africa 

that  were  not  shared  by  Madagascar  have  extir- 
pated African  ranges  of  many  taxa  (Coetzee,  in 

press).   During  past  aeons,  Africa  received  taxa  collected  on  Madagascar.  The  first  is  cultivated  in 

from  Asia  or  Europe  to  the  north  that  apparently  Moroni,  Grande  Comore,  and  there  are  sight  rec- 

did  not  disperse  across  the  Mozambique  Channel  ords  (George  Schatz,  pers.  comm.)  from  Tanana- 

to  Madagascar.  Today,  Madagascar  has  a  diff'erent  rive,  Madagascar.  The  second  is  naturalized  in 

suite  of  animal  and  plant  taxa  from  those  of  Africa  woodlands  of  Grande  Comore  and  Anjouan.  Both 

and  other  regions.   For  example,  there  are  few  are  widely  used  as  tropical  ornamentals, 

mammals — no  marsupials,  no  lagomorphs,  one  un- 

gulate (extinct),  few  rodents,  and  few  carnivores— 

except  for  a  conspicuous  elaboration  of  insectivores 

uncertain 

oduced  species,  Solandra  grandijl 

iforth 
been 

LYCIUM 

Lycium  acutifolium  is  common  in  southeastern 
and  lemurs  (Eisenberg,  1981).  Bees  are  apparently  jvi^j^g^s^ar,  especially  near  the  south  coast,  but 
not  numerous,  either  in  numbers  or  species,  and  .^  ranges  at  least  as  far  north  as  Betroka  and  to 
they  relate  mostly  to  African  bees  (Brooks  &  Mich-  ̂ ^^^  ̂ ^  ̂ ^  ̂ ^  y^^^^.  ̂ ^  ̂ ^it  ̂ ^^^  j^^^  species 
ener,  1988).  The  bird  fauna  is  unexpectedly  smaU      jj^pj^^^  remarkable  variation  in  growth  form,  oc- 
(Jenkins,  1987).  Nevertheless,  reptiles  (Duellman 

in  press)  and  hawkmoths  (George  Schatz,  pers 

comm.)  are  well  represented. 

curring  as  a  free-standing  or  near-prostrate  shrub, 
and  also  as  a  vinelike  plant  hanging  from  coastal 

cliff's.  It  also  occurs  in  the  east  Cape  region  of 
Human  settlement  began   1,500-1,000  years  ̂ ^^^j^^^^  Africa  (Fig.  1),  according  to  Prof.  H.  J. 

ago,  with  immigrants  coming  mostly  from  Indo-  j  y^^ter,  who  is  revising  the  South  African  species 
nesia  and  Africa  (Verin,   1986).  There  was  also  ̂ ^  lydum.  Because  there  are  other  species  of 
early  contact  with  Arabia  via  the  Comoro  Islands,  ly^i^^  ;„  southern  Africa,  Lycium  acutifolium  is 
and  Portuguese  ships  reached  Madagascar  in  1500.  ̂ ggmned  to  have  been  brought,  perhaps  by  natural 
Most  of  the  interior  uplands  were  deforested  before  y^^^^^s,  to  Madagascar  from  Africa. 
1950.  With  economic  improvement  that  began 

about  1983,  deforestation  has  accelerated,  as  sup-  j^^q^i^  tlBIFLORA 

Tsoala  is  a  new  genus  discovered  among  un- 

determined 

plies  and  machinery  associated  with  removal  of 

natural  growth  have  become  more  plentiful.  Today 

the  original  vegetation  is  mainly  represented  by  _  .    ,w>    -  m.     t        d  t  i.        j 1  1    •  Ji     ̂ ^r^r^n^A  hv  fire-  nerocamie  (Paris)  by  Jean  Bosser.  It  was  collected 
remnants  that  are  bemg  rapidly  replaced  t^y  nre  nerugai       \  f    j 

,  ,      J  at  several  sites  in  western  Madagascar,  where  most 
mamtamed  grasslands,  "  ^  .       ,         ̂   ,  r^  ,      , 

The  Comoro  Islands  are  a  four-feland  group  about  of  the
  forest  haB  been  turned  into  grassland, 

halfway  between  northern  Madagascar  and  the  Af-  Th
e  flower  has  a  lor.g  lube  (8- 1 5  < :.u),  mdicat.ve 
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colSns  at  P^anclMa"  "^^^"""^  «<^"''/«^'«'"  (at  1).  Elevations  above  2,700-3,000  m  are  darkened.  Data  from 
\ 

of  hawkmoth  pollination,  which  is  especiaUy  weU  Solanaceae,  in  our  material,  but  this  tissue  is  d.f- 
developed  on  Madagascar  (George  Schatz,  pers.  ficult  to  detect  in  dried  leaves.  The  ovary  is  one- comm.  .  This  remarkable  species  is  a  shrub  with  locular  except  at  the  base,  and  there  is  no  sign  of sunple  leaves  and  pubescence  of  simple  hairs.  The  an  expanded  placenta  as  is  common  in  Solanaceae. 

nea  Iv  .t  ""m    T        "w    u^"  T^'  '^''  ̂ '^'  ̂ ^  °^^^^  ̂ ^^^^ers  argue  for  placement  in  the 

detect  ̂^^"^.^Vtr"       l^r  ̂''"  ""^^^^  *"  Solanaceae.  A  nuclear  magnetic  resonance  spec detect  mcluded  phloem,  which  ts  diagnostic  for  trum  analysis  (Soren  Jensen  pers.  comm.)  revealed 

CESTREAE 

V 

\ 

va^uXLrfrltetr'  ''""'  ̂ ""^"^'"^  '^'^"^^^^«  ̂ ^^  ̂estreae.  Data  from  coUections  at  MO  and  fro. 

r 
L 
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no  iridoid  alkaloids.  The  Solanaceae  lack  such  com- 

pounds, while  similar-appearing  families  in  the 
Scrophulariales/Lamiales  often  have  them. 

Table  2.     Taxonomic  arrangement  of  solanums  on 

Madagascar. 

These  features  place  Tsoala  in  tribe  Cestreae      Subgenus  Solanum 

of  subfamily  Cestroideae,  neither  of  which  was  hith- 
erto known  from  the  Africa/ Asia  region.  Tribe 

Cestreae  (Fig.  2)  includes  four  other  poorly  known 

genera:  Cestrum  (widespread,  tropical  America), 

Vestia  (Chile),  Sessea  (Andes),  and  Metternlchia 

(Rio  de  Janeiro).  The  last  two  have  woody  capsules 
not  unlike  those  of  Tsoala,  but  the  corollas  are  of 

quite  different  shapes.  The  occurrence  of  a  member 

Section  Lemurisolnnum  (8  species,  all  endpTnic)  5. 

antalaha*,  S.  apocynifolium^  S.  ivohihr^^  S, 
madagasrariensc,  S.  marrothrysum,  S.  maro- 

j^jy>  5,  fnyrsinoides",  S.  trichopctiolunv 
Section  Macroncuohs  (5  species,  all  endemic)  5.  an 

kazohe'^  S.  hetiohn*,  S.  humltlotn,  S,  unanwnse^ 

S.  samhiranense' 
Section  Ajrosolanum  (1  Cortioros  iind  Africa)  ̂ .  Iff' 

minale 

of  the  Cestreae  on  Madagascar  supports  the  views       Other  groups  (introduced:  cultivaicil  iuul/or  nahiial- 

that  the  Solanaceae  have  a  southern  or  Gondwana-  ized)  S.  amrrirntmm^  S.  psrudiK-npst*  um,  S.  xra 
elrod 

1991). 
brum,  S.  seaforthianitm 

Subgenus  L4'ptu:>lcinonuni 

Section  Mclongcna  {Andromonorcum)  (3  ppprjcs,  1 

Madagabcar  and  Africa,  2  introdurrd.  cultivatrrl) Solanum:  the  Introduced  Species 

About  half  the  species  of  Solanum  occurring  on         Section  Croatianum  (3  species,  all  endcinlc)  S.  bumc- 
S.  incanum,  5.  macrocarpon,  S.  mdungcna 

Madagascar  and  the  Comoro  Islands  today  are liarifolium,  S.  croalii^  S.  heinianum 

introduced  species,  including  species  that  occur  Section  Olignnthes  (plentiful  in  Africa) 

only  in  cultivation.  Some  of  the  introduced  species 

are  so  well  established  and  integrated  into  the  pres- 

ent environment  of  Madagascar  that  they  are  com- 

monly considered  to  be  part  of  the  flora.  The  pre- 

sumed status  of  species  and  groups  of  Solanum  is 
indicated  in  Table  2. 

Solanum  americanum  Miller,  the  tropical  black 

nightshade,  is  one  of  the  most  common  table  veg- 

Series  Afroindira  (3  species,  abo  in  Asia,  1  per- 
haps native)  S.  aethiopirum,  S.  anguivi^  S. 

violaceum 

Series  Eoafm  (3  species,  all  endemic)  S.  bafoidrx^^ 
S.  erythracanlhum,  S.  myoxotrichum 

Series  Acantliocalyx  (I  species,  Africa,  Cujuoros, 

Madagascar,  Mauritius)  5.  richardii 

Series  Pyracanlhum  (1  species,  endemic)  5.  pyra- 

cant  has 
etables  in  Madagascar:  its  aboveground  parts  are  Section  Cryptorarpum  (1,  endemic)  S.  mahoflcnsh 

served  boiled  on  rice  in  most  country  restaurants  holated  species  (1,  endemic)  S.  toliaraca 

and  homes  throughout  the  land.  The  species  occurs  Other  groups  (introduced:  cultivated  and/or  natural- 

widely  in  warm  coimtries,  and  plants  on  Mada-  i^ed)  S.  torvum 

gascar  are  indistinguishable  from  those  of  the  Ca-  Other  subgenera  (intr^xluced:  cuhivaH.T  and/or  riaiu
ral 

ribbean  region.  The  similar  Solanum  scabrum  Mil- 
ler is  cultivated  for  its  berries,  and  it  is  sparingly 

naturalized.  This  species  is  commonly  cultivated  in 

upland  areas  of  west  Africa.  Most  species  of  this 

section,  Solanum,  are  found  in  South  America, 

which  is  its  presumed  region  of  origin,  but  some 

Old  World  elements  (S.  nigrum  L.,  S.  villosum 

Miller,  S.  scabrum)  seem  to  have  no  counterparts 

ized)  S.  maurifinntim,  S.  luhero^um 

•  Species  to  be  described  in  the  Flore  de  Madagascar 

el  des  Comorrs  (D'Arcy  &  Rakotozafy,  in  press). 

populatio 

be  distinguished 

pread 

in  South  America,  and  their  presence  in  the  Old      India,  an
d  China.  Fruits  of  both  Solanum  tnmnum 

World  b  presumed  to  be  of  long  standing.  and  S.  m
elongena  float,  and  ̂ xds  of  the  first  can 

Two  other  New  World  species  have  become  survive  a  p
eriod  in  sea  water  of  at  least  five  weeks 

pervasive,  shrubby  weeds  in  the  tropical  Africa/ 

Asia  region  and  are  common  in  Madagascar  except 

in  the  south.  These  are  Solanum  mauritianum 

Scop,  and  S.  torvum  Sw.  The  fruits  of  5.  torvum 

are  commonly  eaten  in  India  but  perhaps  not  m 

BecauM  of  its  unifi 

and  the  great  var 

species 

'rived  r 

times. 

Madag ascar. 

Solanum  incanum  L.,  the  presumed  ancestor 

Solanum  anguivi  Lam.  (5.  indicum)  \^  rommon 

around  homes  in  many  parts  of  the  inland,  and  it 

of  S.  n,.longena  U  -he  eggp.nn,,  »  wi,V,p,.aJ      --;'"•.■;«'«"'■-:'■'  fT^^^t:!^.:! 
around  the  island  near  villages  and  along  roa-N, with  S,  arthiopirum  I-.  {S.  inff'grifallum).  Fruits 
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of  Solarium  aethiopicum  will  float  in  sea  water  two  of  these  endemic.  The  two  largest  subgenera, 

(not  in  fresh  water),  but  those  of  S.  anguivi  do  Solarium  and   Leoptostemonum^  are  well  repre- 

not.  These  plants  were  domesticated  in  west  Africa  sented.  Subgenus  Leptostemonum  includes  species 

(Lester  &  Niakan,   1986),  and  many  forms  and  often  having  slender  anthers  with  small  pores,  spines, 

related  wild  ''species"  exist  across  the  African  con-  and  stellate  pubescence.   Subgenus  Solarium  in- 
tinent,  including  the  ribbed-fruited  forms  seen  on  eludes  species  with  stout  anthers,  no  spines,  and 

Madagascar.  As  there  appears  to  be  no  series  of  simple  or  dendritic  rather  than  stellate  hairs.  The 

wild  associates  in  Madagascar,  these  species  are  taxonomic  arrangement  of  native  species  is  pre- 

presumed  to  have  been  introduced  from  Africa,  sented  in  Table  2.  This  generally  foUows  the  ar- 
where  many  similar  forms  are  found.  Both  species  rangements  of  Bitter  (1913,  1917,  1921,  1923) 

and  Tae^rer  H  985).  and  for  Lentostemonum,  Wha- are  used  medicinally  and  sometimes  as  food.  In 

Africa,  fruits  and  leaves  are  eaten,  and  many  wild 
stocks  are  used  for  medicines. 

len  (1984),  with  a  few  adjustments  made  in  the 

current  study.  Infrageneric  names  and  their  au- 

The  earliest  name  for  what  was  formerly  called      thors  are  as  presented  in  D'Arcy  (1972). 
S.   indicum  L.  is  5.   anguivi^  described  from  a 

Commerson  collection  from  Madagascar.  The  com-      UNARMED  SoLANUM  GROUPS  (SUBGENUS  SolaNUM) 

mon  name  for  this  species  in  Madagascar  is  "an- 

givi."  Several  explanations  are  available  for  the 
presence  of  a  presumed  ancestor  for  a  west  African 

SECTION  AFROSOLANUM 

Afrosolanum,  which,  unlike 

recognize 

cultigen  in  Madagascar.  That  the  species  was  in-  species  treated  below,  is  not  strictly  native  to  the 
troduced  to  Madagascar  well  before  1769  when  flora  area,  includes  many  named  species,  but  recent 
the  species  was  collected  by  Commerson  seems  works 

most  likely.  The  species  need  not  have  been  taken  (Heine,  1960)  species,  Solarium  terminale  Fors- 
by  sea  travelers  from  west  Africa  to  Madagascar,  skal.   Solarium  terminale  ranges  across  tropical 
It  may  occur  or  have  occurred  in  this  form  widely  Africa  and  the  Arabian  Peninsula  (Fig.  3),  mostly 
across  Africa  and  been  present  in  the  wild  on  the  at  elevations  above  2,500  m.  It  occurs  in  moist 

Madagasca 
climbe 

east.  Or  it  may  have  been  carried  by  Islamic  pil-  florescences  are  purplish  or  white  flowers  in  ter- 
grims  into  their  Ethiopian  villages  on  the  several-  minal  paniculate  clusters,  the  base  of  the  rachis 

year  journey  from  west  Africa  to  Mecca  (Bunting,  often  bearing  a  series  of  leaves  or  bracts  that  di- 
1990).  From  there,  it  would  have  been  a  candidate rmius 

for  transport  to  the  Comoro  Islai 
traders  and  thence  to  Madagascar. 

Afi 

and  some  other  African  sections  is  the  type  of 

Solarium  aethiopicum  may  have  entered  Mad-  anther  dehiscence.  The  terminal  pores,  which  oc- 
agascar  in  the  same  way  as  S.  anguivi,  but  as  the  cur  in  all  species  of  Solanum,  soon  elongate  into 
fruit  and  plants  seem  identical  to  some  forms  cul- 

tivated in  the  United  States,  it  may  have  been  and  open  to  expose  the  pollen  (Fig.  4A). 
introduced  more  recently,  perhaps  by  French  ag- 
riculturists. 

run 

In  contrast,  spiny  solanums  and  most  New  World 

groups  of  spineless  solanums  either  lack  longitu- 
To  the  east  of  Madagascar,  in  India  and  south-  dinal  dehiscence,  or  they  develop  longitudinal  slits 

east  Asia,  5.  anguivi  appears  to  be  replaced  by  S.  from  separate  sites  below  the  anther  apex,  and  the 
violaceum  Ortega.  Both  species  occur  on  Mada-  slits  are  not  continuous  with  the  terminal  pore,  at 
gascar,  but  S.  violaceum  is  known  by  only  a  few  least  before  late  anthesis.  They  seldom  or  never 
records.  As  differences  between  these  two  extreme-      open  below  the  pore  wide  enough  to  expose  much similar The 

dated,  investigation  will  be  necessary  to  determine      Afrosolanum  is  also  found  in  section  Quadran- 
more  precisely  the  range  of  S.  violaceum  and  its      ̂ u/are  and  in  subgenus  Ljcioso/anum,  both  groups likely  region  of  origin. of  southern  Africa  and  in  section  Archaeosolanurrt 

of  Australia.  Bitter  (1917)  considered  subgenus 

Lyciosolanum  {Solanum  quineense  L.  =  S,  ag- 
gregatum  Jacq.)  to  be  intermediate  between  Ly- 

Solanum:  the  Native  Species 

Except  for  the  newly  discovered  endemic  genus 
Tsoala  noted  above,  all  native  Solanaceae  on  Mad- 

agascar are  of  genus  Solanum.  There  are  about      Cape  Flora,"  He  may  also,  to  judge  from  the  ap- 25  species  of  Solanum  in  the  flora  area,  all  but      peUation  chosen  for  it,  have  considered  section 
primitiv 

numerous 

1 

I 

n 

I 

r 
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Figure  3.      Distribution  of  Solarium  terminale  Forsskal  in  circled  areas.  Elevations  above  2,700-3,000  m  arc 
darkened.  Data  from  Bitter  (1913,  1923)  and  from  collections  at  MO. 

Archaeosolanum  to  be  archetypal  in  the  genus.  their  anthers,  calyces,  and  other  features.  The  an- 

The  rapid  longitudinal  dehiscence  may  be  consid-  thers  are  sometimes  laterally  connate,  and  the  pres- 

ered  a  primitive  feature  in  the  genus,  if  one  assumes  ence  and  degree  of  this  connation  seems  to  vary 

that  Solarium  evolved  from  taxa  having  longitu-  considerably  within  species.  Dehiscence  is  by  dis- 

dinally  dehiscent  anthers  as  in  most  other  genera  tinctly  margined  terminal  pores  with  no  tendency 

of  Solanaceae.  to  longitudinal  dehiscence  (Fig.  5 A).  Both  groups* 

The  perhaps  monotypic  section  Afrosolanum  occur  widely  in  the  flora  area  in  all  original  forests 

has  been  collected  only  once  in  the  flora  area,  on  except  in  southern  Madagascar,  and  both  are  en- 

Mayotte  in  the  Comoro  Islands,  in   1884.   This  demic  to  the  flora  area. 
collec 

tion  of  S.  comorense  Dammer,  a  name  now  rele- FLORAL  EGRESS 

<  I 

3d  to  synonomy.  Because 

widely  isolated  mountains 

been 

In  species  in  section  Lemurisolanum^  calyx  pre- 
floration  is  nearly  perfect  (fused  to  the  top),  the 
only  signs  of  lobes  being  minute  apical  tufts  of 

united  for  many  millions  of  years,  it^seems  to  be      ̂ ^i^^homes  where  the  primary  veins  terminate  (Fig. 
4B),  and  floral  egress  is  by  stretching  (Fig.  4C) 

with  no  sign  of  *^pliiling.  See  D'Arcy  (1986)  for  an 
explanation  of  egrebs  modes  in  solanaceous  calyces. 
This  mode  of  egress  is  almost  unknown  In  Solannm, 

which  typically  opens  the  calyx  by  splitting  at  the 

distances 

However,  it  has  not  been  found  on  Madagascar; 
will  be 

SECTIONS  LEMURISOLANUM  AND  MACROISESIOTES 

Two  other  nonspiny  Solarium  groups,  sections      sinuses,  sometimes   with  some  stretching   b
efore 

Macronesiotes.  occur 

flora  area,  each  represented  by  several  species  on 

Madagascar  and  the  Comoros.  Both  are  similar  in 

many  respects  and  also  similar  to  section  Afroso- 

lanum, often  developing  dendritic  hairs,  sarmen- 

tose  to  epiphytic  growth  habits,  plurifoliate  inflo- 

rescences, leafing  and  flowering  on  short  shoots, 
bluish 

Af, 

splitting.  One  such  case  is  known  in  Solanum  sect. 
Geminata,  S,  leucocarpon  Dimal  (5.  surinamense 

Steudel)  in  South  America,  and  other  examples 

may  be  found  in  this  section.  Egress  by  stretching 
occurs  In  several  other  genera  of  Solanaceae,  e.g., 

Lycianthes,  Capsicum,  Witheringia.  See  D'Arcy 
(1991)  for  a  more  complete  list.  Ihib  also  occurs 
in  other  families,  e.g.,  Melastomataceae  (hhdiniU 

la,  Madagascar).  Surh  grotips  arc  characteristic  of 
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Figure  4       Features  of  Solanum  species. -A 
longitudinal  slits  (at  arrow).  (After  HamblT284%rrZ^"'  termmale  showing  extention  of  termin. 
egress  of  Solanum  n,.^rrLUL  .T.    ̂.,      ̂^''  ̂7?^  collection  of  Solanum  comorense  Dammer 

into 

Dunal 

calyx 

!d  thin  at 

C.  Floral 

1-        ̂ ^       r  ,.         °   ""-•'t  i-'uiJai.  jcany  Duas  with 
marking  the  five  rudimentary  teeth.  (After  Cours  2807  (P).) 

wet  tropical  forests,  so  it  is  speculated  that  this mode 
ANTHER  EMERGENCES 

under  selection  by  unknown Another  interesting  feature  of  section  Lemuri- 
of  wet  forests.  It  is  postulated  that  this  feature  is      ̂ r 

ferred  to  as  hirsute.  These  are  most  striking  on 
f 
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Figure  5.     Emerge 
insed 

Scale  =  1  mm.- B.  S™  of  mate„a.^^^^^^  200  A  of  gold,  then"  photographed  whh  I.S.I.  Super pomt  dried  frorn  liquid  CO,.  Sp««='"^^"  ̂ ^f^  ̂  mm.-C.  SEM  of  restored  material.  Dried  herbarium  material  treated 

Scale  50 

scanrung  electron  micro&cupc.  ^v-c*^       -  , 
•  ■     •  ntrated  ammonium  hydroxide  at  6tri>  in  a  -    n   c;    u 

D.  SEM  of  liquid  preserved  material.  P^eP"/"""  «f,  ">  ?.  f„^  J^^.  . ^         -   "    ■    =  50  urn.  (All  after  Miller  3413  (MO).) 
^m 

sealed  container  under  pressure.  Preparation  as  in  B. 
'    on    '    -  200  /im.— E.  SEM  of  liquid 

preserved  material.  Preparation  as  in  B.  Scal
e 
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specimens  of  the  north  and  east  coast  of  Mada-  to  this  faunal  area.  Anders  Nilsson  (pers.  comm,) 

gascar,  but  they  are  also  seen  in  material  from  relates  that  on  Madagascar  several  genera  of  an- 

other areas  of  the  country  and  to  a  slight  degree  thophorid  bees  hover  and  grasp  anthers  of  So/awu/w 

on  anthers  of  the  similar  sections  Afrosolanum  and  to  buzz  them  and  obtain  pollen,  and  at  least  two 

Quadrangulare  on  the  African  continent.  I  have  genera  of  halictid  bees,  and  endemic  genus  Spego- 

not  seen  anything  like  these  in  plants  from  other  cephala,  with  about  six  species,  and  Thrincho- 

parts  of  the  world.  Such  emergences  are  not  to  be  stoma,  which  is  restricted  to  Madagascar  and  Af- 
confused  with  the  trichomes  that  Bitter  (1917:  rica,  also  buzz  anthers  but  must  land  on  the  anthers 

437-438)  noted  near  the  pores  of  S.  apocynifoli-  to  do  so.  Possibly  one  or  more  of  these  halictids 

um  Baker,  which  are  minute,  granular  material  benefits  from  the  availability  of  the  emergences  as 

localized  on  the  contrasting  yellow  rim  of  the  pores  holdfasts,  and  perhaps  all  classes  of  pollinators  are 
of  a  few  specimens. attracted  by  Ught  contrast  between  the  anthers  and 

The  anther  emergences  are  probably  poUinator      corollas. 

related,  and  at  least  three  suggestions  come  to  mind 

on  the  nature  of  this  relationship-  Flowers  of  So-  otherwise  similar  plants  in  Africa  and  Madagascar 

lanum  and  other  plants  with  anther  dehiscence  by  is  striking.  In  the  African  groups  the  pollen  is 

terminal  pores  are  usually  pollinated  by  bees  that  exposed  through  an  open  longitudinal  slit  and  is 

buzz  the  anthers  to  extract  the  pollen  (Buchmaim,  readily  available  for  any  pollen  predators.  In  con- 
1983a,  b).  One  possibility  is  that  the  emergences  trast,  in  the  groups  on  Madagascar,  the  pollen  is 

restrict  access  to  pollen  by  nonpollinating  visitors.  hidden  beneath  an  intact  anther  wall  and  elaborate 

As  noted  above,  sections  Lemurisolanum  and  Mac-  emergences,  and  the  area  presented  to  the  outside 

ronesiotes  differ  notably  from  the  African  Afro-  is  reduced  by  the  frequent  connation  of  adjacent 

solatium,  Quadrangulare,  and  Lyciosolanum  spe-  anthers,  seemingly  offering  a  complicated  system 

cies    in    their    lack    of   longitudinal    dehiscence,  of  deterrents  to  pollen  predation.  The  African  taxa 

presenting  pollen  to  only  those  visitors  able  to  ac-  are  distributed  across  the   continent  and  in  the 

cess  it  via  the  pores  or  by  chewing  their  way  to  it.  Arabian  Peninsula,  but  they  are  restricted  mainly 

In  the  Americas,  trigonid  bees  are  known  to  rob  to  cool  areas;  above  2,500-3,000  m  in  the  tropics 

pollen  regidarly  from  anthers  without  affecting  pol-  or  to  the  south  at  lower  elevations,  while  the  species 

lination  (Renner,   1983),  and  they  may  actually  of  Madagascar  occur  at  all  elevations  below  3,000 

restrict  some  taxa  of  flowering  plants  to  sites  where  m  in  the  tropics,  Trigonid  and  apid  bees,  both 
these  bees  are  not  numerous.  If  these  emergences  poUen-scavenging  groups,  are  present  in  Africa  and 
act  as  deterrents  to  chewing  through  the  anther  to  Madagascar  and  seem  likely  to  be  pollen  predators 

obtain  pollen,  they  may,  in  addition  to  completing  in  both  places.  Further  findings  are  needed  to  sug- 
closure  of  the  anther  wall,  help  to  restrict  pollen  gest  how  possible  differences  in  pollinator  capabil- 
dispersal  to  those  visitors  that  can  buzz  the  flowers,  ities  or  pollen  predation  levels  may  justify  the  con- 
the  means  by  which  pollinators  avail  themselves  of  trasting  poDen  presentation  systems.  The  differences 
poUen  from  terminal-pored  anthers.  A  second  pos-  in  poUen-predation  envirorunents  may  explain  why 
sibility  is  that  the  emergences  provide  grasping  the  Mozambique  Channel  has  been  such  a  formi- 
holds  for  pollinating  bees,  enabling  them  to  hold  dable  barrier  to  migration  and  estabUshment  of 

the  anther  while  they  "buzz"  the  stamens.  The  these  Solarium  groups  on  neighboring  continents, 
third  possibility  is  that  the  emergences  are  ultra-  especially  of  the  African  groups  that  have  well- 
violet  absorptive  and  provide  an  orientation  cue  to  demonstrated  capability  for  long-distance  range  ex- 
pollinating  insects.  Similar  papillate  emergences  on  tension. 

* 

The  contrast  between  the  pollen  presentation  of     f 

^ 

r 

patches  of  corolla  tissue  in  some  species  of  the  The  occurrence  of  emergences  on  anthers  and 
scrophulariaceous  genus  Diascia  were  illustrated      of  anther  connation  in  section  lemumo/artum  does 

by  Steiner  (1990)  and  were  demonstrated  to  affect      not  appear  to  be  entirely  species  specific,  varying 
orientation  behavior  of  at  least  one  pollinator. from  completely  absent  to  well  developed  on  sim 

It  has  not  been  possible  to  test  these  hypotheses  ilar-looking  specimens  from  neighboring  sites.  The 
either  by  observing  bees  in  their  visits  to  flowers  biological  interaction  leading  to  development  of  these 
or  by  testing  the  nature  or  contents  of  the  emer-  phenomena  appears  to  have  acted  on  a  spectrum 
gences  for  a  chewing-deterrent  role  or  by  testing  of  taxa  and  populations  in  varying  degrees,  so  that 
the  light  reflectance  of  the  anthers  and  the  sur-  anther  connation  and  emergences  are  of  limited 
rounding  corolla  tissue.  Because  these  features  are  value  as  taxonomic  markers.  Similar  anther  emer- 
restricted  to,  or  best  displayed  on,  plants  of  Mad-  gences,  somewhat  different  in  detaU,  occur  on  sp 
agascar,  they  may  relate  to  organisms  restricted  cies  of  Exacum  (Gentianaceae),  which  are  numer 
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Figure 
insertion, 

the  length 

_  ,  ^.  ̂     A    n  Views  of  abaxial  (dorsal)  sides  of  anthers  illustrating  anther 
Features  of  some  Solarium  species.  A-U  Views  oi  aoaw     v  fii.^..t/....J;t;v.  ... 

B.  So/anum  amerlcanum  Miller 

position  ot  hlament/coni 

rhanging  tissue  is  shown 

view. 
tissue  recedes  greatly  on  orying  uui  ̂ tm  .^..^^^         r  Scutellate  hai 

pyracanthos  Jacq.  The  basal,  dorsal  overhanging  
tissue  is  shown  at  arrow,     u.  ̂ cutelMte  hai 

D'Arcy  &  Rakotozafy  15341  (MO).) 

i 
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area. 

ANTHER  INSERTION 

FRUIT  SHAPE 

climbers Mac 

lA Quad 

being 

sometimes 

sometimes 

section  Archaesolanum,  which  is  suggested  by  Bit-  sutures.  Plants  in  this  section  are  of  two  kinds.  The 
ter  s  name  for  it  as  a  primitive  group  in  the  genus,  group  including  the  typical  S.  imamense  Dunal 

,     .     ,         .        ,    ̂PP^^'"  ̂   dorsifixed,  but  his-  comprises  plants  with  membranaceous,  pubescent 
ological  sections  have  not  yet  been  made  to  verify  leaves,  lanceolate  or  deltoid  calyx  lobes,  which 

this.  However,  truly  dorsal  fixation  occurs  in  so-  sometimes  elongate  by  splitting  at  the  sinuses,  and 
lanums  belongmg  to  at  least  two  other  groups:  terrestrial  habit.  Species  in  this  group  closely  re- Solanum  dulcamara  L.  (sect.  Dulcamara)  from  semble  the   American   section   Pseudocapsicum, 
northern  Asia  and  Europe  and  Solanum  pensile  from  which  they  differ  mainly  in  the  smaU  anther Ruiz  Lopez  &   Pavon  (sect.  Andropedas),  wide-  pores  and  lack  of  longitudinal  dehiscence.  Also spread  m  tropical  lowland  South  America.  Each  of  placed  in  section 

climbers  with 

woody Macron 

borne 

vmes  Dammer,  are  some  specimens  with  coriaceous,  gla- 
with  brate  leaves,  linear  calyx  lobes,  and  epiphytic  ten- 

dered dencies.  In  S.  humblotii,  the  lobes  and  pedicels 

^„^„^„  „    ,   ,           .     ,              ,                        ̂ "^-  are  recorded  as  red  or  violet,  perhaps  acting  as 

Z^jt.  ''T'^l             '^"^cT^  ̂   """  P=«  of  PoDinatorattraCam.  In  ,L  section,  ovaries na„on  of  ,I,e  an.hers.  Spcc,n,e„s  of  Sotanun,  pen.  are  rounded  or  conical,  and  at  leas,  one  large. 

both 

I 

ous  in  the  same  forests  on  Madagascar  (pers,  obs.;  sile     look     very     much     like     those     of    S. 
Klackenberg,   1985).  Collections  from  near  Ma-  madagascariense  in  section  Lemurisolanum,  but 

^*^i^jy^  the  high  (2,137  m)  mountain  near  the  wet-  the  androecia  differ:  one  stamen  has  a  longer  fil- 
forested  northeast  coast  of  the  island,  seem  to  have  ament  that  places  its  anther  well  in  advance  of  the 
the  best  development  of  emergences,  but  there  are  others;  and  the  anther  dehiscence  is  by  terminal 
also  species  in  this  area  with  none  at  all.  This  is  pores  and  tardily  forming  longitudinal  slits.  Each 
the  part  of  Madagascar  where  the  greatest  devel-  of  these  groups  has  been  divided  into  numerous 
opment  of  wet  forest  solanums  occurs.  To  judge  species  by  various  taxonomists,  attesting  to  a  con- 
from  collection  dates,  blooming  or  occurrence  of  siderable  variability  that  has  evolved  in  each  group 
at  least  some  of  these  Solanum  species  is  restricted  on  its  respective  continent.  Because  dorsifixed  an- 
seasonally  and  in  elevation  range,  which  suggests  thers  occur  in  many  related  genera  and  basifixed 
that  varied  means  of  reproductive  isolation  are  anthers  are  hardly  found,  and  because  these  other 
affecting  similar  plants  within  this  relatively  small  genera  have  longitudinal  anther  dehiscence,  which 

is  generally  considered  to  be  less  specialized  than 

dehiscence  by  terminal  pores  as  in  Solanum,  dor- 
sifixed anthers  are  presumed,  a  priori,  to  be  a 

character  state  primitive  to  basifixed  anthers.  The 

In  most  species  of  Solanum,  anthers  are  basi-  widespread  taxa  of  So/ana^  with  this  feature  would    ̂  
fixed,  and  the  filament  enters  a  kind  of  socket  in  appear  to  represent  isolated  relict  elements  in  the 
the  anther  where  a  flange  of  dorsal  anther  tissue  genus.  Michael  Nee  (pers.  comm.)  may  be  correct 
shields  the  top  of  the  filament  and  the  point  of  that  these  vines  are  a  distinct  phylad  within  So- 
insertion  from  abaxial  view  (Fig.  6A,  B).  When  lanum. 
dried,  this  flange  sometimes  recedes  up  the  back 
of  the  anther,  but  the  point  where  the  filament 
joins  the  anther  is  still  within  an  anther  socket. 

However,  in  Solanum  madagascariense  Dunal,  Several  species  of  section  Lemurisolanum  have 

the  insertion  of  the  anther  is  dorsal,  the  filament  ''^'''''^^  ''''^"^^  ̂ ""^  ̂'''''*^'  "^  contrast  to  the  usual 

running  up  the  abaxial  side  to  the  apex  without  """^^^^^^  ovaries  and  globose  fruits  in  Solanum. 

interruption  (Fig.   6C).  Sometimes  (Fig.   5A)  the  ̂ "^  species  from  Marojejy  has  fusiform  fruits  to 

dorsal  sides  of  the  locule  walls  converge  over  the  ̂   ̂^  ̂^^^'  ̂ ^^^^  ̂ ^^  indicate  a  shift  from  bird 

back  of  the  filament,  but  these  are  not  connate  or  ̂^^P^^^^^  ̂ ^  mammal  dispersal  on  an  island  where 

coherent,  and  the  filament  can  be  viewed  at  least  ̂^""^  diversity  is  low, 

partly  exposed  all  along  the  dorsal  side.  The  type 
of  anther  insertion  was  verified  as  Solanum  mad-  ̂ ^^'^^  MACRONESIOIES 

agascariense  and  a  range  of  other  species  by  his- 
tological preparations  (floral  cross  sections).                      .,.^^,^,.^o«.^coo 

SimUar  dorsifixed  anthers  were  not  seen  in  Af-  of  the  features  of  sectiorZem^^^^^                  but  the 
i 

? 

I 

\ 

f 
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turbinoid  fruit  is  known  resembling  the  unusual  one       lationship,  but  it  resembles  and  seems  closely  re- 

referred  to  above  in  section  Lemur isolanum. 

Spiny  Solanum  Groups 

(Subgenus  Leptostemonum) 

Whalen  (1984)  estimated 

lated  to  5.  sturtianum  from  arid  western  and  in- 

terior Australia  (Symon,  1982),  That  species  has 

similar  leaves,  pubescence,  flowers,  fruits,  and 

overall  appearance  but  has  smaller  stature  (0.5-3 

m),  smaller  leaves,  acicular  rather  than  broad-based 

450  species  of  subgenus  Leptostemonum,  the  spiny      spines,  larger  corolla  (3-4  cm  diam.),  dark-colored 

solanums,  worldwide.  He  recognized  them  as  form- 

ing 33  groups,  of  which  only  nine  occur  in  the 

Africa/Asia  sphere  of  distribution.  Only  three  sec- 

seeds,  and  rays  of  the  stellate  trichomes  are  fused 

only  at  the  bases  or  not  at  all.  Symon  (1981;  206) 

stated:  **5.  sturtianum  does  not  appear  to  have 

tions  and  two  isolated  species  occur  on  Madagascar      close  relatives  amongst  the  Australian  species  of 

(Table  2).  Solanum,''''  Both  species  occur  at  similar  latitudes. 

Section  Croatianum  displays  a  distinctive,  scu- 

tellate  hair  type  (Fig.  6D).  The  section  was  de- 

In  spite  of  the  differences  noted,  there  are  enough 

similarities  (synapomorphles?)  to  suggest  that  they 

scribed  with  three  species  from  southern  Mada-      are  sister  species. 
These Section  Oliganihes  is  represented  on  Madagas- 

sturdy,  mostly  straight  spines  as  juveniles  but  usu- 

ally lacking  armature  as  mature  plants.  Morpho- 
(Whal 

1984;  Jaeger,  1985).  Series  Afj 

logical  changes  across  the  group  seem  to  follow  a      5.  anguivi  and  S.  aethiopicum,  which  were  d
is- 

gradient  of  diminishing 

Solanum  croatii  D'Arcy  &   Keating  has  many- 

cussed  above  under  introduced  solanums.  In  this 

group,  flowers  are  all  perfect,  and  fruits  are  moist 

flowered  branched  inflorescences,  ovaries  that  are       and  mostly  reddish. 

basally  4-locular  and  apically  2-locular,  and  hairs 

Eoafr 

The 
that  are  mostly   slightly  stipitate.   Solanum   hei-      by  Bitter^  (1923),  is  well ̂   represented  in  eastern 

nianum  D'Arcy  &  Keating  has  leaves  and  flowers 

in  fascicles  or  on  short  shoots  (brachyblasts),  the      is  weU  developed  ̂ and  troublesome  on  Madagascar, 

hairs  resemble  those  of  S.  croatii,  and  the  ovaries 
Members 

the  group  are  found  everywhere  on  the  island,  and 

Dunal,  apparently  the  most  advanced  species  in      at  least  one  species,  5.  er
ythracanthum  Bojer,  is 

the  group,  has  leaves  and  flowers  in  fascicles,  the      highly  resistant  to  h
uman  disturbance.  Plants  on 

unbranched Madagascar  have  sessile  inflorescences  and  fre- 

Hes  "are" 4docular,'and^  theatric  are  sessile,      quently  4.parted  flowers,  as  do  some  of  the  African The  erouD  appears  to  be 
scutellate  hairs  that  form  lepidote  scales  that  give      species.  ,       ,      ,  ,    , 

the  leaves  a  somewhat  silvery  appearance.  Occa-      series  of  plants  
with  strikingly  different  morphol- 

ogies  at  the  extremes. 

One  noteworthy  species  is  S.  myoxotrichum  Ba- 

ker. This  appears  to  intergrade  with  S.  eryihra- 

found 

^fc 

setose 
Iwscence 

seems 

The  scutellate  hair  type  of  section  Croatianum  .,.,.«.       .     r       i      .,       , 

is  highly  distinctive  in  Solanum.  It  is  otherwise  ^^^^^"^^^  ̂ '^^  "^^^^^^^ 
known  in  this  form  only  in  section  Lepldotum  of 

South  America  (Carvalho  et  al.,  1 99 1 ).  Although 

their  hairs  are  apparently  identical,  the  two  sections  ,        o  »  » 

are  not  thought  to  be  closely  related,  so  this  unusual  gre
ater  moisture  than  5.  rryihraranthum. 

hair  is  assumed  to  have  arisen  independently  in  SimUar 
 echmo.d  stems  appear  on  .pec.es  of  sub- ,.  .      ,  c     ̂ «*«,-^  o«rl       rroniie  I  fintnstpmonum  on  other  conluients.  these 

each  group.  However,  m  dry  parts  of  western  and 
-4,    r  1  '  .    ̂   »      ̂     <mr~      are  generally  wetter  habitat  members  of  species 

mtenor  Australia,  several  species,  e.g.,  o-   star-      ***c  »^*         '  
r 

tianum  F.  Muell.,  S.  nummularium  S.  Moore,  S. 

tumulicolum  Symon,  have  stellate  hairs,  the  rays 

of  which  are  fused  basally,  suggesting  an  incipient 

development  of  the  scutellate  hair.  Use  of  this  hair 

type  as  a  taxonomic  marker  may  have  been  over-  .     *   c  r  #  ;/   .   ̂   n«-.   /c  ;„ ij^pc  <!;:>  ̂   c   L       •     ,sr^  ̂ .'ffV^r^      troDical  America);  S.  sessilistcllatum  Bitter/6.  in^ 
done  in  sect  on  Croatianum^  S.  heinianum  ditters      iropicdi  n  /  ^c       \   q    j       -        r 

from  the  other  two  species  m  the  section  in
  its      canum  iseci.  iw^w.  ̂  

are  generally  wetter  habitat  members  of 

pairs  in  which  the  other  member,  occupying  drier 

but  still  mesophylic  sites,  larks  the  density  of  spines 

ppearance 

pecies 

lanceifolium   Jacq.    (sect,    Micracantha, 

brachyblastic  growth  and  other  features,  and  i
ts 

relationship  may  actually  be  elsewhere- 

Solanum  croatii  seems  to  have  no  African
  re- 

Mora.  New  CuinM); 

ifc 

(sect.  Gracilif 
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Table  3.      Postulated  affinities  of  Solarium  groups  of 
Madagascar. 

Subgenus  Solatium 

Section  Afrosolanum 

Section  Lemurisolanum 

High  African  moun- 
tains 

Endemic — relictual 

climb ers 
Section  Macronesiotes 

Endemic — South 
America 

Subgenus  Leptostemonum 
Section  Croatianum 

Section  Oliganthes 

Series  Afroindica 

Series  Eoafra 

Section  Andromonoecum 

Series  Pyracanthum 

Solarium  sturtianum, 
Australia 

Widespread,  Africa, 

Tropical  Asia 
Widespread,  Africa, 

Tropical  Asia 
Eastern  Africa  and 

eastern  Asia 

Widespread,  Old World 

Madagascar,  reentered Africa? 

Isolated  species 

Solarium  mahoriense 

Solarium  tolearaea 
Solarium  sisymbriifoli- 

um?  South  America Australian  groups? 

Androraonoecy  in  Solanum  subg.  Leptostemo 

Figure  7.  Distribution  of  three  Solanum  species  that 
are  isolated  taxonomically.  1.  Solanum  mahoriense  D'Arcy 
&  Rakotozafy.  2.  Solanum  tolearaea  D'Arcy  &  Rako- 

r7t4;oorra^Tr;erDlt:i°"ct:i::  -7  -  ■«— .  by  Whale„  (1984)  and  Whale. P  and  MO.  &  Lostich  (1986),  who  considered  plants  with  this 
character  to  be  a  monophyletic  group.  In  these 
plants,  usually  the  first  flowers  in  an  inflorescence 

^  ■      ,       ,  ^^®  perfect,  while  others  are  staminate.  The  per- 
One  extreme  in  development  of  this  group  on  feet,  or  pistillate,  flowers  tend  to  have  spinier  caly- Maaaeascar  is  an  nnnamf^H    email  l««„„j  c,%^„;    i_-i      i  .  „  , ea  species  ces,  while  the  staminate  flowers  have  reduced  gy- 

thickets  In  noecia,  the  styles  often  not  exceeding  the  filaments. 
nrrl^^-tv>L-^^-«'M  A     J___  •  .  «_    _  .  ■ 

bramblelike 
Simila 

with 
sometimes 

.um  specimens  w.m  sl,ghUy  larger  leaves  from  easl.  from  herbarium  material.  On  Madagascar,  it  occurs ern  Afnca  the  Arabian  Pemnsula,  Sri  Lanka,  trop-  in  section  AnJromonoecun,  and  also  in  all  three real  Asm,  Austraha,  and  the  Antilles  are  usuaUy  species  of  section  Croatiaaum. 
determmed  as  Afferent  species    e.g.,  S.  procum-  Solanum  pyracanthos  Jacq.  and  S.  richardii 
reTlt^T;'     ;  '"'°'"'r  y  'VT  "■■"  "°'  ̂   ̂"'■'  '"^'^'y  ■^-'-^'dered  to  b^  isolates  and  placed result  of  recem  dtspersals  there  has  been  conver-  in  different  sections,  may  actuaUy  have  a  closer 

rction  rr  """"  ̂   ̂'^  ".'r""  ''^'^-  "''°*"*'P-  Greenhouse'plants  of  these  species 
cluTe  r.h    "atr""""'"  :\  ""''=8-''=-  »-  «"-  both  found  to  be  andromonoecious.  A  cross 

t^Z^SinTn     "^71        ,       '^  '?'''^"'="'  <'*"  ̂""'^"f"!  '™s)  of  S.  richardii  pollen  onto 

s'charactr3  bv  ha"        "".  °"*""       '  «""P  *'  '''^'  ''  *"  ̂ -^ulated  flower  of  S.  pyra- 

«pre  strfehv  lea         *  -^-T™—  -"-^l  canlhos  produced  a  fruit  that  contained  a  fe« 

"  floT  a^f  iLt  alx  T  '.'"  f '  ̂  ":""^"'  '''^^'"P^'^  '='"  ̂''*  --<)-  Further  testing  is  need- m  newer  and  just  alter  (not  in  fruit),  and  mostly  '  ""           -----                                ^ 

yeBow  fruits  ̂ Cith  seeds    hat  can  gemtaat    after      .he7  ''"'"'":""™  "'.  *f  ""-■  J"-""-  '^"'^  "' 

lengthy  flotation  in  sea  water  (D'Arcy  & "t       1^        VT'r'  "■"  ""''"'  ''"'  ™'"^  P'""''  "?/ 1 9I 1 ).  '         °y  '^  fickett,      especiaDy  the  frmts  are  quite  different.  In  the  golf- ball-sized  fruits  of  S.  richardii  the  mesocarp  is 
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Figure  8.     Distribution  o{  Solarium  richardii  Dunal  (at  1).  Elevations  above  2,700-3,000  m  are  darkened.  Data 
from  Bitter  (1923)  and  from  collections  at  MO. 

thick,  spongy,  and  white,  typical  of  section  An-  briifolium  Lam.  of  Argentina,  which,  however,  is 

dromonoecurriy  and  the  exocarp  is  bright  orange  herbaceous  and  has  white  flowers  and  red  fruits, 

and  opaque.  Fruits  of  S.  pyracanthos  are  grape-  Solarium  toliaraea  D'Arcy  &  Rakotozafy  (Fig.  7) 
sized,  the  mesocarp  is  thick,  hard,  and  juicy,  and  occurs  in  the  temperate  southwest  of  the  island 

the  exocarp  Is  green  or  pale  yellow  and  translucent,  and  is  a  small,  erect  tree.  Its  relatives  are  unknown 

Solarium  pyracanthos^  which  has  been  grown  within  subgenus  Leptostemonum. 

as  an  ornamental  in  European  gardens,  is  endemic 

to  southeastern  Madagascar  (Fig.   7)    Solanam  RELATIONSHIPS  OF  Solanaceae  OF  Madagascar ncharaii  occurs  in  northern  coastal  Madagascar 

and  the  Comoros  and  has  been  reported  from  the  The  Solanace  on  Madagascar  display  interesthig 

island  of  Mauritius  and  from  coastal  Africa  (Fig.  features  suggestive  of  both  recent  and  ancient  re- 

8).  The  ability  of  seeds  to  germinate  after  more  lationships.  Tsoala  tubiflora  Bosser  &  D'Arcy  ap- 

than  a  month  in  the  sea  (D'Arcy  &  Pickett,  1991)  pears  to  be  related  to  South   American  genera, 
may  account  for  this  distribution.  Because  all  re-  suggesting  a  southern  or  Gondwanan  history  for 
cent  workers  have  considered  these  to  be  isolated  tribe  Cestreae,   which  would   reflect  an    ancient, 

species,  and  no  similar  plants  have  been  noted  by  probably  pre-Tertiary  distribution. 
Postulated  affinities  of  the  Srtlanurn  taxa  found 

on  Madagascar  are  indicated  in  Table  3,  Section 
workers  studying  African  relatives  (Richard  Lester, 

comm 

group  on  Madagascar  that  has  dispersed  by  sea  to  Afrosolanum  clearly  relates  to  the  African  conti- 
eastern  Africa.  nent  where  there  is  a  diverse  array  of  relatives  and 

In  addition  to  the  groups  discussed  above,  two  plants  with  similar  morphology  (sects.  Quadran- 

Isolated  species  are  noteworthy  in  having  quite  gulare  and  Lyciosolanum).  Its  sole  record  on  the 

narrow  ranges,   berries  enclosed   by   accrescent,  Comoro  Islands  does  not  suggest  antiquity  In  the 

spiny,  bladdery  calyces,  and  andromonoecious  sex-  flora  area.  Section  Lemurisolanum,  which  displays 

ual  expression,  but  few  other  similarities.  The  fruit-  unusual  features,  both  primitive  and  advanced,  may 

ing  calyces  are  quite  diff'erent  In  size  but  are  oth-  have  evolved  from  stocks  that  are  represented  to- 

erwise    alike.    Solanum    mahoriense    D'Arcy    &  day  by  similar,  relict  groups  in  temperate  Asia  and 

Rakotozafy  (Fig.  7)  occurs  in  the  tropical  north  of  South  America.  Differing  mainly  in  its  elongated 

the  island,  a  low  sprawling  shrub  with  dissected  calyces,  section  Macronesiotrs  may  have  origi- 
leaves.  nnmlp  flnw*-rc    and  stirkv  ffreen  berries.  nated  from  ancestorb  similar  tu  those  of  section 
So 

features  are  shared  with  5.  sisym-      Lemurisolanum. 
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Section  Croatianum  appears  to  have  its  closest 

relative  in  Australia,  and  because  of  the  differen- 

  .     1923.     Solana  Africana.  IV.  Repert.  Spec, 
Nov.  Regni  Veg.  Beih.  18:  1-320. 

tiation  in  the  group  on  Madagascar,  its  presence      ̂ ^^?' ^,^-  *  ̂'  ̂'  Michener.    1988.    The  Apidae 
there  may  be  quite  old.  Species  of  series  Eoafra 

of  Madagascar  and  nests  of  Liotrigona  (Hymenop 

tera).  Sociobiology  14:  299-323. 
are  much  like  those  on  adjacent  African  land  areas,      Buchmann,  S.  L.     1983a.     Buzz  pollination  in  angio- 
and  they  may  have  come  from  Africa  more  re- 

cently, but  long  enough  ago  to  have  evolved  a 

number  of  distinctive  elements.  It  likely  that  an- 
cestral stocks  arrived  more  than  once,  and  it  is 

also  possible  that  taxa  differentiated  on  Madagascar 
migrated  back  to  Africa,  although  this  cannot  be 
determined  from  present  information. 

sperms.  Pp.  73-113  in  C.  E.  Jones  &  R.  J.  Little 
(editors),  Handbook  of  Pollination  Biology.  Van  Nos- 
trand  Reinhold,  New  York. 

  .    1983b.    Electrostatics  and  pollination.  Pp.  173- 
184  in  C.  E.  Jones  &  R.  J.  Little  (editors).  Handbook 
of  Pollination  Biology.  Van  Nostrand  Reinhold,  New York. 

Bunting,  A.  H.    1990.    The  pleasures  of  diversity.  Biol. 
J.  Linn,  Soc.  39:  79-87. 

The  Mozambique  Channel  has  been  a  limit  for      Carv^lho,  L.  d'A.  Friere  de  &  R.  D.  Machado.    199L most  groups  and  for  most  species  in  the  Solanaceae 

until  the  arrival  of  humans.  Only  one  clearly  in- 
digenous species,  S.  richardii,  which  has  sea-dis- 

persal capability,  is  known  to  straddle  this  water 
barrier,  occurring  in  Africa  and  also  the  Mascarene 
Islands. 

Morphology  of  indumentum  and  trichomes  in  species 
of  Solanum  sections  Cernuum  and  Lepidotum  (So- 

lanaceae). In  J.  G.  Hawkes,  R.  Lester,  M.  Nee,  & 

N.  Estrada  (editors),  Solanaceae  3:  Taxonomy-Chem- 
istry-Evolution. Royal  Botanic  Gardens,  Kew.  [Pro- 

ceedings of  the  Third  International  Solanaceae  Con- ference, Bogota.] 

(editor),  Biological  Relationships  Between  Africa  and 
South  America.  Yale  Univ.  Press,  New  Haven,  Con- necticut (in  press). 

D'Arcy,  W.G.  1972.  Solanaceae  studies  II:  typification 
of  subdivisions  of  Solanum.  Ann.  Missouri  Bot.  Card. 
59:  262-278. 

  .     1975.     The  Solanaceae:  an  overview.  Sola- 
naceae Newslett.  2:  8-15. 

  .     1986.     The  calyx  in  Lycianthes  and  some 

other  genera.  Ann.  Missouri  Bot.  Gard.  73:  117- 
127. 

Those  groups  that  appear  to  share  affinities  with  Coetzee,  J.  A.  The  Paleofloras  of  Africa.  In  P.  Goldblatt 

Africa  and  Madagascar,  both  spiny  and  spineless, 
have  anthers  with  small  pores.  African  species  with 
longitudinally  dehiscent,  relatively  open  anthers  are 
not  found  among  the  Solanum  groups  native  to 
Madagascar.  Nonpollinating  pollen  feeders  may 
prevent  colonization  by  these  species  on  Madagas- 

car. To  counter  this  speculation,  three  New  World 

species  are  naturalized  and  abundant  on  parts  or 
all  of  Madagascar.  Solanum  mauritianum  has  large 
pores  and  tardily  appearing  longitudinal  slits,  and 
S.  torvum  and  S.  americanum  have  small  (in  ab- 

solute size)  pores  and  longtitudinal  slhs.  These  spe- 
cies occur  mainly  in  disturbed  sites  and  might  not 

be  subject  to  elimination  by  pollen  predators  that 
are  perhaps  restricted  to  natural  areas.  However, 
this  explanation  seems  unlikely. 

Thus,  the  Solanaceae  of  Madagascar  display  a 
variety  of  patterns  that  may  be  postulated  as  both 
primitive  and  advanced,  and  the  different  stocks 
may  have  arrived  in  Madagascar  at  different  times 
and  from  diflferent  places.  The  history  of  their 
geography  and  evolution  in  relation  to  their  closest 

relatives  is  conjectural  but  must  be  viewed  in  light 
of  the  observations  outlined  above. 

  ,     1991.     The  Solanaceae  since   1976  with  a 

review  of  its  biogeography.  In  J.  G.  Hawkes,  R- 
Lester,  M.  Nee  &  N.  Estrada  (editors),  Solanaceae 

3:  Taxonomy-Chemistry-Evolution.  Royal  Botanic 

Gardens,  Kew.  [Proceedings  of  the  Third  Interna- tional Solanaceae  Conference,  Bogota.] 

&  K.  K.  Pickett.    1991.    Sah  waiter  flotation 
of  Solanum  fruits  and  possible  dispersal  of  eggplant 
Solanaceae  Newslett.  3(2):  3-11. 

&   A.   Rakotozafy.     Solanacees   in  Flore  du 
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FLORAL  ATTRACTION  AND 
FLORAL  HAIRS  IN  THE 

COMMELINACEAE^ 

Robert  B,  Faden} 

Abstract 

Commelinace 

with  poricidal  anthers  is  the  most  specialized  pollination  system  reported.  From  a  distance,  inflorescences  and  associated 
structures  may  attract  pollinators  visually.  At  close  range,  the  corolla  is  almost  always  showy,  and  sometimes  the 
calyx  is  also  conspicuous.  The  androecium  is  attractive  because  it  produces  pollen,  the  only  reward  supplied  by  the 
flower.  Yellow,  nearly  pollenless  anthers,  antherodes,  hairs,  and  broad  connectives  may  deceptively  attract  msects. 

chemically 
uncommon  in  the  family 

are  largely  confined  to  the  androecium  and  occur  widely  in  the  family.  Their  function  may  include  attracting  insects 
to  the  flowers  (either  toward  or  away  from  the  main  source  of  pollen),  providing  footholds,  retaining  fallen  pollen 
and  determining  how  insects  behave  on  the  flower,  including  how  they  collect  pollen. 

• 

n 

n 

Commelinaceae 
Pollination  of  Commelinaceae 

monocots  consisting  of  40  genera  and  approxi- 

mately 640  species  (Faden  &  Hunt,  1991).  The  Commelinaceae  flowers  are  chiefly  entomophi- 
two  outstanding  features  of  Commelinaceae  flowers  lous  or  autogamous.  The  main  insect  visitors  are 

that  afi'ect  their  reproductive  biology  are  the  lack  social  and  solitary  bees  and  syrphid  flies.  Additional tmies 

Commelinaceae hours,  always  less  than  a  day).  The  lack  of  nectar  flowers  include  other  Diptera,  various  families  of 
has  two  important  consequences:  (1)  the  flowers  Coleoptera,   Hemiptera,   Homoptera,  Orthoptera, 
rarely  attract  whole  classes  of  poUinators,  notably  Thysanoptera,  and  occasional  ants  (Hymenoptera: 
butterflies,  moths,  birds,  and  bats;  and  (2)  the  pollen  Formicidae)  (Faden,  unpublished).  Rare  butterfly 
must  serve  two  functions,  poUination  and  rewarding  visits  have  been  recorded   (Knuth,    1909:  476; 
the  poUinator.  The  short   anthesis  limits   certain  Schuster  &  Schuster,  1971),  although!  have  never 
reproductive  strategies,  such  as  the  temporal  sep-  observed  any.  In  addition  to  bees  and  syrphid  flies, 
aration  or  sequential  development  of  the  male  and  potential  pollinators  include  bee  flies  (Bombyliidae) 
female  sexual  organs  or  functions  in  the  flower.  and  some  beetles  (Melyridae,  Buprestidae,  Mor- 

The  purpose  of  this  paper  is  to  present  and  deUidae,  and  possibly  other  famihes). 
discuss  two  aspects  of  floral  biology  within  the  The  flowers  of  Commelinaceae  species  that  have 
Commelmaceae:  how  plants  attract  poUinators,  both  been  studied  in  some  detail  are  recorded  as  being 
visually  and  with  floral  scents,  and  the  possible  visited  by  a  variety  of  insects    At  the  low  end  is 
reproductive  functions  of  floral  hairs.  The  Uterature  Tmantia  anomala  (Torrey)  C.   B.  Clarke,  from 
on  floral  biology  in  the  family  is  limited,  so  much  which  only  four  bee  species  plus  unidentified  syr- 
of  what  will  be  presented  is  anecdotal  or  inferential.  phid  flies  were  noted  (Simpson  et  al.,  1986).  At 
It  IS  hoped  that  brmging  together  what  is  known  the  other  extreme  are  Tripogandra  serrulata  (Vahl) 
will  stimulate  further  research  on  pollination  and  Handlos,  on  which  no  fewer  than   14  species  of 
floral  biology  m  Commelinaceae.  bees,  six  of  syrphid  flies,  and  six  of  other  insect 

H.hl  fn?K     •       u  f '"u"^  ̂ t  ̂:  ̂-  Th°'^P^°'^  f°^  u««ful  discussions  about  bees  and  syrphid  flies,  respectively;  K- 

ITJZ^Z'2.  H  "":rr?  ?  r^r'"  ̂ ^°""  ̂ ^^^  ̂ ^^  ̂ ^  ̂ ^«  botanic  C^den  of  the  University  of 
veTrs  F^!uwlrkTn^T^^  '  A.  J.  Faden  formaintaining  my  collections  of  cultivated  Commelinaceae  for  many 

IZorted  irNatL  Jst-  I  ̂̂ *^^."»°f;  "^  '^^  observations  on  poUination  in  Aneilema  species  were  made,  was supported  by  National  Science  Foundation  Doctoral  Dissertation  Improvement  Grant  No.  GB  40817 
U.S.a!'"  ''     '"°"''  ''^"""^  '''  ''^^"^^'  "'^^^^y-  Smithsonian  Institution,  WasiTgton,  D.C.  20560. 

Ann.  Missouri  Bot.  Card.  79:  46-52.  1992. 
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orders  were  recorded  (Schuster  &  Schuster,  1971),  tors,  especially  from  a  distance.  The  most  extreme 

and  Commelina  erecta  L,,  from  the  flowers  of  example  of  this  occurs  in  Coleotrype  madagas- 

which  42  species  of  insects  were  collected,  includ-  carica  C.  B.  Clarke  of  Madagascar,  in  which  the 

ing  nine  species  of  bees  and  four  of  syrphid  fly  upper  leaves  on  the  flowering  shoot  are  bright  pink 

(Faden,  unpubUshed).  Even  some  mainly  autoga-  basally,  with  similarly  colored  sheaths,  matching 

mous  species  may  be  visited  by  numerous  insects,  the  color  of  the  corollas  of  the  flower?  that  are 

e.g.,   annual   species   of   Tripogandra   (Handlos,  borne  in  sessile,  sheath-perforating  innorcbcenres 

1970).  My  field  research  on  Commelina  erecta  in  at  the  bases  of  these  leaves.  In  Spatholirion  Ion- 

Texas  (Faden,  unpublished)  and  on  numerous  Af-  gifolium  (Gagnepain)  Dunn  the  infloresceu 

rican  Aneilema  species  (Faden,  1991  and  unpub-  and  cincinni  are  bright  purple  and  would  seem  to 

lished)  suggested  that  for  many  Commelinaceae,  be  much  more  conspicuous  from  afar  than  the  tiny 

the  longer  that  a  species  is  observed,  the  greater  flowers.  Even  in  CochUostema,  which  has  among 

the  diversity  of  insects  that  will  be  found  visiting  the  largest  flowers  in  the  Commelinaceae,  the  long, 

pink  bracts  (on  the  pedunrlo  and  at  the  bases  of 

The  only  specialized  pollination  system  to  have  the  cincinni)  and  pink  peduncle  and   axes  may 

;c  axis 

its  flowers. 

been  documented  in  the  family  is  a  buzz  mecha- 
nism, which  has  been  reported  in  two  unnamed 

soecies  of  Die horisandr a  (Siffvisi  &  Sazima,  1991). 

picuousness  of  the  flovfcrs 

Inflorescences  may  be  more  striking  than  the 

individual  flowers  when  the  calyces  arc  colored  and 

Such  a  mechanism  had  been  predicted  for  Cochli-      accrescent,  as  in  species  of  Amischotolype  (e.g., 

ostema  (Vogel,  1978),  and  it  is  also  likely  to  be      A,  philippensis  (Merrill)  ined.)  and  some  popu
la- 

found  in  species  of  the  several  genera,  e.g.,  Poran-      tions  of  Tinantia  leiocalyx  C.  B.  Clarke.
  In  Flos^ 

dra,  that  have  apical  poricidal  anther  dehiscence.      copa,  the  faded  flowers,  which  typically  
have  col- 

I  ored,  long-haired  sepals,  persist  even  when  they 

fail  to  set  fruit.  In  that  genus,  as  well  as  others 

with  small-flowered  species,  e.g.,  Aneilema^  CaU 

unusual  floral  odor  in  Palisota  hirsuta  (Thunb 
arm  suceests  an  unusu 

low),  but  there  are  insufficient  field  observations. 

The  behavior  of  insects  on  the  flowers  has  been      Usia.  Palisota  and  Trip
ogandra.  the  dense  inflo. 

described  for  several  Commelinaceae,  e.g.,  Tinan-      rescences  with  numerous  flo
wers  create  a^  visual 

tia  anomala  (Simpson  et  al.,   1986)  and  Tripo-      impact 

gandra  serrulata  (Schuster  &  Schuster,   1971), 

but  behavioral  descriptions  generally  have  not  in- 
dicated the  probable  effectiveness  of  the  insect  as 

im 

At  close  range  the  Individual  flowers  and  their 

With 

nk 
a  poUinator.  Callisia  repens  L.  is  the  only-or  species  of  Callisia,  e.

g.,  C.  repcns.  ihe  petals  are 

certainly  one  of  the  very  few-Commelinaceae  always  obvious,  ev
en  when  small,  rangmg  frc.m 

that  is  probably  anemophUous.  ^hite  through  various  shades  of  r 

Commelinaceae  for  which  there  are  recent  data      or,  rarely,  yellow
  to  orange^  Tn  zyg'^morphic  flowers 

one  petal  may  Lc  reduced  and  mcon^piruous,  as 

in  species  of  Aneilema  nnd  Commelina.  All  three 

Co. 

abo 

species  (Faden,   1983,    1991,  and  unpublished) 

Commelina  erecta  L.' (McColIum  et  al.,   1984;      petals   have    strikingly    fri
nged    margins    in un 

C.   communis)  (Brantjes,   1980),   Dichorisandra 

species  (Sigrist  &  Sazima,  1991),  Tinantia  anoma- 

chliostrma,  Geogenanthus,  and  a  related,  undc 

icribed,  neotropical  genus. 
The  sepals  are  most  commonly  green  and  in 

la  (Torrey)  C.  B.  Clarke  (Castro,  1978  (as  Com-      conspicuous, 
 but  sometimes  they  are  t^j'A  ..r  suf- 

melinantia    anomala);    Simpson    el 
al.,    1986),      fused 

Tradescantia  species  (Sinclair,  1967,  1968),  Tri- 

pogandra  serrulata  (Vahl)  Ilandlos  (as  T.  cuma- 

nensis)  (Schuster  &  Schuster,  1971),  and  Tripo- 
gandra species  (Handlos,  1970). 

aked 
•:«-« 

w 
corolla 

size 

Visual  Attraction  of  Pollinators 

Commelinaceae  attract  pollinators  mainly  visu- 

ally. Their  flowers  are  usually  brightly  colored. 

Commonly,  however,  the  flowers  are  quite  small. 

be  the  mflorescences 
assoc 

to  the  petals  (petaloid),  e.g.,  Palisota  and  Strep, 
tolirion.  Colored,  accrescent  and  persistent  sepals 

have  been  mentioned  above.  In  any  of  these  cases 

the  sepals  would  be  expected  to  play  a  role  in 

attracting  pollinators. 
The  androecium  attra<  ts  inserts  lKTaus<»  it  pro- 

duces pollen,  the  only  reward  supplied  by  the  flow- 

er The  comruun  dilTorcntiation  of  th*   .uidrorrttim 
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into  two  morphologically  distinct  sets  of  stamens, 

or  stamens  and  staminodes,  reflects  the  duality  of 

function:  attracting  insects  yet  limiting  the  amount 

Floral  Odors 

Floral  odors  as  attractants  of  pollinators  have 

of  pollen  they  collect.  The  parts  of  the  androecium  not  been  discussed  previously  for  the  Commeli- 

that  specifically  may  attract  potential  pollen  vectors  naceae  as  a  whole.  They  are  taxonomically  wide- 
are  anthers,  connectives,  filament  hairs,  pollen,  and  spread  but  uncommon  in  the  family.  Strong  odors 

anther-  or  pollenlike  structures  (staminodes,  hairs,  have  been  reported  in  Callisia  fragrans  (as  Spi- 
and  connectives). ronema  fragrans)  {Lmdiey^  1840),  Cochliostema 

As  the  source  of  pollen,  the  anthers  should  be  odoratissimum{Lemaire^  1859),  Trade scantia  $u- 

the  focus  of  an  insect's  attention.  This  should  be  bacaulis  Bush  and  J!  roseolens  Small  (Anderson 
true  whether  the  pollen  is  exposed,  as  in  most  &  Woodson^  1935\  and  Tripogandra  grandiflora 

genera;  is  enclosed  within  apically  poricidal  anthers  (Donnell-Smith)  Woodson  (Handlos,    1970).  The 

(species   of   Cartonema,    Amischotolype,    Coleo-  strongest  odors  that  I  have  noted  were  In  Callisia 

trype,  Dichorisandra,  and  Porandra);  or  is  more  fragrans   (cultivated    plant    of   unknown   prove- 
elaborately  sequestered,  as  in  Cochliostema.  Struc-  nance),  Callisia  multifiora  (Martens  &  Galeotti) 

tures  that  resemble  pollen  or  create  the  impression  Standley  (cultivated  plant  originally  from  Mexico), 

of  more  pollen  than  is  actually  present  may  also  Cochliostema    odoratissimum    (cultivated    plant 

attract  (or  distract)  insects,  particularly  when  the  originally  from  Ecuador),  Palisota  alopecurus  Pel- 
true  anthers  are  less  conspicuously  colored,  e.g.,  legrin  (population  in  Cameroon),  P.  hracteosa  C. 

concolorous  with  the  petals  (Vogel,  1978;  Brantjes,  B.   Clarke  (cultivated  plants  of  unknown  prove- 
1980).  Thus,  yellow  antherodes  or  nearly  pollenless  nance),  and  P.  hirsuta  (cultivated  plants  originally 

anthers,  e.g.,  Aneilema^   Murdannia  and   Com-  from  Ghana  and  Nigeria,  and  one  plant  in  Cam- 
mellaay  yellow-bearded  stamen  filaments,  e.g.,  77-  eroon).  The  reported  fragrance  by  Read  (1965)  in 

nantia,   Geogenanthus,  and   Cochliostema,  and  Cochliostema  velutinum  Read  was  not  character- 
broad,  yellow  anther  connectives,  e.g.,  Tradescan-  ized  as  strong  or  weak,  but  it  is  likely  to  have  been 

tiUy  may  deceptively   attract  pollinators   (Vogel,  relatively  strong  because  the  original  collector  had 
1978). 

Filament  hairs  (discussed  below)  and  connectives 

noted  it- 

Weak  floral  scents  are  more  common  than  strong 

may  also  be  attractive  to  insects,  aside  from  mim-       ones,  but  they  too  seem  to  be  infrequent  in 
icking  pollen.  In  Callisia  fragrans  (Lindley)  Wood- 

the 
family.  Handlos  (1970)  reported  very  faint  scents 

in    Tripogandra    amplexicaulis    (C.    B.    Clarke) 
son,  the  corolla  is  inconspicuous,  but  the  anther 

connectives  are  broad  and  white  and  resemble  six  Woodson,  T.  purpurascens  (Schauer)  Handlos,  and 
tiny  flags  in  each  flower,  probably  providing  the  T!  saxtcoia  (Greenman)  Woodson,  all  from  Mexico- 

visual  attraction  generally  furnished  by  the  corolla  I  have  recorded  weak  odors  in  populations  of  the 
in  other  Commelinaceae.  In  some  Aneilema  spe-  eastern  North  American  Tradescantia  ernestiana 

Woodson cies,  e.g.,  A,  rendlei  C.  B.  Qarke,  bees  visiting      Anderson  & 

the  flowers  generally  first  alight  on  the  greatly      Rose  (Louisiana),  T.  hirsuticaulis  Small  (Arkan- connective  of  the  middle 

hirsutifl 

Woodson 

approximat 

(Faden,  1 991 ,  and  unpublished).  Similarly,  in  many  hana  / 
species  of  Commelinay  e.g.,  C.  hockii  De  Wild.  Africar 
and  C.forskaolii  Vahl,  the  medial  stamen  anther  lema  (the  others  were  odorless)  (Faden,   1991); 

is  more  striking  than  the  laterals  because  of  con-  Tinantia  erecta  (Jacq.)  Schldl.  in  Mexico  (also  cul- 

(Faden,  tivated  plants  from  Bolivia);  and  greenhouse-cul- 
connective 

un 

Ultra  violet  (UV)  light  absorption  and  reflec- 
tance have  been  little  investigated  m  the  Com- 

melinaceae. Handlos  (1970:  62)  reported  the  flow- 
ers of  Cochliostema  odoratissimum  Lemaire  and 

Tradescantia  pallida  (Rose)  D.  H.  Hunt  (as  Set- 

zfc 

iginally ifl 

:;hana),  and  Stanfiel diella  brachycarpa  (Mildbr.)  Brenan  (from  Ga- 
bon). Peace  Cnrns  vnliint^^f^r  Rm/-*^  TCahn  ̂ in  litt.j 

rounding be B.  Clarke,  the  only  record  of  a  floral  odor  in 

hind  them. 

genus 
Interspecific  variation  in  floral  odor  production 

p-
 

I 

t 

creasea  pallida)  to  reflect  UV  light.  Simpson  et      recently  reported  a  slight  scent  in  the  flowers  of  a 

al.  (1986)  showed  that  the  upper  anthers  and  sur-      Cameroonian  population  of  Pollia  condensata  C    *t 
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or  strength  has  been  noted  in  several  species.  In  ing,  protection  from  desiccation,  and  pollination. 

Aneilema  johnstonii  Schumann  some  populations  Only  their  role  in  pollination  w  ill  be  discussed  here, 

were  recorded  as  having  weakly  fragrant  flowers  Pollination-related  hairs  may  be  present  on  all  floral 
and  other  populations  as  odorless  (Faden,  1991).  whorls,  but  they  occur  mainly  on  the  androecium. 

Among  research  plants  of  Tinantia  erecta  from  The  only  sepaline  hairs  2>howy  enough  possibly  to 

many  populations  cultivated  in  1988  at  the  Botanic  be  involved  in  pollination  are  found  in  Flosropa. 

Garden  of  the  University  of  Copenhagen  I  noted  The  fringing,  pctaline  liairs  hi  Cuchtiostana^  Ceo- 
some  with  slight  fragrances  and  others  with  no  odor.  genanthuSy  and  a  relatrd,  nndpsrribcd  genus  may 

Some  individual  plants  in  a  population  of  Trades-  contribute  to  the  attractiveness  of  these  flowers. 

cantia  hirsutiflora  had  scented  flowers  and  other  Gynoecial  hairs  are  usually  confinrd  to  thr  <»vary 

plants  unscented  ones  (Faden,  unpublished).  I  con-  and  are  probably  protective,  but  some  sprrjrs  of 

sider  Pa//50^a  ̂ /rsu^a  flowers  to  be  strongly  scent-  Cyanotis  have  beardr<l  stylrs,  with  colorful,  mu- 

ed,  but  Peace  Corps  volunteer  Bill  Keating  records  niiiform  hairs  similar  to  those  of  the  stanirn  fila- 

(in  sched.)  only  a  '^slight  smell"  in  a  Cameroonian  ments  in  the  same  flowers.  Very  likely  they  have 
the  same  functions  as  the  staminnl  hair^  (discussrd 

bel a 

Although  abpont  in  many  genera,  snrh  as  Com- 

common 

population.  This  reported  diff'erence  is,  I  suspect, 
a  matter  of  judgment  or  definition  of  **strong"  and 
weak"  odors.  However,  it  could  also  be  due  to 

genetic  variation  among  populations,  diff'erences  in 
the  observer's  perception  (olfactory  sensitivity),  the  melinaceae  (Table  1),  and  tlieir  function  i?*  probably 

number  and  density  of  open  flowers  in  the  area,  related  to  pollination  in  nearly  all  rases.  They  may 

the  temperature  (higher  temperature  causing  function  in  several  ways,  including  attracting  in- 

greater  volatility  and  stronger  scent),  and  the  con-      sects  to  the  flower  and  either  to  or  away  from  the 
ditions  under  which  the  flowers  are  smelted  (e.g., 

in  the  field  vs.  a  closed  greenhouse). 

poll 

where  insects  move  wnthin  the  flower  and  how  they 

No  floral  scent  in  the  Commelinaceae  has  been      collect  pollen.  Finally,  llie  presence  or  absence  of 

investigated  chemically.  Nearly  all  odors  have  been 

characterized  merely  as  "pleasant"  or  "fragrant," but  flowers  of  Tradescantia  subacaulis  have  been 

inds 

of  insects  that  visit  a  flower. 
Hairs  mav  be  present  ar 

described  more  precisely  as  violet-scented,  and  those  ments,   as   in   most   actinomorphic   flowers,   e.g., 

of  r.  roseolens  as  having  the  fragrance  of  tea-roses  Tradescantia  and  CyanolL.  In  many  zygomorphic 

(Anderson  &  Woodson,   1935),  I  have  recorded  flowers,  however,  they  orrur  only  on  bpeclfic  fil- 

the  weaker  odor  of  T  hirsuticaulis  as  violet-scent-  aments,  e.g.,  the  two  lateral  slamcm  in  Aneilema thus 
ed  and  those  of  T  ernestiana,  T  gigantea,  and  or  the  three  upper  stamens  in  (.eogcnui 

T  ozarkana  as  rose-scented.  The  odor  in  Pallia  Tinantia  flowers  the  filament  hairs  vary  in  length, 

condensata,   mentioned   above,   was  recorded  as  color,   abundance,   and   pobilJon  on   the   filament 

lemon-scented.   The   only   convincingly   recorded  among  the  five  bearded  filaments  (
the  sixth  ?<«  gla- 

nonfragrant  scented  flowers  occur  in  Palisota  hir^  brous).  In  genera  having  the  antes*  palous 
 andrrnv 

suta.  They  are  mushroom-scented. diiferential 
nee 

The  source  of  the  odor  within  the  flower  has      e.g.,  Murdannia,  Palisota.  ami  Tripo
gandrn^  the 

been  little  investigated.  When  several  flowers  of      difference 

Aneilema  somaliense  C.  B.  Clarke  were  dissected      (Table  1). 

into  sepals,  petals,  staminodes,  stamens,  and  gy- 
noecium,  the  staminodes  seemed  to  be  at  least  one 

conspic 
p*w.  They 

source  of  the  scent,  but  the  results  were  Inconclu-      i.e.,  compn^-d  of  1h  adiike  celK    b
ut  in  Anrilcma 

sive  (Faden,  1991:  26).  In  Palisota  hirsuta  the      they  are  never  monihform  (Fade
n,  1991) 

copious  but  sterile  pollen  of  the  upper  two  stamens Tripogandra  the  hairs  may  be  moniliform 

is  the  chief  or  sole  source  of  the  mushroom  scent      depending  on  the  spe 

(laden,  unpublished).  In  Cochliostema  odoratis- 
simum  the  fragrance  is  produced  by  the  petals 
(Faden,  unpublished). 

Floil\l  Hairs 

Hairs  may  occur  on  all  floral  parts.  Their  func- 
tions probably  include  defense  apainsl  insect  f 

Some 
%:^ 

e.g.,  glandular 

hook 

ha 

described 

The  hairs  may  1^;  minute 

of  Anei- mm)  and  inronspiruou^  (e.g.,  all 
lemn  sect.  Rrevibarhata),  but  uMially  they  are  long 

and  evident. 
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Table  1 .      Filament  hairs  in  the  Coinmelinaceae  (generic  circumscription  and  arrangement  follow  Faden  &  Hunt, 
1991). 

All  filaments  bearded All  filaments  glabrous 

Some  filaments 
bearded,  some 

glabrous 
Triceratellateae 

Triceratella 

Tradescantieae 

Streptolirion 

Spatholirion 

AethioUrion^ 

Cyanotis 
Belosynapsis 
Coleotrype 
Porandra 

Amischotolype 

Cochliostema^ 

Commelineae 

Murdannia 

Thyrsanthemum 
Gibasoides 

Matudanthus 

E las  is 
Gibasis 

Tradescantia 

Callisia 

Tripogandra^ 
Sauvallea 

1 

Cartonemateae 

Cartonema 

Tradescantieae 

Coleotrype^ 
Dichorisandra 
Siderasis 

Geogenanthus^ Weldenia 

Tradescantia^ Callisia 

Commelineae 

Stanjieldiella Floscopa 

Buforrestia 
Murdannia 
Anthericopsis 

Tricarpelema 
Pseudoparis 

6 

Coleotrype  lutea  H.  Perrier  only. 
Staminate  flowers  only. 
Perfect  flowers  only. 
Rarely  all  filaments  bearded. 
Geogenanthus  ciliatus  Brueckner  only. 
Few  species  only. 
Occasionally  both  sets  of  stamens  bearded. 
A  small  glabrous  staminode  sometimes  present. 
Tricarpelema  glanduliferum  (Joseph  &  R.  Rao)  Faden  only 

Polyspatha 
Dictyospermum 
Pollia 

Aneilema 

Rhopalephora 
Commelina 

Tradescantieae 

Palisota 

Aethiolirion^ 

Geogenanthus* 
Tinantia 

Tripogandra 

Commelineae 

Murdannia 

Aneilema 

Tricarpelema' 

n 

% 

n 

When  staminal 
Vogel  (1978)  cited  Tinantia  and  Cochliostema 

showiness  of  the  flower,  some  role  in  attracting      as  genera  in  which  yellow  hairs  mimic  pollen  and 
pollina deceptively  draw  pollinators  to  them.  To  this 

Ust 

likely  where  the  filaments  are  densely  bearded  with  can  be  added  Geogenanthus.  In  Tinantia  the  up- 
long,  colored  hairs  that  extend  well  beyond  the  per  three  stamens  have  small  anthers  surrounded 

corolla,  e.g.,  Aneilema  sect-   Pedunculosa,   Cy^      by  yellow  hairs.  Vogel  terms  them  "advertising anotis  and  Tradescantia,  and  where  the  hairs  con- 
stamens."  The  lower  stamens,  with  longer  fila- 

trast  in  color  with  the  petals,  e.g.,  some  species  of      ments,  have  larger,  more  polliniferous  anthers  that 
Cyanotis  and  Aneilema.  In  species  of  Cyanotis, are  more  cryptically  colored.  Bees  should  focus  on 
Tradescantia,  and  Tripogandra  the  pink  to  blue      the  upper  anthers  and  brush  against  the  lower  ones 
or  violet  (sometimes  partly  white)  hairs  often  closely      and  the  style.  The  pattern  in  Geogenanthus  rhi- surroimd 

ttie  yellow  anthers,  seemmgly  drawing      zan^Aus  (Ule)  Brueckner,  as  determined  from  her- 
attention  to  them.  In  Streptolirion  volubile  Edgew.      barium  specimens,  appears  to  be  similar  to  Tinan- and 

tia,  except  that  the  upper  filaments  are  more  densely 
the  anthers  are  yellow,  which  may  draw  attention      bearded  and  there  is  less  of  a  size  difference  be- 
to  the  anthers  either  because  of  the  color  contrast 

with  the  coroDas,  or  because  there  may  appear  to 
be  more  pollen  present  than  the  flowers  actually 
provide. 

tween  the  upper  and  lower  anthers. 

The  only  yellow  color  in  Cochliostema  flowers 
is  a  tuft  of  hairs  on  the  upper  surface  of  the  central 

columnlike  structure  that  is  composed  of  the  upper 

«f 

*|r 
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three  stamens  whose  greatly  expanded  connectives  glossum  sp.,  Halictidae)  hanging  upside  down  from 

completely  enclose  their  anthers.  Vogel(  1978)  sug-  the  bearded  portion  of  the  stamen  filament,  head 

gested  that  insects  trying  to  collect  pollen  from  the  facing  the  base  of  the  flower,  while  the  rear  logs 

yellow  hairs  probably  cause  pollen  to  be  shed  from  collected  pollen  from  the  anther  (Faden,  unpub- 

lished). Thus,  these  tiny  hairs  may  serve  as  foot- 
holds for  insects. 

Staminal  hairs  may  serve  to  retain  pollen  lliat 

the  anthers  by  vibration. 

Simpson  et  al.  (1986)  have  made  the  only  de- 

tailed study  in  Commelinaceae  that  tests  Vogel's 
deception  hypothesis.  Working  with  Tinantia  falls  or  is  dislodged  from  the  anthers,  mainlaining 

anomala  in  Texas,  they  found  that  the  upper  sta-  it  in  a  position  where  it  is  both  accw^fibK'  to  inflects 
mens  are  more  obvious  to  insects  than  to  humans  for  collection  and  can  also  contact  ihcm  vcntrally 

and  the  lower  stamens  less  so,  owing  to  differences  (Renner,  pers.  coinm.).  Tn  Cynnofis  the  staminal 

in  UV  absorption/reflectance  in  different  parts  of      hairs  would  appear  to  be  essential  because  anlluT 

the  flower.  They  discovered  that  the  upper  stamens 

produced  about  half  as  much  pollen  as  the  lower, 

that  pollen  grains  from  the  upper  anthers  were 

about  8%  shorter  than  the  lower  anther  pollen, 

and  that  pollen  from  both  sets  of  anthers  was  equal- 
ly fertile. 

The  main  visitors  to  the  flowers  were  syrphid 

flies  and  bees.  Syrphid  flies  focused  on  the  upper 

anthers  but  did  not  contact  the  stigma.  Large  native 

dehiscence  is  functionally  by  basal  pons.  The  pol- 

len is  squeezed  out  into  the  tangle  of  filament  and 

(when  present)  slylar  hairs  and  could  othcrwibc  be 
lost  but  for  them. 

The  hairs  of  the  densely  bearded  filaments  in 

species  of  Tradescanda  and  Cyanotis  may  func- 
tion furllicr  by  interfering  with  pollen  collection. 

Medium-  to  largtvsi/ed  l»«*e6  have  been  observed 

sometimes  to  draw  together  the  antlirr^  of  a  flower 

bees,  such  as  Bombus  pennsylvanicus,  landed  on       before  collecting  poHen  (honeybe
es  on  Aneilcma 

the  upper  stamens  and  contacted  the  stigma  with      johnstonii  in  Zambia;  AmegiUa
  sp.  (Anthophon- 

their  abdomen,  but  their  visits  were  infrequent. 

Smaller  bees  were  more  common,  and  Agaposte- 
mon  texanus  visited  both  sets  of  stamens,  but  the 

authors  do  not  consider  these  bees  significant  pol- 

linators. The  most  abundant  visitor  was  the  intro- llifi 

dae)  on  Aneilema  hockii  in  Kenya;  Faden,  un- 

published), whicli  might  increase  the  efficiency  of 

quential Th 
glabrous,  divergent  stamen  filaments.  The  density 

of  the  filament  hair^  and  tlieir  proximity  to  the 

natTve  beeZ'firTtVoT^^^^^^^  then      anthers  in  Tradescantia  and  CyunoUs  flower,  may 

the  upper,  whfle  regularly  contacting  the  stigma,       interfere 
 both  with  ihf   "  - 

being  pulled 

Simpso 
hemg  scrapH 

I- 1 

be 
The  beard 

r  -       .  i-  1  •      *^  ̂ flT^r^t       <;n#»rips  mav  further  k<'eu  the  .starnt*ns  apart.  Pollen 
cause  few  native  msects  of  the  proper  size  to  eflecl      species  ma)  ^.     , .  i    \  l  -  i  j 

behave  in  the  predicted  manner 
because  the  uoDer  anther 

  dense 
be  collected  rapidly.  Th 

1     .  IT  c-        ̂ «   of   at    dn      hairs  in  Tradescantia,  Cynnotis,  and  probably  oih- 
plant  autogamous.   However,  Simpson  et  al.  do      nairbui  i/u  j  i  .  iL-       .  i     f  l 
confirm  that  native  insects  focus  on  the  upper 

nators  by  being 

,.1         11         .  1      .  *u^  Uw^^T      Rnd  conlrastme  with  tn«*  anthers,  Wwy  may  al«A 
stamens,  as  predicted,  and  that  at  least  the  larger      ana  comraMuig  .    ,.      t       ,      , 

pollinators.  Because crossing 

seed 

reduce  the  efficiency  of  pollen  collrrtion  by  closely 

surrounding  the  anlb**rs.  Sinclair  (1967,  19^»R) 
rn^^nfintipd  ^aud  I  cAH  confirm  from  cnnlrn  ob$er- 

1       .        r^,        ̂            .  ■         I     L             -^o  t^  K*.  vation**)  that  honeylx*'*  v  i-^itmp  1  raac^canlin  fiuw- 
production.  Therefore,  although  there  seems  to  be  vauon. ;  mni          y              .i         .       a            i  .l„ 

r       n        •      .L-             '^c    It  ia  citill  CfS  often  pull  all  of  the  anthf-r-  lo^rth^-r  .ind  '*"" a  great  waste  of  pollen  m  this  species,  it  is  stiU  ers  oi        p                         «,.    ..  ̂,  „^.._  ,  _ 
bees  provide  the  necessary 

th#*n also 

of  out-crossing- 
There  is  Uttk 

affect  how  insects  "work"  flowers.  In  species  of 

own 

The  presence  or  absence 
ate  to  the  types  of  pollim 

^       f  r^       .»      T  1       *  ™««  filom*.nt      Bcrausc  hairs  providc  mofc  surfacc  afca 
Aneilema  sect.  Brevibarhata  the  stamen  hlament      i>^'  ̂ "^  *         i  .      .  .    r 

hairs  are  inconspicuous  because  they  are  minute 

(sometimes  <  0.5  mm  long),  usually  colorless,  and 

are  attached  on  the  lower  surface  of  the  sigmoid 

lateral  stamen  filaments  (Faden,  1991).  In  flowers 

Kunth 
in  Ghana  I  o ;^  I 

bees  (probably  La^i 

footholds,  they  may  tend  !o  lavor  ui^ccls  thai  must 

land  in  order  to  f''»^,  such  as  smaller  bees  and 

syrphid  {\\^-  Knuth  (1906:  106)  recorded  thr  fil- 
ament  hairs  in  TradescanlLa  as  providing  hujiport 

and  for>tf)okb  for  insects,  nriimp  iliat  surh  iiowrrs 

were  «-pr*jaUy  favorrd  by  !>*•.*«,   In  Aneilema  I 
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have  recorded  more  species  of  flies  (mostly  syrphid 

flies)  than  bees  visiting  the  flowers  of  all  three 

species  of  section  Pedunculosa — characterized  by 

long,  colorful  stamen  filament  hairs — from  which 

bezoekende  insekten  op  Commelina.  Levende  Natuur 
82:  9-16. 

Castro,  K.  J.    1978.    The  Biology  of  Commelinantia 
anomala.  M.S,  Thesis.  Angelo  State  University,  San 

Angelo,  Texas. 

1 

flower  visitors  were  collected.  In  contrast,  all  seven       FaDEN,  R.  B.    1983.    Isolating  mechanisms  among  five 

species  of  section  Lamprodithyros — characterized 

by  glabrous  filaments — had  more  bee  than  fly  spe- 
cies visiting  their  flowers.  Within  section  Amelina, 

which  may  have  either  glabrous  or  bearded  fila- 

ments, the  two  species  sampled  with  glabrous  fil- 
aments were  visited  by  more  bee  species,  and  the 

one  with  long -bearded  filaments  by  more  diptera 

(Faden,  1 99 1 ).  The  correlation  between  long- 
bearded  filaments  and  fly  visitation  in  Aneilema 
should  be  considered  tentative  because  the  data  for 

most  of  the  Aneilema  species  were  derived  from 

casual  collecting,  not  long-term  studies.  In  any 
event,  the  diversity  of  insects  visiting  the  flowers 

of  a  species  is  less  important  than  the  number  of 

individuals  and  the  effectiveness  of  the  insect  spe- 
cies in  bringing  about  pollination,  and  these  were 

not  recorded. 

sympatric  species  of  Aneilema  R.  Br.  (Commelina 

ceae)  in  Kenya.  Bothalia  14:  997-1002. 
  ,    1991.   The  morphology  and  taxonomy  of  i4net- 

lema  R,  Brown  (CommeUnaceae).  Smithsonian  Contr. 
Bot.  76:  1-166. 

   &  D.  R.  Hunt.     1991.    The  classification  of 

the  Commelinaceae.  Taxon  40:  19-31. 

Handlos,  W.  L.     1970.    A  Biosystematic  Study  of  Tri- 

pogandra    (Commelinaceae).    Ph.D.    Dissertation. Cornell  University,  Ithaca, 

Discussion 

The  selected  topics  discussed  in  this  paper,  how 
Commelinaceae  flowers  attract  pollinators  and  how 

floral  hairs  may  function  in  pollination,  may  serve 

1975.  The  taxonomy  of  Tripogandra  (Com- 
melinaceae). Rhodora  77:  213-333. 

Knuth,  p.  1906.  Handbook  of  Flower  Pollination  (En- 

glish translation),  Volume  1.  Clarendon  Press,  Ox- ford. 

  .  1909.  Handbook  of  Flower  Pollination  (En- 

glish translation),  Volume  3.  Clarendon  Press,  Ox- ford- 

Lemaire,  C.    1859.    Cochliostema,  Commelynacearuni 
genus  novum.  111.  Hort.  6,  Misc.  70. 

LiNDLEY,  J,    1840,    Spironema  fragrans.  Edward's  Bot. Reg.  26,  tab.  47, 

McCoLLUM,  T.  M.,  J,  R.  EsTES  &  J.  R.  Sullivan.   1984. 

Reproductive  biology  of  Commelina  erecta  (Com- 
melinaceae). Pp.  57-66  in  N.  V.  Horner  (editor), 

Festschrift  for  Walter  W,  Dalquest  in  Honor  of  his 

Sixty-sixth  Birthday.  Midwestern  State  University, 
.   ̂       1      ̂ .       ,     ,1,     1  V  ■     X     r  Department  of  Biology,  Wichita  Falls,  Texas, 

as  an  introduction  to  the  larger  subject  of  repro-      r  g    ̂      19^5      Cochliostema  velutinum  (Com- 

melinaceae),  a  new  species  from  Colombia.  Baileya 
ductive  biology  in  the  family.  Clearly,  our  knowl- 

edge even  of  the  topics  discussed  is  quite  limited. 

With  regard  to  other  aspects  of  reproductive  biolo-      Schuster,  L.  &  J.  Schuster.    1971.   Interacciones  diur 

12:  8-15. 

gy,  even  such  basic  information  as  dally  flowering 

times  is  unknown  for  the  majority  of  Gommelina- 
nas  entre  insectos  y  las  flores  de  Tripogandra  cu- 

manensis  (Commelinaceae).  Revista  Period.  Ento- mol.  14;  253-258. 
ceae.  What  are  most  needed  are  more  long-term      Sigrist,  M.  R.  &  M.  Sazima.    1991.    Biologia  floral  & 
field  observations  and  experimental  investigations. 

Studies  of  pollination  and  reproductive  biology  re- 
quire little  or  no  technology,  and  therefore  they 

are  especially  well  suited  for  students  or  researchers 

polinizagao  por  vibragao  em  duas  especies  simpatncas 

de  Dichorisandra  (Commelinaceae).  P.  484  in  Ke- 
sumos,  42nd  Congresso  Nacional  de  Botanica  Goiana, 
20-26  Janeiro  1991,  Universidade  Federal  de  Goias. Sociedade  Botanica  do  Brasil,  Goiania. 

at  small  institutions  and  in  developing  countries.  It      Simpson,  B.  B.,  J.  L.  Neff  &  G.  Dieringer.     1986. 
is  hoped  that  this  paper  will  stimulate  biologists  to 
look  more  closely  at  the  reproductive  biology  of 
locally  occurring  species  of  this  nearly  cosmopol- 

itan family. 
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A  SYNOPSIS  OF 
BIGNONIACEAE 
ETHNOBOTANY  AND 

ECONOMIC  BOTANY^ 

A,  H,  Gentry 

Abstract 

Bignoniaceae  include  attractive  ornamental  flowering  trees  and  lianas  and  produce  hard  and  durable  timbers,  many 
pharmacologically  active  chemicals,  various  products  used  in  local  handicrafts,  and  even  a  few  edible  seeds  and  fruits. 
These  uses  are  summarized  here. 

When  I  came  to  Washing! 
Horticulture  and  Ornamentals 

m  University  as  a 

graduate  student  to  work  with  Walter  Lewis,  I  was  This  family  is  of  paramount  horticultural  im- 

aware  that  my  specific  interests  in  large  woody  portance  because  of  its  often  spectacular  flowers, 

tropical  plants  were  rather  different  from  his  focus  For  example,  Meiminger  (1960),  widely  known  as 

at  that  time  on  largely  herbaceous  and  temperate  "The  Flowering  Tree  Man,"  has  stated  that  Tab- 

taxa  (e.g.,  Lewis    1962,   1976;  Lewis  &  Oliver,  ebuia   contains   "the  most  satisfactory  flowering 
1961;  Lewis  &  Semple,  1977),  Worse,  a  major  trees  for  parkway  and  yard  planting  in  southern 

theme  of  Lewis's  research  has  been  change  in  chro-  Florida."  At  least  seven  neotropical  countries  have 
mosome  number  (e.g.,  Lewis,  1976,  1980;  Lewis  chosen  a  species  of  Bignoniaceae  as  their  national 

&  Terrell,  1962),  but  nearly  all  Bignoniaceae  have  flower  or  tree  (Table  1),  Jacaranda  mimosifolia 

40    chromosomes    (Goldblatt    &    Gentry,    1979),  D.  Don  is  perhaps  the  world's  most  widely  planted 
making  studies  of  chromosome  number  of  minimal  ornamental  tropical  tree  (Gentry,  1984;  Fig.   1). 

interest.  As  a  graduate  student,  I  was  grateful  that  Perhaps  its  closest  competition  for  such  a  desig- 
Walter  Lewis nation  is  Spathodea  campanulata  BeafUv.,  also  a 

go  to  the  tropics  and  study  Bignoniaceae,  even      Bignoniaceae  (e.g.,  Gentry,  1982;  Fig.  1).  In  some 

though  my  proposed  research  impinged  little  on      eastern  African  and  tropical  Asian  cities,  Millings 
his own 

Today  I  am  dehghted  to  report 
fuU 

tonia  hortensis  L.f.,  with  its  fragrant  hawkmoth- 
pollinated  flowers,  fills  a  similar  role,  at  least  locally. 

Bignoniaceae,  one  of  the  families  that  the  Lewises  Menninger  (1970)  listed  34  diff^erent  Bignoniaceae 
(Lewis  et  al.,  1987,  1988)  have  found  to  be  the  vine  species  of  horticultural  importance  (second 

most  significant  in  their  studies  of  Jivaro  ethno-  only  to  Leguminosae):  Podranea  ricasoliana  (Tan- 

medicine,  is  a  most  fitting  contribution  to  a  sym-      fani)  Sprague  and  Pyrostegia  venusta  (Ker  Gaw- 
ler)  Miers  are  among  the  most  attractive  and  widely posium  dedicated  to  Walter 

Contrary  to  van  Steenis  (1978),  who  stated,  cultivated  of  all  tropical  ornamental  vines,  while 

"There  are  no  outstanding  qualities  marking  Big-  Campsis  radicans  enjoys  a  similar  distinction  in 

noniaceae  as  useful  plants,"  the  Bignoniaceae  do      the  temperate  zone.  Even  the  currently  burgeoning ethnobotanical artificial  flower  industry  appreciates  Bignoniaceae, 

of  Bignoniaceae  spans  a  broad  gamut  of  human  with  recognizable  plastic  versions  of  Tecoma  
ca- 

endeavor*  Here  I  will  summarize  some  of  the  uses  pensis  (Thunb.)  Lindley  and  Millingtonia  horten- 

of  Bignoniaceae  for  horticulture,  food,  handicrafts,      sis,   currently  available  in  the  Bangkok  mark
et 

timbe 
(Santisuk,  pers.  comm.). 

'  Dedicated  to  Walter  Lewis  on  the  occasion  of  his  60th  birthday  with  thanks  for  his  role  in  helping  m
e  develop 

my  career  as  a  student  of  Bignoniaceae  and  of  tropical  forests  in  general  I  thank  the  
National  Science  Foundation 

for  the  series  of  grants  (most  recendy  BSR.8607113)  that  has  supported  my  study  of  Bignoniacea
e  over  the  years 

during  which  the  ethnobotanical  data  reported  here  were  assembled.  As  a  result,  Bignoniacea
e  are  now  one  of  the 

few  tropical  forest  families  weU  enough  known  to  make  possible  accurate  identification  of
  the  often  miserable,  nearly 

always  sterile,  vouchers  on  which  ethnobotanical  studies  are  mostly  based. 

» Missouri  Botanical  Garden,  P.O.  Box  299,  St.  Louis,  Missouri  63166-0
299,  U.b.A. 

Ann.  Missolhi  Bot.  Gahd.  79:  53-64.  1992. 
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Food 

Bignoniaceae  also  have  more  utilitarian  attri- 
butes, although  only  a  few  species  are  used  for 

food,  and  none  are  a  major  food  crop.  Nevertheless, 

Parmentiera  aculeata  (HBK)  Seemann  (Fig.  2)  is 

a  significant  cultivated  fruit  tree  in  the  Mayan 

region  (Gentry,  1980).  Parmentiera  stenocarpa 

Dugand  &  L.  B.  Smith,  endemic  to  the  Colombian 

Choco,  produces  an  edible  fruit  that  has  been  pro- 
moted as  having  commercial  potential  because  of 

a  flavor  apt  for  desserts  or  fruit  juices  (Romero- 

Castaneda,  1985).  In  pre-Colombian  Panama,  the 

pulp  of  the  tree  calabash  {Crescentia  cujete  L.) 

was  eaten  (Wafer,  1699).  Today  its  seeds  are  used 

to  make  a  refresco  called  "semilla  de  jicaro,"  which 
is  locally  popular  in  Nicaragua  (Fig.  2),  almost 

constituting  a  kind  of  national  drink,  although  this 

use  seems  not  to  have  spread  to  other  countries. 

The  waxy  fruit  of  Parmentiera  cereifera  Seemann 

has  occasionally  been  eaten  in  Panama  (Gentry, 

1980)  and  was  formerly  an  important  cattle  food 

(Seemann,  1851).  In  Africa  the  ripe  fruit  of  Kige- 
lia  africana  (Lam.)  Benth.  is  baked  and  added  to 

beer,  where  it  aids  fermentation  but  may  cause 

headaches  (Lovett,  1990);  its  seeds  are  also  roasted 

in  time  of  famine.  The  garlic-smelling  species  of 

Mansoa  and  clove-smelling  Tynanthus  are  fre- 
quently used  as  condiments. 

Handicrafts 

More  significant  may  be  the  use  of  Bignoniaceae 
fruits  for  various  utensils  and  In  local  handicrafts. 

By  far  the  most  important  such  use  is  of  the  exocarp 

of  Crescentia  cujete  (Fig.  2).  As  early  as  13  Oc- 
tober 1492,  on  the  very  day  he  discovered  the 

New  World,  Columbus  reported  in  his  journal  on 

the  use  of  Crescentia  exocarp  to  bail  native  canoes 

(Sauer,  1969).  Even  today,  nearly  every  dugout 

canoe  in  out-of-the-way  parts  of  the  Neotropics 

El  Salvador,  widely  cultivated  throughout  the  world's  trop-       carries  its  piece  of  Crescentia  exocarp  for  use  as ics. 

Figure  1.  Bignoniaceae  used  in  horticulture.— A. 
Street  in  Campinas,  Sao  Paulo,  Brazil,  lined  entirely  with 
Spathodea  campanulata, —B,  Jacaranda  mimosifolia, 
perhaps  the  most  widely  cultivated  flowering  subtropical 
tree  in  the  world.— C.  Tabebuia  rosea,  national  tree  of 

Table  1 .      Bignoniaceae  national  symbols  (national  tree  or  national  flower) 

Country 

Argentina 

Bahamas 
Brazil 
Ecuador 
El  Salvador 

Japan 
Paraguay 
Venezuela 

Virgin  Islands 

Species 
Jacaranda  mimosifolia  D.  Don 

Tecoma  starts  (L.)  Juss.  ex  HBK 
Tabebuia  serratifolia  (Vahi)  Nicholson 
Tabebuia  chrysantha  (Jacq.)  Nicholson 
Tabebuia  rosea  (Bertol.)  DC. 
Paulownia  tomeniosa  (Scrophulariaceae?) 
Tabebuia  hepiaphylla  (Veil.  Cone.)  Toledo 
Tabebuia  billbergii  (Bureau  &  Schumann)  Standley Tecoma  stans  (L.)  Juss.  ex  Kunth 

Source 

Fabris,  1965  (runner-up as  national  tree) 

Gentry  et  ah,  1984 

Menninger,  1949 
Asch,  1968 

Brunner,  pers.  comm 
Steyermark,  1973 
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Figure  2.     MisceUaneous  uses  of  Bignoniaceae. -A.   Mass-flowering  tree  of  Tabebuia  ochr
acea. 

flo^vering  trees  of  Tabebuia  ochracea  subsp.  neochrysaatha  as  illustrated  on  Costa  Rican  postcard*. 

Inoal  Kandi'crafte.  Sao  Paulo,  Brazil,— D.  Bignomacea^  fruiU  Ubed sections  of  Bignoniaceae  lianas  used  in 

decorated  for  wall-hanging;  middle 
arrangements;  bottom  left  and  right 

used Mass- 

Crow 

tenttilfi 

Cresceniia  cujete 
and  in  local  handicrafts.  Upper  left          ,  , .   j     r        r  >  t  a  •**«!»♦ 

=  Pithecoctenium  crucigerum  used  as  a  kuid  of  arUfacial  Howcr  in     floral 

=  Crescentia  cujete  used  as  household  containers.— E-  "Semilla  de  jicaro"  (C 

cujetel  a  favorite  Nicaraguan  r^efresco.  Left,  a  container  of  seeds;  right,  a  packet  of  poKjcred  seeds
;  middle,  a 

newspaper  clipping  advertising  Crescentia  seeds.-F.  Parmentiera  aculenta  fru
its,  cultivated  in  Guatemala. 

a  bailer.  Engraving  of  the  fruit  of  Crescentia  is  a 
ignifi 

production  of  12,000  trees nnoort  the  local  industrv.  a 

rural  groups  (Fig.  2;  Price,   1982).  The  smaller      gains  significance  in  vie
w  of  the  fact  that  only 

fruits  of  C.  alata  are  used  as  "maraca'*  rattles 

(Fig.  2)  in  much  of  Mexico  and  Central  America,      entire  state- 

12,381  calabash  trees  are  known  to  grow  in  the 

Maraca  manufacture  is  so  important  in  Mexico's  The  binna  Inriiana  oi  
Amazonian  KrwaUur  uiw 

Morelos  state  that  Bye  (1992)  reports  that  the      capsule  valves  o{  Jarnran
ria  copma  (Aublct)  D. 
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c- 

Figure  3. 
and  cabinetry 

wood 

Bignoniaceae  liana  used  to  tie  floating 
— B.  Interior  trim  and  wood dock  together,  Mazan,  Peru. — B.  Interioi 

work  of  house  in  Campinas,  Sao  Paulo,  Brazil,  entirely  of 
Tabebuia  heptaphylla,  — C.  Truckload  of  "lapacho"  logs 
{Tabebuia  heptaphylla)  headed  for  market  in  eastern 
Paraguay. 

Don  as  tools  to  shape  pottery  (Vickers  &  Plowman, 
fruit 

out  to  make  a  kind  of  mousetrap  using  a  bait  and 
noose;  it  is  also  made  into  ladles,  cups,  and  dolls 
(Lovett,  1990),  The  dried  fruit  valves  of  Pithe- 

coctenium  are  frequently  placed  on  a  stick  (Fig,  2) 
arran 

encountered 

Schumann 
similarly 

guess 

The  aesthetic  appeal  of  the  contrastingly  dark 
heartwood  and  light 

»od 

wood western 

(Jacq.)  Nicholson  (  guayacan  )  is  on 

important  timber  woods,  with  much 

being  converted  into  knickknacks,  s 

and  sugar  bowls  and  carved  statues,  and  furniture 
One  indication  of  the  esteem  in  which 

**guayacan' becoming 

is  the  prevalence  on  the  tourist  market  of  items  of 

imitation  guayacan  made  by  painting  dark  brown 

bands  or  patches  on  an  article  made  from  a  light- wood 
The 

noniaceae  lianas  are  used  in  making  parquetlike 
them 

un 4       t 

mi 

n 
conununity 

zecry,  pers 
Th ucatan  of  bign 

making  (e.g.,  Arrabidaea  puhescens  (L.)  A.  Gen- 

try 

(R.  Ocampo,  pers.  comm.),  stems  of  Cydista  are 

k 

being 

the 
Guatemalan  Peten  for  similar  purposes.  An  At- 

abidaea  species  is  used  in  Caqueta,  Colombia,  to 
make  "balais"  or  manioc  strainers  (coladoras)  {Toro 

et  aL  12,  Herbarium  of  TROPENBOS-Colombia 

housed  at  the  Corporacion  Araracuara,  abbreviated to  ARAR  in  the  rest  of  this  paper). 

Bignoniaceae  lianas  are  used  frequently  in  local 

construction,  tying  together  everything  from  hous- 

es to  piers  (Fig.  3),  In  some  areas  this  may  be  their 

major  use;  for  example,  all  four  of  the  Bignoniaceae 

liana  species  reported  by  Boom  (1990)  to  be  used 

by  the  Panare  Indians  were  used  as  lashing  m^" 

terials.  Elsewhere  there  are  herbarium-label  rec- 

this 

An 

tying  is  as  tourniquets  for  snakebite  {Duke  1087 '^y 

MO),  which  the  Choco  Indians  of  Darien  make  out 

of  the  thin  and  flexuous  juvenile  stems  of  Mansod parvifolia  (A.  Gentry)  A.  Gentry, 

Timber 

In  terms  of  financial  return,  wood  products 

the  most  important  contribution  of  Bignonia 

humanity.  Many  of  the  tree  taxa  are  impo of  timber.  The 

unusua important 

Gentry,  1991).  Tabebuia,  along  with  Guaiacum. 
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may  have  the  hardest,  heaviest,  most  durable  wood  the  Antilles,  is  among  the  most  important  timber 
of  any  neotropical  tree  (Record  &  Hess,   1940;  trees  on  many  West  Indian  islands.  This  species 
Gentry,  1980).  For  example,  Tabehuia  guayacan  and  closely  related  T,  angustata  Britton  are  es- 

Hemsley  was  among  the  most  resistant  pecially  used  for  wharves  and  canoes  because  of •eemann 

to  wood-boring  organisms  of  aU  the  Panamanian  their  durability  in  contact  with  salt  water  (e.g., 
woods  tested  by  Bultman  &  Southwell  (1976;  Gentry,  1991;  Hodge  &  Taylor,  1957).  Tabebuia 

Southwell  &  Bultman,  1971),  and  nearly  all  the      rosea^  called  ''roble"  (Spanish  for  oak)  in  some 
sound  trees  that  remain  standing  in  Gatun  Lake,  coimtries,  is  much  sought  after  in  Mexico  and 

more  than  50  years  after  flooding  by  construction  Central  America  for  general  construction  and  car- 

of  the  Panama  Canal,  are  that  species.  Not  sur-  pentry.  In  Panama  this  is  the  fourth  species  to  be 

prisingly,  the  timbers  of  this  species  in  the  ruined  selectively  cut  by  timber  cruisers  before  general 

colonial  cathedral  at  Panama  Viejo  are  still  sturdy  lumbering  of  an  area  begins  (Gentry,   1980).  In 

after  exposure  to  the  elements  for  400  years.  Tab-  northwestern  South  America,    T,    rosea  (Bertol.) 
ifc DC,  is  also  an  important  timber  tree.  A  relative, 

to  r.  guayacan^  is  currently  the  most  highly  de-  T.  roseo-alba  (Ridley)  Sandw.,  is  used  for  'Habua, 

sirable  hardwood  in  Para,  Brazil,  being  worth  $40  taco,  frigo,  e  ripas"'  in  Brazil  {Lino   138,   MO). 
per  m^  before  sawing  (Uhl  &  Vieira,  1989).  Cur-  Another  relative,  Tafeeiuta  m5t^/its  (Miq.)  Sandw., 

rently  efforts  are  being  made  to  import  wood  of  is  the  main  native  "additive"  to  the  Jari  plantation 
this  species  to  the  United  States  (source  at  Ama-  paper  pxilp  (Feamside,  1988).  Paratecoma,  a  re- 

zonex  Lumber  Co.,  pers.  comm.).  In  western  Ec-  lated  genus  endemic  to  coastal  Brazil  but  now  al- 

uador  two  other  related  hard- wooded  species  {T  most  extinct,  was  once  the  most  important  timber 
chrysantha  and   T! 

ubsp 

tree  of  the  Rio  de  Janeiro  area,  being  used  to  finish 

important   timber      all  the  better-class  houses  and  commercial  buildings 

trun 
finest  homes  in  Guayaquil 
I  wood.  The  similar  wood 

of  Rio  de  Janeiro  and  for  much  of  the  best-quality 
furniture  there  (Record  &  Mell,  1924).  In  the 

Peruvian  Andes  Tecoma  sambucifolia  HBK  is  an 

taphylla  is  much  prized  in  Paraguay  and  southern      important  wood  for  carpentry  {Lopez  &  Sagas- 

.nly      tegui  2779,  LP,  MO). 

Another  Bignoniaceae  genus  with  timber  poten- 

comm 
trim 

These  same  wood  properties  are  appreciated  by  tial  is  Jacaranda,  Jacaranda  copaia  subsp.  spec- 

campesinos  and  indigenous  peoples  as  well.  For  tabilis,  for  example,  is  an  important  second  growth 

example,  the  metates  (corn  grinders)  of  the  Guajira  species  in  many  moist  areas  of  the  lowland  Neo- 

Indians  in  northern  Colombia  are  always  made  of  tropics.  It  is  fast-growing  and  is  currently  being 

the  wood  of  T.  billbergii  (Bureau  &  Schumann)  promoted  in  Amazonian  Ecuador  as  one  of  the  most 

Standley  (Cuadros,  pers.  comm.),  and  T  serrati-  promising  Ughtweight  neotropical  timbers  (Peck, 

folia  is  used  preferentially  for  ax  handles  by  the  pers.  comm.).  Crescentia  wood  is  used  specificaUy 

Ka'apor  of  Brazil  (fide  W.  Balee),  to  make  wooden  saddles  in  western  Mexico  (Bye, 

Because  most  of  the  good  timber  trees  in  south-  pers.  comm.).  In  eastern  Africa,  the  Interna
tional 

ern  Brazil  have  already  been  cut,  the  Parana  forests  CouncU  for  Research  in  Agroforestry  (ICRAF)  has
 

of  Paraguay  are  now  the  main  regional  source  of  selected  Markhamia  lutea  (Benth.)  Schu
mann  as 

Tabebuia  wood;  T  heptaphylla  is  currently  the  one  of  five  focal  species  for  agrofore
stry  tree  breed- 

timber 
ing  (D.  Boland,  pers.  comm.). 

otherwise 
Rio 

Curiously,  other  species  of  Tabebuia,  especially 

those  growing  in  swamps,  have  unusually  light- 
weight woods.  The  light  spongy  wood  of  the  roots 

of  T.  cassinoides  (Lam.)  DC,  for  example,  has 

Dyes 

Several 
5t  known 

body 

been  reportedly  used  for  Ufebuoys,  razor  straps,      was  so  important  to  the  Indigenou
s  cultures  along 

mner 

its  wood  for  spoons  and  ladles,  troughs,  paper  pulp, 
the  Orinoco  that  the  local  equivalent  of  "He  is  so 

body"  became 

wooden 

There  is  also  a  large  group  of  Tabebuia  species 

th  intermediate-weight  woods.  One  of  these.  Tab- 
Ilia  heterophrlla  (DC.)  Britton,  widespread  in 

That 

body 

by  the  Indians  of  Amazonian  Colombia  and  Ecuador 

today  to  paint  women's  lips  as  well  as  faces  and 
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bodies  (Garcia-Barriga,  1975;  Vickers  &  Plowman,  on  new  significance  when  viewed  in  tho  context  of 

1984).  It  is  also  used  by  the  Choco  Indians  to  dye  Bignoniaceae.  It  is  in  medical  ethnobotany  that 

basketry  fibers  black  as  well  as  red,  depending  on  Bignoniaceae  achieve  their  greatest  prominence, 

the  treatment  (pers.  obs.)  and  by  the  Sionas  of  and,  although  a  number  of  Bignoniaceae  trees  have  J 

Amazonian  Ecuador  to  make  a   dark  brown  or  medicinal  uses,  it  is  the  lianas  that  have  the  greatest  ̂  
blackish  dye  for  painting  designs  on  clothing  (Vick-  array  of  bioactive  constituents  (Gentry  &  Cook, 
ers  &  Plowman,  1984). 1984;  Phillips,  1991).  The  doctor,  as  well  as  the 

Another  famous  bignon  dye  is  "yangua"  or  Cy-  architect,  might  be  well  advised  to  turn  to  vines, 
bistax   antisyphilitica   (C.   Martius)   C.   Martins  especially  bignon  lianas.  For  example,  10  of  the 

ex  DC,  whose  use  as  a  blue  dye  in  the  Tarapoto  12  Bignoniaceae  genera  used  medicinally  by  the 

region  of  Peru  was  reported  by  Spruce  (1859).  Jivaro  in  Peru  were  lianas  (Lewis  et  ah,  1987), 

Less  well  known  is  the  use  of  bark  of  Sparattos-  and  no  fewer  than  13  genera  of  bignon  lianas  were 

perma  leucanthum  (Veil.  Cone.)  Schumann  by  the  listed  by  Phillips  (1991)  as  having  specific  medic- 
Chacobos  of  Bolivia  to  produce  a  brown  dye  used  inal  uses.  Altogether,  I  now  have  records  for  27 

to  stain  cotton  thread  (Boom,  1987)  or  the  fruit  genera  of  Bignoniaceae  lianas  and  nine  genera  of 
of  Crescentia  to  produce  a  black  dye  (Hodge  &  trees  that  are  used  medicinally. 
Taylor,  1957). 

Ritual  Uses 

sometimes  climb 

the  Bignoniaceae  bandwagon.  The  cross-shaped, 
3-foliolate  leaves  and  winged  petiole  of  Crescentia 

At  the  opposite  extreme,  but  no  less  biologically 

active,  are  various  Bignoniaceae  species  reported 

as  toxic,  in  several  cases  the  same  taxa  that  are t 

medicinal  in  other  contexts.  Paramount  among  poi- 

sonous Bignoniaceae  is  the  genus  Tanaecium.  Ta- 

naecium  excitiosum   Dugand  of  the  Magdalena 
7  ̂      xTDi^  1  J  *    •*        u-     J      '    xi_    nil-     •  Valley  of  Colombia  is  locally  famous  tor  its  toxicity alata  HdK  led  to  its  cultivation  m  the  Phmppmes  ^     /t\_         j       r*    o\        j  u       u         i    a^h 

because  of  the  suggested  religious  symbolism,  while 
the  distinct  cross  seen  in  stem  cross  sections  of 

Bignonia  capreolata  (hence  the  vernacular  name 
(,i, 

similar  connotations 

try,  1982). 

Bignoniaceae  also  have  their  place  in  indigenous 
religion.  For  example,  a  leaf  concoction  of  Ane- 

Schumann 

Wayapi 
huntin 

terdiction  (Grenand,  1980).  It  is  not  clear  whether 

reports  of  use  of  an  infusion  of  Cydista  aequinocti- 

to  cattle  (Dugand,  1942)  and  has  been  largely 

eradicated  in  an  attempt  to  reduce  livestock  death 

(pers.  obs.).  Crushed  leaves  and  stems  of  almond- 

smelling  Tanaecium  nocturnum  (Barb.  Rodr.)  Bu- 
reau &  Schumann  are  used  by  the  Wayapi  ol 

French  Guiana  to  enervate  bees  while  gathering  f 

honey  (Grenand,  1980),  and  similarly  toxic  effects  «| 

have  been  reported  on  humans  (Prance  et  al., 

1977).  Another  well-documented  instance  of  poi- 

sonous Bignoniaceae  involves  two  closely  related 

species  of  Arrabidaea,  A.  elegans  (Veil.)  A.  Gentry 

and  A.  bilabiata  (Sprague)  Sandw.,  which  have 

n 

alis    (L.)    Miers,    Arrabidaea    corallina    (Jacq.)      been  responsible  
for  numerous  Uvestock  poisonings Schumann 

Witotos 

''to  see  more"  refers  to  hallucination  or  religion. 
Whether  to  categorize  the  waving  by  a  Tirio  med- 

icine man  of  Stizophyllum  branches  over  sick 
people  to  cure  fever  (Plotkin,  pers.  comm.)  as 
medicine  or  reUgion  is  equally  moot.  Another  faith- 

related  use  of  a  bignoniaceous  "charm"  is  reported 
from  the  Brazilian  Xingu  {Balee  2225,  NY),  where 

the  Ka'apor  tape  Stizophyllum  riparium  on  chil- 
dren's legs  to  make  them  grow  taller. 

h 

Poisons  and  Medicines 
Wrigh 

(Tokamia  et  al.,  1969;  Gentry,  1983). 

Poisonous  properties  may  also  be  advantageous 
in  hunting  or  fishing.  For  example,  Memora  may  ̂  

have  efficacy  as  a  fish  poison.  Memora  allantan' 

diflora  (Spruce)  Bureau  reportedly  has  been  used 
as  a  fish  poison  on  the  Xingu  {Balee  1962^  N  i)' 

and  M  cladotricha  Sandw,  is  sometimes  called 

"barbasco  huasca"  (=  fish -poison  vine)  in  Peru, 

indicating  similar  use.  There  are  several  reports  o 

Bignoniaceae  as  curare  ingredients  in  Amazoniai 

including  the  roots  of  Distictella  magnoUifr^^^ 

(HBK)  Sandw.  and  Martinella  obovata  (HBK)  Bu- 

reau &  Schmnarmby  the  Barasana  (Schultes,  1969i 

1970),  Schlegelia  cauliflora  A.  Gentry  and  Cal- 

lichlamys  latifolia  (Rich.)  Schumann  by  the  Mira- 
nas  {La  Rotta  379,  ARAB;  Garcia-Barriga,  1975), 

can  bury  his  mistakes,  but  an  architect  can  only      Arrabidaea  aff.  oligantha  by  the  Yukuna  {Pabon 
advise  his  cUents  to  plant  vines."  This  dictum  takes      800,  ARAR),  and  Schlegelia  scandens  (Briq-  & 
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Figure  4. 
Bignoniaceae  as  sources  of  biologically  active  chemicals.  -  A.  Melloa  quadnvalvis  mala  cangr

ejo, 

used  to  trap  crabs  in  northern  Colombia.  -B.  Melloa  stem  sections  as  stored  undergrouiid  at  house  of  local  cangrejero 

prior  to  use.-C.  Crabs  caught  with  bait  made  ol  Melloa  by  picking  them  up  outside  theu"  holes  the  next  morning 

D.  Bark  of  Tabebuia  for  sale  in  market  at  Iquitos,  Peru  (on  shelQ.-E   Canniana  (L«cythidaceae)  tree  stripped
 

♦♦ 

9* 

Almendras 
similar 

is  now  being  sold  instead,  as  a  kind  of  fake  Tabebuia  bark. 

Spruce)  Sandw.  by  the  Tikuna  (Schultes  &  Raflfauf, 
1 990). 

Another  interesting  use  of  a  species  of  Bignonia- 

ceae for  its  poisonous  properties  is  of  Melloa  quad- 

rivalvis  (Jacq.)  A.  Gentry  to  iminohilize  crabs  in 
northern  Colombia  (Gentry  &  Cuadros,  in  prep.; 

Fig.  4).  The  plant  is  locally  called  "'mata  cangrejo/* 
and  its  use  is  a  cloflcly  guarded  secret  among  certain 
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famaies  of  professional  crabbers.  A  bait  is  prepared      Sandw.  as  a  love  charm  in  Amazonian  Peru  (Phil- 

from  shavings  of  Melloa  stem  and  banana  and  is      lips,  pers.  comm.). 

left  overnight  outside  a  series  of  crab  holes  in  an Although  there  have  been  few  detailed  or  sys 

appropriate  coastal  area.  The  next  morning  the  tematic  investigations  of  Bignoniaceae  phytochem- 

crabber  merely  returns  to  the  crab  holes,  picks  up  istry,  it  is  obvious  from  their  characteristic  vege- 

the  crabs,  which  have  been  inmiobilized  outside  tative  odors  that  the  species  of  many  genera  are 

their  holes  by  the  Melloa,  and  carries  them  off  to  related  by  distinctive  suites  of  chemical  characters. 

market.  Apparently  the  eflfect  of  the  Melloa  is  For  example,  Tynan  thus  smells  like  cloves,  most 

temporary  and  nontoxic  to  humans,  since  the  crabs  Mansoa  species  smell  like  garlic,  Tanaecium  has 

have  largely  recuperated  by  the  time  they  reach  either  an   almond   or   bitter   odor,   Paragonia  a 

market,  and  no  adverse  effects  have  been  reported  sweetish  odor,   Godmania  a  rank  odor  that  has 
from  eating  them. been  likened  to  that  of  horse  urine.  This  kind  of  ̂  

Hallucinogens  might  be  classed  as  either  poisons  chemical  signature  is  also  reflected  in  the  similar 

or  medicines,  depending  on  one's  perspective.  Here,  ethnomedicinal  uses  for  different  species  of  the 
too,  Bignoniaceae  lianas  make  a  significant  eth-  same  genus.  One  of  the  most  striking  examples  is 

nobotanical  contribution.  Tanaecium  nocturnum  Marfme//a  (Gentry  &  Cook,  1984),  which  is  wide- 

is  used  as  an  hallucinogenic  snuff  called  "kosibo"      ly  used  throughout  most  of  South  America  as  a 

medicine  for  conjunctivitis.  Such  medicinal  uses 

are  reflected  in  an  abundance  of  specific  epithets 

like  "ophthahnica"  {Bignonia  ophthalmica 

synonym  of  Martinella  obovata),  "antisyphilitica 

Paumari  Indians  of  Brazil  and  simila 
Colomb 

Mussat 

(Quechua  for  "wick  of  delieht"),  is  a  wi 

a 

11 

used  coca  additive  in  Peru  and  Bolivia  and  has  an  {Cybistax  antisyphilitica),  "impetiginosa"  {Tab- 
independent  euphoric  effect  (Plowman,  1980).  In  ebuiaimpetiginosa{C,MsivimsexDC,)Sla.nd\eyl 

Bolivia,    Clytostoma    sciuripabulum    Bureau    &  "curialis"  {Tecoma  curialis,  a  synonym  of  7^6^ 

mixed  with  coca  buia  heptaphylla  (Veil.  Cone)  Toledo),  and  in  the 

by  the  Chimane  vernacular  name  "para  todo"  for  Tabebuia  aurea 

Schumann  roots  are  sometimes 

Marsh 
?r  occa-       (Manso)  Benth,  &  Hook,  ex  S.  Moore, 

sional    coca    additive    is    Distictis   pulverulentus  A  number  of  Bignoniaceae  taxa  have  been  re- 
(Sandw.)  A.  Gentry,  the  ashes  of  the  burned  leaves       ported  to  be  active  against  such  major  medical 

Makuna      scourges  as  cancer,  diabetes,  syphilis,  malaria,  hep- 

atitis, rabies,  and  leshmaniasis.  The  most  famous 
m 

than  to      of  these  is  the  use  of  the  bark  of  various  species 

with 

(Schultes  &  Raifauf,  1990). 
at  ions 

«• 

% 

t 

■ewis 

medicine  are  the  aphrodisiacal  properties  attributed  of  Tabebuia  as  a  cancer  cure  (Fig.  4;  see  Awang, 

to  other  Bignoniaceae  lianas,  for  example  clove-  1988;  Gyllenhaal  &  Farnsworth,  ms.  in  prep)- 

smelling  Tynanthus,  or  "clavo  huasca,"  by  the  Many  of  the  cytotoxic  effects  of  Bignoniaceae  ex- 

,        ̂         ._^  tracts  on  neoplasic  cells,  as  well  as  their  docu- 
noteworthy  in  this  context,  the  same  Tanaecium  mented  effectiveness  against  trypanosomiasis  and 

nocturnum  that  is  used  by  the  Paumari  as  a  hal-  various  viruses  are  due  to  properties  of  the  lapacnoi 
lucinogenic  snufF  is  used  by  the  Panamanian  Choco      and  related  naphthoquinones  that  are  widespread 

in,  and  mostly  restricted  to,  this  family  (Ferreira et  aL,  1990). 

Additional  recent  ethnobotanical  reports  of  m- 

aphrodisiac 
Peru 

pers.  comm,). 

Another  Bignoniaceae  famous  for  its  reputed      digenous  uses  of  Tabebuia  bark  against  cancer 
phrodisiac 

include  that  of  T  incana  A.  Gentry  and  T.  irn 

in 

(Veil.  Cone.)  Stellf.  ex  de  Sousa,  or  "catuaba,"  of     petiginosa  by  the  Campas  in  Peru  (Reynel  et  al, 

the  Brazilian  cerrado.  The  vernacular  name,  Tupi,       1990),  of  T  serratifolia  in  Colombia  (Garcia-Bar- 
for  "tree  of  togetherness,"  reflects  its  reputation;      riga,   1975),   and  of  T   rosea  by  the  Mayas 
an  herbal  tea  prepared  from  "catuaba"  is  supposed      Mexico  (Dominguez  &  Alcorn,  1985).  That  almost 

all  such  reports  are  for  the  genus  Tabebuia,  and 

that  they  come  from  such  widely  scattered  localities 

and  ethnic  groups,  lends  ethnobotanical  credence 

1 

un 

phrodisiacal 

Other  Bign 

the  flowers  oi  Stereosperma  chelonoides  (L.f.)  DC.      to  the  postulated  medical  effectiveness. 
(as  S.  suaveolens)  in  India  (Chopra  et  al.,  1956),  Unfortunately,  the  uncritical  tend  to  interpret 

Macfadyena  uncata  (Andrews)  Spragu 
such  data  overzealously,  in  a  manner  that  often 

  ^^Ma 
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casts  doubt  on  the  real,  as  well  as  the  more  fanciful,  nection.  Most  appropriately  called  "pedo  de  padre" 
effectiveness  of  a  plant  like  7a6e6uia.  For  example,  (=  priest's  fart)  in  Central  America,  it  may  well 
"ozone-friendly"    Tabebuia  ("lapacho"   or   "pau  serve  to  repel  insects  (Lewis  et  aL,  1987) — as  well 
d'arco")  was  reported  in  a  recent  article  (Sylvester,  as  most  other  organisms.  No  doubt  burning  it  where 
1989)  to  build  immunity,   improve  vitality,  and  sick  chickens  roost  to  prevent  an  epidemic  (Alar- 
strengthen  cells,  as  well  as  being  effective  against  con,  1988)  would  have  as  strong  a  repulsive  effect 
diabetes,    leukemia,    multiple    sclerosis,    arthritis,  on  the  potential  disease  vectors  of  the  chickens  as 

rheumatism,  allergies,  chronic  infections,  colds,  in-  drying  it  in  a  closed  building  does  on  an  unwary 
fluenza,  boils,  snake  bites,  and  AIDS;  no  doubt  the  plant  collector  (pers.  obs.).  However,  much  of  its 

unusual  flowers,  which  "are  carnivorous  and  eat  exceedingly  wide  medical  application  against  a  great 
insects,  keeping  the  tree  free  from  parasites  and  variety  of  ailments,  including  such  difficult-to-treat 

viral  growths,"  contribute  to  its  healing  power  as  ones  as  snakebite,  is  likely  to  be  due  to  placebo 
does  the  fact  that  "it  apparently  only  grows  where  effect* 
there  is  a  high  ozone  content  in  the  air  where  vital Another  kind  of  precautionary  note  on  Bigno- 

negative  ions  are  also  concentrated."  Yet  these  niaceae  ethnomedicinal  uses  may  also  be  appro- 
distinctly  off-the-wall  observations  are  confusingly  priate.  In  at  least  some  cases,  unreliable  or  un- 
interspersed  with  better  documented  ones  about  cooperative  informants  may  have  invented  uses  or 

eflFectiveness  against  Ca/ic?ic/a  a/6ican5  and  several  misidentified  the  plant  involved.  Thus,  the  dozens 

kinds  of  cancer.  of  independent  reports,  including  an  unpublished 

There  are  also  several  reports  of  Bignoniaceae  one  dating  from  1791,  of  use  of  Martinella  for 

with  antimalarial  properties.  These  include  P/eofio-  eye  ailments  surely  indicates  that  the  plant  is  an 

toma  melioides  (S.  Moore)  A.  Gentry  (J.  Rios  Tri-  effective  medicine  (Gentry  &  Cook,  1984).  How- 
Macfadyena ever,  there  are  also  isolated  reports  of  uses  of 

A.  Gentry  (Garcia-Barriga,  1975),  7a6e6uiaro5ea      Spathicaljx  xanthophylla   (DC).   A.  Gentry 

{Steyermark51372,Y\B.\\AT  ochraceaiChdim.)      (Schultes,   1970),  Haplolophium  rodriguesii  A. 
Macfadyen 

,ewis 

Standley  (Schultes  &  RafFauf,  1 990).  Bignoniaceae 

reported  as  effective  against  syphilis  include  Ar- 

mitfiaea  cAica  (Triana  fide  Garcia-Barriga,  1975),      nophylla  Sandw.  {Schultes  &  Cabrera  19734), 

Macfadyena  unguis-cati  (Garcia-Barriga,  1975),      and  Arrabidaea  chica  (Schultes  &  Raffauf,  1990) 

Tabebuia  heptaphylla  (Martins,  1843),  Tecoma      to  treat  conjunctivitis.  AU  of  these  are  vegetatlvely 
Kunth  fLioeier.  1974,  fide  Duke similar  to  Mart and   one  wonders 

comm 
whether  some  kind  of  mix-up,  intentional  or  oth- 

tius,  1843);  Jacaranda  caucana  Pitt,  has  also  erwise,  might  be  involved.  Similar  confusion  be- 

been  reported  to  be  effective  against  venereal  dis-  tween  plants  may  also  apply  to  the  reported  use 

ease  {Grant  10711,  WIS;  Garcia-Barriga,  1975).  to  cure  diarrhea  of  four  of  the  five  identified  useful 

Both  Callichlamys  latifolia  and  Jacaranda  co- 
paia  have  been  reported  to  be  specifically  used  by 

.ewis 

bignon  lianas  (plus  another  unidentified  one)  in 

Boom's  ( 1 987)  study  of  Chacobo  ethnobotany.  This 
is  otherwise  a  rarely  reported  use  for  bignons  and 

ah,    1987),   and   Cybistax   antisyphilitica  roots      has  not  been  reported  elsewhere  for  the  same  taxa,
 

against  epOepsy  {Mathias  &  Taylor  5617,  MO).      some  of  which  normally  have  other  very  specifi
c 

Tabebuia  rosea  has  been  reported  to  be  used  against 

rabies  in  Guatemala  {Ruano  425,  US),  Tecoma 

obo 
lik 

stans  is  reputed  to  be  effective  against  diabetes  in      informants  are  providing  less  than  precise 
 data.  On 

the  other  hand,  the  use  of  an  obscure  species  like countries 

lulin    product 
f  stimulating 

&    Mellado- 

Memora  flavida  (DC.)  Bureau  &  Schumann 
unnamese 

Campos,  1985;  Perl,  1988;  Duke,  pers.  comm.).       Way 

On  the  other  hand,  equally  specific  reports  of 

body 

like  Man aching  facial  muscles,  respectively)  (Plotkin,  pers. 
tuberculosis 

conun 

and  both  against  rheumatism  (e.g.,  Lewis  et  al.,  cally  active  property  
of  this  species  is  involved. 

1987)  may  weU  be  more  closely  related  to  psy-  In  summary,  whil
e  it  is  difficult  to  know  to  what 

chological  than  physiological  effects.  Garlic-smeU-  extent  the  extens
ive  ethnomed.cma    literature  on 

ing  Mansoa  is  esoeciallv  instructive  in  this  con-  Bignoniaceae,  and  espe
cially  b.gnon  hanas,  reflects 
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real  pharmacological  activity,  the  fact  that  there  al  2397,  MO),  as  a  cosmetic  to  keep  the  skin  soft 

are  so  many  such  reports  strongly  suggests  that  and  moist  {Arrabidaea  chica^  Memora  cladotri-^^ 

there  is  a  real  basis  for  many  of  them.  Indeed,  cha),  or  to  remove  pimples  {Amphilophium  pan- 

taken  at  face  value  they  suggest  that  Bignoniaceae  iculatum  (L.)  HBK  (fide  Standley  197 19 A,  US)), 

constitute  a  kind  of  one-family  rainforest  phar-  and  to  eliminate  tapeworms  {Macfadyena  unguis- 

macy,  with  different  taxa  curing  ailments  of  the  cati)  or  treat  ringworm  {Cydista  lilaclna  A.  Gen- 

eyes  {Pleonotoma  variabilis  (Jacq.)  Miers  (fide  La  try:  Balee  2596,  NY).  They  are  even  used  in 

Rotta379  ARAR),  Martinella),  ears  {Arrabidaea  veterinary  medicine  (e.g.,  Tynanthus  panurensis 

in  Colombia  to  "enfriar  el  calor  de  los  animales": florida  DC:  Schultes  &  Raffauf,  1990),  teeth  {Ar- 

rabidaea chica  (caries  prevention),  Crescentia  La  Rotta  379 ̂   ARAR;  Ceratophytum  tetragon- 
leaves  (toothaches),  Lundia  erionema  DC.  (bleed-  olobum  (Jacq.)  Sprague  &  Sandw.  in  Mexico  for 

ing  gums)),  nose  and  throat  (e.g.,  Mansoa,  Cre-  coughing  dogs:  Ucdn  752,  XAL,  M)  (Alarcon, 

scentia,  Stizophyllum,  Pyrostegia,  Parmentiera,  1988;  Boom,  1987,  1990;  Chopra  et  al.,  1956; 

Tanaecium  nocturnum),  skin  (e.g.,  Amphilo-  Garcia-Barriga,  1975;  Grenand,  1980;  Lewis  et 

phium,  Callichlamys,  Cydista,  Jacaranda,  Me-  al.,  1987;  Phillips,  1991;  Plowman,  1980;Reynel 

mora,  Mussatia,  Kigelia,  Parmentiera,  Tabebu-  et  al.,  1990;  Schultes  &  Raffauf,  1990;  Tournoi 

ia,  Tanaecium),  stomach  and  intestines  (eg.,  et  al.,  1986;  Vickers  &  Plowman,  1984). 

Arrabidaea,  Callichlamys,  Crescentia,  Jacaran-  Bignoniaceae  clearly  enrich  the  lives  of  the  peo-^ 

da,  Macfadyena,  Mussatia,  Paragonia,  Parmen-  pie  who  share  the  world's  tropical  forests  with  them 

tiera,  Pithecoctenium,  Pleonotoma,  Tabebuia)^  Although  they  are  already  important  to  the  de- 
kidneys  {Parmentiera\  liver  {Macfadyena:  Schin-  veloped  world  as  well,  it  seems  likely  that  they  can 
ini  4892,  CTES),  joints  {Mansoa,  Tynanthus,  Jac- 
aranda,  Macfadyena,  Memora,  Pitecoctenium, 

become  even  more  useful.  Bignoniaceae  would  seem 

clearly  to  merit  additional  ethnobotanical,  especial- 
Tabebuia),  In  addition  to  being  used  against  the  ly  pharmacological,  investigation,  before  they,  along 

above-mentioned  maladies  and  against  asthma,  in-  with  the  knowledge  of  their  plethora  of  potential 

fluenza,  and  the  common  cold,  they  are  used  to  uses  and  the  very  rainforests  in  which  they  live, 
treat  fevers  {Arrabidaea  candicans  (Rich.)  DC,  disappear  from  the  face  of  the  earth. 
Callichlamys,  Macfadyena,  Mansoa,  Martinella, 

Memora,  Tanaecium  nocturnum,  Tynanthus,  Xy- 
lophragma),  headaches  {Arrabidaea  spicata  Bu-  Literature  Cited 
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EXINE  STRUCTURE  OF 
PANTOPORATE  CAMPANULA 

(CAMPANULACEAE)  SPECIES^ 

Joan   W,  Nowickey^  Stanwyn  G.   Shetler,^ 

and  Nancy  Morin^ 

Abstract 

The  only  species  in  Campanulaceae  known  to  have  pollen  with  pantoporate  apertures  are  five  species  of  Campanula: 
C,  americana,  C.  californica^  C.  exigua,  C.  griffinii,  and  C  sharsmithiae.  All  other  species  examined  of  this  large 

genus  (ca.  300  species)  have  3-4(-7)  pores,  spaced  equidistant  on  the  equator  of  the  grain.  The  pantoporate  species, 
especially  the  widely  distributed  annual  or  biennial  herb  C.  americana,  are  further  distinguished  by  elongate  or  well- 
developed  columellae.  The  larger  columellae  of  this  species  may  be  correlated  with  their  lower  density.  Except  for 
the  similarities  in  pollen,  C.  americana  does  not  appear  closely  related  to  the  three  slender  annuals,  C.  exigua,  C. 
griffinii,  and  C.  sharsmithiae^  each  of  which  has  a  restricted  distribution  in  California.  Campanula  americana  also 

is  not  closely  related  to  the  pantoporate  perennial,  C  californica^  or  to  the  fourth  California  annual,  C.  angustiflora, 

which  has  4-6-zonoporate  pollen  with  a  tectum  and  exine  structure  almost  identical  to  C.  sharsmithiae.  The  pantoporate 
grains  of  C.  californica,  with  pores  that  are  not  always  uniform  in  size  or  distribution,  and  the  zonoporate  grains  of 
C.  angustijloray  with  unevenly  distributed  pores  and  elongate  columellae,  may  represent  transition  stages  between 

the  two  pollen  types.  In  this  study  and  previous  ones,  all  species  of  Campanulaceae  with  well-developed  or  elongate 
columellae  have  been  shown  to  have  a  high  number  (more  than  five)  of  apertures.  Whether  more  apertures  make 
the  pollen  wall  more  vulnerable  to  collapse  and  whether  selective  pressures  have  resulted  in  a  more  rigid  wall  by 

means  of  elongate  columellae  are  debatable.  The  highly  distinctive  pollen-collecting  hairs  found  in  the  Campanuloideae 
are  illustrated  and  discussed. 

In  a  systematic  study  of  four  closely  related  Although  not  specifically  studied  here,  the  pol- 

annual  species  of  Campanula,  all  endemic  to  Cal-  lination  biology  of  Campanula,  the  species  of  which 

ifornia,  Morin  (1980)  established  the  existence  of  show  pronounced  protandry  and  adaptations  to  in- 

pantoporate  (pores  distributed  over  the  entire  sur-  sects,  is  characterized  by  a  unique  and  still  largely griffi 
unexplained  mechanism.  While  the  flower  is  still 

Morin,  and  C.  sharsmithiae  Morin,  and  4-6-zono-      in  bud,  anthers  dehisce  and  deposit  the  pollen  on 

ifl 

the  pollen-collecting  hairs  of  the  upper  style.  As 

Morin  (unpublished)  found  the  pantoporate  aper-       anthesis  proceeds,  both  pollen  and  the  unicellular 

rermial  C.  calif i hairs  gradually  disappear,  the  former  owing  to  pol- 

(Kell.  Heller),  Prior  to  her  studies  only  one  other      linator  activity,  the  latter  to  retraction/invagina- 
or      tion  into  their  expanded  bases.  The  fact  that  in annual 

biennial  Campanula  americana  L,,  native  to  east-  some  cases  the  retracted  hair  is  observed  "to  trap" 
ern  and  central  North  America,  was  known  to  have  a  pollen  grain  has  prompted  speculation  that  the 

a   pantoporate   aperture   type   (Avetisian,    1967;  invagination  is  an  adaptation  for  autogamy  (for 

Dunbar,  1973a,  b,  1975a,  b,  1981,  1984;  Shetler,  review,  see  Shetler,  1979).  This  does  not  seem  to 

1982;  for  life  history  of  C.  americana  see  Shetler,  be  the  case  (Shetler,  1982;  Lloyd  &  Yates,  1982), 

1958,  and  Baskin  &  Baskin,  1984).  The  unusual  however;  the  possible  functions  of  the  collecting lim hairs  are  presented  in  the  discussion  section. 

in  Campanulaceae  prompted  this  investigation  of 
exme 

the  California  pantoporate  species. 
Materials  and  Methods 

sub] 
For   examination   of  pollen,   anthers   were   re- 

fundamental mov herbarium 
rod 

like  or  threadlike  structures 

tolyzed  (Erdtman,  1966)  for  all  preparations:  light 

microscopy  (LM),  scanning  electron  microscopy 

'  We  thank  Carol  Annable  for  her  assistance  in  pollen  preparation  and  John  Skvaria  for  the  TEM  preparation  of 

Campanula  sharsmithiae.  t      •      •        wr    i_-  i-. 
'  Department  of  Botany   National  Museum  of  Natural  History.  Smithsonian  Institution.  Washmgton,  D.C.  20560, L.S.A. 

'  Missouri  Botanical  Garden,  P.O.  Box  299,  St.  Louis,  Mifisouri  631660299,  U.S.A. 

Ann.  Missouri  Bot.  Card.  79:  65-80.  1992. 
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copy    (SEM),    transmission    electron    microscopy      porate  apertures  and  a  tectum  that  consists  of 

(TEM),  and  plasma -ashing. spinules  and  irregularly  oriented  threadlike  or  rod- 

For  SEM,  pollen  was  coated  with  carbon,  then  like  structures  (Figs.  1-41,  54,  55,  57,  58).  For 

gold-palladium,  and  examined  and  photographed  porate  Campanulaceae,  Dunbar  (1984:  1)  classi- 

with  a  Cambridge  250  Stereoscan  Electron  Micro-      fied  surface  sculpture  types  into  the  following  cat- 
scope  or  a  Hitachi  570  SEM, egories:  ridges;  ridges,  with  top  end  bent  upwards; 

For  TEM,  pollen  was  incoi:porated  into  agar,  fingerlike  structures;  protrusions;  irregular  ridges; 

fixed  with  osmium  tetroxide,  stained  with  uranyl  and  reticulum  in  low  relief.  With  the  exception  of 

acetate,  and  embedded  in  Spurrs  resin  or  L.  R.  the  last  category,  applicable  only  to  Campanula 

White.  After  sectioning,  the  pollen  was  stained  in  americana  in  our  study,  we  believe  that  these 

lead  citrate  and  examined  in  a  JEOL  100,  1200EX,  closely  related  categories  are  minor  variations  in 

or  a  Philips  200  transmission  electron  microscope.  the  orientation  of  the  rods  or  threads.  Although 

For  LM,  pollen  was  mounted  in  glycerin  jeDy  the  term  rod,  with  its  implication  of  a  straight  or 

and  sealed  with  paraffin.  Measurements  (see  Table  erect  linear  structure,  may  be  more  fitting  for  some 
1)  are  based  on  20  grains  in  LM. tecta  than  others,  e.g.,  Figure  41  versus  Figures 

For  examination  of  collecting  hairs,  styles  were  55  or  58,  we  will  use  rod  in  the  remainder  of  the 

dissected  from  herbarium  flowers  and  attached  to  text  to  describe  the  ropelike  strands  making  up  the 

specimen  stubs,  coated  with  gold-palladium,  and  surface  of  the  tectum,  often  intertwined  in  spaghet- 

examined  and  photographed  in  a  Cambridge  250  tilike  fashion.  These  rods  can  vary  in  their  size, 

or  an  S410  scanning  electron  microscope.  The  degree  of  distinction  (e.g..  Figs,  15,  31  vs.  9,  41), 

collections  examined  are  listed  in  Table  1.  extent  of  projection  (e.g.,  Fig.  35  vs.  38,  41),  and 

In  plasma-ashing  an  electrical  field  changes  di-  orientation  (e.g.,  mostly  horizontal  as  in  Fig-  35  or 
atomic  oxygen  into  excited  oxygen  ions  to  form  a  with  rods  more  erect /vertical  as  in  Figs.  17,  23, 
highly  reactive  plasma  that  causes  low  temperature  and  46). 

combustion  of  organic  molecules.  The  most  com-  In  SEM,  the  relationship  between  the  rods  and 
mon  use  of  plasma-ashing  is  for  removal  of  organic  spinules  seems  clear — the  free  tips  of  rods  appear 

matter  from  inorganic  structures,  e.g.,  tissue  from  to  coalesce  to  form  spinules.  In  every  Campanula 
sponge  spicules.  For  this  application,  end-point  de-  species  examined  in  SEM,  the  base  of  at  least  some 
tectors  can  determine  precisely  when  the  organic  spinules  is  continuous  with  three  or  more  rods.  This 
layers  have  been  removed.  In  completely  organic  condition  is  illustrated  best  in  the  plasma-ashed 
samples  such  as  exines,  however,  the  only  control  samples.  Figures  56  and  59,  but  ahnost  as  well  in 
(available  to  us)  is  duration  of  ashing.  Based  on  an  Figures  8,  29,  38,  41,  and  58.  In  the  past  (Dunbar, 

earlier  study  of  pollen  from  33  species  representing  1973a;  Morin,  1980),  the  spinules  have  been  con- 

ir  sidered  as  basally  rooted  or  divided,  but  we  now 

a  think  that  the  spinules  are  the  result  of  free  tips 

of  rods  coalescing  and  not  of  rods  formed  by  the 

owic 

oduces  the  most  profound taring 

in  skeletonlike  exines.  For  greater  detail,  see  No-      basal  subdivision  of  spinules  (see  discussion  below). 
wicke  et  al.  (1986). 

In  thin  section,  all  species  examined  have  strat- 

^ 

Results 

All  LM  slides  and  EM  micrographs  are  deposited  ified  exines  with  an  endexine,  foot  layer,  columel- 
at  the  Palynological  Laboratory,  National  Museum  lae,  and  tectum,  but  these  components  are  van- 
of  Natural  History,  Smithsonian  Institution,  ously  developed. 

Based  on  the  above  characteristics  the  poUen  oi 

Campanula  is  a  recognizable  type:  porate  with  a 

tectum  consisting  of  spinules  and  variously  oriented 

rods.  But  the  distribution  of  the  pores  defines  two 
In  the  course  of  the  entire  Campanulaceae  study,      distinctive  subtypes  with  very  unequal  frequencies, 

the  pollen  of  5 8  collections  representing  41  species      Five  species  are  pantoporate  (Figs.  1,  7,  13,  21, 
SEM,  and  24),  with  as  few  as  six  apertures  and  as  many 

»?enty-  as  1 8.  All  remaining  campanulas  have  three,  som^- 
in  LM  times  four,  or  more  rarely  five  or  six  (seven  in  a 

TEM.  few  grains  of  C.  rotundifolia)  pores  placed  equ>- 
For  the  most  part  only  the  species  that  are  cited  distant  on  the  equator  of  the  grain  (some  grains  of 
in  the  text  and/or  Ulustrated  are  given  in  Table  1.      C.  anguslijlora  excepted). 

All  18  species  of  Campanula  cited  in  Table  1  Our  TEM  investigation  revealed  subtle  differ- 
have  oblate-spheroidal  or  spheroidal  pollen  with      ences  in  the  structure  of  the  exine:  in  the  panto- 

mined 

examined 
examined 

examined 

( 

& 

n 
n 



Table  1.      S}jccic6  examined,  voucher  data,  pollen  data,  and  figure  numbers. 

Species 

Campanula  alpina  Jacq. 
C  amerirana  L. 

C.  angustijlora  Eastwood 
C  barbata  L. 

C  biiumgartcnii  J.  Becker 

C.  californiia  (Kill.)  H**ller 
C.  fiivarirnta  Mic  hx. 

C  exigrta  Rattan 

r.  glome  rata  L. 

C.  g^iffinii  Morin 

C  hagutin  Roisft. 
C  la^inrarpn  Cham. 
C  FTiarrorAira  Cay  ex  A.  DC 
C  mrrfium  L. 
C  rhomboidaiis  L. 

C  rolundifolia  L. 

C,  iharsmiihiae  Morin 
C  sibirira  L. 

Codonopsi'f  bulleyana 
Forrrst  ex  Diels 

C  rnrtvolvulacea  Kurs 

Githopsis  pair h ilia  Vatke 

tf'ahlcnbergia  Unarioidrs  DC 

Collection Location Figure(s) 

Grain  size^ 

Pore 
size 

Bujorean  &  Nyarady  s.n,  7/1/23       Romania 
Danaske  2128 
Shimek  s.n.  8/15/27 

Soper  &  Dale  4081 
Hartley  1472 
WardsM.  4/7/1878 
Constance  et  aL  3045 
Hermann  19483 
Hall  3125 
MrMurphy  22 
Allard  2116 
Duncan  11925 

Sharsmith  &  Sharsmith  3358 

Morin  297  (MO) 

CoUins  <?-  Fernahl  s.n,  1904 

Griffin  4 1 20  (MO) 
Hon  ell  21813 

Rrrhinger  3678 
llultvn  $M.  7/15/61 

fTiUzck  &  Dutoit  21-Vn-30 
Thomas  10926 

Maillrfrr  37599 

Charpin  et  at.  $.n.  7/15/69 3858 

Morin  301  (MO) 
r^ato  2977 
Rock  5U1 

Rock  6603 
CoHilance  s.n.  5/19/51 

Schtmr:  10R77 

inieat 

Wisconsin 

low, 
Canada 
Wisconsin 

Maryland 
California 
France Germany 

California 

Virginia 
South  Carolina 
California 

Calif ornia 

Canada 
California 
California 

Greece 
Alask 
France 

Montana 
Switzerland 

Italy 

Colorado 

California 
Romania 
China 

China 
Califo rnia 

Argentina 

a iks: 

28-30 

3-6 

1.2 

60.  62-69 61 

16-20 
33-35 
57-59 

24-27 

7,8, 

10-12 
9 

13,  14 
15 
31,32 

54-56 

36-38 
39 
40.41 
21-23 

51-53 

42-44 
45-47 

48-50 

lar diniension;  numbe 

P(28)  30  (32)  X  E(30)  32  (35) 
(36)  38  (40) 

(35)  38  (40) 
(35)  38  (39) 

4-5.2 

P(29)31  (32)  X  E(31)34(36) 

4-6.5 

P(29)  32  (34)  X  E(30)  31  (34)  5.2-6.5 
P(27)29(31)  X  E(30)31(43) 
(39)  40  (45) 

P(30)  32  (35)  X  E(32)  35  (36)  5.2-6.5 

5.2 

2.6-4 

P(29)31  (34)  X  E(32)34(36) 
(36)  40  (42) 

5.2 
5.2 

(34)  35  (38) 

5.2-6.5 

(30)  33  (35)  4-5.2 
P(21)  23  (25)  X  E(22)  25  (26)  3.9-5.2 
P(30)  32  (35)  X  E(31)  33  (35)  5.2-6.5 

P(38)42(48)  X  E(43)46(51)  7.8-13 
P(36)  40  (45)  X  E(39)  43  (47)  5.8-7.8 
P(25)  28  (30)  X  E(29)  31  (32)  4.5-5.2 

Number  of 

pores 

3 

5.2-6.5  12-15 

5.2-6.5  10-13 
5.2-6.5      10-13 

(4-)6 

3 

3-4 

7-11 

3 

3 
12-14 

4-5.2      12-15 

P(29)30(34)  X  E(31)33(38)     4.5-6.5        (2)3(4) 
(30)31(34) 

6-9 

7-12 3(4) 

3-4 
P(27)  29  (30)  X  E(29)  31  (33)        4-5.2       (2)  3  (4) 
P(34)  37  (39)  X  E(36)  39  (40) 

P(26)  29  (31)  X  E(28)  29  (34)        4-5.2 
P(32)  37  (40)  X  E(34)  36  (41)  5.2-6.5 
P(30)  33  (38)  X  E(34)  36  (41)  5.2-6.5 
(35)  38  (40) 

P(29)32(34)  X  E(31)33(36)  5.6-7.1        (2)3(4) 
P(41)  44  (48)  X  E(41)  46  (49)      17-36 

3 

3(4) 

3-4 

4(5) 

4-5.2      12-18 

6-8 

6 
6 

3(4) 

Si 
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porate  type  the  prominent  or 

project  through  the  tectum  to  form  the  core  of 

The  pollen  of  the  remaining  pantoporate  species, 
life 

igures 
5,  10,  11,  19,  20,      12),  C.  sharsmithiae  (Figs.  21 

^"Z- 

27,  whereas  in  the  zonoporate  type  the  columeDae     finii  (Figs.  13-1 5),  was  examined  in  LM  and  SEM. 

are  reduced  (e.g.,  Figs.  30,  32,  and  37)  and  the      The  first  three  species  were  also  examined  in  TEM, 
columella 

The 
annual,  C  angustifi 

nnial  Campanula  califc 

4* 

ally  has  a  well-developed  foot  layer  (Figs.  32,  34,      (Figs.  24-27)  has  the  elongate  columellae  asso-    *' 37). with  the  DantoDorate  type,  but  the  distri 

unifo 

i. 

A  complete  description  of  each  pollen  type  is      bution  and  size  of  the  pores  are  not 

given  below;  for  pollen  size,  the  range  of  the  mean      LM  there  are  numerous  grains  that,  in  optical 

(Table  1)  is  given.  section,  have  four  to  six  pores  on  the  "equator';     » 
each  hemisphere  (top  and  bottom  focus)  may  have 

PANTOPORATE  POLLEN  TYPE — FIGURES  1-15,  21-27 
emi, 

hemisphe 

Pollen  spheroidal,  31-40  /im  diam.,  with  6-18  a  pore;  very  frequently  one  of  the  pores  is  distinctly 

pores,  the  pores  4-6.5  /im  diam.,  the  tectum  con-  smaller.  The  elongate  spinules,  obvious  even  in  LM, 

sisting  of  rods  and  spinules,  or  microreticulate  and  would  distinguish  the  pollen  of  C.  californica  from 
spinulate;  exine  structure  consisting  of  lamellate  all 

endexine  prominently  thickened  at  the  pores;  the  tions  suggest  that  the  pollen  of  C.  califc 
foot  layer  mostly  thin  or  sometimes  eaual  in  thick-  int 

remaining 

betwe 

but 

ness  to  the  nonapertural  endexine;  the  columellae       closer  to  the  pantoporate  than  to  the  zonoporate. 
elongate,  prominent,  at  least  some  of  which  project 
through  the  tectum  to  form  the  core  of  most  spi- Campanula  exigua  (Figs.  7- 1 2)  is  12-15  pan- 

sometimes nules;  the  tectum  incomplete  or  nearly  complete       rods 

iffif life 

simila 

C. 
g^iffi jmericana,      sities  of  the  foot  layer  and  endexine  are 

ta,  and  C.      (Fig.  11),  making  it  difficult  to  characterize  them 

individually,  but  together  they  form  a  well-defined 
Campanula  americana  (Figs.  1-6)  is  12-15-       unit  that  becomes  much  thicker  near  the  pores, 

pantoporate  with  a  microreticulate  tectum  in  which      The  columellae,  although  not  as  large  as  in  C. 

C. 
sharsmithiae. 

rods 

species  of  Campanula  examined  in  this  study  or 
illustrated  in  others  (Dunbar,  1973a,  b,  1975a, 
1984;  Morin,  1980)  has  a  microreticulate  tectum 
or  such  massive  columellae.  The  rods/rauri  and 

spinules  are  more  evident  in  some  grains  than  in 
others.  In  thin  section  (Figs.  3-5),  the  exine  of  C. 

americana  consists  of  a  lamellate  endexine  present  tinct  from  each  other  and  are  short,  and  some 
throughout  the  grain  but  greatly  thickened  near      appear  vertical. 

americana,  are  the  predominant  layer  m  mebu- 

poral  (nonapertural)  areas,  and  most  appear  to 

project  through  the  irregular  tectum  to  form  the 

core  of  the  spinules.  Their  elongation  is  under- 

scored in  tangential  section  (Fig.  11)  by  the  pro- 

portion of  the  total  area  they  occupy.  In  botn 
rods 

dis 

grifiniiy  Griffi 
oDorate  with  a  1 

the  pores  and  with  a  thin  foot  layer.  Comparison 
of  radial  sections  of  C  americana  (Fig.  3)  with 
those  of  other  pantoporate  species,  e,g.,  C  exigua 

(Fig.  11),  C.  sharsmithiae  (Fig.  22),  and  C.  cal      15),  was  8-11 -pantoporate  with  more  poorly  de- 

tectum 

{f< 
fined  tectal  rod 

e.g.,  C.  alpina  (Fig.  30)  and  C.  hagiela  (Fig.  32),  Campanula  sharsmithiae  (Figs.  21-23)  is  12' emphasizes  the  unusual  development  of  the  colu- with 

mellae  in  C.  americana.  Larger  columellae  may  sist  of  irregularly  defined  elements  as  well  as  rods, 
be  a  compensation  for,  or  correlation  with,  fewer  In  thin  section  (Fig.  22)  the  exme  of  this  species 
columellae  The  density  of  columellae  in  the  tan-  consists  of  a  thick,  mostly  lamellate  endexine  that 
gential  section  of  C.  americana  (Fig.  4)  is  much  is  slightly  less  electron  dense  than  the  thin  foot 
lower  than  that  in  C.  exigua  (Fig.   10):  when  a  layer  and  weU-developed  columellae,  some  of  which 

proiect  through  the  tectum  to  form  spinules.  Ihe 

^ 

4 

grid columellae 

nvunber  of  columellae  for  C,  ami 

while  that  for  C.  exigua  was  30. 

e  structures 

similar. 

In  contrast  to  Campanula  americana^  C  c^ ' 
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Figures  1-6.  SEM  and  TEM  of  Campanula  americana  pollen.  — 1.  SEM  of  two  pantoporate  grains.  — 2.  SEM 
of  tectum.  — 3.  TEM  of  radial  section  including  part  of  pore.  Note  massive  columellae,  some  of  which  project  through 

the  tectum,  and  thickened,  lamellate  endexine  nearer  the  pore,— 4.  TEM  of  tangential  section.  Perforated  tectum 

(outer  ring)  agrees  with  that  portrayed  in  SEM,  Figures  2  and  6.-5.  TEM  of  mostly  radial  section  through  whole 
gram. tectum 

1  ;im  unless  otherwise  indicated. 

ifornica^  C.  exigua,  C,  griffi form  spinules;  exine  structure  consists  of  a  lamel- 

pollen  that  is  3-4(-7)-zonoporate. 

knowledge 

zonoporate  pollen  type — - 
Figures  16-20.  28-41.  54. 55. 57,  58 

late  endexine  that  becomes  much  thicker  near  the 

pores;  a  well-developed  foot  layer  that  is  thicker 
than  the  nonapertural  endexine;  reduced  or  short 

columellae;  and  a  complete  or  almost  complete 

tectimi,  with  smaD  to  large  spinules  that  are  not 

Pollen  mostly  oblate-spheroidal,  Polar  diameter 

(23-)29-37Mm  x  Equatorial  diameter  (25-)31- 

39  fim,  3-4  pores  (rarely  7,  C  rotundifolia),  the 

pores  circular  or  slightly  elongated  polarly  (=  lo-      ,  ,      ,   , 

longateX  the  longest  dimension  4.0-6.5  Mm,  the      (Figs.  31,  32),  C.  rhomhoidalis  
L.  (Figs.  36-38), 

continuous  with  columellae. 

The  pollen  of  seven  zonoporate  species,  C  al- 

pina  Jacq.  (Figs.  28-30),  C.  angustiflora  (Figs. 
16-20),  C  barbata  L.  (Figs.  33-35),  C.  baum- 
^artenii  J.  Becker  (Figs.  57,  58),  C.  hamela  Boiss. 

difoli quently  with  a  free  tip,  some  of  which  coalesce  to 
With 
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Figures  7-15. 
tectum igua.  —  7.  SEM 

8. 

tectum 10.  TEM  of 

of  pantoporate  grain.
 --o- 

of  tangential  section.  Note 
tectal  perforations  and  the  large  area  occupied  by  columellae  cut  at  right  angle  to  their  long  axes. — 11-  TEM  ol 
radial  section.  Note  prominent  columellae,  some  of  which  project  through  tectum,  — 12.  TEM  of  section  of  whole 
grain.  Note  buildup  of  endexine  near  apertures.  13-15.  C  griffinii.  — 13.  SEM  of  whole  grain.  Note  larger  and  fewer 

apertures  than  in  the  remaining  pantoporate  species.  — 14.  SEM  of  tectum.—  ^  ■"    ̂ '"*'     *•  ■     ■        ̂    «nnther 
coUection  (see  Table  1).  Scale  bars  =  1  /xm  unless  otherwise  indicated. 

wnoie  gram.  I'NOie  largei  txn^  *--^ 

15.  SEM  of  tectum  from  anothe 
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Figures  16-23. 
16.  SEM  of  zonoporate  grainn. 

SEM  and  TEM  of  Campanula  poUen.  16-20.  C  angusl
ijl. 

Note  irregularity  of  pore  distribution  and  size. -17.  SEM  of  tectum.- 18.  TEM  o!  section  of  whole  grain.  Th 

that  the  four  visible  apertures  are  similar  in  size  indicates  that  the  section  is  clo«  to  bemg  paraHel  with  the 
 > 

equator  of  the  grain.  If  there  are  apertures  on  the  right  side  they  are  well  above  or  below  the  equator
.- 19.  TEM 

including  part  of  pore.  Note  that  some  columellac  project  through  tin:  tectum. -20.  TEM  of  tangential 

section.  Compare  columeUae  size  and  area  occupied  with  Figures  4  and  \0  2\-2^  C.nharsmitkiae.-2].  S
EM  of 

pantoporate  grains. -22.  TEM  of  radial  section.  The  thickened  and  lamellate  endexme  md.-ates  proximity  t
o  an 

aperture.-23.  SEM  of  tectum.  Compare  with  tectum  of  C.  angustijlora.  Figure  17.  Scale  Lars  -  1  ̂n.  u
nlw, 

otherwise  indicated. 
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Figures  24-32. 

Note  long  spines. - 
SEM  and  TEM  of  Campanula  pollen.  24-27.  C.  californica.—24:.  SEM  of  pantoporate  grain- 

25.  SEM  of  tectum  with  part  of  pore.  — 26.  TEM  of  tangential  section.  Compare  the  diameter 
jmmcuae  with  those  in  Figure  10  of  C.  exigua  and  in  Figure  37  of  C.  rotundifolia.  —  27 .  TEM  of  slighdy 
dial  sections  of  two  grains.  Note  elongate  columellae  and  the  direct  connection  with  spinules.  28-30.  C 
28.  SEM  of  zonoporate  grain  in  equatorial  view.— 29.  SEM  of  tectum  with  pore.  Note  direct  relationship 

of  spines  with  rods.  — 30.  TEM  of  oblique  sections  of  two  grains.  31,  32.  C.  hagiela.— SI.  SEM  of  tectum.  Note 
small  irregular-sized  spinules  and  lack  of  distinction  of  rods.— 32.  TEM  of  radial  section  of  collapsed  grain  including 
two  walls.  Note  well-developed  foot  layer,  small  columellae,  and  almost  continuous  tectum.  Scale  bars  =  1  iiia  unless otherwise  indicated. 

alpina. 

of  C.  angustiflora,  discussed  separately  below,  the  Campanula  rhomboidalis  (Figs,   36-38)  has 
exines  of  the  above  species  are  similar:  irregularly  pollen  with  three  pores  on  the  equator  of  the  grain 
oriented  rods  that  are  distinct,  e.g..  Figure  41 ,  or  and  a  tectum  (Fig.  38)  that  is  representative  of  the 
barely  visible,  e.g.,  Figure  31,  and  poorly  devel-  genus.  In  TEM  (Fig.  37)  the  most  prominent  unit 
oped  or  short  columellae  with  the  foot  lay er/endex-  is  the  foot  layer /endexine,  while  the  columellae 
ine  the  predominant  component  (Figs.  30,  32,  34,  are  very  short 
37,  40). Of  the  zooporate  species  examined   in 

TEM, 
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Figures 
-  TEM  1 SEM  and  TEM  of  Campanula  poUe

n.  33-35.  C.  barbata. 

.^^   ^^    SF.M  of  tectum.  36-38.  C  rhomboida
lis.- 

33.  SEM  of  zonoporate  gi 

36.  SEM  of  polar  view  of  3 
tectum.  39   41.  C.  rotumlifc 

porate 
grain.- 37.  TEH  o(  slightly  obBqua  radial  secHon.  »' •""  6"™^     '°^^  „f  „^  ̂ „ion.  TTo  met  ̂ romto=,.t 
component  is 

ri 

sJk 
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Campanula  harhata  (Fig.  34)  has  the  most  well-      lower  grain  In  Figure  47  to  Codonopsis  convol- 
defined,  albeit  short,  columellae. 

Although  the  pollen  of  Campanula  angustiflora 

vulaceae  (Fig.  44). 

The  pollen  of  Wahlenhergia  linarioides  (Figs. 

(Figs.  16-20)  is  zonoporate,  the  higher  number  of      48-50)  is  3-zonoporate  with  a  typically  campan- 

pores  (4-6)  and  their  somewhat  irregular  distri-      ulaceous  tectum  and  exine  structure. 

bution — ^not  necessarily  equidistant  from  each  oth- As  part  of  an  earlier  study  (Nowicke  et  al.,  1986) 

er  and  not  all  on  the  equator — distinguishes  this  of  substructure  of  two  distinct  pollen  types  (a  corn- 

pollen  from  many  zonoporate  types.  Moreover,  the  pound  layer  of  striae  [=  lirae]  and  a  derived  tri- 
tectum  and  exine  structure  link  this  armual  to  the  angular  array)  that  occurred  together  in  a  number 

pantoporate  ones.  Some  grains  of  C  angustiflora  of  families,  exines  of  Berberidaceae,  Cistaceae,  Eu- 

(Fig,  17)  have  a  tectum  that  is  almost  indistin-  phorbiaceae,  and  Geraniaceae  were  partially  de- 

guishable  from  some  grains  of  C  sharsmithiae  graded  by  plasma-ashing  (see  Materials  and  Meth- 

(Fig.  23) — both  have  irregularly  shaped  elements  ods).  To  better  judge  the  effect  of  plasma-ashing 

in  addition  to  rods.  Most  likely  these  elements  are  on  these  two  pollen  types,  additional  exines,  b- 
derivatives  of  the  horizontal  rods;  perhaps  they  are  eluding  species  of  Campanulaceae,  were  ashed  and 

only  the  free  tips.  Clearly,  the  exine  structure  is  examined  in  SEM.  Control  (nonashed)  and  ashed 

more  similar  to  that  of  the  pantoporate  species  exines  of  Codonopsis  hulleyana  (Figs.  51-53), 

than  to  the  zonoporate  species:  elongate  columellae  Campanula  medium  (Figs.  54-56),  and  C.  baum- 

in  C.  angustiflora  (Fig.  19)  project  through  the  garteni  (Figs.  57-59)  are  illustrated  in  high-mag- 
tectum  to  form  spinules  like  the  pantoporate  taxa  nification  SEMs.  In  the  two  Campanula  species 

(Fig.  22), 
plasma-ashing  (Figs.  56,  59)  clearly  shows  the  rod- 

For  purposes  of  comparison,  species  of  three      like  substructure  of  the  spinules  as  well  as 

the 

for 

other  genera  of  Campanulaceae  are  illustrated  here:  tectum.  In  Codonopsis  hulleyana^  however,  there 

Codonopsis  convolvulacea  Kurs  (Figs.  42-44),  are  no  spinules,  and  in  the  control  there  is  no 

Githopsis  pulchella   Vatke   (Figs.   45-47),   and  evidence  of  rods  (Figs.  51,  52),  xinlike  in  a  second 

Wahlenhergia  linarioides  DC.  (Figs.  48-50).  species,  Codonopsis  convolvulaceae  (Figs.  39- 
Codonopsis  convolvulacea  (Figs.  42-44)  is  41).  After  plasma-ashing  for  60  minutes,  a  network 

7-zonocolpate  with  short  colpi  and  a  tectum  with  (Fig.  53),  not  unlike  the  rods  in  typical  campan- 
densely  spaced  rods  and  large  spinules.  In  TEM  ulaceous  tecta,  is  evident.  The  small  protuberances 

(Fig.  44),  however,  it  is  distinct  from  most  Cam-  could  be  interpreted  as  vestiges  of  the  free  tip  oi 

panulaceae:  a  well-defined  endexine,  no  foot  layer,  many  rods.  Thus  the  tectum  of  C.  hulleyana  (Fig- 

and  columellae  that  appear  to  terminate  abruptly,  52)  may  represent  a  reduced  stage  in  which  the 
with  an  outer  irregular  layer  seemingly  composed  identity  of  the  rods  (as  well  as  spinules)  has 

of  very  short  columellae  connected  to  the  rods.  all  intents  and  purposes,  been  lost,  or  it  may  rep- 
Some  inner  columellae  narrow  at  the  interface  and  resent  a  primitive  state  in  which  these  elements 
then  become  expanded  again  in  the  outer  layer  of  have  not  yet  become  differentiated, 
columellae.  None  of  the  grains  examined  in  TEM 

had  a  foot-layer,  and  the  columellae  extended  as 
such  to  the  endexine.  Codonopsis  hulleyana  For- 

rest ex  Diels,  Figures  51  and  52,  also  examined  For  the  most  part  our  results  agree  with  those 
in  TEM  but  not  illustrated  here,  has  a  very  gen-  of  Dunbar  (1984),  who  characterized  the  pollen  of 
eralized  exine  structure  with  a  definite  foot  layer  Campanula  as  having  bacula  that  "are  generally 
and  simple  columellae  (Nowicke,  unpublished  data),  short  and  stubble-like  except  in  one  species  where 

Githopsis  pulchella  (Figs.  45-47)  is  6-7(-8)-  they  are  high."  The  exception  to  which  she  referred 

Discussion 

U 

3 

zonoporate,  as  in  other  species  of  the  genus  (Morin, 
1983),  with  a  tectum  remarkably  similar  to  Cam- 

panula angustiflora  (Fig.  1 7)  and  C,  sharsmithiae 
ana.  Dunbar,  although  aware  ol  tnc 

he  pantoporate  California  species,  had 

pportunity  (apparently)  to  examine  them  ̂  (Fig.  23)  in  which  the  rods  appear  more  erect.  The  thin  section, 

fact  that  the  radial  section  in  Figure  47  is  somewhat  The  relationship  between  Campanula  ameri- 
oblique  has  enhanced  the  thickness  of  the  foot  cana  and  the  four  pantoporate  California  species 
layer/endexine  and  obscured  the  continuity  of  most  is  perplexing.  Although  the  *'microperforate"  tec- 
columellae  as  spinules.  Other  sections  (Nowicke,  turn  of  C   americana  distinguishes  it  from  the 
unpublished)  show  most,  if  not  all,  columellae  pro-  California  species,  all  five  species  share  two  very 
jecting  through  the  tectum.  Note  also  the  resem-  restricted,  at  least  in  Campanula,  poUen  charac- 
blance  of  the  inner  surface  of  the  tectum  in  the  ters— pantoporate  aperture  type  and  elongate  col- 

s 
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Figures  42-50  SEM  and  TEM  of  Campanulaceae  poUen.  42-44.  C
odonopsis  convolvularen.-A2.  SEM  of 

equatorial  view  of  7-8-brevicolpate  grain.-43.  SEM  of  tectum  showing  e
longate  spines  and  distinct,  interwoven 

rods.-44.  TEM  of  slightly  oblique  radial  section.  Note  unusual  structure  of  ekt
exine:  the  apparent  absence  of  a  foot 

layer,  the  truncated  columeUae,  and  the  irregular  tectum.  Compare  this  s
pecies  with  Codonopsis  bulleyana(F^gs 

51,  52).  45-47.  Githopsis  pulchella.-45.  SEM  of  slightly  "bj^^^^.^^  "I^-^.^TTn  SHv"hI  /\ 
tectum.  Compare  with  C.  a/gustiflora  (Fig.  17)  and  C  sharsm^thlae^V^g   23

)  -47   TEM  of  s  igM^^  radial 

^c.ons  of  t^  grains.  The  efctr^n  density  oHhe  endexme,  is  .  .m,.r  t^^^^^^^^^^  tti^TctZ  to 

Wje  :it^^,^:7s-^0'jtk^^^^^  uJ^des.-^
.  SEM  of  equatorial  view  of  S-zonoporate  grain. - 

49.  SEM  of  tecmm^  50  TEM  of  radial  section.  Note  thick  foot  laye
r,  d.m.nut.ve  columellae.  and  «p.nules  that  are 

not  extensions  of  columeUae.  Scale  bars  =  1  ̂ m  un
less  otherwise  md.rated. 
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Figures  51-59.      SEMs  of  control  and  plasma-ashed  exines  of  Codonopsis  and  Campanula,  51-53.  Codonopsis 
bulleyana.  — 51.  Control.  Slightly  oblique  polar  view  showing  seven  coipi Tectum 

53.  Exine  plasma- 

Whole 

inule 

ashed  for  90  minutes.  See  legend  of  Figure  59.  54-56.  Campanula  medium. —54^,  Control. 
Control.  Tectum  including  large  spinule.  — 56.  Exine  plasma-ashed  for  180  minutes.  Note  that  at  least  part  of  sp 

is  a  continuation  of  rods.  57-59.  Campanula  baumgarteniLSl.  Control.  Whole  grain  plus  parts  of  two  others.— 
58.  Control.  Tectum.  — 59.  Exine  plasma-ashed  for  60  minutes.  Plasma-ashing  produces  skeletonlike  exines;  in  Figuj^ 
56  the  very  prominent  spinule  appears  to  be  the  result  of  at  least  four  rods  coalescing,  but  the  remainder  of  the 
tectum  is  very  similar  to  that  in  Codonopsis  bulleyana  in  Figure  53.  In  fact,  the  fundamental  structure  of  the  tectum 
in  Figure  53  is  not  very  different  from  that  in  Figure  56.  When  Figure  58  of  the  control  of  Campanula  baumgartenii 
is  compared  with  the  plasma-ashed  tectum  in  Figure  59,  the  spinules  are  clearly  the  resuh  of  coalescing  of  several rods.  Scale  bars  =  1  /xm  unless  otherwise  indicated. 

umellae  that  project  through  the  tectum  to  form      (Gleason,  1952;  Shetler,  1958,  1962,  1963;  Bas- the  core  of  most  spinules. 
kin  &  Baskin,  1984);  the  California  species  are 

•

♦

 

^ 

b 

I 

1 

i 

1 

n 

r 

The  most  obvious  explanation,  and  the  easiest  2-25(-40)  cm  tall  with  leaves   <    1 1  mm  long 
to  dismiss  for  various  reasons,  is  that  the  five  pan-  except  for  C.  californica,  which  has  leaves  up  W  ̂  
toporate  species  are  closely  related.  The  difference  25  mm  long  (Munz  &  Keck,  1973).  Small  (1903), 
in  habit  is  conspicuous:  Campanula  amerlcana  in  his  Flora  of  the  Southeastern  United  States, 

grows  up  to  2  m  tall  and  has  leaves  7- 1 5  cm  long  elevated  C.  amerlcana  to  generic  status  as  Cam- 
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panulastrum  americanum  (L.)  Small,  based  on  its  that  Morin  (1980)  did:  pantoporate  apertures  (and 

rotate  corolla,  recurved  style,  and  seemingly  spi-  well-developed  columellae)  have  evolved  indepen- 
cate  inflorescence  versus  the  campanulate  corolla,  dently  at  least  twice  in  Campanula.  Admittedly, 

erect  style,  and  mostly  terminal  flowers  in  the  re-  this  explanation  only  begs  the  next  question — why, 
maining  campanulas  (the  inflorescence  of  C  amer-  in  a  large  family,  should  pantoporate  apertures 

icana  is  basically  cymose,  as  in  many  campanulas,  evolve  twice  in  the  North  American  species  of  one 

but  is  divaricately  branched,   appearing  spicate,  genus  and  be  absent  in  all  the  other  taxa,  insofar 

racemose,  or  paniculate  (Shetler,   1958).  Subse-  as  they  are  known? 

quent  authors  have  not  followed  Small's  treatment. 
That  the  Campanuloideae  are  a  closely  related 

although  Shetler  &   Matthews  (1967)  argued  at       assemblage  of  species  is  suggested  by  the  unusual 

one  point  for  its  recognition. and  complex  pollination  mechanism  involving  re- 

The  five  pantoporate  species  do  not  group  nat-  tractile  pollen-collecting  hairs  that  apparently  is 
urally  by  the  chromosome  numbers  that  have  been  common  to  all  genera  and  species  (reviewed  by 

reported:  Campanula  americana  is  n  =  29  (Gadeh  Shetler,  1979;  see  also  Carolin,  1960,  and  Lloyd 

la,  1964;  Shetler  &  Matthews,  in  1964  unpub-  &  Yates,  1982).  Figures  60-69  of  C.  americana 

lished  count),  unique  in  the  genus  (Gadella,  1964);  document  the  stages  in  pollination:  Figure  60  shows 

C.  exigua,  C.  griffinii,  and  C.  sharsmithiae  are  a  mature  style  just  before  anther  dehiscence;  Fig- 
n 17  (Morin,  1980);  C.  angustiflora  is  n 

15; 

ure  61  illustrates  the  condition  just  after  dehiscence 

and  C.  californica  has,  apparently,  not  been  count-       when  the  concomitant  elongation  of  the  lower  part 

ed.  In  a  cytological  study  of  77  species  of  Cam- of  the  style  causes  hairs  to  *'sweep  up" 
pollen; panula  (Gadella,  1964),  the  range  of  diploid  num-       Figure  62  shows  a  later  stage  in  which  much  of 

bers  was  16  to  102,  with  45  species  having  2n 

34,  six  with  2n  =  20,  and  another  six  with  2n 

the  pollen  has  been  removed;  Figure  63  is  a  low 

magnification  SEM  of  a  style  with  most  of  hairs 

68.  The  relatively  high  haploid  number  of  C.  amer-  already  retracted;  Figure  64  shows  two  hairs,  one 

icana  suggests  allopolyploidy,  as  does  the  robust  (upper)  completely  invaglnated,  another  in  the  last 

habit  and  high  number  of  pollen  apertures.  Con-  stage  of  invagination;  in  Figure  65  a  pollen  grain 

versely,  the  more  diminutive  habit  of  the  California  is  partially  in  the  basal  lumen;  Figures  66-68  show 

pantoporate  species  and  the  lower  number  of  ap- the  style  with  all  hairs  invaginated  and  stigmas  still 

ertures  (C.   sharsmithiae  excepted)  suggest  that      not  spread;  finally,  in  Figure  69  the  stigmatic  lobes 

their  numbers  are  diploid. have  been  spread,  exposing  stigmatic  surfaces.  The 

Polyploidy  is  frequently  correlated  with  larger  invagination  mechanism   and   this   sequence   are 

pollen,  but  this  is  not  the  case  in  these  five  cam-  common  to  all  species  examined  thus  far  In  SEM, 

panulas:  the  pollen  of  C.  sharsmithiae  and  of  one  some  30  species  from  different  genera  (Shetler, 

coUection  of  C.  exigua  {Sharsmith  &  Sharsmith  unpublished),  and  thus  would  appear  to  be  common 

3358)  is  just  as  large  or  slightly  larger  than  that throughout  the  Campanuloideae.  The  mechanism 
americana. 

In  fact    all   1 1   collections  of      is  not  known  to  occur  in  the  Lobelioideae  or  any 
of  C 

pantoporate  species  examined  (Table  1 )  have  over- 
lapping size  measurements. 

It  is  unlikely  that  the  pantoporate  aperture  type 

other  plant  family. 
The  adaptive  value  of  the  collecting  hairs  and 

their  retractile  mechanism,  unique   in  the  plant 

and    the    prominent    columeUae    are    geneUcally      kingdom  (Uphof,  1962),  has  long  been  a  matte
r 

Imked — prominent  columellae  occur  in  other  gen- 

era of  the  Campanuloidae  that  have  equatorial  ap- 
ertures, e.g.,  Githopsis  pulchella  (Fig.  47). 

In  Campanulaceae,  however,  all  species  report- 

of  speculation  but  remains  to  be  explained  satis- 

factorily (see  Shetler,  1979,  for  historical  review). 

Although  the  function  of  the  collecting  hairs  as  a 

mechanism  for  indirectly  presenting  poUen  to  pol- 

ed to  have  relatively  high  or  elongate  columeUae      linators  is  long  establish
ed,  and  various  workers 

also  have  a  relatively  high  number  of  apertures 

Dunbar  (1984)  reported  high  columellae  for  Gi- 

have  demonstrated  a  relationship  between  insect 

activity  and  the  pace  of  hair  retraction  as  well  as 
thr^r^oi         7  n  *L       •        ̂ »c    anrJ  Tn        Dollcn  rcmoval,  there  has  not  been  agreement  on 
f-nopsis  calycma,  Cyananthus  mcanus,  and  Co-      puucn  i^n  -  ,         i    •       u-    u 
donopsis  clematidea,  which  are  6-porate,  9-col- 

pate,  and  8-colpate,  respectively.  Perhaps  a  greater 

number  of  apertures  makes  the  exine  more  vul- 

nerable to  collapse,  and  selective  pressures  have 

resulted  in  a  more  rigid  wall  by  means  of  elongate 
columellae. 

We  have  arrived  at  much  the  same  conclusion 

the  exact  nature  of  the  relationship  between  insect 

activity  on  the  one  hand  and  hair  retraction  and 

pollen  removal  on  the  other  hand. 
The  bellflowers  (Campanuloideae)  are  all  pro- 

tandrous,  with  the  pollen  being  swept  from  the 

introrsc  anthers  onto  the  style  by  the  collecting 

hairs  as  the  flower  bud  opens  and  the  style  elon- 
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Figures  60-69,      SEM  of  pollen  collecting  hairs  of  Campanula  americana.—td.  Style  with  hairs  before  anthers 
■  ■         ■  ^  62.  Style  at  later 

have  dehisced.   x20. 61.  Style  showing  numerous  collecting  hairs  and  pollen  grains.   x260. 

stage,  from  which  most  pollen  has  been  removed,  x  200.— 63.  Style  at  still  later  stage,  in  which  most  of  collecting 
hairs  have  already  invaginated.  x  175. —64.  Collecting  hair  in  last  stage  of  invagination,  x  750,— 65.  Pollen  gra^ 

66.  Style  with  all  hairs  invaginated,  giving  a  "pitted''  look;  stigmas  still  close  . 
partially  invaginated.   x  1,000 

x20.- —67.  See  legend  of  Figure  66.  x  1 10. — 68.  See  legend  of  Figure  66,  x  100.  — 69.  Open  stigmas 
bars  -  0.5  mm  for  Figures  60,  66;  scale  bars  =  100  Mm  for  Figures  61-65,  67-69. 

gates.  When  the  flower  opens  the  pollen  appears       ually  retract  from  the  top  of  the  style  downward^ 
as  a  cylinder  around  the  style  reaching  to  the  mouth       In  accessing  nectar  located  between  the  ovary  ano 

f 

of  the  tube  or  projecting  beyond  in  species  with 

rotate  corollas,  e.g.,  C.  americana.  The  hairs  grad- 

pollina 

it- 

down 
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ally,  aD  hairs  are  invaginated  and  all  pollen  removed      which  "have  the  effect  of  spreading  the  presen- 

before  the  stigmas  spread  and  expose  their  surfaces      tation  of  pollen  in  time"  and  increasing  paternal 
to  begin  the  pistillate  phase  of  the  flower. fitness,  may  be  brought  about  through  intrasexual 

Kirchner  (1897)  was  the  first  to  suggest  that      selection. 
ift Richardson  &  Stephenson  (1989),  in  their  re- 

hairs  had  retracted  and  released  it.  More  recently,  cent,  controlled  observations  and  experiments  with 

Carolin  (1960)  came  to  the  same  conclusion,  in-  Campanula  rapunculoides  L.,  found  that  the  "'du- 
dicating  that  the  pollen  could  be  dislodged  by  the  ration  of  the  staminate  phase  was  related  to  the 

insects  much  more  easily  after  the  hairs  collapsed,  rate  of  pollen  removal"  (p,  535),  In  general,  their 
Previous  observations  of  C.  americana  and  C  ro-  findings  with  respect  to  the  relative  duration  of  the 

difolia staminate  and  pistillate  phases  were  consistent  with 

indicate,  however,  that  the  hairs  retract  as  the  Shetler's  findings  for  C  americana.  They  concur 

pollen  is  removed,  not  before  it  is  removed,  and  with  Lloyd  and  Yates,  however,  on  the  difficulty 

that  both  hair  retraction  and  pollen  removal  are  of  removing  pollen  before  the  hairs  have  invagi- 
nated and  also  with  their  explanation  of  the  gradual limited 

In  a  study  of  intrasexual  selection  and  the  seg-       retractionof  hairs  from  the  stigma  tic  end  downward 

regation  of  pollen  and  stigma  in  hermaphroditic as  a  means  of  reducing  the  amount  of  pollen  that 

plants,  Lloyd  &  Yates  (1982)  used  as  their  example  can  be  removed  in  a  single  insect  visit,  thus  con- 

Wahlenbergia  albomarginata  Hooker,  an  endem-  stituting  a  mechanism  for  releasmg  the  pollen  load 

ic  New  Zealand  species  of  this  large  and  wide-      incrementally. 

ranging  genus  of  Southern  Hemisphere  bellflowers, 

which  have  the  typical  collecting -hair  mechanism. 
They 

Whether  the  conclusions  and  hypotheses  of  Lloyd 

&  Yates  (1982)  are  directly  applicable  to  Cam- 

panula americana  remains  unanswered,  but  one 

hair-retracting  process,  showing  that  it  reaUy  is  a       aspect  that  neither  they  nor  Richardson  &  Ste- 

combination  of  invagination  and  telescoping  or  re-      phenson  ( 1 989)  mention  is  the  trapping  of  poUen 

grains  in  the  basal  cavities  left  by  the  invaginated tracting.  They  also  found  that  pollen  was  difficult 
with  a  fine 

where  the  hairs  had  not  yet  retracted,  but  in  those 

cases  where  it  came  off  easily  the  hairs  proved  to 

hairs  (Fig.  65;  and  Shetler,  1982:  fig.  8).  This 

phenomenon  has  been  documented  by  Shetler 

(1979,  1982,  and  unpublished  data)  for  many  bell- 

have  been  already  retracted.  They  stated  (Lloyd       flower  species. 

&  Yates,  1982:  908)  that  their  observations  show 

that  in  this  species  "...  retraction  of  the  hairs 
normally  precedes  the  removal  of  the  pollen  and 

therefore  supports  the  hypothesis  that  retraction 

facUitates  pollen  removal." 

The  evidence  presented,  however,  is  not  alto- 

gether convincing  when  they  say,  "The  pollen- 
coUecting  hairs  are  usually  present  among  the  pol- 

dantly  clothed  with  pollen,  but  they  have  retracted 

into  the  style,  on  those  parts  of  the  style  from 

which  pollen  has  been  removed."  This  begs  the 

question  of  which  disappears  first.  They  then  cite 

their  figure  2,  where  they  explain  away  an  SEM 

micrograph  (fig.  2c)  that  shows  extended  hairs  with- 

out pollen  present,  as  having  lost  the  pollen  in 

preparation.  They  conclude  (Lloyd  &  Yates  1982: 

908)  that  the  collecting  hairs  function  only  to  col- 

lect pollen  and  are  actually  detrimental  to  pollen 

removal  by  insects  and  that  "the  progressive  re- 

We  regard  the  question  of  the  dependence  of 

pollen  removal  on  hair  invagination  still  open  and 
unresolved.  Until  the  actual  triggering  mechanism 

(for  hair  invagination)  is  understood,  the  precise 

relationship  of  hair  invagination  to  pollen  removal 

will  remain  debatable.  Preliminary  unpublished 

studies  by  Shetler  of  Campanula  rotundifolia  show 

that  pollen  is  removed  while  collecting  hairs  are 

abun-       still  fully  extended,  and  that  individual  pollen  grains 

can  be  *'pune<l  into"  the  large  basal  lumina  of 
retracted  hairs.  (Styles  at  three  stages  of  matu- 

ration from  field  coUections  preserved  in  FAA  were 

embedded  in  paraffin  and   thick-sectioned.)  Fur- 
'Ser- 

down 
be 

thermore,  ShelWs  (1958,   1962,   1982) 

vations  of  C.  americana  and  C.  rotundifolia  that 

coUecting  hairs  disappear  more  slowly  when  there 

is  little  or  no  insect  activity  to  remove  pollen  require 

explanation,  and  it  would  appear  that  Richardson 

and  Stephenson  have  made  similar  observations  of 

C-  rapunculoides. The  palynological  data  presented  here  confirm 

the  rarity  of  the  panloporate  aperture  type  in  Cam- 

lu.io„ary  terms,  fhey  .peculate  that  this  gradual-      specie, exam.ned  ''^  ;>-  "
^^^^^       -  '^^  -,-■ 

release  mechatim  and  a  prolonged  male  phase,      to
r  of  .he  gram.  The  H„.,nH,on  between  panto- 
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porate  and  zonoporate  aperture  types  is  supported 

by  differences  in  exine  structure:  well-developed, 

projecting  columellae  in  the  former  versus  reduced 

or  short  columellae  and  a  thicker  foot  layer  in  the 

latter.  The  finely  perforated  tectum  and  very  large 

columellae  of  C.  americana  appear  to  be  unique 

in  the  genus,  if  not  in  the  family,  and,  along  with 

its  unique  chromosome  number  {n  =  29)  and  mor- 

phology, emphasize  the  distinctiveness  of  this  spe- 

dae  and  subfam.  Lobelioidae;  Goodeniaceae;  Spheno- 
cleaceae.  Bot.  Not.  128:  102-118, 

198L     The  preservation  of  soluble  material 
on  the  surface  and  in  cavities  of  the  pollen  wall  of 

Campanulaceae  and  Pentaphragmataceae.  Micron. 
12:  47-64. 

  .    1984.    Pollen  morphology  in  Campanulaceae. 
IV.  Nordic  J.  Bot.  4:  1-19. 

Erdtman,  G,    1966.    Pollen  Morphology  and  Plant  Tax- 

onomy. Angiosperms.  (An  Introduction  to  Palynol- 
ogy.  I.)  Hafner  Publishing,  New  York. 

cies.  The  pantoporate  pollen  of  C  californica,  in      Gadella,  T.  W.  J.    1964.    Cytotaxonomic  studies  in  the 
which  neither  the  distribution  nor  size  of  the  pores 

is  uniform,  suggests  a  transition  stage  between  pan- 

to- and  zonoporate  types.  The  zonoporate  annual 

C  angustiflora  is  clearly  allied  to  the  pantoporate 

genus  Campanula.  Wentia  11:  1-104. 
Gleason,  H.  a.  1952.  The  New  Britton  and  Brown 

Illustrated  Flora  of  the  Northeastern  United  States 

and  Adjacent  Canada,  Volume  3.  New  York  Bot. 
Card.,  Bronx,  New  York. 

C.   sharsmithiae  in  tectvnn  sculpture  and  exine      Kirchner,  0.    1897.    Die  Bluteneinrichtungen  der  Cam- 
structure.   The  irregular   distribution  and   higher 

number  of  pores  in  the  former  species  could  also      LLOYDra^G.^S  J.^M.^Z  Yates,     1982.    Intrasexual 

panulaceen.  Jahresh.  Vereins  Vaterl.  Naturk.  Wiirt 
temberg  53:  193-228. 

be  interpreted  as  a  transition  stage  between  the 

pantoporate  and  zonoporate  conditions. 
selection  and  the  segregation  of  poDen  and  stigmas 

in  hermaphrodite  plants,  exemplified  by  Wahlenber- 

gia  albomar ginata  (Campanulaceae).  Evolution  36: 903-913. 

MoRiN,  N.    1980.    Systematics  of  the  annual  California 

campanulas  (Campanulaceae).  Madroiio  27:  149- 
163. 

About  the  Figures 

The  collections  illustrated  are  given  in  the  Figure(s) 
column  in  Table  1.  Scales  =  1  micron  unless  indicated    

otherwise.  A  number  above  the  scale  bar  means  the  length  laceae).  Syst.  Bot.  8:  436-468. 

of  the  bar  must  be  divided  by  that  number  in  calculating  MuNZ.  P.  A.  &  D.  D.  Keck.    1973.    A  California  Hora 

1983.     Systematics  of  Githopsis  (Campanu 

the  magnification.  For  example,  in  Figure  1,  the  actual 
mi and  Supplement.  Univ.  of  California  Press,  Berkeley &  Los  Angeles. 

curately  a  bar  1.2  mm  long;  so  a  bar  was  cut  6  mm  long      NowiCKE,  J.  W.,  J.  L.  BiTTNER  &  J.  J.  Skvarla. 
and  the  factor  5  placed  above:  6  mm  (or  6,000  microns)/ 
5  -  1,200. 
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SUMMARY  OF  LEAVES  IN  THE      Kenneth  R.  Robertson,'  James  B.  Phipps, 
GENERA  OF  MALOIDEAE 

(ROSACEAE)^ 

and  Joseph  R,  Rohrer 

Abstract 

The  persistence,  complexity,  lobing,  margins,  venation,  texture,  shape,  adaxial  glands,  and  heteroblastic  nature  of 

leaves  are  summarized  for  all  28  genera  of  Maloideae.  The  leaves  can  be  simple  with  entire,  toothed,  or  pinnately 

lobed  margins,  or  they  can  be  pinnately  compound.  They  can  be  deciduous  to  evergreen,  thin  and  membranaceous 

to  very  coriaceous;  they  have  either  camptodromous  or  craspedodromous  secondary  venation  and  come  in  a  wide 

variety  of  shapes.  Leaves  of  mature  foliage  on  short  shoots  can  differ  markedly  from  those  on  juvenile  or  long  shoots. 

The  amount  of  variation  within  a  genus  is  often  correlated  with  the  number  of  species,  with  the  large  genera  Malus, 

Pyrus,  Aria,  and  Crataegus  having  the  greatest  diversity.  Within  a  genus  only  a  limited  number  of  leaf  types  occur. 

Tlie  diversity  of  leaves  in  Maloideae  may  be  due  to  a  multifarious  original  gene  pool  that  arose  with  the  polychotomous, 

amphipolyploid  origin  of  the  subfamily  resulting  from  hybridization  between  early  members  of  the  Spiraeoideae  and 
Amygdaloideae. 

Maloideae  are  a  large  subfamily  of  Rosaceae  were  defined  using  a  conservative  and  traditional 

with  28  genera  (Robertson  et  al,,  1991)  and  ap-  approach  that  represents  a  consensus  of  many  mid- 

proximately  940  species,  excluding  hybrids  and  to  late-twentieth  century  authors;  a  total  of  23 

species  of  uncertain  status  (Phipps  et  al.,  1990).  genera  were  recognized.  The  results  of  our  own 

Many  Maloideae  are  important  members  of  natural  research  on  generic  limits  have  subsequently  been 

plant  communities  in  the  North  Temperate  Zone,  published  in  Phipps  et  al.  (1991)  and  Robertson 

and  many  are  also  cultivated  either  as  ornamentals  et  al.  (1991);  a  total  of  28  genera  are  recognized 

or  for  their  edible  fruits.  Familiar  genera  include  in  the  latter.  The  generic  limits  in  Robertson  et  ah 

Mains  (apples),  Pyrus  (pears),  Crataegus  (haw-  (1991)  differ  in  several  important  aspects  fro
m  the 

thorns),  Amelanchier  (shadbushes),   Cotoneaster  checklist.  Sorbus  sens.  lat.  is  considered  polyphy- 

(cotoneasters),  Pyracantha  (firethorns),  Cydonia  letic  and  the  species  have  been  reassigned  to  five 

(quince),    Chaenomeles   (Japanese  quince),   Erio^  genera:  Sorbus  sens,  str.,  Cormus,  Chamaeme
spi^ 

hotrya  (loquat),  Sorbus  (mountain  ashes.  Rowan),  lus.  Aria,  and  Torminalis,  In  addition,  Erio
lobus 

and  Aria  (whitebeams). 

The  authors  are  engaged  in  the  study  of  generic 

and  Docyniopsis  are  considered  distinct  from  Ma- 

lusy  while  Micromeles  is  included  in  Aria  and 

limits  and  evolution  in  Maloideae,  In  a  checklist  of      Stranvaesia  and  Aronia  in  P
hotinia. 

Maloideae  (Phipps  et  al.,  1990),  initiated  at  the 

begirming  of  our  studies  primarily  to  serve  as  a 

guide  to  help  us  select  taxa  for  examination,  genera 

For  our  studies  on  generic  delimitation,  we  have 

assembled  a  large  data  set  of  morphological  char- 

acters. The  present  paper  presents  a  summary  of 
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leaves;  other  papers  that  deal  with  fruits  (Rohrer  foliage  are  noted  in  the  last  section.  It  must  be 

et  al.,  in  press),  flowers,  and  inflorescences  are  In  remembered  that  ecological  pressures  may  play  an 

press  or  preparation,  A  more  detailed  account  of  important  role  in  certain  leaf  features  (Gabrielian, 

leaves,  including  specimens  examined,  character  1978),  although  these  have  been  Uttle  studied. 
states,  and  data  analysis,  will  be  presented  in  a 

later  publication.  This  is  the  first  attempt  to  eval- 
uate leaves  of  Maloideae  at  suprageneric  levels. 

Previous  work  has  either  been  at  higher  levels  of 

classification  (Hickey  &  Wolfe,  1975)  or  at  the 

generic  level  (Dickinson  &  Phipps,  1984;  El-Gaz- 
zar,  1980;  Merrill,  1978,  1979). 

PERSISTENCE 

Materials  and  Methods 

From  the  nearly   1,000  species  of  Maloideae 

(Phipps  et  ah,  1 990),  a  subset  of  about  200  species 

representing  all  genera  and  major  subgeneric  groups 
was  selected  for  study.  Most  observations  for  leaves 

were  from  living  plants,  photographs  of  living  plants, 
and  herbarium  specimens  made  by  us  from  the 
living  collections  of  the  Royal  Botanic  Gardens, 
Kew;  Royal  Botanic  Garden,  Edinburgh;  Ventnor 

Botanic  Garden,  Isle  of  Wight;  University  of  Liv- 

erpool Botanic  Gardens,  Ness;  Long  Ashton  Re- 
search Station;  and  the  Morton  Arboretum,  Many 

of  the  plants  from  these  living  collections  were  from 
wild  collected  sources,  and  we  have  checked  the 

identifications  of  the  plants.  Additional  observations 

COMPLEXITY 

All  genera  excent  three  have  sim 

'hich 

were  made  from  material  examined  or  borrowed  canbe  variously  lobed,  toothed,  or  entire  margined, 

from  herbaria,  especially  K,  MO,  and  F.  A  sum-  Only  Cormus,  Osteomeles,  and  Sorbus  have  odd- 
mary  of  this  data  organized  under  nine  basic  char-  piimately  compoimd  leaves  with  a  terminal  leaflet 

acters  is  presented  for  all  genera  in  Table  1,  and  (Fig.  IB).  As  discussed  in  Phipps  et  al.  (1991)  and 
complete  data  as  well  as  additional  characters  will  Robertson  et  al.  (1991),  Sorbus  and  Cormus  are 

appear  in  a  subsequent  publication.  Leaf  termi-  closely  related,  while  Osteomeles  is  close  to  Hes- 

nology  principally  follows  Hickey  (1973,   1979).  peromeles  and  Crataegus.  Taxa  that  arose  by  hy- 
The  scanning  electron  photomicrographs  were  made  bridization  between  one  parent  wit! bridization  between  one  parent  with  pinnately  < 
on  an  AMRAY  Model  1830.  The  generic  limits      pound  leaves  and  the  other  parent  with  sim 
used  in  this  summary  are  those  adopted  by  Rob- 

ertson et  al.  (1991). 

and 
Results 

Leaf  types  in  Maloideae  vary  greatly  (Table  1 ; 
Figs.  1,  3),  although  leaf  arrangement  is  always 
alternate.  Most  genera  and  species  have  simple 
leaves,  which  can  be  entire,  toothed,  or  pinnately 
lobed;  palmately  lobed  leaves  are  essentially  absent. 
The  most  common  leaf  type  is  simple,  toothed,  with 
amptod 2B-E),  although 

those  found  in  some  Rosoideae. 

ipound toothed  or  lobed  leaves  with  craspedodromous  ve- 
nation are  also  frequent  (Fig.  lA,  D).  Pinnately 

compound  leaves  occur  in  three  genera  (Fig.  IB). 

LOBING 

Some  kind  of  lobing  occurs  in  the  mature  foliage 

foliage  of 
ceptions       1  A)  and  Eriolobus,  The  leaves  are  unlobed  in  near- 
juvenile      ly  all  species  of  Pyrus,  but  deeply  piimately  lobed 

f 

Because  most  members  of  Maloideae  are  com- 

ponents of  the  North  Temperate  Zone,  deciduous 

leaves  are  by  far  the  most  common.  However, 

evergreen  or  semi-evergreen  (persistent  during 
winter  but  shed  as  new  growth  appears  in  spring) 

leaves  are  characteristic  of  certain  genera  of  Ma- 

loideae: ChamaemeleSj  Dichotomanthes,  Docy- 

nia,  Hesperomeles,  Heteromeles^  Eriobotrya,  Os* 
teomeles,  Pyracantha,  and  Rhaphiolepis.  Both 

deciduous  and  evergreen  species  are  found  in  Co- 

toneaster,  and  a  few  species  of  Photinia,  Cratae- 

gus, and  Malus  are  evergreen  or  semi-evergreen, 

although  most  are  deciduous.  Evergreen  leaves  in 

Maloideae  are  generally  found  in  species  from  trop- 

ical  and  subtropical  regions,  high  elevations,  and  ̂  

areas  with  a  Mediterranean  climate  or  xeric  con- 
ditions. 

f 

1 

^ 

^ 

n 

\ 

T 

the  numerous  hybrids  between  Sorbus  and  Ana) 

have  leaves  that  are  intermediate  in  complexity  f 

(Fig.  IC),  usuaUy  with  several  free  leaflets  below 

and  a  variously  lobed  part  above;  for  a  detailea 

analysis  of  one  such  hybrid,  see  Hull  &  Smart 

(1984),  and  for  a  comparison  of  leaf  architecture 

and  ontogeny  of  simple,  pinnate,  and  half-com- 
pound leaves  see  Merrill  (1978,  1979).  No  leaves 

Variations  for  the  different  attributes  are  discussed      of  nine  of  the  28  genera,  although  the  only  genera    ̂  
in  the  sections  below;  descriptions  apply  to  mature      with  consistently  lobed  leaves  are  Torminalis  (Fig- 
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T-  ,  .  . ,  i    T>-       »„i„  ]r,y^A    rrasoedodromous  leaf  of  lorminuUs  clusu  (KoemerJ 

Figure  1       Leaf  types  of  Malojdeae.-A.  Pmnately  ̂ ^^^^^^^  Hedlund,  mature  leaf.-C.  Incompletely 
Robertson  &  Phipps.-B.  Pmnately  compound  '^^  ̂̂   f^^^^  to  be  a  hybrid  between  Torminalis  or pinnately  compound  leaf  of  Sorbus  yc  intermedia  ̂ ^^^^''^^^^^^^  ̂ i,ea  Host.  lasets  show  secondary  and 
Sorbus  sens.  str.  and  Aria),-D.  Toothed,  craspedodromous 

 leaf  ol  Ana  nivea  n  j 

tertiary  venation.  Scale  bar  =  1  cm  on  whole  leaves. 

leaves  occur  on  all  or  parts  of  some  individuals  of 
P.  rPffphi  R^Kr^^T-    n-^^aQinnallv  fillffhtlv  lobcd  IcaVCS 

Docyn 

lobed 

can  be  found  in  Hesperomele,,  bu.  *ey  are  u  uaUy  }^^^  ̂^         .^  -^  „„;„,_  Craiac 
unlobed.  In  Docynia,  .he  mature  fohage  .s  unlobed      »-  "'^^  ™  2.  w'.hin  Mala,.  ,ligh,Iy  ,„  promi- With  Rntir*^  or  c*.rri,lat*^  mnrmns.  but  the  luvenile      gus,  ana  /irm.  o      j        r 

foliage  is  deeply  pinnately 
margins 

lobed  leaves  occur  at  least  on  the  long  shoots 
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Figure  2.      Leaves  of  Maloideae  with  camptodromous  venation. 
frigidus  Wallich B.  Chaenomeles  japonica  (Thunberg)  Lindley.— C.  Chamaemespilus  alpina  (Miller)  Robertson  &  Phipps— D, 

Amelanchier  arborea  (Michaux  f.)  Fernald.— E.  Photinia  lasiogyna  (Franchet)  Schneider.  Insets  show  secondary and  tertiary  venation.  Scale  bar  =  1  cm  on  whole  leaves. 

♦ 

I 

and  sometimes  also  on  the  short  shoots  of  subgenus  unlobed  leaves;  the  authors  are  currently  working 
Malus  sect.  Sieboldianae  (the  section  as  defined  on  resolving  the  nomenclatural  problems  that  result 
in  Rehder,   1940;  subsections  Sieboldianae  and  when  Sorbus  is  divided  into  five  genera,  following 
Kansuenses  of  Huckins,   1972),  subgenus  Chlo- 

Robertson  et  al.  (1991). 

romeles,  and  subgenus  Sorbomalus.  Deeply  lobed 
leaves  are  found  in  Crataegus  sect.   Crataegus      The  leaves  of  frto/ofeus  m7o6ams(Poiret)M.  Roe- 

pinnate 

World 

confined 

almost 

jglest.      palmate.  However,  the  terminal  lobe  is  usually  fur- 
of  the  southeastern  United  States,  but  shallowly      ther  divided  into  three  lobes,  and  the  overaU  lobing lobed  leaves  occur  in  many  sections.  Unlobed 

pinnate 

palm 

are  only  found  in  a  few  species  of  Crataegus,  for      OccasionaUy,  some  species  of  Cratoe^as  have  leaves example,  C.  uniflora,  C  hrachyacantha,  and  C 
douglasii  var.  suksdorfiL  Most  species  of  Aria 
have  toothed,  often  doubly  serrate  or  dentate  leaves 
that  are  unlobed  (Fig.  ID).  However,  slightly  lobed 
leaves  are  occasionally  found,  for  example,  in  Aria 

MARGINS 

variously  lobed 
"^Z^?.  ̂^^\  ̂o""^*"^  ̂ i""  ̂^'^  ̂^^^""^^^  ̂ ""^  ̂ '  ''^"       «r  toothed,  but  CoZo/iea5fer  (with  264  species  listed 

in  Phipps  et  al.,  1990)  and  Cydonia  (monotypic) 
ifolia 

igned 
have  shallowly  to  deeply  lobed  leaves  (see  Gabrieli- 
an,  1978)  are  of  alloploid  origin  between  species 
of  Sorbus  with  pinnately  compound  leaves  or  Tor- 
minalis  with  pinnately  lobed  leaves  and  Aria  with 

tomanthes  and   Mesp 

margms 

found 

with 

occur  in  Docynia,  Eriohotrya,  Hesperomeles,  Md 

t 
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J 

E 

Figure  3. Heteroblastic  foliage  in  Maloideae. 

Mazzetti)  Rehder  (Docyniopsis).—C,  Pyrus  calleryana  Decaisne. 

E.  Sorbus  koehneana  Schneider.—*^  rmtne^us  viridis  L.— a,  adult  leaves. 

Malus  fiisca  (Raf.)  Schneider.  — B.  Malus  melliana  (Handel- 
—  D.  Docynia  drlavayi  (Franchet)  Schneider. 

-F.  Crataegus  viridis  L. 
and  tertiary  venation.  Scale  bar  =  1  cm  on  whole  leaves. 

Insets 

lacomeles,  Photinia,  and  Rhaphiolepis.  The  leaf- 

lets of  Osteomeles  are  always  entire,  whereas  most 

species  of  Sorbus  have  serrate  leaflets;  entire  mar- 

leaves •ases 

be  uniformly  distributed 

W,  W 
The 

found base  (Fie.  2E).  Teeth  are  pred 
crenate 

M 

9)andHickey&  Wolfe(H 

ar  apical  foramen.  Within 

common  for  teeth  to  be  i 

3A-a),  Photirtin,  and  Pyrus  (Fig.  3C-a).  and  to 
dentate  in  Aria  and  Docyniopus,  Tiie  size  and 

density  of  l^'th  vary  greatly  in  Maloideae.  The 
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Table  1.  Selected  morphological  leaf  characters  of  the  genera  of  Maloideae  based  primarily  on  our  observations 
and  collections  of  living  and  herbarium  material.  The  information  in  all  columns  except  the  last  refers  to  mature 
foliage  on  short  shoots,  when  present.  The  generic  limits  and  sequence  of  genera  are  from  Robertson  et  al.  (1991). 

I 
I 

Genera 

Crataegus 

Persistence 

deciduous  or  rarely 

semi-evergreen 

Complexity 

simple 

Lobing 

shallowly  to  deeply 

pirmately  lobed  or 
unlobed 

Margins 

toothed,  usually  serrate, 

rarely  crenate 

Mespilus deciduous simple unlobed 
entire  or  apically  finely 

serrate 

Hesperomeles evergreen  or  semi- 
evergreen 

simple 
rarely  slightly  lobed 

dentate,  finely  serrate, 

or  apically  crenate 
Osteomeles 

Amelanchier 

evergreen 

deciduous 

pinnately 
compound simple 

leaflets  unlobed 

unlobed 

leaflets  entire 

serrate,  especially  to- 

ward tip,  rarely  en- tire 

Peraphyllum 

Malacomeles 

deciduous 

semi-evergreen 

simple 

simple 

unlobed 

unlobed faintly  serrate,  especial- 
ly toward  tip 

denticulate  or  entire 

Rhaphiolepis 

Eriohotrya 

Pyrus  sens.  str. 

Cydonia 
Pseudocydonia 

Chaenomeles 

Docynia 

evergreen 

evergreen 

deciduous 

deciduous 

deciduous  or  semi- 
evergreen 

deciduous 

evergreen  or  semi- 
evergreen 

simple 

simple 

simpl 

simple 

simple 

simple 

simple 

unlobed 

unlobed 

unlobed  or  rarely 

deeply  pinnately 
lobed 

unlobed 

unlobed 

unlobed 

unlobed 

entire  or  serrate  at  least 
toward  tip finely 

rate,  especially  to- 
ward tip,  or  entire 

finely 

rate,  crenate  or  en- 
tire 

entire 

serrate  with  cylindrical 

glandular  teeth serrate  or  crenate 

entire  or  serrulate 

Docyniopsis deciduous simple lobed  or  unlobed 

serrate  to  dentate 

Malus  sens,  str. 

(but  including 
Chloromeles  and 
Sinomalus) 

Eriolobus 

deciduous 

decid uous 

simple 

simple 

lobed  or  unlobed 

deeply  3-lobed,  center 
lobe  further  3-lobed 

crenate  or  serrate 

serrate 

Aria  (including  Mi-         deciduous 
cromeles) 

Chamaemespilus 
Cormus 

deciduous 
deciduous 

simple 

simpl 

pinnately 
compound 

unlobed  to  slightly 
lobed 

unlobed 

leaflets  unlobed 

serrate  or  crenate 

serrate 

leaflets  serrate 
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Table  1.     Extended. 

Adaxial 
Secondary  venation Texture 

Shape 

glands 

Heteroblastic  foliage 

craspedodromous  in chartaceous  to  cori- basically rhomboid,  el- 
absent juvenile  leaves  usually 

lobed  leaves,  camp- aceous 
liptic,  or  ovate deeply  lobed,  craspe- 

todromous in  un- dodromous 

lobed  leaves 

c  amp  todr  omou  s chartaceous narrowly  obovate  to 
narrowly  elliptic 

absent 
juvenile  leaves  unlobed 

or  shallowly  lobed  in 
M.  canescens 

camptodromous coriaceous 
broadly  elliptic  to  or- 

bicular or  broadly 
obovate 

absent homoblastic 

leaflets  camptodro- coriaceous 
leaflets  elliptic  to  ob- 

present on 

homoblastic 

mous 

long 

rachis 

camptodromous chartaceous  or  cori- 
aceous in  spp. 

from  western 

North  America 

elliptic,  oblong,  or 
ovate,  sometimes 
broad 

absent 
homoblastic 

camptodromous coriaceous narrowly  obovate 
absent homoblastic 

camptodromous coriaceous 
ovate,  elliptic,  obo- 

vate, or  orbicular 

absent homoblastic 

camptodromous moderately  to  ex- 

tremely coria- 
ceous 

narrowly  to  broadly  el- 

liptic or  obovate 

absent homoblastic 

camptodromous  or coriaceous 
narrowly  to  broadly  el- absent 

homoblastic 

craspedodromous 
liptic  or  obovate 

camptodromous  or chartaceous narrowly  to  broadly 

present 

juvenile  leaves  unlobed 

craspedodromous ovate,  obovate,  or or  often  1-3-lobed 
when  lobed 

elliptic 
and  craspedodromous 

camptodromous chartaceous ovate  or  elliptic absent homoblastic 

camptodromous chartaceous 
elliptic  to  obovate 

absent homoblastic 

camptodromous chartaceous ovate,  obovate,  ellip- 

tic, or  lanceolate 

absent homoblastic 

cajnptodromous thick-chartaceous lanceolate,  narrowly 

ovate  or  ovate 
present 

juvenile  leaves  deeply 

lobed,  craspedodro- 

mous 

craspedodromous chartaceous ovate  to  broadly  ovate 
aboent loLcd,  craspedodromous 

when  lobed  or  un- 

lobed  and  campto- 
dromous 

craspedodromous chartaceous 
basically  ovate  or  el- 

present 

unlobed  or  shallowly  to 

when  lobed  or  un- 

liptic 

deeply  lobed  and 

lobed  and  campto- 

^p 

craspedodromous 
dromous 

^m                                          ̂                            ̂                ̂ ^                             ̂ fc                                                                                                       ^. 

craspedodromous chartaceous 
broadly  ovate  to  trans- 

verse-ovate in  out- 

line 
present 

deeply  lobed,  craspedo- 
dromous 

craspedodromous  or chartaceous 
ovate,  elliptic,  or  ob- 

present 

homoblastic 

camptodromous ovate ft                 \  %           ' 

Camptodromous chartaceous ovate  or  elliptic 

present 

hmnoblastic 
liomoblaAtic 

leaflets  camptodro- mous 
chartaceous leaflets  ovate  or  ellip- 

tic 
present  on 

rachis 
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V 

Table  1.      Continued 

Genera Persistence 

Ti ormi nalis deciduous 

Heteromeles 

Photinia  (including 
Pourthiaea, 
Stranvaesia^  and 
Aronia) 

Sorbus  sens.  str. 

Cotoneaster 

Pyracantha 

Dichotomanthes 

Chamaemeles 

evergreen 

deciduous,  semi-ev- 

ergreen or  ever- 

green 

semi-evergreen 

deciduous,  semi-ev- 

ergreen or  ever- 

green evergreen  or  semi- 
evergreen 

evergreen 

evergreen 

Complexity 

Lobing 

Margins 

simple 

simple 

simple 

deciduous  or  rarely        pinnately 

compound simple 

simple 

simple 

imple 

shallowly  to  deeply 

pinnately  lobed 
unlobed 

serrate  or  dentate 

unlobed 

leaflets  unlobed 

unlobed 

unlobed 

unlobed 

urJobed 

coarsely  serrate 

coarsely  to  finely  ser- 
rate or  rarely  crenate 

or  margins  entire 

leaflets  serrate  or  rarely 
entire 

entire 

serrate  or  crenate,  rare^ 

ly  entire entire  or  remotely  ser- rate above 

remotely  crenate 

'} 

I 

leaves  of  Heteromeles  and  some  species  of  Erio-  of  Aria,  Crataegus,  Docyniopsis,  and  Mains  are 

botrya  and  Rhaphiolepis  are  coarsely  serrate  with  also  craspedodromous.  Camptodromous  venation  is 

large,  widely  spaced  teeth.  In  Aria  (Fig.  ID),  Cha-  characteristic  of  leaves  with  simply  serrate  to  entire 

maemespilus  (Fig.  2C),  Crataegus,  Docyniopsis,  margins  (Fig.  2)  and  is  the  only  type  of  venation 

and  Malus,  some  species  have  fairly  large,  sharp,  fomid  in  20  of  the  25  genera  with  simple  leaves. 

rather  closely  spaced  teeth.  Finely  serrate  or  ere-  Within  Aria  some  species  are  consistently  cras- 

nate  leaves  occur  in  some  species  of  Amelanchier  pedodromous,  whereas  others  are  only  campto- 

(Fig.   2D),   Chaenomeles  (Fig.   2B),   Eriobotrya,  dromous.  In  Crataegus  and  Malus,  some  groups 

Rhaphiolepis,  Malus  (Fig.  3A-a),  Photinia  (Fig.  of  species  are  also  consistently  either  craspedodro- 
2E),  and  Pyrus,  The  leaves  of  Chamaemeles,  Ma-  mous  or  camptodromous,  but  other  groups  have 

lacomeles,  and  some  species  of  Amelanchier  and  both  lobed  craspedodromous  and  unlobed  camp- 

Hesperomeles  generally  have  only  a  small  number  todromous  leaves  on  the  same  plant.  This  last  sit- 
of  teeth  toward  the  leaf  apices.  Differing  from  those  uation  also  occurs  in  Docyniopsis.  The  leaflets  of 

of  all  other  Maloideae  are  the  cylindrical,  gland-  pinnately  compound  leaves  are  always  campto- 
tipped  teeth  of  Pseudocydonia,  The  teeth  can  be  dromous. 
markedly  doubly  serrate  or  dentate  in  some  species 

Malus 

numerical TEXTURE 

distinguish  between  shallowly  lobed 
coarsely  toothed. 

SECONDARY  VENATION 

betwee 

toothing,  and  type  of  secondary  venation.  Lobed 
leaves  always  have  craspedodromous  venation,  as 

Texture  is  somewhat  correlated  with  persistence. 

Most  deciduous  leaves  are  chartaceous,  with  tne 

thinnest  leaves  found  in  some  species  of  Ameld^' 

chier,  Crataegus,  and  Pyrus,  In  genera  that  nave 

a  wide  ecological  latitude,  such  as  Amelanchier, 

Crataegus,  Pyrus,  and  Photinia,  there  are  trends 

toward  coriaceous  leaves  in  species  of  dry  or  suu 

Malus 

vems 

in  Torminalis  (Fig.  ID),  Eriolobus,  and  some  spe-      tropical  habitats.  Evergreen  or  at  least  senii-ev- 

ergreen  leaves  are  thicker  and  coriaceous  to 

greater  or  lesser  degree,  and  coriaceous  leaves  ar 

characteristic  of  Chamaemeles,  Eriobotrya,  Hes- 

peromeles,   Heteromeles,    Malacomeles,    Osteo- meles,  Pyracantha,  and  Peraphyllum. 

but  in  some  species  of  Crataegus,  Docynia,  and 
Malus  the  veins  also  go  to  the  base  of  the  sinuses. 
The  doublv  toothed  leaves  found  in  5%ome  ^nf^rip-c 

» 

I 

» 

n, 
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Table  1.      Extended,  Continued. 

Adaxial 

Secondary  venation Texture 
Shape 

hroadly  ovate  in  out- glands 

Heteroblastic  foliage 

c  r  asp  e  dodr  omous chartaceous absent juvenile  leaves  lobed, 
line 

craspedodromous 
camptodromous coriaceous narrowly  elliptic  or 

narrowly  oblong 
absent homoblastic 

c  amp  todr  omous chartaceous  to  cori- 
aceous 

ovate,  elliptic,  ob- 
ovate,  or  oblong 

present 

homoblastic 

leaflets  camptodro- chartaceous or leaflets  elliptic,  ovate 

present  on 

homoblastic 
mous 

rarely  coriaceous 
rachis 

camptodromous chartaceous  to  cori- 

aceous 
elliptic,  ovate,  or  ob- ovate 

absent homoblastic 

camptodromous somewhat  coria- 
ceous 

elliptic  to  obovate 
absent homoblastic 

camptodromous somewhat  coria- 
ceous 

ovate  to  elliptic absent 
homoblastic 

camptodromous coriaceous 

spathulate 

absent homoblastic 

SHAPE 

Most  Maloideae  have  leaves  that  are  broadly  to 

narrowly  elliptic,  oblong,  ovate,  or  less  often,  ob- 
ovate; linear  leaves  are  absent.  A  few  taxa  of  Cra- 

taes^us  have  suborbicular  or  even  depressed  ovoid 

and  Crataegus  series  Lacrimatae,  which  are  5- 

10  mm  long  and  3-4  mm  wide.  The  vast  majority 

of  Maloideae  have  leaves  3-8  cm  long  and  2-5 
cm  wide,  which  is  small  for  a  woody  group.  The 

pinnately  compound  leaves  of  Sorbus  vary  greatly- 

Average  length  of  the  complete  leaf  of  different 
outlines.  Few  large  genera  have  characteristic  leaf  ̂   ̂ ^^  ̂ ^  ̂   3^  ̂ ^^  ̂ ^^  ̂ ^^^^  ̂ ^  ̂^^^^^^ 
shapes,  except  for  Crataegus,  which  tends  to  have  ̂ ^^  ̂  ̂^  ̂^^  ̂ ^  ̂  ̂^  ̂^  ̂ ^^^  ̂ ^  3^^  ̂ ^^  j^^^^^ 
,  -  .  1  •    y^  length  varies  from  1  to  13  cm.  Osteomeles  usually 

bases,  although  there  is  much  variation  withm  Cra-  ̂ ^^^  ̂   ̂̂ ^  ̂ ^^^  ̂ ^^^^^^^  ̂ ^^^  3^  ̂ ^  j^^^  ̂^^ 

cuneate 

taegus.  Although  the  leaves  of  Cotoneaster  are 

always  urJobed  with  entire  margins,  leaf  shape 

shows  a  very  wide  range.  Pyrus  is  also  quite  varied, 

especially  in  width,  from  lanceolate  to  nearly  or- 

bicular. Leaf  apices  are  often  acute  to  acuminate, 

although  rounded  to  obtuse  or  emarginate  tips  are 

1-2  mm  wide. 

rounded 

cuneate 
with  some  cordate  bases  found  in  Eriolobus  anc 

truncate  to  slightly  cordate  bases  found  in  Cydo 

nia,  Torminalis,  and  some  species  of  Crataegus 
Malus 

ADAXIAL  GLANDS 

These  glands  are  reddish  to  reddish  black,  cylin- 

drical, and  0.1-0.5  mm  long,  and  they  are  found 

along  the  midrib  on  the  adaxial  surface  of  leaves; 

sometimes  they  occur  along  secondary  veins  as 

well.  In  most  previous  works  on  Maloideae  (De- 

caisne,  1874)  or  on  North  American  woody  plants 

(Rehder,  1940),  the  presence  of  these  glands  is 

best      used  as  a  key  or  distinctive  feature  of  Aronia  (Fig. 
c.,u  J  *  1  -  1  ^..r.U   Qc  thn^p       5)    On  closer  examination,  these  glands  are  also 

suited  to  morphometnc  analyses,  such  as  tnose      o;-  ̂ "  *^  & 

demonstrated  by  Dickinson  (1986)  and  Dickinson 
et  al.  (1987)  with  Crataegus. 

Leaf  size  varies  greatly  in  Maloideae,  but  be c^iiico  it  ic  rr^^^^^u.r  ^«*  T-^lat**fl  tn  afineric  delim 

The 
sirnple  leaves  are  found 

found  in  some  species  of  Aria^  Chamaemespilus, 

Docynia,  Eriolobus^  Malus^  Photinia  sens,  str., 

and  Pyrus.  This  is  one  reason  why  Aronia  was  not 

considered  generically  distinct  from  Photinia  by 

Robertson  et  al.  (1991). 
Similar  glands  are  found  in  clusters  at  the  point 

,  u    I  r  \.^         1  J  7\>^  w;Hi>       at  which  leaflets  attach  to  the  rachis  of  pinnately 

which  can  be  up  to  27  cm  long  and  7  cm  wide,      at  wh  en  i 
 y 

while  perhaps  the  smallest  leaves  are  in  some  spe 

cies  of  Cotoneaster,  Hesperomeles,  Malacomeles, 
compound  leaves  in  all  species  of  Sorhus  and  Os- 

teomeles; a  few  small  glands  can  occasionally  be 
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found  on  the  midvein  of  leaflets  in  some  species  of  pound,  with  the  terminal  leaflet  being  deeply  lobed 

Sorbus,  The  pinnately  compound  leaves  of  Sor-  and  with  secondary  veins  going  to  the  sinuses  as 

baria  (Spiraeoideae)  also  have  these  glands,  but  well  as  to  the  tips  of  the  lobes  (Fig.  3E),  Although 

we  have  not  seen  them  in  any  members  of  the  the  leaves  of  Mespilus  germanica  are  usually  en- 

Amy  gdaloideae  or  Rosoideae.  Intergeneric  hybrids  tire  on  both  long  and  short  shoots,  occasionally 

between  Aronia  (when  recognized  as  a  distinct  toothed  or  even  slightly  lobed  leaves  can  be  found 

genus),  with  simple  leaves,  and  Sorbus  sens,  str.,  on  some  long  shoots. 

with  pinnately  compound  leaves,  always  have  ad- As  a  general  rule  in  Maloideae,  the  leaves  on 

axial  glands  on  the  leaves.  No  petiolar  glands  such  long  shoots  tend  to  be  larger  and  have  sharper, 

as  are  common  in  Amygdaloideae  are  found  in  more  prominent  teeth  and/or  deeper  lobing  than 

Maloideae.  those  on  short  shoots  (Fig.  3);  also,  stipules  are 

often  larger  and  more  persistent  on  long  shoots.  A 

good  example  of  the  last  is  Chaenomeles,  where 

the  long  shoots  have  very  large,  persistent  stipules 
(Weber,  1964). 

HETEROBLASTIC  FOLIAGE 

The  foliage  of  many  Maloideae  is  heteroblastic, 

varying  within  individuals  between  juvenile  and 

adult  shoots  (Fig.  3),  long  and  short  shoots,  and 

leaves  within  short  shoots.  The  leaves  of  juvenile 
Discussion 

and  long  shoots  tend  to  be  rather  similar  since  both  The  genera  of  Maloideae  are  delimited  by  Rob- ft 

usually  have  neoformed  leaves,  rather  than  the  ertson  et  al.  (1991)  as  follows:  nine  are  monotypic, 

regularly  preformed  leaves  of  short  shoots.  Some  seven  contain  between  two  and  four  species,  three 

genera,  such  as  Amelanchier,  Cotoneaster,  and  have  between  nine  and   1 1   species,  seven  have 

Photinia,  are  homoblastic  with  the  leaves  of  short  between  26  and  98  species,  and  only  Crataegus 
shoots  being  the  same  or  sometimes  smaller  than  and  Cotoneaster  have  more  than  100.  Although t 

those  of  long  shoots.  It  may  turn  out  that  some  of  not  based  primarily  on  leaf  characters,  this  genenc 

the  genera  listed  as  homoblastic  in  Table  1  have  scheme,  especially  the  division  of  Sorbus  sens.  lat. 

heteroblastic  differences  when  living  material  of  into  five  genera,  has  resulted  in  greater  homoge- 
additional  species  is  examined  in  greater  detail,  neity  of  genera  with  regard  to  leaves. 
(We  have  examined  one  tree  of  Photinia  serrulata 

The  amount  of  foliar  variation  within  a  genus  is 
Lindley  at  the  Hillier  Arboretum  {Robertson  associated  with  the  number  of  species.  Within  the 

3826,  ILLS)  that  has  sucker  shoots  with  promi-  larger  genera,  the  variation  can  be  thought  oi  in 
nently  serrately  margined  leaves  whQe  the  leaves      terms  of  variations  on  one  or  two  themes  per  genus, 
of  normal  branches  have  crenate  margins.) 

with  modifications  often  the  result  of  ecological 

In  many  species  of  Crataegus,  Malus,  Docynia,  adaptations-  Species  of  Cotoneaster,  without  ex- 

Docyniopsis,  and  Pyrus,  there  is  a  fundamental  ception,  have  leaves  with  entire  margins  and  camp- 
difference  between  the  leaves  of  short  shoots  and  todromous  venation,  with  the  species  differing  m 

those  of  long  shoots  and/or  juvenile  plants.  A  num-  leaf  size,  shape,  texture,  and  persistence.  The  leaves 

ber  of  species  of  Crataegus  (Fig.  3F)  and  Malus  of  Pyrus  are  generally  ovate  with  finely  reticulate 

(Fig-  3A)  have  unlobed  leaves  with  camptodromous  veins  and  trends  from  medium  to  broad  or  narro^v 
venation  on  short  shoots  and  lobed  leaves  with  and  from  serrate  to  crenate  to  entire  margins;  see 

craspedodromous  venation  on  long  shoots.  Unlobed  tables  5  and  6  in  Challice  &  Westwood  (1973)  for 
leaves  are  primarily  characteristic  of  the  mature 
foliage  of  Docynia  (Fig.  3D),  Docyniopsis  (Fig. 

the  range  of  variation  for  some  leaf  characters 

Pyrus,  Most  genera  are,  with  practice,  easy  to 

f 

f 

i 

3B),  and  Pyrus  (Fig.  3C),  but  the  juvenile  foliage      recognize  from  the  leaves  alone - 

of  at  least  some  species  of  these  genera  is  promi-  By  and  large,  however,  leaves  have  not  been 

nently  lobed,  as  is  that  of  some  Malus  and  Cra-      used  to  make  major  subdivisions  in  either  the  sub- taegus  species  with  unlobed  mature  foUage, 
family  or  genera.  Some  exceptions  at  the  generic 

Not  all  heteroblasty  in  Maloideae  is  marked  by  level  are  Malus,  Crataegus,  and  Sorbus  sens,  lat- 
major  differences,  such  as  lobed  versus  unlobed  All  of  the  various  subgeneric  classifications  of  Ma- 
haves.  Dickinson  &  Phipps  (1984)  found  differ-  lus,  such  as  those  of  Koidzumi  (1934),  Rehder 
ences  in  both  size  and  shape  on  short  shoots  from  (1940),  Yii  &  Yen  (1956),  Langenfeld  (l97l)i 

node  to  node.  Some  species  of  Aria  have  leaves  and  Huckins  (1972),  use  leaves  extensively  in  d^' 
more  deeply  toothed  or  lobed  on  long  shoots  than  limiting  subgeneric  taxa.  The  actual  categories  and 
on  short  shoots.  The  seedling  leaves  of  Sorbus  sens.  their  delimitations  differ  to  greater  or  lesser  extents 
str.   are  sometimes  incompletely  pinnately  com-  between   these   authors,   but   in   all   classification 

^ 
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F,o„.  4.     Leaves  of  Sp^aeoideae  (A,  B)  a.^  A.g^aM.«  '^^^^J:;::^^:^:'^^:^^  ̂ ZZJy D.  Neilha  sinensis  Oliver.— C.  Padus  virginana  {L.)  BorKnausen.     i^. 

and  tertiary  venation.  Scale  bar  =  1  cm  on  whole  leaves. 

unl 

mptod 
unlob 

short  shoots  and  lobed  leaves  on  long  shoots,  and :dod 

both 

W 
lobed 

veins  that  extend  both  to  the  tips  of  the  lobes  and 

to  the  sinuses.  Using  this  character,  as  well  as 

cytology  and  geography,  El-Gazzar  (1980)  placed 

these  species  in  subgenus  Crataegus  and  estab- 

lished subgenus  Americanae  for  species  with  most- 

ly unlobed  leaves  of  the  New  World.  Phipps  (1988) 

found  the  suite  of  characters  ui>ed  by  El-Gazzar  to 

be  inconsistent,  while  recognizin lobed 

valid 
The 

many  other  sections  and  series  in  Crataegus  rec- 

ognized 
venation 

delim. 
used 

(1986),  and  Phipps  et  al.  (1990),  includes  a  
wide 

pinnate 
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Figure  5. 
anning 

Robertson  &  Phipps. — A,  View  of  upper  leaf  surface  showing  glands  in  midrib,  scale  bar 
two  glands;  scale  bar  =  100  ̂ m. 

0.5  cm.-B.  Detail 

if 

^ 

nately  lobed,  toothed,  and  entire,  with  both  cras- 
pedodromous  and  camptodromous  venation.  Much 
narrower  generic  limits  were  used  in  Robertson  et 
al.  (1991),  with  Sorbus  sens.  lat.  being  divided  into 
five  genera.  These  resulting  genera  have  more  con- 

sistent leaf  characteristics:  Sorbus  and  Cormus  are 

substan 

tial  diversity  of  leaves.  There  are  two  basic  type       ̂  m 

lobed th 

craspedodromous  venation,  and  finer 

camptodromous   venation.    Kovanda    &    Challi 

(1981)  presented  a  rationale  for  segregating  ̂ ^' 
compound,  Torminalis  is  pinnately  lobed,       cromeles  from  Aria  based  on  deciduous  calyx  lobes- 

simple  and  toothed  with 
Our  studies  (Rohrer  et  al.,  in  press)  of  maloid  fru* 
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Amygdaloideae  (Fig.  6).   Even  today  barriers  to 

evolutional'  hybridization  are  weak  in  Maloideae,  as  shown  by 

distinct  lines  ^^^  large  number  of  intergeneric  hybrids  (see  fig. 
based  on  1  i^  Robertson  et  aL,  1991).  Following  the  generic 
geographical  and        limits  established  in  Robertson  et  al.  (1991),  even 

phenological  trigeneric  hybrids  are  thought  to  occur  in  Malo- 
ideae. An  example  is  given  in  a  table  in  McAllister 

(1986)  involving  Sorbus  sens,  str.,  Aria,  and  Tor- 

minalis  (although  all  taxa  in  McAllister  are  in- 
cluded in  Sorbus,  sens.  lat.). 

Such  a  polychotomous  origin  could  explain  the 

diversity  of  leaf  types  in  Maloideae.  If  this  hy- 
pothesis is  correct,  then  the  presence  of  compound 

leaves  in  two  unrelated  lines  of  Maloideae  can  be 

explained  by  their  polychotomous  origin.  The  pin- 

FiGURE  6.  Model  of  polychotomous  evolution  of  Ma-  nately  compound  leaves  of  Sorbus  (Fig.  IB)  are 
loideae  from  alloploid  gene  pool.  Adapted  from  Phipps  et       extremely  similar  to  those  of  Sorbaria  (Fig.  4A) 

hybridizations 
in  the  early 

generations 

''  of  the  Spiraeoideae,  even  to  adaxial  glands  on  the 
rachis.  Most  Spiraeoideae,  however,  have  pinnately 

mdicate  that  this  character  is  inconsistent,  but  the  lobed  and  serrate  leaves  with  craspedodromous  ve- 

presence  of  heterogeneous  flesh  in  the  fruits  pro-  nation,  such  as  Neillia  sinensis  (Fig.  4B),  and  these 
vides  strong  evidence  for  including  Micromeles  in  are  rather  simOar  to  those  of  many  Maloideae, 

Aria^  and  leaf  data  support  this  as  well.  Unlobed,  toothed  leaves  with  camptodromous  ve- 

After  examining  the  large  number  of  taxa  used  nation,  found  in  many  Maloideae,  are  characteristic 

m  our  data  set  on  leaves,  it  is  possible  to  postulate  of  Amygdaloideae,  such  as  Padus  virginica  (Fig. 

a  transition  series  with  the  following  sequence:  (1)      4C)  and  Prunus  domestica  (Fig.  4D).  The  petiolar 

glands  found  in  Amygdaloideae  are  never  found  in 
Maloideae.  Thus,  the  kinds  of  leaves  found  today 

pinnately  lobed  with 

mous  venation;  (2)  coarsely  doubly  serrate  or  den- 

tate with  craspedodromous  venation  and  the  sec-       in  Maloideae  support  the  hypothesis  that  neither 

ondary  veins  going  to  the  tips  of  the  largest  teeth;       piimately  compound  nor  simple,  craspedodromous 
unlobed 

the  secondary  veins  going  to  the  tips  of  some  or      primitive 
camptodromou 

unlobed 

todromous  venation;  (5)  unlobed  with  entire  mar-       Maloideae 

gins  and  camptodromous  venation.  Heteroblastic 

volved  in  the  hybrid  complex  that  gave  rise  to  the 

lohage  can  be  found  in  some  taxa  in  groups  2-5, 
and  the  most  derived  foliage  type  would  be  group 
5  without  heteroblastic  foliage. 

Although  pinnately  compound  leaves  are  con- 
sidered primitive  in  the  Rosales  according  to  Hick- 

ey  &  Wolfe  (1975)  and  Kalkman  (1988),  they  are 

rare  in  Maloideae,  occurring  only  in  three  genera. 

Two  of  these  genera,  Sorbus  and  Cormus,  are 

closely  related,  while  Osteomeles  is  in  a  different 

clade  (Phipps  et  al,,  1991).  This  suggests  either 

that  pinnately  compoimd  leaves  have  arisen  twice 

in  Maloideae  or,  if  pinnately  compound  leaves  are 

primitive  in  Maloideae,  they  have  been  retained  in 

two  separate  evolutionary  lines.  Kovanda  (1965) 

suggested  that  all  three  genera  may  represent  dif- 
ferent evolutionary  lines. 

Phipps  et  al.  (1991)  postulated  that  Maloideae 

could  have  arisen  through  polychotomous  evolution 

from  an  allopolyploid  gene  pool  that  resulted  from 

hybridizations    between    early    Spiraeoideae    and 
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A  GEOGRAPHIC  SUMMARY  OF    John  c.  Sempie 
CHROMOSOME  NUMBER 
REPORTS  FOR  NORTH 
AMERICAN  ASTERS 
AND  GOLDENRODS 

(ASTERACEAE:  ASTEREAE)^ 

Abstract 

A  microcomputer  system  that  facilitates  record  keeping  of  text-based  nomenclatural  and  cytotaxonomic  files  is 
described.  The  system  was  used  to  maintain  records  on  asters  and  goldenrods.  More  than  4,800  chromosome  number 
reports  for  asters  (Aster,  Virgulastery  Virgulus)  and  over  2,000  reports  for  goldenrods  {Solidago  excluding  Euthamia) 
were  analyzed.  By  far  the  greatest  number  of  chromosome  number  reports  (2,110)  were  for  Ontario,  Canada.  The 
numbers  of  counts  for  each  taxon  (species,  subspecies,  or  variety)  for  each  province  or  territory  in  Canada  and  state 
in  the  United  States  and  for  all  of  Mexico  were  determined.  The  total  number  of  chromosome  number  reports  and 
estimated  numbers  of  taxa  (species,  subspecies,  and  varieties)  of  asters  and  of  goldenrods  by  province,  territory,  and 
state  were  compared  and  are  presented  graphically.  Both  asters  and  goldenrods  achieve  their  greatest  morphological 
diversity  in  the  eastern  United  States,  peaking  in  North  Carolina.  The  numbers  of  counts  for  asters  and  goldenrods 
m  each  area  were  fairly  highly  correlated  (r  =  0.70  excluding  Ontario; 0.97  including  Ontario)  as  were  the 

numbers  of  taxa  counted  including  Ontario  (r  =  0.73),  but  the  percentages  of  taxa  counted  per  area  were  not  strongly 
correlated  (r  =  0.49).  Asters  show  more  diversity  in  western  North  America  than  goldenrods,  and  86%  of  the  areas 
had  more  aster  than  goldenrod  taxa. 

My  work  on  various  members  of  the  Astereae 
estimated 

Walter 

Walter 

inspiration  are  gratefully  acknowledged,  and  this 
him 

to  include  about  90  species  and  more  than  140 

subspecies  and  varieties  in  Canada,  the   United 
States,  and  Mexico.  Chromosome  numbers  have 

been  reported  for  most  of  these  taxa  (see  Sempie 
et  al.,  1984,  and  additional  references  cited  below); 

all  taxa  have  a  chromosomal  base  rmmber  of  x  = 

Asters  and  goldenrods  are  common  in  many      9.  Polyploidy  is  common  in  both  asters  and  gold- 

babitats  throughout  most  of  North  America  north      enrods.  More  than  6,900  indivlJuaJ  cljromusome 

of  Mexico.  Aster  L.  sens,  lat,  {Aster  of  Jones,      number  reports  exist  for  Aster  sens.  lat.  and  Sol- 

1980a;  Aster,  Virgulus  Raf.  (synonym:  Lasallea)      idago  in  North  America  alone.  In  order  to  keep 

and   Virgulaster  Sempie  of  Sempie  &   Brouillet,       track  of  these  reports  and  to  have  conveni^-nt  ac- 

1980a,  and  Sempie  et  al.,  1989)  are  estimated  to      cess  to  the  data,  a  system  of  microcomputer  hard- 

include  about    145  species  and  more  than   225 

subspecies  and  varieties  in  Canada,   the   United      below.    Some    geographic    generalizations    about 

ware  an d 
cribed 

States,  and  Mexico.  Numerous chromosome  numfxT  reports  for  asters  and  gold- 

ported  chromosome  numbers  for  many  of  these      enrods  in  North  America  were  arrived  at  using  the 

taxa  (see  Sempie  &  Brouillet,   1980b,  and  addi- presented  below below) 

9,  8,  and  7  occur  in  Aster  sens.  str.  (Sempie  &      MATERIALS  AND  Methods 

Brouillet,  1980a);  base  numbers  of  jc  =  21  and  13 
occur  in  Vir^ulaslen  and  base  numbe 

9, 

HARDWARE 
"m   '   

5,  and  4  occur  in  Virgulus.  Aster  sens.  lat.  includes 
W 

numbers 25  personal  computer  (8/25  MHz  clock  speed) 

This  research  was  supported  by  a  Natural  Sciences  and  Fnginccring  ̂ JJ^i^^,^";!"^^ Biology iiversity 

Ann.  Missouri  Rot.  Carh.  79:  95-109.  1902. 
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with  a  387/25  math  coprocessor,  eight  megabytes 

of  memory,  a  100  megabyte  hard  drive  (15  msec. 
access  time),  and  a  Zenith  VGA  color  monitor. 

(Waitronics  Ltd.  (Waterloo,  Ontario  N2J  2Y9, 

Canada)  is  one  of  a  number  of  local  companies 
assembling  microcomputers  (IBM  clones)  that  are 

sold  at  reduced  prices  to  the  University  of  Waterloo 
for  research  purposes.) 

SOFTWARE 

All  software  used  to  tabulate  and  analyze  the 
chromosome  count  data  were  widely  available  com- 

prod 
DESQview  (Q 

terdeck  Office  Systems,  Santa  Monica,  California 
90405,  U.S.A.).  This  memory  management  pro- 

gram allows  the  user  to  run  more  than  one  program 
at  a  time  and  to  transfer  screen  data  from  one 

program  to  another  regardless  of  the  compatibility 
of  the  individual  programs.  For  example,  a  personal 

runnm 

the  background,  while  word  processing  and  data 
entries  are  being  performed  in  two  additional  pro- 

grams. 
Raw  data  were  entered  into  files  using  askSam 

Version  4.1b  (Access  Stored  Knowledge  via  Sym- 
bolic Access  Method;  askSam  Systems,  1989).  Each 

report  was  entered   as  ASCII  text  without  field 

and  subspecies  or  variety  if  appropriate);  chro- 
mosome number  reported  in  standardized  format 

(e.g.,  "2n=9ir'  or  "2n=18"  differentiating  mei- 
otic  from  mitotic  reports);  country  (e.g.,  "CDN, 
US,  MEXICO'');  province,  territory,  or  state  (post- 

al code  abbreviation,  e.g.,  *'0N");  county,  regional 
municipality,  parish,  or  district  (e.g.,  "Waterloo 

Reg.Mun.");  details  of  location  data  (e.g.,  "Hwy-7 
4  km  W  of  Kitchener-  rdside  Hitrh"V  f-olUr-t/^^  o^^ 

(TRIBCNTS-3  [=  puWished  by  Semple  et 

al.,  1989],  to  sp.  [=  published  to  species 
level  only,  subspecies  identification  not  de- 

termined at  the  time  of  publication]) 

2.  LA.  glaucode^  2n=9II  US  WY.  Albany 
Co.:  Snowy  Range,  3  mi  NW  of  Centennial, 

LHartman  3045-1  (RM)  (Hartman'77) 

3.  La.  pilosus-J  var.  Lpilo.-I  [epithets  sometimes 

abbreviated]  2n=32  US  AL.  Cleburne-Cal- 

houn count  line;  SE  of  Anniston,  LS  &  Ch 

6305-1  [=  collectors,  Semple  &  Chmie- 

lewskQ  (PILOGEO-2  [=  published  by  Sem- 
ple    &     Chmielewsk 

Lpriceae-I:  corrected 

985] 

as     var. 

[=  Semple  et  al.  1989  noted  that  the  col- 
lection on  which  the  1985  report  was  based 

was  reidentified  as  var.  pilosus~\) 
4.  LSol.  rigida-l  ssp.  Lglabrata-I  cf.  2n=18  US 

TN.  Coffee  Co.:  Manchester,  LJRB  [=  //?. 

Beaudry]  &  DeSebn  57-472-1  (Beaudry'63, 
as  LSol.   jacksonii-l  var.  Lhum.-'  [=  var. 

ssp 

bratal) 
synonym 

location 

un 

geography  map  on  species  because  identifi- 
cation was  uncertain  at  time  record  was  add- ed to  file] 

designation  in  the  following  order:  taxon  (binomial  5.  LSol. 

simplex-l 

ssp 

Lrandii-J      var. Lmonticola-1 2n=36  CDN  PQ.  Megantic  Co.: 

Black  Lake,  LjRB  [=  J,R.  Beaudry]  &  Cinq- 

Mars  56-433-1  (Beaudry  &  Chabot'59,  as 

LS.  randii-l;  R&S'87,  as  LS.  glut,  ran.-" 

var.  Lran.-I  [=  Solidago  gludnosa  subsp. 

randii  var.  randii,  which  is  a  synonym  of S.  simplex  var.  monticola]) 

The  symbols  "L"  and  "-P'  (keyboard  characters 

?^ 

collection  number;  location  of  voucher(s)  if  not  ah- 192  and  ah-2 17,  respectively)  were  inserted  to 
WAT;  abbreviated  publication  data  including  any  replace  non-ASCII  printer  codes  indicating  that  the 

synonym  used  (e.g.,  "Anderson  et  al.'74,  as  A.  h.,  enclosed  word(s)  should  be  italicized.  These  con- 

in  the  original  publication  the  report  veniently  allow  specific  letters  or  words  to  be  con- 
verted to  italics  when  shifting  text  between  askSam 

and  WordPerfect,  The  two  symbols  can  be  used 
as  query  characters  in  searching  data  bases. 

Any  of  the  mformation  in  a  data  file  can  be 

as  n=32 
was  listed  as  n 32  under  the  name  Aster  hes- 

perius),  and  any  miscellaneous  comments  (e.g., 
observations  about  vouchers  or  a  summary(ies)  of 
published  comments  about  the  count  or  voucher, 
such  as  corrected  identifications).  The  following  are      retrieved  using  the  Query  subroutine  in  askSam, 
examples  of  report  entries  (in  quotes  and  exactly       and  any  individual  report  can  be  edited  at  any 

time.  The  Query  subroutine  also  can  be  used  to 

obtain  a  tally  of  the  reports  containing  designated 

search  fields  (e.g.,  '*LA.  lanceolatu^  {PRINT}'') 

as  entered)  with  explanatory  comments  in  brackets 
[=1  added  here  but  not  included  in  the  datp  filf^- 

L  LA.alpigenusJssp.LaIpigenu^2n=36US       Boulean  searches  can  also  be  made  (e.g.,  '^A. 
GA.  Mono  Co.:  Tioga  Pass,  0,25  mi  E  of      lanceolatu^  var.  Uanceolatu^   {AND}   2n 

48 

Yosemite    Natn    Pk,    LS    &    Hd    8688-1 
{NOT}  CDN  ON  {TAL}").  Any  or  all  of  the  data 

I 

i 
I 
1 

I 
1 

? 
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can  be  transferred  directly  or  indirectly  to  a  word-       1977;  Jones,  1978;  Powell  &  Powell,  1978;  Dawe 

version Wordpe 

Wordperfe &  Murray,  1979;  Morton,  1979;  Kail  &  Pinkava, 

Weed feet    Corp.,    Orem,    Utah  1979;   Pringle,   1979;   Dawe   &   Murray,    1980; 
84057,  U.S.A.)  using  either  a  subroutine  in  askSam 

by  saving  the  results  of  a  Query  operation  as  a  &  Semple,  1981;  Dawe  &  Murray,  1981;  Keil  & 
new  ASCII  text  file  or  by  using  the  screen  capture  Pinkava,  1 98 1 ;  Parfitt  &  Harriman,  1 98 1 ;  Sem- DESQ 

Wordperfe 
pie,  1981;  Semple  et  al.,  1981;  Kapoor  &  Gervais, 
1982;  Love  &  L6ve,   1982a,  b;  Semple,   1982; 

It  is  this  convenience  in  searching  files  and  ex-  Semple  &  Brammall,  1982;  Brouillet,  1983; 
changing  information  between  data  base  programs  Chmielewski  &  Semple,  1983;  Dean  &  Chambers, 
and  word-processing  files  that  makes  the  system  1983;  Hill,  1983;  Sherif  et  al.,  1983;  Semple  et 
being  discussed  useful  for  systematists.  al.,  1983a,  b;  Strother,  1983;  Ward,  1983;  Wind- 

Totals  for  the  number  of  reports  for  each  taxon  ham  &  Schaack,  1983;  Allen,  1984;  Hill,  1984; 
Q Jones,  1983;  Morton,  1984;  Mulligan,  1984;  San- 

entered  into  a  matrix  (taxon  by  political  region)      derson  et  al.,  1984;  Semple,  1984;  Allen,  1985; 

Q^ 

Houle  &  Brouillet,  1985;  Chmielewski  &  Semple, 

(Borland  International,   Scotts  Valley,   California      1985a,  b;  Semple,  1985;  Semple  &  Chmielewski, 
95066,  U.S.A.).  The  total  number  of  counts  for      1985;  Chmielewski,  1986;  Sundberg,  1986;  Sund- 

number Ward 

region  (country;  province,  territory,  or  state),  the      Brouillet    &    Labrecque,     1987;    Chinnappa     & 
number  of  taxa  and  the  number  of  counted  and 
uncounted 

Chmielewski,   1987;  Chmie- 

lewski et  al.,   1987;  Lamboy,   1987;  Ringius  & 

grand  total  for  all  count  reports  were  calculated      Semple,  1987;  Semple  &  Chmielewski,  1987;  Va- 
as  part  of  the  matrix  of  28,890  data  fields.  The      hidy  et  al.,  1987;  Heard  &  Semple,  1988;  Lam- 

Q boy,  1988;  Semple,  1988;  Campbell  &  Medley, 

was  facilitated  using  the  Video  and  Switch  options      1989;  Legault  &  Brouillet,  1989;  Nesom,  1989 DESQ 

Q 
Semple  et  al.,  1989;  Brammall  &  Semple,  1990 
Chmielewski  &  Semple,  1990;  Semple  et  al.,  1 990 

taneously.  A  compiler  program  could  not  be  used      Semple  &  Chmielewski,  1991).  These  data  were with  askSam, entered  under  the  taxon  name  used  in  the  source 

Also  frequently  consulted  were  askSam  files  on      publication  unless  the  name  was  known  to  be  a 
synonym  for  another  name  included  in  the  data oximate 

345  kilobytes  (Kb)  and  200  Kb,  respectively)  and      files.  The  file  on  asters  had  4,884  records  and  was 
a  literature  file.  These  were  necessary  for  chro-      about  553  Kb  in  size  at  the  time  of  writing,  and 

under the  goldenrods  file  had  2,099  records  (including 

synonyms.  Each  nomenclature  file  includes  ASCII  non-North  American  reports)  and  was  about  257 

text  data  on  basionyms,  synonyms,  types,  phylo-  Kb,  In  some  cases,  corrections  found  in  later  pub- 
genetic  relationships,  excluded  taxa,  and  miscel-  lications  were  incorporated  into  the  original  data 
laneous  comments. base  record.  The  vouchers  for  the  majority  of  the 

reports  not  published  by  my  laboratory  were  not 
seen  as  part  of  this  study.  Therefore,  the  data  base 

may  have  some  biases  due  to  misidentificatlons. 

t'ata  on  chromosome  number  reports  were  ob-      Also,  no  vouchers  are  known  for  some  reports,  and 

DATA  BASE 

tamed  from  the  literature  and  nearly  600  unpub- 
lished reports  from  studies  on  certain  species  com- 

the  original  identifications  had  to  be  accepted  on 

faith  or  the  reports  rejected  as  unconfirmable. 

piexes  being  investigated  by  my  laboratory.  Data  For  certain  taxa,  a  corrected  chromosome  count 
^ere  taken  from  121  publications  (see  references  and  a  comment  noting  this  adjustment  were  in- 

m  Semple  &  Brouillet,  1980b  and  Semple  et  al.,  eluded  in  the  data  file  record.  For  example,  prior 

iyo4;  and  Morinaga  &  Fukashima,   1931;  Hig-  to   1978  reports  for  all  members  of  Aster  sect. 

*^^tham,  1936;  Smith,  1965;  Johnson  &  Packer,  Dumosi  subsect.  Heterophylli  were  published  re- 

1968;  Packer,    1968;  Mulligan  &   Cody,    1971;  fleeting  an  assumed  chromosomal  base  number  of 
Kapoor,  1972;  Mulligan  et  aL,  1972;  Andreasen  jc  =  9,  Jones  (1978)  demonstrated  that  the  chro- 

&  Eshbaugh,    1973;  Witherspoon  et  al.,    1974;  mosomal  base  number  for  subsect. //f'/r/-o/>/zj//i  is 
Keil  &  Stuessy,   1975;  KeU  &   Pinkava,   1976;  x  =  8.  Therefore,  older  published  counts  of  a  = 

Hartman,  1977;  Kapoor,  1977;  Keil  &  Pinkava,  9  were  entered  as  "2n=8II  cf."  in  the  data  matrix. 
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with  "as  n=9"  appended  to  the  publication  data.  No  count  reports  were  included  in  the  data  files 
These  corrections  did  not  affect  the  summaries  for  goldenrods  from  Prince  Edward  Island.  Only 

presented  in  this  paper,  but  could  influence  other      30  reports  for  asters  and  six  for  goldenrods  from 

manipulations  of  the  matrix* 

In  other  cases,  an  "unusual"  chromosome  num- 

Mexico  were  entered  into  the  files. 

Tentative  estimates  were  made  of  the  total  num- 

ber report  for  a  taxa  was  entered  as  published,  ber  of  taxa  down  to  varietal  level  for  each  province 

with  a  comment  that  further  investigation  is  re-  and  territory  in  Canada,  each  state  in  the  United 

quired.  By  "unusual"  I  mean,  for  example,  the  States,  and  for  Mexico  (Table  1).  These  are  pre- 
one   count  out  of  40   or  more  that   was  not  in  sented   graphically  for   asters   and   goldenrods  in 

agreement  with  the  other  counts  for  the  taxon.' Figures  2  and  4,  respectively.  Overall,  the  number 

of  aster  taxa  and  the  number  of  goldenrod  taxa 
GRAPHICS  AND  STATISTICS for  each  area  correlate  rather  highly  ( 

6.7),  but xji  J  .V  i_.  the  maiority  of  the  reeions  (86%)  have  more  aster 
Maps  were  prepared  usmg  the  graphics  program       ,  u  i  /t-  n      i  \    -ru     j         •*      f 

Coreldraw  Version   1.02  (Corel  Systems  Corpo- than  goldenrod  taxa  (Table    1).  The  diversity  of 

run  under  Windows 

^^.-  ̂     lAnn  r    r       a         r\..  n        •     ta i  r^      t^^a  for  asters  and  goldenrods  is  greatest  in  the ration,  1600  Carling  Ave.,  Ottawa,  Ontario  KlZ  tt  -     ,  ̂   .       i      /^  •     Mnt:c\ 
eastern  Umted  htates;  previously,  Lronquist  (ivoo) 

Version  2  "or' '  higher  "(Microsoft '  Inc^"  Redmo'nd';      ̂ °**'*^  '^^  *^  \'^^  "^^^  for  goldenrods.  The  great- est  numbers  of  species,  subspecies,  and  varieties 

for  both  asters  and  goldenrods  occur  in  North  Car- 

Washing 

QMS 

TAT  Version  5.0  (SYSTAT,  Inc.,  1800  Sherman 
Ave.,  Evanston,  Illinois  60201,  U.S.A.). 

Results  and  Discussion 

these   two 

Pearson  correlations  were  calculated  using  SYS^      ""^^^  ̂ ^^  ̂ "^  ̂   ̂  estimat
ed,  respectively)  The  few- est  taxa  occur  in  Alaska  and  the  far  northern  areas 

across  Canada.  The  western  part  of  North  America 

has  far  fewer  goldenrod  taxa  than  the  eastern  part. 

However,  the  pattern  for  asters  is  different  because 
several  taxon-rich  sections  and  subsections  of  asters 

A  total  of  6,908  chromosome  number  reports  achieve  their  greatest  diversity  in  the  west,  unlike 
for  asters  and  goldenrods  from  Canada,  the  United  any  group  of  goldenrods.  The  number  of  taxa  along 
States,  and  Mexico  were  included  in  the  study  the  Pacific  coast  is  high  primarily  because  of  the 
(Table  1).  The  results  of  the  analyses  of  the  data  presence  oi  Aster  sect.  Eucephalus  and  Aster  secX. 
matrix  on  chromosome  number  reports  and  num-  Dumosi  subsect.  Foliacei.  Without 
bers  of  taxa  per  political  region  are  presented  pic-  groups,  the  general  pattern  of  diversity  in  asters 
torially  in  Figures  1-4.  The  total  numbers  of  re-  would  be  quite  similar  to  that  in  goldenrods. 
ports  for  each  province  and  territory  in  Canada,  There  was  a  great  range  (0%  to  90%)  among 
each  state  in  the  United  States,  and  all  of  Mexico  geopolitical  regions  in  the  percentage  of  taxa  for 
are  given  in  Table  1  and  Figures  1  and  3  for  Aster  which  at  least  one  individual's  chromosome  number 
sens.  lat.  and  Solidago,  respectively.  A  total  of  had  been  determined  (Table  1;  Figs.  2,  4).  The 
4,844  reports  was  entered  into  the  askSam  data  mean  percentages  of  taxa  from  Canada,  the  United 
file  on  asters.  Ofthese,  1,520  were  for  plants  native  States,  and  Mexico  sampled  cytologically  were 
to  Ontario.  The  next^  largest  numbers  of  reports      49.1%  for  asters  and  45.1%  for  goldenrods.  The 

highest  percentages  of  taxa  that  were  counted  were 
144,  and  133  reports,  respectively.  There  were  for  Manitoba  and  Ontario:  90%  and  75%  in  the 
more  than  100  reports  each  for  CaUfornia,  Colo-      former,  and  80%  and  83%  in  the  latter  for  aster 

and  goldenrod  taxa,  respectively.  Percentages  were 
lower  in  all  other  provinces  and  states.  In  Canada, 

States  was  from  Delaware  with  only  two  reports,  the  numbers  of  counts  and  the  percentages  of  taxa 
No  count  reports  were  included  in  the  data  files  counted  were  lowest  in  Newfoundland  and  Prince 
for  asters  from  Newfoundland  and  Labrador,  and  Edward  Island.  Thirty-four  out  of  62  provinces, 
there  was  only  one  report  from  Prince  Edward  territories,  states,  and  Mexico  (54.8%)  had  more 
Island.  Two  thousand  sucty-four  reports  were  en-      aster  taxa  counted  than  goldenrod  taxa,  but  on 

Quebe 

The  lowest  number 

Carolin 

goldenrods 
these,  590  were  for  plants  native  to  Ontario.  The 

numbers  of  reports  were  from  Quebec   irod 
ounted  per  area.  Generally,  the  percentages 

Idenrod  *^^'^  oo,-^.-ii«.-j  i^  an  arf*a  clw 

New  York,  California,  and  Colorado  with  144,  75,      not  correlate  strongly  (r  =  0  49)    For  example 73    and  58  reports,  respectively.  No  other  state      five  of  the  23  estimated  aster  taxa  for  Nevada 
m  the  United  States  had  more  than  50  reports.      (22%)  versus  five  of  the  seven  goldenrod  taxa 
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Figure  1.     Numbers  of  chromosome  number  reports  for  Aster  sens.  lat.  {Aster,  Virgulaster,  and  Virgulus)  in  Canada,  the  United  States,  and  Mexico.  Only  small  portions  of 

i 
Alaska  arid  the  Northwest  Territories  are  indicated  at  the  top  of  the  map; 
Quebec,  and  Mexico,  respectively. 
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Table  1 .      Numbers  of  chromosome  number  reports,  estimated  numbers  of  taxa  (species,  subspecies,  and  varieties),
  numbers  of  taxa  counted,  and  percentages  of 

taxa  counted  for  the  provinces  and  territories  of  Canada,  states  of  the  United  States,  and  all  of  Mexico. 

Total 

number  of 

Esti- 
mated 
total 

number 

Asters Goldenrods 

Asters  — 

1 

Number  of 

Number of  taxa 

%of taxa Number  of 

Number  of  taxa 

.    %of 
taxa 

Goldenrods 

Esti- 
Esti- 

Number of 
% 

Geopolitical  area reports 
of  taxa 

reports mated 
Counted counted 

reports 

mated 
Counted counted 

taxa counted 

CANADA 

Alberta 95 
39 72 26 17 65 23 13 8 

62 

13 3 

British  Columbia 
95 

39 68 29 16 

55 

27 10 6 

60 

19 

-5 

Manitoba 
87 

40 

47 20 

18 

90 

40 20 

15 

75 0 15 

New  Brunswick 47 
42 

35 19 14 74 12 23 8 35 

-4 

39 

Newfoundland 9 
20 

0 6 0 0 9 14 2 14 

-8 

-14 

Labrador* 
0 14 0 0 0 0 0 0 0 0 

-8 

Northwest  Territories 14 9 6 5 2 40 8 4 2 50 1 

-10 

Nova  Scotia 
78 

33 53 12 9 75 25 21 11 52 

-9 

23 

Ontario 

Prince  Edward  Is. 

Quebec 
Saskatchewan 

Yukon  Territories 

Means  (subtotals) 

Alabama 
Alaska 
Arizona 

Arkansas 

California 
Colorado 
Connecticut 

Delaware 
Florida 

Georgia 
Idaho 
Uli 

2,110 1 
288 
48 
51 

(2,923) 

90 
28 

56 31 

18 
35.5 

1,520 1 
144 

33 13 

(1.992) 

49 

10 
24 
18 
11 

19.1 

uiois 
Indiana 
Iowa 

63 47 
44 
63 

205 
164 
26 
8 

167 
79 

93 109 
67 
51 

75 
15 

24 66 
43 
47 

51 45 
56 
89 
39 
69 
57 
46 

49 
16 19 

33 
132 
106 
18 
2 

132 
63 79 

94 
53 
42 

42 

8 
14 
33 
33 29 

27 
23 

33 
45 
29 
46 
30 
27 

39 
1 

15 
8 
1 

11.7 

U.S.A. 
21 

6 
8 

15 

21 13 

12 3 
25 
24 
13 
29 
17 

15 

80 
10 
63 
44 

9 

50.4 

590 0 

144 15 
38 

(931) 

41 
18 

32 
13 
7 

18 

34 

0 
24 
5 
2 

9.8 

83 
0 

75 

38 
29 

47.8 

50 
75 

57 
45 
64 
45 

44 13 
76 

53 45 
63 
57 
56 

15 

31 

25 
30 
73 

58 
8 
6 

35 
16 
14 
15 
14 
9 

33 

7 
10 
33 
10 

18 
24 
22 

23 
44 
10 
23 

27 
19 

12 
3 
7 

15 

7 
12 

6 
4 

15 
13 
5 
7 

10 
9 

36 
43 

70 
45 

70 
67 
25 

18 

65 

30 
50 
30 
37 

47 

8 
8 
8 
5 
4 

2.7 

9 
1 
4 
0 

23 
11 

3 
1 

10 
1 

19 
23 
3 
8 

3 
10 
12 
6 

20 

2.7 

14 
32 
13 

0 

-6 

22 

19 

-5 

11 

23 

-5 

33 
20 
9 
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CD 
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Tari  K  1 Continued 

Geopolitical  area 

a^ouri 

Kansas 
Kentucky 
Louisiana 
Maine 

Maryland 
Massachusetts 

Michigan 
Minnesota 
Missi>,sij)pi 
Mi 

Montana 
Nehraska 
Nevada 

New  Hampshire 
New  Jersey 
New  Mexico 
New  York 
North  Carolina 
North  Dakota 

Ohio 
Oklahoma 

Oregon 
Pennsvh'ania 
Rhode  Island 
South  Carolina 
South  Dakota 
Te 

Texas 
!'tah 

Vermont 

Virginia 

niie--
 »■<> 

Total 

reports 45 

74 
30 57 
24 

82 

174 
114 
55 

117 79 

37 

39 56 

46 62 

181 
171 
51 

49 38 

209 
103 

11 99 

35 92 

83 
69 

80 
154 

Esti- 

mated 

total 

Asters 

number  of       number       Number  of 
of  taxa 

40 
73 69 

49 

60 59 
59 
52 
64 

61 41 

34 30 
52 
73 
40 
80 

107 

29 
49 
55 
46 
62 
46 
84 
26 
78 

67 35 
51 
80 

reports 26 

62 

24 
42 

14 
44 

133 
88 
50 

93 63 

21 
32 31 
19 
23 

106 
124 
32 

35 
23 

194 

84 6 
74 
18 
42 
68 

52 
47 

127 

Number  of  taxa        ~     , 
      %  of 
Esti-  taxa 
mated  Counted  counted 

23 
40 
37 
26 

30 
34 

31 
30 

35 31 
28 

21 23 
28 
43 

22 51 
56 
16 
27 
28 
33 39 

25 
44 
14 
40 29 

24 
29 
38 

10 
18 
13 
14 
8 

20 
22 
21 
15 
21 
16 
11 
5 

14 
11 

13 
22 30 
7 

11 17 
20 16 

5 
24 
7 

18 
20 
9 

17 
27 

43 
45 
35 
54 

27 59 
71 
70 

43 
68 
57 52 

22 
50 
26 
59 
43 
54 
44 
41 
61 
61 
41 
20 

55 50 
45 

69 

38 
59 
71 

Goldenrods 

Number  of 

reports 
19 
12 
6 

15 
10 
38 
41 

26 
5 

24 
16 
16 
7 

25 
27 
39 
75 
47 
19 
12 
15 
15 
19 

5 

25 
17 
50 
15 
17 
33 

27 

Number  of  taxa 

%of 
taxa 

Esti- 

mated    Counted  counted 

17 

33 
32 
23 
30 

25 
28 
22 
29 

30 
13 
13 
7 

24 
30 
18 
31 

51 
13 
22 
27 
13 
23 
21 
40 
12 
38 
38 
11 

22 
42 

12 

11 
5 

11 
8 

16 
17 

10 
6 

12 
7 
6 
5 

13 
16 

12 
20 
27 
6 
3 

13 
6 

12 
5 

15 
8 

22 
12 
6 

12 

14 

71 

33 
16 
48 
27 
64 

61 
45 
21 
40 
54 
46 
71 
54 
53 
67 
65 
53 
46 
14 
48 
46 

52 
24 
38 
67 
58 
32 
55 

55 
33 

Asters Goldenrods 

Number  of 
taxa 

6 
7 
5 
3 
0 

9 
3 
8 
6 
1 

15 
8 

16 
4 

13 
4 

20 

5 
3 
5 
1 

20 
16 
4 
4 
2 
2 

-9 

13 
7 

-4 

% 

counted 

28 
12 
19 
6 

0 

-5 

10 
25 
22 
28 
3 
6 

49 

-4 

27 

-8 

22 
1 

-2 

27 
13 
15 

11 

-4 

17 

■17 

13 
37 

■17 

4 
38 
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Table  1.     Continued. 

Total 
number  of 

reports 

Esti. 
mated 
total 

number 
of  taxa 

Asters Goldenrods 

Asters  — 

Number  of taxa 

22 
2 

12 
16 

1 

Number  of 

reports 

Number of  taxa 

%of taxa 

counted 
Number  of 

reports 

Number  of  taxa 
.    %of 

taxa 

counted 
42 
19 

50 
58 

Goldenrods 

Geopolitical  area 

Esti- 

mated 

34 
34 
40 

35 

Counted 

10 
12 27 

15 

Esti- 

mated Counted 
% 

counted 

Washington 
West  Virginia 
Wisconsin 

Wyoming 

48 

42 
116 
76 

46 
66 
68 
54 

42 

32 86 
58 

29 

35 68 

43 

6 
10 

27 
18 

12 
32 
28 
19 

5 
6 

14 
11 

-11 

16 

18 

-15 

Means  (subtotals) (3,949) 55.3 (2,822) 31.4 15.7 50.0 (1,127) 

23.9 
10.4 46.1 

7.4 

3.9 

Canada  &  U.S.A. 

Means  (subtotals) (6,872) 
51.1 

(4,818) 
29.8 15.9 

50.1 
(2,058) 22.8 10.3 

46.4 

6.2 

3.7 

Mexico 

Totals 
Means 

36 

6,908 
111.4 

41 30 

4,844 

14 

MEXICO 

5 36 6 

2,064 

27 3 11 

13 

25 

50.9 78.1 28.7 14.7 49.9 33.3 22.8 
10.1 

45.9 
5.9 

4.0 
*  Labrador  is  part  of  the  Province  of  Newfoundland;  data  on  the  island  and  the  mainland  portions  of  the  province  are  listed  separately  for  clarity. 
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Figure  2.      Estimated  numbers  of  taxa  (species,  subspecies,  and  varieties;  shading)  in  Aster  sens.  lat.  {Aster,  Virgulaster,  and  Virgulus)  and  percentages  of  taxa  for  whi
ch  a 

romosome  number  has  been  determined  (numbers  in  the  regions  indicated).  Numbers  indicated  are  for  both  subregions  of  Ontario,  Quebec,  and  Mexico,  respectively. 



Figure  3.      Numbers  of  cliromosome  number  reports  for  Solidago  (excluding  Euthamia)  in  Canada,  the  United  States^  and  Mexico.  Only  small  portions  of  Alaska  and  the 

NoTlhwesl  Territories  are  indicated;  Yukon  Territory  is  not  included  in  the  map.  Numbers  indicated  are  for  both  subreglons  of  Ontario.  Quebec,  and  Mexico,  respectively. 
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FiCT'RE  4.      Estimated  numbers  of  taxa (species,  subspecies   and  varieties;  shading)  in  Solidago  (excluding  Euthamia)  and  percentages  of  taxa  for  which  a  chromosome  number IMC   tnntn'it^Ai      JMiimK^r-c^    mAt^^^^A    r>-w~^    f^-   U^^U    «,,U-«  -.:   -r/A_^_*         r\     ̂ \  ^    -%  r 

has  been  detcTmined  (nuinbers  in  tJie  regions  indicated).  Numbers  indicated  are  for  both  subregions  of  Ontario,  Quebe 
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106 Annals  of  the 
Missouri  Botanical  Garden 

(71%)  had  been  sampled,  and  20  of  the  29  esti- The  most  critical  factor  determining  the  total 

mated  aster  taxa  for  Texas  (69%)  versus  1 2  of  the      number  of  reports  and  the  percentage  of  taxa  sam- 
pled was  the  laboratories  active  in  a  particular 

be 

laboratories 

numbe 
The  numbers  of  taxa  per  geopolitical  region  (Ta- 

ble 1)  were  my  estimates  and  should  be  viewed  as 
preliminary.  The  numbers  were  based  on  numerous 

floras,  revisions,  and  my  work.   Both  over-  and      Dean  and  Gerry  AUen  (now  at  the  University  of 
underestimates  are  likely  because  1  have  not  ex-      Victoria,  B.C.);  reports  from  the  western  United 

be 

rium 

fuUy 
Almut 

from  all  groups  of  asters),  Ronald  Jones  (Eastern 

the  distributions  of  the  taxa  in  the  aster  and  gold-  Kentucky  University;  reports  on  virguloid  asters), 
enrod  genera.  For  this  reason,  ranges  rather  than  Paul   Van   Faasen   (Hope   CoUege;   reports  from 
actual  numbers  of  taxa  are  presented  in  Figures  2  Michigan  and  the  northeastern  United  States),  L. 
and  4.  Of  course,  there  will  always  be  some  dis-  Michael  Hill  (Bridgewater  College;  reports  from 
agreement  on  the  number  of  taxa  present  in  any  Virginia),  and  my  lab  (primarUy  with  Luc  Brouillet 
given  area  because  taxonomists  are  notorious  for  (now  at   the   Institut   de   Recherche   en  Biologie 
disagreemg  about  such  matters.  Nonetheless,  the  Vegetale  de  I'Universite  de  Montreal)  and  Jerry 
general  patterns  are  presented  with  some  confi-  Chmielewski  (now  at  Shppery  Rock  University);  all 

■  .  groups  of  asters,  especially  Ontario  and  the  adja- 
1  he  size  of  the  data  base  from  Mexico  was  smaU  cent  states  and  provinces,  California,  Colorado,  and 

relative  to  the  size  of  the  country,  and  this  warrants  Florida).  Brouillet  and  his  students  (MT)  have  made 
comment.  This  low  number  of  reports  may  be  due  many  counts  for  aster  taxa,  primarily  from  eastern 
to  an  incomplete  search  of  literature  not  included  Canada.  For  goldenrods,  two  laboratories  have  done m  the  standard  chromosome  number  indices.  Of  most  of  the  work:  that  of  the  now  retired  Jean 
note,  no  references  m  Spanish  are  included  in  the  Beaudry  (I'Universite  de  Montreal;  aU  groups  of 
literature  cited  m  this  paper,  although  there  was  goldenrods,  especially  from  Quebec)  and  my  lab- 
no  deliberate  ignormg  of  non-English  publications.  oratory  (all  groups  of  goldenrods,  especiaUy  from 
I  he  numbers  of  taxa  are  in  accord  with  those  from  Ontario,  Quebec,  Colorado,  and  Cahfornia).  Low 
neighboring  states  m  the  United  States.  For  gold-  numbers  of  reports  have  been  published  by  nu- enrods  the  sample  size  m  most  western  states  re-  merous  other  laboratories  not  concentrating  their 
Hects  the  amount  of  work  done  in  a  particular  state  research  efforts  on  asters  and  goldenrods.  Contri- by  my  laboratory;  to  date  we  have  not  undertaken 

Wa 
Th 

With 
Washington) 

made   valuable   cytotaxononiic 

Scott  Sundberg,  the  number  of  counts  of  asters 

would  be  much    ower  for  Mexico.  A  number  of  contributions  on  Aster  subg.  Oxytripolium.  Askell 
collectors  in  the  United  States  have  provided  ma-  and  Doris  L5ve  did  not  publish  large  numbers  of 
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Brouillet  is  also  known  to  have  numerous  unpub- 
lished counts  for  asters  from  eastern  Canada,  es- 

pecially Quebec,  where  at  least  63%  of  the  aster 

taxa  have  already  been  sampled.  As  noted  above, 
more  than  600  unpublished  counts  for  particular 
species  complexes  of  asters  and  goldenrods  made 
by  my  laboratory  were  included  in  the  data  base. 

Lastly,  it  should  be  noted  that  my  laboratory 
will  gratefully  receive  viable  achenes  of  any  taxon 

of  aster  or  goldenrod,  preferably  with  a  voucher. 

These  will  facilitate  continuing  work  on  the  cyto- 
geography  of  asters  and  goldenrods  from  North 
America  and  elsewhere. 
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ORGANIC  FLUVIAL 
SEDIMENT:  PALYNOMORPHS 

AND  "PALYNODEBRIS" 
IN  THE  LOWER 

TRINITY  RIVER,  TEXAS^ 

Alfred  Traverse 
\ 

I 

earth's  biomass  locked  up  in  terrestrial  plant  tis- 
sues, especially  wood,  provide  a  relatively  brief 

exception  or  delay  to  the  cycle,  but  the  interruption      approximately  10^-10^  years  for  thick,  commer- 

cially exploitable  coal  beds.  Palynologists,  as    dis- 
in  the  case  of  old  trees  can  be  much  longer  than 

it  is  for  animals.  Also,  the  total  bulk  of  carbon  tied  solvers"  of  rock,  have  long  been  aware  that  se 
up  in  living  land  plants  is  much  greater  than  that  ment  delivered  by  streams  to  the  continental  shelf, 

stored  in  animals — most  biomass  is  forest  biomass,  there  producing  the  ubiquitous  sandstones  and  shales 
Furthermore,  plant  tissues  incorporated  in  peat  can  of  the  geologic  record,  is  almost  always  rich  i" 

Abstract 

In  1961-1962,  the  author  studied  the  lower  Trinity  River,  Texas,  for  palynomorph  content,  as  a  model  of  how  | 
pollen,  spores,  and  palynodebris  reach  depositional  areas  for  incorporation  in  sedimentary  rocks.  The  river  was  selected 
partly  because  it  was  at  that  time  relatively  undisturbed  by  industry  and  damming.  Three  stations  were  selected  for 
surface  and  mid-depth  water  sample  collection,  00  in  Trinity  Bay,  04  on  the  Trinity  River  delta,  and  09  on  the  lower 
Trinity  River.  Palynomorph  loads  at  04  and  09  were  especially  high,  often  reaching  10^  or  more  per  100  liters  of 
water.  Water  of  the  bay  station  usually  contained  much  lower  concentrations  of  palynomorphs.  A  wide  range  of  pollen 
and  spore  types  occurred  in  the  water,  dominated  by  major  floral  elements  of  the  lower  Trinity  River  area,  but 
including  forms  from  farther  upstream.  Reworked  pollen  and  spores,  eroded  from  rocks  hundreds  of  kilometers  north 
and  northwest  of  the  sampling  localities,  were  regularly  recovered.  Engelhardia/ Momipites-type  pollen  of  Paleogene  | 
age  was  an  especially  significant  reworked  form.  There  were  seasonal  changes  in  the  composition  of  the  palynoflora, 
reflecting  flowering  peaks  such  as  that  of  Taxodium  (swamp  cypress)  in  late  winter  and  Poaceae  (grass)  in  summer. 
In  1985-1986,  the  same  stations  were  once  again  sampled.  Since  the  earlier  sampling,  damming  upstream  had 
created  Lake  Livingston,  which  acts  as  a  huge  settling  basin,  resuhing  in  decreased  palynomorph  load  in  the  water 
at  all  stations  in  the  lower  river.  Fungal  spores  as  well  as  pollen  apparently  have  been  reduced  in  concentration.  A 
sampling  in  1986  of  the  lake  itself  and  of  the  river  at  its  inlet  tends  to  confirm  that  the  lake  acts  as  a  settling  basin 

for  waterborne  palynomorphs.  Rivers  deliver  a  sampling  of  the  terrestrial  flora,  via  palynomorphs  and  palynodebris, 
to  the  continental  shelf.  In  total,  this  particulate  organic  matter  is  an  important  part  of  the  earth's  budget  of  buried 
carbon.  Studies  of  the  palynomorph-palynodebris  load  of  streams  therefore  contribute  to  understanding  the  origin  and 
fate  of  organic  matter  in  sedimentary  rocks. 

I 

The  carbon,  or  organic,  cycle  normally  returns      remove  carbon  from  the  organic  cycle  for  millions 

most  organic  matter  to  the  hydrosphere  and  at-       of  years,  in  the  form  of  peat,  lignite,  and  higher-     j 
mosphere  as  CO^  and  H^O,  with  the  release  of      rank  coal  deposits.  Coal  deposits  are  a  relatively     ̂  

energy.  Cellulose  and  related  compounds  of  the      rare  geologic  phenomenon,  requiring  an  environ- 

ment of  deposition  in  which  water  depth  remains 

in  the  tens-of-centimeters  range  for  long  periods, 

^H 

'  WilUam  A.  McHale's  help  in  field  and  laboratory  during  1985-1986  was  indispensable  to  the  completion  of  the 
project.  Elizabeth  I.  Traverse  and  Ann  Williams  also  helped  with  various  aspects  of  the  work.  Martin  B.  Farley 
assisted  with  concentration  calculations.  Officials  of  the  Trinity  River  Authority  of  Texas  were  most  helpful  duri^ 
Mmpling  at  Lake  Livingston.  Joan  W.  Nowicke  suggested  a  number  of  improvements  to  the  manuscript-  Lee  K- 
Kunip  provided  information  on  the  relative  importance  of  categories  of  organic  sediments.  Shell  Development  Company- 
Houston,  Texas,  generously  released  for  publication  the  1961-1962  information,  which  was  the  subject  of  t^'O 
company  reports.  Walter  H.  Lewis,  then  of  Stephen  F.  Austin  State  College,  Nacogdoches,  Texas,  and  the  late  Lloyd 
H.  Shinners,  then  of  the  Herbarium,  Southern  Methodist  University,  Dallas,  Texas,  were  especially  helpful  during 
the  Shell  project  in  my  efforts  to  understand  the  flora  of  the  Trinity  River  basin. 

'  Department  of  Geosciences,  Pennsylvania  State  University,  University  Park,  Pennsylvania  16802,  U.S.A. 
Ann.  Missouri  Box.  Card.  79:  110-125.  1992. 

! 
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plant  tissues  of  all  sorts.  Bits  of  wood  are  the  most  they  were  quickly  and  ̂ 'efficiently"  covered,  and 
common  ingredient,  but  leaf  fragments,  especially  least  abundant  in  overbank  (flood)  deposits,  where 

cutinized  epidermal  pieces,  bark  residues,  spores  atmospheric  oxygen  had   too  good  a   chance   to 

and  pollen,  as  well  as  amorphous,  more  or  less  destroy  the  sporopollenin  of  the  spore  exines  before 

degraded  plant  material,  are  also  common.  It  is 

this  organic  residue  from  sedimentary  rock,  es- 

..._,  ,-™^^-  The 
in  these  Devonian  sediments  was,  however,  about 

pecially  of  silty  shale,  that  provides  the  subject  10%   of  comparable   Cenozoic   sediments.    Other 

matter  of  paleopalynology.  Such  plant  debris,  dis-  studies  back  to  the  time  of  Hoffmeister  (1954)  and 

persed  in  the  sedimentary  rock,  usually  comprises  Muller   (1959)   have   demonstrated   that   palyno- 

a  minor  constituent  by  weight  of  the  rock,  less  than  morph  concentration  is  related  to  proximity  of  an- 

2%  on  average  (Degens,  1965:  203).  The  organic 

matter  content  of  sedimentary  rocks  varies  from 

cient  shorelines,  water  turbulence,  and  current  di 

rections  (see  Traverse,  1988,  Chapter  17).  Tliough 

0%  for  a  very  clean,  nonorganic  shale  or  sandstone,      the  subject  is  in  its  infancy,  investigations  of  non- 

to  50%  in  a  highly  carbonaceous  shale,  to  97%  in 

a  few  very  pure  coals.  Palynologists  usually  refer 

to  the  poUen  and  spores  either  as  "palynomorphs," 
a  category  that  technically  includes  many  other 

spore  palynodebris  promise  to  yield  even  more  in- environments 

sponsible  for  its  deposition.  It  is  now  reasonably 

clear  that  terrestrial  plant  biomass  is  a  major  source, 

sorts  of  things  representing  aU  of  the  kingdoms  of      probably   the  most  important  source  of  organi
c 

organisms  except  Monera,  or  as  ''sporomorphs. 

91 

matter  in  sedimentary  rocks  (Deuser,  1988;  Itte- 

exclusively  embryophyte  poUen  and  spores.  The       kot,    1988;  Kump,    1988).  At  least  part  of  th
is 

rest  of  the  microscopic  plant  organic  matter,  or       carbon  bankroU  may  lead  to  hydrocarbon  
gener- 

detritus,  dispersed  in  sedimentary  rock  is  some- 

times called  "palynodebris. 

ation — petroleum  and  natural  gas. 

The  magnitude  of  the  accumulation  of  organic 

Sporomorphs  and  palynodebris  clearly  have  a  debris  on  the  continental  sh
elf  is   suggested  by 

lot  to  tell  us  about  various  environmental  factors  Chmura  &  Liu  (1990),  who  repo
rt  that  one  large 

that  operate  during  and  after  deposition  of  sedi-  river,  the  Mississippi,  dehve
rs  about  1   x   10^  pa- 

ment.  The  spore  and  poUen  floras  indicate  much  lynomorphs  annually 
 to  the  Gulf  of  Mexico.  As- 

about  the  environments  pertaining  on  the  land  sur-  suming  this  is  correct,  it  is  easy  ̂ ^o^^^^^^^^^^^ 
faces  from  which  they  were  derived.  The  younger  several  U  ,         .     i  .      ,  . 

the  sediments  (and  thus  the  more  closely  related  of  palynomorphs  per  y
ear  are  deposited  in  this  way 

the  vegetation  is  to  modern  floras),  the  more  ac-  on  the  Gulf  shelf
 

tons 

annual 

curately  this  information  can  be  applied.  For  Pleis- 

tocene sediments  it  is  possible  now  to  reconstruct 

from  the  pollen  record  the  source  forest  compo 

nin — but  this  is  only  a  fraction  of  all 

plant  debris  so  sedimented.  For  comparison  it  should 

be  noted  that  all  of  the  major  rivers  of  the  world 
„...  ,    ,  .         .  ,  .  ■  '   /p^o/4        arp  p'^timated  to  carry  to  the  continental  shelves 
sition  and  dynamics  with  great  precision  (Brad-       are  esumdicu  lu  y  ̂   r    u      -     ,, 

shaw,  in  press;  Jackson,  in  press;  Traverse,  1988: about  150  X   10*  metric  tons  of  chemically  resis- 

386-389).  In'older  sediments  we' are  not  so  certain      tant  particulat
e  organic  matter  (POC,  Deuser,  1988; 

of  the  autecological  impUcations  of  each  fossil  plant      Ittekot,
  1 988).  Mostly  th.s  is  what  palynologists 

taxon.  Nevertheless  much  valuable  information  can 

palynodebri 1      J  '  .      ,    -  in  ..k^,,*  tViR      tprest  to  trace  the  movement  of  plant  debris,  most 
be  derived  from  ancient  palynofloras  about  ttie       lerebi  luvia

  tr  » 
^„  •  1         J.  .  1     J     u^r^  tTiP  nro-      of  which  is  microscopic  m  size,  in  streams,  from 
environmental  conditions  on  land  where  the  pro-      ui  wmv  .        .      ,t        -,        r    i 

the  source  vegetation   to   the  site  ot  deposition, 

usually  on  the  continental  shelf. 

Trinity  River,  Texas 

ducing  plants  grew,  especially  when  the  palyno- 

logical  information  is  coupled  with  data  about 

megafossil  plants  (Phillips  &  DiMichele,  1981; 

Phillips  et  al.,  1974,  1985;  Scott,  1978,  1979). 

This  is  analogous  to  the  fact  that  Pleistocene  paly-       RATIONALE  FOR  SELECTION  AND 

nology  depends  on  information  from  modern  bo-       pgsCRlPTION  OF  SITES tanical  studies. 
.  .   r         .■      «K«..t  Trinity  River  (see  Fig.  1)  was  selected  for  study 

Spore/pollen  floras  also  reveal  mformafon  about  _^  ̂1^^^  y  ̂^^^  ̂ ^^^  ̂ ^  ̂̂ ^^  ̂ .^^  ̂ ^^^^  ̂ ^^  ̂ ^/ 
the  sedimentary  environment(s)  by  means  ol  wmc  disturbann.  of  the  watercourse  by 
they  found  their  way  to  their  final  rest.ng  place^  f^Zee.,  an.l  industry  (Traverse,  1990).  Orig- 

in 375    X    lO^-yr.-old  Devonian  shale-sandstone  ̂ ^J' '^     ̂  ^,^  ̂̂ ^,„„,  Jj  ̂,^ 
deposits  of  New  York  State  and  v.cm.ty,  Schuyl  r  mally  m  ̂   p  ̂^    ̂̂ ^^  ̂^  ̂^^^^^^  ̂ j^^^^^^  ̂ ^^^ 
&  Traverse  (1990)  have  shown  that  ̂ P^''^^  ̂ ^^  ̂    ̂̂ ^  Preliminary  stu.li.s  quickly  indicated  d.at most  abundant  in  river  channel  seduiicnts,  w

here  plarmea.  r  71/ 
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Trinity  River 

Texas  Geology  & 

Trinity  River  System 

Carboniferous 

U.  Cretaceous 

A  Eocene 
Trinitv  River 

to  Pliocene Quaternary 

Trtniiy^atveston  Bay 

1 

300  km D 

Figure  1. 
GeograpKic-botanical-geologic-setting  for  the  lower  Trinity  River.— A.  Lower  Trinity  River  with  La^ 
>ection  sites  for  Lake  Livingston  located  by  arrows.  LLJ:  inlet  in  middle  of  the  river,  where  it  discharg 

and  bay. 
about  2  km  north  of  the  impounding  dam.  See 
er  Trinity  River  and  Trinity  Bay,  showing  samp] 

C.  Vegetation  a
reas 

north  ol  highway  1-lU;  U4  on  the  channeled  deltaic  extension;  00  in  the  center  of  Trinity  Bay.— ^.  ̂ ^^e-   
through  which  the  Trinity  River  passes.  Station  09  is  in  piney  woods  near  the  Gulf  prairies  and  marshes.  Pl^n 
geographic  information  from  Nixon  &  Willett  (1974).  For  distances  compare  with  D.  — D.  Course  of  the  Trinity  Ri^^^ 
from  its  source  northwest  of  Ft.  Worth  to  Trinity-Galveston  Bay,  showing  the  course  of  the  river  from  older  to 
younger  rocks,  Permo-Carboniferous  to  Pleistocene.  (These  illustrations  first  appeared  in  Traverse,  1990,  and  are reproduced  here  by  permission  of  Elsevier  Science  Publishers.) 

V 

r 
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this  was  redundant,  and  sampling  was  limited  to 
surface  and  mid-depth  at  three  stations:  00  in  the 
open  bay,  04  on  the  outer  Trinity  River  delta,  and 
09  on  the  lower  river  near  Lake  Charlotte.  Each 

of  these  stations  is  still  identifiable  by  prominent 
landmarks:  an  oil  well  head  near  station  00,  nav- 

igational markers  near  04,  and  an  easily  measur- 
able distance  north  of  a  tributary  at  09  (see  Fig. 

1).  Therefore,  the  1961-1962  collections  could 
be  compared  to  samples  taken  from  the  same  sta- 

tions in  1985-1986. 

Pollen  and  Spores  per  100  liters  H.O 

^<Sj, 

^^4^ 

^y^ 

% 

% 

^. 

v 

Figure  2.     Pollen  and  spores  in  the  water  in  various 
sedimentary    situations.    The    concentration    of  palyno- 

The  area  studied  is  a  typical  flat  portion  of  the       niorphs  per  volume^  ̂of  water  varies  considerably  from 
Gulf  Coastal  Prairie  (see  Fig.   IC,  D).  Extensive 

«? season  to  season  and  in  response  to  storms  and  other 
factors.  Therefore,  all  of  the  data  with  the  exception  of 
(5)  are  estimated  averages  for  multiple  measurements. 

{Liquidambar)~hickorY  (Carya)  forest  typical  for       Pollen  and  spores  are  expressed  per  100  liters  of  water, 
east  Texas  are  present  on  the  higher  ground  east       ̂ ^  ̂ ^^  numbers  so  generated  are  then  similar  to  those  for 

palynomorphs  per  gram  of  sediment.  The  data  are  plotted 
logarithmically.  Water  from  mid-ocean  localities  would 
presumably  contain  at  least  an  order  of  magnitude  less 

and  north  of  Turtle  Bay  and  west  of  Old  River 
Lake.  The  area  immed 

consists  of  a  Spartina  grass  prairie  plus  patches       per  100  liters  than  even  the  water  of  Great  Bahama  Bank. 
of  standing  water,  with  backswamps  in  which  the       The  reading  of  5   x    10*  per  100  liters  of  water  for  a 
dominant  trees  are  Taxodium  distichum  (L.)  Rich- 

ard (cypress),  Salix  nigra  Marshall  (willow),  and 
Forestiera  acuminata  (Michaux)  Poiret  (swamp 
privet).  To  the  east  of  station  09,  backswamps  of       Farley(1987);(3,4)Traverse(1990);(5)Fedorova(1952); 

small  reservoir  in  England  (10)  is  an  indication  of  the 
high  density  that  can  be  obtained  in  water  with  limited 
influx,  closely  surrounded  by  pollen-producing  vegetation. 
Sources  for  data:  (1)  Traverse  &  Ginsburg  (1966);  (2) 

this  composition  extend  to  Lake  Charlotte. 

channel 

inity 
(6,  7)  Traverse  (1990);  (8)  Groot  (1966);  (9)  Chmura  & 
Liu  (1990);  (10)  Peck  (1973). 

»» 

MATERIALS  AND  METHODS 

nver,  the  vegetation  on  exposed  parts  of  which  is 

dominated  by  the  giant  grass  ("reed"),  Phragmites  Study  of  Palynomorphs  and  'Talynodebrfs 
communis  Trin.,  and  other  grasses  (Poaceae),  as  PRESENT  IN  TRINITY  RiVER  WATER 

^ell  as  sedges  (Cyperaceae)  and  rushes  (Junca- 
ceae).  The  overwhelming  bulk  of  this  study  area 

is  covered  by  sedges  and  grasses.  A  gallery  forest  Approximately  20-liter  (5 -gallon)  samples  of  wa- 

along  the  river  as  far  south  as  Anahuac  consists  ter  were  taken.  Mid-depth  samples  were  obtained 

of  Salix  nigra  Marshall,  Fraxinus  pennsylvanica  with  gasoline-powered  pumps.  During  1961-1962 

Marshall  (ash),  Taxodium  distichum  (L.)  Richard,  a  specially  designed  outfit  was  used,  but  by  1985- 

<^a/^7a  a^aa^ica  (Michaux  f.)  Nutt.  (hickory),  and  1986   adequate    commercially   rentable   gasoline 

other  trees  and  shrubs.  Backswamps  near  station  pumps  were  available.  In  both  instances  a  weighted, 

04  have  vegetation  like  that  of  the  galleries  de-  calibrated  hose  was  used  for  collection  at  mid- 

a  depth.  Surface  samples  were  obtained  by  immers- 

le  ing  a  20-liter  tank  directly  in  the  water.  TTie  water 

areas  of  central  Texas,  and  characterized  by  Dios-  was  processed  in  1961-1962  by  boiling  to  a  sludge 

banks 

of  limesto 

Bey persunmon 

Worth 

and  then  processing  the  sludge  by  normal  HCMIF 

palynological  procedures  (see  schedules  in  Tra- 

verse, 1988).  In  1985-1986  some  samples  were 

of  the  Texas  portion  of  the  Great  Plains,  the  Cross  boUed  to  a  sludge,  but  most  samples  were  filtered 

Timbers  region  (mostly  forested  with  oaks),  black-  through  silica  filters,  which  were  later  dissolved  in 

land  prairies  southeast  of  DaUas,  extensive  black-       HF.  Both  techniques  work  well,  but  boUing  is  less 
trouble  if  the  water  contains  much  debris,  because 

filters  then  clog  quickly.  The  boiling  technique  re- 
odland; 

44 
imber  country 

Big  Thicket/'  This  east  Texas  forest  is  dominated      quires  careful  monitoring,  however 

I>y  species  of  oak,  pine,  hickory,  and  sweet  gum The  concentration  of  palynomorphs  is  expressed 

Vegetation  of  this  aspect  extends  south  into  our  per  100  liters  of  water,  because  this  yields  numbers 

area,  where  it  occurs  as  patches  on  deep  sandy  that  are  in  the  same  range  as  palynomorphs  per 

soils  (Fig.  IC).  gram  of  sediment  in  rock  samples.  Tliis  convention 

sw 
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FiGURp  3  AND  4  Photomicrographs  of  the  most  important  constituents  of  the  palynoflora  of  the  water  of  the 
lower  Trinity  River.  Bars  under  3I-J  and  4R-S  indicate  the  size  of  aU  of  the  specimens  except  for  3M,  which  has a  separate  bar.  '^  ^ 

Figure  3  -A.  Chitinous,  animal  mouth  part,  perhaps  of  a  polychaete  worm.— B.  Probably  chitinous,  though 
I!!5?_n%    ii    cE!l°P^r^"  wing^scale.  CI.  Brownish,  chitinous  fungal  remains.-C.  Possible  germinatmg /^    »«       .       _j    SporeUng.— J.  Green  algal  coenobiimi 

body 
bodies.— G.  Mycelia. 

sp  K.  L  Lyst  or  cysthke  bodies,  presumably  alga,,  .„„...„„c»  very  auunaani.  ine  inner  tjody  seen  m  L  is  a  ir*:^^^-' 
feature.-M.  Pediastrum  sp.  coenobium . - N .  Algal  cystlike  body.  This  form  is  commonly  encountered  in  the  Trinity River  and  in  the  water  of  other  Texas  streams  investigated.  PracticaUy  identical  forms  have  been  described  as  fossils, 
for  example,  as  Concentricystes  Rossignol. - 0.  Probable  algal  sphere,  always  with  a  condensed  "eye"  (arrow),  often 

*r 

n 

^** 

m 

W.'  ..    .i.--_. 
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abundant,  not  resistant-walled. 

operculum  or  pylome  (arrow). 
abundant.— Q.  Algal  cystllke 

i:i:i 

baving 

bcMiy,  two  levels  of  focus  of  one  specimen.— T.  Botr
yococcus 

braunii  Kiitzing,  algal  colony,  related  to  green  algae. isospore 

Figure  4. 
-A   Pinus  so     distal  view  of  this  abundant  bisacc

ate  form.-B.  Taxodium  sp.,  usually  splits  open  
in   _.  —A,  rinus  sp.,  oisiai  view  ui  m^o  Pnareae  ooUen  displayinc  the  mvariable 

this  fashion  in  water.-C.  Typical  pear-shaped  ̂ YT^Z^Z^nZZ-^^- ^o\.r  vie'w  of  Carya,  triporate 
annulate  single  pore  and  thin  walls  that  collapse  into  ̂ f^^'^'^^^^^^'^^Zie  pollen,  equatorial  view.-G.  Polar 
hickory  or  pecan  pollen  (this  exampe  probably  pecan).-F  £^^-"5  '"  H  Tolr  view  of  Fraxinu.  polU-n  with  four 
view  of  Ulmus,  multipored  pollen  with  characteristic  ndged  

sculpture,     n.  roiar 
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has  been  followed  in  previous  publications  on  pollen  palynologist  as  "acritarchs"  (=  "unknown  origin") 
in  the  water  (Federova,  1952;  Traverse  &  Gins-  (3N-S),  Pediastrum  and  related  coenobia  (3J,  M) 
burg,  1966;  Farley,  1987;  Traverse,  1988).  For  and  some  algal  cystlike  forms  (3K,  L);  no  certain 

pollen  a  ratio  was  also  calculated  to  the  "pollen  fresh-water  dinoflagellate  cysts  were  encountered, 

sum,"  the  total  of  wind-poUinated  tree  pollen.  Tax-  however.  Fern  spores  (3U)  and  gymnosperm  pol- 
odium  was  excluded  from  the  pollen  sum,  because  len  (4A,  B)  are  abundant,  and  a  great  variety  of 
Shell  Oil  Co.  palynologists,  with  whom  I  was  as-  monocot  and  dicot  pollen,  especially  of  wind-pol- 
sociated  at  the  time  of  the  1961-1962  research,  linated  forms  such  as  Poaceae,  Quercus,  Ulmus, 
excluded  it  for  Cenozoic  palynofloral  studies,  hav-  Carja,  Ambrosia  and  Iva  (ragweed)  (see  Fig.  4). 
ing  noticed  frequent,  erratically  occurring  peaks  Pollen  of 
of  abundance  of  this  pollen  form  in  Neogene  rock  sperm  taxa  is  also  represented,  but  always  in  com- 
samples,  which  masked  significant  trends  in  other      paratively  low  numbers.  The  Trinity  River  flows 

through  a  considerable  variety  of  vegetation  types 
from  its  source  in  north-central  Texas  to  the  Gulf 

of  Mexico  (Fig.  IC).  However,  the  dominant  pollen 

and  spore  forms  represent  genera  of  plants  that 

are  found  in  the  piney-woods  and  Gulf-prairie-and- 

animal 

taxa. 

MAJOR  PALYNOFLORAL  "PALYNODEBRIS" 
CONSTITUENTS Trinity 

Pollen  and  spores  are  abundant  in  all  streams 

and  other  bodies  of  water  near-shore.  Because  spo-  relatively  near  the  collection  stations. 
ropollenin  is  perhaps  the  most  durable  organic  com-  Palynodebris  is  a  term  not  favored  by  all  pal- 
pound  m  existence,  sporomorphs  also  are  important  ynologists,  because  cellulosic  plant  tissues  of  many 
m  organic  residues  of  sedimentary  rock,  ranging  sorts  are  included,  not  just  those  with  sporopollenin 
commonly  from  1-2  x  10^  per  gram  of  sediment  walls  such  as  "true"  palynomorphs  have.  Never- 
for  Devonian  shales  to  as  high  as  5  x  10^  per  theless,  palynodebris  is  descriptive  for  pieces  of 
gram  for  some  Cenozoic  coals  (Traverse  et  al.,  wood  and  other  tissue  particles  that  are  sedimented 
1961;  Traverse,  1988).  In  water,  pollen  and  spores  along  with  sUt  and  sand-sized  mineral  particles. 

range  from  about  1-5  x  10^' per  100  liters  in  the  Such  particles  are  abundant  in  all  organic  residues open  ocean  (Farley,  1987;  Traverse  &  Ginsburg,  ^  ^   ^ 
1966)  to  5   X    10^  per  100  liters  for  some  very  obvious  that  if  such  matter  is  incorporated  in  anoxic small  lakes  in  flood  stage,  when  surrounding  veg- 

etation is  flowering  (see  Fig.  2). 

Figures  3  and  4  iUuslrate  the  major  constituents  the  continental  shelves  can  be  derived  from  paly- 
of  the  waterborne  palynoflora /palynodebris  of  the  nomorphs  and  palynodebris. 
lower  Trinity  River.  All  kingdoms  of  organisms  are  Also  noteworthy  is  the  small  but  significant  oc- 

1  worm  mouth  currence  of  obviously  recycled  forms  (Fig.  40 

parts  (3A),  lepidopteran  insect  scales  (SB),   and  S,  X),  such  as  the  Pennsylvanian  spore  Triquitrites 

seems sediment 

sink 

annel 

fungal 

tryococcus  colonies  (3T),  and  other  algal  material 
sp.,  probably  Cretaceous  Cicatricosisporites,  and 

{Momipi 
such  as  monads  that  would  be  classified  by  the      clearly  derived  from  weathering  and  erosion  of 

1 

■» 

I 

colp.  and  reticulate  exme  pattern.  Also  occurs  commonly  as  tricolpate.-I.  Polar  view  of  3-pored  Myrica  poflen.- 
J.  :^aUx,  equatorial  view  of  tricolporate.  reticulate  poUen.-K.  Liquidambar,  multipored  poUen  with  reticulate 
sculpture.  -  L.  Multipored  pollen  of  sort  that  many  genera  of  Chenopodiaceae/Amaranthaceae  produce  -M.  Polar View   nt    trmnlrior'ito     a»I%.**^»»»   /   :   \  __ii___  ii<  *.»*  ,._  _r 

family  Asteraceae) 
^"L-  £;*i"^l°''!^'  ̂ '«^  of  tricolporate  Umbelliferae  (carrot)  pollen  with  characteristic  shoebox  shape. -O.  Proximal  view ol  Inquitntes  sp.  a  spore  reworked  from  Pennsylvanian  rocks. -P.  Polar  view  of  3-pored  fossil  Engelhardia/ 
Momipites-lpe  poUen,  reworked  from  Paleogene  rocks.— Q.  Chenopodi--°--  """—  f-r  t  ( ...:.i.   ,,,;t,v  rrvstals inside. 

Anothi 

{Engelhardia/ Momipites-type?)  reworked  as  P.— S 

oi  ̂ -pored  tossiJ  juglandaceous  poUen  {Engelhardia/ Momipites-type?);  compare  P  and  R.-T.  Ragweed  poUen  as 
M.-U.  Polar  view  of  long-spined.  insect-pollinated  Asteraceae  pollen.- V.  "Clumpy"  amorphous,  partly  degraded plant  tissue  infested  with  fungal  mycelia.-W.  Separated  Pinus  saccus  (cf.  A)  containing  pyrite  crystals.'X. Charactensucany  ridged  Cicatncosisporites  spore,  probably  reworked  from  Cretaceous  rock-the  darker  color  of 

De 

distinguishes  _    _    _ 

simaar  morphologically  to  spores  of  Anemia  mexicana  K1.7a"f7rn  stilTfoimd 
degradation  (bacterial  and/or  fungal). 

ood 

showing 
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]  Surface 
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Pollen  &  Spores  per  100  I.  HjO 

600.000- 

300,000- 

100,000- 

10,000- 
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Surface 
Mid-depth 

1,000 

Ap  Jn  Jl    Ag  Sp   Nv   Do  Ja    Fb  Mr  Ap  Jn 

1961   ^1  1962 
*  no  sample 

Figure  5.  Amounts  of  pollen  and  spores  per  100 
liters  of  water  at  station  09  (see  Fig.  IB  for  location), 
1961-1962.  Plotted  logarithmically. 

Ap  Jn  Jl    Ag  Sp   Nv   Dc  Ja    Fb  Mr  Ap  Jn 
1961   ^1  1962 

>l< 

Figure  6.  Pollen  and  spores  per  100  liters  of  water 

at  station  04  (see  Fig.  IB  for  location),  1961-1962. 
Plotted  logarithmically. meaning 

most  of  the  year  transportation  consists  predomi- 
rocks  in  the  Trinity  course,  which  means  that  the       ̂ ^^^j^  ̂ ^  palynomorphs  coming  to  the  stream  a 

before 

  J  v.w^   ,           ^-.   

Triquitrites  has  traveled  some  750  km,  Cicatri- 

cosisporites  perhaps  500  kin,  and  Engelhardia      j^^^i^j^  ̂ ^\\^^  newly  arrived  by  air,  and  by  runoff 
water,  from  the  surrounding  vegetation,  as  well  as 

shown   «*.*.    *^»*.^^w^    y*^w./    water,   irOin    UIC;   &UIIUUJi»Jiiig    y^^^va.vi\jik^   CT3    wou   <x:> 

the  Mississippi  River,  coal  beds  are  eroded  far      palynomorphs  stirred  up  from  below  when  flow  is 
upstream,  probably  more  than  1,500  km,  and  par-     -       - 

erins 
  „.j^   J.  .  ygj.y  1962  was  only  a  slight  exception),  pollen  in 

reach  the  Gulf  of  Mexico  in  fair  abundance  as      ̂ ^^  superficial  runoff  water  predominated  over  pol- 40) filled  grains 
len  in  the  mid-depth  load  of  the  river. 

Station  04  in  1961    1962,      Figure  6  shows 

reducing  conditions  has  occurred.  Partially  cor-      ̂ ^^  1962-1962  seasonal  chaugcb  at  station  04, roded 
on  the  delta  front  (Fig.  IB).  Ob  rrvc  first  that  the microorg 

numbe sils  indicate  that  palynomorphs  are  affected  by  a      ̂ j^j-ge  stations,  reflecting  continue  d  di!>charge  from 
J    —   ^   onmental    

their  eventful  travels  down  the  Trinity. 

SEASONAL  CHANGES 

Station  09  in  1961-1962.  Figure  5  illus- 

trates the  seasonal  changes  observed  in  1961- 
1962  at  station  09  in  the  river  proper  (Fig.  !)• 

Note  that  pollen  load  frequently  reached  over  1 

^  10*  per  100  liters  of  water  and  was  above  3  x 

10^  per  100  Uters  in  April  1961  and  March  1962. 

the  river  into  the  delta  channel,  as  well  a?  pollen 

boring 

etation.  Mid December 

M a 
June  1962.  There 

pollen  concentrations 

•  Mf 

>w  mid- months 

be  accounted  for  by  incoming,  deepe 

influenced  water,  df'pleted  of  polli  n.  Also,  In-causc 

With  few  exceotions  (Noveixiber-December 

fresh  river  water  tencL  to  "rid 

rackish,  d^'^PT  watfr  before 
Feb ruary 

tained      with  it. 
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1961   ►!  1962 
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Figure  7.  Pollen  and  spores  per  100  liters  of  water 
at  station  00  (see  Fig.  IB  for  location),  1961-1962. 
Plotted  logarithmically.  The  mid-depth  readings  for  Feb- 

ruary and  April  1962  are  extremely  low  (less  than  1,000), 
and  they  therefore  plot  below  the  1,000  line. 

July  Oct 

1985—^ 

Feb. 

April 

1986 
LL   LL (I) 

no  sample 

Station  00  in  1961-1962,      Figure  7  shows 
pollen  concentration  at  station  00  in  the  open  Trin- 

FiGURE  8.  Pollen  and  spores  per  100  liters  of  water, 

stations  09,  04,  00,  and  Lake  Livingston,  1985-1986. 
The  sequence  of  stations  is  the  same  for  October  1985 
and  February-April  1986,  as  displayed  for  July  1985. 
See  Figure  lA  for  Lake  Livingston  collecting  sites.  Plotted logarithmically. 

ity  Bay  (Fig.  IB).  These  are  the  lowest  values  for  greatly  different  from  those  observed  in  1961- 
any  of  the  stations,  no  sample  exceeding  1   x   10^  1962.   However,   the   total  reduction  in  palyno- 
per  100  liters.  Most  were  far  less,  as  the  water  morph  load  by  interpolation  of  Lake  Livingston  as 
here  is  depleted  of  pollen  by  settling  out  (sedimen-  a  gigantic  settling  basin  for  sediment  of  all  kinds, 
tation).  In  contrast  to  other  stations,  most  surface  including  pollen  and  spores,  presumably  tells  the 
samples  exceeded  mid-depth  samples  in  concen-  story.  Note  in  Figure  8  that  Lake  Livingston  water 
tration.  Two  of  the  mid-depth  samples  (February  at  the  inlet  is  comparable  to  1961-1962  values 
and   April    1962)   contained    the   fewest 

palyn 
Wate 

morphs  of  any  of  the  1961-1962  samples.  Here,  out  in  Lake  Livingston  taken  the  same  day  displays 
in  the  open  bay,  tidal  movements  probably  greatly  pollen  load  comparable  to  the  present-day  lower 
influence  the  relative  pollen  content,  especially  of      Trinity  River,  or  to  water  taken  from  central  parts 
mid-depth  water. 

stations  in  1985-1986. 

^f 

of  large  lakes  generally. 

Army       COMMENTS  ON  SPECIFIC  TaXA 
im 

a  huge,  artificial  lake  called  Lake  Livingston  (see 
«  ...e-.  -""—  —  --"«=u  i^aKe  Livingston  ̂ see  '"^  1961-1962,  seasonal  variation,  and  differ- 

Fig.  lA).  In  1985-1986,  I  made  a  few  return  ̂ "^""^^  depending  on  position  of  the  stations,  were 

visits  to  stations  00,  04,  and  09,  in  order  to  sample  ̂ ^"^^^^^  f^""  ̂ ^me  of  the  important  sorts  of  pollen. 

the  river  under  the  presumably  altered  conditions.  ̂ ^^  ̂ ^^^^^  number  of  samplings  in  1985-1986 

The  results  are  displayed  in  Figure  8.  Obviously,  ̂ ^^^  *^  ̂**^°^  **^^  ̂ ^™®  pattern,  despite  thereon 
the  pollen  load  of  the  lower  river,  now  merely  an 
outlet  for  Lake  Livingston,  is  significantly  depleted, 
by  comparison  with  the  pre -dam  river.  The  con- 

ilme 

1986,  as  compared  to  1961-1962. 

elusion,  though  based  on  only  one  year  of  mea-      ''^^'^^INENT  TREE  POLLEN surements,  seems  obvious.  The  distributions  of  sur- 
A.  Quercus  (Figs.  9,  4F).  Oak  pollen  is  a  major 

face  versus  mid-depth  concentrations  do  not  seem      component  at  aU  stations  and  in  aU  seasons.  Oaks 

I, 

f 

t 



Volume  79.  Number  1 
1992 

Traverse 

Palynomorphs  in  Lower 
Trinity  River,  Texas 

119 

QUERCUS 

PER    100   L.   WATER 

iiii ifll 

10.000 

BAV 

STATION  0:  SURFACE 

BAY 

■TATIOM  0;  SURFACE 

DELTA 

10,000 

STATKM  4;  SURFACE 

S2.2D0      77.S00 

DELTA 

■T* 
V ATIOH  4;    IHiyDEPTH 

SO, 000 

40,000 

10,000 

RIVER 

STATIOH  •;  SURFACE 

RIVER 

STATION   0;    yn>-DEPTH 

AS  PCnCE^4T  OF  POLLEN  SUM 

1141 

1012 

STATION  0;  SURFACE 

STATfOH  0;  WD-DEPTH 

STA   I 
ITATWH  4;  SURFACE 

"*  VaTWN   4;  yiD-DEPTM 

STATION  I:  SURFACE 

STATION  S;  mD-DEFTH 

BAY 

BAT 

DELTA 

DELTA 

RIVER 

RrVER 

Qu 

Figure  9.     Monthly  distribution  of  ̂ _  _ 
1961-1962,  at  stations  09,  04,  00,  expressed  per  volume 
of  water  and  as  percentage  of  pollen  sum.  Asterisk  indi- 

cates no  sample. 
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Figure    10.      Monthly   ditsribution  of  Pinus  pollen. 
1961-1962,  at  stations  09,  04,  00,  expressed  per  volume 

sum 

cates  no  sample. 

of common 

almost 
oughout  the  Trin-  on  pollen  distribution  in  the  lower  Trinity  River, 

  never  drops  below  as  wind-blown  pine  pollen  should  reach  the  open 

20%  of  total  palynoflora  and  is  usually  higher.  On  bay  just  about  as  easily  as  it  does  the  lower  delta 

the  basis  of  pollen  per  100  liters  of  water,  however,  at  station  04. 

marked  differences  are  observable.  Relatively  smaU  C.   Uhnaceae  (Figs.  11,  4G).  This  category  in- 
amounts  of  Q eludes  several  species  of  Ulmus  and  of  the  closely 

the  bay.  At  the  river  station  (09)  and  at  the  surface      related  Planera  aquatica  (Walt.)  J.  Gmelin  (water 

on  the  delta,  the  summer  and  faU  concentration  of      ehn).  {Celtis  poUen,  although  ulmaceous,  is  differ- Q ent  morphologically  and  in  distribution  of  the  trees; 

flowering  period,  amounts  are  high.  Mid-depth  wa-      it  was  counted  separately.)  The  late  fall  a
nd  winter 

ter  on  the  delta  has  anomalously  high  values  during      flowering  periods  of  different  spec.es  of  e
lm  are 

summer  months,  nresumablv  because 

bottom 
with  other  sediment 

B.  Pinus  {Figs.  10,  4A).  The  distribution  of  pine 

amount 

reflected  in  percentages  and  amount  per  100  liters 

of  water.  Mid-depth  values  for  the  delta  station 

(04)  show  the  same  stirrlng-up  phenomenon  de- 

scribed for  Quercus  and  Pinus  above. 
D.  Taxodium  (Figs.  12,  4B).  Swamp  cypress 

similar  to      pollen  provides  a  clear-cut  reflection  of  flo
wering 

The codom 
are 

also  abundant  in  the  drainage  area.  The  low  values 
per  100  liters  of  water  in  the  bay  confirm  the 

overwhelming  importance  of  hydrodynamic  effects 

time  of  the  producing  trees.  Cypress  produces  pol- 

len in  January  and  February  in  the  area  studied. 

Significant  amounts  of  Taxodium  poUen  at  other 

times  in  mid-depth  delta  water  must  represent  some 

combination  of:  (1)  poll'-n  stirred  up  with  other 
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Figure  1 1 .      Monthly  distribution  of  Ulmaceae  pollen. 
Figure  12.      Monthly  distribution  of  Taxodium  pollen, 

      ^   ^   ,       1961-1962.  at  stations  09,  04,  00.  expressed  per  volume 

1961-1962,  at  stations  09,  04,  00,  expressed  per  volume       of  water  and  as  percentage  of  pollen  sum.  Asterisk  indi- of  water  and  as  percentage  of  pollen  sum.  Asterisk  indi-       cates  no  sample, 
cates  no  sample. 

between  Oligocene  and  Eocene  rocks.  Occurrences 

of  Engelhardia/ Momipites-type  are  perhaps  re- 

lated to  preceding  heavy  rains  in  these  areas  up- 

stream. It  is  worth  noting  that  there  is  no  certain 

way  to  distinguish  reworked  pollen  of  QuercuSy 

Pinus,  and  otherextant  genera  from  their  recently 

produced  counterparts  (cf .  especially  Carya,  above;. 

The  regular  occurrence  of  reworked  forms  m  sur- 

face water  samples  proves  that  the  whole  paly- 

nomorph  load  of  the  river  is  thoroughly  mixed  cy 

turbulence  when  the  rate  of  flow  is  sufficiently  nigh- 

sediment  in  the  delta  by  river  and  tidal  action,  as 

in  A-C  above,  or  (2)  pollen  washed  off  of  surfaces 
upstream. 

E.  Carya  (Figs.  13,  4E).  This  genus  includes 

all  the  hickory  species  of  the  area,  as  well  as  pecan. 

The  record  bespeaks  the  April-May  flowering  of 
the  genus  in  this  area,  plus  what  I  interpret  as  an 
influx  of  reworked  Carya  pollen  in  summer  and 

fall  that  fits  in  quite  well  with  records  for  Engel- 
hardia/ Momipites-type^  a  known  reworked  Pa- 

leogene  form  (see  below).  Carya  pollen  is  known 
be 

PROMINENT  HERBACEOUS  FORMS 

Engelhardia/  Mom  ipi 
A.  Poaceae  (Figs.  15,  4D).  Grass  pollen  is  very R?,  S).  This  pollen  type  was  produced  by  trees      difficult 

related  to  Juglans  (walnut)  and  Carya,  Engelhar-      ordinarfly  attempted  in  palyn 
dia  itself  is,  however,  now  extinct  in  the  United 

States.  (The  genus,  or  closely  related  juglandaceous Trinity  River  water  shows  strong  season- 
lectine  its  summer-fall  flowering.  This  is 

al- 

trees  making  pollen  of  the  Engelhardia/  Momi-      especially  obvious  in  percentage -of -pollen  sum  cal 
piles-type,  still  exists  in  Asia,  Mexico,  and  Central      culations.  The  record  for  Cyperaceae  (Fig.  4C)  is 
America.)  Therefore,  this  pollen  is  obviously  re- 

worked from  older,  probably  Paleocene-Oligocene 
deposits.  Plotted  with  the  pollen  distribution  is  the 

very  similar  to  that  for  grass,  and  both  data  se 
show  rather  small  concentrations  of  pollen  m  m 

approximate  monthly  total  rainfall  at  Riverside,      prevailin, 
Texas,  on  the  Trinity  River,  near  the  boimdary      of  it. 

presumably 

! 

I 

I 

I 

I 

I 

IP- 
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Figure  13.  Monthly  distribution  of  Carya  pollen, 
1961-1962,  at  stations  09,  04,  00,  expressed  per  volume 
of  water  and  as  percentage  of  pollen  sum.  Asterisk  indi- 

cates no  sample. 

Figure  14.  Monthly  distribution  of  the  reworked  ̂ oX- 

len  of  Engelhardia/Momipites-Xype,  1961-1962,  at  sta- 
tions 09,  04,  00,  expressed  per  volume  of  water  and  as 

percentage  of  pollen  sum.  The  monthly  rainfall  record  for 
Riverside,  Walker  County,  Texas,  upstream  on  the  Trinity 

B.  Asteraceae  (Figs.  1 6,  4M,  T,  U).  This  large      ̂ jj^''  ̂   Pl""^^  ̂ «'°^-  ̂ ^
  '■^^'''^^^  P°"^"  '^'^'''^  P'°^- 

family  includes  thistles  {Cirsium  horridulum  Mi-  j^ 
chaux),  groundsel  bushes  {Baccharis  halimifoUa 
L.)  and  many  others  occurring  in  the  subject  area, 
both  wind -pollinated  forms  such  as  ragweed  {Iva 

spp.   and  Ambrosia  spp.),   which  produce  huge 

ably  reflects  erosion  upstream.  Asterisk  indicates  no  sam- 

ihould  be  noted  that  pollen  of  the  Amaranthaceae 

similar  to  that  of  the  Chenopod 

quantities  of  poUen,   and  insect-pollinated  forms  r^^^^^^^^^^  the  two  are  usually  united  in  poUen 
such  as  sunflower  (Helianthus  spp.),  which  produce  ̂ ^^^^^^^  ̂ g  "cheno/ams."  I  have  not  done  that  in 
relatively  Uttle.  The  common  wind-pollinated  com-  ^^^  ̂ ^^^^^  because  my  fieldwork  convinced  me  that 
posites  flower  in  the  summer  and  fall.  This  flowering  ̂ ^^^  ̂ ^  ̂ ^^  periporate  pollen  of  this  type  was  com- 
pattem  is  reflected  better  as  a  percentage  of  poUen  ̂ ^  ̂^^^  Salicornla.) 
sum  than  in  concentration  per  volume  of  water, 

which  is  influenced  by  other  factors  such  as  water  ^^^^^^  ̂ ^^^^  ̂ ^^^^    1  g,  3d-F,  H,  i) velocity  and  turbulence. 

C.  Chenopodiaceae  (Figs.  17,  4L,  Q).  The  che-  These  chitinous-walled  spores  
are  mostly  pro- 

nopod  record  probably  consists  partly  of  freshly  duced  by  saprophytes,  and  the  waUs  are  comp
a- 

Produced  pollen,  a  phenomenon  of  spring  and  early  rable  in  robustness  to  sporopoUenmous
  exmes  of 

summer,  and  partly  of  reworked  poUen,  an  ex-  poUen.  Muller  (1959)  noted  th
eir  prevalence  on 

Pression  of  erosion.  The  pollen  of  this  family  char-  deUas  and  their  scarcity  offshore,  im
plymg  that 

acteristically  has  thick  exine  and  high  sporopoUenin  they  do  not  transport  weU.  MuUe
r  postulated  that 

percent,  making  it  very  "robust"  (durable).  This  perhaps  the  chitinous-waUed  sp
ore  coats  have  a 

durability  is  reflected  in  the  large  number  of  re-  relatively  high  specific  gravity  (t
here  are,  however, 

many  non-chitinous-walled  fungal  spores  that  are 

bundant  aerosol  particles  worldwide).  The  lower 
worked  examples  from  Recent,  Pleistocene,  and 

older  salt  marsh  deposits  upstream.   Salicornia 

(saltwort),  a  salt  marsh  plant,  clearly  produces  much      Trinity  record  for  1
 96 1  - 1 962  shows  that  fungal 

of  the  chenopodiaceous  pollen  in  these  samples.  (Tt      spores  are  abundant
  in  the  water  with  no  obvious 
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Figure  15.      Monthly  distribution  of  Poaceae  pollen, 
1961-1962,  at  stations  09,  04,  00,  expressed  per  volume       indicates  no  sample. 
of  water  and  as  percentage  of  pollen  sum.  Asterisk  indi- 

cates no  sample. 

Figure  16.      Monthly  distribution  of  Asteraceae  pol- 
len, 1961-1962,  at  stations  09,  04,  00,  expressed  per 

sum 

CHENOPODIACEAE 

seasonal  pattern.  They  are  not  expressed  as  a  per- 
centage of  (tree)  pollen  sum,  as  they  represent  a 
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Figure  18.     Fungal  spores  per  100  liters  of  water,  1961-1962  versus  1985-1986,  for  lower  T
rinity  River  and 

198.S-lQftft  f^^  T^u^  t;,,: — ^*-^«   Qor^r.i;r.rr  ctatiVinQ  as  shown  in  Fieure  lA,  B. 

100  liters  of  water  (Traverse  &  Ginsburg,  1966).  settles  out  very  quickly.  As  a  result,  the  poUen 

Two  samples  from  the  Gulf  of  Mexico  near  Gal-  content  of  water  in  the  bay  is  tisually  much  less 

veston  averaged  8x10^  per  100  liters  of  water  than  that  of  water  from  the  river  on  the  delta:  in 

(Traverse,   1988).  Presumably  the  higher  poUen  1961-1962,  station  00  (bay)  averaged  1.9  x  10
* 

content  of  Gulf  water  reflects  its  high  sediment  per  100  liters  of  water;  station  04  (delta)  averaged 

content,  compared  with  the  relatively  clear  water 
Bank 

verse  (1990),  the  impoundment  in  1968  of  Lake 
about 

seems  to  have  considerably  reduced  the  palyno- 

th 

Trinity 

1.8  X  10^  per  100  literi,  of  water;  station  09  (lower 

river)  averaged  9x10*  per  100  liters  of  water. 

The  pollen  spectra  of  water  in  the  river  (station 

09)  are  sometimes  rather  different  from  those  of 

the  bay  (station  00),  for  example,  in  the  case  of A^t^f^^g*af^    A  rnmnlex  of  influences  could  be  re- 

borne 

mostly  a  product 
.  seasonal  flower 

e  same  time,  the  proUferation  of  algae  such  as       sponsible.  One  POSsibQUysuggesled  here  ̂ ^ 
^otryococcus  in  the  water  of  the  lower  Trinity 

Since  impoundment  has  been  notable. 
Water  in  the  river  charmel  (station  04)  at  the 

^<Jge  of  the  delta  contains  more  pollen  than  either 

^ater  from  the  bay  (station  00)  or  in  the  river 

pT-oper  (station  09).  As  the  river  water  discharges 
^io  the  bay  and  loses  turbulence,  the  pollen  load 

be  better 

seems  to  be and  Qi 

near 
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river  (station  09)  than  in  the  delta  (station  04)  or 

bay  (station  00).  This  may  represent  a  reverse 
trend  of  that  for  Asteraceae,  in  that  the  tremendous 

quantities  of  pine  and  oak  pollen  formed  in  the 

immediate  vicinity  of  the  river  have  more  of  an 
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Abstract 

Comparisons  of  a  wide  variety  of  vegetative,  floral,  and  reproductive  characters  of  Scoliopus  reveal  consistent  f 
differences  between  the  Californian  S.  bigelovii  and  the  Oregonian  S,  hallii,  whose  distributions  are  mapped.  With 
leaf  numbers  greater  than  two  reported,  a  spiral,  rather  than  opposite,  leaf  arrangement  is  demonstrated.  The  floral 
morphology  and  geometry,  which  involve  intricate  pollination  subunits,  are  related  to  an  outbreeding  pollination  system. 
A  pollination  subunit  is  established  by  the  terminally  recurved  stylar  arms,  the  versatile,  extrorse  anthers,  the  unusual 
triangular  gynoecium,  and  the  nectariferous,  petaloid  outer  tepals.  The  myrmecochorous  dispersal  patterns  in  Scoliopus 
based  on  subterranean  stems,  elongate  twisting  pedicels,  capsules  dehiscing  in  the  upper  duff  layers,  and  elaiosomal 
seeds  are  discussed.  The  taxonomic  relationship  to  Paris,  Trillium,  and  Medeola  is  deemed  remote. 

limited  floristic  accounts 
the  fixative,  were  made  for  anatomical  (Johansen 

the  federal  Bureau  of  Land  Management  as  a  key 
indicator  species  for  monitoring  riparian  plant  com- 

munities in  western  Oreeon. 
35  for  S.  bigelovii  and  21  for  S.  halUL  The  5^ 

bigelovii  sites  were  in  the  following  counties  o 

CaUfornia:  Humboldt  (9),  Marin  (4),  Mendocino 
Scoliopus  is  poorly  represented  in  herbaria  be-      (7),  San  Mateo  (4),  and  Sonoma  (11).  The  S.  halln W 

coimties specmiens -    .                                               ,          S.hallii  Benton  (2),  Clatsop  (1),   Douglas  (2),  Lane  (4' 
available  for  study,  as  well  as  detailed  field  obser-  Lincoln  (1),  Linn  (5),  Polk  (3),  and  TUlamook  (4)- 
vations  completed,  a  critical  assessment   of  this  The  exact  locations  of  these  study  and/or  collection 
interesting  genus  is  now  possible.  sites  are  cited  in  the 

specmiens 

linens: 

xne  aumor  tnanKs  the  curators  ol  the  loUowmg  herbaria  for  their  hospitality  during  visits  or  for  loaning 
CAS.  CM,  DS.  GH.  HSC,  JEPS,  MO,  NY.  ORE,  OSC,  PH.  ROPA,  UC.  US,  WILLU,  and  WTU,  I 
thank  W.  Brown.  K.  L.  Chambers,  J.  Erwin,  L  Knight.  W.  Knight,  L.  Scofield,  D.  H.  Wagner,  and  P.  Zi--  *-  . 
herbarium,  and  logistic  support  and  acknowledge  the  Museum's  Botany  O'Neil  Field  and  M.  Graham  Netting  Researcn 
Funds  for  essential  funding.  Portions  of  the  fieldwork  were  further  supported  by  a  cooperative  grant  from  the  Japanese Mmistry  of  Education  (Japan  Overseas  Project  01041053)  to  S.  Kawano  (KYO) Botany,  Pittsburgh,  Pennsyl 

Missouri 142.  1992. 

Scoliopus  Torrey,  a  genus  of  two  herbaceous 
^^        .  1  •    *u  1  -  Materials  and  Methods 
perennials,  occurs  in  the  coastal  montane  regions 

of  western  North  America,  with  the  larger  S.  6i^e-  Populations   of  Scoliopus  from  south  of  San 

lovii  Torrey  restricted  to  California  and  S.  hallii  Francisco,  California,  northward  to  Portland,  Or- 

S.  Watson  to  Oregon.  egon,  were  marked  and  sampled.  This  study  oc- 
Detailed  information  on  the  distribution  of  S.  curredduring  the  early  spring  and  summer  of  1988 

bigelovii  (Utech,  1979),  floral  vascular  anatomy  and   1990.  Mass  collections,  where  appropriate, 

(Utech,   1979),  pollination  biology  (Berg,   1959;  were  made  for  morphometric  analysis  throughout 

Moldenke,  1 976;  Mesler  et  al.,  1 980),  karyology  the  ranges  of  5.  bigelovii  and  S.  hallii.  Life  history 

(Johansen,   1932;  Cave,    1966,    1970),  seedlings  herbarium  specimens  of  flowering  and  fruiting  in- 
(Rimbach,  1902),  embryology,  and  dispersal  (Berg,  dividuals  from  the  same  site  were  also  made  (Utech 

1959,  1962b)  has  been  published.  However,  be-  et  al.,  1984).  AlcohoUc  collections,  using  FAA  as    ̂  

1961;  Hitchcock  et  al,  1969;  Hitchcock  &  Cron-  1940;  Sass,  1958;  Utech,  1979)  and  reproductive  •( 

quist,    1973),  comparable  data  on  S.   hallii  are  studies  (Ohara  &  Kawano,  1986a,  b;  Kawano  et 
lacking.  Since  1979,  S.  hallii  has  been  a  watch-  al.,  1986;  Ohara  &  Utech,  1986,  1988;  Ohara, 

listed  species  among  Oregon's  rare,  threatened,  and  1989).  Voucher  specimens  have  been  deposited  at 
endangered  plants  (Siddall  et  al.,  1979;  Eastman,  Carnegie  Museum  of  Natural  History  (CM). 

1990).  Furthermore,  S.  hallii  has  been  used  by  Fifty-six  populations  of  Sco/to/?u5  were  located: 
^ 

> 

f 
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^  Figure  1.     Distribution  of  Scoliopus  bigelovii  along  the  nor
thwestern  California  coast.  Cr«t  of  Coastal  MomUain 

"ange  indicated  by  dashed  line. 
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more  common  redwood  understory  associates  in- 
clude Polystichum  munitum,  Clintonia  andrew- 

siana^  Trillium  ovatum^  Dentaria  integrifolia, 

Oxalis  oregana,  Viola  sempervirens^  and  Trien- 
talis  latifolia. 

The  Oregonian  endemic,  S,  halliiy  on  the  other 
hand,  occurs  in  mixed  coniferous  habitats  along 

both  sides  of  the  Coastal  Mountain  Range  and  on 

the  western  slope  of  the  Cascade  Mountains  (Fig. 

2),  but  is  definitely  lacking  in  the  intervening  Wil- 
lamette River  Valley  and  only  approaches  the 

northernmost  limit  of  S.  bigelovii.  Never  far  from 

running  water  and  mossy  alluvial  slopes,  S.  hallii 

is  typically  associated  with  the  following:  Tsuga 

heterophylla^  Picea  sitchensis,  Pseudotsuga 

menziesiiy  Alnus  rubra,  Acer  circinatum,  A.  ma- 

crophyllum,  Polystichum  munitum,  Oxalis  ore- 

gana,  Oplopanax  horridum,  Rubus  spectabilis, 

Osmaronia  cerasiformis,  and  Senecio  triangular- is. 

under 

2.   VEGETATIVE  AND  FLORAL  MORPHOLOGY 

Classical  descriptive  morphology  of  ScoUopus 

has  been  largely  confined  to  scattered  floristic  works 

Figure  2.     Distribution  of  Scoliopus  hallii  in  western      ( Abrams,  1 940;  Hitchcock  et  al.,  1 969;  Hitchcock 
Oregon.  Solid  circles  are  herbarium-based  locations,  open 
circles  are  site  records  from  the  Bureau  of  Land  Man- 

agement (BLM)  data  base.  Crests  of  Coastal  and  Cascade 
mountain  ranges  are  indicated  by  long  dashed  lines,  the 
Willamette  River  Vallev  hv  short  rla<iVif*rl  linf^c 

Results 

&  Cronquist,  1973;  Jepson,  1922;  Munz,  1959; 

Peck,  1961)  and  to  the  biosystematic  work  on  J. 

bigelovii  by  Berg  (1959)  and  Utech  (1979).  Sum- 

maries of  major  vegetative  and  floral  characters 

are  presented  here  to  support  the  comparative  sys- 
tematic descriptions  and  to  build  a  base  for  future sister-group  comparisons. 

Roots   and   Rhizomes,      Associated   with  the 

short,  simple  rhizomes  of  both  species  are  extensive 

networks  of  long-Uved,  contractile  roots.  These  roots 
rennial  herbs  occurs  primarily  in  the  old  growth      are  relatively  long  and  thick  in  comparison  to  the 
coniferous^forests  of  far  western  North  America,      thin,  hard  rhizome  and  effectively  anchor  the  plants 

into  the  compacted,  alluvial  soils  of  their  riparian 

habitats.  New  roots  originate  annually  near  the 
1965;  Barbour  &  Major,  1977;  Raven  &  Axelrod,      growing  proximal  tip  and  contract  within  the  first 

1.  HABIT  AND  HABITAT 

genus 

In  the  shady  mesic  understory  slopes  of  the  coastal 
CaHfornian  redwood   forests  (Stebbms   &   Major, 

Cruz County  south  to  the  Santa  year  (Rimbach,  1902).  Small  annual  growth  in- 

crements resulting  from  cataphyll  and  leaf  scars 
common  (Fig.  1).  According  to  my  field  observa-  are  identifiable  along  the  rhizome.  Because  decay 
tions  and  the  ecological  work  of  Smith  (1957),  its      occurs  distally,  precise  maximum  aging  is  difficult. 

{ 

\ 

I 

t 

j 
and  undercollected  because  they  begin  flowering 

very  early  within  their  respective  habitats.  The 

earliest  flowering  records  are  mid  January  for  o- 

bigelovii  and  late  February  for  S.  hallii^  Flow- 

ering, or  more  precisely  continuous  floral  presen- 
tation, can  last  for  three  months  in  both  species. 

A  month  after  the  emergence  of  the  first  flowers, 

it  is  common  to  see  fruits,  flowers,  and  even  buds  ̂  
arising  from  a  given  individual. 

► 

^ 
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Fruit   LongthCmm) Stem    LengthCcml 

Leaf 

Length  (cm] 

0-  Scoliopus    faigefovii 

m  Scoliopus    hallii 

Free  Style  Length  (mm) ■    X    ■    ■    -i    # 

4    #    *  •  N    « 

B 

Leaf    Width  (cm) 

C 

D 
Width-Outer  Tepal  (mm) 

Length-Outer  Tepal  (mm) 
Pedicel  Length  ccm) 

Figure  3. 
(triangles). 

Variation  polygon  comparing  morphological  characters  in  Scoliopus  bigelovii  (circles)  and  5.  hallii 
""  =  50.— C.  Leaf  width  (cm),  N  -  50.— D. -     ,    -A.  Stem  length  (cm),  N 

Fruiting  pedicel  length  (cm),  N 

50.— B.  Leaf  length  (cm),  N 

50.— E.  Outer  tepal  length  (mm).  N  =  35.— F.  Outer  tepal  width  (mm),  N  = 
G.  Free  style  length  (mm),  N  =  35.  —  H.  Fruit  length  (mm),  N  =  35.  Shaded  bars  =  standard  deviation  units. 

However,  ages  of  20  years  can  be  frequently  es-       ranean,  a  significant  adaptation  to  the  high  fre- 

tablished  for  mature  individuals  of  both  species.  quency  of  flooding  in  their  environments.   Each 

Flowering  and /or  fruiting  individuals  of  each      monopodial  stem  extends  from  its  more  or  less 

species  often  occur  so  close  together  they  appear      horizontal  rhizome  to  the  upper  duff  layer. 
Stem  lengths  generally  coincide  with  rhizome When 

individuals  are  dug  and  their  root  systems  carefuUy      depths.  They  vary  from  5.5  to  20.5  cm  (average 

Washed,  separate  rhizomes  and  associated  roots  are       10.0  cm)  in  S.  bigelovii  and  from  2.5  to  1 0.0  cm evident. (average  4.6  cm)  in  S.  hallii  (Fig.  3),  The  average 

Rarely  in  both  species,  rhizomes  that  had  ac-  ratio  of  stem  :  cataphyll  length  was  1.76  in  S.  hige- 

cidentaUy  split  or  forked  at  the  proximal  growing  lovii  (SD  =  0.45)  and  a  similar  1.75  in  5.  hallii 

tip  were  discovered.  Subsequently,  upon  progres-      (SD  =  0.43).  Slight  increases  in  stem  length  occur 

sive  decay  of  the  rhizome's  distal  portion,  two  sep- 
arate,   vegetatively    produced   individuals   result- These      r*>c,iU;^«      „1   *„      1        «   ^^        rt^ryak\i- 

in  both  species  following  anthesis. 
An  elongated,  tawny  brown  stem  sheathing  cata- 

phyll plus  the  remaining  cataphyll  fibers  from  pre- 

rootstock  system,  as  demonstrated  in  Smilacina      vious  years  are  found  at  the  stem's  base.  At  ma- 

^nd  Polygonatum  (Kawano,    1975,    1985),  and       turity,  the  current  year's  cataphyll  lengths  average shoots 

'Jiodes  of  vegetative  reproduction  were  not  ob- 
^rved  in  either  species. 

Stems,      The  unbranched  stems  in  Scoliopus 

Other       5.8  cm  (3.5-8.5  cm)  in  S.  bigelovii  and  2.7  cm 

(1.5-5.0  cm)  In  5.  hallii. 
The  whitish  green,  subterranean  sterm  are  frag- 

ile and  not  highly  differentiated,  being  composed 

are  short,  vertical  and,  more  imporlanUy,  subter        of  large,  thin-walled  parenchyma  celk  with  large 

;) 

J-: 

i^ 

J 
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Figure  4.  Habit  and  floral  geometry  in  Scoliopus.—A.  Redwood  understory  habitat  of  S.  bigelovii  in  flower.- 
B.  Enlarged  view  of  S.  bigelovii  showing  the  relationship  of  tepals  to  stamens.— C.  Enlarged  side  view  of  5.  hallu 
showing  the  spatial  relationship  of  floral  parts.— D.  Mossy  coniferous  understory  habitat  of  S.  hallii.-E.  Axial  floral 
view  of  S^hallu  showing  the  recurved  stylar  arms  and  nectariferous  glands  on  the  outer  tepals.  (Photographs  A,  B 
courtesv  W.  Knicht:  C-F.    T    F.rwir,  ̂   ^  f        k  o 

\ 

I 

f 

I 

# 

interceUular  spaces  which  surround  the  vascular      The  dark  green  upper  leaf  surfaces  of  S.  bigelovii, 
tissue.  A  subepidermal  layer  of  collenchyma  cells      which  are  paler  below,  are  mottled  with  brownish 
that  occurs  in  several  longitudlnal^ridges  does  pro-      purple  spots  (Fig.  4A),  whQe  those  of  S.  hallU  are 

frequently  not  mottled  (Fig.  4D).  The  mature  leaves 

of  S.  hallii  are  more  petiolate  than  the  elongate, 

clasping  ones  in  S.  bigelovii.  Stomata  occur  only 

on  the  lower,  and  paler,  leaf  surfaces  of  both  spe- 

With 

cies. 

subterranean  and  totally  out  of  view,  both  species 
of  Scoliopus  are  thus  functionally  acaulescent,  but 
not  so  morphologically. 

Leaves,      The  emerging  leaves  are  very  short 

as  the  earliest  buds  reach  anthesis.  Leaf  enlarge-  Leaf  venation  in  Sco/io/>u5  is  paraUel.  The  major 
ment,  and  particularly  elongation,  occur  during,  and  paraUel  veins  are  interconnected  with  numer- 
and  especially  after,  the  flowering  of  the  last  bud.  ous,  nearly  transverse  minor  veins.  The  resulting 
Lengths  of  15-24  cm  and  widths  of  5-8  cm  are  -         ̂     c 
typical  in  S.  bigelovii  and  1 1-14  cm  by  3-5  cm 
in  S.  hallii  (Figs.  3,  4;  Hooker,   1897).  Though  ^      

there  is  greater  leaf  variation  in  S.  bigelovii,  the      the^laminal  surfIce7Vhrwrie"a7su^^^       ^'' length  :  width  (L :  W)  ratios  for  the  two  species 
show  nearly  identical  proportions  (Table  1). 

The  elliptic  to  oblong  leaves  have  obtuse  to  apic- 

defin 

mne 

unke thus  ribbed  or  keeled  by  these  veins.  Only  three 

unken  veins  occur  in  S.  hallii.  In  both  spe- 
,         .  *  — .   -bese  major  stmken  veins  fuse  at  the  lea 

ulate  tips  and  basally  sheath  and  subterranean  stem.      apex,  whUe  the  other  parallel  veins  simply  end. 

#• 

*f 
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Table  1.     Comparative  Scoliopus  morphometries. Table  1.     Continued 

Character 

Leaf 

Length  (cm) 

Width  (cm) 

L :  W  ratio 

Pedicel  length 

um  and  field) 

Outer  tepal 
Length  (mm) 

Width  (mm) 

L :  W  ratio 

Inner  tepal 
Length  (mm) 

Width  (mm) 

L:W ratio 

Filament  length 
(mm) 

Anther  length 
(mm) 

Free  stylar  arm 
length  (mm) 

F ruit 

I-ength  (mm) 

Taxa Taxa 

S.  bigelovii S.  hallii Character S.  bigelovii S.  hallii 

Width  (mm) 
7.66 

0.58 
6.63 0.66 

19.20 4.67*    11.04 3.04 

(14.5-23.9) 

=  50* 

(8.0-14.1) 
(6.3-9.0) N  =  50 

(5.5-7.5) 

N  = 

6.27 1.42 

N  = 

3.73 
50 L :  W  ratio 

3.31 0.36 

N  = 

2.62 

25 

0.28 1.11 

(4.8-7.7) (2.6-4.8) 
(2.8-4.0) N  =  50 (2.1-3.4) N 25 

N 
50 2.98  ±  0.92 

(2.0-7.1) 

N  = 
15.32 

N  = 

3.00 
50 

0.47 
*  Mean  ±  s.d.,  range  of  values,  sample  size. 

50 
(2.1-4.0) 
N  =  50 

2.20 
7.73 

0.95 

N 
50 

N 
50 

4.49  ±  2.32 

(1-15) 
N  =  400 

Leaf  arrangement  in  Scoliopus  is  spiral  and  not, 

as  often  stated,  paired  or  opposite.  Such  ternii- 
(cm)  (flowering)  (11.0-22.0)  (6.0-9.8)  nology  implies  a  derived  two-leaved  whorl  or  op- 

~  posite  state  and  thus  a  relationship  to  the  multi- Flower  number/  4.49  ±  2.32        2.06  ±  1.04       jgaved  whorls  of  other  Paridean  genera  with  retic- 

plam  (herbari-  (1-15)  (1-5)  ^j^^^  venation,  e.g.,  Paris  or  TrilUum. 

Individuals  of  S.  bigelovii,  with  four  leaves,  and 

5.  hallii,  with  three,  have  been  observed  and  col- 

lected from  throughout  their  respective  ranges. 

(12.6-19.3)  (6.8-10.0)         Population  samples  establishing  the  frequency  of 

leaf  numbers  for  both  species  are  presented  in  Table 

2.  The  three-leaved  condition  is  relatively  common 

(2.0-3.3)  ^  mature  individuals  and  stable  populations  of  S. 

N 287 

16.15 1.94 8.69 0.76 

N 

4.75 0.65 

N 

2.79 0.42 

(3.0-6.0) 

N  = 
3.44 

50 

0.52 

N 

3.19 0.55 

(2.6-5.1) 
N 50 

50 

Though 

with  only  two  leaves  In  his  study  of  S.  bigelovii, 

^}.'^'t'^^  historical  accounts  note  three-leaved  (Eastwood, 

1932)  and  four-leaved  (Brandegee,  1891)  plants. 

In  plants  of  either  species  with  more  than  two 

leaves,  the  sheathing  leaves  have  an  observable, 

(11.6-19.0)  (6.0-9.0)  spiral  arrangement  at  their  insertion  on  the  sub- 

terranean stem,  though  their  internodes  are  greatly 

15.47 1.85 7.48 0.71 

N  = 

0.54 0.09 

N 

0.35 0.10 
(0.3-0.7) 
N (0.2-0.8) 

N  =  50 

reduced. 

Infl 

scence.      Examination  of  a  stem's  sub- 

terranean crown,  from  which  the  numerous  pedi- 
29.32  ±  6.05      22.56  ±  5.02       ̂ g]g  appear  to  arise,  reveals  several  fascicles  of 

(10.0-37.5)         pedicels.  Each  axillary  fascicle,  up  to  three  in  5. 

bigelovii  and  two  in  5.  hallii.  Is  composed  of  2
- 

(16.6-46.7) 

N  = 
3.76 0.41 

N 

3.13 0.39 modes 

(2.3-4.3) 

N  = 

2.39 
50 (2.0-3.7) 

N  =  50 bloo 

0.22 2.17 0.15 

(2.0-2.8) 
N  =  50 

5.26 0.81 

of  the  lower.  A  leaf  is  associated  with  each  fascicle. 

Bracts  are  lacking  throughout  the  inflorescenc
e. 

(1.9-2.3)  Plants  with  more  leaves  tend  to  have  more  flowers. 

Berg's  (1959)  morphological  analysis  of  the  cro
wn 

N  =  50 

2.26 0.18 
contracted 

(4.5-6.1) 
N 50 (2.1-2.4) 

N  =  50 ted  cincinnus 

bility,  which  I  envisioned,  is  a  contracted 
 raceme. 

The  maximum  numbe 
25.17  ±  1.93      17.21  ±  0.66 

(22.5-29.5) 

ped 

N 
50 

(16.0-18.5)         flowering,  since  the  order  of  flowering  i«  irregular N  =  25  „„  1  ...,j„„«pf1  A  frenuency  distribution  cumparing 

number  of  flowers  (i.e.,  pedicels;  lor  iM.th  spe 
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cies  is   presented  in  Figure   5.   A  greater  range       dilated  in  transverse  section,  and  curved  outwards 
occurs  in  S.  bigelovii  (1-15)  than  in  S.  hallii  (1-       at  the  level  of  anther  attachment  (Fig.  4B,  C,  E). The 

connec 

5),  though  their  averages  are  less  dissimilar:  S. 
bigelovii  (4.5)  versus  S.  hallii  (2,1)  (Table  1),    ^       

Floral  Morphology  and  Anatomy.      The  tive  tissues  between  the  anther  sacs  are  flat,  though 
showy,  ill-scented  flowers  of  Scoliopus  are  tetra-  the  sacs  are  free,  versatile,  and  divergent  basally- 

cyclic  and  thus  deviate  from  the  typical  liliaceous  The  endothecial  cells  lining  the  anther  sacs  have 
arrangement  in  lacking  three  inner  stamens.  banded  thickenings.  Extrorse  dehiscence  is  via  two 

The  flowers  of  S.  fei^e^oi^t/ are  significantly  larg-  vertical  abaxial  slits.  The  tepals  and  anthers  are 
er  than  those  of  S.  hallii,  though  both  exhibit  a  not  persistent- 

similar  proportion  in  their  floral  geometry.  While  Unlike  most  tricarpellate,  syncarpous,  liliaceous 
the  lengths  and  widths  of  the  large,  petaloid  outer  gynoecia  In  which  the  dorsal  regions  correspond  to 
tepals  of  S.  bigelovii  are  nearly  twice  as  large  as  the  corners  or  ribbed  portions  of  the  pistil,  the 
those  of  S.   hallii  (Figs.   3,   4),  their  respective 

width 

uiner 

are  nearly  twice  as  large  as  those  of  S.   hallii^ 
though  their  widths  differ  only  slightly  (Table  1). 

The  three  outer  stamens  onnosite  thp  nntpr  tp. 

dorsal  regions  in  Scoliopus  are  laterally  flattenea 

or  compressed,  and  the  ventral  regions  occupy  ̂ ^ 

corners  of  the  triangular  pistil.  The  strongly  tn- gynoecium  is  formed  by  lim 

subsequen 
form  the  corners  (Fig.  6).  Raphides  were  not  oo- pals  are  basally  adnate  to  these  tepals  for  0.5  mm       served  in  floral  tissue  of  either  species. The 

Most  liliaceous  gynoecia  with  laterally  fused  sep- 

common 

filaments  are  short  (averaging  3.7  mm  in  S.  bige-      ta 

lovii  and  3.1  mm  in  S.  hallii;  Table  1),  slightly      locular  space  have  some  type  of  axial  placentation 
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5    mm 

riGURE  6.  Transverse  sections  showing  floral  morphology  and  geometry  in  Scoliopus  bigeloviL — A.  Section 
through  lower  floral  envelope  and  triangular  gynoecium  showing  the  large,  petaloid  outer  tepals  with  numerous  veins 
and  nectariferous  surfaces  (shaded),  three  outer  stamens  (inner  stamen  lacking)  opposite  the  flush  dorsal  surfaces, 
and  the  unilocular  gynoecium  with  three  sets  of  two  ranked  ovules. — B.  Section  through  middle  floral  envelope  and 
gynoecium  showing  the  position  of  the  three  recurved  stylar  arms  with  reversed  conducting  elements  and  the  extrorse 
anthers  of  a  pollination  subunit.  (Adapted  from  Utech,  1979.) 

and  three  locules.  Septal  glands  often  occur  be-      stylar  arms  or  branches.  The  stylar  arms  are  longer 

tween  these  lateral  wings  when  septal  fusion  is      in  S.  fti^eZoi^u  (5.3  mm)  than  in  S.  Aa//u  (2.3  mm) incomplete. (Table  1).  Terminally  localized  on  the  upper  and 

In  Scoliopus^  the  broadly  unilocular  gynoecium  inner  surface  of  each  arm  are  minute  stigmatic 

IS  highly  unusual  (Berg,  1959;  Utech,  1979).  Pla-  zones  (Figs.  4B,  C,  E,  8B),  an  obvious  adaptation 
centation  is  parietal,  since  the  ventral  bundles  are  for  outbreeding.  Stigmatoidal  tissue  is  continuous 

»n  the  corners  and  protruding  septal  wuigs  are  from  the  three  recurved  stigma  tips  down  through 

lacking  (Fig.  6).  Basally,  the  locules  open  initially  the  shared  style  and  along  the  inner  funicular- 
outwards  from  the  center  along  the  dorsal  radii,  a  ventral  margins, 
nmt  of  loculicidal  dehiscence.  The  anatropous,  bitegmic  ovules  are  loosely  ar- 

The  shared  ascending  styles  are  short  and  sub-  ranged  in  two  ascending  rows  in  each  of  the  three 

divided  along  the  dorsal  radii  into  three,  recurved  ventral  corners  (Fig.  6).  The  number  of  ovules  per 

lABLE  2.     Leaf  number  variation  in  populations  of  Scoliopus. 

Species  and 
populations 

S.  bigel 

Kings  Mt. 
Camp  Meeker 

ovii 

Number  of  leaves  and  percentage  of  population 

2 % 
3 % 

16 

20 

64.0% 

80.0% 

8 
5 

32.0% 

20.0% 

4 % 

1 
0 

4.0% 

0.0% 

Total  number 

of  plants 

25 
25 

Kneeland 20 80.07o 5 20.0% 0 
0.0% 

25 

Herbarium 267 82.9% 
55 

17.1% 0 
0.0% 

322 

Total 
323 81.4% 73 18.4% 1 

0.3% 397 

hallii 

Siuslaw  Creek 99 99.0% 1 1.0% 0 
0.0% 100 

McDowell  Creek 100 100.0% 0 0.0% 0 
0.0% 100 

Herbarium 86 
98.9% I 1.1% 0 

0.0% 
87 

Total 285 99.3% 2 0.7% 0 
0.0% 

287 



134 Annals  of  the 
Missouri  Botanical  Garden t 
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> 

OTM 

Figure  7.     Summary  longitudinal  diagram  showing  the  floral  vascularization  in  Scoliopus.  One-third  oi  tne 

network  is  presented.  The  basal  portion  of  the  bundle  from  which  a  dorsal  (D)  and  an  outer  stamen  (OS)  are  ae 

is  not  connected  with  an  outer  tepal  medium  (OTM)  within  the  flower.  There  is  no  interconnection  within  the  SV^^^  ̂ ^ 
of  the  dorsal  and  ventral  supplies.  The  dorsals  (D)  are  recurved  outwardly  into  the  stylar  arms.  Bundle  codes. 

=  outer  tepal  median,  OTL  =  outer  tepal  lateral,  ITM  =  inner  tepal  median,  ITL  =  inner  tepal  lateral,  Ob  -  o^ 
stamen,  D  =  dorsal,  V  =  ventral,  SA  =  septal  axial,  and  F  =  funicular.  (Adapted  from  Utech,  1979.) 

I 

^ 

I 

pistil  varies  between  21  and  38  in  S.  higelovii  and      trals.  A  maximum  of  six  such  zones  occur  per  ir 

between  20  and  32  in  S.  hallii,  though  their  av-      (Fig.  6).  One  or  two  openings  per  fruit  can  ̂ ^P?^. 

erages  are  nearly  identical  (Table  3).  Embryo  sac      all  the  seeds,  since  the  capsules  are  unilocular.  1 

formation  is  of  the  Polygonum  type,  and  endo-      irregular  splitting  or  degeneration  of  parencny 

that  in  Paris      tissue  does  not  follow  the  normal  zones  of  weaknes 

along  the  dorsal  (loculicidal  dehiscence)  or  the  ven- 

sperm  formation  is  nuclear  and  unlike 
and  Trillium  (Berg,  1959,  1962b), 

The   oblong   to  lanceolate,   mature   fruits   are      tral  (septicidal  dehiscence)  lines- 
termina 

The The  Scoliopus  fruit  should  be  considered  a  cap- 
_  _  ̂    ^      c  -      ̂ ^^  for  ̂ ^^  following  reasons:  it  dehisces;  it  remains 

in  S.  bigeloviiihan  S,  hallii{Tab\G  1).  The  number      attached  to  the  pedicel;  and  it  possesses  no  pulp; 

typically 

mature 

tissue.  Berg  (1959)  used  the  term  '*un 
(Table  3).  This  is  correlated  to  fruit  size,  since  the     loculicidal"  for  this  type  of  capsule  dehiscence  a 

added  further  that  "in  comparison  with  other  I- 
iaceous  capsules,  the  Scoliopus  capsule  must 

considered  highly  reduced,  because  of  its  lack 

size  (Table  3). approximat 

memb 

or  decays  irregularly  between  the  dorsals  and  ven-      sclerenchyma  and  normal  dehiscence. 

»* 
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Table  3.      Reproductive  characteristics  in  Scoliopus  bigelovii  and  S.  hallii. 

Criteria 

Number  of  ovules/pistil 

Number  of  pollen  grains/flower 

Pollen  number  :  ovule  number  (P :  O)  ratio 

Number  of  seeds/fruit 

Seed  number /ovule  number  (%) 

Seed  weight  (mg) 

Seed  L :  W  ratio 

Mean s.d.,  range  of  values. 

Taxa 

S.  bigelovii 
California.  Sonoma 

Camp  Meeker 

Co.: 

27.35 3.77 

(21.0-38.0)* 

2.10  X  10* 750:1 

14.28 3.14 

(10.0-22.0) 
52.5% 

4.47 0.31 

(3.86-5.00) 
2.10 0.15 

(1.86-2.45) 

5.  hallii 

Oregon.  Linn  Co. McDowell  Creek 

27.27 3.07 
(20.0-32.0) 

1.65  X  10^ 600:1 
11.40 1.20 

(10.0-14.0) 41.8% 

3.15 0.03 

(3.10-3.20) 
2.05 

0.12 
(1.86-2.25) 

3.  FLORAL  VASCULATURE 
inner 

inner 

The  floral  vascularization  of  both  Scoliopus  spe-  were  observed  in  the  material  examined  for  this 

cies  is  similar  to  that  presented  in  detail  for  5.  study  of  either  species.  The  dorsals  (D)  are  vm- 

bigelovii  (Utech,   1979;  Fig.  7).  The  floral  vas-  branched  and  terminate  in  the  tips  of  the  three 

culature  is  established  from  a    15-bundled,  axial  recurved  stylar  arms.  The  dorsal  (D)  and  ventral 

pedicel  configuration,  which  consists  of  an  outer  (V)  supplies  are  not  interconnected  within  the  gy- bundl noecium. 

bimdles 

rectly  as  three  outer  tepal  medians  (OTM)  and 4.  FLORAL  BIOLOGY mner 

underg 

remaimng Many  aspects  of  Scoliopus  floral  morphology 

are  highly  derived,  advanced,  or  reduced  and  relate 

upon  12  tepal  laterals  (6  OTL  and  6  ITL)  and  six  to  specialized  pollination  (fungal  gnats)  and  seed 

ventrals  (V)  are  formed.  Basally  each  of  the  six  dispersal  (myrmecochory).  The  structural  geome- 

tepals  receives  three  bundles,  i.e.,  a  median  and  try  and  adaptive  significance  of  these  showy,  ill- 

two  laterals,  though  the  outer  and  inner  tepals  are  scented  flowers  correlate  with  their  mode  of  pol- dissimila adial  di-      lination.  Berg  (1959)  correctly  demonstrated  for 

visions  occur  laminally  among  the  outer  tepal  lat- 
erals (OTL)  in  S.  bierelovii  to  create  a maxunum 
bundles 

S.  bigelovii  (which  also  applies  to  S.  hallii)  that 

a  single  Scoliopus  flower  functions  as  three  inde- 

pendent flowers,  or  pollination  subunits,  a  feature 

(OTM).  No  such  subsequent  radial  divisions  occur      usually  associated  with  Iris  (Figs.  43,
  C,  E,  7). 

among  the  inner  teoal  laterals  (ITL:  Fig.  6A).  The      This  unusual  partitionmg  of  flo
ral  parts  mto  sub- 

units  is  described  below. 
Each  of  the  three  petaloid  outer  tepals  is  lined 

adaxially  with  nectariferous  tissue.  A  broad  floral 

outer  tepals  of  S.  hallii,  on  the  other  hand,  typi- 
cally have  a  maximum  of  nine  bundles,  i.e.,  eight 

laterals  (OTL)  and  a  median  (OTM). 

funicular 

Between  each  of  the  three  pairs  of  ventrals  (V)      cup  or  shaUow  tube  is
  formed  via  the  interpene- 

a  fusion  septal  axial  (SA)  of  short  vertical  duration      trating  of  the  lateral  edges
  of  the  outer  tepals  into 

grooves  on  the  narrow,  abaxiai  surface  of  the  uiner 

tepak  (Fig.  6A).  Because  the  triangular  gynoecium 

is  ridged  along  three  outer  ventral  surfaces,  which 

are  opposite  the  narrow,  appressed  inner  tepals 

and  flattened  along  three  dorsal  surfaces  (Fig.  6A), 

which  are  opposite  the  outwardly  expanded  outer 

(V). 

directly 

Whil 

origin,  the  three  dorsal  bundles  (D)  and  the  three 

outer  stamen  bundles  (OS)  are  division  products  of 
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tepals  and  extrorse  anthers  (Fig.  6B),  a  configu- 
ration of  three  independent  polhnation  subunits  is 

established. 

The  three  versatile,   extrorse  anthers  dehisce 

along  two  vertical  abaxial  slits  (Fig.  6B),  Pollen 
dispersal  zones  are  therefore  defined  between  the 

flattened  dorsal  regions  of  the  gynoecium  and  the 
expanded  nectariferous  grooves  on  the  outer  tepals. 
Each  of  the  three  stylar  arms  recurves  over  the 
top  of  an  anther  and  exhibits  a  reversal  in  the 

xylem  to  phloem  arrangement  (Fig.  6B).  However, 
the  minute  stigmatic  surfaces  are  located  terminally 
and  thus  are  removed  from  the  pollen  dispersal 
zone. 

The  recurved  styles,  extrorse  anthers,  unusual 
triangular  gynoecium,  and  large,  nectariferous  out- 

er tepals  form  a  pollination  subunit  and  are  all 
interrelated  for  outbreeding.  The  pollen  :  ovule  (P  : 
O)  ratios  of  750  :  1  for  S.  bigelovii  and  600  :  1 
for  S.  hallii  (Table  3),  further  assert  limited  out- 

breeding . 

Scoliopus  bigelovii  has  been  shown  to  be  self- 
incompatible  (Berg,  1959;  Mesler  et  ah,  1980). 
Fungal  gnats  in  the  closely  related  families  My- 
cetophihdae    {Myce sp.)    and    Sciarideae 

tegrated  into  an  advanced  dispersal  pattern 

{Sciara  sp.,  Corynoptera  sp.)  were  regarded  as 
pollinators,  not  rnerely  nectar  thieves,  because  of 

high  seed  set  and  because  they  contacted  anthers      f''^'''^'  mc  cdpbuieb  uenibciug  
m  liio  "JJ^^J 

,    ̂ .  1  M    r     1-        T    1.   .  1     ,  ,  layer,  and  the  elaiosome-appendaeed  seeds  are  m 
and  stigmas  while  feeding.  Individuals  captured  on  rr  d 
the  flowers  carried  pollen  grains  (Mesler  et  al., 
1980).  The  author  has  also  observed  fungal  gnats 
working  the  flowers  of  S.  hallii. 

Mesler  et  al.  (1980)  believed  the  high  fruit  and 

seed  set  in  S.  bigelovii  to  be  due  primarily  to  the  Chromosome  counts  for  both  species  of  Scoho- 
abundance  of  fungal  gnats  and  the  corresponding  pus  have  been  reported.  Cave  (1966)  noted  a  count 

large  number  of  flower  visits.  They  thought  the  of  2n  =  14  for  S.  hallii.  However,  Johansen's 
frequency  of  pollination  per  individual  gnat  was  (1932)  report  of  2n  =  14  for  5.  bigelovii  was  not 
probably  very  low,  but  this  was  compensated  for      confirmed  by  Cave  (1966,  1970),  who  observed 

6.   KARYOLOGY 

by  the  large  number  of  swarming  gnats. 
counts  of  2ft  =  16  from  several  different  Califor 

In  the  cool,  moist  redwood  forests,  where  floral      nian  populations.  The  karyotype  consists  of  three 

large  and  five  small  chromosome  pairs.  One  pop 

widely 

bumble 

ulation  from  Humboldt  County,  for  example,  na 
bees,  are  uncommon  (Moldenke,    1976).    Under      a  somatic  number  of  2/i  =  16,  but  also  had  extra, 
such  habitat  conditions,  many  plants  could  be  ex-  or  small,  meiotic  chromosomes  indicating  a  certain 

pected  to  rely  on  small,  relatively  inefficient,  but  proportion  of  structural  hybridity  within  the  north- 
presumably  energetically  cheaper  vectors  (Steb-  ern  part  of  the  range, 
bins,  1974).  Small  dipterans,  such  as  fungal  gnats.  The  chromosomes  of  Scoliopus  are  small  in would  be  effective  pollinators,  both  in  terms  of 
overall  fruit  set  and  outcrossing  potential,  at  least 
when  such  insects  are  present  in  large  numbers. 

Seed  setting  percentages,  based  on  the  number  of      for  Trillium  and  Paris  is  a  simflar  x  =  5  (Fedorov, 

comparison  to  those  of  Trillium  (Cave,  1970),  t)" 

detailed  karyotypes  for  both  Scoliopus  species  need 

produced ule  from  the  same  sampled       1969),  while  that  for  Scoliopus  should  be  associ 

population,  were  52.2%  in  S.  bigelovii  and  4 1 .8%      ated  with  both  x  =  7  and  x  =  8  until  more  critic- 

al 

5.   SEEDS  AND  SEED  DISPERSAL 

The  elongated  fruiting  pedicels  that  twist  and 
recurve  to  the  ground  have  capsules  that  usually  ( 

open  within  the  loose,  moist  coniferous  duff.  Pedicel  ' 
twisting  is  more  pronounced  in  S.  bigelovii.  By 

default,  those  seeds  twisted  en  masse  to  the  ground 

would  be  group  dispersed.  Similar  results  would 

also  occur  if  ants  progressively  moved  seeds  to 

their  duff-hidden,  midden  heaps.  The  high  density 

of  observed  seedlings  and  adults  in  both  species  is 
no  doubt  due  to  this  means  of  dispersal. 

Berg  (1959)  ably  demonstrated  that  the  seeds 

of  S.  bigelovii  were  ant  dispersed  {Formica  Jusca 

L.,  F.fusca  argentea  Whir.,  F,  rujibarbis  occidua 

Whir.,  Aphaenogaster  subterranea  occidentalis 

Em.)  and  documented  the  anatomy  of  the  seeds 

oil-containing  appendages  or  elaiosomes.  Ant  dis- 

persal {Formica  sp.)  and  seeds  with  similar  elaio- somes were  observed  in  5,  hallii. 

Most  myrmecochorous  plants,  like  both  species 

of  Scoliopus,  begin  flowering  very  early  in  sprmg  j 

and  continue  producing  seeds  for  some  time 

(Thompson,  1981).  This  phonological  adaptiveness 

insures  a  continuous  supply  of  ripe  seeds  when  the  , 

ants  are  most  abundant  and  active.  The  subter- 

ranean  stems,  the  fruiting  pedicels  twisting  to  the 

ground,  the  capsules  dehiscing  in  the  upper  dun 

» 

I 

in  S.  hallii  (Table  3). karyological  research  is  done. 
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CONCLUDING  REMARKS Medeola 

was  made.  Recognizing  the  remote  relationship  be- 

Comparison  of  the  ecological,  anatomical,  and       tween  Scoliopus  and  the  other  two  genera,  Sco- 
morphological  characteristics  of  the  two  Scoliopus       liopus  was  placed  in  its  own  subtribe  Scoliopeae, 

species  shows  them  to  be  quite  distinct  and  dem- 

onstrates that  S.  hallii  is  more  than  a  geograph- 

Medeola 

lieae. 

ically  isolated,  minor-sized  variant  of  S.  bigelovii  Bentham   &    Hooker's   (1883)   acceptance   of 

(Fig.  3;  Table  1).  Both  have  distinctive  geographic      Watson's  (1879)  inclusion  of  Scoliopus  in  the  Me- 
distributions,  ecological  associations,  and  therefore      deoleae  (=  Trillieae)  was  subsequently  followed  by 

different,  past  eco-evolutionary  histories. Engler  (1888),  Krause  (1930),  Hutchinson  (1934, 

Two  character  suites  epitomize  the  reduction  1959),  and  others.  Hooker  alone  (1897)  noted  that 

and  specialization  within  the  genus — one  for  pol-  5co/tojDU5  was  not  closely  allied  to  any  of  the  group, 

lination,  the  other  for  ant  dispersal.  The  floral  mor-  The  aberrant  and  suspect  tribal  association  of 

phology,  anatomy,   geometry,   and  phenology  of  Scoliopus  deserves  revision.  Few  character  sets  of 

both  species  attest  to  outbreeding  and  an  unlikely,  the  tribe  Parideae  or  the  family  Trilliaceae  match 

dipteran  group  of  fungal  gnats  as  present-day  pol-  those  of  Scoliopus  or  convey  its  proper  taxonomic 
linators.  The  subterranean  stems,  elongate  pedicels 

and  duff  dehiscing  capsules  over  a  prolonged  time  to  Trillium  and  Paris  would  be  one  orthodox  so- 

Wat 

period  support  myrmecochory. lution.  Shifting  Scoliopus  as  a  monotypic  tribe  to 

The  large  number  of  reduced  or  advanced  char-  the  Uvulariaceae  (Dahlgren  et  al.,   1985;  Takh- 

acters  in  Scoliopus  makes  classification  and  anal-  tajan,  1986;  Cronquist,  1988)  would  be  another. 

ysis  of  these  character  assemblages  difficult  at  times. 

Character  clusters  that  deviate  include  tetracyclic  SYSTEMATIC  Treatment 

flowers  with  nectariferous,  petaloid  outer  tepals  and      g^^,.^  ^orrey,  Pacif.  Rail.  Rep.  4:  145,  pi. no  inner  stamens,  extrorse  outer  anthers,  and  mod- 

ified unUocular  gynoecia  with  parietal  placentation. 
22.  1857.  TYPE:  Scoliopus  bigelovii  Torrey. 

Plants  with  more  than  two  parallel-nerved  leaves  Glabrous,  perennial  herbs  with  short  slender  rhi- 

occur  in  both  species,  and  they  are  spirally      zomes;   roots  elongate,  contractile.  Stems  short, 

arranged.  The  inflorescence  should  be  viewed  as      unbranched,  subterranean,  not  persistent.  Leaves 

do 

one  with  axillary  fascicles,  not  as  an  umbel. 2-3(-4),    elliptic    to   broadly   lanceolate,    sessile- 

The  diagnostic  characters  that  differentiate  Sco-  clasping  to  subsessile,  apically  obtuse  to  apiculate, 

liopus  from  Paris  sensu  lato,  Trillium,  and  Medea-  parallel- veined  with  numerous  transverse  veins,  dark 

la  (the  Englerian  Parideae)  have  been  clearly  tab-  green  above,  paler  below,  ±  mottled  with  purple 

ulated  and  documented  (Berg,   1959,   1962a,  b;  spots.  Inflorescences  contracted  with  several  axil- 

Utech,  1978,  1979).  Scoliopus  is  so  different  from  lary  fascicles  of  elongated,  twisting  pedicels.  Flow- 

these  tribal  cohorts  that  a  brief  historical  and  tax-  ers  tetracyclic,  showy,  ill-scented.  Perianth  seg- 
onomic  review  is  warranted. ments  6,  in  2  series,  dissimilar,  distinct,  decid 

The  traditional  generic  placement  of  Scoliopus  outer   series   3,   petaloid,   many-nerved,   striped, 

in  the  Englerian  Parideae  with  Paris  (including  spreading,  with  basal  nectariferous  glands;  Inner 

Kinugasa  and  Daiswa),  Trillium,  and  Medeola  series  3,  erect,  linear,  3-nerved,  converging  over
 

(Engler,  1888;  Krause,  1930)  or  in  the  segregate  the  pistil.  Stamens  3,  opposite  and  adnate  basaUy
 

famUy  Trilliaceae  (Hutchinson,  1934,  1959)  has  to  outer  segments;  filaments  free,  hypogynous,  fi- 

in  recent   years   been   questioned   (Berg,    1959,  liform-subulate;  anthers  oblong,  yellowish  grrcn,
 

1962a,  b;  Utech,  1978,  1979;  Takhtajan,  1983,  2-celled,  versatile,  attached  mid-l
ength,  extrorse. 

1986;  Dahlgren  et  al.,  1985). dehiscing  via  vertical  abaxial  slits.  Ovary  sessile. 

Torrey  (1 857)  described  Scoliopus  emphasizing      strongly  3-angled,  unUocu
lar,  placentae  3-parietal. 

the  extrorse  anthers  and  the  axial  placentation  of 
connate 

unilo 
arms 

tentatively  at  the  end  of  the  famUy  Melanthaceae  channeled  on  the  inner  sti
gmatic  surface;  ovules 

(Gray,  1856).  Baker's  view  of  Colchicaceae(  187 5,  20-38,  anatropous,  b.tegm
ic,  m  2  rows  on  each 

1879)  was  similar  to  the  above  Melanthaceae,  but      placenta.  Capsules  brown.^h
  purple,  beaked  by  pcr- 

luded  several  "aberrant  tribes,"  which  did  no 

One  was  the  monotypic  Scoliopeae.  In  Watson  ! 
179^  tr*»ntm^nf  nf  tVko  Mrwi-tVi   Am*»riran  LillaCeaC 

sifltenl  style  and  stylar  arms 
thin-walled,  opening 

Seeds   10-22,  ol>long,  slightly 
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curved,   sulcate-striate  longitudinally,   eliaosomes      T3N,  R3E,  S19,  2,200  ft.,  Rogers  29  (HSC);  Redwood 
present.  [Greek  skolios,  crooked,  and  pous,  foot, 

allusion  to  the  recurved,  fruiting  pedicels.] 

Key  to  the  Species  of  Scoliopus 

la.  Leaves  14.0-24.0  cm  long;  outer  petaloid  seg- 
ments 12.5-19.0  mm  long;  free  stylar  arms 

4.5-6.0  mm  long;  coastal  northwestern  Cali- 
fornia   __.   1.  5.  bigelovii 

lb.  Leaves  8.0-14.0  cm  long;  outer  petaloid  seg- 
ments 6.5-10.0  mm  long;  free  stylar  arms  2.0- 

2.5  mm  long;  coastal  mountains  and  western 
Cascade  slopes  of  Oregon    2.   S.  hallii 

Creek,  Garberville,  Shapovalov  &  Woodhull  s.n.  (DS); 
3  mi.  E  of  Redwood  Creek  on  old  CA  299,  Spellenberg 
et  al.  1361  (HSC);  1  mi.  E  of  CA  299  on  Lindsay  Road, 
T6N,  RIE,  Stevens  2  (HSC);  3  mi.  SE  of  Korbel,  Snow 
Camp  Road,  T6N,  R2E.  S34,  Styskel  6  (HSC);  Van 
Duzen  River,  opposite  Buck  Mt.,  1  mi.  W  of  Dinsmores, 
2,500  ft.,  Tracy  18611  (UC,  WTU);  Hydesville,  200 
ft.,  Tracy  4017  {GH,  NY,  UC,  US,  WTU);  300  ft.,  Tracy 

5419  (UC);  Glendale,  Mad  River,  0-500  ft.,  Tracy  2156 

(UC);  Big  Lagoon,  300  ft.,  Tracy  10941  (UC);  Dinsmores 
Ranch,  Van  Duzen  River,  opposite  Buck  Mt.,  2,500  ft., 

Tracy  4223  (UC,  WTU);  Lawrence  Creek,  Kneeland 

Prairie,  2,000  ft.,  Tracy  6615  (UC);  20  mi.  W  of  Pep- 
perwood,  US  101,  65  m,  Utech  88-025  (CM);  Durphy 
Creek  junction  S  Fork  Eel  River,  US  101,  50  m,  Utech 

1 .    Scoliopus  bigelovii  Torrey,  Pacif.  Rail.  Rep.       88-019  (CM);  Fisher  Redwood  Grove,  110  m,  Utech  88- 
4:  145,  pi.  22.  1857  (fig.  8).  SYNTYPES:  U.S.A.       027  (CM);  0.1  mi.  N  of  Meyers  Flat,  S  Fork  Eel  River, 
California:  Marin  Co.,  Tamul  Pass  (Mt.  Tam- 

alpais),  1853,  Bigelow  s.n.  (lectotype,  NY, 

designated  by  Utech,  1979:  69;  isolectotype, 

60  m,  Utech  88-023  (CM);  Cheatham  Redwood  Grove 

90  m,  Utech  88-026  (CM);  Clark  Redwood  Grove,  40 

m,  Utech  88-024  (CM);  1.5  mi.  S  of  Miranda  on  US 

101,  85  m,  Utech  88-022  (CM);  S  Fork  Bear  Creek,  2.5 
GH;  photos  CM).  California:  Sonoma  Co.,  red-      mi.  S  of  Shelter  Cove,  1,840  ft.,  WTiite  16  (HSC).  marin 

woods,  Feb.   1856,  Samuels  s.n.  (GH,  NY,       co.:  W  end  Alpine  Lake,  Berg  s.n.  (UC);  Mill  VaUey, 
photos  CM). 

:ems  subterrj 

Brandegee  s.n.  (UC);  Cascade  Canyon,  0.75  mi.  from 

MiU  Valley  Station,  350  ft.,  Breedlove  2331  (DS);  La- 
gunitas  Creek,  Chestnut  &  Drew  s.n.  (UC);  Alpine  Dam, 

Covel  s.n.  (CAS),  Doutt  137  (CM);  Mt.  Tamalpais,  Davy 

795  (UC);  Mill  Valley,  Eastwood  2450  (CAS,  GH,  NY, 
4),  elliptic  to  oblanceolate,  sheathing  at  base,  often 

mottled  with  purple,  14-24  cm  long,  4.8-7.7  cm  {jq^  \JS);  sZalho! M7arZTn! JnV^^^ 
wide.  Pedicels  3-12(-15),  shorter  than  leaves  at  Road,  1  mi.  below  Lake  Lagunitas,  Ewan  9424  (WTU); 
anthesis,  greatly  elongated,  becoming  strongly  re-  Mill  Valley,  Grant  s.n.  (GH,  US);  Mt.  Tamalpais,  Greene 

curved  to  twisted  in  fruit,  1 1-22  cm  long.  Outer  *"•  (^M,  DS,  MO,  NY,  UC,  US,  WTU);  Sausalito, /am^ 

perianth  segments  ovate-lanceolate,  mottled  with      S^'f^^fff/.'^C^^^^^^^^ 
5.  n.  (NY);  MUl  Valley,  Jepson  s.  n.  (JEPS,  NY,  US,  WTU), 

Jepson  s.n.  (JEPS,  NY),  100  ft.,  Rose  34020  (WTU), 

  ,__..    19.0  mm  long,  0.5  mm  wide.      39008  (UC),  Zei7e  s.n.  (CAS);  Mt.  Tamalpais,  Lagunitas 

FUaments  2.3-4.3  mm  long,  anthers  2.0-2.8  mm      ̂ °^^'  ̂'^*''"  ̂ ^^i  (GH,  UC);  Sequoia  Cmon,Michener 
1  r         }      oo  ̂     oa  K  ^  Aon/^  *  Bioletti  203  (GH,  NY,  UC);  Kentfield,  Nelson  s.n. 
long.  Capsules  22.5-29.5  mm  long,  6.3-9.0  mm      ^^q^^^^  p^^^^^^  ̂   ̂  ̂^AS);  Mt.  Tamalpais,  Parks  s.n. wide;  stylar  arms  strongly  recurved,  4.5-6.0  mm      (UC);  2  mi.  SE  of  Nicasio  on  Lucas  Valley  Road,  Rentz 

4  (CAS);  Mt.  Tamalpais,  Pipeline  trail,  Schreiber  112 

green  and  lined  with 

19.0  mm  long,  6.8- 
linear 

mm  wide:  mner 

16. 
9 

(1959),  Utech  (1979). 

long;  seeds  10-22.  2n 

Illustrations.      Torrey  (1857),  Hooker  (1897)       (^C);  Mt.  Tamalpais,'  N  end' of  Catarack  trail,  Serpa 

Kegel  (1875),  Abra.s  (1940),  Parson  (1907).  Berg      '^Z:^.:;! ̂ ^^s^IS::^^ 
1  mi.  past  Alpine  Dam,  200  m,  Utech  88-016  (CM);  W 

slope  of  Mt.  Tamalpais,  between  Rock  Springs  and  Alpine 

Dam,  430  m,  Utech  88-014  (CM);  Nicasio  Valley  Road' 
San  Geronimo  to  Nicasio,  90  m,  Utech  88-017  (CM, 

SW  end  of  Alpine  Lake,  320  m,  Utech  88-015  (CM , 

Tamalpais,  TIN,  R6W,  300  ft.,  Yates  5039  (vy- 

MENDOCINO  CO.:  Ft.  Bragg,  Arnold  s.n.  (ROPA);  Kaisen 

District,  McMurphy  182  (DS,  NY);  S  Fork  Big  River, 

T17N,  R17W,  S29,  5  ft.,  Seacat  &  Seymour  195  (HbU, 
Masonite  Demonstration  Forest  ofFCA  128,  50  ft.,  5mt/n 

Representative  specimens  examined.  California: 
Coast  Range,  Bolander  s.n.  (MO),  Vasey  s.n.  (GH,  US). 
HUMBOLDT  CO.:  Hubbard's  Station,  Davy  &  Blasdale  5399 
(UC);  T4N,  R2E.  S27,  Anderson  1938  (HSC);  Bald  Mt. 
Road,  T6N,  R2E,  Anderson  2397  (HSC);  Indian  Creek 
on  Kneeland-Bridgeville  Road,  T2N,  R4E,  S6,  Anderson 
2904  (HSC);  Cow  Creek  fire-trail,  headwaters  Bear  Creek, 
Constance  836  (JEPS);  Dinsmores,  Eastwood  &  Howell 

4778  (CAS);  Carlotta.  Hawver  s.n.  (CAS);  200  ft.,  Tracy  &  Wheeler  5143  (CAS);  Hendy  Woods  State  Park,  Smith 
6144  (UC);  6  mi.  S  of  Pepperwood,  TIS,  R2E.  S14,  500  &  Wheeler  5136  (CAS);  Faulkner  County  Park,  2.3  nu. 
ft..  Johnson  108  (HSC^:  S  Fork  Rear  C.r^P.]c    9  ."=;  rr,;   S      w  of  BooneviUe,  290  m,  Utech  88-038  (CM);  2.7  ̂  

W  of  Comptche,  10  m,  Utech  88-036  (CM);  1.0  nu._W 
of  HoUow  Tree  on  CA  1,  350  m,  Utech  88-028  (CMJ 

1.7  mi.  E  of  Flynn  Creek  Road  on  CA  128,  25  m,  Utecn 

88-037  (CM);  5.0  mi.  past  Rockport  on  CA  1  to  Legge". 
5  m,  Utech  88-030  (CM);  near  Usal  on  CA  1,  80  ̂' 

Utech  88-029  (CM);  Dora  Creek,  Smith  Redwood  Grove, 

140  m,  Utech  88-018  (CM);  SSE  of  Albion,  4.7  nu- ^ 

on  Navarro  Ridge  Road,  175  ft.,  Utech  et  al.  84-00^ 

of  Shelter  Cove,  1,840  ft.,  Kelly  301  (HSC);  Kneeland 
Prairie,  2,000  ft.,  Kildale  520  (DS);  2,500  ft.,  Tracy 
4060.  14808.  16862  (UC);  Camp  Bauwer  Park,  0.25 
mi.  NE  of  Korbel.  190  ft.,  Miller  1  (HSC);  E  of  US  101 
from  Sea  wood  Drive,  T8N,  RlE,  SB,  Miller  128  (HSC); 
Eureka,  Paulson  s.n.  (DS);  1.5  mi.  N  of  Trinidad,  US 
101,  T8N,  RIW,  SI 4,  Plett  30  (HSC);  3  mi.  E  of 
BridgeviUe,  Roderick  60-220  (JEPS);  S  of  Kneeland, 

i 
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USPRREr&SUKVEYa  oc^?At?ALL£I BOTA-NYPlat-XOI 

Figure  8.     Type  illustration  of  Scoliopus  bigelovii  from  Torrey  (1857). 

SSE  of  Albion.  4.3  mi 

W, 

l.ll 

State 

220  m,  Utech  et  al  84^056 A  (CM);  Jackson  State  Forest, WkeeUr 
Wheele Wh nu 

(CAS);  Hales  Grove,  NW  of  CA  208,  1.150  ft
.,  U'heeUr 
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&  Smith  1142  (CAS);  10  mi.  W  of  Laytonville  to  Brans-       S.  bigelovii  Torrey  forma  minor  Baker,  J.  Linn.  Soc. 
com,  Wiggins  11592  (DS,  WTU);  Albion,  3  ft.,  Wyrick 
95  (HSC).  SAN  MATEO  CO.:  Kings  Mt.,  Abrams  2283  (DS, 
GH,  MO,  NY,  US),  Atkinson  s.n.  (US),  Baker  322  (CAS, 
DS,  GH,  MO,  NY,  UC,  US),  Block  s.n.  (CAS),  Dudley 

Bot.   17:   492-493.   1879.  type:  U.S.A.  Oregon: 
Cascade  Mountains,  1871,  Hall518{GE,  MO,  NY). 

Stems  subterranean,  2.5-10.0  cm  long.  Leaves 

s.n.  (DS),  Elmer  4113  (MO,  NY,  US),  Elmer  4559  (CAS,      2(-3),  elliptic  to  oblong,  basally  sheathing  to  sub- 
DS,  MO,  NY,  UC,  US),  Howell  265  (CAS);  2,000  ft.,      gessile,  rarely  mottled  with  purple,  8-14  cm  long, 

Woodside,  Applegate  737  (DS);  Redwood  City,  Bolander 
s.n.  (NY);  McGarvey  Gulch,  Kings  Mt.,  Browne  s,n. 
(WTU);  Summit  Springs,  Burnham  s.n.  (GH);  La  Honde 
Road  to  Skyline  Drive,  Demaree  8918  (CM,  MO);  La 

10  cm  long  in  fruit.  Outer  perianth  segments  lan- 

with  yellowish lined 

inner  segments  linear Honda  Creek,  Dudley  s,n.  (DS);  Lake  Pilarcitos,  East-  i         zr    n  i  /\  o  -j     r;i««iontc 

u,nnd  .  n  fCAS  DS  GH   NY   UC.V  F.hri.ht  .n.  fTlCV      spatulate,  6-9  mm  long,  0
.3  mm  wide.  Filaments 

2.0-3.7  mm  long,  anthers  1 .9-2.3  mm  long.  Cap- 
Woodside,  Edwards  s.n.  (WTU),  Leithold  kn.  (DS);  Por-  sules  16.0-18.5  mm  long,  5.5-7.5  mm  wide;  sty- 
tola,  La  Honda  Road,  Hoover  3897  (NY,  UC,  US);  Sears-      ̂ ^r  arms  recurved,  2.1-2.4  mm  long;  seeds  10- 

wood  s.n.  (CAS,  DS,  GH,  NY,  UC),  Ebright  s.n.  (UC), 
Pitelka  s.n.  (UC);  Butomo  Canyon,  Eastwood  s.n.  (CAS); 

ville  Lake,  La  Honda  Road,  1,000  ft..  Keck  1359  (DS, 
MO,  OSC,  WTU);  N  of  La  Honda,  Kraeger  s.n.  (JEPS); 
below  Kings  Mt.,  McMurphy  s.n.  (DS);  Pilarcitos  Canyon, 

14. 

Illustrations.      Abrams  (1940),   Hitchcock  et 
Oherlander  87  (DS);  NW  of  Woodside,  SE  of  Half  Moon      al.  ( 1 969),  Eastman  ( 1 990). 
Bay,  0.2  mi.  N  of  King  Mt.,  Roderick  61-015  (JEPS); 
Fire  Trail  Road,  2.1  mi.  W  from  Skyline  Blvd.,  SE  of 
Half  Moon  Bay,  Roderick  61-019  (JEPS);  San  Mateo 
Creek,  SE  end  Buriburi  bridge,  Rossbach  214  (UC); 
Hillsboro,  Smith  s.  n.  (GH,  US),  Smith  s.  n.  (JEPS);  Kings 
Mt.,  0.5  mi.  below  Skyline  Drive,  2,000  ft.,  Thomas 

8539  (DS);  0.5-3.3  mi.  on  Kings  Mt.  Road  from  Skyline 
Drive  to  Woodside,  250-580  m,  Utech  88-039,  88-040, 
88-041  (CM).  SANTA  CRUZ  CO.:  Glenwod,  Davis  s.n.  (CAS); 
Glenwood,  Demaree  7356  (CM);  Camon  Camp,  Waddell 
Creek,  Dudley  s.n.  (DS);  Aptos  Creek,  2.5  mi.  N  of 
Capitola,  120  ft.,  Penalosa  1480A  (CAS);  Big  Tree  Grove, 
Sonne  s.n.  (UC);  Bean  Creek,  1  mi.  SW  of  Glenwood, 
900  ft.,  Thomas  3842  (DS);  3.5  mi.  from  mouth  of  San 

Representative  specimens  examined.      OREGON: 
BENTON  CO.:  foot  of  Mt.  Alsea,  Barss  s.n.  (OSC),  Cook 

(WTU) W 

SW 

m,  Utech  88-042  (CM);  NE  slope  Mt.  Alsea,  T13S,  R7W, 

S2,  240  m,  Utech  88-043  (CM);  N  slope  of  Mary's  Peak, 

Peck  10703  (WILLU).  CLATSOP  co.:  Astoria,  Bowens.n. 

(ORE);  Onion  Peak,  TlOW,  R4N,  S22,  3,064  ft.,  Cham- 

bers 3218{0SC).  coos  CO.:  Coos  River,  above  Fish  Hatch- 

ery, Sheldon  11760  (ORE);  Coquille  River,  Myrtle  Point, 

Sweetsen  &  Henderson  s.n.  (ORE);  14  km  E  of  MyrtI* R9W.  SI 3  SWSE 

Lorenzo  River,  300  ft.,  Thomas  2597  (UC);  San  Lorenzo      Christensen  430  (ORE);  1.0  mi.  E  of  Remote  and  ̂  

mi.  I 
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River  valley,  3.5  mi.  N  of  Santa  Cruz  on  CA  9,  Thomas 
1896 A  (DS).  SONOMA  CO.:  Pocket  Canyon,  Baker  s.n. 

(ROPA);  Guerneville,  Baker  s. n.  (UC);  Redwood  Canyon,  (CAS,  DS,  ORE);  Oakland,  Howell  3887  (N  Y ,  UKt,  'u^- 

2.5  mi.  S  of  Ft.  Ross,  100  ft.,  Gould  562  (UC);  Sturgeon's  WTU);  Elk  Head,  Woodson  s.n.  GH;  Glendale,  Mender- 
Mills,  3  mi.  NW  of  Sebastopol,  Hagg  3  (ROPA);  W  of  son  12217  (ORE);  Umpqua  River,  T25S,  R7W,  SOU  it. 

Sebastopol,  Heller  &  Brown  5128  (DS,  MO,  NY,  US);  Detling  3935  (ORE,  OSC);  Sugarpine  Mt.,  Lookingiass 

0.5  mi.  N  of  Occidental  on  road  to  Camp  Meeker,  150  to  Reston,  Williams  s.n.  (ORE);  14  km  E  of  Florenc  , 

ft.,  Liojd  2044  (JEPS);  Occidental,  Lobensiem  5. rt.(UC);  Kentucky  Creek,  T19S,   R9W,  S15  NWSE,   55U  m, 

Duncan's  Mill,  Rattan  s.n.  (CAS);  6  mi.  NW  of  Occidental  Sundberg  &  Christensen  375  (ORE);  Wagoner  CreeK, 13  k m 
R8W 

along  Willow  Creek  Road,  Roderick  63-1020  (JEPS);  E         ,   .   

of  Plantation,  Gualala  River,  Roderick  60-135  (JEPS);       Sundberg  &  Christensen  387  (ORE);  8  km  E  of  Remot^^^ 
Duncan's  Mill,  Rubtzoff  3297  (CAS);  S  of  GuerneviUle, 
Rubtzoff  1407  (CAS);  0.5-3.0  mi.  S  of  Ft.  Ross  on  CA 
1,  50-100  m,  Utech  88-011,  88-012  (CM);  Stillwater 
Cove  Park,  10  m,  Utech  88-013  (CM);  2.75-6.0  mi.  W 
on  Willow  Creek  Road,  Occidental  to  Bridgehaven,  60- 
130  m,  Utech  et  al.  88-005,  88-006,  88-007  (CM);  0.3 
mi.  WNW  of  Camp  Meeker  on  Bohemian  Road,  Dutch 

W  of  Kenyon  Mt.,  T30S,  R9W,  S6,  660  m,  ̂ "«""^'/ 

9i5  (OSC);  8  km  S  of  Elkton,  T23S,  R7W.  S19  ̂ t. 

320  ft.,  Sundberg  769  (OSC);  Bear  Creek  Recr
eation 

Area,  31  mi.  W  of  Roseburg  on  OR  42,  200  i"'  ̂'"^
^^ 

88-407  (CM);  summit  of  Camas  Mt.,  2  mi-  E  of  taniaj 

Vallev.  T29S.  R8W.  S3  NESW.  440  m,  Utech  88-Wo mi.  wiNw  oi  v..amp  Meeker  on  Bohemian  tload,  Dutch      (UM).  JOSEPHINE  CO.:  5  mi.  up  i>iew  riauici   «»- 

Bill  Creek,  50  m,  Utech  et  al.  88-004  (CM);  WNW  of      from  Josephine  Creek  Road,  T38S,  R9W,  S23  i>t^^ 
Sebastapol,  0.2  mi.  S  of  Occidental,  Sturgeon's  Mill,  80 
m,  Utech  et  al.  88-002  (CM);  O.l  mi.  SE  of  East  Avenue, 
Occidental  to  Camp  Meeker,  140  m,  Utech  et  al.  88- 
003,  88-182,  90-224  (CM). 

2.  Scoliopus  hallii  S.  Watson,  Proc.  Amer. 
Acad.  14:  272.  1879.  type:  U.S.A.  Oregon: 
Cascade  Mountains,  1871,  Hall  518  (holo- 
lype,  GH;  isotypes,  MO,  NY,  photos  CM). 

910  m.  White  5 87 A  (ORE);  Mud  Sprmgs,  b  *o»"*,p  , 

Creek,  Flat  Top,  T36S,  R9W,  S19,  Stansell  &  r'«"5; 

s.n.  (OSC).  LANE  CO.:  Cougar  Bend,  Coast  Fork  ot  w 

lamette  River,  Taylor  625  (WILLU);  Indian  Creek,  ̂ ^^ 

shome,  Henderson  16873  (ORE);  Big  FaU  Creek,  "^ 

derson  18460  (ORE);  Big  Fall  Creek,  gravel  pit.  Henderso 

18504  (ORE);  Elk  Creek,  1.7  mi.  W  of  Noti,  U'  • 

R6W.  S30.  450  ft.,  Ireland  1796  (ORE);  Elk  Cren- Noti.  T17S.  R6W,  450  ft..  Detling  5092  i^^^^^^^f^ 

dling,  Georgia  Pacific  tree  farm,  Mason  10446  (        ' 

AJderwood  State  Park.  1 5  mi.  SW  of  Junction  City,  .'"»*<' 

) 

I 

\ 

I 
i 

I 

^ 

I 



Volume  79,  Number  1 
1992 

Utech 

Biology  of  Scoliopus  I 

141 

10412  (ORE);  Gunshot  Creek,  Mabel,  Mason  10414 

(ORE);  Mt.  Popocatepetl,  T19S,  RlOW,  S17  SESE,  Au- 
leT  s.n.  (OSC);  13.7  km  NE  of  Lowell,  N  Fork  Fall  Creek, 

T18S,  RIE,  S25  NENE,  317  m,  Christy  2404  (ORE); 

11.7  mi.  W  of  Lorane  on  Siuslaw  River  Road,  T20S,       Cronquist,  A.    1988.    The  Evolution  and  Classification 

Cave,  M.  S.  1966.  The  chromosomes  of  Scoliopus 

(Liliaceae).  MadroHo  18:  211-213. 
  .  1970.  Chromosomes  of  the  California  Lili- 

aceae. Univ.  Calif.  Publ.  Bot.  57:  39-42. 

Whittak 
SW  of  OR  62/US  126.  T18S.  R8W 

of  Flowering  Plants,  2nd  edition.  New  York  Bot. 

Card.,  Bronx,  New  York. 

S16  SWSE,  130  m,  Utech  88-046,  Utech  88-450  (CM);      Dahlgren,  R.  M.  T.,  H.  T.  Clifford  &  P.  F.  Yeo.   1985. 
Doris  wayside,  McKenzie  River  and  OR   15/US   126, 

NESW 
SW 

NWSW 

The  Families  of  the  Monocotyledons:  Structure,  Evo- 

lution and  Taxonomy.  Springer-Verlag,  Berlin, 
Eastman,  D.  C.    1990.    Rare  and  Endangered  Plants  of 

Oregon.  Beautiful  American  Publ.,  Beaverton,  Ore- 
463  (CM);  Fall  Creek,  Wynd  45  (UC).  Lincoln  CO.:  Van 

gon 

Duzen  Forest  along  OR  1 8  and  Salmon  River,  T6S,  R9 W,       EASTWOOD 1932.    The  Fetid  Adder's  Tongue.  Leafl. W.  Bot.  1:  24. S20,  100  m,  Utech  88-051,  Utech  88-527  (CM).  LiNN 

CO.:  Lebanon,  Haskin  110  (ORE);  Lacomb,  1.5  mi.  E  of      Engler,  A.    1888.    Liliaceae.  //i;  A.  Engler  &  K.  Prantl, 

Hammond  Camp,  T12S,  RlE,  S22  SESE,   Willis  s.n. Die  Natiirlichen  Pflanzenfamilien  2(5):  10-22. 

(OSC);  McDowell  Creek  Falls  Park,  8.6  mi.  E  of  US  20,       FedorOV,  A.  A.    1969.    Chromosome  Numbers  of  Flow- 
T12S,  RIE,  S36,  270  m,  Utech  88-044,  Utech  88-497 
(CM).  MARION  CO.:  Silverton,  Howell  577  (CM);  Silverton, 

ering  Plants.  Nauk.  Acad.  Sci.  U.S.S.R.,  Leningrad. 

[In  Russian.] 

Howell  s.n.  (CAS,  ORE,  OSC);  along  stream,  1  mi.  E  of      Gray,  A.    1856.    Manual  of  the  Botany  of  the  Northern 

Silverton,  Nelson  2124  (GH).  POLK  CO.:  along  Luckiamute  United  States,   2nd  edition.  American  Book,  New 

York. 

Hitchcock,  C.  L.  &  A.  Cronquist.    1973.   Flora  of  the 

Pacific  Northwest.  Univ.  of  Washington  Press,  Se- 

R7W 
NNW 

R6W.  SI 7  NESW 

88-049  (CM);  Little  Luckiamute  River,  2.0  mi.  NW  of 
R7W 

attle,  Washington.         .    &    M.    OWNBEY. 

050  (CM);  Van  Duzen  Forest  along  OR  1 8  and  Salmon 
River,  T6S,  R8W,  SIO,  100  m,  Utech  88-053  (CM). 
TILLAMOOK  CO.:  bank  of  Wilson  River,  1 5  mi.  from  Til- 

lamook, Thompson  4117  (CAS,  CM,  MO,  NY,  ORE,  US, 
WTU);  Van  Duzen  Forest  along  OR  1 8  and  Salmon  River, 

1969.  Vascular 

Plants  of  the  Pacific  Northwest.  Part  I:  Vascular 

Cryptograms,  Gymnosperms,  and  Monocotyledons. 
Univ.  of  Washington  Press,  Seattle,  Washington. 

Hooker,  J.  D.  1897.  Scoliopus  bigelovii,  native  of 

CaUfornia.  Bot.  Mag.  123:  7566. 

T6S,  R9W,  S17,  110  m,  Utech  88-052  (CM);  Trask      Hutchinson,  J.    1934    The  Families mi 

(CM);  Wilson  River  at  Keenig  Creek,    18  mi.   NE  of 
TiUamook,  TIN,  R8W,  S25, 120  m,  Utech  88-055  (CM); 
Munson  Creek  Falls  County  Park,  100  m,  Utech  88-540 

(CM).  
' 

Monocotyledons.  MacMillan,  London. 
1959.     The   Families   of  Flov 

Preas 

ford. 
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PHYLOGENETIC  ANALYSIS 
OF  THE  SOUTH  AFRICAN 
GENUS  SPARAXIS 
(INCLUDING  SYNNOTIA) 
(IRIDACEAE-IXIOIDEAE), 
WITH  TWO  NEW  SPECIES 
AND  A  REVIEW 

OF  THE  GENUS^ 

Peter  Goldblatt^ 

Abstract 

Kestricted  to  the  western  Cape  Province  of  South  Africa,  Sparaxis  comprises  13  species  of  small  seasonal  geophytes, 
seven  belonging  to  section  Sparaxis  and  six  to  section  Synnotia.  Until  now  treated  as  a  separate  genus,  Synnotia 
IS  separable  from  Sparaxis  section  Sparaxis  (i.e.,  Sparaxis  sensu  stricto)  only  by  the  degree  of  zygomorphy  of  their 
nowers.  Species  of  the  two  sections  have  similar  karyotypes  with  x  =  10;  specialized  scarious,  brown-streaked  bracts; 
an  unusual  leaf  anatomy  in  which  the  leaves  lack  marginal  sclerenchyma  but  have  a  specialized,  heavily  thickened 
niargmal  epidermis;  and  similar  fruit  and  seed  characteristics.  Vegetatively,  they  have  a  common  gestalt  and  cannot 
be  distinguished.  In  section  Sparaxis  the  perianth  is  always  actinomorphic,  but  in  two  species  the  stamens  are 
asymmetrically  arranged  with  the  anterior  stamen  opposed  to  the  posterior  tepal  and  the  style  curved  behind  it.  In 
section  Synnotia  the  stamens  are  unilateral  and  arcuate  with  parallel,  contiguous  anthers,  and  the  perianth  is 
zygomorphic.  Maintenance  of  Synnotia,  based  solely  on  this  minor  distinction,  is  unacceptable  and  is  inconsistent 
^ith  the  variation  in  several  other  genera  of  Iridaceae-Ixioideae,  for  example,  Babiana,  Gladiolus,  Lapeirousia, 
Iratsoniay  Geissorhiza,  and  Tritoniopsis,  all  of  which  include  species  with  either  actinomorphic  or  medianly  zygo- 

morphic flowers.  Cladistic  analysis  of  Sparaxis  using  either  Tritonia  or  Ixia  as  outgroups  for  character  polarization 
produces  the  same  internal  configuration,  but  it  is  more  parsimonious  to  regard  Tritonia  as  the  immediate  outgroup. 
unless  characters  such  as  karyotype  are  weighted.  Cladistic  analysis  shows  that  the  species  clusters  recognized  as 
section  Synnotia  and  section  Sparaxis  are  not  phylogenetically  equivalent;  the  two  sections  are  thus  recognized  for 
their  taxonomic  utility. 

History  and  Relationships 

Restricted  to  the  winter-rainfall  region  of  south-  caryophyllacea  (sect.  Synnotia),  there  are  now 

ern  Africa,  Sparaxis  is  a  genus  of  small  geophytic  13  species  of  Sparaxis  and  four  subspecies, 
perennials  with  cormous  rootstocks,  a  fan  of  fairly 
succulent  leaves,  few-flowered  spikes  of  large,  usu- 
sUy  brightly  colored  flowers,  and  scarious,  brown- 
streaked,  long-cuspidate  bracts.  Until  now  regard- 

ed as  comprising  just  six  species  with  completely         -^  ^  , 
regular  perianths  (Baker,  1896;  Goldblatt,  1969),  edged  (Baker,  1896:  134;  Lewis,  1956)  and,  when 

5/>arax/5  is  here  expanded  to  include  5x««o//a  as  first  described  in  1804  by  John  Bellenden  Ker 

section  Synnotia.  As  a  genus,  Synnotia  is  distin-      (Ker-Gawler),  Sparaxis  inrkided  two  of  the  species 

been 

guished be  assigned  to  Synnotia  by  Robert 

a  zygomorphic  perianth  with  an  enlarged  upper      (1826).  In  Lewis's  (1956:  138)  revision  of  Sjn- 

tepaL  Including  Synnotia,  in  which  Lewis  (1956)      notia,  she  echoed  Baker's  comment  m  Flora  Ca- 

[only] 

recognized  five  species,  and  adding  two  new  spe-      ̂         ^ 

cies,  Sparaxis  maculosa  (sect.  Sparaxis)  and  S.      in  its  irregular  perianth.  Although  all  the  species 

thi; ion 

.   ,  acknowledged.  I  thank  John  Rourke  and  the  staff  of  the  Compton  Herbarium
.  Kirstenbosch  Botanic 

ardens.  for  their  hospitality  during  ray  several  field  trips  to  South  Africa,  and  Margo  Branch  for  th
e  .!lu.strat.on« used 

,    '  B.  A.  Krukoff  Curator  of  African  Botany.  Missouri  Botanical  Garden,  P.O.  Box  299,  St.  Loui. 11.S.A. 

Ann.  Missouri  Bot.  Card.  79:  143-159.  1992. i:t 
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of  Sparaxis  sensu  Goldblatt  (1969)  have  an  ac-      and  SjDara:x:/5  are  considered  congeneric  (Goldblatt, 

tinomorphic  perianth,  the  filaments  of  S.  grandi-      1969).  Lewis's  treatment  was  supported  by  kary- 
flora  and  S.  bulbifera  are  unilateral,  the  abaxial 

stamen  is  curved  to  lie  opposite  the  adaxial  tepal, 
ology  (Goldblatt,   1971:   412),  all  genera  having 

X  =   10  and  a  similar  karyotype  of  small  chro- 
and  the  style  is  displaced  to  lie  between  this  stamen      mosomes. 

and  the  adaxial  tepal.  In  Synnotia^  the  perianth Studies  of  leaf  anatomy  (Rudall  &  Goldblatt, 

is  zygomorphic  with  at  least  the  upper  tepal  en-  1991)  have  now  cast  doubt  on  the  validity  of  Ixi- 
larged  and  differentiated  from  the  other  five,  and  inae.  Several  genera  of  Ixioideae  have  a  derived 
the  stamens  are  unilateral  with  the  lateral  filaments  leaf  margin  structure  with  columnar  epidermal  ceDs 

lying  close  to  the  displaced  abaxial  stamen  so  that  with  very  thick  anticlinal  walls  and  without  sub- 
the  anthers  are  parallel  and  more  or  less  contig-  epidermal  sclerenchyma.  These  include  Sparaxis 
uous.  The  difference  in  zygomorphy  between  Syn-  (and  Synnotia),   Crocosmia,   Chasmanthe,  most 
notia  and  the  above  two  Sparaxis  species  is  one  species  of  Tritonia  (a  few  have  marginal  epidermal 
of  degree  and  is  not  a  valid  criterion  for  generic  cells  matching  those  of  the  laminar  epidermis), 
separation.  In  other  genera  of  Iridaceae,  for  ex-  Freesia,  and  Anapalina.  Tritoniopsis  (Goldblatt, 
ample,  in  Babiana  and  Gladiolus,  both  indisput-  1990;  Rudall  &  Goldblatt,    1991)  has  columnar 

edly  monophyletic  genera,  there  are  several  species  and  thickened  marginal  epidermis,  but  some  species 
with  completely  actinomorphic  flowers  and  a  great-  also  have  subepidermal  marginal  sclerenchyma.  Ixia 
er  number  with  zygomorphic  flowers  (Lewis,  1959;  and  Dierama  have  unmodified  marginal  epidermal 
Lewis  et  al.,  1972).   Wats 

cells  and  subepidermal  sclerenchyma,  both  consid- 
each  have  a  single  actinomorphic  species  that  is  ered  basal  features  for  Iridaceae.  In  addition.  Die- 
often    segregated    subgenerically    (Lewis,    1958;  rama  has  an  unspecialized  leaf  anatomy,  and  its 
Goldblatt,  1989)  or  sectionally  from  its  zygomor-  leaves  usually  lack  midribs.  In  this  paper  I  develop 
phic  congeners.  There  are  similar  examples  in  Lap-  a  phylogeny  of  Sparaxis  using  both  Ixia-Dierama 
eirousia.Geissorhiza,  and  Tritonia.  It  is  clear  thai  and  Tritonia  as  possible  outgroups  for  polarizing 
zygomorphy    has    evolved    repeatedly    in    several  characters.  The  choice  of  outgroup  makes  no  dif- 
monophyletic  lines  in  Iridaceae-Ixioideae  and  may  ference  to  the  structure  of  the  tree  (although  the 
even  have  been  lost  in  some  cases  (HiUiard  &  Burtt,  evolution  of  some  characters  differs),  and  the  im- 
1991:  36):  it  is  therefore  an  unsound  criterion  for  mediate  generic  relationships  of  Sparaxis  remain 
the  recognition  of  a  genus.  This  is  particularly  so  uncertain, 
in  the  case  of  Sparaxis  and  Synnotia,  where  there 
is  a  clear  progression  from  actinomorphy  to  com- 

plete floral  zygomorphy. 
Sparaxis  and  Synnotia  are  so  similar  vegeta- 

tively  that  they  cannot  be  distinguished  except  in      CORM  TUNICS 

Review  of  Taxonomic  Characters  and 
Character  Polarization 

flower.  The  floral  bracts,  often  good  indicators  of 
relationship  in  Ixioideae,  are  similarly  specialized 
in  both.  They  are  scarious  and  more  or  less  pale- 
membranous   but    are    irregularly   streaked   with 

In  most  species  the  relatively  small  corms  are 

enclosed  in  fine,  pale,  netted  fibers,  which  outgroup 

comparison  with  either  Tritonia  or  Ixia  suggests 

h  n   n  T7  r     "  ̂        ̂   . T  '"''''  '''  the  basal  condition.  In  section  Synnotia,  S.  rox- brown,  and  are  often  lacerate  and  lone-cusped.  l,       .••      j  c         7     .    u         .u    *     ■    ̂ vtPndlng 
q-    :Ur  I  „  ,  .    ,,  .     ,       ,   ̂     ,  ̂   burghii  and  S.  galeata  have  the  tunic  extending bimilar  bracts  occur  in  the  tropical  and  southeast-  „^    „  j  •  1  j    1      u  r  *u^  nlants 
o™  Af.;^o„  n-«  c        L-  T  .  ,       .  upward  in  a  neck  around  the  base  of  the  piaiu^ em  Atncan  Dierama,  for  which  reason  it  has  been  J^a  tV,^  »     •  1        •  olW  Hense 
,'n.r^^\A^,-^A  -^lot^j  *     c  •     T     T  .       ,        ,  ®""  *"^  tunics  accumulate  m  an  unusually  dense considered  related  to  Sparaxis.  In  Ixia,  thought  _  .-     1    1     •      ,      ,  t     c      -n^^n   S 
tn  \^  nlr^c^Kr  r«la.^J  ♦      H"  ,1       ■      ,  r..r.[  "^^^^'  particularlv  m  the  latter.  In  S.  viUosa,  ̂ ■ to  be  closely  related  to  Dierama  (Lewis,   1962),  .    „  ,  r.         .  ,  ^  t„nirs 
tWhr«rt<.a^o„c.,.ii        1  u  '      '"^A  caryophyllacea,  and  S.variegata  the  corm  tunics the  bracts  are  usually  pale-membranous  and  short-  .  jrii  iij       cu^rc    es- 

cusped.  These  four  genera  have  angular  ,o  globose  "" .  TT^     .  'k'^ "  1  \^^ll 
seeds  »i.h  a  surface  in  whieh  the  outline  of  the  5,"" '''  '^''^'"^  ''''""'•  *T  "''''"''''T  „''  "  . 

epidermal  cells  is  nearly  ,o  completely  obliterated,  ̂ "  7"  structure  .  probably  4n  m,port
ant  s  e^ 

a  fairly  typical  seed  type  in  IxioLae  In  Sparaxis  "''''""'°"  """^  '\  ""''?"  '"'  """'"«  '*"
'' 

and  Synnotia  the  seeds  are  completely  spherical  ̂ "'"  ""  "  ""«''  "^"^^^ and  perfectly  smooth. 

Lewis  assigned  Synnotia  together  with  Sparax- 
is, Streptnntheray  Ixia,  and  Dierama  to  subtribe 

Ixiinae  of  the  Ixieae.  Since  then  composition  of 

LEAVES 

describe 

distinguished 
Ixiinae  has  not  changed  except  that  Streptanthera     Iridaceae  in  their  somewhat  succulent  (soft  but 
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firm)  nonfibrotic  texture.  They  are  always  a  rather  markably  similar  to  those  of  Dierama,  which  is 

pale  green,  and  the  fine,  pale  lateral  veins  are  presumed  to  be  convergent.  Bracts  of  Ixia  and 

perhaps  part  of  the  reason  for  their  being  easily  Tritonia  are  typically  membranous  and  uniformly 
recognized.  In  sunlight  the  leaves  seem  sprinkled  pale  or  with  the  veins  a  darker  color,  and  in  both 

with  gold,  probably  a  reflection  of  the  light  from  genera  the  bracts  are  most  often  short-cusped. 

the  epidermal  papillae.  Most  species  of  the  genus  Three  species  of  section  Sparaxis  stand  out  in 

also  have  obtuse  leaves  generally  obliquely  apic-  having  especially  large  but  non-cusped  bracts.  In- 
ulate,  unlike  both  possible  outgroups  in  which  the  stead,  the  margins  are  rather  irregularly  lobed.  This The 

condition  is  assumed  here  to  be  the  plesiomorphic 

have  a  basis  in  internal  anatomy,  but  in  any  event  state.  In  S.fragrans  and  S.  maculosa  the  margins 

should  be  regarded  as  derived.  The  leaf  margin  of  the  bracts  including  the  cusps  are  irregularly 

epidermis  of  the  several  species  examined  anatom-  fringed  (Fig.  1  A).  The  condition  is  distinctive  enough 

ically  is  unusual.  As  in  the  case  of  Tritonia  and  to  make  it  possible  to  identify  the  species  from  the 

its  close  allies  Crocosmia  and  Chasmanthe{de  Vos,  bracts  alone  and  must  be  regarded  as  apomorphic. 

1982,  1984)  and  Tritoniopsis  (Goldblatt,  1990), 
the  marginal  epidermal  cells  differ  from  the  laminar PERIANTH 

iunuiar 

ened  on  the  anticlinal  walls.  The  margins  lack  sub- The  somewhat  fleshy  perianth  is  actinomorphic 

epidermal  sclerenchyma,  as  do  the  margins  in  the      in  section  Sparaxis,  but  is  medianly  zygomorphic 

Tritonia  group  but  not  Tritoniopsis  (Goldblatt  &      (Figs.  2,  3),  a  derived  condition,  in  section  Syn- 
notia.  in  which  the  flowers  face  to  the  side,  the nnm 

leaf  margin  features  are  regarded  as  apomorphic  upper  tepal  is  always  largest,  and  the  lower  three 

and  strongly  link  Sparaxis  to  the  Tritonia  group,  tepals  are  typically  smaller,  united  to  one  another 

especiaUy  because  morphology  is  equivocal  con-  for  a  short  distance,  and  grooved  proximally.  AU 

irelationshios  in  most  Ixioideae./xm,  thought  members  of  section  Sparaxis  have  a  fairly  short 
cemin 

ma  associated  with  a  marginal  vein. 

to  be  allied  to  Sparaxis  (Lewis,  1962;  Goldblatt,  perianth  tube,  as  do  several  of  section  Synnotia. 

1969),  has  the  plesiomorphic  leaf  margin  anatomy,  An  elongate  tube  characterizes  S.  roxburghii  and 

with  the  epidermis  no  different  on  margin  and  lam-  the  two  subspecies  of  5.  variegata,  and  in  the 

ina,  and  weU-developed  subepidermal  sclerenchy-      latter  the  tube  is  bent  sharply  (geniculate)  at  the 

top  of  the  lower  cylindric  part  of  the  tube  (Fig. 3B). 

Floral  variation  in  section  Sparaxis  is  limited. 

All  seven  species  have  a  regular  perianth,  and  five 

There  is  nothing  remarkable  about  the  inflores-     have   actinomorphic   flowers  with   erect  stamens 

cence  of  Sparaxis,  a  spike,  but  the  patterns  of     sy 

branching  are  variable.  In  most  members  of  section     Two  species  have  asymmetrically  arranged  sta- 

Sparaxis  branching  is  restricted  to  the  base,  al-      mens,  described  below. 

INFLORESCENCE  AND  BRACTS 

around 

though  plants  may  produce  up  to  five  axes  per In  the  flowers  of  section  Synnotia  the  tepals  are 

eorm  and  this  seems  to  be  the  basic  condition  in     unequ th 
e  genus.  In  S.  bulbifera  and  section  Synnotia,  lower  three  small,  united  for  a  ..Iiurt  distance,  and 

branching,  when  it  occurs,  is  cauline,  presumably  grooved.  Tlie  stamens  are  unUatcral  and  more  or
 

a  reversal  to  the  basic  kind  of  branching  in  Iri-  less  contiguous,  lying  close  to  the  pot,terior  tepal. 

<laceae  including  the  possible  outgroups  of  the  ge-  Perianth  colors  of  red  to  orange  or  pink,  foimd 

nus.  Flowers  are  more  or  less  spiraUy  arranged  on  in  Sparaxis  tricolor,  S.  elegans,  and  5.  pillansn, 

a  flexuose  axis  in  section  Sparaxis,  but  the  spike  are  probably  plesiomorphic,  correspondmg  as  they 

*s  secund  in  those  species  with  a  zygomorphic  peri- 
predominant 

anth  (sect.  Synnotia).  The  two  characters  may  be     and  Jxia.  The  remaining  species  of  Sparax
is  have 

correlated,  but  are  here  regarded  as  separate  syn-      yellow  to  white  or  purple  perianths. 
odor apomorphies. 

The  bracts  of  Sparaxis  are  perhaps  the  most 

striking  feature  of  the  genus.  They  are  dry  and 
firm  in  texture,  somewhat  creased,  and   usually  ... 

long-cusped  (Fig.  1).  In  addition,  they  are  irreg-  lionshlp.  Moreover
,  hasrd  on  all  o.h.r  rr.tena.  the 

ularly  streaked  with  medium  to  dark  brown  on  the  three  scented  '^pecie^
  do  not  ..rm  tu  lie  .mm.d.atHy 

pale  translucent  background.  The  bracts  are  re-      related. 

because  the  scents  in  the  three  fragrant  hpecies, 

S.frfigrnns,  S.  caryophyllacrn,  and  S.  galea  fa, 

seem  different,  and  thus  doot  evidence  for  rela- 
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Figure  1. 

and  separated  inner  and  outer  bracts  full  size.  (Drawn  by  J.  C.  Manning 

axis  maculosa  (A)  and  S,  hulhifera  (B).  Habits  xO.5;  singi' I 

STAMENS  AND  STYLE 

Whereas  in  most  species  of  section  Sparaxis 
the  stamens  arc  arranged  symnietrically  around 
the  TfMitral  style,  in  5.  grandijiora  and  S.  bulblfera 

tiie  stamens  and  style  are  asyrametricall 
The  lower  (abaxial)  stamen  is  curved 

and 

bet 
This 
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Figure  2. Habits  x0.5;8tngl 

inner  and  outer  bracts  full  size.  (Dr 

uni 

stamens 

In  S.  graadifiora  and  S.  bulbifera  and  section 
Synnotia  the  anthers  face  inward  and  arc  introrse 

at  anthesis,  unlike  the  other  species  of  section 
Sparaxis,  which  have  extrorse  anthers,  the  ba&al 

condition  for  Iridaceae.  In  5.  pillansii  the  anthers 

«^e  slightly  coiled  (S  shaped),  and  in  5.  elegans 

they  are  strongly  twisted  around  the  style  (Gold- 
blatt,  1969). 

Three  species  of  section  Sparaxis^  S.  tricolor^ 

5.  elegans.  and  S.  pillansii,  have  short,  terminally 

expanded  style  branches,  different  from  the  fili- 

form, relatively  long  style  branches  that  charac- 

terize the  rest  of  the  genus  (GoldWatl,  1969).  Com- 
r^rwon  with  Tritonia  suggests  that  the  long  filiform 
•tylc  branches  are  the  basal  condition  and  that  the 

short  branchrs  are  derived.  A  similar  inlerpretarion 
seems  reasonable  with  Ixia  a^  uutgroup. 

POLLEN 

The  pollen  grains  of  several  species 
banded  operculum 

«:• 

iinutely  verrurate  tec- 
i.  In  all  xh^'-o  features 

lively  to  the  presumed 

basal ually  small  grains 

single  banded  oper 

FRUIT  AND  SFFW 

The  ihin-wttll.d  rnpules less  !»arT^I— hftpH 
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Figure  3.     Habit  and  floral  details  of  Sparaxis  variegata  subsp.  variegata  (A)  and  subsp.  metelerkampiae  (B). Tawn 

lubglobose 
membrano 

ded 

en  seen  from  above.  The  capsules  with  a  greater  number  of  seeds  than  the 
^alls  of  the  ripe  capsules  average  (10-12  per  locule).  Size  varies  a  little 
impression  of  the  seeds,  between  the   species,  but   the  large  seeds  of  5. 

a  consequence  of  seed  shape  and  texture  rather  parviflora,  up  to  2.5  mm  diam,,  are  clearly  apo- 
than  of  any  intrinsic  feature  of  the  capsule  itself.  morphic.  The  smaU  seeds  of  S.  variegata  subsp. 
The  seeds  of  both  sections  Sparaxis  and  Synnotia  metelerkampiae,  1 .6- 1 .8  mm  diam.,  are  probably 
are  spherical,  hard,  and  shiny.  The  raphe  remains  also  apomorphic.  Curiously,  the  above  two  taxa, 
conspicuous,  and  there  is  a  sHght  swelling  around  one  with  many  smaU  seeds  and  the  other  with  few 
the  micropyle.  Color  is  medium  brown  to  deep  red-  large  seeds  are  also  the  most  strongly  self-com- 

n 

Seed  numbe 

species,  with  an  average  of  8-10  seeds  per  locule 
patible  and  autogamous  species  in  the  genus. 

seeds 

//7 

KARYOLOGY 

per  locule)  and  S.  variegata  subsp,  variegata  (5- 
6  per  locule),  while  subspecies  metelerkampiae  has 

Basic  chromosome  number  in  Sparaxis  is  ̂   "^ 
10  (Goldblatt,  1969,  1971).  The  chromosomes  are 
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small  and  exhibit  a  small  range  in  size.  Original      roxhurghii  renders  informed  comment  on  the  tree 
counts  here  for  two  species  of  section  Synnotia,      impossible. 
5.  caryphyllacea  and  5.  variegata  subsp.  mete- A  notable  parallelism  in  the  tree  is  the  elongate 

lerkampiae,  both  2/i  =  20,  conform  to  the  pattern  perianth  tube  in  5.  roxhurghii  and  5.  variegata^ 
already  described  for  the  genus.  This  karyotype  species  which  have  different  types  of  corms.  A 
accords  closely  with  that  of  Ixia  and  Dierama,  longer  tree  results  when  these  two  species  are  treat- 
Tritonia  and  Crocosmia  have  :r  =  11^  but  oth-  ed  as  related  by  their  long  tubes,  for  there  is  then 
erwise  have  a  similar  chromosome  morphology.  It  a  reversal  in  corm  tunic  texture  and  two  parallel- 
is  only  a  small  change  from  x  =  11  tox=  10,  isms,  one  for  an  erect  upper  tepal  and  another  for 
and  there  is  ample  precedent  for  single-step  de-  tunics  thick  and  forming  a  neck.  Other  parallelisms 
creasing  dysploid  events  in  flowering  plants,  in-      in  the  tree,  including  a  small  flower  in  S,  parvifiora 

and  S.  villosa^  spotted  leaf  bases  in  5.  galeala  and 

S.  caryopkyllacea,  and  few  and  large  seeds  in  S. 

parvifiora  and  S.  galeata,  are  not  unusual  for 

plants  in  general.  The  presence  of  cauline  branch- 
ing for  the  clade  including  the  Synnotia  group  and 

h. 

eluding  several  within  Iridaceae. 

Phylogeny  of  Sparaxis 

The   characteristics  outlined  above  and  sum-  S.  hulbifera  is  treated  as  a  reversal,  basal  b 
manzed  in  Table  1  form  the  basis  for  the  cladistic  ing  being  regarded  here  as  apomorphic  for  Sparax- 

analysis.  Characters  were  initially  polarized  using  is.  The  reversal  of  one  of  the  basal  characters  for 
both  Ixia  and  Tritonia  as  the  outgroup.  A  more  Sparaxis,  oblique  apiculate  leaf  apices,  in  S.  fra- 
parsimonious  resolution  was  obtained  with  Trito-  grans  is  not  surprising  in  view  of  its  narrow  leaves, 

nia.  The  use  of  Ixia  as  outgroup  is  founded  largely  which  leave  little  opportunity  for  the  expression  of 

on  karyotypic  similarity,  and  the  resulting  clado-  the  character. 
gram  thus  assumes  the  convergent  development  of 
the  two  evidently  unlinked  and  striking  leaf  ana- 

tomical characters,  columna 

The  analysis  confirms  the  integrity  of  Synnotia 

as  a  monophyletic  assemblage.  The  Synnotia  clade 

is  supported  by  three  synapomorphies,  all  related 

event  occurred  in  the  Sparaxis  line,  resulting  in 
the  apparently  identical  karyotypes  of  Ixia  and 
Sparaxis.  The  cladogram  (Fig.  4)  was  produced 

enni 

cells,  and  lack  of  subepidermal  epidermis  at  the  to  floral  zygomorphy  and  thus  perhaps  intimately 

^i^argins  in  Sparaxis  and  in  the  Tritonia  lineage.  linked.  The  analysis  also  indicates  that  while  the 

I  prefer  to  assume  that  a  single  decreasing  dysploid      genus  Sparaxis  is  monophyletic  and  is  supported 

by  five  synapomorphies,  none  evidently  linked,  the 

seven  species  of  Sparaxis  sensu  Goldblatt  ( 1 969), 

i.e.,  excluding  Synnotia,  do  not  themselves  con- 
stitute a  single  lineage,  but  rather  consist  of  four 

puter  analysis  produced  three  trees  of  equal  length,  clades,  more  or  less  equivalent  to  the  Synnotia 

the  one  figured,  a  second  that  is  not  supported  by      clade. 
the  data,  and  a  third  that  is  discussed  below,  that  Treatment  of  these  seven  species  as  a  section 

have  a  tree  length  of  31  and  a  consistency  index  Sparaxis  is  taxonomically  convenient,  although 

(CI)  of  0.77,  ignoring  non-informative  characters  phylogenetically  unacceptable  because  section 

for  the  ingroup.  Ignorance  of  seed  type  (character  Sparaxis  as  so  constituted  is  paraphyletic.  The 

25)  in  S.  roxhurghii  and  5.  variegata  makes  it      recommended  phylogenetic  solution,  to  recognize 

^possible  to  resolve  completely  the  Synnotia  clade. 
Depending  on  the  character  state  for  these  two  section  Synnotia  (or  no  sections  at  all)  has  little 

species  a  shorter  tree  leneth  of  30  and  CI  of  0.8      practical  merit.  Excepting  the  basal  clade  that  ui- 

e  obtained  (as  is  figured),  assuming  many 

sec  tions imeag 

small 
are  supported  by  only  one  synapomorphy  each. 

On 
araxis 

for  5.  roxhurghii. 
rhe  most  significant  point  of  difference  bet 

the  three  computer-generated  trees  is  the  position  residual  and  paraphyletic  section  Sparaxis.  It  must 

«f  Sparaxis  parvifiora.  Its  position  as  sister  clade  be  noted  that  within  the  latter,  the  5.  tricolor  hue 

to  the  remaining  species  of  section  Synnotia  (Fig. 
y  where  it  is  defined  by  two  parallelisms  is  the  one 

ifi 

remauung  lour  species 

three  primary  clades. 

fact  so  closely  related  that  they  are  in  practice 

clade  to  5.  galeata-S.  roxhurghii,  and  the  cluster      often  difficult  to  disimpmh,  and  their  validity  as 

*8  supported  by  the  presumed  presence  of  few  large 
^^^s  (character  2S).  Ignorance  of  the  seeds  of  S. 

species  has  not  alwa)  .^  been 

gnit! 
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SPARAXIS 

13  anthers  twisted 

Tritonia 

Crocosmia 
Chasmanthe 
Freesia 
Anomatheca 
Duthieastrum 

r 
24  leaf  bases 

spotted 25  seeds  few 

23  flower  small 
24  leaf  bases 

spotted 

17  tube  elongate 1 7  tube  elongate 

3  tunic  necked 

1  8  upper  tepal 
recurved 

26  throat  streaked 

2  tunic  fibers  coarse 23  flower 

small 25  seeds  tew  and  large 
21  perianth  partly  purple 

1 1  perianth  bilabiate 
1 5  stamens  arcuate 

19  spike  secund 

22  branching  cauline 

14  stamens  asymmetric 

9  bracts  cuspidate 
12  perianth  yellow  to  white 

1  X  =  10 
6  leaf  apices  oblique  apiculate 
7  leaf  _+.  succulent 
8  bracts  scarious 

22  branching  basal 

4  leaf  margin  epidermis  columnar 
5  leaf  margin  w/o  sclerenchyma 

Figure  4.  Phylogeny  of  Sparaxis,  with  Tritonia  and  its  close  allies  {Crocosmia,  Chasmanthe,  Freesia,  and 
Anomatheca)  as  outgroup.  The  cladogram  is  based  on  the  character  list  and  data  matrix  presented  in  Table  1.  Tree 
length  is  30  and  the  consistency  index  (CI)  is  0.8,  with  autapomorphies  excluded  for  the  manually  constructed 

lines 

Systematic  Review 

The  SDecies  of  S 
full 

tions  are  provided  in  a  treatment  of  the  genus  for 

color  has  merit,  but  because  of  its  small  size  formal      fact  that  the  section  Sparaxis  has  an  actinoxnor- 
treatment  seems  unnecessary  at  present.  phic  perianth  and  section  Synnoda  has  a  zygo- 

morphic  one. 

Sparaxis  Ker,  Curtis's  Bot.  Mag.  15:  t.  548.  1802, 

&  Konig  &  Sims,  Ann.  Bot.  1:  225.  1804  as 

1805.  Klatt,  Linnaea  32:  747,  1863,  &  Abb- 

Naturf.  Ges.  HaUe  15:  389  (Erganz.  56).  1882, 

not  including  Synnotia  or  Streptanthera.  Ba- 
ker, Handb.  Irid.  196.  1892,  &  in  Flora  Cap. 

6:  115,  1896,  not  including  Synnotia  or 

Streptanthera.  Goldblatt  in  J.  S.  African  Bot. 
35:  219-252.  1969,  not  including  Synnom^ 

Contr.  Bolus  Herb  13:  57.  1991-  TYPE  SPE- 

CIES: S.  hulhifera  (L.)  Ker  (lectotype,  here designated). 

if  Southern  Afi 
synonymy 

except  where  new  combinations  are  presented.  Ex- 
tended descriptions  are  provided  for  two  new  spe- 

cies, S.  maculosa  and  S.  caryophyllacea  and  for 
S.  variegata,  which  has  a  complex  pattern  of  vari- 

ation. Complete  species  descriptions  and  ample  ci- 
tation of  specimens  are  included  in  revisions  of 

and raxis Synnotia  (Lewis, 
(Goldblatt,   1969).  I  have  not  included  sectional 

descriptions  here  because  they  have  little  utility  in       ̂^'^P^^^^hera  Sweet,  Brit.  Fl.  Card.  ser.  1,  3:  t.  ̂!!  ' 
.  c^.ll  ...».  l;to  Q.....;.  Ia  ,„...i^  „„i,  r„_  1  1827,  Klatt,  Abh.  Naturf.  Ges.  HaUe  15:  390  (& like  Sparaxis   

repetition  of  the  generic  description  except  for  the ganz.'56).  1882.  Baker,  Handbk.  Irid.  160  (1892) 

Gen 
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Table  1.  Data  matrix  and  character  list  for  the  cladogram  (Fig.  4).  The  derived  condition  is  denoted  by  1; 
ancestral  by  0;  state  unknown  by  ?.  Polarity  of  characters  is  discussed  in  the  text.  Autapomorphies  are  not  included. 
Abbreviations  for  species  will  be  evident  from  the  text  and  Figure  4. 

Character  number 

Taxon 

Tritonia 

Sparaxis 
trie. 
eleg. 

pill. 

tnacu. 

grand. 
bulb, 

parvi. 

gale. roxb. 
vilL 

caryo. 
varie. 

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 

0001  1000000000000000000000 

1001  1111000000010001010000 
1001  1  1  1  1000010010001010000 
1001  1  1  11000010010001010000 
1001  101  11  10100000000010000 
.00111111101000000000100?0 
10011111100101000000010000 
1001  1  1  11100101000000000000 

?0011111101101100010001010 
10111111101101100110100110 

0111111101101101110100070 
11011111101101100010101001 

11011111001101100010100101 
110111111011011010101000?1 

10 
X 11 

Characters:  the  derived  (apomorpl 
1.  basic  chromosome  number  x 
2.  corm  tunics  of  coarse  fibers  thickened  below  ̂ tunics  fibers  fine 

3.  corm  tunics  forming  a  neck  and  accumulating  in  a  dense  mass— tunics  not  forming 
4.  leaf  margin  epidermis  columnar — epidermis  normal 
5.  margins  without  subepidermal  sclerenchyma— subepidermal  sclerenchyma  present 

leaf  apices  obtuse  and  oblique  apiculate leaves  ± 

6. 
7. 

8. 
apices  acute 

succulent  and  gold-reflecting — leaves  firm,  not  gold-reflecting 
rious,  creased  and  brown  streaked— bracts  membranous  and  self-colored 

9.  bracts  long-cuspidate  and  lacerate — bracts  not  cuspidate  or  hardly  scarious 
10.  bract  edges  irregularly  serrate-fringed — bract  edges  smooth 
11.  perianth  zygomorphic  and  bilabiate — perianth  actinomorphic 
12.  perianth  shades  of  yellow  to  white  or  purple— perianth  with  red.  orange  or  pink 
13.  anthers  weakly  twisted — anthers  straight 

abaxial  stamen  opposed  to  adaxial  tepal  and  style  arcuate 
stamens  unilateral  and  arcuate — stamens  not  unilateral 

14. 
15. 
16. iynunetri 

style  branches  short  and  broad  above 

17.  perianth  tube  elongate — perianth  tube  short 
18.  upper  tepal  erect-recurved — ^  upper  tepal  hooded 
19.  spike  secund— 

style  branches  filiform 

20. spike  spiral  , 

perianth  vividly  marked  (tricolored)— perianth  usually  drably  marked  (uni-  or  bicolored) 

21.  perianth  with  at  least  upper  tepal  partly  purple— perianth  without  purple  marks 
22.  branching  basal  only — branching  cauline 
23.  flowers  especially  small— flowers  fairly  large 
24.  leaf  bases  spotted — leaf  bases  self-colored 
25.  seeds  few  and  large 

26.  
^ —seeds  many  and  moderate-sized 

perianth  throat  streaked— throat  not  streaked 

Afr.  Fl.  PI.  ed.  2:  218.  1951.  TYPE  SPECiES:  S, 

elegans  Sweet  (=  Sparaxis  elegans  (Sweet)  Gold- blatt). 
globose 

mod 

fine  netted  fibers  or  of  coarse  hard  fibe ^      "'**^M-                                                                            erately  fine  netted  noers  or  oi  coarse  naru  uucis, 
^ynnotia  Sweet,  Brit.  FI.  Card.  2:  t,   150.   1826  (as      ̂ j^j^j^^^^j   ̂ ^j    clawlike    below.    Leaves   several, ^ynnetial  coxx ,  Synnotiahy  Sweet  in  Hort   Brit,         .nmPtim^  also  cauline.  the  low- Linnaea 

Baker,  Flora  Cap.  6:  134-135.  1896.  Lewis,  Ann. 
S.  African  Mus.  40:  137-151.  1956.  type  species; 

mostly  basal,  but  sometimes  also  cauline,  the  low 

membranous 

phylls),  the  remaining  laminate  and  green,  lanceo-
 

S.  variegata  Sweet  (=  Sparaxis  variegata  (Sweet)      j^^^  ̂ ^  linear  or  falcate,  obtuse  to  acute,  acuminate. Goldbl 

Anactorion  Raf.,  Fl.  Telluriana  34.   1838  (as   1836). 

losely 

type:  a,  hicolor  (Thunb 
(Burm.  f.)  N.  E.  Br.). Sparaxis  villosa 

fine 

firm  and  relatively  thick,  ±  erect,  glahroiui,  simple 

.A 
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or  branched,  then  either  from  near  the  base  or      largest  and  the  lower  three  smallest,  lanceolate  to 

above  the  ground,  sometimes  with  a  few  large  ax-      obovate  or  spathulate,  acute  to  obtuse.  Stamens 
cormlets in  inserted  at  the  base  of  the  expanded  part  (throat) 

all  axils.  Spike  (l-)few-  to  several-flowered,  lax,  of  the  tube,  symmetrically  or  asymmetrically  dis- 
distichous  in  bud,  loosely  spiral  or  nearly  secund  posed;  filaments  filiform,  straight  and  surrounding 
in  bloom;  bracts  scarious  and  creased,  pale  with  the  style,  or  curved  outwards  and  the  abaxial  twist- 
brown  streaks,  ±  entire  to  lightly  lacerate,  or  deep-  ed  to  lie  opposite  the  adaxial  tepal,  or  aU  three 
ly  lacerate  with  long  tapering  cusps,  the  outer  filaments  ±  parallel  and  opposite  the  adaxial  tepal; 
(abaxial)  larger  than  the  inner  (adaxial).  Flowers  anthers  straight,  curved  or  spirally  coiled,  sxib- 
actinomorphic  or  zygomorphic,  then  with  either  basifixed,  extrorse  or  introrse.  Ovary  ovoid;  style 
the  stamens  alone  asymmetrically  arranged  or  the  filiform,  straight  and  erect  or  unilateral,  the  branch- 
perianth  also  asymmetric,  then  the  upper  (adaxial)  es  either  short,  often  with  expanded  apices,  or  long 
tepal  larger  and  often  hooded  and  the  lower  three  and  filiform.  Capsules  barrel-shaped  to  oblong,  firm- 
tepals  smallest,  with  contrasting  marking  and  ex-  membranous,  showing  the  outline  of  the  seeds; 
tended  forward  ±  horizontally;  perianth  tube  short  seeds  (2-)4-l  5  per  locule,  globose,  relatively  large, 

funnel-shaped  (cylind 
panded  above),  sometimes  obliquely  so,  or  elongate, 
much  exceeding  the  bracts  and  dimorphic,  the  low- 

smooth,  usually  shiny.  Chromosome  number  x 
10. 

A  genus  of  1 3  species,  all  in  South  Africa  and 
er  part  cylindric  and  abruptly  bent  and  widened      restricted  to  the  southwestern  Cape,  southern  Na- 
above;  tepals  with  the  whorls  ±  equal  or  the  upper      maqualand,  and  the  western  Karoo. 

\ Key  to  the  Species 

la.    Perianth  actinomorphic;  stamens  either  symmetrically  disposed  around  a  central  style  or  the  abaxial  stamen 
lying  opposite  the  adaxial  tepal,  and  style  opposite  the  adaxial  tepal  (section  Sparaxis). 
2a.   Bracts  entire  to  slightly  lacerate;  stamens  symmetrically  disposed  around  erect  style  (this  includes  when anthers  are  coiled). 

3a.    Anthers  spirally  coiled  and  reaching  only  to  apex  of  the  style   3.   S.  elegans 
3b.   Anthers  straight  or  slightly  twisted  and  cm-ved,  extending  well  past  style  branches. 

4a.   Anthers  straight,  yellow  to  ochre;  spikes  2-5 -flowered;  tepals  orange,  marked  with  yellow  and 
black                1^  5.  tricolor 

4b.    Anthers  incurved  and  slightly  twisted,  red  to  brown;  spikes  (2-)5-10-flowered;  tepals  rose 
pink,  marked  with  yellow  and  red  to  purple       2.   5.  pillansii 

2b.   Bracts  deeply  lacerate  with  cusps  at  least  as  long  as  the  rest  of  "the  bract7stamensTy^^  or asymmetrical  but  not  coiled. 

5a.    Bract  edges  irregularly  serrate  (fringed);  stamens  symmetrically  arranged  around  style. 
Oa,   Tepals  27-35  x  8- 1 0  mm;  leaves  oblong  to  lanceolate,  9- 1 2  mm  wide  and  obliquely  apiculate 

   
5_  5,  maculosa 

6b.   Tepals  18-25  x  5-8  mm;  leaves  linear  to  narrowly  lanceolate,  2-5(-9)  mm  wide  and  acute 
—               _  _        4,  5.  fragrans 

5b.    Bract  edges  ±  entire,  not  serrate  or  fringed;  stamens  asymmetrically  "disposed, 7a.   Stem  usually  branched  in  mid-axis  and  bearing  a  cauline  leaf;  many  small  cormlets  produced 
after  flowermg  at  all  nodes   7,  5.  hulhifera 

7b.   Branches  if  present  produced  from  base,  and  axes  lacking  a  cauline  leaf;  cormiets  not  produced 
'"  numbers  and  never  above  ground        „   6    S  grandipra 

lb.  Perianth  zygomorphic,  with  the  adaxial  (upper)  tepal  largest,  erect,  and  often  h"ooded,  and  lower  three  tepals smauest  and  ±  horizontal;  stamens  unilateral  and  arcuate,  with  the  anthers  parallel  and  ±  contiguous (section  Synnotia),  ^ 

8a,   Narrow  part  of  perianth  tube  more  than  25  mm  long,  well  exserted  from  the  bracts;  tube  bent  abruptly 
(geniculate)  at  apex  of  the  slender  part   „    13    5   variegata 

8b.   Narrow  part  of  perianth  tube  less  than  25  nun  long,  exserted"or  included  in  the  b7^"tube  gently  to sharply  curved  at  the  apex  of  the  narrow  part. 
9a.   Corm  tunics  of  fine  fibers;  flowers  small,  the  tepals  less  than  10  mm  long        8.   S.  parviflora 
Vb.   Lorra  tumcs  either  of  fine  or  coarse  fibers  thickened  into  claws  below;  flowers  usually  larger,  the upper  tepals  at  least  15  mm  long,  but  if  shorter  the  corm  tunics  of  coarse  fibers, 

lUa.    Lorm  tumcs  of  hard  reticulate  fibers  not  extending  upwards  in  a  neck;  upper  tepal  directed forward  and  somewhat  hooded  over  the  stamens. 

Ua.   Upper  tepal  ca.  16  nmi  long,  bases  of  the  leaves  uniformly  colored;  style  dividing 
opposite  the  lower  half  of  the  anthers,  the  style  branches  ca.  2  mm  long.^  11.   S.  viUosa 

lib.    Upper  tepal  22-24  mm  lone:  ha«»«  nf  ths.  Io.,.«o  i;„i,*i,.   i.i.j  .  -.t.^   1^  ir.nt 
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10b. 

visible  in  dry  material);  style  dividing  near  anther  apices,  the  style  branches  ca.  5 
mm  long    12.   S.  caryophyllacea 

Corm  tunics  of  fine  fibers,  usually  extending  upwards  in  a  neck;  upper  tepal  erect  or  directed 
backwards. 

12a.    Cylindrical  part  of  perianth  tube  less  than  8  mm  long;  leaf  bases  spotted  red  to  purple 
(sometimes  fading  on  dry  specimens)  „..    9,  S.  galeata 

12b.    Cylindrical  part  of  perianth  tube  15-25  mm  long;  leaf  bases  uniformly  colored   

SECTION  1.    SPARAXIS 

1.   Sparaxis  tricolor  (Schneev.)  Ker,  Konig  & 
Ann 

Evans  in  Fl.  PI.  South  Africa  8:  pi.  320.  1928. 
Sparaxis  cuprea  (Sweet)  Klatt,  Linnaea  35:  378. 
1868.  type;  figure  in  Brit.  Fl.  Card.  ser.  2,  2:  t, 
122. 

Cap.  6:  117.   1896.  Goldblatt,  J.  S,  African      Streptanthera  cuprea  y^^^^^^ 
Bot.  35:  230.  1969.  Ixia  tricolor  Schneev., 

Icon.  PL  Rar.  t.  39.  1795.  Ker,  Curtis's  Bot. 
Mag.   U:  t.  381.   1797.  Streptanthera  tri- 

color (Schneev.)  Klatt,  Abh.  Naturf.  Ges.  Hal 

Card.  22:  276.  1932.  Marais,  Curtis's  Bot.  Mag. 
177:  t.  557.  1969.  type:  South  Africa.  Cape:  Nieu- 
woudtville,  Buhr  s.n.  (holotype,  BOL  19443). 

Endemic  to  the  Bokkeveld  Plateau  in  the  north- 

le  15:  390  (Erganz.  56).   1882.  TYPEr'iMus-  ̂ ^^*  ̂ ^P^'  ̂ ^^ending  from  about  Nieuwoudtville 

tration  in  Schneevogt,  Icon.  PI.  Rar.  t.  39.  ̂ ^^^^^^  some  25  km;  occurrmg  m  hght  to  heavy 
clay  sous.  Easuy  recognized  by  the  distinctively 

Restricted  to  the  northern  end  of  the  Bokkeveld  marked  flowers,  the  coiled  anthers  twisted  around 

t.scarpment,  northwest  of  Nieuwoudtville  in  the  the  style  and  the  unusually  broad  style  branches, 
northwestern  Cape,  occurring  on  clay  soils  in  re-  The  more  common  form  with  salmon-pink  flowers 
nosterveld.  Readily  identified  by  the  characteristic  occurs  in  the  Nieuwoudtville  area,  and  the  white- 

orange-red  flowers  with  yellow  and  blackish  tepal  flowered  form  occurs  in  the  south  of  its  range, 
tnarkings.  Widely  cultivated  in  southern  Africa  and  sometimes  in  pure  stands,  or  mixed  with  the  pink. 
elsewhere;  most  Sparaxis  hybrids  were  derived 
from  crosses  that  included  S.  tricolor. 

2.    Sparaxis  pillansii  L.  Bolus,  S.  African  Card. 
22:  57.  1932,  Goldblatt,  J.  S.  African  Bot, 
35:  232 Ann 

4.  Sparaxis  fragrans  (Jacq.)  Ker,  Konig  &  Sims, 

Ann.  Bot.  1:  225.  1804.  Baker,  Flora  Cap. 

6:  117.  1896.  Goldblatt,  J.  S.  African  Bot. 

35:  235.  1969.  Ixia  fragrans  Jacq.,  Icon. 

PI.  Rar.  2:  t.  274.  1793.  TYPE:  figure  in 

Jacquin,  Icon.  PL  Rar,  2:  t,  274. 68:   563.   1981,  TYPE:  South  Africa.  Cape: 

near  Nieuwoudtville,  L.  Bolus  s.n.  (holotype,       Jxia  sordida  Hornem.,  Hort.  Hafn.  Suppl.  6.  1819.  IVPE: 

BOL- 19182).  South  Africa,  without  precise  locality,  Ilornemann 
s.n.  (holotype,  C). 

Endemic  to  the  Calvinia  District  in  the  north-       Gladiolus  odorus  Schrank,  Denkschr.  Konigl.-Baier  Bot. 

Ges.  Regensburg  2;  206.   1822,  nom.  illeg.  non 

fi 

lusfr 

Caledon 

western  Cape,  it  is  most  common  in  the  rocky  hiDs 
east  of  Nieuwoudtville  but  is  also  found  near  Cal- 

vmia.  Occurring  in  heavy  red  clay  waterlogged  for 
inost  of  the  growing  season,  often  in  standing  pools.  E 
Closely  related   to  5.    tricolor,   and  with  flowers  western  Cape,  extending  from  Botrivier  and  Vil- 

having  similar,  though  smaller  markings,  5.  pil-  liersdorp  in  the  west  to  the  east  end  of  the  Caledon 

fansii  is  easily  distinguished  by  differences  in  tepal  Swartberg  in  the  east;  occurring  on  clay  flats  and 

coloring  (orange  and  blackish  in  S.  tricolor,  rose  slopes,  usually  waterlogged  in  the  winter  months. 

and  reddish  in  S.  pillansii^  and  by  its  weakly  Distinguished  by  the  small  yellow  to  buff',  unpleas- twisted  anthers. 

3-   Sparaxis  elegans  (Sweet)  Goldblatt,  J.  S.  Af- 

Qoscly 

posed 

^  i 

(bel 

rican  Bot.  35:  233.  1969.  Streptanthera  ele-      to  serrate  bract  margins. 
gans  Sweet,  Brit.  Fl.  Card.  ser.  1,  3:  t.  209 

1827.  Baker,  Flora  Cap.  6:  86.  1896.  TYPE:      5.   Sparaxis  maculosa  Goldblatt.  sp.  nov.  TYPE: 

figure  in  Brit.  Fl.  Card.  ser.  1 ,  3:  t.  209. 

Streptanthera  cuprea  Sweet,  Brit.  Fl.  Card.  ser.  2,  2:  t. 
Hort 501.  1830, 

nom.  nud.).  Baker,  Flora  Cap.  6:  86.  1896.  Pole- 

South  Africa.  Cape:  farm  Stettyn,  I)etween 

Worcester  and  Villiersdorp,  Perry  &  Man- 

tling 3603  (holotype,  NBC;  i&utypes,  K,  MO, 

FKE).  Fipvirr  lA. 
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Plantae  10-20(-30)  mm  altae,  cormo  globoso  ca.  15-       flowers  have  a  small  single  or  paired  dark  mark  at 

cm  diam.,  foliis  7-9»  lanceolatis,  9-12  mm  latis,  spica       ̂ ^  \y^^  q{  each  tepal,  while  the  outer  or  both 
l-2(-3)-flora,  bracteis  scariosis  laceratis  cuspidatis,  flo- 
ribus  actinomorphis  steDatis,  flavis  in  medio  atromarroni- 
nis,  filamentis  erectis,  antheris  ascendentibus  9.5-1 1  mm 
longis,  ramis  stylorum  inter  antheris  recurventibus. 

Plants  10-20(-30)  cm  high.  Corm  globose,  ca. 
1.5  cm  diam.,  tunics  of  fine,  pale,  closely  matted 

fibers.  Foliage  leaves  7-9,  all  ±  basal,  about  2/3 

as  long  as  the  spikes,  the  upper  longest,  lanceo- 

whorls  of  tepals  may  be  flushed  with  purple  on  the 

reverse.  Unlike  S.fragrans,  the  leaves  of  S.  macu- 
losa are  short,  oblong  to  lanceolate,  and  obtuse 

and  obliquely  apiculate,  and  the  stems  have  one 

or  rarely  two  flowers,  which  are  larger  than  any 

known  in  S.  fragrans,  although  the  perianth  tube 

is  about  the  same  length  in  both.  In  S.  maculosa 

the  clear,  bright  yellow  tepals  each  have  a  large 
late(-oblong),  9-12  mm  wide,  abruptly  expanded      h^art-shaped,  dark  maroon  mark  in  the  lower  third. adaxially  above  the  sheath,  obtuse,  obliquely  apic- 

The  single  known  population  is  relatively  small ulate.  Stem  nearly  erect,  flexed  above  the  first      ̂ ^^  ̂ ^.^^  ̂ ^.^^^^  ̂ ^^  ̂ ^^^^  characters.  The  ques- flower,  leafless  above  the  ground,  simple  or  with 

1-2  branches  produced  from  below  ground  level. 
bracts 

Spike  l-2(-3)-flowered,  weakly  fle 
scarious,  translucent  with  light  brown  streaks  to- 

ward the  margins,  the  outer  3-cuspidate,  the  inner 

tion  arises  whether  it  is  simply  a  divergent  popu- 

lation of  S.  fragrans,  or  whether  it  is  sufficiently 

distinct  to  merit  taxonomic  recognition.  Compan- 

son  with  variation  patterns  among  taxa  within 

Sparaxis  suggests  that  the  differences  in  the  leaves 2-cuspidate,  both  lacerate    and  the  edges  hghtly      ̂ ^^^^  ̂ ^^^  ̂ ^^.^  taxonomic  separation  at  sub- 
and  irregularly  serrate,  2-2.5  mm  long,  the  cusps      ̂   ^^^  ̂ ^^^  pronounced  leaf  differences  ex- shghtly  exceedmg  the  rest  of  the  bract    FZou.er5      .^^  .^  ̂    grandiflora  between  subspecies  graadi- actinomorphic,  stellate,  bright  yellow,  the  tepals 

each  with  a  dark  maroon  heart-shaped  mark  with 
a  central  yellow  streak  in  the  lower  third;  perianth 

flora   and   subspecies    via 

lacea,   which   are  also 
separated  by  small  difierences  in  tepal  shape  (Gold- 

blatt,  1969,  in  press).  The  substantial  leaf  and  floral 
^afee  fmrnel-shaped,  6-7  mm  long,  the  lower  part      ̂ ^^^^^^^^  'including  tepal  width,  length,  and  pat- 
rn       J.  r\    mm     Inner'     tf>r\nt*i     -r-     nhmTur      V7— -Is    mm  o         i  _     .  .        ,.     i-    _■_.*„ ca.  2.5  mm  long;  tepals 

long,  8-10  mm  wide.  Filaments  6-7  mm  long, 
erect,  contiguous  around  the  style;  anthers  linear, 

9.5-11  mm  long,  pale  yellow.  Ovary  globose,  ca. 
2.5  mm  long,  style  filiform,  dividing  opposite  the 
lower  third  of  the  anthers,  branches  4.5-5  mm 

long,  arching  between  the  upper  anthers.  Capsules 
and  seeds  unknown.  Chromosome  number  un- 
known. 

^^l^""! '  n^l^^.^      terning,  style   arm  length,  and  level  of  division 

relative  to  the  anthers  make  it  seem  preferable  to 

accord  the  Stettyn  population  recognition  at  the 

species  rank.  The  distinction  in  leaf  shape,  tepal 

size,  and  relative  proportion  of  other  floral  char- 
acters are  absolute.  There  is  no  overlap  in  any 

floral  or  leaf  characters.  Additional  exploration  m 

suitable  sites  in  the  southern  Worcester  valley  may 

yield  further  populations  that  render  this  decision 
Discovered    in    1988,    Sparaxis    maculosa   is      liable  to  revision,  but  until  then  specific  rank  tor 

known  only  from  the  farm  Stettyn,  north  of  Vil-       the  population  seems  preferable. 
Worcester 

blooms 

fi^g 
and  the  basic  form  of  their  actinomorphic  flowers 
is  identical.  Their  bracts  are  also  similar,  being 
long-cuspidate  and  irregularly  lacerate  with  the 
edges  lightly  and  irregularly  serrate  (or  somewhat 
fringed),  a  feature  that  alone  makes  it  possible  to 
identify  the  two  species. 

As  circumscribed  by  Goldblatt  (1969),  Sparaxis 
fragrans  includes  slender  plants  with  linear  to  nar- 

rowly lanceolate  (or  falcate),  acute  leaves  2-8  mm 

wide  and  a  spike  of  l-3(-5)  scented,  pale  yellow uniformly 

symme 
ments  contiguous  and  surrounding  the  lower  part 
of  the  style,  and  the  anthers  divergent.  The  style 
branches  are  relatively  long  and  curve  outwards 

6.  Sparaxis  grandiflora  (Delaroche)  Ker,  Ko- 

nig  &  Sims  Ann.  Bot.  1:  225.  1804  (Sept.- 

Nov.)  &  Curtis's  Bot.  Mag.  20:  t.  779-  1804 

(Oct.).  Baker,  Flora  Cap.  6:  116.  1896.  G. 

Lewis,  Fl.  Cape  Penins.  245.  1950,  in  part 

including  5.  bulbifera.  Goldblatt,  J.  S.  African 

Bot.  35:  239.  1969.  Ixia  grandiflora  Dela- 

roche, Descr.  PL  Nov.  23.  1766.  Ker,  Curtis  s 

Bot.  Mag.  15:  t.  541.  1801.  TYPE:  South 

Africa.  Cape:  near  Tulbagh  Road  Station, 

Goldblatt  303  (neotype,  designated  by  Gold- blatt (1969),  BOL;  isoneotype,  MO). 

Ixia  uniflora  L.,  Mant.  27.  1770.  TYPE:  without  preci^^ 

locaUty,  Herb.  Linnaeus  58/19  (holotype,  LINIV)- 

Widespread    in   the    southwestern   Cape   tro 

Qanwilliam  in  the  northwpst  tn  Rreadasdorp  in  tn^ 

over  and  between  the  anthers.  Occasionally  the      southeast,  occurring  on  heavy  clay  soils,  often  wa- 



Volume  79.  Number  1 
1992 

Goldblatt 

Review  and  Phylogenetic  Analysis 

of  Sparaxis 

155 

terlogged  in  the  winter;  flowering  August  to  Sep- 
tember. The  species  Is  variable,  and  four  allopatric 

subspecies  were  recognized  by  Goldblatt  (1969). 

501.  1827.  TYPE  SPECIES:  5.  variegata  Sweet 

(=  Sparaxis  fari'e^a^a  (Sweet)  Goldblatt  subsp. variegata). 
wn 

separateraceof  the  species,  geographically  isolated      8.   Sparaxis   parviflora   (G.    Lewis)   Goldblatt, 
from  the  others  by  mountain  and  soil  barriers.  The 
subspecies  will  be  fully  treated  in  the  Flora  of 
Southern  Africa  treatment  (Goldblatt,  in  press), 
which  will  include  the  extensive  and  complex  syn- 

onymy, key,  and  descriptions. 
Subspecies  grandiflora,  with  plum-colored  flow- 

ers, is  restricted  to  the  Tulbagh  valley;  subspecies 
fimbriata,  with  cream  flowers,  occurs  along  the 
western  Cape  coastal  plain;  subspecies  violacea, 
which  has  either  purple  or  white  flowers,  in  the 
Caledon  district,  east  of  the  Houw  Hoek  Mountains; 

and  subspecies  acutiloha,  with  yellow  (rarely  violet) 
flowers,  occurs  to  the  north,  in  the  OHfants  River 
valley. 

comb.  nov.  Basionym:  Synnotia  parviflora 

G.  Lewis,  Ann.  S.  African  Mus.  40:  140-142. 
1956.  TYPE:  South  Africa.  Cape:  between  Dar- 

ling and  Mamre,  Lewis  3556  (holotype,  SAM 
65637;  isotype,  K). 

Restricted  to  the  coastal  plain  between  Cape 

Town  and  Saldanha  Bay  and  occurring  in  sandy, 

granite-derived  soils,  often  in  rock  outcrops,  where 
it  flowers  fairly  early  in  the  season,  beginning  in 

mid- August.  Easily  recognized  by  its  tiny  cream 

and  pale  yellow  flowers,  the  smallest  in  the  genus, 

and  the  finely  fibrous  corm  tunics,  Sparaxis  par- 

viflora is  a  strongly  autogamous  species.  The  seeds 

are  the  largest  in  the  genus. 

7,   Sparaxis  bulbifera  (L.)  Ker,  Konig  &  Sims, 
Ann.  Bot.  1:  225.  1804,  Baker,  Flora  Cap. 

unusu 

ifl 

tumcs 
6:  116.   1896,  in  part  excl.  5.  grandiflora     ̂ ^^^^  ̂ ^p^,g  fl^^^ed  with  purple. subsp.  violacea  as  variety  B,  violacea.  Gold- 

blatt, J.  S.  African  Bot.  35:  236.  1969.  Ixia 

bulhiflera  L.,  Amoen.  Acad.  300.  1756.  Be- 

lamcanda  bulbifera  (L.)  Moench  (as  Belem- 
canda\  Suppl.  Meth.  214.  1802.  TYPE:  with- 

out  precise  locality.  Herb.  Lirmaeus  58/16 
(neotype,  designated  by  Goldblatt  (1969), 
LINN).  Figure  IB. 

hia  anemonaeflora  sensu  DC.  in  Redoute,  Liliac.  2:  t. 
85.  ca.  1804,  non  Jacq.  (1793)  (=  Ixia  campan- ulata  Houtt.). 

Sparaxis  albiflora  Ecklon,  Topogr.  Verz.  28.  1827.  TYPE; yher  s,n.  (isotyp 
uncertain. 

9.  Sparaxis  galeata  Ker,  Konig  &  Sims,  Ann. 

Bot.  1:  225-226.  1804,  as  nom.  nov.  pro 

Gladiolus  galeatus  Jacq.,  Icones  PL  Rar.  2: 
t.  258.  1794  et  CoU.  Bot.  4:  167.  1792  (as 

1790),  nom.  illeg.  non  G.  galeatus  Burman  f. 

1768  (=  Gladiolus  alatus  L.).  Synnotia  ̂ aZe- 

am  (Ker)  Sweet,  Hort.  Brit.  ed.  1,  398.  1827. 

Pole  Evans,  R  PL  Africa  5:  pL  162.  1925 

(as  Synnotia  villosa).  Lewis,  Ann.  S.  African 

Mus.  40:  143-146.  1956.  Anactorion  gaU 
eatum  RaL,  FL  TeUuriana  4:  34.  1838  (as 

1836).  TYPE:  illustration  in  Jacq.,  Icones  PL 

Wid Rar.  2:  t.  258, 

River 

nioimtains,  and  mostly  in  sandy  ground 
winter 

uig  from  Darling  in  the  west  to  Bredasdorp  in  the  r-,        .n-  j    i.     r         r 

east,  occurring  on  flats  and  lower  slopes  of  hiUs  niore  or  less  between  
Clanwdham  and  the  foot  of 

^a-  *^^  Bokkeveld  (NieuwoudtviUe)  Escarpment,  bpa- 
.^:ic  raxis  Qaleata  occurs  on  dry,  arid,  stony  clay  flats 

Often  confused  with  white-flowered  forms  of  Spa.  and  gentle  slopes  
Unlike  most  species  of  Sparaxis 

raxis  grandiflora  and  sometimes  distinguished  only  5.  galeata  Is  self
-incompatible  and  it  sets  few,  if 

^ith  difficulty  in  early  flower  by  its  taller  stature 

and  preference  for  wet,  sandy  habitats;  identifi- 
unless 

:lfing  is  infrequent.  The 

cation  is  easier  after  the  aerial  branch  and  smaU     unusually  small  capsuJe
s    D-  /  mm 

cormlet 
only  2-3(-4)  seeds  per  locule.  In  addition  to  the 

distinguished 

SECTION  2.    SYNNOUA 

Sparaxis  sect.  Synnotia  (Sweet)  Goldblatt,  Contr. 
Bolus  Herb.  14:  57  (1991).  Synnotia  Sweet, 

tunics 

ground 
shared  in  Sparaxis  only  with  S.  roxburghii.  The 

nsely 

Brit.  Fl,  Card.  2:  t.  150.  1826  (as  Synnetia),      tubed  flowc 

corr.  Synnotia  by  Sweet  in  Hort.  Brit.  ed.  2:      September, 
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10. 
SparaxU    roxburghii   (Baker)  Coldblatt,  Otnj»daI=  It  occurn  in  rrm»irrvrl(l  on  hr3^-)■  clay 

comb.  nov.  Basionym:  Synnotia  birolor  Tftr.  and  gr«mteM?.-frr©d  >mU,  oflrn  In  roi  ky  sites  but 

roxburghii  Baker,  IlanJLk.  Irid.  198.  1892;  abo  under  low  shruH  where  it  blooms  more  er- 

Flora  Cap.   6:    135.    1896.   Synnotia   roo^  ratieally  than  planU  in  open  habitats.  It  flowers 

burghii  (Baker)  C.  Lewis,  Arm,  S.  African  from  late  Augu«^t  to  the  end  of  September. 
Mus,  40:  146-147.  1956.  rm:  South  Af. 

rica.  Cape:  15  mi.  N  of  Gtnisdal.  Leuis  5207 

A  sman-flowercd  form  in  thr  Saldaiilva  district 

ri  be  confused  with  S.  parvijiora,  Uit  that  «pedc» 
(neotype,  here  designated,  NRC; h.Lt.  i    -  • 

»M 

it' 

tunics  of  fme-nett unlike 

MO)  (Roxburgh  s.n.i  the  original  type,  with-      coarse  fibers  with  their  clawlike  thickening: 

out  precise  locality,  has  not  been  located),  acleri>tic  of  5.  t 

liosa. 

Except  for  the  type,  from  an  unknov^-n  sour 
Sparaxis  roxburghiihas  apparently  been  recorded 

from  a  single  locality,  a  shale  ridge  near  Alpha  in 
the  Olifants  River  valley  between  Citrusdal  and 

Qanwilliam,  flowering  from  late  August  to  mid- 
September.  It  is  rare  and  has  not  been  collected 

12.  Sparaxis  earyophyllacea  Culdblatt,  sp. 

nov.  TYPE:  South  Africa.  Cape:  middle  slopes 

of  the  NardouH  Mountains,  north  of  Qanwil- 

liam, GoUhlati  3851  (holotype,  NBC;  iso- 
typca,  K,  MO,  PRE).  Figure  2B. 

Plantae  1 2-30  cm  ahac,  cormo  1 3- 1 8  cm  diam,  spica for  over  30  years.  The  species  must  be  regarded 

as  seriously  endangered  until  its  status  can  be  as-      2-4-flora,  fioribu*  luteb,  tepak>  auperiorc  vlolascente, 

ca.  4.5  mm  kmgis* 

lants 

sessed  by  on-site  investigation.  Its  fine  corm  tunics      *^"^^  atromacula^  tubo  pcrlanthu  ca.  20  nun  lory^ ^,    ,  f  ,  111  I  tepalo  supenore  ca.  20  mm  tongo  crccto-arcuato,  antnens that  form  a  neck  around  the  base  and  erect  to 

reflexed,  rather  than  hooded,  upper  tepal  suggest 
that  S.  roxburgkii  is  most  closely  related  to  S. 
galeata,  but  it  can  be  distinguished  immediately 
by  its  long  perianth  tube  and  differently  colored 
and  proportioned  flower.  Capsules  and  seeds  of  S, 
roxburgkii  are  unknown. 

d,  coarse  fibers  oriented  vertically, 

jncd  below  into  clawlike  ribs.  Foliage 

ba^al  exceot  the  upper  1-2,  these inserted 

ceolale. 
usua 

11.    Sparaxis    villosa    (Burman    f.)   Goldblatt,      sometimes  obliquely 

comb.  nov.  Basionym:  Gladiolus  villosus  Bur-      branches  pr 
man  f..  Flora  Cap.  Prod.  2.  1768.  Synnotia 
villosa  (Burman  f.)  N.  E.  Br.  Kew  BuU.  133. 
1929.  Lewis,  Ann.  S.  African  Mus.  40:  142- 

143.  1956.  TYPE:  South  Africa.  Cape:  without 
precise  locality,  illustration  in  Breyne,  Prodr. 
Ease.  Bar.  PI.,  Icones  22:  t.  8  f.  2.   1739 

(lectotype   effectively  designated  by  Brown, 
1929).  Figure  2A. 

Gladiolus  bicolor  Thunb.,  Diss,  de  Gladiolo  no.  16,  t.  2, 
f.  1.  1784.  Jacquin,  Ic.  PI.  Rar.  2:  t.  240.  1794. 

(Thunb.)  Ker,  Bot 

cauline 
usually  inclined  and  slightly  flrxrd  above  the  leaves. 

Spike  2-4-fluwered,  straight  or  barely  flexuose,  ± 

secund;  outer  bracts  nale  below  with  whitish  veins, 

oming  feathered  light  brown  above,  12-14  mm 

long,  lacerate,  usually  with  a  prominent  central 

cusp,  inner  bracts  similar,  usually  2-cusped.  Plotter 

pale  yellow  with  the  upper  tepal  shading  to  violet 

in  the  upper  half,  the  upper  lateral  tepals  cream 

above  the  base,  and  the  lower  tepals  deep  yellow, 

fading  to  cream  at  the  apices,  the  throat  yellow 

....  .......  ,.uu.^.,  xv^r,  ouu  mag.  io:  i.  d^o.      ̂ ^^  ̂ ^'^  s^x^^Vs,  sweetly  carnation-scented;  pen- 
1802,  nom.  illeg.  superfl.  pro  Gladiolus  villosus      ̂ ^^^^  ̂ "^^  funnel-shaped,  the  upper  part  curvmg 

outward,  ca.   20  mm  long;   tepals  unequal,  the lims,  Ann.  Bot (Thunb 

(Thunb 
Flora  Cap.  6:  134-135.  1896.  excl.  syn.  Gladiolus oded mm  long,  the  upper  laterals  16  mm  long,  directed 

galeatus  &  var.   roxburgkii.  Anactorion  bicolor      ̂ ^^ward,   the   lower   tepals   united   for    5   mm,   - (Th    ^ 
TYPE:  South  Africa.  Cape:  Groene  Kloof,  Thanberg 
s.n.  (holotype,  UPS). 

(Figure  162  in  Fl.  PL  Africa  5.  1925,  identified  as  Syn- 
notia bicolor,  is  Sparaxis  galeata.) 

The  most  widespread  member  of  section  Syn- 

horizontal  proxiina 

uiii- 

lateral  and  arcuate,  whitish,  ca.  12  mm  long;  ̂ ^' mm 

be;  poDen  cre
am- 

nun  ionff_   ovoid -triconous;
  sty 

notia,  S.  villosa  extends  from  the  Cape  Peninsula  arched  behind  the  filaments,  white,  dividing  just 
northward  along  the  west  coast  and  through  the  below  the  apices  of  the  anthers,  branches  diverging Tulbagh  and  Olifants  River  vaUeys  as  far  north  as      and  recurved  in  the  nnn^r  V,«lf   unread  above  the * 

) 
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anthers,  cuiuKiplicatr  below,  bocnming  narrowly be 

channeled  toward  the  upper  third  und  the  nuirgiii^     geniculate  bend  at  the  apex  of  the  slender,  cylind 
he sparsely  t  iliate  in  the  wider  upper  half.  Capsule      pt 

rotund,  10-11  mtn  long,  6-7  nun  at  the  \ddcit; 

seeds  1,8-2.2  mm  diam.,  midinf  !)rovsii,  usually      prising  two  infraspecific  taxa  is  followed 
Lewis 

10  per  locuJe.  Chromosome  number  2n 20. treated 

localized,  Sparaxis  caryo. 
rank 

n  only  from  the  w^^ern  s 
untains  In  tlie  Olifants  Ri 

of  the 

between  Bulshoek  and  the  confluence  of  the  Doom 
River  near  Trawal  where  it  was  first  collected  in 

1976.  It  grows  in  stony  clay,  below  the  contact 
line  ̂ Wth  the  lowermost  band  of  Table  Mountain 

the  two  taxa  are  for  the  most  part  easily  separated, 

and  they  appear  biologicaUy  as  ̂ vell  as  morpholog- 

icaDy  distinct.  Subspecies  variegata  has  larger, 

more  brightly  colored  flowers  and  smaller  capsules 
seed 

ubspec 

caps  the  range less 

with  numerous  fairly  small  seeds  and  is  autoga- 
produced  from  early  August  to  mid-September      ̂ ^^^  ̂ ^  ̂^^  ,^^^^^  ̂ ^^^^^  ̂ ^^  ̂^^.j^  ̂-^-^^^  ̂ pp^^i^^ scented 

full  capsules,  containing 

-pollinated  with  its  own 
sometmies 

house,  presumably  when  the  stigmatic  surfaces  of 
styles  of  wilting  flower>  come  into  contact  with 

nature  the  species  is  probably 
lated  by  bees- 

the  anthers,  and  the  stigmatic  surfaces  of  the  rather 

short  style  branches  are  in  contact  with  the  pollen 

throughout  anthesis.  In  subspecies  variegata  the 

style  branches  are  generally  longer  and  held  above 

the  anthers. 

la.    Flowers  with  upper  tepal  25-30  mm  long;  an- nm:i 

The exceed 

raxis  villosa  (Fig.  2A),  and  it  is  to  this  species  that 

S.  caryophyllacea  i?  probably  mo$t  closely  related. 
It  can  be  readily  distinguished  by  size,  the  upper 

tepals  ca.  20  mm  long  compared  with  12-16  mm 
*n  S.  villosa.  In  addition  the  periantli  is  conspic- 

uously striped  with  Mark  In  the  throat  and  is  strong- 

ly carnation-scented.  Another  diagnostic  feature  is 
the  red  speckling  on  the  sheaths  of  the  lower  leaves. 

7  mm  long  spreading  above  the  anthers 13a.   subsp.  variegata 

lb 

mm 

thers  3-4  mm  long;  style  not  exceeding  the 

mm 

tangled  in  the  anthers 13b.  subsp.  metelerkampiae 

1 3a.    Subspecies  variegata 

This  character  is  also  present  in  S.  galeata,  pre-      Sparaxis  ivattii  Harvey,  Gen.  S.  African  PI.  ed. 

sumably  due  to  convergence,  for  the  two  do  not 
seem  immediately  related.  Sparaxis  caryophyl- 

lacea would  make  a  fine  container  or  rock  garden 

subject.  It  is  as  easy  to  grow  as  the  Sparaxis 
hybrids  available  in  the  horticultural  trade. 

1:  33.  1838.  type:  South  Africa.  Cape:  with- 

fFatt 

isotypes,  GH,  K).  Figure  3A. 

Plants  l0-18(-30)  cm  high.  Spike  3-8-flow- 

ered predominantly 

purple  with  the  throat  and  bases  of  the  lower  tepals 
13.   Sparaxis  variegata  (Sweet)  Goldblatt,  comb.      ̂ ^^^^  ̂ ^  predominantly  yeUow  with  the  upper  tepals 

nov.  Basionym:  Synnotia  variegata  Sweet,      ̂ ^^  ̂ ^^  ̂ .p^  ̂^  ̂ ^^  l^^^j.  Sepals  becoming  purple; 
Brit.  FL  Gard.  2:  t.  150.  1826.  Baker,  Flora  i^^^h  tube  with  the  cylindric  part  30-32  mm 

mm us.  40:  147-149.  1956.  TYPE:  illustration  ^^^^^^  ̂ a.  12  mm  wide  at  the  mouth;  tepals  with 

in  Brit.  FI.  Gard.  2:  t.  150.  Figure  3.  ^^^  ̂pp^^.  25-30  mm  long,   16-18  mm  at  the 
All  •       ru  *       Tar.*,  widest  uDoer  laterals  ca.  20  mm  long,  ca.  10  mm 
A  relatively  common  species  of  the  western  Cape  widest,  upper  m  c   7  ̂ ^  ̂ «r« 

imerior,  S.  vaneea,a  extends  from  .he  upper  Ol-  wide
,  .he  lower  'epaU  un,.ed  for  5-7  mm  more 

ifants  River  valley  .hrough  .he  Cedarberg  .o  .he  than  .
h.  upper,  ea.  12  mm  Ic^g^Fdame.U  ca. vx    raiic;<   1111^115x1  o  OH  mm  tnn^- «?ii^er5  6-7  loue,  whitish  With  purplc 

N.euwoud,vme  escarpmen.,   oecurrmg  on  sand-  20  -- 1°"|;  «"'*  \^^^  „^  ̂  j  ̂̂  
s.one-derlved  soil,  or  in  sands.one  outcrops;  Bow-  °"  '"^^/^  ta^^^^^^^  4^5  «  ,  ̂ g,  ̂ ^Ly  arch- «mg  mid-Augus.  .hroudi  September.  I.  s.ands  out  anthers,  the  brancnes         ^,„.  ,„_,„„„  ., 

because  of  its  eorms  with  cLrsely  fibrous  turJcs  ing 
 above  the  anthers.  Capsules  9   1 0  mm  long. 
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5-6  mm  diam.;  seeds  ca.  2  mm  diam.,  brown,  5- 

6  per  locule. 

The  large  flowers  have  partly  to  predominantly 

5  mm  wide;  seeds  1.3-1.6  mm  diam.,  10-12  per 
locule,  brown. 

Subspecies  metelerkampiae  has  largely  purple 

yellow  flowers.  The  tepals  are  at  least  tipped  with  flowers  with  the  lower  tepals  each  with  a  white 

violet  and  sometimes  are  predominantly  violet  with  longitudinal  streak,  at  the  center  of  which  is  a  pale 

relatively  little  yellow  coloration  (the  types  of  both  yellow  mark  (reddish  in  the  type  figure).  The  tepals 

S.  i^aneg-aia  and  the  synonym  S.  tt^af fit  correspond  are  smaller  than  those  of  typical  subspecies  var- 
to  the  latter).  Perianth  color,  the  larger  size  of  the  iegata,  and  the  style  branches  are  short  and  in 

tepals  and  anthers,  and  a  style  that  divides  near  contact  with  the  anthers.  Greenhouse  studies  have 

the  anther  apices  distinguish  subspecies  variegata  shown  that  this  form  is  fully  self-compatible  and 

from  subspecies  metelerkampiae.  The  longer  style  sets  full  capsules  with  10-12  seeds  per  locule  with- 
with  the  branches  arched  above  the  anthers  makes  out  deliberate  self-pollination. 

self-pollination  unlikely,  but  the  subspecies  is  ge- There  is  some  variation  in  flower  size  and  col- 

netically    self -incompatible.    The    relatively    small      oration  in  Sparaxis  variegata  and  it  is  not  always 

capsules  contain  5-6  large  seeds  per  locule.  Sub-      clear  to  which  subspecies  populations  are  best  re- 
species  variegata  is  centered  in  the  lower  Olifants Lewis  (1956)  assigned 

'
)
 

River  valley  between  Clanwilliam  and  Bulshoek,  irrespective  of  perianth  color,  to  subspecies  var- 
and  occurs  in  sandstone  rocks,  sometimes  in  the  iegata  and  smaller-flowered  plants  to  subspecies 

courses  of  temporary  streams.  metelerkampiae.  Some  of  the  variation  in  perianth 

size  may  be  due  to  growing  conditions,  but  as  Lewis 
13b.    Subspecies  metelerkampiae  (L.  Bolus)  pointed  out,  the  existence  of  these  variants  makes 

Goldblatt,  comb,  et  stat  nov.  Basionym:  Syn-  it  impossible  to  maintain  5.  metelerkampiae  as  a 

notia  metelerkampiae  L.  Bolus,  Ann.  Bolus  separate  species,  despite  the  striking  differences, 

Herb.  3:  77.   1923.  Pole  Evans,  FL  PI.  S.  both  in  morphology  and  reproductive  biology,  in 
Africa  3:  t.  98.   1923.  Synnotia  variegata  the  extremes.  Sparaxis  i;ar/e^a^a  needs  more  study 
var.  metelerkampiae  (L.  Bolus)  G.  Lewis,  Ann.  in  the  field  and  laboratory. 

S.  African  Mus.  40:  148.  1956.  TYPE:  South  Subspecies  metelerkampiae  is  relatively  widely 

Africa.  Cape:   Eendekuil,  Metelerkamp  s.n.  distributed  in  the  western  Cape,  extending  from 
(holotype,  BOL   16039;  isotypes,  K,  PRE).  Eendekuil  and  Piekeniers  Kloof  north  through  the 

Figure  3B.  Olifants  River  vaUey  and  the  adjacent  valleys  of 

the  Cedarberg  north  to  the  Gifberg,  and  the  Nieu- 

woudtville  Escarpment.  It  grows  in  sandy  and  stony 

Sparaxis  orchidiflora  Lodd.,   Hot.   Cab.    11:   t.   1099 
1825,  nom.  nud. 

Sparaxis  luteoviolacea  Ecklon,  Topogr.  Verz.  27.  1827.      ground  in  well-drained  situations, 
nom.  nud.  {Ecklon  &  Zeyher  76.8,  C.  E,  G.  GH, P). 

Plants  15-30  cm  high.  Spike  2-5-flowered; 
bracts  15-18  mm  long.  Flower  violet-purple  with 
cream  to  yellow  (rarely  reddish)  markings  on  the 
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A  REVISION  OF 

ATRACTANTHA  (POACEAE 
BAMBUSOIDEAE: 

BAMBUSEAE)^ 

Emmet  J,  Judziewicz^ 

Abstract 

A  revision  of  the  South  American  woody  bamboo  genus  Atractantha  is  presented,  including  a  key  to  the  species, 
and  descriptions,  illustrations,  and  distribution  maps  for  all  five  recognized  taxa.  The  Bahia  (Brazil)  species  A. 
aureolanata  and  A.  cardinalis,  both  with  large,  attenuate  florets  but  differing  in  culm  leaf  morphology,  foliage  leaf 
blade  width,  and  lemma  indument,  are  newly  described.  Possible  affinities  oi  Atractantha  with  Alvimia,  Arthrostylid- 
iuTfiy  and  Elytrostachys  are  discussed. 

i 

Its  pungent,  needlelike  florets,  often  arrayed  in       species  and  enabled  the  completion  of  this  first 
elegant,  fan-shaped  clusters  or  capitate  heads,  make      formal  revision  of  the  genus. 

Atractantha   McClure   (Poaceae:    Bambusoideae:  Most  collections  of  ̂ ^ractoft//ia  were  made  dur- 

Bambuseae:  Arthrostylidiinae)  one  of  the  most  eas-  ing  the  years  1972-1983  by  Soderstrom,  Calde- 
ily  recognizable  genera  of  American  bamboos.  It      ron,  and  the  Brazilian  botanists  acknowledged  above. 

is  a  characteristic  element  of  the  rich  Bahian  (Bra-  The  first  set  of  specimens  is  in  the  herbarium  of 

zil)  bamboo  flora  (Soderstrom  et  al.,  1988).  First  the  Centro  de  Pesquisas  do  Cacau  (CEPEC),  Ita- 
coUected  in   1943   by  Ricardo  de  Lemos   Froes      buna,  Brazil,  where  they  were  examined  during  a 

February  1986  visit.  The  ample  duplicates  were 

studied  at  US  using  classical  alpha  taxonomic  meth- 

HABIT  AND  BRANCHING 

(Soderstrom  &   Londono,    1987),  the  genus  was 
described  by  McClure  (1973)  on  the  basis  of  A, 

radiata  McClure  (the  type  species)  and  A.  falcata  ods  before  being  distributed  to  numerous  herbana. 
McClure.  Explorations  in  Bahia  by  C.  E.  Calderon  Unless  noted,  all  collections  cited  are  sterile. 
and  T.  R.  Soderstrom  in  the  1970s  made  it  evident 

that  several  more  taxa  of  this  genus  awaited  de-  MORPHOLOGY  AND  ANATOMY 
scription.  Thus,  Calderon  &  Soderstrom  (1980) 

estimated  9-10  species  for  the  genus;  Clayton  & 

Renvoize  (1986),  about  10  species;  while  Soder-  Species  of  Atractantha  are  caespitose  woody 

Strom  &  Londono  (1988)  noted  that  there  were  bamboos  from  sympodial  rhizomes.  The  slender, 

5-6  "additional"  species.  Except  for  the  newly  flexible  culms  are  scandent,  vining,  and  are  iJti- 
described,  Amazonian  A.  amazonica  Judziewicz  &  mately  pendent  from  or  curtaining  upon  trees  (Fig 
L.  G,  Clark  (Judziewicz  et  al.,  1991),  the  Atrac-  6,  12).  Branching  and  rebranching  is  profuse  from 

tantha  folders  in  the  U.S.  National  Herbarium,  the  middle  and  upper  nodes.  Soderstrom  &  L^^' 
Smithsonian  Institution  (US)  have  for  many  years  dofio  (1988)  discussed  in  some  detaU  the  functional 

adaptations  of  the  culm  leaf  sheath  girdle  (rig^- 
Bahian  species  of  Atractantha.  An  opportunity  to  2C,  D,  4C,  5),  promontory  (Fig.  2B),  and  branching 

s. 

Soderst 

evaluate  this  abundant  material  resulted  in  the  de- 
cision to  validate  only  two  of  these  names  as  new patterns  found  in  climbing  bamboos  in  general  an 

Alvimia  Soderstrom  &  Londono  in  particular,  an 

'  Extensive  fieldwork  in  Bahia,  Brazil,  by  the  late  Thomas  R.  Soderstrom  and  his  collaborator  Cleofe  E.  Calderon, 
much  of  It  funded  by  the  National  Geographic  Society,  made  this  paper  possible.  The  assistance  provided  to  Soderstroin 
and  Calderon  by  Paulo  de  T.  Alvim,  director  of  CEPEC  (Centro  de  Pesquisas  do  Cacau,  Itabuna,  Brazil),  as  weU  as 
CEPEC  personnel  Talin6n  S.  dos  Santos,  Luis  A.  Mattos  Silva,  Andre  M.  de  Carvalho,  Lyselson  B.  de  OUveira,  Jose 
u  J  D    c    piniiejro,  is  gratefuUy  acknowledged.  Lynn  G.  Clark  provided  hebful  comments.  Support  by  »« Biodiversity  of  the 

drawn  by  Gesina  B.  Threlkeld  and  first  appeared  in  McClure  (1973).  ''        * " 
»  Research  Associate,  Department  of  Botany.  Birge  Hall,  University  of  Wisconsin,  Madison,  Wisconsin 

Ann.  Mt***?ouri  Bot.  Card.  79:  160-183.  1992. 
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many  of  their  generalizations  apply  to  the  closely      Thebladesaresimilar  to  those  of  other  arthrostylid- 
related  Atractantha  as  well.  ioid  genera,  which  can  often  be  easily  recognized 

by  the  absence  of  a  prominent  midvein,  and  the 

frequent  presence  of  a  narrow,  lighter  or  darker 

Although  most  are  typically  solid  (Fig.  4B),  an      zone  of  tissue  along  one  margin, 
unusual  feature  in  the  culms  of  several  species  of 
Atractantha  is  the  presence  of  small  but  well- 

developed  peripheral  air  canals  (Fig.  2A).  The  ca- 

INFLORESCENCES 

The  inflorescences  of  the  Bahian  species  of 

nals  are  most  frequently  seen  in  A.  aureolanata  Atractantha  are  compound  and  consist  of  a  few 
Judziewicz  but  occasionally  develop  in  A.  cardi-      to  numerous  partial  inflorescences  produced  from 

all  leafy  axes  and  sometimes  at  branch  and  culm Judziewic 

2452)  as  well.  Air  canals  are  not  common  in  New  nodes  as  well.  Individual  partial  inflorescences  are 
World  bamboos  but  are  known  from  the  rhizomes  either  loosely  to  densely  fascicled  {A.  aureolanata, 
and  culm  bases  oi  Arundinaria  gigantea  (Walter)  A.  cardinalis,  and  A.  falcata)  or  densely  capitate 
Muhl.  (North  America),  as  well  as  from  throughout  {A.  radiata),  McCIure  (1973)  interpreted  the  in- 
the  culms  of  an  undescribed  species  of  Rhipido-  florescences  of  A.  falcata  and  A,  radiata  (Figs. 
cladum  McClure  (Amazonian  Peru;  Dillon  et  aL  11 D,  15D)  to  be  composed  of  iterauctant  pseu- 
s.n.,  US).  In  both  of  these  species  there  is  a  central  dospikelets  that  rebranch  in  either  distichous  or 
canal  in  addition  to  the  peripheral  canals,  and  all  sympodial  fashion.  Atractantha  amazonica  has 
are  much  larger  than  those  found  in  Atractantha,  semelauctant  inflorescences  with  true  spikelets  pro- 
Air  canals  are  well  developed  in  the  roots  of  Old  duced  in  spicate  racemes. 
World  bamboos  such  as  Arundinaria  densifolia 
Munro  (Sri  Lanka)  and  Thamnocalamus  tesselatus 
(Nees)  Soderstrom  &  R.  P.  Ellis  (South  Africa). 
These  species,  as  well  as  Arundinaria  mgantea,  _     ,  ,       .,    i  -i    i     ■    i  -       n 
„^„     .  ,  .  .  1.,      ,      ,  Each  pseudospikelet  or  spikelet  is  1  -  or  occasionally 
grow  m  wet  swamps  and  boes  quite  unlike  the  dry,  ̂   „  i       •  i        i  i     j  •    ji  vi       r  i 

^  ^    ̂   2-flowered,  with  a  large,  slender,  spmdleiike,  lal- 
cate,  indurate,  obscurely  nerved,  pungent,  func- 

tional lower  floret,  and,  if  present,  a  tiny,  rudi- 

mentary upper  floret  borne  on  an  elongate, 

bristlelike  prolongation  of  the  rachilla.  The  lemma 

FLORETS 

Atractantha  has  particularly  distinctive  florets. 

terrestrial  habitat  of  the  Bahian  species  of  Atrac- tantha. 

CULM  LEAVES 

The  cuhn  leaves  are  caducous  to  tardily  decid-  jg  typically  rounded  on  the  back  and  externally 
uous.  In  several  of  the  Bahian  species  (e.g..  A,  nerveless,  but  A.  radiata  (Fig.  15B,  C,  E,  F)  is 
aureolanata.  A,   cardinalis)  a  prominent,  dark,  exceptional  in  its  raised  midnerve  and  occasionally 
corky,  swollen  sub-basal  callus  is  located  on  the  ̂ .^j^^j  lateral  nerves.  Ahhough  the  florets  of  all 
abaxial  surface  of  the  sheath  (Fig.  4E,  F),  while  in  gp^^ies  normally  disarticulate  intact  from  the  sum- 
A,  cardinalis  one  basal  margin  of  the  sheath  is  ̂ ^^  ̂ f  ̂ j^^  rachilla,  in  A.  aureolanata  (Fig.  3D), 
auricled  (Figs.  4E,  7).  The  blades  are  variable.  In  ̂   cardinalis,  and  A.  falcata  there  is  a  small  area 
A.  amazonica  they  are  erect,  triangular,  persis-  ̂ ^  tissue  on  the  back  of  the  lemma  near  its  ba^e 
tent,  and  not  subtended  by  sheath  summit  oral  ̂ i^ere  the  nerves  are  prominent  for  n  short  di^^tance 
setae  (Fig.  IF);  in  A.  radiata,  they  are  absent  or  ^^^j  separated  by  depressed,  fragile  areas  of  thin 

rac hilla. 

represented  by  a  tiny  mucro  (Fig.  2G);  and  in  A. 
aureolanata,  A.  cardinalis,  and  A,  falcata  the 

blades  are  horizontal  becoming  reflexed,  linear  to 

narrowly  lanceolate,  readily  deciduous,  and  often 

subtended  by  prominent  oral  setae  (Figs.  2C-G,  pioWERS 
4D).  Atractantha  aureolanata  is  noteworthy  for 

Its  prominently  flattened,  basally  confluent  culm 
leaf  sheath  oral  setae. 

The 
before 

Th 

fOLlAGE  LEAVES 

The  foliage  leaves  consist  of  a  sheath,  a  small, 

indurate  outer  ligule,  a  membranous  inner  lignle, 

rather  delicate,  curling  oral  setae  (Figs.  11 C,  1  IB), 

atively  large,  lanceolate  lodicules  (A.  amazonict 

may  lack  lodicules),  three  stamrns,  and  a  gynoe 

cium  with  one  style  and  two  hispidulous  stigmas. 

KririTS 

The  fruit  of  Uractantha  ha«  not  Im^h  describH 

and  a  linear-lJnceolate  to  lanceolate-ovate  blade,      until  now.  Ba
s.d  on  CaUleron  et  aL  2102  i  f. 

i 
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Tabtf  1.      Comparison  of  Atractantha  with  putatively  related  genera. 

Character Alvimia Arthrostylidium Atractantha 
Elytrostachys             •! 

Habit Delicate,  vining Delicate,  scandent  or 
uncommonly 

erect,  arching 

Delicate,  scandent Robust,  erect  and 

arching  (but  not             . self-supporting) 

Culms Nearly  solid  with a        Hollow  with  a  small Solid,  or  with  a  ring Hollow  with  a  large 
small  lumen 

lumen,  uncom- of peripheral  air lumen                           ' 
i 

monly  solid canals,  or  rarely 

with  a  small  lumen 

1 

1 

Culm  node  prom- Present Present Present Absent ontory 

Oral  setae,  culm Curling,  not  promi-        Curling,  not  promi- Curling, not  promi- 
Straight, prominent and  foliage nent nent nent  except  on 

leaves culm  leaves  of 

some  species 
r 

Inflorescence 
Diff'use Spicate  raceme Diffuse,  capitate,  or 

rarely  a  spicate 
raceme 

Diffuse 1 

Pseudospikelets Present Absent 
Present  (rarely  ab- 

sent) 

Present 1 

Florets/spikelet 10-30 
3-10 

l(-2) l(-2) 

Floret  texture Membranous Membranous Indurate 

Firmly  membranous,          i 

slightly  inflated              * Floret  shape Elliptical,  acute Lanceolate  to  ellipti- 

cal, acute  to  acu- 
minate 

Lanceolate,  pungent 

Elliptical,  acute 

RachiDa  internode No Yes,  moderately No  or  yes,  very 

No  or  yes,  very prolonged  past 

large 
small 

small 
last  floret  bear- 

^■^F 

ing  rudimenta- 

ry spikelet? 
Stamen  number 2 3 3 6 
Fruit  type 

Fleshy 

Dry 

Dry 
Dry 

Distribution Brazil  (Bahia) Mexico  and  West  In- Brazil (Amazonas, 

Central  America,  l>o- 

dies  to  Bolivia  and 
Bahia)  and  Vene- 

lombia, Venezuela, 

central  Brazil zuela  (Amazonas) 

Peru,  and  Bolivia           ̂  

cardinalis\  it  is a  dry,  narrowly fusoid,  slightly       RELATIONSHIPS 

1 

1 

dorsally  compressed  caryopsis  with  a  small,  basal 
embryo  and  an  elongate  imear  hilum  extending  the 
full  leneth  of  the  frnit  lV\fy    ̂ \C^M\    tk^  o1^^^«^ 
be 

Of  the  1 1  genera  of  arthrostylidioid  bamboos, 

only  Atractantha,  Alvimia  Soderstrom  &  Londono 

sumnut 

LEAF  ANATOMY 

appears  to  represent  the  remnants  of  the  (Soderstrom  &  LondoSo,  1
988),  and  Elytrosta- 

chys McClure  (McQure,  1942,  1973)  have  some 

or  all  species  with  pseudospikelets  instead  qi  true 

spikelets.  Table  1  compares  these  three  taxa  with 

Arthrostylidium  Rupr.,  an  unspecialized  and  net- The  foliage  leaf  blade  cross-sectional  anatomy      erogeneous  genus  that  may  be  the  paraphyletic 

core  group  of  the  subtribe  (Judziewicz  &  Clark,  i» 
press). 

Arthrostylidium  and  Atractantha  have  similar 

within 

(Sod 
fuso 

ceMs  and  arm  cells,  an  anatomical  slide  of  A,  au^  vegetative  branching  patterns  in  which  a  prom- 
reolanata  {CalderSn  &  Pinheiro  2256,  US  sUde  ontory  produces  one  to  several  main  branches  that 

!    r.^'?.^^    "^'^^^'^  characters  such      quickly  rebranch  to  produce  numerous  smaller  sec 

ondary  and  tertiary  branchlets.  ArthrostyUdiurtt 

differs  in  producing  semelauctant,  spicate  raceme^ 

of  true  spikelets,  each  with  tbree  to  many  mem- 

bo  th 

sub 

midvein  with  simple  vasculature. 
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branous  florets  lacking  the  specialized  morphology  array  of  intriguing  flowering  teratologies,  and  in 
of  those  of  Atractantha.  Atractantha  amazonica,  some  of  these  the  proliferated  partial  inflorescences 
with  true  semelauctant  spikelets  borne  in  spicate  produce  elongate,  apparently  several-flowered 
racemes,  is  a  possible  intermediate  between  the  two  pseudospikelets  with  firmly  membranous  (rather 
genera.  In  their  decision  to  describe  this  species  in  than  indurate),  distant  florets  slightly  reminiscent 

Atractantha  rather  than  in  Arthrostylidium,  Jud-  of  those  of  Alvimia.  The  available  evidence  does 
ziewicz  et  al.  (1991)  chose  to  emphasize  the  dis-  not  exclude  the  possibility  that  Alvimia  evolved 
tinctive  and  presumably  uniquely  derived  floret  from  a  species  of  Atractantha,  perhaps  even  di- 

morphology  shared  by  A,  amazonica  and  all  Bahi-  rectly  from  A,  radiata  or  a  related  species, 
an  species,  and  stressed  the  possibility  that,  by 

reduction,  true  spikelets  may  have  evolved  from  Taxonomic  TREATMENT 
pseudospikelets  several  times  in  the  bamboos.  Aside 
from  its  determinate  inflorescences.  A,  amazonica 

differs  from  its  Bahian  congeners  in  its  culms  with 
a  small,  central  lumen  and  culm  leaves  with  tri- 

angular, erect,  persistent  blades.  Further  study  could 

Atractantha  McClure,  Smithsonian  Contr.  Dot. 

9:  42.  1973.  TYPE  SPECIES:  A.  radiata  Mc- 

Clure. 

Small-  to  medium-sized,  caespitose  woody  bam- 

indicate  that  this  anomalous  species  requires  rec-  boos.  Rhizomes  short-necked,  sympodial,  pachy- 
ognition  as  a  separate  genus.  morph.  Culms  scandent  to  vining  and  pendent. 

Another  possible  relative  of  Atractantha  is  Ely-  slender,  either  solid,  or  with  a  ring  of  small  air 

trostachys.  This  genus  is  occasionally  encountered  canals  near  the  epidermis,  or  uncommonly  with  a 
in  wet  forests  at  elevations  from  0  to  900  m  in  small,  central  lumen.  Midculm  nodes  solitary  with 

Central  America,  but  is  quite  rare  at  elevations  a  horizontal  nodal  line,  initially  bearing  a  single 
from  100  to  1,700  m  in  Andean  South  America  branch  bud  at  the  summit  of  a  promontory,  this 

(Fig.  9);  examination  of  US  material  suggests  that  rebranching  to   form   secondary   and    tertiary 

the  two  described  species  are  not  distinct  and  that  branchlets.  Culm  leaves  deciduous  or  persistent; 

E.  clavigera  McClure  should  be  united  with  the  sheaths  clasping  culm,  the  base  attached  to  the 

type  species  E,   typica  McClure.  Similarities  be-  cuhn  by  a  dark,  thickened  girdle;  oral  setae  absent 

^yfeen  Atractantha  and  Elytrostachys  include  nsiV'  to  abundant;  blades  either  absent  or  present;  if 

row,  reflexed  culm  leaf  blades,  often  subtended  by  present,  then  small,  narrow,  reflexed,  and  caducous 

prominent  oral  setae;  setose,  laminiferous  pseu-  to  less  commonly  triangular,  erect,  and  persistent, 

dospikelet   bracts;   and   the   single   ''pediceUate,"  Branching  intravagliial.  Foliage  leaves  with  both 

readily  disarticulating  floret,  often  with  a  setose  inner  and  outer  ligule^  present,  membranous;  oral 

prolongation  of  the  rachilla  internode  bearing  a  setae  usually  short,  numerous,  and  curling;  blades 

rudimentary  spikelet.  Elytrostachys  difi^ers  from  linear  to  lanceolate-ovate.  Inflorescence  a  group  of 

Atractantha  in  its  erect,  arching,  only  semiscan-  1 -several  partial  inflorescences,  each  consisting  of 

dent  habit;  more  robust  culms  with  a  large  central  a  capitate  head,  a  fascicled  or  scorpioidal  cluster, 

lumen;  apsidate  branch  complements  with  many  or  a  spicate  raceme,  iterau<tant  (prodnrtng  p«*eu- 

equal-sized  branches  not  situated  on  a  promontory;  dospikelets)  or  less  commonly  semelauctant  (pro- 

and  the  rigid  and  straight  rather  than  flexible  and  ducing  true  spikelets);  if  ilerauctant,  p-^ndo^^pike- 
curling  oral  setae. lets  with  branching  axes  subtended  by  a  gltimf^like 

Alvimia  is  clearly  related  to  Atractantha  (So-  bract,  each  bearing  a  prophyllate  bract  as  the  first 

derstrom&  Londono,  1988).  Both  genera  share  a  lateral  appendage,  and  1  several  gemmiparous 

vining  habit,  simUar  branching  morphologies,  pseu-      bract(s)  above  this.  Spikelets  or  pscuduspikrUtH 

dospikelets,  and  sympatric  distributions.  In  fact with  one  funrtional  floret  and  occasionally  a  aec- 

the  range  of  Alvimia  Ues  wholly  within  that  of     ond,  liny,  sterile  rudiment  on  a  filiform  i)rolongation
 

Atractantha  (Fig.  9).  Alvimia  differs  from  Atrac-      of  the  rachilla;  floret  with  lemma  narrowl
y  lanceo 

lantha  most  strikingly  in  its  olive-sized,  fleshy  fruits,      late,  falcate,  attenuate,  indurate,  smooth, 
 glabrous 

but  other  difl^erences  include  the  presence  of  two  to  pubescent,  abaxially  obscurely   7-15
.nerved, 

rather  than  three  stamens  and  very  elongate  pseu-  mucronate  tu  shorl-awncd,  basal
ly  clasping  and 

dospikelets  with  numerous,  small,  membranous  flo-  nearly  conceaUng  the  palea.  Pale
a  sb^ni  a^  long 

rets.  Each  of  these  observed  diff^erences  can  be  as  lemma,  narrowly  lanceola
te,  the  apex  acute  to 

interpreted  as  representing  derived  character  states  bifurcate,  bicarinale,  t
lie  margins  struiigly  inroUed 

in  Alvimia,  when  compared  with  those  found  in  and  overlapping,  the  
keeb  «t  do^e  iogciher  and 

Atractanlha.    As   diseased   under   that   sp^Hes,  usually  cunee.ding
  th.  prolungatmn  of  thr  rach.lla 

Atractantha  radiata  frequently  exhibits  a  diverse  (if  present)  in  the
  dorsal  sulcu.,  LKhcule.  (O-).!, 
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Culm 

F. 

r   Cu^^lh     ̂ ;.'"^''^"'^"  amazonica.  -A.  Habit  of  fertUe  foUage  leaf  complement. -B. 
L   Culm  node  vath  three  mam  branches.-D.  Branch  complement,  lateral  view.-E.  Foliage  leaf,  ligular  area 

^lal  tSw^^T    f7     t^".^  '"^'  -,^'^--H- P-^-n  of  raceme.-I.  Lower  glume.-J.  Up'per  gW.-K.  Lemma. 
mJnlv      Tl  ;  nT\        r?  P"  ?  protruding  from  lemma.-M.  Palea  (right)  and  rac£ua  internode  with  rui- 

I 



V- 

Volume  79,  Number  1 
1992 

Judziewicz 
Revision  of  Atractantha 

165 

rather  large,  lanceolate,  acuminate,  membranous      Soderstrom  (1980)  also  give  northern  Espirito  San- 
to (Brazil)  as  part  of  the  range  but  no  collections 

sometmies 

gins,  otherwise  glabrous,  Androecium  with  stamens      have  been  examined  from  that  state. 
basifixed 

full 

Habitat.  The  Bahian  species  of  Atractantha 

Gynoecium  with  ovary  glabrous  below,  glabrous  to  grow  at  elevations  from  0  to  650  m  in  several 

puberulent  above;  style  1;  stigmas  2(~3),  hispidu-  forest  types  but  are  most  characteristic  of  the  sandy 

lous.  Fruit  a  fusiform  caryopsls;   embryo  smaU,       "restinga"  and ''matalittoranea"  vegetation  types. 
Some  species  are  locally  dominant  and  cover  the 

tree  canopy,  hanging  down  in  festoons  and  curtains 

(Figs.  6,  12).  The  Amazonian  A.  amazonica  is  a 

scandent  plant  found  along  riverbanks  in  "igapo" 
forest.  All  Bahian  species  are  doubtlessly  threat- 

ened by  forest  destruction  (Mori  et  al.,  1983). 

un 
known. 

Distribution.      Atractantha  is  a  genus  of  five 
known 

Brazil  (Amazonas  and  Bahia)  (Fig.  9),  Calder6n  & 

Key  to  the  Species  of  Atractantha 
la. 

lb. 

Inflorescence  a  simple  spicate  raceme  of  true  spikelets;  culms  with  a  small,  central  lumen;  Amazonian  Brazil 
and  Venezuela     „  1 .   Atractantha  amazonica 

Inflorescence  a  complexly  branched,  fascicled  or  capitate  group  of  pseudospikelets;  culms  solid  or  with  a 
ring  of  tiny  peripheral  air  canals;  Atlantic  coastal  Brazil  (Bahia). 
2a.   Florets  27-36  mm  long,  the  apex  of  the  lemma  and  keels  of  the  palea  2-5  mm  long,  curving,  attenuate, and  awnlike. 

3a.  Foliage  leaf  blades  l-2(-2.8)  cm  wide;  florets  glabrous  to  sparsely  and  minutely  hispidulous;  culms 
smooth  or  siliceous  below  the  nodes;  bracts  subtending  secondary  and  tertiary  branchlets  greenish 

or  stramineous,  rarely  slighdy  reddish;  culm  leaf  sheaths  with  finely  ciliate  lower  margins,  bases 

2b. 

remain  attached  to  the  culm  after  the  leaf  has  fallen prominent 
F"*^***^ 

2.   Atractantha  aureolanata 

3b.    Foliage  leaf  blades  0.4-0.8  cm  wide;  florets  densely  pubescent;  culms  ±  harshly  asperous  through- 
out; bracts  subtending  secondary  and  tertiary  branchlets  bright  reddish;  culm  leaf  sheaths  with 

glabrous  lower  margins,  bases  with  one  side  auricled,  and  glabrous  leaf-base  girdles 
         3.  Atractantha  cardinalis 

Florets  11-17(-19)  mm  long,  the  apex  of  the  lemma  and  keels  of  the  palea  acuminate-attenuate  to 
pungent  or  acute,  not  awnlike  and  straight. 

4a.  Inflorescences  loosely  to  densely  fascicled,  the  rachises  sympodially  inserted,  with  5-25(-40) 

pseudospikelets;  foliage  leaves  with  sheaths  pubescent  and  not  maculate,  the  blades  (0.4 -)0. 7- 
1.1  cm  wide,  linear-lanceolate,  symmetrical  at  the  base;  lemmas  with  midnerve  not  raised  and 

evident  abaxially     4.  Atractantha  falcata 4b. 

Inflorescences  densely  capitate,  the  rachises  distichously  inserted,  with  50-250  pseudospikelets; 

foliage  leaves  with  sheaths  glabrous  and  maculate,  the  blades  (2-)3-5   cm  wide,  lanceolate. emmas 
5.  Atractantha  radiata 

1. 
Atractantha  amazonica  Judziewicz  &  L.  G.  in  vegetation  to  at  least  6  m;  internodes  hollow 

Clark,  Novon  1:  76-87.  1991.  TYPE:  Braza.  with  a  small  lumen,  cylindrical,  glabrous,  smooth 

Amazonas:  Rio  Marie  ca.  40  km  above  con-  to  sil 

fluence  with  Rio  Negro,  right  bank  beyond  rigid; 

mm 

nodal 
cachoeira 

100 [ca.  0°35'S,  66'^40'W] m 

Sep 

Calderon  &  H.-H.  Poppendieck  79-222  (ho- 
CTES 

F,  G,  INPA,  ISC,  K,  LE,  MO,  NY,  P,  PE, 

PRE,  SI,  SP,  TULV,  us— 2  sheets,  USCH, 
W,  WIS).  Figure  1 . 

ody 

^P  to  1  m  diam,,  with  up  to  20  culms  per  clump 

ympod 
€5rect  at  first,  later  scandent  and  pendent,  climbing 

positioned  about  2-4  mm  above  the  nodal  line. 
Bud  at  midculm  node  initially  producing  3  sub- 

equal,  widely  spreading  branches,  these  soon  re- 
branching so  that  the  upper  portions  of  the  culm 

appear  to  have  20-40  branches  at  each  node.  Culm 

leaves  papery,  stramineous,  glabrous,  deciduous, 

appressed  to  the  culm;  sheaths  7-9  cm  long,  2  cm 

wide  (spread  width),  rounded  on  the  back,  confluent 

with  the  base  of  the  much  smaller  blade;  inner 

ligule  0.2-0.3  mm  long,  very  oblique,  rimlike,  gla- absent 

long 

leaves  in  com 
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5-9;  sheaths  glabrous  and  rounded  on  the  back 
Distribution.      Endemic  to  affluents  of  the  Rio 

below,  prominently  keeled  at  the  summit,  ciliolate  Negro  in  southwestern  Amazonas,  Venezuela,  and 

on  the  margins;  inner  ligule   ca.   0.5  mm  long,  northwestern  Amazonas,  Brazil  (Fig.  9). 

membranous,  brown;  outer  ligule  rimlike,  incon-  Habitat.      Occurring  at  elevations  from  80  to 

spicuous;  oral  setae  3-6  mm  long,  numerous,  del-  100  m  in  wet,  lowland,  seasonally  flooded  forests 

icate,  golden-brown;  pseudopetioles  1.5-3  mm  long,  (vegetation  type  known  as  "igapo"  in  Brazil). 
glabrous,  brownish,  slightly  winged,  sometimes  de- 

flexed;  blades   10-17  cm  long,   1-1.4  cm  wide. 
Additional  specimens  examined.      VENEZUELA. 

AMAZONAS:  Dept.  Rio  Negro,  middle  part  of  Rio  Baria, 
linear-lanceolate,  acute  to  obtuse  above  the  pseu-       margin  of  flooded  forest  around  small  laja,  ca.  TOS'N, 
dopetiole,  acuminate  at  the  apex,  glabrous,  the 

upper  surface  slightly  scaberulous  near  the  base, 

the  lower  surface  slightly  whitened,  the  midnerve 

evident  only  in  the  lower  Vi  of  the  blade,  the  mar- 

gins scabrous.  Inflorescences  abundantly  produced       9  Sep.  1979,  Kubitzki  et  al  79-209  (B,  INPA,  ISC,  K, 

66^25'W,  80  m,  29  June  1984  (fl),  Davidse  &  Miller 
26846  (MO,  US,  VEN).  Brazil,  amazonas:  Rio  Marie, 

30-40  km  above  confluence  with  Rio  Negro,  near  Ma- 

cobeta  village,  climbing  bamboo  in  forest  on  high  river 

banks,  in  sandy  soil  [ca.  O^'SS'S,  66«40'W],  ca.  100  m, 

on  peduncles  513  cm  long,  each  consisting  of  1(- 
2)  spicate  racemes  terminal  to  leafy  branches;  in- 

dividual racemes  7-15  cm  long,  alternately  bearing 

8-13  loosely  overlapping,  short-pedicelled  spike- 
lets,  often  twisted  so  that  the  spikelets  appear  to 

be  secund;  rachis  glabrous,  shiny;  pedicels  0.5-1 

mm  long,  indurate,  stout,  shiny.  Spikelets  20-28 
mm  long,  linear-lanceolate,  coriaceous,  nearly  gla- 

brous, loosely  appressed  to  or  slightly  divergent 

from  the  rachis,  1-  or  rarely  2-flowered,  the  lower 
floret  functional,  if  present  the  upper  floret  a  tiny, 

long-pedicelled  rudiment;  glumes  subequal,  persis- 
tent, membranous,  keeled  above  the  middle,  one 

or  both  short-awned,  separated  by  a  distinct  inter- 

node  ca.  1  mm  long;  lower  glume  6-9  mm  long 
(including  awn),  triangular-elliptical,  rounded  on 

the  back,  5-nerved,  the  prominent,  raised  midnerve 

prolonged  into  an  awn  1.5-3.5  mm  long;  upper 
glume  8-10  mm  long,  lanceolate-ovate,  7-nerved, 
the  apex  mucronate  or  prolonged  into  an  awn  up 
to  3  mm  long;  rachiUa  internodes  separating  the 

upper  glume  from  the  lower  floret  2-3,5  mm  long, 
persistent,  slightly  obcuneate  at  the  apex.  Func- 

tional floret  bisexual,  18-23  mm  long,  1.2-2  mm 
wide,  slenderly  lanceolate,  sUghtly  falcate,  indu- 

rate, brownish,  deciduous;  lemma  smooth,  shiny, 
and  obscurely  nerved  below,  7- 11 -nerved  above 
with  minutely  ciliolate  margins,  the  base  with  a 
squat,  peglike  callus  ca.  0.3  mm  long,  the  apex 
pungent  or  the  midnerve  abruptly  prolonged  into 

LE,  MO,  NY,  P,  SI,  SP,  TULV,  US,  USCH), 

The  generic  placement  of  this  species  is  only 
tentative;  see  comments  in  the  introduction. 

2.    Atractantha   aureolanata   Judziewicz,  sp 

Munic 
SW 

forest  on  white  sand  above  creek,  30  m,  H 

Apr.  1976  (fl),  T.  R.  Soderstrom,  G.  F.  Rus- 

sell &  I  Hage  2148  (holotype,  CEPEC;  is- 

otypes,  B,  C,  CANB,  COL,  F,  G,  ISC,  K,  LE, 

MO,  NY,  P,  PE,  PRE,  SCO,  SI,  SP,  US 
4 

W,  WIS) 

12. 

Bambusa  lignosa,  Culmi  graciles,  scandentes,  viminei, 

usque  ad  20  m  longi,  5-20  mm  diametro.  Vaginae  cul- 

morum  6-25  x  1.5-4.5  cm,  a  cingulo  incrassato  aureo- 

fimbriato  affixa;  setis  oralibus  prominentis;  laminae  cui- 
morum  3-12    x    0.4-1.2  cm,  attenuatae.  Ramificatio 

intravaginalis.  Laminae  foliorum(6-)9-17(-23)  ><  1'  ̂  

2,8)  cm.  Inflorescentiae  ad  apices  ramulorum  foliosurum 

vel  aphyllorum  omnium  ordinum  iterauctantes,  diflusae, 

ex  pluribus  pseudospiculis  constantes;  rachidibus  omni 

ramificationium  et  bracteatis  et  prophyllatis,  omnis  rac 

idis  segmento  terminali  pro  pedicello  flosculi  consistenti. 

Flosculi  27-36    x    L7-2.3  mm,  decidui,  indurati,  Ian- 

ceolati,  attenuati,  glabri.  Paleae  apice  bifurcatae,  clor 

sulco  angustissimo  instructae.  Lodiculae  3,   3.5-3 
longae,  lanceolatae,  acuminatae.  Stamina  3,  antherae 

13  mm  longae,  lineares.  Stylus  1,  stigmata  2.  Caryops non  vidi. 

an  awn  up  to  3  mm  long;  palea  slightly  shorter  to  Delicate,  vining  woody  bamboo  forming  loose  to 
as  long  as  the  lemma,  enclosed  within  it  or  prom- 

inently protruding,  linear,  4-nerved,  2-keeled,  the 
keels  ciliolate;  rachilla  internode  (if  present)  slen- 

der, filiform,  prolonged  beyond  the  lower  floret  by 

dense  clumps,  erect  at  the  base,  then  scandent 

turning  upwards  and  climbing  into  trees  up  to  ̂ 

m,  abundantly  rebranching,  finally  pendent  in  cur- 
tains. Culms  5-20  mm  diam.,  slender,  flexible,  soUd 

10-20  mm,  tipped  by  a  rudimentary  spikelet  up  or  often  with  a  ring  of  7-20  tiny  air  canals  sub- 
to  1.5  mm  long.  Lodicules  not  apparent.  Androe-  jacent  to  the  epidermis,  circular  to  slightly  elliptical 
ciuni  with  stamens  3;  anthers  4-10  mm  long.  Gy-  in  cross  section;  internodes  dark  green  to  blackish 
noecium  with  ovary  1.5-2  mm  long,  stipitate,  gla-  or  occasionally  violet,  either  glabrous,  puberulent, 

brous;  style  1;  stigmas  2.  Fruit  not  seen.  or  uncommonly  densely  pubescent,  smooth  to  si- 

i 
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ulm B.  Fertile 

F.  Culm  leaf  in  aitu.  G-  Atractantha 
Figure  2.     A-E.  Atractantha  aureolanata.  —A-  Cross  section  of 

foHage  leaf  complement.— C-E.   Culm  leaves.  Y.  Atractantha  /a/c-       ̂      .    j.  n-  .-^  nooo.  r  E  h«f n 

radiata^-G.  CiL  leaf,  spread.  (AU  scale  bars  =  1  cm;  A,  B  based  on  Calderon  f/'!'^^''^^^^^ 

Calderon  et  al  2377;  D  based  on  Calderon  &  Pinheiro  2256^  F  based 
 on  Calderon  et  al  2408.  G  ba^ 

Calderon  et  al  2442.) 
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Figure  3.     A-G.  Atractantha  aureolanata. 
C.  Floret.  — D.  Base  of  lemma,  dorsal  view. 

A.  Bases  of  three  pseudospikelets 
E.  Palea,  dorsal  view.— F. 

— B.  Cluster  of  pseudospikelets. -- -.  Lodicule  complement.— G.  AndroeciujJ- 
CarvoDsis   dnr«»il    ventral    ̂ ^A  ""  ."-«&-  ^v,«.  ̂ wiiip.rnicui. — I.  Floret.— J.  Lodicule  complement. —K'M- 

Caldfr^^^^  cross.sect.onal  views.  (A-G  based  on  Calderon  &  Pinheiro  2233;  H-M  based  on 

H-M.  Atractantha  cardmalis.  ~U.  FertUe 'foliage  leaf  complement"! I 

I 
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liceous  (especially  just  below  the  nodes);  lowest  green.  Inflorescences  terminating  leafy  and  nearly 

internodes  0.4-0.7  m  long;  nodes  glabrous;  bud  leafless  branches  of  all  orders,  iterauctant,  diffuse, 
positioned  4-10  mm  above  the  nodal  line.  Culm  congested  and  often  falcate  and  pendent,  the 
leaves  papery;  sheaths  6-25  cm  long,  1.5-4,5  cm  branches  sympodially  or  distichously  inserted,  con- 
wide  (spread  width),  persistent  or  very  tardily  de-  sisting  of  1-3  partial  inflorescences  each  3-5  cm 

culm 
strongly  attached  by  a  long,  each  partial  inflorescence  consisting  of  7-20 

flangelike  girdle  1-2.5  mm  long  below  the  prom-  pseudospikelets.   Pseudospikelets   comprising  one 
ontory,  pushed  away  by  the  developing  branches  subtending  bract,  a  tiny  prophyll  if  present,  1-3 
above,  the  base  rarely  glabrous  but  much  more  gemmiparous  bracts  (which  may  or  may  not  de- 

commonly  with  a  dense  band  of  stiff",  silky,  retrorse,  velop  into  additional  pseudospikelets),  one  func- 
golden,  fimbriate  hairs  2-7  mm  long  remaining  on  tional  floret,  and  (rarely)  a  setose  prolongation  of 

internode the  culm  after  the  leaf  has  fallen,   a  thickened 

calluslike  scar  also  present  2-4  mm  above  the      sterile  spikelet  at  its  apex;  subtending  bract  and 
finely 

gemmiparous  bracts  similar  in  morphology,  8- 1 7 

summit 

back  glabrous,  adaxiafly  shiny  and  stramineous,  mm  long,  lanceolate-elliptical,  clasping  the  rachiUa, 

abaxially  dull,  stramineous  to  less  commonly  red-  strongly  7-13-nerved,  somewhat  inflated,  mem- 
dish  and  occasionally  pruinose,  widest  about  Vs  of  branous,  pubescent,  laminiferous,  at  the  summit 

the  way  from  the  base,  tapering  to  a  truncate  apex  bearing  oral  setae  1-4  mm  long  and  a  reflexed 

ca.  1  cm  wide;  outer  ligides  0.1-0.2  mm  long;  linear  blade  4-8  mm  long;  rachilla  segment  be- 

auricles  present,  elliptical,  up  to  3  mm  long,  bearing  tween  uppermost  gemmiparous  bract  and  func- 

oral  setae,  developed  on  one  side  of  the  sheath  tional  floret  4-12  mm  long,  0.5-1.2  mm  diam., 
summit  only;  oral  setae  abundant,  5-15  mm  long,  smooth,  glabrous,  clavate  and  cupulate  at  the  apex. 

yellowish,  flattened,  confluent  below,  present  at  the  Functional  floret  27-36  mm  long,  1.7-2.3  mm 

J  the  uppermost  1  -2  cm  wide,  disarticulating  from  the  summit  of  the  rachilla 

of  the  sheath  margins,  antrorsely  pubescent,  curl-  or  fragmenting  near  the  base  and  leaving  behind 

1  mm  long,  ciliolate;  blades  ca.  0.5  mm  of  the  base  of  the  floret  on  the  rachilla; 

3-12  cm  long,  0.4-1.2  cm  wide,  much  narrower  lemma  narrowly  lanceolate,  slightly  falcate,  near 

narrowly  lanceolate,  ob-  the  base  on  the  dorsal  side  with  a  squarish  patch 

tuse  at  the  base,  attenuate  at  the  apex,  horizontal  0.7-1  mm  long  with  5-9  strong  nerves  evidently 

andconcavebecomingreflexed,  caducous.  Branch-  separated  by  depressed  areas,  curving  attenuate- 

ing  intravaginal,  with  a  central  dominant  branch  aristate  at  the  apex,  indurate,  shiny,  glabrous  or 

many  meters  long  reaching  into  trees  for  support,  sparsely  and  minutely  scabrous -hispidulous,  green 

with  a  cluster  of  1-6  smaller  secondary  or  tertiary  when  young  becoming  olivaceous  or  nearly  black 

branchlets  at  its  base,  these  also  rebranching;  bracts  at  maturity,  the  nerves  not  evident  abaxially  (ex- 

subtending  branchlets  often  weU  developed,   1-3  cept  in  the  aforementioned  basal  patch),  adaxially 

mner 

summit 

greenish 

finely 

reddish.  Foliage  leaves  in  complements  of  5-13,      longer  than  the  lemma,  the  dorsal  sulcus  very  nar- 
not  wilting  quickly 
densely    pubescent 

rsely 

throughout,  stramineous  or 

Sometimes  minutely  green  spotted,  slightly  auric- 
^ate  or  not  at  the  truncate  summit,  auricles  if 

present  up  to  2  mm  long,  found  on  only  one  side; 
outer  ligules  0.20. 4  mm  long,  glabrous;  oral  setae 

2-12  mm  long,  delicate,  whitish  to  yellowish,  crisped 
inner  lieules  0.2-0.5  mm  long,  membra 

nged 
od 

ca.  30  mm  past  the  ftmctional  floret  as  a  setose 

bristle.  Lodicules  lanceolate,  acuminate,  membra- 

nous, finely  2-4-nerved,  the  apical  margins  gla- 

brous; anterior  pair  4-5  mm  long,  the  dosk  rior «-.^  1  K^A.  ̂   mm  lonc.  Audroecium  with 

nous;  pseudopetioles  1.5-3.5  mm  long,  adaxiaUy  pendent;  anthers  10-13  mm  long 
 linear,  purplish. 

stramineous,  glabrous  to  hispidulous,  abaxiaUy  gla-  Gynoecium  vsith  ovary  6l;*^'[«"j^^  j;^'^^^   ̂ ^^TT^ 
brous  or  with  one  margin  hirsute  with  golden  hairs; 
blades  (6-)9-17(-23)  cm  long,  l-2(-2.8)  cm  wide, apex;  stigmas 

seen. 

Distribution.      Endemir  to  coastal  Bahia,  Brazil fnonly  asymmetrically  cuneate  at  the  base,  acute  Uistnouuoa,  ^  n,L:,„  ««^' ;««  ̂ r «.  .1  "i^^oAi;.     "  ,     ,         r  /rirr    inv  the  most  widespread  Bahjan  apecies  oi 
at  the  anpv    QT.^rJn^lv  r..,KAQ/>^nt  on  hoth  surfaces      (rig-  i^A  ̂ "®  """^^         ..^    .  .  ̂     . 

pubescent  on  both 

>iear  base,  elsewhere  hispidulous  becoming  gla- 

brous, adaxially  bright  green  and  rarely  with  scat- 
tered pilose  hairs  1-1.5  mm  long,  abaxiall)  bluish 

Atractantha,  in  tcrm^  of  both  geography  and  eco- 

logical amplitude. 
Habitat,      Occurring  at  elevation^  from  30  to
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650  m,  m  low  to  tall  forests  or  forest  edges  on  to  A,  cardinalis.  Besides  having  the  largest  florets 

loam  or  white  sand  ("mata  littoranea"),  on  flat  to  of  any  species  in  the  genus,  both  taxa  also  have 
steep  slopes.  The  plants  are  sometimes  dominant,  in  common  culms  with  tiny,  peripheral  air  canals 

forming  thick  masses  as  they  climb  over  trees  (Fig.  (Fig.  2A;  common  in  A.  aureolanata^  uncommon 
12). 

in  A.  cardinalis),  scorpioid  inflorescences,  and  flo- 
Phenology.      Apparently,    entire    populations      rets  with  attenuate  lemma  apices  and  attenuate, 

flower  and  then  die. 

Additional   specimens    examined.      Brazil,    bahia: 
SW w 

Wenceslau  Guim, 

Nile  Peganha,  km  104,  rodovia  BA-2,  14  km  N  of  Gandu, 

ca.  ISMO'S,  39°27'W,  200  m,  21  Apr.  1972  (fl),  Cal- 
deron  &  Pinheiro  2233  (CEPEC,  US);  Munic.  Jagua- 
quara,  Riacho  de  Ouro,  22  km  SE  of  Jaguaquara  city, 
ca.  13^38'S.  39°52'W.  625-650  m.  8  Mav  IQ?!^    CnL 

bifurcate  palea  keels  (Fig.  3C,  E,  1). 

Included  in  A.  aureolanata  are  three  unpub- 

lished herbariimi  names  used  by  Soderstrom  for 

US  material.  "Longispiculata"  {Calderon  &  Pin- 
heiro 2256)  differs  in  no  discernable  way  from 

typical  A,    aureolanata^   while 
"unaensis" 

{Cal- 

deron et  al.  2399)  is  a  sterile  collection  with  atyp- 

ically  large  foliage  leaf  blades  up  to  23  cm  long 

and  2.8  cm  wide  and  asperous  culms.  More  prob- 
"^^^^I"  ̂ SI'^.^t^Lt?,^^^  ^^  ̂P^-  ̂ ^^^yCalderon      lematical  is  '*robusta,'*  collected  four  times  along 

the  Itacare  to  Ubaitaba  road  about  5-10  km  SW 

of  Itacare:  these  collections  are  atypical  in  the  usual 

absence  of  leaf  sheath  base  skirts  (in  Calderon  & 

NW 
connecting 

m,  3  Apr,  1976,  Calderon  et  al  2357  (B,  CEPEC,  F, 
G,  K,  LE,  MO,  NY,  P,  SI,  SP,  TULV,  US,  USCH); 

to  Apuarema-Jaguaquara,  600-650  m,  8  Apr.   1976, 
Calderon  et  al  2370  (CEPEC,  ISC,  SI,  SP,  TULV,  US); unic Santos  et  al.  3559;  but  skirts  present  in  Soder- 

strom et  al  2148,  an  ample  collection),  pubescent 

of  Oliven^a,  then  31.2  km  to  right  on  side  road  Sapu- 
caeira-Cururupe,  24  Feb.  1979,  Calderon  &  dos  Santos 
2484  (B.  CEPEC,  F,  G,  ISC,  K,  LE,  MO,  NY,  P,  PRE, 

SW       1-1,6  cm  wide.  This  series  of  populations  tends 

W 
W,  WIS); 

toward  A.  cardinalis  but,  based  on  their  glabrous 

florets,  merely  siliceous  culm  internodes,  and 

greenish  to  stramineous  branchlet  bracts  and  culm 

39^2' W,  ca.  60  m,  12  Apr.  1980  (fl),  Plown.^,.  ..  «.. JOOSfi  (CEPEC,  F,  US),  dos  Santos  et  al  3559  (CEPEC, 
US);  Munic-  Porto  Seguro,  Fazenda  Carvaiho,  ca.  26  km 
W  of  town  of  Monte  Pascoal.  380-460  m,  15  May  1976 
(fl),  Soderstrom  et  al  2211  (B,  CEPEC,  F,  G,  ISC,  K, 
LE,  MO,  NY,  P,  SI,  SP,  US);  Munic.  Itacare,  5  km  SW 
of  Itacare  and  25  km  E  of  Taboquinhas,  100  m,  20  May 
1976,  Soderstrom  et  al  2214  (B,  C,  CANB,  CEPEC, 
CHR,  COL,  CTES,  DD,  F,  G,  ISC,  K,  LE,  MO,  NY,  P, 
PE,  PRE.  SCO,  SI,  SP,  TULV,  US,  USCH,  W,  WIS); 
Munic.  Una,  7  km  E  of  Sao  Jose  do  Macaco  on  road  to 
Una,  140  m,  24  May  1976  (fl),  Soderstrom  et  al  2221 
(CEPEC,  ISC,  SI,  SP,  TULV,  US,  USCH);  Munic.  Ilheus. 
camino  de  Oliven^a  a  Una,  ramal  para  Vila  Brasil,  60 
m,  19  May  1985,  Zuloaga  et  al  2481  (SI,  US);  Munic. 
Una,  camino  de  Olivenya  a  Una,  km  35,  50  m,  19  May 
1985,  Zuloaga  et  al  2484  (SI,  US). 

14n8'S,      leaves  (reddish  in  Soderstrom  et  al  2148,  which 

does  have  skirts),  they  appear  to  be  closer  to 

not  well  segregated  from  A.  aureolanata. 

and 
3. 

:iewi 
:  Munic 

NW  of 

of 

own 

rich  soil,  175  m,  22  Apr.  1976  (fl),  C-  ̂' 

Calderon,  T  S.  dos  Santos  &  L.  B.  de  Olivei- 

ra  2385  (holotype,  CEPEC;  isotypes,  ISC,  K, 

MO,  NY,  P,  SI,  SP,  TULV,  US— 8  sheets, USCH).  Figures  3H  M,  4,  6,  7. 

15 Bambusa  lignosa.  Culmi 
m  lonei,  5-13  mm  dii 

ad 

The 

refers  to  the  golden,  wooUy-appearing  "skirt"  of 
prominent  is;  laminae 

culm 

base  girdle  and  remains  attached  to  the  culm  after 
The 

young 

affixa; 

0.1- 

0.3  cm,  lineares.  Ramificatio  intravaginalis.  Laminae  ̂  
liorum  6-11    x   0.4-0.8  cm.  Inflorescentiae  ad  apices 

ramulorum  foliosurmn  vel  aphyllorum  omnium  oroin 

iterauctantes,  diffusae,  ex  pliiribus  pseudospiculis  con 
stantes;  rachidibus  omnium  ramificationium  et  ̂r^^^^^ 

et  prophyllatis,  omnis  rachidis  segmento  terminau  p 
npr1ir<f>11n   flosculi   f^^^'^*^*'*-^*-*     in*-..^^iiK    9Q— ^^     X     1.0    *" or  absent  on  smaller  branches.  A  similar-appearing      ̂    — ^^    -  --   -- 

feature  is  the  ring  of  cilia  present  on  the  culm      ̂ ^^  decidui,  indurati,  lanceolati,  attenuati,  pubescente^ tylidiumfi 

&  L.  G.  Qark  (Judziewicz  &  Clark,  in  press). 
Atractantha  aureolanata  is  most  closely  related 

Paleae  apice  bifurcatae,  dorse  sulco  angustissimo  instru 

tae.  Lodiculae  3,  4.5-5  mm  longae,  lanceolatae,  aci^ 
minatae.  Stamina  non  vidi.  Stvlus  I .  stiemata  2.  Car) op- 

* 

\ 

Munic.  Jequie,  25  km  N  of  road  Ipiau-Jequie,  on  road      Pinheiro  2180,  Plowman  et  al.  10088,  and  dos      I 

m,  27  Apr.  1976,  Calderon  et  al.  2399  (B,  CEPEC,       branchlet  bracts,  large  florets  32-36  mm  long,  ana    j 
ISC,  K,  LE,  MO,  NY,  P,  SI,  SP,  TULV,  US,  USCH);      smaUer  foliage  leaf  blades  only  8-14  cm  long  and I 

» 

i 

t 

I 

S 

i 

I 

mm 
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Figure  4. 
Shoot  with  culm 

Base  of  culm 

r    1     »      R   TroM  Bectlon  of  culm.  — C.  Culm  node  with  bud. 
Atractantha  cardinalls.  - h.  Base  of  plant      B.J^  ^^,^  ̂ ^^^^j^  j^ 

F. Branching 

based based  on  Zuloaea  et  al.  2486;  D  based 
bued 

ite,  scandent  woody  bamboo  forming  loose 

climbine  into  trees  up  to  15  m,  profusely 
Itnv 

intemod 

finally  pendent.  Culms mm 

diam.,  slender,  solid  or  occasionally  with  up  to  10 

grwn  to  blackish,  glabrous  to  puberulent  
(especial- 

ly m  upp*T  branrb»-0,  har«hly  retror«Hy  a
spermM 

or  leM  commonly  •flirr„us  lowest  in
irmMr.  0.2- 
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Figures  5-8.  Bahian  species  ol  Atractantha,  photographed  and  coUected  by  C.  E.  Calder6n.-5.  A.  aureolanata. 
culm  leaf  in  sjtu  (Based  on  2256. )-6.  A.  cardinalis,  habit.  (Based  on  2401.)-!.  A.  cardinalis,  cuhn  leaf  in  situ- 
(Based  on  2572.)— 8.  A.  radiata,  plant  in  fuU  flower.  (Based  on  2397.) 
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0.5  m  long,  clothed  in  bright  reddish,  bladeless  prolongation  of  the  rachilla  internode  bearing  a 

sheaths;  nodes  glabrous;  bud  positioned  5-10  mm  tiny  rudimentary  sterile  spikelet  at  its  apex;  sub- 
above  the  nodal  line.  Culm  leaves  papery;  sheaths  tending  bract  and  gemmiparous  bracts  similar  in 

13-33  cm  long,  1.5-3.5(-4.5)  cm  wide  (spread  morphology,  7-20  mm  long,  lanceofete-eDiptical, 
width),  persistent  or  very  tardily  deciduous,  clasp-  clasping  the  rachilla,  strongly  7-11 -nerved,  some- 
ing  the  culm,  strongly  attached  by  a  prominent,  what  inflated,  membranous,  pubescent,  often  lam- 

glabrous,  flangelike  girdle  1-2  mm  long  below  the  iniferous,  bearing  at  the  summit  oral  setae   1-3 

promontory,    pushed    away    by    the    developing  nim  long  and  a  reflexed  linear  blade  3-6  mm  long; 
branches  above,  the  base  glabrous,  one  margin  rachilla  segment  between  uppermost  gemmiparous 

projecting  slightly  downwards  by  up  to  1  cm  as  an  bract  and  functional  floret  5-13  mm  long,  0.6-1 
auriculate  extension,  a  prominent,  knobby,  thick-  mm  diam.,  smooth,  pubescent,  slightly  clavate  and 

ened,  calluslike  scar  present  3-8  mm  above  the  cupulate  at  the  apex.  Functional  floret  29-35  mm 

sheath  base,  the  sheath  margins  glabrous,  adaxially  long,   1.8-2,3  mm  wide,  densely  pubescent,  dis- 
smooth,  shiny,  stramineous,  and  glabrous,  abaxially  articulating  from  the  summit  of  the  rachilla   or 

asperous,  dull,  reddish,  and  glabrous  or  sparsely  fragmenting  near  the  base  and  leaving  behind  ca. 

pubescent  near  the  margins,  tapering  evenly  to  the  0.5  mm  of  the  base  of  the  floret  on  the  rachilla; 

minutely  truncate  apex  ca.   0.5  cm  wide;  outer  lemma  narrowly  lanceolate,  slightly  falcate,  near 

ligules  0.1-0.2  mm  long;  auricles  not  noted;  oral  the  base  on  the  dorsal  side  with  a  squarish  patch 

setae  5-10  mm  long,  those  at  the  sheath  summit  0.4-0.8  mm  long  (Fig.  10). 
orangish  yellowish,  terete,  separate,  those  along 
the  uppermost  3-10  cm  of  the  sheath  margins 
confluent  basally,  flattened,  yellowish,  curling;  in- 

ner ligules  ca.  1  mm  long,  ciliolate;  blades  3-13 
cm  long,  0.1-1.3  cm  wide,  linear,  attenuate,  erect 
or  horizontal  and  concave  becoming  reflexed,  de- 

ciduous.  Branching  intravaginal,   with  a   central 
prmiary 5 

smaller  secondary  or  tertiary  branchlets  at  its  base, 
these  also  rebranching;  bracts  subtending  branch- 

Hahitat.      Occurring  at  elevations  from  0  to 
320  m  in  tall  forest  on  rich  soil  at  inland  sites,  or 

in  low  coastal  forests  m  mixed,  sandy  soil  (**mata 

littoranea"). Phenology.      Colonies  apparently  die  after 

massive  flowering. 

Additional  specimens  examined,  BRAZIL.  Bahia: 
Munic.  Una,  road  Una-Oliveni^a  7  km  N  of  Una,  ca. 

ISnS'S,  39^06'W,  50  m._12  May  1972,  Calderon  & 
Muni 

lets  often  well  developed,  1-4  cm  long,  strongly      n  of  Apuarema  on  road  Apuarema-Jaguaquara,  275  m, 
tinged  with  red  or  orange-yellow.  Foliage  leaves  in       10  Apr.  1976,  Ca.lder6n  et  ai  2372  (CEPEC,  ISC,^MO, 
complements  of  5-15,  wilting  quickly  when  cut; 

densely  pubescent 
sometimes  stramir 

Olivenfa,  3  km  N  of  Una,  55  m,  28  Apr.  1976,  Calderon 
et  al  2401  (CEPEC,  ISC,  MO,  SI,  SP,  TULV,  US, 

USCH);  Munic.  Una,  road  Una-Olivenfa,  5  km  N  of 
nutely  green  spotted,  not  auriculate  at  the  truncate      Una,  55  m.  28  Apr.  1976  (fl),  Calderon  et  al  2402 

mner 

summit;  outer  ligules  0.2-0.3  mm  long,  glabrous;  (CEPEC,  US);  without  locaUty.   15  Mar.  1943,  Froes oralc^f^^Q    o          1           IT               11      •  iT      •       A  20060  (US)  [mixed  with  Merostachys  sp.j;  estrdda  de 
oral  setae  3-8  mm  long,  dehcate,  yellowish,  crisped  \^^^^J^  {j'^^^  24  Jan.   1980,  lleringeret  ai  3264 

ligules  0.2-0.4  mm  long,  membra-  (Jbge^  US);  Munic.  Itul^ra,  ca.  2  km  from  Itubera  on 
nous;  pseudopetioles    1-2  mm  long,   glabrous   to  road  to  Gandu,  Fazexida  Inferno  Verde,  320  m,  23  Apr, 

hispidulous  on  both  surfaces,  adaxially  purplish;  1976,  Soderstrom  et  a/  2i59  (B,  CEPEC,  F,  G   ISC, 

blades  6- 11  cm  long,  0.4-0.8  cm  wide,  linear  to  ̂ :}:^^''?^/l  ̂ '  ̂̂ '  ̂'^^  f'^  U  ""  UO "'  24'm  "^ I            ,            ,               c)'                                     ♦  of  Sao  Jose  do  Macuco  on  road  to  Una,  140  rn,  24  May 

acute  at  the  apex,  glabrous,  adaxially  dark  green, 
abaxially  light  bluish  green.  Inflorescences  termi- 

nating leafy  and  nearly  leafless  branches  of  all 

orders,  iterauctant,  congested  and  often  fascicled. 

inserted,  consisting 
ympod 5  partial  inflo- rescences each  3-6  cm  long,  each  partial  inflo- 

rescence consisting  of  5-13  pseudospikelets. 
ubtending 

uiconsp 

1976.  Soderstrom  et  ai  2222  (CEPFC,  ISC,  K,  MO, 

NY,  P,  SI,  SP,  TULV,  US,  USCH);  Munic.  Canavieiraa, 
caniino  de  Canavieiras  a  Camaca,  km  1 5,  20  m»  20  May 

1985,  Zuloaga  et  aL  2486  (SI,  US);  Munic.  Marau, 

camino  de  Marau  a  Ubaitaba,  13  km  de  Marau,  near  -»a 
level,  18  May  1985.  Zuloaga  et  al.  2470  (SI,  US). 

The  bright  reddish  bladeless  bracts  that  subtend 

the  secondary  branchlets  and  the  often  reddish 

ubn  leaf  sheaths  promptrd  Soderbtrom  to  i^nggest 

the  specific  epithet.  In  contrast  to  its  close  relative 

A.  aurrolanaia,  the  blades  of  A.  cardinalis  re- 

(which  may  develop  into  additional  pseudospike-      portedly  curl  upqnirkly  up<,
n  Uingcut; 

furif 
ier 

setose 
comments  under  the  forrncr  spertr»<i. 
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Figure  10.      Distribution  of  the  Bahian  (Brazil)  species  of  Atractantha, 

4.   Atractantha  falcata  McClure,  Smithsonian culm,  tapering  to  a  tnmcate  apex 

Contr.  Hot.  9:  48.  1973.  TYPE.  BrazU.  Bahia:  tent,  rotting  in  place,  strongly  at
tached  by  a  flange- 

Esplanada,  carrascal,  anno  1950  1951,  G.  like  girdle  1.5  mm  lo
ng  l-Iow  the  promontory, 

Pinto  681  (holotype,  US;  isolype,  CEPEC).       pushed  away  by
  the  developmg  branches  alK>ve; 

Figures  2F,  11,  13. 

Climbing  woody  bamboo 
3-10  culms,  decumbent 
indent,  abundantly  rebrs 

outer  ligulp^  0. 1  mm  long;  auricles  absent  or  weakly 

developed  on  one  side  of  the  sheath  sunimit;  oral 

setae  5-10( 

long 

pubescent  
below,  

crisped 
limb 

  Culms 

5-8  nun  diam.,  slender,  solid,  terete;  Internodes 

^perous  and  glabrous  in  the  lower  parts,  smooth 

and  glabrous  to  pubescent  In  the  upper  branches, 

yellowish;  nodes  glabrous;  bud  positioned  S-8  nitn 
bove  the  nodal  line.  Culm  leaves  papery;  sheaths 

cally;  irmer  lignles  not  noted;  blades  7-1 5  cm  long, 
2-3  mm  wide,  much  narrower  than  the  sheath 

n  deciduous.  Branrh- 
flexed iinant 

branch   and aecon 

tertiary 

hleti  at  its  base,  these  al^n  rebranching ^A\r^rT   Krnnrhlt^tS   often   WcU   devcluije 

20-35  cm  long,  2-3  cm  wide(spread  width).  r!a-p-      cm  long,  
«trammrn„«  to  ndd,.h.  ̂ ohage  leaves  m 
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complements  of  5-15;  sheaths  pubescent  through-      abaxially  (except  in  the  aforementioned  basal  patch), 
out,  sometimes  becoming   glabrous  at  maturity. 

summit 
maturity,  adaxially  finely  9- 13 -nerved;  palea  as  long  as  or 
outer  lig-  slightly  longer  than  the  lemma,  the  sulcus  very 

ules  0.1-0.3  mm  long,  minutely  ciliolate;  oral  setae  narrow,  glabrous  or  the  keels  antrorsely  ciliolate. 

1-3  mm  long,  delicate,  white  to  yellow,  crisped  Rachillainternode  often  prolonged  10-14  mm  past 
;ules  0.2-  the  functional  floret  as  a  setose  bristle.  Lodicules 

seudopeti-  lanceolate-elliptical,  acuminate,  membranous,  di- 

oles  1.7-3  mm  long,  adaxially  golden,  glabrous  to  aphanous,  weakly  1-2-nerved,  the  apical  margins 
hispidulous,  abaxially  hirsute;  blades  (4-)6- 16  cm  glabrous  to  ciliolate;  anterior  pair  2.7-3.5  mm 

ous;  inner 
truncate: 

long,(0.4-)0.7 linear 
long,  the  posterior  one  2.5-3  mm  long.  Androe- 

Distribution,      Endemic  to  coastal  Bahia,  Brazil 

tuse  and  symmetrical  at  the  base,  acute  at  the  cium  with  stamens  pendent;  anthers  5-6  mm  long, 
apex,  sparsely  hirsute  on  both  surfaces  near  base,  linear,  purple  drying  to  dark  brown.  Gynoecium 
elsewhere  hispidulous  becoming  glabrous.  Inflores-  with  ovary  glabrous  below,  pubescent  toward  the 
cences  terminating  leafy  and   nearly  leafless  apex;  style  exserted  from  below  the  stamens,  the 
branches  of  all  orders,  iterauctant,  congested  and  stigmas  hispidulous.  Fruit  not  seen, 
often  falcate,  sometimes  appearing  loosely  scor- 
pioid,  the  branches  sympodially  inserted,  consisting 

of  1-6  partial  inflorescences  with  each  5-25(-40)  (Fig.  10);  this  is  the  most  northerly  Bahian  species 

pseudospikelets.    Pseudospikelets   comprising   one  oi  Atractantha, 

subtending  bract,  the   rachis,  one  prophyll,   one  Habitat.      Occurring  at  elevations  from  0  to 

basal  gemmiparous  bract  (which  may  or  may  not  120  m  in  white  sand  "restinga,"  a  vegetation  type 

develop  into  another  pseudospikelet),  one  func-  with  small  trees  and  shrubs,  an  abundance  of  epi- 

phytes, and  a  groundlayer  dominated  by  terrestrial 

Bromeliaceae  and  Orchidaceae;  also  found  in  '*car- 

tional  floret,  and  (rarely)  a  setose  prolongation  of 

tiny 

sterUe  spikelet  at  its  apex;  subtending  bract  5-13      rascal,"  a  dense,  relatively  dry,  low  forest  on  sandy mm 

pubescent,  often  laminiferou 
13-nerved,  membranous,      sou. 1-3  mm 

summit,  bearing  an  awn 
long  or  a  reflexed  lin 

Phenology,  Populations  flower  massively,  tlien 

die,  with  even  the  smallest  shoots  bearing  inflores- 

cences. The  stamens  and  stigmas  are  produced 

long;  prophyll  3-5  mm  long,  elliptical,  bicarinate,      simultaneously, 
pubescent;  basal  gemmiparous  bract  4-8  mm  long, 
lanceolate,  acute,  5-7-nerved,  pubescent;  rachilla 
segment  between  basal  gemmiparous  bract  and functinriAl  fli^rof  t;-_T  c 

Additional   specimens    examined.      BRAZIL.    BapHA; 

Munic.  Esplanada,  N  of  Esplanada.  near  BR-101,  120 

m,  6  May  1976  (fl),  Calderon  at  al  2408  (CEPEC,  US); 
Munic.  Entre  Rios,   14  km  N  of  Entre  Rios,  on  road 

smooth,  glabrous,  shiny,  clavate  and  cupulate  at      intersecting  BR-101  across  from  Fazenda  Lagoa  Preta, 

mm  lone.  O.o-0,o  mm 

Functional 16  mm  long,  1.5 7  May  1976  (fl),  Calderon  el  al  2413  (CEPEC,  US); 
2  mm  w;^^   ̂ ;.«  *•     i  *-       r         *i-  •*    r  *i,  Munic.  Va  enca,  8  km  from  Valen^a  on  roaa  to  ouaiDim, 
^  mm  wide  disarticulatmg  from  the  summit  of  the  ̂ ^       ̂ ^^^  J^^^  Soderstrom  et  al  2161  (B,  CANB, 
racnuja  or  fragmenting  near  the  base  and  leaving  c£pEC,  COL»  F,  G,  K,  LE,  MO,  NY,  P,  PRE,  SI,  SP, 
behmd  ca.  0.5  mm  of  the  base  of  the  floret  on  the  us^  W,  WIS). 
rachilla;  lemma  narrowly  lanceolate,  slightly  fal- 

cate, near  the  base  on  the  dorsal  side  with  a  patch 

0.5-0.9  mm  long  with  5-9  strong  nerves  evidendy  5.   Atractantha  »'»^»^^^!^^5'!'!^'^^"'"J^ 
separated  by  depressed  areas,  at  the  apex  acu-  Contr. 

minate-altenuate  to  pungent,  indurate,  shiny,  gla^  Estrada  de  Bom  Gosto  a  OHventa,  15  Mar. 

Iv  firahroiis-hisoidu-  1943  (fl),  «.  de  L 

Rot 

minut type 

lous,  green  when  young  becoming  olivaceous  or 
nearly  black  at  maturity,  the  nerves  not  evident 

US;  isotyp* 

8,  14,  15. 

Culm  internode  with  tertile  loiiage  leai  cc^«i|/i^i»^"».     B-  Br
anch  com 

structures  formmg  termmal  portior 
F*  Floret,  lateral  view. 

Figure  11.     Atractantha  falcata,—\. 
plement.  — C.  Apex  of  foliage  leaf  sheath  and  base  . 
of  a  twig,  diagrammatic— E.  Laminiferous  bract  from  base  of  branch  of  inflorescence 

G.  Lemma,  lateral  view.-H.  Rachilla  internode  (left)  and  palea  (right).-L  Locale  complemcr 

Gynoecium.  (Illustration  by  (;esina  B.  Threlkeld,  first  published  in  McQure,  Smithso
nian  Contr 

*fl  based  on  Pinto  68L) 
>:• 

J.  Stamrn. — K. t.  9:  51.  1973; 
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Figures   12    13       Bahian  species  of  Atractantha,  photographed  and  collected  by  C.  E.  Calder6n.-12.  A- 

» 

falcata,  inflorescence.  (Based 

1 
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Figure  14. ictantha 
foliage  leaf Foliage  leaf 

b« of  bbde. -C.  B«.  of  ■        -  -----  -"  E.V.
r»n.offl.,.^.-("'-..jr  l-^'-'" 

first  published  in  McQurc, Smithsonian  &>nlr 
tnted 

7.) 

I 

I 
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Figure  15.      Atractantha  radiata. 
«V.n«rir,„  tk»  „      u  n     .    u    L  r',~'^"  Pseudospikelet  in  early  stage  of  development.— B.  Two  pseudospikelets. 
showing  the  prophyil  at  the  base  of  the  one  on  the  left.-C.  Cluster  of  pseudospikelets. -D;  Pseudospil^«l«^'  dia- 
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Climbing and  (rarely)  a  setose  prolongation  of  the  rachilla 

uncomm 

er  loose  clumps,  decumbent  at  the  base,  arching,  internode  bearing  a  tiny  rudimentary  sterile  spike- 

scandent,  rebranching,  climbing  into  trees  up  to  let  at  its  apex;  subtending  bract  5-10  mm  long, 
12  m,  then  pendent.  Culms  6-^13  mm  diam.,  slen-  lanceolate,  acute,  7-1 1 -nerved,  membranous,  gla- 

der,  flexible,  solid  or  rarely  with  a  ring  of  tiny,  brous,  never  laminiferous;  prophyll  3-4.5  mm  long, 
peripheral  air  canals  in  cross  section,  terete;  in-  elliptical,  bicarinate,  pubescent  on  keels  only;  basal 

temodesstramineousbut  minutely  striate -maculate  gemmiparous  bracts  4-6  mm  long,  elliptical-lan- 

with   green,    slightly    depressed    spots,    glabrous,  ceolate,  acute,  3-7-nerved,  glabrous;  rachilla  seg- 
he  upper  ment  between  uppermost  gemmiparous  bract  and 

branches,  occasionaUy  glaucous;  lowest  internodes  functional  floret  (4~)7-12  mm  long,  0.3-0,5  mm 

0.6-1  m  long,  the  first  branches  appearing  4-5  diam.,  smooth,  glabrous,  stramineous,  shiny,  da- 
rn above  the  base;  nodes  glabrous;  bud  positioned  vate  and  cupulate  at  the  apex.  Functional  floret 

eaves  pa-  (ll-)14-17(-19)mmlong,  1.5-2(-2.5)mm  wide, 
pery,  stramineous,  glabrous;  sheaths  20-30  cm  disarticulating  from  the  summit  of  the  rachilla; 

long,  3-6  cm  wide  (spread  width),  loosely  clasping  lemma  narrowly  lanceolate  to  uncommonly  ovate- 
tne  culm,  slightly  auricled  on  one  side  near  the  lanceolate,  slightly  falcate,  acuminate-attenuate  to 

base,  tapering  to  a  rounded  to  acute  apex,  persis-  pungent  at  the  apex,  indurate  to  less  commonly 

tent,  rather  readily  deciduous,  attached  by  a  flange-  papery,  shiny,  glabrous,  green  when  young  becom- 

y,  pushed  ing  olivaceous,  reddish,  or  nearly  black  at  maturity, 

away  by  the  developing  branches  above;  outer  lig-  the  nerves  not  evident  abaxially  except  for  the 

es  all  ab-  raised  midnerve  and  occasionally  1-2  pairs  of  lat- 

sent;  blades  absent,  represented  by  a  mucro  1-2  eral  nerves,  adaxially  finely  5-11 -nerved;  palea 
a  central  slightly  longer  than  the  lemma,  glabrous,  the  sidcus 

Culm 

mm 

inner 

with 

prunary smaller  sec-  very  narrow  or  less  commonly  wider,  the  apex 

ondary  or  tertiary  branchlets  at  its  base,  these  also  acute.  Rachilla  internode  often  prolonged  12-17 

rebranching;  bracts  subtending  branchlets  0.5-2  mm  past  the  functional  floret  as  a  setose  bristle, 

cm  long,  stramineous  to  reddish.  Foliage  leaves  in  filiform  to  flattened,  rarely  bearing  a  rudimentary 

complements  of  7-13;  sheaths  glabrous,  stramin-  sterile  spikelet  up  to  5  mm  long.  Lodicules  lan- 

eous  but  minutely  maculate  with  green  spots,  weak-  ceolate-elliptical,  acuminate,  membranous,  diaph- 

outer  ligules  anous,  finely  3-5-nerved,  the  apical  margins  cilio- 

0.2-0.3  mm  long,  glabrous;  oral  setae  5-10  mm  late;  anterior  pair  2.5-2.7  mm  long,  the  posterior 

ite  to  orangish,  crisped  api-  one  2.2-2.4  mm  long.  Androecium  with  stamens 

0.5  mm  long,  membranous,  pendent;  anthers  6-9  mm  long,  linear,  yellow  dry- 

ing, adaxially  ing  to  orangish  or  purplish.  Gynoecium  with  ovary 

golden  or  dark   purple,   glabrous   to  puberulent,  glabrous  below,  pubescent  toward  the  apex;  style 

abaxially  glabrous;  well-developed  blades  (10-)  15-  exserted  from  below  the  stamens,  the  stigmas  his- 

summit 

fine,  ( 
inner 

truncate mm 

26 
cm  long,  (2-)3-5  cm  wide,  lanceolate,  asym-      pidulous.  Fruit  not  seen. 

nietrically  obtuse  to  cuneate  at  the  base,  acute  at 
the  apex,  glabrous.  Inflorescences  terminating  leafy 
and  nearly  leafless  branches  of  all  orders,  iterauc-       (Fig.  10). 

Distribution.      Endemic  to  coastal  Bahia,  Brazil 

tant,  congested  and  capitate,  the  branches  disti- Habiiat.      Occurring  at  elevations  from  10  to 

chously  inserted,  consisting  of  1-7  hemispherical  75  m  in  hUIy  "mata  littoranea"  on  white  sand, 

to  spherical,  often  pendent  partial  inflorescences  often  with  the  bamboo  Alvimia;  in  "campos"  and 

4-8  cm  diam.,  each  with  50-250  pseudospikelets  "restinga"  vegetation,  rich  in  plajaba  palms  {At- 

'wth  ±  equal  rachises.  Pseudospikelets  comprising  talea  funifera  C.  Martlus);  In  "mata  atlanlica  ar- 

one  subtending  bract,  the  rachis,  one  prophyll,  1  -      restingada"  (secondary  forest  after  restinga  is  cut), 

on  nearly  pure  white  sand;  and  in  "mata  baixa," 
gemmiparous 

functio 
a  low  forest  type  found  on  sandy  soil* 

E,  Floret,  lateral  view. G.  Palea  (left)  and  prolongation  of  rachilla  (right), 

H.  Palea.  diagraimnatic  cross  section.     L  Uxiicuie  complement. -J.  Stamen. -K^Gym^^^ 
lustration  by  Gesina  B.  Threlkeld,  first  pubfohed  in  McQure,  Smithsonian  Contr.  B<>t.  9:  54.  1973;  all  ba^  on Froes  19947.) 

grammatic.  - 
lateral  view. F.  Lemma,  dorsal  view. 

L  Lodicule  complement. 
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Phenology.      At  the  presumed  type  locality  be-  ical  heads;  the  rachilla  internode  between  the  up- 

tween  Una  and  Oliven^a,  flowering  episodes  are  permost  genuniparous  bract  and  the  floret  relatively 

recorded  from  1943  and  from  197 6  through  1978;  short  (ca.  4  mm  long);  small  (11    13  ram  long), 

a  nearby  (ca.    200   m  away)  population  at  this  papery,  gaping,  slightly  inflated,  ovate-lanceolate 

locality  began  flowering  in  1979,  after  the  death  florets;  and  paleas  with  a  broad  dorsal  sulcus  em- 

of  the  1976-1978  flowering  population. 

Additional   specimens    examined.     Brazil,    BAHIa: 

bracing  a  prominent,  flattened  (up  to  0.4  mm  wide), 

sterile  prolongation  of  the  internode  that  often  no- 

ible 

Munic.  Marau,  5.5  km  S  of  Marau,  ca.  15  km  from  ̂ iceably  exceeds  the  floret.  The  inflorescence  of 

ocean,  20  May  1976  (fl),  Colder  on  et  al.  2442  (CEPEC,  this  collection  bears  some  superficial  resemblance 

ISC,  SI,  SP,  US),  27  Feb.  1975  (fl),  dos  Santos  2928  to  the  monotypic  arthrostylidioid  genus  Athroosta- 
(CEPEC,  US);  Munic.  Una,  road  UnaOliven^a,  28  km  ̂ j^ys  ggnth.  (A.  capitata  (Hook.)  Benth.,  Bahia  to N  of  Una,  passing  Rio  Maroim,  55  m,  26  Apr.  1976  (fl),  x,  '    u       -n   u   *  ̂u     i  »*      u      ♦  ,.^   complanr 

Calderon  et  al.  2397  (CEPEC.  US),  7  Apr.  1977  V),  ̂^'^"^^  ̂ ^^^^^'  ̂ "*  ̂^^  ̂^"^''  ̂ ^^  true   semelauc- 

Calderon  2454  (US),  2  Feb.  1978  (fl),  Calderon  2474  tant  spikelets  and  lacks  a  prolongation  oi  the  rach- 

(US),  25  Feb.  1979  (fl),  Calderon  &  dos  Santos  2485  ilia  internode  past  the  functional  floret.  It  is  poss"  ' 
1?^^:,*^^J!^,'.^^?£^'J^  ™'  ™^'„?P'  L  9l  ̂^?.4'  that  Calderon  et  al.  2452  represents  a  new  species 

distinct  from  A.  radiata,  but  the  population  from 

which  it  was  collected  was  reportedly  one  from 

road  (40  km  S  of  Una),  75  m,  26  May  1976  (fl),  Calderon  near  the  end  of  its  flowering  period,  and  perhaps 
etaZ.  2452  (CEPEC,  US);  Munic.  Ilheus,  road  Olivenfa-  the  peculiarities   of  the   inflorescence  and  floret 

„,.  „  _  .     ,„^„  ,„,   ̂   , ,-    .    „     ̂   ,.r^..  ..  structure  can  be  accounted  for  by  its  senescence, 
Ohvenfa,  2  Feb.  1978   fl),CaWe/-on  2473  US);  Munic.  t,  ,      ,,  -.  f     .u       /^IWtinTm  before TiuA..„      J  nv.    \m.  Ti__  -1    __    lo  r  1       cnrr    r  It  seems  bcst  to  await  further  collections  oeiorc 

ISC.     .       .        .        .     .__,   ___,„,_.,  ...„, 

TULV,  U,  US,  IJSCH,  W,  WIS);  Munic.  Caiiavie'iras,  5 W 

sw 

sw 

OUven^a,  23  Feb.   1979  (fl),  Calderon  &  dos  Santos      describing  it  as  new,  especially  in  view  ot  ttie  aDiui- 
2479  (B,  CEPEC,  F,  G,  ISC,  K,  LE,  MO,  NY,  P,  SI,      dance  and  diversity  of  teratological  inflorescences Munic 
_,      ,     ̂ ^^  exhibited  by  this  species.  Several  other  collections 

^'7%'4^^1?T   Tl^r  M  ̂̂  ""i^l'  ̂^^  1985  Zuioa^a  ̂ f  ̂    ̂ ^^-^^^  ̂ -^^^  otherwise  normal  inflorescences et  aL  2465  (bl,  US);  Munic.  Ilheus,  estrada  Ohven^a-  .      .i    ,            ,  .,  .          .        -                j      •  tof^^nar- 

Maruim,  km  7-10,  50  m,  19  May  1985,  Zuloaga  et  and  spikelets  exhibit  tendencies  toward  crist^a^te  pd^ 

at.  2476  (SI,  US);  without  locality  or  date,  Pirajd  da  '  ' 
Silva  s.n.  ̂ Hoehne  28692'')  (US). 

Flowering  teratologies  are  common  in  A.  radia- 
ta (e.g.,  Calderon  et  aL  2397,  2442,  2454,  2474, 

247 9 J  and  2485),  In  these  Individuals  some  to 

most  of  the  pseudospikelets  of  a  capitate  partial 
inflorescence  proliferate  into  equal-sized  branchlets 
bearing  complements  of  small  blades  ca.  3  cm  long 
and  0.5  cm  wide,  and,  near  the  apex,  a  few  loosely 
spicate  pseudospikelets,  a  few  of  these  strongly 
resembling  a  single 

tial  inflorescences  (e.g.,  Calderon  et  al  2397,  Ui? 

sheet  no.  9)  and  occasionally  have  gaping,  papery, inflated  florets. 

A  common  name  is  tahoca  {dos  Santos  292oh 

The 
bet 

\\ith  normal  inflorescences.  Calderon  et  at.  2397 

has   proliferated    capitate    inflorescences   bearing 
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CIRCUMSCRIPTION  OF  THE 
GENERA  OF  ARACEAE 

TRIBE  LASIEAE^ 
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Abstract 

The  Lasieae,  comprising  a  relictual  pantropical  tribe  of  aroids,  are  defined  and  described.  Four  subtribes  are 

Indochinesi 
Anaphyllin 

M 

Schott),  and  pantropical  Lasiinae  {Cyrtosperma  GrifF.,  Lasia  Lour.,  Lasiomorpha  Schott,  Podolasia  N.  E.  Br.,  and 
subtribes  and  eenera,  and  the  latter  are  described 

are  illustrated.  Geography  of  the  tribe  is  discussed;  it  is  suggested  that  the  group  is  Gondwanan  in  origin  and  that, 
in  the  Orient,  it  has  arrived  in  Malesia  from  both  the  East  and  the  West.  Dracontium  polyphyllum  L.  is  lectotypified- 

The  combination  Dracontium  schomburgkii  (Schott.)  A.  Hay  is  made  following  the  reduction  of  Echidnium  ̂ chott. 

The  Lasieae  are  of  critical  interest  in  the  Ara-  and  are  thus  a  vitally  important  source  of  intor- 

ceae  as  a  relictual  pantropical  group  that  shows  mation  contributing  to  the  development  oi  hypotn- 

great  range  of  leaf  form,  from  highly  compound  eses  of  evolutionary  trends  in  the  family  as  a  whole. 

to  lanceolate,  and  spathe  form  from  campanulate  Indeed,  study  of  this  group,  particularly  in  the  Ula 

to  hood-forming  to  bractUke.  The  flowers  show  the  World,  has  led  Hay  (1986)  and  Hay  &  Mabberley 

greatest  range  in  numbers  of  parts  in  any  her-  (in  press)  to  propose  a  radically  new  hypothesis  tor 
maphrodite -flowered  aroid  group.  The  leaves  are 
frequently  armed,  a   condition  to  which  Corner 

the  origin  of  the  Araceae. 

A  cladistic  treatment  has  not  been  attempted 

(1949  et  seq.)  has  drawn  attention  as  a  putatively  both  for  philosophical  reasons  and  for  the  pr^g' 
primitive  one,  and  they  show  an  acropetal  method  matic  one  that  one  of  the  larger  neotropical  genera 

of  leaf  expansion  of  restricted  systematic  distri-  (C/ro5/)a^/ia)  requires  a  monograph  before  its  cnar- 
bution  in  Araceae,  and  of  very  rare  occurrence  in  acterization  can  be  established.  This  work  resolve 

the  monocotyledons  as  a  whole  (Hay,  1986).  Two  a  number  of  problems  in  the  generic  delimitation 

of  the  four  subtribes  have  extremely  restricted  dis-  of  the  Lasieae  and  serves  to  highlight  others. 
tributions,  as  have  nearly  half  the  genera  and  many 

of  the  species — factors  that  may  indicate  an  an-  HISTORICAL  BACKGROUND 
cient  group  in  decline  (Scott  &  Day,  1983). 

Whil primitive 

THE  GENERA 

Linnaeus 

ers  suggest  also  a  primitive  grade  (in  this  respect).      Species  Plantarum  (1753),  two  are  recogniz 

the  Lasieae  are  nevertheless  highly  heterobathmic      today  as  belonging  in  the  tribe  Lasieae — D.  P^U' 

I 

H ■ 

5:-;  . 

^ ; 
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phyllum  and  D.  spinosum.  The  remaining  three      tropical  Cjrro^/jcrma  and  two  new  species.  Bunting 
are  Monstera  pertusa  (L.)  de  Vries,  Symplocarpus      (1988)  has  created  Urospathella  for  a  diminutive 
fi Venezuelan  savanna  herbj  which  is  reduced  here 

censis  (L.)  Schott,  the  first  in  subfamily  Monsteroi-      to  synonymy  with  Urospatha. 
deae,  the  latter  two  considered  by  Krause  (1908) 

►ubfamily  Calloideae.  Rafinesqu 
Linna && the 

SUPRAGENERIC  GROUPINGS 

scandent  species  appear  the  type  of  Dracontium  Schott  (1832,  1858,  1860)  was  the  first  spe- 
cialist  to  arrange  the  genera  of  Araceae,  putting Man 

better  name,"  and  so  he  superfluously  renamed  D.      in  a  widely  expanded  tribe  ''Orontieae"  the  genera 
polyphyllum  as  Eutereia  nigricans  Raf. Chersydrium^  Dracontium^  Echidnium^  OphionCy 

In  1790  Loureiro  based  the  genus  Lasia  on  a  (ind  Urospatha  (together  with  Symplocarpus)  in 

plantcollectedfromnear  Hanoi,  Vietnam.  The  type  his  subtribe  Dracontiinae  next  to  his  subtribe  La- 
species,  Z,.  aculeata^  was  recognized  by  Thwaites      siinae,  which  included  Anaphyllum,  Arisacontis, 

.mnaeus Lasia,  and  Lasiomorpha. 

nosum,  and  the  new  combination  I.  spinosa  (L.)  Engler's  reappraisals  (1877,  1879,  1911)  were Thwaites  was  made. based  on  considerably  more  material  and  phylo- 

In  1851  Griffith  described  Cyrtosperma  for  a  genetic  concepts.  He  perceived  that  neither  Oron- 
plant  from  the  Malay  Peninsula.  Then  came  Schott,  Hum  nor  Symplocarpus  had  close  relationship  with 

who  erected  Urospatha  in  1853  for  seven  neo-  the  remaining  genera,  and  he  combined  Schott's 
tropical    species    (including    a    Sagittaria — '"[/.  subtribes  into  his  (Engler*s)  Lasieae,  at  the  same 
friedrichsthaliV).  These   (except    U.  friedrichs-  time  (1877)  erecting  the  subfamily  Lasioideae.  UI- 
thalii)  are  now  included  in  U.  sagittifolia  (Rudge)  timately    he    abandoned    subtribal    classification. 

^chott^  which  Rudge  had  described  as  a  species  of  Hutchinson  (1934)  elevated  Schott's  subtribes  La- 

"othos  in  1805  based  on  a  plant  collected  in  Guy-  siinae  and  Dracontiinae  to  tribal  rank,  for  some 
ana  by  Martin.  In  1857  Schott  based  Lasiomorpha  unspecified  reason  including  the  monsteroid  genus 
on  an  African  plant  and  Arisacontis  on  a  Pacific  Holochlamys  in  his  concept  of  Dracontieae.  Sub- 

one  collected  by  Chamisso  (which  had  already  ap-  sequently  Nakai  (1943)  recognized  Lasieae  (ovary 

peared  in  1837  without  a  diagnosis  as  Apereoa  unilocular)  as  including  Anaphyllum,  Lasia,  and 

Moerenhout).  Engler  later  combined  both  of  these  Podolasia;  erected   "Urospatheae"  (ovary  2-6- 
genera  with  Cyrtosperma,   Lasiomorpha  is  res-  locular;  the  name  Dracontieae  was  already  avail- 

urrected  here.  Also  in  1857,  Schott  based  Op^to?ie  able)  to  include  Dracontioides,  Dracontium,  and 

and  Echidnium  on  neotropical  plants  subsequently  Urospatha;  and  erected  Cyrtospermateae  for  Cyr- 

mcluded  in  Dracontium  by  Engler  (191 1)  and  Bog-  tosperma,  the  latter  based  solely  on  the  character 

ner  (1985)  respectively.   In    1858  he  described  of  dehiscent  fruit,  which  he  presumably  obtained 

Anaphyllum  based  on  an  Indian  plant.  Later,  in  from  Engler's  inaccurate  illustration  (191 1,  fig.  7f) 

1865,  he  extracted  his  rival  K.  Koch's  D.  aspe-  of  dehiscent  fruits  in  U  lasioides  Griff.  Neither 

rum,  described  the  genus  Chersydrium,  and  ap-  Hutchinson  s  nor  Nakai's  classification  of  Araceae 
plied  the  superfluous  epithet  "-jararaca,""  a  local  has  had  much  following  by  specialists. 

name  noted  also  by  Spruce  (1908)  and  referring  When  he  published  Pycnospatha,  Cagnepain, 

to  the  snakelike  petioles  characteristic  of  the  genus.  on  the  basis  of  its  atepalate  flowers,  allied  it  with 

'"                               named  the  gigantic  Nicaraguan  the  north  temperate  bog-dwelling  Calla,  an  affinity 
and  Costa  Rican  geophyte  Godwinia  gigas,  which  which  Bogner  (1973)  denied,  noting  the  greater 

|en  years  later  Engler  reduced  to  sectional  status  resemblance  to  Dracontium.  Bogner  included  Pyc- 

ann 

Brown  described 

Engl 

Podolasia  from  material  obtained  from  Borneo  and      atepalous  condition  as  sufficient  to  warrant  erecting 

cultivated  in  England  by  Veitch. subtribe 

Engler  (1911)   extracted   Schott's    Urospatha      so  doing  re-created  Lasiinae  for  the  remaining  gen- 

desciscens  in  describing  the  monotypic  east  Bra-      era.  However,  it  is  proposed  here  that  the  genera zilja 

described 
of  Lasiinae  (sensu  Bogner)  are  sufficiently  diverse 

Bogner*8  recognition  of 

manuscript  by  Thorel  for  two  species  of  atepalate      subtribal  status  for  Pycnospatha  or  su
hd 

geophytes  from  Laos  and  Thailand.  Hay  (1988a) 
has  erected  the  neotropical  genus  Anaphyllopsis 
Dased  on  a  cin^/*i*»c  i^f  VnrA^r^a  \^t*^t*TC\of^r\f^c^^\9,  nan- 

Bog 

van- 
course  is  a'I"pted U 

he 

i 

J 
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subtribes  proposed  are  based  on  vegetative  archi-      one  or  more  cataphylls^;  internodes  distinct  and 
tecture,  leaf,  seed,  and  flower  morphology,  and      then  sometimes  armed,  or  very  condensed.  Leaves 
distribution. 

Within  h 
small  (measured  in  centimeters)  to  enormous  (a  few 

meters  in  length),  solitary  or  spirally  clustered,  with 

(1877  et  seq.)  regarded  the  Pothoideae  and  La-  the  petioles  and  blades  often  armed  with  scattered 

sioideae  as  occupying  central  positions,  separating  or  flanged  spines  or  variously  spinescent  warts, 
them  on  anatomical  grounds  (laticifers  present  and  often  conspicuously  mottled  and  streaked;  blades 
absent  respectively).  He  regarded  Pothos  as  the  highly  compoimd  to  pinnate,  hastate,  or  lanceolate, 

pnmitiv :  genus  In  the  family.  The  Lasioideae      frequently  fenestrate,  or  with  the  lobes  developed 
he  regarded  as  more  specialized,  being  generally      marginally,  or  both;  maturation  of  the  whole  leaf 

sometimes 
with  more  special  markedly  acropetal,  the  blade  exposed  from  the 

ized  floral  construction.  He  recognized  hermaph-  bud  at  an  early  stage  in  its  expansion  (Fig.  1); 
rodite- flowered  and  monoecious  groups  in  the  sub-  venation  reticulate;  rachis  and/or  petiole  some- 
family,  the  former  represented  by  the  Lasieae,  the  times  geniculate;  sheath  short,  infrequently  up  to 
latter  by  the  Thomsonieae  {Amor pho phallus.  An-  ca.  20%  of  the  length  of  the  petiole.  Inflorescence 
chomanes,  Plesmonium,  Pseudodracontium,  solitary,  very  rarely  (and  then  irregularly)  in  a 
Pseudohydrosme^    and    Th 

Nephthyti"      cymose  pair;  peduncles  mostly  similar  in  length 

deae   {Cercestis,   Nephthytis,   and    Rhektophyl-  and  texture  to  the  petioles,  occasionally  much  ab- 
lum\  and  Montrichardieae  {MontrichardiaY  breviated;  spathe  campanulate  to  hood-forming  to 

Grayum  (1984,    1990),   on  palynological  and  spirally  twisted  to  ±  bractlike,  occasionally  armed 
other  grounds,  has  suggested  that  Amorphophal-  outside  or  papillate  within,  mostly  purple-brown, 
lus,  Pseudodracontiam,  Plesmonium,  and  Thorn-  often  streaked  yellowish,  rarely  pink  or  white,  per- 
sonla  be  moved  from  Lasioideae  to  Aroideae.  He  sistent,  marcescent  or  caducous;  spadix  usually 

further  suggested  that  Anchomanes  and  Pseudo-  shorter  than  the  spathe,  stipitate  or  sessile,  mostly 
hydrosme  are  more  closely  allied  with  Nephthy-  a  direct  continuation  of  the  peduncle,  sometimes 
tideae,  and  that  Montrichardieae  and  Nephthyti-  with  the  stipe  adnate  to  the  adaxial  side  of  the 

deae   may   belong   nearer   Philodendroideae.   He  spathe;  maturation  of  flowers  and  fruits  in  a  ba- 
tentatively  allied  Lasieae  with  Stylochaetoneae  (ex<  sipetal  sequence  (Fig.  2).  Flowers  hermaphrodite 

tracted  from  Engler's  Aroideae)  and  Symplocar-  throughout  the  spadix,  rarely  the  apical  ones  sterile 
pus  (thitherto  considered  a  member  of  the  enig-  (Dracontium),  (9-)6-4-tepalate  (0  in  Pycnospa- 
ma  tic  Calloideae).   He  concluded  that  subfamily  tha);  tepals  free,  imbricate;  stamens  4-12  with 

distinct  anthers  and  free  filaments  (except  Lasio- 
agnized 

boreal  Orontieae  {Symplocarpus,  Lysichiton,  morpha);  anthers  extrorse,  dehiscent  by  longitu 
Orontium),  Lasieae  (as  here),  and  African  Stylo-  dinal  slits  to  ±  apical  pores;  poDen  extruded  in 
chaetoneae  {Stylochaeton),  Of  these,  further  evi-  ropelike  masses,  elKpsoid,  monosulcate  with  usuaUy 
dence  is  necessary  to  verify  that  Orontieae  are  reticulate  exine,  binucleate  and  starch-free;  ovary 

natural,  and  there  can  be  little  doubt  that  if  these  l-6-locular,superior  to  slightly  inferior  (la^romor- 

fragmented  one. unit  it  is  a  profoimdly      pha\  the  locules  uni-  to  multiovulate;  placentalion 

axile,  basal,  parietal  or  apical;  ovules  bitegmic, 

anatropous;    stigma   buttonlike,    unlobed,   micro- 

ith- 

The  great  strength  of  Engler's  system  is  its  clas- 
sification at  tribal  level,  which  largely  stands  today.      scopically  papiUate  or  verruculate,  wet  with  or  wi 

Arguably  it  is  better  to  begin  formal  division  of  the      out  a  pollination  droplet,  style  distinct  or  none. 
Araceae  at  the  level  of  tribe  rather  than  subfamily,      Fruit  with  rudimentary  spines  {Lasia,  Pycnospa- 

tha)  or  smooth,  indehiscent,  usually  a  red  berry. 

1 -several-seeded,  ovoid  to  obpyramidal,  sessile 

the  spadix,  rarely  expelled  (as  in  Anthurium).  ̂ ^ 

pachychalazal  (sensu  Corner,    1976),  often  T^^ith 

informal 

Lasieae 

Lasieae  Engler,  Nova  Acta  Acad.  Leopold. -Carol.       "tegmic''  and  "testal''  layers  differentiated  within QO.l/lyl        IQ'7'7  *1   1   1-_1         1   1       _i_   .   l«*,.r^r^r»llfi.   tenl" 39:144.  1877. 

Massive  to  slender  cormous,  rhizomatous,  or 
suffruticose  terrestrial  or  semiaquatic  plants;  stems 
erect  to  creeping,  sympodial,  the  modules  bearing 

a  prupliyll,  one  to  several  euphylls  and  sometimes      structure". 

the  pachychalaza,  hard,  ±  campylotropous 

*  A  prophyll  is  distinguished  from  a  cataphyfl  h/  ' 
;mnmg 

\ 
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Figure  1 .      a.  An  emerging  leaf  in  Dracontium  polyphyllum.  — b.  The  blade  undergoes  some  tenfold  increase  in 
length  during  expansion  after  it  has  emerged  from  the  cataphylls.  Cultivated  at  the  Bogor  Botanic  Gardens. 

a  saproentomophuous  pollinaiion  synarome  oi  aarK 

coloration  and  the  smell  of  decaying  organic  mat- 

form  to  helical,  with  an  oily  strophiole  or  rudi-       seasonal  drought.  Inflorescences  generally  present 

mentary  aril  at  the  chalazal  end;  ovular  integu-  '   ' 
ments  with  the  true  micropyle  forming  an  operculum 
over  the  pachychalazal  micropyle;  seed  coat  var- 

iously spiny,  crested,  warty,  or  smooth;  (in  Ana- 
phyllum,  seed  ovoid,  seed  coat  membranous);  en- 

dosperm present  or  absent;  fi  =  13,  or  26 
{Urospatha), 

Diffi 

Ray  ( 1 987)  has  published  a  classification  of  aroid 

shoot  diversity.  In  his  terminology,  the  axes  in 

Lasieae  are  anisophyllous  sympodiaL  Growth  of  the 

renewal  axis  after  flowering  is  sylleptic  in  the  sub- senu 
[be  Lasiinae,  and  hence  each  module  bea 

bseuuent 

phyll) 

aquatic  habit,  early  leaf  exposure,  reticulate  ve-      a  prophyll,  and  the  s\        _ 
nation,  basipetal  flower  and  fruit  maturation,  her-      and  all  other  leaves  are  foliage  leaves.  In  the  genera 
mr%„|   1*.  rt  -  «.,*^t  '-^-^     t_>^'l.^^  A^^...4i%      «^r     i^l%A      VAv^AWArol 

phrod sublribes ,  ^^   ^ — „  J   J   

seeds,  monosulcate  heteropolar  binucleate,  starch- 

pOi^ 

um 
13  (Marchant,  1973;  Petersen,  1989). 

Distribution,  Pantropical  with  subtropical  ex- 
tensions into  the  Himalayan  foothills  {Lasia);  ab- 

sent from  Austraha.  Distribution  is  discussed  below. 

Ecology,  Lowland,  rarely  montane;  on  floor 
and  edge  of  and  gaps  in  rainforest,  monsoon  forest, 
^nd  semideciduous  forest,  to  open,  mostly  swampy, 
^tes.  Cormous  species  are  sometimes  tolerant  of 

exception  of  Dracontioides)y  and  hence  at  least Where 

flowering  occurs  after  a  period  of  dormancy,  the 

inflorescence  is  subtended  by  a  number  of  brac- 

leole^  {Dracontium,  Pycnospatha).  Inflorescences ibe 

ed  (in  vigorous 

eg 

species, 

A.  Ilay,  Cyrtosprrmn  marrotum  Becc 

they  arc  multiplied  according  to  an  a 

:igl 
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Figure  2.     Basipetal  fruit  maturanon  in  the  spadix  of  Anaphyllum  wightii  (Hay  s.n,,  FHO).  Anthesis  also  take^ place  in  a  basipetal  sequence  in  Lasieae. 
-A  - 
.  I' r 

^    I*  - 

I     : 

I 

.i 
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nophyllous  synipodial  plan  in  Cyrtosperma,  and 

have  an  interposed  niei>obracteole  and  bracteole  in  adopted,  and  the  term  "leaf 
Anaphyllopsis  between  the  subtending  prophyll  of  functionally  quite  different  on 
the  second  inflorescence  and  the  base  of  ils 

duiicle.  In  Ray's  system  an  essentialist's  stanc 

adopted,  and  the  term  "leaf  is  used  for  sever 

used  for  se
veral 

In  the  pres
en' 

pe- 

work,  "leaf  means  foliage  leaf. 
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KEY  TO  THE  SUBTRIBES 

la.   Flowers  atepalate,  plant  cormous,  leaf  solitary, 
spathe  hood-forming,  fruit  spinous,  seed  coat 
with  raphides  and  druses    Pycnospathinae 

lb.  Flowers  tepalate,  other  characters  not  in  the 
above  combination. 

2a.   Stems  bearing  prophylls  and  euphylls  only 
      La  s  i  in  ae 

2b.      Stems  bearing  cataphylls  and  prophylls. 
3a.   Seed  ovoid,   smooth,   coat   membra- 

nous; stems  clump-forming  to  rather 
weakly  stoloniferous,  leaves  never  fe- 

nestrate   Anaphyllinae 
3b.   Seed  ±  campylotropous;  coat  hard, 

ornate;  leaves  often  fenestrate   

type:    E,    schomburgkii    Schott    =    Dracontium 
schombuTgkii  (Schott)  A.  Hay,  comb.  nov. 

Ophione  Schott,  Oesterr.  Bot.  WochenbL  7:  101.  1857. 

type:  0.  purdieana  Schott  =  D.  purdieanum  (Schott) Engl. 

Cher sydrium  Schott^  Oesterr.  Bot.  Zeitschr.  15:  72.  1865. 

TYPE:  C  jararaca  Schott,  nom.  superf.  pro  D.  as- 

perum  K.  Koch, Bot 

TYPE:   G.  gigas  Seemann  =  D.  gigas  (Seemann) Engl. 

cormous 

SUBTRTBE  1.   DRACONTIINAE  SCHOTT 

Dracontiinae  Schott  in  Schott  &  Endl.,  Melet. 

Bot.  22.  1832,  "Dracontiae." 

Cormous  or  rhizomatous,  usually  solitary  herbs. 
Stems  cataphylliferous  (?except  Dracontioides), 
Leaves   usually   solitary   or   paired   (except   Dra- 

rarely  paired,  compound  to  highly  compound  leaves; 

corm  hemispherical  or  ±  irregular,  concave  around 

the  bud,  roots  arising  mostly  from  the  top,  com- 

monly bearing  scattered  to  very  numerous  small 
bulbils.  Leaf  to  5  m  tall,  subtended  by  several 

evanescent  cataphylls,  emerging  from  these  in  a 

very  unexpanded  state  and  thereafter  undergoing 

a  long  exposed  period  of  great  expansion;  petioles 
rounded 

pomt- 

ed  to  spinous;  blade  tripartite,  to  4  m  across,  the 

bequal contioides),  with  usually  warty,  or  rarely  spiny  ̂ j^e  anterior  undergoing  at  least  one  more  3-parted 
petioles;  blades  often  highly  compound  and/or  division  and  forming  a  pair  of  opposite  lateral  sec- 
fenestrate,  rarely  simple  and  entire.  Spathe  erect,       ondary  rachises,  and  a  continuation  of  the  anterior 

rachis;  posterior  rachises  forked,  rarely  not  further 
hood-forming  or  spirally  twisted.  Flowers  tepalate. 
Seed  campylotropous,  albuminous;  seed  coat  thick, 
usually  ornate. 

Distribution.      Three  genera  ranging  from  -  .  i  i     n  -^u 

southern  Mexico,  through  Central  America  to  Bra-      t»«-""g  «^^"«^^^  ̂ ^^^^''  throughout;  leaflets  with 
Ti'l   «^..*i,„„_x       T^.      1     ̂        .  ninnatft.  brochidodromous  venation,  olten  tenes- 

pinnate 
linear 

zil,  southeast  to  near  Rio  de  Janeiro. 

KEY  TO  GENERA 

1 a. 
Leaves  clustered,  sagittate,  fenestrate  with  the 
holes  not  reaching  the  margin;  spathe  hood- 
forming,  ovary  bilocular        Dracontioides 

lb.   Leaves  solitary  or  two  together,  ternately  di- 
vided to  highly  compound. 

2a.   Plants  cormous;  leaves  highly  compound 
or  if  not,  then  with  the  posterior  lobes  each 
equally  bifid:  soathe  usuallv  erect  to  hood- 

2b. forming,  sometimes  campanulate_  Dracontium 
rhizom 

divided  by  fenestration  to  pinnate  by  mar 
ginal 

pmnate 
trate,  rarely  the  whole  blade  entire  in  bud,  the 

parts  separating  on  expansion,  and  then  the  leaflets 
truncate.  Inflorescence  solitary,  accompanying  or 

alternating  with  the  leaf;  peduncle  exceeding, 

equaling  or  shorter  than  the  petiole,  sometimes  not 

extending  above  ground  level,  when  long  similar 

to  the  petiole;  spathe  mostly  purple-brown,  ram- 

panulate  to  hood  forming  to  erect 
somewhat  twisted  in  uppermost  part,  smooth  or 

papillate  within;  spadix  sessile  to  stipitate,  usually 

disproportionately  small,  ̂ Mnetimr.  with  the  up- 

permost flowers  with  enlarged  lepah,  forming  a 
cti..rf  Annpndix  bearinc  aM  idiform  stnirtures  (Fig. 

occa^iona 

„  Anaphyllop$i$      ̂ ^^  pulrid-sm^^Hirig  over  a  Irngthy  pi^io*?    Floweni 

stammate 

Dracontium  L.,  Sp.  PI.  967,   1753-  TYPE:  D. 

polyphyilum  L.  [Type:  Hermann,  Paradisus 

Batavus,  fig.  93.  1698  (lectotype,  selected here).] 

^utereia  Raf.,  H.  Tellur.  4:  12.  1838,  nom.  superf.  pro 
Dracontium,  TYPE:  E.  nigricans  Raf.,  nom.  superf. 
pro  D.  polyphyilum. 

frAic/nium  Schott.  Oesterr. 

locul 

often  bearing  a  long  style  (to  cm.  6  mm);  locales 

1-few-ovulale;  stigmas  papillate  or  not,  wet.  Fruit 

mostly  ol»pyramidal,  red.  smooth,  usually  ac
com- 

panied by  the  ±  marccscent  «^the,  often  beaked 

with  the  pcrsi^t^nt  style.  Seed  camj 

crcsu-i  and  or  warty,  inner  layers  of  pachyrhala/a 

with  ceil  walls  ihi»  kcr  than  tho-r-  of  the  outer  onc^;
 

endoRperm  prc;>cnl  (Figi.  5a,  6a). 

•^».« 
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Figure  3.     Lectotype  of  Dracontium  polyphyllum 
L.,  from  P.  Hermann,  Paradisus  Batavus  (1698)  figure 
93. 

Typification  of 
Of Linnaeus 

and  Munich.  Most  species  appear  to  have  very 

restncttHl  tlistributions,  ahhough  this  may  in  part 

be  due  to  insufficient  collecting.  Madison  (1978) 

noted  that  Dracontium  species  tend  to  occur  as 

rare,  easily  overlooked  single  individuals,  although 

the  bulbiliferous  species  form  substantial  clumps. 

There  is  no  available  information  on  the  polli- 

nation biology.  Inflorescence  color,  smell,  and  mor- 

phology suggest  saprocantharophily  and  sapro- 

myophily.  The  Panamanian  Dracontium  dressleri 

Croat,  in  cultivation  at  Kew  emits  an  odor  of  stale 

meat  and  dirty  socks  over  a  period  of  about  three 

weeks,  in  marked  contrast  to  the  brief  exhalations 

of  the  quickly  acting  monoecious  groups  (e.g., 

Meeuse,  1978)  and  recalling  the  behavior  of  Sjm- 

plocarpus  (Knutson,  1974).  Peduncle  lengths 

ranging  from  none  in  D.  dressleri,  for  example,  to 

ca.  1.5  m  in  the  Colombian  D.  carderi  Hook.  f. 

suggest  selection  for  different  pollinators.  So  do  the 

markedly  differing  style  lengths,  where  stigmas  may 

be  more  or  less  sessile,  for  example  in  the  recently 

described  Venezuelan  Z).  changuango  Bunting  (Fig. 

1),  or  borne  on  long  styles  as  in  D.  polyphyllum 

and  Z).  gigas  (Engler,  1911).  (Long  styles  are unusual  in  the  Araceae.) 

The  morphology  of  the  spadix  apices  in  some 

species  in  curious.  The  Mexican  Z).  soconuscum 

Matuda  and  D.  changuango  have  one  to  several 

(or  sometimes  no)  stalked  asciform  structures  m 

place  of  the  upper  flowers  (Fig.  4),  whereas  in  D^ 

dressleri  tepals  of  the  upper  flowers  are  much 

longer  than  those  of  the  rest,  as  is  sometimes  the rum,  material  of  this  plant  in  the  CUfford  Herbar-      case  in  Cyrtosperma  cuspidispathum  Alderw- 
ium  is  sterile  and  fragmentary.  The  figure  in  Plu- 

kenet's ^Zmag^es^um (1696,  t.  149,  fig,  l)is highly Hermann 
Dracontium  fruits  are  characteristically  obpyra- 

midal,  the  upper  part  of  the  fruit  showing  upward 

and  outward  expansion  above  the  locules.  ovca 
tavus  (1698,  fig.  93),  reproduced  here  (Fig.  3),  is      fruits  occur  in  Anaphyllopsis  americana  (Engler) 
clearly  D.  polyphyllum  in  the  current  sense 

with  a  short  peduncle,  hood-forming  spathe,  prom- 
inent styles,  and  no  (or  few)  fenestrations  in  the 

A.  Hay  and,  less  expanded,  in  Dracontioides  and 

Lasia,  In  other  Lasieae  and  in  most  aroids  the pericarp  is  more  even  m 

thickness  throughout leaflets.  This  illustration  is  therefore  here  selected  The  leaves  defy  succinct  description.  Those as  lectotype. 

Distribution.      About  15  species  from  Chiapas, 

of 
rank 

the  Nicaraguan  and  Costa  Rican  D,  gig<^^     ̂ 

with  the  largest  of  all,  outside  the  palms,  ̂ ^^^^^^ 

some  five  meters  in  height  and  four  meters  ui  u  ̂ Mexico,  through  Central  America  and  tropical  South      ̂ ^^  ̂^^  ̂         ""       T  TJner  from 
Amerirn   r.r.^c.rr.\r..r.^\.r  \r.  ̂ ^..  oU..   L^  :.  ..:„        diameter.  In  contrast,  D,  margaretae  

Bogner America,  predominantly  in  open  sites,  also  in  rain- 
forest, tolerant  of  seasonal  drought;  mostly  at  low 

altitude. 

This  genus  is  in  need  of  revision.  It  shares  with 

Old  World  Amor pho phallus  the  problem  of  match- 
ing fertile  and  sterile  material  in  those  species  in 

which  flowering  and  leafing  alternate.  This  will  en- 
taU  extensive  fieldwork  and  use  of  living  collections. 

Braza,  Venezuela,  Bolivia,  and  Paraguay  is  a  com^ 

paratively  dwarf  species  in  which  the  posterior 

anterior  lobes  are  only  once  divided  into  im 

leaflets  (Bogner,  1981).  Engler  (1911)  noted  tha 

the  leaves  of  D.  gigas  and  D.  costaricense  Eng  ■ 
are  entire  in  bud,  and  the  whole  is  segmented  r 

within  the  lamina,  as  in  the  similarly  elabora 

leaves  of  Anchomanes  and  Pseudohydrosrrie- 

Several  species  are  in  cultivation  at  St.  Louis,  Kew,      D.  polyphyllum,  the  main  lobing  of  the  leaf  ap' 
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pears  marginal,  and  the  ultimate  divisions  are  in- 

tramarginal,  occasionally  failing  and  leaving  fe- 
nestrate leaflets.  These  observations  are  based  on 

unfolding  and  mature  blades,  and  further  evidence 

of  early  developmental  stages  is  required. 
A  striking  feature  oi  Dracontium  leaves  is  their 

early  emergence  from  the  cataphylls.  The  branches 
and  segments  of  the  anterior  lobe  are  bxinched  and 

point  upward  in  bud,  together  with  the  iimer/upper 
product  of  the  first  division  of  each  posterior  lobe; 
the  outer /lower  half  is  similarly  bunched,  but  points 
down  the  petiole.  Expansion  proceeds  over  a  period 
of  weeks  in  an  acropetal  wave  up  the  petiole  to 
the  blade;  this  is  in  marked  contrast  to  the  otherwise 

rather  similar  leaves  of  Amorphophallus,  which 
emerge  in  a  late  stage  of  apparently  diffuse  rather 
than  polar  expansion.  Mottling  is  streaked  in  Dra- 
contium  versus  usually  maculate  in  Amorpho- 
phallus,  perhaps  reflecting  their  diflfering  methods of expansion. 

bea 

Dracontioides  Engl.,  Pflanzenr.  IV.  23C:  36. 
(Heft  48).  1911.  TYPE:  D,  desciscens  {SchoW) 

Engl.  [Basionym:  Urospatha  desciscens 
Schott,  Oesterr.  Bot.  Zeitschr.  9:  99.  1859. 

Type:  Brazil,  Bahia:  Salvador,  Itaparica,  Riedl 
714  (holotype,  LE  not  seen;  isotype,  K).] 

Kobust  to  rather  slender  swamp  herbs  to  ca.  2 
m  high;  rhizome  erect,  sparsely  branching,  to  40 
cm  long  and  ca.  6  cm  diam., 

several  sagittate  rarely  ±  ovate  and  then  auriculate 
leaves.  Leaf  blades  glossy,  in  larger  leaves  fenes- 

trate; fenestrations  more  numerous  in  anterior  than 

m  posterior  lobes;  petioles  smooth  to  rough,  mottled 
brownish  and  green,  unarmed,  watery,  drying  thin, 
^ith  large  numbers  of  easily  detached  bulbils  in 
their  axils;  cataphylls  present,  but  very  short  (short- 

er than  sheath  of  petiole);  sheath  membranous.  ^ 
Inflorescence  solitary  on  a  peduncle  similar  to  but  f^i-ggt  undergrowth  in  rainforests  of  eastern  Brazil, 
usually  shorter  than  the  petioles;  spathe  forming  a  j^^  Bahia,  and  near  Rio  de  Janeiro  at  Tijuca  (Mayo, 
deep  hood,  brownish  green  without,  deep  purple 

Figure  4.  The  spadix  apex  of  Dracontium  chan- 

guango  {Aristeguieta  12734,  K).— a.  The  whole  inflo- 
rescence; scale  bar  =  2  cm.— b.  Apical  flowers;  scale  bar =  3  mm. 

Distribution 
nks 

becoming  pink 

toward  the  base,  within  to  1 5  cm  long;  spadix  much 

1978). 

Schott  (1859)  ascribed  this  species  to  Urospa- 

shorter  than  the  spathe,  sessfle  to  shortly  stipitate,  tha  because  of  the  bUocular  ovar
y  that  character- 

Purple.  Bowers  4-tepalate;  stamens  4,  exserted  ized  aU  species  of  Urospatha  t
hen  known  in  the 

from  the  tepals  at  male  anthesis;  ovary  bflocular  fertile  state.  Engler,  however
,  noted  the  albummous 

^ith  a  purple  conical  style;  locules  uniovulate  with  seed  {Urospatha  spec
ies  were  exalbummous),  and 

axile  placentation;  stigma  buttonlike,  whitish,  wet. 
Fruit  reddish,  furrowed,  usually  2-seeded.  Seeds 

asymmetrical 

that  the  hood-forming  spathe  more  closely  resem- 

bled that  in  Dracontium,  hence  the  name  Dra- 

contioides. The  spathe,  the  fenestrate  leaves,  and 

enA  Ir^^^  i'  1  1        u   1       1   A        tfiP  nrpsence  of  bulbils  indicate  closer  affinity  with end  longer  and  narrower  than  the  chalazal  end,      tne  presence  ui  uui  r  ,     t      - alb 
rown Dracontium  than  with  any  member  of  the  Lasiinae, 

to  8  sharp  longitudinal  wart;  crest's  (Figs.  5b,  6b).      and  the  
seed  and  vegetative  architecture  warrant 
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Figure  5.      Seeds  of  Lasieae.  — a,  Dracontium  soconuscum  {Matuda  17783,  UC).— b.  Dracontioides  desciscens 

{Ilarley  et  al  2824,  K).— c.  Anaphyllopsis  cururuana  A.  Hay  {Anderson  10627,  NY).— d.  Pycnospatha  «''j^'^ 
{Bogner  395,  K).— e.  Anaphyllum  wightii  (Hay  s.n.,  FHO).— f.  Cyrtosperma  merkusii  {Bogner  1363,  K).  - Figure  6  for  scale. 

recognition  of  Dracontioides  as  a  relict  descended 

from  a  caulescent  *'pre-Dracontium." 

Anaphyllopsis  A.  Hay»  Aroideana  1 1(1):  25.  1988 
and    11(2):   8.    1988,  TYPE:   Anaphyllopsis 

americana  (Engl.)  A.  Hay  [Basionym:  Cyr- 
tosperma americanum  Engl,  in  Martius,  ̂  

Bras.  3(2):  117,  t.  22.  1878.  Type:  French 

Guiana:  Leprieur  152  (lectotype,  P,  selected by  Hay,  loc.  cit.,  isolectotype,  US).J 
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Terrestrial  or  semiaquatic  solitary  herbs;  rhi- 
zome erectj  subterranean,  bearing  prophylls,  cat- 

aphylls,  and  euphylls.  Leaves  solitary,  rarely  paired, 
with  unarmed,  usually  warty  petioles;  lamina  has- 

tate to  pinnate,  dissected  by  fenestration  and/or 
marginal  outgrowth.  Inflorescences  solitary,  rarely 
paired,  on  long  peduncles  similar  to  the  petioles; 
spathe  membranous,  papery  when  dry,  convolute 
in  the  lower  part,  otherwise  spirally  twisted;  spadix 
with  a  stipe  adnate  for  most  of  its  length  to  the 
spathe.  Flowers  hermaphrodite  throughout  the  spa- 

dix, with  four  tepals  and  four  stamens;  ovary  uni- 
locular, uni-  to  bi-ovulate  with  basal  placentation; 

stigma  wet.  Fruit  obpyramidal  to  ovoid,  ripening 
reddish,  with  marcescent  spathe.  Seed  campylot- 
ropous,  pachychalazal,  albuminous;  coat  thick,  ver- 
ruculose  to  deeply  channeled;  aril  rudimentary, 
chalazal  (Figs.  5c,  6c), 

b e 

Distribution, Three  species  from  tropical 
South  America:  A,  americana  from  the  Guianas, 
and  two  Amazonian  species.  Apparently  all  are 
rare,  growing  in  swamp  forest  undergrowth,  open 
swamps,  riversides,  and  rainforest  floor,  at  low  al- titude. 

The  genus  is  distinguished  from  Dracontioides 
by  the  spirally  twisted  as  opposed  to  hood-forming 

spathe,   solitary   leaf,    and   unilocular   ovary   with       Pycnospatha   arietina. 

Figure  6. 

in  Figure  5.- tioides  desciscens. 

Seeds  of  Lasieae  drawn  from  specimens 

a.  Dracontium  soconuscum. — b.  Dracon- 

basal  placentation.  It  is  distinguished  from  Dra- 
contium by  the  rhizome,  spathe,  and  posterior  lobes 

of  the  leaf,  which  are  never  bifid  or  dichotomous. 
It  IS  allied  with  these  genera  because  of  fenestra- 
tion,  cataphylls,  tepals,  and  the  ornate  campylot- ropous  seed. 

The  presence  of  both  fenestrate  and  marginal 
leaf  dissection  within  a  single  genus  is  matched  by Dracontium, 

c.  Anaphyllopsis  cururuana. 
— e.   Anaphyllum   wightii. 

Cyrtosperma  merkusii.  F  =  funicle,  M  = 
=  2  mm. d. 

f. 

micropyle,  S 

strophiole.  Scale  bar 

SUBTRIBE  2.   PYCNOSPATHINAE  BOGNER 

Pycnospathinae  Bogner,  Oesterr.  Bot,  Zeitschr 122:202.  1973. 

Cormous  plants  with  solitary,  usuaUy  highly  dis- 
sected leaves.  Spathe  hood-forming.  Flowers  ate 

palate.  Fruit  spiny.  Seed  campylotropous,  albu- 
roinous;  seed  coat  hard,  warty,  containing  druses. 

Distribution.      A  single  Indochinese  genus. 

Sedom,  Thorel  2404  (holotype,  P).] 

Cormous  herbs  with  solitary  highly  dissected 

leaves  on  spiny  spongy  petioles,  emerging  from  the 

cataphylls  early  as  in  Dracontium  species;  poste- 
rior lobes  forked  3  times,  anterior  lobe  trifid,  the 

central  member  trifid  again,  the  laterals  unequally 

forked;  leaflets  sessile,  ±  confluent,  with  brochi- 

dodromous 

•be 

lobes,  and  the  posterior  lobe 
scattered 

rescence  solitary,  accompanying  the  leaf,  pcdun- petiole;  spathe  sharply 

hood 

sessile 

Pycnospatha  Thorel  ex  Gagnepain,  Bull.  See, 
"*"t.  France  88:  5 1 2.  1 9 1 1 .  TYPE:  P.  palmata 
Thorel  ex  Gagnepain  [Type:  Laos:  Ben-chom, 

maphrodite  throughout,  alepalale;  stamens  6+; 

ovary  unilocular,  uniovulate  with  bn^al  to  subbasal 

placentation,  style  elongated,  stigma  punctiform. 
Fruit  a  reddish  spiny  berry  ca.  1  cm  diam.  (Fig. 

7),  pericarp  (in  spirit  material)  hard,  rather  corky, 



194 Annals  of  the 

Missouri  Botanical  Garden 

i 

^ 

Figure  7,      Pericarp  of  Pycnospatha  arietina  {Bogner  395,  K).  The  fruit  is  ca.  1  cm  in  diameter. 

firmly  appressed  around  the  seed.  Seed  black  or       those  farthest  from  the  anterior  lobe)  products  of 

very  dark  brown,  seed  coat  hard,  thick,  warty,       each  fork  somewhat  more  elaborate  than  the  inner, 

creating  a  "tri-pedate"  eflfect.  The  anterior  rachis 

undergoes  a  major  division  into  three  about  a  third 

of  the  way  along  its  length,  and  the  central  member 

repeats  this  near  the  tip.  The  lateral  members  of 

these  divisions  undergo  somewhat  irregular  forking 

with  some  overtopping.  Throughout,  the  rachides 

are  bounded  by  an  irregular  narrow  wing  arising 

on  the  adaxial  surface  on  either  side  of  the  lamina. 

containing  white  druses  in  "tegmic"  layer  of  pachy- 
chalaza  (Figs.  5d,  6d). 

Distribution,      Two  species  from  rather  open 
sites  in  areas  of  evergreen  forest  in  Thailand  and 
Laos.  Rare.  Bogner  (pers,  coram.)  noted  that  P. 
arietina  Thorel  ex  Gagnepain  is  locally  common 
in  Thailand. 

The  genus  has  recently  been  revised  and  the  Here  and  there,  this  wing  is  thrown  into  a  "leaflett 
species  described  in  detail  by  Bogner  (1973).  He  the  costa(e)  of  which  emerge(s)  from  the  adaxial 

recognized  two  species,  reducing  P.  soerensenii  S.  part  of  the  rachis.  By  contrast,  the  major  divisions 

Y.  Hu  to  synonymy  with  P.  arietina.  Bogner  noted  of  the  rachides  are  complete  and  more  or  less  equal, 
that  the  genus  is  close  to  Dracontium  on  the  basis  including  those  that  produce  the  ultimate  rachillae. 

)mpound  ±  solitary  leaves,  Those  leaflets  that  are  scattered  along  the  main 
.  hooded 
with  wh rachides  may  be  regarded  as  supernumerary, 

their  origin  is  tentatively  ascribed  to  a  process 

and 

of 

presence  of  druses  in  the  seed  coat,  which  are       space  filling  in  the  tightly  folded  developing  leaf. 

!ae,  and  the       They  also  occur  in  species  of  Amorphophaw^f 

Dracontium^  and  Taccarum,  and  in  Tacca  l^o  - 
lilar  to  that       topetaloides  (L.)  Kimtze  (Taccaceae).  The  lea 

unknown  in  other  membe        

atppalate  flowers  set  the  genus  apart. 
The 

species construction  of  the  last-mentioned  is  very  s 

imilar 

the  juvenile  to  adult  sequence  is  there  any  evidence       to  that  of  Pycnospatha  arietina, 
of  fenestrate  development,  hence  the  segments  may 

cut- 

in  subadult  leaves  of  P.  arietina,  the  anterior 

lobe  is  trilobed  with  two  pairs  of  opposite  costa 

corresponding  to  the  divisions  of  the  mature  a 
ually  divided  three  times,  with  the  outermost  (i.e.,       terior  rachis  described  above.  The  posterior  lobes 

outs."  The 
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are  bilobed,  with  their  midribs  forked.  Adult  leaves 

of  P.  palmata  are  almost  identical  with  subadult 

leaves  of  P.  arietina,  and  the  species  seem  oth- 
erwise to  differ  only  in  the  style,  which  is  straight 

in  P.  arietina  and  curved  in  P.  palmata. 

m 
[Typ 

Wigh 

lotype,  K).] 

Clump-  or  colony-forming  herbs;  stem  a  sym- 
The  Monstereae  have  a  preponderance  of  mem-  ^^^.^j  ̂ ^^j^^  ̂ ^  rhizomes  bearing  prophyUs,  cala- 

bers with  naked  hermaphrodite  flowers;  otherwise,  ^j^^jj^^  ̂ ^j  ̂   j^^  f^U^g^  j^^^^g  Petioles  to  ca.  1.5 
only  Calla  of  the  enigmatic  CaUoideae  shares  this  ^^jj'  ̂^^^^y^  ̂ ^  tubercular  and  then  sometimes characteristic  with  Pjcnospatha.  Indeed,  Gagne- 

pain  (1941)  stated  that  Pycnospatha  clearly  be- 
with    warts    on    distinctly    raised   flanges,    rarely 

(?)armed;  blade  pinnate  with  opposite  leaflets,  the 
longs  in  the  CaUoideae,  although  he  indicated  that      ̂ ^^^^^^  segment   trifid  and   the  posterior  lobes the  spadix  contains  a  mix  of  male  and  female 

pmnatisect flowers.  This  was  not  Krause's  view  of  Calla,  for      ̂   geniculum  at  the  junction  with  the  first  and  sec- 
which  he  noted  "flores  hermaphroditi  vel  superiores      ̂ ^^  j^^^^^  ̂ ^^^^^  ̂ ^  ̂ ^^  ̂^  ̂ ^e  apex  of  the  petiole. 
^^n'*^x  "^^^"""^'r  '^'^^'\  (Krause,    1908),  ̂ Bogner      i^fl^^escence  solitary,  on  a  peduncle  similar  to  and 

about  equaling  the  petiole  in  length;  spathe  mem- 

branous to  coriaceous,  marcescent,  basaUy  con- 

volute and  spirally  twisted  in  the  remainder,  or  the 

(1973)  took  the  view,  followed  here,  that  the  flow- 

ers of  Pycnospatha  are  hermaphrodite. 

Spiny  fruits  are  extremely  rare  in  the  Araceae, 

occurring  only  in  this  genus  and  in  Lasia.  In  both      ̂ j^^j^  ̂ ^^^^  ̂ ^^  +  fl^^;  spadix  much  shorter  than 
genera  the  spines  are  rudimentary 

seem  to  have  ecological  significance-  The  phylo- the  spathe,  free-stipitate.  Flowers  tetramerous;  re- 

ceptive stigmas  with  pollination  droplets;  ovary  uni- genetic  significance  of  spmy  fruits  has  been  dis-       x^^^^y,  and  uniovulate,  with  parietal  placentation. 
cussed  by  Comer  (1949,  1952-1954,  1964,  1966) 
in  relation  to  the  Durian  Theory.  The  allegedly 
primitive  armed  loculicidal  capsule  of  arillate  seeds 
w  not  known  to  occur  in  Aracenp.  althoufrh  arillate 

filling 

funicle 

1  coat  unlig- 

nified,  membranous,  smooth;  endosperm  absent; 
seeds  are  known  and  sarcotestas  are  common.  In      embryo  stout,  straight  (Figs.  5e,  6e), 
the  Lasieae  the  seed  has  an  oily  strophiole  and  the 
fruits  are  indeshiscent.  That  spines  appear  In  a 
niore  or  less  rudimentary  state  in  this  relictual 
group  suggests  that  they  may  be  interpreted  as 
vestigial 

ilie  seen   1«;  l*acc  ctrrincrKr  ^■iw-ir<»rl  in    Pi/z^n/l «  D/t/A/T 

Distribution.  Two  species  from  southern  In- 

dia, in  evergreen  forest  and  swamp  forest  under- 

growth. Sivadasan  (ined.)  recognized  three  infraspecific 

taxa  in  A.  wightii.  The  second  species,  A.  bed- tnan  m  other  members  of  the  tribe  (other  than  ̂ ^^^^i  Engl.,  is  distinguished  by  its  ovate,  open 
^naphyllum),  has  a  slightly  enlarged  hilum,  and  gp^the  and  pinnatifid  leaves  in  contrast  to  the  twist- 
«ts  coat  is  dark  brown  throughout,  whereas  in  other  ̂ j  convolute  spathe  and  usually  pinnate  leaves  of 
genera  the  pigmentation  is  concentrated  in  the       ̂     wightii. 
surface  layers  of  cells.  The  inclusion  of  white  crys-  jj^^  genus  is  remarkable  for  its  soft  and  mem- 

branous seed  coats,  in  contrast  to  the  hard  r.rnale 

talUne IS  unique 

tropous  seedb  of  other  members 
SUBTRIBE  3.   ANAPHYLLINAE ibe 

leaves,  and  basipetal  maturation  of  the  spadix,  how
- 

.  ■  #4  T 

Subtribe  Anaphyllinae  A.   Hay,   subtribe   nov.       ever,  mark  the  genus  as  belonging  in  the  Tnsieae. 
TYPE:  Anaphyllum  Schott. 

Caudex  hypogaeus,  rhizomatosus,  sobolifer  vel  stoloni- 
fer,  cataphylKs,  prophyllis  euphyllisque  praeditus;  folio- 
^^im  lamina  pinnata  vel  pinnatipartita,  haud  fenestraU; 
*patha  spiraliter  torta  vel  plusminusve  plana;  flores  tetra- 
'"eri;  semen  analropum,  ovoideum,  laeve;  integumentum 
^cnue,  membranaceum;  embryo  crassus,  rectus;  albumen 

SUBTHIBE  4.   LASIINAE  SCHOTT 

Lasiinae  Schott,  Prodr.  Aroid.  399.  
1860.  "U- 

sinae. 
n% 

distribution.      A  single   genus,  Anaphyllum 
'cWricted  to  southern  India. 

Rhizomatous  or  suffrulicose,  solitary,  clump- 

forming,  or  colonial  herbs;  leaves  and  more 
 rarely 

stems  usually  armed,  sometimes  heavily;  m
odules 

of  bympodia  m.iltifoli.ir,  with  prophylls  nnd  euph
ylls 

only;    leaf    l.ladr«    «implc,    diabCcU  f    tc    ha«lat
e; 
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inflorescence  solitary,  rarely  cymose-paired,  on  pe-  graphical,  and  ecological  grounds,  and  rather  than 

duncles  similar  to  the  petioles;  spathes  erect  to  making  a  large  number  of  new  combinations,  I 

deflected,   very   rarely   hood-forming,   sometimes  have  resurrected   Lasiomorpha  to  maintain  the 

acuminate-twisted,  persistent,  marcescent,  or  ca-  status  quo.  The  Old  World  genera  have  recently 

ducous.  Flowers  6-(5-)4-tepalate  and  -stammate;  been  revised  by  Hay  (1988a). 

filaments  free,  rarely  united;  ovary  bi-  or  luiiloc- 

ular,  multi-  to  uniovulate;  placentation  axile,  basal,  Cyrtosperma  Griff.,  Notul.  3:  149.  1851  &  Icon. 
parietal  or  apical.  Fruit  a  green  to  red,  spiny  to 

smooth,  1 -several-seeded  berry.  Seed  campylotro- 
pous,  reniform,  rarely  helical,  albuminous  or  not; 

PL  Asiat.  t.  169.  1851.  TYPE:  C.  lasioides 

Griff.  [Type:  Malaysia:  Malacca,  Griffith  5059 

(holotype,  K).]  =  C  merkusii  (Hassk.)  Schott. 
seed  coat  hard,  pachychalazal,  often  warty  or  crest-        .  .  .    o  i         o       i     v    c    i  on    iqc:'?  tvov  4 
J  ,  \  Ansacontis  Schott,  Bonplandia  5:  iz9.  loo/.  T\yt. /i. ed,  sometimes  smooth. 

chamissonis  SchoU  (=  C  merkusii). 

lia.  Five  genera. 
Distribution.      Pantropical    excluding    Austra-       [Apereoa  Moerenhout,  Voyages  aux  lies  du  Grand  Ocean 
~  2:  16.  1837,  nom.  nud.] 

Massive  to  slender  rhizomatous  herbs,  usually 

solitary,  occasionally  clump -forming;  rhizome  thick, 

condensed,  creeping,  the  older  parts  long-persistent 

or  quickly  rotting.  Leaves  several,  on  spiny  petioles 

to  ca.  3  m  long;  blades  hastate  to  sagittate,  with 

a  prominent  geniculum  at  apex  of  petiole.  Inflo- 

rescence solitary,  rarely  paired,  on  peduncles  sim- 

ilar to  the  petioles;  spathe  erect,  rarely  somewhat 

hood-forming,  occasionally  with  the  upper  part  long- 

acuminate  and  twisted,  convolute  or  not  in  the 

lower  part,  blackish  purple  to  white;  spadix  sessile 

to  stipitate.  Flowers  6-(5-)4-tepalate  and  -stami- 

nate;  filaments  free;  receptive  stigmas  wet;  ovary 

unilocular,  multi-  or  uruovulate;  placentation  basal 

or  parietal.  Seed  strongly  campylotropous, 

form  to  orbicular  to  helically  twisted,  pachychala- 

zal,  crested,  warty  or  smooth,  albuminous  irigs- 5f,  6f ). 

Distribution,      Eleven  species:  C  merkusii  from 

KEY  TO  GENERA 

la.  Stems  suffruticose,  erect  to  decumbent,  usually 
with  spiny  internodes,  rarely  a  condensed  rhi- 

zome; leaves  usually  dissected,  or  hastate;  spathe 
caducous   or   rarely  marcescent;   placentation 
apical;  fruit  usually  spiny.  Indomalesia   Lasia 

lb.  Stem  usually  a  condensed  rhizome,  rarely  with 
distinct  internodes  and  then  unarmed;  leaves 
entire,  sagittate  to  hastate  or  lanceolate;  spathe 
persistent  to  marcescent;  placentation  other- 

wise; fruit  smooth* 

2a.  Plants  always  unarmed;  ovary  bilocular  or 
rarely  unilocular;  seed  mostly  exalbumi- 
nous;  petioles  soft  and  spongy  in  the  dry 
state.  Neotropics     Urospatha 

2b.   Plants  nearly  always  armed  (some  individ- 
uals unarmed);  ovary  unilocular;  seed  al- 

buminous or  exalbuminous;  petioles  usually 
drying  rigid.  Paleotropics. 
3a.    Petioles  angular  in  cross  section,  armed 

in  rows  along  the  edges;  plants  sto- 
loniferous,    forming    large    colonies; 
spathe  persistent;  filaments  of  stamens 
united.  Africa   Lasiomorpha 
Petioles  ±  terete  in  cross  section;  ar- 

mature scattered  or  in  oblique  combs; 
plants  solitary  or  forming  small  clumps; 
spathe  marcescent  or  persistent;  fila- 

ments of  stamens  free. 

rem- 

Peninsula 

3b. 

4a. 

PhUippines,  and  Oceania,  the  rest  Papuasian.  None 

is  recorded  from  Sulawesi,  Halmahera,  or  Austra- 
lia. 

Cyrtosperma  giganteum  Engl  has  multiov
ulate 

locules.  The  remaining  species  are  bi-  or  unio 

late.  In  part  of  its  range,  which  has  apparent  y 

been  greatly  extended  by  humans,   C.   merku 

(syn.    C.    chamissonis   (Schott)   Merr.,    C.   edu 

Schott)  is  cultivated  for  the  edible  and  sometimes 

huge  (to  ca.  60  kg)  rhizome.  Cyrtosperma  John- 

stonii  (BuU)  N.  E.  Br.  is  cultivated  as  an  orna- 
mental, and  there  are  no  wild  collections  of  it,  ap^ 

perhaps  from  a  seedling  from  Buka  Inland  in  t 
Cyrtosperma      p^^^^  ̂ ^^  ̂ ^.^^^  Solomon  Islands.  Cyrtosperma^ 

An  argument  could  be  made  for  reducing  all  the  cuspidispathum  Alderw.  is  remarkable  for  its  hug 

genera  of  the  Lasiinae  to  Lasia.  The  generic  limits  size  (the  leaves  may  reach  4  m  in  length)  and  tor 
are  narrow.   However,  the   groups  here   clrcum-  its  fruits,  which  are  expelled  from  the  spadbc  a 

scribed    appear    natural    on   morphological,    geo-  maturity  and  remain  attached  to  it  by  the  inn^' 

4b, 

Spines  straight  and  turned  down- 
ward; rhizome  with  distinct  inter- 
nodes and  roots  emerging  from 

between  the  persistent  leaf  bases; 
seed  smooth,  ±  orbicular,  to  7 
mm  diam.  West  Malesia  ...  Podo 

Spines  straight  and  upturned;  rhi- 
zome condensed;  seed  crested 

and/or  warty,  if  smooth  then  less 
than  5  mm  diam.  Malesia  to  Oce- 
ania 
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Figure  8, a.  Ventral  view. 

Seeds  of  Lasieae.— a-c.  SEM  of  Lasiomorpha  senegalensis  (Hay  2701,  FHO)  - 

funicle  and  strophiole:  the  locule  is  fiUed  with  mucilage,  which  may  be  secreted  by 
 the  glandular  cells 

funicle.-c.  MicroDvle:  note  the  operculum  with  collapsed  ovular  micropy  e.  The  seed  coat
  appears  to 

^      „  _      I    '  *'new**  coat  and  a     new    micropyle  and  throws 

^ovular  mteg"menls"fo7wa7r  '^  typical  of  fll  genera  except  AnapkyllumjA. 
Podolasia  stipitata  (King's  collector  5324,  K).-e.  Lasia  spinosa  {Nkolson  1651.  K).-f.  Lrospalha  sagi

tufoha 
\Bogner  580,  K),  See  Figure  9  for  scale. 

covermg  the  funicle.— c.  Micropyle:  note  the  operculum  with  collap 
be  the  result  of  growth  in  the  chalazal  region  of  the  ovule.  It  forms  a 

\ 

rmis 

"^^ihurium  (Hsiy^  1988a,  1990). 

*-a»iomorpha  Schott,  Bonplandia  5:  127.  1857. 
TYPE:  Lasiomorpha  senegalensis  Schott  (syn. 

^yrtosperma    senegalense    (Schott)    Engl.). 

[Type:  Senegal:  Perrotet  763  (lectotype,  P, 

selected  by  Knecht.  1983).] 

dense 

forming 

bearing 

Leaves 
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loefgreniana  Engl.),  stolons  (occurring  otherwise 

only  in  Lasia)^  more  elaborate  fruits  with  tough 

red  inner  and  outer  epidermis  and  white  mesocarp, 

filaments  imited  into  a  tube  (a  previously  over- 

looked feature),  somewhat  inferior  ovaries,  and  ab- 

sence of  (or  weakly  differentiated)  genicula  on  the 

petioles  and  peduncles.  These  distinguishing  char- 
acters are  matched  by  its  isolated  geographical 

position  (Hay,  1988a). 

Schott  recognized  a  second  species,  Z.  afzelii, 

based  on  a  monstrosity  with  a  ±  spherical  spadix 
(Brown,  1902). 

M 

Figure  9 Seeds  of  Lasieae  drawn  from  specimens 

b.  Po- 

Podolasia  N.   E.   Br.,  Card.   Chron.   New  Ser. 

18(2):  70.  1882.  type:  P.  stipitata  N.  E.  Br, 

[Type:  cult,  in  Hort.  Veitch  ex  Borneo,  Curtis s,n.  (holotype,  K).] 

Rhizomatous  herbs,   solitary  or  forming  small in  Figure  8. — a.  Lasiomorpha  senegalensis. 

dolasia  stipitata.  — c.  Lasia  spinosa.—±   Urospatha      clumps  by  branching  of  the  rhizome;  stem  erect  to 
sagittifolia.  F  =  funicle,  M 
Scale  bar  =  2  mm. micropyle,  S  =  strophiole.      decumbent,  short,  to  ca.  2.5  cm  diam.,  with  dis- 

tinct, unarmed,  green  internodes  to  ca.  2  cm  long, 

rooting  between  the  persistent  leaf  bases.  Leaves 

on  petioles  angular  in  cross  section  and  armed  in      several  together,  hastate  to  sagittate,  with  long 
vertical  rows  along  the  edges;  sheath  short,  per- 

sistent; geniculum  absent  or  very  weakly  differ- 
entiated; blade  hastate  to  sagittate,  unarmed,  leath- 

ery, to  1.2  m  long.  Inflorescence  solitary  on  a 
peduncle  similar  to  and  about  equaling  the  petioles. 

petioles  armed  with  mostly  down-pointing,  stout 

spines.  Inflorescence  sohtary;  peduncle  similar  to 

and  about  equaling  the  petioles;  spathe  ovate-lan- 

ceolate, purple-brown,  open  to  the  base;  spadix 

usually  stipitate,  the  stipe  growing  considerably 

without  a  geniculum;  spathe  ovate,  to  ca.  40  cm      ̂ ^^^^  *^^  ̂ P^^^^  has  opened.  Flowers  hermaphro- 

long,  convolute  in  the  lower  portion,  erect,  brown-      ̂ ^^^  throughout,  4-6-tepalate  and  staminate;  hla- 
ish  green  without,  purple  streaked  with  yellow  with- 

in, after  anthesis  becoming  green,  persistent;  spadix 
shorter  than  the  spathe,  ±  sessile.  Flowers  4-te- 
palate  and  -staminate;  filaments  united  into  a  short 

tube;  ovary  slightly  inferior;  pollination  drops  pres- 

ments  free;  ovary  imilocular,  uniovulate  with  pa- 

rietal to  basal  placentation;  receptive  stigmas  wet. 

Fruit  red,  smooth,  large,  ca.  1 .2  cm  diam.,  thicker 

than  the  spadix.  Seed  strongly  campylotropous,  ̂  

spherical  in  outline;  coat  thin,  hard,  smooth,  dark 

ent;  ovary  unilocular,  4-6-ovulate,  with  a  rather      brown;  endosperm  very  sparse  (Figs.  8d,  9b). 
prominent  basal  and  parietal  placenta.  Seeds  to  5 

X  5  mm,  strongly  campylotropous,  with  rudimen- 
tary aril,  several  per  fruit;  coat  hard,  brown,  warty 

and  spiny  (Figs.  8a,  b,  c,  9a). 

Distribution.      One  west  Malesian  species  chief- ly confined  to  peaty  soils. 

The  genus  appears  intermediate  between  ̂ > 

tosperma  and  Lasia  in  its  photosynthetic-  rather Distribution,      A  single  Tropical  West  African      elongated  stem  and  in  the  venation  of  the  posterior 
similar species  from  Senegal  to  Chad  to  Angola,  in  ditches, 

swamps,  ponds,  and  swamp.forest  gaps;  often  very      ̂ f  Lasia  spinosa  than  "it  is  to  Cyrtosperma.  Po- 
common 

with 
it' 

I 

fruit 
Engler  (1879,1911)  included  Lasiomorpha  se-  ̂ ^^ 

negafcnsis  and   Cyrtosperma  giganteum  in  his  i'odolasia  stipit 
section  Lasiomorpha  of  Cyrtosperma  because  of  °®**  ̂ 7  ̂^®  nurseryi 

the  multiovulate,  unilocular  ovary,  and  endosper-  cultivated  material, 
mous  seed.  Lasiomorpha  senegnlensis  differs  from 

oduced  from  Bor ,nd  descrUsed  fron 

Cyrtosperma  sensu  stricto  by  having  persistent      Lasia  Lour.,  Fl.  Cochinch.  81.  1790.  Not  "/^os'^ 

f» 

spathes  (a  feature  shared  with  Urospatha)^  angular 
petioles  (similar  to  the  unarmed  ones  of  Urospatha P.  Beauv.  (1804),  which  is  Forsstroemia  Lind- 

berg  (Musci— Cryphaeaceae).  TYPE  of  Lasta: 



I 

1 

f 

I 
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[Type:  Vietnam,  nr.  Hanoi, 

ifolia 
Loureiro  s.n,  (holotype, 
(L.)  Thwaites. 

] L.  spinosa [Basionym:   Pothos  sagittift 

Rudge,  PL  Gui.  24,  t.  34.  1805.  Type:  "Gui- 

[Lasius  Hassk.,  Cat.  Bog.  59.  1844.  sphalm.] 

Clump  and  colony-forming  (rhizomatous  or)  suf- 
fruticose  stoloniferous  herbs;  stems  orthotropic  to 
decumbent,  to  ca.  1.5  m  long/tall,  with  distinct 
prickly  green  internodes  (or  condensed  and  un- 

armed). Leaves  several;  petioles  prickly,  drying 
spongy,  not  or  faintly  mottled;  blades  (4x.)pin- 
natifid  to  hastate.  Inflorescence  solitary,  on  pe- 

duncles similar  to  and  usually  shorter  than  the 

ana, 

99 Ma 

1 

Bunt lunti 

nym 
Venez.  10:  285.  1975  [1977]  =  Urospatha  wur- 

dackii  (Bunting)  A.  Hay,  Blumea  33:  457.  1988. 

Type:  Venezuela.  Territorio  Federal  Amazonas:  Rio 
Guainia,  sabanita,  1  km  above  Pimichin,  Maguire 
&  Wurdack  36384  (holotype,  NY).] 

petioles;  spathe  narrowly  lanceolate  (rarely  ovate).  Unarmed  herbs,  robust  to  slender,  solitary  or 

convolute  at  base  often  long  acuminate  and  spiraDy      clump-forming,  with  condensed  rhizomes.  Leaves 
sometunes twisted,  caducous  (or  marcescent),  purplish  brown 

to  greenish;  insertion  annular,  not  oblique;  spadix  angular  petioles;  blades  sagittate,  hastate,  some- 
sessile.  Flowers  4(-6)-tepalate  and  -staminate;  fil-  times  lanceolate  with  the  posterior  lobes  absent  or 

aments  free;  ovary  unilocular,  uniovulate,  with  api-  reduced  to  auricles;  venation  of  the  anterior  lobe 

cal  placentation.  Fruit  green,  minutely  spiny  in  piimate  or  curvinerved  (when  the  anterior  lobe 

apical  part  or  spines  absent.  Seed  large,  ±  pyra-  much  reduced  and  slender,  then  the  primary  veins 

midal,  ca.  1  cm  diam.,  seed  coat  thin,  brown,  hard,  reduced  to  2  submarginal  veins  and  the  secondaries 

with  a  few  appressed  spines;  endosperm  absent  (or      pinnat 
residual)  (Figs.  8e,  9c). 

pedimcles erect,  usually  convolute  in  lower  part,  mostly  with 
JJistnbution.      The  fuU  range  of  the  genus  is      ̂   ̂^.^^^^  acuminate  upper  portion,  sometimes occupied  by  L  spinosa  (L.)  Thwaites,  from  India 

and  Sri  Lanka  to  Nepal,  China,  Indochina,  and 
Malesia;  not  recorded  from  Sulawesi,  Moluccas,  or 
Australia;  in  moist  forests  and  open  swamps  and ditches,  to  350  m. 

known 

flat;  spadix  with  hermaphrodite  flowers  throughout, 

sessfle  or  stipitate.  Flowers  4-6-tepalate  and  -sta- 

minate imilocular 

placentation;  receptive  stigmas  wet.  Seed  campy- 

-^   .   only  from  cultivation:  lotropous,  smooth  to  heavily  warted,  pachychala- 

f^asia  concinna  Alderw.  was  described  from  a  sin-  zai;  seed  coat  hard,  brown;  endosperm  usually  ab- 

gle  individual  said  to  have  come  from  Borneo  and  sent  (Figs.  8f,  9d). 

|s  stm  growing  at  Bogor.  It  differs  from  L  spinosa  Distribution.      About  twelve  species  from  Cen- 
»n  the   3-4  X    dissected  leaves,   ovate-lanceolate  ^^^j  j^^^^^^g^  ̂ nd  tropical  South  America,  mostly 
marcescent  spathe,  and  massive  condensed  rhi-  ^         habitats  including  wet  places  in  savanna This  plant  may  be  a  hybrid  with     ̂  
^amerkusii  (Hay,  1988c). 

In  spite  of  the  wide  range  of  L,  spinosa,  there 
mechanism.  The  fruits ixiain 

th green,  and  though  spiny  in  their  top  part, 

^€fre  IS  no  tendency  to  form  hooks;  in  some  in- 
dividuals spines  are  lacking.  Apparently  the  in- 

tructescences  disintegrate,  and  the  fruits  get  washed       .-.       ,  t  .  i-  ■ 
*>ong.  It  is  therefore  of  interest  that  Lasia  occurs      the  herbarium,  and  more  photographs  and  livi

ng 

T.'.  line  .nd  is  absent  from      material  would  prove  useful.  F
or  example,  the  an- 

vegetation. 

The  genus  is  in  need  of  revision.  It  is  apparently 

one  of  the  larger  genera  of  Lasieae.  However,  a 

number  of  the  *Species"  may  be  referable  to  U. 

sagittifolia  in  addition  to  those  already  suggested 

for  merging  by  Jonker-Verhoef  &  Jonker  (1953). 

The  "species"  seem  to  be 

l>oth  sides  of  Wall   

Sulawesi.  The  seeds  and  fruits  show  no  apparent 
adaptation  to  enable  them  to  survive  long  inun- 

discussed La 

loefgr 

zil,  become  more  or  less  indisting 
lindrical    petioles    when    dried.    Leaf   bhapc    

and 

venation 

p'M'ie 

s  of 

^««paiha  Schott,  Aroideae  3,  figs.  8-10.  1853 
&  Gen.  Aroid.  86,  1858.  LECTOTYPE:  U.  sagit- 

Cyrlosperma,  Lasia,  Lasiomorpha,  and  P
odola- 

sia.  No  douLl  this  is  the  case  in  this  genus.  Likewtse 

it  is  highly  probable  that   flowering  takes  pla
ce 
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before  the  plants  have  reached  full  size,  so  that  anatomical  evidence  that  the  seed  of  "C/ro5/>a«fte/- 
the  inflorescences  can  be  expected  to  be  pheno-  la  wurdackiV  is  albuminous,  supporting  the  seg- 

typically  variable  as  well.  Seeds  may  prove  to  be  regation  of  this  species  in  a  genus  of  its  ovm. 

useful  in  species  delimitation.  However,  it  now  seems  that  the  status  of  the  en- 
This  genus  and  Dracontium  show  the  parallel  dosperm  in  mature  seeds  of  Urospatha  species  is 

reduction  series  to  the  uniloclilar  condition  already  something  of  a  gray  area,  with  small  amounts  of 

completed  in  other  genera.  Since  Engler's  mono-  endosperm  sometimes  being  found  in  the  seeds  of 
graph  (1911),  in  which  he  considered  Urospatha 

characteristically  to  have  bilocular   ovaries,  two 
ifolia 

finding 

Venezuelan  species  with  unilocular  ovaries  have       Urospathella  that  carries  significant  weight.  The 

been  described:  U,  savannarum  Steyermark  and       lanceolateleaf  is  a  distinctive  feature  of  this  species, 
U.  wurdackii  (Bunting)  A.  Hay.  The  latter  was 

Bunting 

first  described  as  a  species  of  Cyrtosperma  (see       Urospathella.  The  seedling  leaves  of  Urospatha 
above).  Bunting  (1988)  recently  erected  the  genus ifc 

Urospathella  for  the  latter  species,  giving  no  ad-  comm.)  as  they  are  in  Cyrtosperma.  A  putative 

equate  grounds  for  not  recognizing  the  species  in  case  of  neoteny  in  the  foliage  leaf  blade  is  an 

Urospatha.  He  argued  that  the  unilocular  ovary  inadequate  basis  for  a  genus,  especially  in  a  family 

sets  it  aside  from  Urospatha  sensu  stricto  and  took  where  diversity  of  leaf  form  characterizes  so  many 

the  stance  that  the  unilocular  ovary  described  for  genera.  Even  taken  together,  the  suite  of  char- 
Urospatha  savannarum  Steyerm.  is  yet  to  be  ver-  acters  Bunting  used  to  erect  Urospathella  can  only 

ified.  However,  Steyermark  showed  in  his  figure  of  be  seen  as  those  distinguishing  ̂ 'Urospathella  war- 
Urospatha  savannarum  a  unilocular  ovary  (Stey-  dackW  from  other  species  of  Urospatha. 

ermark,  1951,  fig.  15).  In  his  diagnosis  of  Urospa-  The  Englerian  concept  of  Urospatha  (bilocular 
thella  Bunting  (1988)  described  the  locule  as  bio-  ovaries;  exalbuminous  seeds)  is  no  longer  tenable. 
vulate,    as    it    often    is    in    bilocular    species    of 
Urospatha.  He  noted  that  the  ovules  are  basifixed, 

At  this  point  it  remains  only  to  say  that  Urospatha 

sens,  lat,  seems  homogeneous  in  both  aspect  and 
where  they  are  centrally  placed  on  the  partition  of      geography,  but  that  it  requires  a  monograph  for 
the  ovary  in  the  bilocular  species.  Clearly  in  uni-       its  characterization  to  be  established. 
locular  species  the  ovules  cannot  occupy  the  po- 

sition they  occupy  in  the  bilocular  species,  so  that 
in  this  case  the  position  of  the  ovules  can  carry 
very  little  weight.  He  also  reported  that  the  ovule 

Urospatha  friedrichsthalii  Schott,  from  INica- 
ragua,  an  illustration  of  which  accompanies  the 

generic  protologue  (Schott,  1853,  fig.  7),  is  a  bag- 

ittaria    (possibly    S.    montevidensis    Cham.    ̂  

Geography  of  the  Tribe 

form  is  also  distinctive  "having  the  funiculus  in-       Schlecht.)  in  the  Alismataceae. 
serted  at  the  center  of  the  ovule,  nearly  perpen- 

dicular to  its  axis,"  If  it  is  to  be  understood  from 
this  that  the  funicle  is  inserted  about  midway  along 

the  length  of  the  ovule,  this  is  normal  for  the  tribe.  In  the  absence  of  fossil  evidence  earlier  than 

He    further    distinguished    Urospathella    from      the  Miocene  for  seeds  attributed  to  Urospatha  from 

Urospatha  on  the  basis  of  the  twisted  spathe  of      Germany  and  the  Urals  (Mai  &  Gregor,  198-; 

Gregor   &    Bogner,    1984),   interpretation  of  the 

distribution  of  the  Lasieae  with  reference  to  their 

Distributions 

the  latter.  The  spathe  is  not  twisted  in  Urospatha 
savannarum  (Bogner,  pers.  comm.),  and  species 
with  twisted  and  untwisted  spathes  occur  in  Lasia, 
Cyrtosperma,  and  Anaphyllum.  This  distinction      tribe  and  the  subtribes  are  shown 
in  spathe  form  concerns  only  the  distal  portion  of      13. 
the  spathe  limb  and  is  trivial  compared  with  dis-  The  distribution  of  the  Dracontiinae 

10 

tmctions  in  spathe  form  affecting  the  body  of  the 
spathe,  such  as  between  Dracontioides  and  An- 

aphyllopsis. 

(Fig.  10) 

suggests  that  this  group  is  Gondwanan  in  ong 

and  that  Dracontium  has  extended  northward  in  o 

Central  America  and  southern  North  America.  -  "" 
Bunting  (1988)  further  reported  seed  form  and      aphyllopsis  and  Dracontioides  have  relict  distn 

leaf  shape  as  distinguishing  features  of  Urospa- 

fined  to  areas 

thella,   Verrucoec  exalbuminous   seeds   occur  in  coinciding  exactly  with  Pleistocene  forest  refup» 

i7ro5/>afAa  trurrfart// and  in  other  species  of  LVo-  proposed  by  Prance  (1982).  Anaphylhpsis  ha^ 
spatha  (Bogner,  pers.  comm.,  see  also  Figs.  8f  and  three  species  confined  one  to  each  of  three  refug'" 
9d).  More  recently.  Bunting  ( 1 989)  has  published  in  the  Guianas,  western  Venezuela,  and  Para,  Bra* 
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Figure  10.     W or 

and  Pycnospathinae  (vertical  hatching). 

World) 

(tt^y,l9S8h)  and  the  monolypic  Dracontioides  is       plate  with  the  Indonesian  Archipelago  some   15 
confined  to  two  refugia  in  eastern  BrazU  (Fig,  1 1). 
By  contrast,  Pycnospathinae  (Fig.  10),  considered 
here  and  by  Bogner  (1973)  to  be  closest  to  Dra- 

5  ago  (Wh 

Wallace's 
We 

contiinae,  are  isolated  relictually  in  Laurasian  In-  absence  of  the  genus  from  Sulawesi  and  Halma- 

dochina.  Anaphyllinae  (Fig.   10)  are  restricted  to  hera,  and  the  confinement  of  most  of  the  nearest 

and  relictual  in  Gondwanan  India,  though  one  can-  relatives  of  C.  merkusil  to  eastern  Papuasia  militate 

not  discount  the  possibility  of  ̂ /la/j^j/Zu/n  having  against    this    suggestion.    Furthermore,    although 

"migrated  into  India  from  a  Tertiary  tropical  Laur-  Cyrtosperma  is  probably  bird-dispersed,  there  are 

a«ian  flora  such  as  postulated  by  Wolfe  (1975).  no  species  common  to  long-separated  islands  (ex- 

The  Lasiinae  (Fig.  1 2),  whose  distribution  almost  cept  in  the  eastern  part  of  the  range  of  C.  merkusii, 

covers  that  of  the  whole  tribe,  are  similarly  equiv-  where  human  agency  is  suspected),  indicating  that 

ocal.  Lasiomorpha  and  Urospatha  show  close  aus-  migration  across  open  ocean  is  highly  Improbable. 

tral  amphi-Atlantic  affinity,  suggesting  Gondwanan  A 
origin.  However,  in  the  East  (Fig.  13),  there  is  a  by  Lasia  spinosa.  (Tlie  second  species  of  Lasia, 

center  of  generic  diversity  in  Laurasian  West  Ma-  L.  concinna,  is  of  doubtful  status  and  origin  and 

•esia  (one  species  each  of  Lasia,  Podolasia,  and  is  ignored  here.)  Lasia  spinosa  is  found  from  Sri 

simil 

Cyrtosperma),  and  Lasia  spinosa  and  eleven  spe- 
cies of  Cyrtosperma  in  Gondwanan  Papuasia,  with      it  is  restric 

West 

^1 

bounded 

ir 

If. 

no  representatives  in  Sulawesi,  Halmahera,  or  Aus- tralia. absent 

Th Halmahera,  and  then  reappears  on  the  Sahul  Shelf Guinea 

The and    in   the   Bismarck   Archipelago  (Hay,    1981, 
»pe bse 

ocean 

ferentiated  at  specific  and  supraspecific  levels,  and  no  evident  means  of  traversing  open 

tJius  the  genus  does  not  appear  to  be  a  new  arrival  fruit  wall  is  thin,  fleshy,  unpalatable, 

undergoing    speciation.    However,    Cyrtosperma  8picuous;  though  minutely  thorny
,  .t  «*  not  }.rH>ked m^t't,..--      1  .    .     /•  Trr  I    ^#;^L»r  Til**  a^M^  rrtAt.  ahhotitzh  hard,  is  ihm  and 

wild  only  west  of  Wal 

«^ce's  Line,  a  biogeographic  demarcation  reflecting      the  micropyle  is  large;  neither  the  seed  nor  t
he 

between  the  Australian 

l^urasia,  has  its  closest  .^.„..,^o      
"lands  and  the  Lousiade  Archipelago,  except  for 

^-  giganteum,  which  is  known  only  from  a  single 
locality  on  the  New  Guinea  mainland.  It  can  be 
'^Jggested  that,  since  the  collision  of  the  Australian 

period 

of  inundation  in  salt  water.   Lasia  spinn^
a  is 

freshwater  swamp  plant  occurrin
g  mostly  in  opei 

habitats  in  seasonal  and  s«ea«onal
  cliinat*^.  Ff  C/r 

toxperma,    Lasiomorp
ha^  and    Uronpalha 

 origi 

nated  in  Condwanaland,  U  wmms  reasonnhle  u 
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Figure  11.     The  dis^ibution  of  Anaphyllopsis  and  Dracontioides  species  mapped  over  Prance's  ( 1 982)  propo South    America.    ▲    =     y4nfTnhvJJnnQt\    ^Fr.-w.-wy,„«       A     _      A   L^.11   :-   ^«V«n/7      ♦ 

sed 

Anaphyllopsis  pinnata  A.  Hay. 
•  ̂   —  Anaphyllopsis  cururuana.   A Dracontioides  desciscens. 

Anaphyllopsis  americana. 

sumuse 

on  India  and  migrated  through  Southeast  Asia  after 
India  reached  its  present  position  in  the  late  Ter- 

(Axelrod 
uinea 

morphological  reasons  above,  and  on  account  of 
its  absence  from  PhQippines,  Sulawesi,  and  Ilal- 
mahera,  where  there  are  suitable  habitats.  T}ie 

direction 

actions 

Wallacean 

m  is  pro 

posed,  it  seems  clear  that  Lasia  must  have 

grated  from  west  to  east,  while  Cyrtosperma  mus 

have  gone  from  east  to  west.  If  that  was  the  case, 
the  Lasiinae  arrived  in  Malesia  twice,  Lasia  an 

1  *  ̂  

t 

f 
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riCURE  12.     World  distribution  of  Lasieae  subtribe  Lasiinae.  Arrows  indicate  direction  of  extension  of  Cyrtosperma into  Oceania. 

edge  of  the  Australian  plate.  This  (and  the  distri-  the  time  Gondwana  began  to  fragment  in  the  late 
ution  of  Lasiomorpha  and  Urospatha)  requires  Jurassic /lower  Cretaceous,  the  genera  of  Lasiinae 

that  proto-Lasiina  predated  the  breakup  of  Gond-  were  distributed  such  that  Urospatha  rafted  off  on 
wanaland.  Bearing  in  mind  that  these  genera  are  South  America,  and  Lasiomorpha  on  Africa.  In 
very  closely  related,  it  is  not  difficult  to  modify  this  the  east,  the  ranges  of  Cyrtosperma  and  Lasia 
hypothesis  such  that  it  is  suggested  that  Lasia  and  must  have  straddled  the  Indian  and  Australian  plates 
yrtosperma  had  themselves  already  differentiated  and  were  split  as  India  broke  away  some  140-120 

before  the  breakup  of  Gondwanaland.  mya  (Audley-Charles  et  al.,   1981).  Moving  east 
en  It  IS  argued  that  Cyrtosperma  and  Lasia  and  later  north,  the  aging  soils  and  drying  climate 

of  Australia  may  have  provided  fewer  habitats  for 

Th 

have  both  reached  Malesia  twice,  and  that  neither         
I  them  has  undergone  long-distance  dispersal  over       this  group,  which  became  confined  to  the  poor 

sea.  It  IS  suggested  that,  already  differentiated  by       archipelagic  flora  of  the  leading  edge  of  the  Aus- 

f^'GURE  13.     Distribution  of  Lasieae  subtribe  Lasiinae  in  Indomalem. 
Ln^ia 

Podolaua.  •  •  •  •  • ^yrtosp 
crma 



204 Annals  of  the 
Missouri  Botanical  Garden 

tralian  plate  until  the  Miocene  collision  with  Lau- 

rasia  and  orogeny  in  New  Guinea  (van  Steenis, 

1979).  MeanwhUe,  after  80-100  my  of  isolation 

  .    1980.    The  Palm.  Pp.  116-122  in  T.  P.  P. 
Gunawardana,  L.  Trematilleka  &  R.  Silva  (editors), 

P.  E.  P.  Deraniyagala  Commemoration  Volume.  Lake 
House  Investments,  Colombo. 

on  India   Cyrtosperma  and  Lasia  (and  Podolasia)      Dransfield,  J.    1 98 1 . '  Palms  and  Wallace's  Line.  Pp. 
West 

collided  with  Laurasia  (Audley-Charles  et  aL,  1981). 
43-56  in  T.  C.  Whitmore  (editor)  Wallace's  Line 
and  Plate  Tectonics.  Clarendon  Press,  Oxford. 

Dual  arrivals  in  Malesia  have  been  postulated      Engler,  A.    1877.    Vergleichende  Untersuchungen  iiber 

for  other  plant  groups  of  fairly  low  taxonomic  rank: 

Dransfield  (1981)  used  this  hypothesis  to  explain 
the  disjunct  distribution  of  the  Clinostigma  alliance 
of  palms,  especially  the  genus  Rhopaloblaste,  and 
possibly  also  for  the  coryphoid  genera  Livistona 
and  Licuala.  Whitmore  (1981)  cited  the  bamboo 

die  morphologischen  Verhaltnisse  der  Araceae  I.  Na 
tiirliches  System  der  Araceae.  Nova  Acta  Acad.  Caes. 

Leop. -Carol.  Nat,  Cur.  39:  133-155. 
  .     1879.     Araceae.  In:  A.  &  C.  de  Candolle, 

Monographiae  Phanerogamarum  2:  1-681.  Masson, Paris. 

   1911.  Araceae-Lasioideae.  In:  A.  Engler  (ed- 
itor), Das  Pflanzenreich  IV.  23C:  1-130.  (Heft  48). 

genus  Nastus  as  another  example.  Invoked  here      Gagnepain,  F.    1941.    Araceae.  Pp."l075-1196  in  M. for  the  Lasieae,  it  is  necessary  to  apply  the  hy-  H.  Lecomte,  Flore  Generale  de  ITndo-Chine,  Volume 
pothesis  to  a  species — Lasia  spinosa.  As  I.  spi- 

6.  Masson,  Paris. 

noi 
shows  little  tendency  even  to  raciate  over  its      Grayum,  M.  H.     1984.    Palynology  and  phylogeny  of 

enormous  range,  a  period  of  stasis  in  excess  of  100 

my  seems  possible  for  this  relict.  For  Anaphyllum 
and  Pycnospatha,  then,  a  Gondwanan  origin,  fol- 

the  Araceae.  Univ.   Microfilms  International,  Ann 
Arbor,  Michigan. 

  .     1990.    Evolution  and  phylogeny  of  the  Ara- 
ceae. Ann.  Missouri  Bot.  Card.  77:  628-697. 

lowed  in  the  latter  by  migration  and  contraction  in      Gregor,  H.  J.  &  J.  Bogner,     1984.    Fossile  Araceen 

period 
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PHYLOGENY  OF  ASTERIDAE:     i«"r  Hufford 

AN  INTRODUCTION' 

jf  the  Missouri cusses  characters  that  support  orders  and  ordinal 

tanical  Garden  includes  papers  from  the  sympo-      complexes  and  outlines  problems  with  our  current 

slum  "Phylogeny  of  Asteridae."  The  symposium      understanding  of  Asteridae, 
was  jointly  sponsored  by  the  American  Society  of 

W 

xonomists 

annual 

these 

derlich,  1959;  Philipson,  1974)  have  questioned 

the  narrow  circumscription  of  Asteridae  and  the 

August  1991,  in  Richmond,  Virginia.  As  with  most  similar  earlier  Sympetalae  and  Gamopetalae  to  in- 

higher  level  plant  groups,  the  monophyly,  sister  elude  only  taxa  with  a  sympetalous  corolla  ̂ and 

group  (or  groups),  and  patterns  of  relationship  of 

Asteridae  are  unclear,  and  few  explicit  hypotheses  taxa  share  tenuinucellate,  unitegmic  ovules  and 

address  these  problems  in  detail.  This  symposium  endosperm  haustoria  with  a  set  of  choripetalous 

was  organized  to  summarize  our  current  under-  and  often  polystemonous  taxa.  Recently,  phyto- 

standing  and  discuss  new  research  on  the  phylog-  chemical  data  have  been  used  to  question  the  mono- 

^ny  of  Asteridae.  phyly  of  Asteridae.  For  example,  Jensen  ct  al. 

The  angiosperm  subclass  Asteridae  was  first  cir-  (1975)  hypothesized  that  Asteridae  are  pulyphy- 

cumscribedbyTakhtajan(1964)andsubsequendy  letic  and  outlined  three  ̂ separate  asterid  lineages, 

adopted  in  Cronquist's  (1968,  1981,  1988)  clas- 
ensen 

The   Asteridae   of  Takhtajan   (1964,      d 
been 

1980)  and  Cronquist  (1968,  1981,  1988)  are  in  recent  phylogenetic  hypotheses  and  c
lassifica- 

largely  limited  to  taxa  with  sympetalous  corollas  tlons  (see  especially  Dahlgren,  1977,  1983;  Tak
h- 

and  haplostemonous  androecia.  In  this  issue  of  the      tajan  1  Vo 

ignition 

Wage 
e  formal  taxonomic  rec- 

Wage 

discusses 

ynthetic  pathways  for  iridoids  among 

and  hypothesizes  that  taxa  with  these )tliwav<>  mav  not  be  monophvletic.  The 

financial  support  for  the  symposium 
•™  the  Botanical  Society  of  America.  1 

tghue 
of  the  symposium. 

'  DeDariTTif^nt  r*f  R;«I«.tv    ITnlv-^tv  of  Minnesota.  Duluth,  Minnesota 

Ipful  ftuggcslkms  ilurini; 
offfanizat 

Mis^^tmi  BoT.  Card 
2U«.  1^^2. 
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question  of  monophyly  is  further  addressed  in  this  et  al.,  1990,  1991).  The  Kim  et  al.  paper  in  this 

issue  by  Downie  and  Palmer,  Hufford,  and  Olm-  issue  discusses  recent  investigations  of  Asteraceae 

stead  et  al.  (all  of  whom  conclude  that  an  expanded  in  Jansen's  laboratory  using  rbcL  sequence  data. 
Asteridae  is  monophyletic),  Hufford,  addressing  the 

placement  of  Asteridae,  suggests  that  they  are  root-  Literature  Cited 

ed  among  taxa  circumscribed  as  Corniflorae  by  Cronquist,  A.    1968.    The  Evolution  and  Classification 
Dahlgren  (1983)  with  Ericales  as  their  sister  group. 

The  relationships  among  Asteridae  were  ad- 
dressed by  many  symposium  participants.  Downie 

and  Palmer,  using  chloroplast  DNA  (cpDNA)  re- 
striction site  data,  and  Olmstead  et  ah,  using  rbch 

of  Flowering  Plants.  Houghton  Mifflin,  New  York. 

     1981.    An  Integrated  System  of  Classification 

1988. 
mts.  Columbia 

The  Evolutioj 

Flowering  Plants,  2nd  edition.  New  York  Bot.  Card., 
Bronx,  New  York. 

sequence  data,  discuss  relationships  among  major      Dahlgren,  K.  V.  O.    1927.    Uber  das  Vorkommen  von 

Starke  in  den  Embryosacken  der  Angiospermen.  Ber. 
Deutsch.  Bot.  Ges.  45:  374-384. 

asterid  clades.  Carlquist  surveys  the  implications 

and  limitations  of  wood  anatomy  for  understanding      DAHLrRENril  ""l977r  Tnote  on  the  taxonomy  of  the relationships  within  Asteridae.  Donoghue's  phylo- 
genetic  analysis  of  Dipsacales  using  rbcl.  sequence 

data  provides  support  for  the  monophyly  of  Cap-        
rifoliaceae  sens.  str.  (without  Adoxa,  SambucuSy 

''Sympetalae"  and  related  groups.  Contr.  Cairo  Univ 
Herb.  7  &  8:  83-102. 

1983.    General  aspects  of  angiosperm  evolu- 
tion and  macrosystematics.  Nordic  J.  Bot.  3:  11^ 149. 

and  Viburnum),  Valerianaceae,  and  Dipsacaceae.      j^nsen,  R.  K.,  H.  J.  Michaels  &  J.  D.  Palmer.    1991. 
Lammers  uses  results  from  recent  cpDNA  restric- 

tion site  and  rbch  sequence  studies  as  a  basis  for 

refining  the  circumscription  of  Campanulales  and 
their  families. 

The  evolution  of  four  large  and  economically 
important  families  of  Asteridae  is  also  addressed. 

Phylogeny  and  character  evolution  in  the  Asteraceae 

based  on  chloroplast  DNA  restriction  site  mapping. 
Syst.  Bot.  16:  98-115. 

,  K.  E.  HoLsiNGER,  H.  J.  Michaels  &  J.  D- 

Palmer.  1990.  Phylogenetic  analysis  of  chloro- 

plast DNA  restriction  site  data  at  higher  taxonoiiuc 

levels:  an  example  from  the  Asteraceae.  Evolution 
Brigitta  Bremer  uses  both  morpholoeical  and  cpDNA  '^'^'-  2089-2105. 

..ct..vt:.„  =u.  A^.^  :„  .  .V,,  i.„.l.:„  „.„il:.  .f     Jensen,  S.  R.,  B.  J.  Nielsen  &  R.  Dahlgren.    1975. restriction  site  data  in  a  phylogenetic  analysis  of 
Rubiaceae  and  explores  the  evolution  of  biotic  and 

abiotic  seed  dispersal  on  the  basis  of  her  results. 

Olmstead  and  Palmer  present  a  phylogenetic  anal- 
ysis of  Solanaceae  using  cpDNA  restriction  sites. 

Cantino  presents  a  morphology -based  cladistic 
analysis  of  Labiatae  and  suggests  a  polyphyletic 
origin  among  Verbenaceae.  The  symposium  closed 
with  talks  on  Asteraceae  by  K.  Bremer  (empha- 

sizing morphological  data)  and  R.  Jansen  (empha- 
sizing cpDNA  restriction  site  data).  Several  issues 

raised  by  K.  Bremer  are  discussed  in  the  paper  by 
Karis  et  al.  The  talk  by  Jansen  focused  on  results 

in  papers  published  since  the  symposium  (Jansen 

Iridoid  compounds,  their  occurrence  and  systematic 

importance  in  the  angiosperms.  Bot.  Not.  128:  1 

W.  R.     1974.    Ovular  morphology  and  the 
I       r     .'       _r.v_  J-  ̂ *„t„j^r,c  Rrtt  T.  Linn. 

180. 

Soc.  68:  89-108. 

Takhtajan,  A.  L.    1964.    The  taxa  of  the  higher  plants 

above  the  rank  of  order.  Taxon  13:  160-164. 

  .    1980,    Outline  of  the  classification  of  flowering 

plants  (Magnoliophyta).  Bot.  Rev.  (Lancaste
r)  40. 225-359.  , 

  .     1987.     Systema  Magnoliophytorum.  NauKa, Leningrad.  .    i 

WUNDERLICH,  R.     1959.    Zur  Frage  der  Phylogenie  oe 

Endospermtypen  bei  den  Angiospermen.  Oesterr. Z.  106:  203-293. 
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THE  ASTERIDAE:  EVOLUTION      Gerhard  Wagenitz 
OF  A  CONCEPT  AND  ITS 

PRESENT  STATUS^ 

Abstract 

The  concept  of  Asteridae  can  be  traced  back  to  the  Monopetalae  of  Tournefort  (1694)  and  de  Jussieu  (1789), 

This  group,  later  better  known  as  the  Sympetalae,  was  essentially  based  on  a  single  character,  the  united  petals.  A 

closer  look  at  the  floral  morphology  and  the  study  of  embryology  (especially  of  the  ovules)  by  Van  Tieghem  and 
Warming  led  to  the  exclusion  of  some  families  (e.g.,  the  Cucurbitaceae).  Moreover,  it  became  clear  that  only  the 

"Tetracyclicae"  (with  one  series  of  stamina  alternating  with  the  petals)  may  probably  form  a  coherent  group.  Formal 
recognition  of  this  group  as  a  subclass  was  proposed  by  Takhtajan  in  1964  and  has  been  accepted  by  Cronquist 
(1968).  Recent  studies  have  emphasized  chemical  characters,  although  embryology  is  still  important. 

Because  of  a  combination  of  characters,  the  following  orders  are  good  candidates  for  monophyletic  groups:  Gentianales 

(including  Rubiaceae,  but  excluding  Retziaceae,  Buddiejaceae,  and  probably  Menyanthaceae),  Dipsacales,  and  Scrophu- 
lariales  (including  Plantaginaceae,  Lamiales).  Still  controversial  is  the  circumscription  of  the  Solanales  and  Campanulales 

sens.  lat.  There  have  been  some  "imports"  of  families  with  strongly  reduced  flowers  (mostly  wind-pollinated  water 
plants)  formerly  placed  in  orders  outside  the  Asteridae:  Hippuridaceae,  Callitrichaceae,  and  Hydrostachyaceae.  In 

these  groups,  flower  morphology  alone  has  been  misleading  in  determining  the  proper  taxonomic  position.  The  position 
of  the  Dialypetalanthaceae  and  Loasaceae,  with  some  characters  pointing  to  an  Asteridae  affinity  but  with  polyandry, 

is  not  clear.  More  important  and  much  more  controversial  is  the  question  of  the  nearest  allies  outside  this  group. 
Several  orders  in  the  Rosidae  (Rosales,  Geraniales,  Cornales,  Apiales)  have  been  named  as  probable  relatives  for  part 

of  the  Asteridae  or  for  the  whole  group.  However,  the  evidence  is  unequivocal  neither  from  morphology  nor  from 
phytochemistry. 

F 

At  the  beginning  of  scientific  botany  the  flower  gamopetalous  ("gamopetale*'),  which  led  to  the  re- 
was  identified  with  the  corolla  as  its  most  showy  placement  of  Monopetalae  by  Gamopetalae.  This 

part.  Botanists  must  have  noted  very  early  that  in  meant  that  the  corolla  was  seen  as  a  product  of 

some  groups  this  consisted  of  several  separate  parts,  the  fusion  of  several  petals.  This  is  not  an  onto- 
the  petals,  whereas  in  others  it  was  shed  as  a  whole 

^           s 
idealistic  morphology,  but  it  has  in  fact  later  been 

called  the  botanists  using  criteria  of  the  corolla  for       interpreted  phylogenetically.  Reichenbach  (1828 

tube  or  furmel.  Linnaeus 

pnmary seems 
been ^nd  the  most  important  of  these  was  Tournefort 

(1694,  1700).  He  maintained  the  old-fashioned  Sympetalae  ("Synpetalae")  instead  of  Gamopeta- 
lae. In  the  systems  of  the  nineteenth  century,  for 

example,  by  Bartling  (1830),  Endlicher  (1836- 

divis    «*  .^t^ 
these  we  find  classes  defined 

fnonopetalo."  The  Monopetalae  were  accepted  as       1840),  Bentham  &  Hooker  (1873-1876),  Eichler 

one  of  the  main  divisions  of  the  Dicotyledones  by       (1876),  and  Engler  (1924),  the  Gamopetalae  or 

^^  Jussieu  (1789),  who  can  rightly  be  named  the 
lather  of  the  natural  systems  of  the  nineteenth 
century.  His  Monopetalae  are  nearly  identical  with 
t'le  Sympetalae  of  later  systems. 

^^  1813,  A.  P.  de  Candolle  coined  the  new  term 

Sympetalae  can  be  found  in  nearly  identical  cir- 
cumscription. An  important  step  to  the  shaping  of 

the  Asteridae  was  the  insight  that  two  groups  can 

be  distinguished.  A  core  group  (the  "Tetracycli- 
cae, 

59 W 

'Participation  in  the  symposium  "Phylogeny  of  Asteridae"  was  supported  by  the  Botanical  Society  of  Americ
a 

a"<l  the  U.S.  National  Science  Foundation  under  grant  BSR-9005921  to  Larry  HufTord.  To  him  my  smcere  thanks 

J*^  due  for  organizing  this  symposium  and  for  very  helpful  comments  on  my  manuscnpt.  For  fruitfu
l  discussions,  I 

J;^ J  U.  Hofmami,  A.  Specht.  and  S.  Stumpf  from  our  institute.  Finally.  I  am
  grateful  for  the  valuable  suggestions 

'  Uhrstuhl  rur'pflanzensystematik.  Systematisch-Geobotanische.  Institut  der  Universitit  Gottingen.  Unter
e  Kar.piile ^'  0-3400  CSttingen,  Germany. 
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invariably  only  one  series  of  stamens  alternating      characters  "shared-derived  characters,"  i.e.,  are 
with  the  corolla  lobes,  and  a  more  variable  group 

enni 

(the  "Heteromerae"  of  Bentham  &  Hooker,  1873- 

1876,  or  "Pentacyclicae"  of  Warming,  1879)  with 
two  series  of  stamens  or  one  with  stamens  super- 

imposed to  the  lobes  of  the  corolla.  The  Penta- 
cyclicae  comprise  the  orders  Ericales,  Diapensiales, 
Ebenales.  and  Primulales  of  modern  svstems.  These 

need  not  argue  much  about  the  status  as  derived 

characters;  this  is  fairly  evident,  but  it  is  not  enough. 

Can  we  be  reasonably  sure  that  these  characters 

are  not  due  to  parallel  evolution  originating  from 

different  phyletic  lines?  Of  course  we  cannot  be 

sure,  and  this  is  the  point  where  the  discussion 
are  placed  in  the  Dilleniidae  in  the  systems  of      begins 
Takhtajan  and  Cronquist. 

The  "Tetracyclicae"  are  the  immediate  '*an- 
cestors 

99 found 

without 

and  were  christened  by  Takhtajan  in  1964. 
This  is  the  history  of  the  formal  concept  of  the 

the  larger  groups  (orders)  within  the  Asteridae. 

Good  candidates  for  monophyletic  groups  are, 

in  my  opinion,  the  Gentianales,  Dipsacales,  Scroph- 

ulariales  (including  the  Lamiales),  and  probably  the 

Campanulales-Asterales. 

The  families  of  the  Gentianales  (Loganiaceae, 
Asteridae.  Let  us  now  look  at  the  additional  char-      Rubiaceae,    Apocyn 

Asclepiadaceae,  Gen- acters  used  for  shaping  the  group,  for  the  exclusion      tianaceae)  are  tied  together  by  a  combination  of 

of  some  families  and  the  addition  of  others,  for  the      vegetative,  floral,  and  phytochemical  characters subdivide (Wag 

1959).  The  group  contains  basically and  for  tying  the  Asteridae  to  other  subclasses.      woody  plants  with 
The  molecular  data  that  have  recently  h 
available  have  not  influenced  this  overview. stipules  (otherwise  lacking  In  the  Asteridae),  and with 

Systematics  of  the  Asteridae 

Besides  floral  morphology,  embryology  and,  in 
tunes 

dular  hair  located  on  the  stipules  or  the  base  of 

the  leaves  and  even  inside  the  calyx  (other  names 

for  these  structures  in  the  calyx  are:  Intrasepaldru- 

sen  (GlUck,  1919),  squamellae  (Woodson  &  Moore, 

1938),  and  squamae  intravaginales  (Vijayaragha- 

un 

nineteenth 
century  data  on  at       tomical  character  is  the  occurrence  of  interna 

least  some  embryological  features  accumulated.       phloem  (lacking  in  the  Rubiaceae).  The  flowers  are un 

with with cnun 

massive  or  a  very  thin  nucellus.  The  first  to  note  a  common  character.  Endosperm  formation  is  nu- 

thischaracterwas  Warming  in  1878.  Van  Tieghem  clear  with  very  few  exceptions.  Indolealkaloids  o 

(1897)  even  proposed  to  base  a  system  on  these  a  special  type  occur  in  three  families  (although  n 

characters.  The  Cucurbitaceae  are  a  family  that  in  all  genera):  The  Loganiaceae  (excluding  the  ne  • 

has  been  excluded  at  an  early  date  from  the  Sym-  ziaceae  and  Buddlejaceae),  Rubiaceae,  and  Apocy- 
petalae  by  many  authors  based  on  this  character  naceae  constitute  a  coherent  group  on  the  basis 
(and  the  morphological  similarities  to  families  in 

the  "Parietales"),  Yamazaki  (1974)  created  a  sys- 
tem  of  the  "Gamopetalae"  using  the  embryogeny as  the  decisive  character. 

this  character  (Kisakiirek,  1980).  The  Asciepi^^ 
daceae,  which  are  morphologically  close  to 'ocvnaceae.  are  linked 

without  alkaloids  by  the  presence  of  card
enolides 

The  characters  shared  by  the  Asteridae  can  be       in  both  groups.  Brewbaker  (1967)  and  Mathew 

Philip  (1986)  have  stressed  that  all  the  famil
ies  o 

enumerated 

alternate  with  them,  and  unitegm 

lobe 

with nd 
ovxJes.  The trinucleate  pollen,  a  fact  difficult  to  ̂ v^^^^^^*    "l^ 

dleja  and  allied  genera  (Buddlejaceae)  and     ̂^ 
.-  ^..           monotypic  Retziaceae  differ  in  many  charac 

ception  of  part  of  the  Acanthaceae  (Behnke,  1986).      from  the  Loganiaceae  and  should  be  placed  in  the 

Scrophulariales  sens.  lat.  (Bendre,   1973,  ' 

containine).  with 

nvunber 
families 

ihown  impressively  in  a  publi 

This 
Magnano,  1986a,  b;Carlqui5t 

lial 

According 

The  question 
is  the  position  of  the  Menyanthaceae  (Bohm  e  • 

1986;  Vijayaraghavan  &  Padmanaban,  l^^^^^ 
which  have  been  assigned  to  the  Solanalcs  [^ 
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quist,  1988),  the  Cornales  (G.  Dahlgren,  1989b),       Dahlgren  in  G.  Dahlgren  (1989b)  united  Scrophu- 

and  the  Asteranae  (Yamazaki,  1974,  because  of      lariales   and   Lamiales   under  the   last-mentioned 

the  development  of  the  embryo  according  to  the 
Asterad  type). 

name).  The  close  affinity  between  these  families  is 

also  shown  by  the  difficulties  of  the  recent  cladistic 

mann 

The  Dipsacales  (Caprifoliaceae,  Valerianaceae,  analysis  by  Lu  (1990),  the  purpose  of  which  is  to 

Triplostegiaceae,  Morinaceae,  Dipsacaceae)  have  resolve  relationships  in  the  group, 

a  combination  of  the  following  characters:  opposite  In  the  Scrophulariales  flowers  are  nearly  always 

leaves  without  stipules,  inferior  ovary,  a  strong  zygomorphic,  with  a  strong  tendency  toward  re- 

tendency  toward  zygomorphy  with  reductions  in  duction  in  the  number  of  stamens,  and  with  two 

the  numbers  of  the  stamens  and  carpels.  Several  carpels  possessing  numerous  to  few  ovules.  En- 

families  possess  an  epicalyx  (Hofmann  &   Gott-  dosperm  formation  is  cellular,  and  endosperm  haus- 
toria  are  common  (see  Rauh  &  Jager-Ziirn  (1966) 

type  of  nectary  consisting  of  a  region  of  unicellular  and  Di  Fulvio  (1979)  for  more  detailed  analyses 

of  the  embryological  characters).  Pollen  tube  cal- 

structure  at  its  base  (Wagenitz  &  Laing,  1984).  lose  (present  in  the  Polemoniales)  is  absent  (Pros- 

This  character  is  not  present  in  Viburnum,  Sam-  peri  &  Cocucci,   1979;  Cocucci,   1983).  Occur- 

bucus,  the  Adoxaceae,  and  Calyceraceae,  and  their  rence  of  iridoid  substances  and  the  use  of  stachyose 

position  in  the   order   remains   questionable,    es-  and  other  ohgosaccharides  as  storing  substances 

pecially  because  there  are  other  considerable  dif-  are   characteristic   (Hegnauer,    1989). 
ferences  (Donoghue, 

Weberling 

sometimes 

micro 

Weberl 
Weberling,  morphological  character  that  has  been  emphasized 

Hilden-  only  recently  (although  basically  known  since  at 

brand,  1982,  1986).  Recently  an  interesting  char-  least  1893)  is  the  occurrence  of  protein  crystals 

acter  has  been  worked  out  by  Stabbetorp  (1989)  in  the  nuclei.  This  is  not  a  feature  restricted  to  this 

for  Sambucus,  which  may  connect  the  genus  with  group,  but  it  is  otherwise  remarkably  rare  (Speta, 

the  Caprifoliaceae  sens,   str.:   the  occurrence  of  1977,  1979;  Bigazzi,  1984,  1986,  1989a,  b),  and 

sterile  ovules  in  which  megasporogenesis  occurs.  the  diff"erent  types  of  these  inclusions  may  prove 

This  should  be  reinvestigated  in  other  genera.  The  to  be  of  similar  interest  to  those  in  the  sieve-tube 

presence  of  some  special  iridoids  is  a  common  char-  plastids  in  other  groups.  The  "placentoid"  in  the 
acter  of  Sa;re6ucu5,  Fiftumum,  and  the  Valeriana-  anthers  (a  parenchymatous  outgrowth   from  the 

ceae  (Hegnauer,  1989). 

It  is  more  difficult  to  characterize  the  Scrophu-  ceptions,  is  an  interesting  morphological  feature 

lariales,  but  the  core  families  of  this  group  are 

closely  tied  together  by  a  common  set  of  characters. 

connective 

connectm 

Solanales    and    should    be    investigated    further 

Some  of  these  characters  may  be  lacking  in  some       (Warming,  1873;  Hartl,  1964;  Huber famil 
nardello,  1987).  It  may  occur  outside  these  groups. 

kno\vTi  that  Scrophulariaceae,  Orobanchaceae,  for  example,  in  part  of  the  genus  Exacum  (Gen- 

Globulariaceae,  Pedaliaceae,  Martyniaceae,  Len-  tianaceae;  Klackenberg,  1985)  and  in  a  few  cases 

tibulariaceae,  Gesneriaceae,  Acanthaceae,  Bigno-       in  the  Rosidae  (Endress  &   Stumpf,    1991),  but 

niaceae,  and  Myoporaceae  form  a  closely  related 
group.  In  several  cases  there  are  genera  or  groups 

remains  a  rather  rare  feature. 

The  Solanales-Boraginales-Polemoniales  com- 

of  genera  that  have  been  shifted  from  one  family       plex  of  families  has  many  features  in  common  with 

the  Scrophulariales.  Diff'erences  that  I  tabulated  in 
ano 

Bignoniaceae    to    Scrophulariaceae    (Armstrong,  my  1977  publication  are  still  valid.  A  
closer  in- 

1985;  Raman,   1989)  and  Charadrophila  from  spection  reveals  that  most  of  the  characte
rs  of  the 

,  1989)).  Solanales  (sens,  lat.)  represent  the  plesiornorphic 

iaceae  in  state,  while  the  Scrophulariales  show  apomorphic 
Gesneriaceae  to  Scrophulariaceae  (Webe So 

does 
Th 

support  this  view  (Bretting  &  Nilsson,  1988;  cf. 

Ihlenfeldt,  1967).  It  is  now  generally  accepted  that 

Plantaginaceae,  although  rather  different  in  habit 
^nd  floral  construction,  belong  to  this  group.  La- 
t^iatae  and  Verbenaceae,  two  families  notoriously 
^cult  to  delimit  (see  El-Gazzar  &  Watson,  1970; 

Raj,  1983;  Hegnauer,  1989),  are  apparently  close 

be 

The 
division 

been 

^  comnlex  of  families  too 1982; 

nected  on  the  basis  of  morphological  characters 

and  the  similar  poDen-prcsentation  mechanism.  The 

especially  striking  similarity  in  this  respect  between 

Lobeiiaceae  and  rf)nipuhitae  is  probably  due  to 

A 
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parallelism,  but  the  detailed  investigations  of  the 3.  Hydrostachys,  This  genus  constitutes  the 

floral  development  in  Goodeniaceae,  Brunoniaceae,  family  Hydrostachyaceae,  which  traditionally  has 

and  Campanulaceae  by  Leins  and  Erbar  (Erbar  &  been  associated  with  the  Rosales.  Only  in  the  1960s 

Leins,  1988,  1989;  Leins  &  Erbar,  1987,  1989)  did  the  painstaking  studies  by  Jager-Zum  (1965) 

have  revealed  common  characters  and  trends.  To-  and  Rauh  &  Jager-Ziirn  (1966,  1967)  show  that 

gather  with  the  occurrence  of  polyacetylenes  m  these  reduced  water  plants  seem  to  be  derived  from 

Goodeniaceae,   Campanulaceae,   and   Compositae  the  Asteridae,  especially  the  Scrophulariales.  Em- 

(Ferrelra  &  Gottlieb,   1982),  this  speaks  for  the  bryological  characters  and  the  structure  of  the 

unity  of  this  group.  The  screening  of  210  dicot-  gynoecium  were  the  characters  showing  this,  while 

yledonous  famUies  by  Pollard  &Amuti(  1981)  found  pollen  morphology  was  not  helpful  In  this  respect 

inulin  alone  to  be  the  stored  substance  in  all  families  (Straka,  1988).  Recently,  Leins  &  Erbar  (1990) 

of  Gampanulales  in  the  broad  sense,  in  the  Aster-  hj 

ales,  the  Calyceraceae,  Boraginaceae,  and  Meny-  terpreted  to  conform  with  this  view, 

anthaceae.  In  view  of  other  differences  (especially  All  these  plants  have  some  deviating  character 

shown 

the  occurrence  of  iridoids  in  the  Goodeniaceae  and 

otherwise Stylidiaceae;  Jensen  et  ah,  1975),  however,  opin-      not  known  in  the  Scrophulariales:  Hippunsim' 

ions  are  diverse  about  the  delimitation  of  the  Cam-      ferior,  apparently  monocarpellary  gynoecium;  fa*- 
panulales  (CaroHn,  1978).  The  Stylidiaceae  have 
been  put  into  the  Rosales  by  Thorne  (1983)  and litriche:  transverse  (not  median)  position  of  the 

erse 

in  a  separate  order  near  the  Ericales  by  Dahlgren      sition  of  the  carpels,  median  stipules,  free  s*)'^' 

(in  G.  Dahlgren,  1989a,  b),  and  the  Goodeniaceae  Not  many  systematists  foUow  Cronquist  (1983) 

in  a  separate  order  Goodeniales  near  the  Campan-      in  uniting  these  diverse  elements  m  one  order. 

Although  the  cladistic  analysis  by  Lu  ( 1 990)  groups 
ulales  by  Vijayaraghavan  &  Malik  (1972). 

A5TFRIl)AE  WITH  REDUCED  FLOWERS 

In  this  section  we  will  look  at  some  families  or 

genera  with  very  simple  flowers,  in  which  the  peri- 
anth is  reduced  or  lacking,  that  nevertheless  have 

been  considered  to  belong  to  the  Asteridae  because 

siders  the  position  of  Hydrostachys  uncertain,  aq 

genCT« 

is  thus  still  welcome  (Leins  &  Erbar,  1988,  1990
). 

POLYANDROUS  ASTERIDAE 

of  a  combination  of  embryological  and  phytochem-  Another  puzzle  is  posed  by  groups  that  s ical  characters. 

1 .  Hippuris,  The  embryology  of  this  water  plant 
was  studied  by  Juel  in  1 9 1 1 .  It  has  unitegmic  ovules 
with  a  reduced  nucellus  similar  to  those  found  in 

the  Asteridae.  Warming  (1913)  placed  Hippuris 
near  the  Cornaccae  (which  can  have  the  same  type 
of  ovule;  sec  dilao  Leins  &  Erbar,  1990),  but  the 

chemical  data  are  clearly  in  line  with  a  placement 

connections 

ihe^ 

The 

been  described 

of  Rubiaceae  despite  its  polyandry,  and  most  
recent 

authors   (Hutchinson,    1973;   Takhtajan,    19aV^ 

Tl a 

position  in  the  order  Rubiales.  Others  pla^^'  ̂ ^ in  or  near  the  StTophularialcs  (Ilegnauer,  1969)      family  in  the  Myrtales.  The  data  base 

;y  and  phytochemistry  of  the  Dialvpet^n
 

5  are  totally  unknown.  If  living  ̂ ^^^^j^" 

le,  once  these  two  types  of  study  have  
p^' 

ted.  deciding   where   to  place   tliis  fam»
: be 

as  fir^t  proposed  by  Pulle  (1938).  too 
2-  Callitriche.  The  single  genus  of  this  family  bryc 

has  for  a  long  time  been  placed  near  the  Euphor-  thac 
biaceae  or  the  Haloragaceae,  families  with  shnple  avai 

fluwrrs.  Aa  in  the  case  of  Hippuris,  embryological  com 
investigations  (Samuelsson,  1913,  Jergensen,  1923,  shoi 
1925}  were  decisive  for  the  now  prevailing  opinion:  Loa 

The  Icnuinucellale  and  unitegmic  ovule,  formation  gated.  There  are  several  characters  poinlins 
of  micropylar  and  rhalaza!  haustoria,  and  cellular  plac 

rudoQperm  point  lu  a  po-iiion  in  the  Scropluilari-  tochemisiry,  but  these  character^  are  not  une<p 
ftir?-!  nmialf^  complex.  Taking  into  account  the  oca] 
oppo^tc  Iravc^,  the  structure  of  the  ovary,  and  the  groi the 

been  rather  extensively
  inve»»i 

-        pointing  i^' 

logy  or  pfay 
chcinii  a1  characters,  tno8t  modern  syslritts  incluUt: 

because  they  occur  in  some  enonpe»»»^
 

pa  too.  The  combination  of  an  inferior  or    . 

pdyandr)' 
Callitriche  in  the  Lamialr*;  (or  with  these  in  the     to  Fuid  a  clo-*-  alliance  to  any  family  of  tli** 
Scrophularialr^). idae.    Recently,   Hufford   (1990)   lias 

pport«
«l 

I 

i 
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Dahlgren*s  suggestion  that  "the  family  shares  an  morphology.  For  us  today  these  argumei 

ancestry  with  Cornales  and  woody  saxifrages."  As  are  not  convincing.  In  past  do(  udes  em 
Cronquist  (1988)  remarked,  this  is  surely  a  case  and  phytochemisti)  have  been  used  exter 

where  we  are  eagerly  awaiting  the  results  from  mentioned  before,  but  difficulties  remain. 

.logy 

fnolecular  methods. be  distinguished 

ear Position  of  Asteridae  within  Angiosperms 

Cronquist  (1957-1988)  ami  Takhtajan  ! 
lier  systems  (from  1959  to  1980)  accepted  llic 

Asteridae  as  a  nionophylelir  group  and  pninlr<l  to 

After  a  discussion  of  the  circumscription  of  the      a  "Rosalean"  ancestry  (Cronquist  from  198]  on- 
Asteridae,  the  question  remains:  Where  is  the  root  ward).  In  the  systems  by  lliornr  and  l>ahlgicn  llie 

(or  the  roots)  of  this  group?  In  other  words,  can  Asteridae  are  not  a  monophyletir  group  (ihrrf  ur«- 
we  find  a  sister  group  in  the  Choripetalae  for  the  remarkahlc    differoxices    among    ihc    syslcnw    uf 

A<:tcridae  as  a  whole  or  for  their  subgroups?  Bcsscy  Tliorne  from  1976  to  1982*  which  I  cannni  *Iw«'II 
(1897,    1915),    Hallier    (1912),    and    Wernham  upon),  and  in  his  most  recent  system  rakhlajan 

(191 3)  were  the  first  to  try  an  answer.  In  the  earlier  (1987)  hdb  accepted  a  iwiifuld  origin  to**  (splliiinn 

di:>cus^1ons  of  this  problem  the  authors  often  tried  his  old  Ablcridac  into 

to  "derive"  (German  "ableiten'')  one  recent  group  Oahlgren,  who  has  hvi'ii  mure  explicit  in  hl.s  rt*a. 

from  another.  This  is  especially  clear  from  the  soning,  chemical  rharnrtrrs  rank  high.  Two  eon 

raiid 

graphic  representations  of  the  systems  of  Bcssey 

and  Hallier,  although  Cronquist  and  Takhtajan  have 
1981): 

supi 

'( 

!  (.Nce  Kubit/ki  &   Cotllicb* 

used  this  model  too.  There  are,  however,  problems  1.  The  iri(h)iibcoalaininp  groups  Centiaiialcs 

with  this  system.  In  a  strictly  phylogcnetic  system,      Scrophulariales  ( 

at  least,  no  extant  group  can  be  the  ancestor  of 
Cor 

oody 

another  (special  cases  like  allopolyploid  species  ex-       fragales).  Bc^i(^^^  the  chemical  rliaracler,  ihr  *»<  - 

ccpted);  moreover,  even  if  interpreted  as  meaning      currencc   of   unitcgm 
ovules    in 

several  families  of  the  Cornale 
be 

'^pree 

^derived  from  the  ancestors  of  a  present  group/* 
this  b  prone  to  misinterpretations.  These  difficulties 
have  led  many  authors  to  another  type  of  graphic 

represrntation:  the  famous  "bubbles''  of  Dahlgren 

(1975;  also  Dahlgren,  1977,  1980;  Dahlgren  el      chemlral  correlations  with  the  Apiales  (nnd   Hti 

1974). 

The 
Ca 

mpamila1<* 

show 

•ral 

*Im  1981;  G.  Dahlgren,   1989a,  b),  which  have 
fweruimers  in  Linnaeus  (in  Giseke,  1792)  and  Pulle 

impretti 

u 
f  chcrniral  cufrespun- 

between  the  Compo*Tta 

(1938).  A  similar  scheme  has  been  used  by  Stehhins      is  tabulated  l,y  Hegnaucr  (1977),  and  it  is  inter- 
(1971)  and  Thorne  (1976,  1981,  1983).  Thc^e  csting 

toxonomists  avoid  discussing  the  derivation  of  one  excln^iv^lv  uu 

?roup  from  another,  instead,  they  speak  of  a  com-  1983),  Holuh 

men  origin  or  the  relatively  nearest  group. 
What  is  the  result  of  the  search  for  an  ancestor 

W  near  relative  among  the  nonsympetalous  dicut 
y*®do«ia?  We  cannot  go  into  detail?  l»*'re,  but  I 

*^ni  to  give  ̂ me  examples  of  the  reasoning  of 
Mercnl  authors,  let  us  analyze  how  U ernham      rare  in  [ 

(1913)  tackled  the  problem.  In  the  search  for  an      r^p^inll 

tli('-r  two  faniilH"-  (Ri' hard  &  Gu«'d*'^, 
have  doubt 

t  th** 

ctones  must 
y  ̂ \  I 

commfm  ancestry  bccauac 
<  f 

me 

liflTerrnf  rh« 

n.idrMM^ky,  I9R6). 

m^  improbal'I'"  that  all  ihe«%r 
aof  ̂ ul»*tanrri(go»n<-  of  ih*iii  ratli<*r 

hairc  evolved  tot;ilK  mdr-pfntdrntly. 

•oce^lur  of  the  "Contortae"  (Gcntianalca,  not  in opment,  Krbar,  19flR)  are  ukim 

o  af'*  oiirit.  Am 

eluding  the  Rubiareae),  he  looked  for  a  group  with  atreated  above,  the  cirrum^rriptinn  nf  the  Cam 

*^  tendency  to  an  iaomeroua  androecium,  a  bi  panulal*^  t«  mHI  a  prch\'nn 

^•'pellatc  g)^noecium,  and  without  a  tendency  to 
^PHSyny.  He  found  this  in  the  Ceramales.  From  his  in 

TbcSolana! 
nat***.  %rh 

^« 

•pocynal  stock*'  he  then  derived  the  **Tubifla- 

,f  Mi^uiff-qHrneiactoneat  are  problc 

texonomi^f*  place  th^^m  rath*'r  <  lose rae 

Rubiareae  and  Dij-acalL^  K#*re  aaaocia 
^Ui  thr  i  mhelliferae  mainlv  hecau*^  of  the  com- 

ted      the  Scrophularial 
Ahhouah  ihrre  haa  b^*^  •^ume  converg«*nce  be 

occurrence  of  an  inferior  ovary  with  two  (or      twem  the  different  ij-t^nna
  pitNishrd  in  r-^^^^mt 

*»^)carprU  and  an  "umWIiflorar'  mflorearenr^      time*,  th*-rc  aii 
of  Unit- 11, ferae  and  Rubiareae.  At  thai  limr.  pre-      ledly  iomc 

1* 

n|ii<  ̂ d  by  t! !  .idmil- ithnrt  ID 

ffiniucs  r#-*iH  -J.lv  on  character*  of  floral     an  ord-r  without  *  leaf  rvHeiw:e  -nl>  to  flti
|Mar 
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them.  Even  if  we  do  not  mention  several  families 

that  are  still  poorly  known,  there  remain  a  lot  of 

questions,  e.g.,  the  placement  and  delimitation  of 

the  Solanales  and  Boraginales,  the  position  of  the 

Lennoaceae  (Yatskievych  &  Mason,  1986),  Ho-      Bretting,  P.  K.  &  S.  Nilsson. 

Antirrhineae  (Scrophulariaceae).  I,  II.  Caryologia  42: 
313-343, 

BoHM,  B.  A.,  K.  W.  Nichols  &  R.  Ornduff.    1986. 

Flavonoids  of  the  Menyanthaceae:  intra-  and  inter- 

familial  relationships.  Amer.  J.  Hot.  73:  204-213. 

1988.    Pollen  mor- 
plestigmataceae  (Nowicke  &  Miller,  1989),  Caly- 
ceraceae,  and  the  Oleales.  Furthermore,  the  idea 

of  the  connection  of  a  larger  part  of  the  Asteridae 

with  the  "Cornales"  or  "Cornanae"  is  somewhat 

vague  because  authors  differ  widely  in  the  circum- 
scription of  these  groups. 

Taxonomists  will  look  at  the  forthcoming  mo- 

lecular data  with  great  interest,  although  they  will 

phology  of  Martyniaceae  and  its  systematic  impli- 
cations. Syst.  Bot.  13:  51-59. 

Brewbaker,  J.  L.     1967.    The  distribution  and  phylo- 

genetic  significance  of  binucleate  and  trinucleate  pol- 

len grains  in  the  Angiosperms,  Amer.  J.  Bot.  54: 1064-1083, 

Candolle,  a.  p.  de.     1813.     Theorie  Elementaire  de 
Botanique.  Deterville,  Paris. 

Cantino,  p.   D.     1982.     Affinities  of  the  Lamiales:  a 

cladistic  analysis.  Syst.  Bot.  7:  237-248. 
not  expect  a  quick  solution  of  all  problems.  Mo-      Carlquist,  S.    1986.    Wood  anatomy  of  Stilbaceae  and 

Retziaceae.  Ecological  and  systematic  implications. 
lecular  taxonomists  should  bear  in  mind  that  with- 

out the  work  of  many  generations  of  botanists  using 
classical  methods,  no  one  would  know  what  the 

AUso  11:  299-316. 

Carolin,  R.  C.     1978,    The  systematic  relationships  of 
Brunonia.  Briinonla  1:  9-29. 

questions  are,  where  the  plants  grow,  and  which      Cocucci,  A.  E.    1983.    New  evidence  from  embryology 

in  angiosperm  classification.  Nordic  J.  Bot.  3:  67- 
73. 

Cronouist,A.    1957.   Outline  of  a  new  system  of  fam
ilies 

and  orders  of  dicotyledons.  Bull.  Jard.  Bot.  Etat  27: 

of  them  are  the  most  interesting  to  analyze. 

Finally,  it  should  be  noted  that  the  resiJts  of 

recent  molecular  investigations  have  deliberately 

not  been  taken  into  account.  This  should  avoid  any 
bias  in  comparing  the  different  approaches. 
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ROSIDAE  AND  THEIR 
RELATIONSHIPS  TO  OTHER 
NONMAGNOLIID 
DICOTYLEDONS: 
A  PHYLOGENETIC  ANALYSIS 
USING  MORPHOLOGICAL  AND 

CHEMICAL  DATA^ 

Larry  Hufford 

Abstract 

Parsimony  analysis  was  used  to  develop  phylogenetic  hypotheses  for  Rosidae  and  other  nonmagnoliid  dicotyledons, 

especially  Asteridae.  Rosidae  were  placed  among  "lower"  Hamamelidae  as  the  sister  group  oi  Platanus  and  Hamameli- 
daceae,  "Higher"  Hamamelidae  (Fagales,  Juglandales,  and  Casuarinaceae),  Dilleniidae,  and  Asteridae  nest  within  a 
paraphyletic  Rosidae.  With  some  expansion,  the  traditional  Asteridae  are  monophyletic.  For  example,  the  problematic 

Columellia  was  placed  among  Asteridae  as  the  sister  group  of  Caprifoliaceae.  Asteridae  were  placed  as  the  sister 
group  of  Ericales  among  rosids  circumscribed  as  Corniflorae  in  recent  classifications  of  Dahlgren,  Special  attention 

was  given  to  problematic  groups  that  have  been  allied  variously  with  Asteridae,  Dilleniidae,  and  Rosidae.  For  example, 
Actinidiaceae  and  Fouquieriaceae  were  placed  among  Ericales,  Loasaceae  and  Sarraceniaceae  formed  the  sister  group Dilleniidae 

Ochnaceae 
taxon  of  Linales.  Dilleniaceae  and  Theaceae  form  a  monophyletic  group  with  Paracryphia  placed  as  the  sister  group 
of  Rhizophoraceae  and  Anisophylleaceae, 

hama- 

Rosidae  are  central  to  understanding  phyloge-       particularly  among  the  so-called  'iower 

netic  patterns  among  nonmagnoliid  dicotyledons.       melids,  such  as  Hamamehdaceae  and  Platanaceae rcumscribed 

,      ,  ,   ,    (Hufford  &  Crane,  1989).  Certain  so-cafled  ''high- 
and  Cronquist  (1981,  1988),  Rosidae  may  be  para-  er"  hamamelids,  such  as  Fagales  and  Juglandales, 

phyletic  with  respect  to  Asteridae,  Dilleniidae,  and  have  been  suggested  to  be  more  closely  related  o 
some  Hamamelidae,  To  understand  better  the  evo-  Rosidae  than  to   "lower"    Hamamelidae  (Wolte, 

lution  and  diversification  of  nonmagnoliid  dicoty-  1973,  1989,  Hickey  &  Wolfe,  1975;  Rickey  & 
ledons,  more  precise  and  viable  hypotheses  of  re-  Doyle,  1977;  Thorne,  1976;  Nixon,  1989). 
lationships  among  these  major  groups  are  necessry. 

Rosidae  have  been  considered  "more  advanced" 

be 

com Our  understanding  of  rosid  phylogeny  may  i^ 

plicated  by  the  systematic  treatment  of  ̂^^^^' than  Magnoliidae  and  "less  advanced"  than  As-  dae.  Takhtajan  (1980,  1987)  and  Cronquist  (1981) 

teridae  (Cronquist,  1 98 1 ).  Cunoniaceae,  Rosaceae,  presented  Dilleniidae  as  a  monophyletic  group  roo  • 
and  other  members  of  the  broadly  circumscribed  ed  among  Magnoliidae.  Character  analyses  ot  pu 

Rosales  of  Cronquist  ( 1 98 1 ;  or  Rosanae  of  Takh-  tatively  primitive  Dilleniidae  and  Rosidae  have  called 

tajan,  1987)  have  been  considered  primitive  Rosi-  attention  to  the  similarities  shared  by  these    « beca 

groups  (e.g.,  Bate-Smith,  1973;  Walker
  &  Doyle. 

chemical  attributes  are  similar  to  those  of  many  1975;  Cronquist,  1981;  Wolfe,   1989),  and  un- 
Hamamelidae.    Hamamelidae    (sensu    Takhtajan,  certainty  often  surrounds  the  placement  of  par  ' 

1980,  1987;  Cronquist,  1981),  however,  may  be  ular  taxa  in  one  or  the  other.  These  character 

polyphyletic  (Crane  &  Blackmore,  1 989).  Rosidae  similarities  and  the  uncertain  placement  of  ta«a be 

highlight  the  possibility  of  Rosidae  and  
Dillenu<la^ 

helpful  suggestions. W.  S.  Judd,  M.  J.  Sanderson,  D.  E.  Soltis.  K.  P.  Steele,  and  an  anonymous  reviewer 

for 

Department  of  Biology,  University  of  Minnesota,  Duluth,  Minnesot 

Ann.  Missouri  Bot.  Card.  79:  218-248.  1992. 
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composing  part  of  a  more  inclusive  monophyletic  relationship  for  problematic  groups  suggested  to 

group  that  is  nested  among  Hamamelidae  (cf.  Ehr-  have  a  range  of  alliances.  Large-scale  cladistic  anal- 

endorfer,  1989).  yses  of  higher-level  taxa  provide  more  precise  hy- 

A  monophyletic  Rosidae  may  include  taxa  cir-  potheses  about  relationships  than  current  classifi- 
cumscribed  as  Asteridae  (sensu  Cronquist,  1981).  cations    and,    thus,    critically    set    the    stage    for 

Recent  discussions  of  the  origin  of  Asteridae  have  subsequent,  smaller-scale  studies  by  narrowing  the 

focused  on  alternative  placements  among  Rosidae,  set  of  ingroup  and  outgroup  taxa  that  must  be 

but  no  consensus  has  emerged  about  their  rosid  considered.  This  preliminary,  exploratory  investi- 

sister  group.  Cronquist  (1988:  414;  see  also  1981)  gation  of  Rosidae  and  allied  groups  focuses  on:  (1) 

suggested  that  the  origin  of  Asteridae  'Very  prob-  testing  hypotheses  of  monophyly  for  Asteridae  and 

ably  lies  in  the  order  Rosales."  The  similarly  cir-  providing  hypotheses  about  potential  sister  groups 
cumscribed  Asteridae  in  Takhtajan  (1980)  were  of  asterids;  (2)  testing  the  placement  of  the  prob- 

illustrated  to  be  the  sister  group  of  a  branch  in-  lematic   Ericales,   Actinidiaceae,   Fouquieriaceae, 

eluding  Cornales  and  Araliales;  these  groups  to-  Loasaceae,  and  Sarraceniaceae  that  have  been  al- 

gether  were  shown  to  originate  among  Saxifragales.  lied  with  Dilleniidae,  Rosidae,  and  Asteridae;  and 

The  placement  of  Asteridae  also  depends  upon  their  (3)  developing  hypotheses  about  relationships  among 

monophyly,  which  has  been  questioned  repeatedly  rosid  groups,  giving  special  consideration  to  the 

(Dahlgren,   1927;  Wunderlich,   1959;  Philipson,  placement  of  Dilleniidae  and  Hamamelidae. 

1974,  1975,  1977;  Dahlgren,  1975,  1977).  Jen- 
Materials  and  Methods 

TAXA 

sen  et  al.  (1975)  allied  the  iridoid-containing  as- 
terids with  Cornales  and  Ericales  and  the  noniri- 

doid- containing  asterids  with  Araliales  and  Rutales. 
Hickey  &  Wolfe  (1975)  used  leaf  architectural 

data  to  suggest  that  some  asterid  taxa  were  most  accepted  (e.g.,  in  Takhtajan,  1969,  1980,  1987; 

similar  to  Dilleniidae  and  others  to  Rosidae.  Takh-       Cronquist,   1981,   1988)  members  of  the  Hama- 

:*qterids  in  three  erouDS,       melidae,  Dilleniidae,  Asteridae,  and  Rosidae  as  well 

comm 

circumscribed 

Dipsacales,  Lamiidae,  and  Asteridae  sens,  str.,  which 

he  envisioned  to  have  separate  origins  in  or  near 
Comanae. 

lumerous  problematic  taxa  may  have  important 
understanding 

numerous 
W 

N 

be 
be 

most  other  orders  of  Cronquist's  (1981)  Rosidae. 
Tlie  orders  Haloragales,  Podoste 

be 
be 

served  as  the  outgroup  for  polarizing  character 

states  and  rooting  cladograms. 

Families  of  Cronquist's  (1981)  Resales  are  rep- 

of  nonmagnoliid  dicotyledons.  The  systematic  resented  by  one  or  more  taxa  because  this  order 

placement  of  Ericales,  Actinidiaceae,  Fouquieri- 
aceae, Loasaceae,  and  Sarraceniaceae  has  been 

questioned  repeatedly.  They  share  iridoid  com- 
pounds and  embryological  characteristics  with  some 

Asteridae  and  Rosidae,  but  Cronquist  ( 1 98 1 ,  1 988) 

has  placed  them  all  in  Dilleniidae.  Similarly,  Takh- 

tajan (1987)  placed  all  of  these  taxa,  except  Loasa- 
ceae,  among   Dilleniidae.    In   contrast,    Dahlgren 

(1977,  1980,   1983)  circumscribed  all  of  these 

taxa,  except  Loasaceae,  in  his  superorder  Cornl- 
norae.  He  placed  Loasaceae  in  a  monotypic  su- 

pcrorder  allied  with  Comiflorae.  If  Dahlgren's  Cor- 
»™orae  and  associated  groups,  such  as  Loasaceae, 

are  the  rosid  groups  most  closely  related  to  asterids, 
men  the  traditional  placement  of  these  problematic 
taxa  among 
^'^rstanding 

»* 

Dilleniidae  mav  have  limited  our  un 

an 

potentially  related  groups  may  begin  to  resolve  1 
problems  outlined  above.  Large-scale  studies 

"JgW  taxa  are  important  because  they  include  1 
Mosaic  distribution  of  character  states  at  this  le 

^'^  provide  accurate  tests  of  prior  hypotheses 

nested  within  one  of  the  other  included  groups;  (2) 

have  exceptionally  derived  traits  that  are  not  crit- 
ical for  understanding  babal  Rosidae  and  Asteridae 

or  other  problems  outlined  above;  and  (3)  have  not 

been  implicated  in  the  relationship  of  Rosidae  to 

Hamamelidae,  Dilleniidae,  or  Asteridae. 

Hamamelidae  in  the  study  include  the  "lower 
hamamelids  (except  Eucommia)  investigated  by 

Hufford  &  Crane  (1989);  a  set  of  "higher"  hama- 
melids, such  as  Fagales  and  Juglandales,  suggested 

recently  to  be  more  closely  related  to  Rosidae  than 

to  "lower"  hamamelids  (Wolfe,  1973,  1989;  Hick- 

ey &  Wolfe,  1975;  Hickey  &  Doyle,  1977;  Tliome, 

1976;  Nixon,  1989);  and  the  problematic  Buxa- 

arinaceae because 

subclaM 

M 
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Table  1.  Taxa  used  in  the  phylogenetic  analysis. 

When  particular  taxa  served  as  a  basis  for  coding  higher 

level  groups  they  are  indicated  in  parentheses. 

Table  1.      Continued 

Actinidiaceae  {Actinidia  Lindley) 

Alangiaceae  {Alangium  sect.  Conostigma  Bloemb.) 
Alseuosmiaceae  {Aheuosmia  Cunn.) 

Anisophylleaceae  [Anisophyllea  R.  Br.  ex  Sabine) 

Anodo pet  alum  A.  Cunn.  ex  Endl. 

Apiaceae 
Araliaceae 
Asteraceae 

Bauera  Banks  ex  Andrews 

Betulaceae  (Betula  L.) 
Brunellia  Ruiz  &  Pa  von 
runiaceae 

Leschen 

Linales  (Linarrae) 
Loasacrae  (Mrntzctia  L.) 
Loganiaccae 
Myricaceae  {Mjrica  L.) 
MYrothamnus  Welw. 

Myrtales  (Lythraceae) 

Nepenthaceae 
Nyssaceae  {Nvssa  L.) 
Ochnaceae 

Pa com  a L. 

Parnrryphia  Baker 
P*'nthorum  L 

Buxaceae  {Buxus  L.  and  Pachysandra  Siebold  &  Zucc.)       Saxifraeaceae 
Campanulaceae 
Caprifoliaceae 
Casuarinaceae 

Celastrales  (Celastraceae) 

Cercidiphyllum  Siebold  &  Zucc. 
Clethraceae  {Clethra  L.) 
ColumelUa  Ruiz  &  Pavon 

Connaraceae  (Cnestis  Juss.) 
Cornaceae 
Crassulaceae 

Crossosomataceae  {Crossosoma  Nutt.) 
Deutzia  Thunb. 

Davidsonia  F.  Muell. 

Dilleniaceae  (Dillenia  L.) 
Ericaceae 

Escalloniaceae  (Escallonia  Mutis  ex  L.) 

Eucryphia  Cav. 
Eupliurbiales  (Euphorbiaceae) 
Euptelea  Siebold  &  Zucc. 
Fabaceae  (Miniosoideae) 

Fagaceae  {Fagus  L.) 
Fouquieriaceae 
Garryaceae 
Geraniales  (Oxalidaceae) 

Hamanielidaceae  subfamily  Altirigioideae 
Hamamelidaceae  subfamily  Di^>anthoideae 
Hamanielidaceae  subfamily  Exbucklandoideae 
Hamamelidaceae  subfamily  Ilamainelidoideae 
Hamamelidaceae  subfamily  Rho<loleioideae 

Hydrangea  L. 

Philadelphus  L, 

Pittosporaceae 
Plata nus  L. 

Polemoniaceae  (tropical  genera  emphasized  in  coding  de- 
cisions) 

Polygalales  (Malphighiaceae) 
Proteales  (Proteaceae) 

Rhanmales  (Rhamnaceae) 

Rhizophoraceae  {Crossostylis  Forster  &  Forster) 

Rhoiptelea  Diels  &  Hand.-Mazz. 
Rosaceae  (tribes  Quillajeae  and  Spiraeeae) 
Rubiaceae 

Sapindaceae 
Sarraceniaceae  (Heliamphora  Benth.) 

Scrophulariaceae 
Solanaceae 

Spiraeanthemum  A.  Gray 

Staphyleaceae 
Tetracarpaea  Hook. 
Tetracentron  Oliver 
Theaceae 

Trochodendron  Siebold  &  Zucc 
Viburnum  L, 
Winteraceae 

not  be   represented   adequately  by  a  few  pl
ace- 

holder taxa.  Selecting  putatively  primitive  Dille- 

an 

a 

because  prior phylogenetic  hypotheses  for  the  subclass
  may  have 

been  influenced  heavUy  by  suggestions  that  it
  ong- 

inated  among  Magnoliidae  rather  than  a
mong 

HamameUdae  or  Rosidae.  Dilleniaceae, 
 Theaceae, 

Ochnaceae,  and  Paeonia  are  included  to
  represent 

putatively  basal  dilleniid  groups. 

In  order  to  test  hypotheses  of  monophyly 

systematic  placement  for  Asteridae,  nine  "^^P""^"
 

tatives  of  its  major  orders  (sensu  Takhtajan,  196 
 , 

1980,  l987;Cronquist,  1981, 1988) are included- 

The  representatives  include  divergent  g
roups  iden- 

tified in  treatments  by  Takhtajan  (1987),  Dahlgr^" 

(1980,  1983),  Dahlgren  et  al.  (1981
),  and  Thoriie 

(1976,   1981,   1983)  in  which  asterids
  are  no monophyletic . 

I  accept  provisionally  the  monophyly
  of  cert*"" families 

discussed  by  Cronquist 

included 

potential  paraphyly;  it  nigher  rosiu  familie
s 

orders  actually  nested  within  it  also  are  inclu 

as  terminal  taxa,  then  misleading  results  may 

The  higher  rosid  orders,  Celabtr
ales,  ('«•'»' 

Linales,  Myrtales,  Polygalales,  P'^<**^'^^^ 

nnale?,  may  be  nested  within  other  terrnii^ 

in  the  analysis.  Prior  phylogenetic  hypotb** 
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for  these  groups  are  not  sufficiently  precise  to  de-        PAUP  to  explore  character  state  evolution  and 
termine alternative  topologies. 

Hence,  I  opt  to  include  various  higher  rosid  families 

and  orders  to  examine  the  composition  of  major 

clades.  This  analysis  may  serve  subsequently  as 

the  basis  for  more  detailed  analyses  of  major  rosid 
clades. 

Results  and  Discussion 

trees 

Characters  and  State  Coding 

Structural  and  chemical  data  (Table  2)  were 

obtained  largely  from  the  literature  (sources  in 

Appendix  1),  Few  characters  with  over  10%  miss- 
bg  data  are  included,  and  these  are  attributes  (e.g., 

stomatal  pattern)  emphasized  in  prior  systematic 
discussions  of  the  taxa.  Bruniaceae,  Columellia^ 

Pararryphia,  Rhoiptelea,  and  Tetracarpaea,  taxa 

that  have  proven  difficult  to  place  in  traditional 

syblcmatic  treatments,  are  included,  despite  rela- 

tively extensive  missing  data,  to  provide  provisional 

hypotheses  about  sister  groups.  Characters  are  cod- 
^  as  missing  (unknown)  when  no  single  state  or 

pair  of  states  could  be  reasonably  hypothesized  to 

be  plesiomorphic  for  a  particular  taxon.  Wood 

characters  for  Saxifragaceae  and  Crassulaceae  are 

Coded  as  missing  because  these  groups  are  hy- 
pothesized to  be  primitively  herbaceous,  and,  thus, 

^ood  characters  are  not  applicable.  Numerous  taxa 

are  coded  as  polymorphic  for  certain  characters 

primarily  because  of  variability  in  the  genera  and 

higher-level  groups  in  the  analysis.  Multistate  char- 
acters compose  47%  of  the  total. 

Data  Analysis 

sistency  index  =  0.18)  with  682  character  state 

changes  were  idrntifiod.  The  strict  roiiscnsus  trcr 

(Fig.  1)  shows  that  variation  among  tlie  S6  equally 

most  parsimonious  irccs  is  restrittcd  to  four  regions: 

(1)  among  subfamilies  of  Hamanu  lidacrae;  (2) 

among  Hydrangea,  Dculzui,  and  Philadt'lphus^ 

representative  genera  of  ITj-drangeacea*';  {'A)  among Fabaceae,  Rhatiuiaceae,  and  Sapiiidaccae;  and  (4) 

among  Rlioiptelea,  Bmilaceaet  and  ihc  Casnari- 

naceae-Juglajidaceac-Myricaccac  rlade.  One  of 

the  56  equally  most  parsimonious  tree&  (Fig.  2)  is 

used  to  discuss  character  state  evolution. 

The  Hamamclidae  of  Takhtajan  (1980,  1987) 

and  Cronquist  (1981,  1988)  are  shown  to  he  po!y- 

phyletic  (Fig.  2).  "Lower"  Ilamarnclidae  (sensu 
Endress,  1986,  1989a;  IIufTord  &  Crane,  1989) 

are  a  paraphylctic  assemblage  at  thr  base  of  Rosi- 

dae, and  **higher"  Ilaniamelidae  (i.e.,  Fagales,  Ju- 

glandales,  and  Casuarinaceae)  are  nesi»d  among 

Rosidae.  Patterns  of  rclatioui^hip  among  ''lower" shown  by  HufTord  &  Crane 

(1989).  Buxaceae,  a  family  sometimes  plac 

Rosidae  (Scholr,  1964;  Cronquist,  1981,  1988), 

form  the  sister  taxon  of  CercidiphyUum  anri  My- 

rothamnus,  with  which  they  share  a  dccu-sate  leaf 

arrangement,  unisexual  flowers,  and  pollen  with  a 

papillate  secondary  lectal  sculpturing,  Drinnan  et 
tia> 

agner 

pars 
Cretaceous  foshil  Spannmem  with  Rux 

ant 

] 

ford,  1989).  Multistate  characters  were  treated  as       phylellc  gronp  that  inrU]^  
those  Uxa  and  Cer- 

unordered 

POi^iLle  for  slate  evolution.  Different  taxon  addition idiphylluiu. H «« 

anmm< ac 
aeq 

(
 

Swofford, Ui>ed 

cated  slomia,  and  pollen 
"Wliate  trees  for  branch-swapping  procedures,  al- 

though the  most  parsimonious  trees  were  consis- 

tently found  using  simple  sequences.  To  minimize       though  all  ih 

computer  run  times,  heuristic  search  procedures       among  llama] 

as  the  bitter  group  of  Vlatfinun  .iiul  IlamauM'li 

darrae-  Derived  f*  ilurris  bliared  by  rosids  inrludi 

flowers  with  a  di^r  nectary,  anlherb  with 
iiribirur- 

occur  AS  parallelibmb 
includ 

*rere 
using  a  sequential  regime l>ed  M  Aitendac 

»*Nipping  options,  beginning  with  nearesl-neighlx^r 

interchanges,  followed  by  subtree  pruning-regraft- 
^  and  concluded  with  tree  hisertion-reconnection 

<Swofford,  1989),  All  of  the  trees  saved  from  a 

pnor  swapping  procedure  were  used  to  initiate  a 
•^**^*«<iuent  swapping  procedure.  A  consensu*!  tree 

recent  treatment**  by  Takhtajan  (1980.  1987)  and 

Cronquist  (1981,  1988). 
ftea  plared  among  dillcniids 

Thome 

formed  u&ing  the  strict  option  in  PAUP  (Swof- 
f^rd,  1989).  MacClade  (version  2.97c +  ,  Maddi^un 
*  Maddisoa,  1989)  was  used  in  ronjunction  ̂ ith 

Dahlgren,  1983),  is  a  b.  j1  branch  of  Ho^idae  in 

my  result?  (Fig.  2).  In  recent  rla««ifi.  .*tions,Thorue 

(1983)  and  Takhtajan  ( 1 987)  tmn  ff-rred  Pn.  .mia 

from  a  p^ition  naax  Dillcniar*  a**  to  oni»  nmt  Ctau- 
cJdiaccae  (n**.ir  Berberidalei  and  NelurnlMin«le»), 



Table  2.     Character  state  assignments  for  taxa  used  in  the  phylogenetic  analysis.  Question  marks  indicate  missing  data.  Characters  and  character  states  are  listed 

in  Appendix  L 

1 2 3 4 5 6 7 8 9         10        11 12 13 14 15 16 17 18 

19 20 

Winteraceae 0 0 0 0 0 0 0 
0/2 

0          ( 
D          ? 9 

• 
9 9 

9 
9 
9 0 0 0 0 0 

Trochodendron 2 0 0 0 0 0 1 0          ( )       ? 9 
• 

9 
• 

9 
9 

9 
9 0 0 

0/1 
0 0 

Tetracentron 0 0 0 0 1 0 1 1          0          ? • 
9 
9 

9 
* 

9 
9 0 0 1 0 0 

Euptelea 1 0 0 0 0 2 1 0 0          ] I          0 1 0 1 0 0 1 1 0 0 

Cere  id ip  hyllu  m 0 1 0 0 1 0 0 1 I          0 0 0 1 1 0 0 2 0 0 

Myrothamnus 0 1 0 0 1 1 0 0          ] I         0 2 0 2 1 0 1 6 0 0 

Plat  anus 2 0 0 0 1 1 9 
9 0          ] 4 1 1 2 1 0 0 7 0 0 

Hamamelidoideae 0 0 0 0 1 2 0 9 0          ] [          0 0 0 1 0 0 0 0/1 0 

Disanthoideae 0 0 0 0 1 0 0          ] [       1 0 0 1 0 0 0 0/1 0 

Exbucklandoideae 0 0 0 0 1 0 9 
ft 0          ] [          0 0 0 1 0 0 0 3 0 

Rhodoleioideae 0 0 0 0 1 2 0 9 0         1 0 0 0 1 0 0 0 
0/1 

0 

Altingioideae 0 0 0 0 1 1 0 9 
m 0          1 0 0 0 1 0 0 0 0/1 0 

Juglandaceae 0 0 1 0 0 0 2 0 0          1 1 1 2 4 1 2 1 
1/2 

0 0 

Myricaceae 0/1 0 0 0 0 0 1 0 0         1 1 1 1 2 1 0 1 1/2 0 0 

Fagaceae 0 0 0 0 1 0 1 0 0         1 9 1/2 1 3 ? 
9 4 1 7 0 0 

Casuarinaceae 1 2 0 0 0 ? 
V 

? 2 0         1 2 2 1 2 1 2 1 7 0 0 
Buxaceae 1 1 0 0 0 0 0 3 0          1 0 2 0 2 1 0 1 1 0 0 

Rhoipteleaceae 0 0 1 0 1 0 2 0 0         1 1 1 1 4 1 2 1 0 0 0 
Bauera ? 

* 0 0 1 0 ? 
9 

? 
ft 0          1 2 2 0 2 1 2 1 2 0 0 

Anodopetalum 0 0 0 1 0 2 0 0          1 2 1 0 2 1 2 1 1 0 0 

Spiraeanthemum 0 0 0 1 0 0 2 0          1 0 1 0 1 0 2 0/1 1 0 0 
Brunellia 0 1 0 1 0 1 0 0         1 1 0/1 0 1 I 2 9 

9 0/3 0 0 

Eucryphia 0 0/1 0 I 0 1 2 0         1 1 I 0 1 1 2 1 1/7 0 0 
Davidsonia 0 0 1 0 1 0 1 2 0          1 9 1 1 1 1 2 0 7 0 0 
Connaraceae 0 0 1 0 0 0 9 

• 0          1 2 1 1 4 1 4 1 6 0 0 

Tetracarpaea 1 0 0 0 0 0 1 0 0          1 1 2 0 1 1 0 2 2 0 0 

Pittosporaceae 0 0 0 0 0 0 2 2 0          1 2 1/2 0 9 
• 2 3 I 1 0 0 

Nepenthaceae 0 0 1 0 0 9 
• 0 0          1 2 2 2 4 0 0 2 4 0 0 

Sarraceniaceae ? 
• 0 0 1 0 9 

> 
9 
• 0 0          1 0 2 0 0 1 0 1 4 0 0 

Crossosomataceae 0 0 0 0 0 0 ? 0 0          1 2 2 0 4 0 0 1 4 0 0 

Sapiiidaceae 0 0 1 0 0 0 2 0 0          1 [          2 2 1 4 2 4 1 7 0 0 
Fabaceae 0 0 1 0 1 0 0 2 0          ] L           2 2 2 4 1 4 1 

4/6 

0 1 
Bruniaceae ? 0 0 0 0 ? 

• • 
9 0           ] L           0 0 0 1 1 0 1 

1/4 

0 0 
A\?=.e\\osTT\iaceae 0 0 0 0 0 0 0/2 0 0 1           0 1 0 3 1 4 1 ? 0 0 
Koaaceae 0 0 0 0 0 0 2 0 0 1           2 1 0 4 1 0 1 5 0 0 

to 

S> 

o 
O 

0) 

CD 

o 

D 

CD 



Tahle  2.      Continued. 

Anfsophylleaceae 
Rhizophoraceae 
Saxifragaceae 
Crassulaceae 
Penthorum 
ColumelUa 

Hydrangea 
Deutzia 

Philadelphus 
Escalloniaceae 

Alangiaceae 

Nyssaceae 
Cornaceae 

Garryaceae 
Loasaceae 
Ericaceae 

Fouquieriaceae 
Actinidiaceae 
Clethraceae 

Slaphyleaceae 
Geraniales 
Celastral 

Euphorbiales 
Rhamnales 
Linales 

Polygalales 
Proteales 

Myrtales 
Betulaceae 

Apiaceae 
Araliaceae 
Dill 

P 

emaceae 
aeoma 

Loganiaceae 
Solanaceae 

1 

0 

0 

0/1 
1 
1 

0 

0 

0 

1 
0 

0 

0 

0 

0 

1 
1 
I 
0 
0 

1 

0 
0 

0 

0 

1 
0 
2 

2 

0 

0 
1 
1 

2 

0 

1 

0 

0 

0 

1 

1 
1 
1 
0 

0 

0 

1 
1 
0 

0/1      0/1 

0 
0 
0 

0/1 

0 
0/1 
0 
0 

0/1 

1 
0 

1 
0 
0 

0 

0 

0 
1 
0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 
0 

1 
1 
0 

0 

0 

0 

0 

O'l 0 
0 
1 
1 
0 

1 
0 
0 

4 5 6 7 8 9 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 

0 

0 
0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

0 
1 
0 

0 

0 

0 

0 
1 
0 

0 

0 
1 
0 

0/1 
1 
1 
1 
1 
0 

0 

1 
0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

2 

2 

1 
0 

0 
? 

0 
0 
0 

0 
0 
2 

0 

0 
0 

0 

0 
0 
0 
0 

0 

0 
0 

0 

0 

2 

2 

2 

0 

2 
0/2 
0/2 

3 
3 

3 
3 
2 
0 
0 
1 
0 
2 
3 
0 
2 
2 
9 

0 
2 
0 
1 

2 

0 

0 

? 

0 

? 

0 
0 

2 
? 

0 

0 

0 

2 

0 

2 

0 
0 

0 
0 

2 
1/2 
2 
0 
2 
2 
2 
0 
0 

2 
9 

0 
9 

0 

10 

11 

12 13 

14 

15 16 

17 

18 

1 
1 

* 

? 
9 

4 
6 

0 

0 

0 

0 
0/1 

0 
0 

4 

4 
1 
4 

0 
0 0/1 

0/6 

0 
? 
m 

? 0/1 

4 
? 

7 
2 1/2 

0/1 

1/2 
1/5 
4/5 

19 

0 

0 

V 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

1 
1 
? 

0 

0 

0 

20 

0 

0 
9 

? 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

1 

0 
0 

0 

1 
0 
0 

0 

0 

0 

0 

0 

<D 

CD 

3 

fO 

"D  X 

o 

CO 

CD 

o 
a 

CP 

> 

0> 

CO 

O 

3J 

o 

Q. 

CD 

CO 



Table  2.     Continued. 

1 

Rubiaceae 

Campanulaceae 
rnum Vibu 

Caprifoliaceae 
Polemoniaceae 
Asteraceae 

Scrophulariaceae 
Theaceae 

naceae Och 

Paracryphia 

1 

1 
? 
* 

1 
0 
1 

1 

0 
0 

Table  2.     Continued. 

21 

Winteraceae 
Trochodendron 

Tetracentron 

Euptelea 
Cercidiphyllum 
Myrothamnus 
Plata  nus 
Hamamelidoideae 
Disanthoideae 
Exbucklandoideae 
Rhodoleioideae 

AUingioideae 
Juglandaceae 
Myricaceae 
Fagaceae 

0 
0 
0 
0 
2 
2 
1 
0 
0 
0 
0 

1 

1 

2 

1 
0 
1 
1 

0/1 
0 

0/1 
0 
0 
2 

22 

0 
0 
0 

9 

0 
0 
1 
1 
I 
1 

0 

0 

3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

23 

0 
0 
2 
? 
? 

2 
1 
1 
1 
1 
3 

2 
9 

3 

4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

24 

0 
0 
0 
? 

0 
0 
0 
0 
0 
0 

0 

5 

1 
0 
1 

0 
1 

1 
I 
0 
1 
I 

25 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 

0 
9 

0 

6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

26 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7 

0 
9 

2 
2 
0 
0 
2 
0 
0 
0 

27 

0 
1 
1 
0 
0 
9 

0 
2 
3 
9 
■ 

2 
0 
0 
0 
0 

8 

2 
0 
0 
0 
0 
0 
0 
9 

0/2 

0 

28 

0 
0 
1 

0 
1 

1 
1 
1 

2/4 
2 

1/2 
1/2 
1/4 
1/2 

9 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

29 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 

30 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 

11 

31 

0 

0 
0 

12 

13 14 

32 

33 34 

0 
0 
2 
0 
5 2/3 

0 
4 
4 
4 
4 
4 
4 
4 
3 

0 
2 
2 
0 
0 
0 
0 
2 
1 
2 
2 
3 
3 
0 
3 

0 
0 
0 
1 

1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

15 

35 

0 
1 
1 
0 
9 
« 

I 
0 
2 
2 
2 
2 
2 
2 
2 
2 

16 

1 
4 
0 
0 
2 
4 
3 
1 
2 
2 

36 0 
0 
0 
2 
2 
0 
0 

17 

0/1 

? 
0/1 
0/1 
2 
1 
1 
0 
1 
0 

37 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

18 

4 
5 
4 
0 
1 1/2 

0/4 

0 
0 
0 

38 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
0 

19 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

39 

0 
0 
0 
1 

0 
0 
2 
2 
1 
1 
0 
0 
4 
4 
3 

20 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

40 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
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Table  2,      Continued. 

C asuannaceae 
Buxaceae 

Rhoipteleaceae 
Bauera 

Anodopetahim 

Spiraeanthemum 
Brunellia 

Eucryphia 
Davidsonia 

Connaraceae 

Tetracarpaea 

Pitlosporaceae 

Nepenthaceae 
Sarraceniaceae 

Crossosomataceae 

Sapindaceae 
Fabaceae 

Bruniaceae 

Alseuosmiaceae 
Rosaceae 

Anisophylleaceae 

Rhizoplioraceae 
Saxifragaceae 
Crass  ulaceae 
Peiuhorum 
Columellia 

Hydrangea 
Dcutzia 

Philadrtphits 
Fscalloniaceae 

Alangiaceae 

Nyssaceae 
Cornaceae 

Garryaceae 
L^asaceae 
Ericaceae 

21 22 
23 

24 25 26 

27 

28 29 

30 

31 

32 

33 34 

35 36 

37 38 

39 
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Table  2.      Continued, 

Fouquieriaceae 
Actinidiaceae 

Clethraceae 

Staphyleaceae 
Geraniales 
Celastrales 

Euphorbiales 
Rhamnales 

Linales 

Polygalales 
Proteales 

Myrtales 
Betulaceae 

Apiaceae 
Araliaceae 

Dilleniaceae 

Paeonia 

Loganiaceae 
Solanaceae 

Rubiaceae 

Campanulaceae 
Viburnum 

Caprifoliaceae 
Poleinoniaceae 

Asteraceae 

Scrophulariaceae 
Theaceae 
Ochnaceae 

Paracryphia 

21 
22 23 24 

25 
26 27 28 29 30 

31 

32 

33 

34 

35 36 

37 

38 

39 
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Table  2.      Continued. 

41 
42 43 44 45 46 47 

48 

49 

50 

51 

52 53 54 

55 

56 

57 58 59 

60 
Winteraceae 

Trochodendron 

Tctracentron 

Euptclca 

Cercidiphyllum 

Myrothamnus 
Plalanus 

Hamamelidoideae 

Disanthoideae 

Exbucklandoideae 

Rhodoleioideae 

Altingioideae 

Juglandaceae 

Myricaceae 

Fagaceae 
Casuarinaceae 

Buxaceae 

Rhoipteleaceae 
Baucrn 

Anodopetahim 

Spirncnnthrmum 
Bruncllia 

Eucryphta 
Davidsonia 

Connaraceae 

Tetracarpaea 

Pittusporaceae 

Nepenthaceae 
Sarraceniaceae 
Crossosomataceae 

Sapindaceae 
Fabaceae 
Bruniaceae 

Alseuosmiaceae 
Rosaceae 

Anisophylleaceae 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
0 
0 
0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

I 
0 

1 
0 
0 
0 

1 
1 
0 
1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 
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0 
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0 
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0 
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0 

0 
0 
0 
0 

0 

2 

2 

2 

2 

2 

0 

0 

0 

2 

0 
2 

2 

2 

2 
2 

2 
2 

2 

2 
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2 

2 

2 
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0 
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0 
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0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

1 
1 
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3 
3 
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4 
4 
5 
4 
3 
4 
0 
8 
8 
8 
8 
8 
8 
5 
0 
4 
7 
0 
1 
8 
0 
6 
1 
8 

0 
0 
0 
1 
1 
1 
0 
0 
0 

0 

0 

0 
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0 
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0 

0 
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Table  2.     Continued. 

Rhizophoraceae 

Saxifragaceae 
Crassulaceae 

Penlhorum 

Columellia 

Hydrangea 
Deutzia 

Philadelphus 
Escalloniaceae 

Alanglaceae 

Nyssaceae 
Cornaceae 

Garryaceae 
Loasaceae 
Ericaceae 

Fouquieriaceae 
Actinidiaceae 

Clethraceae 

Staphyleaceae 
Geraniales 
Celastrales 

Euphorbiales 
Rhamnales 

Linales 

Polygalales 
Proteales 

Myrtales 
Betulaceae 

Apiaceae 
Araliaceae 
Dilleniaceae 
Paeonia 

Logamaceae 
Solanaceae 
Rubiaceae 

Camp  anu\ace  ae 

41 

0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

1 
0 
0 
1 
1 
I 
1 

42 

0 
0 
0 
0 
1 

1 

1 

1 
1 

0 
1 

0 
0 
1 

1 
1 

1 

1 

0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
1 
1 

43 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

44 

1 

0 
0 
0 

0 
0 
0 
1 

0/1 
0 
0 
0 
0 
0 
0 
0 
0 

0/1 

45 

0/1 
0 
0 
0 
0 
0 
0 
0 
9 

0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 

1/2 
1 

2 
2 
2 

1/2 
0 
0 
0 
0 
0 
0 

46 

0/1   0/2 

0 
0 
0 

0 

0 

0 0 

0 
9 

0 
0 
0 
0 

0/1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 

47 48 49 50 51 52 

0 ? 
• 1 0          1 

0 1 0 0          1 
0 1 0 0          1 
0 0 1 0          1 
0 0 ? 0         1 
0 1 0 0          1 

0 0 0 0          1 
0 0 0 0          1 
0 0 0 0          1 
0 0 0 1       1 
0 0 1 I       I 
0 0 1 0          1 

0 0 0 1       1 
0 0 0 1       1 
0 1 1 1       1 
0 0 1 0          1 
0 0 ? 0          1 
0 0 0 0          1 
0 0 0 0          1 
0 0 0 0         1 
0 

O/I 
0 0          1 

1 0 1 0          1 
0 0 0 0          1 
0 0 0 1       1 
0 0 0 0          1 
0 1 0 0          1 
0 1 1 1       1 
0 1 1 0          1 
1 1 0 1       1 
1 0 0 1       1 
0 1 1 0          1 
0 0 0 1       1 
0 0 0 1       1 
0 0/1 0 1        1 
0 1 0 0           1 
1 0 0 1         1 

0 

0 
0 
0 
0 
? 

0 
0 
1 

0 
0 
0 
? 

? 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

53 54 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

0/1   0 
2 
0 
2 
2 
2 
2 
2 
1 
2 
2 

1 

55 

0/ 1 

56 
6 

0/1 1 
1 
0 
0 
0 
8 
3 

0/3 8 
8 
0 
1 
6 
0 

6/7 6 
0 
0 
0 
0 
8 

4/7 
0 
? 

1/3 
4 

1/3 0 
8 
0 
0 
1/4 

57 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

58 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

0/1 

0/1 0 
0 
0 
0 

59 
I 
1 

1 

1 

? 
0 
0 
I 

1 
1 

1 
0 
1 
2 
0 
2 
2 
1 

I 

0 
0 
I 
1 

1 
1 
2 
1 
0 
1 
0 
0 
1 

60 

2 
0 
0 
0 
0 
1 
1 

1 
0 
3 
3 
3 
3 
1 
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1 
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? 

4 
3 
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Worsdell 

Ranunculaceae 

im 

sition  among  magnoliids.  This  cladistic  analysis  is 
not  sufficiently  inclusive  to  evaluate  the  placement 
of  Paeonia  among  groups  such  as  Ranunculaceae, 
Berberidales,  and  Nelumbonales.  Extensive  atten- 

tion has  been  given  to  the  distinctive  coenocytic 
pjoembryo  oi  Paeonia  (Cave  et  al.,  1961;  Murgai, 
1959;  Yakovlev  &  YoflFe,   1957),  but  this  auta- 

pomorphy  currently  has  no  bearing  on  our  under- 
standing of  its  sister  group  relationship.  The  nec- 

tarial  disc  surrounding  the  base  of  the  apocarpous 

gynoecium  of  Paeonia  (Hiepko,  1965,  1966)  is  a 
derived  feature  shared  by  the  rosid  group  (including 

dilleniids  and  asterids)  but  not  by  Magnoliidae  (in- 

cluding Ranunculaceae,  Berberidales,  and  Nelum- 
bonales). Corner  (1946)  was  among  the  first  to 

suggest  that  Paeonia  was  more  closely  related  to 

Dilleniaceae  than  to  Ranunculaceae  or  other  Mag- 

noliidae. Corner  (and  more  recently  others),  how- 

ever, emphasized  attributes  such  as  centrifugal  an- 
droecial  development,  arillate  seeds  with  a  hard 

testa,  and  exstipulate  leaves,  which  are  present 

among  rosids  as  well  as  Dilleniales  and  Theales 

(sensu  Cronquist,  1981). 
The  sister  group  of  Paeonia  comprises  two  groups 

(Fig.  2):  (1)  Crossosomataceae  and  their  sister  group 

(treated  as  the  ''core  rosid  group")  and  (2)  Bru- 

niaceae  and  their  sister  group  (treated  as  the  "Cor- 

niflorae-asterid  group"). 

THE  CORE  ROSID  GROUP 

Crossosomataceae,  placed  as  the  sister  taxon  of 

the  rest  of  the  core  rosid  group,  have  been  allied 

with  Paeonia^  Ranunculaceae,  Dilleniaceae,  Ro- 

saceae,  and  Fabaceae.  Kapil  &  Vani  (1963)  treated 

Crossosoma  as  more  closely  related  to  Dilleniaceae 
and  Rosaceae  than  to  Paeonia  and  Ranunculaceae. 

Richardson  (1970)  and  DeBuhr  (1978)  used  leaf 

and  wood  structure  to  ally  Crossosomataceae  more 

closely  with  Rosaceae  than  Dilleniaceae.  SimUarity 

indices  based  on  chemical  attributes  showed  Cros- 

sosomataceae to  be  equally  similar  to  Paeonia^ 

Dilleniaceae,  and  rosids  (Tatsuno  &  Scogin,  1978), 

Crossosomataceae  appear  to  have  diverged  little 

from  the  basic  character  states  of  the  core  rosid 

group,  although  its  stipitate  carpels  and  polyste- 

mony  are  parallelisms  with  those  of  other  rosids. 

The  Rosaceae-Crassulaceae-Saxifragaceae 

clade  is  supported  by  striate  pollen  and  five-car- 

pellate  gynoecia  (although  the  carpel  number  for 
both  Crassulaceae  and  Saxifragaceae  was  coded  as 

polymorphic).  Missing  data  may  have  influenced 



230 Annals  of  the 
Missouri  Botanical  Garden 

Figure  1.      A  strict  consensus  tree  based  on  the  set  of  56  equally  most 

ribw 

by  Cronquist  (1981)  as  Asteridae.  Dilleniidae,  and  Hamamelidae  are  indicated 
Hamamelidae.) parsimonious  trees,  uruuj^a  vw-- ^^A  /v^,..  A    Act^^rirl^P!  D.  Dillemidae 

the  placement  of  the  Crassulaceae-Saxifragaceae  This  is  supported  by  chloroplast  DNA  data  (Do^vnic 

group  (including   Penthorum).   Crassulaceae  and  &  Palmer,  1992;  Ohnstead  et  a!.,  1992).  Saxil^ 
mitively  herba-  gaceae  sens.  sir.  lack  the  iridoid  chemislr) 

,  1989),  and  aU  some  embryological  states  that  help  to  ̂ ^^^^^^ 

lapplicable  (i.e.,  Corniflorae-asterid  group.  The  Crassulaceae-     / 
missing)  for  these  taxa.  Engler  (1930)  broadly  cir-  ifragaceae  group  demonstrates  evolution  of  abuut 

ie  the  so-called  cellular  endosperm  and  the  formation  of  endospe 

"woody  saxifrages,"  groups  such  as  Escalloniaceae  hausloria  parallel  with  members  of  the  Corniflora*^ 
eaceae.  My  results  show  that  "woody"  asterid  group.  This  may  help  to  explain  it?  P^^^'% 

5  considered 

Koek-Nooni 
sre  coded  as 

ibed 

saxifrages  are  more  clnsclv  related 
bers  of  the  < mem- alliance  with  groups  such  as  Escalloniaceae 

Hvdrangeaceae.  Penthorum  has  Leon  treated 
ifragaceae  sens.  str.  (the  "herbaceous"  saxifrages).      intermediate  bet^vccn  Saxifragaceac  and  Cra^^^^ 
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laceae  (e.g.,  Agababian,  1961;  Huber,  1963;  Hi-  sister  group  of  the  Cornales  adds  seven  character 
deux  &  Ferguson,  1976;  Grund  &  Jensen,  1981;  state  changes.  Bate-Smith  et  al  (1975)  and  Lee 

Haskins  &  Hayden,  1987;  Spongberg,  1972),  al-  &  Fairbrothers  (1978)  suggested,  however,  that 

though  my  resuhs  are  consistent  with  suggestions  Araliales  are  only  "remotely"  related  to  Cornales. 
(Dahlgren,  1930;  Jay,  1970;  Wakabayashi,  1970)  Restriction  site  mapping  of  the  cpDNA  inverted 
that  it  is  more  closely  related  to  the  former repeat  (Downie  &   Palmer,    1992)  and  rbcL  se- 

Some  "higher"  rosid  orders  and  Dilleniidae  are      quence  data  (Olmstead  et  al.,  1992)  support  the 
placed  in  the  core  rosid  group  between  Cunoniaceae      placement  of  Araliales  among  Asteridae. 
and  Rosaceae,  taxa  hypothesized  to  be  among  the Recent  investigations  of  Rhizophoraroar  have 

most  primitive  Rosidae  (Dickison,    1989a).   This      segregated  Anisophyllca  R.  Br.  ex  Sabine,  Coiu- 

result  might  be  expected,  given  that  "higher"  ro-      bretocarpus  Hook,  f.,  Poga  Pierre,  and  Poly  go- Anis 
sids  often  are  suggested  to  "originate"  among  Ro- 
sales  (e.g.,   Cronquist,    1981),    Two   caveats   are      leaceae  (Cronquist,  1981 ;  Behnke,  1988;  Juucosa 

needed  with  regard  to  the  placement  of  "higher"      &  Tomlinson,  1988a,  b;  Tobe  &  Raven,  1987, ood 

i( 

rosid  orders.  First,  the  "higher"  rosid  orders  ac-  1988a,  b),  although 
tually  may  nest  within  one  of  the  represented  ter-  omy)  and  Vezey  et  al.  (1988,  using  pollen  struc- 
minal  taxa.  For  example,  Rosaceae  may  be  a  para-  ture)  identified  three  divergent  groups  in  Rhizopho- 

phylelic  group  with  other  recognized  "families"  or  raceae    sens.    lat.    Tobe    &    Raven    (1988a) 

orders"  nesting  within  it.  Including  paraphyletic  hypothesized  monophyly  for  Rhizophoraceae  sens, 
terminal  taxa  in  addition  to  monophyletic  segre*  str,  on  the  basis  of  subdermally  initiat<Ml  laticifers 

gates  may  have  caused  misleading  results.  It  is  in  the  gynoecial  walls  and  colleters.  Rhizophora- 
particularly  important  that  the  monophyly  of  pu-  ceae  sens.  str.  have 
tatively  primitive  rosids  such  as  Rosaceae  and  Cu-  and  Elaeocarpaceae 

noniaceae  (see  Hufford  &  Dickison,  in  press)  be  Tobe  &  Raven,  1988b)  and  Anisophylleaceae  with 

niore  rigorously  assessed.  Second,  additional  core  Myrtales  (Tobe   &    Raven,    1988a).   Anisophylle- 

rosid  taxa,  especially  those  sharing  derived  char-  aceae,  however,  lack  intraxylary  phloem  and  ves- 

aclers  with  "higher"  rosid  orders,  should  be  in-  tured  pits,  which  are  derived  features  of  Myrtales. 
eluded  to  assess  more  reasonably  the  sister  group  Many  characters  (including  crassinuccllate  ovules, 

micropyles  formed  by  both  integuments,  nuclear 

been 

uncosa 

losperm 
and 

relationships  of  higher  rosids. 
Ine  Euphorbiales  are  included  to  determine  their 

placement  when  considered  to  be  part  of  the  rosid 
group.  Euphorbiales  have  been  allied  with  Celas-       Raven  (1988a)  to  ally  Anisophylleaceae  with  Myr- 

Tobe 

trales  (Cronquist,  1981)  and  Geraniales  (reviewed 
by  Webster,  1987)  among  Rosidae,  although  they 

be 

placed 
The 

r  ncwles, 

ovules 

ibers 

3fe  perhaps  most  often  placed  among  Dilleniidae  phylleaceae  in  Corniflorae  (largely  equivalent  to 

iiear  Malvales  (Dahlgren,  1983;  Dahlgren  et  al.,  the  non-Asteridae  portion  of  the  Corniflorae  as- 
1981;  Takhtajan,   1980,    1987;  Thorne,   1981, 
1983).  My  results  place  Euphorbiales  as  the  sister 
group  of  Araliales  (the  Araliaceae-Apiaceae  clade), 

^  relationship  supported  by  the  presence  of  poly-  Corniflorae-asterid  group;  however,  it  is  more  par- 

•cetylenes.  If  Euphorbiales  are  actually  more  close-  simnnioas  to  place  the  family  as  the  sisirr  group 
y  related  to  higher  dilleniids,  then  their  inclusion 
^  Ihe  analysis  may  have  influenced  the  placement 
^f  Araliales,  For  example,  Dahlgren  et  al.  (1981) 

roftkl 

lay  be 
hypothesize  monophyly  for  Aniso, 

*U*ed  Araliales  with  Pittosporaceae,  and  they  are      leaceae  and  Rhizophoraceae  sens.  «tr. 
<>ften  suggested  (e.g.,  Huber,  1963)  to  be  related 

loraceae w% 

*o  Cornales.  Altering  the  cladogram  topology  to       as  the  ̂ iMer  taxa  of  Paracryphia,  Dlllcniaceae, 

p*^ce  Pittosporaceae  as  the  sister  group  of  Araliales tti  th 
core  rosid  group  adds  only  one  character 

•^•tc  change  to  the  total  number  required  for  the 
****  parsimonious  trees.  Changing  the  topology  to 

Theaceae,  although  this  relationship 

)y  a  reversal  to  long  imperforate  cle- 
od.  TTie  bitegmir,  tcnulnuccilate  ovules 

Cronquist,  1981 ),  mch  as  Thca- 

P*«ce  a  Pittosporaceae-Araliales  clade  in  various  ceae,  Scylopetalaceac,  Medunagynaccac 

P^lion^  b  the  Comiflorae-asteriil  group  adds  five  ..Iaceae»  parallel  thoae  of  hon.*  Rhiwphor;w  .ac  m:i»s. 

*  more  character  state  changes.  For  example,  str.   (e.g.,   Gynotruchrs   Blume  and   Prllnmlyx 

V^^^'^ng  the  Pittosporaceae- Araliales  cbde  as  the  Korth;  Juncosa  &  ToU-,  1QB8),  and  the  unii-^gmir. 
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crassinucellate  ovules  of  other  Theales,  such  as  and  Theaceae  on  the  basis  of  wood  with  long  vessel 

Paracryphia,   Oncothecaceae,   and   some   Gary-  elements  and  heterogeneous  type  I  rays.  Ochna- 
ocaraceae,  parallel  those  of  some  Anisophylleaceae  ceae  appear  to  be  more  closely  related  to  Linales 

{e.g.,  Anisophyllea  and  Combretocarpus;  Tohe  &  than  to  these  dilleniids  (Fig.    1).  Experimentally 

Raven,  1987).  placing  Ochnaceae  as  the  sister  group  of  the  Para- 

DUleniaceae,  Theaceae,  and  Ochnaceae  are  in-  cypAta-Dilleniaceae-Theaceae    clade    adds    five 

eluded  as  place-holders  to  represent   Dilleniidae  character  state  changes.  My  results  do  not  support 

(sensu  Takhtajan,  1980,  1987;  Cronquist,  1981,  the  placement  of  Actinidiaceae,  Fouquieriaceae, 

1988).  The  Dilleniaceae-Theaceae  clade  is  sup-  Loasaceae,  Sarraceniaceae,  and  Ericales  in  Dillenii- 

ported  by  basally  connate  ovaries  and  centrifugal  dae  as  they  are  treated  by  Takhtajan  ( 1 980,  1987) 

polystemony  (a  parallelism  with  Paeonia).  Para-  and  Cronquist  (1981).  The  chemical,  ovular,  and 

cryphia  is  placed  as  the  sister  taxon  of  Dilleniaceae  endosperm  attributes  of  these  problematic  taxa  sup- 

FlGURE  2.  One  of  the  set  of  equally  most  parsimonious  cladograms  requiring  689  character  state  changes. 

Clades  B  (core  rosid  group)  and  C  (Corniflorae-asterid  group)  are  sister  groups  positioned  at  the  indicated  points  on 
clade  A.  The  character  state  changes  for  each  branch  of  A,  B,  and  C  are  indicated  below  as  follows:  clade  letter  and 
branch  number:  character  number-apomorphic  state. 

Ah  6-1;  18-1;  23-2;  28-1;  31-1;  53-1;  A2:  8-1;  27-1;  33-2;  35-1;  56-1;  A3:  1-2;  23-0;  28-0;  48-1;  A4:  5-1 
9-1;  32-2;  A5:  10-1;  17-1;  51-1;  A6:  1-1;  56-3;  57-1;  A7:  6-2;  7-1;  15-0;  34-1;  36-2;  39-1;  48-1;  60-2;  A8:  2-1 
12-2;  14-2;  21-1;  32-2;  35-1;  A9:  6-0;  8-3;  27-1;  30-1;  31-0;  33-1;  35-2;  38-1;  39-3;  53-2;  55-1;  60-1;  AlO 
1-0;  5-1;  18-2;  21-2;  49-1;  All:  7-1;  18-6;  44-1;  56-2;  A12:  9-1;  12-0;  14-1;  17-0;  28-0;  32-5;  34-1;  36-2;  45 

1;  A13:  22-1;  23-1;  44-1;  53-2;  54-1;  A14:  5-0;  17-0;  21-1;  39-2;  45-1;  48-1;  A15:  1-2;  7-1;  13-1;  14-2;  18-7 
22-0;  40-1;  60-2;  A16:  12-0;  15-0;  20-1;  32-4;  33-2;  35-2;  36-1;  49-1;  A17:  33-3;  39-0;  46-1;  53-0;  54-0;  A18 

21-0;  27-2;  A19:  6-2;  A20:  39-1;  A21:  11-1;  27-3;  31-0;  33-1;  37-1;  48-0;  A22:  28-2;  56-3;  A23:  18-3;  A24 

6-2;  23-3;  39-0;  55-1;  A25:  6-0;  12-2;  27-2;  31-0;  32-6;  55-1;  A26:  3-1;  11-1;  14-3;  16-1;  28-5;  50-1;  A27:  18- 
4;  36-1;  37-1;  A28:  11-2;  14-4;  28-4;  A29:  30-1;  32-4;  33-3;  35-2;  41-1. 

Bl:  15-0;  28-3;  34-1;  39-1;  49-1;  50-1;  32:  59-1;  B3:  1-1;  7-1;  17-2;  23-2;  27-0;  32-2;  52-1;  56-4;  B4:  11 

1;  14-1;  18-2;  34-1;  56-5;  B5:4-l;  13-2;  15-0;  21-2;  27-3;  35-2;  60-1;  86:  12-1;  48-1;  37:  7-2;  24-1;  32-1;  56 

1;  B8:  11-0;  16-2;  33-2;  44-0;  52-1;  B9:  18-5;  26-1;  28-3;  30-1;  45-1/2;  310:  35-1;  311:  no  changes;  312:  1-1 

48-0;  49-1;  313:  32-3/4;  314:  13-1;  16-1;  35-3;  39-1;  315:  8-2;  28-1;  316:  17-0;  23-2;  24-1;  39-3;  317:  1-1 

16-5;  59-0;  318:  7-2;  12-2;  32-5;  45-2;  53-0/1;  319:  5-1;  18-0;  48-0;  320:  56-7;  321:  12-2;  13-0;  38-1;  39-3 

45-1;  50-1;  322:  16-2;  20-1;  42-1;  323:  7-2;  30-1;  32-3;  35-2;  324:  3-1;  11-0;  14-1;  17-0;  26-1;  325:  15-2;  16 

4;  39-2;  60-4;  326:  2-1;  7-0;  13-0/2;  27-0;  28-4;  45-2;  327:  1-2;  38-1;  47-1;  59-0;  328:  6-2;  21-1/2,  37-0;  49 

1;  329:  3-1;  5-0;  14-3;  18-2;  19-1;  32-4;  33-3;  41-1;  50-1;  330:  28-2;  32-6;  331:  12-2;  15-1;  42-1;  48-1;  56 

1/3;  59-1;  B32:  16-4;  18-6;  30-1;  56-8;  333:  12-2;  20-1;  45-2;  334:  1-1;  2-1;  23-2;  26-1;  49-1;  50-1;  56-1/3 

B35:  3-1;  5-1;  32-5;  39-2;  47-1;  336:  8-2;  13-2;  24-1;  34-1;  337:  7-2;  15-2;  18-7;  28-1;  60-3;  338:  3-0;  26-1 

33-2/3;  38-2;  47-0;  48-0;  B39:  5-0;  20-0;  32-3;  56-1;  340:  32-1;  35-2;  341:  3-1;  7-3;  8-2;  25-1;  342:  33-1;  35 

1;  39-3;  343:  12-2;  13-2-  42-1-  48-0;  56-0;  60-1;  344:  14-1;  16-2;  18-1;  23-2;  32-0;  345:  13-2;  17-0;  49-1 

B46:  2-2;  13-0;  22-0;  37-0;  41-1;  56-3;  347:  11-0;  12-0;  18-0;  30-0;  348:  16-1;  23-1;  28-5;  32-6;  349:  7-2;  14 

3;  35-0/1;  350:  1-1;  13-1;  15-0;  30-1;  39-0;  42-1;  56-4;  351:  14-4;  33-3;  39-2;  48-0;  60-2;  352:  32-2;  41-1 

45-2;  B53:  2-1;  5-1;  28-3;  35-3;  38-1;  52-1;  56-6;  354:  5-1;  7-1;  11-1;  52-1;  355:  2-1;  13-0;  356:  8-2;  28-3 

39-0;  B57:  33-1;  358:  21-2;  22-0;  35-1;  39-3;  359:  7-0;  8-2;  11-0;  15-0;  24-1;  32-6;  360:  3-1;  18-0/3;  23-1 

37-0;  B61:  7-2;  11-2;  14-2-  32-4;  362:  21-1;  60-4;  363:  12-2;  18-2;  28-2;  33-2;  35-3;  56-0;  59-0;  364:  18-7 

23-1;  32-4;  45-2;  60-2;  B65-  3-1;  8-2;  17-0;  24-1;  38-1;  366:  14-3;  22-0;  23-3;  27-0;  28-1;  37-0;  39-3;  43-1 

49-1;  52-0;  56-4;  367:  16-4;  21-1;  32-3;  33-3;  56-5;  368:  14-4;  53-0;  54-0;  58-1;  59-2;  369:  15-2;  16-1;  33 

2;  37-1;  41-1;  B70:  7-2;  23-2;  38-2;  371:  3-1;  18-0;  39-2;  53-2;  372:  5-0;  14-2;  21-1;  873:  1-1;  2-2;  8-2;  11 

2;  12-2;  30-0;  38-3;  374:  18-1;  39-4;  40-1;  41-1;  375:  7-1;  16-0;  60-3;  376:  3-1;  13-2;  14-4;  33-3. 

,  CI:  12-0;  39-2/3;  48-1;  60-2;  C2:  25-1;  35-3;  42-1;  C3:  12-1;  14-3;  16-4;  26-1;  39-1;  56-6;  59-2;  60-4;  C4 

•1;  24-1;  C5:  5-1;  18-0;  52-1;  56-3;  59-1;  C6:  14-4;  16-2;  44-0;  60-1;  C7:  1-0;  6-1;  7-2;  25-0;  30-0;  C8:  7-3 

1-1;  23-2;  38-3;  39-2;  42-0-  50-1-  60-3;  C9:  2-1;  8-2;  16-1;  21-2;  22-0;  27-0;  35-2;  44-1;  57-1;  CIO:  12-0;  13 

}}  17-0;  18-0;  59-1;  Cll:  13-2;  15-2;  16-4;  25-1;  C12:  ll-O;  14-2;  38-0;  49-1;  56-8;  C13:  2-1;  16-0;  30-1;  50 

0;  C14:  8-2;  23-1;  24-0;  28-4;  37-0;  38-1;  42-1;  C15:  14-0;  28-4;  32-2;  C16:  2-1;  62;  12-1;  164;  18-0;  35-2 

^2-1;  54-0;  CI 7:  7-0-  8-2-  26-1-  30-1-  32-6;  39-1;  48-1;  C18:  14-3;  C19:  no  changes;  C20:  6-1;  23-2;  46-0;  56 

8;  59-1;  C21:  24-0;  32  3  56  1  59  1  C22:  4-1;  16-0;  33-0;  56-7;  C23:  11-2;  13-1;  15-0;  28-3;  38-3;  50-1;  C24 

11-2;  33-0;  C25:  28-4-  32-3-  49-1-  C26-  12-0;  14-2;  15-0;  18-0;  56-6;  59-2;  C27:  39-1;  41-0;  45-1;  C28:  12-1 

16-0;  32-1;  C29:  ll-o';  49-0';  C30:' 7-1;  21-2;  25-0;  27-0;  28-3;  32-0;  35-2;  52-1;  C31:  18^1;  20-1;  24^0;  48-1 
50-1;  C32:  15-2;  29-1;  C33:  18-1;  44-1;  46-0;  C34:  1-0;  7-2;  8-2;  16-3;  29-0;  38-3;  47-1;  C35:  17-2;  32-3;  50 

1;  53-0;  54-0;  C36:  13-1;  16-1;  60-0;  C37:  59-1;  C38:  7-2;  16-3;  C39:  18-5;  46-0;  50-1;  53-1;  56-4;  C40:  16 

6;  56-4;  60-4. 
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port  their   placement  in   the   Comiflorae-asterid      Broome,  1971,  1975;  Zavada  &  Dilcher,  1986; 

group.  Marcgraviaceae,  although  not  included  in       Kedves,  1989;  Nixon,  1989).  Fagaceae  and  their 
defined my  investigation,  also  may  be  more  closely  related 

to  members  of  the  Corniflorae-asterid  clade  than  present  in  all  Fagaceae)  and  nonpersistent  endo- 

to  Theales,  among  which  it  is  commonly  placed  sperm.   Betulaceae   and  their  sister  group  share 

(e.g.,  Cronquist,  1981;  Dahlgren,  1983;  Thorne,  pollen  traits,  including  poroid  apertures  and  poorly 

1983;  Takhtajan,  1987).  The  bitegmic,  tenuinu-  developed  columellae  (''granular'' columellaesensu 
cellate  ovules  of  Marcgraviaceae  are  compatible  Zavada  &  Dilcher,  1986).  Zavada  &  Dilcher  (1986) 

with  those  of  Theales  and  the  Corniflorae-asterid  identified  other  pollen  characteristics,  including  a 

define 
group,  but  its  integumentary  endothelium,  cellular  microchanneled  tectum  and  thin  footlayer,  that 
endosperm,  and  endosperm  haustoria  (Mauritzon,  may  help 

1939;   Swamy,    1948a)   are   attributes   generally  mcludedin  this  analysis  because  of  insufficient  sam- 
found  in  combination  only  in  the  latter.  Marcgra-  pling  among  other  rosids). 
viaceae    warrant    examination    for    iridoid    com- 

THE  CORNIFLORAE-ASTERID  GROUP 
pounds,  which  might  help  to  support  a  hypothesis 

of  relationship  to  the  Corniflorae-asterid  group. 

Core  Cunoniaceae,  represented  by  Anodopeta-  Ovular  traits  are  important  for  developing  ny- 

lum  and  Spiraeanthemumy  form  a  monophyletic  potheses  about  relationships  in  the  Corninorae- 

group  along  with  Bauera  and  Brunellia,  support-  asterid  group  as  emphasized  by  Dahlgren  (\9ioh 

ing  the  results  of  a  phylogenetic  analysis  of  the  The  Corniflorae-asterid  group,  consisting  of  bru- 

family  by  HufFord  &  Dickison  (in  press).  The  more  niaceae  and  their  sister  group  (Fig.  2),  shares  uni- 

inclusive  analysis  by  Huff^ord  &  Dickison  has  shown  tegmic  ovtJes.  Although  Brimiaceae  retain  cras- Eucryphia  to  be  nested  within  Cunoniaceae  and 
sinucellate  ovules,  their  sister  group  is  defined  by 

not  its  sister  group  as  might  be  interpreted  from      tenuinucellate    ovules.    Among   Cornales,  Oarry- 

these  resuhs  (Fig.  1).  The  Cunoniaceae  clade,  in-       aceae,  Alangiaceae,  and  Cornaceae  have  a  rever^a 
eluding  Bauera^  Brunellia^  and  Eucryphia^  is  sup- 

ported by  small  pollen  grains. to  crassinucellate  ovules.  Fouquieria  has  a  reversa 

to  bitegmic  ovules  but  has  retained  its  single-
lay- The  close  placement  of  Rhizophoraceae  and  Cu-      ered  nuceUus. 

noniaceae  is  interesting,  given  the  interpetiolar  stip-  Dahlgren  (1975)  also  used  endosperm  attr 

ules  (often  enclosing  the  terminal  bud  and  some-      to  circumscribe  Corniflorae  (a  group  correspon     g 

times  associated  with   coUeters)   in  both   groups.      largely  to  the  nonasterid  members  of  the 

Dialypetalanthus  Kuhlm.,  generally  placed  in  the      florae-asterid  group  of  Fig.  2).  The  presence 

monotypic   Dialypetalanthaceae  aUied   with  Myr-      initio  cellular  endosperm  defines  the  sister  g 

tales  and  Rubiaceae  (Cronquist,  1981;  Rizzini  &       of  Escallonia,  although  reversals  to  nuclear  en- 

dosperm occur  in  some  members  of  this  group  (e.gj' 

Garryaceae,  Loganiaceae,  Pittosporaceae,  
and  Vo  - 

emoniaceae).  Some  of  the  taxa  in  this  group  a^ 

polymorphic  for  endosperm  formation  (e.g.* 

teraceae,    Solanaceae,    Rubiaceae,    and    Alang»^ 

aceae).  The  ab  initio  cellular  endosperm  of  t^^^^ 
Corniflorae-asterid  group  is  a  reversal  to  a 

present  among  "lower"  hamamelids  (which  n^J 

have  retained  it  from  Magnoliidae;  cf.  
DaWgre"- 

1975).  The  formation  of  endosperm  ̂ ^"^!''"^j'*^j3 
not  used  as  a  character  because  of  limite      ̂  

availability,  but  mapping  its  occurrence  on    ̂  

cladogram  indicates  numerous  parallel  ongin 

likely.  Although  lost  in  Actinidia,  endosperm  ha^^^ 

Occhioni,  1949),  has  interpetiolar  stipules  and  oth- 
er attributes  similar  to  Cunoniaceae  and  Rhizopho- 

raceae. Although  Juncosa  &  Tomlinson  (1988a) 

regarded  suggestions  of  relationship  for  Rhizopho- 
raceae sens,  str.,  Cunoniaceae,  and  Dialypetalan- 

thaceae as  "indefensible,*'  this  warrants  testing  in 
a  broadly  based  phylogenetic  analysis  that  includes 
Myrtales  and  Rubiaceae. 

Cunoniaceae  are  placed  as  the  sister  group  of 
a  clade  consisting  of  Davidsonia^  Fagaceae,  and 

other  taxa  often  considered  to  be  "higher"  Hama- 
melidae  (Fig.  1).  This  result  supports  contentions 

that  "higher"  hamamelids  are  more  closely  related 
to  rosids  than  to  "lower"  hamamelids  (Wolfe,  1 973, 

1989;  Hickey  &  Wolfe,  1975;  Hickey  &  Doyle,      toria  are  shared  by  most  members  of  the  eric 
1977;  Nixon,  1989).  Although  Fagaceae- Betula- 

ceae,   Juglandaceae-Myricaceae-Rhoipteleaceae, 

clade,  including  Fouquieria,  n  re- 

The  placement  of  Alseuosmiaceae  (Fig-     f 
and  Casuarinaceae  are  commonly  discussed  as  three      fleets  Takhtajan's  (1980)  classification  in 

yi\ic\\ 

separate    monophyletic    groups    (e.g.,    Cronquist,      they  are  listed  between  Brumaceae  ann        .q-qj 

1981),  they  are  seldom  placed  in  a  single  group      monaceae.  Airy  Shaw  (1973)  and  Gardner  i 

as  shown  by  my  results  (although,  see  Stone  &      noted  aflinities  between  them  and  Escallom 
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Many  members  of  the  Corniflorae-asterid  group  aceae  group  is  supported  by  diplostemonous  an- 
retain  a  suite  of  wood  attributes  generally  consid-  droecia,  although  Loasaceae  are  coded  as  poly- 

ered  to  be  "primitive,"  but  Alseuosmiaceae  have  stemonous.    Diplostemony    is    present    among 
derived  tendencies  toward  raylessness  and  scarcity  Loasaceae  only  in  Schismocarpus  (HufFord,  1989, 
of  axial   parenchyma   (Dickison,    1986c).    Other  1990).  A  generic -level  cladistic  analysis  of  Loasa- 

members  of  the  Corniflorae-asterid  group,  such  as  ceae,  however,  has  shown  polystemony  to  be  ple- 
Loasaceae,  Polemoniaceae,  and  Scrophulariaceae  siomorphic  for  the  family  even  when  the  outgroup 
(Carlquist,  1988,  1992),  also  have  trends  toward  is  coded  as  diplostemonous  (Hufford,  unpublished 

raylessness  and/or  scarcity  of  axial  parenchyma,  results).    Among    Sarraceniaceae,    only    Fleliani- 

which  have  been  associated  with  paedomorphic  wood  phora  includes  diplostemonous  members  (Maguire, 
evolution  (Carlquist,  1962).  Paedomorphosis  must  1978).   Both  Darlingtonia  and  Sarracenia  are 
have  occurred  numerous  times  in  wood  of  the  Cor- 

niflorae-asterid group. 
polystemonous  (Maguire,  1978).  Based  on  Than- 

ikaimoni    &    Vasanthy 's    (1972)    and    Maguire's 

each. 

The  Cornales  (represented  by  Garryaceae,  Alan-  (1978)  hypothesis  that  TJeliamphora  is  the  most 

giaceae,  Nyssaceae,  and  Cornaceae)  are  defined  primitive  member  of  Sarraceniaceae,  the  family 

by  imiovulate  carpels  (parallel  with  some  core  ro-  was  coded  using  it.  The  Loasaceae-Sarraceniaceae 
sids),  fleshy  (berry-  to  drupelike)  fruits,  and  camp-  clade  is  supported  by  tricarpellate  gynoecia.  Coding 
todromous  secondary  venation  in  leaves.  A  reversal  for  gynoecial  states  is  based  on  Mentzelia  for  Loa- 
to  crassinucellate  ovules  also  supports  the  clade,  saceae  and  Heliamphora  for  Sarraceniaceae,  al- 
although  Nyssaceae  are  secondarily  tenuinucellate.  though  both  families  have  variation  in  gynoecial 

Among  Nyssaceae,  Nyssa  and  Camptotheca  are  merosity,  with  five  carpels  being  the  most  common 
tenuinucellate,  and  Davidia  is  crassinucellate  (Mo-  in 

nana  Rao,  1972a;  Schmid,  1978a;  Tandon  &  Herr,  Loasaceae  have  been  placed  in  Dilleniidae  in 

1971).  Based  on  Eyde's  (1988)  phylogenetic  hy-  some  treatments  (e.g.,  Gilg,  1925;  Cronquist,  1981) 
pothesis  for  Nyssaceae,  the  thick  nucellus  of  Davi-  largely  on  the  basis  of  their  parietal  placentation 

ata  is  a  parallelism  with  that  of  other  Cornales.  and  putatively  centrifugally  developing  polystemo- 

Iwo  additional  features,  endosperm  with  hemicel-  nous  androecia.  Various  androecial  developmental 
mlose  and  the  formation  of  a  nucellar  cap,  also  patterns  are  present  among  Loasaceae,  but  none 

niay  support  the  hypothesis  of  monophyly  for  Cor-  are   strictly   centrifugal   (Iluff'ord,    1990).    Those 
nales,  but  neither  was  used  in  this  analysis  because  Loasaceae  with  a  centrifugal  phase  during  androe- 
of  limited  data  availability,  cial  development  actually  begin  with  centripetal 

My  results  support  Eyde's  (1988)  placement  of  development  and  have  complex  androecia  that  are 
^rnaceae  and  Nyssaceae  as  sister  groups  on  the  probably  derived  within  the  faniiTy.  Emphasis  has 

basis  of  shared  foveolate  pollen  exine.  Alangiaceae  been  given  to  trichomes  in  taxonomir  studies  of 
snare  with  Cornaceae  and  Nyssaceae  reversals  to  Loa 
long  vessel  and  imperforate  elements  in  their  wood  develop  hypotheses  of  relationship  for  the  family 
(Adams,  1949;  Titman,  1949;  Metcalfe  &  Chalk,  because   of  their  presumed   uniqueness.   Among 

1950;  Li  &  Chao,  1954,  report  shorter  measure-  Loasaceae,   the  tuberculate   trichomes   with   and 
nients  for  Alangiaceae  than  other  authors).  Garrya  without  a  prominent  pedr«;tal  of  basal  ceUb  rnay  he 
diverges  from  other  Cornales  in  floral  attributes.  homologous  with  similar  tuberculate  trichomes,  in- 

rhe  dioecy,  loss  of  a   nectary,  and  other  floral  cli 
ftniplifications  probably  are  associated  with  the  evo-  geaceae  (Hardin  &  Pilalowski,  1981).  Loasaceae 

lulion  of  wind  pollination  in  Garrya  (see  Dahling,  and   Hydrangeaceac  are  among  the   few  groups 

been 

sal 

1978),  Dahling  (1978)  suggested  that  pollen  of  found  to  possess  10-carboxyl  (and   10-decarbox 
garrya  strongly  resembles  that  of  Cornaceae,  but  ylaled)iridoids(Dahlgrenet  al.,  1 98 1 ).  Other  groups 

aiffers  in  having  a  papillate  secondary  tectal 
*^pture  that  paraUels  that  of  Euptelea,  Buxa- 

^ca^,  Cercidiphyllum,  and  Myrothamnus.  Paliwal  Seco-iridoids  are  present  in  Loasaceae  and  Sar- 

&  Kakkar  (1970)  noted  that  Garrja  diverged  from  raceniaceae  as  well  as  in  Hydrangeaceac,  Cen- 

these  iridoid  forms 
*    Retziaceae.  Stilba 

1 

an- 

Cornaceae  in  unique  leaf  features. 
Actinodromous  leaf  venation  and  basifixed 

"^ra^ppori  the  monophyly  of  CornaW  Hydran- 
^ceac  (represented  by  Hydrangea,  Ueutzia,  and 
^^il<id€lphus\  Loasaceae,  and  Sarraceniaceae  (Fig. 
*•/•  The   Hydrangeaceae-Loasaceae-Sarraceni- 

tianales,  DipsacalM 
the   Corniflorae-asterid  group   (Dahlgren   ct   a!., 
1981). 

Sarraceniaceae  have  been  allied  with  magnoliids, 

such  as  Ranunrulaceac  and  Papaveraccac  (Ltnd* 

ley,    1847;   Thanikaimnni   &    Vasanthy,    1972; 
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Takhtajan,  1980),  or  dilleniids,  such  as  Theales  aceae  do  not  support  their  placement  in  Dilleniidae 

and  Parietales  (Markgraf,  1955;  DeBuhr,  1977).  (Bate-Smith,  1964;  Scogin,  1977,  1978,  Jensen 
This  analysis  does  not  test  the  placement  of  Sar-  &  Nielsen,  1982).  Dahlgren  et  al.  (1976)  used  the 

raceniaceae  among  magnoliids,  but  its  evolution  chemical  profile,  polyandrous  flowers,  and  tricar- 
among  them  seems  unlikely  given  its  derived  fea-  pellate  gynoecia  of  Fouquieriaceae  to  suggest  they 

tures.  Sarraceniaceae  have  been  allied  with  Nepen-  were  more  closely  related  to  Ericales  (as  part  of 

thaceae  in  some  classifications  (e.g.,  Cronquist's,  Dahlgren's  Comiflorae)  than  to  dilleniids,  which  is 
1981,  Nepenthales)  on  the  basis  of  shared  ascidiate  consistent  with  my  results  and  those  of  Olmstead 
leaves  involved  in  insectivory.  My  results,  which  et  al.  (1992). 
place  Nepenthaceae  in  the  core  rosid  group,  are 
not  consistent  with  those  classifications. 

Nash  (1903),  Henrickson  (1967),  Thorne  (1977, 

1981,  1983)  and  Downie  &  Palmer  (1992)  allied 

Although  Sarraceniaceae  are  placed  as  the  sister  Fouquieriaceae  with  Polemoniaceae,  which  is  es- 
taxon  of  Loasaceae  in  these  results,  I  call  attention  pecially  interesting  when  the  former  is  compared 

to  their  potential  evolution  among  Ericales.  De-  with  Acanthogilia  [^Gilia]  gloriosa.  Nash  (1903) 

Candolle  (1873)  noted  similarities  among  Sarra-  suggested  that  Fouquieriaceae  were  simOar  to  Gma 

ceniaceae  and  Monotropoideae  and  Pyroloideae  of  located  in  the  same  area.  Acanthogilia  is  a  basally 

Ericaceae.  Jensen  et  al.  (1975)  more  recently  called      branched  shrub  of  north-central  Baja  California 

(Day  &  Moran,  1986).  It  is  similar  to  Fouquieri- 
aceae not  only  in  its  overall  shoot  morphology  but 

also  in  its  long  shoot/short  shoot  dimorphism  and 

similarities 

Ericales,  For  example,  the  placentation  of  Sarra- 
ceniaceae, Monotropoideae,  and  Pyroloideae  is  ax- 

ile  in  the  lower  part  of  the  gynoecium  and  parietal      leaf  development.  Leaves  on  long  shoots  of  Acan- 

in  the  upper  (Abbott,  1936;  Maguire,  1978;  Huf-       thogilia  sclerify  as  spines.  Short  shoots  arise  in 

lord,  unpublished  obs.).  Inversion  of  the  anthers  is  the  axils  of  spinose  leaves.  The  leaves  formed  on 

common  among  Ericales,  although  it  has  not  been  short  shoots  have  deciduous  blades  but  persistent 

described  for  Cyrillaceae.  Anther  inversion  occurs  bases  reminiscent  of  Fouquieriaceae.  The  pollen  o 

relatively  early  during  stamen  development  among  both  Fouquieria  and  Acanthogilia  is  colporaic 

most  Ericales,  although  in  Clethra  and  some  Eri-  with  a  reticulate  exine.  Neither  of  these  genera  has 

caceae  it  occurs  at  anthesis.  In  Sarraceniaceae,  the  specialized  pollen  characteristics  of  many  ro - 

anther  inversion  at  anthesis  occurs  in  Heliamphora  emoniaceae.  Day  &  Moran  (1986:  125)  sugges 

(Maguire,  1978),  although  it  is  unknown  in  Dar^  that  Acanthogilia  is  most  closely  related  to  Cantua 

lingtonia  and  Sarracenia.  The  umbrellalike  stigma  in  being  a  "specialized  desert  descendant  oi  a    ip 

of  Sarraceniaceae  may  represent  an  elaboration  of  loid  line  also  ancestral  to  Cantua,^    althoug 

the  capitate  stigma  common  among  Ericales.  Nu-  shares  numerous  derived  features  with  Fou^uier 

merous  cells  of  the  flowers  of  Sarraceniaceae  and  My  results  place  Polemoniaceae  and  Pittospor 
Ericales  are  tanniferous  (Hufford,  unpublished  obs.). 
These  attributes  are  notably  not  shared  by  Sar- 

raceniaceae and  Loasaceae,  but  may  be  derived 

ceae  as  the  sister  group  of  the  rest  of  Asterid
ac 

and  Fouquieriaceae  as  the  sister  group  of  the  r
est 

        _     .   ,        ofEricales  (Fig.  l).ChloroplastDNA  sequence  data 

states  shared  by  the  former  and  some  Ericales.      (Olmstead  et  al.,  1992)  currently  support  the    y- 
Within  Sarraceniaceae,  Loasaceae,  and  Ericales,      pothesis  that  Fouquieriaceae  and  Polemoruac 

gynoecia  with  three  to  five  carpels  are  present.  are  part  of  a  monophyletic  Ericales.  Polemonia 

The  clade  composed  of  Ericales  (with  Fouquieri-      and  asterids  have  distinctly  epipetalous  stame 

Epipetalous  stamens  are  derived  in  some  enca 

groups,  but  none  were  coded  with  this  state  m    ; 
(with unilacunar 

Unilacunar 

ds. 

Escallonia. 

4    -,         ,-    _       _  it* 

i^^^uujr  V*  *&•  ̂ y«  ̂ "Aiav^Luidi  uuucs  ciiiu  syiiipciuiy      ciiialysis.  The  tricarpellate  gynoecia  and  loc 

were  used  historically  to  hypothesize  monophyly      capsules  of  Polemoniaceae  are  charactens    ̂ ^ 

of  Asteridae.  Both  traits  occur  as  parallelisms  in      Ericales,  such  as  Qethraceae,  but  not  of  asten 

   which  tend  to  have  bicarpellate  gynoecia  and  sef^ 
The  core  ericalean  groups,  Qethraceae  and  Er-      ticidal  capsules.  Iridoid  compounds  have  ̂ ^" 

icaceae,  form  part  of  a  monophyletic  group  in-      among  Ericales  (e.g.,  in  Cyrillaceae  and  Lie  ̂^^^ 

eluding  Actinidia  and  Fouquieriaceae.  Fouquieri-      ceae)  and  asterids.  Some  of  the  specialized  po 

aceae  have  been  allied  primarily  with  parietalean      of  Polemoniaceae  and  the  ericalean  Epacnoa 

are  quite  similar.  Asterids  that  lack  iridoids  ff^ 

erally  synthesize  polyacetylenes  and /or  tro^ 

Uen 

dilleniids  (Bentham  &  Hooker,  1862;  Niedenzu, 

1895;  Behnke,  1976;  Cronquist,  1981;  Takhtajan, 

1980,  1987).  Various  chemical  compounds,  in-     alkaloidl  (Dahlgren  et  al.,'  1981;  Gershenzonj 
eluding  ellagitannins   and    iridoids,   in    Fouquieri-      Mabry,  1983),  but  this  is  not  true  of  ?o\etoo» 

& 

) 

4 

* 
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aceae.  Polemoniaceae,  Clethraceae,  and  the  Mono-  shared  by  Escalloniaceae,  and  experimentally  plac- 
tropoideae  and  Pyroloideae  of  the  Ericaceae  were  ing  Columellia  as  the  sister  group  of  Escalloniaceae 

the  only  groups  to  form  both  ketose  and  isoketose  adds  three  character  state  changes.  Including  Col- 
oligosaccharides  in  a  broad  survey  by  Pollard  &  umellia  in  more  inclusive  studies  with  Dipsacales 

Amuti   (1981).    Isoketose    oligosaccharides   were  and  Escalloniaceae  may  lead  to  more  decisive  hy- 
found  in  various  asterids,  possibly  indicating  this  potheses  about  its  placement. 

trait  is  shared  by  all  members  of  the  asterid-eri- 
calean  monophyletic  group. 

My  results  are  not  consistent  with  hypotheses 
that  Viburnum  is  more  closely  related  to  groups 

Actinidia  has  been  allied  with  Dilleniaceae  and  other   than  Caprifoliaceae   nor  with   those   (e.g., 

Theaceae  (Hutchinson,   1959;  Dickison,   1972b;  Dahlgren,  1983;  Takhtajan,  1987)  suggesting  that 

Schmid,  1978b;  Cronquist,  1981).  Its  unitegmic,  Dipsacales,  such  as  Caprifoliaceae,  are  more  close- 
tenuinucellate  ovules,  and  iridoid  compounds  are  ly  related  to  rosids  of  the  Corniflorae  grade  than 

derived  features  shared  with  members  of  the  Cor-  to  asterids.  The  monophyly  of  Columellia,  Cap- 

niflorae-asterid  group  but  not  with  Dilleniaceae.  rifoliaceae,  and  r76u/-num  is  supported  by  reversals 
Some  Theales  share  ovular  characteristics  with  Ac-  in  wood  attributes,  such  as  a  solitary  distribution 

tlnidia  but  not  its  cellular  endosperm  and  iridoids.  of  vessels  and  only  true  tracheids  as  imperforate 
Heel  (1987)  has  shown  that  androecial  develop-  elements.  Chloroplast  DNA  data  (Donoghue,  1992; 

ment  in  Actinidia  is  not  strictly  centrifugal  as  Downie  &  Palmer,  1992;  Olmstead  et  al.,  1992) 

among  some  dilleniids,  although  the  putative  pres-  do  support  a  placement  for  liburnum  and  Sam- 
ence  of  this  attribute  has  been  used  to  place  it  in  bucus  separate  from  other  Caprifoliaceae  (with  both 

Dilleniidae.   Hallier  (1905),   Hunter  (1966),  and  placed  among  Asteridae). 

Takhtajan  (1969)  allied  Actinidia  with  Ericales;  The  monophyly  of  Asteridae  as  traditionally  cir- 

this  is  supported  by  my  resuhs.  The  branch  (Fig.  cumscribed  (e.g.,  Cronquist,  1981)  is  largely  sup- 
2)  with  Clethraceae,  Ericaceae,  and  Actinidia  is  ported.  The  results  do  not  support  the  Jensen  et 

corroborated  by  the  occurrence  of  600- 1,000-^m-  al.  (1975)  hypothesis  of  a  separate  rosid  origin  for 

long  vessel  elements,  opposite  intervessel  pitting,  asterids  with  iridoid  compounds  from  those  without 

and  imperforate  pollen  tectum  in  all  three  taxa.  iridoids.  The  asterids  without  iridoids  of  the  Solana- 

Like  other  Ericales,  the  anthers  of  Actinidia  be-  les,  Campanulales,  and  Asterales  are  placed  as  a 

come  inverted.  monophyletic  group  nested  among  the  asterids  with 

Tlie  present  study  significantly  demonstrates  the  iridoid  compounds.  The  results  also  do  not  support 

placement  of  Asteridae  as  the  sister  group  of  Er-  Takhtajan's  (1987)  classification,  in  which  asterids 

icales  among  taxa  recognized  by  Dahlgren  (1980,  are  circumscribed  in  three  groups  (Dipsacales,  La- 

1983)  as  Corniflorae.  Epipetalous  stamens  may  be  miidae,  and  Asteridae  sens,  str.)  with  separate  or- 

a  derived  feature  shared  by  all  Asteridae,  although  igins  among  the  rosid  Cornanae. 
the  placement  of  Pittosporaceae  as  the  sister  group 

Conclusions  and  Problems  for 
<>f  Polemoniaceae  makes  this  equivocal.  Haploste- 

mony  is  commonly  used  to  support  the  hypothesis      FJJjj^j'i^R  RESEARCH 01  monophyly  of  Asteridae,  but  my  results  show 
that  it  originates  with  "lower'*  hamamelids  and  is This  prelimin 

retained  in  the  Corniflorae-asterid  group.  Diploste-      tinent  results  for  underblanding  the  phylogeny  of 

mony  and  polystemony  are  derived  variously  in      nonmagnoliid    dicotyledons.    These    inrlude:    (1) 

the  Corniflorae-asterid  group  as  well  as  among  the      Hamamelidae    (sensu     Takhtajan,    1980,    1987; 

core  rosids.  Corolla  comiatlon  (sympetaly)  unites 
«ne  asterid  and  ericalean  groups,  but  it  also  occurs 

nquist,  IVHl,  IVtfttjai 
Hamamelidae    (e.g.. hod 1 

|n  other  members  of  the  Corniflorae-asterid  group,      Hamamelidales)  are  a  grade  at  the  base  of  the 

deluding  Alangiaceae,  Alseuosmiaceae,  EscaUonia-      nonmagnoliid    dicotyled 
<^eae,  and  Loasaceae. 

Columellia  has  been  allied  with  a  wide  variety 

(3)    Rosidae    (sen^iu 

Takhtajan,  1980,  1987;  Cronquist,  1981,  1988) 

Dilleni. 
^f  groups  (see  Stern  et  al,   1969),  ranging  from      idae,  and  "higher"^ Hamamelidae  (e.g.,  Fagales, 
^erids  (including  Gesneriaceae,  Loganiaceae,  and 
Kubiaceae),  "woody  saxifrages"  (such  as  Phila- 

Juglandales,    and 

h    (4)    "higher" ppear  mosl  closely laceae <^fphus  and  Escallonia),  and  dilleniids  (Cucurbi- 

*««eae).  My  results  place  Columellia  as  the  sister  niidae  is  not  supported;  and  (6)  Dahlgren  s  (1980, 

group  of  Caprifoliaceae.  Stem  et  al.  (1969)  sug-  1983)  Corniflorae  arc  the  rosid  grade  in  which 

8^'ed  that  most  attributes  of  Columellia  were  Asteridae  are  routed. 
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Rosidae  are  central  to  understanding  the  phy- 

logeny  of  nonmagnoliid  dicotyledons,  and  they  re- 

quire   extensive    investigation.    Identification    of 

monophyletic  groups  among  basal  rosids  and  as- 

certaining their  relationship  to  higher  rosid  orders 

are  crucial.  A  key  step  will  involve  investigating 

the  monophyly  of  Rosaceae  by  analyzing  their  re- 

lationships with  Chrysobalanaceae,  Connaraceae, 

Fabaceae,  Rhabdodendraceae,  and  Surianaceae,  as 

well  as  higher  rosid  orders.  Ascertaining  the  rela- 

tionships of  Engler's  (1930)  Saxifragaceae  also  is 
critical  for  understanding  early  evolution  in  both 

the  core  rosid  group  and  the  Corniflorae-asterid 
group  (see  Soltis  et  ah,  1990).  Additional  analyses 

centered  on  Cunoniaceae  (see  Hufford  &  Dickison, 

in  press)  will  be  important  for  better  understanding 

relationships  of  Davidsonia  and  "higher"  Hama- 
melidae  on  one  hand  and  Rhizophoraceae,  Dilleni- 
ales,  and  Theales  on  the  other.  Monophyletic  groups 
in  Dilleniidae  and  their  relations  with  rosids  remain 

virtually  unexplored,  but  their  identification  will 

lead  to  better  understanding  of  the  diversification 

of  nonmagnoliid  dicotyledons.  More  detailed  anal- 
yses of  the  Corniflorae  (sensu  Dahlgren,   1983) 

grade  of  Rosidae  will  be  crucial  for  understanding 

the  relationships  of  problematic  taxa  (including  ma- 
jor groups  such  as  Ericales  and,  possibly,  Ebenales) 

and  the  evolution  of  character  suites  present  among 

Asteridae.  Defining  a  monophyletic  Asteridae  and 

understanding    relationships    among    their    major 

clades  also  will  be  contingent  on  more  fully  de- 
veloped hypotheses  of  relationships  among  taxa  of 

the  Corniflorae  grade.  Large,  broadly  based  cla- 

distic  analyses  will  be  critical  for  developing  hy- 

potheses of  relationship  for  higher  level  taxa  and, 

especially,  problematic  groups. 
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A.  Young  &  D.  S.  Siegler  (editors),  Phytochemistry 
■nd  Angiosperm  Phylogeny.  Praeger,  New  York. 

1983.    Proposed  new  realignments  in  the  an- 
posperms.  Nordic  J.  Bot.  3:  85-117. 

■^-^'HEM,  M.   P    vaw       lonq      <;iir  Im  rolnmelliaceea M.  P.  VAN.     1903.    Sur 

BuIL  Mus.  Hist.  Nat.,  Paris  9:  233-239. 

"*^,0.    1938.    Comparative  anatomy  of  the  Moraceac 
•nd  their  presumed  alliens.  Bot.  Gaz.  (Crawfordsviflr) 
100:  1- 

Wfbebling,  F.  1976.  Weitcrc  Untrrsuchungen  zur 

Morpholo^c  dea  Unlcrblattes  bei  Jen  Dikotylen.  IX. 

Saxifragaceen  s.  /.,  Brun^lliaccac  and  Bruniaceae. 

Beitr.  Biol.  Pflanzen  52:  163-181. 
Webster,  G.L.    1987.  Th^-  aga  of  the  spurges:  a  review 

of  classification  and  relationships  in  the  Euphorbial*^. 

Bot.  J.  Linn.  Soc.  94:  3-46. 
Whitehead,  D.  R.     1965.    Pollen  morphology  in  the 

Juglandaceae,  H.  Survey  of  ihr  family.  J.  Arnold 

Arbor.  46:  369-410. 
^'-^mcnt  of  the  ovule  and 

WiGCIN 
1959.    Dev 

t:i llot.  46 

KfNSi 

Saxifraga  hieraci/oUa,  Amer 
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1948a.     Floral  anatomy  and  morphology  of       of  Myrothamnus  is  homologized  with  the  more  conven 

some  species  of  the  genus  Viburnum  of  the  Capri- 
foliaceae.  Amer.  J.  Bot,  35:  455-465. 

tional  unilacunar,  one-trace  nodes. 

1948b.     Floral  anatomy  and  morphology  of       2.  Leaf  arrangement:  alternate  (0),  opposite  (1),  whorb 

some  species  of  the  tribe  Lonicereae  of  the  Capri- 
foliaceae.  Amer.  J.  Bot.  35:  261-271. 

(2). 1948c.     Floral  anatomy  and  morphology  of       3.  Leaf  morphology:  simple  (0),  compound  (1) 
some  species  of  the  tribes  Linnaeeae  and  Sumhuceae 
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1989.    Leaf-architectural  analysis  of  the  Ham- 

4.  Ascidiate  leaves:  absent  (0),  present  (1). 

5.  Stipules:  absent  (0),  present  (1). 

6.  Venation:  pinnate  (0),  actinodromous  (1).  pinnate  but with  basal  concentration  of  laterals  (2). 

7.  Secondary  veins:  brochidodromous  (0),  craspeili>Jru- 

mous  (1),  semicraspedodromous  (2),  camptodroinuus  (3). ■ 

8.  Stomates:  anomocytic  (0),  laterocytic  (1),  paracjrtif 

(2),  encyclocytic  (3).  Connaraceae  and  Platanace
ar  are 

coded  as  question  marks  because  of  stomatal  variabili
ty. 

9.  Reoroductlve  short  shoots  with  only  a  single  leaf:  ab*nt ameliJidae.  Pp.  75-104  in  P.  R.  Crane  and  S.  Black-       (0),  present  (1). 
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Yang,   B.-Y,      1952.     Pollen  grain  morphology   in  the 
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pollen  morphology  and  its  relationship  to  phylogeny 
of  pollen  in  the  Hamamelidae.  Ann.  Missouri  Bot. 
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Wood 

Appendix  I.  Characters  and  character  states  used  in 

the  cladistic  analy->is.  Literature  sources  of  data  used  in 
the  analysiB  are  indicated  for  each  broad  group  of  char- 
acters. 

1945;  Brush,  1917;  Carlquist,  1964,  1966.  1
969. 19. o. 

1978,  1981a,  b,  1982a,  b,  1984;  Carlquist  &  »o«'^"7
* 

1985;  Carlquist  et  al.,  1984;  Cronquist,  1
981:  DcBimr. 

1977,    1978;  Dickison,    1967a,    1972a,   19.8.  ̂ »"- 

1986c;  Dickison  &  Baas,  1977;  Giebel  &  Dick
ison,    V-o. 

Hall,  1952;  Haskins  &  Hayden,  1987;  Heimsch,  l^j^ 

Heimsch  &  Wetmore,  1939;  Heimsch  & 
 TschaboW.  iv.-- 

Hils  et  al.,   1988;  Ingle  &  DadsweU.   1986
;  Keeie 

Moseley.    1978;    Keng,    1962;   Koek-Noorman.  
 l^ 

Marco,  1935;  Metcalfe  &  Chalk,  1950;  Moseley.  l^J^ 

Moseley  &  Seeks.  1955;  Nast  &  Bailey,
  1940;  r. 

1973;  Record,  1938a,  b,  1942;  Stern.  1974.  1
9.»-1 

et  al.,  1969;  Styer  &  Stern.  1979a.  b;  Sw
amy  «  omm,. 

1949;  Tang.  1932;  Tippo,  1938;  \Uet,  19.6).
 

10.  Conducting  elements:  only  tracheids  (0). vessels  and  tracheids  (1). 

1 1 .  Vessel  element  perforations:  aU  scalariform  *|t
h  tijwjf 

bars  ( >  20)  (0),  all  or  most  scalariform  with  T^^ 

( <  20)  (1 ),  all  or  most  simple  and  those  
that  are  »cMm« Nodci.  and  leaves  (Dauach,   1938;  Cronquist,   1981;       with  few  bars  (2). 

Dahling,  1978;  Dickison,  1975a.  b.  1978,  1980.  1987b. 
1989a.  b:  Dickison  &  Rutishauser.  1990;  Elias,  1971; 

12.  Vessel  element  length:  long  (most 
> 

1,000>«^'''
'^ 

Endrew.  1989c;  Eyde.  1960;  Haskins  &  Hayden,  1987;       moderate  (600-1.000  ̂ m).  (1).  sbort  (most 

<600 
Henrickson,  1972:  Hi.  key  &  Wolfe.  1975;  Hils  et  al., 
1988;  Hoogland.  1979;  Hufford.  1989;  Hutchinson,  1959; 

Johnson  &  Wilson,  1989;  Keng,  1962;  Kohler  &  Bruck- 
ner,  1989;  KohU-r  &  Schirarend,  1989;  Leeuwenberg  & 
Le«jhout8,   IflRH;  Manning,    1978;  Metcalfe  &  Chalk. 
It)5n;  Pinan-%  1947;  Puff.  1978a,  b;  Richardson.  1970; 

(2). 
essei  e 

I  element  diameter:  narrow  (mo?^ 
13.  V 

moderate  (60-100  Mm)  (D.  wide  (most 

<60  >u"*^*^ 
14.  Inter veb^el  pitting: 

Robert.son.  1972,  1974;  Rutishauser  &  Dickison,  1989;       posite  (1),  opposite  (2),  opposi 

le-alternate  (3K  
*'*^ 

Spongbcrg,  1972;  Stern,  1974,  1978;  Slyer  &  Stern, 

1979a,  b;  Swamy.  1954;  Varghew*,  1969;  Weberling, 
1976;  Willmer,  1941;  Wolfe,  1973,  1989). 

1.  Nwlr-^:  trilacunar  (0),  unilarunar  (1),  multilacunar  (2). 

Myrothamnus  ha^  thr  H<>-rnllrd  "split  UteraP*  nodal  con- 
dition (Howard,  1970,  1979)  in  conjunction  with  its  op- 

(4). 15.  \V^^  distribution:  soKlary  (0),  raort»y  ~jjjj,,4U 
some  dusters  and  some  paira  and/or  raJul  ̂ \^^  .Ji 

and  cluster*  with  few
  so""*^ 

raostiv  radial  multiple 

l^udltc  leavea.  In  this  anal>dk»  thf^  «plit  lateral  rondttion 16.  Imperforate  dements:  only  true  trarhrids  i
^ 

trarhrid*  and  fO^cr. tracheids  (I),  only  6^^^^ 
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( 

fiber-tracheids  and  libriform  fibers  (3),  only  libriform  fibers are  c 
oded 

question  marks  because  of  the  ambiguous 

(4),  variable  with  true  tracheids,  fiber-tracheids  and  li-  homology  of  the  floral  phyllomes. 
briform   fibers   (5).    Character    state    definitions    follow 

Carlquist  (1988).  Coding  for  Alseuosmia  is  based  on  Dick-  23.  Perianth  merosity:  numerous  and  helical  (0),  pentam- 

tw)n's  (1986c)  characterization  of  the  pits  as  ̂ 'indistinctly  erous  (1),  tetramerous  (2),  few  and  irregular  (3). 
bordered  or  simple"  rather  than  on  Carlquist  (1988),  who 
dwcribed  the  imperforate  elements  as  true  tracheids. 24.  Calyx  connation:  absent  (0),  prestMU  (1), 

17.  Imperforate  element  length:  long  (most  >  1,500  ̂ m)       25.  Corolla  connation:  absent  (0),  present  (1). 
(0),  moderate  (most   500-1,500  ^m)  (1),  short  (most 
<500  ̂ m)  (2). 26.  Hypanthium:  absent  (0),  prr?f»nt  (1). 

18.  Type  of  rays:  heterogeneous  type  I  (0),  heterogeneous  27.  Nectary;  ab.M-nl  (0),  abaxiiil  gynorri^il  siirTa<r  (1), 

t)'pe  II A  (I),  heterogeneous  type  IIB  (2),  helciogcncou^  disc  (2),  perianth  (3). 
type  ni  (3),  paedomorphic  type  I  (4),  pacJujuorphic  type 
"  (5),  paedomorphic  type  III  (6),  homogencoub  type  I  28,  Andruecial  pattern  and  merosity:  helical  polyandry 
(7).  Cliaracter  states  based  on  definitions  in  Carlquist  (0),  haplostrmnny  (1),  romplrx  polyandry  with   11-20 
(1988).  Linales,  Celastrales,  RhamnaK's,  and  Myrtales  are  stamrns  (2),  rnmpl*'x  polyandry  with  >2n  stamms  (3), 
coded  us  question  marks  because  of  variability. 4 liplostemony  (4),  criilrifugal  polyandry  (5). 

19.  Rays  with  secretory  canals;  absent  (0).  present  (1),        29.  EpijxMalous  stamens;  .il»-''nt  (0),  presi-nl  (1). 

20.  Ray  cHls  with  gum  deposits:  absent  (0),  prrsrnl  (1).       30.  Anther  Insertion:  btiifixed  (0),  'Umifixn]  (1). 

Flowers  (Range,  1952;  Beamish  &  Lin,  1965;  B**nM-l 
&  Faker.  1975a,  b,  c;  Bhandari,  1971;  Bogle,  1986, 
1989;  Brizicky,  1961;  Brouwer,  1924;  Burkett.  1932; 
Chapman.  1953;  Cronquist,  1981;  Cuatrecasas,  1970; 
I^Wgren,  1975;  Dahling,  1978;  Daumann.  1974;  DavU, 
1966;  Dickibon.  1968,  1970,  1971,  1972b.  1975a,  c. 

31.  Stomial  pattern:  no  bifurcatluns  ("linear")  (0),  bifur 
caled  proxiinally  and/or  distally  (1).  Pores  are  considered 
to  be  derived  from  unbifurcated  stomia. 

32.  Carpel  number;  >  five  (0),  five  (I),  four  (2),  three 

978   rORTTw,         '  ^al^^^  q"*i    F  7"  ̂3).  two  (4).  on.  (5).  varial.I.-  one-five  (6). '»<o,  lyuoa;  Dnyansagar,  1955;  Ems,  1971;  Endress, 
i%9.  1977.  1986.   1989a.  b.  c;  Eyde,  1964.  1968,       „    r        ,  •       ,•  ■     /m       t        .  ,        ■ 

1988;  Eyde  &  Tseng.  1971;  Floras  &  Mo<=oley,  1982;       33.  Carpel  m^.rt.on.  .u
,K.rH>r   0  .  only  .-xtrc...   '  -^  m- 

Crdner,  1978;  Caumann.  1919;  Graham  ei  al..  1987;       ̂ "/"'  ̂^'^'^^  ̂ ^^  '"f*^™^  ('J'  ""-^X  '"  ...n.plctely 

C«»ejnova.  1976;  Harms.  19^0;  Heel,  1987;  Herr  &       »n»erior  (JJ. 
powd.  1968;  HiL  et  al.,  1988;  Hjelmuulst.  1948,  1957;  ,    .•  -.  ̂         i_  .  /n.  n» 
Hufford  &  Endress.   1989;  Hutchinson.   1027.   1959;       ̂ J"*-  C-^P«'  »t>P't«»«'"-  »«»*"»  (0).  present  (1). 

c     t    I         tnt^^     t       JB.    n'..l^ 

35.  Carpel  comialiont  'lisiiricl  (0),  Uue  of  ovarii  connnte 
(1),  ovaries  complcuK  i.uanatc  and  Loae  of  i>lyles  ttuy 

be  connate  (2),  ovario*  and  ̂ 1)1'-   corniilrtrly  connate  (3). 

  1989;  Hutchinson.   1927.   1959; 
Jigw-Zurn.   1966;  Johan 

sen 
.       ,   1936;  Junco^a   &  ToIjc, 

1988;  Kapil  &  Vani,  1963;  Kaul  &  Kapil.  1974:  Ka- 
valjian.  I952;  Keng,  1962;  Klopfer.  1973;  Langdon, 
1939;  Lawrence,  1951;  Leeuwenberg,  1969;  Manning, 
1978;  Maguire,  1978;  Mauritzon.  1936;  Mohana  Rao, 

1972a,  b;  Mohrbutter.  1936;  Moore,  1948;  Morf.  1930;       36.  Style:  ntrir  p*>ak  of  ovary  (OK  int*^rri!atod  (1), 

(I) 

^•••"••j*  Rao.  1957;  Nair  &  Abraham.  1%2;  Nair  &  abtent  (2) 
S«Tn^  1961;  Narayana,  1975;  Narayana  &  Radhakri^ 

"^.  1976:  Narayana  &  Rao,  1971;  Narayai  &  Sun-  37.Srigmsi 
•n,  1972;  NaM  &  Bailey,  1945;  Ful-^r  et  al.,  1989; 
'h*f»*'«.  1970;  Pillans,  1947;  Praka^h  *  %\'  Mi»««^. 
1977:  Puff  &  Robbrecht.  1989;  RobcrtM.n.  1972.  1974; 

^J*Ui,  19.58;  SchWhf^.  1920;  S,-hm<<^  19781.  Shrrvr. 
•*»;  «i  gh.  1 959.  1 06 1 ;  Slcumer.  1 968;  Small  &  Ryd- 

*^|.  190S;  Soueg«.  1936;  Spon«cl*rg.  1971.  1972, 
•9-8:  Sf^m  et  al..  1969;  bubra  Rao.  1941;  Swamy, 
'^.««;  -^amv  Si  Bailev,  1949;  SzyMvlowicz,  1895; 
[•2**>  &  H^rr.  1971;  fieghrm.  1903;  tafce  &  Rivf^ 
I'WI.  1987,  1988a;  Uhl,  196 1;  Wiggina.  1959:  WU- 

1944,  194«a.  b.  r.  1949;  Wibon,  1965,  1973, 

7^       T 

I 
tion:  decurrent  (0),  lucsiif^  on  «ly'  -  nj^% 

M^.  Plar^ntiitimi:  margma!  Mni/0r  aitt>  iOt  at 

(Ik  atilr  bi^Al  {2h  pariHal  (3^ 

I K i 

jM'  -il 

39.  Ovule*  per  r«r|.el:  many  (>  10)  (0).  fr%»  .,jd  variable 
(I-  10)  (h.  itn-tly  one  (2),  «TririJjr  t>»<i  (I),  onr  jw  gy. 
tiorniim  (tnih  more  ttion  one  caipel)  (4^ 

40.  OltbDi 

^f»«^i  (01.  pf*-*mi  f!1 

1959). 
41.  IntifuoiCTt  nuirth^   two(Uk  «»  (I) 

2>    Plani  aex  4iMribution;  hiRiual  (0).  moooecioua  ( i  K       42   Niw-ettu»:  rr 

t^  lOi  in 

lUtf  ri) 

n 43.  Entrair^  ofpolM  luiie.  panf^my  ̂ ^^  dbaloaahpesmy 

•4 
unkyclic  (0).  hkycbe  ( I ).  Eupt^f^n. 

'^*fihfMmm^  Mvrscaceae.  and  Caouor  »i^«"«  are  coA- 

(l) 

•i faaMimi  niark>  b«^^u«<>  tonl  phylemM  are  aliMfrt 

44. 

fmmtma  ah  Mto  triMw  (0).  ̂     !r« 
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45.  Endosperm  persistance:  persists  and  copious  (0),  per-        1967;  Taylor  &  Levin,  1975;  Thanikaimoni  &  Vasanthy, 
sists  but  scanty  (1),  does  not  persist  (2). 1972;  Tseng  &  Shoup,  1978;  Venkata  Rao,  1965;  Vezey 

et  al.,  1988;  Walker,  1976a,  b;  Whitehead,  1965;  Yang, 

Chemistry  (Bate-Smith,  1973,  1977;  Bohlmann  et  al.,  1952;  Zavada  &  Dilcher,  1986). 
1973;  Challice,  1981;  Cronquist,  1981;  Crowden,  1969; 

Dahlgren  et  al.,  1976;  Elsworth  &  Martin,  1971;  Ger-  52.  Pollen  size:  most  20-30  /^m  or  >30  ̂ m  (0),  most 
shenzon  &  Mabry,  1983;  Giannasi,  1986;  Gornall  et  al.,  <20  ixm  (1). 
1979;  Jay,   1967,   1968a,  b,   1969;  Jay  &  Lebreton, 

1972;  Jensen  et  al.,  1975;  Lebreton  &  Bouchez,  1967;  53.  Aperture  length  :  width  ratio:  1  :  1  (0),  %  :  1  (1),  >3  : 1 

Romeike,  1978;  Sainty  et  al.,  1981;  Smith  et  al.,  1977;  (2).  Apertures  with  a  length :  width  ratio  of  1  :  2  appear 
Sorenson,  1977;  Tatsuno  &  Scogin,  1978). 

46.  Iridoids:  absent  (0),  present  (1). 

47.  Polyacetylenes:  absent  (0),  present  (1). 

48.  Myricetin:  absent  (0),  present  (1). 

49.  EUagic  acid:  absent  (0),  present  (1). 

50.  Proanthocyanins:  absent  (0),  present  (1). 

51.  Oil  cells:  absent  (0),  present  (1). 

Pollen  (Avetisian,  1975;  Basak  &  Subramanyan,  1966; 

to  be  derived  within  Juglandaceae  and  Myricaceae 

54.  Ectoaperture  termini:  rounded  (0),  pointed  (1). 

55.  Endoaperture:  absent  (0),  present  (1). 

56.  Primary  tectal  sculpture:  reticulate  (0),  striate  (1), 

clavate  (2),  rugate  (3),  spinulose/scabrate  (4),  vermiform 

(5),  psilate  (6),  verruculate  (7),  foveolate  (8). 

57.  Secondary  tectal  sculpture:  smooth  (0),  papillate  (1). 

58.  Tectal  structure:  columellate  (0),  granular  (poorly 
developed  columellae)  (1). 

Bremer,   1987;  Chao,   1954;  Crepet,   1989;  Cronquist,       59.  Tectal  perforations:  semitectate  (0),  tectate  perforate 
1981;  Dahling,  1978;  Dickison,  1967b,  1979,  1987a;       (1),  imperforate  (2).  Th 
Dickison  &  Baas,  1977;  Donoghue,  1985;  Endress,  1986;       coded  as  a  question  mark. 
Erdtman,  1952;  Franks  &  Watson,  1963;  Ham,  1988; 
Ham  &  Heuven,  1989;  Henrickson,   1967;  Hideux  & 
Ferguson,  1976;  Huynh,   1969;  Kohler,  1980;  Kohler 
&  Bruckner,  1989,  1990;  Maguire,  1978;  Mason,  1975 
Muller,   1969;  Nixon,    1989;  Nowicke,   1966;  Puff  & 
Robbrecht,   1989;  Punt,   1978;  Reitsma,   1966,   1970 
Robertson,  1974;  Robbrecht  &  Puff,  1986;  Saad,  1961 
1962;  Schmid,  1978a;  Shoup  &  Tseng,  1977;  Sohma 
1963,  1967;  Stone  &  Broome,  1971,  1975;  Stuchlik 

1970; 
Fruit  (Cronquist,  1981,  1988;  Cuatrecasas, 

Dickison,  1 984;  Endress,  1 989a;  Gilg,  1 895a,  b;  H
ils  et 

al.,  1988;  Hoogland,  1952;  Hutchinson,  1959; 
 Keng. 

1962;  Sleumer,  1968;  Urban  &  Gilg,  1900). 

60.  Fruit  type:  follicle  or  septicidal  capsule  (0),  lo^^J'^t' 

capsule  (1),  nut  or  samaroid  nutlet  (achene)  
(2),  tiesn) (berry)  (3). 
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Abstract 

A  parsimony  analysis  of  57  angiosperm  rbcL  sequences  was  conducted  to  test  the  monophyly  of  the  Asteridae  and 

to  identify  major  lineages  within  the  Asteridae.  Three  major  clades,  the  Caryophyllidae,  the  Rosidae  plus  Dilleniidae, 

and  the  Asteridae  sensu  lato,  emerge  from  an  unresolved  radiation  in  the  "higher"  dicots.  The  Asteridae  sens.  lat. 
include  the  Ericales,  Cornales,  and  Apiales  in  addition  to  the  Asteridae  sens.  str.  Two  major  lineages  within  the 

Asteridae  sens.  lat.  are  identified:  the  Dipsacales,  Apiales,  Asterales,  and  Campanulales  in  one,  and  the  Gentianales, 

Scrophulariales,  Lamiales,  Boraginales,  and  Solanales  in  the  other.  This  analysis  demonstrates  the  utility  of  molecular 

phylogenies  to  help  place  problematic  taxa,  such  as  the  Menyanthaceae,  Oleaceae,  and  Callitrichaceae,  within  the 

Asteridae.  Implications  from  this  phylogenetic  analysis  and  evidence  from  the  fossil  record  lead  to  the  suggestion  that 

the  origin  and  diversification  of  the  major  higher-dicot  lineages  occurred  during  a  relatively  short  period  of  time  about 
80-95  million  years  ago. 

The  modern  concept  of  the  Asteridae,  sensu  dae  (Dahlgren,  1980).  As  Wagenitz(  197 7)  pointed 

Takhtajan  (1980)  and  Cronquist  (1981),  is  derived  out,  no  division  of  the  Asteridae  into  separate  lin- 

from  the  ancestral  Monopetalae  (de  Jussieu,  1789)  eages  can  be  constructed  without  having  to  pos- 

and  Gamopetalae  (de  CandoUe,  1813)  by  the  elim-  tulate  parallel  evolution  in  morphology,  embryol- 

ination  of  many  groups  of  plants  bearing  the  orig-  ogy,  and  phytochemistry.  Parsimony-based  methods 
fining  feature  of  fused  corollas  (W of  phylogeny  reconstruction  offer  a  means  of  as- 

1992).  Cronquist  (1981:   852)  stated  that  *'the  sessing  phylogenetic  information  in  which  paral- 
Asteridae  are  the  most  advanced  subclass  of  di-  lelisms  exist,  by  establishing  objective  criteria  for 

cotyledons."  This  statement  puts  into  words  a  gen-  accepting  one  hypothesis  of  relationships  (i.e.,  tree) 

erally  held  perception,  based   on   traditional   as-  over  another  hypothesis.  Parsimonybased  phylog- 

sumptions  regarding  trends  in  character  evolution  eny  reconstructions  among  major  groups  in  the 

in  the  anglosperms,  that  the  subclass  is  of  relatively  dicots  are  few.  Donoghue  &  Doyle  ( 1 989),  in  their 

recent  origin  compared  to  other  major  groups  of  analysis  of  basal  angiosperm  lineages,  idrntified  a 

**higher"-dicot  clade  (i.e.,  derived  relative  lo  the Hrots  (Sporne,  1969,  1975;  Stebbins,  1974). 

There  is  no  consensus  of  opinion  concerning  the  basal  dicots).  This  clade,  to  which  all  Aptr^ridae, 

inonophyly  of  the  Asteridae.  Whereas  a  combi-  Rosidae,  Dilleniidae,  Caryophyllidac,  and  llama- 

nation  of  floral  and  embryological  characters  seems  melidae,  as  well  as  certain  members  of  the  Mag- 

to  define  a  natural  group,  portrayed  as  monophy-  noliidae,  belong  is  characterized  by  the  presence 

'    ■                                                                                ind  of  tricolpate  pollen.    Hamby   &    Zinirner   (1991) 

ar-  conducted  a  parsimony  analysis  of  nuclear  ribo- 

ich  somal  RNA  sequences  in  angiosperms  and  other 

jsi-  seed  plant  groups,  but  found  little  resolution  among 

akht Cronquist 

derived 
suggest 

^  '  We  thank  ̂ .  Downie,  M.  Donoghue,  M.  Chase,  K.  Kron,  E.  Zimmer   and  M    KaUer.,o  tor  cntic^  readmg  of 
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Table  1.      Sources  of  rbcL  sequences.  Arrangement  follows  Cronquist  (1981). 

Family 

Monocots 

Liliidae 

Burmanniaceae 
Liliaceae 

Orchidaceae 

Commelinidae 

Poaceae 

Dicots 

Magnoliidae 
Lauraceae 

Magnoliaceae 
Nelumbonaceae 

Nymphaeaceae 

Hamamelidae 

Cercidiphyllaceae 
Platanaceae 

Caryophyllidae 
Amaranthaceae 

Caryophyllaceae 
Chenopodiaceae 

Phytolacaceae 
Plumbaginaceae 

Polygonaceae 

Dilleniidae 

Brassicaceae 

Ericaceae 

Fouquieriaceae 
Malvaceae 

Violaceae 

Rosidae 

Apiaceae 
Araliaceae 
Cornaceae 
Fabaceae 
Grossulariaceae 

Hydrangeaceae 
Linaceae 

Onagraceae 

Polygalaceae 
Saxifragaceae 

Vochysiaceae 

Asteridae 

Apocynaceae 
Asteraceae 

Bignoniaceae 
iTI 

ragmaceae 
Callltrichaceae 

Calyceraceae 

Species 

Burmannia  biflora 

Lilium  superbum 
Oncidium  excavatum 

Cenchrus  setigerus 
Puccinellia  distans 

Per  sea  americana 

M.  macrophylla 
Nelumbo  lutea 

Nuphar  variegata 

Nymphaea  odorata 

Cercidiphyllum  japonica}" 
Platanus  racemosa 

Amaranthus  hypochondriacus 
Stellaria  media 

Spinacia  oleracea 
Phytolacca  americana 
Plumbago  capensls 
Rheum  xcultorum 

Brassica  campestris 

Rhododendron  hippophaeoides 

Fouquieria  splendens^ 
Gossypium  hirtum 

Viola  soraria^ 

Coriandrum  sativum^ 
Hedera  helij^ 

Cornus  mas 

Medicago  saliva 
Brexia  madagascarensis 

Carpenteria  californica 

Linum  perenne 
Clarkia  xantiana 

Securidaca  diversifolia 
Heuchera  micrantha 

Parnassia  Jimbriata 
Penthorum  sedoides 

Quale  a  sp. 

Apocynum  cannabinum^ Barnadesia  caryophylla 

Catalpa  sp.*" Borago  officinalis 
Callitriche  heterophylle^ 

Boopis  anthemoides 

Source/voucher" 

MWC  (unpublished) 
MWC  (unpublished) 

MWC  (unpublished) 

Doebley  et  al.  (1990) 

Doebley  et  al.  (1990) 

Golenberg  et  al.  (1990) 

Golenberg  et  al.  (1990) 
Les  et  al.  (1991) 

Les  et  al.  (1991) 

Les  et  al.  (1991) 

RGO  s.n. 

EMG  (unpublished) 

Michalowski  et  al.  (1990) 

JHR,  JRM  &  HDW  (unpublished) Zurawski  et  al.  (1981) 

JHR,  JRM  &  HDW  (unpublished) 
DEG  et  al.  (unpublished) 

DEG  et  al.  (unpublished) 

JMN  (unpublished) 

MWC  &  KK  (unpublished) 
Matthaei  BG  860162 
Gulov  et  al.  (1990) 

RGO  (no  voucher) 
I 

I 

JDP  (no  voucher) 
RKJ  5.  n. 

Donoghue  et  al.  (1992) 
Aldrichet  al.  (1986) 
Soltis  et  al.  (1990) 

Soltis  et  al.  (1990) 

MWC  (unpubUshed) 

KJS  &  EC  (unpublished) 
MWC  (unpubUshed) 
Soltis  et  al.  (1990) 

Soltis  et  al.  (1990) 

Soltis  etal.  (1990) 

MWC  (unpublished) 

I 

I 

J 

RGO  (no  voucher) 
Michaels  et  al.  (in  prep.) 
CJTD  s.n. 

RGO  (no  voucher) 
TCP  2152 

Michaels  et  al.  (in  prep.) » 
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Table  1.     Continued. 

Family 

Species 
Source/voucher" 

Campanulaceae 
Caprifoliaceae 

Convolvulaceae 

Dipsacaceae 
Gentianaceae 

aceae Hydrophyll 
Lamiaceae 

Menyanthaceae 
Olea 
Polemoniaceae 

Scrophulariaceae 

ceae 

anaceae Sol 
Vale 

Verbenaceae 

Campanula  ramosa 

Symphoricarpos  albus^ Viburnum  acerifolia 

Convolvulus  tricolor^ 

Dipsacus  sativus 
Exacum  affin& 

Hjdrophyllum  virginiand 

Lamium  purpureum^ 

Villarsia  calthifolia^ 
Ligustrum  vulgar^ 

Polemonium  reptans^ 

Antirrhinum  majus^ 
Nicotiana  tabacum 

nana ceae 
# 

fragrant 

Michaels  et  al.  (in  prep.) 

RGO  s,n. 
Michaels  et  al.  (in  prep.) 

RGO  (no  voucher) 
Michaels  et  al.  (in  prep.) 

Matthaei  BG  sm, 
RGO  (no  voucher) 
RGO  (no  voucher) 

RO  9726 

RGOs.n. 

BBG  s.n. 
CWD  s.n. 
Linet  al.  (1986) 
Michaels  et  al.  (in  prep.) 

Matthaei  BG  840210 
'BBG 

CWD 
lannasi 

EC 
Elena  Conti,  EMG  Ed  Golenberg,  HDW 

Jeff  Rettig,  JRM 
High  Wilson,  JDP  =  Jeffrey  Palmer,  JMN 

Claude  dePamphilis,  DEG  =  David  < 
Jackie  Nugent,  JHR 
=  Matthaei  Botanic 

James  Manhart,  KJS  =  Ken  Sytsma,  KK  =  Kathy  Kron.  Matthaei  BG 

Garden,  Unrversity  of  Michigan,  MWC  =  Mark  Chase,  RKJ  =  Robert  Jansen,  RGO  =  Richard  Olmstead,  RO  - Robert  Ornduff,  TCP  -  Thomas  Philbrick. 

^  Sequences  determined  for  this  study. 

the  higher  dicots.  The  higher  dicots  (sensu  Done-  with  several  goals  in  mind:  ( 1 )  to  test  the  monophyly 

ghue  &  Doyle,  1989)  are  currently  the  subject  of  of  the  Asteridae;  (2)  to  identify  major  lineages  of 

a  morphology-based  parsimony  analysis  aimed  at 
identifying  the  relatives  of  the  Asteridae  (Hufford, 

the  Asteridae;  (3)  to  evaluate  ordinal  circumscri[)- 

tions;  (4)  to  determine  relationships  among  orders 

1992),  and  the   Asteridae  are  the  subject  of  a       and  among  families  within  orders;  (5)  to  help  place 

taxa  that  are  placed  ambiguously  in  existing  clas- ba parsimony  analysis  of  restriction  sites  in  the  cpDNA 

inverted  repeat  (Downie  &  Palmer,  1992).         .... 

The  conceptual  basis  of  our  research  into  the       character  evolution  within  the  A
steridae;  and  (7) 

Phylogeny  of  the  Asteridae  is  to  develop  a  molec-       to  provide  a  basis,  along  with
  a  reassessment  of 

traditional  taxonomic  characters,  for  a  revised  clas- ^;<;«ot;^rt  ^f  tK^  A*stpriHap.  The  nresent  analvffis  will 

focus  on  the  first  two  of  these  goals  and  will  dem- 

ular  data  set  derived  from  cpDNA  sequences  to 

address  questions  relating  to  the  origin  and  diver- 
sification of  the  Asteridae.  To  do  so  requires  sam- 

pling in  sufficient  depth  among  the  entire  higher 

dicots,  as  well  as  including  representative  outgroups  resolving  ambiguously  placed  taxa.  
A  second  anal- 

from  the  "lower'^  dicots  and  monocots  to  root  the  ysis,  currently  underway  with  greater  samphng  in 

resulting  tree.    Parsimony   analysis  of  DNA   se- 

igenies 

quence  data  is  sensitive  to  taxonomic  sampling.  To 

prevent  the  attraction  of  distantly  related  branches 

on  a  parsimony  tree,  adequate  sampling  is  neces- 
•«ry  (see  below).  The  choice  of  the  chloroplast  gene 

the  Asteridae,  emphasizes  familial  and  ordinal  re- 

lationships. Suggestions  fur  taxonomic  revisions  will 

await  its  outcome.  The  value  of  this  ricL-ba-' d 

phylogeny  of  the  Asteridae  for  identifying  family- 

level  sister  groups  to  aid  in  phylogenetic  studies  of 

rbcL  for  our  phylogenetic  analysis  of  the  Asteridae       specific  families  or  orde
rs  is  demonstrated  else- 

^  based  on  prior  studies  (Palmer  et  al.,  1 988;  Soltis 

««  al.,  1990;  Golenberg  et  al.,  1990;  Doebley  et 
fl-.  1990;  Obnstead  et  al.,  1990;  Michaels  et  ah, 

^  prep.;  Kim  et  al.,  1992),  which  have  revealed 

an  appropriate  amount  of  sequence  variability  at 

where  in  this  volume  (Donoghue  el  al.,  1992;  Olm- 

stead &  Palmer,  1992). 

Materials  and  Methods 

^  phylogenetic  level.  Our  analysis  also  benefits  Plant  material  was  either  field-co
Uected  or  ob 

from  the   fact  that   rbcL  is  presently  being  se- 
seed  from  various 

fenced  in  numerous  groups  of  angiospemis,  so  sources  (Table  1).  DNA  was  isolate
d  from  fresh 

t»»«t  representative  sequences  outside  the  Asteridae  leaf  materia]  as^ithcr  l^^al  ceHuW  DNA  foUr.wmg 
*'*  «va'lable  as  outgroups. 

We  undertook  the  study  of  Asteridae  phylogeny 
th 

CTAB  procedure  (Dovl    &  Doyle, 
loronlMt  DNA  (rpDNA) 
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5'  PCR  primer 

3'PCR  primer 

EcoRV Xbal 

102 lOObp 

1274 1434    +103 
Figure  1.  Cloning  and  PCR  amplification  strategy  for  rbcL,  Length  of  the  coding  sequence  (1434  bp)  and  position 

of  the  3'  PCR  primer  (beginning  +103  bp  from  termination  of  coding  region),  shown  here  as  in  Nicotiana  tabacurrif are  variable  among  species  examined. 

by  the  sucrose  gradient  method  (Palmer,  1986).  were  selected  with  inserts  of  approximately  1200 

All  cpDNAs  and  most  total  DNAs  were  further  bp  (EcoRV-Xbal  fragments)  and  300  bp  (Xbal-3' 
purified  by  CsCl/ethidium  bromide  gradient  cen-  PCR  primer  fragments).  Sequencing  was  accom- 

plished using  the  dideoxy  method  with  primers  pro- 
ely  1550  bp  segment  of  double-       vided  by  G.  Zurawski.  For  most  taxa  at  least  two 

trifugation. 

approxuna 

stranded  DNA  containing  the  complete  coding  se-       independent    clones   of  each   fragment  were  se- 

quence for  the  chloroplast  gene  rbcL  was  amplified       quenced  to  minimize  possible  errors  introduced  by 
using   the   Taq   polymerase-mediated   polymerase 
chain  reaction  (PCR).  Two  synthetic  oHgonucleo- 
tides  were  designed  for  use  as  amplification  primers. 

misi 

prune 
positions  of  the  rbcL  coding  sequence  and  is  two- 

fold degenerate  at  position  18  to  account  for  the 

ncorporation  during  PCR.  Estimated  rates  of
 

misincorporation  in  independent  clones  from  the 

same  PCR  reaction  ranged  from  0  to  0.3%.  Thjs 

figure  is  in  accord  with  published  rates  of  PCR 

isincorporation  (Saiki  et  al.,  1988).  Positi
ons  at 

which  misincorporation  was  detected  for  a  s
pecific 

only  difference  between  the  maize   and  tobacco       taxon  were  entered  as  unknown  in  the  seque 

sequences  in  this  region.  The  3'  primer  is  based       for  that  taxon  in  the  phylogenetic  analysis. 
on  a  24  bp  sequence  that  contains  part  of  a  stem- 

A  total  of  1305  bp  of  sequence  was  c
ompared 

beginning  at  position  103  and  ending
  at  position 

sequence  termination  for  rbcL  in  tobacco  (Fig.  1).       1407.  In  the  first  1407  bp  of  sequence,  no  mser- 

iimm 

The  sequence  for  rbch  was  obtained  following 
tions  or  deletions  were  observed  in  any  ol 

was 

cloning  of  the  PCR  product  for  most  of  the  species       sequences   studied.   Alignment   of  sequences 

examined.    However,    the    sequence   for    Cercidi-       done  by  comparison  to  the  sequence  for  mco 

phyllum  japonicum  and  portions  of  several  other       tabacum.  Beyond  position  1407  sequence 

sequences  were  obtained  by  direct  sequencing  of      gence  becomes  great,  and  small  insertions  a 

the  PCR  product  following  amplification  with  one       letions  make  the  alignment  of  homologous  posi 

uncertain.  Additional  sequences  were  obtained  ro^^ 
biotin-labeled  primer  and  strand  separation  on  a 

streptavidin-agarose  column  (Mitchell   &    Merril,       published  and  unpublished  sources  (iabl cloning 

sequences  are  complete  for  the  1305  bp     & 

useofhighly  conserved  EcoRV  and  Xbal  restriction       being  compared  with  the  exception  of     ̂   ' 
sites  (recognition  sites  at  nucleotide  positions  103-       Nuphar,  and  Nymphaea  (1053  bp  each)  an^   ̂^  ̂ 
108  and  1269-1274,  respectively)  and  the  resid- 

ual activity  of  the  thermostable  Taq  polymerase  in       positions  are  variable  and  415  of  these  a 

logeneticafly  informative.  Parsimony  ̂ nalysesj^^ 

anus  (1163  bp).  Of  the  1305  bp  compared,
 

phy 

mixture 

the 

digested  with  the  two  enzymes  for  two  hours  at  performed  using  PAUP  version  3. On  \ 

37**C  and  hgated  into  the  plasmid  cloning  vector  1989)  on  a  Macintosh  Ilfx  computer  "f"^ 

BlueScript  Sk+  (Stratagene,  Inc.),  which  had  been  heuristic  search  option  with  global  branc 

digested  previously  with  EcoRV  to  enable  the  clon-  ping,  MULPARS,  and  ten  replicate  runs  wi 

ing  of  blunt-end  double-stranded  DNA  fragments.  dom  order  of  taxon  entry  to  search  for  the  s        ̂ ^ 
The  residual  Taq  polymerase  activity  and  nucle-  trees.  A  bootstrap  analysis  (Felsenstein- 

fillin 
crude  PCR  prod 

100  replicates  was  performed  using  global 

bran 

ch 

swappmg 

,  MULPARS,  and  the  CLOSEST  ff^^ restriction  site  at  the  same  time  that  the  restriction 

digest  is  occurring.  Following  transformation,  clones       identified  by  the  parsimony  analysis 

of  ch 

sequence  to  assess  the  relative  support  o 
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the  bootstrap  analysis  of  such  a  large  data  set,  the  woody  magnoliids  (Fig.  2)  agrees  with  traditional 

topological  constraint  option  in  PAUP  was  used  to  angiosperm  classification  (Cronquist,  1981)  and  has 

constrain  certain  taxonomic  groupings  that  had  been  suggested  by  Donoghue  &  Doyle  (1989)  on 

been  identified  as  monophyletic  by  preliminary  the  basis  of  a  phylogenetic  analysis  using  conven- 

analyses.  This  approach  effectively  reduces  the  tional  taxonomic  characters.  Rooting  the  rbcL  tree 

number  ofterminaltaxa  in  the  analysis,  while  main-  with  the  Nymphaeales  {Nuphar  and  Nymphaea\ 

taining  all  of  the  sequences,  thereby  enabling  the  as  suggested  by  Hamby  &  Zimmer  (1991)  on  the 

optimal  assessment  of  character  state  transfor-  basis  of  rRNA  sequence  data,  yields  a  tree  (not 

mations  over  the  tree.  Internal  nodes  on  the  tree,  shown)  in  which  monocots  and  the  woody  Mag- 

where  branching  pattern  is  critical  to  the  questions  noliidae  form  a  clade  and  the  remaining  dicots  form 

addressed  by  this  analysis,  were  left  unconstrained.  another.  Using  either  rooting,  the  higher  dicots 

Portions  of  the  tree  that  were  constrained  in  the  form  a  group  corresponding  to  the  "tricolpate" 
bootstrap  analysis  are  indicated  in  Figure  3. 

Results 

clade  of  Donoghue  &  Doyle  (1989). 

Five  major  clades  are  identified  among  the  high- 

er dicots  (Figs.  2,  3).  The  basal  branch  consists  of 

Nelumho  (Magnoliidae)  and  Platanus  (Hamameli- 
Sequences  were  obtained  for  57  taxa  (Table  1),  dae).  The  separation  of  Nelumbo  from  the  rest  of 

including  15  published  sequences,  23  unpublished  the  water  lilies  (e.g.,  Nymphaeales)  has  been  sug- 

sequences  (provided  by  M.  Chase,  D.  Les,  K.  Syts-  gested  by  Donoghue  &  Doyle  (1989)  based  on 

ma,  E.  Golenberg,  H.  Michaels,  J.  Nugent,  J.  Man-  morphology,  and  by  Les  et  al.  (1991)  based  on 

hart  &  D.  Gianassi),  and  19  sequences  generated  rbcL  sequences.  The  remaining  taxa  fall  into  four 

for  this  study.  All  sequences  generated  as  part  of  recognizable  groups,  but  with  only  weak  bootstrap 

this  study  are  deposited  with  Genbank  and  are  support  for  any  specific  branching  order  among 

available  upon  request  from  the  authors  (direct  them  (Figs.  3,  4).  One  group  consists  of  the  Sax- 

requests  to  R.  Olmstead).  Sampling  focused  on  the  ifragaceae  sens,  str.,  represented  by  Heuchera 

Asteridae,  with  additional  sequences  obtained  for  and  Penthorum.  The  majority  rule  consensus  tree 

taxa  selected  because  they  are  putatively  closely  and  bootstrap  analysis  (Fig.  3)  suggest  that  Cor- 

related to  the  Asteridae  and  because  they  fill  gaps       cidiphyllum  falls  within  or  near  this  group.  The 

among  other  dicot  lineages.   Outgroup  sampling most  strongly  supported  group  among  the  higher 

reflects  to  a  great  degree  the  diversity  of  groups       dicots  is  the  Caryophyllidae,  which  occurred  in 

presently  being  examined  for  rbch  sequences. 97%  of  the  bootstrap  replicates  (Fig.  3).  The  re- 

A  Wagner  parsimony  analysis,  in  which  all  in-  maining  taxa  form  two  main  clades,  one  comprising 

ferred  nucleotide  substitutions  are  equally  weight-  most  of  the  representatives  of  the  Rosidae  and 

ed,  yielded  16  minimum  length  trees  of  2,638  steps  Dilleniidae  and  the  other  predominantly  of  Aster- 

and  a  consistency  index  (CI)  of  0.29  (Kluge  &  idae.  A  bootstrap  analysis  (Fig.  3)  provides  relative 

Harris,  1969),  from  which  a  strict  consensus  tree  estimatesof  support  for  the  groupings  in  the  critical 

was  constructed  (Fie.  2).  The  monocots  and  *'low. region  of  the  tree  where  the  higher-dicot  clades er 
dicots  (i.e.,  Magnoliideae  with  nontricolpate       diverge 

pollen)  provide  a  good  selection  of  outgroup  taxa 
with  which  to  root  the  portion  of  the  tree  repre- 

senting the  higher  dicots,  even  though  no  outgroup 

Within  the  asterid  clade,  two  main  lineages  are 

=:hown.  One  includes  the  orders  Centianales,  So- 
Scroi 

I; 

imi- 

for  the  angiosperms  as  a  whole  was  included  in  the      ales,  while  the  other  include,  the  Astrrales,  Cam anal 
ysis. 

and 

The  strict  consensus  tree  (Fig.  2)  is  rooted  ar- Menyanthaceae,    all    Asteridae    sensu    Croinjuist 

^itrarUy  using  the  woody  Magnoliidae  taxa,  Mag-  (1981)  except  the  Apiales  (Rosidae).  Two  smaller 

*^lia  and  Persea,  as  outgroups.  The  tree  shows  clades  are  associated  with  the  Asteridae  
near  the 

Ihree  clusters  of  taxa  among  the  lower  dicots  and  base  of  the  two  main  lineages.  One  of  these  clades 

monocots:  (1)  woody  Magnoliidae  (if  rooted  else-  consists  of  Cornus  and  Carpentena,  and  
the  other 

*Here  among  the  lower  angiosperms,  these  taxa  includes  Fouquieria,    Palrmonium,   and  
  RJiodo- 

form  a  clade),  (2)  monocots,  and  (3)  Nymphaeales  dendron. 

(minus  .\elumbo).  Two  of  these  groups  have  been  In  addition  to  the  analysis  of  57  rbcL  «^quences 

proposed  recently  to  represent  the  basal  branches  (Figs.  2-4),  a  larger  preliminary  analysi
s  of  92 

of  angiosperm  phylogeny  (woody  Magnoliidae—  sequences,  some  of  which  were  mc
omplete  at  the 

^noghue  &  Doyle,  1989;  Nymphaeales— Hamby  lin.c  of  the  analys
is,  wa*  cun.luct--  ' 

*  Zimmer,  1991).  Rooting  the  rbcL  tree  with  the  shown).  Tliis  global  nnaly=.''
  diffrr. 

1 

fightly 
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Figure  2.     Strict  consensus  of  16  minimum  length  Wagner  trees  based  on  rbcL  sequences  (*^"S^    .T ,     o ^jsjdac 
=  0.29).  The  tree  is  arbitrarily  rooted  using  the  woody  Magnoliidae  as  the  outgroup.  Representatives  oi 
(R)  and  Dilleniidae  (D)  are  identified. 
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FIGURE  3.      Results  of  a  bootstrap  analysis.  Branching  order  in  clad
es  distal  to  arrows,  in  the  direction  arrows  are 

Ifi  i^     II  "wisirap  repiicaiefa  suppuru  i^  in  ^u^-s  are  found   n  all  16  trcca.  Reprc  irntatives 
*J>  equally  most  parsimonious  trees  exhibiting  that  branch;  aU  other  cladcs  are  lou

nu  y 
of  the  Rosidae  (R)  and  Dilleniidae  (D)  are  identified. 

M 
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from  the  results  of  the  more  detailed  analysis  of  parsimony  analysis  should  be  sufficient  to  infer 

57  sequences  shown  here.  A  complete  report  in-  relationships. 

eluding  more  detailed  sampling  within  the  Asteridae  Our  approach  was  to  restrict  our  sampling  to 

will  await  completion  of  the  data  acquisition  and  angiosperms  on  the  assumption  that  adequate  lax- 

analysis.  Out  of  the  16  equally  parsimonious  trees  onomic  sampling  within  the  angiosperms  would  on- 
resulting  from  the  present  analysis,  the  one  that  is 

Wag 

in  closest  agreement  with  the  global  analysis  is      better  estimate  of  branching  topology  than  woul.l 

shown  in  Figure  4,  with  the  branch  lengths  pro-      be  produced  when  one  or  mor.^  very  long  outgrou| 

portional  to  the  number  of  nucleotide  substitutions,      branches  were  added.  By  this  npproarh,  the  p^.tfrn 

Discussion 

PHYLOGENETIC  IMPLICATIONS 

of  branching  among  the  higher  di.-ols  should  he 

most  accurately  estimated,  regnnll.-ss  of  lln-  po- 

sition of  the  root  among  the  lower  dicots  or  mono- 

cots.  The  resulting  tree  « ;ni  still  pn.vidc  insiglit 
iTtrrrm 

Our  goals  of  determining  family  and  ordinal-  i     •      r  i         v, 

level  relationships  within  the  Asteridae  depend  in  by  examining  trees  roni.-d  on  ihc 
 La.jb  of  hyputh- 

large  part  on  the  resolution  of  questions  of  higher-  eses  generated  by
  other  lines  of  rv,d.-ncc.  U  the 

level  relationships  and  monophyly  of  the  entire  tree  is  rooted  by  the  br
anch  connecting  the  woody imuiary rec 

tensive  sampling  within  the  Asteridae,  but  with 

limited  outgroup  sampling  (e.g.,  Spinacia,  Ilru- 

chera^  and  Magnolia  alternatively  and  in  combi- 
nation), yielded  contradictory  hypotheses  of  basal 

relationships  within  the  Asteridae.  These  results 

Doyle,  1989),  then  ihe  monocots  and  the  remain
- 

ing dicots  each  form  mdiinphylctic  groupb  (Fig.  2). 

If  the  tree  L.  rooted  by  the  hranrh  ronncctiug  the 

Nymphaeales  to  the  rest  of  the  tree  (Hnmby  & 

imnner 
b,(  1* tdy  maguuliid 

s   dl 
id 

suggested  that  the  origin  and  early  diversification  the  mo
nocots  form  a  cladc  and  th.  rrmamd.-r  of 

of  the  Asteridae  lie  deep  within  the  higher  dicots  the  dicots
  forms  a  cladc  (tree  not  shown).  Neither 

and  that  greater  sampling  among  the  higher  dicots      of  these
  rootings  imply  relationship,  a.nor.g  the 

and  outgroups  in  the  lower  dicots  and  monocots      basal  angi
o^erms  that  arc  m  comp  etc  agreement 

^  with  the  other  hypotheses  of  n-laUwi-hipcitei!.ilK)ve, 

perhaps  l>ecau«''  sampling  among  the  basal  angio- 

sperm  lineages  is  incomphic.  However,  iIm  highc
r- nresc 

be 

phyly 

lineages  of  Asteridae.  Therefore,  it  became 

necessary  to  address  the  question  of  monophyly  of      dirot  clade  ct
iaractenzea  n     u.c  F'-^'-  "'  " 

the  Asteridae  first,  by  sampling  more  broadly  among      colpate  
pdleu,  which  wa.  u^entified  by  Donoghue *!-.  \^^       ̂      ̂ .  ...       ._       j».  n..x1^nOftQ^  iMAUDT>orledbvth«r6cLbcqu*nce 

angiosperms 

relationships  among  famUies  and  orders  within  the      analysis.  U* 

•(    .Ml 

on 

Aaieridae. 
mit 

*^rm 

e  A«tcrid.M'  In  particular,  sampling 

nong  the  bafaal  lineages  b  «por;idic  and  far  Irom 

presenUtive  of  the  imporlanl  hiHtA  angiocprrm her 

angio*       gio^p'^rrrr-  - •perms 

companion 

ba 

be  suHicicnt  to  prm-iH*-  mitgrotip 
;latinn**hip^  auHing  \\w  high- 

re 

remote  nutcroui>  introd 
Cth 

•ystcmat 

l»«nch  attaching  along  a  very  long  ingroup  branch 
(Swofford  &  Oisen,  1990).  Tliis  long  ingroti{»  branch 

Jed  to  the  grasses  PuccineUia  and  Cenckrus  (Fig. 
*>.  an  unlikely  pL, 
■wis  result  suggests 

prrially  within  the  Asteridae. 

Kelation?*hip»  among  th^  h 

di^ot 

IH  bv  th^  rhch  tree 

root  an  anpioHperm 
I 

unexp** _  that  the  much  longer  internode 

di»!anrP5  among  spcd  plant  groups,  relative  to  those 

^thin  the  angiosperms,  may  require  using  some 

form  of  a  priori  weighting  of  rbcL  sequences  am<mg 

pWnt  lineages  (c-g.,  weighting  first  and  !^erond 

*^**<*«  positions  more  than  third  positions  or  weight- 
^  transvrr^u>ns   a\er 

the  more  cloaely  r<  lated  and  m<»rc  dr^ 

related 

\elumbo  and  Platanus.  This 

ring,  but  many  other  pofrn- tAxn  in  thr  Hamamrlirlae  and 

Magnoliidac  arc  not  in<  ludinl  and  both  of  these 

^f^fur*^  arc  mcompletc  {Nelumha  lacks  25
"  * 

bp) 
ace 

pled 
lo*<iir i 

equally  wMphted  Wagner 

mrnt  near  \hr  [•a-'e  of  the  tricolpate  dicots  is  con- 

cictenl  with  Cither  evidr-nrc  (rVmnphti*-  &  Doyle, 

1989). 

Perhaps  the  mo«f  frikmgimplJ'  .turm  nf  ihf^  rbiL 

Xrrr  IS  that  th**  rmijor  high-r  dirot   hn^sg**^  in- 
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eluding  the  Caryophyllidae,  Rosidae/Dilleniidae,  al.  (in  prep.).  Our  results  indicate  that  the  Poly- 

and  the  "advanced*'  subclass  Asteridae,  trace  to  gonaceae  and  Plumbaginaceae  form  a  clade  that 
an  apparent  radiation  point  early  in  the  evolution  is  the  sister  group  to  the  Caryophyllales  as  has 

of  the  higher  dicots.  The  lack  of  resolution  among  been  suggested  by  Rodman  et  al.  (1984).  The 

the  major  higher-dicot  lineages  is  due  to  the  small  Caryophyllidae  are  consistently  supported  by  nu- 

number  of  nucleotide  substitutions  between  branch  merous  synapomorphies  on  all  the  equally  parsi- 
points  relative  to  the  total  length  of  time  since  the  monious  trees  and  are  supported  by  the  highest 

lineages  diverged.  The  observation  of  few  substi-  bootstrap  value  (97%)  of  any  of  the  major  higher- 
tutions  between  branch  points,  combined  with  an  dicot  lineages  identified  by  this  analysis  (Fig.  3). 
assumption  of  relative   constancy  of  substitution The  Dilleniidae  and  Rosidae  form  a  second  major 

rate,  implies  a  rapid  radiation  of  major  higher-dicot  lineage  of  higher  dicots  (with  several  important 

groups.  The  lack  of  resolution  also  stems,  in  part,  exclusions).  The  results  of  this  analysis  suggest  that 

from  homoplasy  at  nucleotide  positions  that  are  neither    subclass,    sensu    Takhtajan   (1980)  and 

informative  regarding  relationships  at  that  level.  Cronquist  (1981),  is  a  monophyletic  group  (Figs. 

There  is  hope  that  sufficient  information  does  exist  2,  3).  In  addition,  representatives  of  each  of  these 

in  the  rbch  sequences  to  offer  greater  resolution  subclasses  occur  in  the  third  major  higher-dicot 

than  this  study  provides,  by  sampling  additional  lineage,  which  consists  primarily  of  the  Astendae, 
taxa  near  the  critical  juncture  of  the  higher-dicot 
radiation  (see  discussion  on  sampling  below). 

and  several  members  of  the  Saxifragaceae  sens, 

lat,  (Rosidae)  form  a  distinct  lineage  at  or  near  the 
Three  major  higher-dicot  lineages  are  identified      base  of  the  higher-dicot  diversification.  The  ten 

which  coincide,  more  or  less,  with  the  taxonomic      taxa  that  form  the  Rosidae /Dilleniidae  clade  in  our 
level  of  subclass  in  the  classifications  of  Cronquist 
( 1 98 1 )  and  Takhtajan  ( 1 980).  In  addition,  a  fourth analysis  are  a  dramatic  underrepresentation  of  the 

diversity  in  these  two  subclasses.  However,  the 
smaller  group  is  identified  comprising  several  mem-  existence  of  this  clade,  as  well  as  the  lack  ol  any 

bers  of  the  Saxifragaceae  sens.  str.  (Rosidae)  and  clear  distinction  between  the  representatives  of  these 

Cercidiphyllum   (Hamamelidae).   The   Saxifraga-  two  subclasses  in  the  rbch  tree,  is  supported    y 

ceae  sens.  lat.  were  the  subject  of  a  recent  rbcL  preliminary  evidence  from  other  workers  sequen  • 
sequence  analysis  (Soltis  et  al.,  1990),  in  which  it 

mg 

rbch  in  the  Rosidae  and  Dilleniidae  (M.  Chase
 

was  concluded  that  the  traditional,  broadly  defined      pers.  comm.;  R.  Price,  pers.  comm.). 
Saxifragaceae  are  a  heterogeneous  group  of  more 

The  third  major  clade  of  higher  dicots  is 

the 

or  less  distantly  related  taxa.  However,  the  re-  Asteridae  sensu  lato,  which  include  several 

stricted  sampling  of  that  study  (see  discussion  be-  traditionally  placed  in  the  Rosidae  or  '^^'^^^j  J 
low)  limited  its  abihty  to  interpret  which  taxa  belong 
together  in  a  more  narrowly  defined  Saxifragaceae. 

By  including  representatives  of  the  Soltis  et  al. 

(1990)  study  in  the  larger  analysis  reported  here, 
Saxifragaceae  sens.  str.  represented  by  Heuchera 
and  Penthoriim  (Fig.  2),  along  with  Astilbe  and 

Two  minor  clades  at  the  base  of  t
he  Astendae 

{Cornus  and  Carpenteria  in  one,  
and  Rhododrn- 

dron,  Fouquieria,  and  Polemoniuni  in  the  olhe
^ 

are  unresolved  with  respect  to  the  divergen
ce 

the  two  main  lineages  of  Asteridae.  The  pn-' 

of  these  two  clades  reflects  a  grade  in  the
  evoluti 

ifragaceae,  either  as  separate  lineages  connected 

at  the  same  unresolved  node  on  the  main  higher- 
dicot  lineage  (Fig.  2)  or  together  as  a  clade  (Figs. 

3,  4),  suggests  an  association  between  the  woody 
Hamamelidae   (e.g.,    Cercidiphyllum)   and   basal 

/:ro  (results  not  shown),  are  identified.  The  asso-       of  the  Asteridae  recognized  by  many  previou 

ciation  of  Cercidiphyllum  with  this  group  of  Sax-       ments  (ahhough  evidence   from  the  prelini  ̂ ^ 

analysis  with  more  taxa  suggests  that  one  °[* 
small  groups,  Cornus  and  Carpenteria,  "^f^  ̂  gg,) 

with  the  Dipsacales  and  Asterales).  Cronquist  (1^^ 

and  Takhtajan  (1980)  recognized  a  "^rrowl) 

,-„.      ,    ,             fined  Cornales,  placed  in  the  Rosidae,  but  sugges^ 
Rosidae  (e.g.,  Saxifragaceae).  This  association  may      that  the  Asteridae  may  have  arisen  from 

nalean  ancestor  or  share  a  close  common  anc    ̂  

with  the  Comales.  Thorne  (1983)  and  I^*^^ 

,.   ^   „„.      (1980)  recognized  the  more  inclusive  ̂ "P*'^^^ J 
The  Caryophyllidae,  including  Polygonaceae  and      Corniflorae,  comprising  the  Comales  and  y^_^ 

calM,  and  including  either  the  Apialea  I  ̂^ 

1983)  or  the  Ericales  and  Fouquieriaccae  (l^ 

gren,  1 980).  In  both  of  their  treatments  this  g
W 

"advancemen
t 

be  a  key  to  understanding  higher-dicot  diversifi- 
cation, but  much  greater  sampling  of  taxa  in  these 

groups  is  needed  before  a  clear  picture  can  emerge. 
tr^ 

PKimbaginaceae,  appear  as  a  strongl)  .-npported, 
monophyletic  group,  whose  circumscription  in  tra- 

ditional classiHcations  coincides  completely  with  tlie 
molttular  evidence  presented  here  and  in  the  more 
detailed  analysis  of  th«  Caryophyllales  of  Rcttig  et 18  placed  in  a  position  of  Ic—'^r 

relative  to  the  rei»t  of  llic  or<lers  of  ihe  Ast*' 
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None  of  the  above-mentioned  recent  treatments  of  ulariales/Lamiales  rather  than  with  the  Solanales. 

angiosperm  classification  place  the  Polemoniaceae  More  extensive  taxonomic  sampling  and  more  phy- 
with  the  Ericaceae  and  Fouquieriaceae,  although  logenetically  informative  data  may  be  necessary  to 

Thome  (1983)  placed  the  Fouquieriaceae  near  the  resolve  ordinal  relationships  within  this  lineage. 
Polemoniaceae  and  each  of  the  other  treatments The   second   primary  lineage  of  Asteridae   to 

cited  above  have  placed  the  Fouquieriaceae  near  emerge  from  the  early  diversification  of  the  sub- 
the  Ericaceae.  It  is  clear  from  the  r6cL  tree  that  class  corresponds  closely  to  the  Asteridae  sensu 

the  Cornales,  Ericales,  and  Fouquieriaceae  arose  stricto  of  Takhtajan  (1987),  but  with  the  inclusion 

at  an  early  period  in  the  diversification  that  gave  of  the  Apiales.  The  bootstrap  value  of  61%  (Fig. 

Cronquist  (1981),  after  3)  indicates  moderate  support  for  this  cla<lc  and 
rise  to  the  Asteridae 

the  separation  of  the  entire  lineage  from  the  one       reflects  some  support  in  the  data  for  irulusion  of 
leading  to  most  other  Rosidae  and  Dilleniidae.  Ad-      the  Cornales.  Two  cladcs  arc  recognized  within  this 

ales 
»sac 

ditional  molecular  support  for  the  inclusion  of  these  lineage,  one  comprisinp  the  Aplaleb  and  Di| 

two  lineages  in  the  Asteridae  sens.  lat.  comes  from  and  the  other  compiiMUg  representatives  of  the 

the  analysis  ofrestrlction  site  mapping  of  the  cpDNA  Asterales,  Campanulalcs,  Coodenlales,  and  Meny- 

inverted  repeat  (Downie   &   Palmer,    1992)  and  anthaceae  {J'iffarsia).  The  close  molecular  asso- 
fiirther  taxonomic  sampling  of  rbcL  sequences  in  ciallun  between  the  Apiales  and  the  Dip.^acalcs  was 
the  Ericales  and  related  taxa  (K.  Kron  &  M.  Chase,  predicted  only  by  the  classification  of  TTiorne  (1983) 

p^rs.  comm.).  among  recent  angiosperm  classifications,  although 

Two  primary  lineages  emerge  from  the  unre-  a  similarity  in  secondary  tlirrriistry  lt<Mw<><'n  tlte 

Milved  basal  portion  of  the  Asteridae.  One  corre-  Apiales  and  A^^terales  also  has  been  noted  (Ib'g- 

spondb  to  Takhtajan's  (1987)  subclass  Lamiidae,  nauer,  1977).  The  placement  of  an  order  of  Robi- 

'hiding  the  orders  Gentianales,  Lamiales,  Scroph-  dae  (i.e.,  Apiales)  sensu  Cronquist  (1 98 1 )  well  within 

ulariales,  Solanales,  and  Boraginales.  This  lineage  the  Asteridae  will  surprise  many  observers,  Ncv- 

ia  one  of  the  most  strongly  supported  clades  in  the  ertheless,  a  bootstrap  value  of  797o  (Fig.  3)  shows 

higher  dicots  with  a  bootstrap  value  of  9  171  (Fig.  relatively  strong  support  for  a  sister-group  rela- 

3)  and  is  identified  in  the  study  of  Downie  &  Palmer  tlonship  between  the  Apiales  and  Dipsacales.  This 

(1992).  Four  of  these  orders,  Gentianales,  Lami-  relationship  is  supported  alM»  by  the  work  of  Downie 

ales,  Solanales,    and    Boraginales,    appear   to  be  &  Palmer  (1992)  and  of  Hnmby  &  Zimmer  (pcrs. 

monophyletic  groups  based  on  the  limited  sampling  comm.)  ucfng  rRNA  -*  -juences.  In  the  Dipsacah- «. 

presented  here.  This  tentative  conclusion  is  sup-  the  Caprifoliaceae  sens.  lat.  (represented  by    Vi- 

ported  by  a  preliminary  analysis  of  a  larger  number  hurnum  and  Sympfwricarfios)  appear  to  form  a 

^f  taxa  within  this  clade  (results  not  shown).  The  paraph)4etic  group  from  whirh  the  Va!eriana< .  ̂ e 

Umiales  form    a   monophyletic   group   with   the  and   Dipsaraceae  arr  derived.   Wagenitz  (1992) 

Scrophulariales  as  suggested  by  Wagenitz  (1992)  i<h'utifie«  the  Dlp^at  ali^  and  the  diupanulaW/ 

»nd  are  not  close  to  the  Boraginaceae,  in  agreement  Asterales  (including  Crwl. maceae)  aa  **g<MMl  cnn- 

^^ith  Cantinn  (1982).  The  Oleaceae,  represented  Jidates"  for  monophylctir  groups,  and  the  rhrl. 

in  this  study  by  Ligustrurn,  have  been  placed  al.  nnnlysia  provirl*-^  ncMirional  support  for  hi«  view. 

t^^rnaicl)   with  the  Gentianales  (Dahlgren,   1980;  Mure  detaiM  annlytea  of  both  of  ih^cr  mnnnphy- 

Takhtajan,  1987)  an<!  the  Scrophularin!r*8  (Cron-  tetic  gruup«  b.^l  <m  rh*  b  data  arc  rrporlrj  else* 

quist,  1981)  and  are  identified  as  one  of  several  where  ((:ampanul.^!e»/Asll•^alr^~^tirhfl•^$  et  al.. 

famiUca  of  qurstionablr  placement  in  the  \Mrridae 
bv  Wagenitz  (1992).  This  study  suggeM<*  that  the Oleaceae 

in  prep.;  Dif  acah--      Dnnnphuf  ct  al.,  r>92). Dir    pi 
t  of  the   Mrnyantb in   th e 

repi     f-nt  a  basal  branch  of  the  rhA^,  Campamjl.iIr^VA»leralrs  cladr  i«  an  umntirip.itrd 

fading  to  the  Scrophulariales  and  Limialcs.  rc^'dt,  but  onr  that  iHu-tratefi  a    trrnglh  of  moLu- 

Although  groups  corresponding  to  orders  can  be  ular  approach*^  to  phytogeny  r 

•d^^nlifJed  within  this  primary  lineage,  relalion-hips  Menyantharrac  have  been  plar^fl  alternately  in 

these  groups  remain  unclear.  The  a=M>ci-  the  Gentianales  (c^.,  Takhujan,  IQ87)  and  5vi. 

Iru*  tiou.  Tl»e 

t   I 

•tion  of  ihe  LamiaW  with  the  Scrophulariales  «p-      l^na!'^    (e.g.,  CronquiM,  1 98 1),  hut  Rohm  et  al. 

'   <   ( 

to  be  well  supported,  but  the  suggested  re 
ip  betvk*»n  the  Sola  nalea  and  llip  [Joraemal 

(1986)  roiild  not  find  support  for  either  plarrm^nt 

on  the  ba«i»  of  flav 
daU.  P'JIard  &   Atnuli I 

^■*»eakly  wpport^d  by  the  bootstrap  analyMs  (Fig.  (1981)  rrmgnired  a  MmHariiy  l^tween  ih*-  S^^j. 

3).  In  thn  preliminary  analy.i^  of  92  aequmr^  anihar#^ae  and  the  Camp.inul..lefi/A*Tern!     on  the 

(fiot  .hnwn).  including  gr.  at.  r  aampHng  wittun  thi-  h.^m  of  a  prinuiry  rrUanrm  mi  irniltn  aii  a  alorage 

^'^M'  «hi:  lioraginalr.  rnmr  out  %%ith  the  Scroph-  compound,  Inii  al  ̂  mm  LmW  ̂ h^  mwe  rfijitantly 
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related  families  (e.g.,  Boraginaceae).  Considering  acterized   by   the   presence   of  tricolpate  pollen. 

these  conflicting  hypotheses,  it  is  not  surprising  Whereas  our  sampling  is  more  representative  of 

that  Wagenitz  (1992)  considers  the  placement  of  the  higher  dicots  and  that  of  Donoghue  &  Doyle 

the  Menyanthaceae  to  be  "still  controversial."  The  is  more  representative   of  the  lower  dicots  and 

r6cL  sequence  data  place  the  Menyanthaceae  (rep-  monocots,  it  is  heartening  to  observe  the  concor- 

resented  here  by  Villarsia)  squarely  in  the  Cam-  dance  in  results  at  the  point  where  the  two  studies 

panulales/Asterales  clade,  a  placement  confirmed  converge. 

by  sequencing  a  second  member  of  the  family.  Among  the  higher,  tricolpate  dicots,  evolution 

Menyanthes  (unpubUshed  data)  and  by  the  cpDNA  of  floral  morphology  has  proceeded  from  ancestors 

restriction  site  analysis  of  Downie  &  Palmer  (1992).  with  numerous  parts  spiraUy  arranged  to  a  reduced, 

Another  controversially  placed  taxon  included  fixed  number  of  floral  segments  arranged  in  whorl. 

in  this  analysis  is  the  aquatic  plant  Callitriche.  The  evolution  of  whorled  floral  appendages  has 

With  its  very  reduced  flowers  and  modifications  probably  occurred  more  than  once  In  dicots  and 
associated  with  the  aquatic  habit,  Callitriche  has 

ainly 

been  assigned  to  a  position,  based  on  gynoecial  and  cots,  but  our  analysis  of  rhcL  sequence  data  sug- 

gests that  a  single  origin  of  this  floral  arrangement 

may  be  sufiicient  to  explain  its  presence  in  the 

embryological  characters,  in  or  near  the  Lamiales 

in  most  recent  treatments  (Dahlgren,  1980;  Thorne, 

1983;  Takhtajan,  1987;  but  see  Cronquist,  1981).  major  groups  of  higher  dicots  (e.g.,  CaryophyUidae, 

The  analysis  of  r6cL  sequence  data  suggests  that  Dilleniidae,  Rosidae,  Asteridae).  More  extensive 

Callitriche  belongs  in  the  Scrophulariales/Lami-  sampling  of  cpDNA  sequences  among  the  early 

ales  clade,  but  more  closely  related  to  the  Scrophu-       tricolpate  dicot  lineages  (e.g.,  Ranunculales,  Ham  • 

melidales)  wfll  be  needed  to  determine  whethe
r  a 

lariaceae  than  to  the  Lamiales. 

The  uncertain  placement  of  some  taxa  in  clas-       single  origin  is,  in  reality,  sufficient  to  expia 

distribution  of  this  character  among  the  hi
gher dicots. 

The  lack  of  resolution  of  relationships  
among 

the  major  lineages  of  higher  dicots  suggests  th^ 

the  origin  and  divergence  of  these  grou
ps  occurred 

close  together  in  time  and  probably  s
oon  after  the 

sifications  based  on  conventional  sources  of  data 

(e.g.,  morphology,  anatomy,  and  secondary  chem- 
istry) is  often  the  result  of  divergent  evolution  in 

these  characters.  This  obscures  relationships  be- 
cause derived  characters  shared  between  close  rel- 

atives may  no  longer  be  apparent.  In  these  cir- 

cumstances cpDNA  sequence  data  may  have  their      evolution  of  whorled  floral  appendages 

greatest  Influence  on  classifications,  because  the       with  all  parts  in  whorls  are  known  by  trie 

stochastic    nature    of   nucleotide    substitutions    in       manian  age,  approximately  95  million  ye 

cpDNA  is  not  expected  to  be  coupled  with  diff'ering      (Friis  &  Crepet,  1987).  By  the  middle  Late    re^ 
rates    of    evolution    of    conventional    characters.       taceous  (Santonian-Campanian),  whorie 

pel
s''

 

Flowers 

Therefore,  taxa  ambiguously  placed  in  traditional 

with  the  perianth  and  androecium classifications  should  resolve  on  an  rhch  tree  as  of  five,  and  gynoecium  of  two  or  three  - 

confidently  as  any  other  taxa.  This  does  not  imply  were  dominant  (Friis  &  Crepet,  19o  I)  an 

that  cpDNA  sequence  divergence  cannot  be  un-  sympetalous  flowers  are  known  (Iras,  ̂          * 
predictably  variable  and  that  this  variability  cannot  fossil  record,  notoriously  incomplete  wne 

introduce  error  or  uncertainty  into  phylogenetic  to  flowers,  is  entirely  consistent  with  a 

analysis  of  cpDNA  sequence  data  (Doebley  et  al.,  multaneous  (in  geologic  terms)  origin  oi 
1990;  Swofford  &  Olsen,  1990) 

higher-dicot  groups.  Even  though  no  foss
Qs  ol affin 

are our 

FLORAL  EVOLUTION  AND  THE  FOSSIL  RECORD 

The  reconstruction  of  a  framework  phylogeny 

of  the  higher  dicots,  the  identification  of  a  mono- 
phyletic  Asteridae  sens,  lat.,  and  the  delineation  of 

primary  lines  of  descent  within  the  Asteridae  enable 

one  to  begin  to  evaluate  hypotheses  of  character 
evolution  within  the  higher  dicots  and  Asteridae. 

The  results  of  our  rtcL  sequence  analysis  concur 

with  the  phylogenetic  analysis  based  on  conven- 
tional characters  by  Donoghue  &  Doyle  (1989)  in 

the  identification  of  a  clade  of  higher  dicots  char- 

known  untQ  the  Tertiary,  one  impiicdu-.^       ̂  

phylogenetic  analysis  is  that  the  ori
gin  of  t  e 

teridae  sens.  lat.  was  close  in  time  to  the  app^^ 

ance  of  other  higher-dicot  groups  in  the  La  e
 

.   /T^„,.i.  jp.  r^   u.,^    1  Qfi6:  Hennig,  1^^  * 
assign 

lhee« 

tant  genus  Cornus  (E.  M.  Friis,  ""P^^^'^^"  f^jts 

cited  in  Eyde,  1988)  and  fossB  flowers  ̂
"^ 

referable  to  the  Ericales  (Friis,  1985)  are  k^^ 

from  the  Late  Cretaceous.  Both  of  ̂^^^^^^^^. 

belong  to  orders,  Comales  and  Ericales.     ̂ ^ 
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the  Asteridae  sensu  lato.  Therefore,  claims  that  fore  subsequent  floral  evolution  acted  to  constrain 

fossOs  of  asterid  affinity  do  not  appear  until  the  the  development  of  the  perianth  to  be  obligately 
Tertiary  (Mueller,  1981;  Cronquist,  1981)  reflect  fused  (Donoghue,  1989).  Some  recent  evidence 

our  misconception  of  asterid  affinity  rather  than  a  from  studies  of  corolla  development  in  the  Aster- 
lack  of  fossil  evidence.  idae  and  the  Apiales  (Erbar,  1988,  1991)  is  con- 

The  identification  of  a  clade  comprising  the  As-  sistent  with  the  hypothesis  presented  here  that  the 

teridae  sens.  lat.  that  originated  early  in  the  di-  polypetalous  condition  in  the  Apiales  may  represent 
versification  of  the  higher  dicots  and  which  is  char-  a  reversal  from  an  ancestral  sympetalous  stale, 
acterized  (in  large  part)  by  the  fusion  of  perianth  Erbar  (1991)  identified  two  developmental  patterns 

parts  suggests  that  the  innovation  of  perianth  fusion  leading  to  sympetaly  in  the  Ableridae.  In  early 

occurred  soon  after  the  evolution  of  whorled  floral  sympetaly  the  corolla  is  initiated  as  a  ring  frujn 

appendages.  This  implication  of  our  analysis  may  which  petal  lobes  later  develop,  whereas  in  late 

seem  strikingly  at  odds  with  the  traditional  concept  sympetaly  the  corolla  is  initialed  as  dislirnl  prtals, 

of  floral  evolution,  namely,  many,  spirally  arranged  which  fuse  later  in  development.  Corolla  i?  of  the 

parts  to  few,  whorled  parts  to  fused  parts,  with  a  late  type  in  the  families  of  ihc  Lamlidac  and  the 

phylogenetic  diversification  at  each  stage.  How-  early  type  in  the  orders  Asteralcs  sens,  lat,  nnd 

ever,  there  is  no  contradiction  with  this  traditional  Dipsacales.  Corolla  development  in  the  Aplules  is 

concept  of  floral  evolution;  the  only  diff*erence  is  initiated  as  a  ring,  as  in  the  Dipsacales  and  Aster- 
that  the  transition  from  the  second  to  the  third  ales,  but  its  development  ceases  when  petal  lobes 

stages  occurred  in  rapid  succession  and  that  the  are  initiated,  resulting  in  a  corolla  of  apparently 

phylogenetic  radiation  within  each  of  these  two  free  petals  (a  correlation  between  ring  formation ifi 
and  inferior  ovary  may  present  an  alternate  ex- 

The  interpretation  of  floral  evolution  within  the       planation,  L.  Iluff'ord,  pers.  comm.).  Comparable 
Asteridae  sens.  lat.  poses  interesting  hypotheses       observations  on  corolla  development  in  the  Cor- 

concerning  the  evolution  of  perianth  fusion.  If  the       nales  is  unavailable, 

two  lineages  that  do  not  exhibit  perianth  fusion 
{Cornus/Carpenteria  and  Hedera/ Coriandrum) 
represent  the  retention  of  the  ancestral  state  of SAMPLING 

freefloralparts,  then  the  fusion  of  floral  parts  must  Sampling  is  a  critical  issue  that  often  is  given 

have  occurred  at  least  three  times  during  the  evo-  insufficient    attention    in    molecular    phylogenetic 

lution  of  the  Asteridae  sens,  lat.:  (1)  Dipsacales,  studies.  Sampling  can  afi'ect  both  the  resohition  of 
(2)  Asterales/Campanulales,  and  (3)  a  clade  com-  a  phylogenetic  analysis  and  the  effectiveness  of 

prising  the   ericalean   group   and    the   Lamiales/  statistical  evaluation  of  the  results  (e.g.,  I  mm  ►!  strap 

Scrophulariales/Gentianales/Boraginales/Solana-  analysis).  Both  the  number  of  characters  (e.g.,  nu- 

'es  (evidence    from   phylogenetic    studies   in   the 
Mcales  suggests  a  separate  origin  of  perianth  fu- 

sion in  that  order  (Kron  &  Chase,  pers.  comm.)). 
Alternatively,  if  a  single  origin  of  perianth  fusion 

number 

infl 

ceive  the  i««ne  of  taxonomic  bampling  to  Lc  the 

occ 
be 

•ens.  1 
Oftary 

often  will  result  in  a  lack  ol 

incorrect  topology,  wherea 
fR 

belong 
taxonomic 
rv.  This  is 

f^*r^acalc„,  Apiales,  Campamilales,  and  Asterales, or  only  one  reversal,  if  the  Cornales  belong  at  the 
un< 

base substitution  exist  within  a  clade  or  when 
r«f  aiiKatitiition  in  the  seuuences  beiiu:  ( 

g'^ment,  in  which  reversals  and  parallel  evolution       high  relative  to  the  phylogcnPlir  df«^tance  Let 
are  CquaDy  likelv.  would  favor  a  single  origin  of      sampled  laxa  (Febcnstein.  1978;  Swofrord  t 

PCnanth  fusion  in  the  Asteridae  sens.  lat.  By  im- 

plication, the  Apiales  and  possibly  the  Cornales 
*ouId  represent  groups  in  which  the  existence  of 
•  free  perianth  is  derived  from  an  ancestrally  fused 
Perianth.  It  is  noteworthy  that  the  only  putative 
^ascs  of  reversal  in  perianth  fu^^ion  (e-g-,  Cornales 
■^d  Apialcii)  are  postulated  lo  have  occnxreA  car 

pled  laxa  (Febcn 
en,  1990).  In  a  parsimony  z 

ampling  of  taxa  within  a  clade 
ffect  as  unequal  ratrc  among 

1  &  Ob 

cvfise,  too 
tH.  ran  have  th^  **ffect 

the  effective 

jence  hHng  compared  (i.e.,  fttib^tilutions  p«*r 

be-      inlcrnode  length  on  a  rladogram),  SwofTord  &  Ol- 
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rately  as  studies  involving  a  greater  sampling  within 

the  same  taxonomic  class.  To  illustrate  this  point, 

we  offer  two  examples  of  studies  involving  small 
numbers  of  taxa  drawn  from  the  same  taxonomic 

distribution  as  our  analysis  of  57  taxa  reported 

here.  First,  anecdotal  evidence  from  our  analysb 

of  r6cL  sequences  comes  from  the  behavior  of  the 

sequence  for  Spinacia.  In  preliminary  analyses 

with  varying  sets  of  taxa,  but  with  no  other  mem- 
bers of  the  Caryophyllidae  included,  the  sequence 

for  Spinacia  came  out  either  within  the  Asteridac, 

within  the  Rosidae,  or  on  a  branch  by  itself  at  the 

FiniiRE  5.  A  comparison  of  the  results  of  Soltis  et  al.  base  of  the  higher-dicot  radiation.  Only  with  thf 

(1990)  and  this  study  for  taxa  shared  between  the  two      inclusion  of  other  sequences  from  the  Caryophyl- 
'^^^'^^-  lidae  (provided  by   D.   Giannasi,  J.   Rcitig  &  J. 

Manhart)  did  the  position  of  Spinacia  and  the  reM 
sen   (1990:    497)   recommended   that   taxonomic      of  the  Caryophyllidae  consistently  come  out  near 

Heuchera 

Ilea 

Pen  thorum 

Carpenter  la 

N1  cot  I  ana 

Parnassia 

Brexia 

Pisum 

Zea /grasses 

Soltis  et  al.  (1990) this  study 

sampling  be  carried  out  "so  as  to  divide  long  the  base  of  the  higher-dicot  radiation  (Fig.  2),  re- 

branches reasonably  evenly"  and  go  on  to  point  gardless  of  which  other  taxa  representing  other 

out  that  'Mong  branches  (sparse  regions)  within  the  clades  were  included  in  the  analysis. 
mgroup  can  contribute  to  systematic  errors/*  be-  Soltis  et  al.  (1990)  employed  rtcL  sequence dtU 

cause  in  a  parsimony  analysis,  "multiple  substi-  to  address  the  question  of  phylogenetic  relaii*>n- 

tutions  are  more  easily  detected  in  dense[ly  sam-  ships  within  the  Saxifragaceae  sens.  lat.  and  to 

pled]  regions."  determine  if  they  represent  an  assemblage  of  rcl- 

Although   increasing   the   taxonomic   sampling  atively  unrelated  taxa.  In  addition  to  eight  mem 

density  has  the  beneficial  consequence  of  increasing  of  the  Saxifragaceae  sens,  lat.,  three  other  dive 

the  effrrtiveness  of  a  parsimony  analysis,  it  also  angiosperms,  Nicotiana  (Asteridae),  I  isum  in 

has  the  paradoxical  effect  of  reducing  the  apparent  dae),  and  Zea  (monocot),  were  included  in  tnei 
support  for  the  resulting  tree  by  the  most  com- 

monly used  means  of  evaluating  tree  branching 
ems»  the  bootst 

analysis.  Our  analysis  included  five  of  ̂heir  
se- 

quences  from  the  Saxifragaceae  sens.  lat.  «« 

as  Nicotiana,  Medicago  (a  close  relative  of  /
'• 

comm.).  The  bootstrap  approach  provides  a  quan-      5wm),  and  two  grass  species  in  the  same  lamuy 
tilative  value  for  the  occurrence  of  specific  clades 
given  the  available  data.  Low  bootsrap  values  can 
occur 

homoplasy  exist  in  the  data,  making  alternative 

grovi[)iiigs  of  taxa  nearly  equally  likely;  and  (2) 
when  there  are  few  characters  to  support  each 
branch  point.  Increasing  the  number  of  taxa  with- 

her 

crease 

lerson  &  DohmI 

Zea  (a  sixth  member  of  the  Saxifragaceaejcn*. 
lat.  and  Pisum  were  also  included  in  our  prefw^ 

nary  analysis  of  92  taxa).  The  topologies  for  thj^ 

comparable  portions  of  the  tree  from  Soltis 

(1990)  and  from  our  analysis  differ  primarily
  m 

the  placement  of  the  root  (Fig.  5).  In  o
ur  vir*, 

the  tree  of  Soltis  et  al.  ( 1 990)  is  rooted  artifac*"*^^'' 
by  the  attraction  of  two  long-branch  lineagci. 

5am  and  Zea.  The  resulting  tree,  otherwise  lof
j^ 

with  our  tree,  impli^P"*^^^*
^ 

logically  congruent 
by  splitting  branches,  will  reduce  the  number  of 

characters  supporting  each  branch  pouU,  thcrr!>y 

lationJ^hip* 

erroneous    conclusions    concerning    re 

within  the  Saxifragaceae  sens.  lat.  and  *"^'^''*|r^ 
reduring  the  bootstrap  values  on  the  resulting  tree,      tion  within  the  higher  dicots.  The  aourf*  n  ilie 
Other  meth(Kls  of  evaluating  tree;-  in  a  parsimony      apparent  error  in  their  tree  ̂ tem*^  from. 

analv^is,  including  decay  analysis  and  comparing      coincidence  of  including  members  of  th**     .^^.^^ 
the  distribution  of  all  possible  trees  (Do 

red 

impo^ble,  by  increasing  the  numbe 
eluded  in  an  analysis. 

{Pisum)  and  Poaceac  {Zeal  both  fast-rate  h 

for  rbcL  sequence  evolution  (note  long  ̂ '^^^''^j^ 

in  Fig.  4);  and  (2)  rooting  their  analy^.  u»«< 

remote  outgroup  Zea^  which  has  been  *^hoi
*ti concern 

di her 

vergukg  a 

j.w«^  *.w*.,  -..«^-    «Mf*d  •• 

I  a  fa^t  rale  even  when  comp*'^ of  tnxn  dra^^T^  from  a  large  and  hftrro-      other  gra^  •  -  (Doebley  et  a!.,   1990)-    1^'*         , 

gencuus  taxonomu'  cla--^   may  show   support   tor      meant  as  a  criticism  uf  the  study  of  S>^^*        ̂  
►jml

 

w^ yloge (1990),  whirh  was  nnr  of  the  first  to  »*• 
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I 

SUMMARY  AND  PROSPECT 

sequences  In  a  phylogenetic  analysis,  but  rather  as       such  as  rbch  has  a  lower  limit  of  effective  resolution 

an  example  to  illustrate  the  potential  pitfall  of  in-       in  phylogenetic  iludi**^  (Doebley  el  al.,  1990;  Kirj 
adequate  taxonomic  sampling.  et  al.,  1992).  Many  prohlems  within  orders,  fam- 

ilies, or  even  large  genera  may  he  addrassed  more 

effectively  by  applying  tin*  technique?  used  in  cur- 
rent rbcL  studies  to  more  rapidly  evolving  chio- 

It  is  remarkable  how  many  rtcL  sequences  have  ropla.st  gein^s,  as  well  as  by  cnuilruiifig  tlic  jiuw 
I)een  acquired  in  the  short  time  since  the  gene  was  widely  used  appronrh  of  rpDN  A  restriction  Mtc 

first  suggested  for  use  in  phylogenetic  studies  (Zu-       analysis.  The  former  ;ipproa<h  is  rurreully  undc  r- 

Ritland  &  Clegg,  1987;      way  in  studies  of  the  A^lernrrnr  (R.  Jnn^m,  pers. 

Palmer  et  ah,  1988).  Several  recent  studies  (Go-       conun.),  Polcuionla<*eac  (K.  Steele.  p4*r>.  cumru.), 

Ienl)erg  et  ah,  1990;  Soltis  et  ah,  1990;  Doebley      and   llie  Lamiiil»VScn»]>Iiularinles  (H.   Olmsirad, 

raws 

Le 
unpublished).  (2)  Trublcui^  of  ancient  radialiuiis 

1991;  Donoghue  et  ah,  1992;  Kim  et  ah,  1992)      (e.g.,  the  highcr-dicot   tadlaliiui  discu.--'-d  aUne) 

additional  studies  currently  in  piugn'ss  (D.      may  remain  unresolved  wiih  rhrl.  aequr^nrrs  ajid 

Ciaiiriasi,  pers.  comm.;  J.   Rettig  &   J.  Manharl,       ̂ ^'1I  require  additional  data,  perluipa  3-5  tiuiuft  as 

i"'-^-  romm-;  D,  Clark,  pers.  conun.;  M.  HiabC,      much  rpDNA  sequence  to  *ichieve  reM.luiinn.  (.'?) 
Tt  sIhiuM  be  noted  that  data  from  rbcL  Sf'qucnccii test 

t  m 

the  application  of  ricL  sequences  to  phylogenetic      are  all  <lrrivrd  from  n  •ingle  gene  nnd  m.iy  1« 

survey  i>f  re-      i>ul)joct  to  unknown  ev4>lutionary  cnnvirainls.  Phy recent 
•earc 

0  by  J,  Palmer)  logenrtic    reconsiru*  ilons   drrlxfMl    ind('{><iidently 

revealed  that  over  200  rbcL  genes  had  In-rri  se*  from  chloropb'^t  gene^  of  ddTiring  funetinn*  (i.e., 

published,  that  gen^  uut  Involved  in  photosynth«*^i-)  or  froui  nu- 

sed.  Muchcred-  tochondrial  or  nuclear  gen<-  (i\g.,  rDNA  gen*^) 

I.  Zurawski  for  need  to  be  conducted  on  the  same  taxa  to  confirm 

II  interebtcd  re*  resulis  and  to  !'•«!  i1m-  imJcrlymg  ahsumplion  thai 

quene»*d 
numbe 

ed  to  the  generosity ividing 

irchers  and  to  the^open  exchange  of  informatli^n       the  nucleotide  Mih^titution*.  '^ampfefl  from  .m.-  gene 
techniques  and  ofseauences  among  researchers.      rcprcacnl  a  randum  sample.  Overall,  ihi-  prospect 

The  prospect  in  the  near fs  bright  that  ̂ ignifie?tnt  advance  in  wir  nnd'-r- 

•ive  antnospermphylogeny  based  on /^Z/rLsequenc-      6lan<!mg  of  plant  h^Mematn  -  will  U-  forthcoming 
from  contiruied  Rtudi<  -   of  thK^n^plasI   and  other «•  IS  great. 

The  Asteridae  seite,  lat.  have  been  the  foe 

w  moat  extensive  sampling  for  rbcL  ?equenre« 
DNA  >equrncea. 

^th  more  than  40  families  and  over  100  :>ucci«i      Umurrfvc;  Cm r> 
•^plcd  (Mirhaels  et  ah.  in  nreo.:  01m this 

Don 
1992;  K.  Kr 

I'M 

lase 

provide 
mm.;  D.  SoltLs,  pers.  conun.).  The 

•Wfucn/**-  dau  can  addi 
•  variety  of  levels,  from 
ttlononb   V  ».^     k'   t   I. 

quest 
(  M ip,  the  /Uu^ 

*^'^u  lato  (ilus  study),  to  the  rin  urascnpuon  o 
^I^^W  and  relationship  among  famili'-  within  or 
m  (Mirhaob  et  al.,  tn  prep;  Donnghue  ci  al 
1992;  <MmMead  et  ah,  unpubli^-hMV  through  t< 
*»  Wudv  of  tribal  relatinn^f 

ATTtftTCH,  J.,  B.  Cm.Hvn,  r  Ml  HUN  8t  J.  D.  INim>«, 
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RESTRICTION  SITE 
MAPPING  OF  THE 
CHLOROPLAST  DNA 
INVERTED  REPEAT: 
A  MOLECULAR  PHYLOGENY 

OF  THE  ASTERIDAE^ 

Stephen  R.  Downie^^^  and  Jeffrey  D.  Palmer 

Abstract 

By  focusing  exclusively  on  the  highly  conserved  inverted  repeat  region  of  the  chloroplast  genome,  we  cxtmd 

Tiparative  restriction  site  mapping  to  ereater  evolutionary  depths  than  those  to  which  it  has  been  applied  prcviouily. comparat 

A  cladistic  analysis  of  inverted  repeat  restriction  site  data  is  presented  in  order  to  enhance  understanding  of  relation-  up* 

within  the  Asteridae  and  to  test  the  possible  monophyly  of  the  Asteridae.  A  total  of  114  species,  ̂ ^P''^^"^"*  . 

families  of  Asteridae  and  eight  families  of  Rosidae  and  DiUeniidae  (sensu  Cronquist)  was  examined,  of  which  99  *P^^ 
exhibited  restriction  maps  of  sufficient  colinearity  to  be  included  in  the  phylogenetic  analysis.  Analysis  wth 

restriction  endonucleases  identified  a  total  of  77  restriction  sites,  55  of  which  were  phylogenetically  ™^J'^^^'J|^ 
Parsimony  analysis  identified  six  major  groups  that  broadly  correspond  to  traditionally  recognized  or^^ 

Asteridae:  Asterales,  Boraginales,  Dipsacales,  Gentianales,  Scrophulariales  plus  Lamiales.  and  Solanales.  |"^ /^^ 

further  suggest  that  the  Asteridae,  as  traditionally  circumscribed,  are  not  monophyletic.  The  Apiaceac,  ̂ ^^  * 

Comaceae,  Hydrangeaceae,  Loasaceae,  and  possibly  the  Fouquieriaceae,  all  placed  previously  by  Cronquist  in  s 

Dilleuiidae  and  RoMdae,  should  be  included  in  a  broadly  defined  Asteridae.  The  Cornaceae,  Hydrangeaceae^ 
Loasaceae  appear  closely  related.  Unexpected  results  include  a  probable  sister-group  relationship  between  t  c    p 

and  Dipsacales,  and  the  placement  of  the  Menyanthaceae  in  the  Asterales.  Familial  relationships  within  sever and  inlerordinal  relationships  remain  poorly  resolved. 

The  Asteridae,  comprising  about  a  third  of  all      ordinal  placement.  Moreover,  the  "^^"^P'|^-^^ 

dicot  species,  are  the  second  largest  subclass  of     the  subclass  itself  has  been  ̂ ^^P^*^^;  ̂ ^^^^^^ dicots  and  are  thought  to  be  of  relatively  recent 

origin  compared  to  other  dicot  subclasses  (Cron- 
quist, 1981).  Most  members  are  characterized  by 

Thorne 

the 

been quibi,   ivoi;.  iviobi  memuerb  are  cnaracierizeu  uy  iciiiiuy  icvci  iiavc  u^^il  ^uv  .v,. —  —  i  oOO* 

derived  features  of  floral  morphology  (e.g.,  sym-  (Cantino,  1982;  Lu,  1990;  Olmstead  ̂ \^' '  ̂  ̂J 

petalous  flowers),  embryology,  and  chemistry.  Al-  Michaels  et  al.,  in  prep.;  other  studies  in 
though  the  concept  of  Asteridae  can  be  traced  back  ume). 

to  the  late  seventeenth  and  early  eighteenth  cen- 
turies (de  Jussieu,  1789;  de  Candolle,  1813),  the 

Although  phylogenetic  analysis  ̂ ^  ̂^^^"^^^''|^ 

born  used 

present  circumscription  of  this  group  as  a  subclass      construct  explicit  hypotheses  of  relatioi^      fQfl'?« 
was  described  initially  by  Takhlajan  (1964).  Fhy- 

logtuietic  relationships  within  recent  classifications      Palmer  et  ah,  1988),  it  has  n 

of  the  subclass  (scnsu  Cronquist,  1981,  and  Takh-      taxonomic  levels  higher  than 

tajan,  1980)  have  remained  unclear  despite  iiiten-      In  fact,  restriction  site  analysi 
sive  morphological,  anatomical,  and  phytochemical 

analyses.  Substantial  disagreement  exists  regarding 
interfamilial   and    inlerordinal    relationships,   with 
many  genera  and  families  of  uncertain  familial  or 

ed  in  Palmar,  1
^ 

been  appK*^  
*' 

rank  of  f^^r 
In  fact,  restriction  site  analysis  nas  gen

erally 

viewed  as  inappropriate  at  the*^  leyeU.  As 
 P»^ 

logenetic  distance  and  molecular  divergenc^  ̂ ^ 

crease,  so  does  the  proportion  of  homopa^  ̂       ̂ 

^0*^ 

the '  Financial  *iupport  for  this  studv  was  provided  by  National  Science  Foundation  grant  K*n-899o*-     '^^^ 
(  many  individuals  and  botanical  gardens  who  have  generously  provided  ua  with  DNAa  or  leaf  materia 

•tiidy,  and  Hobert  Price,  Richard  Olmstrad,  and  Michael  Donoghue  for  comments  on  the  manuftcnpt. 
■Department  of  Biology,  huliana  University,  Dloomington.  Indiana  47405,  U-S.A. 
*  Piwnt  Adilrass:  Department  of  Plant  Biiologv,  Univpr^ty  of  Illinois  at  Urhana-rhampaign, 

61801.  U.S.A. 

Ann.  Mis^oiRi  Bc>t.  Card.  79:  266-283.  1902. 
Urb«<^ 
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tions  and  deletions  prevents  alignment  of  restriction  chromosome,  that  comparative  restriction  site 

maps  and  assessment  of  site  homology.  Higher-  mapping  can  be  extended  to  taxonomic  levels  high- 

level  relationships  have  been  studied  previously  by  er  than  previously  considered  possible,  and  (2)  to 

chloroplast  gene  sequencing  (e.g.,  Sullis  et  ah,  formulate  more  precise  hypotheses  abuut  rolation- 

1990b;  Olmstead  et  al.,  1992)  and  by  the  distri-  ship-  among  the  diverse  clfldw  comprising  ihc  An- 

butlon  of  major  structural  rearrangements  in  the  teridac  and  to  test  their  monophyly  and  origins 

chloroplast  genome  (e.g.,  Jansen  &  Palmer,  1987;  relative  to  {»utativcly  au<  rstml  groups  in  the  Ru^i- 
Downie  et  ah,  1991). 

While  investigating  chloroplast  genome  struc- 
tural variation  in  a  wide  array  of  angiosperms 

(Downie  &  Palmer,  1991),  we  noticed  that  the 

chloroplast  DNA  (cpDNA)  of  many  speries  pos- 

dae  and  Dillcniidae, 

Maikhials  and  Mrtiiods 

r 
:J  restriction  fragments  In  their  large  inverletl 

Asteridae 
luitit repeat  (IR)  that  were  similar  in  size,  la  a  typiral  species  of  R<»sid.ir  (smsu  Croj 

angiosperm  chloroplast  genome  of  150  kb,  each  field  collcrted  or  oi)t.iiiird  from  various  sourrrs, 

of  the  two  IR  copies  is  about  25  kb  in  size.  Tliu  « ithci    ts  frc^h  !•  »f  material  or  DNA.  A  Ust  of 

r<*markable  conservation  in  size  of  IR  restriction  sources  and  voucher  Inform. itlon  for  all  la\i  ex- 

fraynieuis  across  most  dicol  lineages  lead  us  to  amincd  herein  is  availaLlc  upon  request.  The  1  14 
f  I f  Asli*ridae l^'lievc  that  it  might  U^  possible  to  analyze  restric-  species 

tion  sites  In  this  region  for  phylogenetic  purposes,  (bciiiu  Cronqui^t),  two  families  of  Dilbriiidae,  and 

Prellmmary  mapping  studies  revealed  that  many  six  farnilif»«<  of  Ro«Idac  (TuLlc  1).  llic  rcniaiiiing 

t'^striction  sites  were  indeed  con^rrved  acrosis  major  families 
lineages  of  Asteridae.  were  ui 

The  first  evidence  that  IR  sequences  in  cpDNA  was  um 

have  lower  mutation  rates  than  single-copy  sc-  or  total 

Ai^ 

analysis  becau< V.  Til*'  I'-oIalloU 
cellular  DNA  from  leaf 

-il 

•r  i-ii  w.T*  ac- 

qtjcnccs  came  from  restriction  site  analyses  at  the      crnnplish*  d  using  the  sucro. 

tntrafamilial  level  (Palmer  &  Zamir,  1982;  Palmer      ot  F\ilmer  (1^>86)  or  the  umhI 

CI  al.,  1983a,  b;  Qegg  et  ah,  1984;  Sytsma  &      ..fDuyV  &  Doyle  (1987),  res 
and  mn^5t  total  DNA*  wcrr  ft 

ified  fTAR  r>rooed 

i 

pDNA 

ntm 
Schaal,  1985;  Jaiibcn  &  Palmer,  1987).  A  detailed 

examination  of  gene  sequences  confirmed  this  in-  Irifuj 
fcrence  and  demonstrated  that  rates  of  nucleotide  grad 

••ibstitution  at  >\\rni  (synonymous)  aites  and  In  non-  Al 

«oding  sequences  in  the  IR  are  4-6  times  kwcr  r<   trirliun  cndonuclca  r     RnmUl.  H^IU.  AVrtRV, 

were 

than  those  in  tlxe  large  and  small  single-copy  regions dtgeaU  for  75  of  the  1 1  i  nf^ 

r  - 

(Wolfe  ri  al.,  1987;  K.  Wolfe,  unpublished).  Tlie      lii^ted  in  Table  1  wcrr  separated 

rale  of  insertions  and  deletions  also  appears  to  be m  1.0%  aj,afutoc  g'l^  in  which  the  bromup(i»"nul 
hlii«  Ave  marker  was  nin  6  cm    In  thin  way  fuur 

on 

in    the    IR    compared    to  *ingl<'  <  <>pv      blue  dye  mark 

^^9om  (Doebfey  et  al.,  1987;  Jansen  &  Pahiier,      20-rm^iJc  fil 

i988;Schillmg&  Jansen,  1989;  Wallace  &  Jan.      20  x   25-4  n.  x-ray  film.  Fur  thr  n..  .lining  39 

»*  I^O.SuIiwetal.,  lOOOh;  K.  Wolf*-,  C   \b»r. 

^  &  J.  Palmer,  unpublL>hcd)-  Tlic  evolutionary      d> 

•pecu...  wnirn  were  anal^**^]  al  «  hitrr  liaie,  \he 
marker  wa*  run  12  cm.  TH*  ramitm^  <  p|)\A 

procr 
km 

aud  moliH  iilar 
I       w 

ni«m» 
esDOUMl'l 

fragments  were  bidiii^tiOoaII>  UannfrrrrHi  tn  nykm 

understood* (Zclabuid,  AMF  Gino).  and 

   hybridlzatkiria  «>»m?  '-Plabclcd 

^  CpDNA  IR  restriction  «te  variation  within  'the      icnU^)  Ww)  and  autoradKuraphy  (P Vitcrida**  5ince  the  ttudv  presented  here  was  no! a  a  ft 

Riuuiloa  rates  in  the  IR  are 

Here  >M-  present  rr'-»i1f«  from  a  cla*<»'»t»r  anaiy 

{•t 

f. 

rwr  rl  al-,  1988;  Downir  &  Palmer 

to  sample  restriction  site  changes 

ptiflifiHiy^y^  l^jl  rather  tO  look  for  phylofBMrti 

Sbr  markmused  w«re  #^iimalar  mixturr^  of  |Aa|P^ 

UmLda  r>^  \  difP^tM  with  I^RI  tnii  fffndlU  and 

ful  Mructural  changes,  only  four nt  tion looe,   F^tcrs   wrr^    wishr 

were  used  instead  of  the  10-2S  that  lyiif)      baU  0.5*7.  Sn*= 
**  ̂ udies.  Neverthe  leas,  a  substantial  number 
*  ri«nrv:uon  mIc  mntationi  waa  ulitaioed  m  th 
Hm  itudy.  Our  proal  in  prewntmg  thi«  study  »     • 

i-ir*  f«r  S-IO  min«i!e»  al  room 

leroperature  and  2-3  lira*  for  «  mtnijt«*«  at  65^ 
^o 

autoradiographjr.  T   Jtiiy  «i«  -uf-  Unum tmimnim  rpONA  \^wmry  (huiciura 

••■•ofcl:  ( 1)  to  dr-tnon^trate.  by  (ocuMlg  rxc\mi9^      •!  .  I  VH*»;  Kig.  I )  %icrc 
hybrid fT'ibOi... 

iWli^ y 
wil  I K  rrgi.Mi  of  the  cWuropla*'     T* 

V 4 

•M 

n  iK«  •  --'uc  ̂   fi/""  urn  rjiDNA 
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Table  1.  Taxa  scored  for  inverted  repeat  restriction  site  variation.  System  of  classification  follows  that  of  Cronquist 

(1981).  Asterisks  denote  plants  that  are  not  included  in  the  cladistic  analysis  because  their  chloroplast  genomes  are 

rearranged  or  extremely  divergent  In  base  sequence  relative  to  Nicotiana  tabacum. 

DiLLENIIDAE 

Violales 

Fouquieriaceae 

Fouquieria  splendens 
Loasaceae 

Eucnide  hirta 

ROSIDAE 

Apiales 

Apiaceae 
Coriandrum  sativum 

Araliaceae 

Hedera  helix 

Trevesia  sundaica 

Corn  ales 

Cornaceae 

Aucuha  japonica 
Cornus  mas 

Cornus  kousa 

Resales 

Crossulariaceae 

Ribes  americanum 

Hydrangeaceae 
Hydrangea  sp. 

Rosaceae 

Spiraea  nipponica 

ASTERIDAE 

Asterales 

Asteraceae 

Barnadesia  caryophylla 
Lactuca  sativa 

Callitrichales 
Callitrichaceae 

Callitriche  heterophylla 

Calycerales 
Calyceraceae 

Boopis  graminea 
Gamocarpha  poeppigii 

Campanulales 

Campanulaceae 

Campanula  garganica* 

Campanula  ramosa* 

Hippohroma  longiflora^ 
Jasione  montana^ 

Lobelia  erinus* 

Lobelia  laxijlora* 

Monopsis  lutea* 

Platycodon  grandijlorus* 

Sclerotheca  jayorum* 
Goodeniaceae 

Goodenia  ovata* 
Scaevola  taccada 

Dipsacales 

Caprlfoliaceae 
Kolk%vitzia  amabili^ 

Lonicera  subsessili^ 

Sambucus  canadensis 

Symphoricarpos  albus 
Viburnum  acerifolium 

Weigela  hortensis 

Dipsacaceae 

Cephalaria  leucantha 

Dipsacus  sativus 
Scabiosa  ochroleuca 

Valerianaceae 
Valeriana  sp. 

Gentianales 

Apocynaceae 
Apocynum  cannabinum Acokanthera  oblongifoUa 

Ochrosia  eliptica 

Prestonia  acutifolia 
Vinca  minor 

Ascelpiadaceae 

Asclepias  curassavica 

Asclepias  exaltata 
Periploca  sepium 

Gentianaceae 
Exacum  affine 

Gentiana  dahurica 

Lisianthus  skinneri 

Obolaria  virginica 

Loganiaceae 

Fagraea  zeylanica 

Spigelia  marilandica 
Strychnos  splnosa 

Lamiales 

Boraginaceae 

Borago  officinalis 

Heliotropium  arborescens 
Mertensia  virginica 

Lamiaceae 

Comanthosphace  stellipHa 
Melissa  officinalis 

Pogostemon  patchuUi Prasium  majus 

Prostanthera  nivea 

Salvia  divinorum 

Scutellaria  bolanderi 

Stachys  officinalis 
Teucrium  canadense 

Verbenaceae 

Callicarpa  dichotoma 

Caryopteris  clandonensis 
Clerodendrum  fragrans 

Clerodendrum  ugandense 

Phyla  scaberrima 
Phryma  leptostachya 
Premna  japonica 
Verbena  bonariensis 

Rubiales 

Rublaceae 

Pentas  lanceolata 

1 

I 

I 

I 

I 

I 

I 

5 



Volume  79.  Number  2 
1992 

Downie  &  Palmer 

Molecular  Phylogeny  of  the  Asteridae 

269 

Table  1.     Continued. 

Scrophulariales 
Acanthaceae 

Graptophyllum  pictum 
Justicia  carnea 

Pachystachys  lutea 
Bignoniaceae 
Campsis  radicans 
Catalpa  bignonioides 

Clytostoma  callistegioides 
Buddlejaceae 
Buddleja  davidii 

Cesneriaceae 

Alsobia  dianthiflora 
Nematanthus  hirsutus 

Globulariaceae 
Globularia  salicinus 

Myoporaceae 
Eremophila  maculata 
Myoporum  sandwicense 

Oleaceae 

Forysthia  sp. 
Ligustrum  sinensis 
Syringa  vulgaris 

Orobanchaceae 

Conopholis  americana* 

Epifagus  virginiana* Pedaliaceae 

Proboscidea  louisianica 
Sesamum  indicum 

Scrophulariaceae 
Antirrhinum  majus 
Digitalis  parvijlorum 

Paulownia  tomentosa 

Striga  asiatica* Verbascum  thapsus 
Solanales 

Convolvulaceae 

Calonyction  aculeatum 
Convolvulus  tricolor 

Ipomoea  pes-caprae 
Cuscutaceae 

Cuscuta  sp.* 

Hydrophyllaccan 

life 

Uydrophyllum  virginiana 
Menyanthaceac 

Fauria  crista-gnlli 

Menyanthes  trifoliata 

Nymphoidrs  peltata Villarsia  rnlthifolia 
Nolanaceae 

Nolana  spathuUita 
Polemonlaceac 

Phlox  Tinafore  Pink' Polemonium  reptans 
Solanaceae 

lochroma  cyancum 

Nicotiana  tabacutn 

Schizanthus  pinnatus 
Solandra  grandiflora 

find  the  mo<:t  narj^imnnioiw  trees.  The 

To circunisr 

In  and  adjacent  portions  of  the  single-copy  regions, 

*«d  range  in  size  from  0.2  to  3.3  kb  (averaging      data  matrix  is  available  upon  rrquest. 
approximately  1  kb). 

Unambiguous  restriction  site  maps  for  each  of 
^€  four  enzymes  were  constructed  fur  Nicotiann 

w>acum  by  computer  analysis  of  its  completely 

•^wn  cpDiNA  sequence  (Shinozaki  et  ab,  1986; 

ibi 
>*-*^unc  inonu- 

number  of  oulLrroun^  wi^ri 

from  ptitalivcly  rclai'd  laxa In**  erncii  Crnnmnrt.  Tnese 

liidcJ H'   IK 

resentati from   th« 

aceae 
reae 

fig-  1).  Because  many  restriction  sates  and  frag-      Cornaccae,  Fotiquirriaceac,  Gio<-.,.la
r*accac 

'nent  sizes  among  the  taxa  examined  coincided  with 
"lose  known  in  N,  tabcLcum^  mapping  efforts  were 

geaceae,  Loasaccae,  and 
current  claH^ifiralioii^,  a  ronsen 

1). 

xi^ts 

greatly  facilitated  by  scoring  our  data  against  these       favoring  a  "Ro^alean 

»* 

A^ler 

^**«ps.  The  inclusion  of  one  lane  of  V.  tabacum 

*^pDNA  on  ali  filters  permitted  a  comparison  bc- 

^^•^n  the  expected  size  of  a  particular  fragment 
^  A.  tabacum  (as  ascertained  from  the  computer- 

g'^^rated  map)  and  the  observed  size  in  oth*T  taxa. 

luist,  1981;  Takhtajan,  1987);  how 

bou 
between  the  Kosidae 

It- 

'••"ti 

rarslrnony  analyses  of  the  rc^trirtion  •Hte  data 

«»ere  conducted  u&Ing  FAIT  version  3.0k-  (Swof- 

||»rd,  1990)  on  a  Macinto^^li  Ilfx  computer.  All 
^T0^  branch  snapping  algorithms  and  tlie  thr«  * 

•^W*nr       of  laxon    I'Mition  (simple,  dui>Ci^t,  and 
'•adorn)  userl  l.y  I^  \!  p  were  employed  in  aji  al» 

tehdae  are  subject  to  some 

concurrent  phylogcnetir  analv^^  of  r^^  L 

ce  daU  (Olm*^tfad  ct  al.,  1 V92)  indicate  that 

>iaceae,  Araliaceae,  G>rni 
nrenc  sbouki  all  be  inrhidM  in  a  br     dlv )#>nr€-  wuif^f#*Hi«  fb«'  same 

>oasace 
(Takhfsjflii, 

itcriacaae  (Tl 
Htacetc 

lOno)  and  fo\ 
niwvjurntly,  Sp 

*')  was  ultimate 
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Figure  1.  Gene  and  restriction  site  maps  of  the  inverted  repeat  (IR)  and  adjacent  single-copy  regions  of  Nicotma 

tahacum  cpDNA.  Cleavage  sites,  gene  locations,  and  sequence  coordinates  in  kb  (scale  on  top)  are  modinea  ro 

Shinozaki  et  al.  (1986).  Restriction  fragment  sizes  are  indicated  in  kb.  The  subclones  used  as  hybridization  probes 

are  numbered  from  1  to  26.  Probe  3  spans  the  junction  (sequence  coordinate  86685)  between  the  IR  and  the  large 

single-copy  region;  probe  26  spans  the  junction  (sequence  coordinate  112023)  between  the  IR  and  the  small  singe- 
copy  region.  The  boundaries  of  the  TV.  tahacum  IR  are  indicated  by  vertical  dashed  lines.  Restriction  site  data  ro 114  species  of  dicotyledonous  plants  were  scored  against  these  maps. 

chosen  as  the  outgroup  in  this  analysis,  because  Striga  (Scrophulariaceae),  which  have  each 

the  Rosaceae  are  clearly  excluded  from  the  As-  one  entire  segment  of  their  cpDNA  IK.  Incre 

teridae  in  all  modern  systems  of  classification.  The  sequence  divergence  in  those  regions  that  are 

trees  computed  by  PAUP  were  rooted  by  position-  tained  within  an  IR  in  most  angiosperms  ma  e 
ing  the  root  along  the  branch  connecting  Spiraea 

to  the  rest  of  the  network  (see  simultaneous  res- 

olution procedure,  Maddison  et  al.,  1984). 

Results  and  Discussion 

(1)  restriction  site  variation 

assessment  of  site  homology  difficult.  Exce
pt  o 

Conopholis  and  Striga,  variation  in  si
ze  of  the 

was  minimal  and  did  not  confoun
d  interpretation. 

The  13  other  excluded  species,  f
rom  the  Campan- 

ulaceae  (including  Lobeliaceae),
  Goodeniaceae, 

Cuscutaceae,  and  Orobanchaceae  (Table  1)
,  ̂ ^ 

possessed  a  large  IR  but  were  ot
herwise  too^r  - Restriction  site  maps  of  IR  sequences  for  each       arranged  and  divergent  in  sequence  reia  i 

tahacum  to  be  included  in  the  analysis. 

Comparison  of  the  99  alignable  restriction  ̂
^ 

maps,  representing  37  famdies
  of  dicots,  revea 

of  114  species  (Table  1)  were  constructed  for  four 

enzymes  using  26  hybridization  probes  from  Ni- 
cotiana  tahacum  (Fig.  1).  The  maps  reveal  that 

the  IR  of  99  of  these  cpDNAs  is  both  colinear  in      low  levels  of  restriction  site  divergence,  '^j'^j^^^g 
gene  arrangement  and  readQy  aligned  with  that  of      (7 1 .5%)  of  the  77  restriction  sites  i^entifie  ̂ a  ̂̂̂ ^ 
N.  tahacum  (and,  thereby,  also  with  the  IR  of  the 

majority  of  angiosperms  so  far  examined).  In  con- 
trast, at  the  interfamUial  level,  little  or  no  alignment 

of  restriction  sites  was  possible  in  adjacent  single- 

copy  regions.  Restriction  site  maps  of  the  IR  for 

15  species  (Table  1)  could  not  be  aligned  with  the 

computer-generated  base  maps  of  A^.  tahacum. 
Consequently,  these  taxa  were  excluded  from  the 

cladistic  analysis.  Excluded  were  two  parasitic  as- 

terid    genera,    Conopholis   (Orobanchaceae)   and 

99  taxa  were  shared  by  two  or  more  taxa  an  w  ̂̂^ 
thus  informative  for  phylogenetic  analysis;  \^  ^^^ 

of  the  remaining  sites  were  unvarying,  ̂ "^^^^^ 

(6.5%)  were  unique  to  individual  taxa  and,  ̂ ^ 
fore,  provided  no  phylogenetic  "^^""'^^^l'^^  ̂^  or 

77  restriction  sites  examined  represent 

1.8%  of  the  entire  IR  and  0.3%  of  the  e  ̂
 

chloroplast  genome.  The  occurrence  ""^^^^^^^i^ 

variant  restriction  sites  and  of  readily  i  ̂ 1   ..   Q7  families  belonging 

'rtd 

Figure  2.      Majority-rule  consensus  tree  consistent  with  90%  of  5.000  equally  parsimonious  159-step      ̂ ^^  ̂ ^ 
from  Wagner  parsimony.  Asterisks  denote  clades  that  are  consistent  with  100%  of  the  equally  parsun  ,.    ̂ gg^  in 
Complete  names  of  all  taxa  are  provided  in  Table  1.  Taxa  are  divided  into  ten  groups  (A  to  J)  and  ar 
the  text.  Familial  designations  follow  Cronquist  (1981). 
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Sptraed 
Rfbes 

Hydrangea 
Cornus  kousa 
Cornus  mas 

Eucnide Aucuba 

Ni  cot  I  ana No  J  ana 

lochroma 
Solandra 
Schizanthus 
Convolvulus 
CaJonyctlon 

Ipomoea 
HydrophyUum Eriodtctyon 
Heltotropfum 
Borago 

tlerUnsla Verbascum 
Antirrhinum 

Digitalis PauJownla 

Syringa 
LI  gust  rum Forsythla Buddleja 

6lot>ularla 

Nematanthus 
Alsotfia 
GraptophyJlum 
Justtcta 
Pachystachys 
Sesamum 
Prot>oscldea Catalpa 

Clytostoma Camps  is 

tlyoporum Eremophlla 
Callttricne 
Verbena 

Phyla 
St  achy s 

Praslum 
Comanthosphace 

Pogostemon Teucrium 

Salvia 
Scutellaria 
Call  I  car  pa 

Clero.  fragrans 
Clero.  ugandense 
Premna 

Caryopterls Prostanthera 
Phryma 

ncllssa Pent  as 
Acokanthera 

Apocynum Preston  I  a 

Ascl.  exaltata 
Ascl  curassav. 
Per  f pi  oca 

VInca 
Ochrosia 

Sptgelia Strychnos 

Exacum 
Llslanthus 
Obolaria 
Gent  I  ana 

fagraea Viburnum 
Sambucus 

flenyanthes 

Vlllarsla 
Nympho  Ides 
fauna darnadesla 
Lactuca 

Gamocarpha 
Boopls Hedera 
Treves  fa 

Cor  I  an  drum 
Dtpsacus 

Cepnalarla 
Scabiosa 
Valeriana 
Kollcwitzia 
weigeia 
Lonlcera 
SymphortcarposJ 
Polemonlum 
PhlOM 

FouQUieria 

Rosaceae 
Grossularlaceae 

Hydrangeaceae 
Cornaceae 
Loasaceae 
Cornaceae 

Solanaceae 

ConvoWulaceae 

Solanales 

Hydrophyllaceae 

^oraglnaceae 
Boraglnales 

Scrophularlaceae 

Oleaceae 

Buddlejaceae 
Globularlaceae 

Gesnerlaceae 

Acanthaceae 

Pedallaceae 

Btgnonlaceae 
Myoporaceae       i  Scrophularlales/ 
Callltrlchlaceae   I  LamlaleS 

verbenaceae 

Lamlaceae 

Rublaceae 

Apocynaceae 

Asclepladaceae 

Apocynaceae 

Logantaceae 

Gentlanales 

Centianaceae 

logantaceat Caprlfoliaceae  ̂  

Menyanthaceae 

1 

Asteraceat 

Calyceraceae 
Arallaceae 

Aplaceae 

Dlpsacaceae 
valtrlanaceae 

Caprtrotlaceat 

Asterales 
sens.  lat. 

Aplales 

Dipsacales 

Polemonlaccae 

FouQuierl 

iccae     I 
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Hydrangea 
Cornus  Kousa 

. .  Cornus  m; Eucntde 
Aucuba 

Nicotiana 
Nolana 

.jroma 
landra 

Schizanthus 

Hydrophyllum Eriodictyon 
Heliotropium 

Convolvulus Cabnyctjon 

Ipomoea 

i 

Borage 

Mertensia 

Xerjoascum 

ntirrninum 

Paulownia Sesamum 

^.      ̂     Teucrium     . Clerodendrum  ugandense Proboscidea 

Myoporum 
Eremopnila 

Callitriche 
al via ,    . 

cuttelana 

..  Prostanthera Melissa 
Phryma 

Clerooendrum  fragrans 
Premna 

Digitalis  ̂
^°P'""^ 

■  Pachystachys 

Verbena 
Stachys ^  Prasium 

Comanthosphace 

Pogoslemon 

- , .  Camps.» "  Ligustrum 
Syringa 
Forsvlhia  . r  Buddleja 

Globularia 
us 

Alsobia Catalpa  ^. 

—  Clytostoma 
Pentas 

TT'  Globule 
Nematanth 

Acokanthera 

Apocynum 
Prestonia 

Asclepias ISSU 

Vibumun 
Sambucus 

Vinca 

Ochrosla 

^pigelia 
Irychnos 
—         Exacum 

Lisianthus 
Obolaria 
GenU^na 

Fagraea 

Periploca 

Trevesla 

Menyanthes 

^    nadesia 
Lactuca 

gamocarpha VillarsM 
Nymph 

Cohandhjm 

Lonicera 

Fouquteria 

Loni 
phoncarpos nx>nium 

PNox 

Kolkwitzia 

Dipsacus 
^"  CephaJaria 

ScabioSa 
Valeriana 

*    z 

FH  IRE   3. 
One  of  5,000  erpially  parf*imoniout  Wagner  trees  baM-d 

Branch  lengths  are  uioportiorial  tu  the  nunil>er  of  inferred  mutations. 

on 

restrictiDn 
I 
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three  subclasses  of  dicotyledons  (sensu  Cronquist,  absence  of  any  detectable  length  variation  in  in- 
1981)  is  notable.  Even  more  remarkable  is  the  tcrgenic  spacers  is  surprising,  as  these  comprLo 

observation  that  several  of  these  restriction  sites       23%  of  the /V/ro^ranf/ /a/>rtr/im  IR  and  pr<*MUMahly 
were  found 
from  all  die 

accommodate 

ity 

I  van- subclasses  as  well  (S.  Downie  &  J,  Palmer,  un-  ation  within  the  I R  relative  to  single  ropy  sequrnc- 

published).  Monocots  and  dicots  represent  angio-  es  has  brm  rcptirtrd  previously  (Dorbb\   r\  al., 

•perm  lineages  that  may  have  diverged  on  the  order  1* 
of  200  million  years  ago  (Wolfe  et  al.,  1989).  V 

Tlie  largest  number  of  site  changes  between  any  K 

ansena  Palmrr.  PmHiShillme  i\  Jnn!<<*n 

patr 

89;  Wallace  &  Jansc 

Wolfe,  C.  \ror<I»*n Four  of  the 
►r<I»*n  &  J.  r.ilmrT,  tmpiil>Ii'^li»Ml). 

length  variants  were  ihan^d  by 

3  is  21,  for  Nicotinna  and  Valeriana  and  for  two  or  morr  taxa  and,  thus,  arc  pliyb>grni"iirally 
W"/ugo  and  Valeriana  (Table  3).  In  contract,  ̂ cv-  informative.  Ahhntiph  length  mntationi  were  not 

eralof  the  DNAs  are  idmtical  in  all  77  restriction      u»<d  in  thr  plivWrurtic  anJvsii**  tin*  phvlo^tuy 

cal 
Seque 

I ) species.  Spiraea 

con^tnjrtr from  IR  restrirtiorj  sit'*  mtitati<HiH  {^rr 

2  and  *?)  implies  thai  the  second,  third. 
case 

and  fourth  length  mutation*  drn*  rilM-d  in  Tabl<»  2 
D)  rcprcbcntalive  species  within  eai  h  of  the  10      have  occurrc 

nwjor  groups  identified  in  Figure  2.  Estimates  of      timrs,  respectively.  For  th<»-*-  laxa  j 
tC  |V*,f*S 

irifT  de 

bet 
wetv 

ft"  • 

P*irB  of  taxa  range  between  0.7  and  8.5  with  a 
•verage  of  4.5  (Brown  ct  al.,  1979;  Table  3).  Th as  mi'^^ 

data 

long •peciea  be-       (3)  PHYLOCENETIC  ANALYiii  0\  IN\KKTm  nHTAT 
rs       RESTRICTION  MIK  MirrAT10Ni> led orted v^  tHina  W 

tergenenc  sh.Hies  where  the  entire  chloroplast  ge-  ^^^  ̂ ^  ̂ ^^  ̂ ,^f,^,,  ;„ 
ri*f*^ Jansen 

^as  examined  (e.g.,  Pahner  et  al.,  1983a; 

<*^ 

(2)  KESTRICnON  FRA(;MENT  length  VARI^TK)N 

Three  deletions,  one  msertion,  and  one  nnnpo- 
•""•Me  length  variant  were  detected  in  cpDiNAa 
0127  of  the  99  species  (Tabh-  2).  We  have  greaUy 
^^rettimated  the  actual  extent  of  restriction  frag- 
"■etii  l<*ngth  variatimi  in  the  99  -'pecie'-  pxaminij 
bec«uM  most  cpDNA  length  mutations  (for  the 

(excluding  iminformative  characicri*).  ?  ind*  *  mw  (k 

Punogbue  (1989)  found  iA  tu  \^  uivef^Hy  <  or 
rcfat 

WIWI 
\\ imber  of  taxa  inrluded 

its.  The  brgcst  daU  »etf  -infl!}"7M 
in.  lii.bd  05  ''»«  uxa  and  had  CI  ̂ 

-0.37.  Ahhough  th#M^  wa«  rw  d.itn  m 

comparaLlr  in  numl*«*r  of  taxa  to  ni 

iImh  cxj-w^lcd. 

^«tre  grnome)  are  1  - 10  hp  in  ̂Lt'* 'Palmer,  1985).  TJi<*  exact  ntimhr 
We  could  not  detect  U^ngth  variant*  «Tnallrr  than      not  U^  drt**rmin'Hf gh«r 

rniniriitiiri 

i»ft< 

coul'l 

brr 

il 

^y^  '  I  for  xhfv^f  gc|»  %>here  the  bromophmo!  blue      I 
•)c  marlci^r  was  run  6  rm  and  Vrigth  varianU      9itu\   thr  ami 

ofr  \\\r  f  t  fxw 
%-»*m 

rminalr-l B^ 
maxini 

iound  9'*^n  ir,9.*iap 
h-^^lMTilIy,    ilia 

of  irrf-H  Mved  hy  VW  V  waa 
onn.  and  Ui*xJ^  ihflK  a  90% 

(Flic   2). 
r  than  200  1^  for  thoM  geb  wh^^rr-  the  dye 
^  WM  run  12  cm  (see  m'^th^U  i»cction). 

TU  iimt  kngth  variant  in  Tahir  2  corrr«p«ndi  mm^mXy  rule  coiterii«ii*  tr*-*-  was  danved 

*^  »0M  of  an  intron  from  the  rpll  grnr    It  han  Qvrn  th--  exftoralory  nature  of  tht»  Miidy,  a  9rr% 

■*^  fthown  prfvJtHiJ)   thai  the  rpl2  mlrrm  has  majorily 
**"  loi«t  at  least  •tx  timc<  m  thr  t\\r^^  in*  \\uV\m  ttnct 

1 V  c M   *      t tree 

-^  I 

ow 

1 

«Uit ***••  •  in  th*-  Asteridae,  once  in  the  ai tral 
tree  in  oHt  io  ofr« 

ilrc™ 

once  in  th^  aw*^ra1  M**nyan- 
olution  among  tbf-  ̂^t^ that  tha  perrrritsge  values  pwsenieJ  m  Figu 

(Downir  et  ai  ,   1991).  Thr  four  nthi^      do  out  m*^*urr  thr  robuwtn**^  of  thr  dad 
Ui\ 

  occur  %riihm  \hf  ̂ ••w!  Oni-2280 

*•'•*•  1)^  This  gene  is  nhnrnt  in  the  gr ■■»>«,  aiwl 

rather  lodi'-ale  ho*'  many 

part 

\<  I 

i^ 

pUnts  fsB  aui  lo^rfh^-r  w  mmnE^ylriir  in  iN" •    ̂  

?*, 

withm  the  geoc  arc  kno^n  m 
000 tntm  «*»sfniii*v!.  Thr  brpa u 

^oih*^  t^msierMj  taxa  (HiralauLa  et  at.  1989; 
■*•**•  &  Psimrr,  1991,  and  unpuHi  *»-vO.  The 

>f  taxa  <99)  r '•Utiv^  to  ttie  mnnHv  oC  m 
Hiini«-«#T»  r^^)  ri-MittH  m  few  tyiiei^ 

»j 

^h«Ba 
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Table  2.     Chloroplast  DNA  restriction-fragment  length  variation"  in  the  inverted  repeat  region  in  Asteridae  and 
related  genera. 

Probe^ 
Variation*^ 

Size  (bp) 

4 Deletion 600 

8 Deletion 400 

10 Insertion 500 

12-13 Deletion 500 

Species Convolvulaceae 

Calonyction  aculeatum 
Convolvulus  tricolor 

Ipomoea  pes-caprae 

Menyanthaceae 
Fauria  crista-galli 

Menyanthes  trifoliata 

Nymphoides  peltata Villarsia  calthifolia 

Apiaceae Coriandrum  sativum 

Araliaceae 

Hedera  helix 

Trevesia  sundaica 

Asclepiadaceae 

Asclepias  curassavica 

Asclepias  exaltata 

Periploca  sepium 

Bignoniaceae 

Catalpa  bignonioides 

Clytostoma  calUstegioides 
Caprifoliaceae 

Kolkwitzia  amabilis 

Lonicera  subsessilis 

Symphoricarpos  albus 
Weigela  hortensis Convolvulaceae 

Calonyction  aculeatum 
Convolvulus  tricolor 

Ipomoea  pes-caprae 

Dipsacaceae 

Cephalaria  leucantha 

Dipsacus  sativus 
Scabiosa  ochroleuca 

Oleaceae 

Ligustrum  sinensis Pedaliaceae 

Sesamum  indicum 
Solanaceae 

Schizanthus  pinnatus Valerianaceae 
Valeriana  sp, 

Caprifoliaceae 

kolhmtzia  amabilis 

Lonicera  subsessilis 

Symphoricarpos  albus 
Weigela  hortensis 

Dipsacaceae 

Cephalaria  leucantha 

Dipsacus  saiivus 
Scabiosa  ochroleuca 

Valerianaceae 
Valeriana  sp. 

Bignoniaceae 

Clytostoma  callistegioide
s 

c 

I 

1 

I 

\ 

I 

\ 

I 

\ 

I 

I 

I 

( 

t 

I 
I 
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Table  2.     Continued. 

Probe' Variation" 

Size  (bp) 

12-13 Nonpolarizable 500 

Species 
Convolvulaceae 

Calonyction  aculeatum 
Convolvulus  tricolor 

Ipomoea  pes-caprae 
Solanaceae 

Schizanthus  pinnatus 
Rosaceae 

Spiraea  nipponica 

•Only  length  variants  greater  than  200-300  bp  were  detected  (see  text). See  Figure  1  for  map  coordinates  in  kb  and  region  of  gene  deletion/insertion. 
'  Restriction-fragment  length  variation  relative  to  Nicotiana  tabacum. 

supporting  each  clade  in  the  most  parsimonious      the  cladogram.  The  clades  identified  by  an  asterisk 
trees.  The  distribution  of  character  support  in  one 
ol  these  5,000  equally  parsimonious  trees  (chosen 

in  Figure  2  were  consistent  with  100%  of  the 

equally  parsimonious  trees.  The  distribution  of  ho- 
moplasy  is  such  that  it  effectively  increases  the because  of  its  similarity  with  the  consensus  tree) 

IS  Illustrated  in  Figure  3,  with  nearly  two-thirds  of      number  of  characters  supporting  many  branches. 
the  nonterminal  branches  supported  by  only  one 
character  change.  This,  combined  with  the  great 
length  of  time  for  the  computer  analyses,  suggests 
that  a  bootstrap  analysis  (Felsenstein,    1985)  to 
provide  a  quantitative  measure  of  support  for  the 
clades  identified  in  the  consensus  tree  would  be 
hoth  inappropriate  and  impractical.  Among  99  taxa 

(4)  PHYLOGENETIC  IMPLICATIONS  OF 

CHLOROPLAST  DNA  MUTATIONS 

Ten  groups  are  identified  that  either  coincide 
with  orders  recognized  traditionally  in  the  subclass 
or  present  novel  relationships.  These  ten  groups, 

and  77  restriction  sites  compared,  the  number  of      identified  from  top  to  bottom  in  Figure  2,  are:  (A) a  clade  consisting  of  Cornus,  Hydrangeaceae,  and 
Loasaceae;  (B)  Solanales;  (C)  Boraginales;  (D) 
Scrophulariales  plus  Lamiales;  (E)  Gentianales;  (F) 

mutations  for  each  site  inferred  from  the  tree  in 
Figure  3  ranged  from  0  to  8  with  a  mean  of  2 . 1 . 
Consequently,  many  of  the  single-length  branches 
e  characterized  by  homoplasious  mutations.  In      a  clade  consisting  of  Viburnum  and  Sambucus; 

sp'te  of  the  low  ratio  of  characters  to  taxa  and  the 
3rge  number  of  equally  parsimonious  trees,  a  high 

(G)  a  clade  consisting  of  Asterales,  Calyceraceae, 
and   Menyanthaceae;   (11)   Apiales;   (I)  Dipsacales 

gree  of  resolution  is  attained  in  some  portions  of      (minus  Viburnum  and  Sambucus);  and  (J)  a  basal 

T  1 

LE  o.     Estimated  nucleotide  sequence  divergence  of  the  cpDNA  IR  among  species  of  Asteridae  and  related 
ra.  Lomplete  names  of  species  and  their  ordinal  placement  are  presented  in  Table  I .  The toe  mati-;»  :„J:        .1  .     .....  ,  . 

o"iparisons 
'f  the  mafr;, 

umber  of  IR  restriction  site  mutations  between  the  two  taxa  as  determined  by  direct  pairwise 

irown  et  al.,  1979).  The  number  of  restriction  sites  examined  for  each  species  ranged 

■pecies 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 
9. 

*^-  Coriandru 

['  Valeriana •2-  J^ouquieria 

Spiraea 
hydrangea 
Nicotiana 
Borago 
*'erbascum 
Syringa 
^iclepias 
Viburnum 
Lactuca 

m 

1 

3.0 
6.4 
4.1 
4.4 
4.4 
7.5 
3.5 

4.9 
3.3 
6.9 
2.8 

2 

8 

4.4 
3.0 
2.6 
1.8 
6.8 
1.8 

3.7 
2.3 
6.3 
1.8 

3 4 5 6 7 8 9 10 

16 
10 

4.7 

2.7 
1.9 

8.0 
4.0 
6.3 

3.2 
8.2 
4.1 

10 
9 

13 

4.3 
3.5 

8.2 
4.1 
6.4 
6.6 

8.4 
5.0 

11 
7 
7 

10 

0.7 
6.8 
3.0 
5.1 

2.8 
7.1 
2.3 

11 

5 
5 
8 
2 

5.9 
2.2 4.3 

2.8 
6.3 
2.3 

17 

17 

19 

18 
16 
14 

7.3 
8.2 

6.6 8.5 

6.6 

9 
5 

11 
11 
8 
6 

18 

2.6 
1.9 
4.5 

1.5 

12 
10 
16 
16 
13 
11 
19 
7 

4.1 

6.8 2.7 

10 
8 12 

14 

9 
9 

17 
7 

12 

4.4 
2.0 

11 

17 
17 
21 
21 16 

16 
19 
12 
17 
13 

12 

7 
5 

11 

12 
6 
6 

16 
4 
7 
7 

14 

5.3 
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branch  consisting  of  Fouquieria  and   Polemoni-      and  with  the  results  obtained  from  rhcL  sequence 

data  (Olmstead  et  al.,  1992).  The  results  of  our 
aceae. 

The  major  clade  comprising  groups  B,  C,  D,  analysis  regarding  representatives  of  the  Rosidae 

and  E  is  consistent  with  the  subclass  Lamiidae  as  (Apiaceae,   Araliaceae,  Cornaceae,  Hydrange- 

recognized  by  Takhtajan  (1987),  but  with  the  ex-  aceae)  and  Dilleniidae  (Fouquieriaceae,  Loasaceae) 

elusion  of  the  Menyanthaceae  and  Loasaceae.  For  sensu  Cronquist  in  the  Asteridae  sens.  lat.  suggest 

the  most  part,  relationships  among  the  ten  groups  that  neither  of  these  subclasses  are  monophyletic 
are  poorly  resolved. 

Monophyly  of  tl 

and  that  their  higher -level  relationships  are  in  need 
of  further  study. 

(A)  HydrangeaceaCy  Cornaceae,  and  Loasa- 

The  traditional  association  of  Hydrange- 
ceae. 

aceae  with  the  Saxifragaceae  and  its  allied  woody 

Disagreement 
prevails  as  to  whether  or  not  the  Asteridae  are 

monophyletic.  Cronquist  (1981),  Stebbins  (1974), 
Takhtajan  (1980),  and  Wagenitz  (1977)  consider 

the  Asteridae  to  be  a  natural  group,  implying  that  families  has  been  disputed  by  Dahlgren  (1980, 

they  are  monophyletic,  whereas  Philipson  (1977),       1983),  Takhtajan  (1987),  and  Soltiset  al.  (1990b). 

Dahlgren   considered   the    Hydrangeaceae  to  be 
(1987)  view  the  Asteridae  (sensu  Cronquist)  as      closely  allied  to  Cornaceae  and  treated  them  along 

with  the  Caprifoliaceae  in  his  Cornales,  an  order 

he  described  as  closely  related  to  the  Dipsacales, 

Fouquieriales,  and  Ericales.  On  the  basis  of  mor- 

phological   and    chemical    data,    Hufford  (1992) 

Throne 

tumatural 

as  traditionally  circumscribed,  are  not  monophy- 
letic. The  Apiaceae,  Araliaceae,  Cornaceae,  Hy- 

drangeaceae, Loasaceae,  and  possibly  the  Fou- 
quieriaceae, all  traditionally  placed  in  the  Rosidae 

or  Dilleniidae  (e.g.,  Cronquist,  1981),  should,  in 
our  view,  be  included  within  a  broadly  defined 
Asteridae.  Additional  molecular  support  for  the  in- 

clusion of  the  Apiaceae,  Araliaceae,  Cornaceae, 
and  Hydrangeaceae  in  Asteridae  sens.  lat.  comes 
from  rbcL  sequence  data  (Oknstead  et  al.,  1992, 
and  unpublished).  Olmstead  et  al.  (1992)  have 
shown  that  the  origin  and  diversification  of  the 

Asteridae  sens.  lat.  lie  deep  within  the  ''higher" 
dicots,  i.e.,  that  the  subclass  is  not  of  recent  origin 
as  argued  by  Cronquist  (1981).  Our  results,  using 
Spiraea  as  an  outgroup,  are  generally  in  accord 
with   those   obtained   from   the    rhrl.   flnalvc;ic;    in 

showed  that  the  "woody  saxifrages"  (e.g.,  Hy- 

drangeaceae) are  more  closely  related  to  members 

of  the  Cornaceae  and  Loasaceae  than  to  the  "h
er- 

baceous saxifrages"  (e.g.,  Saxifragaceae  sens,  str.)^ 

Our  results  indicate  that  Hydrangea,  Cornus,  and 

Eacnide  (Loasaceae)  belong  to  a  monophyletic 

group,  with  the  relationships  among  the  g
enera unresolved. 

HistoricaUy,  the  affinities  of  the  Loasaceae
  have 

been  obscure.  Takhtajan  (1969)  initiall
y  consid- 

ered the  Loasaceae  to  be  related  to  the  Boragi-
 

naceae  and  HydrophyUaceae.  Subsequ
ent  treat- 

ments either  placed  Loasaceae  in  a  separate  order,
 

Loasales,  related  to  the  Dipsacales  and  th
e  Fo  e- 

used  as  outgroups  (Olmstead  et  al.,  1992). 
These  results  indicate  that  the  subclass  does  not 

which  representatives  from  the  Magnoliidae  were      ^^^^j^J  (Jakhtaian,  1 980),  or  to  the  Gentianales 
used  as  ont^ronns  rOlmst^.d  .t  nl      1  QQ9^  (Takhtajan,  1987).  HufFord  (1990,  1992)  provid- 

.    ,  J       .  ,    .  ed  evidence  against  the  hypothesis  that  the  Loasa^ entirely  correspond  to  its  usual  circumscription  as  ^^^^  ̂ ^^^^  ̂   ̂ ^^^^  ̂ ^^^3,,y  ̂ Hh  members  o 
a  primarily  sympetalous  group.  The  occurrence  of  ̂ ^^  Dilleniidae,  a  position  favored  by  Cronqu^ 
distmct  petals  m  Aucuba  (Cornaceae)  the  Apiales        ̂   ^^^  ̂ ^^^^  ̂        ̂ ^^^d  Dahlgren  s  (1983) 
and  the  clade  consistmg  of  Cornus  (Cornaceae),    
Hydrangea  (Hydrangeaceae),  and  Eacnide  (Loa- 

saceae) suggests  that  at  least  two  reversals  are 
necessary  to  generate  polypetally  in  these  taxa 
from  putatively  sympetalous  ancestors.  Alterna- 

tively, these  taxa  may  represent  the  retention  of 
the  ancestral  state  of  polypetally  with  sympetally 

Ith 

suggestion  that  the  famfly  shares  an  ancestry 

the  Dipsacales,  Cornales,  and  the  "^^"^^  '^  J 

frages."  On  the  basis  of  wood  anatomy,  C
arlquis 

Asteridae. 

during 

(19^92)  believes  that  Loasales  are  not  far  from  suc^ 
orders  as  the  Dipsacales  or  Cornales.  The  r 

presented  here  support,  in  part,  the  hypo      ̂ ^ 

and  Carlqui  j 

attesting  to  a  common  ancestry  for  Loasaceae 

presented  by   Hufford,  Dahlgren 

Cornales. 
With 

clear 

idae.      Below n  the  Aster-  The  systematic  position  of  Aucuba  is  unc 
3r  groups  of  This  genus  is  placed  in  the  Cornaceae  by  ̂ ^  .     j^ 

Asteridae  sens.  lat.  seen  in  the  cladogram  (Fig.  2).  (1981),  whereas  Takhtajan  (1980)  placed  it  m 

Our  results,  although  preliminary,  are  generally  closely  related  family  Aucubaceae.  Aucuba  di 
consistent  with  traditional  morphological  groupings  from  all  other  cornaceous  taxa  in  its  chemis 
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floral  anatomy,  embryology,  and  pollen  structure  lineages,  with  Heliotropium  (Boraginaceae)  placed 
(Rodriguez,  1971;  Takhtajan,  1980).  Our  results  in  a  clade  with  Hydrophyllum  and  Eriodictyon 
place  Aucuha  outside  of  Group  A  and  suggest  that      (Hydrophyllaceae),  raises  questions  about  the  cir- 
if  the  Cornaceae  are  circumscribed  to  include  this 

taxon,  the  family  would  be  polyphyletic.  However,       families. 

cumscription  and  generic  relationships  of  the  two 

by  imposing  the  constraint  on  the  cladistic  analysis 
that  Aucuha  and  Cornus  species  form  a  mono- 
phyletic  group,  shortest  trees  one  step  longer  than 
the  most  parsimonious  trees  were  found.  Conse- 

(D)  Scrophulariales  plus  Lamiales.  The  larg- 

est group  recognized  in  the  analysis  is  composed 
of  families  that  have  traditionally  been  considered 

(B)  Solanales, 

Solanales  in  this  analysis  comprises  three  families 

quently,  the  putative  polyphyly  exhibited  by  this      ̂   ̂^^   Scrophulariales  and   Lamiales.   They   are 

group  must  be  regarded  as  tentative,  treated  here  together,  owing  to  the  lack  of  reso- 
lution within  the  clade.  Included  here  are  repre- 

The   clade   designa^ted   as      gentatives    from    12    families,    Scrophulariaceae, 
Globulariaceae,  Gesneriaceae,  Acanthaceae,  Pe- 

daliaceae,  Bignoniaceae,  Myoporaceae,  Lami- 
aceae,  Verbenaceae,  Callitrichaceae,  Buddleja- 
ceae,  and  Oleaceae.  It  is  widely  agreed  that  the 

first  seven  families  are  closely  related.  The  Lami- 
aceae  and  Verbenaceae  form  a  closely  related  pair 

(Cantino,  1992)  and  are  often  treated  in  the  sep- 
arate order  Lamiales;  however,  based  on  our  data, 

the  distinction  between  this  order  and  the  Scrophu- 
lariales is  weak.  The  association  of  Lamiaceae  and 

Verbenaceae  with  the  Scrophulariales  suggested  by 

cpDNA  restriction  site  data  (Fig.  2)  and  rbcL  se- 

quence data  (Olmstead  et  al.,  1992)  is  in  accor- 
dance with  several  previous  treatments  (Wagenitz, 

1977;  Cantino,  1982;  Dahlgren,  1983),  but  dis- 
agrees with  hypotheses  by  Takhtajan  (1980)  and 

Cronquist  (1981),  who  suggested  that  the  Bora- 
ginales  are  the  extant  group  most  closely  related 

(sensu  Cronquist):   Solanaceae,   Nolanaceae,  and 
Convolvulaceae,  It  is  widely  agreed  that  the  So- 

lanaceae and  Nolanaceae  are  closely  related.  In 
the  past,  Nolanaceae  have  either  been  treated  at 

the  subfamiUal  level  within  the  Solanaceae  (D'Arcy, 
1979)  or  as  a  closely  related  segregate  family  de- 

rived from  the  Solanaceae  (Cronquist,  1 98 1 ;  Takh- 
tajan, 1987).  Our  results  are  consistent  with  those 

of  Thorne  (1968),  D'Arcy  (1979),  and  Olmstead 
&  Palmer  (1992),  affirming  the  submersion  of  No- 
lana  within  the  Solanaceae.  The  position  of  the 
morphologicaUy  distinct  Schizanthus  as  the  ear- 

liest diverging  lineage  in  the  Solanaceae  is  also 
supported  by  the  more  extensive  restriction  site 
analysis  of  Olmstead  &  Palmer  ( 1 992).  Our  results 
differ  from  those  of  Olmstead  &  Palmer  in  the 
relationships  among  Nicotiana,  Nolana,  and  So- 
Sandra.  Our  results  place  Nicotiana  and  Nolana 
as  sister  taxa,  with  Solandra  basal  to  this  group 
v^ig.  2).  Olmstead  &  Pahner  show  that  Nolana 
3nd  Solandra  are  more  closely  related  to  each '=>ther  than  either  is  to  Nicotiana. 

Ane  Solanaceae  and  Convolvulaceae  emerge  as 
sister  groups  in  our  analysis.  Anatomical  and  phy- ochemical  similarities  between  these  two  families 
ave  suggested  a  close  relationship  in  the  past 

l^ronquist,    1981;  Thorne,    1983).   Moreover,   a 
Phylogenetic  analysis  of  rbcL  sequence  data  (01m- 

et  al,,  1992)  corroborates  this  relationship. 

g  ^^\^oraginales.      The  clade  designated  as  the           ^   « 
raginales  is  represented  by  two  families  in  this       disputed.  The  family  has  been  placed  either  in  its 

to  these  two  families. 

Our  results  further  suggest  that  Buddlejaceae, 

frequently  regarded  as  a  tribe  in  the  Loganiaceae 

(Gentianales),  are  misplaced  and  should  be  consid- 

ered within  the  Scrophulariales  plus  Lamiales.  Cal- 
litrichaceae, often  included  either  in  the  Lamiales 

(Dahlgren,  1983;  Thome,  1983;  Takhtajan,  1987) 
or  in  their  own  order  near  the  Scrophulariales 

(Cronquist,  1981),  lie  within  the  Scrophulariales 

plus  Lamiales  clade.  These  results  are  consistent 

al.,  1992,  and  unpublished). 
(Olmstead 

ffinit 

analysis:  Boraginaceae  and  HydrophyU 
clos 

aceae 

'^e   morphological    relationship    bet families  h5i«i   u   .1     ./      ̂ ^.^ 

ween 

.The 

these 

own  order  (Oleales)  near  the  Gentianales  (Dahlgren, 

1983;  Thome,   1983;  Takhtajan,   1987),  within 

rf^^^  *^as  long  been  evident  (e.g.,  Dahlgren,  1 983;       the  Gentianales  (Stebbins,  1 974),  or  in  the  Scroph- 

^^khtajan,  1987),  in  spite  of  Cronquist's  (1981)       ulariales  (Cronquist,    1981).   Disparities   in   floral 

"■eatment  to  the  contrary,  wherein  the  Boragina-       symmetry,  phytochemistry,  embryology,  and  anat- e  are  placed  alongside  the  Lamiaceae  and  Ver- 
"aceae  in  his  Lamiales,  and  the  Hydrophyllaceae 

omy  between  the  Oleaceae  and  either  the  Gen- 
tianales or  the  Scrophulariales  have  precluded  a 

^  placed  in  his  Solanales.  Cronquist  does,  how-       satisfactory  placement  in  either  order.  Our  results 

^r,  acknowledge  the  strong  similarity  between       suggest  that  the  Oleaceae  (as  represented  by  For- 
^^.  The  division  of  this  clade  into  two  distinct      sythia,  Ligustrum,  and  Syringa)  are  more  closely 
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related  to  the  Scrophulariales  than  to  the  Gentiana-  aceae  are  representatives  of  the  Gentianales  In  this 

les.  This  is  consistent  with  the  rbcL  analysis  of  study.  Reasonable  consensus  exists  among  system- 

Olmstead  et  al.  (1992),  which  placed  the  family  in       atists  regarding  the  circumscription  and,  to  a  lesser 

a  basal  position  in  the  Scrophulariales. 
degree,  the  infraordinal  structure  of  the  Gentia- 

Of  the  seven  scrophularialean  families  for  which  nales.  The  first  four  families  listed  above  are  closely 

more  than  one  species  was  examined,  only  two,  related  in  all  modern  taxonomic  systems  and  are 

Acanthaceae  and  Myoporaceae,  emerge  as  mono-  relatively  homogeneous  in  wood  anatomy  (Carl- 

phyletic.   The   gynobasic-styled  Lamiaceae   {Sta-  quist,  1992),  morphology,  and  phytochemistry.  The 

chys,  Prasium,  Comanthosphace,  and  Pogoste-  Menyanthaceae,  Buddlejaceae,  and  Oleaceae,  of- 

mon)  also  emerge  as  distinct  in  agreement  with  ten  included  in  the  Gentianales,  are  placed  else- 

Cantino  (1992),  but  their  relationship  with  other  where  in  our  analysis  (see  Groups  D  and  G). 

Although  most  systematists  treat  the  Apocyna- 
The  lack  of  resolution  within  and  among  the  ceae  and  Asclepiadaceae  as  distinct  families,  some 

families  that  constitute  the  Scrophulariales  is  likely  believe  that  because  few  characters  clearly  differ- 

due  to  two  factors.  First,  the  low  number  of  infor-  entiate  these  taxa,  it  would  be  more  appropriate 

mative  restriction  sites  within  these  taxa  presents  to  treat  them  as  a  single  family  (Hallier,  ̂ ^^^' 
a  problem.  Of  the  55  phylogenetically  informative 

mints  and  the  Verbenaceae  is  not  resolved. 

Demeter,  1922;  Stebbins,  1974;  Thorne,  1983). 

characters  used  in  the  cladistic  analysis,  only  10  Our  results  support  the  latter  view.  The  Apocy- 

provide  information  on  relationships  among  the  22  naceae  form  a  monophyletic  group  when  the  As- 

species  from  nine  families  that  make  up  the  Scroph-  clepiadaceae  (represented  by  Asclepias  and  renp- 
ulariales  (Table   1),  Several  of  these  DNAs  are  loco)  are  included  within  it  (Fig.  2). 

identical  in  all  77  restriction  sites  compared.  The  The  Loganiaceae  are  a  morphologically  hetero- 
estimated  pairwise  percent  sequence  divergence 

(Brown  et  al.,  1979)  between  Syringa  (Oleaceae) families 
and    Verbascum   (Scrophulariaceae),   which   may ognized  by  some  authors.  The  family  is  represen

ted 

here  by  three  genera:   Fagraea,  Spigelia,  and 

represent  extremes  within  the  order  (see  above),  is  Strychnos,  The  latter  two  genera  form  a  clad e  in 

0.7%  (Table  3).  Data  from  only  four  restriction  our  analysis,  whereas  Fagraea  is  grouped  with  the 

enzymes  were  available;  as  data  from  more  restric-  Gentianaceae,  suggesting  that  it  might  be  misp 

tion  enzymes  and  from  gene  sequencing  are  in-  in  the  Loganiaceae  (see  Jensen,  199-^)-  A 

eluded  in  subsequent  phylogenetic  analyses,  great-  tively,  the  Loganiaceae  may  be  a  paraphyletic  g 

er  resolution  among  the  families  is  expected.  A  ancestral  to  the  Apocynaceae  and  Gentianac 

study  of  this  nature  is  currently  in  progress  (C.  The  Rubiaceae,  represented  here  by  ren^a^,  a 
Morden,   C.   dePamphiUs   &   J.   Palmer,   unpub- 
lished). 

Second,  the  Scrophulariales  are  a  relatively  ho- 

often  associated  with  the  Gentianales  i^^^^^^' 

1992).  In  the  treatments  of  Takhtajan  
(1980, 

1987),   Thorne    (1983),    Dahlgren   (1983),  
and mogeneous  order,  with  the  morphological  similar-       Wagenitz  (1977),  the  Rubia 

ities  among  its  constituent  families  emphasized  by 
many.  Several  families  are  connected  by  genera the  Gentianales.  However,  their  lack  

of  interna 

in  the  order)  and  t
he 

(otherwise 
thought  to  be  transitional  or  of  uncertain  placement       presence  of  an  inferior  ovary  (otherwise  s  p 
(Armstrong,  1985);  consequently,  precise  circum- 

scriptions of  some  families  are  ambiguous.  More- 
over, some  members  of  the  order  are  considered 

to  be  specialized  derivatives  of  the  Scrophulari- 
aceae, the  largest  and  putatively  central  family  in 

family 

from  the  rest  of  the  order.  Cronqulst  (1981)  eXj 

eluded  the  Rubiaceae  from  the  Gentian
ales  an 

own wood 

the  order  (Cronquist,  1981).  Qadistic  analyses  us-       aceae    may    not    belong    within    the    *^^"  ̂ ^ 

ales 

ingprimarily  morphological  characters  (Lu,  1990)      (Carlquist,    1992),   but   rather   in  a   nei 

ghbonng 

and  rbcL  sequence  data  (Olmstead  et  al.,  1992) 

oflFered  little  resolution  among  the  families  com- 
prising the  orders  Scrophulariales  and  Lamiales. 

Diversification  of  the  Scrophulariales  into  families 

and  perhaps  even  genera  may  have  occurred  rap-       gation  in  a  separate  order. 
Rubiaceae 

iiioiiuiaiiiLiiai  oruer.  \jui  tiai-a.  ^^^^-^  —  . 

as  the  most  basal  branch  within  the  G^"^^"!^^^ 

(Fig.  2),  and  are,  therefore,  consistent  with  ei  ̂̂  

their  inclusion  in  the  Gentianales  or  their  
seg 

(F)  Viburnum  and  Sambucus. 
idly  relative  to  other  orders  within  the  subclass. 

(E)  Gentianales,      The  Apocynaceae,  Asclepia- 

daceae,   Loganiaceae,    Gentlanaceae,    and    Rubi-       tween  these  two  taxa  and  other  genera  tra 

relatioo 

bet 

►natt
y 
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placed  within  the  Caprifoliaceae,  have  been  subject  DNAs  of  Menyanthes  and  Fauria  (Menyantha- 
to  much  speculation.  Our  data  support  the  close  ceae)  and  Barnadesia  (Asteraceae)  are  identical 

relationship   between    Viburnum    and    Sambucus  at  all  restriction  fragments  compared,  with  only 
posited  by  Donoghue  (1983)  on  the  basis  of  mor-  two  character  differences  separating  Barnadesia 
phological  evidence.  The  separation  of  Viburnum  from  Lactuca  (Fig.  3).  A  closer  relationship  be- 
and  Sambucus  (plus  Adoxa)  from  the  rest  of  the  tween   Villarsia  and  Nymphoides  than  between 
Caprifoliaceae  and  from  other  Dipsacales  has  been  these  two  genera  and  any  other  in  the  Menyan- 
suggested  by  Donoghue  and  coworkers  on  the  basis  thaceae  is  also  inferred  from  morphological  and 
of  morphological  evidence,  rbcL  sequence  data,  flavonoid  chemical  data  (OrndufF,  1973;  Bohm  et 
and  preliminary  cpDNA  restriction  site  data  (Don-  al.,  1986). 
oghue,  1983,  1990;  Donoghue  et  al.,  1992).  Our Affinities  between  the  Asteraceae  and  Calycera- 
data  also  agree  with  this  view.  The  absence  of  two  ceae  have  often  been  claimed  based  on  floral  mor- 

restriction  fragment  length  variants  in  Viburnum  phology  and  wood  anatomy  (Turner,  1977;Skvarla 
and  Sam6acu5,  otherwise  present  in  the  four  other  et  al,  1977;  Carlquist,  1992).  Dahlgren  (1983) 
Caprifoliaceae  examined  (Table  2),  further  distin-  and  Thorne  (1983)  placed  the  Calyceraceae  in  the 

guishes  them  from  the  CaprifoHaceae  sens.  str.  but  Dipsacales,  whereas  Cronquist  (1981)  placed  them 

IS  neutral  with  respect  to  the  controversy  con-  in  their  own  order,  the  Calycerales,  which  he  stated 
cerning  their  phylogenetic  affinities. is  related  to  and  probably  derived  from  the  Dip- 

The  putative  sister-group  relationship  between  sacales.  Our  results  strongly  indicate  that  the  Ca- 

the  clade  consisting  of  Viburnum  and  Sambucus  lyceraceae  belong  within  the  clade  designated  here 

and  the  Asterales,  as  seen  in  Figure  2,  is  compli-  as  the  Asterales  and  not  within  the  Dipsacales. 

cated  by  the  fact  that  more  than  one  most  parsi-  Phylogenetic  analyses  of  rbch  sequence  data  cor- 

monious  reconstruction  (MPR)  exists  (Swoff'ord  &  roborate  these  results  and  indicate  further  that  the 
Maddison,    1987).    Because    the    branch    uniting  families  Calyceraceae  and  Goodeniaceae  are  the 

Groups  F  and  G  has  zero-length  under  one  MPR  closest  living  relatives  to  the  Asteraceae  (Michaels 

but  a  length  of  one  under  a  different  MPR,  PAUP  et  al.,  m  prep.;  Olmstead  et  al.,  1 992). 
retains  the  zero-length  branch  (Swofford,  1990). 
The  coUapse  of  this  zero-length  branch  yields  an 
linresolved  trichotomy  consisting  of  Groups  A 
through  E  as  one  branch.  Group  G  as  another 

The  presence  of  Menyanthaceae  in  the  astera- 

lean  clade  is  unexpected.  Once  relegated  to  infra- 
familial  status  within  the  Gentianaceae  (Bentham, 

1876;  Rendle,  1925),  the  Menyanthaceae  are  now 

branch,  and  Group  F  as  the  third  branch  (Fig.  3).  recognized  at  the  familial  level.  Discordance  be- 

^"ven  this,  the  close  relationship  of  Viburnum  and  tween  anatomical  and  chemical  characters  has  pre- 
^dmbucus  to  the  Asterales  in  Figure  2  must  be  eluded  a  consensus  on  its  ordinal  placement.  Most 
regarded  as  tentative.  On  the  basis  of  rbcL  se-  modern  systematists  include  the  Menyanthaceae 

quence  data  (Donoghue  et  al.,  1992),  the  connec-  within  the  Gentianales  (e.g.,  Takhtajan,  1987),  but 

tion  between  Viburnum  and  Sambucus  and  the  Cronquist  (1981)  viewed  their  position  here  as 
Asterales  is  also  unclear. 

(G)  Asterales  sensu  lata.  The  clade  identified 

the  Asterales  in  Figure  2  comprises  represen- 
IV  es  from  the  Asteraceae,  Calyceraceae,   and 

^Jenyanthaceae,  Material  from  the  aUied  Campan- 
iles (Goodeniaceae  and  Campanulaceae)  was  ex- 

amined (Table  1),  but  extensive  length  and  se- 
<I^ence  variation  in  their  cpDNAs  made  comparative 
'"apping  and  the  confirmation  of  homology  of  re- 

striction sites  impossible.  Therefore,  these  families 
^ere  not  included  in  the  phylogenetic  analysis. 

group  relationships  between   Gamocarpha       ales  (Apiaceae  and  Araliaceae)  in  the  subclass  Ro- 
ster- 

^^opis  (Calyceraceae),  and  between  Villarsia 

,       ̂ ^y^phoides  (Menyanthaceae),  are  evident; 
wever,    relationships    among    the    Asteraceae, 
yceraceae,  and  Menyanthaceae  are  not  resolved. 

^*her  than  the  loss  of  the  rpl2  intron  in  the  Meny- 

"discordant"  and  placed  them  in  the  Solanales. 
Our  data  are  in  agreement  with  the  strong  evidence 

from  rbcL  sequences  (Olmstead  et  al.,  1992)  that 

instead  places  Menyanthaceae  within  the  Asterales. 

Although  the  families  differ  strikingly  in  flower  and 

inflorescence  morphology,  a  close  relationship  be- 

tween the  Menyanthaceae  and  Asteraceae  was  pos- 

ited by  Yamazaki  (1971)  on  the  basis  of  similarity 

in  embryo  development,  and  by  Pollard  &  Amuti 

(1981)  on  the  basis  of  common  possession  of  inulin. 

(H)  Apiales.      Cronquist  (1 98 1 )  placed  the  Api- 

The  morphological  resemblance 

Apiales,  Comaceae,  and  some  genera  of  Caprifo- 
liaceae has  been  noted  (Thome,  1983),  with  the 

Apiales  con.sidpred  allied  to  the  Cornales  and  placed 

in  the  Rosidae  (Cronquist,  198 1 ).  Our  results  agree 

*nthaceae  (Table  3;   Downie  et  al,    1991),  the       that  the  Araliaceae  and  Apiaceae  are  closely  related 
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(e.g.,  Takhtajan,  1980;  Cronquist,  1981;  Thome,      Thome's  earlier  hypotheses:  however,  their  close 
1983).  The  placement  of  the  Apiales  as  sister  group       relationship  is  not  well  supported. 

to  the  Dipsacales  in  our  study  is  variously  supported Fouquieria  possesses  a  number  of  distinctive 
by   rbcia  sequence  data.   Our   data  are   in   close  features  that  make  it  equally  as  anomalous  in  the 

agreement  with  Olmstead  et  al.  (1992)  in  placing  Dilleniidae  as  in  the  Asteridae  (Wagenitz,  1977; 

the  Apiales  as  sister  group  to  the  Dipsacales,  but  Cronquist,  1981;  Hufford,   1992).  The  basal  po- 
differ  from  Donoghue  et  al.  (1992)  in  which  the  sition  of  Fouguierja  and  Polemoniaceae  in  Figures 

position  of  the  Apiales  in  relation  to  the  Dipsacales  2  and  3  is  surprising  and  demands  further  atten- 
(and  Asterales)  is  uncertain. 

(I)  Dipsacales.  Included  here  are  taxa  be- 
longing to  the  Caprifoliaceae,  Dipsacaceae,  and 

Valerianaceae.  Viburnum  and  Sambucus  are  ex- 

cluded from  this  clade  in  our  analysis  (see  above 
discussion  of  Group  F).  The  Dipsacaceae  emerge       CONCLUSIONS 

tion.  In  this  regard,  it  is  noteworthy  that  some 

support  for  this  position  is  also  found  in  a  rbcL 

sequence  phylogeny  (Olmstead  et  al.,  1992,  and 
unpublished). 

as  monophyletic  and  are  nested  along  with  Valeria- 

naceae within  a  paraphyletic  Caprifoliaceae  (Fig. 
2).  Kolkwitzia^  belonging  to  the  tribe  Linnaeeae 
of  Caprifoliaceae,  and  Valeriana  (Valerianaceae) 

emerge  as  sister  taxa  in  our  analysis.  A  close  re- 
lationship has  been  proposed  between  this  tribe  and 

the  Valerianaceae  (Wilkinson,  1949;  Donoghue, 
1983;  Donoghue  et  ah,  1992).  Lonicera  and  Sym- 
phoricarpos  also  emerge  as  more  closely  related 
to  each  other  than  either  is  to  any  other  member 

Comparative  restriction  site  mapping  of  IR  se- 

quences of  chloroplast  genomes  from  99  species 

and  37  families  of  Asteridae  and  putatively  allied 

taxa  in  the  Rosidae  and  Dilleniidae  allows  for  phy- 

logenetic  inference  at  high  taxonomic  levels.  This 

study  demonstrates  for  the  first  time  the  potential 

of  this  approach  for  illuminating  phylogenetic  re- 

lationships at  the  familial  and  ordinal  level.  Wolfe 

et  al.  (1987)  have  demonstrated  that  rates  of  nu- 
cleotide substitutions  at  silent  sites  and  in  noncoding ^r  .1   n        £  V  A  1   .   -1    1  1     .       r       cieouoe  suDSiuuuons  ai  sueni  &iic&  emu  u*  ̂ *^" — -•-  o oi  the  Lapntoiiaceae.  A  more  detailed  analysis  of  .     ,     tt^  -    ̂     .         i  *UontVifmp 

tK.  r.\.^\L.r..r  .f  .T..  n;.....i..  u^.^A  ™   .z.„T       sequenccs  m  the  IR  are  4-
6  times  lowcr  than  those the  phylogeny  of  the  Dipsacales  based  on  r6cL 

volimie 
in  single-copy  regions.  Consequently,  by  focusing 

exclusively  on  the  highly  conserved  IR  region  of 

the  chloroplast  genome  one  can  predict  that  com- 

parative restriction  site  mapping  studies  can  be 

tunes 

(Donoghue  et  al.,  1992). 

(J)  Fouquieria  and  Polemoniaceae.      The  sys- 
tematic positions  of  the  Fouquieriaceae  and  the 

Polemoniaceae  have  long  been  matters  of  contro-       than  that  to  which  they  have  been  applied  previ- 
versy.  The  Fouquieriaceae  have  been  variously       ously.  Since  restriction  site  variation  within  the 

entire  chloroplast  genome  has  been  used  success
- 

placed  in  the  Violales  (Dilleniidae;  Cronquist,  1981), 
the  Tamaricales  (Dilleniidae;  Takhtajan,  1980),  or  fully 

in  their  own  order,  the  Fouquieriales  (Corniflorae,  it  is  not  surprising  that  restriction  site  mapping 
near  Ericales  and  Cornales;  Dahlgren,  1983).  The  the  IR  works  well  over  the  whole  Asteridae. of 
Polemoniaceae,  once  thought  to  be  allied  with  the 

This  conservatism  in  IR  restriction  site  muta-
 

Caryophyllales  (Caryophyllidae)  or  with  the  Ce-  tions  is,  however,  both  a  blessing  and  a  curse.  At 

raniales  (Rosidae;  see  review  in  Dawson,  1936),  appropriate  levels  of  nucleotide  divergence,  the&e 
are  often  placed  in  the  Asteridae  (Cronquist,  1981;  data  can  be  used  in  a  cladistic  analysis  to  infer 

Takhtajan,  1980).  Henrickson  (1967)  and  Thorne  relationships;  however,  the  extreme  conservatism 

(1977)  considered  the  Polemoniaceae  to  have  af-  of  the  IR  precludes  robust  hypotheses  of  relation- 

ships among  relatively  closely  related  taxa.  A  i 

excessive  divergence  in  restriction  sites  in  se 

families  (Table  1 ),  particularly  those  that  have  los 

one  entire  segment  of  the  cpDNA  IRi  preven 
nment 

finities 

aUied  the  Polemoniaceae  with  the  Pittosporaceae 
and  treated  this  clade  as  sister  group  to  the  As- 

teridae, and  placed  the  Fouquieriaceae  as  the  sister 

group  to  the  Ericales  (Dilleniidae),  The  latter  hy-       «..^.x.xxv.xx.  ̂ .x  x^o.x.vt.^.x  x»«^.   

pothesis  is  supported  by  Olmstead  et  al.  (1992,       site  homology.  Divergence  at  the  structural  leve , 

whether  due  to  inversions  or  major  length  vana 
and  un 

Fouquieriaceae  and  Polemoniaceae  are  part  of  a 
monophyletic  Ericales.  The  placement  of  the  Fou- 

quieriaceae alongside  the  Polemoniaceae  in  this 

study    is    in    agreement    with    Henrickson*s    and 

limits 

phylogenetic  levels,  the  approach  P''^^^^*      ̂ iJ^a 

will  yield  fewer  informative  characters  than  V 

sequencing  but  is  clearly  a  useful  adjunct  appr 
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to  sequencing.  The  utility  of  rbcL  sequence  data  to  the  Gentianales.  (5)  Asclepiadaceae  are  derived 

m  inferring  relationships  across  different  subclasses  from  Apocynaceae. 

ofangiosperms  has  been  demonstrated  by  Olmstead  Of  the  25  families  for  which  more  than  one 

et  al.  (1992).  species  was  examined  (Table  1),  ten  (Acanthaceae, 

Phylogenetic  analysis  of  cpDNA  IR  restriction  Apocynaceae  sens,  lat.,  Araliaceae,  Asclepiada- 

site  variation  provides  a  means  of  reassessing  the  ceae,  Calyceraceae,  Convolvulaceae,  Dipsacaceae, 

traditional  and  largely  morphologically  based  clas-  Myoporaceae,  Polemoniaceae,  and  Solanaceae) 

sifications  of  the  Asteridae.  The  residts  presented  constitute  monophyletic  groups;  two  (Caprifolia- 

here  are  preliminary  in  the  sense  that  the  ratio  of  ceae  sens.  lat.  and  Cornaceae)  may  be  polyphyletic; 

informative  characters  to  taxa  is  low  and  therefore  two  may  be  paraphyletic  (Apocynaceae  and  Cap- 
are  not  a  sufficient  basis  for  a  new  classification  of  rifoliaceae  sens,  str.);  and  12  are  unresolved  with 

the  subclass.  Nevertheless,  they  provide  a  set  of  the  data  at  hand. 

explicit  hypotheses  about  relationships  in  the  As- The  results  presented  here  are  generally  con- 
teridae  that  can  be  tested  as  additional  evidence  sistent  with  traditional  morphological  groupings  and 

becomes  available.  These  data  provide  important  are  highly  congruent  with  a  phylogenetic  analysis 

corroborating   evidence    for    other   contemporary  of  rbcL  sequence  data  (Olmstead  et  al.,   1992). 

studies  focusing  on  cpDNA  sequence  data  (Dono-  The  lack  of  resolution  in  many  portions  of  the 

ghue  et  ah,  1992;  Michaels  et  al,  in  prep.;  01m-  consensus  tree  is  primarily  due  to  an  insufficient 

stead  et  al.,  1992).  If  subsequent  analyses  support  number  of  characters  rather  than  conflict  among 

the  results  presented  here,  some  realignments  in  characters,  for  many  of  the  branches  are  supported 

the  circumscription  and  classification  of  the  Aster-  by  only  one  character  change  (Fig.   3).   Future 
idae  wiU  be  in  order. 

analyses  should  therefore  benefit  from  the  use  of 

W The  following  general  conclusions  are  reached  additional  restriction  enzymes  to  increase  the  num- 

concerning  phylogenetic  relationships  in  Asteridae 

sensu  lato.  ( 1 )  Six  distinct  clades  that  broadly  cor-  acters,  measures  of  statistical  evaluation  (e.g.,  boot- 

respond  to  traditionally  recognized  orders  in  the  strap  sampling)  can  be  applied.  Other  problematic 

Asteridae  can  be  circumscribed:  Solanales,  Bora-  families,  such  as  the  Plantaginaceae,  Lentibulari- 

ginales,  Scrophulariales  plus  Lamiales,  Gentianales,  aceae,  and  Retziaceae,  can  be  included  in  further 

Asterales  sens.  lat.  (including  Calyceraceae  and 
Menyanthaceae),  and  Dipsacales  (minus  Viburnum 

analyses. 

Phylogenetic  relationships  based  on  these  mo- 

and  Sambucusy  Infraordinal  relationships  are  rea-  lecular  data  should  help  to  assess  the  relative  im- 

sonably  well  resolved  for  four  of  these  orders,  but  portance  of  traditional  characters  (e.g.,  morpho- 

not  for  the  Scrophulariales  plus  Lamiales  and  As-  logical,   phytochemical,   embryological)   currently 

terales  sens.  lat.  Interordinal  relationships  remain  used  in  circumscribing  orders  and  famQies  in  the 

poorly  resolved.  (2)  The  Apiales,  included  here  in Asteridae.  The  occurrence  of  unexpected  relation- 

the  Asteridae  sens,  lat.,  may  be  the  sister  group  ships  suggests  that  a  reevaluation  of  characters  is 

to  the  Dipsacales.   Members  of  Hydrangeaceae,  in  order,  particularly  in  the  taxa  heretofore  in- 

Cornaceae,  and  Loasaceae  emerge  as  closely  allied  eluded  in  the  Rosidae  and  DUleniidae.  In  the  future, 

and  also  faU  within  the  Asteridae  sens.  lat.  Con-  the  approach  presented  here  should  complement 

sequently,  the  Asteridae  as  traditionally  circum- DNA   sequencing   and   structural   rearrangement 
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SYSTEMATIC  IMPLICATIONS 
OF  THE  DISTRIBUTION  OF 
IRIDOIDS  AND  OTHER 
CHEMICAL  COMPOUNDS  IN 
THE  LOGANIACEAE  AND 
OTHER  FAMILIES  OF  THE 

ASTERIDAE^ 

S0ren  Rosendal  Jensen^ 

Abstract 

The  distribution  of  the  chemical  compounds  iridoids,  anthraquinones,  and  verbascosides  is  demonstrated  in  Dahl- 
grenograms.  An  analysis  of  iridoid  biosynthesis  and  structure  allows  distinction  of  two  main  groups  of  compounds. 
Thus,  the  biosynthetic  route  I  gives  rise  to  the  seco-iridoids  and  their  derivatives,  and  another  {route  11)  to  aucubin 
and  similar  decarboyxlated  iridoid  glucosides.  Seco-iridoids  from  route  I  are  widely  distributed  in  Cornanae,  Loasanae, 
and  Gentiananae  but  never  In  Lamianae.  Aucubinlike  compounds  derived  by  route  II  are  commonly  found  in  Lamianae 
and  in  three  small  families  in  Cornanae,  but  are  not  found  in  Gentiananae.  Ericanae  contain  both  groups,  but  not 

within  the  same  order.  Likewise,  two  biosynthetically  different  groups  of  anthraquinones  can  be  distinguished,  one  of 
which  is  found  solely  in  Gentiananae  and  in  Lamianae,  and  thus  suggests  the  monophyletic  origin  of  these  taxa.  The 
distribution  of  the  verbascosides,  a  group  of  caffeic  acid  esters,  and  cornoside.  a  compound  that  is  often  vicarious  for 
iridoids,  is  shown  to  be  limited  to  Lamianae  and  Oleaceae  (Gentiananae),  barring  a  few  exceptions.  This,  together 
with  other  evidence,  may  suggest  that  Oleaceae  systematically  belong  close  to  Scrophulariaceae,  despite  the  presence 
of  seco-iridoids  in  Oleaceae.  The  results  of  an  investigation  of  the  family  Loganiaceae,  as  delineated  recently  by 
Leeuwenberg,  are  presented  and  analyzed  in  light  of  the  above  distributional  patterns.  The  chemical  data,  combined 
with  a  few  morphological  characters,  reveal  that  the  tribes  Spigelieae,  Loganieae,  Strychneae,  Gelsemieae,  and  Antonieae 
show  many  similarities  and  are  characterized  by  containing  seco-iridoids  (biosynthetic  route  /),  by  having  intraxylary 
phloem  and  nuclear  endosperm  formation,  and  by  lacking  verbascosides.  The  tribe  Potalieae  share  this  set  of  characters, 
but  because  of  the  presence  of  a  unique  combination  of  compounds,  elsewhere  only  found  in  Gentianaceae,  it  may 
fit  better  in  that  family.  The  tribes  Plocospermeae,  Buddlejeae,  and  Retzieae,  as  well  as  the  genus  Polypremum  bom 
Spigelieae,  do  not  belong  in  the  Gentianaceae,  because  they  are  all  different  in  the  above  set  of  characters.  Chemically 
(and  morphologically),  they  are  more  closely  related  to  Scrophulariaceae  and  its  allies  or,  alternatively,  Oleaceae.  Our 
studies  have  revealed  nothing  conclusive  about  tribe  Desfontainieae. 

Chemical  characters  have  been  used  extensively  en  (1962-1990),  was  among  the  first  to  realize 

in  only  one  of  the  comprehensive  angiosperm  sys-  the  fxill  potential  of  secondary  compounds  in  sys- 
tems (R,  Dahlgren,  1974,  1975a,  1980;  G.  Dahl-  tematic  botany,  but  he  also  saw  that  the  main 

gren,  1989).  In  this  classification  scheme,  data  on  difficulty  was  the  lack  of  sufficient  information. 
the  distribution  of  secondary  chemical  compounds 
are  incorporated  in  a  rational  way.  Additionally, Only  a  small  proportion  of  the  known  plants  hav

e 
been  investigated  chemically,  and  large  gaps  in 

Dahlgren  continued  to  construct  detailed  graphical  knowledge  of  the  distribution  of  secondary  corn- 
representations  of  his  system,  a  feature  making  it  pounds  are  still  evident,  making  the  use  of  them 

more  comprehensible  for  nonspecialists  as  well  as  difficuh.  However,  some  types  of  compounds  have 

providing  a  demonstration  of  the  distribution  of  been  fairly  comprehensively  investigated;  the  dis- 
characters.  Such  representations  have  been  coined  tributions  of  some  are  presented  in  Dahlgrenograms 
Dahlgrenograms  by  Molgard  (1985), 

Pfl 

(Dahlgren  et  al.,  1981).  .    , 

Another  difficulty  is  deciding  whether  a  chemic
a 

*  I  thank  Peter  Raven,  Missouri  Botanical  Garden,  for  invaluable  help  in  contacting  botanists  worldwide  in  or 
to  obtain  material  of  otherwise  inaccessible  plants.  I  am  also  grateful  to  the  persons  actually  providing  the  maten   - 

conung 

-"/ *"•"&;»  v^i"i.i^i3iijr  v/1  w|jciiiiagcii,  IS  uiaiiKcu  lor  examining  the  sample  oi  Plocosperma  buxifolia.  1" 
working  with  me  and  my  colleague  Bent  Juhl  Nielsen  on  the  project  were  Ole  Kirk,  Jan  S.  Jensen,  Inge  V 
Jens  K.  Nielsen,  Henrik  Franzyk,  and  Jesper  Thorsen, 

=  Department  of  Organic  Chemistry,  Technical  Universitv  of  Denmark.  DK-2800  Lvncbv.  Denmark- 

Ann.  Missouri  Bot.  Card,  79:  284-302.  1992. 
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Figure  1.      Distribution  of  iridoid  compounds  (hatched)  illustrated  in  the  last  Dahlgrenogram  (G.  Dahlgren,  1989). 
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nvn 

COOH 

iridodl al 1    deoxylo3anic    acid 

COOR 
CHO  coon 

conplsx  indolfi  alkaloids 

2j  R=H  loganic  acid 

3;  R=ne  loaanin 

4  secolo9anin 

Figure  2.      Biosynthetic  route  /via  iridodial  and  deoxyloganic  acid  (1)  leading  mainly  to  seco-iridoids  and  complex 
indole  alkaloids  (CIA). 

character  is  systematically  relevant.  Not  only  must  correlation  with  embryological  data  (Dahlgren, 
a  number  of  plants  within  the  families  and  orders  1975b).  Therefore,  it  is  not  strange  that  the  iridoid- 
be  explored,  but  also  the  compounds  within  a  group  containing  families  appear  as  a  cluster  in  the  system 
must  be  biochemically  related  and  show  some  struc-  (Fig.  1).  Some  of  the  more  controversial  decisions 
tural  variation  (Gottlieb,  1982).  Finally,  correlation  were  the  inclusion  of  Ericales  and  Loasales  as  part 
with  other  characters  is  necessary  before  using  the  of  the  Asteridae.  Ericales  are  usually  included  in 
chemical  character^a  fact  that  many  phytochem-  Dilleniidae  and  Loasaceae  often  in  Violales,  al- 

though Takhtajan  (1980)  considered  them  part  of 

his  Lamianae.  Traditionally,  the  Sarraceniaceae 

have  been  placed  close  to  Papaveraceae,  but  Dahl- 

ists  are  not  aware  of. 

In  the  following,  I  will  apply  Dahlgrenograms  to 
show  the  distribution  of  some  chemical  characters 
and  demonstrate  how  they  may  be  used  to  shed 
new  light  on  problems  of  systematic  nature  within 
the  Asteridae.  We  have  for  some  years  worked  on 
the  chemotaxonomy  of  Loganiaceae  in  my  labo- 

ratory. I  will  present  the  results  and  an  analysis  of 
them  in  light  of  the  above  chemical  evidence  com- 

bined with  a  few  morphological  characters. 

I.  Chemical  Characters 

init 

mainly  because  of  the  embryology.  Only  later  did 

we  find  that  iridoids  were  present  (Jensen  et  al., 1975b). 

Recently,  with  more  biosynthetic  data  available, 

we  have  found  that  at  least  two  distinctive  biosyn- 

thetic pathways  can  be  tentatively  discerned  (Jen- 

sen, 1991).  One  group  of  compounds,  including 

the  seco-iridoids  and  the  complex  indole  alkaloids 
Dahlgren  s  system  was  developed  partly  in  co-  (CIAs),  is  derived  from  iridodial  {route  /;  Fig-  2)^ 

operation  with  me  and  my  colleague  Bent  J.  Niel-  The  other  group  may  be  considered  more  advanced 

sen.  He  put  great  weight  on  the  iridoids  as  char-  and  is  biosynthetically  formed  through  epi-iridodial 

acters  because  they  showed  a  surprisingly  strong  (route  II;  Fig.  3).  Only  a  limited  amount  of  bio- 

tlVfi 

epi-iridodial 

COOH 

epi-dGoxyloganic ac  id 

COOH 

deoxyseniposidic  5    aucubin ac  i  d 

etc. 

Figure  3.      Biosynthetic  route  II  via  epi-iridodial  and  epi-deoxy-loganic  acid  leading  mainly  to  aucubin  and  sim  a decarboxylated  compounds. 
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Figure  4.      Families  with  seco-iridoids  [route  /—hatched)  and  with  decarboxylated  iridoids  (route  //—dotted). 
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COOH 

'polyacetate' 

COOH 

♦  nvfl 

OH 

shikimic  acid 

we  take  biosynthesis  into  account,  two  different 

main  pathways  have  been  demonstrated,  and  the 

origin  of  the  compounds  is  usually  easy  to  see  from 

the  oxidation  pattern  (Fig.  5).  In  one  pathway  used 

by  fungi  and  many  angiosperms,  anthraquinones 

are  formed  by  condensation  of  acetate  units  to  give 

compounds  with  the  characteristic  oxidation  pat- 
tern seen  in  Figure  5.  The  compounds  from  the 

alternative  pathway  are  formed  by  a  more  complex 

route,  which  includes  shikimic  acid  and  a  terpenoid 

vmit.  The  oxidation  pattern  in  this  case  is  unpre- 

dictable, but  apparently  usually  different  from  the 
Figure  5.     The  two  biosynthetic  pathways  starting  above 

with  either  "polyacetate"  (acet)  or  shikimic  acid  (shik)  .      .       *  -   ,  ■    i-      j  •    t  ku 
and  leading  to  anthraquinones,  ^^  mventory  of  the  two  types  is  listed  m  labJe 

1,  and  the  distribution  is  shown  in  the  next  Dahl- 

grenogram  (Fig.  6)  together  with  the  iridoids,  dem- synthetic  work  has  been  performed  so  far,  so  the      onstrating  that  the  advanced  pathway  is  almost mainly 

solely  found  in  Gentiananae  (many  genera  in  Ru- 
ucts — i.e.,  the  compounds  found  in  the  plants.  This  biaceae)  and  Lamianae  (some  genera  in  Scrophu- 
causes  problems  with  regard  to  some  compounds  lariaceae  and  Bignoniaceae  as  well  as  a  few  finds 
that  can  be  formed  by  more  than  one  biosynthetic  in  Acanthaceae,  Gesneriaceae,  and  Verbenaceae). 

pathway.  Thus,  geniposidic  acid  has  been  shown  The  normal  pathway  is  much  more  scattered  over 

to  be  formed  by  different  routes  in  Galium,  Gar-  the  system  but  is  most  abundant  in  Fabales,  Fo- 
denia,  and  Plantago,  where  in  each  case  it  is  a  lygonales,  and  Liliales.  A  possible  interpretation  of 
precursor  for  other  iridoids.  However,  this  problem  the  distribution  pattern  is  that  the  normal  pathway, 
can  usually  be  overcome  by  taking  accompanying  which  is  also  commonly  found  in  fungi,  is  either 

mpounds  into  account 
see  Jensen,  1991). an  archaic  character,  or  alternatively,  that  it  is 

fairly  easy  to  develop  de  novo  from  readily  acces 

several  times. 

Thedistributionof  the  two  groups  of  compounds  sible  precursors  in  the  primary  metabolism.  The 

is  shown  in  Figure  4.  Note  that  Dahlgren's  system  advanced  pathway  is  biosynthetically  much  more 
was  constructed  before  we  had  enough  biosynthetic  complicated  and  is  less  likely  to  have  developed 
information  to  make  the  distinction  between  the 

two  groups.  It  is  evident  from  the  figure  that  route  Another  type  of  compound  that  shows  an  inter- 
/  is  the  main  pathway  in  Cornanae,  Loasanae,  and  esting  distribution  is  caflFeic  acid,  which  in  plants 
Gentiananae,  with  a  few  scattered  occurrences  in  is  usually  found  in  the  form  of  esters  (Fig.  7)-  This 

Ericanae  (namely  in  Stylidiaceae  and  Sarreniaceae,  character  has  been  Investigated  extensively  by  Bate- 
but  perhaps  neither  belong  here). /?oa/e //,  on  the  Smith  (1962),  who  worked  with  hydrolyzed  ex- 
other  hand,  is  consistently  found  in  Lamianae  ex-  tracts  of  plants.  Recently,  M0lgard  (1985)  and 

cept  in  Lamiaceae-Saturejoideae  and  Gesneri-  Mjalgard  &  Ravn  (1988)  have  presented  the  dis- 
aceae,  where  iridoids  apparently  are  lacking.  It  is  tribution  of  such  compounds  in  Dahlgrenograms. 
found  in  Cornanae  in  the  monogeneric  families  The  most  common  ester  of  caffeic  acid  is  chloro- 
Aucubaceae  and  Garryaceae,  as  well  as  in  the  genie  acid,  a  compound  that  Is  widely  distribute 

monotypic  family  Eucommlaceae  (Eucommiales).  in  the  sympetalous  families.  A  less  common  group 

Finally,  compounds  apparently  belonging  to  route  of  esters  of  caffeic  acid  is  verbacoside  and  its  ho- //  are  also  found  in  Ericaceae  (Ericales)  and  a  few 
closely  related  families. 

This  distributional  pattern  might  indicate  that      cosides"    for    the 

mologues,  which  have  a  much  more  limited  dis 

bution.  I  am  here  introducing  the  term     ver 

of   compounds.
 

whole    group 

(Harborne  (1966),  who  first  demonstrated  
the  tax- 

onomic  possibilities,  used  the  name  orobanchos 

the  two  main  groups  of  taxa  characterized  by  iri- 
doids are  not  a  monophyletic  entity.  However,  based 

on  the  chemical  evidence,  we  have  demonstrated  while  Hegnauer  (1990,  vol.  9:  8)  has  used  the  term 
earlier  that  information  from  the  distribution  of  "verbascosid-ahnliche"  for  this  group  of  c^nJ' 
anthraquinones  is  in  agreement  with  an  essentially      pounds.)  In  Table  2,  I  have  listed  the  report' 
monophyletic  origin  of  the  iridoid-containing  taxa 
(Dahlgren  et  al.,  1981).  Anthraquinones  are  widely 

ted 

rith 
findings  of  this  group  of  compounds  together 

some  recent  (unpublished)  results  from  nay 

scattered  in  fungi  and  angiosperms.  However,  if      laboratory.  Negative  results  are  difficult  to  deter- 
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Table  1 . 

derived.) 
(shik  =  derived  from  shikimic  acid;  acet  =  polyacetate 

Family 

Acanthaceae 

Actinidiaceae 

Agavaceae 
Anacardiaceae 
Annonaceae 

Apiaceae 

Asteraceae 

Bignoniaceae 

Commeliaceae 

Chenopodiaceae 

Dipterocarpaceae 

Eupteleaceae 
Fabaceae 

Gesneriaceae 
Hernandiaceae 

Hypericaceae 

Iridaceae 

Liliaceae 

Lythraceae 
Pittosporaceae 

Polygonaceae 

Genus  (number) 

Rhamnaceae 

Barleria  (1) 
Actinidia  (1) 
Phormium  (1) 
Lannea  (1) 

Annona  (1) 

Bupleurum  (1) 
Heracleum  (1) 

Eupatorium  (1) 

Haplopappus  (1) 
Saussurea  (1) 
Catalpa  (1) 

Markhamia  (1) 
Tabebuia  (2) 
Tecomella  (1) 
Terminalia  (1) 
Salsola  (3) 
Shorea  (?) 
Vatica  (1) 

Clutyia  (1) 
Abrus  (1) 

Cajanus  (1) 
Cassia  (9) 
Derris  (1) 

Desmodium  (1) 
Melanoxylon  (1) 
Vatairea  (2) 

Vataireopsis  (1) 

Streptocarpus  (1) 
Illigera  (1) 
Harungana  (1) 

Hypericum  (sev) 
Psorospermum  (3) Vismia  (6) 

Gladiolus  (1) 
Libertia  (2) 

-^/oe  (sev) 

Asphodeline  (1) 

Asphodelus  (2) 
5u/6ine  (2) 
Eremurus  (3) 
Hemerocallis  (1) 
Kniphofia  (1) 
Lomandra  (1) 
Ruscus  (1) 
Simethis  (1) 

Xanthorrhorea  (1) 

Wodfordia  (1) 
Pittosporum  (1) 
Antigonon  (1) 

Fagopyrum  (1) 
Muelenbeckia  (1) 

Polygonum  (sev) 
/?Aeum  (2) 
T^umejc  (2) 

Karwinskia  (1) 
Maesopsis  (1) 

Type 

shik 

acet 
acet 

acet 
acet 

acet 
acet 

acet 
acet 

acet 
shik 

shik* 

shik 

shik 

acet 

acet 

acet 
acet 

acet 
acet 

acet 
acet 

acet 
acet 

acet 

acet 

acet 
shik 

acet 
acet 

acet 
acet 

acet 

acet 

acet 
acet 

acet 
acet 

acet 

acet 
acet 

acet acet 

acet 

acet 

acet 
acet 

acet 
acet 
acet 
acet 

acet 
acet 

acet 
acet 
acet 

Reference 

Thomson  (1987) 

Zheng  &  Liang  (1985) 

Harvey  &  Waring  (1987) 
Thomson  (1987) 
Wu  et  al.  (1987) 

Choi  &  Woo  (1989) 

Khetwal  et  al.  (1987) 

Talapatra  et  al.  (1985) 
Thomson  (1971) 

Thomson  (1987) 
Thomson  (1987) 

Thomson  (1987) 

Thomson  (1971) 
Thomson  (1987) 

Thomson  (1971) 
Thomson  (1987) 

Thomson  (1987) 

Thomson  (1987) 

Thomson  (1971) 
Thomson  (1987) 

Thomson  (1987) 

Thomson  (1987) 

Thomson  (1987) 

Thomson  (1987) 
Thomson  (1987) 

Thomson  (1971) 

Thomson  (1971) 

Thomson  (1987) 

Yuanetal.  (1987) 
Thomson  (1987) 

Thomson  (1971) 

Thomson  (1987) 

The 
imson 

(1987) Ali  et  al.  (1989) 

Thomson  (1971) 

Thomson  (1987) 

Thomson  (1971) 

Thomson  (1987) 

Thomson  (1971) 
Thomson  (1971) 

Thomson  (1987) 

Thomson  (1987) 

Thomson  (1987) 

Thomson  (1987) 

Thomson  ( 1 97 1 ) 

Thomson  (1987) 

Thomson  (1987) 
Lin  &  Wang  (19 

Thomson  (1987) 

Thomson  (1971) 

Thomson  (1971) 

Thomson  (1987) 
Thomson  (1987) 

Thomson  (1987) 

Thomson  (1987) 

Thomson  (1971) 
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Table  1.     Continued 

Family Genus  (number) Type Reference 

Rubiaceae 

Rutaceae 

Scrophulariaceae 

Simarubaceae 

Solanaceae 
Sonneratiaceae 
Urticaceae 
Verbenaceae 
Zingiberaceae 

Rhamnus  (6) 
Ventilago  (3) 

Asperula  (1) 
Cinchona  (2) 

Coelospermum  (2) 
Commitheca  (1) 

Coprosma  (5) 
Crucianella  (1) 

Damnacanthus  (1) 
Danais  (1) 
Galium  (4) 

Hedyotis  (2) 

Hymenodictjon  (1) Knoxia  (1) 

Lasianthus  (1) 
Morinda  (6) 

Oldenlandia  (1) 
Plocama  (1) 

Prismatomeris  (2) 
Putoria  (1) 

Relbunium  (1) 
/?u6m  (4) 

Sherardia  (1) 
Clausena  (1) 
Evodia  (1) 

Limonia  (1) 

Peganum  (1) /?um  (1) 

Zanthoxylum  (1) 

Digitalis  (6) 
Isoplexis  (1) 

Scrophularia  (1) 
Alvaradoa  (1) 
Brucea  (1) 

Picramnia  (2) 
Fabiana  (1) 

Sonneratia  (1) 

Boehmeria  (1) 
Tectona  (1) 

Aframomum  (1) 
Curcuma  (1) 

acet 
acet 

acet 
shik 

shik 
shik 

shik 

shik 

shik 
shik 

shik 
shik 

shik 

shik 
shik 
shik 
shik 

shik 

shik 

shik 

shik 

shik 
shik 
shik  (?) 

acet 

acet 
acet acet 

acet 
shik 

shik 
shik 

acet 

acet 
acet 

acet 

acet 
acet 

shik 
acet 

shik 

Thomson  (1987) 

Thomson  (1987) 

Thomson  (1971) 

Thomson  (1987) 

Thomson  (1971) 

Thomson  (1987) 
Thomson  (1987) 

Thomson  (1971) 
Thomson  (1971) 
Thomson  (1987) 
Thomson  (1987) 

Thomson  (1987) 

Thomson  (1971) 
Thomson  (1987) 

Thomson  (1971) 

Thomson  (1987) 
Thomson  (1971) 

Thomson  (1987) 
Thomson  (1987) 
Thomson  (1987) 

Thomson  (1987) 

Thomson  (1987) 

Thomson  (1971) 
Thomson  (1987) 

Thomson  (1987) 

Musa  &  Zarga  (1986) 

Pitre  &  Srivastava  (1987) 
Thomson  (1987) 

Thomson  (1987) 
Thomson  (1987) 
Thomson  (1987) 

Thomson  (1987) 
Thomson  (1987) 

Yuet  al.  (1988) 
Thomson  (1987) 
Thomson  (1987) 

Thomson  (1971) 
Thomson  (1987) 

Thomson  (1987) 
Thomson  (1987) 

Ogbeideet  al.  (1985) 

common  in  Oleaceae  (Oleales),  a  member  of  Cen- 

tiananae,  and  this  is  a  family  tliat  also  contains 

seco-iridoids.  I  have  no  explanation  for  the  unex- 

pected finding  in  Asteraceae,  but  the  two  latter 

exceptions  deserve  comment.  First,  we  have  in- members 

"line,  sbce  they  are  usually  not  reported,  but  those 
rom  our  own  limited  investigation  have  been  in- cluded. 

ine  distribution  of  the  verbascosides  is  shown 

•"  figure  8  together  with  the  iridoids.  It  is  evident 
*at  a  good  correlation  with  the  iridoids  of  route 

.  ̂  found,  since  the  verbascosides  are  widespread 

*"  Umianae.  The  only  occurrences  outside  this  of  Garrya,  the  two  sole  sources  
m  the  order  con- 

«fder  are  m  a  single  genus  of  Asteraceae  {Echina-  taining  the  iridoid  aucubin  (probably  of  route  
II 

f««),  where  iridoids  have  never  been  found,  and  origin)  and  none  of  these  conla.n  
verbascosides. 

^  the  species  Cassinopsis  madagascariensis  from  However,  since  proto-Cornahan  
stork  perhaps  de- 

'cacinaceae  (Comales),  a  family  reported  to  con-  veloped  the  ability  to  biu.ynthesize  
indo.ds  of  route 

«*in  iridoids  of  route  I  only.  Verbascosides  arc  also       //  and  verbascosides,  and  nnght  be  .magm.-d  
to 

nales 
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Table  2.      Occurrence  of  verbascosides  in  Angiospermae. 

Family 

Acanthaceae 

Asteraceae 

Bignoniaceae 

Buddlejaceae 

Callitrichaceae 
Gesneriaceae 

Globulariaceae 

Hippuridaceae 
Icacinaceae 
Lamiaceae 

Loganiaceae  (?) 
Martyniaceae 

Myoporaceae 
Oleaceae 

Orobanchaceae 

Pedaliaceae 

Plantaginaceae 
Plocospermaceae 
Relziaceae 

Scrophulariaceae 

Genus  (number) 

Acanthus  (1) 

Asy stasia  (1) 

Hygrophila  (1) 
Pseuderanthemum  (1) 
Strohilanthes  (1) 
Echinacea  (3) 

Campsis  (1) 
Catalpa  (1) 

Deplanchea  (1) 
Eccremocarpus  (1) 
Jacaranda  (1) 
Mussatia  (2) 
Pandorea  (1) 
Pawlownia  (1) 
Buddleja  (2) 
Emorya  (1) 

Gomphostigma  (1) 
Callitriche  (1) 
Conandron  (1) 
Nautilocalyx  (1) 

many  genera 
Globularia  (1) 

Lytanthus  (1) 
Hippuris  (1) 
Cassinopsis  (1) 

4/u^a  (3) Galeopsis  (1) 
Leucoseptrum  (1) 
P/i/om/5(l) 
Stachys  (3) 
Teucrium  (3) 

Polypremum  (1) 
Martynia  (1) 
Eremophila  (6) 
Forsythia  (3) 0/ea(l) 

Osmanthus  (2) 

Syringa  (2) 
Cistanche  (2) 
Orobanche  (2) 

Harpagophytum  (1) 
Sesamum  (1) 
Plantago  (3) 

Plocosperma  (1) 
ftffz/a  (1) 

Calceolaria  (2) 
Castilleja  (2) 

Digitalis  (2) 
Eufrasia  (1) 
Halleria  (1) 

Lamourouxia  (1) 
Monochasma  (1) 
Pvdicularis  (1) 
Penstemon  (3) 

Phteirospermum  (1) 
Rehmannia  (1) 

Reference 

Melgard  &  Ravn  (1988) 
Harborne  (1966) 

Henry  et  al.  (1987) 
Harborne  (1966) 

Soediro  et  al.  (1983) 

M0lgard  &  Ravn  (1988) 
Imakura  et  al.  (1985) 
Harborne  (1966) 

Harborne  (1966) 

Gambaro  et  al.  (1988) 
Jimenez  et  al,  (1989) 
Harborne  (1966) 

M0lgard  &  Ravn  (1988) 

Molgard  &  Ravn  (1988);  Houghton  &  Hikino  (1989) this  work 

this  work 
this  work 

Melgard  &  Ravn  (1988) 
this  work 

Harborne  (1966);  Kvist  &  Pedersen  (1986) 
Harborne  (1966);  this  work 
Harborne  (1966) 

this  work 

Rasoanaivo  et  al.  (1990) 

Malgard  &  Ravn  (1988) 
Melgard  &  Ravn  (1988) 
Miyase  et  al.  (1982) 
Caliset  al  (1990) 

Mdgard  &  Ravn  (1988) 
Moigard  &  Ravn  (1988) 
this  work 

Melgard  &  Ravn  (1988) 
Dell  et  al.  (1989) 

Kitagawa  et  al.  (1988) 
Amiot  et  al.  (1986) 

Kikuchi  &  Yamauchi  (1985) 
Kikuchi  et  al.  (1987) 

Malgard  &  Ravn  (1988);  Yoshizawa  et  al.  (1990) Melgard  &  Ravn  (1988) 
Burger  et  al.  (1987) 
Potterat  et  al.  (1988) 

Mdgard  &  Ravn  (1988) 
this  work 

this  work 
Nicoletti  et  al.  (1988) 
Gardner  et  al.  (1987) 
Baudouin  et  al.  (1988) 

Melgard  &  Ravn  (1988) 
Abdullahi  et  al.  (1986) 
Jimenez  et  al.  (1988) 
Yahara  et  al.  (1986) 
this  work 

Teborg  &  Junior  (1989) 
Takeda  (1988) 

Melgard  &  Ravn  (1988) 

I 

I 
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Table  2.     Continued. 

Family 

Stilb aceae 

Verbenaceae 

Genus  (number) 

Scrophularia  (1) 
Verbascum  (6) 
Veronica  (2) 
Stilbe  (1) 

Eurylobium  (1) 

Campjlostachys  (1) Verbena  (1) 

Clerodendron  (4) 
Lantana  (1) 

Lippia  (1) 
Pefrea  (1) 

Reference 

Mdgard  &  Ravn(1988) 

Melgard  &  Ravn  (1988) 

Mslgard  &  Ravn  (1988) 
this  work 
this  work 

this  work 

M0lgard  &  Ravn  (1988) 

Malgard  &  Ravn  (1988) 

Harborne  (1966);  this  work 
Chanh  &  Koffi  (1988) 
Gamier  et  al.  (1989) 

Species  found  to  be  without  vei 
Davidia  involucrata;  Eucommia 

tgifolia 
Theli^o^'"*^  ^i/Mrtz-r/rm/j/'    F>iranfle:  Azalea  SD.:  Rho- 

dodendron (6  spp.);  Mentziesla  pilosa;  Vaccinium  sp.;  Actinidia  chinensis;  Sarracenia  sp.  Lamianae:  Lamium album. 

constitute  the  phylogenetic  origin  of  both  Lamianae  with  an  occurrence  both  in  Cornales  and  in  Oleales 

and  Gentiananae,  it  is  perhaps  not  surprising  that  (several  species  each  of  Cornus  and  Forsythia, 

a  few  extant  members  of  Cornales  may  retain  this  respectively). 

ability — even  if  it  has  been  lost  by  the  majority  of 

present-day  taxa.  Second,  the  position  of  Oleaceae  II.  ChemOTAXONOMY  OF  THE  LogaNIACEAE 

m  Gentiananae  in  Dahlgren's  system  is  perhaps  u^tj^oduction one  of  the  more  problematic,  and  most  other  bot- 

anists   consider    them    more    closely    related    to  I  present  here  the  preliminary  results  of  our 

Scrophulariaceae   (Lamianae).    Recent    molecular  recent  work  on  the  chemotaxonomy  
of  Logani- 

data  (r6cL-sequences  (Olmstead  et  al,  1992)  and Th 
ownie 

abo 
&  Palmer,   1992)  presented  at  this  symposium)      for  iridoids  and  verbascosides. 

seem  to  agree  with  such  a  view.  It  may  have  been 
|ne  presence  of  seco-iridoids,  which  never  occur 

>n  Lamianae,  that  was  decisive  for  Dahlgren's  re- 
nioval  of  Oleaceae  from  this  superorder.  However, 
tne  type  of  seco-iridoids  in  Oleaceae  is  unique  when 
compared  to  those  found  in  other  seco-iridoid-con- 
taming  taxa.  Furthermore,  the  biosynthesis,  whi- 

1 
be 

^  atnerent  from  that  found  for  other  seco-iridoids. 

*hus,  the  presence  of  seco-iridoids  alone  may  not 

**  justification  for  keeping  Oleaceae  in  Gentia- nanae. 

.    The  compound  cornoside  (Fig.  7),  first  described 
et  al.  (1973).  has  an  even  more  limited 

ensen 
distribi seems 

^^mpound 
rbascosides.  A  peculiarity  of  this 

j-^M  It  occurs  in  plants  where  iridoids  are  absent 
™*  where  they  would  otherwise  have  been  ex- 
P^lcd.  The  occurrences  of  this  compound  are 
nsied  in  Table  3  and  xhe  distribution  shown  together 
^^  that  of  the  verbascosides  in  Figure  8.  Again 
*^  find  the  center  of  distribution  in  Lamianae,  but 

Loganiaceae   have    recently   been 

led   by 

him 

OH 

:xr^ 

OOH 

c  af f ai  c    ac  i  d 

chloro9«nic    ac  id 

Rh4 

varbascosid* 

c  ornosidC 

Frct^RF-  7»     FurmuUi  of  cafTcic  arid  and  it^  drrivativrs 

chlurogenic  arid  and  vcrbasrncidr-  ns  nrll  ,,^  i»f  *  orno«idr. 

..^M 
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Table  3.     Occurrence  of  Cornoside  in  Angiospermae. 

Family 

Bignoniaceae 
Cornaceae 

Gesneriaceae 
Lamiaceae 

Loganiaceae  (?) 
Oleaceae 

Martyniaceae 
Plocospermaceae 
Scrophulariaceae 

Verbenaceae 

Genus  (number) 

Eccremocarpus  (1) 
Cornus  (sev) 

several  gen. 
Teucrium  (1) 

Polypremum  (1) 
Forsythia  (sev) 

Marty nia  (1) 

Plocosperma  (1) 
Calceolaria  (1) 

Digitalis  (1) 
Isoplexis  (1) 
Halleria  (1) 

Phyla  ( 1 ) 

Reference 

this  work 
Jensen  et  al.  (1975a) 

Jensen  &  Nielsen  (unpublished) 
BeUakhdar  et  al.  (1988) 

this  work 
Endo  &  Hikino(1984) 

Jensen  &  Nielsen  (unpublished) 
Sasaki  et  al.  (1978) 

this  work 
Nicoletti  et  al.  (1988) 

Jensen  et  al.  (1975b) 
Navarro  et  al.  (1986) 

Messana  et  al.  (1984) 

Rimpler  &  Sauerbier  (1986) 

of  approximately  470  species  with  29  genera  ar-  that  the  iridoids  asperuloside,  geniposide  and  geni- 

ranged  in  10  tribes  (i-x;  Table  4).  The  circum-  posidic  acid,  closely  related  glucosides  of  route  /, 

scription  of  the  family  has  been  controversial  be-  are  present  in  most  genera  of  these  two  tribes. 

cause  each  of  the  ten  tribes  has  been  raised  to  However,  Spigelia  was  devoid  of  systematically 
fanaily  rank 

has  been  treated  in  depth  by  Leeuwenberg  &  Leen- 
houts(1980). 

In 
our  investigation,  we  have  had  access  to 

members  of  all  tribes  except  tribe  iii,  Strychneae, 
which  is  otherwise  well  investigated  chemically,  and 
thus  our  results  would  be  expected  to  be  rather 
conclusive.  Chemically,  the  members  of  the  family ainly 

own 
containing 

namely  tribes  iii  and  v,  Strychneae  and  Gelsemieae 
(Kisakurek  &  Hesse,  1980).  Our  main  interest  has 
o^en  the  water-soluble  compounds  from  the  plants, 
and  we  have  investigated  for  the  presence  of  low- 
molecular- weight  glycosides.  Because  our  own  in- 
erest  in  the  verbascosides  is  fairly  recent,  not  all 
^1  the  plants  have  been  examined  with  regard  to 
ine  caflfeic  acid  esters.  The  results  have  been  com- 

piled in  Table  5  with  reference  to  the  iridoids  de- 

picted in  Figures  2,  3,  9,  and  10.  In  the  following, 
^  go  through  our  results  as  well  as  earlier 

published  work  for  each  of  the  tribes  and  conclude 

^th  a  discussion  of  the  taxonomic  consequences. 

RESULTS 

i  he  tribes  Spigelieae  (i)  and  Loganieae  (ii)  consist 
tour  and  three  genera,  respectively;  we  have 
«  access  to  at  least  one  species  of  each.  Except 

or  reports  that  most  of  them  were  poor  in  alkaloids 
,   '^set,  1975),  no  other  relevant  chemical  work 
^^  been  published.  From  Table  5,  it  can  be  seen 

Table  4.      Tribes  and  genera  in  Loganiaceae  sensu 
Leeuwenberg  (1980). 

Tribe 

i.  Spigelieae 

ii.   Loganieae 

iii.  Strychneae 

iv.   Plocospermeae 

V.  Gelsemieae 

vi.  Antonieae 

vii.  Buddlejeae 

viii.   Retzieae 

ix.   Potalieae 

X.  Desfontainieae 

Genus 
Polypremum  (1) 

Spigelia  (50) Mitreola  (6) 

Mitrasacme  (40) 

Geniostoma  (20) 
Labordia  (20) 

Logania  (15) 

Strychnos  (190) 
Gardneria  (5) 

Neuburgia  (12) 
Plocospermum  (1) Mostuea  (8) 

Gelsemiam  (3) 

Bonyunia  (4) Antonia  (1) 
Norrisia  (2) 

listeria  (1) 

Peltanthera  (1) 
Sanango  (1) 
Nuxia  {15) 

Androya  (1) 

Gomphostigma  (2) 
Buddleja  (100) 
Emorya  (1) 
Retzia  (1) 
Potalia  (1) 

Anlhocleista  (14) 

Fagraea  (35) 

Desfontainia 
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COOR 

6;  R=H  aeniposidic    9  asperuloside 
ac  i  d 

7;  R=ne  seniposide 

coon 

COOH COOMtt 

12  J  R=H  6-0H-lo9anin 
13;  R=flc  albioside 

10  sardenosldic 
ac  id 

coon 

11  sal i  osi  de 

8  scandoside 

methyl  ester 

coon 

14  6-OH-splendoside 

coone 

15  ketolosanin 

eicQii 

16  9-OH- semper OS ide 17  selsemide 
7-glucoside 18  brasosi  de 

19  sueros  i  de 20  suer  t i  amar  i  n 
21  sentiopicroside 

22  bakankoside 

ROOC 
coon 

23;  R=H  secoxylosanin 
24;  R=ne  secoxyloaanin 

methyl  ester 

coone 

25  kinsiside  aslucone 

Figure  9.      Iridoids  presumably  of  route  I  isolated  from  Loganiaceae. 

interesting  compounds,  while  Polypremum  con-       have  investigated   Gelsemium  sempervirens  an 
tained  both  cornoside  and  a  verbascoside-like  com-       found  it  to  contain  a  number  of  unusual  iridoi  s 

pound.  (Jensen  et  al.,    1987),  which  by  their  structure 

Of  the  two  tribes  that  are  known  to  be  rich  in  obviously  belonged  to  route  /,  like  the  seco-iridoi  s 
alkaloids,  namely  Strychneae  (iii)  and  Gelsemieae 
(v),  much  chemical  work  has  been  done  on  the 

former,  less  on  the  latter.  A  number  of  complex 
indole  alkaloids  have  been  discovered  from  four  of 
the  five  genera  of  the  two  tribes.  From  Strychnos, 

meae 

amn 

and  the  complex  indole  alkaloids. 

The  chemistry  of  the  monotypic  tribe  Plo
cosper- 

has  not  been  previously  investigated.  We  were 

to  isolate  cornoside  as  well  as  two  compounds 

longing  to  the  verbascoside  group.  Furtherrno 

(iv),  with  only  Plocospermum  buxifoh 

of  the  complex  indole  alkaloids,  have  been  reported       since  it  was  not  known  whether  intraxylary  pW^e 

(Bisset,    1975,    1980a,   b;    KisakQrek    &    Hesse,       (see  below)  was  present  in  the  plant,  we  asked  Lise known 

,     ^   v.v..^^.       Boh  j0rgensen  to  investigate  a  sample  of  our  m 
loganin,  was  first  isolated  from  seeds  of  Strychnos       terial;  she  found  that  it  was  not  present  (unpu We       lished). 
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26    ajugol 27;    R=H    calalpol 

28;    R=ne    melhyl- 
c  atalpol 

29    relzioside 30    unedoside 

31    st 1 Iber i  c  os  ide 33    unnamed 33    thunbergi  osi  de 

Figure  10.      Iridoids  of  route  II  isolated  from  Loganiaceae. 

Tribe  Antonieae  (vi)  consists  of  four  genera,  of  Desfontainieae  (x)  is  the  third  monotypic  tribe 

which  we  had  access  to  three.  Except  for  reports  in  Loganiaceae.  The  only  species,  Desfontainia 
that  alkaloids  are  absent  (Bisset,  1975),  no  chem-  spinosa,  has  been  thoroughly  investigated  (Hough- 

ical  work  has  been  published  about  this  tribe.  We  ton  &  Ming,  1985;  Houghton  &  Lian,  1986),  and 
were  unable  to  detect  either  iridoids  or  cafFeic  acid  a  number  of  seco-iridoids  have  been  found. 
esters. 

Buddlejeae  (vii)  is  one  of  the  largest  tribes  in 
the  family.  The  presence  of  aucubin  and  related 

DISCUSSION 

known introd 
time 

the  Loganiaceae  has  caused  much  controversy. 
ooiman 

Th 
alkaloids  appear  to  be  scarce  (Bisset,  1975).  In  the      of  both  route  I  and  route  II  are  found,  although 

present  study,  we  investigated  representatives  of 

find 

found      of  verbascosides  in  a  Gentiananae  family  is  unex- 

aucubin-like  compounds,  as  well  as  verbascoside, 
"1  all  species  examined. 

pected  if  we  accept  the  removal  of  Oleaceae  to  a 

position    near    Scrophulariaceae    (Lamianae)    in 

Lo Retzieae  (viii)  is  the  second  monotypic  tribe  in  agreement  with  the  discussion  above. 

ganiaceae.  Three  iridoid  glucosides  of  route  II  In  Table  6,  the  chemical  results  have  been 

have  been  reported  from  the  sole  species  Retzia  summed  up  with  regard  to  tribes.  I  also  have  in- 

capensis  (Dahlgren  et  al.,  1979).  In  the  present  eluded  two  of  the  botanical  characters  most  sig- 

work,  we  have  found  some  additional  iridoid  glu-  nificant  for  the  delineation  of  Loganiaceae,  namely 

cosides  belonging  to  the  same  group,  and  we  have  the  presence/absence  of  intraxylary  phloem  (Men- 
found  verbascoside.  nega,  1980)  and  the  type  of  endosperm  formation 

Tribe  Potalieae  (ix)  comprises  three  genera  on  (nuclear/ceUular)  (Hakki,  1 980).  For  comparison, 

J^hich  some  chemical  data  have  been  reported.  the   correspondmg   data   for   Gentianaceae,   Ole- 

Complex  indole  alkaloids  appear  to  be  absent,  while  aceae,  and  Scrophulariaceae  have  been  included 

seco-iridoids  and  alkaloids  derived  from  these  dur-  in  the  table. 

wg  the  isolation  procedure  are  present  (cf.  Bisset,  If  we  first  consider  the  tribes  i-iii  and  v-vi,  we 
1980a,  b).  The  seco-iridoids  found  in  Anthocleista  find  (Table  6),  with  the  exception  of  Polypremum, 

(Table  5)  are  typical  of  those  found  in  Gentiana  which  will  be  considered  in  a  moment,  that  all 

^g  genera  with  iridoids  contain  compounds  from  route 

^ve  investigated  Fagraea,  while  similar  seco-iri- doids /.  Significantly,  except  for  Polypremum,  all  five 

tribes  also  have  intraxylary  phloem  and  nuclear 
^«ias  were  present  including  gentiopicroside.  The  tribes  also  have  mtraxyiary  pnioem  ana  nuclear 

^hird  genus,  Potalia,  has  not  been  investigated  endosperm  formation.  If  we  combme  these  facts, 

^^<^ently,  but  leaves  of  P.  amara  have  (in  agree-      we  have  a  fairly  homogeneous  entity,  which  may 

h constitute  the  Loganiaceae  proper,  with  a  set  of 

er  (Bisset,  1980b),  an  indication  of  the  prob- 
presence  of  the  likewise  very  bitter  Gentiana 

Centianales 

Tribe 
compounds. but  if  we  take  into  account  the  iridoid  glucosides 
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Table  5.      Chemical  compounds  found  in  Loganiaceae.  (Numbers 
10.  CIA:  Complex  indole  alkaloids.) 

Tribe 

1. 

•• u. 

111. 

IV. 

V. 

VI, 

i  m 

vu 

*«a vm 

ix. 

X. 

Species 

Polypremum  procumbens 

Spigelia  anthelmia 
Mitreola  petiolata 
Mitrasacme  paludosa 
Geniostoma  anther otrichum 

Labordia  fagraeoidea 
L,  hedyosmifolia 
L.  kaalae 

£.  waialealae 

Logania  albiflora 
L.  recurva 

L.  vaginalis 
Strychnos  (many  spp.) 
5.  nuX'Vomica 
S.  roborans 

5.  spinosa 
S.  vacancoua 
Gardneria  (4  spp.) 

Plocospermum  buxifolium 
Mostuea  (3  spp.) 
Gelsemium  (2  spp.) 
G.  sempervirens 

Bonyunia  minor 
Antonia  ovata 

Norrisia  major 

Gomphostigma  species 
Buddleja  alternifolia 
B,  davidii 

B,  globosa 
B,  saligna 

Emorya  suaveolens 
Retzia  capensis 

Anthocleista  amplexicaulis 
A,  grandiflora 
A.  liebrechtsiana 

A,  procera 
A.  vogelii 

Fagraea  ceylanica 
F.  obovata 

Desfontainia  spinosa 

Iridoids 
Verbascoside/ 

Cornoside 

both 

9 

9 

6,  10 
6,7,9 
9 

7 

7 

12,  13,  14 

6,8,  11,  13 
CIA 

1,2,3,4,  15 15 

25 

22 

CIA 

both 
CIA 

CIA 

16,  17,  18 

5,  26,  27 

5,26 
5,  26,  27,  28 

5,27 
5,27 

5,26 29-32 33 

20 

19 
20 

20 

4,  19 
19,21 

19,21 

2,3,  19,24 

verbascoside 

verbascoside 

verbascoside 

verbascoside 
verbascoside 

verbascoside 

verbascoside 

References 

3,23 

this  work 

this  work 

this  work 

this  work 
this  work 

this  work 

this  work 
this  work 

this  work 
this  work 

this  work 

this  work 
Bisset  (1980a) 

Bisset  &  Choudhury  (1974) 
Asai  et  al.  (1987) 

Msonthi  et  al.  (1985) 

Inouye  et  al.  (1976) 
Bisset  (1980a) 

this  work 
Bisset  (1980a) 

Bisset  (1980a) 

this  work 

this  work 

this  work 
this  work 

this  work 
this  work 

this  work 

Houghton  &  Hikino(1989) this  work 

this  work 

Dahlgrenet  al.  (1979) this  work 

Weber  (1974) 

ChapeUe  (1973) 

CorneUs  &  Chapelle  (1976) Koch  et  al.  (1964) 

Chapefle  (1974,  1976) this  work 

this  work 

Houghton  &  Ming  (1985) 

Houghton  &Lian(1986) 
this  work 

\ 

I 

i 

tribe 

Hypericaceae  (Guttiferae)  (Gottlieb,   1^^^^"  ̂  
chemical  information  is  significant  in  light  o 

in  Gentianaceae  and  elsewhere  only  in  a  few  species      proposal  by  Fosberg  &  Sachet  (1980)  ̂ ^      .  J\. 

almost  consistentlv  found 

of  Dipsacaceae  (Jensen  et  al.,  1975b).  In  addition 
some 

occur 1974;  Okorie, 

1976).  Again,  such  compounds  are  rare  in  higher 

Potalieae  in  Gentianaceae,  a  suggestion  disrnt:     ̂  

by  Leeuwenberg  (1980)  as  being  '*too  F^^'^J^J*^ 

and  too  incomplete  to  form  the  basis  for  ?"*' ^ 
important  taxonomic  decision."  The  weight  o    ̂  

plants  and  are  only  common  in  Gentianaceae  and      additional  chemical  information  may  prove  decu 

I 
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Table  6.     Chemical  and  anatomical  characters  in  the  tribes  of  Loganiaceae. 

Taxon 

Iribe  1,  u,  m,  v,  vi 
ix  Potalieae 
X  Desfontainieae 

(i)  Polypremum 
iv  Plocospermaeae 
vii  Buddlejeae 
viii  Retzieae 

Gentianaceae 
Oleaceae 

Scrophulariaceae 

Iridoids 

Route  I 

+ 
+ 
+ 
0 
0 
0 

0 

-i- 

+ 
0 

Route  II 

0 
0 
0 
0 
0 
+ 
+ 

0 
0 

Cornoside/ 
Verbascoside 

0 
0 
0 

-I-  + 

+ 
+ 

0 

Intraxylary 

phloem 

+ 
+ 
0 
0 

0 
0 
0 

+ 
0 
0 

Endosperm  form 

nuclear 
nuclear 

? 

cellular 
? 
cellular 
cellular 
nuclear  (?) 

cellular 
ce llular 

m  moving  Potalieae  into  Gentianaceae.  Even  taken       baceae.  Consequently,  both  families  were  included 

*Ione,  the  chemical  data  clearly  suggest  such  a       in  Lamianae  with  Verbenaceae  and  Scrophulari- 
Iransfer.  aceae  despite  the  lack  of  embryological  evidence. 

Tribe  vii,  Buddlejeae,  has  been  raised  to  the  It  is  curious  to  notice  that  Dahlgren,  in  a  paren- 

family  rank  Buddlejaceae  by  most  authorities  and  thetical  comment,  postulated:  "It  is  expected  that 
placed  in  another  order  close  to  Scrophulariaceae 
(Cronquist,    1981,     1988;    G.    Dahlgren,     1989; 
Takhtajan,  1980),  although  Thome  (1983)  re- 
tained  it  in  his  Gentianales.  With  regard  to  chem- 
wal  characters,  the  investigated  genera  are  very 

the  ovules  are  unitegmic  and  tenumucellulate,  and 

that  the  endosperm  is  cellular;  most  likely  terminal 

endosperm  haustoria  may  be  present."  In  fact, 
recent  embryological  work  by  Engell  ( 1 987)  proved 

this  to  be  entirely  true.  Further  support  for  the 
been 

W 

Th 

similar  (Table  5),  and  all  the  chemical  data  are  m 
agreement  with  a  position  in  Lamianae  (sensu  Dahl- 
S^^")-  Jensen  &  Nielsen,  1989)  as  well  as  on  Stilbaceae 

monotypic    genus    Polypremum,    which  (Jensen  et  aL,  unpublished).  Thus,  Thunbergia  and 

Leeuwenberg  ( 1 980)  retained  in  Spigelieae  (tribe  the  four  investigated  genera  of  Stilbaceae  contain 
|/»  and  the  likewise  monotypic  Plocosperma  (tribe  iridoid  glucosides  similar  or  identical  to  those  found 
'V)  lack  iridoids  but  contain  cornoside  and  verbas-  in  Retzia.  Furthermore,  we  have  found  that  ver- 

coside  or  verbascoside-like  compounds.  Both  also  bascosides    are    constituents 
ack  intraxylary  phloem  and  have  cellular  endo-  chemical    information   is    therefore    in    complete 

«perm  formation.  All  the  characters  listed  suggest  agreement  with  a  close  relationship  between  Ret- 

■  position  in  or  near  Scrophulariaceae  or  Oleaceae,  ziaceae  and  Stilbaceae  and  a  position  of  both  in 

J^th  Cornales  as  a  less  likely  alternative.  Neither         ^  - 
^"gs  within  Loganiaceae  as  delineated  above.  Acanthaceae. 

m Still 
)aceae. 

The 

inity 

t^etzia 
capensis  is  the  sole  member  of  tribe  viii, 

kn 

its  systematic  position  has  recently  been  con-       Desfontainieae 

^ersial  (Dahlgren  et  aL,  1979;  Cronquist,  1981,       fit  In  with  Log 
88;  H.  F.  W.  Jensen  et  al.,  1988)  mainly  because      ever,  the  appa 

^  c  embryology  and  chemistry  are  insufficiently       the  absence  ol 
own.  The  presence  of  a  particularly  advanced  position  in  this 

^^up  of  iridoid  glucosides  belonging  to  route  II, 

^^^  up  to  then  found  only  In  Arbutus  (Ericaceae) 
,.  "*  Stilbe  (Stilbaceae,  sometimes  included  in 
^Denaceae)^  suggested  a  closer  relationship  be- 
T^^  Hetzia  and  the  Stilbaceae  than  formerly 

The  presence  of  seco-iridoid.s  in  the  monotypic 

bove 

ipeeialized 
loem  suggest 

doubtful 
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Sherwin  Carlquist 

Abstract 

l^ata  on  wood  anatomy  are  presented  in  tabular  form  for  56  sympetalous  families  of  dicotyledons  arranged  according 
0  the  system  of  Dahlgren,  who  was  influenced  by  data  from  presence  or  absence  of  iridoids  and  by  embryological 
intormation.  Each  order  is  reviewed  in  terms  of  the  degree  of  correlation  of  wood  data  with  data  from  chemistry  and 
embryology.  Original  data  are  presented  for  Buddlejaceae,  Globulariaceae,  and  Selaginaceae.  Ericales  prove  to  be  a 
atural  and  rather  primitive  group.  Cornales  as  a  whole  are  primitive,  but  Adoxaceae  and  Stylidiaceae  have  distinctively 

specialized  woods.  Dipsacales  are  highly  diverse  on  the  basis  of  woods,  creating  Interpretational  questions.  Gentlanales 
re  a  natural  group  on  the  basis  of  wood  and  of  intraxylary  phloem  in  primary  stems;  Oleales  and  Rubiales  are 

peripheral  to  Gentianales.  Scrophulariales  and  Lamiales  have  specialized  wood  and  are  probably  natural  groupings, 
there  is  no  difference  between  the  orders  on  the  basis  of  wood  anatomy.  Recognition  of  particular  families  within 

crophulariales  and  Lamiales  is  aided  by  wood  anatomy:  Buddlejaceae,  Globulariaceae,  and  Selaginaceae  are  distinctive 
amihes  in  Scrophulariales;  Avicenniaceae,  Chloanthaceae,  and  Stilbaceae  (the  last  of  which  should  include  Retziaceae) 
ould  be  recognized  in  Lamiales.  Wood  anatomy  does  not  aid  in  differentiating  Solanales  from  Boraginales.  Wood 

0  Asterales  is  rather  uniform  in  characters  of  major  evolutionary  significance,  despite  its  diversity  in  ecological  wood 
natomy.  Lamiales  and  Scrophulariales  have  wood  similar  to  that  of  Asteraceae,  but  so  do  Apiaceae,  which  share 

c  emical  features  with  Asteraceae,  Campanulales,  and  some  Dipsacales.  Among  families  incertae  sedis,  Desfontain- 
laceae  (often  relegated  to  Loganiaceae)  should  be  recognized  under  Cornales  near  Escalloniaceae,  as  should  Colu- 
nrieUiaceae.  Fouquieriaceae  bear  resemblances  to  Cornales  and  Ericales,  but  deserve  isolation  in  a  monofamilial  order, 
amiliaj  assignment  of  the  genera  Leucophyllum,  Oftla,  and  Paulownia  is  discussed. 

During  the  past  three  decades,  numerous  studies  search  on  some,  notably  Apocynaceae,  Bignoni- 

on  wood  anatomy  of  sympetalous  families  have  aceae,  Rubiaceae,  and  Verbenaceae.  Various  work- 
men published;  prior  to  this,  these  kinds  of  studies  ers  have  contributed  data  for  these  families,  and 

^ere  relatively  few.  The  majority  of  sympetalous  the  patterns  revealed  are  relatively  clear  and  form 

amilies  are  predominantly  herbaceous,  and  in  the  a  good  basis  for  conclusions  about  the  systematic 

fst  half  of  the  twentieth  century,  most  wood  stud-  distribution  of  wood  features. 

I^s  dealt  with  predominantly  woody  families.  This  The  predominantly  herbaceous  nature  of  several 

>as  was  based  upon  the  origin  of  wood  studies  in  of  the  sympetalous  families  is  significant,  in  that 

orestry  programs.  As  wood  anatomy  entered  hot-  wood  anatomy  in  these  predominantly  herbaceous 

^'^y.  a  broader  view  developed.  Data  on  wood  anat-  groups  differs  from  that  in  typically  woody  families. 

^I^y  suitable  for  comparison  of  the  sympetalous  Paedomorphosis   in   secondary   xylem   (Carlquist, 
"Cotyledon  families  are  now  available,  so  that  a  1962a)  is  a  concept  based  largely  on  study  of 

sympetalous  families.  Paedomorphosis  is  not  en- 
countered in  typically  woody  plants,  yet  in  families 

mparison  of  wood  data  with  other  information  is timely 

Although  I  have  monographed  wood  of  many       such  as  Plantaginaceae,  wood  of  all  species  exhibits 

•J^petalous  families,  I  have  not  done  original  re-       this  phenomenon.  Small  shrubs  of  limited  duration 

Th 
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also  exhibit  a  form  of  this  phenomenon  (Carlquist,  There  is  a  residue  of  wood  features  distributed 

1989).  The  occurrence  of  paedomorphic  features  according  to  taxonomic  groupings.  Wood  features 

in  wood  is  valuable  in  showing  shifts  in  habit:  for  have  perhaps  been  thought  too  often  to  be  decisive 

example,  the  raylessness  of  Calceolaria  is  indie-  in  systematic  matters — and  in  a  few  cases,  they 

alive  that  the  shrubby  species  of  the  genus  have  are.  For  the  most  part,  however,  wood  anatomy  is 

been  derived  from  herbaceous  ancestors.   Other  of  help  to  various  degrees  in  various  parts  of  the 

paedomorphic  features  also  indicate  change  in  hab-  taxonomic  system.  Wood  anatomy  can  be  used  to 

it,  which  is  discussed  in  a  concluding  section  of  identify  a  wood  specimen  in  many  cases,  so  obvi- 
this  paper. 

ously  there  are  wood  features  that  correspond  to 

Another  inherent  interest  in  the  wood  of  sym-  the   taxonomic  system.   However,  wood  features 

petalous  families  is  the  sensitive  way  in  which  wood  tend  to  be  most  useful  for  identification  at  the 

features  reflect  ecology.  The  earliest  papers  in  my  generic  level,  somewhat  less  at  the  familial  level, 

survey  of  wood  anatomy  of  Asteraceae  (Carlquist,  and  least  at  the  ordinal  level.  If  this  generalization 

1957a,  1958a,  1959)  revealed  a  close  relationship  is  true,  it  indicates  that  wood  anatomy  could  aid 

between  the  habitat  of  a  species  and  its  wood  anat-  phylogenetic   studies  such  as  this  survey  of  the 

omy,  particularly  with  respect  to  vessel  features,  sympetalous  families.  Identification  of  woods  has 

and  a  summary  paper  on  Asteraceae  (Carlquist,  been  stressed  by  such  features  as  inclusion  in  texts 

1966b)  profiled  the  nature  of  these  trends.  Sub-  of  keys  to  genera  based  on  wood  anatomy;  however, 

sequent  studies  on  sympetalous  dicotyledon  families  it  is  not  as  useful  as  such  keys  would  indicate.  Keys 

ngs.  To  and  computer  programs  utilizing  wood  features  o 
be  sure,  some  families  of  dicotyledons  do  not  cover  the  major  genera  of  economic  importance  nave 

wide  ecological  latitude  and  are  characteristic  of  been  presented.  If  the  wood  anatomy  of  large  num- 
wet  habitats  only  (e.g.,  Aquifoliaceae,  Cornaceae,  bers  of  the  world's  woody  species  were  added  to 

Lauraceae).  The  sympetalous  families  are  unusual  these  presentations,  one  would  find  that  many  spe 

find 

within  dicotyledons  in  the  degree  to  which  they 
have  entered  dry  and  hot  habitats,  and  thus  they cies  could  not  be  distinguished  from  one  another 

I  can  underline  this  by  saying  that  if  I  were  handed 
show  ecological  wood  anatomy  exceptionally  well.  samples  belonging  to  Scrophulariaceae,  Solanace- 
Ecological  wood  anatomy  is  not  a  focus  of  the  ae,  or  Lamiaceae,  I  could  not  say  with  certain  y^ 

present  paper,  but  is  mentioned  because  features       on  the  basis  of  wood  anatomy,  that  they  were  n 
of  ecological  significance  must  be  separated  from 
those  that  indicate  relationship. 

One  can  point  to  ecology  as  the  cause  for  pro- 
gression not  merely  in  quantitative  vessel  features, 

but  in  major  trends  as  well  (e.g.,  alteration  of  the 

from  species  of  Asteraceae.  . 

Nevertheless,  wood  anatomy  does  
show  distmc- 

tive  distribution  of  features  with  respect 
 to  the 

taxonomic  system.  For  example,  successi
ve  cam  la 

occur  in  Avicenniaceae  and  Chloanthacea
e- 

and    Chloantha
ceae 

Stil 

perforation  plate  from  scalariform  to  simple).  Be-  not  in  Verbenaceae  sensu  stricto.  Thus,  occurren 

cause  the  major  trends  have  developed  in  a  co-  of  successive  cambia  offers  reinforcement  lor  ̂ b^ 
ordinated  way  (e.g.,   ray  histology  has  changed  regation    of    Avicenniaceae 

concomitantly  with  vessel  specialization),  the  spe-  (Carlquist,  1981a).  Another  verbenoid  group,  ̂  
cialized  end  products  have  virtually  no  possibility  baceae,  merits  segregation  on  the  basis  o 
of  appreciable  or  wholesale  reversion.  The  features 

reported  as  sensitive  to  local  ecology  are  mostly natomy  (Carlquist,  1986).  Two  families  ̂ ^^^^^^ *x.^viLv.u  «o  OV.110IIIVC  Lu  lUL^di  cuuiugy  iirt-  musuy       signed  to  Scrophulariaceae,  Globulariace 

easily  reversible.  Asteraceae  are  virtually  uniform      laginaceae,  are  distinctive  on  the  basis  ol  v^ 
with  respect  to  the  "major  trends  of  xylem  evo-       anatomy  (see  below). 
lution"  (storying  is  absent  in  the  majority  of  the 
family  and  only  occurs  in  a  few  species).  However, 
vessel  features  in  Asteraceae  vary  greatly  with 
respect  to  ecology. 

This  example  shows  that  if  other  sympetalous 
families  follow  the  pattern  of  Asteraceae,  they  are 
excellent  for  documenting  ecological  wood  anato- 

my. The  Asteraceae,  Convolvulaceae,  Lamiaceae, 

Particular  distinctive  genera  may  prove 

to 

be 
sent 

anatomy  very  well. 

wood 

misplaced  according  to  wood  data.  In  the  p  ̂  

study,  Buddlejaceae  prove  not  to  belong  "^^.  ,^ 

ganiaceae,  but  close  to  or  within  Scrophu  a  ̂ ^ 

This  agrees  with  results  of  other  studies  P^^^^^  ̂̂_ 
in  this  volume.  Evidence  will  be  P^^^^"^  .  ̂̂^^^ 

mQial  reassignment  of  Leucophylluni  anrl     ; 

\  1!  On  the  ̂ ^ (often  placed  in  Myoporaceae)  as  weu.  y»  ̂ ^ 

of  wood  anatomy,  Retzia,  a  monotypic  bou  ̂ ^ 

rican  eenus  sometimes  placed  in  its  o^^ 

petal 
Not  all  wood  features  of  these  and  other  sym-       can  be  assigned  to  Stilbaceae.  The  assign 

Faulownia  (often  regarded   as
  intermediate 

b^ 
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tween  Bignoniaceae  and  Scrophulariaceae)  is  not       Sambucaceae)  and  include  Adoxaceae  in  Dipsa- 
simplified  by  data  from  wood  anatomy. cales.  That  treatment  is  foUowed  here.  Although 

Evolutionary  level  of  wood  features  is  not  a  the  accompanying  papers  give  evidence  for  place- 

reliable  indicator  of  relationships:  discrepancies  can  ment  of  Goodeniaceae  in  the  clade  leading  to  As- 

occur  between  related  families.  If  families  all  share  teraceae,  the  noncommittal  placement  of  Goodeni- 
essentially  the  same  level  of  advancement  in  wood  aceae  in  Goodeniales,  following  Dipsacales,  has  been 

features,  the  concordance  tends  to  be  regarded  as  retained  here. 
a  confirmation  of  relationship.  However,  gaps  in Comments  on  various  systems  of  classification 

evolutionary  level  of  wood  between  families  claimed  for  the  sympetalous  families  are  not  offered  in  the 

to  be  related  on  other  groups  do  not  negate  rela-  present  paper.  The  paper  by  Wagenitz(  1992)  sum- 

tionship.  They  must,  presumably,  be  explained  marizesthe  various  schemes  of  classification  as  they 

eventually.  In  the  sympetalous  families  of  Dipsa-  related  to  the  sympetalous  families  of  dicotyledons. 

cales,  Caprifoliaceae  have  primitive  wood,  Dipsa- 
caceae  somewhat  more  specialized  wood  and  the 
talyceraceae  and  Valerianaceae  highly  specialized 
wood.  Various  explanations  for  these  divergent  lev- 

Data  Available 

Table  1  summarizes  data  on  iridoid  presence, 

els  of  wood  advancement  may  be  suggested.  How-  wood 
ever,  as  Bailey  (1944)  stressed,  we  cannot  envision  The  data  in  Table  1  on  iridoids  are  based  on  Jensen 
phylads  with  primitive  wood  being  derived  from  et  al.  (1975)  and  Dahlgren  et  al.  (1976,  1979). 

those  with  specialized  wood.  Thus,  Calyceraceae  Dahlgren's  (1975)  classification  scheme,  which  has 
and  Valerianaceae  cannot  be  ancestral  to  Dipsa-  (with  a  few  exceptions)  been  followed  here, 

caceae  and  Caprifoliaceae.  Levels  of  wood  evolu-  influenced  by  patterns  of  iridoid  occurrence.  Dahl- 
tjon  may  be  regarded  as  ways  of  negating  rela-  „^^j^  (1975)  included  choripetalous  families  within 
tionship  even  though  they  cannot  decisively  confirm  g^^^  orders  in  which  sympetalous  families  occur, 
relationship.  Where  wood  features  of  a  series  of  ̂ jj  choripetalous  families  have  been  omitted  from lamilies  agree  (e.g.,  banded  apotracheal  axial  pa- 

renchyma in  Gentianales),  similar  wood  levels  (all 
these  have  tracheids  or  tracheidlike  fiber-tra- 

heids)  may  be  regarded  as  subsidiary  evidence  of 

Table  1 ,  with  the  exception  of  Apiaceae,  which  are 

included  in  the  terminal  section  of  the  table  among 

families  of  uncertain  position.  Apiaceae  have  been 

that  might  be  related  to  some  sympetalous  families, 

such  as  Asteraceae.  Araliaceae,  mentioned  by 

Dahlgren  (1975)  as  possibly  related  to  sympetalous 

relationshb    I    TIT  t  7      7  --^"^ed  as  an  example  of  a  choripetalous  family »auunsnip.  As  stated  above,  wood  rarely  gives  ^  .  ,.l    ̂ -i_._j  .   *«i^.,^  r   :i:«^ 
strong  evidence  for  ordinal  groupings.  In  the  pres- 

ent review,  Gentianales  are  the  only  order  in  which 
^ood  evidence  may  be  an  aid  to  ordinal  delimita- tion. 

oecause  evidence  from  wood  may  often  be  con- 
hnnatory  though  not  decisive,  comparison  with  re- 
^ults  from  other  approaches  is  valuable.  In  fact,  more  similarities  to  the  sympetalous  families-  Api- 

Je  evidence  from  wood  anatomy  does  not  contra-  aceae  have  some  chemical  characters  character- 

aict  the  evidence  and  cladograms  presented  in  the      istic  of  Asteraceae:  presence  of  polyacetylenes  and 

because lore  spec 

ood 

sesquiterpene  lactones  (Hegnauer,  1971).  The  oth- 

er families  relegated  to  the  end  of  Table  1  are  those 

in  which  systematic  position  either  has  been  con- 

troversial (Fouquieriaceae),  or  in  which  the  sys- 

other  studies  presented  in  this  volume.  Notable  in 
regard  is  the  tendency  for  groups  with  spe- 

cialized woods  to  appear  in  terminal  branches  of 
e  clades  proposed,  whereas  those  with  primitive 

.  ™^  ̂cupy  more  basal  positions.  Primitive  woods 

^  J^cales  can  be  cited  as  an  example. 
The  orders  and  families  of  sympetalous  dicot-  kinds  of  information,  are  assessed  (Desfonlaini- 

yfedons  are  discussed  here  according  to  the  se-  aceae,  Salvadoraceae).  The  systematic  position  of 

Suence  of  the  Dahlgren  (1975)  system.   A   few  some  families  in  the  main  part  of  Table  1  is  not 

be 

wood 

options  to  this  system  have  been  incorporated, 
owever.  Donoghue  et  al.  (1992)  show  that  Sam- 

''^  (in  Sambucaceae  of  Comales  according  to 

J"  Dahlgren  system)  belongs  in  Dipscales  and  is 
'^  ̂ly  related  to  Adoxa,  which  they  place  in  Adox- 

clear,  however  (for  example,  the  position  of  Styli- 

diaceae).  The  majority  of  authors  in  the  present interrelationships 
belong  L 

fmding,  confirmed  by  wood 

•*^c  rather  than  Caprifoliaceae.  They  place  Sam-      rated  in  Table  1 .  Some 
"^^^  in  Adoxaceae  (older  as  a  familial  name  than       ognized  here  (Durkeodf^ndraccac,  Coc 
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Table  1 .     Chemical,  xylary,  and  embryological  features  of  sympetalous  dicotyledons. 

1 2 3 4 5 6 

Order Family IKI PER HEL VES 
ITE VAS 

Eric  ales 
Cyrillaceae 

9 C 0 0 T 0 

Ericaceae 
1.4 C.i (+) (+) T + 

Fpacridaceae 
9 c (+) 0 T 0 

Cornales CoiumelUaceae 9 c 0 0 T 0 

Alseuosmiaceae 9 
• c 0 0 L 0 

Stylidiaceae 1 I 0 0 F 0 

Loa  sales T.oasaceae 4 
c,I 

0 0 T 0 

Dipsacales Caprifoliaceae 
6,7,  10 

C 0 0 T 0 

Adoxaceae 
6.  10 

0 0 L 0 

Dipsacaceae 6,7 
0 0 T 0 

Valerianaceae 
6,  10 c,I 

0 0 L 0 

Calyceraceae 6 0 0 L 0 

Goodeniales Goodeniaceae 
6,7,  10 0 0 T 0 

Gentianales 
Loganiaceae 6,  7,  9,  10 (+) + 

F,T 

Geiitianaceae 
6,  7.  10 0 0 T 0 

Apocynaceae 1,6,7.9,10 

C.I 

{+) 
+ 

F.T 
(+) 

Asclepiadaceae ? 
4 0 + 

F,T 

+ 

Rubiaceae 1,  2,  9,  10 
C.I 

(+) + 

F,T 

0 

Oleales Oleaceae 
4,  6,  10 + 

(+) 
F.T 

+ 

Scrophi  ilariales Buddlejaceae 1 + 0 L + 

Scropbulariaceae 1,2,10 
c,I 

+ 0 

F,L 

0 

Globulariaceae 1 0 0 T 0 

Selaginaceae 10 + 0 

F.L 

+ 

Plantaginaceae 
1,  10 

0 0 L 0 
0 Pedaliaceae 2 0 0 L 

Marytniaceae 1 0 0 L 0 
0 Gesneriaceae ? 

c,I 

0 0 F 

Bignoniaceae 
1,  10 

c.I 
(+) 

0 L 0 
0 

1_ 

Myoporaceae 1,  10 0 0 F 
Acanthaceae 10 0 0 L + 

1 

Laiiiiales Verbenaceae 1,2,3,4,10 
c,I 

+ 
(+) 

L + 
1 

Laiuiaceae 
1,2,10 

+ 0 L + 
0 
0 
+ 
1 

Avicenniaceae 0 0 L 
Chloanthaceae ? 0 0 F 
Stilbaceae 10 

c,I 

0 0 F 

Plumbagiuales Plumb  a  e  inac  eae 0 

-h 

0 L T 

0 
0 
0 
0 
+ 
0 
n 

Ebenales Ehenaceae 0 0 0 F 
Priiiiulales Primulaceae 0 0 0 L 

Myrsinaceae 0 0 0 L 

Th  eophr  ast  a  c  eae 0 0 0 L 
Asterales Asteraceae 0 + 0 L 

Campanulales Pentaphragiiiataceae ? c 0 0 F 

Campanulaceae 0 
C.I 

0 0 L 
0 

Lobeliaceae 0 0 0 L 
+ 
+ 
0 
0 
0 

Solanales Solanaceae 0 + 0 

F,T 

Goetzeaceae ? 
* 0 0 F 

Diickeodendraceae ? 
4 0 0 F 

Nolanaceae 9 
• 0 0 F 

Convolvulaceae 0 0 0 F 
0 
0 

Poleiiioniaceae 0 0 0 

F,L 

Boraginales Hy  drop  hy  Ua  cea  e 0 0 0 F 

Boraginaceae 0 + + F 
1 

0 
0 
0 

Incertae  Sedis 
Apiaceae 

0 0 0 L 
Desfontainiaceae ? c 0 0 T 

Fouquieriaceae 1.  2,  3,  4 0 0 T V 

? 
V Salvadoraceae 9 

« 0 0 L 

or  absence 

hclicJ 

nation  of  abbreviations.  Column  1  (IRI)  =  presence  of  iridoids  (types,  if  present,  according  to  the  system  oi  J  ̂   ̂ ^ 

Column  2  (PER),  perforation  plate  (I  =  simple,  S  =  scalariform);  Column  3  (HEL)  =  presence  or  absence  ̂ ^^^^^ 
ngs  in  vessels;  Column  4  (VES)  =  presence  or  absence  of  vesturing  in  vessels;  Column  5  (ITE)  =  imperforate  ^^. fiber-tracheids,  L  =  libriform  fibers Colunm 

Column  7  (RAY)  =  ray  types  (E  =  heterogeneous.  L  =  rayless.  0  =  homogeneous 
to  the  schemes  of  Kribs,  1935,  and  Carlquist,  1988a):  Column  8  (AXP)  =  axial vasicentric  tracheids  presen

t 

acco 

,rdin« 
:hyma  (Ab 

numerical  ly^-^-  - ibaxial,  Al 

abuncUnJ 

apotracheal  banded,  C  =  confluent,  D  =  diffuse,  DA  =  diffuse  in  aggregates.  0  =  absent,  3  =  scanty  vasju.^""--"  _  ay\e»*  ̂  

vasicentric);  Column  9  (STO)  =  storying  present  or  absent;  Column  10  (PAE)  =  paedomorphic  features  of  wood  (L  ==  ̂ ^^^^ 
=  rays,  S  =  occasional  scalariform  perforation  plates);  Colim:in  1 1  (VAR)  =  cambial  variants  (I  =  interxylary  phloem.  "  ̂   , 
S  =  successive  cambia);  Column  12  (INT)  =  integuments  (B  -  bitegmic.  U  =  unitegmic);  Column  13  (NUC)  =  ̂ ^^^  .  ]^^ier 
crassinucellate.  T  =  tenuinucellate);  Column  14  (END)  =  endosperm  (C  =  ab  initio  cellular,  H  =  helobial,  N  -  nuclear;- case  letters  indicate  character  state  is  restricted  to  only  one  or  two  genera. 
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Table  1.     Continued 
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T 
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N 

olanaceae  in  Solanales),  although  other  authors 
"lay  not  employ  these  usages. 

*^ata  on  wood  anatomy  in  Table  1  are  based 
"P"^"  ̂ he  sources  listed  below;  the  atlas  of  Schwein- 
gruber  ( 1 990)  contains  useful  data  also: 

Chalk  (1950),  Rodriguez  (1957),  and  original  data. 

Apocynaceae:  Ingle  &  Dadswell  (1953),  Metcalfe 

&  Chalk  (1950).  Asclepiadaceae:  Metcalfe  &  Chalk 

(1950)  and  original  data.   Asteraceae:   Carlquist 

(1957a,  b,   1958a,  b,   1959,   1960a,  b,   1961, 

Acanthaceae:  Carlquist  &  Zona  (1988).  Adox-  1962b,  1963,  1965a,  b,  1966a,  b,  1982a.  1  983a, 

''^eae  (Sambucaceae):  Creguss  (1959).  Alseuos-  b),  Carlquist  &  Eckhart  (1982).  Avicenniaceac: 

'"'aceae:  Dickison  (1986).  Apiaceae:  Metcalfe  &       Meylan  &  Butterfield  (1978),  Metcalfe  &  Chalk 

y 
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(1950).  Bignoniaceae:  Pfeiffer  (1926),  Metcalfe  &  families  are  from  Davis  (1966)  and  Kapil  &  Vi- 

Chalk    (1950),    Boraginaceae    (including    Ehreti-  jayaraghavan  (1965). 
aceae):  Barajas  Morales  (1981),  Carlquist  (1970b), 
Gottwald   (1983),   Nair   &    Mohan   Ram   (1989).  MATERIALS  AND  METHODS 

Buddlejaceae:  Mennega  (1980)  and  present  paper 

(see  below).  Calyceraceae:  Carlquist  (1983b).  Cam- 

panulaceae:  Shulkina  &  Zikov  (1980).  Caprifoli- 
aceae:  Ogata  (1988),  Metcalfe  &  Chalk  (1950). 
Columelliaceae 

Original  data  are  presented  below  for  one  species 

of  Globulariaceae  and  for  two  species  of  Selagi- 

naceae.  In  addition,  original  data  are  presented  for 

several  Buddlejaceae  as  part  of  a  review  of  that 

ceae:  Mennega'(1969),  Pant  &  Bhatnagar  (1975),      ̂ «™"y-  ̂
oods  of  these  familieB  were  available  in 

LoweU  &  Lucansky  (1986),  Carlquist  &  Hanson      dried
  form.  The  methods  employed  m  study  of  these 

(1991).  Cyrillaceae:  Thomas  (1960)  and  original families  are  the  same  as  those  described  in  my 

data.  Desfontainiaceae:  Mennega  (1980).  Dipsa-      ̂ ^^^^^  papers. 
caceae:    Carlquist    (1982b).    Duckeodendraceae: For  sympetalous  dicotyledons  as  a  whole,  w 

ood 
Carlquist  (1988b).  Ebenaceae:  Metcalfe  &  Chalk      terminol

ogy  generally  follows  that  of  the  lAWA 

(1950).   Epacridaceae:   Meylan   &   Butterfield  Commi
ttee  on  Nomenclature  (1964)^  Except  ons 

(1978),  Metcalfe  &  Chalk  (1950).  Ericaceae:  Met-  ̂ ^*="''  ̂   *^^  ̂ ^"^^^^^  variants    for  which  the  ter- 

calfe  &  Chalk  (1950),  Carlquist  (1985).  Fouquier-  sinology  fo
llows  Carlquist  (1988a). 

iaceae:  Henrickson  (1986),  Carlquist  &  Hoekman 

(1985),  and  original  data.  Gentianaceae:  Carlquist  New  Data 

(1984b).    Gesneriaceae:    Carlquist    &    Hoekman  ^j^^^  contemplating  the  present  paper,  I  had 
( 1 986a).  Globulariaceae:  present  paper  (see  below).  ̂ ^^  intended  to  report  on  species  belonging  to  Glob- 
Goetzeaceae:    Carlquist    (1988b).    Goodeniaceae:  ^lariaceae  and  Selaginaceae  (both  families  are  in- 
Carlquist  (1969b).  HydrophyUaceae:  Carlquist  et  ̂ j^j^^  j^  Scrophulariaceae  by  some  authors).  How- 
al.   (1983),   Carlquist   &   Eckhart  (1984).   Lami-  -         ,     - 
aceae:  Rudall  (1981),  Carlquist  (1992).  Loasaceae: ever,    these    segregate    families    proved   to  have 

distinctive  wood  anatomy,  the  detaUs  of  which  had Carlquist  (1984c,  1987c).  Lobeliaceae:  Carlquist  ̂ ^^  j^^^^  described  before.  I  coUected  wood  of  both 
(1969a).  Loganiaceae:  Mennega  (1980),  Coulaud  fe^Qieg,  so  that  presentation  of  documented  data 
(1988).    Martyniaceae:    Carlquist    (1987b).    My-  ̂ as  possible.  There  is  no  information  on  wood  of 
oporaceae:  Carlquist  &  Hoekman  ( 1 986b).  Myr-  Globulariaceae  or  Selaginaceae  in  Metcalfe  &  Chalk 
smaceae:  Metcalfe  &  Chalk  (1950),  Meylan  &  (^^g^Q^   j^^-^  -^  probably  related  to  the  limited  size 
Butterfield  (1978).  Nolanaceae:  Carlquist  (1987a).  ̂ ^  ̂^^^^^^  -^  ̂y^^^^  ̂ ^^^^^^  ̂ hich  consist  mostly  of 
Oleaceae:  Parameswaran  &  Vidal  Gomes  (1981),  herbaceous  plants.   Globularia  salicina  Lam-  is 
Baas  et  al.  ( 1 988).  Pedaliaceae:  Outer  &  Veenen-  exceptional  in  having  stems  up  to  ca.  1  cm  diam.; 
dal  (1983),  Carlquist  (1987b).  Pentaphragmata-  j^^  ̂ ^^^^^^^  j^^j^^^  ̂ ^^  be  related  to  occupancy  ol 
ceae:  Carlquist  (1975)  and  original  data.  Planta-  f.^^^.f^ee  localities  in  the  Canary  Islands.  Selagi- 
ginaceae:  Carlquist  (1970a).  Plumbaginaceae:  ^^^^^^  ̂ ^^  ̂ ^^^^^  ̂ ^^U^,  tl,an  that,  and  sternB 

Metcalfe  &  Chalk  (1950)  and  origmal  data.  Pole-  „^^^^  ̂ ^^^.^  ̂   ̂^  ̂ -^^^  to  the  best  of  my  knowl- moniaceae:  Carlquist  et  al.  (1984).  Primulaceae:  i 
original  data.  Rubiaceae:  Koek-Noorman  (1969a, 
b,   1970,   1972,   1976),  Koek-Noorman  &  Puff 

Welle GLOBULARIACEAE 

&  Veenendal  (1981).  Scrophulariaceae:  Cristiani 
(1945),  Michener  (1981,   1983,   1986).  Selagi- 

Globularia    salicina    Lam.,    ̂ ^^^"'^^  r_o3) 

(RSA),  Tenerife,  Canary  Islands  (Figs.  35        • naceae:   present   paper  (see  below).    Solanaceae:     Growth  rings  inconspicuous  (Fig.  35).  \  esse  s       ̂ ^ 
Carlquist  (1991).  StUbaceae  (including  Retziaceae):     ly  solitary  (Fig.  35),  mean  number  of  ̂^^^  t 

Carlquist  (1986).  Stylidiaceae:  Carlquist  (1981b).     group,  1.23.  Vessels  rounded  in  transection  I  ̂g- 
Theophrastaceae:  Metcalfe  &  Chalk  (1950).  Vale-     36).  Mean  vessel  lumen  diameter  at  widest  ̂ o^ 

1 4  Mm.  Mean  number  of  vessels  per  
mm=  tra  ' 

tion,  253.  Mean  vessel  element  length,  21    V- _ 

rianaceae:  Carlquist  (1983b).  Verbenaceae:  Met- 
calfe &  Chalk  (1950). 

References  that  report  only  a  few  features  for     Mean  vessel  wall  thickness,  3.0  M™-  P^'"'^'^ one  or  two  species  in  a  family  (e.g.,  reports  of 

plates  simple.  Lateral  wall  pitting 
 of  vessels  co vesturing  in  vessels)  are  not  included  in  the  above     sisting  of  alternate  circular  pits  3  M^n  ̂'^^'/ri£ embryology 

perforate  tracheary  elements  are  all  trac 

% 
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38),  with  pits  3  fim  diam.  Tracheid  diameter  at  ments  mostly  fiber-tracheids  with  vestigially  bor- 
widest  point,  18  tixn.  Mean  tracheid  length,  312  dered  pits;  a  few  vasicentric  tracheids  present.  Fi- 
fim.  Mean  tracheid  wall  thickness,  3.0  jum.  Axial       ber-tracheids     apparently     nucleated.     Axial 

parenchyma  absent.  Rays  absent  (Fig.  40).  Crystals comm 

fuse  (Fig.  36).  Axial  parenchyma  in  strands  of  two       not  observed.  Wood  nonstoried. 
cells.  Multiseriate  and  uniseriate  rays  equally  com- 

mon (Fig.  37).  Mean  multiseriate  ray  height,  398 
lim.  Mean  multiseriate  ray  width  at  widest  point, 
2.8  cells.  Mean  uniseriate  ray  height,  114  fxm,  A 
few  series  of  procumbent  cells  present  in  the  central 

Discussions  of  Systematic  Relationships 

ERICALES 

Although  data  on  iridoids  are  not  available  for 

portions  of  the  muhiseriate  rays;  the  remainder  of  ̂ U  families  of  Ericales  (Table  1),  the  presence  of 
ray  cells  upright  or  square.  Ray  cell  wall  thickness,  iridoids  is  widespread  in  this  order.  Ericales  in  the 
^.0  Mm.  All  pits  among  ray  ceUs  bordered  as  seen       g^nse  of  Dahlgren  (1975)  have  tenuinuceUate  ovules 

storied  (Fig.  37). 

Wood 

SELAGINACEAE 

Seli 
ago    thunbergii    Choisy,    Carlquist    8061 

(RSA),  cultivated  in  Kirstenbosch  Botanical  Gar- 

with  one  integument  and  nuclear  endosperm.  All 

of  the  Ericales  have  primitive  wood  features:  ves- 
sels with  scalariform  perforation  plates;  tracheids 

(rather  than  fiber-tracheids  or  libriform  fibers);  dif- 

fuse axial  parenchyma;  and  Heterogeneous  Type 

I  or  Type  IIA  rays.  Presence  of  libriform  fibers  (or 

fiber-tracheids)  together  with  vasicentric  tracheids 

den,  Cape  Province,  South  Africa  (Figs.  41,  42).      in  the  subfamUy  Arbutoideae  of  Ericaceae  repre- 
^rowth  rings  absent  or  only  indistinctly  demar- 

pnmitive 
cated.  Vessels  mostly  solitary;  mean  number  of      configuration  as  a  result  of  tracheid  dimorphism 
vessels  per  group,  1,43.  Vessels  rounded  as  seen      (Carlquist,  1988c),  The  famUies  of  Ericales  listed m  transection.  Mean  vessel  lumen  diameter  at  wid- 

ood 

point,  20  ̂m.  Mean  number  of  vessels  per  mm^  choripetalous    ericalean    families:    Actinidiaceae, 
transection,  348.  Mean  vessel  element  length,  221  Clethraceae,  and  Empetraceae.  The  choripetalous 
Mm.  Mean  vessel  wall  thickness,  2.0  ixm.  Perfo-  family  Aquifoliaceae  has  primitive  wood  features 
ration  plates  simple.  Lateral  wall  pitting  ahernate,  Uke  those  of  the  Ericales  listed,  and  in  addition  has 
Pi  s  about  3  ̂m  diam.  Helical  thickenings  present  the  three  embryological  character  states  listed  for 
on  vessels  (Fig.  42)  and  vasicentric  tracheids  (Fig.  Ericales.  Thome  (1976)  placed  Aquifoliaceae  in 
^^).  imperforate  tracheary  elements  are  libriform 
fibers  with  simple  slitlike   pits;   some  vasicentric 
tracheids  are  also  present.   Mean  libriform  fiber 

Ericales. 

CORN  ALES 
diameter  at  widest  point,  17  tim.  Mean  libriform 

^^  length,  274  Mm.  Mean  libriform  fiber  waU  An  interesting  feature  of  Dahlgren's  (1975)  sys- 
thickness,  2.5  /im.  Axial  parenchyma  absent.  Rays  tern  is  the  grouping  in  Cornales  of  families  that  in 
absent  (                              r             y  ... 

"Pright  cells  virtually  indistinguishable  from  libri-  tions  of  "Rosales,"  **Saxifragales/' or  other  orders. 

form  fibers).  Crystals  absent.  Wood  nonstoried.  The  orders  to  which  the  families  of  Dahlgren's 

or  represented  in  later  formed  wood  by       other  systems  have  been  scattered  In  various  por- 

Cornales  were  previously  referred  are  not  close  to 

each  other  in  most  systems.  Dahlgren*s  Cornalos 
bearing 

the 
.•^5^ V'-^'^^a  nitida  E.  Mey.,  Carlquist  8062 
JJ*i>A),  cultivated  in  Kirstenbosch  Botanic  Garden, 
JfPe  Province,  South  Africa  (Figs.  39,  40,  43). 
^owth  rings  absent  or  indistinct  (Fig.  39).  Vessels 

joUtary  or  in  small  groupings  (Fig.  39);  mean  num- 
^  f  of  vessels  per  group,  2.7.  Mean  vessel  lumen 

^eter  at  widest  point,  22  ̂ m.  Mean  number  of 

^^ssels  per  mm^  transection,   398.  Mean  vessel       gren's  Cornales  include  Alangiaceae,  Comaceae, 

dia 

cmbrvological  features  agree  with  those  of  Ericales 

except  that,  in  contrast,  cornalean  families  have 

cellular  rather  than  free  nuclear  endosperm  de- 
vplonment.   The   choripetalous   families   of  Dahl- 

'ement  length,  223  ̂ m.  Mean  vessel  wall  thick-       Davidiaceae,    Escalloniaceae,   Carryaceae,   Icacl- 

^^^,  2.3  ftm.  Perforation  plates  simple.  Lateral       naceae,  and  Nyssaceae.  Notably  absent,  compared 

^\^  P'^  ̂ f  vessels  bearing  alternate  circular  pits       with  earlier  concepts  of  Cornales,  are  Arahaceae 
^^  3  /xm  diam.  vertically,  4  fim  horizontally, 

^i'cal  thickenings  present  on  vessels  (Fig.  43)  and 
acentric  tracheids.  Imperforate  tracheary  ele- 

Thc 

families  of  Cornales  do  not  form Wage be 
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petaly  within  a  predominantly  choripetalous  order.  phasize  the  distinctiveness  of  the  monofamilial  or- 

Columelliaceae  have  been  most  commonly  placed  der.  Scalariform  perforation  plates  are  occasional 

in  Scrophulariales  in  the  past  (see  Stern  et  ah,  in  secondary  xylem,  and  this  probably  is  indicative 

1969).  Columelliaceae  have  primitive  woods  like  of  paedomorphosis.  The  scalariform  condition  is 

those  of  Escalloniaceae  and   Hydrangeaceae,  as  present  in  the  primary  xylem,  but  is  perpetuated 

Lely  is  irregularly  into  secondary  xylem  through  paedo- 

a  key  to  relationships  in  this  case.  morphosis.  Primitiveness  of  loasaceous  wood  is  in- 

Alseuosmiaceae  also  have  very  primitive  wood  dicated  by  possession  of  tracheids  and  diffuse  axial 

(Dickison,  1986).  All  but  one  species  are  rayless  parenchyma.  These  various  remnants  of  a  primitive 

(Dickison,  1986).  The  raylessness  is  not  indicative  wood  configuration  suggest  that  Loasales  are  not 

of  relationship,  but  rather  may  indicate  derivation  far  from  such  orders  as  Cornales  or  Dipsacales. 

from  an  herbaceous  ancestry,  as  in  other  rayless  The  many  indicators  of  paedomorphosis,  especially 

groups.  Rays  do  occur  in  one  species  of  Alseuos-  those  of  rays,  suggest  that  whatever  its  closest  ally, 

miaceae:    Crispiloba   disperma   (S.    Moore)   van  the  immediate  ancestor  of  Loasaceae  was  likely 
Steenis.  Ancestry  of  the  family  as  a  whole  may  not  herbaceous, 

be  herbaceous.  Wood  anatomy  suggests  that  Al- 
seuosmiaceae  are  related  to  Hydrangeaceae  (Dick-  DIPSACALES 
ison,   1986),  but  Columelliaceae  may  not  be  the 
famUy  closest  to  Alseuosmiaceae. The  order  Dipsacales  as  constituted  by  Dahlgren 

c,  r ,.                           .        -      .,                IT.  (1975)  contains  unusually  disparate  contents  with 
btylidiaceae  are  a  curious  tamily  once  placed  m  ,                 ̂     ry^,              i     ̂ ^t^^nv  nf 

.      -^         •     *    .      .u      .     1-              •  •      r       1-  respect  to  wood  anatomy.  The  wood  anatomy  oi close  proximity  to  other  mulm-contammg  families:  r^       ..  v             /■     i    j*       t/-l              k,,t  ̂ vHiiHine 
A  ̂                  /              ,               n      1     '                    1  Capnfohaceae  (mcludmg  Viburnum  but  excluaing 
Asteraceae,   Campanu  aceae     Goodemaceae,   and  Saibacus)  is  quite  primitive.  In  fact,  the  wood  of 
Lobehaceae.  Dahlgren  s  (1975)  deci^on  to  place  Caprifoliaceae  is  essentially  like  that  of  such  Hy- rnore  confidence  m..doids  absent  m  those  famd.es  ̂ ^^^^^^^^^  ̂ ^  Philadelphus.  Vining  and  lianoid but  present  m  btyhdiaceae)  than  mulins  as  a  phy-  ̂       ?^  ,.              ,                               i      ̂ ■^„   ;„  wood 
1  „  ̂  ,.     .    ,.     /            u  J  •     .        r        re    I- J-  Caprifoliaceae  have   some   acceleration  in  wooa logenetic  indicator  resulted  in  transfer  of  Stylidi-  ̂           ,  ■      i-n      ■        r        f      t-^r,  niatps)  but 

^.    1                   ̂           .           .  .        rr.,  anatomy  (simplification  of  perforation  plates;,  uui aceae  to  an  entirely  new  systematic  position.  The  ,           ,                         .           i          .•        „f  +>,p  basic 

jfQ.  1M-            /          /              ■        c    I.-  y.  these  changes  are  mmor  alternations  ot  the  Dasit wood  ot  btyhdiaceae  (very  tew  species  of  which  are  " 

woody)  has   several   peculiarities.   The   cambium  o"      i              ,         i           j                ̂ f  A^mraceae, 
■  .     ,          *  •  J    .u          ..       J  u      ji        f  .  Sambucus,  the  sole  woody  genus  ot  Adoxaceac, originates  outside  the  scattered  bundles  of  the  stem  ,                        .  ,.     ,          ,   i       /•    *     ̂ <,  ̂ r^cs^ls  with 

i   Z  u             ui      .u  .     r                       1  J     %    T^i  has  very  specialized  wood  that  f
eatures  vessels  wiu (which  resembles  that  of  a  monocotyledon).  The  .      ,         \.        •         ,                    i      f.o..Kpids  (tra- 

,  .            ,         -1  .      11      V         J                    J  simple  perforation  plates,  vascular  tracheids  \u cambium  acts  unilaterally:  it  produces  secondary  ̂ J^^  ̂^  ^^^  ̂ ^^  J^               ̂ ^^^^  ,^„form  fibers, 

^t"    'h      W     .'  ̂Xir          "^  '           • '"  -asicentric  axial  parenchyma.  Heterogeneous  Type 
the  outside.    Wood  ot  btyhdiaceae  contams  tmy  ,^„                  ,         .    i          i           *         On  the  basis 

1      f  .  ̂          1           1  /             J  .          ,         ™  -^  IIB  rays,  and  stoned  wood  structure.  Un  me  u strands  ot  mterxylary  phloem  and  is  rayless.  The  r         i                      i               .    f  Qr^rr^hnmsinCaiV- 
r  cu      *      iT   J        *i,       .1-        11    -r  of  wood  anatomy,  placement  of  bambucus  m      r presence  ot   hber-tracheids  rather  than  libriform  .^  ,.              ̂       ̂ ' ̂ .              ̂ t    i       ̂ ^.^^pap  or  any 

^.         •            t     rQ,  ,-,-                                           .  nfoliaceae,  Escallomaceae,  Hyarangeaceae,oi      ; fabers  in  wood  of  btyhdiaceae  represents  retention  r  .,      r-         i        r  r^  ui           n  07=:^  would  not  be 
r  ̂    ̂.     1              •*•         u         *        .  .     •                  1  of  the  Cornales  of  Dahlgren  (19 id)  wouiu ot  a  smgie  primitive  character  state  m  a  wood  ,                                                            "•    — ^'^^ While 

otherwise  highly  specialized.  Because  of  this,  at-  i     -  '  i    .    ,.  i     *       u-     *u^  ̂ r^n  between 
te^ntJn.  to  n«.  woo^  ...t.^.  ..  .  K..;.  f..  ..u.;.„      couclusively  indicate  relationship

,  the  gap  D 

Sambucus  and  the  famUies  named,  aU  ot  wm 

have  notably  primitive  wood,  must  be 
 emphasize  . 

The  evidence   speaks   clearly   for  recogni
tion  o 

Sambucus  in  a  famUy  separate  fro
m  Capnlo  a- 

tempting  to  use  wood  anatomy  as  a  basis  for  relating 
Stylidiaceae  to  the  other  families  of  Cornales,  which 

wood 

Stylidiaceae  and  the  other  families  placed  in  Cor- 
nales, however. ceae. 

LOASALES 

Th 

inferior  ovary  of  Loasaceae  are  distinctive  features 
that  have  made  them  difficult  to  place  with  woody 
^yP^gy^ous  dicotyledonous  families.  Loasaceae  are 
minimally  sympetalous.  The  various  phylogenetic 
treatments  often  select  a  choripetalous  order  as 
closest  to  the  family,  but  most  systems  also  em-       that  has  evolved  in  drier  conditions. 

Dipsacaceae  have  woody  representative
s  in  ; 

situations  (e.g.,  Canary  Islands,  Aegean  I^^^^^^j; 

As  one  might  expect  in  such  sites,  simple  per^ 

ration  plates  have  evolved  in  these  r^P'^^^^"*^^'^^^^ 

Imperforate  tracheary  elements  of  ̂^P^^^^^  ̂ ^^l 

however,  are  tracheids.  Axial  parenchyma  i 

fuse.  These  two  features  are  characteristic  op 

itive  woods  and  would  not  be  unexpected  i sacaceae  were  a 

phylad  related 
 to  CaprifoUacea*

 

^ 
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Sim 
feature  occurs  in  all  of  the  gentianalean  families 

perforation  plates,  libriform  fibers  rather  than  tra-      except  Rubiaceae. 
cheids,  and  scanty  vasicentric  axial  parenchyma. Do  Rubiaceae  fit  weD  into  the  concept  Gentia- 

These  families,  therefore,  represent  a  higher  level  nales?  Rubiaceae  lack  intraxylary  phloem,  but  they 
of  specialization  than  Dipsacaceae.  That  does  not  do  have  elongate  glandular  trichomes  ("colleters") 
mleout  relationship,  but  it  emphasizes  that  these      on   stipules.    These   stipular  glandular   trichomes 

woods  in  Dipsacales  (or  other  orders). 
re  prunitive      characterize  the  other  gentianalean  families  (Met- 

calfe &  Chalk,  1950). 

Complicating  the  use  of  wood  features  in  placing 

the  Rubiaceae  is  the  diversity  of  wood  in  the  family. 

In  the  Dahlgren  (1975)  system,  Goodeniaceae      This  diversity  can  be  shown  within  a  single  
genus. 

GOODENIALES 

are  no  longer  placed  with  Campanulaceae  and  Lo- in Coprosma  montana  Hillebr.  (Fig.  1),  axial  pa- 

beliaceae,  although  compeUing  evidence  for  placing       renchyma  is  apotracheal  banded,  diffuse,  a
nd  scanty 

■  ese  three  families  together  on  a  line  leading  to      vasicentric,  all  coexisting  withm  the  same  wood.
 

Asteraceae  has  been  presented  by  Olmstead   &       ̂ ^  ̂"''*^^^  Hawanan  species,  L.  ft 

Palmer  ( 1 992).  Goodeniaceae  have  wood  features      (^ig.  3),  axial  parenchyma  is  predominant
ly  scanty 

very  similar  to  those  of  Dipsacaceae  in  level  of      vasicentric,  with  a  little  diffuse  parenchy
ma.  In  C 

specialization:  simple  perforation  plates,  tracheids. 
montana  rays  are  Paedomorphic  Type  I,  but  else- 

and  diffuse  parenchyma.  This  does  not  necessarily  ̂ ^ere  in  the  genus,  less  abundant  upright  ray  ceUs, 

'mply  a  phylogenetic  relationship  between  Dipsa-  '■^"g^^S  ̂ o  predominance  of  procumbent  cells  (= 

caceae  and  Goodeniaceae.  It  does  suggest  a  simUar  Heterogeneous  type  IIB  verging  
on  Homogeneous 

Phylesis:  evolution  of  a  group  with  basically  prim-  Type  I),  may  be  found  m  the  eight  
Coprosma 

itive  wood  in  areas  with  climates  strongly  seasonal  ̂ P«"«^  ''^^'^^  ""'firTnt  'I  '''''*'"?     ̂  ^th  respect  to  rainfall.  Because  Goodeniaceae  have 

relatively  primitive  wood,  they  cannot  be  derived 
from  any  phylads  that  have  highly  specialized  wood 
^^-g',  Valerianaceae).  This  must  be  considered  in 
cladistic  hypotheses  that  involve  Goodeniaceae. 

Meylan  &  Butterfield  (1978).  Heterogeneous  Type 

II  rays  also  occur  in  Rubiaceae  (Metcalfe  &  Chalk, 1950). 

Imperforate  tracheary  elements  in  Coprosma 

are  fiber-tracheids  in  which  pit  borders  are  small definitely 

GENTIANALES un 
tracheids,  with  relatively  large,  fully  bordered  pits 

The  order  Gentianales  as  defined  by  Dahlgren  (Figs.  6,  7).  However,  in  most  Rubiaceae,  pits  on 

(1975)  appears  to  be  relatively  homogeneous  ac-  imperforate  tracheary  elements  range  from  mod- 
rnrri.v^  ._    .,       ,         .   .     —      ,  features       erately  to  vestigially  bordered  to  simple  (Koek- Wood 
common Noorman 

pates  and  fiber-tracheids  (in  some  species,   tra- 
eiahke).  Although  vasicentric  parenchyma  oc- 

^^rs  m  some  Gentianales,  banded  apotracheal  axial 

un 

perforate  tracheary  elements  is  present.  In  Galium, 
woods  are  storied  (new  report  for  the  genus  and 

parenchyma  (rarely  found  in  the  families  that  lack       for  the  family:  Fig.  6).  Galium  is  probably  a  rep- 

"^doids)  is  common  in  the  order.  Vesturing  and         *-*="-  ''^  ̂ "  \^^r\.^r^r.^^^  nhvl^d  l\h^  trllv.  Rn. 

tribe 

moderate 

wood 

fr
 

orying  are  uncommon  in  Gentianales,  but  may 

^  found  in  most  of  the  families.   Because  few 
^entianaceae  are  woody,  the  lack  of  data  on  ves-             ,  , 

Juring  in  that  family  may  be  a  sampling  artifact.       (data  from  Koek-Noorman,  1970).  Both  Galium 

%s  are  Heterogeneous  Type  IIA  or  IIB  (or,  in  "    '     *     "^    ""^   ̂ ■'^■'-   ̂ "■''—  ̂ — 
^rtain  Gentianaceae,  a  paedomorphic  derivative 

fr
 

both 

*>^es  are  universal 
egmic 

species  are  thus  nearly  rayless.  Galium  and  Rubia 
show  several  features  that  differ  from  those  in  other 

sperm  (otherwise  nearly  restricted  to  Plumbagi-  Rubiaceae,  demonstrating  the  diversity  of  the  fam- 

nales  and  Primulales  in  the  sympetalous  families)  ily. 
characterizes  Gentianales.  Perhaps  most  notewor-  Raphides  are  present  in  ray  cells  of  Galium  (Fig. 

*hy  to  the  concept  of  Gentianales  is  the  presence  8:  new  report  for  the  genus)  and  other  Rubiaceae 

of  intraxylary  phloem— strands  of  phloem  between  (Koek-Noorman,  1969a),  yet  rhomboidal  crystals 
*e  primary  xylem  and  the  pith  in  stems.  This  occur  in  ray  cells  in  other  species  of  the  family 

.M 
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(Koek-Noorman,  1969a).  Raphides  in  ray  cells  have  imperforate  tracheary  elements  of  Buddlejaceae 

not  been  reported  for  other  families  of  sympetalous  are  libriform  fibers.  Because  the  imperforate  tra- 
dicotyledons.   Presence  of  tracheids  and  of  rare,  cheary   elements   are   not   tracheids,   grouping  of 

scattered  (and  sometimes  malformed)  scalariform  vessels  in  response  to  xeromorphy  is  marked  in 

perforation  plates  in  Rubiaceae  are  indicators  of  Buddleja,  species  of  which  range  from  mesic  to 

primitive  character  states  in  the  wood.  very  dry  sites.  In  B.  globosa  Hope  (Fig.  9),  vessels 

The  wood  diversity  of  Rubiaceae  presents  dif-  are  relatively  little  grouped.  The  bands  of  latewood 

ficulties  when  discussing  the  concept  Gentianales,  vessels  of  B.  parvijlora  HBK  (Fig.  13)  form  ex- 
because  the  other  families  have  wood  that  is  much  tensive  aggregations  as  tangential  bands,  as  do 

more  uniform.  A  wider  range  of  character  states  (much  less  conspicuously)  the  latewood  vessels  of 

need  not  exclude  Rubiaceae  from  Gentianales.  The  B.  utahensis  Gov.  (Fig.  17).  Some  latewood  vessels 

wider  range  in  Rubiaceae  may  (in  part)  be  related  are  as  narrow  as  libriform  fibers  (Fig.  20,  left). 

to  the  large  size  of  the  family,  although  the  ex-  Vasicentric  tracheids  are  present  in  aU  three  species 

amples  given  within  the  genus  Coprosma  tend  to  illustrated.  Vasicentric  tracheids  in  Buddleja  are 

counter  the  idea  that  diversity  in  wood  features  is  somewhat  more  common  in  latewood  than  in  early 

proportional  to  the  size  of  the  family.  Gentianales  wood.  Helical  thickenings  are  common  in  vessels 

might  be  slightly  more  coherent  if  Rubiaceae  were  of  Buddleja,  although  lacking  in  some  species  (5. 
excluded,  but  in  that  case,  Rubiaceae  would  have  americana  L.,  Hutchinson  3406,  U.  C.  Berkeley 

to  be  located  in  a  neighboring  monofamilial  order,  Botanic  Garden).  In  B.  globosa  (Fig.  11)  and  B. 
a  treatment  very  close  to  including  the  family  with-      parvijlora   (Fig.    15),   all  vessels   possess 
in  Gentianales. 

helical 
OLEALES 

thickenings.  In  B.  utahensis,  wide  vessels  lack 

heUcal  thickenings  (Fig.  19),  whereas  narrow  ves- 

sels possess  them  (Fig.  21).  Axial  parenchyma  in 

W7      1     r  oi  u      u  .  J-  J  .u  ui         Buddleja  is  scanty  vasicentric.  No  banded  paren- Wood  ot  Uleaceae  has  been  studied  thoroughly        ,  -^     ,         ,.^  ,  Rave  of 
u    D  ^1    nnoo\      u     J  ..IV  chyma  and  no  diffuse  parenchyma  occur,  nayb  ui by  Baas  et  al.  (1988),  who  demonstrated  the  ereat  ^^  "^ ,  „  .                 .^        f    tt                         T,.r.^  TTA 
1.        .,       r                    AC.          •     *i,     r      -1       A  Buddleja  are  uniformly  Heterogeneous  Type  HA diversity  of  many  wood  features  m  the  family.  As  ^x^  /^.        ,  ̂    .  .     ,  r.^    ti            u     *  ̂ ^Ik  nre- 

.^,    R   K-              ,v-    A'         .     .     A                1     u  or  IIB  (Figs.  10,  14,  18).  Procumbent  cells  pre with  Rubiaceae,  this  diversity  tends  to  mask  the  ,      .               ,                     /         .                *'.i  caption 

^  dominate  in  the  rays,  as  shown  m  tangential  secuuu 

belong  in  or  near  Gentianales,  a  conclusion  much 

systematic  affinities  of  the  family.  For  example,      .  i  n    i  /i         ri  i «        A  '        d'al  section 

imperforate  tracheary  elemer^ts  of  Oleaceae  range      ̂   ̂̂ ^^  ̂     '  ̂     '/^^^  ̂1  (^^e  h"  izontal  axis  of trom  tracheids  to  hber-tracheids  With  vestigial  bor-  °  .  '        ■     ii     •     ir-        19      d  21)  Crys- ders  on  pits  to  libriform  fibers  with  pits  apparently         /  ,.  ̂      .  ,.  •    ̂ ^ct  ̂ ne- 

'      1     R  *    1   /iOQQ\  1  A  i*u  /rvi  tals  m  rays  of  Badcf/e/a  are  common  m  most  spc simple.  Baas  et  al.  (1988)  concluded  that  Oleaceae        .        x     V.       .  ,  i  u  ̂ v...;r];il  to 

^  cies.   In  B.  globosa,  crystals  are  rhomboidai  lu 

1:1..  tl.ot  ̂ f  M  nopm   X.  V  .•        r      somewhat  elongate  (Fig.    12).  In  B.  parviflora, like  that  ot  Mennega  (1980);  however,  citation  of  ,  ,1  r^QirpH  m 

^r.A  f    *  *  ̂   *u-       1  .  1        crystals  are  not  elongate,  and  some  are  pairea  u wood  teatures  to  support  this  placement  reveals  /         .  ...     ̂ '     ...    ̂      d    ntahensis, 
^.tV.ir.cx  A^.\.\.r^   TI.0  .v.o^;..i  A...  .f  TT....„..      mirror-image  fashion  (Fig.  16).  In  B.  utane 

the  crystals  are  clearly  elongate  (Fig.  21). 

In  embryological  features,  Buddlejac
eae  differ 

from  Gentianales  by  having  cellular  endospe
rm,  J^ 

nothing  decisive.  The  chemical  data  of  Hegnauer 
(1971)  seem  more  persuasive  than  wood  data.  Sep- 

aration of  Oleaceae  in  their  own  order  seems  ad- 

visable under  the  circumstances.  The  analysis  of 
Coulaud  (1988)  supports  this  position. 

feat 

SCROPHULARIALES 
characteristic  of  Scrophulariales  a

nd  Lami- 

ales.  The  lack  of  borders  on  pits  of  impe
rforate 

tracheary   elements    allies    Buddlejacea
e  ̂ vi 

Scrophulariales  or  Lamiales:  libriform  fib
ers  occur 

Buddlejaceae  traditionally  were  regarded  as  a       in  Gentianales  ordy  in  certain  Rubiaceae,  and 

biaceae  are,  as  mentioned  above,  probably 

were  placed  by  Dahlgren  (1975)  among  Gentia-       placed  in  Gentianales.  Axial  parenchyma  m  B^^^ 
nales  because  of  iridoid  content.  However,  as  the       dlejaceae  is  typical  of  that  found  in  Scrophularia 

data  of  Table  1  indicate,  Buddlejaceae  differ  from       or  Lamiales  (scanty  vasicentric),  and  banded  p 

Gentianales  in  a  number  of  significant  respects.       renchyma,  frequent  in  Gentianales,  is  absent. 

Other  features  of  Buddlejaceae  ar
e  not  decisive. 

tribe 

ood 

dlejeae  of  Loganiaceae)  was  summarized  by  Men- 
nega (1980).  IDustrations  are  offered  here  because 

wood  anatomy  of  Buddlejaceae  has  not  been  figured 
extensively  heretofore,  and  the  features  shown  in- 

dicate the  probable  affinities  of  the  family.  The 

fre 

elongate  to  rhomboidal  crystals  in  rays  are 

quently  found  in  families  of  Gentianales,  
Lamia  e  , 

and  Scrophulariales.  Lack  of  vesturing  in  v
esse^ 

pits  of  Buddlejaceae  is  not  decisive  because  
m  n 

sympetalous  family  of  dicotyledons  does  ves 
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characterize  large  portions  of  a  family.  In  sum,  fascicular  areas.  Hebe  seems  to  be  a  woody  deriv- 

Buddlejaceae  clearly  should  be  transferred  from  ative  of  Veronica,  or  a   Fero/zrca -like  ancestor. 

Gentianales  to  Scrophulariales  or  Lamiales.  The  Hebe  and  Veronica  form  a  distinctive  group  within 

fruit  type  of  Buddlejaceae  may  provide  the  decisive  tribe  Digitaleae  of  subfamily  Rhinanthoideae 
with 

(W 

Scrophulariales,  rather  than  composed  of  nutlets,  close  relationship  between  Hebe  and  Calceolaria, 

each  with  a  single  ovule,  as  in  Lamiales.  Therefore,  and  indeed,  the  two  genera  are  widely  separated 

Buddlejaceae  most  likely  belong  in  Scrophulariales,  in  Wettstein's  (1891)  system  for  the  family.  Fur- 
and  I  have  included  them  in  that  order  in  Table  1  ther  comments  on  the  significance  of  raylessness 

rather  than  following  Dahlgren's  treatment. are  offered  in  a  concluding  section  of  this  paper 

Evidence   from  wood   anatomy   indicates   that      devoted  to  correlations  between  habit  and  wood 

Scrophulariaceae  sensu  lato  are  more  diverse  than      anatomy. 

many  current  systematic  treatments  indicate.  The Paulownia  has  been  a  genus  of  uncertain  po- 

diversity  need  not  result  in  segregation  of  subfam-  sition,  referred  either  to  Bignoniaceae  or  Scrophu- 

ilies  as  independent  famUies,  although  the  evidence  lariaceae  or  even  an  intermediate  position  (for  a 

from  wood  anatomy  does  seem  to  indicate  that  for      history,  see  Armstrong,  1985).  This  situation  has 

two  families,  Globulariaceae  and  Selaginaceae. not  received  comment  with  respect  to  wood  anat- 

Raylessness  occurs  in  two  subfamilies  of  Scroph-  omy.  Paulownia  wood  is  illustrated  
here  (Figs.  27- 

ulariaceae,  Rhinanthoideae  and  Antirrhinoideae,  of  29),  along  with  a  genus  of  Bignoniaceae  with  so
me 

Wettstein's  (1891)  system.  AU  Calceolaria  species       similarities,  Catalpa  (Figs.  31,  32),  and,  for  co
m- I  ha 

  ^   ^  _„  shown       parison,  a  genus  (Tecoma)  with  wood  typic
al  of 

for  a  adscendeZ  LindL  Zv  FVurer22  and  23;       Bignoniaceae  (Figs.  33,  34).  Paulownia  has  bee
n 

Metcalfe  &  Chalk  (1950)  also  reported  the  genus       compared  to  Catalpa  by  some  authors. 

as  rayless  (no  species  given).  Other  distinctive  fea- Paulownia  is  notable  for  its  well-marked  growth 

tures  of  the  wood  of  Calceolaria  include  vessels       rings  (Fig.  27).  The  large  earlywood  vessels  a
re 

in  radial  multiples  (Fig.  22)  and  absence  of  axial 
parenchyma.  The  wood  is  storied,  although  not 

conspicuously  so  (Fig.  23).  Axial  parenchyma  ab- 
sence   is    common    in    rayless    woods    (Carlquist, 

embedded  in  a  large  quantity  of  initial  axial  pa- 

Wh mi 

walled  cells  in  strands  of  one  to  two  cells  (Fig.  28, 

1970a),  a  condition  perhaps  related  to  the  rela-  left;  Fig.  29,  left).  Latewood  vess
els  of  Paulownia 

tively  thin  woody  cylinders  accumulated  by  most  are  associated  with  ahfor
m  or  ahform-confluent 

rayless  species.  More  significantly,  raylessness  is  axial  parenchyma  (likewise  m  str
ands  of  one  to  two 

an    exceUent    indicator    of   herbaceous    ancestry  cells  when  seen  in  longitudinal  section).
  Rays  are 

(Carlquist,  1970a),  although  exceptions  may  oc- 
cur. Calceolaria  is  a  predominantly  herbaceous 

(W 

narrow,  muhiseriate,  and  composed  of  procumbent 

cells  (Figs.  28,  29)  and  are  Homogeneous  Type  II 

in  the  Kribs  (1935)  system.  This  description  ac- 

cords with  the  Metcalfe  &  Chalk  (1950)  reports. 

None  of  the  axial  parenchyma  or  ray  features  cited 

have  been  reported  in  Scrophulariaceae  (Metcalfe 

&  Chalk,  1950;  Michener,  1981,  1986).  In 

1 950;  Meylln '&  BuUerfidd,  1 9787ln  Heb7,7eZ       Scrophulariaceae,  axial  parench
yma  is  scanty  vas- 

ounds 

^  the  genus  are  short-lived  and  herblike. 

Raylessness  in  Hebe  (Figs.   24-26)  has  been nown 

icentric,  and  rays  are  Heterogeneous  Type  I  or 

Type  II.  Conceding  that  the  degree  of  parenchy- 
matization  of  Paulownia  wood  is  unique  in  arboreal 

sympetalous  dicotyledons,  the  pattern  of  paren- 

chymatization  is  not  like  that  of  other  genera.  For 

example,  in  Faradaya  of  the  Verbenaceae  (Fig. 

30),  a  wood  with  abundant  axial  parenchyma,  pa- 

renchyma takes  the  form  of  wider  rays  and  of  axial 

pie,  although  others  are  vestigially  bordered  (Fig.       parenchyma  that  is  not  adj
acent  to  vessels  Vessels 

^o;,  a  fact  revealed  by  the  air  content  of  the  cell 

sels  are  in  radial  multiples,  although  the  groupings 
3re  small,  and  solitary  vessels  are  common  (Fig. 
-^4).  Axial  parenchyma  is  absent.  Wood  is  nonsto- 
ned  (Fig.  25).  Imperforate  tracheary  elements  have 
vestigial  borders  on  pits  (Fig.  26),  as  reported  for 

Ucifolia  (Forst.   f.)   Pennell 

Permell 

libriform  fibers 

hown  in  Figure  26.  Wo 
parenchyma.  To  be  sure,  these  features  of  Fara- be 

bordered,  both  on  fibriform  cells  in  "potential  ray  Catalpa  (Figs.  31,  32)  of  the  Bignomaceae  has 

areas"  and  on  imperforate  tracheary  elements  in       well-demarcated  growth  riugs  and,  like  Paulownia
, 

A 
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large  quantities  of  initial  axial  parenchyma.  The  to  systematics  is  the  presence  of  tracheids  (Fig. 

latewood  vessels  of  Catalpa  (Fig.  31)  form  large  38)  rather  than  fiber- tracheids  or  libriform  fibers. 

aggregations  that  are  associated  with  scanty  vasi-  Presence  of  tracheids  in  wood  of  Globularia  is 

centric  axial  parenchyma.  Rays  of  Catalpa  (Fig.  related  to  lack  of  vessel  grouping  (Fig.  35),  for 

32)  are  Heterogeneous  Type  IIB,  transitional  to  reasons  proposed  earlier  (Carlquist,  1984a).  An- 

Homogeneous  Type  II.  Thus,  Catalpa  has  wood  other  significant  feature  of  Globularia  wood  is  the 

more  like  that  of  Scrophulariaceae  than  does  Pau-  presence  of  diffuse  axial  parenchyma  (Fig.  36)  in 

lownia.  Paulownia  wood  is  more  similar  to  that  addition  to  scanty  vasicentric  parenchyma.  Rays 

of  Bignoniaceae  than  to  that  of  Catalpa.  This  is  are  Heterogeneous  Type  IIA  (Fig.  37).  Tracheids 

underlined  by  the  aliform-confluent  axial  paren-  and  diffuse  axial  parenchyma  represent  maximally 

chyma  (Fig.  33)  of  Tecoma,  which  forms  strands  primitive  character  states  and  are  expressions  more 

of  four  to  five  cells  in  longitudinal  section  (Fig.  34).  primitive  than  found  in  other  families  of  Scropnu- 
Rays  of  Bignoniaceae  are  not  always  storied  in  lariales.  One  can  conclude  that  Globulariaceae  are 

Bignoniaceae,  as  shown  for  Tecoma  (Fig.  34),  but  a  distinct  family.  The  primitiveness  of  wood  in  this 

they  are  storied  in  many  genera.  The  wood  data  family  means  that  it  carniot  be  derived  from  scroph- 
on  Bignoniaceae  and  Scrophulariaceae  of  Outer  &  ularialean  families  with  more  specialized  wood,  and 

Veenendal  (1981)  support  the  above  conclusions.  this  should  be  taken  into  account  in  phyletic  work. 
The  South  African  genus  Oftia  has  mostly  been 

placed  in  Myoporaceae  (for  a  summary,  see  Dahl- 
gren  &  Rao,  1971).  Oftia  has  the  following  wood 

features:  perforation  plates  simple  (but  often  dou- 
libriform   fibers 

Further  studies  to  assess  the  precise  relationships 

this  neglected  family  are  needed. 

Another  small  group  of  genera  sometimes  in- 

ided  within  Scrophulariaceae  is  represented  by 

axial  parenchyma  the  segregate  family  Selaginaceae.  As  with  Olob- 

scarce;  and  upright  cells  predominant  in  rays  ulariaceae,  availability  of  wood  has  led  to  presen- 

(Carlquist  &  Hoekman,  1986b).  The  upright  ray       tation  of  original  information  (see  New  Data,  above). 

cells  in  Oftia  are  likely  indicative  of  paedomor-  The  specimens  studied  differ,  although  not  greatly, 

phosis,  whereas  the  predominance  of  procumbent  with  respect  to  imperforate  tracheary  elements. 
cells  in  rays  of  Myoporaceae  is  indicative  of  a       Walafi 
woody  ancestry  for  the  family.  The  septate  libri- 

form fibers  and  the  scarce,  scanty  vasicentric  pa- Oft 
fiber 

pit  borders,  whereas  Selago  thunbergii  has  li
bri- 

form fibers— the  pits  are  apparently  simple.  Axial 

parenchyma  is  absent,  a  condition  that  rnay  ̂  

related  to  raylessness,  as  with  Calceolaria  and abundant  vasicentric  axial  parenchyma  are  present  Hebe  mentioned  above.  The  imperforate  tracheary 

(Carlquist  &  Hoekman,  1986b).  This  supports  the  elements  may  be  nucleated  (the  deposits  observe 

opinion  of  Dahlgren  &  Rao  (1971)  that  Oftia  be-  suggest  either  nuclei  or  residues  formed  as  a  result 

longs  in  Scrophulariaceae.  of  prolonged  duration  of  protoplasts).  There  are 
enin Z.euco/?Ay//um  has  often  been  considered  to  be-  pronouncea  nencai  imcKeimi^s  m  lw^-      

long  to  the  Scrophulariaceae.  Niezgoda  &  Tomb  Selago  thunbergii  (Figs.  41,  42)  and  Walafnda 

(1975)  claim  a  link  between  Leucophjllum  and  nitida  (Fig.  43);  these  are  similar  to  those  seen 

Myoporaceae  on  the  basis  of  pollen.  Leucophjllum  a  scattering  of  Scrophulariaceae  from  dry  loca        • 
has  vessels  with  prominent  helical  thickenings;  vas-  Although  vascular  tracheids  (formed  at  the  e 
cular  tracheids  abundant  in  latewood,  producing  a  of  growth  rings)  can  be  seen  in  some  Scrop 

  ,    iaceae,  Selaginaceae  are  the  only  famfly  m  ̂ ^ 
aceae  (Carlquist,   1992);  scanty  vasicentric  axial  typical  vasicentric  tracheids  have  thus  tar  ̂   ̂̂ 
parenchyma;  and  abundant  fibriform  vessel  ele- 

ments. These  features  differ  from  those  of  My- 
under  Oft 

Lami 

observed.  That  feature,  in  addition  to  the  rayless
^ 

ness,  reinforces  recognition  of  this  group  a 

-^   .   j..^,   .        mUial  level.  As  with  Globulariaceae,  ^^^'^'^J^ 
of  the  familial  location  of  Leucophjllum  is  there-      Selaginaceae  need  to  be  investigated  using  m 
fore  urged. DNA  techniques. 

Globulariaceae   are   a   small   group   of  genera  Outer   &   Veenendal  (1983)  reported  on sometimes and 

They 

one 

Lfcith 

sometimes  recognized  as  a  segregate  family  situated      qualitative  features  for  eight  species  of  Acan 
close  to  Scrophulariaceae.  Because  material  was 
available  (see  New  Data,  above),  I  have  included 

original  data  on  wood  of  Globulariaceae  here.  One 
significant  feature  of  Globularia  wood  with  resoect 

ceae,  22  species  of  Bignoniaceae,  but  only  o^^ 
atypical  species  of  Scrophulariaceae— -Paj^^^"^^^^ 

tomentosa  (Thunb.)  Sond.   They  conch  '~ 

When 
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wider  range  of  Pedaliaceae  is  looked  at  (Carlquist,  are  fiber-tracheids  rather  than  libriform  fibers.  Ver- 

1987b)  and  compared  with  all  other  families  of  benaceae  have  libriform  fibers;  Metcalfe  &  Chalk 

Scrophulariales,  the  situation  changes.  The  apo-  (1950)  reported  fiber-tracheids  in  Pe/raea  arftorea 

tracheal  parenchyma  bands  of  Se5awo^^awi/iU5  are  HBK  (Verbenaceae),  but  my  material  of  Petraea 

the  result  of  fiber  dimorphism  and  are  not  related  has  only  libriform  fibers.  Upright  ray  cells  predom- 

to  the  aliform-confluent  bands  in  wood  of  Bignoni-  inate  in  rays  of  Chloanthaceae  (Carlquist,  1981a) 

aceae.  All  of  the  wood  features  of  Pedaliaceae  may  but  are  only  on  ray  margins  in  Verbenaceae.  The 

be  found  in  Scrophulariales  (and,  for  that  matter,  differences  between  wood  of  Chloanthaceae  and 

in  Scrophulariaceae),  but  Pedaliaceae  are  not  really  Verbenaceae  sensu  stricto  are  sufficient  to  support 

closer  to  one  family  of  Scrophulariales  than  another  segregation  of  Chloanthaceae. 

on  the  basis  of  wood  anatomy.  The  similarity  in Stilbaceae  have  frequently  been  considered  a 

pollen  between  Martyniaceae  and  Pedaliaceae  is  subfamily  of  Verbenaceae,  but  several  recent  au- 

intriguing.  However,  more  studies  are  needed  to  thors  have  recognized  them  as  a  segregate  family 

resolve  interrelationships  of  the  scrophularialean  (fi 
families.  b£ 

Wood 

sun 

LAMIALES 

The  Lamiales  could  once  be  described  as  the 

plates;  vessels  in  long  radial  multiples;  an  abun- 

dance of  fibriform  vessel  elements;  either  fiber- 

tracheids  or  libriform  fibers,  notably  thick-walled; 

scarce  vasicentric  axial  parenchyma;  and  Hetero- 

families  Lamiaceae  and  Verbenaceae.   However,       geneous  Type  IIA  rays.  Verbenaceae  
have  only 

segregate  families  have  been  recognized,  and  wood 

anatomy  tends  to  support  these.  Studies  on  phy- 
logeny  of  Lamiaceae  by  Cantino  (1992)  suggest 
that  Lamiaceae  may  be  a  collection  of  independent 

simple  perforation  plates  (aberrant  scalariform  per- 

foration plates  exceptionally:  Meylan  &  Butter- 

field,  1978);  vessel  elements  rarely  fibriform;  ves- 

sels solitary  or  in  clusters;  libriform  fibers  (often 

derivatives  from  Verbenaceae.  If  this  is  true,  Lami-       septate    and   thinner-walled    than
   in   Stilbaceae); 

aceae  must  be  united  with  Verbenaceae,  or  else       scanty  vasicentric  axial  parenchy
ma;  and  rays  Het- 

Lamiaceae  may  be  subdivided  into  several  families 

representing  these  independent  phylads.  Unfortu- 
nately, Lu  (1990)  did  not  analyze  the  segregate 

families  of  Verbenaceae,  so  his  cladistic  analysis  of 
Lamiales  is  not  discussed  here. 

erogeneous  Type  IIA  or  IIB  transitional  to  Ho- 

mogeneous Type  II. 

The  features  just  cited  for  Stilbaceae  are  also 

characteristic  of  Retziaceae  (Carlquist,  1986).  This 

confirms  the  opinion  of  Dahlgren  et  al.  (1979)  that 

PLUMBAGINALES 

Wood 

Avicemiiaceae  are  one  of  the  famUies  frequently      the  two  famOies  are 
 closely  related.  My  conclusion 

segregated  from  Verbenaceae.  Avicenniaceae  have       (Carlquist,  1986)  is  tha
t  the  two  families  should  be 

successive  cambia  (Fig.  44)  with  distinctive  bands      united, 

of  sclerenchyma  in  the  conjunctive  tissue  (Figs. 
44,  45).  Vessels  are  in  radial  multiples  (Fig.  44). 

Imperforate  tracheary  elements  are  nonseptate  li-  ^^  ̂   ^ 
briform  fibers.  Crystals  are  abundant  in  rays  (Fig.  YxwIq  studied  to  date  because  few  species  of  the 
45).  In  Verbenaceae,  cambia  are  normal;  vessels  f^j^iiy  are  woody.  Features  presently  known  show 
are  m  clusters;  imperforate  tracheary  elements  are  ^^^  ̂ ^  wood  features  are  similar  to  those  of  other 

niostly  septate  libriform  fibers;  crystals  are  reported      gyj^petalous  dicotyledon  families.  The  wood  of  this 

in  ray  ceUs  only  in  Vitex  (Carlquist,  1988a),  but        "^     '         - 
even  in  that  genus  they  are  rare  or  absent  (Meylan 
&  Butterfield,  1978).  These  distinctions,  added  to 

those  from  gross  morphology,  support  segregation 

affin 

Plumbagin 

of  A 
EBENALES vicenniaceae  from  Verbenaceae. 

Chloanthaceae  (=  Dicrastylidaceae  of  some  au- Ebenaceae  are  the  only  family  of  Ebenales  to 

thors)  are  similar  to  Avicenniaceae  in  having  sue-      be  considered  here  because
  other  families  in  the 

cessive  cambia.  The  occurrence  of  successive  cam-      order  are  choripetalous  or  nearl
y  so    Ihere  obvi- 

troduced bia  in  Chloanthaceae  is  not  evidence  of  relationship  .  ,       ,  .       ,     ,       t-i 

to  Avicemiiaceae.  In  Chloanthaceae,  phloem  is  fre-  ever,  the  question  at  hand  js  whe
ther  Ebenaceae 

luently  in  continuous  tangential  bands  rather  than  are  at  aU  related  to  ot
her  choripetalous  families  of 

in  isolated  strands,  and  no  sclerenchyma  bands  dicotyledons.  Ebenaceae  h
ave  a  distmct.ve  com- 

occur  in  the  conjunctive  tissue  (Carlquist,  1981a).  bination  of  w 

Imperforate  tracheary  elements  in  Chloanthaceae  parenchyma  i 

features  (Figs.  46,  47).  Axial 
fuse  to  banded  (Fie.  46),  and 
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both  of  these  types  are  infrequent  in  the  other  ideas  about  how  wood  anatomy  is  related  to  ecology 

sympetalous  families.  The  imperforate  tracheary  (Carlquist,  1966b).  Although  Baas  (1986)  has  re- 

element  type  for  the  family  is  the  fiber-tracheid.  ported  vestigial  borders  on  pits  of  imperforate  tra- 

Rays  are  diverse:  Heterogeneous  Type  II,  Hetero-  cheary  elements  of  one  species  of  Asteraceae,  the 

geneous  Type  III,  and  Homogeneous  Type  I  (Fig.  family  as  a  whole  is  still  characterized  by  having 

47);  only  the  first  of  these  is  common  in  other  Hbriform  fibers  (which  have  simple  pits,  according 

sympetalous  families.  Storied  wood  structure,  com-  to  the  definitions  of  the  lAWA  Committee  on  No- 

mon  in  Ebenaceae  (Fig.  47),  occurs  commonly  in  menclature,  1964).  With  respect  to  similarities  in 

only  a  few  of  the  other  sympetalous  families.  Ebe-  wood  anatomy  between  Asteraceae  and  other  fam- 

naceae  differ  from  most  other  sympetalous  families  ilies,  the  features  characteristic  of  wood  of  Aster- 
in  having  bitegmic  ovules  (Table  1).  This  underlines  aceae  (Table  1)  are  all  found  in  woods  of  Apiaceae, 

the  fact  that  neither  wood  nor  other  features  in-  Calyceraceae,  Campanulaceae,  Lamiaceae,  and 

dicate  close  relationship  between  Ebenaceae  and  Scrophulariaceae.  A  wood  sample  of  one  of  these 
the  other  sympetalous  families  . 

PRIMULALES 

Primulales  are  united  on  the  basis  of  embryology 
(Table  1):  the  three  families  have  bitegmic  tenuinu- 
cellate  ovules  and  nuclear  endosperm.  All  three 
families  have  Hbriform  fibers.  Primula ceae  are  re- 

ported here  on  the  basis  of  Hawaiian  species  of 
Lysimachia  only.  The  rayless  wood  and  diffuse 

axial  parenchyma  of  Lysimachia  are  not  repre- 
sentative for  the  order  as  a  whole.  Myrsinaceae 

and  Theophrastaceae  are  close  to  each  other  on 

the  basis  of  wood  anatomy.  The  concept  of  Prim-      CAMPANULALES 

ulales  -  constituted  by  Dahlgren  (1975)  is  not  ^^^  ̂ ^^^^  ̂ ^^^^^  ̂ ^  Campanulales  (Campan- 
countered  by  wood  data  if  one  concedes  that  Ly-      ̂   Lobeliaceae,   and   Pentaphragmataceae) 5imac/ita  is  not  representative.  1  he  distinctive  wide  .     >  ,      i^  ,  i  /tnnr\  c    ̂   a  inherent 

five      .  jrri        1  11  recognized  by  Dahlgren  (1975)  form  a  conereu rays  ot  Myrsmaceae  and  Iheophrastaceae,  m  which  °  ,        ,     .     ,  j     /t  ki*.   n    The 
,  ̂      „  J       .       *^  ,         „    ,  group  on  embryoloeical  grounds  (laDie   i;. procimnbent  cells  predommate,  can  be  called  tran-  *=>       ̂   /       &         o 

families  would  not  yield  any  diagnostic  features 

different  from  those  of  wood  of  Asteraceae.  This 

is  noteworthy  in  view  of  the  results  of  Olmstead  & 

Palmer  (1992),  who  find  that  Goodeniaceae,  Cam- 

panulaceae, Lobeliaceae,  and  Calyceraceae  are  on 

the  clade  leading  to  Asteraceae.  Goodeniaceae  have 

wood  somewhat  more  primitive  than  that  ot  the 

other  families  in  this  clade.  If  that  difference  couW 

be  explained,  there  would  be  no  evidence  from 

wood  anatomy  conflicting  with  the  views  of  Olm- 

stead and  Palmer  on  the  phylogeny  of  Asteraceae. 

ASTERALES 

.^.       ,  ,    ,  TT  .  T^        TTo       J  TT  ^ood  anatomy  of  Campanulales  represents  varia sitional  between  Heterogeneous  Type  IIB  and  Ho-  .  ,       ̂         i      .       i        »  tPi^cp  van- 
^        TTori-  1  tions  on  the  same  basic  plan,  because  these  vdi mogeneous  lype  11.  Kays  of  this  sort  are  not  char-  ,  j  u     •     ror^nanulaceae 

^     -  ̂ .      r    T  \  .        c      -v  ations  are  due  to  paedomorphosis.  Lampanuidcc actenstic  ot  other  sympetalous  families.  ,  ,     .^         ̂      ̂        .         i  .      •    ̂ rimarv  XY- 
^     ̂   have  scalariform  perforation  plates  m  primary  a; 

lem  (Bierhorst  &   Zamora,   1965);  through  pae- 

domorphosis, this  perforation  plate  type  has  been The  affinities  of  Asteraceae  have  traditionally  extended  into  the  secondary  xylem.  Shulkina 

been  claimed  (e.g.,  in  the  Engler  system)  to  be  with  Zikov's  (1980)  figures  for  woods  of  Campanulaceae 

families  that  contain  inulin:  Calyceraceae,  Cam-  are  clearly  indicative  of  this.  Ancestrally  in  tam- 
panulaceae,  Goodeniaceae,  Lobeliaceae,  and  Sty-  paniJales  there  doubtless  are  scalariform  perior 

lidiaceae.  Inulin  characterizes  only  some  Astera-  tion  plates  in  primary  xylem.  This  is  more  prinii  iv 

ceae.  Dahlgren's  (1975)  decision  to  disassemble  than  a  condition  in  which  there  are  simple  per  o- 
the  alliance  cited  above  was  based  on  a  different  ration  plates  in  both  primary  and  secondary  xy  e 

chemical  character,  iridoid  presence  or  absence.  exemplifying    the    "refugium"    theory   of  Ka  ̂X 
The  families  placed  near  Asteraceae  in  the  Engler  (1944).   By  means  of  paedomorphosis,  P^^^  ̂   , 

and  Stylidiaceae  (Table  1). 
Goodeniaceae      primary  xylem  characteristics  may  be  ex 

Embryologically,  Asteraceae  agree  with  virtu- 
ally all  sympetalous  families  except  Plumbaginales, 

im 

ably  uniform  (considering  the  size  of  the  family) 
with  respect  to  characters  of  major  evolutionary 

into  secondary  xylem.  Campanulaceae  show  ni
 

paedomorphosis  with  respect  to  perforation  p 

than  do  Lobehaceae,  in  which  scalariform  per^  _ 

ration  plates  are  virtually  absent  from  secon
  ̂ ^ 

xylem   (Carlquist,    1962a,    1969a).    ̂ ^"^^^^^^esl 

mataceae,  on  the  other  hand,  show  the  gre 
significance.  The  diversity  within  woods  of  Aster-       degree  of  paedomorphosis:  scalariform  perlora 

aceae  is  mostly  related  to  ecology;  this  ecological      plates  are  characteristically  present  througnou 

range  is  so  distinctive  that  it  inspired  my  earliest      secondary  xylem.  The  secondary  xylem  is  also 
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less  (a  paedomorphic  feature),  and  septate  fiber-  Solanales,  yet  families  often  considered  close  to 

tracheids  are  present.  One  can  hardly  doubt  that  Solanales,  such  as  Boraginaceae  and  Hydrophyl- 

Pe/impAra^ma  is  an  herb  with  a  moderate  amount  iaceae,  fall  into  his  Boraginales.  Although  other 

of  secondary  xylem,  so  paedomorphosis,  related  to  types  of  evidence  may  show  sharper  demarcation 

wood  development  in  herbs,   is  definitely  repre-  among  orders  containing  these  families  and  indicate 

sented  in  this  genus.  The  rays  of  Campanulaceae  optimal  reassignments,  evidence  from  wood  cannot 

and    Lobeliaceae    are    paedomorphic    (Carlquist,  be  used  to  segregate  Hydrophyllaceae  and  Borag- 
1962a,  1969a). inaceae  from  an  order  that   contains  Polemoni- 

As  mentioned  above,  Campanulales  have  no  wood  aceae.  Boraginaceae,  Hydrophyllaceae,  and  Pole- 
features  that  are  not  found  in  Asteraceae.  Inter-  moniaceae  are  families  in  which  certain  wood 

esting  in  this  regard  are  the  occasional  aberrant  features  show  considerable  diversity.  For  example, 

scalariform  perforation  plates  reported  in  wood  of  in  Boraginaceae,  axial  parenchyma  may  be  diffuse, 

Asteraceae  (Carlquist,  1960a,  1965a,  b;  Meylan  diffuse-in-aggregates,  aliform,  confluent,  and  even 

&  Butterfield,  1978).  These  occasional  scalariform  vasicentric  (either  abundant  or,  in  Echium,  scanty), 

perforation  plates  are  indicative  of  paedomorphosis  In  Hydrophyllaceae,  imperforate  tracheary  ele- 

and  show  that  primary  xylem  of  Asteraceae  retains,  ments  range  from  tracheids  to  libriform  fibers.  With 

in  at  least  some  phylads,  scalariform  perforation  ranges  of  character  states  of  this  sort,  one  cannot 

plates.  Many  Asteraceae  have  Paedomorphic  Type  use  wood  anatomy  to  assign  families  decisively  to 

I  rays  (Carlquist,  1966b).  These  examples  show  one  order  or  another, 

that  the  evolutionary  level  of  wood  of  Asteraceae 
and  the  intervention  of  paedomorphosis  shown  by 
the  wood  of  Asteraceae  are  like  what  we  have  seen 

in  Campanulaceae  and  Lobeliaceae. 

SOLANALES 

I  have  recognized  segregate  families  of  Sola- 
naceae  here  using  the  scheme  of  Hunziker  (1979). 
Hunziker  recognized  a  constellation  of  families  close 

to  Solanaceae:   Duckeodendraceae,  Goetzeaceae,  ^pi^ceac  aic  inu^  --  «  ...»..«.    j   
Nolanaceae,  and  Sclerophylacaceae  (the  last  of  these  ̂ ^  ̂ ^^^  ̂ ^  ̂ ^^  sympetalous  families.  In  fact,  the 
IS  entirely  herbaceous,  and  therefore  not  considered  ^^^^  anatomy  of  Apiaceae  may  be  indistinguish- 
here).  These  families  differ  mainly  on  the  basis  of  ̂ ^^  ̂ ^^^  ̂ j^^^  ̂ ^  Asteraceae  (Table  1).  This  sim- 

FAMILIES  OF  UNCERTAIN  POSITION 

Apiaceae  are  included  in  Table  1  for  compari 

to  sympetalous  families.  Araliaceae,  closely  related 

to  Apiaceae,  might  more  logically  have  been  used 

for  comparison,  because  they  contain  more  woody 

species.  Apiaceae  were  chosen  in  preference,  how- 
ever, because  Araliaceae  contain  some  species  with 

more  primitive  character  states  than  Apiaceae. 

Apiaceae  are  thus  on  a  similar  evolutionary  level 

Wood be 

recognition  of  at  least  one  of  these:  Duckeodendron  ^^^^  ̂ ^^^.j    arboreal,  modally  differ  in  habit 
has  abundant  vasicentric  axial  parenchyma,  band- 

ed apotracheal  axial  parenchyma,  and  Heteroge- 
from  woody  Apiaceae,  which  are  shrubs,  much  like 

the  majority  of  woody  Asteraceae.  The  embryolog- neous  1  ype  I  rays,  none  of  which  typify  Solanaceae       .^^j  ̂ ^j  chemical  similarities  of  Apiaceae  and  Ara- 

liaceae to  Asteraceae  (polyacetylenes,  sesqulter- 

Wo 

wood 
Nolanaceae  falls  within  the  range  found  in  Sola- 

naceae.  However,  this  can  be  considered  evidence       ̂ ^^^^^^  to  these  families,  are  imposing.  Not  all  of 
|nat  these  two  families  are  very  close  to  Solanaceae,       ^y^^^^  ̂ ^^  jjj^^jy  ̂ ^  ̂ ^  homoplasies.  In  the  Olmstead 

&  Palmer  (1992)  phylogeny,  Apiaceae  and  AraU 

aceae  fall  not  far  from  the  line  leading  to  Aster- 

"  one  chooses  to  recognize  them  as  separate  from Solanaceae. 

The  family  closest  to  Solanaceae  and  their  seg- 

"■^gale  families  is  Convolvulaceae.  Notable  in  this  Desfontainiaceae  are  a  monogeneric  family  for 
regard  is  the  occurrence  of  intraxylary  phloem  in      ̂ j^j^h  we  do  not  have  data  in  key  embryological 

aceae. 

primary  stems  of  all  species  of  these  families.  The 
^currence  of  cellular  endosperm  in  Convolvula- 
*^eae  is  one  of  the  few  reasons  for  excluding  this 
famUy  from  Solanales. 

wood 

ignificant  because 

BORAGINALES 

*ne  Boraginales  and  Solanales  of  the  Dahlgren 

y^iS)  system  are  problematic  because,  as  shown 
*^  Table  1,  Dahlgren  included  Polemoniaceae  in 

Desfontainia  are  so  primitive.  Qearly,  Desfon- 
tainia  does  not  belong  in  Loganiaceae,  its  most 

common  placement;  the  data  of  Mennega  (1980) 

clearly  showed  how  different  Loganiaceae  are.  Con- 

sidering that  Desfontainiaceae  have  a  preponder- 

ance of  primitive  wowl  features,  one  might  consider 
f^mHiVc;  with  similar  wood  a^  possible  relatives.  In 
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this  regard,  Columelliaceae  are  worthy  of  consid-      CONCLUSIONS  CONCERNING  EVOLUTION  OF  HaBIT 
eration,  as  are  a  number  of  Escalloniaceae. 

Fouquieriaceae  have  been  difficult  to  place  sys- Raylessness  appears  to  be  an  indicator  of  sec- 
^'     u      \jr    ̂         ̂          1  1    J  -.!_•    r      -1         ondary  woodiness:  evolution  of  a  moderately  woody 

tematically.  Most  systems  have  ranked  this  lamily  -^  •      ■  u 1        .     r-  *  1?       1      •  -r  •  habit  from  an  herbaceous  ancestry  is  what  may  be 
close  to  Listaceae,  r  rankeniaceae,  or    lamanca-  i        ,  r  /  i      u 

Tj  13  1  -  u         u  chiefly  envisioned,  mdeine  from  the  examples  that 
ceae.  However,  rolemomaceae  have  been  men-  -^  ?  j     d    o  ^       , 
tioned  by  a  few  authors  (e.g.,  Thorne,   1976)  as 

possibly  related  to  Fouquieriaceae.  Because  Fou- 

are  available  to  date.  The  distribution  of  raylessness 

as  reported  thus  far  in  the  sympetalous  families  is 
•     •  4.  •    •  -J    J     ri  ui  *    1  /^f\n^\      as  follows:  Acanthaceae:  Diapedium,  Jacobinia, quieriaceae  contam  indoids,  Dahlgren  et  al.  (1976)  .  •  n 

placed  the  family  in  an  order  of  its  own  near  Cor- 
nales  and  Ericales,  A  feature  of  Fouquieriaceae  not 
found  in  Cornales  and  Ericales  (or,  for  that  matter, 

Thunbergia;  Alseuosmiaceae:  all  genera  except 

Crispiloba;  Asteraceae:  Lasthenia,  Chrysactinia, 

Dyssodia,  Porophyllum,  Santolina,  Stoebe;  Ges- 

T>r.\^^r.^;^r.^^^\  \.  *u  ̂   ^     T*        '  .       ̂   neriaccae:  565^^0,  Crr^an-C^ra;  Hydrophyllaceac: rolemomaceae)  is  the  occurrence  of  two  mteeu-  ^  ,       "^  n 

ments  on  ovules.  With  respect  to  wood  anatomy,  ̂ '^^^^^^^  ̂ ^^^  ̂ P^^^^^^'  Pentaphragmataceae:  Pen- 

two  features  of  Fouquieriaceae  are  rather  primitive:  ̂ ^phragma;   Plantagmaceae:    Plantago  (al    spe- 

presence  of  tracheids,  and  presence  of  diffuse  axial  ̂ ^^')'  Primulaceae:  Lysimachia  (aU  species);  Fc 

parenchyma.  Rays  of  Fouquieriaceae  are  wide  and  lemoniaceae:  Cobaea,  Leptodactylon; 
 Rubiaceae: 

of  a  rather  specialized  type  (Homogeneous  Type  Galium;  Scrophulariaceae:  Calceolaria,  Hebe  (all 

II)  not  common  in  sympetalous  families.  The  wood  species);  Selaginaceae:  Selago,  Walafrida;  Styli- 
of  Fouquieriaceae  lacks  features  to  show  the  fa-  diaceae:  Stylidium  (all  woody  species), 

milial  relationships  decisively,  and  whatever  its  rel-  Another  pertinent  listing  with  regard  to  shilt 

be  an  ancient  divergence.  from  herbaceous  to  woody  habit  is  that  for  taxa  in 

t  the  two  primitive  features  which  woods  have  predominantly  upright  ray  cells. 

cited  show  that  the  family  has  been  derived  from  The  similarity  to  raylessness  can  be  seen  if  one 

a  phylad  with  primitive  wood.  Although  Cornales  envisions  ray  cells  so  tall  that  they  approximate 

and  Ericales  are  not  the  only  orders  with  sympet-  libriform  fibers  in  height.  Families  in  which  pre- 
alous  families  that  have  notably  primitive  wood,  dominance  of  upright  cells  in  rays  is  common,  at 

potential  relatives  may  be  found  among  families  least  in  some  species,  include:  Acanthaceae,  As- 
that  have  at  least  as  many  primitive  wood  features  clepiadaceae,  Asteraceae,  Boraginaceae  (a  few,  e.g. 
as  Fouquieriaceae 

The  small  family  Salvadoraceae,  in  which  the  thaceae,  Convolvulaceae,  Gentianaceae,  Gesnen- 

petals  are  free  or  partly  united,  is  known  with  aceae,  Goodeniaceae,  Hydrophyllaceae,  Lami- 

Worth 

Echium),  Calyceraceae,  Campanulaceae,  Chloan-
 

respect  to  major  embryological  features  (Table  1) 
Wood  data  are  also  at  hand  fMptmlfp  Rj  PKallr aceae,  Loasaceae,  Lobeliaceae,  Martyniaceae, 

  ,  Nolanaceae,  Pedaliaceae,  Plumbaginaceae,  Pole- 
1950;Outer&Veenendal,  1981).  The  occurrence  moniaceae,  Rubiaceae  (tribe  Rubieae),  Scrophu- 

of  strands  of  interxylary  phloem  within  secondary  lariaceae,   Solanaceae   {Cestrum,   some  Solanum 

xylem  is  noteworthy,  but  this  does  not  appear  at  species),  Stilbaceae,  Valerianaceae,  Verbenaceae 
present  to  be  a  clue  to  relationships  of  Salvadora-  (a  few,  such  as  Lantana). 

ceae.  Neither  wood  nor  embryological  features  ally  All  of  the  families  in  both  lists  or  either  list  are Salvadoraceae  to  Loganiaceae  (in  which  the  sub- 
family Strychneae  has  interxylary  phloem).  Storied 

structure  in  the  wood  of  Azima  of  the  Salvador- 

ones  in  which  herbaceous  species  occur,  or 

common.    Therefore,    occurrence    of   secon  ay 

woodiness  in  at  least  a  few  species  should  not 
aceae   is  a  distinctive   feature.   The  presence   of      surprising.  Upright  ray  cells  by  themselves  are  no 

glucosinolates,  not  present  in  any  of  the  sympet-      indicative  of  derivation  from  an  herbaceous  an^ 

cestry,  but  only  predominance  of  upright  ra)  c 

ffinities 

families 

in  the  present  paper.  Salvadoraceae  have  tradi- 
(preferably  combined  with  other  pa

edomorphic  in- 
dicators, such  as  a  paedomorphic  age-oi 

-length 

shrub- 
and 

tionaUy  been  placed  in  Celastrales  because  of  the  curve  in  vessel  element  length:  Carlquist, 

supposed  presence  of  a  disc.  The  content  of  Ce-  indicates  secondary  woodiness.  Thus,  some 

lastrales  has  become  increasingly  uncertain  in  re-  by  Asteraceae  do  not  have  paedomorphic  rays,  ii'-^ 
cent  phylogenetic  systems  of  dicotyledons,  and  Sal-  this  may  represent  a  shrubby  ancestry  ̂ ^  ̂ 
vadoraceae  do  not  appear  to  be  close  to  the  family  family  (Carlquist,  1966b).  However,  most  arbor 
£;elastraceae.  Therefore,  Salvadoraceae  are  cur-  Asteraceae  have  a  predominance  of  upright  ̂ ^ 
renlly  a  good  example  of  a  family  incertae  sedis,  ceUs,  thereby  mdicating  that  they  may  be  dero  ̂ 
much  in  need  of  further  investigation.  from  shrubby  or  even  herbaceous  ancestors. 
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large  and  complex  family  such  as  Asteraceae,  pro-  excellent  circumstantial  evidence  that  phylesis  to- 

gression  from  more  woody  to  less  woody  may  have  ward  herbaceousness  is  common  in  the  sympetalous 

occurredmany  times  independently,  and  secondary  families,  and  that  in  a  number  of  phylads  (very 

woodiness  also  may  have  occurred  in  many  phylads  likely  the  rayless  ones  plus  many  of  the  phylads 

independently.  Definitely  derived  from  herbaceous  with  predominantly  upright  ray  cells)  secondary 

ancestors  according  to  aU  indicators  are  such  fam-  woodiness  has  occurred.  Compared  with  dicotyle- 

ilies  as  Campanulaceae,  Lobeliaceae,  Plantagina-  dons  at  large,  trends  to  or  from  herbaceousness  in 

ceae,    Pentaphragmataceae,    and    Valerianaceae.  the  sympetalous  families  seem  relatively  common. 

There  are  instances  in  which  only  a  small  propor- 

LlTERATURE  CiTED 

Armstrong,  J.  E.  1985.  The  delimitation  of  Bignoni- 
aceae  and  Scrophulariaceae  based  on  floral  anatomy, 

and  the  placement  of  problem  genera.  Amer,  J.  Bot. 

72:  755-766. 
Baas,  P.    1986.    Terminology  of  imperforate  tracheary 

elements:  in  defence  of  libriform  fibers  with  minutely 

bordered  pits.  lAWA  Bull.,  n.s.,  7:  82-86. 
,  P.  M.  EssER,  M.  E.  T.  VAN  DER  Westen  &  M. 

tion  of  a  family  is  rayless  or  has  upright  ray  cells, 
and  thus  only  one  segment  of  a  family  may  rep- 

resent secondary  woodiness.  For  example,  Rubi- 
aceae  are  undoubtedly  derived  from  woody  ances- 

tors, judged  from  wood  anatomy  and  the  systematic 
distribution  of  woodiness  in  the  family.  However, 
(^alium  is  an  herbaceous  genus,  with  armual  spe- 

cies. Species  of  Galium  in  frost-free  climates,  such 

as  southern  California,  are  perennial  and  can  de- 
velop a  moderate  amount  of  wood.  Given  this  lim- 

ited amount  of  information,  one  cannot  say  that 
all  species  of  Galium  are  secondarily  woody;  some 
niight  represent  a  transition  between  woody  an- 

cestors and  the  annual  habit.  However,  in  any 
particular  subgenus  of  Galium,  distribution  of 
moodiness  with  relation  to  character  states  of  other 

characters  might  demonstrate  the  likelihood  of  sec- 

ondary woodiness,  as  demonstrated  by  cladistic means. 

In  this  regard,  the  work  of  Baldwin  (1989)  on 
the  subtribe  Madiinae,  tribe  Heliantheae  of  Aster- 

aceae, is  noteworthy.  Because  the  DNA  evidence 
^»th  which  Baldwin  deals  is  so  readily  polarizable, 
the  Hkelihood  of  a  cladistic  hypothesis  generated 
from  such  data  is  extremely  high.  Thus,  we  can 

^^y  With  great  assurance,  based  on  the  data  of       Carlquist.  S.     1957a.     Wood  anatomy  of  Mutisieac 

Zandee,     1988.    Wood  anatomy  of  the  Oleaceae. 

lAWA  Bull.,  n.s..  9:  102-182. 
Bailey,  L  W.     1944.     The  development  of  vessels  in 

angiosperms  in  morphological  research.  Ainer.  J.  Bot. 

31:  421-428. 
Baldwin,  B.  G.    1989.    Chloroplast  DNA  phylogenetics 

and  biosystematic  studies  in  Madiinae  (Asteraceae). 

Ph.D.  Dissertation,  University  of  California,  Davis. 

  ,  D.  W.  Kyhos.  J.  Dvorak  &  G.  D.  Carr.    1991. 

T          

Chloroplast  DNA  evidence  for  a  North  American 

origin  of  the  Hawaiian  silversword  alliance  (Astera- 

ceae). Proc.  Natl.  Acad.  U.S.A.  88:  1840-1843. 
Barajas  Morales,  J.  1981.  Descriptions  and  notes  on 

the  wood  anatomy  of  Boraginaceae  from  western 

Mexico.  lAWA  Bull.,  n.s.,  2:  61-67. 
BlERHORST,  D.  W.  &  P.  M.  Zamora.  1965.  Primary 

xylem  elements  and  element  associations  of  angio- 

sperms. Amer.  J.  Bot.  52:  657-710. Cantino,  P.  D.  1992.  Evidence  for  a  polyphyletic  origin 

of  the  Labiatae.  Ann.  Missouri  Bot.  Card.  79:  361- 379. 

Baldwin  et  al.  (1991),  that  the  Hawaiian  Madiinae 
are  derived  from  a  clade  of  Californian  Madiinae, 
and  that  the  Hawaiian  Madiinae  are  derived  from 

ancestors  all  of  which  could  be  put  in  the  genus 

^adia,  if  a  broad  generic  concept  (including  Rail- 
raella  and  Raillardiopsis)  were  considered.  A 

*»>l>rid  between  Raillardella  and  the  Hawaiian 

genus  Dubautia  has  been  produced  (Baldwin  & 
•^ylios,  unpublished).  The  Californian  species  of 

  ^.  Woods The  gf 
Publ.  Bot.  29: 

1958a.    Wood 
Woods 

  ,     1958b.    Anatomy  and  systematic  position  of 

Centaurodendron  and  Yunquea  (Composilac).  Brit- 

tonia  10:  78-93. 
  .     1959.     Wood  anatomy  of  Helenieae  (Com- 

^iadia^ 
even  in  an  extremely  broad  concept,  are 

annuals  or  minimally  woody  perennials.  There  is 
^ery  reason  to  believe  that  the  extant  species  are 

^^y  sunilar  in  habit  to  the  immediate  ancestors  of 
»he  Hawaiian  Madiinae.  Thus,  the  Hawaiian  species 
of  Dubautia  and  Wilkesia,  which  are  shrubs  or 
/^  are  clearly  secondarily  woody.  Increasingly, 
^  be  possible  to  use  DNA  evidence  to  dem- 
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"e  data  from  wood  anatomy  do,  however,  give 

•sitae).  Trop.  Woods 
-.    1960a.    Wood 

sitae).  Trop.  Woods 
-.     1 960b.    Wood 

positae).  Trop.  Woods  113:  54-84.   ,     1961.    Wood  anatomy  of  Inuleae  (Composi- 

tae).  AUso  5:  21-37.   ,    1962a.    A  theory  of  paedomorphosis  in  dicot- 
lous  woods.  Ph 

1962b.    Wood 

positae).  Aliso  5;  123-146. — -.    1963.    Wood  anatomy  of  Vernonieae  (Coi 

positae).  Aliso  4:  451-467. — .     1965a.     Wood  anatomy  of  Cynareae  (Co 

positae 



320 Annals  of  the 
Missouri  Botanical  Garden 

  .    1965b.    Wood  anatomy  of  Eupatorieae  (Com- 
positae).  Aliso  6(1):  89-103. 
  .    1966a.    Wood  anatomy  of  Anthemideae,  Am- J  .-..-...-----^   

brosieae,  Calenduleae,  and  Arctotideae  (Compositae). 
Aliso  6(2):  1-23. 

1966b.    Wood  anatomy  of  Compositae:  a  sum- 
mary, with  comments  on  factors  controlling  wood 

evolution.  Aliso  6(2):  25-44. 
  .    1969a.    Wood  anatomy  of  Lobelioideae  (Cam- 
panulaceae).  Biotropica  1:  47-72. 
  .     1969b.    Wood  anatomy  of  Goodeniaceae  and 
the  problem  of  insular  woodiness,  Ann.  Missouri  Bot. 
Card.  56:  358-390. 

  .     1970a.    Wood  anatomy  of  insular  species  of 
Plantago  and  the  problem  of  insular  woodiness.  Bull. 
Torrey  Bot.  Club  97:  353-36L 

  .     1970b.    Wood  anatomy  of  Echium  (Boragi- 
naceae).  Aliso  7:  183-199. 

  .  1975.  Ecological  Strategies  of  Xylem  Evo- 
lution. Univ.  California  Press,  Berkeley  &  Los  An- 

geles, 
  .    1981a.    Wood  anatomv  of  Chloanthar.eae  (T)\- 
crastylidaceae).  Aliso  10:  19-34. 

  .     1981b.    Types  of  cambial  activity  and  wood 
anatomy  of  Stylidium  (Stylidiaceae).  Amer.  J.  Bot. 
68:  778-785. 

  .    1982a.    Wood  and  bark  anatomy  of  Scalesia 
(Asteraceae).  Aliso  10:  301-312. 

  ,    1982b.    Wood  anatomy  of  Dipsacaceae.  Tax- 
on  31:  443-450. 

  .  1983a.  Observations  on  the  vegetative  anat- 
omy of  Crepidiastrum  and  Dendrocacalia  (Aster- 

aceae). Aliso  10:  383-395. 

  .    1983b.    Wood  anatomy  of  Calyceraceae  and 
Valerianaceae,  with  comments  on  aberrant  perfora- 

tion plates  in  predominantly  herbaceous  groups  of 
dicotyledons.  Aliso  10:  413-425, 

  .    1984a,    Vessel  grouping  in  dicotyledon  wood: 
significance  and  relationship  to  imperforate  tracheary 
elements.  Aliso  10:  505-525. 
  .     1984b.    Wood  anatomv  of  some  Centianprpflp- 

systematic  and  ecological  conclusions,  Aliso  10:  573- 
582. 

1984c.     Wood  anatomy  of  Loasaceae  with 
relation  to  systematlcs,  habit,  and  ecology.  Aliso  10: 
583-602. 

1985.    Vasicentric  tracheids  as  a  drought  sur 
vival  mechanism  in  the  woody  flora  of  southern  Cal- 

ifornia and  similar  regions;  review  of  vasicentric  tra- 
cheids. Aliso  11:  37-68. 

  \    1986,    Wood  anatomy  of  Stilbaceae  and  Ret- 
ziaceae:  ecological  and  systematic  implications.  Aliso 
11:  299-316. 

1987a.    Wood 

11:  463-471. 

  .    1987b.    Wood  anatomy  of  Marty niaceae  and 
Pedaliaceae.  Aliso  11:  473-483, 

1987c.    Wood 

ceae).  Aliso  11:  563-569, 
  .    1988a. Comparative  Wood  Anatomy.  Spring- 

er-Verlag,  Berlin  &  Heidelberg. 
  .    1988b, Wood  anatomy  and  relationships  of 
Duckeodendraceae  and  Goetzeaceae.  lAWA  Bull., 
n.8.,  9:  3-12, 

1988c. dimorphi; 

in  evolution  of  imperforate  tracheary  elements.  Aliso 
12:  103-118, 

1989.    Wood 

ceae:  comments  on  paedomorphosis  in  woods  of  cer 
tain  small  shrubs.  Aliso  12:  497-515. 
  ,     1991.    Wood  anatomv  of  Solanaceae.  A  sur 
vey.  AUertonia  (in  press). 
  .    1992,    Wood  anat 

vey,  with  comments  on  vascular  and  vasicentric  tra- 
cheids. Aliso  13:  309-338. 

  &  V.  M.  EcKHART.     1982.    Wood  anatomy  of 

Darwiniothamnus,  Lecocarpus,  and  Macraea  (As- 
teraceae). Aliso  10:  291-300.   &   . 

1984.  Wood  anatomy  of  Hydro- 
phyllaceae.  II.  Genera  other  than  Enodictyoriy  with 

comments  on  parenchyma  bands  containing  vessels 

with  large  pits.  Aliso  10:  527-546. 
   &  M.  A.  Hanson.     1991.    Wood  and  stem 

Convolvulaceae 
94. 

&  D.  A.  HoEKMAN.     1985.    Ecological  wood 

anatomy  of  the  woody  southern  California  flora.  lAwA 
Bull.,  U.S.,  6:  319-347, 

  .     1986a,    Wood  anatomy  of  Ges- 
& 

neriaceae.  Aliso  11:  279-297. 

1986b.    Wood  anatomy  of  My 
& 

oporaceae:  ecological  and  systematic  consideration
s. Aliso  11:  317-334. 

   &  S,  Zona.     1 988.    Wood  anatomy  of  Acan- 

thaceae.  A  survey.  Aliso  12:  201-227. 

  ,   V.   M.    ECKHART   &    D.   C.   MiCHENER.     1983, 

Wood  anatomy  of  Hydrophyllaceae.  I.  Eriodictyo
n. AUso  10:  397-412. 

& 

1984.    Wood  anatomy 

del 

of  Polemoniaceae.  Aliso  10:  547-572. 

CouLAUD,  J.     1988.    Une  nouvelle  approche  des  c
arac- 

teres  quantitatifs  du  bois  des  Loganiacees.  Ann.  
bci 

Nat.,  Bot.,  ser.  13,  9:  37-44. 

Cristiani,  L.  Q.     1945.     Las  especies  Argentinas  
oe 

genero  "MonWea."  Commun.  Inst.  Nac.  Invest,  
t. 

Nat.,  Ser.  Ci.  Bot.,  1:  1-6. 

Dahlgren,  R.     1975.    A  system  of  classification  ot  t^_ 

angiosperms  to  be  used  to  demonstrate  
the  dis 

bution  of  characters.  Bot.  Not.  128:  119-14'. 

Oft 
 ' 

and  its  systematic  position.  Bot.  Not.  124:  45         ̂ ^ 

,  S.  R.  Jensen  &  B.  J.  Nielsen. 

compounas  in  rouquiciicit-cat;  aw-  ..ote 

sible  affinities.  Bot.  Not.  129:  207-212. 

  ,  B.  J.  Nielsen.  P.  Goldblatt  &  J-  ?•  ̂ }_^ 

1979.    Further  notes  on  Retziaceae.  Ann.
  IV"^ Bot.  Card.  66:  545-556.  ^^^ 

Davis,  G.  L.    1966.    Systematic  Embryology 
 of  the  . 

giosperms.  John  Wiley  &  Sons,  New  York
.  Lo Sydney.  «.  -jj^j 

DICKISON,  W.  C.     1986.    Wood  anatomy  ̂ "J  221. 

of  the  Alseuosmiaceae.  Syst.  Bot.  11:  21      .  .  p 

DoNOGHUE,  M.  J.,  R.  G.  Olmstead,  J.  F.  Smith  &  _  ; 

Palmer.    1992.    Phylogenetic  relationships ^  ̂ 

sacales  based  on  rbcL  sequences.  Ann.  Misso Gard.  79:  333-345.  fBor*' 

Gottwald,H.    1983.   Wood  anatomical  studies  o
       ̂  

ginaceae  (s.  1.).  I.  Cordioideae.  lAW
A  BuU-,  "■  ' 

161-178. 

Akadcmiai 

AA   Bu- 

dapest. 

Hegnauer,  R.    1971.    Chemotaxonomie 
231-247.  Birkhauser,  Basel. 

Henrickson.  J.  S.    1986.    Vegetative  mi 

pflanzcn 



Volume  79,  Number  2 
1992 

Carlquist 
Wood  Anatomy  of  Sympetalous  Dicots 321 

I 

I 

t 

Fouquieriaceae.  Ph.D.  thesis,  Claremont  Graduate 
School,  Claremont,  California. 

HuNZiKER,  A.  T.  1979.  South  American  Solanaceae; 

a  synoptic  survey.  In:  J.  G.  Hakes,  R.  N.  Lester  & 
A.  D.  Skelding  (editors).  The  Biology  and  Taxonomy 
of  the  Solanaceae  (Linnean  Society  Symposium  Series 

7:  49-85).  Academic  Press,  London. 
lAWA  Committee  on  Nomenclature.  1964.  Multilin- 

gual glossary  of  terms  used  in  wood  anatomy.  Ver- 
lagsbuchhandlung  Konkordia,Winterthur,  Switzer- 
land. 

Ingle,  H.  D.  &  H.  E.  Dadswell.  1953.  The  anatomy 
of  the  timbers  of  the  south-west  Pacific  area.  IL 

Apocynaceae  and  Annonaceae.  Austral  J.  Bot.   1: 
1-26. 

  .  1983.  Systematic  and  ecological  wood  anat- 

omy of  Californian  Scrophulariaceae.  L  Antirrhi- 

num, Castilleja,  Galvezia,  and  Mimulus  sect.  Di- 

placus.  Aliso  10:  471-487. 
1986.    Systematic  and  ecological  wood  anat 

W  ^*        ^^         ^r       -^     —  —         r        —       —      —    ^- 

omy  of  Californian  Scrophulariaceae.  II.  Penstemon 

subgenus  Saccanthera.  Aliso  11:  365-375. 
Nair,  M.  N.  B.  &  H.  Y.  Mohan  Ram.    1989,    Vestured 

pits  and  vestured  vessel  member  walls  in  some  Indian 

dicotyledonous  woods.  Bot.  J.  Linn.  Soc.  100:  323- 

336. 
NiEZGODA,  C.  J.  &  A.  S.  Tomb.    1975.    Systematic  pal- 

ynology  of  the  tribe  Leucophylleae  (Scrophulari- 
aceae) and  selected  Myoporaceae.  Pollen  &  Spores 

17:  495-516. 
Jensen,  S.  R.,  B.  J.  Nielsen  &  R.  Dahlgren.    1975.       Ogata,  K.    1988.    Wood  anatomy  of  the  Caprifoliaceae 

Iridoid  compounds,  their  occurrence  and  systematic 

importance  in  the  angiosperms.  Bot.  Not.  128:  MS- ISO. 

Kapil,  R.  N.  &  M.  R.  ViJAYARAGHAVAN.     1965.    Em- 

bryology of  Pentaphragma  horsjieldii,  with  a  dis- 

of  Japan.  lAWA  Bull.,  n.s.,  9:  299-316. 
Olmstead,  R.  &  J.  Palmer.    1992.    A  chloroplast  DNA 

phylogeny  of  the  Solanaceae:  subfamilial  relation- 
ships and  character  evolution.  Ann.  Missouri  Bot. 

Garden  79:  346-360. 

cussion  on  the  systematic  position  of  the'genus.  Phy-       Outer,  R.  W.  den  &  W.  L.  M.  VAN  Veenendal.    1981. Wood  bark  anatomy  of  Azima  tetracantha  Lam 
^^  V  V  ^1  H  ■ 

-
&
 

tomorphology  15:  93-102. 
KoEK-NooRMAN,  J.    1969a.    A  contribution  to  the  wood 

anatomy  of  South  American  (chiefly  Suriname)  Ru- 
biaceae.  L  Acta  Bot.  Neerl.  18:  108-123. 

1969b.  A  contribution  to  the  wood  anatomy 

of  South  American  (chiefly  Suriname)  Rubiaceae.  II. 
Acta  Bot.  Neerl.  18:  377-395. 

1970.  A  contribution  to  the  wood  anatomy 

of  the  Cinchoneae,  Coptosapelteae  and  Naucleeae 
(Rubiaceae).  Acta  Bot.  Neerl.  19:  154-164. 

1972.  The  wood  anatomy  of  Gardenieae,  Ixo* 
reae  and  Mussaendae  (Rubiaceae).  Acta  Bot.  Neerl 
21:  301-320. 

1976.  Juvenile  characters  in  the  wood  of 

certam  Rubiaceae  with  special  reference  to  Rubia 
fruticosa  Ait.  lAWA  BulL  1976/3:  38-42. 

&  C.  Puff.     1983.    The  wood  anatomy  of  Ru- 
biaceae tribes  Anthospermeae  and  Paederieae.  PI. 

Syst.  Evol.  143:  17-45.  „,     ̂  
*^R'^,  D.  A.     1935,    Salient  lines  of  structural  special-       RuDALL,  P.     1981.     Wood 

(Salvadoraceae)  with  description  of  its  included  phlo- 

em.  Acta  Bot.  Neerl.  30:  199-207. 
1983.    Wood 

na  leandrii  H.  Humb.  (Pedaliaceae)  and  its  relation 

to  Bignoniaceae.  lAWA  Bull.,  n.s.,  4:  53-59. 
Pant,  D.  D.  &  S.  Bhatnagar.     1975.    Morphological 

studies  in  Argyreia  Lour.  (Convolvulaceae).  Bot.  J. 

Linn.  Soc.  70:  45-69. 
Parameswaran,  N.  &  A.  Vidal  Gomes.    1981.    Fine 

structural  aspects  of  helical  thickenings  and  pits  m 

vessels  of  Ligustrum  lucidum  Ait.  (Oleaceae).  lAWA 

BulL,  n.s..  2:  179-185. 
Pfeiffer.  H.  1926.  Das  abnorme  Dickenwachstum. 

Handbuch  der  Pflanzenanatomie  9(2):  1-272.  Ce- 

bruder  Borntraeger,  Berlin. 

Rodriguez,  R.  L.    1957.    Systematic  anatomical  studies 

of  the  genus  Mynidendron  and  other  woody  Um- 

bellales.  Univ.  CaUL  Publ.  Bot.  29:  145-318. 

ization  in  the  wood  rays  of  dicotyledons.  Bot.  Gaz. 
(Crawfordsville)  96:  547-557. 

LOWELL,  C.  &  T.  W.  Lucansky.     1986.     Vegetative 
anatomy  and  morphology  of  Ipomoea   hederifolia 
(Convolvulaceae).  Bull.  Torrey  Bot.  Club  113:  382- 387, 

*-^.  A.-M.  1990.  A  preliminary  cladistic  study  of  the 
families  of  the  superorder  Lamiiflorae.  Bot.  J.  Linn. Soc.  103:  39-57. 

WENNECA,  A.  M.  W.  1969-  The  wood  structure  of 
DicranostyUs  (Convolvulaceae).  Acta  Bot.  Neerl.  21: 343-345. 

1980.  Anatomy  of  the  secondary  xylem.  In 
A-  J.  M.  Leeuwenberg  (editor),  Angiospermae:  Ord- 
nung  Gentianales  fam.  Loganiaceae.  Die  Natiirlichen 
Pflanzenfamilien,  edition  2,  28bl.  Duncker  &  Hum- Wot,  Berlin. 

^^i-»^.  C.  R.  &  L.  Chalk.    1950.    Anatomy  of  the Dicotyledons.  Clarendon  Press,  Oxford. 
l^VUN,B.  A.  &B.G.  BuTTERFiELD.    1978.    The  Struc- 

ture of  New  Zealand  Woods.  Dept.  Sci.  Industr.  Res. BuD.  122. 

•^»^HFNKR,  D.  C.     1981.     Wood  and  leaf  anatomy  of 
Keckiella  (Scrophulariaceae):  ecological  consid«'ra- 
tions.  Aliso  10:  39-57. 

(Labiatae).  Kew  Bull.  35:  735-741. 
SCHWEINCRUBER,  F.  H.     1990.     Anatomy  of  European 

Woods.  Paul  Haupt,  Bern  &  Stuttgart. 

Shllkina,  T,  &  S.  E.  ZiKOV.     1980,    The  anatomical 

structure  of  the  stem  in  the  family  Campanulaceae 

s.  str.  in  relation  to  the  evolution  of  life  forms.  Bot. 

Zurn.  (Moscow  &  Leningrad)  65:  627-639. 

Stern,  W.  L.,  G.  K.  Bkizicky  &  R.  H.  Eyde.    196
9. 

Comparative  anatomy  an*l  relationships  of  Columel- 

liaceae.  J.  Arnold  Arbor.  50:  36-75. 

Thomas,  J.  L.    1960.    A  monographic  study  of  the  Cyr- 

illaceae.  Contrib.  Gray  Herb.  186:  1-114, 

TlIORNE,  R.  F.     1976.    A  phylogenetic  classification  of 

the  Angiospermae.  Evol.  Biol.  9:  35-108. 
Wagenitz,  G.     1992.     The  Asteridae:  evolution  of  a 

concept  and  its  present  status.  Ann.  Mi-ouri  Bot- 

Gard.  79:  209-217. 
Welle,  B.  J.  H.  ter,  A.  A.  Lolbfiro,  P.  L.  B.  Lisboa &  1 

NooRMAN.      1983.     Systematic   wood 
__  the  tribe  Guettardeae  (Rubiaceae).  Bot. 

rUnn'Soc.  87:  13-28. 
WrrrsTEiN.  R.  von,     1891.    Scrophulariaceae,  In:  A. 

Engler  &  K.  Prantl  (editors),  I>ie  Natiirlichen  Pflanz- 
cnfamilien  IV(3b):  39-107.  Verlag  Wilhelm  Engcl- 
mann,  L<'ipzig. 



322 Annals  of  the 
Missouri  Botanical  Garden 

I  i:t Figures  1-4.     W 
axial  parenchyma  near 

foliosa 

sections  of  Coprosma  (Rubiaceac),  1,  2.  C  montana  {USw-15336\ 
section;  ravs  are  multiseriate .  I m 

Transectioo. 

ortly  of  upright 
•  I 

,  k 

(divisions 

3.  Transection;  axial  parwichyma  is  scanty  vaskentric  plus  a  few  ̂ i-it  tff 
id  (center)  with  axial  parenchyma  on  cither  side,  from  radial  section;  pits  on  tracheid  are  smaB  ̂ ^  j 
Figures  1,  3»  magnification  scale  above  Figure  1  (divisions  -  10  um).  Figure  2,  pral*'  abovf  rifw^ abovf  Fifiurr  4  (division 10  Mm). 
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'^WWy  5-8.      Wood  aectioM  of  Galium  ralaUnenxe  {Daittison  1517.  RSA), -iUr, 
-3.  Trantcrfiori,  nai'^l^  arc  mostly 

-6.  T«„ent«|  acction,  showing  nearly  rayl*^  ccKiiiioo;  rtor
ying  b  p«-«^t  -7.  P«.rtinn  of  Ungentiia 

to  .hoif  vr    el  «n.i  tr.cbeiA,  with  -maW  htit  fully  bordered  piu  -8.  Portion  c  -   o  _  u 

n.  at  right,  rav  ceU  containing  r.phrf«  at  left,  figure.  5.  6.  «Je 
 *W-  Hgure  1.  Rfur.-  .,  8.  «»le ^  mure  4. 

8.  Portion  of  tanfmtial  aection;  veMrt, 
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Figures  9-12, 

RSA) 

not  in 

large  groupings.— 10.  Tangential  section;  uniseriate  rays  are  about  as  frequent  as  multiseriate  rays.  — H- 
portion  of  ray  from  tangential  section;  helical  thickenings  present  in  vessel.— 12.  Ray  from  radial  section  , 
axis  of  ray  oriented  vertically)  to  show  crystals  in  ray  cells.  Figures  9,  10,  scale  above  Figure  2.  Figures scale  above  Figure  4. 

Vesse 

(horizon 

11,12 
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Figures  13-16.     Wood  sections  oiBuddleja  parvifi^ 
'ywood  at  too:  most  of  nKotofirranh  is  latewood,  which 

Transection 
14.Tangential 

•*Ct|On; 

Latewood 
16. 

*cale  above igure  4. 
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Figures  17-21.     Wood  sections  of  Buddleja  utahensis  ITh 
showing 

ood; 

weakly  defined  growth  rings.  — 18.  Tangential  section;  rays  are  few  but  wide. — 19.  Vessel  froin  earlyw 
thickenings latewood 

resent 

^1.  ivay  cciib  iroiu  rauiui  secuon  ^norizoniai  axis  oi  ray  onenie< 

18,  scale  above  Figure  2.  Figures  19-21,  scale  above  Figure  4. •ystals 

17. 
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Figures  22-26. 
RSA).-^22 Wood  sections  of  raylese  Scrophulariaceae.  22,  23.  talceo

lana  aascenaens  K^arujuL^i  i  ̂^^ wood  sections  oi  rayie»  f  mn1Hnl«i.-23.  TanEcntial  section  to  show  raylessness: Transection:  vessels  are  in  radial  chains 

•omc  storying  is  present.  24-26.  Hehe  elliptica  {Carlquist  8757,  RSA) 
^nd  mostly  solitary.   '^^    '^   -^•loi  ..-^tirkn  tn  «Knw  ravleas  condition.  —  26.  ribcr 

vessels 

— J  o^uioi/.— 25.  Tangential  section  to  show  rayl    ^o   oc         i      k.       ir:-«, 

the  fiber-tracheid  outlines  the  nits,  which  have  vestigial  borders.  Figures  22
-25,  scale  ab^.ve  Figu, •cale 
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Figures  27-30.  Wood  sections  of  Paulownia  and  Faradaya,  27-29,  Paulownia  tomentosa  (no  ̂ ^J^^^ 
data).  — 27.  Transection;  extensive  axial  parenchyma  in  earlywood  (above);  aliform  axial  parenchyma  *"  ̂^  « ^jjal 
(below).  — 28.  Tangential  section  (dark  cells,  center,  are  libriform  fibers);  rays  are  Homogeneous  Type  II.  — 2V. 
section;  axial  parenchyma  cells  undivided  or  in  strands  of  two  cells;  tyloses  in  vessels,  right. 30.  F^radaya  sple^^ 
(SFCw-R1185-110),  transection;  the  vessels  are  wide,  sheathed  by  libriform  fibers.  Figures  27-29,  scale 
Figure  2. 
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Figures  31-34. 

31. 

Wood  sections  of  Bignoniaceae.  31,  32.  Catalpa  speciosa  Warder  (no  c
oUection  data).- 

lywood  (just  above  center);  axial  parenchyma  is  scanty  vasicentric  in 
32.  Tangential  section;  rays  are  not  storied.  33»  34. 

ransection;  extensive  axial  parenchyma  in  ear 
jatewood  (top,  latewood  vessels  are  in  diagonal  aggregations). 

i^ecoma  pentaphylla  (US w- 5 600).— 33.  Transection;  axial  parenchyma  is  aliform-confluent.— 34.  langential  
section; 

rays  are  storied.  Figures  31-34,  scale  above  Figure  2. 

f 
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Figures  35-38.     Wood 
mostly  solitary. 35 

issels 

,.rr        '  '       "     "■  ■■  arrows dm  use 
iiiu&Liy  soiuary.  — ou.  rortion  oi  iransecnon;  axial  parenctiyma  is  dittuse  i.two  sucn  ceus  are  iiiu»-atv.v-  i  gectioii 
and  scanty  vasicentric  — 37.  Tangential  section;  rays  are  Heterogeneous  Type  IIA.  — 38.  Portion  of  tangentia  ̂ ^^ 
to  show  numerous  bordered  pits  in  tracheids.  Figures  35,  37,  scale  above  Figure  2.  Figure  35,  scale  above 
1.  Figure  38,  scale  above  Figure  4. 
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Figures  39-43.  Wood  sections  of  Selaginaceae.  39,  40.  43.  Walafrida  nitida  {Carlquist  8062).-39.  T
ran- 

*«tion;  growth  rings  are  absent. -40.  Tangential  section;  rays  are  absent.  41,  42  Selago  thunbergu  (Carlquist 

f06i).  SEM  photographs  from  tangential  sections.- 4 l.Vasicentric  tracheid;  hehcaJ  thickenings  are 
 promment.- 

♦2.  Wide  vessel  waU;  helical  thickenings  are  present  but  not  pronounced. -43.  SEM  photograph  of  vessel  from 

t^n„.„.:-.  .     ..  ,^  ̂^  ̂ ^^^  j^^,.^^j  thickenings.  Figures  39.  40,  scale  above  Figure  2.  Figures  41-43,  bar  at  top  of 

\ 

fVrc  41  (bar 1  Mm). 
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Figures  44-47.      Wood  sections  of  Avicennlaceae  and  Ebenaceae.  44,  45.  Avicennia  marina  ̂ '^  j  J^,^ion. 
4255), — 44.  Transection;  conjunctive  tissue,  just  below  center,  contains  a  sclerenchyma  band.  — 45.  ̂ ^^^9^4).— 
showing  crystals  in  conjunctive  tissue  cells;  sclerenchyma  band,  left.  46,  47.  Diospyros  virginiana  L  . 

46.  Transection;  axial  parenchyma  is  diffuse,  diffuse-in-aggregates,  vasicentric. — 47.  Tangential  section, 
storied.  Fieures  44-47,  scale  above  Fieure  2. 

arc 
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Abstract 

Nucleotide  sequences  of  the  chloroplast  gene  rbcL  were  obtained  from  Lonicera,  Sambucus,  Adoxa,  and  Cornus. 
Phylogenetic  analyses  of  these  sequences,  along  with  previously  sequenced  Dipsacales  and  placeholders  for  other 
Asteridae  and  Rosidae,  lead  to  the  following  conclusions:  (1)  the  genera  of  Caprifoliaceae  (in  any  traditional  sense) 
do  not  form  a  monophyletic  group;  (2)  Symphoricarpos  and  Lonicera  (representing  Caprifoliaceae  sens,  str.)  are 
related  and  are  united  with  Valerianaceae  and  Dipsacaceae;  and  (3)  Adoxa  and  Sambucus  are  directly  linked  and 
are  possibly  related  to  Viburnum.  Our  analyses  also  cast  doubt  on  the  monophyly  of  Dipsacales  and  Asteridae.  These 
findings  are  generally  congruent  with  other  molecular  results  and  with  hypotheses  based  on  morphological  data. 

Uncertainty  has  long  surrounded  the  phyloge-  conditional  on  particular  assumptions.  For  exam- 

netic  relationships  of  taxa  traditionally  assigned  to  pie,  f/ Caprifoliaceae  sens.  lat.  and  Dipsacales  are 

the  angiosperm  order  Dipsacales  (Donoghue,  1983).  both  monophyletic,   then  morphological  data  di- 

It  has  been  unclear,  for  example,  whether  Adoxa  rectly  unite  Viburnum  with  Sambucus  plus  Adoxa, 

is  related  to  Dipsacales,  whether  Sambucus  and  whereas  under  some  other  assumptions  (e.g.,  Dip- 

Viburnum  are  closely  related  to  one  another  or  to  sacales  polyphletic)  this 

genera  of  Caprifoliaceae  sens,  str.,  or  whether  some  stitution  of  different  outgroup  arrangements  (sensu 

Caprifoliaceae  are  more  closely  related  to  Valeri-  Donoghue  &  Cantino,  1984)  yielded  few  unequiv- 

anaceae  and/or  Dipsacaceae  than  they  are  to  each  ocal  conclusions.  Happily,  however,  the  position  of 

cormection 

other.  The  broader  phylogenetic  relationships  of 
these  plants  have  also  been  debated.  It  is  still  un- 

Adoxa  was  an  exception.  If  Adoxa  is  assumed  to 

be  related  in  some  way  to  other  Dipsacales  (as 

certain  whether  Dipsacales  were  derived  from  (i.e.,      opposed,  for  example,  to  Saxifragaceae),  then  it  is 

are  nested  within)  Rubiales,  as  implied  by  Cronquist 
linked 

(1981,  1988),  or  whether  they  (and  possibly  As-      several  morphological  features,  including  Adoxa- 

terales)  are  more  closely  related  to  rosid  groups      type  embryo  sac  development, 

such  as  Cornales,  as  suggested  recently  by  Takh-  Here  we  present  a  preliminary  analysis  of  the 

tajan  (1987;  also  see  Dahlgren,    1983;  Thorne,      phylogenetic  relationships  of  dipsacalean  taxa  based 
1983).  on  molecular  data.  In  particular,  we  report  the 

6c  L Donoghue  (1983)  considered  morphological  ev-      results  of  parsimony  ana'y^fs  of  chloropkst 

Jaence  bearing  on  these  questions,  especially  the 
Palmer 

relationships  of  Viburnum.  However,  owing  to  un-  al.,  1988;  Soltis  et  al.,  1990;  Doebley  et  al.,  1990; 

certainty  over  broader  phylogenetic  relationships,  Olmstead  et  al.,  1992)  of  various  Dipsacales  and 

he  was  able  to  reach  only  tentative  conclusions,      possibly  related  groups,  including  new  sequences 

'  M.  Donoghue  is  grateful  to  the  National  Science  Foundation  (BSR-8822658).  to  Ken  Sytsma  and  his  graduate 

•tudents  for  their  assistance  during  his  sabbatical  leave,  to  Jeff  Palmer's  lab  group  for  their  patience,  and  to  Wayne 

and  David  Maddison  for  aUowing  the  use  of  finalized  portions  of  a  test  version  of  MacClade.  Margaret  Kuchenreuther 

nelped  find  and  collect  Adoxa  in  Wisconsin,  and  the  Arnold  Arboretum  kindly  allowed  the  coUection  of  plants  on  the 

founds  in  Jamaica  Plain.  Wayne  Maddison,  Victor  Albert,  and  David  Hillis  supplied  advice  on  numerical  analyses. 

ruce  Baldwin  and  two  anonymous  reviewers  provided  helpful  comments  on  the  manuscript 
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fromrepresentativesof  four  critical  genera:  ̂ flfoxa,  mid  vector  BlueScript  Sk+  (Stratagene,  Inc.)  as 
Samhucus,  Lonicera,  and  Cornus.  Although  we  described  by  Olmstead  et  al.  (1992),  and  single 
are  able  to  make  some  comparisons  between  the  stranded  DNAs  were  prepared  (phenol- chloroform 
molecular  results  and  those  based  on  morphological  extraction)  from  selected  colonies  screened  for  in- 
characters,  a  detailed  comparison  must  await  the  serts  of  the  larger  EcoRV-Xbal  fragments  (or  the 
completion  of  an  expanded  morphological  study  equivalent  fragments  in  Sambucus).  Sequencing 
(Donoghue,  in  prep.)  and  sequencing  of  additional  was  carried  out  using  the  dideoxy  chain  termination 
Dipsacales  (in  progress).  In  the  meantime,  we  high-  technique,  with  internal  primers  kindly  provided 
light  conclusions  that  are  most  strongly  supported  by  G.  Zurawski  (DNAX  Research  Institute,  Palo 

by  r6cL  data,  so  that  these  can  be  taken  into  Alto,  California).  In  some  cases  the  smaller  5'  and 
account  in  formulating  a  phylogenetic  system  of      3'  fragments  were  recovered  and  sequenced,  so 

that  the  entire  rhcL  sequence  was  obtained.  How- 

ever, the  analyses  reported  below  are  based  solely 

on  the  internal  11 72  bp  segment.  Using  the  known 

tobacco  sequence  as  a  reference,  differences  in  our 
rhcL  sequences  were  newly  obtained  from  four      sequences  were  easily  scored;  length  differences 

taxa:  Adoxa  moschatellina  L.  of  Adoxaceae,  Cor-      were  never  encountered  in  the  region  of  interest. 
nus  mas  L.  of  Cornaceae,  and  Sambucus  racemosa      The  sequences  utilized  in  the  present  study  will  be 
subsp^  sieboldiana  (Miquel)  Hara,  and  Lonicera      available  in  GenBank,  and  may  also  be  obtained 

directly  from  M.  Donoghue  or  R.  Olmstead. 

A  total  of  twelve  taxa  were  included  in  the  phy- 

Asteridae. 

Materials  and  Methods 

lifi 

Wise 

W ly  permitted  the  collection  of  Adoxa  specimens  in  logenetic  analyses  reported  here.  These  were  se- 
consln  {Donoghue,  Smith,  &  lected  so  as  to  represent  Dipsacales  and  other  major 

Kuetchenreuther  i,  WISC).  Material  of  the  other  lines  of  Asteridae  and  relevant  Rosidae,  as  well  as 

species  was  obtained  by  M.  Donoghue  at  the  Arnold  to  include  suggested  relatives  of  the  dipsacalean 
Arboretum,  Jamaica  Plain,  Massachusetts  (where  taxa,  especially  Adoxa.   In  addition  to  the  four 
vouchers  are  deposited).  In  each  case,  fresh  leaves  newly  sequenced  taxa  discussed  above,  seven  se- 

were  coUected  on  ice  and  then  stored  at  -80°C,  quences  were  obtained  from  workers  in  J.  Palmer's and  DNA  extractions  were  carried  out  using  a 
modified  CTAB  method  (Doyle  &   Doyle,   1987; 
Smith  et  ah,  1992). 

laboratory:  R.  Olmstead  provided  Hedera  helix  L. 

(Araliaceae)  and  Symphoricarpos  albus  Blake 

(Caprifoliaceae  sens,  str.)  (see  Olmstead  et  al., 
A  segment  of  the  chloroplast  genome  containing  1992),  as  well  as  Spigelia  marilandica  L.  (Lo- 

the  ricL  gene  was  amplified  by  the  polymerase  ganiaceae)  and  Menyanthes  trifoliata  L.  (Meny- 
chain  reaction  (PCR),  using  the  primers  described  anthaceae)  (R.  Olmstead,  unpublished);  and  H-  J- 
in  Olmstead  et  al.  (1992;  see  their  fig.  1).  This  Michaels  (pers,  comm.;  Michaels  et  al,  in  prep.) 
procedure  yielded  double-stranded  segments  of  ap.  is  responsible  for  Viburnum  acerifolium  L.  (Cap- 
proximately  1550  bp.  Each  amplification  product       rifoliaceae  sens,  lat.),  Dipsacus  sativus  Honckeny was  then  digested  with  the  restriction  endonucleas- 

(=  D.  fullonum  L.)  (Dipsacaceae),  and  Valeriana es  EcoRV  and  Xbal,  known  to  recognize  other  officinalis  L.  (Valerianaceae).  The  published  se- 
Asteridae  rbcL  at  nucleotide  positions   103108  quence(Soltisetal.,  1990)  of //eucAera/nJcra^^'^^ 
and  1269-1274,  respectively.  As  expected,  this  Dough  (Saxifragaceae)  was  also  included. 
procedure  yielded  three  fragments  in  Adoxa,  Lo^  Elimination  of  invariant  nucleotide  positions  left 

nicera,  and  Cornus:  a  5'  segment  of  102  bp,  an  194  variable  sites,  and  by  omission  of  autapomor- 
mternal  segment  of  1 172  bp  including  most  of  the  phies  this  was  further  reduced  to  88  potentially 

rftcL  gene,  and  a  3'  segment  of  approximately  290  informative  characters  (Table  1).  Of  the  latter,  74 

^    are  binary,  12  are  unordered  3-state,  and  2  are 
downstream  of  rbch).  However,   in   the  case  of  unordered  4-state  characters,  so  there  are  a  mm- 
Sambucus  the  double  digest  yielded  four  fragments  imum  of  104  character  state  changes  (steps)  in  the 
due  to  an  additional  EcoRV  site  present  at  nucle-  absence  of  homoplasy.  Note  that  the  vast  majoril) 
otide  positions  1018    1023  bp.  This  site  is  also  of  potentiaUy  informative  sites  occur  at  third  r 
found  m  Vibrunum  plicatum,  and  more  extensive  sitions  within  codons;  only  eight  are  at  first  position* 

nunor 

restriction  site  studies  indicate  its  presence  in  other 

(but  not  all)  species  of  J'iburnum  (Donoghue  & Sytsnia,  unpublished). 

The  fragments  obtained  were  cloned  in  the  plas- 

and  six  at  second  positions.  ^        . 

Character  state  changes  were  equally  weig 

in  most  of  our  analyses,  but  we  did  experim 

with  several  differential  weighting  schemes,  mf'  " 
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Table  1.  Twelve  taxa  scored  for  88  potentially  informative  rbcL  characters  (invariant  sites  and  autapomorphies 
removed),  with  characters  numbered  by  base  position  within  the  gene.  All  positions  are  third  positions  within  codons, 
unless  otherwise  indicated  above  the  character  number.  The  complete  set  of  potentially  informative  nucleotides  is 
given  for  Heuchera  (used  to  root  trees);  a  nucleotide  is  shown  for  other  taxa  only  if  it  differs  from  Heuchera  (a  dot 

indicates  that  the  same  nucleotide  is  present).  Missing  information  (due  to  ambiguity  in  scoring)  is  indicated  by  "?." 

HEUCHERA 
HEDERA 
OOflNUS 

SPIGEUA 

MENYANTHES 
ADOXA 

SAMBUCUS 
VIBURNUM 
LONICERA 

SYWPHORICARPOS 
VALERIANA 
DIPSACUS 

«  c  c  ̂   ̂   c 

'-'-•-^*-^CMCjoicyc\jc\iCMC\ic\icococoeoeo^^^ 
ioiocDCJ>oo^«<Dtor^ooo»-c\jvr-*r*-r*.cocD*-co 

T  A  G  G  T  T 

A    •  U  . 

C  ?    .    A  C  . 

.    .    A  A  C  . 

.    .    A    . 

CCATCGAGTCCCGCCCTTGTCTTAACAACT 
taO,  .A.      .Al c G G 

T 

T  G  C  .  .  .    A  .  . 

T  G  C  T  C  GA  A  . 

G  G  .  .  C  .     .  .  A 

.  .  C  .  .  .    C  .  A 

T .    T  .    T 

A   .    T   . 

ATT. 

.    .    .    T 

.    C  .  . 

C   .  C  G 
.    C  C  . 
.    C  .  T 

.  G 

A  G 

.  G 

.  G 

A  .  C    . 

A  .  C    p 
C  G  .  .  .A 

.    G  A  .  .A 
G  .   A  ,  C  A 

C  .   A  A  C  A 

T  .  G  C  . 
T  .  G  C  . 
.  .  G  C  . 

.  .  G  C  . 

.  G  G  C  T 

.  .  G  C  . 

.  .    C  . 
C  .    C  . 
.  G  C  . 
.  .    A  A 

A 

A 

A 

A 

A 

A 

T 

.  T 

.  T 

T  T 

.  T 

T 

T  .  ?  G  . 

T  .  .  G  . 
.  C  .  C  . 

.  C  C  C  .    T 

.  .  .  C  C  T 
T  C  .  C  .    . 

G 

.    .AG.  . 
T  C  .    G  .  . 

C  C  G  .  . 

C  .    .    G  T 
.    A   G  G  T 

.  .    A 

G  G  T 
.  T  T 

.  G  . 

.  G  . 

.  G  . 

G  G  A 

G  GA 
.  GA 
.  .    A 

TACCACAGAGA 
C  G  .    T   .    .    .    .    G  .    G 
.    G  .     .    .    A  T  T  G  .     . 

,    .    T  .    .   A   . T 

C 

C 

.    .    .  T  G 
C  G  T  T  C 
C  G  T  T  G 

G  . 

G 

6 

G 

G 

G 

T  .    A  . 
T  C  A  T 

T  C  A  . 
T  C  A  . 
T  C  .  . 

G 

G 

G 

G 

T G 

A 

\ 

^CUCHERA 
^€DERA 
OORNUS 
SPIGELIA 
MENYANTHES 
ADOXA 

SA^CUCUS 
VBUF^WM 
LDNICERA 

SYMPHORICARPOS 
VALERIANA 
DIPSACUS 

■.-  ^  N  Sir:,  oojN.oo»mcDoo*-t^o)'^in^r**o»^cyio<D 
»-hHcnojco'^'-'*oo<ontf>ocDmt^oocM-^ocMC5"*iow)o>'-c\icoc^Trcoooo»o»ow^^«o 

^^lotncof^oooi-ODrt'^'^cocMcoinooooojoooooo*-'-'-'-'-'-'-^^ 
C\i  C\J   CM   CM   c\i 

CA  CGGCCT 
G 

C 
T 
C 
C  G 

T 

T 
T  .    . 

T   .    . 

G  .  . 
GA  . 
G  .  . 
GA  A 
GA  A 

G 
G 

T 
T  T 

T 

T 
T  G  T  GA  T 

.     .     .    C  G  . 

T 

C 

c 
c 
c 
c 
c 
c 
c 
c 

.    T 
C  T 

C  T 

C 
T  T 

.  G 

C  . 
C  G 
C  G 
C  G 

TAG 

C  G  . 
.    GT 

.    GT 

C  . 
C  . 
C  G 

.  C  G  .  C  G 
C  C  G  C  C  G 

C  C  G  C  C  G 
.  .  G  .  C  . 
.  .  G  .  C  . 

C 

G  .  . 

G  .  T 
.    C  T 

.  T 

C CTTCGCATCTACGATTATATAAAT 
G  .  C  .  C  . 
.  G  .  T  .  . 
G  G  .    T  C  . 

.  C 

G  C G  C 
G  C 
.  C 
.  C 
?  ? 

.    T T  T 

A 

A 

.  C  T 

G  C  T 
G  C  T 

G  .  T 

G  ?  T 
G  C  T 

G  C  T 

T   . 

G  A 

G  . 

.    G  . 

.    G  . 

C  G  T 
,    G  . 

A 

G  C 
G  C 

.  C 

.  C G  C 
G  C 

G  C 
G  C 

G  . G  C 
G  C 

G  C 
G  . G  .  .  . 

.  G  C  .  . 

.  G  C  .  . 

.  G  C  .  . 
C  G  C  .  . 

?  .  C  C  C 
C  .  C  C  A 

C  G  .  C  C 
.  Q  .  C  C 

G 

C  A GA 

.  A 

G  .  C  A 

,  .  GA 

.  .  CA 

.  .  C  A 

.    .    T  C 

.  .  c  c 
G  G  T  C 
.    G  C  C 

I 

^g  omission  or  down-weighting  of  various  positions  retention  index  (RI;  Farris,  1 989;  also  see  Archie, 
^thin  codons  and  weighting  of  transversions  (Tv)  1989a). 

^ersus  transitions  (Ts).  The  Tv  :  Ts  weighting  of  The  lengths  and  implications  of  alternative  tree 

'3:1.0  used  in  the  present  study  is  based  on  topologies   were   explored    using   the   Topological 

^^l^^^^ions  by  V,  A.  Albert  (pers.   comm.;  see  Constraints  option  in  PAUP,  and  using  finalized 

Ibert  &  Mishler,  in  press),  which  in  turn  rely  on  portions  of  MacClade  test  version  2.99.11  (to  be 

substitution  rates  and  Tv  :  Ts  ratios  for  rbcL  ob-  published  as  MacClade  3.0;  Maddison  &  Maddison, 

Gained  from  a  5-taxon  tree  of  land  plants  (Albert  1992).  MacClade  was  also  used  to  calculate  char- etal.,  1992). acter  transformations  of  various  types  on  trees  of 

mbers  of  changes  at  different  cod 

tions . 

In  view  of  the  small  number  of  taxa  under  con-      interest  (e.g.,  transversions  versus  transitions)  and 
ration,  parsimony  analyses  were  conducted  us- 

JJg  the  Branch  and  Bound  option  in  PAUP  for  the 

IO^q"^^^^^    computer    (version    3.0L;    Swofford,  To  evaluate  further  the  relative  robustness  of 
^0)»  which  guarantees  finding  all  most  parsi-      clades  found  in  the  most  parsimonious  trees,  strict 

onious  trees.  PAUP  was  also  used  in  computing      consensus  trees  were  constructed  of  all  trees  up  to 

consensus   trees   (including    "combinable   compo-      one  step  longer  than  the  shortest  trees,  then  of  all 
'^^nt"  trees:  Bremer,  1990),  optimizing  character 

trees  two  steps  longer,  and  so  forth,  until  the  con- 

^^te  changes  (Swofford  &  Maddison,  1987),  per-      sensus  tree  eventually  collapsed  to  an  unresolved 
^^"^ing  bootstrap  analyses  (100  replicates:  Fel-      bush. 

This 

^nstein,   1985;  Sanderson,    1989),  diflFerentially  dicating  the  number  of  steps  that  must  be  added 

^"ghting  characters  (including  use  of  a  step  matrix  before  each  clade  present  in  the  minimum  length 

iniplementing  the  Tv  :  Ts  weighting),  and  cal-  trees  is  no  longer  unequivocally  supported  (cf.  Bre- 

^^'ating  character  and  tree  statistics,  such  as  con-  mer,  1988;  HilHs  &  Dixon,  1989)- 
^^^ncy  index  (CI;  Kluge  &   Farris,    1969)  and  In  order  to  explore  more  fully  the  structure  in 
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Figure  1.  Four  most  parsimonious  trees  of  202  steps  each,  rooted  by  Heuchera.  The  number  associated  with 
each  internal  branch  indicates  the  number  of  unambiguous  nucleotide  changes  along  the  branch.  In  lA  the  number 
of  transversions  is  shown  in  the  first  set  of  parentheses,  and  changes  in  first  and  second  positions  within  codons  are 
indicated  in  the  second  set  of  parentheses:  (1)  =  one  first  position  change;  (2)  =  one  second  position  change. 

the  data  set,  two  other  procedures  were  utilized.  central  moment  divided  by  the  cube  of  the  standard 
First,  the  length  of  the  most  parsimonious  trees  for  deviation;  Sokal  &  Rohlf,  1981),  for  which  critical 

the  rhcL  data  was  compared  to  the  distribution  of  values  (P  =  0.05)  were  provided  by  David  Hillis 
most  parsimonious  trees  based  on  50  '"random" 

(1 989b).  This  was  accomplished  using  the  ''shuffle" 
option  in  MacClade,   which  maintains  the  same 

(pers.  comm.). 

Rooted  trees  were  obtained  by  positioning  the 

root  along  the  branch  connecting  Heuchera  to  the 
^  A  ^L    ̂ 1     .^    ^v 

(simultaneous number  of  states  for  each  character  observed  in      dison  et  al.,  1984).  Initially,  we  planned  to  position 

the  root  along  the  branch  connecting  the  three 

andomly 

to  the  taxa.  To  save  time,  analysis  of  each  of  the  rosid  taxa  to  the  rest  of  the  network,  under  the 

50  random  data  sets  was  carried  out  using  a  heu-  assumption  that  asterid  taxa  would  join  the  network 
ristic  search  strategy  in  PAUP  ("closest"  add  se-  along  a  single  branch  and  that  the  root  should  not 
quence,  one  tree  held  with  each  addition,  TBR  be  placed  within  Asteridae.  However,  it  emerged 
branch-swapping,  and  MULPARS).  Second,  PAUP  that  the  rosids  were  not  attached  by  a  single  branch 
was  used  to  generate  a  histogram  of  tree  lengths  to  the  asterid  taxa  in  the  analysis  (see  below).  Our 
of  1 0,000  randomly  sampled  trees  (there  being  too examme 

This  allowe* 
distribution 

decision  to  root  the  tree  along  the  Heuchera  branc 

assumes  only  that  Saxifragaceae  is  a  more  t>a 

rosid  clade  than  Cornaceae  and/or  Arahaceae. 

skewness  than  tree-length  distributions  obtained 
from   randomly   generated   data   matrices  (HilKs, 

Results 

1991; 

ba 

elsenbe 1 
1991).   The  comparison  is  Parsimony  analysis  of  the  matrix  in  Table 
less  statistic  (I.e.,  the  third      resulted  in  the  four  trees  of  202  steps  shown  in 

I 

I 
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Figure  1 .  The  strict  consensus  of  these  trees  (iden- 

tical to  the  combinable  component  tree)  is  shown 

in  Figure  2.  The  CI  of  0.515  (RI  =  0.470)  indicates 
that  there  are  about  twice  as  many  character  state 
changes  as  there  would  be  in  the  absence  of  ho- 

moplasy.  Ahhough  this  is  a  rather  low  CI  for  12 

taxa,  there  is  still  not  a  statistically  significant  de- 
parture from  the  expected  value  of  0.64  based  on 

an  analysis  of  60  published  data  sets  (Sanderson 
&  Donoghue,  1989). 

Note  that  in  Figure  1  we  have  indicated  the 
number  of  character  state  changes  that  can  be 
unambiguously  assigned  to  each  internal  branch, 

and  for  one  tree  (Fig.  1  A)  we  also  show  the  number  ^^^^.^^  2.     Strict  consensus  of  the  four  most  parsi- 
01  unambiguous  changes  that  are  anything  other  monious  trees  in  Figure  1.  Numbers  associated  with  the 
than  third-position  transitions.  As  expected  from  internal  branches  indicate  the  range  of  unambiguous  char- 

the  matrix,  the  vast  majority  of  changes  in  the  acter  changes,  and  the  percentage  of  times  that  the  branch 
most  narci'nr^^r.:^       *  *  .I.-  J  •*•  was  recovered  in  100  bootstrap  samples.  Taxa  marked 

niost  parsimonious  trees  occur  at  third  positions.       ̂ ^  ̂^  ̂ ^^^^.^^  ̂ ^^  traditionally  placed  in  Caprifoliaceae; separate  analyses  of  characters  at  dififeent  codon  ^^^a  marked  by  (R)  are  assigned  to  Rosidae. positions  confirm  that  the  basic  structure  seen  in 

the  most  parsimonious  trees  is  primarily  determined 
by  these  third  position  characters.  When  third  po-  of  rendering  one  of  the  most  parsimonious  trees 
sitions  are  analyzed  by  themselves,  one  tree  of  163  slightly  less  parsimonious  (see  Albert  et  al.,  1992, 
steps  (CI  =  0.546)  is  obtained,  which  is  identical  for  a  similar  example  in  Clarkia).  Even  a  weighting 
to  Figure  IB.  In  contrast,  when  only  the  14  first  of  2  :  1  had  no  effect  on  the  consensus  result. 

Along  each  branch  of  the  consensus  tree  we and  second  position  characters  are  analyzed  the 
consensusofthe55  trees  of  31  steps  (CI  =  0.484)  indicate    the    range    of   unambiguous    character 

Js  completely  unresolved.  Weighting  first  and  sec-  changes  and  the  percentage  of  times  the  branch 
ond  position  changes  twice  as  much  as  third  position  was  recovered  in  100  bootstrap  replicates.  Only 
<^nanges  allows  discrimination  among  the  four  trees  one  branch  not  seen  in  the  strict  consensus  ap- 
^  Figure  1  (A:  240  steps;  B:  241;  C:  238;  D: 

runs 

-^9),  but  we  see  no  justification  for  such  weighting        riana  and  Dipsacus  were  directly  united  in  52% m  this case. 
of  the  trees.  Two  clades  are  seen  in  over  95%  of 

Also  as  expected,  the  number  of  transitions  far  the  samples:  Lonicera  plus  Symphoricarpos  (99%) 

exceeds  the  number  of  transversions  on  the  most  and  Sambucus  plus  Adoxa  (97%).  The  connection 

parsimonious  trees,  yet  the  percentages  of  the  two  of  Lonicera  and  Symphoricarpos  with  Valeriana 
sorts  of  changes  on  the  trees  differ  somewhat  from 
*he  expectation  based  on  the  matrix.  From  the 

atrix  it  can  be  seen  that  there  are  a  minimum 
o  transitions  and  28  transversions,  which  means 

behind,  being 

92%  of  the  replicates. 

The  order  of  "decay"  of  the  six  components 
  .. «..^ ,  v.. ...v..*^,  ...              present  in  the  most  parsimonious  trees  is  shown  in 

*hat  we  might  expect  about  Va,  of  the  changes  on       Figure  3.  Two  clades  are  lost  when  the  six  trees 
he  tree  to  be  transitions.  However,  the  tree  shown       just  one  step  longer  are  considered,  and  the  re- 

"^  I'lgure  I A  necessitates  102  unambiguous  tran-       maining  four  clades  are  maintained  with  the  ad- 
sitions  and  45  unambiguous  transversions.  Thus,       dition  of  21  trees  of  length  204  and  57  trees  of 

^nly  about  Vz  of  the  unambiguous  changes  are       205.  When  the  182  trees  less  than  or  equal  to 
ransitions,  meaning  that  there  are  relatively  fewer       206  steps  are  considered,  the  connection  between 

''ansitions,  and  relatively  more  transversions,  than       Viburnum  and  the  Sambucus- Adoxa  clade  is  lost. 
one  might  have  expected  based  on  the  matrix.       With  the  addition  of  the  142  trees  of  207  steps 

the  consensus  tree  no  longer  maintains  the  con- 
nection between  Sambucus  and  Adoxa,  although 

this  link  is  still  found  in  99%  of  the  324  trees. 

bet 

espite  the  different  numbers  of  changes  of  the 
types,  differential  weighting  of  transversions 

^ersus  transitions  had  little  effect  on  the  outcome. 
ssigning  transversions  a  weight  of  1 .3  (see  above)          ^   ,.._ 

yelded  3  trees,  corresponding  to  Figures  lA,  IC,  phoricarpos  is  stOl  present  in  the  consensus  of  all 
^^d  ID.  The  consensus  of  these  trees  is  identical  594  trees  of  208  steps  or  less,  and  all  structure 

/>  the  consensus  based  on  equal  weighting  (Fig.  2).  is  lost  at  209  steps,  only  7  steps  from  the  most 
other  words,  this  weighting  scheme  has  the  effect  parsimonious  trees. 



338 Annals  of  the 
Missouri  Botanical  Garden 

W.WW^W 

4  trees 
202  steps 

#^^<b-A-<? 

10  trees 
<  203  steps 

•■A^wfjy 

182  trees <  206  steps 

mw 

324  trees 
<  207  steps 

^A^#^ >y  <o^<S 

594  trees 208  steps 
1021  trees <  209  steps 

Figure  3.     Trees  showing  the  order  of  "decay"  of  clades.  Each  tree  is  the  strict  consensus  of  the  trees  that  are number 

along  the  branch  connecting  Heuchera. 

In  Figure  4  the  tree  lengths  of  50  randomized  domly  generated  trees  is  shown  in  Figure  5.  Note 
data  sets  are  compared  to  the  length  (202)  of  the  that  the  shortest  random  tree  recovered  was  of 

most  parsimonious  trees  obtained  for  the  r6cL  data.  length  220—18  steps  longer  than  the  shortest 
Clearly,  the  real  data  set  faUs  far  (several  standard  trees  for  the  rbch  data.  Ahhough  this  means  that 
deviations)  outside  the  normal  distribution  for  data      none  of  the  1,021  trees  known  (from  the  decay 

experiments)  to  require  209  steps  or  less  were 

actually  found  in  the  sample  of  random  trees,  it  is 

presumed  that  10,000  trees  is  sufficient  to  reveal 

randomized 

Whethi 
null  models  is  uncertain 

that  there  is  phylogenetic  structure  in  the  rbcL      the  shape  of  the  underlying  distribution  for  all  trees 

(D,  Hillis,  pers.  comm.).  The  skewness  of  this  dis- 

data. 
The tribution,  measured  by  gi,  is 

0.78,  which  far 

I 
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Figure  4.     Histogram  of  tree  lengths  showing  the  o 
sition  of  the  most  parsimonious  trees  (202  steps)  for 

—-J  rbcL  data  m  relation  to  parsimonious  trees  for  50  ■""  i-t"win 

randomized  data  sets  (sensu  Archie    1989b);  arrow  in-  Figure  5.     Histogram  of  tree  lengths  for  10,000  ran- dicates  the  most  parsmiomous  trees  found  with  the  real      domlv  venerated  tr-,    .T^nwin.  t>,«  decree  of  left-hand 

TREE   LENGTH 

data  set. 

domly 

skewness 
0.78). 

* 
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I 

DIPSACALES 

W/M 

203  steps 

CAPRIFOLIACEAE  S.L. 

f 

///-J^J 

210  steps 

CAPRIFOLIACEAE 

r I 

.^Vv^ ?^_^ 

^   A^<? 

216  steps 

ASTERIDAE 

206  steps 

Figure  6 
Lengths  of  alternative  trees,  with  the  following  topological  constraints  imposed:  (A)  Dipsacales  mono- 

phyletic;  (B)  Caprifoliaceae  {Sambucus,  Viburnum,  Lonicera,  Symphoricarpos)  monophyletic;  (C)  Caprifoliaceae  plus 

Adoxa  monophyletic;  (D)  Asteridae  monophyletic.  When  more  than  one  tree  was  obtained,  the  strict  consensus  is shown. 

exceeds  the  P  =  0.05  critical  value  for  data  sets  restrictionsitestudiesof  the  inverted  repeat  (Down- 

of  10  to  15  taxa  with  50  to  100  characters  (D.  ie  &  Palmer,  1992)  and  other  regions  of  the  chlo- 

Hillis,  1991,  pers.  comm.)-  Again,  this  appears  to  roplast  genome  (Sytsma,  Smith,  &  Donoghue,  un- 

indicate  significant  phylogenetic  signal  in  the  rbcL  published).  However,  it  is  important  to  recognize 
^^*^  that  the  non-monophyly  of  Dipsacales  is  not  a 

strongly  supported  result  of  our  analysis.  In  fact, 

trees  in  which  Dipsacales  are  monophyletic  (Fig. 

6A)  require  only  a  single  additional  step.  Note  that 

data. 

Discuss 

DIPSACALES  AND  CAPRIFOLIACEAE  SENS.  LAT. 
Menyanthes-IIedera  clade  ap- 

pears as  the  sister  group  of  Dipsacales,  an  arrange- 

homogeneous,"  natural  element  within  Asteri-  ment  that  is  more  consistent  with  the  broader  anal- 

dae  (Wagenitz,  1977,  1992).  However,  none  of  ysis  of  rbcL  sequences  of  Olmstead  et  al.  (1992). 

our  most  parsimonious  trees  support  the  mono-  None  of  our  most  parsimonious  trees  are  con- 

Cap 

iding 

united 

phyly  of  Dipsacales  (Fig,  1),  even  though  the  con- 
sensus of  these  trees  (Fig.  2)  seems  to  allow  this    

possibility.  Instead,  the  clade  consisting  of  Meny^  erianaceae,  and  Dipsacaceae),  and  this  conclusion 

^nthes  (representing  Asterales  sens,  lat.;  Olmstead  is  very  strongly  supported  ̂ ^'^^^f  ̂^"';^^^"^^^^^^^ 
et  al.,  1992)  and  Hedera  (representing  Apiales, 
Kosidae)  is  intercalated  between  two  clades  of  dip- 
sacalean  taxa,  namely  a   Viburnum- Sambucus- 
^doxa  clade  and  a  line  comprising  Lonicera,  Sym- 
Phoricarpos,  Valeriana,  and  Dipsacus.  ^^r    ... 

Taken  at  face  value,  this  result  supports  the  Lonicera.  and  Symphoricarpos  are  uni
ted  m  a 

^dea,  based  on  immunology  (HiUebrand  &   Fair-  clade  require  a  minimum  of  216  steps    14  more 

Wthers,  1970a,  b)  and  morphology,  that  these  steps  than  the  shortest  tree.  (Fig    6B
).  Even  if 

AAA     w  vHi  r     •-—    ~—   J 

with  Adoxa.  and  this  clade  is  separated  from  Lo- 

nicera and  Symphoricarpos  (of  Caprifoliaceae  sens, 

str.),  which  are  united  instead  with  Valeriana  and 

Dipsacus.  Trees  in  which  Sambucus,  Viburnum, 

lines  of  Dipsacales  are  not  closely  related  (Don 

^ghue,  1983).  It  is  also  generally  consistent  with 

Adoxa  is  considered  part  of  Caprifoliac  eac  (as  it be 
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still  be  better  to  consider  the  latter  to  be  paraphy-  two  genera  are  not  unequivocally  connected  by 

letic,  because  trees  with  this  expanded  Caprifoli-  morphological  characters  and  they  have  generally 
aceae  forming  a  clade  require  a  minimum  of  210       been  placed  in  separate  tribes  (see  Wilkinson,  1949; 

steps  (Fig.  6C). Donoghue,  1983).  Lonicera  is  usually  allied  with 

Regarding  the  status  of  Caprifoliaceae  our  re-  Leycestaria  in  the  tribe  Lonicereae,  More  impor- 
sults  are  congruent  with  morphological  characters.  tantly,  Symphoricarpos  has  often  been  placed  in 

Donoghue  (1983)  summarized  earlier  evidence,  and  the  tribe  Linnaeeae  (e.g.,  Fukuoka,  1972;  Hara, 

research  available  since  that  time — for  example,  1983),  whose  other  members  appear  to  be  more 
on  pollen  (Bohnke-Giitlein   &   Weberling,    1981;  closely  related  to  Valerianaceae  and  Dipsacaceae 

Donoghue,  1985),  nectaries  (Wagenitz  &  Laing,  than  they  are  to  other  genera  of  Caprifoliaceae 

1984),  and  the  tapetum  (Weberling  &   Hilden-  sens.  str.  (Donoghue,    1983,  in  prep.).  If  Sym- 

brand,  1986) — has  strengthened  the  idea  that  there  phoricarpos  really  belonged  with  Linnaeeae,  and 

are  independent  and  unrelated  lines  of  Caprifoli-  if  Linnaeeae  are  more  closely  related  to  Valeriana- 
aceae.  This  view  is  also  consistent  with  a  phenetic  ceae  and  Dipsacaceae,  then  it  should  not  have 

analysis  of  morphological  data  (Hsu,  1983),  with  attached  directly  to  Lonicera  in  our  analysis,  but 

chromosome  structure  (Sax  &  Kribs,  1930),  with  instead  to  Valeriana  and  Dipsacus.  Other  molec- 

secondary  chemistry  (Bohm  &  Glennie,  1971),  and  ular  data  seem  to' confirm  that  Symphoricarpos 
with  immunological  evidence  (Hillebrand  &  Fair-  is  more  closely  related  to  Lonicera  than  it  is  to 

brothers,  1970a,  b).  Finally,  our  results  are  con-  genera  of  Linnaeeae.  The  two  genera  are  united 
gruent  in  this  respect  with  the  results  of  other  in  the  trees  of  Downie  &  Palmer  (1992),  and  it 

molecular  studies  (Olmstead  et  al.,  1992;  Downie  appears  that  they  may  also  be  united  (along 
&  Palmer,  1992). 

CAPRIFOLIACEAE  SENS.  STR., 
VALERIANACEAE,  AND  DIPSACACEAE 

The  result  that  erenerp  of  Cnm 

with 
Triosteum)  by  the  loss  of  the  chloroplast  gene  dp? 

(Downie,  Donoghue,  Sytsma,  &  Pabner,  unpub- 
lished). 

Our  results  for  Lonicera  and  Symphoricarpos 

might  be  considered  evidence  of  the  monophyly  of 

Caprifoliaceae  sens,  str.,  but  this  conclusion  would 
traditional  sense)  do  not  form  a  monophyletic  group       be  premature  in  view  of  the  limited  sample  of  taxa 

included  in  the  analysis.  As  we  noted  above,  one 
connection 

Caprifoliaceae  sens,  str.,  Valerianaceae,  and  Dip-  of  the  strongest  results  of  morphological  analyses 
sacaceae.  Indeed,  the  Lonicera- Symphoricar-  is  that  CaprifoHaceae  sens.  str.  are  paraphyletic, 
pos~Valeriana-Dipsacus  clade  is  one  of  the  best  with  the  tribe  Linnaeeae  more  closely  related  to 

supported  in  the  entire  analysis,  judging  by  the  Valerianaceae  and  Dipsacaceae  than  to  other  Cap- 
number  of  unambiguous  character  changes,  the  rifoliaceae  sens.  str.  (Donoghue,  1983,  in  prep.)- 

bootstrap  value  of  92%,  and  the  high  ''decay"  Some  of  the  strongest  evidence  is  provided  by  floral 
index  (collapsing  in  trees  6  steps  longer  than  the  anatomy,  especially  the  abortion  of  carpels  during 
shortest  trees).  This  connection  is  also  supported 
by  many  morphological  features,  Including  reduc- 

tion of  carpellary  vascular  traces  (Wilkinson,  1 949), 

the  development  of  the  ovary  (Wilkinson,  1949)^ 

The  link  between  Linnaeeae  and  Valerianaceae  and 

Dipsacaceae  is  also  evident  in  the  restriction  site aspects  of  pollen  morphology  (Donoghue,  1985),       studies  of  Downie  &  Palmer  (1992),  although  m 

(W 

Within 
this case the one 

representative   of  Linna
eeae {Kolkwitzia)  is  actually  connected  directly  wi 

for  a  direct  connection  between  loritcera  and  Sjm-       Valeriana,  It  seems  likely  that  if  representativ^ 
phoricarpos.  These  genera  are  united  by  8-10       of  Linnaeeae  were  included  they  would  be  linked 
unambiguous  changes  in  the  most  parsimonious       with   Valeriana  and  Dipsacus  rather  than  with trees,  and  they  appeared  together  In  99%  of  the 
bootstrap  samples.  Furthermore,  this  link  lasted 

the  longest  in  the  decay  analyses,  appearing  in  all 

of 

Lonicera   and    Symphoricarpos,    Sequencing 

representatives  of  Linnaeeae  {Dipelta,  Kolkwitzt  , Linnaea)  is  in  progress. 

594  trees  less  than  or  equal  to  208  steps.  At  209  In  our  analysis  the  position  of  Valeriana  is  un- 
steps  It  IS  possible  to  find  trees  in  which  Sym-       certain.  In  three  of  the  four  most  parsimonious 
phoricarpos  and  Lonicera  are  dissociated,  with       trees  (Fig.  1)  it  is  united  directly  with  Dipsacu^' 

but  in  the  fourth  it  is  linked  with  Lonicera  p'"* 

united 
caceae. 

Symphoricarpos.   Morphological  data  suppo"" between  Lonicera  and      close  connection  between  Valerianaceae  and  P'P' 

Symphoricarpos   is  somewhat  surprising.  These       sacaceae  (e.g.,  Hofmann  &  Gottmann,  1990;  D""' 

The  strong  connection 

i 
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< 

oghue,  in  prep.),  as  does  the  more  inclusive  rbcL,  is  possible  that  it  will  be  discovered  in  some  Vi- 
analysis  of  Olmstead  et  al.  (1992),  which  again  hurnum  species,  inasmuch  as  several  species  are 

suggests  that  there  may  be  a  problem  of  limited  reported  to  have  bisporic  development  (Sunesson, 

sampling  of  taxa.  Inclusion  of  additional  Caprifo-  1933).  Other  possible  indicators  of  a  close  rela- 

tionship include  compound  leaves  (depending  on 

outgroups)  and  extrorse  anthers  (although  there  is 
some  variation  in  Sambucus  and  the  condition  in 

Adoxa  is  difficult  to  score).  Nevertheless,  most 

authors  (e.g.,  Sprague,  1927)  have  hesitated  to 

connect  the  two  genera,  lareely  because  Adoxa  is 

cormection 

between  Valerianaceae  and  Dipsacaceae, 

VIBURNUM,  SAMBUCUS,  AND  ADOXA 

Vib 
urnum  is  linked  with  Sambucus  plus  Adoxa 

in  all  of  our  most  parsimonious  trees,  but  this  so  different  (presumably  highly  derived)  in  habit 

connection  is  not  especially  srong:  2-4  unambig-  and  in  floral  morphology.  However,  Thome  (1983) 

uous  character  changes  mark  this  branch,  it  ap-  adopted  Donoghue's  (1983)  suggestion  that  ̂ (foxa 
peared  in  77%  of  the  bootstrap  trees,  and  it  de-  and  Sambucus  (and  possibly  Viburnum)  be  treated 

cayed  at  206  steps.  Morphological  data  also  tend  as  the  family  Adoxaceae, 
to  unite   Viburnum  with  Sambucus   and  Adoxa 

(under  most  outgroup  arrangements),  but  by  itself 
One  outstanding  problem  concerns  the  relation- 

(W 

the  evidence  does  not   inspire   great   confidence       Wu 
(Donogh 

ue. 
;ainly 

couraging  that  the  molecular  and  morphological 
data  point  to  the  same  conclusion. 

connection 

IS  quite  robust.  There  are  6-7  unambiguous  char-       to  Adoxa, 
acter  changes  below  this  node,  and  it  appeared  in 
^7%  of  the  bootstrap  samples.  In  the  decay  anal- 

Tetradoxa  omeiensis  {=Adoxa  omeiensis)  is  very 

similar  to  Adoxa  moschatellina,  and  is  probably 

closely  related,  Sinadoxa  differs  in  many  respects 

and  may  be  more  closely  related  to  Araliales  than 

connection  lasted  until ASTERIDAE  AND  ROSIDAE 

^ere  added,  making  it  the  third  most  robust  result  Conclusions  regarding  the  broader  relationships 

in  our  analysis.  Curiously,  this  clade  decayed  before  of  dipsacalean  plants  are  tenuous,  because  much 

the  lonicera-Symphoricarpos-Valeriana^Dip-  of  the  relevant  structure  seen  in  the  most  parsi- 

^dcus  clade,  even  though  the  latter  had  a  somewhat  monious  trees  disappears  when  slightly  longer  trees 
lower  bootstrap  value. are  taken  into  consideration.  Nevertheless,  it  is 

In  addition  to  CaprifoUaceae  (e.g.,  Eichler,  1875;      interesting  to  note  that  the  most  parsimonious  trees 

Hooker,  1873),  Adoxa  has  been  aUied  with  Sax-      support  a  clade  including  the  dipsacalean  taxa. Warming 
Menyanth 

bius,  1929),  Araliacea J  (de  Candolle,  1830),  and      is  a  placeholder  for  Araliales,  and  the  latter  rep- 

Comales  (Dahlgren,   1975),  although  it  has  gen-       resents  an  Asterales  sens.  lat.  clade  (comprising 

W 
own Goodeniacea 

agenitz,  1977;  Donoghue,  1 983).  The  rbch  data       yceraceae,  Campanulaceae,  and  Lobeliaceae), 
 which 

is  consistently  supported  in  the  more  inclusive
  rbcL connections 

So 
connect 

shortest  trees  in  which  Adoxa  is  linked  directly  analyses  of  Olmstead  et  al.  (1992).  Although  the 

^ith  Hedera  require  213  steps  (11  steps  longer  exact  arrangement  of  these  groups  in  relation  to 

than  the  most  parsimonious  trees),  and  it  takes  2 1 4       dipsacalean  taxa  is  uncertam,  the  present  analysis 

is  consistent  with  the  view  that  Asterales  sen
s.  lat. 

and  Araliales  are  closely  related,  and  that  toge
ther 

they  are  related  either  to  the  Viburnu
mSambu- 

cus-Adoxa  clade  or  to  the  CaprifoUaceae 
 sens. 

str.-Valerianaceae-Dipsacaceae  clade. 

This  result  is  especially  significant  in  light  of 
 the 

inclusion  of  Spigelia  (Loganiaceae)  in  the  a
nalysis, 

which  is  intended  to  represent  the  remam
der  of 

the  Asteridae,  based  on  the  broader  analy
ses  of 

Olmstead  et  al.  ( 1 992).  If  Asteridae  we
re  mono- 

"^doxa  and  Sambucus  (e.g.,  Eichler,  1875;  Hal- 
'jer,  1912;  Takhtajan,  1980),  and  this  connection 
as  been  supported  by  preliminary  cladistic  anal- 

pes  (Donoghue,  1983,  in  prep.).  One  morpholog- 
character  in  particular  has  seemed  compelling, 

namely  the  presence  of  ̂ rfo:ra-type  embryo  sac 

^fvelopment  in  Adoxa  and  Sambucus.  This  con- 
^t^on  is  extremely  rare  in  angiosperms  and  is  oth- erwise 

linked 

heshwari,  1 946;  Donoghue,  1 983).  Its  distribution       anthes  and  the  dipsac
alean  taxa   to  the  exclusion 

'^thin  Sambucus  is  stHI  somewhat  unclear,  and  U       of  the  rosids.  The  shortest 
 trees  of  .h,s  type  recjuire 
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206  steps,  four  steps  more  than  our  most  parsi-  Adoxa.  These  observations  are  consistent  with  (but 

monious  trees  (Fig.  6D).  Instead,  Cornus  and  Hed-  do  not  necessitate)  the  idea  that  sympetaly  evolved 

era  are  variously  nested  among  Asteridae  in  our      independently  at  least  twice. 

most  parsimonious  trees  (Fig.  1),  which  implies  that Erbar  (1991)  also  noted  evidence  (see  Erbar  & 

the  Asteridae,  as  they  are  generally  constituted,  Leins,  1988)  that  in  some  Araliales  the  corolla  is 

are  not  monophyletic.  This  conclusion  is  consistent  initiated  as  a  ring  primordium.  Because  this  ring 

with  the  larger  analyses  of  rbcL  (Olmstead  et  ah,      does  not  develop  into  a  conspicuous  tube,  however, 
1992). the  mature  flowers  of  these  plants  appear  to  have 

Although  the  standard  view  of  morphological  separate  petals.  This  similarity  to  early  sympetaly 

systematists  has  been  that  Asteridae  form  a  natural  can  be  interpreted  in  several  ways.  It  may  be  that 

group,  Takhtajan  (1987)  proposed  that  it  be  sub-  the  condition  in  Araliales  is  a  precursor  of  early 

divided  into  two  major  lines:  Asteridae  sens.  str.  sympetaly  in  Asterales  sens.  lat.  and  Dipsacales. 

(Asterales  sens.  lat.  and  Dipsacales)  and  Lamiidae  Alternatively,  the  apparently  separate  petals  of 

(the  remaining  Asteridae).  These  lines,  he  believes,  Araliales  may  have  been  derived  from  the  early 

originated  independently  from  separate  lines  of  sympetalous  condition  (i.e.,  sympetaly  was  "lost  ). 
Rosidae.  Phylogenetic  analyses  of  the  morpholog-  The  latter  hypothesis  will  be  favored  if  phylogenetic 

ical  evidence  are  needed  before  molecular  and  mor-  studies  continue  to  nest  Araliales  among  sympet- 

alous groups  (see  Olmstead  et  al.,  1992). 

Conclusions 

phological  results  can  be  compared  critically. 
In  the  meantime,  it  is  interesting  to  note  that 

while  the  results  of  the  present  study  are  consistent 

with  many  aspects  of  other  molecular  analyses.  The  analyses  reported  here  suggest  a  number 

they  also  differ  in  several  ways.  In  trees  presented  of  changes  in  the  circumscription  of  taxa.  first,  it 

by  Olmstead  et  al.  (1992)  Araliales  are  linked  di-  is  clear  that  the  genera  of  Caprifoliaceae  do  not 

rectly  with  Dipsacales,  rather  than  with  Asterales  form  a  monophyletic  group,  and  the  traditional 

sens.  lat.  Similarly,  the  trees  of  Downie  &  Palmer  concept  of  this  family  must  be  abandoned  if  we 

(1992)  show  Araliales  connected  to  Caprifoliaceae  hope  to  achieve  a  truly  phylogenetic  system  ol 

sens,   str.,   Valerianaceae,   and   Dipsacaceae.   Al-  angiosperms  (Donoghue  &  Cantino,  1988).  Inpar- 
though  these  studies  include  more  taxa  outside  of  ticular,  the  genera  of  Caprifoliaceae  sens.  str.  are 

the  groups  of  immediate  concern  here,  they  also  more  closely  related  to  Valerianaceae  and  Dipsa- 
contain  fewer  potentially  close  relatives.  The  res-  caceae  than  they  are  to  Viburnum  and  Sambucus, 

olution  of  this  issue  requires  a  more  complete  sam-  and  Sambucus  (very  probably)  and  Viburnum  (with 
pie  of  relevant  taxa  as  well  as  additional  molecular 

and  morphological  evidence. 

It  is  important  to  recognize  that  all  three  of  the 
molecular  studies  suggest  that  Asteridae  in  their 
traditional  sense  are  not  monophyletic,  and  they 
im 

petaly  may  have  evolved  independently  in  Asterales      lat.  and  AraHales. 

less  certainty)  are  more  closely  related  to  Adoxa. 

The  smallest  monophyletic  group  that  would  in- 

clude the  genera  traditionally  assigned  to  Capn- 

foUaceae  would  also  include  the  rest  of  the  Uip^ 

sacales  (Valerianaceae,  Dipsacaceae,  an 

Adoxaceae),  and  possibly  also  the  Asterales  se
ns. 

Lamiidae connection 

been  lost  in  Araliales  and  possibly  Cornales.  Here,       Valerianaceae,  and  Dipsacaceae  should  be  formally 
the  ontogenetic  studies  of  Erbar  (1991)  are  of 
special  interest.  She  has  demonstrated  a  difference represented,  but  a  decision  on  the  best  way  to 

this  must  await  the  publication  of  the  morphologica between  "early  sympetaly"  (corolla  tube  initiated      resuhs  and  additional  molecular  analyses.  The  r6c 

sequence  data  are  still  too  limited  to  evaluate  prop-
 

erly the  morphological  hypothesis  that  Capnio^ 

before  petal  primord 

primor 

tribe 

nected  later),  which  largely  corresponds  with  major 

clades  of  Asteridae  implied  by  molecular  data.  In  Linnaeeae  more  closely  related  to  Valerianaceae 

particular,  early  sympetaly  is  found  in  Asterales  and  Dipsacaceae.  If  this  is  borne  out  by  further 

sens.  lat.  (including  Campanulales  and  Menyan-  studies,  it  may  be  best  to  merge  Caprifoliacea 
thaceae)  and  Dipsacales,  while  late  sympetaly  oc-  sens,  str.,  Valerianaceae,  and  Dipsacaceae  mto 
curs  in  virtuaUy  all  other  Asteridae  (i.e.,  in  La-  single  family. 

miidae   sensu   Takhtajan,    1987).    Rubiaceae,  Although  the  status  of  Caprifoliaceae  sens,  sir- 
Oleaceae^  and  several  Acanthaceae  are  exceptions 
to  this  correspondence  in  having  early  sympetaly. 
Unfortunately,  the  development  of  sympetaly  has 
not  vet  been  studied  in  Viburnum.  SamhuriK    nr 

is  still  uncertain,  Lonicera  and  Symphoricarpo 

seem  to  be  more  closely  related  than  one  nwg 

have  expected  based  on  previous  taxonomic  t 
ments  of  the  familv  f  see  discussion  above).  U  sn 
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be  noted,  however,  that  because  ovary  develop-      differentially  weighting  characters  or  character  state 
ment  in  Symphoricarpos  does  not  correspond  ex-      changes.  Our  main  phylogenetic  results  are  sup- 

Liimaeeae  (Wilk ported  by  changes  at  third  positions  within  codons; 

son,    1949),    its    exact    relationships    based    on      there  are  few  changes  at  first  and  second  positions 
uncertain and  these  show  considerable  conflict  with  one  an- 

Our  analyses  strongly  suggest  that  rbcl.  sequences  other.  We  see  no  reason  to  disregard  or  even  to 
of  representatives  of  additional  genera  of  Capri-  downweight  third  sites  in  this  case,  and  we  caution 
foliaceae  sens.  str.   would  be  very  valuable  and      against  a  priori  judgements  of  this  sort.  Likewise, 
might  result  in  tribal nments we  found  that  much  of  the  phylogenetic  structure 

The  close  relationship  between  Samhucus  and  resided  in  the  much  more  numerous  transition  sub- 

Adoxa  should  be  represented  in  the  phylogenetic  stitutions,  and  saw  no  evidence  that  transitions  were 
system,  perhaps  by  expanding  Adoxaceae.  This  has  less  reliable  than  trans  versions, 
been  suggested  based  on  morphological  evidence  Comparison  of  this  study  with  the  more  inclusive 
(Donoghue,  1983,  in  prep.),  but  these  data  have  rhch  analysis  of  Olmstead  et  al.  (1992)  raises  im- 

not  been  entirely  convincing,  owing  especially  to  portant  issues  concerning  the  eflfects  of  the  sam- 
the  extreme  modification/reduction  of  ̂ <ioxa.  The  pling  of  taxa  in  phylogenetic  studies.  The  smaller 

sample  considered  here  allows  a  much  more  de- 

tion  and  argue  against  alternative  hypotheses  that  tailed  examination  of  the  structure  in  the  data  set. 

Adoxa  may  be  related  to  Araliales  or  Saxifraga-  Exact  parsimony  solutions  can  be  obtained  using 
ceae.   Recently   described   Adoxaceae,   especially 
Sinadoxa,  must  be  evaluated,  as  should  additional  an  accurate  picture  of  the  rate  of  decay  of  clades, 

connec 

bound 

representatives  of  Sambucus,  Th 
information  will  be  esneciallv  rritica 

and  so  on.  Studies  using  randomized  data  sets  and 

tree-length  distributions  are  also  much  easier  to 

ing  the  nature  of  the  genetic  and  developmental      carry  out  with  smaller  data  sets.  Some  of  these 

changes  associated  with  morphological  shifts  in  the       sorts  of  analyses  can  be  extended  to  larger  analyses, 
evolution  of  Adoxa-like  plants. 

connec 

untfl 

and  we  hope  that  exploration  of  the  robustness  of 

clades  (beyond  the  use  of  the  bootstrap)  will  soon 

become  routine.  In  the  meantime,  it  is  difficult  to 

in  our  most  parsimonious  trees,  and  there  is  also  ascertain  the  reliability  of  the  results  of  the  larger 

some  morphological  support  for  this  arrangement.  analyses,  and  one  must  be  especially  cautious  in 

Although  the  evidence  is  not  overwhelming  in  either  drawing  evolutionary  conclusions  based  on  such 

case,  the  congruence  is  satisfying.  Viburnum  might  studies  (see  Maddison,  1991). 

l»e  placed  in  Adoxaceae  along  with  Sambucus  and  On  the  other  hand,  smaller  studies  are  subject 

           to  error  by  virtue  of  leaving  out  relevant  taxa 

dently  resolved  there  may  be  some  merit  in  placing  (Donoghue  et  al.,  1989;  Olmstead  et  al.,  1992). 

Viburnum  in  its  own  family,  the  Viburnaceae  (see  In  particular,  in  any  analysis  of  a  small  portion  of 

Dahlgren,  1980).  In  the  end,  the  assignment  of  Asteridae  (for  example)  one  may  not  discover  glob- 

ally more  parsimonious  solutions,  which  might  be- 

Our  results  are  encouraging  as  regards  the  qual-  come  apparent  with  the  addition  of  taxa  outside 

ity  of  rbcL  data.  Although  the  consistency  index  the  group  of  interest.  Of  course,  this  warning  ap- 

's  quite  low  for  a  data  set  of  this  size,  randomized  plies  to  larger  studies  as  well,  as  does  the  problem 

data  sets  and  tree-length  distributions  both  suggest  of  leaving  out  taxa  within  the  group  of  interest  that 

that  considerable  phylogenetic  information  is  pres-  might  have  an  important  impact  on  the  outcome, 

ent  m  the  data.  The  bootstrap  and  decay  analyses       If  the  sample  of  taxa  within  the  group  is  too  sparse, 

rank 

^ggest  that  this  signal  may  reflect  the  presence 
several  very  well  supported  clades:  especially 

he  connections  between  Lonicera  and  Symphori- 

carpos^ between  these  genera  and  Valeriana  and 
Y^psacus,   and  between  Sambucus   and  Adoxa. 

connections 

errors  might  arise  by  virtue  of  highly  divergent 

branches  "attracting"  one  another  due  to  the  chance 

accumulation  of  mutations  (see  Felsenstein,  1978). 

Increasing  the  sample  of  taxa  might  effectively 

"shorten"  such  long  branches,  thereby  decreasing 

the  likelihood  of  such  errors.  This  sort  of  consid- 

s^pported  and  decay  with  the  addition  of  only  a       eration  could  perhaps  be  translated  mto  a  scheme 

smgle  step.  OveraU,  these  results  are  especially      for  selecting  a  set  of  taxa  in  the  first  place. 

encouraging  with  respect  to  potential  resolution  of  In  our  analysis  there  is  a  better  representation th 

relationships  of  dipsacalean  taxa  using  rbcL ^quences. 

bear 

»bably 

our  study  to  reflect  more  accurately  relationships 

among  Dipsacales  than  the  broader  analysis  of  01m- 



344 Annals  of  the 
Missouri  Botanical  Garden 

stead  et  al.  (1992).  On  the  other  hand,  our  rep-      Candolle 
resentation  of  other  major  lines  is  much  poorer 

1830.     Caprifoliaceae.  In:  Prod 

Ohnstead 

faQure  to  achieve  any  clearer  picture  of  the  broader 
lim 

ited  sample  of  taxa  aside  from  Dipsacales,  rather 

than  any  fundamental  problem  with  the  use  of  rbch 

romus  4:  321-340. 
Cronquist,  a.     1981.    An  Integrated  System  of  Classi- 

fication of  the  Angiosperms.  Columbia  Univ.  Press, 
New  York. 

  .     1988,     The  Evolution  and  Classification  of 
Flowering  Plants,  2nd  edition.  New  York  Botanical 
Garden,  Bronx. 

angiosperms  to  be  used  to  demonstrate  the  distri 
bution  of  characters.  Bot.  Not.  128:  119-147. 

1980.     A  revised  system  of  classification  of 

sequences  in  addressing  the  more  inclusive  phy-      ̂ ^"lgren,  R.     1975     A  system  of  classification  of  the 

logenetic  questions. 

The  congruence  between  molecular  and  mor-      — 

phological  evidence  on  the  phylogeny  of  Dipsacales 
is  gratifying,  if  not  very  surprising  (Donoghue  & 
Sanderson,  1992).  As  is  often  the  case,  it  is  clear 

-f 

that  the  different  data  sets  provide  consistent  re-      Doi 
suits,  but  that  the  results  show  different  levels  of 

resolution.  For  example,  in  our  rbcL  analysis  the 
position  of  Valeriana  is  unresolved,  whereas  sev-      ^^  »,  t     .^^^     r,,,       ,    ,  .       ,    ■      i- 
^..o]  ™       I.  1     •     1     u         .        T   1    ̂ r  1     .  DoNOGHUE,  M.  J.    1983.    The  phvloeenetic  relationships 
eral  morphological  characters  Imk  Valenanaceae  n^  Vih.m.r.   Pn    ia^-i/^/.n  t  Pl.tni.V  ̂   V. 

the  angiosperms.  Bot.  J.  Linn.  Soc.  80:  91-124. 
  .     1983.    General  aspects  of  angiosperm  evolu- 

tion and  macrosystematics.  Nordic  J.  Bot.  3:  119- 149. 

BLEY,  J.,  M.  DURBIN,  E.  M.  GOLENBERG,  M.  T.  ClEGG 

&  D.  P.  Ma.  1990.  Evolutionary  analysis  of  the 
large  subunit  of  carboxylase  {rbcL)  sequence  among 

the  grasses  (Gramineae).  Evolution  43:  1137-1156. 

with  Dipsacaceae.  On  the  other  hand,  rbcL  se- 

quences strongly  connect  Symphoricarpos  with 
Lonicera,  whereas  the  relationships  of  these  genera 
are  not  clearly  resolved  in  morphological  analyses 
(Donoghue,  in  prep.).  Under  these  circumstances 
it  will  be  especialy  valuable  to  combine  data  sets, 
so  that  all  of  the  evidence  can  be  considered  at 

once  (Barrett  et  al.,  1991;  Donoghue  &  Sanderson, 
1992), 

of  Viburnum,  Pp.  143-166  in  N.  1.  Platnick  &  V. 
A.  Funk  (editors),  Advances  in  Cladistics,  Volume  2. 
Columbia  Univ.  Press,  New  York. 

1985.  Pollen  diversity  and  exine  evolution  in 

Viburnum  and  the  Caprifoliaceae  sensu  lato.  J.  Ar- nold Arbor.  66:  421-469. 

   &  P.  D.  Cantino.     1984.    The  logic  and  limi- 
tations of  the  outgroup  substitution  approach  to  cla- 

distic  analysis.  Syst.  Bot.  9:  192-202. 

  &   .     1988.    Paraphyly,  ancestors,  and 
the  goals  of  taxonomy:  a  botanical  defense  of  cladism. Bot 
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Abstract 

Phylogenetic  relationships  among  42  species  of  Solanaceae  representing  12  of  the  14  currently  recognized  tribes 
were  assessed  by  chloroplast  DNA  restriction  site  mapping.  Over  1,000  cleavage  sites  were  identified  for  10  restriction 
enzymes  and  of  these,  447  provided  information  concerning  relationships  among  the  included  taxa  and  the  outgroup, 
Ipomoea  (Convolvulaceae).  The  results  establish  that  subfamily  Cestroideae  is  ancestral  in  the  family  and  is  paraphyletic, 
and  that  the  subfamily  Solanoideae  is  derived  from  within  the  Cestroideae  and  is  monophyletic,  if  it  is  circumscribed 
to  mclude  Nolnna.  The  tribe  Salpiglossideae,  characterized  by  floral  zygomorphy  and  reduction  in  stamen  number, 
is  probably  polyphyletic  and  hence  artificial.  An  analysis  of  character  evolution  in  the  family  suggests  that  the  tribe 
Nicotianeae  retains  the  most  primitive  morphological  characters  of  any  tribe  in  the  family  and  helps  to  explain  the 
disjoint  position  of  members  of  the  tribe  in  two  distinct  lineages  in  the  Cestroideae.  The  chromosome  base  number  x 
^  12  unites  the  Solanoideae  with  the  Anthocercideae  and  Nicotiana,  The  worldwide  distribution  of  the  Solanoideae 
versus  the  almost  exclusively  New  World  distribution  of  the  Cestroideae  argues  for  a  predominantly  long-distance 
dispersal,  rather  than  a  vicariance  explanation  of  biogeographic  distributions  in  the  family.  The  morphologically 
distmctive  genus  Schizanthus  is  the  earliest  diverging  lineage  in  the  family.  Tribal  relationships  within  the  Solanoideae 
remam  poorly  resolved  and  await  more  detailed  study. 

Wettst 

The  Solanaceae  are  one  of  the  most  important  subfamUies,  the  Solanoideae,  with  curved  embryos 
families  of  flowering  plants  economically,  floristi-  contained  in  flattened  discoid  seeds,  and  the  Ces- 
cally  (particularly  in  the  New  World),  ethnobotan-  toideae,  with  straight  or  slightly  bent  embryos  in 
ically,  and   scientifically  (as   a   model  system   for  prismatic  to  subglobose  seeds.  The  unusual  genus 
research).  The  great  amount  of  systematic  and  Nolana,  from  the  dry  coastal  region  of  Chile  and 
biological  interest  in  the  famUy  is  attested  to  by  Peru,  has  been  included  in  the  Solanaceae  in  the 
three  recent  symposium  volumes  dedicated  to  the  subfamily    Nolanoideae    by    Thorne    (1968)   and 

?^'f"^''™^  (Hawkes  et  al.,  1979,  1991;  D'Arcy,  D'Arcy  (1979),  whereas  others  have  preferred  its 
in  segregation  at  the  family  level  (Hunziker,  1979; 

(1895)   has   recently   been   revised   by    Hunziker  Cronquist,  1981;  Mesa,  1986;  Takhtajan,  1987). 
(1979),  who  presented  a  detailed  classification  of  Tetenyi  (1987),  on  the  basis  of  secondary  chem- 
South  American  members  of  the  family,  and  by  istry,  has  proposed  two  new  subfamilies,  the  Antho- 

D'Arcy    (1979),    who    incorporated    Hunziker's  cercidoideae  (consisting  solely  of  the  Anthocerci- changes  into  a  conspectus  for  the  entire  famUy.  deae)  and  the  Atropoideae  (consisting  of  Atropa, 
However,  at  the  generic  level  and  above,  there  has  Mandragora,  and  the  tribe  Hyoscyameae).  Recent 
been  little  speculation  on  phylogenetic   relation-  taxonomic  revisions  and  biosystematic  studies  on 
ships,  apart  from  assignment  to  tribes  and  subfam-  many  groups  have  improved  generic,  tribal,  and 
ilies,  and  no  rigorous  phylogenetic  analysis  encom-  subfamilial  circumscriptions  (reviewed  in  D'Arcy, passing  a  broad  representation  of  the  family.  1979,  1991). 

er,  The  Solanoideae  have  been  viewed  traditionally 

1979;  D'Arcy,  1979,  1991)  recognize  two  main      as  the  primitive  subfamUy  (Murray,  1945;  D'Arcy, 

unzi 
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( 

1979,  1991;  Armstrong,  1986),  with  the  diver-  trophoresed  in  agarose  gels,  and  transferred  bidi- 

gence  of  the  Cestroideae  occurring  early  within  its  rectionally  to  nylon  filters  (Zetabind  by  Cuno)  fol- 
diversification.  The  Nolanoideae  are  proposed  to  lowing  the  procedure  in  Palmer  et  al.  (1988),  with 

be  derived  from  the  Solanoideae  (Johnston,  1936;  the  following  modification.  The  number  of  restric- 

D'Arcy,  1991),  although  a  similarity  in  floral  anat-  tion  sites  for  each  enzyme  was  determined  from 
omy  has  been  noted  between  Nolana  and  the  Ces-  the  complete  sequence  of  the  Nicotiana  tabacum 

troideae  (Armstrong,  1986).  The  Cestroideae  are  chloroplast  genome  (Shinozaki  et  al.,   1986)  and 

more  heterogenous  in  floral  morphology,  with  plants  was  used  as  an  index  to  rank  the  10  enzymes  by 

in  the  tribe  Salpiglossideae  exhibiting  bilateral  sym-  the  number  of  expected  fragments.  FoUowing  this 

metry  and  reduction  in  stamen  number.  The  Sal-  index,  restriction  fragments  were  separated  in  aga- 

piglossideae  have  been  elevated   to  the  rank  of  rosegelsofdifi"erent  concentration  as  follows:  1.2% 
family  (Hutchinson,  1969),  or,  alternatively,  crit-  agarose,  Eco  RV  (35  sites  in  the  entire  tobacco 

icized  as  an  artificial  group  (D'Arcy,  1978).  genome,  scoring  the  inverted  repeat  only  once)  and 
Several  genera  of  the  Solanaceae  were  the  sub-  Hind  III  (32  sites);  1.4%,  Bam  HI  (39  sites)  and 

jects  of  early  attempts  to  reconstruct  phylogeny  Xba  1  (48  sites);  1.6%,  Bel  I  (53  sites),  Bgl  II  (59 

by  assessing  chloroplast  DNA  (cpDNA)  restriction  sites),  and  Cla  I  (58  sites);  1.8%,  Eco  01091  (66 

site  variation  {Lycopersicon,   Palmer   &    Zamir,  sites);  and  2.0%,  Ban  II  (74  sites)  and  Eco  Rl  (96 

1982;  Nicotiana,  Kung  et  aL,   1982;  Solarium  sites).  This  approach  enables  better  resolution  of 

sect.  Tuberosum,  Hosaka  et  al.,  1984).  Species-  small  fragments  by  using  higher  concentration  aga- 

level  studies  currently  in  progress  within  the  family  rose  gels  for  those  enzymes  that  cut  cpDNA  fre- 

(Capsicum,  Mitchell  et  al.,  1989;  Jaltomata,  T.  quently,  and  of  large  fragments  by  using  lower 

Mione  et  aL,  pers.  comm.;  Nicotiana,  Olmstead  concentration  gels  for  those  enzymes  that  cut  less 

et  al.,  1990;  and  Solanum,  D.  Spooner  et  al.,  pers.  frequently.  A  set  of  40  hybridization  probes  (Table 

comm.)  are  being  coordinated  so  that  the  results  2,  Fig.   1),  constructed  by  subcloning  from  a  set 

can  be  integrated  with  each  other  and  with  higher-  of  parent  clones  of  the  entire  chloroplast  genome 

level  analyses.  of  tobacco  provided  by  M.  Sugiura  (Sugiura  et  al.. 

The  scope  of  our  research  in  the  Solanaceae  is  1986),  was  used  to  construct  complete  restriction 

a  broad  survey  of  cpDNA  restriction  site  variation  site  maps  for  aU  43  species  for  all  10  enzymes, 

with  the  goal  of  attaining  a  framework  phylogeny  These  probes  were  radioactively  labeled  by  nick- 

of  the  famny.  This  can  then  be  used  as  a  working  translation  and  sequentiaUy  hybridized  in  20  rounds 

hypothesis  of  sister-group  relationships  at  the  ge-  to  the  two  sets  of  replica  filters.  The  comparative 

neric  level  for  detailed  species-level  studies  within  restriction  site  mapping  was  aided  by  the  computer 

the  famUy,  and  as  the  basis  for  hypotheses  of  char-  generation  of  essentially  perfect  maps  for  each 

acter  evolution,  thereby  enabling  research  on  the  enzyme  for  tobacco  based  on  its  completely  known 

evolution  of  phenotypic  traits  to  focus  more  prof-  sequence  (Shinozaki  et  al.,  1986)  and  by  including 

itably  on  specific  problems.  The  resuhs  presented  one  lane  of  tobacco  cpDNA  on  each  filter  for  a 

here  will  address  questions  concerning  relationships  hybridization  standard. 

among  subfamilies  and  basal  lineages  within  the Phylogenetic   analyses   were    performed    using 

family  and  the  implications  for  character  evolution      PAUP  version  3.0  (Swofford,  1989)  on  a  Macin- at  that  level. 

Materi ALs  AND  Methods 

"lant  material  of  42  species  of  Solanaceae,  rep- 
J^enting  1 2  of  the  14  currently  recognized  tribes 
(L)  Arcy,  1991),  and  the  outgroup,  Ipomoea  (Con- 
volvulaceae),  were  obtained  from  various  sources 

Uable  1),  either  as  seed  (grown  in  the  greenhouse 
at  Matthaei  Botanical  Gardens,  University  of  Mich- 

igan), or  as  fresh  leaf  material. 

mod 
^TAB  technique 

lum 

hromide  gradient  centrifugation.  The  DNAs  were 
digested  with  each  of  10  restriction  enzymes,  elec- 

Several  analyses  were  conducted 

in  an  effort  to  examine  (1)  the  statistical  support 

for  monophyletic  groups  identified  by  the  most 

parsimonious  tree;  (2)  ahernative  trees  suggested 

by  conventional  classifications;  and  (3)  the  effect 

of  different  assumptions  concerning  the  probability 

of  gain  versus  loss  of  restriction  sites  on  the  out- 

come of  the  phylogenetic  analysis.  Several  pro- 

spective outgroups  were  included  in  the  restriction 

site  mapping  study,  but  only  the  Convolvulaceae 

were  actually  used  as  the  outgroup.  This  is  because 

our  concurrent  analysis  of  family  relationships  in 

the  Asteridae  using  rbcL  sequences  clearly  iden- 

tified the  Convolvulaceae  as  the  sister  group  to  the 

Solanaceae  (Olmstead  et  al.,  1992)  and  because *u^   *^^*   ^f  (u»/iii#>nrA  divercence  Lclwecn  the 
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Table  1.      Sources  of  plants  for  cpDNA  study  of  Solanaceae. 

Species 
Sol anaceae 

Cestroideae 

Anthocercideae 

1.  Anthocercis  viscosa 

2.  Cyphanthera  anthocercidea 
3.  Duboisia  myoporoides 
4.  Grammosolen  dixonii 

Cestreae 
5.  Ceslrum  nocturnum 

6.  Veslia  lyciodes 
Nicotianeae 

7.  Fabiana  imbricata 
8.  Nicotinna  tabacum 
9.  Petunia  axillaris 

Salpiglossideae 
10.  Browallia  speciosa 
11.  Brunfvhia  americana 
12.  Salpiglossis  sinuata 

13.  Schizanllius  pinnatus 
1 4.  Streptosolcn  ja/nesii 

Solanoideae 
Datureae 

15.  Brugmansia  sanguinea 
16.  Datura  stramonium 

Hyoscyameae 
17.  Hyoscyamus  albus 
Juanulloeae 

18.  Dyssochroma  viridijlora 
19.  Hawkesiophyton  panamensis 
20.  Juanulloa  aurantiaca 

Lycieae 
21.  Grabowskia  duplLcata 
22.  Lycium  cestroides 
Nicandreae 

23.  Nicandra  physaloides 
Solaudreae 

24.  Solandra  grandijlora 
Solaneae 

25.  Atropa  bdladona 
26.  Capsicum  baccatum 
27.  Chamaesaracha  roronopus 
28.  Cyphomandra  betacea 
29.  Exodpconus  miersii 
30.  JaUomnta  eduHs 

31.  Lycianthes  lycioides 
32.  Lyropcrsicon  esculcntum 
33. 

# 

34.  Margnranlhus  iolanuccous 
35.  Physalis  alkckcngi 
36.  Saracha  spinosa 
37.  Solanuin  carulinciise 
38.  Solanuin  luleoulbum 
39.  Solanum  ainericanum 
40.  Solanum  candidum 

41.  Wilhaiiin  coagidans 

Source' 

Symon 

Symon 

Symon 

Symon 
Matthaei 

Lester 

UCSB 
Matthaei 

Lester 

Lester 

Matthaei 

Lester 
Lester 

JBB 

JBB 
Olmstead 

Lester 

Brown 

Lester 

Lest 
er 

er Lest 
Lester 

BealBG 

Matthaei 

mer 

Lester 
Eshbaugh 

Turner 

Bohs 
Lester 

BealBG 

JBB 

Pal 

Lester 

Lester 

D'Arcy 

UCB 
Lester 

■hs 

Obnstead Lester 
Lester 

Voucher  information'' 

DES  14835 

DES  14836 

DES  14832 
DES  14833 

21314 

BIRM/S.OIOS 

81342 

no  voucher 

BmM/S.0367 

BIRM/S.0416 
840215 

BIRM/S.0181 

B1RM/S.0224 

RGO  S- 1 06 

RGO  S-7 
RGO  S-16 

BIRM/S.1218 

s.n. 

BIRM/S.1462 

BIRM/S.0411 

BIRM/S.0258 

BIRM/S.0368 

RGO  S-38 

840415 

BIRM/S.0078 WHE  1584 
BLT  15854 

Nee  30359 

BIRM/S.1223 

RGO  S-24 
RGO  S-87 no  voucher 

BIRM/S.0672 

BIRM/S.0610 
WGD  17707 
75.0784 

BIRM/S.1816 

BIRM/S.0042 

RGO  S-94 
BIRM/S.0975 

BIRM/S.0678 

i 



Volume  79,  Number  2 
1992 

Olmstead  &  Palmer 

cpDNA  Phylogeny  of  Solanaceae 

349 

t 

Table  1.     Continued. 

Species 

Source* 
Voucher  information'' 

Nolanoideae 

42.  Nolana  spathulata 
Convolvulaceae 

43.  Ipomoea  coccinea 

Dillon MOD  3767 

BealBG RGO  s.n 

BealBG 
-  Beal  Botanical  Garden,  Michigan  State  University,  Bohs 

-  William  G.  D'Arcy,  Dillon  =  Michael  O.  Dillon,  Eshbaugh Bogota,  Lester  = 

Lyn  Bohs,  Brown 

-  Jeffrey  D.  Palmer,  Symon Botanical  Garden,  UCSB 

Richard  N.  Lester,  Matthaei 

Keith  S.  Brown,  D'Arcy ^  Jardin  Botanico  de =  W.  Hardy  Eshbaugh,  JBB 
Matthaei  Botanic  Garden,  Olmstead  =  Richard  G.  Olmstead.  Palmer 

David  E.  Symon,  Turner  =  B.  L.  Turner,  UCB 

Berkeley 

Symon,  Hawlces  =  J.  G.  Hawk 
—  University  of  California,  Santa  Barbara,  greenhouse. 

-^Numbers  preceded  by  initials  or  name  indicate  collector  (BLT  =  Turner,  DES  = 
MOD  -  Dillon,  Nee  =  Michael  Nee,  RGO  -  Olmstead,  WGD  =  D'Arcy,  WHE  =  Eshbaugh)  and  collection  number. 
Material  provided  by  Richard  N.  Lester  bears  the  accession  number  of  the  University  of  Birmingham  Solanaceae 
ojection.  All  other  numbers  are  accession  numbers  for  living  collections  at  botanical  gardens. 

Solanaceae  and  the  more  distantly  related  out-  data  for  those  taxa.  The  five  shared  length  variants 
groups  precluded  effective  comparative  mapping  are  all  implied  to  be  deletions  by  the  results  of  the 
01  large  portions  of  their  genomes,  phylogenetic  analysis  (Fig.   2).   Four  of  the   five 

variants  represent  unique  events;  the  fifth  deletion 
l*r«>ULTS  ie     innr^li**!-!     \r\     hav^i     r»r*^iirr*»n     in     nar^ll**]     rm     four 

A  total  of  1,074  different  restriction  sites separate  occasions  (Fig,  2).  Numerous  smaller  in- 

identified  "among  'the"iT  tlxa  Tncluded"  OfTheTe!  -■^--/deletions  (<  100  bp)  were  detected,  
but 

194  sues  (18.1%)  were  invariant,  433  (40.3%)      "«*  "'^PPf : 

^ere  present  or  absent  in  all  but  one  species,  and 
eretore  did  not  provide  information  concerning 

relationships  among  taxa,  and  447  (41.6%)  were 
phylogenetically  informative  (a  complete  data  ma- 

J^  IS  avaUable  upon  request  from  R.  Olmstead). distribution  of  informative  restriction  sites  was 

nonrandom.  The  inverted  repeat  portion  of  the 
genome,  which  accounts  for  approximately  20% 
•*»  the  genome  complexity,  accounts  for  44%  of 
the  invariant  sites  and  only  6%  of  the  phyloge- neticaUy  informative  sites.  Thi 

The    phylogenetic    analysis    conducted    using 

Wag 

parsimo 
nious  trees  with  a  length  of  1 ,227  and  a  consistency 

index  of  0-36 and 

IS  extreme  conser- 

including  autapomorphies  (Kluge  &  Farris,  1969), 
from  which  a  strict  consensus  tree  was  constructed 

(Fig.  2).  A  bootstrap  analysis  (Felsenstein,  1985) 

was  conducted  with  100  rcplicationij  to  provide  a 

measure  of  support  for  the  monophyletic  groups 

identified  in  the  consensus  tree  (Fig.  2).  The  boot- 

entirely 

nation  of  restriction  sites  in  the  inverted  repeat  is      strap  majority   rule  consensus   tree 
^  accord  with  results  from  studies  of  nucleotide       congruent  with  the  consensus  tree  from  the  Wag- 

»«quence  evolution  (Wolfe  et  ah,  1987)  and  sug-       ner  parsimony  analysis. 

g^sts  that  comparative  restriction-site  mapping  of 
e  inverted  repeat  can  be  applied  to  problems  at 

greater  phylogenetic  depth  than  the  genome  as  a      port 
^f'ole  (Downie  &  Pahner,  1992). 

Figure  3  shows  one  of  the  45  most  parsirnouiuus 

trees  to  illustrate  the  distribution  of  character  sup- 

F 
ee.  Both  trees  (F 

phyletic  Cestroid Solanuidcae.  The 
ourteen  restriction-fragment  length   variants,  an  ancestral,  par; 

^presenting  probable  insertions  and  deletions  rang-  rived  monophyletic 

"^  in  size  from  150  to  700  base  pairs,  were  mapped.  consists  of  the  morphologically  divergent  genua 

*'veof  these  length  variants  are  shared  by  two  or  Schizanthus,   while   the   rest  of  the   Cestroirlrae 

'^^x-e  taxa.  The  length  variants  were  not  used  di-  comprise  three  distinct  lineages.  The  "' 

^"y  in  the  phylogenetic  analysis,  but  extremely  are  split  among  twr  "'■*^-  j.^..««#      .♦ 

accurate  mapping,  made  possible  by  reference  to  with  JSirotiana  forming  a  clade  with  the  Australian 

cestroid 

the 

completely  sequenced  tobacco  genome,  enabled 
^  Identification  of  restriction  sites  whose  presence 
Amence  was  the  product  of  the  insertion 

be 

Brunfi 

Meuibem 

►*"*-
 

ideae  are 

'i^n,  and  those  sites  were  scored  as  missing      found  on  three  of  the  four  lineagr*  of  Cc 

M   

■
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Figure  1.  Linear  map  of  Nicotiana  tabacum  cpDNA  (modified  from  Shinozaki  et  al.,  1986).  The  inverted  repeat 
is  indicated  by  the  heavy  line.  SolClone  Top40  clone  bank  fragments  are  indicated  by  number  (Table  2)  below  the 

line  and  size  in  kb  above  the  line.  Fragments  indicated  by  "x"  are  not  included  in  the  clone  bank.  SolClone  #1  spans 
the  junction  between  the  large  single  copy  region  and  inverted  repeat;  the  portions  belonging  to  each  are  indicated 
by  an  asterisk. 

represented  on  both   trees,   supportmg   D'Arcy's      by  the  global  analysis.  This  tree  (Fig.  4)  suggests 
(1978)  suggestion  that  the  tribe  is  artificial. 

a  basal  branch  of  the  Solanoideae  comprising  Exo- 
The  major  unresolved  portion  of  the  consensus  deconus  and  Nicandra.  The  rest  of  the  taxa  form 

tree  falls  exactly  at  the  point  of  divergence  of  the  two  main  clades.  One  clade  consists  of  the  Datureae 

Solanoideae.  Several  lineages  within  the  Solanoide-  and  most  of  the  Solaneae  (as  in  the  global  analysis). 

ae  correspond  to  currently  recognized  tribes,  in-  The  other  clade  consists  of  two  groups,  the  Solan- 
eluding  the  Lycieae,  Datureae,  and  Juanulloeae,  dreae,  JuanuUoeae,  and  Mandragora  in  one  and 

The  large  tribe  Solaneae  appears  not  to  be  a  mono-  the  Hyoscyameae,  Lycieae,  Atropa,  and  Nolana 
phyletic  group.  Three  genera  placed  in  the  Sola-  in  the  other. 

Mandrago 

The  second  approach  to  increasing  resolution 

implemented  using  the  Stepmatrix  option  of  PAUr 

pa,    and    Exodeconus,    fall    outside    the    clade  involved  varying  the  assumptions  concerning  evo 
containing  most  of  the  representatives  of  the  tribe,  lution  of  restriction  sites,  specifically  that  there 

whereas  the  Datureae  fall  within  that  clade.  Nolana  exists  a  greater  probability  of  loss  than  of  gain  of 
(Nolanaceae  or  Nolanoideae)  branches  within  the  any  one  restriction  site.  Asymmetric  weighting  wa^ 
Solanoideae,  closest  to  the  tribe  Lycieae. 

A  further  analysis  was  performed  to  test  the  with  weights  for  gain :  loss  of  1.3:  1.0  as  recom- 
strength  of  the  result  that  the  Nicotianeae  are  split  mended  by  Albert  et  al.  (1991).  The  single  shortest 
between  two  distinct  cestroid  lineages  by  imposing  tree  from  this  analysis  (Fig.  5)  is  congruent  with 
the  constraint  that  the  Nicotianeae  plus  Anthocer-  one  of  the  three  trees  found  using  the  functional 

cideae  form  a  monophyletic  group.  Including  the  outgroup  approach,  except  that  the  clade  com- 
Anthocercideae  in  the  constraint  provided  a  more  prising  the  Hyoscyameae,  Lycieae,  Atropa,  and 
liberal  test  than  that  of  strict  monophyly  for  the  Nolana  groups  with  the  Solaneae  in  the  weighted 

Nicotianeae,  yet  the  shortest  tree  (not  shown)  was  analysis  rather  than  with  the  Solandreae,  Juanul- 
still  16  steps  longer  than  the  most  parsimonious  loeae,  and  Mandragora. tree. 

Relationships  among  a  larger  number  of  taxa  in 
Sol Discussion 

CESTROIDEAE rently  in  progress,  but  two  steps  were  taken  in  the 
current  study  to  try  to  increase  resolution  within 
the  Solanoideae.  First,  to  reduce  the  amoimt  of 

homoplasy  that  inevitably  arises  among  distantly 

related  taxa,  the  cestroid  lineage  closest  to  the      of  Solanaceae.  Traditional  views  of  the  family  have 

in  as  a  functional      considered  the  Solanoideae  as  ancestral  based  o 

It  is  clear  from  the  phylogenetic  analysis  (r>g- 

ubfam 

Solanoideae 

(Watrous  &  Wheeler 
mber 

assumptions 

primitive 

"  to  "speci 

ialized 

consensus bee 

produced angiosperms 

analysis  (Fig.  2),  but  completely  resolves  the  poly-       reversals  in  these  "trends"  may  characterize  par- 
chotomy  at  the  base  of  tlie  Solanoideae  produced      ticular  groups,  as  is  apparent  from  this  analysis  ifl 
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Table  2.      SolClone  Top40  clone  bank*  constructed  from  Nicotiana  tabacum  cpDNA. 

Subcl one 
Size  (kb) 

Coordinates' 

Vect 
or 

I 

r 

1. 
2. 
3. 
4. 

5. 
6. 
7. 

8. 
9a. 

10. 
11. 
12. 
13. 

14. 
15. 
16. 
17. 
18. 
19. 

20a. 
20b. 
21. 
22. 

23. 

24. 
25. 

26. 
27. 
28. 

29a. 
29b. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 

Bam  8— BamHI-Spel(Xbal) 
Bam  8— SpeI(XbaI)-BamHI 
Bam  15 
Bam  10a 

Bam  4— BamHI-SacI 
Bam  4 — SacI-SacI 
Bam  4— SacI-BamHI 
Bam  13 
Bam  12a 
Bam  25 
Bam  10b 
Bam  19 
Bam  9a 
Bam  9b 
Bam  16 

Bam  3— BamHI-SacI 
Bam  3— Sacl-Sall 
Bam  3— Sall-BamHI 
Bam  17 
Bam  18 
Bam  22c 
Bam  20 
Bam  12b 

Bam  1— BamHI-SacI 
Bam  1— Sacl-Sall 
Bam  1— Sall-EcoRV 
Bam  1— EcoRV-SacI 
Bam  1— Sacl-Bglll 
Bam  1— Bglll-BamHI 
Bam  7— BamHI-PstI 
Bam  23b 
Bam  24b 
Bam  14b 
Bam  6b 
Bam  22b 
Bam  lib 

Bam  5b— BamHI-Nhel(Xbal) 
Bam  5b— NheI(XbaI)-BamHI Bam  21 

Bam  2— BamHI-XhoI 
Bam  2— XhoI-PstI 
Bam  2— Pstl-SacI 
Bam  2— SacI-BamHI 

2.517 
2.273 
2.868 
3.619 

2.370 
3.361 
3.276 

3.005 

3.182 
1.063 
3.629 

2.098 
4.537 
4.465 

2.506 
4.237 

2.134 
3.766 

2.322 
2.126 
1.258 

1.349 
3.251 
3.028 

3.646 

3.394 

3.208 
3.174 
3.258 

2.365 

1.190 
1.112 
2.949 

5.164 
1.226 
3.269 

2.335 
4.732 
1.189 

5.485 

5.072 
3.764 

3.160 

153746-419 
419-2692 

2832-5700 
6149-9768 
9935-12305 
12305-15666 

15666-18942 
18942-21947 
21947-25128 
25128  26191 

26191-29820 
29820-31918 
31918-36455 

36455-40920 
40920-43426 
43426-47699 
47699-49833 

49833-53599 

53599-55921 
55921-58047 
58047-59305 

59305-60654 

60850-64101 
64101-67129 
67129-70773 

70773-74167 

74167-77375 
77375-80549 

80549-83807 
83807  86172 
88991-90181 

90181-91293 

91293-94242 
94562-99726 
99726-100952 

101532-104801 
104801-107136 

107136-111868 

111924-113113 

113119-118604 
118604-123676 

123676-127440 
127440   130600 

pTZ19R 
pTZ 1 9R 

pTZ19R 

pTZ19R 

pTZ19R 

BSsk+ 

pTZ19R 

pTZ 1 9R 

BS5k+ 
BSsk  + 

pTZ19R 

BSsk+ 

pBR322 

BSsk  + 

pTZ 1 9R 
BSsk  + 
BSsk  + 
BSsk  + 

pTZ19R 
pTZ19R 
pTZ 1 9R 

pTZ 1 9R 

pTZ 1 9R 

pTZ 1 9R 

pTZ19R 
BSsk+ 
BSsk+ BSsk+ 
BSsk  + 

pTZ19R 
pTZ 1 9R 

pTZ 1 9R 

pTZ 1 9R 
pBR322 

pTZ 1 9R 
pTZ19R 
BSsk  + 
BSsk  + 

pTZ19R 
BS.sl<  + BSsk  + 

BSsk  + 
BSsk  + 

^Ihese  clones  may  be  obtained  by  writing  to  J.  Palmer. 
i»ubclones  are  derived  from  parent  clones  provided  by  M.  Sugiura  (Sugiura  et  al..  1986)  and  are  either  Bamlll 

<^'ones  or  subclones  derived  frorn  BamHI  clones  as  noted.  CpDNA  restriction  sites  not  found  in  the  mult.ple-clon.ng 

Region  of  vectors  pTZl9R  and  BSsk-l-  are  cloned  into  sites  noted  in  parentheses.  Each  set  of  paired  subclones  (9a +  b. 

^"a+b,  and  29a +  b)  is  intended  to  be  used  as  a  single  hybridization  probe.  The  one  large  gap  m  coordinate  coverage 

l^tween  clones  28  and  29a)  represents  one  end  of  the  large  inverted  repeat  and  is  covered  by  clone  1  Ten  smaller 

Raps,  nine  of  which  are  shown  in  Figure  1 ,  totaling  264 1  bp  in  size,  are  not  covered  by  this  clone  bank. '-^ordinates  for  tTip  Nifntinnn  tnhnftim  rnDIHK  senuence  are  those 
^^  plasmids  are  ampicillin-resistant. 
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Figure  2.  Strict  consensus  of  45  equally  parsimonious  trees  derived  from  the  Wagner  parsimony  analysi^  ̂ 
447  informative  restriction  sites  in  the  Solanaceae.  The  percentage  of  bootstrap  replicates  supporting  each  cia  e^ 
indicated  along  the  internode  for  that  clade.  Tribal  and  subfamilial  designations  follow  D'Arcy  (1991).  Solid  ̂ "^"|^^ 
indicate  groups  with  strictly  Old  World  or  Australian  native  distributions.  Open  triangles  indicate  groups  with  ̂ ^ 
World  and  Old  World  native  distributions.  All  others  are  New  World  only.  Note  that  not  all  Solanoideae  taxa  ̂  
New/Old  World  distributions  are  included  in  this  analysis.  Rectangles  indicate  mapped  deletions,  which  were  not  u^^ 
to  infer  phylogeny;  solid  rectangles  indicate  unique  deletions,  and  open  rectangles  indicate  homoplastic  occurren of  one  deletion  (see  text). 
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of  the  Solanaceae  (length  =  1227»  CI xcluding 

Restriction  site  changes  supporting  each  clade  is  indicated.  Terminal  branch  lengths 
•"Pl'ed  homoplasies 

-  0.36, 

is  1660.  Number  of 

autapomorphies  
and 

Sol 
be tribes 

«^«us  phylogenetic  analysis.  Four  of  the  five  rec-      Anthocercideae,  corresporid  to  clades 
 on  the  tree 

agnized  tribes  of  r^.trn;^...  ...  r.nr..«ntpd  in  the      whereas  the  two  other  tribes,  Salpiglossideae  and 

Nicotianeae,  do  not.  The  Salpiglo.s.sideac,  cha
rac- 

terized by  their  zygomorphic  floral  symmetry,  are 

analysis.  Material  of  the  fifth  tribe,  Schwenckieae, 
*«»  not  available  at  the  time  of  this  study.  The 
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loomoea Figures  4,  5.-4.  Strict  consensus  of  three  equally  parsimonious  Wagner  trees  of  the  subfamily  Solanoideae  us^ ̂S 

its  sister  clade  comprised  of  Nicotiana  and  the  Anthocercideae  as  a  functional  outgroup  (length  =  629,  CI  -  ̂   ' 
excludmg  autapomorphies).  Total  tree  length,  including  249  autapomorphies,  is  878.  Number  of  restriction  site  char^^ 
supporting  each  clade  is  indicated.  Terminal  branch  lengths  include  autapomorphies  and  implied  homoplasies- 
branch  lengths  for  the  three  alternate  topologies  are  indicated  by  a  range  of  values.  The  percentage  of  ̂?^^^/^ 
replicates  supporting  each  clade  is  bdicated  beneath  the  internode  for  that  clade.  — 5.  The  single  most  P^^!^^^^^ 
tree  resulting  from  asymmetric  weighting  of  gains  vs.  losses  of  1.3  :  1.0.  This  tree  is  one  of  the  45  equally  parsimoni 
Wagner  trees.  Number  of  restriction  site  changes  supporting  each  clade  is  indicated. 
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represented  in  this  study  by:  Schizanthus^  which 

forms  the  earliest  diverging  lineage  of  Solanaceae; 

Brunfelsia,  which  appears  as  the  sister  group  to 
a  part  of  the  Nicotianeae;  and  a  clade  composed 

oi  Broivalliay  Salpiglossis,  and  Streptosolen,  which 
forms  the  sister  group  to  the  Cestreae.  We  concur 

with  D'Arcy's  argument  (1978,  1979)  that  taxo- 
nomic  recognition  of  the  Salpiglossideae  in  its  cur- 

rent broad  sense  is  unwarranted,  but  suggest  that 
a  narrowly  defined  Salpiglossideae,  consisting  of 

Salpiglossis,  Browallia,  Streptosolen,  and  other 
genera  closely  related  to  them  might  be  retained. 
Schizanthus  stands  apart  both  morphologically  and 

phylogene  tic  ally  and  appears  to  warrant  recogni- 
tion as  a  monogeneric  tribe.  Brunfelsia  might  best 

be  combined  with  the  excluded  elements  of  the 

Nicotianeae,  Petunia  and  Fabiana,  in  a  new  tribe. 

The  Nicotianeae  appear  to  present  a  situation 
smiilar  to  the  Salpiglossideae,  with  Fabiana  and 
Petunia  in  one  lineage  and  Nicotiana  in  another. 
However,  the  characters  uniting  the  Nicotianeae, 
such  as  herbaceous  habit,  actinomorphic  floral  mor- 

phology, nonarticulated  pedicels,  capsular  fruits,      stead  et  ah,  1990),  indicates  that  both  Nicotiana 

and  smaU  seeds,  all  appear  to  be  ancestral  for  the       and  the  Anthocercideae  are  monophyletic.  The 

Cestroideae  and  the  entire  Solanaceae  and  are  re-       Australian  species  of  Nicotiana   form  a  derived 

tained  in  separate  lineages,  rather  than  being  in-       clade  within  Nicotiana  and  are  very  homogeneous 

Brunfalsia 

Schizanthus 

Ipomoea 
Figure  6.  Reduced  cladogram  of  the  Solanaceae  with 

character  state  transformations  for  some  prominent  mor- 

phological (S  ==  seed  discoidal  with  curved  embryo.  W  = 

woody  habit,  Z  =  zygomorphic  floral  symmetry)  and  chro- 
mosomal (X  =  base  chromosome  number  x  =  12)  char- 

acters indicated.  Note  the  absence  of  morphological  apo- 

morphies  on  the  lineages  leading  to  members  of  the  tribe 
Nicotianeae,  Nicotiana  and  Petunia. 

dependently  derived  in  different  lineages  as  was 
pDNA  (Ohnstead 

the  case  with  the  Salpiglossideae  (Fig.  6).  The  re-  Nicotiana  is  weU  represented  m  Austra
lia,  where 

suits  presented  here  indicate  that  a  clade  composed  the  Anthocercideae  are  endemic,  but  there  is  muc
h 

of  Nicotiana  and  the  Anthocercideae  forms  the  greater    morphological    and    cpDNA    divergence 

sister  group  to  the  Solanoideae,  a  conclusion  sup-  among  the  members  of  the  Anthocerci
deae  than 

ported  by  100%  of  the  bootstrap  replicates.  This  among  the  Australian  species  of
  Nicotiana  {Ulm- 

relationship  is  congruent  with  DNA  sequence  data  stead  et  al.,  1990).  This  combination  o
f  phyloge- 

from  the  chloroplast  rbcL  gene  (Palmer  et  al.. netic    inference,   biogeographic   distribution,   and
 

1988;  Olmstead  et  al.,  unpublished)  and  the  nu-       cpDNA  divergence  l
eads  to  the  following  conclu- 

^lear  rbcS  gene  (Pichersky  et  al.,  1986;  Meagher      sions:  (1)  the  most  recent 
 common  ancestor  of  the 

■     '     -  ^  two  groups  was  South  American  and  (2)  two  sep- 

arate colonizations  of  Australia  occurred,  one  in 

the  proto-Anthocercideae,  prior  to  diversificati
on  of 

that  lineage,  and  one  late  in  the  diversificat
ion  of 

Nicotiana.  The  amino  acid  sequence  data  of
  Mar- 

tin &  Dowd  (1984)  also  suggest  a  recent  arr
ival 

^t  al,  1989),  from  both  of  which  a  closer  rela- 

tionship was  inferred  for  Nicotiana  and  Lycoper- 
^i-con  than  for  either  with  Petunia.  The  Nicoti- 

^eae  also  can  be  divided  into  two  groups  on  the 
basis  of  chromosome  base  number,  with  Fabiana, 

^^^nia,  Latua,  and  Nierembergia  having  x  =  7, 
o»  or  9  and  Nicotiana,  Combera,  Pantacantha, 

^^^Benthamiella  having  x  -  1 1  or  12  (Hunziker, 
1979;  Moscone,  1989).  The  transition  series  for 
<:nromosome  base  number  in  the  family  is  not  clear 
^s  to  the  disposition  of  jc  =  1 1  (see  discussion 
oelow).  However,  the  evolution  of  base  number  x 

*"  12  appears  to  provide  a  synapomorphy  for  the 
^'ade  comprised  of  Nicotiana,  the  Anthocercideae, 
^nd  the  Solanoideae  (Fig.  6). 

The  Anthocercideae  and  Nicotiana  are  sister 

S^oups  on  the  cpDNA  tree.  A  substantial  amount 
of  molecular  data,  including  a  large  (ca.  650  bp) 
deletion  in  the  cpDNA  unique  to  Nicotiana  (Olm- 

Introduct 

of  Solanaceae  into  Australia  resulted  in  the 
 only World 

bel 

to  be  a  secondary  immigrant  from  Australi
a;  Marlm 

&  Dowd,  1984). 

SOLANOIDEAE 

The  cpDNA  tree  indicates  that  the  subfamily 

Solanoideae  is  monophyletic  and  derived  from  the 

Cestroideae,    contrary    to   previously    held    views 

(D'Arcy,  1979,  1991).  The  results  of  Martin  and 
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coworkers  (Martin  &  Dowd,  1984;  Martin  et  al.,  fact  that  both  the  functional  outgroup  (Fig.  4)  and 

1984),  using  partial  amino  acid  sequences  from  weighted  parsimony  (Fig.  5)  analyses  yielded  large- 

the  small  subunit  of  rubisco,  are  ambiguous  with  ly  congruent  estimates  of  relationships  within  the 

respect  to  the  direction  of  evolution  in  the  family;  Solanoideae  suggests  that  the  weakly  supported 

the  Solanoideae  are  depicted  as  ancestral  in  one  patterns  of  relationship  implied  by  each  individual 

study  (Martin  &  Dowd,  1984),  whereas  the  ces-  analysis  may  reflect  actual  phylogenetic  history.  A 

troid  representatives  form  a  basal  branch  in  the  comparison  of  the  two  approaches  used  here  shows 

parsunony 
thod 

other  (Martin  et  al.,  1984).  Several  clades,  cor-  that  the 

responding  to  currently  recognized  tribes,  emerge  greater  resolution  than  the  functional  outgroup 

from  the  unresolved  portion  of  the  consensus  cpDN  A  method  (i.e.,  one  shortest  tree  vs.  three),  but  that 

tree  (Fig.  2)  at  the  base  of  the  Solanoideae.  In  the  functional  outgroup  method  identified  greater 

addition  to  the  substantial  agreement  with  tradi-  character  support  for  the  critical,  closely  spaced 

tional  classification,  the  cpDNA  tree  offers  solutions  branch  points  that  were  unresolved  in  the  original 

for  some  genera  that  have  been  difficult  to  place  analysis.  The  scant  character  support  for  branch- 

in  the  current  classification.  D'Arcy  places  Atropa  ings  at  the  base  of  the  Solanoideae  is  reflected  in 

and  Mandragora  in  the  Solaneae  "more  for  con-  the  very  low  bootstrap  values  associated  with  them 

venience  than  conviction"  (D'Arcy,  1991).  The  (Fig.  4)  and  suggests  a  relatively  rapid  diversifi- 
present  study  unambiguously  places  Atropa  with  cation  within  the  subfamily. 

Hyoscyamus  of  the  Hyoscyameae,  in  agreement  Asymmetrically  weighted  parsimony  has  been 

with  Tetenyi  (1987).  Mandragora  is  isolated  in  proposed  (Albert  et  al.,    1991)  as  a  method  for 

the  cpDNA  analysis,  at  best  only  loosely  related  to  analyzing  restriction  site  data  that  is  preferable  to 

Solandra,  and  is  remote  from  either  the  Solaneae  Wagner  parsimony  (for  the  above-stated  reason] 

or  the  ̂ ^ro/?a/Hyoscyameae  clade,  where  it  is  and  DoUo  parsimony.  DoUo  parsimony,  which  al- 

placed  by  Tetenyi  (1987).  The  monotypic  Nican-  lows  only  a  single  gain  of  a  character  state  and 

c/ra  (and  tribe  Nicandreae)  likewise  is  isolated  with-  prefers  the  tree  with  the  fewest  losses,  has  been 
in  the  Solanoideae  and  may  represent  an  early 

diverging  lineage  (Figs.  4,  5).  Nicandra  is  possibly suggested  by  Debry  &  Slade  (1985)  to  be  more 

Waener  oarsimony  for  use  with 
related  to  Exodeconus  (Figs.  4,  5),  previously  clas-      restriction  site  data.  However,  the  absolute  restric- 

sified  in  the  Solaneae,  with  which  it  shares  a  native      tion  against  paraUel  gain  of  a  restriction  site  im- 

nu 

distribution  in  coastal  Peru.  D'Arcy  (1991)  sug-  posed  by  Dollo  parsimony  is  viewed  as  too 
gested  that  the  tribe  Solaneae  is  "inconveniently  tive  (Albert  et  al.,  1991).  Two  justificatior 

large,''  but  that  appropriate  divisions  are  not  readi-  be  advanced  for  the  weighted  parsimony  approacn. 

ly  apparent.  The  tribe  Datureae  forms  one  of  sev-  (1)  that  the  assumptions  concerning  restriction  si  e 

eral  lineages  within  the  Solaneae  in  the  cpDNA  change  are  more  realistic  and  (2)  that  greater  res- 
tree,  suggesting  that  the  Solaneae  should  be  split  olution  can  be  achieved  than  is  often  possible  using 

and  that  tribes  or  subtribes  may  be  circumscribed  Wagner  parsimony.  Any  phylogenetic  analysis  is 

along  phylogenetic  lines,  A  more  extensive  survey  an  approximation  of  the  true  phylogeny  and  c 

of  the  Solanoideae,  currently  in  progress,  should  be  only  as  reliable  as  the  assumptions  underlying 
help  clarify  tribal  boundaries  and  relationships  in  the  method;  therefore,  the  first  point  seems  to 

the  subfamily.  sufficient  justification  for  asymmetric  weighting- 

Attempts  were  made  using  two  approaches,  each  The  second  point  is  not  valid  justification  in  our 

with    diff^erent    underlying    assumptions,    to    gain  view,  because  the  resolution  (i.e.,  number  of  shor - greater  resolution  within  the  Solanoideae.  In  the 
functional  outgroup  approach  (Watrous  &  Whee- est  trees)  achieved  is  a  function  of  the  asymmetry 

simply  <^" 

ler,  1981),  the  more  distantly  related  taxa  in  the      achieving  greater  resolution  should  be  viewed  wi 

bearing  in  mind  that,  as  an  approxi
mation 

study  are  removed  and  only  the  closest  sister  group 
to  the  Solanoideae  is  retained  and  used  as  the 

outgroup.  This  approach  risks  sacrificing  global 
cerning 

distri- 

parsimony  (Maddison  et  al.,  1984)  in  order  to  gain      bution  in  character  support  varies.  For  examp^| 
resolution  by  eliminating  a  large  amount  of  spurious      with  this  data  set,  an  asymmetric  weighting  of  1- 
restriction  site  similarity.  The  weighted  parsimony       1 .0  yields  three  shortest  trees,  whereas  a  weighiung 
analysis  assumes  that  equal  weighting  of  all  re- 

shown).  Th
e 

striction  site  changes,  both  gains  and  losses,  does      consensus  trees  from  both  analyses  are  congr^^^ 

not  accurately  reflect  the  probabUity  of  gains  versus      and  it  is  doubtful  that  the  greater  resolution  of  t  ̂ 
losses  of  restriction  sites  (Albert  et  al.,  1991).  The      former  offers  a  significantly  better  approximaUon 
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of  the  phylogeny.   Instead  of  relying  only  on  a  fining  characters  of  the  Solanoideae,  including  dis- 

weighted  parsimony  analysis  to  discriminate  among  coidal  seeds  containing  curved  embryos,  small  pol- 
many  nearly  equal  trees,  alternate  methods  for  len  grains,  and  berrylike  fruits,  should  all  be  viewed 

assessing  the  strength  of  relationships  should  be  as  derived  traits  within  the  family,  whereas  the 

used,  including  testing  alternative  topologies,  boot-  respective  states  of  these  characters  in  the  Ces- 

strap  analysis,  successive  analyses  using  functional  troideae  are  primitive.  D'Arcy  (1979,  1991),  fol- 
outgroups,  and  decay  analysis  (to  determine  how  lowing  the  criteria  of  Melchior  (1964),  pointed  out 

many  steps  longer  the  best  tree  is  in  which  a  given  that  the  Cestroideae  exhibit  more  advanced  char- 

clade  of  interest  fails  to  hold  up).  With  very  large  acteristics  than  the  Solanaoideae.  Likewise,  Arm- 

data  sets  the  computer  time  required  for  some  strong  (1986)  considered  cestroid  floral  anatomy 

analyses  (e.g.,  weighted  parsimony,  bootstrap,  de-  to  be  advanced  and  solanoid  floral  anatomy  to  be 

cay  analysis)  may  be  excessive,  and  more  approx-  primitive  on  the  basis  of  a  priori  assumptions  of 

imate  methods  may  be  required.  Nevertheless,  ad-  trends  in  angiosperm  evolution.  In  the  Solanaceae, 

equate  taxonomic  sampling  should  be  a  primary  criteria  of  advancement  not  derived  from  a  phy- 

consideration  for  parsimony  analyses  of  large  and  logenetic  analysis  of  the  family  prove  to  be  in  error, 

divergent  groups,   because   a  more   approximate  It  has  been  recognized  that  the  Solanoideae  are 

analysis  with  a  well-represented  taxonomic  sam-  more  homogeneous  in  chromosome  number  and 

pling  may  yield  more  accurate  results  than  an  exact  many  other  attributes  than  the  Cestroideae  and 

analysis  of  an  inadequately  sampled  study  group  that  the  latter  is  "somewhat  discordant  as  a  tax- 

(Swofford  &  Olsen,  1990;  Ohnstead  et  al.,  1992).  onomic  unit"  (D'Arcy,  1991).  InUght  of  thecpDNA 

tree,  both  observations  may  be  taken  as  evidence 

that  members  of  the  Solanoideae  share  a  more 

recent  common  ancestry  than  do  members  of  the 

NOLANOIDEAE 

Cestroideae. 
The  cpDNA  tree  clearly  places  Nolana  within 

the  Solanoideae  in  a  clade  with  the  Lycieae.  The  chromosome  base  number  has  been  cited  com- 
ssociation  oi  Nolana  with  Lycium  has  been  made  ̂          (D^Arcy,  1979),  along  with  the  morpholog- y  Larlquist  (1987)  on  the  basis  of  wood  anatomy,  .^^j  characters  discussed  above,  as  a  trait  distin- 
nd  by  Armstrong  (1986)  on  the  basis  of  calyx  „,„.^^;„^  subfamilies.  The  Solanoideae  are  almost 

vasculature.  If  the  subfamily  Nolanoideae  is  rec-  ^       ̂ ^    ̂^^^       
ogmzed  then  the  Solanoideae  would  not  be  strictly  ""^^^^^^^^^^                         with  most  genera  having 
jnonophyletic.  Carpel  morphology— the  primary  ̂ ^^^  numbers  lower  than  12.  Raven  (1975)  pos- 

uniformly 
12,  whereas  in  the  Cestroideae  base 

oasis  for  the  maintenance  of  the  distinct  family 

anaceae— has  long  been  a  heavily  weighted      Tf^^the  Convolvulaceae,  but  x  =    12  for  the 

Nol 
tulated  X 7  for  the  subclass  Asteridae  and  x 

7,  as 

,                 .                      w                                •'           "^  /    lor  ine   i^onvoivuicn^cac,  uui.  ^         ^^ 

dracter  m  traditional  angiosperm  classifications.  s^j^^^^^^e  with  aneuploid  reduction  to  x       . ,  «. 

1070^'^?"*  *^^^^^^^*"  (Thome,   1968;  D'Arcy,  j^  p^^^^ia^  The  prominent  exceptions  in  the  Ces- Y^^'  ̂hich  mclude  Nolana  and  Alona  m  the  ̂ ^^^j^^^  ̂ ^^  Nicotiana,  with  jc  =  12  (Goodspeed, taxonomic 

through  the  creation  of  a  new  subfamily,  Nolanoi- 
deae,  while  admitting  that  "most  of  its  morphology 

1954),  and  the  Anthocercideae,  with  n  =  30  or 

36  (Haegi,  1986),  which  is  probably  based  on  x 

12.  In  light  of  the  phylogenetic  relationships 

IQQI?  w"^^  ̂"^  *^^*  ""^  ̂^^  Solanoideae"  (D'Arcy,  g^^j  by  the  cpDNA  analysis,  the  presence  of 
defining 

X 

instead,  define 

12  should  not  br  considered  as  ancestral  in 

be  interpreted  as  a  parallelism 

Solanoideae.  Rather,  x  =  12  represents hvn  tk  c          With  tne  sioianoiaeae.  namci,  ^        a^  .^|,.v.^^«v^ 

^/pottieses  of  phylogenetic  relationship  whenever      ̂   synapomorphy  (Fig.  6)  uniting  the  Solanoideae 
such  schemes  are  available.  In  the  case  of  A^o/a/za,      ̂ .^^^  ̂ ^^  Anthocercideae,  and  part  of  the  Niroli- 

  J  j^^.*«v.v^  ...  ̂ *«^^  ..  -.  »-^  tribe 

olaneae  in  the  Solanoideae  or,  perhaps  even  more 
appropriately,  in  the  tribe  Lycieae,  to  which  it  is 
^'osely  related  molecularly  (Figs.  2-5)  and  ana- 

tomically (see  above). 

CHARACTER  EVOLUTION 

Characters  that  distinguish  subfamilies  in  the 

aneae  (Nicotiana  and,  perhaps,  Combera,  Pan- 

tacanlha,  and  Benth lla^  but  excluding  Pe- 
tunia, 

Latua,  Fahiana,  and  Nierembergia), 

Floral  zygomorphy,  exhibited  to  a  varying  extent 

asymmetry 
m 

th 

umber,  has  long  been 

eristic  of  the  tribe  Sal- 

(Wettstein 
Sol 

^^wnaceae  can  be hypothesis  of  nhvlo 0th 
placed  the  Salpiglossideae 

De-      in  the  Scrophulariaceae  (Bcntham,  1876)  or  in  a 
JA 
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famUy  of  its  own  (Hutchinson,  1969).  However,  the  break-up  of  Gondwana,  then  one  might  expect 

D'Arcy  (1978)  concluded  that  the  Salpiglossideae  the  more  ancient  Cestroideae  to  exhibit  a  similar 
are  an  artificial  assemblage  of  independent  lineages      pattern. 

in  which  stamen  reduction  and  corolla  asymmetry  Seed  dispersibility,  on  the  other  hand,  exhibits 

have  arisen.  His  reasoning,  which  was  not  clearly  an  association  that  is  consistent  with  a  long-distance 

stated  in  his  original  paper  (D'Arcy,  1978),  follows  dispersal  hypothesis  to  account  for  much  of  the 

from  the  floral  morphological  evidence,  which  in-  global  distribution  of  the  Solanaceae.  Animal  dis- 

dicates  that  different  pathways  are  responsible  for  persal  of  fleshy  fruits  is  commonly  associated  with 

the  development  of  floral  asymmetry  in  various  long-distance  dispersal  and  the  colonization  of  oce- 

genera  of  Salpiglossidae,  hence  that  the  plants  were  anic  islands  (Carlquist,  1974),  whereas  dry  cap- 

probably  not  closely  related  (D'Arcy,  pers.  comm.).  sular  fruits  and  small,  unornamented  seeds  tend  to 
The  phylogenetic  hypothesis  presented  here  sup-  be  local  in  their  dispersal.  The  animal-dispersed, 

ports  D'Arcy's  conclusion  and  suggests  that  floral  fleshy -fruited  Solanoideae  have  many  lineages  that 
zygomorphy  has  evolved  independently  in  at  least  exhibit  intercontinental  distribution.  Most  notably, 

three  lineages  within  the  Cestroideae  (Fig.  6).  Solarium  subg.  Leptostemonum^  which  is  one  of 

the  most  widely  distributed  groups  in  the  family, 

is  implied  by  the  cpDNA  tree  to  be  of  recent  origin 

(S.  candidum  and  S.  carolinense  in  Fig.  2)  relative 

BIOGEOGRAPHY 

Two  alternative  processes  have  been  postulated  to  most  of  the  Solanaceae. 

to  account  for  the  extant  distribution  of  the  Sola-  D'Arcy  (1991)  concluded  that  the  pattern  of 

naceae  (D'Arcy,  1991):  Present  distributions  rep-  geographic  distribution  in  the  family  is  likely  to  be 
resent  (1)  vicariant  remnants  of  a  former  Gond-  the  product  of  both  long-distance  dispersal  and 
wana  distribution  (Hawkes  &  Smith,  1965),  or  (2)  vicariance  resulting  from  continental  drift,  their 
numerous  long-distance  dispersal  events.  These  two  relative  importance  depending  upon  the  age  of  the 
alternatives  carry  different  implications.  For  the  family.  Our  cpDNA  analysis  argues  against  vicar- 
vicariance  argument  to  be  correct,  the  ancestral  iance  and  in  favor  of  long-distance  dispersal  to 
Solanaceae  must  have  been  in  the  right  place  (i.e.,  accoimt  for  the  distribution  of  most  solanaceous 
Southern  Hemisphere)  at  the  right  time  (i.e.,  prior  taxa  with  intercontinental  distributions.  The  best 

to  the  break-up  of  Gondwana),  but  dispersal  ability  case  for  a  vicariant  distribution  may  be  the  An- 

is  land  thocercideae,  but  even  here  only  a  single  lineage 
For   the  long-distance  dispersal   hy-  Jn  an  already  substantiaUy  diversified  Cestroideae 
be  correct,  time  of  origin  is  less  im-  jg  fo^nd  outside  the  New  World  (except  for  the 

ummportant 
connection 

portant,  but  high  dispersability  is  essential. 
recent  colonization  of  Australia  and  Africa  by  iVi- 

The  cpDNA  tree  (Fig.  2)  does  not  indicate  ab-  cotiana).  This  suggests  that  the  origin,  or  at  least 
solute  dates  of  origin  or  diversification,  but  it  does  much  of  the  early  diversification  of  the  Solanaceae 
imply  relative  timing  of  divergence  among  lineages  (i,e.,  Cestroideae),  appears  to  have  followed  the 
by  the  order  of  branching  on  the  tree.  The  pre-  split-up  of  Gondwana  and  the  disappearance  of  land 
dominantly    South    American    Cestroideae    were  connections  among  the  continents  of  the  Southern 
clearly  in  the  right  place  and  were  well  diversified  Hemisphere  approximately  50  milUon  years  ago 
prior  to  the  appearance  of  the  Solanoideae.  If  the  (Parrish    1987). 
vicariance  hypothesis  is  viable  for  the  family  as  a 
whole,  an  appropriate  distribution  should  be  ex- 
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EVIDENCE  FOR  A 
POLYPHYLETIC  ORIGIN  OF 

THE  LABIATAE^ 

Philip  D.  Cantino^ 

Abstract 

A  preliminary  cladistic  analysis  suggests  that  the  Labiatae  are  polyphyletic  as  presently  circumscribed.  The  gynobasic- 
styled  Labiatae  emerge  as  a  clade,  nested  within  a  larger  group  characterized  by  suprareticulate  pollen  and  a  fruit 

composed  of  nutlets.  The  latter  includes  the  bulk  of  the  Labiatae  plus  the  verbenaceous  genera  Garrettia  and 

Holmskioldia;  its  closest  relatives  are  in  tribe  Viticeae  (Verbenaceae).  In  contrast.  Teucrium  and  five  other  genera 

of  Ajugeae  (Labiatae)  belong  to  a  large  clade  characterized  by  pollen  with  branched  to  granular  columellae,  most 

members  of  which  are  currently  assigned  to  tribes  Clerodendreae  and  Caryopterideae  (Verbenaceae).  Another  group 

traditionally  placed  in  the  Labiatae,  tribe  Prostanthereae,  appears  to  be  most  closely  related  to  subfamily  Chloanthoideae 

(Verbenaceae).  The  hypothesis  that  the  gynobasic-styled  Labiatae  evolved  in  southern  China  or  Indomalaysia  ( Wu  & 

Li.  1982)  is  supported  by  this  analysis.  An  Australian  origin  is  hypothesized  here  for  the  cosmopolitan  genus  Teucnum based  on  the  distributions  of  its  closest  relatives. 

) 

I 

The  Labiatae,  one  of  the  largest  and  most  dis-  tempted  to  reconstruct  the  phylogeny  of  the  family, 

tinctive  angiosperm  faraUies,  have  long  been  con-  and  no  phylogeny  of  the  Labiatae  has  yet  been 

sidered  a  "natural"  group  (in  the  pre-Darwinian       published. 
sense  of  the  word;  see  Stevens,  1984).  It  is  often An  alternative  classification  of  the  Labiatae  was 

tacitly  assumed  that  such  a  group  is  monophyletic.       proposed  by  Erdtman  (1945)  on  the  basis  of
  pal- 

ynological  features.  He  divided  the  famdy  into  two 
palynolo 

Abu-Asab  &  Cantino,  1992)  suggests  that  the  La-       subfamilies:  Lamioideae,  with  t
ricolpate  pollen  shed 

biatae  are   polyphyletic    as   traditionaUy   circum-       in  a  two-celled  stage,  an
d  Nepeto.deae,  with  hexa- 

■     ■  colpate  pollen  shed  in  a  three-celled  stage.    This 
ribed 

Of  a  cladistic  analysis  of  mairdy  morphological  and       division  correlates  well  with  a  v
ariety  of  embryolog. anatomical  data. 

(W 

The  Polyphyly  Hypothesis 

current  classification  of  the  labiatae 

The  classification  of  the  Labiatae  that  is  most 

widely  used  today  (Briquet,  1895-1897)  is  based 
heavCy  on  the  work  of  Bentham  (1832-1836, 

1848,  1876).  Briquet  subdivided  Bentham's  taxa 
more  finely,  increased  the  rank  of  some  of  them, 

and  reclassified  a  few  genera,  but  his  treatment 
differs  from  Bentham's  in  only  one  fundamental 
*3y:  Briquet  recognized  a  large  subfamily  La- 

mioideae ("Stachyoideae"),  which  is  at  best  para- 
phyletic  and  probably  polyphyletic  (Cantino  & 
Sanders,  1986).  Neither  Bentham  nor  Briquet  at- 

1967;  Zoz  &  Litvinenko,  1979;  Cantino  &  Sand- 

ers, 1986).  Erdtman's  subfamilial  classification  is 

highly   congruent  with   Bentham's  (1876)   
tribal tribes 

subfamily  Lamioideae,  and  the  other  four
  com- 

posing subfamily  Nepetoideae  (Cantino  &  Sanders, 1986). 

A  numerical  phenetic  study  conducted  by  EI- Watson 
doubt 

on  the  phenetic  cohesiveness  of  »ome  of  Bcn
lham*8 

^  A  1.^1*    .   .   ^^   I 

pnn 

branches  of  their  phenogram  correspond  to  Erdt-
 

man's  subfamilies.  Although  Erdtman's  subfamilies 

appear  to  be  primary  phenetic  units  of  the  Labia
tae, 
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Table  1.     Taxa  included  in  study  group.  Numbers  in  gynoecial    structure    occurs    within    Microcorys 
parentheses:  number  of  genera  included  in  this  analysis/  (Prostanthereae).  In  the  Verbenaceae,  the  ovary 
number  of  genera  in  the  taxon.  Parenthetical  acronyms  is  usually  unlobed  but  may  be  lobed  as  much  as 

are  used  in  Table  2  and  Figures  1-4.  halfway  to  the  base  (e.g.,  some  species  of  Oxera). 
-  In  summary,  there  is  a  continuum  in  the  degree 

of  ovary  lobing,  with  some  intermediates  assigned 
to  the  Labiatae  and  some  to  the  Verbenaceae.  Since 

this  is  the  orJy  character  distinguishing  the  two 

famihes  as  currently  circumscribed,  the  taxonomic 
limits  of  the  Labiatae  are  unclear,  and  there  is  no 

Verbenaceae  sensu  lato 

Caryopteridoideae  (6/6) 
Caryopterideae  (5/5)  (CAR) 
Teijsmanniodendreae  (1/1)  (TEI) 

Chloanthoideae  (10/10) 
Chloantheae  (5/5)  (CH) 

Physopsideae  (5/5)  (PH) 
Verbenoideae  (2/ca.  38) 
MonochUeae  (2/2)  (MO) 

Viticoideae  (26/28) 
Callicarpeae  (3/4)  (CAL) 
Clerodendreae  (10/10)  (CL) 
Tectoneae  (3/3)  (TEC) 
Viticeae  (10/11)  (VI) 

Labiatae 

Lamioideae  (32/ca.  83) 
Ajugeae  (12/12)  (AJ) 
Prostanthereae  (7/7)  (PR) 
Scutellarieae  (4/4)  (SC) 

Gynobasic-styled  Lamioideae 
(8/ca.  60)  (GL) 

Nepetoideae  (4/ca.  160)  (NE) 

synapomorphy  supporting  their  monophyly. 

On  the  contrary,  a  palynological  survey  of  sub- 
family Lamioideae  has  provided  evidence  that  tribe 

Ajugeae  (and  hence  the  Labiatae  as  well)  is  poly- 

phyletic,  its  component  genera  having  arisen  in- 

dependently from  several  different  lineages  of  Ver- 
benaceae (Abu-Asab,  1990;  Abu-Asab  &  Cantino, 

1992).  Derived  pollen  features  appear  to  delimit 
three  clades  that  transcend  the  family  boundary, 

comprising  the  following  taxa  (hypothesized  syn- 

apomorphies  in  parentheses):  (1)  the  gynobasic- 
styled  Labiatae,  tribe  Scutellarieae,  six  genera  of 

Ajugeae  and  at  least  two  genera  of  Verbenaceae 

(suprareticulate  sculpturing);  (2)  Teucrium  (Aju- 

geae) and  three  genera  of  Verbenaceae  (verrucate 

sculpturing,  operculate  colpi);  (3)  five  genera  of 

Ajugeae  and  ten  genera  of  Verbenaceae  (spinidose 

sculpturing).  The  latter  two  clades  are  linked  to the  question  remains  whether  they  are  monophy-  l      i  i  r  i  r\7  .k^narp- 
1  ̂.      c  1  •  II  ,    /  each  other  and  to  a  few  other  eenera  ol  VerDenace ietic.   bynapomorphies  can  be  demonstrated  for  •..  j/r        .r  r       i  .     -      u    *ko;rQ}iarpd 

,  r      .1     ̂        .  . ,         ,  -  I  r       1     T  ^^  ̂ ^^^  different  forms  of  sculpturmg  by  their  snareu subfamily  Nepetoideae  but  not  for  subfamily  La- 
possession  of  branched  columellae  (varying  to  gran 

mioideae  (Cantino  &  Sanders,  1986).  The  latter      t-— — -^---..^   ^      ;       '  .nrr^nrohv f  -  ,  ,  ■     .     1    1        1  ular  m  a  few  taxa),  a  hypothesized  synapomorpny group  is  of  interest  because  it  includes  the  two 
tribes  (Ajugeae  and  Prostanthereae)  that  are  in- 

termediate in  gynoecial  morphology  between  the 
other  Labiatae  and  the  Verbenaceae. 

Materials  and  Methods 

THE  STUDY  GROUP 

POLYPHYLY  OF  LABIATAE:  INITIAL  EVIDENCE 

primary 
It  is  widely  accepted  that  the  Labiatae  evolved      cerns  the  origin  of  the  Labiatae,  the  study  group Verbenaceae 

primitive 
phyletic.  The  two  families  form  the  core  of  the  tribes  Ajugeae  and  Prostai 
order    Lamiales    of  Cronquist    (1981),    Dahlgren  of  Verbenaceae  sensu  lato  that  appear  to  be  most 
U983),  Takhtajan  (1987),  and  Thorne  (1983).  closely  related  to  the  Labiatae  (viz.,  subfainili^ 

^'        '  -  -       "     -  distinguished  on  the  Caryopteridoideae,    Chloanthoideae,    and   Viticoi- 
basis  of  stylar  position— terminal  in  the  Verbenace-  deae).  Of  the  genera  that  compose  these  groups, 
ae  and  gynobasic  in  the  Labiatae.  However,  in  two  only  Adelosa  Blume  and 
lrll)es  of  Labiatae  the  gynoecium  is  intermediate  H.  J.  Lam  (Viticoideae) 

been 

lobed 

Within  tribe 

fully 

for  study. 

.   «_..,.,...   Bee 

Viticoideae)  have  been  omitted  from 

because  of  unavailability  of  matenal 

be  essentially  unlobed 
?/ia),  lobed  a  third  to 

benaceae 

ith 

ynapo 

morphic  ovary  structure,  in  which  the  carpel  wa 
mbers  of  both  tribes),  or,  rarely,  lobed      recurve  into  the  interior  of  the  carpel,  with  the 

as  much  as  three-quarters  of  the  way  to  the  base 
borne 

(Junell 

longifoUa  Benth.).  Indeed,  this  fuU 

Mi 

families  Avicenniaceae 
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? 

m- 

I 

remataceae,  but  excludes  Verbenoideae  and  the  etative  morphology.  The  remaining  characters  are 
segregate  families  Stilbaceae,  Nesogenaceae,  and  embryologicaUS),  palynoIogical(5),  phytochemical 
Cyclocheilaceae;  in  the  latter  four  groups,  the  ovules  (1),  or  concern  leaf  epidermal  anatomy  (5).  The 
are  borne  directly  on  the  carpel  margins  (Junell,  data  for  embryological  characters  68  and  79  were 

(Ohnstead  obtained  from  JuneU  (1934),  Misra  (1939),  Martin 
Wunderlich 

own 

pollen    morphology    was    obtained    from    Cantino 

et   al,    in    press)    also    suggest    that    subfamily 
Viticoideae  is  more  closely  related  to  the  Labiatae 
than  is  subfamily  Verbenoideae  (no  members  of      ̂         ^   ^^ 
Chloanthoideae,  Caryopteridoideae,  or  the  segre-       fl982a),   Raj  (1983,    1987),   Raj    &   Grafstrom 
gate  famUies  have  yet  been  included  in  Olmstead's      (1984),  Abu-Asab  &  Cantino  (1989),  Abu-Asab 

Wag- staff  (unpublished  SEM  photos  of  Nepetoideae). 

study). 

Verbenoideae 

groups  of  Verbenaceae  sensu  lato,  for  which  data       The  data  for  the  single  phytochemical  character wiU emann 
in 

a  subsequent  analysis.  However,  they  have  been 
un 

lim 
Mono 

signed  to  subfamily  Verbenoideae  as  tribe  Mono- 
chileae  (e.g..  Briquet,  1895;  Moldenke,  1971), 
have  been  included  here  because  their  gynoecial 

(Junell 

Kleiman.  The  data  for  characters  2-6  derive  from 

an  ongoing  survey  of  leaf  epidermal  anatomy  in 

the  Lamiales  (Abu-Asab  &  Cantino,  1987;  Cantino, 

1990a,  and  unpublished  data). 

The  scoring  of  the  71  morphological  characters 

was  based  largely  on  my  firsthand  observations. 

^983,  1987),  and  leaf  epidermal  anatomy  (Can-  Herbarium  specimens  provided  the  bulk  of  the 

tmo,  1990a)  strongly  suggest  that  their  true  affin-  morphological  data,  but  living  plants  and  liquid- 
ities lie  with  the  Viticoideae.  preserved  flowers  and  fruits  were  examined  when- 

In  the  Labiatae,  all  genera  of  Ajugeae  and  Pros-  ever  possible.  The  extensive  living  collections  of 

|anthereae,  as  well  as  16  other  genera,  are  included  Labiatae  and  Verbenaceae  at  the  Royal  Botanic 

^  the  analysis.  The  two  large  clades  of  gynobasic-  Gardens,  Kew,  and  those  maintained  by  me  at  Ohio 
"*  '  '  '  "  University  were  helpful  in  understanding  the  vari- 

ation in  floral  and  fruit  morphology.  Descriptions 
man 

ibfamily 

W 

derlich  (1967)  (=  tribe  Lamieae  sensu  Abu-Asab      m  monographs  and  floras  were  consulted  in  order 

&  Cantino  (1987)),  are  represented  by  only  a  few 
likelihood 

exemplar  genera  each.  The  monophyly  of  both       a  better  understanding  of  intra-OTU  variation,  but 

groups  is  well  supported  (Cantino  &  Sanders,  1986;       this  study  has  not  relied  heavily  on  the  Uterature 

unfortunate  omis-       for  the  morphological  data. 
Wench 

bee 

Ch 

(W 

beca 
reminiscent 

quently  diffJcuIt  Xo  distinguish  in  herbarium  ma- 
fruit anthereae,  but  its  alternate  leaves  and  unique 

structure  (a  schizocarp  with  four  mericarps 
-^lached  to  carpophores)  led  Wu  &  Chow  (1965) 

segregate  it  as  a  monotypic  subfamily  Wen- 

^hengioideae.  An  effort  will  be  made  to  borrow 
^rbanum  material  of  this  rare  and  possibly  prim- 

'tive  Chinese  taxon  so  that  it  may  be  included  in «  future  analysis. 
unit 

be 

in  part  to  Incorrect  observations  rather  than  true 

homoplasy.  Clades  supported  principally  or  entirely 

by  these  characters  cannot  be  accepted  with  much 
confidence.  Other  characters  (particularly  68  and 

because 

(i.e., be 
OTU).  They  do  not  suff'er  from  excessive  homo- 

plasy, but  further  study  may  reveal  more  mtra- 
Although  most  of  the  106   

pnera  (Table  2),  a  few  genera  whose  monophyly      OTU  variation  than  b  recognized  at  present. 
^  seriously  in  question  have  been  divided  into  less umts 

been  made  to  code 

so  as  to  maximize  their  independence,  but  it  has 

not  been  possible  to  eliminate  character  correlation 

.1 

J 

^"Jple,  a  paraphyletic  genus  of  41    species,    10      no 
^^emplar  species  were  used  as  separate  OTUs.  entirely.  Non -independence  of  characters  can  re- 

SOURCES  OF  DATA 

adayy 

treated  as  unordered 
Se 

the enty-one  of  the  85  characters  employed  in      (i.e.,  a  change  from  any  state  to  any  other  a.ids  a 

analysis  (Table  3)  concern  floral,  fruit,  or  veg-      single  step  to  th.-  tree),  but  ninr  characters  (spec- 
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Table  2.     Unit  taxa  (OTUs)  employed  in  the  cladistic  analysis.  Names  at  left  are  OTU  labels  in  Figures  1-4. 
Parenthetical  acronyms  indicate  infrafamilial  taxa  to  which  the  OTU  is  generally  assigned  (see  Table  1). 

ACRYMIA  =  Acrymia  Prain  (AJ) 
AEGIPHIL  =  Aegiphila  Jacq.  (CAL) 

AJUGA  =  Ajuga  L.  (AJ) 
AMASONIA  =  Amasonia  L.f.  (MO) 

AMETHYST  =  Amethystea  L.  (AJ) 
ANISOMEL  =  Anisomeles  R.  Br.  (GL) 

CALLICAR  =  Callicarpa  L.  (including  Geunsia  Blume)  (CAL) 
CARYBICO  =  Caryopteris  bicolor  (Hardw.)  Mabb.  (CAR) 
CARYCARY  =  Caryopteris  Bunge  sect.  Caryopteris  (CAR) 
CARYDIVA  =  Caryopteris  divaricata  (Siebold  &  Zucc.)  Maxim.  (CAR) 

CARYGRAT  =  Caryopteris  grata  Benth.  &  Hook.  f.  (CAR) 

CARYNEPA  =  Caryopteris  nepalensis  Mold.  (CAR) 
CARYNEPE  =  Caryopteris  nepetifolia  (Benth.)  Maxim.  (CAR) 
CARYPANI  =  Caryopteris  paniculata  Clarke  (CAR) 
CARYSICC W 

[1991]) 
CARYTERN 

ifl 

CHLOANTH  =  Chloanthes  R.  Br.  (CH) 

CLERCYCL  =  Clerodendrum  L.  subg.  Cyclonema  (Hochst.)  Gurke  (except  sect.  Pleurocymosa)  (CL) 
CLERKONO  =  Clerodendrum  L.  subg.  Clerodendrum  sect.  Konocalyx  B.  Thomas  (CL) 
CLERMINA  =  Clerodendrum  minahassae  Teijsm.  &  Binnend.  (CL) 
CLERNUDI  =  Clerodendrum  nudiflorum  Mold.  (CL) 
CLERODEN  =  Clerodendrum  L.  (all  species  not  included  in  other  OTUs)  (CL) 
CLERPLEU  =  Clerodendrum  L.  subg.  Cyclonema  (Hochst.)  Gurke  sect.  Pleurocymosa  B.  Thomas  (CL) 
CLERVOLK  =  Clerodendrum  L.  subg.  Volkameria  (L.)  Briq.  (CL) 
COLEBROO  =  Colebrookea  Smith  (GL) 
CORNUTIA  =  Cornutia  L.  (VI) 
CYANOSTE  =  Cyanostegia  Turcz.  (CH) 
CYMARIA Benth.  (AJ) 

DICRASTY  =  Dicrastylis  J.  L.  Drumm.  ex  Harvey  (PH) 
EICHLERA  =  Eichlerago  Carrick  (PR) 
FARADAYA  =  Faradaya  F.  Muell.  (CL) 
GALEOPSI  =  Galeopsis  L.  (GL) 
GARRETTI  =  Garrettia  Fletcher  (VI) 
GLECHOMA  =  Glechoma  L.  (NE) 
GLOSSOCA Wallich 

GMELINA  =  Gmelina  L.  (VI) 
HARLANLE  =  Harlanlewisia  Epling  (SC) 
HEMIANDR  =  Hemiandra  R.  Br.  (PR) 
HEMIGENI  =  Hemigenia  R.  Br.  (PR) 
HEMIPHOR  =  Hemiphora  (F.  Muell.)  F.  Muell.  (CH) 
HOLMSKIO  =  H olmshioldia  Retz.  sensu  Fernandes  (1985)  (CL) 
HOLOCHEI  =  Holocheila  (Kudo)  S.  Chow  (AJ) 

HOSEA  =  Hosea  Ridley  (CL) 
HUXLEYA  =  Huxleya  Ewart  (CL) 

HYMENOPY  =  llymenopyramus  Wallich  ex  Griffith  (CAR) 
KALAHARI  =  Kalaharia  Baillon  (CL) 
KAROMIA  =  Karomia  Dop  sensu  Fernandes  (1985)  (CL) 
LACHNOST  =  Lachnostachys  Hook.  (PH) 

LAMIUM  =  Lamium  L.  (GL) 
MALLOPHO  =  Mallophora  Endl.  (PH) 

MELISSA  =  Melissa  L.  (NE) 
MICROCOR  =  Microcoryi  R.  Br.  (PR) 
MOLUCCEL  =  Moluccella  L.  (GL) 
MONARDA  =  Monarda  L.  (NE) 
MONOCHIL  =  Monochdus  Fischer  &  C.  Meyer  (MO) 
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Table  2.     Continued. 
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I 

I 

I 

I 

I 

I 

NEORAPIN  =  Neorapinia  Mold.  (TEC) 
NEWCASTE  =  Newcastelia  F.  Muell.  (PH) 
ONCINOCA  =  Oncinocalyx  F.  MueU.  (CL) 

OXERA  =  Oxera  LabiU.  (CL) 
PARAVITE  =  Paravitex  Fletcher  (VI) 

PERILOMI  =  Perilomia  Kunth  {Scutellaria  L.  sects.  Perilomia  (Kunth)  Epling  and  Perilomioideae  (Benth.) 
Epling)  (SC) 

PERONEMA  =  Peronema  Jack  (CAR) 
PETITIA  =  Petitia  Jacq.  (TEC) 

PETRAEOV  =  Petraeovitex  Oliver  (CAR) 
PHYSOPSI  =  Physopsis  Turcz.  (PH) 
PHYSOSTE  =  Phjsostegia  Benth.  (GL) 
PITYANGU  =  Pitjrodia  angustisepala  Munir  (CH) 
PITYBART  =  Pityrodia  bartlingii  (Lehm.)  Benth.  (CH) 
PITYBYRN  =  Pityrodia  byrnesii  Munir  (CH) 
PITYDILA  =  Pityrodia  dilatata  (F.  Muell.)  Benth.  (CH) 
PITYHALG  =  Pityrodia  halganiacea  (F.  Muell.)  E.  Pritzel  (CH) 
PITYLOXO  =  Pityrodia  loxocarpa  (F.  Muell.)  Druce  (CH) 
PITYOLDF  =  Pityrodia  oldfieldii  (F.  Muell.)  Benth.  (CH) 
PITYPANI  =  Pityrodia  paniculata  (F.  Muell.)  Benth.  (CH) 
PITYSALV  =  Pityrodia  salvifolia  R.  Br.  (CH) 
PITYUNCI  =  Pityrodia  uncinata  (Turcz.)  Benth.  (CH) 
POGOSTEM  =  Pogostemon  Desf.  (including  Eusteralis  Raf.)  (GL) 
PRASIUM  =  Prasium  L.  (GL) 
PREMNA  =  Premna  L.  (VI) 

PROSKLAN  =  Prostanthera  Labill.  sect.  Klanderia  (F.  Muell.)  Benth.  (PR) 
PROSPROS  =  Prostanthera  Labill.  sect.  Prostanthera  (PR) 
PRUNELLA  =  Prunella  L.  (NE) 
PSEUDOCA  =  Pseudocarpidium  MiUsp.  (VI) 
PYGMAEOP  =  Pygmaeopremna  Merr.  (VI) 
RENSCHIA  =  Renschia  Vatke  (AJ) 
RUBITEUC  =  Rubiteucris  Kudo  (A J) 
SALAZARI  =  Salazaria  Torrey  (SC) 
SCHNABEL  =  Schnabelia  Hand.-Mazz.  (Aj) 

SCUTELLA  =  Scutellaria  L.  (excluding  Perilomia,  Salazaria,  and  Harlanlewisia)  (SC) 
SPARTOTH  =  Spartothamnella  Briq.  (CH) 
TECTONA  =  Tectona  L.  f.  (TEC) 
TEIJSMAN  =  Teijsmanniodendron  Koord.  (TEI) 
TETRACLE  =  Tetraclea  A.  Gray  (AJ,  CL) 
TEUCRIDI  =  Teucridium  Hook.  f.  (CL) 

TEUCRIUM  =  Teucrium  L.  (including  Kinostemon  Kudo)  (AJ) 
TINNEA  =  Tinnea  Kotschy  ex  Hook.  f.  (AJ) 

TRICARIZ  =  Trichostema  arizonicum  A.  Gray  (AJ) 

TRICCHRO  =  Trichostema  L.  sect.  Chromocephalum  F.  Lewis  (AJ) 

TRICORTH  =  Trichostema  L.  sect.  Orthopodium  Benth.  (including  Isanthus  Michaux)  (AJ) 

TRICPURP  =  Trichostema  purpusii  Brandegee  (AJ) 
TRICTRIC  =  Trichostema  L.  sect.  Trichostema  (AJ) 

TSOONGIA  =  Tsoongia  Merr.  (VI) 
VITEX  =  Vitex  L.  (VI) 

VITICIPR  =  Viticipremna  H.  J.  Lam  (VI) 
WESTRING  =  Westringia  Smith  (PR) 
WRIXONIA  =  Wrixonia  F.  Muell.  (PR)    

i6ed 

hypoth 

directly  from  a  tree  or  .-hrub  (state  0),  or  vice 

versa,  without  passing  through  an  herhaceoiu  or ~  ..uo  a  iccisunaoie  oasis  to  nypoinesize  a  iritiis-      voioa,  t.iw.v^»-.  ,   o  t, 

formation  series.  For  example  (character  1),  it  is      sul.ligneouf'  perennial  stage  (state  1). "nlikelv  thr.»  ̂ „   1  .  i .-.  /„.„»..  o\   m  »„«l„*  In  an  intprceneric  stuHy  of  this  iik 
In  an  intergeneric  study  of  this  inagniliide,  it  ia 
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Table  3.      Continued. Table  3.      Characters  used  in  cladistic  analysis.  Char- 
acter type  (multistate  characters  only):  ORD,  ordered;  ̂ ___-_-___-^_^^___^^ 

UNO,  unordered.  *,  hypothesized  ancestral  state  (none  16,   Flowering  calyx  gibbous:  0*,  no;  1,  yes. 
designated  when  polarity  assessment  through  outgroup  17.   Calyx  with  a  ring  of  long  trichomes  in  tube:  0*.  no; 
comparison  was  not  possible;  see  text) 

10 

1.  (ORD)  Habit:  0,  woody  plant;  1,  herbaceous  peren- 
nial or  subshrub  (i.e.,  woody  only  at  very  base);  2, 

annual  or  biennial. 

1,  yes, 1 8.  (ORD)  Lobes  of  flowering  calyx;  0,  rounded  to  obtuse 

(including  rounded  and  mucronate);  1,  acute  to  at- 

tenuate; 2,  spine-tipped  or  aristate;  3,  uncinate.  If 
calyx  absent  or  unlobed,  character  scored  as  missing. 

2,   If  leaves  not  glabrous,  multicellular  trichomes  pres-       19.   Fruiting  calyx  is  closed  apically  by  reflexing  of  one 
ent:  0,  yes;  1,  no  (i.e.,  all  trichomes  unicellular).  If 

leaves  glabrous,  character  scored  as  missing. 

3.   Branched,  multicellular  trichomes  present  anywhere 

or  both  lips,  enclosing  fruit  inside:  0*,  no;  1,  yes. 

20.   Fruiting  calyx  is  closed  apically  by  some  other  meth- 
od, enclosing  fruit  inside:  0,  no;  1,  yes 

on  plant:  0*,  no;  1,  yes.  If  plant  entirely  glabrous,       21.  Fruiting  calyx  greatly  inflated,  bladderlike:  0*,  no; 
character  scored  as  missing.  1,  yes. 

4.   Leaves  bear  subsessile  glandular  trichomes  with  a      22,   Fruiting  calyx  enlarged,  patelliform:  0*,  no;  1,  yes. 
unicellular  cap:  0,  no;  1,  yes. 

5.   Anisocytic  stomata  on  leaves:  0,  absent;  1,  present. 
23.   Fruiting  calyx  enlarged,  with  elongate,  winglike  lobes: 0*,  no;  1,  yes. 

6.   (ORD)  Diacytic  types  of  stomata  on  leaves:  0,  absent;       24.   Fruiting  calyx  enlarged,  with  elongate,  plumose  lobes: 
1,  simple  diacytic,  but  not  diallelocytic,  present;  2, 
both  diacytic  and  diallelocytic  present. 

7.  (UNO)  Phyllotaxy:  0,  opposite;  1,  helical  (alternate); 
2,  whorled. 

8.  (UNO)  Leaf  Structure:  0*,  simple,  unlobed;  1,  three- 
lobed;  2,  palmately  lobed  (more  than  3  lobes);  3, 
pinnately  lobed  (more  than  3  lobes);  4,  once  ternately 
compound;  5,  once  palmately  compound  (more  than 
3  leaflets);  6,  once  pinnately  compound  (more  than 
3  leaflets);  7,  twice  ternately  compound.  If  there  is 
developmental  variation  on  a  specimen,  the  higher 
state  is  assigned.  Exception  (not  known  to  occur):  if 
palmate  and  pinnate  construction  were  to  co-occur 
on  the  same  specimen  the  character  would  be  scored 
as  variable. 

9.  Inflorescence  a  head:  0,  no;  1,  yes. 
Inflorescence  structure,  if  not  a  head:  0,  axillary 

cymes  or  panicles  or  a  thyrse  (including  "verticil- 
late");  1,  flowers  solitary  in  axils  of  foliage  leaves  or 
forming  a  raceme  or  spike.  If  inflorescence  a  head, 
character  scored  as  missing. 

11.  Peduncles  or  pedicels  within  the  cymules  bear  bract- 
lets  (excluding  the  bract  or  leaf  subtending  the  cy- 
mule):  0,  yes;  1.  no. 

12.  Floral  symmetry:  0,  actinomorphic  (i.e.,  corolla  ra- 
dially symmetrical  and  stamens  isomerous  and  equal 

in  length);  1*,  zygomorphic  (corolla  or  androeclum 
not  as  above). 

13.  Calyx  opening  freely  at  anthesis:  0*,  yes;  1,  no,  the 

0*,  no;  1,  yes. 

25.  Corolla  in  bud  stalked,  expanding  abruptly  on  an- 
terior (abaxial)  side  only;  0*,  no;  1,  yes. 

26.  (UNO)  Corolla  shape:  States  0-3  are  actinomorphic. 

0,  limb  with  four  similar  lobes;  1 ,  limb  with  five  similar 

lobes;  2,  limb  with  six  or  more  similar  lobes;  3,  corolla 

lacking  lobes  (tube  truncate).  States  4-8  are  zygo- 

morphic but  not  lipped  (i.e.,  some  lobes  differ  from 

others  in  size  or  shape,  but  all  arise  at  the  same  level 

on  the  tube).  4,  limb  with  four  similar  lobes,  the  other 

(anteriormost)  different  in  shape  and  usually  larger; 

5,  limb  with  three  similar  lobes,  and  the  other  (an- 

teriormost) larger;  6,  limb  with  three  similar  lobes, 

the  other  (posteriormost)  larger;  7,  limb  with  two 

posterior  lobes  of  one  sort  and  three  anterior  lobes 

of  a  different  shape  or  size;  8,  lobes  of  three  shapes 

and/or  sizes,  the  two  posterior  ones  of  one  sort,  the 

two  lateral  ones  of  another  sort,  and  the  anterior  lobe 

of  a  third  sort.  States  9,  A.  B  are  bilabiate  (i.e.,  the 

sinus  separating  the  two  lips  is  deeper  than  the  smuses 

separating  the  lobes  on  one  or  both  lips).  9,  posterior 

lip  two-Iobed,  anterior  lip  three-lobed;  A,  posterior 

lip  three-  to  four-lobed,  anterior  lip  one-lobed;  B,  bot 

lips  one-lobed.  States  C-E  are  unilabiate.  C,  all  lobes 

fall  on  posterior  lip;  D,  all  lobes  faU  on  anterior  lip 

and  are  similar  in  size  and  shape;  E,  all  lobes  lal 

anterior  lip,  the  middle  lobe  larger  than  the  other four. 

27.  Corolla  tube  gibbous:  0,  no;  1,  yes. 
elongating  corolla  forces  its  way  through  the  fleshy       28.   Corolla  tube  curved:  0,  no;  1,  yes. unlobed 

lobes  of  irregular  number  and  shape. 

14.  (UNO)  Calyx  symmetry:  0-2,  radially  symmetrical 
or  nearly  so:  0,  four-lobed;  1.  five-lobed;  2,  with  six 

29.  (UNO)  Interior  of  coroUa:  0,  glabrous  or  nearly  so; 

1,  with  an  incomplete  annulus;  2,  with  a  complex 

annulus;  3,  densely  pubescent  on  most  or  all  ot  s 
face. 

or  more  lobes.  3-7,  bilaterally  symmetrical:  3,  three-       30.   Anteriormost  corolla  lobe  fimbriate:  0*,  no;  1,  J^^ 
lobed  upper  Up  and  two-lobed  lower  lip;  4,  two-lobed       31.   (ORD)  Shape  of  upper  (posterior)  lip  of  corolla:  0  . 
upper  Up  and  two-lobed  lower  lip;  5,  one-lobed  upper 
lip  and  two-lobed  lower  lip;  6,  one-lobed  upper  Up 
and  four-lobed  lower  Up;  7,  one-lobed  upper  lip  and 
one-lobed  lower  lip.  If  calyx  unlobed  (truncate)  or 
absent,  character  scored  as  missing. 

15.  Calyx  with  scutellum:  0*,  no;  1,  yes. 

flat;  1,  slightly  galeate;  2,  strongly  galeate 

32.  Corolla  persistent,  its  expanded  base  forming  a  sheat covering  the  fruit:  0,  no;  1,  yes. 

33.  (ORD)  Number  of  stamens:  0,  two  or  four;  1.  n^^' 2,  more  than  five. 

34.  If  less  than  five  stamens,  posterior  pair  reduced^ 
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staminodes  or  absent:    0*,   no  (i.e.,   posterior  pair 
fertile  or  five  or  more  stamens  present);  1,  yes. 

35.  If  less  than  five  stamens,  anterior  pair  reduced  to 

staminodes  or  absent:  0*,  no  (i.e.,  anterior  pair  fertile 
or  five  or  more  stamens  present);  1,  yes. 

36.  Stamen  insertion:  0,  in  corolla  tube;  1,  at  or  very 
near  the  rim  of  the  tube,  where  the  lobes  diverge. 

37.  (ORD)  Relative  length  of  stamens  if  at  least  four 
fertile  stamens  present:  0,  anterior  pair  longest;  1, 
all  stamens  approximately  the  same  length;  2,  pos-       57 
terior  pair  longest.  If  only  two  fertile  stamens  present, 
character  scored  as  missing. 

38.  Anterior  stamens,  if  fertile,  dimidiate  (i.e.,  one  theca 

of  each  stamen  consistently  aborted):  0*,  no;  1,  yes. 
If  anterior  pair  sterile  or  absent,  character  scored  as 
missing. 

39.  Posterior  stamens,  if  fertile,  dimidiate:  0*,  no;   1, 

then  the  lobes  not  as  in  state  1;  1,  ovary  lobes  wholly 

free  from  each  other  but  laterally  attached  to  a  more 

or  less  elongate  upward  extension  of  the  disk  that 
terminates  between  them. 

Elongation  of  ovary  lobes  during  fruit  development: 

0*,  the  free  (lobed)  portion  of  the  ovary  does  not 
elongate  greatly  relative  to  the  fused  portion  (or  ovary 
not  lobed);  1,  the  free  (lobed)  portion  of  the  ovary 

elongates  greatly  during  fruit  maturation. 

(ORD)  Depth  of  ovary  lobing  (if  character  55  =  0): 

0*,  unlobed;  1,  divided  up  to  Va  of  the  way  to  the 
base  to  form  four  lobes;  2,  divided  more  than  V4  of 

the  way  to  the  base,   the  style  thus  gynobasic.   If 

character  55  =  1,  character  57  is  scored  as  missing 
due  to  uncertainties  about  homology. 

58.  Nectary  disk  below  ovary:  0,  absent  or  poorly  de- 

veloped; 1,  well  developed. 

yes.  If  posterior  pair  sterile  or  absent,   character       59.  (UNO)  Number  of  vertically  elongate  lobes  on  nec- 
scored  as  missing. 

40.  (ORD)  Anther  locule  confluence  at  dehiscence:  0*, 
tary  disk:  0*,  none  (or  no  disk);  1,  one;  2,  two;  3, 

three;  4,  four. 

locules  fully  distinct  or  stamens  dimidiate;  1,  locules       60.  Style  persists  after  abscission  of  corolla:  0,  no;  1*, 
confluent  but  recognizable  as  two;  2,  locules  totally 

yes 

merged,  appearing  as  one  locule. 
41.  Thecae  of  the  same  anther  (if  not  dimidiate  or  fully 

fused)  similar  In  size  and  shape:  0,  yes;  1,  no.  If 
stamens  dimidiate  or  anther  thecae  fully  fused,  char- 

acter scored  as  missing. 

42.  Anther  theca  orientation:  0,  parallel;   1,  divergent.       62.  (ORD)Relativelengthof  lobed  versus  unlobed  portion 

61.  (UNO)  Style  pubescence:  0*,  glabrous;  1,  pubescent 
only  in  the  lower  half  of  the  unlobed  portion;  2, 

pubescent  only  in  the  upper  half  of  the  unlobed 

portion;  3.  pubescent  In  most  or  all  of  unlobed  por- 
tion. 

If  connective  elongate,  stamens  dimidiate,  or  locules 
luHy  merged,  character  scored  as  missing. 

43.  Anthers  appendaged  at  base:  0,  no;  1,  yes. 
44.  Anther  dehiscence  aperture  shape:  0*,  a  longitudinal 

slit;  1,  a  subterminal  pore. 

45.  Anther  dehiscence  aperture  clliate:  0*,  no;  1,  yes. 
40.  Anther  dehiscence  aperture  bordered  by  one  or  more 

small  teeth:  0*,  no;  I,  yes. 
47.  Anther  connective  appendaged:  0*,  no;  I,  yes. 
4o.  Anther  connective  elongate,  the  thecae  widely  sep- 

of  style-stigma  complex:  0,  unlobed  portion  more 

than  3  times  the  length  of  the  lobes;  1,  unlobed 

portion  1-3  times  the  length  of  the  lobes;  2,  unlobed 

portion  shorter  than  the  lobes. 

63.  (UNO)  Relative  length  of  lobes  of  style-stigma  com- 

plex: 0,  lobes  equal  or  nearly  so;  1,  lobes  distinctly 

unequal  in  length;  2,  unlobed. 

64.  Shape  of  lobes  of  style-stigma  complex:  0,  linear  ur 

Ungulate;  1,  at  least  one  lobe  enlarged  due  to  elab- 

oration of  stigmatoid  tissue. 

arated  or  (if  one  theca  missing)  the  sterile  branch  of      65.  Number  of  ovules  In  ovary:  0,  more  than  four;  1  *. 
the  connective  prolonged  down  or  out  from  the  fil- four  or  fewer. 

49 ament:  0*,  no;  1,  yes. 
Connective  or  Its  appendage  cristate  (i.e.,  bearded 
With  a  cluster  of  broad-based  trichomelike  projec- 

tions): 0*,  no;  1,  yes. 
^0-  (UNO)  Orientation  of  stamen  filaments:  0,  straight 

66 
seen 

carpel  walls  do  not  recurve  into  the  interior  of  the 

carpel;  1,  carpel  walls  recurve  into  interior  of  carpel* 

the  ovules  borne  on  their  margins;  2,  as  in  6tate  1, 
Kilt  fliH  ovules  borne  short  of  the  carpel  maririns. 

68 

or  only   slightly   curved   or   irregularly   twisted;    1,       67.   Placentation:  0*,  axile  (incl
uding  subbasal)  or  inlcr- 

mediate  between  axile  and  parietal;  1,  free-central. 

Shape  of  embryo  sac:  0*,  micropylar  lobe  shorter 

than  or  equal  to  and /or  narrower  than  the  clialazal 

lobe;  1,  micropylar  lobe  much  longer  and  broader 

than  the  chalazal  lobe. /TTMn^  r^iiJt  tvnp-  0.  dehiscent  caDsuIe:  L  indehls- 

strongly  curved  toward  anterior  of  flower;  2,  strongly 

curved  toward  posterior  of  flower;  3,  strongly  curved 
laterally.  If  there  is  variation  among  the  stages  of 
anthesis  between  state  0  and  one  of  the  other  states, 

only  the  latter  is  assigned. 

'  *•  Stamen  filaments  bearded:  0,  at  base  only  or  not  at 
afl;  1,  in  the  middle  and/or  upper  portions  of  the filament. 

^2.  Filaments  markedly  dilated  apically:  0*,  no;  1,  yes. 
^3.  Filament  extends  beyond  anther:  0*,  no;  1,  yes. 

'  Ovary  elevated  on  elongate  gynophore  above  level 
of  rest  of  disk:  0*,  no;  1,  yes. 

..XlH^*^^'^'  structure:  0*,  ovary  unlobed  or,  if  loU'd, 

69 

cent  capsule,  developing  from  4-ovulate  ovary*  con- 

taining four  se»Ml>.  (or  fewer  due  to  ovule  abortion); 

ipsulc 

seco" 

loping    from 
abortion);   3,   a  ̂ ingl'-  achcne  dev 

l-ovulate   ovary;    4,   drupe   with   more   iluiii   fr>ur 

l-seeded  pyrenrs;  5,  drupe,  developing  fr»m  i-ovvh
xe 
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ovary,  with  one  pyrene  containing  four  seeds  (or 
fewer  seeds  by  ovule  abortion);  6,  drupe,  developing 

from  4-ovulate  ovary,  with  two  pyrenes,  each  nor- 

praspinulose  or  supragranulate  (the  projections  no 

more  than  0,1  jum  long);  8,  suprareticulate-spinose; 
9,  bearing  irregular,  blunt  supratectal  protuberances. 

mally  containing  two  seeds;  7,  drupe,  developing  from       81 .   (UNO)  Pollen  aperture  type:  0,  colpate;  1,  colporate; 
4-ovulate  ovary,  with  four  1 -seeded  pyrenes  (or  fewer 

2,  porate. 
pyrenes  by  ovule  abortion);  8,  drupe,  developing  from       82.   Pollen  colpi  operculate:  0*,  no;  1,  yes. 
2-ovulate  ovary,  with  two  1-seeded  pyrenes  (or  one       83.   (UNO)  Number  of  pollen  apertures:  0*,  three;  1, 

four;  2,  five;  3,  six  to  eight,  zonocolpate;  4,  six- pyrene  by  ovule  abortion);  9,  drupe,  developing  from 
2-ovulate  ovary,  with  one  2-seeded  pyrene  (or  only pantocolpate. 
one  seed  by  ovule  abortion);  A,  fruit  separates  into       84.   (UNO)  Structure  of  columellate  stratum  of  exine:  0*. 
four  fleshy  1-seeded  mericarps  (or  fewer  by  ovule 
abortion);  B,  fruit  separates  into  four  dry  1-seeded 

with  simple  columellae;  1,  with  branched  to  granular 
columellae;  2,  massive,  undifferentiated. 

mericarps  ("nutlets")  (or  fewer  by  ovule  abortion);       85.   AUenic  component  (probably  laballenic  acid)  present 
C,  fruit  (from  4-ovulate  ovary)  separates  into  two  in  the  seed  oils:  0*,  no;  1,  yes. 

dry  2-seeded  nutlets  (or  fewer  seeds  by  abortion);  D,  " 
fruit  (from  4-ovulate  ovary)  separates  into  two  fleshy 
2-seeded  mericarps  (or  fewer  seeds  by  ovule  abor- 

tion). The  few  genera  that  have  fruits  that  split  into 
mericarps  only  with  pressure  were  scored  as  inter-       not  feasible  to  examine  every  species.  For  small 

mediate  between  1  and  B  or  between  7  and  A.  genera,  the  morphology  of  most  or  all  species  has 
70.   Surface  of  pericarp  (if  dry)  or  pyrene  (if  drupaceous)       been  studied,  but  larger  genera  have  been  sampled ridged,  the  ridges  often  forming  a  reticulum:  0,  no; 

1,  yes. using  an  exemplar  method.  Before  initiating  data 

collection  for  a  large  genus,  available  monographs 

71.  (UNO)  Surface  of  pericarp  (if  dry)  or  pyrene  (if  ̂ -^^  ^"'  ̂   ̂ ^^^^  ̂ -"-^  ovc..«^..  ...^  o  r 

drupaceous)  with  tuberculate  or  elongate  outgrowths:  ̂ ""^J^^'^'^^'  ̂ ^f^  consulted,  as  well  as  basic  works 

0*,  no;  1,  outgrowths  tuberculate,  papilliform  or  '^^^  ̂ '  Briquet  s  treatments  of  the  Verbenaceae 

verrucate;  2,  outgrowths  greatly  elongate,  usually  ̂ ^^^^^  ̂ "^  Labiatae  (1895-1897).  Based  on  ac- 

plumose,  developing  during  fruit  maturation  from  c^pted  infrageneric  classifications,  a  sample  was 

papilliform  outgrowths  on  ovary  (probably  homolo-  selected  to  encompass  most  or  all  of  the  morpho- 
gous  to  outgrowths  in  state  1).  logical  variation  in  the  genus.  For  example,  in  the 

72,  Pericarp  (if  dry  fruit)  highly  lustrous,  appearing  pol-  case  of  Teucrium,  with  ca.   200  species,  the  37 
ished:  0,  no;  1,  yes.  If  fruit  fleshy,  character  scored  species  chosen  for  examination  included  represen- 

„o    /TTMi^x  **    .  t  tatives  of  every  previously  recognized  infrageneric (6.  (UINU)  Mericarp  shape:  O,obovoid  to  obloid;  Lquar-  „  •  j  -  *•         r  >c  ̂ ^.naraohic 
♦«^  o^u         o    u    *  u       JO  ,     n        .        .  groupmg  and  every  major  portion  ot  its  geograpnic ter-sphere;   2,  boat-shaped;   3,  nearly  flat;  4,  sub-  °       ̂      ̂   /        j      r 

spherical  to  spherical;  5.  clavate;  6,  trigonal;  7,  boo-  ̂ ^^Mt 

as  missing 

merang-shaped  (abruptly  bent);  8,  fusiform;  9,  ovoid; 
When  variation  was  encounter 

A,  lenticular;  B,  elongate  and  straight-sided;  C,  half'       ̂ ^^  character  was  scored  as  uncertain  except  in 
sphere.  those  few  cases  in  which  it  was  possible  to  assess 

74.  Mericarps  with  lateral  wings:  0*,  no  (or  fruit  not  a       with  confidence  the  ancestral  state  within  the  taxon. 
schizocarp);  1,  yes. 

75.  Mericarps  with  basal  wing:  0*,  no  (or  fruit  not  a 
schizocarp);  1,  yes. 

For  example,  it  is  clear  that  the  ostensibly  prmiitive 

drupaceous  fruit  in  Ajuga  postii  Briq.  is  secona- 

arily  derived,  because   the   distribution  of  other Mericarp  attachment  scar  with  refiexed  spinelike  pro-       characters  shows  that  this  species  is  far  from  basal jections:  0*,  no;  1,  yes.  •  i  •       i  .  i  i       *  ♦^  R  Mrv 
^  withm  the  genus.  As  a  result,  only  state  d  V^n 77.  Mericarp  attachment  scar  with  vertical  membrana- 

ceous outgrowth:  0*,  no;  1,  yes. 
78.  Seed  albuminous;  0,  no;  1,  yes. 

79.  (UNO)  Embryo  shape:  0,  spatulate.  straight  or  slight- 

nutlets)  was  scored  for  character  69  in  Ajuga- 

"   are 

used 

Scorings    of   **uncertain"    and    "missing 

vi^iiv^;  i^iiiui_yuau*ipe:  u,  spaiuiate.  straigtit  or  slight-           ^^  -.x.^.v..*c.^   **x  w^v.  ̂ ^.^.m..^..j   ^^    c      ff    d 

ly  curved;  1,  abruptly  bent  but  not  doubled  over;  2,       ̂    ̂ ^^^   analysis   (PAUP   version   3.0L;  Swotlor  , 
doubled  over  on  Itself;  3,  investing. 

80.  (UNO)  Pollen  sculpturing  types:  0,  psilate,  micro- 

(tectum 

1990).  If  a  character  state  is  scored  as  missing 

("?"  in  the  data  matrix)  for  a  taxon,  it  wiU  be 

assigned  whichever  state  is  most  parsimonious  gi 
(vs.  1 ));  1 ,  tectate-perforate  to  microreticulate  with  en  the  placement  of  the  taxon  on  the  tree  by  the 
mur.  exhib.t.ng  an  alternation  of  distinctly  raised  and  other  characters.  If  a  character  is  scored  as  un- nonraised  segments;  2,  striato-reticulate;  3,  rugulose;  ̂ ^^.^-    r.  ̂     *  .  ♦      ..»  accjifTned  to  the 
A    .,„„,„,  .•     1  »    »  1         _  °  certain  (i.e.,  two  or  more  states  are  assignei' 4,  suprareticulate  to  suprarugulose;  5,  supraverru-  .  •.,      j  •   ̂      .        i        -.i  ̂   ̂ Jll  rhoose 

cate;  6.  supraspinubse  to  spinose;  7.  minutely  su-  f '^^^  '"  '^^  ̂^'^  '"^^"'^)'  '^^  ̂ '^T  li  min- 
     irom  among  the  assigned  states  the  one  tnai 
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imizes  the  overall  tree  length.  Thus,  an  uncertain  set  of  outgroups.  The  forenamed  segregate  families 

state  plays  a  role  in  determining  the  tree  topology,  are  treated  here  as  close  outgroups  under  the  as- 

while  a  missing  state  does  not.  This  is  an  important  sumption  that  the  Verbenaceae  sensu  lato  plus  the 

distinction  for  multistate  characters.  For  example,  Labiatae  form  a  clade.  Upon  further  study,  how- 

if  only  two  of  the  ten  possible  states  of  character  ever,  it  may  turn  out  that  some  of  these  segregate 

80  occur  within  a  taxon,  scoring  it  as  uncertain  families  originated  from  different  scrophularialean 

rather  than  missing  prevents  the  algorithm  from 

assigning  a  state  that  is  known  not  to  occur  in  the  inclusion  among  the  primary  outgroups,  if  incor- 

rect, may  have  prevented  polarity  assessment  for 

There  are  two  situations  other  than  intra-OTU  some  characters  due  to  variation  among  the  out- 

variation  that  resulted  in  scoring  a  character  as  groups,  but  it  should  not  have  resulted  in  incorrect 

"uncertain":  character  state  intermediacy  and  true  polarities,  as  agreement  among  all  five  primary 

uncertainty.  An  example  of  the  first  situation  can  outgroups  was  required  for  polarity  assessment, 

be  found  in  Caryopteris  grata,  in  which  the  slightly  Because  data  coUection  for  both  sets  of  out- 

fleshy  fruit  contains  four  pyrenes.  The  fruit  usuaUy  groups  Is  still  incomplete,  they  were  not  included 

does  not  split  spontaneously  (at  least  in  herbarium  in  the  data  set.  Rather,  the  results  of  this  analysis 

material)  but  can  be  broken  apart  with  slight  thumb  have  been  left  as  an  undirected  tree,  but  the  most 

pressure  to  form  four  mericarps.  Because  the  fruit  plausible  rooting  positions  have  been  determmed  a 

is  btermediate  between  a  drupe  and  a  fleshy  schizo-  posteriori  based  on  those  characters  for  which  data 
^arp,  character  69  was  scored  as  intermediate 

("uncertain")  between  states  7  and  A. 

dberg 

An  example  of  the  second  situation  can  be  found  cestral  states  used  in 
 the  rooting  procedure  are 

in  Hosea,  in  which  the  corolla  has  three  simUar  indicated  with  an  asterisk  in  Table  3 . 

lobes  and  one  larger  one,  but  it  has  not  been  possible  A  close  relationship  to
  the  Verbenaceae  and 

to  determine  from  the  available  herbarium  material been 

and  pubUshed  descriptions  whether  it  is  the  anterior      (Cronquist,  1981)  and  ̂^e  ̂c^^P^"^"""'*^^  ̂ ^"[ll' 

or  posterior  lobe  that  is  enlarged.  If  character  26      gren    1077-  W...nit..
   1977:  Cantmo,   1982b). Wageni 

The  former  hypothesis  is  based  primarily  on  a  suit
e \v.uiuud  snapej  were  bmary,  the  state  would  simply  mc  lumt^i  "jr^*                            i  i     Y     i  ♦* 

have  been  scored  as  missing  for  Hosea.  However,  of  related  gynoeclal 
 features,  whJe  the  latter    s 

since  the  true  coroUa  shape  could  be  narrowed  supported  by  a  v
ariety  of  chemical,  embryological, 

down  to  two  of  the  1 5  oossa,le  states,  it  was  pref-  and  morphol
ogical  characters.  Recent  molecular 

erable  to  score  the  character  as  "uncertain,' 
states  5  and  6  listed  as  the  only  possibilities 

ith      studies  corroborate  the  Scrophulariales
  hypothesis. 

Both  sequence  data  for  the  rbcL  gene  (O
lmstead 

A  nko       *  1         '^.    .       r         .  *.t  al     1QQ2   in  oress)  and  restriction  site  data  lor 
A  character  was  scored  as  missmg  for  a  taxon      et  al.,  ivvz,  m  press;  i    ̂    „  „^_„ 

^  the   inverted   repeat   of  the   chloroplast   genome 

(Downie  &  Palmer,  1992)  delimit  a  majo
r  clade 

comprising  the   Scrophulariales  sensu  
 Cronquist 

Verbenaceae 

wnder  two  circumstances:  (1)  the  information  was 
indeed  missing  (i.e.,  any  of  the  possible  states  could 
<x^cur  in  the  taxon);  (2)  the  character  is  inapplicable 

w  the  taxon.  For  example,  if  the  calyx  is  unlobed,      {i"^^^)  P'"^  ine  ve.u^uav.^^,  ^«^        
 , 

character  18  (calyx  lobe  shape)  is  inapplicable  and      Utrichaceae. 
 The  two  molecular  studies  d,sag^e«, WO.  .„.,/.  ^  ̂   ^^  u^,.,^,r^T-   nti  thp  nrecise  Dosition  of  the  Vert>ena- 

was  scored  as  missine  however,  on  tne  precipe  puMuu..  ^.  ».^    -^   ^  mibbmg.  Tahi^itap  within  thi=  clade.  Acanthaceae, 
Because  of  Its  lenatb    th*.  d^t^  m;,trJx  has  been      ceae  and  Labiatae  witmn  mi    ci        ̂ 

excluded  from  this  report.  It  is  on  file  in  the  libraries 
^f  the  Harvard  University  Herbaria  and  the  Royal 
ootanic  Gardens  at  Kew,  and  copies  are  available 
from  the  author  on  request. 

Bignoniaceae,  Buddlejaceae,  Callitrich
aceae,  Ces- 

Scroph 

close 

both Oleaceae  more  distantly  related. 
OITCROUPS 

The  closest  outgroups  are  those  Verbenaceae 

sed 
sister 

Labia  ta 

««nsu  lato  that  lie  outside  the  study  group-viz.,      compo^  of  Phr
ymaceae  (mcluded  m  Vert>ei..c^e 

subfamily  Verbenoideae  and  the  segregate  families 
^yclocheilaceae,  Nesogenaceae,  Phrymaceae,  and 
StUbaceae.  The  Scrophulariales,  the  closest  rela- 

tives of  the  Verbenaceae  sensu  lato  and  Labiatae       ciaceae    and    Thunbcrgi 

(discussed  below),  constitute  a  second,  more  distant       included  in  the  Acanlharr. 

luded 

daliaceae  by  Cronquist,  1 98 1 ),  Hippuridace
nc,  Cal- 

litrichaceae, and  Hydrostarhyaceae,  with  Mendon- (iKjth    frpque 

closest 
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Unfortunately,  flaws  in  character  scoring  and  po-  Labiatae  are  monophyletic,  a  second  analysis  was 
larity  assessment  in  this  paper  render  these  con-  carried  out  with  the  data  set  constrained  such  that 
elusions  questionable.  For  example,  the  single  syn-  only  trees  in  which  the  Labiatae  form  a  clade  were 
apomorphy  cited  by  Lu  (1990)  as  linking 

Verbenaceae-Labiatae  clade  to  its  sister  group  is 

saved. 

What 

unit 

When  optimizing  characters  on  the  trees,  the 

loss  of  diacytic  stomata.  However,  diacytic  stomata  delayed  transformation  option,  which  favors  par- 
are  widespread  in  the  Verbenaceae  and  occur  in  allelisms  over  reversals  when  they  are  equally  par- 
nearly  all  genera  of  Labiatae  (Cantino,  1990a).  simonious,  was  used  in  most  cases.  The  accelerated 

Other  problems  in  Lu's  analysis  include  the  scor-  transformation  option  was  used  in  a  few  instances 
ing  of  Labiatae  as  having  an  actinomorphic  corolla  (see  Results  and  Discussion)  when  the  character 

state  distribution  within  an  OTU  suggested  that  the 

may  appear  to  be  simple  errors  in  the  data  matrix  internal  variation  was  more  likely  due  to  reversal 

actually  result  from  Lu's  handling  of  variation  with-  than  parallelism.  The  tree  topology  and  overall 
parsimony  are  not  aff'ected  by  the  choice  of  opti- 

a  family,  only  the  plesiomorphic  state  was  assigned,  mization  routine,  but  the  positions  of  certain  char- 
Although  this  procedure  is  correct,  it  requires  that  acter  transformations  are  altered. 

proximal  outgroups  be  used.  In  Lu's  analysis,  po- 
larity assessments  were  based  on  the  outgroups  to  RESULTS  AND  Discussion 

the  Lamiiflorae  as  a  whole  (viz.,  Oleaceae,  Clethra-  ^^ 

ceae,  and  Solanaceae)  rather  than  on  the  immediate  ,     ^^^  '^''''^''  ''^^'  ̂ ^""^  ̂ ^  ̂^^^  ̂ '^  HI  f  P' 

relatives  of  the  OTU  in  which  the  variation  oc-  ̂^""S'  "^^^  ̂   consistency  mdex  (CI)  of  0.298  (aut- 

curred.  Thus  an  actinomorphic  coroUa,  which  is  ̂ P^^^^Phies  were  excluded  from  these  calcula- 

clearly  a  reversal  from  a  primitively  zygomorphic  '^^^''  ̂ ^'^^^^^  ̂ ^^^  ̂ ^^^  ̂ ^^^  "*^PPf  ̂"^"^      , 

condition  within  the  Labiatae,  was  treated  as  pie-  ̂ ^^^^"«"«  t^^^)'  The  low  CI  value  is  due  in  part 

siomorphic  and  assigned  to  the  family  as  a  whole  *^  *^^  '^"^e  number  of  OTUs  in
  the  analysis,  han- 

Similarly,  spiral  phyUotaxy  ("alternate  leaves")  is  ̂^"'^^  ̂   Donoghue  (1989)  found  consistency  m- 

a  rare  and  probably  derived  condition  within  the  ̂ ^^  '^  ̂^  ̂^^^y  ̂ ^^''^I^ted  with  ̂ ^^^^' f'^J"^' 
Verbenaceae.  A  better  approach  when  dealing 
variation  within  OTUs  is  to  attempt  to  determine 

The  largest  data  sets  in  their  study  included  65 

68  taxa  and  had  CI  values  of  0.32-0.37.  Thus, 

the  basal  state  within  the  taxon  or,  if  this  is  not      ̂   ̂^  ̂^  ̂ ^98  in  an  analysis  
that  includes  106 

possible,  score  the  taxon  as  uncertain  for  that  char-      ̂ ^""^  '^  ''''}  unreasonably  low.  Indeed,
  when  tne 

acter  and  allow  the  parsimony  algorithm  to  assign 
the  character  state  that  minimizes  the  overall  tree 
length. 

data  matrix  in  the  present  study  was  cut  in  hall 

by  deleting  alternate  entries  in  the  alphabetical  list 

of  taxa  and  the  analysis  was  rerun  with  the  re- 

Based  on  the  above  considerations,  the  best  can-      "^^^  ̂ ^   *^^^'  }^^  ̂l  ̂^'  P"^^'  "^^^"^  't 
didates  for  sister  group  of  the  Verbenaceae-La- 

biatae clade  are  Acanthaceae  sensu  lato,  Bignon-  j  nnn 

iaceae,  Buddlejaceae,  CaDitrichaceae,  Gesneriaceae,      ''^^^^  *"*  *^^  regression  line  in  Sanderson  
and  uo 

Myoporaceae,  Pedaliaceae,  and  Scrophulariaceae!      ̂ S*^^^'^  study. 

matrix  was  reduced  to  27  taxa  by  the  same  pro- 

cedure, the  CI  rose  to  0.55.  These  figures  are  afl 

All  of  these  except  the  Callitrichaceae  were  used 
Although  the  exact  number  cannot  be  deter- 

as  secondary  outgroups  when  assessing  the  most      ""^^^^  '^  '^  ̂ ^^"  '^^'  '^^'^  ̂ 'V  .^'^^^  Twl 
—    ■  equally  parsimonious  trees.  PAUP  found  4,1^" 

root 

Verbenoideae 
primary 

families  of  Verbe 

CLADISTIC  ANALYSIS 

The  analysis  was  carried  out  using  PAUP  ver- 
sion 3.0L  (SwoflFord,  1990)  on  a  Macintosh  Ilfx 

computer.  All  three  branch-swapping  algorithms 
used  by  PAUP  were  employed  in  an  attempt  to 
find  the  most  parsimonious  trees.  In  order  to  test 

399-step  trees  before  the  analysis  was  aborted  due 

to  overflow  of  the  tree  bufifer,  and  it  is  possible 

that  many  more  exist.  In  spite  of  the  existence  o 

many  equally  parsimonious  trees,  there  is  a  n>g" 

degree  of  resolution  in  some  parts  of  the  stn consensus  tree  based  on  them  (Fig.  1)- 

Space  limitations  preclude  mapping  of  the  cna 

acter  state  changes  onto  the  full  consensus  tree. 

Rather,  they  have  been  separately  mapped  (fip- 

2-4)  onto  the  three  large  groups  labeled  A,  B,  an 

C  in  Figure  1 .  Because  no  outgroups  were  in^;"*^ 

in  the  data  set,  the  consensus  tree  was  initia  J 
the  relative  parsimony  of  the  hypothesis  that  the      undirected  and  is  shown  as  such  in  Figure  1-  How- 

^ 
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f^'GURE  1.     Strict  consensus  tree  (undirected)  based  on  4,100  399-step  trees.  Thickened  stems 
:j:here  the  tree  most  Ukely  roots  (see  text).  Branch  lengths  are  proportional  to  the  number  of  chara  f   „    „ 
'able  2  for  full  names  of  OTUs.  Parenthetical  abbreviations  (infrafamilial  taxa)  are  defined  m  Table  1.  A,  B.  C: 

groups  discussed  in  text.  LAB,  taxa  usually  assigned  to  Labiatae;  GSL,  gynobasic-styled  Labiatae. 
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Figure  2.      Character  changes  in  Group  A  (see  Fig.  1).  Character  states  are  designated  by  digits  and  (it  mor 
than  10  states)  letters.  Because  the  tree  as  a  whole  may  root  in  the  region  designated  by  thickened  stems  (see  tax ;, 
the  polarity  of  character  changes  within  this  zone  and  on  the  three  stems  basal  to  it  may  be  incorrect.  Parentne  ic 

abbreviations  (infrafamilial  taxa)  are  defined  in  Table  1.  LAB,  taxa  usually  assigned  to  Labiatae;  GSL,  gynobasij 
styled  Labiatae;  *,  group  discussed  in  text.  Heavy  bars  =  unique  synapomorphies;  light  bars  =  parallelisms;  A reversals. 

ndberg 

ever,  some  rooting  positions  are  more  plausible  than  acter  45  (ciliate  anthers)  is  hypothesized  to  be  a 

others,  based  on  the  limited  data  presently  available  synapomorphy  of  the  Tinnea-Renschia-Scniei' 

for  the  outgroups.  Using  the  Lundberg  Rooting      larieae  clade  (Fig.  2),  with  reversals  in  Harlanle- 

wisia,  Perilomia,  and  a  few  species  of  Tinnea, 

rather  than  arising  separately  in  Salazana,    c 

tellaria,  Renschia,  and  Tmnea.  (2)  In  both  char- 

acters 47  and  49,  state  1  (anther  connective  ap^ 

pendaged  and  cristate,  respectively)  is  hypothesize 

to  be  a  synapomorphy  of  a  clade  comprising  hic 

benaceae  sensu  lato  as  the  primary  outgroups  and 
some  families  of  Scrophulariales  as  more  distant 

outgroups  (see  Outgroups  above),  eight  equally 
parsimonious  positions  for  the  root  have  been  hy- 

pothesized (designated  by  thick  lines  in  Figs.  1,  2,         ^  „  ̂   j««^,v^x^xw*px*  r  ̂ .  ̂    ^   i 

and  4),  which  lie  in  two  separate  parts  of  the  tree.       rago  and  Prostanthera  sect.  Prostanthera,  wit 

The  polarities  of  the  character  changes  mapped      subsequent  reversal  in  a  few  species  of  the  lat  e 

onto  these  two  hypothesized  rooting  regions  and      (Fig,  4),  rather  than  arising  separately  in  the  two 

the  three  intemodes  that  lie  between  them  may  be      taxa.  (3),  State  7  of  character  80  (minutely  sp^ 
incorrect,  but  changes  elsewhere  on  the  strict  con- 

sensus   tree    represent    hypothesized   synapomor- 

phies. 
For  the  most  part,  the  delayed  transformation 

nulose  poUen)  is  hypothesized  to  be  a  syna
pomor- 

phy of  a  clade  comprising  Eichlerago,  Jvrixoni  , 

and  both  sections  of  Prostanthera,  with  subsequen 

reversal  in  some  species   of  Prostanthera 

option  was  used  when  mapping  characters  onto      Klanderia  (Fig.  4).  The  delayed  transformation 
Figures  2-4,  but  accelerated  transformation  was      option  would  pi 

th used  in  the  following  instances:  (1)  State  1  of  char- 

of  state  7  on  t
he  sten. leading  to  Wkxonia, 

 Eichlerago,  and  Prostant
he- 

ace  tne  origin 
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Figure  3.      Character  changes  in  Group  B  (see  Fig.  1).  Parenthetical  abbreviations  (infrafamilial  taxa)  are  defined 
^  lable  1.  *,  group  discussed  in  text.  Heavy  bars  =  unique  synapomorphies;  light  bars  =  parallelisms;  X  =  reversals. 

fa  sect.  Prostanthera.  (4)  State  1  of  character  82  biatae  plus  four  genera  of  Ajugeae  (Ajuga,  Aery- 

\operculate  pollen)  is  hypothesized  to  be  a  syna-  mia,  Cymaria,  and  Holocheila);  (2)  tribe  Scutel- 

pomorphy  of  the   clade   comprising  Dicrastylis,  larieae  plus  Renschia,  and  Tinnea;  (3)  Amethystea, 

^Mophora^   Lachnostachys,   Newcastelia,   and  Rabiteucris,  Schnabelia,  Teucrium,  and  Trichos- 

^cctona^  with  subsequent  reversal  in  Tectona  and  tema  (because  three  species  of  Caryopieris  and 

a  lew  species  o{  Dicrastylis  and  Newcastelia,  rath-  three  other  genera  of  Verbenaceae  are  included  in 

cr  than  arising  independently  in  the  first  four  gen-  this  clade  as  well,  more  than  one  origin  of  the 
era  listed  (Fig.  4). 

POLYPHYLY  OF  LABIATAE 

The  hypothesis  that  the  Labiatae  are  pol 
^**c  is  strongly  supported  by  this  analysis.  The 8trif>t   «    ,«.         *v  .  « 

labiate  genera  within  the  groTip  is  likely);  and  (4) 

trihe  Prostanthereae.  In  addition,  Te/rar/ea  (placed 

in  the  Labiatae  by  some  authors  and  the  Verbena- 
ceae by  others)  is  unconnected  to  the  other  groups 

of  Labiatae. 

Strict  consensus  tree  (Fig.  1)  requires  at  least  four 
Verbena 

^^e,  in  three  widely  separate  parts  of  the  tree. 
When  the  Labiatae  were  constrained  to  form  a 

^onophyletic  group,  the  shortest  trees  required 
^^2  character  changes — 13  steps  longer  than  the parsunomous 

A  he  four  groups  of  Labiatae  that  emerge  as 
^tinct  in  tli*»  ctrir>t  ̂ ^noo«e„e  troo  /"T  AR"  in  Fig. 

disti 
--  «.    i.,^   oiiiui   UUUSCU^U^    lice  \      L^rkMJ        «■    ■   15- 

*)  are  composed  of:  (1)  the  gynobasic -styled  La- 

GYNOBASIC-STYLED  LABIATAE 

AND  THEIR  RELATIVES 

With  the  exception  of  a  few  species  in  trjl>e 

Scuteilarieae  (discussed  below),  the  gynobasic -styled 

Labiatae  ("GSL"  in  Figs.  1  and  2)  form  a  mono- 

phyletic  group.  Although  this  major  clade  is  rep- 
resented by  only  1  2  genera  here,  it  comprises  alnjut 

90%  of  the  Labiatae.  It  is  nested  witlun  a  larger 
nX-^A^  r-KinrnrtftriVivl  liv  suDrarcticulatc  oollen  and 
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2S<A)  5a<1 

CHLOANTH  (CH) 

PITYANGU  (CH) 

HEMPHOR  (CH) 

PTTYBART  (CH) 

am.A)  43K0)  50(3)  ao(0)  «KCj    prrvuMCi/cifi 

11(1)    14(2)    38(1)    63<Z) 

20(0}     32(1)  «2(12) 
^        "l        I     DICRASTY  (PH) 

14(0)  26(0)    33(D) -H   1   M-  MALLOPHO(PH) 

LACHN05T  (PH) 

2U|.  NEWCASTE  (PH) 
78{0)   B0(3,4)    82(0) 

t   1   ^  TECTOMA  (TEC) 

57(0)      80(1) 

43(1)  47(1)  «Ki)  I     M        I    EICHLERA(PR) 
PROSPROS  (PR) 

5(0)    34(1)  B2(1)     WRIXONIA  (PR) 

PROSKLAN  (PR) 

HEMANDH  (PR) 

HEMGENI  (PR) 

MICROCOR  (PR) 

WESTRING  (PR) 

PROSTANTHEREAE 

Figure  4.      Character  changes  in  Group  C  (see  Fig.   1).  Because  the  tree  as  a  whole  may  root  in  the  region 

changes  within  this  zone  may  be  incorre
ct. 

=  unique  synapomorphies;  hgni 

designated  by  thickened  stems  (see  text),   the  polarity  of  character 
Parenthetical  abbreviations  (infrafamilial  taxa)  are  defined  in  Table  1.  Heavy  bars 
bars  =  parallelisms;  X  =  reversals. 

a  fruit  composed  of  nutlets,  which  includes  (in      to  the  ovary  lobes  above  the  apex  of  the  dis 

addition  to  the   gynobasic-styled  Labiatae)  tribe      extension  and  is  thus  not  truly  gynobasic.  Because 
Scutellarieae,  six  genera  of  Ajugeae,  and  the  ver- 
benaceous 

benace 

Wage  comprising  most  of  tribe  Viticeae  plus  Teijs- 
manniodendron  (Caryopteridoideae). 

Although    the    Scutellarieae    are    traditionally 
grouped  with  the  gynobasic-styled  Labiatae,  the 

this  gynoecial  morphology  could  have  evolved  from 

either  a  shallowly  lobed  ovary  (character  ̂ ^  "  ' 

e.g.,  tribe  Ajugeae)  or  the  sort  of  gynoecium  foun^ 

in  the  gynobasic-styled  Labiatae  (character  57 

2),  character  57  was  coded  as  missing  for  *"^ 

ScuteUarieae.  As  it  turned  out,  the  most  par
si- 

monious hypothesis  groups  the  Scutellarieae 
style  is  truly  gynobasic  only  m  some  species  of      two  genera  (viz.,  Renschia  and  Tinnea)  that  have 

a  shaUowly  lobed  ovary  (Fig.  2),  implying  that     ̂  

gynobasic  style  that  occurs  in  a  few  speci 
Hook.  f.).  In  the  rest  of  Scutellaria  and  Perilomia,      Perilomia  and  Scutellaria  arose  independently  fro"* 

Perilomia  and  a  few  (perhaps  only  one)  species  of 
nummulariifi 

as  well  as  in  Salazaria  and  Ilarlanlewisia,  the      that  in  the  other  gynobasic-styled  Labiatae. lobes 

laterally 
A  close  relationship  among  the  four  gene^  <> 

Scutellarieae  (viz.,  Scutellaria,  Salazaria-  re upward  extension  of  the  disk.  The  style  is  attached      lomia,  and  Harlanlewisia)  is  well  accepted  (Epw* 
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1942,   1955),  and  Paton  (1990)  treats  them  as  benaceae,  Caryopterideae)  and  Clerodendrum 
congeneric.  SimHarly,  Renschia  and  Tinnea  have  (Verbenaceae,  Clerodendreae),  three  other  genera 
long  been  regarded  as  close  relatives  (VoUesen,  of  Clerodendreae,  and  5/?ar^o/^am^e//a  (Verbena- 
1975  and  references  therein).  In  contrast,  the  re-  ceae,  Chloanthoideae).  While  it  is  tempting  to  dis- 
lationship  suggested  here  between  Scutellaria  sen-  miss  such  a  taxonomicaDy  diverse  assemblage  as 
su  lato  and  Renschia  and  Tinnea  runs  counter  to  an  artifact,  the  strong  character  support  for  this 
the  prevailing  classifications  of  the  Labiatae,  in  clade  is  noteworthy  (Fig.  3).  The  most  distinctive 
which  Renschia  and  Tinnea  are  assigned  to  tribe  of  its  six  synapomorphies  is  the  shape  of  the  flower 
Ajugeae  and  Scutellaria  to  either  tribe  Lamieae bud,  in  which  the  corolla  expands  abruptly  on  the 

(oentham,   1876)  or  its  own  subfamily  (Briquet,       lower  (anterior)  side  only,  so  that  it  looks  something 

1895-1897;  Wunderlich,  1967).  Nonetheless,  the       like  a  golf  club.  This  feature  is  absent  (presumably 
hypothesized  /?e/z5cAta-7I/inea-Scutellarieae  clade       due  to  reversal)  in  Trichostema  arizonicum  and 

IS  supported  by  six  synapomorphies  (Fig,  2).  Two       most  members  of  the  "teucrioid"  subgroup. 
01  these  concern  its  distinctive  calyx,  which  is  bi-  The  closest  relatives  of  Teucrium,  one  of  the 

labiate  with  entire,  rounded  hps  that  become  tightly      largest  and  most  widespread  genera  of  Labiatae, 

appressed  after  anthesis,  enclosing  the  developing       are  the  verbenaceous  genera  Teucridium,  Spar- 
nutlets  inside.  Vollesen  (1975)  suggested  that  this       tothamnellay  and  Oncinocalyx.  My  earlier  sug- 

calyx  morphology  evolved  separately  in  Scutellar-  gestion  (Cantino,  1990b)  that  Monochilus  also  he- 
rn versus  Renschia  and  Tinnea^  but  it  is  more  longs   to  this  group  is  apparently  incorrect,   its 

parsimonious  to  hypothesize  a  single  origin  in  a  afiinities  lying  rather  with  Amasonia  (near  top  of 

common  ancestor  of  these  taxa.  When  the  analysis  Fig.  3).  This  teucrioid  clade,  which  is  characterized 

was  redone  without  these  calyx  characters,  the  by  its  distinctive  operculate,  verrucate  pollen,  de- 
Aert5cAm-7I/iftea-Scutellarieae    clade    remained  serves  special  comment  because  of  the  widely  di- 

intact,  thus  there  is  no  circularity  in  this  argument.  vergent   taxonomic   positions  of  its  four  genera. 
The  strict  consensus  tree  shows  Holmskioldia  Teucridium  and  Oncinocalyx  are  members  of  tribe 

(Verbenaceae)  as  the  sister  group  of  the  Renschia-  Clerodendreae    (subfamily    Viticoideae)    (Briquet, 

7Tft/iea-Scutellarieae  clade  (Figs.  1,  2),  implying  1895;  Moldenke,  1971),  while  Spartolhamnella 

a  separate  verbenaceous  origin  for  this  group  of  is  generally  assigned  to  the  Chloanthoideae  (Bri- 

labiatae.  Holmskioldia  is  monotypic  as  delimited  quet,  1895).  Since  the  Chloanthoideae  have  been 

here,  comprising  only  the  Asian  species,  H.  san-  elevated  to  famUial  rank  by  some  authors  (Mol- 

g^wmea  Retz.  The  African  species  formerly  assigned  denke,  1971;  Munir,  1976,  1979),  the  teucrioid 
to  Holmskioldia  are  included  here  within  Karo-  clade  draws  its  membership  from  what  are  cur- 

^ia,  as  by  Fernandes  (1985).  The  two  genera  do  rently  treated  as  three  different  families. 

not  appear  to  be  closely  related,  Karomia  faUing           Tribe  Prostanthereae  (Labiatae)  is  monophyletic 

in  the  central  part  of  group  B  (Figs.   1,  3)  and  in  the  strict  consensus  tree  (Figs.  1,  4)  and  com- 

Holmskioldia  in  group  A.  Although  a  close  rela-  prises  two  subgroups:  (1)  the  prostantheroid  clade, 

tionship  between  Scutellaria  and  Holmskioldia  has  delimited  by  calyx  morphology  and  pollen  sculp, 

not  previously  been  suggested,  the  fruit  of  Holm^  turing,  and  (2)  the  hemigenioid  clade  with  its  pe. 

^kioldia  bears  a  distinctive  tuberculate  sculpturing  culiar  androecial  morphology  (dimidiate  stamens 

very  similar  to  that  found  in  Renschia  and  most  with  an  elongate  connective).  Within  the  former 

species  of  ScuteUarieae.  In  Tmnea.  the  fruit  bears  subgroup,  Prostanthera  is  paraphyletic  if  Eichle- 

•ong,  usually  plumose,  trichomelike  projections  that  rago  and  Wrixonia  are  segregated  from  it.  The 

elongate  greatly  during  fruit  maturation  from  tiny  derived  position  of  FAchlerago  mdicates  that  the 

PapiUae  on  the  ovary.  Further  investigations  of  the  ostensibly  primitive  unlobed  ovary  m  hichlerago 

pericarp  ornamentation  in  these  genera  using  scan-  represents  a  character  reversal  rather  than  a  pie- 

n*ng  electron  microscopy  (in  progress)  will  help 
determine  whether  the  structures  are  truly  ho- niologous. 

^^ER  ̂ 'LABIATAE" 

'Another  intriguing  group  that  cuts  across  tra- 
"honal  taxonomic  boundaries  (marked  with  an  as- 

siomorphic  condition. 
Within  the  hemigenioid  subgroup,  Hemigenia 

is  delimited  by  a  single  autapomorphy— an  an- 

nulate corolla.  However,  a  partial  to  complete  an- 

nulus  also  occurs  in  some  species  of  Microcorys 

and  Westringia.  In  view  of  the  weak  character 

support  for  the  monophyly  of  Hemigenia,  a  plau- 

sible alternative  hypothesis  is  that  it  is  a  paraphy- 

terisk  in  Fig.  3)  comprises  five  genera  of  Ajugeae      letic  group  that  has  given  rise  to  both  Hmiiandra 

(Labiatae),  parts  of  the  genera  Caryopteris  (Ver-      and  the  Microcorys    ITcslnngia  clade. 
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BROADER  VIEW  OF  THE  CONSENSUS  TREE  Tectona  species  are  large  Indomalaysian  trees,  while 

The  unrooted  consensus  tree  can  be  divided  into  *^^  Physopsideae  are  Australian  
shrubs.  However, 

three  large  groups  (A,  B,  and  C  in  Fig.  1),  at  least  ̂ ^^'^  ̂ '^  "^^"^  *^^"^^*^  simUarities  between  these 

two  of  which  appear  to  be  clades.  The  monophyly  *^^^  ̂^''g"  4)-  ̂ eluding  actinom
orphic  flowers  with 

of  Group  B  is  supported  by  character  84,  branched  '^omerous  stamens,  an  
indument  of  branched  tn- 

columellae  (discussed  below).  It  is  unclear  which  ebonies,  and  a  fruiting  calyx
  that  is  constricted 

of  the  other  two  groups  represents  a  clade,  because  ̂ Pi^aUy,  enclosing  the  fruit.  Moreover,  Carlqmst 
(1981)  noted  that  Tectona  is  one  of  only  two  non- 
chloanthoid  Verbenaceae  with  bordered  pits  on  the 

imperforate  tracheary  elements  of  the  secondary 

arsmi 

rooted  near  the  base  of  groups  A  and  C  (Fig.  1). 

gynobasi Labiatae,  the  Ajugeae  (Labiatae)  that  have   su-      ̂ y^^"*'  ̂   ̂̂ ^^^^^  ̂ °""^  ̂ "  ̂^  Chloanthoideae.  One 
prareticulate  pollen,  tribe  Scutellarieae  (Labiatae), can  speculate  that  Tectona  arose  following  the  dis- 

tribe  Viticeae  (Verbenaceae),  and  eight  other  gen-      P^''"^^  "^  ̂^  Australian  physopsid  an
cestor  to  an 

era  of  Verbenaceae  representing  three  subfamilies      environment  in  the  Malay  Archipel
ago  that  was 

Clerodendreae conducive  to  the  evolution  of  an  arborescent  habit. 

(2),  Tectoneae  (2),  Caryopterideae  (1),  Teijsman-      The  range  of Jec/ona  currently
  comes  within  aho^ 

niodendreae  (1),   and  Physopsideae  (1));  (B)  the 

Ajugeae  that  have  spinulose  or  verrucate  supra- 

500  miles  of  that  of  the  Physopsideae. 

Since  ten  of  the  OTUs  in  Group  C  are  exemplar 

tectal  sculpturing,  tribe  Monochileae  (Verbena-  ̂ P^^^^^  ̂ ^  ***^  paraphyletic  genus  Pityrodia,  the 

ceae),  Aegiphila  (Callicarpeae),  Spartothamnella  relationships  hypothesized  within  the
  group  might 

(Chloantheae),  and  most  genera  of  tribes  Clero-      ̂ ^^^  ̂ ^^"  ̂ ^^^^  different  if  the  other  31  species 
dendreae  and  Caryopterideae;  (C)  tribe  Prostanthe- of  Pltyrodia  had  been  included  as  well.  Further- 

reae  (Labiatae),  most  of  subfamHy  Chloanthoideae  "^^^^'  *^^^^  ̂ ^^  additional  characters  (e.g.,  leaf 

(Verbenaceae),  and  Tectona  (Verbenaceae,  Tec-  morphology)  that  were  excluded  be
cause  of  exces- 

toneae).  ^*^^  intra-OTU  variation  in  other  parts  of  the  study 

Group  A  is  the  most  incongruent  with  the  current  S^^^P  ̂ ^^  *^^*  ̂ ^^^^  ̂ ^  ̂ ^^^^  ̂   ̂^  analysis  re- 

classification of  the  two  families  and  may  be  para-  ̂ tricted  to  Group  C.  Consequently,  the  relationships 

phyletic.  An  argument  will  be  presented  below  that  ̂ *^^^°  ̂ ^*^^  ̂ ^^  Chloanthoideae  (the  upper  two- 

suggests  that  the  true  affinities  of  Faradaya  and  ̂ ^"^^^  ̂ ^  ̂ ''^^P  C)  ̂ ^^  presented  with  relative  y 

Physopsis  are  with  Groups  B  and  C,  respectively,  '^*^^^  confidence.  For  example,  C
hloanthes  would 

assignment 
probably  have  grouped  with  Pityrodia  uncinata 

rather  than  P.  angustisepala  if  more  leaf  char- 

Group   B,   although   taxonomicaUy   diverse,   is      ̂ ^^^^^  ̂ ^^  ̂ ^^^  included  in  the  data  set.  On  the 

consensus  tree. 

probably  monophyletic.  All  but  one  of  the  genera 
of  Labiatae  and  Verbenaceae  that  have  spinulose 

other  hand,  the  relationship  hypothesized  here  be 

tween  Hemiphora  and  Pityrodia  bartlingii  is  well 

AFFINITIES  OF  PHYSOPSIS  AND  FARADAYA 

or  verrucate  supratectal  sculpturing  faU  within  this  supported  by  shared  foliar  features  that  were 
 no 

group  in  the  most  parsunonious  trees.  (The  affinities  "^^^  '^  ̂^^^  analysis.  The  simUar  and  unusual  po
llen 

of  the  one  exception,  Faradaya,  probably  He  with  morphology  exhibited  by  these  two  taxa  has  already 

this  group  as  well;  discussed  below.)  Only  a  few  ̂ ^^"  ̂ ^^^^  by  Raj  &  Grafstrom  (1984). 
members  of  Group  B  have  other  sorts  of  exine 
ornamentation.  Moreover,  all  but  one  of  the  taxa 

in  Group  B  for  which  data  are  available  have  pollen  Although  the  groupings  in  Figure  1  are  markedly 

with  branched  columellae  (occasionally  varying  to  incongruent  with  the  accepted  taxonomy  of  the 

granular),  a  feature  that  is  very  rare  elsewhere  in  Verbenaceae,  they  make  intuitive  sense  if  one  is 

   willing  to  look  beyond  the  single-character  taxon- Trichostema,  has  a  massive,  undifferentiated  col-  omy  that  underlies  our  current  classification  and 

umellate  stratum,  an  autapomorphy.  Branched  col-  consider  the  range  of  characters  used  here.  How- 
umellae  are  not  known  to  occur  in  the  outgroups,  ever,  the  validity  of  one  grouping  (marked  with  an 

Lamiales.  The 

pomorphy  of  Group  B. 
With  the  exceotion 

be 

asterisk  in  Fig.   2)  must  be  questioned.  Its  hv 

genera  belong  to  five  different  tribes  in  three  s 

families.  The  synapomorphies  of  tliis  ostensible  cla 

entirely  Australian  assemblage.  A  close  relationship      and  the  slightly  larger  one  that  includes  Neora- 

pinia  are  actinomorphic  flowers,  a  corolla  with 
ibe 

thoideae)  may  at  first  seem  unlikely,  inasmuch  as      simOar  petals,  a  calyx  with  four  similar  sepals,  an 

I 

I 

i 

I 
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stamensof  equal  length.  Although  these  characters  have  suprareticulate  pollen,  and  two  genera  cur- 
are not  obligately  correlated  with  each  other  in  the  rently  placed  in  the  Verbenaceae:  Garrettia  and 

data  set  as  a  whole  (and  therefore  all  of  them  have  Holmskioldia,  The  remaining  13  genera  currently 
been  retained  in  the  analysis),  neither  can  they  be  assigned  to  the  Labiatae  by  some  or  all  authors 
viewed  as  fully  independent.   Not  only  does  the  (viz.,  tribe  Prostanthereae,  Amethystea,  Rubiteu- 
definition  of  actinomorphy  overlap  the  other  three  cris,  Schnahelia,  Tetraclea,  Teucrium^  and  Trich- 
characters,  but  the  tetramerous  construction  of  the  ostema)  would  be  transferred  to  the  Verbenaceae, 

corolla  and  calyx  is  very  likely  genetically  linked.  which  would,  however,  remain  paraphyletic.  An 
Thus  the  four  characters  that  delimit  this  group  alternative  approach  that  would  remedy  this  prob- 

would  perhaps  better  be  viewed  as  constituting  only  lem  as  well  would  be  the  adoption  of  Junell's  (1934) 
a  single  derived  floral  syndrome.  While  the  true  proposal  that  the  Verbenaceae  be  restricted  to  sub- 

affinities  of  Callicarpa,  Hymenopyramus^  and  Pe-  family  Verbenoideae  and  that  most  other  groups 
titia  remain  obscure,  Physopsis  and  Faradaya  of  Verbenaceae  sensu  lato  (including  all  ingroup 
are  probably  not  related  to  them. genera  in  this  analysis)  be  transferred  to  the  La- 

in my  opinion,  a  more  plausible  position  for  biatae.  Synapomorphies  can  be  hypothesized  for 

Physopsis  is  its  traditional  placement  within  tribe  both  families  if  delimited  in  this  way.  These  two 

Physopsideae  (perhaps  close  to  Mallophora  and  approaches  to  the  classification  of  the  Lamiales  are 

Dicrastylis  in  Fig.  4),  although  it  lengthens  the  considered  in  more  detail  elsewhere  (Cantino,  1992). 

tree  by  one  step.  Derived  states  that  support  this Regardless    whether    one    recircumscribes    the 

hypothesis  include  an  indumentum  of  branched  Verbenaceae  and  Labiatae  as  suggested  above  or 

trichomes  and  the  persistence  of  the  corolla  as  a  retains  the  conventional  family  boundary,  it  is  clear 

sheath  around  the  fruit.  Similarities  in  habit  and  that  the  current  taxonomy  of  the  Verbenaceae 

foliar  features  that  were  not  included  in  the  analysis  provides  a  very  poor  reflection  of  phylogenetic 

provide  further  support   for   a   close   relationship  relationships.  If  the  relationships  shown  in  Figure 

between  Physopsis  and  the  other  Physopsideae.  1  are  essentially  correct,  subfamily  Caryopteridoi- 

The  true  affinities  of  Faradaya  most  likely  lie  deae  and  tribes  Callicarpeae,  Chloantheae,  Clero- 

^thin  group  B,  where  it  may  be  closely  related  to  dendreae,   Physopsideae,   and   Tectoneae   are   all 

Oxera  (lower  part  of  Fig.   3).  This  hypothesis  is  polyphyletic  while  the  Viticeae  are  paraphyletic. 

only  one  step  longer  than  the  most  parsimonious  Only  Monochileae  emerge  as  a  clade.  At  the  ge- 

trees.  Like  most  members  of  group  B,  Faradaya  neric  level,  Pityrodia  and  Clerodendrum  are  at 

has  spinulose  pollen;  indeed,  it  is  the  only  genus  best  paraphyletic,  and  Caryopieris  appears  to  be 

outside  of  group  B  that  exhibits  this  derived  state.  polyphyletic.  If  the  slightly  less  parsimonious  place- 

Another  unusual  feature  (character  56),  found  only  ments    of  Physopsis   and    Faradaya   (discussed 

in  Faradaya,  Oxera,  Hosea,  and  a  few  species  of  above)  are  correct,  Physopsideae  would  no  longer 

Clerodendrum  (all  except  Faradaya  in  group  B),  be  polyphyletic,  but  the  other  problf-ms  would  re- 

is  the  marked  elongation  of  the  ovary  lobes  relative  main  unchanged. 
Infra  familial  groupings  in  the  Labiatae  liold  up 

far  better,  in  spite  of  the  polyphyly  of  the  family 
lo  the  unlobed  portion  of  the  ovary  during  fruit 
niaturation.  The  exine  of  Faradaya  has  not  yet 
l>een  examined  with  transmission  electron  micros-  as  a  whole.  Tribe  Prostanthereae,  Subfamily  Ne- 

copy;  if  it  proves  to  have  branched  columeUae,  a  petoideae  sensu  Erdtman  (1945),  and  subfamilies 

position   in   group   B   will   be   further   supported,  Scutellarioideae  and  Lamioideae  sensu  Wunderlich 

whereas  simple  columeUae  would  argue  against  this  (1967)  emerge  as  monophylelic,  the  lattermost 
hypothesis. 

TAXONOMIC  IMPLICATIONS 

preliminary 
presented  here,  some  realignments  in  the  classifi- 

Verbenaceae  will  be 

represented  here  by  Galeopsis,  Lamiuni,  Muluc- 

cella,  Physostegia,  and  Prasiurn  (Fig.  2).  Tribe 

Ajugeae,  however,  is  polyphyletic.  The  implications 

of  this  analysis  with  regard  to  infrafamilial  classi- 

fication of  the  Labiatae  are  discussed  in  more  detail 

elsewhere  (Cantino,  1992). 

order.  The  relationships  shown  in  Figure  1  present      bjoceogRAPFHC  IMPLICATIONS 
two  basic  problems:  polyphyly  of  the  Labiatae  and 

Verbenaceae.  Th 

he  remedied  by  restricting  the  family  to  the  clade 

The  gynobasic-slylcd  Labiatae,  which  emerge  as 

a  clade  in  the  strict  consensus  tree  (Fig.  1),  make 

^utellarieae.  the  six  eenera  of  tribe 
be      up  about  90%  of  the  family.  The  distributions  of 

their  closest  relatives  suggest  th;M  this  large  and 
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successful  clade  originated  in  southern  China  or      analysis  will  benefit  from  the  inclusion  of  the  seg- 

Indomalaysia,  as  suggested  by  Wu  &  Li  (1982).      regate  families  I vicenmaceae 

Holocheila  is  known  only  from  southern  China  taceae,  as  well  as  a  more  extensive  sample  of  the 

(Yunnan  Province),  while  Acrymia,  Cymaria,  and  gynobasic-styled  Labiatae.  Most  important,  the  pri- 

Garrettia  are  endemic  to  southeast  Asia  and/or  mary  outgroups  (Verbenoideae,  Cyclocheilaceae, 

Indomalaysia. /i/ug'a  is  widespread  in  the  Old  World  Nesogenaceae,  Phrymaceae,  and  Stilbaceae)  will 
but  particularly  diverse  in  China. be  included  in  the  data  set  of  a  subsequent  analysis 

Two  groups  of  Labiatae  appear  to  have  origi-  once  data  collection  is  complete,  thereby  eliminat- 

nated  in  Australia — tribe  Prostanthereae  and  Teu-  ing  the  need  for  Lundberg  Rooting.  If  relationships 

crium.  The  former  observation  is  trivial  since  the  within  the  Scrophulariales-Lamiales  clade  can  be 

Prostanthereae  are  endemic  to  Australia,  but  an  better  resolved,  the  most  closely  related  groups  of 

Australian  origin  for  Teucrium  runs  counter  to  Scrophulariales  should  also  be  included  as  second- 
expectations,  inasmuch  as  its  center  of  diversity  is  ary  outgroups. 

in  the  Mediterranean  region.  The  closest  relatives 
This  study  provides  a  set  of  explicit  hypotheses 

consensus 

of 

of  Teucrium  (Figs.   1,  3)  are  Teucrldium,  Spar-  about  relationships  in  the  Lamiales.  These  will  be 

tothamnella,  and  Oncinocalyx^  the  former  endem-  tested  by  means  of  the  Improved  analysis  discussed 

ic  to  New  Zealand  and  the  latter  two  to  Australia.  above  and  through  molecular-phylogenetic  studies 

While   Teucrium  clearly  experienced  a  major  that  have  recently  been  initiated  by  R.  G.  Olmstead 

radiation  in  the  Mediterranean  region,  there  is  no  (pers.  comm.).  It  is  hoped  that  this  paper  will  stim- 

reason  to  assume  it  was  the  primary  radiation  rath-  ulate  phylogenetically  oriented  investigations  using 

er  than  a  secondary  burst  of  evolution  some  time  other  sorts  of  characters  as  well  (e.g.,  terpenoids). 
after  the  genus  came  into  existence  in  another  part 

of  the  world.  In  this  regard,  an  argument  can  be       a  greatly  improved  understanding  of  the  phylogeny 

made  that  the  most  primitive  portion  of  the  genus  of  the  Lamiales  and  a  more  natural  and  predictive 

is  section  Teucrium.  The  rest  of  the  genus  is  united  classification  of  the  Verbenaceae  and  Labiatae. 
by  a  derived  calyx  morphology:  a  bilaterally  sym- 

metrical and  more  or  less  gibbous  calyx  with  an  LffERATURE  Cited 
oblique  attachment  of  the  pedicel  (Kastner,  1978; 

Cantino,  unpublished  data).  In  contrast,  the  calyx 
in  section  Teucrium  is  radially  symmetrical  with  a 

central  pedicel  attachment,  very  similar  to  the  ca- 

lyx morphology  in  Teucridium,  Spartothamnella, 

and  most  members  of  the  Trichostema-Caryop- 
teris  alliance.  If  one  accepts  the  basal  position  of 

section  Teucrium^  an  Australian  origin  for  the  ge- 
nus is  no  longer  improbable.  Section  Teucrium  is 

widespread  in  the  Southern  Hemisphere,  including 
Australia  and  southern  Africa,  but  also  occurs  in 

the  Mediterranean  region.  It  is  suggested  here  that 
the  current  diversity  of  the  genus  resulted  from  a 
secondary  radiation  following  the  arrival  of  section 

Teucrium  in  the  Mediterranean  region,  perhaps  via 
Africa.  A  cladistic  analysis  of  relationships  within 
Teucrium,  utiUzing  a  wider  range  of  characters, 

would  provide  a  test  of  this  hypothesis. 
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PHYLOGENY  OF  THE 

RUBIACEAE  (CHIOCOCCEAE) 
BASED  ON  MOLECULAR  AND 

MORPHOLOGICAL  DATA- 
USEFUL  APPROACHES  FOR 
CLASSIFICATION  AND 

COMPARATIVE  ECOLOGY^ 

Birgitta  Bremer 

Abstract 

Phylogenies  reconstructed  with  molecular  data  may  provide  new  hypotheses  of  relationships.  These  may  serve  as 
a  basis  for  improved  morphological  analyses  and  comparative  analyses  of  ecological  features.  In  this  study  a  new 
phylogenetic  hypothesis  based  on  a  chloroplast  DNA  restriction  site  analysis  of  the  Rubiaceae  prompted  a  critical 
analysis  of  morphological  characters.  Several  unique  morphological  characters  were  identified  that  support  a  large, 
previously  unrecognized  monophyletic  group,  including  the  tribe  Chiococceae.  Hence,  the  tribe  Chiococceae  is  amended 
to  include  members  of  the  former  Condamineeae  (subtribe  Portiandiinae)  and  the  genera  Exostema  and  Coutarea 
(formerly  in  the  Cinchoneae).  The  new  phylogeny  of  the  Rubiaceae,  based  on  molecular  data  and  the  great  variety 
of  fruits  in  the  family,  makes  this  family  suitable  for  comparative  studies  of  evolution  of  dispersal  systems  and  for 
testing  hypotheses  of  species  diversity  in  connection  with  the  different  dispersal  systems.  In  the  Rubiaceae,  fleshy 
fruits,  adapted  to  animal  dispersal,  have  originated  a  limited  number  of  times  and  have  remained  unchanged  since 
the  time  of  origin.  The  hypothesis  that  animal  dispersal  should  promote  species  diversity  is  not  supported  for  the Rubiaceae. 

The  position  of  the  Rubiaceae  in  the  order  Gen-  The  Rubiaceae  are,  with  the  exception  of  a  tew 

tianales  close  to  the  Loganiaceae  was  first  suggested  aberrant   taxa,    an    easily    circumscribed   familyi 

by  Utzschneider  (1947)  and  later  established  by  characterized  by  inferior  ovary,  opposite  leaves 

Wagenitz  (1959,  1964).  This  systematic  position  with  stipules,  and  absence  of  internal  phloem,  m- 

is  accepted  by  most  systematists  dealing  with  high-  trafamilial  delimitations  have  always  been  comph- 
er-level  classification  (Dahlgren,    1980;   Thome,  cated  and  uncertain,  however.  There  are  two  main 
1983;  Takhtajan,  1987)  and  also  is  supported  by 

phytochemistry  (of.  Bisset,    1980)  and  sequence      classification  is  based  on  phonetic  similarities,  and 

data  of  the  rbcL  gene  (R.  Olmstead  &  J.  Palmer,      hence  several  groups  are  defined  by  symplesiomor- 

phies  or  mere  absences  of  characters.  Second,  much 

emphasis  has  been  put  on  fruit  structures  for  sort 

comm 

unresolved 

(Leeuwenberg  &  Leenhouts,  1980),  with  the  Lo-  ing  genera  into  subfamilies  and  tribes.  Single  struc- 

ganiaceae  as  a  central  or  "ancestral"  paraphyletic  tures  have  been  used  as  cardinal  characters.  How- 

taxon.  A  morphological  study,  aimed  at  identifying  ever,  in  this  family  comprising  about  10,000  species 

the  sister  group  to  the  Rubiaceae,  analyzed  rep-  and  600  genera  (Mabberley,  198 7),  many  different 
resentatives  of  all  tribes  of  the  Loganiaceae  as  well  fruit  traits  occur.  If  evolutionary  shifts  in  these 

as  a  few  taxa  of  the  other  families  of  the  Gentianales  traits  are  common,  i.e.,  highly  homoplastic,  they 

(Bremer  &  Struwe,  unpublished  data).  The  resuUs      may  be  a  source  of  error  in  classification.  During 

the  past  35  years  three  important  treatments  o 

the  family  with  new  classification  schemes  have 

been  presented  (Verdcourt,    1958;   Bremekamp. 

1966;  Robbrecht,  1988).  A  comparison  of  thes
e 

confirmed 
found 

to  be  a  part  of  the  Loganiaceae, 

Gelsemieae  or  at  least  a  part  of  it. 

^ 

I 

use ful 

comments  on  the  manuscriot.  This 
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i 
different  schemes  (Bremer  &  Jansen,  1991,  table      new  hypotheses  of  relationships,  as  in  the  study  by 
2)  displays  many  dissimilarities  and  conflicts,  even      Bremer  &  Jansen  (1991).  In  that  study,  a  cladistic 

The analysis  of  cpDNA  restriction  data  was  performed 

Aflinit 

similarit 

of  the  different  systems  are  difficult  to  evaluate  for  33  genera  representing  18  tribes  and  four  sub- 
because,  in  several  cases,  they  are  based  on  a  few  families.  Several  monophyletic  groups  postulated 

cardinal  characters  only,  and  no  strict  character  in  this  analysis  were  congruent  with  ''traditional" 
analyses  are  presented.  So  far,  studies  of  relation-  classification,  e.g.,  the  subfamilies  Rubioideae  and 
ships  between  the  subfamilial  entities  have  been  the  Ixoroideae.  However,  the  large  subfamily  Cin- 

chonoideae  was  shown  to  be  paraphyletic.  In  ad- 
dition, totally  new  relationships  were  indicated. 

&  Fairbrothers,  1978).  The  first  phylogenetic  anal-  Following  such  a  molecular  pilot  study,  the  pos- 
ysis  of  representatives  of  different  tribes  of  the  tulated  new  relationships  may  then  be  tested  by 
family  is  the  one  by  Bremer  &  Jansen  (1991)  based  morphological  data.  If  the  new  groupings  are  sup- 
on  chloroplast  DNA  (cpDNA)  variation.  ported,  it  should  be  possible  to  identify  larger  mono- 

In  order  to  evaluate  different  classification  phyletic  groups  defined  by  particular  morphological 
schemes,  and  to  use  the  classification  as  a  frame-  characters.  This  morphological  study  may  subse- 

work  for  evolutionary  studies,  phylogenetic  anal-  quently  suggest  suitable  taxa  for  new  molecular 
yses  are  necessary.  In  this  context,  neither  molec- 

ular nor  morphological  data   are   superior.   Both 

and  morphological  analyses  that  may  provide  fur- 
ther support  for  particular  intrafamilial  taxa.  Using 

types  of  data  are  useful  for  phylogenetic  recon-  a  sample  of  representatives  from  these  larger  cor- 

struction.  When  a  phylogeny  based  on  molecular  roborated  monophyletic  taxa,  it  should  be  possible 

data  is  compared  with  an  "accepted"  classification,  to  analyze  and  reconstruct  the  phylogeny  and  ra- 
the latter  is  often  rejected  because  most  classifi-  solve  the  relationships  for  the  whole  family.  This 

cations  today  are  based  on  phenetic  similarity  and  is  an  enormous  task  for  the  Rubiaceae,  but  im- 

do  not  reflect  the  phylogeny  (cf.  Sytsma,  1990).  portant  for  a  stable  and  informative  classification. 

However,  this  does  not  mean  that  morphological  The  first  steps  in  the  strategy  outlined  above  are 

data  should  be  dismissed  as  inferior  for  phyloge-      here  illustrated  by  an  example  in  which  a  new 

relationship  indicated  by  a  cpDNA  analysis  (Bre- 

molecular  and  morphological  data  may  be  useful  mer  &  Jansen,  1991)  provides  the  basis  for  a 

and  complementary  in  phylogenetic  reconstruc-  morphological  analysis,  resulting  in  the  identifica- 

tion. It  is  also  important  to  get  rid  of  preconceived      tion  of  a  large  monophyletic  group  including  the 
tribe  Chiococceae,  the  subtribe  Portlandiinae  (of 

With 

or a 
concerning 

fulness useless."  Character  homoplasy  and  hence  use-      the  Condamineeae)  and  some  genera  from  other 
tribes. 

lowing  an  analysis  involving  comparison  with  other  Another  kind  of  analysis  that  can  be  performed 
characters.  is    comparative   study   of  ecologically    important 

Due  to  the  correlation  between  large  data  sets  characters.  Such  an  analysis  is  founded  on  the 

(many  taxa)  and  a  high  level  of  homoplasy  (San-  assumption  that  phylogenetic  reconstruction  pro. 

derson  &  Donoghue,   1989;  Archie,   1989),  it  is  vides  information  on  evolutionary  sequences.  I'he 
probably  not  realistic  to  expect  to  resolve  all  re-  usefulness  of  a  phylogenetic  reconstrurtion  based 

lationships  in  one  analysis  of  all  genera  of  a  large  on  molecular  data  for  testing  ecological  characters 

family  such  as  the  Rubiaceae.  However,  if  not  all  or  hypotheses  will  be  illustrated  and  disci 

taxa  are  analyzed,  character  optimization  and  tree 
topology  may  be  affected  (Donoghue  et  a!.,  1989).  ̂   f^^^^  STUDY— ChiOCOCCEAE 
in  Kubiaceae  it  is  not  sufficient  to  sample  only  a 

few  examples  of  each  tribe  in  order  to  resolve  tribal  The  cpDNA  cladogram  of  the  Rubiaceae  (Bre- 

mer  &  Jansen,  1991,  fig.  2)  revealed  several  hith- 

erto unknown  relationships.  One  of  the  branches 

98ed 

relationships,  since  the  tribes  in  many  cases  are 
badly  circumscribed  (cf.  Halle,  1961;  Steyermark  ,nni    c      o. 
&  Kirkbride,   1975;   Kirkbride,   1979;  Ridsdale,      in  the  cladogram  (Bremer  &  Janaen,  1991,  fig.  2)

 

1982;  Tirvengadum,    1984;  Robbrecht  &   Puff,      included  four  genera,  &o5/ema  and  Co^^^^^ 

1986;    Bremer,    1987;    Robbrecht,    1988).    One tribe 
Use 

it 

ackling 
common 

'ect  a  limited  number  of  taxa  for  a  pilot  study  with 
Molecular  data.  Results  of  a  pilot  study  may  suggest 

of  the  Chiococceae.  The  members  of  the  triLc  Chio- 

cocceae {Chioccocca,  Fig.    1)  have  many  small 
re«cenccs 

seed  per 
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Figure  1. 
Halle,  1976). 

1974).  Bar  scales  =  1  cm. 

Flower  parts.  — A.  Portlandia  (redrawn  after  Aiello,  1979).  — B.  Bikkia  (redrawn  after  Jeremie  & 
-C.  Chiococca  (redrawn  after  Correll  &  Correll,  1982).— D.  Coutarea  (redrawn  after  Steyermark» 

sterna  and  Cou^area  (Fig.  1)  usually  have  few  large  characters  that  can  vary  even  within  the  same 

flowers  and  dry,  many-seeded  capsules.  An  affmity  genus  (e.g.,  in  Steenisia  and  Cinchona),  Because 

between  these  taxa  has  never  been  proposed,  and  these  homoplastic  characters  have  been  the  main 

in  the  latest  classification  (Robbrecht,  1988)  they  criteria  for  tribal  delimitation  in  the  subfamily  Cin- 

are  placed  in  different  subfamilies,  with  the  Chio-  chonoideae,  it  is  not  surprising  that  the  classifi- 
cocceae  in  the  Antirheoideae  and  the  others  in  the  cation  seems  arbitrary  (see  Robbrecht,  1988).  The 

paraphyly  of  the  tribe  Cinchoneae  was  also  indi- ar  analysis  prompted  a  more  de-  cated  by  the  cpDNA  analysis  (Bremer  &  Jansen, 

Cinchonoideae. 

The 
found       1991), 

that  they  share  several  specific  characters  (Table Bee ause 

the  tribal  classification  is  uncertam,  it 
1,  characters  1-7):  corolla  funnelform  or  rotate;       seemed  possible  that  other  genera  could  be  closely 
corolla  aestivation  imbricate;  stamens  inserted  at       related  to  Portlandia,  Exostema,  and  Coutarea. 
the  coroUa  base;  filaments  fused  into  a  basal  ring; 
anthers  linear,  basifixed;  and  stigmas  entire  or  in- Hence  I  gathered  additional  morphological  infor^ 

mation  from  most  genera  of  the  Chiococceae  and distinctly  lobed.  The  combination  of  these  char-  the  Condamineeae  (listed  in  Robbrecht,  1988),  as 

acters,  particularly  the  staminal  arrangement,  is  well  as  from  other  genera  reported  to  have  the 

rare  in  the  family,  but  not  unique  to  these  four  same  staminal  arrangements  (Hooker,  1873;  Schu- 
genera,  because  they  also  characterize  the  subtribe  maim,  1891).  A  majority  of  the  genera  were  stud^ 
Portlandiinae  {Portlandia,  Fig.  1)  of  the  tribe  Con-  led  from  herbarium  material  (in  S  and  UPS),  and 

damineeae.  In  addition,  members  of  the  Portlandii-  complementary  data  were  taken  from  the  literature 
nae  usually  have  very  large  flowers;  in  the  genera  (Mueller,  1861;  Hooker,  1873;  Schumann,  1891; 

Cubanola,  Osa,  Portlandia,  and  Thogsennia,  it  Verdcourt,  1958;  Bremekamp,  1966;  Steyermark, 

is  not  unusual  to  have  20-cm-long  corollas.  1974;  Jeremie   &   Halle,    1976;   Darwin,   1977; 

The  neotropical  genus  Portlandia  and  associ-  Aiello,    1979;  Jansen,    1979;  Correll  &  CorreU, 

ated  taxa  (^    Portlandiinae)  have  recently  been  1982;  Ridsdale,   1982).  The  following  genera  o 

revised  by  Aiello  (1979),  who  identified  the  same  the  tribe  Condamineeae  (Robbrecht,  1988)  wjre 
characters  (Table  1,  characters  1-7)  and  indicated  studied  but  rejected  as  unrelated  to  Portlandia 
that  Exostenia,  Coutarea,  and  other  genera  also  Exostema,  and  Coutarea,  because  they  lack  char 

have  identical  character  states.  Aiello  did  not  re-  acters  1-7  listed  in  Table  1,  particularly  the  sia 
consider  the  established  tribal  classification  and  did  minal  characters:  Chimarris,  Condaminea,  Flex 

not  associate  Exostema  and  Coutarea  with  Port-  anthera,  Kerianthera,  Parachimarris,  Picardaea 

Pinckneya,  Pogonopus,  Rustia,  and  Tresanthe
ra^ 

arranged  winged  seeds,  characteristic  of  the  Cin-  The  following  genera  of  the  Chiococceae  were 

because 

also 

tribe 

horizontally  arranged  win 

However,  the  orientation  of  the  ovules  to  the  pla- 

wmg 

rejected:  Allenanthus,  Chiona,  and  Hodgkinson^ 
la.  Allenanthus  and  Chiona  have  neither  the      ̂  
minal  characters  nor  the  same  corolla  shap  ? 

they  have  imbricate  aestivation.  The  w 
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Table  1.  Character  list.  Plesiomorphic  state  =  0. 
Apomorphic  state  =  1  or  2.  Character  10  is  treated  as 
non-additive  and  character  12  as  additive. 

1.  Corolla:  neither  funnel-shaped  nor  rotate,  0;  funnel- 
shaped  or  rotate,  1 . 

2.  Aestivation:    not    imbricate,    0;    aestivation    imbri- 
cate, 1. 

3.  Stamens;  not  inserted  at  the  corolla  base,  0;  inserted 
at  the  corolla  base,  1. 

4.  Stamens:  not  fused,  0;  stamens  fused  into  a  basal 
ring,  1. 

5.  Anthers:  not  linear,  0;  linear,  1. 
6.  Anthers:  dorsifixed,  0;  basifixed,  1. 

Stigma:  distinctly  lobed,   0;  indistinctly  bilobed  or 
7. 

not,  1. 
8. 

9. 
10. 

terminal 

Flowers:  not  yellowish,  0;  often  yellowish,  1. 
Corolla:  between  1  and  2  cm,  0;  <  1  cm,  1;  >  10 
cm,  2. 

OUTGROUP  Condantinea-CON 

Badusa-CON 
fiikkia-COH 
CeuthocarpuB -CON 

Coutaportla-? Isldorea-CON,  Cigarrilla-CIN 
Schmidtottla-? 
Siemens la-HED 

Coutarea-CIN 

Hintonia-7 Osa-CON 
Portlandia-CON,  Cubanola-CON,  Thogsennia-CON 
Morlerina-CON 
Exosteiaa-CIN 
SalzmannlB-COC 
As  auiana  t  ha -COC 
Chlococca-COC 
Scoloaanthua-COC 
Cer atopyxi  s -COG 
ErithaiiB-COC 

Figure  2.  A  strict  consensus  tree  for  92  equally 

parsimonious  Wagner  trees  with  Condaminea  as  out- 
group.  The  tribal  position  of  each  taxon  is  indicated  by 
a  three-letter  suffix  (CIN  =  Cinchonoideae,  CON  =  Con- 
damineeae,  COC  =  Chiococceae,  and  HED  =  Hedyoti* 
deae,  according  to  Robbrecht,  1988).  A  question  mark 
indicates  uncertain  tribal  position.  The  dot  indicates  the 
tribe  Chiococceae  sensu  Hooker  f. 

11.  Corolla  lobes:  neither  recurved  nor  reflexed,  0;  re-       have  the  characteristic  stamina!  arrangements  or 
12. 

curved  or  reflexed,  1. 

Corolla  lobes:  ovate,  0;  triangular,  1;  linear,  2 Mastix- iodendron  (Darwin,    1977)  is  tectate,  while  the 

13.  Cross  section  of  corolla:  circular,  0;  distinctly  an-      poUen  of  the  Por//anrfm  group  is  diffusely  foveolate gled,  1 . 

H.  Filaments:  glabrous,  0;  hairy,  1. 
15.  Anthers:  not  exserted,  0;  exserted,  1. 

with  echinate  processes  (Aiello,  1979). 

All  taxa  with  fused  filaments  and  the  combina- 

16.  Stigmatic  area:  not  of  two  twisted  lines,  0;  of  two      ̂ ion  of  characters  1-7  (Table  1)  wer
e  hypothesized 

17. 
18. 

twisted  lines,  1 . 

Mesocarp:  dry,  0;  fleshy,  1. 
Endocarp:  not  compressed,  0;  compressed,  1 

to  form  a  new  monophyletic  group.  A  character 

matrix  (Table  2)  for  these  taxa  was  constructed 

19.  Numbe 
20. 

Seed:  not  winged,  0;  winged.  1. 

Hodgkinsonia  are  very  different,   with   pitcher- 
shaped  corollas,  valvate  aestivation,  short  filaments 

W 

and  analyzed  with  Wagner  parsimony  (Hermig86; 

Farris,    1988).   As  the  sister-group  relationships 

within  the  family  are  mostly  unknown,  four  func- 

tional   Rubiaceae   outgroups,    representing    three 

tribes,  were  used:   Condaminea  (Condamineeae), 

Luculia  (Cinchoneae),  Rondeletia  (Rondeletieae), 

and  these  three  together.  With  Condaminea  as 

inserted  at  the  midlength  of  the  corollas,  dorsifixed      ̂ h^  outgroup  the  result  was  92  equally  parsimo- 
n  hers,  and  three  to  four  branched  stigmas.  The      nious  trees,  34  steps  long,  with  a  consistency  Index 
ruit  of  Hodgkinsonia  is  a  drupe  with  a  very  hard      ̂ f  o.41,  and  a  retention  index  of  0-71  (Fig.  2). 
bilocular  endocarp  and  elongated  seeds  almost  de- 

void of  endosperm.  These  fruit  characters  clearly 
demonstrate  that  the  genus  belongs  to  the  tribe 
l^^uettardeae,  which  also  was  indicated  in  the  orig- 

inal description  of  the  genus  (Mueller,  1861).  The 
genus  Phialanthus  has  also  been  excluded  since 
|ne  anthers  are  ovate  and  the  filaments  are  free, 
"Verted  at  the  corolla  base.  I  have  not  been  able 

lo  study  material  of  the  genus  Placocarpa,  but  the 
description  (Schumann,   1891)  does  not  indicate 
^^y  close  cormection  to  the  Chiococca  group. 

Ihree  genera  of  uncertain  position  in  the  Ru- 
'3ceae  have  been  mentioned  in  cormection  with 

^ne  Chiococceae  or  the  Condamineeae  (Robbrecht, 
o8):    Mastixiodendron    (revised    by    Darwin, 

^^^7);  Kajetvskiella  (revised  by  Jansen,   1979); 
^^  Pseudomussaenda  (treated  and  illustrated  in 

OOVOIKXJP  Luculia-RON 
Morlarlna-COH 

BXO«  tiUBA  -C IH 

Badusa-COR 

BikkiA-CON Cau  t  hoc  a  rp«» --COW 

Coutaportla-7 I«idorea-CCW,  Clgarrilla-Cm 

Sch«ldtottia-? 
8i«a«nflia-HE0 Coutarsa-CIM 

Hlntonla-7 0«a-<XMI 
pox-tlandla-C«,   Cubanola-ca«,    Tho^Mnnla-COW 

Sa  1  launnlA-COC 

A««Kna  na  t  ha -CCX: 
Chlococca-COC 

Scoloaanthua-COC 
Ca  ratopyml a -COC ErlthAlia-COC 

Figure  3. 
consensus  tree  for    16  equ 

parsimonious  Wagner  tree*  with  LurnUa  as  outgroup. 

The  tribal  position  of  each  taxon  is  indicated  by  a  three- 
letter  suffix  (Robbrecht,  1988).  A  question  mark  indicates 

The  d()t  indicates  the  tribe  Chio* 

Bridson  &  Verdcourt,  1 988).  None  of  these  genera      cocceae  scnsu  HfK>ker  f. 
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OUTGROUP  Rondeletla-RON 

Baduaa-CON 
Blkkla-CON 
Ceuthoc  arpu  b -CON 
Coutaportla-7 
I B idor ea-CON ,  Cigarrilla-CIH 
Schmidtottia-7 
Siemens ia-UED 

Coutarea-CIH 
Hintonla- ? 
Osa-CON 
Portlandia-COH,  Cubanola-CON,  ThogBennia-COM 
Morierina-COM 
ExoBt^na-CIN 

Salzmaimia-COC 
Ab  emn  anatha -COC 
Chiococca-COC 
ScolosanthuB-COC 
Cera topyxlB -COC 
Brithalia-COC 

Figure  4.  A  strict  consensus  tree  for  17  equally 
parsimonious  Wagner  trees  with  Rondeletia  as  outgroup. 
The  tribal  position  of  each  taxon  is  indicated  by  a  three- 
letter  suffix  (Robbrecht,  1988).  A  question  mark  indicates 

Table  2.  Data  matrix  of  20  morphological  charac- 

ters. Characters  1-7  are  synapomorphies  defining  the 
study  group  and  not  included  in  the  Wagner  parsimony 
analyses.  Character  numbers  are  the  same  as  in  Table  1. 

Condaminea— CON,  Luculia — CIN,  Rondeletia — RON, 
as  well  as  all  three  together  were  used  as  outgroups.  A 

question  mark  indicates  an  unknown  or  variable  state. 

Character  number 
1 2 

1234567  8901234567890 

uncertain  tribal  position. 

ly  parsimonious  trees,  35  steps  long,  with  a  con- 
sistency index  of  0.42,  and  a  retention  index  of 

With 17 

equally  parsimonious  trees,  34  steps  long,  with  a 
consistency  index  of  0.44  and  a  retention  index  of 

0.72  (Fig.  4).  When  all  three  genera  were  used  as 

the  outgroup,  the  result  was  58  equally  parsimo- 
nious trees,  37  steps  long,  with  a  consistency  index 

of  0.40,  and  a  retention  index  of  0.71  (Fig.  5). 
Most  relationships  within  the  ingroup  remain  un- 

resolved or  uncertain,  because  of  the  lack  of  avail- 

able characters.  There  were  only  13  phylogenet- 
ically  informative  characters  and  22  ingroup  taxa. 
However,  all  genera  with  small  flowers  and  one- 

1  Condaminea 
2  Luculia 

3  Rondeletia 
4  Asemnanatha 
5  Ceratopyxis 

6  Chiococca 
7  Erithalis 
8  Salzmannia 

9  Scolosanthus 
10  Badusa 
1 1  Bikkia 
1 2  Ceuthocarpus 

13  Cigarrilla 
14  Cuhanola 

1 5  Coutaportla 
16  Coutarea 
17  Hintonia 
18  Isidorea 
19  Morierina 
20  Osa 
21  Portlandia 
22  Schmidtottia 

23  Siemensia 

24  Thogsennia 
25  Exostema 

0000000  0000100100000 

0100000  0000000000001 

0100000  lOOOOOOOOOOOO 
mill 
111110 
11111 
11111 

mil 
mil 
mil 
mil 
mil 
mil mil 

mil 
mil 
mil 

mil 
i?iii 
mil 
mil 
mil 

mil 
mil 

mil 

imioiooioio 
oimouooiio 
1111111001110 

0011101101110 

1?10100001?10 

1111101001110 

170010100000? 

looomoooooo 

00001?1110000 

1000111010000 

1020111010000 

0000111010100 

looomiioioi 

looomiioooi 

1000111010000 

00212?1100001 

1020110010000 

1020111010000 

0100111010000 

0000111010000 

1020111010000 

?101200100001 

seeded  carpels  (^  Chiococceae  sensu  Hooker  f.) 
were  shown  to  form  a  monophyletic  group  (indi- 

cated by  a  dot  in  Figs.  2,   3,  5)  in  all  analyses 
except  that  with  Rondeletia  as  the  outgroup.  This      — 

small-flowered  group  is  supported  by  several  flower 
and  fruit  characters  (Tables   1,   2),  If  we  retain 

Chiococceae  in  the  narrow  sense,  all  the  remaining      taxa  considered  in  this  analysis  («  Portlandiinae) 

become  a  paraphyletic  cluster;  so  far,  no  singe 

character  has  been  found  to  unite  the  remaining
 

taxa.  The  best  solution  to  this  taxonomic  problem 

is  to  redefine  and  widen  the  tribe  Chiococceae,  as
 

OOTGRODP  Condaminea -CON 
OUTGROUP  Luculia-CIM 
OUTGROUP  Rondeletla-RON 

Baduaa-CON 
Morierina-CON 
ExoBtema-CIM 
Bikkia -CON 

Ceuthoc a rpus -CON 
Coutaportla-7 
iBidorea-CON,  Clgarrilla-CIN 
Schmidtottia-? 
Siemens  ia-HED 

Coutarea-CIN 
Hlntonla-7 
Osa-CON 
Portlandia-CON,  Cubanola 

Salzmannia-COC 
As  enmana t  ha -COC 

Chiococca-COC 
Scolosanthus-COC 

Ceratopyx 1 s -COC 
ErithallB-COC 

foil ows. 

Thogsennia-CON 

Chiococceae  J.  D.  Hooker,  Gen.  PL:  9,  21. 18^3- 

Portlandiinae  J.  D.  Hooker,  Gen.  PI:  12-  18»^' 

as  "Portlandieae."  Type  genus:  Chiococca  V. 
Browne . 

The  tribe  Chiococceae  is  characterized  b
y  f""' 

nelform  or  rotate  corollas,  imbricate  aestiva 

stamens  inserted  at  the  corolla  base,  filaments  nio  ̂ 
ly  villous  and  fused  into  a  basal  ring,  anthers ana  nonaeieua  as  outgroup.   ihe  tribal  position  ot  each        ̂     ,  ,      ,        !^  .  -„pls  one- 

taxon  ifi  indicated  by  a  three-letter  suffix  (Robbrecht,       ̂ ^^  mostly  basifixed,  stigma  entire,  carpc 

1988).  A  question  mark  indicates  uncertain  tribal  position.       or  many-seeded,  and  fruits  drupes  or  capsul    • 
The  dot  indicates  the  tribe  Chiococceae  sensu  Hooker  f.  The  included  genera  are  Asemnanatha.  Ba 

Figure  5.     A  strict  consensus  tree  for  48  equally 
parsimonious  Wagner  trees  with  Condaminea,  Luculia 

The 
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sa,  Bikkia  (Fig.  1),  Ceratopyxis,  Ceuthocarpus,  a  limited  number  of  times  (approximately  12),  and 

Chiococca  (^'\g,  1),  Cigarrilla,  Coutaportla,  Cou-  that  they  evolved  mostly  during  a  period  from 
tarea  (Fig.   1),   Cuhanola,  Erithalis,  Exostema^  Eocene  to  Miocene.  The  inferences  on  when  fleshy 
Hintonia,  Isidorea,  Morierina,  Osa^  Portlandia  fruits  appeared  were  made  indirectly  from  infor- 
(Fig-    l)j    Salzmanniay    Schmidtottia^   Scolosan-  mation  on  pollen  fossils  (Bremer  &  Eriksson,  1992). 
thus,  Siemensia,  and  Thogsennia. 

Phylogenetic  Aspects  of  Seed  Dispersal 

Moreover,  optimization  of  the  fleshy  fruit  character 

on  the  cladogram  implied  that  fruit  structure  in 

general  has  remained  unchanged  since  that  period. 

The  analysis  rested  on  two  assumptions:  that  cap- 

The  Rubiaceae  display  a  wide  array  of  seed-  sules  with  many  seeds  do  not  evolve  from  other 
dispersal  mechanisms  (Bremer  &  Eriksson,  1992).  fruit  types  and  that  seed  number  reduction  is  a 

By  making  outgroup   comparisons   with  diff'erent       "fixed"  condition.  Given  these  assumptions,  the 
parts  of  the  Loganiaceae,  it  can  be  inferred  that  origin  events  were  positioned  in  the  phylogenetic 

the  ancestral,  plesiomorphic  fruit  condition  in  the  tree  on  the  lowest  (oldest)  possible  branch  that  was 

family  is  likely  to  be  a  many-seeded  capsule  (Bre-  allowed.  Since  the  time  of  origin  of  the  different 
mer  &  Struwe,  unpublished  data).  This  condition  fruit  types,  thousands  of  species  have  evolved;  there 

has  been  altered  several  times  in  relation  to  various  are  now  ca.  7,000  extant  species  with  fleshy  fruits. 

dispersal  agents,  both  biotic  and  abiotic.  Adapta-  These  results  indicate  that  specific  adaptive  inter- 

tions  for  wind  dispersal,  in  the  form  of  winged  seeds  pretations  of  animal -dispersal  modes  based  on  Con- 

or pterophyll,  occur  in  many  genera.  Bird-  and  temporary  ecological  conditions  are  unwarranted, 

mammal-dispersed  fleshy  fruits  are  also  common  In  contrast  to  the  fleshy  fruits,  optimization  of  the 

"1  the  family.  These  are  basically  of  three  kinds:  wind  dispersal  by  winged  seed  character  on  the 

drupes,  berries,  and  "Garcienia -fruits."  The  "Gar-  cladogram  suggested  a  much  less  conservative  evo- 

aenia-fruits"  are  characterized  by  a  fleshy  to  leath- 
ery or  fibrous  to  woody  mesocarp,  covering  a  juicy 

or  fleshy  pulp  of  placental  origin  (Robbrecht  &  of  evolution  in  several  lineages. 

Puff,  1986).  Berries  are  the  predominant  fruit  type  Another  issue,  much  debated  in  recent  years,  is 

in  the  tribe  Iserteae.  Drupes  dominate  in  the  Psy-  how  eccJogical  features  influence  taxonomic  diver- 

chotrieae  and  Guettardeae.  The  subfamily  Ixoroi-  sification   patterns   (e.g.,    Stanley,    1979,    1989; 

deae  has  the  most  variable  array  of  fleshy  fruits;  Kitchell,   1985).  For  angiosperms,  the  prevalent 

in  addition  to  *'GarJertia-fruits,"  which  occur  sole-  view  is  that  aspects  of  reproduction  and  dispersal 

•y  in  this  subfamily,  drupes  and  berries  are  com-  have  been  responsible  for  the  tremendous  diver- 

'non.  The  great  variety  of  fruits  in  the  Rubiaceae  sification  of  this  group  since  Late  Cretaceous  (Ra- 

"^akes  this  family  particularly  suitable  for  com-  ven,  1977;  Burger,  1 98 1 ;  Stebbins,  1981;Crepet, 

parative  studies  of  the  evolution  of  dispersal  sys-  1984).  One  of  several  hypotheses  of  angiosperm 

W 

been 

terns.  Ecological  considerations  of  seed-dispersal  diversification  states  that  animal  dispersal  promotes 

evolution  have  to  a  large  extent  focused  on  coevolu-  species    richness   (Regal,    1977;    Tiffney,    1984, 

tionary  relationships  between  fruit  characters  and  1986).  Herrera  (1989)  tested  this  hypothesis  and 

dispersal  agents.  The  "traditional  view"  of  a  close  concluded  that  it  was  inconsistent  with  data  on 

^^aptative  association  between  plants  and  animals 
has  recently  been  chaUenged  (e.g.,  Howe,  1984, 

species  number  in  relation  to  dispersal  modes  in _  -  1    ti  »♦    rwn    •           

both  aneiosperms  and     gymnospe This 
\986;  Herrera,  1986;  Wheelwright,  1988).  A  per-  elusion  was,  however,  not  based  on  explicit  phy- 

sistent  problem  for  evaluation  of  "coevolutionary"  logenetic  inferences;  since  extant  species  numl)er 

^^ypotheses  is  the  scarcity  of  phylogenetic  studies  is  directly  correlated  to  diversification  rale  only  if 

^f  fruit  evolution  incorporating  taxa  above  the  ge-  compared  taxa  are  of  equal  age  (cf.  Miller  et  al., 

nns  level.  UntQ  recently  only  a  few  such  studies  1988),  the  conclusion  is  difficult  to  evaluale.  Er- 

had  been  performed  (e.g.,  Tiffney,  1986;  Raven,  iksson  &  Bremer  (1991)  investigated  the  "animal 

.^988;  Stone,    1989).   In  order  to  provide  some  dispersal  hypothesis"  b  closer  detail  for  the  Ru- 
"^'ght  into  this  research  field,  Bremer  and  Eriksson 

1^992)  analyzed  fruit  evolution  in  the  Rubiaceae.  hypothesis,  but  we  did  find  evidence  suggestmg  a 
*he  study  was  based  on  the  phylogenetic  relation- 

P^  of  the  family  derived  from  cladistic  analysis 

^  cpDNA  variation  (Bremer  &  Jansen,    1991)-  likely  to  enhance  seed  dispersal, 
 whereas  abiotic 

We  found 

     bet 
fication.  In  shrubs,  fleshy  fruits  arc 

'^^  principal  results  indicated  that  fleshy  fruits,       dispersal  mfxlc.  are  more  efficient  seodjli^persrrs 

adapted  to  animal  dispersal,  have  originated  only       among  herbaceous  lif.   Uunxs  (Ei  ' 

Lftso 
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1991).  These  two  life  form/dispersal  mode  cate- 

gories were  both  comparatively  species-rich.  This 

conclusion  was  robust  since  it  was  founded  on  ge- 

neric and  sister-group  comparisons.  Hence,  this 

study  indicated  that  diversification  patterns  are  in- 

fluenced by  a  combination  of  features.  Future  hy-       Darwin,  S.  P.    1977.    The  genus  Mastixiodendron  (Ru 

lination  mechanisms:  pattern  of  evolution  and  impli- 
cations vis-a-vis  angiosperm  diversity.  Ann.  Missouri 

Bot.  Card.  71:  607-630. 

DahLGREN,  R,  M.  T.     1980.    A  revised  system  of  clas- 
sification of  the  angiosperms.  Bot.  J.  Linn,  Soc.  80: 91-124. 

potheses  should  be  based  preferably  on  several  life 

cycle  characteristics,  instead  of  single  features. 

The  use  of  phylogenetic  approaches  in  ecology 

has  been  considered  by  several  authors  (e.g.,  Rid- 
ley, 1983;  Felsenstein,  1985;  Donoghue,  1989; 

Funk  &  Brooks,  1990;  Wanntorp  et  al.,  1990; 

biaceae).  J.  Arnold  Arbor.  58:  349^381. 
DONOGHUE,  M,  J.    1989.    Phylogenies  and  the  analysis 

of  evolutionary  sequences  with  examples  from  seed 

plants.  Evolution  43:  1137-1156. 
,  J.  A.  Doyle,  J.  A.  Gauthier,  A.  G.  Kluge  & 

T.  ROWE.  1989.  The  importance  of  fossils  in  phy- 
logenetic reconstruction.  Annual  Rev,  EcoL  Syst.  20: 431-460. 

Brooks  &  McLennan,  1991),  but  empirical  studies      Eriksson,  O.  &  B.  Bremer.   1991.  Fruit  characteristics, 
in  botany  are  still  scarce,  A  synthesis  of  ecology 
and  phylogenetic  inferences  based  on  molecular life  forms,  and  species  richness  in  the  plant  family 

Rubiaceae.  Araer.  Naturalist  138:  751-761. 

and  morphological  data  is  a  promising  field  for  Farris,  J.  S^  1988,  Hennig86.  Version  1;5-^J^^^^^^^; 
research.  As  the  research  on  Rubiaceae  has  shown, 

data,  hypotheses,  and  conclusions  from  molecular 

and  morphological  phylogeny  and  ecology,  when 

considered  together,  have  provided  new  insights 

that  scarcely  had  been  revealed  by  studies  of  eco- 

logical, morphological,  or  molecular  data  in  isola- 
tion. 
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CIRCUMSCRIPTION  AND 
PHYLOGENY  OF  THE 

CAMPANULALES^ 

Thomas  G.  Lammers^ 

Abstract 

Systematic  relationships  of  the  Campanulales  were  reexamined  through  the  integration  of  data  accumulated  from 

morphological,  anatomical,  embryological,  palynological,  cytological,  ultrastructural,  chemical,  molecular,  and  pale- 
ontological  studies.  Interpretation  of  these  data  suggests  that  the  most  natural  circximscription  of  the  order  may  be 
achieved  by  retaining  Asteraceae  and  Calyceraceae,  adding  Menyanthaceae,  removing  Donatiaceae  and  Stylidiaceae 
to  Ericales,  and  including  Brunonia  in  Goodeniaceae  rather  than  its  own  family.  Phylogenies  based  on  chloroplast 

DNA  restriction  fragment  analysis  and  rbch  sequencing,  supported  by  embryological  and  chemical  data,  suggest  a 

basal  dichotomy  into  two  clades.  The  first  (Menyanthaceae,  Goodeniaceae,  Calyceraceae,  and  Asteraceae)  has  mul- 
tinucleate tapetal  cells,  lacks  endosperm  haustoria,  and  produces  deterrent  chemicals  (either  seco-iridoids  or  sesqui- 

terpene lactones,  but  not  both)  via  the  mevalonate  pathway.  The  second  (Campanulaceae,  Cyphiaceae,  Lobeliaceae, 

Sphenocleaceae,  and  Pentaphragmataceae)  has  binucleate  tapetal  cells  and  terminal  endosperm  haustoria,  but  cannot 
synthesize  deterrent  chemicals  via  the  mevalonate  pathway.  Numerous  characteristic  morphological  features  (e.g., 

epigyny,  zygomorphy,  secondary  pollen  presentation,  uniovulate  ovaries)  appear  to  have  had  multiple  origins  withm 
the  order,  vitiating  their  use  as  synapomorphies.  The  order  originated  no  later  than  the  Oligocene,  very  near  the 
base  of  the  Asteridae,  probably  in  the  Cornales-Saxifragales  complex. 

The  Campanulales  are  an  angiosperm  order  of      as  the  "Big  Four"  (i.e.,  the  systems  of  Cronquist 

(W 

1977).       Dahlgren,  Takhtajan,  and  Thorne).  The  sequence 

Comparison  of  current  classifications  reveals  major      in  which  these  classifications  are  discussed  reflects 

disagreements  on  its  constituency,  the  relationships      a  progressively  narrower  circumscription  of  Cam- 
among  its  constituents,  and  its  relationships  to  other       panulales. 
orders.  Possible  relationships  to  the  Asteraceae  have 
been  of  special  interest  for  many  years  (Greene,      WAGENITZ 
1904;  Small,    1919;   Leonhardt,    1949;   Turner, 

1977;  Bremer,  1987).  In  this  review,  three  ques- 
What The  broadest  circumscription  of  Campanulales 

is  that  of  Wagenitz  (1964),  who  included  the  fol- 

lowing families:  Campanulaceae  (subfamilies  Cam- 
1  ,.       .  .  .,  ,f      -v     o/o^T^        panuloideae,  Cyphioideae,  and  Lobelioideae), relationships  among  its  component  famihes?  (3)  To      ̂   ,  ,  ^K.  ,  Cr^r^em- 

«K.t  ott..r  .r^..c  ...  tl..  r.^...„i.i..  ..i„..^9       Sphenocleaceae,    Pentaphragmataceae,  ^-'"
'^'^ 

aceae,   Brunoniaceae,   Stylidiaceae  (subtamUieb 

What 

what  other  orders  are  the  Campanulales  related? 

On'erview  of  Current  Classifications 

A  complete  taxonomic  history  of  the  order,  which 
dates  at  least  to  Lindley  (1833),  is  not  presented 
here.  The  discussion  is  limited  to  the  fiv^  m^inr 

Donatioideae  and  Stylidioideae),  Calyceraceae,  and 

Asteraceae  (subfamilies  Asteroideae  and  Cicho- 

rioideae).  The  order  was  assigned  to  the  dicotyle- 

donous   subclass    Sympetalae    and    character loi-rr^Ur    «.^    f^ll^,.rr,.    l,^^U«  ^«.^*  «o    rvloTltC    (rPirelv   WOOaVA 

systems  in  current  use:  the  most  recent  version  of  storing  carbohydrate  as  inulin;  leaves  exstipulate, 

the  traditional  Englerian  classification  (Wagenitz,  flowers  tetracyclic;  corolla  sympetalous,  pentam- 
1964)  and  the  Besseyan  classifications  referred  to      erous;  androecium  isomerous  (rarely  oligomerous), 

'  The  opportunity  to  sti 
possible  by  Doctoral  Diss 
National  Science  Foundat 

lade 

Sig: 

  ...^.  ,„,,,  ,,  ̂ „.c..^au  ^^,  GH,  NY.  US)  and  European  (B,  P.  W)  herb^^ 
(1987)  were  made  possible  by  an  Herbarium  Travel  Award  from  the  American  Society  of  Plant  Taxonomists  an  ̂  
Graduate  Student  Alumni  Research  Award  from  The  Ohio  State  University.  I  am  indebted  to  Tina  Ayers,  Sher* 
Carlquist,  Melanie  Devore,  and  Mats  Thulin  for  providing  photographs  of  taxa  that  I  have  not  seen  in  the  fieW;  ̂  

=  Department  of  Botany,  Field  Museum  of  Natural  History.  Roosevelt  Road  at  Lake  Shore  Drive.  Chicago,  im 60605-2496,  U.S.A. 

Ann.  Missouri  Box.  Card.  79:  388-413.  1992. 
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with  introrse  (rarely  extrorse)  dithecal  anthers,  and      CRONQUIST 

often  with  specialized  adaptations  for  secondary 

pollen  presentation;  gynoecium  oligomerous,  infe- 

rior (rarely  superior),  with  l-3(-5)  locules,  l(-3) 

styles,  and  1-many  anatropous,  unitegmic,  ten- 
uinucellate  ovules. 

TAKHTAJAN 

The  classification  proposed  by  Takhtajan  ( 1 980, 
1983)  differs  primarily  in  the  removal  of  Astera- 
ceae  and  Calyceraceae  to  monofamilial  orders. 
Nonetheless,  a  close  relationship  was  maintained 
by  grouping  these  three  orders  as  the  Asteranae. 
This  superorder  is  one  of  several  in  Asteridae,  a 
subclass  essentially  identical  to  the  Sympetalae  of 

agenitz.  The  only  other  differences  from  the 
Wageni 

The  system  of  Cronquist  (1981,  1987a)  resem- 

bles Takhtajan's  original  classification  in  its  re- 
moval of  Calyceraceae  and  Asteraceae  to  mono- 

familial  orders,  but  differs  in  its  complete  dissociation 

of  these  orders  from  any  relationship  with  the  Cam- 

panulales. Instead,  Calycerales  were  allied  to  Dip- 
sacales,  and  Asterales  to  Rubiales.  Brunonioideae, 

Pentaphragmatoideae,  and  Sphenocleoideae  were 
restored  to  familial  status,  while  the  Cyphioideae, 

a  small  group  of  'transitional"  genera  connecting 
Campantdoideae  and  Lobelioideae,  were  not  rec- 

ognized formally. 

w THORNE 

A  conspicuous  difference  in  the  system  of  Thorne 

Pentaphragmataceae,    and   Sphenocleaceae   were  (1968,  1976,  1977,  1981,  1983)  is  the  division 
uemoted  to  subfamilies  (the  first  under  Goodeni-  oftheangiosperms  into  numerous  superordersrath- 
aceae,  the  last  two  under  Campanulaceae),  while  er  than  a  few  subclasses.  Like  Cronquist,  he  com- 
tne  Donatioideae  were  promoted  to  familial  rank.  pletely  dissociated   Asteraceae  and  Calyceraceae 
Additional  taxonomic  structure  was  provided  by  from  Campanulales;  the  latter  family,  however,  was 
grouping  the  families  into  two  suborders,  Campan-  assigned  to  Dipsacales  rather  than  to  its  own  order. 
uuneae  (Campanulaceae,  Donatiaceae,  Stylidi-  The  Campanulales  were  reduced  further  by  the 
aceae)  and  Goodeniineae  (Goodeniaceae). removal  of  Donatiaceae  and  Stylidiaceae.  This  ac- 

lakhtajan  excluded  Asteraceae  and  Calycera-      tion  left  only  Pentaphragmataceae,  Campanula- 
prunarily ceae   (subfamilies   Campanuloideae,   Cyphioideae, 

anatomical,  embryological,  and  palynological  dif-  Lobelioideae. 
lerences  were  also  cited.  Their  removal  tightened  ceae  (subfamilies  Brunonioideae  and  Goodenioide- 
^P  the  morphological  characterization  of  Campan-  ae)  in  the  order. 
ulales  by  removing  famOies  with  involucrate  ca-  In  justifying  the  exclusion  of  Donatiaceae  and 

P«ulate  inflorescences,  1-locuIed  ovaries,  and  sol-  Stylidiaceae,  Thorne  (1976:  81)  stated  that  they 
itary  ovules.  "have  no  basic  relationships"  to  the  remainder  of 

In  Takhtajan's  (1987)  recent  revision  of  his  the  order.  Rather,  they  "seem  closely  related  to 

system,  the  treatment  of  Campanulales  at  first  ap-  the  Saxifragaceae  but  are  more  specialized  in  var- 

pears  very  different.  The  subfamilies  of  Campan-  ious  ways"  (Thorne,  1976:  89),  a  conclusion  that 
ulaceae  have  been  elevated  to  familial  rank  as  resuhed  in  their  assignment  to  Resales  suborder 

Pentaphragmataceae,  Sphenocleaceae,  Campanu-  Saxifragineae.  Their  exclusion  narrowed  the  mor- 

'aceae,  Cyphiaceae,  Nemacladaceae,  Lobeliaceae,  phological  characterization  of  the  order  by  remov- 

and  Cyphocarpaceae  (Nemacladaceae  and  Cypho-  ing  families  with  less  than  five  stamens,  filaments 

<^arpaceae  were  segregated  from  Cyphioideae).  The  adnate  to  the  style,  and  distinct  styles. 

J^emainder  of  the  Campanulineae  formed  the  new  Originally  (Thorne,  1968,  1976),  the  Campan- 
ae  were  raised  ulales  were  assigned  to  the  superorder  Malviflorae, 

  ^  ̂   Brunonioideae  together  with  Euphorbiales,  Malvales,  Rhamnales, 

elevated  to  familial  rank).  These  three  orders,  to-  Solanales,   and   Urticales.   Subsequently   (Thorne, 

gather  with  Calycerales  and  Asterales,  constitute  1981,   1983),  Campanulales  and  Solanales  were 
3  smaller  subclass  Asteridae;  the  remainder  of  the 

Goodeniini 
rank 

'J^petalou    ^   
^niudae.  The  only  real  difference,  however,  is  an 

across-the-board  inflation  in  rank;  the  taxa  that 
instituted  a  family  in  the  earlier  version  now  make 

^P  an  order,  and  what  was  formerly  an  order  or 
^^perorder  is  now  a  subclass.  The  relationships 
^pressed  are  essentially  unaltered  from  the  earlier 

system,  or  from  that  of  Wagenitz. 

perorder  Asteriflorae,  Dip 

Rosales  in  Rosiflorae. 

both 

monofamilial 
I  Comiflorae. 

DAHLGREN 

Like  Thome,  Dahlgren  (1975a,  1977,  1980, 

1983;  Dahlgren  et  nU  1981)  fragmpntrd  Takh- 
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tajan's  and  Cronquist's  Asteridae  into  numerous  Dahlgren  (1983)  commented  that  neither  place- 
superorders;  removed  Calyceraceae  and  Astera-  ment  was  satisfactory  and  subsequently  (G.  Dahl- 
ceae  to  Dipsacales  and  Asterales,  respectively;  and  gren,  1989a)  removed  Menyanthaceae  to  the  al- 
excluded  Donatiaceae  and  Stylidiaceae  from  the  ready      heterogeneous       Cornales,      between 
order.  Originally,  he  assigned  these  last  two  families  Viburnaceae  and  Adoxaceae. 

to  Cornales,  between  Columelliaceae  and  Hydran- Recently,  however,  molecular  data  (discussed 

geaceae.  In  a  revision  published  posthumously  by  below)  have  consistently  placed  Menyanthaceae 
his  wife  (G.   Dahlgren,    1989a,  b),  however,  he  among  Asteraceae,  Calyceraceae,  Campanulaceae, 
removed  them  from  that  order,  where  he  consid-  Goodeniaceae,  and  Lobeliaceae,  and  at  some  dis- 
ered  their  terminal  endosperm  haustoria  out  of  tance  from  members  of  Gentianales  and  Solanales. 
place,  and  segregated  them  as  Stylidiales. Because  molecular  data  are  less  prone  to  homo- 

Dahlgren  reduced  Campanulales  further  by  re-  plasy  than  many  other  types  of  data  (Jansen  & 
moving  Brunoniaceae  and  Goodeniaceae  to  their  Palmer,  1988;  Palmer  et  al,  1988),  and  because 

own  order  Goodeniales.  This  action  left  Campan-  they  are  supported  by  various  chemical  data  (dis- 
ulales  with  only  Campanulaceae,  Pentaphragma-  cussed  below),  it  is  prudent  to  include  Menyantha- 
taceae,  Lobeliaceae,  and  Sphenocleaceae  (included  ceae  provisionally  in  this  review  of  Campanxdales. 
in  Campanulaceae  in  the  later  versions).  The  dis- 

position of  the  Cyphioideae  was  not  explicitly  stat- 
ed. 

SUMMARY 

Dahlgren's  circumscription  of  Campanulales  re- 
sembles that  of  Takhtajan  (1987)  in  that  it  has 

become  so  narrow,  its  contents  are  identical  to  the 

family  Campanulaceae  of  earlier  workers  (e.g., 
Schonland,  1889).  It  differs  in  the  complete  dis- 

sociation of  Brunoniaceae,  Calyceraceae,  Donati- 
aceae, Goodeniaceae,  and  Stylidiaceae  from  any 

relationship  with  Campanulales  and  Asterales.  This 
action  was  largely  justified  on  chemical  grounds; 
these  five  families  produce  iridoids,  which  were 
considered  foreign  to  Campanulales  and  Asterales 
(Jensen  et  al.,  1975;  Dahlgren,  1977,  1983;  Dahl- 

gren et  al.,  1981).  Their  removal  also  narrowed 

the  morphological  description  of  the  order  by  ex- 
cluding families  with  involucrate  capitulate  inflo- 

rescences, hypogynous  flowers,  uniovulate  ovaries, 
and  stylar  indusia. 

Originally  (Dahlgren,  1975a,  1977),  the  Cam- 
panulales were  treated  as  the  sole  member  of  Cam- 

panulanae  and  were  positioned  near  the  likewise 
monofamilial  Asteranae.  In  the  subsequent  ver- 

sions, Campanulanae  and  Asteranae  were  merged 

as  a  single  superorder  under  the  latter  name.  The  Traditionally,  the  circumscription  of  angiosperm 
Cornales  were  assigned  to  Cornanae,  Stylidiales  to 
Ericanae,  and  Dipsacales  and  Goodeniales  to  the 
Gentiananae. 

Twelve  taxa  are  candidates  for  inclusion  in  the 

Campanulales  (for  uniformity,  their  names  at  fa- 
milial rank  are  used  pro  tempore):  Asteraceae, 

Brunoniaceae,  Calyceraceae,  Campanulaceae,  Ly- 

phiaceae,  Donatiaceae,  Goodeniaceae,  Lobeh- 

aceae,  Menyanthaceae,  Pentaphragmataceae, 

Sphenocleaceae,  and  Stylidiaceae.  The  common 

denominator  of  all  classifications  is  the  group  com- 

prising Campanulaceae,  Cyphiaceae,  Lobeliaceae, 

Pentaphragmataceae,  and  Sphenocleaceae.  Sur- 

rounding this  core  are  five  satellites  whose  inclusion 

in  the  order  is  controversial:  (1)  Asteraceae,  (^) 

Brunoniaceae  and  Goodeniaceae,  (3)  Calyceraceae, 

(4)  Donatiaceae  and  Stylidiaceae,  and  (5)  Menyan- 

thaceae. The  central  problem  of  circumscription 

involves  determining  which,  if  any,  of  these  sa  ■ 

of 

ellites  belong  with  the  core  group.  The  integrity 

the  core  group  and  each  of  the  bifamflial  satellites 
cannot  be  assumed,  however,  and  must  also examined. 

Data  Sets 

limited 

impr 

INCLUSION  OF  MENYANTHACEAE 

may  be  obtained  by  better  reflecting  the  totality 
similarities  and  differences  among  the  taxa  \     ) 

wood,  1977;  Kubitzki,  1977;  Cronquist,  l98/b; 

signi 

No  taxonomist  working  with  morphological  data  body  of  data  has  accumulated  from  studies  of  their 
has  ever  suggested  that  the  Menyanthaceae  were  embryology,  palynology,  cytology,  ultrastructure, 
related   to  Campanulales.   Most   taxonomists,  in-       chemistry,  molecular  biology,  and  paleontology.  I" Thome 

Cronqu 
trans- 

these .sed 

ferred  it  to  Solanales,  a  move  supported  on  chem- 
ical  grounds   by   Gershenzon   &    Mabry   (1983). 

;inning  of  this  article.  Thi 

ould  produce  a  revised  c 

I 
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the  order  that  is  maximally  predictive  (Stuessy,       certain  Asteraceae  (most  notably  Lactuceae)  ac- 
1990). cumulate  latex,  a  viscous  white  or  colored  fluid  that 

latex. 

L eaves 

However,  it  soon  will  be  clear  to  the  reader  that  is  produced  in  a  network  of  articulated  lactifers. 
the  data  base  for  Campanulales  is  not  yet  as  com-  Brunoniaceae,  Calyceraceae,  Donatiaceae,  Goode- 
plete  as  could  be  desired.  The  coverage  is  uneven,  niaceae,  Menyanthaceae,  Pentaphragmataceae, 
with  a  great  deal  known  about  certain  families  and  Sphenocleaceae,  and  Stylidiaceae  do  not  produce 
certain  types  of  data,  but  very  Uttle  known  about 
others  (Hegnauer  in  Moehono  &  Tuyn,  1960). 

Gibbs's  (1974:  1190)  lament  regarding  chemical 
data  ("We  obviously  need  much  more  information 
before  we  can  help  the  taxonomists!")  is  equally 
true  for  other  types  of  data,  and  Hey  wood's  (1977) 
call  for  the  accumulation  of  a  better  organized  data 
base  on  angiosperm  families  is  still  appropriate  to- 

day. For  this  reason,  a  formal  revision  of  the  clas- 

sincation  of  the  order  is  delayed  pending  the  con- 
clusion of  certain  studies,  described  later,  that  are 

currently  \mder  way. 
In  this  section,  the  data  sets  that  pertain  to  the 

classification  of  the  Campanulales  are  discussed. 
Most  of  this  information  was  gleaned  from  the 
literature.  The  genera  and  species  cited  paren- 

thetically are  intended  as  examples  of  taxa  with  a 
given  feature  and  not  as  an  exhaustive  list,  unless 
otherwise  indicated. 

Leaves  typically  are  simple  and  cor- 
respond to  the  dillenid  type  of  Hickey  &  Wolfe 

(1975).  Deeply  parted  or  compound  leaves  do  oc- 

cur, however  {Menyanthes  trlfoliata  L.,  Menyan- 
thaceae;   Cyanea  shipmanii  Rock,  Lobeliaceae; 

Bidens  bipinnata  L.,  Asteraceae).  An  alternate 

arrangement  of  the  leaves  is  most  common,  al- 

though opposite  {Eupatorium  perfoUatum  L.,  As- 
teraceae) or  whorled  (Ostrotvskia  Kegel,  Campan- 

ulaceae)  patterns  also  occur.  The  markedly 

asymmetric  leaf  base  of  Pentaphragmataceae  is 

noteworthy.  True  stipules  are  lacking,  although 

stipulelike  processes  occur  in  some  Asteraceae 

(Simsia  Pers.),  and  the  winged  petioles  of  Menyan- 
thaceae  have  been  called  stipulelike.  Stoma tes  are 

anomocytic,  except  in  Sphenocleaceae,  where  they 

are  tetracytic,  and  in  Brunoniaceae  and  Donati- 
aceae, where  they  are  paracytic. 

MORPHOLOGY 
Infl. 

In    Donatiaceae    and    Phyl- 

Morphology  is  the  foundation  upon  which  aU  l<^chne  Forster  &  G.  Forster  (Stylidiaceae),
  there 

taxonomy  rests.  In  the  following  discussion,  fea-  is  a  single  sessile  flower  at  the  apex  of  the  stem, 

tures  considered  important  in  previous  classifica-  Although  soHtary  axjllary  flowers  occur  in  some 
tions  of  Campanulales  are  described. 

Lobeliaceae 

,  carpus  Miers,  Cyphiaceae),  most  have  flowers  ag- 
nabit  and  stems.  Most  species  are  iteropar-  gj-egatedintosomesort  of  inflorescence,  which  may 

ous  herbs  with  diverse  perennating  mechanisms,  ^^^  terminal  or  less  often  axillary.  Campanulaceae, 

ut  nearly  the  entire  range  of  habits  among  di-  Cyphiaceae,  Goodeniaceae,  Lobeliaceae,  and  Sty- 
cotyledons  is  represented,  including  annuals,  bi-  liJiaceae  have  a  diverse  array  of  monotelic  and 
ennials,  shrubs  and  subshrubs,  trees,  pachycaul  polytelic  inflorescences  (Carolin,  1967),  Penta- 
rosettes,  twining  vines  {Cyphia  Berg,  Cyphiaceae; 

sympod ^kania  Willd.,  Asteraceae),  leaf  succulents      helicoid  cyme,  and  Sphenocleaceae,  by  a  dense {0th 
onna  L.,  Asteraceae),  stem  succulents  {Brigh- Brunoniaceae 

niia  A.  Gray,  Lobeliaceae),  and  various  types  of  ceraceae,  and  some  Campanulaceae  {Jasione  L.), 
ydrophytes,  such  as  cabomboids  {Megalodonta  ^^^  flowers  are  condensed  into  a  tight  capitulum 

reene,  Asteraceae),  isoetids  (Lobelia  dortmanna  subtended  by  an  involucre,  which  often  resembles 
L.,  LobeUaceae),  and  nymphaeoids  (Nymphoides  g^^^  individual  flower.  These  capitula  may  be  ag- 

■^guier,  Menyanthaceae).  In  most  cases,  the  woody  gpegated  into  secondary  groupings  (synflorescences 
species  are  believed  to  be  derived  from  fundamen-  ^j.  capitulescences). 
[^y  herbaceous  ancestors  (Carlquist,  1962,  1969a, 

b),  with  the  exception  of  Asteraceae,  in  which  wood-  Flowers,      Although  the  flowers  are  character- 

istically  complete  (tetracyclic)  and  perfect,  various 

dicliny 

^ess  appears  to  be  plesiomorphic  (Carlquist,  1966; 
Stebbins,   1977;  Jansen  &  Palmer,    1988).  The  , .                                                        i    ;       ,           o 
small  amount  of  secondary  growth  in  some  species  terize  certain  taxa.  Dioecious  {Lobelia  dioica  R. 

""fStylidium  Sw.  ex  Willd.  (Stylidiaceae)  is  anom-  Br.;  Pentaphragma  tenuiflorum  Airy  Shaw,  Fen- 

^lous,  as  no  cambial  activity  has  been  detected  taphragmataceae)  or  gynodioecious  {Lobelia   si- 
^thin  the  vascular  bundles  (Carlquist,  1981). philitica    L.)    species    occur    sporadicjlly,    while 

Campanulaceae,  Cyphiaceae,  Lobeliaceae,  and      monosporangiate  flowers  are  common 
 component* 

I 

f 
2, 
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of  the  capitula  of  Asteraceae.  Many  Menyantha-  of  a  tetramerous  corolla.  Petals  are  connate  in  all 
ceae  are  heterostylous  {Villarsia  capitata  Nees).  but  Donatiaceae  and  a  few  species  of  Pentaphrag- 
Proterandry  characterizes  Brunoniaceae,  Calyce-      mataceae  {Pentaphragma  decurrens  Airy  Shaw). 
raceae,    Campanulaceae,    Goodeniaceae,    Lobeli- Radial  symmetry  (actinomorphy)  characterizes 

aceae,  and  Stylidiaceae.  This  is  correlated  with      Brunoniaceae,  Calyceraceae,   Campanulaceae, 
their  specialized  mechanisms  for  the  secondary  pre-      Donatiaceae,    Menyanthaceae,    Pentaphragmata- 
sentation  of  pollen,  discussed  below. ceae,  and  Sphenocleaceae.  Actual  shape  of  the 

primordium 

The  flowers  of  Lobeliaceae,  with  rare  exceptions  corolla  may  be  rotate,  campanulate,  urceolate,  in- 
{Downingia  laeta  (Greene)  Greene),  and  of  some  fundibular,  tubular,  or  salverform.  Bilateral  sym- 
Styhdiaceae  {Stylidium  petiolare  Sonder)  are  re-  metry  (zygomorphy)  characterizes  Cyphiaceae, 
supinate  at  anthesis,  i.e.,  rotated  180°  via  torsion  Goodeniaceae,  and  Lobeliaceae.  The  irregularity 
of  the  pedicel.  As  a  result,  the  visually  dorsal  lobes  may  be  slight  (Cyphia  hrevifolia  Thulin,  Lobelia 
of  the  perianth  actually  arise  from  the  ventral  donanensis  van  Royen),  but  is  nonetheless  per- 

ceptible. In  Stylidiaceae,  Levenhookia  and  Stylid- 

ium are  zygomorphic,  while  Forstera  L.  f.,  Phyl- 
Calyx.  The  calyx  is  fundamentally  pentam-  lachne,  and  Oreostylidium  Berggren  are 

erous,  although  taxa  and  individuals  with  as  few  actinomorphic.  In  Asteraceae,  inflorescences  may 
as  two  and  as  many  as  ten  sepals  are  found  in  be  composed  of  zygomorphic  flowers  only  (ligulate 
Calyceraceae,  Campanulaceae,  Donatiaceae,  capitula),  actinomorphic  flowers  only  (discoid  ca- 
Goodeniaceae,  and  Stylidiaceae.  The  sepals  are      pitula),  or  both  (radiate  capitula). 

Zygomorphy  among  Campanulales  involves  sev- 
ceae.  In  Brunoniaceae,  some  Goodeniaceae,  and  eral  distinct  patterns.  In  Goodeniaceae,  the  corolla 
Menyanthaceae,  this  synsepalous  calyx  is  free  from  typically  is  bilabiate  with  two  dorsal  and  three  ven- 
the  other  floral  organs.  Otherwise,  it  is  adnate  to  tral  lobes,  though  unilabiate  corollas  with  five  ven- 
the  corolla  and  androecium  for  some  portion  of      tral  lobes  are  not  uncommon  {Scaevola  sericea 

rowned      Vahl).  In  both  types,  the  odd  (unpaired)  lobe  is  in 
th  rare      a  ventral  position. 

Three  basic  patterns  are  seen  in  Cyphiaceae  and 

connate 

W 
WaUich 

oduced 

panulaceae),  this  hypanthium  is  adnate  to  the  ova-  Lobeliaceae:  (1)  bUabiate  with  three  dorsal  and  two 
ry.  In  Pentaphragmataceae,  however,  it  is  con-  ventral  lobes  {Nemacladus  Nutt.,  Cyphiaceae;  Lo^ 
nected  only  by  five  narrow  longitudinal  septa,  which  belia  erinus  L.);  (2)  bilabiate  with  one  dorsal  and 
leave  Intervening  lacunae  or  pits  in  which  nectar  four  ventral  lobes  (restricted  to  Cyphocarpus,  Cy- 

phiaceae); (3)  unilabiate  with  five  dorsal  lobes  (Lo- 
in many  Asteraceae  {Chrysanthemum  L.,  Xan-  belia  tupa  L.).  At  anthesis,  the  flowers  of  Lobeli- 

thium  L.),  nothing  resembling  a  calyx  lobe  is  ev-  aceae  appear  more  similar  to  those  of  Goodeniaceae 
idem,  whUe  in  other  genera  of  the  family,  various  than  to  those  of  Cyphiaceae,  because  of  their  re- 
barbs,  hairs,  or  scales  are  found  where  calyx  lobes  supination.  However,  in  both  Cyphiaceae  and  Lobe- 
are  expected.  These  structures,  known  collectively  liaceae,  the  odd  (unpaired)  lobe  originates  in  a 
as  the  pappus,  are  presumed  to  be  modified  calyx  dorsal  position,  and  their  flower  is  thus  fundamen- calyx 

tally  diff'erent  from  that  of  Goodeniaceae. 
ceae  and  many  Calyceraceae  may  represent  an  In  Stylidiaceae  (Erickson,  1958),  the  odd  petal approach  to  this  condition. 

originates  in  a  ventral  position.  In  the  zygomorphic 
In  Cyphiaceae  and  Lobeliaceae,  the  odd  (un-      genera,  this  takes  the  form  of  a  highly  reduced 

and  modified  labellum,  which  is  irritable  (pressure- 

sensitive)  in  Levenhookia.  The  remaining  four  lobes 

lobe 
found 

hove) 

R.  Br.  (Loganiaceae)  and  some  papilionoid  legumes  may  be  simflar  in  size  and  shape  or  they  may  be 
(Kaplan,  1967).  However,  in  Lobeliaceae,  this  lobe  heteromorphic.  Most  commonly,  they  are  gathered 
is  brought  into  a  dorsal  (posterior)  position  by  the      into  two  pairs.  Each  pair  may  consist  of  a  ventral 

and  a  dorsal  lobe  {Stylidium  diuroides  Lindley). 

or  of  like  lobes  (S.  emarginatum  Sonder).  In  others, 
Corolla.  The  corolla  is  essentially  pentamer-  the  four  major  lobes  may  be  cruciform  (5.  xari- 

ous  but  with  sporadic  variation  in  taxa  and  indi-  thopis  Erickson  &  Willis)  or  unilabiate  (S.  divar- 
viduals  of  some  families.  In  Stylidium  and  Leven-  icatum  Sonder).  The  throat  is  often  marked  by  a 
hookia  R.  Br.  (Stylidiaceae),  the  odd  (unpaired)  series  of  glandular  appendages  of  diverse  shape 
petal  is  often  so  reduced  as  to  give  the  impression      and 

I 

I 

size. 
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Among  Asteraceae  (Bremer,  1987),  the  zygo- A  major  structural  aspect  of  these  mechanisms 

morphic  flowers  of  most  tribes  are  essentially  unila-  is  the  gathering  of  the  stamens  around  the  style, 
biate;  those  in  ligulate  capitula  have  five  ventral  Asteraceae,  Brunoniaceae,  Lobeliaceae,  and  some 
lobes,  while  those  in  radiate  capitula  have  but  three.  Goodeniaceae  {Dampiera  R.  Br.,  Leschenaultia 
In  Mutisieae,  however,  the  zygomorphic  flowers  R.  Br.)  are  syngenesious,  i.e.,  the  anthers  are  con- 
are  bilabiate.  Most  genera  have  corollas  with  two  nate,  forming  a  definite  tube  into  which  the  pollen 
dorsal  and  three  ventral  lobes,  though  in  some  is  shed.  Lobeliaceae  differ  from  the  remaining  syn- 
Barnadesiinae,  there  are  one  dorsal  and  four  ven-  genesious  taxa  in  having  the  two  ventral  anthers 

shorter  than  the  other  three.  In  Lobeliaceae,  the 

syngenesious  Goodeniaceae,  and  some  Asteraceae, 

the  filaments  are  connate  for  part  of  their  length. 

However,  in  Calyceraceae  and  certain  Cyphiaceae 

{NemacladuSy  Parishiella  A.  Gray,  Pseudone- 
macladus  McVaugh,  and  some  species  of  Cyphia)^ 

tral  lobes. 

Androecium,  Anthers  are  tetrasporangiate 
(rarely  bisporangiate  in  Asteraceae),  basifixed,  and 
dehiscent  via  longitudinal  slits.  The  thecae  are  par- 

allel, with  the  exception  of  Stylidiaceae,  where  they 
are  divergent  and  sometimes  {Forstera,  Phyl-  the  filaments  are  connate  for  part  of  their  length, 
lachne)  apically  confluent.  A  single  cycle  of  five  though  the  anthers  are  distinct.  In  NemacladuSy 
IS  characteristic.  Asteraceae  with  tetramerous  disc  the  two  dorsal  filaments  bear  small  stipelike  struc- 
coroUas  {Oparanthus  SherfF,  Petrobium  R.   Br.,       tures  with  one  or  more  terminal  transparent  rod- 
tiemya  HiUebrand)  have  four  stamens,  as  do  Cam- 
panulaceae  with  tetramerous  corollas  {Phyteuma      unknown  function. 

shaped  cells.  These  structures  are  unique  and  of 

tetramerum  Schur).  One  species  of  Donatiaceae, In  Campanulaceae  and  the  remaining  Goodenia- 
Donatia  fascicularis,  has  three  stamens  while  the       ceae  {Scaevola  L.,  Selliera  Cav.),  the  stamens  are 
other,  D.  novae- zelandiae  J.  D.  Hook.,  has  two,       connivent  around  the  style,  separating  once  the 
Stylidiaceae  likewise  have  two  stamens. pollen  is  shed  onto  the  style.  In  many  species  of 

The  stamens  are  antisepalous  (i.e.,  ahernate  with  Phyteuma  L.  (Campanulaceae),  the  distal  portions 
the  corolla  lobes)  m  all  families.  In  Asteraceae,  of  the  corolla  lobes  are  connate,  forming  a  tube 

Calyceraceae,  Cyphocarpus,  Sphenocleaceae,  and  that  functions  much  like  the  anther  tube  of  syn- 
sympetalous  Pentaphragmataceae,  the  stamens  are  genesious  taxa 
epipetalous,  i.e.,  inserted  on  the  corolla  tube  at  or A  second  aspect  of  these  mechanisms  is  the 

above  the  middle.  In  Brunoniaceae,  most  Cam-  presence  of  various  stylar  structures  that  collect 

panulaceae,  most  Cyphiaceae,  Donatiaceae,  Goo-  pollenfrom  the  anthers  and  present  it  to  pollinators, 

demaceae,  LobeUaceae,  Menyanthaceae,  and  poly-  In  Asteraceae,  Brunoniaceae,  Campanulaceae,  and 

petalous  Pentaphragmataceae,  the  stamens  are  in-  Lobeliaceae,  various  sorts  of  hairs  on  the  style  and 

serted  at  the  base  of  the  corolla  tube,  on  the  floral  stigma  perform  this  function.  The  stylar  hairs  of 

receptacle,  or  on  the  top  of  the  inferior  ovary.  In  Campanulaceae  are  unique  In  their  ability  to  in- 

Cyananthus,  the  stamens  arise  from  the  rim  of  vaginate  as  a  means  of  dislodging  pollen  grains 

the  free  hypanthium.  In  a  few  Lobeliaceae,  the  (Carolin,   1960a;  Shetler,  1979;  Erbar  &  Leins, 

basally  inserted  filaments  are  adnate  to  the  corolla  1989).  Brunoniaceae  and  Goodeniaceae  are  unique 

tube,  either  dorsally(/?o/Zart(fiaGaudich.)  or  com-  among  anglosperms  in  possessing  an  indusium,  a 

Pletely   (Siphocampylus   Pohl   sect.    Hemisipho-  cuplike  structure  subtending  the  stigma,  into  which 

campylus  A.  DC),  In  Stylidiaceae,  the  two  stamens  pollen  is  shed. 

are  wholly  adnate  to  the  style,  forming  a  gynan-  The  gynandrium  or  gynostegium  of  Stylidiaceae 

anum  or  gynostegium  in  which  the  divergent  an-  is  structurally  and  functionally  diff^ercnl  from  the 
ther  thecae  flank  the  large  stigma.  mechanisms  described  above.  The  column  is  irri- 

A  distinctive  feature  of  Asteraceae,  Brunoni-  table  (pressure-sensitive)  in  Stylidium  and  to  a 

^<^^ae,    Calyceraceae,    Campanulaceae,    Goodeni-  lesser  degree  in  Levenhookia  (Erickson,   1958). 
^ceae,  and  Lobeliaceae  is  their  specialized  polli-  Th 
nation  mechanisms.  These  involve  the  presentation  the  gynandrium  to  spring  suddenly.  Either  the  ex- 

cause 
directly 

^    pollen  to  potential  pollinators  in  or  on  certain 
structures  associated  with  the  style  (Carolin,  1 960a;        
Erbar  &  Leins,  1989;  Leins  &  Erbar,  1990).  Such      phase),  or  the  stigma  picks  up  a  load  of  pollen  from 

insect 

fl 

owers  are  proterandrous,   with  an  introrse  dis- 
arge  of  pollen  onto  stylar  structures  preceding 

insect  (if  the  flower  is  in  carpellate  phase).  Th 

cannot  be 

the  elongation  of  the  style  and  maturation  of  the      typical  campanulalean  mechanibms,  but  nmst  have 
^^'gma.  had  an  independent  origin  from  the  apostemonous 
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condition  (Carolin,  1960a;  Erbar  &  Leins,  1989;       novae- zelandiae,  two.  However,  in  Calogyne  R. 
Leins  &  Erbar,  1990). 

Gynoecium. .runoniaceae 

thaceae,  the  ovary  is  superior.  The  remaining  fam- 
ilies are  characterized  by  an  inferior  ovary,  though 

sporadic  taxa  have  ovaries  half-inferior  {Diastatea 
Scheidw.,  Lobeliaceae)  or  superior  {Cyananthus, 
Campanulales;  Velleia  Smith,  Goodeniaceae). 

Epigyny  in  Campanulaceae  is  exclusively  appen- 

Br.  (Goodeniaceae),  the  style  divides  into  two,  three, 
or  four  branches,  each  with  its  own  indusium.  In 

Brunoniaceae,  Calyceraceae,  a  few  Campanula- 
ceae {Cephalostigma  A.  DC.),  some  Goodeniaceae, 

Pentaphragmataceae,  Sphenocleaceae,  and  Stylidi- 
aceae,  the  style  terminates  in  a  simple  unlobed 

stigma.  In  most  Campanulaceae,  the  number  of 

stigmas  or  stigmatic  branches  equals  the  number 

dicular  in  origin,  i.e.,  via  the  adnation  of  outer      f  ̂̂''^^f;  ̂steraceae,  most  Goodeniaceae,  Lobe- 

floral  whorls  to  the  ovary  (Carolin,  1959,1960b;       ̂ ^""^^^^  Menyanthaceae,  and  most  Cyphiaceae  have a  bifid  stigma.  Cyphia  features  a  unique  stigmatic 

cavity  that  is  filled  with  fluid  and  communicates 

with  the  outer  air  via  a  lateral  aperture  (Thulin, 

Kaplan,  1967).  Nonetheless,  the  hypanthia  of 
Campanulaceae  sens,  lat,  and  Goodeniaceae  are 
not  strictly  homologous  in  their  formation  (Carolin, 
1978).  In  the  former,  coalescence  of  the  outer 

whorls  preceded  their  adnation  to  the  ovary,  while 

1978). 

At  maturity,  multiovulate  ovaries  commonly  form 

in  the  latter,  the  outer  whorls  became  adnate  to      ̂   ''^P''^^'  '^^'''^  "^^^  ̂   loculicidal  
or  less  often 

the  ovary  centrifugally poricidal;  that  of  Sphenocleaceae  is  circumscissile. 

The  ovary  is  syncarpous.  In  most  families,  two  ̂"  ™°'*'  *^^  "^^^'  ̂ ^^^  "°  °^^^°^"  adaptations  for 

or  more  fertUe  locules  are  evident.  Bilocular  ovaries  ̂ i^P^^-^^l'  ̂ ough  anemochorous  (winged)  seeds  oc- 

characterize    Cyphiaceae,    Goodeniaceae,    LobeU-      ''"''  ""  ̂ """"^  *^^^  {Cyphia  reducta  F. 
 Wimmer; 

aceae,   Pentaphragmataceae,   Sphenocleaceae, Calogyne,  Goodeniaceae;    Trematolohelia  A. 

Stylidiaceae,  and  Donatia  novae- zelandiae,  while      ̂ ^^^^'^  Lobeliaceae).  Baccate  
fruits,  better  adapt- 

fascicula ed  to  zoochory,  characterize  Pentaphragmataceae 

acteristicaUy  have  three  locules,  though  some  have      ̂ "^^  ''''''''''  sporadicafly  elsewhere  {Clermontia  Gau- 

five   {Campanula   L.    subsect.    Quinqueloculares 
Boiss.,  Cyananthus),  and  others  appear  to  have 

dich.,  Lobeliaceae;  Canarina  L.,  Campanulaceae; 

Scaevola  sect.  Scaevola,  Goodeniaceae).  The  fam- 
ilies with  uniovulate  ovaries  form  one-seeded  in- 

more,  due  to  intrusive  partitions  from  the  carpel-      ̂^^^^""^^^  f^^t^^  «^henes  in  Brun
oniaceae,  cypselas 

(Michauxia in  Asteraceae  and  Calyceraceae,  Here,  the  calyx 

few  Goodeniaceae  {Scaevola  porocarya  F.  Muell.)      '"  ̂ ^^^'^  persistent  and  modified
  in  ways  that  facil- have  four  locules. itate  anemochory  (plumose)  or  zoochory  (barbate; 

EMBRYOLOGY 

fined 

Each  locule  typically  contains  several  to  many 
ovules  attached  to  axile  placentae,  although  this 
sometimes  is  reduced  to  one  or  two,  in  which  case,  „         ,^  .,^,^  ̂    ^, 
placentation  may  be  apical  {Catosperma  Benth.,      include  all  aspects  of  growth  and  development  of 
Goodeniaceae;    Siphocodon   Turcz.,    Campanula-      the  anther  and  ovule;  only  features  of  the  mature 

pollen  grain  (palynology)  are  discussed  separately. 

ceae). 
Bnmoniac 

summar Menyanthaceae,    the    ovary   has   one   locule.    In  Davis  (1966)  and  Falser  (1975),  and  the  foUowing 
Menyanthaceae,  this  locule  contains  a  pair  of  pa-  data  are  taken  from  these  reviews,  unless  otherwise 
rietal  placentae  bearing  numerous  ovules;  this  con-  noted, 
dition  is  also  found  in  some  taxa  of  otherwise  hi-  yt-.L...  t^i      v     .  i    i   .   f  or,tV.**r  wall 

locular  families  {Downingia  yina  Applegate, Lobeliaceae) 

Anthers.  The  dicotyledonous  type  of  anther  w 

development,    producing    a    single    middle   layer, 

  ->  "*-  -...£>.^      characterizes  Asteraceae,  Campanulaceae,  Goode- 
locule  contains  a  solitary  ovule,  which  is  apical  in      niaceae,  Lobeliaceae,  Sphenocleaceae  (Kausik  & 
Calyceraceae  and  basal  in  Asteraceae  and  Bru-      Subramanvam,  1946).  and  Stvlidiaceae.  The  basic 
nomaceae.  Unilocular  ovaries  with  a  single  basal ovule  also  charartprir**  pf^rtain  rT^r,«,.o  ;^  ̂ *i   :„_ 

middle 

(M. 

Pentaphragmataceae.  Both  patterns  have  been  re 

dothecium 

reauxia  Benth.,  Good 

Wimmer,  Lobeliace 

Only  the  Donatiaceae  are  characterized  by  mul-  The 
le  styles:  Donatia  fascicularis  has  three  and  D, 

s  fibrous  thickeni 

well  as  in  Calyceraceae. 

in  the  nutrition  of 
 d^" 

acinietal.,  1985).  
The 

■mi 

I 
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glandular  or  secretory  type,  in  which  the  tapetal  pressed  (oblate  or  prolate);  those  of  Pentaphrag- cells  remain  in  their  original  position  but  discharge  mataceae  are  trilobate, 
their  contents,  characterizes  Calyceraceae,  Cam- 
panulaceae,  Goodeniaceae,  LobeUaceae,  Menyan-  Apertures.  Tricolporate  pollen  characterizes  As- 

thaceae,  Pentaphragmataceae  (Kapil  &  Vijayara-  teraceae,  Brunoniaceae,  Calyceraceae,  Cyphiaceae 

ghavan,    1965),    Sphenocleaceae    (Kausik    &  (6-colpate  in  Parishella),  Donatiaceae,  Goodeni- 

Subramanyam,  1946),  Stylidiaceae,  and  some  As-  ̂ ^eae,  Lobeliaceae,  Menyanthaceae,  Pentaphrag- 

teraceae.  The  amoeboid  or  periplasmodial  type,  in  niataceae,  and  Sphenocleaceae,  though  the  pores 
which  the  protoplasts  fuse  to  form  a  multinucleated  ^^^  lacking  from  some  Lobeliaceae,  Menyantha- 

periplasmodium,   characterizes   most   Asteraceae.  ^^^^'  ̂ ^^  Pentaphragmataceae  (i.e.,  the  grain  is 

Tapetal  cells  are  binucleate  in  Campanulaceae,  tricolpate).  Pollen  grains  of  Stylidiaceae  are  3-8- 

Lobeliaceae,  Pentaphragmataceae  (Kapil  &  Vija-  colpate.  In  most  Campanulaceae,  the  grains  are 

yaraghavan,    1965),   Sphenocleaceae   (Kausik   &  3-4(-5)-porate  (6-porate  in  Githopsis  Nutt.).  A 

Subramanyam,  1946),  and  Stylidiaceae,  but  mul-  ̂ ^^  species  of  Campanula  have  8-,  12-,  or  14 
tinucleate  in  Asteraceae,  Goodeniaceae,  and  Meny- anthaceae. 

Ovule 

20-pantoporate   pollen,    while   other   genera    are 

characterized    by    pollen    that    is    3-6-colporate 

{Platycodon  A.  DC,  Canarina)  or  6-10-colpate 
The  anatropous  ovules  are  unitegmic      (Cyananthus,  Ostrowskia). and  tenuinucellar,  conditions  that  characterize  vir- 

tually all  Asteridae  (Philipson,  1977).  Embryo  sac  Surface.      There  is  great  variation  in  the  sculp- 
formation  is  monosporic  {Polygonum-type),  though 
bisporic  {A Ilium-type)  and  various  tetrasporic  types 

turing  and  ornamentation  of  the  surface,  with  var- 

ious types  of  ridges,  reticulations,  granulations,  stri- 

<>ccur  in  some  Asteraceae.  The  inner  layer  of  the  ae,  pits,  and  protrusions  noted.  One  such  character 
integument  develops  as  an  endothelium  (integu-  is  the  presence  or  absence  of  spinules.  These  are 
mentary  tapetum)  upon  coming  in  contact  with  the  all  but  ubiquitous  among  Campanulaceae  with  por- 

erabryo  sac.  Embryogeny  follows  the  Asterad  pat-  ate  grains,  but  are  largely  reduced  to  verrucae  in 
ern  m  Asteraceae  and  Menyanthaceae,  and  the  the  colpate  and  colporate  genera.  Among  Cyphi- 
^olanad  pattern  in  the  others.  Endosperm  forma-  aceae,  spinules  characterize  Nemacladus  and  Par- 
lon  characteristically  is  cellular  ab  initio,  though  ishella,  but  are  lacking  in  Cyphia  and   Cypho- 
nuclear  endosperm  development  is  found  in  some  carpus.    Spinuliferous    pollen    is    widespread    In 
Asteraceae.  Typically,  copious  endosperm  forms,  Asteraceae;  notable  exceptions  are  the  relatively 
'lough  it  is  absent  or  nearly  so  from  mature  seeds  smooth  grains  of  many  Mutisieae.  Grains  of  Bru- 

01  Asteraceae,  Brunoniaceae,  and  Sphenocleaceae.  noniaceae,  Goodeniaceae,  and  Stylidiaceae  are  also 
is  oily  in  most  families,  but  starchy  in  Penta-  spinuliferous,  while  spinules  are  lacking  in  Caly- 

pnragmataceae  and  some  Campanulaceae.  ceraceae,  Donatiaceae,  Lobeliaceae,  Menyantha- 
lerminal  endosperm  haustoria  (i.e.,  with  haus-  ceae,  Pentaphragmataceae,  and  Sphenocleaceae. 

tona  at  both  the  chalazal  and  micropylar  ends) 
characterize  Campanulaceae,  Lobeliaceae,  Sphe- 

nocleaceae, and  Stylidiaceae.  In  the  first  three  fam- 
^es,  the  two  ends  are  equally  aggressive;  in  the 
ast,  the  micropylar  haustorium  is  more  aggressive. 
n  Pentaphragmataceae,  a  haustorium  develops  only 
^t  the  micropylar  end,  while  Asteraceae,  Calycera- 

ceae, Goodeniaceae,  and  Menyanthaceae  lack  them ^'together. 

Nuclei.      Pollen  grains  when  shed  may  contain 
either  two  or  three  nuclei.  The  latter  condition  is 

clearly  derived  from  the  former,  and  in  no  instance 

is  a  reversal  apparent  (Brewbaker,  1967).  Binu- 

cleate pollen  characterizes  Brunoniaceae,  Calyce- 
raceae, Goodeniaceae,  and  Pentaphragmataceae, 

while  the  pollen  of  Asteraceae,  Sphenocleaceae, 

and  Menyanthaceae  is  exclusively  trinucleate.  Taxa 

of  Campanulaceae,  Lobeliaceae,  and  Stylidiaceae 

may  be  binucleate  or  trinucleate.  Lobelia  Is  one 

of  only  ten  angiosperm  genera  with  both  binucleate 
and  trinucleate  species,  and  in  no  case  does  a  single 

species  produce  both  types  of  pollen  (Brewbaker, 
1967). 

Papers  (Chapman,  1966;  Brewbaker,  1967;  Dun-  Pollinators.      Pollen  grains  are  typically  shed 

palynology 

3ta  on  pollen  morphology  in  angiosperms  was 
review  is summarized  by  Erdtman  (1952).  This   

supplemented  by  data  presented  in  more  recent ba 

^'aUentmus,  1976;  Skvarla  et  al.,  1977).  Typi- y.  the  grains  are  spheroidal  or  variously  com- 

\^^^^^^  b,   1978,    1981,   1984;   Dunbar  &       singly,  though  permanent  tetrads  occur  in  a  few 

genera  (Leschenaultia^  Goodeniaceae;  Namaco- 
don  Thulin,  Campanulaceae).  Dispefbal  typically 
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is  zoophilous  (Wagenltz,  1977).  Generally  speak-  raploid  {a  =  34)  and  hexaploid  {n  =  51)  derivatives 
ing,  taxa  with  actinomorphic  flowers  and  pseudan-  of  this  number.  However,  a  gametic  chromosome 
thia  are  visited  by  a  broad  suite  of  generalized  number  as  large  as  17  probably  is  derived  from 

insects,  including  various  bees,  flies,  wasps,  but-  some  smaller  number  via  aneuploidy  following  poly- 
terflies,  and  settling  moths.  Taxa  with  zygomorphic  ploidization  or  via  allopolyploidy. 
flowers  have  a  narrower  range  of  more  specialized. Bocher  (1964)  and  Contandriopoulos  (1984) 

often  vertebrate  visitors.  In  Lobeliaceae,  for  ex-  considered  jc  =  8  to  be  the  most  likely  base  number 

ample,  ornithophily  is  well  developed  (Lammers  &  for  Campanulaceae.  Raven  (1975),  however,  sug- 
Freeman,  1986),  involving  hummingbirds  and  pas-  gested  that  Campanulaceae,  like  their  apparent 

serines,  while  chiropterophily  reportedly  occurs  in  sister  group  the  Lobeliaceae,  have  x  =  7.  Although 
Burmeistera  (Vogel,    1969);   a   few   genera   with  species  with  «  =  7  are  rare  among  Campanulaceae 

salverform  corollas  {Brighamia^  Hippobroma  G.  (only   12  such  counts  have  been  reported),  that 

Don)  are  sphingophilous  (Lammers  &   Freeman,  number  is  found  in  both  species  of  Cyananthus 
1986).  that  have  been  examined  (Kumar  &   Chauhan, 

1975;  Hong  &  Ma,  1991).  Cyananthus  is  widely 

regarded  as  the  most  primitive  extant  genus  in  the 

family    on    morphological    grounds    (Hutchinson, 
The  chromosome  numbers  discussed  below,  xm-       1969;  Carolin,  1978;  Takhtajan,  1980;  Dunbar, 

less  otherwise  indicated,  were  taken  from  the  stan-       1984;  Hong  &  Ma,  1991),  and  its  possession  of 

CYTOLOGY 

Wyl 
n 

7  supports  the  hypothesis  of  x 

7  for  the 1958a,  b,  1959a,  b,  1960,  1961,  1962,  1963,       Campanulaceae.  Hong  &  Ma  (1991)  hypothesized 
1964,  1965;  OrnduflF,  1967,  1968;  Moore,  1973,       that  taxa  with  a  =  8  and  n  =  9  are  the  result  of 
1974,  1977;Goldblatt,  1981,  1984,  1985,  1988; ascending  aneuploidy  from  x 

7,  and  that  the 
Goldblatt  &  Johnson,  1990).  For  convenience,  all       numerous  taxa  with  n  =    17  are  allopolyploids, 

reports  are  presented  as  gametic  (haploid  or  n)       derived  from  hybridization  between  taxa  with  these 
number 

which  other  numbers  in  the  family  have  been  de- 

two  numbers. 

The  Lobeliaceae  clearly  have  x 

7  (Foster 

rived  via  euploidy  or  aneuploidy,  is  of  primary       1972;    Raven,    1975;   Thulin,    1983;   Lammers, 
interest.  In  some  cases,  this  is  relatively  easy  to       1987,  1988).  More  than  135  species  have  been 
determine,  while  in  others  it  remains  controversial counted;  almost  75%  have  n 

7,  14,  21,  or  35. known mbers  The  exceptions  are  largely  members  of  genera  that 

aceae.  are  morphologically  quite  specialized:  Downingia 

Asteraceae  are  well  known  cytologically;  Solbrig  Torrey  and  its  allies  Porterella  Torrey  and  Hou)- 
(1977)  summarized  data  on  chromosome  numbers  ellia  A.  Gray,  with  an  aneuploid  series  derived 
from  nearly  8,000  species.  Numbers  range  from 

120,  though  most  lie  in  the  range 
18,  and  high  polyploids  are  very 

fro 
m  X 

2  to  n 
11  or  12;  and  Lysipomia  Kunth,  with n 

of  n 4  to  n 
10(Casas,  1981). 

For  StyUdiaceae,  counts  of  n 

5^16,  18,  26, rare.  The  most  common  number  is  n  =  9,  found       28,  and  30  have  been  published.  Unfortunately, 

in  more  than  20%  of  the  species,  Solbrig  cautiously  "     '       '" 
suggested  that  this  could  be  the  ancestral  base nearly  all  are  from  the  derived  genus  Stylidiuf^ 

no  counts  are  available  for  the  less  specialized 

number  for  the  family,  a  view  accepted  by  Raven       genera  Phyllachne  and  Forstera,  Despite  the  pres- 
(1975).  Although  the  Barnadesiinae  are  believed       ence  of  lower  numbers,  James  (1979)  believed  15 

to  be  the  base  number  of  the  family.  As  wil 

Campanulaceae,  one  suspects  that  so  high  a  na 
mation  is  not  particularly  helpful  in  suggesting  a       number  may  be  derived  via  aneuploidy  from  some 

be 

Palmer 

base  number  for  the  family.  Chromosome  numbers 
known  from  these  genera  are  n  =  8,  12,  24,  25, 
27,  and  54,  from  which  one  could  argue  for  x  = 
8  or  9  (or  even  4,  5,  or  6). 

Campanulaceae 
Numbe 

are  n 6-21,  23-30,  32,  34-36,  40,  45,  48, 

polyploid  or  via  allopolyploidy,  Donatia  fi^^[^^ 

laris,  widely  regarded  as  an  even  less  speciauz 

relative  or  member  of  Stylidiaceae,  has  n  - 

(Moore,  1983).  From  this,  one  might  speculate  X =  6  or  8  for  both  families. 

The  Goodeniaceae  have  n  =  7,  8,  9,  an 
tiples  thereof  (n 

51,  and  52.  By  far,  the  commonest  number  is  n       Peacock  (1963)  considered  n 

d  rtinl 

16724,32
;  18,27,  36,45)^

 

7  to  be  deriv
ed 

17,  with  more  than  480  (42%)  of  the  published       via  descending  aneuploidy,  because  it  occurred  only 

counts.  Another  150  (13%)  are  presumably  tet-       in  three  species  of  Goodenia  Smith,  a  genus  oth- 

t 

E 

I 

I 
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erwise  based  on  eight.  He  was  unable  to  decide  Br.)  Lindley,  Lobelia,  Pratia  Gaudich.,  and  Sole- 

whether  x  =  8  or  x  =  9  was  the  ancestral  base  nopsis  C.  Presl. 
number.  On  the  basis  of  correlations  with  mor-  Sieve-element  plastids  have  been  examined  in 
phology,  the  former,  which  also  occurs  in  twice  as  the  phloem  of  over  300  species  of  Asteridae,  rep- 
many  genera,  would  appear  to  be  more  likely  (Car-  resenting  42  families  and  280  genera  (Behnke, 
olin,  1978).  Brunoniaceae  clearly  have  x  =  9,  with  1981;  Behnke  &  Barthlott,  1983),  All,  including 
counts  of  n 9,  18,  and  36  reported. representatives    of   Asteraceae,    Campanulaceae, 

Menyanthaceae  clearly  have  x  =  9.  Over  90%       Goodeniaceae,  Lobeliaceae,  and  Stylidiaceae,  lack 

of  the  reported  counts  are  n  =  9,  18,  27,  or  54.       proteinaceous  inclusions  (i.e.,   they  have  S-type 
The  few  reports  of  /i  =  8,  20,  and  28  are  inter-       plastids). 
preted  as  aneuploid  derivatives  of  these  numbers. 

Ahhough  few  species  of  Cyphiaceae  have  been 
examined,  they  appear  to  have  x  =  9,  This  is  based 
on  counts  of  «  =  9  from  two  species  each  of  Cyphia 
and  Nemacladus, 

CHEMISTRY 

Various  types  of  primary  and  secondary  metab- 

olites have  played  a  significant  role  in  the  classi- 

Few  Calyceraceae  have  been  examined,  and  the       hcation  of  Campanulales  (Gershenzon  &  Mabry, 

base  number  is  uncertain.  Counts  reported  are  n       ̂ 983;  Harborne  &  Turner,  1984).  Unfortunately, 

8,  15,  18,  and  21.  From  this,  one  could  argue      virtually  nothing  is  known  of  the  chemistry  of  Bru- for  X 
7,  8,  or  9  (Stebbins,  1977). noniaceae,  Cyphiaceae,  Donatiaceae,  Pentaphrag- 

The  base  number  of  Sphenocleaceae  is  uncer-      ™ftaceae,    and^  Sphenocleaceae    (
Gibbs,    1974; 

tain,  because  the  five  published  counts  for  Spheno- 
clea  zeylanica  Gaertner  each  report  a  different number:  n 12  (Lewis  et  ah,  1962),  16  (Bir  & 

Wagenitz,  1977). 

Oligosaccharides.  Inulin,  straight  chain  poly- 
mers of  one  to  40  fructose  residues  linked  al- 

SiH^ii,    1  07^^    on  /T  ^ril^^    oi   /oi  i_  pha{l-2)  to  a  terminal  sucrose  molecule,  replaces 

r!^      lo.o^  ̂   ̂^"''"'  ̂ ^^^^'  ̂ ^  (Bhattacha-      P     '     J  carbohydrate  in  some  dicoty- yya.  1972),  a.d  24  (Sidhu  &  Lata.  1984).  WhUe      ̂ ^^^^  p^^^^,  ̂ \^^^,  ,1^8,,  j,„,„j  .„„„„  ̂  
«  IS  not  unlikely  that  an  mvasive  pantropical  weed  ̂ ^  examined  samples  (representing  96  species  in 
would  exhibit  intraspecific  variation  in  ploidy  level,  ̂ g  genera)  of  Asteraceae,  Brunoniaceae,  Calycera- 
alternative  hypotheses  must  be  considered.  Mis-  ̂ ^^^^  Campanulaceae,  Goodeniaceae,  Lobeliaceae, 
identification  of  the  material  is  scarcely  credible  Menyanthaceae,  and  Stylidiaceae;  it  has  been  re- 
lor  so  distinctive  a  species.  Miscounts  also  seem  ported  also  from  Cyphiaceae  (Thulin,  1978)  and 
unlikely,  at  least  in  the  reports  by  Lewis  and  Bhat-  Donatiaceae  (Gibbs,  1974). 
tacharyya,  because  of  the  details  and  figures  pre- 

sented. However,  the  number  reported  by  Larsen 
could  be  erroneous,  as  he  reported  difficulties  in 
counting  discrete  chromosomes  due  to  their  "sticky" 

l^ature.  Even  discounting  this  report,  the  ancestral 
base  number  could  be  x  =  6,  7,  or  8,  none  of 
^nich  would  be  inconsistent  with  base  numbers  in related  famili 

Iridoids.      Iridoids   are   monoterpenoid   cyclo- oduced 

They 

les. 

^LTRASTRUCTURE 

fibrilla 
structure  are  unique  to  Campanulaceae  (Taler  & 
Canhoffer-Dengg,  1972;  Bigazzi,  1986),  where  they fire   fniin^    :«    „ii    r*-?  •  r    ̂   /_      rrj 

apparently  serve  to  deter  herbivores  and  pathogens 

(Harborne  &  Turner,  1984).  Analyses  of  numerous 

species  of  Asteraceae,  Campanulaceae,  and  Lobeli- 
aceae have  yielded  negative  results  (Jensen  ct  al., 

1975;  Hegnauer,  1977;  Kaplan  &  Gottlieb,  1982). 

All  species  of  Styh'diaceae  examined  produce 

carbocyclic  iridoids,  specifically  10-hydroxylated 

compounds  similar  to  monotropein  (Jensen  et  al., 

1975;  Kaplan  &  Gottlieb,  1982).  All  species  of 
Good 

od 

^^ianthus  A,  DC,  Jasione,  Phyteuma,  and  7ra- been 

^y  are  absent  from  the  1 1  species  of  Asyneuma 
9"^b.  &  Schenck 

Wi 
8*^0.  Schrader  ex  Roth  that  have  been  examined, 

^ell  as  from  the  seven  species  of  Lobeliaceae 
dammed  in  the  genera  Downingia,  hotoma  (R. 

doid  (Jensen  et  al.,  1975;  Kaplan  &  Gottlieb,  1982). 

Some  Menyanthaceae  also  produce  sweroside,  a 

gentiopicroside  seco-iridoid.  Furthermore,  loganin, 

an  iridoid  precursor  of  both  carbocyclic  and  seco- 

iridoids,  occurs  in  some  Menyanthaceae,  as  weB 

as  in  many  other  families. 

Sesquiterpene    lactones.      These    bitter    sub- 

stances are  15-carbon  Icrpcnoid:^  derived  from  the 
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mevalonate  pathway,  which  may  function  as  feed- Phenolics,      Various  phenolic  constituents  ap- 

ing deterrents  (Hegnauer,  1977;  Harborne  &  Tur-  pear  to  be  of  some  taxonomic  utility  among  Cam- 
ner,    1984).    Though    diverse,    their    distribution  panulales  (Bate-Smith,  1962;  Gornallet  al.,  1979). 
among  angiosperms  is  extremely  restricted  (Herz,  Most  notably,  caffeic  acid  occurs  in  Asteraceae, 

1977;  Gershenzon  &  Mabry,  1983).  Of  the  1,400  Calyceraceae,  Campanulaceae,  Goodeniaceae, 

compounds  known,  approximately  90%  have  been  Menyanthaceae,  and  Stylidiaceae,  primarily  as  es- 
isolated  from  Asteraceae,  where  they  are  either  ters  with  quinic   acid,  notably  chlorogenic  acid. 
deposited  in  latex  (Lactuceae)  or  associated  with  However,  it  is  wholly  lacking  from  Lobeliaceae, 

where  it  seems  to  be  replaced  by  chelidonic  acid 

(Hegnauer,  1966b;  M^lgaard,  1985). 

MOLECULAR  BIOLOGY 

various  glands  (nonlactiferous  tribes). 

Poly  acetylenes.  These  highly  unsaturated  hy- 

drocarbons, containing  8-21  carbon  atoms,  are 
synthesized  from  oleic  acid.  Their  function  is  un- 

certain, but  they  may  serve  to  deter  pathogens  and  Recently,  analyses  of  chloroplast  DNA  restric- 

herbivores  (Harborne  &  Turner,  1984).  They  are  ̂ ^^^  sites  and  ricL  sequences  have  contributed  an 

best  known  as  Asteraceae,  where  almost  700  com-  entirely  new  set  of  data  to  studies  of  relationships 

pounds  with  8-18  carbon  atoms  have  been  isolated; These 

over  95%  of  the  known  polyacetylene-producing  incorporated  representatives  of  all   12  candidate 

species  are  members  of  this  family  (Bohlmann  et  ̂ ^^^,  and  as  a  result,  the  picture  that  emerges  is 
ah,  1973;  S0renson,   1977;  Ferreira  &  Gottlieb,  only  partially  resolved. 

1982;  Gershenzon  &  Mabry,  1983).  Diverse  spe-  The  most  important  resuh  is  the  discovery  that 
cies  of  Campanulaceae  have  yielded  various  14- 

unique 
carbon  poly  acetylenes.   Similar  compounds  have       t^^t  is  22  kb  in  length  (Jansen  &  Palmer,  1988; 

been  reported  from  two  species  of  Lobeliaceae,  and       Palmer  et  al.,  1988).  The  exceptions  are  members 
a  13-carbon  polyacetylene  has  been  detected  in  a 
species  of  Goodeniaceae, 

of  the  Barnadesiinae,  in  which  the  configuration  of 

that  region  is  colinear  with  that  found  in  other 

vascular  plants.  This  fact  offers  persuasive  evi- 
dence that  the  Barnadesiinae  are  the  most  primitive 

underst 

Alkaloids.      Alkaloids  are  diverse  compounds 
containing  a  basic  group  and  one  or  more  nitrogen-  Asteraceae  extant, 
containing  heterocyclic  rings,  synthesized  primarily  Several  attempt 
from  protein  amino  acids  (Hegnauer,  1966a;  Har-  better  phylogenetic  relationships  among  Asteridae, 
borne  &  Turner,  1984).  Many  alkaloids  have  sig-  using  these  techniques  (Downie  &  Palmer,  1992; 
nificant  physiological  effects  on  higher  vertebrates,  Olmstead  &  Palmer,  1 992).  Of  the  candidate  taxa, 

and  presumably  function  in  deterrence  of  herbi-  only  representatives  of  Asteraceae,  Calyceraceae, 
vores  and  pathogens.  Among  angiosperms,  alka-  Campanulaceae,  Goodeniaceae,  Lobeliaceae,  and 

loids  are  found  in  1 5-20%  of  the  species  examined.  Menyanthaceae  have  been  examined  thus  far.  Ex- 
Pyridine  alkaloids  appear  to  be  ubiquitous  among  tensive  rearrangements  of  the  chloroplast  genome 

Lobeliaceae,  where  they  commonly  accumulate  in  distinguish  Campanulaceae  and,  to  a  lesser  extent, 

(W 
1970;

  
Vaguj

falvi
,  

1971;
  
Gibbs

,  
1974;

  
Gomes

  
& Lobeliaceae;  such  rearrangements  have  not  been 

Downey,  pers.  comm 
Gottlieb,  1980);  many  compounds  (e.g.,  lobeline,  Cladistic  analyses  of  these  molecular  data  indi- 
lobinaline,  siphocampOine)  have  been  isolated  from      cate  the  following  phylogenetic  relationships.  Caly- 
a  diverse  array  of  taxa.  Various  Asteraceae,  pri-       ceraceae  and  Goodeniaceae  form  a  clade  that  is 
marily  species  of  Senecio  L.,  produce  not  only 
pyridine  alkaloids,  but  pyrrolizidine,  quinoline,  and 

(Will im 

the  sister  group  of  Asteraceae.   Menyanthaceae 

form  the  sister  group  of  these  three  families. 

several  representatives  of  Gentianales,  to  wnic 

Menyanthaceae  supposedly  belong,  are  quite 

tant,  and  the  representatives  of  Solanales  are  e\  e 

more  so.  This  clade,  comprising  Asteraceae,  t>^. 

ceraceae,  Goodeniaceae,  and  Menyanthaceae, 

be  referred  to  as  the  "asterad"  clade  in  the  sub- 

sequent  discussion.    Campanulaceae   and   Lope 

aceae  (the  "campanulads")  form  the  sister  clade tected  in  Cyphiaceae,  Donatiaceae,  or  Pentaphrag-      of  the  asterads.  This  asterad-campanulad  mapr 
malaceae  (Gibbs,  1974).  clade  inrornor;it*^«  nil  randidAte  taxa  that  have  been 

nature  have  also  been  detected  in  eight  species  of 
Goodeniaceae  (Willaman  &  Schubert,  1961).  De- 

spite numerous  assays,  alkaloids  are  all  but  absent 
from  Campanulaceae  and  Stylidiaceae,  having  been 

(wm be 

1 
k 

I 
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examined  to  date.  Adoxaceae,  Caprifoliaceae,  Dip- 
sacaceae,  Valerianaceae,  and  Viburnaceae  form  a 

clade  (the  "dipsacads")  that  is  the  sister  group  to 
Apiaceae  and  Araliaceae  (the  "apiads").  This  apiad- 
dipsacad  major  clade  is  then  the  sister  group  to 
the  asterad-campanulad  major  clade. 

THE  CORE  GROUP 

The  traditional  broad  circumscription  of  Cam- 
panulaceae  (Schonland,  1889;  Takhtajan,  1980) 
results  in  a  family  that  is  heterogeneous  and  pos- 

sibly not  monophyletic.  A  more  homogeneous  group, 
with  a  greater  likelihood  of  being  monophyletic, 
results  from  a  narrower  circumscription  (Kovanda, 

PALEONTOLOGY  jpyg.  gj^^^j^^.  ̂   ̂ ^^.^^^  j^g^^^  ̂   ̂j^j^j^  ̂ ^^  j^^y^ 
Asteraceae  are  represented  in  the  macrofossil       includes  only  those  genera  encompassed  by  the 

record  primarUy  by  compressions  assigned  to  the       following  description. Braun Perennial  herbs  (l^ss  often  annual  or  woody), 

(Turner,  1977).  A  compression  supposed  to  rep-  with    articulated   lactifers,    producing    14-carbon 

resent  a  capitulum  {Viguiera  cronquistii  Becker)  polyacetylenes  and  caflFeic  acid  but  no  iridoids  and 

may  actually  be  an  immature  gymnosperm  strobi-  few  if  any  alkaloids,  storing  carbohydrate  as  inulin; 

lus  (Lrepet  &  Stuessy,  1978).  All  are  no  older  than  sieve-elements  with  S-type  plastids.  Leaves  exstip- 
Uligocene.  Pollen  unequivocally  referable  to  As-  ulate,  commonly  alternate  and  simple;  stomates 
eraceae  also  makes  its  first  appearance  in  Oligo-  anomocytic.  Inflorescences  variously  monotelic  or 
ene  rocks  (Muller,   1981).  The  only  other  can-  polytelic,  predominantly  racemose,  or  flowers  sol- 

didate  taxon  represented  in  the  fossil  record  is 
Goodeniaceae.  Poluspissusites  digitatus  Salard- 
Cheboldaeff  from  the  Oligocene  of  Cameroon  is 
very  similar  to  poUen  of  Scaevola  sericea  (Muller, 
yol).  Thus,  there  is  no  evidence  at  present  for 

the  existence  of  any  Campanulales  prior  to  the 
approximately 

CiRCUMSCRi PTION 

itary  and  axillary.  Flowers  tetracyclic,  commonly 

perfect,  with  a  specialized  method  of  proterandrous 

secondary  pollen  presentation.  Calyx  synsepalous, 

commonly  pentamerous,  the  odd  lobe  dorsal.  Co- 

rolla sympetalous,  commonly  pentamerous,  acti- 
nomorphic,  the  lobes  valvate.  Stamens  equaling  the 

number  of  corolla  lobes,  antisepalous;  filaments 

distinct,  inserted  atop  the  ovary  (on  the  rim  of  the 

free  hypanthium  in  Cyananthus);  anthers  tetraspo- 11  CC  11  y  UdllllllUlii  ill  vv  K  txittx/t-fr/t-tta/,  «xjii.iAi^x  o   i\^n  «o|^\/- 

In  this  section,  two  aspects  of  circumscription      rangiate,  dithecal,  basifixed,  connivent,  dehiscent 
^^^    be    flHrlfoooi^J       r;   *.       _.-l-_^     •_      .1_   _      l        _.      _•    :_*   .^^l,,    ,,:«     l^^r^^i^.i^^Ktol     elite       tti**     TArall    rl*»v**lrkn_ 

introrsely  via  longitudinal  slits,  the  wall  develop- 

ment dicotyledonous;  endothecium  with  fibrous 

thickenings;  tapetum  glandular,  the  cells  binucle- 

ate;  pollen  spheroidal,  oblate,  or  prolate,  commonly 

triaperturate  and  spinuliferous,  binucleate  or  trinu- 

  w^it^acu.  rirsi,  wnat  is  tne  nest  circum- 

scription of  the  order,  i.e.,  which  of  the  12  can- 
didate taxa  should  be  included  in  Campanulales 

and  which  should  be  removed  to  other  orders? 

econd,  what  is  the  best  circumscription  and  rank  triaperturate  ana  spmunierous,  umuuicaic  ui  uiim- 

foreach  of  these  taxa,  e.g.,  should  Campanulaceae  cleate  when  shed.  Ovary  syncarpous,  inferior  and 

include  Lobeliaceae  as  a  subfamUy,  or  should  the  fully  adnate  to  hypanthium  (superior  and  free  in 

latter  be  recognized  as  a  distinct  family?  The  goal  Cyananthus),   commonly   3-5-locuIed;  placenta- 

thfoughout  is  to  delimit  natural  (i.e.,  monophyletic)  tion  commonly  axile;  ovules  anatropous,  unitegmic, 

groups.  Ideally,  these  groups  should  be  relatively  tenuinucellar,  commonly  numerous;   embryo  sac 

homogeneous  in  their  various  features  and  sharply  Polygonum-Xype,  with  an  integumentary  tapetum; 

distinct  from  other  such  groups,  due  to  pronounced  embryogeny  Solanad;  embryo  dicotyledonous, 

gaps  in  the  spectrum  ofvariation  and  the  possession  straight;  endosperm  copious,  commonly  oily,  with 

of  one  or  more  uniquely  derived  character  states  equally  aggressive  terminal   haustoria,  its  devel- \».e.,  svnannmoi-r^v.;^^\    t^u:«  :j„„i   *  „i   ^  r^r^m^^nt  flb  initio  cellular:  slvle  1,  with  a  rinff  of 

J^e.,  synapomorphies).  This  ideal  may  not  always  opment  ab  initio  cellular;  ̂ lyle  1,  witti  a  ring  ol 

be  attainable,  given  the  present  state  of  our  know!-  invaginating  hairs  near  the  apex;  stigmatic  lobes 
^dge.  tvnicallv  eaualine  the  locules  in  number;  fruit  a 

will  proceed  in  a  steowise -.-^^uaaiuu  wui  proceea  m  a  stepwise  man- 

^r.  Kules  of  nomenclature  dictate  that  Campan- 
"aceae  remain  in  the  order  as  long  as  it  is  rec- 

ognized, no  matter  what  else  is  removed.  For  this 
ason,  the  first  step  is  to  examine  relationships 

^*nin  the  core  erouo  of  familip^.  Next,  the  rela- 

typically  equaling  the  locules  in  number;  fruit  a 

loculicidal  or  poricidal  capsule,  or  a  berry.  Of  these 

features,  the  unique  invaginating  slylar  hairs  are 

the  only  evident  synapomorphy  for  the  family. 

Approximately  46  genera,  comprising  some  950 

species,  match  this  description  and  are  here  in- 

^«hin  the  core  group  of  families.  Next,  the  rela-       eluded  in  Campanulaceae.  Though  nearly  comuo 

^onships  of  each  of  the  five  sateUites  will  be  ex-       politan  in  its  distribution,  the  family  is  l>esf  devel a  mined politan  in  its  distribution,  the  family  is  \>eM  devel 

oped  in  the  temperate  zones  of  the  Old  World; 
r--*. 

_>_ 
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Lobeliaceae,      This 

over  60%  of  the  species  are  native  to  Eurasia,  and  thus  far,  representatives  of  the  Lobeliaceae  and 
another  30%  are  African.  Campanulaceae  consistently  form  a  clade  distinct 

from  other  clades,  undoubtedly  due  to  the  extensive 

rearrangements  found  In  the  chloroplast  genomes 
of  both  families. 

.  ,  ^  However,  Lobeliaceae  also  differs  from  Cam- 

era identical  to  Campanulaceae  except  for  the  fol-  panulaceae  in  a  number  of  significant  characters, 
lowmg  characters:  plants  producing  chelidonic  acid  listed  above.  These  differences  are  similar  in  degree 
and  pyridine  alkaloids,  but  no  caffeic  acid;  flowers      and  kind  to  the  differences  that  distinguish  many 

(W 

W 

resupinate,  but  the  odd  sepal  ventral  prior  to  re- 
connate 

for  at  least  part  of  their  length;  anthers  connate; 

pollen  never  spinuliferous;  ovary  2-loculed;  stylar 

other  dicot  families.  Furthermore,  the  chloroplast 

genome  of  Lobeliaceae  is  not  as  extensively  rear- 

ranged as  that  of  Campanulaceae.  For  these  rea- 
sons, it  is  appropriate  to  recognize  Lobeliaceae  as 

hairs  noninvaginating.  The  resupinate  flowers  and       a  family  distinct  from  Campanulaceae,  following 
connate  anthers  are  evident  synapomorphies  unit- 

ing these  genera. 

This  circumscription  would  encompass  more  than 

Kovanda  (1978),  Takhtajan  (1987),  and  others. 

Cyphiaceae.      Whatever  its  rank,  this  taxon  in 
1,200  species  in  30  genera.  The  group  is  nearly      its    broadest    circumscription   (Schonland,    1889; 
cosmopolitan  in  its  distribution  but  is  most  diverse 

in  the  tropics  and  subtropics  (commonly  at  higher 
Wagenitz,    1964;    Wimmer,     1968;    Takhtajan, 

1980)  comprises  five  genera.  All  are  poorly  un- 
elevations):   55%   of  the   species  occur  in  Latin      derstood  and  little  studied.  Cyphia  is  the  largest, 
America  and  the  Caribbean,  20%  in  Africa,  and      with  approximately  60  species  in  southern  and Polyn 

tropical  Africa.  Cyphocarpus  comprises  three  spa- 
A   few   authors   (McVaugh,    1943;    Hegnauer,  cies  endemic  to  northern  Chile.  Nemacladus  in- 

1966b;  Hutchinson,  1973;  Thulin,  1978;  Thorne,  eludes  13  species,  whde  both  Parishella  and  Pseu- 
1983)  have  included  one  or  more  of  the  genera  donemacladus  are  monospecific.  These  last  three 
segregated  here  as  Cyphiaceae  in  the  Lobeliaceae  genera,  all  endemic  to  western  North  America,  are 
at  various  ranks.   These  genera  do  share  some  very  closely  related  and  could  be  treated  as  a  single 
features  that  differentiate  Lobeliaceae  from  Cam-  genus  (Munz,  1924). 
panulaceae:  odd   sepal  ventral,   corolla   zygomor- 

Although  there  is  no  question  that  the  Cyphi- 
phic,  ovary  2-loculed;  some  of  the  genera  also  have  aceae  belong  to  Campanulales,  there  are  questions 
fUaments  connate  for  at  least  part  of  their  length  regarding  their  precise  relationships  within  the  or- 
and  most  have  a  bilobed  stigma.  However,  including  der.  Most  authors  have  considered  them  a  link 

these  genera  in  Lobeliaceae  disrupts  the  latter's  connecting  plesiomorphic  Campanulaceae  to  apo- 
homogeneity  by  introducing  several  novel  char-  morphic  Lobeliaceae  (Cronquist,  1981).  Indeed, 
acter  states:  flowers  nonresupinate,  lacking  a  spe-  they  resemble  both  families  overall,  and  the  ex- 
cialized  poUen  presentation  mechanism;  stamens  ceptions  appear  intermediate.  With  Lobeliaceae, 
epipetalous;  filaments  and  anthers  distinct;  style  they  share  a  ventral  odd  sepal,  zygomorphic  co- 
topped  by  a  lateraUy  uniaperturate  fluid-filled  stig-  roUa,  connate  filaments  (some  genera),  bUocular 
matic  cavity.  These  novel  states  rob  the  family  of  ovary,  and  bUobed  stigma  (some  genera);  the  unique 
Its  defining  synapomorphies.  Furthermore,  chro-  sepal  position  may  weU  be  a  synapomorphy  uniting 
mosome  numbers  in  Lobeliaceae  are  clearly  based  the  two.  Like  Campanulaceae,  they  lack  alkaloids 
on  seven,  whUe  those  of  Cyphiaceae  apparently  are  and  floral  resupination,  and  the  anthers  are  not 
based  on  mne.  For  these  reasons,  the  five  genera  connate.  In  common  with  both  families,  they  pro- 

of Cyphiaceae  are  excluded  from  this  group. 
The  question  of  appropriate  rank  remains.  No 

author  has  doubted  that  the  Lobeliaceae  are  closelv 

duce  latex;  articulated  lactifers  probably  are  a  syn- 

apomorphy uniting  all  three.  However,  there  are 
additional  characters  not  found  in  either  famtly" 

related  to  Campanulaceae.  Among  the  numerous  the  unique  stigmatic  cavity  of  Cyphia  and  the 
characters  shared  by  both  taxa,  the  presence  of  epipetalous  stamens  of  Cyphocarpus.  Further- 
articulated  lactifers,  specialized  proterandrous  pol-       more,   all  five  genera  appear  to  lack  specialized len  presentation,  equally  aggressive  terminal  en- 

mechanisms  for  proterandrous  pollen  presentation- dosperm  haustoria,  and  similar   U-carbon  poly-  There  are  also  similarities  between  some  of  these 
acetylenes  are  perhaps  most  indicative  of  a  close 
relationship.  Such  a  relationship  is  also  supported 
by  the  molecular  data.  In  all  analyses  performed 

genera  and  Goodeniaceae.  The  tricolporale  poH^" 

of  Goodeniaceae,  with  its  spinules  lacking  roots  an 

its  perforated  tectum  ([>unbar,  1975b),  resemble^? 

I 

I 

I 
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that  of  IVemacladus.   Cyphia,  Nemacladus,  and      />^ocar/?a5,  and  the  three  genera  of  western  North 
Goodeniaceae  have  chromosome  numbers  based  on      America.  Whether  these  three  cyphioid  groups  can 

be  tied  together  as  a  single  taxon  is  an  open  ques- 
tion. As  shown  above,  there  are  no  obvious  syna- 

of  a  stylar  indusium;  the  latter,  however,  could  be  pomorphies  uniting  them.  Their  characters  are  ei- 
ther shared  with  other  families,  or  restricted  to 

single  genera.  It  is  possible  that  all  three  groups 

the  dorsal  origin  of  the  odd  sepal,  and  the  presence 

homologous  to  the  stigmatic  cavity  of  Cyphia 
fundamental 

regarding  whether  these  five  genera  constitute  a      should  be  recognized  at  familial  rank,  as  Takhtajan 

natural  group   (Bentham,    1875;   Thulin,    1978;      (1987)  has  done. 
Dunbar,   1975b,   1984;  Dunbar  &   Walle 

Hutchinson 
Several  questions  regarding  the  three  cyphioid 

groups  must  be  answered  before  we  can  reach  a 

Cyphocarpus  in  Campanulaceae  but  placed  the  conclusion  on  their  relationships  to  other  families 

remaming  four  genera  in  Lobehaceae,  Similarly,  and  to  each  other.  First,  do  they  produce  iridoids, 

Thome  (1983)   segregated    Cyphia   as   the   sole  particularly  simple  seco-iridoids  such  as  seco-lo- 

member  of  Cyphioideae,  but  placed  the  others  in  ganin?  If  so,  it  would  support  a  relationship  to 

Lobelioideae.  Finally,  Takhtajan  (1987)  divided  the  Goodeniaceae.  Second,  are  the  tapetal  cellb  biim- 

genera   among    three    families:    Cyphiaceae    {Cy-  cleate  or  multinucleate?  The  former  would  f; 

phia\  Cyphocarpaceae  {Cyphocarpus),  and  Ne-  Campanulaceae  and  Lobeliaceae,  the  latter  Goode- 

macladaceae  (the  remaining  three  genera).  Cyphi-  niaceae.  Third,  do  terminal  haustoria  form  in  the 

aceae  and  Nemacladaceae  were  positioned  between  endosperm?  Such  structures  would  suggest  a  re- 

Campanulaceae  and  Lobeliaceae,  but  Cyphocar-  lationship    to    Campanulaceae    and    Lobeliaceae. 

Fourth,  is  there  structural  or  developmental  ho- 
paceae  followed  Lobeliaceae. 

Implicit  in  these  classifications  is  the  idea  that  mology  between  the  indusium  of  Goodeniaceae  and 

one  or  more  of  the  genera  may  not  share  an  origin  the  stigmatic  cavity  of  Cyphia?  Fifth,  are  fibrillar 

with  the  others.  These  five  genera  are  indeed  het-  protein  inclusions  found  within  cell  nuclei?  Their 

erogeneous  in  various  morphological  features,  more  presence  could  indicate  a  close  relationship  with 

so  than  might  be  expected  in  so  small  a  group.  certain  Campanulaceae.  If  different  genera  were 

The  corolla  of  Cyphocarpus  has  a  four-lobed  ven-  to  yield  different  answers  to  any  of  these  questions, 

tral  lip  with  a  gibbose  palate  and  a  one-Iobed  dorsal  this  would  be  additional  evidence  that  the  five  gen- 
Kp;  the  others  have  two  ventral  and  three  dorsal  era  do  not  form  a  monophyletic  group.  Inclusion 

es  and  lack  any  sort  of  palate.  The  stamens  are  of  all  five  genera  in  a  phylogeny  derived  from 

molecular  data  could  provide  good  evidence  of  their 

lob 

epipetalous  in  Cyphocarpus,  but  inserted  atop  the 
ovary  in  the  others.  The  filaments  are  distinct  in  true  affinities. 

Cyphocarpus  and  some  species  of  Cyphia,  but  Based  on  our  present  knowledge,  none  of  the 

connate  in  the  remainder  of  the  group.  In  Cyphia,  three  cyphioid  groups  can  be  assigned  to  Campan- 

the  style  is  topped  by  a  unique,  lateraUy  uniaper-  ulaceae  or  Lobeliaceae  without  disrupting  the  nat- 

turate  fluid-fiUed  stigmatic  cavity,  while  the  others  uralness  and  homogeneity  of  those  famUies;  none 

have  a  bilobed  stigma.  share  the  unique  stylar  hairs  of  Campanulaceae  or 

^Ihese  genera  are  likewise  heterogeneous  paly- 
(Dunbar,    1975b,    1984;    Dunbar   & 

he 

unwi 

Wallentinus,  1976).  Parishella  has  6.coIpate  pol-  in  elevating  all  three  to  familial  rank,  due  to  the 

len,  whUe  the  others  are  3-colporate.  In  Nemacla-  conspicuous  gaps  in  our  knowledge  of  their  em- 

rf«5,  the  colpi  are  oriented  obliquely  at  varying      bryology,  chemistry,  and  molecular  biology,  and 

to  their  general  phenetic  similarity.  For  tliese  rea- 

sons, I  recommend  that  all  five  genera  be  recog- 
"gies  to  the  equatorial  plane,  while  in  others  they 

^re  perpendicular  to  it.  In  both  Parishella  and 
'  ̂^<^(^ladus,  the  sexine  is  covered  with  spinules 

lembers 

^  Mm  laU,  lacking  roots;  the  intervening  tectum  is      unnatural  family 
pi  ted.  No  other  genus  has  spinules  or  tectal  pits. 

almost 
final  disposition  can  be  proposed 

sd  above  have  been  comnle 

^tiile  that  of  Cyphocarpus  is  reticulate,  with  the 
|nun  in  high  relief  and  with  protrusions  in  the 'timina.  ^  ,,           .     ̂  

0"  the  basis  of  morphology,  palynology,  and      tropical  5.  zeyhinica  Caertner  and  5.  pongalium 

geography,  the  five  genera  fall  into  three  appar-      DC.  of  western  Africa.  These      
■-'^- 

'^ntly  natural  groups:  African  Cyphia,  Chilean  Cy- 

Sphenocleaceae.     This    taxon    includes    only 

Sphenoclea  Caertner,  a  genus  of  two  species:  pan- 

Campanulacrnf*  given  aho 
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the  following  characters:  annual  herbs  with  abun-  Campanulaceae.  The  following  differences  distin- 
dant  aerenchyma  but  no  network  of  articulated  guish  the  former:  stems  never  woody,  often  fleshy 
lactifers;  stomates  tetracytic;  inflorescence  a  dense  or    succulent,    without    lactifers;    leaves    strongly 
terminal  spike;  flowers  lacking  a  specialized  method  asymmetric  at  base;  inflorescence  an  axillary  sym- 
of  pollen  presentation;  corolla  lobes  imbricate;  fil-  podial  helicoid  cyme;  flowers  lacking  any  special- 
aments  inserted  on  corolla  tube;  anthers  distinct;  ized  mechanism  for  proterandrous  secondary  pollen 
pollen  subprolate,  never  spinuliferous,  trinucleate  presentation;  corolla  polypetalous  in  some  species; 
when  shed;  ovary  2-loculed;  seeds  exalbuminous;  filaments  inserted  on  corolla  tube  (atop  ovary  in 
style  glabrous;  stigma  unlobed;   capsule  circum-  polypetalous  species);  anthers  distinct,  the  wall  de- 
scissile.  velopment  basic;  pollen  trilobate,  never  spinulifer- 

A  close  relationship  between  Sphenoclea  and  ous,  binucleate  when  shed;  ovary  adnate  to  the 
Campanulaceae  has  been  widely  recognized  (Subra-  hypanthium  only  via  5  longitudinal  septa,  2-loculed; 
manyam,  1950;  Bhattacharyya,  1972;  Hutchin-  endosperm  with  a  micropylar  haustorium  only;  style 
son,  1973;  Monod,  1980;  Takhtajan,  1980;  Cron-  glabrous;  stigma  unlobed;  fruit  a  berry.  The  asym- 
quist,  1981;  Thome metric  leaves,  distinctive  inflorescence,  trilobate 

1973)  seriously  questioned  it,  calling  such  a  re-  pollen,  and  unique  hypanthium  may  serve  as  de- 

lationship  "illusory."  On  the  basis  of  similarities  in      fining  synapomorphies, 
habit  and  unspecified  anatomical  characters,  he  Only  Airy  Shaw  (1942,  1954,  1973)  questioned 
suggested  a  close  relationship  to  Phytolaccaceae  the  presumed  relationship  with  Campanulaceae, 
(Caryophyliidae),  However,  the  Phytolaccaceae  and  suggesting  affinities  with  Begoniaceae  (Dilleniidae). 

their  allies  diff'er  from  Sphenoclea  in  their  anom-  He  cited  the  asymmetrical  leaf  base  and  unspecified 
alous  secondary  growth,  sieve-element  plastids  with      anatomical  characters  as  supporting  his  suggestion. 

However,  such  a  relationship  does  not  seem  likely, 

as  Begoniaceae  differ  from  Pentaphragma  in  their 

unique 
amn 

ments,    bitegmic    crassinuceDar    campylotropous  bitegmic   crassinucellar   ovules,   Onagrad  embry- 
ovules,  lack  of  an  integumentary  tapetum,  Gary-  ogeny,  and  nuclear  endosperm  formation,  as  well 
ophyllad  or  Onagrad  embryogeny,  curved  embryo,  as  in  numerous  floral  features  noted  previously 
and  nuclear  endosperm  development  (Rodman  et  (KapQ  &  Vijayaraghavan,  1965).  Again,  the  gap 
aL,  1984),  as  well  as  in  the  numerous  floral  features  separating  Pentaphragma  from  Begoniaceae  is 
(e.g.,  distinct  petals,  superior  ovary)  noted  previ-  much  wider  than  the  one  that  separates  it  from 
ously  (Hutchinson,  1969;  Monod,  1980;  Rosatti,  Campanulaceae. :ainly 

Some  authors  (Schonland,   1889;  Hutchinson, 
is  much  wider  than  the  one  separating  S/>Aenoc/ea      1973;   Takhtajan,    1980)  have   included  Penia- from  Campanulaceae. 

phragma  within  Campanulaceae.  As  in  the  pre- 

fine 

unique 

Some  authors  (Schonland,  1889;  Hutchinson,  vious  taxon,  this  disrupts  the  homogeneity  of  that 
1973;  Takhtajan,  1980;  Dahlgren,  1983;  Thorne,  famUy  by  introducing  a  significant  number  of  new 
1 983)  have  included  Sphenoclea  within  Campan-  character  states.  Pentaphragma  likewise  lacks  the 
ulaceae.  Doing  so,  however,  disrupts  the  homo-  distinctive  invaginating  stylar  hairs  of  Campanu- 

laceae, and  the  articulated  lactifers  that  serve  as 

a  synapomorphy  for  the  clade  comprising  Cam- well  as  the  articulated  lactifers  that  unite  Cam-  panulaceae,  Cyphiaceae,  and  LobeHaceae.  Differ- 
panulaceae,  Cyphiaceae,  and  LobeHaceae  into  a       ences  in  detaUs  of  the  pollen  also  support  exclusion 

of  Pentaphragma  from  Campanulaceae  (Dunbar, 

1978).  Although  there  are  a  few  similarities  to 
st  (1981),  and       Sphenoclea,  the  more  numerous  differences  and 

lack  of  any  synapomorphies  preclude  assigning  these 

two  genera  to  one  family.  For  these  reasons,  i 
taxon    includes      seems  best  to  assign  Pentaphragma  to  its  own 

family  Pentaphragmataceae,  following  Wageiutt 

best 

Sphenoclea  to  its  own  family  Sphenocleaceae,  fol- 

others. 

Wage 

Pentaphragmataceae.      Th 
WaUich 

endemic 

eastern  Asia,  the  Malay  Archipelago  (excluding 
Java  and  Nusa  Tenggara),  and  New  Guinea.  As 

(1964),  Cronquist  (1981),  and  others 

with  Sphenoclea,  most  authors  (Schonland,  1889;      ̂ ^unoniaceae  and  Goodeniaceae 

Dunba 

hinson 

between 

_    .  1 

The  Goodeniaceae,  excluding  Bmnonia  Stnitn 

(Krause,  1912a,  b;  Wagenitz,  1964;  Cronquist, 

1981),  comprise  approximately  325  species  in  lo 

! 

I 
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I 
genera.  Over  95%  of  the  species  are  endemic  to Clearly,  the  phenetic  gap  separating  Brunonia 
Australia  and  Tasmania,  Two  species  are  widely      from  Goodeniaceae  is  much  smaller  than  those 
dispersed  on  tropical  shores  of  the  Atlantic  and      separating  Campanulaceae  from  Lobeliaceae,  Pen- 
Indian  oceans,  while  the  remainder  extend  north taphragmataceae,    or    Sphenocleaceae.    In    fact, 

and  east  in  the  Pacific  as  far  as  China,  the  Phil-       Thome  (1976)  commented  that  Leschenaultia,  a 
ippines,  the  Hawaiian  Islands,  New  Zealand,  and 
Chile. 

Goodeniaceae  have  been  dissociated  from  Cam- 

genus  unequivocally  assigned  to  Goodeniaceae,  is 
much  more  distinct  than  Brunonia,  Furthermore, 

Brunonia  possesses  the  unique  stylar  indusium  that 

panulales  only  by  Dahlgren  (1975a,  1977,  1980,       defines  Goodeniaceae,  but  lacks  clear  synapomor- 
emical  grounds phies  of  its  own.  For  these  reasons,  Brunonia  is 

accepted  the  hypothesis  that  the  ability  to  synthe-       here  retained  within  Goodeniaceae. 
size  iridoids  is  a  synapomorphy  uniting  many  sym-  This  conclusion  may  be  tested  by  addressing 
petalous  dicots  into  a  single  clade,  and  that  taxa       several  questions  regarding  the  chemistry  and  em- 

bryology of  Brunonia.  First,  does  Brunonia  pro- 
cannot 

dated  within  this  clade  (Hegnauer,    1964;  Bate-      duce  iridoids  (particularly  simple  seco-iridoids  such 
Smith  &  Swain,  1966;  Frohne  &  Jensen,  1973; as   seco-loganin)  and    I3-carbon  polyacetylenes? 

Jensen  et  ah,   1975;  Kaplan  &  Gottlieb,   1982;  Second,  is  the  tapetum  glandular  with  multinucle- 
Gershenzon  &  Mabry,  1983).  However,  the  ability  ate  cells?  Third,  are  the  ovules  anatropous,  uni- 
to  synthesize  iridoids  could  have  arisen  more  than  tegmic,  and  tenuinucellar,  with  a  Polygonum-iype 
once  among  Asteridae.  Alternatively,  their  absence  embryo  sac  and  Solanad  embryogeny?  Fourth,  is 
irom  certain  taxa  could  be  explained  as  a  loss  of  endosperm  formation  ab  initio  cellular,  and  are 
the  necessary  biosynthetic  pathways;  a  single  point  terminal  haustoria  lacking?  Affirmative  answers  to 

could  easily  any  of  these  questions  would  support  the  proposed 

jt  ah,  1975;  relationship  with  Goodeniaceae.  Incorporating 

t.ronquist,  1977;  Gershenzon  &  Mabry,  1983).  5ru^onm  in  a  phylogeny  generated  from  molecular 

down 
enzyme 

Good 
data  shoiJd  provide  definitive  evidence. 

CALYCERACEAE 

panulales  in  the  following  characters  only:  plants 
producing  iridoids,  tapetal  cells  multinucleate,  en- 

dosperm lacking  haustoria,  and  style  with  a  cuplike 
indusium  below  the  unlobed  or  bilobed  stigma.  The  This  distinctive  family  includes  approximately 

>ndusium  is  unique  and  serves  as  a  synapomorphy  60  species  in  six  genera  endemic  to  temperate 

for  these  genera.  Furthermore,  although  polyacety-  South  America.  The  group  has  been  little  studied, 

lenes  have  been  isolated  from  both,  those  in  Cam-  and  there  are  conspicuous  gaps  in  our  knowledge 

panulaceae  and  Lobeliaceae  have  1 4  carbon  atoms,  of  its  chemistry  and  embryology, 

whilethoseof  Goodeniaceae  have  13.  Overall,  this  Although  the   Calyceraceae   were   assigned   to 

gap  does  not  seem  sufficient  to  justify  removal  of  Campanulales  in  traditional  Englerian  classifica- 

the  Goodeniaceae  from  the  order.  Furthermore,  tions  (Hock,  1889;  Wagenitz,  1964),  most  recent 

►m   molecular   data  authors  (Thorne,   1976;   Dahlgren,   1980;  Cron- 

consistently  place  Goodeniaceae  in  the  sister  group  quist,  1981)  have  placed  them  in  or  near  Dipsa- 

of  the  clade  comprising  Campanulaceae  and  Lobeli-  cales.  However,  that  order  differs  in  its  storage  of 

aceae.  For  these  reasons,  the  Goodeniaceae  are  carbohydrate  as  starch,  and  in  possessing  glandular 

reconstnic 

hairs,  opposite  leaves,  centrifugal  inflorescences, 

flowers  with  an  epicalyx,  imbricate  corolla  lobes, 

distinct  stamens,  amoeboid   tapetum,  trinucleate 

retamed  within  Campanulales. 
Ihere  remains  the  question  of  the  affinities  of 

funonia,  a  genus  that  has  been  variously  included 
tn  or  excluded  from  Goodeniaceae.  It  comprises  a      pollen,  and   Asterad  embryogeny  (Davis,    1966; 
single  species,  fi.  australis  Smith  of  Australia  and 
^•^mania,  that  is  distinguished  by  its  involucrate 

Cronquist,  1981;  Pollard  &  Aniuri,   1981).  Fur- 

thermore,  molecular  studies  have  placed  represen- 

^apitulate    inflorescence'I    actinomorphic    coroUa,      tatives  of  Dipsacales  at  some  distance  from  Caly- 
connate 

ceraceae. 

aiUched  to  the  base  of  the  single  locule,  and  un-  From  the  core  group,  Calyceraceae  differ  pri- 

obed  stigma.  However,  virtually  all  these  features 
^ur  m  various  genera  of  Goodeniaceae,  e.g 

P«rior  ovary  in  Velleia,  connate  anthers  in  / 

P^ra,  solitary  basal  ovule  in  Verreauxia,  The nine  unique  about  Brunonia  Is  the  co-occurr Of  these  traits in  one  genus. 

produ 

multinucle
ate  tapetal  cells,  and  lack  of  endosp

erm 

haustoria.
  Other  character

istic  features  occur  in 

certain  genera,  e.g.,  involuc
rate  capitula  of  arti- 

nomorphic
  flowers  in  Jadune 

 (Campanul
aceae), 

connate  filaments 
 with  free  anth'-rs  in  NemacU

ulus 

a 



404 Annals  of  the 
Missouri  Botanical  Garden 

(Cyphiaceae),  uniovulate  ovaries  (though  with  basal  the  Menyanthaceae  are  found  sporadically  among 

placentation)  in  Merciera  (Campanulaceae)  and  the  core  families,  e.g.,  superior  ovary  {Cyanan- 

Unigenes  (Lobeliaceae),  and  apical  placentation  in      thus,  Campanulaceae)  and  unilocular  ovary  with 

Siphocodon  (Campanulaceae). two  parietal  placentae  {Apetahia  Baillon,  Down- 
The   Calyceraceae   are   even   more   similar   to      ingia,  Lobeliaceae). 

Goodeniaceae,  differing  primarily  in  their  epipe- Menyanthaceae  differ  from  Goodeniaceae  in  their 

talous  stamens  and  lack  of  an  indusium.  Several  lack  of  an  indusium  and  specialized  mechanism  of 

characteristic  features  of  the  Calyceraceae  occur  pollen  presentation;  possession  of  heterostyly,  apo- 

sporadically  among  the  Goodeniaceae:  involucrate  sepalous  calyx,  actinomorphic  corolla,  distinct  sta- 
capitula  of  actinomorphic  flowers  {Brunonia)^  uni-  mens,  trinucleate  pollen,  parietal  placentation,  and 

ovulate  ovary  {Brunonia^  Verreauxia),  and  apical  Asterad  embryogeny.  The  characteristic  superior 

placentation  {Catosperma).  Especially  notable  is  ovary  occurs  in  some  genera  {Brunonia,  Velleia). 

the  presence  in  both  families  of  seco-loganin  and From  Calyceraceae,  the  Menyanthaceae  differ 

specialized  mechanisms  for  secondary  presentation  in  never  having  an  involucrate  capitulum;  in  pos- 

of  pollen.   Furthermore,   molecular   studies  have  sessing  heterostyly,  aposepalous  calyx,  distinct  sta- 

placed  Calyceraceae  and  Goodeniaceae  together  as  mens,  parietal  placentation,  and  Asterad  embry- 
a  clade  within  the  sister  group  of  Campanulaceae  ogeny;   and  in  lacking  a   specialized  method  of 
and  Lobeliaceae.  These  data  support  the  traditional  proterandrous  pollen  presentation. 

Englerian  assignment  of  Calyceraceae  to  Campan- 
ulales . 

MENYANTHACEAE 

As  can  be  seen,  Calyceraceae,  Goodeniaceae, 

and  Menyanthaceae  share  many  features.  Es- 

pecially suggestive  of  a  close  relationship  among 

them  are  the  production  of  seco-loganin,  storage 

of  carbohydrate  as  inulin,  the  possession  of  mul- 
This  family  includes  five  genera  and  approxi-  tinucleate  tapetal  cells,  and  the  lack  of  endosperm 

mately  35  species  of  aquatic  and  wetland  plants  haustoria.  The  chromosome  numbers  of  all  three 

of  scattered  distribution  throughout  the  world.  As  are  based  on  :x;  =  8  or  9.  Most  convincing  are  the 

discussed  earlier,  recent  authors  have  assigned  it  molecular  data,  which  place  Menyanthaceae  as  the 

to  Gentianales  or  Solanales,  However,  Gentianales  sister  group  of  the  clade  that  contains  Asteraceae, 

differ  in  the  production  of  L— (+)-bornesitol,  fla-  Calyceraceae,  and  Goodeniaceae.  For  these  rea- 
vones,  C-glycoflavones,  indole  alkaloids,  and  car-  sons,  it  is  recommended  that  Menyanthaceae  be 

denolides,  but  not  simple  seco-iridoids;  storage  of  dissociated  from  Gentianales  and  Solanales,  and 
carbohydrate  as  starch;  the  possession  of  intraxyla-  assigned  to  Campanulales. 
ry  phloem,  opposite  leaves,  convolute  or  imbricate 

corolla  lobes,  and  nuclear  endosperm  development; 
and  the  lack  of  an  integumentary  tapetum  (Davis, 
1966;  Jensen  et  al.,  1975;  Schilling,  1976;  GornaU 
et  al.,  1979;  Cronquist,  1981;  Pollard  &  Amuti, 

1981;Gershenzon&Mabry,  1983).  Furthermore,  at  more  than 'l, 100  genera  and  20,000  species 
molecular  data  group  Gentianaceae  with  Apocy-  (Cronquist,  1981).  In  the  phylogenetic  trees  gen- 

naceae,  Rubiaceae,  and  Spigeliaceae  at  a  substan-       erated  by  molecular  studies,  Asteraceae  are  em- 

ASTERACEAE 

The 

estima 

tial  distance  from  Menyanthaceae-  Similarly,  So- 

firmly 

lanales  differ  primarily  in  their  lack  of  iridoids,  substantial  distance  from  Apiales,  Cornales,  D'p- 
storage  of  carbohydrate  as  starch  (except  Pole-  sacales,  Rubiales,  and  other  supposed  relatives- 

moniaceae),  and  intraxylary  phloem  (Jensen  et  al.,  These  molecular  data  are  supported  by  the  other 
1975;  Cronquist,  1981;  Pollard  &  Amuti,  1981);  data  reviewed  here.  Asteraceae  differ  from  the  core 

once  again,  they  lie  at  some  distance  from  Menyan-  group  of  Campanulales  in  the  following  characters. 

thaceae  in  the  molecularly  derived  phylogenies.  Of  plants  producing  sesquiterpene  lactones  and  a  more 

the  two  proposed  assignments,  Menyanthaceae  are  diverse  array  of  polyacetylenes;  calyx  reduced  to 
nearer  overall  to  Solanales.  a  pappus  or  absent;  tapetum  often  amoeboid,  ̂ ^ 

The  family  is  closer  yet  to  Campanulales,  how-  cells  multinucleate;  embryo  sac  sometimes  bispon^ 
ever.  It  differs  from  the  core  of  that  order  only  in 
its  production  of  iridoids;  possession  of  heterostyly, 
aposepalous  calyx,  multinucleate  tapetal  cells,  and 
Asterad  embryogeny;  and  lack  of  endosperm  haus- 

or  tetrasporic;  embryogeny  Asterad;  and  e 

sperm  lacking  haustoria,  its  development  som 

times  nuclear.  Several  distinctive  features  cha 

acteristic   of  the    Asteraceae    occur   sporadic^  - 

(Ja-
 

loria.  Several  distinctive  features  characteristic  of       among  the  core  families:  involucrate  capi 

f 
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sione,  Campanulaceae);  epipetalous  stamens  (poly-  handful  of  other  famDies  store  inulin  (Pollard  & 
petalous    Pentaphragmataceae,    Sphenocleaceae);  Amuti,  1981):  Boraginaceae  (Lamiales);  Clethra- 
exalbuminous  seeds  (Sphenocleaceae);  and  uniovu-  ceae,  Monotropaceae,  and  Pyrolaceae  (Ericales); 
late  ovaries   with   basal   placentation   {Merciera,  and  Polemoniaceae  (Solanales). 

Campanulaceae;  Unigenes,  Lobeliaceae).  Second,  there  is  the  production  of  iridoids,  which 
The  molecular  data  suggest  that  Asteraceae  are  might  be  used  to  support  a  relationship  with  Goode- 

even  closer  to  the  group  comprising  Calyceraceae,  niaceae,  Calyceraceae,  and  Menyanthaceae.  How- 
Goodeniaceae,  and  Menyanthaceae.  They  form  the  ever,  these  families  produce  seco-iridoids,  while 
sister  group  to  the  clade  comprising  Calyceraceae  Stylidiaceae  produce  monotropein,  a  carbocyclic 
and  Goodeniaceae;  Menyanthaceae  is  then  the  sis-  iridoid.  Monotropein  has  been  detected  in  only  a 
ter  group  to  this  larger  clade.  From  these  three  few  other  families  (Jensen  et  al.,  1975;  Kaplan  & 
families,  Asteraceae  differ  in  producing  sesquiter-  Gottlieb,     1982):    Altingiaceae    (Hamamelidales); 
pane  lactones  and  a  more  diverse  array  of  poly-  Cornaceae  (Cornales);  Ericaceae,  Monotropaceae, 
acetylenes  but  no  iridoids,  and  in  having  the  calyx  and  Pyrolaceae  (Ericales);  Globulariaceae  (Scroph- 
pappose  or  absent.  In  particular,  the  Calyceraceae  ulariales);  and  Rubiaceae  (Rubiales). 
seem  very  similar  by  virtue  of  their  involucrate Third,  there  is  the  development  of  terminal  en- 

capitula,  specialized  pollen  presentation  mecha-  dosperm  haustoria,  a  feature  that  might  suggest  a 

nism,  epipetalous  stamens,  and  uniovulate  ovary;  relationship  with  Campanulaceae,  Lobeliaceae,  and 

details  of  the  pollen,  particularly  the  presence  of      Sphenocleaceae.    However,    terminal    endosperm unusual 
haustoria  characterize  several  other  dicots  with  ab 

initio ceae  and  Barnadesiinae,  also  support  a  close  re- 

lationship (Skvarla  et  ah,  1977).  All  these  data  Dahlgren,  1975b;  g".  Dahlgren,  1989a):  Acantha- 
support  the  Englerian  assignment  of  Asteraceae  to  ceae,  Bignoniaceae,  Gesneriaceae,  Globulariaceae, 
a  position  near  Calyceraceae  at  the  apex  of  Cam-  Lentibulariaceae,  Myoporaceae,  Orobanchaceae, 
panulales.  Pedaliaceae,   and   Scrophulariaceae   (Scrophulari- 

ales);  Bruniaceae  (Rosales);  Callitrichaceae  (Calli- 

trichales);  Clethraceae,  Cyrillaceae,  Empetraceae, 

Epacridaceae,  Ericacaeae,  Grubbiaceae,  and  Mo- 

DONATIACEAE  AND  STYLIDIACEAE 

The  Stylidiaceae,  excluding  Donatia  Forster  &  notropaceae  (Ericales);  Lamiaceae  and  Verbena- 

G.  Forster  (Carlquist,  1969c;  Cronquist,  1981;  ceae  (Lamiales);  Loasaceae  (Violales);  and  Plan- 

takhtajan,    1987),   include  five  genera   and  ap-       taginaceae  (Plantaginales). 
proximately  175  species.  Over  95%  are  restricted The  Ericales  are  the  only  order  in  which  all 

to  Australia  and  Tasmania;  the  remainder  are  dis-  three  of  these  unusual  character  states  are  found; 

Wbuted  to  the  north  and  east  as  far  as  Ceylon,  even  the  Campanulales  share  only  two.  Numerous 

southern  China,  the  Philippines,  New  Guinea,  New  other  characteristics  of  Stylidiaceae  are  found  in 

Zealand,  and  Tierra  del  Fuego.  at  least  some  members  of  Ericales:  sieve-tubes  with 
Morphologically    and    chemicaUy,    the    Stylidi-  S-  ,  _      _ 

aceae  are  the  most  discordant  members  of  the  anomocytic;    corolla    sympetalous,    zygomorphic 

sun 

lobes Campanulales,  bringing  to  that  order  a  significant 
number  of  character  states  found  nowhere  else  in  (Kalmia  L.,  Ericaceae);  stamens  two  {OUgarrhena 

the  order:  plants  producing  carbocyclic  iridoids;  R.   Br.,  Epacridaceae);  anthers  tetrasporangiate, 

secondary  growth  anomalous;  flowers  solitary  and  dehiscent  via  longitudinal  slits  {Oxydendrum  DC, 
terminal;  stamens  2,  whoUy  adnate  to  the  style, 
orming  a  gynandrium  that  is  commonly  irritable; 

Ericaceae),  development  of  the  wall  dicotyledon- 
thickening 

anther  thecae  divergent  and  apically  confluent.  The       pet 
rior,    bicarpellate,    with    axile    placentation,    and 

      ^   disc, 
unitefimic,   tenuinuce 

embryoge 

^*lue  gynandrium  with  its  divergent  thecae  is 
early  a  synapomorphy  uniting  these  five  genera. 
egrettably,  the  family  has  not  yet  been  repre- 

sented in  a  phylogenetic  reconstruction  based  on       with  an  integumentary  tapelum;  embryo  sac  Po. "lolecular  data. 

,  T^ree  characteristics  of  Stylidiaceae  are  of  lim-  Ian  endosperm  copious,  its  development  ab  initio 

rted  distribution  among  dicots,  and  thus  may  serve  ceUular.  Even  their  ecology  is  suggestive.  Carlqul-t 

^  an  indication  of  their  affinities.  First,  there  is  (1969c:  15)  hypothesized  that  Stylidiaceae  are  de- 

*he  storage  of  carbohydrate  as  inulin,  a  trait  used  rived  from  "ancestors  which  prefer  acidic  or  mm- 

*^  support  their  inclusion  in  Campanulales.  Only  a       eral-poor  soils/'  a  statement  thai  fits  more  Ericales 
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than  it  does  Campanulales.  The  bryoid  or  cushion-       vergence  Induced  by  the  rigors  of  their  antarctic 

plant  habit  of  many  Stylidiaceae  is  likewise  more       cushion-bog  habitat  (Rapson,  1953). 
common  among  Ericales  than  Campanulales. Donatia  differs  from  Stylidiaceae  in  its  paracytic 

A  distinctive  feature  of  many  Ericales  is  their  stomates,  apopetalous  corolla,  free  and  distinct  sta- 
unusual  anthers.  Commonly,  these  are  inverted  mens,  colinear  anther  thecae,  smooth  pollen,  and 

during  their  development  (i.e.,  the  morphologically  free  and  distinct  styles.  Its  inclusion  in  that  family 

basal  portion  is  uppermost  at  anthesis)  and  pori-  would  not  only  increase  the  morphological  hetero- 
cidal.  The  distinctive  gynandrium  of  Stylidiaceae  geneity  of  an  already  heterogeneous  family,  but 

might  be  less  out  of  place  in  Ericales,  given  this  would  deprive  that  family  of  its  defining  synapo- 
tendency  toward  structural  modification  and  re-  morphies.  For  these  reasons,  it  is  recommended  to 

arrangement  of  the  anthers,  than  it  is  in  Campan-  continue  recognition  of  Donatiaceae  as  a  family 

ulales,  distinct  from  Stylidiaceae  (Rapson,  1953;  Hutch- 
Some  authors  (Thorne,  1976;  Dahlgren,  1980)  inson,  1973;  Cronquist,  1981). 

have  suggested  a  relationship  with  Hydrangeaceae Is  it  possible  that  Donatiaceae  still  deserve  a 

and  its  allies  in  the  Cornales-Saxifragales  alliance.  position  somewhere  near  Stylidiaceae,  or  are  they 
However,  none   of  these  plants  stores  inulin  or  only  distantly  related?  The  distinct  styles  would 

develops  terminal  endosperm  haustoria.  Dahlgren  seem  to  argue  for  the  latter;  this  feature  is  as 

later  realized  this,  and  transferred  Stylidiaceae  to  unknown  among  Ericales  as  it  is  among  Campan- 
its  own  order  near  Ericales  in  the  Ericanae  (G-  ulales.  Carlquist  (1969c)  commented  that  there  is 
Dahlgren,  1989a,  b). 

no  compelling  evidence  of  a  relationship,  aside  from 

aceae. 

In  summary,  the  only  alternative  placement  of  the  common  occurrence  of  inulin.  However,  Car- 
Stylidiaceae  that  seems  credible  is  in  or  near  Eri-  olin  (1960b)  found  floral  structure  and  anatomy 

cales.  Aside  from  the  unique  gynandrium,  the  fam-  to  be  quite  similar,  and  expressed  no  hesitation  in 

ily  has  no  features  that  could  not  be  accommodated  treating  Donatia  as  the  ancestor  of  the  Stylidi- 
within  that  order  as  it  is  commonly  circumscribed. 

At  the  very  least,  it  would  be  no  more  out  of  place  Several  questions  regarding  chemistry  and  em- 
than  among  Campanulales,  an  order  in  which  car-  bryology  must  be  answered  before  a  conclusion  on 

bocyclic  iridoids  are  totally  foreign.  Consequently,  the  relationship  of  Donatia  to  Stylidiaceae  can  be 

Stylidiaceae  should  be  removed  from  Campanulales  reached.  First,  does  Donatia  produce  iridoids,  par- 
te a  position  in  or  near  Ericales,  pending  further  ticularly  carbocyclic  iridoids  such  as  monotropein- 

data  from  molecular  phylogenetic  studies. 
There  remains  the  question  of  the  affinities  of 

Donatia,  a  genus  variously  included  in  or  excluded 
from  the  Stylidiaceae,  The  genus  comprises  two 
widely  disjunct  species,  D.  novae- zelandiae  oiT as- 

Second,  is  the  tapetum  glandular  with  binucleate 

cells?  Third,  are  the  ovules  anatropous,  unitegmic, 

and  tenuinucellar,  with  a  Polygonum-iype  embryo 

sac  and  Solanad  embryogeny?  Fourth,  is  endo- 

sperm formation  ab  initio  cellular,  and  do  terminal 

haustoria  form?  Negative  answers  to  any  of  these 
Tierra  del  Fuego.  Nothing  is  known  of  their  em-  questions  woidd  weaken  the  case  for  a  relationship 

bryology  or  chemistry,  aside  from  the  fact  that  with  Stylidiaceae.  The  inclusion  of  Donatia  m  a 

iimlin  is  stored.  On  morphological  grounds.  Dona-  phylogeny  generated  from  molecular  data  should 
tia  also  should  be  removed  from  Campanulales.  provide  definitive  evidence.  Pending  the  results  o 
The  solitary  sessile  terminal  flower,  dimerous  or  such  studies,  it  is  recommended  to  maintain 

the 

im 

be 

SUMMARY 

known  elsewhere  in  the  order.  The  apopetalous       primitive  relative  of  Stylidiaceae. 
corolla  is  matched  by  only  a  few  species  of  Pen- 
taphragmataceae,  and  paracytic  stomates  are  oth- 

erwise found  only  in  Brunonia  (Goodeniaceae). 

Most  authors  have  considered  Donatia  to  be  The  available  data  support  the  inclusion  of  the 

closely  related  to  Stylidiaceae;  only  Hutchinson  following  candidate  taxa  at  familial  rank:  Astera- 
(1969,  1973)  has  totally  divorced  the  two.  The  ceae,  Calyceraceae,  Campanulaceae,  Cyphiaceae, 

perception  of  a  relationship  with  Stylidiaceae  is  due  Goodeniaceae  (including  Brunonia),  Lobeliaceae, 

primarily  to  the  remarkable  similarity  of  Donatia  Menyanthaceae,  Pentaphragmataceae,  and  Sphe- 

to  Phyllachne  in  habit  and  ecology  (Carlquist,  nocleaceae.  With  this  circumscription,  the  Cam- 1969c).  However,  the  habital  similarities  are  un- 

derlain by  significant  differences  in  vegetative  anat- 

mne 

approxuna 

di-^ 

omy,  and  may  well  represent  parallellism  or  con-       tributed  throughout  the  world-  Donatiaceae  an 

t 
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Stylidiaceae  are  removed  from  the  order  and  as-       Phylogeny 

signed  provisionally  to  a  position  in  or  near  Ericales, 
The  following  description  summarizes  the 

acter  states  found  in  the  order.  Perennial 

(less  often  annual  or  woody),  producing  poly 
lenes,  simple  seco-iridoids,  sesquiterpene  lactones. 

Reconstructing  the  phylogeny  of  a  group  of  fam- 
ilies on  the  basis  of  morphology  and  other  phe- 

notypic  data  is  rife  with  the  potential  for  error, 
due  to  difficulties  in  correctly  assessing  homologies 

or  alkaloids  (seldom  whhmorrthan  TnVclars  "of      (^ronquist,  1987b;  Stuessy,  1 990).  Missing  d
ata 

compound  in  a  given  species),  storing  carbohydrate 
inulin 

exstipulate,  commonly  alternate  and  simple;  sto- 
mates  anomocytic  (rarely  paracytic  or  tetracytic). 
Inflorescences  variously  monotelic  or  polytelic,  pre- 

dominantly racemose,  often  condensed  into  a  tight 
capitulum  subtended  by  an  involucre,  or  sometimes 
the  flowers  solitary  and  axillary.  Flowers  tetra- 

cyclic, perfect  or  imperfect,  sometimes  heterosty- 
with 

also  reduce  the  confidence  that  can  be  placed  in 

such  phylogenetic  trees.  Fortunately,  very  low  lev- 

els of  such  homoplasy  characterize  phylogenies  in- 

ferred from  the  results  of  chloroplast  DNA  restric- 
tion fragment  analysis  and  rbch  sequence  data. 

Attempts  are  under  way  in  various  laboratories  to 

incorporate  all  families  of  Asteridae  into  these  mo- 
lecular studies.  Once  such  studies  have  been  com- 

pleted, as  well  as  additional  chemical  and  embryol- 
ogical  investigations  recommended  above,  it  will  be 

(rarely  imbricate).  Stamens  (4)5,  antisepalous;  fil- 

specialized  method  of  proterandrous  secondary  pol-  P^''^^'^  '^  ̂ ^^'^^^  phenotypic   char
acter  state 

len  presentation.  Calyx  synsepalous  (rarely  apo-  J^^"^^  ̂"^  "^^^f  ̂  "J  ̂  more  sa
tisfactory  manner, 

sepalous),  commonly  pentamerous,  pappose  or  ab-  ̂ J  integratmg   the   data   reviewed   here   into   the 

sent  in  Asteraceae.   CoroUa  sympetalous  (rarely  ̂ ^^^^^^'^  P™^^f  ̂  by  the  molecdar  phylogerj
y. 

polypetalous),  commonly  pentamerous,  actinomor-  ̂ hen,  a  comprehensive  understanding  of  phylo- 

phic  or  variously  zygomorphic,  the  lobes  valvate  S"""*^^  relationships 
 among  Campanulales,  as  weU 

'       '        -  as  a  sound  revision  oi  their  classincation,  will  be 

possible. or  on  tfi*.  ̂ ^    11     *  u     /        1             1     '  ■         r    1 "  For  these  reasons,   no  diagram  purporting   to ur  on  ttie  corolla  tube  (rarely  on  the  nm  of  the  ,          ,    ,                    ,    .       ,  .                   {    r     % free  livT^Qr^tK*             *i-     a      /                i  \         i  show  phylogenetic  relationships  among  the  tamilies 
iree  hypanthium  or  the  floral  receptacle);  anthers  r  ̂               i  i      -          ̂       j        .u-    *•         \m 
tetra<;nnrQr.rT;o*     r        i      u-                     ^      t  i        i  of  Campanulales  is  prottered  at  this  time.  Mean- icirasporangiate   (rarely   bisporaneiate),    dithecal,  ,  .,       f     r  ..      •             t    ■                       .          j 
basifixf^fl   r^i-e*;^^*            •        /                      J  !_•         .  whde,  the  following  preliminary  notes  toward  an w^ibinxed,  distmct,  conmvent  or  connate,  dehiscent  i    ,    i               r  i          . 
mtrGr*^plv  n*.co     f*           .         1  ̂     •     1            J-     1  mtegrated  phylogeny  of  the  order  are  appropriate, uiirorsely  (less  often  extrorsely)  via   longitudinal  ̂ ,    ̂             u              j       j  u        •!,          .    k    *    ♦  a slits   fh^  ,..oii  J       1                 111             /        ,  These  may  be  considered  hypotheses  to  be  tested 
^ms,  the  wall  development  dicotyledonous  (rarely  .       ,          ̂         ,    .         .     ,,.  f      ,  ,  , 
'-     •            -                   *^                     ̂   by  the  accumulation  ot  additional  data. 

connate 

PHYLOGENETIC  PATTERNS 

"^iMC^;  endothecium  with  fibrous  thickenings;  ta- 
petum  glandular  (rarely  amoeboid),  the  ceUs  bi- 
nucleate  or  multinucleate;  pollen  spheroidal,  oblate, 
Or  prolate  (rarely  trilobate),  commonly  triapertur-  The   molecular   phylogeny   indicates    that    the 
3te,  binucleate  or  trinucleate  when  shed.  Ovary  Campanulales,  as  here  circumscribed,  are  indeed 

syncarpous,  inferior  (rarely  superior),   1-5(10)-  a  monophyletic  group.  Unfortunately,  there  are  no 
oculed;  placentation  axile  or  basal  (rarely  parietal  evident  nonmolecular  synapomorphies  to  support 

^r  apical);  ovules  1-many,  anatropous,  unitegmic,  this  clade.  The  ability  to  store  inulin,  which  occurs 

tenuinucellar;  embryo  sac  Po/y^g-ortum -type  (rarely  in  but  does  not  characterize  three  other  orders, 

-fl//m/n -type  or  variously  tetrasporic)  with  an  in-  may  be  the  closest  approach  to  one.  Note  that  if 
tegumentary  tapetum;  embrogeny  Solanad  or  As-  Asteraceae  and /or  Calyceraceae  were  to  be  seg- 

terad;  embryo  dicotyledonous,  straight;  endosperm  regated  as  discrete  orders,  the  Campanulales  that imtio be 

^^\  style   1,  often  with  a  ring  of  hairs  or  cup 
Th 

fruit  a  capsule, 
f^osome  numbe 

lobed arose  no  later  than  the  Oligocene,  some  40  million 

7,  8,  or  9. 
Chro-      years  ago.  Given  that  the  earliest  foaails  are  of 

rather  advanced   families   (Asteraceae,   Coodcni- 

Two  facts  are  apparent  from  the  above  descrip-      aceae),  origin  earlier  in  the  Tertiary  or  even  in  the 

^'on.  First,  the  Campanulales,  despite  their  diver-      late  Cretaceous  is  not  improbable  (P.  R.  Crane, 
v»  are  relatively  homogeneous  when  compared      pers.  comm.)- angiospe Th 

j^ay  be  defined  on  the  basis  of  a  suite  of  correlated  lales  dividing  into  two  clades.  Tliis  basal  dichotomy 
features,  there  are  no  evident  nonmolecular  syn-  is  supported  by  three  nonmolecular  characters, 

•pomorphies  that  define  it  rigorously.  none  of  thcia  morphological.  Taxonomically,  the A 

i 
f 
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two  clades  might  be  recognized  as  suborders;  al-  several  apparently  advanced  characters,  including 

ternatively,  it  might  be  advantageous  to  recognize  the  trinucleate  pollen  grains,  circumscissUe  cap- 
each  at  ordinal  rank  in  a  revised  classification  of  sule,  and  exalbuminous  seeds  of  the  former;  the 

Asteridae.  Phylogenetic  relationships  within  each  asymmetric  leaves,  unique  inflorescence,  and  tri- 
clade  are  confused  by  the  combination  of  plesio-  lobate  pollen  of  the  latter;  and  the  epipetalous 
morphic  and  apomorphic  states  in  several  of  the  stamens  and  bilocular  ovaries  of  both, 

families.  The  Lobeliaceae  clearly  are  more  advanced  than 

The  asterad  clade  comprises  Asteraceae,  Caly-  Campanulaceae,  based  on  their  resupinate  flowers 

ceraceae,  Goodeniaceae,  and  Menyanthaceae.  with  the  odd  sepal  ventral  prior  to  resupination, 

These  families  have  multinucleate  tapetal  cells,  lack  zygomorphic  corolla,  connate  heteromorphic  an- 

endospermhaustoria,  and  produce  deterrent  chem-  thers,  and  bilocular  ovary.  In  as  much  as  Cyphi- 
icals  via  the  mevalonate  pathway  (either  seco-iri-  aceae  likewise  have  the  odd  sepal  ventral  and  the 

doids  or  sesquiterpene  lactones,  but  not  both).  corolla  zygomorphic,  they,  too,  seem  to  be  more 

Menyanthaceae  might  be  the  most  primitive  family  advanced  than  Campanulaceae.  Their  nonresupi- 
in  this  clade  (and  perhaps  in  the  order),  judging  nate  flowers  and  apparent  lack  of  secondary  pollen 

by  their  greater  diversity  of  iridoid  compounds,  presentation  mark  them  as  less  advanced  than  Lo- 
lack  of  a  specialized  mechanism  for  secondary  pol-  beliaceae,  however. 
len  presentation,  free  and  often  distinct  sepals, 

actinomorphic  corolla,  and  superior  ovary.  How- 
ever, their  heterostylous  flowers,  trinucleate  pollen, 

and  unilocular  ovary  with  two  parietal  placentae  This  section  examines  the  distribution  of  various 

would  appear  to  be  relatively  advanced  features,  morphological  characters  employed  in  the  classi- 
The  Goodeniaceae  seem  relatively  advanced  in  their  fication  of  Campanulales  against  the  framework  oi 

zygomorophic  corolla  and  stylar  indusium,  as  do  this  preliminary  hypothetical  phylogeny.  For  ex- 

Calyceraceae  by  virtue  of  their  involucrate  capit-  ample,  it  is  obvious  that  there  has  been  an  evo- 
ula,  epipetalous  stamens,  uniovulate  ovaries,  and  lutionary  reduction  in  the  syncarpous  gynoeciuni, 

apical  placentation.   Undeniably,   Asteraceae  are  involving  both  a  reduction  in  the  number  of  locules 

the  most  specialized  group  morphologically,  both  and  in  the  number  of  ovules  per  locule.  The  two 

within  the  order,  and  within  the  Asteridae  as  a  trends  vary  independently,  as  evidenced  by  the 

whole.  existence  of  several  possible  permutations,  e.g., 
The  campanulad  clade  comprises  Campanula-  unilocular 

MORPHOLOGICAL  TRENDS 

ceae,  Cyphiaceae,  Lobeliaceae,  Pentaphragmata- 
ceae,  and  Sphenocleaceae.  These  families  have  bi- 
nucleate  tapetal  cells,  terminal  endosoerm  hanstoria. 

ular  ovaries  with  a  solitary  ovule  in  each  locule. 

The  two  trends  converge  at  their  respective  cul- 

mmations,  producing  a  unilocular  ovary  with  sol- and  apparently  are  unable  to  synthesize  deterrent  itary  ovule.  Such  ovaries  occur  among  campanu- 
chemicals  by  the  mevalonate  pathway.  The  Cam-  lads  {Merciera,  Campanulaceae;  Unigenes, 

panulaceae  would  appear  to  be  plesiomorphic,  on      Lobeliaceae)   and   asterads    {Brunonia   and    y^^' 

reauxia,    Goodeniaceae;    Calyceraceae;    Astera- 

ceae),  suggesting  that  the  uniovulate  ovary 

the  basis  of  their  radially  symmetric  flowers  and 
multilocular  ovaries;  in  particular,   Cyananthus, 

with  its  5-locular  ovary  free  from  the  hypanthium,      evolved  more  than  once  within  Campanulales- 
has  been  suggested  to  be  the  most  primitive  extant like 

genus  in  the  family  (Hutchinson,  1969;  Carolin,  origins,  because  genera  with  superior  ovaries  are 

1978;Takhtajan,  1980;  Dunbar,  1984).  However,  found  among  asterads  and  campanulads.  Further- 

the  production  of  latex  and  the  specialized  pollen  more,  there  are  significant  diff"erences  in  the  non- 
presentation  mechanism,  including  the  unique  in-      epigynous  flowers  of  these  clades.  In  the  putative/ 

most  primitive  genus  of  the  campanulad  cla 
 e, 

Cyananthus  (Campanulaceae),  the  flower  is  p
eng- 

likely 

tures. 

The  absence  from  Sphenocleaceae  and  Penta-  ynous.  The  superior  ovary  is  surrounded  by  (  ̂ 

phragmataceae  of  lactifers  and  any  sort  of  spe-  free  from)  a  cuplike  hypanthium,  upon  which  ar 
cialized  pollen  presentation  mechanism  suggests  that      inserted  the  corolla  and  filaments.  By  contrast, 

the  putatively  most  primitive  members  of  the  a 

terad  line,  the  Menyanthaceae,  the  flower  is    1  ̂ 
roUa,  partially  adnate  hypanthium,  and  micropylar      pogynous.  There  is  no  adnation  among  the  flor^ 
haustoria  of  the  latter  mipht  hf^  nrimitiv**  f^otiir<^c       i^lir^wlc  o,„.T.»«^»^;»rT  *1^^  cr^o.-irkr  nvprv.  all  ot  wn 

these  families  might  be  even  more  primitive  than 
sometimes 

be  primitive 

unding 

as  well.  However,  these  two  families  also  exhibit      arise  from  the  floral  receptacle.  These  observation^ 



Volume  79,  Number  2 
1 

Lammers 

Circumscription  and  Phytogeny  of 
Campanulales 

409 

* 

correlate  well  with  Carolines  (1959,  1960b,  1978) 
observations  on  anatomy  and  ontogeny  in  epigy- 
nous  flowers  of  Campanulaceae  and  Goodeniaceae. 
These  studies  showed  that  in  Campanulaceae,  the 
outer  floral  whorls  coalesced  into  a  free  hypanthium 
prior  to  adnation  of  the  ovary,  while  the  inferior 
ovary  of  Goodeniaceae  formed  by  the  sequential 
adnation  of  the  outer  floral  whorls  to  the  ovary. 
These  facts  suggest  that  inferior  ovaries  evolved 
independently  in  the  asterad  and  campanulad  clades. 

chemical  precursors  or  intermediates  were  shunted 

into  the  production  of  sesquiterpene  lactones.  Such 

a  hypothesis  fits  in  with  Cronquist's  (1977)  view 
that  the  evolutionary  success  of  Asteraceae  was 

due  primarily  to  biochemical  iimovation. 

This  hypothesis  also  helps  explain  the  oft-cited 
chemical  similarity  between  Asteraceae  and  Api- 
aceae.  These  two  families  have  been  hypothesized 
to  be  closely  related,  because  they  are  among  the 

few  angiosperms  capable  of  producing  sesquiter- 

Zygomorphy  likewise  appears  to  have  arisen  pene  lactones  (Hegnauer,  1964,  1977;  Bate-Smith 
more  than  once  and  in  different  ways,  because  it  &  Swain,  1966;  Herz,  1977;  Gershenzon  &  Ma- 
occurs  b  derived  taxa  of  both  the  campanulad       bry,  1983).  However,  the  molecular  data  indicate 

that  they  are  only  distantly  related.  As  discussed 

earlier,  Apiaceae  and  Arahaceae  form  a  clade,  the 

apiads,   that   is  the   sister-group   of  the  dipsacad 

(Cyphiaceae  and  Lobeliaceae)  and  the  asterad  (As- 
teraceae and  Goodeniaceae)  clades.  As  discussed 

previously,  the  bilabiate  flowers  of  Goodeniaceae 

and  Lobeliaceae  may  look  very  similar  at  anthesis,  clade.  AU  dipsacads  produce  seco-iridoids;  the  apiads 
but  are  fundamentally  different,  due  to  differences  do  not.  Once  again,  it  appears  that  a  family  rich 

ne  position  of  the  odd  lobe  and  resupination.  in  sesquiterpene  lactones  is  related  to  iridoid  pro- 
tiven  within  a  clade,  zygomorphy  may  have  mul-  ducers.  Apparently,  there  have  been  parallel  mu- 
»ple  origins.  Bremer  (1987)  considered  the  zygo-  tations  in  the  mevalonate  pathways  of  Apiaceae 
niorphic  florets  of  Asteraceae  to  be  derived  from  and  Asteraceae,  shutting  down  the  synthesis  of 
actinomorphic  florets.  seco-iridoids  and  initiating  the  production  of  ses- 

Lven  the  distinctive  mechanisms  for  secondary  quiterpene  lactones  in  both  families.  Thus,  the  pro- 
pouen  presentation  that  characterize  most  mem-  duction  of  sesquiterpene  lactones,  while  a  derived 

character  state,  cannot  be  used  as  a  synapomorphy bers  of  the  order  also  appear  to  have  had  muhiple 
ongms,  as  evidenced  by  detailed  study  of  the  struc-       to  unite  Apiaceae  and  Asteraceae. 
tures  involved  (Carolin,    1960a;  Erbar  &  Leins, 
1989;  Leins  &  Erbar,  1990)  and  their  distribution 

From  the  above  two  cases,  it  might  appear  that 

the  production  of  sesquiterpene  lactones  is  the  nat- 
mong  the  families.  Connate  anthers  occur  among       ural  consequence  of  blockage  of  iridoid  synthesis. 

both  campanulads  (Lobeliaceae)  and  asterads  (As- However,   it  does  not   appear   to  be  an  obligate 

filaments  with  distinct  anthers  occur  in  both  clades 
(Cyphiaceae,  Calyceraceae). 

connate       outcome,  because  Araliaceae,  Campanulaceae,  and 

If  th 

Lobeliaceae  produce  neither  iridoids  nor  sesquiter- 

pene lactones.  Rather,  these  families  deter  pred- 
ese  mterpretations  are  correct,  it  means       ators  and  pathogens  with  polyacetylenes  and/or 

nat  any  attempt  to  utilize  these  distinctive  mor-  alkaloids,  which  are  biogenetically  unrelated  to  de- 

Pnological  features  as  synapomorphies  in  a  cladistic  terrents  from  the  mevalonate  pathway.  Further 

^nalysis  of  Campanulales  would  be  fraught  with  study  is  needed  to  explain  this  pattern.  The  co- 

J*ustration.  Assuming  that  a  feature  has  evolved  occurrence  of  polyacetylenes  with  sesquiterpene 
once  when  in  fact  it  has  had  multiple  origins  would  lactones  in  many  Apiaceae  and  Asteraceae,  and 
Wroduce  considerable  homoplasy  to  the  phylogeny  with  seco-iridoids  in  some  Goodeniaceae,  may  be 
^nd  indicate  close  relationships  where  none  exist.  significant  in  the  elucidation  of  this  problem. 

CHEMICAL  TRENDS 
Th 

e  mtegrated  phylogeny  shows  the  sesquiter- 

RELATIONSHIPS  TO  OTHER  ORDERS 

Given  the  present  state  of  our  knowledge,  it  is 

Pene-producing  Asteraceae  to  be  derived  from  ir-       difficult  to  draw  any  firm  conclusions  regarding  the 

1^  oid-producing  families.  The  monoterpenoid  struc-       relationships  of  Campanulales  to  other  orders.  The 
difficulties  with  inferring  phylogeny  from  morpho- 

logical and  chemical  data,  which  cause  such  frus- 
tration for  interfamilial  comparisons,  become  even 

re  of  seco-iridoids  is  not  very  diflferent  from  the 
asic  skeleton  of  sesquiterpene  lactones,  and  both 

e  mev- 
casses  of  compounds  are  synthesized  via  th 
alonate  pathway.  From  these  observations,  I  by-  more  insufferable  at  the  ordinal  level.  It  is  expected 

pothesize  that  mutations  affecting  one  or  more  en-  that  molecular  studies  will  eventually  resolve  these 

zymes  in  the  mevalonate  pathway  interrupted  iridoid  problems,  but  at  this  time,  not  enough  taxa  have 
production  in  ancestral  Asteraceae  and  that  the  been  included  in  these  studies  to  permit  a  confident 

\ 

.r 

'  ,..i««y. 
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conclusion.  Until  a  more  complete  phylogeny  is 
available,  the  following  brief  comment  is  offered. 

As  noted  above,  the  molecular  data  indicate  that 

the  sister  group  of  Campanulales  is  the  apiad- 
dipsacad  clade.  The  sister  group  of  this  combined 

clade  includes  Cornaceae  and  Philadelphaceae. 

These  data  support  the  hypothesis  that  the  Cam- 

panulales ultimately  take  their  origin  very  near  the 

ancestry  of  the  Asteridae,  in  the  complex  of  families 

comprising  the  Cornales  and  woody  Saxifragales 

(Thome,  1976;  Dahlgren,  1980).  This  complex  is 

poorly  understood,  and  much  more  study  is  re- 
quired before  a  definitive  statement  can  be  made 

on  its  role  in  the  ancestry  of  Campanulales. 
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Abstract 

sxibfamilies 

Mutisieae,  Cardueae,  Lactuceae,  Vernonieae,  Liabeae,  Arctoteae)  and  the  Asteroideae  (Inuleae,  Astereae,  Antheraideae, 

Senecioneae,  Calenduleae,  Heliantheae,  Eupatorieae).  Recent  phylogenetic  analyses  based  on  morphological  and 
chloroplast  DNA  data  show  that  the  Mutisieae-Barnadesiinae  are  the  sister  group  to  the  rest  of  the  family.  The 
Mutisieae -Barnadesiinae  are  here  excluded  from  the  Mutisieae  and  elevated  to  the  new  subfamily  Barnadesioidae. 

t 

Until  the  1970s  the  tribe  Lactuceae  was  con-  ent  in  all  genera  except  those  of  the  Barnadesiinae. 

sidered  to  be  distinct  from  all  other  Asteraceae  and  The  sister-group  relationship  between  the  Barna- 

it  was  classified  in  its  own  subfamily,  the  Liguli-  desiinae  and  the  rest  of  the  family  is  supported  also 

florae.  The  other  tribes  were  placed  together  in  the  by  analysis  of  rbcL  sequences  (Kim  et  al.,  Ivv^j- 
Tubuliflorae  (e.g.,  Hoflfmann,  1890).  During  the Simultaneously 

1970s  there  was  a  growing  understanding  that  all      investigations,  Bremer  (1987)  conducted  a  cladistic 

analysis  of  tribal  interrelationships  based  on  mor- 

phological data.  The  study  included  27  tribes  and 

the  tribes,  including  the  Lactuceae,  could  be  ar- 

ranged in  two  large  groups  (Robinson  &  Brettell, 

1973;  Carlquist,  1976;  Wagenitz,  1976),  fore-  subtribes  and  47  phylogeneticaUy  informative 

shadowed  by  diagrams  in  Carlquist  (1961)  and  characters,  one  of  them  being  the  cpDNA  mver- 

Poljakov  (1967).  Carlquist  (1976)  treated  these       sion.  The  sister-group  relationship  between  the  Mu- 
two  groups  as  the  subfamQies  Cichorioideae  and madesiinae 

Asteroideae.    Their    precise    circumscription   was       revealed  by  the  cpDNA  inversion,  was  suppor  e 

modified  by  later  authors  (Robinson,  1977,  1981,       also  by  several  morphological  characters,  such  as 

1983;  Thorne,  1983).  presence  of  the  typical  Asteraceae  twin  hairs  on 
Since  1985  cladistic  analyses  of  molecular  and      the  fruits  and  spiny  pollen, 

morphological  data  have  clarified  the  phylogeny  All  available  data  sets  strongly  support  the  sis  er 

and   classification  of  the   Asteraceae.   Jansen   &       group  relationship  between  the  Mutisieae-Barn 

Pabner  (1987)  reported  the  presence  of  a  22  kb      desiinae  and  the  rest  of  the  family  (Jansen  &  r a    * 

er,    1987,    1988;   Bremer,    1987;  Jansen  et  a^-t lonn    looio    k.  i-o^io  ^t  al      1Q92:  Kim  et  al, 
cpDNA  inversion  in  Laciuca  and  several  other 
Asteraceae,  The  inversion  was  found  to  be  absent  1990,  1991a, 

in  three  genera  of  the  Mutisieae-Barnadesiinae,  1992).  The  su   

suggesting  a  basal  dichotomy  between  the  Barna-  ceive  formal  subfamilial  status,  as  Barnadesioi        • 

;unae 

imae 

It  is  a  smaU  subfamily  of  nine  genera  and  near  y 

  ^        90  species,  distributed  in  South  Americ
a  mainly 

cpDNA  restriction  site  data  from  1 3  genera  of  the      along  the  Andes.  The  Barnadesioideae  genera  sna 

undertook 

lubfamily 
Mutisieae  (including  the  Barnadesiinae)  and  9  rep-      a  mnnber 
resentatives  from  other  tribes.  Later  Jansen  et  al.      pomorphit 
(1990,  1991a)  sampled  57  genera  from  15  tribes      supported  monophyletic  group 

unique  axillai unique  indumentum  of  long,  um 

in  an  extended  study  of  cpDNA  restriction  site 

data.  These  studies  corroborated  the  sister-group 
Its  members  

are 

  .A  Viv  a 

relationship  between  the  Barnadesiinae  and  the  rest  sioid  hairs  on  the  corollas,  cypselas,  and  papP 

of  the  family.  To  date,  Jansen  et  ah  (1991b)  have  (Cabrera,  1959,  1961,  1977;  Bremer,  l^^^^'^^ 
examined  more  than  250  Asteraceae  genera  for 
the  cpDNA  inversion,  which  has  proved  to  be  pres-  p] 

* 

Th 

synapomor 
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phology  and  cpDNA.  Members  of  the  Asteroideae 

are  characterized  by  shallowly  lobed  corollas,  style 
branches  with  stigmatic  areas   separated  in  two 

parallel  lines,  and  caveate  pollen  (Bremer,  1987).       Carlquist  S 
Among  the  molecular  synapomorphies  there  is  a 

  .      1977.     Mutisieae — systematic    review.    Pp. 
1039-1066  in  V.  H.  Heywood,  J.  B.  Harborne  & 
B.  L.  Turner  (editors),  The  Biology  and  Chemistry 
of  the  Compositae.  Academic  Press,  London 

1961.    Comparative  Plant  Anatomy.  Holt, 
Rinehart,  &  Winston,  New  York. 

1976.    Tribal  interrelationships  and  phytogeny 
length  mutation  at  the  3'  end  of  the  r6cL  gene  — 
involving  a  six  bp  repeat,  which  is  repeated  four  _  ^  ^     «„  «^ 
t-    ̂ ^    -       17  •     J    A  .       -J  /TT-  Hoffmann,  0.    1890.    Compositae.  Pp.  87-391  in  A. tmies,  m  all  exammed  Asteroideae  taxa  (Kmi  et  v^„^^.  Mr  v  P.o.t! /.^.w.^  n,.  Noti;ri.vi...  Pfl..,_ 

of  the  Asteraceae.  Aliso  8:  465-492, 

al,  1992). Engler  &  K.  Prantl  (editors),  Die  Natiirlichen  Pflanz- 
enfamilien  4(5).  Berlin. 

The  status  of  the  subfamily  Cichorioideae  (ex-       Jansen,  R.  K.  &  J.  D.  Palmer.    1987.    A  chloroplast 
DNA  inversion  marks  an  ancient  evolutionary  split 

in  the  sunflower  family  (Asteraceae).  Proc.  Natl.  Acad. 

U.S.A.  84:  5818-5822. 

eluding  Barnadesioideae)  remains  unresolved,  and 
the  interrelationships  among  its  tribes  are  not  clear- 

ly understood  from  our  hitherto  published  analyses. 
The  morphological  and  the  cpDNA  trees  are  in- 
congruent  in  several  of  the  groupings,  especially  if 

Bremer's  (1987)  tree  is  compared  to  those  based 
on  cpDNA.  The  more  detailed  analysis  of  Karis  et 
al.  (1992)  has  removed  some  of  the  conflicts, 

whereas  others  persist.  Karis  et  al.  propose  that  a 
large  part  of  the  Mutisieae  form  a  monophyletic 
group,  excludmg  a  number  of  Mutisieae-Gochnatii- 
nae  genera,  which  form  a  more  or  less  unresolved 

paraphyletic  grade  at  the  base.  Jansen  et  al.  (1990, 
1991a,  b)  suggested  that  the  Mutisieae  are  mono- 

phyletic; all  taxa  sampled  consistently  group  to- 
gether. Further  studies  are  necessary  to  evaluate 

the  status  of  the  subfamQy  Cichorioideae  and  to 

   &    .     1988.    Phylogenetic  implications 

of  chloroplast  DNA  restriction  site  variation  in  the 

Mutisieae  (Asteraceae).  Amer.  J.  Bot.  75:  753-766. 
K.  E.  HoLSiNGER,  H.  J.  Michaels  &  J.  D. r 

Palmer.  1990.  Phylogenetic  analysis  of  chloro- 

plast DNA  restriction  site  data  at  higher  taxonomic 
levels:  an  example  from  the  Asteraceae.  Evolution 
44:  2089-2105. 
— ,  H.  L  Michaels  &  J.  D.  Palmer.    1991a.   Phy- 

logeny  and  character  evolution  in  the  Asteraceae 
based  on  chloroplast  DNA  restriction  site  mapping. 

Syst.  Bot.  16:  98-115. — ,  R.  S.  Wallace,  K.-J.  Kim,  S.  C.  Keeley,  L. 

E.  Watson  &  J.  D.  Palmer.    1991b.    Chloroplast 

DNA  variation  in  the  Asteraceae:  phylogenetic  and 

evolutionary  implications.  Pp.  252-279  in  D.  Sokis, 
P.  Soltis  &  J.  Doyle  (editors).  Molecular  Systematics 

of  Plants.  Chapman  &  Hall,  New  York. 

resolve  trihal  interrelationships  within  the  two  sub-       Karis.  P.  O.,  M.  Kallersjo  &  K.  Bremer,    1992.   Phy- 

famUies  Cichorioideae  and  Asteroideae,  '«6^"^tic  analysis  of  the  Cichorioideae  (Asteraceae), 

with  emphasis  on  the  Mutisieae.  Ann.  Missouri  Hot. 

Card.  79:  416-427. 
Kim,  K.-J.,  R.  K.  Jansen,  R.  S.  Wallace,  H.  J.  Michaels 

&  J.  D.  Palmer.  1992.  Phylogenetic  implications 

of  rbcL  sequence  variation  in  the  Asteraceae.  Ann. 

Missouri  Bot.  Card.  79:  428-445. 
Pouakov,  p.  p.  1967.  Systematics  and  origin  of  the 

Compositae.  Nauka,  Alma-Ata.  [In  Russian.] 
Robinson.  H.  1977.  An  analysis  of  the  characters  and 

relationships  of  the  tribes  Eupatorleae  and  Vernoni- 

eae  (Asteraceae).  Syst.  Bot.  2:  199-208. 
1981.    A  revision  of  the  tribal  and  <^ubtribal 

Barnadesioidae  (Bentham  &  Hooker)  Bremer  & 
Jansen,  subfam.  stat.  nov.  Barnadesieae  (Ben- 

tham &  Hooker)  Bremer  &  Jansen,  trib.  stat. 
nov,  Basionym:  Mutisieae-Barnadesiinae 
Bentham  &  Hooker,  Gen.  PI.  2:  168,  1873. 
Type:  Barnadesia  Mutis  ex  L.  f. 

^pinae  axillares  frequenter  presentes.  Corallae,  cyp- 
lae  Dann,i«^i,^  viUosae  -''-  '-   *-  -  ---"-i-  -i  -.   c.k.. r-rr^-^M"^  vuiubae  puis  longis  uniceiiuiannus.  :5iyius   ^     1981.    A  revision  ol  tne  tnoal  ann  ̂ ^uDinnai 

revuer  bilobus.  glaber  vel  papillosus.  Pollen  laeve  vel  [jj^^g  of  the  Heliantheae  (Asteraceae).  Smithsonian 
granulare,  non  spinosum.  rontr.  Bot.  51:  1-102. 
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Abstract 

We  present  a  cladistic  analysis  of  53  taxa  from  Asteraceae  using  72  characters  of  mainly  morphological  data. 

Resuhs  reveal  subfamily  Cichorioideae  is  paraphyletic.  The  Mutisieae  constitute  a  basal  grade  that  contains  monophyletic 

groups  with  Mutisia  and  Cardueae  sensu  lato.  The  Arctotideae,  Liabeae,  Vernonieae,  and  Lactuceae  form  a  clade 

together  with  subfamily  Asteroideae.  Our  results  show  some  inconsistencies  with  those  from  cladistic  analyses  ol molecular  data. 

The  relationships  within  the  Asteraceae,  dis-  cladistic  analysis  of  the  family,  noting  strong  mor- 

cussed  since  Cassini  and  Lessing  in  the  early  nine-  phological  support  for  this  dichotomy.  Bremer  s 

teenth  century,  have  been  scrutinized  using  cla-  (1987)  analysis  further  supported  the  monophyly 

distic  methods  (Bremer,  1987;  Jansen  &  Palmer,  of  the  subfamily  Asteroideae,  and  the  subfamily 

1987,  1988;  Jansen  et  aL,  1990).  Many  results  Cichorioideae  emerged  as  a  paraphyletic  assem- 

of  cladistic  analyses  were  inconsistent  with  the  in-  blage.  The  analyses  of  Jansen  et  al.  (1990)  yieldea 

trafamilial  systems  proposed  by  other  authors  (e.g.,  quite  different  topologies.  The  only  monophyletic 

Carlquist,  1976;  Cronquist,  1977,  1981;  Jeffrey,  groupings  established  in  all  trees,  both  Wagner  and 
1978;  Wagenitz,  1976).  Jansen  &  Palmer  (1987) 

demonstrated  that  Mutisieae-Barnadesiinae  (Ca- Dollo  analyses,  are  the  subfamily  Asteroideae,  the 

Vernonieae  as  the  sister  group  to  the  Liabeae,  an 

brera,  1961,  1977)  form  a  sister  group  to  the  rest  the  Eupatorieae  as  a  subclade  within  a  paraphyletic 

of  the  family,  a  finding  that  was  corroborated  by  Heliantheae  sensu  lato.  Dollo  analysis  always  sup- 

an  apomorphic  cpDNA  inversion  in  the  latter  group,  ported  a  monophyletic  Cichorioideae,  but  the  Wag- 

Bremer  (1987)  also  came  to  this  conclusion  in  his  ner  analysis  resulted  in  a  paraphyletic  Cichorioi- 
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Figure  1.      One  of  the  two  final  cladograms.  Character  distributions  are  given  below.  Note  that  6^"^^*  l^^^ch 
shaded  area  are  all  assigned  to  Mutisieae-Gochnatiinae.  All  apomorphies/reversals  are  listed  for  each  node  an      ̂  
terminal  taxon.  Apomorphies  with  subsequent  reversals/parallelisms  are  without  further  labeling,  P^^^'^vJ^^tatc 
marked  =,  reversals  are  marked  —  with  the  change  in  multistate  characters  indicated  within  brackets.  Muj 
characters  have  the  state  in  question  indicated  within  parentheses.  Under  the  terminal  taxa  all  characters  are  para  e 
unless  otherwise  indicated.  m  A    4' 

1),  37,  65;  =33(0-1);  Node  2:  5,  58(0-1).  68;  Node  3:  4.  30,  38(0-1),  42,  60;  Nod^^ 

^0);  Node  8:  ̂ ^^^^^Jj.' 
21,  =48(0-3),  =49(0-2);  Node  11:  -30;  Node  12:  =9,  -IplJ   ̂^. 

=46(0-2).  =49(2-4),  =58(1-3);  Node  14:  =66;  Node  15:  -15;  -^^  ̂5^ 
5,  =23.   =38(0-1);  Node  18:  -50,   -55;  Node  19:  =1;  ̂ '"^  f^:>^i), 

27(1-3),  -28(1-0).  =42(0-2).  64;  Node  21:  8,  =20;  Node  22:  =16(1-2);  Node  23:  =46(0-1),  4tHJ 

Node  1:  28(0- 
27(0-1),  29(0-1),  55;  Node  5: 

29{\ -Oy,  Node  9:  -4, 
-38(1-0);  Node  6:  50,  51;  Node  7:  15, 

55;  Node  10:  = 

42(1 

48(3-1),  59;  Node  13:  =1,  =45, 
29(0-1),  =58(3-0);  Node   17: 

2\ 
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Figure  3.  Corolla  characters. — A.  Actinoraorphic, 

deeply  5-lobed,  typical  for  most  Mutisieae  and  Car- 
dueae.  — B.  Shortly  lobed  actinomorphic ,  typical  for  most 
Asteroideae.— C.  Corolla  with  a  long  slender  tube  typical 

for  Cardueae.  (A,  Dicoma  galpiniU  Germishuizen  294; 

B,  Helichrysum  auriceps,  Ross  2099;  C,  Carduus  ar- 
Figure  2.      Corollas  in  Asteraceae.— A.  Actinomor-       SJ^^^^  Segelberg  16460/3.) 

phic.  —  B.    Gorteriinae    ray. 
lar. — E,  Pseudobilabiate,— 

C.    Bilabiate.— D.    Tubu- 
F.  Ligule. — G.  True  ray 

deae  similar  to  that  from  Bremer's  analysis.  The 
status  of  the  Cichorioideae  thus  requires  further 
investigation. 

ami family 

/ 

important  because  these  relationships  were  not  re- 
solved with  certainty  by  Bremer  (1987).  Further, 

the  relationships  based  on  molecular  data  (Jansen 
et  al.,  1990)  seem  imstable. 

Relationships  of  the  tribe  Mutisieae  (excluding 
the  Mutisieae-Bamadesiinae)  are  crucial  for  un- 

derstanding the  basal  diversification  of  the  family 
(Bremer,  1987). 

; 

) 

E 

\ 

% 

Figure  4.     Twin A hair. 

Material  and  Methods 

The  study  is  based  on  herbarium  material,  but 
we  also  gathered  a  large  amount  of  information 
(used  as  characters.  Appendix  II)  from  the  litera- 

ture. Our  emphasis  is  on  morphological  features, 
and  especially  large  is  the  number  of  characters 
gained  from  florets,  including  many  microcharac- 
ters.  We  investigated  numerous  eenera  of  Muti- 

sieae  with  selected  genera  from  other  cichonoid       nica,  Dillon  et  al.  997;  F,  G,  Jungia  axillaris.  Chavez 

Deeply  .cleft^^^^ 

twin  hair,  nonmyxogenic.     ̂ ''  " 

mvxoeenic.-H.  Long  gla
ndular 

onort  ovoid  twin  hairs,  myxogenic  — 

hair.— L   Short   glandular   hair.   (A,   Erythrocepha Tnmh/y^iinrum    Jr^nflrn^r    7  Ifk-  R     4rnu.rtia  slomerip 
Asph 

life 
tribes 

hastifolia 
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Figure    5. Simple    corolla    hairs.  — A.    Cell    walls 
B,  Walls  in  ultimate  cell  much  thicker  than  in 

uie  cell  below,  marked  t.— C.  With  basal  cell.— D,  E. 

oblique. 

Walls  straight.  (A.  Mutisia  clematis,  Killip  &  Smith 
19600;  B,  Scolymus  hispanicus,  Starback  119;  C,  Das- 
yphyllum  reticulatum,  Hatschbach  27243;  D,  Pluchea 
camphorata,  Jansson  s.n.;  E,  Pluchea  lanceolata,  Mee- bold  11036.) 

0.6  mm  A  0.2  mm  B 
L 

efine 
understood 

Figure  6.  Features  of  anther  bases.  — A.  Calcarate, 
caudate,  i  =  inner  pollen  sacs,  opened,  oriented  toward 

the  observer,  t  =  sterile  tail,  f=  filament.— B.  Ecalcarate, 

ecaudate,  i  =  inner  pollen  sacs,  oriented  toward  the  ob- 
server, fc  =  filamental  collar.  (A,  Lycoseris  latifolia, 

Breteler  4414;  B,  Geissolepis  suadaefolia,  Pringle 3762.) 

are^Z"  ̂ 1'"  ̂ ^'t  ̂Tv"^7  '"""'^  '"'      of  Doyle  &  Donoghue,  1 986).  Using  this  approach 
.JJ:  "i^ri'J  „''  'n/.^P^.r^"^  ̂ '^i      (detaUed  below),  we  hypothesize  relationships  of  the amined  is  avaUable  from  P.  0.  Karis.  All  material 
cited  in  the  figure  legends  is  housed  in  S,  except 
mK. 

specimen 

Cichorioideae  tribes,  although  generic  relationships 

remain  uncertain. 

Numerous  equally  parsimonious  trees  are  a  ma- 
Tv,  .  .  ,  ior  problem  with  analyses  of  large  data  matrices. 

:.      .fi?5.  P^^^™«"y  analyses  were  performed  us-       i,    .^^  _„....„.  tr.^^  nf  t Hp^p  pnnnllv  narsimonious 
ing  HENNIG  86  (Farris,  1988).  In  aU  analyses, 
options  mhennig*  and  bb*  were  applied  to  provide 
Ae  most  extensive  heuristic  option  available.  AU 
nmhistate  characters  are  treated  as  unordered. 

^me  multistate  characters  include  states  that  may 
be  correlated.  The  details  of  the  analyses  are  dis- 
^ssed  further  below.  Polarization  was  determined 
^  the  outgroup  comparison  method  (Stevens,  1980; Maddison  et  al.,  1984). 

I^ATA  Analysis  and  Results 
Rimn 

Parsimoniou 

mitial  ra 

because 

Therefore 

Strict  consensus  trees  of  these  equally  parj^imonious 

trees  may  be  uninformative.  A  single  unstable  taxon 

may  cause  the  strict  consensus  tree  to  collapse. 

Adams's  (1973)  consensus  trees  are  less  sensitive 

to  unstable  taxa,  but  conceptually  more  difficult  to 

evaluate  in  a  phylogenetic  context.  For  example, 

an  Adams  consensus  tree  may  contain  branching 

sequences  that  are  not  present  in  any  of  the  equally 

parsimonious  cladograms. 

Initially,  eight  genera  of  Mutisieae-Barnadesi- 
inae  were  included  as  the  outgroup,  but  various 

equally  parsimonious  arrangements  among  these 

genera  multiplied  the  num}>er  of  ingroup  solutions. 

The  outgroup  was  replaced  subsequently  with  a 

based 

ormed  a  series  of  more  than  100  analyses  with      inac.  1 
<^auctions  of  laxa,  in  order  to  explore  the  phylo-       genera 

cases 
III ed  the  states 

(similar Coodeniaceae,  Campaniilaceae,  and  LobrI 
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Figure  8.      Endothecial  tissues.— A.  Cardueae-Car- 
duinae,  i  = observer,  tz 

Figure  7.  Features  of  anther  appendages  and  collar, 
i  =  inner  pollen  sacs,  opened  and  faced  toward  the  ob- 

server, oi  =  outer  and  inner  pollen  sacs,  without  a  distinct 
limit  in  between.— A,  B.  Long  appendage.— C.  Medium 
appendage.  — D.  Short  appendage.  — E.  Conspicuous  col- 

lar, V  =  vein.- F.  Collar  cells  with  transverse  thickenings. 
(A,  Mutisia  acuminata,  Hutchison  1044;  B,  Dicoma 

inner  pollen  sacs,  opened,  faced  toward  the 
=  transition  zone  between  connective  and 

endothecial 

=  outer pouen  sacs,  partly  seenun^^  ̂  

cells  typical  for  the  Cardueae-Carduinae,  op 

pollen  sac,  polarized  at  the  edge.  —  B.  Lactuceae,  trans- versal bands.  — C.  Mutisieae  and  Cardueae  sens,  lato,  with 

polarized  thickenings  at  the  edges  of  the  pollen  sacs.— 
D.  Barnadesiinae,  rt  =  radial  thickenings.  (A,  Carduus 
nutans.  Wall  s.n.;  B,  Lactuca  muralis,  Karis  &  Kal 

picta.  Dinter  8253;  C,   Gochnatia  rupestris.  Malme  ̂ '''J''  f";;  ̂^  Gochnatia  ̂ "^^^'.'"^^'  ̂ «''^"/f  ̂ 1;  J 
2417;  D,  Aster  simplex,  Jones  32876;  E,  Inula  hele-  DasyphyllumcandolleanumJrwin,Sou

za^dos:yam 

nium.  Wall  s.n.;  F,  Lactuca  muralis,  Karis  &  KdllersjS  ̂ ^*50.) s.n.) 

When 

be  used  to  decide  among  coding  variants  for  the 
hypothetical  ancestor,  character  states  were  coded 

as  "inapplicable"  in  the  outgroup.  Analysis  using 

Two  equally  parsimonious  cladograms  (one  shown 

in  Fig.  1 ),  4 1 9  steps  long,  resulted  from  this  matrix^ 

The  two  cladograms  differ  only  in  the  position  of 

Onoseris,  which  is  placed  as  the  sister  group  of 

the  taxa  above  node   17  in  the  alternative.  The 
the  hypothetical  ancestor  continued  to  result  in      consistency  index  is  0.24  and  the  retention  ind«^ 
large  numbers  of  trees  in  which  taxa  moved  within      0.57. 

the  same  subclade  of  the  different  cladograms. 
We Our  cladogram  (Fig.  1)  is  obviously  partly  i« 

conflict  with  earlier  schemes.  Alternative  topologies 

unstable  genera  that  were  subsequently  excluded,  consistent  with  prior  classifications  and  earlier  cla- 
Finally,  some  genera,  e.g.,  Senecio,  Aster,  Gels-  distic  analyses  (e.g.,  Bremer,  1987;  Jansen  et  al., 
solepis,  and  Cirsium,  were  added  in  order  to  sta-  1990)  were  investigated  using  the  xx-conunand  in 
bilize  the  Asteroideae  and  the  Cardueae;  in  previous  HENNIG  86,  More  complicated  rearrangements, 
analyses  the  position  of  clades  such  as  Asteroideae  such  as  forcing  monophyly  of  Mutisieae  (excluding 
and  Cardueae  (sens,  str.)  was  influenced  by  the      the  Barnadesiinae)  and  the  entire  Cichorioideae, 

were  achieved  using  heavily  weighted  dummy  ena 
Following  experimental  taxon  deletion  and  ad-      acters  to  produce  the  desired  topology  (the  step? 

didon,  the  data  matrix  consisted  of  53  genera  and      added  by  the  dummy  character  were  deleted  in 
computing  tree  length).  ^. 

Forcing  monophyly  of  the  entire  subfaniii) 

number 

72  characters  (with  taxon  reduction  some  char- 
acters became 
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Figure  9.     Features  of  styles  and  nature  of  sweeping 
   A       M         1.  .  1       •  p 

hairs. 
vein,  A.  Narrow  obtuse  sweeping  hairs 

Harrow  acute  sweeping  hairs.— C.  Broad  obtuse  sweeping 
hairs.— D.  Broad  acute  sweeping  hairs.— E.  Anthemoid 
style,  with  sweeping  hairs  only  apically,  typical  for  Nas- 
sauvunae  and  many  Asteroideae.  — F.  Style  with  long, 
gradually  tapering  branches  with  narrow  veins.— G.  Style 
^th  long  branches  with  thick  veins  (hatched).  — H.  Style 
with  short  branches  with  thick  veins  (hatched).  —  !.  Style 

!;'*^5  ™  branches.  (A,  I,  Lulia  nervosa,  Hatschbach i  ̂  '  ̂*  Chaetanthera  elegans,  Eyerdam  10725;  C, 
',  Vistephanus  aurantiacus.  La  Croix  3024;  D,  Sco- 
lymus  hispanicus,  Starbdck  119;  E,  Helichrysum  au- 
reolum.  Milliard  &  Burn   14369;  G.  Inula  inuloides, 
Acocks  2284.) 

ifs 

chorioideae,  in  agreement  with  Jansen  et  al.'s  (1 990) 
results,  requires  12  extra  steps.  Making  the  tribe 

isieae    monophyletic,    excluding    Pertya   and 

Mut 

I^J'^  or  Pertya  to  the  main  Mutisieae  branch, 
Wow  Brachylaena  in  Figure  1,  requires  ten  and nve  extra  of    ..     ,      m 
,  --v-j^^,  tcis^cciivciy.  ivioving  j^rciuiis  lu 

e  Cardueae  sensu  late,  in  agreement  with  Bre- 
«r  s  (1987)  results,  requires  five  extra  steps,  and 

moving  Berkheya  to  Arctotis,  making  the  Arcto- 
requires 

Wagner 

'"  °"*''"e  to  our  cladogram,  with  the  Cichorioideae 

0.1    mm  C 
III! 

0.5  mm  ABDE 

Figure  10.  Features  of  cypselas,  cp  =  carpopo- 
dium. — A.  Two-veined  cypsela  with  a  small  carpopodium, 

veins  uniting  within  the  base,  —  B.  Cypsela  without  a  car- 

popodium, veins  uniting  below  the  cypsela  base. — C,  Well- 

developed  carpopodium  consisting  of  sclerified  cells.  —  D. 
Magnification  of  cells  in  C.  —  E.  5 -veined  cypsela,  veins 
uniting  within  the  base,  carpopodium  well  developed.  (A, 

Helichrysum  arenarium,  Rechinger  666;  B,  Dasy- 
phyllum  candolleanum,  Irwin^  Souza  &  dos  Santos  7960; 

C,  D,  Pertya  scandens,  Furuse  s,n,;  E,  Vernonia  nova- 
horacensiSy  Wilkens  4255.) 

E 

O 

paraj 
sensu 

Figure  11. — A,  Pappus  bristle  teeth  confltsting  of  the 

top  of  one  cell  together  with  the  ha»c  of  the  adjacent 

marginal  cell,  t  =  tooth.— B.  Epicarp  wth  finlike  arranged 

papillae,  p  ■■  papillae.  (A,  Actinoseris  mdiaUi,  Hatsdi- 
bach  27447;  B,  Hyporhoeris  glabra.  Klarkenberg  & f.undin  253.) 
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L 0.1  mm 

Figure  12,  Glands  of  the  Nassauviinae. — A.  Trixis 

divaricata  {Mexia  8110).  —  B.  Jungla  axillaris  {Chavez 
3260), — C.  Leucheria  leontopodioides  {Santesson 
469),  —  D.  Acourtia  vanillosma  {Ekman  43034), — E. 
Trixis  hrasiliensis  [Malme  1124), 

deae. 

and  Southeast  Asia,  and  Brachylaena  (with  Tar- 

chonanthus)  from  Africa.  The  scattered  distribu- 

tions of  these  elements  also  suggest  that  they  rep- 

resent ancient  relicts  from  the  early  evolution  of 

the  family.  It  is  not  surprising  that  these  genera 

form  a  basal  grade,  since  they  share  numerous 

symplesiomorphies  with  the  Barnadesiinae. 

The  Cardueae  sensu  lato,  including  Berardia, 

Carlina,  Echinops,  and  their  relatives  (Carlineae 

and  Echinopeae  of  Dittrich,  1977)  form  a  mono- 

phyletic  group.  Many  similarities  between  the  Car- 

lato  at  the  base.  Eight  of  their  Wagner  trees  and  ̂ "^^^  ̂ "*^  '^^  Mutisieae  are  symplesiomorphies, 

the  Dollo  trees,  with  the  Cichorioideae  monophy-  "i^^^^J^ig  pluns
enate  involucral  bracts,  actmomor- 

letic,  are  incongruent  with  our  results.  The  cause  P^^"  ̂ "^  ̂^^P^^  ̂ "^^^^^  ̂ ^™"^''  ̂ "'^  ̂^thers  w,th 

for  the  difference  between  Jansen  et  al.'s  DoUo  ̂^'^S'  ̂ ^^^''^"^^^  sometimes  acuminate,  apica    ap^ 

trees  and  the  Wagner  trees  based  on  morphology  P^^dages.  The  Arct
otideae  are  not  closely  related 

and  cpDNA  data  (i.e.,  12  out  of  20)  remains  ob-  ̂"^  ̂^"^  Cardueae  sensu  lato  as  assumed  by  earlier 

scure.  We  find  no  morphological  or  chemical  fea-  ̂ "*^°'"'-  ̂ ^^^  ̂ ^"^^  ̂   monophyletic  group  con- 

tures  to  corroborate  the  monophyly  of  Cichorioi-  '''^"'S  ̂ ^  ̂°"''  ̂ "^^''  Arctotideae,  Lactuceae  Lia- 
beae,  and  Vernonieae,  as  well  as  the  subiamUy 

Asteroideae.  Relationships  within  this  group  cannot 

be  resolved  with  certainty.  Hence  the  sister  group 

of  the  subfamily  Asteroideae  cannot  be  identified, 
Our  analyses  support  the  placement  of  Mutisieae       although  our  data  strongly  indicate  that  it  is  to  be 

as  a  basal  assemblage  of  the  family,  but  the  tribe       found  among  the  tribes  Arctotideae,  Lactuceae, 

Liabeae,  and  Vernonieae.  Placing  a  monophyletic 
monophyletic  Mutisieae  is  an  unparsimonious  so-       Cichorioideae  as  the  sister  group  of  Asteroideae  is 
lution  using  morphological  data.  A  large  part  of      highly  unparsimonious  for  morphological  data, 
the  Mutisieae,  including  the  Nassauviinae,  most  of  The  Liabeae  and  the  Vernonieae  do  not  form  a 

the  Mutisiinae,  and  part  of  the  Gochnatiinae,  form  clade  in  this  study,  but  this  may  result  from  sam- 
a  monophyletic  group,  but  its  exact  circumscription  pling  problems  and  the  choice  not  to  code  ''liaboid 
requires  study.  poUen"  for  these  taxa  (as  was  done  by  Bremer, 

The  placement  of  the  genera  cannot  be  estab-       1987,  referring  to  Skvarla  et  aL,  1977). 
lished  with  certainty  because  the  most  parsimonious  Significantly,  our  results  show  the  basal  position 
cladogram  differs  from  other  alternatives  only  few  and  the  paraphyly  of  Mutisieae,  the  position  of  the 
steps  longer.  However,  aU  Mutisieae  genera  in-  Cardueae,  and  the  presence  of  the  monophyletic 
eluded  in  the  analyses  consistently  form  a  basal  group  mentioned  above,  consisting  of  the  tribes 
assemblage;  hence  there  is  no  basis  for  transfer  of      Arctotideae,  Lactuceae,  Liabeae,  and  Vernonieae, 

as  well  as  the  subfamily  Asteroideae.  Our  analyses 

did  not  focus  on  the  sister  group  relationship  o 

the  Asteroideae  but  did  indicate  that  it  is  not  to  be 

found  within  the  Mutisieae  or  the  Cardueae.  W^ 

consider  a  new  classification  based  on  this  anaiy 

premature  because  tribal  relationships  above  the 

Conclusions 
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basal  Mutisieae-Cardueae  remain  imcertain 
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Appendix  I.  Genera  used  as  terminal 

ysis  and  species  used  as  the  basis  for 

types  are  marked  with  an  asterisk  (*). 

Mutisieae-Barnadesiinae. 

oding.  Generic 

some 
idesia  Mutis  in  L.  f.:  B.  dombeyana  Less 

Muschler,  B.  parviflora  Spruce  ex  Bent! 
B.  rosea  Lindl. 

B. 
& 
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Chuquiraga  Juss.:  C  aurea  Skottsberg,  *C.  jussieui 
J.  F.  Gmel.,  C.  kingii  Ball,  C.  macrocephala  Baker,  C. 
rotundifolia  Wedd. 

Dasyphyllum  HBK:  D.  candolleanum  (Gardn.)  Cabr., 
D.ferox  (Wedd.)  Cabr.,  D-  leptacanthum  (Gardn.)  Cabr., 
Z).  reticulatum  (DC.)  Cabr.,  D.  velutinum  (Baker)  Cabr. 

Mutisieae-Gochnatiinae. 

Actinoseris  (Endl.)  Cabr.:  A.  angustifolia  (Gardn.) 

Cabr.,  *A.  radiata  (Veil.)  Cabr. 
Ainsliaea  DC:  A,  acerifolia  Sch.-Bip.,  A.  pteropoda 

DC. 

Cnicothamnus  Griseb.:  *C.  lorentzii  Griseb. 
Dicoma  Cass.:  D.  anomala  Sond.,  D,  antunesii  O. 

Hoffm.,  D.  argyrophylla  Oliv.,  D.  burmannii  Less.,  D. 
capensis  Less.,  D.  galpinii  F.  C.  Wilson,  D,  picta  (Thunb.) 

Druce,  D,  {Hochstetteria)  schimperi  (DC.)  Baill.,  *Z). 
tomentosa  Cass. 

Erythrocephalum  Benth.  in  Benth.  &  Hook,  f.:  *£". zamhesiacum  Oiiv.  &  Hiern. 

Gochnatia  HBK:  G.  argentina  Cabr.,  G.  argyrea  (Du- 
sen  ex  Malme)  Cabr.,  G.  avicenniifolia  (DC.)  Cabr.,  G. 
barrosoii  Cabr.,  G.  cordata  Less.,  G.  cowellii  (Britt.) 
Jervis  &  Alain,  G.  discoidea  (Less.)  Cabr.,  G.  microceph- 
ala  (Griseb.)  Jervis  &  Alain,  G.  paniculata  (Less.)  Cabr., 
G.  picardae  (Urb.)  Jimenez. 

Gongylolepis  R.  H.  Schomb.;  *G.  benthamiana  R, 
H,  Schomb.,  G.  paniculata  Maguire  &  Phelps. 

Hesperomannia  A.  Gray.:  *H.  arborescens  A.  Gray. 
Oldenburgia  Less.:  0.  grandis  (Thunb.)  Baill.,  *0. 

paradoxa  Less.,  O.  papionum  DC. 
Onoseris  Willd.:  O.  gnaphalioides  Muschler,  O.  odo- 

rata  H.  &  A.,  O.  onoseroides  B.  L.  Robinson,  0.  speciosa 
HBK. 

Pertya  Sch.-Bip.:  P.  glabrescens  Sch.-Bip.,  P.  phy- 
licoides  J.  F.  Jeffrey,  *P.  scandens  Sch.-Bip. 

Plazia  Ruiz  &  Pavon:  P.  daphnoides  Wedd. 
Pleiotaxis  Steetz:  *P.  pulcherrima  Steetz,  P.  race- 

mo5a  O.  HofFm.,  P.  rug^osa  O.  Hoffm. 
Stenopadus  Blake:  S.  campestris  Maguire  &  Wur- 

dack,  S.  chimantensis  Maguire,  Steyermark  &  Wurdack. 
Stifftia  Mikan:  *S.  chrysantha  Mikan. 
Wundedichia  Riedel:  W.  crulziana  Taub.,  W,  tomen- 

tosa Glaziou. 

MutisieaeMutisiinae. 

Chaetanthera  Ruiz  &  Pavon:  C.  acerosa  {Kemy ,)  Benth. 
&  Hook.,  C.  elegans  Phil.,  C  euphrasioides  Meigen,  C. 
glahrata  (DC.)  Meigen,  C.  pentacaenoides  Hauman,  *C. 
villas  a  D.  Don. 

Gerbera  L.:  G.  ambigua  (Cass.)  Sch.-Bip.,  G.  jame- 
sonii  Bolus  ex  Adiam,  *G.  linnaei  Cass. 

Hyaloseris  Griseb.:  //.  camataquensis  Hieron.  ex  Kos- 
ter,  //.  cinerea  (Griseb.)  Griseb. 

Lulia  Zardini;  *L.  nervosa  (Less.)  Zardini. 
Mutisia  L.  f.:  Af.  acerosa  Poepp.  ex  Less.,  M  acu- 

minata Ruiz  &  Pavon,  3f.  clematis  L.  f.,  M  ledifolia Decne  ex  Wedd. 

TYichocUne  Cass.:  7!  auriculata  (Wedd.)  Hieron. 

Mutisieae-Nassauviinae. 

Jungia  L.  f.:  /  axillaris  (DC.)  Sprgl,  /.  floribunda 
Less.,  /  paniculata  (DC.)  Gray, 

Leucheria  Lag.:  I.  cerberoana  Reray,  L.  floribunda 
DC.,  £.  leontopodioides  (O.  Kuntze)  K.  Schumann. 

Lophopappus  Rusby:  L.  blakei  Cabr.,  *L.  foliosus 
Rushy. 

Macrachaenium  Hook,  f.:  *ilf.  gracile  Hook.  f. 
Nassauvia  Comm.  ex  Juss.:  A^.  abbreviata  Dusen,  N. 

acero5a (Meyen)  Wedd.,  N.  darwiniiO.  Hoffm.  &  Dusen, 

N.  lagascae  Meigen,  *7V.  magellanica  Gmel. 
Trixis  P.  Browne:  T.  auriculata  Hook.,  T.  brasiliensis 

DC,  T.  cacalioides  (HBK)  D.  Don,  T.  californica  Kel- 
logg- 

Arctotideae. 

Arctotis  L.:  ̂ A.  angustifolia  L.,  A.  hirsuta  (Harv.) 
Beauv.,  A,  venusta  T.  Norl. 

Berkheya  Ehrh.:  Berkheya  represents  the  Arctoti- 
deae-Gorteriinae  (Roessler,  1959).  B.  armata  (Vahl) 

Druce,  B.  bipinnatifida  (Harv.)  Roessler  ssp.  bipinna- 
tifida,  B.  canescens  DC,  B.  heterophylla  (Thunb.)  0. Hoffm. 

Cardueae. 

Carlina  L.:  C.  acaulis  L.,  C,  corymbosa  L.,  C.  sail- 
cifolia  Cav,,  *C,  vulgaris  L. 

Carduus  L.:  C.  argyroa  Biv.,  C.  carpetanus  Boiss.  & 
Reuter,  C.  crispus  L.,  *C.  nutans  L. 

Cirsm/n  L.:  C.  pitcheri  Torr.  &  Gray,  C.  vulgareL 

Echinops  L.:  £".  angustilobus  S.  Moore,  £".  longifoUus 
A.  Rich.,  *£■.  sphaerocephalus  L.,  fi".  strigosus  L 

Saussurea  DC:  *S.  a/pi^a  L.,  S.  amabilis  Kitamura, S.  chondrilloides  C  Winkl. 

Vernonieae. 

Distephanus  Cass.:  D.  divaricatus  (Steetz)  H.  Rob- 
inson &  H.  Kahn. 

Vernonia  Schreb.  sens,  str.:  F.  g-Zaira  (Steetz)  Vatke, *F.  nova-boracensis  (L.)  Willd. 

Liabeae. 

Liabum  Adans.:  L.  igniarium  (HBK)  Less.,  L^  ̂ dagineum  (HBK)  Less.  « 

Munnozia  Ruiz  &  Pavon:  M.  hastifolia  (Poepp_  « 

Endl.)  H.  Robinson  &  R.  D.  BretteU,  M,  lanceolata  Kuiz &  Pavon,  Af.  senecionidis  Benth. 

Lactuceae. 

Hypochoeris  L.:  H.  glabra  L.,  //.  maculata  L-    ̂^ 
Lactuca  L.:  L.   canadensis  L.,  L.   muralis  L., sativa  L.  .       . 

ScoZjmu5  L.:  5.  grandiflorus  Desf.,  S.  hispan
icus  L.. 

*S.  maculatus  L, 

SoRc/iu5  L.:  5.  arven5i5  L.,  S.  cowgresms  WiUd. 
Inuleae, 

Inula  L.:  */.  helenium  L. 

Gnaphalieae. 

Helichrysum  MiU.:  /f.   arenarmm  (L.)  ̂ oench.    
 ' 

areo/um  Hilliard,  iY.  aurice/J5  Hilliard,  *//-  onen^a'^
^ 

Gaertn, 

Pluch 
eeae. 

* 

t 

Pluchea  Cass.:  P.   camphorata  DC,  P-  
to"^'^*'''"* 

I 

Oliv.  &  Hiern,  P.  odorata  Cass. ^ 
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Astereae. 

Aster  L.:  A,  simplex  Willd.,  A.  tripolium  L. 

Geissolepis  B.  L.  Robinson:  *G.  suaedaefolia  B.  L. Robinson. 

Senecioneae. 

Senecio  L.:  *5.  vulgaris  L. 

Taxa  of  uncertain  position. 

Berardia  Vill.:  *B.  subacaulis  Vill. 

Brachylaena  R.  Br.:  *fi,  neriifolia  (L.)  Less. 
Eremothamnus  0.  Hoffm.:  *E.  marlothianus  0.  Hoffra. 
Warionia  Benth.   &  Coss.:   *fr.   saharae  Benth.   & Coss. 

Appendix  II.  Characters.  The  plesiomorphic  states  are 
coded  as  0,  apomorphic  states  as  I,  2,  etc. 

1.  Habit:  woody  (0),  perennial/annual  herbs  (1). 
2.  Leaf  position:  alternate  (0),  opposite  (1),  rosulate  (2). 

17.  Floret  morphology:  bilabiate  (Fig.  2C)  or  true  rays 
(Fig.  2G)  absent  (0),  bilabiate  or  true  rays  present 
(1).  Rays  are  often  thought  to  have  evolved  from 
bilabiate  corollas,  where  the  two  ventral  lobes  are 

reduced  (Jeffrey,  1977;  Bremer,  1987,  1988),  but 

ligules  presumably  have  evolved  directly  from  acti- 
nomorphic  corollas. 

18.  Marginal  floret  sex:  hermaphroditic  (0),  female  (1), neuter  (2). 

19.  Disc  corolla  lobes:  long,  narrowly  triangular  (Fig.  3A, 
C)  (0),  short,  ±  deltoid  (Fig.  3B)  (1). 

20.  Disc  corolla  tube:  short,  thick  (0),  long,  slender  (Fig. 
3C,  Dittrich,  1977)  (1). 

21.  Disc  corolla  vein  bifurcation:  well  below  the  lobes 

(0),  adjacent  to  the  lobes  (1). 
22.  Disc  corolla  lobe  venation:  without  a  midvein  (0), 

with  a  midvein  (1). 

23.  Disc  corolla  lobe  venation:  without  thick-bundled  api- 

cal veins  (0),  with  thick-bundled  apical  veins  (1), 
24.  Long  corolla  glandular  hairs  (Fig.  4H,  cL  41):  absent 

(0),  present  (1). 
Leaves:  not  spiny  (0),  spiny  (1).  The  spinulose  leaf       25.  Corolla  hairs:  absent  (0),  simple  multicellular  with 

4. 

5. 

6. 
7. 

8. 

margms  m  many  Lactuceae  are  not  coded  as  spines. 
Leaf  trichomes:  without  woolly  hairs  (0),  with  woolly 
hairs  ("type  B"  of  Drury  &  Watson,  1966)  (1). 
Leaf  margin:  entire  (0),  serrate  to  dentate  or  pin- natisect  (1). 

Leaf  texture;  herbaceous  (0),  coriaceous,  glossy  (1). 
Leaf  shape:  ovate  to  lanceolate  (0),  broadly  obovate, obtuse-cuneate  (1). 
Leaf  veins:  even  with  leaf  surface  (0),  submerged 

Involucral  bracts:  plurlseriate  (0),  1-3  seriate  (1). 
Involucral  bract  margins:  not  scarlous  (0),  scarious 

Involucral  bract  morphology:  homogeneous  (0),  di- 
vided into  a  basal  stereome  and  an  apical  lamina  (1). 

Involucral  bract  apex:  acute  (0),  rounded,  obtuse  and ±  broad  ( 1 ). 

13.  Involucral  bract  texture/venation:  coriaceous  to  her- 

9. 

10. 

11. 

12. 

oblique  walls  (Fig.  5 A)  (1),  simple  multicellular  with 

straight  walls  (Fig.  5D,  E)  (2),  simple  multicellular, 
ultimate  cell  with  much  thicker  walls  (Fig.  5B)  (3). 

26.  Zygomorphic  marginal  floret  (rays,  bilabiate,  ligules) 

epidermal  cell  outline  (Baag0e,  1977a,  b.  1978): 
narrowly  oblong  (0),  tabular  (1),  rounded  (2). 

27.  Zygomorphic  marginal  floret  (rays,  bilabiate,  ligules) 

epidermal  cell  cuticle  ornamentation  (Baagee,  1977a, 

b,  1978):  none  (0),  transversely  striate  (1),  longi- 

tudinally striate  (2),  intestinelike  (H.  V.  Hansen,  Co- 
penhagen, unpublished)  (3). 

28.  Zygomorphic  marginal  floret  (rays,  bilabiate,  ligules) 

epidermal  cell  surface  (Baagee,  1977a,  b,  1978): 
flat  (0).  crested  (1),  papillose  (2). 

29.  Apical  anther  appendage  length:  at  least  three  times 

as  long  as  wide  (Fig.  7A,  B)  (0),  at  least  twice  as 

long  as  wide  (Fig.  7C)  (1),  up  to  twice  as  long  as 
wide  (Fig.  7D)  (2), 

14. 
15. 

baceous.  thick,  venation  inconspicuous  (0),  thin,  with       30.   Apical  anther  appendage  outline:  rounded  to  acute several  parallel  veins  (1). 

16. 

Receptacle:  epaleate  (0),  paleate  (1).  31. 
Floret  dimorphism:  absent  (0).  present  (1).  We  in- 
terpret  the  occurrence  of  two  kinds  of  florets  in  the  32. 

s^me  head  as  a  synapomorphy,  regardless  whether 
^he  florets  are  rays,  actinomorphic,  bilabiate,  etc.  33. ^mce  the  Barnadesiinae  vary  in  this  instance,  the 
condition  in  adjacent  outgroups  was  taken  into  con- 

sideration (Watrous  &  Wheeler,  1981;  Maddison  et 
al-.  1984).  It  is  important  to  remember  that  the 
Asleraceae  heads  are  inflorescences,  and  as  such  are 
comparable  to  other  inflorescences.  The  different  kinds 
of  florets  are  distinguished  in  the  multistate  character 
*^-  semicircular  to  elliptic  inner 

Marginal  ̂ central   floret   organization:    only   actino-       34.  Endothecial  cell  wall  thicker 

(0),  acuminate  to  apiculate  (1). 

Filament  collar  cell  wall  thickenings  (King  &  Rob- 

inson, 1987;  Fig.  7F):  absent  (0),  present  (1). 

Apical  anther  appendage  texture:  sclcrified  (0),  non- sclerified(I),  soft  (2). 

Endothecial  cell  wall  thickening  organization:  on  the 

lateral  walls  (radial,  Fig.  8D;  Dormer,  1962;  Nor- 

denstam,  1978,  Vincent  &  Getliffe,  1988;  Thidc, 

1988)  or  with  transverse  bandb  (Fig.  8B)  (0);  with 

thickenings  on  the  cell  ends  (polarized,  with  or  without 
vertical  bands,  Robinson,  1977;  Fig.  8A,  C,  at  the 

edge  of  the  pollen  sacs)  (1),  without  thickeningh  (2), 

ngular 
35. 

36. 

niorphic  (0),  bQabiate/actinomorphic  (Fig.  2C/A)  (1), 
Wabiate/bilabiate  (Fig.  2C/C)  (2).  true  rays/acti- 
nomorphic  (Fig.   2G/A)  (3),  ligules  (Fig.   2F)  (4), 
J^rterunae-rays/actinomorphic  (Fig.  2B/A)  (5),  tu- 
^^Jlar /actinomorphic  (Fig.  2D/A)(6).  This  multistate Character  is  formulated  in  such  a  way  as  to  separate 
l^discoid  heads  into  distinct  groups.  Actinomorphic 
<«^ply  5-lobed  corollas  (Fig.  3A.  C)  are  interpreted 
••  plesiomorphic,  following  Bremer's  (1987)  argu-  38. 
®^l.  Gorteriiiiae-rays  (Fig.  2B)  are  an  autapomor- 
Pny  for  the  Arctotideae-Gorteriinae  (Bremer,  1988).      39. 

37. 

ized  (0),  with  vertical  bands  (1), 

Endothecial  cell  wall  thickening  organization:  radial 

(0),  with  transverse  bands  (1). 

Anther  thecae  base  morphology  (Robinson,   1983; 

Bremer,   1987):  calcarate  (0),  ecalcaralc  (Fig.  68) 

(1). 
Anther  thecae  base  morphology  (Robinson,   1983; 

Bremer,  1987):  ecaudate  (0),  caudate  (1). 

Filament  collar;  inconspicuous  or  absent  (0),  con- 

spicuous (Figs.  6B.  7E)  (1),  swollen  (2). 
Filament  surface:  smooth  (0),  papillose  or  hairy  (1). 
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40 runnin 

interrupted  (0),  in  distinct  groups  without  connection 
in  between  (1). 

41.  Pollen  exine  (Leins,   1971;  Skvarla  et  al.,   1977; 
ilick,  1978):  ecaveate  (0),  caveate  (1). 

44 

46 

til 

cleft  (Fig.  4A)  (2),  short,  narrowly  ovoid  (myxogenic) 
(Fig.  4C-G)  (3). 

59,  Cypsela  glands:  biseriate  with  a  collapsing  head  (0), 
compact,  persistent,  uni-  or  biseriate,  generally  with 
a  spherical  ultimate  cell  (Fig.  12)  (1). 

42,  Pollen  surface:  smooth  (0),  granular  (1),  spiny  (2).        60.  Cypsela  vein  union:  below  the  base  (Fig.  lOB)  (0), 
43.  Pollen  surface  sculpturing:  smooth  to  echinate  (0), at  the  base  (Fig.  lOA,  E)  (1). 

61.  Cypsela  vein  number:  5-10  (Fig.  lOB,  E)  (0),  2-3 
(Fig.  10A)(1). 

lophate  to  echinolophate  (1). 
exine 

1977):  unperforated  (0),  with  internal  foramina  (1).      62.  Cypsela  epicarp  crystals  (Anderberg,  1982,  1989): 
45.  Style  branch  length:  short  (Fig.  9H,  I)  (0),  long  (Fig- absent  (0),  present  (1). 

9F,  G)  (1).  Some  genera  in  the  Cardueae  have  clearly      63,  Testa  (Grau,  1980;  Dittrich  1977):  persistent,  often 
secondarily  fused  style  branches  and  have  been  coded 
as  having  long  branches. 
Style  apex  outline:  rounded  (0),  tapering  gradually 
toward  the  top  (Fig.  9F)  (1),  truncate  (Fig.  9E)  (2).      65 

47.  Stigmatic  surface:  entire  (0),  in  two  apically  confluent 
lines  (1),  in  two  separate  lines  (2). 

48.  Stylar  sweeping  hair  shape:  styles  papillose  or  without 
sweeping  hairs  (0),  broad,  obtuse  (Fig.  9C,  E)  (1), 
broad,  acute  (Fig.  9D)  (2),  narrow,  acute  (Fig.  9B) 
(3),  narrow,  obtuse  (Fig.  9A)  (4). 

49.  Stylar  sweeping  hair  position:  without  sweeping  hairs 
(0),  reaching  below  the  bifurcation  (1),  ±  covering 
the  abaxial  surface  of  style  branches,  not  reaching 
below  the  bifurcation  (2),  in  a  subapical  tuft  of  style 
branches  (3),  in  an  apical  tuft  (4),  in  a  ring  below 
the  bifurcation  (5). 

50.  Style  branch  veins:  very  thick  (Fig.  9G,  H)  (0),  nar- 
row (9F)  (1).  66 

51.  Style  base:  not  swollen  (0),  swollen  (1). 
52.  Style  apex:   as  wide  as  the  rest  of  the  style  (0),       67 

conspicuously  thickened  (1).  68 
53.  Style  apical  appendage:  absent  (0),  present  (1). 
54.  Cypsela  shape:  terete  to  prismatic  (0),  compressed      69 

(1). 
55.  Cypsela  carpopodium  (Fig.  lOA,  D,  E):  absent  (0), 

present  (1). 
56.  Cypsela  pericarp:  not  rugose  (0),  rugose  (1). 
57.  Cypsela  epicarp  papillae  arrangement:  papillae  ab- 

sent or  individually  arranged  (0),  finlike  (Fig.  IIB)      72 

(1). 
58.  Cypsela  twin  hairs:  absent  (0),  ±  long  (1),  deeply 

reinforced  (0),  collapsed  (1). 

64.  Testal  epidermis  strengthening  pattern  (Grau,  1980): 
none  or  diffuse  (0),  stalagmitehke  (1). 

Pappus:  terete  bristles  with  unicellular  hairs  (0),  true 
bristles,  or  bristlelike  scales  (1).  The  Barnadesiinae 

pappus  consists  of  terete  bristles  with  unicellular  hairs 
with  a  basal  cell,  exactly  like  those  on  florets  and 

fruits  as  well.  They  therefore  have  a  superficial  re- 

semblance to  plumose  bristles  that  are  found  in  var- 
ious tribes  in  the  family.  The  Barnadesiinae  bristles 

also  seem  to  be  of  quite  another  texture  than  the 

bristles  in  the  rest  of  the  family.  It  is  possible  that 

they  are  of  another  origin  than  the  pappus  bristles 
outside  the  Barnadesiinae,  and  the  conclusion  is  that 

true  bristles  is  an  evolutionary  novelty  for  the  m- 

group.  Most  of  the  pappus  characters  are  therefore scored  as  inapplicable  in  the  outgroup. 

Pappus  bristle  margins:   scabrid  to  barbellate  (0), plumose  (1). 

Pappus  base  fusion:  present  (0),  absent  (1). 

Pappus  setae  cell  thickenings  (Karis,  1989):  absent 
(0),  present  (1). 

Pappus  bristle  teeth  organization  (Karis,  1989,  1990): 

of  one  cell  (0),  of  the  top  of  one  cell  together  with 

the  base  of  the  adjacent  marginal  cell  (Fig.  HA)  (j)- 

Pappus  element  dimorphism:  absent  (0).  present  (l). 
Laticiferous  tissue  (Col,   1899-1901):   absent  (0), 
present  (1),  with  latex-resin  (2). 

Chemistry:  benzofurans  and  benzopyrans  absent  (0), 

present  (Proksch,  1985;  Proksch  &  Rodrigues,  1983) 

(1). 
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Abstract 

Complete  nucleotide  sequences  of  the  r6cL  gene  were  obtained  for  25  species  of  Asteraceae  representing  15  of 

the  currently  recognized  tribes  and  three  outgroup  families.  A  total  of  345  variable  nucleotide  positions  was  identified, 

170  of  which  were  phylogene  tic  ally  informative.  Phylogenetic  analyses  of  the  rbcL  data  generated  eight  equally 

parsimonious  trees  with  a  consistency  index  of  0.47.  Three  major  monophyletic  clades  that  correspond  to  the  subfamilies 

Barnadesioideae,  Cichorioideae,  and  Asteroideae  were  identified  in  the  most  parsimonious  cladograms;  however,  support 
for  these  groups  was  not  strong.  Relationships  among  tribes  were  not  supported  strongly  except  for  the  close  affinity 

of  the  Tageteae,  Coreopsideae,  Heliantheae,  and  Eupatorieae.  These  results  are  congruent  with  chloroplast  UNA 
restriction  site  comparisons  with  respect  to  the  subfamilial  circumscription  in  the  Asteraceae  and  the  sister  group 

relationship  of  the  Heliantheae  and  Eupatorieae.  In  contrast,  morphological  cladograms  indicated  the  paraphyiy  ot 
the  Cichorioideae  and  a  closer  relationship  of  the  Eupatorieae  to  the  Astereae.  Parsimony  analyses  were  also  performed 

on  data  sets  combining  rbcL  and  cpDNA  restriction  site  mutations  and  DNA  and  morphological  characters.  These 

phylogenies  provide  moderate  to  strong  support  for  the  monophyly  of  the  Asteroideae  and  Cichorioideae  and  the 

sister -group  relationship  of  the  Eupatorieae  and  Heliantheae.  Comparisons  of  trees  generated  from  restriction  site  ana 

sequence  data  also  indicate  that  cpDNA  restriction  site  daU  from  the  entire  chloroplast  genome  are  more  useful  for 

phylogenetic  studies  in  the  Asteraceae  than  sequences  from  the  highly  conserved  rbcL  gene.  This  is  due  to  the 

sampling  of  more  sequence  variation  in  the  restriction  site  comparisons  and  the  higher  incidence  of  homoplasy  m  the 
sequence  data. 

Recent  studies  of  phylogenetic  relationships  of  Asteraceae    phylogenetic    trees    generated    Irom 

the  Asteraceae  at  higher  taxonomic  levels  using  cpDNA  restriction  site  and  morphological  data  are 

both  chloroplast  DNA  (cpDNA)  (Jansen  &  Palmer,  congruent  in  three  areas:  (1)  the  Barnadesioideae 

1987a,  1988;  Jansen  et  al.,  1990,  1991a,  b;  Kee-  are  the  sister  group  to  the  rest  of  the  family;  (2) 

ley  &  Jansen,   1991;  Watson  et  aL,   1991)  and  the  Asteroideae  are  monophyletic;  and  (3)  14  o 

morphological  (Bremer,  1987;  Harris,  1991;Karis  the  17  currently  recognized  tribes  (Jansen  et  al, 

etal.,  1992)  data  have  clarified  many  controversial  1991b)  are  monophyletic.  The  primary  incongru- 
systematic  issues  involving  this  large  angiosperm  ence  between  morphology  and  cpDNA  conce 

family.  Both  rbcL  sequence  data  (H.  Michaels  et  the  placement  of  the  tribe  Eupatorieae  and  the 

ah,  unpublished;  Jansen  et  al.,  1991b)  and  mor-  monophyly   of  the   Cichorioideae.   Morphological 

phology  (Harris,  1991)  provided  strong  evidence  trees  (Bremer,  1987)  placed  the  Eupatorieae  clos- 
that  the  Calyceraceae  and  Goodeniaceae  are  sister  est  to  the  Astereae  and  indicated  that  the  L.ic 

taxa  of  the  Asteraceae.  This  finding  appears  to  rioideae  are  paraphyletic.  In  contrast,  cpUlNA 
resolve  a  phylogenetic  controversy  that  has  puzzled 

synantherologists  for  over  150  years.  Within  the striction  site  studies  (Jansen  et  al.,  1990,  1        ' 

K.-J.  Kim,  B.  Turner  and  R.  Jansen,  unpublished; 
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t 

mdicated  that  the  Eupatorieae  are  most  closely  coding  regions  at  the  3'  and  5'  end  of  the  gene 
allied  to  the  Heliantheae  and  that  there  is  moderate  (Fig.  1).  Restriction  fragments  containing  rbcL  were 
support  for  the  monophyly  of  the  Cichorioideae.  excised  from  1.2%  Sea-Plaque  low  melting  tem- 

In  this  paper  we  present  the  results  of  phylo-  perature  agarose  (FMC)  and  ligated  directly  to 
genetic  analyses  of  sequences  of  the  chloroplast  BamHI/SacI-  digested  bacteriophage  Ml3mpl8 oding 

DNA  or  the  phagemid  pBlueScript  II  (Stratagene), 

bisphosphate  carboxylase/oxygenase  {rbcL)  from  The  entire  cloned  fragment  was  sequenced  by  the 
25  species  of  Asteraceae  and  three  outgroup  fam-  dideoxy  chain  termination  method  (Sanger  et  al., 
ilies.  This  gene  is  currently  being  used  to  examine  197?)  using  Sequenase  (US  Biochemicals)  and  a 
evolutionary  relationships  in  a  wide  diversity  of 

uni 

plant  groups.  Several  studies  have  demonstrated  versalprimersfor  MlSmplS  DNA  andpBlueScript 
the  potential  of  rbcL  for  resolving  phylogenetic  II  (Fig.  1).  Nine  of  the  synthetic  primers  (provided 
relationships  at  the  interfamilial  level  (Olmstead  et  by  G.  Zurawski,  DNAX)  were  based  on  the  rbcL 
al,  1992;  Donoghue  et  al.,  1992),  but  its  utility  sequences  of  maize  and  spinach,  and  the  others 

1 

exaxnined Connecticut 

examme 

in  the  Poaceae  and  Saxifragaceae  (Doebley  et  aL,  Biotechnology  Center  using  sequences  from  the 
lyyO;  Soltis  et  al.,  1990).  In  the  study  of  grasses  Asteraceae.  The  MlSmplS  clones  were  sequenced 
(Doebley  et  al.,  1990),  insufficient  sequence  vari-  fromsingle-strandedDNA, andpBlueScript II clones 
ation  was  encountered  to  decide   reliably  among  were  sequenced  from  double-stranded  template.  Al- 
alternative  tree  topologies.  The  goals  of  our  study  though  sequences  were  obtained  for  a  single  strand 

only,  the  sequence  data  are  accurate  because  we 

teraceae  to  provide  additional  characters  for  re-  used  cloned  single  or  double  stranded  template  and 
solving  incongruencies  between  phylogenies  gen-  because  the  14  sequencing  primers  (Fig.  1)  have 
erated    in    previous    morphological    and    cpDNA  considerable  overlap. 
restriction  site  studies:  (2)  to  perform  phylogenetic  Sequences  were  aligned  manually  and  only  the 
comparisons  of  combined  DNA  and  morphological  coding  region  up  to  1428  basepairs  (bp)  was  used 

characters  to  provide  a  comprehensive  and  broadly  in  phylogenetic  analyses  because  of  length  muta- 
based  assessment  of  evolutionary  relationships  in 

noncodin th 
Kim,  R.  Jansen  &  R.  Wall e  Asteraceae;  and  (3)  to  evaluate  the  utility  of      regions  (K.-J. 

cpDNA  restriction  site  and  rbcL  sequence  data  for      published).    Phylogenies   were   constructed   using 

phylogenetic  comparisons  at  the  intrafamilial  level.      parsimony,  and  the  most  parsimonious  trees  were 
searched  for  on  a  Macintosh  Ilex  using  PAUP 

version  3.0q  (developed  by  D.  Swofford)  with  the 
Reconnection 

Materials  and  Methods 

We  obtained  complete  sequences  of  rbcL  for 
species  of  Asteraceae  and  two  closely  related 

outgroup  families  (Appendix  1).  Data  for  two  taxa       attempt  to  locate 
i^tcotiana  tabacum  and  Flaveria  trinervia)  come      (Maddison,  1991). 
from  previously  published  reports  (Shinozaki  et  al..  The  bootstrap  method  (Felsenstein,  1985)  was 

options.  One  hundred  random  entries  of  the  data 

were  performed  for  all  phylogenetic  analyses  in  an 

parsmiomous 

reliabil 
estimates 

1986;  Hudson  et  aL,  1990).  Species  names  and 
voucher  information  for  all  taxa  examined  except    
^^chorium  intybus  L.  are  provided  in  Jansen  &  using  parsimony  and  the  TBR  option  (without  niul- 
Palmer  (1987a)  and  Jansen  et  al.  (1990,  1991a).  pars)  of  PAUP.  The  topological  constraints  option 
he  new  sequences  have  been  submitted  to  Gen-  ^.   

Jank  and  may  also  be  obtained  directly  from  R.  additional  steps  required  to  break  up  the  mono- 

number 

Jans 

cloning  strategy  was  employed  for  generating 
phyly  of  selected  groups. 

sequence 

ooted  using 

Solanaceae 

thod todeniaceae.  The 

t^almer  (1986).  Previous  restriction  site  compari-       relationship  of  the  latter  family  is  supported  by 
sons  within  the  Asteraceae  identified  two  conserved       recent  comparisons  of  rbcL  sequences  (Jansen  et 

uced 

BamHl  and  Sad  (Jansen  &  Palm 
nsen,  unpublished  data).  These 

al.,   1991b;  H.  Michael  et  al.,  unpublished)  and 

inflorescence  and  floral  development 

(Harris,  1991). 

'*'ned  the  entire  rbch  geuc  and  associated  non-  The  rhcL  sequence  data  were  combined  with 

^ 
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Figure  1 .     Cloning  and  sequencing  strategy  for  rbcL.  BamHI  and  Sad  restriction  sites  used  in  cloning  strategy 
are  indicated.  Arrows  show  the  location  of  the  1 4  overlapping  primers  used  in  dideoxy  sequencing. 

data  derived  from  cpDNA  restriction  site  mutations  identified  and  73,  45,  and  227  of  these  occurred 

(Jansen  et  al.,  1990,  1991a)  and  morphology  (Bre-  at  the  first,  second,  and  third  codon  positions,  re- 

mer,  1987).  The  combined  data  set  for  rbcL  se-  spectively.  Of  the  variable  positions,  170  were  phy- 
quences  and  restriction  site  mutations  included  a  logenetically  informative  (Appendix  1).  The  ratio 

single  species  from  each  of  22  genera  representing  of  informative  mutations  by  codon  position  was  39 : 

1 5  tribes  of  Asteraceae  (Appendix   1 ,  asterisks).  18:  113.  Parsimony  analyses  of  the  phylogeneti- 
One  restriction  site  mutation  (number  235  in  Jan-  cally  informative  base  substitutions  resulted  in  eight 

sen  et  al.,    1990)  was  excluded  in  phylogenetic  equally  parsimonious  trees  of  704  steps  (including 

analyses  of  this  combined  data  set  because  it  occurs  autapomorphies)  and  a  consistency  index  of  0.4 

morphology  and  (excluding  autapomorphies).  The  strict  consensus DNA  data  set  included  17  taxa  (Appendix  1,  plus  tree  is  shown  in  Figure  2. 

signs)  representing  1 5  tribes.  All  analyses  of  the  The  rbcL  data  do  not  provide  strong  support 

ihted  parsimony  for  most  clades  as  indicated  by  the  low  bootstrap 

and  the  Barnadesieae  as  the  outgroup  (Bremer,  percentages  (Fig.  2).  The  amount  and  distribution 

Th 

unwei 

1987;  Jansen  &  Palmer,  1987b,  1988;  Jansen  et 

al.,  1991b).  Copies  of  both  combined  data  sets  are 
available  from  R.  Jansen. 

Results 

PHYLOGENETIC  ANALYSES  OF 

RBCL  SEQUENCES 

of  homoplasy  is  the  most  likely  explanation  f
or  this 

result.  An  overall  consistency  index  of  0.47  is 

particularly  low  for  a  data  set  vnth  28  taxa  (sa 

derson  &  Donoghue,  1989);  however,  a  mor
e  de- 

tailed examination  of  the  distribution  of  homoplasy 

in  rbcL  characters  showed  that  78%  of  the  p  y 

logenetically  informative  base  substitutions  exh 

homoplasy.  Furthermore,  examination  of  the  n 

her  of  character  state  changes  over  the  three  c 

positions  (Fig.  3)  showed  a  similar  pattern  at 
of  this  length  variation  occurs  at  the  3'  end  of  the      first,  second,  and  third  codon  positions.  It  is  ?^[' 

ticularly  noteworthy  that  the  second  codon  po  ̂ 

tion,  in  which  all  base  substitutions  result  in  anun 
.    .     ̂   y     -      acid  changes,  has  the  highest  percentage  o 

sequence  data  were  truncated  at   1428  bp,  the      moplastic  mutations  (90%;  18  of  20  changes  a 
shortest  length  of  rbcL  in  the  family.  homoplastic).  , 

A  total  of  345  variable  nucleotide  positions  was  In  spite  of  these  problems,  the  rbcL  tree  d 

The  length  of  the  rbcL  coding 
Asteraceae  is  1428,  1431,  1434,  or  1458  bp.  AU 

gene  and  is  due  to  small  insertions/deletions  and 

Wallace,  un 
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f   ̂ ^t'"^  ̂'     ̂ ^"'^^  consensus  tree  of  eight  equally  parsimonious  trees  based 
0  rbcL,  1 70  of  which  are  phylogenetically  informative  (Appendix  1 ).  Numbers mutations  supportine  each  monoohvletic  eroun.  Numbers  below  nodes  ii 

circumscripti 

provide  some  resolution  of  phylogenetic  relation- 
'Ps  m  the  Asteraceae.  The  tree  provides  moderate 

tribe 

species  were  examined  are  monophyletic  except 

support  for  an  initial  dichotomy  separating  the  Bar-  the  Heliantheae  and  Eupatorieae  (Fig.  2).  One  ge- 

nadesieae  from  the  remaining  tribes  of  Asteraceae,  nus  of  the  Heliantheae  (Flaveria)  forms  a  strongly 

and  this  group  occurs  in  79  of  the  100  bootstrap  supported  monophyletic  group  with  the  Tageteae 

f^epUcates  (Fig.  2).  AUhough  both  the  subfamilies  (seven  synapomorphies  and  95%  of  the  bootstrap 
Asteroideae  and  Cichorioideae  are  monophyletic  in  replicates).  Only  one  tribal  grouping  is  well  sup- 

^e  most  parsimonious  trees,  statistical  support  for  ported,  the  Tageteae,  Coreopsideae,  Heliantheae, 
*neir  monophyly  is  weak  (48%  and  30%,  respec- and 

base 

^i    _        . 
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substitutions,  and  it  occurs  in  82%  of  the  bootstrap  ence  between  morphological  and  cpDNA  restriction 
replicates  (Fig.  2).  All  other  tribal  clades  in  both  site  phylogenies  concerned  the  placement  of  the 
subfamilies  are  supported  by  fewer  synapomor-  Eupatorieae.  The  rbcL  tree  is  in  agreement  with 

phies,  and  they  occur  in  less  than  50%  of  the  the  restriction  site  data,  which  place  the  Eupato- 
bootstrap  replicates.  rieae  close  to  the  Heliantheae.  The  fact  that  eight 

Three  of  the  tribal  groupings  in  the  rbcL  tree  additional  steps  are  required  to  group  the  Eupa- 
are  incongruent  with  tribal  relationships  suggested  torieae  with  the  Astereae  as  suggested  by  Bremer 
in  previous  phylogenetic  studies  of  the  Asteraceae  (1987)  provides  additional  convincing  evidence  in 
using  morphology  (Bremer,    1987;  Karis  et  al.,  favor  of  their  strong  phylogenetic  affinity  with  the 
1 992)  or  cpDNA  restriction  site  mutations  (Jansen  Heliantheae. We 

formed 
PHYLOGENETIC  ANALYSES  OF 

COMBINED  DATA  SETS 
sequence  data  by  determining  the  number  of  ad- 

ditional steps  required  to  fit  the  sequence  data  to 

the  ahernative  tribal  groups  in  the  other  data  sets.  rbcL  sequences  and  chloroplast  DNA  restrk- 
Restriction  site  studies  provided  moderate  support  tion  site  mutations.      The  combined  rbcL  and 
for  the  monophyly  of  the  subfamily  Cichorioideae  cpDNA  restriction  site  data  set,  which  included  a 
(Jansen  et  al.,  1990,  1991a),  whereas  morpholog-  single  species  of  each  of  22  genera  representing 
ical  data  (Bremer,  1987;  Karis  et  al.,  1992)  in-  15  tribes  of  Asteraceae  (Appendix  1,  asterisks), 

dicate  that  this  is  a  paraphyletic  group.  Only  one  consists  of  498  characters  (170  rbcL  base  substi- 
additional  step  is  required  to  force  the  paraphyly  tutions  for  28  taxa  (this  paper)  and  328  cpDNA 
of  the  Cichorioideae  in  the  sequence  data.  This  restriction  site  mutations  for  57  taxa  (Jansen  et 
result,  combined  with  the  fact  that  this  group  oc-  al.,  1990)).  The  elimination  of  taxa  that  were  not 
curs  in  only  30  of  the  100  bootstrap  replicates  shared  among  the  two  data  sets  reduced  the  number 
(Fig.  2),  suggests  that  the  sequence  data  provide  of  phylogenetically  Informative  characters  for  the 
weak  support  for  the  monophyly  of  the  Cichorioi-  22  taxa  held  in  common  to  278  (169  restriction initial 

site  mutations  and  109  sequence  positions 

).  Phy- 

1990,  1991a)  and  morphological  (Bremer,  1987)  logenetic  analyses  resulted  in  two  equally  pars'" 
studies  supported  a  sister-group  relationship  of  the  monious  trees  of  634  steps  and  a  consistency  index 
tribes  Liabeae  and  Vernonieae,  more  recent  mo-  of  0.50.  A  strict  consensus  tree  (Fig.  4)  shows  that 
lecular  (Keeley  &  Jansen,  1991)  and  morpholog-  the  two  trees  differ  in  the  relative  placement  of  tW ical  (Karis  et  al.,  1992)  data  cast  some  doubt  on 

tribe  Liabeae  in  the  Cichorioideae.  In  one  ol 

tribe  of 

xneir  ciose  relationship.  I  he  rbcL  tree  (Fig.  2)  does  shortest  trees  the  Liabeae  are  the  sister 

not  support  a  sister-group  relationship  for  the  Lia-  the  Mutisieae  and  Vernonieae,  whereas  in  the  sec- 
beae  and  Vernonieae,  and  forcing  their  monophyly  ond  equaUy  parsimonious  tree  the  Liabeae  are  po^ 
requires  four  additional  steps.  Another  incongru-  sitioned  outside  the  clade  that  includes  the  tribe* 

> 

) 
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Figure  4.     Strict  consensus  tree  of  two  equally  parsimonious  Wagner  trees  based  on  498  cpDNA  restriction  site 
Numbe 

ccurredin  100  boot 
ansen  et  al..  lOQit 

Numbe 

Cardueae,  Arctoteae,  Mutisieae,  and  Vernonieae.       The  level  of  support  for  the  monophyly  of  the  two 

subfamilies  is  similar  to  that  found  in  the  Dollo 

analysis  of  cpDNA  restriction  site  characters  alone 

(Jansen  et  al.,  1990).  Wagner  parsimony  analysis 

of  restriction  site  data  for  57  taxa  resulted  in  only 

weak  support  for  the  monophyly  of  the  Cichorioi- 

deae;  the  subfamily  was  present  in  only  rieht  of 

Y»us  m  the  strict  consensus  tree  (Fig.  4)  relation- 
ships among  all  five  of  these  cichorioid  tribes  are 

esolved.  Both  equally  parsimonious  trees  indi- 
^^^e  the  same  relationships  among  tribes  in  the Asleroideae. 

The  tree  from  the  combined  cpDNA  data  sets 
provides  considerable  support  for  the  monophyly 

^  both  the  subfamilies  Cichorioideae  and  Asteroi- 
eae  (Fig.  4),  Both  subfamilies  are  characterized 

and 
The 

Wagn 

bootst 
moderate case  only  a  singl 

requires  two  (636  total  steps)  and  four  (638  total 
^/^ps)  additional  steps  to  force  the  paraphyly  of 

Gchorioideae  and  Asteroideae,  respectively. 

most  parsimonious  tree  with  411  steps  (mriuding 

autapomorphies)  and  a  CI  of  0.56  (excluding  aut- 

apomorphies)  is  gencratexl  (not  sliuwn).  TIaus,  in 

the  combined  cpHNA  data,  support  fw  the  mono- 
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Mutisieae 

Vernonieae 
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Barnadesieae 

3 

Asteroideae 

2 

Cichorioideae 

1 

]]Barnadesioidea
e Figure  5.     Single  most  parsimonious  tree  based  on  the  combined  data  set  of  579  DNA  and  morphologica 

characters,  235  of  which  were  phylogenetically  informative.  Numbers  above  nodes  indicate  the  number  of  character 

supporting  a  monophyletic  group.  Numbers  below  nodes  indicate  the  number  of  times  that  a  monophyletic  gro  p 

occurred  in  100  bootstrap  replicates.  Brackets  show  the  subfamilial  circumscriptions  in  the  Asteraceae  (sensu  Janse 

et  al.,  1991a,  b).  Abbreviations  for  the  two  lineages  in  the  Senecioneae  and  Cardueae  are:  Blerm.  =  Blennospermatmae, 
Senec.  =  Senecioninae,  Echin.  =  Echinopsideae,  and  Card.  =  Cardueae. 

phyly  of  the  Cichorioideae  is  enhanced  even  when  restriction  site  mutations  for  57  taxa  (Janse 

all  characters  are  weighted  equally.  al.,   1990),  and  81  morphological  characters 

Within  the  Asteroideae  several  tribal  groupings  29  taxa  (Bremer,  1987)).  The  elimination  of  taxa 

are  evident  in  the  tree  produced  by  the  combined  that  were  not  shared  among  all  three  data 
j^,.^   Ti  :   ■    1   1  ii,„   1 —  „f  r,i,,,i,-.,Tonptirallv  informa^ sequence 

that  the  clade  including  the  Tageteae,  Coreopsi-  tive  characters  to  235  (93  sequence  characte  ̂  

deae,  Heliantheae,  and  Eupatorieae  is  supported  108  restriction  site  changes,  and  34  morpnoog 

strongly  since  this  group  had  substantial  support  features)  because  344  characters  became  au   v 
when  these  data  sets  were  analyzed  separately  (Fig.  morphic  or  invariant. 

2  and  Jansen  et  al.,  1990).  Bremer's  (1987)  mor-  Phylogenetic  analyses  resulted  in  one  "^^^|^P^J^' phologically  based  cladistic  analysis  suggested  that  simonious  tree  with  55; 
theEupatorieaearethesistertribeof  the  Astereae.  index  of  0.49  (Fig.  5). The 
This  is  very  unlikely  because  28  additional  steps 
(662  total  steps)  are  required  to  constrain  the 
monoDhvlv  of  these  two  tribes. 

simil 

The 

d 

DNA  and  morphology.  The  combined  DNA 

and  morphology  data  set  included  17  taxa  (Ap- 
pendix 1 ,  plus  signs)  and  579  characters  (1 70  rbch 

characters  for  28  taxa  (this  paper),  328  cpDNA 

logeny  shows  the  strongest  support  yet  o 

the  monophyly  of  the  Cichorioideae  
and 

oideae.  Both  subfamilies  have  numerous  syn
ap^ 

fo 

bootstrap 
i 

intervals  (86%  or  100%).  Furthermore,  fou
r  a"^ 

ten  additional  steps  were  required  to  tore 
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paraphyly  of  the  Cichorioideae  and  Asteroideae,       phological   and   cpDNA   restriction  site   data,   in 
respectively. agreement  with  phylogenetic  comparisons  of  the 

Several  tribal  clades  are  evident  in  the  combined  complete  data  sets  (Bremer,  1987;  Jansen  et  al., 

DNA  and  morphological  phylogeny  (Fig.  5).  Mono-  1990,    1991a).  In  this  case  six  additional  steps 

phyly  of  the  clade  that  includes  the  Tageteae,  Core-  were  required  to  force  the  monophyly  of  this  sub- 
opsideae,  Heliantheae,  and  Eupatorieae  is  strongly  family  using  the  reduced  sequence  data  set.  This 

supported  by  29  synapomorphies,  and  this  group  is  surprising  because  the  Asteroideae  were  mono- 
occurs  in  100%  of  the  bootstrap  replicates.  Within  phyletic  in  the  most  parsimonious  trees  generated 

this  clade  the  sister-group  relationship  of  the  Eu-  from  the  complete  rbcL  data  set.  Tribal  groupings 

patorieae  and  Heliantheae  is  evident  (13  synapo-  in  trees  generated  from  each  of  the  three  reduced 

morphies  and  98%  bootstrap  confidence  interval).  data  sets  were  very  similar  to  those  depicted  in 

Forcing  the  monophyly  of  the  Eupatorieae  and  comparisons  including  all  taxa.  Most  of  the  incon- 
Astereae  requires  32  additional  steps.  There  is  also  gruence  occurred  in  groups  that  were  only  weakly 

supported  in  the  original  data  sets. 

Discussion 

overwhelming  support  for  the  close  affinity  of  two 
lineages  in  the  Cardueae  (Cardueae  and  Echinop- 
sideae)  (20  synapomorphies  and  98%  confidence 
interval)  and  Senecioneae  (Senecioninae  and  Blen-  phylogenetic  IMPLICATIONS  OF 
nospermatinae)  (35   synapomorphies   and    100%  rbcl  SEQUENCES 
confidence  interval).  Less  stronely  supported  groups  . ,  ,    .        r     -r  i 

include  the  Mutisieae  and  Vernonieae  (eight  syn-  ̂ he  rbcL  data  prov.de  some  resolution  of  tribal 

apomorphies  and  45%  confidence  interval)  and  the  relationships  in  th
e  Asteraceae;  however,  support 

Arctoteae  and  Cardueae  (including  Echinopsideae)  ̂ ^  ̂ ^"^  8^°"?^  '^  limited.  The  sequence  data  alone 

(1 5  synapomorphies  and  75%  confidence  interval).  ̂ ^  ̂^'  P'^'''^'  fT^  ̂^'^^^"^^  ̂ °  '^'"\  "°f  °^ 

Parsimony  analyses  that  constrain  the  monophyly  '^'  ̂ ^ T'  ̂ ^'^^T't  TT',  H      '  th'.  XT 

of  the  Liabeae  and  Vernonieae  generate  three  trees  "^^'^^  '^-^^  '^^  [^"^■'y-  ̂  '"^^^  '^'^'^  "  '^^^ ̂'^ with  S=id.  ct^„    /*         .1  1  I  phvlogeny  show  substantial  congruence  with  ttiose 
wiin  Dt>4  steps  (two  steps  loneer  than  the  most  i>"y"^B^"y  -    •         •.  ■     „^ 

parsimonious  tree)  indicated  m  cpDNA  restriction  site  comparisons 

The  reduction  m  the  number  of  taxa  in  the  (J^^"  ̂ '  ̂̂ •'  ̂ f ''   ''uY^-  Yt''"'rBremr 
combined  DNA  and  morphology  data  set  could  r^TrrJ'^'  ToZ'^  xtf  rZ^TZl affect  the  outcome  of  the  phylogenetic  analyses. 1987;  Karis  et  al.,  1992).  Thus,  we  believe  that 

Furthe  more  ;;;:"-  th      P"^'°^^"^"'  ""^N  A       it  is  best  to  consider  the  implications  of  the  rbcL rmermore,  because  there  are  many  more  DNA       .  .     .   :..„„...„„  _-,v,  ,u^^^  „tT..r  ̂ ^t«  sPts  in 
cnaracters  m  the  combined  data  set,  it  is  possible conjunct! 

morphological  characters  (see  Miyamoto,    1985; 
Hillis,  1987;  Donoghue  &  Sanderson,  1991).  We 

phylogeny  of  the  Asteraceae. 
Sub  ft 

The  rbcL  tree 

explored  these  phenomena  by  performing  Wagner      (Fig.  2)  confirms  the  position  of  the  Barnadesieae 

as  the  sister  group  to  the  rest  of  the  family,  which 

was  suggested  previously  by  a  cpDNA  inversion 

(Jansen  &  Palmer,  1987a,  b),  cpDNA  restriction 

site  data  (Jansen  &  Palmer,  1988),  and  morphol- 

ogy (Bremer,  1987).  Independent  support  from 

as  from  the  combined  data  sets.  In  general,  the  four  different  types  of  data  for  this  ancient  evo- 

tree  topologies  generated  by  the  reduced  data  sets      lutionary  split  in  the  Asteraceae  justifies  the  formal 

parsimony  analyses  of  the  three  reduced  individual 
ata  sets  (r6cL  sequences,  cpDNA  restriction  sites, 

and  morphology)  separately  and  compared  the  trib- 
al groupings  formed  from  each  of  these  with  those 

ormed  from  each  of  the  complete  data  sets  as  well 

Were 
very  similar  to  those  produced  by  the  original data  sets. sub 

family  (Bremer  and  Jansen,  1 992).  The 

AU  three  reduced  data  sets  provide  some  support      implications  of  this  dichotomy  have  been  discussed 

elsewhere  (Jansen  &  Palm Certainly 

miDortant  im 

for  the  monophyly  of  the  Cichorioideae.  This  group 
<»*:curred  in  40  of  the  60  equaUy  parsimonious 
morphological  trees  and  all  four  of  the  shortest 

^  trees.  The  two  most  parsimonious  Wagner 
trees  from  the  cpDNA  restriction  site  data  indicated 

paraphyly  of  the  Cichorioideae.  However,  only  one  The  rbcL  phylogeny  (Fig.  2)  provides  support 

Wdmonal  step  was  required  to  constrain  the  mono-  for  the  recognition  of  two  additional  subfam.lK-s  in 

P'^y'y  of  this  subfamily.  The  Asteroideae  were  the  Asteraceae,  the  Asteroideae  and  Cichorio.deae. 

tnonophyleUc  i„  trees  generated  from  both  mor-       Support  for  the  monophyly  of  Uth  .ubfamilies  u 

be  used  as  an  outgroup  for  cladistic  analyses le  family. 

A 
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weak  as  indicated  by  the  low  bootstrap  percentages 

(48%  and  30%)  and  the  fact  that  only  one  addi- 

Tribal  relationships.      Tribal  relationships  are 

t  fully  resolved  in  the  strict  consensus  rbcL  tree 

tional  step  is  required  to  force  the  paraphyly  of  (Fig.   2).  The   strongest  clade  includes  Flaveria 

the  Cichorioideae  and  Asteroideae.  Monophyly  of  (Heliantheae,   subtribe   Flaveriinae)  and   Tagetes 

the  Asteroideae  is  supported  strongly  in  cladistic  (Tageteae).  This  sister-group  relationship  of  the 

analyses  of  cpDNA  restriction  site  mutations  (Jan-  subtribe  Flaveriinae  and  Tageteae  is  also  supported 

sen  et  al.,   1990,   1991a),  morphology  (Bremer,  by  cpDNA  restriction  site  comparisons  (K. -J.  Kim, 

1987;  Sanderson,  1989),  and  the  combined  DNA  B.  Turner  &  R.  Jansen,  unpublished)  and  the  pres- 

and  morphological  tree  (Fig.  5).  The  composition 

of  this  subfamily  in  the  rbch  tree  is  in  agreement 

with  the  circumscription  of  the  Asteroideae  by  Rob- 

(Rod 

1977). 

The  clade  that  includes  the  Coreopsideae,  Tage- 

inson  (1981),  Thorne  (1983),  Bremer  (1987),  and  teae,  Heliantheae,  and  Eupatorieae  had  18  syna- 

Jansen  et  al.  (1991a,  b).  pomorphies  and  occurred  in  82  of  the  100  boot- 

The  monophyly  of  the  Cichorioideae  is  currently  strap  replicates.  The  close  relationship  of  these  four 

the  most  controversial  issue  in  the  higher  classifi-  tribes  is  in  agreement  with  cpDNA  restriction  site 

cation  of  the  Asteraceae.  Bremer's  (1987)  mor-  phylogemes(Jansenetal.  1990,  1991a;  K. -J.  Kim, 

phologically  based  cladistic  analysis  indicated  that  B.  Turner  &  R.  Jansen,  vmpublished)  but  is  not 

the  subfamily  is  paraphyletic.  This  hypothesis  was  congruent   with   Bremer's   (1987)   morphological 

not    strongly    supported,    however,    because    the  cladogram,  where  the  Eupatorieae  are  placed  out- 
monophyly  of  the  subfamily  could  be  attained  by 

side  this  clade  as  a  sister  tribe  to  the  Astereae. 

adding  only  one  step  to  the  morphological  tree.  A  Support  for  the  sister-group  relationship  of  the 

more  recent  morphological  cladistic  analysis  by  Eupatorieae  and  Heliantheae  is  now  overwhelming, 

Karis  et  al.  (1992)  also  suggested  that  the  Cicho-  especially  since  32  additional  steps  are  required  to 

rioideae  are  paraphyletic.  Phylogenetic  analyses  of  obtain  a  sister-group  relationship  of  the  Astereae 

cpDNA  restriction  site  data  provided  some  support  and  Eupatorieae  in  the  combined  DNA  and  mor- 
for  the  monophyly  of  the  Cichorioideae  (Jansen  et       phology  tree  (Fig.  5). 

al,,  1990,  1991a,  b).  In  Wagner  parsimony  anal-  The  rbcL  tree  (Fig.  2)  does  not  support  a  close 

yses  of  restriction  site  data,  eight  of  the  20  equally       relationship  between  the  Liabeae  and  Vernonieae, 

parsimonious  trees  supported  their  monophyly.  All       four  additional  steps  are  required  to  force  their 

16  Dollo  and  weighted  parsimony  trees  (sensu  Hoi-       monophyly.  A  sister-group  relationship  was  inoi- 

singer  &  Jansen,  1992)  also  indicated  the  mono-       cated  between  these  tribes  in  initial  cpDNA  re^ 
phyly  of  the  Cichorioideae,  but  this  group  was  only       striction  site  (Jansen  et  al.,    1990,    1991aj  a 

moderately  supported  in  bootstrap  analyses  (74  of       morphological  (Bremer,  1987)  studies.  In  spite  o 

100  replicates;  Jansen  et  al.,  1990).  These  results       this  congruence,  the  combined  DNA  and  morpho^ 
led  to  the  conclusion  that  the  combined  Wagner       logical  tree  (Fig.  5)  did  not  group  the  Liabeae  wi 

and  Dollo  analyses  of  cpDNA  restriction  site  data       the  Vernonieae;  two  extra  steps  were  require  ̂  
provide  substantial,  but  not  overwhelming,  support 
for  the  monophyly  of  the  Cichorioideae. 

Our  combined  cpDNA  evidence  (Fig.  4)  provides 
substantial  support  for  the  monophyly  of  the  Ci- 

chorioideae. In  fact,  the  level  of  support  for  this 

subfamily  (10  synapomorphies  and  76%  of  the 

bootstrap  replicates)  is  comparable  to  the  support 
for  the  Asteroideae  (10  synapomorphies  and  87% 
of  bootstrap  replicates).  Furthermore,  combining 
the  DNA  data  with  the  morphological  data  of  Bre- 

mer (1987)  provides  even  stronger  support  for  both 
subfamilies  (Fig.  5).  We  believe  that  the  question 
of  whether  the  Cichorioideae  are  monophyletic  is 
still  an  open  one,  but  that  the  available  evidence 

make  them  sister  tribes.  This  result  is  not  surp
rising 

because  expanded  restriction  site  (Keeley  *^ 

sen,  1991)  and  morphological  (Karis  et  al,  199J 
studies  have  raised  some  doubts  concerning 

close  relationship  of  the  Liabeae  and  
Vernomeae. 

Further  work  is  required  to  test  their  niono
phyly* 

Two  morphologically  anomalous  genera,  t
c  j- 

nops  and  Blennosperma,  were  included  in  ̂ ^^^J 

comparisons.  Echinops  has  been  describ
ed  as  bemg 

intermediate  between  the  Cardueae  and  ̂'**^*^^!^ 
and  is  not  easily  accommodated  in  either        ̂  

Several  workers  have  recognized  the  g^^^^  ̂ ^ 

separate  tribe  (Dittrich,  1976;  Bremer,  198^).  ̂ ^^ 

sister-group  relationship  of  the  Echinopsideae  vo^
 

supports  their  monophyly.  One  of  our  labs  (R.       the  Cardueae  is  supported  by  the  rbcL  ̂ ^^^'   . 

Jansen)  is  continuing  restriction  site  and  sequence       the  Arctoteae  are  not  included  in  this  clade     ̂  

comparisons  in  the  Asteraceae  to  provide  further       2).  This  agrees  with  the  results  of  cpDNA  restn 
resolution  of  this  important  issue.  tion  site  comparisons  (Jansen  et  al.,  1990,  1^ 
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Several  morphological  characters  indicate  a  close      UTILITY  OF  RBCl.  SEQUENCE  DATA  AT tribes THE  INTRAFAMILIAL  LEVEL 

and  Cardueae  (Cronquist,  1955;  Bremer,  1987). 

It  is  noteworthy  that  the  combined  DNA  and  mor-  Two  previous  studies  in  the  Poaceae  (Doebley 
phological  tree  (Fig,  5)  is  in  agreement  with  the  et  al.,  1990)  and  the  Saxifragaceae  (Soltis  et  al, 
morphological  data  and  supports  the  monophyly  of  1990)  used  rbcL  sequences  for  assessing  phylo- 
the  Cardueae,  Arctoteae,  and  Echinopsideae.  Blen-  genetic  relationships  at  the  intrafamilial  level.  Both 
nosperma  has  been  previously  placed  in  four  sep-  studies  included  fewer  taxa  (nine  and  eight  species, 
arate  tribes  (OrndufF  et  al.,  1973),  The  rbcL  tree  respectively)  and  in  neither  case  were  cpDNA  re- 
is  in  agreement  with  both  cpDNA  restriction  site  striction  site  data  available  for  the  same  species. 
(Jansen  et  al.,  1990,  1991a)  and  morphological  Two  factors  indicate  that  cpDNA  restriction  site 
data  (Bremer,  1987),  which  indicate  that  Blen-  data  are  more  useful  than  rbcL  sequences  for  phy- 
nosperma  and  the  Senecioneae  form  a  monophy-      logenetic  analyses  within  the  Asteraceae.  First,  there 

are  more  phylogenetically  informative  restriction 
site  mutations  (169)  than  base  substitutions  (109), 

The  difference  is  probably  the  result  of  examining 

more  sequence  variation  (3,498  bp,  based  on  ex- 

letic group 

PHYLOGENETIC  ANALYSES  OF 
COMBINED  DATA  SETS 

IS 

simulat 

anun 

Integration  of  molecular  and  morphological  data  amining  583  variable  sites  with  11  six-base-pair 
a  controversial  issue  (Miyamoto,  1985;  Cracraft  restriction  enzymes  (this  does  not  include  the  in- 

&  MindeU,  1989;  Hillis,  1987;  Sytsma,  1990;  variant  sites  sampled)  versus  1,428  bp  in  rbcL\ 

Donoghue  &  Sanderson,  1991;  Doyle,  1992).  We  much  of  which  probably  resides  in  more  variable 
agree  with  Donoghue  &  Sanderson  (1991)  that  the  noncoding  regions.  These  empirical  data  support 
best  approach  is  to  combine  directly  the  different 
data  sets  so  that  all  of  the  characters  can  be  con- 

sidered at  the  same  time.  We  have  examined  two  data  provide  more  accurate  phylogenetic  estimates 
combined  data  sets,  one  using  rbcL  sequences  and  than  those  derived  from  conserved  and  short  (500 
cpDNA  restriction  site  mutations  from  Jansen  et  bp  or  less)  DNA  sequences  (Jin  &  Nei,  1991). 
al.  (1990)  and  a  second  that  combines  the  two  Second,  the  consistency  index  for  the  restriction 

c^  ̂^*^  ̂^^^  ̂ ^*  *^^  morphological  characters  site  data  (0.56)  is  higher  than  the  CI  for  the  se- 

"^emer  (1987).  We  have  not  treated  the  mo-  quence  data  (0.47).  The  distribution  of  homoplasy 
ar  trees  as  a  single  multistate  character  as  by  codon  position  is  interesting  because  the  pattern 

recommended  by  Doyle  (1992),  because  we  believe 

lecul 

of  base  substitutions  at  all  three  codon  positions  is 

similar  (Fig.  3).  The  cause  of  this  pattern  may 

relate  to  functional  constraints  on  certain  regions 

that  the  assumption  of  independence  of  characters 
IS  valid  at  these  higher  taxonomic  levels. 

Comparisons  of  trees  generated  by  the  combined  of  rbcL.  For  example,  it  is  possible  that  amino  acid 
NA  and  morphological  character  set  and  trees  substitutions  in  certain  regions  of  the  protein  have 

produced  from  each  of  these  three  data  sets  alone  little  if  any  effect  on  its  function.  Certainly  our 

"idicate  two  things.  First,  there  are  no  apparent  results  raise  some  doubts  concerning  the  phylo- 
artifacts  caused  by  reducing  the  number  of  taxa  genetic  utility  of  rbcL  sequences  versus  restriction 
^^  17.  Tree  topologies  in  the  reduced  data  sets  site  data  in  the  Asteraceae  and  possibly  within  other 
are  nearly  identical  to  those  generated  by  the  orig- ^al  data  sets.  Second,  the  DNA  data  do  not 

milies 

over- 
  ,   .,.,  ̂ „,„  „^  ,,^,  ̂ .^.-  roplast  genomes.  In  families  with  more  divergent 

^nelm  the  morphological  data  and  thus  dictate  the  cpDNAs,  such  as  the  Fabaceae  (Palmer  et  al., 

resulting  tree  topologies.  This  latter  phenomenon  1983),  rbcL  sequences  should  provide  sufficient 

»s  exemplified  by  the  presence  of  the  clade  including  numbers  of  informative  characters  for  clarifying 
e  Arctoteae,  Cardueae,  and  Echinopsideae.  This  phylogenetic  relationships, 

group  only  occurs  in  morphological  trees  and  the  Overall,  oui 

!v"l      !^.  ̂̂ ^^'  *^^^  ̂   "^  support  for  the  mono-  site  data  from  the  entire  chloroplast  genome  are 

more  useful  than  conserved  rbcL  sequences  in  fam- 

compansons 

sequence The 

1    .    bes  in  the  most  parsimonious  t.3.^v.^ 
jrived  from  either  the  restriction  site  or  rbcL  data, 

^'  ̂ nen  the  three  different  data  sets  are  com- 

ed  they  reinforce  each  other  to  give  a  more      trafamilial  level  was  a)   

^^7  resolved  pattern  of  tribal  relationships  in  the      Poaceae  (Doebley  et  al.,  1990),  where  it  was  not 

possible  to  choose  reliably  among  ahernative  tree 

phylogenetic  utility  of  rbcL  sequences  at  the  in- be  limited 

Ast eraceae. 
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topologies.  In  these  families  restriction  site  analyses 

and  comparative  sequencing  of  much  more  diver- 

gent and/or  longer  chloroplast  genes  may  prove 

more  appropriate  for  phylogenetic  analyses. 
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Appendix  1.  Species  of  Asteraceae  and  related  families  examined  for  rbcL  sequence  comparisons.  All  sequences 

are  new  except  for  Nicotiana  (Shinozaki  et  ah,  1986)  and  Flaveria  (Hudson  et  al.,  1990).  Species  names  and  voucher 

information  are  given  in  Jansen  &  Palmer  (1987a)  and  Jansen  et  al.  (1990,  1991a),  *  indicates  those  taxa  Included 
in  the  combined  r6cL  sequence  and  cpDNA  restriction  site  data  set;  +  indicates  those  taxa  included  in  the  combined 
DNA  and  morphological  data  set. 

Taxa 

Nicotiana 

Campanula 
Scaevola 

*Stokesia 

+Dimorphotheca 

*  +  Tagetes 
*-\-Cazania 
*+ Felicia 

*  Chromolaena 
*+ Achillea 

+  Coreopsis 
*  +  Gerbera 
*  +  Cacosmia 

*  +  Blennosperma 
*  +  Vernonia 

Tragopogon 

*  Chrysanthemum 
*  +  Eupatorium 
*  +  Echinops 
*Piptocarpa 
Cichorium 

+  Senecio 
*  +  Lactuca 
*  +  Helianthus 

Flaveria 

+  Carthamnus 

*  +  Barnadesia 
Dasyphylum 

Taxa 

Nicotiana 

Campanula 
Scaevola 

*Stokesia 

*  +  Dimorphotheca 
*  +  Tagetes 
*  +  Gazania 
*  +  Felicia 

*  Chromolaena 
-y- Achillea 

*  +  Coreopsis 
*  -f  Gerbera 

Nucleotide  position 

1111112  2 
22223344688800234601 
1   5790928914828087879 

Nucleotide  position 

GCCAGACTCCCAATATT 
CGCAGACTCCAAGTATTA 
GCCAGACTCTAAAAATTA 
GCCAGACTCCCAAAATTA 
GGCCGATTCTGAAAAGCA 
GCCAGCCTCCAAGTATTA 
CGCAGACTCCAAGTATGA 

tgagtcatttgctactagaa 
ggaaatgttgcggttccagg 
ggaaatgtttcgtcctaaga 
tgagtcattgcatcttgaga 
tgagtcatttcatcttgaga 
tgagtcatttagtcttaaaa 
tgagtcatttcgtctttaga 
tgagtcatttagtcttgtaa 
tgagtcatttagtcttgaaa 
tgagtcagttggtcttgaga 
tgagtcatttagtcttgaaa 
tgagtcatttcgtcttgaga 
tgagtcatttcgtcttgaga 
tgggtcatttcggctaatga 
tgagtcatttcgtcttgaga 
tgagtcatttagttttgaga 
tgagtcagttggtcttgaga 
tgagtcatttagtcttgaaa 
taagtcatttcatcttgaga 
tgagtcatttcgtcttgaga 
tgagtcatttagttttgaga 
tgggtcatttcgtctagaga 
tgagtcatttggttttgaga 
tgagtcatttagtcttgaaa 
tgagtcatttagtcttgaaa 
taagtcatttcatcttgagg 
tgagtcatgtcgtcttaaga 
tgagtcatgtcgtcttaaga 

22222222222222333333 
24445566778889166770 
5679681   7   1   22340209287 

cgcaccctgtagaattcagc 
ggaacctcgcaaaaattata 
ggcagatcccaaaaatttg? 
cgcagactccaagtattagc 
gaaagactctaaaaattagc 

A  G  C 

g  t 
G  C 
G  C 
T  C 
G  C 
G  C 
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Appendix  1.     Continued. 

Taxa 

*  +  Cacosmia 

* + Blennosperma 
*  +  Vernonia 

*  Tragopogon 
*  Chrysanthemum 

*+Eupatorium 
*+Echinops 

*Piptocarpa 
Cichorium 

*  +  Senecio 
*  +  Lactuca 
+ Helianthus 
Flaveria 

+  Carthamnus 
+Barnadesia 

Dasyphylum 

Nucleotide  position 

22222222222222333333 
24445566778889166778 
5679681   7122340209287 

CGCAGACTCCAGGTATTAGC 
GGCAGACTCCAAAATTTTGC 
CGCAGACTCCAAGTATTAGC 
GCCAGACTCCAAATATTAGC 
GGC  AGATTCTGAAAAGCATC 
CCC  AGACTCCCAAAATTAGC 
CGCAGACTCCAAGTATTAGC 
CGCAGACTCCAAGTATTAGC 
GGCCGACTCCAAAAATTAGC 
GCCAGACTCTAAATATTAGC 
GGCAGACTCCAAAAATTAGC 
CCCAGACTCCCAATATTAGC 
GCCAGACTCCCAAAATTAGC 
CGCAGACTCCAACTATTAGC 
AGAAGACTCTAAAAATTAGA 
GGCAGACTCCAAAAATTAGC 

Nucleotide  position 

t 

eopsis 

Taxa 

Nicotiana 

Campanula 
Scaevola 

*Stokesia 

+Dimorphotheca 
+  Tagetes 
'^Gazania 
+ Felicia 
Chromolaena 

* + Achillea 
* + Cor, 

*  +  Gerbera 
+  Cacosmia 

+  Blennosperma 
+  Vernonia 

*  Tragopogon 
Chrysanthemum 

'^Eupatorium 
+Echinops 
Piptocarpa 
Cichorium 

+ Senecio 
"^Lactuca 
'^Helianthus Flaveria 

+  Carthamnus 
"+Barnadesia 
Dasyphylum 

3444444444444455555 
9001222244556700123 
3582045757352447387 

CGACCCCGCAGCGACGATG 
CATTCCCGCAGCCCCGAAG 
TGACCACTCAGCCGCGATG 
TGATCACGCACGCGCGATG 
TGATTACGCAGCTGCGATG 
TAATCACGGAGCTGCGATG 
TGATCACGCACGCGCGATG 
TGATCACGCAGCTGCGCTG 
TGATCATGGCGCTGCGATG 

TGATTACGCAGCTATGATG 

TGATTGTGGCGCTGCGAAG 

TGATCATGCACGCGCGAGG 

TGATCACGCACGCGCGATG 

TAATTACGCAGCTATAAAG 

TGATCATTCACGCGCGATG 

TGATCACGCACGCGCGATA 

TGATTACGCAGCTATGATG 

TGATCACGGTGCTGCGATG 
T  G  A  T  C  A 
T  G  A  T 
T  G  A  T  C  A 

CGCACGCGCGATG 

CATGCAGGCGCGAAG 
CGCGCGCACGAAG 

GGATCACGCAGCTGTAATT 
T  G  T  T  C  G 
T  G  A  T  C  A 
T  G  A  T  C  A 

CGCACGCGCGATG 
CGGCGCTACGAGG 

CGGGGCTGCGCTG 
TGATCACGCA? C  G  C  G  A  T  G 

TGATCACGCGGCCCCGAGA 

TGATCACGCA??CG  C  G  A  T  A 
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Appendix  1.     Continued. 

Taxa 

Nicotiana 

Campanula 
Scaevola 

*Stokesia 

+  Dimorphotheca 

*  +  Tagetes 
*  +  Gazania 
*  +  Felicia 
*Chromolaena 

*+ Achillea 

+  Coreopsis 
*  +  Gerbera 
*  +  Cacosmia 

+  Blennosperma 
*  +  Vernonia 

Tragopogon 
Chrysanthemum 

+  Eupatorium 
+Echinops 

Piptocarpa 
Cichorium 

*+Senecio 

*+Lactuca 

*  +  Helianthus 
Flaveria 

*  +  Carthamnus 
*  +  Barnadesia 

Dasyphylum 

Taxa 

Nicotiana 

Campanula 
Scaevola 

Stok esia 

*  +  Dimorphotheca 
*  +  Tagetes 
*  + Gazania 

■¥  Felicia 
Chromolaena 

*+ Achillea 

+  Coreopsis 
*  +  Gerbera 
*  +  Cacosmia 

*  +  Blennosperma 
*+Ternonia 

*  Tragopogon 
*  Chrysanthemum 

*  +  Eupatorium 
*  +  Echinops 

*Fiptocarpa 

Nucleotide  position 

55555556666666666777 
36667881   134777889145 
84563282808237270171 

TCGTACAGGATACAGGTGAA 
TAGTACAGCCTACAGGTGAA 
TTGTATCGCACTCAGGTAAA 
TTGTATCGGACTATTACGCA 
TTGTATCGGACTAAGACGAA 
TTTGATCGGACTAAGATGAC 
TTGTATCGGACTCAGATGAA 
TTGTATCGGACTAATATGTA 
TTTGATCGAGCTAAGATGAA 
TTGTATCGGACTATTATGAA 
TTTGATCGGACTAATATGAA 
TTGTATCGGACTCTGATGAA 
TTGTATCGGACTAATATGAA 
CTGTGTCAGACTAAGATATA 
TTGTATCTGACTCTGATGAA 

TTGTATCGGACTATTATGAA 
TTGTATCGGACTATTATGCA 
TTTGATCGGGCTCAGATGCA 

TTGTATCGGACTAATATGAA 
TTGTATCGGACTCTGATGAA 

T  A  T  G  A  A 

T  A  T  G  A  A 

T  A  T  G  A  A 

ttgtatcggactat 
ctgtgtcagactaa 
ttgtatcggactat 
tttgatcggactcag 

tttgatcggactaagatgac 
ttgtatcggactaagatgca 
tcgtatcgggccaagatgaa 

A     T     G     T     A 

TTGTATCGGACTCAG 

A     T     G     A    A Nucleotide  position 

777778888888888 
5677901   12344466 
331738365601614 

CGTAGTGGCGGGTTT 
TGCGAACGTGGGTTT 
AGCAGTGGCGGGTTC 
GGCAGCAGTGGGTTC 
GGCAGCATTGGGTTC 
TGCAGCAGTGGTTCC 
GACAGCAGTGGGTTA 
GGCAGCAGTGAGTTC 
GACAGCTGTGGGTTT 
GACAGCATTGGGTTC 
GACAGCAGTGGTGTC 
GGCAACAGTCGGTTC 
CGCAGAAGTGGGTTC 
GACAGCAGTGGGTTC 
GACAGCAGTGGGTTC 
GACAGCAGTGGGTTC 
GGCAGCAGTGGGTTC 
GGCAGCAGTGGGTTT 
GACAGCAGTGGGTTC 
GGCAGCAGTGGGTTC 
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Appendix  1.     Continued. 

f 

t 

[ 

t 

Taxa 

dehor  ium 
*+Senecio 

*  +  Lactuca 
*+Helianthus 

Flaveria 

*  +  Carthamnus 
*+Barnadesia 

Dasyphyium 

Taxa 

Nicoti lana 

Campanula 
Scaevola 
Stokesia 

*  +  Dimorphotheca 
+  Tagetes 
+  Gazania 
+  Felicia 

*Chromolaena 
*+ Achillea 
+  Coreopsis 
+  Gerbera 
+  Cacosinia 

+  Blennosperma 
+  Vernonia 

Tragopogon 
Chrysanthemum 

+Eupatorium 
+  Echinops 
Piptocarpa 
Cichorium 

+  Senecio 
'^Lactuca 

us +  Helianth 
Fla  veria 

"^Carthamnus 
'^Barnadesia 
Dasyphyium 

^icotiana 
Campanula 
Scaevola 
Stokesia 

"*"  Dimorphotheca 

Nucleotide  position 

111  77888888888888899 
5677901  1234446668922 
33173836560161455717 
GAC  AGCAGTGGGTTCCCATA 
GACAGCAGTGGGTTCCCATG 
GACAGCAGTGGGTTTCCATA 
GGTAGCATTGGTGTTCCGTG 
TGCAACAGTGGTTCCCCATT 
GGCAGCAGTCGGTCCCCATG 
GGCAGCAGTGAGTTCCCATG 
GGCGGCAGTGGGTTCCCATA 

Nucleotide  position 

1111111111 
99999999990000000000 
33456778882445666678 
03013581240570023628 

CCTGTTTCTTCCGTGTGCCA 
CTTCTTTCTGGCGCGGGACA 
CTCTTTCTTGCATATGACA 

CTCATTTTGCATGTATAAAT 
CTCGTTTTTCGTGTATGCGA 
CCCGTCTTTCACGTAGCAAA 
CTCGTTCTTCATGTATGACT 
CTCCTTTTGCGCGTATGAAA 
CCCGTCTTGCATGTATAAAA 
CCCGTTCTGCACATATGAAA 
CCCGTCTTTCACATATGAAT 
CTCGTTTTTCACGTATGACA 
CTCGTTTTTCTCGTATGAAA 
CTCGTTTTTCGCGTATGAAA 
CTC  ATTTTGCACGTATGAAT 
CTCGTTTTTCACGTATGAAA 
CCCGTTCTGCGTATATGAAA 
CCCGTCTTTCACGTATGAAA 
CTCGCTTTTCGCGTATGACA 
CTC  ATTTTGCACGTATGAAT 
CTCGTTTTTCACGTATGAAA CTCGTTTT 

GCGCGCATGACA 
CCCGTTTTTCACGTATGAAA 

CCCGCCTTTCACGTATGAAA 

CCCGTCTTTCATGTATGAAA 

CTCGCTTTTCGCGTATGACA 

TTCGTTTTGCGCGTATAACA 

TTCGTTTTTCGCGTATGACA 

Nucleotide  position 

11111111111111 
0  1111111111112 
90122233477890 
56135917006546 

1  1 
2  2 

1  2 2  4 

1111 
2  2  2  2 2  3 
7  5 3  4 6  5 

TCTCACGAA 
TCCCGCGAC GGGCCAATCTA 

GGGCCAATGAC 
TCCCGCGGCGCGCCAGCGAC 

CCCAATAGCGGGCCAGCGAC 

CCCCGGAGCCCCCCACCCAC 
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Appendix  1.     Continued. 

Taxa 

*  +  Tagetes 
*  +  Gazania 
*+ Felicia 

*  Chromoluena 
+ Achillea 

*  +  Coreopsis 
*  +  Gerbera 
*  +  Cacosmia 

*  +  Blennosperma 
*+Vernonia 

Tragopogon 

*  Chrysanthemum 
*+Eupatortum 
*  +  Echinops 

*  Piptocarpa 
Cichorium 

*  +  Senecio 
*  +  Lactuca 
*  +  Ilelianthus 

Fla vena 
*-\-Carthamnus 
*+Barnadesia 

Dnsyphylum 

Nucleotide  position 

11111111111111111111 
01111111111112222222 
90122233477890122334 
56135917006546247565 

ccccgtagggggccagcggt 
ccccgtagcgggtcagcgac 
ccccggagggggttcgcgaa 
ccccataagaggctagcgat 
cgccggagcgggcctccgat 
ccccgtagagggccagcgat 
ccccgcagggggccagcgac 
c  c  c  cgtagcgggccagcgat 
ccccacatggagcccgcgac 
cccaatagcgggccagcgat 
ccccgtagcgggccagcgac 
cgccggagcggacccccgat 
ccccgtaggaggccagcgat 
ccccacagggagccagcgac 
cccaatagcgggccagcgat 
ccccatagcgggccagcgac 
cctcgaagtgggtcagcgtg 
ccccgtagcggaccagcaac 
ccccgtaggaggccagcaat 
ccccgtagggggccagcggt 
ccccacagcgagcccgcgat 
ccccgcgaggggccagtgac 
ccccgcggggggccagcgac 

Nucleotide  position 

Taxa 

Nicotiana 

Campanu 
Scaevola 

la 

Stok esia 

*  +  Dimorphotheca 
*  +  Tagetes 
*  +  Gazania 
*+ Felicia 
*Chromolaena 
+Achillea 

*  +  Coreopsis 
*  + Gerbera 
+  Cacosmia 

* + Blennosperma 
*  +  Vernonia 

•  Tragopogon 
*  Chrysanthemum 

*  +  Eupatorium 
* + Echinops 

*Piplocarpa 
Cichorium 

+ Senecio 

*  + Lactuca 

11111111111111 
22233333333333 
69900111123344 
06956567807812 

ttatgcaggagcgg 
ttgtgcgtgggggg 
ttgcgattggcggg 
ttgcgaagcggtgg 
tcgcaactgagcgg 
ttgcgactgggtgg 
ctgcggttgggtgg 
tcgcatctgggcgg 
ttgcgactgggtgg 
ctgcgaccgggcag 
ttgcggttgggtgg 
ttgcgagggggtgg 
ttgcggttgggtgg 
ttacgactgggcgg 
ttgcgagggggtgg 
ttgcgattgggtgg 
ctgcgaccgggcag 
ttgcgactgggtgg 
ttgcgactgggtgg 
ttgcgagggggtgg 
ctgcgactgggtgg 
ttgcgactgggtgc 
ttgcgactgggtgg 
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Appendix  1.     Continued. 

Taxa 

* + Helianthus 
Flaveria 

* + Carthamnus 
*  -'<■  Barnadesia 

Dasyphylum 

Taxa 

Nicotiana 

Campanula 
Scaevola 

*Stokesia 

+Dimorphotheca 
+  Tagetes 
+  Gazania 
+  Felicia 

*Chromolaena 
^Achillea 

+  Coreopsis 
+  Gerbera 
+  Cacosmia 

"^  Blennosperma +  Vernonia 

*  Tragopogon 
*  Chrysanthemum 
"^Eupatorium 
"^Echinops 
Piptocarpa 
Cichorium 

-^Senecio 
'^Lactuca 
+ Helianthus 
Elaveria 

"^Carthamnus 
"^Barnadesia 
Dasyphylum 

Nucleotide  position 

11111111111111111111 
22233333333333333444 
6990011   1   123344448000 
06956567807812569478 

CTGCGACTGGGTGCAGGGCC 
TTGTGACTGGGTGGACGGCC 
TTGCGACTGGGTGGACGGTG 
TTCCGATTCTGTGGTGGGTC 
TTGCGAATGGGTGGAGGGTG 

Nucleotide  position 

11111111111 
44444444444 
01112222222 
90140135678 

CAGGGTTGGAT 
CCGAACTATAA 
AGGAACTGGAT 
CTC  GACATGAC 
AGGAACTGGAT 
AGGAACTGGAT 
CTCGACATTGA 
AGGAACTGGAT 
AGGAGTTGGAT 
AGGAACTGGAT 
CTCGACATGAT 
ATCGACTGGAT 
AGGAACATTAA 
AGGAACTGGAT 
AGCGACATGAC 
AGCGACTGGAT 
AGGAACTGGAT 
AGGAACTGGAT 
AGGCACATTGA 
CGCGACATGAC 
AGGAACTGGAT 
AGGAACTGGAT 
AGGAACTGGAT 
AGGAACTGGAT 
AGGAACTGGAT 
AGGAACTGGAT 
CGGTACTCGTC 
CTGAACTGGAT 

I 
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THE  LYCOPSIDA 
A  SYMPOSIUM 

William  A.  DiMichele'  and 

Judith  E.  Skog^ 

The  lycopsids  are  among  the  most  morpholog-  diversity  of  structural  form 
 and  ecological  spe- 

icaUy  bizarre  and,  consequently,  fascinating  group  cialization,  reaching  a  zenith  m  t
he  Late  Carbon-^ 

of  "lower"  vascular  plants.  The  extant  orders,  Ly-  iferous,  which  included  the  giant  tree  lycops
.ds  of 

copodiales,  Selaginellales,  and  Isoetales,  are  an-  the  coal  forests  (see  Batema
n  et  al.,  1992,  and 

cient  lineages,  aU  extending  back  in  time  well  into  Phillips  &  DiMichele,  1992
,  for  reviews)  fhrough- 

the  Paleozoic.  Among  the  defining  characters,  ex-  out  the  history  of  land  pla
nts,  lycopsids  have  been 

arch  protoxylem  maturation,  adaxial,  lateraUy  or  present  on  every  land  mass;  ̂ ^^^  ̂^^Z^^^^^";" 

foliar  borne  eusporangia  with  distal  dehiscence,  and  sens.  lat.  (see  Wagner  &  Bei
tel,  1992;  ̂ llgaard, 

'  microphyUous"  leaves  are  the  most  conspicuous  1992)  is  the  most  wide
ly  distributed  of  the  lower 

and  tie  the  lycopsids  to  the  zosterophylls  of  the  vascular  plants,
  found  on  every  major  continent 

Early  Devonian,  either  as  direct  descendants  or  as      except  Antarct
ica  and  almost  every  major  island 

group  in  the  world. In  the  course  of  this  extensive   radiation   the 

lycopsids  evolved  many  characteristics  that,  on  first 

common 

1975;  Niklas  &  Banks,  1990;  Gensel,  1992).  It 
link 

zed 
elaborate  fossil  history  that  provides  perspective  examination,

  appear  to  be  homologous  wiin  a 

on  the  importance  of  this  group  to  studies  of  plant  butes  of
  other  tracheophytes:  leaves    centra 

evolution:  the  lycopsid-zosterophyll  clade  appears  root  syst
ems  and  bipolar  deve  opment  (Rothwell  & 

to  be  the  sister  group  to  all  other  vascular  plants  Erwin,   1
985),  secondary  xylem,  secondary  pro- ^       ̂   tective  tissues,  siphonosteles(Sdimid,  19»2),slro- (Fig.  1;  Banks,  1975;  Crane,  1990).     ,,     -  ._,,.„.        .q-q.    ̂ _     „ 

A  morphologlcaUy  distinct  lycopsid  lineage  wa,      bili,  and  seedUe  organs_ (Phnltp,,^  '^^•::Zt 

unquestionably  present  in  the  Early  Devonian  (Nik- ^a«  ̂   Bank 
and  evolutionary  independence  of  the  lycopsid  or- 

occurred  as  early  as  the  Late  SUurian  (Andrews,      gans  hav
e  been  recognized  (see  Andrews,     961 

--  ^  for  an  early  discussion),  as  indicated  by  names  such 1961;  Tims  &  Chambers,  1984),  in  either  case 

bullions  of  years  prior  to  the  appearance  of  any 
other  extant  classes  or  orders  of  vascular  plants. 

From  simple  beginnings,  with  plants  organized  much 
Wte  modem  LrcoDodium.  there  appeared  a  great 

sed 
rooting 

roots  in  some  Sela 

(Webs 

'  Department  of  Paleobiology,  Natio 20560.  U.S.A. iona!  Museum  of  Natural  History.  Smithsonian  In
stitution.  Washington.  D.C. 

'  Depariment  of  Biology,  George  Mason  University,  Fairfax,  Virginia 
 22030.  U.S.A. 
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ISOETALES SELAGINELLALES LYCOPODIALES 

LECLERCQIA 

(Gensel) 
20STER0PHYLL0PHYTINA 

5-6  (Hueber) 
ALL  OTHER 

VASCULAR  PLANTS 

da  (ferns  and  seed  plants),  but  based  this  distinction 

almost  entirely  on  stelar  anatomy  and  his  concep- 
tion of  stelar  evolution,  ideas  now  discredited  (see 

Beck  et  al.,  1982).  The  failure  of  Jeffrey's  system 
was  not  so  much  in  his  phylogenetic  perspective, 

but  in  the  weakness  of  his  arguments  on  stelar 

evolution.  His  broader  intuition  about  vascular  plant 

phylogeny,  which  undoubtedly  played  a  role  in  the 

development  of  his  formal  arguments,  was  more 

nearly  correct — Jeffrey  was  close  to  being  right 
even  if  for  the  wrong  reasons. 

Unfortunately,  it  is  now  fashionable  to  inflate 

every  order  of  non-angiospermous  seed  plants  to 

divisional  rank  (in  order  to  accommodate  inflation 

of  the  angiosperms  to  divisional  status).  This  ne- 
cessitates similar  inflation  of  lycopsids,  sphenopsids, 

and  ferns,  and  serves  the  botanical  community  no 

better  than  lumping  lycopsids  with  the  other  free- 

Figure  1.     Phylogenetic  relationships  of  major  groups  ̂ P^^^^S  P^^^^^  ̂ ^  ̂   ̂'pteridophyte"  grade  group 
of  lycopsids  and  zoster ophylls.  The  genus  Leclercqia  is  (but  see  KnoU  &  RothweU,  1981,  for  a  beacon  in 

included  as  an  important  intermediate  form.  Authors  of  the  current  taxonomic  fog).  Jeffrey's  insights,  m 
papers  in  this  volume  are  noted  in  parentheses  above  the  spite  of  their  flaws    at  least  provided  a  point  of 
relevant  taxonomic  group   Major  characters  are  noted  on  departure  that  could  have  served  to  foster  recog. the  tree:  Ihe  zosterophyll-lycopsid  clade  is  dehmited  by  .\             ,          ...          r    i      r      j           *ol  r^livln. 

the  presence  of(l)  exarch  protoxylem,  (2)  sporangia  borne  "^*^*^^  ̂ ^^  exploitation  of  the  fundamental  pnyiu 

laterally  on  the  stem,  (3)  reniform  sporangial  shape,  (4)  genetic  split  between  lycopsids  and  all  other  plants, 
complete  distal  dehiscence  of  sporangia.  This  clade  is  The  modern  awareness  of  the  unique  phyloge- 
distinct  from  all  other  vascular  plant  groups.  The  Class  ̂ etic   position  of  the  lycopsids  can  be  traced  to Lycopsida  is  dehmited  by  (5)  microphyllous  leaves,  and       r       -i       -j  j  *     »■  +  ̂..1,.  tV.^  antiauitV 

(6)  adaxial,  foliar-borne  or  axillary  sporangia.  Leclercqia,  ̂ ^^^^  ̂ ^'^^^"^^  demonstrating  not  only  the  antiquity 

and  the  orders  Isoetales  and  Selaginellales  are  united  into  of  the  lineage  but   the   many  unique  aspecx 

a  clade  by  (7)  the  presence  of  a  foliar  ligule.  The  Selaginel-  development  and  morphology  in  extinct  forms  (An- 
kles and  Isoetales  are  united  further  by  (8)  heterospory.  drews    1961)    This  was  followed  by  the  disinem- 

The  Isoetales  are  distinguished  by  (9)  rhizomorphic  rooting  ̂ ^^^^J         j    y^     ̂ ^,     Devonian  "psUophytes"  by 

Banks  (1975),  who  demonstrated  and  discu
ssea 

early  divergence  of  lycopsids  from  the  rest  ot  the 

vascular  plants.  This  problem  has  lain  in  need  of 

further  analysis  until  recently;  readers  drawn  to unique  phylogenetic  position  of  this  group,  while       the  results  of  this  symposium  should  see  papers  by 

structures.  This  is  not  a  rigorous  cladistic  analysis,  but 
the  characters  shown  are  synapomorphies  for  the  clades 
they  delimit.  Compiled  by  W.  A.  DiMichele  and  F.  M. 
Hueber. 

recognized  and  discussed,  has  not  been  exploited Cra 

(1990)  and  Kenrick  &  Crane  (199
1)  that 

as  a  vehicle  to  study  either  apparent  convergent       present  and  discuss  hypotheses  for  the  relationships 

structural  evolution  in  vascular  plants,  or  limits  on       among  land  plants.  The  analysis  of  sporogenesis 
structural  solutions  to  common  problems  such  as       by  Crane  (1990)  is  based  on  a  cladistic  analysis  o 

light  interception,  propagule  dispersal,  and  nutrient       land-plant  phylogeny  that  demonstrates  explicit  y 
acauisition.  The  IvrnnftiHs  liavf-  K*^^ri  tr*=.Qt*.^  r.r.^_       ^  gp|j^  between  a  lycopsid-zosterophyll  clade  an 

a  clade  including  all  other  extant  vascular-p 

lineages.  Relationships  among  basal  Devonian  el- 

ements of  this  phylogeny  are  considered  furt  e 

sistently  as  *'pteridophytes,"  "fern  allies,"  or  'Mow- 
er vascular  plants"  (e.g.,  Jermy  et  al.,  1973;  Sporne, 

1975),  and  as  such  have  been  lumped  on  the  basis 
-olant 

central  to  developing  research  agendas  tha   p 

pose  using  the  lycopsids  to  investigate  more 

of  symplesiomorphies  with  the  phenetically  similar       by  Kenrick  &  Crane  (1991).  Such  phylogenies  are 
clades  of  the  "other"  branch  of  vascular  plant  life history. 

TheworkofE.C.  Jeffrey  (1902,  1910,  1917)  mechanistic   questions   about   plant   evolution  m 
is,  in  a  historical  sense,  perhaps  the  most  important  eluding  studies  of  physiology,  population  biolog). 
to  identify  the  phylogenetic  and  morphological  dis-  and  structural  evolution. 
tinctiveness  of  the  lycopsids.  Jeffrey  recognized  two 
lineages  of  vascular  plants,  the  Lycopsida  (lycop- 

sids, sphenopsids,  and  Psilotales),  and  the  Pteropsi-  Section  of  the  Bota'nical  Society  of  America  a 

The  papers  in  this  volume  originated  Ir^ 

symposium  jointly  sponsored  by  the  Paleobo  a 

I 
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the  American  Fern  Society  on  8  August  1989  at      Kenrick,  P.  &  P.  R.  Crane.    1991.    Water-conducting 
cells  in  early  land  plants:  implications  for  the  early 
evolution  of  tracheophytes.  Bot.  Gaz.  (Crawfordsville) 
152:  335-356. 

their  annual  meeting,  which  was  held  in  Toronto, 

Canada,  The  symposium  was  partially  funded  by 

The  Botanical  Society  of  America  and  by  the  Na- 
tional Science  Foundation;  we  thank  them  for  their 

sponsorship  and  support.  We  are  grateful  to  the 

numerous  scientists  who  assisted  with  prompt, 
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Note  Added  in  Proof 

Recently,  Raubeson  &  Jansen  (1992)  found  a  major 

difference  in  the  chloroplast  DNA  gene  order  between 

lycopsids  and  all  other  vascular  plants,  supporting  the 

view  that  the  lycopsids  are  a  sister  group  to  otlier  tra- 

cheophytes. 

Raubeson,  Linda  A.  &  Robert  K.  Jansen.  1 992.  Chlo- 

roplast DNA  evidence  on  the  ancient  evolutionary 

split  in  vascular  land  plants.  Science  255:  1697- 
1699. 
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Abstract 

Zosterophylls  have  been  considered  the  probable  ancestors  of  lycopsids  since  the  establishment  of  the  group  in 
1968  by  Banks.  Both  share  the  characters  of  exarch  protosteles  and  reniform  sporangia,  and  it  is  argued  that 
characters  separating  the  two,  e.g..  microphylls  and  leaf-associated  sporangia,  could  easily  be  derived  by  modification 
of  zosterophyll  emergences  and  sporangial  position.  Recently,  different  opinions  concerning  the  derivation  of  lycopsid 
features  have  been  proposed  and  an  earlier  time  of  occurrence  of  lycopsids  has  been  suggested.  The  purpose  of  this 
paper  is  to  evaluate  the  position  of  zosterophylls  relative  to  lycopsids  employing  current  information  and  considering 
prevailing  theories.  Aspects  of  morphology  and  ecology  of  zosterophylls  and  lycopsids  are  summarized,  various 
evolutionary  theories  are  evaluated,  and  a  preliminary  phylogenetic  analysis  involving  zosterophylls,  lycopsids,  and 
selected  other  types  of  early  land  plants  is  presented.  The  cladograms  suggest  that  zosterophylls  and  lycopsids  are 
monophyletic  based  on  the  characters  employed  in  the  study.  However,  critical  information  is  lacking  that  would 
allow  a  more  precise  estimate  of  affinity  among  all  early  land  plants  and  between  zosterophylls  and  lycopsids.  Determining 
homologies  is  difficult,  and  early  land  plants  exhibit  extensive  homoplasy. 

The  subdivision  ZosterophyUophytina  was  erect-  sidered  "natural."  A  close  relationship  with  lycop- 
ed  by  Banks  (1968)  for  leafless  plants  of  Devonian  sids  still  can  be  argued,  given  their  morphological 
age  with  exarch  protosteles  and  laterally  borne       —"   — "--'   -•--•i---^---   ~-j   *i>^  ̂ ^oc^nce  of similarities ^— '                                                                       i              ----'—  —  ̂ ~       wA^  ^.^       ̂ ^-4  k  %,/x  ^«  J.J.  J        Kj%^R  ±x\^  fi  I  til       a-J.J_fx  H-*l  I  III    rt_  I       ̂ lllill  rt  III  ll~^  T       ̂   I  It  J        L_l_l,  v/       I-'-*-  ̂ ^^^  %^  — — ^  -— 

sporangia  with  transverse  dehiscence.  He  suggest-  possible  intermediates  between  the  two  groups.  Re- 
ed that  these  plants  possibly  gave  rise  to  the  ly-  cently  however,  Stewart  (1983),  buUding  on  the 

copsids,  based  on  simUarity  of  xylem  maturation  suggestion  that  Leclercqia  leaves  are  branchlike sporangium 
c.   ,    (Bonamo  &  Grierson,    1981),  suggested  that  ly- 

14  genera  (Table   1)  have  been  assigned  to  the  copsids  might  be  diphyletic,  with  only  some  lycop- 
group,  some  being  monotypic  and  others  encom-  sids  being  derived  from  a  zosterophyU  ancestor.  In 
passing  several  species.  The  geographic  and  strati-  these,  microphyUs  may  have  evolved  via  vascular- eraohir.  distribntinn   of  tKo    nt-r,^-,^     I„„*   :   J   •.  .       ..  „  .  .    ,        ,,    „;o    nPT- graphic  distribution  of  the  group,  last  reviewed  in 
depth  by  Banks  (1975),  has  been  extended.  As ization  of  enations,  and  leaf-borne  sporangia  per- 

haps via  "phyletic  slide"  (Stewart,  1983).  Early 
J  ^  '   r-v"- '""fe^  """» iaic  oi-      lycopsids  with  forked  leaves,  such  as  Lec/ercgifl. 
lurian  (?)  or  earliest  Devonian  (Gedinnian  or  Pra-      may  have  arisen  from  a  rhyniophyte  ancestor,  by 
gian)  to  late  Devonian  (Frasnian)  (Fig.  1)  and  occur  "     '  '  ""''" worldwide. 

containing 

p.  and  vegetative  components.  Bonamo  etal.  (19o  /' 
Circumscription   of  the    zosterophylls   has    re-      however,  noted  several  inconsistencies  between  ic- 

mamed  fairly  clear  and  the  group  has  been  con-       clercqia  and  its  putative  ancestors  and  interme- 
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diates  that  suggest  Stewart's  hypothesis  is  unten- able. 

A  number  of  plants  exhibit  a  zosterophyll  type 
of  sporangium,  i.e.,  one  that  is  stalked,  reniform 

or  globose  in  shape,  and  with  transverse  dehiscence 
(Fig.  2).  However,  these  lack  one  or  more  critical       Anisophyton 

Table  1 .     Plants  assigned  to  the  zosterophylls  or  with 
some  characteristics  of  zosterophylls. 

Genera  of 
zosterophylls Selected  references 

characters  that  would  permit  unequivocal  assign- 
ment to  the  group.  Of  these,  Hicklingia  (Fig.  2A) 

is  included  in  the  zosterophylls  on  the  basis  of  its 
sporangial  characters,  even  though  its  anatomy  is 
unknown  (Edwards,  1976).  /?ena/ia  Gensel,  1976, 

Hsua  Li,  1982,  and  perhaps  Huia  Geng,  1985, 
more  likely  represent  rhyniophytes  with  more  ex- 

Bathurstia 
Crenaticaulis 

Deheubarthia 

Disc  alls 
Gosslingia 
Hicklingia 

Ko mora 

Margophyton 

tensive,  strongly  anisotomous  branching  than  nor-  Oricilla 

maUy  is  attributed  to  that  group  (Fig.  2B-D).  The  Rebuchia 
presence  of  centrarch  protosteles  in  the  latter  two  Sawdonia 

taxa  may  support  that  affinity.  Eophyllophyton 
Hao,  1988,  is  not  known  well  enough  to  permit m 

assignment  to  a  major  group,  but  is  intriguing  in 
possessing  globose  or  reniform  sporangia  located 
within  possible  leaflike  structures  (Fig.  2F).  More 
mformation  is  needed  on  aspects  of  its  morphology 
and  anatomy.  Conducting  cells  in  Nothia  El-Saa- 

Serrulacaulis 
Tarella 

Thrinkop  hyto  n 
Zosterophyllum 

Remy  et  al.  (1986) 
Hueber  (1971b) 
Banks  &  Davis  (1969) 
Edwards  et  al.  (1989) 
Hao  (1989) 

Heard  (1927),  Edwards  (1970) Edwards  (1976) 
Zdebska  (1982) 

Zakharova(1981) 
Gensel  (1982b) 

Hueber  (1970,  1972) 

Hueber  (1971a),  Gensel  et  al. 
(1975) 

Hueber  &  Banks  (1979) 
Edwards  &  Kenrick  (1986) 
Kenrick  &  Edwards  (1988b) 

Penhallow  (1892),  Edwards 

(1975),  Gensel  &  Andrews 
( 1 984) 

exarch  protostele;  lack  vascularized  leaves  and  re- 
ilaw-ir  jPt  t              1  f\^f\                     111                1  Possible  Zosterophylls:  Taxa  based  on  anatomy^show 
aawy  &  Lacey,  1979,  apparently  lack  secondary  ,         *    ;  i     i    i            i    •    j  i                . ,1  .    ,         .                "^                     '      JT  r                 J                                        J  ftYflrnn    nrotristftlfl*    lark    va'imlflriypn    ltf»a vp«  i\Tis\   r*>- 

tnickenmgs  (Fig.  2E),  as  do  some  axes  referred  to 
Taeniocrada  dubia  by  Hueber  (1982),  and  these 

presently  may  constitute,  with  other  fossils,  one  or  Eutjiursopkyton 

productive  structures 
Mustafa  (1978) 

hamperbachense 
Stolbergia  spiralis 

Fairon  (1967) more  separate,  nontracheophytic  land  plant  lin- 
eages. 

oome  plants  known  only  from  anatomy  also  may 

represent  zosterophylls.  Euthursophyton  hamper-  phyton,  and  Asteroxylon.  Rayner  (1984)  grouped 

W/?e/i5e  Mustafa,  1978,  and  Stolbergia  spiralis  Drepanophycus,  Baragwanathia,  and  question- 

Fairon,  1967,  are  Middle  Devonian  plants  based  ably  Asteroxylon  in  a  separate  class  of  plants,  the 

mainly  on  permineralized  axes  that  exhibit  an  ex-  Drepanophycopsida,  which  he  characterized  as  ex- 

arch haplostele  (Fig.  7C),  but  they  lack  evidence  hibiting  lycopsid  vegetative  features,  e.g.,  micro- 
ti leaf  traces  and  attached  reproductive  structures. 

While  this  suggests  zosterophylls,  one  should  be 
cautious  since  stelar  characters  alone  do  not  define 

phylls  {Asteroxylon  is  tentatively  placed  here  be- 
cause in  its  axes,  vascular  tissue  extends  only  to 

the  base  of  the  leaflike  structures)  and  zosterophyll 

^he  group  and  many  possible  combinations  of  anat-  reproduction  (sporangia  cauline,  not  associated  with 

^^y  and  morphology  are  becoming  evident  among  leaves).  Niklas  &  Banks  (1990)  removed  Baraga 

early  land  plants,  wanathia  from  the  Drepanophycopsida  sensu  Ray- 

The  early  history  of  lycopsids  is  more  problem-  ner  because  it  is  unknown  whether  the  sporangia 

a^ic,  both  in  terms  of  definition  of  the  group  (di-  are  stalked.  There  is  as  yet  no  evidence  of  vas- 

^ision  or  class)  when  one  considers  early  fossil  taxa,  cularization  in  the  emergences  (leaflike  append- 

3nd  first  appearance  of  the  group.  If  one  accepts  ages)  of  Kaulangiophyton,  a  plant  that  strongly 

that  a  lycopsid  must  have  microphyllous  leaves  and  resembles  some  specimens  of  Drepanophycus,  so 

'eaf-associated  sporangia  (borne  in  leaf  axils  or  on  the  status  of  this  taxon  is  unclear.  If  the  appendages 

3  leaf  surface),  then  undoubted  representatives  from  a'-e  unvascularized,  it  would  best  be  considered  a 

^  Lower  Devonian  include  only  Leclercqia^  he- 

^ause  sporangial  attachment  in  Baragwanathia  angiophyton,  Drepanophycus,  and  Asteroxylon 

^ay  he  cauline  (Lang  &  Cookson,  1935;  Rayner,  collectively  by  the  grade-level  designation  of  |>re- 

^84;  Edwards  &  Fanning,  1985;  Kenrick  &  Ed-  lycopsid"  ( ^ards,  1988b). 

^ther  Lower  Devonian  plants  often  regarded  as 
vcopsids    mclude    Drepanophycus,    Kaulangio- 

wiU 

between isel 

Andrews,  1984;  Niklas  &  Banks,  1990,  and  others 

cited  therein). 
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Figure  1.      Stratigraphic  occurrence  of  zosterophyll,  pre-lycopsid,  and  lycopsid  genera  in  Silurian-Devonian  strata. 
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Figure  2.      Line  drawings  of  plants  with  zosterophyll-like  sporangia.  Sporangia  are  stippled. —A.  Hicklingia 

eau;ard«'— assigned  to  the  zosterophylls  by  Edwards  (1976).  B-D.  Probable  rhyniophytes.  — B.  Huia  recurvata  Geng, 
~~C.  Hsua  robusta  Li,  1982.— D.  Renalia  hueberi  Gensel,  1976.  E.  F.  Incertae  sedis.  — E.  Nothia  aphylla 

*^1-Saadawy  &  Lacey,  1979.- 

1985 

F.  Eophyllophyton  bellum  Hao,  1988. 

E 
I ec ven  though  the  earliest  undoubted  lycopsid,      followed  by  an  analysis  of  relationships  of  zoster- 

lercqia,  is  found  in  Emsian  and  Givetian  strata,      ophylls,  pre-lycopsids,  and  lycopsids  within  the  con- 

text of  major  pteridophyte  lineages  using  cladistic 
^incerta 

copsids  remains.  If  Baragwanathia  is  a  lycopsid,  methods  of  phylogenetic  reconstruction.  Some  spe- 

9nd  if  the  Ludlow  age  of  some  Australian  Baragiva-  cific  questions  to  be  dealt  with  in  the  course  of  this 

^athia  is  correct,  lycopsids  would  have  existed  in  evaluation  are  the  following:  (1)  Is  the  morphology 

the  mid-late  Silurian.  As  yet  undescribed  zoster-  of  these  plants  complex  enough  to  allow  such  a 

^Phylls  are  reported  from  comparable  age  sedi-  question  to  be  answered  definitively?  (2)  Do  the 

^ents  in  Australia  (Tims  &  Chambers,  1 984),  and  patterns  of  diversity  and  directions  of  morpholog. 

thus  the  two  groups  may  have  co-occurred  in  the  ical  change  differ  significantly  between  these  two 
'^te  Silurian.  groups?  (3)  Do  ecological  patterns  of  zosterophylls 

In  light  of  these  developments,  and  despite  the      differ  from  those  of  early  lycop^id^?  (4)  Do  the 

constraints  of  imperfect  representation  in  the  fossil      differences  in  their  morphologies  and  ecologies  con- 

record,  it  is  appropriate  to  evaluate  the  position  of      strain  them  into  different  evolutionary  directions? 

zosterophylls  relative  to  lycopsids  once  again-  Spe- 
<^ificaUy,  how  do  zosterophylls  relate  to  the  ly cop- 

do  they  represent  a  paraphyletic  group  with 
General  Features  of  Zosterophylls 

'■aspect  to  the  lycopsids  (i.e.,  are  they  ancestral?),  If  one  surveys  the  array  of  plants  assigned  with 
^^  "light  they  be  a  monophyletic  sister  group,  or      some  assurance  to  zosterophyUs,  tlie  following  are 
0  they  have  only  a  distant  relationship  to  lycop- 
ds.  This  paper  will  consider  these  questions  by 

\  )  characterizing  zosterophylls,  putatively  related 
^xa,  and  selected  lycopsids  in  terms  of  their  struc- 
^ral  organization,  growth  habit,  reproduction,  and ecology,  and  (2) 

characteristics  common  to  the  majority  of  them 

plants  with  a  rhizomatous  habit,  in  which  axes 
bifurcate  isotomously  and/or  anisotomously  (Fig. 

3A,  C,  D)  at  frequent  to  infrequent  intervals.  Some 

exhibit  H  or  K  branching,  in  either  prostrate  and 

-    ,_,   considering  prevaUing  theories      aerial,  or  only  aerial,  f>ortions  of  the  plant.  H  and 

<=oncerning  how  lycopsids  may  have  arisen.  This  is      K  branching  has  been  variously  interpreted  in  the 
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Figure  3.  A.  Several  axes  of  Sawdonia  ornata  from  Gaspe,  Canada.  Central  one  bears  sporangia.— B-  ̂irc  ̂ ^^ 
axis  of  Sawdonia  ornata  from  New  Brimswick.  Canada.— C.  Branched  axis  of  Crenaticaulis  verruculoHis,  ̂ ^^^ 
subaxillary  branch  at  upper  right.— D.  Sparsely  branched  new  zosterophyll  from  New  Brunswick  covered  with  go^  ̂̂  
emergences.  — E.  Sporangium  of  Sawdonia  ornata  from  Gaspe  showing  short  stalk,  two  valves  and  ̂ ^f^^^"^.  tj^n 

relative  to  axis.— G.  Several  sporangia  of  lost erophy Hum  divaricatum  from  Nf"  ̂ -— --^    ninsfratinfi  upng« 
orientation.  Note  the  thickened  area  adjacent  to  dehiscence  region.  F  from  Gensel 
B-D,  G  scale  bars  =  5  mm.  E,  F  scale  bars  =  1  mm. Brunswick,  iUustrating 

:i«9K\  n  from  Gensel  ( 
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literature;  I  view  it  as  a  result  of  flattening  during 

fossilization  of  branched  axes  of  a  plant  consisting 

of  a  prostrate,  dichotomizing  rhizome  from  which 

upright  branches  depart.  Certain  types  of  dichot- 

omy in  upright  axes  also  could  produce  this  pattern 

when  flattened,  as  demonstrated  by  Gerrienne 

(1988)  and  Edwards  &  Kenrick  (1986). 

Several  taxa  exhibit  subaxillary  tubercles, 

branches  (Fig.  3C),  or  scattered  protuberances 

ranging  from  small  stubs  to  branched  axes  (dis- 
cussed in  detail  by  Edwards  &  Kenrick,  1986). 

These  suggest  some  instability  in  developmental 

patterns  of  shoot  apices.  Circinate  vernation  of  axes 

(Fig.  3B)  is  known  for  several  genera. 

Axes  are  either  smooth  or  covered  with  emer- 

A B c D E 

G H 

Figure  4.     Sporangial  orientation  in  zosterophylls,  A- 

G.    Upright    orientation.— A-D.    Zosterophyllum. —E, 
Koniora. F.  Crenaticaulis. — G.  Sawdonia. —U.  Hor- 

bars  =  2  mm. 

gences  that  vary  in  morphology  and  arrangement      izontal  orientation.  Oricilla.  Also  present  in  Tarella,  Cos- 

depending  on  the  taxon  (Figs.  5,  6).  A  few  taxa      sjingia,  perhaps  Anisophyton  and  Ma
rgophyton.  Scale 

exhibit  emergences  on  sporangia  {Sawdonia — Fig. 
3E,  Discalis^  Koniora,  and  a  new  taxon  from  New 
Brunswick). 

Where  known,  anatomy  consists  of  an  exarch, 
round 

delimit 

guard  cells.  The  basis  for  this  interpretation  is  the ■  —  ^  ^^H^a  1  ^1 

thickenings 

xylem,  recognized  mainly  on  the  basis  of  smaller  poles,  and  the  occasional  presen
ce  of  a  famt  di- 

ceH  diameter,  consists  either  of  a  single  layer  or  viding  line  that  would  delimit  guar
d  cells  m  the 

of  several  clusters  of  a  few  smaU  tracheids  located      cuticle  of  Zosterophyllum  myretomanu
m  (Lele  & 

around 
Wahon 

outline  of  the  stele  is  smooth  in  contrast  to  the      taxa  stomata  appear  sunken. 

ridged  or  lobed  appearance  of  steles  in  early  ly-  Sporangia  are  borne  lat
erally  on  axes  and  ter- 

copsids.  Tracheid  wall  pattern  according  to  Ken-      minate  stalks  ranging  from  less 
 than  1  nim  to  4 

•  "    -^    -  -         mm  long.  Sporangial  stalks  m  Zosterophyllum  are 

reported  to  be  vascularized.  Sporangia  are  reniform 

annular 
connected  annular 

scalariform  to  bordered  pitted  {Koniora).  Kenrick  or  occasionally  globose  in  o
utline  and  dehisce  along 

&  Edwards  (1988a)  also  demonstrated  the  pres-  their  distal  marg
ins  (transverse  dehiscence)  mto 

ence  of  irregular  perforations  on  waUs  in  between  equal  or  unequal  valves. 
 In  several  taxa    com^ 

s  (not  considered  an  artifact  pression  remains  of 
 sporangia  exhibit  a  thickened 

annular  thickenin annu 

Deheubarthia  and  noted  that  some  other  zoster-      lus?).  Anatom
y  of  Zosterophyllum  llanoveranum 

ophylls,  pre-lycopsids,  and  early  lycopsids  may  show      sporangi
a  (Edwards    1 969)  shows  the  thirkened _    .     .,  ''-     ̂         '  _ y  --^      ̂     ^    ;   f^  ̂ ^ncict  r,£  iin  tn  nine  lavers  of  eloncate. sunila 

the  same  pattern  for  LnaticauL  The  outer  cor-      thick-waUed 
 ceUs;  m  between  these  borders  a  e 

tex  b  several  taxa  consists  of  thickened  ceUs  just      some  thin
-walled  ceUs,  some  of  wh.ch  probably 

below  the  epidermis  (Fig.  7A). 
Cuticular  features  are  known  to  different  extents 

broke  down  to  cause  sporangium  opening. 

Sporangia  are  oriented  with  respect  to  the  axes ^uui^uiar  leatures  are  Known  louiiici cm  c^Aiv^xx.^  -r         «^                                -  i_.      *u  -      »  ib«  «--« 

among  the  zosterophyUs.  Epidermal  ceU  shape  var-  in 
 one  of  two  ways:  (1)  upright-their  stdks  are 

ies  from  elongate-rectangJar  to  nearly  isodiamet-  paraDel  or  at
  an  acute  angle  to  the  ax  s  such  tha^ ■     -          ̂                    ̂                                   '  their  dehiscence  lines  are  perpendicular  to  the  axis Walton 

cuUcles  have  been  studied  exhibi  .he  dfe.lnct.ve     ,al
-.heir  slaflcs  are  peT«nd,.ular   »*««.«. 

•W„e  ceU"  pattern  (Fig.  7D,  E)  first  noted  in      that  t
heir  dehiscence  Ime  paraUels  the  ax,s    F^gs o       •  t'aitciii  VX15         ,     /           ^         ̂ ^^  ̂^^    Spores  are   trilete,  smooth  or  slightly 

sometmies 
verv  similar 

piUae  occur  on  epidermal  cells  in  Sawdonia  (Fig. 

8B)  and  Crerta/tcau/i5.  Both  of  these  features  are  *.--,  -  -  ̂      .        z.    ;/     .   ̂\r.fr.n!nnnm    7    di 

••-«  in  Zo.,„„,V«-.  however.  Stontata  are  ̂ ^^J;^:^}':^^^^^''^'''. merpreted  as  consisting  of  two  guard  ceUs  sur-  Z'  _TTC,.ZTl ,U.„l,.,r,hia  are  .„,on.  the founded 
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Figure  5.      Emergence  types  in  zosterophylls.  — A.  Tapered  spinelike  emergences  of  Sawdonia  ̂ ^^^^^' ^' 
Papillae  and  short  deltoid  emergences  (teeth)  in  opposite  rows  on  axis  of  Crenaticaulis  verruculosus,^^-^ 
zosterophyll  type  b  from  New  Brunswick  with  flattened  wedgelike  emergences.— D.  Forked  and  entire  ®P^^ 

emergences  of  Sawdonia  acanthotheca  from  New  Brunswick.  One  near  the  top  has  eight  tips,  —  E.  Scanning  e  ̂̂    p 
micrograph  of  globose  emergences  in  a  new  zosterophyll  type  from  New  Brunswick;  general  view  is  in  Figure Scale  bars  =  1  mm. 

known 

several  branching  orders,  at  least  some  aspects  of 
anatomy,  and  bear  sporangia. 

sporangium 

linear sporangium 

Zosterophylls  vary  greatly  while  retaining  a  ba-      gium  upright  or  horizontal;  (4)  sporangial  va  veb o^««^ — :   U.I   _„_T     r  .    .1     ,  1  ,    .,-^  1  1-   .*«,.^  icotoinous 
sic  sporangium  morphology  and  attachment  that      e 
unite  the  group.  An  assessment  of  the  characters 

un 

podial 

useful  in  recognizing  genera  is  presented  by  Ken-      sible;  (6)  aerial  branch  systems  spiralled  or  planar, 
^.u  ̂ r  x?A...^^A.  /inoou^  .„ J  17 j....„j_  ..  .1  ,.  ̂ o^x       ^j^  axillary  tubercles  present  versus  absent  or  pres- 

Eklwards 

The  former  note  that  each  new  taxon  presents  a      ence  of  other  lateral  branch-related  projections;  ( 

new  ̂ 'concatenation  of  overlapping  characters"  with      non- vascularized  emergences  present  versus  a  • 
the  others.  The  characters  they  regard  as  useful      sent.  Some  of  these  are  included  in  the  phylogenetJC 
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fiCURE  6.     Line  drawings  interpreting  emergence  types  in  zosterophylls. — A.  Sawdonia  ornata. — B.  Koniora 
^^drychoviensis,—C.  Discalis  longistipa.—D.  New  zosterophyll  type  a.—E.  New  zosterophyll  type  b.  — F,  Ser- 
^}dacaulis Jurcatus.—G,  Crenaticaulis  verruculosus.  Papillae  not  shown.  H-J.  Sawdonia  acanthothcca. - 
iorked»  spinelike  emergences,  — I.,  J.  Forked  emergences.  A-H  scale  bars  =  2  mm.  I,  J  scale  bars  =  0.2  mm- 

H.  Un- 

analysis  discussed  later,  while  others  are  too  in-  metry  varies  greatly  in  some  taxa  included  here), 

completely  known  or  represent  autapomorphies  and  Zosterophyllum,  Rebuchia,  and  Hicklingia  rep- 

could  not  be  included  as  markers  of  phylogenetic      resent  this  group.  The  other  type  is  characterized relationships. by  axes  not  terminating  in  sporangia  and  exhibiting 

Emergence  type  is  not  in  the  above  list  and  is      predominantly  bilateral  symmetry  and  encompass- 

excluded  from  the  analysis  to  follow,  because  it  is      es  the  remainder  of  genera.  Associated  with  this 
quite  variable  and  autapomorphic.  Several  genera 
lack  emergences  entirely  {Zosterophyllum,  Gos- 
'l^ngia,    Tarella,    Oricilla).    Among    those    with 

latter  group  is  the  presence  of  emergences,  circi- 

nate  axes,  and  possibly  planar  branching.  The  non- toi.TY^inQt*>  fharartpr  is  somewhat  oroblematic  be- 

eniergences,  some  have  axes  and  sporangia  cov-  cause  axes  are  incomplete  for  several  taxa  included 

ered  with  emergences  while  others  exhibit  distinct  in  that  group.  The  proposition  that  emergences  and 

patterns  such  as  opposite  double  rows  in  Crena-  sporangia  are  homologous  to  each  other  in  the 

ticaulis,  or  opposite  and  in  single  rows  in  Serru-  ̂ onterminate  group  also  needs  further  considera- 

Incaulis  (Fig.  6).  The  importance  of  emergences  tion,  in  part  because  sporangia  can  bear  emer- 

s  a  taxonomic  character  varies;  considering  sev- 
^      plant  groups,  in  some  cases  it  is  used  at  the 

generic  level  {Sawdonia,  the  monotypic  genera  types  stiU  are  closely  related,  as  only  minor  mor- 

S^rrulacaulis,  CrenaticauUs\  m  others  to  distin-  phogenetic  change  is  necessary  to  derive  the  sec 

giiish  species  {Psilopkyton,  Anisophyton).  ond  type  from  the  first.  Further,  they  propose  that 

Banks  (1968)  and  Banks  &  Davis  (1969)  pro-  lycopsids  arose,  via  the  "pre-Iycopsid  complex," 

posed  dividing  the  subdivision  Zosterophyllophytina  from  the  second  type  of  zosterophyll,  with  a  major 

gences, Niklas  &  Banks  (1990)  suggest  that  the  two 

J^to  two  famUies,  the  Zosterophyllaceae  and  the 
J^osslingiaceae.  Hueber  (1972),  Edwards  (1970), 
J-ensel  et  al.  (1975),  and  several  other  workers 
^e  questioned  whether  this  proposal  was  reason- 
^  le,  and  as  more  taxa  have  been  added  to  the 
subdivision,  it  has  been  dropped,  with  the  family 
Zosterophyllaceae  being  retained. 

^  recent  assessment  of  characteristics  of  zos- 

reversal  in  symmetry  (bilateral  to  radial).  These 

hypotheses  are  worth  further  testing  in  that  they 

are  based  on  a  dynamic  concept  of  developmental 

aspects  of  the  plants,  and  they  build  on  previous 
observations  concerning  symmetry  of  sporangia! 

arrangement  and  branching  of  several  types  of 

zosterophylls. 

terophyUs  led  Niklas  &  Banks  (1990)  to  propose       jyioRPHOLOGlC  FEATURES  OF  Pre-LycopsiDS  AND at  two  major  types  of  zosterophylls  could  be 

"■ecognized.  One  is  characterized  by  axes  that  ter- 
"^»nate  in  sporangia  (terminate  axes)  and  exhibit 

predominantly    radial    symmetry   (although   sym-      and  other  workerb  have  u^cd  the  term  "pre-lycop 

Lycopsids 

As  previously  noted,  Gen?^el  &  Andrews  (1984) 

AT. 



458 Annals  of  the 

Missouri  Botanical  Garden 



Volume  79,  Number  3 
1992 

Gensel 

Phylogenetic  Relationships  of  the 
Zosterophylls  and  Lycopsids 

459 

f 

t 

I 

A.  SEM  of  stomate  of  Sauidunia  ornata,  viewed  from 

B.  SEM  of  stem  surface  showing  papillae  and  spine 
Figure  8.     Cuticular  and  spore  features  of  zosterophylls. - 

the  inside.  Ridge  may  be  region  where  guard  cells  connect.-  .     .      ,  r  -^  t   u 
bases  of  Sawdonia  ornata -C,   D.  SEM  and  light  micrograph  (LM)  of  spores  obtamed  from  ZosterophyUum 

divaricatum  sporangia.  Note  curvaturae,  chagrenate  surface.  A,  C,  D  scale  bars  =  10  Mm.  B  scale  bar  -  100  ̂ m. 

8id"  for  some  Devonian  taxa  {Asteroxylon,  Drepa-      zomatous  habit,  with  prostrate  axes  proHt.nng  ae 

'lophycus,  Kaulangiophyton)  that  are  believed  to The 

^  close  to  lycopsids  in  most  of  their  characters      and  K  branching,  and  Astero
xylon  and  Drepa no- 

bear outlack  either  a  vascularized  leaf  or  leaf-associated      ̂     ̂   j.o.     r 

sporangia.  They  aU  are  similar  in  exhibiting  a  rhi-      ably  have  these  too).  AU  of  t
hese  taxa  differ  from 

Figure  7.  Anatomical  and  cuticular  features  of  zosterophylls.- A.  Cross  section  thr
ough  stem  of  Crenattcnul,s 

^■^rruculosus.  Note  thickened  ceUs  in  outer  cortex  and  eUiptic.  exarch  haplostdc  An  arrow  md.caes  presu
med 

P^otoxylem.-B.  SEM  of  tracheid  of  CrenaticauUs  in  longitudinal  view.  Th.s  has  directly  and  in
directly  connected 

fnnular  to  helical  thickenings  and  a  perforated  secondary  wall  in  between.  C.  Cross  section 
 of  a  stem  of  Stolbrrg,a 

f-oni  the  Middle  Devonian  of  Maine  Ulustrating  an  exarch  haplostele,  suggesting  this  plant  may  be  a  z
osterophy!.- 

D-  Cuticle  of  Sawdonia  ornata  showing  papiUate  epidermal  celk,  stomata  («U"^;°^f  ""fjt  T^'i: 
«  Crenaticaulis  verruculosus  — note  the  rosette  cell  pattern  at  the  nght.- 
"  scale  bars  =  1  mm.  B  scale  bar  =  10  nm.  E,  F  scale  bars  -  0.1  mm. 

F.  Stomate  of  Sawdonia  ornata   A,  C, 

Tl 
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Figure  9.     Line  drawings  of  pre-lycopsids. — A.  KauU 
angiophyton  akantha. 
mis.   C,   D.   Asteroxylon   mackiei. 

phycus  spinaefor- C.   Restoration   of 

morphology,  with  those  of  Leclercqia^  Protolepi- 
dodendron  scharyanuniy  and  Colpodexylon  being 

five,  two,  and  three  times  forked,  respectively. 

Sporangia  are  attached  to  a  small  pad  of  sterile 

tissue  on  the  microphyll  surface.  In  Leclercqia, 
the  attachment  site  is  located  near  one  end  of  the 

sporangium  and  is  only  one  cell  layer  thick.  Bona- 
mo  et  al.  (1988)  did  not  recognize  Leclercqia  spo- 

rangia as  stalked.  However,  when  coding  aspects 

of  sporangial  attachment  for  cladistic  analysis,  1 

regarded  such  pads  in  lycopsids  as  homologous  to 
stalks. 

Other  lycopsids,  such  as  Haskinsia  and  Ar- 

chaeosigillaria^  exhibit  leaves  with  a  distinctive 

shape  (sagittate)  or  lobing  (Fig,  IIC,  D).  Their 

fertOe  parts  are  unknown.  Many  Middle  Devonian 

lycopsids  are  much  larger  than  most  zosterophylls, 

although  Baragwanathia  and  Drepanophycus  can 

have  axes  3  cm  or  more  wide.  Small  tree-sized 

lycopsids  appear  by  Late  Devonian  times.  By  the 

Carboniferous,  a  trend  toward   greater  size  and 

lycopsids  in  that  their  sporangia  are  cauline,  i.e.,      arborescence  in  some  lineages,  protectior   "»f  spo- 
attached  to  stems  by  short  stalks  (Fig.   9  AC),      rangia,  and  their  aggregation  into  strobili  was  well 
rather  than  being  associated  with  microphylls.  As-      established. 
teroxylon  and  Drepanophycus  exhibit  deeply  lobed 
actinosteles  (Fig.   9D)  from  which  lateral  traces      ^ 
^_      ̂   °     .        ,  c     %r     J       .     ,       Possible  Ancestry  of  Zosterophylls emanate;  anatomy  is  unknown  tor  Kaulangioph- 

yton.   The  lateral  traces  extend  to  the  base  of  It  has  been  suggested  that  the  zosterophylls  arose 

leaflike  appendages  in  Asteroxylon.  Drepanophy-  from    a    rhyniophyte    ancestor,    although    Banks 
cus  has  vascularized  microphylls.  There  is  no  ev-  (1968)  did  not  indicate  a  relationship  between  the 

idence  of  vascularization  in  the  thornlike  emer-  two  lineages.  Such  a  derivation  would  involve  a 

gencesofKa«/art^to/?/ij^on,  even  though  they  are  shift  from  terminal  to  laterally  borne  sporangia 

very  similar  to  those  of  some  axes  attributed  to  (which  could  result  from  increasingly  anisotomous 

"leafy*'  shoot  with  sporangia  interspersed  among 
"leaves." — D.  Diagram  of  actinostele  with  traces.  A  re- 

drawn from  Gensel  et  al.  (1969);  B  modified  from  Schweit- 
zer (1980);  C,  D  redrawn  from  Chaloner  and  MacDonald 

(1980).  A-C  scale  bars  =10  mm.  D  scale  bar  =  1  mm. 

Drepanophycus  spinaeformis  (Fig.  lOA).  Circi- 
nate  axes  are  not  evident.  The  sporangial  stalks  of 
Asteroxylon  are  vascularized 

branching)  and  from  centrarch  to  exarch  proto 

xylem  maturation.  How  the  latter  might  have  oc- 

curred is  unclear,  especially  in  apparently     leat- 
Baragwanathia  traditionally  is  considered  the       less"   plants,   unless   by   means   of  a   change  in 

oldest  undoubted  lycopsid,  exhibiting  a  deeply  lobed       developmental  cues  such  as  hormone  distribution. 

Considering  protoxylem  maturation  sequences 

among  fossil  and  extant  pteridophytes.  I  cannot 

actinostele   with   lateral    traces   supplying   micro- 
phylls. Its  sporangia  have  been  presumed  to  occur 

in  the  axils  of  the  microphylls,  but  sporangial  at-       think  of  any  instances  where  such  a  shift  has  been 
tachment  could  be  cauline  as  noted  previously. 
There  is  no  evidence  of  a  stalk.  The  sporangia documented.  The  closest  might  be  in  the  changes 

in  relative  position  of  proto-  and  metaxylem  in  the apparently  occur  in  zones  along  the  stem,  and  both       so-called  shoot-root  transition  zone  in  seed  plants 
microphylls  and  sporangia  are  radially  arranged. 
At  the  very  least,  Baragwanathia  is  more  similar 

to  lycopsids  than  the  preceding  taxa,  in  that  spo- 
rangia seem  to  be  associated  with  leaves. 

Leclercqia  and  several  other  genera  present  in 
Middle  and  Upper  Devonian  sediments  are  the  best 
known  early  lycopsids  (Fie.  11).  These  olants  have 

where  metaxylem  differentiation  changes  from  cen- 

tripetal to  laterally  divergent  to  centrifugal  in  the 

zone  between  root  and  cotyledons  (Esau,  IVO  )• 

Chaloner  &  Sheerin  (1979)  modified  this  see
- 

nario  slightly  to  suggest  both  zosterophylls  an 

rhynialean   rhyniophytes  may  have  arisen    r 

Cooksonia.  They  further  suggested  that  lycopsids exarch  protosteles  exhibiting  ridges  or  variable  depth       arose  from  some  zosterophyUs  and  trimerophytes 

of  lobing,    microphyllous   leaves,    and    sporangia       arose  from  rhyniophytes.  Taylor  (1988)  noted  that known) 

,    ,  plants  now  included  in  Cooksonia  may  encompass 
(Fig.    11 B),   Early  lycopsids  vary  mostly  in  leaf      vascular  and  nonvascular  plants  and  suggested  tha 
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Figure  10.  A.  General  view  of  Drepanophycus  spinaeformis  leafy  stem.  Leaves  are  long,  falcate,  and  spineJike. 
Unfortunately,  this  specimen  does  not  show  leaf  venation.  — B.  SEM  of  tracheid  of  cf.  Drepanophycus  gasplanus 
from  New  Brunswick,  illustrating  perforated  secondary  wall  between  scalariform  thickenings.  B  scale  bar  =  10  //m. 

the  origin  of  zosterophylls,  rhyniophytes,  trimero-  specimens  assigned  to  Aphyllopteris,  Hostinella, 

Phytes,  and  the  major  groups  of  bryophytes  cen-  and    Taeniocrada.    Uskiella  Shute    &    Edwards, 

tered  on  a  cladistically  unresolved  complex  of  poor-  1989,  may  also  represent  a  rhyniophyte. 

Jy  understood,  highly  variable  plants  with  either  no  Other  plants  originally  assigned  to  the  rhynio- 

conducting  cells  or  ones  lacking  secondary  wall  phytes  either  lack  tracheids  with  obvious  secondary 

patterns — his  so-called  cooksonioid  complex.  This  wall  patterns  or  are  problematic  with  regard  to 

scenario  obviates  the  need  to  explain  a  shift  from  some  necessary  characters.  The  major  issue  is  how 

centrarchy  to  exarchy  and  also  implies  the  possi-  to  define  a  tracheid,  and  thus  a  tracheophyte.  Cur- 

bility  of  polyphyletic  origin  of  conducting  cells  and  rently,   the  presence  of  lignified   secondary   wall 

possibly  of  tracheophytes.  Unfortunately,  no  pu-  thickenings  is  regarded  as  distinctive  of  tracheids. 

Lge  in  his  study  was  supported  by  specific  In  such  plants  as  Aglaophyton,  Nothia  aphylla, 

characters  or  character-state  transformations  (but  Taeniocrada  dubia,  and  more  recently,  Rhynia 

see  Kenrick  &  Crane,  1991).  gwynne-vaughanii  ( 

Current  research  also  has  resulted  in  questions  cular  plant),  it  is  difficult  to  determine  if  the  absence 

concerning  which  plants  truly  conform  to  the  def-  of  secondary  thickenings,  or  the  presence  of  other 

line 

oded 

rhyni 

definition  of  rhyniophytes. 
types  of  patterns  or  wall  layers,   is  an  Intrinsic 

preservati 
especially  in  terms  of  types  of  branching  pattern,      differences  have  been  interpreted  as  intrinsic  in 

but  retained  two  original  features,  the  occurrence      many  of  these  taxa  and  not  homologous  to  tra- 
sporangia  terminating cheids,  and  all  of  these  taxa  except  Rhynia  gwynne- 

and  a  centrarch  haplostele.  Taxa  included  in  rhy-       vaughanii  have  been  formally  removed  from  the 

niophytes  by  them  are  Rhynia  gwynne-vaughanii.      rhyniophytes.  Recent  studies  of  Kenrick  &  Crane 
^Gnalia,    Taeniocrada    decheniana.    and some 

(1991)  suggest  that  the  conducting  cell  structure 
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Figure  11.     Line  drawings  of  early  lycopsids.— A.  Leclercqia  complexa,  general  habit. 
complexa  showing  sporophylls  and  abaxial  sporangia,  — C.  Haskinsia  colophyllus  showing  sagittate  leaves. 
Diagram  of  leaf  in  front  and  side  view  of  Archaeosigillaria  vanuxemii.  AC  redrawn  from  Bonamo  et  al.  (1988). 
D  redrawn  from  Fairon-Demaret  &  Banks  (1978).  A-C  scale  bars  =  5  mm.  D  scale  bar 

B.  DetaU  of  Leclercqia 

mm 

in  /?.  gwynne-vaughanii  also  is  more  similar  to      diversified  in  the  Siegnian-Emsian,  with  more  than 
Sennicaulis  and  Taeniocrada,  and  they  present      14  genera  represented,  whereas  the  number  of 

taxa. 
concerning  the  possible  affinities 
obviously  is  important  in  con lycopsids  present  prior  to  the  Middle  Devonian  is 

very  low,  being  one  or  two,  with  an  increase 

numbers  in  the  Middle  and  Upper  Devonian.  A 
rhyniophytes  as  a  sister  group  or  source  of  ancestor 

for  any  plant  lineage  and  in  assessing  homology      few  zosterophylls  are  recorded  in  the  Eifelian-Give- 

among  conducting  cells.  tian  {Hicklingia,  perhaps  Stolhergia.  Euthurso- 

phyton  hamperbachense)  and  a  few  genera  exten Patterns  of  Diversification  and 
Morphologic  Variation into  the  Upper  Devonian  (Sawdonia,  Serrulacau- 

lis,  Drepanophycus).  Thus,  no  matter  when  the 

group  first  appeared,  diversification  of  lycopsi  s. Examining  the  diversity  (Fig.  1)  of  the  zoster-      on  the  basis  of  present  evidence,  lagged  behind 

ophylls  and  lycopsids  shows  that  zosterophylls  clearly      that  of  zosterophylls.  The  reason  is  unknown.  Per- 
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haps  early  members  were  somehow  constrained  by  increased  water-conducting  capacity  (Niklas,  1984, 

ecological  parameters  (e.g.,   competition  for  the  1985). 

same  habitat?).  Nothing  is  known  about  the  gametophytes  of 

There  are  some  parallels  in  morphologic  vari-  zosterophylls  (Schweitzer  (1979,   1983)  has  sug- 

ation  between  the  two  groups.  Emergences  in  zos-  gested  that  a  Sciadophyton  may  be  the  gameto- 

terophylls  and  microphylls  in  pre-lycopsids  and  ly-  phyte  of  Zosterophyllum,  but  definite  proof  is  lack-
 

copsids  are  quite  variable.  Both  may  have  performed  ing)  or  of  extinct  Devonian  lycopsids  other  than 

simaar  functions— i.e.,  protection  of  the  stem  from  their  spores.  The  only  notable  difference  in  spores 

desiccation,  mechanical  damage,  or  herbivory,  and  of  homosporous  Devonian  members  of  the  two 

bereased  surface  area  for  photosynthesis  and  gas  groups  is  that  those  known  in  Leclercqla  have  a 

exchange.  It  is  assumed  that  vascularized  micro-  coarser  ornament.  Some  Devonian  lycopsids  (e.g., 

phyUs  would  be  more  efficient  both  in  providing  Cyclostigma)  are  heterosporous,  a  reproductive 

water  for  photosynthesis  and  in  transporting  pho-  syndrome  not  present  among  zosterophylls. 

To  what  extent  might  these  morphological  dif- 
ferences lead  to  different  evolutionary  pathways? 

tosynthate  away  from  its  source.  Early  and  Middle 

similar 

to  zosterophylls,  but  some  younger  lycopsids  are  The  lycopsids  survived  and  zoster
ophylls  did  not. 

much  larger.  Is  this  chance,  or  might  lycopsids  have  had  a  great- 

Sporangial  attachment  is  different  in  the  two  er  developmental  potential?  D
id  their  more  inte- 

groups,  ranging  from  cauline,  with  vascularized  grated  and  extensive 
 vascularization  confer  sur- 

stalks  (in  some  zosterophyUs  at  least,  and  Aster-  vival  advantage?  No  clear  a
nswers  exist,  but  these 

oxylon),  to  foliar,  either  axillary  or  epiphyllous  questions  should  be  pursued.
 

Oycopsids).  In  some  lycopsids,  sporangial  stalks  are 
unvascularized 

Ecological  Patterns 
are  modified  to  enclose  sporangia  more  completely 

and  differ  anatomicaUy.  For  example,  sporophyUs  Evidence  thus  far  d
oes  not  suggest  major  d.- 

of  some  extant  Lycopodium  species  have  a  mu-  ferences  in  the  habitat  
preferences  of  zosterophylls 

caage  cavity  at  their  base  or  adjacent  to  the  vas-  and  lycopsids  duri
ng  the  Devoman.  Sedimentolog- 

m  is  unknown  ical  analyses  of  plant-rich  strata  suggest  both  gro
ups funct 

channel 
Within but  might  be  to  aid  in  moisture  retention,  store  inhabited  floodplain  or 

excess  metabolites,  or  to  aid  spore  dispersal  by  ments,  usually  adjacent  . .       .       , 

causbg  the  sporophyD  to  reflex  when  dried.  Spo-  a  deposit,  a  tax
on  may  be  represented  by  abundant 

rangial  stalks,  although  unvascularized,  show  paraUel  ahgned  ax
es,  or  by  closely  mtermmgled 

patches  of  lignified  cells  (probable  transfusion  tis-  specimens.  Thu
s,  it  seems  hkely  that  they  formed 

sue)  that  are  in  contact  with  those  surrounding  the  dense  stands  and  t
hat  many  were  buried  at  or  close 

vascular  strand  of  the  sporophyU  (Sykes,  1 908).  to  their  site
  of  growth.  Tarella  Edwards  &  Kenrick 

The  ligule  in  extant  Selaginella  is  regarded  as  1986,  is  inter
preted  as  livmg  on  an  exposed  point 

aidbg  m  moisture  retention  during  early  ontogeny  bar  subject
ed  to  periodic  floodmg,  which  preserved 

or  producing  mucilage  (Bilderback,    1987).  The  parts  of
  the  stand  dunng  each  episode.  Sawdoma 

outer  sporangium  waU  often  is  lignified.  ornata  in  Gaspe  occurs  ma  sandstone  conta.n.ng 

Although  anatomy  is  known  for  only  about  two-  marine  fos
sils  immediately  below  he  plant-nch  lay^ 

thirds  of  the  zosteropVll  genera,  it  is  stereotypical,  er;  the  -d-^:^  ̂ y— ^^^^ enng 

floodpl 

comm 

floodplain shaped),  which  may  correlate  with  arrangement  of  Lawrence,  pe 

branches  and/or  sporangia.  Anatomy  in  lycopsids  inhabiting  a  i 
varies  mainlv  in  deoth  of  lobes   from  deeply  lobed  et  al.,  1985).         _         .       ,         .  .        , 
tn  =1-  u.i       J  '"/^*'P^"  °*  tones   iroi  K  /  ^^j    pgyonjan  deposits  suggests  only 
to  slightly  ndged  actinosteles.  Tracheary  wall  pat-  t.arly  ana  miuu  r  „p^u„„„  ;„ 

is  circnl.r  tn  nv.l  nitted  in  Leckrcqia  in  one  type  oc
curred  m  any  given  area,  perhap    m 

The 

terning 

or      the  Lower  Devonian,  zosterophyUs,  pre-lycop
sids, -""udsi  lo  tne  mdirectly   conneciea  amiuicn    or      uic  i.u  j  r  ,  ̂,v„:Ur  =;f^=  and  onlv 

Wca,  pane™  of  „o.  i.„oph,Ds  ̂Koniora.^so     and  ef-';;":^-^,^ ::i:^^^^^^^^^ 

connected  annular 

exhib 

cheid  d_ter  is  Lilarin  zoLrophyUs  and  ly-  ̂ ^^jj^^^^^^^^^^^^^  .he copsids  of  comparable  age,  or  in  some  cases  greater  Edwards  &  KenricK  k  ,  Jf     „ 

in  .osterophyU^  (Niklas,'l984).  By  the  Middle  De-  occurrence  o^^^^?^^  ttTopIU  may vonian,  xylem  cross-sectional  area  is  greater  m  berances  of  various  degree       __       i 
 /       j 

'ycopsids  than  in  zosterophylls,  which  might  suggest  hav< been 
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allowing  the  plant  to  begin  growing  again  after  (1908)  noted  that  sporangia  primordia  in  Lyco- 

damage  (or  partial  burial)  or  to  become  reesta-  pot^/um  5e/a^o  originated  separately  from  leaf  pri- 

blished  after  being  uprooted,   Zosterophylls   also  mordia,  the  developing  sporangia  becoming  asso- 
show  some  cuticular  features  that  could  be  inter-  ciated  with  leaves  later.  Bower  (1935),  however, 

preted  as  adapted  for  periodic  water  unavailability,  described  sporangial  initiation  as  foliar  for  the  same 

for  example:  (1)  their  cuticles  are  quite  robust  and  species.  Eames  also  noted  that  where  sporangia 

resistant  to  destruction  (in  contrast  to  those  of  originate  is  not  necessarily  where  they  are  located 

trimerophytes  or  rhyniophytes);  (2)  many  exhibit  at  maturity,  ahhough  those  originating  on  leaves 

epidermal  cells  with  papillae  (thickened  regions  of  usually  stay  positioned  on  leaves.  Additional  studies 

cuticle);  and  (3)  their  stomata  in  some  cases  appear  of  sporangial  and  leaf  development  in  extant  ly- 
sunken  {Sawdonia,  Deheuharthia).  Several  also  copsids  are  needed  to  clarify  this  variability.  Such 

exhibit  the  distinctive,  epidermal  "rosette  cell"  ar-  studies  might  shed  light  on  how  the  lycopsid  spo- 
rangement  (Fig.  7D,  E),  which  has  been  considered  rangium/sporophyll  affiliation  came  about.  If  the 

to  represent  either  hair  bases  (although  hairs  never  sporangium-leaf  association  is  variable  in  extant 

have  been  seen),  mini-lenses  for  concentrating  sun-  lycopsids,  the  same  might  apply  to  fossil  ones.  This 

light  for  photosynthesis  (Rayner,    1983),  an  un-  is  significant  in  regard  to  the  status  of  Sara^u^a/ia- 
known  function  in  plant  water  relations  (Edwards  thia\  simply  having  leaf-associated  sporangia  may 

et  ah,  1982),  or  salt  glands.  Z)/-e/?afto/>^jcu5  often  be  sufficient  to  place  it  in  the  lycopsids  without 
has  a  very  large  diameter  axis  with  a  narrow  vas-  worrying  about  whether  it  attaches  to  the  stem  or 
cular  strand,  leading  to  the  suggestion  that  it  was  the  leaf. 
possibly  succulent. 

Evolutionary  Considerations 

Despite  abundant  new  evidence,  particularly  of 
zosterophylls  and  earliest  land  plants,  it  still  is  not 

r 

Another  explanation  for  the  transition  from  cau- 
line  to  foliar-borne  sporangia  might  be  heterotopy. 

A  displacement  of  meristematic  activity  producing 

lateral  appendages  (sporangial  primordia)  from  stem 

apex  to  leaf  axil  or  leaf  surface  would  result  in  the 

estabhshment   of  leaf-associated   sporangia.   This 
possible  to  resolve  how  microphylls  and  leaf-asso-  same  process  also  could  be  invoked  to  explain  forked 

ciated  sporangia  arose.  Evidence  from  fossil  plants  emergences  or  microphylls.  Heterotopy  is  consid- 
and  extant  lycopsids  seems  to  favor  the  vascular-  ered  the  probable  cause  of  epiphyllous  leaves  in 

ization  of  enations  theory  more  extensively  than  Begonia  by  Sattler  &  Maier  (1977).  Other  ex- 
the  telome  reduction  theory  (see  also  Niklas  &  amples  are  reviewed  by  Sattler  (1988). 

Banks,  1990).  The  presence  of  forked  microphylls  Are  microphyllous-associated  sporangia  homol- 
in  some  early  lycopsids  is  not  necessarily  problem-  ogous  with  those  borne  on  stems  or  megaphylls . 

atic  because  they  too  could  have  evolved  from  have  assumed  so,  since  both  originate  from  cauline 

emergences.  In  a  paper  submitted  elsewhere  (Gen-  structures.  Therefore,  the  sporangial  stalk  of  all 

sel,  1991),  I  demonstrate  the  occurrence  of  emer-  zosterophylls  is  regarded  as  homologous  to  a  stem 

gences  that  fork  up  to  eight  times  in  Sawdonia  in  the  phylogenetic  analysis.  Sporangial  stalks  m 

acanthotheca.  One  could  suggest  on  that  basis  that  lycopsids  also  are  homologous  to  stems,  but  seem 
the  genetic  potential  for  forked  emergences  existed  to  have  lost  vascular  tissue.  This  phylogenetically 

in  the  putative  ancestral  plants,  which  could  be  co-  important  assumption  requires  further  investiga- 
opted  or  expressed  during  leaf  development  in  some  tion. 
putative  descendants. 

The  traditional  views  of  the  origin  of  foliar- 
associated  sporangia  are  that  either  the  sporangium 
became  associated  with  the  leaf  thrniicrh  *'nViv1**t;f- 

Phylogenetic  Analysis  of  Extinct  and 

Extant  'Tteridophytes" 

sUde,"  perhaps  via  developmental  changes  that  To  evaluate  phylogenetic  relationships  of  zos- 
reduced  the  distance  between  leaf  and  sporangium,  terophylls,  pre-lycopsids,  and  lycopsids  more  rig- 

or through  modification  of  a  branch  truss  with  both  orously,  I  have  initiated  a  phylogenetic  analysis  o 

vegetative  and  fertile  components  (the  telome  the-  selected  fossil  and  living  pteridophytes  using  cla- 
^"■y)-  distic  methodology.  The  results  presented  here  are 

Evidence  supporting  either  of  these  hypotheses  preliminary.  Further  analysis  is  ongoing,  and  a 

is  inconclusive.  Reports  concerning  development  fuller  treatment  will  be  presented  elsewhere  (Gen- of  sporangia  in  extant  lycopsids  are  conflicting;  in  sel,  Mishler  &  Albert,  in  prep.), 

some  cases  the  sporangial  initials  originate  on  the  Numerous  problems  exist  in  attempting  to  use 

stem  and  in  others  on  leaves  (Eames,  1936).  Sykes  fossUs  in  cladistic  analysis,  as  summarized  by  D^"' 
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oghue  et  al.  (1989),  but  their  argument,  which  lutionary  theories  discussed  previously.  If  a  genus 

focuses  on  the  importance  of  using  fossils  in  phy-  was  polymorphic  for  the  characters  employed,  a 

logenetic  analysis  of  living  plants,  can  be  inverted  representative  species  was  selected;  thus,  Sawdon- 

and  used  to  support  inclusion  of  hving  taxa  in  ia  is  based  on  S.  ornata,  Drepanophjcus  is  based 

phylogenetic  reconstruction  of  fossil  taxa.  Discus- 

^
f
i
 

sions  of  the  benefits  and  problems  involved  in  at-  B.  andqua.  In  two  cases,  more  than  one  species 

tempting  phylogenetic  analysis  of  fossU  plants  via  of  a  polymorphic  genus  was  included  i
n  the  data 

cladistics  are  weU  presented  by  Schoch  (1986),  set  {Psilophyton,  Lycopodium).  Some  taxa  were 

Stein  (1987),  Stein  &  Beck  (1987),  Crane  &  HiU  not  included  because  they  did  not  meet  the 
 above 

(1987),  and  Doyle  &  Donoghue  (1987).  criteria.  I  included  many  more  zosterophyll  genera 

Problems  that  were  faced  here  include  some  than  for  other  lineages,  because  I  wanted 
 to  test 

mentioned  by  the  above  workers,  such  as:  (1)  not  relationships  within  that  group.  Even  
so,  some  zos- 

aU  fossil  remains  present  comparable  sets  of  char-  terophyU  genera  were  omitted  eith
er  because  they 

acters;  (2)  the  plants  mostly  are  of  simple  con-  are  too  incompletely  known  
or  because  they  score 

struction  and  present  a  comparatively  low  number  identically  with  a  genus  present  
m  the  analysis.  A 

of  characters;  and  (3)  developmental  data  are  sparse  hypothetical  moss  ancestor,  
based  «"  .^haracter- 

or  lacking.  Combined,  these  result  in  the  analysis  istics  postulated  by  Mishler  
&  Churchill  (1985), 

bemg  limited  to  a  smaU  set  of  putatively  homologous  was  included  in  ord
er  to  polarize  characters, 

characters.  These  problems  are  particularly  acute  Sporangial  characters,  
branchmg  patterns,  and 

when  analyzing  ancient  lineages  of  land  plants.  In  vascular  anatomy  di
stmguish  not  only  major  Im- 

selecting  characters,  I  attempted  to  include  char-  cages  of  Devonian  
plants,  but  modern  ones  to  some 

acters  traditionally  used  in  delimiting  fossil  and  extent  as  weU.  The
se  also  are  ones  most  readily 

extant  taxa  at  the  generic  and  higher  levels,  but  obtained  from  
the  fossils;  many  of  these  characters 

realize  these  represent  hypotheses  of  homology  that  are  used  in  thi
s  analysis.  However  branching  pat- 

may  he  refuted  as  new  knowledge  is  obtained.  Be-  terns  were 
 difficult  to  code  and  resulted  m  character 

cause  of  the  range  of  taxa,  and  the  limitations  of  conflict;  thu
s  all  aspects  of  branching  except  ones 

fossa  remains,  only  a  few  character  states  could  relating  to  
how  sporangia  are  borne  on  the  plant 

be  judged  homologous  and  synapomorphous  (i.e.,  were  
abandoned.  Despite  criticism  for  using  char- 

shared  by  two  or  more  taxa)  This  limits  the  po-  acters  th
at  have  questionably  discrete  ̂ ^ates  I  m- 

tential  for  accurate  phylogenetic  reconstruction  be-  eluded  
one  such  character  (sporangial  shape)  m 

cause  of  the  probable  lack  of  resolution  resulting  these  
initial  attempts  smce  sporangial  shape  has 

from  analysis  of  many  taxa  with  few  characters. Wag been  used  to  distinguish  major  groups  of  early  lan
d 

plants.  Emergence  shape  and  position  are
  too  vari- wagiier  parsimony,  rAur  o.uauy  i^.^vvuiiw.u,  r    ^  „,  l,^^„r^Iaci™■c^ 

»as  used  ̂,h  a  Macintosh  con,pu.er  to  conduc,  able 
 (and  either  antapomorphous  or  homof^- -- 

the  analysis.  This  program  aUowf  for  coding  n,ul-  to  be  included.  Data  on  f  "^^^^^  ' /^^^^^^^^^^^ 
tistate  characters  and  for  the  construction  of  char-  feat

ures,  and  spores  are  lackmg,  too  .ncomp  «'e 

inform  at acter  state  trees  if  needed.  Three  general  modes  or  not  P^^senuy  uu  ^^^u^JiTAAe  2> 

;^  character  evolution  were  used:  (1,  unordered  t^^^^' BV^^^^T^Z'^trfcMt (2)  ordered  with  linear  transformational  series,  and  characters  ̂ ,0,  V,  ana  character  state /o\        1        ,                                          -           .             •  ^^fot- 9  w3«;  nhtamed  as  a  brancning  cnaracier  ^iiaie 

(3)  ordered  with  nonlinear  transformation  series  acter -i  was  oDiamea      & 

(CSTREE  option  of  PAUP  3.0d). 
Twenty-five  taxa  and  12  coded  characters  were 

used  to  generate  the  cladograms.  The  taxa  included 

genera  of  the  major  early  land  plant  lineages,  e.g 

tree  and  the  remainder  were  ordered  wll
li  a  linear 

these 

acters  and  their  ordering  foUows  ne
xt. 

\.   Sporangial  location.      Whe
the 6«iera  ot  the  major  early  land  plant  imeages,  e.g.,  ■     r         -                                                ^^^^^.^^ 

rhyniophytes,  zosterophyUs,  the  pre-lycopsids  iAs-  ̂ ^ ̂̂ ^^^^^  1^:^,:^  several  plant  lineages. 
^^ro^ylon  and  Drepanophycus),  Barag^.anath.a  -  ̂ Ts Z r-^^^  J^^^  i„  ,He  hypothetical  moss 
^ec/ercg.a,  Lepidophloios,  two  extant  species  of  ̂ f^^'^^P^Lphytes,    zosterophyUs,    trimero- 
hcopodium,  the  trimerophytes  Psilophyton  and  ̂ ^f  ̂"P' /f/'^^^^^^^^^^         aneurophytes.  Other 
Pertica,  the  aneurophyte  Tetraxylopteris,  Psilo-  P»^f  ̂'  ̂ '^r/or  ep.phyUous,  rre'considered turn,  the  extinct  filicalean  fern  Bolryopteris,  and  f'"''^;f:..^^,Uv  homologous  on  the  premise  that 
the  extant  marattialian  Angiopteris.  Taxa  were  ̂ j'^^^^'^'^^j^^Xe  i^l,  tracheophyte  is  a  cauline «*'ected  that  met  one  or  more  of  the  following  thesporangiophore  man)  tra^^_^p^^y^^^^  ̂ ^^^^^^_^ 
criteria:  (1)  they  represent  a  lineage,  (2)  they  are 
''cU  enough  known  that  most  of  the  characters  can 

or  cauline-derived  structure.  Epiphyllous
  <=porangia 

are  either  abaxial  or  adaxiah  Characte
r  1  is  thus cod linearly 
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Table  2.      List  of  characters  used  in  this  study  and  indication  of  type  of  ordering  (O  =  ordered  linear,  U  = 
unordered,  CSTREE  =  ordering  nonlinear).  For  details,  see  text. 

1.  Sporangial  location  (O) 

a.  epiphyllous,  abaxial 
b.  cauline 

c.  axillary 

d.  epiphyllous,  adaxial 

2.  Sporangial  position  if  cauline  (CSTREE) 
a.  terminal  on  unbranched  axis 

b.  terminal  on  branched  axis 

c.  lateral,  branched  axis 

d.  lateral,  unbranched  axis 

3.  Sporangial  arrangement  if  cauline  and  lateral  (U) 
a.  spiral 
b.  linear 
c.  singly 

4.  Sporangial  orientation  (O)  (stalk  or  dehiscence  line       10.   Xylem  maturation  (O) 

7.  Megaphylls  (O) 
a.  absent 

b.  present 
8.  Stelar  type  in  mature  state  (U) 

a.  Haplostele 
b.  actinostele 

c.  plectostele 
d.  siphono-  or  dictyostele 

9.  Metaxylem  wall  patterning  (U) 
a.  absent 

b.  annular-helical 

c.  indirectly  connected  annular,  helical 
d.  scalariform  to  reticulate  to  some  pitted 

e.  mostly  pitted,  including  bordered  pitted 

relative  to  organ  bearing  it) 

upright 
b.  horizontal 

5.  Sporangial  shape  (0) 
a.  height  greater  than  width 

b.  globose 
c.  width  greater  than  height 

6.  Stem  outgrowths  (0) 
a.  emergences  absent 

b.  emergences  present,  not  vascularized 
c.  emergences  present,  vascularized  to  base 
d.  emergences  present,  fully  vascularized 

a.  centrarch 
b.  mesarch 

c.  exarch 

11.  Tubercles,  etc.  (probably  arrested  apices)  (U) 
a.  absent 

b.  present,  scattered 

c.  present,  branch-related 
12.  Circinate  axes  (O) 

a.  absent 

b,  present 

One  can  postulate  a  reasonable  transformation 

series  of  sporangial  location,  from  cauline  to  axil-  state  tree  as  follows:  a-b  .  Following  the  scenario 
lary  to  adaxial  epiphyllous,  or  from  cauline  to  ab-  d 

axial  epiphyllous,  considering  the  range  of  positions  presented  by  Mishler  &  Churchill  (1985)  con- 
evident  among  extant  and  fossil  plants  and  incor-  cerning  transformation  of  sporophyte  characters. 

porating  some  modification  of  the  "phyletic  slide"  the  hypothetical  ancestor  of  mosses  +  trachea- 

hypothesis  (Bower,  1935).  Derivation  of  adaxially  phytes  consists  of  a  stalk  and  sporangium  borne 

borne  sporangia  as  in  lycophytes  was  discussed  in  on  the  gametophyte  thallus.  Next  occur  indepen- 

a  previous  section;  abaxially  borne  ones  are  con-  dent  sporophytes  with  branched  axes,  which  sub- 

sidered  to  be  parts  of  a  branch  system  that  became  sequently  become  more  elaborately  branched,  tn- 
modified  to  form  a  meeaDhvUous  leaf.  equal  dichotomies  within  sporophyte  axes  might 

,    ,   .^             ^  result  in  either  sporangia  borne  laterally  on  branched 

used  to  distinguish  between  plants  with  caiJine  axes  or  sporangia  borne  laterally  on  unbranche 

sporangia  in  terms  of  whether  they  are  borne  at  axes  (stalks).  From  these  can  be  derived  the  epi- 

the  tips  of  axes  or  laterally  along  axes.  The  states  phyllous  conditions  coded  in  the  previous  charac- 

if 

This  is 

unbranched ter. 
unbranched 

ixes  These  first  two  characters  were  kept  separ
ate, 

and  lateral  on  branched  axes.  Starting  with  the  any  attempt  to  combine  them  into  a  more  complex 
simplest  condition,  terminal  on  unbranched  axes,  series  of  states  resulted  in  constraining  how  states 
axis  dichotomy  could  result  in  terminal  on  branched 

could  change  more  than  I  deemed  reasonable.    ̂  

3,   Sporangial  arrangement,   if  cauline 

lateral      This  refers  to  the  pattern  of  late
ral  spo- 

this  character  is  ordered  as  a  branched  character      rangia,  i.e.,  whether  spiralled,  linear  (in  two  row^ 

unb 

prod 
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Table  3.     Data  matrix  for  cladistic  analysis 

Hypothetical  moss  outgroup 

Zoster ophyllum  llanoveranum 
Sawdonia  ornata 
Crenaticaulis  verruculosus 

Gosslingia  breconensis 
Thrinkophjton  formosum 
Koniora  andrychoviensis 
Tarella  trowenii 

Cooksonia  sp. 

Rhynia  gwynne-vaughanii 
Renalia  hueberi 

'
f
i
 

Asteroxylon  mackiei 
Baragtvanathia  longifolia 
Leclercqia  complexa 
Lepidophloios  sp. 
Lycopodium  lucidulum 
Lycopodium  clavatum 
Psilophyton  dapsile 
Psilophyton  charientos 
Pert  lea  sp. 
Tetraxylopteris  schmidtii 
Psilotum  nudum 

Botryopteris  antiqua 
Angiopteris  evecta 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

d 
d 

d 
b 
b 
b 
b 
b 
a 
a 

a 
d 
d 
d 
d 
d 
d 
d 
b 
b 

d 
d 

? 

9 

b 

c 
? 

? 

a 
b 
b 
b 
b 

b 
? 

? 

a 
a 
a 
? 

? 
9 

? 

9 

a 
a 
a 
a 
9 

a 
a 
a 
b 
a 
b 
b 
? 

a 
a 
a 
a 
b 
b 
b 
b 
a 
a 
a 
a 
a 
b 
a 

b 
a 

a 
a 
a 
a 
b 
a 

a 
b 
b 
a 
b 
b 
a 
a 
a 
a 
d 

d 
d 
d 
d 
d 
a 
b 
b 
a 

b 
b 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
b 
b 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
b 
b 
b 
b 
d 

b 

a 
a 
b 
b 
d 
a 
d 

c 
d 

b 
b 
b 

b 
b 
e 

e 
d 
d 
d 
e 

a 
a 
? 

b 
b 
a 
a 
b 
b 

d 
b 
b 

b 
b 

a 
b 
a 
b 
b 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
a 

a 
b 
b 
b 
b 
b 
b 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
b 
b 

or  in  one  row),  or  single.  This  has  been  used  es- 

lineag 

peciaUy  in  distinguishing  zosterophyU  genera,  but  foDo
wing  character  states  ar.  rc.u^nx..u  -.  .  .. 

also  is  useful  when  considering  sporangia!  arrange-  early  o
rdered  as  presented:  emergences  absent, 

ment  in  other  lineages.  This  character  is  unordered.  emer
gences  present,  emergences  present  and  vas. 

4.  Sporangial  orientation.      This  refers  to  the  cularized  to  their
  base,  and  ̂ --g^^f  .P  -- 

orientation  of  sporangial  stalk  and  dehiscence  line  and  fuU
y  vasculanzed.  Fern  scales  "^ Jr  chon.e 

relative  to  the  cauline  or  cauline-derived  structure  are  considered  homologous  ̂ «  ?--6-  ̂   .';;^^^^^^^^ 

bearing  the  sporangium,  as  described  earlier,  i.e
.,  be  noted  that  th.s  transformation  series  reflects 

 one 

are  sporangia'  upri'ght     r  horizontal?  Indehiscent  prevaUing  
hypothecs  about  how  nncrophyU    are qnr^.       '  ,    ,      .  1  1  derived    and   thus  does  not   follow  btewart  s  hy- 

sporangia  are  coded  with  a  question  mark.  _  derived,  ana sporangia  are  coded  with  a  question  mark- 

5.  Sporangial  shape.      An  attempt  is  made 

nere  to  distinguish  between  plants  bearing  globose, 

reniform,  or  elongate  (including  fusiform)  sporan- 

gia ' 

This  will  be 

ering 

7     Mesaphylls.      Absence  or  presence  of 6**!,  uecause  this  is  used  m  taxonomic  aeimeauuu  i-    ̂ "^5   ̂   -^      ,    ,      .      .  ̂ ^  rr,^c.^nKv!1<;  ^r*. 

or  ™j„  .,pe.  or  ea.ty  Devonian  plan.s.  The  d.-      3  f^;^^.^  ̂ a  ̂ XaSt^L-r, tmctness  of  these  states  needs  verification  usmg      regarded   as   de
rived    via 

branch  systems.  It  is  possible  that  not  
all  mega- 

methods 
^^aiimauve  methods,  states  mclude  sporangmxi.      —    -j  -  .  hnwevpr 

height  greater  than  width,  equidimensional  (glo-       phylls  are  ho^'^f^^^  ̂   ̂ ^^  data    et^  h^^^^^^^^ 
•         or  width  ....t..  th.:  1.1th.  This  morpho-      the  only  megaphyUous  

plants  are  fern,  and  I  regard 
bose) 

linea 

being 

because 8.  Stelar  type.      Character  states  include  
 a 

actino tKo»    *  .    -  ,      r        11  *        li;,nlosteIe  (orotostele  witn  enure  ouume;,  acuiiu- 

rt.a,  s,a,e  «  present  in  the  hypo,he.,cal  moss  ou,-       h^«^*,>P,^,^_  ,„j  ,^,„„„.  „,  i^,^^^,,  (.h^ae 
group. 

6-  Stem  outgrowths.      This  attempts  to  reflect 

*onie  features  used  to  differentiate  within  zoster- 

spacing 
be 
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separately.  Thus,  the  character  is  unordered.  The  "unknown"  entries  to  give  the  minimal  number  of 
hypothetical  moss  outgroup,  and  earliest  presumed  changes  when  mapped  onto  the  topology  based  on 
tracheophytes,  exhibit  haplosteles.  known  character  states.   One  needs  to  consider 

9.   Metaxylem  wall  patterning.      The  states  whether  missing  or  inapplicable  data  are  critical  in 

coded  here  include  absence  of  any  pattern,  then  the  case  of  these  simple  plants,  especially  in  ones 
annu 

connec 
ar  to  helical,  indirectly  regarded  as  basal  to  major  lineages.  Specific  ex- 
:alariform  to  reticulate  amples  in  this  analysis  are:  (1)  tracheids  are  not 

to  pitted,  and  mostly  pitted  including  bordered  pits.  known  with  certainty  in  fertile  Cooksonia  axes  and 

Because  more  than  one  pattern  may  occur  within  vascular  characters,  thus  are  coded  as  a  question 

a  single  metaxylem  element,  and  among  metaxylem  mark  for  that  taxon;  (2)  similarly,  while  tracheids 

elements  within  one  taxon,  each  state  was  broadly  are  visible  in  cleared  axes  of  Renalia,  it  is  not 

defined.  Based  on  known  developmental  sequences  possible  to  determine  their  maturation  sequence; 

in  many  tracheophytes,  transformation  from  an-  and  (3)  the  present  interpretation  of  the  conducting 

nular  to  scalariform,  or  annular  to  helical  to  sea-  cell  pattern  and  conducting  cell  homology  to  tra- 
lariform  is  possible,  as  are  other  types  of  changes.  cheids  in  Rhynia  gwynne-vaughanii  may  change 
Thus,  this  character  is  left  unordered.  (see  Kenrick  &  Crane,  1991). 

10.   Xylem  maturation  pattern.      Maturation  PAUP  3.0d  was  run  with  the  following  param- 

is  considered  either  exarch,  mesarch,  or  centrarch  eters:  10  random  replications,  TBR  (Tree  bisection- 

(endarch  is  considered  not  applicable  in  this  study).  reconnection  branch  swapping)  and  NNI,  ACCT- 
Changes  from  one  state  to  another  could  involve  RAN,  and  MULPARS  option.  This  resulted  in  350 

one  or  two  steps.  The  most  logical  series,  i.e.,  most  parsimonious  trees  of  50  steps.  One  of  the 

centrarch  to  mesarch  to  exarch,  is  used  here.  The  350  most  parsimonious  trees  is  shown  in  Figure 
character  is  ordered  a-b-c. 

1 2,  with  characters  mapped  on  to  indicate  one  way 
Conducting  cells  of  some  mosses  are  centrarch,  the  various  clades  may  be  derived.  The  combinable 

others  undetermined  (Hebant,   1977).  This  char-  component  consensus  tree  is  shown  in  Figure  13 
acter  is  not  known  in  Cooksonia  so  it  is  coded  as  and  shows  that  most  of  the  topology  is  retained, 

a  question  mark.  Traditionally,  rhyniophytes  with  Some  groups  of  plants  are  highlighted  for  ease  of 

centrarch  protosteles  are  considered  basal,  giving  discussion,  e.g.,  S  =  "Sawdonia  clade"  and  A  = 
rise  to  lineages  with  either  exarch  or  mesarch  ones.  ^''Asteroxylon  clade"  in  Figure  12. 
However,  it  is  not  clear  how  exarchy  is  derived  The  consensus  tree  shows  the  following:  (1)  many 

from  centrarchy  or  vice  versa  nor  if  an  interme-  nodes  still  require  resolution,  especially  in  the  basal 

diate  mesarch  condition  is  necessary  (no  fossil  ev-  regions  of  the  cladogram  and  among  the  plants 

idence  exists  to  support  this).  If  vascular  plants  traditionally  considered  as  rhyniophytes,  tnmero- 
arose  from  a  rhyniophytoid  ancestor,  either  cen-  phytes,  ferns,  and  aneurophytes;  (2)  some  parts  ot 
trarchy  or  exarchy  could  be  basal. 

11.    Tubercles,   etc,    (arrested  apices) 

In- 

the  tree  support  prevailing  ideas  about  relationships 

of  Devonian  plants,  but  differences  also  appear; 
eluded  here  are  the  tubercles,  or  axes  that  arise  and  (3)  several  monophyletic  groups  corresponding 

in  the  same  position  as  tubercles,  that  occur  in  to  prevailing  systematic  categories  occur  (pre-I)- 
several  plant  groups  and  vary  in  location  and  mor-  copsids/lycopsids;  lycopsids  plus  zosterophyDs;  the 
phology.  They  seem  to  reflect  the  inability  of  some 
shoot  apices  to  continue  development  in  these  early 
land  plants.  There  is  no  evidence  of  how  states  are 
related,  and  this  character  is  left  unordered. 

12.   Circinate  axes.      Stems  of  zosterophylls  are 

ferns). 

O 

lineage  from  the  large  basal  polychotomy 

includes  Zosterophyllum,  the  Sawdonia  clade  (
rest 

of  the  zosterophylls  included  in  this  study),  R^^^' 

lia,  and  the  Asteroxylon  clade  (pre-lycopsids  and
 

circinate,  as  are  leaves  of  most  ferns.  Even  though  lycopsids).  The  position  of  Zosterophyllum  as  a 

involving  different  organs,  they  are  homologous  separate  line  in  relation  to  the  rest  of  the  zoster- 

ophylls (=  Sawdonia  clade)  and  the  composition
 

of  the  Sawdonia  and  Asteroxylon  clades  ar
e  con- 

be  invoked  her^    Ah«^nr^  ..r  .^I'r.       stant  in  all  trees,  as  are  the  relative  positions  o 

nd 

structures 
oded 

cinate  vernation  is  considered  primitive  since  moss- 
es and  Cooksonia  lack  it. the  pre-lycopsids.  leclercqia,  Lepidophloios      ̂  

Lycopodium  vary  in  their  relationships,  and      »^ Table  3  shows  the  resulting  data  matrix  for  the      variation  is  shown  in  Figures  12  and  13^  Gosshng^ 

Question   marks  indicate   un-      and  Tarella  form  a  clade,  often  sister  to  Koniora- known 

computer   algorithm   assigns   character  states   to The  position  of  Renalia  is  variable  (and  in  "^J 

-pinion,  problematical);  it  either  appears  as  sis 
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hypothetical  moss  archetype 
Zosterophyllum 

-.^_*_^.j_ 

-,^^■-^^-■ Koniora 

Thrinkophyton 

s 

Drepanophyciis 

B  aragwanathia 
Leclercqia 

Lepidophloios 

Lycopodium  lucidulum 

ycopodium  clavatum steroxylon    

Renalia 

Psilotum 

A 

Tetraxylopteris 

Pertica 

Botryopteris 

Angiopteris 

Psilophyton  charientos 

Psilophyton  dapsile 

Cooksonia 

Rhynia 

Figure  12.     One  of  the  350  most  parsimonious  trees.  Character  ̂ ^^^^ ,-?  "'PP±:  i^^fre^^^^^^^^ 
indicate  directional  changes,  stinnled  rectangles  indicate  parallelisms,  and  

blank  f  entangles  mdicate  reversals  N^^ 

are  highlighted  for  ease  of  discussion  (see  text) 

to  Zosterophyllum  or.  as  in  Figure  12,  i.  is  sister  arrangernen,,  circinate  .x«.  •^J^.^^^l^^^ 

.0  the  clade  gWing  rise  to  the  zosterophyU-lycopsid  lem  wa!    pattern  f ''""^  *;  f^'f  """  "^f , J 

8J0.P,.  ̂ l  ,esS,  ,  ,  p„,  „f  ,He  poi.choto^y  n«ny  „^  jje  ̂^^^^^^^^ ̂ ,^:,, of  zosterophyUs  and  lycopsids  as  shown  in  the  con-  donia  (Niklas  «  nanKs  «l,h  .,.  six 
^  ^     ̂   Asteroxylon  clades  are  sister  to  oiie  another,  six 

anges 

wnsus  tree   Fig.  13).  This  differs  from  Us  presem      ̂ ^i^^u^j^.^  ^^---  -  _^^  .^  .1  ̂    c,,„./,,„;^ 

•axoncic  placLen.  in  the  rhyniophytes,  indicaf     ̂ ^--^:^:^^ ̂ ^^^^l^^  ̂ ^^Zt^^^^^^ mg  etther  that  there  is  something  significant  abotit      cl.de  ̂ 'J^^^'^J^^ZlZl,...  .,a,e  chants  I 
'^s  relationships  or  that  this  placement  is  the  result 

of  incomplete  knowledge  of  Renalia^  anatomy      «-«^S-- P^^"'"^^ ^"^';:;^ranX;7  t'Z;;!'; '    '  *^  &  -wall  patterning,  sporangial  arrangement,  tuDcrcie 

presence  and  type,  and  circinate
  apices. 

Hierarchical  nesting  of  pre-lycopsids  and  ly
cop- 

features. 
Th 

unknown)  and/or  its  very  smi 

ihe  hypothesized  relationships  of  zosterophyUs  "'--;"            isteroxylon  clade  to  the  follow- 
to  each  other  and  to  lycopsids  are  of  interest  m  «ds  occu  s  ̂ ^^^^^^^^^  ,,  ,He  line  includ- 
-gard  to  Niklas  &  Banks's  (1990)  hypothesis  con-  mg  ̂ ^^^l^^^XZl..^  at  the  next  higher  level, 
emuig  the  existence  of  two  major  groups  of  zos-  ujg  ̂hYJ^'f^^;  i^,,,  ,  ,he  remainder.  Barag- 

terophylls.  with  lycopsids  arising  from  the  nonter  ̂  J^'is^lXuxon  to  a  line  includ.ng  /,. n^mate  group  (=  Sawdonia  clade  of  thi 
presence 
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hypothetical  moss  archetype 

Zosterophyllum 

Sawdonia 

Crenaticaulis 

Thrinkophyton 
Gosslingia 

Tarella 

Koniora 

Renalia 

Drepanophycus 

Baragwanathia 
Leclercqia 

Lepidophloios 

Lycopodium  lucidulum 

Lycopodium  clavatum 
Asteroxylon 

Cooksonia 

Rhynia 

Psilophyton  dapsile 

Psilophyton  charientos 
Pertica 

Tetraxylopteris 
Psilotum 

Botryopteris 

A  ngiopteris 

Figure  13.      Combinable  component  consensus  tree  based  on  350  most  parsimonious  trees.  This  differs  only slightly  from  the  strict  consensus  tree. 

all  are  part  of  one  clade,  two  alternative  approaches  is  more  closely  related  to  Pertica.  Cooksonia,  Rhy- 

can  still  be  supported,  namely,  (1)  abandon  the  nia,  and  Psilophyton  dapsile  ohen  are  more  chse- 
Drepanophycales  of  Rayner  (1984)  and/or  the  ly  related  to  one  another  than  to  other  lineages, 

"pre-lycopsid"  concept  and  treat  all  as  lycopsids  One  manifestation  of  these  relationships  is  shown 
in  a  broad  sense,  or  (2)  retain  these  groups  as  a  in  Figure  12. 

means  of  recognizing  some  of  the  possible  variation  The  lack  of  resolution  in  the  more  basal  regions 

evident  within  this  group  (as  is  done  throughout  of  the  trees  reflects  at  least  m  part  the  conservative 

trimero- 
result 

this  paper).  Better  means  are  needed  for  resolving    ^  ̂^  ̂ ^..«x..  ^   

terminal  taxa  within  the  Sawdonia  and  Asterox-  of  characters  used.  Some  of  the  postulated  rela- 
ylon  clades  as  well  as  within  the  polychotomy  at  tionships,  and  lack  of  resolution, 
the  base  of  the  cladogram. 

On  the  consensus  tree,  the  rhyniophytes,  trim- 
erophytes,  ferns,  and  Tetraxylopteris  form  part  of 
the  large  basal  polychotomy.  Again,  survey  of  the 
most  parsimonious  trees  shows  that  some  relation- 

phytes,  Tetraxylopteris,  and  the  ferns  may 

from  inclusion  of  grade-level  taxa.  Clearly,  nio 

information  is  needed  about  the  earliest  represen- 

tatives of  several  plant  lineages,  about  trans 
        mation  possibilities  of  some  characters,  and  a 

ships  appear  frequently;  although  detaUs  diflFer,  the      homology  of  structures.  Also,  early  land  plant  W- fern  clade  usually  is  most  closely  related  to  the      eages  exhibit  considerable  homoplasy. 

Psilophyton  charientos  line,  and  Tetraxylopteris  The  cladoerams  shown  in  Figures  12  and  l-^ 
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differ  mostly  in  details  from  that  illustrated  by      within  the  many  types  of  early  land  plants  that 

Crane  &  Hill  (1987)  for  some  early  land  plants.  -      --  --  _       . 
The 

Their  cladogram  shows  a  zosterophyll-lycopsid  Une      appearance  of  major  groups  requires  clarification. 

and  a  rhyniophyte-trimerophyte-progymnosperm Definit hyniophytoids  or  cooksonioids  and 

line.  Their  method  of  analysis  differs,  fewer  taxa  their  putative  relationship  to  tracheophytes  is  need- 

were  included,  and  some  different  characters  were  ed.  Additional  developmental  data  on  extant  (and 

used.  The  trees  Qlustrated  here  agree  in  suggesting  extinct)  lycopsids  would  aid  in  addressing  questions 

a  fairly  close  relationship  between  Renalia  and  the  of  sporangium/sporophyU  ontogeny  and  therefore 

zosterophyll-lycopsid  group,  but  differ  in  showing  better  determine  the  relationship  of  sporang
ia  to 

less  resolution  of  rhyniophytes,  trimerophytes,  and  leaves  versus  stems  in  Baragwanathia  
and  pos- 

sibly some  other  taxa.  Thus,  the  cladograms  pre- progymnosperms . 

The  results,  whUe  preliminary,  are  interesting  sented  here  help  defij 

and  disappointing.  They  represent  an  assessment  particularly  the  lack  o\ 

of  relationships  obtained  by  an  alternative  means      eral  early  land  plant  lineages  th
at  would  allow  better 

defin 

to  the  more  traditional  comparative  discussion  in 

the  preceding  sections  (even  though  determining 
transformation  series  of  some  characters  includes 

some  traditional  assumptions).  However,  some  nodes 

are  not  very  robust  and  homoplasies  exist,  so  it  is 

resolution  of  putative  genealogies. 
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THOUGHTS  ON  THE  EARLY 
LYCOPSIDS  AND 

ZOSTEROPHYLLS^ 

Francis  M.  Hucber^ 

Abstract 

Morphological,  anatomical,  and  reproductive  characteristics  of  the  modern  lycopsids  are  of  great  value  in  tracing 

the  ancient  lineage  of  the  group.  The  sporangium  is  the  principal  character:  lack  or  misinterpretation  of  it  in  fossil 

specimens  places  an  investigator  in  a  predicament.  An  informed  choice  of  a  group  of  characters  must  be  made  from 

all  those  that  remain.  There  are,  of  course,  pitfalls  and  the  defining  characters  of  fossil  species  of  the  lycopsids  have 

become  confused.  Differences  in  ontogeny  of  sporangia  in  early  land  plants  are  suggested  as  a  way  of  separating  the 

early  rhyniophytoids  with  terminal,  fusiform,  indehiscent  sporangia  from  the  cooksonioid  plants  with  terminal,  globular 

or  reniform,  dehiscent  sporangia.  The  rhyniophytoids  are  the  source  of  later  plant  groups  other  than  the  lycopsids. 

Among  the  cooksonioids,  change  in  the  ontogeny  of  the  sporangium  in  relation  to  the  apical  meristem  is  suggested 

as  the  point  of  differentiation  and  separation  of  the  zosterophyll  and  lycopsid  lineages.  A  reinterpretation  of  Kaulan- 
giophyton  suggests  that  its  sporangia  are  borne  adaxially  on  the  leaves  rather  than  terminally  on  stalks.  The  apical 

meristem  of  Asteroxylon  is  illustrated  and  described  for  the  first  time  and  compared  with  the  apical  meristem  seen 

in  species  of  Lycopodium.  The  genus  Baragwanathia,  questionably  the  earliest  in  the  lycopsid  lineage,  is  discussed 
in  light  of  specimens  ostensibly  dated  as  of  Gorstian  age  (lower  Late  Silurian)  in  Australia.  Drepanophycus  is  perhaps 

the  earliest  recognizable  member  of  the  lycopsid  lineage  as  opposed  to  Baragwanathia.  The  variation  in  the  morphology 

of  lycopsid  leaves  is  of  taxonomic  value  only  in  differentiating  genera,  particularly  among  those  in  the  Devonian. 
Lineages  are  suggested  diagrammatically. 

The  adage  that  the  present  is  the  key  to  the  tifying  characteristics  persist  or  are  sufficiently  we 

past  is  one  of  the  basic  principles  in  paleobotanical  preserved  to  identify  a  particular  fossil  with  con- 

research.  Careful  study  of  the  anatomy,  morphol-  fidence  as  a  lycopsid?  The  following  is  a  summary 

ogy,  modes  of  reproduction,  and  habitats  of  the  of  key  characters  that  can  be  gleaned  from  genera 

components  of  our  modern  floras  is  the  basis  for  botany  texts,  taxonomic  monographs,  or  texts  o 

extrapolation  of  such  study  into  the  framework  of  plant  morphology  and  anatomy.  The  presence 

the  fossil  record.  Unfortunately,  deficiencies  in  the  absence  of  individual  characteristics  may  be  re- 

fossil  record  are  often  barriers  to  orderly  recon-  corded  directly  from  observation  and  prepara  lo 

struction  of  floras  at  many  taxonomic  and  nomen-  of  a  particular  fossil  plant  or  interpreted  trom 

clatural  levels.  We  are  fortimate  that  the  ancient  mode  and  matrix  in  which  the  plant  was  origina  y 

lineage  of  the  lycopsids  is  reasonably  well  preserved  entombed.  The  characteristics  of  lycopsids  are. 

so  that  reconstruction  of  the  variations  within  the  Vascular  plants  with  stems,  roots  (not  rhizoi    ;, 

group  through  time  can  be  made  with  some  degree  and  leaves,  reproduction  vegetative  and  by  spo     » 

of  the  terrestrial  or  epiphytic;  Stems  recumbent, 
 ascen  - 

lineage  in  our  modern  floras  further  eases  the  task,  ing,  clambering,  or  twining;  branching  dichotom 

embers 

Characterization  of  Modern  Lycopsids to  pseudomonopodial;  herbaceous,  arbor
eous, 

arborescent  (fossil  record  only);  Roots  
adventitious, 

from  stem  (Lycopodium),  or  rhizoph
ore  {Seiagi' What  is  the  group  of  characteristics  used  to      nella);  from  root  meristem  in  rhizomorph  [Isoe 

define  modern  lycopsids?  How  many  of  the  iden-      branching  dichotomously,  usually  monarch;  Le 

'  I  thank  Donald  A.  Dean  for  assistance  with  the  photographic  illustrations;  Mary  Parrish  for  the  artwork, 
M.  Bateman  for  useful  and  constructive  discussions  on  the  early  lycopsids;  Harlan  P.  Banks  for  compilatio       ̂ ^ 

sharing  of  the  details  on  leaf  variation  among  the  early  lycopsids;  William  Stein,  Jr.  and  Judith  Skog  ̂ ^^  .^T^^'^^ji tV\t»    Tnaniic/^i-i*r»t.    tVi*.    Rnlan/I    TIT       U.rrxtAT-n    Vi^^A    ««/1    tV.^    C-r^.'+l   ^*     «    D  „^   ^   U    Ck   *,»-,;*;«r-    1^^lT^^    fnr    financial    SUPP" 

I  Opportunities  Fxind 
museums:  and  to  the resea 

of  the 

United  States  National  Museum. 

2  Department  of  Paleobiology,  NHB-MRC.121,  Smithsonian  Institution.  Washing 

Ann.  Missouri  Bot.  Card.  79:  474-499.  1992. 
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imen 
microphyllous,  entire,  serrate,  or  dentate;  simple,  ai 

or  divided  (fossil  record);  arranged  in  helices,  al-  appear  trifurcate  along  the  left  side.  Such  leaves 

ternately,  decussately,  or  randomly;  Eusporan-  are  characteristic  of  Colpodexylon  Banks,  1944 

giate  sporangium,  borne  on  adaxial  surface  of  as  illustrated  here  in  Figure  2D.  The  morphology 

normal  leaf,  or  modified  leaf;  sessile  on  leaf  surface;  of  the  leaves  alone  does  not  identify  the  fossOs  as 

in  axil  of  a  leaf;  on  a  "short  stalk"  on  the  stem,  lycopsids,  but  the  arrangement  of  the  leaves  in 

just  above  a  leaf;  in  strobili,  or  in  alternating  fertile  heUces  on  axes  exhibiting  other  characteristics  at- 

and  sterUe  regions  on  the  stem;  dehiscence  by  a  tributable  to  the  group  make  the  identifications 

slit,  distally,  transversely  to  leaf,  or  distally,  Ion-  more  credible.  Axes  of  the  type  illustrated  in  Figure 

gitudinally  to  leaf,  or  low,  outer  side  (distally  on  2E,  in  which  the  vascularized  spinelike  appendages 

leaf),  or  low,  inner  side  (proximaUy  on  leaf);  Vas-  are  widely  spaced  and  seem  not  to  be  in  any  spe- 

cular strand  protostelic,  or  siphonostelic;  matu-  cialized  arrangement,  beg  for  classification  and  lack 

ration  exarch,  or  mesarch;  terete,  variously  lobed,  any  tenable  lycopsid  characteristics 

or  variously  dissected;  traces  to  leaves  extend  up- Morphology  of  the  leaves  in  the  fossil  lycopsids 

wardly  from  the  ridges  of  the  xylem  entering  the  is  of  taxonomic  value,  but  the  morphology  of  de- 

leaf  as  a  single  vein.  Of  all  the  characteristics  listed  corticated  axes  among  the  early  lycopsids,  as  dis- 

here,  the  only  one  that  consistently  unites  the  Ly-  cussed  extensively  by  Grierson  &  Banks  (1963) 

copsida  as  a  group  is  the  eusporangiate  ontogeny  and  Bonamo  et  al.  (1988),  in  most  instances  pre- 

of  the  sporangium  and  its  position  in  relation  to  eludes  the  positive  identification  of  genera.  I  will 

the  microphyllous  leaf.  The  remaining  character-  not  discuss  the  subject  further  here,  but  I  will 

istics  serve  in  the  definition  of  the  orders,  famUies,  iUustrate  one  of  the  peculiarities  of  compressed, 

genera  and  species  within  the  class.  All  of  these  decorticated  axes  of  fossil  lycopsids.  In  Figure  2 A 

detaUs  are  easily  obtained  from  specimens  of  the  and  2B,  the  interpretation  of  the  images  of  the 

Recent  Lycopsida.  However,  in  the  study  of  fos-  fossQ  is  directly  influenced  by  the  angle  and  direc- 

sQized  plant  remains,  the  absence  of  the  principal  tion  of  the  light  source  used  in  producing  the  pho- 

character  of  the  sporangium  places  the  investigator  tographs.  Both  Figure  2  A  and  2B  can  be  mverted 

in  a  predicament  wherein  a  group  of  characters  and  the  effect  thereby  reversed.  Are  
there  "leaf 

must  be  chosen  from  among  all  of  those  that  re-  bases"  elevated  on  the  surface  of  the  specimen,  
or 

main.  The  choices,  interpretations,  and  conclusions  are  there  depressions  that  reflect  the  gaps  
m  the 

may  not  be  satisfactory,  and  the  concept  of  the  hypodermis  through  which  t
he  vascular  trace  and 

fossil  elements  of  the  Lycopsida  may  become  con-  adjunct  tissues  passed  mto  the  leaf?  
One  cannot 

fused.  As  examples  of  a  few  of  the  pitfaUs  in  in-  become  too  confident  in  the  
identification  of  the 

terpreting  the  true  morphology  of  leaves  in  the  early  lycopsids,  but  when  the
  fossil  matenal  exh  J,.ts 

early  lycopsids.  Figure  1 A-C  illustrates  three  spec  sufficient  intrinsic  d
etail  and  when  additional  details 

imens  of  Drepanophycus  gaspianus  (Dawson)  can  be  interpreted  
from  the  matrix  and  occurrence, 

Krausel  &  Weyland,  1948.  The  leaves  as  seen  in  an  identification  c
an  be  reached  with  considerable 

lateral  view  in  Figure  lA  appear  to  be  upwardly  confidence, 

turned  and  spinelike,  but  in  another  specimen  from 

the  same  horizon  (Fig.  IB)  the  leaves  appear  flat-  gpop^pjciA:  MORPHOLOGY  AND  POSITION  IN 
tened  and  laminate.  The  third  specimen  (Fig.  IC),  j-^^ly  LAND  PLANTS 
from  a  nearby  horizon,  represents  a  partially  per- 
mberalized  axis  in  which  the  leaves  are  seen  in Among  the  vascular  plants  in  the  Silurian  Early 

transverse  section  as  having  a  sHghtly  flattened  Devonian,  the  vegetat
ive  axes  are  similar  ui  basic 

adaxial  surface  and  a  more  rounded  abaxial  sur-  architecture;  however,  
the  morphologies  of  the  spo- 

face.  If  there  were  only  one  specimen  avaflable,  rangia  are  very  diffe
rent.  AU  of  the  genera  have 

the  description  of  the  leaf  morphology  would  be  smaU,  naked  ax
es  with  the  exception  of  Barag- 

^representative.  Occasionally  a  specimen  will  ex-  u^anathia  Lang
  &  Cookson,  1 935^  wbirh  has  large, 

hibit  two  differing  morphologies  of  the  leaves  due  leafy  axes.  The  sporangia  ̂ y^^}l}.J^^^l^ ̂ ^ 
*o  the  mode  of  preservation.  In  Figure  ID,  an 

Jjnidentified  lycopsid,  the  axis  is  slightly  twisted  and 
"Uried  in  the  matrix  in  three-dimensional  form  such 

^nat  the  leaves  appear  spinelike  in  lateral  view  due 
*o  vertical  compression,  but  rounded  in  cross  sec- 

l^on  where  they  are  not  compressed.  Figure  2C 
»Uusirates  an  axis  on  which  the  leaves  appear  long      or  on 

^^^^,^^   ,     borne  termin 

reniform,  distally  dehiscent,  and  bo 

ternuna 
borne 

eral  shoots 

borne  in  th 
hove 
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Figure  1.     A,  B,  C.  Drepanophycus  gaspianus  (Dawson)  Krausel  &  Weyland,  1948.— A.  Leaves  in 

lateral 

view  (arrow)  appear  aciculate.  — B.  Leaves  in  abaxial  view  appear  flattened  and  laminate.  ̂ C.  Leaves  in  transverse 
section  (arrows)  exhibit  slightly  convex  adaxial  surfaces  and  more  strongly  convex  abaxial  surfaces.  — D-  Unidentihe 
lycopsid  in  which  the  leaves  appear  to  be  acicular  with  very  broad  bases  (arrow)  or  laminate;  both  conditions  due  <? 
mode  of  preservation  and  position  in  the  enclosing  matrix.  A,  USNM  446319;  B,  USNM  446320;  C.  USNM  42ottO, D,  USNM  446321. 

theca  Edwards,  1970  is  an  example  of  (1);  Cook-      wards,  1979.  The  eariiest  Cooksonia-like  sporan 
sonia  Lang,   1937  (Edwards,    1970;  Edwards  & Wenlock 

Feehan,    1980)  is   an  example  of  (2);   Zostero-      Silurian,  see  Table  1)  in  Ireland  (Edwards  &  F^e- 

phyllum  PenhaUow,  1892  is  an  example  of  (3);       han,  1980;  Edwards  et  a!.,   1983)  are  borne  "" 
on 

has 

and  Baragwanathia  is  an  example  of  (4).  Other      axes  in  which  the  presence  of  vascular  tissue  has 
eenera  extant  durine  the  I.ate  Silnrifln-Farlv  Ho.       ̂ r^\  k«^^      t? — :r^^^  ^r^rKT-anaia  with  dista genera  extant  during  the  Late  Silurian-Early  De- 

vonian with  terminal,  fusiform,  indehiscent  spo- 
rangia but  without  proven  vascular  tissue  include 

Salopella  Edwards  &  Richardson,  1974;  Hedeia 

not  been  proven.  Reniform  sporangia 

dehiscence,  borne  laterally  on  axes  without  prov 
vascular  structures  and  referred  to  the  zos    ̂  

Banks Cookson,  1935;and7brU/icau/i5(?bryophyte)Ed-      ported  in  association  with  Baraguanathia  m  » 
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morphology  and  anatomy  of  decorticated  lycopsid  axes. -A.  ̂ P^^'"''^"  P"  .^^J^.^,  lef,.  Inversion  of  the  illustrations from  uoner  l«ft  —  R  ̂ .rr.^  «r..<>;m^n  with  liffht  source  at  a  low  angle  Irom  tne  iov*ci  c„.„.„„„  „.k.k;.„ upper  left.-B.  Same  specimen  with  light  source  at  a  low  ̂ "6'^  "  3     j^^    1944.-C.  Specimen  exhibits 
>vUl  exhibit  the  reverse  effects.  USNM  42217.  C,  D- Co//.«^eg'?o.  m^r-^  ^^^  ̂^^P.^^^  ̂^  ̂^^^  ̂.^^^ 
'emams  of  leaves  on  the  right  margin  of  the  axis  which  may  be  '"^^'^Pf^';'^  .. ,  ■  ̂ ^j,  preserved  specimen,  NYSM 
are  trifurcate.  USNM  42219.-D.  Trifurcation  of  the  ̂ ««7^^;'^f^'yi^;;'Xr  characteristics  to  allow  classification 
5240. -E.  Axis  with  vascularized  appendage  (arrow)  but  lackmg  

in  sufficient  other 
^ith  the  lycopsids.  USNM  422673. 
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Table  1.     Silurian  and  Devonian  time  scale.  Extracted  from  Harland  et  al.  (1989). 

Period 

Carboniferous 

Devonian 
Late 

Middle 

Early 

Silurian 
Late 

Early 

Epoch 

c. 

D 

D 

D, 

84  Pridolian 
S,  Ludlovian 

Sj  Wenlockian 

S,  Llandoverian 

Stage 

Tournasian 

Famennian 
Frasnian 
Givetian 
Eifelian 

Emsian 

Pragian 

Lochkovian 

Ludfordian 
Gorstian 

Gleedonian 
Whitwellian 

Sherwoodian 

Telychian 
Aeronian 
Rhuddanian 

Duration  of  intervals  in  millions  of  years 
Began 

362.5 

367.0 

377.4 
380.8 
386.0 

390.4 
396.3 
408.5 

410.7 
415.1 
424.0 

425.4 

426.1 
430.4 

432.6 
436.9 
439.0 

Stage 

4.5 

10.4 

3.4 

5.2 

4.4 
5.9 

12.2 

2.2 

4.4 
8.9 

1.4 

0.7 4.3 

2.2 
4.3 

2.1 

Epoch 

Period 

46.0 14.9 

8.6 

22.5 

30.5 15.5 

15.0 

plant  assemblage  ostensibly  of  Gorstian  age  (early 
Late  saurian)  (Tims  &  Chambers,  1984;  Holmes, 1988). 

SPORANGIA:  ONTOGENY  OF  THE  FUSIFORM, 
TERMINAL  SPORANGIUM 

Is  it  possible  to  define  the  sporangia  of  all  of  the 
early  land  plants  as  eusporangiate  and/or  leptospo- 
rangiate?  We  can  only  guess  at  the  answer  because 
of  the   paucity   of  evidence   avaflable.    Bierhorst 

(1971:  266),  in  his  discussion  of  filicalean  sporan-       "l^Pt^^P^-g--"  -^ 
 "eusporangium    sho^d 

eia    states'  abandoned  as  too  vague  and  presenting  laise  u" 

contracted  and  distinct,  was,  in  part,  of  the  same  origin 
and  continuous  with  the  outer  tissues  of  the  axis  below. 

This  is  in  contradiction  to  some  previously  published 
interpretations  but  seems  to  fit  well  all  the  old  and 
recently  acquired  evidence. 

I  agree  completely  with  this  interpretation  of  the 

ontogeny  of  the  sporangium  as  it  could  apply  to 

some  early  vascular  plants,  but  can  the  sporangium 

be  defined  as  leptosporangiate  or  eusporangiate. 

Bierhorst  (1971:  267)  remarked  that  the  terms 

leptosporangium"  and  ''eusporangium"  should  be 
gia,  states: 

An  elongate  sporangium,  with  longitudinal  dehiscence, 
pressions  of  their  taxonomic  value.  He  did  add, 

however,  that  the  "leptosporangium"  is  considered devoid  of  an  annulus  and  terminally  situated  on  an  axial  the  most  primitive  among  most  vascular  plants.  1 
entity,  is  interpreted  as  the  ancestral  form  of  filicalean  agree  with  that  conclusion  and  would  interpret  the SDOraneia.    I  hm  m  pq«;pntin!lv  what  ic  fr^^nA  .*«  +1 —  T-:  ^  - 

above  ontogeny  of  the  terminal,  fusiform  sporai  - 

gium  in  early  land  plants  as  a  variation  of  the 

leptosporangium."  The  terminal,  fusiform  spo 

merophytaceae,  which  in  our  present  state  of  knowl- 
edge may  be  ancestral  to  most  all  of  the  groups  of  ferns 

and  fern-like  plants  (i.e.,  the  Qadoxylales.  the  Aneu- 

rophytopsida  the  coenopterid  complex,  the  Ophioglos-  rangium,  as  thus  far  documented  in  the  fossU  rec- sales  and  the  Marattialesi.  It  is  fnrfh**r  mt*>rT^^«+«^  *u«*  i    .         ,  ,  .  j    *u;c  Ipnd*^ 

ord,  IS  subtended  by  a  vascular  strand;  tnis  icu 

more  credence  to  the  interpretation  of  the  ontogeny 

of  the  sporangium  as  a  modified  extension  of  t  e 

sales  and  the  Marattiales).  It  is  further  interpreted  that 
the  most  primitive  sporangium  in  this  line  had  an  on- 

togenetic history  much  like  filicalean  sporangia.  That 
is,  a  single  apical  cell,  which  was  also  the  apical  cell 
of  the  axial  entity  upon  which  the  sporangium  was  growth  of  the  stem  apex.  However,  with  the  pro 
borne,  ceased  to  pr^^^^^  duction  of  the  sporangium     -nwth  of  the  sten 
periclmally.  The  outer  cell  produced  the  outer  cell  layer  &purdiigiuiii 
and  possibly  some  of  the  cells  of  the  inner  waU  layer. 
The  irmer  cell  produced  sporogenous  tissue,  tapetimi, 
and  some  or  all  of  the  cells  of  the  Inner  wall.  This 
would  suggest  that  the  tissue  of  the  stalk,  even  if 

ceased,  and  additional  vegetative  growth  would  hav 

required  continuous  branching  and  spreading  o 

rhizome  or  other  vegetatively  active  portions  oi 

plant. 
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Tims    &      for  the  plants  with  terminal,  fusiform  sporangia 

A  line  of  dehiscence  was  lacking  in  the  sporangia  late  Middle  Silurian  and  Early  Devonian  genera, 
of  the  Silurian  vascular  plants  that  bore  elongate.  The  size  and  morphology  of  the  sporangia  leads  to 

fusiform  sporangia.  The  structure  appeared  later  the  hypothesis  that  the  apical  meristem  of  the  sub- 

in  the  Pragian  (middle  Early  Devonian),  if,  as  an  tending  axes  in  these  fossil  plants  comprised  more 

example,  its  presence  may  be  interpreted  from  the  than  the  single  apical  initial  that  has  been  suggested 
specimen   of  Dawsonites    subarcuatus 

Chambers,  1984.  The  terminal  sporangiu—    ._             , ,      ,    -     _-  - 

well-developed,  longitudinal  line  of  dehiscence  be-  tials  that  would  have  led  to  the  formation  of  a 

►hytes  morphologically  distinct  and  more  robust  sporan- 

in  the  Emsian  (upper  Lower  Devonian)  as  is  clearly  gium.  Such  a  cluster  of  apical  initials  could  serve 

demonstrated  in  Psilophyton  dawsonii  Banks  et  as  the  basis  In  the  definition  of  tlie  ontogeny  of  a 
al.,  1975.  In  P.  dawsonii,  the  outermost,  thick- 

ened cortical  cells  of  the  ultimate,  dichotomous  -  „  c  •  i  •  ■*■  ra  *i  u ,.  .  .  ...  a  group  01  celJs,  siiperncial  in  position,  [\haX}  by 
divisions  Ol   the   axis   are   continuous   with   the   wall  n^r.Vlm^MivisJ^n  forms  Jnn**r  ;jnHr>ntPr  nelk  rhp  inner 

trimero 

"eusporangium"  as: 

nulus,"  is  formed  as  a  result  of  a  reduction  in  the 
clinal 

operun 

periclinal  division  forms  inner  and  outer  cells,  the  ijiner 

of  the  sporangium.  A  line  of  dehiscence,  an  "an-      forming  sporogenous  ceDs,  the  outer  sterile  cells  only. , . . 
The  outer  layer,  the  primary  wall  cells,  by  divisions 
both  periclinal  and  anticlinal  forms  the  wall,  a  layer  of 

.  ^.  r      11      1      '  lit  tissue  when  mature  about  three  cells  thick.  The  Inner 
wo  contiguous  rows  of  cells  that  extend  along  the      j^^^^^  ̂ j^^  ̂ ^^^^^^  sporogenous  cells,  by  divisions  in 
length  of  the  sporangium  on  the  inner  side  relative      various  planes,  forms  a  large  number  of  spore  mother 
to  the  dichotomy  of  the  shoot.  A  transverse  section      cells  or  sporocytes  (Eames,  1936:  8). 

of  a  permineralized  pair  of  such  sporangia  has  the 

appearance  of  two  letters  C,  one  normally  posi-      In  the  fossils,  the  wall  of  the  sporangium  is  con- 
tinuous  with  the  axis  that  supports  it,  whether  that 

of  the  letters  representing  the  line  of  dehiscence.  axis  is  the  main  axis  or  a  lateral  shoot,  and,  ac- 

The  line  of  dehiscence  in  the  terminal,  fusiform  cordingly,  the  sporangium  lacks  what  may  be  termed 

sporangium  arose  at  some  time  between  late  Wen-  a  stalk.  In  both  the  reniform  and  fusifor
m  sporan- 

lockian  (Early  SUurian)  and  the  Pragian  (middle  gia,  among  the  fossils  at  hand,  the  vascu
lar  strand 

Early  Devonian),  but  fossU  evidence  that  could  of  the  main  axis  or  of  a  lateral  shoot  ex
tends  uito 

bridge  the  gap  is  lacking.  The  morphology  and  the  base  of  the  sporangium.  The  s
porangium  forms 

probably  the  ontogeny  of  the  terminal,  fusiform,  the  terminus  of  the  axis  or  s
hoot,  and  the  formation 

longitudinally  dehiscent  sporangium  continue  to  be  of  the  sporangium  depletes  the 
 apical  meristem 

recognizable  throughout  the  Devonian.  The  spo-  Subsequent  growth  of  the  plant  
would  have  relied 

rangium  of  this  form  is  characteristic  of  the  trim-  upon  the  rapid  and  steady  growt
h  and  spread  of 

erophytes  (Trimerophytina  Banks,  1975)  and  pro-  the  vegetative  portions  of
  the  plant  if  such  were 

gymnosperms  (Progymnospermopsida  Beck,  1960) 

in  such  genera  as  Psilophyton  Dawson,    1859; MM  11^  m  4lto  ^ 

present. 
A  mechanism  for  distal  dehiscence  of  terminal, 

Rellimia  Leclercq  &  Bonamo,  1973;  Tetraxylop^  reniform  sporangia  was  ev
ident  \n  the  late  Early 

teris  Beck,  1957,  and  even  Archaeopteris  Daw-  Devonian  (Dittonian  Stage
  correlative  m  part  to 

son,  1871.  Bierhorst's  (1971)  interpretation  of  the  the  Late 

ontogeny  of  fusiform  sporaneia  can  serve  as  the  tco  Edw 

starting  point  for  detaUed  study  of  fossUs  of  such  sition  on  the  sp
orangmm  were  abo  characterisUc 

Lochkovian) 

This 

ecimens 
represented The 

able  that  probably  could  provide  sienificant  onto-  .  ,        «  .  i_      r^         ■ 

genetic  detail  ,f  new  and  innovative  laboratory  tech-  terophylls  continued  
 well   up  m to  the   Devonmn 

niques  were  applied  to  their  study.  The  significance  (Hueber  &  Gnerso
n,  1 96  ;  Ilucl^r  &  Bank.  1 979) 

of  such  studies  can  only  corroborate  Bierhorst's  with  a  variet
y  of  morphologies  and  ornamentations 

interpretation  and  help  establish  the  origins  of  what 

^ay  be  termed  a  form  of  the  "leptosporangium," 

time 

tained 

The 

SPORANGIA:  ONTOGENY  OF  THE  RENIFORM, 

"^RMINAL  SPORANGIUM 

shifting  of  the  line  of  dehiscence  from  distal  and 

complete  (most  genera)  to  lateral  and  complete (^  rr     rri>nntirnitlis  verrucufosus  Banks  &  Davis, 

Interpretation  of  the  probable  ontogeny  of  the       1969).  This  shift  o
f  position  resulted  m  a  morpho- 

terminal,  fusiform  sporangium  stimulat 
'ation  of  a  hypothesis  on  the  ontogeny  of  the  ter- 

logical  change  in  the  symnit^try  of  the  sporangia 
alved 

seen (rare).  In  the  zo:>lcrophylls  the  sporangia  are  usu 



480 Annals  of  the 
Missouri  Botanical  Garden 

^ 

'j 

1 

^r 

Icm 

■
^
 

^^~ 

Figure  3.  A,  C.  Fertile  and  vegetative  axes  of  Sawdonia  ornata  (Dawson)  Hueber.  —  A.  Sporangium,  as  seen 
on  upper  left  in  B,  with  subtending  vascular  strand  (arrow).  — B.  Portion  of  fertile  axis,  naturally  retted,  with  subopposite 
sporangia.— C.  Vegetative  axis,  isolated  from  matrix,  with  lateral  buds  producing  the  illusion  of  sporangia  as  seen  in 
B.  A,  B,  Geological  Survey  of  Canada  Locality  6436;  C,  USNM  446310. 

ally  described  as  stalked  and  when  well  preserved 
The  sporangia  of  the  cooksonioids  were  probably 

exhibit  a  vascular  trace  to  the  base  of  the  sporan-  derived  from  the  apical  initials  of  the  aerial  axes, 

gium  (Fig.  3A),  suggesting  that  the  sporangia  ter-  and  the  production  of  the  sporangia  depleted  the 
minate  a  lateral,  fertile  shoot  (Fig,  3B).  There  also  apical  initials.  If  the  arrangement  of  the  sporangia 

are  instances,  as  in  specimens  of  Sawdonia  ornata  in  the  zosterophylls  was  a  product  of  the  loss  of 
(Dawson)  Hueber,  1971,  in  which  a  specimen  of  the  apical  initials  of  (1)  the  central  axis,  (2)  the 
such  a  zosterophyll  seems,  at  first  sight,  to  have  earlier  formed  lateral  axes  with  subsequent  atrophy 

sporangia  arranged  in  files  along  the  sides  of  the  of  the  apex  of  the  central  axis,  or  (3)  the  lateral 

stem.  However,  when  the  specimen  is  isolated  by  axes  only,  but  in  combination  with  the  continued 
maceration  of  the  matrix,  it  is  found  that  the  sup-  vigorous  growth  of  the  central  apex,  the  possibility 

posed  sporangia  are  undeveloped  or  dormant  lat-  of  describing  the  variation  of  morphology  of  mem- 
eral  buds  (Fig.   3C).   From  these  few  facts  it  is  bers  of  the  group  may  be  developed  (Niklas  & 
possible  to  review  an  additional  line  of  conjecture  Banks,  1990;  Gerrienne,  1988;  Gensel,  1982).  I 

regarding  the  variation  in  morphology  of  the  sev-  repeat  that  a  cooksonioid  plant  could  be  the  pro- 
eral  genera  in  the  Zosterophyllophytina.  genitor  of  the  zosterophylls  and  that  Renalia  Gen- 

sel, 1976,  could  possibly  represent  a  zosterophyll 

as  suggested  by  Niklas  &  Banks  (1990).  Interest- 

ingly,  the  plant  now  known  as  Renalia  was  the The   zosterophylls   (Zosterophyllophytina)   rep-  plant  that  I  referred  to  as  Cooksonia  (Hueber, 

resented  a  group  of  plants  whose  origins  were  with  1964)  when  I  first  began  reviewing  the  flora  of  the 

cooksonioid  plants  characterized  by  terminal,  glob-  Gaspe  Sandstone.  The  morphology  of  Renalia  re- 
ular  to  reniform  sporangia.  The  plants  character-  sembles  that  of  Cooksonia  hemisphaerica  Lang, 
ized  by  terminal,  fusiform  sporangia  and  of  the  1937,  as  seen  in  the  restoration  of  the  species  by 

SPORANGIA:  THE  ZOSTEROPHYLLS 

same  relative  age  as  the  cooksonioids  represented 
the  basis  for  a  wholly  different  lineage  of  early  land 
plants. 

Ananiev  &  Stepanov  (1969). 

My  intent  here  is  to  review  the  interpretations 

of  the  morphology  of  a  few  of  the  genera  repre- 
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sented  In  the  Zosterophyllophytina  in  light  of  the  terminated  by  a  circinnate  apex.  One  can  only 
interpretations  stated  above.  If  Renalia  is  a  zos-  suggest  that  the  large  and  very  active  vegetative 
terophyll,  then  it  clearly  reflects  the  ancestral  form  growth  was  required  to  attain  a  concentration  of 
of  the  group  in  which  the  large,  reniform,  distally  auxins  and  nutrients  that  would  stimulate  and  sup- 
dehiscent  sporangia  have  been  derived  from  apical  port  reproductive  activity  in  the  stem  apex.  This 
initials  and  the  initials  have  been  depleted  on  every  group  also  had  highly  varied  ornamentation  of  the 
segment  of  the  aerial  shoots  (e.g.,  restoration  by  stems.  Some  bore  structures  that  apparently  arose 
Gensel,  1976),  Additional  growth  of  the  plant  would  randomly  from  the  protoderm  and  spanned  the 
depend  on  rapid  spreading  and  growth  of  the  basal  range  of  definition  from  trichome  to  emergence, 

or  rhizomatose  regions,  if  such  were  present;  oth-  In  some  genera,  e.g.,  SerrulacauUs  and  Crenati- 

erwise  the  whole  plant  was  spent  in  the  reproductive  caulis,  there  appears  to  have  been  some  influence 

from  the  apical  meristem   that  governed   an   ar- 

Among  the  genera  of  zosterophylls  I  have  ob-  rangement  of  the  emergences  into  one  or  two  or- 

served  in  which  the  sporangia  are  borne  in  compact  derly  files  along  the  margins  of  the  stems.  This 

or  lax  spikes,  the  apex  of  the  axis  is  present  but  characteristic  may  also  have  been  influenced,  at 

quite  small  and  perhaps  was  abortive;  examples  least  in  SerrulacauUs,  by  the  morphology  of  the 

process. f) 

stems,  which  were  apparently  oval  in  cross  section 

phyllum  australianum  Lang  &  Cookson,   1930;  with  the  emergences  borne  along  the  opposing  ridg- 

and  Z.  myretonianum  Penhallow,  1892.  I  agree  es.  Any  additional  discussion  of  ornamentation  re- 

with  Niklas  &  Banks  (1990)  and  interpret  these  quires  supportive  illustrative  material  and  will  have 

forms  as  ones  in  which  growth  of  each,  very  short,  to  be  the  subject  of  another  paper, 

lateral  shoot  rather  rhythmically  produced  by  the  The  purpose  in  this  review  of  sporangia  and  the 

apical  meristem  ended  with  the  production  of  a  speculations  on  their  ontogenies  in  plants  from  the 

sporangium.  The  development  of  the  sporangium  Silurian  into  the  Devonian  is  so  that  I  may  express 

exhausted  the  apical  initials  of  the  lateral  shoots.  a  heartfelt  opinion.  I  do  not  agree  with  the  hy- 

Physiological  pressures  may  have  caused  the  apical  pothesis  (Banks,  1968)  that  the  zosterophylls  are 

meristem  of  the  main  axis  to  cease  functioning  the  progenitors  of  the  lycopsids.  1  admit  that  a 

after  the  production  of  the  sporangia  and  spores.  discussion  of  the  ontogeny  of  the  sporangium  in 

Replacement  of  the  heavily  depleted  nutrients  into  the  zosterophylls  at  this  time,  though  sensible,  is 

the  system  was  probably  controlled  by  the  volume  conjectural.  If  in  the  zosterophylls  the  apical  mer- 

and  development  of  the  vegetative  portions  of  the  istem  was  depleted  in  the  formation  of  the  sporan- 

plant.  There  is  also  the  possibility  that  the  growth  gium,  I  see  that  ontogeny  of  the  sporangium  as 

wholly  different  and  separate  from  the  ontogeny 

and  resulting  position  of  the  sporangium  in  the 

Examples  of  the  remaining  forms  I  wQl  review  lycopsids.  The  time-lapse  slipping  and  sliding  of 

from  category  3  above  are  those  in  which  the  apical  telomic  acrobatics  hold  little  significance  to  me 

initials  of  the  short,  lateral  branches  are  depleted  when  one  has  evidence  of  the  ontogeny,  morphul- 

in  the  production  of  sporangia  but  in  which  the  ogy,  and  anatomy  of  the  sporangia  In  the  Recent 

apical  meristem  of  the  main  shoot  continues  vig-  lycopsids  as  a  key  to  the  interpretation  of  evidence 

from  the  fossil  record  of  the  group. 

^as  genetically  controlled,  and  the  plant  was  simply determinate. 

sporangia:  interpreting  the  early  LYCOPSir>S 

orous  growth.  The  genera  in  this  grouping,  with 
^hich  I  am  better  acquainted  through  observations 
at  collecting  sites,  were  perhaps  the  most  active  in 
vegetative  growth  among  the  zosterophylls.  Saw- 

donia,  for  example,  is  found  as  masses  of  inter-  1  suggested  earlier  here  that  the  lycopsids  were 

meshing  stems;  however,  among  hundreds  of  stems,       derived  from  cooksonioid  stock  pnncipally  on  the 

only  one  bearing  sporangia  might  be  found.  Such       basis  of  the  morphology  of  the  sporangmm.  My 

^as  also  the  case  with  SerrulacauUs  Hueber  &       thoughts  on  the  ontogeny  of  the  sporangmm  m  the 

Banks,  1979,  and  to  a  lesser  degree  with  Crena-       zosterophylls  relied  upon  the  total  activity  and  d
e- 

ticaulis.  The  sporangia  in  these  genera  are  borne       pletion  of  the  apical  meristem  of  the  ax
ts  beanng 

<^n  short,  lateral  ̂ *stalks,"  and  each  was  suppUed       the  sporangium.  To  derive  the  lycopsid  lineage 

^»th  a  vascular  trace  from  the  central  vascular 

strand.  Their  arrangement  was  alternate  to  oppo- 
site, and  they  formed  what  may  be  termed  a  fertile 

''egion  along  the  axis.  Vegetative  growth  beyond 

from  a  stock  of  cooksonioid  plants  we  need  to 

hypothesize  on  what  might  have  been  the  change 

in  the  growth  activity  of  the  apical  meristem  in  the 

axes  of  the  plant  serving  as  the  base  stuck.  The 

»he  fertae  region  generally  was  extensive  and  was       suggestion  was  made  here 
 that  the  apical  meristem 
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of  those  plants  with  terminal,  globose  or  reniform  more  serial  sections  in  support  of  the  reconstructed 

sporangia  comprised  several  apical  initial  cells.  That  model  by  Joyce  Collard  prepared  for  a  pamphlet 

apical  meristem  fmictioned  in  the  formation  of  the  for  the  Royal  Scottish  Museum  in  Edinburgh  (Chal- 

body  of  the  plant,  the  branching  of  the  axis,  and  oner  &  MacDonald,  1980).  Considering  the  fact 

ultimately  the  formation  of  the  sporangium.   At  that  the  sporangia  are  shown  to  exceed  the  length 

some  point  in  the  15 -million-year  period  between  of  the  leaves,  could  the  sporangium  actually  be 

late  Homerian  (late  Middle  Silurian)  and  Lochko-  borne  adaxially  on  a  leaf,  perhaps  some  distance 

vian  (early  Lower  Devonian),  a  major  evolutionary  from  the  axil  of  the  leaf?  The  extension  of  the  leaf 

change  in  the  activities  of  the  apical  meristem  took  distally  beyond  the  attachment  of  the  sporangium 

place.  The  derivation  of  leaf  primordia  from  cells  might  be  quite  short  or  nearly  vestigial,  as  indicated 

at  the  side  of  the  apical  meristem  would  have  been  in  the  reconstruction  by  the  slight  bulge  in  the 

the  first  step  toward  the  formation  of  the  micro-  distal  valve  of  the  sporangium.  Location  of  the 

phyllous  leaf  typifying  the  earliest  Devonian  ly-  apex  of  a  subtending  sporophyll,  if  present,  would 

copsid,  Drepanophycus  (Schweitzer,  1980).  Spo-  require  serial  transverse  or  longitudinal  sections 

rangia    would    be    derived    from    cells    produced  from  the  point  of  attachment  of  the  sporangia! 

adjacent  to  the  apical  meristem  in  the  same  manner  "stalk*'  through  the 

as  the  leaves  in  the  early  lycopsids.  The  '^eusporan-  Median  and  near  median  longitudinal  sections  par- 

giate"  form  of  the  sporangia  would  be  a  genetically  allel  to  the  long  axis  of  the  "stalk"  would  probably 
controlled  feature  carried  over  from  the  ancestral  be  the  most  instructive.  Perhaps,  also,  well-pre- 

full 

stock  of  cooksonioid  plants. 
What  is  the  ootential  fo pared  and  closely  monitored  serial,  longitudinal, 

thin-sections  of  the  abundant  and  well-preserved 

togeny  of  the  sporangia  in  the  remains  of  plants  remains  of  Asteroxylon  will  yield  answers  to  the 

thought  to  represent  the  early  lycopsids?  In  Recent  question  of  the  ontogeny  of  the  sporangium.  In 

lycopsids  the  primordium  of  a  sporangium  has  three  light  of  the  position  and  morphology  of  the  spo- 

sites  in  which  it  may  occur:  (1)  in  the  adaxial  rangium,  one  might  hypothesize  that  the  sporan- 

surface  of  a  leaf  primordium,  (2)  in  the  axil  of  a  gium  was  initiated  by  a  single  or  double  row  oi 

leaf  primordium,  or  (3)  in  the  protoderm  of  the  several  cells  aligned  transversely  on  the  leai  pri- 

stem  immediately  above  the  formation  of  a  leaf  mordium  and  not  from  the  whole  of  the  apica 

primordium.  In  all  of  these  instances  the  primor-  initials  of  the  apex  of  a  lateral  shoot.  If  the  presence 

dium  for  the  sporangium  arises  from  cells  of  the  and  morphology  of  a  sporophyll  is  demonstra  e 

protoderm  of  a  leaf  or  of  the  stem.  The  protoderm       for  Asteroxylon,  it  wiU  probably  be  similar  to  that 
is  a  derivative  of  the  apical  initials  and  is  produced       of  Kaulangiophyton, 

continuously  during  the  growth  and  expansion  of  Kaulangiophyton  acanthaGenseleiaLj  IV     ' 

is  a  species  recently  synonymized  with  Drepano- 

Goppert,    1852    (Rayner
 

pnmo are  initiated  secondarily  and  are  very  close  to  the       phycus 
,fc 

early  derivatives  of  the  apical  initials.  They  do  not 
affect  the  activity  of  the  apical  initials  except  per- 1984).  Reexamination  of  the  holotype  and  para- 

r  r^  _     ..I.-.  1   ^ciiU*if4  in  the ecnuens 

haps  by  the  pressures  they  exert  in  the  physically  need  to  revise  our  interpretation  of  the  morpholog) 

and  perhaps  genetically  controlled  development  of  of  the  leaves  and  the  relationship  of  the  sporangi 

the  phyllotaxy.  In  the  Recent  lycopsids  there  is  no  to  the  leaves.  I  demonstrate  my  reinterpretation 

vascular  trace  nor  vestigial  remains  of  procambial  of  the  species  in  Figure  4A  and  4B  with  trac    g 
tissue  entering  the  base  of  the  sporangium.  This 
characteristic  could  suggest  that  sporangia  in  the of  the  photographs  that  were  presented  by  Gense 

et  al.  (1969:  271,  figs.  5,  6).  In  Figure  5,  a  revise
d 

ancient  lycopsids  also  were  not  supplied  by  vascular  reconstruction  of  the  species  is  presented.  Ihe  lea 

tissue.  Such  appears  to  be  the  case  thus  far  among  are  4-5  mm  long,  at  least  twice  the  length  ong 

the  early  fossil  lycopsids;  none  of  the  fertile  material  nally  described.  The  sporangium  was  produce    o 

has  been  shown  to  have  vascular  tissue  entering  the  adaxial  surface  of  the  leaf,  distally  trom 

the  "stalk"  of  the  sporangium.  The  vein  in  the  leaf  axis  at  a  point  about  one-third  the  length  o 

remains  only  within  close  proximity  of  the  base  of  leaf.  The  sporangia  were  large  and  exceeded 

the  sporangium.  Asteroxylon  mackiei  Kidston  &  apex  of  the  leaf.  Most  of  the  apices  of  the  vegeta  i 

Lang,  1920  (Lyon,  1964)  is  perhaps  an  exception  as  well  as  fertile  leaves  were  lost  during  the  ̂ P"^*^ 
to  this  observation.  On  this  point  I  offer  a  hypoth-  of  the  matrix,  but  some  remain,  closely  adpress 

esis  regarding  the  form  and  position  of  the  spo-  to  the  underside  of  the  sporangium  or  plunging 

rangia  in  A,  mackieL  I  do  not  doubt  the  present  into  the  matrix  below  the  point  of  attachment  o 

interpretation  so  much  as  I  would  prefer  to  see  the  sporangium.  As  seen  in  side  view,  very  h"^ 



Volume  79,  Number  3 
1992 

Hueber 

Early  Lycopsids  and  Zosterophylls 

483 

» 

■
I
 

fe
' 

( 

v\ 

N V 

I 
I 
t 
I 
I 
t 

I 

I 
I 

\ 

S. 

B 
\ 

\ 
I 

A 
\ 

7m 
m 

1969, 

f  IGURE  4.     A,  B.  Tracings  from  photographs  oiKaul- 
<^ngiophyton    akantha    Gensel,    Kasper    &    Andrews, 

-A.  Tracing  of  figure  5,  page  271,  Gensel  et  al. 
(1969),  holotype,  to  emphasize  details  of  morphology  not 
clearly  evident  in  the  original  photograph;  USNM 
43208.  — B.  Tracing  of  figure  6,  page  271,  Gensel  et  al., 
paratype,  to  emphasize  details  of  morphology  not  clearly 
evident  in  the  original  photograph;  USNM  43209. 

lines  of  carbonized  tissue  extend  outward  into  the 
matrix  from  the  broad  leaf  bases  and  quite  probably 
represent  the  vertically  compressed  body  of  the defined 

f  *  *  ̂ ^_+ 

7mm and  is  depicted  in  the  tracings  and  in  the  revised 
reconstruction.  The  dehiscence  is  distal,  equal, 
complete,  and  longitudinal  to  the  axis  of  the  sub- 

tending leaf.  These  findings  relate  Kaulangiophy-      „.  ,,,^  ̂ ^     a-r  ̂    
^on  to  the  lycopsids  and  remove  it  as  a  hypothetical       &  Andrews,  1969;  figure  7,  page  272, 

'ink  to  the  zosterophylls.  The  sporangia  were  not 

Figure  5.      Reinterpreted  restoration  of  the  fertile  zone Gensel 

f^rne  on  stalks  but   were  instead  borne  on  the 
adaxial  surface  of  the  leaves. 

In  Asteroxylon,  the  procambial  cells  in  the  body 
t>f  the  leaf  (Fig.  6A,  B)  might  have  differentiated 
3s  xylary  elements  producing  the  vein  observed  in 

the  "stalk"  of  the  sporangium.  Reproduction  was 

rangium  and  spores.  Transport  of  sufficient  nutri- 
ents would  have  required  a  more  efficient  system 

than  that  of  diffusion  from  the  truncated  vein  as 

seen  in  vegetative  leaves  (Fig.  6C,  D).  Even  more 

plausibly,  one  might  suggest  that  leaves  bearing 

►gic      sporangia,  thus  with  two  growth  centers  as  opposed 

  ,^.,.^...  „^^^.   the      to  sterile  leaves  with  only  one,  produced  higher 

stem  apex.  The  evolution'of  the  xylem  and  for-  levels  of  auxins  causing  more  complete  xylem  dif- 
«^ation  of  the  vein  in  the  leaf  might  have  resulted  ferentiation  regardless  of  the  metabolic  require- 

from  the  pressures  exerted  for  the  transport  of      ments  of  mature  tissues  on  the  water  transport 

initiated 
stimuli 

ions  m 

equ 

system 
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THE  APICAL  MERISTEM  OF  ASTEROXYLON 

A  well-permineralized  apical  meristem  of  a  De- 
vonian lycopsid  has  not  yet  been  illustrated  to  my 

knowledge.  I  thus  illustrate  here  a  median  longi- 

tudinal section  of  a  well-developed  and  very  well 
preserved  lateral  branch  of  Asteroxylon  mackiei 

(Fig.  7A-C).  The  ground-thin  section  was  prepared 
by  John  Hutchison  in  1952  from  material  given 

to  Sergius  H.  Mamay  by  John  Walton  in  1951. 

The  apex  is  flat  and  comprises  remains  of  several 

apical  initials  (Fig.  7B.2),  a  region  of  central  mother 

cells  (Fig.  7B.4),  zones  of  the  partially  delimited 

cortex  (Fig.  7B.6),  the  regions  of  the  procambium 

and  differentiation  of  the  xylem  strand  (Fig.  7B,7), 
a  procambial  strand  leading  to  a  leaf  (Fig.  7B.5), 

leaf  traces  (Fig.  7B.8),  leaf  primordia  (Fig.  7B.3), 

and  leaves  in  various  stages  of  growth  (Fig.  7B.1). 
This  fossilized  apex  resembles  the  morphology  and 
anatomy  of  a  Recent  species  of  Lycopodium^  i. 

reflexum  Lamarck,  as  illustrated  by  a  camera  lu- 
cida  drawing  in  Haupt  (1953:  219).  A  paper  by 

taken  as  a  precursor  to  the  species  Baragwanathia 

longifoliaj  which  is  accepted  by  some  paleobota- 

nists,  paleontologists,  and  geologists  as  the  oldest 

member  of  the  lycopsid  lineage  (Edwards  &  Fan- 

ning, 1985;  Garratt,  1978,  1981;  Garratt  &  Rick- 
ards,  1984;  Garratt  et  al.,   1984;  Richardson  & 

Edwards,  1989;  Tims  &  Chambers,  1984).  I  per- 

sonally  do  not  accept  the  species  as  the  oldest 

because  I  remain  unconvinced  of  the  age  of  the 

earliest  stratigraphic  occurrence  of  it  in  Victoria, 

Australia.  The  dating,  I  feel,  is  too  subjective  as  it 

is  not  based  on  adequate  numbers  of  well-preserved 

and  (most  importantly)  unambiguously  identified 

graptolites.  Two  localities  are  involved  and  are 

interpreted  as  approximately  stratigraphically 

equivalent  by  Garratt  &  Rickards  (1984).  Their 

localities  are  Limestone  Road  (4)  and  Ghin  Ghin 

(1),  Victoria,  Australia.  The  few  specimens  of  grap- 

tolites identified  as  Bohemograptus  bohemicus 

hohemicus  (Barrande)  from  Locality  4  are  illus- 

trated by  the  authors  and  are  used  in  defining  the 

Wardlaw  ( 1 957)  on  the  organization  and  reactivity  biost
ratigraphic  age  of  the  sediments.  The  species 

r  ,,       ,  ̂   .             -               1        1     »    J-                 :  B.  bohemicus  is  cited  as  a  common,  cosmopolitan oi  the  snoot  apex  m  vascular  plants  diaerammat-  ,                                      .u „„ 

\..\U  c>,nw=  tK.  .r...  .f  7...i..^,„™  t  fl..    T.  graptolite  not  known  from  strata  y
ounger  than ically  shows  the  apex  of  Lycopodium  as  flat.  In 

Ludlow  (Late  SUurian;  see  Table  1).  The  specimen the  context  of  these  illustrations  one  can  appreciate  ^              ,          '    ̂     ,  .      ̂             /i  n7«   fia 
^^^    f  n    4k      'r.    a               r  vu             u  i             j  that  was  formerly  identified  by  Garratt  (iV/o,  ng more  tuliy  the  signihcance  of  the  morphology  and  ,           ̂             ,       r^  .     .            .       ̂ .,hiji< 

f  *u                f  ̂   .           1          J  f    1     -.u  5A)  as  belonging  to  the   Pnstiograptus  dubius anatomy  ot  the  apex  of  Asteroxylon  and  feel  with  ^  ̂                  ̂     ̂                   ,        t?  i    r       -     .  hn 

..nr.  .'  fiH.../tl..t    A...'l.^  ;.  .  K...  ̂ A^  (Suess)  group  is  re-illustrated  as  B.  bohemicus  bo- more  confidence  that  Asteroxylon  is  a  bona  fide 

kemicus  (Barrande).  The  authors,  however,  give lycopsid.  The  apex  of  a  lateral  branch  on  a  spec-  ^  .    '     .  ^^-*  nf 

imen  of  Dr.nnnnnh.rrn.  .n.ninnn.  in  tK.  Lr^      ̂ ^^^^^'  descriptions 
 nor  Comparisons  m  support  o imen  of  Drepanophycus  gaspianus  in  the  form 

of  a  compression  (Fig.  7D),  suggests  that  the  apical the  identification  of  the  species  and  subspecies. 

They  mention  that  one  or  two  specimens  in  the morphology  in  Drepanophycus  may  be  the  same  ..^    .  ,  ,    ,     .     i        •  .•     .  r^nm  the 

as  that  in  Asteroxylon.  -"^^^i^-^  ̂ ^ow  morphological  variations  from  th 

species  but  that  those  particular  specimens  do  nui 

change  the  interpretation  of  the  age  of  the  site 

from  Ludlow.  If  the  confidence  of  identification  is BARAGWANATHIA:  ARGUABLY  THE  EARLIEST  LYCOPSID  i      i        ,     r      ,  -        •.  ij    ̂ ^^  or^nronriate 

to  the  level  of  subspecies,  it  would  seem  approprwi^ 
The  lycopsids  maintain  the  unique  record  for  to  furnish  a  description  that  would  fully  justity 

thelongest  continuously  recognizable  lineage  of  any  taxonomic  position  of  the  specimens  at  hand, 

vascular  plant  group,  perhaps  ranging  from  among  The  identification  of  specimens  of  graptoU 

theearly  land  vascular  plants  of  Gorstian  age  (lower  from  Locality  1  is  accompanied  by  a  comparis 

Late  Silurian)  to  the  present,  a  period  of  nearly  to  Monograptas  uncinatus  sens,  str.,  a  speci 

424  million  years  (Table  1).  However,  the  origin  restricted  to  the  Gorstian  (Lower  Ludlow  or  lower 

of  the  group  is  enigmatic  and  open  to  interpreta-  Late  Silurian).  However,  the  authors  (Garrat 

tion.  No  fossil  has  been  found  with  a  basic  mor-  Rickards,   1984)  are  not  fully  confident  m  tnei 

phological  or  anatomical  organization  that  could  be  identification  of  the  specimens  and  refer  to 

Figure  6.  A,  B,  C,  D.  Anatomy  of  leaves  and  veins  oi  Asteroxylon  mackiei  Kidston  &  Lang,  1920.^  A.  ̂^^^J^ 
oblique,  longitudinal  section  of  axis  showing  at  (1)  a  leaf  base  with  undifferentiated  procambiuni  extending  downw  ̂  

toward  the  leaf  trace  and  upward  into  the  leaf,  at  (2)  portions  of  the  central  xylem  strand,  and  at  (3)  the  leaf  ̂ ra^^-^ 
B.  Enlarged  view  of  the  median  longitudinal  section  of  the  leaf,  as  seen  in  A,  with  procambium  extending  '"^^p 
center  of  the  leaf.— C.  Longitudinal  section  of  leaf  base  with  partially  differentiated  xylem  of  the  vein  (^'"'*^^|'  .  q 
Enlarged  view  of  the  partially  diflferentiated  tracheids  (arrow)  in  leaf  trace  as  seen  in  C,  A,  B,  USNM  44631 K    - D,  USNM  446312. 
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as  Monograptus  aiF.  uncinatus  uncinatus  Tull-       of  the  eastern  quarter  of  the  present-day  continent 
berg  on  the  grounds  that  the  preservation  differs       of  Australia  (Condie,  1988,  fig.  6.26). 

from  any  described  post-Ludlow  species  and  that Baragwanathia,  as  an  example  of  an  advanced 

the  specimens  are  very  close  to  European  speci-  form  of  an  early  land  plant,  is  not  the  sole  basis 
mens  of  M.  uncinatus  sens.  str.  On  the  other  hand,  for  our  discussion  over  the  differing  ages  assigned 

Jaeger  (1978,   1979)  claimed  that  certain  mor-  to  the  two  assemblages.  The  discussion  rests  more 

phological  characteristics  of  M.  uncinatus  persist  logically  on  the  occurrence  and  identical  represen- 
into  the  Devonian,  and  the  morphology  serves  as  tation  of  three  of  the  four  major  groups  of  early 

a  template  for  some  evolutionary  lineages  of  grap-  land  plants  in  the  two  assemblages,  i.e.,  Rhyniophy- 
tolites  in  the  Devonian.  Such  an  observation  sug-  tina    (Salopella)^    Zosterophyllophytina    (zoslero- 
gests  that  objectivity  in  the  definition  of  a  taxon  is  phyll  species),  and  Lycophytina  (Baragwanathia) 

prerequisite  to  defining  graptolite  biozones  (Tem-  (Tims,  1980;  Tims  &  Chambers,  1984;  Holmes, 

pie,  1988)  and  subsequently  for  defining  an  age  1988).  The  Trimerophytina,  the  fourth  group,  is 

for  a  stratigraphic  occurrence  of  a  potentially  sig-  represented  only  in  the  Upper  Assemblage  by  Daw* 

nificant  taxon.  If  specimens  of  graptolites  are  abun-  sonites  subarcuatus  Tims  &  Chambers.  The  three 

dant  at  both  localities,  as  stated  by  Garratt  &  plant  groups  common  to  the  assemblages  are  at 

Rickards  (1984),  more  effort  should  be  applied  to  the  same  level  of  evolutionary  development,  and 

define  taxa  as  support  for  the  determination  of  the  yet  it  is  proposed  that  they  are  separated  in  time 
age  of  the  occurrences. by  24  million  years.  Fossil  evidence  for  the  evo- 

The  plant  remains  found  at  Garratt  and  Rick-  lution  of  a  flora  of  the  type  comprising  the  Lower 

ard's  Localities  4  and   1   are  referred  to  as  the  Plant  Assemblage  is  lacking  for  the  period  of  time 

''Lower  Plant  Assemblage."  The  Baragwanathia  between  the  Cooksonia  sp.  of  Late  Homerian  age 
longifolia  found  at  Locality  4  is  conspecific  with  in  Ireland  (Edwards  &   Feehan,    1980)  and  the 

fossil  remains  found  in  an  "Upper  Plant  Assem-  Lower  Plant  Assemblage  here  in  question.  That 

blage,"  the  fossil  flora  described  by  Lang  &  Cook-  period  of  perhaps  three  million  years  would  have 

son(1935),whichisdatedasPragianinage(middle  been  followed  by  a  stasis  in  the  evolution  of  the 

Lower  Devonian)  (Jaeger,  1966,  1967).  The  two  flora  for  24  million  years.  If  the  two  assemblages 

assemblages  are  vertically  separated  by  1,700  m  are  treated  as  similar  or  identical  associations  in 

of  sediment.  If  the  Lower  Plant  Assemblage  is  of  more  nearly  synchronous  occurrences,  then  there 

Gorstian  age  (lower  Late  Silurian)  and  the  age  of  is  fossil  evidence  for  their  evolution  based  on  nu- 

the  Upper  Plant  Assemblage  is  Pragian  (middle 

lower  Devonian),  then  the  section  of  sediments  geographicaUy  separated  localities  (Chaloner,  1970; 

^as  accumulated  over  a  period  of  about  24  million  Chaloner  &  Sheerin,   1979;  Banks,  1980).  The 

years.  During  that  period  no  significant  change  levels  of  evolutionary  development  of  these  asso- 

similar 

occurred  in  the  composition  of  the  floras  or  assem- ciations  are  not  based  solely  on  the  rhyniophytes 

Wages.  It  seems  unusual  that  such  assemblages  of      but  instead  are  interpreted  on  the  basis  of  all  of 

Th 
Salopella  Edwards  &  Richardson,  1974)  should be 

plants  would  remain  so  static,  with  no  evolutionary 

changes,  for  such  a  long  period  of  time.  The  oc- 
currences of  the  remains  of  the  plants  indicates 

that  they  were  dislodged  and  drifted  from  their  eages  of  aU  land  plant  groups,  hut  instead   the 

sites  of  growth  on  a  landmass  bordered  by  marine  possible  progenitors  of  the  lineage  of  the  Trimer- 

waters.  It  is  hazardous  to  attempt  to  interpret  the  ophytina.  A  plexus  of  cooksonioid  plants  may,  on 

Paleo-latitude  or  paleo-longitude  of  their  occur-  the  other  hand,  represent  the  basis  for  tlie  den
- 

fences,  if  the  sites  are  among  any  of  those  accre-  vation  of  the  lineages  of  the  Zosterophyllophytina 

llonary  terranes  that  appear  to  form  a  large  part  and  the  Lycophytina.  In  the  early  land  floras  (Lat
e 

Figure  7. 
longitudinal .   ^  ..      A.  B,  C.  Asteroxylon  mackiei  Kidston  &  Lang,  1920. -A.  Median,  „u„,„„,„u  ;„  a 

^meraUzed.  smaU,  bteral  axis  in  which  the  apical  meristem  is  well  preserved. -BTracxr^  of  he  ph^^aph  ̂   A 

^th  arrows  to  indicate  (1)  transverse  sections  of  young  leaves,  (2)  zone  of  ap.cal  '""-MS)  ̂ af  F^-'^--/^^^^^^^^ 

°f  central  mother  ceUs.  (5)  procambium  of  vein  of  leaf.  (6)  zone  of  different.at.on  of  he 
 zoned  cortex.  (7)  zone  of 

P^ocambiun.  with  xvlem  ̂^iff^renti^tion.  (8)  leaf  traces.-C.  Enlarged  view  of  the  ap.cal  mer.stem  .n  wb
ch  deta  I    of wflon)  Kraui«l 

leralized 

same 
,/~..«,  L^<±o,  v-ompression  lossu  oi  young  laiciai  ^^*^.  -*- — -  r  aa/^i^a 

'^^ganization  of  the  stem  apex  as  in  AC.  AC  USNM  446313;  D.  USNM  446314. 
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Silurian  and  Earliest  Devonian)  the  lineages  were  phology  is  homologous  with  that  of  some  Recent 

independent,  and  their  evolution  proceeded  at  a  species  (e.g.,  Lycopodium  mandioccanum  Raddi; 

rapid  rate  during  the  late  Lower  Devonian,  Middle  Fig.  10 A,  B).  A  morphologically  comparable  spe- 
Devonian,  and  into  the  Upper  Devonian.  The  cies,  B,  abitibiensis  Hueber,  1983,  occurs  oiily 

northern  and  southern  early  land  floras,  although  slightly  later  in  late  Lower  Devonian  strata  of  Em- 

disjunct  as  fossil  remains  in  their  present  distri-  sian  age  in  northern  Ontario,  Canada.  If  the  earliest 

and  need  date  is  correct,  these  occurrences  establish  a  time ronization 

not  be  modified  by  the  advent  of  interpretations 
pproximately  35  milli 

that  are  insufficiently  well  founded  to  be  readily      Baragwanathia  occupied  its  niche  in  the  early 
accepted. land  floras.  The  first  appearance  of  Baragwana 

The  Pragian  (middle  Early  Devonian)  age  of      th'ia  in  the  fossil  record  de  novo,  if  it  is  correctly gifi 

dated,  is  an  enigma.  Its  extinction  is  a  matter  of 
ger,    1966,    1967;    Tims    &    Chambers,    1984;       conjecture,  which  will  be  discussed  below. 
Holmes,  1988),  as  opposed  to  Gorstian  (Lower 

Ludlow),  seems  more  realistic  in  light  of  the  fossil 
evidence  at  hand  and  for  the  general  scheme  of 
evolution  of  the  Kingdom  Plantae. 

Specimens  of  Baragwanathia  bearing  sporan- uncommon 

Q 

tralia,  and  it  is  illustrated  here  in  Figure  9A-D. 
The  story  of  the  early  lycopsids  and  their  sub-  Part  and  counterpart  of  the  specimen  are  illustrated 

sequent  evolution  may  begin  with  a  very  fine,  along  with  photographic  enlargements  of  portions 

unique,  and  perhaps  ancient  species:  Baragwana-      of  the  axis.  The  mode  of  preservation  of  the  axis 
longifolia  has  all  of  the  defining 

presents  problems  in  interpretation  of  the  mor 

linea 

specmiens 

a  lycopsid,  and  approximately  25  million  years  phology  and  position  of  the  sporangia.  A  layer  of 

after  its  putative  first  appearance  in  the  fossil  rec-  microcrystalline  quartz  and  an  unidentified  mineral 

ord  it  is  followed  or  accompanied  by  an  array  of  containing  barium  was  formed  within  the  cavity 

fossil  plant  remains  that  are  interpretable  as  ly-  that  resulted  from  the  decay  of  the  fleshy,  inner 

copsids.  Some  of  these  fossils  may  not  belong  to      tissues  of  the  plant.  The  minerals  formed  casts  of 

the  leaf  bases  and  at  the  same  time  minutely  dis- 
hibit  morphologies  characteristic  of  the  lycopsids,      sected  the  carbonized  remains  of  the  sporangia. 

The  mineralized  layer  split  unevenly,  resulting  m 
identifications.  It  is  beyond  the  scope  of  this  paper  irregular  exposure  of  the  upper  and  lower  surfaces 

to  attempt  a  revision  of  all  of  the  species  of  early  of  the  axis  as  it  lies  along  the  bedding  plane  of  the 

lycopsids.  Such  a  revisionary  task  would  require  a  matrix.  In  Figure  9C  and  9D  an  attempt  has  been 

highly  objective  re-examination  of  all  of  the  spec-  made  to  label  the  abaxial  and  adaxial  view  of  the 

imens  used  to  derive  a  particular  species  concept.      leaf  bases  and  their  associated  sporangia,  ̂ vhic 

appear  to  be  axial  in  position.  Because  of  the  f
rag- 

experiences  with  the  problems  of  defining  the  spe-  mentation  of  the  sporangia,  a  line  of  dehiscence  is 

cies  offossil  lycopsids,  lycopsidlike  plants,  and  their  difficult  to  recognize  and  illustrate;  however,  two 

associates.  The  lycopsids  are  common  in  nearly  all  examples  are  noted  in  the  illustrations  as  slitliK^) 
deposits  of  Devonian  plant  remains.  The  herba- 

own 

openm ceous  forms  reached  their  maximum  diversity  in  a       sporangia.  Lang  &  Cookson  (1935)  demonstrate 

the  presence  of  spores  in  the  sporangia  *^^^^^^^ 

in  their  specimens.  I  have  not  yet  had  such  go 

        fortune.  This  information  regarding  the  position 

was  derived  from  the  large  stock  of  Middle  De-       and  dehiscence  of  the  sporangia  is  valuable  in  lur- vonian  herbaceous  lycopsids  remains  unclear. 

ca.  29-million-year  span  of  time  between  middle 
Early  Devonian  (Pragian)  and  early  Late  Devonian 
(Frasnian).  Where  and  when  the  arborescpnt  habit 

Baragwanathia  longifolia  can  be  recognized 

as  a  lycopsid  (Fig.  8A-D,  Fig.  9A-D;  see  also  Lang 
&  Cookson,   1935,  plates  29-31),  and  its  mor- 

thering  the  recognition  of  Baragwanathia 
 as  a 

lycopsid.  . 

A  description  of  Baragwanathia  lon
gifolK^  is 

here  based  on  an  analysis  of  the  holotype  an 

Figure  8.  A,  B,  C»  D.  Baragwanathia  oblongifolia  Lang  &  Cookson,  1935.— A.  Vegetative  axis  from  ̂^ 
Upper  Plant  Assemblage  in  the  Devonian  of  Victoria,  Australia;  USNM  446315.— B.  Vegetative  axis  from  the  Lo^^ 
Plant  Assemblage  in  the  Silurian  of  Victoria,  Australia;  USNM  4463I6.^C,  D.  Part  and  counterpart  of  P^^j^. 
monopodially"  branched  axis  from  the  Upper  Plant  Assemblage  in  the  Devonian  of  Victoria,  Australia;  USNM  -i-^o^ 
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Figure  10.     A,  B.  Lycopodium  mandioccanum  Raddi  for  comparison  with  B
aragwanathia  longifoUa.-A 

Specimen  illustrating  the  morphology  of  the  axis  and  leaves.-B.  Enlarged  view  of  the
  axis  showmg  position  and 

morphology  of  the  sporangia. 

paratypes  in  conjunction  with  a  large  suite  of  spec-  sUt  transve
rse  to  the  leaf;  homosporous;  spores 

imens  housed  in  the  Museum  of  Victoria  in  Mel-  trilete;  vascul
ar  strand  protostehc,  exarch  lobed; 

bourne,  the  collections  of  Jack  Douglas,  Mel-  leaf  traces  asc
end  upwardly  from  margins  of  xylem 

bourne,  and  smaU  coUections  I  obtained  at  the  sites  strand  as  
a  single  vein.  Certam  attributes  of  the 

of  the  Lower  Plant  Assemblage  and  the  Upper  Plant  species  are
  based  on  interpretation  of  the  fossiL 

Assemblage  in  Victoria,  Australia.  The  sequence  with  re
gard  to  their  occurrence,  appearance,  and 

of  detaUs  for  characterization  of  the  species  coin-  state  of  
preservation.  The  ranty  of  fertile  specimens 

■  of  as  compared  with  the  abundance  of  vegetative  ma- 

lar terial  suggests  that  vegetative  reproduction  by  frag- 

plant  with  stem,  true  roots  (not  rhizoids),  and  leaves;  mentation 
 was  a  character  of  the  spaces;  this  point 

reproduction  vegetative  and  by  spores;  terrestrial; 

recumbent;  branching  dichotomously  to  pseudo- 

n^onopodially;  fleshy  herbaceous;  roots  adventi- 
tious;  leaves    microphyllous,    entire. 

mnin longifc 

win 

lycopsids.  The  presence  of  well-developed 
 rooL> 

suggest  that  the  plant  was  terrestrial,  and  thore
  is 

no  record  of  other  plants  of  sufficient  size  on  which
 bent 

ranged  in  helices;  sporangia  borne  in  axQs  of  leaves,      it  co
uld  be  an  ep.ptiyte^  ns  recumocn.  nauu  . 

in  fertUe  regions  on  the  Lm,  dehiscence  by  distal      based
  on  interpretation  of  the  morphology  of  large 

„  ,„oi  101'^— AB    Part  and  counterpart  of  fertile  portion 

Figure  9.     Baragwanathia  longifoUa  Lang  &  Cookson    1  ̂ f' "  J^'  "J;^  ̂^  ( 1 )  aja^ial  view  of  a  sporangium 
«f  axis.-C.  D.  Enlarged  views  of  areas  as  marked  in  A.  B  and  -»^- ̂ /^^Vn^hlrw Uh  a  cast  of  .  leaf  baJe  in  front 
V'th  cast  of  a  leaf  base  behind  the  sporangium,  (2)  abax.a  view  "^  ̂Jf3'"2;!'i\f  sporangium.  A,  B,  USNM 
of  the  sporangium,  and  (3)  partially  displaced  line  of  dehiscence  along  distal  margm         

po      g 446318. 
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Specimens.  That  the  species  was  fleshy  is  discussed  ranged  leaves  usually  is  weighted  more  heav3y  in 

in  a  later  section  of  this  paper  in  connection  with  the  analysis  of  the  group.   Drepanophycus  spi- 
other  fleshy  members  of  the  early  lycopsid  com-  naeformis,  on  the  other  hand,  can  possess  both 
plex.  The  roots  are  adventitious,  as  they  are  seen  helically  and  randomly  arranged  leaves  and  can 

in  some  specimens  to  arise  directly  from  the  leafy  just  as  well  fit  into  a  broader  concept  of  the  leaf 

stems.  The  sporangia  are  defined  as  eusporangiate  arrangement  typifying  the  lycopsids.  The  second 

on  the  basis  of  extrapolation  from  the  morphology  differing  characteristic,  and  the  one  most  used  to 

and  position  of  sporangia  in  Recent  representatives  eliminate  Drepanophycus  from  the  lycopsids,  is 

of  the  group.  The  remaining  characters  are  clearly  how  and  where  the  sporangia  were  borne  on  the 

observable  in  the  suite  of  specimens  available  in  plant.  I  cannot  add  any  evidence  to  this  discussion 

the  collections  mentioned  above.  because  I  do  not  have  well-preserved  specimens  of 

fertile  Drepanophycus.  The  reader  may  consult 

Grierson  &  Banks  (1963),  Banks  &  Grierson 

(1968),  Fairon-Demaret  (1971,  1978),  Schweitzer 

From  the  advanced,  early  lycopsid  fiarag-ii^a^ia-  &  Giesen  (1980),  Schweitzer  (1980,   1983)  and 
thia  we  retrogress  to  the  less-advanced,  somewhat  Rayner  (1984)  for  additional  descriptions  and  dis- 
less-organized  genus  Drepanophycus.  At  its  ear-  cussions.  A  report  on  collections  from  the  region 

liest  occurrence,  in  the  Devonian,  Drepanophycus  of  Gaspe  Bay,  Quebec,  and  northern  New  Bruns- 
is  reported  from  the  uppermost  Lochkovian  (Gedin-  wick,  Canada,  was  given  at  the  annual  meeting  of 
nian)    at    Vichtbachtal    near    Roetgen,    Germany  the  American  Institute  of  Biological  Sciences  by 

(Schweitzer,  1980).  That  occurrence  is  about  25  Kasper  (1977).  The  illustrations  used  in  conjunc- 

;arance  tion  with  the  oral  report  indicated  the  presence  of 

of  Bara^i^aaai/ita.  The  two  genera  occur  together  valuable  material  for  the  description  and  clarifi- 
at  the  latest  occurrence  of  Baragwanathia  in  sed-  cation  of  details  centering  on  fertile  Drepanophy- 
iments  of  Emsian  age  (Hueber,  1983).  Drepano-  cus  from  the  Devonian  of  North  America.  Some 

phycus  is  last  reported  from  sediments  of  Frasnian  of  the  sporangia  seemed  to  be  borne  on  the  adaxial 

age  by  Banks  &  Grierson  (1968)  thus  indicating  surfaces  of  leaves,  but  the  careful  preparation  re- 
that  the  genus  existed  for  at  least  22  million  years.  quired  for  elucidating  the  details  has  not  yet  been 

million 

efc 
completed. 

of 

rangia  on  Drepanophycus  are  borne  on  '  stalks. 

may  be  characterized  as  follows:  vascular  plant  As  the  reader  might  gather  from  my  review 

with  stem,  true  roots  and  leaves,  reproduction  veg-  the  sporangia  of  Kaulangiophyton  and  the  spec- 
etative  and  by  spores;  terrestrial;  recumbent;  ulations  regarding  the  ontogeny  of  the  sporangia 

branching  dichotomously  to  pseudomonopodial;  in  Asteroxylon,  I  am  not  convinced  that  the  spo- 
herbaceous;  roots  adventitious,  branching  dichot- 

omously; leaves  microphyllous,  entire,  simple,  ar-  I  prefer  to  wait  and  see  what  is  discovered  with 

ranged  in  helices  or  randomly;  "eusporangiate"  the  preparations  of  better  preserved  specimens  that 
sporangium  borne  on  adaxial  surface  of  normal  lend  themselves  to  maceration  and  isolation  of  the 

leaf,  or  on  short  stalk  with  or  without  relationship  sporophylls  for  examination  in  three  dimensions, 
to  a  leaf,  in  alternating  fertile  and  sterile  regions  The  sporangia  are  of  such  large  size,  and  as  in 
on  the  stem,  dehiscence  distally,  transverse  to  the  Kaulangiophyton,  they  may  exceed  the  length  of 
leaf  or  tangentially  to  the  surface  of  the  main  axis;  the  leaf  and  may  mask  its  apex.  Some  of  the 
spores  as  yet  not  described;  vascular  strand  pro- 
tostelic,  maturation  exarch,  variously  lobed,  traces drawings  of  the  sporophylls  oi  Drepanophycus  spi 

naeformis  by  Krausel  &  Weyland  (1935)  may  be to  leaves  extend  upwardly  from  the  ridges  of  the      interpreted  in  that  way  and  may  serve  as  the  basis xylem  entering  the  leaf  as  a  single  vein. 
Wh 

./c 

  ^*W..^V-       ^*         ^*.«V  W.^J  «*.«       *   J  -  J 

for  making  closer  observations  of  nearly  prepar 

material.  At  the  same  time,  there  has  been  htt  e 

attention  given  to  the  mode  of  dehiscence  in  Drepa- wanathia  and  those  in  the  broader  characterization  nophycus.  In  his  description  of  specimens  of  Drep- 
of  the  Recent  lycopsids?  First,  the  arrangement  of  anophycus  (Protolycopodites)  devonicus  (Scy- 

the leaves  in  Drepanophycus  can  be  random,  which  land  &  Berendt),  Schweitzer  (1980)  mentioned  the 
is  not  a  characteristic  of  Baragwanathia  but  can  presence  of  thickening  along  the  upper  margin  o 
be  found  in  the  Recent  lycopsids.  Certainly  the  the  sporangium,  which  he  attributes  to  originating 

lack  of  the  character  in  Baragiianathia  does  not      probably  from  the  line  of  dehiscence.  The  detail  is diminish 

though,  generally,  the  presence  of  helically  ar- illustrated  in  the  reconstruction  of  the  sporangiu   ̂  

but  is  not  clearly  defined  in  the  reconstruction  o 
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the  whole  plant.  The  same  is  true  of  his  recon-  lepidodendronhaiS  hifurcaie leaves.  Colpodexylon 
struction  of  the  whole  plant  of  D.   spinaeformis  has  trifurcate  leaves.  Leclercqia  has  quinquefur- 
(Schweitzer,  1980).  cate  leaves.  There  also  are  sagittate -entire  leaves 

The  line  of  dehiscence  and  its  position  on  the  as  in  Haskinsia  colophylla  Grierson  &   Banks, 
sporangium  among  the  early  lycopsids  offers  little  1983;  hastate-entire  leaves  as  in  H.  sagittate  Ed- 
or  no  support  for  interpreting  the  phylogeny  of  the  wards  &  Benedetto,  1985;  deltoid-serrate  leaves 
group.  There  are  only  two  positions  of  the  line  of  as  in  Archaeosigillaria  vanuxemii  (Goppert)  Kid- 
dehiscence  known  for  the  early  lycopsids.  The  de-  ston,  1901  (Fairon-Demaret  &i  Banks,  1978)  and 
hiscence  of  the  sporangium  distally  and  longitu-  Artschaliphylon  unicum  Senkewich,    1971    (not 
dinally  to  the  axis   of  the   leaf  is,   for  example,  seen;  publication  date  pers.  comm.  H-  P.  Banks, 
characteristic    of   DrepanophycuSj    Protolepido-  species  =  Gilboaphyton  goldringiae  Arnold,  1937; 
dendron  K.rdinse\  &  Weyland,  1932,  Colpodexy^  Krausel  &  Weyland,   1949;  Senkewich,    1956); 
Ion,  Leclercqia  Banks  et  al.,  1972,  and  the  later  and  linear-serrate  leaves  as  in  Barsostrobus  fa- 
appearances  in  the  Carboniferous  of  the  arboreous  mennensis  Fairon-Demaret,  1977.  Presented  here 

and  arborescent  lepidodendralean  lycopsids  and  the  in  Figure  llA-R  are  illustrations  of  these  various 
ancestral  stock  of  the  Recent  Isoetales.  Dehiscence  leaves.  The  information  that  these  illustrations  sup- 

of  the  sporangium  distally  and  transverse  to  the  ply  is  of  taxonomic  value,  though  that  is  all  that 

axisof  the  leaf  is  characteristic  of  5arag^i/;a/ia^/iia,  can  be  said  with  confidence. 
Asteroxylon  (probably)  and  most  of  the  Recent 
members  of  the  Lycopodiales. 

Bonamo  et  al.  (1988)  pointed  out  the  value  of 

leaf  morphology  in  the  identification  of  genera  in 

The  morphology  of  the  xylem  strands  of  the  which  the  morphology  of  the  surfaces  of  the  sterns 

above  examples  reveals  that  lobed  protosteles  are  otherwise  appear  identical.  This  observation  is  par- 

characteristic  of  Drepanophycus,  Colpodexylon,  ticularly  true  in  the  genera  they  discuss:  Leclercq- 

Baragwanathia,   and   Asteroxylon,   while    solid,  ia,  Protolepidodendron,  and  Haskinsia. 
coronate  protosteles  are  characteristic  of  Protolep- 
idodendron  Stur    1882    T  eclerrain    and  the  Car- ''  ̂ ^"'^^  looz,  i^eciercqia,  ana  me  i^ar  ^^rly  LYCOPSIDS:  ANATOMY  OF  EXTINCTION Donilerous  lepidodendralean  lycopsids.  Only  in  the 
characteristics  of  the  xylem  do  I  feel  that  some  The  species  among  the  early  lycopsids  Barag- 

element  of  a  phylogeny  might  possibly  be  derived.  wanathia,  Drepanophycus,  and  Asteroxylon  ap- 

I  have  held  this  opinion  and  expressed  it  orally  at  parently  were  fleshy  or  at  least  did  not  have  the 
the  Tenth  International  Botanical  Congress  in  Ed- 

inburgh (Hueber,   1964)  after  the  publication  of 

hypodermal  layers  of  thickened,  fiberlike  cells  ev- 
ident in  the  other  contemporaneous  lycopsids.  The 

the  details  of  the  anatomy  of  Protolepidodendron  trabeculate,  aerenchymalike  tissue  that  appeared 
gilboense  Grierson  &   Banks,    1963,  and  before  to  form  the  major  part  of  the  cortex  in  ̂ sieroxy/oft 

the  publication  of  the  details  of  the  anatomy  of  may  be  the  model  for  the  other  ''fleshy"  genera. 

^fcpanophycus  gaspianus  (Grierson  &  Hueber,  In  most  specimens  of  Baragwanatkia  and  as- 

1967).  The  lobed  protostele  of  the  early  lycopsids  pecially  in  Drepanophycus,  all  that  remains  in  the 

^ay  well  be  reflected  in  the  variously  lobed  and  compression  fossils  of  the  axes  is  the  cuticle  of  the 

dissected  protosteles  that  characterize  most  of  the  stem  and  leaves,  the  xylem  strand,  and  the  leaf 

Recent  Lycopsida,  whereas  the  solid,  coronate  pro-  traces.  The  xylem  strand  in  compressions  generally 

tostele  seems  to  have  been  the  basic  form  on  which  is  about  one-eighth  to  one-tenth  the  diameter  of 

he  arboreous  and  arborescent,  lepidodendralean 
•ycopsids  expanded  and  then  declined,  leaving  the 

the  stem.  Such  a  strand  could  hardly  have  given 

much  support  to  the  axis.  Observations  (Kidston, 

Isoetales  as  the  only  Recent  derivative  to  retain      1893;  Halle,  1916;  Krausel  &  Weyland,  1935; 
this  particular  trait. 

Morphology 

Rayner,  1984)  have  led  to  the  interpretation  that 
the  axes  and  leaves  were  parenchymatous-  The 

axes  probably  had  either  thick  zones  of  cortical 

parenchyma  or  a  combination  of  such  parenchyma 

The  morphology  of  the  leaves  of  the  early  ly-  and  aerenchymalike  tissue  comparable  to  that  men- 

^opsids  shows  an  even  greater  disparity  among  the  tioned  earlier  as  typical  in  the  stems  of  Aslerox- 

genera.  No  clear  phylogenetic  signal  can  be  derived  ylon.  Turgor  pressure  within  the  tissues  of  the  stem 

from  them.  There  are  simple  leaves  in  Drepano-  could  have  maintained  the  ability  of  the  stems  to 
P^ycus,  Baragtvanathia,  Asteroxylon^  Lycopodi- 
'es  oosensis  Krausel  &  Weyland,  1937,  and  the 

stand  erect  above  the  substrate,  I  do  not  interpret 

these  stems  as  those  of  halophytes,  as  was  ex- 

^rboniferous  lepidodendralean  lycopsids.  Proto-      pressed  by  Krausel  &  Weyland  (1935),  nor  did 
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Kidston,  1901. Figure  11.      Generalized  restorations  of  the  morphology  of  the  leaves  of  early  lycopsids. — A.  Asteroxylon  machei 
g   Baragwanathia  longifolia  Lang  &  Cookson,  1935.  — C.  Baragwanathia  abitibiensis  Hueber, 
inophycus  spinaeformis  GSppert,  1852  (laree  form^.  — E.  Drepanophycus  gaspianus  (Dawson) 

KrKnsRl  *  WRvlflnd.  1948  (small  form). 

1983. 
p.  Drepanophycus  spinaeformis  Goppert,  1852  (large  form). 
""  Weyland    '" • "       -^ 

Bo 

fc   ,„„.._.,   _  _  „  .^.   ,   

.  Colpodexylon  trifiircatum  Banks,  1 944.  —I.  Colpodexylon J.  Colpodexylon  cachiriense  Edwards  &  Benedetto,  1985.  — K.  Leclercqia  complexa  Banks, 
   orbes,  1979.-M.  Protolepido- 

O.  Haskinsia  sagittal'^
 

G.  Lycopodites  oosensis  Krausel  &  Weyland,  1935. 
rfeafstj  Banks,  1944.- 

L.  Leclercqia  complexa  as  identified  by  Kasper  &  Forbes 
Banks dendron  scharyanum  Stur,  1882.      

Edwards  &  Benedetto,   1985.— P.  Archaeosigillaria  vanuxemir{G'6ppert)  Kidston,  7901. -Q.  Artschalophyton 
umcu/n  Senkewich,  197L— R.  Bar505fro6i/5 /ame««ert5i5  Fairon-Demaret,  1977. 

Halle  (1916)  interpret  them  in  this  manner.  There      required  turgor  pressure  within  the  axis  to  remain 

is  no  evidence  of  association  of  the  remains  of  the      erect  and  therefore  required  an  abundance  of  water 

as  would  have  been  avaUable  on  mud  flats  or  moi 

flood  plains  of  rivers  or  lakes.  It  might  be  sugg 

also  that  the  requirements  for  the  successful    e- 
^  -         early  ly- 

the 

plants  with  the  remains  of  marine  or  brackish  water 

animals.  The  occurrences  of  Drepanophycus  in 
Gaspe,  Quebec  and  northern  New  Brunswick,  Can- 

ada are  in  continentally  derived  freshwater  sedi-      velopment  of  the  gametophytes  of  th 
ments,  and  in  many  instances  the  plants  occur  in      copsids  were  as  highly  specific  as  we  see  in 
situ  on  or  in  mudstones  suggesting  that  they  pre-      Recent  lycopsids. 

fleshy) 

lerred  particularly  wet  sites.  We  have  come  full  The  extinction  of  the  large  (and  very  Hesn); 

circle  in  an  interpretation  that  the  fleshy  lycopsids      early  lycopsids  may  have  been  directly  connected 
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with  the  relatively  unstable  habitats  to  which  they  tions  of  the  axes.  The  stems  were  probably  con- 
had  become  adapted.  Their  growth  was  nearly  com-  siderably  strengthened  by  the  tissue,  and  the 
pletely  vegetative  with  an  attendant  highly  reduced  characteristic  of  the  thickened  hypodermis  was  car- 
reproduction  by  spores.  Destructive  floods  would  ried  through  the  Devonian  and  into  the  Carbonif- 

either  partially  or  completely  disrupt  and  carry  erous  among  the  arboreous  and  arborescent  ly- 

away  the  colonies  from  their  substrate  or  com-  copsids  as  well  as  into  many  species  of  Recent 

pletely  bury  and  obliterate  the  colonies  under  sed-  herbaceous  lycopsids. 
iment.  The  few  spores  and  even  fewer  gameto- There  is  no  evidence  for  a  gradual  advent  of 

phytes  may  have  been  the  only,  tenuous  means  by  the  arborescent  habit  among  the  early  lycopsids. 
which  new  colonies  could  be  reestablished  under  Instead,  the  arborescent  forms  appear  de  novo  with 

favorable  growth  conditions.  With  the  continual  the  discovery  of  Lepidosigillaria  whitei  Krausel 

breakup  and  disruption  of  the  habitats  of  these  &  Weyland,  1949.  It  was  found  in  marine  black 

early  lycopsids  and  the  concomitant  changes  in  the  shales  of  early  Late  Devonian  age  (Frasnian)  near 

availability  of  adequate  water  for  their  survival,  it  Naples,  New  York,  and  became  known  as  the  ''Na- 

was  likely  that  their  numbers  diminished  rapidly,  pies  Tree."  The  length  of  the  trunk  was  not  given, 
and  any  additional,  major  change  of  climate  would  but  it  may  have  been  as  much  as  1 0  m  and  was 
have  been  the  final  factor  in  their  extinction. unbranched.  The  generic  name  was  chosen  to  in- 

This  scenario  of  extinction  can  be  witnessed  in  dicate  that  the  trunk  exhibited  the  form  and  ar- 

a  segment  of  the  history  of  Drepanophycus  in  the  rangement  of  leaf  cushions  characteristic  of  the 

extensive  section  of  the  Emsianinto  ?Early  Eifelian  genera  Lepidodendron  and  Sigillaria  of  Carbon- 

sediments  exposed  around  Gaspe  Bay,  Quebec,  iferous  age.  Grierson  &  Banks  (1963)  thought  that 

Canada  (York  River,  Battery  Point,  and  Malbaie  many  of  the  lycopsid  axes  found  in  the  marine 

Formations;  McGregor,   1967).  Along  the  north  black  shales  at  many  sites  around  New  York  State 

shore  of  the  Bay,  colony  after  colony  oi  Drepano-  might  represent  the  branches  of  the  genus.  J,  D. 

p/i7cu5  is  found  buried  in  situ  by  coarse  sediments  Grierson  (pers.  comm.   1978)  held  the  idea  that 

of  sufficient  thickness  to  kill  the  colony.  Interest-  the  trunks  identified  as  Eospermatopteris  textilis 

ingly,  one  finds  in  the  coarser  sediments  fragments  (Dawson)  Goldring,  1924,  might  be  those  of  Lep- 

of  Drepanophycus  that  had  been  brought  from  idosigillaria  from  which  aU  surface  tissues  had 

sites  further  upstream  in  the  ancient  river  system,  been  eroded.  Only  the  thickened  strands  of  hy- 

As  one  progresses  upward  in  the  section,  the  fre- 
quency of  the  genus  diminishes.  There  are  red  beds 

od 

trunks 

of  sediment  indicating  either  drying  of  the  surface  teris.  Fisher  (1962-1963),  in  his  reconstruction 
of  the  deha  or  of  the  land  mass  from  which  the  of  some  of  the  genera  of  plants  found  in  the  De^ 

sediments  were  being  derived.  The  genus  is  not  vonian  of  New  York  State,  implied  that  he  had  the 

found  in  the  Malbaie  Formation  that  comprises  same  opinion  about  the  synonymy  of  LepidosigiU 

numerous  redbeds  and  a  spore  flora  indicating  a  laria  and  Eospermatopteris,  but  he  did  not  express 

displacement  of  the  earlier  flora  represented  in  the  it  explicitly  in  writing.  For  a  description  and  syn- 
preceding  formations  (McGregor,  1967). 

^RLY  LYCOPSIDS:  THE  LINEAGES 

We  may  suggest  that  the  continuation  of  the 

onymy  of  Lepidosigillaria  see  Grierson  &  Banks 

(1963)  and  for  photographs  and  full  description 

see  White  (1907).  I  will  only  mention  some  other 

arboreous  and/or  arborescent  genera  and  not  give 

a  description  of  each.  All  are  Late  Devonian  in  age 
i^Frasm'an  and  Famennian).  Leptophloeum  rhom- 

W herbaceous  line  of  the  lycopsids  was  a  plant  like      bicum  Dawson,  1862,  and  L.  australe  (McCoy) 

^^Ipodexylon,  with  its  lobed  xylem  strand  and  the 
structural  strengthening  of  its  axis  with  the  addition 

^f  3  hypodermal  layer  comprising  thick-walled,  fi- 
berlike cells.  This  strengthened  hypodermal  laye 

perhaps  appeared  with  the  first  occurrence  of  Le- 

is  probably  arboreous,  the  latter  is  arborescent  on 
the  basis  of  the  size  of  fragments  of  stems  and 

trunks.  Cyclostisrma  kiltorkense  Haughton,  1859- 
arborescent 

^^ercqia,  if  appropriately  identified,  in  the  Early  of  the  size  of  specimens  recovered  from  Late  De- 

Devonian  of  Mabe  (Kasper  &  Forbes,  1979).  Lat-  vonian  sediments  in  Kiltorcan,  Ireland.  One  last 

er  occurrences  of  the  genus  are  in  Middle  and  early  example  is  Phytokneme  rAorfona  (Andrews  et  al., 

Late  Devonian  such  as  those  of  the  type  species  1971),  which  cou* "  '     ' 
and  that  in  Queensland,  Australia  (Fairon-Demaret,  as  a  branch  of  an 

1974).  The  thickened  hypodermal  layer  is  prom-  Late  Devonian  (Famennian)  of  Adair  County,  Ken- 

^em  in  compressions  as  well  as  in  per  mine  raliza-  tucky. 

be  interpreted  as  arbo 
arborescent 
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Table  2,  A  partial  summary  of  the  evolution  of  the  Lycophytina  and  Zosterophyllophytina  as  well  as  the  hypothetical 
derivatives  from  the  Rhyniophytina.  (1)  Plexus  of  unornamented,  dichotomous  axes  of  probable  land  plants.  (2)  Differing 
ontogeny  of  sporangia;  2C,  the  terminal  globular  or  reniform  cooksoniolds;  2R,  the  terminal  fusiform  rhyniophytoids. 
(3)  Differing  ontogeny  of  the  sporangia;  3L,  Lycophytina;  3Z,  Zosterophyllophytina  (see  text).  (4)  Axes  with  dissected 

xylem  strand;  simple  singly  veined  leaves;  sporangia  borne  in  close  relationship  to  leaves;  homosporous.  (5)  Dissected 
xylem  strand;  trifid  leaves;  sporangium  borne  on  adaxial  surface  of  leaf;  herbaceous  habit;  homosporous.  (6)  Origin  of 
coronate  xylem  strand  and  ligule  uncertain.  (7)  Coronate  xylem  strand;  ligulate,  five-parted  leaf;  herbaceous;  sporangium 
borne  on  adaxial  surface  of  leaf;  homosporous.  (8)  Coronate  xylem  strand;  ligulate,  simple  leaves;  homosporous.  (9) 
Coronate  xylem  strand;  bifid  leaves;  sporangia  borne  on  adaxial  surface  of  leaves;  homosporous.  (10)  Coronate  xylem 
strand;  ligulate;  arborescent  habit;  rhizomorph;  simple  single-veined  leaves;  sporangia  borne  in  axils  of  leaves;  homosporous. 
(11)  Dissected  xylem  strand;  ligulate,  simple  leaves;  heterosporous;  herbaceous;  rhizomorph.  (12)  Coronate  xylem  strand; 
ligulate;  arborescent  habit;  rhizomorph;  heterosporous.  (13)  Coronate  xylem  strand;  ligulate;  heterosporous;  herbaceous; 
rhizomorph.  (14)  Stems  smooth  or  variously  ornamented  with  spines  or  nonvascularized  emergences;  sporangia  cooksonioid 
in  ontogeny  and  morphology,  depleting  whole  of  meristem;  exarch  protostele  generally  bipolar.  (15)  Terminal  or  lateral 
fertile  spike,  determinate  in  growth.  (16)  Fertile  axis  indeterminate  in  growth.  (17)  Axes  smooth;  branching  dichotomous; 
sporangia  terminal  and  fusiform,  depleting  the  apical  meristem  during  ontogeny.  (18)  Plants  of  determinate  growth 
resulting  from  depletion  of  all  apical  meristems  in  the  production  of  terminal,  fusiform  sporangia,  sporangia  apparently 
indehiscent.  (19)  Sporangia  fusiform,  borne  terminally  on  lateral  shoots,  dehiscent;  branching  generally  pseudomonopodial; 
some  secondary  tissues  developed.  (20)  Plexus  of  plants  with  anatomically  diverse  xylem  strands  and  arrangements  of 
lateral  vegetative  and  fertile  shoots;  basis  for  interpretation  of  subsequent  evolutionary  lines;  homospory  predominant; 
heterospory  and  seed-megaspores  appear  along  with  increased  secondary  growth.  No  attempt  is  made  here  to  elucidate 
the  evolution  of  plants  outside  of  the  lycopsids.  I.  =  Isoetes;  Se.  =  Selaginella;  L.  =  Lycophytina;  Sp.  =  Sphenopsida; 
P.  =  Pteropsida;  G.  =  Gymnospermopsida. 

I, 

Se.   L 

Sp.  F.    G 
CENOZOIC 

MESOZOIC 

PALEOZOIC 
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CARBONIFEROUS 
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13 
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We  still  lack  sufficient  data  to  propose  or  dem- In  Table  2  a  brief  and  partial  summary  is  pre- 
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Abstract 

This  evolutionary  cladistic  analysis  of  the  arborescent  (wood-producing)  lycopsids,  an  exclusively  fossil  group  of confined 
^   ^,  ,^  K.^,^x*xii^^  lu  iiic  »LiuiigcsL  avaiiaoie  aaia:  anatomically  preserved  lossils  that  have  heen  painsiaKiiigi;' 

reconstructed  into  conceptual  whole  plants.  Ten  Carboniferous  genera  are  represented  by  16  species:  four  pseudoherbs/ 
shrubs"  and  12  of  the  arboreous  (tree-sized)  species  that  epitomize  the  Pennsylvanian  coal  swamps  of  Euramerica. The  69  vegetative  and  46  reproductive  characters  are  described  in  detail;  several  key  terms  are  redefined  and 

homologies  reassessed.  Binary  coding  was  imposed  throughout  the  data  matrix,  which  contained  only  5%  missing 
values  despite  limited  X-coding.  Lack  of  an  acceptable  outgroup  necessitated  construction  of  a  hypothetical  ancestor for  character  polarization  and  tree  rooting. 

Our  experimental  approach  analyzed  the  full  data  matrix  plus  four  submatrices  (growth  habit  characters  excluded, 
thalonena  excluded,  vegetative  characters  only,  reproductive  characters  only)  and  screened  topologies  of  subminimal 
as  well  as  minimal  length.  Interpretation  focuses  on  the  ten  monophyletic  genera  and  marginally  favors  the  topology 
{{Faurodendron,  Oxroadia)  {Anabathra  {Chaloneria  {Sigillaria  {{Diaphorodendron,  Synchysidendron)  (Hizemo- 
dendron  {Lepidodendron,  Lepidophloios))))))).  Other  parsimonious  topologies  allow  dissociation  of  the  Paurodendron- 
Uxroadia  clade  (probably  justified),  transposition  or  unification  oi  Anabathra  and  Chaloneria,  and  addition  oi Sigillaria 
to  the  Diaphorodendron-Synchysidendron  clade.  The  analysis  confined  to  vegetative  characters  translocates  Hiz- 
emodendron  close  to  the  base  of  the  clade,  thus  uniting  the  non-trees  as  an  ostensibly  paraphyletic  basal  group.  The 
analysis  confined  to  reproductive  characters  more  closely  resembles  the  analysis  of  all  characters,  but  fails  to  resolve 
relationships  among  the  four  basal,  bisporangiate-coned  genera,  and  between  Hizemodendron  and  Lepidodendron. 
Ihese  observations  cast  doubt  on  the  value  of  partial-plant  and  isolated-organ  phylogenies. 

Parsimonious  use  of  the  increasingly  sophisticated  and  /C-selected  reproductive  strategies  as  the  basis  of  the  overall 
(including 

v.unsc4uenuy,  a  poorly  resolved  paraphyletic  plexus  of  four  primitive,  bisporangiate-coned  genera  {Paurodenaron, 
Uxroadia  Anabathra,  Chaloneria)  subtends  a  monophyletic  monosporangiate-coned  clade  of  three  well-supported, 
monophyletic  families:  the  Sigillariaceae  {Sigillaria)  are  primitive  relative  to  the  Diaphorodendraceae  (Diaphoroden- 
dron  sens,  str.,  Synchysidendron)  and  the  Lepidodendraceae  {Hizemodendron,  Lepidodendron  sens,  str.,  Lepido- 

phloios), which  together  are  characterized  by  a  single  functional  megaspore  per  megasporangium.  This  apparmtlv 
progressive  evolutionary  trend  toward  seedlike  reproduction  increased  ecological  specialization  and  is  consistent adaptive  scenarios. a|jiivc  scenarios. 

In  contrast  with  reproductive  features,  vegetative  features  such  as  the  determinate  growth,  centralized  rhizomorphic 
)tstock,  and  small  number  of  module  types  that  constitute  the  bauplan  (rhizomorph  and  stem  essential,  lateral  and 

rootstock 
.-v..ot^.v^,  aim  siiiau  imiiiuer  01  moauie  types  that  constitute  the  bauplan  (rhizomorph  and  stem  essential,  laierdx  a..- 
crown  branches  optional)  apparently  predisposed  the  arborescent  lycopsids  to  nonadaptive  saltational  evolution. 
Mutation  of  genes  controlling  early  development  allowed  radical  changes  in  growth  architecture,  and  consequent 
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epigenetic  readjustment  and  adaptive  honing  affected  many  other  vegetative  characters.  The  progenetic  (heterochronic) 
origin  postulated  for  the  pseudoherh  Hizemodendron  may  also  apply  to  Chaloneria  and  the  other  pseudoherbs 
{Paurodendron,  Oxroadia),  arguably  comprising  their  value  in  scoring  habit  characters  for  the  hypothetical  ancestor. 

Other  limitations  of  the  present  data  matrix  are  the  large  number  of  genus-level  autapomorphies  (at  least  partly 
reflecting  the  absence  of  pre-Pennsylvanian  arboreous  species),  the  inclusion  of  only  one  bisporangiate-coned  tree 
(Anabathra)  and  of  only  one  putative  isoetalean  {Chaloneria),  More  primitive  OTUs  are  needed  to  investigate  the 
origins  of  profound  character  states  shared  by  all  OTUs  in  the  present  study  (e.g.,  secondary  thickening,  determinate 
growth,  centralized  rhizomorph,  heterospory),  and  to  confirm  the  crucial  hypotheses  of  monophyly  for  the  monosporangi- 
ate  cone  and  the  single  functional  megaspore.  Repeated  simplification  of  growth  architecture  by  progenesis  and  of 
megaspore  ornamentation  by  functional  redundancy  show  that  evolution  did  not  consistently  increase  morphological 
complexity  among  the  arborescent  lycopsids.  Synapomorphies  of  highest  burden  (and  therefore  lowest  homoplasy) 
tend  to  represent  features  of  intermediate  scale. 

We  have  not  identified  any  significant  drawbacks  of  cladistically  analyzing  an  exclusively  extinct  set  of  OTUs, 
Rather,  we  recommend  further  study  of  some  under -researched  aspects  of  phylogeny  reconstruction  in  general:  (1) 
the  effect  of  missing  values  on  tree  length  calculations  and  on  character  state  optimization;  (2)  the  minimum  acceptable 
level  of  empirical  support  (apomorphic  states  per  OTU);  (3)  means  of  recognizing  heterochrony  in  cladograms;  and 
(4)  less  methodologically  constrained  phenetic  adjuncts  to  strict  cladistic  analyses. 

I 

I 

Coal-swamp  floras  from  the  Pennsylvanian  of 

(Wal 

Euramerica  have  remained  the  most  intensively  ton,  1935;  Eggert,  1961;  Chaloner  &  Meyer-Ber- 

investigated  and  best  known  of  all  Paleozoic  plant  thaud,   1983;  Philhps   &   DiMichele,    1992)  and 

communities  throughout  the  last  two  centuries  of  reproductive  biology  (e.g.,  Thomas,  1978,  1981; 

detailed  scientific  study.  Their  popularity  largely  Phillips,  1979). 
reflects  the  unusual  abundance  of  spores,  adpressed Earher  higher  classifications  of  the  arborescent 

megafossils,  and  anatomically  preserved  megafos-  lycopsids  focused  on  ostensibly  well-known  genera 

sils  m  these  depositional  environments  and  the  eco-  such  as  Sigillaria,  Bothrodendron,  Lepidophloi- 

nomicimportanceof  coal  (e.g.,  Scott,  1987).  Stud-  os,  and  'Lepidodendron    sens.  lat.  and  remained 
ies  of  permineralized  coal-ball  floras  (e.g.,  Scott  &  fairly  stable  throughout  much  of  this  century  (see 

Rex,  1985)  have  been  especially  important  in  pro-  Chaloner,  1967,  for  the  most  detailed  account), 

viding  detailed  information  on  the  morphology  and  More  recently,  these  conventional  supraspecific 

anatomy  of  the  plants  that  comprised  the  coal- 

swamp  communities  (e.g.,  Taylor,  1981;  Stewart, 

classifications  have  been  challenged.  Thomas  & 

Brack-Hanes  (1984)  devised  a  controversial  sys- 

1983;  Bateman,  1991b;  DiMichele  et  al.,  1992).  tern  of  satellite  taxa  that  more  accurately  reflects 

Early  workers  (e.g.,  GrJnd'Eury,  1877;  William-  the  variable  and  fragmentary  nature  of  the  paleobo- 

son,  1893;  Scott,  1908;  Seward,  1910)  soon  rec-  tanical  data,  albeit  at  the  expense  of  emphasizing 

ognized  that  the  majority  of  the  coal-ball  floras  reproductive  structures  rather  than  whole  plants. 

were  of  low  diversity  and  dominated  (both  in  terms Using  a  contrasting  philosophy  (but  generating  an 

of  body  size  and  biomass)  by  trees  that  exhibited  equally  controversial  result),  DiMichele  (1979a,  b, 

clear  morphological  (and,  by  inference,  phyloge-  1980,  1981,  1983,  1985)  revised  several  arbo- 

netic)  similarities  to  an  extant  group  of  ecologically  rescent  lycopsid  genera  as  part  of  a  program  of 

insignificant,  exclusively  herbaceous,  free-sporing  whole-plant  reconstruction,  implicitly  intended  to 

plants,  the  lycopsids  or  "clubmosses"  (see  Appen-  deUmit 
^"t  lA  for  discussion  of  the  nomenclature  and 
systematics  of  higher  taxa). 

This  revision  has  bee 

tended   by    Bateman    &    DiMichele    (1991)   and 

The  fossil  tree -lycopsids  occur  in  a  severely  dis-       DiMichele  &  BatemanJ1992). 

articulated  condition,  and  must  be  painstakingly We 
borescent 

thods 
'■^constructed  if  they  are  to  be  understood  as  bi-  recons 
^logical  entities.  Some  early  speculative  restora-  available  (Figs.  1,  2)  to  aUow  explicit  phylogenetic 

iions  of  these  plants  were  remarkably  accurate  analys 

(^•g-,  Grand'Eury,  1877).  Recently,  more  rigorous  analys 
r^f^onstructions  (DiMichele,  1979a,  b,  1980,  1981,  (i.e.,  p 

1983,  1985;  DiMichele  &  Phillips,   1985)  have  been  admixed  with  their  extant  putative  desc
en- 

l>een  achieved  using  evidence  of  organic  connection  dants.  Most  of  these  studies  focused  on  seed  plants 

supported   by   quantified    association/dissociation  (Hill  &  Crane,  1982;  Crane,  1985a,  b;  Doyle  & 

^8»"es  (e.g.,  Bateman  &  RothweU,  1 990)  and  par-  Donoghue,  1 986a,  b,  1 987a,  b;  Donoghue  &  DoyJe, 

5  has  been 

Jeobotanic 
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torical  relationships  of  various  arborescent  lycop- 
sids.  We  chose  to  analyze  our  data  within  the  now 

well-established  framework  of  evolutionary  cladis- 
tics  (e.g.,  WUey,  1981;  Farris,  1983;  Funk  & 

Brooks,  1990;  Waey  et  al.,  1991)  in  order  to  test 
scenarios  concerning  patterns  and  underlying 

mechanisms  of  evolution  within  the  group.  In  par- 

ticular, we  wished  to  assess  preconceived  hypoth- 
eses concerning  the  phylogenetic  distributions, 

functional  roles,  and  ecological  significance  of  as- 

pects of  growth  architecture  and  reproductive  bi- 

ology. 

The  structure  and  content  of  this  paper  reflect 

the  philosophical  framework  outlined  by  Neff  (1986) 

and  elaborated  by  Bryant  (1989).  Bryant  (1989, 

fig.  lb)  emphasized  the  creative,  deductive  nature 

of  a  priori  character  analysis  and  a  posteriori  phy- 

logenetic interpretation  relative  to  the  purely  syn- 

thetic, empirical,  inductive  procedure  of  tree  con- 
struction. Our  phylogenetic  analysis  investigates  aU 

three  of  these  phases  in  detail,  attempting  to  exploit 

the  main  benefit  of  cladistics:  conceptual  and  meth- 
odological explicitness. 

'■  HfnT^-- 

FlGURE  1.      Reconstructions  of  tree  lycopsids,  listed 

Selection  and  Partitioning  of  Whole-Plant Species 

In  order  to  qualify  for  inclusion  in  this  study, 

plants  had  to  be  (1)  either  members  or  potential 

outgroups  of  the  Order  Lepidodendrales  (lycopsids 

possessing  rhizomorphs,  secondary  thickening, 

periderm,  ligules,  and  heterospory:  Stewart,  lyoo), 

^   ^        (2)  anatomically  preserved,  and  (3)  known  in  suf- from  left  to  right:  Diaphorodendron  scleroticum  {modi-      ficient  detail  that  all  disarticulated  component  or- 
fied  after  Wnnk,   1985,  fig.  19),  Lepidophloios  hallii      gans  could  be  reconstructed  to  form  a  conceptual 

T^^^auu^^^  ^f^'^  A'm' V'P-  ?'p^r      -hole  plant  (Chaloner,  1 986;  Bateman  &  RothweD, aoattira  pulchernma  (redrawn  from  DiMichele  &  PhU-       ,  p,„  „  V,  ,  ̂r» ,    x        i        u  i       l«r,t  cnpcles 
hps,  1985,  fig.  2),  Synchysidendron  dicentricum  (mod-      1^90;  Bateman,  1991a);  only  whole-plant  species 

ified  after  Wnuk,  1985,  fig.  19),  Sigillaria  approximata      can  be  thoroughly  characterized.  In  practice,  these 

three  prerequisites  confined  our  study  to  the  Car- 

boniferous of  Euramerica  (Fig.  3),  specifically  to 

two  species  of  Oxroadia  from  Mississippian  vol- 

canigenic  terrains  (Bateman,  1988,  1992)  and  15 

species  of  nine  genera  (Appendix  IC)  from  re 

sylvanian  coal  swamps  (e.g.,  Hirmer,  1927;  i 

lips,  1979;  DiMichele  &  Philhps,  1985).  (We  have 
delibe        '           ,-_.:*:„„.;..  in  this 

(modified 

1983,  fig.   11.19).  Diaphorodendron  philUpsii,  Lepi- Tho 

mas  &  Watson,  1976,  textual  description).  All  x  0.003 

1989a,  b;  Donoghue,  1989;  see  also  HiU  &  Camus, 

1986,  on  marattialean  "ferns").  Conceptually,  our 
study  owes  much  to  Doyle  &  Donoghue  (1986b)      

in  particular,  but  differs  from  all  the  above  studies  paper,  though  several  recommendations  for  taxo- 
in  focusing  on  relationships  of  taxa  within  a  widely  nomic  revision  are  outlined  in  Appendix  1 C.  Papers 
accepted  order  (Class  Lycopsida,  Order  Lepidoden-  derived  from  this  study  segregated  Hizemoderi^ 
drales)  that  may  lack  extant  descendants;  certainly,  dron  from  Lepidodendron  sens.  str.  (Bateman  «r 
all  of  the  genera  analyzed  are  extinct.  The  lycopsids  DiMichele,    1991)    and    Synchysidendron   fro"i 
are  of  particular  phylogenetic  interest  as  a  potential  Diaphorodendron,  as  well  as  erecting  the  new 

sister  group  of  the  remainder  of  the  tracheophyte  family  Diaphorodendraceae  (DiMichele  &  Bate- 
clade   (Doyle    &    Donoghue,    1986b,   fig.    1;   Di-  man,  1992).  Our  use  of  the  generic  name  An<i- 
Michele  &  Skog,  1 992).  fe^^;,,„  ̂ ^^^^^  ̂ ^an  Paralycopodites  foUows  Pear- 

Our  purpose  was  not  merely  to  unravel  the  his-      son  (1 986)  and  is  justified  in  Appendix  IB). 
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Figure  2. 
(redrawn  froi Reconstructions  of  small-bodied  lycopsids.  — a.  Hizemodendron  serratum.—h.  Chaloneria  cormosa 

I  Pigg  &  Rothwell,  1983a,  fig.  1).  — c.  Paurodendron  fraipontii  (redrawn  from  Schlanker  &  Leisman, 

1969,  fig.  13).-d.  Oxroadia  gracilis  (modified  after  Bateman,  1988,  fig.  7.11).  Aspects  of  the  Hizemodendron 

reconstruction  in  particular  are  speculative,  and  it  is  more  appropriately  described  as  a  restoration  (Bateman  & 

OiMichele,  1991).  a,  b  =  xO.03,  c,  d  =  x0.12.' 

These  conceptual  whole-plant  species  of  arbo-  one  whole-plant  species  (i.e.,  forni-species  sensu 

rescent  lycopsid  are  listed  in  Table  1,  together  with  Bateman  &  Rothwell,  1990:  an  organ  whose  mor- 

Ae  bibliographic  sources  of  much  of  our  data.  Each  phological  expression  is  indistinguishable  in  two  or 

conceptual  whole  plant  encompasses  at  least  nine  more  whole-plant  species).  Confining  our  study  to 

microspore)   that    are    formally      of  the  same  whole-plant  specie
s  m  different  pres- 

readily  distinguished  organs  (rootlet,  rhizomorph,  anatomically  preserved  material  avoided  the  f, 

stem,  branch,  leaf,  megasporophyll,   megaspore,  ther  complication  of  correlating  the  same  organs 

microsp  -   .  .    .      .-_•   .-  J.ir   ._._ 

named,  either  individually  or  in  aggregates,  as  or 
gan-species.  Table  2  correlates  the  more  importan   -, 

of  the  organ-species  that  have  been  awarded  Lin-  Evidence  for  the  reconstruction  of  these  organ
- 

nean  binomials.  Some  organ-species  binomials  en-  species  into  whole-plant  spec.es  can  be  ascribed  
to 

fompass  more  than  one  organ;  most  of  the  larger-  three  main  categories  (m  order  o
f  mcreasmg  prob- 

3  encompass  five  named  ability  of  correct  correlati
on):  assoc.at.on/dissoci- 

.omorph,  stem/branch/  ation  (co-occurrence  m  space  and
  time),  anatomical 

ervation    states   (e.g.,    Galtier,    1986;    Bateman 

1991a). 

bodi 

leaf 
ootlet/rh 

strobilus/megasporophyll/microsporophyll, 

■"egaspore,  microspore)  and  the  smaller-bodied  four 
Irootlet/rhizomorph  is  not  nomenclaturally  distin- 

guished from  stem/branch/leaf).  Other  binomials      -b    .  .,:.,.       r 

"r^  applied  to  homologous  organs  of  more  than      hypothesis).  In  prart.ce,  
analom.cal  smiilunty  « 

similarity,  and  organic  connection  tthis  has  tradi- 

tionally been  regarded  as  proof  of  successful  re- 
construction, though  Bateman  &  Rothwell  (1 

ar<rii#>rl  that  at  bcst  it  constitutcs  only  a  s 

0) 



504 Annals  of  the 
Missouri  Botanical  Garden 

SERIES     STAGE 
Ma 

ST
EP
H.
 

Q 
B 

A 

W
E
S
T
P
H
A
L
I
A
N
 

D 

C 

Q 

A 

N
A
M
U
R
I
A
N
 

C 
B 

A 

VISEAN 

1 

V3 

VI +2 

BRIGANTIAN 

AS81AN 

HOLKERIAN 

AflUNDIAN 

CHAOIAN 

T
O
U
R
N
A
I
S
I
A
N
 

Tr»3 
IVORIAN 

Tn2 

Tn1 
HASTARtAN 

300 

310 

03     CC 

o  o 

DC 
Q. 

O 
O 

Q. < O 

Q_     05 O    < T 

<    z CO    > 

Q. 

CO     CO 

o  o 
Q 

CO  _ 
Z  Q 

>-  > 

CO  CO 

LU 

CO 

N 

320 

330  H 

340 

350 

360 

?• 

b 

a 

PN 
AN 

SI 

x'
 

x=
 

+ 

?x'
 

x=
 

Dl/SY 
HZ/LN 

10 + 

12 

+ 3 

0  o   -" 
1  ̂    I 
CO     CO    (/) 

•    • 

LS 

* 

?* 

11 

8 

?* 

6 

+ 4 

Figure  3.  Reported  time  ranges  of  OTUs  (see  caption  to  Table  3  for  key  to  abbreviations).  In  general,  last 
appearances  are  more  reliable  than  first  appearances.  Inset  shows  first  recorded  occurrences  of  the  genera  (x^  "= 
vegetative  remains  only,  +  =  reproductive  remains  only,  *  -  vegetative  and  reproductive  remains).  Superscripts 
denote  bibliographic  sources;  Montagne  Noire,  south-central  France:  Rowe  &  Galtier,  1989,  Bateman,  1992  (U 

Meyer-Berthaud,  1984  (2);  Burnmouth,  northeastern  England:  Long,  1964  (3),  Long,  1968  (4);  Glenarbuck,  south- 
western Scotland:  Smith,  1962  (5),  Smith,  1962,  1964  (6);  Laggan,  Arran,  southwestern  Scotland:  Fry,  1954  (7), 

Walton,  1935,  Scott,  1990  (8);  Pettycur,  southeastern  Scotland:  Williamson,  1872,  1893,  Scott,  1900,  192U, 
Gordon,  1910,  Jongmans,  1930,  DiMichele,  1980,  Pearson,  1986  (9),  Benson.  1908  (10),  Scott,  1901,  Gordon, 
1908  (11);  Kingswood,  southeastern  Scotland:  Scott  et  al,  1986  (12)  (see  also  Scott  et  al.,  1984).  Time  scale  follows 
Leeder  (1988),  ̂   Flemingites  schopfii  cone.  ̂   F.  diversus  cone. 

connection 

usually  employed  in  conjunction  with  association/       giate  cone  (of.  Baxter,  1965;  Leisman  &  RiverSi 

dissociation,  and  both  are  used  as  an  adjunct  to       1974;  Bateman  &  DiMichele,  1991),  and  Sigi'' 

laria  "sp.  nov.,"  which  is  strictly  a  Westphalian 

A  composite  from  more  than  one  locality. 

It  should  be  emphasized  that  the  inevita
ble  dis- 

articulation of  their  constituent  individual  orga 

reconstruct  whole  plants  by  organic  connection  are 
only  partially  successful.  In  the  case  of  our  tree- 

lycopsids,  organic  cormection  is  particularly  diffi- 

cult to  demonstrate  between  reproductive  organs      isms  into  organ-aggregates  or  single  organs  renders and  vegetative  axes.  It  is  easier  to  achieve  cor- 
relations between  different  organs  within  these  two 

main  categories;  for  example,  by  extracting  in  situ 
the  reconstructed  whole-plant  species  both  co

n- 

ceptual and  typological.  Each  species  is  conceptu 
       in  the  sense  that  it  is  a   summation  of  se^e 

megaspores  and  microspores  from  cones  (e.g.,  Tho-      probabilities  of  correlation  of  pairs  of  organs  rather 

integral,  demonstrable  fact.  It  is  typo
logi^^ ^.,  \  .   .  .n   :„.:^„  ran  only 

WUla than 

mation  acquired  since  our  analyses  were  performed      in  the  sense  that  intraspecific  variation  can 
suggests   a    closer   relationship   between    Lepido- 
phloios  johnsonii  and  L.  halUL  Otherwise,  the 
least  conclusive  reconstructions  in  our  analysis  are 
Hizemodendron  serratum,  where  doubts  surround 
its  habit  and  tentatively  correlated  microsporan- 

be  documented  among  different  specimens  o 

same  organ;  complete  data  sets  cannot  be  comp 

for  specific  individuals,  in  contrast  with  morp  
»- 

metric  studies  of  extant  plants  (e.g.,  Batenia 

Denholm,  1989a,  b).  This  prevents  objective 
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Table  L      List  of  OTUs  (1-16)  with  selected  synonyms  and  bibliographic  sources.  Oxroadia  sp.  nov.  (2a)  was 
not  used  as  an  OTU  as  it  did  not  differ  from  O.  gracilis  (2)  in  the  qualitative  characters  scored. 

Num- 
ber Taxon 

1  Paurodendron  fraipontii  (Leclercq)  Fry 

(syn.  Botryopteris  fraipontii,  Selaginella  fraipontii) 

Fry  (1954);  Phillips  &  Leisman  (1966);  Schlanker  &  Leisman  (1969);  Rothwell  &  Erwin  (1985) 

2  Oxroadia  gracilis  Alvin 

Alvin  (1965,  1966);  Long  (1964,  1971.  1986);  Bateman  (1988,  1992) 

2a      Oxroadia  sp.  nov. 
Bateman  (1988,  1992) 

3  Anabathra  pulcherrima  Witham 

(syn.  Paralycopodites  brevifolius,  Lepidodendron  brevifolium  pro  parte) 

Felix  (1954);  Brack  (1970);  Moray  &  Morey  (1977);  DiMichele  (1980) 

(  4        Chaloneria  cormosa  (Newberry)  Pigg  &  Rothwell 

(syn.  Polysporia  mirabilis) 

f  DiMichele  et  al.  (1979);  Pigg  &  Rothwell  (1979,  1983a,  b,  1985) 

5  Sigillaria  approximata  Fontaine  &  White 

Schopf  (1941);  Delevoryas  (1957);  Eggert  (1972) 
6  Sigillaria  sp.  nov. 

Brongniart  (1836);  Benson  (1918);  Lemoigne  (1961) 

7  Synchysidendron  sp.  nov. 

DiMichele  (1979b,  1981);  DiMichele  &  Bateman  (1992) 

8  Synchysidendron  dicentricum  (Felix)  DiMichele  &  Bateman 

(syn.  Lepidodendron  dicentricum,  Diaphorodendron  dicentricum) 

Arnold  (1960);  DiMichele  (1979b,  1981,  1985);  DiMichele  &  Bateman  (1992) 

9  Diaphorodendron  phillipsii  DiMichele 
(syn.  Lepidodendron  phillipsii) 

DiMichele  (1981,  1985) 

10  Diaphorodendron  vasculare  (Binney)  DiMichele 

j  (syn.  Lepidodendron  vasculare) 

Carruthers  (1869);  Hovelacque  (1892);  Seward  (1910);  DiMichele  (1981,  1985) 

1 1  Diaphorodendron  scleroticum  (Pannell)  DiMichele 
(syn.  Lepidodendron  scleroticum) 

Pannell  (1942);  DiMichele  (1981,  1985) 

12  Hizemodendron  serratum  (Felix)  Bateman  &  DiMichele 
(syn,  Lepidodendron  serratum) 

Felix  (1952);  Baxter  (1965);  Leisman  &  Rivers  (1974);  DiMichele  (1981,  
1983);  Bateman  &  Di- 

Michele  (1991) 

13  Lepidodendron  hickii  Watson 

(syn.  L.  aculeatum  pro  parte,  L.  obovatum  pro  parte) 

Scott  (1906);  Seward  (1906);  Watson  (1907);  DiMichele  (1983);  Willa
rd  (1989a) 

14  Lepidophloios  harcourtii  (Witham)  DiMichele 
(syn.  Lepidodendron  harcourtii)  mo^v 

Bertrand  (1891);  Seward  (1899);  Zaiessky  (1912);  Koopmans  (192
8);  Calder  (1934) 

15  Lepidophloios  johnsonii  (Arnold)  DiMichele 
Arnold  (1940);  DiMichele  (1979a);  Winston  (1988) 

16  Lepidophloios  hallii  {Evers)  DiMichele  <,   ̂   ,    ,  ,.       /,o-,ox    T^■t,•  .    i 

Evers  (1951);  Felix  (1952);  Andrews  &  Murdy  (1958);  Brotzman 
 &  Schabil.ov  (1972);  D.M.chele 

(1979a) 

•"nitation  of  individual  organisms  into  species  using  phenotypy  (e.g.,  Baleman  &   Denholm,    1989c). 

"morphological  discontinuities  and  hinders  attempts  Ironically,  this  inability  to  resolve  variation  al  t
he 

«o  'distinguish  genetic  (and  thereby  taxonomically  ^^huIe-organism  level  can  hr  considered  advanta
- 

""d  phylogenetically  useful)  contributions  to  phe-  geous  in  a  cladistic  analysis.  In  most  cases,  le
ss 

"otype  from  those  caused  by  ontogeny  and  eco-  information  is  discarded  when  a  palcoLulutncal  .pe
- 
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Table  2.     Correlations  of  organ-species  that  constitute  the  whole-plant  OTUs  Hsted  in  Table  1 .  Asterisked  whole 
plant  species  lack  recognized  autapomorphies  (see  caption  to  Table  3  for  explanation  of  abbreviations). 

OTU 

PNFR 
OXGR 
OXNS 
ANPU 
CHCO 
SIAP 

SINS* SYNS 
SYDI 
DIPH 

DIVA* 
DISC 

HZSE* 

LNHI 

LSHC* 

LSJO 

LSHL 

Rhizomorph Vegetative  axes Cones 

Paurodendron  fraipontii 

Oxroadia  gracilis   

Selaginellites  crassicinctus  (^) 

^   Oxroadia  sp.  nov,   
Stigmaria  ficoides      Anahathra  pulcherrima Flemingites  diversus/ schopfii  (^) 

Chaloneria  cormosa 

■
*
 

S  tig  mar 
S  tig  mar 
Stigmar 

Stigmar 
Stigmar 
Stigmar 

Stigmar 

a  sp.  nov.      Sigillaria  approximata 

a  sp,  nov. 

a  ficoides 
a  fico 
a  fico 

a  fico 
a  fico 

Sigillaria  sp.  nov. 

Synchysidendron  sp.  nov 

Mazocarpon  oedipternum  (9+5) 

Mazocarpon  schorense/ cashii  {9+6) 
Achlamydocarpon  varius  ($+5) 

des      Synchysidendron  dicentricum         Achlamydocarpon  varius  (9+^) 
des      Diaphorodendron  phillipsii 
des      Diaphorodendron  vasculare 

Achlamydocarpon  varius  (5+<5) 
Achlamydocarpon  varius  (2+5) 

Hizemodendron  serratum 
des      Diaphorodendron  scleroticum         Achlamydocarpon  varius  ($+5) 

Achlamydocarpon  sp.  nov.  (2) 
Lepidostrobus  minor  {6) 

Achlamydocarpon  takhtajanii  (2) 
Lepidostrobus  cf.  oldhamius  (5) 
Lepidocarpon  lomaxi  (2) 
Lepidostrobus  oldhamius  {6) 
Lepidocarpon  lomaxi  (2) 

Lepidostrobus  oldhamius  (6) 
Lepidocarpon  lomaxi  (2) 
Lepidostrobus  oldhamius  (6) 

Stigmaria  ficoides  Lepidodendron  hickii 

Stigmaria  ficoides  Lepidophloios  harcourtii 

Stigmaria  ficoides  Lepidophloios  johnsonii 

Stigmaria  ficoides  Lepidophloios  hallii 

cies  is  reduced  to  a  single  unvarying  (and  thus,  by  Partitioning  a  representative,  conceptual  organ- 

ism of  a  species  into  morphological  characters  is 
definit 

cedure  prior  to  cladistic  analysis)  than  in  compa-  based  on  the  assumption  that  each  character  rep 

rable  studies  of  extant  species.  Also,  the  paleobot-  resents  a  discrete,  recognizable,  and  homologous 

anist    is    effectively    constrained    to    conceptual  feature.  This  is  the  most  subjective  and  ultimately 

morphospecies  and  is  therefore  spared  the  trauma  most  influential  phase  of  any  cladistic  analysis;  it 

experienced  by  neobotanists  when  selecting  an  ap-  is  especially  unfortunate  that  the  only  sources  ot 

propriate  species  concept  (cf.  de  Queiroz  &  Don-  evidence  to  support  assertions  of  homology  ̂ ^^ 

&  circumstantial;  consequently,  such  assertions  can- 
Nixon,  1990;  Nixon  &  Wheeler,  1990).  Ahhough  not  be  conclusively  verified  (e.g.,  De  Beer,  1971; 
we  wished  primarily  to  mvestigate  generic  rela-  Riedl,  1979;  Patterson,  1982;  Kaplan,  1984;  Roth, 

tion^hlps,  our  use  of  species  (of  whatever  kind)  as  1984,  1988,  1991;  Tomlinson  et  ah,  1984;  Neff, 

basic  operational  taxonomic  units  (OTUs)  created  1986;  Ridley,  1986;  Bryant,  1989;  G.  P-  Wagner 

Wheeler 

fewe elim 

1989).  Features  that  do  not  vary  among  the  chosen 

OTUs  provide  no  information  on  their  phylogenetic 

relationships,  though  such  characters  are  valuable 
in  characterizing  the  entire  ingroup  (they  may, 

course,  have  a  greater  level  of  universality  than 

the  ingroup  alone).  Continuously  variable  charac- 
ters can  be  artificially  partitioned  into  binary 

multiple  character  states  (e.g.,  by  gap  coding  (A^' 

chie,  1985)  or  segment  coding  (ChappiU,  1989)), The  provisional  selection  of  whole-plant  species     but  we  believe  that  such  ''soft"  characters  are  more 

tra-OTU  variation  than  the  more  common  ap- 
proach of  selecting  sets  of  OTUs  from  higher  (and 

often  variable)  levels  in  the  taxonomic  hierarchy 
(cf,  Doyle  &  Donoghue,  1986b). 

Selection,  Partitioning,  and  Polarization  of 
Characters 

partitionmg 

appropriately  analyzed  by  phenetic  methods  \ isms  into  characters  and,  subsequently,  of  the  char-     Bateman,  1990a;  Farrls,  1990).  We  therefore  ex acters  into  putatively  homologous  character  states. 
Our  chosen  characters  are  listed  below;  they  are 
identified  by  numbers  prefixed  by  the  letter  C 

eluded   continuous   (metric)   and   quasicontinuo 

(meristic)  characters  from  our  data  matrix,  eve 

though  they  were  the  only  potential  source  of  unique 
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Table  2.     Continued. 

Megaspore 

Triangulatisporites  triangulatus 
Setispora  subpalaeocristata 
Setispora  pannosa 

Lagenicula  rugosa 
Valvisisporites  auritus 
Tuber  culatisp  or  lies  reinschii 
Tuberculatlsporites  mamillarius 
Cystosporites  varius 
Cystosporites  varius 
Cystosporites  varius 
Cystosporites  varius 
Cystosporites  varius 
Cystosporites  giganteus 

Cystosporites  giganteus 

Cystosporites  giganteus 

Cystosporites  giganteus 

Cystosporites  giganteus 

Microspore 

Cirritriradiates  annulatus 

LAY Auroraspora  cf.  asperella  'A 

Auroraspora  cf.  asperella  'B' 
Lycospora  orbicula 
Endosporites  ornatus 

Crassispora  kosankei 
Crassispora  sp.  nov. 

Granasporites  medius 

Granasporites  medius 

Granasporites  medius 

Granasporites  medius 

Granasporites  medius 

Lycospora  cf.  pusilla 

Lycospora  pusilla 

Lycospora  pellucida 

Lycospora  sp.  nov. 

Lycospora  granulata 

(and  thereby  distinguishing)  characters  for  eight  of      periderm  (C39-C43)  anatomy,  occur  in  complex- 

the  17  species  initially  selected  for  study  (Table      es.  In  such  cases,  a  broad  concept  of  character ^  V  L  ^  ^  ^  ^^  K  V  A  A  V         A  ^ 2). 
We 

can  be  selected,  allowing  coding  in  multistate  rather 

than  bistate  format.  Such  multistate  characters  tend 

on  the  grounds  that  bistate  characters  are  more  to  be  especially  difficult  to  polarize  satisfactorily 

readily  analyzed  algorithmically  and  the  distribu-  and  may  have  to  be  input  unordered.  If  they  are 

tions  of  character  states  on  the  resulting  trees  are  to  be  ordered,  several  methods  are  available  for 

^ore  easily  interpreted.  This  decision  had  three  coding  and  polarizing  such  characters  (e.g.,  O'Gra- 
potentially  deleterious  consequences: dy  &   Deets,    1987).  The  preferred  options  are 

First,  the  hierarchy  of  organs  that  constitute  the  additive  binary  coding  (Brooks,  1984)  or  nonre- 

plants  introduced  a  degree  of  character  duplication;  dundant  linear  coding  (O'Grady  &  Deets,  1987; 

^e  often  found  it  necessary  to  include  a  character  O'Grady  et  al,  1989),  Both  operate  via  a  hypo- 

sconng  an  organ  present  or  absent  (e.g.,  the  rhi-  thetical  tree  representing  transitions  between  the 

zomorph:  C8)  before  partitioning  additional  char-  polarized  multiple  states  of  the  character  in  ques- 

acters  (C9-C13)  to  describe  its  detailed  morphol-  tion.  By  reducing  the  character  states  to  a  set  of 
^gy  m  those  OTUs  that  possess  that  structure.  This  bista 

^o  be  expected,  given  the  strongly  hierarchical  node 

^ature  of  morphological  and  anatomical  homologies 

od 

Wimsatt 
nk w 

number  of  narrowly  defined  operational  char- 

acters. Nonredundant  linear  coding  avoids  this  pro- 

liferation of  characters,  but  at  the  expense  of  re- 

sumJarly  relaxed  attitude  to  the  inclusion  of  poten-  taining  characters  in  a  multistate  format  and 

t'ally  coupled  characters  "correlated  for  develop-  arbitrarily  designating  within  the  tree  a  major  axis 

mental-genetic  reasons"  (Doyle  &  Donoghue,  that  forms  the  basis  for  coding  the  remaining 

i986b:  338);  indeed,  we  hoped  that  our  analysis  branches  (minor  axes).  Once  mixed  with  other  (typ- 

^ould  reveal  such  character  correlations,  which  icaUy  mostly  bistate)  characters,  multistate  char- 

^'■e  by  no  means  intuitively  obvious  a  priori.  acters  complicate  the  generation  and  subsequent 
Second,  even  more  complicated  hierarchies  of      interpretation  of  ciadograms  (e.g.,  Gensel,  1992). 

'elated  characters,  such  as  stelar  (C14-C1 9)  and      We  therefore  preferred  the  more  primitive  but  also 
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more  intuitive  additive  binary  system,  despite  the      eventually  accepted:  69  are  vegetative  (C1-C4, 

risk  of  eliminating  a  priori  some  ambiguities  in  the       C8-C72)  and  46  are  reproductive  (C5-C7,  C73- 
dat a. The 

Third,  polarization  of  spore  ornamentation  char-  the  stringent  selection  criterion  of  detailed  know]- 

acters  was  rendered  especially  problematic.  They  edge  that  was  applied  to  potential  OTUs;  inclusion 

tend  to  be  evolutionarily  displacive  rather  than  of  poorly  known  OTUs  would  have  increased  the 

additive;  there  appears  to  be  a  developmental  con-  proportion  of  missing  values  in  some  characters 

straint  on  the  range  of  features  exhibited  by  the  sufficiently  to  warrant  exclusion  of  those  characters 

exine  of  any  one  species,  so  that  a  new  type  of  from  the  data  matrix. 

ornamentation  supplants  rather  than  supplements 

the  previous  type.  We  spurned  the  option  of  scoring  THE  CHARACTERS 
these  characters  as  unordered  multistate  in  order 

to  maintain  a  uniformly  polarized  binary  matrix. Characters  are  apportioned  into  1 1  categories: 

T.,              .      .  J        1              r                                ■  the  overall  habit  of  the  organism  (A)  and  ten  con- Ihus,  we  treated  each  type  ot  spore  ornamentation  .                          ,r^   ̂ r^    ̂             ̂         .             v  *^  ..f 
,      ,          .1                II          1     -     ,  stituent  organs  (B-K).  For  each  category,  lists  ot as  a  separate  character  and  assumed  a  hypothetical  ,                       it                                              j  ̂   k^t 

plesiomorphic  spore  lacking  all  features. 

Polarization  also  presented  a  more  general  prob- 

lem. All  three  OTUs  {Oxroadia  gracilis-Oxroadia 

characters  and  character  states  are  preceded  by 

discussions  of  relevant  homologies  and  descriptive terms. 

f' 

Chaloneria 
A.  Habit  (7  characters) 

confined 

cormosa)  originally  screened  as  potential  outgroups 

(Maddison  et  ah,  1984)  exhibited  some  character  We  perceived  habit  as  an  overall  property  of 

states  that  we  were  reluctant  to  regard  as  plesio-  an  organism,  expressed  as  a  specific  bauplan.  We 

morphic.  In  Oxroadia  and  Paurodendron,  we  ini-  describe  the  group  of  habits  colloquially  known  as 

tially  believed  that  such  characters  were  few  and  trees  (CI)  as  "arboreous,"  and  use  '^arborescent 

to  spore  ornamentation.  However,  strictly  to  describe  the  ability  to  generate  secondary 

Chaloneria  proved  too  derived  to  root  the  tree  tissues  (C29).  Thus,  all  16  OTUs  are  considered 

successfully.  Consequently,  we  constructed  a  hy-  arborescent,  but  only  1 2  are  truly  arboreous.  We 

pothetical  ancestor  possessing  putatively  plesio-  reject  the  frequently  used  term  "secondary  wood, 

morphic  states  for  all  characters;  it  largely  reflected  because  wood  is  by  definition  secondary.  Only  ma- 
character  states  shared  by  Oxroadia  and  Pauro-  ture  woody  plants  greater  than  2  m  in  overall  height 
dendron^  though  for  a  few  problematic  characters 
we  elected  to  screen  more  distantly  related  lycop- 
sids  for  presumed  plesiomorphic  states. 

are  termed  trees;  Chaloneria  does  not  qualify  as 

a  tree  on  this  criterion,  despite  possessing  wood 

(albeit  poorly  developed)  and  an  elongate,  un- As  in  all  cladistic  analyses,  our  recognition  of  branched,  upright  stem  (Pigg  &  Rothwell,  1983a, 

alternative  character  states  as  plesiomorphic  and  b).  Recumbent  OTUs  generating  limited  amounts 

apomorphic  preceded  tree-building.  We  restrict      of  wood  are  termed  pseudoherbs  (Bateman,  1988, 
these  terms  to  character  states  and  use  primitive      1992;  DiMichele  &  Bateman,  1989;  Bateman  & describe       _   

OTUs  on  the  resulting  trees. 
Many  of  the  characters  considered  for  inclusion 

were  rejected  on  the  grounds  that  they  were  known 
for  less  than  two-thirds  of  the  OTUs.  The  most 
important  examples  are  the  detailed  histology  of 
the  rhizomorph  and  rootlets  (which  are  well  known 

DiMichele,  1991). 

In  lepidodendraleans,  the  main  aspects  of  habit 

are  stem  length  (C2),  frequency  of  lateral  and 

terminal  branching  (C3-C4,  C6),  and  the  position 

on  the  bauplan  of  reproductive  structures  (C 

C7).  Various  combinations  of  these  character  st
ates /v       1   2). 

generate  several  distinct  architectures  (.r  igs.  i» 

Four  of  these  characters  (C3-C4,  C6-C7)  re
flect 

the  different  types  of  this  rhizomorph  correlated      the  mode  and  timing  of  branching  during  ontogeny- 
with  specific  whole -plant  species),  of  the  leaves 
(well-documented   only   for   Oxroadia:   Bateman, Lepidodendralean  stems  branched  isotomously  (o 

near-isotomously)  only  during  the  final  stage 
1988),  and  of  the  gametophyte  (described  for  few      growth  (Walton,  1935;  Andrews  &  Murdy,  19^^ 
cone-species;  e.g.,  Galtier,    1964,   1970;  Brack, 
1970;   PhiUips,    1979;  Stubblefield   &   RothweUJ Eggert,  1961;  Wnuk,  1985);  terminal  bra

nching 

is  profuse  in  most  OTUs,  but  infrequent  in  Ana- 1981;  Pigg  &  RothweU,  1983b),  and  ultrastruc-      bathra,  Sigillaria,  and  Diaphorodendron,  and  ̂ b- 

ture  of  spore  walls  (e.g.,  T.  Taylor,   1973;  W.      sent  in  Chaloneria  (C3).  Strongly  anisotomous  api-^ 
cal  divisions  during  stem  growth  result  in  '^     . 

One   hundred   fifteen   bistate   characters   were      branches  that  were  deciduous  (C4)  in  all  01 U9 

T.vlor,  1990). 
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except  Diaphorodendron  scleroticum^  where  thick  equivalent  of  a  primary  thickening  meristem.  Such 
barkand  wood  suggest  retention  (DiMichele,  1981).  branched  rhizomorphs  were  considered  radically 
The  anisotomies  terminate  in  cones  (C6),  either  different  from  other  unbranched  rootstocks,  wheth- 
individually  on  short  peduncles  (Sigillaria)  or  col-  er  radial,  as  in  Paurodendron  (Rothwell  &  Erwin, 
lectively  on  large,  repeatedly  dichotomous  pedun-  1985),  or  bilateral,  as  in  Protostigmaria-Lepi- 
cle  systems  (C7;  Anahathra  and  Diaphoroden-  dodendropsis  (Jennings,    1975;  Jennings  et  al., 
dron).  In  all  other  OTUs,  anisotomous  cone-bearing  1983),  Chaloneria  (Pigg  &  Rothwell,  1983a;  Pigg 
branches  were  borne  only  on  the  terminal,  isoto-  &  Taylor,  1985),  and  Isoetes  (Karrfalt  &  Eggert, 
mously  branched,  determinate  crown.  We  regard  1977   et  seq.;  Karrfah,    1984).   However,   other 
cauline  peduncles  and  cone-bearing  lateral  branch-  studies  of  rhizomorphs  have  rendered  less  profound 
es  as  homologous  (DiMichele  &  Bateman,  1989).  the  distinctions  between  radial  and  bilateral  sym- 
CAa/o/ierta  lacked  cones  (C5),  instead  bearing  spo-  metry  (Karrfalt,    1981,    1984;  G.   W.   Rothwell, 
rophylls  directly  on  fertile  zones  of  the  unbranched  pers.  comm.  1989)  and  branched  and  unbranched 
stem  (Pigg  &  Rothwell,  1983a,  b).  Consequently,  vasculature  (Bateman,  1988).  In  our  analysis,  bi- 
it  is  scored  as  missing  for  C6  and  C7.  lateral  symmetry  (C9)  is  retained  as  a  character 

Polarity  decisions  for  several  of  the  habit  char-  state;  it  is  scored  as  an  autapomorphy  of  Chalo- 
acters  were  taken  with  considerable  reservations  neria  and   thus  does   not  affect   tree   topologies, 
(especially  Cl,  C2  and  C7).  Also,  in  retrospect,  the  Scoring  the  rhizomorph  of  Oxroadin  as  branched 

addition  of  a   character  representing   equality  of  is  an  oversimplification;  it  is  extremely  compact, 
so  that  the  cortex  branches  shallowly  and  less  fre- 

have   distinguished    Oxroadia   (dominantly   isoto-  quently  than  the  vascular  system  (Long,    1986; 
mous)  from  Paurodendron  and  Hizemodendron  Bateman,  1988). 

Stigmarian  axes  exhibit  a  suite  of  anatomical 

character  states  that,  with  sufficient  study,  can  be 

crown"  branching  among  the  pseudoherbs  would 

1 

2 

3 

(both  dominantly  anisotomous). 

Nonarboreous  (0);  arboreous  (1). 
Stem  short  (relative  to  any  branches),  plant 
recumbent  (0);  stem  tall,  plant  upright  (1). 
Dichotomy  of  trimk  apex  frequent  (0);  infre- 

quent or  absent  (1). 
Persistent  lateral  branches  absent  (0);  present 
(1). 

Cone  present  (0);  cone  absent  (1).  .  . 

Lateral  branches  and/or  cone  peduncles  borne         9.   Rhizomorph  symmetry  radial  (0);  bilateral  (1). 

on  dichotomous  crown  (0);  excurrent  trunk  (1).       10.   Rhizomorph  branched  (0);  unbranched  (1). 

Number  of  cones  on  lateral  branches  one  (0);       11.   Secondary  xylem  in  rhizomorph  absent  (0); 
niore  than  one  (1). 

4. 

5. 

6. 

shown  to  parallel  those  of  correlated  stem  genera. 

Given  the  current  paucity  of  such  studies,  we  used 

only  one  such  character:  the  ovoid  rootlet  gaps 

(C13)  found  in  Chaloneria  (Pigg  &  Rothwell, 

1983a)    and    Sigillaria    approximata    (Eggert, 
1972). 

F 

8.   Rhizomorph  absent  (0);  present  (1) 

7. 

fi-  Kootstock  (6  characters) 

present  (1). 
12.  Rootlets  absent  (0);  present  (1). 

13.  Rootlet  gap  in  wood  fusiform  (0);  ovoid  (1). 

UntJ  recently,  the  stigmarian  rhizomorph  (C8)  ̂   ̂^^^^  ̂ ^3  characters) 
was  regarded  as  arguably  the  most  reliable  ubiq- 

liitous  character  state  defining  the  Lepidodendrales  The  morphology  and  histology  of  lepidodendra- 

(eg.,  Phillips  &  DiMichele,  1992).  RothweU  (1984)  lean  vascular  systems,  described  in  detail  by  pre- 

and  RothweU  &  Erwin  (1985)  suggested  that  the  vious  authors,  are  valuable  for  distinguishing  bot
h 

stigmarian  rhizomorph  is  a  shoot  system  modified  genera  and  species  (Fig.  4a).  Unfortunately,  much 

for  rooting;  we  recognize  that  it  is  a  shoothke  de-  less  attention  has  been  paid  to  d.termmmg  ho
- 

^elopmental  system,  but  prefer  to  regard  it  as  a  mologies  and  polarizing  these  complex  c
haracters. 

Unimic            rt       .       ,.     .      ,    ,       ̂               .   1  _^  \^r^  ^^^i^rrni'^^  ciY  flistinrt  forms  of  slelar  medul- 
"luque  organ  reflecting  limited  developmental  op-    « 

"ons  within  the  arborescent  lycopsid  bauplan.  The  lation  (C14-C19).  All  genera  but   Diap
horoden- 

'Jli^omorph  is  radially  symmetrical  (C9),  undergoes  dron  and  Synchysidendron  are  regarded
  as  prim- 

^^Peated   isotomous    apical    dichotomy   (CIO),    is  itively   protostel.c   (C14)     The   protosteles   o
f 

*°°dy  (CU),  and  emits  in  helical  rhizotaxy  rigid  Anahathra,  Chaloner
ia,  S.gdar^a    Ihzeniodcn- 

«t«orbent  rootlets  (C12),  each  containing  a  single  dron,    Lepidodendron,    .nd    Lep,dophlo
u>s    are 

^onarch  vascular  strand.  RothweU  &  Pryor(  1990,  medullated  (C15).  The
  core  of  the  stele  consists  o 

1991)  concluded  that  the  tracheary  elements  of  unlignified  cells  whose  dim
ensions  arc  typical  of 

^"<^h  rhizomorphs'  are  derived  largely  from   the  trachcids,  suggesting  that  they  ar
e  pro<  an.b.al  de- 
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iJm^!WA  ̂   r?^'°Sical  and  anatomical  terminology  for  arborescent  lycopsids 
JS^Jf-^-^f  °^  ̂'^^'••^  ̂   f^^°^*«^  1989:  pc  =  parenchymatous  core,  ox  =  o^oto. -^„„„j^„,       I  ,   '   ---^-  ^^  —  pai cucnyinaious  core 
outer  cortex,  pr 

mner  cortex,  mc 
leaf  traces,  Ic 

a.  Axial  anatomy  (redrawn 

m,  mx  =  metaxylem,  sx  - 

middle  cortex,  oc  - 
leaf  cushions). 

b""  Extern  JZr  \  J^^"^^™'  P,^  =  Phelloderm,  pg  =  pheUogen,  pm  =  phellem.  It  =  leaf  traces,  Ic  =  le 
-  vascrr  TJ  t^'^  fy  base  foUowing  leaf  loss  (modified  after  fig.  1 1 .3B  of  Stewart,  1 983:  Is  =  leaf  scar,  vt 

lower  ked   o  -  nhvL'^    ?"  ̂r'^""','  '^  =  ''S"^"  P'^'  "^  =  "PP«^  ̂ ^'d,  uk  =  upper  keel,  If  =  lower  field.  Ik  * 

fir2A  of  pEilHns   lQ7o"'^-~'-  ̂ ""T^^  "morphology  of  sporophyU  (modified  after  fig.  11.16C  of  Stewart.  1983 
trtcef-d   W  '    ?     P-  ̂  ̂"^'''V  =  "''''°"^'  ̂   =  h-''  1™  =  '-"^-^.  Ig  =  ligule^  «  =  sporangium 
Reed    1 94 1    vf  -  viri^  "I  ̂"™'  ''?'"'"'  ̂ ^^^'«"  ("^^^^fi^d  after  fig.  11.9E  of  StewLt,  1983,  and  hg.  x^''; 

=  proximal  hemisohere  ah  -  llS^I      •    i  *^''*^'"^'  morphology  of  spore   pp  =  proximal  pole,  dp  -  c 

cf^T^tLTS^^^  ~  h^™^Ph^^^'  e  =  equator,  ts  =  triradiate  (trUete)  suture,  1  =  laesura,  c 

vt 

and vascular 

curvatura. (Walton 

and  L  „r,f  ,!,•  '^I'"'. l'-  '"  Lepidodendron  Synchysidendron  species  share  the  synapon,orpby 

dlv  onl  L  fi^''  '■'P"'Z"''""  'f'""''  ""■  °f  «  -Mly  parenchymatous  pith  (C17),  and  each 

fctla?calt?r7fi' n  u 'k ':  T„'"""^  "«''''  P-^—  «  histologLal  autapomorphy:  secr
e.orT 

ZZn7'Jl^t'  °'f '^''f  ■, ' 979a).  In  D,„.  cells  in  SynchyMdendron  sp.  nov..  and  secondarJy 
^nchvma  c,I      .  ^/"''•y^"'>:"<'ron,  central  pa.  ftiekened  cells  in  .S.  dirSirum. rencnyma  cells  arc  distinctly  sm associated 

Her  than  those  of 
thickened  cells  in  S.  dicentricum. 

Deep  parenchymatous  invaginations  in  ->■ 

centricum  and  Synchysidendron  sp.  nov.  (C2 
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I 

are  not  considered  homologous  with  the  shallower 

invaginations  of  Chaloneria  (C21);  in  the  Syn- 
chysidendron  species,  the  parenchymatous  wedges 

are  raylike,  many  cells  wide  and  high,  and  are 

often  confluent  with  the  pith  parenchyma  (Di- 
Michele,  1980,  1981).  In  contrast,  the  invagina- 

tions of  Chaloneria  are  smaller  and  do  not  reach 

the  central  parenchymatous  area  of  the  stele 

(DiMichele  et  al.,  1979;  Pigg  &  Rothwell,  1983a). 

Protoxylem  configuration  and  leaf  trace  emis- 

sion comprise  an  integrally  linked  complex  of  char- 

acters (C22-C28;  Fig.  4).  Protoxylem  is  exarch 
in  all  OTUs  and,  with  the  exception  of  Oxroadia 
and  Paurodendron,  forms  a  continuous  sheath  en- 

closing the  metaxylem  (C22).  Concentrations  of 
protoxylem  observed  in  transverse  sections  of  axes 

of  many  genera  are  often  described  individually  as 

''poles"  or  "points"  and  collectively  as  a  "corona." 
This  two-dimensional  terminology  is  misleading; 

protoxylem  actually  occurs  as  more-or-less  longi- 
tudinal strands  that  are  raised  to  form  ridges  in 

**coronate"  genera  (Bateman,  1988).  These  pro- 
toxylem strands  are  longitudinal  and  linear  in 

Oxroadia,  Paurodendron,  and  Lepidodendron, 

but  reputedly  anastomose  in  Lepidophloios  (C28; 
Bertrand,  1891). 

We  have  coined  new  terms  for  four  distinct 

modes  of  leaf  trace  emission  (C23-C25;  Fig.  5). 

Leaf  traces  departing  from  a  longitudinal  proto- 
xylem ridge  are  termed  evaginate.  Those  of 

Oxroadia  and  Paurodendron  are  emitted  from  a 

single  uninterrupted  ridge  and  are  termed  evagi- 

nate-direct  (Fig,  5a).  Those  of  Lepidophloios  orig- 
inate within  a  protoxylem  ridge  at  the  point  where 

»t  bifurcates  and  are  termed  evaginate-internal 

(C25;  Fig.  5d),  Most  of  the  genera  lack  discernable 
protoxylem  ridges  and  are  said  to  emit  superficial 

leaf  traces  (C23;  Fig.  5b).  In  Chaloneria,  the  trace 
originates  from  a  submarginal  position  in  the  stele 
and  is  associated  with  shallow  parenchymatous  in- 

vaginations (C24,  Fig.  5c;  DiMichele  et  al.,  1979; 
Pigg  &  Rothwell,  1983a).  We  used  X-coding  (Doyle 

&  Donoghue,  1986b)  to  permit  evolution  of  evag- 
inate-internal  and  invaginate  states  directly  from 

flGURE  5.  Protoxylem  morphology  and  modes  of  leaf 
/ace  emission.  Transverse  section  above,  longitudinal  pro- 

kI^^l"  ̂^  ̂^face  of  xylem  bundle  below.  Protoxylem  in 
olack^  spots  =  leaf  traces,  solid  lines  *  ridges,  dashed mes  -  leaf  trace  orthostiches  where  these  do  not  coincide 
th  ridges.  — a.  Evaginate  direct:  Paurodendron  and 

a  H^^^^."~^-  Superficial:  Anahathra,  Hizemodendron, 
P  ̂^P^dod€ndron.~c,  Invaginate:  Chaloneria, —d. 'Evaginate  internal'  r^ni^r^nhlnir^ii 
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the  plesiomorphic  evaginate-direct  state  (thus  by- 
inhib 

29.  Secondary   xylem    in    trunk   absent  (0); 

present  (1). 
30.  Secondary  xylem  in  lateral  branches  and/ 

or  peduncles  absent  (0);  present  (1). 

31.  Rays  homogeneous  (0);  heterogeneous  (1). 

r 

probable  evolutionary  routes  that  treat  the  evagi- 

nate-internal  and  invaginate  states  as  intermediate. 
The  stele  morphology  and  leaf  trace  emission  of 

Sigillaria  are  especially  difficult  to  interpret.  The 

undulatory  outer  margin  of  the  continuous  primary  ̂     Cortex  (5  characters) 
xylem  sheath  represents  tangential  variation  in  the 

amount  of  primary  xylem  produced;  protoxylem  ̂ 11  OTUs  possess  a  three-zoned  cortex  (C32; 

thickness  is  greatest  on  the  flanks  of  the  undula-  Fig-  4a).  It  consists  of  a  narrow  inner  cylinder
  of 

tions.  In  contrast  with  other  genera  possessing  dis-  compact,  barrel-shaped  parenchyma  ceUs,  a  th
ick 

cernable  protoxylem  ridges,  sigillarian  leaf  traces  ™ddle  cylinder  of  even  thinne
r -walled,  more-or- 

appear  to  originate  from  the  intervening  troughs,  'ess  isodiametric  parenchyma  cells  that 
 often  decay 

leading  to  suggestions  that  each  trace  may  be  de-  *«  '^ave  a  cavity,  and  a  broader  outer  zone
  of 

rived  from  both  of  the  adjacent  protoxylem  ridges  thicker  waUed  cells  that  are  longitudinally  elonga
te 

(e.g.,  Lemoigne,  1961).  However,  we  were  unable  (especiaUy  in  the  central  portion  of  the
  cylinder  of 

to  confirm  their  putative  bipolar  origin  and  there-  tissue)  and  often  grade  into  sclerench
yma  (partic- 

fore  scored  Sigillaria  leaf  traces  as  superficial.  "'^rly  in  the  smaUest  diameter  cells,  close  to 
 the 

The  alternative  option  of  recognizing  Sigillaria  epidermis).   This  peripheral   sclerenc
hyma  is  es- 

traces  as  bipolar  would  generate  an  additional  ge-  peciaDy  weU  developed  in  Diaphorodendron  s
ck- 

nus-level  autapomorphy.  roticum.  Leaf  traces  passing  through  the  middle 

Secondary  xylem  occurs  in  the  stem  and  at  least  cortex  are  ensheathed  with  ceUs  c
haracteristic  of, 

the  more  proximal  crown  branches  (if  present)  of  ̂ "^^  '^  continuity  with,  the  inner  cortex;  they  are 

all  OTUs  (C29),  but  extends  into  the  lateral  branch-  secretory  in  several  OTUs  (C33)  and  adaxia
Uy 

es  (C30)  only  in  Diaphorodendron  vasculare  and  concentrated  in  Synchysidendron  sp.  nov.  (C34
). 

D.  scleroticum.  Most  OTUs  possess  homogeneous  I"  Sigillaria  sp.  nov.,  Synchysidendron,  and  Via-^ rays  composed  of  small-diameter  cells,  though  het-  P^ 

eroceUular   rays    characterize    Synchysidendron.  broad  cylinder  of  thinner-walled  ceUs  when  pass
ing 

Consistent  nonpreservation  prevented  character-  through  the  outer  cortex  (G35),  increasing  appar- 

ization  of  the  phloem.  ent  cellular  heterogeneity.  No  attempt  was  made 

to  divide  variations  in  the  angle  of  passage  of  the 

14-19.   Solid    protostele    (000000);    meduUated  leaf  traces  through  the  cortex  into  di
screte  char- 

protostele   (010000);   meduUated   proto-  acter  states.  VerticaUy  elonga
te  cavities  at  the  cor- 

stele  with  filamentous  core  (01 1000);  si-  tex-periderm  transition  (C36)  characterize  D.p 
 i' 

phonostele  with  mixed  pith  (100000);  si-  %««• 

phonostele  with  solidly  parenchymous  pith  32.   Outer  cortex  two-zoned  (0);  three-zoned  (D- 
mcludmg   secretory    cells   (100110);    si-  33.   Intracortical  leaf-trace  sheaths  not  secretory 

unded 

phonostele  with  solidly  parenchymous  pith 
including  cells  with  secondary  wall  thick- 

enings (100101). 

20.  Deep    parenchymatous   invaginations   or 
radial  partings  absent  (0);  present  (1). 

21.  Shallow  parenchymatous  invaginations 
absent  (0);  present  (1). 

22.  Exarch  protoxylem  sheath  discontinuous 
(0);  continuous  (1). 

23-25.   Leaf  trace  origin  evaginate,  direct  (000); 

(0);  secretory  (1). 

34.  Intracortical  leaf-trace  sheaths  circumfere
n- tial (0);  adaxial  (1). 

35.  Thin-waUed  parenchyma  surrounding  leaf  trace 

in  thick-waUed  outer  cortex  absent  (0);  present 

(1). 36.  Cavities  at  outer  cortex-periderm  tran
sition 

absent  (0);  present  (1). 

superficial  (100);  invaginate  (XlO);  evag!  ̂-  ̂^"'^'^^"^  (14  charact
ers) 

inate,  internal  (XO 1 ).  Periderm  occurs  in  aU  of  the  OTUs  (C37),  though 

26.  Longitudinal  ridges  of  protoxylem  strands  its  distribution  (and  thereby  its  protective  and  sup- 
discernable  (0);  indiscernable  (1).  portive  function)  is  extremely  restricted  in  the  bau- 

27.  Leaf  trace  originates  from  one  protoxylem  plans  of  Oxroadia  and  Paurodendron.  Comn^on 

strand  (0);  two  protoxylem  strands  (1).  references  to  periderm  as  "secondary  cortex"  are 
28.  Anastomoses  of  protoxylem  strands  ab-  an  anatomical  non  sequitur;  cortex  is  a  region  ol 

sent  (0);  present  ( 1 ).  an  axis  (between  the  stele  and  the  epidermis)  rather 
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than  a  specific  tissue  type.  The  periderm  of  most  mechanisms  (C44-C46).  The  first  two  are,  by  def- 
genera  camiot  be  differentiated  histologically  into  inition,  mutually  exclusive;  interareas  exhibit  either 

phellem  and  phelloderm.  The  exceptions  are  Dia-  a  plastic  response  and  expand  (C44;  Sigillaria  and 
phorodendron  and  Synchysidendron,  where  clear  Synchysidendron)  or  a  brittle  response  and  fissure 

bizonation  is  strong  evidence  for  a  bifacial  cambial  (C45;  Diaphorodendron)  (DiMichele,   1981),  In 

layer  that  produced  much  greater  quantities  of  contrast,    Lepidodendron    hickii    accommodates 

centripetal  phelloderm   than  centrifugal  phellem  growth  by  expansion  of  cells  beneath  the  cushion 

(C38;  DiMichele,  1981).  Additional,  indirect  evi-  (C46;  DiMichele,  1983).  This  character  state  could 

dence    indicates    bifaciality    in    Anabathra    (Di-  have  replaced  interarea  expansions  or  fissuring,  or 

Michele,    1980)  and   Lepidophloios  (DiMichele,  it  could  have  arisen  directly  from  the  plesiomorphic 

1979a).  Given  the  determinate  growth  and  early  state;  it  is  X-coded  to  allow  any  of  these  options, 

onset  of  peridermal  cambial  function  that  are  ev-  Evidence  for  the  interarea  expansion  of  Lepido- 

ident  in  lepidodendraleans,  the  cambial  layer  may  dendron  is  confined  to  compression  fossils  (Tho- 
have  fully  differentiated  or  been  active  only  near 

the  apices  of  stems  and  rhizomorph  axes.  Either 

phenomenon  would  inhibit  preservation  of  the  cam- 

bial layer  per  se.  It  is  also  possible  that  the  cen- 

tripetal and  centrifugal  products  of  cell  division  are 

sufficiently  similar  to  prevent  recognition  of  a  po- 
tentially fully  differentiated  cambium. 

Periderm  is  the  most  abundant  tissue  type  pro- 
duced by  arboreous  lycopsids  and  often  occurs  as 

abundant  disarticulated  fragments  in  coal-ball  as- 
semblages (Phillips  &  DiMichele,  1981;  DiMichele 

et  al.,  1986).  Fortunately,  the  detailed  anatomy 
and  histology  of  the  periderm  (C39-C43)  allow 
identification  of  five  groups  of  OTUs.  Primitive 
genera  {Oxroadia,  Paurodendron,  Anabathra, 

^naloneria)  have  a  uniform  periderm,  which  is 
modified  to  include  bands  of  resinous  cells  in  Sig- 

illaria (C40).  Diaphorodendron  and  Synchysi- 
dendron possess  bifacial  periderm  (C4 1 ); 

Synchysidendron  is  distinguished  from  Diapho- 
rodendron by  its  uniform  (C43)  rather  than  banded 

(C42)  phelloderm.  Lepidodendron  and  Lepido- 
phloios have  two-  or  three-zoned  periderm  (C39) 

and  are  X-coded  for  resinous  cell  clusters  to  sup- 

press improbable  evolutionary  routes  that  attain 
histological  modifications  via  the  acquisition  of  zo- nation. 

mas,  1966). 

37.  Periderm  in  stems  absent  (0);  present  (1). 

38.  Phellem  and  phelloderm  not  histologically 

differentiable  (0);  histologically  differen- tiable  (1). 

39-^43.   Cellular  composition  of  periderm  uniform 

(00000);  cells  form  two  or  three  distinct 

zones  ( 1 XOOO);  bands  of  resinous  cell  clus- 

ters (01000);  periderm  bifacial,  alternat- 

ing bands  of  thick-  and  thin-walled  cells 

in  phelloderm  (001 10);  periderm  bifacial, 

phelloderm  ±  uniform  (00101). 

44-46.   Leaf  cushion  retention  mechanism  absent 

(000);  tangential  interarea  expansion 

(100);  interarea  fissuring  (010);  subcush- 
ion  cellular  expansion  (XXI). 

47.  Periderm  nonglandular  (0);  glandular  (1). 

48.  Periderm  nonresinous  (0);  at  least  par- 

tially resinous  (1). 

49.  Leaf  traces  in  periderm  obscure  (0);  prom- 
inent (1). 

50.  Infrafoliar  parichnos  strands  in  periderm 

absent  (0);  present  (1). 

F.  Leaf  bases  (15  characters) 

Lepldodendralean  leaf  base  characters  are  well 

Glandular  periderm  histology  (C47)  is  shared  by       reviewed  by  DiMichele  (1979a,  b,  1981,  1983) 

lepidodendron  and  two  of  the  three  Lepidophloi-      for  anatomically  preserved  species  and  by  Thomas 

0^  species,  and  resinous  sacs  (C48)  occur  in  Sig-      (1970b,  1977,  1978)  and  Thomas  &  Meyen(  1984) 

dlaria,  Lepidodendron,  and  Lepidophloios.  The      for  adpressed  species. 

passage  of  leaf  traces  and  infrafoliar  parichnos  Lycopsid  leaves  attenuate  bilaterally  close  to  the 

strands  through  the  periderm  also  distinguish  OTUs.  stem,  where  they  are  consequently  most  readily 

Prominent  leaf  traces,  more-or-less  perpendicular  detached.  The  area  proximal  to  the  constriction 

^0  the  length  of  the  axis  and  surrounded  by  thin-  persists  as  a  symmetrical  structure  raised  above 

balled  parenchyma  (C49),  are  an  autapomorphy  the  surface  of  the  axis  and  is  termed  a  leaf  base; 

of  Anabathra,  SimUariy,  weU-developed  infrafoliar  aggregates  of  leaf  bases  preserve  the  phyllotaxy  of 

parichnos  strands  (C50)  characterize  Sigillaria  the  axis  after  leaf  loss.  In  our  more  primitive  OTUs 
'"^--  ̂   {Oxroadia^    Paurodendron^    Anabathra^    Chalo- 

neria\  leaf  bases  are  small,  ellipsoid  in  transverse 

section,  widely  spaced  on  the  axial  surface,  and 

are  fully  transitional  into  the  leaf  lamina  (C51).  In 

periderm. 
idod 

Panded  axial  girth.  We produc 
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the  more  derived  OTUs,  the  leaf  base  is  more  cushions  (C52-C53).  Since  the  early  nineteenth 

elaborate  and  only  a  portion  emits  the  leaf;  it  is  century,  the  plesiomorphic  condition  of  greater  leaf 

thentermedaleaf  cushion  (Fig.  4b).  Such  cushions  cushion  length  than  width  has  been  crucial  for 

typically  exhibit  a  simple  angular  outline  in  tan-  delimiting  Lepidodendron  sens.  lat.  (DiMichele, 

gential  section:  hexagonal  in  Sigillaria,  and  dia-  1983).  Despite  early  knowledge  that  awarding  pri- 

mond-shaped  in  Diaphorodendron,  Synchysiden-  macy  to  this  character  resulted  in  the  lumping  of 

dron,  Hizemodendron,   Lepidodendron,  and  morphologically  and  anatomically  dissimilar  species 

Lepidophloios   (this   character   was   not    coded).  (e.g.,  Scott,  1908;  Seward,  1910),  only  recently 

Cushions  are  further  elaborated  by  the  develop-  has  Lepidodendron  sens.  lat.  been  disaggregated 

ment  of  raised  upper  (C54)  and  lower  (C55)  keels,  into  the  morphologically  distinct  segregates  Ana- 

and  by  division  into  upper  and  lower  fields  that  are  hathra  (DiMichele,  1980),  Diaphorodendron  sens. 

usually  separated  by  a  lateral  line  (CSS)  and  are  str.    (DiMichele,    1983),    Synchysidendron  (Di- 

independently  plicate  (C56-C57).Si^i//arm  is  pie-  Michele    &    Bateman,     1992),    Hizemodendron 

siomorphic  for  all  five  characters,  while  Diapho-  (Bateman  &   DiMichele,    1991),   Lepidodendron 

rodendron  and  Synchysidendron  are  apomorphic  sens,  str.,  and  Lepidophloios  (DiMichele,  1979a, 

for  all  five.  Lepidophloios  only  possesses  keels.  1983).  Horizontally  (i.e.,  tangentially)  elongate  leaf 

Hizemodendron  possesses  plications  but  lacks  an  cushions  are,   however,   a   valid  generic  autapo- 

upper  keel,  while  Lepidodendron  lacks  upper  field  morphy  of  Lepidophloios,   together  with  radial 
plications  but  possesses  a  lateral  line. 

elongation  (C64-C65).  Obscure  evolutionary  re- 
The  leaf  cushion  can  be  regarded  as  an  elabo-  lationships  of  the  arched  and  the  perpendicular 

rated  leaf  base  and  thus  as  fundamentally  foliar  states  of  radial  elongation  among  different  Lepi- 
and  appendicular  in  nature.  This  interpretation  is      dophloios  species  necessitated  X-coding. 
supported  by  the  leaflike  structural  and  positional 

AU  OTUs  possess  ligules  (C59),  and  most  recess 
attributes  of  leaf  cushions;  rejection  of  the  foliar  the  ligule  in  the  cavity  that  communicates  with  the 
nature  of  leaf  cushions  would  require  their  rec-  adaxial  surface  of  the  leaf  base  via  a  deep  pit  (C60). 

ognition  as  developmentally  distinct  organs  of  a  The  plesiomorphic  exceptions  are  Paurodendroriy 

kind  unknown  in  other  plants.  Even  the  relatively  where  the  ligule  is  fully  exposed  (Phillips  &  Leis- 
simple   cushions   of  Sigillaria   are   helically   ar-  man,  1966),  and  ̂ /lafea^/ira,  where  it  is  afforded 

ranged,  closely  packed  but  discrete,  well-defined  some  protection  by  the  leaf  cushions  (DiMichele, 

features.  Leaf  bases  of  all  the  arborescent  lycopsids  1980).  Foliar  parichnos  (C61)  occur  in  all  OTUs 

analyzed  bear  ligules,  which  are  ancestrally  foliar  hut  Oxroadia  and  Paurodendron  {Batemdn{l9SS} 

in  the  class  (Bonamo  et  al.,   1988).  All  of  these  was  unable  to  substantiate  Long's  (1986)  tentative 

charactersarefeaturesof  appendicular  organs  pro-  identification  of  parichnos  in  Oxroadia).  In  con- 
duced laterally  to  the  apical  meristem  through  the 

formation  of  primordia.  In  order  to  be  axial  rather 
than  foliar,  leaf  cushions  would  have  to  be  epider-  and  Lepidophloios  (W fined 

(W 

mal/subepidermal  elaborations  that  enlarged  be-  The  presence  of  a  leaf  cushion  (C51)  is  positively 
low,  and  concurrently  with,  leaf  primordia  as  the  correlated  with  deciduousness  (C63)  in  all  OTUs 

leaves  expanded.  There  is  no  evidence  in  any  ar-  but  Hizemodendron,  where  retention  is  probably 
borescent  lycopsid  (with  or  without  cushions)  for  secondare 
such    an    unintuitive    developmental    mechanism  liberately 
wherein  the  leaf  determines  differentiation  of  the 

We 

Be 

almost 

axis.  Moreover,  stomata  occur  on  leaves  and  leaf      thaud,   1983).  Despite  the  consistent  absence  oi 
bases,  but  are  absent  from  axes;  they  are  exclu- 

sively foliar. 

Together,  the  above  qualitative  characters  sep- 
arate all  of  the  cushion-bearing  genera  studied  here, 

though  morphometric  quantification  is  necessary 

an  abscission  layer  has  not  been  detected  in  any 

OTU  at  any  stage  of  development.  We  sugges 

that  lycopsid  leaves  atrophy  and  are  mechanicaUy 

removed.  This  occurred  more  readily  in  trees  su 
to  separate  species  within  each  genus  (Thomas,      as  Sigillaria  than  in  smaller  erect  plants  such  as 
1970b;  DiMichele,  1983;  Chaloner  &  Meyer-Ber- 

Although 

Wnuk 
Chaloneria  and  recumbent  pseudoherbs  such  a 

imposed 

^  -        —  -  -    —  Mj  m 

by  the  long  microphyUs  of  the  arboreous 
 specie^- ure  occurs  w 

lamina 
characters  from  our  analysis,  to  avoid  arbitrary      Fract 
division  of  such  characters  mto  states,  we  made      form 
an  exception  for  the  length:  width  ratio  of  the  leaf      and  lamina  is  more  consistent  in  OTUs  possessing 

axis 
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leaf  cushions,  where  a  sharp  structural  (and,  pre- The  presence  of  two  vascular  strands  (C67)  is 

sumably,  physiological)  boundary  is  represented  as  autapomorphic  for  Sigillaria,  which  also  shares 
a  leaf  scar.  The  scar  is  situated  within  the  leaf  V-shaped  strands  (C68)  with  Chaloneria.  Dorsi- 

rather  than  at  the  leaf-axis  junction.  Deciduous  ventrally  flattened  strands  (C69)  occur  in  Lepi- 
lateral  branches  may  also  have  been  shed  by  this  dodendron,    Lepidophloios,    and    Diaphoroden- 
mechanism;  according  to  Jonker  (1976),  triangular  dron  scleroticum;  ambiguous  evolutionary  pathways 
marks  below  ulodendroid  scars  indicate  that  the  from    plesiomorphic    terete    strands    necessitated 

X-coding.  All  OTUs  whose  leaves  possess  nonterete 
junctions 

specimens 

the  stem.  However,  R.  A.  Gastaldo  (pers.  comm.      strands  also  possess  pronounced   lateral   abaxial 
grooves  (furrows)  containing  stomata  (C70;  Fig. 

4d);  these  are  supplemented  with  a  median  adaxial 

groove  in  Sigillaria  (C71).  The  vascular  strands 

of  most  of  the  more  apomorphic  OTUs  are  sur- 

tures,  which  may  be  taphonomic  overprints. 

51.   Leaf  is  outgrowth  of  entire  leaf  base  (0); 
portion  of  leaf  base  (1). 

ro    T        .1         11         .       r        1  .  rounded   by    a   sclerenchymatous    sheath    (C72), 
o/.   Lengtri :  width  ratio  ol  cushions  on  stems       ,        ̂      ̂   •    •      -i  r         tt-  i      i 

and  large  branches  >1  :  1  (0);  <1 : 1  (1). 

53.  Length: width  ratio  of  cushions  on  small 
branches  and  twigs  >  1 : 1  (0);  <  1 : 1  (1). 

54.  Upper  keel  absent  (0);  present  (1). 
55.  Lower  keel  absent  (0);  present  (1). 
56.  Upper  field  nonplicate  (0);  plicate  (1). 
57.  Lower  field  nonplicate  (0);  plicate  (1). 

though  this  is  absent  from  Hizemodendron. 

Angle  of  leaf  attachment  (C66)  refers  only  to 

the  angle  subtended  by  the  basal  portion  of  the 

mature  lamina  relative  to  the  distal  portion  of  the 

axis,  thus  avoiding  the  effect  of  recurvation  in 

OTUs  such  as  Oxroadia,  This  character  distin- 

guishes genera  with  hispid,  generally  short  leaves 

(Paurodendron,   Anabathra,    Chaloneria^    Lepi- 

^^'   LtdTaVsent  ]T'^'^^  Tf^  ̂ ""^  ̂°''''      dodendron),  bu't  can  result  'from  one  of 'several c;q  An    T-     1  ̂  f^^      .      presen    {   ).  developmental  mechanisms  and  is  therefore  prone 
JV-ou.  Ligule  absent  (00);  superficial  or  m  shal-  , 

low  depression  (10);  in  deep  cavity  with 
narrow  neck  (11). 

61.  Foliar  parichnos  absent  (0);  present  (1). 
62.  Infrafoliar  parichnos  absent  (0);  present 

(1). 

to  homoplasy 

66.  Angle  of  leaf  attachment  relative  to  axial 

apex 

horizontal  (0);  acute  (1). 

67.   Number  of  vascular  strands  per  leaf  one 

(0);  two(l). 
63.  Consistent  basal  limit  to  leaf  atrophy  ab-      68-69.   Transverse  section  of  vascular  strand  te- 

sent  (0);  present  (1), 

64-65.   Leaf  cushion  not  radially  elongate  (00); 
elongate,  strongly  arched  (IX);  elongate, 
±  perpendicular  to  axis  (XI). 

G.  Leaves  (7  characters) 

Leaves  are  the  organs  most  frequently  neglected 
idoden 

rete  (00);   dorsiventrally   flattened  (IX); 
V-shaped  (XI). 

70.  Lateral  abaxial  grooves  absent  (0);  present 

at  least  near  base  (1). 

7 1 .  Median  adaxial  groove  absent  (0);  present 
at  least  near  base  (1). 

72.  Sheath  of  sclerenchyrna  around  trace  ab- 

sent (0);  present  (I). 

Admitt 

sequent  absence  from  the  upper  axes  hinders  organ ^»  *^  ^^  w  •  -^ 

H.  Cones  (4  characters) 

connection 
Intensive  study  of  lepidodendralean  reproduc- 

consistent  disarticulation  has  not  prevented  indirect       tive  structures  has  generated  thorough  reviews  of 
correlation  of  cone  species  with  the  vegetative  axes 
that  bore  them.  Failure  to  correlate  leaves  with 

unfo 

both  anatomically  preserved  (Arber,   1914;  Bal- 

bach,  1967;  Brack,  1970;  Hanes,  1975;  Phillips, 

_    1979;  Brack-Hanes  &  Thomas,   1983;  Willard, 

9nd  Reed  (1941)  demonstrated  the  wide  range  of  1989a)  and  adpressed  (Lesquereux,  1880;  Kid- 

potentially  phylogenetically  valuable  characters  ston,  1923-1925;  Willard,  1989b)  organ-species. 

present  in  isolated  lepidodendralean  leaves,  and  Reproductive  characters  played  important  roles  in 

Bateman  (1988)  recorded  many  characters  (in-  the  delimitation  of  the  genera;  not  surprisingly, 

eluding  detaQs  of  the  cuticle,  epidermis,  and  sto-  many  are  genus-level  autapomorphies.  Moreover, 

^^ta)  of  leaves  attached  to  Oxroadia  axes.  We  many  of  the  traits  are  functionally  linked  and  can 

discarded  most  of  these  characters  for  this  analysis,       ̂   used  to  define  reproductive  strategies  m  the 

"e-«uoc  mey  would  have  contamed  unacce 
^"'ge  proportions  of  missing  values. 

same  manner  that  vegetative  morphology  defines 

growth  habits. 
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All  of  the  lycopsids  included  in  this  analysis  are  Comparing  sporophylls  with  sterile  raicrophylls, 

heterosporous  (C75).    Oxroadia,   Paurodendron,  we  believe  that  the  pedicel  is  homologous  with  the 

and    Anahathra    have    primitively    bisporangiate  leaf  base  (including  the  leaf  cushion),  and  the  spo- 
strobili  (C76),  with  microsporangia  concentrated  rophyll  distal  lamina  is  homologous  with  the  leaf 

toward  the  cone  apex.  The  fertile  zones  of  Chal-  lamina.  We  suggest  that  the  qualifier  ̂ Mistal"  should 
oneria  (arguably  a  derived  condition)  are  similarly  be  abandoned  for  the  sporophyll  lamina  (there  is 

bisporangiate;  all  other  OTUs  bore  monosporan-  no  proximal  lamina),  and  that  the  lateral  exten- 

giate  cones,  sions  of  the  pedicel  should  be  termed  alations,  ir- 
Characters  73  and  74  describe  the  relationships  respective  of  size  and  orientations  (use  of  the  term 

to  the  parent  stem  of  the  lateral  cone-bearing  axes,  "integuments''  for  extensive  enrolled  alations  mis- 
whether  peduncles  or  branches  (Chaloneria  is  un-  leadingly  implies  homology  with  the  integuments 
branched  and  was  scored  as  missing  for  C73).  of  true  seeds). 
Lateral  branches  are  subtended  by  stelar  gaps  (C73) Little  attention  is  paid  in  the  literature  to  angle 
in    Diaphorodendron,    Synchysidendron,    Lepi-  of  pedicel  attachment  relative  to  the  cone  axis 

dodendron,  and  Lepidophloios,  and  are  medul-  (C77),  which  may  be  prone  to  ontogenetic  change 

lated  (C74)  in  Sigillaria,  Diaphorodendron,  Lep-  as  an  aid  to  passive  spore  dispersal  (Bateman,  1988). 

idodendron,  and  Lepidophloios,  Thus,  our  identification  of  Oxroadia  as  autapo- 

'TQ     c*  1                1                        '1-11  morphic  for  obtuse  sporangia  is  tentative.  With 
(6,   btelar  vascular  gap  associated  with  departure  ,  .  ̂                    „              ,    „       i                ■         u^r 

of  peduncle  or  lateral  branch  absent  (0);  pres-  ̂ ^"  exception  all  sporophyU  and  sporangium  char- ent  (1). acters  (C78-C91)  are  scored  as  plesiomorphic  for 

7 A    puv,  ir,  *^.^^     f       A       1  1  X      11  1       the  four  most  primitive  OTUs  possessing  bisporan- /4.   Fith  in  trace  of  peduncle  or  lateral  branch        .  ,^         ,.      ̂   j      t  j  .j^nih 

absent  (0);  present  (1).  &'^^^  ̂ ^^^^  {Oxroadia,  Paurodendron,  Anabalh- 
7=^     Plor^tc.  \.^^r.  r.  /n\   u  *  /i\  ''«»  Chaloneria),  which  differ  quantitatively  rather 
/5.    i'lants  homosporous  (0);  heterosporous  (1).  '  ,■      •     i       a  j  i     -    +t.^  number Ifx    ̂ r^n^c/r«r»;l^  ^^        k'  •  /  /A\  thau  qualitatively.  A  eood  example  is  the  numoer /O.   l.ones/tertile  zones  bisporangiate  (0);  mono-         ^      ̂   /        &  ^  , 

of  megaspores  per  megasporangium,  wnicn  ai^y 

separates  species  of  the  same  genus  (e.g.,  Ana- 

hathra: Felix,  1954;  Brack,  1970;  see  also  Ap- 

pendix IB).  It  is  tempting  to  distinguish  qualita- 

tively between  megasporangia  containing  io\xt 

spores,  derived  from  one  spore  mother  cell,  and 

sporangiate  (1). 

/.  Sporophylls  and  sporangia  (15  characters) 

Literature  review  suggests  that  the  terms  de- 

scribing most  components  of  the  sporangium-spo- 

rophyll  complex  have  become  standardized  (Fig.  those  containing  more  than  four  spores,  derived 

4c).  The  sporophyll  is  divided  into  a  proximal  por-  from  more  than  one  spore  mother  cell.  However, 

tion  ("pedicel"),  perpendicular  to  the  cone  axis,  each  condition  characterizes  one  of  the  two  species 

and  a  distal  portion  ("distal  lamina"),  parallel  to  of  Oxroadia  (Bateman,  1988),  and  spore  counts 

the  cone  axis  and  oriented  toward  the  cone  apex,  are  compHcated  by  frequent  and  apparently  ran- 
The  adaxial  surface  of  the  pedicel  bears  the  spo-      dom  abortions. 

Differences  among  the  remaining  (monosporan^ 

giate)  genera  focus  on  megasporangiate  cones  an 

reflect  their  shared  transition  in  the  nature  of  the 

rangium  and  (immediately  distal  to  the  sporangium) 
the  Hgule.  The  pedicel  is  triangular  in  median  trans- 

verse section  and  attenuates  abaxially,  to  a  struc- 

ture that  has  been  termed  a  keel  if  sufficiently  dispersal  unit  from  isolated  megaspores  to  a  meg- 
prominent  (Phillips,  1979),  and  laterally,  to  struc  asporangium -sporophyll  complex  (C81).  The  apo- 
tures  that  have  received  various  names.  "Lateral  morphic  state  of  this  character  encapsulates  a  broad 

laminae"  is  used  most  commonly;  alternatives  are      spectrum  of  morphologies  (elaborated  in  C80  and 
"lateral  extensions"  (e.g.,  Meyen,  1987),  "wings"      C82-C90)  that  may  reflect  paraUel  (i.e 
(e.g.,  Arber,  1914),  "flanges"  (e.g.,  Sporne,  1975), 
and  "alations"  (e.g.,  Phillips,  1979),  Some  authors 
(e,g.,  Phillips,  1979)  have  distinguished  the  most 
developed  state  of  this  character  (long  and  enrolled) 

homo- 

plastic) res
ponses  to  similar 

 
selectiv

e  regimes.
  ^ 

all  monosp
orangi

ate  
genera 

 
but   Sigilhf

^^^ 

evoluti
onary  trend  results

  in  reducti
on  to  a  smgi 

function
al  megaspo

re  (C90)  that  germin
ates  withm 

as  "integuments,"  by  analogy  with  the  true  seeds  the  sporangium  (C80;  PhUhps,  1979).  Probably  as 
of  "spermatophytes."  The  apicaUy  directed  distal  an  aid  to  dispersal  and/or  protection,  these  changes 
lamina  is  much  less  three-dimensional  and  usually  are  accompanied  by  lateral  expansion  of  the  pedicel 
appears  as  a  shallow  "V"  in  transverse  section.  to  form  alations  (C82-C84).  These  are  coded  a5 
An  antapically  directed  extension  from  the  right-  short  and  horizontal  in  Sigillaria,  Diaphoroden- angled  junction  of  the  pedicel  and  distal  lamina  is termed 

droHy  and  Synchysidendron,  short  and  erect 

Hizemodendron  and  Lepidodendron,  and  long 
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erect  (typically  enrolled)  in  Lepidophloios,  These 

characterizations  require  further  revision;  the  lat- 
eral margins  of  the  pedicel  can  be  proportionately 

longer  in  Anabathra  (e.g.,  fig.  9  of  Brack,  1970) 

and  more  erect  in  Diaphorodendron  and  Sjn- 
chysidendron  (e.g.,  pi.  8.4  of  Phillips,  1979)  than 
those  of  Lepidodendron  (e.g.,  pL  5.4  of  Phillips, 

1979).  Moreover,  shortness  may  not  be  homolo- 
gous between  vertical  and  horizontal  alations;  hence, 

X-coding  was  used  to  allow  evolution  of  short,  erect 

(000);  distally  (100);  proximally  (010); 
indehiscent  fragmentation  (XXI). 

90.  Functional  megaspores  per  megasporan- 
gium  more  than  one  (0);  one  (1). 

9 1 .  Parenchyma  enclosing  megaspores  absent 

(0);  present  (1). 

/.  Megaspores  (10  characters) 

Figure  4e  summarizes  terms  describing  the  "ge- 

alations  from  either  absence  of  alations  or  short,      ography"  of  the  exteriors  of  lycopsid  spores. 
horizontal  alations,  and  to  suppress  evolution  of 
short,  horizontal  alations  from  short,  vertical  ala- 
tions. 

Megasporangia  of  Diaphorodendron  and  Syn- 
chysidendron  are  strongly  dorsiventrally  flattened 

(C85-C86)  and  dehisce   proximally  (C87-C89), 

Morphological  and  ultrastructural  studies  of  ly- 

copsid megaspores  preserved  in  situ  in  cones  have 
been  undertaken  since  the  earliest  applications  of 

palynology  to  biostratigraphic  and  paleoecological 

problems  (Schopf,  1938;  Bochenski,  1939;  Brack, 

1970;  Taylor,  1990;  see  also  Bartram,  1987). 

Polarity  decisions  for  laesural  (C94-C96)  and 
whde  those  of  Hizemodendron,  Lepidodendron,  ^^^^^^^^j^j  (C92-C93)  characters  were  probleni- 
and  lepidophlolos  are  strongly  bUaterally   flat-  ̂ ^j^.  ̂ ^^^  ̂ ^^  generally  poorly  developed  in  dis- 
tened  and  dehisce  distally.  Sigillaria  approximata  ^^^^j^  ̂ .^1^^^^  jycopsids,  but  better  developed  and 
undergoes  indehiscent  fragmentation  (C89),  pre-  ̂ ^^^  complex  in  putatively  more  closely  related 

!  have  outgroups  (e.g.,  Selaginella:  Stanier,  1965;  Tryon 
used  X-coding  to  allow  its  evolution  by  one  step  &  Lugardon,  1978;Minaki,  1984)  and  in  the  more 
from  any  of  the   three   dehiscence  mechanisms.  primitive  ingroup  members  {Oxroadia,  Pauruden- 

Sigillaria  approximata  possesses  another  autapo-  dron,  Chaloneria)  than  in  the  more  derived  OTUs. 

morphy,  the  enclosure  of  megaspores  with  paren-  Prominent    laesural    expansions    characterize 

W 

chyma  (C91). Oxroadia,  where  they  are  fimbriate  and  do  not 

Heterocellular  sporangium  waUs  (C79)  charac-  extend  beyond  the  curvaturae  (C95:  Alvin,  1965, 

terize  Diaphorodendron  and   Synchysidendron.  1966;  Bateman,  1988),  and  Pauroc/enrfron.  where 

Only  Lepidodendron  possesses  a  multiseriate  spo-  they  are  plicate  and  extend  to  the  equatoria
l  flange 

rangium  wall;  together  with  greater  sporangium  (C96:  Guennel,  1952).  The  laesurae  of 
 Diapho- 

size  (a  quantitative  character  and  therefore  not  rodendron  and  Synchysidendron  megaspores  are 

coded),  this  distinguishes  Lepidodendron  sporan- 
proximal 

gium-sporophyll    complexes    from    the    otherwise      is  a  key  taxonomic  character.  Equ
atorial  expan- 

identical  equivalents  of  Hizemodendron. sions  provide  autapomorphies  for  Paurodendron, 

in  the  form  of  a  perlsporial  plicate  flange  (C93: 

77.  Angle  of  sporophyll  attachment  relative      Guennel 

to  cone  apex  ±  horizontal  (0);  obtuse  (1).       auriculae  (ear-shaped  expansions  of  the  exine)  op- 

78.  Sporangium  wall  uniseriate  (0);  multise-       posite  laesural  rays  (C92:  Pigg  &  Rothwell,  1983b). riate  (1). ed 

79.  Sporangium  wall  homocellular  (0);  het-      ornamentation.  Contact-face  ornamentation  is  con- 
erocellular  (1). fined 

80.   Megaspores  shed  from  sporangium  prior      C97),  Paurodendron  (reticulate:  C98),  and  Chal- 

81 

to  germination  (0);  megaspores  germinate 
within  sporangium  (1). 

The 

sp.  nov.  could  not  be  scored  for  this  character,  but imit bea 

rangium-sporophyll  complex  (1). Benson,  1918;  Pigg,  1983).  Large  and  more  com- 

82-84.   Alations  of  megasporophyll  pedicel  absent      plex   buttressed    spines    typify    Oxroadia    mega- 
(000);  short,  horizontal  (100);  short,  sub- 
erect  (XIO);  long,  erect  (01 1). 

^~o6.   Transverse  section  of  megasporangium  ± 
circular  (00);  strongly  bilaterally  flattened 

(10);  strongly  dorsiventrally  flattened  (01). 

«7-89.   Megasporangium  dehisces  longitudinally 

bear 

distal  reticulum  (CI 01). 

92-93.    Equatorial  ornamentation  absent  (00); 
auriculate  (10);  flanged  (01). 

94-96.   Laesural  ornamentation  absent  (000); 
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gulate  (100);  fimbriate  (OIX);  plicate      Leisman,  1969;  Bateman,   1988).  Several  OTUs 

(0X1). lack  contact-face  ornamentation,  but  only  Chalo- 

97-99.    Contact-face  ornamentation  absent      neria  and   Lepidophloios  harcourtii  lack  distal 

(000);  echinate  (100);  reticulate  (010);      ornamentation.  In  Oxroadia  and  Paurodendron, 

rugose  (001). the  echinate  contact  faces  are  paralleled  by  the 

1 00- 101.   Distal  ornamentation  absent  (00);  echi-      distal 
nate  (10);  reticulate  (01). microspores 

K.  Microspores  (14  characters) 

those  of  Sigillaria  are  characterized  by  a  mixture 

of  spines  and  cones  (CI  13),  and  those  of  Hize- 

modendron^  Lepidodendron,  and  Lepidophloios 
Several    lycopsid    microspores    commonly    en-       hallii  bear  dense  grana  (CI  12). 

countered  in  dispersed  miospore  assemblages  (sen- 
su  Chaloner,  1970)  have  been  correlated  with  source 

cones,  both  anatomically  preserved  (Brack,  1970; 
Courvoisier  &  Phillips,  1975;  Willard,  1989a)  and 
compressed  (Thomas,  1970a,  1987;  Willard, 

1989b).  Classification  of  lycopsid  microspores  has 

focused  on  equatorial  elaboration  and  general  sur- 
face ornamentation.  The  only  exception  in  our  list 

102.  Pseudosaccus  absent  (0);  present  (1). 

103-104.    Equatorial  expansion  absent  (00); 

unornamented  bizonate  cingulum  com- 

plex (10);  distally  ornamented  cingu- lum complex  (01). 

105.    Laesurae  subdued  (0);  strongly  raised 

(1). of  characters,  strongly  raised  laesurae  (CI 05),  oc-      106-108.    Equatorial 
curs  in  Chaloneria  and  Lepidophloios  harcourtii. 

In  Chaloneria,  separation  of  the  sexine  and 
cingulum   complex   (100);    crassitude 

M.AX  v>.n*n//(.oi i,c*,  iDtj^didii^fii  wi   iiic  acAiiic  aiiu  (010);  zona  (UUi). 

nexine  layers  distal  to  the  contact  faces  has  gen-  109-111.    Contact-face  ornamentation  absent 

erated  a  pseudosaccus  (C102:  Brack  &  Taylor,  (000);  granulate  (100);  granulo-fov^o- 
1972).  All  of  the  monosporangiate- coned  genera  late  (010);  echinate  (001). 

exhibit  some  form  of  equatorial  elaboration  (C106-  112-115.    Distal  ornamentation  absent  (0000); 

CI 08).  Anabathra,  Hizemodendron,  Lepidoden-  densely  granulate  (10^?);^^^^^^^"^^ 
droriy  and  Lepidophloios  microspores  possess  a 
thickened  equatorial  band  (cingulum:  CI 06);  in 
Hizemodendron^  Lepidodendron,  and  some  Lep- 

idophloios species,  this  is  supplemented  with  an 
external  membranous  flange  (zona:  C108).  Sigil- 

laricy  Diaphorodendron,  and  Synchysidendron  After  all  115  characters  had  been  scored,  two 

microspores  bear  a  crassitude  equatorial  thickening  whole-plant    species    (Oxroadia   gracilis   and 

(CI 07)  that  appears  structurally  distinct  from  a  Oxroadia  sp.  nov.)  possessed  identical  data  sets 

nate  (0100);  papillate  (0010);  echinate (0001). 

THE  DATA  MATRIX 

» 

cingulum.  Cingula  of  some  OTUs  are  further  elab-  demonstrating  that  they  differ  in  quantitative  but 

orated;  those  oi  Hizemodendron,  Lepidodendron,  not  qualitative  characters.  The  duplicate  data  set 

and  Lepidophloios  harcourtii  are  bizonate  (C103)  provided  no  useful  information  and  was  therefore 

and  those  of  Anahathra  are  distally  ornamented  omitted,  reducing  the  original  17  whole-plant  spe- 
(C104).  cies  to  16  OTUs  that,  in  our  opinion,  represent 

Characterization  of  microspore  general  surface       10  genera.  This  gave  a  ratio  of  characters: OTUs 
morphology  is  increasingly  dependent  on  the  great-      of  115:16  (7.2 :  1). 

er  resolution  of  scanning  electron  microscope  (SEM)  The  resulting  1,840-byte  data  matrix  (Table  3, 
studies  relative  to  light  microscopy  (LM),  As  in  the  excluding  HYAN)  contained  94  missing  values  that 
megaspores,  ornamentation  is  described  separately  each  reflected  one  of  four  factors.  Two  of  these 
for  contact  faces  (C109-C1 1 1)  and  the  distal  hemi-  factors  result  from  ignorance  of  whether  the  OTL 
Scheie  {S:\\2-C\\b\x\io\x^  Lepidophloios  John-      possesses  the  feature  or  what  state  the  feature 

exhibhs,  one  from  unwillingness  to  specify  the  pre 
i^z^soi  Hizemodendron,    Lepidodendron,   and      cursor  state  of  the  character  (the  X-coding  pro- 

cedure discussed  in  detail  by  Doyle  &  Donoghue, 

1986b:  344-350;  see  also  Appendix  2),  and  one 
of  Diaphorodendron  and  Synchysidendron  grade      from  absence  of  the  relevant  feature,  which  there- 

known 

microspores 
WiUard 

into  a  more  foveolate  texture  (CUO;  Courvoisier 
&  Phillips,  1975),  and  those  of  Oxroadia  and 
Paurodendron  are  echinate  (CI  11;  Schlanker  & 

cannot  be  scored 

concerning 

be  replaced 
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by  a  posteriori  optimization,  substituting  values  most  increasing  length  and  decreasing  perceived  levels 
parsimonious  with  the  cladogram  in  question.  The  of  homoplasy  by  including  characters  that  are,  by 
fourth  type  of  missing  value  (coded  #  in  Table  3)  definition,  nonhomoplastic  (e.g..  Brooks  et  ah,  1986; 
is  also  replaced  during  optimization,  but  here  the  Kluge,  1989;  Sanderson  &  Donoghue,  1989). 
result  is  merely  an  operational  necessity.  It  does 2.   The  apomorphic  state  is  ubiquitous  among 

not  generate  a  potentially  biologically  meaningful  the  OTUs  (including  the  outgroups  if  used),  thereby 
hypothesis;  there  is  no  obvious  meaning  in  scoring  justifying  their  status  as  a  potential  clade.  Although 
a  character  state  as  present  for  an  OTU  that  com-  such  character  states  are  conventionally  described 

pletely  lacks  the  feature  in  question  (for  example,  as  *'basal  synapomorphies"  or  "invariant  charac- 

in  Fig.  6  Chaloneria  is  optimized  as  possessing  ters"  (e.g.,  Sanderson  &   Donoghue,   1989),  we 
peduncle/branch  gaps  (C73)  but  actually  lacks  both  prefer  to  coin  the  more  parsimonious  term  ''holapo- 

types  of  organ).  This  situation  is  more  frequent  in  morphy."  It  could  be  argued  that  such  character 
data  matrices  that  include  OTUs  of  highly  diver-  states  are  merely  plesiomorphies,  but  they  cannot 
gent  morphology,  where  the  probability  of  obtain-  be  defined  as  such  in  the  absence  of  an  equivalent 

ing  fully  compatible  sets  of  homologous  features  is  apomorphic  state.  Our  definition  of  the  term  syn- 

less.  The  most  gap-ridden  (12%  missing  values)  of  apomorphy  is  also  unconventional  in  implicitly  ex- 
our  data  sets  is  Chaloneria  cormosa^  where  1 1  of  eluding  holapomorphic  character  states,  Holapo- 

the  14  missing  values  reflect  lack  of  the  coded  morphy,  Uke  autapomorphy,  is  a  relative  concept; 

feature  (i.e.,  absence  rather  than  ignorance).  Com-  addition  to  the  suite  of  taxa  analyzed  of  an  OTU 
pared  with  OTU  selection,  we  were  less  rigorous 
when  excluding  gap-ridden  characters  from  the 

lacking  the  apomorphic  character  state  transforms 

a  formerly  ubiquitous  holapomorphy  into  a  non- 

inatrix;  the  worst  examples  (C34,  C40,  C69)  pos-  ubiquitous  synapomorphy.  Holapomorphies  also  re- 
sess  31%  missing  values,  most  of  these  X-coded  serable  autapomorphies  in  being  phylogenetically 

to  represent  ambiguity  of  precursor  states.  Nev-  uninformative  within  the  confines  of  a  particular 

ertheless,  the  overall  proportion  of  missing  values  data  matrix.  Hence,  like  autapomorphies,  holapo- 

in  our  data  matrk  (5%)  compares  favorably  with  morphies  should  be  (and  in  this  study  were)  omitted 

those  of  other  studies  (e.g.,  24%  in  Table  2  of  from  tree  length  calculations. 
Doyle  &  Donoghue,  1986b). 3.   When  the  apomorphic  state  occurs  in  more 

We  believe  that  every  cladistic  data  matrix  should  than  one  but  less  than  all  of  the  OTUs,  it  is  deemed 

routinely  carry  character :  OTU  ratios  to  indicate  phylogenetically  informative  and  included  in  the 

the  average  strength  of  empirical  support  for  nodes  algorithmic  computation  of  tree  length.  Most  such 

and  percentage  missing  values  to  indicate  the  com-  character  states  are  synapomorphic,  although  cat- 

pleteness  of  the  data  matrix,  just  as  the  resulting  egory  (3)  also  encompasses  homoplasies  (these  are 

trees  now  routinely  carry  consistency  indices  to  generally  regarded  as  refutmg  the  initial  hypothesis 

summarize  levels  of  homoplasy  (Kluge  &  Farris,  of  homology  between  the  plesiomorphic  and  apo- 
1969;  Brooks  et  al.,  1986), 

OPTIMIZATION,  CHARACTER  STATES,  AND MISSING  VALUES 

morphic  states:  e.g.,  Wiley,  1981;  Funk  &  Brooks, 

1990),  The  perception  of  synapomorphies  as  ho- 

moplastic (i.e.,  as  parallelisms  and/or  reversals)  or 

nonhomoplastic  (evolving  only  once  and  persisting 

throughout  the  derived  portion  of  the  clade)  is  the 

The  distribution  of  an  apomorphic  character  least  stable  aspect  of  cladistic  analysis,  since  these 

state  among  all  the  OTUs  can  be  assigned  to  one  conditions  are  a  property  only  of  the  interaction 
of  three  categories:  of  a  specific  tree  topology  with  a  specific  optimi- 

zation algorithm  (see  below).  Also,  character  states confined 

PTU  and  is  thus  an  autapomorphy  al  the  least      can  be  both   homoplastic   and   partially   synapo- 
tticlusive  (species)  level  in  the  taxonomic  hierarchy. 
"  '^^  important 

morphic;  for  example,  a  particular  state  may  be  a 

meaningful  synapomorphy  of  the  OTUs  forming 

condition  is  a  relative  concept;  a  synapomorphy  clade  A  +  B  but  be  represented  as  a  parallelism  in 

(shared  derived  character)  at  the  species  level  in  their  non-sister  OTU  D  (J.  I.  Davis,  pers.  comm. 

our  analysis  can  be  an  autapomorphy  (unshared  1 990),  Surprisingly,  the  terminologically  rich  dis- 

derived  character)  at  the  more  inclusive  level  of  cipline  of  cladistics  does  not  appear  to  have  gen- 

genus.  Autapomorphies  at  the  least  inclusive  level  erated  unique  terms  to  describe  the  important  (al- 

^'lalyzed  distinguish  OTUs,  but  are  phylogeneti-  beit  ad  hoc)  distinction  between  synapomorphies uninfo 

^d  from  algorithmic  analysis  to  avoid  artificiaDy 

sens.  str.  (i.e.,  holapomorphies  excluded)  that  are 

homoplastic  and  those  that  are  not;  only  the  latter 
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Table  3.  Cladistic  data  matrix.  Operational  taxonomic  units:  Hypothetical  ancestor  (HYAN),  Paurodendron 

fraipontii  (PNFR),  Oxroadia  gracilis-sp.  nov.  (OXGR),  Anabathra  (Paralycopodites)  pulcherrima  (ANPU),  Chal- 
oneria  cormosa  (CHCO),  Sigillaria  ap proximata  (SIAP),  Sigillaria  sp.  nov.  (SINS),  Synchysidendron  (Diapho- 

rodendron)  sp.  nov.  (SYNS),  Synchysidendron  dicentricum  (SYDI),  Diaphorodendron  phillipsii  (DIPH),  Diapho- 
rodendron  vasculare  (DIVA),  Diaphorodendron  scleroticum  (DISC),  Hizemodendron  {Lepidodendron)  serratum 

(HZSE),  Lepidodendron  hickii  (LNHI),  Lepidophloios  harcourtii  (LSHC),  Lepidophloios  johnsonii  (LSJO),  Lepi- 
dophloios  hallii  (LSHL).  Known  values:  primitive  (0),  derived  (1);  missing  values  (coded  9  in  FAUP;  functional  states 
in  preferred  most  parsimonious  tree  are  indicated  by  subscripts):  not  known  whether  OTU  possesses  relevant  feature 

OTU 

HYAN 
PNFR 
OXGR 
ANPU 
CHCO 
SIAP 
SINS 
SYNS 
SYDI 
DIPH 
DIVA 
DISC 
HZSE 
LNHI 
LSHC 
LSJO 
LSHL 

OTU 

HYAN 
PNFR 
OXGR 
ANPU 
CHCO 
SIAP 
SINS 
SYNS 
SYDI 
DIPH 
DIVA 
DISC 
HZSE 
LNHI 
LSHC 
LSJO 
LSHL 

Habit  (1-7) 

0 
0 
0 
1 
0 

0 

5 

0 
0 
0 

0 

0 
0 
0 
1 
1 
1 
1 
0 
0 

1 
1 
1 
0 

0 
0 
0 
0 

+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1 
0 
0 

0 
0 
0 

+ 
0 
0 
0 
0 

1 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 

0 
0 

Cortex  (32   36) 
35 

Rootstock  (8-13) 

10 

* 

0 
0 
0 
0 

0 
0 
0 

0 

0 
0 
0 
0 

Periderm  (37-50) 
40 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
1 
1 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 

Xo x„ 
x„ 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
1 
I 
0 
0 
0 
0 
0 
0 
0 
0 

reliably  characterize  an  entire  monophyletic  por-      teriori  procedure  performed  using  one  of  a  range 
lion  of  a  clade.  of  algorithms  that  are  designed  to  apply  ̂P^'^'^'^ W 

at  the  paucity  of  literature      logical  precepts  to  specifying  the  nature  (e.g- 

as  it  proved  to  be  a  crucial      versal  vs.  parallelism)  and  location  of  each  char^ 
aspect  of  our  analysis.  Optimization  is  an  a  pos-      acter  transition  on  a  tree  whose  topology  and  length 

optimization 
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Table  3.     Continued. 

(-),  OTU  possesses  relevant  feature  but  character  state  unknown  (?),  OTU  lacks  relevant  feature  (#),  precursor 
state  ambiguous  (X;  X-coded  sensu  Doyle  &  Donoghue,  1986b).  Functional  level  of  generality  of  derived  character 

state  in  preferred  most  parsimonious  tree:  +  =  species  level  autapomorphy  (character  state  restricted  to  a  single 

*  — 

OTU;  these  provide  no  Information  on  historical  relationships  of  species  or  genera). genus  level  autapomorphy 

(character  state  restricted  to  a  single  genus  hut  occurring  in  more  than  one  species;  these  provide  no  information  on 
historical  relationships  of  genera). holapomorphy  (=  basal  synapomorphy;  these  provide  no  information  on 
historical  relationships  of  species  or  genera). 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
1 
1 
0 

0 

0 

0 

0 
0 

0 

Stele  (14-31) 

15 20 25 

30 

0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
0 

1 
1 

0 

0 

0 

0 

0 

0 

0 

1 
1 
0 

0 

0 

0 

0 

0 

0 

0 

+ 
0 

0 

0 

0 

0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

Periderm  (cont'd.) 
45 

0 

0 

0 

0 

0 

0 

0 

0 

0 
1 
1 
1 

0 

0 

0 
0 

+ 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

I 
1 
1 
0 

0 

0 

0 

0 

0 

1 
1 
0 

0 

0 

0 

0 

0 
1 
1 
1 
1 

+ 
0 

0 

0 

0 

0 

0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
0 

0 

0 

0 

0 

0 

0 

0 

50 

+ 
0 

0 

0 

1 
0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 
0 

0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
1 

X. 

X. 

X. 
X. 

+ 
0 

0 

0 

0 
1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

1 
1 
0 

0 

0 

0 

0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
1 

0 

1 

Leaf  bases  (5 1  -65) 55 

0 0 0 0 

#0 
#« 

ffo 

^0 

#0 #. 

#0 

#0 

#0 #0 

#0 

#0 

#0 #0 

#0 

#0 

0 1 0 0 
0 

0 

0 

0 

0 
0 

0 

0 

1 
1 
1 

1 
0 

0 

0 

0 

0 

0 

1 
1 
1 
1 

0 0 

0 

#0 

#0 
#0 

0 

0 

0 
0 

0 

0 

0 

0 

# 

# 

# 

# 

0 

0 

1 
1 
1 
1 
1 
1 
I 
0 
0 

0 

0 

0 

0 

0 

0 

#0 

#0 

#0 

#0 

0 

0 

0 

1 
0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

1 
1 
0 

0 

0 

0 

0 

@ 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
0 

0 
0 

0 

0 

0 

0 

0 60 

0 

0 
1 
0 

h 

►ptimization 
cannot  alter  the  length  of  a  tree  (though  see  below 
for  a  critical  reappraisal  of  this  conventional  wis- <Joni). 

had  the  advantage  of  maximizing  the  number  of 

optimization  algorithms  that  could  legitimately  be 

applied  (Swofford,  1985:  3.10).  We  tested  all  five 

optimization  algorithms  available  in  PAUP  2.4: 

ACCTRAN  maximizes  reversals,  as  in  practice  does 
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Leaf  bases  (cont'd.) Leaves  (66-72) 

OTU 

HYAN 
PNFR 
OXGR 
ANPU 
CHCO 
SIAP 
SINS 
SYNS 
SYDI 
DIPH 
DIVA 
DISC 
HZSE 
LNHI 
LSHC 
LSJO 
LSHL 

OTU 

HYAN 
PNFR 
OXGR 
ANPU 
CHCO 
SIAP 
SINS 
SYNS 
SYDI 
DIPH 
DIVA 
DISC 
HZSE 
LNHI 
LSHC 
LSJO 
LSHL 

0 

0 

0 

+ 
0 

0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

65 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

? 

1 

+ 
0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

I 
1 

+ 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

X, 

1 

0 

95 

+ 
0 

X 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
0 

1 
1 
0 

0 

0 

0 

0 

0 

0 

I 
0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

x„ x„ 

X 

0 

0 

0 

0 

1 
0 

1 
1 
1 
1 

Megaspores  (92-101) 

+ 
0 

1 
X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

+ 
0 

0 

1 
0 

0 

0 

+ 
0 

1 
0 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

70 

0 

0 

0 

0 

1 
1 
1 
0 

0 

0 

0 

x„ 

0 

x„ 

x„ 
Xo 

X 0 

+ 
0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
1 
0 

0 

0 

0 

1 
0 

1 
1 
1 
1 

0 

0 

0 

0 

0 

1 
1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

100 

0 

0 

1 
0 

0 

0 

1 
0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

I 

+ 
0 

I 
0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

maximizes 

degree,  MINF.  We  preferred  MINRES  and  MINF allelisms.  MINF  concentrates  character  state  tran-  as  they  minimized  perceived  homoplasy  in  the  lower 

sitions  toward   the  terminal  branches,  MINRES      (genus-level  and   above)  branches   that  were  " 

greatest  interest  to  us;  they  also  tended  to  yi 

root 

then  concentrates  the  remainder  toward  the  ter-      the  greatest  number  of  intuitively  satisfactory 

parsimo-      lections  when  (1)  choosing  between  reversals 

of 

eld 

se- 

ind 

nious  tree  (PMPT),  FARRIS  yielded  simUar  . 
not  identical)  results  to  ACCTRAN,  and  MINRES 
yielded  similar  results  to  DELTRAN  and,  to  a  lesser 

parallelisms,  and  (2)  substituting  0  or  1  for  missmg 

values  of  specific  characters  (see  below).  *^^**  . 

vations  expressed  by  Swofford  (1985:  3.y~^- 
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Table  3.      Continued. 

I 

I 

I 

Cones  (73-76) 

0 

0 

0 

0 
•  1 

+ 
0 
0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
0 

0 

1 
1 
1 
0 

1 
1 
1 
1 

75 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
1 

0 0 

0 

0 

0 

0 

1 

0 

+ 
0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

+ 
0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

105 

0 

1 
0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

1 
0 

0 

Sporophylls  &  Sporangia  (77-91) 
80 85 

+ 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
1 
1 
1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
1 
1 
1 

Microspores  (102-115) 

0 

0 

0 

1 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

+ 
0 

1 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

110 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 
1 
1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 0 

0 

1 
1 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
1 
1 
1 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 Xo      X(, 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
0 

0 

0 

0 
0 

0 
0 

0 
1 
1 
0 

I 

1 

0 

0 
0 

0 

0 

1 
1 
0 
0 

0 

0 

0 

0 

0 

0 

0 

+ 
0 

0 

0 

0 

0 

1 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

90 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 
? 

•0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 
0 

0 

0 

0 

0 

1 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

115 

0 

1 
1 
0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

concerning  MINRES  encouraged  our  consistent  result  are  different  for  every  tree  of  every  analysis; 
Use  of  MINF.  for  example,  those  presented  as  subscripts  to  miss- 

j^ring  optimization,  each  missing  value  (coded  ing  values  in  our  data  matrix  (Table  3)  refer  only 

9  in  the  PAUP  data  matrix)  is  replaced  with  0  or 
MPT 

in  accordance  with  (1)  the  topology  of  the  tree  plication  of  the  MINF  optimization  algorithm.  Re- 

*nd  (2)  the  intended  effect  on  patterns  of  character  placement  of  missing  values  is  achieved  parsimo- 

siate  transformation  of  the  chosen  optimization  al-  niously  in  accordance  with  the  topology  of  the  tree, 

gonthm  (this  is  an  a  priori  opportunity  to  modify 
be 

^   ..V       A4J       1^A»       U        L/AlVrtl       UWpVfl    IpM-AI-A*-^  *V        •i*v^^--.^    s. 

evolutionary  interpretations).  The  substitutions  that      Hence,  we  presume  that  this  procedure  artificially 
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reduces  levels  of  homoplasy  relative  to  those  that      erates  two  topologies,  A  and  B,  both  X  steps  in 

would  have  been  determined  from  the  same  matrix      length.  A  posteriori  screening  for  transient  autapo- 

if  complete  (i.e.,  gap-free). morphies/holapomorphies  reveals  four  in  topology 

Doyle  &  Donoghue  (1986b:  352)  imposed  dual  A  and  two  in  topology  B.  A  is  then  preferred  over 

origin  (parallelism)  where  a  structure  was  simpli-  B  as  its  true  length  is  X  —  4,  relative  to  X  —  2 
fied,  and  an  origin  and  a  loss  (reversal)  where  a  in   topology   B.    Unfortunately,   topology  C,  per- 
structure  became  more  complex,  on  the  assumption  ceived  by  the  algorithm  as  X  +  1  steps  long  but 

that  ''it  is  easier  to  reduce  or  lose  a  complex  struc-  containing  six  transient  autapomorphies/holapo- 
ture  than  to  elaborate  one  from  a  simple  structure."  morphies,  has  a  true  length  of  X  —  5  steps  and  is 
We  did  not  consider  this  generalization  sufficiently  actually  the  most  parsimonious  tree.  Thus,  the  true 

reliable  to  warrant  a  posteriori  modification  of  our  lengths  of  trees  generated  from  a  data  matrix  con- 
algorithmically  optimized  character  state  distribu-  taining  missing  values  can  only  be  calculated  a 
tions,  though  we  did  emphasize  complex,  appar-  posteriori.  Algorithmically  determined  tree  lengths 
ently  conservative  characters  in  subsequent  evo-  are  unreliable,  and  trees  other  than  those  that  are 
lutionary  interpretations. ostensibly   the   most   parsimonious  must  also  be 

According  to  Bateman  (in  prep.),  when  all  OTUs  screened  individually  via  apomorphy  lists  for  spu- 
are  scored  as  possessing  either  the  plesiomorphic  rious  additional  steps.  The   alternative  option  of 
or  apomorphic  state  for  a  character,  the  assignment  omitting  all  potential  transient  autapomorphies  and 
of  that  character  to  one  of  these  three  ostensibly  holapomorphies  a  priori  (appendix  1  of  Sanderson 

exclusively  categories  (autapomorphy,  holapomor-  &  Donoghue,  1989)  deleteriously  discards  poten- 

fixed 

defi 

principle  does  not  apply  if  the  character  column 
contains  at  least  one  missing  value  (9),  when  the 
results  of  optimization  determine  the  status  of  the 
character  as  informative  or  uninformative.  For  ex- 

tial  synapomorphies  merely  because  their  frequen- 
cies among  the  OTUs  approach  zero  or  unity. 

Parsimony  Analysis 

Cladograms  were  generated  from  the  data  ma- ample,  in  our  data  matrix,  a  character  scored  as  trix  using  Version  2.4  of  PAUP  (Swofford,  1985), 

fifteen  Is  and  one  9  (e.g.,  C29)  will  be  holapo-  which   employs    unrestricted    parsimony   via  the 
morphic  if  the  9  is  replaced  a  posteriori  with  a  1,  Wagner  method  (Kluge  &  Farris,  1969;  Farris, 
but  synapomorphic  if  the  9  is  replaced  with  a  0  1970;  Felsenstein,  1982;  Swofford  &  Maddison, 

(in  practice,  this  will  occur  only  if  the  OTU  scored  1987;  Wiley  et  al,  1991).  Some  of  the  compu- 
9  is  placed  at  the  base  of  the  cladogram).  Similarly,  tational  difficulties  encountered  by  us  and  discussed 
a  character  scored  as  fourteen  Os,  one  1,  and  one  below  have  been  at  least  partially  surmounted  by 
9  (e.g.,  C94,  C98)  will  be  autapomorphic  if  the  9  more  recent  software  (see  Appendix  2).  Despite 
is  replaced  with  a  0  but  nonautapomorphic  if  the  the  long  run-times  incurred  on  our  IBM-PS2/ #80, 
9  is  replaced  with  a  L  Hence,  there  is  a  need  for  the  branch-and-bound  option  (a  modification  of  the 
the  concepts  of  transient  autapomorphy,  transient  algorithm  devised  by  Hendy  &  Penny,  1982)  was 
holapomorphy,   and   transient  synapomorphy,  to  used  routinely  to  obtain  the  definitive  shortest  trees. 
accommodate  characters  that  contain  missing  val-  Once  character  scoring  had  been  finalized,  five 
ues.   These  concepts  are  relative,  even  within  a  different  configurations  of  the  data  matrix  were 
single  data  matrix;  they  characterize  only  a  single  analyzed: 
combination  of  a  specific  topology  and  a  specific  A.  All  16  OTUs  and  aU  1 1 5  characters  included. 
optimization  algorithm.  In  our  novel  terminology,  This  basic  analysis  provided  a  yardstick  by  which definit 

holapomorphies  and  synapomorphies). 

(lik 

to  measure  the  remaining  analyses. 

B.  All  OTUs  included,  ''habit"  characters  (CP 

C7)  excluded.  We  wished  to  reassess  the  phylogeny 

cannot 
Consequ 

In  contrast  with  definitive  autapomorphies  and  without  these  characters  for  two  reasons.  First, 

holapomorphies,  transient  autapomorphies  and  hoi-  they  describe  the  most  generalized  aspects  of  plant 
screened  out  of  an  analysis  morphology  and  are  thus  most  prone  to  epigenesis- 

hey  contribute  to  tree  length  Second,  we  wished  to  map  the  distribution  of  ly- 
as  calculated  during  cladistic  analysis;  they  intro-  copsid  bauplans  onto  a  phylogeny  constructed  in- 

duce spurious  extra  steps  in  an  unpredictable  man-  dependently  of  such  characters  (see  also  Batetnan 
ner,  often  generatmg  alternative  trees  that  are  &  DiMichele,  1991;  Phillips  &  DiMichele,  1992)- 

of  equal  length  by  the  par-  C.  All  characters  included,  but  Chaloneria  cot- 
example,  a  data  matrix  gen-  mosa  excluded.  Survey  of  tree  topologies  ito^ 

red 

suriony 
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analyses  A  and  B  demonstrated  that  Chaloneria  ed  by  the  tree-building  algorithm.  Second,  we  wished 
is  the  most  unstable  OTU;  it  is  supported  by  the  to  use  lists  of  apomorphies  following  optimization 

least  robust  node,   characterized  only  by  homo-  to  assess  each  tree  for  transient  holapomorphies 
plastic  and  autapomorphic  characters,  and  pos-  and  autapomorphies,  so  that  they  could  be  sub- 
sesses  more  autapomorphies  (six)  than  any  other  tractedtoobtainits  true  length  (determined  entirely 

OTU  (Fig.  6).  This  most  awkward  OTU  was  omitted  by  synapomorphies  sens.  str.).   In  practice,  this 

in  order  to  determine  how  the  topologies  of  the  time-consuming  screening  procedure  was  not  ap- 
more  parsimonious  trees   would   be    altered   and  plied  to  trees  longer  than  L^i^^^j  (a  new  algorithm 

whether  homoplasy  would  decrease  significantly.  is  required  for  this  purpose),  rendering  optimization 

D.  All  OTUs  included,  analysis  restricted  to  veg-  and  the  retention  of  apomorphy  lists  redundant 
etative  characters  (C1-C4,  C8-C72). 

from  L niin+2 onward  (analyses  A,  B,  D)  or  L 

tmn  +  3 

E.  All  OTUs  included,  analysis  restricted  to  re-      onward  (analysis  C). 
productive  characters  (C5-C7,  C73-C1 15).  Anal- Having  surveyed  all  optimally  (L^iJ  and  subop- 

yses  D  and  E  were  performed  to  determine  the  timally  (L^+ ^3)  parsimonious  trees,  we  focused  on 

relative  contributions  of  vegetative  and  reproduc-  particular  trees  of  interest,  including  all  most  par- 

tive  characters  to  the  whole-plant  phylogeny  {ci,  simonious  trees  (MPT,  i.e.,  tree  of  length  L^J, 
Bateman  &  DiMichele,  1991),  and  to  assess  the  These  were  reprinted  with  APOLIST  (a  list  of  node 

likely  accuracy  of  phylogenies  based  on  the  partial  by  node  character  state  transitions)  and  CHGLIST 

plants  that  constitute  most  paleobotanical  "spe-  (a  list  of  character  by  character  state  transitions) 

cies."  Data  matrices  for  organ-species  phylogenies  for  full  interpretation  (e.g..  Figs.  6,  7).  Topologies 
are  much  easier  to  construct  than  those  for  whole-  of  potential  interest  longer  than  those  routinely 

plant  phylogenies,  given  the  difficuhy  of  correlating  surveyed  (i.e.,  longer  than  ca.  L^i,+^;  Fig.  7)  were 
vegetative  and  reproductive  organs. specified  using  the  TOPOLOGY  command  in  "user 

run 

After  some  experimentation,  we  developed  an  tree"  mode  (Swofford,  1985:  2.20-2.22). 

analytical  routine  that  was  applied  to  each  of  our  In  summary,  our  cladistic  analyses  were  exper- 

niain  groups  of  analyses  (A-D  above;  analysis  E  imental  sensu  Doyle  &  Donoghue  (1986b).  The 

generated  more  equally  most  parsimonious  trees  basic  philosophy  of  this  approach  was  well  sum- 

than  PAUP  2.4  can  store).  In  each  case,  an  initial  marized  by  Johnson  (1982)  and  Bryant  (1989: 

nd  all  equally  218):  "Parsimony  determines  the  order  by  which 
most  parsimonious  topologies  by  branch-and-bound,  viable  hypotheses  should  be  tested;  one  starts  with 

and  the  combination  of  the  OPT=MINF  optimi-  the  simplest"  (our  italics).  Alternative  hypotheses 

zation  algorithm  and  APOLIST  print  command  to  are  then  considered  in  order  of  increasing  corn- 

identify  the  putative  location  and  direction  of  each  plexity  until  a  self-imposed  threshold  is  reached, 

character  state  transition.  Having  thus  determined  In  contrast,  nonexperimental  cladistic  studies  both 

^he  length  of  the  shortest  tree(s)  (L„^),  we  then  start  and  finish  with  the  simplest, 

reanalyzed  the  data  matrix  by  replacing  the  BANDB 
command  with  BB  =  'X\  where  'X*  was  one  step 
longer  than  the  shortest  tree  (i.e.,   L^^,).   This 

SPECIES-LEVEL  RELATIONSHIPS 

Although  this  experimental  cladistic  study  was 
run 

and  L_..;  in  order  to  determine  the  number  of      aimed  primarily  at  elucidating  genus-level  
relation- min-(- 1 

topologies  of  length  L^^,,  the  total  number  of     ships,  we  chose  to  perform  our  analyses  at  the 

topologies  found  at  BB  =  L.=„  was  subtracted  from      species  level.  This  decision  partly  reflected  a  sub- 

sidiary interest  in  species-level  relationships,  but found L 

This  procedure  was  repeated  up  to  lengths  of  about  was  taken  primarily  because  species-level  OTUs 

^n+4  (depending  on  the  particular  submatrix  under  provide  a  test  of  the  presumed  raonophyly  of  gen- 

scrutiny).  Tree  number  increases  more-or-less  ex-  era.  Genera  can  then  be  re-delimited  if  necessary. 

ponentially  with  increase  in  length;  the  maximum  The  following  discussion  is  based  primarily  on  anal- 

<;apacity  of  PAUP  2.4  to  store  trees  (N  =  100)  is  ysis  A,  but  also  applies  to  analyses  B-D  (analysis 
soon  exceeded,  so  that  it  becomes  untenable  to 

Routinely  scrutinize  topologies  much  longer  than 

We  found  such  scrutiny  desirable  for  two  rea- 
sons. First,  we  wished  to  know  how  many  genus- 

'cvel  topologies  occurred  at  each  length,  as  opposed 
to  species-(OTU*)level  topologies  routinely  detect- 

E  produced  an  untenably  large  number  of  equally 

most  parsimonious  trees). 
Only  four  of  the  ten  genera  in  the  data  matrix 

are  represented  by  more  than  one  OTU  (Table  1): 

Sigillaria  (two  species),  Diaphorodendron  (three 

species),  Synchysidendron  (two  species),  and  Lep- 
idophloios  (three  species,  but  see  Appendix  ID). 
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•Hypothetical  Ancestor' 
[8  11   12  29  32  37  59  75] 

1  2  3  15  22  23  26  61 

51   63  72  74  76  81 

-3  83  85  87  103  106  109  112 

Paurodendron  fraipontii 
(93  96  98  101   108) 

Oxroad'ia  graciiis/sp.  nov. 
(77  95  97) 

Anabathra  pulcherrima 
(49  99  104) 

Chahneria  cormosa 

(5  9  21  24  92  102) 

SigWaria  approximata 
(89  91) 

StgUlaria  sp.  nov. 
(*) 

Diaphorodendron  sclerothum 
(4) 

Diaphorodendron  vasculare 

Diaphorodendron  phillipsn (36) 

Synchysidendron  sp.  nov (18  34) 

Synchysidendron  dicentricum (19) 

Hizemodendron  serratum 

Lepidodendron  hickit 
(46  78) 

Lepidophlobs  harcourtii 

(*) 

a 

Lepidophbhs  johnsont 

(*) 

Lepidophlohs  hallii (65) 
Figure  6.  Preferred  most  parsimonious  cladogram  for  analysis  A  (all  OTUs  and  all  characters).  Holapomorphies 

n-^T?  n  ""  ̂"^"^""^  brackets  below  the  hypothetical  ancestor,  and  autapomorphies  are  placed  in  parentheses  beloW 
UTUs;  an  character  state  transitions  on  terminal  branches  are  therefore  homoplastic.  Characters  that  experience 
reversal  are  underlmed  (with  a  minus  sign  where  a  reversal  occurs),  paraUeUsms  are  overlined.  Asterisks  indicate absence  of  character  state  transitions  at  specific  nodes. 

Each  of  these  four  genera  proved  very  robust  (i.e.,  ticum  is  very  poorly  resolved  (Fig.  6),  resting  en^ 
dismantling  each  genus  in  any  way  resulted  in  much  tirely   on   the   nonhomoplastic   synapomorphy  of 
longer  trees),  but  relationships  of  the  species  within  secondary  xylem  in  lateral  branches  (C30)  that 
at  least  two  of  the  genera  are  less  clear  (the  two  unites  D.  scleroticum  and  D.  vasculare  (Fig-  8d). 
spec.es  of  Sigillaria  and   Synchysidendron  re-  Treating  C30  as  a  synapomorphy  of  the  clade  and 
spectively  do  not  allow  multiple  topologies).  ^      r          *                            .v^. 

as  a 

ble 

rodendron  phiUipsii,  D.  vasculare,  and  D.  sclera- 
secondary  loss  in  D.  philUpsil  (a  tenaci'; 

hypothesis  more  consistent  with  stratigraphic  ev  • 

dence;  Fig.  3)  costs  only  one  extra  step  and  co  - 
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I 

I 

I 

I 

I 

I 

Hypothetical  AncGstor 
18  11   12  29  32  37  59 

M  51  ̂   72  73  74  76  80  81  90 

25  -26  28  48  52  53  64  68  70  84 

62  100  112 

Paurodendron  fraipontii 
(93  96  98  101    108) 

Oxroadia  gracilis/sp.  nov. 

(77  95  97) 

Anabathra  pulcherrima 

(49  99  104) 

Chahn&ria  cormosa 
(5  9  21   24  92  102) 

Sigilfaria  approxfmata 
(89  91) 

Siglllaria  sp.  nov. 

(*) 

Diaphorodendron  scferothum 

(4) 

Diaphorodendron  vasculare 

Diaphorodendron  phillipsii 

(36) 
Synchysldendron  sp.  nov. 

(18  34) 

Synchysldendron  dicentricum 

(19) 

Hizemodendron  serratum 

Lepidodendron  hhkif 
(46  78) 

Lepidophloios  harcourtii 

Lepfdophhfos  Johnsonii 

ophhios  hallii §1010 

(65) 

Figure  7.  Fully  annotated  cladogram  for  analysis  A  showing  alternative  generic  top 

«  differs  from  Figure  6  in  that  (1)  Paurodendron  is  a  sister  group  of  Oxroadia  (cost  ̂   two  steps),  (2)  Anabathra 
and  Chaloneria  form  a  clade  (cost  =  nil).  (3)  Sigillaria  and  Diaphorodendron  form  a  clade  (cost  «  one  step),  and 

(4)  Hizemodendron  and  Lepidodendron  sens.  str.  form  a  clade  (cost  =  five  steps).  Character  notation  follows  Figure  6. 

^pses  the  relationship  into  an  uninformative  tri- 
chotomy   (Fig.    8e).    This    polychotomy    was    a 

idophloios  hallii  and  L,  harcourtii  are  subtended 

only  by  homoplasies,  while  L-  johnsonii  is  not 

persistent  cause  of  trivially  muhiple  topologies  in      subtended  by  any  characters  (it  even  lacks  quali- 
lative  autapomorphies;  Fig.  6).  We  obtained  three 

equally  most  parsimonious  solutions  to  this  three- 

our  analyses  (see  Appendix  2). Th 

Native  Lepidophloios  species  is  obscured  by  exten-       taxon  problem  (Fig.  Sac).  The  first  (Fig.  8a)  links 

by  ambiguities      L.  johnsonii  and  L.  hallii  by  the  homoplastic  syn- 

aracters.  Lep-      apomorphy  of  a  filamentous  core  to  the  protostele 
impounded nussing 
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HC 
(*) 

a 

HL 

(65) 

-103 

JO 

(*) 

C 

PH 

(36) 

JO 

(*) 

HL (65) 

25  28  52  -57  64  84 

JO 
HC 

25  28  52  -57  84 

HC 

(*) 

HL 

(65) 

25  28  52  -57  64  84 

VA 

(*) 

sc 

(4) 

6  7  42  45 

(CI 6).  The  second  (Fig.  8b)  links  L.  johnsonii  and 
L.  harcourtii  by  the  homoplastic  synapomorphy 

of  a  glandular  periderm  (C47)  and  by  the  ostensibly 

nonhomoplastic  synapomorphy  of  arched  leaf  cush- 
ions (C64).  Unfortunately,  this  character  is  scored 

as  missing  for  L.  hallii  as  a  result  of  X-coding 
(Table  3)  and  can  therefore  be  treated  as  either 

apomorphic  or  plesiomorphic  during  optimization. 

As  a  result  of  inconsistent  replacement  during  op- 
timization, the  apomorphic  state  is  depicted  as 

characterizing  all  three  Lepidophloios  species  in 

Figure  8a  but  only  two  species  in  Figure  8b.  The 

third  topology  (Fig.  8c)  treats  C16  as  a  loss  in  L. 
harcourtii  and  C64  as  present  in  all  three  species, 

which  consequently  collapse  to  a  trichotomy. 

Given  that  all  three  solutions  are  equally  most 

parsimonious,  every  topology  that  differed  in  the 

positions  of  OTUs  other  than  Lepidophloios  spe- 

cies was  repeated  three  times  by  the  tree-building 

algorithm  to  accommodate  the  multiple  solutions 

to  the  Lepidophloios  problem  (hence  our  division 

by  three  of  the  algorithmically  determined  numbers 

of  species-level  topologies  to  yield  the  smaller,  more 

meaningful  values  listed  in  Table  4).  The  arrange- 

ment of  Lepidophloios  species  shown  in  Figure  oa 

best  fits  their  reported  sequence  of  relative  ap- 

pearance in  the  fossil  record  (Fig.  3);  on  the  basis 

of  this  weak  evidence,  it  was  preferred  when  se- 
lecting the  trees  shown  in  Figures  6  and  7. 

EXPERIMENTAL  CLADISTICS:  A  SURVEY  OF 

GENUS-LEVEL  TOPOLOGIES 

In  all  analyses,  Synchysidendron  and  Diapho- 

rodendron  sens.  str.  consistently  remained  united 

as  a  monophyletic  group  and  are  not  distinguished 

in  Figures  9  and  10.  Also,  the  following  discussion 

occasionally  refers  to  Synchysidendron  as  derived 

relative  to  Diaphorodendron  and  Lepidophloios 

as  derived  relative  to  Lepidodendron.  As  these 

pairs  of  genera  are  sister  groups  (Fig.  6),  these 

assertions  of  derivation  are  subjectively  impose 

by  us,  based  on  comparison  of  the  number  an 

inferred  evolutionary  significance  of  the  character state  transitions  supporting  each  genus. 

e 6  7  30  42  45 

Figure  8.  Poorly  resolved  relationships  between  spe- cies of  the  same  genus  (see  caption  to  Table  3  for  key 

abbreviations),  a-c  show  three  equally  parsimonious  (i' 
step)  solutions  to  the  three  taxon  problem  presented  by 

the  Lepidophloios  species,  d  and  e  show  two  solutions  o 

the  three  taxon  problem  presented  by  the  Diaphoroden- 
dron species  (d  =  7  steps,  e  =  8  steps).  Notation  large  y 

follows  Figure  6,  though  lines  below  character  number emphasizing  reversals  are  omitted. 



Table  4.  Comparison  of  cladistic  parameters  for  five  permutations  (A-E)  of  the  data  matrix  in  Table  3.  A  =  all  taxa  and  all  characters  included;  B  =  all  taxa 

included,  habit  characters  (C1-C7)  omitted;  C  =  Chaloneria  cormosa  omitted,  all  characters  included  (the  total  number  of  characters  declines  from  115  to  109  due 

to  the  elimination  of  C halo ner la's  six  autapomorphies;  also  one  former  synapomorphy  becomes  an  autapomorphy  o{  Paurodendron);  D  =  vegetative  characters  (Cl- 
C4,  C8-C72)  only;  E  =  reproductive  characters  (C5-C7,  C73-C115)  only.  For  numbers  of  trees,  the  initial  figure  is  the  number  of  species-level  topologies  of  that 
length,  the  figure  in  parentheses  is  the  number  of  genus-level  topologies  of  that  length,  and  the  figure  in  square  brackets  is  the  cumulative  total  of  genus-level  tree 

topologies  (ND  =  not  determined).  Figures  for  topologies  longer  than  L^+,  may  be  Inaccurate,  as  it  was  not  feasible  to  screen  by  eye  large  numbers  of  trees  for 

transient  holapomorphies  and  transient  autapomorphies  (see  "Optimization,  character  states,  and  missing  values").  Strictly,  each  species-level  value  should  be  multiplied 
by  three  to  reflect  three  equally  parsimonious  solutions  to  the  relationships  of  the  three  species  of  Lepidophloios  (this  triangular  relationship  became  unreliable  in  all 

analyses  at  L^^J.  The  figure  for  analysis  E  remains  greatly  inflated  by  repeated  dichotomies.  Note  that  Hizemodendron  serratum  was  treated  as  a  new  genus  distinct 

from  Lcpidodendron  sens.  str.  when  calculating  the  genus-level  values.  Segregating  Synchysidendron  from  Diaphorodendron  sens.  str.  did  not  affect  calculation  of 
tree  numbers,  as  the  two  genera  consistently  behaved  as  a  monophyletic  group. 

Analysis 

Parameter A B C D E 

Number  of  OTUs  (excluding  HYAN) 
Total  number  of  characters 

Number  of  operational  holapomorphies 

Number  of  operational  species-level  autapomor 

phies Number  of  informative  characters  remaining 

(synapninnrphies  sens,  str.) 
Minimum  length  (L^;  steps) 
Consistency  index  at  L 
Number  of  trees  of  minimum  and  L 

near-minim!im  length 

16 
115 

8 
16 108 
8 

15 

109 8 

16 
69 

7 

16 

46 

1 

27 

25 

22 

11 

16 

80 

128 
75 115 

79 

121 

0.625 3      (3) 

[3] 
14   (11)  [11] 
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62   (ND)  [ND] 

134   (ND)  [ND] 

2 

9 

0.652 

(2)      [2] 
(7)      [7] 28     (18)    [18] 

70     (ND)  [ND] 
133     (ND)  [ND] 

1 
3 
5 

0.653 
(1)  [1] 

(2)  [2] 

(4)  [5] 14      (10)    [11] 
32      (ND)  [ND] 
51      (ND)  [ND] 

51 

77 

0.662 

2      (2)      [2] 

13   (11)    [11] 
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Figure  9  Generic  topologies  of  analysis  A  at  L^  (a-c)  and  L^,^,  (d-k)  (see  caption  to  Table  3  for  key  to 
abbreviations).  For  analysis  B  (habit  characters  omitted),  a  and  b  occur  at  U,  and  c-f.  h  at  L_^i  (the  relationsbp 
between  Chalonena  and  Anabathra  became  unresolved  in  c).  For  analysis  C  {Chaloneria  omitted),  only  single  genenc 
topologies  occur  at  L_  (that  seen  in  a-c  less  Chaloneria)  and  at  L_^,  (that  seen  in  eg).  1  is  a  strict  consensus 
tree  tor  analysis  A  at  L_^„  analysis  B  at  L_^„  and  analysis  C  at  1^^,^,  (less  Chaloneria),  Synchysidendron  and 
Uiaphorodendron  are  not  distinguished  in  Figures  a-g  as  they  consistently  behave  as  sister  groups.  All  character 
mformation  is  omitted,  <^  j  j  or 

Analysis  A  (all  OTUs  and  all  characters  includ- 
ed) .  Analysis  A  yielded  three  equally  most  parsi- 

monious trees  (MPTs;  Fig,  9a-c)  that  unite 
Oxroadia  and  Paurodendron  as  a  basal  clade.  The 
preferred  most  parsimonious  tree  (PMPT)  depicts 
the  remaining  genera  as  a  perfectly  nested  se- 

quence of  increasingly  apomorphic  OTUs  (Figs.  6, The 
immediat 

MPT  (Fi. 
belo 

and  is  united  with  Anabathra  to  form  a  mono- 
phyletic  clade  in  the  third  MPT  (Fig.  9b)- 

Decreasing  the  level  of  parsimony  by  adding  on 

step  (L__,,)  yields  another  eight  generic  topologi^ 

(Fig.  9d-k).  Three  of  these  unite  Sigillaria  with 

Diaphorodendron-Synchysidendron  (Fig.  ve-gA 

otherwise  repeating  the  three  possible  relationship 

between  Chaloneria  and  Anabathra  seen  in  Figure 

9a-c.  Four  others  dissociate  the  Oxroadia-raU' 

rodendron  clade,  so  that  each  arises  directly  tr^ 

the  major  axis  (Fig.  9d,  h-j);  three  of  these  (Fig- 
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I 

9h-j)  also  involve  changes  in  the  relative  positions  tree,  between  OxroadiaPaurodendron  and  An- 
of  Anahathra  and  Chaloneria.  It  is  then  equally  abathra^  or  it  can  be  appended  to  Anabathra  to 
parsimonious  to  have   Oxroadia  (Fig.   9d,  j)  or  yield  a  more  innovative  topology. 
Paurodendron  (Fig.  9h,  i)  as  the  basal  OTU  of  the  A  strict  consensus  tree  (Nelson,  1979,  1983) 

tree.  The  eighth  topology  unites  Sigillaria  and  at  L^in+2  (analyses  A,  B)  or  L^^^  (analysis  C),  has 
Chaloneria,  linkine  both  to  Anabathra  to  form  a 

substantially  different  topology  (Fig.  9k). 
AtL unite 

only  four  nodes  (Fig.  91);  only  Oxroadia  and  Pau- 
rodendron (at  the  base  of  the  tree),  Diaphoro- 

dendron  and  Synchysidendron,  and  Lepidoden- 

Sigillaria^  others  allow  the  exchange  of  Hizemo-  dron  and  Lepidophloios  (at  the  apex)  are 

dendron  and  Sigillaria  across  Diaphorodendron—      consistently  conjoined  and/or  juxtaposed. 
Synchysidendron  (of.  Fig.  9a),  The  putative  Sig-        .      ,     .     r^    /  u   i^Trr  .   .•         l i;     .      j^.      ,         ,      J  o        f      .  r     T         11        Analysis   D    (all   UluSy    vegetative   characters 
lUana-JJiaphorodenaron-bynchysidendron  clade  i   \    nn  c        i  iv/rpT  f  i     ■    n  /r* 
can  be  placed  above   Hizemodendron.   Alterna- 

ly)  .  The t immediately 

connec 
10a,    11)  is  pectinate  (each  genus  is 

directly  to  the  major  axis)  and  differs  substantially 

immediat 

genera  can  form  a  sister  clade  to  Hizemodendron 

abathra  allows  the  Sigillana-Diaphorodendron-  p  ,  c        ̂   h^tit^    r        i  k    n  /         i 
o       r        1      1  .    .         ,       .  ,  ,  from  the  preferred  Mr  1  of  analyses  A-L  (see  also 
oynctiysidendron  clade  to  be  situated  between  or  „  ■«  ̂ .,,.  ,    ,     inm\    r      -j  ̂      j  j Bateman  &  DiMichele,  1991).  Lepidodendron  and 

Lepidophloios  remain  linked  at  the  top  of  the  tree, 

f  ̂ ^.  ,    7     J         r      •  1      T  I   .         .  ,  -  1    ̂ 7    I  but  two  pairs  of  adjacent  branches  are  transposed 
i-epidodendron-Lepidophloios,  either  yf\\h  Chal-  .^.    ...    \  ,   n-      i.       j     ̂          c.  ̂ ^a,     j^^ 

'.       .      ,      ,      ̂    ,  o.    .«     .      T^.      I         I  (Sis^dlana  and  Diaphorodendron-bynchysiden- onena-Anabathra  and  bimllaria-Diaphoroden-  \  j      7     r  j  r-L    r         -  \   ̂ u     n         j 
jy.       Q       f      ,  J      J  ̂    ,  ^  dron,  Anabathra  and  Chalonena).  Ihe  Uxroad- 
^fon-a^yncnysidendron  as  sister  groups  or  as  a  .      „  ,      ,  1  j    •        r*  •  *    •♦   ^*'*   ̂   ♦ 
n*.cf^^     ̂   J     ////r..      /         7      1         o        ;      'J  ia-Pau/-ocfe/i<froAi  clade  IS  spht  mto  Its  constituent nested  clade  ({{{Diaphorodendron-bynchysiden'  .      -     ,.,r    _    o^«^,  oiUr  r^o,.c;^^ 
drnr^\  <^;^7/     '  \   A      I.     L     \  nu    1         ■  \  genera,  each  of  which  forms  an  equaUy  parsimo- aron)  bigillaria)  Anabathra)  Chalonena).  ° 

d) 

(all  OTUs 
nious  sister  group  to  the  rest  of  the  ingroup  (Fig. 

10a,  b).  Hizemodendron  is  sister  group  to  the  most 

derived  genera  Lepidodendron  and  Lepidophloios 

identical  to  two  of  the  three  MPTs  of  analysis  A      in  the  preferred  MPT  of  analysis  A  (Fig.  9a),  but 

(Fig.  9a,  b).  Five  additional  topologies  occur  at      is  derived  relative  only  to  Oxroadia  and  Pauro- ^^ffiin 

line 
umte 

f) 

dendron  in  the  preferred  MPT  of  analysis  D. 
All  of  the  variation  among  the  eight  additional 

generic  topologies  at  L^^+i  occurs  below  Diapho- 

rodendronSynchysidendron  in  the  tree,  indicat- 

sociation  of  the   Oxroadia-Paurodendron  clade      ing  that  the  more  apomorphic  portion  of  the  tree 
(Fig.  9d,  h).  At  L 

'min  +  29 

.     ,   ^^,,  Chaloneria  can  be  united      is  the  most  robust.  An  unresolved  trichotomy  re- 

with  Sigillaria,  Hizemodendron  and  Sigillaria  places  the  Oxroadia- Paurodendron  clade  (Fig. 

can  be  transposed  across  Diaphorodendron-Syn-  10c).  The  remaining  topologies  place  Anabathra 

f^hysidendron,  and  the  putative  Diaphoroden-  he\oyi  Chaloneria  {Y'lgAO^-^  or  nnWe  Anabathra 

dron-Synchysidendron-Sigillaria  clade  shown  in      and  Chaloneria  as  a  separate  clade  (Fig.  lOg-j). 
Hizemodendron  is  the  least  stable  genus;  it  can igure 

below  Anabathra  and  Chaloneria,  All  topologies 
found  in  analysis  B  at  L^+2  ̂ ^re  also  found  in 
analysis  A  at  L 

abo 

'inin  +  2' d) 

(Chaloneri 

h,  j)  Anabathra  and  Chaloneria.  In  the  most  rad- 
ical topology,  Hizemodendron  is  the  sister  group 

of  Anabathra  and  Chaloneria,  together  forming 

a  separate  clade  (Fig.  lOk). 
  ^y  .    xxit;  Willy   IVII    1    llUill  iiiiciiyoia  v^  a*e*^»v«^ 

deletes  Chaloneria  from  the  preferred  MPT  of     Analysis  E  (all  OTUs,  reproductive  ch 

:ters 

only)  ,  In  contrast  with  the  other  analyses,  it  was 

not  possible  using  PAUP  2.4  to  store  and  thereby 
screen  all  810  MPTs  for  analysis  E  (270  trees,  if 

the  equally  most  parsimonious  solutions  to  the  Lep- 

  o  lumber 

^ow  a   Sigiilaria-Diaphorldendron-Synchysi- 

d^ndron  clade,  either  below  (L_+i)  or  above  (L^+2) 
^^^cmodendrony  and  disaggregation  of  the 
O'^roadia-Paurodendron  clade  (L^+J.  The  range 
of  topologies  substantially  increases  at  L^+3-  Once 
^gain,  Sigillaria  and  Hizemodendron  can  be  ex- 

changed across  Diaphorodendron^Synchysiden-      chotomies  and  conceals  a  much  smaller  number  of 

^^oa,  A  putative  Sigillaria-Diaphorodendron-         '  '  "     '"^        '  '  *  '    " 
^y^<^hysidendron  clade  can  be  placed  low  in 

idophloios  species  relationships  are  ignored). 

Available  evidence  suggests  that  the  number  of 

MPTs  was  grossly  exaggerated  by  repeated  poly- 

substantially  different  topologies,  A  representative 

the      and  fully  annotated  MPT  is  shown  in  Figure  12a 

J 
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carft!on  toT  Kl  ̂ ^/"t"'  topologies  of  analysis  D  (vegetative  characters  only)  at  L^„  (a,  b)  and  L^.,  (c-k).  (See caption  to  1  able  3  for  key  to  abbreviations.)  Only  those  portions  of  trees  that  differ  from  the  preferred  most  parsimonious tree  (a)  are  shown,  and  all  character  information  is  omitted. 

tree 
of 

Unlike  analyses  A-D,  the  relationship  between  the  dient  of  this  increase  provides  an  estimate  (albeit 
tour  most  primitive  OTUs  is  unresolved,  as  are  the  crude  and  dependent  on  matrix  size)  of  the  relative 
relationships  between  (1)  the  three  species  oi  Dia-  resolution  of  different  data  matrices;  more  confi- 
phorodendron  sens,  str.,  and  (2)  Hizemodendron  dence  can  be  placed  on  a  most  parsimonious 
and  Lepidodendron.  The  most  radical  innovation      from  a  matrix  that  yields  few  alternative  trees 

optimal  or  near-optimal  length  (more  rigorous,  sta- 
tistical methods  are  now  avaOable  for  determining 

confidence  limits  of  specific  topologies;  e.g-i  *^' 

senstein,  1985;  Archie,  1989b;  Sanderson,  1989). 

For  our  data,  the  complete  data  matrix  (analysis 

A)  provides  a  yardstick  by  which  to  measure  the 

relative  resolution  of  analyses  based  on  selective!) 

is  the  depiction  of  Lepidophloios  as  polyphyletic; 
the  relatively  primitive  L.  harcourtii  is  separated 
from  L.  johnsonii  and  I.  hallii  by  Lepidodendron 
and  Hizemodendron,  Restoring  Lepidophloios  to 
monophyly  costs  one  additional  step  (Fig.  12b). 

Methodological  conclusions.  For  any  cladistic  ma- f^;-«-     «-««  •  -  *wx«viT^  A^;5^jiuLHJii  ui  analyses  ua:^^^  ^x^  ^ — 

It";  ̂'T  MpV""?^  ""'''''  ̂   ̂""^'^  ''^-  ̂ ^^-«d  permutations  of  the  matrix  presented  in 
ative  to  the  MPT  result  m  a  rapid  increase  in  the  Table  3  (i.e.,  analyses  B-E).  Omitting  the  fiv« 
number  of  topolog.es  obtamed  (Table  4).  The  gra-      synapomorph  c  habh  characters  (analysis  B)  yield- 
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Figure  1 1 .      Preferred  most  parsimonious  cladogram  for  analysis  D  (vegetative  characters  only).  Character  notation 
follows  Figure  6,  OTU  notation  follows  Table  3. 

n^  L„.„+i  and  slightly      E  yielded  270  equally  most  parsimonious  trees,  all 

suni 

ed  fewer  topologies  of  length  L„_   
increased  the  consistency  index  (Table  4).  Omitting  containing  at  least  one  polychotomy.  Thus,  it  is 

Chaloneria,  the  least  stable  OTU  (analysis  C),  in-  tempting  to  argue  that  vegetative  characters  are 

  ar  amount  more  phylogenetically  informative  (i.e.,  less  ho- 

to  that  of  analysis  B  and  generated  an  even  more  moplastic)  than  reproductive  characters,  but  levels 

*ijghly  resolved  set  of  trees  that  included  only  one  of  homoplasy  are  very  similar  in  the  MPTs  of  the 

"lost  parsimonious  topology  (Fig.  9a).  vegetative  and  the  reproductive  submatrices  (con- 

Substantially  reducing  the  size  of  the  data  matrix  sistency  index  values  =  0.66  and  0.67  respec- 

analyzed  by  including  only  vegetative  characters  tively;  Table  4).  Rather,  the  crucial  difference  ap- 

(analysis  D)  or  only  reproductive  characters  (anal-  parently  lies  in  the  diflFerent  sizes  of  the  submatrices, 

ysis  E)  also  increased  consistency  index  values  rel-  which  are  reflected  in  different  values  for  the  av- 

ative  to  those  of  analysis  A.  However,  in  contrast  erage  number  of  synapomorphic  character  states 

>vith  analyses  B  and  C,  analyses  D  and  E  yielded  per  OTU:  3.2  in  analysis  D  and  1.8  in  analysis  E. 

less  resolved  sets  of  topologies  (Table  4).  Analysis  For  the  preferred  MPT  of  our  complete  matrix, 

D  provided  acceptable  results  (Fig.  10),  but  analysis  the  number  of  steps  per  synapomorphy  (1 .6)  and 
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Figure  12.      a.  Preferred  most  parsimonious  cladogram  for  analysis  E  (reproductive  characters  only).  Character tation  follows  Figure  6,  OTU  notation  follows  TaWp  '^    1.    T^^^;«^i  — ^*;   f  „«  «u^,.r.ot;^*.  tnnnloffv  at  Ld«+i* 
notation 

HYPOTHESES 

OF  GENERIC  RELATIONSHIPS 

the  resulting  consistency  index  (0.63)  are  average 
relative  to  those  of  other  cladistic  data  matrices 
containing  similar  numbers  of  OTUs  (the  main 
variable  influencing  consistency  index  values:  cf,   

figs.  2a  and  3  of  Archie,  1989a;  fig.  lb  of  San-  above  are  best  assessed  by  examiliing'^the  optimiz derson  &  Donoghue,  1989),  Thus,  we  suggest  that  distributions  of  character  state  transitions  across 

for  a  data  matrix  of  average  homoplasy  (as  here),  the  trees  and  subjectively  estimating  the  probabil- 
there  is  a  threshold  of  minimum  empirical  support  ities  of  alternative  evolutionary  scenarios  for  par- r2-3  svn.nnmnrn>,;.c  ...  nTTT^  u.i   ^...      ^y,  ̂ j^^^^  ̂ ^^^^  ̂ ^  characters.  To  this  end,  many  ol 

ibed ed below 

fuUy  dichotomous  trees  caimot 
imally  parsimonious 

expected  (see  also  Felsenstein.   1985;  Guyer  &      obtained  during  the  topological  survey  of  analysis Slowinski,  1991). 

summarized  in  a  single  fully  annotated 
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(Fig.  7),  to  enable  comparison  with  the  preferred       be  false  if  the  V-shaped  leaf  trace  of  Sigillaria 
_    .   /T7_'_     £.\  __jj__i_    _    •_:   M.1   r   M.   X   1   „*   1^ 

most  parsimonious  tree  (Fig.  6). 

Oxroadia  and  Paurodendron,  Oxroadia  and  Pau- 

rodendron  share  only  two  synapomorphies  (Fig. 

6).  Both  are  nonhomoplastic  and  describe  echinate 

distal  and  proximal  surfaces  of  microspore  exines 

(Clll,  CI  15).  Disaggregating  this  clade  induces 

reflects  origination  from  two  protoxylem  strands^ 

and  the  abaxial  grooves  may  be  developmentally 

related  to  leaf  trace  morphology.  Anabathra  is 

united  with  Chaloneria  and  Sigillaria  on  the  basis 

of  two  homoplasies  reflecting  habit:  the  trunk  pos- 

sesses an  apex  that  shows  little  if  any  branching 

(C3)  and  bears  lateral  branches  and /or  cones  (C6; 
parallelism  in  these  characters,  at  the  cost  of  one       ̂   character  that  could  not  be  coded  for  the  branch- 
step  (Fig.  7).  Given  that  echinate  microspore  exines       j^^^  ̂ ^^^  coneless  Chaloneria).   Both  states  also 
could  be  regarded  as  a  single  character,  the  status 

of  these  two  genera  as  a  monophyletic  group  may 

be  even  less  well  supported  than  parsimony  sug- 

characterize  Diaphorodendron  (Fig.  6). 

Diaphorodendron    and    Synchysidendron.    The 

gests.  A  phylogenetic  study  focusing  specificaUy  on  distinction  between  the  s
egregate  Synchysiden- 

these  and  other  similarly  primitive  genera  is  re-  dron  {S.  dicentricum  and  Sy
nchysidendron  s^. 

quired  to  resolve  this  ambiguity.  nov.)  and  the  three  species  of  Diaphorodendron 

sens.  str.  is  well  supported  (Fig.  6),  the  former  by 

Anabathra  and  Chaloneria,  Topologies  treating       seven  synapomorphies  (four  nonhomoplastic)  and 

group  as  paraphyletic  (Fig.  6)  or  as  a  mono-       the  latter  by  four  synapomorphies  (two  nonhomo- 
this 

These 

sens 

phyletic  clade  (Fig.  7)  are  equally  parsimonious, 

differing  only  in  the  distributions  of  a  few  homo- 
plasies. When  united,  the  genera  possess  only  two 

synapomorphies:  weakly  branched  or  unbranched  periderm  histology  (C42-C43),  reflect  two  sub- 

stantially different  growth  habits  (see  Evolutionary 

Patterns).  Nesting  Synchysidendron  within  Dia- 

lat.  (C3,  C6-C7,  C74),  leaf  base  retention 

(C44-C45),  stele  histology  (CI 7,  C20,  C31),  and 

trunk 

trunks 

little  or  no  branching  are  depicted  as  homoplastic,  phorodendron  requires  a  minimum  of  four  extra 

also  occurring  in  Sigillaria   and   Diaphoroden-  steps  in  analyses  A,  C,  and  D,  and  three  extra 

dron.  Angle  of  leaf  attachment,  a  character  prone  steps  when  habit  characters  C1-C7  are  omitted 

to  ontogenetically  related  variation  and  ecopheno-  (analysis  B).  Placing  the  genera  on  separate  ter- 

typic  modification,  is  represented  as  a  parallel  trait  ̂ inal  branches  is  even  less  parsimonious.  Ahhough 

in  Paurodendron  and  Hizemodendron.  Thus,  ev-  there  is  little  doubt  that  Diaphorodendron  sens, 

idence  for  an  ̂ na6a/;ira-C/iaZo/ieria  clade  is  weak.  lat.  (i.e.,  sensu  DiMichele,  1985)  is  monophyletic. 

Uniting  Anabathra  and  Chaloneria  affects  op- we believe  that  the  differences  between  the  two 

timized  character  state  transitions  elsewhere  in  the       monophyletic  groups  of  species  that  it  contains  are 

sufficiently  profound  to  warrant  segregation  of 
 the 

unbranched 

perceived  as  reversed  in  Synchysidendron  and  in       new  genus,  Synchysidendron  (Appendix  IC) 

the  Hizemodendron-Lepidodendron-Lepido- 
phloios  clade,  but  in  Figure  7  this  character  state Sigillaria  and  Diaphorodendron   Synchys

iden- 

dron. Sigillaria  and  Diaphorodendron-Synchy- 
•    .     .       ,       '  ^  .      ̂       f      L  dron.  ̂ >igiuariu  anu  /r<c*y,r...     „^..-.-_^ 

^depicted  as  a  paraUel  acquisition  m  Anabathra-       ^.^^^^^^^  ̂ .^  empirically  the  best  supported  of  all 
Chaloneria,  Diaphorodendron,  and  Sigillaria.  The 

absence  of  a  ligule  cavity  (C60)  in  Anabathra  is 

a  plesiomorphy  in  Figure  6  but  a  reversal  in  Figure 
7.  Missing  values  for  C33  (secretory  intracortical 

leaf  sheaths)  and  C73  (branch  gap  associated  with 
peduncle)  in  Chaloneria  allow  these  characters  to 

^  optimized  as  aporaorphic  in  Figure  6  (despite 
the  absence  of  a  cone  in  Chaloneria)  but  plesiomor- 
phic  m  Figure  7. 

Anabathra,  Chaloneria,  and  Sigillaria.  In  anal- 
yse A,  these  genera  formed  a  clade  at  L^+i  (Fig- 

9k).  Chaloneria  and  Sigillaria  are  united  by  two 
nonhomoplastic  character  states,  fusiform  rootlet 

«aps  (CIS)  and  V-shaped  leaf  traces  (C69),  and 

h  the  homoplasy  of  abaxial  grooves  in  the  leaf 

1^70).  The  apparent  synapomorphy  for  C69  may 

the  clades  under  scrutiny;  Sigillaria  is  supported
 

by  14  characters  (six  nonhomoplastic),  an
d  Dia- 

phorodendron-Synchysidendron  by  
15  charac- 

ters (nine  nonhomoplastic).  Uniting  Sigillaria  
with 

Diaphorodendron  Synchysidendron  add
s  only 

one  step  and  transforms  two  reproducti
ve  char- 

acter states  from  parallelisms  into  nonhomoplastic 

synapomorphies:  short,  horizontal  ala
tions  on  the 

megasporophyll  pedicel  (C82),  and  
crassitude  mi- 

crospore laesurae  (CI 07).  Balancing  these  gains, 

homoplasy  is  induced  by  losses  in  th
ree  character 

states:  the  presence  of  a  lower  keel  
on  the  leaf 

cushion  (C55),  germination  of  megasp
ores  within 

the  sporangium  (C80),  and  reduct
ion  of  viable 

meeaspores  to  one  per  sporangium  (C90,
  a  logical 

functional  correlate  of  C80).  Although  
Figure  7 

i 
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rtrays  these  character  state  transitions  as  re-  of  infrafoliar  parichnos  from  a  nonhomoplasticsyn- 
versals  in  Sigillaria,  they  are  more  likely  to  rep-  apomorphy   of   Lepidodendron   and   all   Lepido- 

resent  parallel  acquisitions  in  Diaphorodendron-  phloios  species  (Fig.  6)  to  a  parallelism  of  Lepi- 
Synchysidendron  and  in  the  more  derived  Hize-  dodendron  and  Lepidophloios  hallii  oniy  {Fig.  7). 
modendron-Lepidodendron-Lepidophloios  clade  Similarly,  a  missing  value  in  Hizemodendron  for 
(loss  of  these  traits  in  Sigillaria  would  probably  multizoned  periderm  (C39)  allows  the  genus  to  be 
confer  a  severe  competitive  disadvantage).  As  all  plesiomorphic  for  this  character  in  Figure  6  but 
five  of  the  above  characters  are  considered  poten-  apomorphic  in  Figure  7. 
tially  homoplastic,  the  possible  monophyly  of  Sig- However,  the  most  deleterious  consequence  of 

illaria-Diaphorodendron-Synchysidendron    re-      uniting  Hizemodendron  and  Lepidodendron  is  tbe 
mains  equivocal. 

generation  between  Lepidodendron  and  Lepido- 
Differential  optimization  alters  perceptions  of  />A/oio5  of  five  vegetative  parallelisms:  discernable 

evolutionary  patterns  of  three  other  characters  in  protoxylem  ridges  on  the  stele  (C26),  resinous  peri- 
Figure  7.  The  first  is  stem  apical  branching  (C3,  derm  (C48),  tangentially  elongate  leaf  cushions  on 
already  discussed  under  Chaloneria-Anahathra),  twigs  (C53),  and  a  leaf  with  a  dorsiventrally  flat- 
and  the  remaining  two  describe  leaf  cushion  mor-  tened  vascular  strand  (C68)  and  lateral  abaxial 
phology.  In  Figure  6,  the  plicate  lower  field  (C57)  grooves  (C70).  The  overall  cost  to  parsimony  (five 

evolves    below    Diaphorodendron-Synchysiden-  steps)  appears  sufficient  to  reject  the  hypothesis  of 
dron  and  is  subsequently  lost  in  Lepidophloios,  monophyly.  Nevertheless,  treating  these  hypoth- 
whereas  in  Figure  7  it  is  represented  as  a  parallel  esized  character  state  transitions  as  reversals  in 

acquisition  in  Diaphorodendron-Synchysiden-  Hizemodendron  suggests  a  heterochronic  evolu- 
dron,  Hizemodendron,  and  Lepidodendron.  Sim-  tionary  mechanism  that  could  allow  monophyly  (see 
ilarly,  in  Figure  6,  the  upper  keel  evolves  below  Evolutionary  Patterns). 
Diaphorodendron-Synchysidendron  and  is  lost  in  ̂         .    i      ,                           t^               r          j*     nf 

Hizemodendron,  whereas  in  Figure  7  it  evolves  ̂ ^P'^odendron  sens.  lat.  Prior  to  the  studies  oi 

below  the  O.roadia-Paurodendron  clade  (despite  ""^'''i.^':.  <J '.'*'>;.'''':''"""  *  ?;S*  S 
the  absence  of  leaf  cushions  in  these  highly  ple- 

siomorphic genera)  and  is  independently  lost  in  „                                              ,       j  u     „«■ 

Sigillaria  and  Hizemodendron.  For  both  char-  ̂ ^^'^^'^^^J   preserved   genera   analyzed  by  u  . 

acters,  the  optimizations  in  Figure   6   are  more  ̂ ^f  dodendron  sens,  str.,  f^^'^.^^^^"'^'"''"' ^' , 
phorodendron,    and    bynchysidenaron,    rortui^ 

these  four  genera  into  a  single  clade  representing 

Hizemodendron  and  Lepidodendron.  As  depicted  ""^^  traditional  concept  o
f  Lepidodendron  (not  3- 

in  Figure  6,  the  branches  immediately  subtending  ̂ ^^^^^^ed)  cost  nine  additional  steps  and  reveaJ 

Hizemodendron  and  Lepidodendron  share  only  ""^^  °"^  synapomorphy  uniting  the  cla
de:  a  puc 

one  character  state  transition:  the  loss  of  secretory  ̂ °^^''  ̂ ^^^  ̂ °  "^^  ̂^^^  ̂ ^'h^°"'  ̂ ^\^,p!!  'pT''^) 

intracortical  leaf-trace  sheaths  (C33).  The  other  "^  Lepidophloios  in  the  preferred  UVl  ̂ ng-    / 

and    DiMichele    &    Bateman    (1992),    'Lepido- 

dendron    sens.    lat.    encompassed    four    of  the 

mtuitive. 

four  characters  that  support  the  Hizemodendron In  contrast,  five  nonhomoplastic  synapomorphies 

Lepidodendron  clade  in  Figure  7  are  aU  paraUel-      ̂ ^  ̂'S^re  6  are  rendered  homoplastic:  short, 

isms.  Three  describe  microspore  equatorial  (C103)      ̂ ^^gasporophyll  alations  (C83)  and  bUaterally 

and  contact  face  (C109,  CI  12)  ornamentation  and      ̂ ^""^^  ̂ ^^^^^  ̂ '^^^^^  dehiscent  (C87)  ̂ ^gf  P^' 
are  homoplastic  among  Lepidophloios  species. 
Their  frequencies  and  distributions  differ  between 
topologies,  due  to  inconsistent  optimization  of  miss- 

ing values.  These  characters  are  more  appropri- 

gia  are  lost  in  Diaphorodendron-SynchysK^^^' 

dron,  and  zoned  periderm  (C39)  and  infrafobar 

parichnos  (C62)  become  parallelisms  in  Lepido- 
dendron and  some  Lepidophloios  species  a — o         '   ^.*«..«.x^»v..o  «i^  iiHji^  appiupii-  '         '  •     fii     latter. 

ately  treated   as  reversals  within  Lepidophloios  ""^^"^^  ""^  ambiguous  missing  values  in  tne     ̂ ^^ 

(Fig.  6)  than  as  paralleUsms  in  Lepidophloios  and  Moreover,  homoplasy  is  increased  '«  other  c 

Hizemodendron-Lepidodendron  (Fig.  7).  In  Fig-  ̂ ^^^""^  already  depicted  as  homoplastic  in  fig  ̂  

ure  6,  the  fourth  character  state,  plication  of  the  ̂-  ̂ ^  conclude  that  'Lepidodendron   sens,  a  • 

lower  field  of  the  leaf  cushion  (C57),  originates  ̂ '^^""^y  «  paraphyletic  group. 
below  Diaphorodendron-Synchysidendron  and  is 
reversed  in  Lepidophloios.  In  Figure  7,  this  char-  Multivariate  Analysis 
acter  state  originates  twice,  in  Diaphorodendron 
Synchysidendron  and  in  Hizemodendron  (a  less 
probable  scenario).  Missing  values  allow  demotion 

In  order  to  examine  patterns  of  morpholog' 
variation  free  from  the  rigid  constraints  imp 

by  cladistic  nested  hierarchies,  we  subjected 
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cladistic  data  matrix  (Table  3)  to  multivariate  anal- 

ysis. A  value  of  zero  or  unity  was  substituted  a 

priori  for  each  missing  value  according  to  optimized 
distributions  of  character  state  transitions  in  the 

preferred  most  parsimonious  cladogram  (Table  3 

subscripts,  Fig.  6).  The  resulting  uniformly  binary 
matrix  allowed  generation  of  a  symmetrical  matrix 
comparing  OTUs  without  a  priori  standardization, 

simply  using  the  number  of  character  state  conflicts 

(i.e.,  0  vs.  1)  as  a  direct  measure  of  dissimilarity 
between  pairs  of  OTUs.  The  dissimilarity  values 
were  used  to  construct  an  unrooted  minimum  span- 

ning tree  (Gower  &  Ross,  1 969);  links  m  the  tree 
represent  specific  sets  of  character  state  transitions, 

thus  contradicting  frequent  assertions  that  phenetic 
trees  inevitably  lack  such  information.  Also,  prin- 

cipal coordinates  (Gower,  1966)  were  calculated 
from  the  data  matrix  via  Manhattan  distances, 

using  unpublished  software  written  by  J.  Alroy. 
Holapomorphies  (which  are  invariant)  were  ex- 

cluded (as  in  cladistic  analysis),  but  autapomorphies 
contributed  to  both  the  unrooted  tree  and  the  or- 
dinati 

SYNS 

DISC -^  DIVA— 

SYDI 

14 

DIPH 
LSHL 

33 

SINS 

LSJO 
LSHC 

SlAP 

29 

LNHt 

21 

CHCO 
HZSE X 

ANPU 

a 
OXGR 

PNFR 

DIPH 

SIAP 

SINS 

SYDI 

HZSE 

DIVA 

DISC 

SYNS 

LNHI 

LSHL / 

LSJO 

\ LSHC 

PNFR 
CHCO 

b ion. OXGR 

Links  between  genera  on  the  minimum  spanning 

tree  (Fig.  13a)  represent  at  least  10  character 
conflicts,  those  within  genera  represent  no  more 
than  five.  The  21  conflicts  between  Hizemoden- 

^^on  and  Lepidodendron,  and  14  conflicts  be- 

tween Synchysidendron  and  Diaphorodendron, 

emphasize  the  need  to  segregate  these  new  genera      putatively  more  derived  Synchysidendron  giving 

Figure  13.  a.  Minimum  spanning  tree  (unrooted  phe- 
netic tree)  as  based  on  cladistic  data  matrix  (Table  3,  q.v. 

for  key  to  OTUs).  Links  represent  numbers  of  character 

state  conflicts.— b.  Alternative  links  that  are  almost  max- 

imally parsimonious;  additional  steps  relative  to  a  are 

marked. 

(Appendix  IC). rise  to  the  more  primitive  Diaphorodendron.  Pau- 

rboreous 

The  minimum  spanning  tree  resembles  the  pre-  rodendron  can  replace   Oxroadia  as  the  closer 

ferred  most  parsimonious  cladogram  (Fig.  6)  in  relative  of  Anabathra  at  the  cost  of  one  step, 

depicting  a  progression  from  Paurodendron  and  In  summary,  the  phenetic  trees  serve  primarily 

Oxroadia  through  Anabathra,  Hizemodendron,  to  emphasize  the  potentially  pivotal  role  of  Ana-^ 

and  Lepidodendron  to  Lepidophloios  (though  L.  bathra  i 
johnsonii  is  shown  as  ancestral  to  the  two  remain-  analyzed. 

"ig  species).  However,  Anabathra  is  also  depicted  The  first  three  principal  coordinates  (Fig.   14) 

as  the  ancestor  of  a  second  lineage,  consisting  of  account  for  an  unusually  large  proportion  (9 1  %) 

Chaloneria,   Sigillaria,    Diaphorodendron,   and  of  the  total  variance.  The  first  coordinate  separates 

Synchysidendron,  that  is  not  represented  among 
the  range  of  cladograms  shown  in  Figure  9.  This 

second  lineage  is  held  together  by  the  weakest  links  idodendron-lepidnphhios    from    the    bisporan- 

•n  the  tree  {Chaloneria-SigiUaria  =  29  conflicts,  giate-coned  group  of  Paurodendron   Oxroadia- 

^^S^llaria-Diaphorodendron  =  33  conflicts)  and  Anabathra-Chaloneria  (with  Hizemodendron  m- 

consequently  can  be  dissociated  at  the  cost  of  very  termediate),  and  the  appreciably  weaker  third  co- 

few  additional  steps  (Fig.  13b),  demonstrating  that 
these  genera  are  the  most  problematic  in  both  the 
cladistically  and  phenetically  generated  phyloge- 

Oiaphorodendron-Synchysidendron  from  the 

other  genera,  the  second  coordinate  separates  Lep- 

ordinate  separates  Sigillaria  (and,  to  a  lesser  ex- The 

  ^   „..^  l..iciicu^ciu_y  gci.o.aic;^  i,..,.^t,^  tetrahedral arrangement of  four cluslens (excluding 

"ies.  Attaching  Sigillaria  directly  to  Anabathra,  Hizemodendron),  separated  by  broad  morpholog- 

"•ather  than  via  Chaloneria,  creates  an  intuitively  ical  discontinuities,  underlines  the  distinctiveness 

"lore  credible  evolutionary  hypothesis  at  the  ex-  of  the  three  groups  of  monosporangiate-coned  trees 

Pense  of  two  steps.  Diaphorodendron  and  Syn- 
^hsidendron  can  be  attached  to  Hizemodendron 

«t  the  cost  of  only  one  step,  but  this  results  in  the      consequent  difficulties  of  revolving  iheir  phyloge- 

(Sigillaria,  Diaphorodendron-Synchysidrn- 
dron,    Lepidodendron   Lepidophloios)    and    the 
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relative  to  Diaphorodendron-Synchysidendron. 
The  genera  whose  positions  differ  most  between 
the  reproductive  and  vegetative  cladograms  are 

the  bisporangiate-coned  tree  Anahathra,  which  is 

reproductively  plesiomorphic  and  vegetatively  apo- 

morphic,  and  the  monosporangiate-coned  pseu- 
doherb  Hizemodendron^  which  is  reproductively 

apomorphic  and  vegetatively  plesiomorphic  (see 
also  Bateman  &  DiMichele,  1991). 

Thus,  monosporangiate  cones  (Fig.  12)  and  the 

tree  habit  (Fig.  11)  cannot  both  be  nonhomoplastic, 

though  a  full  analysis  using  vegetative  and  repro- 
ductive characters  together  could  have  yielded  a 

compromise  solution  involving  homoplasy  in  both 

Figure  14.     Principal  coordinates  ordination  of  the  '""^'  °^  characters.  In  fact,  although  its  topobgy 

OTUs,  based  on  Table  3  (q.v.  for  OTUs).  Only  genera  differs  in  detail  from  those  of  analyses  D  and  E, 
are  labeled.  Two  Diaphorodendron  species  are  indistin-  the  preferred  MPT  for  analysis  A  (all  characters 
guishable  on  the  first  three  coordinates.  and   OTUs;   Fig.   6)  more   closely   resembles  the 

exclusively  reproductive  cladogram  (Fig.  12)  than 

netic  relationships  relative  to  each  other  and  to  *^^  exclusively  vegetative  cladogram  (Fig.  H);  
in 

Anahathra,  their  most  likely  sister  group.  particular,  the  monosporangiate-coned  clade  is  re- 
tained  at  the  expense  of  depicting  the  tree  habit 

EVOLUTIONARY  PATTERNS  AND  PROCESSES  *^  homoplastic. 

The  two  subsections  that  follow  discuss  in  greater 
Overall  trends.  Much  of  the  variation  among  ar-  detail  the  reproductive  and  vegetative  trends,  fo- 
borescent  lycopsids  can  be  resolved  into  a  vege-  cusing  on  the  functional  morphology  and  adaptive 
tative  trend,  reflecting  in  particular  morphological  (or  nonadaptive)  significance  of  specific  character 
and  anatomical  expression  of  different  growth  ar-  states,  before  returning  to  the  evolutionary  impli- 
chitectures,  and  a  reproductive  trend,  representing  cations  (and  limitations)  of  the  preferred  whole- 
increasingly  sophisticated  reproductive  strategies.  organism  cladogram. 
The  phylogenetic  analyses  show  that  the  two  trends 

are  not  entirely  concordant;  the  preferred  MPTs  Reproductive  morphology.  Reproductive  char- 
using  vegetative  characters  only  (analysis  D;  Fig.  acters  proved  to  be  of  little  value  in  elucidating 
1 1)  and  reproductive  characters  only  (analysis  E;  phylogenetic  relationships  within  the  plesiomorphic 
Fig.  1 2)  have  substantially  different  topologies.  The  group  of  bisporangiate-coned  OTUs,  which  differ 
foUowing  discussion  of  these  trends  emphasizes  primarily  in  autapomorphic  spore  character  states 
characters  for  which  we  developed  strong  (often  a  (Fig.  12).  Careful  revision  of  bisporangiate  cones 
prion)  hypotheses  of  high  burden  and  pays  partic-      is  desirable,  to  search  for  potential  synapomorphies 

less  inclusive  than  the  entire  group.  It  is  particu- 

larly important  to  understand  the  ontogeny  an" 

reproductive  biology  of  the  bisporangiate  cones  in 

order  to  determine  how  they  coiJd  have  given  rise 

to  monosporangiate-coned  descendants.  All  bispO' 

ular  attention  to  the  relative  temporal  order  of 
appearance  of  apomorphic  states  of  different  char- 

acters (e.g.,  Donoghue,  1989). 
MPT 

productive 

bisporang.ate-coned    genera    [Paurodendron,      rangiate  cones  have  apically  concentrated  micro- 
Oxroadia,  Anabathra,  Chaloneria)  from  the  five      sporangia  and  basally  concentrated  megasporangia 
relatively  derived  genera  that  possess  a  suite  of      irrespectiveof  presumed  geotropic  orientation,  sug- 
characters  reflecting  the  developmental  partition-      gesting  a  shared  developmental  control  of  sporo- uig  of  mega-  and  microsporangia  into  monosporan-      genesis 
giate  cones  (Fig.   12).  In  contrast,  the  preferred  I„  contrast,  the  functional  morphology  of  re- MFl    of  analysis  D  (vegetative  characters  only) 
distinguishes    four   primitive   pseudoherbs/shrubs 
{Paurodendron,   Oxroadia,   Hizemodendron, 
Chaloneria)  from  five  derived  arboreous  genera 
(the  derived  clade  is  supported  by  the  tree  habit 
nnly;  Fig.  11)  and  depicts  SigiUaria  as  derived 

prod 
lepidodendralean 

Thomas 

Phillips,  1 

Phill 
lips  a  uiMictiele,  IVVZ;  see  Appendix  ID  for 

taxonomic  implications).  In  Figures  6  and  12. 
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appearance  of  monosporangiate  cones  (immediate-  In  particular,  it  allowed  spatially  independent  de- 
ly  below  Sigillaria)  is  accompanied  by  lateral  ex-  velopment   of  the   mega-   and   microsporophylls, 
pansion  of  the  sporophyll  pedicel  to  form  alations  thereby  permitting  modifications  of  the  megaspo- 
and  by  the  functionally  important  transition  in  basic  rophyll-megasporangium  units  that  could  have  im- 
dispersal  unit   from   isolated   megaspores   to   the  paired  the  function  of  microsporophyll  units  if  sim- 

megasporophyll-megasporangium  complex.  All  ilarly  modified  (a  likely  consequence  in  bisporangiate 
three   character    states    persist    without    reversal  cones,  where  mega-  and  microsporophylls  form  a 
throughout  the  derived   clade,   indicating  strong  developmental  continuum).  Thus,  free  megaspores 
functional  linkage  that  may  be  evolutionarily  tied  were  superseded  as  the  basic  dispersal  unit  by  the 
to  elaboration  of  the  leaf  bases. 

Current  evidence  suggests  that  the  leaf  lamina 
megasporophyll-megasporangium  complex. 

The  remaining  reproductive  modifications  that 

and  leaf  base  are  derived  from  the  same  primor-  delimit  increasingly  exclusive  portions  of  the  mono- 
dium;  the  leaf  cushion,  an  elaborated  leaf  base,  is  sporangiate-coned  clade  can  be  envisioned  as  a 

also  fundamentally  foliar.  Furthermore,  we  believe  progressive  evolutionary  trend  toward  K^-selection 
that  the  sporophyll  lamina  is  homologous  with  the  (sensu   Pianka,    1970).    Megaspores  decrease   in 

leaf  lamina,  and  that  the  sporangium-bearing  ped-  number  and  increase  in  size,  and  the  pedicellate 
icel  is  homologous  with  the  leaf  base,  including  an  tissues  surrounding  the  megasporangium  become 

elaborated  cushion  if  present.  The  strongest  evi-  adapted  for  increasingly  specialized  modes  of  mi- 

dence  supporting  these  homologies  is  provided  by  crospore/microgametophyte  capture  and  diaspore 

the  ligule  (e.g.,  Phillips,  1979;  Bateman,  1988),  dispersal  (e.g„  Phillips,    1979).   However,   argu- 

which  occurs  adaxially  on  (Pauroc/enc/rort)  or  with-  ments  that  the  most  derived  product  of  this  evo- 

in  (all  other  OTUs)  the  bases  of  leaves  (Fig.  4b)  lutionary  trend,  Lepidophloios-Lepidocarpon, 
but  on  sporophylls  occurs  close  to  the  distal  end  possesses  true  seeds  (Zhang  et  al.,  1986)  are  phy- 

of  the  pedicel,  between  the  sporangium  and  the  logenetically  unhelpful;  the  megasporophylls  are 

more-or-less  perpendicular  junction  of  the  pedicel  clearly  analogs  rather  than  homologs  of  gymno- 

and  lamina  (Fig.  4d).  Regarding  the  attachment  of  sperm  ovules. 
Ae  ligule  as  a  homologous  point  implies  that  the  Reduction  in  megaspore  number  to  one  per  spo- 

Pedicel  is  indeed  homologous  with  the  leaf  base.  rangium,  and  concomitant  germination  of  mega- 

Both  the  leaf  base  (and  thereby  cushion)  and  lamina  spores  within  the  sporangium,  distinguish  the  re- 

originate  from  the  same  primordium,  as  do  the  mainder  of  the  monosporangiate-coned  clade  from 

sporophyll  pedicel  and  lamina.  Leaf  and  sporophyll  Sigillaria  (Figs.  6,  12).  The  dichotomy  immedi- 

both  bear  a  ligule  and  both  are  fundamentally  ap-  ately  above  Sigillaria  resuUs  in  two  clades  well 

pendicular  in  origin.  Moreover,  there  is  a  strong  supported  by  reproductive  characters:  Diaphoro- 

positive  correlation  between  the  complexity  of  the  dendron-Synchysidendron  (proximally  dehiscent, 

pedicel-sporangium  unit  and  that  of  the  leaf  base;  dorsiventrally  flattened,  heterocellular  megaspo- 

definable  leaf  cushions  appear  at  the  same  node  of  rangium  containing  gulate  megaspores;  granulate- 

tbe  cladogram  as  monosporangiate  cones,  and  both      foveolate  Granasporites  microspores),  and  fli 

s  ructures   progressively   increase   in    complexity 
hrough  the  remainder  of  the  clade,  culminating  in 

e- 

modendron-Lepidodendron-Lepidophloios  (dis- 

tally  dehiscent,  cylindrical  sporangium  subtended 

the  large,  elaborate  leaf  cushions  and  equally  large,  by  suberect  alations;  cingulate  Lycospora  micro- 

^edlike  megasporophyll  of  Lepidophloios  (e.g.,  spores).  Enveloping,  integumentlike  alations  delimit 

Reed,  1941;  Phillips,  1979),  Thus,  the  evolution  Lepidophloios  (Fig.  6;  in  the  analysis  of  repro- 

of the  leaf  cushion  may  have  been  developmentally  ductive  characters  only  (Fig.  1 2a),  this  single  char- 

•i^ked  to  that  of  the  sporophyll  (T.  L.  Phillips,  pers.  acter  is  insufficient  to  override  differences  in  mi- 

comm.  1989).  It  is  not  clear  whether  elaboration  crospore  ornamentation  between  lepidophloios 

^f  the  leaf  prompted  modification  of  the  sporophyU,  species,  resulting  in  depiction  of  the  genus  as  poly- 

Of  whether  increase  in  size  of  the  appendicular  phyletic;  inducing  monophyly  in  lepidophloios 

primordial  meristems  aUowed  simultaneous  expan-  costs  one  extra  step  (Fig.  12b)).  Interestingly,  the 

«»*^n  and  elaboration  of  both  leaf  bases  and  spo-  vegelatively  weD-differentialed  species  of  Diapho- 
^^phyU  pedicels. rodendron  and  Synchysidendron  (Fig.    11)  are 

fr Whatever  its  driving  mechanism,  the  transition      effectively  uniform  in  reproductive  characters  (the 

om  bisporangiate  to  monosporangiate  cones  (im-  medullated  stele  attributed  to  Diaphorodendron 

"Mediately  below  Sigillaria  on  Figs.  6  and    12)  (C74)  strictly  applies  to  the  cone-bcaring  lateral 

'■^presents  a  crucial  release  from  developmental  branches  rather  than  the  cones  per  se;  Appendix 
^constraints  (cL  Endress,  1987,  on  angiosperms).  ID). 
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Distinguishing  between  monoecious  and  dioe-  ornamentation  of  Oxroadla  megaspores  by  Bate- 
cious  strategies  is  especially  valuable  in  interpreting  man  (1 988).  The  pseudosaccus  of  Chaloneria  mi- 

the  phylogeny  and  the  functional  morphology  of  crospores  and  cingulum  of  Hizemodendron,  Lep- 
extant  plants  (e.g.,  Bawa,  1980;  Givnish,  1980,  idodendron,  and  Lepidophloios  microspores 

1982;  Donoghue,  1989).  Unfortunately,  the  al-  probably  acted  as  buoyancy  aids. 
most  inevitable  disarticulation  of  cones  from  veg- 

etative axes  undermines  attempts  to  identify  the  Vegetative  morphology.  Vegetative  characters 

reproductive  strategies  adopted  by  members  of  the  uniting  the  arborescent  lycopsids  are  those  asso- 

monosporangiate-coned  lycopsid  clade.  Were  in-  ciated  with  the  production  of  rhizomorphs  and  wood, 
dividual  plants  monoecious  or  dioecious?  If  mon-  together  with  ligules  and  exarch  xylem  maturation 

oecious  (as  seems  more  likely),  did  megasporangiate  (inferred  centrifugal  maturation  in  stigmarian  rhi- 
and  microsporanglate  cones  mature  synchronously  zomorphs  (Frankenberg  &  Eggert,  1969)  is  suspect 
or  sequentially?  Or  were  arborescent  lycopsids  ca-  (Phillips  &  DiMichele,  1992)).  Beginning  at  the 

pable  of  even  more  complex  strategies,  such  as  root  of  the  preferred  MPT  and  passing  along  its 
gynodioecy? 

major  axis  (Fig.  6),  the  node  above  Paurodendron- 
Overall,  spore  morphology  proved  less  phylo-  Oxroadia  is  characterized  by  the  appearance  of 

geneticaDy  informative  than  cone  morphology.  the  tree  habit  (habit  is  discussed  more  fully  in 

Many  of  the  spore  character  states  are  species-  subsequent  subsections)  and  by  modifications  to 

level  autapomorphies,  and  the  remainder  exhibit  vascular  tissue  that  probably  reflect  greatly  in- 

significantly greater  homoplasy  than  cone  char-  creased  body  size:  medullation  of  the  stele,  contin- 
acters  (in  Fig.  6,  the  proportion  of  holapomorphies  uous  protoxylem  sheath,  loss  of  protoxylem  ridges 
plus  autapomorphies  and  consistency  index  for  cone 
and  sporophyll  characters  are  26%  and  0.78  re- 

(together  causing  superficial  leaf  trace  emission: 

Fig.  5b),  and  the  advent  of  foliar  parichnos  in  the 
spectively,  contrasting  with  values  of  42%  and  leaf  bases,  now  much  more  distant  from  the  axial 

0.64  for  mega-  and  microspore  characters).  In  vasculature  following  acquisition  of  the  arboreous 

retrospect,  some  cases  of  mistaken  homology  are  habit.  Beyond  Anabathra,  the  ligule  pit  is  ubiq- 
clearly  evident  among  spore  characters.  For  ex-  uitous,  though  it  also  occurs  in  the  ostensibly  prini- 
ample,  the  distal  spines  (ClOO)  of  Oxroadia  and      itive  genus  Oxroadia. 
Sigillaria  sp.  nov.  megaspores  differ  in  detaO;  those 

Beyond  Chaloneria,  the  evolution  of  discrete 
of  the  former  are  long  and  buttressed,  those  of  the  leaf  cushions  provided  a  consistent  basal  limit  to 
latter  are  short  and  almost  papillate.  Also,  polar-  leaf  atrophy.  Many  of  the  characters  that  support 
ization  of  spore  characters  was  especially  problem-  nodes  higher  in  the  cladogram  represent  elabora- 
atic,  as  character  states  (especially  those  repre-  tionsof  leaf  cushion  morphology,  notably  in  cushion 

senting  ornamentation)  tend  to  replace  each  other  complexity    below    Diaphorodendron-Synchysi- 
in  entirety  rather  than  accumulating  as  sequential  dendron,  and  in  overall  shape  below  Lepidoden- 
elaborations  of  form  (i.e.,  they  are  displacive  rather  dron-Lepidophloios.  In  contrast,  cushion  and  leaf- 
than  additive).  Consequently,  patterns  of  increasing  trace  simplification  is  evident  in  Hizemodendron. 

ny  spore  The  analysis  of  vegetative  characters  only  (Fig- 
character  states  (including  the  more  elaborate  forms  1 1)  places  Hizemodendron  much  lower  in  the  tree, 

rimitive,  eliminating  the  many  character  losses  shown  m 
bisporangiate  UlUs.  Reduction  to  a  single  func-  Figure  6  but  depicting  the  leaf  cushion  per  se  as 
tional  megaspore  resulted  in  the  loss  of  aU  types  iterative  in  (a)  Hizemodendron  and  (b)  aU  of  the 
of  dispersed  ornamentation  (Table  3),  suggesting  arboreous  genera,  shown  clustered  above  Chah- 
that  they  were  redundant  once  megaspores  had  neria  in  Figure  1 1  (also,  arbitrary  optimization  of 

carmot 

confined 

ceased  to  be  the  basic  units  of  dispersal. 
missing  values  representing  the  absence  of  coa Relatively  little  attention  has  been  paid  to  the  structures  led  to  the  nonsensical  apparent  evolution 

functional  morphology  of  lycopsid  spores.  Promi-  of  specific  leaf  cushion  features  below  Pauroden- 
nent  equatorial  (Paurodendron,  Chaloneria)  and  dron,  prior  to  the  evolution  of  the  cushions  them- 
\^esura\{Paurodendron,  Oxroadia,  Diaphoroden-  selves).  Further  modifications  of  cushion  shap^, 
dron    Synchysidendron)  megaspore  ornamenta-  together  with  the  appearance  of  infrafoliar  panch- 
tion  has  been  mvoked  as  an  aid  to  flotation  and  nos  and  a  return  to  longitudinal  protoxylem  ridges, 
thereby  dispersal.  Phillips  (1979)  argued  that  open-  characterize  the  highly  derived  Lepidodendron^ mgs  m  the  massa  of  Diaphorodendron  and  Syn-  Lepidophloios  clade  (Fig.  6). 
eft j5trfenJra/z  megaspores  trapped  microspores  to  Stelar  characters,  together  with  peridermal  fea- 
facditate  fertilization,  and  a  simQar  function  was  tures,  play  important  roles  in  the  more  derived 
attributed  to  the  anastomosing  fimbriate  laesural  portion  of  the  arborescent  lycopsid  clade,  parti^' 
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ularly  in  delimiting  the  three  main  cushion-bearing  emit  leaf  traces  that  are  sheathed  by  parenchyma 
clades:   Sigillaria,   Diaphorodendron-Synchysi-  when  passing  through  the  outer  cortex,  a  character 
dendron,  and  Hizemodendron-Lepidodendron-  state  also  found  in  Sigillaria  sp.  nov.  Leaf  traces 
Lepidophloios,  The  solid  protosteles  of  Oxroadia  are  secretory  in  most  of  the  arboreous  species 
and  Paurodendron  give  way  to  medullation  by  analyzed. 
parenchymatous  vitalization  in  the  remaining  gen- Periderm  is  arguably  the  most  unusual  and  de- 

era.  In  most  of  these,  the  central  portion  of  the       velopmentally  intriguing  vegetative  tissue  in  ar- 
stele  consists  of  parenchyma  cells  that  have  lengths       borescent  lycopsids.  As  with  stelar  morphology,  the 
and  diameters  similar  to  those  of  the  innermost Diaphorodendron-Synchysidendron  clade  is  dis- 
metaxylem  tracheids;  these  appear  to  be  procam-  tinct  from  the  other  cushion-bearing  arboreous  gen- 
bial  cells  that  remained  unlignified  and  thus  met-  era.  Bifaciality  in  the  former  group  is  evident  in 
abolically  active  throughout  the  life  of  the  plant.  the  clear  histological  distinction  between  the  thin 

In  the  largest  axes  of  Lepidodendron  and  Lepi-  phellem  and  much  thicker  phelloderm.  The  rela- 
dophloios  (less  L.  harcourtii\  the  stelar  core  con-  tively  homogeneous  periderm  of  the  latter  group 

sists  of  filamentous  cells  that  probably  proliferated  may  conceal  cryptic  cambial  bifaciality  (for  ex- 
into  a   central  void.    In   contrast   with   the   other  ample,  this  may  be  manifested  in  the  peridermal 

lycopsid  genera  but  in  parallel  with  ferns,  the  Dia-  trizonation  of  Lepidodendron   Lepidophloios),  es- 

phorodendron-Synchysidendron  clade  evolved  a  pecially  if  the  phellem  is  very  weakly  developed  or 

true  siphonostele.  Pith  parenchyma  cells  are  much  the  phellem  and  phelloderm  are  histologically  iden- 

shorter  and  narrower  than  the  adjacent  metaxylem  tical.  Details  of  periderm  histology  lend  to  be  ho- 

tracheids,  suggesting  different  developmental  ori-  moplastic    or    species-level   autapomorphies,    and 

gins  for  these  tissues.  Diaphorodendron  has  a  mixed  therefore  of  limited  phylogenetic  value.  In  the  anal- 

pith  of  parenchyma  and  tracheids,  with  parenchy-  ysis  of  vegetative  characters  only  (Fig.  1 1),  pro- 

ma  increasing  in  relative  abundance  toward  the  motion  of  Sigillaria  to  sister  grotip  of  the  Lepi- 

centers  of  larger  axes.  Synchysidend ran  haiS  a  fith  dodendron^Lepidophloios  clade  united  the  three 

region  sharply  delineated  from  the  tracheary  cells,  genera  that  possess  resinous  periderm.  However, 

and  wood  with  heterogeneous  rays  and  deep  pa-  the   other   two   characters   supporting   this    node 
renchymatous  invaginations. (cushions  on  twigs  wider  than  long,  leaves  with 

Most  characters  of  the  stelar  margin  constitute  lateral  abaxial  grooves)  are  almost  certainly  mis- 

genus-Ievel  autapomorphies,  notably  the  distinctly  coded  as  homologs  shared  by  Sigillaria  and  Lep- 
different  modes  of  leaf  trace  emission  observed  in       idodendron   Lepidophloios. 

Chaloneria,  Sigillaria,  and  Lepidophloios  (Fig,  Periderm,  the  main  support  tissue  of  the  arbo- 

5).  Of  greater  interest  is  the  apparent  switch  from       reous  lycopsids,  reached  thicknesses^of  at  least  20 

cm  in  some  species  (DiMichele,  1979a,  b,  1981; 

Phillips   &    DiMichele,    1981).   This   considerable 
distinct   longitudinal   protoxylem   ridges   (yielding 
coronate    cross  sections)  to  no  discernible  ridges unme^ 

Oxrnt 
increase  in  trunk  girth  over  that  of  the  primary 

tissues  is  difficult  to  reconcile  with  the  persistence 

(but  not  identical)  coronate  morphology  in  the  most       of  primary  leaf  cushions,  which  probably  remained 

derived  lepidodendron-Lepidophloios  clade;  the      photosynthelic  after  leaf  loss;  they  are  covered  m 

protoxylem  ridges  are   further  modified  in  Lepi- stomata  (Thomas,  1970U  1977;  DiMichele,  1979a, 

dophloios,  where  they  anastomose  (Fig.  6).  Deri-       b),  and  both  leaf  traces  and  paric
hnos  connections 

nation  of  Hizemodendron  from  Lepidodendron      with  leaf  cushions  were  mn.ntaincd  throu
gh  the 

W unpiy       periderm  (Delevoryas,   1957;  DiMichele,   
 1980). 

le  loss       Several  specialized  mechanisms  for  accummodal-
 

«f  ridg;s  does  not  reflecV  compTe'e  absence  of  dis-       ing  girth  increase  evolve
d:  tangential  interarea  ex- 

crete protoxylem  strands,  even  though  the  strands      pansion  in  SigUlana  and  Syn
vhysuhndron,  m- 

terarea  fissuring  m  iJiaphoroacndron^  and 

subcushion  cellular  expansion  in  Lepidodendron 

(DiMichele,  1981,  198.3).  In  arboreous  genera  with 

well-developed  crowns  {Synrhysidrndron,  Lepi- 

dodendron, Lepidophloios)^  periderm  thickness 

diminished  through  the  branching  systems  and  the 

discernibl 

Cortical  characters  of  the  arborescent  lycopsids 

^^e  surprisingly  conservative  compared  with  the 

^ther  axial  tissues.  The  persistent  inner  cortex  may 
'^ave  provided  a  barrier  of  live  cells  along  the  outer 
[Margin  of  the  phloem,  protecting  this  delicate  tissue 

from  exposure  to  the  central  void  created  by  the       cortex  was  probably  
a  major  support  tissue. 

presumed  in  vivo  disintegration  of  the  thin-walled 
parenchyma  of  the  middle  cortex.  The  medullated 

«*«les  of  Diaphorodendron  and  Synchysidendron 

Given  the  deleriuinate  growth  of  arborescent 

lycopsids  (Andrews  &  Munly,  1958;  Egbert,  1901), 

most  of  the  periderm  j)rr>l.alily  forme*!  aiul  <liiTcr- 
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entiated  near  the  stem  apex,  during  (though  prob-  a  scar  immediately  external  to  the  ligule  pit  ap- 
ably  continuing  after)  differentiation  of  the  primary  erture,  occurred  within  the  leaf  rather  than  at  the 
cortex,  leaf  cushions,  and  traces.  This  coordinated  leaf-axis  junction.  Moreover,  there  is  no  evidence 
development  is  indicated  by  the  persistence  of  the  of  a  discrete  abscission  layer.  Thus,  we  suspect 
vascular  linkages  between  the  stele  and  leaf  cush-  that  leaf  laminae  merely  withered  and  sheared  off 
ions  through  the  periderm,  and  the  occurrence  of  at  the  physically  weakest  point,  where  the  leaf 
arboreous  genera  lacking  specialized  cushion-re-  constricts  and  is  perforated  by  the  ligule  pit  and, 
tention  mechanisms  {Anabathra,  Lepidophloios),  in  the  more  derived  genera,  by  the  foliar  parichnos. 
This  mode  of  growth  implies  a  stem  apex  analogous  Acute  leaf  posture  is  strongly  homoplastic,  char- 
to  the  primary  thickening  meristem  of  some  mono-  acterizing  unrelated  genera  with  relatively  short, 
cotyledonous  angiosperms,  an  assertion  previously  broad  laminae  {Paurodendron,  Anabathra,  Chal 
made  for  stigmarian  apices  (Rothwell  &  Pryor,  oneria,  Hizemodendron).  The  derived  arboreous 
1990,  1991).  Unfortunately,  there  have  been  few  genera  (above  Chaloneria)  all  possess  leaves  with 
discoveries  of  anatomically  preserved  stigmarian  sclerenchymatous  sheaths,  which  presumably  sup- 
apices  (Rothwell,  1984;  Rothwell  &  Pryor,  1991)  ported  the  long,  narrow  laminae.  Interestingly,  the 
and  none  of  stem  apices,  despite  detailed  and  pro-  sheaths  were  lost  in  the  short-leaved  pseudoherb 
longed  studies  of  coal  balls.  Their  rarity  may  be  Hizemodendron  (Fig.  6).  Expansion  and  invagi- 
at  least  partly  explained  by  preferential  decay  of  nation  of  traces  may  also  have  aided  structural 
the  apex,  as  observed  in  Oxroadia  branches  (Bate-  support;  dorsiventrally  flattened  traces  character- 
man,  1988).  Rapid  trunk  elongation  is  suspected  ize  the  Lepidodendron-Lepidophloios  clade  and 

1992), 
(PhiUips 

Diaphorodendron  scleroticum,  V-shaped  traces 

occur  in  Chaloneria  and  Sigillaria,  Such  vascular 
The  most  significant  transitions  in  leaf  base  char-      elaboration  is  invariably  manifested  externally  as 

lateral  abaxial  grooves.  The  V-shaped  trace  oiSig- 
mirne 

ately  below  Sigillaria  and  their  elaboration  im-  illaria  is  an  inevitable  consequence  of  the  vascu 
mediately  above,  involving  the  advent  of  upper  and  larization  of  each  leaf  by  two  adjacent  protoxylem 
lower  keels  and  lower  field  pUcations.  The  upper  strands  of  the  parent  axis  and  results  in  a  median 
keel  was  subsequently  lost  in  Hizemodendron,  as  abaxial  groove  in  addition  to  the  lateral  grooves. 
were  the  lower  field  plications  in  lepidophloios.  Postmortem  accentuation  of  the  grooves  may  have 
Moreover,  iteration  is  evident  in  several  cushion  occurred  (cf.  Rex,  1986). 
characters:  upper  field  plication  in  Diaphoroden- 

dron-Synchysidendron  and  Hizemodendron,  the  Arborescent  lycopsids  as  integrated  homeostadc 
Diaphorodendron -Synchysiden-      organisms.  Analogizing  arborescent  lycopsids  with 

dron  and  Lepidodendron,  and  the  undoubtedly 
nonhomologous  broader-than-long  leaf  cushions  on 
the  twigs  of  Sigillaria  and  Lepidophloios.  Such 
convergences  extend  beyond  the  coded  characters* 

woody  seed  plants  or  tree  ferns  is  unsatisfactory 

when  considered  in  detail;  in  particular,  peridenn 

rather  than  wood  constitutes  the  main  physical 

support    system,    and    the    primary    function  oi for  example,  the  similarity  between  Synchysiden-      branches  is  reproduction  rather  than  light  capture 
dron  and  Lepidodendron  leaf  cushions  is  reflected      (DiMichele  &  PhiUips,  1 985;  Phillips  &  DiMichele, 
even  in  patterns  of  shape  change  from  large  to 

profound 

*  r-      o^   x*w,ii  iciigc   lu       i:?:^^.;.  remaps  me  most  proiounu  cuaiav-— 

small  branches.  Also,  cushions  of  both  genera  are      tinguishing  the  arborescent  lycopsids  is  their  de- 

(Walton Only  the  infrafoliar  parichnos  of  Lepidodendron      dy,   1958;  Eggert,   1961),  which  aUows  a 

nalogy 

allow  distinction  of  its  axial  surface  from  that  of 

legitimate 

use 

bynchysidendron.  Thus,  many  of  the  characters      of   the    terms    body    and    bauplan   (Bateman detailing  leaf  cushion  morphology  that  have  figured      DiMichele,  1991). so  prominently  in  previous  classifications  of  Paleo- 
zoic lycopsids  are  shown  to  be  homoplastic 
w  ...     - posed  of  at  least  two  of  four  major 

psid  is  c
om- determina
te 

We  regard  the  leaf  cushions  of  derived  genera  structural  units  (modules):  rhizomorph,  stem  (d^" 
as  elaborated  leaf  bases  of  their  more  primitive  fined  as  the  length  of  the  axis  from  the  poW  of antecedents  such  as  Anabathra.  which  Un]..   .      .^^.  .v,   j:..„_     ..  .l_  n„*  :.„t«mv  of  the antecedents  such  as  Anabathra,  which  lacks  a 
clear  lamina-cushion  distinction.  Several  features 
of  the  leaf  base,  notably  the  position  of  the  ligule,      isotomy suggest  development  from  a  leaf  primordium.  If 

root-shoot  divergence  to  the  first  isotomy 
crown 

from 

nisot 

called 
es es/cauline  peduncles  (resulting  from  strong  ̂ ^  ̂ 

omy  of  the  apical  meristem)  (DiMichele  &  1>^  *^ 
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man,   1989;   Bateman    &    DiMichele,    1991). 
Bauplan  (2),  which  corresponds  to  Schoute's 

f 

I 

Rhizomorph  and  stem  are  ubiquitous  modules,  architectural  model,  is  the  most  widespread  among 
though  both  occur  in  a  severely  reduced  form  in  the  OTUs.  Stems  divide  acrotonously  (distally)  by 
some  OTUs.  Lateral  branches/cauline  peduncles  equal  division  of  the  apical  meristem,  yielding  mod- 
and  crown  branches  are  each  rare  or  absent  from  ular  (determinate),  orthotropic  (three-dimensional) 
some  OTUs,  thus  defining  three  basic  bauplans:  (1)  branches.  The  bauplan  encompasses  two  distinct 
neither  type  of  branch  present,  (2)  crown  branching  subgroups  categorized  by  the  arboreous  and  pseu- 
frequent,  lateral  branching  generates  peduncles  doherbaceous  habits  respectively, 

only,  and  (3)  crown  branching  infrequent,  lateral  The  first  subgroup  includes  the  classic  arboreous 
branching  dominant.  Variations  in  the  sizes  and  genera  Lepidodendron  and  Lcpidophloios^  to- 
secondary  tissue  contents  of  all  four  modules,  and  gether  with  Synchysidendron  (Fig.  I).  Throughout 

m  the  frequency  of  dichotomy  of  lateral  and  crown  much  of  their  life  history,  these  trees  consist  of  a 

branches,  generate  a  range  of  growth  habits  (e.g.,  rhizomorph  and  telegraph  polelike  stem  capped  by 

Halle  &  Oldeman,  1970;  Halle  et  al.,  1978;  White,  a  massive  primary  body,  undergoing  frequent  di- 

1979;  Tomlinson,  1982,  1983).  We  suspect  that  chotomous  branching  to  form  a  determinate  crown 

growth  of  the  arborescent  lycopsids  in  general,  and  only  during  the  final  phase  of  growth  and  subse- 

arboreous  taxa  in  particular,  was  largely  deter-  quent  monocarpic  reproduction  (DiMichele  &  Phil- 

ministic  (genetically  induced),  offering  much  less  lips,  1985).  The  cones  were  borne  on  stout  pe- 

potential  than  angiosperms  for  opportunistic  mod-  duncles  that  we  regard  as  the  homologs  of  more 

ification  of  growth  architecture  by  environmental  elaborate  lateral  branches  found  in  bauplan  (3); 

influences  or  chance  factors  (e.g.,  Tomlinson,  although  evolutionarily  significant,  the  peduncles 

1982).  Consequently,  the  conceptual  architectural  do  not  define  the  architecture  of  bauplan  (2)  trees, 

model  was  unusually  faithfully  reproduced  in  the  These  trees  were  cheaply  constructed.  Secondary 
actual  habit  (Bateman  &  DiMichele,  1991). thickening  ceased  well  before  termination  of  growth; 

The  three  basic  bauplans  outlined  above  broadly  the  resulting  poor  development  of  wood  in  both  the 

correspond  to  three  of  the  growth  models  reviewed  crowns  and  the  trunks  meant  that  they  relied  pri- 

by  Halle  etal.  (1978);  two  can  be  subdivided  using  marily  on  periderm   for  structural  support  (Di- 
growth  habit.  Michele,   1979a,  b,   1983;   Wnuk,   1985).   This 

Bauplan  (1)  corresponds  to  Corner's  architec-  probably  allowed  channeling  of  more  photosynthate 

tural  model.  In  our  analysis,  this  exclusively  mono-  into  reproduction.  Rapid  generation  times  and  an 

axial  growth  is  confined  to   Chaloneria,  though  opportunistic  life  strategy  were  postulated  for  the 

several  penecontemporaneous  lycopsids  apparently  subgroup  by  DiMichele  &  Phillips  (1985). 
possessed  the  same  habit;  these  include  Spencerites The  second  subgroup,  consisting  of  Pauroderi' 

(Leisman  &   Stidd,    1967),   Sporangiostrobus  dron,  Oxroadia,  and  Hizemodendron/is  deV\miied 

(Wagner  &  Spinner,  1976;  R.  H.  Wagner,  1989),  by  the  pseudoherbaceous  growth  habit  (Bateman, 

Porostrobus  (Leary  &  Mickle,  1989),  and  the  as  1988,  1989,  1992;  Bateman  &  DiMichele,  1991). 

yet  unnamed,  almost  fully  articulated  compression  These  genera  possess  the  same  modules  as  Lepi^ 

from  the  Upper  Devonian  Cleveland  Shale  of  Ohio  dodendron  and  Lepidophloios,  but  differ  in  the 

(Chitaley,  1982,  1988;  S.  Chitaley  &  K.  B.  Pigg,  relative  sizes  and  shapes  of  the  modules  (Fig.  2a, 

'^  prep.).  Chaloneria  is  the  only  OTU  in  our  anal-  c,  d).  Also,  overall  body  size  of  mature  individuals 
ysis  that  consists  only  of  the  two  ubiquitous  mod-  is  one  to  two  orders  of  magnitude  less  than  those 

^es,  a  rhizomorph  and  an  unbranched  stem  (Pigg  of  comparable  arboreous  species  (cf.  Fig.  1  with 

&  RothweU,   1983a).   We  have  classified  its  re-  Fig.  2).  In  particular,  the  ubiquitous  mo^lules  of 

Peated  zones  of  cauline  sporophylls  as  lateral  rather  rhizomorph  and  stem  are  greatly  reduced  (most 

than  terminal  fructifications,  as  their  production  drastically  in  Paurodendron)  relative  to  the  crown, 

did  not  necessarily  result  in  cessation  of  stem  growth.  which  develops  much  earlier  in  the  Ufe  histories  of 

The  wood  cylinder  is  narrow  and  the  stem  erect  these  genera.  Their  minimal  stems  result  in  a  re- 

l>ut  much  shorter  than  those  of  the  truly  arboreous  cumbent  growth  habit  (Baxter,  1 965;  Schlanker 

^Us  (cf.  Fig.  2b  with  Fig.  2a-g).  The  low  wood  &  Leisman,  1969;  Bateman,  1988),  though  de- 

^ontent  and  lack  of  branches  and  cones  in  Chal  velopmental  constraints  preclude  adaptations  typ- 

oneria  demonstrate  highly  economical  construe-  ical  of  truly  prostrate  growth  (Bateman   &   Di- 

^on,  implying  rapid  growth.  Distributional  evidence  Michele,     1991).    Nonetheless,    these    plants 

f"ggests  that  Chaloneria  was  an  ecological  dom-  superficially  resemble  the  basally  branched  archi- 

»^ant  in  marshlike  associations  (DiMichele  et  al., 1979). 
tectural  model  of  Tomlinson  (Halle  et  al.,  1978). 

Restriction  of  wood  io  the  rhizomorph  and  Jiighly 
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defines 
the  pseudoherbaceous  habit  termine  the  ecological  niches  of  specific  arboreous 

sensu  Bateman  { 1 988).  Rapid  determinate  growth  lycopsids,  a  hypothesis  that  can  be  broadened  to 

and  a  strongly  /--selected  life  strategy  are  inferred  encompass  nonarboreous  arborescent  species for  these  species,  though  whether  their  reproduc-  (Bateman,  1988;  Bateman  &  DiMichele,  1991). 
tion  was  extended,  or  monocarpic  upon  cessation  Bateman  &  DiMichele  (1991)  further  suggested 
of  growth,   remains   equivocal  (Bateman,    1988;  that  transitions  Ji  many  of  the  characters  describ- 
Bateman  &  DiMichele,  1991).  ing  more  detaCed  aspects  of  vegetative  morphology 

Bauplan  (3)  also  encompasses  two  subgroups.  It  reflect  evolutionary  changes  in  growth  architec- 
characterizes  Anabathra,  Diaphorodendron  sens.  ture.  If  so,  it  is  especially  important  to  assess  the 
str.,  and  Sigillaria,  as  well  as  the  reconstructed  frequency  and  polarity  of  architectural  changes 
adpression    Bothrodendron   punctatum    (Wnuk,  during  the  history  of  the  arborescent  lycopsids. 
1989).  All  share  Stone's  architectural  model  and Our  character  analysis  (Table   3)  focused  on 

(Wnuk 

the  arboreous  growth  habit.  Stone's  model  resem-  specific  homologous  structures,  whereas  the  five 
bles  Schoute's  model  in  many  parameters  but  ex-  growth  habits  outlined  above  are  polythetic  sum- hibits  clear  differentiation  between  stem  and  lateral  maries  of  several  individual  character  states,  some 
branches,  which  were  produced  throughout  much  apomorphic  and  some  plesiomorphic  (C1-C7).  For 
of  the  life  of  the  individual.  Although  a  degree  of  example,  the  arboreous  habit  corresponds  with  the 
dorsiventral  fattening  ̂   has  been  inferred  for  the  apomorphic  state  of  C 1 ,  the  pseudoherbaceous  habit 

with  the  plesiomorphic  state  of  C2,  and  the  pe- 
phology  and  spiral  phyllotaxy  suggest  persistent  dunculate  habit  with  the  plesiomorphic  state  of  C7; 
orthotropy  sens.  lat.  rather  than  a  transition  to  Schoute's  model  with  the  apomorphic  state  of  C3, 
plagiotropy  (cf.  Halle  et  al.,  1978,  table  7).  De-  Stone's  model  with  the  apomorphic  state  of  C6, 

and  Corner's  model  with  the  apomorphic  state  of 
phase  of  determinate  growth,  occasional  isotomous  C5.  Despite  their  heterogeneity  and  partial  depen- 

?J!fTL,^"l™^'":    ̂ ^^'^'   DiMichele   &    Phillips,  dence  on  the  cladistic  characters,  there  is  consid- 
.  ^  erable  interpretative  value  in  mapping  the  distn- 

haustion  of  the  apical  meristem.  However,  the  ef-  butions  of  the  growth  habits  across  the  preferred 
feet  of  such  divisions  is  much  less  profound  in  MPTs.  The  procedure  is  not  wholly  tautologous, 
bauplan  (3)  than  in  bauplan  (2).  Our  assignment  as  the  preferred  MPT  for  analysis  B  (habit  char- 
of  Sigillaria  to  Stone's  model,  which  contradicts  acters  omitted)  is  identical  to  that  for  the  complete 
Halle  et  al.'s  (1978,  fig.  71)  assertion  that  the  analysis  (A;  Fig.  9a),  suggesting  that  habit  char- 
genus  conforms  to  Schoute's  model,  reflects  our  acters  had  Httle  direct  effect  on  the  topology  of  the view  that  the  stout  cauline  peduncles  of  Sigillaria  latter. 

final 

Wnuk 

(and  the  bauplan  (2)  genera)  are  homologous  with 
Two  of  the  five  growth  habits  (Corner's  mo 

del 

entire  lateral  cone-bearing  branches  of  Anabathra  in  Chaloneria,  pedunculate  Stone's  model  in  Sig- 
and  Diaphorodendron;  thus,  by  definition,  Sigil  iUaria)  are  autapomorphic  at  the  generic  level, 
laria  possesses  lateral  branches,  though  we  distin-      preventing  assessment  of  their  phylogenetic  sig- guish  it  as  a  separate  architectural  subgroup. 

nificance.  The  preferred  MPT  for  analysis  A  (F'g- 
This  group  of  polycarpic  plants  possessed  ex-      6)  requires  homoplasy  in  at  least  two  of  the  re- 
—Mrunks  and  deciduous  lateral  branches.  Wide      maining   three   growth  habits  (pseudoherbaceous cylind 

f    „    ,  ,  .-     Schoute,   arboreous   Schoute,   laterally  branched 
of  aU  the  members  of  the  group;  they  extend  into  Stone).  It  is  equally  parsimonious  to  assume  a  pseu- 
the  lateral  branches  of  Z).  scleroticum,  suggesting  doherbaceous  or  arboreous  hypothetical  ancestor, 
greater  persistence  (DiMichele,  1 980,  1 98 1 ,  1 985).  In  the  first  case,  pseudoherbaceousness  is  replaced 
Growth  and  reproduction  were  both  prolonged  and  by  arboreousness  immediately  below  Anabathra sustained,  conferring  greater  toleranc 

extrinsic      with  a  reversal  to  pseudoherbaceousness  in  Hize- .  J     11        -  t  "Alii  o   n:=vc;i5ai   lu   ut3CUUUiit;iUciL.c<JU3ii%^^^  — 

stress  and  allowing  these  species  to  occupy  suitable      ntodendron.  The  transition  to  Stone's  model  also 

occurs   immediately  below  Anabathra^  with  r^' 
periods 

PhiUips,  1 985;  DiMichele  et  al.,  1 987).  Relatively  sumption  of  Schoute's  model  in  Diaphorodendron 
sporadic  reproduc^tion  and  apomixis  (presumably  and  the  Hizemodendron-Lepidodendron^ler 

Ir  r:^  )Z:l7V:TtZ  '^^^!^:^  T      ̂ ^pUoios  dade.  The  only  sister  groups  that  un- proximata   (Schopf,    1941;    Phillips, 
Michele  &  PhiUips,  1985). Di-      equivocally  possess  the  same  habit  are  Pauroden- 

dron  and  Oxroadia  at  the  base  of  the  cladogratn n;lV/f:^u„i    s,  du-h-      /i/^r.,-.                                        ^'vn  anu  Kjxroaaia  ai  me  oase  oi  uic  i^.^—o 

DM^hele  &  PhiUips  (1 985)  argued  that  growth      and  Lepidodendron  and  Lepidophloios  at  the  apeX^ ;hitecture  and  mode  of  reproduction  la  ra*.!^^^       »*__..  ...  ,^      ̂     ,  .•    trend 
Moreover,  there  is  no  clear  evolutionary  f^ 
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through  the  clade;  Schoute's  model  characterizes  modendron  became  pseudoherbaceous  by  hetero- 
both  the  most  primitive  and  most  derived  genera.  chronic  reduction  from  an  arboreous  ancestor.  Pre- 

We  expected  analysis  D,  based  only  on  vege-  cocious  division  of  the  primary  apical  meristem 
tative  characters,  to  provide  a  less  homoplastic  minimized  the  length  of  the  stem  and  prompted 

distribution  of  the  major  vegetative  architectures.  many  subsequent  character  changes  to  accom- 
The  most  profound  difference  is  the  unification  of  modate  the  new  growth  habit.  Reduction  in  size 

the  pseudoherbs  (all  attributed  to  Schoute's  model)  and  change  in  shape  of  the  stem  of  Hizemodendron 
as  a  basal  paraphyletic  group,  thus  depicting  Hize-  imply  progenesis,  a  form  of  paedomorphosis  (re- 
modendron  as  much  more  primitive  than  it  appears  tention  of  ancestral  characters  in  the  descendant 

in  the  fuU  analysis  (cf.  Fig.  1 1  with  Fig.  6).  The  adult). 
topology  for  Figure  11,  unlike  that  for  Figure  6, In  this  paper,  we  are  concerned  less  with  the 

tures. 

genera 

requires  recognition  of  the  pseudoherbaceous  habit  details  of  the  postulated  mechanism  of  vegetative 

as  plesiomorphic.  Although  ̂ naSaiftra  is  promoted  reduction  than  its  potential  consequences  for  phy- 

to  sister  group  of  Diaphorodendron-Sjnchysi-  logenetic  reconstruction.  The  preferred  MPT  for 

dendron,  el  transition  from  Schoute's  to  Stone's  all  characters  (Fig.  6)  depicts //tseffjorfertr/rorz  .ser- 
model  immediately  above  the  pseudoherbs,  fol-  raturn  as  primitive  relative  to  its  former  congener, 

lowed  by  independent  re-acquisition  of  Schoute's  Lepidodendron  hickii;  together,  the  two  genera 
model  in  the  derived  Synchysidendron  and  Lep-  constitute  a  paraphyletic  sister  group  of  Lepido- 

idodendron-Lepidophloios  clades,  remains  the  phloios.  The  preferred  MPT  for  reproductive  char- 

most  parsimonious  distribution  of  major  architec-  acters  only  (Fig.  12)  shows  an  unresolved  trichot- 

omy, thus  allowing  monophyly  of  Hizemodendron 

and  Lepidodendron,  In  contrast,  the  preferred 

Heterochrony.  The  strongly  iterative  occurrence  MPT  for  vegetative  characters  only  (Fig.  11)  de- 

of  the  tree  habit  among  the  arborescent  lycopsids  picts  a  very  distant  relationship  between  these  two 

IS  mirrored  in  extant  tree  ferns  and  seed  plants 
(Halle  &  Oldeman,  1970;  Halle  et  ah,  1978;  White,  Although  the  phylogeny  based  on  the  greatest 

1979;  Funk,  1982;  Tomlinson,  1983).  We  believe  number  of  characters  (Fig.  6)  has  the  highest  over- 

that  radical  changes  in  growth  architecture  are  all  probabUity  of  accuracy,  it  may  be  misleading 

more  readily  achieved  instantaneously,  by  mutation  in  this  case.  If  H.  serratum  evolved  by  progenesis 

of  genes  involved  in  the  production  of  the  mor-  directly  from  L.  hickii  (admittedly  an  improbable 

phogens  that  control  early  development  (D-genes  event,  but  a  useful  working  hypothesis)  and  thereby 

of  Arthur,  1984,  1988),  than  gradually,  by  selec-  lost  all  autapomorphies  of  L.  hickii  (//.  serratum 

tively  driven  adaptation.  The  resulting  morpholog-  and  L.  hickii  have  no  exclusive  synapomorphies; 

ical  change  would  appear  instantaneous  on  a  geo-  Table  3),  H.  serratum  would  be  depicted  as  prim- 

logical  time-scale.  In  this  case,  we  believe  that  such  itive  sister  group  of  L,  hickii.  Losses  of  character 

saltational  events  were  expressed  as  heterochrony  states  that  the  ancestor  {L.  hickii)  shared  with  its 

sens,  lat.:  a  change  in  the  timing  of  the  appearance  former  sister  group  {Diaphorodendron-Synchysi- 

of  a  trait  between  ancestor  and  descendant  (e.g.,  dendron)  are  often  depicted  as  reversals  on  the 

Gould,  1977;  Alberch  et  al.,  1979;  Fink,  1982;  branch  of  the  descendant  (//.  serratum)  (this  is 

McNamara,  1982;  Rothwell,  1987;  DiMichele  &  only  guaranteed  if  ACCTR AN  optinjixation  is  used), 

Bateman,   1989;  Bateman  &   DiMichele,   1991).  whereas  losses  of  character  stales  not  present  in 

^any  other  correlated  morphological  and  anatom-  Diaphorodendron-Synchysidendron  are  not  roc 

ical  changes  probably  occurred  immediately,  as  a  ognized  as  character  transitions  at  all;  it  is  more 

result  of  epigenetic  changes  within  the  new  bauplan  parsimonious  to  assume  that  the  ancestor  of  Ilize- 

and  habit,  or  subsequently,  as  a  result  of  adaptive  modendron  never  possessed  them.  Thus,  hetero- 

honing  by  natural  selection  (Arthur,  1984;  Bate-  chrony  in  general  and  progenesis  in  particular  can 

'J^an  &  DiMichele,  1991).  This  scenario  predicts 
nal  such  macromutants  very  rarely  generated  evo- 
^tionary    lineages,    requiring    a    competition-free 

und 

phyly  of  Hizemodendron  and  Lepidodendron  re- 

mains a  viable  hypothesis. 

"iche  to  allow  establishment  of  the  new  population  Bateman  (1988,    1992)  and  Bateman   &    Di- 

Prior  to  adaptive  honing  (Valentine,  1980;  Arthur,    „  _  Michele  (1991)  postulated  a  similar  progenetic  or- 

J984,  1 988;  DiMrchele  et  1^1 987).  Hence,  het-  igin  for  the  other  two  pseudoherbs,  Oxroadia  and 

erochronic  anomalies  must  arise  frequently  to  over-  Paurodendron.  They  are  shown  as  the  most  prim- 

come  their  almost  inevitable  failure.  itive  OTUs  in  aU  analyses  (cf.  Figs.  6,  11,   12), 

Bateman  &  DiMichele  ( 1 99 1 )  argued  that  Hize-  though  they  form  a  polychotomy  with  the  remain- 
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ing  bisporangiate-coned  genera  {Chaloneria  and  well-supported  conclusion  from  our  study  is  that 

Anabathra)  in  Figure  12.  As  in  the  case  of  Hize-  Chaloneria  is  more  primitive  than  the  most  prim-    j 

modendroTiy  their  primitiveness  relative  to  OTUs  itive  member  of  the  clade  delimited  by  reduction 

with  similar  reproductive  morphology  is  determined  to  a  single  functional  megaspore  per  megasporan- 

by  vegetative  characters.  Anabathra  is  the  only  gium  (i.e.,  than  Diaphorodendron-Synchysiden-  j 
bisporangiate-coned  tree  included  in  our  analysis  dron). 
and  therefore  provides  the  only  potential  arboreous 
ancestor  for  Oxroadia  and  Paurodendron.  How- The  phylogenetic  position  of  Chaloneria  is  es- 

pecially significant  because  it  is  the  oldest  recon-^ 
ever,  the  three  OTUs  differ  in  many  spore  char-  structed  genus  currently  assigned  to  the  Isoetales 

acters,  and  the  unbranched  rhizomorph  and  su-  (Pigg&  Rothwell,  1983a;  Rothwell&  Erwin,  1984). 

perficial  ligules  of  Paurodendron  label  the  genus  A  sister-group  relationship  with  a  widely  recognized 

as  relatively  primitive  or  relatively  derived,  de-  lepidodendralean  genus  such  as  Sigillaria  (e.g., 

pending  upon  near-arbitrary  polarization  decisions.  Fig.  9k)  would  imply  paraphyly  of  the  Lepidoden- 

Other  bisporangiate-coned  trees,  once  reconstruct-      drales  and  support  Meyen's  (1987:  70-81)  deci-  g 
ed,  will  provide  more  credible  ancestors. 

sion  to  synonymize  the  Lepidodendrales  into  the 

A  heterochronic  origin  for  Oxroadia  and  Pau-  Isoetales.  Further  resolution  of  these  problems  re- 

rodendron  would  weaken  our  analysis,  as  an  a  quires  a  broader  cladistic  analysis  that  includes 

priori  assumption  of  their  primitiveness  was  used  other  bona  fide  isoetaleans  (including  Isoetes),  po- 

to  polarize  most  of  the  characters  (i.e.,  they  were  tential  arboreous  ancestors  (e.g.,  Lepidodendrop- 
used  as  partial  outgroups).  Inclusion  in  the  data 

ennings,  1975;  Jennin matrix  of  even  more  primitive  OTUs  may  support  ah,   1983),  and  ostensibly  more  primitive  OTUs 
our  original  assumption  that  Paurodendron  and  (e.g,,  Selaginella)  (see  Bateman,  1992). 
Oxroadia  are  sister  groups  to  the  remainder  of  the 

arborescent  lycopsid  clade.  Our  concern  is  largely  Outgroups  and  ancestors.  Thus,  we  return  to  the 

driven  by  our  opinion  that  the  first  arborescent  fundamental  questions  that  prompted  this  study. 

lycopsid  would  have  generated  secondary  tissues  What    character    states    delimit    the    Lepidoden- 

drales? Is  the  group  monophyletic?  If  so,  what  is sun 
The 

mod 

mental  transition  from  inability  to  generate  sec- 

ondary tissues),  and  that  restriction  of  wood  to  to  this  question  leads  to  an  even  more  loaded  ques- 
iles  reflects  subsequent  developmental  tion:  What  is  the  most  probable  ancestor  of  the 

modifications.  Moreover,  determinate  growth  and  ingroup?  It  also  largely  determines  perception  ot 
a  centralized  rhizomorphic  rootstock  are  characters  the  phylogenetic  relationships  among  the  ingroup 
shared  by  all  the  OTUs,  suggesting  that  they  have  members. 
exceptionally  high  burden  (i.e.,  they  play  pivotal 
roles  in  the  development  and  function  of  the  or- 

ganism and  influence  other  dependent  characters: 

W 

analysis  is  the  narrow  temporal  and  ecological  range 

represented  by  our  OTUs;  most  of  the  species  are Riedl,  1979;  Fortey  &  Jefferies,  1982;  Donoghue,  restricted  to  at  most  the  ca.  10  Ma  of  the  West- 

1989).  These  high-burden  characters  represent  se-  phalian  (Fig.  3)  and  to  the  coal  swamps  of  Euramer- 
rious  ontogenetic  constraints  to  a  truly  prostrate  ica.  However,  the  main  phylogenetic  groups  v^thin 
growth  habit  (Bateman  &  DiMichele,  1991),  and  the  Lepidodendrales  (or  at  least  species  possessing 

the  bauplan  appears  much  better  adapted  to  up-  many  of  their  diagnostic  character  states;  whole 
right  growth.  Increase  in  body  size  to  arboreous 
proportions  may  have  occurred  subsequently  rath- plant  reconstructions  have  not  yet  been  achiev 

™r  ,     ,.  .  1          iAr^\   nary   be 

er  than  concomitantly  with  acquisition  of  wood.  traced  back  at  least  another  20  Ma,  to  the  Asbian. 

Moreover,  reproductive  organs  consistent  with 

Although 

is  erect,  the  cladograms  for  aU  characters  (Fig.  6)  most  apomorphic  genus,  Lepidophloios,  have  been 
and  vegetative  characters  only  (Fig.  11)  show  that  recovered  from  Ivorian  strata,  a  further  l5  Ma 
its  unbranched,  bilaterally  symmetrical  rhizome, 
unbranched  stem,  and  cauline  sporophylls  (all  aut- 
apomorphies  in  our  analysis)  are  derived.  This  con- 

older  (Fig,  3,  inset;  Long,  1968).  This  implies  thaj all  of  the  sister  groups  of  this  genus  had  ̂ '^^^^^^ unfortunately 

elusion  is  tempered  by  the  possibility  that  Chalo^      {Oxroadia  gracilis-Oxroadia  sp.  nov.)  was  re- 

constructed from  such  early  assemblages.  As  y 

membe 

which  would  explain  its  numerous  autapomorphies 
and  its  role  as  the  greatest  cause  of  topological iicted  arboreous  Iycopsiu»  v 

lepidodendrale instability  in  each  analysis  (Figs.  9,  10).  The  only      spread  and  at  least  locally  ecologicaUy  dominant 
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I 

I 

I 

I 

I 

by  the  latest  Devonian  (e.g.,  Scheckler,  1986a,  b;       session  of  rootlet-bearing  rhizomorphs,  secondary 
DiMichele  et  al.,  1992). tissues  (wood  and  periderm),  ligules,  and  hetero- 

Thus,  the  combination  of  the  stratigraphic  rec-  spory  (Chaloner,  1967;  Stewart,  1983).  These 

ord  and  our  phylogeny  suggests  that  the  three  main  structures  provided  the  holapomorphies  that  unite 

groups  of  monosporangiate-coned   genera  recog-       all  the  OTUs  included  in  our  analysis  (Fig.  6),  bu 
nized most  (possibly  all)  have  a  greater  level  of  univer 

rodendron-Synchysidendron,  Hizemodendron-  sality.  For  example,  a  wide  range  of  enigmatic  lates 

Lepidodendron-Lepidophloios)  diverged  at  least       Devonian  and  earliest  Mississippian  lycopsids  pos 

Westphalian sessed  wood  (Meyer-Berthaud,    1981,    1984 

stStten  that  provided  most  of  our  OTUs.  This  would      Scheckler,  1986a,  b;  Matten,  1989;  Roy  &  Mat 

ten,    1989).  Rhizomorph-like,  rootstocks,  ligules. limila 

grees  of  divergence  from  their  putative  bisporan-  and  heterospory  all  characterize  homophyllous  Se- 

giate-coned  ancestor(s)  (Fig.  14)  and  are  supported  laginella,  the  type  genus  of  the  Selaginellales  (e.g., 

by  many  character-state  transitions  (Fig.  6).  Al-  Bierhorst,   1971;  Bold  et  al.,   1980).  Moreover, 

ternatively,  the  saltational  evolutionary  scenario  Paurodendron  (and  therefore,  by  implication,  its 

erected  for  major  vegetative  changes  may  be  ex-  sister  genus  Oxroadia)  was  assigned  by  Schlanker 

tended   to    encompass innovations,       &  Leisman  (1969)  to  Selaginella,  and  it  is  widely 

eliminating  the  need  for  intermediate  taxa  during      accepted  as  a  member  of  the  Selaginellales  (e.g., 

the  early  radiation  of  the  group. Taylor,  1981;  Stewart,  1983;  Meyen,  1987).  On 

Current  evidence  suggests  that  our  morpholog-  these  criteria,  the  Lepidodendrales  could  be  cir- 

ically  divergent  OTUs  together  exhibit  most  of  the  cumscribed  to  include  both  Paurodendron  and 

character  states  possessed  by  the  arborescent  ly-       homophyllous  Selaginella. 

Moving  progressively  up  the  clade,  the  next 
enns 

species  and  their  Mississippian  and  Devonian  an-  OTU  encountered  is  the  most  primitive  tree,  An- 

tecedents. However,  the  paucity  of  genera  in  our  ahathra.  Regarding  this  OTU  as  the  most  primitive 

analysis,  and  the  fact  that  most  represent  only  the  lepidodendralean  would  allow  delimitation  of  the 

final  period  of  the  history  of  the  group,  implies  that  order  using  the  arboreous  habit  and  associated 

we  have  sampled  only  a  restricted  range  of  the  modificationsofstelar  anatomy,  together  with  foliar 

combinations  of  character  states  that  existed.  This  parichnos.  Unfortunately,  many  of  these  character 

would  explam  the  large  number  of  character  states  states  are  homoplastic  as  a  result  of  loss  during  the 

that  occur  as  genus-level  autapomorphies  in  our  hypothesized  progenetic  evolution  of  pseudoherbs 

cladogram  (Fig.  6),  leaving  few  character  states  to  from  trees:  Hizemodendron  from  a  Lepidoden- 

support  the  consequently  weak  links  that  constitute  dron-like  ancestor,  and  possibly  Oxroadia  and/or 

the  main  axis  of  the   cladogram  and  determine  Paurodendron  from  Anabathra-like  ancestor(s). 

Ahhough  phylogenetically  valuable,  these  char- 
acter states  are  not  ubiquitous  within  the  clade. 

perceived  genus-level  relationships.   Inclusion  of 

older  OTUs,  dating  back  to  the  main  radiation  of 

the  group,  would  probably  alleviate  this  problem  Many  workers  would  argue  that  t
he  clade  is  delim- 

hy  transforming  genus-level  autapomorphies  into  ited  primarily  by  possession  of  a  s
tigmanan  rhi- 

genus-level  synapomorphies.  In  an  alternative  less      zomorph.  However,  we  were  unable  to
  identify  any 

scenario,  the  laree  number 

profound 
level  autapomorphies' may  reflect  evolutionary  dy-      rhizomorph  of  Anabathra  from  the   supposedl

y 
nonstigmarian  rhizomorph  of  Oxroadia,  which  is 

much  smaller  and  more  compact  but  otherwise  very 

similar.  Also,  this  clade  contains  Chaloneria,  an- 

namics,   particularly   the   s 
Weeks  of  characters  linked 

mode 

of  evolution  may  be  difficult  to  resolve  cladisticaUy  other  nonarboreous  OTU.   Chal
onena  possesses 

for  a  variety  of  methodological  reasons  (these  will  several  autapomorphies,  n
otably  an  unbranched 

^  discussed  in  a  future  paper;  see  also  Lemen  &  stem  lacking  cones  a
nd  a  bdaterally  symmetrical 

freeman    1989)  rhizomorph,  that  suggest  affinities  with  the  extant 

.  Older  OTUs  are  also  needed  to  determine  con-  genus  Isoeies.  If  Pigg
  &  Roth  well  (1983a)  cor- ^cingly 

scrib 

Phyletic  and  in  particular  to  provide  more  satis-      the  genus  is  correctly 
 positioned  in  our  phylogeny 

factory  outgroups.  However,  before  these  questions      (which  is  by  no  means 
 cerlam;  Fi^.  9),  mciusion 

<^an  be  addressed,  the  character  states  that  sup- 
delimit  the  Leoidodendrales  should  be Lepidod ued  recognition  of  the  Isoetales  would  render  the 

^e^ved.  Four  are  mosf  commonly  cited:  the  pos-      former  order  par
aphylctic  (Appendix  I  A). 
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Perhaps  the  most  cohesive  clade  includes  Sig-  phorodendron-Synchysidendron),    and    Lepido 

illaria  as  its  most  primitive  genus.  It  is  delimited  dendraceae    {Lepidophloios-Lepidodendron 

by   the   nonhomoplastic    synapomorphies   of  leaf  i/i^emoJe/Zfirofi).  Each  family  is  supported  by  sev 

cushions  and  monosporangiate  cones  that  generate  eral  character  state  transitions  (Fig.  6) 

megasporangium-megasporophyll  disseminules.  We Evidence  for  the  postulated  monophyly  of  the 

are  confident  of  the  monophyly  of  the  three  main      monosporangiate-coned  clade,  and  for  the  primi- 

groups  of  OTUs  that  constitute  the  clade  {Sigil-      tiveness  of  the  Sigillariaceae  relative  to  the  Dia- rodendrace 
laria^  Diaphorodendron—Synchysidendron^  Hi- 

zemodendron-LepidodendronLepidophloios),  equivocal.  This  largely  reflects  our  inability  to  make 

and  our  parsimony  analysis  strongly  supports  confident  statements  concerning  phylogenetic  re- 

monophyly  of  the  clade  as  a  whole  (nevertheless,  lationships  among  the  four  primitive,  bisporangiate- 

we  note  that  such  an  adaptively  valuable  suite  of  coned  genera.  They  form  a  highly  heterogeneous, 

character  states  could  reflect  parallel  responses  in  paraphyletic  (or  possibly  polyphyletic)  plexus  of 

two  or  more  lineages  to  similar  selective  regimes,  disparate  morphologies  that  share  a  free-sponng 

thus  confounding  parsimony:  cf.  Coddington,  1988).  mode  of  reproduction.  Oxroadia  and  Pauroderi' 

Given  that  our  assumption  of  homology  among  the  dron  differ  in  many  characters  and  are  united  in 

three  lineages  in  monosporangiate  cones  and  the  Figure  6  by  arguably  only  one  synapomorpny;  we 

megasporangium-megasporophyll  complex  as  dis-  doubt  their  apparent  monophyletic  status.  Only 

seminule  is  the  crux  of  the  preferred  MPT  (Fig-  Anahathra  is  a  tree;  the  pseudoherbs  Oxroadia 

6),  these  characters  merit  even  more  careful  scru-  and  Paurodendron  and  possibly  even  the  shrub- 

tiny.  For  now,  we  refer  to  this  clade,  more  narrowly  sized  phallos  Chaloneria  are  potential  progenetic 

defined  than  most  perceptions  of  the  Lepidoden-  descendants  of  trees  broadly  similar  to,  but  prob- 

drales,  as  the  "Segregationists"  (referring  to  the  ably  distinct  from,  Anahathra. 
segregation  of  megasporangia  and  microsporangia 

Determining  the  origin(s)  of  the  monosporan- 
in  different  cones).  Members  of  the  less  inclusive  giate-coned  clade  will  require  inclusion  of  pre- 

clade  that  excludes  Sigillaria  and  is  delimited  pri-  Pennsylvanian  monosporangiate-coned  species  and 

marily  by  reduction  to  a  single  functional  mega-  a  broader  selection  of  bisporangiate-coned  trees, 

spore  that  germinates  within  the  sporangium  are  several  potential  candidates,  all  requiring  further 
the  "Isolationists." 

Conclusions 
We 

reconstruction  before  they  can  be  used  with  con- 

fidence in  cladistic  analyses,  are  listed  in  Table  5. 

Determining  the  origin(s)  of  the  arboreous  lycop- 

sids,  and  of  putatively  progenetic  bisporangiate- 

           coned  genera  such  as  Oxroadia  and  Pauroderi' 
each  of  the  10  genera  analyzed  by  us  is  mono-       dron,  also  necessitates  inclusion  of  more  distan  y 

phyletic.  This  conclusion  is  not  especially  profound,      related  nonarborescent  lycopsids  (e.g.,  Selagine  a 

as  six  of  the  genera  are  here  represented  by  only      sens,  lat.,  Leclercqia)  to  reassess  character  sta  e 

one  species  and  thus  not  cladistically  testable  (Fig.       polarities.  Given  these  observations,  we  envisage 
8),  The  analysis  prompted  segregation  of  two  new 
genera:    Hizemodendron    from    Lepidodendron 
(Bateman  &  DiMichele,  1991),  and  Synchysiden-      dix  lA;  see  also  Bateman,  1992). 

dron  from  Diaphorodendron  (DiMichele  &  Bate-  Absence  from  the  present  analysis  of  nonarbo- 
man,  1992).  However,  these  decisions  were  taken      rescent  species  and  of  any  credible  ancestor  of  the 

most  primitive  arboreous  genus  {Anahathra) 

characters  (many  directly  or  indirectly  reflecting  gether  prevent  determination  of  whether  arbores- 
different  growth  architectures)  rather  than  as  at-  cence  (secondary  thickening)  and  arboreousness 

tempts  to  disaggregate  para-  or  polyphyletic  groups.  (large  body  and  upright  growth)  evolved  simulta- 
Diaphorodendron-Synchysldendron  is  undoubt-  neously  or  sequentially.  Other  especially  importan^ 
edly  monophyletic;  Hizemodendron-Lepidoden- 

dron  is  depicted  in  Figure  6  as  paraphyletic  but. 

eventual  redelimitation,  or  possibly  amalgamation, 

of  three  widely  recognized  lycopsid  orders  (Appen 

round 

and  potentiaUy  linked  innovations  tnai  pu.-- 

higher  level  of  universality  than  our  ingroup  ar
e 

as  we  have  argued,  may  nonetheless  be  monophy-      determinate    growth    and    the    centralized   rhizo- 
letic-     Derived    (monosporangiate-coned)    genera  ''  -     '  ^    ̂ ^   .*  sianifican 
constitute  three  distinct  monophyletic  clades  that morphic  rootstock.  In  general,  the  most  sigm 

evolutionary   advances   within   the   bisporangi 
are  most  appropriately  regarded  as  families:  Sig-      coned  plexus  appear  to  have  involved  vegetati^ 
aiariaceae  (Sigillaria),  Diaphorodendraceae  (Dia-      rather  than  reproductive  organs,  indicating  tn- 

r 
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Table  5.  Selected  genera  that  are  potentially  phylogenetically  informative  but  are  currently  insufficiently  known 

to  provide  satisfactory  cladistic  data  sets  (listed  in  order  of  appearance  in  the  stratigraphic  record).  We  note  that 

^Lepidodendron  calamopsoides  is  not  closely  related  to  Lepidodendron  sens,  str,  (R.  M.  Bateman,  unpublished 
obs.)  and  that  Bothrodendron  sens.  lat.  is  probably  a  polyphyletic  aggregate  of  several  disparate  species  (Scott,  1 920; 

Thomas  &  Meyen,  1984).  See  also  reviews  by  Chaloner  (1967),  Meyer-Berthaud  (1981,  1984),  and  Matten  (1989). 

Lepidosigillaria  whitei  Krausel  &  Weyland 
White  (1907);  Arnold  (1947);  Grierson  &  Banks  (1963) 

[Late  Givetian-Early  Famennian:  New  York  State] 
Protolepidodendropsis  spp.  Gothan  &  Zimmermann 
Heeg  (1942);  Schweitzer  (1965) 
[Famennian:  Euramerica] 

Trabicaulis  spp.  Meyer-Berthaud 

Meyer-Berthaud  (1981,  1984);  Roy  &  Matten  (1989) 
[Famennian-Early  Tournaisian:  south-central  France;  New  York  State] 

Cydostigma  kiltorkense  Haughton 

Johnson  (1913);  Chaloner  (1967,  1968,  1984);  Chaloner  &  Meyer-Berthaud  (1983) 
[Strunian:  southwestern  Ireland] 

Landeyrodendron  spp.  Meyer-Berthaud 
Meyer-Berthaud  (1981,  1984) 

[Early  Tournaisian:  south-central  France] 

Lepidodendropsis  spp.  Lntz- Protostigmaria  eggertiana  Jennings 
Lutz  (1933);  lurina  &  Lemoigne  (1975);  Jennings  (1975);  Jennings  et  al.  (1983) 

[Tournaisian:  Euramerica] 

yalnieyerodendron  triangular ifolium  Jennings 
Jennings  (1972) 

[?Tournaisian:  Illinois] 
Bothrodendron  spp.  Lindley  &  Hutton 

Scott  (1908);  Weiss  (1908);  Calder  (1933b);  Stubblefield  &  Rothwell  (1981);  Wnuk  (1989) 
[Tournaisian-Westphalian:  Euramerica] 

'Lepidodendron^  {lAnabathra)  calamopsoides  Long 
Long  (1964,  1971,  1986);  Scott  &  Galtier  (1988) 

[Late  Tournaisian:  northern  Britain] 
Levicaulis  arranensis  Beck 
Beck  (1958);  Pant  &  Walton  (1961) 
[Mid-Visean:  southwestern  Scotland] 

Lepidodendron'  (?Phytokneme)  brownii  Unger 
Chodat  (1911);  Calder  (1933a);  Meyer-Berthaud  (1981) 

[Visean:  southern  Scotland] 

they  are  economic  adaptations  (sensu  Eldredge,  dendraceae  and  Lepidodendraceae  (Fig.  3).  Such 

1989)  employed  continuously  in  competition  for  extinctions  of  major  monophyletic  groups  are  un- 

resources.  The  cladograms  imply  that  the  well-  common  (Smith  &  Patterson,  1988)  and  require 
**  causal  ratlier  than  a  purely  stochastic  explana- oductive  innovations 

a 

tion. 

T   ^*    *  ^j       — 

^  the  monosporangiate-coned  clade,  which  ulti- 

mately led  to  seed  analogs  in  Lepidophloios  (e.g.,  These  analyses  provide  useful  (jf  circumstantial) 

Phillips,  1979),  occurred  later,  though  they  may           
"  ''   -^-  ̂ -"-^-—  ̂   -J 

have  been  developmentally  linked  to  additional  veg- 

etative modifications  (this  hypothesis  requires  fur- 

ther study).  Interestingly,  the  equally  well-docu- 

evidence  for  the  relative  burden  of  particular  types 

of  character,  in  the  guise  of  amounts  of  homoplasy. 

Interestingly,  this  partly  reflects  the  physical  scale 

imensions 
W 

body 

extinctions  of  specific  elements  of  the  coal-swamp       of  largest  scale  (notably  overall  growth  habit)  and 

floras  (Phillips  et  al.,  1977,  1985;  Phillips  &  Pep-       smallest  scale  (e.g.,  various  detaUs  of  cell
ular  his- 

pers,  1984)  most  seriously  affected  the  most  de- 

nved  portion  of  the   arborescent  lycopsid   clade, 
eliminating  tk^   "Tc-^to*;^*.;^*"   fai^iliAQ   niflnhoro- 

omamentation 
ed 

as  stelar  and  associated  trace  morphology,  the  basic 
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structure  of  leaf  bases  and  sporophylls,  and  the  tralized  rhizomorphic  rootstock,  together  with  the 

nature  of  the  dispersal  unit.  As  a  broad  general-  small  number  of  module  types  that  constitute  the 

ization,  large-  and  small-scale  features  delimit  spe-  bauplan,  predisposed  the  plants  to  profound  het- 

cies  and  genera,  intermediate  scale  features  delimit  erochronic  changes  in  body  size  and  body  plan;  we 
families  or  still  higher  taxa. believe  that  these  were  manifested  as  geologically 

The  results  of  our  study  wiD  not  encourage  pro-  instantaneous  events  resuhing  from  changes  in  de- 

ponents of  organ  phylogenies.  Merely  bisecting  our  velopmental  regulation.  This  saltational  evolution- 

data  matrix  into  submatrices  representing  vege-  ary  scenario  has  considerable  predictive  value,  par- 

tative  (Fig.  11)  and  reproductive  (Fig.  12)  organs  ticularly  if  considered  in  tandem  with  advances  in 

generated  substantially  different  preferred  MPTs  understanding  of  the  ontogeny,  functional  mor- 

that  were  clearly  inferior  to  the  preferred  MPT  of  phology  and  physiology  of  these  remarkable  or- 

the  full  matrix  (Fig.  6).  The  analysis  of  reproductive  ganisms  (e.g.,  Phillips  &  DiMichele,  1992).  More- 
organs  could  not  satisfactorily  resolve  the  relation-  over,  saltational  scenarios  can  be  falsified  (or  at 

ships  among  the  four  most  primitive  and  three  most  least  highly  modified)  by  cladograms,  if  the  pre- 
derived  genera.  The  analysis  of  vegetative  organs  dieted  positively  correlated  suite  of  character  state 

misplaced  Hizemodendron  as  unduly  primitive  and  transitions  is  dissociated  (e.g.,  by  the  interpolation 

Sigillaria  as  unduly  derived  and  could  only  dis-  of  additional  OTUs  onto  the  internode  in  question: 
tinguish    Synchysidendron    from    Diaphoroden-  R.  M.  Bateman,  in  prep.). 
dron  using  cone  axis  characters  that  mirror  those 

We  have  been  unable  to  discern  any  substantive 

of  ultimate  vegetative  axes.  Nonetheless,  the  ar-  differences  between  reconstructing  the  morpholog- 
boreous  members  of  the  three  most  derived  families  ical  phylogenies  of  extinct  and  extant  species  (cf. 

(Sigillariaceae,    Diaphorodendraceae,    Lepidoden-  Stein,  1987;  Gauthier  et  al.,  1988;  Donoghue  et 

draceae)  persist  as  clades  in  the  analyses  of  both  al.,  1989;  Boy,  1990).  The  inevitable  typological 

submatrices.  This  shows  that  the  families  as  cur-  nature  of  conceptual  whole-plant  fossils  is  not  det- 

rently  known  can  be  approximately  delimited  using  rimental  in  the  essentially  typological  realm  of  cla- 
either  vegetative  or  reproductive  characters  alone,  distics.   Our    16  OTUs  undoubtedly  represent  a 

even  if  their  relationships  cannot  be  determined  highly  rarified  sample  of  all  the  arboreous  lycopsid 
accurately. 

species  that  ever  existed.  This  contributed  to  sev 

1 

Our  resxilts  are  even  less  encouraging  for  clas-      eral  problems,  notably  the  broad  morphological 

sifications  based  on  even  more  reduced  suites  of      discontinuities  separating  some  clades  (Fig.  14)  and 

characters.  We  have  identified  homoplasy  in  many  the  absence  of  satisfactory  outgroups.  However 

supposedly  diagnostic  character  states,  including  cladistic  analyses  based  exclusively  on  extant  spe- 

some  of  the  leaf-base  details  that  are  traditionally  cies  are  even  more  selective;  unique  character  corn- 
used  to  classify  adpressed  lycopsid  axes.  On  the  binations  found  only  in  the  fossil  record,  especially 

basis  of  these  observations,  we  support  in  principle  during  the  initial  radiation  of  a  major  clade,  are 

the  hierarchical  system  of  well-known  core  taxa  deliberately  excluded.  Similarly,  opportunities  to 

and  less  well-known  satellite  taxa  proposed  for  the  use  stratigraphic-temporal  evidence  to  assist  po- 
Lycopsida  by  Thomas  &  Brack-Hanes  (1984),  but  larization  and  characters,  and  (more  importantly) 

convinced    that    reconstructed,   anatomically      to  select  among  alternative  topologies  generate 

from  the  same  data  matrix,  are  squandered, 

question  of  excluding  fossils  does  not  arise  ui 

case  of  the  monosporangiate-coned  lycopsid  cia    . 

are 

preserved  whole  plants  provide  better  core  taxa 
than  the  reproductive  organs  favored  by  Thomas 
&  Brack-Hanes.  Certainly,  whole-plant  reconstruc- 

tions are  essential  prerequisites  for  convincing  phy-      which  apparently  lacks  extant  descendants.  Despite 

logenetic  and  ecomorphic  interpretations.  the  serious  problems  posed  by  incomplete  preser- 

Methodological  observations.  We  do  not  regard 
phy  logenetic  reconstruction  as  an  isolated,  objec- 

tive procedure  divorced  from  hypotheses  of  evo- 
lutionary mechanisms;  rather,  it  is  positive  feed- 

back between  the  two  sets  of  paradigms  that  leads 
to  greater  understanding.  The  evolutionary  history 
of  the  arborescent  lycopsids  is  not  a  simple  story 

vation  in  the  fossil  record,  we  were  able  to  sc 

a  large  number  of  characters  representing  all  o 

gans  of  our  OTUs  and  generated  a  large     a 

matrix  containing  only  a  small  proportion  of  miss  e 

values.  Although  technicaUy  feasible,  i"^'^^*^"^^ 
less    well-known,    partially    reconstructed    ̂  

should  be  postponed  pending  further  investiga 

of  the  effects  of  missing  values  on  tree-lengtn of  progressively  increasing  complexity  expressed      culatlon  and  character  state  optimization 
throughout  the  bauplan.  In  particular,  high-burden  This  study  indicates  that  well-understo 

od  fo^^^i
'^ 

characters  such  as  determinate  growth  and  a  cen-      are  as  valuable  for  phylogenetic  studies  as  a^X 
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extant  organisms  and  do  not  require  any  special 

methodological  concessions.  We  note  that  profound 

gaps  in  the  fossil  record  caused  by  nonpreservation 

are  matched  by  equaUy  profound  gaps  in  extant 

floras,  namely  those  resulting  from  extinction  of 

their  precursors.  Access  to  the  time  dimension,  and 

thereby  to  character  states  (and  combinations  of 

character  states)  no  longer  in  existence,  justifies  a 

pivotal  role  for  paleontological  data  in  phylogenetic 
reconstruction. 

plexus  of  pseudoherbaceous  Palaeozoic  lycopsids  (ab- 
stract). Amer.  J.  Bot.  76:  158-159. 
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Lepidodendron  rimosum  and  Lepidodendron  bre- 
tonense  trees  from  the  Middle  Pennsylvanian  of  the 

curred  with  Lagenicula  horrida  megaspores  (these  were 

incorrectly  referred  to  L.  subpilosa  by  Pearson,  1986: 

K.  M.  Bartram,  pers.  comm.  1987;  H.  L.  Pearson,  pers. 

comm.    1987),  which  have  been  found  in  Flemingites 

Bernice  Basin  (Sullivan  County,  Pennslvania).  Pa-      f^lf'T'""^  (Chaloner   1953;  Brack-H
anes  &  Thorns 

laeontographica  B  195:  153-181  ^^^^^'  Elsewhere,  A,  pulcherrima  co-occurs  with  t.  scouu 

at  the  Late  Visean  locality  of  Petty  cur,  southeastern  Scot- 

land (e.g.,  Williamson,  1872;  Longmans,  1930;  Di- 
Michele, 1980;  Scott  et  al.,  1984;  Pearson,  1986),  and 

with  either  F.  diversus  or  F.  schopfii  at  many  Westphalian 
coal-ball  localities  in  Euramerica  (DiMichele,  1980).  The 

differences  between  these  cone-species  are  subtle  and  not 

readily  resolved  cladistically.  In  particular,  our  scoring  of 

A.  pulcherrima  focused  on  Pennsylvanian  rather  than 

Mississippian  assemblages;  F.  diversus  (Westphalian  U. 

Felix,  1954)  and  F.  schopfii  (Westphalian  B:  Brack, 

1970)  differ  primarily  in  the  mean  number  of  megaspores 

per  megasporangium  and  thus  were  not  differentiated  in 

1 989.  Ontogeny  and  paleoecology  of  the  Mid- 
dle Pennsylvanian  arborescent  lycopod  Bothroden- 

dron  punctatum,  Bothrodendraceae  (Western  Mid- 
dle Anthracite  Field,  Shamokin  Quadrangle, 

Pennsylvania).  Amer.  J.  Bot.  76:  966-980. 
Zalessky,  M.  D.  1912.  The  anatomy  of  Lepidophloios 

laricinus  Sternberg.  Etudes  Paleobot.  2.  St.  Peters- 
berg  Lett.  Sci.  1:  1-13. 

Zhang,  S.-Z.,  D.-S.  Yeh  &  L.-Z.  BiAN.  1986.  On  seed 
and  polyphylesis  of  seed  plants.  Palaeont.  Cathay.  3: 
311-316. 

our  data  matrix  (Table  3,  Fig.  3). 

and 

Appendix  1.  Nomenclatural  and  Taxonomic  Notes 

A,  Higher  taxa.   Bateman  (1990b)  recommended  the 
supra-ordinal  classification  of  Knoll  &  Rothwell  (1981) 

We  anticipate  taxonomic  revision  of  vegetative 

reproductive  organs  o{  Anabathra  as  increased  knowledge 

(particularly  of  Mississippian  forms)  allows  further  whole- 
plant    reconstructions;    for    example,    'Lepidodendron 

and  ordinal  classification  of  Stewart  (1983);  together,       calamopsoides  Long  (1964),  which  co-occurs  with  sng" these  classifications  imply  monophyly  of  the  Division  Tra- 
cheophyta  and  Class  Lycopsida,  but  present  a  provisional, 
egalitarian  (grade)  arrangement  of  six  orders  within  the 
Lycopsida  (Drepanophycales,  Protolepidodendrales,  Ly- 
copodiales,  Selaginellales,  Lepidodendrales,  Isoetales).  Ac- 

marian  rootstocks,  Flemingites -We  strobili  and  ̂ ^S^' 
cula  crassiaculeata  megaspores  (Scott   &   Meyer- 

thaud,  1985;  Scott  &  Galtier,  1988;  Scott,  1990),  maj 

be  a  species  of  Anabathra  (cf.  Table  2).  Such  plants  wiu 
form  the  basis  of  a  new  arborescent  lycopsid  family. 

quisition  of  further  phylogenetic  information  will  require       Anabathraceae. 
re-delimitation  of  these  orders  and  their  rearrangement into  a  more  hierarchical  classification  (Bateman,  1990b C.  Erection  of  new  genera  and  species-  We  have    e 

inno    u     »         irtr^oY    r-  11       .  ,  ..  /           '   '  erately  avoided  formal  reclassification  of  the  17  w  o 
1992;  Hueber.   1992).  CoUoquial  (informal)  names  are  plant  species  included  in  our  study.  Thus,  the  three  new 
consistently  rooted  m  thm  formal  counterparts;  thus,  species  (one   each  of  Oxroadia,   SigiUaria.  and  g J 
lycopsKl    IS  used  for  the  Class  Lycopsida  and  "lepidoden-  chysidendron)  remain  unnamed  (but  see  Bateman,  1992. 

dralean    for  the  Order  Lepidodendrales  (Bateman,  1990b).  DiMichele  &  Bateman,  1992). 
At  present,  the  Lycopsida  are  perceived  as  being  de-  However,  the  results  of  this  study  encouraged  iJ3  to 

hmned  by  exarch  protostele,  scalariform  metaxylem  with  restrict  further  the  range  of  variation  encompassed  b) 
Wilhamson  fimbnls,  vascularized  "microphyUs."  and  fo-  Lepidodendron  sens,  str.,  a  process  that  was  begun  by 
bar/axiUary  eusporangia  (e.g.,  Stewart,  1983).  With  the  DiMichele  (1981,  1983,  1985)  when  clarifying  the  de- 
possible  except^n  of  stigmar.an  rhuomorphs,  none  of  the  limiting  parameters  of  Lepidodendron.  Lepidophlo^os^ characters  traditionally  used  to  debmit  the  Lepidoden-  and  Diaphorodendron  sens.  lat.  In  order  to  transform 
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I 

Lepidodendron  from  an  apparently  paraphyletic  (Fig.  6)  sporangiate  A.  (akhtajanii-Xype,  (2)  megasporangiate  A. 
to  a  monophyletic  entity,  we  retained  only  the  anatomi-  varius-type,  and  (3)  microsporangiate  ̂ .  t^ar/u5*type  (Ta- 
cally  preserved  equivalent  (L.  hickii)  of  the  type  species  ble  2).  Groups  (2)  and  (3)  are  restricted  to  Diaphoro- 

{L  aculeatum)  and  erected  "" Lepidodendron    serratum  dendron-Synchysidendron;  cones  of  all  three  Diapho- 
as  the  type  species  of  a  new  genus,  Hizemodendron  rodendron  species  and  both  Synchjsidendron  species  can 
(Bateman  &  DiMichele,   1991).  The  two  genera  share  only  be  distinguished  by  the  medullated  steles  of  the  latter, 
similar  reproductive  organs,  but  differ  in  many  vegetative 
characters;  at  least  most  of  these  differences  may  reflect 

despite  major  differences  in  growth  architecture  and  veg- 
etative anatomy  between  the  two  genera  (DiMichele,  1981). 

the  imposition  of  radically  different  growth  habits  on  a       Group  (1)  cones  characterize  Hizemodendron  and  Lep- 
shared  bauplan. idodendron  (DiMichele,   1983;  Bateman  &  DiMichele, 

Although  our  study  strongly  supports  monophyly  for  1991).  We  believe  that  megasporangiate  A.  takhtajanii 
2)ia/)Aorode«<iro;2  sens.  lat.  (i.e.,  sensu  DiMichele,  1985;  and  A.  varius  are  sufficiently  distinct  to  merit  generic 

see  Fig.  6),  the  precedent  of  generic  distinction  of  species  distinction  (the  latter  would  require  a  new  organ-genus), 
sharing  similar  reproductive  organs  but  exhibiting  major  Assignment  of  megasporangiate  and  microsporanglate  A. 

differences  in  growth  habit  and  ontogeny  requires  the  varius  to  different  cone-genera  would  be  more  consistent 
with  the  systematic  treatment  of  Hizemodendron,  Lep- 

dicentricum  and  ''Diaphorodendron    sp.  nov.,  as  a  new  idodendron,  and  Lepidopkloios  cones  in  Table  2,  though 
genus  of  arboreous  lycopsid,  Synchysidendron.  In  con-  Phillips  (1979:  256,  259)  presented  several  arguments 
trast  with  the  more  plesiomorphic  Diapho  rodendron  (epit-  against  this  option, 
omized  by  the  type  species,  D.  vasculare)^  S.  dicentricum 
and  Synckysidendron  sp.  nov.  lack  lateral  branches  and  APPENDIX  2.  Analytical  ADVANCES 

recogmtion 

were  probably  monocarpic  (DiMichele,  1981,  1985;  Bate- 
man &  DiMichele,  1991;  DiMichele  &  Bateman,  1992), Given  the  appropriate  microcomputers  and  software, 

more  elegant  solutions  are  now  available  to  some  of  the tU.io   „^  .  1  ,  ,  111-  J  mure  ClC^ain   &UJUUUJja    aic   nuyy   avanaui^    kk,  ov^iiiv    yj^    niv 

thus  possessing  the  same  bauplan,  growth  habit,  and  re-       ̂ ^^5^^,^;^^  ̂ j^^t  we  encountered  when  performing  these productive  strategy  as  Lepidodendron  sens.  str.  (Fig.  1). 
delim 

cone  form-genera  serve  as  shorthand  for  co-occurring 
complexes  of  character  states.  A  few  cone-genera  are 

analyses  in  1989.  For  example,  the  problem  of  storage 

of  only  superficially  different  topologies,  resulting  from 

polychotomies,  has  been  solved  in  Version  3.0  of  PAUP 

(Swofford,  1991).  There  is  much  to  commend  an  ana- 

assignable  to  single  stem-genera  (Table  2),  notably  Ma-       lytical  approach  that  entails  initial  parsimony  analysis  in 

PAUP  3.0,  subsequent  comparison  of  MPTs  with  those zocarpon  to  Sigillaria  (e.g.,  Schopf,  1941;  Feng  &  Roth- 
well,  1989)  and  Lepidocarpon  to  Lepidophloios  (Di- 

Michele, 1983).  The  microsporangiate  genus 
Lepidostrobus  characterizes  Hizemodendron,  Lepido- 

dendron, and  Lepidophloios;  cone-species  of  each  of 
these  stem-genera  can  only  be  distinguished  by  continuous 
quantitative  characters  and  microspore  morphology  (e.g., 
Willard,  1989a).  In  contrast,  Achlamydocarpon  is  a 
greatly  inflated  form-genus  (e.g.,  Leisman  &  Phillips,  1979) 
encompassing  three  main  morphological  groups:  (1)  mega- 

generated  by  using  Hennig86  Version  1.6  (Farris,  1989), 

and  printing  of  interesting  topologies  and  character  s 
distributions  using  MacClade  Version  3.0  (Maddison  & 

Maddison,  1991).  Estimation  of  degrees  of  support  for 

particular  nodes  using  bootstrapping  (Efron,  1982;  Fel- 
senstein,  1985;  Sanderson,  1989)  is  gaining  in  popularity, 

though  there  is  no  statistical  substitute  for  detailed  ex- 
amination of  suboptimal-length  topologies. 
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COMPARATIVE  ECOLOGY  AND 

LIFE-HISTORY  BIOLOGY  OF 
ARBORESCENT  LYCOPSIDS 
IN  LATE  CARBONIFEROUS 

SWAMPS  OF  EURAMERICAN 

William  A,  DiMichel^ 

Abstract 

The  comparative  ecologies  of  Diaphorodendron^  Lepidodendron,  Lepidophloios^  Paralycopodites  (=  Anabathra), 
and  Sigillaria  in  Late  Carboniferous  coal  swamps  serve  as  a  context  for  assessing  life  cycles  and  exploring  possible 

structure-function  relations.  The  distinctive  aspects  of  the  'iycopsid  tree  habit"  in  lepidodendrids  are  emphasized  as 
part  of  the  arborescent  reproductive  architecture  of  relatively  short-lived  (10-15  years)  plants.  These  include: 
determinate  apical  growth  of  the  aerial  shoot  system  and  the  anchoring  stigmarian  system,  which  have  marked 

homologies;  limited  amount  of  secondary  xylem,  lack  of  secondary  phloem,  and  periderm  as  the  major  support  tissue; 

differentiated  gas-diffusion  system  associated  with  appendages,  including  lacunae  and  parichnos;  abscission  oi  ap- 
pendages and  lateral  branches;  retention  of  leaf  cushions;  and  close  relationships  between  mode  and  timing  of  branching, 

to  cone-bearing  and  heterosporous  reproductive  biologies.  Vegetative  structure-functions  explored  include  the  possibility 

that  lacunae  and  parichnos  were  involved  in  internal  mediation  of  gas  diffusion  as  opposed  to  aeration  functions.  Ine 

possibility  exists  that  parts  of  the  stigmarian  system  were  involved  in  CO2  acquisition  from  substrates;  some  may  have 
been  photosynthetic.  These  functions  are  considered  in  the  context  of  the  light  sharing  and  diffuse  photosynthesis 

evident  in  the  pole  architecture.  The  combination  of  such  possibilities  is  related,  in  part,  to  the  xeromorphic  char- 
acteristics of  the  arborescent  habit,  raising  the  question  about  a  modified  kind  of  C3  photosynthesis  such  as  CAM 

(Crassulacean  Acid  Metabolism).  Stigmarian  lycopsids  dominated  tropical  WestphaUan  coal  swamps  as  an  array  ot 
genera  with  relative  distributional  abundances  reflecting  habitat  partitioning  according  to  edaphic  conditions,  incluoing 
temporal  disturbance  patterns.  Species  appear  to  exhibit  different  levels  of  tolerance  to  disturbances  and  range  from 

colonizers  to  site  occupiers.  Paralycopodites^  with  prolific,  free  sporing,  bisporangiate  cones,  was  most  abundant  in 
frequently  disturbed,  partially  exposed,  peat-  to  mineral-rich  habitats  (ecotonal).  Monosporangiate  Lepidophloios  and 
Lepidodendron  were  associated  typically  with  deeper,  standing -water  habitats,  and,  in  association  with  terminal 
branching,  monocarpically  produced  specialized  monosporic  megasporangium-sporophyll  units,  termed  aquacarps. 
Diaphorodendron  species  were  monosporangiate  with  aquacarps  and  range  from  a  typically  persistent,  low  leve 
reproductive  output  on  deciduous  lateral  branches,  to  monocarpy  (D.  dicentricum)  with  terminal  branching.  Sigdlaria 
was  less  closely  associated  with  peat  swamps,  as  a  sporadic  occupant  associated  with  major  disturbances,  such  as 

flood/dry  down  cycles.  Whorls  of  monosporangiate  cones  were  produced  intermittently,  perhaps  in  seasonally  wet- 
dry  conditions,  with  megaspore-sporangial  dispersal  units  derived  from  cone  fragmentation.  In  North  America  Sigdlaria 
was  the  principal  lepidodendrid  survivor  of  the  swamp  extinctions  near  the  Middle-Upper  Pennsylvania  boundary. 
The  ecological  roles  of  stigmarian  lycopsids  in  Westphalian  coal  swamps  are  distinctive  as  an  array  of  heterosporous 
reproductive  architectures  that  were  collectively  dominant.  Plants  were  characteristically  much  taller  than  other  trees, 
yet  did  not  shade  out  lower  vegetation.  They  also  were  a  major  stabilizing  influence  on  substrates  with  their  extensive, 
baffling  and  anchoring  systems  in  the  high  disturbance  and  abiotically  stressed  environments  of  peat  swamps.  Ine 
environmental  circumstances  of  the  first  major  coal  age  appear  to  have  selected  against  long-lived  or  slow-growing 
trees  in  most  coal  swamps.  Lepidodendrids  constituted  the  most  important  of  the  arborescent  genera  both  because  0 
their  unusual  array  of  reproductive  biology  in  such  large  structural  and  yet  short-lived  growth  habits,  as  well  as  many 
physiological  attributes  that  are  only  partially  known  or  conjectured. 

I 

I 

Trees  referred  to  as  lepidodendrids  or  stigmarian  ically  from  arborescent  forms  of  other  non-lycopod 

lycopsids  encompass  lycopsid  zeniths  in  size,  struc-  lineages  as  to  merit  distinction  of  a  'iycopsid  tree 

tural  complexity,  and  heterosporous  diversification  habit."  The  principal  lepidodendrid  genera  of  the 

as  well  as  ecological  dominance  in  Late  Carbonif-  Late  Carboniferous  coal  swamps,  known  from  an- erous  tropical  swamps.  Lepidodendrid  trees  were 4  a^id^B 

anatomi 
atomical  preservation,  include  Diapho

rodendron, 

Lepidodendron,  Lepidophloios,  Parafyco
podUe 
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(=  Anabathra),  and  Slgillaria.  Anatomical  and  lycopodites,  Sigillaria)  also  are  thought  to  have 
developmental  studies  drawn  from  these  genera  had  primary  body  diminution  with  apical  dichoto- 
provide  a  composite  picture  of  the  lycopsid  tree  my. 
habit  that  emphasizes  some  of  the  differences  from  Pole  branching  was  coordinated  apparently  with 
conventional  trees.  reproduction  (DiMichele  &  Phillips,  1985).  Lateral 

Lepidodendrids  were  apically  determinate  in  both  branches  were  either  ramified,  bearing  multiple 
the  aerial  shoot  system  (Andrews  &  Murdy,  1958;  cones,  or  pedunculate  with  a  terminal  cone.  Ter- 

Eggert,  1961;  Lemoigne,  1966;  Chaloner  &  Mey-  muial  ''crown  type"  branching  was  simply  an  ex- 
er-Berthaud,  1983)  and  apparently  also  in  the  an-  panded  scaffolding  for  cone  production  and  dis- 
choring  stigmarian  system  (Frankenberg  &  Eggert,  persal.   Deciduous  lateral  or  terminal  branching 
1969);  the  anatomical  transition  from  stem  to  rhi- ? 
zomorph  occurred  in  the  unbranched  base  of  the  tration  and  wind  dispersal.  In  short,  the  lepidoden- 

trunk.  Marked  homologies  between  stem  and  rhi-  *i"ds  represent  arborescent  reproductive  architec- 

zomorph  systems,  both  in  axial  organization  and  in  ̂ "'■e  ̂ '^^  determinate  growth  and  fairly  short  life 

appendage  anatomy  and  arrangement,  indicate  that  ̂ P^"^  (Stewart,  1983:  104;  DiMichele  &  Phillip., 

the  stigmarian  rhizomorph  was,  in  part,  function-  ̂ ^^^^  ̂ ^^P^^  their  large  statures. 

aUy  but  not  morphologicaUy  a  "root  system."  Its  Lepidodendrids  wer
e  indeed  tree  sized  with  a 

anchorage  and  support  of  the  pole-type  trunk  was      ̂ ^^'^^j^^^"'  ̂ ^^^L ̂ T  T m- if  '2^^,  I provided  by  dichotomous  branchings  and  the  ex-      ̂   ̂^     ̂   ̂  span,  per  aps     P  ^  ̂"^^        ̂  conservatively  high  estimate.  Iheir  developmental 

design  indicates  a  different  way  to  be  a  big  pole 
tensive  appendages  they  bore.  There  were  no  root 
caps  or  root  hairs.  The  apex  of  the  growing  stig-  „         ,                  ̂ ^     ̂                    i            i, 
mnri^Ti  o^^.  *           J     L.       .1     .          '11          -1  tree,  rapidly  and  temporarily,  bome  were  also  small 
nianan  axes  tapered  abruptly  to  a  nmlike  apical  „           ,           »                   ., „»^^,,„           •       1     .  1               1            *  .        1  -  trees,  especially  m  the  coal  swamps.  Most  recon- 
groove  associated  with  appendage  ongms;  this  was  i*.,,      ii-V                     -i 
fp-^'   ̂ .    1      •,.                      •         ̂           r                 *i  structions  show  lepidodendrids  in  late  to  terminal 
icrmmated  with  a  protective  plug  of  apparently  ^      .          4. ,      .  m               1                      -       1 n^ir^Ti^u        *        .■          /T>    1       n    irwo^\   T^L  rcproductivc  or    death    stages.  As  unconventional 
parenchymatous  tissue  (Rothwell,  1984).  The  cy-  ̂,                                          i,          ,  ,     .   r ••    '       -  as  these  trees  were  structurally,  and,  by  inierences, 

fimctionally,  we  have  good  reason  to  query  what 

else  is  known  or  likely  about  their  biology,  their 

or  mnrf^-  c..^^         ̂ ^--x«.v.vx  .^  .^..^...  w.  ̂ .^  x»  ̂ ^^Yiet  history,  and  the  origin  of  genera.  In  turn, "r  more,  some  are  known  to  have  been  once  di-  ^        ̂       ̂      •'                             .     1      .  ,1          .^      \ 
chotomous  in  the  sigillarian  stigmarias  (Lemoigne 1963). 

filled 

ently  buoyant,  with  a  large  external  surface  to 
biomass  ratio.  They  radiated  for  lengths  of  0.5  m 

The  aerial  shoot  system  exhibited  structural  sup- ainly 

what  do  these  aspects  suggest  about  the  wetland 

environments  where  they  dominated? 

Lepidodendrids  were  confined   to  the  tropical 

wetlands  of  the  late  Paleozoic,  apparently  associ- 

derm,  formed  beneath  the  leaf  cushions  or  bases      ated  with  soft  substrates  (peat  as  well  as  mostly 

"^  larger  stem  parts.  The  relatively  modest  amount      inorganic).  Such  habitats  are  accordingly  referred 

to  as  coal  (peat-forming)  or  clastic  (inorganic  sub- 
trunk 

There 

associa 
ductance  (Cichan,    1986),   Both  aerial  and  stig- 
Parian  systems  had  wood  and  periderm,  but  neither 

had  secondary  phloem  (Eggert,  1972;  Eggert  &      drained  parts  of  the  wet  lowlands.  Because  the 

Kanemoto,  1977).  Inthe/:<?/?irfodertc//-anandie/?-      habitats  of  lepidodendrids  were  also  depositional 

environments ^dophloios -iypG  trees  with  dichotomous  terminal 

branching,  the  primary  body  showed  progressive      of  compressions,  casts/molds  (sec  Castaldo,  1986), 
dirr.:^...!.       r    «    .  .      ,     .  i-  permincralizcd  anatomy,  and   spore   floras,   Rec 

tern.  There  were  progressively  fewer  and  smaller      ognition  and  interpretation  of  this  record  is  partic- 

leaf  cushions  and  lamina,  and  finally  maturation  of      ularly    ̂          -^  ̂"  *^'*  ,.»..^..»ii..  J*.»,«^»...«  .•-..^ nhanced 
dimini; dodendrids 

trunk  I 
1  wood 

^^^ralycopodites,  most  Diaphorodendron  spe- 
^*^)  the  same  determinate  changes  occurred  in 
^he  lateral  branches,  and  presumably  in  the  main 
trunks.  Genera  that  ultimately  terminated  their 
pole  architecture  with  at  most  a  fork  or  two  {Para- 

Stigmarian  lycopsids  represented  in  our  study 

were  the  principal  genera  of  the  Westphalian  (mid- 
Late  Carboniferous)  coal  swamps.  The  fivp  genera 

coexisted  in  Westphalian  (mid-Pennsylvanian)  coal 

swamps  for  about  nine  million  years  (Hess  &  Lip- 

polt,  1986)  in  an  area  from  Europe  to  mid-con- 
tinental United  Slates.  Additional  occurrences  in 
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clastic  deposits  provide  a  means  of  tracking  their 

Westpl 

broader   geologic  distribution,  despite  taxonomic      several  genera  surviving  in  the  Stephanian  of  the 

limitations  of  cross-preservational  comparison  (see       Donets  Basin  of  Ukraine,  Massif  Central  of  France, 
Gastaldo,  1987). 

Wagn 

im 
The  W 

from  lepidodendrid  ecology  is  that  the  biological  ing  Permian  distribution  of  lepidodendrids  in  the 

differences  among  genera  seem  to  reflect  habitat  Cathaysian  paleofloristic  province  is  quite  different 
partitioning  according  to  edaphic  coi 

Lepidod 

from  that  of  Euramerica  (Li  &  Yao,  1982;  Wang, 

1985).  Some  of  the  same  genera  continued  as 

drid  life  cycles  apparently  constrained  the  plants  major  components  of  Cathaysian  coal  swamps  to 

to  relatively  short-term  occupation  of  variously  dis-  the  end  of  the  Paleozoic  (Tian  &  Zhang,  1980; 

turbed  or  certain  temporarily  stable  wetland  hab-       Tian  &  Guo,  1987). 
The 

vation  of  reproductive  organs^  permitting  dispersal 
from  a  high  point.  This  was  very  important  in  the 
face  of  repeated  expansions  and  contractions  of 

Perspectives  and  Bases  for  Interpretation 

The  most  important  aspect  of  our  inquiry  into 
habitable  environments,  including  the  necessity  of  structure-function  relationships  is  relationship  be- 

tween the  peculiar  morphology  of  the  lepidoden 

drids  and  their  physiology  and  how  this  best  relates 

olonizat 
known 

distribut 

lutionary  lineage  distinct  from  other  vascular  plants. 
or  patterns  of  replacement  by  another  lepidoden-      The  many  distinctive  aspects  of  morphology  often 

unusual 

so 

life  cycles  con-  are  interpreted,  however,  based  on  the  structure- 

tributed  to  the  collective  dominance  of  swamps  by  function  relationships  of  other  vascular  plants,  es- 
lycopsids.  The  heterogeneity  of  swamp  environ-  pecially  seed  plants.  In  retrospect,  most  of  us  have 
ments,  as  well  as  geologic  changes  in  environments,  followed  such  analogies.  Lepidodendrids  are 

also  can  be  inferred  from  the  mix  or  combination,  quaintly  familiar  to  paleobotanists  that  such  ex- 
and  relative  abundances  of  lepidodendrid  genera  ceptional  morphological  features  as  the  stigmarias 

(DiMichele  et  ah,  1985).  are  reduced  to  ''root  system"  status  without  asking 

The  principal  lepidodendrid  genera  of  the  West-  what  these  shootlike  systems  might  be  doing  tha 

phalian  coal  swamps  had  very  long  geologic  ranges,  is  of  importance  to  lepidodendrids,  or  to  our  un- 

some  extending  for  more  than  100  million  years.  derstanding  of  other  rhizomorphic  lycopsids.  Sun- 
All  have  anatomically  known  occurrences  in  the  ilarly,  we  have  relegated  structures  with  seed-like 

very  early  Carboniferous.  The  lepidodendrid  ra-  morphology  {Lepidocarpon,  Achlamydocarpon) 
diation  occurred  in  the  earliest  Carboniferous,  and  to  the  status  of  almost  seeds,  extrapolated  even  to 

perhaps  latest  Devonian  (Scheckler,  1 986),  and  it  the  pollination  syndrome  (Thomas,  1981).  In  short, 

is  likely  that  the  development  of  the  stigmarian  our  comparative  morphological  treatments  of  the 
system  constituted  the  major  adaptive  break-  lepidodendrids  have  been  too  strongly  influence 

through.  ParaZjco/?oc?e7e5  is  known  from  the  Tour-  by  seed-plant  morphology  with  analogy  to  its  im- 
naisian  (Meyer-Berthaud,  1981)  and  Lepidoden-  plications  of  function. 

dron,  Lepidophloios,  Diaphorodendron,  and  Also  misleading  have  been  evolutionary  scenar- 
Sigillaria  were  present  during  the  Visean  (Long,  ios  wherein  lepidodendrids  are  the  starting  V^^^ 
1968;  Scott  et  al.,  1984).  There  are  several  re-  for  a  reductional  series  from  arboreal  to  herbaceous 

ported,  older  occurrences  of  Lepidodendr on -like  rhizomorphic  (centrally  "rooted")  forms.  Quite  to 
plants.  Lepidodendrids  subsequently  attained  pan-  the  contrary,  we  believe  that  the  arborescent  ly underw 

copsids  represent  an  extreme  specialization 

which 

expansion  and,  as  a  group,  reached  their  zeniths      evolved  from  diminutive  predecessors  whose  near 
in  Euramerican  coal  swamps  by  the  onset  of  the      relatives  survive  to  the  present  day.  In  short, Westphalian.  With 

these  genera  became  extinct  in  coal  and  clastic "reduction  series"  of  classic  literature  treats 

the 

the 

true  ancestors  as 

  the  descendants.  This  p
laces  ex- swamps  m  North  America,  rather  abruptly,  near      ceptional  importance  on  the  study  of  the  surviving 

♦k.  \A.AA^^  T  T„ —  Pennsylvanian  boundary  (Wins-      members  of  the  isoetalean  line.  These  may  pr"^''  ̂  
i  et  al.,  1974;  Kosanke  &  CecU,      insights  into  the  lepidodendrids  and  their  r^'^|j'^^^J 

1 989).  A  drastic  decline  occurred  in  Europe  also      which  dominated  the  swamps  and  marshlands  o 

PhiUip 

I 

i 

gation.  Consequently,  the  life  cycles  provide  per-      to  their  ecology  and  reproductive  biology.  It  is      ( 

spectives  on  ecological  resource  partitioning,      known  that  lycopsids  probably  represent  an  evo- 

t 

I 
I 

I 
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the  tropical  Carboniferous,  and  a  diversity  of  en-  the  geologic  record  because  of  the  occurrences  of 
vironments  from  wetlands  to  more  xeric  habitats  coal  balls.  This  continues  to  improve  resolution  of 

of  other   paleofloristic   areas   and   geologic   times       the  systematic,  ecological,  and  evolutionary  un- 

(Meyen,  1982,  1987). derstanding  of  lepidodendrids  and  their  relatives 

The  success  of  rhizomorphic  lycopsids  in  such       based,  in  part,  on  anatomy,  development,  and  re- 
j  are 

harsh  environments  takes  on  special  importance  in  productive  biology.  While  the  relevant 

light  of  their  distinctive  morphology  and  probably  too  extensive  to  cite  comprehensively,  key  publi- 

unique  physiology.  Why  were  rhizomorphic  lycop-  cations  are  given  here  for  major  reviews  or  com- 

sids  so  successful  in  conspicuous  contrast  to  other  pUations,  revised  systematics,  developmental  stud- 

plant  types  that  also  had  basic  laminate  and  ar-  ies,  and  the  vegetational  data  and  analyses,  with 

borescent  characteristics  by  the  late  Devonian-  other  citations  accompanying  the  pertinent  text. 
earliest  Carboniferous?  As  a  consequence  of  their The  lepidodendrids  are  reviewed  by  Chaloxier  & 

SYSTEMATICS  AND  DEVELOPMENT 

distinctiveness,  lycopsids  provide  an  "outgroup"  Boureau  (1967)  and  Thomas  (1978).  Reproductive 
by  which  we  can  assess  the  constraints  form  and  biology  of  some  lepidodendrids  has  been  summa- 

physiology  place  on  ecology.  Despite  our  own  res-  rized  by  Phillips  (1979)  and  DiMichele  &  Phillips 

ervations  about  multiple  speculations  of  form-func-  (1985).   Extensive  reviews  of  general  ecological 

tion  relationships,  the  intent  is  to  utilize  lepidoden-  studies  are  found  in  Scott  (1977)  and  Collinson  & 

drids  as  a  model  system  that  has  high  resolution  Scott  (1987). 

because  of  anatomical  preservation,  size  of  struc- 
tures, dominance  of  vegetation,  and  long  geologic 

ranges  and  broad  paleogeographic  distribution.  The 

rhizomorphic  lycopsids  are  acknowledged  to  have  Revisions  in  the  systematics  of  coal-swamp  taxa 

been  generally  xeromorphic  despite  the  seemingly  have  resulted  in  the  delineation  of  Pam/ycopocft/e^ 

contrary  ecological  associations  with  wetlands  and  (=  Anahathra)  as  an  arborescent  lycopsid  (Di- 
xeric  habitats— both  harsh  extremes.  These  ex-  Michele,  1980;  Pearson,  1986)  corresponding  to 

tremes  in  the  environments  of  the  late  Paleozoic,  Lepidodendron  brevifolium  in  the  older  literature 

and  even  the  Triassic,  mark  capabilities  of  lycopsids  (see  Williamson,    1893).   Diaphorodendron,   the 

that  were  not  mediated  just  by  differences  in  re-  ''coal-swamp   Lepidodendron,"''   has  been   segre- 
productive  biology,  but  by  particular  physiological  gated  (DiMichele,  1985)  from  true  Lepidodendron 
capabilities. 

Available  Data 

(DiMichele,  1983)  with  additional  revision  and  de- 

scription of  a  new  species  (DiMichele,  1979b, 

1981).  The  megasporangiate  and  microsporangiate 

cones  of  Diaphorodendron^  known  as  Achlamy- 

Most  data  and  results  drawn  upon  in  this  study  docarpon  varius,  were  described  in  detail  by  Leis- 

are  derived  from  anatomically  preserved  plant  as-  man  &  Phillips  (1979).  Lepidophloios  has  been 

semblages  in  coal-baU  deposits.  Coal  balls  are  con-  revised  (DiMichele,  1979a),  including  major  sys- 

cretions,  principaUy  of  carbonate  permineraliza-  tematic  changes  for  the  fructifications  (Balbach, 

tion,  entombing  peat  stages  of  coal  swamps.  The  1965,  1967).  The  principal  Sigillaria  studies  in- 

greatest  abundances  of  coal  baUs  occur  in  the  West-  elude  those  by  Schopf  (1941)  on  Mazocarpon 

phalian  (middle  Upper  Carboniferous)  of  Europe  cones,  by  Delevoryas  (1957)  on  stems,  and  by 

and  the  United  States  (PhUlips,  1980).  More  than  Eggert  (1972)  on  stigmaria  from  the  same  
Amer- 

60  coals  are  represented  and  localities  number  in  ican  deposits.   The  principal   work   on  European
 

Le  lowermost  sigillarias  is  that  of  Lemoigne  (1960).  Additional 

Westphalian  A  to  near  the  top  of  the  Westphalian  species  of  Mazocarpon  have  bee
n  described  from 

D,  stratigraphicaUy  including  part  of  the  Lower  the  Appalachians  by  Pigg  (1983)  and  b
y  Feng  & 

ylva-  Rothwell  (1989).  A  detailed  updated  account  of 

nian  m  the  United  siates'Tt  least  10  coals  are  Stigmaria  ficoides  is  given  by  Franke
nberg  & 

represented  hv  orcnrrenrPs  in  the  Upper  Penn-  Eggert  (1969).  The  phylogeny  of  the  
lepidoden- 

hund 

enn; 

Illinois 

chians.  There  are  significant  permineralized  de- 

drids  is  reviewed  by  Bateman  et  al.  (1992). 

While  the  above  and  other  studies  include  many 

posits  also  in  the  Stephanian  of  France  (Galtier  &      developmental  aspects  of 
 the  lepidodendrids,  the 

Phillips,  1985). seminal  papers  on  aspects  of  arborescent  growth 

There  is  more  anatomicaUy  based  information  include  those  by  Wal
ton  (1935),  Andrews  &  Mur- 

on  the  swamp  plants  of  the  Late  Carboniferous  dy  (1958),  and  Egg
ert  (196 1),  with  excellent  sum- 

tropics  than  for  any  other  comparable  interval  in      maries  by  Delevorya
s  (1964)  and  Stewart  (1983). 
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Stigmarian  biology  has  received  a  special  emphasis  large  apex  may  have  been  supplemented  by  some 

as  the  result  ofthe  studies  of  Frankenberg&  Eggert  kind  of  primary  thickening  meristem,  particularly 

(1969),  Eggert  (1972),  Paolillo  (1982),  Jennings  important  in  the  establishment  growth  phase.  The 

et  al.  (1983),  Rothwell  (1984),  and  Rothwell  &  common  diamond  design  of  most  leaf  bases  may 
Erwin(1985). 

VEGETATIONAL  ANALYSES 

Vegetational  analyses  of  Late  Carboniferous  peat 

have  permitted  structural  accommodations  of 

growth  vectors  generated  by  combinations  of  ver- 
tical and  transverse  expansion  during  primary 

thickening.  While  distinctions  are  recognized  here- 

in between  primary  and  secondary  thickening  mer- 
swamps  are  based  on  quantified  identification  of  istems,  it  seems  quite  possible  that  the  relationships 
tissues,  taxa,  and  preservational  states  (fusain).  between  them  were  not  so  clearcut.  This  may  be 
Sampling  methods  are  described  by  Phillips  et  al.  ̂   matter  of  shift  to  more  localized  meristematic 
(1977);  modifications  of  this  sampling  method  have 

been  described  by  Raymond  (1988),  Pryor  (1988), 
and  Feng  (1989).  These  studies  provide  an  outline 

of  vegetational  changes  in  the  Westphalian  and 

activity  and  eventually  a  lack  of  thickening  mer istem  activity. 

XYLARY  SYSTEM 
Stephanian  that  are  paralleled  by  more  extensive 

sampling  in  spore  floras  of  the  coals  (see  Peppers,  The  protostefe  in  the  shoot-stigmarian  transition 
1984;  Phillips  &  Peppers,  1984).  region  is  minute,  composed  of  only  a  few  tracheids. 

Summaries  of  vegetational  data  in  relation  to  Primary  xylary  expansion  in  both  directions  led  to 

palynology  are  given  in  Phillips  &  Peppers  (1984)  progressively  larger  diametered ''siphonosteles"  (or 
and  Phillips  et  al.  (1985)  with  specific  site  or  coal  medullate  protosteles)  corresponding  to  an  increase 
studies  appearing  in  PhiDips  &  DiMichele  (1981),  in  the  entire  primary  body  size.  The  protosteKc 
DiMichele  &  PhiUips(1985,  1988),  Eggert  &  Phil-  transition  region  is  quite  long,  encompassing  both 
lips  (1982),  Eggert  et  al.  (1983),  WiUard  (1985,  the  trunk  and  the  basal  stigmarian  axis,  including 
in  press),  and  Winston  (1988).  The  techniques  of  the  region  where  appendage  traces  first  occur. 
analyses  are  found  in  Phillips  &  DiMichele  (1981), 

At  some  indeterminate  distance  from  the  tran- DiMichele  et  ah  (1986),  and  Raymond  (1988).  gition  zone  within  the  dichotomously  forked  part 

of  the  stigmaria  axis,  the  stelar  structure  sigmfi- The  Lycopsid  Tree  Habit 

Lycopsids  are  so  different  evolutionarily  from 
other  vascular  plants  that  even  the  concept  of  the 

cantly  changed.  The  stigmarian  primary  xyleni  ap 

parently  expanded  into  essentially  a  spiral  array  o 

appendage  traces,  indicated  by  perimedullary  pro- 

toxylem  groups,  closely  associated  with  a  inos  y 
"lycopsid  tree  habit"  tends  to  be  misleading  be-  hoUow  parenchymatous  pith.  There  is  continuity 
cause  the  primary  frame  of  reference  for  "trees"  of  the  parenchyma  with  each  xylary  trace  across 
tends  to  be  non-lycopsids.  The  lycopsid  tree  habit  the  secondary  xylem.  The  radial  xylary  maturation 

has  become  epitomized  by  lepidodendrids  or  "stig-  has  been  described  as  centrifugal  because  of  as- 
marian  trees,"  which  include  the  largest  known  sociated  tracheids  thought  to  be  endarch  inetaxy- 
lycopsids.  However,  it  is  weU  to  emphasize  that  lem.  However,  it  is  not  possible  to  distinguish  ob- 
basic  pole  architecture  was  shared  by  a  wide  size  jectively  between  secondary  xylem  tracheids  and 
range  of  lycopsids  from  robust  "herbs,"  such  as  those  ofthe  primary  appendage  trace.  Cons^dermg Chaloneriay  to  terminally,  determinately  branched 

Lepidodendron  "trees."  The  general  distinctions 
of  relative  pole  sizes  and  even  branching  do  not 

the  centripetal  maturation  of  stem  xylem,  it  is  U  e  y 
that  maturation  of  stigmarian  protoxylem  was  ̂ ^^ 

perimedullary istently  or  meaningfully  separate  "trees"  from      represents  a  nontracheidal  frame  in  which  the  pro- 

cambial  strands,  differentiated  as  appendage 

es,  were  the  only  stelar  xylem.  Given  the  sp 
vascular  construction  of  this  modified     sip 

prima 

robust  "herbs"  or  stigmarian  lycopsids  from  other arborescent  forms. 

PRIMARY  THICKENING body 

network,  conduction  requires  a  continuity  °     ̂     r 

,   and  the  early  addition      afForded  only  by  the  concomitant  development 
of  secondary  xylem  necessitate  a  large  primary      secondary  xylem.  It  is  presumed  that  secondary 
meristem,  a  feature  also  reflected  in  the  large  ap-      xylem  was  rapidly  added  in  the  stem  at  the  same of  both tune 

1958;  Eggert,    1961;  RothweD,   1984).  Such  a  The 

( 

* 

I 
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stigmarian  primary  body  may  have  been  more  rapid  tween  otherwise  isolated  traces,  as  well  as  providing 

and  perhaps  less  costly  to  achieve  than  that  of  the  a  structural  frame  for  the  incorporated  aeration 

aerial  pole.  Each  of  the  four  main  stigmarian  axes       passages.  In  young  forked  Lepidophloios  sporo- 
simult neously      phytes  just  emergent  from  the  megasporangium, 

byapairof  successive  dichotomies.  The  pith  cavity       secondary  xylem  has  been  observed  in  both  axial 

ficoid 
systems  in  what  should  constitute  part  of  the  tran- 

considered  a  taphonomic  artifact,  but  the  best  pres-       sition  zone  (Phillips,  1979)- 

ervation  available  (Williamson,  1 887;  Frankenberg 

&  Eggert,   1969)  argues  that  there  was  only  a 

perimedullary  pith  rim  surrounding  a  hoUow  central 

cavity  (except  at  each  end).  This  pith  rim  had  clear 

ichyma  accompanyin 
wood.  Two  aspects  < 

important 

PHLOEM  AND  LONG-DISTANCE  TRANSLOCATION 

Given  the  developing  suite  of  conducting  and 

support  tissues,  it  is  natural  to  wonder  about  the 

long-distance  photosynthate  translocation  system 

of  a  tree-sized  plant  that  had  no  recognizable  equiv- 

was  an  air  cavity  in  the  center  of  the  Stigmaria  alent  of  secondary  phloem  (Arnold,  1960;  Le- 

yJcoides  axes,  and  secondly,  parenchymatous  con-  moigne,  1966;  Eggert  &  Kanemoto,  1977).  In 

nections  extend  from  perimedullary  pith  rim  not  lepidodendrid  stems  (Diaphorodcndron)  the  pri
- 

only  across  the  wood  but  to  the  base  of  each  ap-  mary  phloem  occurs  as  a  discontinuous  ring
  of 

pendage  where  a  transverse  septum  (diffuser)  sep-  strands  separated  by  regions  of  parenchy
ma  that 

arates  the  appendage  lacuna  from  the  axis.  The  accompany  departing  leaf  traces  (Eggert  &
  Ka- 

parenchyma  associated  with  the  xylary  trace  in  the  nemoto,  1977).  A  discontinuous  ring^of  
primary 

wood  has  been  termed  a  primary  medullary  ray  by 
fi 

nkenber 
Williamson  (1871),  and  a  lateral  appendage  gap  tern  where  the  interruptions  in

  the  ring  mark  lo- 

cations where  lateral  appendage  traces  pass  out- 

gert  (1969).  The  key  point  here  is  that  these  len-  ward  (Eggert,  1972). 

ticular  shaped  lacunae,  as  seen  in  tangential  wood  The  primary  phloem  "bottl
eneck"  m  the  tran^ 

sections,  are  completely  lined  with  parenchyma,  at  sition  region,  in  particular,
  poses  the  problem  of 

least  4-5  ceUs  thick,  and  apparently  frame  slightly  how  food  from  the  aer
ial  pole  reached  the  stig- 

larger-sized  ceUs  that  are  more  subject  to  degra-  marian  system,  especi
ally  as  lepidodendnds  became 

dation.  The  lacuna  is  sHghtly  wider  toward  the  outer  larger.  Primary  p
hloem  bands  were  displaced  out- 

periphery  of  the  wood.  In  many  cases  it  has  been  ward,  presumabl
y  by  basal  secondary  xylem  de- 

assumed  that  lack  of  preservation  accounts  for  the  velopment,  and  
never  augmented  Another  way  to 

lacunae  and  that  the  "ray"  or  "lateral  appendage  look  at  the  anatomy  is
  that  the  bands  of  pnmary 

gaps"  were  fully  fiUed  by  parenchyma.  This  seems  phloem  
constitute  all  that  were  formed.  This  sup- 

likely;  however,  like  the  large  cells  of  the  middle  posed  
constraint  in  long-distance  translocation  draws 

cortical  tissues  of  the  appendages,  observed  basally  general  
attention  to  a  broader  problem:  how  could 

in  some  cases,  these  may  degrade  early.  The  la-  lepidoden
drids  attam  such  large  sizes  even  as  short- 

cunae  associated  with  the  appendage  xylary  traces  Uved  
plants,  if  they  had  hm.ted  capabihues  to  trans- 

and  surrounded  by  parenchyma  are  likely  key  parts  loc
ate  photosynthate  between  aer.al  and  suhter- 

ranean  systems,  as  well  as  within  the  shoot? 
of  the  aeration  system. 

The  addition  of  the  secondary  xylem  to  the  It  is  suggested   tnat   ,.-piaoaenuria.   renea   on 

primary  body  likely  occurred  very  near  the  apex  so
mewhat  different  functionahis.-^  of  pde  and  sf  g- m  k  *u      1  ,      .  rr.,.  ^^o  marian  svstems.  These  may  be  described  generally 

in  both  pole  and  stigmarian  axes.  This  seems  rea-  marian  systems,  n  •;,,..,,,      ̂ ,       ,. Qft«^ki        •  .  .  J     *        t^^  tr^  a^  diffuse  photosynthesis  with  Umited  translocation 
sonable,  given  the  necessity  to  conduct  water  to  as  amuse  pnuiu  ̂          •        j        .  i    ■      i 
tKo  4       1     .  .11  11       i_        •        .^„U  nnd  with  tissue  erowth  and  maintenance  derived 
the  developing  aer  al  shoot,  which  otherwise  would  and  wiin  u^suc  5  .  t^.  •  1 ^^r.  ,  ,  •.•        ̂   frr^m  Inral  sites  of  photosynthesis.  Inis  may  nave 

nave  a  protoste  ic  bottleneck  in  the  transition  re-  trom  local  sues  ox  pn      J
  / 

m^     Tf  1        uuiuciic:  .  ,1     ,*  ̂   nrnirred  independently  m  both  axial  systems  and 
gion.  If  secondary  xylem  were  added  rapidly  at  a  occurrea  inaepc  /  ^    A..rAr.r. 
01.^   *u  I       1      1  .  *ii  -o  wa^  nossiblv  critical  m  their  respective  develop- 
growth   leVftl    wh^r*»   r^rmarv    1  s.silPfi    WCre    Still   ra-  was    p05blUl>    oiii  r  r primary 

The  next  topics  explore  ideas  abo 
J-  I,  ^  ''  ^ ,     1         .  r^ontc   Thp  next  topics  explore  ideas  anoni  inis  in 

diaUy  expanding,  radial  expansion  of  both  systems  ments.  ine  nexi  lup         /.,..!,, r  5,  lauiai  c;  V  .•       ̂ f  nrdpF  to  frame  the  constramts  broadly    then  we 
in  concert  may  have  facflitated    ncorporation  of  order  to  iranic  ,        .  .  ,•  u        •    f  .k Ik  ^  •  1      .A-  attpmnt  to  assess  the  early  establishment  of  growth 
the  traces  in  the  secondary  xylem  without  dis-  attempt  to  assehb  /  -        ■    i J      J  ^*ort-«  Tn  a<:isessinc  these,  it  is  well  to  keep  m  mind 

thpm    Tk^  or.r,tiT.„;tv  nf  anDendafiC  trace  stages.  In  assessii  ̂   »  
^  V 

"Opting  them.  The  continuity  of  appendage  trace 

•ystems  was  maintained  during  the  addition  of  peri- 

*^erm  tissues  as  well.  Tn  stigmaria,  the  secondary 
xvlem  max/  ka,r^  rN^^,r;^«ri  tk**  fiinrtional  link  be- 

idodendrids sively  enlarging  crowns 

lystems.  They  had  arbo 
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rescent  architectures,  but  were  determinate  in  all      been 

respects. 

SECONDARY  THICKENING   PERIDERM 

cumferential  expansion  of  the  periderm  required 
special  mechanisms  to  retain  the  external  leaf  cush- 
ions  and  associated  tissues. 

The  leaf  cushion  or  base  of  typical  diamond 
outline 

The  principal  secondary  structural  support  of        _   ̂    ̂    ...^..«.„.  .^^^^..  ̂ .o.^u 
lepidodendrids  was  the  periderm,  added  in  such  a      (commonly  used  in  reinforcing  mesh  for  concrete). 

imposes way  as  to  retain  external  tissue  integrity  for  a    „j,   ^..^^ 
prolonged  growth  interval.  The  circumferential  po-  expansion.  As  far  as  we  know,  leaf  cushions  had 
sition  of  the  periderm  constitutes  the  maximum  very  limited  capacity  to  expand  in  basal  width  or 
support  with  the  least  allocation  of  resources.  Also,  height  after  maturation.  CeUs  beneath  lepidoden- 
as  Cichan  (1986)  pointed  out,  the  shift  of  prime  dron-type  leaf  cushions  could  divide  and  accom- 
support  function  to  the  periderm  and  other  non-  modate  some  girth  enlargement;  in  some  species 
vascular  tissue  circumvented  the  trade-off  between  intercushion   proliferation   resulted   in   separation 
support  and  conduction  roles  and  permitted  more  bands,  which  interestingly  enough,  exhibit  cuticle 
modest  development  of  wood  specialized  for  high  and  stomata  like  the  leaf  cushions  (Thomas,  1 970). 
conductance.  Both  pole  and  stigmarian  axes  de-  In  others,  there  were  simply  splits  formed  between 
veloped  a  bifacial  pheUogen  with  the  bulk  of  the  leaf  cushions  (e.g.,  D.  scleroticum).  In  the  Lepi- 
penderm  formed  toward  the  inside.  In  stigmaria,  dophloios  leaf-cushion  design,  with  the  wide  di- 
secondary  cortex  was  extensive  but  less  radiaUy  mension  being  transverse  to  the  stem,  there  was 

T„    c!/^^-^'*'^"'^!^^.''?"''^^'"''*^/^^"'"*^^^*'''^^^  ^^"^^^  "»«^ns  fo""  ̂ "<^h  expansion  without  compro- 
mising the  leaf-cushion  cover.  In  Lepidophloios ficoides 

prmiary phloios)  there  was  apparently  a  continuous  meri- 
stematic  region  near  the  outer  edge  of  the  cortex;  ._.^   ^_„„  ^.„,.v.„^o 
m  sigillarian  stigmaria  the  meristematic  zones  con-  which  may  have  permitted  leaf  cushion  retention sisted  of  concentric  rings  in  the  outer  cortex  (Eg- 

The   crown 

tune 

trunlf 

found 

gert,  1972).  In  both  cases  the  accompanying  ceU  the  locus  of  cone  formation, 

r'l^u"   '^^"''^*'''^'  "^^^  extensive  and  varied.  It  With  circumferential  expansion,  leaf  cushions 
should  be  emphasized  that  the  exact  nature  of  this  typicaUy  became  obliterated  or  were  sloughed  off 
periderm  is  uncertain,  but  it  was  likely  composed  in  older,  lower  trunk  portions  in  most  large  plants, 
ot  persistently  livmg  cells,  potentially  meristematic.  Some  of  these  observations  may  be  questioned  be- 
and  might  have  been  photosynthetic  if  exposed  to  cause  dead  trees  may  have  stood  for  some  time 
light  (Frankenberg  &  Eggert,  1 969).  with  accompanying  loss  of  cushions  before  entering Secondary  thickening  in  the  pole  stages  resulted  depositional  environments.  However, 
.n  more  discretely  patterned  tissues  than  in  stig-  as  much  as  a  meter  in  diameter  were   
mana  derived  from  a  circumferential  meristematic  in  situ  with  leaf  cushions  still  intact  at  the  base.  In 

1  qTq  w    ̂   .  ''"'^'°'''  °'  ̂^'^'  ̂ ^''^^'  ̂ «"^«  ̂ ases,  the  cushions  on  these  stems  appear  to 
191  J).  In  some  of  the  studied  lepidodendrids  (e.g.,  have  "faded"  through  stretching  and  weathering, 
uiapnorodendron),  the  bifacial  meristematic  ac-  supporting  patterns  of  subcushion  expansion  seen 
tmty  resulted  m  a  sharp  distinction  between  the  in  petrifactions.  The  persistence  of  prominent  leaf inner  and  outer  periderm.  Whereas  the  Imier  peri-  cushions  on  stems  over  0.5  m  in  diameter  is  prob- 
derm  ,s  usually  more  abundant  and  transitional  to  lematic  and  an  explanation  for  this  is  lacking, 
primary  cortical  parenchyma,  the  outer  is  char-  The  key  difference  in  the  addition  of  periderm 

in  lepidodendrids,  compared  to  dicot  trees,  is  tha 

woodlike 

-  J  ,  .    —  -»vroo  111  ic|jiuuuciiurias,  comparea  to  uicui  n^^^t  -*- 

section  and  became  quite  thick  in  some  trees.  The  most  of  the  Uving  tissues  were  formed  to  the  inside; 
outer  IS  the  prmcipal  support  tissue,  and  judging  the  outermost,  which  were  the  principal  support 
from  Its  preservation  under  different  circumstanc  elements  in  some  taxa,  were  not  actuaUy  externally 

terms 

es  it  was  extremely  decay  resistant,  probably  quite       exposeIui;tFiea/cusliioro7ba7e7were  sloughed 

exnnUd   T       .1    ̂  ̂"JPervious  when  externally       off.  The  most  common  concern  in  speaking  about exposed.  In  other  taxa  (e.g.,  Lepidophloios,  Lep- idodendron,  Paralycopodites,  and  Sigillaria)  a 
clear  distinction  between  inner  and  outer  periderm 
is  lackmg,  the  entire  tissue  is  of  the  decay-resistant 
dense,  "woody"  type.  In  general,  the  periderm tissues  appear  to  have  been  living  and  could  have 

derm  tissues  are  quite  different  from  tr 

ina! 

hemical 

tissues  is  not  known  (see  Logan  «X  i  nomas,  x  ̂   - 

The  activity  of  the  periderm -producing  meriste 

I 

I 
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in  the  pole  apparently  continued  longer  than  sec-      Leaf  cushions  also  contained  parichnos  (Weiss, 
ondary  xylem  formation  and  eventually  extended 

further  up,  as  well  as  out  into  some  branches. 

1907) 

"Light  Sharing"  and  Diffuse  Photosynthesis 
pole  habit 

High  levels  of  light  penetrance  through  crowns, 

Secondary  xylem  was  probably  fully  formed  for  a  and  through  stands  of  trees,  may  have  been  crucial 
given  level  of  the  plant  early,  compared  to  extended  to  the  success  of  plants  with  a  limited  capacity  to 
cortical  cambial  activity.  At  least  one  species  of  translocate  photosynthates,  as  well  as  dissipate  heat 
Diaphorodendron  exhibits  wood  and  thick  peri-  with  evapotranspiration.  Photosynthesis  was  by  ne- 
derm  development  out  into  some  branches  (Di-  cessity  a  dispersed  function  in  the  pole-develop- 
Michele,  1981).  ment  phase.  Small  amounts  of  phloem  placed  limits 

on  long-distance  source  to  sink  translocation.  Yet, 

cortical  cambia  evidently  continued  to  function  be- 
neath the  leaf  cushions  in  lower  parts  of  the  plants 

for  some  time,  suggesting  that  leaf  cushions  were 

a  likely  local  source  of  photosynthate.  Even  more 

Among  the  most  unusual  ecological  aspects  of  intriguing  is  the  implication  of  limited  phloem  for 
lepidodendrid  architecture  in  tropical  swamps  are  massive,  in  some  cases  monocarpic,  cone  produc- 

the  'iight  sharing''  consequences  of  determinate  tion  on  determinate,  terminal  branches.  The  largest 
growth  in  relation  to  the  lycopsid  tree  habit.  A  of  all  cones  among  lower  vascular  plants  were  pro- 
corollary  of  this  architecture  is  limited  light  capture  duced  on  short  lateral  branches  borne  within  the 
because  of  the  pole  design.  Needless  to  say,  in  crown  in  plants  such  as  Lepidophloios.  The  ex- 

comparison  to  tropical  angiosperms  it  is  anomalous  tremely  large  distal  laminae  of  the  sporophylls, 
for  the  largest  and  dominant  forest  trees  to  be  especially  of  the  Lepidocarpon  type,  may  have 

'light  sharing"  as  opposed  to  preempting  such  been  a  major  photosynthetic  source  contributing 
resources  and  shading  the  understories.  This  is  to  cone  development  and  to  the  massive  megaspore 
perhaps  understandable  in  the  context  of  intense  reserves  (DiMichele  &  Phillips,  1985).  The  lepi- 

tropical  sunlight  and  suggested  physiological  func-  dodendrids  produced  the  largest  endosporic  mega- 

tions  mentioned  later.  In  the  case  of  lepidodendrids,       gametophytes  among  lower  vascular  plants. 
this  light  sharing  needs  to  be  assessed,  first  from In  the  above  circumstances,  high  light  pene- 

the  perspective  of  its  implications  for  lepidodendrid  trance  permitted  by  the  pole  architecture,  and  the 

physiology  and  the  peculiar  morphological  struc-  reduced  sizes  of  crown  leaves,  would  allow  an  ap- 

ture  of  the  plants,  and  second  its  impact  on  com-  preciable  level  of  photosynthetic  capacity  in  the 

munity  structure.  lower  portions  of  the  trees.  Loss  of  leaf  laminae 

Lepidodendrid  trees  are  commonly  pictured  as  and  lateral  branches  would  have  further  minimized 

determinately  branched  with  "crown" -like  tops,  as  obstacles  to  light  penetration  allowing  sunlight  to 

in  the  terminal  reproductive  phase  of  Lepidophloi-  reach  the  forest  floor  and  permitting  establishment 

05  or  Lepidodendron.  As  did  the  pole  habit  that  of  the  propagules  of  lepidodendrids  or  other  plants, 

constituted  most  of  the  plant's  life  span,  these  final  As  a  consequence,  lycopsids  were  likely  not  climax 

stages  permitted  high  light  penetration.  Those  gen-  species,  except  where  abiotic  conditions  selected 

era  with  lateral  branches  typicaUy  dropped  them  strongly  against  other  kinds  of  plants.  It  is  likely 

(deciduous),  reflective  of  the  determinate  growth  that  many  lepidodendrids  were  serai,  and  required 

of  laterals.  Such  branches  were  usually  not  main-  high-light  levels  for  germination  and  growth. 

tamed  as  sources  of  photosynthesis  after  local  ces- 
sation of  cone  production.  Considering  that  sizes  sj,gmaRIAN  SYSTEM 

The  high  light  penetrance  permitted  by  the  pole 

:hitecture  of  lepidodendrid  trees  is  particularly 

^nd  numbers  of  leaf  cushions  and  leaves  in  the 

lateral  and  terminal  branch  systems  diminish  acrop- 
etaUy  (Chaloner  &  Meyer-Berthaud,  1983),  con- 

cern about  photosynthetic  capacity  was  expressed      important  tor  mierprecauua  
u.  u.c  .uncuu.^  u.  u.e 

early  in  the  recogxition  of  determinate  growth  (An-      ̂ tigmarian  system    The  st.gmanan  system  repre- 

drews  &  Murdy!  1958).  However,  with  the  pro-      sents  a  f^^^^^'f^^^  l^^  [^JJ^',  t^^f^L "":  J!!!k^ 
gressive  loss  of  the  larger,  more  basal  leaf  laminae, 

^ne  leaf  cushions  were  in  a  position  to  receive 

sustained  growth  of  the  two  axial  systems  simply 

exacerbat -   'v-ai   ^^u&nions   were   m  a  posuiuu   w  i^v.^..--  -  -  .1    .     .         i       .-  1 
siinl;^k.       J  .  .  »      •  ^  fV,^  Innff-distancc,  photosynthate  translocation  mech- 
s^mlight  and  contmue  photosynthesis,  even  on  the  long  aisiauct^,  P  j  ..      •    ,.     . maf.  1     ̂      .  ^        .  ,  1  •    :e  anUm  The  Dnmarv  ph  ocm  connection  m  the  tran- 
^ature  trunk.  Evidence  of  cuticle  and  stomata  is  anism.  ineprim    /  P rnr,o*  *  .  .  .  -     ■  .1,     •    k«  cJtJnn  7one  IS  mmisculc  and  secondary  phloem  is 
consistent  with  continuation  of  photosynthesis  by  silion  zone  j  r 
Uaf^     1-  ^       •     -    .  .       ,r^  ^c\n^\  IflrWinff    The  appendaces  ol  the  mam  sligmanan 

*eaf  cushions  after  leaf  abscission  (Thomas,  1 977).  lackmg-   1  nc  *ipp         fc  & 
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food  supply  in  the  stigmarlan  system.  If  the  near 

surface  appendages  were  capable  of  photosynthesis 

and  light  penetration  of  the  water  surface  were 

adequate,  the  stigmarian  systems  may  have  been 

self-reliant,  producing  their  own  photosynthate.  In 

Ijl'ir  this  case,  the  paucity  of  phloem  between  the  pho- 

^|;|||;!3  tosynthetic  shoot  and  stigmarian  axes  would  not 

limit  stigmarian  growth.  One  especially  critical  en- 

vironmental aspect  is  that  light  penetration  of  the 

-^:-  .i- 

I J  J 

r-'  - 

\rH 

^T 

i .'  1", 

^-^    — ^ 

y 

,t 

V 

tjf 

*i- 
-V 

-s." 
■m-^-^  i-^^ 

t 
_*      rf- 

\  * 

k        4 

1       r 

:i>. 

(4^<>r 

^ri^  "^\5,wSr 

^P5^ 

\  ̂ . 

>. 

.  I 

■^■.t 

rf 

S^k^. 

17 ^. 

  -"^-r-. 

.  V. 

*H. 

water  was  adequate.  The  organic  matter  in 

such / 
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circumstances  could  have  limited  that  severely. 

While  there  is  no  anatomical  support  for  the  stig- 

marian appendages  being,  in  part,  photosynthetic, 

this  line  of  reasoning  is  worth  pursuing  to  some  ot 
its  theoretical  and  logical  ends. 
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Parichnos  and  Lacunae:  Internal  Diffusion 
Versus  External  Gas  Exchange 

-  \ 

\\ 

PHOTOSYNTHETIC  IMPLICATIONS 

Aerial  shoot-system  morphology  provides  more 
clues  to  the  internal  diffusion  of  O2/CO2  in  lep 

dodendrids  than  does  even  the  stigmarian  system. 

However,  there  are  some  analogies  between  well- 

differentiated  air  exchange  passages  recognizable 

in  each.  Appendicular  structures  have  parichnos star -burst''  pattern  of  appendages       or  lacunae  closely  associated  with  but  clearly  sep 

Figure  1 .  Reconstruction  of  the  transition  zone  be- 
tween trunk  and  stigmarian  rhizomorph  in  a  lepidodendrid 

tree.  Shallow  burial  of  the  dichotomously  branched  rhi- 
zomorph axis  and  flooding  of  the  swamp  surface  permit 

exposure  of  the  stigmarian  appendages  to  light  in  the 
water  column.  The  ' 
surrounding  the  rhizo 
sediments,  where  substrates  were  homogeneous  in  con- 

sistency. Studies  of  coal  balls  suggest  a  less  regular  pattern 
in  peats,  which  have  a  heterogeneous  fabric. 

axes  were  helically  dispersed  and  radiated  in  all 

directions.  Attached  to  each  of  the  four  miJtiply 
dichotomized   main  axes.   aDDendaees  npnetratpH 

arated  from  the  vascular  strands  by  parenchy- 

matous tissues  in  leaf  bases,  lamina  (including  spo- 
rophylls),  and  stigmarian  appendages. 

Whereas  the  structure  and  distribution  of  p
a- 

richnos diflfer  among  the  lepidodendrid  genera,  all 

have  a  pair  that  are  present  in  primary  tissues 

the  leaf  base  and  extend,  in  most  genera,  into  t  e 

lamina.  The  most  distinctly  traceable,  as  a  pau
"i 

-  ̂    o^       are  in  sporophyll  leaves  of  Lepidocarpon  ̂ ^^^^^^ 
and  nutrient  supply,  along  with  water  conduction.       pedicel  to  near  the  tip  of  the  distal  lamina. 
In  addition,  appendages  provided  the  pathway  for      distinctive  cellular  construction  in  the  sporop  > 

diffusion  of  gases  throughout  the  stigmarian  system      lamina  is  identical  to  that  in  the  leaf  cushion. 

and  into  the  basal  trunk;  the  aerial  system  had  its      the  vegetative  leaves,  such  as  those  of  L^J^  ̂ 

own  aeration  system.  Many  of  the  stigmarian  ap-      phloios,  only  a  single  parichnos  or  ''lacuna    p^^ 
pendages  were  directed  upward  from  the  main  axis          ^      •  i  ̂ -  ̂ i.   :-  /r.-aViam.  ly*^ 
and  would  have  entered  the  water  column  after 

sedime 

sage  occurs  abaxial  to  the  vein  (Graham, 

Were  it  not  for  the  presence  of  both  panchn^ penetrating  the  substrate  surface  (Fig.  1).  In  depths      and  stomata  in  both  leaf  base  (cushion)  and  lamui  ' 

of  up  to  0.5  m  or  somewhat  more,  the  appendages      external  gas  exchange  would  appear  to  be  tne 

could  have  been.buoyant  and  floated  to  near  the      vious  function  of  the  parichnos.  For  photosynt  e 

leaves  and  leaf  cushions  with  stomata,  the  P 

nos  would  appear  to  be  an  internal  system  0  g 

exchange  associated  with  photosynthesis,         ̂ ^ 

sponding  more  to  recycling  of  CO^  and  V2 

ternal  diffusion  balances,  which  were  pre
suixia 

We 

emergent  pneumatophores  in  Stigmaria  ficoides. 
Their  structural  constraints  do  not  seem  to  have 

permitted  that.  In  such  a  water-bathed  environ- chang 
iii^m,  gc»o  t^Av>iia*igc  ui   a  iiigiicr  uxygen  comeni      externa!  ainusion  Daiances,  wnicn  w«:.x^  r—  - 

was  likely,  though  probably  quite  varied  accordine      mediated  by  functional  stomata  on  photosynt  e to  circumstances. 

surfaces.  This  would  be  particularly  true  m  ge 
Several    possibilities    exist    regarding    gas    ex-      such  as   Paralycopodites  or   Diaphoroden  ̂ j 

change,  photosynthesis,  and  the  uncertainties  about      where  the  parichnos  system  was  entirely  m  e 

i 

I 
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prior  to  leaf  loss.  The  loss  of  laminae  from  most      surface  is  about  the  same  as  the  outer  with  the 

lepidodendrid  leaf  cushions  is  accepted  as  an  ab- 
connecte 

limited 

have  been  a  means  of  moving  dissolved  COg  to 

aerial  nortions.  This  could  have  enhanced  the  pho- 

scission  process,  paralleling  that  of  stigmarian  ap-  the  outer  cortex.  Those  stigmarian  appendages  that 

pendages.  However,  if  abscission  in  lycopsids  were  may  have  been  photosynthetic  would  have  been 

even  roughly  comparable  to  that  of  other  vascular  both  major  sources  of  food  and  aeration  for  the 

plants,  the  parichnos  may  have  been  obstructed  at  submerged  system,  while  others  provided  anchor- 

the  abscission  point  in  the  leaf  cushion  and  would  age  and  nutrients,  functions  dependent  on  the  nu- 

not  have  functioned  in  external  gas  exchange,  as  croenvironment  in  which  they  developed;   these 

analogized  with  lenticels.  Two  divergences  from  this 

Diaphorodendron-Paralycopodites  parichnos  permitting  the  axis  system  to  meet  changing  en- 

pattern  are  evident.  The  first,  represented  by  Lep-  vironmental  circumstances.  If  stigmarian  append- 

idodendron  and  Lepidophloios,  characteristically  ages  utilized  only  a  part  of  the  high  CO,  concen- 

exhibited  a  lower  pair  of  infrafoliar  parichnos  on  tration  in  photosynthesis,  the  water  conduit  would 

the  leaf  cushion  connected  to  the  main  parichnos 

system;  this  pair  is  hidden  in  Lepidophloios  by 

cushion  imbrication  and  has  been  identified  (by  us)  tosynthetic  capacity  of  the  shoot  with  the  parichnos 

only  recently  from  anatomically  preserved  speci-  perhaps  mediating  Oj-CO^  physiological  balance, 

mens.  It  is  reasonable  to  assume  that  these  external  While  emphasis  here  is  on  the  possibility  of  pho- 

parichnos  functioned  in  diffusion.  The  second  is  tosynthesis  in  the  stigmarian  system,  the  collective 

found  in  Sigillaria,  which  has  the  most  prominent  arguments  for  internal  recycling  of  CO/O^  in  the 

parichnos  among  the  lepidodendrids.  A  pair  flank  pole  system  follow  the  same  line  of  reasoning  for 

the  vascular  strand  and  extend  inward  from  the  a  CAM-like  physiology. 

leaf  cushion  through  thick  periderm  to  form  a  single  The  high  light  penetration  permitted  by  lepi- 

fusiform  mass  of  highly  distinctive,  dense,  almost  dodendrids  is  consistent  with,  but  not  necessarily 

resinous  tissues.  It  is  not  really  possible  to  distin-  demanding  of,  such  interpretations.  However,  in  a 

guish  sharply  among  parichnos  that  may  have  been  lepidodendrid  dominated  tropical-swamp  forest  wit
h 

aerating  systems  for  deep-seated  tissues,  such  as  pole-tree  canopies,  light  intensity  would  have  been 

in  Sigillaria,  for  functional  exchange  or  venting  high  enough  to  support  floating  or  submerged  vas- 

as  in  Lepidodendron,  or  only  internal  recycling  as 
We 

cular  aquatics  very  near  the  surface.  As  far  as  we 

know,  there  were  no  such  plants.   Even  in  the 

the  possibilities  of  differences,  especially  for  the  shallow  reaches,  accessible  to  other  trees  and  herbs, 

coal-swamp  centered  genera.  there  may  have  been  relatively  little  shading.  There 

It  is  likely  that  some  lepidodendrids  may  have  could  have  been  an  enormous  mass  of  buoyant 

been  primeval  photosynthetic  giants  in  coal  swamps.  stigmarian  appendages  in  many  water  surface  a
r- 

With  limited  water  transport  capacity,  general  xe-  eas.  In  fact,  if  you  pursue  the  strategies  of  lep
i- 

romorphy  and  a  variety  of  anatomical  features  that  dodendrids  in  the  coal  swamps,  it  is 
 the  "light 

suggest  CO,  conservation,  they  may  have  utUized  permissiveness,"  allowing  light  to  reach 
 their  own 

physiological  attributes  that  resembled  CAM  (Cras-  trunks  and  branches,  their  reproductive
  offspring 

sulacean  Acid  Metabolism)  plants  in  their  aerial  on  the  surface  of  the  water  or  exposed  peat,  an
d 

*oot  systems.  If  this  were  the  case,  it  follows  that  perhaps  their  stigmarian  appenda
ges,  that  consti- 

their  stigmarian  systems  were  also  CAM-like  if  tutes  the  ultimate  anomaly  m  tree  design, 

photosynthetic.  Barring  the  potential  role  of  stig-  The  estimated  biomass  
of  stigmarian  structure 

""arian  systems  as  being  partiaUy  photosynthetic,  preserved  in  peat  deposits 
 are  taphonom.cally  bi- 

"  seems  likely  that  they  could  have  been  major  ased  by  what  happens  after  bur
ial.  However    of 

systems  of  CO,  acquisition.  the  stigmarian  biomass  preserved  in  coal  balls,  /  b- 
"  stigmarian  appendicular  tissues  could  photo- 

synthesize,  CO^  may  have  been  obtained  both  from 
J^e  organic-rich  swamp  water  and  from  respiration.  ^                 „,  .     ,              ...              n       .  j 

The  concentrations  of  CO,  could  have  been  ex-  the  60%  level.  W
ith  that  much  b.omass  aflocated 

opposed in  a  few  "root  peats"  with  repeated  '*rerooting'' 

of  stigmarian  systems  do  the  percentages  drop  to 

^remely  high,   minimizing   photorespiration.   In   a to  appendages,  it  is  reasonable  to  suggest  that  per- 

»^nse,  the  possible  design  is  most  similar  to  a  "sub-       hapssuch  appendage
s  were  more  than  conven- 

^erged  version''  of  a  CAM  plant  that  has  no  sto- 

IJ^tes  to  open  at  night  and  a  surplus  CO2  supply. 
,  '^  may  fit  with  the  peculiar  lacunar  design  of 

uiner 

tional  "rooting    organs 

It  is  well  beyond  our  scope  to  try  to  carry  our 

ideas  about  CO,  uptake  and  CAM  in  lepidodendrids 

to  the  Uving  hoetes  (=  StylUes).  However,  t
he 
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discovery  of  CAM  in  Isoetes  (Keeley,  1981,  1982;  tosynthetic  potential.  It  depends,  in  part,  on  pre- 

Keeley  et  al.,   1984)  and  further  studies  of  the  cocious  branching  of  the  stigmarian  axis  and  at- 

process  in  these  plants  (Boston,  1986;  Boston  et  tainment  of  a  large  primary  body  without  a  central 

al.,  1987a,  b;  Raven  et  al.,  1988;  Sandquist  &  pith  or  even  a  legitimate  siphonostele. 

Keeley,  1990,  and  references  therein)  should  not 
If  there  is  a  'iepidodendrid''  logic  of  develop- 

be  divorced  from  potential  implications  for  both  mental  sequencing,  it  suggests  that  the  pole  trunk 

small  and  large  rhizomorphic  lycopsids  of  the  geo-  must  be  adequately  stabilized,  even  if  not  neces- 

logic  past.  That  stigmarian  lycopsids  suggest  phys-  sarily  well  anchored,  before  achieving  a  massive 

iological  attributes  comparable  to  extant  Isoetes  is  apical  plume  of  large  leaves.  In  order  to  provide 

mostly  a  matter  of  their  large  size,  excellent  pres-  the  mix  of  a  stable  platform  and  a  large,  perhaps 

ervational  integrity,  and  our  ability  to  resolve  their  domed  or  cone-shaped  pole  stage  with  a  primary 

ecologies  broadly.  Perhaps  the  most  pertinent  spec-  thickening  meristem,  one  axial  system  has  to  de- 

ulation  about  the  late  Paleozoic  rhizomorphic  ly-  velop  somewhat  ahead  of  the  other.  If  both  were 

copsids  would  be,  "What  if  they  were  CAM  plants?"  photosynthetic,  it  is  reasonable  that  it  should  be 

We  should  not  bias  relevant  comparisons  to  just  the  stigmarian  system  (Fig.  2),  with  its  early  ap- 
the  smaller  ones  (Raven  et  al.,  1988),  nor  continue  pendicular  development  and  axial  branching  in  the 

to  hold  to  the  great  reductional  series  (Thomas,  least  demanding  allocation  strategy — the  sparse 

1985)  with  its  implications  about  aquatic  mor-  "stele"  of  only  appendage  traces  and  a  mostly 

phologies.Thismay  aid  in  viewing /5oeie5(Sfj/i^e5)  hollow  pith,  that  permits  a  rapid  increase  m  cir- 
as  a  model  system  for  how  some  lycopsids  (vascular 

plants)  invaded  seasonaDy  dry  terrestrial  environ- cumference  for  appendage  display.  AlsOj  stigmanas 

are  more  cheaply  constructed  than  pole  stages  and 
ments  (Keeley  et  al.,    1985)  as  well  as  tropical      lack  the  evapotranspiration  limitations.  The  earliest 
swamps. 

formed  appendages  of  stigmaria  come  from  the 

Lbout      transition  region  and  may  not  have  been  indicative the  open  canopy  of  the  lepidodendrids  is  that  they 
probably  radiated  under  such  conditions,  perhaps of  the  larger  ones  later  produced.  Nonetheless,  the 

basalmost  leaf  cushions  of  the  pole  phase,  while 
in  the  virtual  absence  of  non-lycopsids  and  utilized      not  necessarily  indicative  of  the  first  leaves  formed, 

diffuse  photosynthetic  distribution  systems  to  per-      give  evidence  of  an  enormous  expansion  capability 

reflective  of  a  large  apical  meristem,  primary  thick- 
full  range  of  their  organ  systems.  With       ening,  and  perhaps  expansion  processes  that  go 

mit 

their  short-term  strategies  for  reproduction  this      beyond  these. 

reemphasizes  their  "giant  herb"  status.  This  brings 
If  stigmarian  systems  developed  more  e

xten- 
in  a  recurrent  question  about  why  lepidodendrids      sively  than  stems  in  the  "early  stages"  of  tre 
were  so  tall  compared  to  their  contemporary  tree      establishment,  then  there  is  a  stronger  case  for  t 

types  in  the  tropical  swamps.  While  actual  sizes      photosynthetic  potential  of  some  stigmarian  ap- 
differed  greatly  between  coal  and  clastic  swamp      pendages.  This  supposes  that  the  primary  phloem 
lepidodendrids,  and  even  among  coal  swamps  with      translocation  worked  weU,  at  least  for  a  while, 

supply  the  pole  stage  development.  As  develo
pmen 

of  the  two  organ  systems  ensued,  the  separa 

photosynthetic  capabiUties  and  the  high  light 
 pen- 

etrance permitted  by  the  pole  design  would  become 

increasingly  important.  If  a  stigmarian  syst
em  ra- 

diated outward  before  the  pole  stage  expansion, 

tune  and  circumstances 

tallest  by  far. 

Early  Stage  Development 

The  earlv  develonment  of 

must  have  involved  even  closer  coordination  of      there  would  be  less  self-shading.  Considermg 

stem  and  rhizomorph  development  than  that  pro-       eventual  primary-body  expansion  of  the  pole  stag  . 

jected  for  later  stages.  Briefly,  the  early  stage  may      it  seems  probable  that  the  stigmarian  system  pre be 

an 

the 

cociously  assumed  a  prime  photosynthetic, opment,  in  which  the  pole  and  stigmarian  shoots  chorage,  nutrient,  and  water  supply  role  m 
share  resources  during  establishment  growth.  In      critical  estabUshment  phase.  If  any  or  most  ot  t 

of 

cal 

__  primary  bodies  in  both  proves  to  be  the  case,  it  is  no  wonder  that 

systems,  and  increase  in  appendicular  sizes  and  marian  systems  were  the  adaptive  breakthroug 

functions,  there  has  to  be  a  closer  coordination  of  the   mosaic    lepidodendrid    conquests   of  tropi 
shared  food  supply  than  presumed  in  later  stages.  swamps. 

This  mode  of  development  is  dependent  upon  some  On  a  less  speculative  note,  the  relatively  o"6^ 
of  the  possibilities  put  forth  about  stigmarian  pho-  term  growth  and  extensively  ramified  stigma 
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Hypothetical  early  growth  stages  of  a  lepidodendrid  tree.  Each  r
econstruction  represents  a  successive 

.  ,  -,  -»^  ..  In  this  hypothetical  sequence,  the  stigmarian  system  is  elaborated  more  rap
idly  than  the  trunk   made 

possible  by  an  independent  photosynthetic  capacity.  Early  stages  are  rosettelike;  once  the
  stigmanan  system  is 

sufficiently  elaborated  to  provide  a  stable  base  of  support  and  supply  of  nutrients,  trunk  elongati
on  occurs  rapidly. 

Figure  2. 
stage,  a,  and  b 

system  was  essential  to  the  support  and  sustained 
oduct 

limit; 

recognized  genera  (Bateman  at  al.,    1992).  Tlie 

known  assemblages  of  each  genus  exhibit  markedly 

drids  whether  stigmarias  were  photosynthetic  or       different  megasporairgmm
-sporophyll  units  (Fhil- 

not.  The  capacity  to  ramify  and  extensively  per-       lips,  1979),  which  largely  frame  the  accepted 
 ge- 

"^eale  the  substrates  of  soft  sediment  and  water 

^as  crucial  to  longer  lived  and  larger  arborescent       giate  morphology  of  genera  seems  so  stereotyprd 

reproductive  strategies;  this  is  the  critical  distinc-       -^^  jj^gj^  structure  that  it  is  not  useful  currently 
^>on  between  lepidodendrids   and   the  lepidoden- 

aropsids  {Lepidodendropsis)  and  other  isoetaleans 
^hat  inhabited  wetlands  with  them  during  the  Early 
and/or  Late  Carboniferous. 

delim 

Principal  Genera 

lAXONOMY  AND  COMPARATIVE  MORPHOLOGY 

except  in  Sigillaria  and  perhaps  Paralycopodiles. 

The  microsporangia  and  especially  the  micro- 

spores provide  sharp  distinctions  among  Sigillaria, 

Diaphorodendron,  and  the  three  Lycospora-hea^r- 

ing  genera  (Courvoisier  &  Phillips,  1975;  Willard, 

1989a),  Taxonomic  distinctions  among  some  of  the 

Lycospora  microspores  correlate,  in  large  part. 

Comparative  morphological  studies  of  the  prin-       with  the  d
ifferent  genera  (Para/^ro;,o./^.e.    Le,.^ mol  !__-,    ,      ...^.      ,^       ̂     ,       .r         .  :_„.        ;^..ri^r,rJrnn.  LeDidophloios)  and,  m  turn,  permit 

phol 

idodendrids  in  Late  Carbonife 

--mblages  indicate  very  distinctive  mor- 

"gical  groups  corresponding  to  the  currently 

idodendron,  lepidophloios)  and,  in  tiirn,  permit 

separation  of  Lepidophloios  harcourtii  from 
 /.. 

halUi  (Willard,  1989a,  b). 
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by  a  limited  number  of  apoxogenetic  apical  dichotomies. 

mineral  matter  (DiMichele  &  Phillips,  1985, 1988; 
Willard,  1989a).  Similar  patterns  are  suggested  by 
spore  data  (Calder,  in  press;  Eble  &  Grady,  in 
press).  MeduUosan  pteridosperms  often  are  part  of 
this  assemblage  in  the  Westphalian  D.  Paralyco- 
podites  appears  to  have  been  a  colonist,  preferring 
open,  disturbed,  but  nutrient-enriched  parts  of  peat 

swamps,  probably  not  subjected  to  long-term  flood- 
ing. Little  is  known  of  these  kinds  of  plants  from 

purely  clastic  deposits.  The  genus  Ulodendron 

(sensu  Thomas,  1967)  may  be  the  closest  coun- 
terpart. A  lepidodendrid  that  appears  to  occupy  a 

(-  AnahJhr  ̂   We  history  of  Paralycopodites  comparable  habitat  in  some  clastic  swamps  is  Both- \—  Anabatnra)  species.    Ihis  was  the  only  one  of  the  ,       ,         .  ^ 
lepidodendrid  trees  to  produce  a  bisporangiate  cone  {Fie-  ̂ odendron  (sensu  Wnuk,  1989). 
mingites),  freely  releasing  megaspores  and  microspores.  Paralycopodites  trees  bore   opposite  rows  of 
Cone?  were  produced  on  deciduous  lateral  branches.  Plants  small,  deciduous,  lateral  branch   systems  on  the 
appear  ultimately  to  have  been  determinate,  suggested  trunk.  At  the  ends  of  the  lateral  branches  cones 

were  produced  in  abundance.  Trunks  ultimately 

dichotomized,  but  apparently  only  in  the  later  phases 

of  determinate  growth.  Habit  reconstructions  can 

be  found  in  Hirmer  (1 927,  for  Ulodendron  majus) 

and  in  DiMichele  &  Phillips  (1985).  These  recon- 
structions emphasize  that  the  fundamental  function 

of  the  lateral  branch  systems  was  cone  display;  as 

with  monocarpic  forms,  branching  formed  a  scaf- 
fold on  which  cone  production  occurred. 

The  reproductive  biology  of  Paralycopodites  in 

combination  with  its  habit  appear  to  have  been  the 

keys  to  its  ecological  success  (Fig.  3).  Cones  were 

bisporangiate;  microsporangia  occurred  in  the  api- 

cal part  of  cones,  megasporangia  in  the  basal  por- 

tion. Multiple  megaspores  were  produced  withm 

each  megasporangium  and  were  freely  released  into 

the  environment.  The  prolific  production  of  cones 

by  Paralycopodites  in  the  frequently  disturbed 

ecotonal  habits  commonly  resulted  in  the  abun- 

dance of  cones  and  cone  fragments,  many  stiU 

Whereas  each  of  the  five  lepidodendrid  genera 
are  now  recognized  to  be  quite  distinctive  anatom- 

ically, there  is  a  paucity  or  lack  of  known  vegetative 
characteristics  to  separate  coal-swamp  species  within 
Paralycopodites  and  within  Lepidodendron.  Sig- 
illarias  are  too  poorly  known  in  coal  swamps  to 
apply  rigorous  vegetative  comparisons;  however, 
the  sigillarian  stigmarian  system  certainly  is  the 
most  distinctive  of  the  lepidodendrid  genera.  By 
contrast,  Diaphorodendron  species,  as  very  abun- 

dant lepidodendrids  in  peat  swamps,  are  now  sep- 
arable only  by  vegetative  morphology  (DiMichele, 

1979b,  1981,  1985). 

Paralycopodites  (=  Anahathra) 

Three  species  of  Paralycopodites  can  be  rec- 
ognized in  the  Carboniferous,  based  on  reproduc-      „.   ,,^^   ̂ ,,^   ̂ ^,,^   _^    , 

tive  organs.  One  species  producing  a  Flemingites  containing  spores,  associated  \>Sh  their  vegetative 
scottii  cone  is  known  from  the  Lower  Carboniferous  litter.  Exceptionally  well  preserved  endosporic  ga- 
of  western  Europe  (Meyer-Berthaud,    1981).   In  metophytes  have  been  documented  in  phenomenal 

detaU  (Brack,  1970;  Brack-Hanes,  1978;  Brack- Hanes  &  Vaughan,  1978). 

The  nearly  continuous  production  of  cone-De 

ing  branches,  the  overall  large  allocation  to  cones, 

nn 

two  species  have  been      ̂ cognized,  one  producing 
^pfii  in  the  W Westph 

(Felix,  1954).  The  vegetative  organs  of  these  spe-  and  the  assured  presence  of  both  male  and  female 
cies  are  indistinguishable;  the  leaves  have  enlarged  gametophytes  provided  by  bisporangiate  cones  ol 
bases  but  lack  distinctions  of  a  leaf  cushion  and  Paralycopodites  are  consistent  with  its  role  as  a 
lamina.  All  those  species  described  produce  Ly-  colonizing,  pioneer  species.  Continuous  saturation 
cospora  orhicula  microspores  (Willard,  pers.  of  the  local  habitat  with  megaspores  and  micro- 

spores and  the  potential  for  some  widespread  wa 

dispersal,  even  for  cone  fragments,  during  ̂ c 

sional  floods,  may  have  circumvented  unpre  i 

comm.). 

Paralycopodites  abundances  are  highest  in  eco- 
tonal habitats  marking  the  transition  from  peat  to  .   ,  ,,^^^^    ,,.^     ,,^^^  ̂ x^^^.x*   

clastic  substrates.  In  peat  profiles,  Paralycopodi-  ability  on^cal^rondW^^^^^  have  intro- 
/e^-nch  zones  often  occur  adjacent  to  clastic  part-  duced  some  plants  into  a  wide  variety  of  settmgs. 
mgs  or  m  parts  of  the  coal  seam  enriched  with  some  favorable  for  establishment.  In  this  sense, 
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Paralycopodites  may  have  escaped  the  constraints 

of  heterospory,  which  imposes  an  absolute  need  for 

separate  male  and  female  gametophytes  to  be  pres- 
ent within  a  narrow  spectrum  of  wet  environmental 

conditions  if  sporophytes  are  to  be  produced;  this 
is  not  the  optimal  life  history  for  a  colonizing  spe- 

cies. However,  modification  of  sporophytic  archi- 
tecture, so  that  megaspores  and  microspores  were 

produced  nearly  continuously  over  an  extended  Ufe 
span,  permitted  it  to  sustain  proKfic  reproductive 
functions  in  a  role  not  generally  accessible  to  free- 
sporing  bisporangiate  plants  of  shorter  life  spans. 

Sigill ana 
Figure  4.      Inferred  life  history  of  Sigillaria  ichthyo- 

S.  approximata),  from  the  Late  Pennsylvanian. Sigillaria  is  a  diverse  genus,  comprising  at  least       l^pi^i  . . 

two  subgenera.  Nearly  aU  of  the  species  have  been       ̂ "  ̂^^'""'"'"  ̂ ^^^"^^^  ''P'''''  "jegajorang.ate  and 1        ..     ,    .  _       ̂   ^  microsporangiate   cones  assignable   to  Mazocarpon;  b. 
ichthyolepis  produced  M.  oedipternum.  Megaspores  of 

environments 

number  of  structurally  preserved  forms  (Lemoigne,  M.  oedipternum  had  a  thick  subarchesporial  pad  covering 

I960).  In  peat-forming  swamps,  Sigillaria  occurs  the  proximal  face.  We  suggest  in  this  reconstruction  that 
throuffbniit  t>io  P^   ^   1         *  uu        u  this  pad  may  have  obviated  sperm  access  to  eggs,  fostering 
uuuugnout  the  rennsylvanian,  although  no  swamp-  ^.  .        i    i-  i  .   *  u  ♦       a    \^  ♦    u,  ♦ „-^.       J         1     .  ̂   ,  ^  ^  apomixis  as  the  Imk  between  sporophyte  and  gametophyte- 
v>cmerea  evolutionary  lineages  can  be  identified. 
oased  on  cone  morphologies,  sizes  of  plants  inferred 
from  the  dimensions  of  preserved  organs,  and  anat-  of  Diaphorodendron;  Sigillaria  is  less  commonly 

omies  of  the  swamp  species,  it  appears  that  sigil-  associated  with  indicators  of  long  periods  of  stand- 

larians  sporadically  entered,  became  established,  ing,    possibly    stagnant    water    (e.g., 
and  then  disappeared  from  peat  swamps.  They 

Philli 

ps 

& 

W 
-  -£-      r-      —    ■^— -.      *^   »_*  m^M.     ^^  AAA  U^^  V%^   \r  WJ     ■   t     l.A.AAJ.»^  fc^*^****!            --  ' 

-ere  generally  a  minor,  but  detectable  part  of  most  Several  aspects  of  sigillarian  architecture  may 

Westphalian  and  Stephanian  swamp  habitats.  Rel-  provide  some  additional  insights  on  their  biology 
"*'""'    ■  •  >         -  ^pjg     ̂̂      jjjg    trunks   apparently    were   sparsely West 

phalian  A  to  early  B  and  in  the  Stephanian.  Sig-  branched  terminally  at  maturity,  and  some  may 

iUarias  produced  separate  microsporangiate  and  not  have  branched  at  all  except  during  cone-bear- 

megasporangiate  cones;  both  were  basically  free  ing  phases  (e.g.,  Hirmer,  1927).  In  coal-ball  de- 

sporing  but  with  a  complex  megasporangiate  dis-  posits  it  is  most  common  to  find  accumulation  of 
"""    '  bark  sheets  or  fragments  of  large  stems  without 

ever  encountering  twigs  or  smaller  axes  that  could 

suggest  a  crown.  These  peats  often  show  evidence 

  _^^   ̂ ^  of  considerable  exposure  and  decay.  Stigmarian 

The'^sigaiariansT^eaT  to  encompass  a  range  of  systems  were  smaller  and  more  compac  t  tban  those 
etiological  conditions  that  suggest  drier  habitats  or  found  in  other  lepidodendnds,  and  .t  .s  strongly 

'o^er  water  tables  associated  with  wetlands.  Al-  suspected  that  they  were  the  most  distinctive,  both 

»»;ough  it  is  not  possible  to  give  specifics  for  such       in  branching  architecture  and  function   Le
moigne 

V  '^ai  pattern.  Cones  are  assigned  to  Mazocarpon 

jf  preserved  anatomically  (see  Benson,  1918;  Phil- 
ips, 1979).  Microspores  belong  to  the  dispersed 

^Pore  genus  Crassispora. 

^  ̂  o-^^^,  ...  hallmark  of  their  ecology  appears  (I960)  suggested  
that  some  branching  of  sigillarian 

'^  be  a  preference  for  the  more  marginal  wetland  stigmarias  may  have  penetrated  the  sub
strate  deep. 

"*"'  ly.  This  would  have  strongly  anchored  these  plants 

and  could  have  tapped  lower  water  tables  and  per- 

haps more  aerated  groundwater;  in  other  lycopods 

the  stigmarian  systems  were  buried  shallowly  and 

formed  a  broader  platform  at  the  base  of  the  tree. 

nella 

floods 

Their  common  occurrence  in  chan- 

g  sandstones  suggests  growth  of  some  species 

ong  stream  margins.  Others  may  have  been  part 
*^f  ̂et  levee  communities  (Gastaldo,  1987),  or  oc- 

"--X.V.  ^uiuiuuniiies  loasxaiQo,  i^^ofy,  ^i  ̂ ^-          „     .         .  -  i 

^"Pied  freshwater,  nutrient-enriched  parts  of       The  small  sigillarian  
stigmarian  appendages  contam 

Stamps,  close  to  channels,  and  perhaps  intermit- flowing  water  (DiM 

abund Westphalian 

a  connective,  a  band  of  tissue  linking  the  vascular 

strand  to  the  outer  cortex;  small  size  and  the  con- 

nective also  provide  greater  structural  strength  than 

is  found  in  the  bailoonlike  appendages  of  the  other 

gJ-ound  cover,  medullosans,  and  sometimes  species       lepidodendrids. 
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Reproductively,  cones  apparently  were  pro-  tracked  the  most  extreme  dry-wet  seasonal  fluc- 

duced  intermittently  and  were  borne  by  peduncles  tuations  or  comparable  changes  in  water  tables 

directly  on  the  trunk  in  whorls.  This  suggests,  in  caused  by  other  factors.  Morphological  features  of 

context  of  their  habitats  and  habit,  that  they  were  some  megaspores  may  have  been  as  important  for 

tolerant  of  fluctuation  in  the  relative  wetness  of  the  prevention  of  desiccation,  or  for  protection  in  flood 

environments  and  perhaps  responded  to  drier  and  transport  (as  proposed  for  Porostrobus,  Leary  & 

wetter  episodes  to  reproduce.  Because  sigiUarians  Mickle,  1989). 

were  basically  free-sporing,  this  intermittent  re- 
production entaUed  the  risk  of  mistiming  spore 

release  unless  the  local  environments  were  wet,  at 

least  soon  after  dispersal. 

Diaphorodendron 

Diaphorodendron  species  comprise  two  life-his- 
The  largest  known  sigillarias  in  peat  swamps  are  tory  groups,  one  polycarpic,  the  other  monocarpic 

from  the  Stephanian,  a  size  feature  shared  with  (DiMichele,  1979b,  1981).  Three  polycarpic  spe- 

tree  ferns,  calamites,  and  meduUosan  seed  ferns,  cies  have  been  identified  in  Pennsylvanian-age  coal 

Several  sigillarian  species  were  present,  based  on  swamps,  but  the  similarity  in  morphology  oi  many 

cone  morphology  (Schopf,  1941;  Pigg,  1983;  Feng  of  these  forms  probably  masks  greater  species  di- 

&  Rothwell,  1989).  Our  reconstruction  (Fig.  4)  is  versity.    Diaphorodendron   vasculare  occurs 
of  Sigillaria  approximata  and  Mazocarpon  oe- 
dipternum.  The  megasporangiate  cones  are  the 

Westphalian 
Westphalian 

best  known  among  the  sigillarias,  with  the  mega-      cies  complex.  Diaphorodendron  phillipsu  occurs 

spores  embedded  in  a  subarchesporial  pad  of  pa-      in  the  Westphalian  C-D,  and  D.  scleroticum  is 

renchyma,    apparently    a    generic    characteristic.  knownonly  from  the  Westphalian  D.  The  monocar- 
Benson  (1918)  and  Schopf  (1941)  suggested  that  pic  forms  have  been  subsumed  in  a  single  species, 

the  cones  were  deciduous  and  the  contents  were  /).  cficen^rtcum,  which  probably  represents  a  group 

dispersed  by  sequential  cone,  sporangial,  mega-  of  related  species.  All  species  in  this  genus  appear 
sporesporangial  fragment  units.  These  units  could  to  have  identical  reproductive  structures  (Fig.  ̂ h 

have  been  disaggregated  after  or  during  dispersal  Cones  are  assigned  to  Achlamydocarpon  varius 

by  mechanical  means,  or  germination  may  have  (Leisman  &  Phillips,  1976).  Megasporangiate  cones 
occurred  locally  where  the  cones  originally  fell. 
The  presence  of  megagametophytes  and  possibly 
embrvos  in  M.  oediDternum,  (Snhonf.  1 041  ̂   \f-A  ii« had  one  functional  megaspore  {Cystosporites  va^ 

rius)  per  sporangium.  Microspores  are  ̂ ^^^^^^^ 

now  as  Granasporites  medius  (Ravn  et  al, (DiMichele  &  Phillips,  1985)  to  suggest  apomictic  and  were  frequently  dispersed  as  tetrads, 

origin  of  the  embryos.  It  is  not  the  presence  of  The  Dia/>/ioro(iendron  species,  individually  an  ̂ 
putative  embryos  alone  that  leads  to  this  sugges-  collectively,  are  the  most  difficult  of  the  arborescen 

tion,  but  rather  the  adherence  of  archesporial  pa-  lycopsids  for  which  to  deduce  ecological  strategies 

renchyma  to  the  proximal  surface  of  the  mega-  because  they  have  such  broad  ecological  amp  ■ 
spore,  obviating  access  of  sperm  to  the  eggs.  Details  tudes.  They  occur  in  markedly  different  kinds  o 
of  sigiDarian  reproductive  organs  are  discussed  in  assemblages  within  peat  swamps,  as  dominant 

papers  by  Phillips  (1979),  Pigg  (1983),  and  Feng  xninor  elements.  Furthermore,  both  polyc^^P*' '^"^^ 
&  Rothwell  (1989).  Sigillarian  cone  and  megaspore  monocarpic  forms  occur  in  clastic  as  well  ̂^  P^^^ 
morphology  suggest  evolutionary  changes  in  mode  forming  habitats,  an  overlap  that  ̂ PP^^^^^  C-g 
of   dispersal    during    the    Pennsylvanian.    Earlier  tends  to  the  species  level  (e.g.,  Wnuk,  1985).  ̂ ^^^ 
megaspore  types  had  barblike  (apiculate)  or  simOar  is  the  only  aquacarpic  genus  thus  far  ̂ ^^^^^\^^_ ^1       T    .      r^  ,       .  es  lack  that  appears  to  have  undergone  marked  evo  u 

Permsyl 

these  and  had  adherent  tissue  protection. 

the 

dis 

jse  ana  naa  aUherent  tissue  protection.  ary  change  within  the  Westphalian.  JViu^^*  " 

Sigillaria   may  have  made  some  ecologicaUy  recognition  of  Diaphorodendron  as  a  gen^^  ̂ ^ 
significant,  evolutionary  modifications  in  timing  of  tmct    from    lepidodendron    was    long    dea,^^^ 
reproduction  and  dispersal  mechanisms  as  a  re-  (DiMichele,  1985),  so  has  there  been  delay  i" 
sponse  to  environmental  variability.  Morphological 
differences    among    cones    provide    evidence    of separation  of  species  ecologically.  AU  sp     ̂ ^^ 

Diaphorodendron  appear  to  have  
the  ver)  ̂ changing  circumstances  within  the  Late  Carbon-       reproductive  morphologies.  This I ferous  peat  swamps  (Benson,  1918;  Schopf,  1941; 

Sigillaria   where    there    were 

difference
s 

to 
in 

ern^^'
 

Pigg,  1 983).  Considering  evidence  of  frequent  dis-       megasporangiate  and  megaspore  reproductl^  e 

turbances  in  peat-swamp  environments,  including       phology  and  in  vegetative,  and  P^^^^niab^  P  -^ 
fluctuations  in  water  tables,  sigiDarias  may  have       iological,  strategies.  Polycarpic  species  of  U^^l 

* 



Volume  79,  Number  3 
1992 

Phillips  &  DIMichele 
Arborescent  Lycopsids  in  Late 
Carboniferous  Swamps 

575 

rodendron  appear  to  have  favored  areas  of 

infrequent,  irregular  disturbance.  Monocarpic  forms 

appear  to  have  been  colonizers  of  disturbed  areas, 

but  apparently  lived  for  quite  a  long  time  on  these 
sites,  attaining  large  size  (Wnuk,  1985). 

Diap  ho  rodendron  vasculare  is  characteristic  of 

the  ancestral  condition  in  this  genus.  Its  distribu- 

tional history  indicates  a  broad  ecological  ampli- 
tude. Trees  produced  deciduous  lateral  branches 

on  an  otherwise  unbranched  columnar  trunk.  Re- 

productive allocation  appears  to  have  been  low  at 
any  given  time.  Even  in  coals  where  D.  vasculare 

IS  the  only  lycopsid  tree,  reproductive  organs  are 
not  encountered  frequently,  and  relative  abun- 

dances of  Granasporites  in  spore-pollen  samples 
greatly  underestimate  the  biomass  of  the  parent 
plants  (Peppers,  in  Eggert  &  Phillips,  1982).  The 
lateral  branches  contain  little  wood  or  bark,  were 

of  quite  limited  sizes,  and  served  largely  to  support 
the  cone  array.  The  extended,  low-level  reproduc- 

tive output  may  have  positioned  these  plants  to 
recover  rapidly  from  severe  but  unpredictable  (ir- 

regular) disturbances.  They  are  rarely  fusinized  and  Figure  5.     Inferred  life  history  of  the  two  major  Dia- 

T^v^  \ 

occur  m  some  assemblages  in  association  with  ma- 
rine invertebrates,  so  disturbances  such  as  wind 

throw,  storm  surges  of  marine  waters  into  peat 

phorodendron  lineages,  here  represented  by  D.  dicen- 
tricum  (large  tree  to  left,  outside,  with  terminal  crown) 
and  D-  scleroticum  (center  tree  with  crown  of  laterally 

borne  branches).  Innermost  tree  is  a  juvenile.  Despite 

swamps,   or  other  causes   may  have  been  more       extensive  differences  in  growth  form  and  vegetative  anat 

omy  and  morphology  between  these  lineages,  and  even within 
important  than  fire. 

Diaphorodendron  scleroticum  is  built  along  the 

same  plan  as  D,  vasculare^  except  the  amount  of 
wood  and  bark  is  greater  throughout  the  tree,  ex- 

tending even  into  the  lateral  branch  systems 
(DiMichele,  1981).  This  suggests  a  longer  life  span 
than  D.  vasculare  and  retention  of  lateral  branch 

systems,  perhaps  approximating  the  habit  recon- 
structed by  Walton  (see  Thomas,  1978).  In  this 

species  the  lateral  branches  may  have  formed  a 
diffuse  crown,  the  main  function  of  which  was  light  and  maintenance  of  a  crown.  It  is  noteworthy  tha

t 

Rapture.  Wnuk's  (1985)  discovery  of  whole  trees  D.  scleroticum  is  presently  known  only  
m  the 

indicates  that  lateral  branches   were   distributed      Westphali 

able  reproductive  morphology.  Reproduction  is  charac- 

terized by  separate  megasporangiate  and  microsporangi- 
ate  cones.  The  megasporangiate  cones  fragmented  into 

aquacarp  units  composed  of  a  sporangium  with  single 
functional  megaspore  and  associated  sporophyll  tissues. 

Fertilization  probably  was  aquatic. 

sparsely  along  the  main  trunk.  As  with  D.  vas- The    monocarpic    Diaphorodendron   dicentri- 

<^^lare,  reproductive  allocation  in  D.  scleroticum      cum  was  also  a  large  tree,  nearly  30  m  in  height 

appears  to  have  been  relatively  low  at  any  one      in  clastic  swamps  (Wnuk,  1985)  Structur
ally,  the 

tree  was  cheaply  constructed,  with  thin- walled  cells and 
ood 

^e.  Community  ecological  studies  of  several  late 
Westphalian  D  coals  (Phillips  &  DiMichele,  1981; 
DiMichele  &  Phillips,  1988;  WiUard,  1990)  sug- 

gest great  variation  in  the  taxonomic  and  structural      trunk  was  unbranched 

composition    of  assemblages   associated   with    D.      growth  when  a  scaffolt  ,_        .    .     j 

'deroticum.   It  is  conceivable  that  these  plants      Cones  were  borne  on  small  side  branches
,  derived 

opted  for  tolerance  of  all  but  the  most  severe  dis-      from  highly  anisotomous  ap.cal  divis
ions.  Short- 

oduced 

^rhances,  leading  to  variable  but  taxonomically 
averse,  associated  vegetation.  This  species  of  Dia- 

reprod been 

P^orodendron,moretheineinyother\epidodendnd,  other  Diaphorodendron  species
;  very  abundant 

somewhat  approaches  the  status  of  a  "convention-  Achlamydocarpon  varius  microspo
rangiate  cones 

^'"  Wicot)  tree,  with  sustained  structural  support      and  megasporangium-sporophyll  units  typ
ically  oc- 
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cur  in  association  with  vegetative  litter.  The  species      the  sporophyte,  were  species-determining  element found 

isemblages 
in  Diaphorodendron  ecological  strategies. 

Westphalian 
assembla 

Westphalia 

:urs  wiaeiy  at  7-      .  ,    ,       , 
-           -'^  Lepidodendron ;es  from  other 

le  &  Phillips,  Lepidodendron  (sensu  DiMichele,   1983)  was 

1985).  In  these,  its  highest  abundances  occur  in  the  clastic-swamp  counterpart  to  Lepidophloios. 
taxonomically  and  structurally  diverse  assemblages  Many  species  have  been  described,  primarOy  from 
with  a  rich  assortment  of  vines  and  ground  cover  the  compression -impression  record;  many  of  these 
(DiMichele  &  Phillips,  1988).  We  have  suggested  are  Diaphorodendron  or  other  as  yet  nonsegre- 
(DiMichele  &  Phillips,  1985)  an  invasive  strategy  gated  genera  that  may  be  distinct  from  Lepidoden- 
for  this  tree,  which  is  consistent  with  monocarpic  dron  sens.  str.  in  anatomy  and  reproductive  biol- 
habit  and  highly  dispersed  distribution.  The  cheap-  ogy.  Nonetheless,  Lepidodendron  does  appear  to 
er  construction  and  widespread  but  low  density  have  been  far  more  diverse  and  abundant  in  min- 
occurrence  suggest  D.  dicentricum  as  a  potential  eral  substrate  wetlands  than  in  peat  swamps.  Two 
counterpart  to  Lepidophloios  in  longer-term  well-circumscribed  species  are  known  from  peat- 
monocarpic  reproductive  cycles.  That  is,  D,  di-  forming  environments:  the  arborescent  Lepidod- 
centricum  may  be  an  ecological  counterpart  in  endron  hickii,  which  appears  to  be  the  anatomical 
longer-^rm  life  cycles  for  monocarpic  lepidoden-  counterpart  to  the  compression  I.  aculeatum,  and 

3  and  greater  the  scrambling  ground  cover  plants  L.  serratum 
diversity-abundance  patterns  in  some  Westphalian  (Felix,   1952;  Baxter,   1965),  which  Bateman  & 
D  peat-swamp  vegetation  suggest  temporal  changes  DiMichele  (1991)  have  segregated  as  a  new  genus. in  disturbance  frequencies.  Both  occur  throughout  the 

The 

The  dispersal  units  of  Diaphorodendron  are 
apparently  more  stereotyped  morphologically  than 

Westphali sun 

mannabachense 
Westphal those  for  any  other  genus  of  the  five  lepidodendrids,  coals.  Lepidodendron  persisted  into  the  Stephan- 

mdicatmg  that  the  sexual  life  cycle  is  extremely  ian  in  western  European  clastic  swamps  (e.g.,  Lor- 
specialized  in  both  microspore  and  megaspore  dis-       enzo,  1979)  and  may  have  lasted  untU  the  end  of link 

the  Permian  in  both  clastic  and  peat  swamps  of 
phology  (Fig.  5).  The  tolerances  of  these  linkages  China  (see  Chaloner  &  Boureau,  1967).  The  mega- 
have  been  suggested  by  the  distinctive  morphology  sporangiate  cones  of  L.  hickii  from  peat  swamps 
of  a  massa  that  was  probably  hydrophilic  (Taylor  are  assigned  to  Achlamydocarpon  takhtajand 
&  Brack-Hanes,  1976),  an  interlocking  of  micro-      (=  A.  helgicum)  (Snigirevskaya,  1964;  Balbach, spores  with  the  massa,  and  by  the  common  dispersal 

nucrospore 
nnels 

1966;  Schumacker-Lambry,  1966);  microsporan 

giate  cones  are  of  the   Lepidostrobus  type  and 

produced  Ljco5/?ora />u5i7/a  microspores  (Willard, in  diameter,  a  dimension  that  would  have  allowed  1989a). 
docking  and  entrapment  of  the  microspores.  It  is  ,   , 
interesting  to  note  that  the  proximal  faces  of  both  exception  of  i.  serratum,  were  monocarpic.  Most 
the  microspores,  in  persistent  tetrads,  and  the  func-  arborescent  growth  occurred  as  an  unbranched, 
tional  megaspore  with  a  massa  were  protected.  columnar  stem.  Growth  terminated  with  a  deter- 

mi 
The  dispersal  units  in  Diaphorodendron  mor- minate  *'crown" 

phologically  fall  between  the  relatively  unspecial-      &  Watso 

(Thomas 

ized  free-sporing  habit  of  Paralycopodites  and  the 
complex    aquacarps 

crown 

(Phillip 

1979).  Achylamydocarpon  varius  cones  (Leisman 
&  Phillips,  1979)  may  have  been  borne  upright 
rather  than  pendent  on  the  parent  trees.  Although 
monosporangiate,  nothing  is  known  about  distri- 

mic 

cones  among  or  withm  trees.  That  such  widely 
differing  life  histories  of  the  species  are  associated 
with  the  same  set  of  morphological  reproductive 

Achlamydocarpon  takhtajanii  megasporangmm- 

sporophyll  units  are  similar  morphologically  to  UP' 

idocarpon  in  general  shape,  site  of  megasporangia' 

opening,  and  morphology  of  the  megaspore  (Phi- 
lips, 1979).  They  are  about  one-half  the  size  of 

Lepidocarpon  and  lack  the  lateral  alations  or  in- 

teguments that  enclose  the  Lepidophloios  mega- 
sporangium.  Lepidodendron  aquacarps  appear  to 

features  suggests  that  evolution  in  the  timing  of     persal  (Phillips,  1979). 
fertilizat 

reprod 
bark  and  wood 

These  aspects  of  reproduct 

I 

I 

I 

environments 
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sufficient  environmental  stability  for  completion  of  Michele,   1979a).  Lepidophloios  harcourtii  has 
a  monocarpic  life  cycle.  However,  Lepidodendron  been  identified  in  the  megafossil  record  from  the 
hickii  appears  to  have  been  less  tolerant  of  the  Westphalian  A-C;  its  microspore,  Lycospora  pel 
low  nutrient  conditions  of  flooded  peat  swamps  than  lucida,  occurs  throughout  the  Westphalian,  Mega- 
Lepidophloios.   Its  observed  dominance  in  peat  fossils  of  Lepidophloios  hallii  have  been  found  in 
swamps  has  thus  far  been  limited  to  some  Appa-  coals  of  the  Westphalian  C-D;  its  microspore,  Ly- 
lachian  coals.  Its  occurrences  almost  never  coin-  cospora  granulata,  occurs  throughout  the  West- 
cide  with  those  of  Lepidophloios  m  peat  swamps  phalian  and  into  the  Stephanian  of  Europe.  Lep- 

(see  Phillips  &  DiMichele,  1981;  Gastaldo,  1987).  idophloios  'yohnsonii'' yxas  recognized  by  Winston 
There  are  exceptions,  most  notably  in  the  vicinity  (1988)  from  the  late  Westphalian  D  equivalent  in 
of  paleochannels  and  spht  coal.  In  clastic  environ-  the  Illinois  Basin.  It  could  be  conspecific  with  L. 
ments  Lepidodendron  is  often  a  dominant  in  low  johnsonii   (DiMichele,    1979a)   from    the    Lower 
diversity  assemblages,  frequently  as  preserved  in  Pennsylvanian  of  Colorado,  extending  its  known 
organic-rich  shales.  In  many  instances  it  is  a  dom-  range,  or  be  more  closely  related  to  L,  harcourtii. 
mant  in  coal  roof-shale  assemblages,  where  it  may  This  remains  unresolved  but  no  microspores  have 

represent   a    final    swamp    forest    formed   during  been   correlated   with    L.    'johnsonii''  (Willard, 
drowning  associated  with  rising  water  tables  and  1989a)  and  Lycospora  pellucida  from  Lepido- 
clastic  influx.  Evidence  of  cohorts  of  trees  in  flood-  phloios  harcourtii  does  occur  in  the  Westphal- hannel ian  D. 

terial  (e.g.,  DiMichele  &  DeMaris,  1987),  is  con-  Lepidophloios  abundance  y^as  centered  in  peaX- 

sistent  both  with  requirements  for  higher  nutrients  forming  environments.  All  species  show  the  similar 

than  offered  by  peat  swamps,  with  dispersal  in  basic  habitat  preferences  in  their  highest  distri- 

aquatic  media,  and  with  monocarpic  habit.  butional  abundances.  They  appear  to  have  been 

Lepidodendron  shares  with  Lepidophloios  sev-  more  tolerant  of  longer  periods  of  standing  water 

eral  anatomical  traits  that  suggest  tolerance  of  than  any  other  peat-swamp  trees.  Such  tolerance 

flooding.   Large,   highly  lacunate  stigmarian  ap-  is  suggested  by  the  frequent  occurrences  of  high- 

pendages  suggest  the  ability  to  withstand  long  pe-  dominance,  low-diversity  assemblages  with  little 

nodsof  flooding.  The  thick,  yellowish  resinous  ap-  ground  cover  and   few  free-sporing  components 

pearing  bark  is  highly  decay  resistent.  This  decay  (Phillips  &  DiMichele,  1981;  DiMichele  &  PhUlips, 

''esistance  is  associated  with  htde  root  penetration  1 988).  The  stigmarian  systems  of  these  plants  were 
[t  occurs  in  peat-  robust,  with  large  appendages  and  substantial  air 

swamp  floras,  Lepidodendron-rich  peats  are  poor-  cavities  in  both  appendages  and  main  axes.  This 

y  preserved,  suggesting  aerobic  decay  and  high  is  also  consistent  with  their  thick,  highly  decay- 
levels  of  activity  by  microorganisms. 

Where 

Th 

irailarit 

resistant  bark,  which  is  yellowish  in  color  and  may 

have  been  resinous  and  impervious  to  water.  Such 

bark  is  often  found  relatively  unaltered  in  peat 

"lost  of  which  are  hi^ghly  derived,  suggest  close      litter  and  is  almost  never  penetrated  by  roots  in 
Phylogenetic  relationships.  Ecological  shnUarities 
"ggest  early  partitioning  or  segregation  of  these 
eages  into  very  similar  kinds  of  swamp  habitats, 
diSering  in  basic  mineral  nutrient  availability 

"e  temporal-physical  aspects  of  the  environ- 
ent  associated  with  peat  versus  clastic  accumu- 

been 

otherwise  highly  decayed  peats.  It  appears  that 

their  range  of  tolerance  permitted  growth  in  some 

habitats  from  which  other  species  were  largely  ex- 

cluded and  this  is  where  they  dominated.  However, 

Lepidophloios  species  probably  were  not  confined 

exclusively  to  such  high-stress  habitats.  The  plants 
also  occurred  more  widely  within  peat  swamps  often 

Averse  at  the  species  and  subhabitat  level  than      in  highly  mixed  assemblages,  although  these  may 

^pidophloios.  The  large  number  of  species  of 
^Pidodendron,  as  in  Sigillaria,  suggests  more FPOrtUruties  for  5^nf»fiatinn  r.n   a   ViaciV   mornhnloff- 

s^'atnps. 

environments 

I 
^Pidophloios 
Th 

■    p  ̂̂ ^  ̂ ^^  three  known  species  of  Lepidophloios 
ennsylvanian-age  coal  swamps:  L.  harcourtii, 

*"  ̂«««.  and  i.  johnsonii  (Arnold,    1940;  Di- 

represent  the  taphonomic  effects  of  time  averaging 

and  a  subsequent  lack  of  temporal  separation  of 

successive  forest  stands. 
One  of  the  most  striking  aspects  of  the  Lepi- 

dophloios life  history  (Fig.  6)  is  apparent  mono- 

carpy  (DiMichele  &  Phillips,  1985).  Two  types  of 

branching  appear  to  have  been  confined  to  the  final 

stages  of  growth.  Isotomous  dichotomies  formed  a 

crown  scaffold  in  which 

cones  were  borne  latera 

that  were   the  product 
produced 
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as  well  as  a  flotation  device  (Phillips,  1979).  Ju- 

venile sporophytes  with  exserted  stigmarian  axes 

(Phillips,  1979)  suggest  the  potential  for  anchorage 
in  a  water -cover  environment.  The  wide  distribu- 

tion of  aquacarps  in  peat  swamps  (DiMichele  & 

Phillips,  1985)  and  the  density  of  Lepidophloios 

stands  brings  to  mind  the  suggestion  of  Chaloner 

&  Boureau  (1967)  that  Lepidocarpon  may  have 

been  carried  by  water  and  concentrated  along  mar- 

gins of  water  bodies.  Massive  microspore  and  aqua- 

carp  production,  the  largely  aquatic  mode  of  dis- 
persal, and  tolerance  of  highly  stressed  physical 

conditions  were  the  keys  to  the  success  of  iepi- 
dophloios  in  peat  swamps. 

ASPECTS  OF  REPRODUCTIVE  BIOLOGY 

Each  of  the  lepidodendrid  genera  exhibited  a Figure  6,     Inferred  life  history  of  Lepidophloios  spe-      distinctive  combination  of  reproductive  attributes 
cies.  Major  life  cycle  attributes  include  determinate  habit 
and  monocarpy  of  individual  trees,  separate  megasporan- 
giate  and  microsporangiate  cones,  and  probable  aquatic 

including  how  cones  were  borne,  cone  structure, 

dispersal-unit  morphology,  and  reproductive  tun- 
fertilization.  Megasporangia  were  the  largest  ever  to  be  ing,  as  well  as  characteristic  relative  abundances 

produced  by  a  lower  vascular  plant.  With  one  spore  per  of  reproductive  to  vegetative  biomass.  As  deter- 
sporangium,  and  envelopment  of  the  sporangium  by  spo- 

most  complex  produced  by  the  lepidodendrids. 

,    „  .  ,  -  ,r       i         -  -    -,         minate  and  relatively  short-lived,  arborescent  plants rophyll  tissues,  these  aquacarps  (Lepidocarpon)  were  the       .      . ,    ,       ,  .  ,  ^  r  ̂ ^^^mrlnc- 

mo.t  comnlpx  nroHuo Jl  hv  L  uZr^A^r^A^^A.  lepidodendrids  represent  a  spectrum  of  reprodu
c 

tive  modes  reflected  directly  in  their  architectures and  autecologies. 

Branching  in  lepidodendrids  seems  to  be  geared 

almost  exclusively  to  reproduction  or  cone-beanng. 

The  principal  possible  exception  to  this  may  t)e 

Diaphorodendron  scleroticum  with  its  extenoe 

branch  development  (DiMichele,  1981;  Wnuk, 

1985).  Lepidodendrids  are  separated  into  polycar- 

pic  and  monocarpic  life  histories  by  the  types  o 

branchings.  Microsporangia  and  megasporangia 
were  produced  in  separate  cones  although  their 
relative  positions,  or  even  if  they  were  produced 
on  the  same  tree,  are  unknown.  This  life  history 
requires  an  environment  free  of  major  disturbances 
at  least  for  the  life  of  a  tree.  Given  that,  in  some 

coals,  Lepidophloios  trees  were  abundant  and  Ze/?- 
idophloioS'Aom\nai\.eA  stands  were  common  and 
repetitive  in  peat  profiles,  this  tree  may  have  reached 
its  maximum  abundance  in  peat  swamps  or  parts 

branching,  lateral  versus  terminal  "crowns,    a the  as 

nd 

ociated  timing  of  cone  production.  Diapho- 
rodendron is  the  only  genus  that  exhibits  both 

polycarpy  and  monocarpy;  aquacarpic  Lepidoo- 

dron  (except  L.  serratum)  and  Lepidophloios  y^^^^ 

exclusively    monocarpic;    free-sporing    Paraiy thereof  with  relatively  low  disturbance  frequencies.       ̂ ^^^^^^^^^Y    monocarpic;    iree-spoimB    ;-';,. 

The    meeasooran^iate    cone..     r.n,V/o..r..n        />oJ/^e5  and  5.g:.7/arm  
were  polycarpic  ( 1  able    ;■ 

REPRODUCTIVE  ALLOCATION  PATTERNS 

megasporangiate  cones,  Lepidocarpon^ 
were  constructed  of  a  central  axis  bearing  sporo- 
phyll  units  that  abscissed  from  the  cone  axis.  These 

units  were  morphologically  complex,  containing  a  As  an  approximate  guide  to  relative  reproductive 
large  single  functional  megaspore  and  a  megaspo-  allocations,  biomass  estimates  of  megasporangiate 
rangium  encased  in  integumentlike  outgrowths.  The 
similarity  of  these  structures  to  ovules  has  been  a 
subject  of  considerable  discussion  (Thomas,  1981); 

to  differentiate  them,  the  term  "aquacarp"  is  sug- 
gested to  reflect  functional  aspects  of  the  Lepi- 

structures  are  divided  by  total  aerial  litter  o 

species.  This  is  treated  as  the  relative  lifetime  mega 

sporangiate  output.  Despite  many  vagaries 

ciated  with  such  an  indirect  measure,  based  as 

is  on  dispersed  structures,  these  estimates  pro 
docarpon    on    megasporangiate   units.    Aquacarp       a  relative  quantitative  expression  of  differences, 
morphology  suggests  aquatic -based  reproduction      Relative   microspore   outputs   are   categorized  as 

overrepresented   or   underrepresented,  basea 

The 
wind 

dispersal  away  from  the  parent  tree  (Tliomas,  1981) un 

i 

known 
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Table  1.     Reproductive  allocation  patterns  of  Lycopsid  trees. 

Taxon 

Diaphorodendron 
vasculare 

Diaphorodendron 

phillipsii 
Diaphorodendron 
scleroticum 

Sigillaria 
o-pproximata 

Paralycopodites 
brevifolius 

Lepidophloios 
harcourtii 

Lepidophloios 
hallii 

Lepidodendron 
hickii 

Diaphorodendron 
dicentricum 

Reproductive timing 

Polycarpic 

Polycarpic 

Polycarpic 

Polycarpic 

Polycarpic 

Monocarpic 

Monocarpic 

Monocarpic 

Monocarpic 

Lifetime  mega- 

sporangiate allocation  {9/ 
total  aerial 
biomass) 

Microspore  (S)/ 

vegetative  biomass 

pattern 

Ecology 

2-4% 

1-2% 

1-2% 

3-5% 

4-7% 

3-4% 

6-7%  (19%) 

7-8%  (22%) 

Granasporites:  under 

represented 
Granasporites:  under 

represented 
Granasporites:  under 

represented 
Crassispora:  under 

represented 

Lycospora:  over 

represented 

Lycospora:  over 

represented 

Lycospora:  over 

represented 

Lycospora:  ? 

Granasporites:  ? 

Site  occupier; 

disturbance  tolerant 
Site  occupier; 

disturbance  tolerant 
Site  occupier; 

disturbance  tolerant 
Site  occupier; 

disturbance  tolerant 
Colonizer ; 

disturbance  tolerant 
Site  occupier; 

disturbance  intolerant 
Site  occupier; 

disturbance  intolerant 
Site  occupier; 

disturbance  Intolerant 
Colonizer ; 

disturbance  intolerant 

titative  biomass  estimates  of  peat  assemblages,  in  which  sigillarias  were  large  and  scattered;  it  may 

compared  to  quantitative  miospore  floras  from  the  not  be  a  typical  estimate  where  cone  fragments  are 

same  coals,  that  certain  lepidodendrid  genera  are      aided  in  dispersal  by  sporadic  sheet  wash  or  inter- 
underrepre mittent  floods. 

spore  floras  (Phillips   &    Peppers,    1984).   Some  Diaphorodendron  species,  except  Z).  dicenlri- 

quantitative  comparisons  have  been  made  by  Pep-      cum,  had  lower  reproductive  outputs  than  the  other 

pers  in  Phillips    &    DiMichele   (1981),   Mahaff^y      polycarpic  species:  1-2%  m  D,  phillipsii  ̂ nd  D. 
scleroticum,  and  2-4%  in  D.  vasculare.  It  should 

Willard 

^Pora  producers  are  overrepresented  and  the  Cras-  be  noted  that  D.  vasculare  was  typically  a  much 

sispora  and  Granasporites  {Sigillaria  and  Dia-  smaller  tree  than  any  of  the  other  Diaphoroden- 

Phorodendron)  producers  with  larger  microspores  dron  species  in  the  peat  swamps  sampled. 

^re  underrepresented  in  spore  floras.  "^^  '"  ^  ̂ ■""*  """"' 

olycarpic.  Lifetime  megasporangiate  reproduc- 

tive   allocation    in    Paralycopodites    brevifolius  gun  cone  formation  earlier  than  other  genera,  rap- 

relative  units  of  time  are  portrayed  graphically  in 

^nges  from  4-7%  in  WestphaUan-age  coal  balls. This 
V 

re prod 

bcl 

iprod 

od 

species  was  the  only  bisporangiate,  free-spor-      sustained  that  for  variable  but  short  life  spans. 

^&  type,  but  was  the  most  prolific  polycarpic  cone      Disturbances  in  its  ecolonal  habitats  probably  often 
producer,  which  is  consistent  with  its  inferred  role      altered  the  I 

^a  principal  colonizer  of  disturbed  ecotonal  sites,      minate  limits 
"lis  estimate  probably  is  enhanced  by  more  local      widest  range 

istribution  of  cone  fragments  and  megaspores. 
However,  it  rivals  the  megasporangiate  outputs  of 
the  monocarpic  forms,  which  are  generally  higher 
than  polycarpic  ones. 

^igillaria  approximata  from  the  lower  Ste- 
Phanian  has  a  3-5%  megasporangiate  allocation, 

J^nich  is  also  high.  This  estimate  probably  is  af- 
^cted  by  local  conditions  of  accumulation,  which 

than  Paralycopodites.  Diaphorodendron  is  the 

only  genus  containing  a  species  with  a  continu- 
ous low  level  of  cone  production  over  the  life  span 

oticum  represents 

period  of  reprodu' 

oduction 

radic  or  intermittent  repro<luctive  strategy  detect- 

*^d  vary  markedly  within  the  Stephanian  swamps,      ed;  it  is  entirely  conjectural  how  early  reproduction 
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Figure  7.  Reproductive  patterns  in  the  major  lepidodendrid  genera.  Relative  total  reproductive  life  span  »s 
estimated  from  known  maximum  sizes  of  each  species  and  the  location  and  relative  thickness  of  wood  and  penderiri. 

ParalycopoditeSy  Diaphorodendron  vasculare,  D.  phillipsii,  and  D.  scleroticum  were  all  variants  on  a  polycarpic 
life  history  with  cones  borne  on  lateral  branch  systems.  The  onset  of  branch  production  is  thought  to  correspond  to 
the  beginning  of  reproduction.  Lepldodendron,  Lepidophloios,  and  Diaphorodendron  dicentricum  were  monocarpic, 
with  cone  production  limited  to  the  determinate,  terminal  crown.  Reproductive  output  appears  to  have  been  substanti^ 

in  all  of  the  monocarpic  species  based  on  quantitative  analyses  of  coal  balls  and  on  morphological  studies.  Sig'd''^^^^ 
was  a  diverse  genus  that  cannot  be  summarized  fully  here;  morphological  evidence  points  to  long  life  spans  for  trees, 
and  periodic  reproductive  intervals,  but  qualitative  evidence  suggests  only  moderate  productivity  during  any  *>ne event. 

began  and  its  establishment  phase  may  have  dif-  and  dispersal  of  microspores  and  megasporangiu^' 

fered  substantially  from  other  genera.  The  sym-  sporophyll  units.  This  constituted  a  massed  repro- 

metrical  patterns  of  its  reproductive  cycles  (Fig.  ductive  phase  near  the  end  of  the  plant's  life  span. 
7)  are  intended  to  convey  only  repeated  episodes 
of  cone  formation.  While  it  is  uncertain  how  Sig- The  estimates  of  megasporangiate  allocations 

the  highest  in  Diaphorodendron  dicentricum  wit
h 

illaria  cued  reproductive  cycles,  it  seems  that  they  7-8%.  Lepidophloios  hallii  is  similar  with  O'  /^ 
were  likely  geared  to  relative  dry-wet  conditions  and  L.  harcourtii  is  3-4%.  Data  are  inadequate 
which  could  involve  both  seasonal  and  sporadic      to  make  an  estimate  for  Lepldodendron. 
conditions  of  change.  It  is  likely  that  Slglllarla 
had  the  potential  for  reproduction  over  a  longer 
interval  than  most  other  genera.  Slglllarla  appar- 

In  the  monocarpic  time-abundance  curve 

show-n 

in  Figure  7  all  the  taxa  are  represented  by  a  ̂o 

mon  plot  because  of  the  lack  of  a  temporal  guJ ently  produced  only  pedunculate  branches  until      for  distinct  difFerences  in  life  spans.  However,  » 

near  its  onset  of  determinate  growth,  and  branch-       likely  that  life  span  and  timing  of  reproduction  m 1  ..«  ^  ^  i'*f  from 

Diaphorodendron  dicentricum  was  distmci    ̂ ^^ 

that  of  Lepidophloios,  probably  geared  to 

ing,  then,  was  minimal  at  most. 

Mon 

with  essentially  one  terminal  interval  of  cone  pro- 
duction had  aquacarps.  They  relied  on  determinate, 

terminal crown 

_oIo 

nizing  scattered  habitats  within  the  less- wet  reac 

of  the  swamp,  as  opposed  to  those  in  stan  m 

deeper  water.  The  D.  dicentricum  trees  do  no branching  for  cone  formation       appear  in  abundance  untQ  Westphalian  C  and  ap 
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parently  evolved  monocarpic  habit  independently  (see  Gastaldo,  1987),  as  well  as  a  means  of  tracking 

ol  Lepidodendron  and  Lepidophloios,  perhaps  ris-  swamp  structure  over  time  using  dispersed  spore 

ing  in  importance  in  large,  variably  disturbed  pla-  floras  (see  Kosanke  &  CecQ,  1989;  Eble,  1990). 

nar  swamps.  Fourth,  exceptional  in  situ  occurrences  of  swamp 

With  the  exceptions  of  D.  dicentricum  and  the  plants  make  the  Westphalian  one  of  the  highest 

polycarpic  Paralycopodites  brevifolius,  the  lepi-  resolution  windows  on  plant  paleoecology  in  the 

dodendrids  are  termed  site  occupiers  in  the  sense  entire  geological  record.  This  includes  some  of  the 

that  they  were  generally  capable  of  replacing  them-  enormous  compression  and  cast/mold  fossils  of 

selves,  conditions  permitting.  To  a  certain  extent,  clastic  deposits,  the  basis  for  the  reconstructions 

all  the  polycarpic  forms  are  regarded  as  disturbance  of  the  trees  and  forests,  and  the  vast  numbers  of 

tolerant  because  they  could  generally  reproduce  at 

least  some  before  being  kiUed  by  a  major  distur- 
ba nee 

anatomical  ^ 

Fifth  and  last,  these  combined  fossil  records 

The  monocarpic  forms  were  intolerant  of      emphasize  the  generic  paucity  of  Late  Carbonif- 

disturbance  levels  that  prevented  the  completion      erous  tropical  swamp  floras  as  a  whole,  despite 

of  their  termmal  reproductive  phase.  their  maximum  diversity  in  the  Westphalian.  Al- 

It  is  not  known  whether  aU  monocarpic  species  though  we  have  avoided  discussing  the  other  kinds 

individually  tended  to  be  cohorts  and,  in  turn,  mass  of  trees  that  lived  in  the  coal  swamps  with  lepi- 

reproduced  at  about  the  same  time.  This  is  a  cycle  dodendrids,  they  are  vitally  important  to  our  per- 

that  certainly  could  have  developed  with  Lepido-  spectives  of  the  comparative  ecology  of  the  lycop- 

phloios  and  probably  differed  within  species.  De-  sids.  Every  major  group  was  represented
,  but 

spite  the  inherent  drawbacks  to  such  episodes  and  commonly  only  by  one  or  two  arborescent  gener
a, 

to  monocarpy  in  general,  it  should  be  noted  that  Thus,  there  were  more  genera  of  lepid
odendrids  m 

this  kind  of  reproduction  was  clearly  related  to  a  coal  swamps  than  almost  all  the  arborescent 
 genera 

maximum  mass  dispersal  capability  from  very  el-  of  other  plant  groups  combined, 

evated  heights,  utUizing  both  wind  and  water.  The  extinct  lepidodendrids  and  sigillanas  have 

no  modern  analogues.  Yet,  they  partitioned  and 

characterized  nearly  the  full  spectrum  of  tropical 

wetland  habitats.  This  is  particularly  evident  in  the 

early  Westphalian  A  of  Europe  where  lepidoden- 

drids totally  dominated  the  vegetation,  and  where 

their  greatest  generic  diversity  is  found  in  peat 

Comparative  Ecology:  Perspectives  and 
Implications 

unusual  circumstances  provide  im 

portant  insights  into  and  put  constraints  on  our 

interpretations  of  stigmarian  lycopsid  ecology.  The  swamps.    Because    the    establish
ed    stratigraphic 

first  and  most  important  is  that  the  lepidodendrids  ranges  of  the  five  principal  genera  exten
d  back  to 

radiated  within  trnnin.l  ̂ .f}.r.A.  .nd  were  confined  the  Tournaisian  and  Visean,  it  is  reasonable  to 

That partitioning 

^ere  the  major 'trees  in  the  tropical  swamp-forests      curred  early  in  the  Carboniferous 
 and  perhaps  un- r^^-  _ .      1    rw,,     ^      .      •      1        j„-  «;,.^,,,T-.otoni^*»c  \Aihf*rf^  ivmnfiins  were  the  Driii- pnmeval 

der  circumstances  where  lycopsids  were  the  prin- 

genera  resulted  from  tracking  the  expansion  of  the       cipal  or  only  arboresc
ent  occupants 

Westphalia 
Westphal 

Second,  the  latest  Devonian-earliest  Carbonif-  other    major    groups    (cordai
tes,    ferns,    pterido- 

erous  radiation  of  heterosporous  arborescent  ly-  sperms)  rose  to  codominant 
 status  or  even  as  dom- 

copsids  coincided  with  that  of  seed  plants  and  ap-  inants  (cordaites).  Such  veg
etat.onal  changes  may 

parently  ferns.  However,  the  lycopsids  may  have  have  taken  place  at  th
e  expense  of  lycopsids  How- 

^en  the  most  conservative  of  these,  establishing 

nearly  all  genera  early  in  their  radiation,  rapidly 

Westph 

vaman 

lines niarkabl other  plant  groups  had  become  well  established  in 

roal  swamps,  the  five  principal  genera  of  lepidoden- 

productive  biology  that  persisted  to  extinctions,      drids  still  dominat
ed  on  a  whole  coal-swamp  basis. i:^-^_  ,^_    ̂ ^._  '^       -  n   J,,:»^e    xAj^rt*   thft   nnlv    other   clants    to    hold    a 

Cordaites  were  the  only  other  plants  to  hold  a 

coal 

some  over  100  million  years  later.  ,     .     ,         .  .  .  .-      ̂ r XU-    1         ,  ,,  ,  *       .      .     1   I    _•  J»*»;^ant   *>nolnprir.al  nosition   witnm    W 
*nira,  only  a  small  numbe 

dodendrid  genera  spanned  troi.    ,^        ,  r  i  .     *u 

five  we  have  deah  with  were  widespread,  although  Westphalian  D  and  as  f
ar  as  we  know    to  the 

•lifferentiaUy  abundant  in  different  habitats.  They  western  interior  coal 
 region  of  the  United  States 

occurred  in  both  peat  and  clastic  wetland  environ-  (Raymond,  1988). 

n^ents  and  provide  a  means  to  contrast  swamp  types  Late  West
phalian  D  peat  swamps  indicate  an 
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Illinois 

riuuKh.  o.      rauerns  oi  aisiriDunon  ana  association  ol  major  trees  in  the  Herrin  (INo.  Oj  l^oai  oi  luuiuia.  ^^^-- 

modified  from  DiMichele  &  Phillips  (1988,  fig.  10),  is  based  on  a  profile  of  coal  balls  from  the  Old  Ben  No.  24  M^J^ (numbers  refer  to  profile  zones,  beginning  with  1 
this  ordination  is  characteristic  of  all  late  Westphalia Illinois 
tnis  oramaiion  is  cnaracterisnc  oi  all  late  Westphalian  U-age  coals  trom  the  Illinois,  western  Interior,  anu  /^^t^"«— 

coal  regions  studied  to  date.  The  distribution  is  depicted  in  the  reconstruction:  Lepidophloios  occurred  widely,    " 
dominated  flooded  parts  of  the  swamp  (left  corner).  Diaphorodendron  trees  were  site  occupiers  (D.  scleroticu   * 

minor 
w  iiuiiui  uioLuiijaiii.c.  1  uruiji^upuuiit^a  i^biuau  irees  aiong  margm  oi  aramage;  occupied  areas  suujccu  lv  v—--- 

and  disturbance;  they  frequently  co-occurred  with  medullosan  pteridosperms.  Sigillaria  may  have  grown  along  strea margins  (sparsely  branched  trees  along  drainage  margin). 

increased  diversity  and  abundance  of  non-lycop-      blages  with  particular  lepidodendrids  (Fig-  8;  ""  * 
sids.  In  addition,  most  of  the  arborescent  genera      lips  &   DiMichele,   1981;   DiMichele  &  Philtps^ 

1988).  WhUe  Lepidophloios  dominate
d  the  wet- 

test and  lowest  diversity  forest  assemblages, 

ronius  encroaches  such  habitats,  as  well  as 

others,  Diaphorodendron  species  are  associ 

with  a  variety  of  taxa  but  with  a  minimal  over  ap
 

with  Paralycopodites  and  Lepidophloios.  ra 

lycopodites  is  often  closely  associated  with  Me 

  J        losa.  In  turn,  Sigillaria  is  not  generally  a  parlj 
copsids  that  tend  to  cluster  repeatedly  in  assem-      this  array  of  coaUswamp  assemblages.  It  rar  ) 

tended  to  be  larger  than  their  antecedents  in  older 
swamp  floras.  Including  the  lepidodendrids.  Some 
lepidodendrid  forests  became  more  storied-struc- 

tured with  increased  shading  by  columnar  tree  ferns 
and  seed  ferns  in  some  stands.  In  the  Springfield 
and  Herrin  Coals,  the  best  known  from  coal-ball 

studies,  the  habitat  partitioning  is  perhaps  even 
more  clearcut  because  of  the  assoriatf^d  non.lv. 
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appears  in  relative  high  abundance,  and  then  either  occurred  to  us  that  it  may  have  occupied  the  drier, 

with  diverse,  more  non-swamp  assemblages  of  seed  seasonally  or  intermittently  wet  habitats  scattered 

feras  and  ferns,  or  as  simply  repetitive  sigillarian  along  the  streams  and  drainage  areas  where  water 

debris  sometimes  mixed  with  Diaphorodendron.  availability  was  variable  but  subject  to  neither  long- 

Coal  swamps  were  edaphic  islands  because  of  term  flooding  nor  long  periods  of  drought.  In  Sig- 

the  stressful  physical  attributes  of  an  organic  sub-  illaria  cone  dispersal  was  apparently  not  so  much 

strata  (DiMichele  et  ah,  1987).  The  appearances  amatterof  high  elevation,  but  of  repeated  dispersal 

of  other  tree  genera  in  what  were  nearly  exclusively  in  the  same  limited  area, 

lycopsid-dominated  habitats  may  reflect  exploita- 

tion of  the  '*colonizable-space"  present  at  nearly 
all  times  in  these  environments.  Drop  in  relative 

lycopsid  abundance  could  result  simply  from  the 

ECOLOGICAL  IMPACT  ON  SWAMP  ENVIRONMENTS 

The  lepidodendrids  may  have  altered  their  en- 

gradual  accrual  of  new  taxa  that  evolved  the  ca-       virormients 

pacities  to  live  in  peat  swamps,  envirormients  with       how  stigmarian  lycopsids  expanded  their  available 

low  interspecific  competition. habitats  and  contributed  to  stability  of  environ - 

Our  interpretation  of  such  ordinations  of  profUe  raents,  how  they  may  have  affected  nutrient  and 

data  as  well  as  gradient  traverses  (unpublished  data)  oxygen  supply  available  to  other  plants,  and  how 

mdicates  that  the  key  shifts  of  lepidodendrids  in  they  contributed  with  litter  and  "self-burial"  of 
coal  swamps  are  between  ecotonal  Paralycopodi-      roots  to  literally  filling  accumulation  space  and 

changing  the  water  table  of  habitats. 
The 

tes  and  either  Lepidophloios  or  Lepidodendron. 

These  end  point  assemblages  appear  to  define  a 

marginal  to  deep-water  gradient  that  probably  ex-  ical  feature  of  stigmarian  lycopsids  is  how  they 

isted  for  millions  of  years.  The  intercalation  of  dominated  the  available  peat  and  water  substrates 

Diaphorodendron    may    represent    an    originally  and  yet  permitted  extensive  light  penetration  due 

short-term  aquacarpic  expansion  into  frequently  to  their  open  canopies.  These  two  ecological  pat- 

disturbed  environments  where  other  factors  pre-  terns  are  compatible  if  our  suggestions  about  diffuse 

elude  effective  fertUization  and/or  dispersal.  Most  photosynthesis  are  near  the  mark.  They  are  com- 

of  the  Diaphorodendron  species,   including  the  patible  also  with  an  extensive  system  of  stigmaria
n 

monocarpic  D.  dicentricum,  manifest  occupation  axes  and  radiating  appendages,  which  would  ac
t 

of  habitats  with  variable  frequencies  and  intensities 

baffling 

enh 

Th 

of  disturbances,  factors  more  important  than  the  of  transported  sediment,  modifymg  water  flow  i
t- 

environmentaUy  restricted  conditions  that  defined  self.  One  might  think  of  stigmanans  as  sort 
 of 

the  habitat  limits  of  the  other  major  genera.  Dia-  botanical  "beaver  dams."  If  Lepidoden
dron  and 

phorodendron  was  probably  as  important  in  coal  Lepidophloios  were  part  of  such
  a  sediment  baf- 

swampsoftheWestphalianasIe/>.rfo/./i/o/o5,and  fling  system  they  would  constit
ute  an  important 

perhaps  more  so  than  Lepidodendron.  The  genus  means  of  trapping  mmeral  matter  m  t
he  water  and 

f^ad  a  broader  ecological  amplitude  because  of  the 
species  differences  in  tolerances  and  reproductive  ,  _ 

strategies.  These  diff^erences  are  stiU  on  a  theme  surficial  flow  of  water  in  such  swamps  wo
uld  have 

largely  within  the  more  physiologicaUy  water-  been  more  rapid  along  waterways
  unoccupied  by 

stressed  environments,  not  related  to  deeper  stand-  impeding  vegetation.  The  '^^^^'y  habit^ats^ofjh^^^^^ 

>iig  water  but  in  conditions  of  possible  brackish      ̂   .it-. 

Wluence,  frequent  edaphic  substrate  exposure  and      Uzing  them^  in  ''^F^^Vl'!^^.  T't  i.^^ 
i^epetitive  dry  downs,  all  indicative  of  physiological 
drought  stress  at  different  temporal  frequencies. 

The  ecological  inferences  for  Sigillaria  are  quite 

different  from  the  other  ''array  of  four"  lepidoden- 

doubt 

lepidodendrid 
open  water  areas  were  available  for  occupation  up *«  j^^tUc  fliat  mav  liflvp  fincroached  the  2  m  limits 

tod 

Thi 
is  w 

ould 

drirlc   Q;^n     •  -n  >     i    ̂ r.^r^^^  have  been  ideal  for  buoyant  Stigmarian  appendages 
^nas.  bigillaria  was  essentially  a  margmal  escapee  nave  necu  luc  j  &  rr 
of  wptl:.r.^  1  1    1    1  i^  ''  ̂ ^A  ̂ ^t  and  DOtential  exposure  to  sunlight.  In  this  scenario, 
"» wetland  environments  labeled    swamps    and  yet  anu  puicuu         ^^  o  •  »        l-  u 
unr^rviik*  ji    •  ^  .       1  -    •        *i     ̂   (it^indinff  water  is  viewed  as  an  area  into  whicti 
undoubtedly  It  was  one  of  the  characteristic  wetland  stanamg  waici  ,      ,    i     ■       i    *• eenPFQ    c-    -77     ■  1  ^\.  ^wamD  plants  encroached,  particularly  in  clastic 

pneraS,^,/Z«,,„,^p,^,^nts  the  most  xeromorph-  swamp  pia  ,_;^J_^,,^,  ;/,K_  ̂ ,K. 
»<^  of  the  lepidodendrids,  unless  Sporangiostrobus  swamp  settings.   I  he lepidodend 
^rns  out  to  be  stiemarian  as  sueeested  m  Wagner  s  .  ■       .u  - 
(iQftQ^  .         o.    .„     .     .  II     oe  ^wamo  stability  and  garnering  their  resources  mto 

Vivtjy)  reconstruction.  Sigillaria  is  so  closely  as-  swamp  siauuii^  6  & 

«<x^iated  with  the  wetland  tropics  that  it  has  rarely  habitable  substrates. 
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There  are  important  consequences  of  such  en- 
bett 

vironmental  alterations.  If  the  flow  of  water  were       as  environmental  stabilizers  and  hoarders  of  re- 

impeded  by  baffling sources.  Without  these  environmental  framework 

copsids,  with  their  dominance  of  many  substrates,  builders,  Westphalian  peat  formation  may  have 

would  have  been  a  key  nutrient  filtering  system-  been  substantially  diminished.  Lepidodendrids 

This  amplifies  the  suspected  differences  In  nutrient  formed  an  important  part  of  the  framework  of 

requirements  between  Lepidodendron  and  Lepi-  Westphalian  coal  swamps  by  contributing  to  the 

dophloios  with  the  latter  more  typical  of  lower  stability  of  the  wetland  habitats  and  expanding  the 

nutrient,  peat  swamps,  and  the  former  centered  in  area  of  peat  accumulation.  The  extinction  of  the 

clastic-rich  substrates.  principal  genera  in  North  America  is  tied  perhaps 

The  second  aspect  ties  in  with  nutrient  retention  to  climatic  changes  and  the  consequent  collapse  of 

by  stigmarianly copsids.  Surficial  water,  principally  the  entire  ecosystem.  With  increasing  taxonomic 

ersheds,  is  apt  to  be  quite  refinement  (e.g.,  Lesnikowska,    1989)  extinction 

varied  in  mineral  nutrients,  O2,  and  CO2.  The  ef-  can  be  documented  for  many  other  swamp-cen- 

fective  acquisition  of  resources  by  stigmarian  sys-  tered,  allied  plants.  It  is  reasonable  to  suggest  that 

nutrients  to  other  plant  it  was  the  environmental  importance  of  lepidoden- 
groups.  In  addition,  lepidodendrids  tend  to  tie  up  drids  that  sustained  the  Westphalian  coal  age,  and 

mineral  nutrients  with  their  large  physical  stature,  that  their  extinction,  as  an  array,  probably  resulted 

extensive  stigmarian  systems,  and  decay-resistant  in  the  loss  of  the  many  dependent  non-lycopsids. 

runoff 

limited 

litter.  The  most  significant  component  is  generally 

the  periderm,  parts  of  which  are  the  most  decay- 
resistant  tissues  found  in  peat  deposits  of  the  Upper AQUACARPS 

Carboniferous.  This  sequestering  of  nutrients  in  The  concurrent  radiation  of  lepidodendrids  in 

organic  matter  prevents  recycling  in  already  very       wetlands  and  seed  plants  almost  everywhere  else 

'     "         '  -     .    1    .      -      ̂   during  the  latest  Devonian-earliest  Carboniferous 
envirormients unpa 

idophloios  habitats  and  depositional  environments.  j-   ^   .„   ^^   

Coal  geologists  often  associate  high  ash  coals  with  of  independent,  contemporaneous  evolutionary  ra 

most  Z,jco5/)ora-producing  lepidodendrids  and  at-  diations  based  on  different  fundamental  architec- 

tribute  this  to  planar  swamp,  eutrophic  environ-  tures.  Unfortunately,  gymnosperm  morphology  has 

ments  of  habitation.  This  appears  to  be,  in  part,  a  served  as  a  reference  base  for  assessing  organi- 
circumstance  of  filtering  out  mineral  matter  and  zational  grades  that  relate  to  wetland  ecology.  As 

retarding  its  recycling  by  incorporating  it  into  some  a  consequence,  we  spuriously,  or  for  brevity  ot 
organic  matter  that  is  highly  decay  resistant.  This  comparison,  suggest  that  lepidodendrids  mimicked 

modifies  the  nutrient  availability  for  plants  that      the  seed  habit,  bipolar  "shoot  and  root"  design, 

and,  for  want  of  the  concept  of  the  "lycopsid  tree 
habit,"  "tree"  architecture.  The  last  appellation  is 

most  justified  because  of  sheer  size  and  a  pole  tram 

follow  on  these  peat  substrates. 

Lepidodendrids  may  have  partially  structured 
Westphalian 

own  peculiar  adaptational  strategies.  The  lush  re-       that  usually  branched.  However,  most  such  com- 

(W 

lepidodendrid  swamps  are  pictures  of  environmen-  cause  they  are  framed  from  preconceived  notions 

tal  uniformity  and  tranquility,  not  conveying  that  that  such  comparative  morphology  can  be  taken 
such  an  ecosystem  may  have  been  ever  on  the  out  of  evolutionary  and  ecological  contexts  an 
brink  of  disaster.  These  coal  swamps  were  distur-  reduced  to  a  seed-plant  based  reference, 

bance  driven  and  abiotically  controlled.  The  plants  A  classic  example  of  this,  shared  by  most  of  uS tmie 

reproduction  and  colonization  of  available  habitats.  docarpon  come  to  the  seed  habit?"  This  diverts 
This  system  of  reproduction  was  responsible  for  the  focus  from  how  did  it  work  in  the  life  cycle 

swamp  persistence  over  short-term  disturbances       ecologically  to  how  should  it  have  worked  from  a 
and  following  large  areal  disruptions  where  conti- 

igh 

be 

coal  swamp. that  the  homospory-to-heterospory-to-seed  habit  w  - 

the  evolutionary  sequence  and  that  heterosporou 
We  tentatively  suggest  that  tropical  Westpha-       lower  vascular  plants  were  stymied  at  free-sporing defined 

bee 
be 

heterospory,  a  dead  end.  The  dissections  of  ih^ 

sequence  (Sussex,  1966)  indicated  a  slight  spill  over 

to  heterangy  by  some  heterosporous  lower  vascua 
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f 
plants,  but  there  was  not  enough  compelling  data 

to  suggest  an  alternative  concept  to  the  seed  habit, 

along  wetland  ecological  and  evolutionary  lines. 

The  lepidodendrids  demonstrate  the  further  evo- 

lutionary elaboration  of  heterospory  in  directions 

other  than  the  seed  habit,  an  elaboration  that  is 

best  represented  by  lepidodendrid  structures  such 

as  Lepidocarpon  and  Achlamydocarpon.  We  have 

suggested  the  term  aquacarp  for  these  structures, 

incorporating  the  propensity  for  "carpon"  names 
of  such  structures  in  wetland  habitats.  In  an  evo- 

lutionary and  ecological  sense  such  structures 

evolved  toward  the  use  of  water  in  ways  not  found 

in  their  lower  vascular  plant  ancestors,  just  as  seed 

plants  escaped  from  the  constraints  of  aquatically 

mediated  life  cycles.  In  this  sense,  seeds  and  aqua- 

carps  are  similar  in  grade  and  convergent  in  mor- 

phology, but  are  widely  divergent  in  ancestry  and 
function. 

Aquacarpic  lepidodendrid  trees  are  viewed  as 

the  most  highly  derived,  heterosporous  lower  vas- 
cular plants  ever  to  exist  within  tropical  wetlands. 

Consequently,  they  offer  exceptional  perspectives 

to  the  importance  of  heterospory  in  such  environ- 

ments. A  striking  feature  about  the  late  Paleozoic 

tropical  wetlands  is  the  diversity  and  relative  abun- 

dance of  heterosporous  plants,  especially  lycopsids 
of  most  lineages. 
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Abstract 

The  recognition  of  numerous  similarities  between  Isoetes  L.  and  extinct  arborescent  lycopsids  historicaJIy  led  to 
one  of  the  best  known  phylogenetic  lineages  in  vascular  plant  evolution.  The  lycopsid  reduction  series  proposed  the 
derivation  of  the  extant  quillwort  Isoetes  from  the  Carboniferous  lepidodendrids  through  a  progressive  reduction  in 
both  stems  and  stigmarlan  rooting  systems.  New  information  gained  in  the  past  decade  demonstrates  that  the  history 
of  this  group  is  more  complex  than  the  linear  reduction  sequence  suggests.  Newly  recognized  isoetalean  plants,  such 
as  Protostigmaria  Jennings,  Chaloneria  Pigg  &  Rothwell,  and  Cormophyton  Pigg  &  Taylor,  establish  the  presence 
of  isoetalean  lycopsids  in  the  Paleozoic.  In  Mesozoic  strata,  isoetaleans  were  widespread  and  diverse.  They  included 
woody  plants,  such  as  Pleuromeia  Corda,  that  resemble  the  Carboniferous  lycopsid  Chaloneria^  and  smaller  forms 
(Isoetites  Miinster)  more  similar  to  the  extant  Isoetes,  In  the  Cretaceous  and  Tertiary,  forms  similar  to  the  modern 

genus  Isoetes  were  also  widespread.  Differences  among  "woody"  isoetalean  lycopsids  such  as  Chaloneria,  Takhta- 
janodoxa  Snigirevskaya,  and  Pleuromeia  are  minimal;  their  differences  with  Isoetes  are  also  relatively  few.  Trends 
that  can  be  documented  among  isoetaleans  include  the  reduction  of  axial  elongation  and  vegetative  growth,  a  change 
from  trilete  to  monolete  microspores,  the  development  of  sunken  sporangia  with  a  velum,  and  development  of  ligules 
with  glossopodia.  The  relationship  of  these  isoetalean  plants  to  the  lepidodendrids  and  other  members  of  the  rhizomorphic 
clade  (sensu  Rothwell  and  Erwin)  is  based  on  homologies  between  rooting  structures  and  comparative  ontogenetic 
studies.  This  new  information  suggests  that  lycopsid  diversity  is  complex  and  that  phylogenetic  and  ecological  aspects 
of  the  rhizomorphic  forms  are  closely  intertwined. 

Relationship  between  Isoetes  and 
Fossil  Lycopsids 

fusion  tissue,  and  a  ligule  with  a  basal  glossopodium 

(Bierhorst,  1971;  Sharma  &  Singh,  1984;  Ciflford 

&  Foster,  1989). 

Although  the  complex  morphology  of  Isoetes  is Historically,  the  heterosporous  lycopsid  Isoetes  Although  the  complex  morpl^ology  ol  isoetes  is 
^.  nas  been  an  enigma  to  botanists.  Most  research-  ^.^^^^  ̂ ^  interpret  from  extant  plants  alone,  our 
^rs  agree  that  Isoetes  is  a  lycopsid  based  on  such  understanding  of  this  plant  did  not  develop  in  a 
typical  lycopsid  features  as  adaxial  eusporangia,  vacuum.  Historically,  Isoetes  has  been  interpreted 
an  exarch  protostele,  microphylls,  ligules,  and  en-  ^^^  j^g^  ̂ ^  the  basis  of  extant  species,  but  in  the 
aosporic  gametophytes  (Paolillo,  1963;  Bierhorst, 

1971;  Retallack,  1975;  Gifford  &  Foster,  1989;  ilarities  between  Isoetes  plant  bases  and  the  stig- 

but  see  Greguss,  1968).  However,  Isoetes  also  has  marian  rooting  systems  of  the  Carboniferous  lepi- 

known 

imusual 

pteridophytes,  including  bipolar  growth,  the  pro- 
auction  of  apparently  secondary  vascular  tissues, 
oiJateral  symmetry  of  the  stem,  and  unusual  rooting 
structures  (Bierhorst,   1971;  Karrfalt  &  Eggert,       PaoHIlo,  1982).  In  contrast  to  the  typically  uni- 

1977a,  b,  1978;  Gifford  &  Foster,  1989).  Isoetes      directional  growth  of  pteridophytes,  both  Isoetes 
lUrther  differs  from  othpsr  pvtant  Ivnnnsids  in  erowth 

dodendrid  trees  led  many  authors  to  consider 

homologies  between  these  organs  (e.g.,  Williamson, 

1887;  Stewart,  1947,  1983;  Chaloner,  1967; 

Frankenberg   &   Egbert,    1969;   Karrfalt,    1980; 
rooting 

sunken 

beculae 
tures  have  a  type  of  bipolar  growth.  They  also 

produce  unusual  rooting  appendages  with  a  char- 

'I  thank  Gar  W.  RothweU,  William  A.  DiMichele,  and  Richard  M.  Bateman  for  generous  insights  on  lycopsid 
Pjylogeny,  and  Debra  A  WiUard  and  W.  Carl  Taylor  for  helpful  comments  on  an  earlier  draft  of  the  manuscript. 

[he  type  specimen  of  Isoetites  serratus  Brown  was  borrowed  from  the  Paleobiology  Collections.  Smithsonian  Institution. 

J-ough  the  courtesy  of  Scott  Wing.  Specimens  of  Cylomeia  were  photographed  at  The  Australian  Museum,  Sydney. 
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branched  Sigillaria  Brongniart  tree  bearing  a  stig- 

marian  rooting  system.  In  the  Mesozoic,  the  lineage 

included  intermediate-sized  lycopsids  with  less  lobed 

plant  bases  such  as  Pleuromeia  Corda,  Nathor- 
stiana  Richter,  and  Nathorstianella  Glaessner 

&  Rao  (Magdefrau,  1931,  1932;  Karrfalt,  1984; 

Taylor,  1981).  Later  members  of  the  sequence, 

Isoetites  Miinster  and  Isoetes,  appeared  in  Meso- 

zoic and  Cenozoic  strata.  They  shared  the  growth 

habit  of  extant  Isoetes  with  cormose  plant  bodies 

that  bear  linear  sporophylls  at  one  end  and  rooting 

appendages  at  the  other  (Bock,  1962;  Brown,  1939, 

1958;  Chaloner,  1967),  Taken  to  its  extreme,  the 

lycopsid  reduction  series  interpreted  Isoetes  essen- 

tially as  a  Lepidostrobus  Brongniart  (—  Flemingi- 
tes  Carruthers  sensu  Brack-Hanes  &  Thomas, 

1983)  cone  sitting  directly  atop  a  much  reduced 

stigmarian  plant  base  (Fig.  1;  Stewart,  1947,  1983; 
Taylor,  1981). 

The  idea  of  a  lycopsid  reduction  series  culmi- 

natmg  with  Isoetes  (Potonie,  1894;  MHgdefrau, 

1931;  Stewart,  1947)  has  competed  with  a  second, 

contrasting  view  that  lepidodendrids  and  isoeta- 

leans  represent  two  parallel  lineages,  both  estab- 

lished in  the  Paleozoic  (Jennings,  1975;  Stubble- 

field  &  Rothwell,  1981).  This  second  vie>v  was 

supported  by  the  presence  of  certain  Paleozoic 

forms  that  lacked  the  stigmarian  rootstock  (e.g.* 

Lepidosigillaria  Krausel  &  Weyland,  Protostig- 

maria  Jermings,  Paurodendron  Fry)  and  the  de- 

scription of  fossil  embryos  of  Lepidocarpon  Scott 

and  Bothrodendrostrohus  Chaloner  (Phillips  et  al, 

1975;  Phillips,    1979;  Stubblefield  &  RothweU, 

1981).  In  the  light  of  new  information,  neither  of 

these  views  sufficiently  deals  with  lycopsid  com- 

plexity. In  an  alternative  explanation,  lepidoden- 

drids, isoetaleans,  and  a  variety  of  other  torm 

such  as  Oxroadia  Alvin  (Long,  1986;  Bateman, acteristic  three-zoned  cortex,  aerenchyma,  and  an  1988)  and  Paurodendron  (Phillips  &  Leisman, 

eccentric  vascular  bundle  connected  to  the  outer  1966;  Rothwell  &  Erwin,  1985)  comprise  a  plexus 

cortex  by  a  narrow  isthmus.  Unlike  typical  roots,  of  related  forms  that  can  be  recognized  as  a  mono- 

these  bilaterally  symmetrical  rooting  appendages      phyletic  clade.  All  of  the  members  of  this  so-calle 

© 
Figure  1 .  Morphological  comparison  of  an  arbores- 

cent lepidodendrid  (left)  and  Isoetes  (right).  Proposed 
changes  that  occur  in  the  lycopsid  reduction  series  include 
(A)  change  from  terminal  cone  to  Isoetes  sporophylls;  (B) 
loss  of  branched  crown  and  vegetative  leaves  in  Isoetes, 
where  all  leaves  are  sporophylls;  (C)  loss  of  elongate  stem; 
(D)  reduction  of  axial  stigmarian  rooting  system.  Not  to 
scale. 

"rhizomorphic  clade'*  (sensu  Rothwell  &  Erwin, 

1985)  share  a  suite  of  features  including  se
cond- 

root,  homologues  (e.g.,  Stewart,  1947;  Franken-      arily  derived  bipolar  growth,  the  production  of  stig- 

produced  in  a  defin 
e  been  interoreted  b 

berg  &  Eggert,  1969;  RothweU  &  Erwin,  1985; 
Watson 

Similarities    between    Isoetes    and    Stigmaria 
Brongniart  were  used  to  support  one  of  the  best 

marian  appendages,  and  a  heterosporous  repr 

ductive  biology  (Rothwell  &  Erwin,   1985). 

variable  expressions  of  form  and  function  in 

group  are  thought  to  reflect  an  interaction  ot  g^ 
known  lineages  in  paleobotany:  the  lycopsid  re-      netic  potential,  developmental  factors,  and  ecolog- 

ical parameters.  In  the  present  contribution 

view  the  fossil  record  of  isoetalean  plants  from 

duction  series  (Figs.  1-8).  Both  Potonie  (1894) 
and  Magdefravi  (1931)  proposed  that  Isoetes  rep- 

resented the  end  product  of  a  linear  reduction  series 

that  originated  in  the  Paleozoic  with  a  sparsely      ogy,  reproduction,  geographicaf  distribution, 

hoi 

Paleozoic  through  Cenozoic.  Aspects  of  morpn  ■ .  .     1    1-  .-:u..HnTi.  ano 
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I ecology  are  examined  in  order  to  evaluate  which  dropsis  Lutz  (Jennings  et  al.,  1983).  This  tall, 
theories  of  lycopsid  evolution  most  closely  explain  much-branched  tree  would  have  required  an  an- 
the  currently  recognized  pattern.  choring  mechanism  of  some  type.  The  plant  may 

have  accomplished  this  by  effectively  ''burying" 
Paleozoic  Isoetaleans 

Although  most  arborescent  lycopsids  are  asso- 

its  rooting  system,  as  does  Isoetes  (Karrfalt,  1977), 

with  the  production  of  new  roots  from  the  furrows 
and  the  resulting  lateral  displacement  of  older  roots 

ciated  with  Stigmaria,  a  number  of  them  lack  an  (Jennings  et  al.,  1983). 
extensive  branched  rooting  system.  The  Devonian  While  descriptions  of  Lepidosigillaria,  Proto- 

lycopsid  Lepidosigillaria  is  interpreted  as  a  sparsely  stigmaria,  and  other  forms  demonstrate  diversity 
branched  tree  over  5  m  tall  that  has  a  rounded  in  rooting  structure  among  tree  lycopsids  (Fig.  9E), 
plant  base  bearing  characteristic  stigmarian  root-  these  plants  are  not  known  in  anatomical  detail. 

lets  (Fig.  9A,  Table  1;  White,  1907;  Krausel  &  The  relationship  of  these  earlier  lycopsids  to  later 

Weyland,  1949).  Another  Devonian  form,  Cy-  isoetalean/lepidodendrid  lineages  cannot  yet  be 

dostigma  kiltorkense  Haughton,  has  been  re-  clarified.  The  discovery  of  internal  anatomy  and 

ported  to  have  a  bilobed  plant  base  (Fig.  9C,  Table  reproductive  organs  would  greatly  enhance  our 
1;  Johnson,  1913;  Schweitzer,  1969;  Chaloner,  understanding  of  these  plants  and  their  role  in 

1984).  Unfortunately,  the  basal  part  of  the  stem  rhizomorphic  lycopsid  radiation. 

IS  abraded,  and  evidence  for  this  interpretation  is  The  presence  of  isoetalean  lycopsids  in  the  Car- 

difficult  to  assess  (Pigg  &  Taylor,  1985).  An  un-  boniferous  was  clearly  established  with  the  descrip- 

named  lycopsid  in  the  Upper  Devonian  Cleveland  tion  of  the  anatomically  preserved  lycopsid  Chal- 

Shale  also  has  a  lobed  or  rounded  plant  base  (Fig.  oneria    cormosa    Pigg    &    Rothwell    and    th 

9D,  Table  1;  pi.  I  of  Chitaley,  1982,  1988).  This  recognition  of  the  Chaloneriaceae  (Figs.  2,  3,  9F, 

slender  plant  is  very  similar  to  Mesozoic  P/^«ro-  Table    1;    Pigg    &    Rothwell,    1979,    1983a,    b; 

^eia  stems  and  may  represent  some  of  the  earliest  DiMichele  et  al,  1979).  Chaloneria  cormosa  was 

evidence  for  the  unbranched  habit  so  common  in  described  from  the  Upper  Pennsylvanian  coal  ball 

isoetaleans  (Chitaley,  1982,  1988).  Also  found  in  flora  of  North  America  as  a  plant  with  internal 

Devonian  strata  are  stumps  described  as  the  bases  tissues  that  are  similar  to  those  of  the  lepidoden- 

of  the  progymnosperm  Eospermatopteris  erianus  drids  but  lacking  a  stigmarian  rooting  system  (Figs. 

(Dawson)  Goldrmg  (Fig.   9B,  Table   1;  Goldring,  2,  3,  9F;  Pigg  &  RothweU,  1979,  1983a).  Instead, 

1924).  These  plant  bases  are  remarkably  similar  C  c-9rmo5a  has  a  bilaterally  symmetrical,  cormlike 

to  those  of  Lepidosigillaria  (Fig.  9A,  B,  Table  1; 
Goldring,  1924;  fig.  8.17  of  Gensel  &  Andrews, 

plant  base  that  resembles  that  of  modern  Isoetes. 

Stems  of  C  cormosa  are  up  to  1 0  cm  in  diameter 

1984).  Because  these  stumps  have  not  been  found  and  have  an  exarch  protostele  that  begins  at  the 

attached  to  other  parts  of  the  plant,  the  possibility  base  of  the  plant  as  a  tiny  rod  of  tracheids  (Fig. 

that  some  specimens  belong  to  isoetalean,  rather  3)  and  expands  distally,  becoming  medullated  at 

than  progymnospermous,   plants    should   not   be  higher  levels  (Pigg  &  Rothwell,  1979).  No  branch- overlooked. 
pecimens  are  known.  Primary 

Protostigmaria  eggertiana  Jennings,  a  plant      what  fluted  like  that  j>f  Sigillaria  approxirnala 

hase  with  up  to  1 3  lobes,  is  known  from  Lower      Fountaine  &  White        " 
Mississippian  strata  in  Virginia  (Fig.  9E,  Table  1; 
Jennings,  1975;  Jennings  et  al.,  1983).  Protostig- 

sists  of  metaxylem  with  tracheids  with  scalariform 
thickening  patterns  separated 

emng 

produces 

^(iria  is  characterized  by  a  basal  pattern  of  lobes  by  plates  of  xylem  parenchyma,  and  protoxylem 

3nd  furrows  comparable  to  the  pattern  in  the  base  with  helical  wall  thic" 
J>f  a  multilobed  Isoetes,  In  this  pattern,  cortical  well,  1983a).  Chalor 
'obes  occur  between  the  juncture  of  three  furrows.  zone  of  secondary  xylem  at  the  base  (Figs.  2,  3) 

Apart^  from  isoetalean  and  stigmarian-bearing  ly-      that  is  absent  at  distal-most  levels.  Since  plant  bases 
are  decorticated,  the  entire  size  of  the  plant  base opsids,  this  regular  pattern  of  lobes  and  furrows 

unknown  in  rooting  systems  of  vascular  plants, 
^^^ostigmaria  presumably  grew  in  a  manner  sim- 
^^  to  that  of  a  multilobed  Isoetes,  by  adding  new 
^bes  between  bifurcations  of  the  furrows  (Jennings 

and  details  of  its  external  morphology  are  unknown 

Wood  of  Chaloneria  has  uniseriate  rays  and  tra 

cheids  with  reticulate  wall  thickening  patterns.  Sec 

ondary  tracheids  in  the  basal  region  of  the  stem 

^t  al.,  1983),  Protostigmaria  has  been  found  in      may  be  branched  and  contorted.  To  the  outside  of 

attachment  to  the  lepidodendrid  stem  Lepidoden-      the  xylem  is  a  cylinder  of  phloem  composed  of 
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Figure  9. 

(bar  = 
Reconstructions  of  isoetalean  lycopsids  from  the  Paleozoic,  Mesozoic,  and  Cenozoic,  drawn  to  scale 

10  cm).  A Eospermatopteris  textilis  (redrawn 
unnamed  Cleveland 

Takhtajanodoxa  (redrawn  from 
=  Isoeles 

—  Lepidosigillaria  whitei  (redrawn  from  White,  1907);  B  = 
from  Gensel  &  Andrews,  1984);  C  ==  Cyclostigma  kiltorkense  (redrawn  from  Johnson,  1913);  D 
^nale  lycopsid  (redrawn  from  Chitaley,  1982);  E  =  Protostigmarla  eggertiana  (redrawn  from  Jennings  et  al.,  1983); 
U"*  ̂^^^^^^'"ict  cormosa  (redrawn  from  Pigg  &  Rothwell,  1983a);  G  =  Pleuromeia  sternbergi  (redrawn  from 
Magdefrau,  1931);  H  =  Pleuromeia  rossica  (redrawn  from  Neuburg,  1960);  I 
^nigirevskaya,  1980a);  J,  K  =  Pleuromeia  jiaochengensis  (redrawn  from  Wang  &  Wang,  1982);  L 

gf'omineoides  (redrawn  from  Bock,  1962);  M  =  Isoetes  sp.,  extant.  Reconstructions  are  organized  stratigraphically; 
^  -Devonian,  M  =  Mississippian,  P  =  Pennsylvanian,  T  =  Triassic,  R  =  Recent.  Dimensions  were  obtained  from 
the  literature.  It  should  be  pointed  out  that  previously  Eospermatopteris  (B)  has  not  been  considered  a  lycopsid.  The 
reconstruction  of  Cyclostigma  kiltorkense  (C)  is  highly  conjectural  because  of  the  poor  preservation  of  the  material. 
Ihe  reconstruction  of  Chaloneria  cormosa  (F)  is  based  on  size  estimated  from  external  cortical  tissues  with  the 
anatomically  preserved  woody  base  indicated  by  the  shaded  area. 

sieve  cells  and  parenchyma.  Cortical  tissues  include      mary  cortical  cells.   The  last  two  cortical  types, a   Cnmk;»^«4.:          r  -  •  1  __^,__»l   _'_.   -•_!   *-•   I*-_ 
primary when  seen  together  in  tangential  section,  result  in 

secondary  periderm  from  a  distinct  lateral  cortical  patterns  referable  to  the  decortication  forms  A'/ior- 
cambium,  and  irregular  proliferations  of  secondary  ria  Sternberg  and  Asolanus  Wood,  respectively 

growth  resulting  from  internal  cell  divisions  of  pri-      (Pigg  &  Rothwell,  1983a,  1985). 

Formosa. Figures  2-8.      Representative  isoetalean  lycopsids  of  Paleozoic,  Mesozoic,  and  Cenozoic  ages.  2,  3.  Chaloneria 

-2.  Longitudinal  section  through  decorticated  plant  base  showing  abundant  secondary  xylem,  helically 

pranged  leaf  traces  (LT),  and  root  traces.  1423  E  Bot.  #23,  PHOU,  x3.3.— 3.  Cross  section  through  the  base  of 
he  stem.  Primary  body  is  reduced  to  a  tiny  central  point,  areas  of  the  rooting  region  (RR)  extend  upward  on  either 
swe.  1387  Q(2)Top  #2,  PHOU,  x8.  — 4.  Vertically  compressed  specimen  of  Cy/oweta  from  the  Triassic  of  Australia. 

showing  a  crown  of  vegetative  leaves  radiating  from  the  axis  (A).  AMF  58791,  AM,   xL— 5.  hoetites  serratus, 
Y^ozoic  isoetalean  from  the  Cretaceous  of  Wyoming.  Crown  of  leaves  that  have  been  compressed  vertically  around 

AM    ̂^^  ̂ ^^'  ̂ ^P^  specimen.  USNM  315170,  xL  — 6.  Plant  base  of  Cj/ometa-type  Triassic  lycopsid.  AMF  59985. 

AM,  X  l._7^  hoetites  serratus  leaf.  Higher  magnification  of  Figure  5  to  show  detail  of  impressions  of  air  channels 

UJ  and  serrate  margin  of  sporophylls.  Type  specimen.  USNM  315170,  x4.— 8.  Extant  Isoetes  sp.  plant  base  with 

|.^ached  roots,  x2.  Scale  bars  =  1  cm  unless  otherwise  indicated.  (PHOU  =  Paleobotanical  Herbarium,  Department 
«  Botany,  Ohio  University,  Athens,  Ohio;  USNM  =  U.S.  National 

•'  AM  =  The  Australian  Museum.  Sydney,  New  South  Wales,  / Muse 



Table  1.  Paleozoic  isoetalean  lycopsids.  Data  taken  from  the  following  sources:  »  Krausel  &  Weyland  (1949);  ̂   Johnson  (1913); '  Chitaley  (1982,  1988,  unpublished 

data);  *  Goldring  (1924);  *  Jennings  (1975);  Jennings  et  al.  (1983);  ̂   Chaloner  (1958);  ̂   Drabek  (1976);  «  Pigg  &  Rothwell  (1983a,  b);  ̂   Pigg  &  Taylor  (1985); 

'«  Leisman  (1970);  "  DiMichele  et  al.  (1979),  Plgg  &  Rothwell  (1983  a,  b);  '^  Abbott  (1963);  ''  Pigg  &  Rothwell  (1983  a,  b);  ''  Remy  &  Remy  (1975). 

Taxon Age Occurrence 

Lepidosigillaria  whitei^ 

Protostigmaria 

eggertiana^ 
Polysporia  mirabilis*' 

Polysporia  robusta^ 

Chaloneria  sp." 

Cormophylon 

mazonensis'* 
Sporangiostrobus 

ka nsaiiensis 10 

Chaloneria  periodica^^ 

Lepidostrobopsis 

missouriensis^^ 
Chaloneria  coromosa^^ 

Sporangiostrobus 

puertoUanrsis^* 

Devonian 

Cyclostigma  killorkense^         Devonian 

Unnamed  lycopsid*  Devonian 

New  York,  U.S.A. 
Ireland 

Ohio,  U.S.A. 

Eospermatopteris  textilis*       Devonian 
Mississippian 

New  York,  U.S.A- 

Virginia,  U.S.A. 

Westphalian  A-C 

Westphalian  C 
Middle  Permsylvanian 

England,  Scotland, 
United  States 

Central  Bohemia 
Ohio,  U.S.A. 

Middle  Pennsylvanian Illinois,  U.S.A. 

Middle  Pennsylvanian Kansas,  U.S.A. 

Middle  Pennsylvanian Kentucky,  Illinois, 
Indiana,  U.S.A. 

Middle-Late  Pennsylva-       Oklahoma,  U.S.A. 
man 

Late  Pennsylvanian Ohio.  U.S.A. 

Late  Stephanian 
Spain 

Extent Preservation 

Stem  and  plant  base 

Stem  and  ?plant  base 
Compression 

Compression 
Stem  and  plant  base  and        Compression 

attached  fructification 

Stem  and  plant  base 
Stem  and  plant  base 

Compression 

Compression 

Fructification  with  spores       Compression 

Fructification  with  spores       Compression 
Stem  and  plant  base, 

spores 
Stem  and  plant  base 

Petrifaction 

Compression 

Petrifaction 

Petrifaction 

Stem;  fructification  with 

spores 
Stem;  fructification  with 

spores Megasporophylls  with 

spores Stem  with  plant  base,  at-       Petrifaction 

Compression 

tached  fructification 

with  spores Stem Petrifaction 

Stem  length 
and  width  (cm) 

500  X  7 

800  X  7 
119  X  1.5 

?  X  25 
>166  X  17 

Unknown 

Unknown 

Unknown 

Unknown 

40  X  ? 

>15  X  ? 

Unknown 

200  X  10 

21   X  ? 

Rhizomorph shape 

Rounded 
Bilobed? 
Rounded 

Rounded? 
10-13  lobes 

Unknown 

Unknown 
Rounded/lobed  ? 

Rounded  /lobed  ? 

Unknown 

Unknown 

Unknown 

Rounded  /lobed  ? 

Unknown 

CO 

2> 

CA 

o 

O 

0> 

CD 

o 

O 

Cl 

CD 



TabI.F  1.     Continued. 

Taxon 

LepidosigiUarin  whitei^ 
Cyclostigma  kihorkense^ 

Unnamed  lycopsiir 

Eospermafopteris  textilis* 
Protostigmaria 

eggertinna^ 
Polysporia  mirabilis^ 

Polysporin  rohusta^ 

Chaloneria  sp.* 
Co rmo 

p  hyton 
mazonensts 

Sporangiost  rohus 

kansanrnsis^^ 

Chaloneria  periodica^^ 

Lrpidoslrohopsis 
nussourtensis IS 

Ckal onenn  rorniosn IX 

SpornngiosUobus 

puertoItanrsU^* 

Rhizomorph 
width  (cm) 

38.5 
24 

2.5 

60 

32 

Unknown 

Unknown 

1.2  (decorticated) 
2.6 

Unknown 

Unknown 

Unknown 

1.9  (decorticated) 

Unknown 

Fertile  zone 
length 
width  (cm) 

Size  sporangium 

length  X  width (mm) Microspores 

Unknown 
Unknown 

8.4  X  2 
Unknown 
Unk nown 

Unknown 

Unknown 
12  X  3 
Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 
Unknown 

>7  X  7 13-30  X  7 
Endosporites 

>14  X  5.5        6-10  X  4-6        Endosporites 

Unk 

Unk 

nown 
nown 

Unknown 

Unk 
nown Endosporites 

Unknown 

>16  X  12 11x7 

>8  X  ? Unknown Endosporites 

glob  ifor  mis Unknown 18-25  X  8-12     Unknown 

>21   X  10 6x2 Endosporites 

globiformis 
?  X  3 

Micro- 

spore 

size  (^m) 

Unknown 

Unknown 
Unknown 

Unknown 
Unknown 

66-175 

61 

Unknown 

Densosporites       39-57 
67-140 

48-87 

9-10  X  4-5       Densosporites       40-60 

Megaspores 

Unknown 
Unknown 
Immature? 
Unknown 

Unknown 

Valvisisporites  auritus 

Pseudovalvisisporites  var 
sculpt  us 

Unknown         Valvisisporites 

Unknown 

Zonalesporites 

Valvisisporites  auritus 
var.  grandis 

Unknown         Valvisisporites  auritus 

Valvisisporites  auritus; 
Pseudovalvisisporites 
auritus 

Zonalesporites;  Cristatis- 

po  rites 

Megaspore 

size  itim) 

Unknown 
Unknown 

400-475 
Unknown 
Unknown 

520-1,360 

1,200 nown Unk 

Unknown 

2,500-3,000 

900-1,560 

1.000-1,500 

430-670 

Unknown 

CD 

3 

CO 

m  "0 

O 

O 

c/> 

o 

CD 

CD 

O 
o 
CO 

Q. 
CA 

CO 

Ol 
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Figure  10.  Line  diagrams  of  isoetalean  leaf  bases 
and  sporophyDs. — A.  Transverse  section  through  leaf  base 
of  Takhtajanodoxa,  Note  ligule  (I)  with  gloss  op  odium, 
vascular  tissue  (vt),  and  large  air  channel  (p).  Redrawn 
from  Snigirevskaya  (1980a)  xl3.— B.  Transverse  sec- 

tion through  leaf  base  of  Chaloneria  cormosa.  Note  small 
ligule  (at  top),  bifurcating  parichnos  strand  (p),  and  vas- 

cular tissue  (vt)  x7.3.— C.  Transverse  section  through 

Leaves  of  C  cormosa  are  ligulate  and  have  a 

single  bilobed,  or  double  vascular  trace  accompa- 

nied by  parichnos  channels  that  bifurcate  proxi- 
mally  and  diminish  distally  (Fig-  lOB).  Abaxial, 

sunken  stomata  occur  in  rows.  The  fertile  region 

of  C.  cormosa  is  up  to  21  cm  long  and  consists  of 

broad  zones  of  alternating  micro-  and  megaspo- 

rangia  (Pigg  &  Rothwell,  1983a).  Sporophylls  bear 

sporangia  6  mm  long  x  2  mm  wide  on  the  adaxial 

surface.  Microsporangia  have  abundant  trabecular 

tissue  (Fig.  1 OC)  and  bear  hundreds  of  microspores, 

both  singly  and  in  tetrads,  of  the  pseudosaccate 

Endosporites  Wilson  &  Coe  type  (Wilson  &  Coe, 

1940).  Megasporangia,  also  with  trabeculae,  bear 

up  to  several  hundred  auriculate  spores  referable 

to  Valvisisporites  auritus  (Zerndt)  Potonie  & 

Kremp  that  grade  into  the  nonauriculate  form 

Pseudovalvisisporites  Lachkar  (Drabek,  1976). 

Cellular  megagametophytes  have  been  discov- 

ered within  Chaloneria  megaspores  (Pigg  &  R<>*h- 

well,  1983b).  They  are  composed  of  large  central 

and  small  peripheral  parenchymatous  cells  and 

contain  up  to  about  a  dozen  archegonia  at  various 

developmental  stages  showing  two,  three,  or  four 

tiers  of  neck  cells.  Mature  gametophytes  protrude 

out  the  trilete  haptotypic  mark  and  may  produce 

a  few  rhizoids.  Fungal  hyphae  also  occur  in  the 

gametophyte  tissue  (Pigg,  pers.  obs.)-  The  biolog- 

ical role  of  these  fungi,  that  is,  whether  they  were 

saprophytes,  parasites,  or  mycorrhizae,  has  not 

been  addressed,  Chaloneria  megagametophytes  are 

very  similar  to  those  previously  described  for  fossil 

and   extant   heterosporous   lycopsids   (La   Motte, 

1933;  Brack,  1970;  Galtier,  1970;  PhiUips,  1979; 

Stubblefield  &  Rothwell,  1981;  Pigg  &  RothweU, 
1983b). 

A  second  species,  C.  periodica  Pigg  &  Rothwell
 

(=  Polysporia  mirabilis  Newberry  sensu  W- 

Michele  et  aL,  1979)  from  Middle  Pennsylvanian
 

strata  of  the  Illinois  Basin,  shares  anatomical  sim- 

ilarities with  C.  cormosa  (Pigg  &  RothweU,  1983a). 

This  plant  differs  from  the  Upper  Pennsylvanian
 

sporophyU  of  Chaloneria  cormosa  showing  position  of      form  in  having  ahernating  vegetative  and  fertSe trabeculae  (t)  in  the  sporangium  (sp).  B  and  C  redrawn  i  j  i:„„i^  oit^  lined  with 
—   ■      "■    -^'  ^^wii      zones,  larger  megaspores,  and  hgule  pits  imt^w 

palisadelike  ceUs  (DiMichele  et  ah,   1979).  Ihe 

from  Pigg  &  RothweU  (1983a). 
Ltudinal 

through  sporophyll  of /5oe/es  to  show  position  of  ligule  (1)      pahsadehke  ceUs  (UiMichele  et  al.,    ̂ ^^T    ̂ ^^ 
with  glossopodium,  vascular  tissue  (vt),  sunken  sporan-      smaUer  amount  of  secondary  xylem  found  in velum 

  „--.,      -.  plant  probably  reflects  the  limited  levels  of  the  stem E.  Transverse  section  through  sporangium  (sp)  of  Pleu-      from  which  material  is  known.  Basal  parts  of  th^ romeia  rossica  to  show  sunken  nature  of  sporangium. 
Redrawn  from  Neuburg  (1960)  x8.  Scale  bars  =  1  mm 
on  each  figure. plant  have  yet  to  be  discovered  (Pigg  &  Rothwel^ 

1 983a).  Similar  permineralized  Chaloneria  foss are 

al 
known  from  the  Middle  ̂ ^"^^y^"^^^] 

Anderson  coal  of  Ohio  (Pigg  &  RothweU,  l983a
; 

and  have  been  observed  in  Lewis  Creek,  Kentuc  7 

(Copland  coal)  coal  balls  (Pigg,  pers.  obs.).  ̂  

Because  of  the  detailed  information  knovvn 
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Chaloneria,  it  has  been  possible  to  further  correlate       (1990),  and  Brack  &  Taylor  (1972),  respectively. 

of  less  known,  dis-      In  addition  to  compressed  fertile  structures,  Cor- its  structures  with  a  number  of  less  known,  dis- 

articulated fossils  that  also  represent  the  Chalo-  mophjton,  a  mold-cast  lycopsid  plant  base,  has 

neriaceae  (Table  1).  These  include  compressions  been  described  from  the  Middle  Pennsylvanian  Ma - 

of  reproductive  structures  {Polysporia,  Lepidos-  zon  Creek  nodule  flora  (Table  1 ;  Pigg  &  Taylor, 

trobopsis  Abbott;  Chaloner,  1958;  Abbott,  1963;  1985).  This  wide  record  of  distribution  indicates 

Drabek,  1976),  isolated  sporangia  {Lepidocystis  that  Paleozoic  isoetaleans  may  have  occupied  a 

Lesquereux;  Gastaldo,  1 98 1 ),  isolated  rhizomorphs  number  of  depositional  sites  both  within  the  peat- 

(Cormophyton  Pigg  &  Taylor;  Pigg  &  Taylor,  accumulating  coal  swamps  and  in  other  freshwater, 

1985),  several  taxa  of  decorticated  stems  {Aso-  clastic -dominated  wetlands. 

lanus,  Knorria;  Pigg  &  RothweU,  1985),  and  the  AnatomicaDy  preserved  and  compressed  plant 

spores  Endosporites  (Brack  &  Taylor,  1972)  and  fructifications  and  vegetative  stems  described  un- 

Valvisisporites  (Gastaldo,  1981;  Taylor,   1990).  der  the  genera  Sporanglostrobus  Bode,  Puertolla- 
nia  Remy  &  Remy,  and  Bodeodendron  Wagner 

mner 
Based  on  the  widespread  distribution  of  these  dis- 

articulated organs  in  a  variety  of  depositional  en- 

vironments (i.e.,  freshwater  clastic  swamp,  peat-      compared  to  the   Chaloneria/ Polysporia  group 

(Table  1;  Nemejc,  1931;  Leisman,  1970;  Remy 

&  Remy,  1975;  Wagner  &  Spinner,  1976;  Wag- 

accumulat 

with  the  stratigraphic  record  of  the  spores,  it  is 

obvious  that  CAa/ofterta-type,  isoetalean  plants  were      ner,  1989).  These  fossils  also  are  interpreted  t
o 

represent  unbranched  or  sparsely  branched  plants 

of  about  1-2  m  in  height  that  bear  fertile  regions 

rather  than  compact  cones  (Wagner,  1989).  Spo- 

widespread  components  of  the  Pennsyl 
(Table  1). 

Compressed  fertile  structures  bearing  Valvisis- 

porites  megaspores  and  Endosporites  microspores  rangiostrobus  bears  megaspores  with  an  
equatorial 

were  united  under  the  genus  Polysporia  by  Chal-  cingulum  assignable  to  Zonalesporites  I
brahim  and 

oner  based  on  the  presence  of  these  characteristic  microspores  of  the  widespread,  cingulat
e  trQete 

spore  types  (Chaloner,  1958).  Polysporia  mirab-  Densosporites  Berry  type  (Leisman,  1
970;  Remy 

•'•  •  ~  &  Remy,    1975).  Anatomically  preserved  stems 

originally  recognized  as  Lepidodendron  dacrydioi- 
sedime 

Westphalian  A  to  Middle  Perm 

Appalachian  and  Illinois  Basins.  Most  of  the  spec-  des  Leisman  have  been
  aUied  with  Sporangwstro- 

mens  of  P.  mirabilis  described  by  Chaloner  (1958)  bus  kansanensis  Leism
an  fertile  remams  and  share 

were  bisporangiate,  although  monosporangiate  structural  similari
ties  with  Chaloneria  (Leisman 

fructifications  with  these  spore  types  cannot  be  1970;  Leisman  &  Stidd,  19
77).  Because  of  all  of 

precluded  (Table  1).  A  second  species,  P.  robusta  these    similarities,    Spo
ranglostrobus    was    mter- 

A^rabek,  which  is  twice  as  large  (14  cm  long)  and 
membi defined &  Rothwell,  1983b).  Sporanglostrobus  is  known 

nculae  {Pseudovalvisisporites),  was  later  recog- anatonu 
nized 

members  of  the  family,  but  the  vegetative  parts 
found 

(Wagner 
Pennsyl 

Chal 

■ .  ^ 

IS  interesting  that  in  both  permineralized  and  com-  art 
pressed  remains  of  the  Chaloneriaceae,  authors  a  detaL 

refer  to  the  specimens  as  "fertile  regions"  rather  1989). 

»*»an  compact  cones  (e.g.,  Chaloner,  1958;  Drabek,  Ano 

1976;  Pigg  &  RothweU,  1983a).  Often  the  distal  have  s,  ,        ̂ ,    ̂   .p.  .     .  . 

lamina  are  missing  and  the  large  (1.3-3  cm  long)  genus  Porostrobu
s  Nathorst.    Th^  bisporangiate 

sporangia  give  Polysporia  a  distinctive  appearance  lycopsid    cone
    bears    Setosisporites    Potunie    & 

(-g-  plate  31,  fig".  ?  of  Chaloner,  1958).  Penn-  Kremp    megaspores    and  ̂ --^i^-^-  
  ---- 

^ylvaman  strata  alL  contain  isolated  sporangia  with  spores  (Leary  &  
Mickle    1 989)^  Although  the  m  - 

"  ■  the  crospores  are  similar  to  those  of  i/>t>mng'io5/ro&us. 
Valvi 

^sisporites    megaspores,    assignable    to -""^^^LjuiLLCii    meeaspores,    assiunauic     i^    "-^  *  •        *       i  i 

S^us  ie^Wo.^,,;/ (GL,a,do,   1981);  detached      •''-f 8-P--    r„' PrZ^'    tj^ IZ:-; bearing 
torial  hairs  rather  than  auriculae  like  Valvisispori- 

LZr     "'^""S  sporangia  v«m  r  a......^^  »^--  ^^^  Zonalesporites. 
"Megaspores,  assignable  to  Lepidostrobopsis  (Table  tes  or  a  nange  &  

t- 

li  Abbott,  1963)-  and  isolatfd  sporangia  with  En-  Setosis
porites   megaspores    of   Porostrobus    na- 

<^sporites   micrLpl      e  g      Brack'  &   Taylor,  ̂
horstii  from  early  Pennsylvanian  strata  m  Illino. 

^972).  The  characteristic  Jpore  types    Valvisis-  r
esemble  ultrastructuraly  the  megaspores  of  5e- 

PorUes  and  Endosporites  have  been'described  ul-  tosisporites  praete.tus  forma  ̂ .lo.^^^^^^^ 

»^astructurally  by    Gastaldo   (1981)   and    Taylor  c
haracteruc   the    cone    of   Pnthrodrndrostrobus 
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mundus.  This  latter   genus  represents   a  Lower      ridges  resulting  from  secondary  cortical  tissue  pro 

Pennsylvanian  lycopsid  cone  from  England  con-      liferation  (Snigirevskaya,  1980a). 

taining  megagametophytes  with  vascularized  em- While  Snigirevskaya  (1980a,  b)  regarded  Takh- 

bryos  that  demonstrate  reproductive  biology  and  tajanodoxa  as  a  member  of  a  new  order  of  lycop- 

embryogeny  very  similar  to  that  of  extant  Isoetes  sids,  the  Takhtajanodoxales,  Meyen  (1987)  sug- 
(Stubblefield  &  Rothwell,  1981).  Although  neither  gested  that  this  plant  is  probably  related  to  the 

P.  nathorstii  nor  Bothrodendrostrohus  mundus  Isoetaceae.  Thomas  &  Brack-Hanes  (1984)  placed 

can  be  unequivocally  assigned  to  the  Chaloneriace-  the  genus  in  the  family  Takhtajanodoxaceae  in  the 

ae  without  further  information,  these  reproductive  Isoetales.    Takhtajanodoxa  differs  from  modern 

structures  appear  to  have  some  isoetalean  rela-  Isoetes  in  the  production  of  an  elongate  stem,  a 
tionship  (Leary  &  Mickle,  1989). radially  symmetric  rhizomorph,  and  the  presence 

Some  Late  Carboniferous  Gondwana  lycopsids  of  sterile  leaves.  It  cannot  be  compared  in  detail 

can  also  be  compared  to  the  isoetaleans.  Cormose  to  Pleuromeia-type  plants  that  lack  anatomical 
plant  bases  found  in  association  with  Bumbuden-  features.  Documentation  of  anatomically  preserved 

dron  Archangelsky  et  al.  are  similar  to  Ckaloneria^  ligules  and  parichnos  strands  in  Takhtajanodoxa 

Cormophyton,  and  Mesozoic  P/eurometa-like  plants  not  only  demonstrates  heretofore  uniquely  Isoetes- 
in  known  features  (Archangelsky  et  aL,   1981),  like  features  in  the  Triassic,  but  also  may  prove 

Similar  lycopsid  occurrences  have  been  noted  by  valuable  in  interpreting  the  structure  of  leaf  bases 

Pfefferkorn  &   Alleman  (1989)  in  Carboniferous  of  other  Angaran  lycopsids  previously  thought  to 

be  eligulate  (e.g.,  Meyen,   1972;  Snigirevskaya, 1980a). 
strata  of  Peru. 

Pleuromeian  Isoetaleans — Mesozoic  and 
Cenozoic  Forms 

Anatomically  Preserved  Triassic  Isoetalaeans 

Recently,  significant  anatomical  information  was 

added  to  our  knowledge  of  Mesozoic  lycopsids,  with 

the  description  of  the  Russian  taxon  Takhtaja-  In  contrast  to  the  recently  recognized,  anatom- 
nodoxa   mirabilis   Snigirevskaya   (Snigirevskaya,  ically  preserved  Carboniferous  Chaloneriaceae,  the 
1980a,  b).  This  Triassic  plant  is  an  apparently  larger  isoetalean  forms  of  the  Mesozoic  have  been 

unbranched  lycopsid  1 3- 1 5  cm  long  and  3-20  cm  known  for  many  years  as  compressions  (e.g.,  Pl^^' 
in  diameter  that  produced  a  medullated  protostele  romeia,   Cylostrobus  Helby   &   Martin,  Nathor- 
surrounded  by  a  small  amount  of  secondary  xylem  stiana,  Nathorstianella  (Figs.  4,  6,  9G,  H,  J,  K; 
and   had    a   lobed,    sometimes   bifurcating   rhizo-  Table  2)).  Traditionally,  these  plants  represented 
morphic  base  (Fig.  91,  Table  2;  pi.  I,  3  of  Snigirev-  the  intermediate  members  of  the  lycopsid  reduction 
skaya,  1980a).  7aA:/i/aya/ioJoxa  is  similar  anatom-  series  (Potonie,  1894;  Magdefrau,  1931;  Hirmer, 
ically    to    Carboniferous    lepidodendrids    and    the  1933).  They  are  variously  included  in  their  own 

of  the  Chaloneriaceae  for  which  anatomy  order,  the  Pleuromeiales  (Delevoryas,  1962;  Tay- 
is  known  {Chaloneria;  Pigg  &  RothweU,  1983a;  lor,    1981;  GifFord   &   Foster,    1989),  their  own 
Sporangiostrobus;  Leisman,  1970).  For  instance,  family,  the  Pleuromeiaceae  (Retallack,  1975;  Tho 

members 

the 

fimb it  produced  leaf  bases  with  broad  parichnos  strands      mas  &  Brack-Hanes,  1984;  Meyen,  1987),  in 

Isoetales  (Smith,  1938;  Bierhorst,  1971),  or  the that  alternate  with  aerenchymatous  rays,  a  fertile  Lepidodendrales(Neuburg,  1960,  1961;  Chaloner, 
region  rather  than  a  compact  cone,  and  auriculate,  1967;  Retallack,  1975;  White,  1981).  These  plant 
trilete  megaspores.  Microspores  are  unknown.  remains  share  a  number  of  simOarities  with  the 

Takhtajanodoxa  is  distinguished  from  Chaloneria      Carboniferous  Chaloneriaceae  (Tables  1,  2,  4).  Uri* 
by  elaborate  ligiJes  that  extend  basally  into  glos- 
sopodia  (compare  Fig.  lOA,  B;  pi.  V,  1  of  Snigirev- 

skaya, 1980a).  In  this  respect  Takhtajanodoxa  is 
more  similar  to  extant  species  of  Isoetes  than  is 
any  other  anatomically  preserved  fossil  form  (Sni- 

branched  or  sparsely  branched  stems  bear  helicaiiy 

arranged  vegetative  leaves  that  typically  have 

lobed  vascular  strands  and  may  possess  paricnn 

(Neuburg,  1960,  1961;  Kon'no,  1973;  Dobm
- 

skina,   1974).  Pleuromeia-iype  plants  may  bear 

between 

girevskaya,   1980a,  b;  Sharma  &  Singh,   1984).       rounded  {e.g.,  P.  jiaochengensis;  Wang  &^^^S^ 
As  in  Chaloneria,  transfusion  tissue  occurs  in  the       1982),  anchor-shaped  {Cylomeia  White;  White, 

"    -      -       -         1981),orfour-lobed(P.  5^em6er^/Munster;MaS^ 

defrau,  1931)  rhizomorphic  plant  bases,  all  of  whic^ 
produce  rooting  appendages  with  stigmanan 

phology  (Kon'no,  1973;  RetaUack,  1975).  Di
stall)' 

The 

branched   rhizomorph   of  Takhtajanodoxa  bears 
ootlets 
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r pleuromeians  produce  either  a  terminal  cone  (e.g.,  described  species,  P.  sternbergi,  is  known  from 
Cylomeia,  Skilliostrohus  Ash;  Ash,  1979)  or  less  Germany,  France,  Russia,  and  China  (Fig.   9G, 
compact  fertile   region   {Pleuromeia\   the  latter  Table  2;  Solms-Laubach,    1899;  Seward,    1910; 
sometimes  described   as   pedunculate   (Retallack,  Magdefrau,  1931;  Hirmer,  1933;  Neuburg,  1960; WhUe Chaloner,  1967;  Fuchs  et  al.,  1991).  Pleuromeia 

P.  rossica   Neuburg,    Cylostrobus   sydneyensis)  sternbergi  is  characterized  by  a  stem  estimated  to 
are  clearly  bisporangiate,  those  of  other  species  be  about  1-2  m  in  maximum  height  and  5-10  cm 
(i.e.,  P.  sternbergi,  P.  obrutschewii  EUas,  P.  jiao-  in  diameter  and  a  plant  base  with  four  shortened 
chengensis)  are  presumably  monosporangiate.  Iso-  rhizophoric  lobes  that  bear  stigmarian  rootlet  scars 
lated  fructifications  thought  to  belong  in  this  group  and    attached    rooting    appendages    (Magdefrau, 
(Table  2)  include  Cylostrobus  (Helby  &  Martin,  1931).  A  terminal  fructification  20  cm  long  is 
1965),  Austrostrobus  Morbelli  &  Petriella  (Mor-  presumably  monosporangiate  and  bears  exclusively 
belli  &  Petriella,  1973)  (which  has  been  synony-  either  micro-  or  megasporangia.  This  plant  is  re- 
mized  with  Cylostrobus  as  C  ornatus  (Morbelli  &  ported  to  have  produced  basal  leaves  that  were 

Petriella)  Batten  &   Kovach;  Batten  &   Kovach,  distinctly  different  from  ones  borne  more  distally 
1990),  Skilliostrobus  (Ash,  1979),  Tomiostrobus  (Fuchs  et  a!.,  1991). 

Neuburg  (Sadovnikov,    1982a),  and  possibly  the  The  Russian  species  P.  rossica  is  known  in  con- 

enigmatic     Cidarophyton    Chaloner    &    Turner  siderable  detail  (Fig.  9H,  Table  2;  Neuburg,  1960, 
(Chaloner  &  Turner,  1987). 1961).  In  comparison  to  P.  sternbergi,  this  Rus- 

In  contrast  to  Carboniferous  forms  that  have       sian  form  is  a  smaller  plant  with  a  four-lobed  rhi- 

'le  sporangia,  Triassic  isoetaleans  have      zomorph  with  less  extensive  lobes.  Parichnos  strands 
smi 

sunken 

sporangia  that  are  sunken  into  the  sporophylls  (Fig.  are  oval  in  comparison  to  the  triangular  strands  of 

lOE).  This  morphology,  coupled  with  compression  P.  sternbergi,  and  fructifications  are  ovoid  and 

preservation  in  which  sporangial  cavities  are  pre-  bisporangiate  rather  than  cylindrical  and  monospo- 

served  as  coalified  casts,  led  to  the  initial  interpre-  rangiate.  Dobruskina  (1985)  recently  proposed  that 

tation  that   Pleuromeia   sporangia   were   abaxial  P.  rossica  should  be  removed  from  the  genus  Pleu- 

(Magdefrau,    1931).   Reinvestigations  have  dem-  rometa  and  reassigned  to  a  new  genus,  ie/omc/a. 

The  basis  for  this  new  genus  is  the  apparent  lack 

of  this  taxon  (Neuburg,  1960^  1961;  Dobruskina,  of  sterile  leaves  in  this  taxon  and  the  bisporangiate 

1974;  Retallack,  1975).  Megaspores  are  assign-  organization    of    the    fructification    (Dobruskina, 

able  to  such  sporae  dispersae  taxa  as  Banksis-  1985). 

Porites  Dettman,  cf.  Triletes  (Erdtman)  Potonie,  Other  Russian  forms  include  P.  obrutschewii, 

^^^  Horstisporites  Fotonie  (Neuhurg,  1960;  Hel-  P.  olenekensis  Krassilov,  P.  (aimyrica  Sadovni- 

l^y&Martin,  1965;  RetaUack,  1975;  Ash,  1979).  kov,   and    P,  jokvazhica    Dobruskina  (Table   2; 

Like  Carboniferous  spores  they  are  trilete,  with  a  Krassilov  &  Zakharov,  1975;  Sadovnikov,  1982b; 

granulate  to  smooth  (e.g.,  KrassUov  &  Zakharov,  Dobruskina,  1974,  1985).  Pleuromeia  obrutsche-
 

1975)  or  reticulate  (Ash    1979)  exine.  Microspores  wii  is  very  similar  to  P.  sternbergi,  and  accordmg
 

of  Southern  Hemisphere  taxa  and  some  Russian  to  Krassilov  &  Zakharov  (1975)  may  be  conspe. 

and  European  forms  including  Tomiostrobus  Neu-  cific  with  the  German  taxon.   Pl
euromeia  olene- 

^             -  kensis  can  be  distinguished  from  P.  sternbergi,  P. 

rossica,  and  other  forms  by  its  large  (26   x    10 
ourg  and  Annalepis  Fliche  have  been  assigned  to 
*e  monolete  taxon  Aratrisporites  Leschik  mut 

<^har,  Playford  &  Dettman  (Retallack,  1975;  Ash,  mm)  megasporangia  and  large  
reticulate  mega- 

1979).  Although  microspores  of  F.  rossica  were  spores  (Krassilov  &  Zakh
arov,  1 975).  Megaspores 

^riginaUy  described  as  monolete,  Neuburg  (1961)      have  a  three-layered 
 wall,  the  outermost  reticulate 

layer  of  which  is  easily  removed  from  me  spore 

grams 
that  have  a  layered  exine,  the  outermost  layer  of  body  (Krassilov  &  Zak

harov,  1975)  Comparatue 

::hich  is  often  missing  (Neuburg,    i960,   1961).  study  suggest
s  that  other  taxa  that  lack  the  ret.c 

Spores  of  this  type  are  referable  to  cf.  Punctatos-  ulate  covering  may  b
ear  s.m.lar  spores^  that  have 

pontes  (Ibrahim)  Potonie  &  Kremp.  A  transition  become  d
egraded  durmgpreserv'at.on.P/r.romem 

from  trUete  to  monolete  microspores  Wee  those  that  jokvazhica  i
s  fa.rly  well  known  from  d.sart.culated 

characterize  extant  Isoeles  thus  occurred  among  vegetative  an
d  fertde  rema.ns,  although  deta.ls  of 

^^-  pleuromeians  in  the  Triassic  (Yaroshenko,  plant  
base  and  spore  types  are  obscure.  Morpho- 

logically,  this  species  is  most  similar  to  r.  stern- 
1985). 
p»  ^  „        k^rrri    Kilt  has  smallcf  and  less  compact  fructlfi- 

^  ̂uromeia-iype  pants  known  from  compres-      bergi.  nut  nas  mi  t         -   c    ,  i :^„_    ,  /r     h"      "^         .   ._.  „  »«*:^^<. /nr^KrimUma.  1985).  rlrurtmtetonsis  inixiel 

mitia cations  (Dobruskina,  1985).  Pleurtmteiopsis  Sixiel 



Table  2.  Mesozoic  isoetalean  lycopsids.  Data  taken  from  the  following  sources:  ̂   Snigirevskaya  (1980a,  b);  ̂  Kon*no  (1973);  '-'  Krassilov  &  Zakharov  (1975); 

>  Magdefrau  (1931),  Fuchs  et  al.  (1991);  ̂   Neuberg  (1960,  1961);  ̂   Sadovnikov  (1982b),  Dobruskina  (1985);  «  Dobruskina  (1974,  1985);  ̂   Wang  &  Wang  (1982); 

»  Wang  (1991);  "  Retallack  (1975);  '^  Helby  &  Martin  (1965),  Retailack  (1975);  ̂ ^-^^  White  (1981);  ̂ ^  Ash  (1979);  '^  Morbelli  &  Petriella  (1973),  Retallack  (1975); 

Batten  &  Kovach  (1990);  "  Grauvogel-Stamm  &  Duringer  (1983);  ̂ «  Bock  (1962,  1969);  ̂ ^  Bock  (1962,  1969);  ̂ °  Emmonds  (1856),  Brown  (1958);  ̂ ^Walkom 

(1941);  «  Ash  &  Pigg  (1991);  «  Munster  (1842). 

Tax  on 
Age 

Takht  aja  n  odoxa 

mirahilis^ 
Plruromeia  hatai? 

Early  Triasaic 

Early  Triassic 

Pleuromeia  obrutschewiP        Early  Triassic 

Pleuromeia  olenekensis* Early  Triassic 

Pleuromeia  Sternberg! Triassic 

Pleuromeia  rossica*' Triassic 

Pleuromeia  taimyrica^ 
Pleuromeia  jokvazhica 

B 

Triassic 
Triassic 

Pleuromeia 

jinorkengensis' 

Triassic 

Isoetes  ermayinensis 
10 Middle  Triassic 

Pleuromeia  longieaulis^^ 
Triassic 

Cylostrobas  sydnvycnsis^^       Triassic 

Cylomria  uhdidnta^ Tnassi SSIC 

Occurrence 

Russia 

Japan 

Russia 

Russia 

Germany,  France, 
Russia,  China 

Russia 

Russia 
Russia 

Chi 
ma 

Northern  China 

Australia 
Australia 

Australia 

Extent 

Stem  and  plant  base, 

megaspores 
Stem  and  plant  base, 

megaspores 
Stem,  fructification 

with  megaspores 
Fructification  with 

megaspores 
Stem  and  plant  base, 

fructification  with 

spores 
Stem  and  plant  base, 

fructification  with 

spores 
Fructification 

Stem  and  plant  base, 
fructification 

Stem  and  plant  base, 
fructification  with 

megaspores Isolated  sporophylls 

with  attached  spo- 

*  4 

rangia  contammg 

spores 
Stem  and  plant  base 
Fructification  with 

spores 
Stem,  associated  plant 

base 

Preservation 

Petrification 

Compression 

Compression 

Compression 

Compression 

Compression 

Compression 

Compression 

Compression 

Compression 

Petrifaction 

Compression 

Compression 

Stem  length 
and  width  (cm) Rhizomorph  shape 

13-15  X Radially  symmetric 
(forked) 

9.5  X  1,1-2,7      Forking,  anchor- 

3-20 

Unknown 

shaped 

Unknown 

Unknown Unknown 

100-200  X 
5-10 

Four-lobed 

100  X  4-5 

Weakly  developed 
four-lobed 

Unknown 

>11  X  3-4 

Unknown 
Unknown 

20-50  X   1.5 
Tuberous 

Unknown Unknown 

Unknown 
0.8-5.8 

Unlobed 

Unknown 

Unknown ?Anchor-shaped  (asso 
ciated) 

O) 

s> 

c  « 

o 

03 

CD 

O 

O 

03 

CL 

CD 

=3 



Table  2.     Q)ntinued. 

Taxon Age 

Cyl omeia Triassic 

capiUamentum}^ 

Skilliostrobus  australis^^ Triassic 

Cylostrobus  ornatus^^ 
Triassic 

Annalrpis  zeillrrp'^ 
Triassic 

Leparyrfntrs  amcricana^^       Late  Triassic 

l^orfrs  gramincoidcs 
19 Late  Triassic 

hoei'tte%  circularise Late  Triassic 

hoot  it e%  efrgans'^ Jurassic 

Isoetites  rohrtdi I Nfiddle  Jurassic 

Isiirtites  crociformi^ Late  Jurassic 

Occurrence Extent Preservation 

Australia 
Compression 

Australia 

Argentina 

France 

Virginia,  U.S.A 

Stem  with  fructifica- 
tion, associated 

plant  base Fructification  with 

spores 
Fructification  with 

megaspores 
Sporophylls  with  spores       Compression 

Compression 

Petrifaction 

Pennsylvania, 

U.S.A. 

North  Carolina  and 

Arizona,  U.S.A. 

Western  Australia 

Rosette  of  attached 
leaves 

Corm  with  attached 

roots,  rosettes  of 

leaves,  isolated 
leaves  and  sporangia 

Corm  with  leaves,  ro- 
sette of  attached 

leaves 
Rosette  of  attached 

leaves,  sporangia 

with  megaspores 

Compression 

Compression 

Compression 

Compression 

Idaho  and  Oregon,  Corm  with  attached leaves,  sporophyll 

bases,  sporangia. 
U.S.A. 

Compression 

Germany megaspores? 
Corm  (?) 

C 
ompression 

Stem  length 
and  width  (cm) 

Unknown 

L5  X  2.5 

Unknown 

Unknown 

?  X  0.8 

0.8  X   L2 

?  X  10 

?  X  4 

0.6  X  1.5 

Unk nown 

Rhizomorph  shape 

?Anchor-shaped  (asso- 

ciated) 

Unknown 

Unknown 

Unknown 

Unknown 

Corm 

Unknown 

Unknown 

Rounded/lobed? 

Lobed? 

CD 

CO 

C 

3 
CD 

W 

m  -0 

^^^^^m  I 

o 

o 

CO 

2 

CD 

01 

o 
o 

0) 

a 
en 

o 

A-  7tj-'--  ■   d         'K    Li 



Table  2.     Continued. 

Taxoii 

Ta  kht  njn  n  odoxa 

mirahilis* 
Plrtiromria  hataii^ 
Pleuromria  ohrufsrhrwiP 

IHeuromria  olrnrkrnsls* 

Pleuromria  sternbergi^ 
Pleruomria  rossica** 

Pleuromeia  taimyrica^ 
Pleuromcia  jokvazhica^ 
Pleuromria 

jiaockengensis^ 

Isoeles  ermayinensis^^ 

Pleuromeia  longicaulis^^ 
Cyclostrobus 

sydneycnsis^^ 

Cylomeia  undulata^^ 

Cylomeia 

capillanie/Uum^* 
Skilliostrohus  australis^^ 

Cylostrobus  ornatus^^ 

Annalepis  zeillerP'^ 

hoetites  circularise^ 

hoetites  elegnns^^ 
hoetities  rolandii^^ 

tsoetites  croriformis^ 

Fertile  zone 

RFiizornorph       length  x  width width  (cm) (cm) 

3-20 

3 
Unknown 
Unknown 

17 
Unknown 
Unknown 
Unk 
2.2 

nown 

nown Unk 
Unknown 
Unknown 

Unknown 
Unk nown 

Unknown 
Unknown 
Unk nown 

Lepacyclotes  americana^^       3.8 

hoetes  gramineoides^^ nown Unk 

Unknown 
Unknown 

2.5 

Unknown 

Unknown 

>14  X  4 

Unknown 

>3.5  X  3 

3.8  X  0.6-0.8 
3-8  X  6-12 

20  X  ? 

N/A 

Unknown 

0.8-5.8 

nown Unk 
Unknown 

1.5  X  2.5 

?  X  6 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 

N/A 

Size  sporangium 

length  X  width 
(mm) Microspores 

4-5 Unk nown 

19  X  8 

20  X  1.2-2.0       18-15 
26  X   10 

Unknown 

Unknown 
Unk nown 

20  X   1.6-2.0       10-20 
Unknown 

cf.  Laevigatosporites 
cf.  Punctatosporites 

4-5  X  0.4-1.2  Unk nown 2-20 

15  X  9 

Unknown 

Unk nown 

7-20  X  2-5 
?  X  7.5 

Unknown 

Aratrisporites 
nown Unk 

Aratrisporites 

Unknown 
Unknown 

Unknown 
Unknown 

10  X  2 
Unknown 

Aratrisporites 

Unknown 

25-45  X   10-20     Aratrisporites 
Unknown 

Unknown 

Unknown 
?  X  1.2 

10  X  10 
associated 

Unknown 

Unknown 

Unknown 
Unknown 
Unknown 
Unknown 

Unknown 

Microspore  size 

(/im) Megaspores Unknown Unknown 

Unknown 
Unknown 

Unknown 

15-25 
nown Unk 

Unknown 

nown Unk 
Unknown 

cf.  Triletes 

Unknown 
Unknown 
cf.  Triletes 
cf.  Triletes 

Unknown 
Unk 

Unknown 
nown 

20-30 

Unknown 

16-29 

Unknown 

Unknown 

Unknown 

Unknown 

nown 
27-38  X  36-40     Horstisporites 
Unknown 

28-33 
Unknown 
Unknown 

nown 

Unk Unknown 
Unknown 

Unk 
Tenellisporites 
Unknown 
Unknown 
Trilete 

Unknown 

Round 

Unknown Unknown 

Megaspore 

size  (/^m) 

300-500 

650-700 
370-390 
990-1,120 

500-700 
300-340 
Unknown 

Unknown 300-500 

Dijkstraisporites         288-61 1 Unknown  Unknown 

Banksisporites 350-512 

Unknown 

Unknown 

800-1,000 

420-452 
600-700 
400? 
Unknown 
600-700 
500 

440 

Unknown 

o> 

I 

ro 

(/} 

o 

> 

13 

O 

GDI 

O 

O 

CD 

Q. 

CD 
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I 

was  originally  described  to  represent  a  somewhat  Kon'no,  1973).  The  Chinese  species  P.  jiaochen- 
larger  Pleuromeia  plant  of  about  3  m  in  height  gensis  is  characterized  by  entire,  small  plants  20- 
(Sixtel,  1962;  see  also  Chaloner,  1967,  and  Dob-  30  cm  tall  with  swollen  or  tuberous  rhizomorphs, 
ruskina,  1974).  Dobruskina  (1974)  reevaluated  this 
material  and  concluded  that  the  genus  had  been 

and  a  large,  terminal,  spike-shaped  strobilus  (Fig. 

Wang  &  Wang,  1982).  Distinctive 

based  on  a  mixed  assemblage  of  several  types  of  characters  of  P.  Jiaochengensis  are  the  propor- 
plants.  She  proposed  the  name  Ferganodendron  tionally  large  fructification,  sagittate  sporophylls, 
Dobruskina  for  the  lycopsid  stem  segments  that  and  awMike  vegetative  leaves.  Isolated  sporophylls 

were  a  part  of  this  assemblage  (Dobruskina,  1974).  assigned  to  Annalepis  have  been  compared  to  spe- 

The  relationship  of  these  forms  to  isoetaleans  is  cies  of  Pleuromeia  (Table  2;  Grauvogel-Stamm  & 
not  clear. Duringe 

Evidence  of  pleuromeian  plants  is  abundant  in      and,  more  recently,  to  a  newly  described  fossil 

Australia.  Bisporangiate  fertUe  structures  bearing      species  of  hoetes  from  the  Cretaceous  of  northern 
microspores 

(W 

X    1-2 
signable  to  Banksisporiles  were  described  by  Hel-  bear  large,  elongate  sporangia  (2.5-4.5 

by  &  Martin  (1965)  as  three  species  of  Cjlostrobus  cm)  and  have  shortened  distal  laminae.  Their  fruc- 

on  the  basis  of  differential  spore  size.  Retallack  tifications  are  estimated  to  have  brrn  at  least  14 

(1975)  united  these  three  species  into  Csjrfnejen-  cm  wide  (Grauvogel-Stamm  &  Duringer,  1983). 

515  and  documented  the  co-occurrence  of  this  fertile  Sporangia  bear  either  trilete,  spiny  megasporcs  as- 

signable to  Tenellisporites  Potonie  or  monolete 

Aratrisporites  microspores.  There  is  an  intergra- 
dation  in  morphology  between  the  sporophylls  of 

ornatus  (Morbelli  &  Petriella,  1973)  from  Fata-  Pleuromeia,  Annalepis,  and  Tomiostrobus,  and 

gonia  as  an  additional  species  of  Cylostrobus,  White  there  is  some  suggestion  these  taxa  might  be  con- 
(1981)  suggested  that  this  taxon  and  several  ad-      generic  (Dobruskina,  1985).  Isolated  sporophylls 

material  with  vegetative  remains  of  Pleuromeia 
longicaulis  (Table  2;  Retallack,  1975).  He  further 
recognized  the  permineralized  cone  Aastrostrobus 

ditional  Australian  species  were  distinctive  from 
iNorthern  Hemisphere  forms  and  proposed  the  ge- 

neric name  Cylomeia  for  Australian  pleuromeian 
plants  (Figs.  4,  6,  Table  2).  Her  primary  criterion 
<^r  this  assignment  is  the  more  compact,  conelike 
nature  of  the  Southern  Hemisphere  forms,  in  con- 

trast to  the  looser,  elongate  fructifications  of  the      than  they  are  to  Triassic  pleuronieians.  It  Is  inter. 

esting,  though,  that  these  Triassic  isolated  .sporo- 

phylls are  also  quite  similar  to  Carboniferous  genera 

such  as  Lepidostrohopsis,  which  they  strikingly 

resemble  (compare  plate  3,  fig.   1  of  Crauvogel- 

of  Lepacycloes  Emmonds  are  also  similar  (Tabic 

2;  fig.  93  of  Bock,  1969).  Wang  ( 1 99 1 )  has  stressed 

the  similarities  of  Annalepis  and  Tomioslrobus  to 

material  from  the  Triassic  of  China  that  he  has 

named  Isoetes  ermayinensis  Wang.  He  suggested 
tliat  fhpftp:  taxa  are  more  similar  to  modern  Isoetes 

Wh 

that  the  lycopsid  cone  genus  Skilliostrobus  (Table 
*;  Ash,  1979)  might  be  the  reproductive  structure 
<«  some  of  the  Cylomeia  types.  Cidarophyton  is 

a  globose  lycopsid  fossU  that  is  difficult  to  identify      Stamm&^  Duringer,  1983,  with  figs.  2,  3,  of  Ab- 
^equivocally  as  cone,  stem,  or  rhizomorph  (Chal- 

Th 

^er  &  Turner,  1987).  However,  this  specimen      features  are  characteristic  of  the  ̂ rhizomorphicly- 
f^ars  strong  resemblance  to  Skilliostrobus,  and  if      copsids  as  a  whole  and  ca 

»*  is  a  fructification,  most  probably  also  has  pleu-      subgroups  within  the  clade. 

uf^ed 

affinit 
ovnikov  (1982a)  has  sug- Opinions  vary  on   systematic-   positions  of  the 

Wh 
?^^ted  that  the  genus  Skilliostrobus  be  united  with  pleuromeian  plants  and  whether  they  should  be 

^he  Russian  genus  Tomiostrobus,  on  the  basis  of  recognized  as  one  or  several  genera.  The  proposals 

similar  sporophyll  and  spore  morphology. 
Species  of  Pleuromeia  are  also  known  from  Ja- 

P^n  (Kon'no,  1973)  and  China  (Wang  &  Wang, ^o2).  Pleuromeia  hataii  Kon'no  from  the  Tri- 

Dob 
(1985)  that  Leiomeia  be  named  for  the  Russian 

emphasize a«sic C^aSCSi 

be n  the  presence  of  monosporangiate  cones  and  the 
Morphology  of  the  leaf  bases,  which  also  have  tri- 
^gular  parichnos  strands.  The  stem,  however,  is 
Considerably  smaller  (3  cm  in  maximum  diameter) 

*"<J  bears  smaller  stigmarian  appendages  that  leave      of  pleuromeian  forms  i 

basts,  Th 

•cars 
mm   in   diameter  (Table    2; 

comparative  study  of  material  from  all  the  wide- 
spread localities-  Qearly,  a  reassessment  of  all  taxa 

needed. 

Younger,  Cretaceous  pleuromeian  plants  include 
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Table  3. 

lowing 

(1932);  ̂ Glaessner  &  Rao  (1955);  ̂   Drinnan  &  Chambers  (1986);  *  Krassilov  (1982);  ̂   Saporta  (1894),  Teixeira rown 

Hill  (1992);  ''  Skog  et  al  (in  press);  '^-  Hill  (1987). 

Taxon Age Occurrence Extent 

Nathorstiana  arhorea^ 
Nathorstianella  babbagensis 

Isoetes  bulbiformis^ 

Limnoniobe  insignis^ 

hoetites  choffati 

Isoetites  janaianus* 

hoetites  serratifolius 
Isoetites  horridus^ 

hoetites  serratus^ 

hoetites  new  species"* 

hoetites  new  species" 

Isoetes  reticulata}'^ 

Early  Cretaceous 

Early  Cretaceous 
Early  Cretaceous 

Early  Cretaceous 

(Aptian) 

Early  Cretaceous 

Early  Cretaceous 

Early  Cretaceous 

Early  Cretaceous 
Pal eocene 

Early  Cretaceous- Paleocene 

Early  Cretaceous 

Late  Cretaceous 

(Cenomanian) 

Germany 

Australia 

Victoria,  Australia 

Mongolia 

Portugal 

India 

India 
Western  North 

America 

Wyoming,  U.S.A 

England 

Kansas  and  Ne- 
braska, U.S.A. 

Stem  and  plant  base 
Stem  and  plant  base 

Corm  with  attached  leaves 

Stem  and  plant  base,  sporo- 

phylls,  sporangia  with  mega- 

spores Corm  and  attached  roots,  iso- 

lated sporophyll  bases,  spo- 
rangia, spores? 

Plant  base  with  attached  leaves 

and  roots,  microspores  and 

megaspores 

Isolated  leaves 

Corm  with  attached  leaves, 

megaspores 
Corm  and  roots,  rosettes  of leaves 

Plant  base  with  attached 

leaves;  megaspores 

Corm  with  attached  leaves 

Late  Oligo-Miocene         Tasmania,  Australia       Isolated  sporophylls,  mega 

spores 

the   genera   Nathorstiana  (Table   3;   Magdefrau,  Nathorstianella,  a   Late  Cretaceous  taxon,  tf 
1932;  Karrfah,  1984)  and  Nathorstianella  known  from  Australia  from  a  cast  of  a  robust  (18 
(Glaessner  &  Rao,  1955).  Nathorstiana  is  known 
exclusively  from  a  large  collection  of  over  200 

specimens  of  vegetative  remains  from  Quedlinburg, 
Germany  (Magdefrau,  1932;  Karrfalt,  1984).  In- 

cluded in  this  collection  are  both  small,  presumably 
young  plants  with  radially  symmetrical  plant  bases 

X  4-7.1  cm)  stem  with  four  rounded  lobes  on  its 

plant  base  (Table  3).  It  has  been  suggested  (Glaess- 

ner &  Rao,  1955)  that  Nathorstianella  may  be 

identical  with  remains  described  as  hoetites  ele- 

gans  Walkom  (Walkom,  1941).  As  with  the  De- 

vonian forms,  the  discovery  of  fertile  remains  wou 
and  larger  forms  with  four-Iobed  bases  that  resem-      aid  in  clarification  of  early  Cenozoic  Isoetales ble  those  of  extant  species  of  hoetes  (Karrfalt, 

fiinities bee 

and  which  may  or  may  not  be  related  to  isoetalea documents  ontogenetic  variability  within  Nathor^  include  four  types  of  remains:  (1)  compressed  cones 
stiana,  presumably  showing  that  plants  initially  had  that  resemble  Pleuromeia,  i.e.,  Lycostrohus  scotH 
radially  symmetncal  rooting   meristems  that  un-  Nathorst  (Nathorst,  1908);  L.  /on^tcaufo  Barges 
derwent  a  developmental  change  to  bilateral  sym-  (Burges,     1935)    and    Z.     chinleana    Daugherty 
metry  during  their  life  history.  This  proposed  on-  (Daugherty,    1941);    (2)   permineraUzed   lycoH 
togenetic  change  m  symmetry  in  Nathorstiana  is  stems  of  unknown  affinities,  i.e.,  Chinlea  campn 
further  cited  as  evidence  for  the  homology  of  ra-  Daugherty  and   Osmundites  walkeri  Daugherty; 

im dially  symmetrical  forms  such  as  Stigmaria  and 

/  aurodendron  w.th  bilaterally  symmetrical,  lobed  dendron  striata  Bock  (Bock,  1969);  and  (4)  5^ 
forms  such  ̂ ^J^octes  and  Protostigmaria  (Jen-  laginella-like  forms  with  characteristic  spore  typ<* 

rfv!     if^^F      '     io«.!'^^^^^^°^^"^"'^^^'*'  ••«•'    Selaginellites    hallel   Lundblad    (Lundblad- Rothwoll  &  Er.,n,  1985).  ^950),  ,  J  5,       ̂ ^^.^  Lundblad  (Lundblad,  1948)- 
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\ 

V 

I 

Preservation 
Stem  length  and 

width  (cm) Rhizomorph  shape 

Rhizomorph 
width  (cm) 

Size  sporangium 

length  X  width (mm) 

Compression 
Mold-cast 

Compression 

Compression 

10  X  3.8 

18  X  4-7.1 
4x3 

(+  leaves) 
5.0  X  3.0 

Four-lobed 
Four -lobe  d 

Unknown 

14 
5.5 

Unknown 

Unknown 

Unknown 
Unknown 

Unknown Unknown Unknown 

Compression ?  X   1 Bulbous Unknown 7  (diameter) 

Compr ession 14  X  5-7 Five -lobe  d 5-7 

Compression 
Compression 

Unknown 

Unknown 
Unknown 

Unknown 

Unknown 

Unknown 

3.5-6  X  2-3 

megasporangia 

4-5.5  X  3.5-4 
microsporangia 

10    12  X  3 

Unknown 

c ompression Unknown Unknown Unknown Unknown 

Co mpression Unknown Bilobed Unknown Unknown 

Com 
pr  ession 6.4  X  4.0 

Conical,  unlobed Unknown Unknown 

Co mpression Unknown Unknown Unknown Unknown 

Mega  spore 

size  (^m) 

Unknown 

Unknown 

Unknown 

Unknown 

700   1,000 

285-430 

Unknown 

477-606 

Present 

Unknown 

Unknown 

606 

Lycostrobus  scotti  is  a  bisporangiate  cone  from      preted  by  Miller  (
1968)  as  lycopsids.  He  found 

>  Rhaetian  of  Sw.H.n  t>..t ;«  «imilnr  to  PolrsDo-      them  to  be  conspecific  and  united  the  two  taxa 

na  and  Sporangiostrobus  in  having  relatively  large      under  the  name  C
.  campn  M.ller  ( 1 968)  has  fur- 

^Porangia  (1.5  cm  Ions)  with  SDorophvUs  that  lack      ther  suggested  
that   (htnlm    lycastrobus  run- 

— wvi  ̂ yuf  ungiosiroous  m  naving  remuvci;'  i^'S'^ 

sporangia  (1.5  cm  long)  with  sporophylls  that  lack 
distal  laminae  (Nathorst,  1908;  Chaloner,  1967). 
^egaspores  are  550-600  ^m  and  assignable  to 
^^<^^horstisnnrif/^v  h^r^H^tjc  Tuner    Mirrnc;nores  are 

leyana,  and  isolated  Lycopoditcs  leaves  found  to- 

gether in  the  Chinle  Formation  could  represent  ll 

same  Triassic  plant. 

ic 

^athorstisporites  hopUcus  Jung.  Microspores  are  same  Triassic  plant. 

«>onolete,  as  are  spores  of  the  pLromeians .  They  hoetod
endron  stnata  Bo<k  was  named  for  an 

^re  compared  with  the  genus  ̂ a.^a^o.^^or/^e.  impression  from  the  Upper  Tnass.c 
 of  V.rgm.a 

Nilsson  and  Aratrisporul  Th.s  b.porangiafe  cone  wh.ch 
 Bock  (1969)  cons.de red  the  r.ma.ns  of  an 

has  little  aooarent  o...ni,.tion  to  the  distribution  arborescent  l
ycops.d.  It  .s  no,  clear  to  me  frun.  the -^  apparent  organization  to  the  distribution 

of  mega-  and  microsporangia.  Other  species  of 
hcostrobus  include  L.  longicaulis,  with  similar 

illustrated  specimens  what  this  material  n-pre
sents. 

hcostrobus  include  L.  longicauUs,  with  similar  
The  age  and  s.ze  o.  ims  lossu,  logemer  wun  .ne 

spores,  from  the  Australian  Tdassic  (Burges,  1 935)  
presence  of  trilete  megaspore.  m  the  same  matnx 

«"d  L.  chinleyana  from  the  Triassic  Chinle  for-  
suggest  that  hoetodendron  m.ght  represen,  a  poor- 

'^ation  of  ArizL  (DaTherty    1941).  The  assign-  ly
  preserved   P/eur...«-type  plant   found  m  a mpm    f.      "•""'' ^^'^"6"'='^'/'  ^  ̂    '-'         .        "=  jprortiration  state,  but  any  taxonomic  designations 

mem  of  these  ast  remains  to  Iyco5fro6«5  IS  some-  decorticanon  si      ,  j    .  __,,„,^ 
wliat  ;„  j_   ,  .  ,^,    ,  ,^.L  without  further  study  seem  premature. -   '  "t  iiiese  last  remams  to  Lj' 
^hat  m  doubt  (Chaloner,  1967) without  further  study  seem  premature

. 

SelfiginelUtes  hnliri  is  of  interest  Itecause  al
- 

Cfiinlea   campU   Daugherty  and    Osmundit
es  belagineiutes  m.u- .  ...  ...........  .^.»..p.  ». 

!/,«;/.       T^       "'«//«    i^augnciiy    ai  ̂   ,u„„„K  this  o  ant  has  a  mrgafossil  halnt  .similar  to 
'♦'aifteri  Dauehertv  also  from  the  Chinle  Formation,  though  tnis  piam                  b             .     ,      .     .. WfT-     •  •    "f'f^rty  aiso  irom  ine  v^iiuii  qAnmnella,  it  bears  <»porc  types  similar  to  tho.se 

^^re  ongu^ally  recognized  as  an  osmundaceous  fern  ̂^^^^^^^                                              Hank.i.punf.s «rom  the  PeAri({^A  Forget  of  Arizona  (Daugherty,  of  the  /  teufomrm  iy|     i                .'    „          ̂      ,.._ Th 

pinguis    (Harris)    Dcttman    un<l     D
msn^pmiles 
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Table  4.     Typical  features  of  isoetalean  lycopsids.  1987;  Banerji,  1988;  Ash  &  Pigg,  1991;  Wang, 
=====^=^=^=      1991;  Skog  et  al.,  in  press;  Skog  &  HiU,  1992). 

1.   Heterospory,  megaspore  as  propogule,  often  aquatic       j\^^    considerable    stratigraphic    overlap  between 
these  smaller  herbaceous  forms  recognized  first  i or  semiaquatic  reproductive  biology. 

sporangiate)  fertile  regions  grading  into  cones — typ- 
ically breaking  up  into  dispersal  units  of  sporophylls 

bearing  sporangia 

in 

as 2.   Fructifications  are  bisporaneiate  (sometimes  mono-       *r     t^  •       •  j  *i,     i  r  u*  i. 
_•  .  \  r  _.i      __■__  !•„•_.       _  _     .  _        *^^  Inassic,  and  the  larger  torms,  which  occur 

late  as  the  Lower  Cretaceous  (i.e.,  N athor stianel 

la;  Glaessner  &  Rao,  1955)  has  always  beenprob- 

3.  Unbranched  or  sparsely  branched  stems— several      hematic  to  the  view  of  isoetalean  evolution  as  a 
linear  reduction  sequence  (Chaloner,  1967). 

The  genus  hoetites  (Miinster,  1842)  was  pro- 

centimeters  to  2  m  long. 
4.  Rounded  or  lobed  rhizomorph. 

5.  Helically  arranged  microphyllous  leaves  with  single 
or  double  vascular  trace. 

6.  Parichnos/air  charmels  in  leaves. 

7.  Ligules  present. 
8.  Leaf  bases  rather  than  leaf  cushions,  often  nonab- 

scising. 

9.  Rootlets  with  stigmarian  anatomy  borne  in  distinctive 
rhizotaxy. 

10.  Trilete  megaspores. 
1 1 .  Trilete  or  monolete  microspores. 
12.  Endosporal  megagametophytes. 

mlike ifc 

generic  name  was  also  used  by  Saporta  (1894)  for 

forms  from  France  and  Portugal  he  originally  called 

hoetopsis  (Saporta,  1888)  and  also  by  Teixiera 

(1948)  for  the  Portuguese  fossils.  Other  hoeies Uke 

Warmer 

ner,  1921;  Bock,  1962,  1969),  XanthoUthes  pro- 
pheticus    Ward  (W 

1915),  Lepacycloes 13.  Trabeculae/sterile  tissue  often  present  in  eusporan-       (Daugherty,     1941),    and     Limnoniohe    insignis 

KrassUov  (Krassilov,  1982).  Stems  and  their  iso- gium 

served  as  decortication  layers. 
14.  Secondary  ̂ cortical  proliferation,  stems  often  pre-       lated  sporophylls  have  been  interpreted  as  grasses 

{Yorkia;  Wanner,  1921;  Bock,  1962),  conifers 

(Emmonds,  1857),  araucarians  (Fountaine,  1883), 

cycads  (Dawson,  1886),  equisetoids  (Fountaine, 

1900),    and   bennettitaleans   (Daugherty.   1941)- 
(Lundblad,   1950).  Another  species  of  Selaginel- 

lites,  S.  polaris,  consists  of  a _  compressed  cone      grown  (1939,  1958,  1962)  and  Bock  (I962)rec. 
affinities 

and  associated  vegetative  remains  and  also  bears 

megaspores  assignable  to  B.  pinguis  (Lundblad,      "^'""''"  "."'  ̂ ="'='^'^"=^«"  '^""-i"--  "-  77^^f,/^<;or 

1950)  t-    b        \  fossils  and  renamed  them  as  specves  of /soen^ei  or 

hoetes,  respectively  (Ash  &  Pigg,  1991;  Skog  et 

IsoETEs-LiKE  Forms:  Mesozoic  and  Tertiary  f  -  ̂  P'""^^^"  Vertically  compressed  ̂ vf^^^l 

hoetites  (Fig.  5)  show  radiating  linear  leaves  sur 
Material  described  as  hoetites  and  hoetes  is  the      rounding  an  axis  and  are  very  similar  in  appearance 

most  similar  in  growth  habit  to  the  modern  hoetes      to  the  vertically  compressed  specimens  of  the  Aus- 
(e.g.,  Figs.   1,  5,  7,  8,  9M;  Bock,  1962,  1969;      tralian  pleuromeian  plant  CjZomeia  (Fig.  4;  White, 

Brown,  1 939,  1958,1 962;  Drinnan  &  Chambers,       1981),  or  similarly  preserved  Carboniferous  shoots 
1986;  Hill,   1987;  Banerji,  1988;  Ash  &  Pigg,      (e.g.,  plate  28,  figs.  1-4  of  Abbott,  1963). 

While Wang,  1991;  Skog  et  al.,  in  press;  Skog  &  The  most  completely  known  hoetites/ hoeU^^ 

-  -  -—  o   -—      fossil  plants  are  hoetites  gramineoides  (^^'S- 
name  hoetites  to  designate  fossil  forms  with  an      Bock,  1962),  /.  ftornWus  (Brown,  1939,  1962),  • 
hoetes-Xike  habit,  some  (e.g.,  Bock,  1962,  1969;      serratus   (Brown,    1939),    /.    circularis   (Bro**. 

1958),  /.  janaianus  (Banerji,  1988),  /•  rolandn^ 

(Ash  &  Pigg,  1991),  hoetes  hulhiformis  [^^^^^ 

&  Chambers,  1986),  and  /.  ermayinensis  
(Wang, 

W 

d 

1991)  prefer  to  equate  fossils  with  the  modern 

genus  and  name  them  as  species  of  hoetes.  These  ^  ̂ ,.„„.^v.xo, 

fossils  are  widespread  geographically  and  strati-  1991).  Because  of  their  small  size  and  probable  uj 

graphically  with  approximately  1 6  species  and  over  situ  preservation,  whole  plants  are  often  P^^^f" 
30  occurrences  represented  from  the  Triassic  to  (Bock,  1962;  Brown,  1939;  Drinnan  &  Chamber' 
the  Upper  Tertiary  (Tables  2,  3;  Munster,  1842;  1986;  Banerji,  1988;  Ash  &  Pigg,  1991;  Skog 

Emmonds,    1856,    1857;  Saporta,    1888,    1894;  Hill,  1992).  Even  when  the  morphology  and  an- 
Se 

,lh 

atomical  details  are  not  clear,  a  good  idea  ot  gr 

1939,  1958,  1962;  Daugherty,  1941;  Teixiera,      habit  can  often  be  obtained,  especiaUy  from  1^^^ 
1948;  Bock,   1962,   1969;  Bose  &  Roy,   1963;      eraUy  compressed  specimens  (plate  14,  fig-\" 
Krassilov,  1982;  Drinnan  &  Chambers,  1986;  HUl,      Bock.   1962:  fie.   IIB  of  Drinnan  &  Chambers. 
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1986;  plate  1,  fig.  1 1  of  Banerji,  1988;  fig.  2  of      onomic  study  because  of  the  lack  of  collections  and 
Ash  &  Pigg,  1991). the  wide  range  of  phenotypic  plasticity  (Hickey, 

Information  about  the  variability  within  this  group  1 986).  Historically,  leaf  morphology,  habitat  pref- 
has  not  been  considered  in  detail.  The  most  obvious  erence,  and  megaspore  ornamentation  have  been 
variations  within  species  of  the  fossil  Isoetes/Iso-  the  primary  characters  used  for  classification  (Pfeif- 
etites  group  include  details  of  plant  size,  and  spo-  fer,  1922;  Hickey,  1986).  Although  recent  studies 
rophyll  and  megaspore  morphology.  Leaf  charac-  show  there  is  little  cohesive  correlation  of  system- 
ters  include  the  distinctiveness  of  vascular  strand  atically    important    characters,    megaspore 

mor- 

channels 
phology  does  remain  an  important  criterion  (Hick- 

marginal  teeth.  Some  species  have  completely  or  ey,   1986).  Furthermore,  because  extant  Isoetes 

partly  serrate  margins  (e.g.,  /.  serratus,  I.  serra-  species  include  many  cases  of  hybridization  and 

tifolium^  I.  circularis)^  whereas  leaves  in  others  polyploidy  (Hickey,  1986),  interpretation  of  Me- 

are  entire-margined  (e.g.,  I.  gramineoides,  I.  hor-  sozoic  and  Tertiary  fossil  species  in  a  one-to-one 

ridus,  I.  rolandii).  At  least  some  of  this  vegetative  relationship  to  extant  forms  is  probably  not  tenable. 

Trends  within  the  Isoetalean  Lineage 

variation  may  be  explained  by  the  differential  pres- 
ervational  potential  of  different  types  of  leaves. 
Some  species  of  Isoetes  and  hoetites  have  long, 
delicate,  grasslike  leaves,  while  others  are  quite  A  suite  of  morphological  changes  can  be  rec- 

strong  and  pointed  (giving  rise  to  the  colloquial  ognized  in  isoetalean  lycopsids  through  time.  These 

name  ''quillwort").  Presumably  those  more  resis-  include  a  reduction  in  axial  elongation,  disappear- 
tant  leaves  would  be  able  to  withstand  the  pres-  ance  of  vegetative  leaf  production  (Fig.  1),  trend 

ervation  process  well  enough  to  demonstrate  the  from  trilete  to  monolete  microspores,  production 

presence  of  rectangular  pockets  of  air  channels  in  of  a  sunken  adaxial  sporangium  with  a  velum  (Fig. 

their  distal  laminae  (e.g.,  Fig.  7,  /.  serratus;   I.  lOD),  and  elaboration  of  the  basal  portion  of  the 

ftomrfas;  Brown,  1939,  1962).  On  the  other  hand,  ligule  into  a  glossopodium  (Fig.  lOA,  D,  Table  5). 
It  is  interesting  that,  with  the  exception  of  the 

and  vascular  strands  are  indistinct  (Ash  &  Pigg,  velum,  all  of  these  changes  can  be  documented 

1991).  Megaspores  are  often  found  in  situ  or  in  among  forms  that  occur  in  the  early  Mesozoic.  The 

direct  association  with  isoetalean  megafossils  (Bock,  earliest  known  plants  with  the  small  Isoetes-Xype 

'  growth  habit  occur  in  the  Triassic  of  Pennsylvania 
(i.e.,  Isoetes  gramineoides;  Bock,   1969).  Small 

1992).  Unfortunately,  the  in  situ  occurrence  of  plants  lacking  axial  elongation  (Fig.  9M)  thus  over- 

inner  and  less  resistant  leaves,  air  chann 

Walkom 

Wa 

microspores  is  especially  rare  (Banerji,  1 988;  Wang, 
^^91).  In  most  cases  they  are  poorly  preserved,  ^  _  _  _ 
l>ut  in  the  best  cases  they  can  be  identified  to  a      and  smaller  forms  with  axially  elongate  stems  (e.g.. 

lap  in  the  Triassic  with  both  larger  "woody"  plants 
of  up  to  2  m  in  height  (P.  sternbergi.  Fig.  9G) 

^porae  dispersae  species.  For  instance,  spores  sim- ilar to  M P.  jiaochengensis,  20-30  cm  tall,  Fig.  9J,  K). 
microspores 

situ  in  megafossils  of  /.  horridus  (Hickey,  1977).  of  Pleuromeia  (Helby  &  Martin,  1965;  Retallack, 

Other  sporae  dispersae  megaspore  genera  thought  1975),  while  other  species  retain  trilete  spores,  and 

^^  have  isoetalean  affinities  include  several  taxa  in  still  others  spore  morphology  cannot  be  deter- 

from  the  Lower  Cretaceous  Dakota  Formation  of  mined  because  degraded  trUcte  spores  may  appear 

Kansas  (Kovach  &  DUcher,  1985,  1988).  These  monolete   (P.    rossica\    Neuburg,    1960,    1961). 

'include  Paxillitriletes  vittanus  Kovach  &  DQcher;  Sunken  sporangia  are  common  by  the  Mesozoic 

^'  dakotaensis  (Hall)  Hall  &  Nicolson,  and  Mi-  and  occur  in  most  of  the  Pleuromeia -type  plants 

^^'isporites  mirabilis  {Miner)  Potonie  and  M.diS'  (Fig.    lOE).  Among  fossil  representatives,  ligules 

^irnilis  Tschudy.  These  dispersed  megaspores  have  with  glossopodia  are  kjiown  exclusively  in  the  per- 
^^n  allied  with  the  Isoetales  on  the  basis  of  wall 

rastructure,  spore  morphology,  and  in  some  cases,  Snigirevskaya,  1980a,  b).  The  presence  of  such 

Correlation  with  similar  spore  types  known  in  situ 

mine ult 
detected 

w 
Dilcher 

Whether 

be 

and  Ce-  isoetalean  lycopsids  is  due  to  a  lack  of  suitable 

possible  preservation  or  because  this  structure  evolved  rel- 

*^  relate  some  fossil  sVeciertoVxtant'forms.  Cen-  atively  recently  cannot  be  determined  at  present. 
^raDy,  extant  Isoetes  has  posed  difficulties  for  tax-  It  is  interesting  that  the  most  obviotis  features 
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Table  5.     Trends  in  the  Mesozoic  and  Cenozoic  Iso-  basal  zones  of  a  coal  and  in  thin  bony  coals  (the 

Polysporia  marshlands"  of  Phillips  &  Peppers, 
=  1984)  may  imply  that  at  least  in  some  cases,  Chal 

1.  Reduction  in  axial  elongation  of  the  stem.  oneria  was  acting  as  a  pioneer  species  in  the  Penn- 
2.  Reduction  in  amount  of  lateral  growth.  sylvanian  (Debra  A.  Willard,  pers.  comm.).  In  the 
3.  Sporangia  become  increasingly  sunken  into  sporophyll  Mesozoic,  pleuromeian  forms  often  grew  in  mono- (rleuromeia  sporaneia  mistakenly  thoueht  to  be  ab-  ̂       .              ,    .             .                     .                    ,                  , 

^^l^\\               i         o                    /          D  typic  stands  m  environments  mterpreted  as  coastal 

4.  Elaboration  of  ligular  structure  (glossopodium  in  Takh-  l^^'^^"  (Retallack,  1 975)  and  are  frequentiy  found tajanodoxa  and  Isoetes). in  association  with  marine  fossils  (e.g.,  Kon'no, 

5.   Shift  in  microspore  tetrad  geometry  resulting  in  change       1973;  Retallack,  1975).  Smaller,  Triassic  and  Ju- 
from  trilete  to  monolete  spores. rassic  Isoetes -like  fossils  are  also  reported  as  mono 

6.   Decrease  in  number  of  vegetative  leaves  (most  leaves      typic  deposits  of  matted  leaves  or  isolated  sporo- 
of  Isoetaceae  are  sporophylls). 
  phylls  (Ash  &  Pigg,  1991;  Wang,  1991).  Cenozoic 

isoetaleans  occur  in  low  diversity  floras  in  aquatic, 

or  fluvial,  types  of  sedimentation.  It  may  be  that 

isoetaleans  have  acted  as  "pioneer  species"  in  var- 
in  the  stratigraphicaUy  youngest  isoetaleans,  the      ious  habitats  throughout  their  history  (Debra  A. 
lack  of  axial  elongation  and  vegetative  leaves,  have      Willard,  pers.  comm.). 
usually  been  considered  as  reductions,  especially 
in  reference  to  the  traditional  lycopsid  reduction 
sequence  (Fig.  1;  Potonie,  1894;  Magdefrau,  1931; 
Stewart,  1947).  In  light  of  ontogenetic  and  evo- 

lutionary considerations,  however,  the  process  by 

ISOETALEAN  LyCOPSIDS  AND  THE 
Rhizomorphic  Clade 

Isoetalean  lycopsids  can  now  be  recognized  as 

which  these  "reductions"  came  into  being  may  be  a  long-ranging  group  that  extends  from  the  Paleo- 
more  accurately  considered  a  heterochronic  pro-  zoic  (Fig.  9,  Tables  1-4).  They  were  present  pos- 
cess  (Gould,  1977;  Rothwell,  1987;  DiMichele  et  sibly  by  the  Devonian  or  Mississippian,  but  cer- 
aL,  1989).  Plants  with  the  modern  Isoetes  growth  tainly  well  established  by  the  Pennsylvanian,  as 
habit  eifectively  telescoped  their  life  history  by  demonstrated  by  the  Chaloneriaceae  (Pigg  &  Roth- 
foregoing  vegetative  growth,  stem  elongation,  and  weU,  1983a,  b).  The  group  persisted  into  the  Me- 
the  production  of  vegetative  leaves,  and  having  an  sozoic,  where  some  forms  became  reduced  in  size 
earlier  onset  of  the  reproductive  phase  of  the  life  and  complexity  like  modern  Isoetes.  Other  forms 
cycle.  This  life  history  was  probably  tied  tightly  to  with  axially  elongate  stems  persisted  until  at  least 
their  frequently  aquatic  to  marginal  aquatic  habi-  the  Lower  Cretaceous.  Some  authors  (e.g.,  Wang, 
tats  and  heterosporous  reproduction  (DiMichele  et 

1991)  have  recently  questioned  the  relationships 
al.,  1989).  It  would  be  interesting  to  consider  fur-  of  pleuromeians  and  Isoetes  forms,  since  mono- 
ther  the  environmental  constraints  that  may  have  podial  pleuromeians  and  plants  with  a  modern  ho- 
selected  for  this  abbreviated  vegetative  sporophyte.  etes  aspect  are  both  well  known  in  the  Triassic. 
One  possibility  might  be  the  modification  of  the  Although  clearly  an  ancestor /descendant  relation- 
environment  through  competitive  effects  of  other  ship  does  not  exist  between  contemporaneously 
Mesozoic,  and  later,  Cenozoic  aquatic  plants.  To-  Uving  Triassic  plants,  separate  phylogenetic  origins 
day,  many  species  of  Isoetes  occur  in  disturbed  for  plants  displaying  these  two  types  of  habit  need 
habitats  as^pioneer  species.  Generally  they  compete      not  be  invoked.  In  my  opinion,  the  morphologicafly 

similar  characters  of  pleuromeian  and  Triassic  ho-^ 
etes/Isoetites  forms  outweigh  differences  in  growth 

habit,  and,  until  more  distinct  differences  can  be 
(W 

pers.  comm.).  Isoetaleans  may  have  been  "'driv 
into  restricted  niche  space  by  other  plants. 

Considered  as  a  whole,  isoetalean  plants,  wheth-      delimited,  they  remain  part  of  a  single,  variable, 
er  Paleozoic,  Mesozoic,  or  Cenozoic,  have  occupied      plexus. 
a  vaneiy  oi  ecologically  similar  typei 
ments.  The  Paleozoic  Chaloneriaceae  forms  bear- Recent  research  suggests  that  we  can  no  longe 

look  at  the  isoetaleans  as  a  distinct  lineage,  bu 
ing  characteristic  spore  types  Endosporltes  and  rather  as  a  part  of  a  more  complex  group  of  het- 
lalvtstspontes  are  known  from  both  freshwater,  erosporous  lycopsids,  perhaps  a  rhizomorphic  clade 
clastic  ̂ -etland^and  peat-accumulating  swamps  (in  (Rothwell  &  Erwin,  1 985).  This  plexus  shares  many ^^^^'  DiMichele  et  al,  similarities  of  vegetative  details  including  stelar  an 

lobes 

1979;  Pigg  &  RothweU,  1983a,  b).  The  abundance 
of  Endosporltes  and  Valvisisporites  spores  in  the cortical   anatomy,   the   production   of  stigmanan 

rootlets,  secondarily  derived  bipolar  growth,  ̂  
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heterosporous  reproductive  structures.  Further  in- 

vestigation in  the  following  areas  would  greatly 

strengthen  our  understanding  of  the  phylogeny  of 
this  group:  (1)  new  information  about  reproductive 

Distribution.  Geological  Center  Research  Series  3- 
4,  North  Wales,  Pennsylvania, 

BosE,  M.  N.  &  S.  K.  Roy.    1963  [1964].    Studies  on 

the    Upper    Gondwana    of   Kutch — 2.    Isoetaceae, 
Palaeobotanlst  12:  226-228. 

structures  and  anatomy  of  late  Devonian-Missis-       Brack,  S.  D,    1970,    On  a  new  structurally  preserved 
arborescent  lycopsid  fructification  from  the  Lower 
Pennsylvanian  of  North  America.  Amer.  J.  Bot.  57; 
317-330. 

   &  T.  N.  Taylor,     1972.    The  ultrastructure 
and  organization  of  Endosporites.  Micropaleontology 
18:  101-109. 

sippian  ancestral  and/or  early  members  of  the 

isoetaleans;  (2)  understanduig  of  the  relationship 
of  isoetalean  and  arborescent  lepidodendrid  radi- 

ations; (3)  reexamination  of  the  worldwide  diversity 
of  Mesozoic  pleuromeian  and  Isoetes  forms;  (4) 

correlation  of  the  ecology  of  extant  Isoetes  with       ̂ ^^^^'^^.^^1:  ?'  Jr^^.^lA^J^^oi^l J??^' 
the  implied  ecology  and  life  history  of  fossil  forms; 

and  (5)  formal  phylogenetic  analyses  to  test  the 
strength  of  this  proposed  monophyletic  group  and 
its  relationship  to  the  rest  of  the  Lycopsida. 

The  lycopsid  reduction  series  has  been  a  deeply 
entrenched  concept  in  vascular  plant  evolution. 
However,  with  the  removal  of  the  constraints  of 

thinking  of  rhizomorphic  lycopsids  as  a  linear  trans- 
formation series,  there  is  more  room  to  consider 

this  group  as  a  plexus  of  related  forms  whose  mor- 

phology reflects  not  only  phylogeny,  but  also  eco- 

A 

re- 

examination of  Lepidostrobus  Brongniart,  J.  Linn. 

Soc,  Bot.  86:  125-133. 
Brown,  R.   W.     1939.     Some  American  fossil  plants 

belonging  to  the  Isoetales,  J.  Wash.  Acad.  Sci.  29: 
261-269. 

1958.    New  occurrences  of  the  fossil  quillworts 

called  hoetites.  J.  Wash.  Acad.  Sci.  48:  358-361. 
  .    1 962.   Paleocene  flora  of  the  Rocky  Mountains 

and  Great  Plains.  Profess.  Pap.  U.S.  Geo!.  Surv.  375: 1-119. 

BuRGES,  N.  A.     1935.     Additions  to  our  knowledge  of 
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South  Wales  60:  257-264. 
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HABITAT,  EVOLUTION,  AND       r. 
SPECIATION  IN  ISOETES'' 

James  Hi 

Abstract 

Species  of  Isoetes  are  notorious  for  the  difficulties  they  present  in  identification.  These  difficulties  are  attributable 
to  a  series  of  habitat  adaptations  that  have  resulted  in  morphological  simplicity,  homoplasy,  and  reticulate  evolution. 
Internal  air  chambers  in  the  leaves  of  all  taxa  indicate  that  primitive  Isoetes  was  aquatic.  During  the  breakup  of 
Gondwana,  ancestors  of  modern  taxa  appear  to  have  passed  through  a  terrestrialization  phase,  which  was  accompanied 
by  development  of  several  morphological  novelties  and  reductions  including  the  evolution  of  sclerotic  phyllopodia. 
This  adaptation  appears  to  have  evolved  after  separation  of  the  Indian  subcontinent.  A  new  section  of  tlie  subgenus 
Isoetes  centered  in  India  and  possessing  non-sclerified,  persistent  leaf  bases  is  described.  Following  a  terrestrialization 
phase,  several  lineages  became  secondarily  aquatic  and,  in  some  instances,  once  again  evolved  a  terrestrial  habitat. 
As  a  result,  the  genus  now  occupies  a  variety  of  niches,  from  wholly  aquatic  to  wholly  terrestrial.  Most  terrestrial 
species,  found  as  isolated  populations  of  basic  diploids,  appear  to  be  the  resuh  of  gradual  speciatlon  via  isolation  and 
genetic  divergence.  Some  aquatic  species,  often  found  in  mixed  populations  containing  taxa  of  different  ploides,  appear 
to  have  evolved  abruptly  via  interspecific  hybridization  and  chromosome  doubling.  Evidence  from  distribution  patterns, 
megaspore  morphology  and  viability,  chromosome  numbers,  and  electrophoretic  profiles  of  leaf  enzymes  supports  a 
hypothesis  of  allopolyploid  speciation. 

Isoetes  L.  is  a  cosmopolitan  genus  of  hetero-  Isoetes  taxonomy  by  proposing  a  classification  sys- 

sporous  lycopsids  comprising  approximately   150  tern  based  primarily  on  megaspore  morphology, 

species.  The  generic  limits  of  Isoetes  are  sharp,  Her  scheme  replaced  the  earlier  systems  of  Baker 

and  whUe  there  is  no  difficulty  in  recognizing  a  (1880)  and  Motelay  &  Vendryes  (1882),  which 

plant  as  a  member  of  the  genus,  there  are  diffi-  were  based  on  habitat  preference  and  concomitant 

culties  with  the  identification  of  species  and  species  morphological  adaptations.  Pfeiffer  (1922)  pointed 

relationships  within  it.   Our  studies  indicate  that  out  that  many  species  are  highly  variable  in  their 

these  difficulties  are  attributable  to  (1)  simplicity  habitat  preference.  Furthermore,  she  argued  that 

oi  form,  (2)  morphological  convergence,  and  (3)  there  is  often  little  correlation  between  morphology 

allopolyploidy.  Simplicity  ofform  confounds  species  (e.g.,  presence  or  absence  of  stomata  and  fibrous 

identification.  Plants  of  Isoetes,  often  resembling  bundles  in  leaves)  and  habitat.  Since  many  early 

tufts  of  grass,  reveal  few  characters  that  can  be  collections  of  Isoetes  lacked  adequate  habitat  data, 

used  to  distmguish  species.  Morphological  conver-  species  were  often  assigned  to  these  habitat  sections 

gence  hinders  phylogenetic  reconstruction  and  ob-  based  solely  on  their  morphology,  a  situation  that 

scures  evolutionary  relationships  among  species.  led  to  an  artificial  suite  of  relationships.  Although 

Allopolyploidy  results  in  a  subtle  mosaic  of  char-  Pfeiffer's  system  improved  upon  earlier  classifi. 

3cter  state  distributions,  thus  limiting  our  percep-  cation  schemes,  it  is  stiU  fraught  with  problems 

tion  of  both  species  and  species  relationships such   as   convergence,   reduction,   and    polymor- 

As  a  result  of  these  difficulties,  taxonomists  of  phisms  (Hickey,  1986a). 

fsoetes  traditionally  have  employed  a  simplistic  ap-  The  replacement  of  earlier  classification  systems 

Proach  to  classification  and  phytogeny.  Often  single  based  on  habitat  preference  by  PfeifFer's  classifi- 

characters  have  been  used  as  the  primary  basis  for  cation  based  on  spore  morphology  resulted  in  de-em- 

"nderstanding  the  genus.  Because  students  of  Iso-  phasizing  habitat  preference  as  a  feature  of  taxo- 

^ies  have  had  different  points  of  view,  their  clas-  nomic  value.  Today,  not  only  is  habitat  preference 

sification  systems  and  species  alliances  have  varied  again  recognized  as  a  valuable  diagnostic  charac- 

^dely.  For  example,  Pfeiffer  (1922)  revolutionized  ter,  but  there  is  also  considerable  evidence  indi- 
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eating  habitat  preference  has  played  a  major  role  of  the  leaf.  In  addition,  many  species  of  subgenus 

in  the  evolution  of  Isoetes  at  two  levels:   major  Isoetes  have  leaves  with  supporting  fibrous  bundles 

phylogenetic  change  and  recent  speciation.  In  the  in  the  leaf.  Such  bundles  are  not  found  in  species 

first  part  of  this  paper  we  will  show  that  habitat  of  subg.  Euphyllum.  Both  the  subulate  condition 

shifts  have  been  responsible  for  a  number  of  major  and  the  presence  of  peripheral  fibrous  bundles  are 

morphogenetic  changes.  Many  of  these  changes  potentially  adaptive  because  they  provide  stability 

are  quite  ancient  and  the  current  geographic  dis-  and  mechanical  support  for  leaves  in  habitats  that 

tribution  of  the  various  morphological  states  can  are   ephemerally   aquatic   or   terrestrial  (Hickey, 

best  be  understood  using  a  vicariance  model.  In  1986b).  Radiation  from  aquatic  habitats  may  have 

addition  to  these  morphological  changes,  numerous  occurred  in  response  to  the  generally  warmer  and 
reversions  to  the  ancestral,  aquatic  habitat  have 

resulted  in  homoplasy.  The  second  part  of  this  ceous.  Nearly  all  extant  species  of  Isoetes  have 

paper  outlines  the  relationships  between  a  species  retained  this  essentially  terrestrial  habit,  although 
habitat  preference  and  its  gregariousness  in  nature,  some  have  again  reverted  to  an  aquatic  habitat. 

which  in  turn  dictates  the  dominant  mode  of  spe-  The  development  of  a  terrestrial  habit  resulted 
ciation,  either  divergence  or  allopolyploidy. 

environmen 

Major  Phylogenetic  Change 

The  Isoetaceae  fsensu  Reed 

in  an  early  morphological  and  systematic  radiation. 

which  apparently  occurred  subsequent  to  the  frag- 

mentation of  Pangea.  The  transition  from  homo- 

geneous, stable,  aquatic  environments  to  seasonally 

dry,  terrestrial  habitats  resulted  in  additional  prob- 
acterized  by  the  following  synapomorphies:  foliar  lems  for  Isoetes,  in  particular  that  of  desiccation 

embedded  sporangia,  labia,  vela,  indehiscent  spo-  during  arid  periods.  Species  of /soe;e5  have  adapted 

rangia,  trabeculae,  multiflagellate  sperm,  lacunate  to  this  situation  in  two  ways,  both  of  which  involve 

leaves,  and  reduced  axial  growth.  Based  on  these  protecting  the  apical  meristem  during  drought  con- 
synapomorphies,  the  family  represents  a  mono- 

phyletic  assemblage  that  can  be  construed  as  prim- ditions.  In  one  group  of  species,  unmodified  leal 

bases  are  retained  throughout  the  dry  season  and 
itively  aquatic   (Hickey,    1986b).    Evidence  sup-  form  a  scarious  protective  layer  about  the  apex  ot 

porting  this  contention  comes  from  the  presence  the  corm.  Such  modifications  in  Isoetes  appear  to 

of  air  chambers  in  the  leaves  of  extant  taxa  and  be  uniquely  derived  and  thus  represent  a  synapo- 
the  fossil  genus  Isoetites.  Such  air  chambers  are  morphy  for  the  associated  species.  In  general,  this 

generally  regarded  as  providing  buoyancy  and  an  clade  is  restricted  to  the  Indian  subcontinent  (Hick- 
aeration  mechanism  for  aquatic  plants  (Keeley, 
1982).  Certainly,  the  occurrence  of  air  chambers 
in  the  leaves  of  all  extant  terrestrial  Isoetes  indi- 

ey,  1986b). 
'^^  '  manner 

sclerified  and  their  growth  is  arrested.  This  resul  s in    sr;i1eci    cimitar    fn   ttirmi?    fmind    on   branCIieS 

ine  secona  manner  oi  pruicoung  ^^^  - —     ^ 

         during  drought  involves  the  sclerification  of  lea 

cates  that  these  plants  had  aquatic  ancestors.  tissue.   In  some  species,  leaf  primordia  become 

Isoetes  includes  species  with  alate  leaves  that  '   ""' 
are  fully  laminate  and  species  with  nonalate  leaves      in  scales  similar  to  those  found  on  ̂ ^   

that  are  nearly  without  blades.  Alate  leaves  are       temperate  deciduous  angiosperms.  Isoetes  nutta- 
universal  in  the  Lepidodendrales,  Lycopodiaceae,       /ii,  of  western  North  America,  produces  such  scales 

and  Selaginellaceae,  which  are  all  close  outgroups      (Figs.  1,  2).  In  other  species,  portions  of  the  lea 
of  the  Isoetaceae.  Therefore,  alate  leaves  are  in-       bases  become  sclerotic  and  remain  after  the  non- 

ferred  to  be  plesiomorphic  in  Isoetes.  Isoetites  may      sclerotic  portions  of  the  leaves  have  eroded.  Tn^^ 
have  arisen  during  the  generally  wetter  conditions      produces  a  distinctive  ring  of  sclerotic  phyllopodia 

covering  the  apex.  Such  phyllopodia  are  most  e. 

tensively  developed  m  certain  European  and  ̂ 

rican  species,  but  sclerotic  phyllopodia  are   o 

also  in  the  North  American  species  /.  howelln  an^ 

associated  with  the  late  Carboniferous  and  early While 

cosmopolitan  distribution  of  this  genus  through  the 
lower  Tertiary  suggests  that  it  was  rather  success- 
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ful,  only  three  alate  species  have  survived  into  /.  melanopoda  (Figs.  3,  4).  The  geographic  an 
modern  times:  Isoetes  haculata,  I  gigantea,  and  evolutionary  relationships  of  the  species  involv 

/.  bradei.  Of  these,  the  latter  two  are  probably  strongly  suggest  that  scales  and  phyllopodia  rep- 

now  extinct.  Together  these  three  alate  species  of  resent  two  independently  derived  states  for  res\S-^ 
Isoetes  and  Isoetites  represent  Isoetes  subgenus  tance  to  desiccation.  Furthermore,  the  absence  o 
Euphyllum  (Hickey,    1990).  The  other  and  far  species  with  sclerified  scales  and  phyllopodia  on 

larger  part  of  the  genus,  subgenus  Isoetes,  is  char-  the  Indian  subcontinent  suggests  that  these  synap^^ 
acterized  by  a  distal,  three-dimensional  subula  and  morphies  originated  in  Gondwana  after  separate by  alae  that  are  restricted  to  the  proximal  portion  of  the  Indian  subcontinent. 

I 
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Figures  1-4.  Scales  and  phyllopodia  in  Isoetes.  ~1.  Transection  through  corm  and  leaf  bases  of  /.  niittallu, 

Scales  surround  corm  apex  during  summer  dormancy.  — 2.  Leaf  bases  of  L  nuttallii  surrounded  by  scales.  Near  end 

^f  growmg  season,  scales  have  been  displaced  to  peripheral  position  by  current  season's  growth.  — 3.  Sclerified  leaf 
J^ses  of  /.  howellii  near  end  of  growing  season. -4.  Phyllopodia  (remnants  of  sclerified  leaves)  surround  corm  apex 
^^ing  summer  dormancy. 

Isoeies  sect.  Coromandelina  Hickey  &  Taylor, 

This  group  of  nonsclerotic  species,  defined  by  derived  from  taxa  that  had,  the  ability  to  produce 

scarious,  persistent  leaf  bases,  is  centered  in  India  sclerotic  pigmentation  in  leaf  primordia,  leaf  bases, 

^«d  represents  a  distinctive  element  within  sub-  or  sporangial  tissue.  As  so  defined,  section  hoetes 

S^Rus  hoetes:  contains  most  of  the  extant  species  of  the  genus. 

It  is  an  extremely  diverse  assemblage  including 

both  terrestrial  and  aquatic  species,  which  are  found 

throughout  Africa,  Australia,  Europe,  Asia,  and 

the  New  World.  By  comparing  the  morphology  of 

these  species  with  that  found  in  subgenus  Eu- 

phyllum  and  section  Coromandelina  ol  subgenus 

Isoetes,  we  can  polarize  several  included  characlf^rs 

(Watrous  &  Wheeler,  1981).  Notable  among  the.He 

are  velum  and  labium  development.  Analyses  in- 

sect, nov 

^PE:  /.  coromandeliaal.,U  Suppl.  PL  447.  1781. 

pecies  foliorum  basibus  scariosis,  persist  en  tib  us, 

*he  remaining  species  of  subgenus  Isoetes  com- 
P"^  section  hoetes,  which  is  here  redefined  as 
*ho5e  snK, Jo»^  *„_._  .!_    .  .        ^^..rv,oKlt7 
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Table  1.     Polyploid  series  for  North  American  aquatic      spring  when  the  soil  is  saturated  with  water  and 

species  of  Isoetes,  dormant  in  summer  when  the  soil  is  dry.  In  the 

Species 

Chromo- some 

number 
(2n) 

110 

66 
44 

=  southern  United  States,  terrestrial  species  may  be 

found  as  isolated  populations  in  soil  pockets  on 

sandstone,  limestone,  or  granite,  Isoetes  melano- 

poda  is  widespread  in  the  central  and  eastern  Unit- 
-  ed  States  where  it  is  found  in  meadows,  fields,  and 

soil  pockets  on  sandstone  outcrops.  Isoetes  hutleri 

occurs  in  the  south-central  and  southeastern  Unit- 

ed States  in  calcareous  soils  over  limestone.  Isoetes 

piedmontana  grows  in  soil  pockets  on  granite  out- 

-  crops  in  the  southeastern  United  States.  Isoetes 

melanospora  inhabits  shallow  pools  on  isolated 

granite  domes  and  flatrocks  in  the  Piedmont  of 

e  Georgia  and  South  Carolina.  Isoetes  tegetiformans 

of  a  large,  well-developed  labium  are  plesiomorphic  occurs  in  pools  on  porphyritic  granite  flatrocks  in 

conditions  (Hickey,  1985),  In  addition,  the  gen-  the  Piedmont  of  Georgia  (Rury,  1985).  Isoetes 

eralized  condition  of  tuberculate  (sensu  PfeifFer,       lithophila  is  found  in  temporary  pools  on  granite 

^  ^  n      domes  in  central  Texas.  In  the  western  United 
section  Isoetes  is  analyzed  for  these  character  state      States,  /.  howellii  and  /.  nuttallii  inhabit  seasonally 

/.  lacustris 
I.  occidentalis 

L  maritima^  I.  riparia^  I.  tuckermanii 
I.  holanderiy  I.  echinospora, 

L  engelmannii,  I.  prototypus 22 

veliun 

Wh 

immediately 
wet  meadows,  lake  margins,  and  vernal  pools  and 

First,  species  retaining  all  plesiomorphic  conditions  streams.  All  of  these  terrestrial  species  have  the 

are  terrestrial  or  amphibious;  and  second,  nearly  lowest  diploid  chromosome  number  found  in  the 

all  aquatic  species  have  derived  or  intermediate      genus  (2^  =  2x  =  22).  These  basic  diploids  appear 
states  for  these  characters,  regardless  of  their  geo- 

graphic location.  These  data  strongly  suggest  that 
the  aquatic  condition  seen  in  most  temperate  and      by  genetic  divergence, 

high-altitude  tropical  species  is  a  secondarUy  de-  Aquatic  Isoetes  occur  mostly  in  glacially  formed 

to  represent  examples  of  gradual  speciation  due  to 

spatial  isolation  of  ancestral  populations  followed 

rived  condition  that  has  evolved  independently  in 
unrelated  lineages  (Hickey,  1985). 

The  more  nlesiomnrnhir  ta-vA  of  «f*f»tinn   Ivn^t^c 
lakes,  ponds,  and  streams.  In  contrast  to  the  ter- 

restrial species,  which  occur  mainly  as  isolate 

populations,  two  or  more  aquatic  species  frequentl) 
show  a  distinctly  southern  or  Gondwana  distribu-  grow  together.  For  example,  in  the  northeast,  i- 

tion,  most  evident  in  Africa  and  South  America,  echinospora,  L  engelmannii,  L  riparia,  I  tuck- 
whereas  derived  members  of  the  section  are  gen-  ermanii,  and  /.  lacustris  may  all  grow  in  the  same 

erally  Laurasian,  but  with  close  affinities  to  species  body  of  water.  Likewise,  in  the  northwest,  /.  ̂̂   ̂' 

of  proximate  Gondwana  landmasses.  These  obser-  nospora,  I.  bolanderi,  L  maritima,  and  /-  occi- 
vations,  coupled  with  data  on  section  Coroman-  dentalis  could  occur  in  the  same  lake.  Such  as- 

dellna,  suggest  that  subgenus  Isoetes  had  its  origin  semblages,  which  might  have  resulted  as  divergent 

within  Gondwana  and  subsequently  radiated  north-  species  of  Isoetes,  were  brought  together  by  i^^' 
ward  into  Laurasia.  Such  hypotheses  are  strongly  aging  water  fowl,  which  carried  spores  into  bodies 

corroborated  by  the  distribution  of  other  character  of  water  left  by  retreating  glaciers.  Because  ga- 
states,  including  the  persistence  of  leaves  during  metes  of  different  species  can  readily  mingle  i" 
cold  and  drought  periods,  megaspore  surface  mor- 

phology, and  electrophoretic  anomalies  such  as  the these  aquatic  habitats,  the  potential  exists  f
or  in 

terspecific  hybridization.  The  existence  of  a 
 poy- 

alous  TPI-3  activity  (Hickey  et  aL,  1989a). 

migrational    location    of   TPI-2    (triosephosphate      ploid  series  among  the  aquatic  taxa  (Table  \)^^ 
isomerase.2)  and  the  presence  or  absence  of  anom-      plies  that  some  species  could  be  allopolyploids,  vrhic 

have  evolved  through  interspecific  ̂ y^'^^^'^fT^ 

and  chromosome  doubling.  In  addition  to  co  a^^ 
tation  and  chromosome  numbers,  further  evi 

for  hybridization  and  aUopolyploidy  come  from  spo 

Recent  Speciation 

In  North  America,  species  of  Isoetes  vary  in  morphology  and  viabUity,  in  vitro  hybridizations, 
habit   from    ephemeral    terrestrials   to   evergreen  and  electrophoretic  profiles  of  leaf  enzymes.  Ho^ 
aquatics.  Terrestrial  Isoetes  are  found  in  seasonally  these  sources  of  evidence  support  an  aUopolyp"*'* 
wet  soUs  where,  in  general,  plants  are  active  in  mode  of  evolution  in  aquatic  Isoetes  are  sho^vn   ) 
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two  examples,  the  evolution  of  /.  riparia  in  eastern      northeastern  North  America,  throughout  the  range 
North  America  and  the  evolution  of  /.  brochonii 

in  western  Europe. 

THE  EVOLUTION  OF  ISOETES  RIPARIA  IN 

EASTERN  NORTH  AMERICA 

as 

of  /.  eatonii.  If  /.  eatonii  is  the  sterile,  diploid 

hybrid  between  /.  echinospora  and  /.  engelmannii, 

could  /.  riparia  be  its  fertile,  allotetraploid  deriv- 
ative ? 

Electrophoretic  profiles  of  triosephosphate  isom- 
In  the  early  summer  of  1895,  A.  A,   Eaton       erase  (TPI)  from /scenes  leaves  help  to  answer  this 

discovered  unusual  plants  of  Isoetes  growing  along       question.  Leaves  of  /.  echinospora^  L  engelman- 
the  Powwow  River  in  southeastern  New  Hamp-       nii^  L  eatonii,  and  /.  riparia  were  crushed  and 
shire.  Dodge  (1897)  described  these  unusual  plants       ground  in  Tris-HCl  buffer-PVP  solution.  The  re- 

a  new  species,  /.  eatonii.  Dodge  noted  his  ney^       suiting  mixtures  were  absorbed  onto  filter  paper 

species  to  be  ''peculiar"  in  several  ways.  First,  he       wicks  and  subjected  to  horizontal  starch  gel  elec- 
mentioned  that  /.  eatonii  ''seldom  is  found  growing       trophoresis.  Electrophoretic  procedure,  composi- 
very  near  another  of  its  species"  and  that  plants       tion  of  grinding,  gel,  and  electrode  buffers,  and 
are  from  a  foot  to  ten  feet  apart."  By  contrast,       staining  method  follow  Soltis  et  al.  (1983).  Elec- 

he  noted  the  associated  species  7.  echinospora,  L       trophoresis  was  conducted  using  electrode  and  gel 

^ngelmannii,  and  /.  riparia  grow  "for  the  most       buffer  system  7  in  a  12%  starch  gel  at  4^0  with 

part  gregariously."  Dodge  also  reported  his  new       a  constant  current  of  35  mamp  for  8.5  hr.  Wicks 
species  to  be  exceptionally  vigorous.  He  mentioned       were  removed  from  the  gel  after  15  min.  The  gel 

vernal  leaves  attaining  a  length  of  28  inches  and       was  sliced,  incubated  in  substrate  at  37*C  for   1 
the  plants  producing  from  50  to  nearly  200  leaves.       hr.  in  the  dark,  rinsed  in  distilled  water,  and  pho- 

Further,  Dodge  noticed  the  "straightness"  of  the       tographed. 
radial  ridges  on  the  proximal  side  of  the  megaspore Electrophoretic  profiles  of  7.   echinospora^  /. 

and  "the  low  angle  they  form  with  the  equatorial  engelmannii,  L  eatonii,  and  I.  riparia  support  the 

plane,"  Such  a  configuration  imparts  a  proximally  hypothesis  that  L  eatonii  is  a  sterile  hybrid  between 
flattened,  nearly  lenticular  form  to  the  megaspore.  7.   echinospora  and  I.   engelmannii  and  that  7. 

Species  of  Isoetes  typically  have  curvilinear  radial  riparia  could  be  an  allotetraploid  derivative  of  7 

ridges  conforming  to  a  rounded  proximal  hemi-  eatonii.  In  Figure  9,  TPI,  a  dimeric  enzyme,  re- 
sphere  and  a  globose  megaspore. quiring  the  combination  of  two  subunits  to  form 

Taylor  et  al.  (1985)  reported  that  the  mega-  an  active  enzyme,  is  expressed  by  two  loci,  TPM 

spores  of  7  echinospora,  L  engelmannii,  and  7  and  TPI-2.  TPM  appears  single-handed,  and 

Riparia  readily  germinated  and  formed  megaga-       invariant  for  the  taxa  sampled.  TPI-2,  composed 

nietophytes  in  culture,  but  megaspores  of  7  eatonii 
*d  not  germinate.  They  also  showed  that  7  eatonii 

had  been  found  almost  entirely  within  the  overlap-       gelmannii  and  relates  7   eatonii  to  7   riparia. 

of  subunits  designated  "a"  and  "b,"  shows  vari- 
ability that  distinguishes  7  echinospora  and  7  en- 

aa. 

P^ng  ranges  of  L  echinospora  and  7  engelmannii       Isoetes   echinospora   expresses   the   band 

^nd  that  hybrids  between  these  two  species  are       whereas  7  engelmannii  expresses  the  band  "bb." 

Isoetes  eatonii  and  7  riparia  express  bands  "aa" 
and  "bb'*  in  addition  to  the  heterodimeric  band 

readUy  produced  in  culture.  They  concluded  that ^  eatonii  (2/i 2x 
22)  represented  a  sterile. 

basic  diploid  hybrid  between  the  basic  diploids  7       "ab,"  which  is  not  present  in  either  parent.  The 
echinospora  and  7.  engelmannii  (both  2n  =  2x 
22).  

^ 
Alth 

scribed 

profiles  of  TPI-2  for  7  eatonii  and  7  riparia  are 

similar  and  additive  for  7  echinospora  and  7  en- 

ough  the  megaspores  of  7.  eatonii  are  de-       gelmannii.  Lighter  bands  cathodal  to  bands  *^aa" 

most  often  as  smaU  and  flattened,  with  a       and  "ab"  may  represent  subbands.  A  subband  is 

'abyrinthiform-convolute  (brain  coral)  surface  tex-       formed  when  an  additional,  charged  component 

globose  megaspores  are  produced attaches  to  an  enzyme  thereby  changing  its  charge. 

^asionally  (Fig.  5).  The  cristate  surface  texture  of      possibly  its  size  and  shape,  and  thus  its  migration 

the  larger,  globose  megaspore  of  7.  eatonii  appears       (Buth,  1 990).  Subbanding  for  "bb"  is  not  evident ^termed 
in  Figure  9. 

echinospora  (Fig.  7)  and  the  reticulate  spore  of  7  Evidence  from  distribution  patterns,  spore  mor- 

engelmannii  (Fig.   8),   Furthermore,   the  larger,       phology  and  viability,  in  vitro  hybridizations,  and 

instate  megaspore  of  7  eatonii  resembles  the  even 
'^^ger,  globose  megaspore  of  7  riparia  (Fig.  6),  a 
fertile  tetraploid  (2n  =  4x  =  44)  occurring  in 

electrophoretic  profiles  of  leaf  enzymes  supports 

the  hypothesis  that  7  echinospora  has  crossed  with 

7.  engelmannii  to  form  the  sterile  hybrid  7  eatonii^ 
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Figures  5-8. 
echinospora. 

Scanning  electron  micrographs  of  Isoetes  megaspores. 
8.  /.  engelmannii.  Scale  bar  =  0.25  mm. 

5.  /.   X   eatoniL—6.  I.  riparia.—T- f- 

I 

which  then  doubled  its  chromosome  number  to 

form  the  fertile  allotetraploid  /.  riparia. ica  and  Europe.  Although  they  can  look  alike  veg- 

etatively,     these     two     species     ̂ ^^     i"^^^'  ̂  
BROCHONII 

WESTERN  EUROPE 

In  October  1983,  a  mass  collection  of  /.  echi- 
nospora and  L  lacuslris  was  made  from  Neva  Lake 

Wise 

distinguishable  by  their  spores,  which  differ  in  s 

and  surface  texture.  Isoetes  echinospora  produce 

echinate  megaspores  about  400-500  M™  ̂  

ameter,  whereas  /.  lacuslris  bears  cristate  mega- 

spores mostly  600-800  ^m  in  diameter.  Scanning 

electron  photomicrographs  show  that  megasp 

from  the  unusual  Neva  Lake  plants  bear  a  spuic 
is  a  small,  glacially  formed,  soft-water  lake  with  a       and  ridge  texture  that  seems  to  combine  the  pa- 

sand,  gravel,  and  muck  bottom.  Examination  of       terns  of/,  echinospora  and  /.  lacuslris  (Fig-  y* 
plants  from  this  collection  revealed  several  indi-  Megaspores  from  these  plants  are  not  viable. 
viduals  bearing  megaspores  that  were  far  more       Using  the  procedure  described  by  Taylor  &  L"^^''^ 
variable  in  si2e,  shape,  and  surface  texture  than       (1986)  for  germinating  spores  of  aquatic  hoetes, 

experiments 

typical  megaspores  of  /.  echinospora  or  /.  lacus- 
lris. 

Isoetes  echinospora  and  /.  lacuslris  grow  to- 
gether in  many  lakes  in  northeastern  North  Amer- 

/.  echinospora  and  /.   lacuslris  megaspores  ge 

minated  and  formed  megagametophytes  in  cul 

unusu did  not  germinate. 
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A  hybrid  between  the  basic  diploid  (2/i 
22),  /.  echinospora,  and  the  decaploid  {2n 

2x 

IOjc 

nonviable  megaspores,  and  chromosome  number, 

it  appears  that  these  unusual  Neva  Lake  plants  are 

110),  /.  lacustris,  should  have  a  chromosome       sterile,  interspecific  hybrids  between  /.  echinos- 
umber  of  2/i bx 

66,  the  sum  of  1 1  chro-      pora  and  /.  lacustris.  This  hybrid  has  been  named 

mosomes  from  a  haploid  gamete  oil.  echinospora  I  X  hickey i  (Taylor  &  Luebke,  1988). 

and  55  chromosomes  from  a  haploid  gamete  of  /.  Isoetes  hrochonii,  a  poorly  known  taxon,  has 
iacustris.  Root  tip  squashes  of  the  unusual  Neva  been  collected  from  several  lakes  in  the  Pyrenees 

Lake  plants  show  cells  containing  the  predicted  66  of  France  where  it  grows  with  /.  echinospora  and 

chromosomes  for  a  hybrid  between  a  diploid  and  /.  lacustris.  Since  its  description  by  M.  L.  Motelay 
(1892),  the  taxonomic  status  of  /.  brochonii  has a  decaploid  (Taylor  &  Luebke,  1 988). 

Based  on  megaspore  morphology,  production  of      been  debated,  and  it  has  been  treated  as  a  distinct 

Figures  10.  11.      Scanning  electron  micrographs  of  hoetes  megaspores.- 10.  /.  x  hickeyi.-ll.  I.  brochonii. 
Scale  bar  =  0.25  mm. 
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species  or  it  has  been  variously  allied  to  either  /,  are  hexaploid  and  have  the  variable  spores  char- 

echinospora  or  /,  lacustris  (Prelli  &  Bock,  1989).  acteristic  of  /.   x   hickeyi.  This  is  the  first  report 

In  August  1987, /.  6rof:^onu  was  collected  from  of/.   X   hickeyi  in  Europe,  and  these  collections 

Lac  Vive,  just  west  of  Lac  Bouillouses  in  the  west-  represent  a  geographically  closer  link  to  /.  hro- 

ern  Pyrenees  of  France.  Specimens  from  this  col-  chonii. 

lection  were  cultured  to  provide  root  tips  for  chro-  Evidence  from  distribution  patterns,  spore  mor- 

mosome     counts     and     leaves     for     enzyme  phology  and  viability,  chromosome  numbers,  and 

electrophoresis.  Of  initial  interest  in  this  collection  electrophoretic  profiles  of  leaf  enzymes  supports 

was  the  surface  texture  of  /.  brochonii  megaspores  the  hypothesis  that  /.  brochonii,  like  /.  riparia,  is 

(Fig.  11).  Although  they  were  globose,  and  uniform  an  allopolyploid  species  formed  through  interspe- 
in  shape,  size,  and  surface  texture,  these  mega-  cific  hybridization  and  chromosome  doubling. 

spores  had  a  surface  texture  like  many  of  the  In  addition  to  the  allopolyploid  evolution  of  /. 

megaspores  of/,  x  hickeyi  irom  Neva  Lake,  Wis-  riparia  and  /.  brochonii  described  here,  allopoly- 
consin.  Chromosome  counts  from  root  tip  squashes  ploid  origins  for  several  other  polyploid  taxa  are 

revealed/  brochonii  to  he  dodecap\oid{2n  =  12x  being  disclosed  as  we  learn  more  about  Isoetes. 

—  132),  double  the  chromosome  number  of  /.   x  With  nearly  60  percent  of  the  known  species  being 

hickeyi.  If  /.    x   hickeyi  is  the  sterile,  hexaploid  polyploid,  allopolyploidy  may  be  a  significant  spe- 
hybrid  between  /  echinospora  and  /.   lacustris,  ciation  mechanism  in  this  genus, 

could  /  brochonii  be  the  fertile,  allododecaploid  Thus,  species  of  Isoetes  appear  to  have  evolved 

derivative?  in  two  ways.  First,  species  have  developed  grad- 

Electrophoretic  profiles  of  malate  dehydrogen-  ually  by  isolation  and  genetic  divergence  as  taxa 

ase  (MDH)  from  Isoetes  leaves  help  to  answer  this  adapted  to  terrestrial  and  aquatic  habitats.  Second, 

question.  Leaves  of  /.  echinospora,  L  x  hickeyi,  species  have  formed  through  interspecific  hybriQ" 

/.  brochonii,  and  /.   lacustris  were  crushed  and  ization  and  chromosome  doubling  as  divergent  spe- 

ground  in  phosphate-PVP  buffer  solution.  The  re-  cies  migrated  into  the  same  aquatic  habitats.  In- 

sulting mixtures  were  absorbed  onto  filter  paper  terspecific  hybridization  produces  plants  ot  more 

wicks  and  subjected  to  horizontal  starch  gel  elec-  or  less  intermediate  morphology  and  the  inclusion 

trophoresis.  Electrophoretic  procedure  and  com-  of  such  hybrids  within  species  descriptions  has  con- 
position  of  grinding  buffer  and  staining  method  ^              _                           ... 

follow  Soltiset  al.  (1983).  Electrophoresis  was  con-  intermediate,  hybrid  morphology  in  fertile,  poy- 
ducted  using  an  electrode  and  gel  buffer  system  ploid  species  (Hickey  et  ah,  1989b). 
by  Clayton  &  Tretiak  (1972)  adjusted  to  pH  6.0 

with   N-3   (3-aminopropyl)-morpholine  in  a    12% 

starch  gel  at  4°C  at  a  constant  current  of  40  mamp 

distinctions 

Conclusions 

W 

30  min.  The  gel  was  sliced,  incubated  in  substrate The  role  of  habitat  in  explaining  the  phylogeny r  1  1  .1     i_ —  —agnized-  but 

at  37**C  for  30  min.  in  the  dark,  rinsed  in  distilled  there  is  a  growing  body  of  evidence  indicating  that 

water,  and  photographed.  the  major  clades  of  the  genus  radiated  subsequent 

Electrophoretic  profiles  of  /.  echinospora,  /  x  *  ^ 
hickeyi,  I.  brochonii,  and  /.  lacustris  support  the 
hypothesis  that  /.    x    hickeyi  is  a  sterile  hybrid 

between  /  echinospora  and  /  lacustris  and  that  dies.  The  evolution  of  novel  character  states  oc 

L  brochonii  could  be  an  allododecaploid  derivative  curred  as  members  of  the  genus  radiated  into  ter 

to  environmental 
were  everereen  a 

with 

fibrous of  /.  X  hickeyi.  In  Figure  12,  MDH  profiles  of  /. 

following 

hickeyi  and  /   brochonii  appear  similar  and      fibrous  bundles  for  support,  sclerified  leaves 

ubulae 

and 

Pral 

additive  for  their  suspected  parents  /.  echinospora    ,  ̂ „^^^  ̂ „^  ̂ xv.l^^wv.x*,  ̂    ,  - 

and  /.  lacustris,  but  it  is  impossible  to  precisely  leaves  to  reduce  water  loss  were  derived  as  plant^^ 
interpret  the  MDH  band  patterns  until  variation  in  adapted  to  more  xeric  environments.  Subsequent^^ 

parental  species  is  identified  and  segregation  studies  many  of  these  novel  states  were  lost  as  p '^'^ 

lants 

are  conducted. 

Isoetes  X   hickeyi  has  recently  been  collected 
from  Lac  Long  and  Lac  Font  Vive  in  the  western 

wetter 

reverted  to  aquatic  habitats  perhaps  during 

periods.  These  serial  environmental  shifts  re 
      in  a  tremendous  amount  of  parallelism  an 

Pyrenees  of  France,  within  the  range  of  /.   bro-      vergence  as  characters  or  character  states  we 
chonii  (Carmen  Prada,  pers.  comm,).  Prada's  plants     gained,  lost,  or  modified. 
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Lanes  5-9.  hi 

MDH  (Malate  dehydrogenase)  zymogram 

=  /.    X    hickeyL —Lsines  10-14.  br  =  /-  brochoniL chromosome  base  number  for  Isoetes. 

of  Isoetes  leaves. - 
—Lanes  15-18. 

Lanes  1-4.  ec  =  L  echinospora, — 
la  =  /.  lacustris.  x  =   11, 
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PALEOZOIC  HERBACEOUS 
LYCOPSIDS  AND  THE 
BEGINNINGS  OF  EXTANT 
LYCOPODIUM  SENS.  LAT.  AND 
SELAGINELLA  SENS.  LAT. 

Barry  A.  Thomas^ 

Abstract 

Devonian  and  Carboniferous  herbaceous  Lycopsids  are  reviewed  to  illustrate  their  diverse  morphologies.  The  problem 

of  interpreting  small  fragments  of  Lycopsids  as  either  the  remains  of  herbaceous  plants,  or  as  terminal  portions  of 

much  larger  plants,  is  highlighted.  Lycopsids  resembling  the  extant  genera  Lycopodium  and  Selaginella  are  known 

from  the  Carboniferous  onward.  The  problems  of  assigning  these  herbaceous  taxa  to  extant  genera  are  discussed. 

The  presence  of  both  isophyllous  and  heterophyllous  Selaginella-like  plants  in  the  Carboniferous  supports  the  idea 
that  the  genus  should  be  divided  into  at  least  two  genera. 

Any  paleobotanical  study,  unlike  that  of  extant  Mart.,  1829,  in  size  and  general  morpholog
y  and, 

plants,  involves  plant  remains  that  are  nearly  all  as  far  as  we  know,  in  stelar  anatomy  and  m  bem
g 

isolated  organs  or  fragments  of  the  whole  plant.  homosporous.  The  problem,  however,  
is  that  al- 

Much  effort  is  expended  trying  to  reconstruct  whole  though  these  early  land  plants  re
sembled  lycopsids 

plants  from  these  remains,  often  with  quite  striking  vegetatively,  their  sporangia  wer
e  cauhne  rather 

and  valuable  resuks.  People  should  not,  however,  than  being  on  the  adaxial  surfaces  of  sp
orophylls^ 

become  accustomed  to  looking  at  plant  fossQs  as  This  cauline  arrangement  is  more
  like  that  of  such 

though  they  are  all  fragments  of  large  plants.  This  plants  as  Zosterophyllum 
 PenhaUow,  1892,  and 

is  clearly  not  the  case;  herbaceous  plants  were  Sawdonia  (Dawson)  Hueber,  197
1,  which  are  m- 

probably  present  in  large  numbers  in  most  of  the  eluded  in  the  Zostero
phyllophytma.  One  other  ge- 

many  diverse  floras  that  have  existed  from  the  late  nus  very  similar  to  Aster
oxylon  is  the  Lower/ 

Paleozoic  onward.  They  would  have  formed  the  Middle  Devonian  Kaulangwphyt
on  Gensel    Kas- 

ground  cover  in  open  habitats  or  the  floor  layer  of  per  &  Andrews  (1 969)
.  It  was  described  as  having 

the  more  closed  forest  communities.  Unfortunately,  prostrate,  dichotomously  b
ranchmg  rhizomes  and 

remains  of  these  herbaceous  plants  might  easily  be 

mizing 

niisident 

or  just  overlooked. 

Lower  Paleozoic  Lycopsids 

The  ovoid  sporangia  borne  on  some  of  the  upright 

branches  terminated  well-developed  lateral  stalks. 

They  were  not  associated  in  any  regular  manner 

with  the  sterile  spines.  Schweitzer  ( 1 980),  however, 

concluded  that  the  type  species,  K,  akantha,  was 

Herbaceous  lycopsid-like  plants  are  known  from       conspe
cific  with  Drepanophycus  devo,.U:us,  so  that 

the  Upper  SUurian  onward.  The  earliest,  Barag- Kaulangiophyton  should  be  regarded  as  a  syn- 

^anathia  Lang   &   Cookson,    1935,   came  from       onym  of  Dre
panophycus. 

Upper  Silurian  strata  of  Victoria,  Australia  (Garratt 

et  al.,  1984).  It  was  very  similar  to  Drepanophy- 

<^"s  spinaeformis  Goeppert,  1852,  and  Asterox- 
ylon mackiei  Kidston  &  Lang,  1920,  from  the 

Lower  Devonian  of  the  present  Northern  Hemi- 

sphere, in  having  a  partly  creeping  and  partly  erect 
habit  with  lateral  branching  and  spirally  arranged 

microphylls.  They  must  have  been  very  similar  to 
^'^g  Hunerzia  selaeo  (L.)  Bernh.  ex  Schrank  & 

ibo 

taxonomic  relationships  of  these  early  lycopsid-like 

forms.  Banks  (1968)  described  them  as  transitional 

between  the  Zosterophyllopsida  and  the  Lycopsida. 

Bierhorst  (1971)  argued  that  they  should  be  placed
 

in  a  new  order,  the  Asteroxylales,  within  the  cla
ss Rayn 

milar 

new  class,  the  Drepanophycopsida,  is  needed
  for 

Botany.  National  Museum  of  Wales.  Cath
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plants  intermediate  in  organization  between  the  tures  are  not  reliable  enough  to  prove  that  the 

Zosterophyllopsida   and   the   Lycopsida.    It   may,  fragments  came  from  a  herbaceous  plant  for,  as 

however,  be  a  little  premature  to  accept  this  new  Matten  has  indicated,    Wexfordia  might  instead 

class  because  most  species  of  Drepanophycus  have  represent  the  distal  portions  of  a  larger  plant  such 

been  included  in  the  genus  solely  on  vegetative  as  Cyclostigma  or  even  fragments  of  a  rhizome. 

characters;  the  genus  could  easily  represent  several 

LiGULES  AND  TaXONOMIC  PROBLEMS 

In  living  lycopsids  ligules  are  restricted  to  het- 

erosporous  genera.  However,  in  fossils  it  is  often 

plied  this  by  segregating  Z).  gaspianus  as  a  new 

genus,  Haskinsia. 

und 

is  difficult,  as  only  a  relatively  simple  change  of  impossible  to  determine  whether  leafy  shoots  are 

sporangial  position  was  needed  to  derive  the  first  ligulate  or  eligulate.  One  exception  is  the  Lower 

lycopsid  from  Its  drepanophycopsid  ancestor.  The  Carboniferous  eligulate  leafy  shoot  S^a/i5fewr7a/?e- 
earliest  homosporous  lycopsids  diversified  and  ra-  tersenii  Tidwell  &  Jennings  (1986).  There  is  a 
diated  in  many  ways,  as  hybridization  was  probably 

easily  accomplished  through  the  plants'  relatively 
simple  genetic  make-up  (Banks,  1968).  Some  forms 

general  assumption  that  fossil  lycopsids  that  are 

known  to  be  ligulate  are  also  heterosporous  and 

vice  versa,  even  though  the  homosporous  Devonian 
of  plants  seem  to  have  continued  almost  unchanged  Leclercqia  has  been  shown  to  be  ligulate  (Gnerson 

to  the  present  day.  Others  evolved  into  further  &  Bonamo,    1979;  Bonamo  et  al.,   1988).  This 

homosporous  herbaceous  forms  or  into  heterospo-  genus  has  been  described  from  several  North  Amer- 
rous  ones,  while  some  evolved  along  quite  different  ican  localities  (Kasper  &  Forbes,  1979)  and  from 

paths  that  gave  rise  to  the  arborescent  Carbonif-  Australia  (Fairon-Demaret,    1974)  and  was  evi- 
erous  lycopsids  and  eventually  to  the  extant  Isoetes  dently  widespread. 

(Snigirevskaya,    1980;   Pigg   &   Rothwell,    1983;  Ligulate  lycopsids  continued  to  evolve  rapidly 

Karrfah,  1984).  during  the  Carboniferous,  There  were  a  number  of 

Lycopsids  are  perhaps  the  most  common  plant  recognizably  different  forms.  The  morphologically 

fossils  found  in  Devonian  rocks  around  the  world.  simplest  erect  isophyllous  axes,  with  unknown  re 
This  may  reflect  a  greater  tolerance  of  climatic 
and  other  ecological  conditions,  and/or  their  better productive  features,   were  worldwide  during  the 

Lower  Carboniferous,  but  became  more  restricted 
potential  for  fossilization.  Nevertheless,  this  wider  during  the  Upper  Carboniferous  and  Permian.  Large 

distribution  is  generally  taken  as  evidence  for  a  numbers  eventually  survived  only  in  the  colder  area 
uniform  worldwide  flora   in  mid-Devonian  times  of  what  is  now  Siberia  (then  Angaraland).  Meyen 

(Fairon-Demaret,  1974;  Gould,   1975;  Anderson  (1976)suggestedthat  they  may  have  escaped  com- 
&  Anderson,  1985,  Edwards  &  Benedetto,  1985).  petition  here  from  more  vigorous  plants  that  were 

Many  of  these  Devonian  and  subsequent  Car-  evolving  elsewhere.  Similar  genera  have  been  de- 
boniferous    adpression   lycopsids    have    been   de-  scribed  from  the  northern  slope  of  Alaska,  which 

suggests  that  this  area  of  land  was  once  ̂ '^^^^^^' 

or  part  of,  Angaraland  (Thomas  &  Spicer,  1^     ' 

scribed  as  herbaceous,  although  they  are  known 
only  as  fragmentary  remains  of  leafy  axes  or  even 
axes  with  scars  marking  the  former  attachment  of      Spicer  &  Thomas,  1987). 
leaves.   For  example,  Grierson  &   Banks  (1963, 
1983)  described  Archaeosigillaria  Kidston,  1901 , 
Protolepidodendron  Kre]ci,  1880,  Colpodexylon 
Banks.   1944>  EleAithprnnhvllum  9^Uir     1^77     ^,. 

Such  sterile  axes  are  referred  to  genera 
solely 

on  morphological  characters  related  to  phyllota
xy, 

leaf  morphology,  or  to  features  visible  after   e
a 

,    .           ,   ,  ̂„        faU  such  as  the  leaf  cushion,  leaf  scar,  M^  P^ ' 
gamhrophyton  Schmidt,  1954  and  Zimmerman-      and  infrafoliar  bladder  (Thomas  &  Meyen,  1984a;. 

This  is  a  workable  system  provided  that  its  m 

important  limitations  are  understood.  These  a    - 

(1.)  The  systematic,  taxonomic,  and  ev
olutionary 

Tournaisean  of  Ireland  (Matten,  1989)  highHghts       relationships  of  fragmentary  adpression  axes  ar 

immermann 

on  such  evidence. 

The  recent  desi 

copsids  when  they  are  preserved  as  perminerali- Th 

Wexfordia,  have  only  primary  tissues  and  a  com- 
bination of  characters  intermediate  between  the 

Devonian  Protolepidodendrales  and  the  Upper  Car- 
boniferous  Lepidodendrales.  However    these  fea- 

impossible  to  assess  accurately  without  deta 

any  reproductive  organs.  An  overly  simplistic  ap^ 

proach  can  lead  to  generalized  comparisons  ̂  

statements  that  are  impossible  to  prove,  l^^^ 

reason,  Thomas  &  Brack-Hanes  (1984)  ̂ ^^g^^'  ̂ 

an  alternative  method  of  classifying  lycopsids  w  ̂ ^ 

only  bisporangiate  whole  plants  or  fructiiic 
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I 
megasporangiate  fructifications,  or  isolated  mega-  copsids,  or  the  evolutionary  history  of  the  modern 

sporangiate  organs  could  be  assigned  to  families.  herbaceous  genera  Selaginella  sens.  lat.  and  Ly- 
All  other  organs  are  then  described  as  satellite  taxa  copodium  sens,  lat.? 

assigned  either  to  a  family  or  to  an  order,  as  seems  Available  evidence  suggests  that  the  extant  her- 

most  appropriate  in  each  case.  (2.)  An  assumption  baceous  lycopsids  most  probably  had  their  origins 

that  placing  different  species  in  the  same  genus  in  the  same  Upper  Carboniferous  equatorial  region 

implies  phylogenetic  relationship  rather  than  mere  where  the  arborescent  lycopsids  were  reaching  their 

phenetic  similarity  can  influence  the  conception  of  zenith.  In  contrast  with  the  Euramerican  equatorial 

plant  communities,  distribution  patterns,  and  pa-  region,  the  northern  Angaran  Upper  Carboniferous 

leogeography.  (3.)  It  is  difficult  to  know  whether  and  Permian  floras  showed  increasing  endemism. 

many  specimens  are  from  herbaceous  or  arbores-  There  were  large  numbers  of  lycopsids  in  the  An- 

cent  lycopsids,  and  it  is  easy  to  make  assumptions  garan  Carboniferous  that  Meyen  (1972)  described 

that  are  untestable  on  limited  evidence.  as  a  cheerless  and  monotonous  *'brush"  of  fairly 

When  further  evidence  is  found  of  larger,  more  short  straight  sticks  and  suggested  that  the  scanty 

complete,  specimens,  or  of  attached  reproductive  vegetation  was  associated  with  lakes  and  rivers. 

organs,  the  possible  interpretations  must  be  treated  There  were  no  truly  herbaceous  forms;  the  lycop- 

with  care.  For  example,  the  Lower  Carboniferous  sids  were  represented  by  such  genera  of  shrubby 

European  genus  £5 A:^a/ia  Kidston  emend  Thomas  plants   as    Lophiodendron   Zalessky,    1936,    7b- 

&  Meyen  (1984b),  also  described  from  South  Af-  mtWertJronRadczenko  emend.  Meyen,  1912,  An- 

rica  (Brown  &  Lemoigne,  1977)  and  Siberia  (Tho-  garophloios   Meyen,    1972,    Ursodendron   Rad- 

mas  &  Meyen,    1984b),  has  generally  been  re- czenko   emend.    Meyen,    1972,   Angarodendron 

garded  as  a  taxon  of  comparatively  smaU  lycopsids  Zalessky,  1918,  Tunguskadendron  Thomas  & 

(Thomas,  1968;  Meyen,  1976;  Thomas  &  Meyen,  Meyen,  1984c,  and  Eskdalia  Kidston  emend  Tho- 

1984b).  Rowe  (1988a),  however,  redescribed  and      mas  &  Meyen,  1984b. 
Simil renamed  some  specimens  of  Scutellocladus  var- 

iabilis Lele  &  Walton  (1962)  from  the  Visean  the  Upper  Paleozoic  tundra  vegetation  of  Gon- 

Drybrook  Sandstone  of  the  Forest  of  Dean,  dwanaland  (RetaUack,  1980).  There  were  instead 

Gloucestershire,  United  Kingdom,  as  E.  variabilis,  very  small  trees  or  shrubs  such  as  the  Argentinian 
which  he  believed  to  be  the  terminal  shoots  of  an described 

arborescent  lycopsid  because  of  its  branching  pat-  changelsky  et  al.  (1 98 1 )  and  the  BrazUian  Permian 

tern  and  its  possession  of  terminal  cones.  This  Brasilodendron  Chaloner  et  al.,   1968.  Archan- 

species  underlines  the  dangers  of  making  gener-  gelsky  et  al.  (1981)  showed  that  Bumhu
dendron 

alized  inferences  from  comparison  of  species  based  paganzianum  had  fertile  branch  structur
es  rather 

vegetative  axes.  The  type  specimens  of  Esk-  than  strobili,  and  Chaloner  et  
al.  (1968)  suggested 

simil sun dalia  variabilis  were  originally  assigned  to  the 
monotypic  genus  Scutellocladus  Lele  &  Wahon  ,     .      ,      t  i-    i_      r 

(1962),  but  were  later  included  in  Tomiodendron  common  world-wide  
m  the  Lower  Carbomferous 

Radczenko  emend.  Meyen,  1972,  by  Thomas  &  but  later  seem  to  
have  become  restricted  to  the 

Purdy  (1983);  a  genus  that  has  also  been  described  equatorial  belt, 

from  Alaska  (Spicer  &  Thomas,  1987),  North  Af- 

rica (Lejal-Nicol  &  Massa,  1 980)  and  Siberia  (Mey-  Hqj^ospory 
en,  1976).  The  use  of  either  of  the  widely  distrib- 

uted genera  Eskdalia  or  Tomiodendron  for  these           Lycopodites  Brongniart,  1822,  or  Lycopodites 

fertUe  British  Visean  shoots  could  be  misinterpreted  Lindley  &  Hutton,  1833,  is  a  name  that  
has  been 

as  implying  that  aU  species  included  within  it  are  given  to  small,  presumed  herbaceous,  
leafy  lycopsid 

taxa  of  the  terminal  branches  of  arborescent  ly-  shoots.  Species  based  on  vegetative  axes  ̂ ^^^^ 

*:opsids.  Scutellocladus,  redefined  to  include  the  r         o  •      ♦ 

terminal  reproductive  organs,  should  not  be  mis-      cussed  the  problems  emanatmg  from  Br
ongmart  s 

been  included.  Pal  &  Ghosh  (1990)  have  dis 

^terpreted  in  this  way. (1822)  use  of  Lycopodites  for  a  type  species  whose 

confused 

The  Beginnings  of  Modern  Herbaceous  Lycopsids 

What  then  can  be  interpreted  from  the  fossil 

record  that  might  give  some  indication  of  the  evo- 
lutionary relationships  within  the  herbaceous  ly- 

ferring  Lindley  &  Hutton's  usage  of  the  generic 
name. been  described 

the  Upper  Devonian  onward  and  some  of  these  are 

known 
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Weyl from  the  Upper  Devonian  of  Belgium  is  an  isolated 

Upper  Devonian  of  Germany  has  globose  sporangia  portion  of  a  cone  with  narrowly  triangiJar  and 

on  unspecialized  sporophylls  and  spores  that  are  toothed  sporophylls,  each  bearing  a  stalked,  slightly 

90-120  jum  in  diameter.  Other  species  are  merely  reniform  sporangium.  The  spores  are  all  24O-320 
vegetative  shoots  with  no  indication  of  their  re-  jum  in  diameter  and  are  interpreted  as  small  mega- 
productive  organs.  Some  of  these  vegetative  shoots  spores.  However,  no  ligules  have  been  observed, 

assigned  to  Lycopodites  are  isophyllous,  such  as  These  morphological  characters,  and  details  of  its 

L,  pendulas  Lesquereux,  1880,  from  the  Upper  anatomy  and  vascular  bundles,  suggest  that  B. 

Carboniferous  of  Illinois,  U.S.A.,  L.  arheri  Ed-  famennensis  is  closer  to  Carboniferous  lycopsids 

wards,  1934,  from  the  Jurassic  of  New  Zealand  than  to  the  early  Devonian  forms.  Unfortunately, 

and  Lycopodites  hannahensis  Hsirvis^  1976,  from  once  again  the  vegetative  organs  of  the  plant  are 
the  English  Wealden.  This  last  species,  based  on  unknown. 

a  large  number  of  erect,  dichotomizing  vegetative  Other  herbaceous  forms  from  the  Euramerican 

stems  preserved  in  a  fine-grained  sandstone  was  Upper  Carboniferous  Coal  Measures  were  very  sim- 
interpreted  by  Harris  as  a  slender,  upright,  reedlike  ilar  to  extant  species  of  Selaginella,  Some  are 

plant.  I  have  found  a  similar  specimen  in  fine-  known  to  have  been  heterosporous,  but  others  are 

grained  sandstone  in  the  Yorkshire  Jurassic.  Such  known  to  resemble  Selaginella  only  in  morpho- 

plants  might  well  have  been  common  on  sandy  mud  logical  characters  of  vegetative  shoots.  Both  iso- 
flats  on  riverbanks  and  deltas  throughout  the  Me-  phyllous  and  anisophyllous  species  are  known  from 
sozoic.  Other  species  of  Lycopodites  are  aniso-  the  Carboniferous  onward. 

of  larger  leaves  The  fairly  rare  anisophyllous  shoots  either  have 

and  two  upper  ranks  of  smaller  leaves.  The  type  been  placed  into  Ijco/?o<ff>e5  (as  mentioned  above), 

rank 

fi 

included  in  the  genus  Selaginellites  Zeiller,  1906, 
examined  by  Harris,  1961),  is  of  this  form.  This  or  even  regarded  as  species  of  Selaginella  sens. 
character  is  not  restricted  in  extant  species  to  Se-  str.  Selaginellites  was  first  used  by  Zeiller  for  a 

laginella;  there  is  a  form  of  anisophylly  occasion-  specimen  from  the   Upper  Carboniferous  of  the 

ally  present  in  Lycopodium  resembling  that  of  Blanzy  Coalfield,  France  that  he  named  Selagi- 
Selaginella  (e.g.,  Lycopodium  carolinianum  fig-  nellites  suissei.  This  lycopsid  had  a  dichotomously 
ured  in  Troll,  1937).  This  clearly  has  implications 
for  the  use  of  anisophylly  as  an  aid  to  generic 
distinction,  and  the  problem  will  be  discussed  later 

in  the  section  on  the  ̂ 'generic  assignment  of  her- 
baceous fossil  lycopsids/' 

branched  stem,  dimorphic  leaves,  and  a  distinctive 

bisporangiate  cone  with  apical  microsporangia  and 

basal  megasporangia.  Selaginellites  suissei  is 

therefore  very  similar  to  many  living  anisophyllous 

species  of  Selaginella  that  have  tetragonous  stro- 
bili  (e.g.,  Selaginella  vogelli  Spring,  5.  cathef 

by  Baxter  (1971)  to  a  single  lycopsid  cone  from      rifolia  Spring  and  5.  pervillei  Spring:  Quansah Pennsyl 
1988). 

mm  in  diameter,  suggesting  that  it  might  have  been  There  are  several  other  species  of  anisophyllous 

the  fructification  of  an  herbaceous  species.  The  spores      Selaginellites  that  have  been  described  from  the 
were  all  of  one  type  and  20-22  Mm  in  diameter, 
indicating  that  the  cone  was  either  homosporous, Carboniferous  Coal  Measures.  I  have  reexamined 

the  remarkable  specimen  of  Selaginellites  gutbieri microsporangiate,  or  a  fragment  of  a  heterosporous      (Goeppert)  Kidston,  1911,  from  the  Westphalian 
cone.  Baxter,  however,  stated  that  Carinostrobus      D  of  the  Zwickau  Coalfield,  Poland,  which  was 

refigured  by  both  Schimper  (1870-1872,  pK  57, 

fig.  4)  and  Hirmer  (1927,  fig.  327).  It  is  truly 

anisophyllous  with  terminal  cones.  Microspores  \ 

the  Ciratriradites  form)  were  recovered  from  sev- 

clearly  lacked  a  ligule.  Unfortunately,  we  have  no 
knowledge  of  the  plant  that  bore  the  cone. 

Heterospory 

eral  of  the  cones,  although  megaspores  were  no Heterospory  is  presumed  to  have  developed  in       found.  It  is,  however,  quite  possible  that  the  plan« 
several  groups  of  plants  during  the  late  Devonian,       had  only  microsporangia  similar  to  the  condition 
for  the  record  of  fossil  spores  shows  a  rapid  increase 
in  the  number  and  diversity  of  presumed  mega- 

spores during  this  period  (e.g.,  Chaloner,  1967). 
A  few  heterosporous  Devonian  fructifications  prob- belong 

fi 

found  in  some  individuals  of  many  living  am 

phyllous  species  of  Selaginella  (e.g.,  S.  versicolor 

Spring,  S.  vogellii  Spring  and  S.  leonensis  
Hieron- 

(Quansah,  1988)).  Selaginellites  elongata  ̂ Oj 

denberg,  1855,  is,  however,  rather  d'ff*"'''"'.j^ 

was  reexamined  by  Halle  (1907),  who  describea 
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the  sporangia  as  occurring  In  the  axils  of  ordinary  growth.  The  terminal  cones  had  sporophylls  ar- 

vegetative  leaves.  This  condition  is  found  in  living  ranged  in  alternating  pairs  of  verticels.  It  is  very 

species  such  as  Selaginella  denticulata  (L.)  Link  similar  in  morphology  to  some  extant  species  of 

and  S.  pallidissima  Spring,  where  there  are  two  Selaginella  (e.g.,  S.  selaginoides  L.),  except  for 

sizesof  sporophylls  arranged  in  four  ranks.  In  these  not  having  a  distinctive  basal  root-bearing  organ, 

living  species  the  smaller  sporophylls  are  in  the  It  also  shows  a  very  close  similarity  in  stelar  anat- 

same  plane  as  the  smaller  median  vegetative  leaves,  omy,  change  in  the  number  of  protoxylem  points, 

and  the  larger  sporophylls  are  in  the  same  plane  secondary  growth  in  the  base  of  the  stem,  and  in 

as  the  larger  lateral  vegetative  leaves  (Quansah,  the  change  from  centrarch  to  exarc  steles. 

1986).  This  gives  the  superficial  appearance  of  Isolated  cones  are  also  included  in  Selagincl 

there  not  being  a  discrete  cone.  Kidston  (1911)  /lYes,  such  as  5. />o/ans  Lundblad,  1948,  from  the 

also  described  some   fertile  specimens  from  the  Trias  of  Greenland.  We  know  nothing  of  their  axes, 

Westphalian  B  of  the  Belgium  Coalfield  as  Seta-  and  their  assignment  to  this  genus  is  therefore 

ginellites  gutbieri,  although  his  plate  figures  are  tenuous. 

labeled  as  S.  primaevus  Goldenberg.  There  are,  Miadesmia  membranacea  Bertrand  (Benson, 

however,  several  characters  that  distinguish  the  1908)  is  an  isolated  cone  of  a  rather  different 

Belgian  cones  from  5.  gutbieri.  The  most  obvious  structure.  Its  small  size  suggests  that  it  might  be- 

differences  are  that  the  larger  leaves  are  much  long  to  an  herbaceous  lycopsid,  although  there  is  no 

more  dentate  and  the   sporophylls  are  approxi-  other  evidence.  It  is  megasporangiate:  a  single  large 

mately  the  same  size  as  the  larger  vegetative  leaves.  megaspore  occupies  each  sporangium,  which  in 

It  is  therefore  very  similar  to  5.  elongata,  although  turn  is   enclosed   by  integuments,   suggesting   an 

a  reexamination  of  the  Belgian  material  is  neces-  analogy  in  its  structure  with  that  of  lepidocarpon 

sary  before  any  firm  identification  can  be  made, 

I  have  also  seen  other  specimens  of  late  Car- 

boniferous herbaceous  anisophyllous  shoots,  from  ̂ j,^^  GENERIC  ASSIGNMENT  OF  HERBACEOUS 
Poland  and  Germany,  that  have  distinctly  different  pQggjL  LycopSIDS 

Scott,  1900. 

leaf  shapes,  leaf  orientations  and  leaf  outlines.  Such 

characters  are  remarkably  consistent  in  living  spe- 

(Quansah 
LycopodiM  is  generally  used  to  encompass  ho- 

mosporous  lycopsids,  or  just  vegetative  axes,  bear- 

so  it  is  reasonable  to  assume'  that  they  can  be  used      ing  a  resemblance  to  living  species  of  Lycopodium.
 

for  distinguishing  species  of  fossils. Ahhough  the  usage  of  the  name  Lycopodites  var- 

AnisophyUous  forms  have  also  been  described  ies,  there  Is  no  strong  argum
ent  for  any  of  the 

from  Mesozoic  strata,  and  many  of  these  have  been  fossils  to  be  included  within 
 Lycopodium  sens.  str. 

shown  to  be  heterosporous;  examples  include  Se-  Lycopodites  seems  to
  be  a  problematic  taxonomic 

laginella  anasazia  Ash,  1972,  from  the  Trias  of  unit;  some  specimens  have  e
ven  been  subsequently 

New  Mexico,  Selaginella  hallei  Lundblad,  1950b,  shown  to  be  twigs  of  large
r  lycopsids  or  even  of 

from  the  Rhaetic  of  Sweden  and  Selaginella  daw- 
5ont  Watson,  1969,  from  the  Wealden 

There  are  also  vegetative  shoots  such  as  Selagi- 

When 
/ 

ton  (see  Pal  &  Ghosh,  1990,  for  a  discussion  on 

nella  dichZlVaTZnZskyJ  Wklav,~19ll,  generic  priority),  from 
 the  Yorkshire  Jurassic  he 

from  the  Jurassic  of  Siberia  and  Selaginellites  not  only  confir
med  its  an.sophyllous  structure  but 

nosikovii  from  the  Cretaceous  of  Czechoslovakia,      showed  there  
to  be  twice  as  many  larger  lateral Th fi 

be 

bett 

nella  (=  Selaginellites)  are  known  from  the  Lower 

Carboniferous.  These,  called  Selaginellites  resi-  r    .    •,  .  . 

mus  Rowe  (1988b),  came  from  the  Drybrook  Sand-  tes  to 
 that  of  a  form-genus  of  sterde  axes  and  to 

stone.  They  are  both  herbaceous  and  isophyllous,  accept  tha
t  .t  .s  dehmited  by  ar  -fu^ial  parameters 

-ith  small  terminal  strobili  showing  impressions  of  "--
'^  i^  ̂69)  classification  of  Me.ozcnc  con.fer 

^egaspores  in  several  sporangia. 
Isophyllous  forms  such  as  Selaginella //     _ 

(Leclercq)  Schlanker  &  Leisman,  1969,  are  also 

shoots 
about 

the  necessity  of  using  another  generic  name  in 

l^nown  from  the  Upper  Carboniferous  Euramerican  preference  to  ̂eia^'-  ;f-  ̂o-'  ̂ nZlZZ 

Coal  Measures,  although  they  are  similarly  rare,  bling  
this  genus.  Zedler  (1906)  ongmally  suggested 

This    sn^nJoc    has    been    described    as    sparsely that  the  presence  of  more  than  four  megaspores opci;ic5     lias     ueen     ucsciu^cu     a^     ̂ ^— — j       "  r  ^  -.    ,         .  v •    ̂ ^l^_ 

Wnched,  sprawling  and  possibly  of  determinate    
  in  each  megasporang.um  was  a  dM.ngu.shmg  char- 

species 
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acter  of  his  new  genus  Selaginellites.  Halle  (1907)  record  soon  after  the  isophyllous  forms,  implying 

did  not  accept  that  this  character  was  essential  and  that  plants  with  the  Selaginella  selaginoides  mor- 

used  Selaginellites  for  all  heterosporous  fossils.  phological  form  may  not  be  ancestral  to  all  Sekg- 

Subsequently,  Duerden  (1929)  and  Quansah(  1988)  meWa-like  fossils.  It  is  possible  that  an  ancestral 

showed  that  living  species  of  Selaginella  can  pos-  group  of  both  the  isophyllous  and  anisophyllous 

sess  more  than  four  megaspores  per  sporangium.  lycopsids  might  be  eventually  recognized  in  the  late 

Seward  (1910),   Harris  (1935),  Hirmer  (1941),  Devonian  or  very  early  Carboniferous  lycopsids. 

Chaloner  (1967),  and  Rowe  (1988a)  used  Sela-  However,  it  is  also  possible  that  these  plants  are 

ginellites  for  all  fossil  shoots  that  were  closer  to  much  less  closely  related  than  has  been  previously 
Selaginella  than  any  other  genus.   In  contrast,  thought. 
Darrah  (1938),  Lundblad  (1950b),  Townrow 

(1968),  Schlanker  &  Leisman  (1969),  Watson 

(1969),  and  Ash  (1972)  used  Selaginella  for  fossil 
shoots  because  they  could  not  demonstrate  any 

real  morphological  differences  from  the  extant  spe- 

FossiL  Evidence  for  the  Generic  Assignment  of 

The  Extant  Species  of  the  Selaginellaceae 

Early    classifications 
Wildenow 

cies  of  that  genus.  The  problem  of  using  generic  Sprengel,  1827)  placed  Selaginella  within  the  ge- 
names  of  extant  plants  for  fossil  specimens  is  a  nus  I jco/?oG?mm,  though  Spring  (1850)  presented 

major  one  encountered  throughout  palaeobotany  the  major  monograph  of  the  genus  Selaginella  as 

(e.g.,  Collinson,  1986).  In  the  case  of  the  herba-  it  is  presently  understood.  Even  though  most  work- 

ceous  anisophyllous  axes,  further  complications  can  ers  have  generally  understood  and  agreed  on  trie 

arise  during  attempts  to  include  fossil  species  of  parameters  delimiting  the  genus  Selaginella,  there 

Selaginella  in  the  described  subgenera,  or  to  in-  have  been  many  attempts  to  express  taxonomically 

corporate  them  into  the  various  genera  suggested  groups  of  species  that  have  distinctive  morpholo- 

for  splitting  Selaginella.  This  problem  will  be  dis-  gies.  The  taxonoraic  divisions  of  the  genus  by  var- 

ious authors  differ  in  the  number  of  subgenera  or 
cussed  in  the  following  section. 

Fossil  plants  are  usually  incomplete  fragments  genera  that  they  accept. 
of  whole  organisms,  which  pose  even  more  prob-  A  study  of  African  spe< 

lems  for  generic  assignment.  For  example,  Lund-  sah,  1986)  and  a  preliminary  review  of  approxi :ginella  (Q 
blad  (1948)  assigned  a  small  detached  heterospo- 

(Quansah 

rous  cone  to  Selaginellites  with  no  knowledge  of  Thomas,  1985)  suggest  that  the  genus  should  be 

vegetative  morphology,  even  though  the  cone  was  divided  into  at  least  two  genera  or  subgenera:  those 

broader  than  those  of  all  living  species  of  Selagi-      with  isophyllous  leaves  and  those  with  anisophyllous 

nella.  This  approach  may  be  the  simplest  way  of  leaves.  This  is  supported  by  several  recent  studies, 

dealing  with  the  situation  but,  when  the  fossils  are  including  Jermy  et  al.  (1967),  Crabbe  &  Jermy 

merely  vegetative  axes,  taxonomic  decisions  have  (1976),  Alston  et  al.  (1981),  and  Tryon  &  Tryon 

to  be  made  without  knowledge  of  their  reproductive      (1981),  whose  authors  have  recognized  two  su  - 

genera,  Selaginella  and  Stachygynandrum
.  with- 

in the  genus.  The  two  groups  originate  from  Baker 

(1883,   1887)  classification.  The  other  
two  sub- 

organs 

Walto 

It  is  interesting  to  note  how  the  use  of  these 

generic  names  can  vary,  even  within  a  single  pub- 
lication. For  example,  Lundblad  (1950a)  named  ^   ,  .^^„^...«^   j   ..^-    -         . 

an  isolated  cone  from  the  Rhaetic  of  Sweden  Se-  Alston  (1938),  Homostachys  and  Heterostachyh 

laginellites  hallei  sp.  nov.  but  referred  the  asso-  are  best  recognized  at  a  lower  hierarchical  le^^ 

ciated  vegetative,  anisophyllous  axes  to  Lycopodi-  within  the  group  containing  all  the  anisophylio" tes  scanicus  Nathorst  ex  Halle,  Later,  Lundblad 
(1950b)  found  fertile  specimens  sharing  the  char- species. 

Jermy  (1986)  has,  however,  proposed  five acters  of  both  these  species  and  named  them  Se-      genera  within  Selaginella.  The  two  subgenera 

sub 

of 

comb 

rules 
  ^      anisophyllous  species  differ  in  several  charac  e   t 

to  use  the  cone  name  rather  than  taxonomically      including  their  cone  morphologies.  It  is  ̂ ^^^^f|^ 

to  note  that  Carboniferous  Selaginellites  could  ̂_ 

included  in  both  of  these  subgenera;  5.  g^^  '^ 

with  its  uniform  and  tetrastichous  sporophylls,  co 

be  included  in  Jermy's  subgenus  Stachyg)^ 

drum  (P.  Beauv.)  Baker,  while  the  Carbonifero^ 

Selaginellites  elongata  could  be  include
d  m  J^r- 

ority  (cf.  Greuter  et  al.,  1988), 

Many  systematists  have  followed  Bower  (1935) 
in  arguing  that  Selaginella  selaginoides  L.  is  a 

beca 

roots 

phyllous  heterosporous  forms  appeared  in  the  fossil      my's   subgenus   Heterostachys  Baker.   Work  ̂  
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progress  on  the  Carboniferous  species  may  give      Brongniart,  A.    1822.    Sur  la  classification  et  la  distri- 

further   evidence   in   support   of  Jermy's   idea   of  bution  des  vegetauxfossiles  en  general,  et  sur  ceux des  terrains  de  sediment  superieur  en  particulier. 
Mem.  Mus.  Hist.  Nat.  8:  203-348. 

creating  five  subgenera. 

It  is,  at  least,  clear  that  both  isophyllous  and      Brown,  J.  &  Y.  Lemoigne.    1977.    Presence  du  genre 

Eshdalia  a  la  base  des  Dwyka  Series  dans  I'Etat 
d'Orange  et  datation  du  debut  du  grand  cycle  gla- 
ciaire  postsilurian  en  Afrique  du  Sud.  Compt.  Rend. 
Hebd.  Seances  Acad.  Sci.  284:  1509-1511, 

anisophyllous  Selaginella-hke  plants  are  known 
from  the  Carboniferous  onwards  and  that  some  of 

these  have  been  thought  even  to  be  generically 

bdistinguishable  from  extant  Selaginella,  The  or-      Chaloner,  W.  G.    196?!    Lycophyta.  Pp.  437-802  in 
igin  of  isophyllous  and  anisophyllous  lycopsids  at 

approximately  the  same  point  in  geological  time 
can  be  taken  as  additional  evidence  for  regarding 

the  two  groups  of  plants  as  taxonomically  distinct. 
Indeed,  the  recognizable  division  into  two  different 

morphologies,  which  has  existed  for  approximately 

E.  Boureau,  S.  Jovest-Ast,  0.  A.  Hoeg  &   W.  G, 

Chaloner  (editors),  Traite  de  Paleobotanique,  II:  437- 802. 

— ,  K.  U.  Leistikow  &  A.  Hill.    1968.    Brasi- 

lodendron  gen.  nov.  and  5.  pedroanum  (Carruthers) 
comb,  nov.,  a  Permian  lycopod  from  Brasil.  Rev. 

Palaeobot.  Palynol,  28:  117-136. 

300  million  years,  strengthens  considerably  the      Collinson,  ME.    1986.   Use  of  modern  generi
c  names 

;»ra,irr.o„f  r  ,  .       ,i      j.    .  -         ,  ■        ♦u  ^^  plant  fossils.  Pp.  91-101.  tfi  R.  A.  Spiccr  &  B. 
argument  for  makmg  the  division  at  generic  rather  ^  ̂̂ ^^^^  ̂^^^^^J^^^  Systematic  and  Taxonomic  Ap- 

proaches  in  Palaeobotany.  Syst.  Assoc.  Special  Vol. 
than  subgeneric  level. 
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DEVELOPMENTAL  PROBLEMS 
IN  SELAGINELLA 

(SELAGINELLACEAE)  IN  AN 
EVOLUTIONARY  CONTEXT 

Abstract 

The  antiquity  and  diversity  of  Selaginella  species  attest  to  the  evolutionary  success  of  the  genus.  This  success 

may  be  attributed,  in  part,  to  certain  morphological  and  anatomical  features  that  characterize  Selaginella.  Recent 

developmental  studies  of  anisophylly,  monoplastidy,  the  ligule,  the  rhizophore,  marginal  warty  cells,  and  marginal 

teeth  of  the  leaves,  as  well  as  aspects  of  the  heterosporous  life  cycle  are  discussed.  Unresolved  questions  concernmg 

vegetative  features  include  the  function  of  the  ligule,  morphological  interpretation  of  the  so-called  rhizophore,  and  a 

possible  role  of  distinctive  leaf  ornamentations  In  water  economy.  Among  unresolved  questions  concerning  reproduc  ive 

morphology  are  the  basis  of  heterospory,  control  of  sporangial  development,  spore  dispersal  mechanisms  as  they  anec 

inbreeding  and  outcrossing,  and  other  details  of  the  reproductive  process.  It  is  concluded  that  the  genus  belagine 
offers  numerous  opportunities  for  future  research. 

^ 

From  the  standpoint  of  both  development  and      Selaginella  are  far  from  obvious.  It  is  my  conten- 

evolution,  the  genus  Selaginella  raises  a  number      tion  that,  at  least  in  part,  the  reasons  may  be  foun 
of  intriguing  questions.  In  this  regard  the  following 

quotation  from  Bierhorst  (1971)  seems  appropri- 
ate: 

unique 

and  reproductive  features.  These  include
  amso- 

phylly,  the  ligule,  the  presence  of  c
ertain  foliar 

™    f     .,    c  1    •    II  ■    I  J     c  7     •     rf       J      epidermal  ornamentations,  the  aerial  root  (rhizo- Ihe  lamiiy  belagmellaceae  mcludes  belagineila  and  ,        v                 i         i            j             *           *^^t^  of  the 

^eral  very  closelv  related  fossil  forms  which  are  known  P^ore),  monoplastidy,  and  certam  aspe
ci^ 

heterosporous  Hfe  cycle  (Fig.  1).  It  should  be  e
m- 

Selaginella  is  probably  one  of  the  oldest  of  all  extant  phasized  that  although  each  of  these  features  may 
genera  of  vascular  plants,  second  only  to  Lycopodium,  ^^  f^^^^  -^  ̂^j^^^.     j^^^^  groups  (for  example,  the Despite  its  great  antiquity,  which  might  lead  one  to  v     i    •    r        j  •     r       .                 n  oc  in  Spladnella), 

expect  specialization  and  relative  genetic  stagnation,  ̂ ^g^'^  ''  ̂̂ ^^^  ̂ ^  ̂̂ ^^^^^  ̂ '  ""^^  ̂^  ̂          !Lne  to 

several  very  closely  related  fossil  forms  which  are  known 
from  Lower  Carboniferous  and  more  recent  strata. 

expect  specialization  and  relative  genetic  stagnation, 
there  are  approximately  700  extant  species  and  much 
evidence  for  recent  speciation. it  is  the  combination  of  features  that  is  unique 

Selaginella.   It  is  the  purpose  of  this  pap
er  to 

discuss  these  features  and  to  point  out  certam 
The  key  elements  of  this  statement  are  the  an-      troversies  and  questions,  which  may  lead  to  tur 

discussion  and  future  studies.  Although  
some  older 

references  from  the  literature  have  been  in
clu  e 

inly 

of  the  past  30  years. 

Vegetative  Morphology 

tiquity  and  diversity  of  the  genus  and  the  proba- 

bility that  Selaginella  is  presently  undergoing  ac- 
tive speciation.  Years  ago,  the  prominent 

morphologist  C.  W.  Wardlaw  (1925)  also  alluded 

to  the  evolutionary  status  of  Selaginella: 

The  genus  is  represented  by  a  large  number  of 
species,  many  of  which  are  polymorphic.  They  have  a 
wide  geographical  distribution,  and  in  some  floras  they       intrieued  oi«viv.*x».o  vx 

dominate  the  ground  vegetation.  Further    they  sW       ̂ ot  exarnpTeTtheTigule  and  the"  so-called  rhizophore adaptation  to  all  degrees  ol  xerophily  and  hygrophily.  r    '  o  r   __:i.nr  to 
It  would  appear  from  these  facts  that  the  genus  is 
successfully  retaining  its  position  in  the  midst  of  the 
more  highly  differentiated  Phanerogams. 

Certain  vegetative  features  of  S
elaginella  have 

^*   v>^»-«i*i^axj'^  t**^  ix^^^«^  «**«  *-  'Tor 

are  two  enigmatic  structures  that  are  ta 

With 

for  the  apparent  evolutionary  success  exhibited  by 

students  of  plant  morphology.   Yet,  despite 

merous  studies,  the  morphological  mterpre  a 

and  evolutionary  significance  of  many  ot 
_   ^         ^         u 

An  examination  of  the  vegetative  plant  body  r 

etative  features  of  Selaginella  remain 

'  The  author  thanks  M.  J.  Spring  for  preparing  the  illustrations  in  Figure  1.  ,,.o  ̂ 043 
^Department  of  Ecology  and  Evolutionary  Biology,  University  of  Connecticut,  Storrs,  Connecticut  0626^-^ U.b.A. 

Ann.  Missouri  Bot.  Card.  79:  632-647.  1992- 
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t  = 
Figure  1.      Diagram  of  structural  features  of  Selaginella. B.  Ligule. 

tip,  n  =  neck,  b 
Monoplastidy. 

base,  g 

sheath =  glossopodiuni,  s  — 
E,  Aerial  root  (rhizophore).  — F.  Heterospory. 

A.  Anisophylly.- C.  Marginal  warty  cells  and  marginal  teeth. 
Bl.  Ligule,  in  section 

-D 

a  basic  simplicity  of  design,  which  would  seem  to  1983a,  b)  investigated  anisophylly  in  5.  martensii. 

"lake  the  evolutionary  success  exhibited  by  the  Unlike  many  plants  that  are  anisophyllous,  Sclag- 

genus  that  much  more  interesting.  A  critical  ex-  inella  (sect.  Heterophyllum)  exhibits  no  transi- 

«niination  of  certain  key  vegetative  features  may  tional  leaf  forms,  but  rather  shows  two  distinct  leaf 

provide  insights  into  this  apparent  contradiction.  types  borne  in  pairs  along  the  stem.  At  each  node 
one  smaller  dorsal  leaf  and  one  larger  ventral  or r 

lateral  leaf  are  initiated  as  an  opposite  pair  (Fig. 

^PHYLLY  Y),  Leaf  dimorphism  in  Selaginella  is  generally 

Perhaps  the  most  obvious  vegetative  feature  considered  to  be  related  to  efficient  tr
apping  of 

found  in  most  species  of  Se/a^me/Za  is  anisophylly.  Ught  in  shady  habitats  with  low  light  mtensi
ty. 

According  to  Dengler  (1983a),   the   term  aniso-  Dengler  (1980)  noted  that  cert
am  anatomical  fea- 

Phylly  refers  to  differences  in  leaf  form  related  to  tures  are  related  to  orientation  o
f  the  shoot  to  light. 

the  transectional  symmetry  of  the  shoot  and  most  Most  notably,  the  abaxial  (aligular)  e
pidermis  of 

often  occurs  in  plagiotropic  shoots  from  shaded  the  dorsal  leaf  and  the  adax.al 
 (hgular)  epidermis 

situations  i„  which  the  foliage  leaves  on  the  upper  of  the  ventral  leaf  consist  of  n
early  isod.ametric 

»«e  of  the  stem  are  smaller  than  those  on  the  lower  cells,  each  containing  a  single
  large  eh  oroplast. 

«ide.  In  several  detaUed  studies,  Dengler  (1980,  These  surfaces  are  directe
d  toward  l.^ht.  I  he  shad- 
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ed  epidermal  layers  (adaxial  or  Hgular  surface  in  inhibited  phototropic  curvature  of  the  shoot  (Bild- 
dorsal  leaves  and  abaxial  or  aligular  surface  in  erback,  1984b).  Replacement  of  dorsal  leaves  with 

lateral  leaves)  consist  of  elongate  tabular  cells  with  auxin  in  lanolin  paste  restored  the  phototropic  re- 

numerous  small  plastids.  Certain  other  features  of  sponse,  whereas  appUcation  of  triiodobenzoic  acid 
the  leaves  of  S.  martensii  do  not  exhibit  a  rela-  (TIBA),  an  auxin  transporl inhib 

tionship  to  light.  For  example,  stomates  occur  pri-  resulted  in  a  significant  reduction  in  phototropic 

manly  on  the  aligular  (abaxial)  leaf  surface  re-  stem  curvature.  The  author  concluded  that  pho- 

gardless  of  orientation  to  light  (Dengler,  1980).         totropic  sensitivity  allows  Selaginella  to  maintain 

Dengler  (1983a,  b)  sought  to  determine  the  de- its  orientation  with  its  environment.  The  dorsal 

velopmental  basis  for  anisophylly  in  5.  martensii  leaves  act  as  an  auxin  source  to  the  dorsal  portion 

by  carefully  following  leaf  initiation,  development,  of  the  stem,  which  results  in  greater  cell  elongation 

and  histogenesis.  She  concluded  that,  although  the  and  stem  bending.  Light  to  the  dorsal  surface  in- 
general  pattern  of  growth  is  similar  for  both  dorsal  hibits  the  bending,  so  that  the  shoot  maintains  its 
and  lateral  leaves,  the  two  leaf  types  diverge  early  typical  dorsiventral  orientation, 

in  development  and  can  be  distinguished  at  incep- 

tion. She  argued  against  Goebel's  theory  of  devel- 
opmental arrest  to  account  for  the  differences  be- 

tween dorsal  and  ventral  leaves.  Goebel  (1895)  Another  interesting  morphological  feature  in  ie- 

proposed  that  all  leaves  of  a  heteroblastic  series  laginella  is  the  ligule,  a  tiny  appendage  attached 

share  the  same  early  stages  of  development  and  to  the  base  of  each  leaf  on  the  adaxial  surface  (r  ig- 

LIGULE 

differ  in  mature  form  through  a  process  of  arrest 
1),  In  addition  to  its  universal  occurrence  in  living 

at  a  particular  developmental  stage  and  subsequent      species  of  Selaginella^  the  ligule  has  been  de- 

divergence  of  ontogenetic  pathways.  In  contrast,      scribed  for  extinct  members  of  the  genus,  incluaing 
Dengler  argued  that  the  dorsal  leaf  of  S.  martensii 

fraipo 
should  not  be  regarded  as  an  arrested  form  of  the  (Rock    &    Segal,    1973).    The    recent   discovery 

ventral  leaf,  since  critical  morphological  differences  (Grierson  &  Bonamo,  1 979)  of  a  ligule  in  Ledercq- 
are  initiated  at  inception.  Two  distinct  leaf  forms  ici,  a  fossil  homosporous  lycopsid  from  the  Vev 

result,  which  can  be  distinguished  in  the  primordial  nian,  has  resulted  in  a  reevaluation  of  the  concep 

stage  rather  than  differentiating  late  in  develop-  that  the  ligide  is  always  linked  with  heterosporous ment. 

plants.  Although  the  ligule  in  Selaginella  has  been Tn  a  recent  series  of  experiments  with  S.  krauss-      the  subject  of  numerous  investigations,  its  tunc  i remams iana^    which    exhibits    anisophyllous    dorsiventral 

shoots  typical  for  section  Heterophyllum,  Bilder-       ligule  may  function  in  secretion  of  mucilage 

back  (1984a,  b)  demonstrated  the  effect  of  the      water,  absorption  of  water,  mucilage  accumulation 
small  dorsal  leaves  on  the  response  of  the  shoot  to 

oduction 

phototropism   and   in   maintaining   a   plagiotropic       it  may  represent  a  vestigial  organ  (Horner  e 
growth  habit.  He  used  excised  shoot  tips  that  were 

1975). 

placed  in  sterile  culture  and  oriented  with  respect  Horner  et  al.  (1975)  examined  the  develop^^'^ When 

pilift 
the  dorsal  leaves  illuminated,  shoot  bending  was      light  microscope  and  ultrastructural  levels.  *     / below 

mal  plagiotropic  habit  occurred  (Bilderback,  1 984a). 
Curvature  resulted  from  asymmetric  growth  of  the 
stem  in  a  region  just  behind  the  apex,  where  cortical 
cells  on  the  dorsal  stem  surface  underwent  greater 
elongation  than  ventral  cortical  cells.  Wh 

divided  the  ligule  into  tip,  neck,  and  basal  regK)"^ 

(Fig.  1).  They  described  the  ligule  of  S.  pilU^^^^ 

as  being  shaped  like  a  curved  hand;  that  is,  ̂ 

broad  tip  consisted  of  fingerlike  unicellular  P^P'^^l 

the  neck  resembled  appressed  fingers   ̂ ' 
ih\nl-     o„rl  t>.^  Koa^  wac  KT-rkaH  and  bulboUS,  W^^ 

ventral  surface  was  illuminated,  the  shoot  exhibited       swollen  palm.  In  contrast,  the  ligule  of  5.  uncma 

a  strong  phototropic  response  so  that  the  dorsal      was  shaped  like  a  slightly  flattened  bowling  P'^^ 
leaves  eventually  were  reoriented  toward  light.  The      with  no  distinct  papillae.  In  agreement  with  ear  le 

phototropic  response  was  negated  by  application       studies,  Horner  et  al.  (1975)  pointed  out  the  pre- 
nfn»i.nvl«r^t;n«.;^^.  l.„^^„:„u:Ku.,„r„u„.„.__        cocious  development  of  the  ligule  and  '^^'^^^^ 

that  the  entire  structure  stained  intensely  lox 

early  in  development,  whereas  only  the  po  yg  ̂^^ 

-    -         .  basal  cells  of  older  ligules  stained  intensely.  1"  ̂̂ ^^ 
Surgical  removal  of  young  dorsal  leaves  strongly       basal  region,  the  bottommost  layer  of  sheath  ce 

of  phenylacetic  acid  (a  known  inhibitor  of  phototro- 
pism) to  the  dorsal  leaves.  ResiJts  of  dark  exper- 
iments indicated  that  the  growth  response  was  not 

affected  by  gravity. 
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was  separated  from  the  leaf  vascular  strand  by  one  Golgi  system,  which  produced  large  numbers  of 

or  two  layers  of  mesophyll  cells.  Thus,  the  vascular  Golgi  vesicles.  He  proposed  that  the  central  cells 

strand  was  not  in  direct  contact  with  the  ligule.  could  be  involved  in  the  elaboration  or  secretion 

The  entire  ligule  was  covered  with  a  cuticle  con-  of  materials.  A  comparison  with  known  secretory 

tmuous  with  the  cuticle  on  surrounding  surfaces  of  systems  in  other  plants,  however,  suggested  that 

the  leaf.  the  ligule  is  not  active  in  the  mass  secretion  of 

In  their  ultrastructural  study,   Horner   et   al.  mucilage.  He  noted  the  presence  of  a  continuous 

(1975)  noted  that  the  cells  of  the  ligule  possessed  cuticle,  which  lacked  cuticular  pores  and  with  no 

plastids  that  contained  only  a  few  internal  lamellae  signs  of  rupture — further  indications  that  the  ligule 

and  that  the  ligule  never  became  green.  The  au-  is  a  nonsecreting  structure, 

thors  agreed  with  Sigee  (1974)  that  the  central  Using  histochemistry  and  light  and  transmission 

cells  gave  the  appearance  of  highly  active  cells  and  electron  microscopy,  Sigee  (1975)  was  able  to  show 

that  their  ultrastructure  was  similar  to  that  in  cer-  that  there  was  no  significant  accumulation  of  mu- 

tain  plant  secretory  systems;  that  is,  the  cells  were  cilage  within  the  cells  or  on  the  surface  of  the 

dense  and  contained  numerous  ribosomes,  Golgi  ligule.  He  suggested  that  the  Golgi  system  in  the 

bodies  and  associated  vesicles,  mitochondria,  and  ligule,  rather  than  secreting  mucilage,  contributed 

plastids.  Although  the  presence  of  callose  was  noted  to  cell  wall  formation.  In  another  study,  Sigee  (1976) 

in  the  polygonal  base  cells,  the  authors  found  no  showed  the  incorporation  of  tritiated  glucose  Into 

evidence  for  the  secretion  of  mucilage. cells  of  the  central  region  of  the  ligule,  with  par- 

The  glossopodium  and  sheath  cells  (Fig.  1)  dif-       ticular  accumulation  in  the  Golgi  bodies.  The  up- 

fered  anatomically  from  the  central  cells.  At  ma- take  and  retention  of  label  was  cited  as  evidence 

turity  the  large  glossopodial  cells  were  vacuolate  that  the  Golgi  bodies  were  active  in  the  synthesis 

and  were  subtended  by  two  layers  of  bricklike  sheath  of  complex  carbohydrates,  but  did  not  pass  these 

cells.  Prominent  ingrowths  occurred  on  the  lower  substances  to  the  cell  surface.  Sigee  (1976)  con- 

glossopodial  wall  and  on  the  upper  wall  of  the  eluded  that  the  relatively  inactive  Golgi  system  in 

adjacent  sheath  cell.  Horner  et  al.  (1 975)  suggested  the  ligule  may  be  derived  phylogenetically  from  a 

that  these  cells  with  wall  ingrowths  might  be  in-  more  active  one  and  suggested  that  the  ligule  could 

volved  in  the  movement  of  solutes.  The  walls  com-  be  a  vestigial  organ,  derived  from  a  primitive  se- 

mon  to  the  upper  and  lower  sheath  cells  lacked  cretory  structure. 

ingrowths  but  contained  numerous  plasmodesmata.  Jagels  &  Garner  (1979)  compared  caUose  de- 

Although  the  ligule  base  was  separated  from  the  position  in  ligules  of  seven  species  of  Selaginella, 

leaf  vascular  strand  by  one  or  two  mesophyll  cells, 

the  authors  pointed  out  that  there  is  no  reason  to  copy,  they  determined  that  callose  was  localized  in 

l>elieve  that  the  mesophyll  cells  would  inhibit  the  the  basal  region  of  the  ligule  and  that  the  amount 

movement  of  materials  in  either  direction.  of  deposition  could  be  related  to  habitat.  Species 

As  had  been  found  in  previous  studies,  Horner  from  dry,  sunny 

et  al.  (1975)  noted  that  ligule  development  and  pestris  and  S.  densa  and  t
he  anisophyllous  S.lep^ 

maturation  occurred  rapidly.  In  S.  uneinata  the  /Jo/>M/a)  exhibited  h
eavy  callose  deposits,  where- 

tip  and  neck  cells  appeared  to  senesce  soon  after  as  species  from  moist,  s
hady  habitats  (5.  hranssiana. 

aniline 

ru- maturation,  whereas  the  polygonal  basal  ceils,  glos- S.  martensii,  5.  apoda,  and  S.  uncinafa—aW  an- 

^opodmm,  and  sheath  cells  remained  unchanged  isophyllous  species)  h
ad  a  light  to  moderate  dc- 

for  a  number  of  dichotomies  back  from  the  tip.  position  of  callose.  ,  .       , 

Based  on  their  observations  on  S,  uneinata  and  Recent  evidence  has  been  presented  for  the  se- 

5-  Pilifera^  Horner  et  al.  (1975)  contended  that  cretion  of  mucilageJ^  hgul
es  ̂ ^^  species  of 

the  ligule  is  physiologically  active  and  contains  cells  Selaginella  (Bild
erback,  1987).  Putative  muulage 

that  may  be  involved  in  the  movement  of  certain  bodies  were  shown  to 
 be  associated  with   igu  es  of 

substances  through  the  Kgule.  As  another  possibU-       S/^^"*^^'^:^'^"^    „  T!'?!!'^^^ 
'ty,  they  suggested  that  the  ligule  may  represent 
^  vestigial  organ  that  still  retains  certain  properties 

^f  a  once  functionally  active  state. 
Inaseries  of  studies,  Sigee(1974,  1975,  1976) 

examined  the  structure  and  function  of  the  ligule 

When 

ihoot sucrose 

found 

meristem  and  coatiiig 
of  "s   z-  .  T  .  1   *   J     c:„^A  Ttip  miirilaemous  material  m  ̂ .  krnnssiana  was 
*^^'^.  frrau55mna.  In  an  uhrastructural  study,  Sigee  I  he  nmciiagiiiuu^  i  ^     ̂   ^_,^_    ,   
(1^74)  noted  that  the  central  cells  of  the  ligule  comp 

^''splayed  an  extensive  endoplasmic  reticulum  and  trast, 

sed 

asbuciated 
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douglasii,  S.  densa,  or  5.  apoda  from  nature,  nor  paid  to  the  ligule  of  Selaginella,  the  function  re- 
was  mucUage  produced  when  shoot  tips  of  S.  wal-  mains  a  mystery.  Suggestions  that  it  is  an  organ 
lacei,  S.  densa,  or  S.  apoda  were  grown  in  sterile  involved  in  water  absorption,  water  or  mucQage 
culture.  Because  mucilage  was  found  to  be  closely  secretion,  mucilage  accumulation,  or  the  produc- 
associated  with  the  ligules  of  several  species,  Bilder-  tion-collection-transport   of  materials  have  been 
back  (1987)  concluded  that  the  Ugule  of  Selaginel-  made,  as  weU  as  the  possibility  that  the  ligule  is  a 
la  may  be  glandular.  vestigial  organ  (Horner  et  al.,  1975).  Much  of  the 

In  order  to  understand  better  the  possible  role  evidence  presented  to  date  is  contradictory,  so  that 
of  the  ligule  in  mucilage  secretion,  Bilderback  &  a  definitive  interpretation  for  the  function  of  the 
Slone  (1987)  investigated  the  uhrastructure  of  the  ligule  must  await  further  investigation, 
ligule  in  cuhured  shoot  tips  of  S.  kraussiana.  Poly- 

saccharide bodies  simUar  to  those  seen  in  the  mu- 

cOage  beUeved  to  be  secreted  by  ligules  also  were  ̂ ^^^^^  EPIDERMAL  ORNAMENTATIONS 

observed  in  apical  ceUs  of  ligules  from  cuhured  Recent  studies  have  shown  the  presence  of  dis- 
shoot  tips.  Although  no  pores  or  breaks  in  the  tinctive  epidermal  ornamentations  in  leaves  of  5e- 
cuticle  were  seen,  the  cuticle  of  the  apical  cells  laginella  species.  These  ornamentations  are  evi- 
was  distended  and  separated  from  the  cell  waU,  dent  as  so-called  warty  cells  and  teeth  that  are 
and  electron-dense  granules  were  present  in  the  prominent  along  the  leaf  margins  (Fig.  1).  Water- 
space  thus  formed.  Although  the  apical  cells  lacked  keyn  &  Bienfait  (1 967)  first  described  the  inter- 
dictyosomes^  they  did  possess  dUated  endoplasmic  esting  method  of  development  of  these  ceUs  in 
reticulum.  Dictyosomes  were  present  in  the  ceUs  leaves  of  S.  kraussiana.  Using  the  dyes  resorcino! 
ot  the  basal  portion  of  the  ligule.  The  uhrastructure  blue  and  aniline  blue  and  fluorescence  microscopy, 
ol  the  hgule  was  compared  to  that  of  secretory  they  were  able  to  show  that  the  outer  walls  of  these 
structures  in  angiosperms,  and  BUderback  &  Slone  specialized  cells  undergo  caUose  deposition,  which 
UVb  /)  concluded  that  the  hgule  in  S.  kraussiana  is  then  graduaUy  degraded  and  replaced  with  sihca. 

ceUukr  mu"cU  P""^*^"^^^  ̂ "^  ̂^^'-etes  extra-  Differentiation  in  leaves  of  Selaginella  is  basipetal, ce  u  ar  muc  age.  g^  ̂ j^^^  ̂ ^^  development  of  marginal  teeth  and 
Kohenbach  &  Geier  ( 1 970)  used  selective  stain-  warty  ceUs  can  be  followed  sequentiaUy.  Thus,  in 

ing  of  leaves  with  berberine  sulfate  to  study  the  a  differentiating  leaf,  the  teeth  and  warty  ceUs  at 
function  of  the  ligule  in  S.  kraussiana  and  pre-  '     '     "  "    " 
sented  evidence  that  the  ligule  is  a  site  for  ab- 

sorption  of  liquids  They  suggested  that  the  ability  callose  and  silica;  and  at  the  base  of  the  leaf,  these 
of  the  hgule  to  absorb  liquids  is  related  to  special  cells  possess  callose  but  no  silica  in  their  outer 
quaht.es  of  the  thin  cuticle  at  the  ligule  apex.  walls.  Concerning  a  possible  function  for  these  dis- 

Lafont  &  Lemoigne  (1965),  using  light  micros-  tinctive  ceUs,  Waterkeyn  &  Bienfait  (1967)  noted 
copy,  reported  a  system  of  canals  in  the  rather  that  plants  that  are  strongly  mineralized  often  have 

the  leaf  apex  possess  silica  walls;  in  subjacent  regions 

of  the  leaf,  teeth  and  warty  cells  contain  both 

large  ligule  of  S.   willdenovii.  They  described  a connectin 
sometimes 

a  particularly  high  rate  of  cuticular  transpiration, 

and  they  suggested  that  the  marginal  warty  cells 

and  teeth  might  somehow  be  involved  in  the  control Waterkeyn 
.^  ̂           J-        ̂ 1      .       1             r-                              —  ^  ivciii  uiigm  somenow  oe  invoivcu 

to  open  directly  to  the  surface  of  the  ligule.  The  of  foliar  transpiration  in  Selaginella. canals  occurred  only  in  the  basal  part  of  ligules  in  ~ 
an  advanced  stage  of  development.  Although  the 

known' tt'^^T'  °^  '^"  VT  f  ''"^'^  '^  ""-  ̂ tructu;es";;rv;;d  rngbsp^rms^^Lcluding  Can- known,  the  authors  suggested  that  they  might  serve  nabis  sativa.   Urtirn  Lil.   Camoanala  persi- iiroil as  a  pathway  for  the  emission  of  products  to  the 
exterior  environment,  and  that  a  role  in  water 

nabis  saliva,   Urtica  dioica.  Campanula  p^f^^ 

ifolia,  and  Blumenbachia  hieronymi  In  all  oi 

lese  cases  it  was  shown  that  a  callose  phase  oc- 

curred before  or  during  silicification  of  the  walls 
innmg 

absorption  for  the  ligule  is  debatable.  The  ultra 
ct.-,.^ti.w.^  ^f  .k       I     .-J    •      1      ..     ,  unra-  ^uncu  oeiore  or  durme  silicincauon  oi  m^  -- 

tZTZfl    '  "^  .'  K     ,'  ';«"'"  f  ̂-  ""■"*-  "'  *-=-  ">^'""-t  -n-  They  determined  .ha.  ca novii   was  also  studied  by   Lafont   &    Lemoigne  '         '  "   '      ■•"" 
(1966).  The  small  achlorophyUous  plastids  were 
found  to  contain  vacuoles  and  associated  amor 
ntiniic  rr,o»»..:oi         J  »u  1  <"aur  ^^.ijciuic  suipnaie,  accumuiaieu  m  mc  <-«-"-  r 

AeToir.  dsn'/hM  7  T«""^  """  "^'i"?  ""-'•  bu.  no,  in  those  .ha.  had  becon.. 
Uicified.  They  also  presented  evidence  that  tfie»<= 

and  overlying  cuticle,  and  that  the  fluorescent  dye 

berberine  sulphate,  accumulated  in  the  cells  pos 

function 

Despi.e  .he  considerate  a..en,io„  .ha.  has  heen      Z^IJC ̂ '^t:^:^:::^^'^ 

! 

I 

I 
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cuticle.  Their  results  indicated  that  the  epidermal  Dengler  &  Lin  (1980),  using  scanning  electron 

appendages  in  the  plants   investigated,   including  microscopy  and  X-ray  microanalysis,  studied  the 
the  foliar  marginal  warty  cells  and  teeth  of  S.  distribution  of  sOica  in  the  ventral  (lateral)  leaves 

kraussiana,  are  regions  of  active  transpiration.  of  S.  emmeliana.  High  levels  of  silica  were  found 

Based  on  their  study,  they  suggested  that  callose  inthemarginal  warty  cells  (termed ''marginal  scler- 

might  play  two  roles:  (1)  to  control  somehow  the  eids"  by  the  authors)  and  in  approximately  half  of 
movement  of  water  by  a  nonosmotic  mechanism;  the  abaxial  epid 

and  (2)  to  provide  a  favorable  matrix  for  silica  to  a  broad  band  of  cells  on  the  abaxial  (aligular) 

irma 

deposition  during  wall  formation. surface  overlying  the  single  vascular  strand.  Al- 

LeCoq  et  al.  (1973)  used  scanning  electron  mi-  though  most  cells  of  the  stomatal  band  did  not 

croscopy,  fluorescence  microscopy,  and  the  elec-  accumulate  significant  amounts  of  silica,  approxi- 
tron  microprobe  to  trace  the  development  of  the  mately  6%  of  the  stomata  possessed  high  levels  of 

marginal  teeth  and  warty  cells  in  S.  kraussiana  silica  and  exhibited  a  constricted  aperture.  Epi- 
and  confirmed  the  earlier  observations  of  Water-  dermal  cells  that  were  unprotected  by  adjacent 

keyn  &  Bienfait  (1967)  of  a  callose  phase  that  ventral  leaves  and  were  thus  exposed  to  light  were 

preceded  silicification  in  these  cells.  They  also  not-  the  ones  that  developed  warty  projections  and  ac- 

ed  that,  in  addition  to  marginal  teeth  and  warty  cumulated  silica.  Dengler  &  Lin  (1980)  suggested 

cells,  certain  other  cells  of  the  leaf  epidermis  pos-  that  higher  rates  of  transpiration  might  be  expected 

sessed  mamillae,  smaller  silicified  leaf  ornamenta-  from  the  exposed  portion  of  the  leaf,  which  could 

tions.  They  also  found  that  the  outer  cell  walls  of  account  for  the  observed  pattern  of  silica  distri- 

the  entire  leaf  epidermis  eventually  became  cov-  bution.  The  authors  concluded  that  although  the 

ered  with  a  continuous  layer  of  silica.  Robert  et  function  of  silica  in  Selaginella  is  unknown,  it  is 

al.  (1973)  continued  the  study  of  leaf  ornamen-  possible  that  it  may  play  an  important  role  in  sup- 

tations  b  S.  kraussiana  by  using  transmission  elec-  port  of  the  leaf.  They  also  pointed  out  that  others 

tron  microscopy.  As  a  resuh  of  their  investigation,  (Kaufman  et  al.,  1972)  have  suggested  that  hy- 

they  proposed  five  phases  of  silicification  in  the  drated  silica  gel  in  the  epidermal  walls  may  provide 

external  walls  of  leaf  epidermal  cells  in  S.  kraussia- water  to  a  leaf  or  stem  during  periods  of  drought 

^a:  (1)  a  pectic-cellulose  phase;  (2)  a  callose  phase  or  when  transpiration  causes  loss  of  turgor, 

during  which  the  marginal  teeth  and  warty  cells  Based  on  a  comparison  of  several  species  of 

achieve  their  final  shape  and  size;  (3)  a  cellulosic  Selaginella,  Bienfait  &  Waterkeyn  (1974)  con- 

Phase,  which  isolates  a  callose  plug;  (4)  sUicification  eluded  that  the  morphology  and  distribution  of  mar- 

of  the  teeth  and  warts,   during  which   caUose  is  ginal  teeth  and  warty  cells  in  leaves  could  be  useful 

gradually  replaced;  and  (5)  a  new  phase  of  silici- 
fication over  the  entire  outer  wall. 

in  taxonomic  determinations. 

Although  the  structure  of  these  distinctive  leaf 

Robert  &  Laroche  (1979)  later  described  the  epidermal  cells  of  Selaginella  has  been  carefully 

development  of  the  marginal  warty  cells  of  5.  documented,  their  function  has  yet  to  be  deter- 

f^raussiana  in  detail.  As  seen  with  the  transmission  mined.  Based  on  the  recent  studies  cited  above,  a 

electron  microscope,  a  wart  first  appeared  as  a  role  in  water  economy  would  seem  to  be  a  reason- 

raised  area  resulting  in  a  space  between  the  outer  able  possibility. 
cell  wall  and  the  plasmalemma.  This  space,  the 
central  region  of  the  wart,  then  became  filled  with 
callose.  Below  this  space,  the  cytoplasm  was  rich 
^  endoplasmic  reticulum,  which  the  authors  sug- 

MONOPLASTIDY r 

Another  interesting  feature  of  leaf  anatomy  in 

Kf^ted  may  be  important  in  the  formation  of  callose.  Selaginella  pertains  
to  the  chloroplasts  of  the  epi- 

Once  the  wart  attained  its  final  size,  a  new  pec  dermal  cells.  Typically  for  leaves  of  f^/«6^';
;'//a. 

^oeellulose  wall  was  formed  beneath  the  raised  area,      the  epidermal  ceU  layer  direc
ted  toward  light  al.gu- 

lar  surface  in  dorsal  leaves,  ligular  surface  m  lateral 

leaves)  is  composed  of  conical  or  bowl-shaped  cells, — o  w^oc  ciiciiiEes  m  wau  sxruciure,  luc  i.un'-xv.       ica>v  /  r  .      ,    ,  ,,  i     *  /r-       i  \ 

<^«veri„g  the  wart  became  thinner  and  was  struc-  each  containing  a  smgle  la
rge  chloroplast  (Fig.  1 ). 

'^aUy  disrupted.  These  localized  disruptions  of  the  In  recent  yea
rs  there  have  been  several  stud.es  on 

!="ticle  appeared  to  the  authors  to  result  in  an  the  structure  andjevelop
ment  of  thes^e^  plast.ds 

/^'"^^s^d  flow  of  water  at  these  particular  points 
(Robert  &  Laroche,   1979).  Finally,  there  was  a 

jhus  isolating  the  callose  plug  from  the  cytoplasm 
^ring  these  changes  in  wall  structure,  the  cuticle 

Webst 

Webster 
b^ea^r^r..        r  t  ,      ,,  i  a  rr.r.l-ictc  exhibit  normal  ultrastructure,  with  (iistmct 

^-^eakdown  of  the  central  callose  plug,  accompanied  roplasts  exnioii  norn  , 
tivaar^^     11  r  ,  11  '.u     r^o  crrana    stroma,  and  starch  grams.  It  would  appear 
y  ̂  gradual  replacement  of  the  callose  with  sihca.  grana,  sironid,  <t  b 
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that  these  plastids  represent  the  major  light-ab-      Lemmon,  1984),  but  they  also  described  postcy- 

sorbing  region  of  the  leaf,  and  also  show  a  re-      tokinetic  plastid  migrations  during  guard  cell  dif- 
rown markable  adaptation  for  shady  habitats.  It  has  been  ferentiation.  The  authors  (1 

shown  that  these  plastids  are  able  to  move  in  re-  stated  that  plastid  behavior  in  developing  stomates 

sponse  to  light  direction  and  intensity  (Zurzycki  &  of  Selaginella  is  the  most  complex  yet  demon- 

Zurzycka,    1951;   Mayer,    1971;    Haupt,    1973,  stratedformonoplastidic  cells.  The  observed  plastid 

1982).  For  example,  when  leaves  of  5.  martensii  movement  in  guard  cells  is  related  to  cytoplasmic 

are  exposed  to  diffuse  daylight,  the  chloroplast  lies  polarity  and  is  clearly  a  different  phenomenon  than 

at  the  base  of  the  cell  and  occupies  the  whole  area  photo-induced  plastid  movement  seen  in  normal 

of  the  cell.  If  the  leaf  is  illuminated  with  intense  photosynthetic  leaf  cells  of  Selaginella.  These  ob- 
white  light,  the  first  chloroplast  movements  are  servations  suggest  the  need  for  further  study  to 

detectable  after  10-20  minutes.  The  chloroplast  determine  the  mechanisms  of  plastid  movements 

moves  to  a  side  wall,  leaving  the  base  and  opposite  in  Selaginella.  The  recent  studies  of  variation  in 

wall  uncovered.  This  movement  of  the  chloroplast  cell  division  mechanisms  in  monoplastidic  plants 

onto  the  side  walls  is  accomplished  after  two  or  which  include  numerous  algae,  certain  bryophytes 

three  hours  (Zurzycki  &   Zurzycka,    1951).  Ac-  and,  among  vascular  plants,  hoetes  and  Selagi- 

cording  to  Haupt  (1973),  who  discussed  chloroplast  nella^  seem  certain  to  have  important  evolutionary 

) 

» 

movement  in  several  plants: 

The  biological  significance  of  these  light-dependent 

implications. 

arrangements  seems  self-evident:  The  low  intensity  ar-       ROOT  (rhiZOPHORE) 
rangement  enables  the  chloroplasts  to  absorb  as  much 
light  for  photosynthesis  as  possible,  but  the  high  inten- One  of  the  most  controversial  organs  of  Selag 

sity  arrangement  protects  them  against  the  absorption  inella  is  the  leafless  cylindrical  structure  arising  a 
of  damaging  amounts  of  light.  the  angle  of  shoot  branching  (Fig.  1).  This  structure 

is  positively  geotropic,  green  for  much  of  its  length, 
In  recent  years  there  has  been  considerable  in-  and  lacks  a  root  cap  and  root  hairs  until  it  striK 

terest  in  monoplastidy  and  its  association  with  cell  the  soil.  In  addition,  the  angle-meristem  from  whic 

division  mechanisms.  As  part  of  a  series  of  studies  it  arises  may,   under  certain  conditions,  deveop 

on  cell  division  mechanisms  in  monoplastidic  plants,  into  a  leafy  shoot.  Nageli  &  Leitgeb  (1868)  come 
Brown   &    Lemmon   (1984,    1985,    1990)   have 

the  term  *'rhizophore"  (root  bearer)  for  this  organ 

'  en 

pointed  out  that  among  vascular  plants,  Selagi-  since  they  believed  true  roots  were  produced 

nella  and  hoetes  possess  meristematic  cells  that  dogenously  behind  the  tip  of  the  rhizophore.  ̂ ^ce 

are  monoplastidic.  Cell  division  in  such  cells  is  then,  the  morphological  nature  of  this  curious 

subject  to  certain  constraints  that  result  in  each  gan  has  been  a  source  of  continued  debate.  ̂ ^^ 

daughter  cell  receiving  a  plastid,  thereby  avoiding  the  years,  the  rhizophore  has  been  interpreted  as 
the  apoplastidic  condition.  In  a  recent  study  of  cell  a  modified  root,  shoot,  or  an  organ  sui  generis, 

division  in  root  meristems  of  Selaginella  and  ho-  In  a   series  of  studies  involving  four  specie  , 
e/es.  Brown  &  Lemmon  (1984)  noted  the  precise      Webst 
orientation  of  the  dividing  plastid  relative  to  the 

preprophase  band.  Specifically,  the  plastid  is  ori- the  morphology  and  development  of  the  organ 

question,  and  determined  that  it  is  a  root  throug 
ented  with  the  long  axis  perpendicular  to  the  pre-      out  its  development.  They  provided  evidence  tha 

prophase  band,  and  the  isthmus  of  the  dividing      refuted  the  early  interpretation  that  ̂ "^*^S^"J?"^ plastid  is  in  the  plane  of  the  preprophase  band  and. 
produced 

Ued 

in  turn,  the  mitotic  equator.  The  regular  positioning  rhizophore.  In  S.  kraussiana  (anisophyllous),  • 
of  the  plastid  during  cell  division  is  obviously  an  densaawAS.  i^a//acei  (both  isophyllous),  all  specif 

important  part  of  morphogenesis  in  monoplastidic      with  a  creeping  habit,  root  caps  are  formed  Av^en 
the  root  is  less  than  1  mm  long.  In  o.  fnm 

an  ascending  species,  the  leafless  structure  aris 

at  the  angles  of  shoot  branching  grows  for  sev 
centimeters 

cells.  Tlie  orientation  of  both  the  preprophase  band 
and  the  dividing  plastid  predict  the  plane  of  cell 
division. 

In  another  study,   Brown  &   Lemmon  (1985)         „xx^.^xo  .^^luic  luiimix^  a  x-w.  ̂ ^j, 

examined  cell  division  and  plastid  movements  in      are  produced  as  the  tips  of  the  branching  root  stn^ 
stomates  of  S.  erythropus.  They  noted  the  same      the  soil.  In  aU  four  species  root  hairs  are  producea 
spatial  relationship  between  the  preprophase  band      as  the  tips  enter  the  soil,  soon  after  root  cap  j^^^ 

mation.  The  root  cap  is  formed  when  the  api 
and  dividing  plastid  in  the  guard  mother  cell  as 
was  found  for  root  meristematic  cells  (Brown  & 

oducing 
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lateral  segments,  begins  to  cut  off  cells  from  its meristem  in  aerial  and  subterranean  roots  of  5. 

distal  face  as  well.  Thus  no  evidence  for  a  "root  kraussiana.  They  noted  the  presence  of  a  thick 

bearer"  (rhizophore)  was  found  by  Webster  and  cuticle  over  the  surface  of  the  bulbous  root  cap  of 

Steeves,  and  the  organ  was  interpreted  as  a  root.  the  aerial  root  and  suggested  that  its  role  might  be 

In  a  recent  study  of  S.  uncinata,  Imaichi  &  to  prevent  desiccation  as  the  root  grows  through 

Kato  (1989)  refuted  the  interpretation  by  Webster  the  air  toward  the  soil.  They  also  noted  a  lack  of 

&  Steeves  (1963,  1964,  1967).  According  to  Imai-  statolith  starch  in  the  root  cap  of  aerial  and  sub- 

chi  &  Kato  (1989),  subterranean  roots  of  5.  un-  terranean  roots,  both  of  which  are  positively  geo- 

cinata  are  derived  endogenously  behind  the  apex  tropic.  They  pointed  out  that  a  study  of  the  mech- 
of  a  rhizophore.  The  initial  of  the  rhizophore  apex anism   of  geotroplsm   in   Selaginella  is   needed. 

is  divided  by  periclinal  divisions  into  rectangular      Although  their  study  showed  certain  structural  dif- 

and  prism-shaped  cells  and  becomes  indistinguish-       ferences  between  aerial  and  subterranean  roots  of 

able  from  neighboring  cells.  Apical  cells  of  endog- S.  kraussiana,  Grenville  &  Peterson  (1981)  con- 

Webst 

enous  roots  are  then  formed  from  inner  cells  near       eluded  that  the  organ  is  a  root  throughout  its  de- 

the  apex  of  the  rhizophore.  A  similar  interpretation      velopment,  an  interpretation  that  agrees  with  that 

for  endogenous  root  origin  behind  the  rhizophore 

apex  resulted  from  the  study  of  three  large  tropical 

species  with  branched  rhizophores  (Imaichi  &  Kato, 

1991).  Their  studies  thus  support  the  earlier  view 
of  Bruchmann  (1905). 

BUderback  (1985,  1986)  recently  reported  on 

tropic  responses  of  rhizophores  (aerial  roots)  of 

Selaginella  kraussiana.  When  branching  shoot 

tips  bearing  young  rhizophores  were  oriented  in  a 

Despite  considerable  study  of  the  leafless  cylin-  horizontal  but  inverted  position  on  nutrient  agar
 

drical  structures  that  arise  at  the  angles  of  shoot  and  illuminated  from  above,  erect  rhizophores  grew 

branching  in  Selaginella,  the  morphological  inter-  away  from  light  and  toward  gravity.  In  darkness, 

pretation  of  these  structures  remains  an  open  ques-  rhizophores  grew  in  wide  arcs  toward  gravity.  BU- 

tion.  Final  resolution  of  the  root-rhizophore  con-  derback  (1985)  concluded  that  the  weak  geotropic 

troversy  must  await  further  investigation.  response  of  the  rhizophore  is  intensified  by  light. 

Webster  &  Jagels  (1977)  investigated  the  de-  In  another  study,  Bilderback  ( 1 986) 
 oriented  shoots 

velopment  of  aerial  roots  in  S.  martensii  grown  so  that  the  rhizophores  were  in  a  horizontal  po
sition, 

under  experimental  conditions.  Aerial  roots  (cap-  and  illumination  was  from  below.  After
  five  hours 

less,  hairless,  and  with  green  tips)  were  directed      the  tips  bent  90 When 

into  moist  bottles  so  that  the  tips  were  prevented  in  darkness,  the  rhizophore  tips  bent  on
ly  30°  to- 

from  touchmg  a  solid  surface  as  they  grew  through  ward  gravity.  Removal  of  2-3  mm  of  t
he  tip  pre- 

the  air.  Under  the  humid  conditions  produced  in-  vented  bending  of  the  rhizophore  away  fro
m  light; 

side  the  bottle,  the  roots  grew,  branched  dichoto-      however,  decapitated  rhizophores 
 treated  with  ab- 

scisic  acid  in  lanolin  did  bend  away  from  light. 

Bilderback  (1986)  suggested  that  the  strong  neg- 

of  pigmentation  in  the  root  apices,  so  that  by  the  ative  phototropic  reaction  of  th
e  rhizophore  may 

time  caps  and  hairs  were  formed,  the  tips  were      be  mediated  by  abscisic  acid. 

mously,  and  formed  root  caps  followed  by  root 

hairs.  During  development  there  was  a  gradual  loss 

colorless.  Sections  showed  that  the  green  color  of Karrfalt  (1981)  studied  the  root  system  of  S. 

aerial  root  tips  resulted  from  chloroplasts  in  the      selaginoides.  As  in  other  specie
s  of  Selaginella. 

oduced 
cortex,  whereas  the  same  region  in  colorless  root 

«Ps  (with  caps  and  hairs)  contained  amyloplasts.  sporeling.  However,  unlike  
typical  species  of  Se- 

I^velopmental  changes  in  plastid  structure  were  laginella,  subsequent  
roots  arise  from  a  swoUen 

also  followed  with  the  transmission  electron  micro-  root-producing  meristem  at  the  base  
of  the  hypo- 

8<:ope.  From  their  observations,  Webster  &  Jagels  cotyl,  and  no  roots  are^formed  from  angle-mer^ 

'*977)  concluded  that  the  leafless  cylindrical  or- 
gans arising  from  angle-meristems  of  5.  martensii 

shoot 

10 

produced a^e  roots,  and  they  refuted  the  concept  of  a  rhi-  (1981)  considered  ear
Uer  comparisons  of  S.selagi- 

^ophore.  They  also  suggested  that  the  presence  of  noides  with  certai
n  fossil  arborescent  lycopsids  (e.g 

^  ̂oot  cap  may  be  necessary  in  order  for  root  hairs  Stigmaria)  as  i
nvalid;  rather,  he  considered  S. 

»o  be  formed  and  showed  that  neither  physical  selaginoides  to  repres
ent  a  condition  in  which  the 

•contact  nor  darkness  are  necessary  conditions  for  juvenile  (sporeling)  met
hod  of  root  formation,  which 

^aps  and  hairs  to  be  formed.  normally  accounts   or  only  the  first  three  roots,  is 

A  study  by  Grenville  &  Peterson  (1981)  pro-  
retained  in  the  adult  plant.  A  thorough  reinvesti- 

^  furthe/ details  of  the  root  cap  and  apical
  gation  of  the  morphology  of  5.  selag,no,des,  m-
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Whether 

primitive 

eluding  both  vegetative  and  reproductive  organs,  istem  is  basically  an  embryonic  shoot,  and  rhizo- 
m  phore  formation  involves  a  secondary  change  in 

or  the  pattern  of  growth, 
an  advanced  condition  is  not  clear  at  this  time.  In  a  series  of  articles,  Wochok  &  Sussex  (1973, 

The  relationship  of  S.  selaginoides  to  the  other  1974,  1975,  1976)  further  examined  morphogen- 

isophyllous  species  of  Selaginella  and  to  the  genus  esis  in  the  root  and  shoot  system  of  S.  willdenovii 

as  a  whole  is  poorly  understood  and  in  need  of  Using '*C-indoleacetic  acid  they  traced  auxin  trans- 
further  investigation. port  in  the  shoot  system  and  developed  a  hypothesis 

The  angle-meristem  of  Selaginella  is  one  of  the      for  auxin  regulation  of  angle-meristem  develop- 
few  examples  of  a  truly  undetermined  meristem ment  in  S.  willdenovii.  As  will  be  recalled  from 

one  that  has  the  potential  to  develop  as  either  a  the  previous  work  by  Cusick  (1953,  1954),  at  each 

root  or  as  a  shoot  (Halperin,  1978).  This  morpho-  bifurcation  of  the  main  shoot  axis,  a  dorsal  and  a 

genetic  plasticity  may  be  indicative  of  a  primitive  ventral  angle-meristem  are  formed.  The  ventral 

nature  and  thus  have  a  bearing  on  certain  phylo-  angle-meristem  is  the  first  to  develop  and  forms  a 

genetic  questions  in  Selaginella.  Several  recent  root;  the  dorsal  angle-meristem  develops  later  and 

studies  have  examined  the  developmental  potential  produces  a  shoot.  In  a  study  of  auxin  transport  in 

the  stem,  Wochok  &  Sussex  (1973)  found  that 
) 

of  angle-meristems. 
   t 

Webster  (1969)  examined  the  effect  that  auxin  auxin  transport  was  polar  through  the  stem  axis 

has  on  angle-meristem  development  in  S.  martens-  but  in  the  region  of  shoot  branching  there  was 

a'.  In  this  study,  Y-shaped  shoot  segments,  each  lower  auxin  concentration  on  the  ventral  side  ol 
bearing  a  dorsal  and  a  ventral  angle-meristem,  had  the  shoot  and  a  higher  concentration  on  the  dorsal 

either  plain  lanolin  or  lanolin  containing  auxin  ap-  side.  These  findings  were  related  to  the  observed 

plied  at  the  distal  cut  surfaces.  In  the  presence  of  development  of  angle-meristems.  Wochok  &  -^us- 

exogenously  supplied  auxin,  angle-meristems  de-  sex  (1973)  hypothesized  that  in  the  region  just 

veloped  as  roots,  whereas  in  the  absence  of  auxin,  behind  the  shoot  apex,  the  high  auxin  concentration 

shoots  were  formed.  The  results  also  showed  that  inhibits  development  of  both  angle-meristems.  rur- 

precocious  development  of  a  ventral  angle-shoot  ther  behind  the  apex,  the  reduced  auxin  concen- 
could  influence  the  dorsal  angle-meristem  to  de-  tration  on  the  ventral  side  initiates  development  oi 

velop  as  a  root.  Destroying  the  ventral  angle-mer-  the  ventral  angle-meristem,  and  the  auxin  leve 

istem  by  puncturing  resulted  in  development  of  a  results  in  determination  as  a  root.  In  branchings 

dorsal  angle-shoot.  Presumably  the  ventral  angle-  still  further  behind  the  apex,  the  auxin  concentra- 
shoot  acted  an  an  auxin  source  to  control  dorsal  tion  to  the  dorsal  surface  is  decreased,  and  the 

development.  dorsal  angle-meristem  is  stimulated  to  develop  as 

Cusick  (1953)  analyzed  the  shoot  system  of  S,  a  shoot  because  of  a  lower  auxin  level.  This  h)- 
willdenovii  and  noted  that  at  each  bifurcation  of  pothesis  was  further  related  to  the  complex  stelar 

the  main  shoot  axis  a  dorsal  and  a  ventral  angle-  pattern  in  5.  willdenovii,  which  includes  a  tristelic 
meristem  are  present.  For  any  given  shoot  branch-  condition  in  the  main  axis  of  the  shoot, 
ing,  the  ventral  angle-meristem  is  the  first  to  de- 

prod 

An  examination  of  auxin  transport  in  the  roo 

showed  that  auxin  moved  predominately  m  an 
corresponding  dorsal  angle-meristem  is  delayed  in  acropetal  direction  (Wochok  &  Sussex,  1974).  This 

its  development  and  produces  a  shoot.  In  isolated  was  cited  as  physiological  evidence  that  the  leafless 

shoot  segments  of  S,  willdenovii,  Cusick  (1954)  cylindrical  organ  arising  at  the  angles  of  shoot 
was  unable  to  alter,  by  surgical  treatments,  the  branching  in  S.  willdenovii  is  a  root  and  not  a 
position  of  leaf  primordia  arising  on  ventral  angle-  shoot, 

shoots.  lie  reasoned  that  growth  centers  for  leaf  In  another  study  of  angle-meristem  development 
primordia  were  already  present  in  the  dormant      in  S.  willdenovii,  "Wochok  &  Sussex  (1975)  used 
angle-meristem;  therefore  auxin,  either  from  the      triiodobenzoic  acid  (TIBA),  an  auxin  inhibitor.  When 
intact  axial  shoot  or  applied  distally  to  isolated  stem      TIBA  was  applied  in  lanolin  paste  around  the  stem 
segments,  must  allow  the  development  of  the  apical 
but  not  appendicular  growth  centers,  and  a  rhi- in  a  region  just  behind  the  shoot  tip  of  intact  plants^ 

both  dorsal  and  ventral  angle-meristems  in  the  m 
zophore  results.  In  the  absence  of  auxin,  appen-  cinity  developed  as  leafy  shoots.  When  dorsal  an- 
diculargrowthcentersarenolonger  inhibited,  leaf  gle-meristems  were  excised  and  growTi  in  sterile 

primordia  develop,  and  an  angle-shoot  results.  Based  culture,  they  developed  as  leafy  shoots  on  an  auxin- 
on  his  experiments  with  S.  willdenovii,  Cusick  free  medium  and  as  roots  on  a  medium  containing 

(1954)  suggested  that,  in  ontogeny,  the  angle-mer-      auxin.  Dorsal  angle-meristems  transferred  after  ex- 
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cision  from  auxin-free  to  plus-auxin  medium  on      suggest  a  somewhat  primitive  state  of  organogra- 

successive  days  showed  an  increasing  tendency  to      phy.  Such  a  conclusion  seems  reasonable  in  view 

connection develop  as  shoots.  From  these  results  the  authors  of  the  antiquity  of  the  genus.  In  this 

suggested  that  dorsal  angle-meristems  undergo  a  it  should  be  pointed  out  that  in  certain  Devonian 

change  in  developmental  potential  That  is,  after  fossils,  branchlike  structures  (called  axillary  tuber- 

1-3  days  in  culture  most  dorsal  angle-meristems  cles)  have  been  found  associated  with  angles  of 

could  still  be  influenced  by  exogenous  auxin  to  shoot  branching.  Banks  &  Davis  (1969)  hypoth- 

develop  as  roots.  However,  after  5  days  a  majority  esized  that  the  axillary  tubercles  of  Gosslingia  and 

of  dorsal  angle-meristems  had  been  determined  as  Crenaticaulis   may    represent    rhizophorelike 

shoots  and  could  not  be  "redetermined"  by  auxin  branches  similar  to  those  in  modern  Selaginella. 

However,  in  a  general  discussion  of  axillary  tu- 

Wochok  &  Sussex  (1976)  also  studied  the  de-  bercles,  Edwards  (1970)  suggested  that  the  struc- 

velopmental  potential  of  excised  root  tips  of  S.  ture  probably  represents  the  base  of  a  branch, 

roots  approximately  20  mm  or  which  was  either  abscised  prior  to  preservation  or 

less  in  length  were  grown  in  sterile  culture  on  an  was  lost  during  preservation. 

as  roots. 

When 

approxima 

Reproductive  Morphology 

HETEROSPORY 

developed  as  leafy  shoots.  When  root  tips  were 
grown  on  a  medium  containing  auxin,  only  roots 

were  produced.  Thus  it  was  shown  that  auxin  pre- 

vents redetermination  of  the  root  apex  as  a  shoot,  ^jj  important  feature  in  the  reproductive  biology 

and  the  reason  redetermination  does  not  occur  in  ̂ f  Selaginella  is  heterospory  (Fig.  1).  Despite  the 
the  intact  plant  may  be  that  auxin  is  transported  fundamental  importance  of  heterospory  to  plant 

toward  the  root  tip  where  it  exerts  its  control.  evolution,  neither  the  physiological  basis  nor  the 

Fmally,  Jernstedt  &  Mansfield  (1985)  used  a  origin  of  this  phenomenon  are  presently  well  un- 
chemical  approach  to  interpret  the  nature  of  the  derstood.  Sussex  (1966)  has  discussed  the  origin 

so-called  rhizophore.  Using  two-dimensional  gel  ̂ nd  development  of  heterospory  in  general,  and 
electrophoresis,  they  compared  polypeptides  from 
the  vegetative  organs  of  S.   kraussiana.  Of  the 

Pettitt  (1971,  1977)  has  investigated  certain  as- 

pects of  heterospory  for  Selaginella,  specifically, 
niore  than  600  polypeptides  resolved,  18%  were  megasporocyte  degeneration  and  post-meiotic  re- 

found  in  all  four  vegetative  organs  (leaves,  stems,  gression  of  megaspores  and  microspores.  Recently, 

roots,  and  rhizophores).  Comparisons  between  pairs  Haig  &  Westoby  (1988)  proposed  a  theoretical 
of  organs  revealed  that  stems  and  rhizophores  model  to  account  for  the  origin  of  heterospory. 

showed  the  greatest  similarity  with  58%  of  their  However,  despite  these  and  other  discussions,  many 

polypeptides  in  common,  while  for  rhizophores  and       critical  questions  about  heterospory  remain  unre- 
similar solved. 

SPORANGIAL  DEVELOPMENT 

also  found  that  stems  and  rhizophores  had  the 

'^rgest  number  of  polypeptides  unique  to  a  pair  of 
^'^ans  (95),  while  rhizophores  and  roots  shared 

fewer  unique  polypeptides  (5).  Jernstedt  &  Mans-  Horner  &  Beltz  (]970)  studied^the^^^^^^ 
field  (1985)  concluded  that,  at  the  abundant  gene- 

life 

.-^^..  X.V.,,  stems  and  rnizopnores  are  mur.  .uu-  veloping  microspo
rangia  anH  megasporangia  with 

'»ar  than  are  rhizophores  and  roots.  Further,  the  respect  to  certain  features
.  They  noted  that    m 

results  contradict  the  view  that  the  rhizophore  is  pairs  of  sporangia,  m
egasporangia  were  shghlly 

^^Pb  an  aerial  phase  of  the  root  system,  but,  larger  tha
n  microsporang.a  from  an  early  stage  of 

rather,  bdicate  that  the  rhizophore  is  sufficiently  development.  In
  the  microsporangmm,  sporoge- 

^  nous  tissue  stained  mtensely  for  RN A,  whereas  m 

the  megasporangium  of  corresponding  age,  only  a 
^l^tinct  to  be  placed  in  the  organ  category.  Finally, 
*e  results  refute  the  interpretation  that  rhizo- 
Pnores  and  roots  are  homologous  organs. single  cell  of  the  sporogenous  tissue  st

ained -'^3  ana  roots  are  homoloeous  organs.  »ui5i^  - —  -  .        ̂  

.    The  ahove  studies  indicate  that  organography  thermore,  wherea
s  each  sporogenous  ceU  m    he 

">  Selaginella  is  somewhat  plastic,  so  that  the  same  microsporangium 
 was  surrounded  by  callo  e    n  the 

«>eristem  (angle-meristem)  may  develop  as  either  megasporangium 
 only  the  RNA-posU,ve  (funct.on^ 

«  ̂oot  or  a  shoot,  depending  on  the  conditions  of  al)  sporocyte  develop
ed  a  callose  -»;  B-^^  - 

growth.  This,  along  with  the  other  unusual  features  these  findings   the  authors  ̂ f-^^)^  ̂^^^f  f  J^^j 

'   the  aerial  root  or  rhizophore  indicate  that  in  mation  of  a  callose  waU  around  he-gk  ̂ ^^^^^^^^ 

S^f-ginella  root  and  shoot  are  not  so  distinct  and  «porocyte 
 serves  to  .solatc  that  cell  m  the  sporan- 
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Basal  megasporangia  and  apical  microspo- gium,  resulting  in  differentiation  in  a  new  direction.       I. 

A  causal  mechanism  for  the  determination  of  mega- 

sporogenesis  versus  microsporogenesis  is  as   yet      II.      Two  vertical  rows  of  microsporangia  and  two 

rangia; 

unclear,  however. vertical  rows  of  megasporangia; 

Using  length  of  sectioned  sporangia  as  an  index.      Ha.    Two  vertical  rows  of  microsporangia  and  two 
French  (1972)  examined  growth  relationships  in 
developing  megasporangia  and  microsporangia  of 

vertical  rows  containing  a  mixture  of  mi- 
crosporangia and  megasporangia; 

S.  higelovii.  StrobUi  of  S.  bigelovii  usually  contain      HI.     Wholly  megasporangiate  strobili. 
two  vertical  rows  of  megasporangia  and  two  rows 

of  microsporangia,  and,  at  each  node,  a  megaspo- 
micros 

They  concluded  that  arrangement  of  sporangia 

can  serve  as  a  taxonomic  tool.  Of  particular  interest 

(1972)  discovered  that  for  a  pair  of  decussate  is  5.  rupestris,  which  exhibits  patterns  I  and  III; 
sporangia,  prior  to  sporocyte  formation  the  mega-  the  populations  exhibiting  these  two  patterns  can 
sporangium  was  larger  and  elongated  more  rapidly  be  separated  geographically.  Pattern  I  plants  occur 
than  the  corresponding  microsporangium.  Also,  al-  in  the  Appalachian  mountain  region  and  are  pre- 
though  there  was  an  increase  in  the  number  of  sumably  sexual,  whereas  Pattern  III  plants  occur 
sporogenous  cells  in  both  sporangial  types  in  early  throughout  the  rest  of  the  range  and  are  apomictic. 
development,    this    increase    in   sporogenous    cell  Horner  &  Arnott  (1963)  also  suggested  that  the 
number  ended  at  a  lower  growth  index  in  mega-  primitive  condition  is  represented  by  Pattern  I, 
sporangia  than  in  microsporangia.  Thus  the  differ-  from  which  the  other  patterns  are  derived, 
ences  in  growth  relationships  observed  by  French  An  unusual  variation  of  sporangial  development 
(1972)  indicate  that  events  that  ultimately  lead  to  was  reported  by  Webster  (1974).  In  S.  umbrosa 
the  development  of  microsporangia  and  megaspo-  grown  under  greenhouse  conditions,  cones  were 
rangia  occur  prior  to  the  onset  of  sporocyte  de-  microsporangiate  but  also  exhibited  an  abundance 
generation.  of  abortive  sporangia.  In  addition,  occasional  small 

Brooks  (1973)  studied  the  effects  of  ethylene  green  vegetative  outgrowths  C'sporangioids")  were 
on  the  determination  of  sporangia  in  S.  wallacei  found  in  the  position  of  sporangia.  These  small 
and  S.  pallescens.  In  plants  sprayed  with  distilled  cylindrical  structures  contained  tissues  resembling 
water,  strobili  produced  a  high  proportion  of  mi-  epidermis  and  cortex,  as  well  as  a  central  strand 
crosporangia,  whereas  plants  sprayed  with  Ethe-  of  tracheids.  The  exact  nature  and  significance  of 

compound,  produced 
sporangioids  remain  to  be  determined,  as  are 

the 
high  proportion  of  megasporangia.  Brooks  (1973)  possible  factors  that  account  for  their  occurrence, 

speculated  that  sporangial  determination  in  Selag^  Recent  studies  on  the  morphology  of  microspo- 
inella  may  rely  on  the  effects  of  ethylene  on  plant  rangia  in  Selaginella  have  provided  insight  into 
cells.  He  noted  that  ethylene  is  known  to  inhibit  mechanisms  of  spore  dispersal.  Somers  (1982)  ex- 
or  retard  cell  division  as  well  as  accelerate  or  induce  amined  the  microsporangium  of  series  Articulatae, 
cell  degeneration  in  certain  plant  tissues.  There-  a  group  of  approximately  40  species  including  5. 
fore,  a  high  endogenous  level  of  ethylene  could  kraussiana  and  S.  diffusa,  and  concluded  that  the 
result  in  one  less  division  in  ceUs  of  the  sporogenous  microsporangium  in  Articulatae  is  more  complex 
tissue,  producing  fewer  sporocytes  per  sporangium,  than  that  found  in  the  nonarticulate  species.  The 
and  m  the  degeneration  of  most  of  them.  EventuaUy  microsporangium  o{  Articulatae  is  characterized 
sporocyte  degeneration  would  result  in  one  func-  by  two  broad  annuloid  bands  of  thick-walled  cells 
tional  megasporocyte,  which  would  produce  four 
megaspores  by  meiosis.  In  the  absence  of  an  in- 

The 

that  play  an  important  role  in  dehiscence. 

presence  of  these  bands  suggests  a  more  advanced 
hibitory  level  of  ̂   ethylene,  the  final  ceU  division      condition  not  found  in  the  microsporangium  of  oth^ 

er  species  of  Selaginella,  Somers  (1982)  argued 
sporangium 

to- 

ffi- 

httle  sporocyte  degeneration,  and  ultimately  result  that  the  highly  developed  microsporangium in  numerous  sporocytes  in  a  microsporangium.  Fur-  gether  with  several  other  characteristics,  is  su 
ther  work  is  necessary  to  prove  this  hypothesis,  cient  to  elevate  the  Articulatae  to  the  status  of 
and  future  mvestigations  should  include  the  effects  subgenus 
of  other  growth  regulators  on  sporangial  develop-  In  an  examination  of  53  species  of  Selaginell<^^ 

"'^u  ■  *    A  i.^...  ^^"^^  &  Scheckler  (1986)  recognized  five  types 
Homer  &  Arnott    1963)  exarnmed  sporangial  of  microsporangia  that  exhibit  three  spore  dispersa^ 

arrangement  m  slrobh  from  30  North  American  mechanisms.  In  the  passive  type,  there  is  litUe  cefl 
species  of  Selaginella  and  described  four  patterns:  modification  among  the  cells  of  the  sporangium. 

I 
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Dehiscence  occurs  along  the  distal  surface  and  results  in  spores  shed  near  the  base  of  the  parent 
continues  down  the  sides,  resulting  in  two  valves  plant,  would  be  more  likely  to  restrict  the  amount 
that  bend  outward,  and  the  microspores  simply  sift      of  outcrossing. 

out  passively  between  the  two  valves.  Most  species A  recent  study  by  Page  (1989)  described  the 

exhibiting  this  mechanism  are  isophyllous  and  in-  dispersal  mechanisms  for  both  the  microsporan- 
habit  xeric  environments.  Selaginella  wallacei  is  gium   and   megasporangium   of  5.    selaginoides. 

an  example  of  the  passive  type  of  microsporangi-  Whereas  microspore  dispersal  is  passive  in  this 

um.  The  spore-ejector  type  relies  on  a  distinct  area  species,  megaspore  dispersal  is  active,  and,  under 
of  dead  water-filled  cells  within  the  sporangial  waU.  experimental  conditions,  may  result  in  discharge 
KoUer  &  Scheckler  (1986)  recognized  two  sub-  of  megaspores  for  distances  of  over  2  m  from  the 

types  within  this  category:  the  central  subtype,  parent  cone. 
characterized  by  an  ovoid  region  of  dead  water- The  studies  by  Somers  (1982)  and  Koller  & 

filled  cells  in  the  center  of  each  valve;  and  the  Scheckler  (1986)  have  added  significantly  to  our 

basal  subtype,  characterized  by  a  reniform  region  understanding  of  microspore  dispersal  in  Selagi- 

of  dead  water-filled  cells  in  the  basal  half  of  each  nella.  Further  studies  comparing  dispersal  mech- 

valve.  In  each  subtype,  sporangial  cells  exhibit  anisms  for  both  microsporangia  and  megasporangia 
uneven  wall  thickenings  resulting  in  active  dispersal  of  the  same  species,  such  as  the  recent  investigation 

of  microspores.  As  the  sporangium  dries  and  de-  by  Page  (1989),  are  needed. 

GAMETOPHYTE  DEVELOPMENT 

The  gametophyte  generation  of  Selaginella  has 

hisces,  the  two  valves  bend  away  from  each  other, 
sometimes  reaching  an  angle  between  them  of  1 50^ 
Ihe  valves  then  snap  back  toward  their  original 
positions,  ejecting  a  large  portion  of  microspores. 
The  valves  may  reflex  and  snap  several  times,  received  far  less  attention  than  the  sporophyte. 

effectively  ejecting  all  the  spores  from  the  sporan-  The  small  size  of  the  endosporic  microgameto- 

gmm.  After  dehiscence  is  complete,  the  cells  pre-  phytes  and  megagametophytes  makes  them  more 

viously  filled  with  water  contain  gas  bubbles.  The  difficult  to  study  and  perhaps  gives  the  impression 

spore-ejector  type  of  sporangium  was  observed  in  that  there  is  little  variation  in  gametophyte  mor- 

a  number  of  anisophyllous  tropical  or  subtropical  phology  throughout  the  genus.  In  recent  years, 

species.  Selaginella  emmeliana  is  an  example  of  Robert  has  studied  the  development  of  the  game- 

the  central  subtype,  and  5.  plana  represents  the  tophytes  of  S.  kraussiana  in  some  detail.  In  his 
basal  subtype.  study  of  the  microgametophyte  of  5.  kraussiana. 

The  sporangium-ejector  type  was  found  only  in  Robert  (1973)  described  a  two-staged  ontogeny: 

series  Articulatae  and  was  described  previously  by  (1)  the  formation  of  the  antheridium  and  divisions 

Somers(1982).  The  prominent  feature  of  this  spo-  resulting   in   a   number  of  spermatogenous   cells 

rangial  type  is  the  raised  band  of  large  cells  ex-  (spermatids),  and  (2)  the  differentiation  of  sper- 

tending  around  the  sporangium.  Koller  &  Scheck-  matids  into  spermatozoids.  The  mature  microga- 

'er  (1986)  noted  that  these  cells  are  dead  and  metophyte  consists  of  a  single  lenticular  prothallial 

^ater-filled,  with  uneven  thickenings.  At  the  time  cell  and  an  8.celled  antheridial  jacket  surrounding 
of  dehiscence  the  two  valves  bend  with  such  force  256  spermatids.  This  study  of  the  general  orga- 

^t^at  the  microsporangium  is  torn  from  the  strobUus  nization  of  the  male  gametophyte  was  followed  by 

and  ejected  for  a  distance  up  to  20  cm.  A  series 
snapping  motions  completes  spore  ejection  from 

.  ̂  dispersed  microsporangium.  Once  dehiscence 

|s  complete,  the  raised  band  of  cells  contains  gas 
bubbles  instead  of  water.  KoUer  &  Scheckler  (1986) 

a  detailed  description  of  spermatogenesis  (Robert, 

1974).  The  mature  spermatozoid  is  25  ̂ m  in  length 

with  two  asymmetrical  flagella.  The  organelles  in 

the  narrow  sperm  are  linear.  These  include  an 

anterior  centriole,  an  elongate  mitochondrion,  and 

distinguished  two  subtypes  based  on  minor  anatom-      a  nucleus.  Toward  the  posterior  pole  is  a  posterior 

|cal  differences,  with  S.  kraussiana  considered  to      centriole  and  flagellum,  a  plastid,  and  a  mitochon- 

drion. In  comparing  the  sperm  of  5.  kraussiana 
'>edisti inct  from  other  members  of  Articulatae. 

The  authors  suggested  that  the  spore-ejector  to  sperm  in  other  archegonlates,  Robert  (1974) 

^ypes  have  a  dispersal  mechanism  similar  to  that  noted  similarities  to  those  of  bryophytes.  On  the 

^f  a  fern  leptosporangium,  which  relies  on  an  an-  other  band,  the  sperm  of  S.  kraussiana  does  not 

n^lus  of  distinctive  cells.  It  was  further  suggested  seem  to  have  features  m  common  with  other  pte- 

l^^at  the  dispersal  mechanisms  described,  particu-  ridophytes,  a  conclusion  also  reached  m  an  eariier 

'^riy  the  sporangium-ejector  type,  enhance  out-  study  by  Yuasa  (1933). 

crossing  in  Selaginella.  The  passive  type,  which  Robert  (1971a,  b,  1972a)  also  provided  a  de- 
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tailed  account  of  megagametophyte  development  by  Gifford  &  Foster  (1989),  most  of  our  present 
in  S.  kraussiana.  The  megagametophyte  of  this  knowlege  is  based  on  a  few  early  studies, 
species  is  unusual  in  that  a  thickened  diaphragm  Finally,  recent  studies  (Webster,  1979;  Webster 
divides  the  gametophyte  into  two  distinct  regions: Tanno,   1980;  Tanno  &  Webster 

the  reproductive  tissue  from  which  archegonia  and       have  used  artificial  crossing  techniques  to  deter- 
rhizoids  form,  and  a  food  reserve  region  rich  in       mine  the inherit 

lipids  and  proteins  (Robert,  1971a).  Robert  went       nella.  In  5.   kraussiana  var.   aurea,  the  aurea 
character  is  controlled  by  a  single  nuclear  gene describe 

1972a).  He  pointed  out  that,  although  large  num-  exhibiting  incomplete  dominance,  whereas  S.  bar- 
bers of  archegonia  are  formed,  at  any  given  time  lensii  forma  albovariegata,  a  variegated  variety, 

only  one  or  two,  sometimes  none,  have  their  necks  exhibits  maternal  cytoplasmic  inheritance  of  pig- 
open  and  thus  are  capable  of  being  fertilized.  He  mentation.  The  crossing  technique  (Webster,  1979) 
also  described  certain  complexities  exhibited  by  the  used  in  these  studies  allows  for  direct  observation 

egg,  features  not  found  in  the  eggs  of  other  ar-  of  certain  aspects  of  the  life  cycle  of  Selaginella 
chegoniates.  During  oogenesis  there  is  a  redistri-  and  raises  several  questions  for  future  investiga- 
bution  of  organelles,  resulting  in  a  marked  polarity  tions.  For  example,  the  most  dramatic  feature  ob- 
of  the  mature  egg.  There  is  an  apical  region  of  served  during  hybridization  experiments  with  Se- 
mitochondria,  a  peripheral  and  median  region  of  /ag^me/Za  is  the  strong  chemotactic  response.  Almost 
Golgi  bodies,  and  a  basal  region  rich  in  endoplasmic  immediately  after  megagametophytes  and  sperm 
reticulum.  The  plastids  that  occur  around  the  nu-  are  mixed  in  a  droplet  of  water  on  a  depression 
cleus  also  undergo  certain  changes  during  oogen-  slide,  attraction  of  sperm  to  the  archegonial  region 
esis.  He  also  noted  the  occurrence  of  certain  struc- 

tures of  undetermined  origin.  The  result  is  a  highly 

Wetmore 

of  the  megagametophyte  can  be  detected  with  the 

Within  minutes,  a  sizable  cloud 
polarized  egg  cell  of  considerable  complexity,  the  of  swimming  sperm  is  visible  around  the  arche- 
significance  of  which  will  be  discussed  later.  gonia.  The  chemical  nature  of  the  chemotactic 

principle  in  Selaginella  has  yet  to  be  identified. 
sterile  cultures  of  megagametophytes  of  S.  palles-  Preliminary  observations  (Webster,  unpublished) 
cens  and  S.  flabellata.  They  cultured  the  mega-  suggest  that  the  chemotactic  response  is  rather 

gametophytes  on  Knudson's  medium  supplemented  general,  because  for  example,  sperm  of  5.  krauss- 
with  2%  glucose  and  a  mixture  of  vitamins.  At  the  iana  are  readily  attracted  to  megagametophytes 
end  of  six  months  a  globular  mass  of  tissue  ap-  of  5.  martensii,  an  unrelated  species  (and  spore- 
proximately  1  cm  diam.  was  obtained.  By  subcul-  lings  fail  to  result).  More  detailed  studies  of  the 
turing  every  three  months  they  were  able  to  main-  specificity  of  the  chemotactic  response  in  Selagi- 
tain  the  tissue  cultures  for  two  years.  Under  the  nella  should  yield  interesting  resuhs.  Also,  the  de- 
culture  conditions  employed,  the  prothallus  lost  its  tails  of  fertilization  have  yet  to  be  examined;  this 
normal  organization;  that  is,  after  their  initial  ap-       would  be  an  ideal  subject  for  an  ultrastructural 
pearance,  rhizoids  and  archegonia  failed  to  be  pro- 

duced, and  only  unpigmented  parenchyma  cells 
were  formed.  The  culture  was  thus  similar  to  higher 
plant  tissue  cultures  lacking  organization, 
alius. 

Bruchmann   (1912)   studied   embryology   in   a 

study. 

I.e.,  a Concluding  Remarks 

The  genus  Selaginella  has  existed  since  the 

Lower  Carboniferous  (Bierhorst,  1971).  Today,  this 
remarkahlp  a^s^mhlacr*^  nf  ar^nrnYimatelv  700  spe- 

^luvuixm.m   ^i:,x^y   siuGiea   emoryology   m   a      Lower  Carboniferous  (Bierhorst,  1971).  Today,  tm^ 
number  of  species  of  Selaginella,  including   S.      remarkable  assemblage  of  approximately  700  spe- 
kraussiana.  The  embryology  of  5.  kraussiana  is      cies  is  distributed  worldwide  and  occupies  a  wide 
of  particular  mterest  because  of  certain  unusual      range  of  habitats  from  tropical  to  temperate,  rain- 

forest to  desert.  One  would  have  to  conclude  that 

Selaginella  is  indeed  an  evolutionary  success  story. 
^          •'^  ̂ ^^^     ^aiiici,  me      Thelongevity  and  apparent  success  of  5e/agi/i^^^^ 

zygote  to  the  center  of  the  reserve  tissue  where  is  even  more  remarkable  given  its  rather  simple 
the  embryo  is  mitiated.  Robert  (1972b)  speculated  morphology.  In  the  present  paper  an  attempt  has that  this  unusua  development  may  result  from  been  made  to  caU  attention  to  certain  structural 
certam  structural  complexities  of  the  egg  of  S.  features  that  may  hold  the  key  to  a  better  under- kraussiana  discussed  above  (Robert.  1972aV  Fur.      cto^^;   r  .i,„  .^   .-  .   c  c^i^^inrlJa- 

developmental  features.  Soon  after  fertilization  of 
the  egg,  the  basal  wall  of  the  archegonium  elongates tube 

........  .„„.......  _.„t,....„^,  ui   lae  egg  ot  ̂ .  features  that  may  hold  the  key  to  a  better  unac 
kraussiana  discussed  above  (Robert,  1972a).  Fur-  standing  of  the  evolutionary  status  of  Selaginella- 
ther  embryological  stud.es  of  Selaginella  using  If  the  basic  morphology  of  Selagmelln  has  re- 
modern  techrttques  are  needed  because,  as  noted  mained  essentially  unchanged  since  the  Carbonif- 

\ 

i 
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& 1985.    Development  of  stomata  in 
Selaginella:  division  polarity  and  plastid  movements. 
Amer.  J.  Bot.  72:  1914-1925. 

& 

1990.    Monoplastidic  'cell  division 
in  lower  land  plants.  Amer.  J.  Bot.  77:  559-571. 

Bruchmann,  H.     1905.     Von  den  Wurzeltragern  der 

Selaginella  kraussiana  A.  Br.  Flora  95:  150-166. 
  .     1912.    Zur  Embryologie  der  Selaginellaceen, 

Flora  104:  180-224. 

denovii  Baker.  I.  Preliminary  morphological  analysis, 

Ann.  Bot.  (London)  17:  369-383. 
  .     1954.     Morphogenesis  in  Selaginella   tvill- 

erous,  then  the  study  of  extant  forms  o{  Selaginella 

should  yield  insights  into  certain  aspects  of  early 

land  plant  evolution.  Developmental  studies  on  such 

enigmatic  structures  as  the  ligule,  "rhizophore," 
and  angle-meristem,  and  phenomena  such  as  ani- 

sophylly,  monoplastidy,  and  heterospory  may  be 

as  relevant  to  the  evolutionist  as  to  the  develop- 

mental botanist.  Modern  selaginellas  lend  them-  cusiCK,  F.  1953.  Morphogenesis  in  Selaginella  will 
selves  to  experimentation.  They  are  readily  grown 
and  manipulated  under  greenhouse  and  laboratory 

conditions.  Through  continued  developmental  stud- 

ies of  the  vegetative  and  reproductive  organs  of 

Selaginella.  insights  may  be  gained  into  some  of      dangler*  nTg.^^'i^So/ ThVhist^^^  basis  of  leaf the  reasons  underlying  the  longevity  and  survival  dimorphism  in  Selaginella  martensii.  Canad.  J,  Bot. 

of  this  unique  group  of  plants.  Coupled  with  the  58:  1225-1234. 
study  of  extant  forms  should  be  a  reinvestigation 

of  existing  fossil  material  of  Selaginella  to  deter- 
mine the  extent  to  which  the  genus  has  changed 

in  Its  morphological  and  anatomical  details  through 

the  ages.  Whether  the  genus  Selaginella  repre- 
sents an  evolutionary  dead  end  or  a  group  that  led 

to  higher  plant  forms,  its  modern  and  past  history 
IS  interesting  and  offers  ample  opportunity  for  fruit- 

ful research  in  the  future. 

denovii  Baker.  II.  Angle-meristems  and  angle  shoots. 

Ann.  Bot.  (London)  28:  171-181. 

  ,     1983a.     The  developmental  basis  of  aniso- 

phylly  in  Selaginella   martensii.  I.  Initiation  and 

morphology  of  growth.  Amer.  J.  Bot.  70:  181-192, 
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THE  MESOZOIC  HERBACEOUS    /  E.  Skog^  and  C.  R.  Hur- 
LYCOPSIDS 

Abstract 

Occurrences  of  lycopsid  megafossils  and  their  spores  in  the  Mesozoic  are  reviewed.  Subarborescent  lepidodendralean 

forms  diversified  in  the  early  Mesozoic  before  going  extinct  in  the  early  Jurassic,  although  herbaceous,  hoetes-bkt 
forms  —  considered  here  also  to  be  lepidodendraleans — survived  to  the  present  day  as  represented  by  the  sole  surviving 

genus  Isoetes.  Records  of  IsoetesAikG  forms  from  Triassic  strata  are  considered  questionable;  the  earliest  good-quahty 
examples  that  can  currently  be  accepted  are  in  the  late  Jxirassic /early  Cretaceous.  The  two  other  major  groups  of 
lycopsids  that  also  survive  today — the  lycopodialeans  and  selaginellaleans — were  present  throughout  the  Mesozoic  as 
entirely  herbaceous  forms.  Some  of  them  closely  resemble  extant  species  but  most  are  less  similar  and  some,  such 

as  Synlycostrobus  with  its  apparently  compound  strobili,  greatly  extend  our  knowledge  of  lycopsid  diversity.  A  tew 
of  the  Mesozoic  species  appear  to  provide  important  and  hitherto  unsuspected  links  between  these  two  major  groups. 
Increasingly  refined  knowledge  of  late  Paleozoic  through  Mesozoic  lycopsids  and  their  spores  is  contributing  to  growing 
precision  in  biostratigraphy  and  also  in  environmental  changes  that  have  affected  our  planet  in  the  geological  past, 

particularly  the  protracted  interval  of  global  warming  that  began  in  the  late  Paleozoic  and  continued  throughout  the 
Mesozoic.  New  information  is  presented  on  Mesozoic  lycopsids  from  the  United  States  and  England,  including  a  new 
species  of  hoetites  of  Cretaceous  age  with  well-preserved  spores  in  situ. 

( 

nd 

The  late  Paleozoic  through  Mesozoic  was  an  lycopsids  in  the  Pennsylvanian,  the  Permian,  a 

exciting  time  of  transition  between  ancient  and  especially  the  early  Mesozoic  provide  an  excellent 

modern  floras,  bridging  the  gap  between  the  Pa-  example  of  how  ancient  plants  can  be  used  as 

leozoic,  which  had  relatively  few  plants  like  those  mirrors  of  ancient  climate  change,  and,  in  the  case 

we  know  today,  and  the  Tertiary  (especially  the  of  lycopsids,  also  of  edaphic  change.  Conversely, 

late  Tertiary),  by  which  time  many  plants  were  an  understanding  of  the  effects  of  climatic  change 
essentially  modern  in  appearance.  Lycopsids  did 
not  escape  this  phase  of  intense  biotic   change; on  ancient  vegetation  is  contributing  to  increasing 

precision  and  sophistication  in  our  awareness  o 
within  the  Mesozoic  timespan  of  170  million  years      how  plant  ecosystems  have  changed  and  developed 
the  great  tree  lycopsids  of  the  Paleozoic,  i.e.,  the      through  geologic  time. 

lepidodendraceans  and  other  families,  finally  died  The  detailed  picture  of  lycopsid  evolution  in  the 

out,  leaving  only  the  diminutive  /soe^es-Uke  forms  Mesozoic  is  currently  far  from  complete.  The  pa- 
to  survive  to  this  day.  These  sole  survivors,  still  leobotanical  data  base  needs  focussed  attention  u 

largely  inhabitants  of  pools  and  swamps,  bear  wit-  we  are  to  appreciate  relationships  and  climate- 
ness  to  a  once  mighty  group  of  swamp -forest  and  related  global  changes  in  vegetation  through  geo 
lacustrine  organisms.  On  the  other  hand  the  Se- 

lagineUales  and  Lycopodiales,  which  also  had  their logic  time.  In  Mesozoic  lycopsids  much  importan 

material  languishes  unexploited  in  museum  ca 
origins   in   the   Paleozoic,   continued   to  diversify      nets,  while  poor  or  poorly  described  material  has 

throughout  the  Mesozoic  as  indeed  they  still  do      been  widely  and  rather  uncritically  accepted  as 

today.  They  were  represented  by  a  core  of  forms      providing  satisfactory  evidence,  for  example  of  ih^ 
similar  to  extant  species  with  a  range  of  extinct 
forms  that  were  more  or  less  intermediate  and  some appearance  of  extant  taxa  such  as  Isoetes. 

example  to  which  we  will  draw  attention  m  this that  are  simply  bizarre.  These  evolutionary  changes  survey  is  Bock's  (1 962)  record  of  supposed  hoeies 
that  took  place  in  the  Mesozoic  were  results  of  from  the  Triassic  of  North  America.  This  is  not  to 

global  environmental  changes,  especially  the  in-  say  that  Isoetes-YAfie  forms  definitely  did  not  occur 

tense  climatic  warming  that  occurred  between  the  in  the  Triassic;  what  we  conclude  is  that  the  evi- 

glaciations  of  the  late  Paleozoic  and  the  greenhouse  dence  as  currently  expressed  in  the  literature  is 

conditions  that  mark  most  of  Mesozoic  time.  The  unconvincing.   There    are   many   other   such  ̂ ' 
dramatic  effects  of  this  warming  on  arborescent  stances  where  a  critical  reexamination  of  the  ong- 

'  Department  of  Biology,  George  Mason  University^  Fairfax. 
*  Department  of  Palaeontology,  Natural  History  Museum,  C 

Ann.  Missouri  Bot.  Card.  79:  648-675,  1992. 
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inal  material  is  needed,  using  modern  laboratory       whatever  their  botanical  affinities,  the  intense  glob- 
techniques  and  fresh  collecting. al  warming  of  the  late  Paleozoic  and  early  Mesozoic 

Although  this  means  that  Mesozoic  lycopsids  led  to  the  extinction  of  all  arborescent  and  subar- 
present  an  especially  promising  area  for  research,  borescent  lycopsids,  at  first  in  the  then  equatorial 

they  also  represent  an  area  beset  with  a  number  everwet  regions  sensu  Ziegler  (1990).  AU  currently 
of  challenging  problems.  First,  although  lycopsids  known  fossil  species  of  lycopsids  surviving  into  or 
are  not  especially  uncommon  in  Mesozoic  rocks  newly  evolving  in  the  mid-Jurassic  through  Cre- 
(though  much  scarcer  than  in  the  Carboniferous),  taceous  were  herbaceous,  at  least  to  the  extent  that 

relatively  few  occurrences  are  of  the  quality  of  all  extant  lycopsids  can  be  regarded  as  herbaceous, 
preservation  needed  to  identify  the  material  as  ly-  Among  the  objectives  of  the  review,  therefore,  is 

copsid,  let  alone  to  characterize  it  properly;  many  an  attempt  to  comment  critically  on  available  rec- 
01  the  plants  were  herbaceous  forms  that  tend  not  ords  as  reported  in  the  literature,  so  far  as  is 
to  fossilize  well,  and  important  characters  for  their  possible  without  direct  examination  of  the  speci- 
classification,  such  as  the  presence  or  absence  of  mens  themselves,  and  thus  to  focus  on  especially 
a  ligule  on  the  leaf,  can  be  notoriously  difficult  to  worthwhile  material  for  future  research  (whether 
assess.  As  noted  by  Seward  (1910),  there  is  danger  from  renewed  collecting  or  in  existing  collections). 
01  confusion  between  lycopsids  and  such  other  con-  Utilizing  our  own  research  material,  an  additional 

temporary  groups  of  plants  as  conifers  and  bryo-  objective  is  to  illustrate  directly  the  range  in  quality 
phytes,  when  not  enough  characters  can  be  seen.  of  preservation  of  Mesozoic  material  and  some  of 

-second,  this  problem  is  exacerbated  in  the  lycopsids  the  successes  as  well  as  difficulties  attendant  on  its 

by  an  asymmetry  in  the  quality  and  quantity  of  study.  Reflecting  the  major  floristic  change,  this 
preservation  of  dispersed  spores  versus  megafossils. 

lainly 

and  conversely  by  the  importance  of  in  situ  spore  idodendraleanformsof  the  early  Mesozoic,  followed 

characters  in  identifying  and  characterizing  mega-  by  a  discussion  of  the  dispersed  spore  record  of 

fossils.  There  is  a  wide  diversity  and  rich  abundance      Mesozoic  lycopsids  in  general  and  then  by  the 
herbaceous  fossils  of  the  Lycopodiales  and  Selag- 

inellales,  which  are  mostly  of  later  Mesozoic  age, 
of  dispersed  megaspores  worldwide  throughout  the 
Mesozoic,  but  the  affinities  of  many  of  them  remain 
obscure  in  the  absence  of  knowledge  of  the  mega-      and  ending  with  Isoetales  and  allied  forms.  Thus, 

fossils  and  hence  of  the  plants  that  produced  them.      the  Isoetes-like  lepidodendraleans  are  treated  sep- 

Equally,  there  are  many  records  of  heterophyllous      arately  from  the  arborescent  ones,  on  purely  ar- 

Sdaginella-  and  Lycopodium-Mke  megafossils  of      bitrary  grounds.  The  review  is  concluded  with  a 

^'hich  the  exact  affinities  can  only  be  determined      brief  discussion  on  phylogenetic  relationships, 
y  reference  to  evidence  from  in  situ  spores  as  well 

as  their  vegetative  characters.  However,  although 
here  is  an  argumentatively  tight  circle  here,  it  is 

The  Subarborescent  Lepidodendraleans  of  the 

Early  Mesozoic  (Triassic-Early  Jurassic) The 
annalepis-lepacyclotes 

*f^at  good-quality  megafossils  in  which  both  spores 
and  vegetative  parts  are  well  preserved  are  un-  Annalepis  is  represented   by  large,    well-pre- 

common,  and,  of  those  that  are  known,  few  have  served  sporophylls  with  pointed  apices,  2.5-4.5 

^s  yet  been  documented  adequately  using  modern  cm  long,  1-2  cm  wide,  described  in  detail  from 

techniques.  The  solution  lies  in  focussing  future  the  middle  Triassic  of  France  by  Grauvogel-Stamm 

^ork  on  quality  megafossils  that  have  in  situ  spores  &  Duringer  (1983).  The  sporophylls  arc  monospo- 

rangiate  and  have  yielded  either  megaspores  of 

A  primary  objective  of  any  review  is  to  present      Tenellisporites/Dijkstraisporites  type  or  mono- 
lete   microspores   referable   to   Aratrisporites^   a 

miospore  (spore  less  than  200  ̂ m,  see  Traverse, 

already  been  made.  There  have  been  considerable       1988)  that  Is  stratigraphically  useful  and  which 

advances  both  in  the  breadth  and  depth  of  knowl-      occurs  widely  as  a  dispersed  spore  in  Triassic  rocks. 

preserved. 

summarize 
known,  rei 

ge  of  Mesozoic  lycopsid  diversity  in  recent  years. 
oreover,  although  important  recent  studies  of 
aleozoic  lycopsids  have  cast  doubt  on  Magdefrau's 

^  ̂̂ o)  simple  picture  of  the  arborescent  lepidoden- 

''aleans  evolving  by  reduction  through   Pleuro- 

Although  the  authors'  estimate  of  at  least  14  cm 
diameter  for  the  reconstructed  strobilus  may  be 

too  large,  the  cone  was  certainly  no  less  than  9 

cm  wide  at  its  widest  point  and  thus  represents  the 

largest  of  any  knowTi  Mesozoic  lycopsid.  Compa- 

'^eea  and  Nathorstiana  to  hoetes  (see  also  Chab      rable  but  less  complete  and  somewhat  smaller  spo- 

^^er  &  Boureau,   1967),  there  is  no  doubt  that      rophylls  from  China,  also  with  in  situ  spores,  have 
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been  identified  with  Annalepis  by  Wang  &  Lou  Bernberg  were  almost  certainly  growing  in  fresh- 

(1990).  In  addition,  it  seems  possible  that  the  ver-  water,  as  were  those  described  by  Wang  &  Wang 
tically  compressed  strobilar  discs  named  Isoetites  (1982).  Evidence  that  some  stands  or  species  grew 

{Lepacyclotes)    clrcularis    (Emmons)   by    Brown  in,  as  opposed  to  being  deposited  in,  brackish  en- 
(1958)may  be  generically  equivalent  (Bock,  1969),  vironments  as  claimed  by  Retallack  (1975)  is  in 

and  possibly  the  material  of  Daugherty  (1941:  pi.  need  of  critical  reappraisal.  The  common  environ- 

12,  figs.  1,  2,  but  not  pi.   15,  figs.  1,  2).  These  ments  of  deposition  that  are  preserved  in  the  sed- 
specimens  deserve  fresh  study. imentary  record  for  most  Mesozoic  plants  were 

If  the  North  American  material  proves  conge-  coastal  plain/deltaic  or  shallow  marine.  Monodom- 

neric  with  AnnalepiSy  it  may  be  significant  that  inant  assemblages  may  be  locally  or  regionally  de- 
there  is  a  regional  association  with  structurally  rived,  that  is,  of  two  distinct  types.  Although  they 

preserved  axes  1-2  cm  wide  described  by  Daugh-  may  indicate  actual  growth  in  brackish  environ- 
erty  (1941)  as  Chinlea  and  Osmundites  walkeri  ments  such  as  marine  embayments,  discrimination 

and  referred  to  the  lycopsids  by  Miller  (1968).  of  the  exact  situation  for  PZeuromem  is  not  entirely 

Other  rare  early  Mesozoic  stems  such  as  Gram-  clear  from  the  evidence  Retallack  presented.  For 

maeophloios  (up  to  3.5  cm  wide)  of  Harris  (1935)  organic  remains,  as  with  inorganic  clastic  particles, 

and  the  considerably  larger  Ferganodendron  Do-  a  resulting  assemblage  may  merely  reflect  the  char- 
bruskina  (1974)  represent  more  substantial  axes  acteristics  of  the  sediment  supply.  If  Pleuromeia 

of  the  kind  that  might  have  been  necessary  to  stands  formed  the  dominant  vegetation  over  large 
support  Annalepis/ Lepacyclotes  sporophylls. 

PLEUROMEIA 

areas  within  the  drainage  basin,  they  would  also, 

inevitably,  form  the  dominant  fossils  in  a  range  of 

depositional  settings.  Such  an  example  is  often  pro- 
Tu^  **  1      •  »      1,    L  .1  -1       r    1         vided  by  Equisetum  in  Mesozoic  rocks.  Accord- Ine     classic     subarborescent  lycopsids  of  the      .     ,      /  .      .    ̂ .  ,  *   p/^,, 

T^'_-      £         J-       1        .  /    .L     1  mgly,  the  reconstruction  m  Figure  1  presents  rteu- 
Inassic,  figured  in  almost  every  textbook  on  pa-         ̂   -^  &  r 
leobotany,  are  those  attributed  to  Pleuromeia  (Fig. 
1).  This  genus,  often  preserved  spectacularly  in 

romeia  as  a  plant  of  freshwater  clastic  swamps 

rather  than  coastal  brackish  ones.  Whether  such 

^llr-r^\^l  ̂ T"""'  "'"^""  i^^^o^x  v^^  o^v.^Lcxv.ux«ix;<  1^1      places  in  the  Triassic  may  have  been  saline  in  the perminerahzed  form,  is  known  from  many  mid-      ̂   ,        .  ,      .  .  .         ̂ .      .  i         •        ̂   a  .r  ran 
lotu,,^..  M^  *u  ̂     u      •     u        1       V*-        r       1    *        sense  that  inland  lakes  of  and  regions  toaay  tdu latitude  iNorthern  Hemisphere  localities  of  early  to      ,         ,  ,    ,  ,         r  *  p/^// 
™:jji^  -r_-  „_-  /      \m'    1  r  xrxo.     1VT  bc  salinc  is  not  addressed.  It  is  clear  that  rieu- middle  Triassic  age  (see  Magdefrau,  1931;  Neu- 

Wang  &  W 
romeia  grew  in  inorganic  clastic,  rather  than  or- 

1982;  but  cf.  RetaUack,  1975,  who  includes  the      g^™*=-rich,  domi
nated  swamps. 

Southern  Hemisphere  genus  Cylostrobus  and  other 

non-pleuromeian  material).  The  plants  ranged  from 

Wang 

(W 

were  heterosporous  but  the  strobili  were  monospo-      known 

CYLOSTROBUS-SKILLIOSTROBUS-TOMIODENDRON- LYCOSTROBUS 

A  number  of  large  cones  and  stem  remains, 

rounded*  oartlv  sunken 
borne been  described.  Currently,  the  most  useful  account 

Known 

bili, imbric ovate  form  unique  to  the  genus.  The  sporophylls  essentially  from  isolated  rounded  to  ovate  stro 

  Lte  Skilliostrobus  contrasts  markedly  in  shape  an 

appearance.  In  situ  spores  were  trilete  and  have  sporophyll  form  with  the  more  elongate  strobili  of 

been  described  by  Neuburg  (1960),  Chaloner  &  Pleuromeia.  They  were  heterosporous  and  bispo- Yaroshenk rangiate,    and    the    we 

uni 

of 

ical  structure  was  studied  by  Snigirevskaya  &  Sre-      sporophylls  bore,  in  Skilliostrobus  and  in  some 

  "  "  "  Maya  (1988)  showed      the  species  referred  to  Tomiostrobus,  a  narrow 
odoiskaya  (1986).  Srebrod 

mbial 
limb 

was  lacking.  This  suggests  an  herbaceous  to  suflfru-      of  the  figured  sporophylls  look  remarkably  l*^ 
tescent  habit  even  for  the  larger  species.  Although 

(Neubu 
the  basal  anchoring  organ  of  the  larger  forms  was  The  in  situ  meeaspores  of  Skilliostrobus  appear 

•bed,  like  a  highly  reduced  lepidodend 
rhizophore,    that    of   the    diminutive    herba /Ma 

ceous 

type 

(though  fully  fertUe)  forms  is  simply  bulbous,  with      as  in  Annalepis,  both  types  of  spores  being  qui«c 
no  apparent  lobing.  u^H^e  those  of  Pleuromeia.  Whether  SkilUo^^'^ 

As  noted  by  Retallack  (1975),  rooted  plants  at      bus  strobili  were  genuinely  pedunculate  as  d«- 

i 



r 

Figure  1.      Reconstruction  of  Triassic  landscape  showing  Pleuromeia  (a)  in  its  likely  habitat,  together  with  Leptocycas  (b)  and  Equisetum  (c).  Drawing  by  P.  Laird  based  on information  collated  by  C.  R.  Hill. 
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scribed  by  Ash  is,  we  believe,  unlikely.  As  is  often      SPORE  Data:  DISPERSED  SpORES 

the  state  of  preservation  in  Pleuromeia^  Skillios- 

trohus  may  have  been  borne  on  a  broader  axis 

than  figured  by  Ash,  with  a  wide  cortex  that  tended 

to  rot  away,  leaving  the  woody  stele  in  the  center. 

Mature  strobili  may  have  been  abscised,  as  appears 
to  have  been  the  case  in  Pleuromeia. 

It  is  likely  that  the  structure  described  by  Chal- 
Q 

Dispersed  spores  attributable  to  the  lycopsids 

are  widespread  throughout  the  Mesozoic.  Although 

quantitatively  they  are  usually  a  minor  component 

of  the  total  palynomorph  assemblage,  they  are  of- 

ten biostratigraphically  useful  (Traverse,  1988; 

Kovach,  1988;  Kovach  &  Batten,  1989;  Batten 

&  Kovach,  1990).  They  can  be  locally  abundant, 
J    ,  .         V     J  r  C7   77-     *     I.      *  but  they  never  form  spore-dominated  coals  as  in nuded  permmeralized  cone  01  o&tmo5?roou5  type.        i     r>  i         •     rpi      .  ■  y       r  i. 

Comparable  structurally  preserved  material  cur- 
rently under  study  by  D.  Cantrill,  Melbourne,  will 

undoubtedly  advance  our  knowledge  of  Australian 

the  Paleozoic.  The  increasing  quality  of  the  mega- 

fossil  record  and  of  studies  on  in  situ  spores  con- 

tained within  megafossils  means  that  an  increasing 

range  of  dispersed  Mesozoic  spores  can  now  be 
rp  .       -    1  .1     rp,  .  .     .  ,  T_  1    ̂       1      r         range  oi  aisuersea  ivtesuzuic  sjuuico  x^o.^^  "v^"  -- Inassic  lycopsids.  Ihis  material  may  help  to  clarity  ^  ^     ,  ,  ,  rpi        ̂ r 
^1  \  •        I  ̂.       1  .       r  07  .;;.     ,    \      ̂       .^       attributed  directly  to  the  parent  plants.  Ihus,  ot the  uncertain  relationship  of  SkiUiostrohus  to  the 

similar the  Triassic  lycopsids  reviewed  above,  several  spe 

and  plants  from  the  Southern  Hemisphere.  One  of  "^^  ̂ "^^^^  contemporary  dispersed  spores  to  be 

these  plants  is  described  under  the  name  "Pfea-  '^^^'^^  ""  megafo
ssils.  Conversely    for  examp  , 

romeia  longicaulis  (Burges)"  by  Retallack  ( 1 97  5),  '^'  gl«>l  ̂^^^  biostr
atigraphically  Um^ed  occur- 

which  has  stems  of  broadly  phuromeiein/ Nathorst-  '"^"'^^  ̂ ""
'"^^  *^  inassic  (Traverse,  1 9aH,  V^rau 

iana  type,  up  to  ca.  1  m  long  and  ca.  2.5  (?)  cm  -gel-Stamm  &   Duringer,    1983
)  of  the  cj^ 

broad.  Others  are  Cylostrobus  Helby  &  Martin  ™^"°^^*^  ̂ P^'"^  Aratritnletes  Leschik  (produ  ed 

and  Cylomeia  White.  White  (1981)  illustrated  a  ̂y   Cylostrobus,   SkiUiostrohus,  and  Anndepj^ 

series  of  fine  vegetative  specimens  bearing  long  underscores  
the  widespread  occurrence  ot  the  va  • 

microphylls  that  in  one  species  appear  to  have  been  ̂ *^^^  P^'-^"^  P^^^^^'  ̂ ^«"  *^^"S^  '^"•'  "'"^ 

clearly  trabeculate  as  in  hoetes.  She  presented  ̂ ""^  '^^^^^  ̂ '"°"'  relatively  few  localities. 
evidence  that  the  leafy  stems  bore   Cylostrobus 
strobili,  with  which  they  are  intimately  associated, 

at  their  apices.  It  should  be  noted  that  this  material  Several  dispersed  megaspore  genera  that  have 
is  well  preserved,  with  in  situ  spores  (Helby  &  been  used  extensively  in  Mesozoic  biostratigraphy 
Martin,  1965).  It  clearly  deserves  further  detailed  (see  e.g.,  Marcinkiewicz,  1981;  Fuglewicz,  1980) 

study  using  modern  techniques  and  thorough  no-  are  now  known  in  situ  from  Triassic  material,  no- 
menclatural  revision.

  '^ 

MEGASPORES  AND  MICROSPORES 

.ably:  Tennellisporites  (in  Annalepis  from  France); 
In  comparison  to  this  promising  Australian  ma-      Dijkstraisporites,  Banksisporites,  and  laeviga- •    1               .1  ,  r      .      .1         ,        .  .  .  .  ,    .  ,        .       „  ^.  .  _-    Mil^na    & 

Wani 

terial,  most  other  records  of  similar -looking  stro-  „_^    ^.^...^   „.„        , 

hilar  fragments  and  isolated  sporophylls  are  of  rel-  Lou,   1990);  Horstisporites  and  Maiturisporites 

atively  little  significance  as  presently  described  (see  (in  Skilliostrobus);  and  Banksisporites  (from  Cy- 
e.g.,  Sadovnikov,  1982,  and  Neuburg,  1936)  ex-  lostrohus).  In  addition,  Scott  &  Playford  (1985) 

cept  as  indicators  of  geographical  distribution.  Sa-  reported    occurrences    of   Aratrisporites   nnicro- 

dovnikov  (1982)  assigned  Skilliostrobus  to   To-  spores  attached  to  the  surfaces  of  5a«A:sis/)0''i/e4 
miostrobus  without  any  evidence  other  than  broad  and  Nathorstisporites  dispersed  megaspores. 

similarity  in  morphology  of  the  sporophylls.  Nev-  The  position  in  the  Jurassic  and  Cretaceous  is 
ertheless,  some  of  the  Russian  specimens  do  indi-  less  satisfactory  because  relatively  few  lycopsi 
cate  the  widespread  occurrence  of  material  broadly  "  '         '--i -"^    '' like  that  from  Australia.  Austrostrobus  ornatuin 

is  a  strobilus  from  Argentina  described  by  Morbelli 

prin 

Min 
&  Petriella  (1973),  which  is  undoubtedly  simQar      megafossils,  and  various  trUete  small  spores  name 

to  Cylostrobus  and  the  two  genera  were  formally      Ljco5/?om  (Traverse,  1988)  or  Lycopodiumsport- 
synonymized  by  Retallack  (1975).  /e5(Couper,  1953).  Monolete  dispersed  spores  have beaut 

trobus  scottii  from  the  Rhaetic  (or  Liassic)  of  Swe- 

Monol 

known 

den  (see  Chaloner  &  Boureau,  1967)  is  a  cylin-  Jurassic-Cretaceous  megafossils  are  fairly  siniJar 
drical  strobilus  with  highly  distinctive  megaspores  to  extant  lycopsids,  it  is  also  reasonable  to  take  » 
unlike  those  of  the  Australian  material.   It  also  different  approach:  to  postulate  affinities  of  «>« 
deserves  additional  study.  dispersed  spores  indirectly,  by  reference  to  m  situ 
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spores  of  the  extant  taxa,  such  as  Hueber  (1982)  megaspores  of  extant  Isoetes  and  selaginellaleans 

did  for  megaspores  of  the  Lower  Cretaceous  Po-  at  the  ultrastructural  level.  In  Isoetes  the  mega- 

tomac  Group.  Such  comparison  has  been  under-  spore  exospore  is  composed  dominantly  of  a  three- 

taken  with  increasing  precision  in  recent  years  by  dimensional  reticulate  network  of  threads  in  which 

Batten  (1988),  Kovach  &  Dilcher  (1988),  Kovach  the  main  orientation  of  the  threads  and  airpores 

(1989),  and  Koppelhus  &  Batten  (1989).  As  Bat-  between  them  is  more  or  less  parallel  with  the  spore 

ten  has  pointed  out,  the  problems  in  this  regard  surface,  whereas  in  selaginellaleans  much  of  the 

are  illuminating  in  that  they  reflect  as  much  on  exposure  is  usually  constructed  from  a  mesh  of 

the  current  limited  state  of  knowledge  of  extant  tightly  packed  threads  and/or  robust  rods,  with 

sporesasonthatofthefossils.  Moreover,  particular  less  intervening  porespace  than  in  Isoetes  exo- 

problems  arise  with  extant  Isoetes,  in  which  the  spores  and  with  the  elements  at  more  variable 

megaspores  may  possess  a  silicified  perispore  that  angles  to  the  spore  surface.  Additionally,  in  some 

is  often  not  preserved  in  fossil  megaspores.  Thus,  selaginellaleans  the  exospore  is  constructed  of  tight- 

although  there  are  several  exemplary  studies  of  the  ly  packed  granules  that  are  organized  into  distinc- 

megaspores  of  the  extant  plants  (e.g.,  by  Hickey,  tive  geometrical  patterns  (Kovach  &  Batten,  1989). 

1986a),  the  data  are  rarely  in  a  form  suitable  for Kovach  (1989)  described  a  relatively  simple  lab- 

ii 

comparison  with  fossil  spores  and  vice  versa  (see  oratory  procedure  for  obtaining  megaspore  exo- 

also  Pant  &  Srivastava,  1962).  Added  to  this,  in  spore  sections  for  examination  by  scanning  electron 

past  treatments  of  the  extant  spores  (and  to  an  microscopy  (SEM).  Using  such  sections  he  selected 

extent  of  fossil  ones  following  the  system  of  Potonie,  two  consistently  measurable  infrastructural  char- 

1956),  a  narrow  range  of  such  characters  as  sur-  acters  for  quantitative  study:  (a)  porosity,  and  (b) 

face  sculpture  has  been  emphasized  at  the  expense  variability  in  orientation  of  the  elongate  pores  (air- 

of  other  characters  with  the  predictably  unfortu-  spaces)— measured  as  angles  relative  to  a  baseline 

nate  consequence  of  holding  up  scientific  progress  drawn  perpendicular  to  the  spore  surface.  The  r
e- 

for  many  years  (Hickey,   1986a).  Once  a  wider  suUs  indicate  consistently  higher  dispersio
n  of  angle 

range  of  characters  was  employed  an  important  of  the  pores  around  the  mean  (=  lower  r  value
s) 

biological  reality  became   clear,  that  megaspore  and  consistently  lower  porosities  in  a  sample  
of 

variation  in  Isoetes   can  be   considerable  within  extant  selaginellalean  versus  Isoetes  megaspores
. 

species"  and  within  populations,  leading  to  con-  Differences  in  the   r  values  appear  to  be  more
 

vergence  of  spore  characters  in  many  cases.  The  powerfully  diagnostic  than  porosity.  Kovac
h  showed 

biological  basis  for  this  lies  in  growing  chromosom-  that  two  Cretaceous  dispersed  megaspor
e  genera 

al,  ecological,  and  morphological  evidence  for  fre-  relate  as  would  be  expected  on  the  basis 
 of  general 

quent  hybridization  and  allopolyploid  speciation  in-  morphological  comparisons 
 with  extant  species:  Er- 

dicating  a  highly  complex  evolutionary  history  for  lansonisporites  to  the  exta
nt  selaginellaleans  and 

hoetes.  This  is  only  now  beginning  to  be  clarified  Paxillitriletes  to  extant  I
soetes  (Kovach  &  Dil- 

(Hickey,  1986b;  Hickey  et  al.,  1989;  Taylor  &  cher,  1985;  Kovach,  1989).  ^  ^      ̂ 
Hickey,  1992).  Additional  work  is  needed  on  extant 

spores  in  the  context  of  this  growing  knowledge  of  indirect  indicators  (for  example,  
occurrence  of  as- 

the  biological  relationships  of  Isoetes,  with  refer-  sociated  or   adherent   microspor
es-monolete   m 

ence  to  a  wide  range  of  spore  characters  such  as  Isoetes,   trilete  in  selaginellalean
s),  Jurassic   and 

the  "secondary  ornamentation"  features  referred  Cretaceous  megaspores  can  now 
 be  attributed  as 

to  by  Hickey  (1986a)  as  well  as  to  those  of  surface 

sculpture,  and,  if  comparisons  with  fossil  spores 

iliz: 

shown  in  Table  1. 

As  Batten  (1988)  pointed  out,  some  megaspores 

are  to  be  effeclive,  both  before  and  after  removal      regarded  as  probably
  selaginellalean  are  zonale. 

of  the  siliceous  perispore  with  hydrofluoric  acid. 
A  more  sophisticated  recent  approach  by  leading 

fossil  megaspore  workers  is  a  critical  assessment 

of  the  infrastructure  of  lycopsid  megaspore  exines. 

that  is,  they  have  an  equatorial  flange  as  in  Isoetes 

and  therefore  their  general  morphology  resembles 

Mine un 
derscores  that  the  kind  of  convergence  in  char- 

Stimuli f^j  u      •  .  •    •        1  ̂ *r^r,  mi  acters  detected  among  species  withm  extant  genera 
cumulated  by  pioneerme  transmission  electron  mi-  acieisuci^^  or  -    .,     r      -i  j 

<=roscope  (TEM)  studies  of  sectioned  extant  ma-  may  also  appl
y  between  genera  in  the  fossil  record, 

terial,  undertaken  in  Europe  during  the  1 960s  and  In  this  res
pect  the  ultrastructural  evidence  appears 

1 970s  by  Martens,  Pettitt,  and  Stainier  (see  Kop-  to  take
  on  added  sigmficance 

Pelbus  &  Batten,  1989,  for  references),  Kovach  Table  1
  is  not  intended  to  be  exhaustive,  and  it 

«nd  Batten  have  recognized  that  a  fundamental  refers  mainly 
 to  Cretaceous  taxa.  However,  it  pre- 

d'fference  in  exospore  construction  exists  between  senls  a  start  that
  we  hope  wdl  he  bu.lt  on  rapidly 
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Table  1.      Megaspores  attributable  to  lycopsid  orders. 

Isoetaleans,  sens.  lat. 

Minerisporites  (including  M.  mirahilis  and  Mineri- 
sporites  species  A  known  in  situ) 

Dijkstraisporites 
Henrisporites 
Herbosisporites 

Paxillitriletes  (including  P.  phyllicus;  see  Harris, 
1961:  44) 

Sepisporites 
Tenellisporites  pro  parte 
Scabratriletes  pro  parte 

Seiaginellaleans 

Erlansonisporites  (E.  spinosus,  E,  erlansoniU  E.  scanl 

cus,  E.  septus,  E.  sparassis;  see  Harris,  1961) 

Ricinospora  cryptoreticulata 

Thylakosporites  retiarius 
Rugotriletes  diktyotus 

Rugotriletes  costatus 
Trileites  persimilis,  known  in  situ 
Trileites  murrayi  (Harris,  1961;  44) 
Cabochonicus  carbunculas 
Verrutriletes  dubius 

Verrutriletes  compostipunctatus 
Bacutriletes  nanus 

Bacutriletes  majorinus 

Horstisporites  species 
^'''Triletes*''  onodios  (Harris,  1961) 

summarizes 
genera  attributed  to  /soetes-like  plants  can  occur 

the  considerable  recent  progress  that  has  been  made,      locally  in  large  numbers  in  Cretaceous  sediments 
nown 

th 
representing  a  broad  attribution  of  some  1 7  out  of 

the  70  or  so  Mesozoic  genera  of  dispersed  mega-  gesting  a  likely  freshwater  environment  of  grow 

spores  that  have  been  recognized  to  date.  Since  for  the  parent  plants.  This  view  is  supported  by 

several  of  these  70  genera  represent  plants  other  occurrences  of  little-drifted  megafossil  remains  as 
than  lycopsids  (mainly 
probably  represent  about  a  third  of  the  known virtually  whole  plants  in  such  environments,  e.g. 

lycopsid  megaspore  diversity.  It  is  interesting  to      (see  below),  that  are  very  similar  to  species  growing 
compare  this  general  picture  emerging  today  with      today  in  freshwater, 
that  of  Harris  (1961),  who  was  unable  to  attribute 

any  of  the  Yorkshire  Jurassic  megaspores  other 
than  in  the  broadest  of  terms. 

MIOSPORES 

iji Harris   (1961) 

erately  abujidant  in  Yorkshire  Jurassic  plant  lo- 
calities. Although  few  megafossils  are  known  from 

Yorkshire,  the  nonuniform  megaspore  composition 

-         -.-c> -V             V   /  Miospores  attributable  to  the  lycopsids  are  found 

pointed  out  that  dispersed  megaspores  are  mod-      in  almost  all  the  Mesozoic  strata  that  have  been 

analyzed  for  spores  and  poDen.  Although  usually 

a  minor  component  of  the  flora,  they  are  present 

^    ,  ,  throughout  the  world  and  apparently  occur  in  most 

of  the  localities  suggests  that  the  parent  plants  did  of  the  examined  deposits.  For  example,  some  re- 
not  live  far  from  the  various  coastal  plain  envi-  ports  of  the  Cretaceous  miospores  from  various 

ronments  in  which  they  were  deposited.  Batten  areas  are  eastern  Australia  (Cookson  &  Dettman, 

(Koppelhus  &  Batten,  1 989)  noted  that  in  horizons      1958),  southeastern  Australia  (Dettman,  1963), 

western  Canada  (Singh,  1964,  1971),  southeastern 

United  States  (PhiUips  &  FeUx,  1971),  and  New 

Zealand  (Couper,  1953).  Because  the  host  plants 

rely  mainly  on  wind  dispersal,  the  worldv;ide 
 dis- 

tribution of  their  miospores  (spores  in  the  case 

of  ̂ * 

with  podsols  and  evidence  of  fluvial  activity,  in- 
ferred selaginellalean  megaspores  are  the  most 

abundant  spores,  indicating  a  likely  growth  envi- 

ronment that  could  have  ranged  from  low-growing 
streamside  vegetation  to  nearby  interfluvial  forest 

or  scrub  environments,  directly  comparable  to  en-      Lycopodiales  and  microspores  in  the  case viroiunents 
today 

environments 

position;  the  inferred  parent  plants  and  the  sedi- 
mentological  evidence  both  indicate  that  the  plants 

floodpl 

today.  Signifi 

drew  attention  to  the  fact  that  several  megaspore 

laginellales)  is  not  surprising.  For  most  ̂ \^  ̂ 

miospores  the  host  plants  are  unknown  and,  m  v* 

of  the  depauperate  record  of  fertUe  lycopsid  re- 

mains in  the  Mesozoic,  there  is  probably  little    ope 

of  assignment  to  host  plants  for  these  ̂ P^^^^^j 
modern  approaches  similar  to  those  "^^^^^^ 

megaspores  are  attempted.  The  main  Sporae 
been 

d  as  spore
s 
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of  lycopsids  are  Lycopodiumsporites,  Lycospora,  to  recognize  Selaginellales  when  relying  on  spore 

lycopodiacidites,  Reticulatis pontes  (Phillips  &  characters.  Thus,  the  occurrence  of  in  situ  mega- 

Felix,  1971),  and  Acanthotriletes  for  Selaginella  spores  is  a  clear  indication  of  selaginellalean  affin- 

(Singh,  1964).  These  genera  appear  in  most  of  the  ity,  whereas  if  only  small  spores  (miospores)  with 

spore  references  where  lycopsid  spores  have  been  trUete  laesurae  are  found  (especially  if  they  are 

described.  poorly  preserved)  they  could  indicate  identity  of 

Spore  data  thus  show  that  the  three  lycopsid  the  parent  plant  as  either  lycopodialean  or  selagi- 

lines  continue  throughout  the  Mesozoic  worldwide  nellalean. 

as  a  minor  component  of  the  flora,  but  as  yet  give 

no  clues  regarding  significant  evolutionary  changes 
in  the 

LYCOPODIALEAN  LINE 

groups 

Herbaceous  Forms 

Because  of  the  fragmentary  condition  of  these 

plants  when  found  as  fossils,  few  of  the  characters 

011gaard 

Many  herbaceous  forms  similar  to  those  of  ex-       classifying  extant  lycopodialeans  can  be  recognized 

tant  lycopodialeans  and  selaginellaleans  have  been 
m fossil    material.    These    characters    relate    to 

described  from  the  Carboniferous  onward  (Thomas,  branching  pattern  (isotomous,  anisotomous,  flabel- 

1992).  However,  the  Mesozoic  fossils  either  rarely  late),  stem  and  rhizome  anatomy,  sporophylls  (pa- 

preserve  sufficient  detailed  information  of  the  kind  leate  to  pehate)  with  a  sporangium  near  the  axU 

required  for  accurate  identification,  or  have  not  that  may  be  displaced,  and  sporangia  of  equal 

been  studied  sufficiently  to  illustrate  such  details.  valves  or  unequal  valves,  in  addition  to  particular 

There  is  real  danger  of  confusion  of  isophyllous  characters  of  leaf  variability  such  as  those  to  do 

forms  with  conifer  shoots,  fern  rhizomes,  and  bryo- with  leaf  form  and  attachment  mentioned  above. 

phytes  (Seward,  1910:  74-75),  and  also  a  frequent  Adding  these  to  the  considerations  already  me
n- 

inability  to  tell  whether  the  material  was  lycopo-  tioned,  it  is  hardly  surprising  that  there  are  cur- 

dialean  as  distinct  from  selagineUalean.  As  is  the  rently  no  unequivocal  records  of  Mesozoic  lyco- 

situation  for  Mesozoic  lycopsid  megaspores  dis-  podialeans,  and  none  that  can  be  characterized  in 

cussed  above,  the  generaUy  limited  state  of  present  terms  of  the  genera  now  in  use  for  extant  lyco
- 

knowledge  of  these  forms  necessitates  heavy  reli-  podialeans.  If  anything,  it  is  perhaps  surprising  that
 

ance  on  characters  of  the  extant  taxa— for  ex-  at  least  a  few  are  convincingly,  even  if  not  cer
- 

ample,  that  selaginellaleans  have  ligulate  leaves  and  tainly,  lycopodialean  in  a  broad  sense, 

sporophylls  whereas  lycopodialeans  lack  ligules,  and  The  quality  of  these  records  
ranges  widely.  At 

that  selaginellaleans  are  heterosporous  with  usuaUy  worst  are^  those  such  as^^'Lycopodium  sp.  ̂   of 
four  megaspores  per  megasporangium  whereas  ly- 

irmnan 

copodialeans  are  isosporous.  In  all  extant  species      taceous  of  Victoria,  which  appears
  to  have  no  char- 

of  these  orders  the  isospores  or  microspores  are      acters  diagnostic  of  Lycopodiales. 
 A  number  of 

trilete,  as  opposed  to  the  monolete  microspores  of 
/soeies-like  forms.  There  are  also  a  number  of 

known 
be 

detailed  vegetative  differences,  although  both  of  taQed  evidence  is  lacking:  amso
phyllous  species 

the  Hving  orders  include  some  forms  that  are  iso-  such  as  Lycopodites  victoriae 
 of  Seward  ( 1 904) 

phyUous,  considered  the  plesiomorphic  condition  from  the  Jurassic  of  Vi
ctoria,  and  isophyllous  ones 

for  lycopodialeans  by  011gaard  (1987),  as  weU  as  such  as  L.  arberi  Edward
s  from  the  Jurassic  of 

a  range  of  more  or  less  anisophyllous  ones,  although  New  Zealand  (Edwards,  
1934),  a„dL.  sewardi 

selaginellaleans  are  usually  more  regularly  aniso-  Nathorst  from  the  Mesozo
ic  of  Spitzbergen  (Na- 

Phyllous  (Harris    1961)  t^^''^*,  1897).  Some  other  occurrences  of  aniso- 

Heavy  reliance  on  comparison  with  extant  forms      phyllous  forms,  suc
h  as  Lycopodites  gracilis  irom 

inevitably  means  that  the  law  of  the  excluded  mid-      the  Mesozoic  of  India  figure
d  by  Seward  &  Sahm 

(1920),  are  similar  to  L.  falcatus  from  the  York- 
shire Jurassic,  discussed  below,  and  thus  can  also 

be  considered  lycopod 

die  appUes  (Davis  &  Heywood,  1963:  34-35;  Hill 
&  Crane,  1982:  322-324),  such  that  any  genu- 

inely intermediate  forms  might  well  be  overlooked 
by  bemg  forced  into  a  category,  i.e.,  selaginellalean  ^  ,  i-  i 

versus  lycopodialean,  in  which  they  do  not  really      small,  2-mm-wide  ̂ '^^^  J»^™«^J;>;^;*^^^^^^^^ 
^•ong.  Additionally,  where  detailed  preservation 

bed 

lycopodialea of  vegetative  characters  is  limited,  which  is  often       1946). the 
case,  there  is  a  marked  asymmetry  in  ability To  our  knowledge,  this  leaves  few  species  of 
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Figure  2.      Lycopodites  falcatus  Lindley  &  Button.  Holotype  of  Lindley  &  Button  (1831-1833)  volume  I,  pkte 
LXI,  figures  1,2.  Specimen  v.  39314  in  British  Museum  (Natural  History). 

compression  fossUs  that  can  be  accepted  on  cur-      well-characterized  species.  Harris  described  some definitely 

/ detached  strobili  in  close  association  with  the  veg- 

etative branches,  but  while  they  are  broadly  ly- 

on 

Lindley  &  Hutton  (Fig.  2),  which  was  described  copodialean  in  appearance  they  are  poorly  pr^ 
and  discussed  in  depth  by  Harris  (1961).  It  has  served  and  have  yielded   only  a   few  spores 

isophyllous  main  stems  up  to  2  mm  wide,  bearing  maceration.  A  comparable  strobilus  in  attachmen 

dichotomizmg  branches  that  are  complanate  and  to  vegetative  shoots  has  been  illustrated  by  Hill  et 
distinctly  anisophyllous.  Like  extant  genera  of  ly-  al.  (1985).  This  may  prove  to  yield  spores,  althoug 

copodialeans  but  unlike  extant  selaginellaleans,  there  morphologically  it  too  is  poorly  preserved.  Further 

is  no  leaf  in  the  angles  of  dichotomy  of  the  branch-  collecting  is  required  if  knowledge  of  this  "classic 
es;  there  is  a  lower  number  of  small  versus  the  but  incompletely  known  species  is  to  be  improve 

d. 

shape 

tpodialeans 

Harrises  words,  "entirely  foreign  to  Selaginellay^' 
as  is  the  broad  dialribution  of  the  leaf  stomata  (see 

This  species  has  been  proposed  as  the  basis 

conservation  of  the  generic  name  (Pal  &  ̂ 
1990). 

but 

Thomas  8 

t  combinat 

fal ipod 

poo 

.-  -  -  Another  convincing  record  of  a  complanate 

1982).  However,  the  isophyllous  lycopodialean  is  Ijco/>orfi7es  mw/n/'^^- :ive  characters  seen  in  cuius  of  Li  et  al.  (1986,  excluding  their  pk  ̂  » 

is  seen  among  extant  figs.  3,  3a),  from  the  early  Cretaceous  of  nort  - 

;nificant  that  strobilar  eastern  China.  As  in  the  Yorkshire  Jurassic  speci««j 
^en  for  this  otherwise  preservation  is  sufficiently  good  to  be  certain  tn 
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leaves  are  lacking  from  the  angles  of  dichotomy  of The  meager  fossil  record  of  Mesozoic  lycopo- 

the  branches.  The  main  stems  and  strobili  are  not  dialeans  indicates  that  new  forms  were  appearing 

known.  at  the  end  of  the  Jurassic  and  through  the  Cre- 

Skog  (1986,    1990)  has  described    Wathenia,  taceous.  We  hypothesize  that  the  modern  lines  of 

another  complanate  isophyllous  form.  It  is  based  lycopodialeans  were  established  during  late  Juras- 

on  some  newly  collected  material  from  the  English  sic -Cretaceous  times  and  that  their  diversity  today 
early  Cretaceous  and  on  some  formerly  attributed  may  result  from  the  same  events  which  led  to  the 

to  Hymenopteris  psilotoides.  Other  specimens  re-  increasing  diversity  of  the  angiosperms  and  the 

ferred  to  Onychiopsis  psilotoides,  but  probably  modern  fern  families  (i.e.,  Polypodiaceae).  Many 

representing  the  German  and  Japanese  material  of  of  the  modern  lycopodialeans  are  associated  with 

0.  elongata  Yokoyama,  have  been  recognized  as  angiosperm  dominants  as  terrestrial  or  epiphytic 

a  dicksoniaceous  fern  by  Friis  &  Pedersen  (1990).  plants.  While  the  fossil  record  is  not  strongly  sup- 

If  Wathenia  is  actually  a  lycopodialean,  then  it  is  portive  of  such  a  hypothesis,  it  does  not  negate  it. 

of  considerable  interest  in  representing  a  possibly  Much  more  work  with  existing  and  new  collections 

epiphytic  species  resembling  extant  species  from  is  needed  on  the  critical  ages  of  the  late  Jurassic 

thetropics.  Certainly  the  combination  of  characters  and  Cretaceous  with  the  lycopodialeans  in  mind. 

is  of  an  advanced  complex  close  to  modern  species 

of  Lycopodium  and  Huperzia,   and  not  of  the 

generalized  type  associated  with  those  extant  spe- 

cies considered  primitive  by  workers  such  as  011-  Evidence  for  herbaceous,  ligulate,  and  hetero- 

gaard.  The  fertile  phyllotaxis  of  the  somewhat  flat-  sporous  forms,  often  attributed  to  the  genus  5e- 

tened  branches  is  helical,  sporophylls  are  paleate,  laginellites,  occurs   from  the   Carboniferous  on- 

and  the  spores,  numbering  about  200  per  sporan-  ward.     The     general     situation     of    Mesozoic 

gium,  are  similar  in  structure  to  those  of  extant  selaginellaleans  is  similar  to  that  of  lycopodialeans 

lycopodialeans.  Sporangia  are  elongate,  a  condition  in  that  a  number  of  forms  comparable  with  living 

not  known  in  extant  lycopodialeans  but  found  in  ones  are  known,  but  few  are  exactly  like  any  living 

selagineUaleans.  As  with  Ijcoporf/Zes/afcams,  there  species  or  group  of  species.  A  few,  such  as  Syn- 

is  a  hint  from  this  fossil  of  characters  that  are  lycostrobus  and   Lycopodites  macrostomus,  are 

SELAGINELLALEAN  LINE 

4 

intermediate  between  those  of  extant  selaginella- 
leans and  lycopodialeans. 

unlike 
more  satisfactory  than  for  lycopodialeans  partly 

FinaUy,  Harris's  (1976)  Lycopodites  hanna-      because  it  is  based  on  more  definitive  evi
dence  of 

hensis,  if  correctly  attributed,  would  greatly  extend      ligules,  strobili,  and  spores. 

the  scope  of  lycopodialeans  to  encompass  slender. Isophyllous  forms  similar  to  Huperzia  selagi- 

upright,  evidently  aquatic  plants^unlike  any  sur-  noides,  such  as  Selaginella  harrisiana
  from  the 

viving  today.  WhUe  Thomas  (1992)  accepts  L.  Permian  of  Australia  (described  m  detail
  by  Town- 

hannahensis  as  convincingly  lycopodlike  and  be-  row,  1968),  were  clearly  well  established  by  t
he 

Heves  that  comparable  forms  occur  in  the  Jurassic,  outset  of  the  Mesozoic.  Townrow's  mate
rial  is  im- 

we  are  inclined  to  be  more  skeptical.  The  material  portant  because  it  has  a  long,  apparently  leafle
ss 

is  exceedingly  poorly  preserved  and  compares  fa-  rhizome  like  that  of  Asteroxylo
n,  corroborating 

vorably  in  almost  every  respect  with  vertical  in  Karrfalt's  (1981)  view  based  on  deve
lopmental 

situ  roots  known  to  have  been  produced  by  fossil  anatomy  that  the  rootmg  pattern  of  extant  speci
es 

Equisetum  species,  especiaUy  E.  columnare  (Har-  of  Huperzia  selaginoides  type 
 is  highly  derived 

fis,  1961).  In  the  field  such  roots  often  appear  to  rather  than  representing  the  gene
ralized  condition. 

Subsequently,  critically  recognizable  isophyllous 

unknow 
branch  upward  as  in  L.  hannahensis,  but  when 
traced  a  sufficient  distance  in  the  rock  they  con- 

verge  again  at  a  higher  level;  we  suggest  that  this      copodites  macrostomu
s  Kr^ssAo^  from  the  middle 

••epresents  the  effects  of  decay  of  the  roots  into      Jurassic  (Callovian)  of  Sib
eria  (Krassilov,   1978). 

separate  strings  that  then  were  pulled  apart  by  soft      This  species  is  well  p
reserved    with  evidently  lig- 

ulate  leaves,  although  details  ot  the  ligulelike  struc- 

tures are  obscure.  Epidermal  features,  however, 

are  clearly  illustrated  by  Krassilov.  This  species  is 

sediment.  Whatever  the  merits  of  our  suggestion 

^^  of  Thomas's  appraisal,  however,  insufficient 
•knowledge  exists  to  make  a  firm  judgment  at  this 

•i^ne;  further  study  material  based  on  additional  interesting  in  that  the
  shoot  morphology,  the  lack 

^«refully  controUed  coUecting,  together  with  de-  of  a  leaf  in  the  angle 
 of  shoot  dichotomy   and  the 

•ailed  evaluation  of  extant  Equisetum  rooting  sys-  distribution  of  st
omata  scattered  over  both  surfaces 

'ems,  is  required  <**"  ̂ ^^  '^^^  ̂ ^^  distinctly  lycopr.-lialean  rather  than 
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selaginellalean  in  terms  of  extant  analogues.  Un-  midrib  or  stomata.  Two  other  factors  that  also 

fortunately,  the  strobilus  and  spores  are  as  yet  argue  against  a  lycopsid  affinity  are  the  steeply 

unknown  or  unrecognized.  We  include  L.  macros-  inclined  spiral  of  attachment  of  the  scales  (low 

tomus  here  under  Selaginellales  purely  because  by  spirals  are  typical  of  lycopsids),  and  the  position 

reference  to  extant  species  the  law  of  the  excluded  of  the  apparent  ligule  pits,  which  is  too  low  m 

middle  could  be  taken  to  enforce  consideration  of  relation  to  the  free  part  of  the  appendages  to  fit 

all  such  ligulate  Mesozoic  lycopsids  as  selaginel-  any   known  lycopsid.   These   probably   represent 

lalean.  However,  such  a  view  is  not  favored  by  the  points  where  roots  left  the  rhizome.  When  com- 

balance  of  the  evidence,  as  Krassilov  pointed  out;  pressed  vertically  they  would  form  coaly  plugs. 

we  might  just  as  appropriately  have  included  this All  other  Mesozoic  records  of  selaginellaleans 

species  under  Lycopodiales.  Moreover,  studies  of  known  to  us  represent  anisophyllous  or  vegetatively 

the  Devonian  Lec/er^ta  have  made  clear  that  there  indeterminate  forms.  One  of  the  best  preserved 

are  other  ancient  plants  with  strongly  lycopodialean  and  best  described  is  Selaginella  anasazia  Ash 
characteristics  that  possessed  a  ligule  (Grierson  & 
Bonamo,  1979). 

Judging  by  the  currently  available  evidence,  Ly- 
Th 

dichotomizing  branches  bore  leaves  like  those  of 

many  living  species  in  four  ranks,  two  ranks  oi 
copodites  macrostomus  is  of  considerable  impor-  large  spreading  leaves  up  to  2.3  mm  long  and  two 

tance  in  demonstrating  that  at  least  in  their  veg-  of  small  leaves  up  to  1.2  mm  long.  The  leaves  are 

etative  characteristics  the  selaginellalean  and  so  well  preserved  that  tracheid  anatomy  of  the 

lycopodialean  clades  were  not  yet  fully  distinct  in  midvein  and  epidermal  details  of  the  lamina  could 

the  Jurassic.  In  other  words,  this  species  appears  be  illustrated  clearly.  The  leaf  form  resembles  that 

to  represent  an  important  missing  link  between  the  of  extant  species  such  as  5.  krausiana  and  o. 

two  clades.  It  underscores  the  importance  of  finding  ahjsinica,  which  today  live  in  moderately  moist 

well-preserved  strobilar  material  of  both  L.  macros-  shady  habitats.  Although  the  strobili  of  S.  anasazia 

tomus  and  i.  falcatus  if  we  are  to  obtain  a  better  are  poorly  preserved,  they  include  in  situ  mega- 
overview  of  lycopodialean/selaginellalean  relation-  spores  and,  like  the  vegetative  shoots,  appear  to 
ships. resemble  those  of  extant  Selaginellales. 

imbricate 

r 

Vegetative  material  considered  to  represent  an  Other  well-preserved  late  Triassic  material  from 

isophyllous    lycopsid    from    the    middle    Jurassic  Sweden,  named  Selaginella  hallei,  was  studied  by 

(Aalenian),  which  Black  (1934a,  b)  collected  from  Lundblad  (1950b)  based  on  anisophyllous  shoots 

Loftus  Alum  Quarry  in  Yorkshire  and  described  bearing  leaves  in  four  ranks.  Attached  strobili  bore 
under  the  name  of  the  coniferous  shoots  Pagio-  sporophylls  in  a  tightly 

phyllam  peregrinum,  was  mentioned  by  Harris  in  some  extant  species.  They  were  heterosporous, 

(1979:  57).  Although  morphologically  broadly  re-  with  four  megaspores  per  megasporangium  as  in 
sembling  P.  peregrinum,  Harris  recognized  that  most  extant  species;  microspores  were  trilete  with 

Black's  material  is  very  different  from  that  species,  an  annular  ring,  which  is  also  characteristic  of  such 
not  least  in  failing  to  yield  a  cuticle  on  maceration,  extant  species  as  S.  scandens  and  S.  parkeri  The 
and  he  indicated  possible  lycopsid  affinity.  A  well-  megaspores  are  attributable  to  Trileites  persimdts. 
preserved  portion  of  shoot  from  additional  material,  Lundblad  (1950a)  also  described  other  broadly 
collected  by  C.  Hill  and  Ronald  WiUiams  at  Loftus  comparable  vegetative   material  as   Lycopodites 
AlumQuarry  in  1984,  is  illustrated  here  in  Figure  scanicus,  which  requires  revision  using  modeni 

3,  showing  coaly  spots  suggestive  of  ligule  pits  techniques.  There  is  some  indication  from  her  u- 
situated  near  the  bases  of  the  leaflike  appendages,  lustrations  that  vegetative  branches  attributable  or 
Further  study  of  this  material,  however,  has  shown  potentially  attributable  to  S.  hallei  may  have  been 
that  the  appendages  in  Figure  3,  which  look  broadly  variable  in  form,  ran|^ 

like  Pagiophyllum  or  lycopsid  leaves,  are,  in  fact,  phyllous  to  isophyllous  with  the  leaves  in  an  im- 
the  scaly  bases  of  quite  different  organs.  As  illus-  bricate  spiral;  if  not,  it  would  appear  that  distuid 
trated,  they  closely  resemble  scaly  appendages  on  isophyllous  selaginellaleans  may  have  occurred  in 

osmundaceous  fern  stems  and  rhizomes  attributed  the  same  deposits.  In  either  case,  additional  knovrl- 
to  Todites  princeps  (Schweitzer,  1978).  The  ap-  edge  would  be  of  considerable  value  in  clarifying 

pendages  narrow  at  their  apices  and  are  produced  relationships  between  the  Swedish  material  and  ex- aniso- into  elongate  petiolar  extensions  several  centime- 

ters long.  The  surface  throughout  the  scaly  bases 

tant  species. We 

and  these  apical  extensions  shows  only  uniformly      yielding  spores,  named  Selaginellites  polaris  by 
narrow  elongate  cells  and  lacks  any  evidence  of      Lundblad  (1948).  This  is  more  for  completeness 
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of  coverage  than  from  the  conviction  that  on  pres- 
ent evidence  it  is  better  placed  here  than  with  the 

subarborescent  lycopsids  we  reviewed  earlier  in  this 

paper  (see  also  Chaloner  &  Boureau,  1967,  for 
discussion). 

Fossils  closely  resembling  anisophyllous  selagi- 
nellaleans  do  not  reappear  significantly  in  the  fossil 
record  until  the  early  Cretaceous,  when  there  is 

evidence  of  considerable  diversity.  Watson's  (1969) 
revision  ol  Selaginellites  dawsoni  from  the  English 
Wealden  demonstrated  heterospory  and  showed 
that  the  megasporangia  had  four  megaspores.  Ma- 

terial was  not  abundant,  and  no  spore  relationships 
were  suggested.  Comparisons  were  made  with  ex- 

tant Selaginella  sanguinolenta  and  S.  emme- 
liana,  although  the  fossil  is  not  identical  with  either 
species  in  all  its  characters.  Most  other  Cretaceous 

species  of  Selaginellites  are  vegetative  shoots  with 
a  leaf  arrangement  that  suggests  assignment  to 
Selaginella  rather  than  Lycopodium  (see  also 
Seward,  1910,  1913).  Many  are  poorly  preserved 
fragments.  One  such  example,  Selaginellites 
marylandica  Fontaine  (Ward,  1905),  was  appar- 

ently so  poorly  preserved  that  it  can  no  longer  be 
found  in  the  collections  at  the  United  States  Na- 

tional Museum  of  Natural  History. 
As  part  of  the  work  for  this  review,  J.  Skog  has 

reexamined  a  strobilus  of  early  Cretaceous  age 
from  South  Carolina  described  by  Berry  (1910)  as 
lycopodium  cretaceum.  Although  Berry  described 
1 7  specimens  in  his  paper,  only  the  one  illustrated 
here  in  Figure  4  remains  in  the  collections  today. 
His  description  of  the  sporophylls  appears  to  be 
more  or  less  accurate,  but  the  specimen  has  suf- 

fered degradation  over  time  and  now  the  specimen 
IS  too  poorly  preserved  to  confirm  the  accuracy  of 
his  description.  The  sporangia  are  attached  to  the 
leaves  in  Berry's  reconstruction,  but  he  indicates 

Figure  3. Loft  us 
that  the  drawings  are  "somewhat  diaerammatical.  _  -     -       ̂   t>  -  .  i  »# 
In  oiir  r^r.;«;^       -*  •     •  -Li     .  c        *u     ̂ ^         ry,  interpreted  here  as  a  fern  stem.  British  Museum  spec- 
n  our  opmion,  it  is  impossible  to  confirm  the  po-       .7;^  ̂   l^^^^  ̂^^  ̂  p^^.^,^^  extensions;  (r)  =  coaly  plug 
uion  ot  the  sporangia  on  the  sporophylls  or  wheth-      probably  the  site  of  a  root, 

er  they  are  borne  on  stalks  (Figs.  5,  6).  Sporophylls 
are  thicker  at  the  base  and  acute  at  the  apex  (Fig. 
'■  Careful  examination  of  the  strobilus  reveals  that 

best 

bed 
there  are  poorly  preserved  large  dark  areas  among  The  structure  they  most  resemble,  although  they 

the  leaves  (Fig.  6),  and  these  rounded  areas  may  are  clearly  different  and  smaller,  is  the  palyno- 

he  the  sporangia  that  Berry  reconstructed.  Material  morph  Dictyothylakos  Horst  (1954),  desci" 'hat  appears  to  be  carbonized  from  these  areas  has  from   the   Cretaceous   by   a   number   of  authors 

heen  removed  and  prepared  in  different  ways.  At-  (Hughes,  1955;  Singh,  1964;  Kovach  &  Ddcher, 

tempts  to  extract  spores  were  unsuccessful.  Part  1988;  Hueber,   1982).   Hueber's  description  in- 

of  the  material  was  placed  in  hydrofluoric  acid  to  eludes  SEM  lustrations,  which  are  comparable  to 

«^e  if  any  plant  material  could  be  isolated,  but  only  the  SEM  material  here.  The  network  of  primary 

small  fragments  appeared.  These  have  been  re-  strands  reinforced  by  secondary  strands  charac- 

moved  and  examined  with  light  and  scanning  elec- 
tron  microscopy  (Figs.  7   9).  Because  of  the  poor 

Hueber's  material  can  h«  seen 

The 
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cannot that  of  Hueber,  but  since  these  represent  fragments      rently  available  the  possibility 

the  size  is  not  critical.  However,  Hueber's  material      that  the  plant  may  be  a  conifer,  e.g.,  badly  pre- 

is  flat  and  not  rounded,  and  the  material  extracted      served  Elatides  or  Geinitzia  shoots,  or  a  pteri- 

dosperm;  if  it  is  a  selaginellalean  lycopsid,  the  fertile roun^ 

structure  (Figs.  7,  8).  Hueber  suggested  it  could      "short  shoots"  of  KrassQov  may  actually  represent 

represent  the  operculum  of  a  selaginellalean  spo- 
minated 

rangium,  since  the  similarity 
Thylakosp 

as  occur,  for  example,  in  extant  Selaginella  ru- 

pestris. were  obvious  not  only  to  him  but  to  Hughes  (1955).  The  situation  is  very  different  for  Krassilov's 
The  granular  surface  is  evident  in  the  material  (1978)  description  of  Synlycostrobus  tyrmensis 

shown  in  Figure  9.  Because  the  material  seen  here  from  the  latest  Jurassic  to  earliest  Cretaceous  of 

was  obtained  from  a  lycopodiaceous  strobilus  and  the  Bureja  Basin.  As  reconstructed  from  associated 

isolated  from  the  region  of  the  putative  sporangia,  fertile  and  vegetative  remains,  the  Synlycostrobus 

the  suggested  identity  with  the  lycopsids  may  be  plant  comprised  main  stems  about  1  mm  thick  with 

more  substantiated,  but  the  structure  remains  as  widely  spreading  lateral  leaves  borne  helically  or 

elusive  as  ever.  It  probably  represents  some  part  in  two  ranks.  The  branch  systems  are  anisophyllous 

of  a  degraded  lycopsid  strobilus,  but  whether  oper-  and  bear  more  closely  spaced  ligulate  leaves  in  four 

culum,  spore,  or  cuticular  portion  of  the  wall  is  not  ranks.  As  in  extant  anisophyllous  selaginellaleans 

clear.  This  material  Ulustrates  that  even  when  mod-  there  are  two  ranks  of  large  leaves  and  two  of 

em  techniques  are  utilized  some  poorly  preserved  smaller  ones.  The  fertile  branches,  unlike  any  ex- 

tant selaginellalean,  are  compound  and  thus  bear 

As  presently  described,  Limnothetis  gohiensis  strobUi  laterally  in  the  axils  of  so-called  bracts  or 

of  KrassUov  ( 1 982)  from  the  early  Cretaceous  of  alternating  with  leaves,  with  the  stalks  of  the  strobili 

Mongolia  is  another  enigmatic,  poorly  preserved  "fused"  with  the  bracts.  Only  the  microspores  are 

lycopsid.  KrassUov  reconstructed  the  vegetative      known  in  situ;  they  were  apparently  cavate  and 

trilete.  Megaspores  referable  to  Bacutriletes  on- 

odios  occur  monodominantly  in  association  with 

gmati 

ranked 
ligul 

ranked  on  lateral  branches  (with  two  sets  of  broadly  the  fertUe  shoots,  including  a  detached  megaspo
- 

ovate  imbricate  leaves  and  two  of  small  pointed  rangium  in  which  there  are  four  megaspores.  Th
e 

leaves).  He  reconstructed  the  fertile  zones  of  these  strobQi  have  paleate,  keeled  sporophyUs,  of  whic
h 

branches  (there  appear  to  be  no  definite  strobili)  the  detailed  structure  is  poorly  preserved,
  ahhough 

as  bearing  crowded  lateral  condensed  branches,  they  are  typically  lycopodialean/selagme
llalean  m 

each  in  turn  bearing  a  single  terminal  sporangium      form. 

Although  the  vegetative  and  fertile  remams  ot 

Synlycostrobus  occur  in  one  locality,  they   are 

surrounded 

stated  to  be  dimorph^^^.  .  .^^^...^^  — o— r    -^     ̂                                                ,               .         u 

(occurring  in  association  and  not  in  situ)  are  large  preserved  in  different  bedd
ing  planes  rather  than 

and  have  a  regularly  reticulate  sculpture;  micro-  in  intimate  association  or 
 attachment.   Ihe  possi- 

spores  are  stated  to  be  trUete  and  apparently  were  bUity  that  the  strobUar  bra
nches  might  have  been 

extracted  in  situ  borne  on  leafy  shoots  like  those  of  LycopodUes 

It  is  difficuh  to  assess  this  intriguing  but  inad-  macrostomus  (although  known^  [!'^_";„.%,^5T."' equately  described  material.  If  indeed  a  selaginel- 

lalean it  is  of  a  highly  specialized,  form  that,  like 

carmot 

of  S_>71- 

lycostrobus  look  similar  to  the  leaves  of  L.  mac
ros- 

hnlyZI'tr2^^eU^Z^h7u^^n^^^
^^^  tomus.  Krassilov  commented,  however,  that  oc^ 

lagmeUales.  However  KrassUov's  photographic  U-      casional    leaves    of    the   
 strobilar    branches    of 

lustrations  and  written  description  do  not  provide      Synlycostrobus  rese
mble  those  of  the  vegetative 

evidence  to  justify  arriving  at  the  detaUed  recon-      branches  to  which  he
  attributed  them, 

^truction  in  his  textfigure  2.  On  the  evidence  cur-  Regardless  of  wh
ich  vegetative  shoots  are  the 

^  FiCRES  4-7.      LycopodUes  cretaceum  Berry,  United  States  National  Mu^un,  spednien^^^^^^^      tn  a  helical 

^-Plete  speci.en.^5^nlargen.ent  of  upper  portion  ̂ ^ J^-^-'; J^^^^^^^^^ 
arrangement,  acute  tips  and  enlarged  bases  of  leaves  and  a  ̂h^^ker  st^^^^^^^^^^  ̂ ^^  PP^^   pj^^^3  ̂ ^  ̂ he  carbonized leaves. -6.  Enlargement  of  right  side  of  Figure  4  with  leaves  at  the  left  side  '^'^^''^J'""         •        ,  micrograph 

;naterU,  in  the  lea!  axils  (arro4  at  center  and  left)  -e  rem-d  for  -icro^^^^^^^  e^-  m_^  ̂  g^ , %.% 
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Figures  8,  9, 

interconnections 

carbonized  material  from  Lycopodites  cretaceum  Berry, 
erial  as  well  as  rounded  shape.— 9,  Enlargement  showing 

8.  SEM  showing
 

granular  sur
face 

most  appropriate,  Synlycostrobus  is  certainly  a 
lycopsid.  As  such  it  extends  the  known  diversity 
of  reproductive  branch  morphology  within  the  her- 

baceous lycopsids^  both  living  and  fossil.  Within 

and  strobilar  stalks  can  be  interpreted  as  a  res    ̂  
of  condensation  of  a  set  of  more  elongate  la 

leafy  shoots,  each  bearing  a  terminal  strobilus. 

densation,  effectively  removing  nearly  all  the  ̂«* 
tlie  fertile  branches,  the  apparent  fusion  of  "bracts"      etative  regions  of  the  lateral  axes,  would  bring  thc>^ d 
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I 
terminal  strobili  back  virtually  onto  the  axis  of  the  the  subarborescent  lepidodendraleans,  to  forms  so 

next  order  of  branching.  The  length  of  the  "bracts'*  similar  to  Isoetes  that  they  could  be  accommodated 
is  greater  than  that  of  the  vegetative  leaves.  This  in  a  slightly  enlarged  circumscription  of  that  genus, 

length  is  appropriate  if  it  represents  in  its  proximal  As  indicated  previously,  certain,  if  not  all,  species 

region  a  foreshortened  shoot  axis  bearing  distally  of  the  Triassic  genus  Pleuromeia  could  have  been 

a  single  remaining  leaf;  the  leaf  would  then  equate  included  here  in  the  sense  that  they  were  herba- 
more  readily  in  size  with  those  on  vegetative  axes,  ceous  to  suffrutescent. 

The  earliest  Mesozoic  records  of  Isoetes -like 

(W 

and  the  whole  *'bract-like"  structure  thus  inter- 
preted is  clearly  not  a  bract  but  is  itself  compound,  pi  .  w 

a  reduced  shoot.  If  this  speculation  is  correct  it  Bock  (1962,  1969)  from  the  late  Triassic  of  Penn- 

provides  an  interesting  parallel  with  the  evolution  sylvania.  Although  widely  accepted  in  the  litera- 

of  the  coniferous  female  strobilus.  ture,  Bock  provided  no  convincingly  illustrated  ev- 

idence that  these  intriguing  fossils  are  like  Isoetes. 

Our  investigations  of  the  original  specimen,  re- 

illustrated  in  Figure   10,  indicate  that  it  is  most 

SUMMARY:  LYCOPODIALEANS  AND  SELAGINELLALEANS 

Although  their  fossQ  record  offers  ordy  occa- 
sional and  incomplete  glimpses  of  these  lycopsids 

in  the  Mesozoic,  the  fossils  nonetheless  represent 
a  wide  diversity  of  forms.  There  are  those,  es- 

pecially selaginellaleans,  essentially  like  extant  spe- 
cies or  groups  of  species,  a  situation  first  seen  in 

the  Paleozoic.  Others,  however,  such  as  Synly- 
costrobus,  and  also  Limnothetis  and  Lycopodites 

osmund 

petiole  bases,  such  as  that  described  by  Schweitzer 

(1978)  and  similar  to  the  rhizome  material  in  Figure 

3  of  this  paper.  Most  importantly,  the  tips  of  the 

petioles  (i.e.,  Bock's  leaves)  indicate  that  pinnate 
divisions  characteristic  of  fern  fronds  were  attached 

(Fig.  12  and  Schweitzer,  1978:  pi.  2,  fig.  4,  textfig. 

12).  The  attachment  of  these  upper  regions  was 

unknown 

taxa.  Fmally,  there  are  those  such  as  Lycopodites 
links 

between  the  two  clades,  even  though  they  had un 

envirorunental 

nannahensis  if  accepted  as  lycopsids,  represent       ̂ ^^  ̂ j^^^  ̂   ̂j^^  specimen  until  a  fragment  of  rock 
was  found  in  the  drawer,  which  ht  between  ttie 

base  and  the  divided  tips.  Once  this  was  replaced 

on  the  specimen  (Fig.  11),  the  attachment  of  the 

alternately  divided  tips  of  the  petioles  (leaves)  to 

the  rhizome  base  became  clear.  The  high  angle 

spiral  of  attachment  of  the  appendages  in  Bock's 
(1962)  textfigure  A:B  and  our  Figure  13  is  more 

suggestive  of  a  fern  stem  than  a  lycopsid  shoot, 

and  the  broad  scaly  bases  of  the  petioles  are  exactly 

like  those  described  by  Schweitzer  for  Todites  stems. 
^nd  6.  abysinica,  which  today  Hve  in  moderately  furthermore,  there  is  strong  evidence  that  the  pet- 
rnoist  shady  habitats.  By  extension  and  on  a  broadly       .^j^  j^^^^g  ̂ ^.J  stipulate  (Fig.  1 3)  and  that  the  wiry 

roots  extend  away  from  the  rhizome. 

This  leaves  other  material  figured  by  Bock  ( 1 969) 

that  may  well  be  lycopsid  but  is  certainly  not  of 

sids  is  difficult  to  assess  from  the  scattered  records 

of  megafossCs.  However,  Ash  (1972)  pointed  out 
that  the  leaf  form  of  Selaginella  anasazia  resem- 

bles that  of  extant  species  such  as  5.  krausiana 

^formit 

f^ 

sunUar  habitat  in  the  Jurassic.  Most  records  of  these  ^^^^  ̂^^^     ̂ ^_^  ̂   ̂ ^_^     ^ 
forms  are  from  mid-  to  high-latitude  floras  and  few  JsoeiesM^e^  form:  his  hoctodendrun  striata  and 
rom  the  then-equatorial  regions.  Finally,  an  ad-  friletes  isoetodendron.  Isoetites  circularis  (Em- 
optional  reason  for  our  poor  understanding  or  rec-  j^^ns)  Brown  from  the  Triassic  of  North  Carolina 

(Brown,  1958)  also  is  untenable  as  an  Isort
csA\kc 

plant,  although  it  too  is  probably  a  lycopsid  a
nd 

further  research  is  clearly  needed. 
.  ,  ,  With  the  possible  exception  of  the  poorly  dated 

niake  potentially  excellent  fossils,  e.g..  Lycopo-       i^^[^^  material  referred  to  Inflow,  records  from  the 

^dla  cernuum,  but  most  of  them  today  grow  far       j^j-assic  are  also  unconvincing.  They  include  the 

rom  suitable  depositional  settings  for  preservation,  species  of  the  genus  Isoetites,  the  aptly  named 

opod 
nellaleans  may  be  that  they  rarely  got  the  chance 
*o  be  preserved,  for  environmental  reasons.  Many 

pod 

certainly 

Lepido 
•socr 

I>ENDRALEANS  CONTINUED: 
ALEAN(?)  Line 

mber 8qu 

"Jie//a,  which  we  might  equally  have  included  with 

/.  crociformis  Munster,  irom  uamng  m  o
avana 

(Miinster,  1842;  Fig.  14).  Apart  from  a  supe
rficial 

similarity  to  Isoetes  its  affinities  are  entir
ely  un- 

known, and  it  may  well  represent  something  'similar 

to  a  Czekanowskia  short  8h«MJt.  Should  any  r
eader 

know  of  the  existence  of  Miin'ter's  mate
rial,  C. 

Hill  would  like  to  know  its  location,  as  it  clear
ly 
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* 

frcURE  14. 
ifc 

Figures  10-13, 
10.  Holotype  specimen  USNM  41  228  showing  rhizome  at 

 arrow 

wuig 

I 

I 

. ,  -  -  -    —      Yorkia  gramineoides  Ward.— 
elongate  petioles  (p)  extending  upward  from  it.      **.    o--  i        ,  1    i       u-  u„i  ^«,,  k^ 

^^^ow  that  was  replaced  from  the  drawer.  Connections  of  the  petioles  above  and  the  rhizome  below  
can  now  be 

?^n— 12.  Upper  portions  of  the  petioles  with  pinnate  side  divisions  at  arrows.  T
he  lower  left  is  the  clearest.-13. 

^"arged  basal  rhizome  portion  of  Figure  10  showing  the  stipules  (s),  roots  (r),  and  petioles  (l
arge  arrow.). 
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Figure   15.     Nathorstianella  Glaessner  &  Rao,  original  illustrations  from  Transactions  Royal  Society  Sou Australia,  78,  plate  XI,  1955. 

deserves  proper  study,  and  adequate  typification       rootlet  scars  and  was  divided  into  four  lobes,  wh  ̂  of  the  genus  depends  on  this. 

This  unsatisfactory  situation  changes  dramati- 
cally in  the  early  Cretaceous,  when  good  Isoetes- 

like  forms  appear  in  force  in  the  fossil  record  from 
both  hemispheres.  The  largest  and  least  like  Iso- 
etes,  with  elongate  stems,  are  those  named  Na- 

thorstianella from  South  Australia  (Glaessner  & 
Rao,  1955;  Fig.  15).  The  stems  were  substantial, 

known  from  fragments  3-18  cm  long  and  up  to  7 
cm  wide.  The  slightly  expanded  basal  region  bore 

nimierous 

.nnular 

w 

alternating  periods 

known 
hich 
,wth. 

from 

Walkom  ( 1 944)  described 

cro^Ti 

ouuui /\usiraua,  waiKOin  ^i  :/'*'*/ "J'-^'-*'"" 

of  elongate  tapering  sporophylls  from  the 

ceous  of  western  Australia,  each  sporophyU  up   ̂ 

12  cm  or  longer.  At  their  bases  they  have  eit^^ 
well-preserved  megasporangia  (with  in  situ    p 

preserved)  or  Dresumed  niicrosporangia-   1^ 
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knowledge  the  spores  have  not  been  studied  in  roots,  and  the  stem  has  numerous  crowded  scars 

detail.  Glaessner  &  Rao  (1955)  indicated  that  spo-  of  attachment,  apparently  of  sporophylls.  The  over- 

rophylls  like  Walkom's  may  have  been  borne  on  all  appearance  of  these  stem  bases  resembles  that 
Nathorsdanella  stems,  and  this  may  be  correct.  of  the  Paleozoic  genus  Cormophyton  and,  equally, 

However,  as  will  be  evident  from  the  following,  is  not  unlike  the  base  of  Nathorstiana  but  lacks 

records  of  Cretaceous  Isoetes-Y^ke  stems  are  now  vertical  ribs  and  displays  no  evidence  of  stem  de- 

sufficiently  diverse  to  suggest  that  other  forms  of  cortication  or  lobing;  however,  there  is  a  hint  of 

stem  are  equally  possible  candidates.  Conversely,  bilateral  symmetry.  The  associated  sporophylls  are 

in  the  absence  of  attached  sporophylls,  Nathorsti-  small,  2-3  cm  long,  with  a  pointed  lamina;  they 

anella  may  represent  persistence  into  the  Creta-  are  trabeculate  and  of  typical  hoetes-\ike  form, 

ceous  of  subarborescent  plants  such  as  Cylostro-  Compressed  megaspores  are  preserved  both  in  situ 

bus.  and  closely  associated  with  the  sporophylls,  but 

Limnoniobe  insignis  Krassilov  from  the  early  their  detailed  morphology  has  yet  to  be  examined. 

Cretaceous  of  Mongolia  is  represented  by  stem 

fragments  up  to  5  cm  or  more  long  and  3  cm  wide. 
Specimens  from  the  early  Cretaceous  of  Victoria 

referred   to   Isoetes 
ifc 

& 

The  stem  surface  has  similar  features  to  Nathorsti-  Chambers  (1986)  are  probably  pentoxylalean  fer- 

anella,  including  apparent  differential  growth  in-  tile  short  shoots  (A.  Rozefelds,  pers.  comm.).  There 

crements  and  it  shows  both  root  and  sporophyU       is  no  detaUed  evidence  that  they  represent  Isoetes- 

scars  that  have  a  single  vascular  strand.  The  spo- 
rophylls were  more  than  7  cm  long,  were  clearly 

like  fossils. 

All  of  the  Cretaceous  species  discussed  so  far 

trabeculate,  and  have  Isoetes-Mke  epidermal  fea-  had  more  or  less  elongate  stems;  some,  such  as 

tures.  Details  of  attachment  of  the  sporangia  are  Nathorstianella  and  Limnoniobe,  were  rather  Ion- 

obscure.  The  large  megaspores,  however,  are  well       ger  and  wider  than  their  nearest  extant  analogues 

preserved  and  appear  to  be  referable  to  the  dis- 

persed spore  genus  Minerisporites;  they  have  a 

very  broad  zona  and  relatively  subdued  acrola- 
mellae.  Microspores  occur  adherent  to  the  mega- 

spores and  appear  to  be  monolete  (Krassilov,  1982). 

such  as  Isoetes  andicola,  the  others  were  appar- 

ently well  within  or  matching  the  size  limits  of 

extant  species.  Since  no  widely  ranging  studies  have 

been  made  of  the  form  of  stems  of  extant  species 

stripped  of  their  appendages  at  various  stages  of 

Limnoniobe  was  about  the  same  height  as  the  development  and  decortication,  it  is
  difficult  to  com- 

inaptly  named  Nathorstiana  arborea  Richter,  de-  pare  the  fossil  stems  with  those  of  extant  speci
es 

scribed  by  Magdefrau  (1932),  the  entire  plant  of  or  vice  versa, 

which  reached  up  to  10  cm  in  length  with  leaves  For  the  remaining  Cretaceous  species  
there  is 

direct  evidence  that  their  stems  were like about  5  cm  long.  Sporangia  and  spores  are  un- 

known.  The  root-bearing  bases   were   somewhat      as  in  many  extant  species,  or  else  their  preservation 

crowns swollen  and  were  marked  by  longitudinal  furrows. 

Karrfalt's  (1984)  detaUed  study  of  the  stems  sug-       rectly  that  the  stems  were  cormose 
gested  that  the  basal  swelling  may  be  more  ap- Isoetites  sp.  nov.  C.  Hill  (Figs.  20-30)  from  the 

parent  than  real,  resulting  from  decortication  above      Cretaceous  of  southeaster
n  England  is  preserved 

the  base.  He  detected  a  developmental  sequence       as  permineralized  crowns,  s
ome  of  which  are  borne 

irom  radial  (juvenile)  through  bU; 
to  quadrangular  four-lobed  forms. 

on  a  small,  essentially  bilobed  corm  (not  illustrated 

bearin 

>
#
 

19)  from  the  Ap- 

wit 

crowns 

tian-Albian  of  Cereal,   Portugal,  has  been  Ulus-      but  because  they  are  up  to  7  cm  
long,  this  s..ggests 

♦rated  by  Saporta  (1894)  and  Teixeira  (1948). that  the  original  length  of  the  complete  sporophylls 

Certain  specimens  named  Delgadopsis  rhizostig-  was  considerably  longer,  pe
rhaps  up  to  15-30  cm. 

«a  Saporta  probably  represent  more  mature  ma-  The  sporophylls  w
ere  rounded  or  angu  ar  m  sect.on 

terial  of  the  same  species.  The  following  summary  trabeculate,  with  typ
.caUy  Isoetes -\±e  epidermal 

is  based  partly  on  material  in  the  paleontological  ceUs  (Fig.  26).  Their 
 expanded  bases  were  l.gulate 

coDections  of  the  Natural  History  Museum,  Lon-  and  apparently  had  a  vel
um  partly  covermg  the don. 

The  stems  of  Isoetites  choffatii  were  radial  in 

end  view  and  also  appear  rounded  in  lateral  view, 
'larrowing  upward  to  a  stem  about  1  cm  wide  of 
unknown  leneth.  The  bulbous  base  bears  abundant 

(about mm 

many  thousands  of  monolete  microspores  (Fig.  30) 

or  several  hundred  trilete,  rounded  to  subangular   .^«.«  ^Fiaa    27-29)  about  425   X  450  urn 
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Figures  16-19.  hoetes  choffatU  Saporta.  Figures  16,  17.  Sporophylls.  — 16.  Selected  drawings  reproduced  fro  ̂ 

Saporta  (1894),  plate  XXIV,  figure  9  at  natural  size,  the  other  figures  being  enlargements  showing  evident  *^^^*"^^ 
details  and  spores. — 17.  At  left  of  photo,  an  actual  sporophyll  base  from  Cereal,  with  a  few  adherent  megaspo^ 

(one  of  which  is  at  arrow),  at  right  a  Lycopodites  shoot,  v.  2360L  18,  19.  Corms  with  rootlets  and  rootlet  scar».  ̂  

18.  Selected  drawings  reproduced  from  Saporta  (1894),  plate  XXV,  figures  5  and  8  at  natural  size,  the  other 
enlarged.— 19.  An  actual  corm  from  Cereal  with  rootlet  scars,  v.  23596,  collected  by  W.  N.  Edwards  in  1934. 

wide  in  polar  view.  The  megaspores  are  zonate,  of  This  hoedtes  compares  favorably  in  its  genera 

Minerisporites  form  with  rather  subdued  acrola-      morphology  with  several  extant  tropical  lacusiruie 

mellae;  their  sculpture  is  reticulate,  normally  of      species.  It  differs  from  all  extant  species,  however, 
U,»   ;  u„««   ^«;   ^.  ♦u^,,   X  _x.  •!_    .    11  -     1       .  1  J.  „*;,,.t,r  ner  SPO- low  muri  bearing  spines;  they  are  not  attributable 
to  any  described  dispersed  species  known  to  us. 

productivity 

kno 

Figures  20-25.      hoetes  sp.  nov.  C.  Hill.  All  scale  bars  =  1  cm. 
basal  view  showing  conn.  — 22.  v.  63454,  longitudinal  medial  section  of  Figure  20. 
sporophyll  lamina  impression,  as  longitudinal  furrow.  — 24.  v.  63458.  basal  view  showing  ring 
of  sporophylls.-~25.  v.  63459,  transverse  section. 

20.  V.  63454,  side  view.-2
1.  v.  63456. 

23.  V.  63455.  side  vie
w  showmg „f  f^rtil*.  basal  regJO" 
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corms  of  extant  species  permits  comparison,  the  also  markedly  spatulate  distally.  CoUinson  (1988, 

aerial  apex  of  the  corm  in  the  fossil  is  more  elon-  1992)  drew  attention  to  the  possibility  that  the 

gated,  so  that  it  appears  more  acutely  conical  in  spatulate  distal  regions  of  the  sporophylls  in  this 

section.  To  the  extent  that  the  spores  can  be  com-  and  especially  the  next  species  were  dehiscent — 
pared,  the  fossil  ones  also  resemble  those  of  some  quite  unlike  extant  Isoetes,  Other  characters  of  7. 
extant  species.  serratus  were  similar  to  those  of  extinct  species 

A  comparable  species  to  the  British  Isoetites  is  and  extant  Isoetes;  for  example,  although  a  corm 

Isoetes  janaianus  Banerji,  previously  described  as  is  not  known  preserved,  the  sporophylls  were  ev- 
hoetites  indicus  Bose  &  Roy  (1964)  from  the 
?middle  to  late  Jurassic  (Banerji,  1989)  to  (more 
likely)  early  Cretaceous  of  northwestern  India  (see  without  stomata. 

idently  disposed  around  a  corm  to  form  a  crown 

and  they  had  typical  epidermal  cells  apparently 

also  Bose  &  Banerji,  1984;  Sukh-Dev,  1980).  Al- Isoetites   horridus  (Dawson)   Brown   (see  also 

though  it  has  a  five-lobed  corm  and  is  smaller  than  Melchior,  1977  and  Hickey,  1977)  from  the  late 

the  British  material,  it  is  otherwise  very  similar.  It  Cretaceous  to  Eocene  of  North  America  also  had 

too  has  yielded  megaspores  of  Mmer/5/)ori/e5  form  markedly  trabeculate  and  distally  expanded  spo- 
produced  m  large  numbers  (Bose  and  Roy  esti-  rophylls  Brown  (1939,   1958).  It  is  thus  similar 

mated  more   than    1,500   per   megasporangium;  morphologically  to  /.  serratus,  although  the  spo- 

Banerji,   1989,  reported   100-1,500).  The  most  rophyll  margins  are  entire  and  a  corm  or  short 

comparable  dispersed  megaspores  appear  to  be  Mi-  stem  is  preserved.  In  situ  spores  have  been  weU 
nerisporites  cutchensis  and  M,  auriculatus  (Ba-  described  and  illustrated  by  Hickey  (1977)  and 

nerji  et  ah,  1984;  Sukh-Dev,  1980).  These  have  Melchior  (1977),  who  attributed  them  to  the  dis- 

a  fine  reticulum  like  the  in  situ  spores  of  Isoetes  persed    spore    species    Mine 
janaianus  and  similar  to  the  spores  of  the  British fossil. 

mirabilis 

(Miner)  Potonie.   This  North  American  material 

requires  fresh  study  using  modern  techniques. 

ratifi 
A  coeval  Isoetites  species  from  India  is  /.  ser-  Since  we  have  now  digressed  into  the  early  Ter- 
*/  — -•^'-'■'^        ^.p*.        A.  W  T         \»w'V/Vi'       LLAO^^       i-^Vrhw/V'       X-J^        i^^»**ii^^i  J-^^ 

1984  who  provide  a  partial  reconstruction  of  the 

parent  plant).  It  has  large,  well-preserved  laminate      cene  to  Miocene  of  Tasmania,  named  Isoetes  re- 

tiary,  we  should  mention  the  record  of  sporophylls ?Minerisp 

wide 

margins  to  the  distal  region  beyond  their  expanded 
i>ases.  Such  margins  are  unknown  in  any  extant 
species.  Unfortunately,  no  material  has  yet  been 
found  with  in  situ  spores,  and  this  material  is  known 
only  from  detached  sporophylls  (Bose  &  Roy, 
^9o4).  The  sporangia  were  large,  up  to  12  mm 

ticulatabyR.  S,  Hill  (1987). 

SUMMARY:  ISOETALEANS 

These  records  of  Mesozoic  and  early  Tertiary 

Isoetes -like  forms  encompass  several  species  that, 

at  least  in  principle,  may  be  related  to  groups  of 

^          _    _^  _    species  within  the  extant  genus.  Others  extend  the 

ong.  The  basal  parts  of  the  sporophylls  have  a  range  of  form  of /5oe/^5  to  greater  or  lesser  extent, 

remarkably  similar  outline  to  those  of  Triassic  lep-  Although  knowledge  of  these  fossils  is  growing  rap- 

idodendraleans  such  as  Skilliostrobus  and  certain  idly,  it  is  clear  that  much  further,  carefully  focussed 

species  currently  referred  to  Tomiostrohus.  work  needs  to  be  done  on  them  and  on  extant 

A  distinctive  pair  of  Isoetites  species  that  also       species  if  comparisons  are  to  be  effective. 

had  serrate  sporophylls  is  known  from  the  late 
Cretaceous  to  early  Tertiary  of  North  America. 
However,  these  were  even  less  like  extant  Isoetes 

Environmentally,  the  evidence  is  slim  but  sug- 

gests that  these  forms  have  always  occupied  the 

same  niches  as  their  living  descendants.  Apart  from •   — -  ̂       w«v/0't>      WCIC     CVCll     less     IIIS-C;     OAlCllll     £JK/%^t-K.^  ^**»a»i^    .**^--«   —   CI  » 

^han  the  Indian  material  just  mentioned.  In  the       the  indirect  evidence  supplied  by  megaspores  (not- 

ypper  Cretaceous  Isoetites  serratus  Brown  (1939,       ed  previously),  the  rarity  of  the  megafossils  suggests 

that  they  were  not  immediate  occupants  of  the 
trabeculate 

,,   ^..w.xgl^        u.cx^^^uicxto       ^^^.^^wy.--      «-^ 

^nJy  had  minutely  serrate  distal  margins  but  were 
environments 

Figures  26-30.      Isoetes  sp.  nov.  C.  Hill.-26.  v.  63455,  surface  details  indicating^cefl  ̂ "^^y^f  •_~27.  v.  63^^^ "^  of  trilete  megaspore,  proximal  view 
*^pines.      ~- 

28    V    63455,  SEM  enlarged  of  Figure  27  showing  ornamentation  of 30.  V.  63457, 

-29.  V.  63455,  SEM  enlarged  showing  reticulate  pattern  of  exine  below  ornamentation. 
OEM  of  cluster  of  microspores. 
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vored  in  the  sedimentary  record  of  plants,  but  that  tained  just  a  few  "lycopodialean"  features.  To  that 
they  grew  instead  in  associated  low-energy  lacus-  extent,  when  interpreted  in  a  cladistic  sense,  these 

trine  and  marsh  settings.   Although  there  is  no  forms  are  *'selagineUalean"  rather  than  "lycopo- 

absolute  correlation  even   among  extant  species  dialean."  In  this  light  it  may  not  be  surprising  if 
(Thomas  &  Masarati,  1982),  the  apparent  lack  of  either  Lycopodites  macrostomus  or  L.  falcatus 

stomata  from  any  of  the  fossil  sporophylls  so  far  prove  to  be  heterosporous.  These  Mesozoic  species 

known  suggests  that  the  plants  we  know  as  mega-  appear  to  provide  hitherto  unrecognized  evidence, 

fossils  were  growing  more  or  less  submerged  in  albeit  tentative,  of  links  and/or  homoplasies  be- 

water  as  lacustrine  forms;  this  makes  sense  in  terms  tween   the   extant   selaginellaleans   and  lycopodi- 
of  sedimentological  bias  and  should  not  be  taken  aleans  that  may  call  into  question  their  apparent 

as  evidence  that  there  were  no  species  growing  monophyly  as  represented  by  the  surviving  species. 

coevally  in  more  exposed  marshy  environments.  (3)  A  growing  number  of  accurately  identified 

Indeed,  it  is  these  that  are  likely  to  be  represented  Isoetes-lilie  forms  is  becoming  better  known.  To- 

indirectly,  by  those  megaspores  that  cannot  be  gether  with  permineralized  Mesozoic  specimens  of 

linked  to  megafossils.   At  present  the  lacustrine  such  genera  as  Pleuromeia  and  in  particular  Takh- 
species  are  virtually  cosmopolitan  in  distribution,  ^aya/ioiioxa  (Snigirevskaya,  1 980),  this  provides  a 

but  those  of  larger  size  comparable  to  Isoetites  sp.  promising  basis  for  improved  comparison  with  Pa- 
nov.  are  mainly  tropical;  on  uniformitarian  grounds  leozoic  material,  and  this,  in  turn,  is  leading  to 

this  indicates  that  Cretaceous  lowland  Britain  was  greater  clarity  in  our  present  understanding  of  the 
likely  to  have  been  warm  and,  despite  many  other  origin  of  Isoetes. 
indicators  of  widespread  seasonally  moderately  arid 

or  salt-stressed  conditions,  was  at  least  locally  suf-  bUMMARY 
ficiently  wet  to  sustain  shallow  freshwater  lakes. 

Phylogeny 

Following  the  extinctions  of  the  Paleozoic  ly- 

copsids,  the  Mesozoic  is  perceived  as  a  time  ot 

comparative  silence  regarding  the  evolution  of  this 

major  group  of  plants.  Yet  when  the  record  is Any  account  of  Mesozoic  lycopsid  phylogeny  critically  examined  there  is  evidence  of  diversity 
cannot  adequately  be  divorced  from  an  understand-  ^^^^^g  ̂ he  now  mainly  herbaceous  lycopsids.  The 
mg  of  lycopsid  relationships  as  a  whole.  This  must  three  main  lines  that  have  continued  into  the  Re- 
be  based  on  detailed  knowledge  of  extant  as  well  ̂ ^^^  (Isoetales,  Selaginellales,  and  Lycopodiales) 
as  of  extmct  forms,  mcludmg  extmct  plants  from  ̂ ^^  well  established  within  various  habitats.  Prob- 
as  far  back  as  the  Devonian  m  geologic  time,  as  j^ms  arise  because  of  the  scarcity  of  known  mega- 
is  obvious  from  the  papers  in  this  coUection.  Hence,  f^^^^^^  specimens  that  are  poorly  known,  confusion 
our  treatment  here  of  wider  aspects  is  brief  and  between  the  lycopsids  and  other  groups  of  plants 
provisional  Some  of  the  mam  points  of  interest  are      ̂ ^en  not  enough  characters  can  be  seen  (gym- 

.  nosperms  and  bryophytes  in  particular  as  Sewar 
(1)  As  was  recognized  by  Townrow  (1968),  Se-      ̂ ^^ed  in  1910),  and  difficulty  in  correlations  be- laginella  harrisiana  possessed  many  derived  char- 

acters but  it  retained  several  generalized  characters 
in  its  evidently  leafless  rhizome,  which  thus  resem- 

as  follows. 

tween  the  palynological  and  megafossil  records.  In 

this  paper  we  have  tried  to  summarize  the  state  o 

knowledge  for  the  Mesozoic  lycopsids,  to  indicate 

research. 

bled  the  rhizomes  of  more  plesiomorphous  lycop-      ̂ ,^^^^  ̂ f  evolution  that  may  have  been  occurring 
suls  This  IS  of  considerable  value  in  indicating  the      ̂ ^^-      ,^^  ,.^^  -^^^^^^^  ,^  „ffer  some  new  infor- likely  generalized  condition  of  the  main  rootine  *•  i  i  ^  j      ̂ ^rrafAc^sils.and 

.     a  1      ̂     „  ,    ,  i^uuiig      mation  on  lycopsids  represented  as  megalossui=,<^ system  m  belagineUa  as  a  whole.  •  n     /  .  ■*•     i  ̂ ^^ac  for  future 
/o\  rri  1  1  ^    .  especially  to  sueeest  some  critical  areas  lor  lui (2)  Ihe  apparently  rather  confusing  admixture 

of  characters  in  Mesozoic  Lycopodites  species  such 
as  L.  macrostomus  and  L,  falcatus  can  be  rec- 

onciled if  related  to  the  selaginellaleans.  Thus,  for 
instance,  L.  macrostomus,  while  vegetatively  Ha- 
perzia-Mke,  had  apparently  ligulate  leaves.  Several 
such  extinct  species  may  have  retained  many  'iy- 

copodialean"  features  together  with  a  few  "selagi- 
nellalean"  ones,  in  contrast  to  those  at  the  other 
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AMERICAN  LYCOPODIACEAE 1 

Warren  H.  Wagner,  Jr.^  and 
Joseph  M.  Beitelf 

\ 

1 

Abstract 

Generic  classification  of  North  American  Lycopodiaceae  is  analyzed  in  terms  of  the  general  factors  that  govern 

the  recognition  of  the  rank  of  genus,  the  character  states  that  determine  affinities,  the  hypothetical  common  ancestral 

groundplan,  a  tree  based  on  these  data,  and  a  translation  of  this  information  into  a  classification  scheme.  The  genera 

segregated  here  are  based  primarily  on  numerous  characters  of  anatomy,  chromosomes,  spores,  and  gametophytes. 

Those  groups  that  are  recognized  as  genera  have  many  distinguishing  features,  strong  gaps  separating  them  from 

other  groups,  monophylesis,  uniquely  derived  states,  inability  to  hybridize,  and  a  level  of  segregation  consistent  ana 
comparable  with  generic  division  in  other  pteridophytes.  The  classification  adopted  is  as  follows:  subfamily  Huperzioideae 

{Phlegmariurus,  Huperzia),  subfamily  Lycopodioideae  (Lycopodium^  Diphasiastram\  and  subfamily  Lycopodielloi- 
deae  {Pseudolycopodiella,  Lycopodiella,  and  Palhinhaea), 

\ 

i 

V 

At  the  species  level,  the  classification  of  North  changes  fit  into  a  tree  of  relationships?  And  how 

American  clubmosses,  all  formerly  placed  in  a  sin-  should  this  body  of  information  be  translated  into 
gle  genus  Lycopodium,  has  been  altered  radically  an  acceptable  classification  scheme? 

sincetheeightheditionof  Gray '5  Martwa/ (Fernald,  For  nearly  20  years  pteridologists  were  under 
1950),  More  rigorous  definitions  of  species,  and  the  impression  that  the  different  gametophytic  types 

the  inclusion  of  data  from  population  biology,  an-  reported  in  Lycopodiaceae  were  merely  results  ot 

atomical  characters,  cytogenetics,  and  interspecific  environmental  modifications,  as  proposed  by  Free- 

hybridization,  have  been  important  factors  in  this  berg  &  Wetmore  (1957).  The  gametophyte  was 

change.  Recently,  a  new  question  has  arisen:  What  therefore  considered  unreliable  as  an  indicator  of 

should  be  the  classification  at  the  generic  level?  relationships.  However,  Bruce  (1976b)  and  Whit- 
The  traditional  classification  has  been  challenged  tier  (1981)  showed  that  this  conclusion  was  based 

by  such  recent  European  workers  as  Pichi  Sermolli  on  experimental  error.  For  the  past  decade  and  a 

(1977),  Holub  (1975,  1983),  and  011gaard  (1987).  half,  the  gametophytic  differences  between  species 

The  generic  interpretation  of  Lycopodiaceae  has  groups  of  Lycopodiaceae  have  proved  to  be  valu- 
also  been  influenced  by  researchers  in  North  Amer-  able  taxonomic  characters  (Bruce,  1972,  l976a, 

ica  including  Beitel,  Britton,  Bruce,  Hickey,  F,  b,  1979;  Bruce  &  Beitel,  1979).  Other  characters 

Wagner,  Whittier,  and  Wilce,  who  have  contrib-  such  as  spore  sculpture  (Wilce,  1972;  Tryon  & 

uted  valuable  new  information  on  anatomy,  spores,  Lugardon,  1990)  and  chromosome  numbers  (see 

chromosomes,  life  cycles,  habitats,  and  interspe-  F.  Wagner,  1992)  became  available  only  during 

cific  hybridization.  In  the  following  report  we  at-  the  past  several  decades.  Also,  Bruce  (1975)  pro- 
tempt  to  interpret  this  information.  vided  data  on  mucilage  canals,  and  011gaard(l975, 

We  have  asked  the  following  questions:  What  1979)  new  insights  into  the  structure  of  the  spo- 

criteria  are  used  for  recognition  of  genera  in  pte-  rangium  wall.  Altogether,  we  now  have  a  substan- 
ridophytes  overall?  What  characters  can  be  used  tial  array  of  new  comparative  data  to  aid  us  in 
to  differentiate   the  groups  of  Lycopodiaceae  in  classification. 
particular?  What,  if  any,  directionality  can  be  de- 

In  North  America  there  are  nearly  50  recog 
duced  for  each  character  trend?  What  were  the  nized  species.  Remarkably,  approximately  two-fifths 

character  states  of  the  probable  ancestral  source  of  these  are  nothospecies  as  opposed  to  orthospe- 
of  modern  Lycopodiaceae?  How  do  the  character      cies,  i.e.,  taxa  of  reticulate  origin  as  opposed  to 

'  We  are  grateful  to  Judy  Skog  and  WiUiam  DiMichele  for  convening  this  symposium.  We  also  thank  our 
lycopodiological  colleagues  for  stimulating  exchanges  of  ideas  over  the  years,  including  Jim  Bruce,  Jim  Gillespie^  ju 
Hickey,  Benjamm  011gaard,  Dean  Whittier,  and  Joan  Wilce.  Santiago  Madrifian  kindly  checked  our  manually  P^*T  ,!^ 
groundplan  divergence  tree  using  a  computer  algorithm.  For  problems  of  generic  definition  in  modern  pteridophyt*^ discussions 

barium.  The 

Missouri 686.  1992. 
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those  of  normal  divergent  origin.  For  such  a  small  be  separate,  though  similar,  derived  states,  (e)  More 

clubmoss  flora,  there  is,  nevertheless,  profound  di-  and  more  pteridologists  regard  the  presence  of 

versity,  and  as  will  be  seen  below  seven  discrete  "intergeneric"  hybridization  as  evidence  for  not 
groups  can  be  readily  distinguished.  The  largest  separating  genera.  If  hybridization  does  occur  be- 

number  of  species  in  this  family  is  in  the  tropics,  tween  members  of  "different"  genera,  that  is  ev- 
where  the  family  is  made  up  largely  of  species  idence  for  their  taxonomic  unity.  In  the  case  of 

related  to  Phlegmariurus  phlegmaria.  Only  one  Lycopodiaceae,  there  is  no  evidence  of  intergeneric 
of  these  is  in  North  America,  where  it  is  found  hybridization,  even  though  in  some  groups  (e.g.. 
locally  in  southern  Florida. 

Generic  Delimitation  in  Pteridophytes 

For  generic  delimitation  there  are  far  more  gross 
morphological  characters  that  can  be  used  in  an- 

Diphasiastrum,  Huperzia,  Ljcopodiella)  intra- 
generic  hybridization  is  rampant,  (f)  Above  all,  good 

genera  in  one  group  of  pteridophytes  should  be 

approximately  equivalent  to  and  comparable  with 

genera  in  other  groups.  One  family  of  pteridophytes 

should  not  be  finely  split  and  another  be  grossly 

giosperms  than  in  pteridophytes.  Perhaps  for  this  lumped.  The  character  states  involved  in  generic 
reason,  workers  familiar  primarily  with  flowering  separations  in  the  Lycopodiaceae  should  be  rea- 
plants  have  tended  to  lump  Lycopodiaceae  into  one  sonably  similar  in  number  and  kind  to  those  used 
catch-all  genus,  simply  because  they  all  seem  to  in  other  families  of  pteridophytes.  For  example,  if 
look  alike.  However,  when  the  plants  are  examined  we  keep  the  following  pairs  separate,  Marattia  and 
m  detail,  including  many  micromorphological  char-  Angiopteris  (Marattiaceae),  Pellaea  and  Chei- 
acters,  we  rapidly  become  aware  of  multiple  and  lanthes  (Adiantaceae),  Athyrium  and  Diplazium 
often  striking  differences  between  pteridophyte  (Dryopteridaceae),  then,  as  will  be  mentioned  be- 
groups.  There  are  far  more  demonstrable  differ-  low,  we  should  certainly  keep /^a/AmAaea  separate 
ences  between  the  groups  of  living  Lycopodiaceae  from  Lycopodiella,  or  Diphasiastrum  from  Ly- 
than  between  such  filicean  genera  as  Dryopteris,  copodium.  There  should  be  some  consistency. 
numohra,  Arachniodes,  Polystichum,  and  Phan- 
^rophlebia  (Kraimor  &  Green,  1990).  If  workers 
with  Dryopteridaceae  deal  with  the  species  groups 
of  clubmosses  and  firmosses  at  the  same  level  of 

genenc  discrimination,  to  maintain  consistency  they 
should  accept  seven  genera  of  Lycopodiaceae  in North  America. 

Characters  Used  for  Generic  Phylogeny  and 

Classification 

In  trying  to  develop  a  consistent  taxonomy  for 

Lycopodiaceae  there  are,  of  course,  pitfalls.  Deal- 

ing only  with  North  American  taxa  could  lead  to 

The  reasons  why  taxonomists  separate  and  rec-       erroneous  conclusions  because  links  in  other  parts 

<>gnize  plant  genera  are  numerous,  and  there  is  no      of  the  world  might  be  overiooked.  However,  we 
believe  that  the  taxa  elsewhere  on  the  earth  will 

either  fit  the  generic  system  given  here  and  can 
widespread  agreement  on  how  to  go  about  it.  We 
nave  used  the  most  dependable  and  objective  cri- 

teria that  we  can  adopt  in  delimiting  the  genera  of  be  easOy  accommodated  within  it,  or  new  ones  can 

Lycopodiaceae.  They  include  the  following:  (a)  The  be  added  to  it  (Holub,  1991;  011gaard,  1987). 

characters  used  for  generic  separation  should  be       Because  of  the  gaps  in  the  divergence  patterns 
numerous,  not  onlv  one  or  several,  (h)  It  is  im 

delim 

perative  that  there  be  strong  gaps  in  the  character      Another  potential  pitfall  in  this,  as  in  all,  systematic 

patterns.  There  should  be  no  intermediate  taxa,      syntheses,  is  incompleteness  or  lack  of  data.  The 

whether  these  intermediates  are  produced  by  gra- 
dation in  ordinary  phylogenetic  divergence  or  in- 

fossil  record,  although  perhaps  rich  in  comparison 

with  the  majority  of  other  plant  orders,  is  still 

termediates  produced  by  interspecific  hybridiza-       replete  with  vast  lacunae.  And  the  living  record 

tion.  (c)  No  genus  should  be  recognized  if  it  can      has  not  " bee Hemisphere.  We 
oe  shown  that  that  genus  arose  from  two  or  more 

Purees,  i.e.,  is  polyphyletic  whether  by  conver-  ognize  that  future  research  may  change  our  un- 

gence  or  some  form  of  reticulation.  A  genus  should  derstandings  and  even  our  basic  conclusions. 

^  monophyletic,  with  strong  evidence  for  an  im-  For  determining  character  state  polarities  there 

mediate  common  ancestry  of  its  species,  (d)  Lines  is  no  single  living  genus  or  family  that  we  can  use 

should  be  based  on  uniquely  derived  character  for  comparison  outside  of  the  Lycopodiaceae.  The 

states.  Parallelisms,  convergences,  and  reversals  Lycopodiaceae  as  we  know  them  are  diverse  mod- 
  .^     ..w.oiv.t     5^11^1...      wc*««».j^      -V,   C5    -- 

"^ir  patterns  and  incidence  show  them  clearly  to 

We 

inly 
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leaf genera.  They  include  such  advancements  as 

margins  toothed,  leaf  tips  hair-tipped,  stomates  only 

on  abaxial  leaf  surfaces,  blade  surfaces  glaucescent 

with  epicuticular  wax,  or  rhizome  subterranean. 

At  the  generic  level  there  are  some  striking 

Figure  1.     Wagner  tree  of  characters  in  North  Amer-       akernative  states  for  which  we  can  assign  no  po- 
ican  Lycopodiaceae.  Abbreviations  of  taxa  are  as  follows:       larity  at  present.  We  have  no  basis  for  judgment 

Ancestral  complex 

Hup  =  Huperzia;  Phg  =  Phlegmarlurus;  Lye  =  Ly 
copodium;  Dip  =  Diphasiastrum;  Psd  =  Pseudolyco 
podiella;  Lie  =  Lycopodiella;  Pal  =  Palhinhaea. 

either  within  or  outside  of  the  family.  These  include 

the  patterns  of  the  root  base  stele,  sculpture  of 

spores,  extent  of  the  triradiate  groove  on  the  prox- 

imal spore  face,  and  the  sculpture  of  the  proximal 
early  genera:  Asteroxylon,  Drepanophycus,  and  face.  A  particular  problem  involves  the  chromo- 
Baragwanathia,  all  from  Lower  to  Middle  De-       some  base  number:  The  chromosome  numbers  seem 

vonian  strata.  The  ligulate,  heterosporous  lycop-  to  concentrate  around  x  =  22,  33,  55,  66,  and 

sids,  Lepidodendrales,  Selaginellales,  Pleuromeiales,  77^  with  various  aneuploidal  additions  and  sub- 
and  Isoetales,  apparently  constitute  separately  de-  tractions  (F.  Wagner,  1992).  Intuitively  it  might 
rived  assemblages  of  evolutionary  lines  that  became  seem  reasonable  to  say  that  lower  ploidal  levels  are 
established  by  the  Carboniferous.  The  Devonian  more  primitive  than  higher  ones  and  that  fewer 
elements,    commonly    known   as    Protolepidoden-  aneuploidal  changes  are  more  primitive  than  more, 
drales,  eligulate  and  homosporous,  are  more  logical  but  we  cannot  be  sure  that  this  is  so  in  any  par- 
outside  groups  for  comparison  with  the  modern  ticular  case.  We  have  been  forced,  therefore,  to 

Lycopodiales  and  include  the  three  genera  listed.  use  base  numbers  as  they  are,  as  a  classificatory 

The  original  evolutionary  progression  probably  be-  tool  but  without  applying  phylogenetic  direction- 
gan  in  the  Upper  Silurian:  Rhyniopsids  apparently  ality.  These  unpolarized  trends  are  summarized  at 
gave  rise  to  zosterophyllopsids,  and  these  to  lycopo-  the  end  of  Table  1  and  are  represented  by  letters 
diophytes,  and  the  first  two  groups  became  extinct.  and  numbers  there  and  in  the  character  tree,  Fig- 
The  most  primitive  were  the  Protolepidodendrales,  ure  1. 
and  they  too  became  extinct,  as  did  the  ligulate 
orders  Lepidodendrales  and  Pleuromeiales.  These 

changes  are  discussed  in  numerous  textbooks  of  POLARIZED  CHARACTER  TRENDS 

paleobotanyje.g.,  ̂ ^^^^^o^^^                 Taylor,  1981,  The  character  polarizations  we  have  deduced 
Tu^    ..  Sir  c„:  ^c^Qn^    a....       ,    ..  ,.  (numbered  in  Table  2  and  Fig.  1,  and  in  paren- 

theses below)  come  primarily  from  comparisons 

with  the  members  of  the  outside  groups  given  above,   1  ._     T   .    1  r„  ,,„.;^.,«  authors 

Thomas 

agreements  on  the  details  of  the  history  of  lycop - 
sids,  there  is  a  fair  consensus  regarding  the  broad 
outlines.  In  addition  to  outside  comparison,  we  ex- 

amined trends  within  and  between  the  subgroups 
of  the  present-day  Lycopodiaceae.  The  highly  com- 

plex and  specialized  propagative  branches  of  the 

g 
3ruce,  1975,  1976b;  Holub,  197 
eUeaard.  1975.  1979.  1987;  Wil 

r 

forde 

1972),  as  weD  as  by  ourselves.  The  basis 
gemma  firmosses,//uper2ia  sens,  str.,  are  uniquely      termining    directionality    is    outside    companion 
derived  and  found  only  in  this  genus;  comparisons       (Wagner,  1962,  1969.  1980).  The  terrestrialhab- 

Two  trends  have  t^ curred  away  from  it:  to  semiaquatic,  i.e.,  inunda 

for  part  of  the  growing  season,  (1)  and  to  epiphy 

within  (and  outside)  the  family  support  the  conclu- shoot 

primitive of  character  changes  represent  distinct  and  mul- 

tiple advancements  (cf.  Stevenson,  1976,  and  ref- 
erences therein).  So  it  is  with  such  character  states 

as  cortical  roots,  plectosteles,  ring  meristems  in  i 

gametophytes,  napiform  gametophyte  thalli,  nod- 
ular sporangial  waU  cells,  unequal  sporangia!  valves, 

and  many  of  the  other  states  summarized  below.  \ 

However,  a  number  of  obvious  specializations  found 

in  North  American  Lycopodiaceae  are  useless  at 

the  generic  level  since  they  involve  only  individual 

species.  These  "peripheral"  or  "autapomorphic" 
states  are  obviously  advanced  within  their  phylads, 

but  they  cannot  be  used  for  delimitation  of  whole 

1 



Volume  79,  Number  3 
1 

t   ^-TJ— :- Wagner  &  Beitel 
Classification  of  Lycopodiaceae 

679 

(2).  The  former  is  characteristic  of  Lycopodiella  duction  in  number  from  6-12  to  only  3-5  (16). 
and  Pseudolycopodiella,  the  latter  the  dominant  The  vegetative  leaves  of  the  aerial  parts  were  orig- 
condition  of  Phlegmariurus,  some  species  of  which  inally  monomorphic  (e.g.,  Lycopodium  clavatum)^ 
have  no  doubt  experienced  reversal.  Simple,  di-  but  became  transformed  in  connection  with  major 
chotomous  aerial  branching  is  considered  ancestral  changes  in  overall  shoot  structure  so  as  to  be  het- 

by  outside  comparison,  and  there  are  two  different  eromorphic,  as  in  most  species  of  Diphasiastrum 
transformations:  amplification  to  extremely  com-  (17),  in  which  the  branches  are  cordlike  and  flat- 
plex  dendroid  habit  of  the  aerial  shoots  (e.g..  Pal-  tened  like  Thuja.  (This  trend  refers  only  to  aduh 
hinhaea)  (3),  and  reduction  to  simple,  unbranched  shoots;  the  juvenfle  shoots  have  isophylly,  as  illus- 
aerial  shoots  (e.g.,  Lycopodiella)  (4).  The  erect  trated  by  Diphasiastrum  sitckense,  which  is  ap- 
habit  of  terminal  aerial  branches  is  considered  ba-  parently  neotenic,  maintaining  its  juvenile  condi- 
sic,  and  the  pendent  derived  (5).  The  presence  of  tion  into  maturity.) 

a  well-defined  creeping  rhizome  is  presumably  the  Presumably,  mucilage  canals  are  derived  struc- 
imtial  state,  while  the  loss  of  a  distinct  rhizome  is  tures  absent  in  the  progenitors.  The  Huperzia- 
considered  derived  (6),  as  illustrated  by  Huperzia  Phlegmariurus  assemblage  still  lacks  them,  but 
and  Phlegmariurus.  The  emergence  of  roots  close  the  type  of  mucilage  duct  that  is  basal  in  the  fertile 
to  their  position  of  origin  in  the  stem  stele  is  the  leaf  is  present  in  all  other  genera  (20).   Veinal 
most  probable  ancestral  condition,  and  the  exten-  mucilage  canals  occur  only  in  the  vegetative  leaves 
sive  basal  migration  of  roots  from  the  shoot  apex  of  Lycopodiella   and   Pseudolycopodiella   (18). 
downward  through  the  cortex  to  the  level  of  the  However,  they  are  absent  from  the  sporophylls  in 

substratum  before  emergence  is  specialized  (7),  as  Pseudolycopodiella,  being  present  there  only  in 
m  the /Taperzta  group.  The  branching  of  the  roots  Lycopodiella  (19).  These  diiferent  patterns,  dis- 

themselves  was  initially  most  likely  isodichotomous  covered  by  Bruce  (1975),  are  treated  here  as  sep- 
and  gave  way  to  anisodichotomous  (8),  as  is  rep-  arate  trends  rather  than  steps  in  a  single  trend, 

resented  in  Palhinhaea,  In  all  Lycopodiaceae,  ev-  because  it  is  not  obvious  how  or  even  if  the  different 
ergreen  condition  of  the  vegetative  aerial  shoots  is  conditions  are  sequenced. 

evidently  the  original  one;  deciduous  components  Sporophylls    in    the    primitive    lycopsids    were 
like  the  upright  shoots  of  Lycopodiella  are  thus  structurally  mostly 
advanced  (9).  The  lack  of  hairs  and  other  emer-  today  in  typical  Selaginella  selaginoides  and  aU 

gences  is  the  generalized  primary  condition,  and  species  of  Isoetes,  and  in  the  Protolepidodendrales. 
their  presence  on  stems  and/or  leaves  is  specialized  This  condition  is  n 
and  secondary  (10).  From  the  most  likely  original  firmosses,   Huperzia   and   many   Phlegmariurus 
stele,  the  actinostele,  there  have  been  two  major  species.  Nevertheless,  differentiated  sporophylls  are 

directions  of  change:  to  a  meshed  actinostele  (like  found  in  all  five  genera  of  clubmosses  (21).  Those 

^bat  of  Lycopodiella  and  its  nearest  allies)  (12),  oi  Lycopodiella  and  Palhinhaea  are  only  partiaQy 

and  to  the  peculiar  and  unique  condition  known  as  transformed.  The  ir 

plectostele  (like  that  of  Lycopodium  and  Diphas-  tinct  sporophylls  on  tassel-like  strobiloids  that  differ 

like 

extent 

dis 

lustrum)  (11). from  typical  strobili  in  orientation  and  appendage 
V 
1 

Where  a  true  stroLilus  has  been 

Highly  evolved  lateral  branches  that  afford  veg-  structure  in  Phlegmariurus  is  considered  a  par- 

etative  propagation  are  observed  only  in  the  genus  aUelism  or  convergence.  The  attachment  of  the 

Huperzia,  They  are  complex  and  involve  several,  sporangia  is  basal  in  Huperzioideae  as  in  the  De- 

^Pparently  de  novo  elements — the  gemmiphore,  vonian  outgroups,  but  becomes  pseudopeltate  to 

the  abscission  layer,  gemma  axis,  and  dorsiventral,  peltate  in  all  of  the  other  groups  (22),  and  asso- 

dwtinctively  oriented,  and  modified  leaves.  The  ciated  with  this  there  is  a  change  from  unstalked 

generalized  condition  for  Lycopodiaceae  and  their  to  stalked  (23),  but  this  is  found  only  in  Lycopo- 
outside  sister  groups  is  to  lack  such  structures 

entirely,  so  that  their  presence  alone  is  apomorphic  the  erect  orientation  is  surely  the  ancestral  one, 

\toj.  The  gemma  apparatus  in  Huperzia  evolved  judgi 
^"J  generis  a  series  of  other  advancements,  namely  nodd 
from  radial  to  bUateral  (14)  as  well  as  others  not  (24). 

^^d  here.  Aerial  stem  branching,  judging  from  the  condition  of  the  stalk  as  seen  in  Lycopodiella  and 

fossU  outgroups,  was  almost  unarguably  dichoto-  Palhinhaea  Ls  exchanged  for  the  scaly  to  nearly 

'nous  in  the  ancestors,  and  became  unequal  (aniso-  naked  condition  seen  in  Lycopodium  (certain  spe- 

dichotomous)  in  the  descendants  (15).  The  ranks  cies),    Diphasiastrum,    and    Pseudolycopodiella 

<>f  leaves  on  the  aerial  shoots  have  undergone  re-  (25).  The  sporangial  valves  are  primitively  equal 

ulia 

Where 



Table  1.     Characters  and  character  states  used  in  this  analysis. 

Character Primitive Advanced 

Hup 

0 

Phg 

* 

Lye 

0 

Dip 

0 Psd 1 Lie 1 Pal 
1,  Habitat terrestrial 

semiquatic 
0 

2.  Habitat terrestrial 

epiphytic 

0 1 0 0 * 

9(e 

* 

3.  Branchine 
simple-dichotomous complex-dendritic 

0 0 

0-1 
0-1 

4t 

4t 

1 

4.   Branching simple-dichotomous reduced-unbranched 
0 0 0 0 1 1 0 

5.  Habit erect 

pendent 

0 1 0 0 0 0 0 

6.  Rhizome  creeping 

present 

absent 
1 1 0 0 0 0 0 

7.    Root  emergence immediate corticular 1 1 0 0 0 0 0 

8.   Root  branching isodichotojiious anisodichotomous 0 0 1 1 0 0 1 

9.    Aerial  shoot evergreen deciduous 0 0 0 0 0 1 1 

10.   Indument absent  (glabrous) 
absent  to  hairy 0 0 0 0 0 1 1 

11.  Stele actinostele 

plectostele 

0 0 1 1 * * * 

12.  Stele actinostele meshed  haplostele 0 0 * * 1 1 1 

13.   Gemma  occurrence absent 

present 

1 0 0 0 0 0 0 

14.  Gemma  shape radial bilateral 1 0 0 0 0 0 0 

15.   Branching dichotomous anisodichotomous 1 0 0 0 0 0 0 

16.   Ranks  of  leaves 
6-12 

3-5 
0 0 0 1 1 0 0 

17.   Nature  of  leaves monomorphic heteromorphic 0 0 0 1 1 0 0 

18.   Veina!  mucilage  canal  in trophophyll absent 

present 

0 0 0 0 0 1 I 

19.   Veinal  mucilage  canal  in sporophyll absent 

present 

0 0 0 0 0 1 0 

20.   Basal  mucilage  canal  in  ; sporophyll absent 

present 

0 0 1 1 1 1 1 

21.  Sporophyll like  trophophyll reduced 0 0 1 1 1 

0.5 

1 

22.  Sporophyll  attachment basal 
pseudopeltate-peltate 

0 0 1 1 1 1 1 

23.  Strobilus  attachment unstalked stalked * * 

0-1 0-1 

1 0 0 

24.  Strobilus  orientation 

25.  Peduncle  appendages 

26.  Sporangial  valves 

27.  Sporangial  valves 

28.  Sporangial  shape 

29.  Sporangial  nature 

30.  Sporangium  cell  wall  shape 

31.  Sporangium  cell  wall  shape 
32.  Side  wall  thickenings 
33.  Side  wall  ihickenings 

34.  Spore  sides 
35.  Spore  angles 

erect 
leaflike 

equal thick 
reniform 

non-enclosed 

sinuate 
sinuate 

evenly  thickened 

evenly  thickened 
convex  to  straight 

rounded-pointed 

pendent 

scalelike 

unequal 
thin 

globose 

enclosed  in  cavity 

straight-walled 
sinuate  w/invagination 
nodular-semiannulate 

not  thickened 
concave 

truncate 

0 

0 
0 

0 
0 
0 
0 
0 
1 

1 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0 

1 
0 

1 
0 

0 

0 
1 
0 

1 
0 
0 

0 
1 
0 

1 
0 

0 

0 

0 
1 
1 
1 
0 

1 
0 

1 
1 
1 
1 

0 0 1 1 1 
1 0 * * * 

* * 1 1 1 
1 1 

n^ 

* * 

0 0 0 0 0 
0 0 0 0 0 

00 

> 

o 
O 

o 

CO 

o 

O 

a 



Table  1.     Continued. 

Character 

36.  Allohomoploid  meiosis 
37.  Nothospeciation 
38.  Gametophyte  nutrition 
39.  Gametophyte  position 
40.  Gametophyte  meristem 
4L  Gametophyte  symmetry 
42.  Gametophyte  shape 
43.  Gametophyte  branching 
44.  Apical  outgrowth 
45.  Apical  outgrowth 
46.  Gametophyte  pigment 
47.  Young  sporophyte  form 
48.  First  leaves 
49.  Fool 

50.  Protocorm 

A, 
B. 

Root  base  stele 

Spore  sculpture 

C. 
D. 

Proximal  face 

Triradiate  groove 

E. 
F. 

Margo 

Equatorial  ridge 

Primitive Advanced 

normal 
common 

holomycotrophic 
subterranean 
central  apex 

dorsiventral 
buttonlike 
unbranched 

absent 

absent 

white,  gray-brown erect 

microphylls large 

absent 

irregular 
rare  or  absent 
hemimycotrophic 

surficial 
subterminal,  ring 
radial 

rapiform branched 

photosynthetic  lobes 

paraphyses 
orange-brown horizontal 

protophylls small 

present 
Undirected  characters 

Al. 

Bl. B2. 

CI. 

Dl. 

D2. 
EI. 

Fl. 

c-shaped;  A2.   plectostele 
foveolate-fossulate 

rugulate;  83.  reticulate 
sculptured;  C2.  not  sculptured 
reaching  margin 

not  reaching  margin 
absent;  E2.  present 

absent;  F2.   present 

Abbreviations  of  taxa  are  as  follows; 
Lie  =  LycopodivUn;  Pal  =  Palhinhaea.  * 

Hup 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 
0 

0 

0 

Phg 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

1 

1 

2 
1 

1 

1 

Lye 

1 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 
0 

0 

0 

0 

2 

3 

[  +  2] 

1 

1 

1 

Dip 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

0 

0 

0 

0 

2 

3 

1 

1 

1 

1 

Psd 

0 

0 

1 

1 

0 

1 
* 

0 

1 

0 

1 

1 

1 

0 

1 
2 

2 

1 

2 

2 

Hup  =  Huperzia;   Phg  =  Phlegmariurus;   Lye 
=  Not  applicable  or  unknown;  scored  as  0. 

Lie 0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

1 
2 

2 
1 

2 

2 

Pal 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

2 
2 

2 
2 

2 

1 

Lycopodium;   Dip  =  Dipkasiastrum;   Psd  =  Pseudolycopodiella; 

to 
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in  size,  but  two  of  the  genera  have  developed  de-      in  the  remaining  groups.  There  is  a  profound  dif- 

cidedly  unequal  valves  (26).  The  valves  of  lycopsid      ference  between  the  capability  and  results  of  hy- 
moderately brization  within  the  groups  that  we  do  know,  so  we 

in  Devonian  fossils  and  modern  Huperzioideae,  but  have  used  this  as  a  character.  If  we  are  correct, 

became  thin  in  Lycopodioideae  and  Lycopodiello-  the  trend  of  the  units  within  genera  should  be  from 

ideae  (27).  The  reniform  sporangial  type  appeared  interspecific    nothospeciation    with    aUohomoploid 

in  Lycopsida  as  early  as  the  Devonian  (even  in  the  fertile  hybrids,  to  interspecific  nothospeciation  with 

more  primitive  Zosterophyllopsida)  and  is  still  main-  aDoploid  sterile  hybrids,  to  very  rare  hybrids,  to 

tained  in  most  modern  lycopsids;  however,  the  ad-  genera  with  no  hybrids  at  all  between  their  species. 

vanced  globose  type  is  found  in  two  genera,  Ly-  Thus,  being  able  to  form  many  hybrids  between  its 

copodiella  and  Palhinhaea  (28).  The  sporangia  component  species  (of  any  degree  of  fertility)  is  a 
are  free  on  the  surface  in  most  taxa,  but  in  Pal-  more  primitive  condition  within  a  genus  than  being 

hinhaea  they  are  enclosed  in  specialized  cavities  able  to  form  hybrids  only  rarely  or  never  (37). 

(29).  In  two  of  the  major  groups  of  lycopsids,  the  Some  of  the  most  prominent  differentiations  be- 
sporangial  cell  walls  are  characteristically  sinuate,  tween  present-day  Lycopodiaceae  pertain  to  the 

but  in  the  third  they  have  become  straight-walled  gametophyte  generation.  It  has  long  been  known 

(30).  The  sinuate-walled  condition  has  evolved  a  that  some  groups  have  wholly  subterranean  ga- 
different  complication,  namely,  distinctive  invagi-  metophytes  that  are  mycoparasitic,  while  others 

nations,  as  in  typical  Lycopodium  described  by  are  surficial  and  have  photosynthesis  (38).  The 
0Ugaard  (1975)  (31).  The  side  waUs  of  the  spo- 

rangia are  typically  evenly  thickened,  but  in  the 

Lycopodielloideae,  they  have  specialized  nodular  longer  accented,  as  stated  above.  W 
or  semiannulate  thickenings,  which  are  undoubt- 

claims  of  Freeberg  &  Wetmore 
are  environmentallv  determined 

photosynthetic  gametophytes  in  Lycopodiaceae  as 
edly  advanced  (32).  Typical  Lycopodium  species      probably  specialized  for  the  following  reasons:  (a) 
have  side  wall  cells  that  are  not  thickened  at  all, 
another  apparent  derivation  (33). 

The  spores  of  Lycopodiaceae  possess  many 
characters,  some  of  which  (see  above)  cannot  be 
polarized  with  our  present  knowledge.  There  are. 

the  species  that  show  them  are  mainly  aquatic,  or 

semiaquatic;  (b)  the  aquatic  habitat  is  not  suitable 

for  the  growth  of  subterranean  gametophytes;  and 

(c)  the  basal  part  of  the  photosynthetic  gameto- 
phvte  is  fleshv  and  not  similar  to  the  ferns  and 

however,  likely  initial  states  for  certain  features,      most  Kverworts.  The  photosynthetic  function  is  lo- 
For  example,  the  equatorial  sides  of  lycopsid  spores      cated  in  special  dorsal  projections  (44).  Typically likely 

the  spores  of  most  lycopsid  fossils  and  even  Se- gametophytic  meristems  tend  to  be  terminal  or 
confined  to  a  central  nosition,  but  in  two  lycopsid 

own 
laginella  and  Isoetes,  In  one  group  of  extant  Ly-  genera  the  meristem  forms  a  subterminal  ring  (39) 
copodiaceae,  Huperzia  sens,  str.,  the  equatorial  as  si 

walls  are  concave,  certainly  a  specialization  (34).  the  Lycopodioideae,  The  actual  form  of  the  ga- 

metophytes in  these  two  genera,  however,  is  otn- than  pointed  corners  is  a  derived  condition  (35).  erwise  very  different.  The  buttonlike  prothallus  of 
Both  of  these  conditions  separate  the  genus  Hu-      the  former  is  more  like  that  of  the  outside  groups 

truncate 

perzia  from  Phlegmariurus. 
than  the  peculiar  carrot-shaped  or  rapiform  typ 

odu 

undergoing  normal 

Hybridization  between  species  would  be  expect-  (42)  present  only  in  Diphasiastrum.  Unbranched 

;e  offspring  still  gametophytes  are  the  widespread  type  in  pracO- 

sis.  Only  as  the  cally  all  pteridophytes  (except  the  obviously  spe^ 
species  accumulate  specific  incompatible  genetic  cialized  ones  of  certain  schizaeas,  fibny-ferns,  and 
factors  does  the  meiotic  behavior  become  irregular,  vittarioids).  The  tree  inhabiting  prothallia  of  the 
with  progressive  loss  of  pairing  ability  (36).  This  epiphytic  Phlegmariurus  species,  where  they  are 
derived  condition  within  members  of  a  genus,  the  known,  are  branched  (43).  In  this  connection,  the 
usual  state  in  most  pteridophytes,  is  notable  in  the      outgrowths  or  lobes   of  LycopodieUoideae 
genus  Huperzia.   However,  three  other  genera, 

com- 

connection 

»und 

Lycopodium  sens,  str.,  Diphasiastrum,  and  Ly-  sis,  are  advanced  (4^„  ̂ .  ...^j   ^  ,. 
copodiella,  are  conspicuous  because  their  mem-  where  except  in  the  (probably  very  remotely  related) 
bers  can  still  form  apparently  fertile  hybrids  with  Equisetopsida.  AU  other  related  groups  apparenUy 
normal  meiosis  and  spores,  i.e.,  the  theoretical  lack  such  outgrowths.  The  presence  of  specialized 

haploid  trichomes  or  paraphyses  among  8^^^  c. 

gia  seems  to  be  unique  to  the  Huperzioideae  ( 

Tl 

known 

1 

\ 



Volume  79,  Number  3 
1992 

Wagner  &  Beitel 
Classification  of  Lycopodiaceae 

683 

The  basic  condition  among  Lycopodiaceae  other-      subterranean,  the  meristem  central  and  terminal, 

Tree  of  Comparative  Data 

The  tree  shown  in  Figure  1  was  constructed  by 

wise  seems  to  be  with  the  gametangial  surfaces  the  thallus  ±  dorsiventral,  branching  lacking;  pho- 
giabrous.  The  nonphotosynthetic  gametophytes  in  tosynthetic  lobes  absent;  gametangial  paraphyses 
the  living  state  tend  to  be  various  shades  of  white,  absent;  color  whitish  to  gray-brown;  young  spo- 
gray,  and  gray-brown.  However,  the  carrotlike  ga-  rophyte  erect,  with  small  microphylls,  foot  large 
metophytes  of  Diphasiastrum   are   usually  pig-  and  protocorm  absent, 
mented  orange  or  orange -brown  (46). 

Young  sporophytes  of  most  lycopsids  and  other 

pteridophytes  tend  to  be  erect,  but  in  the  Lyco- 
podielloideae  they  are  horizontal  and  creeping  (47). 
In  this  subfamily,  too,  the  first  leaves  are  actually  assembling  the  data  into  what  appeared  to  be  the 

protophylls"  (48)  rather  than  small  versions  of  most  parsimonious  arrangement,  using  the  manual 
microphylls.  In  two  of  the  genera  of  Lycopodiel-  groundplan-divergence  principles  of  Wagner  (1962, 

loideae,  Lycopodiella  and  Palhinhaea  (but  not  1969,  1980),  based  on  the  operational  idea  that 

Pseudolycopodiella\  there  is  a  specialized  struc-  phylogeny  (i.e.,   genetic  history)  is  the  amount, 

ture,  the  protocorm  (50),  not  found  in  any  of  the  direction,  and  sequence  of  divergence  from  ances- 

immediately  related  living  or  fossil  outside  groups  tral  groundplans.  For  the  initial  layout,  only  those 

(the  tuber  of  Phyllogossum  evidently  not  homol-  characters  described  above  were  used,  and  they 

ogous  (Bierhorst,   1971)).  The  foot  of  the  young  are  numbered  on  the  tree  to  correspond  with  the 

sporophyte  is  normally  large  in  genera  of  Lyco-  numbers  used  there.  These  characters  are  believed, 
podiaceae  but  is   small  (49)  in  the  Lycopodiel- loideae. 

on  the  basis  of  outside  evidence,  to  be  uniquely 

derived  or  mostly  so.  Those  distinctive  character 

states  that  could  not  be  assessed  as  to  directionality 

were  added  to  the  tree,  and  are  indicated  by  letters 

and  numbers,  as  given  in  Table  2.  The  distances 
between  the  nodes  of  the  tree  are  estimated  on  the 

The  specialized  or  advanced  states  of  50  char-      basis  of  all  characters,  most  of  them  polarized  ex- 

acters  are  given  above,  as  best  they  can  be  esti-      cept  for  the  few  added  later  to  indicate  merely 

>^ated,  and  each  is  given  a  number  in  parentheses,      taxonomic  differences.  Thus,  the  tree  can  be  used 

Estimated  Groundplan  of  the  Ancestor  of 
Modern  Lycopodiaceae 

The  primitive to  present  visually  the  broad  picture  of  (systematic) 

to  conceptualize  the  hypothetical  ancestral  stock  relationships  of  all  the  North  American  Lycopo- 

from  which  our  present-day  genera  arose,  and  this  diaceae.  New  information  can  be  added  to  the  tree 

is  briefly  summarized  as  follows:  Habitat  terrestrial;      to  embody  tropical  and  subtropical  genera,  and 

new  characters,  and  the  polarities  given  here  can 
Sim 

basal  stem  a  horizontal  rhizome;  roots  emerging  be  revised  if  necessary.  If  the  number  of  data  and 

next  to  their  origin  in  stem  stele,  branching  di-  taxa  becomes  very  large,  it  will  be  necessary  to 

chotomously,  the  type  of  root  base  stele  unknown;  resort  to  computer  algorithms  of  the  manual  Wag- 

aerial  shoots  evergreen,  lacking  hairs  or  other  ner  Tree. 
emergences;  stem  actinostelic;  gemmae  of  any  kind 
lackmg;  shoot  branching  dichotomous;  leaves  in  6- 
12  ranks,  monomorphic.  Lacking  mucilage  ducts 

of  any  kind.  Except  for  presence  of  sporangia,  If  the  above  arguments  are  valid,  then  we  still 

sporophylls    undifferentiated    from    trophophylls;  must  evaluate  the  traditional  generic  taxonomy  of 

Discussion  of  Results 

sporangia  basaUy  attached;  strobilus,  if  present, 
pedunculate Lycopod 

(W 

entiated  leaves;   sporangia   reniform,   the   valves  gressively  more  segregated  systems  are  shown  in 

^qual,  thick-walled,  not  enclosed  in  special  cavities;  Table  3,  starting  with  the  classical  single  genus, 

sporangial  ceU  walls  sinuate  and  without  invagi-  Lycopodium.  In  order  to  maintam  comparability 

nations,  thickened  evenly;  spores  with  convex  to  and  consistency  of  pteridophyte  classification,  we 

straight  sides  and  round-pointed  angles,  the  type  have  kept  in  mind,  for  comparison,  weU-known 

of  sculpture  and  presence  or  absence  of  sculpture  pairs   of  sister  genera   in   homosporous  ptendo- on oximal 

between 
_^^^__  species     that  are  based  upon  one  to  few  charac

ters  should 

^thin  a  genu77ommon  a^^^^  pairing     probably  be  merged  (cf.  Kramer  &  Green,  1990): 

^  hybrids  normal;  gametophyte  holomycoparasitic,     e.g.,  Equisetum  and  Wppochaete  (
stoniates,  chro- 
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Table  2.      Some  possible  classifications  for  North  American  Lycopodiaceae.  (For  convenience,  the  same  names 
are  used  for  the  same  units,  regardless  of  nomenclatural  correctness.) 

A. 

B. 

C, 

D. 

Genus  Lycopodium 
Genus  Huperzia 
Genus  Lycopodium 
Genus  Huperzia 
Genus  Lycopodium 
Genus  Lycopodiella 
Genus  Huperzia 

Subgenus  Huperzia 
Subgenus  Phlegmariurus 

Genus  Lycopodium 

Subgenus  Lycopodium 
Subgenus  Diphasiastrum 

Genus  Lycopodiella 

Subgenus  Palhinhaea 
Subgenus  Pseudolycopodiella 
Subgenus  Lycopodiella 

E 

F 

Genus  Huperzia 

Genus  Phlegmariurus 
Genus  Lycopodium 

Genus  Diphasiastrum 
Genus  Palhinhaea 

Genus  Pseudolycopodiella 

Genus  Lycopodiella 

Subfamily  Huperzioideae 
Genus  Huperzia 

Genus  Phlegmariurus 

Subfamily  Lycopodioideae 
Genus  Lycopodium 

Genus  Diphasiastrum 

Subfamily  Lycopodielloideae 
Genus  Palhinhaea 

Genus  Pseudolycopodiella 
Genus  Lycopodiella 

mosome  size),  Polypodium  and  Pleopeltis  (scales).  North  American  Lycopodiaceae  should  correspond 
Pteris  and   Schizostege  (splitting   of  coenosori),  to  Table  2F,  i.e.,  seven  genera  placed  in  three 

Jamesonia  and  Eriosorus  (no  consistent  states),  subfamilies.  The  distinguishing  characters  are  nu- 
Polystichum  and  Cyrtomium  (reticulate  veins),  and  merous,  they  are  accompanied  by  large  gaps  and 
Asplenium  and  Camptosorus  (veins  and  sori).  Some 
other,  but  still  widely  accepted,  genera  (Table  2B, 
C)  are  separated  bv  onlv  a  moderate  number  of 

no  transitions,  they  are  monophyletic,  they  involve 

a  number  of  uniquely  derived  characters,  they  do 

not  hybridize  with  each  other,  and  the  segregation 
characters — in  fact,  considerably  fewer  than  those      level  is  consistent  with  other  homosporous  pterid- 

ophytes.  The  genera  fit  readily  into  three  subfam- gio pteris  (especially  type  of  synangium);  Osmunda  Uies  defined  on  the  basis  of  their  separate  patterns 
and  Todea  (mainly  sporangia!  arrangement);  Poly^      of  characters  and  trends. 

podium  and  Pyrrosia  (mainly  soral  arrangement);  The  two  current  leaders  in  the  systematics  of 

and  Dryopteris  and  Ctenitis  (especially  trichomes),  Lycopodiaceae  are  Josef  Holub  and  Benjamin  011- 
Few  pteridologists  would  question  their  validity  as  gaard,  both  of  whom  have  made  extensive  contri- 
genera,  in  spite  of  the  relatively  few  characters  butions  to  our  understanding  of  these  plants.  Their 

that  separate  them,  but  most  would  be  hesitant  publications  (see  selected  papers  in  Lit.  Cited)  con- 
about  dividing  them  into  subfamilies,  although  they  tain  an  enormous  amount  of  information,  and  they 

might  set  up  subgenera  (Table  2D)  or  separate  summarize  our  current  knowledge.  The  classifi- 
genera  (Table  2E).  Further  splitting  is  required  of      cation  accepted  here  for  North  America  conforms, 

in  general,  to  their  concepts  except  for  the  assign- 

ment of  certain  ranks.  Of  the  two  systems,  ine 

single  or  groups  of  genera  that  are  so  distinct  from 

other  singles  or  groups  that  they  merit  placement 

in  distinct  subfamilies  (Table  2F).  Examples  from  ranks  of  Holub  (1983),  with  all  of  the  genera  rec- 
other  homosporous  pteridophytes  are  Ophioglos-  ognized,  are  closer  to  ours;  0Ugaard's(  1987)  treat- 
saceae:  Botrychium  and  Helminthostachys  (Bo-  ment  has  three  genera  {Huperzia.  Lycopodium. 
trychioideae)  and  Ophioglossum  and  Chciroglossa  and  Lycopodiella)  in  Lycopodiaceae,  but  includes 
(Ophioglossoideae);  Gleicheniaceae:  Gleichenia  and  a  number  of  subgeneric  units.  Our  North  American Dicranopteris  (Gleichenioideae)  and  Stromatop- 
teris  (Stromatopteridoideae);  Cyatheaceae:  Dick- 
sonia  and  Cibotium  (Dicksonioideae)  and  Cyathea 
and  Alsophila  (Cyatheoideae);  and  Dryopterida- 

Phlegmariurus  is  in  0Ugaard's  Huperzia  squ^' 

rosa  group;  our  Huperzia  is  his  Huperzia  selag 

group;  Lycopodium  includes  his  Lycopodium  sec ^ 

Lycopodium,   Lycopodium  sect.  Annotina 
ceae:  Dryopteris,  Darallia,  and  Tectaria  {Dryop-  Lycopodium  sect.  Obscura;  Diphasiastrum,  l)' 
teridoideae),  and  Athyrium  and  Diplazium  copodium  sect.  Complanata;  Pseudolycopodiel- 
(^  oodsioideae).  \^  e  conclude  on  the  basis  of  these      /a,  Lycopodiella  sect,  Caroliniana;  Lycopodiella^ 

Lycopodiella   sect.    Lycopodiella;   and   P^^ 

mod 
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haea,  Lycopodiella  sect.  Campylostachys.  Ho- 

lub's  most  recent  treatment  (Holub,  1991)  of  the 
firmosses  recognizes  two  subgenera  under  Huper- 
zia  rather  than  two  genera;  his  subgenus  Huperzia 

equals  our  genus  Huperzia,  and  his  subgenus  Suh- 

selago  our  Phlegmariurus,  Both  Holub  and  0U- 

gaard  describe  a  number  of  tropical  and  Southern 
Hemisphere  elements,  at  least  some  of  which  can 

be  raised  to  generic  or  subgeneric  status.  However, 
we  believe  these  non-North  American  elements  wiU 

not  modify  the  geographically  circumscribed  tax- 
onomic  treatment  given  here.  This  interpretation 

is  summarized  in  the  key  that  follows: 

3b 

Technical  Key  to  North  American 
Subfamilies  and  Genera 

la.  Sporophylls  like  trophophylls,  photosynthetic; 
plants  epiphytic,  epipetric,  or  terrestrial;  roots 
running  from  the  apex  through  cortex  before 
emerging;  leaves  lacking  mucilage  canals;  rhi- 

zome absent;  paraphyses  present  among  gam- 
etangia;  spores  foveolate-fossulate;  chromo- 

somes X  =  67-68      Huperzioideae 
2a.  Plants  epiphytic,  mosdy  pendent  at  ma- 

turity; lacking  gemmiphores  and  gemmae; 
gametophytes  branched;  spore  angles 
pointed,  spore  sides  straight  or  convex; 
proximal  face  unpitted,  hanging  firmosses 

  Phlegmariurus  Holub 
(1  orthospecies,  0  nothospecies  in  North  America) 

2b.  Plants  terrestrial  or  epipetric,  mostly  erect 
at  maturity;  producing  specialized  lateral 
gemmiphores  among  the  leaves  bearing 
flattened  green  gemmae;  gametophytes  un- 
branched;  spore  angles  truncate,  spore  sides 
concave;  proximal  face  pitted,  gemma  fir- 

mosses       Huperzia  Bernh. 
(6  orthospecies,  7  nothospecies) 

lb.  Sporophylls  ±  strongly  modified,  unlike  tro- 
phophylls, nonphotosynthetic  at  maturity;  plants 

terrestrial  or  semiaquatic;  leaves  with  basal  mu- 
cilage canals;  roots  emerging  immediately,  scat- 
tered along  rhizome;  rhizome  present;  paraph- 

yses absent  among  gametangia;  spores  various 
out  not  foveolate-fossulate;  chromosome  x  num- bcri 

trimorphic  and  overlapping  and  (or) 

imbricate,  in  4-5  ranks  (in  D.  sitchen- 
se  leaves  5 -ranked  and  morphologi- 

cally as  in  juveniles);  sporangial  wall 
cells  smoothly  sinuate;  gametophytes 

orange  pigmented,  narrowly  top- 
shaped,  nonconvoluted;  chromosomes 
X  =  23,  flat-branched  clubmosses   

  Diphasiastrum  Holub 
(5  orthospecies,  6  nothospecies) 

Spore    sculpture    rugulose;    capsule    walls 
straight;  root  stele  various;  gametophytes 

subsurficial,  with  photosynthetic  lobes;  ar- 
chegonia  short,  ephemeral  ....  Lycopodielloideae 

5a.  Plants  terrestrial;  upright  shoot  com- 
plexly denJroidly  branched;  basal  root 

stele  like  stem;  spore  laesura  groove 

not  reaching  the  margin;  spore  prox- 
imal faces  not  sculptured;  chromo- 

somes X  =  ca.  55,  tropical  treelike 
clubmosses   Palhinhaea  Franco  &  Carv. 

(1  orthospecies,  0  nothospecies) 

5b.  Plants  semiaquatic;  upright  shoot  sim- 

ple; basal  root  stele  C-shaped  in  sec- 
tion; spore  laesura  groove  reaching 

spore  margin;  spore  proximal  faces 

sculptured;  chromosomes  not  x  ~  ca, 55. 

6a.  Peduncle  leafy;  sporophylls  re- 
sembling trophophylls;  horizontal 

shoot  rounded,  with  uniform 

leaves  ±  spreading  to  erect;  vein- 

al  mucilage  canals  present;  x  = 
78,  common  bog  clubmosses    

  Lycopodiella  Holub 
(6  orthospecies,  8  nothospecies) 

6b.  Peduncle  mostly  bare  with  scat- 
tered scalelike  appendages;  spo- 

rophylls much  reduced,  horizon- tal shoot  flat,  the  leaves  unequal, 

the  larger  ones  in  two  rows  and 

nearly  flat  on  the  substratum; 
veinal  mucilage  canals  absent;  x 
=  35,  Carolina  bog  clubmosses 

  Pseudolycopodiella  Holub 
(1  orthospecies,  0  nothospecies) 

3 
s  various. 

a. 
Spore  sculpture  reticulate;  capsule  wall  cells 
smuate  to  invaginate;  root  stele  like  rhi- 

zome stele  at  base;  gametophyte  subter- 
ranean, nonphotosynthetic,  growing  by  a 

ring  meristem;  archegonia  long,  persistent 

Lycopodioideae 4a.  Shoots  round-branched,  the  mature 
leaves  monomorphic  and  separate,  in 

6-8  ranks;  sporangial  wall  cells  with 
invaginations  and  evaginations;  ga- 

metophytes gray  or  brown,  flat,  but- 
tonlike and  convoluted  when  mature; 

chromosomes  x  —  34,  common  club- 
mosses   Lycopodium  L, 

(6  orthospecies,  0  nothospecies) 
4b.  Shoots  flat-branched  (with  1  excep- 

tion), the  leaves  mostly  dimorphic-  or 
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Abstract 

Approximately  185  species  of  Lycopodiaceae  are  known  to  occur  in  the  Neotropics:  ca.  150  belong  in  the  genus 
nuperzia,  ca,  8  in  Lycopodium,  and  ca.  25  in  Lycopodiella.  The  species  are  enumerated  according  to  assumed 
relationship,  with  information  of  the  most  important  synonyms,  a  summary  of  their  distribution,  comments  on  their 
morphology  and  variability,  and  reference  to  selected  illustrations.  Species  delimitation  is  problematic  throughout  the 
lamily.  This  is  due  to  the  simple  morphology  and  the  plasticity  of  the  characters.  Morphogenesis  seems  unstable  in 
many  species  and  may  be  strongly  affected  by  environmental  factors.  Most  characters  are  variable  within  a  species, 
e.g.,  stem  thickness,  number  of  leaf  orthostichies,  leaf  crowding,  leaf  direction,  development  of  teeth  on  leaf  margins, 
color,  degree  of  heterophyllous  differentiation.  Often  the  diagnostic  features  of  closely  related  species  are  without 
apparent  adaptive  significance.  Hybridization  is  believed  to  occur  rather  freely,  but  the  putative  hybrids  often  have 
normally  developed  spores.  Three  new  combinations,  Huperzia  tubulosa  (Maxon)  B.  01]g.,  Huperzia  watsoniana 
(Maxon)  B,  011g.,  and  Lycopodiella  torta  (L.  Underw.  &  F.  Lloyd)  B.  011g.,  are  proposed. 

The  present  paper  attempts  to  survey  the  di-  tropics,  but  several  remain  to  be  described,  es- 

versity  and  variation  of  the  species  of  Lycopodi-  pecially  from  the  Andes,  and  several  are  expected 

aceae  sens.  iat.  in  the  area  covered  by  Flora  Neo-  to  be  discovered  as  a  result  of  future  exploration 

tropica^  an  area  roughly  defined  as  the  parts  of  in  the  area.  Detailed  study  of  some  of  the  complex 

the  Americas  between  the  Tropics  of  Cancer  and  and  yet  poorly  understood  species  may  add  to  the 

<-apricom.  It  presents  preliminary  results  of  studies  number  of  recognized  species. 
pnor  to  a  monograph  of  the  family  for  Flora  Neo- 
tropica. 

The  special  problems  encountered  in  the  family 

relate  mainly  to  interpretation  of  morphological 

No  earlier  studies  apply  to  the  species  in  this  characters.  The  nomenclatural  problems  are  rel- 

area  in  its  entirety,  with  the  exception  of  an  un-  atively  few  and  generally  not  very  complex.  This 

satisfactory  worldwide  synopsis  by  Nessel  (1939).  may  be  because  relatively  few  botanists  have  been 

However,  several  recent  regional  treatments  are  involved  in  the  study  of  the  family,  and  horticul- 

available,  e.g.,  for  parts  of  Mexico  (Mickel  &  Bei-  tural  interest  in  the  family  has  been  sparse.  The 

tel,   1988;   Smith,    1981);   Guatemala  (011gaard,  plants  are  generally  small  and  easily  collected,  so 

1983);  Costa  Rica  to  Colombian  Choco  (Lellinger,  the  type  material  generally  is  of  good  quality.  The 

1989);  Lesser  Antilles,  Jamaica,  Puerto  Rico,  and  most  serious  nomenclatural  problems  relate  to  the 

the  Virgin  Islands  (Proctor,  1977,  1985,  1989);  numerous  taxa  described  in  the  years  1927-1940 

Venezuela  (011gaard,   1985b);  Surinam  (Kramer,  by  Hermann  Nessel.  Fortunately,  Nessel's  herbar- 

1978);  Ecuador  (01Igaard,  1988);  and  Brazil  (011-  ium  is  preserved  in  Bonn,  but  numerous  problems 

gaard  &   Windisch,    1987).   A  paper  by  RoUeri  of  typification  of  his  names  remain  to  be  solved, 

(1980)  treated  Lycopodium  \_Huperzia]  section  due  to  poor  or  inane  diagnoses,  inconsistency  of 

Crassistachys  Herter,  a  group  of  mainly  neotrop-  specimen  citations  with  illustrations,  and  inaccu- ical  distributi ion. 

Ihe  total  number  of  species  contained  in  the 
family  is  uncertain,  but  is  estimated  to  exceed  350. 

rate,  erroneous,  or  perhaps  falsified   label   hifor- 

mation. 
The  taxonomic  characters  and  interpretations 

Approximately  185  species  are  known  in  the  Neo-       of  their  variation  are  discussed  in  the  following,  in 

'  Parts  of  this  paper  were  presented  at  the  Lycopod  symposium  of  the  AIBS  Annual  Meeting  in  Toronto.  1989. 
» am  grateful  to  the  organizers,  Judith  E.  Skog  and  William  DiMichele,  and  to  David  B.  Lellmger,  for  arrangmg  funds 

apd  facilities  for  the  participation  and  related  research  in  the  Smithsonian  Institution  and  the  New  York  Botamcal 

harden.  I  thank  Joseph  M.  Beitel,  R.  James  Hickey,  John  T.  Mickel.  and  W.  H.  Wagner,  Jr.  for  stimulatmg  discussion* 

of  the  subject  during  the  symposium,  and  David  Lellinger  and  W.  H.  Wagner,  Jr.  for  many  useful  suggestions  on 

fe  manuscript.  Economic  support  received  from  the  U.S.  National  Science  Foundation  and  the  Suzanne  Liebers 

tnckson  Danish  Exchange  Fund  of  the  Smithsonian  Institution  is  gratefully  acknowledged.  Drawings  by  Kirsten  Tmd. 

"  Herbario  QCA.  P.  Universidad  Cat61ica  del  Ecuador;  present  address:  Institute  of  Biological  Sciences,  University 
ol  Aarhus.  Nordlandsvej  68,  DK-8240  Risskov,  Denmark. 

Ann.  MissoiRi  Bor.  Card.  79:  687-717.  1992. 
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the  context  of  the  genera  and  species  groups  where  prostrate,  sometimes  subterranean  (vs.  erect)  aerial 
they  are  most  relevant.  The  following  features  con-  branches.  Roots  penetrate  the  stem  cortex  longi- 
tribute  to  the  problems  of  species  delimitation  in  tudinally  before  emerging  as  one  basal  tuft.  In  some 
general:  simple  morphology,  plasticity  of  charac-  species  with  heteroblastic  shoots,  the  roots  may 
ters  in  response  to  environmental  factors,  apparent  emerge  more  directly,  at  soil  contact.  Trophophylls 
lack  of  adaptive  significance  of  several  characters 
used  for  identification  or  recognition,  and  an  ap- 

and  sporophylls  conform,  gradually  dimorphic  or dimorph 

parently  somewhat  labile  intrinsic  control  of  mor-      lacking  mucilage  cavities,  not  ephemeral,  remain- 
phogenetic  processes.  This  means  that  species  often      ing   chlorophyllous   and   functioning  like  tropho- 
are  vaguely  defined,  based  on  common  sense  and 
experience  rather  than  definite  sets  of  characters. 

phylls  long  after  the  sporangium  dehiscence,  not 

specialized  like  the  sporophylls  in  the  other  genera 

fication. 

The  ecology  of  species,  e.g.,  the  altitudinal  range       Sporangia  in  species  with  constricted  distal  branch- 
may  yield  important  characters  useful  for  identi-       es  borne  predominantly  in  these,  but  constricted 

branches  not  readily  comparable  with  the  strobili 
of  the  other  genera,  as  often  seen  in  the  literature, 

both  because  of  the  unspecialized  sporophylls  and 

their  being  intermixed,  often  randomly,  with  con- 

form trophophylls.  Sporangia  axillary,  with  a  short 
slender  stalk,  isovalvate,  with  thickened,  lignified, 

sinuate  side  walls  in  epidermal  cells.  Spores  foveo- 

Enumeration  of  the  Species 

The  following  enumeration  of  the  neotropical 
species  follows  the  classification  of  011gaard  (1987, 
1989a).  According  to  that  classification  three  gen- 

era occur  in  the  Neotropics,  Huperzia,  Lycopo- 

dium,  and  Lycopodiella,  However,  it  should  be       '^te-fossulate.  Gametophytes  unknown  in  the  area 
9 

noted  that  within  each  of  the  three  genera  as  con- 
strued here  there  are  groups,  here  treated  as  sec- 

tions, which  may  well  be  treated  as  separate  genera 
because  the  extent  and  number  of  differences  be-       ̂ ^tralimital  species. 

but  subterranean,  mycoparasitic,  elongate,  cylin- 
drical or  with  bilateral  symmetry,  with  pluricellular, unisenate 

tween  these  groups  exceeds  that  of  widely  accepted 
fern  and  seed-plant  genera.  Wagner  &  Beitel  (1992) 
discuss  this  problem  and  call  attention  to  the  im- 

Within 
defin 

linear 

Virtually  cosmopolitan,  with  perhaps  300  spe- 
cies, by  far  the  largest  of  the  three  genera,  with 

approximately  1 50  species  in  the  Neotropics. 

The  species  are  diverse  with  respect  to  growth 

habit,  size,  leaf  differentiation,  and  a  variety  of 

adaptations  to  protected  or  exposed  growth  con- 

ditions. Several  striking  types  of  growth  habit  and 

leaf  differentiation  are  apparent  in  the  genus.  How- 
ever, nearlv  all  of  thpsp  tvnes  are  interconnected 

the  informal  and  formal  groups,  the  species  are 
arranged  in  so  far  as  possible  in  a 
according  to  assumed  relationship. 

After  each  accepted  species  name  synonyms  are  '  -^   ^'^   

given  in  parentheses.  The  descriptions  of  genera  ̂ 7  ̂*^™ediates,  so  that  the  species  appear  to  iorm 

and  sections  include  only  the  neotropical  members  ̂   virtually  continuous  morphological  series.  The> 

of  the  groups.  A  summary  of  the  distribution  and  ̂ ^""^  divided  into  22  informal  and  vaguely  defined 

ecology,  and  references  to  selected  published  il-  g^<>^Ps  by  ̂Ugaard  (1987).  Twelve  of  these  groups 

lustrations  conclude  the  entry  when  appropriate  ̂ ^^  represented  in  the  Neotropics.  The  comments 

For  additional  information  on  original  publications  ̂ ^  relatives  of  the  species  of  the  groups  often 
nomenclature,  and  types  of  the  species,  the  reader 

uncertain 

011gaard 
delimit 

of  hybrids  between  both  ecologically  and  morpho- HUPERZIA  BERNHARDI 

'
/
 

linifolia  (011gaard 

bulbU 

c^^       k   *      .  .  .  "    i-t.   luiuuua  v*i^uHaara,   lyooay,  mu*^" — 

Sporophytes  terrestnal  or  epiphytic,  isotomously      some  of  these  groups  may  be  more  closely  related 
inched  throughout  except  in  comiection  with      than  their  morphological  characters  suggest.  Only 

one  group  of  specialized  species,  including  the  tyF 
between 

.  Growth 

or  ascendmg.  Stele  occupying  a  smaU  proportion 
of  the  stem  diameter,  with  radially  arranged  xylem groups 

similar 

species 

of  the   genus,    Huperzia    selago   (L.)   M^^t.   ̂  
Schrank,  is  so  distinct  that  it  may  merit  form recognition. 

These  informal  groups  and  their  features  of  vaiv 

ation  and  distribution  are  presented  below.  *"* 

most  important  characters  used  for  classification 
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are  the  following:   growth  habit  (e.g.,  erect,  as-       to  appressed  leaves,  may  be  intermediate  to  the 
cending,  recurved,  pendulous);  stem  thickness;  shoot      group  of  H,  saururus. 
differentiation  (homoblastic  or  heteroblastic);  leaf Almost  exclusively  neotropical,  with  a  single  spe- 
differentiation  (homophyllous,  heterophyllous,   or  cies  {H.  dentata  (Herter)  Holub)  in  the  Azores  and 
gradually  heterophyllous);  leaf  arrangement  (num-  Reunion.  The  number  of  species  is  uncertain,  per- 
ber  of  leaves  in  whorls,  or  of  orthostichies  in  spi-  haps  higher  than  20.  It  is  a  group  of  weakly  dif- 
rals),  crowding  (distance  between  whorls);  leaf  out-  ferentiated,   erect   and   homophyllous,   terrestrial 
hne    and    solid    shape    (e.g.,    thickness,    vein  species  growing  in  open  habitats,  especially  pioneer 
prominence,  margin  curvature),  margin  shape  (e.g., 
teeth,  rugulate,  smooth),  leaf  dimensions,  direction, 
color,  texture,  surface  (smooth,  papillate),  stomate 
distribution,  shape  of  epidermal  cells;  shape  and 
color  of  decurrent  leaf  bases;  sporangium  shape 
and  size;  spore  size. 

The  genus  seems  to  be  undergoing  active  evo- 
lution, especially  in  the  Andes.  Once  the  plants  are 

adapted  to  the  general  environments  at  different 
levels  of  altitude,  few  selective  forces  seem  to  be 
operating  on  the  morphological  features  that  are 
used  for  recognition  and  identification.  The  species 
therefore  are  often  difficuh  to  define. 

vegetation,  in  the  montane  forest  zone. 

eflexa  (Lam.)  Trevisan  (//.  bifida  (Wild 
Holub;    H,    densifc 

(Baker)    Rolleri    & 

Deferrari;  H.  leptodon  (Herter)  Rolleri  &  De- 

ferrari;  H.  parvifolia  (Nessel)  Rolleri  &  De- 

ferrari; Lycopodium  hrutum  Herter;  L.  rev- 
ersum  C.  Presl;  L.  rigidum  Sw.,  non  J.  Gmelin; 

L.  squarrosum  Lam.,  non  G.  Forster,  nee 

SW.;  L.  squarrosum  Sw.,  non  G.  Forster, 

nee  Lam.;  i.  stellae-polaris  (Herter)  C.  Mor- 
ton; Urostachjs  jergii  Nessel) 

The  most  common  and  widespread  species  of 

the  group,  polymorphic,  both  with  respect  to  size 

and  shape  of  leaves,  presently  poorly  understood. 

With  gemmiferous  branchlets,   and  a  distinct      Leaves  denticulate,  usually  arranged  in  whorls  of 

spore  type  with  truncate  corners  and  concave,      6  or  more.  Tropical  America. 

THE  HUPERZIA  SELAGO  GROUP 

pitted  proximal  faces. 
Mam  distribution  in  northern  and  southern  tern- 

^
/
 

ifi 

perate  regions,  and  in  mountains  of  the  Paleotrop-      Deferrari  (type  from  Peru),  H.   mexiae  (Copel.) 
ics.  The  group  is  represented  in  tropical  America      RoUeri  &  Deferrari  (type  from  Peru),  H.  pearcei 
h  a  single  species. 

//, 

(Baker)  Holub  (type  from  Bolivia),  H.  spongiosa 

(Rolleri)  Rolleri  &  Deferrari  (type  from  Colombia), 

uperzia  serrata  (Thunb.  ex  Murray)  Trevisan  and  Huperzia  rigida  (J.  F.  Gmelin)  Holub  (His- 
(synonyms  H.  catharlnae  (Christ)  Holub;  Ly-  paniola).  Some  of  these  names  may  represent  valid 
copodium  sargassifolium  Liebm.)  taxa,  but  their  delimitations  and  distributions  are 

Leaves  coarsely   serrate;   annual   constrictions  ^s  yet  uncertain. 

J'ong  the  shoots  arising  in  connection  with  the  Different  morphological  types  of  //.  rejlexa,  as 

formation  of  whorls  of  bulbiferous  branchlets.  Mainly  w*^"  ̂ ^  other  closely  related  species    often  occur 

«n  the  Paleotropics,  rare  in  the  Americas,  with  only  together  on  large  road  banks  or  land  slides,  and 

■few  stations  in  southern  Mexico,  in  Cuba  (Sierra 
aestra),  in  Hispaniola,  and  a  single  enigmatic 

coUection  in  Brazil  (Santa  Catarina).  (Mickel  & ^'tel,  1988:  fig.  5A-C). 
fne  hybrid  H.  serrata  x   lucidula  is  reported 

here  can  be  compared  under  uniform  growth  con- 

ditions. In  such  populations  the  individuals  may 

exhibit  subtle  or  obvious  differences.  Neighboring 

and  more  distant  populations  may  exhibit  similar 
variation  and  thus  taxonomic  recognition  may  be 

from  Hispaniola,  where  the  second  parent  species      indicated.  However,  often  the  differences  are  not 
IS  unknown  (Mickel,  1984). matched  by  other  individuals,  neither  in  the  same 

nor  in  other  populations,  and  therefore  the  plants v,a,r<.  tUc  A\arac\fr  nf  individual  aberrants.  Some 

intermediate  bet 
TIJE  HUPERZIA  REFLEXA  GROUP 

.  Leaves  lanceolate  to  subulate,  usually  with  den-      may  be  hybrids,  without  exhibiting  hybri<I  features 

^'culate  margins,  but  sometimes  entire.  Most  spe-      such  as  abortive  spores  or  irregular  meioses.  The 
es  With  spreading,  recurved  or  reflexed  leaves.  A 
w  species,  adapted  to  the  more  exposed  habitats 

forest  liinit  and  just  above  it  with  ascending 

slight  differences,  for  example,  of  leaf  shape  and 

direction,  appear  especially  striking  in  the  genus 

Huperzia,  in  which  the  features  are  repeated  in 
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hundreds  of  leaves  on  a  stem,  creating  regular  and      the  fingerlike  shoots.  Southern  Ecuador,  low  para- 

recognizable  patterns.  At  the  same  time  these  fea-      mos  (011gaard,  1988:  fig.  13C). 
tures,  by  which  the  individuals  differ,  appear  to  be 

without  adaptive  significance  (Lellinger,  1989:  fig. 
36;  Mickel  &  Beitel,  1988:  fig.  IE,  F;  0Ugaard, 
1988:  fig.  4A). 

Huperzia  sintenisii  (Herter)  Holub 

Huperzia  christii  (Silveira)  Holub  (Urostachys  or- 
gaosanus  Nessel) 

Differing  from  H,  reflexa  mainly  in  the  larger, 

abaxially  convex,  more  coriaceous  leaves.  South- 
eastern Brazil,  on  banks  at  high  akitudes. 

Tall  and  robust,  very  simQar  to  H,  reflexa,  but      Huperzia  rostrifolia  (Silveira)  Holub 
with  a  thick  stem  and  relatively  broad  leaves.  West 
Indies. 

Huperzia  affinis  Trevisan  {H.  blepharodes  (Max- 
on)  Holub;  Urostachys  involutus  Nessel) 

Leaves  relatively  large  and  wide,  borne  in  al- 
ternating whorls  of  5,  with  long,  slender,  hairlike 

A  poorly  known  high-altitude  species,  perhaps 

not  distinct  from  the  preceding  one.  Southeastern Brazil. 

Huperzia  riobambensis  (Herter)  B.  0Ug.  {Lyco- 
podium  castoris  (Herter)  C.  Morton) 

A  large,  robust  representative  of  upper  montane 

l^!!..Z'^l^^'^t^^}^^^  "PP^'      fo'-ests  and  low  paramos  with  broad,  coriaceous 

reflexed,  glossy  leaves  arranged  in  distant  whorls 

montane  forest  (011gaard,  1988:  fig.  4B). 
0U of  5  or  6.  Colombia. \ 

(Herter)    Holub;    Lycopodium    polycarpum      Huperzia  beitelii  B.  0Ug. 
(Sod 
Urostachys  ringshausenii  Nessel;  U  roland- 

ii-principes  Nessel;  [/.  dingesianus  Nessel) 
Coarse,  erect  or  ascending  to  erect,  to  1  m  tall, 

sometimes  with  constricted  distal  divisions  with  re- 

duced, appressed  or  ascending,  somewhat  clasping Forms  amply  branched  individuals  with  narrow      leaves,  an  unusual  feature  in  the  group.  Venezuelan 

shoots,   usuaUy   with   distant   whorls   of  5    short,      Guayana.  Low  scrub,  low  open  forest  of  high  al- 
strongly  recurved  leaves.  Central  America,  Colom-      titudes  (011gaard,  1989b:  152-155). bia  to  Bolivia.  On  banks  in  upper  montane  forest 
(011gaard,  1988:  fig.  4C). 

Huperzia  friburgensis  (Nessel)  B.  011g.  &  Wind. 

Resembling  the  common,  small  H.  reflexa  of 
Brazil,  but  taller,  less  branched,  and  with  entire 
leaves.  Southeastern  Brazil. 

Huperzia  hemleri  (Nessel)  B.  011g. 

Superficially  resembling  H.  sellowiana  (H. 
brongniartii  group)  in  size  and  growth  habit,  but 
with  denticulate  leaf  margins.  Its  origin  may  involve 
this  and  a  species  in  the  H.  reflexa  group.  The 

Huperzia  sieberiana  (Spring)  Trevisan 

A  very  robust  high-altitude  species,  densely  cov- 
ered by  narrow,  coriaceous,  subulate,  entire  leav  , 

arranged  in  whorls  of  10  or  more.  Lesser  AntiUe
s. 

Huperzia  unguiculata  B.  011g- 

A  robust  species  of  mid-altitudes,  with  con£^ 

ceous,   nearly   entire,   usually   strongly  recurv 

leaves,  arranged  in  whorls  of  9- 1 1 ,  and  '^^^'^^''^ (0Ug fig.  2B). 

spores  are  normally  developed.  Southeastern  Bra-       Huperzia  intermedia  Trevisan  {Urostachys  com- ^bel     ̂     , 
itats  in  forest  (Nessel,  1927,  t.  9). 

mutatus  Herter) 

nd 

# 
A    slender,    often   divaricately   branching  an 

.   .v,„  nn  sand- 

ambling 

ela* 

stone;  leaf  margins  entire.  Guadeloupe,  Venezu A  large  and  robust  local  high-altitude  represen-       southeastern  Brazil:  Bahia,  Minas  Gerais,  Espmto 

Santo.  Perhaps  as  closely  related  to  BraziUan 
 spe- 

cies of  the  H.  brongniartii  group,  especially 

tative  of  the  group,  with  broad,  distant  leaves.  Costa 
Rica,  Panama  (Lellinger,  1989:  fig.  28). 

Huperzia  austroecuadorica  B.  011g. 

Approaching  the  growth  habit  of  the  //.  sau- 
rurus  group,  with  ascending-appressed  leaves  on 

ifc 

Huperzia  chamaeleon  (Herter)  B.  0Ug- 

With  very  narrow,  recurved,  linear,  entire 

leaver 

\ 

i 

\ 

I 

' 
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without  prominently  decurrent  leaf  bases  on  the        and  relatively  distant  whorls  of  sharply  reflexed 

somewhat  tumid  stem.  Costa  Rica  (Lellinger,  1989:       leaves  (LeUinger,  1989:  fig.  27;  Mickel  &  Beitel, 

fig.  18). 1988:  fig.  2E;  011gaard,  1988:  figs.  lA,  2A). 

Huperziafirma  (Mett.)  Holub  {H.  coriacea  (Rol- 

leri)  Rolleri  &  Deferrari,  from  Caldas,  Colom- 
bia, is  perhaps  a  synonym) 

Huperzia  arcuata  B.  011g. 

Deviating  from  the  preceding  species  mainly  by 

its  basally  twisted  leaves  and  nodding  shoot  apices. 
Resembling  Huperzia  reflexa,  but  more  robust,        Large  epiphytic  individuals  may  become  entirely and  with  more   coriaceous  leaves.   This   and  the 

pendent,  and  thus  resemble  Huperzia  dicholoma, 
foUowmg  species  are  distinct  from  other  members  j^^^  ̂ ^^  ecologically  distinct.  Southern  Colombia 
of  the  group  because  of  thick-walled,  nearly  iso- 
diametric  epidermal  cells  of  the  leaves.  Andes  of 

Venezuela  and  Colombia.  Some  Colombian  plants 

usually  referred  to  this  species,  which  are  larger 
in  all  parts  and  at  least  up  to  1  m  tall,  may  deserve 

recognition  as  a  distinct  species  (0Ugaard,  1988: 
fig.  2D). 

and  Ecuador.  Occurs  sympatrically  with  the  pre- 

ceding species,  but,  in  addition  to  the  forest  floor, 

also  occurs  in  epiphytic  habitats  (011gaard,  1988: 
fig.  ID). 

Huperzia  lechleri  (Hieron.)  Holub  {Vrostachys 
lehmannii  Herter) 

Huperzia  urhanii  (Herter)  Holub 

Closely  related  to  the  preceding  species;  differing 
hy  the  smaller,  sigmoid  leaves,  usually  arranged  in 
very  close  whorls  of  11-14.  Ecuador  ̂ ^^   -^ 
1988:  fig.  2C). (011gaard 

Doubtfully  distinct  from  Huperzia  hippuridea, 

differing  only  by  the  narrower  leaves,  usually  ar- 

ranged in  a  greater  number  of  orthostichies. 

Southern  Peru,  Bolivia.  Overlaps  the  southern  dis- 

tribution of  //.  hippuridea. 

THE  HUPERZIA  BRONGNIARTII  GROUP 
Huperzia  nuda  (Nessel)  B.  011g.  &  Wind.  {Urosta'

 
|T  chys  nudiusculus  Herter) 
Usually  erect,  weakly  differentiated,  terrestrial 

plants,  many  of  them  with  a  characteristicaUy  hy-  Very  similar  to,  but  consistendy  smaller  than, 

gromorphic,  bottle -brush -like  growth  habit,  with  the  preceding  species.  Brazil:  Rio  de  Janeiro,  Sao 

sparsely  branched  stems,  and  long,  perpendicular,  Paulo.  Occurs  in  high-altitude  cloud  forests  and  i
s 

monomorphic,  linear  and  entire  leaves;  this  aspect  believed 

inost  apparent  in  Huperzia  hippuridea  and  its 
closest  relatives,  viz,  H,  arcuata,  H,  lechleri,  K 
nuda,  H,  recurvifolia,  and  H.  mexicana,  Neo- 
^ropical,  approximately  22  species.  Many  species 
belonging  in  semishaded  forest  floor  habitats  in 
^Pper  montane  forest. 

relatives  (Nessel,  1927:  t.  14). 

Huperzia  hippuridea  (Christ)  Holub  (//.  holiviana 

Huperzia  mexicana  (Herter)  Holub 

Often  difficult  to  distinguish  from  //.  hip  pur  i-
 

dea,  differing  from  this  in  being  epiphytic,  by
  the 

presence  of  seasonally  induced  variat
ion  hi  leaf 

length,  appearing  as  constrictions  al
ong  the  shoots, 

by  more  coriaceous  leaves,  and  by  pr
ominently 

^Kosenstock)  Rolleri  &  Deferrari;  H.  montana  jg^^yrrent,  often  reddish  leaf  bases.  Leaf  base  char- 

(L.  Underw.  &  F.  Lloyd)  Holub;  L.  poseidonis  ̂ ^^^^^  approaching  those  of  H.  pithyoides  (see 

(Herter)  C.  Morton)  "     "■   '                   "   "'    *"  '■^'•"^ 

Growth   habit   bottle-brush-like,   with    sparsely 
under 

be 
branched  stems,  and  long,  perpendicular,  mono-       the  present  group linea. 

'■espect  to  stem  thickness,  direction  and  crowding 
^Heaves.  Widely  distributed,  occurring  in  Central 
America,  the  Greater  Antilles,  Venezuela,  including 
enezuelan  Guayana,  and  south  to  Bolivia.  Some 

^al  populations  deviate  more  consistently  from 
Ine  aspect  of  the  widespread,  typical  form  of  the 
"Pecies,  e.g.,  in  Ecuador.  Here  both  typical  pop- 
•^ations  occur,  and  populations  with  thick  stems 

The  relatively  xeromorphic  feature
s  of  this  spe- 

be 

which  is  more  liable  to  desiccation 
 durmg  dry  pe- 

riods 
observat inose  oi  ij.  "^rr    ^     .      ...    ̂ ^^^^ 

the  two  species  coexisting,  c
onHrnung  th.s  corre- 

lation of  the  morphological  difTer.nc
es  w.tli  habitat, 

are  missing.  Northern  Cent
ral  Amenca,  Greater 

Ant (Fig.  1). 
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Figures  1,  2. 1-  HupcTzia  mexicana, 
l,  Huperzia  pithyoides.—^i.  Habit. 

a. 
Habit. 

,  ^-  Detail  of  sporangiate  division.- 

proximal  division,  with  decurVenTlerf  bases  °^  ̂P^'-angiate  division.-c.  Cross  section  of  leaf. 
c.  Cross  section  of  lea

f- 

-d.  Detail  ot 
Huperzia  recurvifolia  RoUeri 

leaves  with  acute,  concolorous  apices.  Venezuelan 
Deviates  from  H.  hippuridea  maiiily  in  the  soft-      ̂ "^y^na  (0Ugaard,  1 989b). 

ly  recurving  rather  than  sharply  reflexed  leaves 

^h  lelftpit^^^^^^^  ̂ ^'^  °^  '^'^^"-     ̂ "/^--«  -^^^«"  (Herter)  Holub 
ish  leal  apices.  Venezuela,  Guyana,  Brazil:  Bahia. 
Mainly  in  open,  rocky  sandstone  habitats  of  the  ̂    '^^'"^   ""^bust  species   with   thick  stems  a 

nd 

Roraima  formation  (RoUeri,  1989:  209-215) 

Huperzia  huberi  B.  011g. 

densely  crowded,  lanceolate,  thick  leaves,  varying 

from  reflexed  to  ascending-appressed  position-  Ex- 

hibiting highly  variable  morphological  features,  in- 

oc Closelv  relflifd  t«  *U^  i-
  termediate  between  those  typical  of  the  forest  spe Uo.eIy  related  to  the  preceding  species,  and     cies  mentioned  .bov«    .nd   those  tvuical  of  th- 

paramo  species  mentioned  under  the  H.  saururus 
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* 

group.  Ecuador  to  Bolivia.   Habitats  transitional 

between  the  upper  montane  forests  (ceja  andina). 

fig.  4D). (011gaard 

Huperzia  loxensis  B.  011g. 

Resembling  Huperzia  hippuridea,  but  more  ro- 
bust, with  thicker  stems  and  densely  crowded,  mi- 

nutely denticulate  leaves.  Southern  Ecuador.  Like 

the  preceding  species  in  habitats  transitional  be- 
tween the  upper  montane  forests  and  low  paramos 

in  a  restricted  area  on  the  mountain  crests  east  of 
Loja  (Ollgaard,  1988:  fig.  3B). 

Huperzia  binervia  (Herter)  B.  011g. 

As  in  H.  weddellii,  exhibiting  variable  features 
intermediate  between  those  of  the  forest  and  para- 

mo species.  In  exposed  habitats  old  individuals  may 
exhibit  the  gradual  transformation  from  the  bottle- 
brush  aspect  of  the  proximal  divisions,  to  fingerlike 
distal  divisions  with  closely  appressed  leaves. 
Northernmost  Peru.  This  narrowly  endemic  species 
occurs  in  habitats  at  or  just  above  the  forest  limit 
(01Igaard,  1988:  fig.  5D). 

Ine  following  seven  species  are  endemic  to 
southern  and  eastern  Brazil.  Most  of  them  are  rare 
and  have  very  restricted  distributions  in  rupestral 
habitats  on  isolated  mountaintops. 

ifi 

011g.   {Ly- 
copodium  ouropretanum  Christ;  Urostachys 
hennebergorum  Nessel) 

Resembling  //.  recurvifolia,  but  with  shorter, 
"iore  coriaceous  leaves,  and  often  more  divari- 

ound 

'
/
 

entire-margined,  coriaceous  leaves,   and  a  more 
open  branching  pattern.  BrazU:  Minas  Gerais,  Rio 
e  Janeiro.  The  most  widespread  and  morpholog- 

'^aUy  least  specialized  of  the  BrazQian  species. 
// 

^Perzia  regnelUi  (Maxon)  B.  011g.  &  Wind. 

ery  similar  to  the  preceding  species,  but  with 

^educed  and  appressed  leaves  in  the  distal  divisions, /azil:  Minas  Gerais.  Very  rare,  no  recent  collec- 
•ons  being  known.  (Maxon,  1914:  t.  23). 

Figure   3.     Huperzia  treilubensis.—&.  Habit.— b. 
Juvenile  plant.— c.  Detail  of  sporangiate  division. 

gated  to  a  thickened  bulblike  shoot  base.  Brazil: 
Minas  Gerais,  a  very  local  species  (Fig.  3). 

Huperzia  deminuens  (Herter)  B.  011g.  {Huperzia 
luederwaldtii  (Nessel)  Holub) 

With  erect  fingerlike  distal  divisions,  in  which 

the   leaves   are   appressed,   and   strongly  convex 
//, 

Rio 

Perzia  treitubensis  (Silveira)  B.  01Ig.  (Lyco-       rare  rupestral  species. 
podium  hoehnei  (Nessel)  RoUeri;  L.  inflexum 
SUveira;  Urostachys  capri  Herter) 

eaves  of  proximal  divisions  densely  crowded, 
^sely  appressed,  at  the  stem  base  often  aggre- 

L Huperzia  itambensis  B.  011g.  &  Wind. 

A  highly  specialized  species  with  short,  closely 

imbricate  and  abaxially  somewhat  carinate  leaves 
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5  mm 

5mm 

5a 

hii-h   Detail  of'snorW 'r  T^^^""'^-!-  Habit.-b.  Detail  of  sporangiate  division.  5.  Huperzia  rubra iDii.     D.  uetdil  ot  sporangiate  division.— n   n.>f=i;i  „f   ;   i  j._  •    T         * 

a 

proximal 

on  the  Stiffly  erect  stems.   Brazil:   Minas  Gerais 
known  only  from  the  type  locality  (0Ueaard  & 

U'indisch,  1987:  fig.  IB).  g     ra  <v 

Huperzia  mooreana  (Baker)  Holub  {H.  sydo 

other  highly  specialized  species  of  very  distinctive appearance  (Fig.  4). 

Huperzia  rubra  (Cham.)  Trevisan 

ram  (Herter)  Rolleri   &   Deferrari;  Lycopo  Readily  identified  by  its  deep  red  stems  a^ 

dium  luetzelhurgii  Rosenstock)      '  leaves.  Brazil:  Minas  Gerais,  Bahia?.  Another  hig 
TV,»  iKuL     ̂ t;m..  .  ,  ^y  distinctive  high-altitude  species  (Fig-  5). 1  he  thick,  stiffly  erect  stems  densely  covered 

^    ^v..ioc;ij  coverea 
by  rigid,  strongly  and  uniformly  recurved,  hooklike 
leaves.  Brazil:  Bahia.  This  narrow  endemic  is  an- The  following  three  species  belong  to  upper  nioi 

tane  forests  in  southern  Central  America,  the  -  " 
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des,  and  southeastern  Brazil.  They  differ  from  the 

preceding  species  by  their  large,  papery  to  sub- 
coriaceous,  lanceolate  leaves  and  relatively  narrow 

leaf  bases.  They  appear  to  bridge  the  gap  between 

the  H.  brongniartii  group  and  species  in  the  H. 

taxifolia  group,  especially  to  H.  rosenstockiana. 
In  the  latter  group  the  juvenile  sporophytes  of  some 

species,  e.g.,  H,  taxifolia,  may  be  initially  erect 
and  resemble  plants  of  H.  brongniartii  and  H. 
sellowiana. 

schlechtendalii  (Nessel)  Holub;  Lycopodium 

barbatum  Christ,  non  Kaulf.;  L.  chamae- 

peuce  Herter) 

Plants  usually  rather  short  and  recurved  to  pen- 
dulous, with  linear,  densely  crowded,  usually  ba- 

sally  twisted,  falcately  ascending  leaves.  Florida, 
West  Indies,  Central  America,  northern  South 

America,  south  to  Ecuador  with  the  Galapagos 
Islands,  and  Brazil  (Acre,  Mato  Crosso,  Ceara). 

The  most  widespread  and  variable  species  of  the 
jt  .     T  *       ••  /o     •     \  rr.       -  croup.  Closer  study  of  the  material  referred  to  this 
lluperzia  brongniartii  (Sprmg)  Trevisan  ^      :  ,         ,  .  , 

It?  species  may  show  the  presence  oi  more  than  one 
A  heterogeneous  species  with  slightly  distinct       taxon,  especially  in  the  northern  part  of  the  range, 

populations  in  Ecuador-Colombia  and  Peru-^Boliv-       because  there  is  considerable  variation  in  the  thick - 

la,  the  northern  population  often  with  finely  den-       ness  of  stems,  leaf  length  and  direction,  and  com 
fi pactness  of  the  plants.  However,  the  correlation  of 

Colombia  to  Bolivia.  The  minutely  rugulate  leaf      the  variation  with  growth  conditions  is  unknown  at 

margins,  characteristic  of  this  species,  occur  also       this  point  (Lellinger,  1989:  fig.  23;011gaard,  1988: 

(011 

ifolia fig.  19D). 

Huperzia  foliacea  (Maxon)  Holub 

Smaller  in  all  parts  than  the  preceding  species. 

Huperzia  pithyoides  (Schldl.   &   Cham.)  Holul 

{Lycopodium  gigas  Herter) 

One  of  the  most  impressive  Huperzia  species 
with  oblong-lanceolate  to  oblanceolate  leaves.  Costa  ^.^^  ̂ ^^  ̂ ^p^^^  ̂ f  ̂   g^^,,  ̂ -^^  t^ee,  with  thick, 
Kica,  Panama.  A  narrowly  endemic,  epiphytic  spe-  ̂ ^^-^^^^  ̂ .^j  ̂ ^^^^  j^^  to  the  color  of  the  prominent, 
cies,  probably  closely  related  to  the  preceding  spe-  Recurrent  leaf  bases,  and  spreading,  coriaceous, 
cies.  The  presence  of  red  dots  on  the  leaf  bases  j^^^^.^  bisulcate  leaves,  often  up  to  3.5  cm  long, 
may  be  evidence  of  relationship  to  species  of  the  q^  individuals  may  become  pendulous,  with  fal- 
ulJll    io,T  .^?"P  (Lellinger,    1989:   fig.   24;      ̂ ^^^j^  ̂ g^ending  leaves.   Mexico  to  Costa   Rica, 

Greater  Antilles,  Colombia:  Huila,  Venezuela:  Fal- 

c6n  (Fig.  2;  Lellinger,   1989:  fig.  34;  Mickel  & 

Maxon,  1912:  t.  1). 

L7  „  coil  vriti.    ^,    i-.<=iiiii5<^i ,    X 

tiuperzia  sellowiana  (Herter)  B.  011g.  {H.   ulei      g^ij^j^  jggS:  fig.  IC,  D) (Herter)    Holub;    Lycopodium    brasilianum Herter) 

omall  differences  of  phyllotaxis  and  a  more  lax, 
recumbent  to  ascending  growth  habit  separates  this 
species  from  H.  brongniartii.  Southeastern  Brazil- 

THE  HUPERZIA  DICHCXIDMA  GROUP 

Mainly  epiphytes  of  low-  and  mid-altitude  for- 
ests,  several  of  them  initiallv  erect,  with  soreadinff 

Huperzia  mandiocana  (Raddi)  Trevisan  {Lyco- 

podium pseudo-mandiocanum  Herter) 

Like  a  diminutive  replica  of  the  preceding  spe- 

cies, the  characters  being  almost  identical,  except 

toRi for  the  size.  Brazil:  Bahia  and  Minas  G 

Grande  do  Sul,  Paraguay,  northernmost  Argentina 

(0Ugaard,  1988:  fig.  IB). 

to  perpendicular,  filiform  or  linear  leaves,  some      ^  •„  ̂ ^.^^n  (L.   Underw.  &  F.  Lloyd)  B. 
«n  conspicuous  red  coloration  of  the  leaf  bases,  ^jj^    ̂ ^    Undaviana  (Herter)  Holub;  Lyco- «specially  Huperzia  pithyoides,  H.  mandiocana and  H.  wihonii. Th 

0U 
gaard  (1987),  but  excluding  H.  homocarpa,  which 

belong  in  the  H.  taxifolia 

Hi 
uperzia  dichotoma  (Jacq.)  Trevisan  (//.   gra- 

podium  andinum  Herter,  non  Rosenstock;  L. 

arcanum  Maxon;  L.  stamineum  Maxon;  L. 

trichodendron  Herter) 

Usually  an  erect  epiphyte,  but  like  the  preceding 

species,  becoming  pendulous  when  very  large;  often 

with  bright  red,  but  usually  not  prominent  leaf 

K=.e..«-  th«  ranillary  leaves  canaliculate  above.  Cen- 

West  Indies,  Andean  South wwea  (Spring)  Trevisan;  H.  lindeneri  (NesscI)      Iral  America,  „      •,    m  . 

Holub;     //.     mortonii    (Herter)    Holub;     H.      south  to  Peru.  Ve
nezuelan  Guayana.  Brazil:  Mato 
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Grosso  (Lellinger,  1989:  fig.  44;  Mickel  &  Beitel,       ranges  of  Venezuela  it  usually  remains  short,  com 

1988:  fig.  4B;  01Igaard,  1988:  fig.  IC). 

(0U 

gaard,  1988:  fig.  14A). 

Huperzia  polycarpos  (Kunze)  B.  01Ig.  {Urosta- 
chys  cuatrecasasii  Herter) 

Like  the  preceding  species,  but  usually  pendu- 

Huperzia  picardae  (Krug)  Holub 

Perhaps  representing  a  slender  form  of  the  pre- 

lous,  and  smaller  in  all  parts,  with  basally  twisted,       ceding  species,  to  which  it  corresponds  rather  close- 

falcately  ascending  leaves.  Costa  Rica,  Panama,       ly.  Greater  Antilles.  Seems  connected  to  robust 

Colombia  to  Peru  (Lellinger,   1989:  fig.  35;  011- 
gaard,  1988:  fig.  19A). 

ifc 
forms.  Status  uncertain. 

Huperzia   bradeorum   (Christ)   Holub  (77.    brau-       Huperzia  cuernavacensis  (L.  Undev'W.  &¥.Uoyo) 
seana  (Herter)  RoUeri  &  Deferrari) 

Erect  epiphytes  with  patent,  linear-lanceolate 

Holub 

A  very  robust  species,  distinguished  from  Hu- 
leaves  with  a  slightly  narrowed,  petiolelike  lamina       perzia  hartwegiana  by  the  thick,  homophyllous 
base,  and  usually  prominently  decurrent  leaf  bases. 

Guatemala  to  Costa  Rica,  Venezuela:  Isla  Marga- 
rita, Ecuador.  Probably  related  to  the  pendulous 

ifi 

shoots,  often  exhibiting  regular  constrictions  due 

to  seasonally  induced  variation  of  leaf  length,  and 

linear-lanceolate  leaves  borne  in  alternating  whorls 

of  5-6.  Southern  Mexico  to  Guatemala  (Mickel  & 
intermediate  between  H.  bradeorum  and  H.  lini-       Beitel,  1988:  fig.  3C). 
folia  (Lellinger,  1989:  fig.  16; 
19B). 

011 

Huperzia  sotae  (Rolleri)  Holub 

Resembling  the  preceding  species  closely,  both 

with  respect  to  stem  thickness,  leaf  shape  and  ar- 
Pendulous  or  recurved,  slender  to  very  robust       rangement,  and  the  presence  of  regular  constric- 

epiphytes  or  rupestral  plants,  with  whorled,  as-       tions,  but  a  more  delicate  plant,  with  more  sol  - 

THE  HUPERZIA  TAXIFOLIA  GROUP 

cending  to  appressed,  linear-lanceolate  to  lanceo- 
textured    leaves.    Northernmost    Argentina.   The 

late,  more  rarely  linear  to  subulate,  often  subcoria-  names  Lycopodium  buesii  (Herter)  C.  Morton  (t}pe 

ceous  to  coriaceous  leaves.  Some  species  entirely  from  Peru)  and  Huperzia  aristei  (Nessel)  RoUen 

homophyllous,   several   gradually  heterophyllous,  &  Deferrari  (type  indicated  as  from  Colombia,  m 

showing  at  least  potentially  strong  reduction  and  possibly  mislabeled,  perhaps  northern  Argentina  or 

modification  of  the  leaves  of  distal  divisions.  Neo-  Peru),  appear  to  represent  close  allies  of  H.  sotae, 

tropics,  10-14  species  in  lower  to  upper  montane  or  perhaps  are  conspecific.  They  are  only  known 

forests.  from  the  type  collections  (Rolleri,  1970:  fig.  1  i^' Under   certain   conditions   abruptly   dimorphic  C),  t,  2,  t.  3(A)). 
leaves  may  be  induced.  The  modification  usually 
depends  on  age  and  light  conditions,  juvenile  and 
shaded  plants  often  being  entirely  homophyllous. 

ifi 

   .   o    ,    r-j   -'  sis  (Herter)  Holub;  ff.cu6afia  (Herter)  Holub; 

Leaf  texture  is  variable  according  to  exposure  of  H.  haitensis{UeTtQv)Uo\nh;  H,  passerinoide^^ the  habitat  within  most  of  the  species. 

Huperzia  hartwegiana  (Spring)  Trevisan  (//.  ca- 
(Kunth)  TrevLsan;   H.   subtubulosa  (^^^^^^! 

Holub;  Lycopodium  herminieri  Spring;  i>
-  " 

tens  Schldl.  &  Cham.;  L.  schtoendeneri
  Her- 

ter; Urostachys  hruelkei  Nessel;  U.  rub
ig'- 

nosus  Nessel;  U.  spongiosus  Herter) 

The  most  robust  species  of  the  group,  usually  The  typical  form  with  the  leaves  arranged  in 

Herter;  Urostachys  maxonii  Nessel) 

f
i
-
 

imal 

with  strongly  coriaceous,  nitid  leaves  in  alternating 

whorls  of  four.  Northern  Central  America,  Andes      sions   with    ascending,    subcoriaceous,    '^"^^^'"T 
from    Venezuela    to    northern    Peru.    Apparently       leaves,  in  the  distal,  fertUe  divisions,  with  sho  • adapted  to  a  relatively  drier  range  of  habitats  than 
the  other  species  of  the  group,  including  dry  rocky appressed,  apically  involute  leaves.  Central 

West  ~ 
 ■  ^       .     *  o 

tr   O   r»   "^ — — '»-.**A^  «Aj    i.^-^r^y  *»^ci,      west     iilUICd,     IlUIlllCIli    ^iJUi-**    *-    -I 

habitats.  In  Ecuador  and  Colombia  it  varies  from       to  Peru  and  BrazU;  Parana.  This  is  the  most  wi 

spread  and  variable  of  the  species  in  the  g^^    • 
and  its  delimitation  is  problematic.  Qoser 

mitia 

and  recurved  in  lava  rocks.  In  the  northern  coastal 

( 
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may  lead  to  the  recognition  of  more  than  one  taxon 

within  the  species.  Some  forms  approach  H.  lini- 

folia  and  H.  homocarpa,  with  thin  stems  and  flac- 

cidly  hanging,  homophyllous  shoots  and  relatively 

distant  leaf  whorls .  Others  approach  H.  hartwegia- 

na,  with  thick,  initially  erect  stems,  and  crowded 

4-leaved  whorls  of  coriaceous  leaves.  A  large  Costa 

timberline,  and  often  on  solitary  trees  in  the  para- 

mo. The  closest  relatives  may  be  in  similar  habitats 

in  New  Guinea  (0Ugaard,  1988:  fig.  17C). 

Huperzia  rosenstockiana  (Herter)  Holub  (Lyco- 

podium  cassandrae  (Herter)  C.  Morton) 

Usually  a  flaccidly  pendulous  epiphyte,  but  some 
Rican  form  has  very  large  sporangia  and  spores.  p^^^j^^s  ̂   southern  Ecuador  terrestrial,  erect. 
At  present  the  basis  for  the  variation  is  poorly       ̂ .^j^  nodding  shoot  tips.  Leaves  a  deep  translucent 
understood  (LeUinger,    1989:   fig.   39;  Mickel  &       g^^^ald  to  yeDowish  green,  broadly  lanceolate  with 

minutely  rugulose  margins,  a  feature  shared  with
 

Huperzia  brongniartii,  to  which  it  may  be  related
. 

Southern  Colombia,  Ecuador.  In  sheltered  sites  in 

verv  humid  forest  at  the  timberline  (011gaard,  1988: 

Beitel,  1988:  fig.  4 A;  011; 

0Ugaard,  1988:  fig.  15A). 

1983:   fig.   8b; 

Huperzia  tubulosa  (Maxon)  B.  011g.,  comb.  nov. 

Basionym:   Lycopodium   tuhulosum  Maxon,       ̂ ^    14D). 
Contr.  U.  S.  Natl.  Herb.  17  (2):   178,  t.  10 
(1913) 

Huperzia  funiformis  (Spring)  Trevisan 

pressed,    coriaceous,    strongly    convex,    subulate W 

Typical  plants  much  smaller  than  the  preceding  ^  large,  pendulous  epiphyte  with  a  distinctive, 
species  in  all  parts,  and  with  more  distant  leaves.       j-opelike   aspect,   due   to  the   very   regularly   ap- 
Costa  Rica,  Panama.  This  species  is  difficult  to 

delimit  from  the  Huperzia  taxifolia,  due  to  the 

presence  of  intermediate  forms  (Lellinger,  1989:       Venezuela  to  Peru.  It  has  no  apparent  close  rel- 

fig-  41;  Maxon,  1913:  t.  10.  1913).  ^^-^gg  g^d  perhaps  deserves  recognition  as  an  in- 

dependent group  (Lellinger,   1989:  fig.  25;  011- 

gaard,  1988:  fig.  17D). 
Huperzia  killipii  (Herter)  B.  0Ug. 

A  delicate  species  resembling  the  preceding  spe- 
cies, but  often  completely  homophyllous,  with  el- 

liptic to  oblanceolate,  usually  up  to   10-mm-long  Resembling  the  preceding  group,  but  differmg 

proximal  leaves.  Venezuela,  Colombia.                           in  the  claspmg  and  usually  twisted  leaf  bases,  and 

THE  HUPERZIA  HETEROCARPON  GROUP 

Huperzia  homocarpa  (Herter)  Holub 
the  strong  potential  distal  leaf  reduction  in  mos

t  of 

inly 

pendulous  epiphytes  or  rupestral  plants,  occ
urring 

Homophyllous,  lax,  pendulous,  with  rather  dis-  j„  montane  forests  of  the  eastern  and  southern 

tant  whorls  of  relatively  short,  linear-lanceolate,  p^^jg  ̂ f  the  country, 
usually  basally  twisted  leaves.  Greater  Antilles,  Cos- 

ta Rica,  Panama,  Northern  Andes,  total  distribu- 
tion uncertain.  Difficult  to  deHmit  in  relation  to  H. 

taxifolia,  H.  linifolia,  and  H.  dichotoma  (011- 
gaard,  1988:  fig.  16 A). 

Huperzia  lancifolia  (Maxon)  Holub 

Resembling  H.  tubulosa,  but  with  more  acute, 
elliptic  proximal  leaves.  Panama,  known  with  cer- 

tainty only  from  the  type  (Lellinger,  1989:  fig.  29). 

Huperzia  lindenii  (Spring)  Trevisan  {H.  sodiroana 
(Herter)  Holub;  H.  stuehelii  (Herter)  Holub; 
W.  wohlberedtii  (Nessel)  Holub) 

A  distinct,  flaccidly  pendulous  species,  variable 

^ith  respect  to  the  degree  of  leaf  dimorphism. 

Huperzia  heterocarpon  (Fee)  Holub  (//.  long
ear- 

istata  (Christ)  Holub;  Urostachys  portoanus 

Nessel;  U.  spegazzinii  Nessel) 

Leaves  long,  canaliculate,  the  sporophylls  usu- 

aUy  cuspidate,  variable  mainly  in  leaf  length 
 and 

degree  of  distal  leaf  reduction.  Brazil:  Minas  
Gerais 

and  Rio  de  Janeiro  to  Rio  Grande  do  Sul,  Argentin
a: 

Missiones.  The  most  common  and  widespread  
of 

the  species  (Fig.  7). 

Huperzia  loefgreniana  (SUveira)  B.  0
11g.  &  Wind. 

{Huperzia  leitzii  (Nessel)  Holub) 

A  somewhat  heterogenous  assemblage  o
f  plants, 

related  to  the  preceding  species,  int
ermediate  to. 

mbers 
Juvemie  plants  sometimes  initially  erect  and  re-       rift 
Curved.  Southern  Colombia,  Ecuador,  Forest  at  the 

leaves  in  the  s.juarish  distal  shoots,
  and  short  leaves 
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Figures  6  7      6.  Huperzia  martii.  -a.  Habit.-b.  Detail  of  sporangiate  division.-c.  DetaU  of  proximal  division. 
7.  Huperzta  heterocarpon.-a.  Hab,t.-b.  Detail  of  sporangiate  division.-c.  Detail  of  proximal  division. 

in  the  proximal  divisions  of  the  stems.  Brazil:  Minas 
Gerais  and  Rio  de  Janeiro  to  Santa  Catarina. Huperzia  sllveirae  (Nessel)  B.  011g-  &  Wind. With 

Huperzia  martii  (Wawra)  Holub  (Lycopodium  ci- 
poense  Damazio) 

Distinguished  by  the  densely  crowded,  rather 
ifc 

] 
Rio 

ed  by 

short  and  narrow  proximal  leaves  and  the  very  ™^  HUPERZIA  LimFOLlA  GROUP 

strongly  reduced  leaves  ot  .he  dU.al,  fer.Ue  divi-  Flaccidly  hanging  epiphytes,  characterize 

ITa^e!;";.-  'r"°  '"■"°-  "'""'  ̂ "-  -7  '^^^-  stei.UV"i.h  .eaves  alten..^; ^  at  least  in  the  proximal  divisions,  not  whoriea 
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decussate,  but  occasionally  paired.  Leaves  mono- 
morphic,  or  gradually  dimorphic,  usually  with  a 

narrow,  twisted,  petiolelike  lamina  base,  and  often 

obliquely  falcate-ascending.  Neotropics,  approxi- 
mately 6  species.  Lowland  and  lower  montane  for- 

ests. 

8 

Huperzia  linifolia  (L.)  Trevisan  {H.  jenmanii  (L. 
Underw.  &  F.  Lloyd)  Holub) 

Central  America,  West  Indies,  northern  South 
America,  south  to  Bolivia  and  Amazonian  Brazil. 
Ihe  most  mmmnn    an*^    ̂ uirItf^CT\rf»arI    r»f  tk^    cn*»i^i*»G linifc 

West 

along  the  Pacific  slopes  of  the  Andes  south  to 
Ecuador.  Variety  tenuifolia  (Nessel)  B.  011g.  oc- 

curs along  the  lower  eastern  slopes  of  the  Andes, 
while  vsivmy  jenmanii  (Underw.  &  Lloyd)  B.  011g. 
occurs  in  the  Amazonian  lowlands,  in  the  Guyanas, 
and  along  the  northeastern  Atlantic  coast  of  Brazil 
(LeUinger,  1989:  fig.  30;  Mickel  &  Beitel,  1988: 
fig.  4C;  011gaard,  1988:  figs.  16B,  C;  18A). 

Huperzia  Jlexibilis  (Fee)  B.  011g. 
simil 

distinctly  flexuous,  zig-zag  stems  at  the  base  of  the 
plants,  and  broad  proximal  leaves.  Brazil:  Minas 
Gerais  and  Esplrito  Santo  to  Santa  Catarina,  re- 

stricted to  lower  montane  forests  of  southeastern 
Brazil  (Fee,  1872-1873:  t.  105,  fig.  3). 

Hu 
perzia  pittieri  (Christ)  Holub 

Resembling  Huperzia  linifolia,  but  with  densely 
crowded,  smaller,  and  very  narrowly  protracted, 
pale  leaf  apices.  Cocos  Island,  a  narrow  endemic (Fig.  8). 

Huperzia  orizabae  (L.  Underw.  &  F.  Lloyd)  Holub 

Appearing  intermediate  between  H.  linifolia  and 
bradeorum,  but  with  a  rather  compact  growth 

habit,  and  relatively  thick  stems.  Southern  Mexico 
to  Honduras  (Mickel  &  Beitel,  1988:  fig.  5D-F). 

Huperzia  tenuicaulis  (L.  Underw.  &  F.  Lloyd)  B. 011g. 

Very  delicate,  with  distant,  rather  short,  nar- 
rowly oblong  leaves.  West  Indies. 

Figure  8.     Huperzia  pittieri.— a, ,UBb\X,-~h,  Detail 

of  sporangiate  division.— c.  Detail  of  proximal  division. 

temalense  Maxon;   Urostachys  rubescens 

(Spring)  Herter) 

An  extremely  delicate  epiphyte  with  very  thin, 

often  red  stems,  and  distant,  very  narrow,  falcately 

d  leaves.  Stem  coloration  variable,  apparently curve 

correlated  with  light  conditions.  Southern  Mexico 

to  Panama,  Venezuela  to  Ecuador,  Amazonian  Bra- 

Huperzia  capillaris  (Sodiro)  Holub  (//.   under-      zil  (LeUinger,  1989:  fig.  17;  0]lgaard,  1988:  fig. 

^^odiana  (Maxon)  Holub;  Lycopodium  gua- 

19C). 
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THE  HUPERZIA  VERTICILLATA  GROUP ditions  than  the  preceding  species  (Lellingerj  1989: 

The  most  delicate  of  aU  the  species  groups,  aU  ̂ S"  ̂ 0;  011gaard,  1988:  fig.  21A). 

species  being  thin,  some  stringy  and  tough,  others 

very  soft,  pendulous  epiphytes,  homophyllous  or  Huperzia  pringlei{L.  Underw.  
&  F.  Lloyd)  Holub 

gradually  heterophyllous.  Leaves  of  proximal  di-  Resembling  the  preceding  species,  also  appar- 
visions  of  the  stems  acicular,  those  of  distal  divisions  ently  adapted  to  relatively  dry  or  exposed  habitats, 
often  strongly  modified.  Throughout  the  Tropics,  but  larger  and  more  robust,  with  thicker  stems, 
including  perhaps  25  species  of  which  approxi-  and  more  distant,  wider,  and  thicker  leaves,  and 
mately  1 1  species  occur  in  the  Neotropics;  some  usually  more  strongly  differentiated  distal  leaves. 

Southern  Mexico  to  El  Salvador. of  these  poorly  defined. 

Size  is  highly  variable  in  several  species,  as  is 

the  degree  of  heterophyllous  differentiation  and  the      Huperzia  galapagensis  (Hamann)  Holub 
size  of  the  plants  when  differentiation  begins.  The 
most  important  taxonomic  characters  are  in  the Relatively  robust  and  more  compact  than  the 

texture,  curvature,  and  direction  of  the  proximal      P^'^^^^us    specices,    wi 
ith   b roa 

d    and    firm  leaves 

leaves,  and  the  shape  and  direction  of  the  distal      throughout.   Galapagos   Islands 
 (Hamann,   19/4: 

leaves. fig.  lA,  2 A), 

Huperzia  acerosa  (Sw.)  Holub  (//.  verticillata 

auct.,  non  (L.f.)  Trevisan;  Lycopodium  se- 
taceum  auct.,  non  Lam.) 

Usually  almost  completely  homophyllous,  and 
with  soft-textured  leaves.  Central  America,  West 
Indies,  northern  South  America,  south  to  Ecuador 
and  southeastern  Brazil.  This  is  the  most  wide- 

spread and  least  specialized  of  the  species.  The 
name  Lycopodium  portoricense  L.  Underw.  &  F- 

Huperzia  comans  (Nessel)  B.  011g.  &  Wind. 

More  compact  and  shorter,  but  otherwise  ap- 

proximately twice  as  large  in  all  parts  as  H.  acerosa 
in  the  same  area.  Brazil:  Minas  Gerais,  Rio  de 

Janeiro,  Parana.  Epiphytic  and  rupestral  in  high- 
altitude  montane  forest  and  in  open  vegetation. 

Huperzia  tenuis  (Willd.)  Trevisan 

Proximal  leaves  somewhat  secund,  distal  leaves 
Lloyd  represents  some  West  Indian,  relatively  patently  diverging,  ovate-cordate.  Costa  Rica,  Pan- 
coarse  and  vigorous,  usuaUy  terrestrial  plants,  ama,  Andes  from  Venezuela  to  northern  Peru,  in 
hanging  over  banks.  They  are  closely  related  to,  upper  montane  forest.  A  highly  variable  species 
or  perhaps  conspecific  with,   Huperzia   acerosa  with  respect  to  size,  the  Central  American  popu 
(0Ugaard,  1988:  fig.  18C). 

Huperzia  brachiata  (Maxon)  Holub 

Unspecialized  in  terms  of  leaf  differentiation  like 
the  preceding  species.  The  very  few  collections  of 
the  species  rather  small,  very  delicate  plants  with 
distant,  very  thin  leaves,  which  are  longer  than  in 
H.  acerosa.  Cocos  Island. 

lation  being  relatively  large,  the  Andean  ones  con- 

sisting of  both  small  and  delicate,  and  extremely 

smaU  and  capUlary  plants  (0Ugaard,   1988:  fig- 
20A,  B). 

with  om- 

Huperzia  curvifolia  (Kunze)  Holub 

Very  delicate  to  extremely  delicate, 

nUaterally   arranged,   uniformly   falcately  curved 

proximal  leaves,  and  closely  appressed  narrow  s  e Huperzia  Jiliformis    (Sw.)    Holub    (//,    polytri-      Ue  distal  leaves.  Costa  Rica,  Colombia  to  Peru,  low- choides  (Kaulf.)  Trevisan;   77,   taerckheimii 
(Maxon)  Holub;  Lycopodium  tortile  Christ) to  mid-altitude  forests.  Variable  in  size  and  com- 

pactness. The  smallest  forms  represent  the  mo^^ 
family 

Plants  with   sllghdy   heterophyllous  or  homo-      ̂ ^^^eme  reduction  of  size  in  the  family,  witn     - 

yllous    shoots,    with   densely    crowded     usually      divisions  often  0.3-0.5  mm  thick  includuig  ̂  phyllous 
closely  appressed,  rigid  and  coriaceous  leaves  in 
the  proximal  divisions,  and  more  distant,  usually 
omnilaterally  arranged  sporophylls  in  the  distal  di- 
visions.  Hawaiian  Islands,  Central  America,  Andes      20C), 

leaves.  The  stronger  individuals  present  pro 

of  delimitation  toward  Huperzia  acerosa  and  ̂  ̂" 

Jiliformis  (011gaard,  
 1988:  hg- nezuela  to  Bol 

educed 

perzia  tuerckheimii,  but  these  are  hardly  distinct 
enough  to  merit  species  recognition.  This  species 
appears  to  be  adapted  to  slightly  drier  eirowth  con- 

Huperzia  sarmentosa  (Spring)  Trevisan 

Leaf  whorls  in  the  proximal  divisions  di^t
an  , 

leaves  uniformly  patent-ascending,  linear  or  lint 

subulate,  with  small  auricles  at  the  lamina  t'*
-<^  • 

\ 

\ 
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Ecuador,  Peru.  This  and  the  following  closely  re-  collection.  It  is  a  larger  plant  than  H.  molongensis 
lated  species  stand  apart  from  the  preceding  eight  but  may  be  conspecific.  It  deviates  only  by  the 
species  and  appear  to  connect  the  group  to  slender  terete  constricted  divisions,  with  leaves  arranged 
members  of  the  Huperzia  taxifolia  group.  They  in  whorls  of  three,  not  decussate  and  sharply  ear- 
both  occur  in  deep  shade  in  cloud  forest  near  the  inate  as  in  H,  molongensis.  It  may  represent  a 
forest  limit  (011gaard,  1988:  fig.  15C,  D).  single  deviating  giant  individual  of  the  latter  spe- 

cies. In  many  other  species  individual  size  differ- 
Huperzia  watsoniana  (Maxon)  B.  011g.,  comb,  ences  are  correlated  with  changes  in  the  number 

nov.  Basionym:  Lycopodium  watsonianum  of  orthostichies.  Assuming  that  this  is  the  situation 
Maxon,  Smithsonian  Misc.  Collect.  56  (29):  in  the  present  case,  the  addition  of  one  leaf  in  each 
3,  t.  3.  1912 whorl  represents  a  small,  if  any,  genetic  change, 

ri^^^t,,  ,.         ur       xi_  V  •        i_  hut  a  ereat  chanee  of  the  visual  image  by  which 
Llosely  resemblmg  the  precedmg  species,  but  ̂ ^       J[  .       .        ̂   „       .^  ̂    ̂ ^      ;_    ̂ ^.^ 

smaller  in  all  parts.  Costa  Rica,  Panama  (Lellinger, 
1989:  fig.  43;  Maxon,  1912:  t.  3). 

the  species  is  usually  recognized.  However,  this 

assumption  needs  to  be  verified  by  field  observa- 
tions (011gaard,  1988:  fig.  22C). 

R uperzia 

f
l
.
 

(Fee)  Holub;  Lycopodium  williamsii  L.  Un- 
derw.  &  F.  Lloyd) 

Superficially  resembling  the  two  preceding  spe- 
cies in  size  and  growth  habit,  but  differing  by  the 

Huperzia  campiana  B.  011g. 

Smaller  than  the  preceding,  with  very  distinct 

expanded  and  constricted  divisions,  the  constricted 

ones  narrow  and  bluntly  quadrangular.  Ecuador, 

line  (011gaard,  1988:  fig.  22B). 
morp   anr..^      /  •     i'         1  11  northern  Peru.  Epiphytic  m  forests  at  the  timber- more   appressed,    nonaunculate    leaves    and    the      ,.       ,^,  ,    ,  ̂ V,^    ̂       c^c^t^x 
prominent  vein  on  the  leaf  undersides.  ?HispanIola, 
^-osta  Rica  to  Venezuela,  central  and  southeastern 
Brazil,  Ecuador,  Bolivia,  at  low-  and  mid-altitudes      Huperzia  pruinosa  (Herter)  Holub  (//.  durissima 

(Lellinger,  1989:  fig.  31;011gaard,  1988:  fig.  18B). 

THE  HUPERZIA  PHLEGMARIA  GROUP 

(Herter)  Holub) 

Probably  an  erect  terrestrial  plant  with  nodding 

shoot  tips.   Proximal  divisions  appearing  woody. 

Alargegroupofmainly  epiphytic  and  pendulous       sparsely  divided,  with  distant  whorls  of  reflexed, 

species,  characterized  by  rather  sharply  differen-       coriaceous,  expanded  leaves.  A  rare  and  poorly 

'  "c  leaves.  Constricted  distal  divisions       known  species  from  montane  forest  in  northeastern 
dimorph 

imbricat 
sub-       Peru  (Fig.  9). 

divisions  usually  large  and  patent.  The  occurrence  Huperzia  robusta  (Klotzsch)  Holub  (//.  phelpsii 

01  sporangia  commonly  restricted  to  constricted  (Vareschi)  Holub) 

visions,  and  often  to  minor  parts  of  these.  Epiphytic  and  recurved  to  pendent,  or  terrestrial 
the  V  T^°"*^  ?    '^^  'P^*'^^'  ̂ '^  paleotropic.  In  ̂ ^^  ̂ ^^^^  ̂ ^  recurved,   with  very  long,  usually 

sentinrr  ""^''f  '^'^  ̂''  /^~\^  T""'"''  "T^l  revolute  expanded  leaves,  often  gradually  hetero- 

bv  OllJarTnQPv'.    m"       Ti    T"^'  Phy"°"^-  Venezuelan  Guayana.  Ravines  or  open 

Pea;,oLl  ̂   ,         •      ''"'  °^  '^^'^  subgroups  ap-  ̂^^^^  ̂̂   sandstone  mesetas  (Vareschi,   1966:  fig. 

7 

Ine  following  four  very  distinct  species  do  not 
form  a  group  of  closely  interrelated  species.  They 

nd  apart  from  the  remaining  species,  being  large 
and  robust,  high-altitude  species. 

2). 

H 
•iperzia  molongensis  (Herter)  Holub 

Recognizable  by  the  thick  and  sharply  quadran- 

Subgroup  of  Huperzia  myrsiniles 

Slender,  lax,  usually  epiphytic  species,  usually 

with  decussate  or  subdecussate,  rather  distant  leaf 

pairs  throughout,  and  often  with  bright  red  stems. 

Upper  montane  forest,  near  tlie  forest  limit. 

^D    ̂*'"'f  ̂'^'^^  divisions.  In  some  individuals  the  ̂            •„  myrsinites  (Lam.)  Trevisan  {Lycopo- 
Panded  leaves  restricted  to  a  few  centimeters  ^.^^  parens  Sprengel;  L.  roraimense  L.  Un- 

"«a«-  the  base  of  the  plants,  rendering  the  plants  ^^^^    ̂   p    Lbyj.  /    skulchii  .Maxon) 
'econdarily   nearly    homophyllous.    Venezuela    to  * 
"orlhern  Peru.  Epiphyte  in  forests  at  the  timber-  Usually  with  incompletely  and  heterogrnrnus  y

 

'"«.  Huperzia  echinata  (Spring)  Trevisan  (type  differentiated  constricted  dist
al  d.v.s.on-s,  w.th  h.gh- 

frotn  Colombia)  is  only  known  from  the  lectotype  ly  variable,  often  interm.d.ate  l
eaf  .norpholugy. 
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relation  to  the  following  three  species  is  uncertain, 

because  they  are  separated  only  by  subtle  differ- 
ences in  the  shape  of  the  expanded  leaves  and 

represent  recognizable  geographical  populations, 

possibly  of  a  single  species  (011gaard,  1988:  figs. 
15B,  17  A). 

Plants  described  as  Lycopodium  nubigenum 

Herzog,  doubtfuUy  distinct,  and  hence  not  as  yet 

transferred  to  the  genus  Huperzia,  With  the  ex- 

panded leaves  broadest  near  the  base,  not  at  the 

middle  as  the  preceding  species.  Peru,  Bolivia, 
northernmost  Argentina. 

^ 

Huperzia  biformis  (Hook.)  Holub 

A  soft-textured  forest  epiphyte  with  very  slender 

constricted  divisions,  and  expanded  leaves  almost 

as  in  the  preceding  species.  Southeastern  BrazO (Hooker,  1839:  t.  228). 

Huperzia  erythrocaulon  (Fee)  Holub 

Slightly  more  robust,  more  divaricately  branched, 

slightly  more  coriaceous-leaved,  more  red-colored 

than  the  preceding  species,  of  which  it  may  rep- 

resent merely  a  rupestral  form  of  open  habitats 

above  the  forest  limit.  Southeastern  Brazil  (Fee, 1872-1873:  t.  106,  fig.  2). 

Huperzia  subulata  (Poiret)  Holub  {Lycopodium ewanii  (Herter)  C.  Morton) 

A  very  dehcate  species,  with  long,  linear  ex- 
panded leaves.  Costa  Rica,  Colombia  to  Peru,  it 

seems  confined  to  the  most  humid  forest,  at  the 

forest  limit,  where  it  usually  occurs  in  deep  shade, 

whUe  H.  phylicifolia,  with  which  it  has  an  over- lapping distribution,  occurs  in  a  wider  ̂ ^^^^J^ 

generally  more  exposed  habitats  (Lellinger, 

fig.  38  (var.);  0Ugaard,  1988:  fig.  17B). 

1 989: Figure  9.  ̂   Huperzia  pruinosa.-~a,  Habit.-b.  De-      Huperzia  heteroclita  (Poiret)  Holub ol  snorancfiflte  division, — rr.  I  Jptai  r»f  nrr»virMoi -4;tt;^;«-,  *  ^ tail  of  sporangiate  division.  —  c.  Detail  of  proximal  division. 

ded 

.  ..^L.itai  111  tiic  limited  development  of  expan 

leaves  and  the  often  very  long,  sharply  quadran- and    relatively    broad    expanded   leaves.    Central      gular  constricted  divisions or 
America,  Greater  Antilles,  Venezuela  to  Ecuad 
(Lellinger,  1989:  fig.  32;  Mickel  &  Beitel,  1988: 
fig.  3A;  Smith,  1981:  fig.  82a,  b). 

(011gaard 

0Ug 

Huperzia  phylicifolia  (Poiret)  Holub  {Lycopodi- 
um congcstifolium  Spring) 

Andes,  south  to  Peru,  and  possibly  Bolivia,  Ga- 
lapagos Islands.  The  delimitation  of  this  species  in 

With 

►Iv 

Guate 

fd 

ramified,  tassel-like  constricted  divisions, 

mala,  Venezuela,  Colombia.  This  and  the  two      ' 

lowing  species  are  very  closely  related,  but  i   ̂ ^^ 

the  largest.  They  are  mainly  separated  on  the  basv 
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f 
of  subtle  differences  in  the  shape  and  size  of  the        at  the  base,  perhaps  an  indication  of  the  relation- 
expanded  leaves  (011gaard,  1982:  53). 

Huperzia  callitrichifolia  (Mett.)  Holub 

Small,  with  short,  oblong  to  broadly  ovate  or 

almost  orbicular  expanded  leaves.  Colombia  to  Ec- 
uador (011gaard,  1988:  fig,  23B). 

Huperzia  cuneifolia  (Hieron.)  Holub 

The  smallest  of  the  species,  with  small  to  minute 
obovate  to  spathulate  expanded  leaves,  sometimes 

ship  to  the  H.  phlegmaria  group.  Only  Brazil. 

Huperzia  hexasticha  B.  011g.  &  Wind. 

Proximal  divisions  terete,  rather  thick,  with  al- 
ternating whorls  of  3  scalelike,  imbricate  leaves, 

with  decussate  leaves  in  the  bluntly  quadrangular 
distal  divisions.  Expanded  leaves,  when  present, 
narrowly  oblong.  Southeastern  Brazil.  The  most 

2). (011gaard  &  Windisch 

only  3  mm  long.  Costa  Rica,  Panama,  Venezuela,        Huperzia  quadrifariata  (Bory)  Rothm.  (//.   as- 

1988:  fig.  23A). 

0U cAerso/iii  (Herter)  Holub;  Lycopodium  quad- 
rangulare  Spring) 

Relatively  robust,  like  the  preceding  species,  but 

with  decussate,  sharply  carinate  leaves  throughout 

ests. 

Subgroup  of  Huperzia  aqualupiana 

Slender,  lax  epiphytes  without  red  color,  with  in  the  constricted  divisions,  the  shoots  sharply  qua 
the  expanded  leaves  usually  very  uniform  in  size,  drangular.  Expanded  leaves,  when  present,  are  lin- 
shape  and  direction,  and  arranged  in  straight  Ion-  ear-oblong.  Southeastern  Brazil  (Fig.  10). 
gitudinal  rows.  Low-  and  mid-altitude  montane  for- 

Huperzia  fontinaloides    (Spring)    Trevisan    (//. 

gehrtii  (Nessel)  Holub;  L,  serpyili folium  Fee) 

Huperzia  aqualupiana  (Spring)  Rothm.  *     ,  ,.                  .          •  i      i_.           .                    j 
^      ̂   A  delicate  species  with  thin,  red  stems,  and 

With  broad,  ovate  expanded  leaves,  usually  ar-  small,  decussate,  dorsally  rounded,  imbricate  leaves 

ranged  in  whorls  of  3,  and  long,  sharply  quadran-  throughout  in  the  wholly  constricted  individuals, 
gular  constricted  divisions  with  long-acuminate,  im-  Expanded  leaves,  which  may  occur  in  major  parts 
bricate  leaves.  West  Indies,  Venezuela,  Colombia.  of  some  individuals,  closely  situated  and  usually 

Huperzia  dichaeoides  (Maxon)  Holub 

Uiflers  from  the  preceding  species  in  the  elliptic, 
usually  decussate  expanded  leaves,  and  the  short, 
less  sharply  angular  constricted  divisions  with  short- tiTX^   1         •  I  -  m     _    

continuously  overlapping,  elliptic  to  obovate,  ori- 

ented in  one  plane  and  forming  a  flattened  shoot. 

Southeastern  Brazil  (Fig.  11). 

Colomb 

imbric 

THE  HUPERZIA  SAURURUS  GROUP 

Terrestrial,  erect,  often  with  characteristically 

fingerlik 

in  the  western  part  of  the  area  (Lellinger,  1989:      ally  slightly  dimorphic,  usually  appressed,  linear  to 

lanceolate.  In  several  species,  especially  those  most 

closely  related  to  Huperzia  crassa,  the  leaves  usu- 

meso 

0Ug 

Huperzia  ericifolia  (C.  Presl)  Holub 

WifU  k       .,    ,  .  , .        ,  ,  phyll  appearing  as  a  bulge  externally,  and  witli 

v^Za  ̂   ̂  lant^eolate  to  oblong-lanceolate  ex-  ^^^^^  ̂ jj  ,  ̂ ,     ̂ ^  ̂ ^^^^  ,y  heteroblastic,  d.fferen- 

clt'ri  T?  '"'"^'^  ̂   "^°'^'  "^  ̂'  ""^  f  ̂  tiated  into  erect  sporangium-bearing  shoots,  and 
nstncted  divisions  as  m  H.  aqualupiana.  Ec-  ̂ ^^^^jj^g  ̂ ^  prostrate  or  subterranean  and  rhi- 

The 

(01! 

lOOtS 

drifc ually  give  off  erect  shoots  by  equal  dichotomies. 

Prostrate  or  subterranean  shoots  may  considerably 

increase  the  diameter  of  individual  plants,  which 

Pendulous  or  recurved  epiphytes,  secondarily      ultimately  may  take  the  shape  of  a  fairy  ring,  up 

JomophyUous,  with  complete  suppression  of  the      to  1   m  wide.  Most  of  the  species  occur  m  open lOrmQ*;^-,    _r  .     ,    ,  .  ^   _.        .    *„*: —   ^#  ̂ w  oV»i^v*»  tti<a   fnrf*t:t   limit. 'nnation 

*viduals  of  all  three  species.  Other  individuals  of 
e  same  species  with  few  to  many  expanded  leaves 

vegetation  at  or  above  the  forest  limit. 

The  number  of  species  is  uncertain,  probably 

far  exceeding  the  ca.  40  names  listed  below.  Many 
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m^i 

If 

11  a  • 

\ 

lie 

lib 

Figures  10,  11, 

drift 

homophyllous  proximal  division-  — d.  Heterophyllous  proximal  division,  habit. — e 
tinaloides. — a.  Habit. —b.  Detail  of  sporangiate  division.  — c.  Detail  of  homophyllous  proximal  division. 
phyllous  proximal  division,  habit. — e.  Same,  detail. 

a.   Habit.— b.  Detail  of  sporangiate  division.  — c.  ̂e^^' 

of  the  species  are  closely  related.  Species  delimi-  The  group  undoubtedly  arose  as  a  consequence 
talion  is  highly  problematic,  because  of  variability      of  the  Andean  uprise    It  may  be  considered  to 
of  tlie  same  kind  as  mentioned  above  under  H, 
reflexa  and  strong  response  to  environmental  fac- 

tors. Huperzia  crassa  is  perhaps  the  single  most 
polymorphic  species  of  the  group,  comprising  sev- 

represent  a  relatively  modern,  and  continuing, 

lutionary  burst.  Tolerance  of  frost  is  possibly  I 

most  important  innovation  achieved  by  the  gr     J 

as  this  feature  facilitated  the  occupation  of  «« eral  local,  recognizable  populations  that  may  rep-  open  habitats  above  the  forest  limit.  This  capao  V 

resent  valid  species  or  varieties.  Many  of  these  is  shared  by  very  few  other  groups  in  the  gen"^' 
taxa  are  recognized  on  the  basis  of  personal  intu-       mainly  the  //.  brevifolia  group,  and  a  few  species ition  rather  than  definite  sets  of  characters m  the  H,  brongniartii  group. 
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The  greatest  diversity  is   encountered   in   the      Ecuador  and  northern  Peru  (011gaard,  1988:  fig. 
northern  Andes.  The  species  of  the  Ecuadorian  and      7B). 
Colombian  paramos  are  especially  numerous  and 

understood 

new  species  from  this  area  may  be  added  in  the 

future.  The  group  is   further  represented  in  the 

Huperzia  hastata  B.  011g. 

Resembling  the  preceding  species  in  leaf  char- 

high  mountains  of  Central  America,  Hispaniola,  ̂ ^*^''''  ̂ "*  "^""^  '"^^"^''  relatively  slender,  and 

and  southeastern  Brazil.  Huperzia  saururus  also  ̂ ^^'^^^  branching.  Basal  auriclelike  sinuses  con- 

occurs  in  temperate  South  America  and  in  Africa,  ̂ ^            T^^  appearance  of  the  leaves.  Southern 

Madagascar,  and  the  Mascarenes.  This  species,  ̂ ""^^°''  ̂ ^^^^^'^^  1^88:  fig.  6A). 
although  it  has  a  wide  distribution,  is  both  ecolog- 

ically and  morphologically  specialized  and  rather  Huperzia  espinosana  B.  01Ig. 
uniform.  It  is  not  regarded  as  a  likely  ancestor  of 
I  "^  TT     1111        VtV^ll  Ll^^^J-ia  1^_/         lV^ClV\_/0^        VJl  LVyll         *Y  1  111         CI  TV  lllLlOll 

the  group,  as  its  wide  distribution  otherwise  might      ̂ ue.  Southern  Ecuador.  A  poorly  known  species 

With  denticulate  leaves,  often  with  a  whitish 

suggest. 
of  low  paramos  (011gaard,  1988:  fig,  7A). 

The  first  12  species  mentioned  below  are  the 
least  modified  with  regard  to  leaf  and  shoot  differ-       „  ^  ,      ,  •  /tvt        i^  tt  i  i   /rr  ^i 

entiation.  In  these  the  development  of  air  cavities      ̂ ^/'f  ̂^«  ̂ .e6e^6a^er^  (Nessel)  Holub  {K  papil 
m  the  leaf  bases  and  heteroblastic  shoots  is  weak 

lata  (RoUeri)  Holub) 

or  absent.  They  seem  to  be  relatively  close  to  Unique  because  of  its  whitish  waxlike  cover  and 
species  m  the  H.  hrongniartli  group  and  may  have      densely  long-papillate  leaves,  strikingly  contrasting 
been  derived  from  predecessors  with  a  labile  mor-      with  the  surrounding  vegetation.  Southern  Ecua- 
phology  like  that  of  H,  weddelliL dor,  northern  Peru  (011gaard,  1988:  fig.  5C). 

Huperzia  hystrix  (Herter)  Holub Huperzia  polylepidetorum  B.  011g. 

Forming  large  and  heavy  individuals,  with  up  to  A  very  large  species  with  arcuate-ascending, 

^-cm-thick,  densely  foliose  shoots,  and  thick,  near-  relatively    broad,    usually    purely 
ly  solid,  reddish-orange-tinged  leaves,  these  com- 

monly tapering  into  slender,  whiplike,   recurved  lylepis  forest  (011gaard,  1988:  fig.  6B). 

green    leaves. 
Southern  Ecuador,  Peru.  Its  habitats  are  in  Po- 

tips.  Southern  Colombia,  northern  Ecuador,  Banks, 
moss  cushions,  and  other  habitats  with  lo 
petition  (0Ugaard,  1988:  fig.  5B). 

w  com- Huperzia  capellae  (Herter)  Holub 

Purely  green,  or  yellowish  green,  with  a  more 
f/,,„^     .       ...    ,^^  tender  texture  than  usual  for  the  paramo  species. 
^^perzia  ulixis  (Herter)  Holub  t  r  ji_..-        r*  u  aI    a \        1^1/  iimuu  Leaves  of  exposed  shoot  tips  often  scorched  by  hre, 

A' poorly  known  species  resembling  the  preced-      or  damaged  or  deformed  by  frost.  Venezuelan  An- 
^g  species,  but  with  broader,  less  tapering  leaf      des  to  Peru.  In  grass  paramos,  where  it  usually tips.  Colombia 

Huperzia  llanganatensis  B,  0Ug. 

Apparently  closely  related  to  H.   hystrix,  but 
differing  by  the  sparsely  ramified,  stiffly  erect  shoots. 

occurs  in  the  shelter  of  bunch  grasses  (011gaard, 

1988:  fig.  8B). 

Huperzia  acuta  (Rolleri)  RoUeri  &  Deferrari 

Known  only  from  the  type  collection.   Bolivia 

and  by  the  much  shorter,  broader  leaves.  Senescent      (Rolleri,  1980,  t.  5A,  C). 
naividuals  of  the  species  may  form  great  numbers 

^   lateral,  easily  detached  brood  shoots  from  old      Huperzia  ocanana  (Herter)  Holub  (//.   arthurii 
parts  of  the  stems  where  the  leaves  have  fallen  off. 

(011 
E 
''Perzia  kuesteri  (Nessel)  B.  0Ug. 

(Herter)  Holub;  //.  trachyloma  (Herter)  Rol- 

leri &  Deferrari;  ?Lycopodium  arcturii  (Her' 

ter)  C-  Morton;  L.  nesselianum  Duek  &  Lel- 

linger;  U.  moritzii  Nessel;  U,  orionis  Herter) 

f'orming  massively  robust  individuals  up  to  0,5  Relatively  small,  with  relatively  short  and  broad, 
"idiam.,  with  up  to  2.5-cm-thick,  dark  green  or      ascending  leaves.  Venezuelan  Andes,  Colombia.  An 
pruinous  shoots,  with  leaves  trianeular-lanceolate, 

"sually  borne  in  verv  reeular  rows 
incompletely  understood  species  or  species  com- 

plex, highly  variable  in  size.  Some  of  its  features 
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are  intermediate  between  those  of  the  present,  and       1989:  figs.  20,  37  (var.);  Mickel  &  Beitel,  1988: 
those  of  the  H.  brevifolia  group. fig.  IB;  011gaard,  1988:  figs.  8C,  D,  IDA). 

Huperzia  schlimii  (Herter)  B.  011g. 

With  bright  red,  thick  stems,  and  smooth,  thin, 

appressed  leaves.  Leaves  of  proximal  divisions  tend 

to  be  very  long  and  slightly  revolute.  Colombia: 

Sierra  Santa  Marta,  a  highly  local  and  striking 

Huperzia  saururus  (Lam.)  Trevisan  {H.  axillaris 

(Roxb.)  Rothm.;  H.  sanctae-barbarae  (Rol- 

leri)  Roller;  &  Deferrari;  Lycopodium  elon- 

gatum  Sw.) 

Usually  distinguishable  by  the  green,  somewhat 

endemic.  The  species  is  placed  in  this  group  with  g'^ssy  leaves  with  a  smooth  epidermis  and  thick- 

doubt.  It  resembles  the  Brazilian  H.  rubra  and  may  ̂ "^^  margins,  with  the  erect  shoots  so  densely 

represent  a  parallel  adaptation  derived  from  ele-      aggregated  and  pressed  together  that  leaves  at  the 
ments  in  the  H,  brongniartii  group. stem  bases  lie  flat  to  the  stem,  appearing  etiolated. 

Peru  to  Argentina,  Africa,   Madagascar,  Masca- 

In  the  following  15  species  the  development  of  ̂ ^^^s.  The  preceding  species  often  is  confused  with 

air  cavities  and  heteroblastic  shoots,  as  mentioned  ^"^  present  one. 

above,  is  moderate  to  very  distinct.  They  generally 

represent  adaptations  to  habitat  types  at  high  al-  Huperzia  badiniana  B.  011g.  &  Wind. 
titudes  with  little  or  no  shelter,  generally  higher 

Differing  from  H.  saururus  mainly  in  the  more 
and  more  exposed  than  the  preceding  12  species.      gj^^^^^  g^^^tg  and  the  loosely  aggregated  growth 

Windisch Huperzia  crassa  (Willd.)  Rothm.  (//.  erythraea       1987:  fig.  lA). 
(Spring)  Trevisan;  H,  pilgeriana  (Nessel)  Hol- 

ub;  H.  springii  (Nessel)  Holub);  H.  nesselii      Huperzia  chiricana  (Maxon)  Holub 
(Nessel)    Roller!    &    Deferrari;    Lycopodium 
bonae-voluntatis  (Herter)  C.  Morton) 

Wii 

shoots 

Resembling  a  small  individual  of  H,  crassa,  but 

with  denticulate  leaf  margins  and  a  smooth  epi- 

dermis, suggesting  affinity  to  //.  hoffmannii  {ffon^ 

of  H.  reflexa).  Panama,  known  only  from  the  type 
leaves.  Epidermis  of  the  abaxial  leaf  surface  usually      collection  (Lellinger,  1989:  fig.  19;  Maxon,  1913: 
dull  because  of  a  waxlike  layer,  and  uneven  because      t.  8). 
of  slightly  protruding,  blisterlike  cells.  Most  pop- 

ulations with  strong  red  coloration,  but  some,  for      Huperzia  andina  (Rosenstock)  Holub 
example,  the  Costa  Rican  ones,  green.  Degree  of 
heteroblastic  differentiation  may  be  influenced  by 
the  texture  of  the  substrate.  Central  America,  His- 

Resembling  //.  saururus,  diff"ering  mainly  in  the 

somewhat  distant,  short,  erect  shoots  and  the  red- 

paniola,  the  Andes  south  to  Peru.  This  is  the  most      ̂ ^^^^'^^S^d  leaves.  Peru,  
Bolivia. 

polymorphic  species  of  the  group.  Several  local, 
recognizable  populations  of  the  species,  often  con- 

fined to  sinele  mountain  massifs,   mav  r*^nroc*:.n> 

H uperzia  venezue 

lanica  (Herter)  Holub  (H^ 
schneei  (Vareschi)  Holub) 

valid  species  or  varieties.  In  some  areas  several  Resembling  the  preceding  species,  but  entirelv 
distinguishable    populations,    occur      green  and  much  smaUer  in  all  parts.  Venezuelan 

varieties,    or 

sympatrically.  However,  the  diff"erences  between      Andes, them  are  subtle,  and  the  basis  for  the  variation  is 
not  understood  presently. 

011 

with  slight  heteroblastic  diff*erentiation,  occurs  on 
soft,  boggy  ground.  Ecuador 

Huperzia  ascendens  (Nessel)  Holub 

With  long,  slender,  surface-creeping  and  rooting 

shoots,  bearing  distant,  slender,  erect  shoots,  re- 

Variety  crassa,  with  usually  pronounced  het-  ̂ ^"^^^^"g  ̂ -  capellae,  or  reddish-tinged  as  in 

eroblastic  shoot  differentiation  usually  inhabits  dri-  ̂ yP^g^^<^-  Ecuador  (0Ugaard,  1988:  fig.  9t;. er  and  more  solid  ground.   However,  the  latter 

variety  may  occur  side  by  side  with  the  former,  ̂ ^P^^^^^  cruenta  (Spring)  Rothm. 

and   then  usually  is  less  distinctly  heteroblastic!  With  surface-creeping  shoots  and  slender,  small 
Throughout  the  range  of  the  species  (Lellinger,  erect  sporangium-bearing  shoots  of  soft  texture. 
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I 
Colombia.  A  poorly  understood,  highly  polymorphic       Huperzia  scahrida  B.  0Ug 

species Closely  related  to  the  preceding  species,  but 

smaller  in  all  parts,  and  with  small,  warty  teeth  on 

the  leaf  margins  and  a  scabrous  stem  epidermis. 
Ecuador  (01l2aard,  1988:  fie.  8 A). 

Huperzia  catacachiensis  (Nessel)  B.  011g. 

With  very  slender  shoots  with  short,  semiterete, 

blunt-tipped,  appressed  leaves,  resembling  H, 

cruenta,  but  with  the  ascending  shoots  oidy  slightly      Huperzia  attenuata  (Spring)  Trevisan  {Lycopo- 
heteroblastic.  Colombia.  Apparently  a  species  of 
soft,  boggy  substrates. 

Huperzia  cumingii  (Nessel)  Holub 

Usually  forming  very  large,  rich-branched  in- 
dividuals  of  green,    yeUowish    to    orange- tinged, 

slightly  glossy,  relatively  slender,  and  only  slightly       0,j  ̂ ^^j    jggg.  fig    1  ID) 
heteroblastic  shoots.  ?Colombia,  Ecuador.  Occurs  &         '  •     6-  /• 
in  humid  to  wet  grass  paramos,  often  in  partial 

dium  toharii  Sodiro) 

Leaves  arranged  in  alternating  whorls  of  3  or 

4,  shoots  terete,  tinged  with  red,  with  very  convex 
to  carinate  leaf  undersides,  and  fimbriate  margins. 

Costa  Rica,  Ecuador.  This  and  the  following  species 

seem  very  closely  related  and  differ  mainly  in  the 
number  of  orthostichies  (Lellinger,  1989:  fig.  15; 

(0U 

Huperzia  tetragona  (Hook.   &   Grev.)  Trevisan 

{Lycopodium  catharticum  Hook.) 

Huperzia  machridei  (Herter)  B.  011g. 
decussate,   fimbriate  leaves. connection 

(011gaard 

A  relatively  large  species  with  prostrate-ascend-      branching  anomaly,  shoots  with  leaves  arranged  in 
mg  rejuvenating  shoots  and  stiffly  erect  shoots  in      alternating  whorls  of  3,  and  accordingly  terete  and 
he  center  of  the  individuals,  up  to  30  cm  tall.       virtually  indistinguishable  from  those  of  the  pre- 
q!!r!  ̂^^^^'^I"  S""^^"^'  linear-lanceolate,  straight.      ceding  species.  The  strong  visual  effect  produced 

by  the  change  in  phyllotaxis,  apparently  does  not 

reflect  a  great  genetic  difference.  Colombia  to  Bo- 

ffuperzia  columnaris  B.  011g. 

Kesembling  the  preceding  species  in  growth  hab- 
Jt,  differing  in  the  broader,  shorter,  triangular-ovate-  The  application  of  the  following  names,  the  types 
lanceolate  leaves  of  fertile  divisions,  usually  ar-       or  protologs  of  which  point  to  the  present  group 
ranged  in  regular  orthostichies.  Southern  Ecuador. 
Low  paramos  with  little  or  no  disturbance  (01kaard, 

1988:  fig.  5A).  ^ 

livia.  Closely  related  to  the  preceding  species  (011- 

gaard,  1988:  fig.  IIC). 

H 

of  species,  is  not  settled:  Huperzia  polyclada  (So- 

diro) RoUeri  &  Deferrari  (type  not  seen,  from  Ec- 
uador), Huperzia  rimbachii  (Sodiro)  Holub  (type 

unknown,  from  Ecuador),  Lycopodium  crucis-aus- 

tralis  (Herter)  C.  Morton  (Colombia),  L.  innocen- 

tium  (Herter)  C.  Morton  (Colombia),  Urostachys 
thick,    fleshy,    subterranean,    horizontal      darwinianus  Nessel  (probably  Peru  or  Bolivia),  U. 

shoots  with  reduced  leaves,  and  large,  erect  shoots       erectus  Nessel  (?Venezuela),  U.  eriksonii  Nessel 
Wh  relatively  flat,  arcuately  ascending  leaves.  Ec-       (Colombia),  U.  kupperi  Nessel  (Colombia). 
^ador.  Known  only  from  the  type 
fig-  9 A).  

'^ 

^perzia  talpiphila  B.  0Ug. 
W 

(011ga 

THE  HUPERZIA  BREVIFOUA  GROUP 

ji           .  Most  species  with  broadly  lanceolate  to  orbicular 

perzia  hypogaea  B.  0Ug.  ,^^^^^^  sometimes  broader  than  long,  and  often 
With  narrow,  deeply  subterranean,  rooting  hor-  patent  to  perpendicular  or  reflexed,  often  with  air 

"zontal  shoots  with  colorless  leaves,  and  distant,  sacs  in  the  leaf  base  mesophyll,  and  with  a  thick 

slender,  erect  aerial,  red  or  reddish-tinged  shoots.       cuticle.  Heteroblastic  shoot  differentiation  rare. 

Southern  Colombia  to  northern  Peru.  A  species  This  group  is  very  closely  related  to  the  pre- 

"»ainly  of  soft  boggy  habitats.  On  solid  substrates       ceding  group,  and  its  delimitation  from  that  group 

e  horizontal  shoots  become  epigeous  and  creep- 
ing, with  normal  leaves  (0llgaard,  1988:  fig.  8E). 

is  somewhat  arbitrarily  based  on  differences  of  leaf 

shape.  Some  of  the  species,  e.g.,  Huperzia  poly- 
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dactyla,  seem  transitional,  but  most  of  them  have       not  to  open.  Peru.  A  poorly  known  species  with This 

a  further  specialization  and  adaptation  to  the  cold 
and  windy  habitats  in  paramo  vegetation.  Hetero- 
blastic  shoot  differentiation  occurs  in  H.  lignosa. 

Orientation  of  the  leaves,  annressed.  asrPTiflmflr 

features  suggesting  a  sheltered  habitat. 

Huperzia  eremorum  (Rolleri)  Holub 

ifescens  and  H.  sellifc 

spreading,  perpendicular,  recurved,  or  sharply  re-  larger  and  less  ramified  than  these,  and  with  uni- 

flexed,  is  highly  variable  in  several  of  the  species.  formly  appressed,  abaxially  convex  leaves.  Colom- 

In  some  of  the  species  the  leaf  direction  may  vary  ̂^^"  ̂   ̂^^^  species  (Rolleri,  1978;  fig.  1). 
from  one  extreme  to  the  other  in  the  same  pop- 

ulation, in  the  same  individual,  or  even  in  different  Huperzia  rufescens  (Hook.)  Trevisan 
parts  of  the  same  shoot. 

The  group  is  mainly  Andean,  occurring  from 
Venezuela  to  Bolivia  with  at  least  16  species.  Two 
species  occur  in  Costa  Rica. 

Huperzia  polydactyla  B.  011g, 
llifc 

Closely  related  to  //.  brevifolia  but  smaller,  with 

relatively  thin  stems,  and  forming  small  individuals 

with  relatively  few  branches.  Southern  Colombia, 
Ecuador  (011gaard,  1988:  fig.  12D).  Lycopodium 

mirum  Vareschi  from  the  Venezuelan  Andes  re- 

sembles the  preceding  species,  differing  in  the  mainly 

6-ranked  leaves,  and  doubtfully  distinct  from  it. 
and  H.  cumingii  {H.  saururus  group),  with  Ian-       (Vareschi,  1958:  figs.  2-3). 
ceolate  to  broadly  lanceolate  leaves,  but  shows  no 

other  signs  of  hybridity.  Ecuador  (011gaard,  1988:       Huperzia  sellifolia  B,  011g. 
fig.  IIB). 

Huperzia  pflanzii  (Nessel)  Rolleri  &  Deferrari 

Resembling  H.  rufescens,  but  smaller  in  all  parts, 

with  narrower  leaves,  usually  arranged  in  whorls 

of  5,  not  4.  Plants  generally  forming  much  larger 
Bolivia,  Costa  Rica.  This  species  is  placed  in  the  clumps  with  numerous  branches.  Southern  Colom- 

present  group  with  doubt.  In  size  and  leaf  texture  bia,  Ecuador.  Some  plants  from  southern  Ecuador 

it  seems  equally  close  to  the  preceding  group,  but  and  northern  Peru,  tentatively  placed  in  this  spe- 
it  has  the  broadly  lanceolate  to  ovate  leaves  in  cies,  may  belong  to  distinct  taxa,  but  are  presently 
common  with  the  present  group.  The  presence  of  insufficiently  known  (011gaard,  1988:  fig.  12C). 
nearly  identical  plants  from  Bolivia  and  Costa  Rica 

may  be  due  to  parallel  evolution.  In  both  of  these  Huperzia  compacta  (Hook.)  Trevisan  {H.  jame- 
areas  plants  referred  to  this  species  are  rare  (Lel- 
linger,  1989:  fig.  33). 

sonii  (Baker)  Holub) 

Huperzia  dianae  (Herter)  B.  011g. 

With  relatively  large,  long,  and  lax  leaves  and 
rather  thin  stems.  Colombia.  A  local  species  of 
lower  paramos  of  Depto.  Antioquia. 

Resembling  the  preceding  in  size,  usually  less 

ramified,  and  with  distinctly  and  irregularly  toothed 

(011 

ifc 
ifc 

Huperzia  myrtuosa  (Spring)  Trevisan  {H.  lellin- 
geri  (Rolleri)  Holub) 

Exposed  individuals  approaching  the  aspect  of 

Stems  relatively  thick,  with  perpendicular  to 

sharply  reflexed,  stiff  and  usually  somewhat  prick- 
ly, broad  leaves,  the  broadest  usually  as  broad  as 

or  broader  than  long.  The  largest  plants  usually 

-     .    ,       forming  heavy,   massive   clumps  with  numerous 
shaded  individuals  approaching  the  aspect  of  a       shoots  often  more  than  25  cm  tall.  Costa  Rica, 
compact  //.  brongniartii  {ff.  brongniartU  group) 
with    longer,    softer    and    thin,    recurved -arching 

of  se* 

14B). 
(01Igaard,    1988:   fig.       fig.  12A). 

ignizable  populations  (0Ug 

Huperzia  cngleri  (Herter)  B.  011g. 

SmaU  plants,  with  somewhat  distant,  entirely 
green,  broadly  olliptic  leaves,  with  a  slender  stem 
and  very  large,  fully  exposed  sporangia  that  appear 

Huperzia  schmidtchenii  (Hieron.)  Holub  [H-  go"' 
dotii  (Herter)  Holub) 

Closely  related  to  H.  brevifolia,  with  thick  stems 
and  coriaceous,  closely  set,  lanceolate  leaves, lombia  (Lellinger,  1989:  fig.  26). 
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Huperzia  lignosa  (Herter)  Holub 

The  only  species  of  the  group  with  shoots  dis- 
tinctly differentiated  into  creeping  and  rooting,  and 

asitic  in  extralimital  representatives  of  the  same 

sections  (only  neotropical  members  included). 

A  virtually  cosmopolitan  genus  of  approximately 

40  species,  with  eight  species  in  the  Neotropics, 
erect  and  spore-producine  shoots.  The  thick  stems  -       r  r    i        •  .•  •     j 
.  ,1  .    ,:  ,  1.1  representmg  lour  ol  the  mne  sections  recognized 

and  very  short  leaves  indicate  close  relationship  to  ,      ̂ „  i  /i  riO'T\    -x-u  .-  j- 
rr  1        r  J-      M      1  /-.  1      1  .  by  011gaard  (1987).    ihese  sections  are  very  dis- n.  brevijolia.  JNorthern  Colombia. tinct 

Huperzia  hohenackeri  (Herter)  Holub 

ifc 

hibiting  distinct  types  of  anisophylly,  sporophyll 

types,  sporangium  wall  cell  patterns,  spore  types, 
and  chromosome  numbers.  None  of  them  are  con- 

w.tli  ̂ ^.,oii     *u'  1     *  u  *     uu  1  *u-         '      nected  by  intermediate  species  or  by  intersectional with  equally  thick  stems,  but  with  larger,  thinner,      v    i    - 1 

narrower,  and  usually  ascending  leaves.  Colombia         ̂ /^  ̂' 
to  Peru.  A  variable  species,  or  perhaps  better  a 

In  the  Neotropics  the  Lycopodium  species  are 

Qn^n.-^c  r^r.   1  1  ;  J  •         11     .•  restricted    to    relatively    cool   and    cold    montane 
species  complex,  poorly  represented  m  collections  .         «,,  ,/  j  •      u  u 
(011gaard,  1988:  fig.  13 A,  D). regions.  They  generally  seem  to  tolerate  drier  hab- 

itats than  the  Huperzia  species,  often  occurring 

abundantly  in  sites  where  the  latter  genus  is  vir- 

tually absent. 
Huperzia  transilla  (Baker)  Holub 

A  giant  species,  with  stems  up  to  more  than  1 

cm  thick,  often  bright  red,  up  to  more  than  1  m      Lycopodium  sect.  Lycopodium 
long  (to  60  cm  tall).   Leaves  somewhat  distant, 

Sporophytes  with   epigeous,    creeping   to   sub- emerald  green,  up  to  11  x  8  mm,  spreadmg.  g^^ndent  main  stems.  Leaves  isophyllous  through- 
Colombia,  Ecuador.  Mainly  in  the  lower  parts  of  out,  arranged  in  alternating  whorls  of  6-10,  linear, 
he  paramos  and  subparamos  (011gaard,  1988:  fig.      terminating  in  a  colorless  hair  tip  or  a  membranous UA). 

LYCOPODIUM  LINNAEUS 

apex.  Sporophylls  subpeltate,  with  a  basal  mucilage 

cavity.  Sporangium  epidermis  cells  with  numerous 

conspicuous  in-  and  evaginations  on  the  side  walls. 

Spores  reticulate  on  all  faces.  Gametophytes  un- 

known from  the  area,  convoluted  disc-shaped  in 

extralimital  species  of  the  section.  Chromosome 

ing,  or  scandent  main  stems  giving  rise  to  usually      numbers  based  on  x  =  34.  An  Argentinean  report 

Sporophytes  terrestrial,  anisotomously  branched, 
with  elongate,  indeterminate,  subterranean,  creep- 

determinate,    ascending    to    erect,    dendroid    or 
spreading  branchlet  systems  arising  in  a  dorso- 

of  n   =   22  for  Lycopodium  clavatum  (Rolleri, 

1982)  is  enigmatic,  being  close  to  the  number  that 
lateral  position  on  the  main  stems.  Stele  of  main      ̂   prevalent  in  section  Complanata. stems  and  major  branches  occupying  a  large  pro- 

The  section  is  represented  in  all  continents  ex- 
portion  of  the  stem  diameter  (up  to  V2),  with  xylem      ̂ ^p^  Australia,  by  probably  fewer  than  10  species, 
wi  parallel  bands;  minor  branches,  peduncles,  and       |^^^  several  additional  species  recently  described 
strobili,  usually  with  radially  arranged  xylem  bands 
(in  cross  section).  Roots  emerge  directly  along  the 
ynderside  of  main  stems,  with  parallel-banded  steles 
^  the  main  roots.  Branchlet  leaves  uniform  or 

^ongly  anisophyllous.  Sporophylls  ephemeral,  dy- 
'^g  after  sporangium  dehiscence,  gathered  in  spe- 

cialized, compact  strobili.  Strobili  erect,  simple  or 

from  China  may  reflect  a  higher  diversity  than 

hitherto  realized.  Two  species  are  present  in  the 

Neotropics. 

Lycopodium  clavatum  L.  {L.  arisLatum  Willd.;  L. 

eriostachys  Fee;  L.  piliferum  Raddi) 

forked,  sessile  or  borne  on  simple  or  forked  pe-  Typical  plants  usually  amply  branched,  with  di- 

dtocles.  SporophyUs  peltate,  or  subpeltate  with  a  verging  branches,  weU-differentiated,  ramified  
pe- 

^hin,  basal,  decurrent  wing,  with  or  without  a  basal  duncles,  and  hair-tipped  leaves.  Virtually  cosmo- 

mucUage  cavity.  Sporangia  attached  to  the  spo-  poUtan.  A  highly  variable  species.  Morph
ologically 

^ophyll  base,  reniform,  with  a  short  thick  stalk,  recognizable  tetraploids  and  tnploids  of 
 this  species, 

^sovalvate  or  slightly  anisovalvate,  their  epidermis  reported  from  Japan  (Takamiya  &  Tanaka,  1982
), 

<^ells  with  thin,  lignified,  sinuate  side  walls,  without  indicate  that  some  of  the  variation  is  genetical
ly 

partial  thickenings,  but  in  some  species  with  distinct  fixed.  In  the  Neotropics  interpop
ulation  as  well  as 

intrapopulation  variability  suggests  that  the  5;prcies also 
'^o^iulelike  in-  and  evaginations.  Spores  reticulate. 
Gametophytes  unknown  from  the  area,  conic  to  .        ̂   1     r  1     1 

convoluted  disc-shaped,   subterranean,   mycopar-      ever,  this  heterogenei
ty  .s  not  known  to  h.  hnk.d 
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to  different  chromosome  numbers  (Lellinger,  1989:  all  faces.  Gametophytes  not  known  from  the  area, 

fig.  3;  Mickel  &  Beitel,  1988:  fig.  2D;  011gaard,  narrowly  conic  in  extralimital  species  of  the  section. 

1983:  fig.  7a;  OUgaard,  1988:  fig.  24A). 

High-altitude  representatives  from  the  Andes, 

Chromosome  numbers  based  on  x 23, 

This  section  is  most  diverse  in  northern  tern- 

Costa  Rica,  and  Panama  are  recognized  as  Ly-  perate,  arctic,  and  alpine  regions.  It  is  montane  in 

copodium  clavatumh.  svibsp,  contiguum{K\olzsch)  the  tropics,  but  absent  from  Australia.  There  are 

B.  0Ug.  (L.  contiguum  Klotzsch;  L.  herbaceum  approximately  20  species,  of  which  possibly  two 

(Spring)  Hieron.;  L.  mayoris  Rosenstock;  L.  preslii  or  more  can  be  recognized  in  the  Neotropics.  How- 

Grev.  &  Hook.;  L.  serpens  G.  Presl,  non  Poiret),  ever,  these  are  as  yet  poorly  understood.  The  sec- 
They  differ  by  the  sparse  ramification,  parallel,  tion  was  monographed  by  Wilce  (1965),  who  made 

stiffly  erect  branches,  and  epedunculate,  or  short-  no  conclusive  classification  of  the  neotropical  ma- 

pedunculate  strobOi.  Other  similarly  adapted  eco-  terial. 
types  of  this  species,  characterized  by  compact, 

less  compound,  monostachyous,  and  often  epedun- 

culate habit,  occurring  in  exposed  arctic  and  trop- 
ical alpine  regions,  have  been  recognized  as  species. 

Lycopodium  fawcettii  L.  Underw.  &  F.  Lloyd 

Plants   of  the   section    Complanata  from  the 
In  the  present  case  the  subspecies  is  connected  to  Greater  Antilles  are  fairly  uniform  and  traditionally 
typical  L.  clavatum  by  numerous  intermediates,  are  maintained  as  a  separate  species.  They  are 

the  spores  and  meioses  of  which  show  no  signs  of  doubtfully  distinct  from  the  more  variable  and  mor- 
hybridity  (Lellinger,  1989:  fig.  4;  011gaard,  1988:  phologically  overlapping  I.  thyoides. 
fig.  24B). 

Lycopodium  vestitum  Poiret  {Lycopodium  albi- 
dum  Baker;  L.  scariosum  Hook.,  non  Forst.) 

Growth  habit  closely  resembling  that  of  L.  cla- 

vatum subsp.  contiguum,  differing  by  the  striking. 

Lycopodium  thyoides  Willd.  {L.   complanatum 
auct.;  L.  comptonioides  Desv.) 

A  highly  variable  species,  or  species  complex 

(Wilce,  1965),  the  elements  of  which  are  as  yet 

undefined.   The   mornholoev   of  these  plants  re- 

011gaard 

sUvery  appearance,  due  to  the  broadly  membra-  sponds  strongly  to  environmental  factors  (Lellinger, 
nous,  whitish  leaf  apices.  Southern  Ecuador,  north-  1989;  fig,  7.  Mickel  &  Beitel,  1988:  fig.  2A-C; ern  Peru.  The  membranous  leaves  seem  to  be  the  011gaard     1983'   fie    7b-d- 
only  feature  distinguishing  the  species,  a  feature  2 5 A) 
of  uncertain  adaptive  value.  The  apparent  xero- 

morphy  of  the  feature  does  not  match  the  generaUy  ^. 

very  humid  paramo  habitats  of  the  species.  Xe-  Lycopodium  sect.  Diphasium  (Rothm.)  B.  mg- 

romorphic  characters  are  sometimes  associated  with  Sporophytes  with  subterranean  or  creeping  to 
low-nutrient  substrates,  but  this  species  often  shares  subscandent  main  stems.  Branchlets  dorsiventral 
the  habitats  with  L  clavatum  subsp.  contiguum  anisophyllous,  with  dimorphic  leaves  arranged  in 
and  typical  L.  clavatum.  The  spores  and  meioses  two  dorsolateral  ranks  of  broad,  entirely  herba- 
of  intermediates  between  this  species  and  both  L  ceous,  ahernating  leaves  and  two  or  three  ventral 
clavatum  subsp.  contiguum  and  typical  L  da-  ̂ anks  of  narrow,  scarious-tipped  leaves.  Strobih Dntiim    shniv   no   sip'ns   nf  VivbriHitv     cr*   tVio   cr^r^^X^c^  ,  i  ..       ̂   in  U^^Tfotp   with 

pedunculate  or  sessile.  Sporophylls  subpeitaie,  «« 

a  basal  mucilage  cavity.  Sporangium  epidermis  ce  ? 

with  sinuate,  finely  curled  side  walls.  Spores  retic- 
ulate, with  large  meshes  on  the  distal  face  an 

unornamented  proximal  faces.  Gametophytes 

vatum  show  no  signs  of  hybridity,  so  the  species 
may  be  only  vaguely  distinct  from  that  species 
(011gaard,  1988:  fig,  24D). 

Lycopodium  sect.  Complanata  Victorin nown 

xvuvFwii  ui  uic  area,  uruauiy  cuiin^  i*a  «.*   

Sporophytes  with  subterranean  or  creeping  to  species  of  the  section.  Chromosome  numbers  not 
subscandent  mam  stems.  Branchlets  dorsiventral,  known  with  certainty:  n  =  34-36;  and  ca.  90  have strongly  anisophyllous,  with  decussate,  trimorphic  been  recorded 
leaves,  one  dorsal  and  one  ventral  rank  of  narrow  Philippines  io  Tasmania  and  New  Zealand,  Juan 
leaves     and    two  lateral    ranks  of  broad   leaves.  Fernandez,  Andes  from  ChUe  to  Venezuela,  Guyaiia 
Branchlet  leaves  without  colorless  hair-tips.  Strobili  Highlands,  Mount  Itatiaia  (Brazil),  Costa  Rica,  Ja- 
pedunculate  or  sessUe.  Sporophylls  subpeltate,  with  maica.  The  section  comprises  perhaps  four  specie*, 
a  basal  mur.lage  cavity.  Sporangium  epidermis  ceUs  of  which  only  the  following  occurs  in  the  NeotroP' with  evenly  sinuate  side  walls.  Spores  reticulate  on  ics. 
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Lycopodium  jussiaei  Poiret  (L.  haenkei  C.  Presl;  in  the  aerial  shoot  systems,  thereby  closely  resem- 
L.  heterophyllum  Sprengel;  L.  holtonii  L.  bling  L.  erectum  Philippi  (Chile,  Argentina),  and 

Underw.  &  F.  Lloyd;  L.  lindseaceum  Spring)      being  doubtfully  distinct  from  this.  Southeastern 

Costa  Rica,  Jamaica,  Venezuela  to  Bolivia,  Guy- 
ana Highlands,  Mount  Itatiaia  (Brazil).  The  con- 

siderable variability  of  the  present  species  is  be- 
lieved to  be  due  to  response  to  environmental 

factors.  The  aerial  shoots  of  plants  growing  in  pro- 
rub 

BrazU  (Fee,  1872-1873:  t.  106,  fig.  3). 

LYCOPODIELLA  HOLUB 

Sporophyte  growth  habit  diverse,  with  anisoto- 
mous  branching  throughout,  either  with  prostrate, 

creeping  vegetative  shoots  producing  dorsally  aris- 

almost  1  m,  whUe  individuals  of  exposed  mountain       i^g,  erect,  strobilus-bearing  branch
es,  or  with  arch- 

centimeters Shoot 
runner 

compaction  and  leaf  size  and  shape  also  seem  cor- 
related with  growth  conditions  (Lellinger,  1989: 

fig.  5;  0Ugaard,  1988:  fig.  25B). 

ing,  highly  ramified,  usually  treelike  shoot  systems 

that  terminate  in  usually  nodding  branchlets  with 

pendent  strobili,  a  few  species  with  a  less  clearly fined 

lycopodium  sect.  Magellanica  B.  011g. 

Sporophytes  with  subterranean  main  stems. 
Branchlets  isophyllous,  the  leaves  herbaceous 
throughout,  without  hair-tips.  Strobili  pedunculate 

sometimes 

Campylostachys).  Shoots  isophyllous  or  aniso- 

phyllous.  Leaves  with  or  without  veinal  mucilage 

canals.  Sporophylls  subpeltate,  with  a  median  basi- 

scopic  wing,  or  with  coalescent  basal  membranes 
or  sessile.  Sporophylls  peltate,  with  a  narrow,  terete       ̂ fM<z\i  almost  enclose  the  sporangia,  with  basal  mu- 
stalk  lacking  membranous  wings,  lacking  mucilage 

cilage  canals,  with  or  without  veinal  mucilage  ca- 

nals. Sporangia  on  the  sporophyll  base,  or  axillary 
cavities.   Sporangium   epidermis    cells   with   thin, 

evenly  sinuate  side  walls.  Spores  reticulate,  with       (sect.  Lycopodiella),  strongly  anisovalvate,  or  iso- 
medium-sized,  irregular  meshes,  unornamented  on lum unknown 

1  the  area,       ̂ ells  with  thin,  straight,  nonlignified  side  walls,  but 

broadly  conic  in  an  extralimital  species  of  the  sec-       ^j^^  lignified,  nodular,  or  semiannular  thickenings. tion.  Chromosome  numbers  based  on  x 31, mainly 
unknown 

austral  distribution,  occurring  in  Australia,  Tas- 
mania, New  Zealand,  Juan  Fernandez,  Costa  Rica, 

Hispaniola,  the  Andes  from  Venezuela  to  Tierra 

delFuego,  southeastern  Brazil,  South  Georgia,  Ker-       and   tropical  regions   of  the   world.   It  comprises 

green,  tuberous  and  lobed  on  the  upper  side,  sur- 

face-living, hemisaprophytic  in  extralimital  species 

of  the  genus. 

This  genus  occurs  in  almost  all  moist  temperate 

guelen,  Malvinas,  and  Mt.  Aberdare  (Africa).  The 
approximately  40  species,  the  majority  of  these  in 

greatest  diversity  of  the  group  is  in  temperate  South       ̂ ^e  Americas.  Perhaps  25  species  occur  in  the 
America,  with  four  species,  while  the  neotropical       Neotropics,  representing  three  of  four  sections  rec- 
area  has  only  two  species. 011gaard  (1987).  These  sections  are 

very   distinct,   exhibiting   distinct   branching   pat- 
lycopodium  magellanicum  (P.  Beauv.)  Sw.  (L.       terns,  sporophyll  types,  sporangium  shapes  and 

sporangium  wall  cell  patterns,  spore  types,  and 
pichinchense  Hook.;  L WiUd 

Aerial  cV.^^*        *         u     u         J  11       -^k     *       chromosome  numbers.  None  of  them  are  connected 
Aerial  shoot  systems  bushy  and  usually  without       ̂ "*"  ♦;       I  li   t   '  I  ■ 

a  dominant,  elongate  main  axis.  Costa  Rica,  His- by  intermediate  species  or  intersectional  hybrids. """A".**!,  civ^iiiiciic  iiiciiii  axis,  v^usiii    itujii,   1113-  "  ,  ■     1     1  •,  J  i_    1       •      I    J«.„;l„ 

Pauiola,  the  Andes  from  Venezuela  to  Tierra  del       Although 
 growth  hab.t  and  morphological  de  a.ls 

f^ego,  southeastern  Brazil,  South  Georgia,  Ker- 
guelen,  Malvinas.  Restricted  to  high-altitude  hab- 
>^ts,  at  or  above  the  forest  limit.  The  deeply  sub- 

terranean main  stems  enable  the  species  to  tolerate 
paramo  fires  very  well  (Lellinger,  1989:  fig.  6; 
%aard,  1988:  fig.  24C). 

are  quite  diverse,  features  of  branching,  sporan- 

gium anatomy,  spores,  and  gametophytes  indicate 

that  Lycopodiclla  is  a  natural  entity. 

Lycopodiella  sect.  Lycopodiclla 

Sporophytes  with  prostrate  or  looping,  rooting, 

indeterminate,  isophyllous  to  slightly  anisophyllous. 
ycopodium  assurgens  Fee  (£.  schwackei  {Chrisl)      horizontally  branching  shoots,  and  dorsally  arising. Herter) 

D. th 

inly 

*  treelike  branching,  with  an  elongate  main  axis 

erect,  simple  or  up  to  twice-forked  strubiliferous 

branches.  Leaves  of  erect  branches  ronform  with 

leaves  of  prostrate  shoots,  or  somewhat  rrdtirrd. 
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Sporophylls  arranged  in  alternating  whorls  of  5  or 
(011gaard 

more,  forming  10  or  more  longitudinal  ranks,  free,      demic,  dwarfed  form  from  Hispaniola,  with  very 
not  enclosing  the  sporangia,  subpeltate,  with  tri-      short,  erect,  strobiliferous  branches  is  as  yet  un- immature described. 

anisovalvate.    Sporangium    epidermis    cells    with 
semiannular   thickenings.    Chromosome    numbers 
based  on  x 78. 

veinal  and  basal  mucilage  canals.  Sporangia  axil- 

lary, subglobular,  with  a  narrow  stalk,  strongly      Lycopodiella  appressa  (F.  Lloyd  &  L.  Underw.) Cranfill 

With  flatly  creeping  indeterminate  shoots  and 

The  type  section  occurs  in  northern  temperate  ̂ ^""^^^^  appressed  leaves  throughout  the  slender, 

regions  of  America  and  Eurasia  and  in  tropical  ̂ ''^''^   strobiliferous   branches.    Temperate   North 

America  south  to  northern  Argentina.  Most  of  the  ̂"^^^^^^^  ̂ uba.  This  species  occurs  almost  exclu- 

species  grow  on  moist  or  boggy,  sandy   soil.   It  s^^^^ly"^  temperate  North  America,  but  has  a  f^
^ 

comprises  probably  fewer  than  10  poorly  under- 
stood and  freely  hybridizing  species.  The  hybrids 

extant  sites  in  Cuba. 

may  form  normal  spores  when  the  parents  have      ̂ 7^^P^^^'^^^«  geometra  B.  011g.  &  Wind. the  same  chromosome  number.  There  are  five  or 
more  species  in  the  Neotropics. 

Lycopodiella  alopecuroides  (L.)  Cranfill 

With  high-looping  indeterminate  shoots.  Vege- 
tative leaves  of  the  strobiliferous  branch  patent  and 

nearly  of  the  same  length  as  the  sporophylls.  Leaves 
furnished  with  numerous  irregular,  partly  hooked 
teeth.  Temperate  North  America,  Cuba.  In  the 
narrow  sense  this  species  is  almost  restricted  to 
North  America,  but  has  been  found  once  in  Cuba. 
It  occurs  mainly  in  soft  mossy  boes. 

Remarkable  because  of  its  high-looping,  inde- 

terminate shoots,  producing  erect,  fascicular,  sub- 

isotomous,  lateral  branchlet  systems.  Erect  strobi- 
liferous branches  often  up  to  twice  forked. 

Southeastern  Brazil,  Paraguay,  northern  Argentina 
(011gaard  &  Windisch,  1987:  fig.  4A). 

LYCOPODIELLA  SECT.  CAROLINIANA  (BRUCE) 
B.  0LLG. 

Sporophytes  with  prostrate,  rooting,  indetermi- 

nate, isophyllous  to  strongly  anisophyllous,  hori- 
branching 

In  the  broad  sense  the  name  is  applied  to  a  simple  strobUiferous  branches.  Leaves  of  strobilifer- 
heterogeneous  assemblage  of  neotropical  plants  in  ous  branches  conform  to  leaves  of  prostrate  shoots, 
the  section,  aU  different  from  the  species  sensu  or  strongly  reduced  and  distant.  SporophyUs  ar- 
stricto,  awaiting  a  detailed  study  and  better  un-  ranged  in  alternating  whorls  of  3-5,  rarely  decus- 
derstanding  of  the  group.  Undoubtedly  the  South  sate,  forming  4-10  longitudinal  ranks,  free,  not 
American  representatives  are  as  complex  as  the  enclosing  the  sporangia,  without  veinal  mucilage 
North  American  ones  (Bruce,  1976).  The  concept  canals.  Sporangia  isovalvate,  reniform,  broadly  at- 
m  the  broad  sense  includes  the  types  of  Lycopo-  tached  to  the  sporophyU  stalk.  Sporangium  epi- 
dmm  longipes  Grev.  &  Hook.,  and  thus  its  syn-  dermis  cells  with  incompletely  semiannular  thick- 
onym  Lycopodiella  alopecuroides  var.  integer-       enings.  Chromosome  numbers  based  on  x  =  35. 

This  section  is  represented  in  most  tropical  an 

temperate  regions,  but  is  absent  from  Europe,  west- 
ern temperate  Asia,  and  western  temperate  Nort 

011g.  &  Wind 

fig.  8;  011gaard  &  Wind 

represents  the  most  widely  occurring  element  in 

Je  group  (almost  throughout  the  neotropical  range).  America.  Most  of  the  species  grow  on  moist  or 
The  relation  of  this  element,  especially  to  the  North  boggy,  sandy  soU.  Some  species  are  adapted  to 
American  Lycopodiella  prostrata  (Harper)  Cran-  seasonal  drought  and  may  survive  dry  periods  by fill,  needs  clarification.  Other  varieties,  L.  alope-  means  ol 

subterra Wind 

Wmdisch,  1987:  fig.  4D)  and  variet 
011g.  &  Wind.  (011gaard  &  Windis 

.  There with 

(011gaard  are  6-10  rather  poorly  understood  species,  ̂  

tupiana  the  highest  diversity,  including  the  primitive,  i^^- 

c      iD\/u    r         i_  ^'   1987:  phyllous  species  in  South  America.  At  least  io^ 
fig.  4B)  (both  southeastern  Brazil)  seem  to  represent  species  occur  in  the  Neotropics.  A  thick,  spongy 
eqiially  d.stmct,  but  rnore  local  elements.  This  also  cortex  in  the  prostrate  shoots  seems  to  have  de- 
apphes  to  Lycopodiella  matthewsii  (Hook.)  Holub  veloped  independently,  possibly  as  an  adaptation 
(h.gh  altitudes  m  the  northern  Andes)  (0Ugaard,  to  growth  in  marshes  or  very  shallow  water,  u. 
1988:  fig.  26A)  and  to  very  slender  plants  from  species  in  southern  Africa,  Brazil,  and  the  Guayana the  lower,  eastern  Andean  slopes  from  Ecuador  to  Highlands. 
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Lycopodiella  contexta  (C.  Martius)  Holub  {Ly-       reduced.  Southern  and  southeastern  BrazO,  Para- 
copodium  sprucei  Baker) 

Isophyllous,  with  identical  vegetative  leaves  on 
prostrate  and  strobiliferous  branches.  Vegetative 

leaves  falcate  from  a  perpendicular  base,  with  sub- 
terete,  acroscopically  adnate  leaf  bases.  Along  the 

guay,  Arnazonian  Bolivia  (Fig.  14). 

LYCOPODIELLA  SECT.  CAMPYLOSTACHYS 

(K.  MUELLER)  B.  0LLG. 

Sporophytes  with  trailing  to  arching  or  looping. 

margins  of  the  Amazon  basin  in  Venezuela,  Brazil,       rarely  creeping,  indeterminate  shoots,  rooting  at 
Peru,  and  Colombia  (Fig.  13). usually  long  intervals,  occasionally  branching  in 

the  horizontal  plane,  giving  off  lateral,  horizontal 

Lycopodiella  iuliformis  (L.  Underw.  &  F.  Lloyd)       branchlet  systems,  and  usually  bearing  one,  dor- 
B.  0llg.  {Lycopodiella  duidae  A.  C.  Smith;       sally  arising,  treelike,  erect  branch  system  on  every 
i.  tatei  A.  C.  Smith) 

Isophyllous,  differing  from  the  preceding  species 
by  the  flattened  leaf  bases  and  the  more  distant, 
appressed  vegetative  leaves  of  the  strobiliferous 
branches.  Guayana  Highlands.  Polymorphic,  and 
in  need  of  detailed  study.  The  variation  concerns 
especially  size,  number  of  orthostichies  in  the  stro- 

ps, and  in  correlation  with  this,  shape  of  spo- 
rophylls.  Some  of  the  size  variation  appears  ge- 

bil 

stems  (Fig.  12). 

011g 
life 

Lycopodiella  caroliniana  (L.)  Pichi-Se rm. 

(Ly^ 

copodium  meridionale  L.  Underw.  &  F.  Lloyd; 
Lycopodium  paradoxum  C.  Martius) 

Distinctly  anisophyllous.  Temperate  and  tropical 
America,  tropical  Africa,  tropical  Asia,  Polymor- 

loop.  The  erect  branch  bearing  a  series  of  subde- 

cussately  arranged,  ascending  to  recurved  or  hang- 
ing, flabellate  branchlet  systems,  which  in  turn  may 

terminate  in  epedunculate,  nodding  to  pendulous 

strobili;  strobili  sometimes  also  on  the  branchlets 

of  the  lateral  branchlet  systems  of  the  indetermi- 

nate  horizontal  axes.  Stem  steles  with  highly  dis- 

sected xylem.  Leaves  and  stem  surfaces  often  with 

short,  usually  unicellular  hairs.  Sporangia  subglob- 
ular,  anisovalvate,  almost  enclosed  in  cavities  formed 

by  the  strobilar  cortex  and  the  coalescent  basal 
membranes  of  adjacent  sporophylls.  Sporangium 

epidermis  cells  with  nodular  or  buttresslike,  lignified 

thickenings  on  the  side  walls.  Chromosome  counts 

problematic  and  varied,  some  of  the  published  num- 

bers possibly  inaccurate;  n=  104,  108,  110,  136, 
156,  ca.  165,  208. 

The  species  of  this  section  occur  throughout 

moist  regions  of  the  tropics,  commonly  as  pioneers 

phic,  exhibiting  considerable  variation  in  size  and       on  disturbed  soil.  Lycopodiella  cernua  is  pantrop- 

in  the  shape  of  the  leaves  of  the  prostrate  shoots.       ical,  while  many  other  species  have  narrow  distri- 
A  small  and  slender  variety,  with  narrow  lateral 

esemblin 
butions.  Species  diversity  is  especially  high  on  trop- 

ical mountains.  Most  of  the  species  have  a  treelike 

the^type  variety  (temperate  North  America)  occurs       growth  habit,  but  in  some  the  branches  correspond- 
ing to  the  treelike  branch  systems  may  become 

in  Colombia. 

Lycopodiella  caroliniana  var.  meridionalis  (L.  scandent  and  several  meters  long.  Lycopodiella 

Underw,  &  F.  Lloyd)  B.  011g.  &  Wind,  deviates  5fe7ermarA;«' may  occur  as  high-climbing  epiphyte, 
from  the  type  variety  mainly  through  its  larger  Lycopodiella  hradei  is  exceptional,  being  entirely 

sjze.  It  occurs  throughout  the  neotropical  range  creeping,  with  partly  subterranean  stems  and  erect 
and  is  doubtfully  distinct  from  part  of  the  African strobili- 

6a,  b). 

affi 

mi 

011g.  &  Wind 

(Mi 

The  total  number  of  species  in  the  section  is 

uncertain,  probably  exceeding  20.  Of  these  at  least 

13,  but  probably  more,  can  be  recognized  in  trop- 
ical America.  The  growth  habit  is  important  for 

species  recognition,  but  at  the  same  time  is  highly 

^nay,  Venezuelan  Guayana,  ?Amazonian  Colom-  variable  according  to  the  size  and  luxuriance  of 

^"a)  is  as  small  as  or  smaller  than  the  type  variety,  plants,  and  as  a  response  to  light  conditions.  Hy- 
f>nt  has  very  short  and  broad  leaves. 

be 
0Ug 

Lycopodiella  cernua  (L.)  Pichi-Serm.  (L.  capiU 

laceum  (Spring)  Hieron.) 

A  large  species  with  strongly  anisophyUous,  thick,  With  erect,  treelike  branches  with  lax,  softly 

spongy  horizontal  stems,  with  dorsal  leaves  strongly      recurved  lateral  branchlet  systems,  with  usually 

podium  goyazense  L.  Underw,  &  F-  Lloyd) 
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4  mm 

Figures  12,  13.     12.  Lycopodiella 
Detail,  strobiliferous  branch. — e.  Detail, 
shoot.  — d.  Detail,  strobiliferous  branch. 

iuliformis  var.  iuliformis.- 
strobilus.  13.  Lycopodiella 
e.  Detail,  strobilus. 

a,  b.  Habit. — c.  Detail, 
contexta, — a,  b.  Habit. 

prostrate  shoot
. -d- 

c.  Detail  prostr
ate 

glabrous  main  axes  with  capiUary,  patent  to  re-  curved,  sterile  branchlets.  Treelike  shoots  often flexed  or  slightly  ascending  leaves,  and  small  stro-  -.u  *u    u         .  ,                      i     *      ̂   ;^  ̂   fasciculate 
k;i;    Paw.tr^r..Voi    A                      .                   ,  with  the  branchlet  systems  clustered  in  a  lasciciu bih.  FantropicaL  A  common  pioneer  on  disturbed  i      •  ,      ,        ,                   a  .tmhili   Am- 

SOU  in  most  tropical  areas,  especially  in  the  lowlands  ̂ ^'^"'^  ̂ ^^  ̂ '^  '^^'^^^  '^"^'■^!^  f  V     Peru (Lellinger 

fig.  27A). 
011gaard,  1983:  fig.  6c-e;  011gaard 

Lycopodiella  camporum  B.  011g.  &  Wind. 

Resembling  L.  cernua  in  most  details,  but  with 
more   densely   foliose,   stiffly   ascending,   not   re-      fig.  3). 

azonian  Venezuela  and  the  Guianas,  Colombia,  re 

and  Bolivia,  southern  and  southeastern  Brazil-  tc 

logically  this  species  is  characterized  by  its  affinity 

for  savanna  and  campos  vegetation,  especially 

mid  places  along  rivers,  where  the  plants  becom 

temporarOy  flooded  (0llgaard  &  Windisch,  19  " 
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Figure  14. 
Lycopodiella  carnosa. — a.  Habit. — b.  Detail,  prostrate  shoot,  upper  side. Sporophyll 

hcopodiella  trianae  (Hieron.)  B.  0Ug. 

Vigorous  plants,    with   self-supporting   treelike 
shoots  at  least  up  to  2.5  m  taU,  and  with  hairy. 

mentioned  above.  Costa  Rica,  Panama,  Andes  from 

Venezuela  to  Bolivia  (01Igaard,  1988:  fig.  27C). 

appressed  leaves  on  the  main  axes.  Branchlets  very      Lycopodiella  lehmannii  (Hieron.)  B.  011g. 

thin,  with  small,  appressed  leaves  with  many  stiff 
hairs,  and  with  small  strobili.  Pacific  coastal  Co- lomb 

la,  northwestern  Ecuador.  The  species  is  re- 

With  a  growth  habit  resembling  the  preceding 

species,  but  with  very  slender,  usually  hairy  axes 

and  small  strobili,  doubtfully  distinct  from  that  spe- 

stneted  to  very  humid  areas  on  the  western  Andean      cies.  Colombia,  ?Ecuador  (0Ugaard,   1988:   146, 

fig.  27C). 

011g 

fig.  27B). 

I 
ycopodiella  descendens  B.  0Ug. 

Closely  related  to  L.  cernua,  but  differing  by 

Lycopodiella  pendulina  (Hook.)  B.  f'llg.  (L.  eich- 
leri  (Fee)  B.  0ng.) 

Most  closely  related  to  L.  glauccscens,  but  dif- 
e  softly  recurving  treelike  branches  and  by  dense-      ̂   ^^.  ̂^^  ̂ ^jj^y  ̂ ^^^^  tree-like  branches  with 

AnH^""^  T"*  ̂""^^  ""'^^  appressed  leaves.  Eastern      ̂ ^.^^^  ̂ ^^^^^^^  branched,  weeping  branchlet  sys- 
1988   fi  ^  ̂^^^  *^^  Ecuador  and  Peru  (0Ugaard,      ,_^  ^„^  ,^;^^  «trnhili.  with  laree  snoronhvlls.  De- 

L 
ycopodiella  glaucescens  (C.  Presl)  B.  0Ug. 

A  large  and  rather  coarse,  scandent  species,  with 
ranches  corresponding  to  the  treelike  branch  sys- 

tems and  thick  strobili,  with  large  sporophylls.  De- 

gree of  branching,  size  and  shape  of  the  leaves  of 

the  main  axes,  and  stem  hairiness  are  variable. 

Costa  Rica,  Andes  from  Venezuela  to  Bolivia, 

southeastern  Brazil.  This  heterogeneous  species  oc- 

curs in  open,  humid  habitats  at  high  altitudes  (Lel- 

[«™s  often  becoming  scandent  and  several  meters  linger,  1989:  fig.  12;  Ollgaard,  1988:  fig.  26B). 

H-  Leaves  of  main  axes  usually  perpendicular  The  names  Lepidotis  convoluta  P.  Bcauv.,  Ly- 

<"  reBexed,  sometimes  curved  upward  like  a  hook,  copodium  cymosum  (Fee)  Hieron.,  and  lycopo- 

^-  1  nun  broad,  and  coriaceous.  Strobilus  size  dium  curvatum  Sw.  may  apply  to  one  or  more 

^""able,  but  usuaUy  larger  than  in  the  species  corresponding  high-altitude  spncies  of  the  Antilles. 
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3  mm 

5  cm 

Figure  15.      Lycopodiella  bradei. — a.  Habit. — b.  Branchlet  system  with  strobili. — c.  Branchlet  with  strobilus 
d.  Part  of  strobilus,  showing  coalesced  sporophyll  bases  and  deeply  immersed  sporangia. 

However,  I  have  not  seen  the  types,  and  accord-  Lycopodiella  bradei  (Herter)  B.  011g. 
inely  cannot  apply  the  name  with  certainty,. 

^  Without  erect,  treelike  aerial  branch  systems. 

¥              j-n*./TTTj           OT-Ti      i^T^  The  whole  plant  prostrate,  forming  a  flabellate  shoot Lycopodiella  torta  (L.  Underw.  &  F.  Lloyd)  B.  A,        ̂     .                  .       ̂ i         j^.„rn,mH 
yji.^              ,              r>     •              r              f.  system,  with  creepme,  occasionally  undergrounu, 011g.,  comb.  nov.  Basionym:  Lycopodium  tor-  .                 c^       ,                 t>      -i    t*  *•  •    ̂ r.A  fa- 
.        o.  .             T     TT    1           o  %.  C,      ,    ̂   „  mam  stems.  Southeastern  Brazd:  Itatiaia  and  i.a 

T-            T}*i-iuQQ    iio    inr./:    /  parao.  This  is  the  most  reduced  and  deviating  oi Torrey  Bot.  Club  33:  118.  1906.  (synonym:  ̂ i   ,             .        r  i            •           -.u         .  .fr..hili  and 
r              ,.                         X               ,     \.  c.    ;  1 .,  all  the  species  of  the  section,  with  erect  strobUi  ana Lycopodium  cernuum  L.  var.  dussii  Stehle)  ,  ̂            ,    „            .        tt                •♦.  nn^lps- 

'  smooth  sporophyll  margins.  However,  its  coaies 

BuU 

A  very  robust  species  with  densely,  and  strongly, 
almost    tangled,    divaricately    branched,    treelike cent  sporophyll  bases,  almost  enclosing  the  spo- 

rangia, the  cell  structure  of  the  sporangium  wall, 

shoots,  with  thick  and  coriaceous  leaves,  and  rel-      and  the  spore  morphology  clearly  indicate  its  ai- 
atively  small  strobili.  Lesser  Antilles.  Restricted  to      finity  to  the  section  (Fig.  15). 
high  volcanoes  in  its  area. 

Lycopodiella  riofrioi  (Sodiro)  B.  011g.  {L.  pensum 
Lellinger  &  Mickel  in  Lellinger) 

Leaves  imbricate,  lanceolate,  fimbriate,  both  on 
major  and  minor  stems.  Costa  Rica,  Colombia  to 
northern  Peru,  Venezuela,  and  adjacent  Brazil.  A 
distinctive  and  easily  recognized  species  (Lellinger, 
1989:  fig.  13;  0Ugaard,  1988:  fig.  26C). 

Lycopodiella  steyermarkii  B.  011g, 

Unusual  in  the  section  by  the  apparent  lack  of 
typical  erect,  treelike  shoots.  Strobili  produced  on 
the  lateral  branchlet  systems  of  the  slender,  gla- 

un 

large,  sometimes  up  to  9  cm  long,  with  very  long      Lellinger,  D    B 
and    narrow    sporophylls.    Venezuelan    Guayana, 
Panama,  Colombia,  Ecuador.  Some  of  the  plants 
in  the  western  part  of  the  area  are  epiphytic,  form- 

ing mats  higl 

fig.  2 IB). 

1 
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CYTOLOGICAL  PROBLEMS  IN       Florence  S.  Wagne 

LYCOPODIUM  SENS.  LAT.^ 

Abstract 

Homosporous  pteridophytes  differ  from  seed  plants  most  strikingly  in  their  potential  ability  to  produce  completely 
homozygous  offspring  from  a  single  haploid  spore.  The  Lycopodiaceae  share  this  characteristic  with  the  ferns,  but 
differ  from  them  in  the  absence  of  apogamy  and  in  the  relatively  high  frequency  of  allohomoploid  nothospeciation  in 
certain  genera.  Determining  chromosome  numbers  in  this  family  is  often  difficult,  and  discrepancies  are  found  in 
published  accounts.  Evidence  in  support  of  a  base  number  of  1 1  is  presented.  Allohomoploid  nothospeciation  is 
described  involving  four  species  of  Diphasiastrum.  A  table  giving  the  published  chromosome  numbers  in  Lycopodium sens.  lat.  is  included. 

prod 

from  ferns  in  two  notable  respects:  (1)  apogamy 

that,  along  with  Psilotum  and  Equisetum,  are  often  a  specialized  nonsexual  hfe  cycle  that  accounts  for 

referred  to  as  ''fern-allies/'  This  is  a  designation  as  much  as  10%  of  fern  species  (Walker,  1979, 
badly  in  need  of  replacement.  No  apt  substitute       1985)  but  has  never  been  reported  in  ijco/^oc^iu/n 
has  been  suggested.  The  category  "homosporous 
pteridophytes"  is  inappUcable  since  that  includes 

sens,  lat.;  and  (2)  allohomoploid  nothospeciation, 

which  is  the  production  of  fertile  sporophytes  with 
the  ferns  and  excludes  the  heterosporous  groups,       no  change  of  ploidal  level.  Though  rarely  found  in 
Selaginella^  Isoetes,  and  the  heterosporous  "water fe rns. most  pteridophytes,  it  is  relatively  common  m  Ly- 

copodiaceae   (Bruce,    1975;    Hersey    &    Britton, 
However,  for  the  purposes  of  this  paper,  which  1981;  F.  Wagner,  1980).  In  contrast,  allopoly- 

deals  with  cytology,  homosporous  pteridophytes  is  ploidy  as  a  pathway  to  establishing  nothospecies  is 
a  useful  classification  supported  by  traits  that  con-  well  known  in  ferns  (Wagner  &  Wagner,  1980), 
trast  with  the  angiosperms,  such  as  the  relatively  and  in  at  least  two  genera  of  the  Lycopodiaceae 
large  size  and  high  numbers  of  pteridophyte  chro-  (Bruce,  1975;  Wagner  et  aL,  1985),  but  is  rare 
mosomes,  and  the  absence  or  paucity  of  multivalent 
formation  in  polyploid  meioses.  A  guide  to  the 
nomenclature  of  the  Lycopodiaceae  is  given  in  011- 
gaard(1987,  1989). 

in  Diphasiastrum  and  Lycopodium  sens,  str 

mi The  Chromosomes  of  Lycopodium  sens,  lat 

sporous  pteridophytes  and  seed  plants  (as  weU  as  Determining  the  chromosome  numbers  of  spe- 
heterosporous  pteridophytes)  has  to  do  with  fertil-  cies  in  the  traditional  genus  Lycopodium  sens.  lat. 
ization.  The  gametes  involved  in  "selling"  in  seed  has  not  been  popular  with  cytologists,  and  justifi- 
plants  arise  from  two  different  recombinant  prod-  ably  so  because  of  the  difficulties  frequently  en- 

countered. Lycopodium  spore  mother  cells,  in  gen- 

eral, have  very  thick  walls.  Indeed,  at  first  glance prod 

selfing 

rous  pteridophytes,  on  the  other  hand,  have  the      they  look  like  young  spores  and  may  be  full  of 
capacity  to  produce  completely  homozygous  off-      cytoplasmic  granules  and  oU  droplets.  Also,  the 
spruig  since  a  gametophyte  and  its  gametes  are      chromosomes,  unlike  those  of  most  ferns,  are  com- 

monly of  different  sizes.  Figure  1  illustrates  a  recent 
study  I  made  of  Huperzia  selago  with  n  = 

produced 
selfing 

1970)  as  opposed  to  mfergametophytic  mating,      (a  tetraploid)  and  demonstrates  some  of  the  tech- 
which  results  from  fusion  of  gametes  from  the      nical  problems.  Fa«erzia5e/a^o  chromosomes  v^ere 
gametophytes  of  two  spores.  ^^^^  categorized  by  Manton  (1950)  as  the  worst 

cytological  object  she  had  ever  encountered. 

The   Lycopod 

phytes  share  these  characteristics,  but  they  differ      figure  she  iUustrated  has  lagging  univalents,  often 

D. ,  ..„  -„   ^  .:;  ,""^  o--uu«.cuges  me  nelp  ot  L».  Bay  with  photography,  J.  IV B.  Lellinger  with  literature,  and  W   H   Waimpr  wJtl,  ̂ A  ■  f  ">'."J''  •»• " 
in»„„„.™„»  „f  p:„i   .  TT    .     .    •  ̂fg"er  with  advice  and  assistance. 

Beitel 

Depa 

Missouri 729.  1992. 
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Figures  1,  2.      Meiotic  chromosomes  of  Huperzia  selago.  —  1,  Photomicrograph  at  diakinesis,  with  134  pairs 
2.  Explanatory  diagram.  Material  from  Michigan,  Mackinac  Co.,  Carp  River. 

an  indication  of  hybridity,  and  approximately  113  number  of  alleles  as  diploid  angiosperms.  One  ex- 
pairs,  37  univalents.  Chromosome  numbers  of  132  planation  for  the  genetic  diploidy  suggests  a  history 

and  136  have  also  been  reported  for  this  species  of  repeated  allopolyploidization  followed  by  gene 

(see  Table  2).  Huperzia  lucidula,  a  related  species,  sUencing.  Repeated  polyploidization  of  originally 
has  67  pairs  of  chromosomes  at  meiosis  (Beitel  &  low  numbers  is  also  supported  by  outside  evidence 

Wagner,  1982).  The (Wagner  &  Wagner 

the  tetraploid  count  136  are  numbers  found  fre-       erosporous  lycopsid  pteridophytes,  such  as  Selag- 

W quently  in  Huperzia  species  in  Japan  (Takamiya       inella  and  Isoetes,  have  low  numbers  (Klekowski 
&  Kurita,  1983).  The  technical  difficulties  men- 

tioned above,  and  the  fact  that  Lycopodium  chro-       Wagner 
niosome  pairs  often  show  precocious  disjunction, Ma 

counts  Dossible.  Do  counts 

that  diflfer  in  only  one  pair,  for  related  species, 
truly  reflect  aneuoloid  chanees.  or  mere  nreiudice 

vascular  plants  probably  have  original  base  num- 
bers of  7  to  1 3  (Wagner  &  Wagner,  1 980). 

The  contrary  hypothesis,  that  ancestral  homo- 

tn  interpretation?  Not  all  species  of  Lycopodium      sporous  pteridophytes  as  well  as  contemporary  spe- 
exhibit  these  pitfalls;  chromosome  figures  in  Di- 

numbers 

counts 
the  beginning,  is  advanced  as  an  aUernative  to  the 

23,  are  usually  cytological  models.  But,  considering       above  by  several  biologists  (see  Duncan  &  Smith, 

1978;  Wagner  &  Wagner,  1980;  Soltis  &  Soltis, 

construed   Lycopodium,   we  have   very   few  de-       1988a). 
If  we  can  assume,  however,  that  the  high  chro- 

mosome  numbers   of  the    homosporous   pterido- 

the  more  than  500  species  in  traditional  broadly 

counts 

The  Base  Chromosome  Number 
lyCOPODlVM  SENS.  LAT. 

IN 

number 

phytes  (including  the  Lycopodiaceae)  represent  re- 

peated polyploidization  of  ancestral  low  numbers, 

we  can  attempt  to  estimate  what  the  base  numbers 

are  in  the  family. 
round mbe 

**r  in  the  angiosperms  would  indicate  high  poly-  of  11.  Lycopodium  sens.  lat.  is  here  divided  into 

P'oidy.  Recent  research,  however  (e.g.,  Hauflrr,  four  genera  (and  three  possible  additional  genera; 

^987;  see  also  Pichersky  et  al.,  1990),  suggests  the  issue  of  how  many  genera  are  actually  repre- 

t^at  pteridophytes,  in  spite  of  their  high  numbers,  sented  in  the  traditional  lycopodium  sexi^.  lal.
  is 

«fe  genetically  diploid,  having  essentially  the  same  dealt  with  elsewhere  in  ih.s  symposium  by  Wagne
r 
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Table  1.     Chromosome  numbers  in  Lycopodium  sens.  lat.  based  on  11. 

G enus 1 

Huperzia 

Phlegmariurus 

{Huperzia) 

Lycopodium 

Diphasiastrum 

Lycopodiella 

Pseudolycopodiella 

{Lycopodiella) 

Palhinhaea 

{Lycopodiella) 

Base  number 
11 

6  X   11 

6  X   11 

3x11 

2x11 

7x11 

6x11 

5x11 

Common 
denominator 

66 
67 

68 

66 
68 

34 

23 

78 

35 68 

70 

52 

54 
55 

Numbers  reported' 

Anomalous  numbers 

reported  in  genus^ 132 

67 
134 
68 

136 
204  (3  X) 

132 
136 

ca.  275  (4  x  68?) 

34 31 

68 
102(3  X  34) 

23 78 

156 

35 
68 70 

104 

156(3  X  52) 
108 

110 
ca.  165  (3  X  55) 

ca.  128  H.  refiexa 

22  L.  clavatum 

90-92  L.  jussiaei 

48  L.  wightianum 

1 36  L.  cernua 

'  For  a  discussion  of  the  classification  used  here  see  Wagner  &  Beitel  (1992). 
=  For  references  to  these  numbers  see  Table  2.  Chromosome  numbers  in  Lycopodium  sens,  lat 

&  Beitel,  1992).  Aneuploid  changes  account  for  The   128  pairs  of  chromosomes  in  Huperzia 
the  common  denominators  shown  here,  and  poly-  refiexa  (Table  1)  is  an  approximate  count  made 
ploidy  results  in  further  changes  shown  in  the  actual  by  Walker  ( 1 966),  who  suggested  that  it  is  of  the 
numbers  reported.  same  order  of  magnitude  as  a  count  of  n  =  132, 

The  anomalous  numbers  listed  in  the  last  column  which  is  a  number  reported  in  other  huperzias. 
of  Table   1   can  be  interpreted  in  several  ways.  The  photograph  of  a  figure  substantiating  the 
Lycopodium  clavatum  Wiih  n  =  22  from  Bolivia  count  of  136  pairs  in  Lycopodiella  cernua  (Ku- is  most  likely  a  taxon  different  from  the  worldwide 

Whe 
species  of  that  name  that  has  «  =  34.  Diphasias-      ing  with  Lycopodium  chromosomes  in  numbers  of 
trum  wightianum  with  «  =  48  was  counted  by      this  size,  a  drawing  in  addition  to  a  photograph  a 
Ninan  (1958),  who  wrote,  *'The  bivalents  at  dia- 
kiuesis  exhibit  very  peculiar  shapes  and  are  of 
diflferenl  sizes,  presenting  difficulties  in  interpre- 

tation." One  is  templed  to  think  that  D.  wightia-      to nam  is  a  tctraploid  based  on  n 
be 

23,  the  only assume   that    many    aneuploid    and   p 
nees  coidd  have  accumulated 

be 

01Igaard  (1' Thi?  numbe 

Lycopod 

pcrhap 

rs 

n 31.  The  two  species,  however,  are  placed  in 
ent  groups  by  011gaard  (1987). 

With 
to  the  hypothesis

  that  the  base  number  for  L)' 

copodium  sens,  lat.  is  11,  it  is  not  unrea
sonab^ -     .olyploKl 

?loo« 

based 

iiisiory  oi  tne  genus. 
 :>ucn  cnanges

  w^"«"  -- 

on  11 — for  to  assume  a  number  other  than      ' 

e.g.,  7  or  17,  would  require  an  even  greater  nurnbe^ 
of  alterations.  Earlier  studies  have  attempte^l 

require  the  existence  of  exact  multiples  of  a    . 

pothesized  base  number  as  a  criterion,  e.g..     ̂  

Lycopodium  sens,  str.,  68  and  136  in  Huper-^^ 

which  are  all  exact  multiples  of  17  (e.g.,  Takami. 
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Table  2.     Chromosome  numbers  in  Lycopodium  sens.  lat. 

Species 
Locality Chromosome 

number 

Photo  or 
drawing 

Reference* 

I 

I 

I 

Huperzia 

chinensis  (Christ) 
Ching 

herterana  (Kumm) 

Japan 

India 
Sen  &  Sen I 

herterana 1 India 

lucidula  (Michx.) 
Trevisan 

lucidula 

Canada 

U.S.A. 

U.S.A. miyoshiana  (Makino) Ching 

occidentalis  (Clute) 
Beitel  &  Mickel 

selago  (L.)  C.  Martius        Canada 

U.S.A. 

&  Schrank 
selago Finland 

selago 
selago 
selago 
selago 

selago  var.  acumina- 
tum Sugimoto 

serrata  (Thunb.  ex 
Murray)  Trevisan 

serrata 

Great  Britain 

Iceland 
U.S.A. 

U.S.A. 

Jap 

an 

India 

Japan 

serrata 

vernicosa  (Grev.  & 
Hook.)  Trevisan 

Huperzia  {Phlegmariurus) 
<^^yptomerina  (Max- 

im.) Dixit 

dichotoma  (Jacq.) Trevisan 

fordii  (Baker)  Dixit 

^miltonii  (Spreng.) Trevisan 

^^nifolia  (L.)  Trevi 

Japan India 

Japan 

Puerto  Rico 

Japan 

India 

isan Puerto  Rico 

"^^crostachys  (Spring) 
Holub^ 

Phlegmaria  (L.) Rothm. 

phlegm 

India 

India 

ana 

Japan 

Ph'Uantha  (Hook.  & Am.)  Holub 

Ph'llantha' 
P^icherrima  (Hook.  & 

India 

India 

India 

n 68 

n 132 

2n  =  ca.  405 

(180  II  +  45  I) 
2n  =  264 

n^  67 

n 134 

n  =  ca.  134 

2n  =  264 

2n  =  ca.  90 
n  =  ca.  45 

ca.  113  II,  37  I 
2n  =  264 

2«  =  264 
n 
n 

134 

136 

n 264 

n 
n 

=  68 

=  136 

2n  -  204 
n  -  136 

n 136 

n  =  ca.  132 

136 

Photo Drawing 
Takamiya  &  Kurita 

(1983) 
Mehra  &  Verma  (1957) 

Photo,  Drawing Ninan  (1958) 

n 136 

rt  =  ca.  1 30- 

n 140 
136 

n 136 

«  ̂   ca .  275 

n 170 

«=  136 

n-  136 

Love  &  Love  (1958) 

Photo,  Drawing Beitel  &  F.  Wagner 

(1982) Soltis  &  Soltis  (1988a) 

Soltis  &  Soltis  (1988a) 

Love  &  Love  (1958) 

Sorsa(1962) 

Sorsa  (1963b) 

Manton(1950) 
Love  &  Love  (1958) 

Love  &  Love  (1966) 

Photo,  Drawing         F.  Wagner  (this  paper) 

Photo,  Drawing 

Photo,  Drawing 

Tak  &  Kur  in  Mitui 
(1980) 

Ghatak  (1965) 

Photo 

Photo 

Photo Photo,  Drawing 

Takamiya  &  Kurita 
(1983) 

Takamiya  (1984) 
Ninan  (1958) 

Photo,  Drawing         Takamiya  &  Kurita 
(1983) 

Sorsa  in  Fabbri  (1965) 

Photo,  Drawing         Takamiya  &  Kurita 

Photo,  Drawing 

(1983) 
Ninan  (1958) 

Sorsa  in  Fabbri  (1965) 

Photo,  Drawing 
Ninan  (1958) 

Photo,  Drawing 
Ninan  (1958) 

Photo,  Drawing         Takamiya  &  Kurita 

Photo,  Drawing 

(1983) 
Ghatak  (1965) 

Photo,  Drawing 
Photo,  Drawing 

Ninan  (1958) 

Ninan  (1958) 
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Table  2.     Continued- 

Species 

san 

sieholdii  (Miq.)  Holub 

squarrosa  (G.  Forster) 
Trevisan 

Locality 

India 

Jamaica 
pulcherrima^ 

reflexa  (Lam.)  Trevi- 
san 

saururus  (Lam.)  Trevi-       Bolivia 

Japan 

India 

Chromosome 

number 

2n  =  330-340 
n  =  ca.  128 

Photo  or 
drawing 

n 

n 

n 

n 

132 

136 

136 
138 

Drawing 

Photo,  Drawing 

Photo 
Drawing 

Reference 

Mehra  &  Verma  (1957) 
Walker  (1966) 

RoUeri  (1982b) 

Takamiya  &  Kurita 

(1983) Ninan  (1958) 

Lycopodium 
annotinum  L 
annotinum 

annotinum 

aiinoiinutn 
annotinum 

annotinum 

annotinum  var.  acri- 

foViuni  Fern. 
annotinum  snbsp.  ah 

pestre  Love  & 
Love 

casuarinoides  Spring 

clavatum  L 
clavatum 

clavatum 
clavatum 

clavatum 

clavatum  sens.  lat. 
cla  vatum 
clavatum 
clavatum 

clavatum 

do  vat  urn 
clavatum 
clavatum  X  vcstitum 

Canada 
Finland 

Japan 

Sweden 
Sweden 

U.S.A. 

Japan 

Iceland 

Japan 

Bolivi 
la 

Canada 

Ecuador 

Finland 

India 
India 

Great  Brilain 
Jamaica 

Japan 

Sweden 

Taiwan 
U.S.S.R. 
Ecuador 

2n  =  68 

n  =  34 

2/1  =  68 
«  =  34 

2n  =  ca.  58 

n In 

n 

n 

n 

2rt 

2n 

clavatum  var.?. 

clavatum  ̂ ub^p. 
megastackyon 
(Fern.  &  Biss.) 
Love  &  Love 

U.S.A, 
Canada 

clavatum  var.  nippon- 
icum  Nakai 

Japan 

contiguum  Klottsch 
dendroideum  Mirht. 

Ecuador 
Canada 

n 
n 
n 

2n 

n 

n 

34 

ca. 

34 

50 

2n  =  68 

2n  =  68 

«  =  22 
2«  =  68 

=  34 

=  34 

2r  =  68 
n  =  34 

n  =  68 
n  =  34 
n=  34 

2n  =  68 

102 

136 
2n  =  ca.  66 

=  34 
=  14 
=  34 

=  ca.  60 

2a  =  68 

34 =  34 

2n  =  68 

Drawing 
Love  &  L5ve  (1958) 
Sorsa  (1958) 

Sorsa  (1963b) 

Photo  Takamiya  &  Kurita 

(1983) 
Ehrenberg  (1945) 

Photo,  Drawing        Manton  (1950) 

Dunlop  (1949) 
Photo  Takamiya  &  Kurita 

(1983) 
Love  &  Love (1958) 

Photo 

Drawing 

Drawing 

Drawing 

Photo 

Photo 

Photo 

Photo 

Photo Drawing 

Photo 

Takamiya  &  Tanaka 

(1983) 
RoUeri  (1982a) 

L5ve  &  L5ve  (1958); 

Love  (1976) 

gfllgaard  ( 1 987) 
Sorsa  (1958) 

Sorsa  (1963b) 

Mehra  &  Verma  (1957) Ghatak  (1965) 
Photo,  Drawing         Manton  (1950) 

Walker  ( 1 966) 

Tanaka  &  Takamiya 

(1981) 

Takamiya  &  Tanaka 
(1982) 

Takamiya  (1989) 

Ehrenberg  (1945) 

Tsai  &  Shieh  (1983) 
Baranov  (1925) 

011gaard(1987) 
Dunlop  (1949) 

L5ve  &  Love (1958) 

Kuriu 
(1983) 

011ga 

Love 
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Table  2.     Continued. 

I 

I 

» 

I 

Species 

jussiaei  Desv.  in  Poi- ret 

jussiaei 
lagopus  (Laest.  ex 

Hartm.)  L  Zinzerl. 

ex  Kuzen.-Proch* 
magellanicum 

(Beauv.)  Sw. 

mageUanicum 
ohscurum  L. 
ohscurum 

ohscurum 

ohscurum 
vest  it  urn  Poiret 

Diphasiaslrum 

alpinum  (L.)  Holub 
nlpinum 

alpinum 
alpinum 

complanatam  (L.)  Ho lub 

complanatum 

complanatum 
complanatum 
complanatum 

fowcettii  (Doyd  & 
Underwood)  Holub 

^  habereri  (House) Holub 

^  habereri 

^isileri  (Rouy)  Holub 
^Mobinifolium  (Willd.) Holub 

^bifufolium 
^chense  (Rupr.)  Ho- lub 

^uchense 
uich rri4e 

Locality 
Chromosome 

number 
Photo  or 
drawing 

Reference* 
Ecuador 

Ecuador 

Argentina 
Canada 

Japan 

U.S.A. 

U.S.A. 

Ecuador 

Canada 
Finland 

Great  Britain 
Scandinavia  & 

Canada 
Canada 

Canada  & 

Scandinavia 
Finland 

Finland 

Japan 

Labrador 

Canada 

U.S.A. 

complanatum 
complanatum  x  tris- 

tachyum? 
complanatum  var. 

^longatum 

<iigitatum  (A.  Braun)  Canada Holub 

digitatum^ 
digitatum 
^igitatum 

Canada 
Canada 
U.S.A. 

Ja 
maica 

Canada 

U.S.A. 
Germany 

Canada 

Canada 
Canada 

Labrador 

U.S.A. 

n  =  90-92 

n  =  34-36 
2n  =  68 

n 

n 

n 

n 

n 

n 

n 

n 

2n 

31 =  31 

2/1  =  68 
34 

34 

2n  =  ca.  50 
34 

2n  =  48 
n  =  22-24 

2n  =  44 
n  =  24  25 

2n  =  46 

2rt  =  46 

2n  =  ca  48 

2n  =  46 

n  =  22-24 
n  =  ca.  24 

23 
=  23 

2n  =  46 

40 

2n  =  46 

ca .  48 

2n-  46 

2n  =  46 
n-  23 

2n  =  46 •  23 

2/1  =  46 

2/1  =  46 
-  23 

2n  =  46 

n  =  23 

2/1  -  46 

Photo,  Drawing        011gaard  (1987) 

Wilce  (1972) 

Love  &  Love  (1958) 

011gaard  (1987) 

Photo 

Photo 

01]gaard(1987) 
Love  &  Love  (1958) 

Takamiya  &  Kurita 
(1983) 

Photo,  Drawing        Wagner  &  Wagner 

(1966) Dunbp  (1949) 

01lgaard  ( 1 987) 

Drawing 

Photo,  Drawing 

Drawing 

Drawing 

Photo 
Drawing 

Drawing 

Photo 

Photo 

Drawing 

Love  &  L5ve  (1958) 
Sorsa  (1963a,  b) 

Manton  (1950) 

Love  &  Love  (1961) 

Hersey  &  Britton  (1981) 

Love  &  Love  ( 1 958, 
1961) 

Sorsa  (1963a) 
Kukkonen  (1967) 

Tak  &  Kur  in  MHui 
( I 980) 

Wilce  ( 1 965) 

Heraey  &  Britton  ( 1 98 1 ) 

Dunlop  ( 1 949) 

Ilersey  &  Britton  (1981) 

Love  &  Love  (1958) 
Love  (1976) 

WUce  (1965) 

Walker  (1966) 

Hersey  &  Britton  ( J  9«  J ) 

F.  Wagner  ( 1 980) 
DatnboMt  ( 1 962) 
Love  (1976) 

F.  Wagner  ( 1 980) 
Love  { 1 976) 

Wi!.r  (1965) 

Love  &  Lovr  ( 1 966) 
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Table  2.     Continued 

Species 

X  zeilleri 

Locality 

Japan 

Jap 

an 

Ecuador 

Canada 

sitchense  subsp.  ni- 
koense  L.  &  L. 

sitchense  var.  ni- 
koense  Takeda 

thjoides  (Willd.)  Ho- 
lub 

tristachyum  (Pursh) 
Holub 

tristachyum 
tristachyum 
tristachyum 

veitchii  (Christ)  Holub        Taiwan 

wightianum  (Grev.  &         India 
Hook.)  Holub 

X  zeilleri  (Rouy)  Holub      Germany 

Canada 

Canada 
U.S.A. 

U.S.A. 

Chromosome 
number 

2n  =  46 

n 

n 

n 

n 

23 

n  =  23 

2n  =  46 

2/1  =  ca.  48 
2n  =  46 

23 

68 

48 

2n  =  46 
n  =  23 

Photo  or drawing 

Photo 

Photo 

Drawing 

Photo 

Reference* 

Drawing 

Love  (1976) 

Takamiya  &  Kurita 
(1983) 

011gaard(1987) 

Hersey  &  Britten  (1981) 

L5ve  &  Love  (1958) 
L5ve  (1976) 

Wilce(1965) 

Tsai  &  Shieh  (1983) 

Photo,  Drawing         Ninan  (1958) 

Damboldt  (1962) 

F.  Wagner  (1980) 

trata 

appressa  (Chapman) 
Cranfill 

appressa  x  prostrata 
inundata  (L.)  Holub 
inundata 
inundata 
mun 

U.S.A. 
Lycopodiella 

alopecuroides  (L.) 
Cran. 

alopecuroides  x  ap-  U.S.A. 

pressa 
alopecuroides

  
x  pros-       U.S.A. 

U.S.A. 

U.S.A. 

Canada 
Canada 

Finland 

Great  Britain 
U.S.A. 

U.S.A. 

data 

inundata 

margueritae  Bruce, 

Wagner  &  Beiter 
prostrata  (Harper) 

Cranf, 

subappressa  Bruce, 

Wagner  &  Beitel** 

I*^eudolycopodiella  (Lycopodiella) 

U.S.A 

U.S.A 

caroliniana  (L.)  Holub Japan 

caroliniana Japan 

caroliniana U.S.A 

meridionalis  (L.  Un- 

derw.  &*  F.  Lloyd) 
Holub 

Jamaica 

n 

n 

n 

n 2n 

2n 
n 

n 

n 
n 

n 

n 

n 

78 

78 

71  =  78 

78 

78 
156 

156 
78 

78 78 
156 

78 

156 

rt  -  68 

68 

«  =  35 
«  =  70 

2n=  115« n  «^  ca.  69 

Photo,  Drawing 

Photo,  Drawing 

Photo,  Drawing 

Photo,  Drawing 

Photo,  Drawing 

Drawing 

Photo,  Drawing 
Photo,  Drawing 
Photo,  Drawing 

Photo,  Drawing 

Photo,  Drawing 

Photo 

Photo 

Bruce (1975) 

Bruce (1975) 

Bruce (1975) 

Bruce (1975) 

Bruce (1975) 

Love  &  Love  (1958) Love  (1976) 

Sorsa  (1961) 

Manton  (1950) 

Bruce  (1975) 

Bruce (1975) 

Bruce (1975) 

Bruce (1975) 

Takamiya  &  Kurita (1983) 

Takamiya  &  Kurita (1983) Photo,  Drawing         Bruce  (1976) 

Walker  ( 1 966) 

Palhinhaea  {Lycopodiella) 
cernua  (L.)  Carv. 

V«»c.  &  Franco 
Japan 

cernua India 

n 

n 

108 

104 

Photo 

Photo,  Drawing 

Takamiya  &  Ku
rita 

(1983) 
Ninan  (1958) 
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Table  2.     Continued. 

Species 
Locality 

Chromosome 
number 

Photo  or 
drawing 

Reference 

cernua Indi 
la 

cernua Indi 
la 

n 
n 
n 
n 
n 
n 

104 
156 
208 

104 
110 
136 

Photos Drawings 
Ghatak(1965) 

Photo Kuriachen  (1965) 

cernua 

cernua 

Jamaica 
Trinidad 

Taiwan 

n  =  ca.  160II, 

201 
n  =  ca.  165 
n  =  ca.  165 

Photo,  Drawing Walker  (1966) 

n 102 Photo Tsai  &  Shieh  (1983) 

For  references,  see  Literature  Cited.  The  following  references  were  not  seen  and  therefore  not  included  in  this 
table:  Hadac,  E.  &  V.  Haskova.  1956.  Taxonomicke  poznamky  o  tatranskych  rostlinach  ve  vztahu  k  jejich  Bratislava/ 
cytologii.  Biol6gia  Brat.  11:  717-723.  Love  A.  &  D.  Love.  1948.  Chromosome  numbers  of  northern  plant  species. 
Icel.  Univ.  Inst.  Appl.  Sci.,  Dept,  Agric.  Rep.  B.  3:  1-131. 

'  As  Lycopodium  lucidulum. 
macrostachys  and  phyllantha  are  treated  as  synonyms  by  Ninan. 

'  As  Lycopodium  setaceum, 
*  As  clavatum  subsp.  nionostachyum  (Grev.  &  Hook.)  Selander. 
*A9  complanatum  var.  Jlabellifor me, 
*  As  |Wthern  appressa''  See  Bruce  et  ah  (1991). 
I  As  "appressed  inundata"  See  Bruce  et  al.  (1991). 
•Somatic  count  of  a  presumed  triploid  hybrid— possibly  105? 

^  Kurita,   1983).  Such  suggestions  do  not  take      is  formation  of  a  sterile  diploid,  and  (2)  AB 
aneuploidy  into  consideration. 

Allohomoploid  Nothospeciation  in 
IrCOPODlLM  SENS.  LAT. 

Even  though  the  potential  for  self-fertilization      ploid,  i.e.,  of  the  same  ploidal  level,  AA  x  BB 
exists,  in  Lycopodium  sens.  lat.  as  in  all  the  ho-      [AB] 

[AABB],  which  is  formation  of  a  fertile  allopoly- 

ploid through  endomitosis  or  chromosome  doubling. 

In  Lycopodium  sens.  lat.,  another  pattern  is  found 

in  which  a  fertile  sexual  nothospecies  is  formed 

without  doubling,  an<]  parents  and  hybrid  are  homo- 

oposcd 

mosporous  pteridophytes  with  gametes  of  both  sex-  (The  use  of  brackets  here  and  be! 

**  produced  in  the  same  gametophyte,  evidence  reproductively  competent  hybrid, 
for  high  frequencies  of  intergametophytic  matings  Werth  &  Wagner  (1990).) 
has  been  found.  Soltis  &  Soltis  (1988b)  studied  a  In  Figure  3  three  species  of  DiphasiasUum 

total  of  22  widely  scattered  populations  of  L,  cla^  digitatum,    complanatum,    and    silchense— -are 

^^fum,  L,  annotinum,  and  Huperzia  miyoshiana,  shown  with  D.  tristachyum,  a  .species  that  liybrid- 

•"n,  using  electrophoretic  analyses  of  polymorphic  ~ oci,  calculated  low  estimates  of  intragametophytic 

^f-ferlilization.  They  concluded,  therefore,  that 
*n^se   species    predominantly    cross-fertilize.    Be- <^ause  /.v/^^r.^^;..™  ^„„„ 

^»  ̂ycopodiella  sens,   lat.,   has   entirely   under- 
ground gamelophytes,  it  had  been  presumed  in  the 

^^^^        The  liybrjrl^  resulting  from  tlu^se 

crosses,  />   [x]  hahereri,  [x]  zeilleri,  and  [xj 

sahinifolium  (all  of  which  have  been  found  in  llie 

wild),  are  fertile  to  the  extent  that  their  genomes 

lat".,  with  the  exception       show  complete  pairing  of  chromosomes,  and  their
 

norma 
lumber 5).  Tl 

{n 

M 

^tl^rground 

imming 

bridization 
On 

23)  is  the  same  as  that  for  all  the  parents  involved 

(F.  Wagner,  1980;  Hersey  &  Britton,  1 98 1), 

Unfortunately,    germination    of    Lycopodium 
a^«/^rf>^  ran  onlv  be  carried  on\  vnxh  diflfirulty  I 

^^'ing  and  interspecific  hybridization  have  turned      Whittier,  1 977,  1 98 1  ;_Whi.Ucr  &  Websler,  1 986) 
**"»  to  be  common  in  the  Lyci **<  1985). 

ypicaUy  in  plants,  nothos 

podiaceae  (W 

Uon) 
'\B,  which 

normal  spores  have  yet  to  be  mnde.  Som*-  in
diratimi 

of  ihnr  fertility,  however,  i«  ntt^-^t.-d  to  h
y  thr  fart 

that  we  find  isolated  populations  of  D    X  hnhr
rrri. 
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D.    complanacum D.   sitchense 

D-  tristachyum 

D.  digitatum 

3 

Figure  3.     Diphasiastrum.  Diagram  showing  hybridization  of  D.  tristachyum  with  D.  complanatum  to  form  D. 
...n.,;.  ,.:.u  n   .;..!,„....„  f„.™  n    ..   ̂ -    •.,-  .     .  ,    ̂      ,.    .        ̂         .         ̂     x  Aofterm*.  All  taxa  have 

drawings  are  from  
WUcc 

n  ~ (1965).
 ifoliu 

23  pairs  of  chromosomes.  Branchlet  drawings  show  relative  sizes  of  leaves.  Habit 

initia 

spore  with  no  parental  species  or  only  one  parent      Lycopodium  sens.  str. 
species,  L.   clavatum    x    vestitum,  in  the  g^*^ 

(Wagner  &  Wagne 

Homoploid  nothospecies  in  Lycopodium  sens.      phytes  was  first  reported  in  a  classic 

i^uputiturn  sens,  isir,  ., 

FertUe  homoploid  nothospeciation  in  P|^"v^* confined 
Walke 

^^^^5 

although  most  reported  examples  are  in  that  genus.      Two  species,  P.  multiaurita  and  P.  quadriauriic Bruce  (1975)  found  hybrids  in  Lycopodiella  be- 
tween L.  alopecuroides  and  i,  appressa,  and  be- 
tween i.  alopecuroides  and  L.  prostrata,  with 

pairing  of  genomes,  the  same  chromosome  number 

in  Ceylon,  formed  a  hybrid  swarm  of  interme  i 

occupying  an  ecotone  between  the  parents. 

hybrids  were  fertile  but  without  chromosome  ̂   o^^ Kli'no-  oil  Ur.A  *k«  ̂ «™^  ^i^^^^i^cmnft  number  a^ 

as  the  parents,  and  morphologically  normal  spores,      parental  species. 011gaard 

Homoploid  hybrids  of  Ceratopteris  have 

also 
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'CURES  4,  5.     4.  Photomicrograph  of  chromosomes  of  Diphasiastrum  x  sabinifolium  at  diakinesis  with  23  pairs 
01  chromosomes.  — 5.  Scanning  electron  photomicrograph  of  spores  of  D.  xhabereri. 

produced 
i      miliar  in  the  ferns  resulting  in  either  sterile  allo- 

(1974),  and  homoploid  hybrids  in  the  Cyatheaceae,      diploids  or  fertUe  allopolyploids  (Beitel,  1 986,  1 988) 
first  reported  by  Conant  &  Cooper-Driver  (1980),       No  allohomoploid  hybrids  have  been  reported  in 
are  found  in  Puerto  Rico.  The  cyatheoid  hybrids      the  genus, 
backcross  and  form  hybrid  swarms,  but  recombi- 

nant second  generation  hybrids  may  become  sta- 
bUized  and  maintain  their  genetic  integrity  by  means 

selfing Discussion 

A  number  of  generalizations  can  now  be  made 

In  the  North  American  Lycopodium  sens,  lat.,  regarding  the  cytology  of  Lycopodiaceae.  The  basic 
the  morphological  variation  seen  in  the  Diphasias-  chromosome  numbers  are  high,  the  lowest  being  x 
trum  hybrids  seems  clearly  to  be  environmentally  =  23.  In  this  respect  the  clubmosses  are  like  other 
produced,  i.e.,  sun  and  shade  forms  (Beitel,  1979a,  homosporous  pteridophytes  and  unlike  the  hetero- 

b;  Beitel  et  al.,  1982).  However,  although  we  have  sporous  Selaginellaceae  and  Isoetaceae,  which  have 
searched  for  years,  we  have  not  found  backcrosses  x  numbers  like  seed  plants.  Also,  like  other  ho- 

"1  these  hybrids.  This  seems  surprising  since  Di-  mosporous  pteridophytes,  Lycopodiaceae  bear  both 
phasiastrum  species  have  been  found  to  be  pri-  sex  organs  on  the  same  gametophyte  and  poten- 

niarily  outcrossers  (see  above  and  Soltis  &  Soltis,  tially  can  undergo  intragametophytic  mating.  The 

1988b).  Hybridization  produces  the  original  hybrid  Lycopodiaceae  differ  from  homosporous  ferns  in 

and  if  such  hybrids  retain  this  capacity,  then  con-  the  apparent  absence  of  apogamy  and  in  a  greater 

tinued  outcrossing  should  ultimately  lead  to  back-  tendency  for  allohomoploidy,   as   illustrated   pri- 

crossing,  introgression,  and  hybrid  swarms.  Ap-  marfly  by  Diphasiastrum 
nm 

To  explain  the  curious 
**step-wise"  increases 

hTomosom'e  base  num- 
3nd  it  may  be  that  rarity  is  a  factor;  there  may  nc 
^ot  be  enough  individuals  of  associated  parental  hers,  i.e.,  23,  31-34,  52-55,  66-70,  and  78,  I 

species  to  cross  with.  Related  perhaps,  is  the  fact  can  offer  only  a  hypothesis  that  we  are  dealing 

»fiat  species  of  Lycopodium  sens.  lat.  are  great  here  with  a  polyploid  series,  involving  some  aneu- 

clone  formers  and  rely  heavily  on  vegetative  re-  ploid  changes  as  a  minor  element,  i.e.,  2  X   11,  3 

—  '  -  that  there  is  in  realitv  verv  X    11,5   X    11,6   X    1  1 ,  and  7   X    1 1 .  The  graded 
be 

oduction 
mbe 

Unlike  Diphasiastrum  and  Lycopodiella,  hy-      possibiUty  that  the  original  clubmosses  had  high idizat I  mbe 
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erosporous  lycopsids  have  low  numbers  as  do  the      Duncan,  T.  &  A.  R.  Smith.    1978.    Primary  basic  chro- 

seed  plants  supports  the  idea  that  paleopolyploidy  mosome  numbers  in  ferns:  facts  or  fantasies.  Syst 

accounts  for  the  genome  sizes  known  today  in  the      ̂ ^      ̂̂ ^'  ̂'  lr?^~i^i5A     xt  ,  ,         , f  ,.  M         1     1   •  1  1    T 1  .         DuNLOP.  D.  W.     1949.    Notes  on  the  cytology  of  some 
Lycopodiaceae.  Neopolyploidy  probably  occurs  m  ,y,^p^ds.  Bull.  Torrey  Bot.  Club.  76:  266-277. 
all  genera  of  Lycopodiaceae,  but  seems  to  be  rare      Ehrenberg,  L.     1945.    Kromosomtalen  hos  nagra  karl- 
in  certain  groups,  notably  Diphasiastrum  and  Ly-  vaxter.  Bot.  Not.  1945:  430-437. 

copodium  sens,  str.,  in  comparison  to  Huperzia       ̂ abbri,  F.    1965.    Secondo  supplemento  alle  Tavole  cro- 

where  neopolyploidy  is  common.  '  mosornische  delle  Pteridophyta  di  Alberto  Chiarugi. •^'^        ̂   Caryologia  18:  675-731. 
Ghatak,  J.     1965.    Some  evidences  of  cytological  evo- 

lution in  Lycopodium  L.  s.l.  The  Nucleus  8:  45-58. 
Haufler,  C.  H.    1987.    Electrophoresis  is  modifybgour 

concepts  of  evolution  in  homosporous  pteridophytes. 
Amer.  J.  Bot.  74:  953-966. 

Hersey,  R.  E.  &  D.  M.  Brixton.    1981.   A  cytological 

study  of  three  species  and  a  hybrid  taxon  of  Lyco- 
podium (section  Complanata)  in  Ontario.  Canad.  J. 

Genet.  Cytol.  23:  497-504. 
HiCKOK,  L.  G.  &  E.  J.  Klekowski,  Jr.  1974.  Inchoate 

speciation  in  Ceratopteris:  An  analysis  of  the  syn- 

thesized hybrid  C.  richardii  x  C.  pteridoides.  Evo- 

The  chromosomes  of  these  plants  are,  for  var- 

ious reasons,  often  difficult  to  study,  especially  those 
of  the  polyploid  fir  mosses,  Huperzia,  The  great 
diversity  of  numbers  already  known  in  the  Lyco- 

and  thoroughly  documented  numbers. 

:  will 

find 
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Abstract 

Any  similarities  between  Phylloglossum  and  specific  subgenera  of  Lycopodium  sens,  lat,  have  been  difficult  to 
determine,  because  the  reduced  sporophyte  of  Phylloglossum  has  few  characters  for  comparison.  Gametophytes  can 
provide  useful  characters,  but  it  is  difficult  to  find  Phylloglossum  gametophytes  in  nature.  These  gametophytes  have 
been  grown  in  axenic  culture  for  study.  Spores  of  Phylloglossum  germinate  in  the  dark  on  a  nutrient  medium 
containing  minerals  and  glucose.  No  germination  occurs  in  the  light.  In  early  development,  a  globular  gametophyte 
forms  that  later  becomes  cylindrical.  The  cylindrical  gametophytes  are  negatively  gravitropic  and  grow  vertically 
away  from  the  surface  of  the  nutrient  medium.  As  long  as  the  gametophytes  are  cultured  in  the  dark  they  remain 
cylindrical  and  nonphotosynthetic.  Moving  the  gametophytes  into  light  initiates  chlorophyll  development  and  brings 
about  a  new  growth  habit  that  is  oriented  more  or  less  horizontally  rather  than  vertically.  Growth  in  the  light  is 
elongated  but  deltoid  in  cross  section.  Sexually  mature,  photosynthetic  gametophytes  have  not  yet  been  grown. 
Information  from  axenic  culture  helps  to  explain  the  habit  of  these  gametophytes  described  from  nature.  It  would 
appear  that  the  spores  have  to  be  covered  with  soil  before  they  germinate.  The  young  gametophyte,  which  is 
mycorrhizal,  becomes  cylindrical  and  grows  to  the  surface  of  the  soil.  Once  exposed  to  light  the  mature  habit  develops. 
Germination  in  the  dark,  mycorrhizal  young  gametophytes,  and  other  characters  suggest  that  Phylloglossum  is  not 
as  similar  to  the  subgenus  of  Lycopodium  (Lepidotis)  having  photosynthetic  gametophytes  as  once  thought. 

The  extant  Lycopodiaceae  are  often  regarded  materials.  At  the  beginning  of  the  next  growing 

as  being  composed  of  two  genera,  Phylloglossum  season,  the  tuber  apex  grows  upward,  producing 
(one  species)  and  Lycopodium  sens.  lat.  (more  than  the  new  stem  with  leaves,  roots,  and  cone. 

200  species).  Lycopodium  is  complex,  comprising  The  relationship  of  Phylloglossum  to  Lycopo- 
discrete  groups  of  species  recognized  as  subgenera  dium  has  been  discussed  by  a  number  of  workers 
(Wilce,  1972),  genera  (011gaard,  1987)  or  even  (Bower,  1886;  Thomas,   1901;  HoUoway,  1935; 

higher  categories  (see  Wagner  &  Beitel,  1992).  Hackney,  1950;  Breckon  &  Falk,  1974).  How- 
Phylloglossum  is  a  small,  homosporous  member  ever,  the  extremely  reduced  structure  of  the  Phyl- 

of  the  Lycopodiaceae  of  shrubland  areas  from  New  loglossum  sporophyte  makes  comparisons  with  ij* 
Zealand  and  Australia.  Its  shortened,  erect,  un-  copodium  difficult. be 

For  the  purposes  of  this  paper  we  follow  Wilce 
quill-like  microphylls  at  the  sofl  surface.  Even  re-      (1972)  in  recognizing  the  following  subgenera  ' 

of 

oduct 

produced 
Lycopodium: 

the  stem.  The  plant  bears  reniform  sporangia  on 

Urostachys,  with  stems  isodichotomous; 
 spo- the  adaxial  surface  of  sporophyUs  in  a  small,  stalked  rophylls  usually  little  diflferentiated  from  leaves, 

^*""^"^""  persistent,  and  not  subpeltate;  waDs  of  sporangial 

epidermal  cells  sinuate  and  Hgnified;  spores  lov 

tuberous  perennial 

growing  season  (winter)  the  stem  branches  and  olate-fossulate;  mature  gametophytes  mycorrhi- 
..r.A.  .  ..^  .,.k..  A   :«  .u„  „.n  ̂ ,     .  ,  ^^j^  cylindrical,  branched  or  unbranched  with 

tuber  down 

shoot 
terminal 

radial  or  bilateral  symmetry. 

(marsupial)  and  oriented  toward  the  soQ  surface and 

tuber.  The  tube 

with 

indefinite  growth 

terminate,  branchlet  systems;  sporophyUs  m 

ified,  ephemeral,  and  subpeltate;  waUs  
of  spo- 
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rangial  epidermal  cells  straight  and  nonlignified;  the  hemispherical  distal  face  of  the  spore  had  dense 

spores  rugulate;  mature   gametophytes   photo-  regular  foveolate  ornamentation, 

synthetic,  tuberous  with  dorsal  lobes.  Often  spores  obtained  from  pteridophytes  that 

Lycopodium^  as  for  Lepidotis  but  walls  of  bear  their  sporangia  close  to  the  soil  give  high  rates 

the  sporangial  epidermal  cells  sinuate  and  lig-  of  bacterial  and  fungal  contamination  when  inoc- 
nified  throughout;  spores  baculate  or  saccate;  ulated  in  axenic  culture.  To  reduce  the  possibility 

mature  gametophytes   mycorrhizal,   carrot-   or 
disc-shaped. 

contamination 

The  morphology  of  Lycopodium  gametophytes 
is  variable  and  has  been  considered  of  taxonomic 

value  (Bruchmann,  1898;  Rothmaler,  1944;  Boi- 

2%  Tween  80  solution,  rinsed  in  several  changes 

of  water,  and  then  soaked  in  the  final  water  rinse 

overnight.  The  following  day  the  spores  were  sur- 
face sterilized  with  20%  Clorox  for  2  minutes.  The 

sterilized  spores  were  collected  by  filtration  and vin,  1950;  Bruce,  1976b).  Comparisons  between  t     i         i     n  •  i_  i    u  r 
1  ,  ^  J  i-tniiii  washed  on  the  filter  paper  with  several  changes  ot 
the  gametophytes  of  Lycopodium  and  Phylloglos- 

sterile  distilled  water.  They  were  finally  suspended sum  could  be  of  value  in  determining  relationships       .  .i      i-     n    i  i     •     *x  j  •  *         u     ̂  
I  ,  Aiuuvii  "^  sterde  distilled  water  and  pipetted  mto  culture between  the  two  genera.  Although  little  is  known 
about  Phylloglossum  gametophytes,  they  do  not 
appear  to  have  a  reduced  morphology.  Of  the  three 
studies  carried  out  in  the  1900s  (Thomas,  1901; 

Sampson,  1916b;  Holloway,  1935),  only  Thomas 
based  his  report  on  observations  of  more  than  one 

gametophyte.  The  gametophytes  are  described  as 
being  phot osynthe tic,  but  Thomas  (1901)  noted 
that  their  basal  portions  can  be  white. 

tubes. 

The  spores  were  inoculated  onto  15  ml  of  nu- 
trient medium  in  20  x  125  mm  culture  tubes  with 

screw  caps,  which  were  tightened  after  inoculation. 
A  liter  of  nutrient   medium   contained    100   mg 

Mg^SO.-TH.O,  100  mg  NH,NO„  40  mg  CaCL, 

and  100  mg  K2HPO4.  The  medium  was  completed 

with  0.25  ml  of  a  minor  element  solution  (Whittier 

&  Steeves,  1960),  8.5  ml  of  a  FeEDTA  solution 
INo  twentieth-century  worker  has  been  success-  ^^^^^  ̂ ^  ̂j^   ̂ ^^^^^  ̂ ^j  q  1^^  gj^^^,^    It  ̂ ^^ 

^1  in  germmatmg  the  spores  of  Phylloglossum.  ^    ̂^^^^  ̂ ^    „  3  q  ̂^^  ̂ ^l^^j^^j  ̂ i^^  o.8%  agar. 
However    Cne  (1883)  reported  that  the  spores  ̂ ^  eultures  were  maintained  at  24  ±  l^C  in  light 
germmated  to  form  gametophytes  similar  to  those  ̂ ^^    ̂   ̂  ̂ ^  24  hours  or  in  darkness.  The 
ot  the  Ophioglossaceae.  Crie's  very  brief  report  has  .^^^jj^^^^  j^^^l  ̂ ^,  50  ̂ molm-s-  from  Gro- generally  been  ignored  in  the  recent  literature  on  ,       „  .  ,   ^ 
Ph^llr.^1  1     -„  ,  . ,        1  .         .      .  •  lux  fluorescent  lamps. 
t^nyuogiossum  and  will  be  considered  later  m  this report. 

The  present  study  employed  axenic  culture  tech-  RESULTS 

niques  to  germinate  the  spores  and  grow  the  ga-  j^enty  percent  of  the  spores  germinated  after 
metophytes  oi Phylloglossum  in  order  to  gain  more  ^^^^^  ̂ ^^^j^^  -^  ̂ ^^^  ̂ ^]t^re.  Since  3-  and  4-celled 
mlormation  on  their  structure  and  physiology  that  t^phytes  were  found  at  this  time,  the  earliest 
might  be  useful  in  determining  affinities  Phyllo-  ̂ ^^^^  J^j^^  ̂as  initiated  prior  to  three  months. 
gfo55UTO  may  have  with  subgenera  of  Ljco/?oc?mm.  ^^  germination  occurred  in  illuminated  cultures 
hese  techniques  are  useful  in  germinating  the  ̂ ^^^^  ̂ ^^  ̂ ^^^  Because  spores  cultured  in  the  light 

spores  and  growing  gametophytes  of  various  pte-  ̂ ^^  ̂ ^^  germinate  if  moved  into  the  dark  for 
ndophytes  that  have  proven  difficult  to  find  in  jj^ree  months,  it  may  be  assumed  that  light  inhibited nature  or  grow  in  culture  (Whittier,  1972,  1981). 

germination Materiai^  and  Methods 

Kunze 

Germination  occurs  as  the  cell  expands  and  r
up- 

tures the  triradiate  ridge  of  the  spore  coat  (Fig.  2). 

  vr.  ,  nj/LLugiussum,  arurnrnufiuii  is.\jj.i{.^  bhortly  alter  5  Tli'c 

<=ollected  at  Lake  Ohia  and  Ahipara,  New  Zealand,  the  first  cell  division  takes  place  (F.g.   3).    lh.s 

provided  spores  for  this  study    Vouchers  of  spo-  division,  which  produces  t
he  2-celled  gametophyte, 

;ophytes  are  deposited  at  the  Vanderbilt  University  is  oblique  to  the 
 polar  axis  of  the  spore.  However 

Herbarium  (VDB).  Strobili  were  removed  from  the  it  forms  more  or  less  proxim
al  (toward  the  t"rad.a^ 

plants  and  dried  to  release  the  spores  that  fit  the  ridge)  and  distal  (away  from    he  tr-d-  te  jd^^^^^^ 

Jscription  for  Phylloglossum  spores  (Knox,  1950;  cells.  A  portiori  of  the  distal  cell  ---^^^^^^^^^^ 

«.^"-,  1955;  Breckon  &  Falk    1974).  They  were  sp
ore  coat  whUe  the  proximal  cell  becomes  free  of Y        and  had  an  average  diameter  of  40.5  ̂ m      it.  „  ,.  •  ■  ,.,.rc  in  thp  nroximal 

(measur.^  f,..„u  .•   v    ̂   ._.__,  r„„.  ̂ f  The  second  cell  division  occurs  m  the  proximal 
"measured  fresh  in  water).  The  proximal  face  of  The  second  '^^'^'^   'T  "^  „  7    ;T,        ,,. 

•he  spore  was  essentially  smooth  (Fig.  1);  however,      cA\  t
o  produce  a  3-celled  gametophyte  (large 



732 Annals  of  the 
Missouri  Botanical  Garden 

i 

Figures  1  -9.      Spores  and  gametophytes  of  Phylloglossum  drummondii.  —  1 .  Spores.  — 2.  Germinating FIGURES  1-v.      spores  and  gametophytes  o!  rhylloglossum  drummondii.  — I.  Spores.  — 2.  Uerminaung  ^n"^^^ 
3.  Two-celled  gametophyte  formed  by  oblique  wall.  Most  of  the  distal  cell  and  less  of  the  proximal  cell  are  m 
sDore  coat.  — 4.  Three-celled  gametophyte  with  spore  coat  attached  to  distal  cell.  Arrow  indicates  the  wall  formed ..:„!_„  „f.i.   1_.        1..    -5.  Three-celled  gametophyte 

spore  coat  ^    
second  cell  division  of  the  gametophyte,  which  occurred  in  the  proximal  cell. umulated 

thickened  wall  of  distal  cell.  Large  arrow  indicates  cell  wall  formed  by  second  cell  division  of  gametophyte  »•  ̂   _ 
cad  of  multicellular  gametophyte.  Arrow  indicates  mucilage  secretion  by  thickened  portion  of  the  waU  of  distal  ce  - 
7.  Small  multicellular  gametophyte.  Arrow  indicates  mucilage  and  thickened  wall  of  distal  cell.  — 8,  9.  Young  g^^ 

ithout 
urface  of  partia

lly 

6.  Dis^*' 
Xof  distal  ce

ll 

young  rhizoids 30  ̂ m. 

Th 
oduced 

perpendicular  to  the  original  wall  formed  by  the      portion  of  this  wall  thickens  (Figs 

WaU  differentiation  of  the  distal  ceU  ̂ ^^|^^^ 

apparent  at  the  3 -celled  stage  (Fig.  5).  The  ̂  
The  distal  cell  does 

more  divisions  (Figs.  6,  7). in  association  with  the  wall  thickening,  either
  o 

it  or  adjacent  to  it,  there  is  a  secretion  of 
 niu 
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«f«r^^^iftn< 

-I* 

• 

F 

Figures 

11.  Small  ver- tic  ir""^  ̂^~18.      Gametophytes  oi  Phylloglossum  drummondii.  — 10.  Globular  gametophytes.      x*.  ̂ -»«»  .- 
auy  oriented  cylindrical  gametophyte  with  young  rhizoids.  —  1 2.  Gametophyte  with  globular  base  and  apical  cylindrical 

ftcal   K       ̂̂ '  ̂y'^"^'*i^al  gametophyte  with  bend.  New  apical  growth  parallel  to  surface  of  nutrient  medium  (near 

Earrf      I  ^^^^  ̂^^  oriented  vertically  in  the  horizontal  culture  tube.  New  growth  away  from  gravity.  — 14.  Cylindrical 

^^metophyte  taken  from  reorientation  experiment  showing  bending  of  gametophyte  and  new  growth  away  from  source 
gravity^  15,  Young  photosynthetic  gametophyte.  Arrow  indicates  area  at  base  of  cylindrical  portion  without 

orophyU.  — 16,  Young  photosynthetic  gametophyte.  New  tissue  formed  in  Ught  having  a  rough  surface.  Arrow 

hori^^^' r^'''''  ̂*  ̂ ^^  of  cylindrical  portion  without  chlorophyll.- 17,  ̂ "   ̂    ^   ^"'^  ̂ -^-.^^».vt-.«  w,rh 
•^ntal  orientation  of  the  noncylindrical.  new  growth.  All  scale  bars 

:ylindrical 
it  naving  a  rough  suniiuc.  ^nw" 

17,  18.  Young  photosynthetic  gametophytes  with 

1  mm. 
I 

aginous  material  (Figs.  5-7;  smaU  arrows  indicate           The  spore  coat  often  remains  attached  to  the •mucilage).  Thp  >>,,.^:i   ^_'         -.i      i  -       li^  _»       j-  ._i   ii   ..„t;l   »V.o   tramptnnhvte  ha-?  attained  a The  mucUaee  stains 
"-&-/•  tne  mucUage  stains  with  alcian  blue  at      distal  ceU  until  tne  gameiupn;' ic  ..a-  <x..<....^   

f^  2.6  (0. 1 7o  alcian  blue  in  3%  acetic  acid),  which  macroscopic  size  (Figs.  8,  9).  It  usuaUy  gets  caught 

^monstrates  that  it  contains  an  acid  mucopoly-  on  the  enlarging  di<=tal  cell  and  deforms  the  surface •^ccharidi*  r  .u-   11    Tu^  A^fn.rwY^\iv  nnrM>ar<;  as  a  notch  or 

ppears 



734 Annals  of  the 

Missouri  Botanical  Garden 

indentation  in  the  wall  where  one  edge  of  the  spore      not  produce  gametangia  in  the  dark.  Cylindrical 
coat  IS  or  was  attached  (Figs.  4-7). undergo gametophytes  were  moved  into  the  light  to  deter- 

mine whether  photosynthetic  gametophytes  can  be 

tional  divisions  to  give  rise  to  a  small  multicellular  raised  in  culture  and  whether  they  will  become 
gametophyte  (Fig,   7).  The  young  gametophytes  sexually  mature. 
become  globular  with  more  divisions  and  ceU  growth  The  cylindrical  gametophytes  moved  into  the 

(Figs.  8-10),  At  this  stage  rhizoids  begin  to  develop.  light  become  green  (Figs.    15,   16).  New  growth 
If  the  gametophytes  continue  to  grow  in  the  from  the  apical  region  develops  chlorophyll  first, 

dark,  they  become  variously  sized  globular  ga-  and  this  region  is  often  darker  green  than  older 
metophytes.  However,  they  eventually  develop  into  portions  of  the  gametophyte.  Chlorophyll  devel- 
cylindrical  gametophytes  (Figs.  11,  12),  which  grow  opment  in  the  original  cylindrical  portions  of  these 
up  and  away  from  the  surface  of  the  nutrient  gametophytes  is  often  slower.  Sometimes  the  basal 
medium.  The  diameter  of  the  cylindrical  gameto-  regions  of  these  gametophytes  never  turn  green 
phytes  appears  to  be  related  to  the  size  of  the  (Figs.  15,  16;  arrows  indicate  nongreen  basal  re- 
globular  gametophyte  from  which  they  develop  be-  gion). 
cause  larger  globular  gametophytes  give  rise  to  New  growth  of  the  gametophytes  In  light  is  not 
thicker  cylindrical  gametophytes.  The  diameter  of  cylindrical  (Figs.  15-18)  or  vertical.  A  broader 
the  globular  gametophyte  can  be  larger  than  the  apical  meristem  replaces  the  conical  apex  of  the 
diameter  of  the  cylindrical  growth  (Fig.  12).  As  cylindrical  gametophyte.  This  broad  apex  forms  a 
long  as  the  cylindrical  gametophytes  grow  in  the  green,  thickened  gametophyte  that  grows  more  or 
dark,  they  continue  to  grow  vertically.  The  ga-  less  horizontally  (i.e.,  perpendicular  to  the  incident 
metophytes  tend  to  decrease  in  diameter  as  the  light).  Besides  the  growth  in  length,  the  subapical 
apices  get  further  from  the  nutrient  medium.  With  regions  of  the  green  gametophyte  widen  and  thick- 
some  very  long  and  narrow  gametophytes  the  api-  en  (Fig.  16).  The  thickest  part  is  the  median  dorsal 
cal  growth  appears  to  be  very  slow  or  to  stop.  This  region,  making  these  areas  hemispherical  in  cross 
appears  related  to  the  distances  that  carbohydrate  section.  The  surface  of  the  new  growth  is  rough 
has  to  move  from  the  nutrient  medium  through  compared  to  the  smooth  surface  of  the  white  cy- 
the  gametophytes  to  the  apical  growing  points.  lindrical  gametophytes.   Although  these  gameto- 

The  growth  of  all  the  cylindrical  gametophytes  phytes  are  about  one  and  a  half  years  old,  they 
vertically  and  away  from  the  surface  of  the  nutrient  are  still  immature  and  do  not  bear  gametangia. 

Even  though  the  gametophytes  grow  slowly  in  axe 

re- 

medium    suggested   a    negatively    gravitropic 

sponse.  To  test  this,  cultures  with  gametophytes      nic  culture"  at  this  time  they  exhibit  a  shift  toward their  mature  morphology. growing  vertically  were  laid  on  their  sides  (hori- 
zontally) and  maintained  in  the  dark  for  five  months. 

The  apices  of  these  gametophytes  responded  to  the 
positional  change  by  bending  at  right  angles  and 

growing  away  from  the  source  of  gravity  (Figs.  13,  The  best  description  of  Phylloglossum  game- 
14).  The  gametophyte  in  Figure   13  was  photo-       tophytes  is  by  Thomas  (1901).  He  described  the 

Discussion 

tube 

     —    —  gametophytes  as  having  a  primary  tubercle 
experiment.  The  direction  of  the  new  growth  was  upright  cylindrical  shaft,  and  an  irregularly  shaped 

parallel  to  the  surface  of  the  nutrient  medium  which  photosynthetic  ^'^'^ had  a  vertical  orientation  in  the  horizontal  culture  voun^est  ^amf tube 

crown 

13).  The  gametophyte  in  Figure   14, 

bearing    gai 

^le  described 

crown 

which  shows  the  same  reorientation  to  gravity,  was       had  not  developed.  He  noted  that  the  length  of  th 

Shalt  varied  on  mature  gametophytes  and  tnai  m 

tube 

Gametophytes  in  the  reorientation  test  changed 

crown 

be 

gametophytes  with  right  angle  bends.  These  ga- 
metophytes demonstrate  that  the  cylindrical  ga- 
metophytes growing  in  the  dark  are  negatively gravitropic. 

Mature  gametophytes  of  Phylloglossum  are  de- 
scribed as  being  green  and  photosynthetic  (Thomas 

the  ends  near  and  includmg  the  primary  tuberce 

were  without  chlorophyll.  These  gametophytes  ha 

a  mycorrhizal  fungus  that  was  best  developed 

their  lower  portions.  Finally,  Thomas  suggested 

that  Phylloglossum  gametophytes  "may  begm  Me 
as  a  saprophyte  dependent  on  an  endophytic 

gus." 

axenic Thi m 

ture  maintain  their  white,  cylindrical  hab.t  and  do       axenic  culture  is  the  first  account  of  germination 
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Table  L     Qiaracter  comparisons  of  Phylloglossum  and  subgenus  Lepidotis  of  Lycopodium, 

Character 
Phylloglossum 

Lepidotis 
Basal  mucilage  duct  in  sporophyll absent 

present 

Epidermal  walls  of  sporangium sinuate  lignified straight  unlignified 
Spore  ornamentation foveolate 

rugulate Spore  germination dark 

light Nutrition  of  young  gametophyte 
mycorrhizal photosynthetic Position  of  mature  gametophyte surficial surficial 

Nutrition  of  mature  gametophyte 
photosynthetic photosynthetic Photosynthetic  lobes  on  gametophyte 
absent 

present 

Multicellular  uniseriate  hairs  on  gametophyte 
absent 

absent Embryo  type 
large  foot small  foot 

and  early  gametophyte  growth  for  Phylloglossum.  Thus,  morphological  changes  to  the  gametophytes 
rrior  to  this  report,  the  youngest  gametophytes  inthelight  occur  in  both  the  soil  and  axenic  culture, 
described  were  those  with  a  primary  tubercle  and  The  development  of  these  gametophytes  in  cul- 
cylindrical  shaft  (Thomas,  1901).  Bertrand(1885),  ture  is  similar  to  that  for  gametophytes  from  na- 
Sampson  (1916b),  and  HoUoway  (1935)  faUed  to  ture.  Growth  of  the  gametophytes  up  through  the 
germinate  the  spores  of  Phylloglossum.  An  earlier  soil  to  the  light  has  to  be  simulated  in  culture  by 
and  very  brief  report  by  Crie  (1883)  reported  the  moving  the  gametophytes  from  the  dark  to  the 
germination  of  these  spores  but  did  not  describe      light.  Also  gametophytes  in  culture  are  dependent 

on  sugar  in  the  nutrient  medium  for  their  devel- 

opment and  not  on  the  mycorrhizal  fungus  nec- 

essary for  gametophyte  growth  in  nature. 

the  early  stages  of  gametophyte  development.  He 
'^^  report  mature,  white,  bulbous  gametophytes be 

^k^j    ̂^^^^^^'  Because  the  gametophytes  he  de-  Observations  on  the  growth  and  development  of 
"       do  not  fit  the  descriptions  of  gametophytes      Phylloglossum  gametophytes  in  axenic  culture  can 

Holk,w"^*"'^  (Thomas,    1901;  Sampson,    1916b; oway,  1935)  or  from  axenic  culture,  we  choose 
to  disregard  the  Crie  report. 

help  to  explain  how  they  grow  in  nature.  Phyllo- 

glossum spores  germinate  only  in  the  dark,  and 

the  white  cylindrical  stage  of  these  gametophytes 

e  ̂-celled  gametophyte   of  Phylloglossum      is  negatively  gravitropic.  It  would  appear  that  the 
nsists  of  a  proximal  and  distal  cell.  The  distal      spores  in  nature  germinate  only  after  being  covered 

underg 

pgion  of  its  ceU  waU  thickens  and  secretes  mud- 
3ge-  At  maturity  the  distal  ceU  of  these  gameto- 

by  soil  or  percolating  into  the  soQ.  The  early  de- 

velopment of  the  white  gametophyte  requires  a 

mycorrhizal  fungus  for  its  organic  nutrition.  Be- 

bL  ̂̂  f  .^^"^^  similar  to  the  proximal  cell  of  young  cause  the  white  cylindrical  portion  is  negatively 

coat^'d^  l!'-'"  ̂̂ ™*^^°P^y^^s,  which  has  a  mucilage-  gravitropic,  it  grows  up  through  the  soil  until  it 
prox  1  ̂^"  (Melan  &  Whittier,  1989).  The  reaches  the  soil  surface.  Once  the  apex  of  the 

tODh""^   ̂^^  °^  *^^  young  Phylloglossum  game-       cylindrical  gametophyte  is  exposed  to  the  light,  its 
P  y  e  with  Its  thin  wall  remains  meristematic.       developmental  pattern  changes  and  the  photosyn- 
rough  divisions  of  the  proximal  ceU,  the  multi- 

^^'  gametophyte  is  formed, 
develo  ̂^^^^^'^  gametophyte  forms  early  in  the 
theV^L^^"^  ̂ ^  ̂^y^^'^S^ossum  gametophytes  in 

crown 

this  stage  is  there  any  possibility  for  sexual  repro- duction. 

g    ,                         .,— o^...^...,.  s«,w^tv.t.,v.^o  ...  The  photosynthetic  gametophytes  and  confusion 

^    ark.  In  axenic  culture  it  usually  does  not  about  the  tuber  of  PAj/Zo^/ossu/n  (Bower,  1886), 
ome  large  before  the  initiation  of  the  cylindrical  led  many  to  consider  Phylloglossum  as  having 
metophyte.  However,  in  some  cases  the  globular  affinities  with  Lycopodium  cernuum  or  other  mem- 

cyl^d  ■  ̂^^  are  larger  than  the  diameter  of  the  bers  of  subgenus  Lepidotis^.  Also,  Thomas  (1901) 
rLJ^T^'  growths  that  arise  from  them.  In  these 
cases 

p_-  0-— ^'wpiijf  ics  ni  me  aescripuon  oi   a 
ry  tubercle  and  cylindrical  shaft  described  by 'nomas  (igoT\    r      \     i  .        •«      - 

laterf      J      "^/-  '-'Smetophytes  moved  to  ulumi- 

toph  ,      *"'"®^  appear  to  be  initiating  the  game- 
^^  ̂''■o^n  as  described  by  Thomas  (1901). 

similar  to  that  of  L.  cernuum.  Although  recognition tuber 

to  the  protocorm  of  L.  cernuum  (Sampson,  1916a; 

Osbom,  191 9)  has  reduced  the  number  of  propose  J 

similarities  between  Phylloglossum  and  subgenu
s 
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Lepidotis,  Phylloglossum  is  generally  considered       Harris,  W.  F.    1955.    A  manual  of  the  spores  of  New 
Zealand  Pteridophyta.  New  Zealand  Dept.  Sci.  In affinities 
dustrial  Res.  Bull.  116,  Government  Printer,  Wel- 

lington. 
Hollow  AY,  J.  E. 1935.    The  gametophyte  of  Phyllo- 

glossum drummondii.  Ann.  Bot.  (London)  49;  513- 
518. 

phytic  characters,  which  are  few,  do  not  include 

those  used  to  classify  Phylloglossum  in  the  Ly- 
copodiaceae  or  those  altered  by  the  reduced  habit 
of  Phylloglossum,  Although  a  more  exhaustive 

comparison  awaits  a  complete  description  of  the 

mature  gametophyte  of  Phylloglossum,  it  appears  0LLGrARD''B that  Phylloglossum  and  subgenus  Lepidotis  have 
few  similarities  (Table  1).  The  number  of  differ- 

ences between  Phylloglossum  and  subgenus  Lep- 
idotis suggests  that  a  reexamination  of  past  pro- 
posals of  affinities  between  them  is  in  order. 

way,  1935;  Hackney,  1950;  Bruce,  1976a). 

In  an  eff"ort  to  examine  more  closely  any  possible 
similarities  between  Phylloglossum  and  subgenus 
Lepidotis,  a  list  of  sporophytic  and  gametophytic 

characters  are  presented  in  Table  1.  The  sporo-  Knox,  E.  M.  1950.  The  spores  of  Lycopodium,  Phyl- loglossum, Selaginella  and  Isoetes  and  their  value 
in  the  study  of  microfossils  of  Palaeozoic  age.  Trans. 

Bot.  Soc.  Edinburgh  35:  209-357. 
Melan,  M.  a.  &  D.  P,  Whittier.  1989.  Character- 

ization of  mucilage  on  the  proximal  cells  of  young 

gametophytes  of  Botrychium  dissectum  (Ophioglos- 
saceae).  Amer.  J.  Bot.  76:  1006-1014. 

1987.    A  revised  classification  of  the  Ly- 

copodiaceae  s.  lat.  Opera  Bot.  92:  153-178. 
OSBORN.  T.  G.  B.  1919.  Some  observations  on  the  tuber 

oi Phylloglossum.  Ann.  Bot.  (London)  33:  485-516. 
ROTHMALER,  W.    1944.    Pteridophyten-studicn.  I.  Feddes 

Repert.  Spec.  Nov.  Regni  Veg.  54:  55-82. 
Sampson,  K.    1916a.   The  morphology  of  Pftj//og/o55um 

drummondii  Kunze.  Ann.  Bot.  (London)  30:  315- 331. 

  .    1916b.    Note  on  a  sporeling  of  P/tj/^/oisu/n 

attached  to  a  prothallus.   Ann.   Bot.  (London)  30: 605-607. 

Sheat,  D.  E.  G.,  B.  H.  Fletcher  &  H.  G.  Street.  1959. 

Studies  on  the  growth  of  excised  roots.  VIIL  The 

growth  of  excised  tomato  roots  supplied  with  various 

inorganic  sources  of  nitrogen.  New  Phytol.  58:  ilo- 
154. 

Thomas,  A.  P.  W.  1901.  Preliminary  account  of  the 

prothallium  o{  Phylloglossum.  Proc.  Roy.  Soc.  Lon- don 69:  285-291. 

Wagner,  W.  H.,  Jr.  &  J.  M.  Beitel.    1992.    Generic 

classification  of  modern  North  American  Lycopodi- 
aceae.  Ann.  Missouri  Bot.  Gard.  79:  676-686. 

Whittier,  D.  P.    1972.    Gametophytes  of  5o^rjc/uw'" 

dissectum  as   grown  in  sterile   culture.   Bot.  ̂ az. 
(Crawfordsville)  133:  336-339. 

  .     1981.     Gametophytes  of  Lycopodium  digi-^ 
latum  (formerly  L.  complanatum  var .  flabellifc 
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UBRftK* SYSTEMATICS  OF  THE 
GUADUA  ANGUSTIFOLIA 
COMPLEX  (POACEAE: 
BAMBUSOIDEAE)^ 

Stephen  M.  Young^  and 

Walter  S.  Judd^ 

Abstract 

It Guadua  angustlfolia  Kunth  is  the  largest  and  most  economically  important  bamboo  in  the  Western  Hemisphere. 
IS  the  primary  source  of  building  material  for  urban  and  rural  dwellings  in  many  areas  within  its  geographical 

range,  especially  in  Colombia  and  Ecuador.  Guadua  aculeata  Rupr.  ex  Fourn.  from  Centra!  America  and  Bamhusa 
\Guadua)  chacoensis  N.  Rojas  from  Argentina  and  Paraguay  are  two  closely  related  taxa  that  were  often  confused 
^ith  or  identified  as  G.  angustlfolia.  These  three  taxa  comprise  the  Guadua  angustifolia  complex.  A  detailed 
morphological  analysis  was  performed  on  all  three  species  using  traditional  taxonomic  methods  as  well  as  principal 

^omponents  analysis.  The  Guadua  angustifolia  complex  was  also  compared  with  other  sympatric  species  of  the  genus, 
ll^^^^'^^  indicate  that  G.  angustifolia  should  be  regarded  as  one  polymorphic  species  consisting  of  two  subspecies, 

subspecies  angustifolia  and  subspecies  chacoensis,  which  are  differentiated  by  a  mosaic  of  vegetative  and  reproductive 
characters.  Subspecies  angustifolia  consists  of  populations  from  Central  America  (formally  G.  aculeata)  and  north- 

western South  America  that  exhibit  variability  in  certain  vegetative  and  reproductive  characters. 

oody 

species  that  vary  from  slender,  thornless  plants 

busoideae  are  widespread  throughout  the  tropics,  with  scandent  culms  to  large,  thorny  plants  with 
bamboos  of  the  genus  Guadua  Kunth  com-  erect  culms. 

^ony  occur  in  the  hot  lowland  regions  of  Latin  The 
*^rica.  The  genus   contains  approximately  30  these  b 

Am ifc 

"^rbarium 
Herbariurr 

bamboos 

(FLAS)  and  the  Department  of  Botany  for  help  in  completing  the  research.  Additional  thanks  go  to  the 
—  Services  Unit  of  the  United  States  National  Herbarium  (US)  for  help  in  obtaining  specimens  and  information. 

F\rn  '^'^  the  curators  of  the  following  herbaria  for  allowing  access  to  material  under  their  care:  B,  COL.  CTES, 

^^'-B,  F,  G,  LE,  MEXU,  MO,  NY,  P,  S,  UC,  US,  and  VEN.  Special  thanks  to  Lynn  Clark  of  Iowa  State  University, 

^miio  Quarln  of  Argentina,  and  Ximena  Londoiio  and  Oscar  Hidalgo  of  Colombia  for  providing  much  useful 
ormation.  Photos  were  taken  by  the  first  author  except  where  otherwise  indicated.  _ 

N 
Botanic  Gardens,  22306  Aldine 

Conser 
Botany 

Ann.  Missouri  Bot.  Card.  79:  737-769.  1992. 
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discovered  by  Humboldt  and  Bonpland  during  their  single  variable  (polymorphic)  species  consisting  of 

expedition  to  South  America  and  was  formally  de-  two  subspecies  (i.e.,  subsp.  angustifolia  and  cha- 
scribed  by  them  in  1806.  Its  distribution  ranges  coensis\  with  the  former  showing  several  slightly 

from  southern  Mexico  to  northern  Argentina,  and  divergent  geographic  races, 

its  economic  importance  is  unsurpassed  by  any  Guadua angustifolia subs^.chacoensis\s>{o\mi 

other  native  bamboo  in  the  Western  Hemisphere,  along  rivers  in  northeastern  Argentina  and  eastern 

Where  temperature  ranges  are  high  enough  and  Paraguay  and  is  geographically  isolated  from  G. 

rainfall  or  water  supply  is  adequate,  these  large  angustifolia  subsp.  angustifolia,  which  is  found 

bamboos  provide  the  raw  material  for  a  nearly  from  northern  Peru,  through  Ecuador,  Colombia, 

endless  array  of  products.  It  is  in  Colombia  and  and  central  America  to  southern  Mexico,  often 

Ecuador  that  the  uses  of  plants  in  the  genus  Gua-  occurring  along  water  courses.  The  two  subspecies 

duuy  especially  Guadua  angustifolia^  reach  their  can  be  separated  using  a  combination  of  vegetative 

greatest  development.  Here  G.  angustifolia  can  and  reproductive  characters,  but  since  the  mor- 

be  seen  in  large  stands  consisting  of  hundreds  of  phological  gap  separating  them  is  smaller  than  that 

culms  up  to  30  m  tall  and  20  cm  diam.  Its  form  separating  most  species  in  the  genus,  the  taxa  are 

of  growth,  strength,  and  ease  of  transport,  cutting,  considered  here  to  be  only  subspecifically  distinct, 
and  working  make  G,  angustifolia  the  preferred 
source  of  construction  material  wherever  it  occurs,  Taxonomic  HISTORY 

Many  of  the  houses  of  these  areas  are  built  entirely 

I 
1 

i folia 
1).  Even 

THE  GENUS  GUADUA 

m\ 

portance,  and  broad  geographic  distribution  are 
outstanding  among  the  Latin  American  bamboos,      Bamhusa 
its  taxonomy  and  natural  history  have  not  been 

A  great  deal  of  controversy  has  centered  around 

Kunth When  Humboldt 

ifc 
studied  in  detail.  The  last  taxonomic  treatment  of      (1806),  the  first  species  of  large  bamboos  collected 

in  South  America,  they  included  them  in  Bambusa. 
William  Munro 

then. and  many  new  species  have  been  discovered  since      At  that  time  the  genus  consisted  of  six  Asian  spe- 

cies, and  the  use  of  Bambusa  Schreber  rather  than 
The  Guadua  angustifolia  complex  includes  G.      Bambos  Retz.,  both  published  in  1789,  was  still 

angustifolia  and  two  closely  related  species,  G.      controversial.  A  history  of  this  problem  and  rec- 
acu/ea^a  and  Bam6usa  cAacoen^is,  often  confused      ommendations  for  conserving  Bambusa  Schre 

delimit ifolia 

Holttum 

Humboldt 

of  the  morphological  variability  of  the  complex  was      busa^  which  they  thought  had  been  more  commo  y undertaken 

ifc 
defined 

specuTiens 
lack  of  recent  revisionary  studies  have  led  to  a 
poor  imderstanding  of  species  delimitation  within 
the  genus  and  frequent  misidentification  of  many 

The 

if 

prod angustifc 

busa  chacoensis,  and  G.  aculeata  were  studied 
taxonomic  method 

barium 

analyses.  The  results  of  these  method 
conclusion  that  the  complex  is  best  t 

The World  species  of  Bambusa  are  very  slmUar  to 
 the 

Asian  species  in  such  features  as  stature,  bran 

complements,  thorniness,  and  spikelet 
 structure, 

and   it   was   understandable   that   Humboldt  an 

Bonpland  would  place  them  in  the  same  genus.
 

A  short  time  later  their  specimens  were  c
lose  y 

studied  bv  Carl  S.  Kunth  after  he  was  employ 

sh  the  information  ga
 

ered  on  Humboldt  knd  Bonpland's  journey  to  t 
 e 

New  World  (Stearn,  1956).  Kunth  (182
2a,  b)  de- 

cided to  place  the  two  New  World  species  in  a  nc^ 

genus  that  he  caUed  Guadua,  but  he  failed  tos^^ 
what  characters  separated  it  from  Bamhusa.  ^ 

Munro  ( 1 868)  described  a  numbe
r  of  character- lo*;^^  »!,„»   :   ti — ^  u^A  .icpd  to  distingui^ 

iboldt 

th- 

Figure  1.      House  construction  using  Guadua  angustifolia,  Ecuad 
Esmeraldas.  — b.  Cayapas  Indian  house,  Cayapas  River,  Esmeraldas.- project  in  Hiiaquilla&. 

a.  House  construction.  CayaPj^J\^ 

or.— 

c.  House  in  Muisne. 

d.  Expenrtien 
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the  genus.  These  included  the  presence  of  alate  to  the  local  economy  and  to  the  flora  of  the  type 

palea  keels,  nondistichous  inflorescences,  three-  locality"  (McClure,  1957:  203).  Kunth  avoided 
parted  styles,  sterile  lower  florets,  and  a  well-de-       the  use  of  a  tautonym  by  changing  B.  guadua  to 

fined    geographical   distribution.    However,    these 

morphological  characteristics  are  not  completely 
ifolia 

la  life 

consistent  because  they  are  known  to  appear  in  narrow-leaved  characteristic  has  subsequently  been 

species  from  both  hemispheres.  This  led  Hackel  found  in  many  species  of  the  subgenus,  and  its  use 

(1887)  to  include  Guadua  as  a  subgenus  of  Bam-  as  a  diagnostic  feature  is  limited.  Guadua  angus- 

busa.  Munro's  (1868)  monograph  was  influential  ///b/Za  is  the  name  most  often  found  in  the  literature 

in  the  acceptance  of  Guadua  as  a  genus,  even  and  has  been  used  in  recent  years  (Burkart,  1969; 

though  he  expressed  doubts  as  to  its  validity.  After  Rosengurtt  et  al.,  1970;  Purseglove,  1972;  Azeve- 

1868,  the  group  was  generally  treated  as  Guadua  do  Correa  et  al.,   1977;  Azzini  et  al.,   1977a,  b; 

vmtil  McClure  (1973),  uncertain  of  its  generic  sep-  Soderstrom  &  Londoiio,  1987),  although  B.  gua- 
aration,  reduced  it  to  a  subgenus  of  Bambusa. 

dua  has  frequently  appeared  (Hidalgo  Lopez,  1974; 

In  their  study  of  the  genera  of  American  bam-  Turpe,   1975;  Rincon  Sepulveda,  1977;  Hidalgo 

boos  with  pseudospikelets,  Soderstrom  &  Londono  Lopez,   1978;  Smith  et  aL,  1981;  Maecha  Vega 

(1987)  restored  Guadua  to  generic  status  based  &  Echeverri  Restrepo,  1983;  Soderholm,  1984). 
on  a  number  of  distinctive  features,  i.e.,  a  trian- 

gular culm  leaf  in  which  the  margins  of  the  sheath  GUADUA  ACULEATA  RUPR.  EX  FOURN. 

and  blade  are  contiguous  or  almost  so,  presence  of 
thorns  on  the  culms  and  branches,  a  distinctive 

band  of  short  white  hairs  both  above  and  below  the  ;     '        7°    "       '  \^      i  o  ̂  i     i  o/i  o^M^viran  iour- 
j  I  v  J  1         f  r  -1  me  specimens  from  the  1841-lo4-z  iviexicaii  j""» nodal  Ime,  and  a  palea  ot  hrm  texture  with  prom-  r   i      t    i    i  r^  ii  ̂ *^r.  Wilhelm 

,     .  .       r  111  ney  of  the  little-known  German  collector  wuneini 
ment  wmgs  emanating  irom  the  keels.  "^         '' 

Ruprecht  first  used  the  name  Bambusa  aculea- 

annotat 

We  are  following  this  most  recent  treatment  of 

the  group  and  use  the  name  Guadua.  Monographic 

studies  of  the  genus  and  related  groups  will  be 
needed  to  further  clarify  generic  limits. 

GUADUA  ANGUSTIFOLIA  KUNTH 

von  Karwin  (Karwinsky).  Fournier  (1877),  after 

seeing  Karwinsky's  specimens,  used  the  name 

Guadua  aculeata  in  a  discussion  of  polygamy  m 

pseudospikelets,  but  no  formal  description  
ap- 

peared until  the  publication  of  Fournier's  Me
xi- 

cartas  Plantas  (1886).  Seven  specimens  were  list^ 

ed  as  syntypes,  five  from  Colipa,  Veracruz,  
an 

Humboldt  &  Bonpland  (1806)  described  Bam-     two  from  unknown  Mexican  localities. 
busa  guadua  and  B,  latifolia  based  on  specimens 

Fournier  also  described  another  of  Rupr
echt  s 

made  during  their   1799-1804  South  American     ''herbarium  species"  with  the  name  Guadua  m 

termedia.  The  name  probably  referred  to  t
he  po- 

sition of  the  branch  leaves,  which  are  interiningle 

voyage.  These  were  the  first  of  the  more  than  30 

species  of  New  World  bamboos  of  the  genus  Gua- 

dua  to  be  described.  In  addition  to  Latin  and  French  with  the  spikelets.  Leaves  are  also  injhis  P^^'^^^ 
descriptions,  illustrations  and  observations  on  local 

uses  and  ecology  were  provided  for  both  species. 
The  specific  epithet  guadua  came  from  the  com- 

mon name  used  by  the  people  of  Colombia.  This 
name  is  still  in  use  and  is  usually  pronounced  gua- 
du-a  in  Colombia  and  gua-du-a  in  Ecuador.  Poiret 

ifol 
ference  between  the  original  descript

ions  ol     • 

termedia  and   G.   aculeat
a  is  the  length  of  tne 

spikelets,  described  as  short  in  G.  aculea^^  a  ̂ 

more  than  5.1  cm  long  in  G.  intermedi
a,  ̂ h^  ̂ ^^ 

spikelets  seen  from  the  type  collec
tion  are  a 

(1808),  using  Humboldt's  information,  also  pub-      2.5  cm  lone  and  are  indistineuishable  from  tlios i-i_j  *-i'-i«r.  -,  ^  !•         „.^«Qr^  two 
lished  an  extensive  description  of  B,  guadua  and 
discussed  its  economic  uses. 

When (1822a)    transferred    Bambusa 

more  times  in 

latifc 

of  G.  aculeata,  Guadua  intermedia  appears 

the  literature  without  f^^^^^'^ggj. 

oration  of  Fournier's  description  (Hemsley 
Ca 

mus be 

,  1913).  McClure  (1973)  in
cluded  it  as  ̂ synonym  of  B.  aculeata.  _     , 

type.  McClure  later  selected  B.  guadua  as  the  Another  species  that  McClure  synonyrruzed  u^ 
type,  citing,  "The  internal  evidence  as  to  which      der  Bambusa  aculeata  is  Guadua  t«emts  (mean- 

ing thornless),  which  he  was  not  able  to  
distingi"^ 

[Kunth] 

Humboldt  and   Bonpland  (I.e.  63   et  seq)  of  B. 
mind  consists  of  the  extensive  documentation  by      from  B.  aculeata  on  the  basis  of  "^^"^^^^^^^^^^y 

their  respective  type  collections  (McClure, 

ifolia)  in  relation      The  only  diflferences  between  these  presumed  sp^ 
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cies,  upon  reading  the  original  descriptions,  are  solved  specific  taxon,  and  only  recently  Quarin 
their  thominess  and  spikelet  size  (i.e.,  B.  aculeata  (1977),  Soderstrom  (1981),  Nicora  &  Rugolo  de 

with  seven  florets  per  spikelet  and  thorns,  and  G.  Agrasar  (1987)  and  Londoiio  &  Peterson  (1992) 

inermis  with  eight  to  nine  florets  per  spikelet  and  chose  to  resurrect  the  name  B,  chacoensis.  Only 

s),  A  thornless  form  of  the  similar  species,  two    published    photographs,    both    long-distance 
G.  amplexifolia  Presl,  also  occurs  sympatrically  views,  are  known  to  exist  of  B.  chacoensis  (Short, 
with  G.  aculeata  in  southern  Mexico  and  further  1975). 
confuses  assessment  of  taxonomic  affinities  of  G. 

inermis.  (This  problem  is  discussed  in  more  detail  PAST  COMPARISONS 

thomle 

under  interspecific  relationships.)  Unfortunately, 
culm  leaves  were  neither  collected,  illustrated,  nor 
described  for  these  species  when  they  were  first 

cannot 

taxonomic  disposition  of  these  names.  Hitchcock 
(1913)  transferred  G.  aculeata  to  Bamhusa  and 

included  it  in  his  listing  of  the  Mexican  grasses  in 
the  U.S.  National  Herbarium.  He  mistakenly  gave 
credit  to  Ruprecht  for  describing  the  species,  an 
error  that  was  carried  over  to  McClure's  (1973) 
^ork.  The  correct  citation  in  the  genus  Bamhusa 
IS  B.  aculeata  (Rupr.  ex  Fourn.)  Hitchcock. 

These  three  groups  of  bamboos  have  never  been 

satisfactorily  separated  in  a  key  or  adequately  com- 

pared. Guadua  angustifolia  has  been  separatt^l 
from  G,  aculeata  only  once,  by  Camus  (1913), 

but  the  distinction  was  based  on  the  presence  (G. 

aculeata)  or  absence  (G.  angustifolia)  of  thorns. 
It  is  now  known  that  these  two  bamboos  show 

various  degrees  of  thorn  development. 

McClure  (1955)  included  detailed  descriptions 

if 

yfG 
bambusa  chacoensis  n.  rojas 

in  the  same  key.  He  included  two  forms  of  G. 

angustifolia  in  a  separate  key  to  introduced  bam- 
boos, but  none  of  the  characteristics  coincided  with 

The  large  bamboos  of  the  subtropical  regions  of      those  included  in  the  key  to  native  species  con- 

Argentina   and   Paraguay   have   rarely  been  de-       taining  G.  aculeata, 
scribed  in  the  literature.  Nicolas  Rojas  Acosta,  an been 

unor ered   different   from    Guadua 

if  alia ods  and  fragmentary  descriptions,  described  these       therefore  has  never  been  separated  from  it  in  a 

key.  Rojas  Acosta  did  not  seem  to  be  aware  of  G. 

angustifolia  and  made  no  attempt  to  compare  B. 

chacoensis  with  this  species.  Londono  &  Peterson 

(1992)  compare  G.  angustifolia,  G.  trinii  and  G. 

bamboos  unde     ...„  ,   ^_   
(Rojas  Acosta,  1918).  His  description  was  so  vague 
as  to  encompass  many  of  the  species  now  included 
m  the  genus,  but  his  locahty  data  and  the  common 

name  he  used,  "tacuara,"  distinguish  it  from  the       chacoensis  in  a  table  and  conclude  that  G.  cha- 

other  bamboos  that  grow  in  its  range  (i.e.,  Guadua       coensis  is  a  separate  species  more  closely  related 

Paraguayana  Doell  ex  Mart,  and  G.  paniculata 
Munro,  *1a  picanilla";  and  G.  trinii  (Nees)  Rupr. 
and  G.  tagoara  (Nees)  Kunth,  'Hacuarazii").  Un- 
lortunatelv.  hp  rf^a^iy^A^A  ^^t,,*.^  Uo^if  ^^  u^c  x^^w. 

barium  and  generally  did  not  collect  specimens       entire  culm  leaf. 
(Krapovickas,  1970).  Consequently,  he  did  not  col- 

do  not  include  information  from  the  entire  range 

of  G.  angustifolia  and  exclude  important  char- 
acters such  as  size  ratio  of  culm  leaf  blade  to  the 

^J  a  specunen  of  this  bamboo 
type  specimen. Materials  and  Methods 

bu In  1931  this  species  appeared  in  a  key  as  Bam-  This  investigation  involved  field  studies,  tradi- 

di mboos  to  Guadua  angustifc 

similarity 

Parod 

if 

tional  taxonomic  methods  utilizing  herbarium  spec- 

imens, and  multivariate  statistical  analyses  of  the 

Guadua  angustifolia  complex- 

dis 

'^uent  literature   these   bamboos   have   bee 
HERBARIUM  STUDIES 

rod ifc 
1943; 

Wild  dissecting  microscope  was  used 

B 

Young 

amme 

pecunens urkari,   1969;   Rosengurtt  et  ah,    1970)  or  B. 

g^fidua  (Roseveare,    1948;  Turpe,    1975).   Mc- 
"*"€  (1973)  included  B.  chacoensis  as  an 

specimens  for  reprod 

unre 

n  ocular 

microm- 
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Table  1.      Foliage  leaf  characters  used  in  principal 

components  analysis.  *  = 

Table  2.      Foliage  and  culm  leaf  characters  included 

omitted  from  analysis  of  culm       in  second  PCA  with  foliage  leaf  characters. 
and  foliage  leaf  data. 

1.  Leaves  per  complement 
2.  Position  on  sheath  of  hairs  sized  >  0.1  mm 

3.  Position  on  sheath  of  hairs  sized  <  0.09  mm* 

4.  Density  on  sheath  of  hairs  sized  >:  0.1  mm 
5.  Degree  of  stramineous  coloration  in  sheath 

6.  Degree  of  brown  coloration  in  sheath 

7.  Degree  of  purple  coloration  in  sheath 
8.  Degree  of  green  coloration  in  sheath 
9.  Number  of  oral  setae 

10.  Length  of  oral  setae 

1 1 .  Degree  of  stramineous  coloration  in  oral  setae 
12.  Degree  of  white  coloration  in  oral  setae 
13.  Degree  of  brown  coloration  in  oral  setae 

14.  Degree  of  purple  coloration  in  oral  setae 
15.  Sheath  auricle  length 
16.  Leaf  auricle  width 

17.  Collar  length 
18.  Collar  flaring 
19.  Ligule  height 

20.  Position  on  ligule  of  hairs  sized  <  0.09  mm* 

1.  Thorn  development 

2.  Culm  leaf  sheath  length 
3.  Culm  leaf  sheath  base  width 

4.  Culm  leaf  sheath  ligule  width 
5.  Culm  leaf  blade  length 
6.  Culm  leaf  blade  to  culm  leaf  ratio 

7.  Culm  leaf  sheath  vesture 

8.  Culm  leaf  blade  vesture 

9.  Contact  of  ligule  with  culm  leaf  margin 

1 0.  Density  of  culm  leaf  ligule  cilia 

11.  Length  of  culm  leaf  ligule  cilia 

characters)  are  analyzed  in  four  separate  catego- 
ries, two  vegetative  and  two  reproductive. 

The  first  vegetative  data  set  includes  42  char- 

acters measured  from  the  foliage  leaves  of  105 

specimens.  These  characters  are  listed  in  Table  I. 

The  second  vegetative  data  set  includes  selected 

branch  leaf  data  plus  1 1  additional  characters  from 

culm  leaves  and  branches  of  65  specimens.  These 

additional  characters  are  listed  in  Table  2.  Another 

24  vegetative  characters  were  measured  but  omit- 

ted from  the  analyses  because  of  inadequate  her- 

barium material,  distortion  in  pressed  material,  or their  extreme  variability. 

27.  Pulvinus  vesture  The  first  reproductive  data  set  includes  33  char- 
28.  Position  on  adaxial  petiole  of  hairs  sized  <  0.09  mm      acters  measured  by  examining  the  external  features 29.  Position  on  adaxial  petiole  of  hairs  sized  >:  0.1  mm       _r  -.n      _  _  _i    _^:i  „i„^„  ^r  aq  cnprimens. 
30.  Density  of  adaxial  petiole  hairs  sized  <  0.09  mm 
31.  Density  of  adaxial  petiole  hairs  sized  >:  0.1  mm 

21.  Position  on  ligule  of  hairs  sized  >  0.1  mm 
22.  Pulvinus  height 

23.  Degree  of  stramineous  coloration  on  pulvinus 
24.  Degree  of  brown  coloration  on  pulvinus 
25. 
26. 

Degree  of  green  coloration  on  pulvinus 

Degree  of  purple  coloration  on  pulvinus* 

Position  on  abaxial  petiole  of  hairs  sized  >:  0.1  mm* 
34.  Density  of  abaxial  petiole  hairs  sized  <  0.09  mm 
35.  Density  of  abaxial  petiole  hairs  sized  >:  0.1  mm* 
36.  Blade  width 

of  inflorescences  and  spikelets  of  49  specimens^ 

These  characters  are  listed  in  Table  3.  The  second 

32.  Position  on  abaxial  petiole  of  hairs  sized  <  0.09  mm       ̂ ^P^^duc
tive  category  includes  aU  external  features 

33.  Position  on  abaxial  oetiole  of  hairs  sized  >  0  1  mm*      P'^s  seven  mternal  characters  from  dissected  p 

lets  of  30  specimens.  These  additional  character 

are  Hsted  in  Table  4.  Another  33  characters  were 

measured  and  omitted  from  the  analyses  beca
use 

they  proved  to  be  too  variable. 

A  total  of  1 52  vegetative  and  reproducti
ve  char- 

acters were  measured  during  the  course  ol  stu  y- 

The  absence  of  any  previous  detailed  sti^fJ^^^/ 

this  group  necessitated  the  use  of  a  large  num 

of  characters  in  order  to  understand  adequate
  y 

the  pattern  of  variation  of  the  group. 

The  data  were  analyzed  by  Principal 
 Compo- eter.  Each  specimen  usuaUy  consisted  of  several      nents  Analysis  (PCA)  using  the  program  CLUSIA^ 

(Wishart,  1975);  see  discussion  of  th
is  ordinaUon 

technique  in  Wiley  (1981).  Results  are  presen
t 

in  the  taxonomic  treatment  section  of  this  pap 

37.  Blade  length 

38.  Blade  width  to  length  ratio* 
39.  Blade  adaxial  hair  distribution 

40.  Blade  adaxial  hair  density 
41.  Blade  abaxial  hair  distribution 

42.  Blade  abaxial  hair  density 

sheets- 

NUMERICAL  TECHNIQUES 

The  fraementarv  and 
Species  Concept 

boo  herbarium  specimens  prevented  the  simulta- 

neous gathering  of  detailed  vegetative  and  repro-  In  the  Bambusoideae  the  challenge  of  delimiling 

ductive  data  from  all  but  a  few  herbarium  specimens,  and  ranking  taxa  is  complicated  by  the  absence  of 
In  order  to  mclude  as  many  specimens  as  possible,  complete   herbarium   specimens.   A   reproductiv 
data  (consKstmg  of  continuously  varying  or  "count'*  system  that  produces  flowers  only  after  many  years 
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Table  3.      External  reproductive  characters  used  in 

principal  components  analysis. 
Table  4.      Interior  spikelet  characters  used  in  prin- 

cipal components  analysis, 

1.  Number  of  lateral  leaves  in  inflorescence 
2.  Number  of  terminal  leaves  in  inflorescence 

3.  Spikelets  per  cluster 
4.  Spikelet  length 
5.  Spikelet  width 
6.  Spikelet  stature  (erect  to  arcuate) 
7.  Number  of  gemmiparous  bracts 
8.  Uppermost  gemmiparous  bract  length 
9.  Uppermost  gemmiparous  bract  width 

10.  Degree  of  stramineous  coloration  in  bract 
11.  Degree  of  brown  coloration  in  bract 

12.  Degree  of  purple  coloration  in  bract 
13.  Degree  of  green  coloration  in  bract 
14.  Number  of  veins  on  bract 
15.  Density  of  hairs  at  base  of  bract 
16.  Density  of  hairs  at  center  of  bract 
17.  Density  of  hairs  at  apex  of  bract 
18.  Density  of  hairs  on  edges  of  bract 
19.  Number  of  florets 

20.  Lowermost  lemma  length 
21.  Lowermost  lemma  width 

22.  Lowermost  lemma  mucro  length 

1.  Lowest  rachilla  section  length 
2.  Lowest  rachilla  section  width 

3.  Lowermost  palea  length 

4.  Lowermost  palea  width  between  keels 
5.  Style  length 

6.  Style  width 
7.  Style  hair  length 

23. lemma 

with  that  of  variety  as  proposed  by  Raven  (1974). 

Both  categories  have  been  used  sparingly  by  bam- 
boo taxonomists  (Munro,  1 868;  Camus,  1913; 

Holttum,  1958;  McClure,  1973),  but  in  this  study 

subspecies  will  be  used  to  delimit  populations  that 

are  geographically  isolated  and  exhibit  variation, 

which  results  in  slight  morphological  gaps  of  a  few 

vegetative  and/or  reproductive  characters.  Pop- 

ulations that  vary  in  a  few  vegetative  and/or  re- 
productive characters  and  show  some  geographic 

continuity  but  no  consistent  morphological  gaps  are 

referred  to  as  ''incipient  geographic  races.** 
24.  Degree  of  brown  coloration  on  lemma 
25.  Degree  of  purple  coloration  on  lemma 
26.  Degree  of  green  coloration  on  lemma 
27.  Number  of  veins  on  lemma 
28.  Density  of  short  hairs  at  base  of  lemma 
29.  Density  of  short  hairs  at  center  of  lemma 
30.  Density  of  short  hairs  at  apex  of  lemma 
31.  Density  of  short  hairs  on  edges  of  lemma 
32.  Density  of  long  hairs  at  base  of  lemma 
33.  Density  of  long  hairs  at  center  of  lemma 

Interspecific  Relationships  and 

Definition  of  the  Guadua  angusiifolia  Complex 

The  genus  Guadua  is  in  need  of  revision,  since 

many  of  the  species  have  been  inadequately  de- 
scribed and  collected.  However,  the  species  of  the 

G.  angustifolia  complex  are  clearly  separable  from 

the  remaining  taxa.  The  combination  of  characters 

that  define  the  G.   angustifolia  complex  are  as 

follows:  culms  of  large  stature  (i.e.,  (7-)10-20(- 

30)  m  tall),  erect  with  arched  tops;  internode  walls 

of  vegetative  growth  drastically  reduces  the  op-      of  medium  thickness;  culm  leaves  large,  abaxially 

Portunity  to  observe,  collect,  and  experiment  with      pubescent,  and  usually  without  auricles;  foliage  leaf 

reproductive  structures,  a  situation  McClure  ( 1 973)      sheath  glabrous  or  pubescent  toward  midrib  of  low- 
er  half,  sometimes  approaching  the  apex  but  never 

ibo "•tened  to  the  system  of  "Fungi  Imperfecti"  de- 
veloped by  mycologists.  These  problems  have  lim-  , 

Jjed  our  knowledge  of  the  processes  involved  in  long  and  1-4  cm  wide,  surfaces  glabrous  or  only 

bamboo  speciation  and  have  kept  bamboo  taxon-  sparsely  pubescent,  petioles  glabrous  along  midrib 

o^y  from  advancing  much  beyond  the  alpha  stage.  of  abaxial  surface.  Synflorescence  consisting  of  2- 

based  5   multiflowered   pseudospikelets   on  delicate. 
'boo  classifications  have  been 

g^ps  in  observed  morphological  patterns  rather  than 
-  pothesized  evolutionary  changes  or  biological  in- 

above 

strictly  upon  overaU  simUarity  and  the  presence  of      branching  twigs;  main  florescence  2-9  cm  long 
"""^   '      '  and  3-8  mm  wide;  florets  3-14;  surface  of  bracts 

and  lemmas  glabrous  or  with  sparse  hyaline  hairs 

at  base,  center,  and  edges,  rarely  densely  pubes- 

cent at  base  and  center,  margins  glabrous;  palea 

keels  with  pubescent  margins  exserted  beyond  the 

lemmas;  lodicules  3. 

Most  plants  in  the  genus  do  not  grow  taller  than 

10  m,  while  plants  of  Guadua  angustifolia  usually 

grow  to  between  1 0  and  20  m  and  are  often  taller, 

^^^y  of  subspeciXwrn  b^c^ons^^^^^^^  sometimes  reaching  30  m.  Th.  otbcr  large  speci
es 

^^ractions.  Whil           

^traints  of  time  and  the  problems  referred  to ^ve  limited  the  present  study  to  a  simil 
Proach.  ^ 

delimited 

etativ numbe 
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of  the  genus  are  few  and  are  easily  separated  from      termlne  the  precise  taxonomic  relationship  of  the 

G.  angustifolia  by  several  vegetative  and  repro-       "hollow  culm 
ductive  characters.  In  Tables  5  and  6,  a  detailed 

comparison  is  made  among  the  species  that  are      PhytogeogRAPHY 
sympatric  with  Guadua  angustifolia. 

Although  the  species  sympatric  with  Guadua  Guadua  angut ifoli ifc 

angustifolia  are  easily  separated  from  this  species  range  of  any  species  in  Guadua.  Its  northernmost 

on  vegetative  and  floral  characters,  the  scarcity  of  localities  are  found  in  the  state  of  Veracruz,  Mex- 

G.  angustifolia  subsp.  angustifolia  in  Mexico  and  ico,  and  its  southernmost  localities  are  found  in 

Central  America  (formerly  known  as  G.  aculeata)  northeastern   Argentina    and   southeastern  Para- 
has  caused  problems  in  the  past.  Two  forms  of  G. 

^
f
i
 

amplexifolia  are  more  common  than  G.  angus-      species  that  are  known  from  both  Central  and  South 

^i/o/m  in  Mexico  and  Central  America.  As  a  result,      America;  the  others  are   G.  paniculata  and  G. 
G.  amplexifolia  has  often  been  misidentified  as  G. 

plexifc 
aculeata.  This  problem  developed  because  of  the  Speculation  on  the  factors  resulting  in  such  ex- 

lack  of  detailed  vegetative  descriptions  and  a  veg-  tensive  distributions  is  difficult  because  of  the  pau- 

etative  key  separating  the  two  species.  Both  G.  city  of  information  on  the  mechanisms  of  dispersal 

amplexifolia  and  G.  angustifolia  are  very  thorny,  of  these  large  bamboos.  Discontinuities  in  flowering 

and  early  collections  were  given  the  name  G.  acu-  periods  can  be  very  long,  up  to  35  years,  and  no 
leata.  Once  these  collections  were  misidentified  the  studies  have  been  made  to  ascertain  the  vectors 

error  was  carried  over  to  the  determinations  of  responsible  for  seed  dispersal  or  seed-dispersal  dis- 

later  specimens.   Another  problem  concerns  the  tances  of  these  bamboos.  Vegetative  dispersal  must 
iplexifc 

ifolia.  The  thornless  form  of  G.  angustifc certainly  be  a  factor  in  increasing  their  range; 

studies  have  been  done  that  show  the  ease  with 

Mexico,  originally  named  G.  merm/5,  was  described  which  culms  root  when  planted  (McClure,  IvoOj- 

from  flowering  material  from  Colipa,  Veracruz.  The  These  large  bamboos  frequently  grow  along  nv- 
culms  were  described  as  16  m  tall  and  unarmed,  erbanks,  and  floods  could  serve  as  an  efficient  means 

and  the  branch  leaf  sheaths  and  petioles  were  de-  of  vegetative  dispersal,  especially  downstream. 

scribed  as  glabrous,  all  characteristics  of  G.  an-  Long-distance  dispersal  between  continents  or 

gustifolia.  There  are  some  clumps  of  G.  angus-  islands  could  possibly  occur  when  culm  sectio 

tifolia  in  other  parts  of  its  range  (mainly  in  the  are  carried  by  ocean  currents.  No  studies  na\ 

province  of  Esmeraldas,  Ecuador)  that  have  few  tested  the  viability  of  culms  after  prolonged  ex 

or  no  thorns  on  the  upper  branches.  When  branch-  posure  to  seawater,  but  the  first  author  has  o 

es  on  the  lower  third  of  the  culm,  which  are  thorny,  served  clumps  growing  within  a  kilometer  ol 

fail  to  develop,  the  culm  could  be  considered  thorn-  ocean  and  on  islands  within  tidal  bays.  Raven 
less.  Guadua  inermis  likely  has  this  same  growth 

od  (1974)  sueeested  that  bamboos  found 

form.  Unfortunately,  there  is  no  complete  vege-      of  Panama  probably  arrived  in  Neogene  times 

tative  specimen  of  G.  inermis  from  Mexico  and,      even  more  recently  from  South  America.  It  is  ̂ 

because  its  occurrence  is  so  restricted,  no  living     teresting  that  only  three  species  of  Guadua  nav 

a  bicontinental  distribution,  and  even  mor
e  intrigu- 

ifolia,     ing  is  the  fact  that  no  large  bamboos  are  native 

plants  may  remain. 

which  occurs  in  many  areas  of  Central  America, 
has  not  been  described  in  the  literature  and  thus 
has  often  been  misidentified  as  G.  inermis.  It  is 

West 

a).  This ommon 

ifc 
culm 

leaves,  and   foliage  leaves  (see  Table   5),  These 
been 

be  separated  from  the  thorny 

means  of  dispersal.  j  r    m 

Even  though  Guadua  angustifolia  is  found  fro^ 
Mexico  to  Argentina,  there  are  large  gaps  m 

distribution  (Figs.  2-4).  Throughout  Central  Amer
-^ 

ica  it  is  not  very  common  and,  as  McClure  \  ̂ 

suggested,  it  may  have  been  extirpated  from  m 

but  thick-walled  culms.  Thus^we  have  chosen  to     of  its  former  range  by  selective  cutting  of  its     " 

perior  culms.  In  his  personal  notes  he  wrote, r^r.^A\,^^  »^  tU^  i,.*^  n^   R^e..  V    Moore,  who  spoK 

WhUe  ̂ 'hoUow  cuhn be 

in  reduced  numbers.  More  study  is  needed  to  de-     from  personal  experience  covering  many  y^^ 

as 

-i 



Table  5. 

i folia 

Culms 

Culm  leaves 

Thorns 

Branch  leaves 

Spikelet 

Cundua  angustifolia 
subsp.  angustifolia 

Guadua  amplexifolia 
''solid  culm" 

Guadua  amplexifolia 

"hollow  culm" 
Guadua  longifolia Guadua  paniculata 

erect;  10  30  m  tall,  10- 
20  in  diam.;  medium 
wall  thickness 

brown  pubescent;  decidu- 
ous; blade  about  Va  or 

less  as  long  as  leaf, 

persistent;  auricles  ab- 
sent 

erect;  8-10  m  tall,  6-10         erect;  8-10  m  tall,  6-10         clambering;  to  15  m  long,        weakly  erect;  8-9  m  tall» 5-7  cm  diam.;  thick- cm  diam.;  solid  with 

pithy  center brown  pubescent;  tardily 

deciduous  to  persistent 

and  rotting;  blade  VS  to 

Vi  as  long  as  leaf,  per- 
sistent; auricles  present 

to  absent 

cm  diam.;  thick-walled to  5  cm  diam.;  thick- 

present  to  rarely  absent; 
i-5  at  the  node;  short to  long 

blades  medium  width; 

sheaths  glabrous  or  pu- 
bescent along  midrib  of 

lower  half;  abaxial  peti- 
ole glabrous;  auricles 

absent  to  rarely  present 

present;  1-5  at  node; short  to  long 

blades  medium  to  wide; 

sheaths  glabrous  to  to- 
tally pubescent,  usually 

on  edges  of  lower  or 

upper  half;  abaxial  peti- 
ole glabrous;  auricles 

absent  to  present 

short  lo  long,  narrow,  flat-       long  and  wide,  rarely 
tenod;  1-3  per  cluster; 
glabrous  lo  sliglitly  pu* 
bescent 

short,  round;  usually  3 

or  more  per  cluster; 
glabrous  to  rarely  pu- 
bescent 

wa 
lied 

brown  pubescent;  tardily 
deciduous  to  persistent 

and  rotting;  blade  V^  to 

14  as  long  as  leaf,  per- 
sistent; large  auricles 

present 

slightly  white  pubescent; 

promptly  deciduous; blade  about  Vi  as  long 

as  leaf,  base  much  low- 
er on  one  side;  auricles 

absent 

absent  to  very  sparse;  few        present;  1  or  rarely  2  at 
at  node  if  present; 

short 

blades  wide;  sheaths  usu- 

ally glabrous;  abaxial 
petiole  glabrous;  auri- 

cles preseru 

node,  pointing  down- ward 

blades  very  narrow; 

sheaths  glabrous  to 

rarely  pubescent;  abaxi- 
al petiole  glabrous  to 

pubescent;  auricles 
present  to  absent 

same  as  "solid  culm" 
very  long  and  narrow, 

round;  1-3  per  cluster; 

glabrous 

walled 

yellow-green  with  purple 
horizontal  stripes,  pu- 

bescent; sheath  tardily 

deciduous;  blade  Vi  to 

Vi  as  long  as  leaf,  ca- 
ducous from  sheath; 

auricles  absent 

present;  usually  3  at 
node;  fairly  long,  slen- der and  very  sharp 

blades  narrow,  pendant; 

sheaths  pubescent;  ab- 

axial petiole  pubes- 
cent; auricles  absent 

short  and  narrow,  flat- 
tened; usually  3  or 

more  per  cluster;  pu- 
bescent 
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Tabi  E  6, 

ifolia Guadua  angustifolia 
subsp.  chacoensls Guadua  paraguayana Guadua  trinii Guadua  tagoara Guadua  paniculata 

Culms 10-15  m  tall,  8-10  cm 
diain. 

8-10  m  tall,  2-4  cm 
diam. 

8-10  m  tall,  3-5  cm 
diam. 

8-10  m  tall,  6-8  cm 
diam. 

Culm  leaves brown  pubescent;  blade  !4        brown  pubescent;  blade  VJ        brown  pubescent;  blade  V2       brown  pubescent;  blades 
or  less  as  long  as  leaf, 

persistent;  auricles  ab- 
sent 

as  long  as  leaf,  persis 

tent;  auricles  present 
as  long  as  leaf,  persis- 

tent; auricles  absent 
Vt  as  long  as  leaf,  much 
wider  than  long,  persis- 

tent; auricles  absent 

1 

Branch  leaves         blades  medium  to  narrow;        blades  medium  to  narrow;        blades  medium  to  narrow;        blades  wide;  sheaths  pu- 
sheaths  glabrous;  abaxi- 
al  petiole  glabrous 

sheath  with  hairs  on 

one  or  both  sides  of 

apex;  abaxial  petiole 

pubescent  on  one  or 
both  sides 

sheaths  glabrous  to  pu- 

bescent at  apex;  abaxi- 

al petiole  glabrous  to 

pubescent 

bescent  on  one  side  of 

apex;  abaxial  petiole 

glabrous 

8-9  m  tall,  5-7  cm 
diam. 

yellow-green  with  purple 
horizontal  stripes,  pu- 

bescent; blade  V4  to  Vi 

as  long  as  leaf,  cadu- 
cous from  sheath;  au- 
ricles absent 

blades  narrow,  pendant; 

sheaths  pubescent;  ab- 
axial petiole  pubescent 

Spikelets long  and  wide,  glabrous  to       long  to  short  and  narrow,         short  and  narrow,  gla- 
slightly  scabrous;  palea 

wings  exserted,  ciliate 
pubescent;  palea  wings 
usually  not  exserted, ciliate 

brous;  palea  wings 

broadly  exserted,  gla- 

brous to  minutely  cili- 
ate 

short  and  narrow,  gla- 

brous; palea  wings 
broadly  exserted,  not 
ciliate 

short  and  narrow,  pubes- 

cent; palea  wings  not 
exserted,  ciliate 

en 
CO 
o 
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Figure  2. 

ifolia 

native 

plants;  triangle  =  possible  cultivated  plant. 

a  consultant  on  land  utilization  in  several  countries  ciduous  forest,  and  savanna  (Harling,    1979)  as 

of  Central  America,  thousands  of  acres  of  land  long  as  water  is  plentiful,  and  edaphic  conditions 
originally  occupied  by  more  or  less  pure  stands  of  are  satisfactory 

^mboo  [G.  amplexifolia  and  G.  aculeata]  have  made  the  species  more  resistant  to  past  climatic 
heen  cleared  in   recent  decades  for  agricultural  changes.  Many  areas  of  Central  America  where  it 

purposes.''    Unfortunately,   bamboo   stands    were  could  possibly  occur  have  yet  to  be  explored  bo- _  ^  Ink  rik  J^^^  *  fl        M  w  M  V  V 

This 

bbean 

be described 

synonymous  with  "good  banana  land." 
rast  climatic  changes  may  have  decreased  the 

distribution  of  the  habitats  available,  as  Toledo        ^„  .  .  - 
U982)  described  in  the  changes  undergone  by  the  of  the  conspicuous*  features  of  the  landscape  in  the 

*           '  '                                               the  last  10,000  coastal  regions  of  Guatemala  and  Honduras,  being 
i  extent  of  the  abundant  in  swamps  and  along  rivers  at  low  ele- 

tropical  forest  must  have  decreased  considerably,  vations,  often  forming  extensive  groves. 

Within 
times 

iboo 

bet 
ere  there  are  very  few  collections,  may  have 

f^en  eliminated  altogether.  Guadua  angustifolia 
»  conspicuously  absent  in  most  of  Nicaragua  and 

ali  of  Costa  Rica,  and  even  though  it  occurs  in 

specimens 

South 

Venezuela  and  Guyana.  Its  distribution  in  the  Am- 

azon basin  remains  very  poorly  known.  The  eastern 

populations  can  be  found  along  many  of  the  large 

rivers  of  the  Ecuadorian  Oriente,  but  just  how  far bordering nown 

Colomb 

'
/
 

stifc 

ted 
be 

  ^  found  in  lowland  rainforest,      (see  taxonomic  section)  and  orrurring  in  widely 

ower  montane  rainforest,  semideciduous  forest,  de^      separated  gf»ngraphic  ranpf:s  (Fips.  2-4).  Subspe- 
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^*^V.^/,^-  ̂ ^"'^",^"*'°"  **f  ̂^ste^n  (dots)  and  eastern  (dots  in  circles)  populations  of  Guadua  angustifoU angustifolia.  Triangle  =  possible  cultivated  plant. 

SUB 

i'^A 

ifc 

bamboo-dwelling basin  of  Peru    and  subspecies  chacoensis  has  its      southeastern  Peru,  Parker  (1982:  483)  reported. 

Most      "It  IS  interesting  to  note  that  close  reiatiy^ 
northernmost  distribution  in  eastern  Paraguay 
of  the  specimens  of  G.  angustifoU 
coensis  have  been  collected  along  th.   „.,^ 

Paraguay  rivers,  but  it  is  not  known  if  the  sub" 

Hemitriccus  flammulatus,  the  Flamm' 

my-Tyrant  and  Sporophila  shistacea 

the  Slate-
 

speces  extends  up  these  nvers  into  BrazU  and  if     Drab-breasted  Pygmy-Tyrant  and  Sporop 
Seedeater  (i.e.,  Drymophila  ocnruyjo ._„x_j  r.   T-   .  „^A  ̂ r^nroDhilnP* 
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Figure  4 
Province. Distribution  of  Guadua  angustifolia  subsp.  chacoensis.  Open  circle  =  unspecified  locality  in  Chaco 

*    

ctrostris^   Temminck's    Seedeater)   are    found   in 

ifc 

hot 

Brazil  to  NE.  Argentina.  This  suggests  that  certain     gardens  and  agricultural  experiment  stations 

bamboos  were  an  important  floristic  element  in  a      throughout  Latin  America.  Some  of  the  plants  col- 

relalively  cool,  humid  forest  that  may  have  once      '--'   "^'^  ̂ """  ̂ —^  ̂ -or.;.:^...!.,  ̂ i...»  u.  ̂ ^. 
extended  from  the  Andes  to  the  Atlantic  south  of 

Amazonia  proper.''  He  listed  eight  other  birds  that 3re  assoriat*ir1  T*fUK   k«*«k^   i   „l   «:«,;!„-.  j;^ 

periment  stations  and  may  hr  merely  escapes;  G. 

angustifolia  plantings  are  known  from  southern 

Brazil  to  southern  Florida. 
junct 

described "•  -  «oi  v^iuuduc  cnanges  aescriDea  oy  rrance 
U982)  lend  credence  to  the  setting  up  of  a  climatic harrier  h«^twA^»  ♦! —  ^   -      r..*   i   t.   between  the  two  reeions.  Future  bamboo 

Boli 

Taxonomic  Criteria 

Collecting  difficuhies  have  always  hindered  the 

oody  bamboos via  or 1  in  areas  such  as  the  Beni  region  of     detailed  study  of  large  woody  bamboos.  Most  ol 

the  southwestern  regions  of  BrazU,  and      the  plant  parts,  aside  from  foliage  leaves  and  spike- 
^uy  of  bamboo-animal  associations,  may  yet  re- 

al a  former  or  even  a  present  connection  between 
^ne  two  subspecies. 

unreso 
— ...VI  uiiresoiveo  proDiem  is  tne  roie  numan 

cultivation  has  played  in  transporting  these  bam- 
"*^^-  The  economic  imoortance  of  Guadua  an- 

too  large  to  be  easily  gathered,  pressed 

or  transported.  The  combination  of  a  hot  tropical 

climate,  elephantine  plant  size,  and  masses  of  thorny 

branches  is  usually  enough  to  deter  even  the  most 

botanist 

i:i:i 

l^oos.  Th 
gn^tif 

ly  grass- 
L      -^  ^  pre-V>olumbian  times  is  obscure  al- 
^Jiough  wlien  the  Spanish  arrived  in  Colombia,  they 

"crvcd  the  native  inhabitants  using  it  in  con- 
ruclion  and  wearing  it  as  protective  garb  against 

es  unless  the  plants  are  flowering.  Complete  col- 
lections that  include  many  of  the  vegetative  parts 

iboo 

specimens 

*-; 

(McCIure, 
Soderstrom 

^   vA 
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ly,  herbarium  specimens  containing  only  foliage      These  hairs  are  deciduous  and  leave  distinct  im- 

leaves  far  outnumber  those  containing  culms,  culm      pressions  in  the  culm  surface, 
leaves,  and  branches.  Rhizomes  are  almost  never 
collected. 

During  the  first  two  years  of  growth  the  inter- 
nodes  are  dark  green  but  then  become  gradually 

The  taxonomic  usefulness  and  variation  within      lighter  green  and  covered  with  lichens  (Fig.  5d). 

belo i folia 
As  in  most  bamboos,  when  the  culms  die  they  turn 

from  green  to  tan.  No  studies  have  been  done  on 
the  life  span  of  individual  culms. 

RmZOMES 

Guadua 

rhizomes  (' 

ifolia    possesses    pachymorph 
,   1966).   These  rhizomes  are 

CULM  NODES 

The  culm  nodes  of  Guadua  angustifolia  do  not 

composed  of  two  parts — the  neck,  a  narrow  portion      differ   significantly   from   many  other  species  i 
internod 

Guadua.  Most  species  have  a  characteristic  band 
and  the  rhizome  proper,  a  thick  part  where  buds      of  white  hairs  extending  from  the  nodal  ridge  to 
are  present  at  the  nodes.  In  G 

ifoli neck  is  elongated  and  positively  geotropic  so  it  first 
down 

the  nodal  line  and  below  the  nodal  line  for  1-3 

cm.  In  G.  angustifolia  this  band  of  hairs  is  very 

prominent  on  young  culms  (Fig.  5c),  but  may  be 
like  structures  before  giving  rise  to  another  short,  partially  worn  off  or  obscured  with  age.  The  nodal 

swollen,  fusiform  rhizome.  The  shape  of  the  rhi-  ridge  is  often  difficult  to  observe,  but  its  presence 

zome  and  accompanying  necks  has  been  likened  can  be  felt  with  the  hand.  This  prominence  vanes 

to  an  alligator,  and  the  rhizomes  are  often  called  within  G,  angustifolia  from  easUy  seen  to  absent. 
caiman  by  locals  (Fig.  6a). 

CULM  INTERNODES 

The  interior  nodal  wall  may  be  convex  or  horizontal 

and  varies  in  different  diameter  culms  (Londono  « Prieto,  1983). 

ifc 
differ  from  all  other  species  of  the  genus  Guadua 

CULM  LEAVES 
inly 

if 

Culm  leaves  are  one  of  the  most  useful  vege^ 

tative  characters  in  separating  taxa  and  are  use 
of  any  of  the  species  (Fig.  6b),  and  the  wall  is  of      here  in  separating  subspecies.  Because  the  culms 

of  Guadua  angustifolia  are  large,  the  culm  leave
s 

are  also  large  (Fig.  7b)  and  often  must  be  f
olded 

over  to  fit  into  a  plant  press.  They  surround  and
 

protect  the  newly  developing  cubn  and,  like 

internodes  they  cover,  vary  in  size  and  shape  trom 

medium  thickness  (Fig.  6c)  with  the  basal  inter- 
nodes 

internode 

length  and  diameter  from  base  to  apex  is  rarely 
Internod 

the  culm  usually  does  not  exceed  30  cm.  The  lumen      the  base  to  the  apex  of  the  cubn  (Fig.  9a).  At  t 

base  they  are  usually  as  long  as  they  are  wide,  an 

filled  with 

contains  insects  or  insect  larvae  (Fig.   7a).  The      toward  the  apex  the  leaves  become  progressive  y 

sulcus  above  the  branch  bud  usually  does  not  ex-      longer  and  more  narrow,  and  the  blade  makes  up 

a  larger  percentage  of  the  whole  leaf- 

The  shape  of  the  ligule  in  Guadua  angusti
joiia^ 

subsp.  angustifolia  varies  within  the  same  p 

but  is  most  often  convex  in  the  center.  The  iig 

beyond  mid-internod 

perceptible  along  the  entire  length. 
Hairs  cover  the  surface  in  varying  densities. 

They  are  usually  sparse  and  do  not  obscure  the 

surface  (Fig.  5b),  or  they  may  be  entirely  absent.      almost  always  turn  up  and  end  a  few  millimeter^ 

Figure  5. 
idine  down 

Figure  6  (p.  752). 

Vegetative  morphologyy  of  Guadua  angustifolia  subsp,  angustifolia. 
■om  rhizome.— b.  Stiff  hairs  on  internodes.— c.  Nodal  region  and  bud. 

rhizome 

ulm 

zomes angustifolia  subsp.  angustifolia b   ^   ^   , 

lumen.— d.  Culms  with  no  basal  branches.  Chinchina  River.  Colombia 
showing  medium  wall 
A.  McClure). 

Figure  7  (p.  753). 

Pachymorph
  rhi- 

:    Guadua  cui^ 

subsp.  angustifolia 

_  
Larvae  of  micro- 

insect  found  inhabiting  the  internode  of  a  culm,  cLc'j£7Guatemala"(pho"to  F.' A.  Mcaure).-b-  \^^ m  Chuchumbleza.  Zamora-Chinchipe,  Ecuador. -c.  Upper  branches  developing  in  young  -  ' es  developine  from  culms- CoatPnRmi^    r...,»„ — 1„  /^u-.^  i:>    .    »,  ̂ ,      ̂       ̂  

ulm 
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a 

SS 

flcURE  9,     Culm  leaves  of  Guadua  angustifolia, base  to  apex  of  cuJm). 
21403.- 

a.  Culm  leaf  variation  within  the  same  culm  (left  to  right  * 

2I40I- 

d. 

b.  Ligule  of  lower  culm  leaf  of  Guadua  angustifolia  subsp.  angustifolia;  McClu 

—  c,  Ligule  of  culm  leaf  near  apex  of  culm  of  G.  angustifolia  subsp.  angustifolia;  McClure  21737. 
Ligule  of  cubn  leaf  of  G.  angustifolia  subsp.  chacoensis;  Krapovickas  et  al  25470. 

'>«fore  the  margins  (Fig.  9b).  Apical  culm  leaves      straight  to  short  and  contorted  and  vary  from  black 
continuous 

►wn 

and  have  groups  of  oral  setae  present  there  (Fig. 
The 

tingu 
ifc 

uous  to  one  or  both  margins  in  the  lower  culm 
^aves,  but  no  oral  setae  are  present  as  in  G.  an- 

gustifolia subsp.  angustifolia  (Fig,  9d).  The  hairs 
^the  margin  of  the  ligule  are  also  less  dense  and 
■^ger  m  subspecies  chacoensis  than  in  subspecies 
^^gustifolia.  Auricles  are  not  present  in  Guadua 
^S^stifolia^  and  the  blade  comprises  only  a  small 

percentage,  usually  less  than  20%,  of  the  total  leaf 'ength. 

Hairs  covering  the  abaxial  side  of  the  leaf  vary 

fom  dense  to  sparse,  and  their  position  on  the  leaf 
^Iso  varies  a  great  deal.  These  hairs  are  long  and 

sometimes  branched,  and  sharp-pointed.  Jtiey  are 

readily  detached. 
The  culm  leaves  are  caducous  and  usually  can 

be  found  within  the  clump  in  good  condition  for 

pressing-  The  blade  is  erect  and  stays  firmly  at- 
tached to  the  sheath.  Leaves  at  the  base  of  the 

culm  remain  attached  for  a  longer  period  of  time 

than  those  from  farther  up  the  culm  and  may 

disintegrate  in  place. 

BRANCHES 

Branching  patterns  do  not   vary  significantly 

hin  Guadua  angustifolia,  ahhough  the  position 

|CURE  8.     Vegetative  morphology  c 

P'-tion  of  culm,  Chocola.  Guatemala  (photo  F.  A.  McClure). ^  FaJenque  Biological  Station,  Ecuador. 
^*  branches,  Escondido  River,  Nicaragua. 

gustifolia  subsp.  angustifolia.  ~9i.  Branching  from  middle —  b.  Branch  from  lower  rulm  developing  as  a  large  thorn, 

Cayapas  River.  Esmeraldas,  Ecuador.— rl.  CuItp-  with  no 
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Figure  10.      Foliage  leaves  of  Guadua  angustifolia.  —a.  "Eastern  race"  of  subspecies  angustifolia;  Young  92. 
b.  "Western  and  northern  race"  of  subspecies  angustifolia;  Young  117.— c.  Subspecies  chacoensis;  Krapovickas et  al.  25470. 

FOLIAGE  LEAVES 

The  variation  in  structures  that  comprise  foliage 

along  the  culm  where  branches  develop  does  show 
variation.  One  main  branch  develops  from  a  single 
11,,,  ,     ,,-,.       _  ,,  ,     ,  .,    ,  .  ine  vanaiiun  in  siruciuicis  Liiai  v.wiii|^*- —   u 
bud  at  the  node  (Fig.  5d),  and  whde  branches  from  .  ■      .,  j  ■    j-  *-   „    .w.r^a  ̂ n^ries  With- 
.1  1  -    1     r    1  1        ,  ,  leaves  is  often  used  m  distmguisnmg  species,  wmi 
the  upper  one-third  of  the  culm  always  develop  •     r     ̂   .-r  t     .u        ic  clanifirant  vari- /TT-      7^\    .u     J       1  X     r    I      1  1  1  in  Guadua  ansrustifolia  there  is  signmcani  vdn 
(i'lg.   /c),  the  development  of  the  lower  branches  ■       .     r  i-         ,  n  T    i  o.r^c  anA 
var.Vc   TU^  A^.r^}     ̂      ̂     ci.         u      •      11  ation  m  fohaee  leaves  as  well  as  culm  leaves,  aim varies.  Ihe  development  of  branches  m  the  lower  ^  ,  ^^Upn 

third  of  the  culm  is  common  (Fig.  7d),  but  in  certain  ""^'^  ̂ ^'*  ̂ ^  *^^^^  ̂   selecting  average  leaves  ̂^n 
areas  withm  its  geographic  range  most  of  the  culms 

ifi 

(Figs.  

6d,  
8d).  

Most  

of  
the  

culms  

observed  

by  
the 

comparing  taxa.  With 

leaf  size  may  vary  considerably  since  the  first  leave
s 0 

first  author  in  the  province  of  Esmeraldas,  Ecuador       ̂ ^^  ̂ i^^i"  ̂ nd  have  slightly  different  indumentum 
(Fig.  8c),  were  devoid  of  lower  branches  until  a When 

culm  was  cut.  Then,  one  of  the  lower  buds  broke      are  the  most  abundant  and  most  accessible  leaves 
dormancy  to  produce  a  very  thorny  lateral  branch. 

sometimes 
This  characteristic  wUl  remain  of  doubtful  taxo-      included  in  a  collection.  New  leaves  may  also  de- 

velop to  a  smaller  size  when  flowering  takes  p  a 

nomic 

prod 

The  closely  set  nodes  at  the  base  of  the  branches  because  they  gradually  decrease  in  size  toward  the 

ice  one  spikelets.   Leaves  closest  to  the  spikelets  tail 
or  two  secondary  branches  which  may  again  branch  develop  their  blades  ahogether  and  become  the 
(Fig.  8a).  These  higher-order  branches  may  de-  gemmiparous  bracts  of  the  pseudospikelet. 

velop  as  thorns  or  elongate  into  normal  vegetative  Particular  characters  of  the  leaf  that  are  taxo- 

— J  — thorny  nomically  useful  are  leaf  size,  leaf  sheath  m 
or  thornless,  the  lower  branches,  when  they  de-  mentum,  oral  setae  number,  presence  of  auricles, 
velop,  always  possess  thorns.  The  main  branch  may  outer  Ugule  size,  inner  ligule  size  and  indumentum. 

WhQe 

produce 

mentum 

be 

(Fig.  8b)  or  it  may  rebranch  and  develop  one  to      (Fig.    10).   AH  of  these  vary  somewhat  between 

!!"L  ̂l"* u!.''"/i  *!!?'"f  !.l'*'  ̂^'^■.  ̂^.""'^  ̂ °  ̂«*      P^^^^'-y  ̂ nd  subsequent  leaves.  . 

Hairs  and  the  marginal  rows  of  prickle-  a'^ 
-      were  examined  on  the  blade.  The  number  o        ̂  

of  prickle-hairs  varied  a  great  deal  within  Gua  u^^ 
1      angustifolia,  but  their  presence  may  pro^^ 

ifi 

onomic  usefulness  of  this  character  is  negligible. mternodes  and  nodes 
ternodes 

in  separating  this  species  from  others 

wi 

thin  the 

ducous  nature  makes  them  of  litUe  taxonomic  use.      genus.   Petiole  length  also  varies  more  between 
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species  than  within  G,  angustifolia,  as  does  the       from  which  they  develop  (Fig.  12a).  Therefore,  if 
length  of  sheath  margin  hairs. 

INFLORESCENCE 

a  pseudospikelet  develops  at  the  apex  of  the  main 

culm  axis,  its  prophyll  and  subtending  leaf  will  be 

underground  at  the  junction  of  the  rhizomes,  Pseu- 
dospikelets  that  develop  from  the  nodes  of  branches 

The  structure  of  pseudospikelets  has  been  prob-      begin  with  a  prophyll  and  are  subtended  by  a  leaf 
lematic  in  this  group  of  bamboos  because  the  in-      or  bract  at  the  base  of  the  branch, 

florescence  branching  differs  from  the  typical  grass  As  flowering  continues,  each  bud  within  a  gem- 

spikelet,  McClure  (1934)  was  the  first  to  discuss  miparous  bract  may  develop  into  another  shortened 

the  structure  of  pseudospikelets  and  later  (1966)  vegetative  axis,  a  paracladium,  terminating  in  a 

called  this  type  of  inflorescence  indeterminate,  spikelet  or  coflorescence.  This  sequence  may  pro- 

ceed to  form  a  ball  of  pseudospikelets,  but  in  Gua- 
Soder 

Strom  &  Londono  (1988)  have  also  provided  ex- 
ifc 

planations  of  the  structure  of  pseudospikelets  that  ened  branches  develop  close  together  to  form  a 

seem  to  be  clearer  and  easier  to  understand  than  synflorescence,  or  the  buds  may  not  develop  at  all 

those  of  McClure.  Morphological  analysis  of  the  (Fig.  12b).  The  pseudospikelet  that  gives  rise  to 

synflorescence  of  Guadua   angustifolia  (and  of  this  synflorescence  is  here  called  the  main  flores- 

pseudospikelets  in  general)  is  given  below  and  fol-  cence.  The  main  florescence  is  usually  the  largest 

lows  the  description  developed  by  Soderstrom  &  one  and  is  used  for  comparison  among  taxa  since 
Londono  (1988). 

A  pseudospikelet  is  simply  a  shortened  vegeta-      dimini 
pseudospikelets  of  further  coflorescences  gradually 

internodes 
delimit 

a  "cluster"  in  a  nonarbitrary  fashion.  If  pseudo- node 

«  — 

tive  axis  or  branch  that  terminates  in  a  single  spike 
of  florets.  If  we  look  first  at  the  growth  form  of 
the  entire  bamboo  culm,  it  originates  underground 
as  a  rhizome  branch  from  another  rhizome.  It  then 

eventually  turns  up  and  grows  erect  out  of  the  than  1  cm,  they  were  considered  part  of  the  same 
ground  and  is  called  a  culm.  From  the  main  cuhn  cluster,  containing  a  main  florescence  and 

an  alternate,  monopodial  pattern  of  branches  de-  ciated  coflorescences.  If  two  pseudospikelets  were 

velops  from  the  nodes  with  each  successive  branch  separated  by  an  intemode  of  more  than  1  cm,  they 

becoming  smaUer  until  the  sequence  stops  at  the 
smaUest  twigs.  Each  branch  is  subtended  by  a  leaf 
or  bract  and  begins  with  a  double-keeled  leaf  called 
a  prophyll.  The  prophyll  and  subtending  bract  for 
the  main  culm  (a  branch  from  a  rhizome)  is  un- 

derground where  it  branches  from  another  rhizome 
(Fig.  II a). Wh 

be above 

for  convenience,  since  all  spikelets  are  terminal  to 

a  vegetative  branch. 

When  the  vegetative  portion  of  the  branch  be- 

comes reproductive,  buds  along  the  axis,  now  called 

the  rachilla,  develop  into  florets  consisting  of  a 

en  flowering  occurs,  the  vegetative  twigs  short  axis  beginning  with  a  prophyll  caUed  the 

elongate  to  varying  lengths  beyond  the  foliage  leaves  palea.  The  axis  terminates  in  a  flower  consisting 

and  terminate  in  a  series  of  one  to  four  short      of  three  ' 
Iodic  ules 

ternod subtended 

the  main  florescence.  Additional  flowering  branches      called  the  lemma. 

^^  paracladia  may  also  arise  from  vegetative  buds down 
We  found  no  budless  bracts  (glumes)  between 

the  gemmiparous  bracts  and  the  lemmas,  although 
internod been 

times 
J^ing  branches  are  vegetative  and  contain  one  to 

several  vegetative  buds.  These  buds  are  subtended      the  branch,  especiaUy  in  coflorescences,  and  florets 

>y  modified  leaves  called  gemmiparous 
esemble  the  lenmias,  making  that  part 
appear  as  part  of  the  spikelet.  The  vege bearing  the  eemmlDarous o  o   r —   —  ^ 

ptxelet  proper  are  together  called  the  pseudospike-      never  found. 
'^UFig.  12a). 

began  immediately  distal  to  the  prophyU.  1  he  pro- 

phyll may  subtend  a  bud  but  is  almost  always 

empty.  Once  a  bud  develops  at  a  node,  the  sub- 

tending bract  is  quickly  deciduous  and  is  almost 

When  flowering  begins,  the  pseudospikelets  that 
velop  at  the  apex  of  branches  have  the  same 

P>'ophylls  and  subtending  bracts  as  the  branches 

The  short  axis  (here  called  the  peduncle)  be- 

tween the  vegetative  portion  of  the  branch  and  the 

floral  portion  does  not  branch  before  it  I>ecomes 

part  of  the  spikelet  (Fig.  1 2). 
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Figure  11. 

I 

;  ucveiopment  in  Ouadua  angustifolia.—a.  Culm  development  ana  uia- 

Stalke<l  ,...^n  ̂ irr-U  -  f '.1  o""  -•. fy"fl«''escence  developing  as  an  extension  of  a  twig  or  from  lateral  bt 
Stalked  open  --'«  "  f-t''e  "oret;  sohd  circle  =  vegetative  bud;  double-barreled  flag  =  prfphyU;  curved  line  -th 

rITt"'"l  l^.^"^?  J"^  blade._  respectively;  curved  line  alone  =  subtending  branch  leaf  or  bract. 

ing.  — b.   Vegetative  leafy- Stalked  ope 
hanging  tip 

th 

,e,„™p„„„,  brae.  Ic„„„a.  „,  ,,u™;  ̂ ^^y^T;„Z:^':^,r;jrT.l. 
\ 

m 

I 
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peduncle 

flCURE  12.  Pseudospikelet  morphology  in  Guadua  angustifolia. — a.  Main  florescence.— b.  Branching  of  veg- 
etative buds  of  main  florescence  to  form  a  synflorescence  of  one  main  florescence  and  two  coflorescences.  Stalked 

open  circle  =  fertile  floret;  solid  circle  =  vegetative  bud;  double-barreled  flag  =  prophyll;  curved  line  with  hanging 
=  branch  leaf  sheath  and  blade,  respectively;  curved  line  alone  =  subtending  branch  leaf  or  bract,  gemmiparous 

bract  or  lemma;  wiggly  line  =  terminal  aborted  part  of  axis. 

tip 

In  order  to  standardize  measurements,  the  first  since  the  filaments  are  very  delicate  and  difficult 

author  measured  the  characteristics  of  the  upper-  to  observe. 
"i<>st  gemmiparous  bract  and  lowermost  floret  of  External  inflorescence  characters  are  more  use- 

terminal  pseudospikelets,  and  the  first  rachiUa  seg-  ful  than  characters  from  dissected  pseudospikelets 
e  one menl  between  the  lowermost  floret  and  th 

Jstal  to  it.  The  vegetative  axis  was  measured  be- 

within 

^
f
i
 

tween  the  uppermost  gemmiparous  bract  and  the  dospikelets  (i.e.,  length,  width,  stature)  and  the 

one  below  it  and  was  called  the  "uppermost  veg-  number  of  florets  per  spikelet  are  the  most  useful 
etative  internode,"  external    characteristics.   The   presence   of  leafy 

The  gemmiparous  bracts  often  differed  slightly  branches  intermingled  with  the  pseudospikelets  is 

^  indumentum  characteristics  and  color  from  the  not  consistent  in  Central  America  but  tends  to  be 

emmas.  They  were  sometimes  more  pubescent  and lighter  in  color. 

between 

in  South  America.  Indumentum  characteristics  of 

The  lowermost  florets  develop  first,  and  those  the  pseudospikelets  are  important  in  distinguishing 

formed  subsequently  gradually  become  smaller  to-  G.  angustifolia  from  other  species  of  the  genus, 

Ward  the  apex  as  in  a  typical  racemose  inflores-  but  they  are  less  valuable  within  the  species  itself, 

^^nce.  The  size  of  the  ovary  decreases  between  However,  a  few  internal  inflorescence  characters, 

*he  proximal  and  distal  florets  within  a  spikelet,  i.e.,  palea  length,  style  length,  and  style  hair  length, 

and  the  uppermost  two  or  three  florets  possess  only  proved  helpful  in  distinguishing  populations. 
"^dmientary  stamens. 

Many  spikelets  examined  had  already  undergone 
^nthesis,  and  the  anthers  had  become  detached 

CHROMOSOMES 

from  the  filaments.  This  gave  the  impression  that  Quarin  (1977)  reported  a  somatic  chromosome 

*e  lowermost  florets  were  carpellate,  especially      numher  of  2n  ̂   ̂ fyior  Guadua  angustifolia  <^nhf^^. 
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chacoensis.  This  number  has  been  found  in  two  length  7,2  cm,  the  blade  length  as  a  ratio  to  the 

additional  species  of  Guadua  (G.  capitata  Munro  total  culm  leaf  length  0.07-0.23  : 1,  the  base  con- 

and  G.  paraguayana),  but  no  counts  have  been  tinuous  with  sheath  to  slightly  cordate,  the  margins 

taken  from  any  plants  in  G.  angustifolia  subsp.  entire  with  marginal  hairs  usually  scattered  toward 

angustifolia. 

Taxonomic  Treatment 

base  or  absent,  the  abaxial  surface  covered  with 

or  lacking  both  types  of  sheath  hairs,  but  large 

hairs  usually  only  present  at  base  or  along  margins. 

„       -  *-.  1.     w^       1     o  .    ™  Branches  not  developing  from  buds  along  center 
Ouadua  angustifolia  Kunth,  bynopsis  riantar-      ,.        ,  o/ri  iji„  f^^«^ 
^  "^  ̂ ^  lower  %  of  culm  or  rarely  developmg  trom 

buds  at  all  nodes,  buds  rarely  absent  from  center 

Clump  caespitose  to  open  caespitose,  variable      Vi  of  culm;  main  branch  one,  developing  intravagi- 

in  extent  from  5  to  many  meters  diam.,  culms      nally  at  nodal  line  or  remaining  as  a  thorn;  higher- 

arising  0.5-2  m  apart.   Rhizomes  pachymorph,      order  branches   typically   0-4   at  base  of  other 

rp.maininff    as    1  -4    thorns; sometunes necks  elongated  to  form  props.  Culms  7-25(-30) 

m  tall  and  7-1 5(-20)  cm  diam.,  erect  with  arched      thorns    1-5   at  node,  almost  always  present 

tops;  indumentum  of  unicellular,  terete,  pointed,      branches  from  lower  Vz  of  culm,  upper  branches 

Ued hollow,  unbranched  or  rarely  branched  hairs  or      thorny  or  thornless;  branch  internodes  thick-wa 

to  solid,  the  surface  sparsely  covered  with  or  lack- 
young 

turning  green  to  light  green  when  mature,  but  some  ing  dark  brown  to  white  deciduous  hairs,  O.l^^-^ 

forms  with  irregular,  narrow,  vertical  yellow  or  mm  long;  branch  nodes  in  close  succession  at  base 

white  stripes,  sulcate  to  slightly  sulcate  above  buds  of  branches,  otherwise  solitary,  the  surface  gla- 
and  branches;  walls  1.5-2.5  cm  thick;  glabrous  to 

brown rarely  densely  covered  with  stiff,  dark  brown  to      to  0.2  mm  long,  and  that  may  extend  to  5  mm 

black,  occasionally  white,  antrorsely  or  retrorsely      below  nodal  line.   Foliage   leaves  2-8('12}  per 

brown 

oriented  hairs,  0.1-2.5  mm  long,  often  deciduous      complement;  sheaths  stramineous  to  light 

and  leaving  imprints,  and  usually  increasing  in  den-      rarely  marked  with  purple  along  margins  or  a 

sity  toward  apex  of  culm.  Nodes  solitary;  surface      apex,  the  veins  conspicuous  at  apex  to  inconspic- 

uous toward  base,  entirely  glabrous  or  sparsely  to 
rown 

variously  oriented  hairs  0.1-2  mm  long  and  ex- 
tending 1.5-2.5  cm  below  node,  loosely  attached, 

and  sometimes  lacking  on  older  culms;  nodal  line 

prominent;  nodal  ridge  inconspicuous  to  absent. 

midrib brown 

ented  hairs  to  1.5  mm  long,  rarely  approachmg mid 

Culm   leaves  deciduous  but  usually  persistent  at      the  margins  glabrous  or  sparsely  to  completely  une node 
with  hyaline  hairs,  0.1 

mm 

inly 

oduced 

varying  with  position  on  culm,  (18-)20-70(-78) 

cm  long  and  (9-)10-50(~55)  cm  wide  at  sheath    ,^^  ̂    r   

base,  average  leaf  36  cm  tall  and  32  cm  wide;  4.5  mm  long  and  0.1-1  mm  wide  at  base,  purple, 

sheath  stiff,  dark  to  light  brown,  adaxially  densely  with  2-20  cilia  along  margins,  the  oral  setae  absent 

to  sparsely  covered  with  white  to  light  brown,  twist-  or  numbering  up  to  15(20),  most  abundant  on 
ed  hairs  0.1-0-4  mm  long,  and  densely  covered  juvenile  leaves,  1 

nile 

Town 

1-10  mm  long  on  higher-order  leaves,  entir
ely 

above 

stiff,  rarely  once-branched,  deciduous  hairs  0.5-         ^  „   ^    

2.3  mm  long,  the  larger  hairs  usually  prostrate      neous,  brown  or  purple  at  base,  scabrous  to  g^- 

brous  at  base,  the  outer  ligule  absent  or  *^        "^ 

long,  Haring  to  prostrate,  rarely  fringed  with  sho 

0.5(-l)mm long,  dense- 

margms 
stramineous 

inner 
0.5-4.0  mm  lung,  the  auricles  lacking,  the  oral   

setae  sometimes  present  at  junction  of  sheath  and      ly  to  sparsely  covered  with  hyaline  erect  hairs, 

0.02-0.2  mm  long;  blades  green  to  dark  green; 

culm 

wth 

ligule    commonly    convex    at    center,    sometimes      variable  in  size  according  to  sequence  of  gro  _ 
straight,  ends  usuaDy  curved  up  before  reaching      (juvenile  leaves  with  blades  usuaUy  longer  and  wider 

both      than  higher-order  leaves),  (0 .6-)  1  -3 .5(-5)  cm  wide 

and  (7.8   )9.8-24(-25.6)  cm  long,  narrowly  <*■ 

.     o   '      long,  blades  on  flowering  branches  gradually  Miia  ■ erect,  persistent,  dark  to  light  brown  or  grayish      er  and  narrowly  ovate  toward  spikelets,  abaxiaUy 
brown,   (1.5  )2-14.5{-15.5)   cm   long,   average      glabrous  to  sparsely  covered  with  hyaline  hairt 

margins,  with  entire  margin  fringed  with  hairs  mea- 
suring 0.1 stiff, 

I 

I 

\ 

1 

I 
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0.2-1.5  mm  long,  adaxially  glabrous  to  sparsely  ittate,  apex  rarely  minutely  penicillate;  oi?arj  brown, 
covered  with  hyaline  hairs  (O.l-)0. 5- 1.5  mm  long,  rectangular  (in  longitudinal  section),  0.3-1.5  mm 

one  edge  with  0-5  rows  of  prickle-hairs,  the  mar-      wide,  glabrous;  style  yellow,  ovate,  1,3-2.5  mm 

gins scabrous,  the  apex  acuminate,  base  obtuse,  long,  0,3-1.3  mm  wide  at  base,  the  base  truncate, 
narrowing  into  a  pseudopetiole,  the  pseudopetiole  the  apex  acuminate,  the  surface  densely  pubescent; 
abaxially  usually  glabrous  to  sparsely  pubescent,  stigmas  3,  hyaline  to  light  purple,  surface  pubes- 

adaxially  glabrous  to  densely  pubescent,  a  pulvinus  cence  similar  to  style;  fruit  a  dry  caryopsis,  5  mm 

present  on  each  side  of  pseudopetiole  base,  rarely  long,  sulcate. 
absent,  stramineous,  brown,  green,  or  purple,  usu- 

ally glabrous  but  sometimes  sparsely  pubescent. 
Synjl 

Ecology.      Principally  near  rivers,  streams,  and 

wet  places,  or  other  openings  in  forest  canopy  in 

from  sea  level  to  1,800  m;  also  cultivated  in  urban 

areas,  on  farms,  and  along  roadsides. 

L  „     I .      ,    .       rk        1         IT       r^    ,./   ̂ \  '      well-drained  to  wet  soils,  on  flat  or  sloping  terrain, 
branchmg  twigs.  Pseudosptkelets  2-5(-8)  per  syn-      ,__  _  ,_,  ,^  ,  ̂ ^^  '_  ̂,_  ..muU:^  ,..vJ. florescence  or  solitary,  narrowly  ovate,  erect  to 
arcuate,  elliptic  in  cross  section,  disarticulating  be- 

tween the  florets.  Main  florescence  (1.5-)2.2-9(- 

10)  mm  long  and  3-8  mm  wide;  uppermost  veg- 
etative internode  0.5-3.6(-9)  mm  long  and  0.5- 

2  mm  wide  at  apex,  sparsely  to  densely  covered 
on  distal  half  with  hyaline  hairs  0. 1  -0,2  mm  long, 
ventral  half  glabrous  to  sparsely  covered  with  hy- 

aline hairs  to  0.1  mm  long;  gemmiparous  bracts 

t^^3,  stiff,  stramineous  to  light  brown,  occasionally 
mixed  with  light  green  and/or  marked  with  purple 

along  margins;  uppermost  gemmiparous  bract  7-       lb.   Culm  leaf  ligule  nearly  always  curved  up  before 
t4  mm  long,  4-7  mm  wide,  ovate,  the  apex  acute 
with  mucro  0.2-1.4  mm  long,  the  margins  gla- 

brous, the  surface  glabrous  throughout  or  sparsely 
to  densely  pubescent,  the  nerves  11-17;  empty 
bracts  absent;  lowest  rachilla  segment  (1.7-)2.6- 
7(-8,5)  mm  long,   1-2,3  mm  wide  at  apex,  the 

Key  to  the  Subspectes  of  Guadua  ancustifoua 

la.  Culm  leaf  ligule  continuous  to  one  or  both  mar- 
gins, occasionally  curved  up  before  reaching 

both  margins;  foliage  leaf  sheath  glabrous;  outer 

ligule  0-0.3  mm  high,  not  flaring  to  slightly 
flaring;  abaxial  foliage  leaf  blade  usually  gla- 

brous; synflorescence  borne  on  leafless  to  rarely 

leafy  twigs;  pseud ospikelets  erect  to  rarely 

slightly  arcuate;  main  florescence  (4-)5-7(-8) 
mm  wide    .„.  subspecies  chacoensis 

sunilar 
14(-18),  upper 

^  or  3  underdeveloped;  lemma  stiff,  similar  in  color 
to  bracts  but  usuaUy  somewhat  darker,  1 0- 1 7  mm 
^"g»  6-10  mm  wide,  ovate,  the  apex  acute  with 
mucro  0,1-1  mm  long,  the  margins  glabrous,  the 
surface  glabrous  or  sparsely  to  rarely  densely  pu- 

reaching  margin,  rarely  continuous  to  one  or 
both  margins;  foliage  leaf  sheath  glabrous  to 

pubescent  toward  midrib  of  lower  half,  rarely 

along  midrib  of  upper  half;  outer  ligule  0.1- 
0.9  mm  high,  slightly  flaring  to  clearly  flaring; 

abaxial  foliage  leaf  blade  commonly  with  scat- 
tered hairs,  occasionally  glabrous;  synflores- 
cence borne  on  leafy  or  occasionally  leafless 

twigs;  pseudospikelets  erect  and  arcuate  or  en- 

tirely erect;  main  florescence  (2-)3-6(-7)  mm 
wide,  but  if  synflorescence  contains  only  erect 

pseudospikelets,  these  less  than  5  mm  wide   

ifolia 
t^escent,  becoming  sparse  to  absent  toward  edges      a-  Guadua  anguslifolia  Kunth  subsp.  angus- and  an^v   *u   111^        ,  .  ft,-r^i.'<k    r,Vi.rf*c  i    6-10. 

apex,  the  nerves  11-17;  palea  papery,  stra- 

urfa 

rnuieous 
,  — -'-*^»vix«iij'   iiicti  Kt:;u  Willi  uuipit:  uii  liicn- 

^s  of  keels,  usually  with  winged  keels  exserted 
^yond  margins  of  lemma,  7-14  mm  long,  2-3 
"^  ̂ ide  between  keels,  elliptic  to  obovate,  the 
^x  acute,  the  margins  densely  ciliate,  the  surface 

^en  keels  pubescent  on  distal  %  to  14,  other 
ces  glabrous;  lodicules  3,  filmy,  transparent 

""«  colorless  to  translucent  and  entirely  strami- 
us,  sometimes  orange-red  at  base,  the  surface 

Tt  "^^""g^s  sparsely  ciliate,  the  anterior  pair  2- 
^  mm  long,  1-2.5  mm  wide,  ovate  to  eUiptic  to 

^^ate  with  apex  acute  to  obtuse  to  truncate, 
rarely  acuminate,  the  posterior  one  2-5.2  mm '«ng,  0,8 
Iritk 

^P^'t  acute  to  acuminate;  stamens  6,  filaments 
y^  >ne,  very  delicate,  anthers  stramineous,  rarely 

lifolia.  Figures  1,  6-10. 

busa  guadua  Humb.  &  Bonpl.  Plantae  Acquinoc- 
tiales  1:  63,  pb  20.  1806,  Guadua  angustifolia 

Kunth,  Synopsis  Plantarum   1:  252,  253.    1822. 

Nastus  guadua  (Hurnb,  &  Bonpl.)  Spreiigel,  Caroli 

Linnaei .  .  .  Vegetabilium  2:  1 13.  1825.  TYPE:  Nov. 

Granada  [Colombia],  Bonpland  2()(i3  (lectoty|>e,  liere seen 

isolectotypes,  B  not  seen  (and  possibly  destroyed), 

fragment,  US;  possible  additional  isoleclotype,  P). 

Guadua  aculeata  Rupr.  ex  Fourn.  Mexicanas  Planlas 

.  .  ,  Pars  secunda  Gramineae,  p.  130.  1886.  Bam- 

busa  aculeata  (Rupr.  ex  Fourn.)  Hitchcock,  Contr. 

U.S.  Natl.  Herbarium  17:  387.  1913  [as  Bamho$\ 

type:  Mexico.  Veracruz:  Colipa.  1841,  Karwinsky 

944  (lectotype,  here  designated,  LE.  fragment,  US). 
""uiait:,   uie  posterior  one  z-a.z  mm  '--x   vr  ■  ^  %t    -      ̂     in^r.*^^ 
1  o  ̂          . ,     ̂   „.     .  ,         ,         Guadua  inermis  Rupr.  ex  Fourn.  MexjcaJias  1  lantas .  .  . 
1 .»  mm  wide,  ovate  to  eUiptic  to  obovate  ^^^^^^  Gramineae,  p.  1 29.  1 886.  typk:  Mex- 

"■^ed  With  purple,  5-8  mm  long,  the  base  sag- 

ico.  Veracruz:  Papantla,   1841-1842,  Karwinsky 

946b  (Irrtotype,  herr  df-signaied,  LE,  fragment,  US). 
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.  .  .  Pars  secunda  Gramineae,  p.  130.  1886.  TYPE:       (F);  Quirigua,  Weatherwax  39  (US).  RETalhuleu:  N  of 
Mexico.  Veracruz:  Papantla,  Karwinsky  1464  (ho-       San  Luis,  29  Jan.  1948,  McClure  21572  {VS);  between 
lotype,  LE,  fragment,  US). 

Guadua  aculeata  Rupr.  ex  Fourn.  var.  liebmanniana 
Camus,  Les  Bambusees,  p.  112.  1913.  TYPE:  Mex- 

ico. Veracruz:  Colipa,  Mar,  1841,  Liebmann  136 
(lectotype,  here  designated,  US). 

Guadua  angustifolia  Kunth  var.  bicolor  Londono,  Rev. 
Acad.  Colomb.  Cienc.  17:  379.  1989.  TYPE:  Colom- 

bia. Cundinamarca:  via  Honda-Guaduas,  "Km  1 19," 
930  m,  29  Jan.  1987.  Londono  &  Quintero  70 
(holotype,  COL  not  seen;  isotypes,  COL  not  seen, 
TULV  not  seen,  US  not  seen). 

Culms  7-25  m  tall,  7-15  cm  diann.,  exceptional 
culms  to  30  m  tall  and  20  cm  diam.  Culm  leaf 
ligule  almost  always  curved  up  before  reaching 
leaf  margin,  rarely  continuous  to  one  or  both  mar- 

gins. Foliage  leaf  sheath  entirely  glabrous  to  cov- 
ered toward  midrib  of  lower  half,  rarely  along  mid- 

rib of  upper  half,   with  light  brown  to  hyaline, 

prostrate,  antrorsely  oriented  macrohairs,  0.05-       (US).  Guyana' Banks  of  rivers,  Dec.  1892, /enman  6370 
1.5  mm  long,  the  collar  0.1-0.9  mm  long,  slightly       (US);   Aruka   River,   Jeriman    7274  (US).   VENEZUELA. 

Nueva  Linda  and  Champerico,  Standley  87743  (F). 
SUCHITEPEQUEZ:  Hacienda  Chocola  along  Chocola  River, 
McClure  21488  (US);  Puente  ICAM  at  21  km  from 
Chocola  on  the  road  to  Quezaltenango  via  Mazatenango 
and  San  Francisco  Zapotitlan.  30  Jan.  1948,  McClure 
21573  (US);  El  Pito,  experiment  gardens  of  the  Institute 
Agropecuario  Nacional  (from  Honduras),  13  Feb.  1948, 
McClure  21591  (US);  near  Pueblo  Nuevo,  Standley 
66933  (F,  US).  SOLOLa:  Finca  Monte  de  Oro,  Popenoe 

976  (US).  Honduras,  atlantida:  Tela,  Lancetilla  Ex- 
periment Station,  a  native  species,  McClure  21673  (US); 

Lancetilla  Valley  near  Tela,  Standley  53166  (F).  El  Sal- 
vador, ahuachapan:  road  from  San  Salvador  to  Ahu- 

achapan,  20  km  W  of  Santa  Ana,  McClure  21608  (US); 

nursery  "Las  Actuales  Circunstancias"  near  Ahuachapan, 
8  Apr.  1948,  McClure  21615  (US).  Nicaragua,  zelaya: 

El  Recreo,  agricultural  experiment  station,  wild  along 

Chiwawa  Creek  at  farthest  rice  test  plot,  McClure  21477 

(US).  Panama,  chiriqui:  Boqueron,  2  Apr.  1937,  Allen 

300  (US).  CANAL  ZONE:  near  property  shed  at  the  exper- 
iment gardens,  Summit,  15  May  1945,  McClure  21339 

flaring  to  clearly  flaring,  the  oral  setae  0-13(-20), 
the  auricles  absent  to  present,  the  ligule  0.1- 

0.9(-L2)  mm  long,  pubescent.  Foliage  leaf  blade 
(7.5-)10-20(-23)  cm  long,  0.9-3.2(-5)  cm  wide, 
glabrous  to  commonly  with  scattered  hyaline  hairs. 
Syriflorescence  borne  on  leafy  or  occasionally  leaf- 

less twigs.  Pseudospikelets  erect  to  arcuate,  1.5- 
9(-10)cmlong,  (2-)3- 
(4-)5-17(-18)  florets. 

containing 

AMAZONAS:  Rio  Casiquiare,  base  of  Piedra  Guanare,  Wur- 
dack  &  Adder  ley  43186  (P,  US,  VEN).  Colombia,  meta: 

Reserva  Nacional  La  Macarena,  frente  a  la  desembocadu- 

ra  del  Rio  Sansa,  Apr.  1957,  Idrobo  2600  (COL);  Puerto 

Lopez,  Little  &  Little  8333  (COL);  margen  izquierda  del 

Rio  Guayabero,  raudal  de  la  Macarena  (Angostura  #!)» 

Pinto  &  Bischler  314  (COL,  P,  US);  municipio  de  San 

Martin,  vereda  Bajo  Humadea,  margen  derecha  del  Rio 
Humadea,  Finca  la  Isla,  Pinto  &  Bernal  1675  (COL,  P» 

VEN).  CAQUETA:  Solano  on  Rio  Caqueta,  12  Mar.  1945, 

Little  &  Little  9779  (COL,  US),  antioquia:  Granja  de 

Las  Mercedes,  en  Venecia,  Gutierrez  &  Barkley  l'^C6p9 Distribution.       Occurring   sporadically   from       (COL,  US),  cundinamarca:  Nocaima,  Hacienda  Tobia, 

Veracruz  and  Puebla,  Mexico,  south  through  Gua^       15-20  Jan.   1942,   Garcia-Barriga  70685  (COL);  La 
■       "  Vega,  camino  a  Nocaima,  27  Jan.  1942,  Garcia-Barnga 

10648  (COL,  US);  La  Esperanza  a  San  Javier,  camino 

de  herradura  y  linea  del  ferrocarril  a  Girardot.  15  Jan. 

1947,  Garcia-Barriga  12202  (COL,  US);  carretera  de 
Pacho  a  Talauta,  1  Nov.  1940,  Jaramillo-Mejia  25  (COL); 

La  Esperanza,  Obregon  108  (COL);  Tocaima,  P^^-' 
Arbeldez  2416  (COL);  La  Mesa,  Tena,  Triana  5.rt..  Dec. 

1854  (US).  CALDAS:  Chinchina,  McClure  s.n.,  31  Dec 

1949  (US),  risaralda:  Pereira,  en  la  vereda  de  Mundo 

Nuevo,  Rodriguez  001  (COL).  QUINDIO:  municipio  de 

Pijao,  Hacienda  Paraguaycito  (FEDECAFE),  Ramirez 

5./1.,  4  Nov.  1976  (COL),  huila:  1  km  SW  of  San  Antonio 

Fortelecillas,  20  km  E  of  Neiva,  25  Jan.  1943,  Fosberg 

19831  (US);  along  Ri'o  Neiva,  Juntas,  near  Algeciras, 

Little  &  Little  7805  (COL,  US),  valle:  Cordillera  Uc- 
cidental,  vertiente  occidental,  hoya  del  Rio  Anchicaya, 

Paso,  Cuatrecasas  14858  (US);  cerros  cerca  d^^^^*^' 
15  Nov.  1946,  Cuatrecasas  22874  (COL,  F,  P,  S,  V>h 

temala,  Honduras,  El  Salvador,  Nicaragua,  and 
Panama;  common  in  Colombia  in  middle  to  upper 
watersheds  of  Cauca  and  Magdalena  rivers  and 
east  into  southern  llanos  and  Amazon  basin;  com- 

mon in  Ecuador  west  of  Andes  and  along  rivers  of 
Amazon  basin;  sporadic  in  northern  Amazon  basin 
of  Peru;  also  collected  from  a  few  localities  in 
southern  Venezuela  (possibly  cultivated)  and  Guy- 

ana (Figs.  2,  3). 

Common  names.  Tarro,  Otate  (Central  Amer- 

ica);  Guadua,  Cana  brava,  Cafia  mansa,  Garipa 
(Colombia  and  Ecuador);  Marona,  Ipa  (Peru);  Jua- 
jua,  Puru  puru  (Venezuela). 

Additional    specimens    examined.      Mexico 

/«0  ilfs    r  S''      « J'^'r"'  ?^  ̂̂ '-  ̂ ^^^'  ̂ ^"^       ̂ '^^-^  14  Aug.  1949,  Garcia-Barnga  8005  (COL,  US), 
780  (US)  Col,pa,  Mar.  18^1    Uebmann  137  (LE.  US);       La  Cumbre,  KUlip  5998  (US);  Hacienda  Miranda  near 

^Z!:'^Tyl':'i:Z\  '"'  ̂l:^^^  ""^  «iy-  -"-y       P-'n^a.  McClurfsUSS  (US);  Palmira,  wild  on  can.pus 

of  the  agriculture  school,  McClure  21737  (US).  CAUCA- 

near  Popayan,  Alston  8566  (COL,  US);  Popayan,  Cauca 

Valley,  Lehmann  7639  (US);  Hacienda  Garcia.  Connto. 

between   Miranda   and   Padilla,   McClure  21232  (y^l- 

(FLAS A  \  L).  PUEBLA:  Cuaulitapanaloyan,  Cuetzalan,  4  Apr  1 98 1 
Basurto  et  al.  409  (MEXU).  Guatemala,  san  marcos; 
I  mca  Ona  near  El  Quetzal,  McClure  21562  (US)  izabai  • 
Boca  Ancha.  5  July  1948.  McClure  21675  (US)-  vicinity 
of  Quirigua,  Standley  2 1035  (NY.  US);  between  Virginia 

NARi^o:  Tumaco,  right  bank  of  Rosario  River,  5  ̂^f}^,. 

Caserio  de  Santa  Maria,  Romero  Castaneda  519*  (tOU 

\ 

{ 

and  Lago  haUl,  Montana  de   \lico   Ste7„\nakXZ       ̂ ^""^  ""  Castane<ia  oi  v,  .^-^^ i*uco,  oie/ermark  38762       Ecuador.  napO:  Arajuno,  flood  plain  of  Arajuno  Kiv^r. 
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72  mi.  NE  of  Shell-Mera,  McClure  21360  (US);  S  shore 
Aguarico  River  near  Zancudo  Lake,  Young  25  (FLAS, 
QCA,  US);  across  Nape  River  from  Misahualll,  Young  66 
(FLAS,  QCA,  US);  48  km  N  of  Tena  on  road  to  Baeza, 
Young  84  (FLAS,  QCA,  US);  4  km  W  of  Borja  on  road 
to  Baeza,  Young  95  (FLAS,  QCA,  US);  6  km  W  of  Coca 
Falls  on  road  to  El  Charco,  Young  99  (FLAS,  QCA,  US). 
CARCHI:  environs  of  Chical,  12  km  below  Maldonado  on 

1918.  TYPE:  Argentina.  Chaco:  Depto.  Ber- 
mejo,  General  Vedia,  riberas  del  Rio  de  Oro, 

23  July  1974,  C.  Quarin  el  al  2384  (neo- 

type,  here  designated,  GTES;  isoneotypes,  F, 

G,  US).  Figures  9,  10. 

Culms  12-20  m  tall,  10-15  cm  diam.  Culm 

Rio  San  Juan,  Madison  et  al.  4671  (F,  US);  River  San       leaf  ligule  continuous  to  one  or  both  margins  or 
Juan  bridge  crossing  near  Maldonado,  Young  i40  (FLAS, occasionally  curved  up  before  reaching  margin. 

QCA,  US).  ESMERALDAS:  Concepcion,  up  Ri'o  Santiago  to  p^^.         leaf  sheath  glabrous,  the  collar  (O-)O.l- Selva  Alegre,  near  village  of  Timbura,  Little  6390  (F,  ̂   ̂ ,  ̂   „,           ,           ̂       „     -              i-  .   i     /i     • 

UC,  US);  Playa  de  Oro,  Little  6409  (F,  UC,  US);  Ri'o  0.2(0.3)  mm  long,  not  flarmg  to  slightly  flarmg, 

Guayabamba,   10  km  E  of  Quininde,  Little  &  Dixon  the  oral  setae  (0-)l-5(-7),  the  auricles  absent,  the 
21251  (F,  US);  Rio  Bravo,  0.5  km  S  of  Cayapas  River,  ligule  0.1-0.3(-0.4)  mm  long,  pubescent.  Foliage 
Young  67  (FLAS,  QCA,  US);  junction  of  San  Miguel  and 
Cayapas  rivers,  Young  68  (FLAS,  QCA,  US).  PICHINCHA: 

leaf  blade  (6.5-)9.2    15.6(-25.6)  cm  long, 

bTtwe^Sam;  Domhi'l,  and  QumrndU^or^a'^So/^iToT^  (0.5-)0.7-l  .7(-2.8)  cm  wide,  glabrous
  or  with  o,Jy 

(US);  Nanegalito,  N  of  Tandayapa,  Acosta-Solis  17157  a  few  scattered  hairs.  Synflorescence  borne  on 

(US);  Quito-Santo  Domingo  road,  McClure  21400  (US);      leafless  to  rarely  leafy  twigs.  Pseudos pikelets  erect 
outskirts  of  Santo  Domingo,  McClure  21401  (US);  Ran- 
cho  Ronald,  km  28  on  Santo  DomingoChone  road.  Young 
^i7(FLAS,  QCA,  US),  manabi:  Mount  Monte  Cristi,  near 
Colorado,  SE  of  Manta,  McClure  21375  (US);  Cerro  de 
Balsamo,  McClure  21376  (US);  Chagualu,  7-8  mi.  N  of 
Chone  on  the  Quito  road,  McClure  21377  (US);  Cerro 
Placido,  hillside  above  San  Placido,  McClure  21378  (US); 

to  rarely  slightly  arcuate.  Main  florescence 

(2.8-)3.2-5.6(-6)  cm  long,  (4-)5-7(-8)  mm  wide, 

containing  (5-)6-10(-l  1)  florets. 

Distribution.      Paraguay  and  Parana  river  wa- 

tersheds of  eastern  Paraguay,  northeastern  Argen- 

San  Antonio  on  Chone  River,  McOure  2  J380  (US);  edge  tina,  and  southeastern  Brazil;  also  possibly  along 
of  Porto  Viejo,  McClure  21382  (US);  Salima,  3  km  SE  Uruguay    River    in    northeastern    Argentina    and ol  Jama,  Foi/Ai^  65  (QCA,  US).  TUNGURAHUA:  trail  up  to  ^  tt  tv      a\ 
Hacienda  La  Gloria  from  Rio  Negro  bridge  on  way  across  northwestern  Uruguay  (F.g.  4). 
the  Rio  Pastaza,  McClure  21361  (US);  between  San  Fran- 

cisco and  Machay  along  road  in  valley  of  Pastaza  River, 
13  July  1945,  McClure  21364  (US);  11  km  E  of  Banos 
on  road  to  Puyo,  Young  53  (FLAS,  QCA,  US),  cotopaxi: 
Tenefuerte,  Rio  Pilalo,  km  52-53,  Quevedo-Latacunga, 
Dodson  &  Gentry  12252  (MO).  BOLIVAR:  Charquiyacu. 
•lescenso  inferior  externo  de  la  Cordillera  Occidental, 

^costa-Solis  6127  (F).  LOS  RIOS:  Estaci6n  Biol6gica  Pedro mnco  Davila  at  Jauneche  on  road  from  Mocachi  to 
Palenque  on  Estero  Pefiafiel,  Dodson  &  Gentry  12689 
m\  ̂̂ "^^^'i^g^e  Experiment  Station,  Little  6437  (F,  UC, 
Ub);  Hacienda  Camarones,  30  mi.  N  of  Quevedo,  Mc- 
Uure  21347  (US);  near  Pichilingiie  on  Quevedo  River 
«ood  plain,  McClure  21354  (US);  Hacienda  PichiUngue, 
^VcUure  21384  (US).  GUayaS:  Teresita,  3  km  W  of 
"ucay,  Hitchcock  20415  (US);  Panig6n  Plantation,  8 
p.'-  ̂  "f  Milagro,  Hitchcock  20585  (US);  Daule  on  Daule 
«'ver,  McClure  21383  (US).  MORONA-SANTIAGO:  along 
ne  path  El  Descanso  near  the  Yungaza  River  N  of  Limon 
™  the  Cuenca-Macas  road.  Young  32  (QCA,  US);  1 7 
"»  3  of  the  junction  of  the  Negro  and  Paute  rivers  on 
he  Cuenca-Sucua  road.  Young  33  (QCA,  US),  zamora- 
™''NCHIPE:  3  km  E  of  Zurabi  towards  the  Nangaritza 
™ver  1  June  1980,  Young  151  (FLAS,  QCA,  US).  EL 
^0:  between  El  Carmen  and  EI  Blanco,  23  Nov.- 15 
"ec^l987,  Albert  de  Escobar  983  (MO);  El  Tabl6n,  6 
^"^  t  of  Portovelo,  Fosberg  &  Giler  23013  (US).  PERU.      (CTES,  F,  G,  US);  Casa 

Common  names.      Tacuara,  Tacuaruzu. 

Specimens  examined.  BRAZIL.  PARANA:  just  outside 

of  Foz  do  Iguagu  on  the  border  between  Brazil  and  Par- 

aguay, along  the  Rio  Parana  on  the  Brazilian  side,  Davithe 
el  al,  11233  (F,  NY).  Argentina,  misiones:  Depto.  San 

Ignacio,  Penon  Reina  Victoria,  Krapovickas  &  Cristobal 
28759  (US);  vicinity  of  Puerto  Aguirre,  Curran676  (US); 

Puerto  Leon,  Curran  677  (F,  US);  Eldorado,  Meyer  5.567 

(UC);  Iguazu  Falls,  Rodriguez  486  (MO,  US).  COR- 

RIENTES:  Depto.  Concepcion,  Rincon  de  San  Pedro.  Burk- 
art  et  al  30.687  (US);  vicinity  of  Goya,  Curran  313 

(US);  Depto.  Ituzaingo,  Isla  Apipe  Grande,  Puerto  San 
Antonio,  Krapovickas  et  al.  23851  (CTES,  G,  MO,  US); 

Depto.  Ituzaingo,  Rincon  Oinbu  Chico,  Krapovickas  et 
al  25470  (CTES.  ENCB,  G,  MO,  US);  Depto.  Capital, 

Riachuelo  y  Ruta  12,  borde  be  bosque  de  Urunday,  Ma- 

runak  635  (CTES,  US);  Isla  San  Martin,  frente  a  Itu- 

zaingo, Meyer  6284  (UC);  Depto.  Capital,  Arroyo  Ria- 
chuelo y  Ruta  12,  Quarin  et  al  J859(CTES,  US);  Depto. 

Concepcion,  Paso  Aguirre,  Rincon  dc  San  Pedro,  Quarin 

2870  (CTES,  US);  Depto.  Mercedes,  75  km  N  of  Mer- 

cedes, Laguna  Trin,  Culantrillar,  Quarin  3182  (CTES, 

US);  Depto.  Capital,  puente  Pesoa,  Arroyo  Riachuelo, 
Schinini  et  al  68i9(CTES,  US).  chaCO:  Depto.  Bennejo, 

General  Vedia,  riberas  del  Rio  de  Oro,  Quarin  et  a/.  2384 

J>RETO:  km  174  from  Huanuco  on  the  Tingo  Maria- 
"callpa  road,  McClure  21437  (US).  amaZONAS:  conflu- 

^"<^e  of  Icikiti  and  Cenepa,  Berlin  626  (MO,  US). 
b. 

SAN  PEDRO:  Colonia  Nueva  Germania,  Rojas  2311-10492 

(US);  Alto  Paraguay,  Primavera,  Woolston  G112  (UC, 

US).  CAAGUAZU:  entre  Coronel  Oviedo  y  Colonia  Inde- 

pendencia,  orillas  Arroyo  Tebicuary,  Burkart  18741  (US). 

Caazapa:  Salitre  Cue,  barranca  selvatica  del  Ri'o  Tebi- Cuadiia    ̂   .-f    1-       1^        u        u  1,  caazapa:  Salitre  Lue,  barranca  seivauca  aei
  luu   i^ui- 

^uadua   angustifoha    Kunth   subsp.   cha-  ̂ ^^  -    p^^^^fi  &  Rojas  10959a  (US),  central: 
coensis  (N.   Rojas)  S.   Young   &   W.  Judd,  R^ta  2  y  Arroyo  Mboiy,  ScA/m/u  i0956  (US),  paraoda- 
*=omb,  et  Stat.  nov.  Bambiisa  chacoensls  N.  rh  forest  near  Sapucay.  Unssler  I730{G);  Sapucai,  pre* 

Rojas,  BuU.  Acad.  Int.  Geogr,  Bot.  26(4):  157.  de  Paraguari,  Balansa  4346  (US). 
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Figure  13.      Principal  components  analysis  of  culm 
and  foliage  leaf  data;  the  first  two  components  account 
for  23.5%  of  the  variation.  Stars  =  subspecies  chacoensis; 
dots  =  subs 

open  circles 

lations"; 

ifc western  populations 

i folia 
ulations. squares 

ifolia 

Figure  14.  Principal  components  analysis  of  foliage 

leaf  data;  the  first  two  components  account  for  25,1%  of 

the  variation.  Stars  =  subspecies  chacoensis;  dots  =  sub- 

species angustifolia  "western  populations";  open  circles 

=  subspecies  angustifolia  "northern  populations";  squares 
=  subspecies  angustifolia  "eastern  populations. ^^ 

overlapping  pattern  of  variation  in  these  popula- The  range  of  Guadua  angustifolia  is  extraor-  tions  is  seen  when  only  branch  leaves  are  consi 

dinarily  broad  in  comparison  to  most  bamboos.  ered  (Fig.  14).  The  northern  populations  tend  o 

Most  plant  and  animal  species  with  extensive  rang-  have  foliage  leaf  sheaths  that  are  glabrous,  whereas 

es  show  some  infraspecific  variation,  but  until  now  the  sheaths  of  the  eastern  and  western  populations 

there  have  been  no  detailed  studies  of  the  variation      usually  possess  macrohairs.  In  the  eastern  pop within 

specmiens 

G.  angustifolia  are  wide  enough  to  have  favored 

some  degree  of  local  divergence.  The  variation  is 

relatively  complex,  with  vegetative  and  floral  char- 

nn 

The  geographical  barriers  between  populations  of      the  foliage  leaves  and  tend  to  have  longer  lig 

and  larger  pulvini,  especially  on  the  juvemle  le
aves 

(Fig.    10b).  These  characteristics  do  not  appear 

anywhere  else  within  the  range  of  the  species,  a
nd 

..  ̂        ^        ,        their  influence  is  evident  on  the  FCA  diagram  based 

variation.  Thus,  populations  (and  taxa)  may  be      upon  branch  leaf  characters  (Fig.  14).  Some  o      ̂^ 
separated  only  by  using  sets  of  correlated  char-      specimens 
acters. 

The 

ifolia  subsp.  angustifolia  are  more  similar  in  both 
away  from  the  "central  cluster,"  but  other  e

astern 

specimens  (those  lacking  auricles)  are  not
  sepa- 

rated. This  character  does  not  seem  to  be  constant 
vegetative  and  floral  features  to  each  other  than      within  the  eastern  populations,  and  its  taxononu 

they  are  to  the  southern  populations  here  recog-      value  is  in  doubt.  We  conclude  here  that  ines ifc eastern 

be ifolia  subsp.  angustifolia      nomic  recognition.  The  first  author  noted  the  ge 

and  Central  American  populations  (i.e.,  ̂ 'northern 
race,"  formerly  called  G.  acu/eato);  the  western Culonnbian  and  western  Ecuadorian  nonulationt  ^i  *> 

eral  trend  toward  smaller  culms  in  the  Onente 

Ecuador  (Young,  1981),  but  no  systematic  
study 

of  culm  size  has  been  carried  out,  due  to  the 
of  adequate  collections. 

*Vestern  race")  including  the  few  specimens  from  Inflorescence  characteristics  are  also  v^^"f^^  ̂  

among  these  three  "incipient  geographic  races 

introd 

of 

the  Amazon  basin  populations  (i.e.,  "eastern  race") 
from  Colombia,  Ecuador,  and  Peru. 

*« 

ifolia  subsp.  angustifc 

   large  gaps  are  present.  The  "western  race     p<^ 
Vegetatively,  these  three  population  groups  or      sesses  the  largest  spikelets,  i.e.,  (3.1-)3.5-9('l   ̂  incipient  geographical  races 

similar 

The 

ulm «£ 

cline 

leaves  shows  the  variation  of  the  eastern  and  north- 
ern populatiofis  to  be  contained  whollv  within  iKat 

becoming 

,    .  contamed  wholly  within  that      Panama  northward.  They  are  (1.5-)2'5.3(-7)crn 
of  the  western  populations  (Fig.    13).  A  similar      long  and  erect  or  rarely  slightly  arching  (Fig- 1^"^' 

I 

\ 

) 
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I  ̂  

h  IGURE  1 5 .  Principal  components  analysis  of  external 
inflorescence  data  set;  the  first  two  components  account 
lor  27.8%  of  the  variation.  Stars  =  subspecies  ckacoensis; 
dots  =  subspecies  angustifolia  '"western  populations"; 
open  circles  =  subspecies  guadua  "northern  populations" 
from  Central  America;  circles  with  letter  "m" 
cies  angustifolia 
squares  = 

=  subspe- 

northern  populations"  from  Mexico; 
subspecies  angustifolia  ''eastern  populations." 

Figure  16.  Principal  components  analysis  of  total 
inflorescence  data  set;  the  first  two  components  account 

for  31.2%of  the  variation.  Stars  =  subspecies  charoensis; 

dots  =  subspecies  angustifolia  "western  populations"; 
open  circles  =  subspecies  angustifolia  "northern  popu- 

lations"; squares  =  subspecies  angustifolia  "eastern  pop- 

ulations." 

ample,  Figure  17a  depicts  the  pseudospikelets  from 

d).  Principal  components  analysis  of  external  in-  a  clump  growing  in  the  southern  Amazonian  region 

florescence  characters  shows  the  Mexican  speci-  of  Ecuador.  They  are  longer  and  more  arched  than 

mens  to  be  most  different  from  the  western  pop-  is  typical  for  plants  in  the  eastern  region  and  are 

ulations,    with    other    Central    American    plants  comparable  to  many  from  the  ''western  race"  of 

bridging  the  "gap"  between  these  areas  (Fig.  15).  subspecies  angustifolia.  This  illustrates  the  need 

When  the  PCA  of  data  from  dissected  spikelets  is  for  more  material  from  this  region  before  any  for- 

examined  (Fig.  16),  an  analysis  involving  a  greater  mal  taxonomic  decision  concerning  the  status  of 

number  of  characters  (and  showing  the  influence  these  "incipient  geographical  races"  can  be  made, 

ofinternal  structures  such  as  palea  and  style  length  In  contrast  to  the  situation  involving  the  "in- 

3nd  style  hairs  on  the  principal  component  load-  cipient  geographic  races"  within  Guadua  angus- 

ings),  there  is  a  small  gap  between  these  "races"  tifolia  subsp.  angustifolia,  G.  angustifolia  suhsp. 
chacoensis  shows  a  number  of  vegetative  and  floral 

ifc 

tends  to  have  longer  styles  and  style  hairs  than  characters  that  allow  these  southern  populations 

either  the  "eastern  race"  or  "western  race,"  and  to  be  consistently  distinguished  from  any  other 

jjieir  paleas  are  slightly  longer.  This  analysis  should  populations  of  the  species.  The  degree  of  vegetative 
»e  interpreted  with  caution,  however,  since  the  difference  is  shown  in  PCA  of  both  branch  and 

^mple  size  is  very  small.  In  McClure's  (1955)  culm  and  branch  leaf  characters  (Figs.   13,   14) 

detailed  descriptions  of  B.  guadua  and  B.  aculeata  where  there  is  a  clear,  although  not  large,  gap 

^^gnificant  diff'erences  between  the  two,  and  they 

ifc 
tions  of  G.  angusdfc 

all  involve  floral  characters.  These  include  gem-  In  subspecies  chacoensis  the  ligule  of  the  culm 

""parous  bract  length,  spikelet  length,  floret  num-  leaf  is  often  continuous  to  the  leaf  margin  (Fig. 

'*'■  per  spikelet,  spikelet  cross  section,  and  anther  9d).  In  other  respects  it  is  similar  to  the  culm  leaf 

connective  extension.  The  present  study  shows  more  of  subspecies  angustifolia.  The  foliage  leaves  are 

overlap  m  these  same  characters  when  more  spec-  the  most  distinctive  vegetative  feature  of  this  sub- account The 
'0  McClure  (see  descriptions). 

flared Th 

eastern  race"  also  tends  to  have  short  longer  hairs,  and  the  pulvini  are  smaller  than  those 

pseudospikelets  that  are  not  arched  (Fig.  1 7c),  but  of  subspecies  angustifolia.  The  blades  are  almost 

^tne  plants  from  this  region  have  pseudospikelets  always  glabrous  abaxially  and  rarely  possess  any 

•comparable  to  those  of  western  plants.   For  ex-  macrohairs  adaxially.  Subspecies  angustifolia  of- 
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>p.Keiet  variation  in  Uuadua  angustifolia  subsp.  angustifolia.-a.  Long  spikelets  of  "eastern  racr- 
Lung  spikelets  of  "northern  race":  MrCLir^  l?;';7?   cu^.*  „^:l„i..„  «f  "„..t«r«  rare":  McCUsre 

21364— d.  Short  spikelct5  of  "northern  race";  Karwinski  944. spikelets 
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ten  has  macrohairs  on  one  or  both  surfaces  except  trepo,  1983),  various  growth  forms  have  been  de- 

013  primary  leaves.  Blade  widths  also  tend  to  be  scribed.  Local  people  who  work  with  "guadua"  on 
narrower  in  subspecies  chacoensis,  but  there  is  a      a  daily  basis  distinguish  among  three  forms  known 

fair  amount  of  overlap  in  this  character. as  **guadua  macana"  or  "cana  brava,"  "guadua 

Culm  characteristics  of  the  two  subspecies  were      cebolla"  or  "cafia  mansa/'  and  "guadua  rayada. 

»i 

not  compared  because  of  the  lack  of  material  of  Guadua  rayada  is  recognized  as  variety  bicolor  by 

subspecies  chacoensis.  From  label  data  and  photos  Londono  (1989).  Guadua  macana  is  distinguished 

the  culms  do  not  appear  to  be  significantly  different,  from  guadua  cebolla  by  having  a  smaller  diameter, 

although  subspecies  chacoensis  does  not  attain  the  more  basal  branches  that  are  thorny  and  hinder 

height  of  some  culms  of  subspecies  angustifolia,  entrance  to  the  clump,  and  stronger  wood  with 

Some  degree  of  separation  is  also  shown  in  PCA  more  resistance  to  decay.  Guadua  macana  is  used 

of  floral  characters.  Guadua  angustifolia  subsp,  for  all  kinds  of  heavy  construction,  whereas  guadua 

chacoensis  tends  to  have  shorter  and  more  erect  cebolla  is  usually  split  longitudinally  and  used  as 

pseudospikelets  than  the  western  populations  of 
Guadua  angustifolia  subsp.  angustifolia,  and 
therefore  shows  some  overlap  with  the  eastern 
northern  populations  in  PCA  based  upon  these 
characters  (Figs.  15,  16).  However,  subspecies 
chacoensis  almost  always  has  wider  pseudospike- 

lets than  the  eastern  and  northern  populations  of 
subspecies  angustifolia,  and  therefore  is  easily  dis- 

bamboo  boards  called  "esterilla"  in  Colombia  and 

"picada"  in  Ecuador.  Guadua  rayada  possesses 
vprtiral  vellow  or  white  strioes  between  the  nodes 

bolla 

guad 

described  guadua  macana  as  by  far  the  most  com- 

mon form  in  the  Cauca  Valley  of  Colombia,  with 

the  other  forms  being  found  scattered  within  clumps 

tmguished  (see  key).  It  shows  more  of  an  overlap      of  macana.  These  forms  are  not  separated  geo- 

>n  pseudospikelet  width  with  the  western  popula-      graphically  or  ecologically  and  are  probably  due 

tions  of  subspecies   angustifolia.   The  synflores-      to  slight  genetic  differences  or  even  environmental 

cences  of  subspecies  chacoensis  are  almost  always       and/or  competitive  effects.  However,  further  study 

f»rne  on  leafless  twigs,  whereas  those  of  subspecies      is  needed  (e.g.,  breeding  studies,  common  garden 

angustifolia  often  are  intermixed  with  leafy  twigs      experiments)  in  order  to  clarify  their  status. 
or  have  leaves  on  the  same  twigs.  However,  there 
are  some  specimens  of  subspecies  angustifolia  that      Literature  CrrED 
have  pseudospikelets  borne  only  on  leafless  twigs. 
the  color  of  pseudospikelets  is  difficult  to  determine 
because  of  developmental  changes,  but  those  of 
subspecies  chacoensis  tend  to  be  brownish  (vs. 
"^ore  or  less  stramineous  in  subsp.  angustifolia). 
gam,  this  difference  is  not  absolutely  consistent, 

out  IS  only  a  general  trend.  Paleas  tend  to  be  longer 
3nd  wider  in  subspecies  chacoensis.  The  lengths 

^,       ̂*y'^  ̂ ^d  style  hairs  are  longer  in  subspecies 
<icoensis  than  in  the  western  and  eastern  "races" 

of  subspecies  angustifolia,  but  are  similar  to  the northern  race.'' 
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A  REVISION  OF  PANICUM 
SUBGENUS  PHANOPYRUM 

SECTION  LAXA  (POACEAE: 
PANICOIDEAE:  FANICEAE^ 

Fernando  0.  Zuloaga,' 

Roger  P.  Ellis^^ 
and  Osvaldo  Morrone^ 

I 

Abstract 

Panicum  subg.  Phanopyrum  sect.  Laxa  is  revised.  Twelve  American  and  one  Asian  species  are  treated  in  this 

work,  in  which  exomorphological  and  anatomical  characters  are  considered.  Section  Laxa  is  defined  mainly  as  perennial 

plants  of  humid  places,  with  membranous  ligules,  spikelets  unilaterally  disposed  on  the  inflorescences,  upper  anthecia 

membranous  to  indurate,  with  silica  bodies  and  simple  papillae,  a  basic  chromosome  number  of  :v  =  10,  and  conspicuous 

fusoid  cells  in  the  leaves.  Possible  relationships  of  Laxa  to  other  sections  of  subgenus  Phanopyrum  and  subgenus 
Stcinchisma,  as  well  as  with  other  genera  of  the  Paniceae  such  as  Homolepis  and  Hymenachne,  are  discussed.  A 

key  to  the  species  as  well  as  an  anatomical  description  of  the  section  and  photomicrographs  of  six  species,  morphological 

descriptions  of  the  species,  and  distribution  maps  are  presented.  The  taxonomic  position  of  Panicum  scabridum  ana 
Panicum  grande  are  also  discussed. 

I 

d  included  in  subgenus  Megathyrsus,  because 

the  ornamentation  of  the  upper  anthecium. 

The  classification  of  Panicum  has  undergone 

inly 

irown 

anatomical 

The  group  Laxa  was  informally  established  with-  ai 
in  Panicum  by  Hitchcock  &  Chase  (1910);  these  ol 

authors  initially  included  seven  species  in  the  group: 
Panicum  polygonatum  Schrader,  P.  longum  A.  ni 
Hitchc.  &  Chase,  P.  pilosum  Sw.,  P.  laxum  Sw.,  st 
P.  cupreum  A.  Hitchc.  &  Chase,  P.  hians  Elliott,  ul       ^..^  _      ̂  

and  P.  exiguiflorum  Griseb.  In  1915,  Hitchcock  that  section  Laxa  sensu  lato  included  species  dit- 

&  Chase  validly  published  the  group,  adding  to  faring  markedly  in  exomorphological  and  pho  o- 
Laxa  P.  stevensianum  A.  Hitchc.  &  Chase  and  P.  synthetic  characteristics.  Brown  &  Brown  (19  M 

mf7/ey?orum  A.  Hitchc.  &  Chase,  defining  the  group  cited  P.  milioides  Nees  ex  Trin.  (=  P.  hians)  ̂ ^ 

mainly  by  the  inflorescence  type,  with  spikelets  a  species  with  physiological  characters  intermedia  e 

unilaterally  disposed  on  short  pedicels.  Hitchcock  between  Kranz  and  non-Kranz  species,  as  is  t  e 

&  Chase  (1915)  also  described  P.  stagnatile  and  case  in  other  species  such  as  P.  spathellosum  Doe 

P.  grande,  not  grouping  these  species  within  Pan-  and  P.  decipiens  Nees  ex  Trin.  (Ku  et  ab,  ̂^     ' icum. 
Ku  &  Edwards,  1978;  Morgan  &  Brown 

1979; PUger  (1931)  raised  the  Laxa  group  to  sectional  Morgan  et  aL,  1980).  Brown  (1977)  placed  these 

level  and  in  1940  characterized  the  section  by  the  three  species  in  a  separate  genus  Steinchisnia  Ka  ., 

inflorescence  type,  considering  approximately  20      with  intermediate  C3/C4  photosynthesis,  spikelets belong unilat 

P.  grumosum  Nees,  P.  pernamhucense  (Sprengel)  per  anthecium  entirely  papillose,  and  lower  palea 

Mez  ex  PUger,  and  P.  gynerioides  (Griseb.)  Pilger  expanded  at  spikelet  maturity.  Brown  (1977)  m- 

(=  P.  prionitis  Nees).  eluded  eight  species  of  the  Laxa  group  within  su  • 
Hsu    (1965)    differentiated    Laxa    as    having  genus  5arwertfo5«m,  whereas  he  placed  others  m 

the  Grandia  group.  The  Grandia  group  in  the  sen^ 

of  Brown  is  a  complex  of  Kranz  species,  i.e.,  • 

petersonii  A.  Hitchc.  &  E.  Ekman  and  P 
 p^^^^^' 

lod 
number 

of  JC 
bet 

sections 
«i*u  o^v,ww**o  ic#*t#«  aiiu  r  ci/ucc^a  cifia  siaxcQ  mat       us,  and  non-Kranz  species,  sucn  ab  r  .  ̂  
Laxa  should  l>e  excluded  from  subgenus  Panicum      P.  pernamhucense,  and  P.  stagnatile- 

to Ihe  hrst  author  acknowledges  support  of  a  feUowship  from  the  John  Simon  Guggenheim  Me 
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inflorescence 
987)  defined  section  Laxa  by  the  inner  bundle  sheath;  mestome  sheath;  obs — outer 
type,  nervation  of  the  spikelet,  and  bundle  sheath;  parenchyma  sheath, 

upper  anthecia  ornamentation.   He  included  ap-  Freshly  fixed  material  of  the  following  taxa  was 
proximately  15  species  in  the  section,  which  he  studied:   Panicum  grumosum  (3   accessions),   P. 
placed  in  the  non-Kranz  subgenus  Phanopyrum  hylaeicum  (4  accessions),  P,   laxum  (13  acces- 
of  Panicum.  Panicum  prionitis  3.nd  P.  petersonii  sions),  P.  pernambucense  (6  accessions),  P.  pi- 
were  excluded  and  placed  in  section  Prionitia  of  losum  (9  accessions),  P.  polygonatum  (7  acces- 
subgenus  Agrostoides,   and   P.  grande  was  un-  sions),  and  the  sectional  anatomical  description  is 
grouped  within  subgenus  Phanopyrum,  Steinchis-  based  on  this  material.  This  sample  was  augmented 
ma  was  considered  as  a  separate  subgenus  of  Pan-  by  herbarium  material  of  P.  auriium  (2  accessions), * 

P.   bresolinii  (1   accession),  P.   condensatum  (2 

Inthepresent  treatment,  section  Laxa  is  defined  accessions),  P.  leptachne  (2  accessions),  P.  $iag- 

and  diagnosed  by  its  exomorphological  and  ana-  natile  (2  accessions),  P.  stevensianum  (6  acces- 

tomical  characters.  In  addition,  the  systematic  po-  sions),  P.  grande  (3  accessions),  P.  scabridum  (6 
sitionof  P.  scabridum  Doell,  P.  condensatum  Ber-  accessions)  and  P.  longum  (1  accession),  but  an- 

tol.,  P.  auritum  J,  S.  Presl  ex  Nees,  and  P.  grande  atomical  detail  was  difficult  to  ascertain  in  much 

icum. 

L 
defin 

axa. 
of  this  material. 

Vouchers  for  this  study  are  marked  with  an 

asterisk  (*)  in  the  specimens  examined  section  of 
the  taxonomic  treatment- 

Materials  and  Methods 

rrocedures  of  classical  taxonomy  were  used  in 
ttiis  study.  Specimens  were  examined  from  the 
foUowing  herbaria:  B,  BAA,  BAF,  BLA,  CEN,  CE- 
PEC,  COL,  F,  G,  GH,  HB,  IAN,  IBGE,  K,  LE, 
LIL,  M,  MO,  MY,  NY,  P,  PORT,  R,  RB,  SI,  SP, 
UB,  US,  VEN,  W.  Field  TTiPthod^  innlndpd  cnWe.c- 

EXOMORPHOLOGICAL  CHARACTERS 

humid 

woods 

colonies  on  the  banks  of  streams  and  rivers.  Ex- 

amples are  Panicum  pernambucense^  P.  grumo- 

sum, and  P.  stagnatile,  Panicum  laxum  and  P. 

pilosum,  on  the  other  hand,  are  pioneer  species tion  anri  A     '         c  ,"      1      ,      .  pilosum,  on  tne  otner  nana,  are  pic 

Wetr'     .  r""T  'Z  '  '"■      and  usuaUy  invade  modified  habitats. 
FMffn     T'  'f    f '  ^*^?  structures  m  ^^      /^^^  ̂̂ ^  short -rhizomatous  or  stolonifer- 'AA  (lormalm-ethanol-acetic  acid)  and  transfer-  j  u     .      j        *•„„  ̂ r.A  hrar,rh.ncr  «t  tht- rinfT  tK^rv,  *    ir.or      1        ,  .      .      ,  ,  ous,  decumbent  and  rootmg  and  branching  at  the 
™g  them  to  70%  ethanol  in  the  laboratory. 

Laboratory  studies  were  made  using  a 
<lissecting  microscope.  For  the  scanning 

Wild ternodes 

linear 

™cro    op;;sEM7".h"  """"*  T,  """"branous,  shortly  laciniate  or  occasi„.>ally  cO. ^iuiicope  ̂ ^LM),  anthecia  were  removed  from      .  .  ,i  ^   ,^^k,  oi...^r.t  ;«  P   n/^.ciim kowU„  •  .  ipte  at  the  aoex.  commoruy  absent  m  r.  pUosum. 
stubs iate  at  the  apex,  commorAy  absent  in  P,  pilosum. 

vacuum 

viewed specunens 
INFLORESCENCE 

scanning 

erating  at  10-20  kV. 

The  inflorescence  type  is  one  of  the  most  dis- 

tinguishing characters  of  this  section,  the  spikelets 

being  arranged  unilaterally  on  first-  or  second-order 
Transverse  sections  of  leaf  blade  material,  10  racemose  branches.  All  included  species  possess 

^m  thick,  were  sectioned  after  desilicification  in  this  feature. 
%  hydrofluoric  acid,  dehydration  in  a  methyl  First-orde  . . 

cellosolve  series  and  infiltration  and  embedding  in  or  whorled  toward  the  base,  diverging  in  all  direc- 

'issue  Prep  (Fisher  Scientific).  The  sections  were  tions  in  relation  to  the  main  axis.  A  small  mem- 

ahemate,  subopp 

afranin 
node 

P»aermis  scrapes,  the  mesophyll  and  vascular  tis- 
*"^  was  removed  with  a  scalpel  and  camel's  hair 

This  bract  has  pilose  margins 
lose 

Th franin hairs. 

  .^^   L^xxixi.iMx«5^   «t  E.O..  yl976.  There  is  a  gradient  in  the  degree  of  ramification 

•^79)  was  used  for  the  anatomical  descriptions.  of  the  inflorescence.  Paired  spikelets  are  present 
7  following  abbreviations  are  used:  vb/s— vas-  on  the  ventral  side  of  first-order  branches  in  species 

^^lar  bundles;  I'vb/s bun-      such  as  P.  pilosum,  P.  leptachne  Diicll,  P.  con- ibs 

species 
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spikelets  are  paired  on  second-order  branches,  will i Tliree-flowered  spikelets  were  occasionally  ob- 
these  branches  unilaterally  disposed  in  relation  to  served  in  specimens  of  P.  grumosum,  e.g.,  Quarin 

the  first-order  ones;  the  second-order  branches  are  et  al,  2745  and  Milldn  568,  with  anthecium  I 

appressed  or  divergent  from  the  axis  of  first-order  neuter,  while  anthecium  II  and  upper  anthecium 

branches,  and  there  is  variation  in  the  length  of  were  bisexual,  the  two  latter  with  the  lemma  and 

the  second-order  branches,  which  gives  the  inflo-  palea  indurate. 
rescence  a  more  or  less  lax  appearance. 

SPIKELET 

UPPER  ANTHECIUM  TEXTURE  AND 

ORNAMENTATION  (fIG.    1) 

The  spikelet  in  section  Laxa  has  the  typical  The  epidermis  of  the  lemma  and  palea  has  rect- 

angular long  cells  arranged  in  longitudinal  rows, 
structure 

two  anthecia,  the  lower  one  with  a  lemma  and  with  with  longitudinal  and  transverse  anticlinal  walls 

or  without  a  palea,  the  flower  present  or  absent,  strongly  undulated.  Stomata,  simple  papillae,  prick- 

being  male  when  present;  the  upper  anthecium  is      le  hairs,  and  silica  bodies  are  present  in  species  of 
lemm this  section 

it.  Internodes  of  the  rachilla  are  inconspicuous  be-  The  presence  of  stomata  is  variable  among  the 
tween  glumes,  lower  and  upper  flower. 

different  species,  being  located,  when  present,  to- 
The  spikelets  are  biconvex,  the  lower  glume  ward  the  apex  of  the  lemma  and  palea. 

reaching  Vz  to  ?4  the  length  of  the  spikelet,  1-3-  Simple  papillae  are  regularly  distributed  in  Ion- 

nerved;  the  upper  glume  and  lower  lemma  are  gitudinal  rows.  They  are  associated  with  the  pericli- 

subequal,  or  the  upper  glume  is  slightly  shorter  nal,  external  wall  of  the  long  cells,  eccentric,  and 
and  not  covering  the  apex  of  the  upper  anthecium,  near  the  anticlinal  transversal  distal  wall. 

5(-7)-nerved;  the  lower  palea  may  be  conspicuous  Prickle  hairs  are  frequent  toward  the  apex  ot 

and  either  the  same  length  as  the  lower  lemma,  or  the  lemma  and  palea,  being  retrorse  in  P.  breso- 

reduced  to  completely  absent;  the  lower  flower  is  linii,  P.  polygonatum^  and  P.  pilosum,  antrorse 
occasionally  present,  with  two  lodicules  and  three 
stamens,  but  is  usually  absent;  the  upper  anthecium in  P.  stagnatile,  P.   longum,  P.  laxum,  and  P. 

hylaeicum  Mez,  or  with  both  dispositions  in  r- 
encloses  a  perfect  flower,  with  two  cuneiform,  con-      grumosuniy  P.  stevensianum,  and  P.  leptachne. 
duplicate  lodicules,  which  embrace  the  lower  bor- 

SUica  bodies  are  exfoliate,  more  or  less  cross- ders  of  the  palea;  the  caryopsis  has  a  punctiform      shaped  to  nodular. 

to  oblong  hilum,  with  the  embryo  reaching  V^  to  The  upper  anthecium  varies  from  membranous 
V2  the  length  of  the  caryopsis. 

The  lower  lemma  is  commonly  membranous  but 

P 

at  maturity,  in  such  species  as  P.  grumosum,  r 

Smith  &  Was 
occasionally  indurate  at  maturity  in  specimens  of     hausen,  P.  leptachne,  P.  longum,  P.  condensa- 
P.    polygonatum,   e.g.,    Idroho    &    Cuatrecasas      turn,  P.  stevensianum,  and  P.  stagnatile,  to  more 

2665,  and  P.  laxum,  e.g.,  Cuatrecasas  &  Llanos      or  less  indurate  in  P.  polygonatum,  P.  laxum,  r. 
24054,  Bisexual  flowers  occur  in  the  lower  anthe-      hylaeicum,  and  P.  pilosum. 
cium  of  specimens  of  P,  stevensianum,  with  two  Anthecial  ornamentation  varies  in  relation  to  the 

texture  of  the   anthecium,   with  simple  papillae, 
lod 

bod 

cium,  with  two  styles  and  a  plumose  stigma;  in  this 

case  there  is  no  variation  in  the  consistency  of  the  with  membranous  anthecia.  In  the  rest  of  the  spe 

lower  lemma,  it  being  similar  to  the  upper  glume;  cies  with  indurate  upper  anthecia,  such  as  P-^P^ no  caryopsis 
flowers.  The  presence  of  bisexual  flowers  in  the 
lower  anthecium  of  Panicum  was  previously  re- 

ported by  Palacios  (1968),  Pohl  (1980),  and  Zu-      are  ocJasionally  present  at  the  tip  of  the  lemma, 
loaga  &  Sendulsky  (1988).  Verrucose  papUlae,  simUar  to  the  ones  found  m 

found  in  these  bisexual  lower      lygonatum,  P.  pilosum,  P.   hylaeicum,  ana  r- 

laxum,  stomata,  simple  papillae,  and  prickle  na 

bodies 

I 

Figure  1. 
""*  electron  photomicrographs  of  female  florets  of  species  of  Panicum.  -A.  Panicum  longum, 

XIOO  (from  type  specimen).- B.  Panicum  grumosum,  x500  {Smith  &  Klein  15723).  C.  D.  Panicum  auritum. 
C.  Upper  portion,   x50.-D.  Tip  of  the  lemma.   x250  (Merrill  101).  E.  F.  Panicum  grande.-Y.-  Dorsal  ̂ .^c 

,nn       u    I^PJ'^^f'"^'""  VU^'■Jr"""«'    ̂ 250  (Black  15352).  G,  H.   Panicum  scabridum.-G.  Dorsal  s.dc X  100.  — H.  Veiilral  side,  x  100  (Wurduck  &  Adderley  42986). 

xino. 
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Figure  2.      Distribution  of  Panicum  bresoUnii,  P.  longum,  and  P.  pilosum 

species  of  subgenus  Steinchisma,  are  sometimes 
present  in  specimens  uf  P.  laxum. 

CHKOMost)ME  Numbers 

There  are  few  karyological  studies  on  taxa  be-      r974,T978);"2«   -   ou  vv.uu.u   »   ̂ ^- longmg  to  section  Laxa,  with  data  of  the  cytology      1 967;  Tateoka,  1 962);  2n  =  40  (Pohl  &  Davidse^ 

(Mehra  &  Chaudhary,  1976,  1981).  Panicum 

grumosum:  2n  =  40  (NiiSez,  1952).  Panicum 

hylaeicum:  2n  =  40  (Bouton  at  al.,  1981).  /'a"" 
laxu. 

20  (Davidse  &  Pohl,  197
2b, 

Soder  Strom 

of  only species  being 
number 

tion.  Panicum  auritum:  n 

10  characterizes  the  sec- 
Soderstrom 

2n 

15  (Mehra,  1982); 

30  (Christopher  &  Abraham,  1976;  Mehra 
&  Chaudhary,    1981;  Mehra,    1982);   2n 

36 

*  ̂   •   X  ,    vjuuiu    OL    .juutri  toll  UIll,     L  :7\J  k  f.    *    ̂  

losum:  n  =  10  (Davidse  &  Pohl,  1972a,  19^^' 

1978);  2n  =  20  (Pohl  &  Davidse,  1971,  undej 

P.  millejlorum).  Panicum  pernanihucense:  2n  * 

40  (Bouton  et  al..  1981.  under  P.  rivulare).  Pa"' 
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ficuRE  3.     Distribution  of  P.  grumosum,  P.  hylaeicum,  and  P,  polygonatum. 

^^m  polygonatum:  2n  =  40  (Pohl  &  Davidse,      them  wiU  only  become  apparent  once  additional 

1971,  under  P.  boliviense  Hackel;  Pohl  &  Dav-      species  of  section  Laxa  are  collected  and  fixed  in >dse,  1971). the  field.  The  anatomical  description  of  the  section 

be  based 

Leaf  Anatomy  (Figs.  6-17) 

pilo- 

sum,  P.  bresolinii,  P.  longum,  P,  Uplachne,  P, 

constituted  here,  exhibits      stagnatlle,  P.  stevensianum,  P.  auritu
m,  P.  con- 

J^anable  leaf  blade  anatomy,  and  two  slightly  dif- 
^rent  species  groupings  are  evident.  These  two 
groups  intergrade  in  their  leaf  anatomy,  and  the 
•^xonornic  significance  of  the  differences  between 

densatum,  and  P.  polygonatum.  These  species 
constitute 

uniform 

trated 
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Figure  4.      Distribution  of  p.  laxum  and  P.  leptachne 
be 

anatomy  of  P.  grumosum  and  P.  pernambucense 
wOl  be  treated  separately,  as  their  anatomy  differs 
somewhat  from  that  of  the  Laxa  group  (Figs.  7, 1 2).  This  will  be  iiiformaUy  called  the  Grumosum species  group. 

metrical  on  either  side  of  the  median  vb,  with  one 

half  being  slightly  wider,  with  more  vbs;  this  asj-m- 

metry  not  pronounced  being  due  to  an  extra  I'vd 
with  an  additional  3'vb  between  successive  I'vbs 
in  one  half  of  lamina;  this  can  result  in  a  maximum 

of  an  extra  20  vbs  in  one  half  out  of  a  total  of  52 

LEAF  BLADE  IN  TRANSVERSE  SECTION 

(up  to  99  in  some 
the  entire  section,  fhic specimens 

mid-lamina 
Outline:  expanded,  either  flat  or  verv  broadiv      .1       """^  ""^/"^'"^ 

V-shaned-  the  armc  nf  .»,«  1  i  ̂  broadly      always  present  over  aU  v 
lTi:.Jul^"^!  ̂ !  '^'  'f  "!'"^  ̂ '^her  straight      ar.d  shape;  size  of  ribs  di 

d  furrows:  rounded  adaxial  ribs
 

size 

bowed ribs 

between  specimens th 
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UGURE  5.      Distribution  of  P.  pernambucense,  P.  stagnaiile,  P.  stevensianum,  and  P.  condensatum. 

vanes  from  very  shallow  to  medium  furrows  on      by  bulliform  cell  groups;  this  type  of  keel  differs 
difff>r*.r,f   •  -.     ,.  .        ̂         considerably  from  that  present  in  the  Grumosum 

group  of  this  section,  where  the  keel  intergrades 

specmiens 

with  the  lamin 
J  — "/    "*^«-"iguisiiauiC5    vary    iruiri   aiigiii    ui«- 

uulations  associated  with  the  vbs  to  ribs  the  same 

size  as  the  adaxial  ribs,  resulting  in  a  ±  moniliform      (8  )9-13(-18)  1  'vbs  in  entire  blade,  usuaBy  with 

outline.  Keel:  always  present,  but  size  and  amount      an  additional  I'vb  in  one  half  of  lamina;  3,  4,  5, 
33w.iated  colorless  parenchyma  variable;  vanes 

differs  by  one  in  each  half  of  the  lamina;  no  2Vbs. 

adaxial   colorless   parenchyma   to   well -developed      All  vbs  centrally  located  in  the  blade  thickness. shaped including  3 be  sliehtly  ahaxially  displaced 

'  yr»S  the  vbs  all  ahaxially  located;  no  lacunae;      Vascular  bundle  description:  S'vbs  angular  with 

»n»s  structure  abruptly  separated  from  the  lamina      xylem  and  phloem  distinguishable,  I'vbs  circular 
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ABAXIAL  EPIDERMIS  IN  SURFACE  VIEW 

Figure  6.  Leaf  blade  anatomy  of  P.  condensatum.  —  k.  Transverse  section  of  poorly  reconstituted  herbarium 
specimen;  fusoid  cells  and  pallisadelike  adaxial  chlorenchyma  are  present.— B.  Abaxial  epidermis  with  narrow  costal 
zones  witli  dumbbell  silica  bodies  and  the  intercostal  zones  clearly  divided  into  lateral  stomatal  bands,  and  central  files 
without  stomata  but  with  microhairs;  epidermal  cells  nucleate  (x250,  based  on  Davidse  et  al  11494). 

to  slightly  elliptical  in  outline;  phloem  adjoins  the  up  to  V2  leaf  thickness.  Epidermal  cells  small,  reg- 
ibs;  lysigenous  cavities  and  protoxylem  present;  ular  in  size,  with  a  distinct  continuous  cuticle;  no 
circular  metaxylem  vessels  narrower  than  the  obs  macrohairs,  prickles,  or  papillae.  Abaxial  epider- 
cells  as  seen  in  section.  Vascular  bundle  sheaths:  mal  cells:  no  bulliform  cells;  thickened  cuticle,  no 

obs  of  3'vbs  conspicuous,  entire,  round,  without  epidermal  projections. extensions,  although  an  additional  adaxial  cell  is 
sometimes  evident,  consisting  of  5  or  6  inflated, 
rounded  cells,  but  up  to  8  in  some  specimens  of 

F.  hylaeicum,  P.  auritum,  P.  stevensianum,  P.  Intercostal  long  cells:  elongated,  up  to  3  x  lon- 
stagnatile,  and  P.  bresoUnii,  especially  toward  the  ger  than  wide;  parallel  side  walls;  vertical  or  angled 
midnerve;  adaxial  cells  tend  to  be  largest;  chlo-      ._._    ,  „     „„,   ^  __ 
roplast  presence  and  type  variable:  either  absent,  ticlinal  waUs;  this  sinuosity  conspicuous.  CeU  shape 
or  rarely,  relatively  small,  centripetal  specialized  consistent  across  intercostal  zones  except  that  in- 
chloroplasts  occur  with  few,  small  plastids;  ibs  ab-  terstomatal  long  cells  are  shorter,  long  ceDs  in  a 

sent.  Obs  of  I'vbs  round  or  slightly  elliptical,  with  file  either  adjoin  one  another  or  are  separated  by 
slight    abaxial    interruption,    without    extensions,  short  cells— either  a  single  tall  and  narrow  cell  or 
comprised  of  8-1 1  cells;  cells  smaller  than  those  cork-silica  cell  pairs.  Conspicuous  nuclei  usuaUy 

.in  present  in  intercostal  long  and  short  cells.  Stomata: 
shape,  but  extreme  abaxial  ceUs  tend  to  be  smallest,  low  dome-shaped  or  ovoid  but  may  tend  to  low 
Chloroplasts  as  in  obs  of  3'vbs.  Ibs  present,  com-  triangular;  subsidiary  ceUs  with  conspicuous  nu- 
plete,  of  small  ceUs  with  uniformly  thickened  walls,  cleus  often  contained  within  a  slight  evagination  at 
Sclerenchyma:  minute,  inconspicuous  adaxial        ^.   ^„„..„„  ,„,„  ̂     ̂ ^   

and  abaxial  girders  associated  with  all  ybs;  fibers  interc*ostal  zone,  with  "only  the  3-6  central  long 
;le-  cell  files  without  stomata — these  cells  more  elon- 

undulating 

simila 

with  6- 1 0  files  of  stomata  per kening 

renchyma  cap  in  margin.  Mesophyll:  chlorenchy- ma not  radiate  but  adaxial  cells  tend  to  a  pallisade- 
type  of  arrangement;  these  ceUs  tabular  whereas 
the  abaxially  located  chlorenchyma  cells  are  very irregular  in  shape;  more  than  8  chlorenchyma  cells between  consecutivR  

vbs-  thp  ooJlc  r^o^»:„..i„_i-.  
xl 

gate  than  the  interstomatals  and  may  stain  less 

intensely.  Stomatal  rows  in  adjoining  files  of  cells, 

usually  one  interstomatal  cell  between  successive 

stomata  in  a  file  but  this  arrangement  variable. 

Stomata  files  separated  from  the  costal  files  by  A 

2  intercostal  files  without  stomata.  Intercostal  short 

„  ...  ,  -           —      ce/Zs;  either  absent,  on  solitary  and  tall  and  narrow 
walls,  resemblmg  arm  cells  very  closely.  Fusoid      or  paired  with  both  cork  and  silica  ceUs  and  taO 
ceUs  present  m  mesophyU:  elongate,  narrow,  and      and  narrow.  Distribution  irregular,  but  most  com- 

mon  in  central  files  of  intercostal  zones.  FapH^^^- 

definit 

each  vb.  Very  Uttle  reduction  evident  except  near 

themargm  where  the  lateral  fusoid  ceUs  may  be  „;„  {Chase  6616)    Prickle  hairs:  absent  except 
ateent^o  colorless  cells.  Adaxial  epidermal  cells:  for  small  intercostal  hooks  on  one  specimen  oi  P- 

an  llsTnr!^  ̂ 7T  "'  ''^'"''  ̂ """"^  *"^"^^"  /^'■^-"'"  <^«--^-  21866).  SmaD  angular  prickled 

^:t:r  •r:^^!r!!^^^T^"^  -a^  ̂  •-^^'  -^  ̂ ^^n  barbs  present  on  the  leaf  margin.  ̂ Ucr. 
fan-shaped,  inflated  central  ccU  or  ceUs;  occupy 

fingerl 
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A 

Figure  7. 

Gently 

.  Leaf  blade  anatomy  of  Panicum  grumosum.  A~F,  transectional  anatomy.  — A. 
Wade  margin;  note  rather  irregular  occurrence  of  fusoid  cells  near  margin.  — B.  Slightly  acute  margin  with  small 
scJerenchyma  cap;  fusoid  not  associated  with  three  most  lateral  bundles  and  presence  irregular,  with  other  bundles 

*||^^*^d  near  the  margin.— C.  Keel  consisting  of  many  vascular  bundles  (more  than  12).  all  with  adaxial  bundle 
sheath  extensions  and  gradually  intergrading  into  the  lamina;  fusoid  cavities  in  this  region  of  the  leaf  resemble  lacunae, 

as  only  a  single  cavity  is  present  in  the  mesophyll  between  successive  bundles.  — D.  Specimen  in  which  keel  is  less 
developed  but  incorporates  at  least  seven  bundles;  note  lacunae  intergrading  laterally  into  typical  fusoid  cavities.  - 

^j--  Detail  of  mesophyll  at  mid-lamina;  note  regular  occurrence  of  fusoids  and  much  shorter  bundle  sheath  extensions 
than  nearer  the  center  of  the  blade,  — F.  Irregular  occurrence  of  fusoid  cells  and  extension  of  the  outer  bundle  sheaths 

«f  the  third-order  vascular  bundles  in  particular.  G,  H.  Abaxial  epidermal  structure.— G.  Nucleate  intercu.stal  long 
and  short  cells  and  narrow  costal  zones  with  irregularly  dumbliell-shaped  silica  bodies;  central  files  in  intercostal  zones 

^nout  slomala.  — H,  Detail  of  nucleate  intercostal  long,  short,  and  triangular  subsidiary  cells  (A,  E,  based  on  Zuloaga 

•^^87;  B.  D.  F,  H,  Zuloaga  s.n.;  C,  G,  Zuloaga  3073;  A-D  x50;  E-G  xl25;  H  x200). 

cells  of  equal  length;  distal  cell  deciduous  with  very 
"  walls;  common  m  the  center  of  the  intercostal 

.  ̂^-  ̂ ^cro-hairs:  absent  except  for  new  cush- 
'on-based  hairs  on  single  specimen  of  P.  pilosum 
{Davidse  21866).  Silica  bodies:  vertically  clon- 

ed Pa  dumbbell-  or  cross-shaped,  or  equidimen- 
sjonal  dumbbell-shaped  to  eloneated  nodular  (more 

rarely  and  only  overlying  the  3'vbs).  Alternate 
regularly  with  similar  shaped  or  shorter  coital  short 

cells  along  central  costal  file;  only  3  (rarely  5)  files 

of  cells  per  costal  zone.  Each  costal  zone  therefore 
bo<l 

bounded 
This  ( 

S( 

on I 

analomy 
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'5.  ,  •   ir... 

H 
3'-ii-t--jpr3-frfr? 

^       t 

-«-^  - 

t  - 

J^F  ̂  

A.  Lateral  part  of  lamina 

ated  with  all 

Figure  8.      Leaf  blade  anatomy  of  Panicum  hylaeicum.  A-F,  transectional  anatomy.— a.  i^aierai  p^i.  "   
showing  tapermg  margin  with  small  cap  of  sclerenchyma;  note  regular  presence  of  fusold  cells  associated  with  aU 
vascular  bundles  except  for  penultimate  and  ultimate  lateral  bundles  in  the  margin.— B.  Restricted  keel  comprising 
three  vascular  bundles;  adaxial  parenchyma  developed  in  association  with  median  first-order  vascular  bundle  and 

ted  with  these 

  "  -^"^  "iiiiuui  uiuuiupia&is,  lusoias  narrow  and  inclinea  towara  ine  auaAiai  -.«.— 
adaxial  chlorenchyma  with  pallisade  arrangement. -D.  Detail  of  arm  cell-like  chlorenchyma  ceUs,  particularly  those 
located  abaxially  and  adjacent  to  the  fusoid  cells;  note  the  fusoid  cavities  appear  to  be  bounded  by  the  thin  walls  of 
the  lusoid  cells.  —  E.  Reeular  occnrrftncp  nf  a  fiicr>;^  ̂ „ii  „ — .■*!   ;j.    r    i      Kundles    F  Specimen  with bundl 

G.  Narrow  costal  zone
s 

tal 

(3-5  fUes  wide)  and  wide  intercostal  zones  (16-19  files  wide).-H.  Low  triangular  stomata  in  files  throughout  intercostal zones,  m  all  horizontal  cell  files,  but  tend  to  be  less  concentrated  in  the  central  files  of  the  zones;  subsidiary  and 
intercostal  long  cells  with  characteristic  persistent  nuclei;  note  irregular  dumbbeU-shaped  costal  silica  bodies  alternating 
with  sumlar  shaped  cork  cells  along  costal  cells  files  (A,  B,  E,  F,  Zuloaga  et  al.  2293;  C,  Zuloaga  2218;  D,  G,  H. 
Zuloaga  3197;  A,  B  x  50;  G  x80;  C-F,  H  xl25).  .     .  a 

maximum 
oitheLaxaspecies  group,  P.  hylaeicum,?.  laxum,     _ 

R  /)/7o5um    and  P.  polygonatum,  as  weU  as  P.  groupTaUhough  urto'99  cin  occur  in  P.  M«^'- leptachne,  P.  longum,  P.  condensatum,  P.  an-  cum);  asymmetry  less  marked  (48  versus  57  vbs); 
ntum     P.   stagnatde,  P.   stevensianum,  and  P.  thickness  at  mid-lamina  generaUy  greater;   '""'' 

keel 

bresohnu.  The  Grumosum  group,  P.  grumosum  well  developed,  incorporating  7-12  vbs  (1-5  m 
and  P.  pernarnhurense  differs  in  several  respects:  Laxa  group),  wide  and  expanded  and  intergradtng 
lam.nn   u.dth  generally  wider,  although  P.   hy-  into  the  lamina  (not  abrupt  as  in  Laxa  group): 
laeicum,  P^stagnauU   and  P  leptachne  some-  lacunae  present  in  the  colorless  parenchyma  o 
tinu-s  have  blades  as  wide  as  those  of  P.  grumosum,  the  keel  (absent  in  Laxa  group);  metaxylem  vessel 
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Figure  9.  Transectional  anatomy  of  the  leaf  blade  outline  of  Panicum  laxum.—k.  Gently  tapering  margin  with 
only  the  most  laterally  situated  vascular  bundles  without  associated  fusoid  cells.— B.  Mid-lamina  region  showing  four 
third-order  vascular  bundles  located  between  successive  first-order  bundles;  note  fusoid  cavities  on  either  side  of  all 

bundles.  C-E.  Variation  in  the  structure  of  the  keel.— C.  Insignificant  keel  incorporating  only  the  median  vascular 
bundle;  this  first-order  bundle  with  small  amount  of  adaxial  colorless  cell  tissue.  — D.  Most  common  intermediate  keel 

type  incorporating  3  vascular  bundles  and  adaxial  colorless  tissue.  — E.  Unusual  elaborate  V-shaped  keel  with  5 

vascular  bundles  and  extensive  colorless  parenchyma;  note  abrupt  delimitation  from  lamina  by  bulliform  cell  groups 
(A,  based  on  Zuloaga  3290;  B,  Stevens  25354;  C,  Zuloaga  2337;  D,  Davidse  30703;  E,  Zuloaga  et  at.  4330; A-E  X50). 

diameters  greater  than  in  Laxa  group  (often  wider  bundle  sheath  extensions  always  present  (variable, 

than  obs  ceUs);  outer  bundle  sheath  with  8-10  from  1-4  cells  deep);  adaxial;  uniseriate  to  biser- 

cells  around  3Vbs  (5-6(-8)  in  Laxa  group);  16-  iate;  longest  extensions  closer  to  keel;  chlorenchy- 

20  cells  in  obs  of  I'vbs  (8-11   in  Laxa  group);  ma  cells  smaller  and  more  compact,  adaxial  cells 

i'-^Kc 

E 

D 

F 

Figure  10. 
fusoid 
theU 

-  ̂ .      Detail  of  transectional  leaf  anatomy  of  Panicum  laxum.  -A.  Thinner  lateral  part  of  lamina  where 

■  occurrence  is  less  regular;  outer  sheath  cells  without  chloroplasts.-B.  Specimen  w.th  typical  anatomy  
of 

  -xa  group:  regular  fusoid  cell  presence  and  parenchyma  sheath  cells  without  chloroplasts.-L.  lypical  La
xa- 

vpe  anatomy,  but  note  well-developed  adaxial  ribs  and  furrows,  very  similar  to  those  of  P.  ptlo$um^-p.  Fused  and 
bundle  sheath  cell  structure. -E.  Adaxial  chlorenchyma  tissue  palisadeUke,  particularly  above  the  fusoid  cavities, 

*'hereas  the  abaxial  chlorenchyma  cells  are  equidimensional  with  discernible  cell  wall  invaginations.  -  F.  Specimen *nth  anatr.r»„,  .^„j-       .     .1      ■  .  ..  .     i^  //-    .   ...:.u  „  f^w    .-»„trinpiallv  located  chloroplasts,  which  differ 
tending  to  the  intermediate  C3/C,  type  with  a  few,  ceriti 
>m  thnc<>  nf  tVio  /-V.lr.i-/>n/-Kirma-  nntf>  thp  nresence  of  fusoid 

ft 

'^]  f.  laxum  specimens  (A.  based  on  ̂Stevens  25275;  B,  Zuloaga  3290;  C.  Zuloaga  et  al.  4330;  D.  Zuloaga 
«'■  4367;  E,  Zuloaga  2337;  F,  Brou^n  19;  AD  xl25;  E,  F  x2 

200). 
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Figure  11. 
Consistent  abaxial  epidermis  structure  of  Panicum  laxum. — A.  Epidermal  zonation  witli      ̂  

B.  Zonation  with  intercostal  zones  slightly  wider  than  m 
Narrow  costal  zones  of  1  or  3  cell  files  and  stomata  in  1  or  2  files  laterally  situated  in  the  intercostal  zone 
costal  zones  evenly  spaced  across  lamina  width.  ̂ — B.  Zonation  with  intercostal  zones  slightly  wider  than  m     -^ 

Typical  P.  laxum  epidermal  structure. — E.  Epidermal  detail  of  dumbbell-shaped  silica  bodies,  low  dome  *^f/^'^/|^-^ 
nucleate  subsidiary  cells  and  microhairs  in  the  center  of  the  intercostal  zones.  —  F,  Dumbbell  or  nodular  suica  * 
low  trianf^ular  subsidiary  cells  and  microhairs  between  long  cells  in  center  of  intercostal  zones  (A,  C,  based  ̂ ^  _  £ 

32998\  B,  Zaloaga  3290;  D,  Zuloaga  sm.;  E,  Zuloaga  2571;  F,  Davidse  30703;  A,  B  x80;  C,  D  xl^^'  ' 
F  X200). 

without  pallisade  arrangement;  fusoid  cells  irreg- oiiiiuui,  p«nir.au^  ***.«*x^v-**ji^*Av,  jc«.o^<,u.  (.cn-o  mc^-  Scction  Laxu  conforms  within  Panicum 

ular  in  occurrence,  particularly  laterally;  may  be      anatomical  and  exomorphological  diagnosis 

virtually  absent  {Zuloaga  3232);  fuse  to  form  la-      genus   Phanopyrum.   Subgenus   Phanopy^^ 

cunae  in  keel;  intercostal  long  cells  short,  gen-      characterized  anatomicaDy  by  the  presence 

erally  less  than  3x  longer  than  wide;  interstomatal      double  bundle  sheath,  the  inner  mestome  s 

with  thick- waUed  cells  and  the  outer  she
ath  paren- 

chymatous, with  slightly  thickened  walls,  and  corn 

pletely  devoid  of,  or  with  few,  nonspec
ialized  cWO' 

cells  often  very  short. 

Discussion 

Tlie  possible  affinities  of  section  Lax 

sectioub  of  Panicum  and  other  genera 
iceae  arc  summarized  in  Table  1. 

numbe 

bet 
^tuo   M^iwc;cix    lilt;    vcirn^uidi    uuaiu.**.^^     ■ —  i      li/ 

5  and  12,  and  the  mesophyU  tissue  is  irre
gular  y 

Kranz 
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Table  1 .      Comparison  of section  Laxa  with  other  sections  of  Panicum^  P,  grande,  and  genera  Homolepis  and  Hymenachne. i 

Genus  Panicum 
- 

w 

^ Subg. 

Steinchisma Subg.  Phanopyrum  sect.  Laxa 

Subg. 

Phanopyrum 

Subg. 

Phanopyrum sect. 
Genus sect. 

Group 

Genus Homolepis Steinchisma 
Group  Laxa               Grumosuui P.  grande 

Phanopyrum 

Hymenachne 
Pholosynthetic  type C3  (rarely  C3/C4 

intermediate) C3/C4  interme- diate 
C3  (rarely  C3/G4       C3 

intermediate) 

C3 

Ca 

C3 

Fusoid  cells  present +  (absent  in  //. 

longispicula) 

■^^» 

+                                +  (sometimes reduced) 

^^^^ 

" 

Lacunae  present 
— — —                                Present  in  keel Present  in  keel Present  in  keel Present  in  keel 

only 

and  meso- 

phyll 

and  meso- 

phyll 

and  meso- 

phyll 

Superposed  bundles  pres- 
— — _                                _ + + — 

S  3  y ?P   m   c 
ent 

Upper  anthecium  consis- tency 
Indurate Indurate Indurate  to                Membranous 

membranous 

Indurate Indurate 
Membranous 

i 
1 

lo
ag
a 
 

et
  

al
. 

[Vision  of  Pa 

3t.  Laxa 

Palea  covered  at  its  apex + + +                                 + + + 

by  the  lemma 
Prickle  hairs  and  papillae 

— — +                                 + — — + 

:3 

cS" 

present 
« 

1 
Inflorescence  with  unilat- 

-« — +                                 + ^^ + + 
eral  branches 

Lower  palea  expanded; 
— + 

—  (rarely  pres-          — 
^- — — 

(O 

* 

compound  pafnllae ent  in  P.  lax- 5 
present 

urn) 
Q) 

3 

1 
1 

i 

00 
0 

i 



..L^      ?lS 

784 Annals  of  the 
Missouri  Botanical  Garden 

Figure  12.      Leaf  blade  anatomy  of  Panicum  pernambucense.  A-F.  Transectional  anatomy.— A.  Mid-lamina  wit^ 
first-  and  third-order  bundles;  note  absence  of  fusoid  cavities.  — B.  Keel  with  five  bundles  gradually  intergrading  >v' 
lamina;  few  lacunae  present.— C,  Anatomical  detail  showing  virtual  absence  of  fusoids  and  short  adaxial  bundle  shea 

extensions  associated  with  the  third-order  bundles.  — D.  Specimen  with  irregular  fusoid  cell  presence.^E.  ̂ ^^^',  °.. 
compact  mesophyll  without  palisadelike  tissue;  no  fusoid  cells.— F.  Irregular  fusoid  occurrence  and  compact  ̂ ^^^^ 

.— G.  Thickened  long  cell  walls  with  stomata  regularly  distributed throughout  intercostal  zone;  note  nucleate  nature  of  all  intercostal  cells.— H.  All  cells  shorter  than  in  Laxa  type. 

particularly  the  intercostal  long  cells  and  the  silica  bodies  (A,  C,  based  on  Zuloaga  et  al,  3232;  B,  E,  G.  ZuloagQ 2235;  D,  Zuloaga  et  al  3323;  F,  H,  Zuloaga  2494;  A,  B  x50;  G,  H  x200;  C-F  x  125). 

g  1        y  g    —         --,  —  ,,-  — 

of  arm  cells.  G,  H.  Abaxial  epidermal  structure 

taxa  in  this  subgenus  possess  the  Cj  photosynthetic  occasionally  7-nerved  (Zuloaga,   1987).  Zuloaga 

pathway.   Plants  of  subgenus  Phanopyrum   are  (1987)  suggested  two  subgroups  could  be  distin- 
commonly  found  in  humid  and  shady  habitats  and  guished  in  subgenus  Phanopyrum:  one  with  a  basic 
have  membranous,  small  ligules;  the  inflorescences  chromosome  number  of  :c  =  10,  spikelets  disposed 

vary  in  this  subgenus  from  spikelets  disposed  uni-  unilaterally  on  the  branches,  and  upper  antheciurn 
laterally  in  racemose  branches  (as  in  sections  Sto-  '    " 

'^f 

smooth,  without  papillae  and  biceUular  microh
airs, 

which  includes  sections  Phanopyrum,  Laxa,  a 

Stoloni/era;  the  other  one  with  x  =  9,  spikelets  in 
nervation  is  constant,  the  lower  glume  l-S-nerved      open  or  contracted  panicles,  not  unilateraUy  d'S' 
and  the  upper  glume  and  lower  lemma  5-nerved,      posed,  and  upper  antheciurn  papiUate  and  with 

led 
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A B 

C 

Figure  13.  Panicum  pilosum  leaf  blade  in  transverse  section. -A.  Margin  showing  fusoids  associated  with  a
ll 

vascular  bundles  except  the  most  lateral  ones.  B  D.  Structure  of  keel.-B.  Median  vascular  bundle  only,  without 

associated  colorless  cell  development.— C.  Typical  keel  including  three  vascular  bundles  and  with  colorless  parenchyma; 

median  bundle  with  additional  sclerenchyma  girder  development. -D.  Typical  keel  but  note  lacunae  m  keel;  unusual 

adaxial  macrohair  base  evident. -E.  Typical  Laxa  anatomy  with  palisadelike  mesophyll,  regular  fusoid  ceil  presence 

and  parenchyma  sheath  cells  without  chloroplasts;  presence  of  abaxial  ribs  and  furrows  characteristic. -F.  
Note  that 

abaxial  ribs  and  furrows  larger  than  those  of  adaxial  surface. -G.  Few  chloroplasts  in  outer  sheath  cells;  note  thick 

cuticle  with  evidence  of  abaxial  epidermal  hooks. -H.  Typical  palisade  adaxial  chlorenchyma;  note  breakdown  ol 

fusoid  cavities  to  form  lacunae  (A,  E,  based  on  Zuloaga  3289;  B,  G,  Stevens  25219;  C.  F,  Zuloaga  2303;  D.  H. 
J^avidse  21866;  A-D  x50;  E,  F  xl25;  G,  H  x200). 

b'cellular  microhairs,  with  sections  Parviglumia,  (as  P.   boliviense)  (Brown  et  al.,    1985)  and  P. 

ParvifoUa,  Monticola,  and  Verrucosa  within  this  pernamhucense  (=  P.  rivulare)  (Morgan  &  Brow
n, 

group.  Section  Lorea,  originally  placed  by  Zuloaga  1979;  Wilson  et  al.,  1983). 

(1987)  in  this  second  group,  is  more  closely  related  Fusoid  cells  are  a  distinguishing  feature  of 
 the 

to  the  first  one,  with  a  similar  upper  anthecium 
Ornamentation  and  a  basic  chromosome  number  of 

*  "*"  10,  ahhough  spikelets  are  scattered  on  the panicles. 

bambusoid 

(Ellis,  1987)  but  have  also  been  recorded  in  llomo
- 

(Watson 
(Clayton  &  Renvoize,  1986),  in  addition  to  sec

tion 

Section  Laxa  is  distinct  from  the  other  sections      Laxa  (KiUeen  &  Clark,  1986).  I
n  aU  these  non- 

bambusold,  panicoid  taxa,  the  fusoid  cavitie
s  are 

of  PA 
sections 

^hanthelium,  the  other  Cj  subgenus,  in  that  all 

f^epresentatives  possess  translucent  fusoid  cells  in      being 

be 
the 

cell 
The 

in  most  of  the  Bambusoideae.  These  str
uctures 

definition 

be  confused  with  lacunae 
cells  in  section  Laxa  has  been  reported  by  Killeen  therefore  confo 
&  Clark  (1986),  who  suggest  that  their  presence  and  are  not  to                                     .    »       ̂      u    u 

'«nds  support  to  Brown's  ( 1 977)  revised  evolution-  are  noncellular  cavities  in  the  me
sophyll  and  which 

^••y  scheme  for  the  Paniceae  based  on  leaf  anatomy  also  occur  in  the  Gruinosum  grou
p  of  section  Laxa. 

«nd  Photosynthetic  pathway.  Fusoid  cells  in  species  Fusoid  cells  a
re,  therefore,  diagnostic  for  section 

'^f  action  Laxa  are  illustrated  for  P.  hylaeicum  Laxa  within  Panicum  b
ut  are  not  r-i  noted  to 
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Figure  14.  Abaxial  epidermis  of  Panicum  pilosum.—A.  Typical  zonation  with  wide  intercostal  zones;  note 
differential  staining  of  stomata  files  and  central  files  of  intercostal  zones.  — B.  Narrow  costal  zones  and  clear  stomatal 

bands.  ̂ C.  Detail  of  dumbbell-shaped  silica  bodies  and  low  triangular  stomata;  note  microhairs  and  few  hooks  in 
center  of  intercostal  zone.  — D.  Epidermis  resembling  Homolepis  glutinosa  with  numerous  small  intercostal  hooks 
(A,  based  on  Zuloaga  et  ai  4513;  B,  Zuloaga  3289;  C,  Zuloaga  2303;  D,  Davidse  21866;  A,  B  xl25;  C.  D 

these  taxa  in  the  Paniceae,  as  they  also  occur  in  a  resin  that  is  secreted  when  the  spikelets  mature; 
Homolepis  and  Streptostachys.  The  leaf  anatomy  the  upper  anthecium  in  Homolepis  is  covered  with 
of  Homolepis  aturensis  (Kunth)  Chase,  H.  gluti^  dumbbeU-shaped  sflica  bodies,  bicellular  microhairs 

nosa  (Sw.)  Zuloaga  &  Soderstrom,  H,  isocalycia  toward  the  apex,  and  it  lacks  simple,  evenly  dis- 
(Meyer)  Chase,  and  //.  villaricensis  (Mez)  Zuloaga  tributed  papiDae;  and  the  hQum  is  linear,  reaching 

longispicula  (Doell)  one  half  to  the  entire  length  of  the  caryopsis. 

Fusoid  cells  are  also  present  in  the  leaf  blades 

Soderstrom 

resembles 

of  section  Laxa  in  most  other  respects  as  weU.  The      of  the  Grumosum  group  of  section  Laxa,  although 

in  these  species  they  may  be  absent,  particular  y 

anatomical  difference  betwee 

Laxa  group  and  Homolepis  is  that  Homolepis  glu-      near  the  margin.  In  some  specimens  this  reduction 
Unosa,  in  particular,  often  has  numerous  inter-      is  extensive,  with  most  vascular  bundles  without 

associated  fusoid  ceUs  (Fig.  12 A,  C,  E).  Specimens 

of  P.  pernambucense  in  which  the  fusoid  cells  are 

rude 

sometunes 

These  features,  although  rare,  are  not  unknown 

of  Panicum  pilosum  {Davidse  21866)^  which  is 
specimens 

tinosa  on  the  basis  of  leaf  anatomy. 
Although  the  anatomy  of  section  Laxa  and 

Homolepis  is  similar,  the  exomorphological  evi- 
dence  does  not  suggest  close  affinities  between  these 

specmien      rare  or  absent  closely  resemble  those  of  P 

Nees,  of  section  Stolonifera,  and  P.  mertensii  Roth. 

of  section  Megista,  in  transectional  leaf  anatom)- 

The  epidermal  structure  is  also  similar,  and  this 

may  indicate  affinity.  Panicum  rude  has  a  similar 

mesophyll  to  species  of  the  Laxa  group,  the  adaxi 

cells  tending  to  a  pallisade-type  of  arrangement. t>vo  taxa.  In  Homolepis  spikelets  are  arranged  in  with  6-8  cells  in  3'vbs;  metaxylem  vessels  are 
open,  lax  pamcles;  the  lower  glume  reaches  the  narrower  than  the  obs  ceUs  as  seen  in  cross  section- 
same  length  and  has  the  same  nervation  as  the  Panicum  mertensii  has  a  similar  mesophyU  to  that 
upper  g  ume;  the  lower  lemma  has  conspicuous  hi-  of  P.  rude  and  6(-8)  ceUs  in  3'vbs.  The  ked  .9 
or  tncellular  secretory  microhairs,  which  contain  simflar  to  that  of  P.  grumosum.  Panicum  rude. 
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f  IGURE  15.     Transectional  leaf  anatomy  of  Panicum  poljgonatum. m  structure  of  keel. A.  Tapering  leaf  margin.  B-D.  Variation 
B.  Keel  with  three  vascular  bundles;  note  that  third-order  bundles  on  either  side  of  median 

D.  Large  keel  of  3  first-order  and  2  third-order  vascular  bundles  and 

  V.   ̂ M.   «.v^^^i.        u.    xvcci    wiui    ilircc    va&cuiiii    uuiiuica,   iiuic    mat    luu u-^ji u^»    u^in^»i^w  v 

bundle  have  additional  colorless  parenchyma  cells  associated  with  the  outer  bundle  sheath.  — C.  Typical  Laxa-type 
Keel  incorporating  three  vascular  bundles 
colorless  parenchyma  tissue.  — E,  Detail  of  parenchyma  sheath  cells  with  few,  very  small  chloroplasts.— F.  Conspicuous 
fusoid  cavities  present  on  either  side  of  all  vascular  bundles.— G,  Typical  Laxa-type  anatomy.  — H.  Detail  of  paiisadelike 
adaxial  chlorenchyma.  fusoid  cavities  and  parenchyma  sheath  cells  devoid  of  chloroplasts  (A,  E,  based  on  Zuloaga 
^^^3;  B,  F,  Davidse  30413;  C.  Davidse  26917 \  D,  Zuloaga  &  Londono  4238;  G,  Stevens  25879;  H,  Davidse 
^iS44;  AD  x50;  EG  xl25;  H  x200). 

lonifi 
in  transection  (and   not   two  inflated  cells  as  in 

shares  with  section  Laxa  a  similar  inflorescence       fusoids)  and  are  not  cellular.  In  P.  grumosum  and 

^ype  and  basic  chromosome  number.  Section  Sto-       P,  pernambucense  these  lacunae  are  often  only 

^nifera  is  differentiated  by  its  stipitate,  smooth,       associated  with  the  keel  and  inlergrade  into  normal 

^™  glabrous  upper  anthecium  and  lower  lemma       fusoid  cavities  in  the  mid-lamina. 

^th  or  without  crateriform  glands  on  the  middle  The  Grumosum  group  resembles  Ilymenachne 

rather  closely  on  the  basis  of  the  lacunae,  as  well 

as  leaf  anatomy  in  general,  a  trend  that  is  not 

portion  (Zuloaga   &   Sendulsky,    1988).   Section 
'i^gista  differs  from  section  Laxa  by  the  inflo- 
r^cence  type  and  spikelet  outline  and  nervation,       shared  by  the  Laxa  group  of  species.  This  rela- 
^^"  branches  of  the  inflorescence  whorled  and between •bo 

Sod Th 

inted 

^»iJ  lower  lemma   7~9-nerved  (Zuloaga,    1987).       strom  (1985),  who  suggested  that  species^of  Laxa 
Ipecies  of  sections  Laxa,  Stolonifera,  and  Megista 

^re  a  smiilar  humid  habitat,  which  may  explain 
h>^  superficial  sinularity  in  leaf  anatomy. 
*-acunae  occur  in  the  Grumosum  group  of  sec- 
Laxa  in  the  same  location  as  fusoid  cells  in 

he  mesophyll  between  the  vascular  bundles  (Figs. 
\   ̂'^'  F).  Lacunae  consist  of  a  single  lysigenous 

Panicum  by  having  the  upper  palea  free  at  its 

apex.  Pohl  &  Lersten  (1975)  considered  that  the 

presence  of  aerenchyma  is  a  good  character  to 

separate  Ilymenachne  from  related  genera,  such 

as  Sacciolepis  and  Panicum.  Species  of  Laxa, 

*^vity  between  successive  vascular  bundles  as  seen       including  the  Grumosum  group,  have  the  upper 
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Figure  16.  Typical  Laxa-type  abaxial  epidermal  structure  of  Panicum  polygonatum.  —  A-  Epidermal  j^^^^^j^ 
with  regularly  spaced,  narrow  costal  zones;  note  absence  of  stomata  in  center  of  intercostal  zones.  — B.  ̂^^^'^' ^^  ̂tal 
pattern.— C.  Costal  zones  3  cell  fUes  wide,  sinuous  intercostal  long  cells  and  stomatal  bands  adjacent  to  the  c 
zones.  — D.  Typical  Laxa-type  abaxial  epidermal  structure.  — E.  Short  dumbbell-  to  cross-shaped  silica  bodies  ̂ "^[".  ̂y,. 
with  darkly  staining  but  similar  shaped  cork  cells;  stomata  low  dome-shaped;  note  that  most  epidermal  cells 
persistent  nuclei.  — F.  Detail  of  dumbbell  and  nodular  silica  bodies  and  evaginations  of  subsidiary  cells;  note  ̂ ^J^  ̂ f 
in  center  of  intercostal  zone.— G.  Typical  Laxa  epidermal  cellular  structure  and  pattern;  note  differential  ̂ tam^  6   J  pattern;  noic  um^i-.. — -        .  ̂ j^n 
center  of  intercostal  zone  (without  stomata)  as  compared  to  the  stomatal  files.  — H.  Interference  contrast  illumin     ̂  

"     '   ^  and  subsidiary  cells;  microhairs  visible  in  center  of  intercostal  ̂ ^^1^''q[ 
based  on  Davidse  30413:  B.  C.  Zulon^a  4087;  D,  Zuloaga  3913;  E,  Stevens  25879;  F,  Davidse  21^'^'*^ 

showing  nuclei  in  all  long  cells,  short  cells. 

DariiLse  269l7x  A,  B  x80;  C-E  xl25;  F-H  x200). 

* 

I 
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Figure  1 7.  Atypical  leaf  blade  anatomy  of  Panicum  grande.  A-E.  Leaf  anatomy  as  seen  in  transverse  section, 

^-  Outline  of  blade  as  seen  in  cross  section  showing  continuously  decreasing  thickness  from  median  vascular  bundle 

'0  margin. -B.  Mid-lamina,  showing  arrangement  of  vascular  bundles  (3  third-order  bundles  between  successive  first- 

order  bundles)  and  the  presence  of  a  single  lacunal  cavity  in  the  mesophyll  between  aU  bundles.— C.  Keel  structure 
Showing  gradual  integration  into  lamina,  definite  lacunae  and  the  superposed  vascular  bundles  located  away  from  the 
abaxiaJ  surface.  — D.  Outer  bundle  sheath  cells  without  chloroplasts  and  wide  adaxial  extensions  present,  particularly 
«n  the  sheaths  of  smaller  bundles.— E.  Detail  of  bundles,  sheaths,  and  mesophyll;  note  that  the  lacunae  are  not 

t^unded  by  cell  walls  but  are  just  cavities  in  the  chlorenchyma.  F,  G.  Abaxial  epidermis.— F.  Epidermal  zonation 

^ith  stomata  clearly  grouped  into  2-3  files  of  cells  on  either  side  of  4-5  files  of  long  celk  located  in  the  center  of 
"le  intercostal  zones. -G.  DetaU  of  relatively  short  long  ceUs,  particularly  the  interstomatals;  all  intercostal  cells 
nucleate,  although  these  rather  indistinct  (A-G.  based  on  Davidse  21867;  A  x  125;  B,  C  x50;  F  x80;  D,  G  x  125; *'  ̂200). 

Palea  covered  at  the  apex  by  the  lemma  and  lack      anthecia  consistency,  and  habitat  in  these  taxa. edg' 

wood 

bod 

e  ate  aerenchyma  in  culms,  sheaths,  and  blades; 
^y  can  also  be  separated  by  the  presence  of  fusoid 
"^  although  this  can  be  controversial  if  reduc- 
'  or  their  replacement  by  lacunae  has  occurred. 

owever,  it  could  be  argued  that  there  has  been 

•  correlation  with  the  presence  of  fusoid  ceUs,  upper     such  as  P  grumosum  and  P.  pcrnnmhucrnse.  as 

conspicuous  fusoid  cells,  and  lack  lacunae  in  trans- 
verse section  of  the  blade.  By  contrast,  species 
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Panicum, 

well    as    those    of    Hymenachne^    which    inhabit  sheath  chloroplasts.  A  comparison  of  Figure  8  (El- 

streambanks,   have  membranous  upper  anthecia  lis,   1988)  with  Figure   10  clearly  illustrates  this 

and  leaves  with  lacunae  and  less  conspicuous  fusoid  similarity.  Illustrations  of  P.  laxum  in  Wilson  et     » 

cells.  There  are,  however,  intermediate  species  be-  al.   (1983)  and   P,   spathellosum  (Brown  et  al.,     ' 
tween  groups  Grumosum  and  Laxa  of  section  Laxa,  1985)  support  this  observation.  We  have  exammed 

such  as  P.  bresoliniiy  P,  stagnatile,  and  P.  lep-  specimens  of  P.  laxum  with  characters  interme- 
tachne^  which  have  membranous  upper  anthecia,  diate  in  relation  to  the  ones  present  in  species  of 

conspicuous  fusoid  cells  and  lack  lacunae  in  the  subgenus  Steinchisma,  such  as  palea  more  or  less 

leaves.  There  appears  to  be  a  developmental  se-  expanded  and  upper  anthecium  with  verrucosa  pa- 
quence  from  fusoid  cavities  through  lacunae  to  pillae.  All  these  data  confirm  the  relation  between 

aerenchyma:  these  structures  may  be  ontogeneti-  Steinchisma  and  section  Laxa,  supporting  the  de- 
cally  homologous  or  merely  correlated  with  shady,  cision  of  Zuloaga  (1987)  to  retain  Steinchisma  in 
wet  tropical  habitats  (Killeen  &  Clark,  1986). 

Lacunae  also  occur  in  the  keel  and  lamina  of  In  all  the  physiological  and  hybridization  work 

P.  gymnocarpon  Elliott,  section  Phanopyrum,  a  on  P.  laxum  that  has  included  leaf  anatomy  (Mor- 
species  that  resembles  the  section  Laxa  in  some  gan  &  Brown,  1979;  Wilson  et  al.,  1983),  it  is 

respects  of  leaf  anatomy.  However,  the  keel  differs  significant  that  no  illustrations  of  this  species  show 

from  the  one  present  in  species  of  section  Laxa  fusoid  cells.  This  is  in  marked  contrast  to  the  find- 

by  its  superposed  bundles  and  conspicuous  lysige-  ings  of  the  present  study  where  all  14  accessions 

nous  cavities.  The  midnerve  has  conspicuous  pith  of  P.  /axum  had  conspicuous  fusoid  cavities  present 

aerenchyma,  as  is  common  in  Hymenachne  am-  on  both  sides  of  virtually  all  vascular  bundles.  The 
plexicaulis.  Taking  into  consideration  the  super- 

posed bundles,  pith  aerenchyma,  and  conspicuous 

lacunae,  this  species  seems  to  be  more  closely  re-  chloroplasts,  and  it  is  possible  that  their  results 
lated  to  P.  grande  and   Hymenachne.  Alterna-  were  based  on  incorrect  identifications  or  at  least 

tively,  the  presence  of  lacunae  in  these  taxa  may  are  not  applicable  to  most  populations  of  P.  laxum. 
represent  a  convergence  or  simOar  adaptation  to  However,  P.  laxum  leaf  blade  material  received 

specmiens  il 
and  Wilson 

an  aquatic  habitat. 
from  R.  H.  Brown  did  have  fusoid  as  well  as  C,/ 

Subgenus  Steinchisma  is  characterized  by  pos-  C4-type  anatomy  (Fig.  lOF),  which  appears  to  con- 
sessing  an  intermediate  C^-C^  photosynthetic  path-  firm  their  determination. 

way  in  which  the  anatomy  is  Kranz  but  with  fewer  The  decision  to  recognize  two  informal  anatom- 
centripetal  chloroplasts  in  the  outer  bundle  sheath  ical  species  groups  in  section  Laxa  for  the  purpose 

cells  than  is  usual.  The  vascular  bundles  are  also  of  the  anatomical  description  appears  to  be  sup- 
farther  apart  than  in  normal  Kranz  sections,  with  ported  by  this  discussion  of  character  distributions 

5  to  7  chlorenchyma  cells  between  bundles  (Zu-  and  possible  affinities.  Thus,  the  Laxa  group  shows 

loaga,  1987).  Fusoid  cells  are  absent  in  aU  species  links  to  Homolepis  on  the  basis  of  fusoid  cells  and 
of  this  subgenus.  Physiologically  these  species  are  such  characters  as  keel  structure,  but  not  mor 
intermediate  between  C3  and  typical  Q  plants 
(Brown  &  Brown,  1975;  Morgan  &  Brown,  1979; 
Brown  et  al.,  1985)  but  all  have  carbon  isotope 

phological  characters,  and  even  to  Steinch
isma, 

on  the  basis  of  the  photosynthetic  anatomy  an^ 
Similarly 

ratios  in  the  C,  range.  ExomorphologicaUy,  species  tends  toward  Hymenachne  and  other  taxa  in  sub- 
of  Steinchisma  can  be  distinguished  by  open  pan-  genus  Phanopyrum  because  of  similar  reduction icles,  with  spikelets  not  unilaterally  disposed,  lower      of  fusoid  cells  and  oresence  of  la 

unae 

Taxonomic  Treatment 

palea  expanded  at  maturity,  and  upper  anthecium      and  the  possession  of  wide  keels  with  lacunae. covered  by  verrucose  papillae. 
Section  Laxa  generally  has  typical  C3  leaf  anat- 

omy with  very  few  or  no  chloroplasts  in  the  outer 
bundle  sheath  cells.  However,  in  a  few  specimens 
of  R  laxum  specialized  chloroplasts  are  present  in      Panicum 
these  cells,  and  the  anatomy  tends  toward  the  C3/  ger.  Nonzui.  noi.  v^aru  ̂ .^^    -  . 
Q  intermediate  type.  Examples  are  Stevens  25354,  243.  1931.  Panicum  Group  Laxa  A-  Hitcn 

Zuloaga  et  al  4330  and,  in  particular.  Brown  19  &  Chase,  Contr.  U.S.  Natl.  Herb.  1^^^^  ̂' 

(Fig.  lOF),  which  closely  resembles  P,  decipiens  "    '"'^"* 

Rot.  Gart.  Berlin 

^"  "^    — /'  -   -V  '— ^*""i^o  J  .  u.t:i^v^Lcns  1910  (invalid  name);  A.  Hitchc.  01 

Nees  ex  Trin.  and  P.  spathellosum  Doell,  of  sub-  Contr.  U.S.  Natl.  Herb.   17(6):  201.  1^*^' 

i 

genus  Sirinrhisma,  in  the  structure  of  the  bundl 
TYPE  SPECIES:  Panicum  laxum  Sw. 
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Mi present  in  the  membranous  anthecia,  palea  covered 

with  spikelets  ±  crowded  and  unilaterally  disposed  by  the  lemma  at  its  apex;  upper  flower  bisexual, 
on  the  branches  or  in  short  branchlets.  Spikelets  lodicules  2,  conduplicate;  stamens  3,  styles  2,  stig- 
pilose  or  glabrous,  elliptic   to  lanceolate.   Lower  ma  plumose.  fi/ac?es  lanceolate  to  ovate-lanceolate. 

glume  ̂ A  to  Va  the  length  of  the  spikelet,   1-3-  Ligules  membranous,  with  or  without  short  hairs 
nerved.  Upper  glume  and  lower  lemma  subequal  at  the  distal  portion. 
or  the  upper  glume  shorter  and  not  covering  the Plants  perennial,  usually  growing  in  wet  places 

upper  anthecium.  Lower  palea  conspicuous,  with      at  edges  of  woods  or  margins  of  ponds,  streams  or 
the  same  length  of  the  lower  lemma,  to  small  or rivers* 

absent;  lower  flower  present  and  male,  occasionally  Non-Kranz  anatomy,  basic  chromosome  number 
bisexual,  or  absent.  Upper  anthecium  memhranous  x  =  10. 

to  indurate,  papillose,  with  simple  papillae  all  over  Section  with  12  American  species,  growing  from 

Its  surface  or  toward  the  apex  and  with  prickle  Mexico  to  Argentina,  and  with  one  Asiatic  species, 
hairs  at  the  apex  of  lemma  and  palea;  silica  bodies 

Key  to  Species  of  Section  Laxa 
1 

bpikelets  on  first-order  branches,  second-order  branchlets  absent,  occasionally  present  toward  the  base  of 
the  inflorescence;  main  axis  and  branches  usually  long-pilose  to  scabrous. 
2a.  Spikelets  1.9-3.2  mm  long;  ligules  present. 3a. 

Blades  narrowed  at  base;  Mexico  „. 
3b.   Blades  cordate  at  base;  Brazil, 

8.  P,  longum 

lb 

4a.   Branches  of  inflorescences  glabrous;  panicles  13-24  cm  long;  spikelets  1.9-2.4  mm  long 
  3.  p.  condensatum 

4b.   Branches  of  inflorescences  papillose-pilose;  panicles  25-40  cm  long;  spikelets  2.1-3.2 
mm  long   .   7.   P.  leptachne 

2b,  Spikelets  1.3-1.5  mm  long;  ligules  usually  absent,  occasionally  present    10.   P.  pilosum 
Spikelets  mainly  on  short  second-order  branchlets;  main  axis  and  branches  scabrous  to  short-pilose, 
occasionally  long-pilose. 
5a.   Blades  amplexicaulous,  cordate. 

6a.   Spikelets  1.4-1.7  mm  long,  lower  palea  present,  the  culms  rigid;  Mexico  to  Argentina   
  5.  P.  hylaeicum 

6b.  Spikelets  2.1-2.3  mm  long,  lower  palea  absent,  the  culms  herbaceous;  Santa  Catarina,  Brazil 
  2.  P.  bresolinii 5b. 

"-^^-P--!-*   ^^-^w^^^H^^ 

Blades  not  amplexicaulous,  rounded  to  subcordate,  occasionally  cordate  in  specimens  of  P.  stagnalile, 
P.  stevensianum,  and  P,  polygonatum. 
7a.   Spikelets  pointed  at  apex,  without  lower  flower;  lower  palea  absent  to  reduced. 

8a.   Plants  0.15-0.50(-l)  m  tall;  blades  4-17  cm  long;  panicles  8-20  cm  long;  spikelets 
   II.  P.  polygonatum 8b. 

1-3-1.6  mm  long   

Plants  1-3  m  tall;  blades  17-60  cm  long;  panicles  20-40  cm  long;  spikelets  1.6-2.2(- 3)  mm  long. 

9a.   Spikelets  (2.2-)2.5-3  mm  long.  Asia .....  1 .    P.  auritum 

9b.  Spikelets  1.6-2.2(-2.5)  mm  long;  America. 

1  Oa,   Panicles  slender,  with  spikelets  not  crowded  on  second-order  branches;  Mexico 
tn  Panama    .   12.  P-  stagnatile 

10b.   Panicles  congested,  with  spikelets  crowded  on  second-order  branches;  north- 

eastern Brazil  to  Paraguay,  Uruguay,  and  Argentina   9.   P.  pernambuccnse 

7b.  Spikelets  not  pointed  at  apex,  with  a  male  lower  flower,  bisexual  in  specimens  of  P.  stcvensianum, 
occasionally  absent;  lower  palea  present. 

11a.    Upper  flower  with  two  stamens,  occasionally  three;  spikelets  1-1.7  mm  long  „ 

lib.    Upper  flower  with  three  stamens;  spikelets  1.9-3  mm  long. 

12a.   Cuhns  spreading,  decumbent  at  the  base,  0.20    1  m  tall;  spikelets  1.9-2.6  mm 

long;  lower  flower  bisexual,  occasionally  male  or  absent;  West  Indies  and  northern 

South  America   — -^   13.   P  stevensianum 

12b.   Culms  erect,  1.30-2  m  tall;  spikelets  2.3-3  mm  long;  lower  flower  male;  eastern 
  4.   P.  grumosum 

6.   P.  laxum 

»    Pa 

Brazil  to  Argentina  _.   

nicum  auritum  J.  S.  Presl  ex  Nees,  Agrost. 

Bras.:  176.  1829.  Hjmenachne  aurita  (J.  S. 
Presl  ex  Nees)  BaL,  Cat.  Indo-China  Fran- 
taise,  Joum.  de  Bot.  4:  30.  1890.  Sacciolepis 
^^rita  (J.  S.  Presl)  A.  Camus,  in  Lecomte,  Fl. 
Gen.  Indo-Chine  7:  459.   1922.  TYPE:  Phil- 

ippines. **in  Luzon  insula"  (holotype,  PR?  not 
seen;  isotype,  W). 

Perennials,  with  erect  culms   1.1    1.3  m  tall. 

modes 
nodes 

/A.V4-10 
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cm  long,  shorter  than  the  internodes,  striate,  gla-  having  spikelets  pointed,  with  the  lower  palea  re- 
brous,  the  margins  membranous,  ciliate  or  not  at  duced  and  lower  flower  absent, 

the  upper  portion.   Ligules  membranous,  0.4-1 
mm  long,  laciniate  or  not,  brownish.  Blades  Ian-  2.    P.  bresolinii  L.  B.  Smith  &  Wasshausen, 

ceolate,  17-30  cm  long,  0.8-1.6  cm  wide,  flat,  Bradea  2(35):  245,  fig.  2,  A-D,  1978.  TYPE: 
cordate  to  subcordate  at  base,  attenuate  at  the  Brazil.  Santa  Catarina:  Florianopolis,  Morro 

apex,  short  pilose  on  both  surfaces  to  glabrous,  the  Costa  da  Lagoa,  200  m,  19  Apr.  1967,  Kleia 

margins  scabrous,  the  lower  ones  ciliate  or  not,  &  Bresolin  7360  (holotype,  US  2536896). 

Inflorescence  exserted,  peduncle  8-20  cm  long,  Figures  2,  18. 
glabrous,  smooth;  panicles  lax,  16-45  cm  lone,  3-  „,            r  -    i  /•   •       i        -              u  ui    ̂ ..^^^r.; 
!' -            .J            .^      .              '       ,        ,            ° '  .  .  Plants  of  mdefinite  duration,  probably  pereimi- Ib  cm  wide;  mam  axis  wavy,  scaberulous,  pulvim  ,       ,           ,        ,           \      .         .-           j  k^or,/.Viino 

.,            •  1       1.  .  ,    .    -               ,  ,             r            1  als,  the  culms  decumbent,  rooting  and  branching pilose,  with  whitish  hairs,  to  elabrous,  hrst-order  ,      ,                 i         i        i_                         +    ̂ ^   on 
r         V        ,                 1-                     -      r  1     ,          .  at  the  lower  nodes,  then  becommg  erect,  ca.  yu 
branches  alternate,  divergent  axis  of  the  branches  ^^           internodes  compressed,  hoUow,  glabrous, triquetrous,    scabrous,    spikelets    short-pedicelled,  ^^^^            ̂                        ̂ ^^  ̂ ^^^^  ̂ ^^^  Leaves appressed   and  paired   on  short   second-order  .  ,      ,        ,             n      i,     *      *i,       ♦k^  int^mnHps 
u         1,1  *          J-     1    .  •                         1             o    -I  with  sheaths  usually  shorter  than  the  internodeb, branchlets,  pedicels  triquetrous,  scabrous.  Spike-  ,         ,  .               .  ,         rr         -n          -i        v.o;,.c   nn** 
J  ,                I           ,      /o  o    \o  c    o           1         >v  o  short-hirsute  with  stiff  papillose-pilose  hairs,  one lets  narrowly  ovate,  (2.2-)2.5-3  mm  lone,  0.8-  .              ,                  i        .i         i,     *  ̂:i;at^    Jifr. 
n  n              -J        1  u                     •  r        1            ,      .  ,  margm  membranous,  the  other  short-ciliate.  Lig 0.9  mm  wide,  glabrous,  greenish  and  tmged  with  i            »   /^  r          i                   u       ̂   .  «ntVi  a  ̂}lnrt 

I                    I                111                 ,1  ules  smaU,  0.5  mm  long,  membranous  with  a  snon 
purple,  upper  glume  and  lower  lemma  subequal,  ̂   .           .,    .           ,        ̂        „/  j     u^^^^Uf^  H 

i      K            A    T              1                                 l^n  frmge  of  hairs  at  the  apex.  
Blades  lanceolate,  lo acute,  5-nerved.  Lower  glume  ovate,  acute,  0.9 

1 .2  mm  long,  less  than  V3  the  length  of  the  spikelet, 26  cm  long,  2.2-3  cm  wide,  flat,  shortly  pseu- 

dopetiolate,  pseudopetiole  brownish,  ca.  0.2  cm -nerved,  midnerve  scaberulous  toward  the  apex.      ,    ̂       .,         \_i   j  j  •       *  *u^  K^c^    i^molexi- 
r  ;        IT     .  nil..  1  r.  n      long,  pilosc,  bkdes  cordate  at  the  base,  ampiexi Lower  palea  elliptic,  small,  1-1.4  mm  lone,  0.3  ,    ̂   .  ,  .,  1     -^k  i^na liairs 

A      u     V         \  u  r     !_      1  Ml  caulous,acummate,  short-pilose  and  with  long  nairb mm  wide,  hyalme,  glabrous,  the  borders  ciliolate  ,    ,     1  ,        1     •  1       r    ̂   ♦K^phaxial 

^  ̂   a  r  TT  I      -  toward  the  base  on  the  adaxial  surface,  the  aoaxwi or  not;  lower  Hower  absent.  Upper  anthecium  nar-  ^  ,  ,  .  ,  ,  1  ̂ ^.^^c    InfiO' 

.^^U  .11^..;.    1  0^0  A   i.i:  n  A.  n  o   :^„        surface  glabrous  with  anastomosed  nerves    Inp 

rescence  a  lax  panicle  26  cm  long,  10  io  cm 

wide;  main  axis  wavy,  scabrous,  spikelets  u
nilat- 

erally disposed  on  short  secondary  branchlets,  paired 

or  soUtary,  axis  of  the  branches,  branchlets  
and 

rowly  elliptic,  1 .9-2.6  mm  long,  0.60.8  mm  wide, 
acuminate,  membranous  at  maturity,  brownish, 
glabrous,  with  simple  papillae  and  prickles  toward 

the  apex-  Caryopsis  ovate,  1-1.3  mm  long,  0.5- 

0.8  mm  wide,  brownish;  hilum  oblong,  embryo  less  ,.     ,     V  ,  1'  ̂r  *i,p  branches 
♦k^w,  l^  *k     1       *v.     r  *u  -  pedicels  triquetrous,  scabrous,  axils  ol  the  Drancn 
than  Vi  the  length  of  the  caryops..  P^^^^    ̂^l^^^^^  ̂^^^^^^^  ̂ „.p^;^^   2.1-2.3  mm 

Distri}>ution  and  ecology.      Found  at  edge  of      ̂ «"S'  0.5
-0.6  mm  wide,  acute,  glabrous,  upper 

forest  in  humid  places  or  in  open,  wet  sites,  from      g^""^^  ̂ "'^  ̂ ^^^-^  ̂ ^™"*^  subequal.  ̂ ^^wer  g 

^  ovate,  1.1  - 1 .4  mm  long,  V2  or  more  the  length  01 

the  spikelet,  3 -nerved,  the  nerves  anastomosed  to^ 

ward  the  apex,  the  keel  scabrous.  Upper  S^'f^ 

acute,  5 -nerved,  the  nerves  anastomosed,  the  k
ee 

scabrous.  Lower  lemma  acute,  3-nerved,  the 

scabrous.  Lower  palea  absent;  lower  flower  absen^ 

Upper  anthecium  lanceolate,  1 .7-2  mm  long, 

sea  level  to  1,200  m,  in  Southeast  Asia,  India,  Sri 

Lanka,  and  southern  China,  in  tropical  Asia.  It  is 
a  weed  in  plantations  of  rubber,  tea,  teak,  and 
Cinchona  (Lazarides,  1980). 

Additional  specimens  examined.      Borneo 
kan  and  vicinity,  Ramos  1597  (P).  Malaysia.  Singapur, 
Park  of  the  broadcasting  Station  Jureng,  Sinclair  9828  mm  wide,  membranous  at  maturity,  whitish,  sm 

(M).  Philippines,  luzon:  Manila,  Merrill  101  (M,  P,  with   simple    papillae   and    conspicuous,   retrorse 

fp? 76 3Qft^^' wTp  °^  ̂  fT";  m'*"*  ̂ ^7'  '""^^^  P"<^kle  hairs  at  the  apex  of  lemma  and  palea. (P),  i639S  (P,  W);  Prov.  of  Rizal,  Morong,  «a/no5  s.n.  ̂      ,.„  ,  ,,         *^,    ,  ^.  anthecium  as 
(W);  San  Francisco  del  Monte,  Loher  1719  (M);  Luzon  ""Achilla  prolonged  beyond  the  upper  anine 
central,  lo/ier  J  7i8(P*).  MINDANAO:  Zamboanga  district,  ̂   short  mucro.  Caryopsis  not  seen. 
Malangao,  Ramos  &  Edano  s.n.  (P).  Ceylon  [Sri  Lanka]. 

Th Distribution  and  ecology.      Known 

forest 

Yau  National  Park,  Larsen  et  al.  68  (W);  Bangkok,  Kerr  Catarina,  Brazil,  where  it  grows  in  swamp 
7044  {?);  Bangkok,  Wat  Lum,  Kerr  6952  (P).  Vietnam.  !„  a^^^^  r^^^  M^rrh  to  Aoril 
Van-Yeu,  Balansa  4914{?,  W);  Hue,  Annam,  Hitchcock  "        '  ̂'''™  ̂ ^"""^  '"^  ̂P 

79378  (P);  Annam    Tourane,  Clemens  4045  (P);  Tu-  Additional  specimens  examined.      BRAZIL.  SANTA  CV 
Phep,  Balansa  1630  (P).  ^.^^^^^  5  ̂ ^  ̂^  ̂̂   Papanduva  along  highway  BR-HJ 

Panicum  auritum,  the  only  non- American  spe-  ̂°  Curitiba.  780  m,  Davidse  et  al.  11056  (MO.  bl  , 

cies  of  the  section,  was  included  in  Laxa  by  Pilger  Related  to  P.  hylaeicum  Mez,  it  differs  by  the 
(1910).   It  is  related  to  P.   laxum,  differing  by  spikelet  size,  1.4-1.7  mm  long  in  P.  hylaeicu"'' 
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f'GURE  1 8. 

^  %u]e  and  I Pume 
Panicum  hresolinii  (based  on  Datidse  et  al.  11056).-a.  Habit,  with  panicle  inc

luded Detail 

View.      f.  Spikelet,  lateral  view. J.         — '.      *.  opijteier,  larerai  view. — g.  Upper  anthecium,  lemma  view. 
PP^r  portion  of  the  upper  lemma  showing  prickle  hairs. 

c.  Racemose  branch. -d.  Spikelet,  lower  glume  v.ew.-e.  Spikelet,  
upper *T  .1         ■     _      t   .   „:^,.»     U      ITnru^r    antK*»rillTn.    Dfllea    VICW.   1. 

h.  Upper  anthecium,  palca  view. 
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Figure  19. 

.frr*  r5':r.i?- '"»-''  -  "»?  '">'■■  b-h.  «.„  ,212?:  h.  d^vu.  nm- 

a. 

Habit.-b.  Upper  portion  of  a  culm  with  panicle. -c.  SpikeIen"i;\e;arVre;:-d;s;ik;i;t;'bwer' glume  view.-*;; v.ew.-f.  Upper  anthecium,  lemma  view.-g.  Upper  anthecium,  palea  view.-h-  Upper  portion 

Spikelet,  upper  ghi 
r    .  I  1        .  -rr---  — ""^.^luni,  iciiiina  view.  —  c.  Unr 

of  the  upper  lemn.a  showing  prickle  hairs.-i.  Caryopsis,  embryo  view hilum 
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and  by  the  consistency  of  the  upper  anthecium,      papillae  all  over  its  surface,  the  lemma  5-nerved. 

indurate  in  the  latter  species  and  membranous  in      Caryopsis  lanceolate,  brownish,  hiluin  elliptic,  em- 
P.  bresolinii. 

3.  Panicum  condensatum  BertoL,  Opusc.  Sci. 
3:  408.  1819.  Hymenachne  condensata 
(Bertol.)  Chase,  J.  Wash.  Acad.  Sci.  13:  177. 
1923.  TYPE:  Brazil,  Rio  de  Janeiro:  without 

precise  locality,  Raddi  s,n.  (holotype,  PI;  iso- 
type,  K,  fragment,  US  80598).  Figures  5,  6, 
19. 

Panicum  auriculatum  Willd.  yar.fasciculosum  Doell,  in 
C.  Martius,  Fl.  Bras.  2(2):  238.  1877.  Panicum 
januarium  Mez,  in  Engler,  Bot.  Jahrb.  Syst.  56, 
Beibl.  125:  4.  1921.  TYPE:  Brazil.  Rio  de  Janeiro: 

bryo  Vk  or  less  the  length  of  the  caryopsis. 

Distribution  and  ecology,      Brazil,  from  Bahia 
to  Minas  Gerais,  Rio  de  Janeiro,  Sao  Paulo,  and 

Santa  Catarina,  in  wet  places  on  margins  of  streams 

or  in  marshy  areas,  up  to  500  m  elevation.  In 

flower  from  November  to  April. 

Additional  specimens  examined.  Bkazil.  baHIa: 
Cachoeira,  Chase  8101  (US,  W).  MINAS  GERAIS:  ca.  1 

km  S  of  Sao  Pedro  do  Suacui  along  highway  MG-3, 
Davidse  et  al.  11494  (MO,  SI,  US).  Rio  HE  Janeiro:  Rio 
de  Janeiro,  Recreio  dos  Bandeirantes,  Casari  552  (MO); 

Furnas  de  Agassiz,  Chase  12127  (US*);  Tijuca,  Schott 

4845  (US,  W);  Jacarepagua,  Chase  8414.  8418  (US*); 
Rio  de  Janeiro,  Gaudichaud  288  (isotypes,  P,  W,      without  locality,  Kuhlmann  s.n.  (US).  SANTA  CATARINA: 
fragment  US  80476). 

Annuals  or  perennials?,  the  culms  decumbent 

rooting  and  branching  at  the  lower  nodes,  then 

Pedra  de  Amolar,  Condim  1  (US);  Florianopolis,  Klein 
&  Bresolin  9966  (US).  SAO  paULO:  Pindorama,  Vie^ns 

s.n.  (US);  without  state  and  locality,  Riedel  s.n.  (W). 

Pohl  &  Lersten  (1975)  indicated  that  Panicum 

erect,  up  to  100  cm  tall,  branching  at  the  middle  ''^'"  "^         ,   "  l"        '       '  ;  \    .. , PnJ  ,.„  J        .  ,  ^         ,    ,    „  condensatum  (as  Hymenachne  condensata)  did 
dna  upper  nodes,  mternodes  compressed,  hollow,  ,  V  •        i  •    *     •     i  ■      *u 
plaKrni.c    ̂ (^   \iA   oo  1  1  J  not  have  aerenchyma  m  culms  as  is  typical  m  other 
giaDrous,  (5-)10-23  cm  lone,  nodes  compressed,  .        r  i  ir  l        d      • 
fli.rlr    «i  k  T  -  1      ,        ,      ,  .  species  of  the  genus  Hymenachne,  Panicum  con- 
aark,  glabrous.  Leaves  with  sheaths  shorter  than       )  i      i_      .i  r  *u         i  a 
the  int*.,.^^^       A    ̂ f^        i  .  ,  ii  densatum  also  has  the  apex  of  the  palea  covered 
me  mternodes,  4- 10  cm  lone,  with  tessellate  nerves,  ,      ,     .  j  r      ■  j      ii       ̂   ♦•    t..^. 
pLKrr..,     *u  f  r  .      ,  bv  the  Icmma,  and  fusoid  cells  are  present  in  trans- 
gjdurous,  the  margms  membranous.  Li^ules  meui'        ̂   .        r*u    ui  j       ̂ u        ̂   -  .  u^^  .^'V^ 
branni.c  o*  *u    u  i    i       .       -,•  t  verse  section  of  the  blades.  This  species  has  spike- 
Dranous  at  the  base  and  shortly  cihate  at  the  apex,  ,        ,.  i  •     r    *      j      u         i^  o    o.  ;«  P    r.; 
OQ_i  o  ,  ,1       ,  1,1  lets  disposed  m  first-order  branches,  as  m  r.  pi- 

short  vtilT     «7'^  '''?''      r"'v '  .t       T  '"^  losum  and  related  species.  Its  habit  is  similar  to 
hortly  cdiate.  Blades  lanceolate,  7-17  cm  long,  .       ̂ ,  p    „._..„i^  ..^  P    r..rr,nr.hur.n.e.. acummate that  of  P.  grumosum  and  P.  pernambucense. 

and  amplexicaulous,  shortly  pseudopetiolate,  pseu- 
dopetiole  hrr    T    K        V  ̂̂     T  4.   Panicum  grumosum  Nees,  Agrost.  Bras.: aopetiole  browmsh,  short-pJose  and  sparmgly  pa-  ^^.   ,^.q_  Panirum  rivulare.ar, grumosum pulose-pilose,   blades   glabrous,   the  margins  sea- 
rous,  cfliate  at  the  lower  margins.  Inflorescence 
1*5-24  cm  long,  1.5-6  cm  wide,  with  approxi- 
njately  50  unilateral,  racemose  branches,  the 
branches  verticillate,  subopposite  to  alternate;  main 

^xis  wavy,  scabrous,  lower  branches  3-4  cm  long, 
ranches  and  pedicels  scabrous,  the  branches  tri- 

quetrous, flattened  on  one  side,  axUs  of  the  branch- 
es long-pilose,  branchlets  absent,  the  spikelets  secund 

3nd  paired,  one  subsessile,  the  other  short-pedi- 
^eliate  on  the  branches,  alternating  in  2   rows. 
pikelets  lanceolate,  brownish,  somewhat  laterally 

compressed,  1.9-2.4  mm  long,  0.4-0.5  mm  wide, 
^oerulous,  acuminate,  upper  glume  and  lower 

emma  subequal,  exceeding  in  length  the  upper 
^theciuxn.  Lower  glume  V2  to  Va  the  length  of  the 
V    eiet,   1-1,6  mm  long,  ovate,  acuminate,  3(- 

^)-nerved,  the  keel  scabrous.  Upper  glume  1.8- '    nun  long,  5-nerved,  the  keel  scabrous.  Lower 
^a  1.7-2.1  mm  long,  5-nerved,  keel  scabrous. 

^*^''  palea  absent;  lower  flower  absent.  Upper 

'^''^ficcium  lanceolate,  1.5-1.8  mm  long,  0.5  mm ^'  "Membranous  at  maturity,  whitish,  scabrous 
"e  apex  of  lemma  and  oalea  and  with  simple 

182.  1829.  Panicum  rivulare\ar.  grumosum 

(Nees)  Hackel,  Repert  Spec.  Nov.  Regni  Veg. 

6:  343.  1909.  SYNTYPES:  ''Habitat  in  Monte 

Video  et  in  confinibus  Regni  Paraguayan!  {Sel* 

low)"'  (syntype  of  ̂ 'Uruguay,  Bellow,"  B;  iso- 

syntypes  P,  W,  fragments  BAA,  US).  Figures 

3,  7. 
Panicum  pycnanthum  Steudel,  Syn.  PL  Glumac.  1:  70. 

1853.  type:  Uruguay.  Montevideo:  Montevideo,  De- 
loche    s.n.    (holotype,    P,    fragments    BAA,    US 
2903523). 

Panicum  pavonii  Mez,  B*>t.  Jahrh.  Syst.  56,  BeihI.  125: 
5.  1921,  type:  Peru.  Without  locality,  Pavoa  s.n. 

(holotype,  B,  fragments,  BAA,  US;  isotype,  G). 
Panicum  knuthii  Herter,  Revista  Sudamer.  Bol.  6:  137, 

fig.  6,  1940.  TYPE:  Uruguay.  Minas:  Corrales,  Feb. 

1924,  Schroeder  s.n.  (herb.  O&ten  16731)  (frag- 
ment of  the  type,  BAA). 

Panicum  schroederi  Herter,  Revista  Sudamer.  Bot.  6: 

137,  138,  fig.  7.  1940.  type:  Uruguay.  Barra  del 

Santa  Lucia,  Jan.  1920,  Schroeder  s.n.  (herb.  Osten 

15402).  (fragment  of  the  type,  US  2903525). 

Strongly  rhizomatous  perennials,  culms  erect. 

1.3-2  m  tall,  freely  branching  at  the  upper  nodes, 

internodes  cylindric,  hollow,  glabrous,  8-30  cm 

long,  nodes  glabrous,  purplish.  Sheaths  glabrous, 
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shorter  than  the  internodes,  9-20  cm  long,  the  Hass/er  8773a  (G).  paraguari:  Parque  NacionalYbicu'i, 

margins  membranous,  coUar  glabrous,  brownish.  8f"ery  forest  along  ̂ ^^^^ 
^.    %  ,  \o    o  ,  n/    J      I  ni,  26'*03'S.  56°50'W,  Zardim  7474  (MO).  PRESIDENTE 
Ligules  membranous,  1 .2-2  mm  long.  Blades  Ian-  ̂ ^^^,  g  ̂^  yj„^  ̂ ^^^^   Rosengurtt  5627  (BAA,  US); 
ceolate,  14-44  cm  long,  0.6-3  cm  wide,  subcor-  Estancia  de  la  "Copacar,"  El  Milagro,  ifamrre^  223 (US). 
date,  glabrous,  the  margins  scaberulous,  midnerve  Uruguay,  canelones:  Rio  Santa  Lucia,  Estancia  Paso 

conspicuous.  Inflorescence  a  terminal  panicle,  15-  CueUo,  Gallinal  et  al  PE-5571  (MO,  P,  US)  colonia: ^c  1  ocio  -J  •  ■  L  bank  of  Arroyo  de  San  Juan,  Bartlett  21266  (NY).  RIO 
45  cm  lone,  o.o-lo  cm  wide:  main  axis  scabrous,  c*       4    •       r^i   v  a-         /t  tt    r.nr>^f.\  ci^ 
^  '  negro:  San  Javier,  Chehataroff  s.n.  (LIL  57cJ5o).  SAN 

branches  ascendmg,  alternate  or  opposite,  axis  of  j^^^.   rj^   ganta   Lucfa,    Rosengurtt   B-4956  (P,  SI). 
the  branches  and  pedicels  scabrous,  spikelets  paired  tacuaREMBO:  Arazati,  Rosengurtt  7676  (US). 

and  densely  crowded  on  short  secondary  branch- 

lets,  pedicels  short.  Spikelets  long-elliptic,  2.3-3 

mm  long,  0.5-1  mm  wide,  glabrous,  greenish  or 

tinged  with  purple.  Lower  glume  1-1.7  mm  long,  ,  ,     ,       -       ,  .              -u  w   n  7    9  9^  ?  S\mra 

V2  to  3/4  the  length  of  the  spikelet,  S-nerved,  the  ̂ "^  ̂ y  ̂ ^^^g  ̂ 'S^^'  'P'^^^^'^  (1  7-2.2(-2.5)  mm 
1  ̂          J  ",                .u    1      1  lone  in  P.    pernambucense)  with  a  conspicuous nerves  anastomosed  toward  the  apex,  the  keel  sea-  ^               ̂                  «             ̂       - 

1  ̂ ^  ̂      1-7  „         ,           1  Q    o  c            1            1-  u*i  lower  palea  and  lower  flower.  Panicum  grumosum brous.   Upper  glume  1.8-2.5  mm  long,  shghtly       .  ̂        .    tt   ^  „__.!..„.....  a... ntin.. 

This  species  is  related  to  P.  pernambucense, 

from  which  it  differs  by  being  commonly  smaller 

in  overall  size  (2-3  m  tall  in  P.  pernambucense) 

shorter  than  the  lower  lemma,  5-nerved,  the  keel 

finely  scabrous  toward  the  apex.  Lower  lemma 

5-nerved,  2.2  2.7  mm  long.  Lower  palea  2.2- 
2.6  mm  long,  0.5-0.6  mm  wide,  membranous. 

is  common  in  Uruguay  and  northeastern  Argentina becomes 

ranges  as  far  north  as  Minas  Gerais,  Brazil,  but 

becomes  quite  rare.  It  is  difficult  to  separate  the 

ciliolate  on  the  margins;  lower  flower  male,  anthers      *^^  'P^^^^'  ̂   Paraguay, 

3.  Upper  a«f/iecmm  long-elliptic,  2-2,6  mm  long, 
0.5-0.7  mm  wide,  membranous,  scabrous  toward 

There  is  a  gradation  in  the  pilosity  of  leaves  and 

panicles.  Some  specimens  have  densely  papillose- 

the  apex  and  with  silica  bodies  and  simple  papillae;      P^^^^  '^^^'^'  ̂ ^^^^^^,  with  rigid,  <^-<J-^^;^  ̂^^^ 

lemma    5-nerved.    Caryopsis   obovate,   brownish,      ̂ ^^  inflorescences  with  papJlose-pilose  rachis  and 

1.1-1.3  mm  long,  0.5-0.6  mm  wide,  plano-con-      branches;  others  a
re  glabrous. 

the 

vex;  hilum  oblong,  embryo  approximately  M  the 
length  of  the  caryopsis. 

Distribution    and   ecology.      South    America, 

Panicum  pavonii  was  described  by  Mez  on  tti 

basis  of  material  presumably  collected  in  Peru,  v^  e 

considered  this  to  be  an  error  on  the  label  of  the
 

specimen  since  the  known 

from  Brazil  and  Paraguay  to  Uruguay  and  Argen-  of  P.  grumosum  does  not  come  close  to  Peru. 

tina.  It  is  common  at  margins  of  rivers  and  streams.  Three-flowered  spikelets  were  found  in  Quann 
in  inundated  areas.  In  flower  between  October  and  et  al.  2745,  Hunziker  4614  (also  with  geminate 
January. 

Selected  specimens  examined.      Argentina,  buenos 

Milldn 

aires:  Isla  Santiago,  Cabrera  3422  (F,  NY,  SI,  SP,  US);      5.    Panicum  hylaeicum 
Punta  Lara,  Zuloaga  3357  (SI),  3073  (SI*).  DISTRITO 
FEDERAL:  Palermo,  Burkart  238  (BAA).  CORRIENTES:  Isla 
Apipe  Grande,  Puerto  Mora,  Krapovickas  et  al  24388 
(CTES,  SI).  CHACO:  Colonia  Benitez,  Schulz  1796  (BAB). 
ENTRE  Rios:  Salto  Grande,  Casa  de  Piedra,  Renvoize  et 
al  2975  (K,  MO,  NY,  SI);  Concepcion  del  Uruguay, 
Arroyo  La  China,  Zuloaga  et  al  3087  (MO,  SI*),  mi- 
SIONES:  Posadas,  Ekman  622  (CORD.  US),  santa  FE: 
Villa  Guillermina,  Meyer  3322  (BAA).   Brazil,  minas 
CERAIS:  Caldas,  Regnell  111-1361  (P,  US).  PARANA:  Rio 
Jordao,  Aguas  Sta.  Clara,  Ilatschbach  10549  (US),  rio 
CRANOE  DO  SUL:  Pelotas,  Sacco  212  (NY,  RB,  US);  20 
km  from  Porto  Alegre,  grown  at  Athens,  Georgia,  Brown 
&  Barreto  107  {?).  SANTA  catarina:  Man.  Ca^ador,  52 
km  west  of  Ca^ador  near  the  eastern  edge  of  the  campos 
of  Palmas,  1,000-1,200  m.  Smith  &  Reitz  9132  (NY, 
US);  Lages,  wet  ground,  bank  of  stream  and  margin  of 
banhado,    Fachinal,    Swallen    8126   (US).    Paraguay. 
amambay:  Sierra  de  Amambay,  Hasder  10155  (G,  K, 
LIL,  NY,  P,  W).  caazapa:  Tavai,  Castor-Cue,  26**10'S 
55«20'W,  Mercies  2188  (MO),  central:  Capiata,  Schini- ni  4960  (G,  MO,  SI).  CORDILLERA;  Cordillera  de  Altos 
Fiebrig  421  (F).  cuaira:  prope  Villa  Rica,  in  paludosis! 

Berlin-Dahlem  7:  75.  1917.  Panicum  laxum 

Sw.  var.  pubescens  Doell,  in  C.  Martins,  H
 

Bras.  2(2):  213.  1877,  pro  parte.  TYPE:  Brazi
l^ 

Para:  in  vicinibus  Santarem,  Aug  1850,  V"^ 

106P  {Panicum  26)  (holotype,  M,  fr
agment, 

US;  isotypes,  K,  P).  Figures  3,  8,  20. 

Panicum  minutiflorum  Doell,  in  C.  Martins,
  Fl.  Bras. 

2(2):  253.  1877.  Not  Panicum  minutiflorum  n  ̂ pail,  1825.  LECTOTYPE:  Brazil.  Para:  P^^P^^^^ 

em.  Spruce  720  (lectotype,  here  designated,  f . lectotype,  K,  fragment,  US).  .    q 

Panicum  potamium  Trin.  var.  pubescens  Doell,         ■ 

Martius,  H.  Bras  2(2):  214.  1877,  pro  parte.  T 
Brazil.  "Ad  Tocantins  fluvium  inter  Porto  imp^ 

et  Funil,^'  Burchell  8795  (holotype,  K;  ̂^[^P^'     ,. 

Panicum  laxum  Sw.  var.  amplissimum  Hackel,      r" 

Spec.  Nov.  Regni  Veg.  6:  343.  1909.  TYPE:  rj^ 
guay.  "in  reg.  curs.  inf.  fl.  Pilcomayo,"  ̂ ""J^^ ̂^^^ 

(holotype,  W;  isotypes,  G,  K,  P,  US,  
W;  fragn^^^ of  the  type,  BAA,  US).  « -jj]. 

Panicum  schiedeanum  Mez.  Bot.  Jahrb.  Syst.  ̂ o, 

I  -  _ 
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Figure  20.  Panicum  hylaeicum  (a,  based  on  Guaglianone  et  al.728-  e-g  Spruce  26)  _  a
  Hab.t. 

•P-felel.  lateral  view.-f.  Hispid  spikelet.  upper  glume  view.-g.  Hisp.d  spikelet  lower  glume  v^ew^ 
^^ygonalum  (based  on  R.rhLn  9wn -b   Scikelet,  lateral  view.-c.  Spikelet,  lower  glume  v.ew. 

e.  Hispid 

Panicum 

lume 
iew, — h.  Upper  anthecium,  palea  view. rs;fS;.  laVeVai  vi«.-c.  Spikel.,.  lower  .

lu,.„  v»w.-d.  SpikeM. 1. 

Caryopsis.  hilum  and  embryo  view
. 



-mJ     -m—      r  3-b-   "^       J  ̂  

798 Annals  of  the 
Missouri  Botanical  Garden 

125:  4^.  1921,  Not  Panicum  schiedeanum  Trin,  ex      otherwise  smooth,  glabrous,  indurate.  Caryopsis 
Beal,  1886.  LECTOTYPE,  here  designated:  Mexico, 

elliptic,  0.9  mm  long,  0.5  mm  wide,  hilum  punc 

7JtrJ°^^y'I±t.z!}'7ST,nSi:r'^-      tifo™,  embryo  less  than  half  .he  length  of  ,b totype,  P,  fragment  and  photo,  US  2830931). 
# BeibI 

hafr. 
TYPE:  Mexico.  Without  locality,  Schaffr 

156  (holotype,  B,  fragment,  US  2830930). 

caryopsis. 

Distribution    and    ecology,      Mexico,    Meso- 
america.  Cuba,  Dominica,  and  South  America,  from 

Panicum  doellii  Mez,  Bot.  Jahrb.  Syst.  56,  Beibl.  125:       Colombia  to  Argentina.  It  is  common  at  margins 

of  rivers  and  swamps  or  at  edge  of  forest  in  humid 

soils,  usually  scandent  over  the  vegetation,  froin 

SYNTYPES 

347  (Panicum  n.  18).  Paraguay.  Central:  Asuncion, 
Apr.  1874,  Balansa  49;  in  regione  cursus  inferiores  r  aa 

fluminis  PUcomayo,  Fiebrig  4689;  without  locaUty,       sea  level  to  1,500  m. 
Rajas  276  (isosyntype  of  Spruce  347  (Panicum  n. 
18),  P,  fragments,  BAA,  US;  isosyntype  of  Balansa Selected  specimens  examined.      ARGENTINA.  CHACO: 

Puerto  Vilelas,   Schulz  3379  (BAA,  CTES,  SI).  coR- 49,  G,  K,  P,  US;  isosyntype  of  Rajas  276,  G,  P,       ̂ ^^^^^    V^'^"»   ̂ ^""^^       JVT  .        A9\Z\ide 
Tjq   f...^..t=    RAA    TVfra.^../.f  tK.  ..J     '       RIENTES:  Ituzamgo,  Puesto  de  Prefectura,  

42  km  al  L  dc US,  fragments,  BAA,  US;  fragment  of  the  syntype 
Fiebrig  4689,  US). 

Panicum  guianense  A.  Hitchc,  Contr.  U.S.  Natl.  Herb 
22:  487,  f.  83.  1922.  type:  Guyana.  Rockstone,  1 

Ituzaingo,  Zuloaga  et  al  624,  2293''  (MO,  SI).  FORMOSA: 

Estancia  Bouvier,  Guaglianone  et  al  728  (SI).  MISIONES: 

Santa  Ana,  camino  al  balneario  Municipal,  Zuloaga  el z^:  4'0^  I.  oo.  ivzz.  type:  wuyana.  nocKstone,  i  ,  ̂ ^,^,  '  ̂ ^  ̂ t*v  r.  t-         i_  d-         Q^hir^n  m2 

To^     lOon     i^'f^u.     V    7  7Q7Q   ̂ u  1   f  iTQ       a/.  22i8 (MO,  SI*).  Belize.  Temash  River,  Ac^f/?/*  ̂ -^'^^ Jan.    1920,   Hitchcock   17313  (holotype,   US       .^    ,,„.    'l      '        '       .  p:.  v..o    ̂ 0  Vm  W  de  Guaya- 1038517;  isotypes,  BAA,  F,  G,  K,  NY,  W). 

perennial 2(-3)  m  tall,  culms 
cylindrlc,  rooting  and  branching  or  not  at  the  lower 

nodes,  then  erect,  sprawling  and  clambering,  many- 

noded,  internodes  4-20  cm  long,  rigid,  hollow, 
glabrous,  tinged  with  purple,  nodes  glabrous,  pur- 

with 

intemod 

(G,  US).  Bolivia,  beni:  Rio  Yata,  30  km  W  de  Guaya- 

merim,  camino  a  Riberaha,  Krapavickas  &  Schinini 

35086  (CTES,  K).  Brazil.  alagoaS:  without  locality, 

Gardner  1435  (K).  AMAPA:  Igarape  do  Lago,  Blad  & 

Froes  5L12342  (IAN),  amazonas:  Rio  Solimoes,  Froes 

20549  (IAN,  US).  BAHIA:  Rio  Itapicuru,  Pinto  ̂ ^^^  j|^^" 

GOIAS:  Santa  Rita  do  Paranahyba,  Chase  11622  (Vb)^ 

MaRANHAO:  Caxias  to  Barra  do  Corda,  Swallen  35% 

(IAN,  US).  MATO  GROSSO:  bank  of  Rio  S.  Louren^o,  Bar^a 

S.  Lourenyo,  Chase  11966  (US),  mato  grosso  do  sUL: 

Porto  Esperansa,  Chase  11073,  11099  (US).  MINaS
 

GERAIS:  Capinopolis,  Cachoeira  Dourada,  Macedo  454^ 

(US),  para:  Santarem,  Swallen  3311  (US),  Spruce  d4( PARANA 

RONDONIA 

:s,  3.5-10  cm  long,  stramineous  to 
purplish,  pilose  to  glabrescent,  with  papillose-pilose, 

caducous  hairs  on  the  upper  margins,  collar  pilose, 
glabrous.  Ligules  membranous,  laciniate  to  short 

pilose  on  the  upper  portu>n,  0.3-0.7  mm  long.  ̂ ■^^;^-—;3490(VS).  RORaima:  Rio  Mucaja> Blades  ovate-lanceolate,  flat,  7-26  cm  long,  1-3  c^io^i^  Fernando  Costa,  Black  &  Magalhaes  51-128^/ 

cm  wide,  cordate,  clasping  at  base,  shortly  pseu-  (IAN,  US).  SAO  paulo:  Porto  Pulador  on  the  ̂ ° ̂°}^' 
dopetiolate,  attenuate  at  the  apex,  densely  pCose  Gua^u,  8.9  km  NNE  of  RR  Station  at  Santa  Eudo*^; 

to  glabrescent  on  both  surfaces,  the  lower  margins      ̂ j'^^"  *  Campos  3487  (MO,  US).  Colombia  casa^^  ̂ 
long-ciliate,  otherwise  scabrous,  the  nerves  tessel- 
late.  Inflorescence  a  terminal,  diffuse  to  contracted 

panicle  10-32  cm  long,  4.5-17.5  cm  wide,  in- 

Rio  Casanare,  barranco  de  Atahuarpa,  Cuatrecasas 

Garcia  Barriga  4238  (COL).  4284  (COL,  US).  M^'^^ 
Rio  Meta,  Orocue,  Cuatrecasas  &  Garcia-Barriga^^^  ̂  

ALAJUELA 

eluded  or  not  at  the  upper  sheaths;  main  axis  and  I^avidse  11024  (US).  Cuba,  oriente:  Sierra  de  Nipe,  ̂^^ 

branches  and  pedicels  scabrous,  pulvini  short-pi-  f/'^bO'  ̂ ^J"""  ̂ ^iOS  (G).  pinar  de^  rio-  B^^.  ̂^^^ 1  c     .       J        u  u  u  .  Vicente,  Britton  et  al  7452  (Ub).  SANTA  CLAtiA. 
lose,   first.order  branches   alternate   to   opposite,  ^f  g^^^^  r;^^^^  j^^^^  546O  (US).  Dominican  Rep^^bUC unilateral 

Doming 

ESCUINTI^
 

third-order  appressed  branches,  paired  on  short      Guiana.  Haut  Itany,  Hoack  s.n,  (NY).  ̂ ^^^^^^]!^^\^^j^: 
pedicels  0.5-1.3  mm  long.  Spikelets  narrowly  el- 

liptic, 1.4-1.7  mm  long,  0.4-0.6  mm  wide,  green- 
ish to  purplish,  hispid  with  caducous  hairs,  to  gla- 

South 

mm 
brous.  Lower  glume  0.7 

the  length  of  the  spikelet,  ovate,  acute,  amplexi- 

Standley  89612  (US).  HUEHUETENANGO:  entre  Ixc   J 

Rio  Ixcan,  Sierra  de  los  Cuchumatanes,  Steyermark^'^ (F).  izabaL:  Chickasaw  Farm  of  the  ̂ "^^^^  Jj     24623 

pany,  about  15  km  north  of  Quirgua,  ̂ '^'^^^^^^^  ̂ ^i 

caulous,  3-nerved,  the  keel  scabrous  on  the  upper  ̂ ^^^-  ̂ ^^^^  ̂ ^^''  P*^^^  """''^^  ""^  ̂T  ̂c'^'^^!.v79S06 
nnrtmn     Unn^r  rrhsn,^   1     1  7  ,«      1  ■  between  ChiouimuliUa  and  El  Ahumado,  S^crtd^^/^. 
portion    Upper  glume  1  - 1 .7  mm  long,  covenng  (^S).  solola:  around  lake  at  Finca  Moca,  slopes  of  Vok^ ornot  the  upper  anthecium,  5-nerved,  blunt.  Low^  Atitlan,   1,000  m,  Steyermark  47887  i^^^-^'']^!^ nerved 

0.9-1.3  mm  long,  0.3-0.5  mm  wide,  membra- 
specimens 

or  absent.  Upper  anthecium  elliptic,  1-1.4  mm 

long,  0.4-0.6  nun  wide,  scabrous  at  the  apex. 

comayagua:  below  Barranco  Trincheras,  Williams  & 

Hams  18435  (US).  COPAN:  entre  Acr6polis  y  J^S"^''  Jyth 
Molina  26236  (F.  US).  Mexico,  chiafas:  1 3  km 

POTOSI 
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55  to  Xilitia,  Sohns   1449  (US).   VERACRUZ:  Cordoba, 
Hitchcock  6435  (BAA,  LIL,  P,  US).  Paraguay,  amambay: 
Pedro  Juan  Caballero,  Fiebrig  4760  (M).  CONCEPCION: 
zwischen  Rio  Apa  und  Rio  Aquidaban,  Villa  Sana,  Fiebrig 
4689  (G,  K,  US).  NEEMBUCU:  Alberdi,  Reales  231  (LIL). 
PRESIDENTE  HAYES:  Colonia  Inglesa,  frente  a  Trinidad, 
Sparre  &  Vervoorst  898a  (LIL).  Peru,  loreto:  Rio  Ma- 
mon  near  Rio  Nanay,  Croat  19893  (MO).  Venezuela.       Panicum  luticola  A.  Hitchc,  Contr.  U.S.  Natl.  Herb. 
AMAZONAS:  Dpto.  Atures,  terraplen  y  area  de  rebalse  del  22:  485,  fig.  82,  1922.  type:  Guyana.  Mazaruni 
Rio  Orinoco,  en  el  muelle  de  Puerto  Ayacucho,  Gua«c/i^2  River,  Penal  Settlement,  5  Dec.  1920,  Hitchcock 

2357  {MO,  VEN).  apure:  Hato  San  Juan  del  Ri'o  Claro,  17313  (holotype,  US;  isotypes,  F,  G,  K,  NY,  P, a  orilias  del  Rio  Claro,  al  S  de  Cunaviche,  1  Feb.  1956, 

buco:  Without  locality,  Gardner  1182.  Without  state 
and  locality,  Riedel  943,  Bu  re  hell  3456  (syntype 
of  Burchell  8705^  W,  fragment,  US;  of  Gardner 
1182,  G,  K.  P,  W;  of  Riedel  943,  G,  K,  W;  of 
Burchell  3456,  W). 

Panicum  pilosum  Sw.  var.  epilosum  Fourn.,  Mexic.  PL 
2:  24.  1886. 

US,  W). 

Borsotti  s.n,  (VEN).  BARINAS:  en  cercanias  de  Ciudad       Panicum  hondurensis  Swallen,  Contr.  U.S.  Natl.  Herb. 
Nutrias,  Zuloaga  et  al  4315  (MO,  SI*,  VEN).  GUARico: 
at  intersection  of  Rio  Orituco  and  road  from  Calabozo  to 
Cazorla,  along  river  bank,  wet  soil,  semi-erect  in  shrubs, 
up  to  2  m  tall,  Davidse  3716  (K,  MO,  VEN).  ZULIA: 
Distrito  Perija,  14  airline  km  NE  of  the  intersection  of 
the  Rio  Aricuaisa  and  the  MaracaiboLa  Fria  Hwy,  9°26'N, 
72«29'W,  Davidse  et  al  18411  (MO,  NY,  VEN). 

Panicum  hylaeicum  is  distinguished  from  P. 
laxum  mainly  by  its  cordate  and  amplexicaulous 
leaves,  and  the  culms  usually  rigid.  It  differs  from 

".  polygonatum  also  by  its  amplexicaulous  leaves, 
and  by  having  spikelets  not  pointed,  with  the  lower  ,  ,     -r  i  i- 

palea  weU  developed  and  a  lower  flower  staminate.      ̂ '  ̂ ^e  lower  nodes  to  stolomferous,  then  ascending 

Zuloaga  (1981)  considered  this  species  to  be  a      *«  ̂ '^^'^  0.15-0.
80  m  taU  simple  or  branching  at 

29:  270.  1949.  TYPE:  Honduras.  Valle:  San  Lorenzo. 

10  Sep.  1945,  Rodriguez  3323  (holotype,  US 
1869140;  isotypes.  MO,  US  1869141). 

Panicum  caroniense  Luces,  Bol.  Soc.  Venez.  Ci.  Nat, 

15:  26,  f.  12.  1953.  type:  Venezuela.  Bolivar:  cer- 
canias de  Santa  Elena,  28  Mar.  1946,  Tamayo 

3209  (holotype,  VEN;  isotype,  US  80558). 
Panicum  laxum  Sw.  var.  vestitum  L.  B.  Smith  &  Wass- 

hausen,  Bradea  2(35):  245.  1978.  TYPE:  Brazil. 

Santa  Catarina:  Joinville,  Palacio  Episcopal,  8  Nov. 
1957,  Reitz  <&  Klein  5665  (holotype,  US  2240919). 

perenni 

synonym  of  P.  boliviense  Hackel.  A  detailed  study 
revealed  that  P.  boliviense  is  a  synonym  of  P. 
polygonatum,  representing  only  a  robust  form  of 
the  latter  species.   There  is  in  P.    hylaeicum  a 

nodes,  internodes  2-15  cm  long,  gla 

nodes 

sheaths  2-11  cm  long,  pilose  with  papillose-pilose, 

caducous  hairs  to  glabrous,  the  margins  ciliate  with 

gradation  in  the  pilosity  of  the  spikelet,  from  some      t"berculate
  hairs,  rnore  so  toward  the  distal  portion, 

specimens  with  spikelets  densely  pilose  to  others      'f^'^T:^^^!^:^  il^":^!.™!"^"""- 
with  spikelets  completely  glabrous. 

6.  Panicum  laxum  Sw.,  Prodr.:  23.  1 788.  TYPE: 
Jamaica.  Without  locality,  Swartz  s.n.  (ho- 

lotype, S,  photo  of  the  type,  K;  isotype,  M). 
Figures  4,9-11. 

Pa 
"icum  agrostidiforme  Lam..  Tabl.  Encycl.   1:   172. 

1791.  type:  "Ex  Amer.  merid.  Communic.  A.  D. 
Richard"  (holotype,  P,  fragments,  BAA,  US  80537). 

f^anicum  tenuiculmum  G.  Meyer,  Prim.  Fl.  Esseq.:  58. 1818.  TYPE:  Guyana  (holotype,  LE,  fragment,  US). 
Panicum  leptomerum  J.  S.  Presl,  Reliq.  Haenk.  1:  311. 

1830.  type:  Without  locality,  Haenke  s.n.  (holo- 
type,  PR,  fragment,  US  2903500). 

^iiicum  diandrum  Kunth,  Revis.  Cramin.  2:  393,  pi. 
110,    1831.  TYPE:  "Crescit  in  insula  Guadelupae 
"ique  Brasilia"  (type,  B  not  seen,  photo  and  frag- ment.  US  80660). 

^anicu/n  ramulijlomm  Hochst.  ex  Steudel,  Syn.  PI.  Glu- 
njac.  1:  65.  1853.  type:  Surinam.  Without  locality, 
f^appler  1523  (holotype,  P,  fragment  of  the  type, 
US  2830942;  isotypes,  G,  M,  W). 

f^nicum  psilanthum  Steudel,  Syn.  PI.  Gluraac.  1:  66. 
1853.  type:  Uruguay.  Without  locality,  Deloche s.n.  (not  seen). 

"nicum  laxum  Sw.  var.  pubescens  Doell,  in  C.  Martius, 
t\.  Bras.  2(2):  213.   1877,  pro  parte.  SYNTYPES: 
Brazil.  Goias;  Porto  Real    Rnr^h^/i  fi7n5.  Pernam- 

shortly  laciniate  or  ciliate  at  the  distal  portion,  0.4- 

0.8  mm  long.  Blades  lanceolate,  4-30  cm  long, 
0.3-1.4  cm  wide,  flat,  rounded  to  occasionally 

subcordate  at  base,  sparingly  pQose  to  glabrous, 

the  margins  scaberulous.  Inflorescence  terminal, 

lax  to  contracted,  6-29  cm  long,  2-14  cm  wide; 

main  axis,  branches  and  pedicels  scabrous,  axils 

of  the  branches  short-  to  long-pilose,  first-order 

branches  alternate  or  occasionally  opposite,  as- 

cending or  spreading,  spikelets  crowded  on  short 

secondary  branchlets,  pedicels  0.5  1.4  mm  long. 

Spikelets  narrowly  elliptic,  1-1.7  mm  long,  0.4- mm 

brous,  greenish  or  tinged  with  purple.  Lower  glume 

ovate,  0.6-1.1  mm  long,  %  to  '/i  the  Imgth  of  the 

spikelet,  3 -nerved,  the  keel  scabrous  on  the  upper 

portion.  Upper  glume  1-1.6  mm  long,  coveri
ng 

or  not  the  upper  anthecium,  5-nerved,  the  
keel 

scabrous.  Lower  lemma  0.9-1.6  mm  long, 

5-nerved.  Lower  palea  oblong,  1.1-1.5  mm  long, 

0.4-0.6  mm  wide,  membranous,  shortly  ciliate  
on 

the  margins,  occasionally  expanded  or  not 
 at  ma- 

turity; lower  flower  staminate,  stamens  3,  or  oc-
 

casionally absent.  Upper  anthecium  elliptic,  l- 

1.4  mm  long,  0.4-0.5  mm  wide,  scabrou
s  toward 
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the  apex,  papillose,  indurate,  shining;  anthers  2,      Barbara,  15  km  east  of  km  117,  Prance  &  Ramos  7168 

occasionally  3,  0.3^0.7  mm  long.  Caryopsis  ellip-       [^0).  RORaima:  
vicinity  of  Caracaral,  along  BR- 174  road, 

tic,  0.80.9  mm  long,  0,4-0.6  mm  wide;  hilum 

oblong,  embryo  V2  the  length  of  the  spikelet. 

between  Caracarai  and  Rio  Branco,  Coradin  &  Cordeiro 

1040  (CEN).  SANTA  CATARINA:  6  km  N  of  Abelardo  Luz, 

Smith  &  Klein  15617  (SI),  sag  paulo:  1  km  NE  of 

Juquitiba  along  Highway  116  to  Curitiba,  Davidse  et  al 

^ 

Distribution  and  ecology.      Widely  distributed      jggj^  (j^q).  Colombia,  amazonas:  Trapecio  Amazonico, 
in  America,  from  Mexico  to  Argentina,  and  intro-      between  Amazon  and  Putumayo  water  sheds,  Black  & 

duced  in  Africa.  It  is  common  in  wet  and  open,      Schultes  46-396  (COL),  antioqvia:  MedeWm,  Archer 351 

disturbed  places,  in  margins  of  roads,  swamps,  and      (COL),  arauca: 
 kilometro  1 3  al  Sur  de  Arauca  Uguna 

^  '  ^  '  f  '  £j  Venero,  Hato  de  Tibeno  Sosa,  Jorgenson  28  (COL). 

BOYACA:  Villa  de  Leyva,  Zuloaga  et  al.  4181,  4i83(C0L, 

MO,  SI*).  CALDAS:  La  Dorada,  Hacienda  ̂ ^El  Palmar," 

Restrepo  s,n.  (COL).  CAQUETA:  Florencia,  Granja  Ma- 

cagual  del  LC.A.,  Echeverry  2477  (COL),  casanare:  RIo 
Puerto   Antequera,    Zuloaga    et   al    3319  (SI*).    COR-       Casanare,  Hato  "El  Mochuelo,"  Jaramillo  164  (COL). 

rivers,  between  0  and  1,500  m. 

Selected  specimens  examined.      ARGENTINA.  BUENOS 
AIRES:  Isla  Martin  Garcia,  Parodi  4662b  (BAA).  CHACO: 

RIENTES:  42  km  E  de  Ituzaingo,  puesto  de  Prefectura, 
Zuloaga  et  al.  593,  2298  (SI).  ENTRE  RIOS:  Concepcion 
del  Uruguay,  borde  del  Rio  Uruguay,  Zuloaga  et  aL 

CAUCA:  Guapi,  Parque  Nacional  de  Isla  Gorgona,  cammo 

a  Pablo  Sexto,  Lozano  &  Rangel  5218  (COL).  CHOCO: 

Hoya  del  Rio  San  Juan,  Andagoya,  Forero  et  al  5120 2337 (MO,  SI*).  FORMOSA:  Estancia  Monteagudo,  Guagli-  (COL).  GUAINIA:  Rio  Inirida,  Caranacoa,  Fernandez  et  al 
anone  et  al  326  (MO,  SI).  JUJUY:  Calilegua,  toma  del  7092  (COL);  magdalena:  Santa  Marta,  Smt7A  202  (COL, 
Rio  Zora,  Cabrera  et  al  30378  (SI).  MISIONES:  Santa  SI,  W),  204  (COL,  G,  P).  META:  Puerto  Gaitan,  4  km  al 
Ana,  caminoal  balneario  municipal,  Zu/oa^a  eta^.  3i  70*,  W,  borde  de  arroyo,  Zuloaga  3983  (COL,  MO,  SI  ). 
3178  (SI).  SALTa;  de  Rio  Pescado  a  Oran,  Cabrera  et  al  narINO:  El  Pedregal  y  Pilcuan,  Mora  2491  (COL).  NORTE 
26510  (SI).  SANTA  FE:  Aho  Verde,  Pensiero  116  (SI).  de  SANTANDER:  Abrego,   Garcia  &  Cabrales  6  (COL). 
TUCUMan:  Acheral,  Fe/z/un  7635  (SI).  ANTIGUA.  Without  santander:    Barrancabermeja,    carretera   a   El  Llanito, 

locality,   Wullschaegel  623bis  (M).  Beuze.  BELIZE:  41  Sc/lmj€Z^Mumm  450  (COL).  TOUMA:  Ibague,  PlantaElec- 
mi.  northwest  of  Belize  along  Northern  Highway,  Croat  trica  de  Mirolindo,   1,200  m,  Echeverry  1188  (COL) 
23967  (MO).  CAYO:  4  km  W  of  HattieviUe  along  the 
Western  Highway  to  Belmopan,  Davidse  &  Brant  32998 

(MO*).  TOLEDO:  near  border  of  Stann  Creek  along  Southern 
Highway,  Croat  24185  (MO).  Bolivia,  beni:  Prov.  Bal- 
livian,  Estancia  El  Porvenir,  50  km  E  of  the  Rio  Maniqui 
(San  Borja)  on  the  road  to  Trinidad,  Solomon   14775 

VALLE:  Cartago,  Santa  Ana  de  los  Caballeros,  Cuat
recasas 

23036  (P).  VAUPES:  raudal  de  Yurupari,  Schultes&y^' 

brera  19735  (US).  VICHADA:  20  km  NW  of  San  Jose
  de 

Ocune,  Hermann  10944  (COL).  Costa  Rica. 
 alaJUELA. 

Carrillos  de  Poas,  Brenes  20172  (NY).  GUaNACAST
E:  nn- 

NW (LPB).  LA  PAZ:  Zonga  valley,  below  the  dam  at  Lago PANDO 

(MO).  COCHabamba:  Campamento  Izarzama,  Beck  1587      heredia*  roadside  in  pasture,  10  km  SSE  of  Puerto  Vie)o, 

^     E  side  of  Rio  Puerto  Viejo,  Pohl  12819  (MO).  LIMON: 

north  shore  or  the  mouth  of  the  Rio  Colorado  at
  mrr 

del  Colorado,  between  the  village  and  the  Caribb
ean  se  , 

Davidse  &  Herrera  30979  (SI).  PUNTARENAS: 
 along  ̂^e. 

side  of  Rio  Grande  de  Tarcoles,  ca.  0.5  km  S  ot  niou
 

along  Rio  Madre  de  Dios,  80  km  (by  air)  downstream 
from  and  NE  of  Chibe,  Nee  31529  (MO),  santa  CRUZ: 
Montero  to  Puerto  Grether,  Renvoize  &  Cope  3953  (K, 

MO,  SI),  tarija:  camino  a  Bermejo,  Rio  Seco,  Coro-Rojas       of  Rio  Turrubares,  Grarum  et  al  5238  (MO).  SAN  JOSE- 
74.^4  nvm  RR.^n    .rp..  NW  .f  P..,.;..  A^  Q.i    .!..„       ^j^^^  j^j^  ̂ ^^^.^  j^  ̂^^^  ̂ ^„^y  ̂ f  the  Rio  Alumbre  PoW 

&  Davidse  11059  (MO).  Cuba,  camaguey:
  vicinity 

La  Gloria,  Shafer  174  (US).  ISLA  DE  LA  J^V
ENTUD:  ̂ a 

Pedro  and  vicinity,  Britton  &  Wilson  14803  (U
bj.  h 

1434  (LPB).  Brazil,  acre:  NW  of  Cruzeiro  do  Sul,  along 
road  from  Cruzeiro  do  Sul  to  Barao  do  Rio  Branco,  Croat 
&  Rosas  62653  (SI),  amapa:  Campo  Experimental  do 
Cerrado,  km  45  da  rodovia  BR- 156,  Vails  11644  (CEN). 
AMAZONAS:  Fazenda  Santa  Terezinha,  Costa  da  Terra  Nova,       _    
Ilha  do  Careiro,  Prance  &  Ramos  23298  (US),  bahia:       Bayate,  Ekman  6065  (G).  PINAR  del  Rio 

ORIENT^:: 

by  Rio  Cumbuca,  ca.  3  km  S  of  Mucuge,  Harley  et  al 
15968  (CEPEC,  K,  MO),  ceara:  Serra  do  Baturite,  S. 
Inacio  do  Azevedo,  Eugenia  267  (RB).  DISTRITO  FEDERAL: 
Taguatinga  Norte,  Silva  257  (IBGE,  SP).  espirito  santo: 
Mirassol,  Mattos  et  al  10849  (SP).  GOIAS:  ca,  20  km 
W  of  Veadeiros,  1,000  m,  Irivin  et  al  12931  (MO,  NY). 
MARANHAO:  Barra  do  Cor  da  to  Grajau,  Swnllen  3625 
(RB).  MATO  GROSSO:  Pocone,  Fazenda  Ipiranga,  Allem  & 

I'ieira  101 1  (CEN).  MATO  CROSSO  do  SUL;  Fazenda  Bodo- quena,  Allem  et  al  2188  (CEN,  MO),  minas  gerais: 
Serra  do  Espinha^o,  18  km  W  of  Grao  Mogol,  Irwin  et 
al  23558  (MO,  P,  UB,  US),  para:  Santarem,  Spruce 
Panicum  5  (G,  MO,  P,  M,  W).  PARANA:  Parque  Nacional 
de  Sete  Quedas,  Ilhas  dos  Saltos.  Sendulsky  1824  (SI, 
SP).  PERNAMBUCO:  Beberibe,  vicinity  of  Recife,  Chase 
7760  (MO).  PlAUi:  between  Floriano  and  Oeiras,  Swallen       7g 

Organos,  Grupo  del  Rosario,  Ekman  ̂ ^^^^  ̂}^^^'^^^^ 

CLARA:  Minas  de  Motembo,  Leon  et  al  8613  (Ub).    ̂ ^^ 

ICAN  Republic,  la  vega:  vicinity  of  Jarabac<^. 

1,200  m,  Allard  14513  (US).  PACIFICADOR:  
nnien_^  ̂ 

Ecuador ;•  Mila id  5761  (P).  imbabura:  Lita,  -^^ff  ""^^^.j^ 

LOS  Rios:  14  km  SE  of  Quevedo,  Aiac^n 

gro,  Asplund  5761  (P) 

72750  (F).  LOS  RiOS:  14  km  oi:-  oi  yuc*^--,    -  ̂ ^q 

-7779  (MO).  NAPO:  Carretera  HolKn-Loreto,  km  w    ̂ ^ 

Hurtado  688  (MO).  Pastaza:  Mera,  Asplund  18 J^    ^ PICHINCHA:  Puente  Gloria  de  Maria,  "^^P^^"^.       \^^r^in, 

El  Salvador,   ahuachapan:   vicinity  of  ̂ ^^^^  A^  g 
Standley  19824  (US),  libertad:  Hwy.  2,  ̂^^-/Tj.g^s 

of  La  Libertad,  crossing  of  Rio  Tihuapa,  PoM  i    ̂^ 

(MO).  French  Guiana.  Passoura.  Black  &  a^^' 7 

4766  (US).  RIO  DE  JANEmo:  Leblon,  near  Lagoa  Rodrigo 
de  Freilas,  Rio  de  Janeiro,  Chase  8227  (MO).  Rio  GRANDE 

Queste 

id  to 

DO 
RONDONIA 

US).  Guatemala,  alta  verapaz:  Panzos,  along  r 

Hidrochulac  and  Cahabon  from  Tactic-El  tstor Stevens  et  al  25354  (MO*).  IZaBaL:  ̂ ^"^^J'^Ti^^nf; 

and  plant  of  abandoned  nickel  mine,  Stevens  &  - 
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de  Cabrotica,  Monies  1756  (MO).  apuRE:  N  de  casu 

principal  de  UNELLEZ,  en  rriedano  grande,  Zuloaga  et 

al.  4330  (MO,  SI*.  VEN).  BARINAS:  cercanias  de  Ciudad 

25275  (MO*).  PETEN:  Sabanas  y  bosque  secundario  de  1,000  m.  Smith  et  al.  1438  (MO).  LORETO:  Prov.  Alto 

Santa  Rita,  20  kms  al  sur  de  Santa  Elena,  Molina  15523  Amazonas,  Capahuari  Sur  (Campamento  Petrolero),  Vds- 

(MO).  Guyana.  Rupununi,  Chan  Choong  25  (US).  Haiti.  quez  et  al.  3023  (MO),  madre  de  dios:  Prov.  Manu. 

Massif  de  la  Hotte,  western  group,  Dame-Marie,  Etang-  Parque  Nacional  del  Manu,  Cocha  Cashu  Station,  Foster 

D6remond,  Ekman  10473  (US).  Honduras,  atlantida:  9864  (MO).  PASCO:  Oxapampa,  Rio  Iscozacln,  tributary 

OriUas  del  Ri'o  Piedras  Gordas,  Tela,  Ordonez  6  (MO).  of  Rio  Palcazu,  Knapp  et  al.  7830  (MO).  SAN  MARTIN: 

CHOLUTECA:  Marcovia,  20  km  NE  de  Choluteca,  Jrgenai  Quebrada  de  Canuto,   Schunke    Vigo   10661   (K,   SI). 

33  (MO),  comayagua:  Vado  Alto,  orilla  del  Rio  Sulaco,  Puerto  Rico.  8  km  SW  of  Vega  Baja,  Mac  Kee  10605 

Nelson  et  al.  7671  (MO).  COPAN:  Ocoteseco,  20  km  NE  (P).  Suriname.  Near  Kayser  Airstrip,  Irwin  et  al.  57554 

de  Santa  Rosa  de  Copan,  1,300  m,  Portillo  47  (MO).  EL  (MO,  NY,  P,  US).  Trinidad  &  TOBAGO.  Piarco  Savanna, 

PARAISO:  near  Piedra  Herrada,  drainage  of  the  Rio  Ye-  south  of  Arouca,  Hitchcock  10343  (US).  URUGUAY.  San 

guare,  Williams  15982  (MO).  GRACIAS  A  DIOS:  Alrede-  Jos6,  Rio  Santa  Lucia,  Colonia  Etchejare,  R
osengurtt 

dores  del  Rio  Platano,   Clewell  &   Cruz  4167  (MO).  5-4957  (P).  Venezuela.  AMAZONAS:  Depto.  At
abapoSa- 

FRANCISCO  morazaN:  Alrededor  de  Nueva  Tatumbla,  20  to   Yureba,   Cerro   Yureba,    Liesner   18764  (MO), 

km  al  SE  de  Tegucigalpa,  Ma radiaga  6 8  (MO).  OLANCHO:  ANZOATECUl:  Morichal  El  Pmal, ^3  Jem  "°''*_f  J\f ''^_^^*;6'| Montana  de  Chifiringo,  20  km  del  campamento,  Izaguirre 
36  (MO).  SANTA  BARBARA:  Trinidad,  Finca  Las  Colmenas, 

Sn/g-uero  i5  (MO).  VALLE:  3  km  E  of  San  Lorenzo  along  ■                      „r    ̂   .                  .    ̂ ^  lo/mrk  ci 

the  road  to  the  new  sea  harbor,  Davidse  &  Pilz  31687  Nutrias,  8°5'N,  69°19'W,  Zuloaga  et  al.  43  
3  (MO,  SI, 

(MO*).  YORO:  Victoria,  orilla  del  Rio  Sulaco,  Nelson  et  VEN)._BOLIVAR:  entre  Piedra  de  la  V»-gen  y  la
^ parte  aha 

al.  7055  (MO).  Jamaica.  Hope  Grounds,  Harris  11800 
(P).  Martinique.  St.  Pierre,  Hahn  757, 1536  (G).  Mexico. 

CAMPECHE:  about  9  miles  W  of  Escarcega  in  calcareous 
soil,  Reeder  &  Reeder  6101  (MO).  QUINTANA  Roo:  15         t     .         ̂   ^        ,     nc         n     •  /      -jvco 

km  SSW  of  Puerto  Morelos  on  Hwy.  307  to  Felipe  CarriUo  of  Calabozo  along  road  to  Cazo
rla,  95  m,  Davidse  3752 

Puerto,  Davidse  et  al.  20645  (MO),  tabasco:  km  10.2  (MO,  PORT),  lara:  en
  potreros  .rr.gadosdeSicar.gua. 

de  Huimanguillo  hacia  Malpaso  en  carretera  Huiman-  Burkart  16657  (SI).  MI
RANDA:  Cerros  del  Bach.l ler,  near .„,,."_  r  .1      L^      f\   V,...wloo    l^nrntnl     anri    Santa     I  .ril7 

guillo-Malpaso,  Cowan  et  al.  2574  (MO),  tamaulipas: 
Hacienda  Santa  En  Gracia,  F.  CAa.se  7592  (MO).  VERA-                 ..     ,    ,  '       ,    t  r      a 

CRUZ:  about  2  miles  W  of  Minatitlan  in  area  of  tropical  (MO).  MONAGAS:  AlreJe
doresdeLaguna  Grande,  a  unos 

vegetation,  Reeder  &  Reeder  6027  (MO).  NICARAGUA.  15  km,  Aristeguieta  3909  (
^MO).  PORTUCUESA:  a  4  km 

CHINANDEGA:  Los  Balcones,  a  9  km  de  Somotiilo,  carretera 

aCinco  Pinos,  Moreno  11511  (MO).  CHONTALES:  Haci- 
enda Veracruz,  including  Cerro  La  Batea  and  Cerro  Los 

Charcos,  Stevens  22372  (MO).  ESTELI:  1.5  km  al  N  del 
valle  San  Jose  de  la  Laguna,  camino  a  San  Nicolas,  Mo- 

reno 11361  (MO),  jinotega:  along  road  from  Hwy.  3 
through  La  Fundadora,   between  Las  Camelias  and  La 

de  la  Escalera,  carretera  a  la  Gran  Sabana,  Zuloaga  et 

al  4401  (MO,  SI,  VEN).  COJEDES:  San  Carlos.  Burkart 

16161  (SI).  FALCON:  Carretera  Coro-Mirimire^  ̂ ^f^^^^l' 

Wingfield 

east  end,  between  Quebradas  Corozal  and  Santa  Cruz, 

south  of  Santa  Cruz,  Steyermark  &  Davidse  116468 

Salvadora,  Stevens  &  Grijalva  15305  (MO),  matagalpa: 
Rancherla.  U  km  al  NE  de  Muy  muy,  Moreno  24430 

al  Oeste  de  Guanare  hacia  Ciudad  Barinas,  Zuloaga  ct 

al  4302  (MO,  SI,  VEN).  SUCRE:  8  km  al  N  de  Santa  Fe, 

entre  Barcelona  y  Cumana,  Zuloaga  ct  al  4367  (MO, 

SI*,  VEN).  tachira:  alluvial  flats,  at  EI  Vado,  along  Rio 

Lob'atera  in  Farcelamiento  Guarumito,  5.5  km  west  of 

La  Fria  (by  air),  Steyermark  et  al  120340  (MO).  YARACU 
Y: 

San  Felipe,  orilla  del  Rio  Yaracuy,  Burkart  &  Tamayo 

16430  (SI).  ZUUA:  Distrito  Perija,  between  the  RIos  
Yasa _  .J  T    ol^nff  tK*»  Marhinnes  and  Los  Angeles  de 

(MO).  RIO  SAN  juan:  meadow  along  Rl^  San  Juan,  Sey-      Tucuco  road.  Davidse  
et  al.  18393  (MO). 

mour  5295  (MO),  zelaya:  Puerto  Cabezas,  ca.  14°01'N, 
83°23' W,  Stevens  1 7805  (MO).  Panama,  bocas  del  toro: 
Alrededores  de  Quebrada  Chica,  Correa  et  al.  3830  (MO). 
CANAL  zone:  Cerro  Gordo,  near  Culebra,  Standley  25995 
(MO),  colon:  vicinity  of  San  Miguel  de  La  Borda,  Croat 

^878  (MO),  darien:  vicinity  of  Campamento  Buena  Vista, 
™o  Chucunaque  above  confluence  with  Rio  Tuquesa, 

^ern  et  al.  834  (MO).  LOS  SANTOS:  one  mile  south  of 
^dasi,  Correa  70  (F).  PANAMA:  between  Pacora  and 
Uiepo,  Woodson  et  al.  1632  (MO).  veraGUAS:  roadside 

^vanna  2-4  miles  E  of  Santiago,  Duke  12346  (MO). 
taRacuay.  alto  PARANA:  Puerto  Bertoni,  Bertoni  4951, 

p^3,  3602,  5831,  5846  (W).  amambay:  Pedro  Juan 
^ballero,  Fiebrig  4776  (G,  W).  caagUAZU:  Caaguazvi, 
"'ilnnsa  56a  (P).  CAAZAPA:  Taval,  Mereles  2297  (MO). 
^Ral:  Asunci6n,  Balansa  57,  58  (G,  P).  CONCEPCION: 
^0  Apa,  Dossier  8189  (P).  CORDILLERA:  Cordillera  de 
JItos,  Cerro  TobatI,  Schinini  24029  (G,  MO),  guaira: 
Azucarera  de  Tebicuary,  Rio  Tebicuary,  Schinini  5907 
*^'  SI).  MisiONES:  Santiago,  Estancia  La  Soledad,  Peder- 
*^n  3260  (SI),  paraguari:  Paraguarl,  Balansa  57c  (G, HpresiDENTE   —  "'   "       -     '*   077(C 

This  species  has  a  wide  distribution  and  a  great 

amount  of  variability.  There  are  small  to  medi
um 

specimens,  some  with  contracted  panicles,
  de- 

scribed as  P.  luticola  and  P.  caroniense;  others 

have  open  panicles,  spikelets  pilose  or  gl
abrous, 

and  flowers  with  two  (unusual  in  Panicum)  or  t
hree 

anthers. 

Specimens  previously  included  in  Pan
icum  hon- 

durensis,  a  species  considered  here  as  a  sy
nonym 

of  F.  laxum,  are  characterized  by  having  the  u
pper 

anthecium  covered  by  verrucose  papillae  re
gularly 

distributed.  This  character  links  the  speci
es  to  sub- 

genus Steinchisma.  Also,  there  are  other  
speci- 

mens of  P.  laxum,  such  as  Smith  202,  Sc
hunke 

Vigo  10661,  10802,  Duke  11684(2),
  Lewis  & 

Pire  808,  and  Arbo  et  al.  1348,  t
hat  have  the 

upper  anthecium  with  verrucose  
papillae  afl  over 

j'O).  Peru,  amazonas:  ridge  above  Cikan  Ece  Creek,  -^  surface'  these  specimens  are  intermediate  in 
C.    ̂^.1^  ̂^^^'  ̂ ^"^""^  ̂ ""''^  ̂ '^'^y^  I  Salvaci6n  eharac^er  with  species  of  subgenus  Steinchis^ 

"^^rfras   16277  (US).  HllANUCO:  Tingo  Maria,  Asplund  this  characier  wi        p 
'J003  (P).  juNiN:  Prov.  Satipo,  km  41  on  road  to  Satipo,  ma. 
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C. 

''-,:  s,s:;,t:.t-t.^;  "iLrii:-,-"..-  i----.-  -^  <.^p--..  -".  h.- - 
branch 

anthecium 

stamens 
g.  Spikelet,  lower  glume  view. ume cium,  lemm 
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7.  Panicum  leptachne  DoeU  in  C.  Martius,  Fl.  Vi9osa,  Bailey  1177  (US),  Chase  9432  (F.  MO,  US), 

Bras.  2(2):  195.  1877.  TYPE:  Brazil.  Without  Kuhlmann  1936  (RB),  s.n.  (RB  110562,  SI,  US);  Belo I      IV       TKTj  J7/--7  /I    1  c-     r  Horizonte,  Ressaca,  Me//o  Barre<o  30i  9  (R,  US).  PARANA: 
locabty,    Widgren   1157  (holotype,  S,  frag-  g^^^^  ̂ ^  ̂ ^^^  Ypiranga.  Dusen  3664  (R,  SI,  US,  W); ment  US  80737).  Figures  4,  21. 

Panicum  pilosum  Sw.  var.  polychaetam  Hackel,  Ergeb. 
Bot.  Exped.  Akad.  Wiss.  Sudbras.:  9.  1906.  type: 
Brazil.  Sao  Paulo:  prope  Rio  Grande  inter  Santos  et 
Urbem  Sao  Paulo,  750-800  m,  1902,  Wacket  s.n. 
(holotype,  W,  fragment,  US  2907505). 

Plants  of  indefinite  duration,  probably  perennial, 
the  culms  erect,  ca.  100  cm  tall,  simole.  internodes 

Gral.  Carneiro,  Rio  Lajeadao,  Hatschback  13727  (K). 
RIO  DE  JANEIRO:  Petropolis,  Caetitu,  Goes  &  Dionisio  762 
(RB).  SANTA  catarina:  Canoinhas,  campo,  17  km  W  of 
Canoinhas  on  the  road  to  Porto  Uniao,  Smith  et  al,  1 070 1 

(NY,  US),  SAO  PAULO:  Horto  Botanico,  Edwall  3H59  (SP, 

US*);  Pirajussura,  Gehrt  s.n.  (SP  30558);  Sao  Paulo, 
Mogi  das  Cruzes,  Picket  5222  (US);  without  locality,  St. 
Hilaire  623  (P),  Burckell  4495-2  (K,  W),  4355  (K). 

Related  to  P.  pilosum^  P.  leptachne  lias  bigger 

margins 

laciniate 

compressed,  hollow,  glabrous,  nodes  compressed,      spikelets,  2.1-3.2  mm  long,  and  a  membranous 

dark,  densely  pilose  with  appressed,  whitish  hairs      upper  anthecium. 

to  glabrous.  Sheaths  1 1-14  cm  long,  longer  than  Renvoize  (1988)  regarded  P.  leptachne  as  sim- 

the  internodes,  with  tessellate  nerves,  covered  by      ilar  to  Hymenachne  donacifolia,  differing  by  hav- 

short,  appressed  papillose-pilose  hairs  to  glabrous,      ing  the  upper  palea  enclosed  by  the  lemma  at  the 

apex. 8.  Panicum  longum  A.  Hitchc.  &  Chase,  Contr. 

U.S.  Natl.  Herb.  15:  111,  fig.  106.  1910. 

Panicum  pilosum  Sw.  var.  macranthum 

Scribner,  U.S.D.A.  Div.  Agrost.  Giro,  19:  1. 

1900.  Not  P.  macranthum  Trin.  1826.  TYPE: 

Mexico.  Veracruz:  swamps  near  Jalapa,  Pr in- 

gle 8195  (holotype,  US*  354552;  isotypes, 
M,  NY,  P,  W).  Figure  2. 

ligule  membranous,  0.8-1  mm  long, 
apex.  fi/ade5  lanceolate,  13-22  cm  long,  1.8-2.5 
cm  wide,   shortly   pseudopetiolate,   pseudopetiole 

//i/. 

brownish,  1 
s.  Peduncl 

40  cm  long;  main  axis  wavy,  scaberulous  and 
sparingly  pilose  near  the  axils  of  branches,  first- 
order  branches  ascending,  numerous,  axis  trique- 

trous, with  one  side  flattened,  scabrous  and  covered 
With  conspicuous,  long  papillose-pilose  hairs;  sec- 

ond-order branches  absent;  spikelets  paired  and 

perennial 
a 

noded 
geniculate  base;  culms  1  to  2  m  long,  many- 

secund nodes,  internodes 

rowly  elliptic,  2.1 nun  loner.  O.o-O.o  mm node; 
ereeni«li  r^..  *;   ̂   j      xu           i           i                   i  or  longer  man  inc  unci  utnir^s,  pa^uiiy^t'-^c'^  "*"- 

B'^eemsti  or  tmged  with  purple,  scabrous  on  glumes  ,          ̂   ,             ,    -        *.                •          r^*^    T;^,.f^ 
and  lower  UrrZ.    r              J          1    o          i          2/  long  caducous  hairs,  the  m

argins  cdiate.  Ltgule "u  iower  lemma.  Lower  e^lume  1-2  mm  long,  %  ̂   J^         ,                      1               ♦u  «  r  «„«  ̂ r  i.o;,.c 
to  1^  or  mor.  ,u     I       *k     r  *i,          V  ̂   .    ̂ i  \\  0.6  mm  long,  a  membrane 

 with  a  fringe  of  hairs 
"  '^  or  more  the  length  of  the  spikelet,  3(-5)-  _                        *•         d;  j^.  i«r...>^lat«     in   9^ 
nerv*^^    tk     I      1         1              ,                         rr  at  the  upper  portion.  Hlades  lanceolate,   W-ZO 

Z.5(   7)'f  T^'T  ̂'°^^\r'"      Z:  cmlong,a6^L2cmw.de.shortlypseudopetioIate, 

%^lhe'            '      ̂   TT"^     r  '''" ^    ̂̂   pseudopetiole  dark,  blades  flat,  narrowed  at  base, Pper  anthecmm,  cucculate.  Lower  lemma  3(-5)-  [^^^                  ̂     papillose-pnose  on  the  adaxial nerved,  the  keel  scabrous  above.  Lower  palea  lan- 
ceolate, brownish,  1.7  mm  long,  0.4  mm  wide, 

hyaline,  glabrous,  to  absent;  lower  flower  present, 
*"th  2  lodicules  and  3  anthers,  or  absent.  Upper 

^nthecium  narrowly  eUiptic,    1.8-2.5  mm  long, "^    ̂ -  *     mm    wide.    brownit;h     membranous,    sca- 

beneatl 

midnerve  manifest.  Injlt 
ted 

or  included  at  base;  main  axis  wavy,  with  long, 

stiff 

lemma branches  ascending,  the  lower  alternate,  middle 

■nerved.  Caryopsis  obovate,  1.2  mm 
''^  Wide,  plano-convex,  brownish;  hilu embrvn  U  »k«  1   .L     f  ,1  .^_- 

rled 
densely ;eding 

►pi
ke-

 

lets, 

^^stribution  and  ecology.      This  species  grows      cund 
Rio 

absent 

— «  U4   uic  &>iuies  01   ivimas   v^erais,   luu  uc 

Janeiro,  Parana,  and  Sao  Paulo,  in  wet  places  up 
pedicels nun ^  650  m  elevation. 

glumes 

ional 
lower  lemma.  Lower  glume  1,3-1.5  mm  long,  M ?**AiS:Juiz 

f^JZ^^'crZL  R^rAsamR      or  more  .he  length  of  ,h.  .pikele,.  .cu^na
.e. 

8771  (F,  MO,  RB,  W),  8803  (US*); rved    nerves  anastomosed  toward  the  apex 
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Upper  glume   shorter    than   the    lower    lemma,  Sp^Ae/efs  narrowly  elliptic,  L7-2,2(-2.5)mmlong,    I 

5-nerved.  Lower  lemma  exceeding  the  upper  an-  0.4-0.8  mm  wide,  glabrous.  Lower  glume  ovate, 

thecium  in  length,  3(-5)-nerved.  Lower  palea  ab-  0.8-1.2  mm  long,  V2  the  length  of  the  spikelet, 

sent;  lower  flower  absent.  Upper  anthecium  nar-  3-nerved,  the  keel  scabrous  toward  the  apex.  JJp- 

rowly  elliptic,  2-2.2  mm  long,  0.6-0.7  mm  wide,  per  glume   1.4-2,1    mm  long,  shorter  than  the 

membranous,  scabrous  toward  the  apex  and  cov-  lower  lemma,  3-5 -nerved,  the  keel  scaberulous. 
ered  with  silica  bodies.  Caryopsis  unknown. 

Distribution  and  ecology,      Mexico,  known  only 

from  the  type  collection,  growing  in  swamps. 

This  species  is  related  to  F.  leptachne^  from 

Lower  lemma  oblong,  1.7-2.2  mm  long,  3-5- 
nerved,  the  keel  scabrous.  Lower  palea  usually 

absent,  when  present  elliptic,  hyaline;  lower  flower 

absent.  Upper  anthecium  narrowly  elliptic,  L7- 

2.2  mm  long,  0.4-0.8  mm  wide,  membranous, which  it  differs  shehtly  by  havme  leaves  narrow  at  .                    ,                  ,                  r  1            „^j 
,    .    ,                1       M    1                11            11         1  strammeous,  scabrous  at  the  apex  ot  lemma  and their  bases  and  spikelets  usually  smaller;  the  two  ,         ,                 ^  .            -           -  1     •      1           iio- 

.       ̂             -c      IT                 J             -  palea,  the  rest  of  its  surface  with  simple  papUlae species  may  be  conspecific.  However,  due  to  the 

geographic  distribution  of  P.  longum  and  R  lep- 
tachne,  both  are  maintained  as  separate  species  in 
the  present  treatment. 

and  silica  bodies.   Caryopsis  elliptic,  0.9-1  mm 
long,  0.5-0.6  mm  wide. 

Distribution    and   ecology. 

from  northeastern  Brazil,  in  the  state  of  Paraiba, 
South  America, 

9.    Panicum  pernambucense  (Sprengel)  Mez      ̂ «  Paraguay  and  Argentina.  It  is  found  at  margins     \ 

ex  Pilger  in  Engler,  Nat.  Pflanzenfam.  (ed.  2)      of  streams  and  rivers,  whe
re  it  forms  huge  colonies. 

14e:    15.    1940.   Agrostis  pernambucensis      In  flower  between  October  and  Fe
bruary - 

Sprengel,  Syst.  Veg.  1:  258.  1825.  TYPE:  Bra- 

zil. Pernambuco:  Without  locality  and  collec- 
tor. Figures  5,  12,  22. 

Panicum  rivulare  Trin.,  Gram.  Panic:  213.  1826.  TYPE: 
Brazil.  Rio  de  Janeiro:  Serra  dos  Orgaos,  Langsdorff 
s.n.  (holotype,  LE,  fragments,  BAA,  US  974638. 
photo  of  type,  K). 

ParaYumexceZiumNees,  Agrost.  Bras.:  180.  1829.  TYPE:       SIONES:  de  Apostoles  a  Concepcion  de  la  Sierra,  Arroyo 
Brazil.  "Habitat  in  Brasilia  meridionale  {SellowT       Las  Tunas,  2  km  de  Concepcion  de  la  Sierra,  Zuloaga 

Selected  specimens  examined,  ARGENTINA.  BUENOS 
aires:  San  Pedro,  Isla  del  Recreo,  Nicora  3610  (SI). 

CHACO:  Puerto  Antequera,  Zuloaga  et  al  3323  (SI  )- 
CORRIENTES:  ruta  nacional  12,  5  km  antes  del  Arroyo 

Itaembe,  Zuloaga  et  al  3232  (SI*).  ENTRE  RlOS:  San 

Carlos,  Meyer  10811  (LIL);  ruta  entre  Concepcion  del 

Uruguay  y  Gualeguaychu,  Zuloaga  &  Deginani  2494 
(SI*).  FORMOSA:  Formosa,  Jorgensen  2418  {SI  US).  Mi 

r 

(holotype,  B;  isotypes,  K,  US  1061585,  fragments, 
BAA,  NY,  US  974640,  1061585,  2907336). 

Panicum  urticans  L.  B.  Smith  &  Wasshausen,  Bradea 
2(35):  246.  fig.  2  E-G,  1978.  type:  Brazil.  Parana: 
Porto  Vitoria,  barranco  do  Rio  Jangada,  7  Dec. 
1971,  Smith  &  Klein  15715  (holotype,  US 
2849460). 

Robust  rhizomatous  perennial,  2-3  m  tall,  culms 
erect,  branching  at  the  middle  and  upper  nodes; 

1  cm  diam.,  stra- 
nodes 

tern odes 

et  al.  3251  (SI*);  Santa  Ana,  camino  al  balneario  mu- 

nicipal, Zuloaga  et  al.  2235  (MO,  SI*).  SANTA  FE:  Ke- 

conquista,  Isla  Mascota,  Job  956  (LP,  NY).  BRAZIL-  BA- 
HIA:  Serra  do  Sincora,  on  road  to  Cascavel,  3  km  3  ol 

Mucuge,  Harley  et  al.  15961  (CEPEC,  K,  MO,  NJ,  »'. 
US).  ESPIRITO  SANTO:  Rodovia  BR-101,  Rio  Santa  Mana, 

Hatschhach  48776  (K).  MATO  GROSSO:  Porto  Frangei. 

Hatschbach   40611   (MO,   NY).   MATO  GROSSO  DO  SUU 

vicinity  of  Dourados,  Chase  10957  (MO,  RB,  US)^MlNAS GERAIS:  9  km  NE  of  Camundacaia,  Davidse  &  i?^^g 

10563  (K,  MO,  SP).  paraiba:  Soledade,  Glaziou  IW-U 

(F.  P,  US,  W).  PARANA:  Pitanga,  Borboleta,  Hatschbacn 

46007  (K,  NY,  US),  pernambuco:  near  Santa  Esmerawa 
to  glabrous,  dark.  Sheaths  8.7-18  cm  long,  gla-      Pires  Furtado  119  (RB).  rio  de  Janeiro:  Monte  berrai^ 
brous  or  densely  papillose-pBose  with  caducous  hairs,      ̂ ^ovi  Serra  de  Itatiaia,  near  Campo  Bello,^  f^^^f^   v»lc 
Ligules  0.5-1.3(1.8)  mm  long,  membranous;  col- 

lar brownish.  Blades  lanceolate,  17-60  cm  long, 
0.8-2  cm  wide,  subcordale,  attenuate  at  the  apex. scabe 

/n/ 

a  terminal,  lax  panicle  27-40  cm  long,  8-12  cm wid 

hairs,  axils  of  the  branches  short -pilose,  spikelets 
'ded 

branches,  first-order  branches  ascending  to  spread-      ̂ ^^^  ̂^^^• 

do  Rio  Ibitiria,  Vails  et  al.  1897  (CTES,  US).  SAO  paUI^ 

city  of  S5o  Paulo,  6-7  km  SW  of  center  of  city,  aJong 

the  Rio  Pinheiros,  Skvortzov  90  (K,  UB,  US).  PaRACI'AJ'^ 

ALTO  PARANA:  Puerto  Bertoni,  Bertoni  3889,  ̂ I'^^'f'. 
(W).  caaguazu:  Tacuru,  Sparre  &  Vervoorst  ̂ 229^^^^^ 

central:  in  regione  lacus  Ypacarai,  Hassler  ̂ ^  ;? ̂^  -' 

NY,  US).  CORDILLERA:  Cordillera  de  Altos,  Cerro  loM  • 
Sckinini  23974  (G,  SI).  CUAIRA:  Itape,  JoergensenW 

(F,  MO,  NY,  SI,  US).  PARAGUARi:  prope  Sapucay,  W^" 

12904  (G,  US).  SAN  PEDRO:  Puerto  Antequera,  «<V mg 

opposite 

sod 

!3^  J?-^T"  ; '^"^    branchlets    short,    ap-      sheaths  of  this  species.  In  P.  pernam^./cen^^  ̂ ^^^' pressed;  pedicels  scabrous,  short.  0.1-9  mm  1^««        -  .,       .  i    i._„*u.  with  abun- dicels  scabrous,  short,  0. 1-2  mm  long. specimens 
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Figure  22.      Panicum  pernambucense  (based 
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j.  Caryopsis,  embryo  view.— k.  Caryopsis,  lateral  view. 
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dant  rigid  and  caducous  papillose -pilose  hairs,  while 

others  are  almost  glabrous;  the  presence  or  absence 

of  hairs  is  not  correlated  with  any  other  character. 

For  this  reason,  P.  urticans,  which  is  similar  in 

other  respects  to  P.  pernamhucense,  has  been 

included  in  synonymy. 

Panicum  pernambucense  is  similar  to  P.  gru- 
mosurriy  and  in  some  cases  specimens  are  difficult 

Fl.  Bras.  2(2):  212.  1877.  SYNTYPES:  Brazil.  Riode 

Janeiro:  Tijuca,  27  Feb.  1870,  Glaziou  4300,  Ra- 
ben  169  (isosyntype  of  Glaziou  4300,  P,  fragment 
of  Raben  169,  US  80918). 

cum  milleflorum  A.  Hitchc.  &  Chase,  Contr.  U.S. 
Natl.  Herb.  17:  494.  1915.  TYPE:  Panama.  Canal 

Zone:  Frijoles,  Hitchcock  8387  (holotype,  US 
693327;  isotypes,  G.  K,  NY,  P,  US,  W). 

lants  of  indefinite  duration,  orobablv  perennial, 

to  assign  to  one  or  the  other  species,  as  in  several      stoloniferous,   culms  decumbent,  rooting  and 

collections  from  Paraguay  (e.g.,  Hassler  11468,      branching  at  the  lower  nodes,  then  erect,  10  70 
Schinini  &   Bordas  25190).   However,  P.  per- 

nambucense can  be  distinguished  by  its  usually 

od 

1 3  cm  long,  compressed, nodes 

smaller  spikelets,  lower  palea  absent  or  less  com-  densely  pilose  with  long,  whitish  hairs.  Sheaih 
monly  present,  lower  flower  absent,  and  a  wider  usuaUy  shorter  than  the  internodes,  3-9  cm  long, 
range  of  distribution.  densely  papillose-pilose  to  glabrous,  the  margins 

pilose,  more  so  toward  the  distal  portion,  collar 
10.  Panicum  pilosum  Sw,,  Prodr.r  22.  1788.  brownish,  pilose  to  glabrous.  Ligules  small,  mem- 

Setaria  pilosa  (Sw.)  Kunth,  Revis.  Gramin.  branous,  to  commonly  absent.  Blades  lanceolate, 

1:  47.  1829.  Panicum  disticham  Lam.  var.  6-28  cm  long,  0.5-2  cm  wide,  shortly  pseudo- 
pilosum  (Sw.)  Griseb.,  Fl.  Brit.  W.  Ind.:  548.  petiolate,  subcordate  and  asymmetric  at  the  base, 

1864.TYPE:  Jamaica.  Without  locality,  Sujar/z  glabrous  to  sparsely  covered  with  papillose-pilose 

SM.  (holotype,  S;  isotype,  M,  fragment,  US       hairs  on  both  surfaces,  the  margins  scabrous,  /n- 

florescence  lax,  9-20  cm  long,  2-8  cm  wide;  main 

axis  and  branches  scabrous  and  with  long  hairs, 

nd 

80916).  Figures  2,  13,  14. 

Panicum  distichum  Lam.,  Encycl.  4:  731.  1798.  Setaria 

un] 

Prim 

disticha  (Lam.)  HBK,  Nov.  Gen.  &  Sp.   I:   112.       axils  of  the  branches  pilose,  spikelets  crowded  a 

1816.  TYPE:   "Cette  plante  croit  a  la  Jamaique"       paired, 
(holotype,  P,  fragment,  US  80650).  ^g^  second-order  branches  absent  to  occasionaDy 

present  at  the  base  of  the  inflorescence,  the  branch- 

es divergent  to  ascending,  pedicels  scaberulous, 

short,  0.4-1  mm  long.  Spikelets  narrowly  elliptic, 

1.2-1,5  mm  long,  0.5-0.6  mm  wide,  biconvex, 

glabrous  to  sparsely  pilose.  Lower  glume  U./' 

mm  long,  3-nerved,  the  keel  scabrous  toward  the 

1818.  Setaria  meyeri  Kunth,  Revis.  Gramin.  1:  47. 
TYPE 

humidis 

seen,  fragment,  US  2907509). 
Panicum  pennisetum  Roth,  Nov.  PI.  Sp.:  55.  1821.  TYPE: 

Guyana.  Essequibo:  Mertens  s.n.  (holotype,  B  not 
seen,  photo  of  type,  K).  o^              -7  —    , 

Panicum  trichophorum  Schranl.  ex  Schuhes,  Mantissa  2:       apex.  Upper  glume  1.3-1.5  mm  long,  5-nerve  , 
247.  1824.  Setaria  schraderi  (Schrad.  ex  Schultes)       the  keel  scabrous.  Lower  lemma  1 .2 

mm 

Kunth,  Revis.  Gramin.  1:  47.  1829.  TYPE:  Brazil. 
"In  Brasilia,  Princeps  Sereniss.  Maximil.  Neowi- 
dens"  (type  not  seen). 

Panicum  densiflorum  Willd.  ex  Sprengel,  Syst.  Veg.  1: 
320.  1825.  TYPE:  "P.  densiflorum  Willdenow. 
America  merid.  Humboldt^''  (holotype,  B  not  seen, fragment.  US  2903513,  photo  of  type,  SI). 

Panicum  distichum  Lam.  var.  luxurians  G.  Meyer,  Nova 
Acta  Phys.-Med.  Acad.  Caes.  Leop.-Carol.  Nat  Cur 12:  768.  1825. 

Panicum  distichum  Lam.  /3  lancifolium  Griseb.,  Fl.  Brit. 
W.  I.:  548.  1864.  P.  distichum  Lam.  var.  land- 
folium  (Griseb.)  A.  Hitchc,  Man.  Grasses  W.  Ind.: 
267.  1936.  Panicum  distichum  Lam.  7  lancifolium 
Griseb.,  Fl.  Brit,  W.  I.:  548.  1864.  Panicum  pi- 

losum Sw.  var.  lancifolium  (Griseb.  ex  A.  Hitchc.) 
Pohl,  Fieldiana.  Bot.  4:  ."^ftl     IQRO   xvot..  Tr.;„:j-j 

3-nerved.  Lower  palea  0.4-1.1  mm  long,  0.2- 
mm 

  ,  — J   ^   ^- 

to  small,  membranous.  Upper  anthecium  narrow  j elliptic,  1.2 
mm 

fin 

simple  papillae  over  the  lemma  and  palea.  Ca'T 

opsis  broadly  elliptic,  brownish,  0.8  mm  long,  0- 

mm  wide;  hilum  punctiform,  embryo  Vi  the  lengi of  the  caryopsis. 

Distribution  and  ecology.  Widely  distributed 

from  Mexico  and  the  West  Indies  to  South  Amer- 

ica, from  Colombia  to  Argentina.  It  is  usually  foun woods 

Without  locality,  Crueger  84  (fragment  and  photo 
of  the  type,  US  80649). 
cum  coenosum  Doell,  in  C.  Martius.  Fl.  Bras.  2(2): 
191.  1877.  TYPt:;  Brazil.  Amazonas:  Manaus,  Spruce 
1235  {Panicum  38)  (isotypes,  G,  K,  M.  NY,  P,  US 

COB-
 

Panicum  pit 

fragm 

Selected  specimens  examined,  ARGENTINA. 

RIENTES:  Puesto  de  Prefectura,  42  km  E  de  Ituzauig  » 

Zuloaga  et  al.  623,  2303  (SI*).  MISIONES:  San  Ign^^'  ' 

Penon  del  Teyucuare,  Zuloaga  et  ai  3194  (SI*)-  BEL<z  • CAYO:  Cave  Branch  Section.  Humming  Bird  High^^J^ r.^^.t^   00^  €>    00^^  .r>v    -TOLEDO:  upper  reacK  Ool 
Sw.  var.  laufoLum  Doell.  m  C.  Martius,      Stream,  Gentle  4582  (MO).  STANN  CREEK:  along  ro 

I 
* 

I 
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Stream  at  Dry  Creek,  Croat  24516  (MO,  SI).  Bolivia. 
BENI:  Guayamerin,  Krapovickas  &  Schinini  35017  (SI). 
COCHABAmba:  San  Rafael,  Steinbach  482  (GH,  NY),  la 
PAZ:  Mapiri,  Buchtien  78  (BAF,  SI,  SP).  SANTA  CRUZ: 
Ichilo,  de  Montero  a  Puerto  Grether,  Renvoize  &  Cope 

of  El  General,  Skutch  &  Barrantes  5111  (MO,  US). 
Cuba,  habana;  Herradura,  van  Hermann  763  (W).  ISLA 
DE  LA  JUVENTUD:  Sierra  Las  Casas,  Killip  44160  (US). 
ORIENTE;  Sierra  de  Nipe,  in  pinares,  Alain  et  at.  8797 
(US).  PINAR  DEL  RIO:  Vicinity  of  Sumidero,  limestone  hills, 

3956  (K,  LPB).  Brazil,  acre:  Rio  Branco,  Calderon  &      Skafer  13505  (P).  santa  CLARA:  banks  of  Guayabo  River, 
Soderstrom  2308  (US),  alagoas:  Porto  Calvo,  Fazenda      Banao  hills,  Leon  3982  (US).  DoMlNlCA.  South  Chiltern 
Macaita,  Campelo  2181  (CEN).  amapa:  Estrada  de  Fa-      Estate  between  Pointe  Michel  and  Soufriere  Bay,  Ernst 
zendinha,  Macapa,  Rabelo  et  al.  3319  (MO),  amazonas: 
km  65,  on  road  from  Manaus  to  Boa  Vista,  Lasseign 
P21I66  (US),  bahia:  Itacarare,  near  the  mouth  of  the 
Rio  de  Contas,  Harley  et  al  1 756  7  (CEPEC,  MO),  ceara: 
Guaramiranga,  Serra  do  Baturlte,  Fernandez  &  Matos 
9649  (IBGE).  DISTRITO  federal:   10  km  S  of  Brasilia, 
Fazenda  Vargem  Bonita,  Irwin  et  al.  12285  {F,  NY,  US), 
GOIAS:  Serra  do  Morcego,  ca.  35  km  NE  of  Formosa, 
Irwin  et  al  15255  (MO,  SP,  US).  maranhaO:  Caxias  to 
Barra  do  Corda,  Swallen  3532  (SP),  3603,  3589  (US). 
MATO  GROSSO:  Pocone,  Porto  Cercado,  Allem  &  Viera 
1608  (CEN,  MO),  minas  geraiS:  ca.  15  km  N  of  Sao 
Joao  da  Chapada,  Irwin  et  al  28155,  28158  (MO),  para: 
Conceiyao  do  Araguaia,  range  of  low  hills  ca.  20  km  West 
ofRedengSo,  Plowman  et  al  S5 95  (MO),  paraiba:  Areia, 
Escola  de  Agronomia  do  Nordeste,  Coelko  de  Moraes 
J^O  (P).  PARANA:  Porto  de  Cima,  Dusen  14334  (MO, 
SI),  pernambuco:  vicinity  of  Recife,  Chase  7668  (MO). 
PUUl:  Serra  de  Araripe,  Luetzelburg  26304  (M).  Rio  DE 
JANEIRO:  Parque  Nacional  Itatiaia,  Picada  Macieiras,  Zu-      QUEZ:  near  Patulul,  Standley  62 150  (US).  GUYANA.  Wis 
     .  ̂    mar,//i7cAcocti74'^7(F,  IAN,  NY,  P,  US).  Honduras. 

ATLANTIDA:  vicinity  of  La  Ceiba,  Yuncker  et  al.  8203 

(MO),  colon:  Trujillo,  Rio  Negro,  SE  del  cerro  Copiro, 

Clatter  12  (MO).  COMAYAGUA:  Centro  Acuicola  El  Carao, 

Ca&co  4S  (MO).  COPAN:  San  Francisco  mountain,  between 

San  Isidro  and  San  Cristobal,  about  10  miles  south  of 

Copan  Ruinas,  Molina  30696  (MO).  cORTES:  just  S  of 
Puerto  Cortes,  Pohl  &  Davidse  12054  (MO).  GRACIAS  A 

1318  (US).  Dominican  Republic,  la  vega:  vicinity  of 
Piedra  Blanca,  Allard  13145  (US).  SEIBO:  along  road 
between  Miches  and  El  Seibo  at  crest  of  Cordillera  Ori- 

ental, 30  km  from  El  Seibo,  600  m,  Gastony  et  al  710 

(US).  Ecuador,  carchi:  trail  from  Pailon  to  Gualpi  Chico 
area  of  Awa  Reservation,  1 .5  km  past  Rio  Blanco,  Hoover 
et  al  2388  (MO).  ESMERALDAS:  Parroquia  de  Concepcion; 

Playa  Rica,  Mexta  8482  (MO).  NapO:  Reserva  Biologica 

Jatun  Sacha,  Rio  Napo,  8  km  al  E  de  Misahualli,  Ceron 

1038  (MO).  Pastaza:  Curaray,  Neill  &  Palacios  6569 

(MO,  SI).  PICHINCHA:  Carretera  Quito-Puerto  Quito,  km 
113,  10  km  al  norte  de  la  carretera  principal,  Balslev 
&  Balseca  4703  (MO).  French  Guiana.  Haut  Marony, 
Sastre  &  Moretti  3847  (MO,  P).  Grenada.  St.  Georges, 

Broadway  s.n.  (US).  GUATEMALA.  ALTA  VERAPAZ:  Panzos, 

along  road  to  Hidrochulac  and  Cahabon  from  Tactic-El 
Estor  road,  Stevens  et  al  25341  (MO*),  izabal:  slopes 
WNW  (above)  El  Estor,  along  margin  of  open  pit  nickel 

mine,  Stevens  &  Martinez  25219  (MO*).  SUCHITEPE- 

DO 
odo  Leopoldo,  Rambo  41663  (LIL).  RONDONIA:  Forte 
^nncipe  da  Beira  do  Igarape  da  Viiiva,  Rodriguez  & 
^ilson  4224  (NY),  roraima:  along  Boa  Vista-BV  8  road 
^^•^74),  km  197,  Coradin  &  Cordeiro  895  (CEN, 
IAN).  SANTA  catarina:  Azambuja,  Smith  &  Reitz  6005 
l^l).  SAO  PAULO:  Sao  Paulo,  grounds  of  the  Instituto  Bo- 
tanico,  860  m,  Davidse  10440  (MO).  COLOMBIA. 
amazonas:  RIo  Igara-Parana,  Puerto 
^mre  2423  (COL).  ANTIOQUIA:  road  to  Nechi,  ca.  14 
Km  from  Caucasia-Planeta  Rica  road,  Hacienda  Cande- 

(MO). Buenaventura, DIOS:  Alrededores  de  Puerto  Lempira,  Gorgun  19  (MO). 

OLANCHO:  montana  Chifiringo.  20  km  de  Campamento* 

Izaguirre  113  (MO,  SI).  Santa  Barbara:  above  El  Moch- 
ito,  Pohl  &  Davidse  12094  (MO).  YORO:  Cerro  between S'  c^  *  Escobar  1253  (MO).  BOLIVAR:  ca.  16  km      ....,  .   >       - 

I''  w  of  San  Jacinto,  Cerro  Maco,  ca.  200  m  SE  of  radar      Ri'o  Guan  Guan  and  Ri'o  Texiguat,  E  of  Cerro  Guan  Guan, 
installation,  Zarucchi  &  Cuadros  4029  (MO).  CALDAS: 
=anta  Cecilia,  von  Sneidern  5064  (F,  LIL).  caqueta:  23 

MacDougal  et  al.  3258  (MO).  Jamaica.  Near  Claverty 

Cottage,  Portland,  Harris  11524  (P).  Martinique.  Pres 

km  N  of  Florencia  along  main  road  to  Garz6n,  E  slope  St.  Pierie,  Hahn  787  (G,  P).  Mexico.  GUERRERO:  8  km 

o;  tastern  Cordillera,  560  m,  Davidse  et  al.  5760  (COL.  al  NE  de  Paraiso,  carretera  a  Puerto  del  Gallo,  Tenono 

'^^}-  casanare:  Tauramena,  Uribe  4054  (COL),  cauca:       et  al.  1401  (MO).  NAYARIT:  steep  hillsides  2  miles  west Gorgo 
of  Mazatan,  McVaugh  19104  (US),  oaxaca:  8  km  del 

Rio  Lana  rumbo  a  Palomares,  Beetle  M'5063  (MO), 

quINTANA  ROO:  a  25  km  al  Sur  de  F.  Carrillo  Puerto, 

Tellez  3025  (MO).  -San  luis  POTOSI:   2  miles  east  of 

-^     .  -     —-^^^  iidv^iuiicii  isia  ae  ̂ ^orgona,  camiiio  a  i  my  a 

d   S'  ̂̂ -'''^o  *  Rangel  5616  (COL).  CHOCO:  Bahi'a 
e  Solano,  Gentry  &  Forero  7177  (COL.  MO).  GUAINIa: 

naudal  PU6n,  en  el  RIo  Guaim'a,  Pa6o«  ef  a/.  J08  (COL).                ,       .  ^.         „.    ,       ,   p  c 
MACDALENA:  Santa  Marta,  Smith  203  (COL,  G,  MO,  W).       Tarnzunchale,  on  north  side  of  nvej,  Hitchcock  &  Stan 

eta:  de  Cumaral  a  San  Nicolas,  1 0  km  del  desvi'o  a  San       '    '       ̂ —'  -  '  - 

^icolas,  480  m,  Zuloaga  3868,  3882  (COL,  MO,  SI). 
r6w"^H  ̂^^°^'  ̂'■'5'o/  235  (GH).  PUTUMAYO:  selva  hig- 

3  del  R{o  San  Miguel  en  la  quebrada  del  Sipenae r-  --"  --^a"  i»nguei  en  la  queoraaa  uei  cupcnac. 

^•^atrecasas  10986  (COL).  VALLE:  Buenaventura,  Vereda 
al  S*  J  ̂*'"°'  ̂ ""02  14-48  {COL),  vaupes:  Alto  Vaupes. 
(Cnr^  <^e  Miraflores,    Gutierrez  &  Schultes   725 

m         '^^^^Hada:  27  km  NE  de  San  Jose  de  Ocune,  Her- 
T^.^JIOIS  (COL).  CosTA  Rica,  alajuela:  6  km  W  of 

CAST^'^'  ̂ ^^  ™'  ̂ °^^  *  Davidse  1 1254  (US).  GUANA- 
I2f^'^  '"^•^  to  Upala.  ca.  24  km  NNE  of  CIA,  Pohl 
y-  ̂^MO).  heredia:  La  Selva,  3  km  SE  de  Puerto 
Sir^i'  557^  (MO,  SI).  limON:  hills  2  airline  km 

^^ot  Islas  Buena  Vista  in  the  Rio  Colorado,  Davidse 

Rin  ̂'^'^^'^  31121  (MO.  SI).  PUNTARENAS:  Osa  Peninsula, con,  Pohl  iSc  Davidse  10744  (US).  SAN  JOSE:  Basin 

ford  7304  (US),  tabasco 

Huimanguillo  on  the  Huimanguillo-Francisco  Rueda  road, 

G.  &  J.  Davidse  9383  (MO).  VERACRUZ:  El  Mirador, 

Beetle  M-2254  (MO).  Nicaragua,  matagalpa:  carretera 

al  Tuma,  approx.  28  km  NE  de  la  ciudad  de  Matagalpa, 

flnca  El  Diamante,  en  los  margenes  del  Rio  Yasica,  Cuz- 

man  et  al.  914  (MO).  RIO  SAN  JUAN:  Quebrada  Santa 

Crucita,  Moreno  23441  (MO).  ZELAYA:  Corn  Island,  N 

and  W  shore,  Sand  Fly  Point  to  Southwest  Bay,  Stevens 

19943  (MO).  Panama,  bocas  del  toro:  Al  NW  del  cam-
 

pamento  Changuinola  1  de  Corriente  Grande,  Cerro  
Bra- 

cha  Correa  et  al.  3157 A  (MO).  CANAL  zone:  between
 

Min'di  and  Col6n.  Hitchcock  7942  (US).  COCLE:  along 
road  to  Coclesito  near  Saw  Mill,  Hummel  4062  (SI), 

COLON-  5  miles  northeast  of  Sabanita  towards  Portobello, 

Wilbur  &  Luteyn  II629(MO).  DARIEN:  vicinity  of  Paya, 
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Rio  Paya,  Stern  et  al  380  (MO).  HERRERa:  disturbed 
area  surrounding  Chepo  de  las  Minas,  Folsom  et  al.  7026 
(MO).  PANAMA:  Cerro  Ancon,  Gonzalez  12  (MO).  SAN 

BLAS:  mainland  opposite  Playon  Chico,  0-3  miles  from 
Caribbean,  Gentry  6357  (MO).  VERAGUAS:  roadside  ad- 
ventives,  road  at  base  of  Cerro  Tuti,  Santa  Fe,  Folsom 
3002  (MO).  Paraguay,  alto  Parana:  in  regione  fluminis 
Alto  Parana,  Fiebrig  6008  (G,  K,  LIL,  SI),  amambay:  in 
altiplanitie  Sierra  de  Amambay,  Hassler  11993  (G).  CA- 
AGUAZU:  Coronel  Oviedo,  Rajas  14402  (BAF).  canindeyu: 

Schultes,  Mantissa  2:  256.  1824.  Setaria 

polygonata  (Schrader)  Kunth,  Rev.  Gram.  1: 

47,  1829.  Panicum  pilosum  Sw.  var.  poly- 

gonatum  (Schrader)  Doell,  in  C,  Martius,  Fl. 

Bras.  2(2):  211.   1877.  TYPE:  Brazil.  Bahia: 

Ilheus,  1816,  Prince  Maximilian  s.n.  (holo- 

type,  LE,  fragment,  US  80925).  Figures  3, 

15,  23. 

ruta  10,  SOkmWdeGuaira,  cruceYbyrobara,  Carneva/i      Panicum  potamium  Trin„  Gram.  Panic:  239.  1826. 
J76J  (bl).  CANTERA:  Lantera,  Monies  7222  (SI).  GUAIRA: 
Azucarera  de  Tebicuary,  Arroyo  Yhaca,  Schinini  5842 
(G,  SI).  PARAGUARI:  Mbocaiati,  pres  de  Paraguari,  Bal- 
ansa  2944  (BAF,  G,  K,  P).  Peru.  HUANUCO:  Tingo  Maria, 
Vera  4080  (LIL).  LORETO;  Dtto,  Iquitos,  Rio  Nanay,  de 
Pampachica  al  caserio  de  Santa  Rita,  Rimachi  8014 

(MO).  MADRE  DE  DIGS:  Rio  La  Torre,  Explorer's  Inn,  near 
confluence  of  Rio  Tambopata  &  Rio  La  Torre,  39  km 
SW  of  Puerto  Maldonado,  Smith  359  (NY),  san  martin: 
Tingo  Maria,  6251, 100  m,  Allard  20431  (US).  SuRiN- 
amE-  Lucie  Rivier,  2  km  below  affluence  of  Oost  Rivier, 
Irwin  et  al  55199  (MO,  NY,  US).  St.  Lucia.  Savanne 
Edmund  district,  southeast  of  Piton  Troumassee,  Proctor 
17958  (US).  St.  Vincent.  Along  Chateubelair  River, 
Morton  5216  (US).  Trinidad-TobaGO.  Castara,  Broad- 

way 4063  (G,  P).  Venezuela.  amazonaS:  tall  rainforest 

ESE  of  Puerto  Ayacucho,  10-30  km  on  road  to  Gavilan, 
Steyermark  et  al  113908  {MO),  apure:  Dtto.  Paez.  Selva 
de  Cutufi.  between  Cutufi  on  the  Rio  CutufT  and  the  Rio 

ngsdorff 

lotype,  LE,  fragment,  US  81301). 

Panicum  bourgaei  Fourn.,  Mexic.  PI.  2:  25.  1886.  TYPE: 

Mexico.  Veracruz:  "In  valle  Cordovense,  Januario, 
Bourgeau  1662,  pro  parte  (isotype,  F). 

Panicum  boliviense  Hackel,  Repert  Spec.  Nov.  Regni 

Veg.  11:  19.  1912.  TYPE:  Bolivia.  La  Paz:  Anta- 

huacana,  Espirito  Santo,  1909,  Buchtien  2501  (ho- 

lotype,  W,  fragment,  US  80488;  isotype,  US*,  pho- to  of  type,  K), 

Panicum  ecuadorense  Mez,  Bot.  Jahrb.  Syst.  56,  Beibl. 

125:  3.  1921.  TYPE;  Ecuador.  Without  locality, 

Eggers  15064  (holotype,  B,  fragment,  US  80635). 

Plants  perennial,  shortly  rhizomatous,  with  culms 

decumbent,  rooting  and  branching  al  the  lower 

nodes,  then  becoming  erect,  0-15-0,50(-l)  m  tall 

upper  nodes  branching  or  not,  internodes  cylindric 
Sanare,  Davidse  &  Gonzalez  21866  (MO*),  aragua:  glabrous  to  sparsely  papiUose-pUose,  5-12  cm  long Parque  Nacional  Henry  Pittier,  Estacion  Rancho  Grande,  j       j     i  j     j         i     ̂ ;l^eo  with  ao 

canLo  a  La  Toma,  Zuloaga  &  Ortiz  4513  (MO,  SI*  """"^^^  ̂ ^'"'^'  comp
ressed,  densely  pdose  with  ap 

VEN).  BARiNAS:  Boca  de  Uribante,  19  km  mas  alia  del  pressed,  retrorse  hairs,  occasionally  glabrous 

Cano  Anaru,  Trujillo  et  al.  14951  (F).  bolivar:  35  km  Sheaths  shorter  than  the  internodes,  2.7-3.5  cm 
SW  of  Caicara  del  Orinoco,  Steyermark  et  al.  131246  long,  glabrous  or  rarely  papillose-pilose  toward  the 

fl^'^^aiTiT^- SlTJrJ^'^^^^^^^  distal  portion,  the  margins  membranous,  with  one 

margin  long-ciliate  with  papillose-pilose  hairs  to- 

_  ward  the  distal  portion,  collar  pilose,  Ligules  mem- 
fante,  Parque  Nacional  Aguaro-Guariquito,  Cano  Carnes-  branous,  laciniate,  0.3-0.5  mm  long.  Blades  lan- 

LARA:  30  km  SW  of  Barquisimeto,  near  road  to  Cerrata, 
Meijer  et  al  51  (LIL).  FALCON:  F6,  entre  Sanare  y  el 
■'    ~  Wingfi 

tolendo,  Delascio  et  al  11482  (MO).  MIRANDA:  Guatopo, 
selvas  pluviales,  Bernardi  $,n,  (NY).  PORTUGUESa:  Camino ceolate,  4-15(-20)  cm  long,  0.6-L5(-2.5)  cm seivaspmviaies,£Jernarai5.a.  UNI).  PORTUGUESA:  Cam  no  -  .        i      ,,  ,         .  i  ,  Ar.r.^un\f>  oilose 

hacia  "La  Estacion,"  Municipio  de  Ospino,   1,200  m  "^"^^^  "^^""^^y  pseudopetiolate,  pseudopetioe
  puo 

Stergios  et  al  4616  (MO,  PORT).  SUCRE:  entre  Barcelona  ^^  glabrous,  cordate  to  subcordate,  sparsely  pUos 

y  Cumana,  carretera  secundaria  a  8  km  al  sur  de  Santa  with  appressed  hairs  on  both  surfaces  or  glabrous, 
Fe,  300  m  Zuloaga  etal  4366  (MO,  SI,  VEN).  tachira:  the  margms  scaberulous,  the  lower  ones  cQiate  with Dtto.  Cordoba,  Cerro  La  Camiri,  just  south  of  the  town  j  ^    -       r   n  i  ^o^;/1al  nan- 

of  Rio  Negro,  Davidse  &  GonzdlL  2 1545  (MO)  ZUUa  '^^""*'"'  ̂ ^"'-  ̂ "A''^^^^"^^  ̂   '^'''  PJ/^"^'^^^  P'" 
Dtto.  Colon,  forested  slopes  at  the  settlement  of  Rio  de  '^^^  8-20(-25)  cm  long,  3-15  cm  wide;  main  ax 

Oro  along  the  Rio  de  Oro,  Davidse  et  al.  18667  (MO).  sparingly  hirsute  to  scabrous,  first-order  branches 

i>^„.v.,™    „•/  •  •,,  alternate,  ascending,  triquetrous  and  with  or  witn- ranicum  pilosum  is  a  very  variable  snpcipc  .        ;  »'      i  L-ipts 
r.,,  ,•       fr^rv,  c      II  •  ^ariao  e  species,  ^^^  j^^^^    j^^.         .^  y    flattened,  the  spikelets ranging  from  small  specimens  with  a  reduced  pan-  „„•     j  ,  ,.     ,  ,      ,   .^^nnd-order 
;^1«  »«  ̂ .l,^...,  „^„,.i     1         .11        L  1  .   «  paired   on   short   pedicels   on   short  secono-oiu icle  to  others  nearly  1  m  taU  with  large  inflores-  L.r^.k       c     t  /  .  i      if  tV    1  -?-!  6  mm 
rpnrps    For  thlc  r<.a=or.    P   ̂   jr.       -.  branches.  5/>iAe/e/s  narfowly  elliptic,  1 -^    i"' 
cences.  For  this  reason   P.  coeaosum  and  P.  mtl-  ̂          ̂   ̂ ^^^  J^  /^  ̂^^  green- 
lejlorum  are  synonymized,  the  first  representing  -.^     .      i^  u  mm  wiae,  pomiea  p 

the  smaller  plants  and  the  latter  the  larger  ones  '  P"*^^^^"*  «^  ™«^«  commonly  glabrous.  Lo     ̂ 

Occasional! 

5  smaller  plants  and  the  latter  the  lareer  ones  ?     ^  f.    i     i  ̂ ^th  of 
I«  P    »;/L»r„  ,\.^       L  1  .  ,  S^^^^  ovate,  0,7-0.9  mm  lone,  16  the  length  oi 

°"T'J /:    "'^'A  "^  "  "'^  "'^  ."!  P-  '^/"-*"»     ward  ,he  apex.  Upper  glume  1.2-1.4  mm  long. 

glabrous,  5-nerved,  acute.  Lower  lemma  l-S-l- 

mm  long,  3-5-nerved,  acute.  Lower  palea  1- 

1 .3  mm  long,  0.2-0.4  mm  wide,  hyaline,  glabrous 

to  more  commonly  absent;  lower  flower  absent, 
polygonatum    Schrader    in      occasionaUy  present  with  3  stamens.  Upper  an- 

be 

peculi 
specunens 

I 
\ 

I 
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Figure  23.      Panicum  polygonatum  (a,  based  on  Chase  8555;  b-h,  on  type  specimen).-a.  Habit. -~b. 

Ir  base  of  blade.-c.  Branch  of  a  panicle  with  spikelet.-d,  Spikelet,  lateral  view.-e.  Upper  anthecium. ^»ew.— f.  Urwr,^^  ̂ ^.v„„-   _„i   .         „   /^„„,^^.:.   «,r,Kri^-^  i.;*>w  — h    CarvoDsis,  hilum  view. 
«.  *^.«,.w*  w*  «  panicl 

f-  Upper  anthecium,  palea  view.— g.  Caryopsis,  embryo  view. 

Ligule lemma 

^hecium  elliptic,  1.1-1.3  mm  long,  0.5  mm  wide, 
stramineous,  smooth,  indurate,  scabrous  at  the  apex; 

^nthers  3,  0.3-0.5  mm  long.  Caryopsis  elliptic, 
brownish,  0.8  mm  long,  0.5  mm  wide;  hilum  ob- 
^"g*  embryo  H  the  length  of  the  caryopsis. 

Distribution  and  ecology.      Widely 

Bol 
casionally  present  in  Northwestern  Argentina,  It  is 

borders  of  woods 
vation 
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Selected  specimens  examined.       ARGENTINA.  MI-  Bucay,  Hitchcock  20433  (US).  IMBABURA:  Lita,  500  m, 
SIONES:  Acaragua,  Bertoni  2822  (LIL,  MO,  US).  BELIZE.  Acosta  Solis  12239  (US).  LOS  RIOS:  Rio  Palenque  Field 
STANN  CREEK:  along  road  and  stream  at  Dry  Creek,  near  Station  halfway  between  Santo  Domingo  de  los  Colorados 
District  of  Cayo  border,  Croat  24517  (MO).  TOLEDO:  in  and  Quevedo,  Gentry  10191  (MO).  morona-SANTIAGO: 
high  ridge,  at  base  of  hill  near  Manga  Camp,  Edwards  near  Mendez,  Camp  865  (NY,  US).  NAPO:  Baeza-Tena 
Road  beyond  Columbia,  Gentle  6537  (MO,  US).  Bolivia.  rd„  46  km  S  of  Baeza,  Luteyn  &  Boom  8360  (MO,  NY). 
COCHABAMBA:  San  Rafael,  R.  Steinbach  484  (MO,  NY).  PASTAZa:  Hacienda  San  Antonio  de  Baron  von  Humboldt, 
LA  PAZ:  along  road  between  Unduavi  and  Caranavi,  83.5  2  km  al  NE  de  Mera,  Palacios  et  al   137  (MO).  PI- 

km  beyond  Unduavi,  Croat  51586  (MO*);  Tipuani,  Ha-  CHINCHA:  Nanegalito,  al  NW  de  Tandapaya,  Acosta  Solis 
cienda  Simaco,  Buchtien  5334  (MO,  NY,  US*).  SANTA  i7766  (US).  TUNGURAHUA:  valley  of  Rio  Pastaza,  Machai, 
CRUZ:  Rio  Surutu,  bafiados,  Steinbach  6840  (G,  K,  LIL,  Asplund  8527  (G,  LIL,  NY,  P).  El  Salvador.  Ateos,  in 
MO,  NY,  US).  Brazil,  acre:  traU  to  Rio  laco  from  7  km  swamp,  Calderon  1880  (US).  French  Guiana.  Crique  la 
of  road  Sena  Madureira  to  Rio  Branco,  Prance  et  al  Boue  de  TApprouague,  Oldeman  B-2225  (MO).  GuADA- 
7703  {M,  MO,  P).  amazonas:  Solimoes,  Copatana,  beira  LOUPE.  Without  locality,  Bertero  s.n.  (G).  Guatemau. 
do  Rio  Jutahy,  Froes  20594  (IAN,  US),  bahia:  Ilheus,  alta  verapaz:  Finca  Mercedes,  Teleman,  Panzos,  faldas 

^I!,^^!'^^^^^?^'  ̂ ^^  Sart«o5  3397  (CEPEC,  RB),  3789  de  la  Sierra  de  las  Minas,  Martinez  et  al.  22729  {UO). 
izabal:  Quebradas,  Pittier  8564  (US).  Guyana:  Issorora, 

parao.  Chase  10073  (US).  GOIAS:  Santa  Rita  do  Paranahy-  Aruka  River,  Hitchcock  1 7589  (K,  MO,  NY,  P,  US,  W). 
ba.  Chase  11630  (US).  MINAS  GERAIS:  Juiz  de  Fora,  Chase  HONDURAS.  atlaNTIDA:  Lancetilla  Valley,  near  Tela,  Stan- 
8555  (F,  NY,  US).  Parana:  9  km  E  of  Guaraniau  along  dley  53181,  53529  (US),  cortes:  alrededores  del  centre 
highway  BR-277  to  Curitiba,  Davidse  et  al.  11283  {MO 
UB).  RIO  GRANDE  DO  SUL:  Sao  Leopoldo,  Quinta  Sao  Ma 
nuel,  Dutra  601  (R).  Rio  DE  JANEIRO:  Jardim  Botanico 
caminho  dos  Macacos,  Chase  8434  (F,  MO,  RB,  US) 
RONDONIA:  Island  in  Rio  Madeira  at  mouth  of  Rio  Jaci 
parana.  Prance  et  al.  5343  (MO).  SANTA  Catarina:  Flo- 
rianopolis,   Zuloaga   &  Deginani   1878  (SI,   US).  SAO 
PAULO:  Morro  das  Pedras,  Brade  7815  (R,  SP),  9162 
(IAN,  R).  Colombia,  amazonas:  Rio  Loretoyacu,  Black 

'""'  antioquia 

SANTO 

ceremonial  de  Pulapanza,  Torres  Flores  176  (SI).  SANTA 
BARBARA:  San  Pedro  Sula,  350  m,  Thieme  5578  (US). 

FRANCISCO  MORAZAN:  Montana  La  Tigra,  30  km  NE  de 

Tegucigalpa,  Soihet  200  (MO,  SI).  OLANCHO:  Orillas  del 

Riachuelo  Aguaquire,  30  km  NE  de  Culmi,  700  m.  Nelson 

&  Vargas  2660  (MO),  yoro:  1 7- 1 9  km  SE  of  Rio  Viejo, 
on  road  to  Olanchito,  Pohl  &  Davidse  12089  (MO). 

Martinique.  Without  locality,  Sieber  121  (W).  Mexico. 

CHIAPAS:  Finca  Mexiquito,  Purpus  7408  (US).  VERACRUZ: 
Jesis  Carranza,    1.5  km  N  del  Poblado  2,  Zambrano 

los  alrededores  del  Rio  Ampurrumiado,  GaUerres  &  BarA:-      1165  (MO).  NICARAGUA.  BOACO:  Cerro  Mombachito,  al 
ley  17 C 17 2  (LIL,  SI,  US),  caldas:  Chinchina,  Cuatre-      SE  de  la  ciudad  de  Boaco,  ilfore/io  248  (MO).  CHONTALES: 
casas  23387  (US),  caqueta:  Miramar,  Rio  Caqueta,  So- 
derstrom  1401  (K,  MO),  casanare:  Tauranema,  Uribe 
4268  (COL,  NY),  cauca:  entre  El  Estrecho  y  Balboa 
Zuloaga  &  Londono  4238  (COL,  MO,  SI*),  choco:  RIo 

vicinity  of  La  Libertad,  Standley  8848  (F).  JINOTEGA:  El 

Cedro,  19  km  al  N  del  Cua,  Moreno  849  (MO).  MATA- 
GALPA:  falda  NW  del  Cerro  Musun,  trocha  de  Palan, 

Araquistain  &  Moreno  2438  (MO).  RIO  SAN  JUAN:  El 

o!-'"^1^;t!^x^^1  ̂ ®'  ̂'^.'^^"^"i?'  i^S^^^,  *  Cuatrecasas      Castillo,  0100  m.  Nelson  5190  (MO).  RIVAS:  Ladera  N 
del  volcan  Concepcion,  Isla  de  Ometepe,  Martinez  Salas 

CORDOBA:  3  km  SW 

dencja,  Alyerson  etal  196  (MO,  NY).  CUNDINAMARCA:      et  al.   1493  (MO).  ZELAYA:  El  Salto,  along  Rio  Pis  Pis 

'"'     '  and  surrounding  hills,  Pipoly  3578  (MO).  Panama.  BOCAS 
DEL  TORO:  vicinity  of  Chiriqui  Lagoon,  von  Wedel  1121 

(MO),  canal  zone:  Barro  Colorado  Island,  at  end  of  Fuer- 

San  Francisco-Alto  Guarama,  Wood  3642  (COL).  HUILA: La   Plata,  Hacienda  La 

(COL),  macdalena:  Santa  Marta,  Smith  206  (COL,  G 
K,  MO,  P).  meta:  entre  Villavicencio  y  Restrepo,  6  km      tes  Cove,  Croat  5255  (MO),  chiriqui:  Burica  Peninsula, 
de  Restrepo.  Zuloaga  4087  (COL,  MO,  SI*);  Restrepo, 
Salinas,  subida    '  "' Quebrada  Mellize,  6  mi  south  of  Puerto  Armuelles,  Lies- 

ner  450  (MO).  COCLE:  El  Valle  de  Anton  and  vicinity 

n/       !,''^R          *!  I^'^'-^-La  Planada,  1.500-1,800  Seibert  485  (MO).  COLON:  trail  from  head  waters  of  RiO m,  Olga  de  Benavides   92  4    MO).  RiSARALDA:  Santa  Boqueron  back  to  fork  with  RIo  Escandaloso,  Hammel 
Cecdia.  von  Sneidem  5192  (F.  US),  santander:  vicinity  3973  (MO),  darien:  vicinity  of  Boca  Quebrada  Venado, 
rroT  '!^T^^\"'''^°*  '^^edaiena  valley,  Haught   1923  Rio  Tuqueza,  Bristan   1101  (MO).  PANAMA:  Tocumen 
(COL.  NY,  US)  VALLE  DEL  CAUCA:  Alto  del  Dinde,  entre  International  Airport,  Dv^yer  1864  (MO).  VERAGUAS:  Rio Cart 

Cano  Urunica,  Cabrera  2276  (COL).  Costa  Rica,  alajue- 
LA:  edge  of  cleared  fields  and  wooded  area  bordering  steep 
slopes  above  the  Rio  Aguas  Zarcas,  south  of  Aguas  Zarcas 
Burger  &  Stolze  5136  (MO),  cartago:  Turrialba  Pittier 
&  Tonduz  4092  (M).  HEREDIa:  roadside  in  pasture    10 
km  SSE  of  Puerto  Viejo.  E  side  of  RIo  Puerto  Viejo  Pohl 
12818  (MO),  limon:  6  km  W  of  Guapiles,  Pohl  &  Cal 
deron  10017  (MO),  puntarenas:  forest  along  trail  be- tween Las  Alturas  and  Lotonsito,  Davidse  24387  (MO 
SI).^SAN  j<«e:  10  km  byroad  SW  of  Santiago  de  Puriscal! '"        -.       Ecuador 

Primero  Braso,  2.5  km  beyond  Agriculture  School  Alto 

Piedra  near  Santa  Fe,  Croat  25464  (MO).  PARAGUAY. 

ALTO  PARANA:  Puerto  Bertoni,  Bertoni  5356  (US).  CA- 
AGUAZU:  Caaguazu,  Balansa  55  (BAF,  G.  P,  US).  CENTRA^ 

Asuncion,  Jimenez  11190  (SI).  CORDILLERA:  Valenzuela, 

Schwarz  11078  (LIL).  GUAIRA:  Santa  Barbara,  pres  d« 
Villa  Rica,  Balansa  54a  (G,  P).  Peru.  aMAZONAS:  W 

Poza,  RIo  Santiago,  strip  between  Calle  Piura  and  the  luo 

Santiago,  Berlin  3678  (MO),  huanuco:  Prov.  Pachitea. 

Comunidad  Nativa  Santa  Marta,  on  bank  of  Sungaruyacu, 

Smith  1251  (MO,  NY).  JUNIN:  Colonia  Perene,  HitchcocK 

entre  Bucary  Heda  RoL  Me/'  aT""'  ™^«««^^«=  ̂ ^059  (US),  22724    US).  LORETO:  lower  Rio  Huallaga. 

'f)  c^PAXP  Tenefuer^  ̂ In  pt?    Tf  ̂"?  ?^^«  ̂ '"'"^^  ̂ '^^^  (US),  madre  DE  D.OS:  Tambopata  Nature 

12247!mO)    el  ORG    P^rt  V  t    •  2"^r  f  ̂̂ "'^^  ̂ "^^^«'  ̂ "'■^"^  5245  (MO,  NY).  PASCO:  Oxapampa. 

Me.Ca  8417  (MO.  US).  cua.aS:  TereSta.  3  Jl^^  ̂ i^  o^^Zp^^a.^ilw  1^9^^,  Si 
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US).  Trinidad-Tobago.  Mason  Hall,  Broadway  4476  (G, 
P).  Venezuela,  amazonaS:  Neblina  base  camp,  on  the 
Rio  Mawarinuma,  Davidse  &  Miller  26917  (MO*,  NY, 

US*  693328;  isotypes,  F,  G,  K,  MO,  NY,  P, 
US,  W,  fragment  of  type,  BAA).  Figure  5. 

SI);  along  Rio  Mawarinuma,  1  to  3  km  west  of  Cerro  de      Panicum  bernoullianum  Mez,  Bot.  Jahrb.  Syst.  56,  Beibl. La  Neblina  Base  Camp,  Liesner  15696  (MO),  afure: 
selva  de  Cutuff  between  Cutufi  on  the  Rio  Cutufi  and  the 

Rio  Sanare,  Davidse  &  Gonzalez  21844  (MO*,  PORT, 
SI).  ARAGUA:  Parque  Nacional  Henry  Pittier,  Estacion 
Rancho  Grande,  camino  a  La  Toma,  Zuloaga  &  Ortiz 
4515  (MO,  SI,  VEN).  bolivar:  El  Dorado,  Couret  258 

125:  3.  1921.  type:  Guatemala.  Mazatenango:  Ber- 
nouille  543  (holotype,  B;  isotypes,  G,  K,  NY,  frag- 

ment of  type,  US  80485). 

perenni (US).  DiSTRiTO  FEDERAL:  alrededores  de  la  Planta  Electrica      ̂ ^^^  ̂ ^^  rooting  at  the  lower  nodes,  then  ascend- 

de  Mamo,  Pittier  11082  (VEN).  FALCON:  Cerro  Socopo,      ing,  1  to  2  m  tall,  simple  or  occasionally  with  sterile 

east  side  above  Socopito,  10^30'N,  70^45' W,  riverside 
in  shade,  Liesner  et  al  8278  (MO,  VEN).  lara:  Dtto. 

internodes 

m  snaae,  Ltesner  et  aL  «Z/«  (MU,  VLIN).  LARA:  Utto.      ̂ oUow,  glabrous,  compressed,  brownish,  nuberu- inbarren,  Laguna  Los  rapelones,  en  la  selva  nublada  en      ,  ,  I     i  ■  o/        f  - nodes 
la  Fila  de  las  Goteras,  Steyermark  et  al.  103711  (VEN). 
Merida:  La  Llorona,  on  road  to  Amparo,  van  der  Werff  glabrous,  the  margins  ciliate.  Ligules  membranous, 
&  Ortiz  5754  (MO,  NY,  PORT,  SI),  miranda:  Dtto.  short-ciliate  at  apex,  ca.   0.8  mm  long.   Blades 

S'  te^''^*^^  Chaguaramas,  Gonzalez  &  Davidse  946  lanceolate,  22-35  cm  long,  1 .5-3  cm  wide,  flat. (MO,  NY,  PORT,  VEN).  monagas:   10  km  WSW  of 
Ju^epln,  Pursell  9094  (US,  VEN).  PORTUGUESA:  5  km 

Werff 
with  long  hairs  at  the  base  of  the  adaxial  surface 

behind  the  ligule,  short-pUose  on  the  adaxial  surface 

PORT.  SI),  tachira:  Dtto.  Uribante,  Empresa  Las  Cuevas      and  glabrous  on  the  abaxial  surface,  subcordate  to 

W,  S^SO'N,  van  der  Werff     cordate,  acuminate  at  the  apex.   Inflorescence  a 
4900  (MO,  VEN).  zulia:  along  Ri'o  Cachiri,  just  north 
of  hacienda  Salamanca,  Steyermark  et  al  123448  {MO, NY,  YEN). 

terminal,  pyramidal  panicle,  20-40  cm  long;  main 

axis  wavy,  scabrous,  pulvini  pilose,  numerous  slen- 
der first -order  branches  ascending  or  spreading. 

f^ctnicum  polygonatum  is  related  to  P.  laxum,  spikelets  unilateral  on  slender  second -order  branch- 
irom  which  it  differs  in  having  narrow,  elliptic  es,  axis  of  the  branches  and  pedicels  triquetrous, 
spikelets,  pointed  at  the  apex,  the  lower  palea  com-  scabrous.  S pikelets  loosely  clustered,  lanceolate, 
monly  absent  (or  when  present  usually  without  a  L6-1.8   mm  long,   0-4-0.5   mm  wide,  pointed, 
lower  flower),  and  cordate  to  subcordate  blades. 

"o^nicum  polygonatum  differs  from  P.  pilosum  keels  of  glumes  and  lower  lemma.  Lower  glume 
oy  having  spikelets  on  short  second-order  branches,  0.6-0.9  mm  long,  Vz  to  V2  as  long  as  the  spikelet, 
ower  palea  usually  absent  and  ligule  membranous,  1-3-nerved,  acute.    Upper  glume  3(-5)-nerved, 

brownish 

always  present. not  covering  the  apex  of  the  upper  anthecium, 

*fie  pilosity  of  the  plants  varies,  with  sheaths      obtuse  to  acute.  Lower  lemma  3-nerved,  acute. 

^nd  blades  usually  glabrous  and  nodes  densely  pi-      Lower  palea  absent;  lower  flower  absent.  Upper 
ose;  branches  of  the  inflorescences  vary  also  from 
hirsute,  similar  to  P.  pilosum,  to  scabrous  and without  long  hairs. 

anthecium  lanceolate,  1 .5  mm  long,  0.4  mm  wide, 

membranous,  scabrous  at  the  apex,  whitish,  the 
marai'riQ  of  thp  Ipmma  inroHcd  onlv  at  the  base; 

Panicum  boliviense  Hackel  was  considered  by      anthers  0.4-0.8  mm  long.  Caryopsis  unknown, 
Hitchcock  &  Chase  (1910),  and  Zuloaga  (1981) 

^0  be  the  species  here  considered  P.  hylaeicum.  Distribution  and  ecology.      Southern  Mexico 

|cn  has  cordate  and  amplexicaulous  leaves  and 
gia  culms.  Panicum  boliviense  actually  repre- 

sents a  robust  form  of  P.  polygonatum  that  is 
approximately  1   m  tall  with  cordate  leaves  and 
^rge  panicles;  specimens  of  this  latter  form  range 

J"om  Central  America  to  Ecuador,  Peru,  and  Bo- 
livia. 

^e  specimen 

nrnionly 

gins  of  rivers  or  ponds,  from  sea  level  to  100  m. 

Additional  specimens  examined.  Bkuze.  CAYO: 

Humming  Bird  Highway,  Pry  Creek,  Gentle  8909  (C). 

stann  creek;  Huniming  Bird  Highway,  Gentle  8408  (US*); 
Middlesex,  Gentle  3029  (NY).  El  Salvador,  la  libertad: 

Near  Ateos,  31  km  W  of  San  Salvador,  Fassett  28272 

"  Barrios   '"    '        '  -^'^'» 
-  ̂ pc^:unen  larobo  &  Luatrecasas  ^000  nas      k^^j-  v,u/Mc.i..—  — —  —    .  ̂   1      w    r 

^«e  lower  lf*rr.r>.o   ■   j        *        -     -1       *     •u  ^  ̂ ^      (US),  retalhuleu:  Rio  Coyote,  along  road  4  km  W  of 
ower  lemma  mdurate,  simdar  to  the  one  on     '^J^^^^^       3^0  ̂ ^  standley  87507  (US).  Honduras. 

12. 
atlantida:  vicinity  of  Tela,  Standley  54473  (US).  Mexico 

CHIAPAS:  Escuintla,  Matuda  1861  (CH,  US);  Acacoyagua, 

Panio...»  ..  .-I      A     TT.  u      «    rUoc»  Matuda  184 16  (US),  tabasco:  between  :^anjuanDamisia 

Comr    TT^  T^?^'"^  ̂ -  "    f  o    n       .T:  and  San  SebastL.  Rovirosa  625  (K,  US).  VERACRUZ: 

iml  *^-   "^'■'''    ̂ ^-   ̂ ^^'     ̂ '  Campo  Experimental  de  Hule.  El  Palmar.  Zongolica,  ̂ -era 
1*^15.  TYPE:  Panama.  Canal  Zone:  Frijoles,  Santos 2655 (VS).  Panama.  WuhoutUxtiUty.  flayes 2 14 
12  Oct.   1911,  Hitchcock  8388  (holotype,  (K). 
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Panicum  stagnatile  is  related  to  P.  pernam-  (US*).  Colombia,  casanare:  cerca  del  Hato  Gandul,  al I.                  -x    jir         u      •*     1               •  1            uu   *i.  sur  del  Rio  Pauto,  Blydenslein  s.n,  (SI,  US).  CUBA.  HA- bucense;  it  diners  by  its  lax  panicles,  with  the  .              j     *  •          u       r/           n^i^    lonc^o 
'                          -^             I       iL          1  1  BANA*.   Laguna  de  Anguanabo,   tkman  1151o,   13093 

spikelets  more  diffuse  on  the  branchlets,  plants  ̂ ^^^j^  q  js^y,  P,  R,  UB,  US*),  16929  (US),  Leon  9030 
smaller  with  culms  decumbent,  rooting  or  not  at  (NY,  US);  Laguna  de  Castellano,  Ekman  i6796  (NY,  P, 
the  lower  nodes.  Snikelets  are  similar  to  those  of 

P.  polygonatum. 

1 3*   Panicum    stevensianum 

R,  UB,  US*),  fTi/son  9558  (NY,  US);  Batabano,  Ekman 

12630  (US*);  clearing  in  a  swampy  wood,  W  of  Batabano, 

Leon  14200  (US).  Guadaloupe.  Without  locality,  L'Her- 
minier  s.n.  (G,  P,  US).  VENEZUELA.  GUARICO:  HatoFlores 

A     Hitchc      &       Moradas,  carretera  Calabozo-Camaguan,  Ramia  1213, 1288  (both  VEN). 
Chase,  Contr.  U.S.  Natl.  Herb.  17:  498,  fig, 

77.  1915.  TYPE:  Puerto  Rico.  Campo  Alegre, 
near  Laguna  del  Tortuguero,  25  Nov,  1913,      Excluded  Species 

Panicum  scabridum  Doell  in  Martins,  Fl.  Bras. 
TYPE 

naus,  Campo  de  Jauari,  Spruce  1281-3  (ho 
lotype,  K,  fragment,  US;  isotype,  P). 

Chase  6616  (holotype,   US*   693323;  iso- 
types,  NY,  US).  Figure  5. 

Plants  of  indefinite  duration,  probably  perexuii- 
als,   culms  prostrate,  spreading,  decumbent  and 

rooting  at  the  lower  nodes,  then  becoming  erect,  Panicum  prieurii  Mez,  Bot.  Jahrb.  Syst.  125:  3.  1921. 
20-100  cm  tall,  internodes  glabrous,  nodes  brown- 

ish, glabrous.  Sheaths  striate,  glabrous  or  sparsely 

papillose-pilose  with  caducous  hairs,  one  margin 
ciliate  toward  the  apex,  collar  brownish,  glabrous, 

Ligules  membranous,  shortly  ciliate  at  the  apex, 

0.4- 1   mm  long.   Blades  lanceolate,    10-25  cm 

long,  0.5-1.7  cm  wide,  flat,  subcordate  to  cordate  This  species  was  included  by  Zuloaga  (1987)  in 

at  the  base,  the  lower  margins  ciliate  to  sparsely      section  Laxa.  Panicum  scabridum  resembles  r. 

pilose  on  the  adaxial  surface  or  completely  gla-      laxum  in  that  it  has  a  similar  habit,  ligule,  inno- 

TYPE:  French  Guiana.  Without  locality,  Lepneur 

SM.  (holotype,  B?  not  seen,  fragment,  US  2830932). 
Panicum  manacalensis  Swallen,  Fhytologia  14:  77.  1966. 

TYPE:  Venezuela.  Amazonas:  Rio  Atabapo,  Wurdack 

&  Adderley  42986  (holotype  US;  isotypes,  F,  GH, K,  MO,  NY,  VEN). 

Injl 
rescence  and  spikelet  type,  with  the  lower  glume 

panicle,  8-28  cm  long,  1-6  cm  wide;  main  axis  3-nerved,  ¥i  the  length  of  the  spikelet,  and  the 

wavy,  scabrous,  first-order  branches  alternate,  axis  upper  glume  and  lower  lemma  subequal,  5-nerved. 

of  the  branches  and  pedicels  scabrous,  spikelets  It  differs  by  having  an  indurate  and  smooth  upper 

secund  or  in  short  second-order  branchlets,  paired  anthecium,  with  scattered  simple  papillae  toward 

on  short  pedicels.  Spikelets  narrowly  elliptic,  1,9-  the  apex,  but  without  prickle  hairs  or  silica  bodies; 

2.6mmlong,  0.6-0,7  mm  wide,  greenish  or  tinged  also,  the  caryopsis  is  completely  black  in  P  sea- 
with  purple,  glabrous,  biconvex,  upper  glume  and  bridum. 

lower  lemma  subequal  or  the  upper  glume  slightly  The  leaf  anatomy  of  P.  scabridum  has  shown 

shorter,  pointed.  Lower  glume  0.8-1.1  mm  long,  major  differences  in  relation  to  species  of  section 

nearly  Vi  the  length  of  the  spikelet,  acuminate,  Laxa.  In  this  species  there  are  no  fusoid  cells,  and 

  ,  there  are  usually  two  to  four  cells  between  contig- the  keel  scaberulous,  LoiiJerZemma  5-nerved.  Iom;-  uous  vascular  bundles,  Aerenchyma  is  associated 

er  palea  lanceolate,  2  mm  long,  0,6  mm  wide,  with  the  keel,  and  the  inner  mestome  sheath  has 

nerved 

hyaline,  the  margins  scaberulous;  lower  flower  hi-      abundant  starch  grains. lodicules 

truncate 

plumose.  Upper  anthecium  narrowly  ovate,  1.7- 
1.9  mm  long,  0,5  mm  wide,  whitish,  firmly  mem- 

branous, scabrous  at  the  apex,  the  rest  of  its  surface 
es.    Caryopsis  un- 

Vouchers  for  anatomical  study:  Eiten  &  Eiten  lOJ    * 

Leprieur  14,  452,  Davidse  5444,  14617,  Wurdack  & 
i^eprieur  i^,  4DZ,  Uaviase  ^444 
Adderley  42986,  Zuloaga  3984. 

bod 
known, Natl.  Herb.  17:  529,  fig 

Ch 

TYPE 

Gatun 

Distribution   and  ecology.      West  Indies,   in  lotype,  US  693329;  isotypes,  G,  K,  NY,  P. Cuba,  Puerto  Rico,  and  Guadaloupe,  and  South 

W) 

America,  ̂ coUected  in  Colombia,  Venezuela,   and      Panicum  myrianthum  Mez,  Bot.  Jahrb.  Syst.  56,  Beibj. 

125:  3.  1921,  Not  P.  miryanthum  Buse.  in  MiqucU 

1854.  SYNTYPES:  Suriname.  Without  locality,  no^^' 

occasionally  in  northeastern  Brazil. 

Additional       specimens       examined,       Brazil. 
PERNAMBUCO:  Dois  Irmaos.  vicinity  of  Recife,  Chase  7717 yntypes et  Kappler  253  (syntype,  G). 
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This  species  differs  from  the  others  placed  in  Ellis,  R.  P.  1976.  A  procedure  for  standardizing  com- 
parative leaf  blade  anatomy  in  the  Poaceae.  I.  The 

leaf  blade  as  viewed  in  transverse  section.  Bothalia section  Laxa  by  having  the  upper  anthecium  in- 

durate with  bicellular  microhairs  toward  the  apex, 

a  character  not  present  in  the  species  of  this  section 

as  here  defined.  Also,  the  spikelets  are  not  disposed 

in  unilateral  branches  as  is  characteristic  of  species 

in  Laxa.  In  addition,  P.  graride  lacks  fusoid  cells 

and  has  conspicuous  lacunae  in  the  mesophyll  and 

superposed  bundles. 

Vouchers  for  anatomical  study:  Black  15352,  Pires 
&  Silva  4855y  Gentry  et  al.  51575. 

12:  65-109. 

  .  1979.  A  procedure  for  standardizing  com- 
parative leaf  blade  anatomy  in  the  Poaceae.  II.  The 

epidermis  as  seen  in  surface  view.  Bothalia  12:  641- 
672. 

  .     1987.     A  review  of  comparative  leaf  blade 
anatomy  in  the  systematics  of  the  Poaceae:  the  past 

twenty-five  years.  Pp.  3-10  in  T.  R.  Soderstrom, 
K.  W.  Hilu,  C.  S.  Campbell  &  M.  E.  Barkworth 

(editors),  Grass  Systematics  and  Evolution.  Smith- 
sonian Institution  Press. Washington,  D.C. 

Panicum  aristellum  DoeU,  in  C.  Martins,  Fh  Bras. 

2(2):  22.  1877.  type:  Brazil.  Minas  Gerais: 

without  locality,  Widgren  s.n.  (holotype,  S  not 

seen;  isotype,  US,  fragment,  US). 

Related  to  section  Laxa  by  its  spikelet  and  upper 

anthecium  type,  it  differs  mainly  by  having  aristate 

glumes  and  by  lacking  fusoid  cells  in  the  leaves. 

  .  1988.  Leaf  anatomy  and  systematics  of  Pan- 
icum (Poaceae:  Panicoideae)  in  southern  Africa. 

Monogr.  Syst.  Bot,  Missouri  Bot.  Card.  25:  129- 
156. 
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D.C. 
  &  T.  SendulSKY.    1 988.    A  revision  of  Panicum 
subg.  Phanopyrum  sect.  Stolonifera  (Poaceae:  Pan- 

iceae). Ann.  Missouri  Bot.  Gard.  75:  420-455. 
  &  T.  R.  Soderstrom.    1985.    Classification  of 
the  outlying  species  of  New  World  Panicum  (Po- 

aceae: Paniceae).  Smithsonian  Contr.  Bot.  59:  1- 
63. 

Index  to  Species  Names 

Numbers  refer  to  the  species  number  of  the 

treatment.  Synonyms  in  italics. 

Agrostis  pernambucensis  Sprengel  9 

Hymenachne 
aurita  (J.  S.  Presl  ex  Nees)  Bal.  1 
condensata  (Bertol.)  Chase  3 

Panicum 

agrostidiforme  Lam.  6 
aristellura  Doell 

auriculatum  WiUd.  var.  fasciculosum  Doell 
auritum  J,  S.  Presl  ex  Nees  1 
bernoullianum  Mez  12 
holiviense  Hackel  1 1 

bourgaei  Fourn.  1 1 
bresolinii  L.  B.  Smith  &  Wasshausen  2 
caroniense  Luces  6 
coenosum  Doeli  10 
condensatum  Bertol.  3 

3 

Lam 

ifoliu 
if. 

dlstichum  var.  luxurians  G.  Meyer  10 

distichum  var.  pilosum  (Sw.)  Griseb.  10 
doellii  Mez  5 
ecuadorense  Mez  1 1 
excehum  Nees  9 

grande  A.  Hitchc.  &  Chase 

grumosum  Nees  4 
guianense  A.  Hitchc.  5 
hondurensis  Swallen  6 

hylaeicum  Mez  5 

januarium  Mez  3 
knuthii  Herter  4 
laxum  Sw.  6 

laxum  var.  amplissimum  Hackel  5 
laxum  var.  pubescens  Doell  5,  6 

laxum  var.  vestitum  L.  B.  Smith  &  Wasshausen  6 

leptachne  Doell  7 
leptomerum  J.  S.  Presl  6 
longum  A.  Hitchc.  &  Chase  8 
luticola  A.  Hitchc.  6 
manacalensis  Swallen 

millejlorum  A.  Hitchc.  &  Chase  10 
minutiflorum  Doell  5 

myrianthum  Mez 

pavonii  Mez  4 
pennisetum  Roth  10 

pernambucense  (Sprengel)  Mez  ex  Pilger  9 
pilisparsum  G.  Meyer  10 

pilosum  Sw.  10 
pilosum  var.  epilosum  Fourn.  6 

pilosum  var.  lancifolium  (Griseb.  ex  A.  Hitchc.)  r< 10 
latifi 

pilosum  var.  macranthum  Scribner  8 

pilosum  var.  polychaetum  Hackel  7 

pilosum  var.  polygonatum  (Schrader)  Doell  1  i 
polygonatum  Schrader  in  Schultes  1 1 
potamium  Trin.  1 1 

potamium  var.  pubescens  Doell  5 

prieurii  Mez 
psilanthum  Steudel  6 

pycnanthum  Steudel  4 
ramuliflorum  Hochst.  ex  Steudel  6 
rivulare  Trin.  9 

rivulare  var.  grumosum  (Nees)  Hackel  4 scabridum  Doell 

schaffneri  Mez  5 
schiedeanum  Mez  5 
schroederi  Herter  4 

stagnatile  A.  Hitchc.  &  Chase  12 
stevensianum  A.  Hitchc.  &  Chase  13 
tenuiculmum  G.  Meyer  6 

trichophorum  Schrad.  ex  Schuhes  10 
urticans  L.  B.  Smith  &  Wasshausen  9 Sacciolepis 

aurita  (J.  S.  Presl  ex  Nees)  A.  Camus  1 Set  aria 

disticha  (Lam.)  HBK  10 
meyeri  Kunth  10 
pilosa  10  (Sw.)  Kunth 

polygonata  (Schrader)  Kunth  1 1 
schraderi  (Schrad.  ex  Schultes)  Kunth  10 
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Index  to  Specimens  Examined 

I 

I 

(6);  26826  (9);  26842  (9);  28252  (10).  Busey  558 

(11). Each  specimen  is  listed  by  the  first  collector,      Cabrera  345  (10);  2276(11);  2267(4);  2439(4);  3271 

even  when  other  collectors  participated  in  the  col- 
lecting. Vouchers  utOized  for  anatomical  studies 

are  marked  with  an  asterisk. 

bbott  687  (6).  Acosta  Soils  5254a  (11);  12150  (6); 
12239  (11);  13840  (11);  17166  (11).  Adams  7911 
(10);  14050  (10).  Aguilar  8  (10);  595  (6);  632  (9). 
Ahumada  481  (6);  779  (9);  793  (6);  1579  (6);  1637 
(CTES);  2980  (9);  2981  (6);  3974  (4).  Alain  8797 
(10).  AUard  13145  (10);  14513  (6);  20431  (10);  21152 
(11).  Mem  1011  (6);  1302  (6);  1398  (6);  1601  (5); 
1604  (5);  1608  (10);  1679  (5);  1746  (6);  2188  (6); 
2218  (5);  2237  (6);  2294  (6);  2347  (6);  2371  (5); 

Almeida 
Amer 

Hb.  58  (11).  Anderson  988  (11);  7497  (10);  35538 
(6).  Araquistain  2438  (11).  Araujo  1470  (9).  Arbo 
1348  (6);  1406  (6).  Archer  351  (6);  729  (11);  938 

(4);  3422  (4);  3947  (4);  5395  (4);  7386  (4);  26510 
(6);  28933  (10);  28942  (6);  28967  (5);  29206  (10); 
29450  (10);  30378  (6).  Ca]der6n  1671  (4);  1880  (1 1); 
2308  (10);  2310  (11).  Callejas  3524  (10).  Camp  865 
(11).  Campelo  2181  (10).  Cano  2047  (6).  Cardona  473 
(10);  1351  (10);  1477  (10).  Carnevali  1648  (5);  2752 

(9);  3462  (6);  3763  (10);  4570  (9).  Carrasquilla  2021 
(6).  Casari  552  (3).  Casco  48  (10).  Castellanos  17739 
(4);  25530  (10);  26447  (10);  s.n.  (10).  Cardenas  700 
(11);  7349  (11).  Ceron  1038  (10).  Chan  Choong  25 
(6).  Chaparro  15  (10).  Chase  6753  (6);  7668  (10); 

7717*  (13);  7760  (6);  8101  (3);  8109  (9);  8145  (6); 
8227  (6);  8365  (9);  8414  (3);  8418  (3);  8434  (11); 
8503  (9);  8555  (11);  8621  (11);  8636  (9);  8771  (7); 

8803*  (7);  8802  (1 1);  8983  (6);  9432  (7);  9435  (11); 
9618(11);9774(10);  10073(11);  10210(11);  10472 
(10);  10576  (9);  10957  (9);  11073  (5);  11099  (5); 
11622(5);  11630(11);  11966(5);  12127(3).  Ch 
V.  7592  (6).  Chebataroff  s.n.  (4).  Clark  7305  (10). 

(9).Argenal33(6).ArgentBl94(6).Aristeguieta3909  Clayton  4282  (9);  4287  (4);  4556  (11);  4648  (10); 
(6).  Asplund  5761  (6);  7271  (6);  7275  (11);  8527 
(11);  8951  (6);  12211  (10);  13003  (6>,  18340  (6). 

4663  (10);  4680  (10).  Clemens  4045  (1).  Clewell  4167 

(6).  Clos  1974  (6).  Clotter  12  (10).  Coelho  de  Moraes 

Ayala258(ll);2384(ll).  Aymard274(6);654(ll);  750  (10).  CoeUo   199  (10).  Comastri  Filho  36  (5). 
1131  (6);  4260  (11);  4685  (6). Coradin 

Bacigalupo  557  (4);  959  (6);  966  (4);  980  (4).  Bailey  1040  (6);  3089  (10).  Cordeiro  347  (10).  Coro-Rojas 
1434  (6).  Correa  70  (6);  3157A  (10);  3830  (6).  Couret 
258  (11).  Cowan  1229  (6);  1307  (10);   1386  (10); 

1997  (10);  2110  (10);  2574  (6);  38177  (10).  Cremers 

(1).  Baldwin  Jr.  3541  (10);  4535  (6).  Balslev  2750  5207  (6);  7508  (10);  8480  (10);  9565  (6).  Croat  5255 

(11);  4703  (10).  Bang  266  (6);  308a  (6).  Barbour  (11);  7531A  (10);  9611  (11);  9878  (6);  9980  (6); 

933  (11);  1177  (7).  Baker  6492  (11).  Balansa  42  (9); 
43  (9);  43a  (9);  54a  (11);  55  (11);  56a  (6);  57  (6); 
57c  (6);  58  (6);  59  (6);  1630  (1);  2944  (10);  4914 

5245  (11).  Bartlett  8290  (10);  11489  (6);  21266  (4). 19893  (5);  19919  (6);  23967  (6);  24185  (6);  24516 

10).  Beetle  M-2  2  54(10);  M 

10).  Belem  126(11);  133< 
Benoist  1136  (10).  Berlin 

Bernoulli 

Beck  1587  (6);  3228  (6);  3246  (6);  3445  (6);  5098  (10);  24517  (11);  25302  (11);  25464  (11);  25644 

"■  (11);  51586*  (11);  59597  (11);  62653  (6).  Cuatre- 
casas  4238  (5);  4284  (5);  4432  (5);  8866  (10);  10986 

(10);  16440  (11);  16827  (11);  16956  (11);  17078 

_         _  (11);  17100  (11);  21035  (11);  21366  (11);  22941 

Berro  870  (4).  Bertero  s.n.'('l  1)'.  Bertoni  1063  (10);  (1 D;  23036  (6);  23387  (11);  24054  (6).  Cuezzo  1464 
2374(9);  2822  (11);  3546  (10);  3602  (6);  3667  (10);  (H);  10712  (5).  Curtiss  305  (10). 

3673  (6);  3889  (9);  4177  (9)-  4951  (6);  4988  (10);  da  Silva   133  (6);  245  (6).  Daciuk  151  (10).  Davidse 

5134  (9);  5356  (11);  5831  (6);  5846  (6).  Betancur  2877  (6);  3186  (10);  3716  (5);  3752  (6);  4347  (10); 

358  (11).  Black  104  (10);  46-122  (11);  46-396  (6);  5116  (10);  5428  (6);  5760  (10);  9383  (10);  10440 

46.396A  (10);  47-2044  (lOV  47-2048  (10);  49-7943  (10);  10563  (9);  10594  (9);  10914  (6);  10960  (9); 

(6);  49-8015  (5);  50-9301  (5);  51-11660  (9);  51-  11056(2);  11275(9);  11283(11);  11435(9);  11460 

12342  (5);  51-12877  (5);  51-13077  (5);  51-13426  (6);  11476  (11);  11494  (3);  11554  (6);  11597  (9); 

(10);  54-17139  (6);  54-17230  (6);  54-17386  (10).  11934(6);  13896(10);  14643(6);  17171  (10);  17281 

BlackweU  2736  (10).  Blair  808  (11);  826  (6).  Blyden-  (6);   17594  (6);  18393  (6);   18411   (5);   18595  (6); 
'ein  ̂ 44  (5);  789(6);  1003  (6);  s.n.  (13).  Boeke  1271 
(10).  Boelcke  5104  (4);  6684  (4).   Bommer   5  (6). 
Borsotti  s.n.  (5).  Box  74  (6).  Brade  7809  (9);  7815 
11);  9162  (11).  Breedlove  54040  (5).  Brenes  20172 
6).  Bresolin  1171  (6).  Bristan  1101  (11).  Bristol  235 
(10).  Brito  239  (10).  Britton  7452  (5);  14803  (6); 
15595  (6).  Broadway  213  (6);  1870  (6);  4063  (10); 
4476  (11);  4985  (^j.  3^  (jq).  Brown  19  (6);  107  (4); 
120  (9).  Buchtien  34  (10);  35  (10);  49  (6);  74  (11); 
Jo  (10);  82  (11);  1182  (10);  4170  (11);  5315  (6); 
J334*  (11);  7129  (11).  Bunting  9394  (10).  Burandt 
Jr  V0852  (II).  Burchell  2715bis  (9);  4161  (9);  4355 
(7);  4495-2  (7);  8874  (5).  Burger  5136  (11).  Burkart 

18667  (10);  20645  (6);  21477  (6);  21504(10);  21545 

(10);  21844*  (11);  21866*  (10);  22010  (6);  22513 
(6);  24387  (11);  26670  (10);  26858  (10);  26917  (11); 

26927  (10);  30979  (6);  31121  (10);  31122  (11); 

31687*  (6);  32998*  (6).  de  Granville  438-A  (6);  2251 

(10)-  2935  (6).  de  la  Cruz  1815  (10);  3557  (10);  4080 

(11).  Deddeca  s.n.  (11).  Delascio  11020  (10);  11319 

(5);  11344  (5);  11482  (10).  Denslow  2434  (6).  Diaz 

731  (11);  3962  (10).  Diaz  Piedrahita  3620  (11).  Dod- 

7687  (11);  7972  (11);  12248  (11).  dos  Santos 
son 

Duarte 

2496  (6);  3890  (11).  Duke  5929  (6);  11684  (2)  (6); 

—  -  X.,  ...,  ̂ .;  oux^..  .xuv.  ,..,.  ̂ ..^-..  11944  (11);  12346  (6).  Dusen  2976  (9);  3664  (7); 

238  (4);  876  (6);  3792  (9)-  4345  (9);  4515  (9);  8331  14334  (10);  14407  (6);  16061  (6);  16251  (9);  16287 

Duss  535  (6).  Dutra ,  A  ̂^^^  (^>'   14283  (4);   14472  (6);  14479  (6);  .  , 

14663  (6);  15461  (9);  15473  (6);  16161  (6);  16430  Dwyer  1864  (11);  10755  (6)-             ,,„,,,,.  „.„ 

(6);  16657  (6);  19608  (6);  20974  (4);  21064  (4);  Ebinger  1111(11).  Echeverry  1  l^f  (6);  1636  (1^  2477 

21076  (9);  22873  (4);  23237  (6);  24090  (6);  24091  (6).  EdwaU  3859*  (7).  Eggers  759  (6);  760  (10);  763 
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(10);  2120  (6);  5534  (10).  Eiten  3487  (5).  Ekman 
620  (9);  621  (9);  622  (4);  624  (10);  625  (10);  6065 
(6);  6204  (6);  10473  (6);  10980  (5);  11183  (10); 
11499  (5);  11516*  (13);  12390  (6);  12630*  (13)- 
1 2957  (6);  1 3092  (6);  1 3093 *  ( 1 3);  1 3305  (5);  1 4790 

Ibarrola  183  (6);  995  (4);  1325  (6);  3081  (6).  Idrobo 
89  (10);  2144  (1 1);  2665  (11);  4380  (6);  5268  (11)- 
5308  (10);  5563  (6);  6804  (10);  8474  (6);  8599(6)- 
8846  (10);  8915  (10);  9017  (10);  11551  (6).  Insfran 
1319  (5).  Irwin  1 1892  (10);  12271a  (6);  12285  (10); 
12931  (6);  15255  (10);  19028  (10);  21095  (6);  23558 

iTjMf  l'"'-  f"l,l" '?'•.  Eugemo  267  (6).  28155  (10);  28158  (10);  31028a  (9);  55199  (lot 
_     ^„^„  ^^^,.  ^o^cu  i,v/  ^u;.  cugcjuo  z.Oi   \0). 

Fabns  61  (4).  Fassett  28272  (12).  Fernandez  339  (10)- 1517  (10);  7091  (6);  9649  (10).  FeuiUet  1478  flOV 

28155  (10);  28158  (10);  31028a  (9);  55199  (10); 
55984  (10);  57554  (6);  57625  (6);  57632  (10).  Iz- 
aguirre  113  (10).  Izaguirre  36  (6). 

91  ■?«  nn{   r-  u  •     /'owTx    )-     ''  ̂ ^"^*=i  ̂ ^'^  Uu;;  aguirre  113    10  .  Izaguirre  36  (6). 

(6)   4689\5^   i^fioA/  ivvf  .1?^  Sf^  S^  '''"       ̂ ^™^""  ̂ •"-  (1  ̂)-  J-g°-  177  (5)    178  (10).  Janssen 
VvZS^LXlfrSK  f ZJ^.^.'l  .^^^l^i^??^  15  (6).  Jaran^aio  164  (6);  316  (10);  1090  (6).  Jativa ( 1 0).  FUgueiras  366  (6);  1 1 98  (6).  Folsom  3002  ( 1 0)- 
7026  (10).  Fonnegra  486  (11);  2051  (II);  2159(10)' Forero  622  (10);  1277  (10);  3819  (11);  4514  (10)- 
5120  (6);  7213  (10).  Fosberg  9864  (6);  29042  (11)' Franceschi  106  (6).  Froes  20549  (5);  20594  (II)- 
23787  (5);  23928  (5);  24551  (5);  25756  (5);  34114 
(5);  34303  (10).  Fromm  1436  (10).  Funck  432  (11) 

GaUmal  PE.5571  (4).  Garcia  6  (6);  44  (10).  Garcm  Mol- 
inan  271  (6).  Garda-Barriga  5336  (II);  10014  (II)- 
11411  (6);  13881  (6).  Gardner  1435  (5);  2352  (10  ' 2358  (10);  4305  (10).  Garrido  7  (10).  Gastony  710 (10).  Gaudichaud  126  (9).  Gehrt  s.n.  (7).  Gentle  3029 
(12);  3731  (6);  4582  (10);  6202  (11);  6537  (II)- 
6926  (10);  7945  (10);  8408*  (12);  8868  (10)-  8869 

!!n!'??S^;^^^'  ̂ ^'^^  <11)'  17^51  (10).  Gentry  6357 10);  7   77  (10);  7956  (U);  63702(11).  Gillett  16478 
(6).  Gilhs  8179  (10).  Glaziou  4341  (6);  15641  (9). 
16614  (9);  16632  (9).  Gleason  930  (10).  Goeldi  119 
(5);  14767  (10).  Goes  762  (7).  G6mez  23076A  (11) 

1 5  (6).  JaramUlo  1 64  (6);  316(10);  1 090  (6).  Jativa 
2022  (10).  Jenman  1132  (10);  4024  (10);  5968(10); 

Grayu 
Goodland 

Onman  106  (6).  GuagHanone  326  (6);  327  (5V  410 

^3^7??/?  .722  (9);  728  (5);  Ilk' (9).  GuLhez fm   i^^^owTn^r^^^^^^^'  17C172(11);  17C548 (11);  35521  (10).  Guzman  914  (10) 
Haase  806  (6);  904  (6).  Hahn  757  (6);  787  (10)-  1536 Hammel 

(11);  4062  (10);  5250  6  ;T306r(;   ).  HaTy  1596 

0  '  ̂Vnn^^^u'  J^°^'  ̂'^^^  (1^>-  Harris  11524 (10);  11800  (6).  Hassler  19  (6);  2074  (6)-  2915  (5)- 
3763  (4);  8189  (6);  8192  (lO^  8385  (6)   8465  (6V 8773  (9);  8773a  (4);  9868  (6);  10155  (4);\u68  9 V 
/1468a  (4),  11914  (4);  1 1993  (10);  12433  (6);  12904 9  •  Hatschbach  2578  (4);  10549  (4);  13727  (7-  15801 
(5);  28359  (4);  40611  (9);  46007  (9);  48776  (9) 

f  (nV3625  Z'T  '''  "^"^^^  ̂«^^  ̂̂'
 TT         k    ''     ̂ ^  ̂ 1^^-  Hauman  s.n.  (10)-  sn    (6) 

t'TnlWI^^- ^^r^^'  ''^''  (^>-  HeLa„n"09S i6);  10951  (6);  11013  (10);  11113  (11);  11299  (6) 

noo7nn?ti-?'\'?"''^"  ̂ •"-  ̂'^-  ™1  12843  (O); 13001  (10).  Hilton  11  (6).  Hitchcock  6435  (5V  6457 
(5);  6582  (5);  6666  (5);  7304  (10)-  7942  (10  •'  7965 
(11);  9153  (12);  9333  (6);  9397  (6)'  9407  0  •  lltl (10);  9461  (6);  9539 (6);  9782  (10)-  9953  (  ̂  imS (10);  10306(11);  10343(6);  166 15  (6)  667  Um 
17172  (10);  17322  (10)  17407  (10);  17447  0 17585  (10);  17589  (11);  19378  (1)  20433  i  ' 21256  (11);  22059  (11)    22124  (1)-  22m        V 

294(6f5  2L  r.\'^  ̂'^'  H^  ̂l^)'  124    10; ^y4  (6),  512  (6);  s.n.    5);  s.n.  (6).  Hoover  2388  na\ 

?6ll  m'H  ̂ "f'T'  231  (10).  Huniker  847   "v 4014  (4).  Hurtado  688  (6).  ^  ̂" 

imenez 

(4);  956  (9);  2314  (4).  Joergensen  9  (10);  2418  (9); 
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A  TREATMENT  OF  AMERICAN    Robert  KraP 
XYRIDACEAE  EXCLUSIVE 

OF  XYRIS' 

Abstract 

This  work  is  the  first  part  of  a  treatment  of  New  World  Xyridaceae,  exclusive  of  Xyris,  and  is  focused  on  the 
other  four  genera  that  make  up  this  family,  namely  Abolboda  (21  species),  Achlyphila  (one  species),  Aratitiyopea 
(one  species),  and  Orectanthe  (two  species).  The  treatment  is  conventional,  providing  (1)  a  general  description,  (2)  a 
key  to  the  genera,  (3)  detailed  descriptions  of  each  of  the  four  genera  and  keys  to  their  species  where  needed,  and 
(4)  illustrations  of  species  and  varieties  together  with  synonymy  and  geographic  distribution.  Some  realignment  of 
taxa  IS  presented.  Two  new  species,  Abolboda  dunstervillei  and  A.  scabrida,  and  one  new  variety,  Abolboda  acaulis 
var.  scaposa,  are  proposed. 

final 

onmg  of  Xyridaceae  for  the  New  World  and  is 
based  on  studies  commencing  in  the  late  1950s, 

much  revised  manuscript  is  being  done  for  wha 

amounts  probably  to  my  last  attempt,  the  Xyri 
be 

own  interest  in  the  family  was  confined       five  genera. 

to  those  of  the  southeastern  United  States,  where  My  objective  is  two-fold,  first  to  present  a  syn- 
opsis of  the  four  smaller  taxa  and  second  to  present 

genus 
considered  the  family  to  have  two  genera,  Abol-      a  synopsis  of  the  much  larger  genus  Xym,  in  order 
ooda  and  Xyris,  or  followed  the  lead  of  Nakai      ultimately  to  have  something  for  all  known  New considered World  species  of  Xyridaceae  that  would  be  similar 

two  families,  Abolbodaceae  and  Xyridaceae,  re-  to  what  was  done  for  Carex  in  North  America  by 

spectively.  However,  during  that  period  and  for-  K.  K.  Mackenzie  (1931  et  seq.).  This  first  objec- 

ward,  extensive  field  exploration  within  the  Neo-  tive,  a  treatment  of  Abolboda  (21  species),  Ach- 

tropics  resulted  in  discovery  and  description  of  lyphila  (one  species),  Aratitiyopea  (one  species). many 

generic  concepts.   Orectanthe  was  described 
Maguire    (1958^    ̂ «     /l;«t,r.r^t     ft.^r«      Jhr^lhr^rlr. 

          „         be        ̂      . 

sentation.  An  all-inclusive  description  of  the  family 
will  be 

shortly  thereafter  the  monotypic  Achlyphila  Ma-       Next,  the  treatment  for  each  genus  is  presented. g^re&  W 
including  (1)  a  full  description  of  the  genus,  (2)  a 

''^presenting  such  morphological  intermediacy  be-  key  to  the  species  and  varieties,  (3)  a  full  descrip- 
tween  Abolbodaceae  and  Xyridaceae  (Carlquist,  tion  of  species  and  varieties,  and  (4)  accompanying 
^^60)  as  to  convince  most  workers  that  the  two      illustrations  of  aU  species  and  most  varieties.  Some 

discussion  of  the  morphology  peculiar  to  each  of amUies  are  indeed  one.  Finally,  after  this  manu- 

•j^^>Pt  was  being  formed,  Steyermark  &  Berry ^  984)  published  yet  a  fifth  genus,  Aratitiyopea, oased  Unnn  rv,-.*^'.!   •         i       i  i       i   . 

;ra  will  be  included  under  these  genera 

be  (and  should  be  in  such  a  synopsis 

ihe  bromeliaceous  genus  I^avia 

brief. 
Thus Lectotyf>e  designations  are  given  here  uniformly 

Many  hundreds  of  specimens  have  been  examined  in  the  preparation  of  the  work,  and  I  acknowledge  the  assistance 

p  '^yrators  and  staffs  of  F,  GH,  K,  L,  MO,  NY,  P,  U,  and  US  who  kindly  made  loans  and  facilities  available. 

^arUcular  thanks  are  due  Otto  Hube'r,  ecoioglst  and  authority  on  tropical  American  savanna,  and  the  late  Julian  A. *yennark 

ipossibl *ith  ttv  '"-fm.    tnruuiu  IldVC   UCCll   II    ̂  

wa         ,®^^s^ance  of  National  Geographic  and  National  Science  Foundation  funding   o  -  -  - 

,-.  ̂ ^"^  possible  through  a  travel  grant  from  the  National  Geographic  Society  (National  Geographic  Society  Trave 

^"fl  Kesearch  Grant  #3471-86).  Thanks  are  gratefully  given  to  the  editors  of  the  Annals  oflhe  Missouri  Botanical 

^rden  for  patience  in  seeing  the  editorial  process  through  with  equanimity.  Likewise.  I  am  very  grateful  to  Grace 
m'!l'^'  '®<=^Jcal  secretary.  Department  of  Biology,  VanderbUt  University,  for  invaluable  assktance  in  rendering  script 
;he  word  processor. 

Herbarium,  Box  1705,  Station  B,  Vanderbih  University.  Nashville,  Tennessee  3723?>,  U.S.A. 

Ann.  Missouri  Bot.  Card.  79:  819-885.  1992. 
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to  represent  work  of  all  authors  who,  post- 1935,  laterally  dehiscent,  dehiscing  longitudinally;  pollen 

applied  instead  the  term  "type"  to  such  material.  monosulcate   or  inaperturate.   Staminodia  (l-)3, 
Therefore,  none  of  these  lectotype  designations  are  scalelike,  filamentous  or  bibrachiate  and  plumose, 

mine;  authors  such  as  B.  Maguire,  Lyman  B.  Smith,  or   lacking.    Gynoecium    3-carpeIIate,   the  ovary 

etc.,  are  the  ones  whose  choice  of  material  and  1-locular  to  completely  or  incompletely  3-locular, 

places  of  deposit  is  followed,  their  intent  being  plain  the  placentation  marginal,  parietal,  basal,  free-cen- 

even  if  they  did  not  use  the  term  "lectotype. 

9^ 

Throughout  the  descriptions  the  terms  coarse 
tral  or  axile  (all  conditions  found  in  Xyris,  in  all 
other  ffenera  strictlv  axilel:  stvle  terminaL  distallv 

and  fine,  when  referring  to  the  plant  as  a  whole,  tubular,  slender,  appendaged  or  exappendiculate, 

describe  the  plant's  general  aspect.  Thus,  coarse  apically  3 -branched  or  variously  laminar,  papillate, 

implies  large  and  robust,  while  fine  implies  small  or  fimbriate;  stigmas  3,  Fruit  capsular,  mostly  locu- 
and  delicate. 

licidal.  Seeds  usually  numerous  (rarely  1),  mostly 
I  should  stress  here  that  I  judge  my  efforts  to finer 

be  preliminary,  even  though  they  are  based  on  field      translucent  or  farinose-opaque,  the  embryo  small, 

and  herbarium  work  over  more  than  30  years.      situated  at  base  of  an  abundant  mealy  endosperm. 
Real  credit  should  go  to  the  pioneers  in  neotropical 

botany  whose  extensive  field  and  laboratory  work      Key  to  the  Genera  of  American  Xyridaceae 

have  provided  a  proper  basis  for  such  a  study  as      j^ 
this.  I  refer  particularly  to  Malme,  L.  B.  Smith, 

Steyermark,  Maguire,  Wurdack,  and  Otto  Huber, 

whose  contributions  have  more  than  facilitated  my 
own. 

I 
L 

Xyridaceae  Agardh,   Aphor.   Bot.    158.    1823. 

"Xyrideae,"  nom.  cons. 

Rosulate  or  caulescent,  fine  or  coarse  mono- 

cotyledonous,    terrestrial    (rarely    aquatic)   herbs, 

mostly  of  high-hydroperiod  acidic  soils.  Roots  most- 
ly slender,  diffuse-fibrous,  with  root  hairs.   Axis 

sympodial  or  monopodial.  Leaves  alternate,  disti- 

chous or  spiral,  ligulate  or  eligulate,  the  bases  broad, 

open-sheathing,  frequently  equitant  and  keeled,  the 
blades  laterally  to  dorsiventrally  compressed,  less 
often  terete,  angulate  or  variously  channeled.  In- 

florescence lateral  or  terminal,  scapose  (rarely  sub- 
sessile),  the  scapes  of  1  to  few  from  axils  of  scape 
sheaths  or  inner  leaves,  naked  or  with  distant  to 

approximate  pairs  of  bracteal  leaves,  each  scape 
bearing  apically  1  or  more  imbricate-bracted  spikes 
or  heads  or  panicles  of  spikes.  Flowers  perfect,  1 
to  many,  solitary  and  suhsessile  to  pedicellate  in 
axils  of  chaffy,  leathery,  or  scarious  bracts.  Peri- 

anth in  2  differentiated  whorls.  Sepals  (2-)3,  the 
anterior  (inner)  one  a  reduced  scale,  or  subequal 
to  the  others,  or  {Xyris)  membranous  and  wrapped 
around  the  corolla,  abscissing  as  the  flower  opens, 
the  other  2  subopposite,  connivent  to  basally  con- 

nate, chaffy,  mostly  navicular,  often  keeled,  per- 

lb 

Petals  gamopetalous;  leaves  polystichous;  styles 

with  appendages  or  ovary  summit  appendaged; 

pollen  with  spines  or  papillate;  corolla  regular 
or  irregular;  sepals  2-3. 

2a.  Stylar  appendages  mostly  well  above  style 

base  on  style;  capsule  apex  thickened;  flow- 
ers I -several,  the  inflorescences  sessile  or 

on  variously  elongated,  opposite-bracted 

scapes;  sepals  2(-3)   Abolboda 
2b.  Stylar  appendages  at  or  around  style  base; 

capsule  apex  not  appreciably  thickened; 

flowers  many  in  dense  globose  or  hemi- spheric large  heads;  sepals  3. 

3a.  Corollas  arching-spreading,  irregular, 

yellow  (rarely  red-purple);  stigma  cap- 
itate, lateral-terminal,  papillate;  seeds 

winged,  irregular      -  Orectanihe 
3b.  Corollas  erect,  regular,  salverform, 

purple;  stigma  terminal  and  trilobed, 

the  lobes  pilose;  seeds  wingless,  ndged- 

and-pitted,  symmetric  ..   -  Aratitiyope^ 
Petals  usually  distinct;  leaves  distichous,  mosUy 

equitant;  styles  unappendaged;  pollen  lackmg 

spines  or  other  protuberances;  corolla  regular; sepals  3. 

4a.  Flowers  distinctly  pedicelled;  sepals  alike; 

staminodia  lacking;  style  unbranched,  the 

stigma  capitate,  trilobed   Acnl)P 

4b.  Flowers  subsessile;  sepals  not  alike,  the  lat- 

eral ones  chaff*y  and  keeled,  the  inner  one 

membranaceous  and  infolding  the  corolla 

bud;  staminodia  usually  present,  bibra- 

chiate; style  3-branched,  the  stigmas  "U shaped  or  annulate 

%yn 

r 

5 

PI. 

1.    Abolboda  Kunth   in  Humb.   &  BonpL, 

Aequinoct.  2:  25,  pi.  114.  1809. 

'_''*^_l^'"""^:_'*'!  "P^  <:«Pfule.  Petals  3,  equal  or      Chloerum  Willd.  ex  Link  in  Sprengel,  Jahrb.  3,  pt 

Fl.  Bra 1: 

s. 

subequal,  uimiuui  lo  unuea  and  salverlorm  or  bi-  74.  1833. 

labiate,  yellow  lo  white,  blue,  lavender,  or  purple,  Poarchon  C.  Martius  ex  Seub.  in  C.  Martius, 

mostly  narrowed  to  connivent  claws  or  to  a  narrow  ^'  P*'  ̂'  ̂^^-  1^^^- 

tube.   Stamens   3     epipetalous;  anthers  tetraspo-  Coarse  to  low  and  mosslike  (annual-)perennial, 
rangiate,  usuaUy  bdocular  at  anthesis,  introrsely  or  caulescent  to  essentiaUy  acaulescent,  rosulate  herbs 
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With  rarely  fine,  commonly  thickened  fibrous  roots,  of  different  design  and  still  thinner,  or  entirely 

perennating  by  axillary  lateral  buds.  Foliage  ex-  lacking.  Petals  3,  equal,  the  corolla  salverform,  the 

ternally  smooth  to  variously  papillose  or  tubercu-  tube  variously  elongate,  the  3  lobes  broad,  blue, 

late,  rarely  scabro-ciliate  or  cilia te,  the  leaves  fre-  lavender,  or  white,  ephemeral.  Stamens  3,  the  short 
quently  dimorphic,  those  of  rhizome  or  early  rosettes  filaments  adnata  near  base  of  petal  blades  and 

either  scalelike  or  subulate,  the  principal  ones  poly-  opposite  them,  shorter  or  longer  than  anthers,  flat 

stichously   arranged,    with    bases   typically   open-  or  terete,  the  anthers  mostly  narrow,  tetrasporangi- 

sheathed,  the  sheaths  broadly  clasping,  the  blades  ate  and  bilocular,  the  locules  with  bases  variously 

variously  linear-triangular  or  linear,  flat,  angled  or  divergent  on  a  broadened,  flattened  connective. 

Ungulate,  usually  narrowly  acute,  at  apex  frequent-  Staminodia  1-3,  variously  reduced,  or  lacking  (the 

ly  and  eccentrically  or  symmetrically  aristate  or  common  condition).  Ovary  trilocular,  the  placen- 

conlc -subulate.  Inflorescence  a  single  sessile  flower  tation  axQe,  the  ovules  usually  numerous,  the  style 

or  2  or  more  flowers  in  spikes  and  sessile  or  (com-  typically  elongate,  wing-angled  at  or  toward  the 

monly)  the  flowers  in  spikes  raised  and  terminal  on  base  and  (except  in  complex  including  species  8 

scapes,  the  spikes  either  single  and  terminal  or  and  9)  bearing  2-3,  usually  pendent,  less  often 

clustered   and   terminal    or  (rarely)    terminal   on  erect,  claviform  appendages,  at  apex  with  3,  usu- 

branches  of  a  branched  inflorescence,  the  scape  ally  distally  dilated  and  flattened,  stigma  branches, 

Itself  either  naked  or  usually  with  1  or  more  pairs  these  variously  divided  and  fimbriate.  Capsules  loc- 

of  subopposite,  sessile,  erect,  leafy  but  mostly  short,  ulicidal,  the  3  valves  firm,  mosdy  much  thickened 

bracts.  Spike  bracts  paired  at  spike  base,  spirally  at  the  crested,  lobed  or  toothed  apex.  Seeds  usually 

arranged  upward,  or  all  spike  bracts  spirally  set,  tumid  and  irregularly  obovoid,  mostly  0.5-1  mm 
all  fertile  or  the  lowermost  l(-2)  sterile,  mostly  long,  short-apiculate  or  umbilicate,  the  broad  body 

glumaceous,  usually  rigid  and  lanciform-navicular  dark,  spirally  longitudinally  coarsely  ribbed,  fre- 

with  thickened  dorsal  areas  and  broad,  mostly  en-  quently  with  strong  irregular  cross-ridges. 

tire,  scarious  borders,  apically  frequently  produced  Distribution.      Neotropical    plants    of    boggy mto  stiiF  mucros,  cusps,  or  subulation.  Sepals  2-  ̂ ^^^  ̂ ^  ̂^^,  j^^^^-^^^^^  ̂ ^^^^^^^    ̂   ̂j^^  ̂ ^^^^^^ 6,  often  sumlar  to  fertile  bracts,  rarely  3  and  sub-  ̂ ^  ̂^^^^^^^^  ̂ ^^^^  ̂ ^^^.^^  j^^^  ̂ .^^  ̂ ^^  ̂ ^^^  ̂ ^. 
equ-1,  more  often  with  2  (the  laterals)  thinner  with  ^^^^^  ̂ ^  ̂ ^^  ̂ ^^^^^^^  B^^^yj^„     ,^„,,^^^ narrnw*:ii-  *k;^u   i   ^^  i   i_ji   i   i   u  ^                                                                      *■ narrower,  thickened  curvate -keeled  backs  and  sub- 

opposite,  the  third  (uiner)  sepal  reduced,  usually 

one  into  Paraguay. 

Key  to  Species  of  Abolboda 

In  this  key  priority  is  given  to  vegetative  characters  (rosette  leaves,  rootstocks,  scapes,  and  bracts)  and  easily 

observed  externals  of  spikes  (sterile  and  fertile  bracts,  sepals).  The  key  applies  only  to  normal,  healthy  growth  in 
flowering  or  fruiting  condition.  Features  involving  more  dissection  (floral  parts  from  the  corolla  inward,  fruit,  seed) 

perhaps  deserve  more  emphasis  than  they  get  here,  but  the  average  Abolboda  specimen  often  is  quite  limited  in  some 
w  all  of  these  structures.  A  suggestion  to  collectors  is  that  they  make  more  effort  to  gather  extra  spikes,  thereby 

increasing  the  value  of  the  collection  exponentially.  The  best  characters  are  yet  to  be  explored  sufficiently  and  thus 
3re  used  here  with  some  reservation.  It  is  recommended  to  check  these  features  against  the  species  treatments  and their 

1 a. 
accompanying  figures. 
The  pi, 
^an  4  cm  long. 

2a.  Rosette  leaves  mostly  uniform,  smooth,  gradate  only  in  size,  with  bases  tightly  imbricate  in  high 

spirals  on  elongate  stems,  the  longest  ones  toward  and  at  shoot  tip,  narrowly  linear-triangular,  stiff, 

tapering  gradually,  with  an  arista  at  apex  at  least  1  mm  long;  flowers  mostly  2-4  per  spike,  the 

corolla  pale  blue;  stylar  appendages  short-stalked,  often  erect,  broadly  clavate-spathulate;  sepal  keek 
smooth    1^-  ̂ -  acaulis  var.  acaulis 

2b.  Rosettes  often  dimorphic~^r~of~2~sorts  of  leaves,  one  type  with  stubby  fleshy  angulate,  blunt  and 
often  papillose  linear  blades  (mostly  less  than  1  cm  long),  the  others  longer,  broader-based  (with 

narrower,  more  tapering  blades),  sometimes  aristulate  or  aristate;  flowers  1-2  per  spike,  the  corolla 

pale  blue  or  white;  stylar  appendages  longer-stalked,  mostly  reflexed,  narrowly  claviform;  lateral 

sepals  often  with  papiUose  keels   ——   —   —,   :    2-  A   kUhpit 

^t>-  The  plants  scapose,  the  scapes  sometimes  shorter  than  the  principal  leaves  but  mostly  projectmg  the  spikes 
"cyond  them;  leaves  various  in  shape  and  size.  ... 
3a.  Scapes  ebracteate  (exclusive  of  those  at  very  base  of  scape)  or  if  bracteate,  the  bracts  a  smgle  pair 

(rarely  2  pair)  at  or  near  the  scape  summit.  t  •    n    i 

4a.   Plants  with  comparatively  coarse  foliage,  the  principal  leaves  over  1 5  cm  long  their  b
lades 

3-5  mm  wide;  spikes  (excluding  involucres)  1.5-2.5  cm  long;  perennials  with
  stout,  short rhizomes. 
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5a.  Inflorescence  overtopped  by  longer  leaves,  these  with  strongly  thickened,  pale,  cartilag- 
inous margins;  spike  bracts  and  sepals  strongly  excurved;  scape  bracts  mostly  ca.  2  cm 

long,  inserted  5-20  mm  below  spike  base;  stylar  appendages  with  basal  auricles   
   3.  A.  bella 

5b.  Inflorescence  overtopping  longer  leaves,  the  leaf  blades  lacking  strongly  thickened,  pale 

cartilaginous  margin;  spike  bracts  and  sepals  not  excurved;  scape  bracts  3-7  cm  long, 
inserted  0-40  mm  below  spike,  in  either  case  making  a  leafy  involucre;  stylar  appendages 
lacking  auricles 4.  A.  sprucei 

4b.   Plants  with  comparatively  fine  or  short  leaves,  these  rarely  over  11  cm  long,  their  blades  less 

than  3  mm  thick  or  wide;  spikes  0.5-1.5  cm  long;  perennials  or  short-lived  perennials  or 
armuals. 

6a.    Perennials  with  firm  leaves  and  linear  scapes. 

7a.   Scapes  2  or  more  times  longer  than  principal  leaves;  tips  of  capsule  valves  bifid- 
toothed;  stylar  appendages  pendulous. 

8a.   Lower  spike  bracts  exceeding,  rarely  equaling,  the  rest  of  the  spike;  longer 

leaves  over  ]/^  as  long  as  scape;  lateral  sepals  narrowly  acute,  mostly  over- 
topped by  tips  of  subtending  bract;  stylar  appendages  exauriculate   

  5a.   A.  ehracteata  var.  ebracteata 
8b.  Lower  spike  bracts  shorter  than  the  rest  of  the  spike;  longer  leaves  up  to  54 

as  long  as  the  scape;  lateral  sepals  broadly  and  bluntly  acute,  their  tips 

equaling  or  surpassing  tips  of  subtending  bract;  stylar  appendages  auricled 

   5b.   A.  ebracteata  var.  brevifoUu 

7b.  Scapes  barely  if  at  all  overtopping  principal  leaves;  tips  of  capsule  valves  shallowly 
bilobed,  not  toothed;  stylar  appendages  erect  or  ascending,  not  pendulous   

  ...        lb.   A.  acaulis  var.  scaposa 
6b.   Annual  or  short-lived  perennial,  with  soft,  filiform,  flat  leaf  blades  and  filiform  scapes; 

sepals  oblong  or  obovate,  obtuse,  often  retuse  and  mucronate     -   ^  6.   A.  americana 
3b.   Scapes  with  1  or  more  pairs  of  scape  bracts,  at  least  one  of  these  pairs  at  or  toward  middle  of  scape. 

9a.   Spikes  solitary  and  terminal  at  scape  tips  or  at  tips  of  scape  branches. 

10a.   Fertile  flowers  4  or  fewer  per  spike  (reduced,  probably  sterile  florets  may  be  produced 
internal  to  the  fertile  ones);  spikes  to  1.5  cm  long. 

11a.  Scape  bracts  in  4  or  more  pairs;  bract  tips  remaining  erect,  thus  fruiting  inflores- 
cence narrowly  ellipsoid;  sepals  always  3,  lacking  evident  keel,  subequal  in  length 

but  the  inner  one  strongly  stipitate. 

12a.   Inflorescence  much  branched,  the  spikes  terminal  on  the  elongate  branches; 

style  base  appendaged    7.  A.  paniculata 
12b.   Inflorescence  not  branched  or  with  one  short  branch  from  the  penultimate 

node  or  the  second  spike  sessile  there;  style  base  in  A.  unlflora  not  observed 
(but  condition  assumed  to  be  the  same). 

13a.  Leaves  tapering  gradually  from  base  to  tip,  thus  linear-triangular,  the 
blades  flattened  and  with  conic-subulate,  even  aristate,  tips   • 

  ^    8.  A-  neblinae 13b.  Leaves  narrowed  above  clasping  base,  not  tapering-bladed,  the  blades 
narrowly  linear,  thickened,  their  tips  with  an  eccentric  apiculus   

  1      9.  A,  uniflora 
lib.  Scape  bracts  nearly  always  in  3  or  fewer,  usually  1,  rarely  2-3,  pairs;  bract  tips 

ascending  or  spreading,  the  spikes  typically  broadly  ellipsoid  or  ovoid  to  turbinate 
or  hemispheric;  sepals  mostly  2,  lateral  and  strongly  keeled,  the  inner  sepal  if present  much  shorter  and  thirmer. 

1 4a.   Spike  bracts  prevalently  ovate,  abruptly  blunt-mucronate;  tips  of  lateral  sepals 
conspicuously  projected  beyond  tips  of  subtending  bracts. 

15a.   Spikes  broadly  turbinate,  the  sepals  strongly  bowed  outward  beyond 
the  bract  tips;  leaf  blades  strongly  flattened,  mostly  (1.5-)2  mm  or 
wider,  uniformly  nerved  abaxially;  scapes  barely  overtopping  longer 

leaves   :.   2.   L    10.  A.  abbreviata 
15b.  Spikes  narrower,  mostly  ovoid  to  ellipsoid,  the  sepals  more  erect  in 

orientation;  leaf  blades  with  midnerve  strongest  abaxially;  scapes  usually at  least  twice  as  long  as  longer  leaves. 

16a-  Rhizome  usually  producing  a  stubble  of  short-stubby -leaved  ro- 
settes, and  longer -leaved  floriferous  rosettes;  longer  leaves  with 

costa  strongly  raised  abaxially,  the  blades  sflvery  green;  stylar 

appendages  narrowly  claviform,  exauriculate     1 1  ■  ̂-  ̂^  ̂ 
16b.  Rhizome  with  or  without  dimorphic-leaved  rosettes;  longer  leaves 

with  costa  level  or  slightly  raised  abaxially,  the  blades  not  silvery 
green;  stylar  appendages  broadly  clavate,  mostly  auriculate  ̂  

  
 12.  A.  pulcne^^'' 1 4b.   Spike  bracts  prevalently  lanciform,  more  taper-tipped,  mucronate  or  cuspi- 
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date;  tips  of  lateral  sepals  mostly  not  projecting  beyond  tips  ot  subtending 
bracts,  at  most  equaling  them. 

17a.   Leaves  and/or  scapes  liberally  frosted  with  prominent  tubercles,  thus 
tuberculate-scabrid  and  also  often  rugose;  leaves  essentially  monomor- 
phic,  these  and  bracts  with  blunt,  callused  tip  bearing  a  small  eccentric 
mucro. 

18a.  Leaves  and  scapes  tuberculate-rugose;  keel  of  both  bract  and 
sepals  scabridulous  from  middle  to  tip;  bifurcate  stamlnodia  pres- 
ent  _    13.  A,  scabrida 

18b.   Only  scapes  tuberculate-rugose;  keel  of  bract  and  sepals  smooth 
or  nearly  so;  staminodia  not  evident        14.   A,  dunstervillei 

1 7b.   Leaves  and/or  scapes  smooth  or  no  more  than  papillate-granular;  leaves 
of  a  tuft  mostly  dimorphic,  these  and  bract  apices  more  tapering,  often 
spinulose-tipped. 
19a.  Leaf  blades  smooth,  most  of  the  principal  ones  subulate-setose- 

tipped;  spike  bracts  >  1  cm  long,  spinulose  at  tip;  stylar  ap- 
pendages raised  well  above  the  ovary  apex   

  15a,  A.  acicularis  var.  acicularis 

19b.  Leaf  blades  or  most  of  them  granular-papillose,  also  often  ru- 
gulose,  averaging  wider,  with  blunter  tips,  these  apiculate  or 
arlstulate;  spike  bracts  no  longer  than  1  cm,  aristulate  or  apic- 

ulate; stylar  appendages  basal  and  erect    
15b.  A.  acicularis  var.  granularis 

I 

10b.  Fertile  flowers  5  or  more,  usually  many,  per  spike;  spikes  at  least  1.5  cm  long. 
20a.   Spikes  broadly  ellipsoid  to  ovoid  or  globose  to  hemispheric,  the  sepals  (except  in 

no.  16)  strongly  exserted  and  attenuate  to  sharply  acute  or  with  keel  excurrent 
as  cusp  or  arista. 

21a.  Scape  bracts  1  pair;  leaf  blades  <5  mm  wide. 
22a.   Leaf  sheaths  long-ciliate;  leaf  blades  scabro-ciliate;  sepals  about  as  long 

as  subtending  bracts  or  shorter;  staminodia  present;  stylar  appendages 
without  basal  auricle   16.  A.  ciliata 

22b.   Leaf  sheaths  and  blades  entire;  sepals  much  longer  than  subtending 

bracts;  staminodia  lacking;  stylar  appendages  with  basal  auricles. 

23a-   Flowering  in  morning;  larger  leaves  3-10  cm  long   ™.   
  17a.  A.  poarchon  var.  poarckon 

23b.   Flowering  in  afternoon;  larger  leaves  prevalently  >10  cm  long 
17b.  A.  poarckon  var.  intermedia 

21b.   Scape  bracts  2  or  3  pairs  (rarely  4);  leaf  blades  mostly  <5  mm  wide;  sepal 

tips  much  exserted. 

24a.   Lowest  (largest)  pair  of  scape  bracts  mostly  2-3(-3.5)  cm  long;  spikes 
broadly  ovoid  to  hemispheric  or  subglobose,  rarely  >2  cm  long  „   

18a.  A,  grandis  var.  grandis 

24b.   Lowest  (largest)  pair  of  scape  bracts  (3-)3.5-6  cm  long;  spikes  broadly 
ovoid  to  ellipsoid  or  narrowly  ovoid,  mostly  at  least  2.5  cm  long  „ 

„  18b.  A,  grandis  var.  rigida 

20b.  Spikes  narrowly  ellipsoid,  narrowly  lanceoloid  or  cylindric.  the  sepals  blunt-tipped 

and  slightly  projecting  beyond  the  erect,  strongly  imbricate  subtending  bracts. 

25a.   Leaves  mostly  linear-triangular  to  gladiate  or  linear -lorate,  the  blades  tapering 

evenly  to  acute  tips,  thin-edged  and  plane,  finely  multinerved  and  compar- 
atively smooth  on  both  surfaces. 

26a.   Scapes  with  mostly  2(-3)  pairs  of  bracts,  these  1.5-3  cm  long;  pi 
mostly  not  >6  dm  high   19a.  A.  macrostachya  var.  macrostachya 

26b.  Scapes  mostly  with  l(-2)  pairs  of  bracts,  these  mostly  4-6  cm  long; 

plants  mostly  6-10  dm  high     19b.   A.  macrostachya  var.  robustior 

25b.   Leaves  narrowly  linear,  the  tips  blunt,  the  edges  thick,  the  surfaces  with  few, 

coarse  and  raised  nerves   20.  A.  linear ifolia 

9b.     Spikes  numerous,  subsessile  in  glomerules  at  scape  tip;  fertile  flowers  not  produced  „ 
  21.  A.   ̂ glomerata. 

•   ̂*>olboda  acaulis  Maguire,  Bull.  Torrey  Bot.  la.    Abolboda  acaulis  var.  acaulis.  Figure  1. 
Qub  75:  L   1948.  TYPE:  Guyana.  In  white 
^nd  from  conglomerate  and  sandstone,  Kai-  Densely  caespitose,  smooth  perennial,  forming 

eteur  Plateau,  British  Guiana,  30  Apr.  1944,  tight,  dome-shaped  cushions  4-5  cm  high,  these  a 

^(^guire  &  Fanshawe  23096  (holotype,  NY;  compaction  of  ascending  stems  densely  cloaked  by 

^otypes,  F,  GH,  K,  US).  tightly  spirally  imbricate  chaffy  old  leaves,  the  roots 
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Figure  1.      Abolboda  acaulis  var.  acaulis  (Steyermark  et  al.  12863), 
Leaf,  abaxial  side.- 

c 

d.  Two  spikes. Lateral 
a.  Habit. -b.  Leaf,  adaxial  siae 

f.  Corolla  and  stamens.— g.  Stamen.— n.^^? apparatus.— i.  Style  base  showing  lateral  appendages.— j.  Style  base  showing  lateral  appendages pendage. — k.  Seed. 

spongy-thickened.  Lower  stem  leaves  shortest,  nar- 
rowly triangular  with  setaceous  tips,  erect  or  as- 

cending, 5-15  mm  long,  the  upper  gradually  more 
spreading,  broadly  to  narrowly  triangular-linear,  to 

subulate  blade,  this  for  most  of  its  length  flat^ 

lingulate  adaxially,  convex  and  with   1^3  ̂^ 

nerves  abaxially,  the  tip  usually  narrow  but  dIi^^  ' 

obliquely  spinulose-trichomiferous,  the  "spine 
20(-30)  mm  long,  the  clasping  base  thin,  pale,  3  mm  long;  inner  leaves  of  rosette  usually  spreadm? 
dUaled,  2-3  mm  wide,  S-U-nerved,  narrowing  or  ascending,  bent  outward,  those  at  base  of  spikeM 
graduaUy  or  abruptly  to  a  thicker,  narrowly  linear-      buds  abruptly  shorter,  thinner,  and  passing  ̂ ^^ 
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floral  bracts,  some  also  subtending  initials  for  new       VDB);  Kavanayen,  Ruber  &  Alarcon  77iS (MYF,  VDB); 

rosettes.   Spikes   sessile   or   subsessOe,   (l-)2(-4)-       Chimanta  Massif,  Huber  et  ai  8853  (NY,  
VDB,  VEN); 

flowered,  the  bracts  and  sepals  stramineous,  keeled; 

sterile  bracts  1-3,  broadly  lanceolate  or  oblong- 

Kavanayen,  Huber  &  Alarcon  705 7S  (MYF,  VDB);  Salto 
Angel,  Huber  11238  (MYF,  VDB);  Rio  Soruape,  Huber 
7i837(MYF,  VDB);  Meseta  Guaiquinima,  Huber  &  Rull 

innermost 

often  shorter  and  presumably  subtending  an  abort- 

lanceolate,  5-6  mm  long,  acuminate,  the  lowest       i2256(MYF,  VDB);  Kavanayen, /^ra/<S:  Co/iza/ez  704 i 4 

one  shortest;  fertUe  bracts  mostly  2-3(-4),  alter-      (MO.  NY,  VEN,  VDB),   70538  (MO,  NY,  US,  VDB 

^  VEN);  Cerro  Guaiquinima,  Maguire  et  al  32820  (F,  NY 
US);  Ilu-tepui,  Maguire  331 79  (F,  NY,  US),  33730  (GH 

NY);  Chimanta  Massif,  Steyermark  &  W^urdack  457  (Y 
K,  NY);  Luepa,  Steyermark  &  Nilsson  607  (NY);  Apa 

ed,  the  laterals  slightly  unequal,  lanceolate,  strong-       cara-tepui,  Steyermark  75784  (F,  MO,  NY,  WIS);  Au 

yan-tepui,  Steyermark  93509  (F,  K,  NY,  US,  VDB) 
116059a  (F,  MO);  Guaiquinima,  Steyermark  et  al 
117481  (MO),  117501  (MO);  Cerro  Marutani,  Steyer 

mner 

ly  keeled,  6-7  mm  long,  subequilateral,  the  bases 
broadly  scarious-bordered,  the  blade  narrowing  and 

conduplicate  toward  apex;  corollas  salverform,  pale  j^^^j-f^  ̂ i  ̂ l  123872  (MO);  Chimanta,  Steyermark  ei  al 
blue,  ca.  15  mm  long,  the  tube  ca.  6-7  mm  long,  128089,  128683  (MO,  VDB,  VEN);  Amuri-tepui,  Stey 

the  spreading  lobes  broadly  ovate,  8-9  mm  long,       ermark  et  al,  123797;  Acopan-tepui,  Steyermark  et  al 
entire;  stamens  with  anthers  near- white,  ca.  1  mm 
lone,  the  two  cvlindric  locules  ioined  bv  connective 

129926,  129977  (MYF,  VDB,  VEN). 

This  is  one  of  the  prettiest  and  most  distinctive 

above  middle,  their  bases  divergent,  on  slender  abolbodas  of  the  Gran  Sabana  of  Bolivar,  Vene- 

filaments  ca,  1.5  mm  long;  stylar  apparatus  fully  zuela,  and  it  is  particularly  abundant  in  and  around 

1  cm  long,  slender,   triquetrous  at  base  with  3  rocky,  wet,  rapateaceous  bogs,  where  it  produces 

ascending,  claviform-spathulate  appendages  to   1  pale  blue  flowers  year-round.  Its  commonest  xyri- 

mm  long,   these   distally   thickened,    the  laterals  daceous  associates  are  Orectanthe  sceptrum,  Xy- 

slightly  larger  and  set  slightly  below  the  anterior  7-/5  bicephala,  and  X  setigera.  Some  of  the  larger 

clones  are  of  considerable  age,  and  the  growth  of 

these  makes  interesting  study.  Young  plants  may 

appendage,  the  style  above  becoming  narrowly  tu- 

bular, 3-lobed  at  the  stigma,  the  broad,  fimbriate- 
lacerate  lobes  forming  a   short  funnel.  Capsules 

oblong-obovoid,  2.5-3  mm  long,  the  3  valves  thick-       spreading.  As  the  plant  grows  older  and  into  the 

ened  at   the   incurved-acute,    sometimes   slightly      first  flowering  season,  buds  form  around  spikes  at 

sun 

emarginate  and  always  papiDose-tuberculate  tips. 
Seeds  nearly  round,  0.6-0.7  mm  long,  dark  red- 
brown  to  nearly  black,  strongly  and  somewhat  spi- 
rafly  U    12-ribbed, 

rosette  center  and  will  be  the  shoots  for  the  next 

prod 

imbricate 

gressively  elongate  upstem  to  form  successive  flow- 

ering  rosettes,  and  so  on.  The  end  result  is  a  dome- Oistribution,      Common  in  acidic,  moist,  rocky      gj^^     j  cushion  of  rosettes  at  tips  of  sometimes 

sod,  medium  to  high  elevations  (200-2,400  m),  .*^ 
dually  savanna,  from  western  Guyana  west  into      ̂ ^^^^^ 
•erritono  Federal  Amazonas  in  Venezuela.  •   > 

stems 

abolbod forming 

Additional  specimens  examined.  GuAYANA.  Kaie- 

'^^  Plateau,  Cowan  &  Soderstrom  1814  (US);  Soe- 
scnifhe,  Cooper  292  (U);  Imbaimadal,  Maguire  &  Fan- 
'hawe  32167  (NY);  Pakaraima  Mts.,  Maguire  & 
''anshawe  32516  (F,  NY);  Upper  Mazaruni  River,  Ma- 
^""•e  &  Fanshawe  32609  (K,  NY,  US);  Mt.  Ayanganna, 
^Jaguire  &  Fanshawe  4061 8  {GU,  NY),  40669  (K,  NY) 

settes,  appear  not  to  have  as  much  stem. 

lb. 
scaposa 

nov.  TYPE:  Venezuela.  Bolivar:  sandy  seeps 
savarma 

by  road,  ca.    1.5  km  E  of  Kavanayen,  ca. 

1  200  m,  27  July  1983,  R.  Krai  with  A.  C. 

igure 

habitu 

""S^ire  &  Fanshawe  40700  (GH,  K,  NY,  US).  40701  ''^""      '  _^^o/,,    ,  ,   „^  vFN-  isotvnes   F 

<5-  NY);  Pakaraima  Mts.,  Maguire  45917  (K,   NY).  Gonzalez 
 ̂ 0537  (holotype,  VEN,  isotypes,  I", 

(iTu^  «'  «/■  46121  (NY,  US),  Maguire  et  al.  46916  ^"    ̂     *"^    "^^^    ̂ ""'^'*  ̂  
JJ'^H.  NY);  Kaieteur  Falls,  Prance  16558  (NY);  Upper 
*>azaruni  River,  TUlett  &  Boyan  45227  (NY).  VENEZUELA. TRRITORio  FEDERAL  AMAZONAS:  Rio  Coro-Coro,  Hoist  & 
p/"^^  3349  (MO.  VDB);  Cerro  Sipapo,  Maguire  & 

J°'m  27659  (NY,  US),  27700  (F,  K,  NY),  27923  (NY. 
3),_28697  (NY);  Cerro  Huachamacari,  Maguire  et  al. 

^^^4  (NY);  Rio  Manapiare,  Maguire  et  al.  31703  (NY), 
■'^t773.A  (NY);  Serranla  Yutaje,  Maguire  35214  (NY), 

SimUar  In  habit  to  A.  acaulis  var.  aca
ulis  but 

coarser,  stems  typically  shorter,  
though  cloaked 

with  short,  triangular  old  leaves  an
d  their  bases, 

35240fMv' ' "  ̂ '"^'"^  ^  "^^J^'  ̂ ""««"-  — ^-  V'-  '•      or  very  short  with  all  leaves  in  low,  flat  spirals,  the 

r«  2/09     ̂'  ̂''"°  Huachamacari.  Steyermark  &  Mana.  jj^    ̂ ore  abruptly  into  spread- 

^^'<a;::^Zrk"£.::Mir^.      t^lL.  ..J.  p  A.  leav.  .,,..  spread^. 
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Figure  2. Abolboda  acaulis  var.  scaposa  (Krai  &  Gonzalez  70537)  - 
abaxial  side  (below).— c.  Leaf  blade  tip,  adaxial  side  (left),  side  view  (right). 

f.  Lateral  sepal,  side  view.-       "         -  ■■ 

a.  Habit. 

b.  Leaf,  adaxial  sid
e  (above) 

side 

view. 
d.  Spike.— e.  Lowest  spike  bract.  ̂   ̂̂  

i.  Portion 

.     ,  .  .       ,        .  8-  Spread  corolla  showing  stamens  and  a  staminode.— h.  Stamen, 
excised  gynoecium  plus  detached  staminode. -j.  Side  view  (above)  and  cross-sectional  view  (below)  of  stylar  ba^ 
showing  appendages.— k.  Capsule.-  "    " I  Capsule  valve  showing  median  septum. Seed. 
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or  spreading-ascending,  mostly  3-5  cm  long,  su-  now  seems  that  in  Aholboda  these  floral  features 
bulate-aristate-tipped  as  in  the  type  variety.  Scapes  are  in  transition. 
evident,  erect  or  ascending,   few  to  several  per 

rosette,  0.5-4  cm  long,   shorter  than  leaves  to  2.    Abolboda  killipii  Lasser,  Bol.  Soc.  Venez. 
slightly  longer,  stiff,  0.5-1  mm  thick,  oval  or  terete 

in  cross  section,  ecostate,  subtended  by  2-3  keeled, 
lance-linear,  subulate-tipped,  broadly  scarious-bor- 

innermost 
mm 

Ci.  Nat.  9:  179.  1944.  TYPE:  Venezuela.  Bo- 

livar: muddy  sabana,  Rio  Torono,  Alto  Rio 

Paragua,  20  ago.  1943,  F.  Cardona  832 

(holotype,  VEN;  isotypes,  F,  NY,  US).  Fig- 
ure 3. 

subte 

I       -r  o    1  n  1  11  i'  ^-  psammophila  Maguire,  Bull.  Torrey  Bot.  Club  75 
lancilorm,  8-10  mm  long,  the  lowermost  longest,  .  qo_  1^40^  ̂^^^._  Surinam.  Grass  savanna.  Sander! 
all  with  clasping  bases,  thickened,  medially, 

7-nerved,  with  strongly  convex  dorsal  areas,  broad, 
pale,  scarious  borders,  and  tapering  to  thickened, 
cusplike  tips,  these  setose  at  tip;  sepals  2,  obliquely 
lateral,  subequal,  subequilateral,  lanciform-navic- 

ular,  6-7  mm  long,  narrowly  acute,  the  broad 
borders  pale-scarious,  the  thickened  carina  curved. 

A. 

193.  1948.  TYPE;  Surinam.  Grass  savanna,  Sanderij 

II,  3  June  1944,  Maguire  &  Slahel  23667  (holo- 
type, NY;  isotypes,  GH,  U). 

minima  Maguire,  Mem.  New  York  Bot.  Card.  10:  7. 
1963.  TYPE:  Venezuela.  Territorio  Federal  Amazo- 
nas:  Sabana  Manacal,  1 5  km  above  Guarinumo.  Rio 

Atabapo,  125- 140  m,  12  June  1959,//.  W^urdack 
&  L.  S.  Adderley  42977  (holotype,  NY;  isotypes, 
GH,  NY,  US). 

blu 
lb  mm  lo 

sometimes Diminutive,  rosulate  ann 

rerun liform-clavate  staminodia  attached  low  in  the  tube; 

anthers,  gynoecium,  and  fruit  essentially  as  in  the      usually  the  early  leaves  stubby,  3-5  mm  long,  their 
type  variety. bases  clasping  but  constricted  below  the  blade,  this 

fleshy,  either  narrowly  triangular  with  flat  upper 
distribution.      Less  common  than  the  type  va-  ^^^^^^^^  ̂ ^  ̂ j-gj^^j^  Ungulate,  or  in  cross  section 

nety,  sometimes  occurring  with  it  in  acidic,  sandy,  ̂ ^-^^^i,^^^  to  terete,  the  tips  blunt  to  acute,  mu- 
f2nn^'?nn  ™^*J>^™-to-l^'g^^-^^e^^t»«n  savanna  ^^^^^^^^  ^r  subulate;  longer  leaves  usually  ap- 
IfUU  2,400  m),  from  Guyana  west  mto  Terntono  ^^^^^  ,^^^^  ̂ ^j  -^^^  below  flower,  3(-4)  cm  long. federal  Amazonas,  Venezuela. 

Additional   specimens    examined.      Guyana.   Paka- 
raima  Mts.,  15  Oct.  1981,  Maas  et  al.  5697  (K,  NY). 
VENEZUELA.  TERRITORIO  FEDERAL  AMAZONAS:   Cerro  Ya- 
Pacana,  3  Jan.  1951,  Maguire  et  al.  30720  (NY).  BOLI- 

VAR: Piar,  Chimanta  Massif,  26-29  Jan.  1983,  Huber 
*  pteyermark  6912  (MYF.  VDB,  VEN);  20  km  E  Ca- 

^"ay,  Apacara-tepui.  6-9  Feb.  1984,  Huber  et  al.  8879; 
J'uaiquininia  Massif,  2  abr.  1984,  Huber  9363  (MYF, 
y I.  VDB);  Sifontes,  Rio  Soruape,  9  Sep.  1986,  Huber 
11837  (MYF,  VDB);  Ilu-tepui,  4  Apr.  1952,  Maguire 
JJ749  (NY);  El  Jardin,  22  June  1983,  N.  Ramirez  834 

the  bases  thin,  broadly  clasping,  to  3  mm  wide, 

variously  tapering  to  narrowly  triangular  or  fili- 
form-linear blades,  these  somewhat  compressed  and 

abaxially  triple-ribbed  or  triquetrous,  the  midrib 

prominent,  or  triangular  to  terete,  toward  apex 

terete,  the  tips  blunt,  short-conic,  subulate  or  su- 
bulate-aristate;  leaf  surfaces  from  smooth  to  quite 

occasion 

ally  rugulose-tuberculate,  bright  green,  the  papil- 

losity  best  developed  on  the  shorter  leaves.  Flowers 

,    -„  ̂ .  .a..u.,  ..  juue  .yoo, .,.  i.u.nu..  ..^      1-2  per  inflorescence,  the  spikes  usually  with  at 

L        '-V^^:  VDB);  campamento  150,  km  150,  NE      least  the  base  hidden  by  surrounding  rosette  leaves ml ^pa,  24-25  abr.  1960,  Stejermark  &  Nilsson  608      ̂ ^jj  ̂ ^jy  ̂jj^  spread  corolla  evident  and  exsert,  the 
bracteal  leaves  transitional  to  rosette  leaves,  spi- 

This  variety  has  much  to  distinguish  it  from  the      --""  A;.r.r..^A  around  the  snike  base,  lance-subu-
 

ype,  Us  tufts  being  shorter-stemmed  and  longer- 

eaved,  us  spikes  larger  and  with  (usually)  more  .    . 

*^^^ers  and  longer  bracts  with  sepals  proportion-      subulate,  often  aristate  cusps,  the  border  broad, 

^^ely  shorter.  Of  particular  interest  but  requiring      pale,  scarious;  sepals  2,  eccentricaUy  lateral   to 

^^ger  samples  for  a  more  detailed  study,  are  the 
^minodia,  which  may  or  may  not  be  evident  (and 

present  then  unequal  in  length  and  position  on 

late,  5-9  mm  long,  the  medial  areas  narrow,  green, 

smooth  or  papillate,  excurrenl  as  outcurved,  green. 

6  corolla),  and  the  stylar  appendages,  which  like- 
^  vary  considerably  in  shape  and  length  as  well 

ovary,  lanciform,  4.5-8  mm  long,  somewhat  in- 

equilateral, navicular,  firm,  variously  papillate,  the 

apex  variously  subulate;  corolla  10-13  mm  long, 

pale  blue  or  white,  the  lobes  ca.  as  long  as  the 
nnrrowlv  pamnanulatc  tube:  staminodia  not  evi- 

^s  in  number.  It  is  probably  best  to  treat  this  as  a  dent;  anthers  bilocular,  the  ellipsoid  thecae  obhque 

^'^^iety,  at  least  until  the  characters  of  staminodia  (Fig.  3),  ca,  1  mm  long,  pale,  the  slender  fUaments 

^«d  stylar  appendages  are  evaluated  properly.  It      ca.  L5  mm  long;  style  open  toward  base,  tnque- 
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Figure  3.     Abolboda  killipii  (Cardona  832),— o..  Habit.— b.-d.  A  spread  of  "short"  and  "long"  leaves,  wit 
cross  sections,  to  show  range.— e.  Spike.— f.  Fertile  bract,  side  view  (left),  adaxial  view  (right).     6- 
h.  Stamen.  — i.  Stylar  base.— j.  Stylar  apex.— k.  Capsule.— I.  Seed. 

accompanying 
Lateral  sepal. 

trous-alate,  the  appendages  narrowly  claviform,  re-  Distribution.      Infrequ 
flexed,  ca.  1  mm  long,  only  2  evident  (the  laterals);      savanna   (mostly   under 

flaring  to  a  fuiinelform 
lobed 

savanna   (mostly   under    500   m),   burinam 

through  Bolivar  and  Territorio  Federal  Amazonas —  —  •  ■  — O' 

the  valves  papillate  at  thickened,  narrowly  rounded 
tips.  Seeds  obovoid,  ca.  0.7  mm  long,  deep  red- 
brown  or  near  black,  with  5-6  strong,  longitudi- 

nally spiral  ribs  per  side. 

Venezuela 

Additional  material  examined.      Brazil.  '^^;^^^^  j 

rd 

Manaus-Caracarai'  Hwy.,  17  Feb.  1974,  IV.  t..  ;^;^'*;'. 

el  al  P20345  (INPA.  NY,  U);  Itapiranga,  Ri«  ̂ atum 

19  Aug.  1979,  C.  A.  Cid  et  al  526  (INFA,  NY,  VUDi 
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Guyana,  atkinson:  St.  Cuthbert's  Trail,  26  Feb.  1969,      imbri 
U.  G.  Bio.  106  (BRG,  K,  NY);  Demarara:  Kara  Savanna,  scaly  residue  of  old  sheaths,  the  principal  leaves 
21  Feb.  1910,  C.  r.  ̂ «Jp/-sort  5i0  (K,  NY),  569  (K);  j-       .            ,r         n    i %         i          lu    i 

Soesdijke,  Sep.   1973,  A.  Cooper  291  (U);  trail  to  St.  ̂ ^""^^^^^^  *«  ̂^-^^t,  firm,  9-17  cm  long,  the  longer 
Cuthbert's,  8  June  1976,  Grewal  &  Persaud  201  (U).  ̂ ^^^  ̂ ^^^  overtopping  scapes,  with  sheath  ca.  10 
Surinam.  Gros-savanna  (prope  km  103),  8  Apr.  1959,  mm  across  the  clasping  base,  here  stramineous  to 
;.  van  Donselaar  730(1]);  Zanderij  I,  8  May  1959,  van  pale  purple  or  brown,  strongly  multicostate  and 
Donselaar  &  T.  B.  Huinink  D-C  12  (U);  RR  near  km 
62,  20  Apr.   1949,  Lanjouw  &  Lindeman  3009  (U); 

narrowmg 

Zanderijsavanna,  19  Sep.  1976,  Mori  6/ aZ.S339  (NY;  "^"'^^^   ̂ **"g^^   t*^^"   t^«    sheaths,    elongale-lmea
r, 

note  that  this  has  scapes);  Zanderij  II,  6  Feb.   1942,  compressed  but  firm,  narrowing  slightly  above  the 
Stakels.n.  (NY),  3  June  1944,  Maguire  &  Stahel  23667  middle  then  abruptly  to  a  conic  or  subulate-spinose 

1^?'  ̂I'  ̂'  ̂^P^  ̂ ^  '^'  P^"'""^^P^^l^  Maguire),  1  Mar.  tip,  the  margins  entire,  forming  a  thickened,  pale, 1944,  Stahel  s.n.  (K,   U).    VENEZUELA.   TERBITORIO  FE- 
DERAL AMAZONAS:  San  Carlos,  30  Mar.  1978,  H.  Clark 

cartilaginous  border  on  the  abaxial  side,  the  surface 

6574  (NY;  some  of  this  has 'scapes);  Sabana' Cucurital,  P^'<^  to  dark  green,  sometimes  violet-tinted  toward 29  abr.-04  Mayo  1979,  Huber  et  al.  3674  (NY);  E  del  base,  abaxially  evidently  ribbed,  finely  striate  adax- 
cerro  Yapacana,  28  June  1979,  Huber  3895  (NY);  4 
km  W  Serranla  Cuao,  14  July  1980,  Huber  &  Tillett 
5300  (VEN,  US);  2  km  W  San  Antonio  del  Orinoco,  20 
July  1980,  Huber  &  Tillett  5424  (US,  VEN);  San  Carlos- 
Solano,  16  Sep.  1980,  Huber  et  al.  5679 (YEN);  Serranla 
Vinilla,  13  June  1981,  Huber  6263  (NY);  above  Pimi- 

ially.  Scapes  erect  and  central,  solitary,  5-10  cm 

long,  terete,  1-1.2  mm  thick,  pale  green,  enfolded 

at  base  by  short,  erect,  sheathing  bracts  1-2  cm 
long  and  toward  apex  bearing  a  single  pair  of  erect, 

un^ 

chin,  2  July  1959,  Wurdack  &  Adderley  43296  (NY).      mm  below  spike  base,  the  outer  one  1.3-1.5(-2) 

Sep.  1961,  Steyermark  89682  (NY,  US);  Sabana  de 
Cusimi,  Rio  Cusimi,  7  Mar.   1964,  Steyermark  93174 
(NY).  

-^ 

vex,  green  with  pale  scarious  borders  and  subulate 

tips;  spikes  broadly,  deliquescently  turbinate  or  more 

narrowly  turbinate  (depending  on  stage),  ca.  2  cm 

This  is  indeed  a  "beUy  plant,"  and  the  great      ̂ ^^^  ̂ ^^^  ̂^'l'""  T'^^'^'f  ̂ 1  ''^'^  *^"  \'^''
' 

extremes  of  leaf  length,  flatness,  and  indumentum      "^"^^  ̂ ^«^;![  ̂ ^^  '^T^^^'^  
the  lowerniost  lance- 

at  Uqci^  ̂ ^«^  ,v    \\,     a    \  .  u         *  ovate,  ca.  13-14  mm  long,  cuspidate-subulate,  the .  at  least  regardms  the  first  two  characters,  '  ,  r       i  i  i 

perhaps  a  seasonal  expression.  Particularly  con-  ̂ ^"^^^  back  green  except  for  the  pale  costa  and 

spicuous  on  most  specimens  are  the  rosettes  ex-  "arrow,  scanous
,  pale  borders    the  second  bract 

eWely  of  little,  stubby  leaves,  these  often  de-  f^  ̂̂ -IS  mm  long  and  similar  but  -^^tendrng  t^^^ 
veloned  «^vo...ii  ij       .       I.  J        .  lowest  floret,  the  third  and  fourth  bracts  slightly 
vciopea  severally  on  older  stem  bases  and  m  strong  „         .„  /        .    .,      ■     i     ■  .1         u7    j 
contrast  tr.  tV,    1  ■     •     1  1  •    .u  smaller  still  but  similar  in  design  and  also  subtend- "^rast  to  the  longer  principal  leaves  m  the  same  ^  1  ..  -^  o    o  u 
or  diffpr*^r,t  .^    **       wu  I    r  II  uie  florets,  the  spike  apex  with  2-3  green,  much "■  amerent  rosettes.  Whde  few  collections  are  as         °  '  r  r 

yet  available  of  this  species,  they  erade  in  regard  ^    ̂   ^  •     n     1  *      i    1        r 
to  ne;jrW  oil  r    *  1  1        J-  pals  2  per  floret,  eccentrically  lateral,  lanciform- 
'»  nearly  all  features  that  are  supposed  to  distm-  i.  ,  .,     ̂   ,  ̂   ,         u     *      .        1      ♦!.  k      a guish  y4/>nM^^^  h'lr     '  c  .#       •    •        m  falciform,  ca.  1 5  mm  long,  bent  outward  with  broad, 
&uibn  /ibolboda  killipii  from  A.  minima  Maguire.       .       .       V  •      1      1  1  *      .u-  u 
Two  sDPrim^^o  iQ    n^     -     .     7    ooon    Mv        A  th^  but  firm,  entire  keels,  narrowly  acute,  thick *"u  specimens  (S.  Mori  et  al   8339,  NY,  and  ^      .      i-  •  11        1       r  *u 
Clark  6"^?^   NV^  f        *•     1      ■  *        .       *k  *  except  for  the  thm  margins;  corolla  salverform,  the '^//t  00/4,  IN  Y)  are  of  particular  interest  m  that  ,    *^       ̂          ,  ^    c         ir    _       v  n  , thev  hav^  fl^  •      f  1  J       J  tube  ca.  2  cm  long,  narrowly  funnelform  apically, 
""cy  nave  tlowers  rangme  from  sessile  to  produced  \  ,.      ,  ,       .        11      ir  *■      j     t  1 1 
on  scaDP<;  1  q    cr  1  o^u  •  u  the  spreading  lobes  broadly  elliptic,  dark  blue,  ca. »i>dpes  i.b-5  cm  lone.  These  specimens  have  \^  \  „,  1     a  **       j      ̂      0  _. 
Ihe  dimornliir^  U  A   /•//-    •        A.u    u      *  12-15  mm  long;  filaments  flattened,  ca.  3  mm aimorphic  leaves  as  m  A.  kdlipii,  and  the  bract  ,     ̂    ̂   ,_  ̂ ^  _,.      _^  .  ̂ ^^^^  .   ,       ̂ . 

smaller  and  narrower,  sterile  lanciform  bracts;  se- 

sepal  characters  agree;  some  have  granular 
^"^ge.  These  could  show  intergradation  with  A. ^fnericana. 

lobes 

tate,  ca.  3  mm  long,  dehiscence  lateral-introrse; 
taminodes 

3. 
Abolboda  bella  Maguire,  Mem.  New  York 
Bol.  Card.  10:  15.  1958,  TYPE:  Venezuela. 
Territorio  Federal  Amazonas:  Alto  Rio  Ori- 

belo 

style  23-24  mm  long,  the  basal  portion  winged- 

triquetrous,  each  wing  with  a  vein,  this  base  ge- 
niculate ca.  5  mm  above,  here  with  traces  departing nicuiaie  ca.  o  mm  auuvc,  ucit,  rwiii  ««^^-  ^^^^.  .^.^ 

noco    marshy  areas,  Yapacana  Savanna  III      ̂ ^^  appendages,  each  appendage  with  a  caUoused 
Maguire  &  Wu .»,  ..  ...^.,  ..^^,  ..s^^^..^^  ^^^-        -hook"  or  auncle  distally  and  a  uownwaru-pro- 

dacA:  34574  (holotype,  NY;  isotype,  US).  Fig-      .^^^^^  ̂ ^^^  ̂^    2  mm  long,  the  3rd  trace  less 
ure  4. reduced 

Perennial,  smooth  herb  from  a  horizontal  stiff     narrower  median  appendage,  this  with  a  somewhat 

••hizome,  the  roots  coarse,  the  leaves  with  bases     narrower  "hook"  and  a  filamentous  spur  much 
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Figure  4.     Abolboda  bella  {Magnire  &  Wurdack  34514).— &.  Habit. abaxial 

e.  Spike  and  upper  scape. 

i.  Thr        '  -         '^ 

c.  Sector  of  leaf  midblade,  abaxial  (left)  and  adaxial  (right)  views. 
f.  Bract,  oblique  view.— g.  Lateral  sepal. 

•tigma. 

b.  Leaf  apex,  adaxial  side  0^^^]^^l^ 

-d.  Leaf  base  (abaxia
l  sKW;- 

stamin 

odia 
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longer  than  the  others  (Fig.  4);  style  thence  erect  area  thickened,  with  a  broad,  chartaceous,  alate 

above  the  geniculation,  becoming  strongly  involute  keel;  corolla  from  base  to  petal  tip  22-24  mm 
and  tubular  just  below  the  fimbriate-funnelform      long,  pale  blue,  the  broadly  ovate  lobes  ca.  12  mm 

long;  stamens  with  anthers  oblong-linear,  deeply 

emarginate  and  sagittate,  ca.  2  mm  long  on  fila- 
ments ca.  1.5  mm  long;  staminodia  when  present 

linear,  peglike;  ovary  ca.  3  mm  long,  ellipsoid,  1 

stigma  apparatus.  Capsule  and  seed  not  seen. 

Distribution.      Known  orJy  from  the  type,  f 
the  Yapacana  savannas,  at  low  elevations. 

The  rarity  of  this  well-marked  species  is  evi-  carpel  bilobed  at  apex,  this  confluent  with  the  style 

denced  by  the  fact  that,  despite  the  frequency  of  base,  the  other  carpel  tips  rounded;  style  including 

visits  by  skiUed  field  botanists,  no  further  examples  stigma  6  mm  long,  the  appendages  midway  up,  3, 

of  the  plant  have  been  found  since  Maguire  and  the  laterals  compressed-clavate,  ca.  1.5  mm  long, 

it  in  1953.  In  regard  to  its  general  the  median  one  reduced  to  a  filament;  stigma  fun- 
found 

habit,  its  almost  distichously  arranged  leaves,  and  nelform,  of  3  cormivent  but  excurved  fimbriate 

its  floral  features,  this  species  shares  many  features  lobes.  Capsule  oblong-cylindric,  very  thickened,  5 

with  Abolboda  sprucely  another  rarity  of  the  Ori-      mm  long.  Seed  nearly  round  to  obovoid-prismatic, 
stiD  an-      dull  brown,  the  outer  coat  finely  and  irregularly 

ribbed  longitudinally,  the  ribs  anastomosing  to  pro- 
duce an  irregularly  and  narrowly  alveolate  pattern. 

savannas 

other  rare  one  from  Brazilian  Amazonia. 

4.  Abolboda spruceiMabne,  Ark.  Bot.25A(l 2):      the  body  1-1.2  mm  long. 
17.  1933.  TYPE:  Venezuela.  Territorio  Federal 

Amazonas:  Rio  Guainia,  near  mouth  of  Rio 

Casiquiare,  R,   Spruce  3456  (lectotype,  K; 

Distribution.  Frequent  in  low-to-medium-el- 

evation sandy  savanna,  southwestern  Venezuela 

(Territorio    Federal    Amazonas),    and    contiguous 

isolectotypes,  P,  S;  phototype  at  NY),  Figure  5.      ̂ ^^,^^^^,^^^  Colombia  (Vaupes)' A.  schukesii  Idrobo  &  Lyman  B.  Smith,  Caldasia  6(29): 
246,  fig.  31.  1954.  type:  Colombia.  Vaupes:  Rio 
Iruainia,  Puerto  Colombia  (opposite  Venezuelan  town 
of  Maroa)  and  vie,  ca.  800-850  ft.,  31  Oct. -2 

Additional  material  examined.      VENEZUELA.  TERRI- 
TORIO FEDERAL  AMAZONAS:  1  km  E  of  Maroa,  16  Apr. Magu 

Nov    10S?T   F%  T,r  \    P    n    PI      ̂ 7  S^^'  -'  «'•  ̂ ^-^^^  (F-  K,  NY,  U);  0.5  km  E  of  M
aroa, 

CahrlrahuA  W         mf'       .  PH   Hsf  ̂  Oct.  1957,  Ma^aire  et  al.  41721  (K.  NY,  US);  1  km i^abrera  18177  {holotype.  COL;  isotypes,  GH,  US).  ̂   ̂   ̂.^^^  ̂   ̂̂^    j^^^^  ̂ ^^^.^^  ̂ ^  ̂ ;  ̂ ^^^9  ̂ j^y. 
solitary  or  caespitose,  smooth,  pale  green  pe-  ̂J*^)* rennial 

th 
linear  to  linear 

orate,  10-25  cm  long,  mostly  erect  to  spreading- 

The  most  miusual  feature  of  this  species  is  the 

size  and  disposition  of  the  scape  bract  pairs,  which 

form  what  appears  to  be 

outcurved,   the   sheaths   pale   or   distally   purple,      sometimes  with  the  1  (-2)  spikes  sessUe  abo 
broadly  clasping  and  convex  at  base,  thence  con- 

tracted and  lingulate,  gradually  broadened  to  the 
elongate,  compressed,  flattened  or  conduplicately 
folded  blades,  these  4-10  mm  wide  with  acute  to 

Internod 

finely margms 

erved,  the  abaxial  surface  strongly  raised-nerved, 
^  median  nerve  forming  a  strong  and  elevated 

^osta.  Scapes  1 -several  per  rosette,  erect  or  out- 
urved,  15-30  cm  long,  strongly  unisulcate,  thus 

5-  Abolboda  ebracteala  Maguire  &  Wurdack, 

Mem.  New  York  Bot.  Card.  10:  17-18.  1958. 

TYPE:  Venezuela.  Territorio  Federal  Amazo- 

nas: Yapacana  Savanna  HI  at  125  m,  31  Dec. 

1950,  Maguire,  Cowan  &  Wurdack  30469 

(holotype,  NY;  isotype,  US). 

5a.   Abolboda   ebracleata   var. 
ebracleata. 

mm 
Figure  6. confined 

perennial,  the  stems 

linear,  4-7  cm  long,  subequal,  1-2  or  more      short,  cloaked  in  chaffy  old  leaf  bases,  the  roots 

P^^s,  the  lowest  pair  sometimes  as  much  as  3  cm 
|ow  the  spike  or  spikes;  inflorescence  a  single 

coarsely  fibrous.  Leaves  usually  of  two  sorts,  those 

shoots  short-linear,  rarely  longer  than  2 

^P*e  or  a  cluster  of  a  few 'spikes,  the  spikes  ca.  2      cm,  grading  into  main  rosette  leaves,  these  as- -u  long;  aU  spike  bracts  subtending  flowei 
"^^  'ong,  shorter  than  the  seoals  subtended 

12 

ding  to  spreading,  mostly  outcurved 
bases  broadly  dilated 

firm 

cks  frequently  carinate  toward  apex;  sepals  2, •unciform,    12 

tinerved 
borders. 

mm tapcruig 
II y  from  ca* 

margins  chartaceous,  the  dorsal broad,  at  ape 
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Icm 2  mm 
Figure  5.     Aholhi 

a.  Habit.  —  b. 
— e.  Entire  leaf. 

Vene- 

zuela).- 
surface. 

Leaf 

.             ■  I  .X  •     . .       .         /:  ̂^^^  ̂?^^^'^  ̂^P^'  P^'^  subtended  by  fertile  bract  (right), 
above,  right)  inside  view  of  Its  tip.      ̂     ̂     '  .       .   «         -  \   &    / 
scale. — j.  Stylar  base. 

h.  Lateral  sepal. 
k.  Stylar  apex. i.  Spread  corolla,  outline,  with  stamens  and  a  stamin 

nd  (slightly 

odiuni  to 

I.  Ovary  and  style  base.— m.  Stamen. 

n. 

Seed. 



Volume  79,  Number  4 
1992 

Krai 

American  Xyridaceae  Exclusive  of  Xyris 

833 

■
t
 

) 

I 
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Xmm 

1cm 

tern 

I fjCURE  6. 
103242). 
Realized) men. 

3mm 

Aholboda  ebracteata  var.  ebracleata  [Maguire,  Cowan  &  Wurd
ack  30469,  Stcyermark  &  BunHng ,_   ,  .         -      _       -       ....  .  ,  •   ._      —*:««<.    ^    Twrt  rnmmon  sorts  ot   leal   tip 

a.  Habit.- 

'•  Seed. 

b.  Leaf,  adaxial  view,  with  appropriate  cross  sections. 

d.  Spike.  —  e.  Inner  fertile  bract.      '    *  '^ 
*•  Gynoecium.- f.  Associated  lateral  sepal. -g.  Spread  corolla,  st

amens. 
c.  Two  common  sorts  of  leaf  tip 

h-  Sla- 
] 

!.   inner  leriue  uravi-  —  i.  i-v.^.-»'^^»"^'-"  ■"»   — i —      ^       '  ,   -.        i       •  •       /  •  u»\ 

Style  base  showing  appendages. -k.  Capsule,  external
  view  (left);  valve,  inner  v.ew  (r.ght). 
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Jem 

3mm 

Idm 

I'SnniT^ 

Imm 

Habit. 

a. 

Figure  7.      Aholbodn  ebracteata  var 

-b.  Principal  leaf  (left);  3  co„.mon  t;;;es-of  tip  (aW).-lcTSpi;:-i  Wr  ferVireTrart/ab^^^^^^^^ 

.  brevifolia  (Wurdack  &  Adderley  43689;  Huber  &  Tillett  2813). 
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narrowly  rounded  or  conic-subulate,  either  with  or  Savanna  III,  6  May  1979,  Davidse  et  al  17246  (MO, 

without  a  mucro  or  (occasionally)  a  terminal  bristle  ̂ DB),  Huber  1626  (US),  Huber  2037  (K,  MYF,  NY, 
1    Q  ̂ ^  1^   ̂     «*  «.-jui  J       ̂ ,,  11  •*       4-  VDB);  30  km  SE  of  confluence  Orinoco-Ventuari,  30 1-^  mm  long,  at  midblade  usually  semiterete  or  %    ,.     ,„„„    ^  ,      otod/a^vit  wno^  v 
,  1       •  n  11.  1  nov.-l  die.  1978,  ̂ a6er  2183  (MYF,  VDB);  Yapacana 

plano-convex,  abaxially  coarsely  multicostate  and  Savanna  3,  17  Mar.  1953,  Maguire  &  Wurdach  34516 
convex,  adaxially  level  or  somewhat  concave,  up-  (paratype,  NY);  Cerro  Yapacana,  savanna,  7  mayo  1970, 
blade  toward  tip  becoming  subtriangular  or  trique-  Steyermark  &  Bunting  103242  (NY,  VEN). 

trous,  abaxiaUy  with  a  strong  costa.  Scapes  stiffly 

ascending  or  erect,  1-2  per  rosette,  1-2  dm  long, 
at  some  or  all  levels  subterete  to  obtusely  trian- 

gular, ca,  1-1.2  mm  thick,  bractless  except  for 
2-3  conduplicate,  scarious,  subulate-setaceous- 
tipped  basal  bracts  to  2  cm  long;  spikes  post-an- 
thesis  broadly  turbinate,  ca.  1.5  cm  long,  mostly 

4-flowered  (sometimes  with  an  additional  pair  of 
reduced  florets),  the  bracts  all  fertile,  the  2  out- 

ermost ones  to  15  mm  long,  lanciform,  with  broad, 
scarious,  pale  borders  and  thickened,  convex,  green 
or  purple-tinged,  low-costate  dorsal  areas,  these 

narrowed  and  excurrent  as  a  prominent,  blunt  to  with  several  series  of  short,  stubby-bladed,  sharply 

aristate-tipped  cusp;  inner  fertOe  bracts  slightly  triquetrous  and  curved,  linear-subulate  leaves,  later 

shorter(10-l  1  mm  long),  broader  in  outline;  sepals  grading  to  more  elongate  ones,  these  (2-)3-10  cm 
2,  navicular,  curved-Ianciform,ca.  1  cm  long,  acute,  long,  strongly  curved,  with  character  much  as  in 

the  keels  narrow,  entire,  and  firm,  bordered  by  a  the  type  variety  but  with  blade  tips  more  often 

green  or  purple-tinted  zone,  the  outer  border  broad,  spinulose.  Spikes  ranging  shorter,  mostly  not  over 

pale,  scarious;  corolla  12- 13  mm  long,  bright  dark  1  cm  long,  the  bracts  thus  shorter,  with  shorter 

blue,  the  lobes  broadly  obovate,  crenulate,  shorter  cusps;  lateral  sepals  9-10  mm  long;  corolla  and 

than  the  tube;  staminodia  lacking;  anthers  broadly  stamens  as  in  the  type  variety;  gynoecium  with 

oblong,   bilocular,    the   locules   slightly   divergent      somewhat  more  elaborate  stylar  appendages,  re- 

5b.  Abolboda  ebracleata  var.  brevifolia  Ma- 

guire, Mem.  New  York  Bot.  Card.  10:  8. 
1963.  TYPE:  Venezuela.  Territorio  Federal 

Amazonas:  righthand  bank  of  Rio  Orinoco,  10 
km  above  mouth  of  Rio  Ventuari,  125  m,  21 

July  1959,  Wurdack  &  Adderley  43689  {\io- 

lotype,  NY;  isotypes,  GH,  NY,  US,  VDB). 

Figure  7. 

Similar  to  the  type  but  leaves  ranging  shorter 
and  tending  to  be  more  dimorohic.  the  innovations 

proximally,  1.5  mm  long,  on  filaments  ca.  2  mm producing 
long,  these  attached  below  the  corolla  sinus  level;  narrow,  erect  but  curved  auricle  at  base  (on  the 

gynoecium  with  stylar  apparatus  proximally  alate-  upside  of  appendage).  Capsule  likewise  ovoid,  ca, 

triquetrous,  appendaged  ca,  V4  way  up  from  the  3  mm  long,  the  valves  similarly  bifid,  the  teeth 

ovary,  the  lateral  appendages  claviform,  recurved,  narrower,  sharper.   Seeds  as  in   the  species  but 

ca.  1.5  mm  long,  the  medial  appendage  set  slightly  slightly  longer  (to  1  mm). 

jower,  reflexed,  filamentous,  ca.  1  mm  long;  stig-  Distribution,      Moist  to  wet  savanna,  at  100- 
^atic  part  with  3  spathulately  dUated  lobes,  distaUy  ̂ ^^  ̂ ^  ̂j^^^  ̂ ^^  q^^^^^^  ̂ ^j  ̂ ^^^  confluence  of 
^briate.  Capsule  ovoid-ellipsoid,  3-3.5  mm  long,  ̂ ^.^^  ̂ ^^^^^^  ̂ j^j^  j^^  Territorio  Federal  Amazo- 
ne  valves  distally  much  thickened,  acuminate,  at  ̂ ^^^  Venezuela,  and  in  Amazonas,  Colombia. ^pex  sharply  bifid.  Seeds  few,  asymmetrically  ob- 
ovoid  or  wedge-shaped,  0.7-0.8  mm  long,  dark red-brnwr»    ̂ ^         i  j     i_        i        -ut.    Ji  *    J-  amazonas:  Alto  Rio  Orinoco,  Cacagual  Savanna,  13  Sep. 
d  brown   coarsely  and  sharply  ribbed  longitudi-  ̂ maz^  ̂   ^^  ̂^  ̂ ^^^^  ̂ ^|^  Venezuela,  terri- V^y,  with  somewhat  lower  and  irregular  cross-  ^^^^^  federal  amazonas:  vie.  Canarip6,  Rio  Ventuari. 

Additional      material      examined,       Colombia. 

ribs 

Y^stribution.      Locally  abundant  in  moist  to  wet 

^nite  sand  savarma  around  the  base  of  Cerro  Ya-      __   _  ̂ 
Pacana,  on  the  upper  Orinoco  in  Territorio  Federal      Puerto  Ayacucho,  19  May  1980,  IJuber  5216  (NY 

29  May  1978,  Huber  1875  (US);  30  km  SE  confluence 

of  Orinoco-Ventuari,  30  nov.-l  die.  1978,  Iluber  & 
Tillett  2781  (NY,  US),  2813  (K,  NY);  30  km  W  Serrania 

El  Tigre,  29  Feb.  1980,  Fluber  4848  (NY);  30  km  N 

amazonas,  Venezuela,  at  100-125  m,  one  locality 
^  km  above  confluence  of  Orinoco-Ventuari. 

Additional  material  examined.      VENEZUELA.  TERRI- 
^ORIO  FEDERAL  AMAZONAS:  W  base  of  Cerro  Yapacana, 

mix  with  A.  pulchella). 

This  variety  is  a  little  weak.  The  character 

stressed  by  Maguire,  namely,  that  the  cephalar 

bracts  (outer  ones)  are  shorter  than  the  inner. 

adaxial  view  (right).— e.  Lateral  sepal.— f.  Spread  corolla,  stamens.— g.  Stamen.  — h.  Stylar  apparatus 

^>ew  of  style  base  showing  appendages,—].  Capsule,  outer  view  (left);  valve  of  capsule,  -""   ""'  ̂'•" mner 

i.  Enlarged . — k.  Seed. 
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appears  to  vary  more  widely,  as  do  leaf  lengths,  outcurved  cusp;  sepals  2  or  sometimes  accompa- 

and  this  variation  does  not  appear  to  be  as  little  nied  by  a  reduced  inner  one,  this  mostly  oblan- 
as  was  first  observed.  ceolate,  ca.  3  mm  long,  scarious,  broadly  acute  to 

rounded  at  apex,  the  2  lateral  sepals  navicular- 

6.    Abolboda  americana  (Aublet)  Lanjouw,  Re-  conduplicate,    oblong-obovate,    5-5.5    mm  long, 

cueil  Trav.  Bot.  Neerl.  34:  492.  1937.  Xyris  shallowly  emarginate,  pale-scarious  except  for  the 

americana  Aublet,  Hist.  PL  Guiane  1:  140,  strong,  short-excurrent,  entire  keel;  corolla  mostly 

3:  pi.  14.  1775.  TYPE:  French  Guiana,  Aublet  13-15  mm  long,  the  lobes  oblong-ovate,  narrowly 

s.n,  (lectotype,  P;  isolectotype,  BM;  photo-  rounded  at  tip,  light  blue;  staminodia  not  evident; 

type,  NY).  Figure  8.  anthers  bilocular,  pale,   the  thecae  divergent  at 

V    -  ,      ,  rr  u  1    17        1    1     lo^        n^    n  base,  the  flattened  filaments   1.2- 1.3  mm  long; Ayns  caerulea  Lam.,   labl.  Lncyci.  1:  1^6,  t.  oo,  ne.  ,  i^  i  .  .  i_  j     -^u 

2  as  "yf  bleue  "1791  ^^^     ̂ ^'        "^"^  '^^g'  triquetrous  at  base  and  wjth 

Abolboda  imberbis  Kunth  in  HBK,  Nov.  Gen.  Sp.   1:  2  recurved-clavate,  lateral  appendages  1-1.5  mm 
256.    1816.  A.   americana  Aublet  var.   imberbis  long,  and  a  reduced,  short-filamentous  adaxial  one. 
(Kunth  in  HBK)  Maguire,  Bull.  Torrey  Bot.  Club  Capsule  broadly  ovoid,  2.5-3.5  mm  long,  smooth, 
75:  193.  1948.  type:  "crescit  in  arenosis  guayanae  .,  i         -i-  i  i  •  n     jv*«]].r  ot  th^  in 
1  fl  4^  ,       M  /•  ,        ,.      1  >       J        1  the  valves  thickened,  especially  distaliy  at  tne  in- ad   tiumen   Atabapo      (international   boundary   be-  cauA] 

tween  Colombia  and  Venezuela).  Ostensibly  collected  curved,  entire,  smooth,  acute  tips,  beeds  broadly 
by  Humboldt.  obovoid  to  inequilaterally  subglobose,  ca.  0.5  mm 

A/?of>/)/>/g^fiKunth,  Enum.  PI.  4:  27.  1843.  type:  Cam-  long,   coarsely   9-11 -ribbed,   the  broad  ribs  be- 

l^'lf^^'^''^^  ̂ ^  ̂ ^^^'^^  decked   with  deep  red-brown  papillae  and  often jyyj  (hoiotype  not  lormally  designated,  specimens  ,  i  i      .  i         i  a  Vr^a 

at  B.  F.  M.  P:  nhotntvn^.  NYV  somewhat  rugulose,  the  mtervals  paler  and  irreg- 

annual 

at  B,  F,  M,  P;  phototype,  NY) 
ularly  transversely  rugulose. 

short-lived  perennial,  the  stems  leaf-cloaked,  most-  Distribution,  Frequent,  
mostly  in  low-eleva- 

ly  short,  rarely  to  2.5  cm  long,  the  roots  spongy-  *^^^'  ̂ ^^'  ̂ ^^^y  substrates  of  savanna,  caatmga, 

thickened.  Leaves  typically  of  2  lengths,  those  of  ̂ ^^tinga,  and  broad,  wet,  open  grass-sedge  campo, 

secondary  rosettes  (which  arise  on  buds  around  ̂ ^^^^  "^  recentiy  disturbed,  wet,  burned  areas,  bou 

scapes  on  primary  rosettes)  stubby,  short-linear,  America  from  French  Gui
ana  west  to  southeastern 

3-10  mm  long,  abruptly  narrowed  from  clasping  Colombia,  south  into  Amaz
onian  and  northeast- 

thin  bases,  fleshy -linear,  acute,  mostly  trigonous  or  <^oas*al  BrazO  (Amap4,  Amazonas,  Bahia
,  Paraiba, 

triquetrous,  upstem  later  in  season  grading  longer.  Para). 
distinctly  narrower,  mostly  spreading,  or  ascending 
with 

from  (mostly)  triplinerved  soft  pale  bases  to  elon- 
gate-linear, flattened  blades,  these  for  most  of  their 

length  0-3-0.7  mm  wide,  dorsiventrally  com- 
pressed, triplinerved,  the  adaxial  face  usually  plane, 

the  abaxial  face  showing  thickened  margins  and  a 

Additional  representatives  examined.  Because  o 

large  amount  of  material  seen,  only  selected  specimens 

are  cited  here  to  demonstrate  geographical  and  morpno- 
logical  range):  Brazil,  acre;  Cruzeiro  do  Sul,  Ponto  1  . 

10  Feb.  1976,  Rosa  696  (US,  VDB).  amapa:  Campo  de 

Aviacas,  25  Apr.  1960,  Egler  1417  (US);  between  Kios 

Cujubim  and  Flechal,  8  Aug.  1962,  Pires  &  Cavalcante 

52000  (U).  amazonas:  Bella  Vista,  15-18  Mar.  1944, 
distinct  costa,  pale  to  deep  ereen,  or  tinged  with      Baldwin  3558  (F,  K,  US),  bahia:  5  km  SE  Ma^au, 

^  Feb.  1977,  Harley  18462  (K,  NY,  VDB),  18463  ̂ '^ 
maroon 

.,.,.,,  .       .  VDB);Alcoba?a,7V/ofjefa/.  i0674(K,NY).PARA:Mara 
blunt  and  with  an  eccentric  short  mucro  at  tip.      cana.  6  Dec.  1978,  Bastos  el  al  106  (F,  NY);  V'f  • 
Scapes  rarely  shorter  than  leaves,  usually  equal  to      24  Jan.  1950,  Black,  herb.  no.  50.8817  (US);  36  km 
them  or  much  longer,  usually  wrapped  at  base  in 

SE  Vigia,  29  Mar.  1980,  Davidse  et  al.  17539  {¥,  I'"' 

US,  VDB);   Maruda,   3-4  Apr.   1980,  Davidse  et  ai- 2-3  scarious,  ovate-Ianciform,  mucronate  or  cus-  ̂ ^'  ̂ ^B);  Maruda,  3-4  Apr.   1980,  Uaviase  ..  » 

pidaje  ba.,  b.acu,  o.Ke.wise  b..c,>ess.  2.5-15  Sf  II5 r^^.^^^i^'^a^J,  *™^«  ̂ ^^ cm  long,  terete,  sometimes  low-fluted  or  striate;  (NY,  US),  roraima:  Carecarai,  7  Feb.  1974.  Pire^  * 

Leite  14855-14861  (US).  Colombia,  guainia:  Pu«° 
spheric,  5-6(-7)  mm  high,  2-3(-4)-flowered,  typ-  ̂»'^'<^a,   14  ago.   1975,  Garcia-Barriga  20.823  \V 

ically  with  2  lance-ovate,  cuspidate  or  mucronate,  f  f£f  ,^!\  ̂ll^^'^  '  ̂^  '^'''  ̂ I'Zp    l^^. 
V^tAt^A  ̂ \€^r\\^  Kranfc  0  1    f^  .        1            .1.            .  46389  (MO,  VDB).  Vaupes:  Araracuara,  b  :5ep.  ̂ 
keeled  sterdc  bracts  2.7-6  nun  long  at  base,  the  Maguire  &  Fernandez  44125  (NY).  Guyana.  Wanamj 

hemi 

lowest  one  usually  1-2  mm  shorter  than  the  other 
or  all  bracts  fertile,  5-6  mm  long,  ovate-lanceolate, 
strongly  keeled,  broadly  scarious-bordered.  the  me^- 

area 

maroon  costa,  this  mostly  much  excurrent  as  an 

River,  10-23  May  1923,  /  5.  de  la  Cruz  4378  (N^^ 

Kaieteur  Plateau,  30  Apr.  1944,  Maguire  &  Fansfia 
23116  (GH,  NY,  U,  US),  3  May  1944,  ̂ ^«^"'^/.c 

Fanshawe  23178  (F,  GH,  K,  MO.  U,  US),  2318^^": 
GH.  K,  MO,  NY,  U,  US);  Partang  Savanna,  U  J "^ 

1960,  Maguire  &  TUlett  43815  (K,  NY,  U).  SURINAM- 
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I p  Figure  8.     Abolboda  americana  [Huber  &  Alarcon  8002;   Wurdach  &  ̂'^'''^^^^^..^•^/^7'-;-  "^^^'-"^l 

Pnncipal  leaf.-c.  Flowering  spike,      d.  Fruiting  spike.-e.  Lower  sterUe  bract. -f.  Fertile  brae  .-g   
 I"n«r^«' 

!«  kft).  side  view  of  lateral  sepal  (at  right). -h.  Spread  lateral  sepal,  outer  side.-..  
Spread  corolla  and  .tamem.. 

J-  Stamen.-k.  Gynoecium.-I.  Stigmatic  apparatus.-m.  Stylar  base  with  appendages. - n.  Uipsule. o.  Seed. 

_-  ̂ T 
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Figure  9.      Abolboda  paniculata  (Cowan 
Upper  surface  (left),  lower  surface  (right). &  ̂ 'urdack  31387;  Tavares  &  Silva  31).— a.  Habit.-b.  Leaf ̂ 'P 

Sector  of  leaf  midblade,  adaxial  side  (left)  and  abaxial  side  (right).- 
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Zanderij,  22  Mar.  1976,  Jansma  LBB  15685  {V),  3284  type  material  of  the  Poeppig  collections  ("Para, 
(U);  Zanderij  I,  29  July  1933    La^jou.  294  (K,  U);  p  ■      ,.„.^    l").    However,    the   phototype   of Lanjouw  &  Lindeman  108  (NY,  US);  Morengo  tapoe  to  „  ■      r^    o^r.o      i  r^  •       -n  i      ii 

grote  Zwiebelzwamp,  22  Oct.  1948,  Lanjouw  &  Linde-  ̂ ''^PP'S  D.  2993  taken  at  Geneva  is  stiU  legible 

man  1007  (U);  E  of  Kopie  Penninica,  16  July  1953.  enough  to  make  an  identification.  Essentially  this 
Lindeman  4378  {¥);  Zanderij  Uy  3  ]unG  194'4',  Maguire  material  represents  a  lower,  shorter  leaved-and- 
&  Stahel  23666  (GH,  NY,  U,  US);  Natioureservaat  scaped  extreme  that  grades  through  other  transi- Bnnkheuvel,   20  Oct.    1967,    Teunissen  &    Wildschut  ^-       i  -  .    .  n      r  a  A iin-T^/TT         ,.M      1.1  11  11  tional  specimens  to  taller  lorms  and  does  not  appear 
liiSiO  (U— a  little  plant,  long  spike  bracts  and  short  ^  ^^ 
scapes).  Trinidad.   Aripo  Savanna,   9-23   Feb.    1950,  to  me  to  be  varietaUy  distinct, 
Howard  10515  (GH);   Long  Stretch  Savanna,   2  Apr. 
1953,  Baker  &  Simmonds  14931,  26  Aug.  1977,  Phil- 
cox  &  Maas  8228  (Kl  13  July  1976,  Adams  &  Kalloo 
14013  (K).  Venezuela,  territorio  federal  amazonas: 
San  Carlos,  3  June  1979,  Clark  7188  (MO,  NY);  Cerro 
Yapacana,  3  June  1978,  Huber  2018  (NY);  Cafio  Cana- 
me,  Cucurital,  29  Apr.-5  May  1979,  Huber  et  al  3694 
(MYF,  NY,  VDB);  15  km  SSW  Cerro  Autana,  26  June 
1979,  Huber  3821  (NY);  Yapacana  Savanna  III,  10 
Aug.  1983,  Krai  &  Huber  70712  (F,  GH,  MO,  NY,  U, 
US,  VEN,  VDB);  San  Carlos,  26  Nov.  1977,  Liesner 
3910  (MO,  NY);  Maroa,  16  Sep.  1957,  Maguire  et  al 
42503  (m,  U,  US);  base  of  Cerro  Duida,  22  Aug.  1944; 

7.  Abolboda  paniculata  Maguire,  Mem.  New 

York  Bot.  Card.  10:  10,  fig,  2a-g.  1958. 
TYPE:  Venezuela.  Territorio  Federal  Amazo- 

nas: cumbre  at  2,000  m,  Cerro  Paru,  10  Feb, 

1951,  /?.  Cowan  <fe  /  Wurdack  31387  (ho- 

lotype,  NY;  isotypes,  US,  VEN).  Figure  9. 

Smooth,  rosulate,  perennial  herb,  the  stem  short, 

stout  (to  1  cm  thick),  caudiciform  or  attached  to 

a  stouter  horizontal  or  ascending,  knobby  rhizome. 

Sleyermark  57831  (F,  NY,  US),  57847  (F,  GH,  NY,  Leaves  of  rosette  monomorphic,  spreading  or  as- 
US);  Esmeralda,   1  Nov.   1928,  Tate  299  (NY);  above  cending,  usually  outcurved,  5-15(-17)  cm  long, 

(Gh'ny  Juf^^T'  ̂ ^'i'''^  ̂   ii^^'rif^  f'fl  the  bases  thin,  scarious,  pale,  convex  and  strongly t^H,  NY,  U);  Cano  Cumare,  5  Aug.  1959,  Wurdack  &  \        ,        ̂   ,,,,,,    ,  ,  ̂  "^ 

Adderley  43757  (NY,  US),  43767  (NY,  US).  BOUVAR:  ̂ ostate,  constricted  to  a  narrow     U   -shaped  at- 
SahoAicha,  27-28  Nov.  1982,  Z>at^rW5e<6:^w6e/-22S9S  tachment  with  blade  and  dilating  just  above  the 

(MO,  VDB);  W  of  Canaima,  25  ago.  1983,  Huber  &  blade,  this  linear-triangular,  rigid,  stiff  and  thin  but 
arcon  8002  (MYF,   NY,  VDB);   Guaiquinima,  Salto  ̂ ^^  fleshy,  taperine  to  a  narrowly  acute,  acuminate, <-arapo,  Huber  12426  (MYF,  VDB);  Cerro  Fit6n,  4  Sep.  i    i  .     f-  .•  i  a         •  n     * 

1962,  Magune  &  Steyermark  53594  (NY);  Sabana  de  «^  ̂ "^"'^*^  *^P'  sometimes  prolonged  variably  to 

Triana,  SE  de  El  Dorado,   1   Sep.   1961,  Steyermark  an  arista,  the  margins  thm,  pale,  narrowly  revolute, 

89681  (NY,  US);  Icabaru,  18  die.  1978,  Steyermark  et  frequently  papillate,  the  adaxial  surface  dark  green. 
a/.  117802(NY);  Cerro  Guaiquinima,  2025  enero  1977, 
Steyermark  &  Dunsterville  113137  (K,  NY  — a  very 
small  plant  with  short  scapes). 

lustrous,  the  midnerve  depressed,  the  abaxial  sur- 

face with  a  strong,  elevated  median  costa  and  often 

2-4  strong  laterals  convergent  apically  to  a  single 

This  is  the  commonest  and  most  widespread  costa.  Scape  solitary,  5-12  dm  high  (including 

Abolboda  in  low-elevation  sites  (much  less  common  inflorescence),  terete  and  mullistriate,  usually  pur- 

^  elevations  over   1,000  m).  It  is  probably  the      pie-brown,  to  5  mm  thick  at  base,  tapering  grad- 
nearest  thing  to  a  weed  in  the  genus  and  is  also 
the  most  variable  in  leaf,  scape  length,  length  and 
character  of  spike  bracts,  and  number  of  flowers. 
It  is  most  often  confused  with  Abolboda  killlpU, 
^nich  usually  has  nearly  sessile  spikes  with  fewer 
nowers  and  thicker,  usually  shorter,  scabridulous 
foliage,  or  with  A.  acaulis,  which  has  larger,  sessile 

ually  into  a  (usually)  *'V''-shaped,  dichotomously 
branched  panicle,  the  scape  bract  pairs  numerous, 

lance-oblong  or  lance-triangular,  likewise  purple- 

ibequal 

ced 

ca.  1  cm  long,  with  a  pair  at  each  inflorescence 

fork  and  a  pair  usually  median  on  the  ultimate 

or  stouter-scaped  spikes  and  more  rigid  and  linear-  flowering  branches;  spikes  colored  as  in  bracts, 

triangular,  mostly  setaceous -tipped  leaves.  Both  of  terminal  on  branches,  fusiform,  ca.  2.5  cm  long, 

these  latter  species  have  a  very  different  seed  sculp-  terete;  fertile  bracts  2,  ovate-lanciform,  involute 
inter-  and  with  rounded  backs  as  in  scape  bracts,  the While  I  have  no  trouble 

irmer 
both  with  narrow  scarious  bor 

Pretmg  the  Aublet  material  as  type  for  the  species 
identification  of  the  two  elements  on  the  type  sheet 

*s  possible  from  the  phototype),  there  is  some  prob-      ders,  and  erose  or  lacerate,  narrowly  acute  or  acu- 

em  With  the  synonymy,  as  I  have  seen  only  para- nunate 

d.  Spike.— e.  Sterile  spike  bract.— f.  Fertile  bract. -^g.  Lateral  sepal.— h.  Inner  sepal. —  i.  Stamen.—j-  Cynoccium. 
•  i>tylar  base  and  appendages,  — I.  Lateral  stylar  appendage,  enlarged. —m.  Open  capsule-  — n. 
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ones  lanciform,  clasping  at  a  narrow  base,  the  inner Glabrous  rosulate  perennial,  the  rosettes  in  dense 

sepal  strongly  clawed,  the  blade  elliptic,  thinner  domelike  mats,  the  roots  coarse,  the  stems  short, 

than  in  the  lateral  ones,  the  margins  somewhat  Leaves  mostly  curved,  spreading  to  spreading-out- 

involute  distally,  the  apex  acuminate;  corolla  bright  curved,  linear-triangular,  stiff,  3-7  cm  long,  nar- 
lavender-blue  or  blue-violet,  ca.  4  cm  long,  the  rowing  from  thin,  strongly  costate,  convex  pale 

spreading  lobes  broadly  ovate,  ca.  2  cm  long;  an-  bases  into  flattened,  linear  blades,  these  thickening 

thers  linear,  4  mm  long,  deeply  sagittate,  emar-  toward  apex  and  at  tip  narrowly  acute  and  usually 

ginate,  on  narrow,  flattened  filaments  to  3  mm  prominently  spinulose,  the  margins  very  thin,  the 

long;  ovary  ellipsoid,  ca.  5  mm  long,  its  tip  tri-  upper  surface  proximally  with  a  shallow  median 

dentate,  the  style  ca.  2  cm  long,  with  3  recurved,  groove,  otherwise  nearly  smooth,  the  abaxial  sur- 
subequal,  narrowly  clavate,  terete  appendages  to  face  more  prominently  ribbed,  the  median  nerve 

3  mm  long  toward  its  base;  stigma  broadly  fun-  a  strong  cosla.  Scapes  1  per  rosette,  20-40  cm 

nelform,  the  receptive  border  glandular-erose.  Cap-  long,  distally  1.5-2  mm  thick,  terete,  striate  Ion- 

sule  oblong-ellipsoid,  ca.  1  cm  long,  the  3  valves  gitudinally,  these  and  the  bracts  maroon  or  purple- 

woody,  particularly  thickened  distally.  Seeds  broad-  brown;  scape  bracts  appressed,  in  2-3  well-spaced 

ly  obovoid  to  subglobose,  ca.  0.7  mm  long,  a  glis-  pairs,  members  of  a  pair  subequal,  lance-oblong  or 

tening  dark  brown  or  nearly  black,  with  ca.  6  spiral  oblong-elliptic,  1.5-2  cm  long,  apically  acute  to 

ribs  per  side,  these  strongly  and  irregularly  raised,  acuminate-subulate  with  narrow,  pale  scarious  bor- 
sometimes  forming  narrow  wings  and  intercon-  ders;  spikes  l(-2,  sometimes  an  additional  spike 
nected  by  narrow,  less-raised  irregular  cross-lines,  from  next  bract  axil  down),  terminal,  fusiform  or 

Distribution.      Frequent   but   local    in    acidic, 

sandy-peaty,  open  or  shrubby  bog  savarma,  tepui 

lanciform,   15-18  mm  long;  sterile  bracts  2,  ca, 

16-18  mm  long,  the  laterals  elliptic,  obtuse,  except 

r       A  A'        1  /  *  1  1  cr.  'o  iVir.  for  the  thin,  pale  base  purple-brown  as  in  bracts, summits  and  surroundmg  plateaus,  at  1,150-2,100  ^     ,  \  ̂ ,  i   i  .  i     tm 

m,  from  southern  Bolivar  and  Territorio  Federal  ̂ ^^'^  ",^",f '  *^^  '""^'; ̂ ^Pf.^  '^'^']:  '7 "^ J  'I 

Amazonas,  Venezuela,  southward  just  inside  the  ""'"'  '^^  ,^'"t  "^"°^^  t^l"  T.     '     w    from 
k  ̂ A^^  r.f  r.     *•   A_  D       1  scarious  border;   corolla  bright  blue-violet,  irom border  oi  contiguous  Amazonas,  Brazil.  ,  ,     ,  i  «j 

^  base  to  lobe  tips  30-33  mm  long,  the  lobes  spread- 
Additional  material  examined.     BRAZIL.  AMAZONAS:  ing,  ovate  with  fine  dark  nerves;  stamens  with 

T.1^^%^  ̂ f^.f  e^  Araca    29  Jan    1978,  Rosa  &  Lira  anthers  linear,  pale,  ca.  3  mm  long,  nearly  basi- J297  (r,  I\Y);  bL  parte  de  berra  Norte,  plato  da  Serra  £      j     i    n      i  •  m  *^  ̂ o    1  '^  mm 

Araca,  14  Feb.  1984,  Tavares  &  Silva  31  (INPA,  NY,  ̂""^^^  shallowly  sagittate,  on  filaments  ca    !.;>  mn^ 

VDB);  plateau  savanna,  N  massif  of  Serra  Araca,  11  Feb.  *^"g'  ̂ ^^^7  ellipsoid,  ca.  5  mm  long,  tndentate  a 
1984,  Prance  et  al  28987  (NY,  VDB).  Venezuela,  apex;  style  and  stigma  ca.  2  cm  long,  the  slender 
TERRITORIO  FEDERAL  AMAZONAS:  Serrania  Paru,  2,000  m,  style  base  exappendiculate,  then  dilating  to  a  nar- cumbre  along  W  rim,  1  Feb.  1951,  Cowan  &  Wurdack        ^    i    r  ir  *i,      *•       ̂   A,r^n*.1fnrm  with 

.9/9^r)  ̂ n.r.tv..    NY^  anTrv.«.  M...t.  A^  T...   r^,l  ̂ ^^V  funnclform  apex,  the  stigma  funneltorm  wi 31300  (paratype,  NY),  BOLIVAR:  Meseta  de  Jaua,  Cerro 
Jaua,  cumbre,  1,922-2,100  m,  22-27  Mar.  1967,  Stey- ermarh  et  al  109328  (F,  K,  NY). 

On  the  b 

mber  an 

3  ascending-triangular,  papillate-edged  lobes;  cap 

sule    lanceoloid,     1.3-1.4    cm    long,    thickened 

throughout,  valve  tips  narrowed  acuminately  to  a 

t!lTl!^r^T'lZlT.^^^^^^      '^^     Wunt  t.p.  Seeds  broadly  obovoid,  ca.  1  mm  long, 

light  red-brown,  longitudinally  with  5-6  dark  riDs pals,  the  highly  anthocyamc  p.gmentat.on,  and  its  ^^      ̂ ^^^^^  ̂ ^^^^^^^  ̂ ^  ̂̂.y^,^     fi,,er  cross- 
general  large  size  and  color  of  corolla,  this  species  j       ̂      ̂ 
is  closely  allied  to  Abolboda  uniflora  and  A.  neb- 

linae.  However,  it  is  a  much  more  coarse  species.  Distribution,      Frequent  in  wet,  boggy,  rocky 

ribs  to  form  a  reticulum. 

unique  in  its  much-branched  inflorescence.  Unlike 
A.   neblinae  (presumably  also  A,   uniflora), 
species  has  well-developed  stylar  appendages. odland 

summit 

inezuela  border 8.   Abolboda 
York  Bot, 

Mem.   New 

TYPE:  Vene- 

zuela. Territorio  Federal  Amazonas:  common 
in  boggy  area  in  open  places,  Bonnetia  wood- 

land, at  2,400  m,  Venezuelan  side  of  Brazilian undary 

M.Pi 
isotyp 

Mag 

Additional  material  examined.  BRAZIL.  AMAZONAS. 

ridgeline,  Venezuela-Brazil  border,  Cerro  NebUna,  ̂ ^p. 

1985,  Gentry  &  Stein  46712  (MO,  VDB).  VenezUEU- 
TERRITORIO  FEDERAL  AMAZONAS:  Cerro  Neblina,  Canjp  ' 

2.5-3.5  km  NE  Pico  Phelps,  17-22  Feb.  1984,  K.  ̂' 

Funk  6262  (US,  VDB);  Amazonas-Brazil  frontier,  sujnmi Serra  Neblina,  3  Dec.  1965,  Maguire  &  P^^^^  ̂ ^. 

(paratype,  F,  NY);  VaUe  de  Titirico  N  of  Pico  Phelp*' 
Cerro  Neblina,  1  Dec.  1984,  Krai  with  Brewer-tana^ 

71922  (NY,  VDB,  VEN);  Brazil  frontier,  Planicie  d^ 

Zuloaga,  Rio  Titirico,   10-15  Oct.   1970.  Steyermaf^ 
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Figure  10. a.  Habit.— b.  Leaf  tip,  adaxial  side  (left) 

—  d.  Two  leaves. — e. Abolboda  neblinae  {Krai  with  Brewer-Carias  71 922).  - 
and  abaxial  side  (right).— c.  Sector  of  leaf  midblade,  adaxial  side  (left)  and  abaxial  side  (right). 

Bract,  spread,  outer  side  (left),  side  view  (right).-f.  Lateral  sepal.-g.  Inner  sepal-h.  Sepals  spread  so  a^  to  show 

<^oroUa  base,  gynoeclal  base.-i.  Stamen.-j.  Gynoecium.-k.  Views  of  capsule  valve  and  placentation.-l.  Seed. 

J03754  (NY,  US),  17  Apr.  1984,  Gentry  &  Siein  46712      and  ecarinate  sepals. corollas,  stamms,  fruit,  and 

seeds,  a  part  of  a  sharply  diblinguishable  complex. 

.   This  species  is  locaUy  abundant  atop  Cerro  Neh-      which  it  forms  with  Molbn
da  paniculata  and  A. 

^  and  is,  on  a  basis  of  foliar  features,  subequal      uniflorn. 
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9-    Abolboda   uniflora    Maguire,    Mem.    New Smooth,  rosulate,  annual  or  short-lived  peren 
York  Bot.  Card.  10:  12.  1958.  TYPE:  Vene-  nial,  the  stems  short  in  tufted  rosettes,  the  roots 

zuela.  Territorio  Federal  Amazonas:  summit  slender,  fibrous.  EarUest  rosette  leaves  several,  tri- 

of  Cerro  EHiida,  Brocchinia  Hills,  1,700-1,980  angular,  scalelike,  ca.   1   cm  long,  the  later  and 

m,  1  Sep.   1944,  /.  A.  Steyermark  58169  principal  ones  spreading  to  ascending,  linear,  3- 
(holotype,  F).  Figure  1 1 . 

Glabrous,  rosulate  perennial,  the  stems  short, 

stout,  the  rosettes  in  dense  clumps,  the  roots  spongy- 

thickened.  Principal  leaves  erect  to  spreading-re- 

curved,  grass-green,  mostly  2-2.5  cm  long,  stiff. 

7.5(-9)  cm  long,  the  sheaths  soft,  thin  and  mul- 

ticostate,  convex-backed,  the  base  clasping,  nar- 

rowing to  elongate-linear,  stiff,  flat,  pale  green 

blades,  these  abruptly  acute,  eccentrically  short- 

subulate  or  apiculate,  the  margins  a  narrow  in- 

crassate-cartilaginous  band,  the  abaxial  surface  with the  pale,  claspine  bases  mostly  triplinerved,  oth-  ,  -         ,.  ,   ,        .      /  i       j     •  i     « 
.^,.        ̂ ^.        .  ji  t  T         several  fine,  slightly  raised  nerves,  the  adaxial  sur- erwise  thin,  tapering  into  and  shorter  than  the 

narrowly  linear  blades,  these  in  cross  section  mostly 

thick,  3-4-angled,  blunt  with  an  excurved,  short, 

mucro-prickle,  the  upper  side  3 -ribbed  toward  the 
blade  base  with  the  central  rib  strongest,  toward 

the  apex  unicostate,  the  abaxial  side  with  a  strong 

median  costa  from  base  to  near  apex.  Scapes  1 

face  with  fine  indented  nerves.  Scapes  overtopping 

leaves,  8-19  cm  long,  terete,  their  bases  enfolded 

by  short  bracteal  leaves,  and  with  1  pair  of  bracts 

at  midscape  or  upward,  sometimes  to  near  1  cm 

below  spike,  and  there  ca.  1  mm  thick;  scape  bracts 

erect,  lance-lmear,  1-1.5  cm  long,  convex-backed, 

,    V  Ary  ^  ereen  with  pale  scanous  borders  and  acute,  apic- per  rosette,  erect,  purple-brown,  to  48  cm  lone,  ̂ ,         .         \,  ,         ,         «    .    i  •     *^  i_ 
*^         j^.  .1.  I  i_  mate  tips:  spikes  narrowly  to  broadly  turbinate,  i terete  and  stnate-costulate  toward  apex,  there  ca.  ,   ̂   ,  .  ,         .    .    ̂   «  i      ̂ ^ \       .    r  ̂ ;u 
,  c  *r-  1  u      *     -7       -      \i,  1.5  cm  high  and  4-5-flowered;  all  bracts  fertile, l.D   mm  tfiick;   scape  bracts  7   pairs,   these  ca.  ,     ,  ^  ^    „  ,  ,  *     +1,^ 

.J.  ̂      ,    I  .  ̂   j\i      u  the  lowest  one  ca.  5-7  mm  long,  lance-ovate,  tne equidistant  along  the  scape,  appressed,  the  bracts 

median  zone  broad,  green,  the  costa  excurrent  as ot  a  pair  subequal,  lance-oblong,  1 .5-1 .8  cm  lone,  , ,                    .               .              .     i                     irrM 
V   ,  \              •     ,      .fu                     ,         ̂   a  blunt  cusp,  the  inner  bracts  similar,  progressively convex,  subulate -acuminate  with  narrow,  pale  scar-  ,.  ,   .      ,   ̂                 ,    ̂    ,             „.     .            in  ̂ m 

,1             ,           ,    ,             u     1       .u  slightly  shorter:  sepals  2,  lance-elliptic,  ca.  lU  mm lous  borders  and  purple-brown  backs,  the  upper-  ,°     -^                ',.      .,     .,                          u^^^c 

most  pair  slightly  shorter  and  directly  below  the  ̂ S'  ̂'""''^  '^^'P^/  ̂^'^^^  ̂ !^  """"^""^  ̂ ''T  ̂
Zr. 

t.r^;..1  e.;i.:   .L  ....,u;^...  ..;,  uL.^„    flanking  keel  and  thin,  entire,  scanous  border., terminal  spike,  the  penultimate  pair  bearing  a  sec- 
ond, nearly  sessile,  spike;  spikes  fusiform,  ca.  1.5 corolla  blue-violet,   1.7-2  cm  long,  the  lobes  ca. 

cm  long,  colored  as  in  the  scape  bracts,  the  2      /"^  ̂^  ̂^^^  sta
mens  with  anthers  ca    2  mm 

bracts  ca.  1  cm  long,  lance-oblong,  acute  or  acu-      ̂ ^^S'  ̂ ^^P^^  ̂
^^''^'^  ̂ "^  emargmate,  on  fUamen 

minate,  subtending  a  single  flower;  flowers  in  num-      ̂   '^  ̂ ^  ̂^'^g'  staminodia  not  evident;  ̂ ^'^'f''^^^^ 

ber  and  dimensions  of  parts  presumably  as  in  Abol-      ̂ PP^^^^^^g^^  ̂ ^'  1  ̂^  ̂^"g'  ̂ ^^^^^^^  'T  r  -nie 

vate,  the  median  one  reduced  to  a  nub.  Capsuic 

obovoid  to  broadly  ellipsoid,  ca.  5  mm  long.  Seeds 
Distribution,      Known  only  from  the  type  col-      angulate-obovoid,  0.5-0.7  mm  long,  strongly  but 

narrowly  few-ribbed,  red-brown  with  fine  cross- 

boda  neblinae^  the  closest  relative. 

lection,  not  collected  since. 

The  limited  material  avail 

etching. 

I 

I 

specimens  (of  which  I  have  seen  only  the  holotype),  Distribution.      Rare  in  low-elevation  riverine 

is  distinguishable  from  Abolboda  neblinae  on  the      campos,  thus  far  known  only  from  two  localities  in 
basis  of  its  shorter,  less-tapering,  blunter-tipped,      Amazonian  Brazil  (Para). 

Additional  material  examined.      Other  than  the  type 
there  seem  to  be  only  three  specimens  to  cite,  but 

have  amplified  several  details  in  the  original  descnp  i    • 
They  are  Brazil.  PARA:  Campo  do  Jaramacaru,  perto 

When 

(if)  further  material  with  mature  fruit  and  flowers 
becomes 

ifl 

linae.  On  the  basis  of  existing  evidence,  the  rela-      Barracao,  regiao  do  Ariramba,   26  May   ̂ ^^  :.      rj. 

tionship  is  very  close  and  oerhaos  varietal  ^'«c&'  ̂   Egler,  P.  Cavalcante  &  Antonio  Silva      ■ 
tionship  is  very  close  and  perhaps  varietal. DMCK,  w.  edgier,  f.  i^avalcante  oc  /iniunm  ^—         i 

19603  (NY);  Obidos,  Jaramacaru  River,  overflowed  an 
sandy  field,  27  May  1957,   W.  A.  Egler  271  (U^^ 

10.    Abolboda  abbreviata  Malme,  Ark.  Bot.  "'^^  ̂ ^^^'  ̂ -  ̂^"t'a'ca"^^  i 73  (US) 

19(13):  5.  1925.  type:  Brazil.  Para:  Campos  On  the  basis  of  most  characters,  this  rare  species 
do  Ariramba,  7  May  1 91 2,  A.  Ducke,  Herb,  appears  to  be  part  of  a  complex  including  Abolboda 
Amaz.  Mus.  Para  11895  (lectotype,  S;  iso-  hella  and  A.  sprucei.  From  comments  on  some 
lectotypes,  K,  MG,  NY,  RB,  U,  US).  Figure  labels  it  would  seem  that  the  plant  is  very  located 12. 

but  quite  abundant  within  a  small  geographic  are  • 
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F'GURE  11.  J6o/fcorfa  uniflora  (Steyermark  58169). -a.  Habit.-b.  Abaxial  s
'de  of  pnnc.pal  leaf  (leftUeaf 

^Pex  (above,  right);  midsector  of  leaf  blade  (below,  right).-c.  Adaxial  side  of  principal  lea
f  (left);  leaf  apex  (above, 

J'ght);  sector  of  midblade  (below,  right).-d.  Two  views  of  leaf  apex,  side  v.ew  (left
)  and  abax.al  view  (nght).-e. 'nflorescence,  showing  two  spikes. 

r 
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Abolboda  abbreviata  {A.  Ducke,  Herb.  Amaz,  Mas.  Para  11895;  Cavalcante  173;  ̂ S^^^ '^pl'^ 
Leaf  aoex.— c.  Sector  of  midblade.  adaxial  view.— d.  Leaf  base,  abaxial  side.— e.  Spike  (right);  idealize" 

Figure  12. 
a.  Habit. 

view  of  spike  base  showing  basal  bract  and  its  lateral  sepals  (left). 
Lateral  j       '      '  ' 

f.  Scape  bracts. 
Inner 

h. 

pals  with  enclosed  ovary  and  style  base.--i.  Anthers.— j.  Stigma.— k.  Seeds,  showing  size  range. base  with  appendages. 
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Figure  13.     Abolboda  egleri{W.  A.  Egler  &  Raimundo  1271;  Plotvman,  Rosa  &  ̂̂ ^^'J^l^^'' ["^^ 
b.  Early  rosette  leaves,  adaxial  side  (left),  abaxial  side  (right).  '^  '^"'"  "-"""   •""'* 
"oaxial  side  (right),  at  far  right  two  short  sectors  of  blade, 
pair.— g.  Corolla  and  stamens. - 

a.  Habit. 

secon 

d.  Spike.— c.  Lowest 

h.  Style  base  and  appendages.— i.  Stigmatic  apex.— j.  Capsule. 
Co 
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11.    Abolboda  egleri  Lyman  B.  Smith  &  Downs,       the  central  appendage  set  slightly  lower,  filamen- 
Proc,  Boh  Soc,  Washington  73:  258,  fig.  10a tons,  shorter.  Unripe  fruit  obovoid,  ca.  3  mm  long, 

b.  1960.  TYPE:  Brazil,  Para:  AltoTapajos,  Rio       the  valves  strongly  bilobed  apically,  the  lobes  broadly 

Cururu,  Rio  Ereri,  on  wet  sandy  places,  8  Jan.       rounded  and  thickened.  Ripe  seed  not  seen. 

1960,  fF.  A.  Egler  &  Raimundo  1271  (ho- 

lotype,  US;  isotypes,  MG,  NY).  Figure  13. 
Distribution,      Wet  sandy  campos  and  savanna 

at  100-450  m,  Para  and  adjacent  Mate  Grosso, 
Caespitose,  smooth  perennial,  the  rosettes  tufted      Brazil. 

on  stubby  branches  from  a  thick,  knotty,  much- 
Additional  material  examined. 

grosso; branched    rhizome,    the    roots    thickened-spongy.  /»"«"^'>««y«"^^  ̂ "^^'-«---"-     "^"';.'7'^  ™^' 
,               ,.           1  .....  1                 1     1    r        •  38  km  SE  of  Pontes  and  Lacerda.  30  Oct.  ivoo,  w. 
Leaves  dimorphic,  the  mitial  rosette  buds  formmg  Thomas  et  al  4683  (INPA,  MG,  NY,  VDB);  Serra  do 
closely  imbricate,  ascending  or  spreading,  narrowly  Roncador  NNE  Xavantina,  7  Dec.  1969,  G.  &  L.  Eiten 

triangular,  rigid  leaves  up  to   L5  cm  long,  these  9800  (NY),  para:  Serro  do  Cachimbo  Corrego  Sao  Bento, 

with  subulate,  spinulose  tips,  the  abaxial  surface  21  Feb.  1977,  A:ir/cferide&  L/era
s  2973  (NY  US,  VDB); 

.  ,           ,                        1       -J  -L \i.        J      ■  1         c  16  km  E  of  Represa  Tucri,  18  Mar.  1980,  Plowman  et with  a  stronff,  raised  midrib,  the  adaxial  suriace  ,   ̂ -77^  tr-x^   xiv   \rr\D\ 

Hat  or  slightly  convex,  laintly  lew-nerved;  later 

leaves  of  a  rosette  abruptly  much  longer,  relatively  ^phe  relationships  of  this  rare  species  are  defi- 

narrower,  (2-)3-5  cm  long,  the  thin  base  broadly  nitely  with  Abolboda  pulchella,  which  occurs,  ap- 
dilated  above  its  narrower  clasping  attachment,  parently  more  frequently,  throughout  the  Amazon 
pale,  5-nerved,  thence  narrowing  abruptly  to  a  Basin  and  northern  planalto  of  Brazil.  A.  egleri 
narrowly  linear,  gradually  tapering,  subulate-tipped,  ^lay  be  distinguished  quickly  from  it  mostly  by  its 
sflvery-green  blade,  this  apically  long-spinulose,  the  denser  rosette  of  more  strongly  tapered,  firm,  more 
adaxial  surface  at  midblade  slightly  convex  or  level  costate  leaves,  which  have  a  definite  silvery  sheen. 

and  finely  few-nerved,  the  abaxial  face  strongly  While  no  ripe  capsules  have  been  found  so  far, 
and  broadly  costate  medially,  the  blade  toward  tip  t^^ge  available  show  a  broader  outline  and  a  more 

subquadrate  or  trigonous.  Scapes  mostly  1  per  umbOicate  summit.  The  stylar  appendages  are  Ion- 
rosette,  terete,  gray-green,  (7-)10-20(-40)  cm  ger  and  more  slender, 
long,  sheathed  at  base  by  2-3  scarious,  setaceous- 

tipped  basal  bracts  1-2  cm  long,  the  scape  bracts 
1 

pair mostly  at  ca.  midscape,  erect,  subequal,      12.    Abolboda  pulchella  Humb.  &  Bonpl 

PI. 

lance-oblong,  8-15  mm  long,  conduplicate,  the 
convex  backs  pale  green  with  tints  of  purple,  low- 
ribbed,  with  strong,  broad,  scarious  pale  borders 
narrowing  to  blunt  mucros,  these  sometimes  tipped 
with  a  short,  slender  hair;  spikes  at  maturity  ellip- 

soid to  narrowly  ovoid  (or  by  seeding  time  obovoid), 

1-1.5  cm  long,  pale,  mostly  4-flowered  or  with  an 
additional  pair  of  undeveloped  flowers,  all  bracts 
fertile,  the  lowest  pair  slightly  larger  and  firmer 

than  the  inner  ones,  broadly  ovate,  5-6  mm  long, 
with  thickened,  convex,  green  or  purple-tinged  me- 

dial areas  bisected  by  a  pale,  raised  costa,  this 
excurrent  as  a  short,  stubby  blunt  mucro,  the  bor- 

der scarious,  pale  or  submarginally  with  a  lilac 
band,  the  apex  emargmate;  sepals  2  per  flower,        .    .       .,.      .    ̂       ,    ̂   t>,    x    oa    1843   type: 

.        ̂ .^^   ̂ T  ,    ̂       ̂       r     *  1  1  ^-   brasdiensis  Kunth,  Enum.  PI.  4:  2o.   lo^^.  * 
ovate,    stror^gly    conduphcate,   curvate-lanceolate  .3,^35^,^  Sellow  legit^  (lectotype,  BR;  isokcto- when  viewed  from  the  side,  7-8  mm  long,  broadly  types,  K,  L,  S). 
acute  or  blunt  at  tip,  sometimes  mucronulate,  the       A.  va^mam  (Sprengel)  Nilsson,  K.  Sv.  Vet.-Akad.  Han  • nAt-i  A\   ̂ o    ,  Av^^       T^     _•!  /-'„:j;^, '^marsh  Lima 

Aequinoct,  2:  1109,  pi.  114.  1813.  TYPE: 

Venezuela.  Territorio  Federal  Amazonas:  vi- 

cinity "mission  de  Maypures"  by  the  Rio  On- 

noco,  Alexander  von  Humboldt  [I  have  not 

seen  the  type,  this  presumably  at  P.  The  ex- 

cellent figures  of  habit,  leaf,  bracts,  and  flow- 

ers, plus  the  quite  detailed  description,  allow 

me  to  suggest  these  to  serve  as  lectotype- 

Maguire  has  annotated  a  Richard  Spruce  co
l- 

lection "prope  Maypures,  ad  flumen  Ormoco, 

Junio  1864,  R,  Spruce  365 T  as  a  probable 

topotype  (K,  NY).  This  material  agre
es  sat- 

isfactorily with  the  plate  and  protologuej.  f  »g- 
ure  14. 

wide  keel  entire,  chartaceous;  corolla  ca.  12-13 
mm  long,  the  obovate  lobes  shorter  than  the  tube; 
staminodia  not  evident;  stamens  with  anthers  ca. 

1.5-2  mm  long,  oblong,  the  thecae  slightly  diver- 
gent below,  on  filaments  ca.  2  mm  long;  style  base 

strongly  alate-triquetrous,  the  appendages  pro- 
duced ca.  3  mm  above  the  ovary  and  with  the 

lateral  ones  filiform-clavate,  reflexed,  2  mm  long. 

de  Natividade,  July  1840,"  Gardner  4024  
(lecto- 

type, here  designated,  K;  isolectotype,  NY). 

A.  longifolia  Malme,  Bih.  Sv.  Vet.-Akad.  Handl.  ̂ f''^^\' 
III,  No.  2):  20.  pi.  2.   1897.  TYPE:  B^a^''^.^jg. 
Grosso:  "lugar  arenoso-umido,  Arica,  entre  "^^  ̂ ^ 

ronimo  e  Cuiaba,   17  Feb.   1894."  Malme  /^^ (lectotype,  S;  isolectotype,  S).  ^  . 

A.  gracilis  Huber,  Bol.  Mus.  Goeldi  Paraense  Hist,  na^ 
TYPE 
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de  Ariramba,  Rio  Trombetas,  22  Dec.  1906,"  A.      acute   apex;   corolla    14-15   mm  long,   the  lobes Ducke  Hb.  no.  8074  (lectotype,  MG). 
A.  pulchella  var.  longifoUa  (Malme)  Lyman  B.  Smith  & 

Downs,  Arq.  Bot.  Estado  Sao  Paulo,  nov.  ser.  4, 
fasc.  2:  26.  1966. 

Glabrous,  solitary  or  caespitose,  slender  peren- 
nial, perennating  by  slender  rhizomes  or  by  lateral 

buds  from  ascending  or  erect  caudices,  the  roots 

spongy-thickened.  Leaves  often  dimorphic  with 

"juvenile"  rosettes  of  stubby,  triangular-linear, 
strongly  tapering  blades,  the  smallest  leaves  often 

scalelike,  the  largest  to  2  cm  long,  with  broad, 
clasping,  scarious-bordered  bases,  tapering  upward 
to  subulate,  triquetrous,  mostly  spinulose-tipped 
blades;  principal  (larger)  leaves  mostly  developing 

broadly  obovate  to  ovate,  ca.  as  long  as  the  tube, 

light  blue -violet;  staminodia  not  evident;  anthers 

deeply  emarginate  and  sagittate,  oblong,  2-2.5  mm 

long  on  flattened  filaments  2-3  mm  long;  style  base 

narrow,  sharply  triquetrous,  with  2  reflexed,  broad- 

ly short-clavate  lateral  appendages  and  a  low,  au- 

riclelike median  appendage,  all  ca,  2-3  mm  above 

ovary  tip,  the  laterals  each  with  an  upswept  short- 

oblong  auricle  at  its  base;  style  apex  3 -branched, 

each  branch  apically  broadly  dilated  and  fimbria te- 

papillate.  Capsule  broadly  ellipsoid  or  short-cylin- 

dric,  ca.  4  mm  long,  rather  uniformly  firm-valved, 

apically  umbilicate,  each  valve  with  2  low  lobes. 

Seeds  nearly  black,  variously  angled,  mostly  broad- — — "^-j,    pj.u±^>xpcii   110.141^:^1/  leaves   iin_»3Liy    uc  vcn^Lfiiiji         ii  '  m     r\   ̂      r\    y  i  i*  II 

I  ,  ,         1,1.1,.         1.  Ill        ly  obovoid,  0.5-0,6  mm  long,  coarsely  irregularly 
later  on  shoot,  highly  variable  moutlme  and  length,      i,„,_..^^^^    ,_„:..,^:_n.  \i,.    :..'   .1.    ..iJ 
2- 15  cm  long,  those  of  the  short  range  mostly 
recurved  and  linear- triangular,  strongly  tapering 
from  broad  (to  4  mm  wide)  clasping  bases  into  stiff, 
compressed  by  lingulate  blades,  these  thus  strongly 

thick-ribbed    longitudinally,    the    intervals    paler, 

broad,  nearly  smooth. 

Distribution.      Moist  to  wet  sandy  peats,  clays 
f 

fine 

convex-backed,  the  adaxial  face  smooth  or  scarcely      ̂ ^jg^  campos,  25- 1,600  m,  from  French  Guiana raised-nerved,  the  lower  (abaxial)  side  more  strong-      ̂ ^^^  ̂ ^  ̂ ^^  ,^^  savannas  of  southeastern  Colombia, 
ly  nerved,  the  costa  raised;  in  the  longer  leaf  length      southward  through  Amazonian  Brazil  to  Minas  Ge- range,  the  clasping  base  narrower,  thinner,  grad-      ̂ ^j^  ̂ ^^  g^^  p^^,^ 
ually  or  abruptly  narrowing  to  narrowly  linear,  less 
folded,  more  often  flat  blades,  both  sorts  of  leaf 

usually  with  thin,  entire,  pale  contrasting  borders, 
both  with  variously  thickened,  attenuated,  usually 
triquetrous  tips,  these  either  subulate  or  short-con- 

Additional  material  examined  (a  selection  to  repre- 

sent geographical  and  morphological  range).  Brazil. 
AMAZONAS;  Transamazonica,  Pedra  Caida,  13  Apr.  1983, 
A^.  A.  Rosa  et  al.  1062  (MG,  NY,  VDB);  Rio  Branco, 

1909,  Ule  7762  (K).  bawa:  Serra  do  Rio  Contas,  21 
c,  sometimes  spmulose  or  with  a  short,  eccentric  j^^^   ̂ ^^^^  ̂ ^^^^^  ̂ ^^^^  ̂ j^Y^  US),  distrito  federal: pnckle.  Scapes  l-several  per  rosette,  mostly  stiffly  Brasilia,  dez.  1961,  Cobra  &  Belem  106-61  (NY,  UB). 
erect,  distally  0.8-1.5  mm  thick,  terete,  less  often  coias:  16-17  km  N  Alto  Paraiso,  8  Mar.  1973.  W.  R, 

slightly  angled  or  sulcate,  sheathed  at  base  by  2-  Anderson  6637  (F.  K,  MO,  NY,  U,  US);  Morro  do 
3  lancf^  ohl..r..r    "    f.  -     *  •        I.    ̂       A  Leal  Rcdondo,  7  Aug.  1895,  Glaziou  22284  (K,  US);  7  km 
^  idnce-ot)long,  imbricate,  scarious-bordered  basal  wr    r  a/     j  •        i  c  r  u    ioaa    i  /  /    i^ony  iv hra  f        •  L  r  W  of  Vcadeiros,  15  Feb.  1966,  Jrwin  et  at.  12907  (r, 
tracts  with  narrow,  strongly  nerved,  greemsh  or  ^.^    ̂ q    ̂ S,  VDB);  Alto  do  Paraiso,  21  Mar.  1971, 
inaroon  median  areas,  the  midrib  strongest  and  /wiVier  a/.  52S70  (F,  K,  NY,  US,  VDB);  Jatai  to  Goiania, 

often  long-excurrent  or  spinulose;  scape  bracts  usu-  1  Oct.  1 963,  Maguire  et  al  57001  (F,  US),  mato  grosso: 

aDy  1  pair,  slightly  to  very  unequal,  narrowly  lance- 
oblong,  1.5-3  cm  long,  conduplicate,  the  convex 

Salgareira  Bridge,  Cuiaba,  Antonia  &  Assumcao  1456 

(NY,  this  the  "brasiliensis"  morph);  Serra  do  Roncador 
NNE  Xavantina,  6  Oct.  1968,  G.  &  L.  Eiten  9140  {NY 

oacks  raised -nerved,  the  costa  forming  a  blunt  or  uQy  Santa  Fe,  Sidrolandia»  23  Jan.  1970,  Hatsrhhach 
subulate,  spinulose  or  eccentrically  spinose  mucro  26047  (US);  Rio  Langrador.  Lindman  A.  2421  (MO) 

^i-  cusp;  spikes  mostly  ellipsoid  to  narrowly  obovoid  Xavantina-Cachimbo  Rd     D.  Phllcox  el  al  34^2  {K) 
(turbinflt*.^   ft    It;  1  u-   ui  ■  ki    \^  r.\.f  minasgerais:  35  kmSWGouveia,  J«der5oneM/- J5W9 

UirDmate),  8-15  mm  long,  highly  variable  m  pig-  ̂ ^^  ̂ g^.  Carandai-Brejao,  Duarte  682  (US);  Bom  Sue- "lentation,  from  pale  yellow-green  to  deep  red-  ̂ ^^^^   j^  Barreto  9659  (F);  5  km  de  Itacambira,  Ka 
purple  or  brown-purple,  the  bracts  (2-)4(-6),  the  wasaki  et  al  6608  (K).  para;  Alto  Tapajos,  Rio  Cururu 

lowest  usuaUy  broader  and  sUghtly  longer  than  the  Anderson  10963  (F,  MO,  NY,  US);  campos  do  Ariramba inn**r   ̂ 11         -11  11  ^    1  1  I  Durke  Herb   no   11454  (US);  Ilha  do  Marajo,  R.  Lima 
™ier,  all  navicular,  broadly  ovate,  6-1 1  mm  long,  ̂ ^,f:^^  d-     n  if«^»;r^  dniiR  (\:\ wCtU  k        1  .  .       /  ,  1         11  42  (US).  rORAIMA:   Rio  Branco,  Maguire  40118  (K). 

ixn  t)road,  scanous  borders  and  broadly  ovate,  qu^ana.  St.  Ignatius,  R.  GooJ/a«rf  335  (NY);  he  Swamp, 
thickened  medial  areas,  these  few-ribbed,  the  mid-  Goodland  884  (NY);  Nuinatta,  Rupununi  River,  Jenman 

**  (costa)  mostly  excurrent  as  a  short,  thick  cusp,  5720  (K);  Palaime  Savanna.  /  G,    Wesseh  Boer  801 

^his  sometimes  with  a  short  eccentric  prickle;  sepals  (NY,  U).  Surinam  Gros-savanna  (prope  ̂ ^If^^^^^^ 
2,  lateral    U      -f  T  X.         k*^«J;r,^  Donselaar  722   U);  Sipahwim  Savanna,  Oldenburger  et '  iateraJ,  lanciform,  ca.  as  long  as  the  subtendmg  ^,  ̂ ^^  ̂ ^^^  VrMrymri  a.  territorio  federal  amazonas: 
t^^^act  but  slightly  elevated  above  its  base,  therefore 

^ith  tips  frequently  exsert,  the  sides  scanous,  the  (MO);  Puerto  Ayacucho  to  El  Burro,  Davidse  &  Iluber 
'^cel  firm,  curved,  entire,  excurrent  or  not  as  the 

  ^_,.    enezuela 
Rio  Orinoco  2  km  no  arriba  dc  Macuruco,  Berry  792 

Barbara 
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Figure  1 4. 
'*^^^^^"^»P''l^l^<'{l''Ur,dnJlarley&  Smith  32870;  Krai  &^^^^ 

leaf  outlines. — c.  opik  i  ̂       .    , 

a.Habit.-b.Va
rio« 

olU. 

Rtamens. r  -d.  FertJc  bract,  external  view  (left),  side  view  (right).-e.  Lateral  sepal.-f.  Spread  cor 
g   StamenUeft);  gynoecium  (right). -h.  Stylar  base  with  appendages. -i.  Capsule  (below),  inner  ̂ ^f* 

valve   above).-,   Seed. -k.  One  type  of  leaf  apex,  abaxial  side  (left);  two  midblade  sectors,  adaxial  side  (center Abaxial  :^ide  (nglu). 

f 
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Tillett  5390  (US,  VEN);  bajo  Rio  Ventuari,  Huber  1958  gradatim  vel  abrupte  contract!,  incrassati,  ad  apicem  ob- 

(MO,  NY,  U,  US);  30  km  N  Puerto  Ayacucho,  Huber  tusati  vel  excurvato-mucronati;  margo  leviter  vel  valde 

3806  (K,'mYF,  NY,  VDB);  5  km  NE  Galipero,  Krai  &  incrassata,  scabra;  paginae  superiores  planae  aut  leviter 
Huber  70731  (MO,  VEN,  VDB);  Orinoco  10  km  above  convexae,  inferiores  concavae  vel  planae  aut  prominente 

mouth  of  RJo  Ventuari,   Wurdack  &  Adderley  43688  2-3-costatae.  Scapi  solitarii,  scabrosi,  6-10  cm  alti,  0.5- 
0.7  mm  lati,  ad  basim  leviter  compressi  vel  trlcostati  et 

sulcati,  ad  apicem  teretes.  Vaginae  scaporum  erectae, 
linearo-Ianceolatae.  subulatae,  convexae»  leviter  striata©, 

inaequales,  2-jugatae,  pari  infimo  basali,  pari  snj>ero  ca, 

%  distanti  a  basi  scaporum,  vaginis  exteriores  1-1,5  cm 

longis,  longitudine  X'Va  interiores  aeipiantibus.  Spica  an- 

(GH,  US).  ANZOATEGUI:  Cienaga  del  morichal  del  Tigrito 

Pittier  15080  (US),  bolivar:  8-10  km  SSE  Yuruani 
Huber  &  Febres  9181  (MYF,  VDB);  3  km  SW  Peray 

tepui,  Huber  &  Alarcon  9689  (MYF,  NY,  VDB,  VEN) 

Salto  Aponguao,  Krai  &  Gonzalez  7041  (GH.  MO,  NY 
US.  VDB,  VEN);  Ruemeru,  S  of  Mt.  Roraima,  Steyer  ^  ^ 

mark  59178  {¥,  K,  NY,  US);  Uriman,  Steyermark  75244  guste  turbinata,  1.1-1.4  cmlonga,  pauciHora  (floresprno- 

(NY);  Agua  Amena,  Steyermark  et  aL   131437  (MO.  ter  4);  bracteae  2-jugatae,  sul..l«»russatae,  lance
olata*N 

VDB,  VEN);  between  Ciudad  Piar  and  S  base  of  Cerro  incrassato-subulatae.  1-L4  cm  longae,  convexae,  a  mhmIio 

Bolivar,  Wurdack  35751  (NY).  ad  apicem  carinatae,  scabridulae,  aJ  apicem  obtusae,  mc- 
diane  virides,  late  scariomarginatac.  Sepala  2,  lateralin, 

This  is,  along  with  Abolboda  americana,  the  subopposlta,  lanceolata,  inequilateralia,  ca.  1  cm  longa, 

widest-rangine  and  most  morphologically  variable  curvata,  anguste  acuta,  a  medio  ad  apicem
  acute  carinata 

r.C  ,u       u  Tu  J        *u        *  •         *  '  '   rr  ♦kot  fU^  scabfidula.  Corolla  azurea,  ca.   1  cm  longa.  Slaminodia 
oi  the  abolbodas;  thus  it  is  not  supnsmg  that  the  ̂ 'r^     v-  .     u      l-      i     •     o«*Tn«f  MJ.uun^   n    1  mm 

T      1      T^        T         1        1  bibrachiata.  brachns  planis.  anguste  oblongib,  ca.  1  mm 
synonymy  is  so  elaborate.  In  the  Brazilian  planalto  j^^^j^    Antherae  oblongae,  ca.  1  mm  longae;  filarnmta 
A.  pulchella  is  a  common  associate  of  A.  poar-  ^a.  1.5  mm  longa.  Appendices  stylorum  3.  recurvatae. 

chon,  though  where  the  two  share  the  same  wet  clavatae,  l-redactae.  Capsula  obovoidea.  ca.  2.5  m
m  Ion- 

A         1   1    11  111  w  0\    nhsrnrp  trilohata    valvis  ad  apicem  inflexis  et  erosis. 
campo  A.  pulchella  tends  to  be  lower,  usually  more  6^>  oDscure  iruondid     *ii  .  [  ^  c,  ̂ ^  i^^^^ 
,     J  ̂   _  ,  -^       .  Semina  late  asymmetrice  obovoidea,  ca.  U.b  mm  longa, 

slender,   with   narrower,    thmner,    more   tapering  i^^gij^dine  valde  12-1 4-costata.  anthrarina. 
leaves,  narrower  scapes,  smaller  and  fewer-flow- 

ered spikes,  and  more  slender  rhizomes.  Typically, 

about 
Perennial,  densely  caespitose  herbs,  all  but  the 

bases  and  inflorescence  scabrid  and  scabrid-rugose. 

same  size  and  color,  are  open  sooner  in  the  day.       Roots  spongy.  Stems  short,  ascendi
ng  up  to  2-3 

Some  recently  described  variations,  such  as  the      cm  long,  the  bases  covered  
by  old  leaves.  Outer longifi 

Downs,  have  leaves  and  scapes  in  the  long  range      rowly  triangular;  principal  fo
liage  leaves  erect  to 

spreading,  slightly  recurved,  3   6  cm  long,  dilated 
above 

those  in  the  type  variety.  However,  such  elongate-  at  base,  ca.  5-costate,  then 
 above  abruptly  con- 

leaved  extremes  might  be  seasonal  and  moisture  tracted,  2-3-costate;  blades  0.5
-1  mm  wide,  pale 

expressions,  in  that  the  same  variation  can  be  found  green,  somewhat  compres
sed,  transversely  irrcg- 

to  the  north  of  the  described  Brazilian  range  (Para, 

Mato  Grosso).  The  variety  of  intermedia  Lyman    j  ̂  

lerstood  by  them  to  be  a  curved-mucronate;  margi
n  slightly  to  very  thick- 

tuberculal 
obtuse 

o.  bmith  &  Downs,  understood  by  them  to  be  a 

variant  with  a  larger  number  of  flowers  per  spike 

and  with  spike  bracts  bristle-tipped,  appears  to  me 
to  l>e  a  part  of  A.  poarchon. 

somrwl 

vex,  the  lower  surface  concave  to  flat  or  prominently
 

2-3-costate.  Scape  solitary,  scabrous,  6-10  cm 

high,  0.5-0.7  mm  wide,  at  base  somewhat
  com- 

13.  Abolboda  scabrida  Krai,  sp.  nov.  TYPE:  pressed  to  tri
costate  a„.l  sulcate  toward  apex  le- 

Venezuela.  Territorio  Federal  Amazonas:  Dep-  rete.  Sca
pe  bracts  erect,  linear-lanceolate,  subu- 

to.  Rio  Negro,  Cerro  Aracamuni,  summit,  Proa  late,  convex,  sl
ightly  striate,  unequal,  m  1  pairs. 

Camp,  medium  height,  semi-open  forest,  28  the  lower  pair 
 basal,  the  upper  pa.r  ca.  %  way  up 

Oct.  1987,  R.  Liesner  &  G.  Carnevali  22598      from  scape  base
,  the  lower  one.  1    1  o  cm  long. 

%-V^  as  long  as  the  upper.  Spike  narrowly  t
urbmate, (holotype,  VEN;  isotypes,  MO,  VDB).  Figure 15. 

1.1 
red 

subd 

Hert)a  perennis  densicaespitosa,  praeter  innorescen- 
^^  et  bases  scabrida  et  scabrido-rugosa.  Radices  spon- 

p**ae.  Caules  breves,  ascendentes,  usque  ad  2-3  cm 
^f»gi,  per  bases  persistentes  veternas  foliorum  obtecti. 
rolia  extirna  rosularum  pro  parte  maxima  vaginalia,  an- 
P»"te  triangulata;  folia  principalia  erecta  vel  expansa, 
*v»ter  excurvala,  3-6  cm  longa,  ad  basim  dilatata,  ca. 
^"•stata,  sursum  abrupte  contracta,  2-3-costata;  lami- 
•"^  0.5  1  mm  latae,  pallide  virides,  leviter  coiiijireb^ae, 
traasversim  irregularitcr  rugosae  et  tuberculatae;  apices 

subulate,  1  - 1 .4  cm  long,  convex,  from  midd
le  to 

tip  carinate,  scabridulous,  at  tip  obtuse,  
medially 

green  with  margins  broadly  scarious-bo
rdered.  be- 

palh  2,  lateral,  subopposite,  lanceolate, 
 inequilater- 

al,  ca.  1  cm  long,  curvate,  narrowly  ac
ute,  from 

middle  to  tip  sharply  and  scabridulously
  carinate. 

Corolla  blue,  ca .  1  <  mlong-StamiiKnlia  
bU.rarhiate, 

the  branchcb  flat,  narrowly  ̂ .hlong,  ca.  1  mm  long. 
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Figure  15.      Abolboda  scahrida  {Liesner  &  Carnevali  22598).— a.  Habit.— b.  Leaf  tip.— c.  Sector  of  leaf  bla^^ 
abaxial  side.— d.  Sector  of  leaf  blade,  adaxial  side.— e.  Leaf.— f.  Spike  and  upper  scape.— g.  Outer  spike  bract,  a 
view  (left),  adaxial  view  (right). -h.  Lateral  sepal,  abaxial  side  (left),  side  view  (right).— i.  Scape  bract  P^'^'J, 

view.— j.  Style,  showing  appendages  and  stigma.— k.  Stamen.— 1.  Staminode . — m .  Capsule  and  style  base.-n.  5««^- 

Anthers  oblong,  ca.  1  mm  long;  filaments  ca.  1.5      obovoid,  ca.  0.5  mm  long,  longitudinaOy  strongly 
mm  long.  Stylar  appendages  3,  reflexed,  claviform,      1 2- 1 4-ribbed,  coal  black. 
1    appendage  reduced.  Capsule  obovoid,  ca.  2.5 

mm  long,  obscurely  trilobed,  the  valves  at  apex 
Distribution.      Known  only  from  the  type- 

inflexed  and  erose.  Seeds  broadly  asymmetricaUy  Abolboda  scabrida  is  closely  related  to  A.  aci^ 
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Smith bliuit 

the  variety  granulans  Maguire,  but  foliage  and  long,  equaling  the  rest  or  a  little  longer.  Sepals  2, 
scapes  are  rugose  and  scabrid  (rather  than  smooth  slightly  inequilateral,  navicular,  oblong-elliptic,  6.5- 
or  granular),  petals  are  blue  (rather  than  white),      8  mm  long,  acute,  strongly  but  narrowly  unicostate, 

the  sides  thin,  the  costa  entire,  short-excurrent. 

Corolla,  stamens,  and  apex  of  style  not  seen.  Stylar 

appendages  2,  clavate,  reflexed,  ca.   1  mm  long. 
Caosule  obovoid,  2.3  mm  lone,  the  valves  anicallv 

are  smaller. 
xinique 

14,  Abolboda  dunstervillei  Maguire  ex  Krai, 

sp.  nov.  TYPE:  Venezuela.  Territorio  Federal  thickened,  obtuse  or  slightly  emarginate,   tuber- 
Amazonas:  summit  of  Cerro  Avispa,  Rio  Siapa,  culate-papillate.  Seeds  broadly  obovoid,  ca.  0.5  mm 

rSO'N,  65°51'W,   1,510  m,  5  Dee.   1972,  thick,  dark  red-brown,  longhudinally  spirally  12- 
G.C.K.  &  E.  Dunsterville  sm.  (holotype,  NY).  14-costate. 
Figure  16. 

This  plant,  thus  far  known  only  from  the  type. 

boda  acicularis  and  to  A,  scahrida  Krai.  From 
Planta  perennis,  dense  rosulata,  densicaespitosa;  radi-  is  closest  taxonomically  to  the  varieties  of  Ahol- 

CCS  graciles;  caules  breves.  Folia  principalia  erecta  vel 

illbrl  ̂T^'fi  "^''^^'  ̂ ~^  '™  ̂™^^1  P-^'"^"  ''^''^'^'  the  former  it  is  distinguished  by  its  uniform  leaves, giacra,  aut  ad  basim  et  apicem  versus  leviter  papillose-  ,     _             _                 5^.           , ,                   t        i 
rugulosa;  vaginae  scariosae,  ad  basim  2,5-3.5  mm  latae,  ̂ ^ich  are  flatter  and  have  blunter,  umformly  ec- 

5-costatae,  sursum  gradatim  contractae;  laminae  vaginis  centrically  mucronate  tips,  and  by  the  coarser  in- 

2-3-pIo  longiores,  anguste  lineares,  9-10  cm  altae,  rec-  dument  of  scape.  From  the  latter  it  is  distinguished 
tae,  teretes,  0.7-0.8  mm  crassae,  ecostatae,  transversim  j^y  j^g  smoother,  flatter  leaf  blades  and  by  its  smooth, Uiberculato-rugosae;  bractae  scaporum  1-jugae,  ad  cir- 
cum  medium  scaporum  involutae.  oblongo-lanceolatae, 
ieviter  impares,  bracteis  extimis  valde  convexis,  viridibus, 
margine  late  scariosis,  acutis,  mucronatis,  leviter  impari- 
Dus,  bractea  extima  9-10  mm  longa,  bractea  intima  12- 
14  mm  longa.  Spicae  turbinatae,  circa  1  cm  longae,  4- 
o-tiorae,  si  5-florae  hoc  detactae;  bracteae  4-5,  lanceo- 
iatae,  convexae,  virides,  margine  late  scariosae,  a  medio 
ad  apicem  carinatae,  subulatae,  ad  apicem  excentrice 
mucronatae,  usae,  duabas  extimis  9-10  mm  longis,  ceteris 
aequantibus  vel  parum  longioribus.  Sepala  2,  leviter  in- 
equilateralia,  navicularia,  6.5-8  mm  longa,  acuta,  valde 
unicostata,  costis  breviter  excurrentibus.  Corolla,  stamina 
et  apex  stylorum  non  visa.  Appendices  stylorum  2,  cla- 
vatae,  pendulae,  ca.  1  mm  longae.  Capsula  obovoidea  2.3 
«im  Jonga,  valvis  ad  apicem  incrassatis,  obtusis  vel  leviter 
wnarginatis,  tuberculato-papillosis.  Semina  late  obovata, 
^a.  0.5  mm  crassa,  atroferruginea,  longitudine  spiraliter i-i-14-costata. 

rather  than  granular-papillate,  bract  costas  and 

sepal  keels. 

15.  Abolboda  acicularis  Idrobo  &  Lyman  B. 

Smith,  Caldasia  6:  250.  1954.  TYPE:  Colom- 

bia, Vaupes:  terrestrial  herb,  savanna  de  Ya- 

poboda,  Alto  Rio  Cuduyari,  10  Dec.  1943,  F. 

H,  Allen  3150  (holotype,  COL;  isotypes,  NY, US). 

15a-    Abolboda    acicularis    var.    acicularis. 

Figure  17. 

Tufted  glabrous  perennial,  or  rosettes  solitary, 

the  stems  short  or  slightly  elongate,  in  either  case 

invested  by  chaffy  remnants  of  old  rosette  leaves, 

the  roots  spongy -thickened.  Initial  rosette  leaves 

Plants  perennial,  densely  rosulate,  densely  caes-  (including  those  of  new  shoots)  short,  linear-su- 

P^tose;  roots  slender;  stems  short.  Principal  leaves  bulate,  mostly  1  cm  long  or  less,  straight  or  curved 

^rect  to  slightly  spreading,  rigid,  2-4  cm  long,  pale  outward,  stiff,  bases  broad,  pale,  thin,  clasping, 

g^'een,  smooth  or  sUghtly  papillose -rugulose  at  base  triplinerved,  broadly  scarious-margined,  abruptly 
and  toward  apex;  sheaths  scarious,  at  base  2.5-  narrowed   to  linear- triangular,   thickened   blades, 

3.5  nun  wide,  5-costate,  gradually  narrowing  up-  these  subulate-tipped  or  with  short  prickles,  pale 

^ard;  blades  2-3  times  longer  than  the  sheaths,  to  deep  green,  the  adaxial  face  plane  or  Ungulate 

narrowly  linear,  0.40.7  mm  wide,  for  the  most  with  pale  hyaline,  narrow  border,  the  abaxial  side 

part  straight,  compressed,  triplinerved,  toward  the  convex,  usually  strongly  pale-costate  medially,  these 

^ip  thickened,  at  tip  obtuse,  eccentrically  mucro-  initial  leaves  sometimes  passing  directly  to  basal 

^ate.  Scapes  linear,  9-10  cm  high,  straight,  terete,  scape  bracts  but  more  often  abruptly  changing  to 

^•^-0.8  mm  thick,  ecostate,  transversely  tuber-  spirals  of  longer  rosette  leaves,  these  1.5-3(-5) 

Higose;  scape  bracts  1  pair,  toward  midscape  cm  long,  with  narrower,  shorter  bases  in  relation 

^^olute,  lance-oblong,  slightly  unequal,  the  outer  to  the  longer,  more  evenly  linear,  mostly  recurved 

l^^  9^10  mm  long,  the  inner  1214  mm  long,  blades  0.3-0.5  mm  broad,  these  eccentrically  mu- 

cular- 

Spikes  turbinate,  ca.  1  cm  long,  4-5.flowered,  fifth 
^^er,  if  present,  reduced;  bracts  4-5,  lanceolate, 

cronate,  mucronulate  or  short-setaceous-subulate, 

thickened,  mostly  plane  or  Ungulate  adaxially,  con- 

convex,  green  with  broad  scarious  margins,  cari-      vex  and  commonly  costate  medially,  in  cross  sec- 

^^te  from  middle  to  tip,  subulate,  at  tip  eccentri-      tion  triangular.  Scapes  1-few  per  rosette,  erect  or 
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ial  (left) 

f'-rL\^.\,-^^''^*/'.''"/"'"'':'t"^'  (^-  ̂-  ̂   *  ̂-  Dunsterville  5.«.).-a.  Habit.-b.  Leaf.-c.  Adaxi 

-e.  Leaf  base,  abaxiai  side.— f.  Scape  brad^ 

j.  Stylar  appendages,      k.  Capsule.— 1-  ■'^^ 

arul  side  (r.ght)  v^ws  of  leaf  t.p.  ̂ d.  Sector  of  midblade,  abaxial  side. 
g.  bpike.  — h.  bide  view  of  basal  bract  of  spike.— i.  Lateral  sepal. 

ascending,  terete,  (7-)10   30  cm  long,  pale  green,  ar,  unequal,  the  innermost  longest,  2-3  cm  long. 
smooth  or  papillose,  sometimes  longitudinally  stri-  stramineous,  with  broad  scarious  borders  and  nar- 
ate  the  bracts  unequal,  those  at  scape  base  usuaUy  row  firm  costae,  these  tapering  to  subulate-seta- 
3-4,  conduplicate-cla.sp.ng,  .mbricate-spiral,  line-  ceous  tips;  scape  bracts  rarely  lacking,  mostly  I 
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Figure  17.  ̂ 6o/6oda  acicu/am  var.  acicularis  (fluber  3938;  Wurdack  &  Adderley  42851) 

SJort  rosette  leaf,  abaxial  view  (left),  adaxial  view  (right).-c.  U>ng  rosette  leaf  adaxml  ̂ '«^^ /'^^  '  ̂^P^^-^f ̂^^^^ 
»baxial  view  (right)  -d  Spike  -e  Lowest  spike  bract.-f.  Lateral  sepal.-g-  Spread  corola  w.th  sUmens^ 

 h^ 

Stamen.-i.  Gyn Jcium'. -j  Enlarged  style  b'ase  showing  lateral  appendages  (left),  a  s.de  v
iew  showu*  reduced 

■Ppendagp  (right).— k.  Capsule  (left),  a  side  view  of  a  valve  (right).— 1.  Seed. 
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subequal 2  cm      15b*    Abolboda   acicularis    var.    granulans 

long,  conduplicate,  erect,  the  bases  with  broad, 

pale,  scarious  borders,  the  medial  zone  thick,  con- 

vex, mostly  3 -ribbed,  the  costae  convergent  above 
to  a  prominent,  cusplike,  thickened,  linear,  often 

triangular  apex,  this  ending  in  an  eccentric-subu- 

late-spinulose  tip  or  a  bristle-mucro;  spikes  pale 

green,  broadly  turbinate,  1-1.5  cm  long,  l(-3)- 
flowered;  spike  bracts  all  fertOe,  longer  than  the 

sepals,  loosely  spirally  set,  the  lowest  slightly  lon- 

ger, 9-14  mm  long,  oblong-lanciform,  all  navic- 
ular, with  thickened,  convex,  pale  green,  low-nerved 

medial  areas  and  at  base  broadly  pale-scarious- 

Magulre,  Mem.  New  York  Bot.  Card.  10:  18. 

TYPE:  Venezuela.  Territorio  Federal  Amazo- 

nas:  Sabana  Venado,  left  banks  Cano  Pimichm 

above  Puerto  Pimichin,  Rio  Guainia,  above 

Puerto  Pimichm,  140  m,  23  Nov.  1953,  Ma- 

guire,  Wurdack  &  Banting  36341  (holotype, 

NY;  isotype,  US).  Figure  18. 

Low,  stiff,  rosulate,  short-lived  perennial,  the 

stems  short,  tufted,  the  roots  spongy-thickened. 

Leaves  fairly  uniform,  erect  to  ascending  or  (com- 

monly) spreading-recurved,  the  principal  ones  (ex- 
,       1       J   ,          J                                            II         1        eluding  juvenile  or  new  shoots)  l-3(-5)  cm  long, bordered,  toward  apex  convergent  to  a  thickened-      ,__J„^„„  ._.   .   „  .-,  ,    i   r^,,^A 
linear,  trigonous,  apiculate  to  short-spinulose  tip; tapering  from  broadened,  spongy-dilated,  5-nerved 

I  11    1     ,  .        .f  ,  \^,  1    ̂'      clasping  bases,  gradually  to  fairly  abruptly  tapering mner  sepal  usually  lackmg,  if  present  oblanceolate,      .       ̂ .  ,  .  ,         j  u  i   j         L  \ 
ecarinate,  apically  narrowly  rounded  and  scarious. into  linear,  thickened  blades,  these  pale  green  or 

1      ̂       ̂ 1        ̂ 1      1  ,      1      1  ,      1           1        V          1  olivaceous,  variously  papillate  or  low-tubercuiaie, snorter  than  the  laterals;  lateral  sepals  subequal,  _                                  j   r  r 
If              A         '     \        n    ck           \                    .  their  tips  eccentrically  acute-mucronate  or  mu- iancilorm  and  navicular,  7-9  mm  lone,  curvate-  ,  ̂       ,         ,        ,     . ,     i-       i             i      i  ̂r 
111                        1       ,               •    1         .u     xv>  1  cronulate,  the  adaxial  side  Imgulate  to  level  or keeled,  scarious  and  pale  except  along  the  thick-  ,    ,   ,                                     ,             ,           •      *u    oK 

1         .■       ,      1            1,      1  r    1-7            1  slightly  convex,  thickened  toward  margm,  me  an- ened,  entire  keel;  corolla   15-17  mm  long,  near  .  ,    . ,       .  ,                  ,         .     ,        j-            ♦o  anr^ 
,  1  ..     /            ...                ,.       Ill         11           ,  axial  side  with  a  strongly  raised  median  costa  anu 
white  (cream),  the  spreading  lobes  broadly  ovate,  ^  ̂ 

thickened  borders,  in  cross  section  subtriquetrous, apically    rounded,   entire;    staminodia    apparently  ,            ,                   '    ̂                .^               in  .^^A 

lacking;   anthers   lance-oblong,   ca.    2    mm  long^  the  angles  rounded.  Scapes  st
iff,  terete  low-flut^^^^^ 

shorter  than  the  filan.ents,  the  connective  wide!;  P^P^^^^*^  *
«  ̂ ^'^  ̂ "-*^'  3"  ̂  ̂  cm  h.gh,  sheathed 

at  base,  apiculate  at  apex;  style  8-10  mm  long,  ̂
*  ̂ ^^f  ̂^  ̂ -3,  lance-linear    scanous-bordered 

the   base   triquetrous,   producing   3   reflexed   ap-  T""^^^
  carinate-costate  basal  bracts  to  1  cm  long, 

pendages  at  ca.   3  mm  above  base,  the  laterals  thei
r  tips  subulate;  scape  bracts  1  pair  (rarely  lack- narrowly  claviform,  the  median  one  filamentous  or 

very  narrowly  clavate.  Capsule  ellipsoid-cylindric. 
ing),  subequal,  lance-linear,  5-13  mm  long,  erect 

costate  and  tipped  as  in  basal  bracts,  located  /3- 

ca.  5  mm  long,  the  valves  thickened,  parLulari;  '^  *^  ̂ ^^P^  ̂
^^^'^  f''^™  ̂ he  base;  spikes  sol  t  ay 

at  apex,  there  slightly  emarglnate,  sparsely  tuber-  ""'  2,  the  lo
uver  one  on  a  narrowly  ascending  b  anc 

culate-papillose.  Seeds  wedge-shaped  or  eccentri-  ̂ '^'^  '^"^  ̂°"§  ̂ ^^^  '^^  ̂^^  ̂^  ̂  TT       fthe 

cally  oblong,  6   9  mm  long,  longitudinaUy  irregu-  ̂ P^^^^  ̂ ^rh^n^^^,  to  1  cm  long,  2-4-flowered 

larly-and-sinuously-ribbed,  some  ribs  narrowly  "PP^rmost  flower  usually  reduced;  
bracts  lan   ̂ ^ 

hyaline-alate,  the  ribs  connected  transversely  by  '^*^'  *^^  ***^^"*  "^'^htly  longer,  ca.  
1  ̂m Jong, 

many  low,  indistinct,  rounded  ridges.  conduplicate,    clasping-based,    scanous-bora       , 

with  thickened,   pale  green,   convex,  indistmcu)' 

Distribution.      Infrequent    at    low    elevations  5-nerved  dorsal  areas,  and  narrowed  above  to 

CI 

r 
I 

J 

h-
" 

(100-150  m),  white  sand  savanna,  Territorio  Fed-      thickened,  subtriquetrous,  cuspidate  tip  as  m  leaves, 

eral  Amazonas,  Venezuela,  west  to  southeastern      sep^^s  2,  rarely  3,  the  inner  (if  present)  shories , 

oblanceolate,  ecarinate,  to  5  mm  long,  distally  sca 

ious,  rounded,  the  laterals  unequal,  6-7  mm 

Colombia  (Amazonas,  Vaupes), 

Ca 

Additional  specimens  examined.     Colombia 

*  m  W  Cacagual,   Maguire  et  aL  36288  (P 

(CII,  K,  US);  Rio  Parana-PIchuna,  Schnftes  &  Cabrera 
19966   (GH.    US);   Mitu,    Zarucchi    1354  (GH,   US). ITORIO 

pacana-cano  Yagua,  Htiber  2578  (NY);  sabanas  de  Gun- 

]t\*Jl^tZ  *^l^L.^^V  ̂ '^X^  ̂'**  Guayapo,  lluber  3838 

long, 

lanceolate,  navicular,  sharply  acute,  scarious 

cept  for  the  thickened,  strong,  pale  green,  smoot  , 

keeled  midzone;  corolla  white  or  near  white,  c 

15  mm  long,  the  spreading  lobes  broadly  ovate, 
rounded,  staminodia  none  or  1,  arising  low  in 

corolla  tube,  narrowly  filiform  with  a  clavate,  in- 

curved apex;  anthers  ca.  1  mm  long,  the  oblong 

the 

NY^  SF  r        r  rr  r^T.oT^f^r""^''  ̂ ^^^  t^ecae  divaricate  at  base  by  dUated  connective, (NY);  hE  Cerro  Cucunto.  ffuber  6236  MYF.  NY,  VDB);  r,  .  ,  ,  .  i     u    ̂   f rinuetrous- 

Cacacual  savanna.  R.'o  Atabapo.  Maguire  et  al.  42435  ̂ ^"»«n»s  ca.   1   mm  long;  style  base  '"*I"^*^^,^ 
V   /.   »aiae,  Cano  Caname,   W^urdark  &  ̂ '^te,  the  appendages  arising  at  its  base,  e       ' 

Ailiirrlry  42851  (GH,  NY).  BouvAR:  3  km  SW  Peray-  clavate,  ca.  1  mm  long,  the  lateral  one  reduc<j^- 

''     '    "  '  "  "    "     '""  9689  {NY).  short-linear,  the  stylar  apex  infundibular  and  !«■ 

Ca 

1 
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Figure  1 8 
Aholhoda  acicutaris  var.  granulans  (Sieyermark.  Berry  &  Delascio  130352;

  Wurdarh  &  Add.rley 

a.  Habit.-b.  Adaxial  view  of  leaf  (above),  abaxial  view  of  leaf  (below).  
—  ̂ ^"»^-  -^   Ab..tal  v.^w  flpft^ 

iews  of  stylar  base. e.  Lateral  sepals  and  capsule.  — f.  Spread 

c.  Spike.  — d.  Abaxial  view  (left) 

roUa,  stamens.— g.  Cynoecium.— 

lumella,  septa  of  2  loruli».— j.  Se<ML 
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ciniate-fimbriate;  ovary  apex  thickened,  crested  with  nules.  Scapes  stiffly  ascending  or  erect,  19-55  cm 

tubercles  and  papillae.  Capsule  oblong-obovoid,  3-  long,  terete,  1-1.3  mm  thick,  multicostulate,  pa- 
3.5  mm  long,  the  valves  very  thickened  at  the  pillose  to  scabrid  apically  and  at  base  enfolded  by 

tuberculate,   incurved   tips.   Seeds   subglobose  or  oblong-elliptic,  erect,  imbricate  bracts  to  3  cm  long, 
asymmetrically  broadly  obovoid,  ca.  0.5  mm  long. these  with  broad,  scarious  borders,  the  convex  backs 

coarsely  longitudinally  10- 11 -ribbed,  the  intervals  apically  strongly  keeled  and  costate,  the  central 
finely  transversely  corrugated. 

Distribution.  Infrequent  in  low-elevation 

(100-400  m)  white  sand  savanna,  from  Territorio 
Federal  Amazonas  in  Venezuela  westward  into  Vau- 

pes,  Colombia. 
Additional  specimens  examined.  COLOMBIA.  VAUPES: 

Puerto   Inirida,   Garcia-Barriga   20. 824  (US);   Arara- 

costa  excurrent  as  a  green,  blunt-tipped  mucro; 

scape  bracts  1  pair,  below,  at,  or  just  above,  mid- 

scape,  unequal  or  subequal,  erect,  strongly  con- 

duplicate,  oblong-linear,  3.5-5  cm  long,  the  con- 

vex backs  strongly  ribbed,  the  midcosta  excurrent 

as  a  strong  blunt  mucro  or  cusp,  the  broad  borders 
r\a}f*     ci-ariniiG     f^nf\rt>'    QniWf*   ̂ nlitarv  and  terminal, 

TERRITORIO  FEDERAL  AMAZONAS:  Santa  Cruz,  Foldats  3685 
(NY);  Chapezon,  laja,  Liesner  &  Carnevali  22923  (MO, with 

VDB);  Sabana  Venado,  Cano  Pimichin,  Maguire  &  Wur-      borders  and  mediaUy  thickened,  their  c
onvex  DacKs 

dack  35594  (NY,  US);  N  Cerro  ViniUa  SSW  Ocamo, maroon,  multiribbed 

Steyermark  et  al  730552  (VDB,  YEN),  i30369(VDB,      scaberulous,  thickened,  blunt-tipped  cusps;  sepals 
YEN);  Sabana  Venado   Cano  Pimichin,  Wurdack  &  Ad-      2,    navicular-curvate,    8-10 derley  43295  (NY,  US). 

mm 

thickened,  the  keel  narrow  but  firm,  entire  or  pa- 
Several  differences  in  character  between  this  pillate;  corolla  12-13  mm  long,  the  obovate  lobes 

and  variety  acicularis  can  tempt  one  to  distinguish  blue-violet,  slightly  shorter  than  the  tube;  stami- 
the  two  as  species.  Among  these  characters  are,  nodia  23,  filiform-clavate;  stamens  with  anthers 

for  variety  granulans,  a  coarser  indument,  a  dif-  ca.  1  mm  long,  the  thecae  with  divaricate  bases 

ferent  leaf  apex,  a  tendency  for  the  scape  to  branch,  and  longer  than  the  short,  flat  filaments;  gynoeciuin 
and  development  of  erect,  rather  than  reflexed, mm 

stylar  appendages  from  the  style  base  rather  than  recurved  appendages  2-3  mm  above  base,  the  3rd 

upstyle.  However,  my  studies  of  the  floral  char-  appendage  not  evident.   Capsule  4-5  mm  long, 

acters  are  as  yet  too  limited  for  such  a  decision.  broadly  eUipsoid,  the  valves  much  thickened  api- 

cally, with  a  dense  crest  of  papillae  and  tubercle. 
16.    Abolboda  ciliata  Maguire   &   Wurdack,  Seeds  few  per  locule,  asymmetrically  short-cylin- 

Mem.  New  York  Bot.  Card.  10;  17,  fig.  2.  dric  or  wedge-shaped,  1  mm  long,  dark  brov^n  jo 
1958.    TYPE:    Venezuela.    Territorio   Federal  nearly  black  with  20-22  strong,  narrow,  strongly 
Amazonas:  5  km  W  of  Cumbre  camp,  1,900  papillate  ribs. 
m,  Cerro  de  la  Neblina,  6  Jan,   1954,  Ma- 

guirCy  Wurdack  &  Bunting 37 132  {holotype, 
NY;  isotype,  US).  Figure  19. 

Densely  caespitose  perennial,  the  rosettes  from      x,v.uiuia  iTiaoan 

ascending  branches  to  9  cm  long,  these  densely      (pre^mrb^^^^^^ 

Distribution.  Frequent  in  high  (1,900-2,200 

m)  boggy-rocky  meadows  and  clearings  in  shru 
 » 

so  far  known  only  from  along  the  summits  of  the blina 

imbricate 

bases,  the  roots 

stiffly 

cending  to  spreading,  usually  recurved  apically, 
2.5-10  cm  long,  their  dilated  clasping  bases  thin. 

Additional  material  examined.      VENEZUELA. 

TORIO  FEDERAL  AMAZONAS:  Neblina  2.5-3.5  Itm  NL 

Phelps,  V,  A.  Funk  6261  (US,  VDB);  Vale  de  Titinco 

of  Pico  Phelps,  Krai  &  Brewer-Carias  71916  (h  »*; 

NY,  US,  VDB,  VEN);  Neblina,  4-6  km  NE  Cuimjj 

Camp,  Maguire  &  Wurdack  42145  (F,  K,  NY).  4/^ (NY,  US),  42420  (NY);  Neblina,  ridge,  ̂ razU^^^^^^^ 

7  nerves,  narrowing  2-3  cm  from  base  to  elongate-      *>«^der,  P/ou.ma«  &  Thomas  13592  (F,  NY,  VU  ̂ 
];««oi-     ef;ff  Klo^^«     .k  -.u  .         waters  Canon  Grande,  Neblina,  5/ev^r/mirA:  it/*^^'\.n 
Imear    sUff  b  ades     these   with  convex,   strongly       Neblina,  Steyermark  &  Luteyn  129826  (MO.  VDB,  VEN> nerved  abaxial  surfaces  and  involute,  distantly  sca- 

brid or  ascending  ciliate  margins,  thickest  toward  ThU  A\^u^^u^^  «r.*.^.V«  rr^^v  occur  vnth  A^^' 

bordered 

fimbriate 

apex 
blunt hoda  nebliaae  or  A.  paniculata,  but  its  "*^7 

logical  affinities  are  with  taxa  of  lower  ctevaUf* 

cuara,  Maguire  &  A.  Fernandez  P.  44126  (GH,  NY,      broadly  turbinate,  ca.  1.5  cm  long,  4-5(-6)-How- 
US);  Cerro  Yapoboda,  Schultes  &  Cabrera  14381  (NY,      ered,  all  bracts  fertile,  lanciform,  navicular,  the    || 
US);  Araracuara, /)urt;eat;oorG?€rt2i3  (VDB).  Venezuela,      lowest  ca.   1.5  cm  lone    the  ones  above  progres- 
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Habit. 
ibaxiat 

Figure  19.     Aholhoda  ciliala  {Steyermark  &  Luteyn  129826;  Krai  71926).-^. 

^■~c.  Leaf  tip.-d.  Leaf  blade,  sector  at  midblade.  adaxial  side.-e.  Spike.-f.  Fert,  e  bract.  ";"i^r'''«_-8- 
J^''^^-* 

JJ'k.  abaxial  view  (left),  side  view  (right). -h.  Spread  corolla  with  stamens.  
rtamincKJes.-i.  .stamen,     j.  oyr..H;ci. 

•     k.  Capsule  (left);  adaxial  view  of  capsule  valve  (right).— I.  ScuJ. 
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0-1  mm 

abaxia,  view  of  ..ade  (n,HO.-d.  S^S. ̂ ^^1^^:  ̂ ^  ̂2 1^^^^^ 
-b.  Leaf,  abaxiai  s-iuc  -   - 

c.  Leaf,  abaxiai  apex  0*"^ 

bract  in  background  (
aboves 
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particularly  A.  ehracteata.  No  other  species  has  lowest  (or  even  this)  fertile,  tlie  lowermost  bracts 

leaf  bases  that  are  long-ciliate.  broadly  ovate  and  usually  slightly  longer,  9-13 
mm,  the  apex  acuminate-aristate,  the  borders  broad, 

17.   Abolboda  poarchon  Seub.  in  C.  Martius,  scarious,  pale  or  marked  with  purple  bands,  the 

Fl.  Bras.  3(1):  223.  1871.  TYPE:  Brazil.  Minas  medial  zone  strongly  thickened,  dark  green  or  green 

Gerais:  campis  ascensus  Chapada  do  Paranan,  and  purple,  coarsely  few-costate,  the  central  costa 

Martius  i  728  (lectotype,  M;  phototype,  NY).  usually  broadest  and  pale;  sepals  2,  viewed  from 

17a.  Abolboda  poarchon  Seub.  var.  poar-  side  elliptic-oblong,  incurved,  conspicuously  ex- 
chon.  Figure  20. 

A.  chapadensis  Hoehne,  Com.  Lin.  Telegr.,  Bot.,  pt.  5: 
U.  1915.  type:  Brazil.  Mato  Grosso:  Campo  umido, 

serted,  10-16  mm  long,  with  broad,  pale, 
borders,  the  medial  area  thickened,  the  keel  thin 

but  firm,  pale-cartilaginous,  broad,  short-spinulose 

A. 

cabeceiras  do  Rio  Taquara-ussu,  Mar.  1911,  com      at  the  retuse  sepal  tip,  the  sepal  sides  at  keel  base 

Rondon  3597  (lectotype,  R;  phototype,  US).  usually  longitudinally  banded  with  brown,  purple, 
chapadensis  Hoehne  var.  paucifiora  Hoehne,  Com. 

Lin.  Telegr.  Bot.,  pt.  5:   12.   1915.  A.  poarchon 
or  green,  the  keel  itself  mostly  papillate-ciliate  or 

denticulate  at  least  distally;  corolla    14-16  mm Seub.  var.  paucifiora  (Hoehne)  Hoehne,  Indice  Bib-  .  , ,  .  i      1 1         i     i_        n      ■        ̂     i  i 

Hogr.  e  Numerico  PL  Colhidas  Com.  Rodon:  144.  l^^g'  ̂ lue  or  v.olet-blue
,  the  broadly  obovate  lobes 

195L  type:  Brazil.  Mato  Grosso:  Coxim,  June  1911,  5.5-6.5  mm  long;  stammodia  not  evident;  anthers 

com  Rondon  3595  (lectotype,  R;  phototype,  US).  2-2.5  mm  long,  narrowly  oblong,  deeply  emargin- 

r^  1111  1  .  ate  and  sagittate,  on  slender  filaments  to  5  mm 
uoarse  to  slender,  glabrous,  stout-rhizomatous  ^  "^  .  i  i  n      ̂ u 

1    .u^   .  „..„„.„^  .-  .u   a;^;  long;   gynoecmm  nearly  as  long  as  corolla,  the perenni 
f             1-                   -     ,               ,                         1       ..  slender  style  base  deeply  triquetrous,  with  3  ap- lorm,  sohtary  or  tufted  on  or  alone  a  coarse  knotty  \              i       n       j     i       ,     i        n       -.u 

. .             ,                               ,  .  1         1   T  pendaees,  the  laterals  reflexed,  clavate,  basally  with 
mizome,  the  roots  sponey-thickened.  Leaves  erect  , ,               ■  i        *u           j-                  j 
f^o.^     J-          r                       1       -^  /^    Mri    or  acute  or  oblong  auricles,  the  median  appendage 
to  ascending,  often  excurved,  stiff,  (6-)10-25  cm  „     ̂ ,          ̂             j      u        *    r         i         i 
1                   ̂         -  -        ̂                           1          1     11  usually  filamentous  and  suberect.  Capsule  valves long,  compressed  but  firm,  narrowed  gradually  or  -r       i     /-         .u     u  j     u       ji       ir        a           a 
:,Lr..^fi     f          1-1       1        1        ,       ■            J    .         1  uniformly  firm,  the  body  broadly  ellipsoid,  ca.  4 

abruptly  from  dilated,  pale,  claspmg  and  strongly  ̂ ^  ̂ ^^^^  ̂̂ ^  ̂j.^^^,^  ̂ ^^^^^^^^  ̂ ^,^^  ̂ .p^  ̂^^^^^ 

ound' 

convex-backed,    multicostate    bases    to    variously  .  .„  ̂   ,  j  *       n        -j  ̂  
plnn^o*  A    r  1-  ■         1       ri  J       o    ̂   acummatc,  papillate;  seeds  ovoid  to  ellipsoid  or elongated,  linear  to  linear-tnangular  blades  2-4  .-      a  ̂    n  q  i     «    A^^h  K.^,  ̂   t^ ^_      .,       ,  .  ,  ^  .  subpnsmatic,  0.7-0.8  mm  long,  dark  brown  to 

suhHr;  r       "^^  ̂   "l^  i'  ̂ 'TT  '°  nearly  black,  coarsely  and  irregularly  lor^gitudinally subulate-aristate  at  t.p,  at  m.dblade  usually  hngu-  ̂ .^^  J^  ̂̂ ^  intervals  broad  and  nearly  smooth. ^      __  ^^  ^ 

pale  and  wirelike  (actually  from  a  thickened  margin  Distribution.      Moist    to    wet    rocky    campos, 

strongly  curved  inward),  the  surfaces  rich  green  campinas,  savannas  and  savanna  bogs,  edges  of 

or  anthocyanic,  adaxially  concave  or  rarely  level,  gallery  forest  and  stream  banks,  400-1,300  m, 

relatively  smooth  except  at  scabridulous  apex  mar-  Amazonian  and  planaltan  Brazil,  from  Amazonas, 

ginally,  abaxially  slightly  to  very  convex,  often  Para,  and  Mato  Grosso  south  through  the  planalto 

coarsely  multinerved.  Scapes  stiffly  erect  to  as- 
cending, pale  green  or  with  tints  of  red  or  purple. 

to  Minas  Gerais;  Paraguay;  Surinam(?). 

teret*^    AlL  11      1    c    o  1               r-   I                .'            *  •  Additional  specimens  examined.      BRAZIL.  AMAZONAS: 

^ere te,  distaUy  1.5-2.1  mm  thick,  sometimes  stri-  ̂ ^^^^^^^^^„  £^^^  9  km  W  Rio  dos  Pombos,  Calderon 
»te  longitudinally,   rarely  sulcate,   from  scarious-  ^^  ̂/^  25'^8(INPA,  NY,  US,  VDB);  Transamazonka  km 
bordered,  erect,  basal  bracts,  the  scape  bracts  in  350  e  400,  E  Humaita.  Cid  Ferreira  5897  (INPA,  NY, 
'      "      ■  VDB).  bahia:  Rio  Piau  150  km  SW  Barreiras,  Irwin  et pair,  slightly  to  very  unequal,  condupliclate,  erect, 

oWong-linear,  (2-)3-5  cm  long,  the  convex  medial DISTRITO --.uug.imear,lZ-)cJ-5  cm  long,  the  convex  medial  "•  1    V    .      ̂     r    ,;„\e  <i^ri^r^tr.^m  ̂ 9-^6  (F 
zon^  r;kk  J  1       1  1     J      •♦u  Chapada  da  Contagem,  Iricin  &  boderstrom  bZ,iO  (r, 

"ne  ribbed,  mostly  deep  green  or  marked  with  ̂ ^^^  ̂^    1.5  km  W  antenas  de  Radiobrasil.  Kirkbride 
Purple,  apically   acute,   the   borders  broad,   pale,  4734  (VDB).  coiAs:  ca.  15  km  N  Curumba  de  Goias,  IT. 
scanous,  the  midrib  excurrent  as  a  cusp  or  mucro, 
also  sometimes  aristate;  spike  solitary,  highly  vari- 

able in  shape,  size,  and  pigmentation*  from  nar- 

•■owly  turbinate  to  obovate,  ellipsoid  o^  ovoid  (this 
^0  some  extent  determined  by  age  of  spike),  1.5- 

R.  Anderson  10443  (F,  K,  MO.  NY,  US);  r.  Gardner 

3486  (F,  GH,  K,  NY);  Serra  dos  Pyrenees,  Glaziou 

22233  (F,  K,  MO);  Pinanhas,  Haischbach  40099  (UO, 

NY,  US.  VDB);  30  km  N  Veadeiros,  Irain  et  at.  24507
 

(NY);  ca.  20  km  N  Veadeiros,  Irwin  et  at.  12627  (F,
 

GH,  k,  MO.  NY— this  set  a  mix  with  A.  pulchella);  30 

3  cm  long,  the  flowers  several  to  many,  aU  but  the      km  N  Veadeiros.  Iruin  et  at.  24507  (NY);
  20  km  N  Alto 

fertile  bract, 
^«lve  (left). f.  Capsule  (right);  inner  view  of  one outer  view,  showing  exserted  lateral  sepals  (diagonally  below).  ,  ■    c„  j 

g.  Spread  corolla  and  stamens.-h.  Stamen.-i.  Two  views  of 
 stylar  appendages. -j.  N.ed. 
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do  Paraiso,  Irwin  et  al  32126  (F,  NY,  US);  12-20  km Strongly  clonal,  glabrous  perennial,  the  rosettes 

N  Alto  Paraiso,  King  &  Bishop  8837  (US— extremely  from  slender,  spreading  or  ascending  rhizomes  and puzzling  material  consistina  of  2  plants,  the  taller  with  no  r        -  i        r     j  *«*     r "  *u  *  +i, 
^         ̂      ̂   r  ,  ̂   ^  1        ,         1  formine  a  locahzed     turi,     the  roots  coarse,  the 
scape  bracts  on  one  oi  the  two  scapes,  the  other  a  lower  ^  i  i  • 
plant  with  one  bractless  scape,  but  with  a  pair  directly  rhizomes  more  slender  than  in  the  type  vanety. subtending Leaves  of  new  rhizomes  and  shoots  scalelike,  spiral, 

derley  75004  (SP,  VDB);  5  km  N  Aho  Paraiso,  Krai  &      variously    triangular,    5-15    mm    long,   subulate- 

"^  tipped,  grading  upstem  to  progressively  narrower 
Macedo 

MATO  GROSSO 

et  al  6450  (U);  San  Antonio  de  Levenger,  Hatschbach  ^^^  "^^^^  close-set  ones  of 
 the  principal  rosette, 

et  al  36096  (US,  VDB);  Xavantina-Cachimbo  Road,  these  ascending  to  spreading  or  recurved,  20-60(- 
ffwraf  <S:/fa/no5  5663  (K,  NY,  VDB);  84  km  NXavantina,  70)  mm  long,  the  sheaths  broadly  clasping,  pale, 
Irwin  et  al  16400  (F,  GH,  MO,  NY,  VDB);  23  km  S  ̂ jji^,  except  for  the  ca.  5  raised  costae,  narrowing Agua  Boa,  Krai  &  Wanderley  75213  (SP,  VDB);  6  km  u       *i     *    i-                i-           *  •      ̂   i  ̂   klo/^oc  tW<fi 
CY         ♦•        j>    u     J    j?A-7y  ni\  Y         *•       c-    rr  abruptly  to  Imear  or  Imear-triangular  blades,  ttiese 
b  Xavantma,  Richards  R677  (U);  Xavantma-Sao  Felix  '^    ̂                                                i    i         i       /       1 
Rd.,  de  Santos  et  al   1693  (NY,  U).  minas  gerais:  mostly  2-3  mm  wide,  firm,  slightly  Imgulate  (rarely 

Cachoeira  do  Campo,  Glaziou  20520  (F);  27  km  SW  plane),  broadly  or  narrowly  acute,  the  margin  thick, 
Diamantina,  Irwin  et  al  21947  {Y,  GH,  MO,  US);  Cerro  entire  or  rarely  with  a  few  denticles  or  tubercles 
do  Cabral  Kr<il&Wa^^^^^       etal  72639   Wanderley  j^^j,                   ̂ ^     ̂ ^^^^h  brown  or  maroon,  the &  Krai  el  al  790  (SP,  VDB);  5-7  km  N  Grao  Mogul,  ,     .  i         r        i       i          i-  i    i                          *  ̂v\ 

Krai  &   Wanderley  75434  (SP,  VDB);  Boa  Vista  to  adaxial  surface  level  or  shght
ly  concave,  not  evi- 

Extracyao,  Melo-barreto  9657  (F);  Serra  do  Espinhayo,  dently  nerved,  the  abaxial  surface  convex,  faintly 
Hatschbach  &  Pelanda  27764  (VDB);  Joaquim  Felecio, 
Serra  do  Cabral.  Stannard  et  al  SPF  35902,  CFCR 
6297  (CFCR,  K,  SPF,  VDB).  para:  Serra  do  Cachimbo, 
Alvarenga,  Jardim  Bot.  do  Rio  de  Janeiro  90.585  (US); 
Ariramba,  Black  et  al  57-19611  (NY);  campo  Piranema, 

to  conspicuously  broadly  raised-nerved.  Scapes 

usually  1  per  rosette,  erect,  stiff,  I5-40(-50)cm 

high,  shghtly  compressed  to  variously  few-costate 

or  bluntly  annulate,  ca.  1(-1 .5)  mm  broad  or  thick, 

R  S.  Goeldi^Hejrb.  Mas.  Paraensis  15061  (US);  Obidos,       medially  with  1  pair  of  erect,  conduplicate,  equal 

or  unequal  scape  bracts  2-3  cm  long,  these  convex- 

Jaramacaru  R,  Egler  277  (US);  Serra  do  Cachimbo,  Pires 
et  al  6185  (NY).  Paraguay.  Cerro  Torin-Sierra  de 
Amambay,  T.  Rojni  4066  (GH).  SURINAM.  (?)  "Surinam, 
coll.  tocke^"  (MO — a  depauperate,  possibly  mislabeled, specimen). 

backed  with  broad,  green,  low-costate  medial  areas 

broad,  pale,  scarious,  entire  borders,  and  subulate- 

aristate  tips;  spikes  solitary,  mostly  narrowly  ovoia, 

aging  narrowly  turbinate  or  ellipsoid,   1.5-2  cm 
AboLboda  poarchon  var.  poarchon,  by  far  the      ,  /o   \Ai    n\  a  j       r*        .*   fL  with   1-2 
..*  .k„„j„:*  „„j  ,..:j   _:__  .r.i  .  /  .        l^^g,  (2-)4(-7)-flowered,   often  at  tip  witn  i 

sterUe  florets;  spike  bracts  all  fertile  or  the  low 

most  abundant  and  wide-ranging  of  the  two  vari- 
eties treated  here,  is  also  the  most  highly  variable. 

Typically,  it  forms  large  clumps  or  clones  by  means 
of  branching  rhizomes.  The  plants  of  grassy  wet 
campos  usually  have  more  erect,  elongate-linear 

ermost  empty,  in  any  case  ovate,  ca.  9  mm  long, 

those  upspike  slightly  longer,  to  10.5  mm  long,  aD 

with  broad  green  to  maroon  multicostulate  convex 

backs  with  broad,  thin  borders  and  short-acunii 
1                      J                                  l_-                      1                                        ,  Urt«Jft.&    Willi    Uruau,    UlUl    uoiucia    anu    --" — 
leaves  and  scapes  reaching  nearly  to  a  meter;  those  ^^^^  ̂                               ̂ ^  2(-3),  the  laterals 
of  more  exposed  sites  or  at  higher  elevations  are  ^^^^^          ̂ ^^            l^.r,  1 1-12  mm  long, 
lower  with  shorter  leaves  that  are  more  spreading  '           ̂       '                                       .     ,    .i 
and  also  frequently  setaceous-tipped.  Additionally, the  cur V  ate  medial  zone  with  a  strong  entu-e 

keel, 

the 

th7  nl.n,    nf  hT.h  .r      7        T  f    """'"""'*">'      this  comprising  the  narrowly 
 acuminate  apex,  -- the  plants  ot  high  elevations  and  of  more  exposed      •  ,     ?  u-  icT^niform  but 

«;,*.<.  h«v.  rr...,!.  ̂ «.<.  ..tk„.„„„:„    T^u:„  :-  _..        "^er  sepal  when  present  thinner,  lancHorm sites  have  much  more  anthocyanin.  This  is  pro- 

less  keeled,  ca.  9  mm  long;  corolla  deep  bng duced  in  large  quantity  on  the  dorsal  areas  of  sepals       '7  T^  .\  ,  u    iLkHIv  ovate,  ca. 
and  bracts,  making  the  inflor«s..n..  „..w.  kI^        ̂ ^^^^  !»   2

0  mm  long,  the  lobes  broadly  ovate. 
does 

its  other  variety  or  A,  pulchella,  with  which  it 
frequently  associates. 

17b.   Abolboda  poarcho 
media 

4.  pukhella  Humb 
Lyman  B.  Smith  & 

Elstado  Sa 
TYPE 

randai-Brejao,  28  Nov.  1946,  A,  P.  Duarte 
682  (holotype,  US;  isolype,  RB).  Figure  21. 

10  mm  long,  erose-margined;  staminodia  not 

dent;  anthers  oblong,  yellowish  or  pale,  ca.  ̂     ■ 

mm  long,  deeply  emarginate  and  sagittate,  the  s 

der,  flattened  fflaments  attached  3-3.5  mm  beloj 
corolla  sinus;  gynoecium  ca.  14-15  mm  long, 

slender  style  11-12  mm  long,  the  3  appendag^ 

set  L5  mm  or  more  above  ovary  sumnut,  ■'^"^. 

the  laterals  claviform,  ca.  1 .5  mm  long,  the  med'a^" 

one  filamentous,  longer,  the  stigma  infundib      • 

lacero-fimbriate,  bright  blue-violel.  Capsule  ov  ̂  

ca.  4  mm  long,  the  thickened  valves  smooth,  bt 

ly  acute  at  tip.  Seeds  irregularly  ovoid  to  ̂ "J\, 

matic  or  turbinate,  deep  brown  to  nearly  ' 

0.6-0.7  mm  long,  sculpted  as  in  the  type  vanefT- 
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,^  ̂'«f:  21.  ̂ 6o/6oJa  poarchon  var.  m/er^crf/a  (/Tra/  c«-  W'anderley  with  E^Lima  ̂ ^.^O^).---  "^jf ;-»»; 
AUxial  (top)  and  adaxial  (below)  views  of  leaf.-c.  Two  leaf  .ips.-d.  Sector  of  m-dl.Ia.l.  f"'^'  ;j;J^;^  '  "^;7 

action  (above).-e.  Spike  in  fruit.      '  '  —  -"='"•  ̂ — "•  -"  ̂   >*«"'  ««''«'•  "•^'^  ̂'*'*'-  ~^-  ̂^^*'"'  ̂     '  ̂  '"•1  gynoecium.- 
'Ppendage -i.  Spread   corolla   with"slamrrrs.-T."Style  base  showing  one

  lateral  appendagi Capsule. — I.  Seed. 
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Distribution.      Wet,  often  rocky,  campos,  400-  border  broad,  pale,  hyaline,  this  apically  involute, 

1,200  m,   often  associated  with  Abolboda  put-  converging  to  form  a  conic -subulate,  sharp  tip. 

chella  and  A.  poarchon  var.  poarchon  in  the  Scapes  terete,  1-4  or  more  from  a  shoot,  axillary 

Brazilian  planalto  from  Goias  and  Minas  Gerais  to  to  inner  (upper)  shoot  leaves,  (20-)30-80  cm  high, 

Sao  Paulo,  1.2-2  mm  thick,  sheathed  at  base  by  2-3  involute, 

oblong,  acute  to  acuminate  basal  bracts  to  3  cm Additional  material  examined,      BRAZIL,  GOIAS:  30  ,  ,  -  ,   „  ,  ^  .  ^     . 

km  W  of  JataJ,  21  Sep.  1988,  Krai  &  Wanderley  75005  ̂ **"S'  *^«  ̂"^-^^^^  ̂ ""  g''^'^"'  low-costate  or  striate; 
(SP,  VDB);  by  BR  050,   10  km  S  Cristalina,   12  Oct. scape  bracts  (l-)2(-3)  pairs,  erect,  oblong  or  el- 

1988,  Krai  &  Wanderley  75300  (SP,  VDB);  by  BR  050,       liptic -oblong,  conduplicate,  1 .5-3  cm  long,  their 
92  km  S  of  Cristalina,  Krai  &  Wanderley  75340  (SP,       rounded  backs  ereen  or  tinged  with  red,  strongly 
VDB);  Jatai  to  Goiania,  Maguire  et  al.  57001  (NY,  US). 
MINAS  GERAIS:  CarandafBrejao,  Duarte  682  (US);  Serra 
do  Espinha^o,  Gouveia,  Hatschbach  &  Pelanda  27764 
(US). 

nerved,  broadly  scarious-bordered,  their  tips  acute, 

the  midzone  excurrent  as  a  strong  mucro  or  cusp; 

spikes  broadly  ovoid  to  subglobose  or  hemispheric, 

.  -        1    .  ,  .      ,        .  ,         1.5-3  cm  long,  several-flowered,  the  bracts  con- As  mentioned  above,  this  plant  is  most  remark-  .  ,       ,  ^        .%  i    *u       ̂ ..k^^n/^ 
,,.,„,,        ,       '        .         .  n     .  1       spicuously  shorter  than  the  sepals  they  subtena, able  m  the  field  and  almost  mvanably  is  associated        n  r      -i  /        i  \    i      i  *    *  -;i«   «*.arlv 

1^  L  ^^  fertile  or  (rarely)  the  lowermost  stenle,  nearly with  Abolboda  pulchella  and  A.  poarchon  var. 

subequal,  (5-)6-9(-10)  mm  long,  broadly  ovate poarchon.  One  is  struck  by  the  finer,  lower  habit  ,                      i       »        »             v.       a   «^^^n  nr 
c^     ̂     A         f  f    II          ̂     A               1                 .  strongly  convex,  the  dorsal  areas  broad,  green  or of  both  A.  pulchella  and  A.  poarchon  var.  inter-  t            •                 ■        i  ■     i    .i_     v    j^^^  KmaH 

,.          J  u     u    f        u       u             u    I,            ■  anthocyamc,  strongly  ribbed,  the  borders  Droaa, mediaj  and  by  the  fact  that  they  are  both  morning 
midrib bloomers  while  nearby  plants  of  A,  poarchon  var.  i  i  i        i  i    i   r.AUr  Ian- 

,        , ,          1          .       ,       1        T      1                »  as  a  mucro;  lateral  sepals  subequal,  broaaiy  wn poarchon  bloom  later  m  the  day.  In  the  overall  ^         ,                 ̂     i          i     i-             .       ̂ i .  ̂.«rvpfl 
^              -       .    1     r   T                 -11                   t  ciform  but  rounded-conduphcate,  strongly  curveo perspective,  m  leaf  character,  in  the  lareer  number  iioir          i           ii      lu^  u,.f  Kmad 
%  ̂   ̂           .         ,                  ,           ,           ̂       ,         ,  outward,  12-15  mm  long,  the  keel  sharp  but  broaa ot  flowers,  m  stylar  appendages,  bracts,  and  seeds,  ,  «                            .         ,          .        i         ̂ ^n^trr^nx 
,        «,   .  .        /        .^^    .      ̂     '     .              V    .      ̂   and  firm,  entire  or  mmutely  scaberulous,  excurrem the  aiimities  ol  variety  intermedia  are  distmctly  ,          ,                       .                  ,          +-^ocnrps- 

.     4               ,             I         ,           ̂ ^     A         1  1    11  as  a  short-sharp  mucro;  mner  sepal  sometunes  pic= with  A.  poarchon  rather  than  with  A.  pulchella.  .                   ,    ,                w         i  ̂ «  qc  the 
,,             ̂      .      .                 -Ill            r       T  €^nt,  ecarmate,  spathulate,  to  V^  as  long  as  mc 
thus  necessitatmg  a  vanetal-level  transfer.  Inter-  j^^^^^j^.  ̂ ^^^j^^  ̂ ^   ̂0  mm  long,  the  lobes  slightly estmgly,  typical  A.  poarchorv  has  leaf  tips  notice-  ^^^^^^^  ̂ ^^^  ̂^^           ̂             ̂ ^^^^^^  yue-violet; 
ably  serrulate-denticular  or  papiUate,  and  its  lateral  ̂ ,^^^^  j^^j^j        ̂ ^^^^^^  Oblong,  2.5  mm  long. sepa  s  are  often  either  tuberculate  or  tuberculate-  ^^^  ̂^^^^^            I  ̂̂^  ̂,^^^^^  ̂ ^^^^^^  ,,.  3  nim ciliate  to  denticulate,  particularly  apically.  These  ,                    ̂   .                ,  ̂            i          *u«  fnmiptrous 

V         ̂                 uuijij                        1  long;  gynoecium  ca.  15  mm  long,  the  tnqueui; characters  are  either  less-developed  or  are  entirely  i    ,            .  ,    o              i             i     i  .^    oU  ra   2  5 
,     I  .       .           .  ,     .               ,,       ̂                             ̂   style  base  with  3  appendages,  the  laterals  ca.  ̂-^ lacking  m  variety  intermedia,  ^     ,               „        /^       ,^,          «  ̂ ,       j  jjctallv 

^                 ̂   nim  long,  reflexed,   spathulate,  flattened  distauy 

io      Auiu^               J-     r-u      T-              Ol  inside,  the  central  appendage  shorter,  erect  or  re- 18.    Abolboda   grandis  Gnseb.,    Linnaea    21:  ,    „              ,     ̂    .           -   r     ju  i  .    ripnselv 
281.  1848.  TYPE:  Surinam.  Joden-Savarma, 
Cordonpad,  Kegel  1131  (holotype,  GOET). 

18a.    Abolboda  grandis  Griseb.  var.  grandis. 
Figure  22. 

linear,  the  stigma  infund 

fimbriate.  Capsule  ovoid,  6-8  mm  long,  the  valves 

thickened  at  the  bifid-toothed  acuminate  tips.  Seeds 

angulately  broadly  obovoid  to  subglobose,  ca. 
.  ,  ,         *         1       _    J«,.lr    with 

sometimes 

A.  grandis  Griseb.  var.  minor  Spruce  ex  Malme.  Bih.      several  strong,  wavy,  longitudinal  ribs  and  sbgh  J 

^^''fL^r/'^h^^^^^^  ?^"'"-  ̂ ^  ̂^£*^-  ̂'      ̂ ^^^^>  variously  transverse  connecting  ridges,  thus 
appearing  reticulate. 

Distribution,      Acidic,  usually  arenaceous  a 

peaty  soils,  in  full  sun  or  shade,  of  caatinga,  sa- 
varma 

nd 

no.  19):  14.  1901.  TYPE:  Brazil.  Amazonas:  "Prope 
Barra,  Prov.  Rio  Negro,"  July  1851,  Spruce  1654 (holotype,  K;  isotypes,  BM,  NY). 

Solitary  or  tufted,  glabrous  perennial,  the  stems 

short  and  stout-caudiciform,  sometimes  with  as-      — -*  -*  o.txi^^,  xtxv/o«j.  ^^  &""— /   /oclJi  900 

cending  branches,  the  roots  spongy-thickened.  Ro-      ̂ ^^  ̂ ^  medium,  rarely  high,  elevations  (2b     i^^^ 

sette  leaves  several  to  many,  erect  to  spreading,      ̂ ^'  Amazonian  Brazil  north  to  Surinam,  west 
mostly  linear-lorate,  8-35  cm  long,  8- 1 5(- 1 7)  mm 
wide,  the  sheath  base  pale,  clasping,  lingulate,  to 
5  mm  broad,  upward  strongly  convex-backed  and 
multicostate,  variously  narrowing,  then  dilating  to 
the  blade,  this  flat  or  lingulate  (concave),  mostly 

eUipUcUnear  or  .inea.oblanceola.e,  deep  gree„=:     «  3"';?^!  S^pl^r^pSV^VD'^^T^/rprS  U,- multinerved,  the  nerves  more  raised  abaxially,  the     9  Aug.  1983,  Cid  4286  (INPA.  NY,  VDB);  Cachoeira 

southern 

Representative    material    examined.       .  j   ̂  

amazonas:  Plato  da  serra  Araca,  18  Jan.  l^^'*'    ,  ^  27 

Amaral  1624  (K);  Manaus-Caracaraf  Rd..  km  HU- 

Sep.  1973,  Berg  et  al.  P 18166  (INPA.  U,  US);  Maiiau^' 

C.  Chagas  INPA  7  789  (US);  Rio  Uatuma,  13  Aug-  i'^'  ' 
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f"'GURE  22. 

Aholhoda  erandis  var.  ̂ ra«rfw  (Oari  70i8;  Pra/ice  e?  al  28883).— a. 
^  ^     Spike.— f.  FertJe  bract. d.  Sector  of  midblade,  adaxial  side  (above),  abaxial  side  (below). 

^"Closed  ripe  capsule.— h.  Spread  coroUa.  stamens. -i.  Stamen. -j.  Stylar  base  and  appendages mner  view.-l.  Seed. 

Habit.— b.  Leaf.— c.  Leaf 

g.  Sepals  and k.  Capsule  valve. 
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do  Passarinho,  13  June  1927,  Z>ucte  s.n.  (US);  km  130.      pattern,  with  scapes  much  more  slender,  scape 

Manaus-Caracarai  Rd.,  Gentry  12947  (MO,  NY);  Falls      bracts  shorter,   spikes   smaller  and  of  a  broader 
of  Taruma    0%  &  Smith  30164  (US);  Basin  of  Rio      ̂ ^^^^^^^  ̂ ^d  with  tips  of  capsule  valves  distinctly Negro-Rio  Cuieras,  Prance^  Coclho  &  Monteiro  14822  ,    ,        i     i-  i 

(F,  GH,  K,  NY,  US);  Rio  Cuieras  2  km  below  mouth  of      ̂ "^^  sharply 
 bidentate. 

Rio  Branginho,  Prance  et  al.  1791  (GH,  MO,  US);  Rio 

Xie,  Cachoeira  Cumati,  29  Nov. -7  Dec.  1947,  Schultes 
&  Lopez  9213  (NY);  Wasserfall  das  Taurumu,  Manaos, 
Mar.  1912,  Ule  8827  (K);  Obidos,  Egler  433  (US);  Alto 
Tapajos,  14  July,  1959,  Egler  &  Raimundo  89A  (MG, 
US).  RORAIMA:  6  km  ao  S  do  equador  na  Br  1 74,  Cordeiro 
et  al.   79  (INPA,  NY,  VDB).  Colombia,  vaupes:  Rio 

Piraparana,  cuenca  Rio  Apaporis,  Garcia-Barriga  14277 
(US);  Rio  Vaupes,  Cerro  de  Circasia,  Garcia-Barriga 
15038 {GU,  US);  Puerto  Colombia,  Maguire  et  al.  41867 
(US);  Rio  Xie,  Cachoeira  Cumati,  Schultes  &  Lopez  9213 

.  Abolboda  grandis  var.  rigida  Maline, 

BuU.  Torrey  Bot.  Club  58:  326.  1931.  A. 

rigida  (Maline)  Steyermark,  Fieldiana  Bot. 

28:  105.  1951,  non  Gleason,  1929.  TYPE: 

Venezuela.  Territorio  Federal  Amazonas: 

Brocchinia   Hills,   summit   of  Mount  Duida, 

4,500  ft.,  4  Jan.  1929,  G.  H.  H.  Tate  586 

(holotype,  NY;  phototypes,  F,  NY).  Figure  23. 

(US);  CachiveraPaiaito,5c;j«;«<?'5&  Cabrera  i3i  79  (GH,      A.  pervaginata  Malme,  Ark.  Bot.  25A(12):  16. TYPE US);  San  Filipe  and  vie,  Schultes  et  al.   18009  (GH); 
Cerro  Kaiienda,   10  Nov.   1952,  Schultes  &  Cabrera 

18386  (GH);  Randal  de  Yuruparf,  Schultes  &  Cabrera 
19722  (GH);   Mitu  and  vie,   Rio  Vaupes  at  Circasia, 
Zarucchi  2046  (GH,  K,  MO,  US).  Guyana.  Canister  . . 

Falls,  Demerara  Co.,  Abraham  301  (K,  NY);  Kaieteur      A.  grandis  var.  guayanensis  Maguire,  Mem.  New 
savanna, /ew/na«  7020  (NY);  Amatuk  Falls,  Potaro  Riv-  York  Bot,  Card.    10:   8.   1958.  TYPE:  Vene- 

er, Jenmnn  7480  (K,  NY);  Mt.  Membaru,  Maas  &  Wes- 
tra  4270  (NY).  Surinam.  Sanderij,  Essed  111  (K,  U); 

Campos  Ariramba,  meio  Rio  Trombetas,  4 

Dec,  1910,  Ducke  11352  (lectotype,  S;  iso- 
lectotypes,  MG,  RB,  US), 

zue 

N  of  Berlijn,  Heyiigers  102  (U);  Tafelberg,  Kramer  et 
al.  3256  (U);  Zanderij  1,  airport,  Lanjouw  &  Lindeman 
259  (NY,  U);  Coppenam  River  headwaters,  Maguire 

24176  (F,  GH,  K,  NY,  U);  "Surinam,^'  Miguel  1850 
(K);  Tafelberg,  Savanna  I,  Maguire  24215  (F,  GH,  MO, 
NY,  U,  US).  Venezuela,  territorio  federal  amazonas: 

la.  Territorio  Federal  Amazonas:  Cerro  Si- 

papo  (Paraque),  Campo  Grande,  1,500  m,  8 Dec Ma  gut 

type,  NY;  isotypes,  NY,  US). 

Similar  to  Abolboda  grandis  but  overall  a  coars- 

er and  taller  plant,  the  rosettes  solitary  or  tufted base  of  Cerro  CucuyBaWu^^    ̂ f  \1^^^'  ̂ ^If '  ̂ T.  from  a  stout  caudex,  or  often  from  stiff  and  stout ting  et  al.  3745  (F);    'Cabeza  de  Manteco,        Raudal  i,    v     ̂ A  Prin- 
Manteco,"  Guanchez  &  Melgueiro  3433  (MYF,  VDB);  ̂ ^^"^^  branches,  the  roots  spongy-ttuckenea. 

Macizo  Aracamuni,  Huber  &  Medina  5912  (US,  VEN);  cipal  leaves  fairly  uniform,  broadly  Imear  to  in- 
9  km  NE  of  San  Carlos,  Liesner  3918  (MO,  NY);  Cerro  angular-linear  or  lorate,  stiffly  spreading  to  erect, 
Aracamuni,  summit,  Liesner  &  Delascio  21955  (MO,  jg^^Q  cm  long,  10-20  mm  wide,  tapering  above \DB),CeTToSip3.po,  1,600  m,  Maguire  &Politi  28206  .,,,    ,           ,?      i.     .     r          .  ...Knlate  tip,  the 

(NY);  sabanita  E  of  Maroa,  Maguire  &  Wurdack  35687  ̂ idblade  and  mvolute  to  form  a  subulate  up 

(K,  NY);  Pimichin,  Maguire  et  al.  36382  (NY,  US-         '  "'   "  "    ""'   ,..^ia--n.is.  mu  , 
noted  by  Maguire  as  a  possible  hybrid  between  A.  an- margins  with  an  entire,  pale  or  violaceous, 

hyaline  border,  the  adaxial  surface  dark  to  pa  ̂ 

«i    i        ,^^.    r^,  ^  green,  narrowly  multiveined,  the  abaxial  sura 
21  Apr.  1984,  Plou^man  13704  (F);  ad  flum   Guainla       ̂ j^j^  ̂ ^^  ̂ ^^^^^  ̂ ^^^  ̂ ^-^^^^  „ften  anthocyanic ostium  flumenensis  Casiquiare,  Spruce  3545  (GH);  30 
km  SSW  Ocamo,  Steyermark  et  al  130357  (MO),  boli- 

var: punta  meridional  del  Auyan-tepui  al  Norte  y  el  Uia- 
pan-tepui  al  Sur,  Huber  et  al  9900  (MYF,  NY,  VDB, 
VEN — a  borderline  morphology  with  var.  rigida);  3  km 
S  of  El  Puaji,  Liesner  &  Hoist  18798  (MO,  VDB);  15.5 
km  E  of  Icabaru,  Steyermark  et  al  117794  (NY). 

This  widespread  variety  is  comparatively  ho- 
mogeneous over  most  of  its  range  except  for  the 

area  of  northern  Amazonian  Brazil  transitional  to 

Scapes  1  to  several,  50-110  cm  long,  su
bterete 

or   sometimes    sulcate-angulate,   low-striate,  p 

green  or  variously  tinged  with  red  or  purple,    p 

cally  1.5-3(-4)  mm  thick,  invested  at  base  by  ̂  

3    erect,    scarious,   lance-oblong,   subulate-tipp 

bracts  to  3-4  cm  long,  the  pairs  of  scape  bract
s 

(l-)2-3(-4),    erect,    lance-oblong,    conduplicaje, 

those  of  a  pair  subequal,  the  lowest  pair  usua  y 

largest,  3-5  cm  long,  all  with  strongly  ro
unde*^ 

the  Guayana  Highlands,  Here,  in  parts  of  Ama-      backs,  medially  multicostate,  with  broad,  scarious, 

zonas  and  Territorio  Roraima  in  Brazil  and  contig-      pale  borders  sharply  contrasting  with  the  darker uous  Bolivar  and  Territorio  Federal  Amazonas  in 

be becau 

typically  highland  Abolboda  grandis  var.  rigida, 
A  more  detailed  description  of  the  problem  is  given 
below.  Typically  A.  grandis  var.  grandis  is  a  lower 
plant  with  leaves  tending  more  to  a  linear-lorate 

green  or  anthocyanic  dorsal  areas,  the  apex  s 

subulate  or  cuspidate;  spikes  mostly  ovoid  or  cy 

lindric-ovoid,  rarely  obovoid,  1.8-4  cm  long* 

bracts  and  sepals  as  in  the  species  but  proper 

aUy  longer;  bracts  (6)6.5-9  mm  long,  with  gr^e^ 
anthocyanic  dorsal  areas,  the  lateral  sepals  1- 

cm  long,  the  broad,  curved  keels  often  di
stant ) 
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Figure  23. 
^f  leaf  ouili Abolboda  grandis  var.  rigida  (Maguire  &  Politi  27561;  Tate  586) 

e.  Spread  corolla  and  stamens. Seed. 
ine. — c.  Fertile  bract. — d.  Lateral  sepal. 

a.  Habit.  —  b.  Two  extremes 

f.  Stamen.  — g.  Style  base  and 

appendages. --h.  Stylar  apex  and  stigmas.— i.  Capsule.— j 
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low-lacerate;    corolla    3-3.5    cm   long,    the   lobes  rima,  Steyermark  107514  (F,  NY,  MO);  Cerro  Duida, 

broadly  obovate,  ca.  as  long  as  the  tube,  violet-  ̂ ^^^^e,  Steyermark  et  al.  126382  (m);  Duida,  Savanna 
.,  -      J.  .,  -.1.  Hills,  Taie  J04i  (NY);  Yavita,  L.  riHiams  i39i0,  i395i      i 
bhie;  staminodia  not  evident;  stamens  with  anthers  ̂ ^^  uS-these  and  material  collected  by  Williams  from      I 
oblong,  4-4.5  mm  long,  the  locule  bases  shghlly  Maroa  comprising  difficult  transitional  morphs);  Ri'oSiapa      | 
divergent,  the  filaments  5-6  mm  long,  flattened;  just  below  Raudal  Gallineta,  Wurdack  &  Adderley  43539      \ 

gynoecium  3-3.5  mm  long,  the  strongly  trique-  (GH,  NY,  US),  bolivar:  S  base  Auyan-tepui,  Davidse  & 

trousstvle  base  oroducine  4-5  mm  above  the  ovarv  ̂ "^^'^  ̂ ^^'  ̂ ^^)'  ̂ ^"^  Icabaru,  Huber  &  Alarcon trous  style  nase  producing  4    a  mm  at)ove  the  ovary  ^^^^  ̂ ^y^.  ̂ ^^^.^^  Guaiquinima,  Huber  9354  (MYF, a  pair  of  reflexed,  claviform,  obliquely  truncate  yDB);  Serranla  Guanay,  Huber  10954  (MYF,  NY,  VDB); 
lateral  appendages  ca.  4  mm  long,  the  reduced  25  km  ENE  of  Canairaa,  Huber  12108  (MYF,  VDB);  El 

appendage  above  or  slightly  below,  filamentous,  Puaji,  Liesner  19412  (MO,  VDB,  VEN);  Cerro  Guai- 

often  erect,  the  stigma  lobed-infundibular,  with  lobe  quinlma,  N  Valley,  Maguire  32921  (NY,  US);  Cerro    ̂  
J        c    u  •  .     ̂          1      11-       -J       t.  ■  /:  Piton,  Maguire  &  Steyermark  53666  (NY);  Sierra  Fak- 

edges  fimbriate.  Capsule  eUipsoid,  subtrigonous,  6-  ̂ ^^^    Steyermark  107264  (MO,  NY);  Meseta  Jaua, 7  mm  long,  the  valve  tips  shaUowly  round-lobed  Steyermark  et  al.  109420  (F,  K,  NY). 
apically.    Seeds    dark    red-brown,    longitudinally 

coarsely  ribbed  as  in  the  species,  ca.  1  mm  long,  After  a  sustained  effort  to  dis
tinguish  variety 

pyramidal  or  variously  quadrate  and  faceted,  the  guayanensis  Maguire  from  variet
y  rigida,  I  had 

cross-ribs  numerous  and  slightly  lower  and  finer, 
thus  seed  surface  reticulate. 

What  I  fotmd 

from  the  highlands  of  northern  Brazil  and  southern 

Venezuela  that  were  proportionally  taller,  coarser, 
Distribution.  Wet,  acidic  savanna  bog,  gal-  ̂ ^^Y^  ̂ ^^^^j.  floral  parts  (thus  spikes),  and  with  con- 

lery  forest  edges,  rocky  shrubby  summits  of  tepuis  giderably  more  anthocyanic  pigmentation  than  that 
and  high  bogs,  at  medium  to  high  elevations  (600-  fo^  ̂ ^^^  j  grandis  var.  grandis,  a  plant  normaUy 
2,000  m),  Surinam  west  to  Territorio  Federal  Ama-  ̂ f  lower  elevations.  But  what  has  been  described 

zonas,  Venezuela,  and  south  into  northern  Ama-  ^s  two  varieties  from  the  uplands  is  an  inextricable 
zonian  Brazil  (to  Para).  ^j^  ̂ f  morphologies,  thus  forcing  me,  however 

Representative  specimens  examined.      BRAZIL.      ̂ '^'^^^i^&  ̂
e  extremes,  to  consider  aU  these  as 

AMAZONAS:  Serra  Aracil,   1 2  Feb.   1 984,  Prance  et  al.      pa^ts  of  one  variety,  with  the  oldest  avaUable  nai 
28988  (NY,  VDB),  28883  (NY,  US,  VDB);  Manaus-      for  them  being  variety  rigida. 
Caracari,  km  130,  25  May  1974,  Rodrigues  et  al.  9283 
(F,  INPA).  para:  regiao  do  Ariramba,  30  May  1957, 
Black  et  al.  57-19806  (lADN,  NY);  E  of  Faro.  27  Aug. 
1907,  Ducke  8530  (US);  Obidos,  Egler  433  (US),  rorai- 
Ma:  Serra  Parima  S  of  Auraris,  10  Feb.  1969,  Prance 
et  al.  9816  (INPA,  K,  NY,  US);  summit  Serra  Parima, 
30  July  1974,  Prance  et  al.  21565  (INPA,  K,  MO,  NY, 
U,  US).  Colombia,  amazonas:  opposite  Maroa,  12  Oct. 
1957.  Maguire  et  al  41867  (NY— material  difficult  to 
place  with  either  variety).  Guyana.  ATKINSON;  St.  Cuth- 

19.  Abolboda  macrostachya  Spruce  ex 

Malme,  Bib.  Kongl.  Svenska  Vetensk-Akad 

Handl.  26:  Afd.  3.  19:  15.  1901.  type:  Ven- 

ezuela. Territorio  Federal  Amazonas:  "prope 

Esmeralda,  ad  flumen  Orinoco,  Dec.  1853, 

R.  Spruce  3229  (lectotype,  S;  isolectotypes, BM,  P,  K,  NY). 

bert^sTrail,  12Jan.  1969,  f/.  G.5ia  706(NY);Kaieteur       19a.    Abolboda   macrosta 

macro-
 

plateau,  7  Mar.  1962,  Cowan  &  Soderstrom  1061  (K. 
NY,  US);  Kaieteur  Savanna,  Jenman  1019  (K,  NY);  Mt. 
Membaru,  12  Nov.  1979,  Maas  &  Westra  4270  (K, 
NY,  U,  US);  Mt.  Aymatoi,  Maas  et  al  5681  (US)i 
Kaieteur  Plateau,  Maguire  &  Fanshawe  23148  {F,  GH, 
MO,  NY,  U,  US);  Partang  Savanna,  Maguire  &  Tillett 
43817  {K,  NY);  Membaru  Creek,  Pinkus  223  (GH,  MO, 
NY,  US).  Surinam,  prope  Jodensavanne,  Heyligers  & 
Knoppe  3223  (U);  Zanderij  I,  Lanjouw  &  Lindeman 
259  (U);  W  of  Zanderij  I,  Lindeman  6518  (F.  GH); 
Lobin  savanna,  Teunissen~LBB  15180  (U).  Venezuela. 
TERRITORIO  FEDERAL  AMAZONAS:  between  Yavita  and  Pimi- 
chln.  Bunting  et  al  3745  (K,  NY,  U,  VDB);  Serrania 
Paru,  Cowan  &  Wurdack  31146  (NY,  US),  sector  cen- 
tro-norte,  Huber  4335  (K,  MYF,  NY,  VDB);  plateau  of 
Duida,  Liesner  18161  (MO,  VDB.  VEN);  Cerro  Sipapo 
Maguire  &  Politi  28702  (K,  NY.  US),  middle  east  drain! 

stachya.  Figure  24. 

A.  macrostachya  Spruce  ex  Malme  var.  angustior 

guire,  Mem.  New  York  Bot.  Card.  10:  10.  H-^^" 

n.  1958.  type:  Venezuela.  Territorio  Federal  Am
a- 

zonas: Sabana  Venado,  Cano  Pimichin,  Ri'o  Guamia. 140  m,  23  Nov.  1953,  Maguire,  ̂ ''^^''''K  vvm 

ting  36342  {hoXoXy^e,  NY;  isotypes,  GH.  NY,  Vti  h 

Stiff,   smooth  perennial,   often  robust,  usual
ly 

tufted,  ft-om  a  simple  or  branched-caudiciform,  tnic 

(to  2  cm)  rhizome,  the  roots  spongy-thickene  • 

Rosette  leaves  numerous  and  fairly  imiform,  sp 

rally  imbricate  at  base,  spreading  or  ascen     &^ 

primarily  lorate-linear  or  linear-triangular. 

)6-20mm 

widet 
age,  28354  (NY);  Cerro  Duida,  Maguire  et  al  29623       c         .         n       '      i  -  j    ̂ \U  above 
(NY.  U);  summit  Cerro  Guanav.  Mn^uir.  ^uno  /mv..       S™  t)ut  flattened,  narrowmg  graduauy  auu 

a 
summit 

Cerro  Guaiquinima.  Maguire  32 95 S  (US);   1  km  E  of 
Maroa,  Maguire  &  Wurdack  36424  (F,  NY,  US);  Duida 

clasping,  broad,  multinerved,  convex  base  to 

blade,  this  flat,  lingulate  or  involute,  at  apex  nar- Brocchlnia  Hills,  Steyermark  58181  (F,  NY);  Sierra  Pa-       rowly  acute  to  acuminate,  the  margins  there  con- 
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Figure  24.  Abolboda  macrostachya  var.  macrostachya  {Maguire  &  Politi  28069);  Wurdack  &  Adderley 

42758).~a.  Habit.— b  Various  leaf  outUnes.--c.  Various  leaf  outlines.— d.  Fertile  bract  (sepal  tips  projecting 

•*yond)--e.  Corresponding  sepals.-f.  Spread  corolla.-g.  Stamen.-h.  Style  base  with  appendages;  stylar  apex 

(above  corolla).— i.  Capsule;  at  leaf  an  inner  view  of  valve  apex.— j.  Seed. 

merging  to  form  a  thickened,  short-  or  long-subulate  Scapes  rigid,  1  to  several  per  rosette,  erect,
  sub- 

t'P,  the  blade  border  narrow,  hyaline,  thin,  pale,  terete,  17-54  cm  long,  2-3  mm  thick  towar
d  tip, 

entire,  the  surface  green,  finely  muhinerved  adax-  invested  at  base  by  2-3,  often  antho
cyanic,  scar. 

»aMy,  more  coarsely  nerved  and  darker  abaxially.  ious-bordered,  chaffy,  lance-oblong  b
racts  to  4  cm 
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long;  scape  bracts  commonly  2,  rarely  1  or  3  pairs,  (US);   Cerro   Kanenda,    Garcia-Barriga    15055  (GH), 

the  lowest  pair  slightly  longer,  lance-ovate  or  broad-  Schultes  &  Cabrera  18361  (COL,  GH,  US,  VDB);  sa- 11  11  ^i_  r  -1  1     1     1  o  vanna  of  Yapoboda,  Schultes  et  ah   18494  (GH,  US); 
ly  lance-oblong,  those  of  a  pair  subequal,  1-1.8  ^.^  ̂ ^^^^.  ̂ .^^^^^^  ̂ ^^^^^^^  ̂   ̂^^^^^^  ̂ ^^^^  ̂ ^^ cm  long,  conduphcate-rounded,  at  apex  acute  to  us)^  20053  (GH);  Mitu,  Rio  Kubiyu,  Zarucchi  et  al 
acuminate,  with  the  costa  short -excurrent,  the  dor- 

sal area  green  or  anthocyanic,  striately  multi- 

nerved;  spikes  1  per  scape,  multiflowered,  cylin- 

dric,  ellipsoid  or  lance -cylindric,  3.5-8  cm  long,  Y^pZZZ  h7^^^^^^ 8-10  mm  thick,  the  bracts  tightly  spirally  imbn-  ̂ ^  al.  17047  (MO);  Cucurital  de  Yagua,  Cano  Yagua, 
cate,  all  fertile,  or  the  lowermost  sterile  (rarely),  Davidse  et  al.  17398  (MO,  VDB);  Santa  Cruz,  Rio  Ata- 

1132  (GH,  US).  2010  (GH,  K,  VDB).  vichada:  Parque 

Nacional  Natural  "El  Tuparro,"  Zarucchi  &  Barbosa 
3541    (MO.   VDB),    Venezuela,   territorio  federal 
AMAZONAS:  Esmeralda,  Croizat  727  (GH,  MO,  NY,  US); 

and  slightly  larger,  most  bracts  ovate-oblong,  1.4 
bapo.  Foldats  3682  (NY);  "Cerro  la  Trampa.'^Rio  Au- 

Melg^ 

1.6  cm  long,  acute.  ,he  backs  strongly  convex  with  ̂ ^j;;::::^y;^:Z:S2erm8mV^. 
ovate,  strongly  nerved,  deep  green  or  variously  yEN);  Cerro  Yapacana,  Huber  1644  (US);  Canaripo, 
anthocyanic  dorsal  areas,  producing  a  short,  sub-  Huber  1927  (GB,  U,  US);  Yapacana  Savanna  III,  Huber 

apical,  erect,  blunt  mucro,  the  border  broad,  hy-  2014  [K,  NY);  sabana  N  laguna  de  Yagua,  Huber  2569 

aline,  pale  or  suffused  with  pale  purple;  sepals  2,  (^Y);  SE  de  Carmelitas,  Huber  2681 
 (MYF,  VDB);  30 

„.   .•     1        -r  ,  1  J    .         1     f  ij   J    ,r  km  SE  de  la  confluencia  Orinoco  Ventuari,  Huber  & 
elliptic-lanciform,  strongly  and  sharply  folded,  15-  y,.^^^^^  ̂ 782  (K,  NY,  U,  US);  savanna  III,  Yapacana. 1 7  mm  long,  their  narrowly  acute  tips  projectmg  jj^fygr  2996  (US);  Maroa,  Huber  3405  (K,  NY);  sabanita 
slightly  beyond  the  tip  of  subtending  bract,  their  N  del  medio  Cano  Caname,  Huber  et  al.  3754  (NY); 

keels  broad,  curved,  entire,  firm;  coroUa  2.0-2.5  Cerro  Cucurito,  Huber  3874  (NY);  alto  Cai^o  Yagua, 

cm  long    blue-violet    the  spreading  lobes  broadlv  ̂ "^^''  ̂ ^^^  (^Y>'  ̂ ^'^^  ̂ "^  ̂   "^"^  Esmeralda,  Huher cm  long,  blue  violet,  tne  spreading  lobes  broadly  ̂ ^^^  ̂ j^^^.  ̂ .^^^  izquierda  (S)  del  Rio  Guayapo  medio, obovate  to  remform  or  suborbicular,  shorter  than  ̂ ^^^^  ̂   -p^^^^^  ̂ ^j2  (US,  VEN);  2  km  al  W  de  San 
the  tube;  staminodia  not  evident;  anthers  narrowly  Antonio  del  Orinoco,  Huber  &  Tillett  5416  (US,  VEN); 

oblong,  white  aging  yellow,  the  thecae  slightly  di-  5  km  al  S  de  Laguna  Yagua,  Huber  &  Tillett  54S2(Ub, 

vergent  below,  deeply  sagittate,  3-3.5  mm  lone,  '^EN);  Yapacana  Savanna  III,  Krai  &  Hu^f'  Jf/J^ 
^     fii  »     -i  ̂    /  1  ■  o  (MARNR,  NY,  VDB);CerroMorocoto,  Lefe/Z,.ii(Ni, 
on  filaments  3  5-4  mm  long;  gynoecium  over  2  ̂ ^g^.  ̂̂ ^;^  ̂ .^^^^^  ̂^^^.^^  ̂   p^^.^ .  27957  (F.  K,  NY, cm  long,  the  slender  triquetrous  base  producing  3 

recurved  appendages  5-6  mm  up  from  ovary  sum- 
mit, the  laterals  narrowly  flabellate-clavate,  ca.  3 

US),  28043  (NY);  Yapacana  Savanna  III,  Maguire  et 
ai  30467;  Cerro  Moriche.  Maguire  et  al  30888  (Wh 

30990  (NY);  Cerro  Duida,  Maguire  &  Wurdack  34697 

3.5  mm  long,  the  central  shorter  and  fUamentous.      !?».  NY);  Yapacana  Sav
anna  HI,  Maguire  et  aldbOU 

(NY,  US— paratype  of  var.  angustior),  Maguire  et  ai. 

30472  (NY,  U),  Maguire  et  ai  36598  (NY).  Maguire 

et   al.    41446  (NY);    Esmeralda  Savanna,   Steyermark 

Capsule  firm-valved,  obovoid,  6-7  mm  long,  slight- 
ly acuminate,  a  lustrous  pale  brown.  Seeds  obovoid      „^         _  ̂   

to  variously  angulate-isodiametric,  ca.  1  mm  long,      57838  (F,  NY,  US);  cerro  Vinilla,  SSW^Ocamo^  S^e£ 
longitudinally  irregularly  coarsely  dark-ridged,  with 

ermark  etal.  130387  (MO);  Yapacana,  Thomas  &  Rog- 

.any  lower,  .a„sve.e  co„„ec.i„g  ridges,  .he  pa.-      ̂ ^f  «J  f^^Vl^^tL^Tui^yft'l^ 
tern  thus  reticulate. 

Distribution bund &  Adderley  43684  (GH);  20  km  above  San  Fernando, 

Wurdack  &  Adderley  42758  (NY,  US);  2  km  belo^* 
  „.,      mouth  of  Atabapo,  Wurdack  &  Adderley  42708  (^n 

mostly  low-elevation  savanna  or  at  edges  of  gallery      5  km  below  Guarinumo,  Wurdack  &  Adderley  Y^fl^ 

forest  therein  (50-200  m,  occasionally  in  Terri-      ̂ ^^^^  Cabana  de  Moyo,   Wurdack  &  Adderley  43 

tr.r;«  F^rl^ral  Ar»=..»r,ac  ....  t„  1   O^A      \  u  (NY).  BOLIVAR:  morichal  2  km  E  of  Ri'o  Ormoco  between tono  Federal  Amazonas  up  to  1,250  m),  southern      J^j^  Jj^^^j^  ̂^^^  ̂ erro  Gavilan.  Wurdack  &  Monachmo Venezuela  west  into  southeastern  Colombia  and      39957  (F,  GH,  K,  NY,  U). 

r 

Brazil 

Additional  material  examined.  Brazil.  AMAZONAS: 
rd.  to  Igarape  Preto,  2  July  1979.  Calderon  et  ai  2742 
(INPA.  K,  MO,  NY,  US,  VDB);  Humaita-Jacarecanga, 
21  June  1982,  Teixeira  et  al,  1266  (INPA,  NY,  VDB). 
RORAIMa:  caatinga  com  Barcella,  30  Apr.  1974,  J.  M 
Pires  et  al..  Herb.  Ipeaa  14.489,  14.460  (GH,  NY,  US). 
Colombia,  vaupes:  Yapoboda,  10  Dec.  1943,  P.  H.Allen 
3205  (GH,  MO,  US);  Cerro  Kanenda,  2-4  Nov.  1952, 
Garcia-Barriga  15055  (US);  savanna,  Guranjuda,  Gar- 

cia-Barriga et  al.  16028  (GH.  NY,  US);  Cacagual,  Ma- 
guire et  ai  36285  (NY),  36287  (NY);  Araracuara,  6 

Sep.  1959,  Maguire  &  A.  Fernandez  P,  44178  (GH, 
NY,  US);  Puerto  Colombia  opp.  Maroa.  Maguire  et  al 
41855  (NY);   Yapoboda,  Schultes   &   Cabrera   14^42 

A  review  of  Abolboda  macrostachya  var.  mac- 

rostachya  and  many  duplicates  of  the  variety  a 

gustior  (most  of  these  cited  above)  shows  that 

characters  used  to  distinguish  the  two  all  blen 

19b.  Abolboda  macrostachya  var.  robus-
 

tior  Steyermark,  Fieldiana  Bot.  28: 

1951.  TYPE:  Venezuela.  Bolivar:  Gran  Saban
a 

NW  Kavanayen  at  1,220  m,  26  Oct. 
 19 1*' 

Steyermark  57349  (holotype,  F;  isotyP*
^' VEN).  Figure  25. 
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Figure  25.     Aholhoda  macrostachya  var.  robustior  {Liesner 

'ertfle  bract.— c.  Lateral  sepal  pair.— d.  Spread  corolla,  stamens, 
g- Capsule.  ~h.  Seed. 

24093;  Steyermark  127613).— i.  Habit,
 

e.  Stamen.— f.  Style  base  with  appendages 

b 
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A. §ida  Gleason.  Bull.  Torrey  Bot.  Club  58:  17,  1929. 

TYPE:  '"British  Guiana,**  Schomburghh  146S.  (lee- 
totype,  K  —  specimen  at  right  on  type  sheet;  spec- 

imen at  left  is  A,  grandis  var.  rigida  Malme), 

4-5  nam  long;  stylar  appendages  as  in  the  type 

variety.  Capsule  obovoid-ellipsoid,  9-10  mm  long, 

the  thickened  valve  tips  narrowly  bifid.  Seeds  var- 

A,  excelsa  Malme.  Ark,  Bot.  25A(12):  16.  1933-  tite:      iously  obovoid-angulate  and  faceted,  someti
mes  iso- 

diametric,  ca.  1  mm  long,  with  several  straight  or Venezuela.  Bolivar:  "In  Sumpfen,  Rio  Cuquenan, 
Februar  1910/*  E.  Ule  8545  (lectotype,  K;  isolec- 
totypes,  L,  MG). 

As  in  variety  macrostachya  but  typicafly  far 

irregular  coarse  ribs  longitudinally,  these  cormected 

by  narrow  alveolae. 

Distribution.      Common  to  frequent  in  rapa- 
more  robust,  the  rosettes  soUtary  or  tufted,  the  ̂ eaceous  savanna  bog,  clearings  in  shrub  or  edges 
stems  caudiciform,  simple  or  branched,  thick,  to  ̂ ^  ̂ ^jj^^^  f^^^^^  therein,  in  sandy,  acidic  wet  sites 
1  dm  long,  erect  or  ascending,  1  -2  cm  thick,  naked  ̂ ^  medium  to  high  elevations  (600- 1 ,900  m),  from 
at  base,  above  cloaked  in  chaffy  old  leaf  bases  and  ̂ ^^^^^  Guyana  westward  across  southern  Vene- 
appearing  sub-bulbous,  the  roots  spongy-thickened.  ^^|^  ̂ ^  ̂ ^^^^  g-p^p^  ̂   Territorio  Federal  Ama- 
Leaves  several  to  many  per  rosette,  spreading  to  ̂ ^^^^  ̂ ^j  probably  (but  without  records  presently) linea 

wide 

folded,  the  base  broadly  clasping,  to  25  mm  wide, 

strongly  multinerved  on  the  convex  backs,  abruptly 

or  gradually  constricted  above  for  up  to  1  dm, 

thence  broadening  to  an  elliptic-linear  or  linear- 

triangular  blade,  above  middle  narrowing  gradu- 

ally, the  narrow,  pale,  hyaline  borders  converging 

to  form  a  subulate,  sharp  point,  the  surfaces  pale. 

ma 

southward  from  Bolivar,  Venezuela,  into  contigu- 
ous northern  Brazil. 

Additional  material  examined.  GUYANA.  Pakarai- 

Mts..  Mt.  Aymatoi,  15  Oct.  1981.  Maas  el  ai.  5692 

(NY.  U);  Samwarakna-tipu.  10  Nov.  1951,  Maguire  & 

Fanshawe  32521  (NY);  upper  Mazaruni  River,  Pinkus 

223  (F).  Venezuela,  terrh  okio  federal  amazonas:  Cer- 

ro  Sipapo,  1 5  Dec.  1 948,  Maguire  &  Politi  27682  (NY). 

25  Dec.  1948,  27910  (GH,  NY),  1  Jan.  1949,  28112 

(NY),  28117  (F.  K),  6  Jan.   1949.  28176  (NY.  US]. bright  green  or  glaucous,  multinerved,  with  nerves      ̂ ^^'^'  ̂ ^^l.'.'  ̂ \' .^^'  "  '^""''^Z      ̂ okl    A.'mardC 
^      ̂   ,       .  I        r         c»  ■  \    .  ,       BOLIVAR:  Guiaqumima-tepui,  11  May  1987,  Aymarai^- 

sometimes 

mm  thick,  smooth,  often  strongly  suffused  with 

stronger  on  abaxial  surface.  Scapes  rigid,  1 -several      ̂ gjj  ̂ ^Q   poRT);  Ri'o' Aponguao/cruce  con  carretera 
El  Dorado-Sta.  Elena,  Burandt  et  al.  [7052 (MO,  UCOBJ 

sulcate,  fistulose,  60-120  cm  long,  distally  3-4.2      Cerro  Auyan,  Jan.  1949.  Cardona  2614  (NY,  US);  24 

km  S  La  Ciudadella,  Davidse  et  al.  4768 (MO);  cabaceras 

1  k       ♦     1/    o^  .1    AC  ,  Rio  Waiparu,  FernaWe^  2050  (MYF,  VDB);  20  kill  al 
purple;  scape  bracts  l(-2)  pairs,  4-6.5  cm  long,      ̂   Kama  Maru,  4  abr.  1985,  Hoist  et  al.  2226  (MO); 

Parupa,  Huber  et  al.  7217  (MYF,  VDB);  entre  San 

Francisco  de  Yuruani  y  Chirimata,  21  June  1983,  Huber 

&  Alarcon  7544  (MYF,  VDB);  8- 1 0  km  SSE  San  Ignacio 

de  Yuruani,  Huber  &  Febres  9188  (MYF,  NY,  VDBJ 
.     ,    ̂.        .  . ,  ..  15  km  N  "Paso  Pacheco,"  Huber  9223  (NY);  ca^^u acute  or  acummate  tip,  the  midrib  excurrent  as  a      k^  ne  ̂ ^-^^^   fj^^^^  ̂ ^  „/    ggjs  (MYF,  NY,  VDB); 

10  km  SW  Wadakapiapue-tepui,  Huber  11964  {Un, 
mostly  cylindric-ellipsoid,  4-7(-10)  cm  long,  1-      VDB);  Salto  Carapo,  Huber  12406  (MYF,  VDB);  2  km 

E  Kavanayen,  Krai  72093  (MO,  NY,  US,  VDB);  El  Fuaji, 

erect  (or  the  lowermost  sterUe),  broadly  to  narrowly      ̂ '''^'^  '^''^  (?^^'  ̂ ?^'  ̂^'^J^  '^  ̂ ""omU^ \    .    r,  1  11  ,   iiciiiuwijr       raunn-tepui,   Ouebrada   Tanuan,   Liesner  2W^^V\\;^ 
ovate,  1.4-z  cm  long,  the  lower  ones  slightly  lon- 

those  of  a  pair  erect,  subequal,  lance-oblong,  con- 
duplicate,  the  rounded  backs  strongly  multinerved, 
the  medial  area  green  or  purplish,  the  border  broad, 

pale  (or  rarely  deep  purple),  thin,  converging  to 

short  cusp  or  mucro;  spikes  solitary  and  terminal. 

1.5  cm  thick,  multiflowered,  all  bracts  fertile  and 

rounded 

r 

green  or  purplish  pigmented  backs,  the  thin,  hy- 
aline borders  broad,  converging  apically  to  an  acute 

or  short-acuminate  tip,  the  medial  area  raised  dis- 
tally and  sometimes  short-excurrent  as  a  low  mucro 

or  short  cusp;  sepals  2,  navicular,  lance-elliptic  in 

side  view,  1.6-2.3  cm  long,  the  tips  conspicuously 

exserted,  the  thickened  medial  area  produced  to  a      ̂^'^^^^  ̂ ^^^  VDB). 

raunn-iepui,   yuenraaa    lanuan,   />teo>«c/    ^^     '     ,  in 

VDB);  Ilu-tepui,  Maguire  33356  (NY),  33528  (N  i  );^^^ 

km  S  El  Dorado,   Rio  Aponguao,  Rutkis  545  (Vl^i  A 

Uarama-tepui,  NE  Luepa,  Steyermark  &  Ndsson  ̂ v 

(NY);   mesa   between    Ptari-tepui   and   Sororopan^tepu^ 
Steyermark  60243  (F);  Auyan-tepui,  Steyermark  96^ 

(F,  K,  NY,  US);  cabeceras  Rio  Aponguao,  Arauta-paru. Steyermark  &  Dunsterville  104114  (NY);  ̂ ^M^^  "^  iVg 

Cama  at  km  199.9  S  of  Rio  Cama,  Steyermark  IH^ 

(F,  NY,  U);  50  km  N  Sta.  Elena,  Steyermark  &  l^^^"" 

narrow,  thin  but  firm,  entire  keel,  the  sides  lon- 
gitudinally low-nerved,  the  nerves  often  antho- 

cyanic;  corolla  bright  blue  or  violet-blue,  3-4  cm 
long,  the  lobes  ca.  as  long  as  the  tube,  broadly 
obovate  to  suborbicular;  staminodia  usually  not 
evident,  when  present  filamentous;  anthers 

This  variety  is  perhaps  easily  confused  m 

ritorio  Federal  Amazonas  with  the  type  variety, 

because  variety  macrostachya  can  be  very  ro 
in  some  of  the  low-elevation  savanna  along 

Orinoco  and  its  tributaries.  However,  such 

   . —       individuals  typically  have  very  short  scape  br^     ' 
rowly  oblong,  3.5-4  mm  long,  yellow,  on  filaments      and  the  tips  of  their  lateral  sepals  do  not  project nar- 
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as  far  beyond  subtending  bract  tips.   In  variety  ders,  the  convex  backs  multiribbed  and  usuaDy 

robustior,  the  usual  case  is  for  the  scapes  to  be  anthocyanic  or  deep  green  medially;  sepals  2  or 

much  more  elongate,   thicker,  and   the  habit  in  3,  the  laterals  elliptic -lanceolate,  10-12  mm  long, 
general  to  be  much  more  coarse,  with  a  greater  the  firm  keel  broadly  alate,   the  apex  narrowly 

degree  of  purple  or  red  pigmentation  in  scapes,  rounded,  the  inner  sepal  oblong,  scarcely  keeled, 

bracts,  and  often  leaves.   This  increased  purple  mostly  scarious,  ca.  7-8  mm  long;  corolla  ca,  2 
pigmentation  of  foliage  and  other  parts  in  higher-  cm  long,  bright  blue,  the  broadly  elliptic  lobes  ca. 

elevation  species  and  varieties,  in  contrast  to  less  1  cm  long,  spreading;  anthers  lance-oblong,  ca.  3 
of  it  in  species  and  varieties  of  lower  elevations,  mm  long,  yellowish,  on  filaments  ca,  2.5  mm  long; 

seems  to  occur  throughout  the  genus. style  ca.  2  cm  long,  the  triquetrous  base  with  3 

Gleason,  in  examining  the  type  of  his  Abolhoda  appendages,    the    laterals    pendulous,    irregularly 

rigida  [Schomburghk  146. S)  at  K,  did  not  note  claviform,  acute,  ca.  2.5  mm  long,  the  central 

that  the  material  is  a  mixture.  The  right-hand  spec-  appendage  reduced  and  slightly  above  the  laterals, 

imen  must  be  what  he  refers  to  as  "^.  rigida,'"'  Capsule  ca.  5  mm  long,  the  valves  elliptic,  thick- 
particularly  in  that  he  gives  correct  dimensions  for  ened  and  deeply  notched  apically.  Seeds  nearly 

A,  macrostachya  var.  robustior  spikes;  the  left-  isodiametric,  ca.  0.7  mm  long,  coarsely  reticulate, 

hand  specimen,  actually  the  more  ample  example,  the  longitudinal  ribs  slightly  stronger  and  spiral. 

Distribution,      Locally  abundant  in  low-eleva- 
savanna 

IS  material  fitting  the  description  of  Malme  for  his 
A,  rigida,  which  is  now  A.  grandis  var.  rigida. 
The  degree  to  which  these  authors  relied  on  one      *i* 

or  both  of  these  examples  on  the  single  sheet  is      m)  from  Territorio  Federal  Amazonas,^  Venezuela, 
unclear.  west  into  southeastern  Colombia  (Vaupes)  along  the 

Rio  Orinoco,  Rio  Negro,  and  tributaries.  Probably 

also  in  contiguous  Brazilian  savannas. 20.  Abolbod 

York  Hot.  Card.   10:   14.   1958.  TYPE:  Vene-  Additional  material  examined.      Colombia,  vaupes: 

zuela.  Territorio  Federal  Amazonas:  Yapacana       Puerto  Inirida    Rio  Inlrida^^       ago.  1975    Garcia-Bar- 

Cowan  &   Wurdack  30468  (holot 

isotypes,  GH,  NY,  US).  Figure  26. 

iiooth  pereruiial  from  a  scaly,  vario 

Magu 
riga  20831  (GH,  US),  20855  (GH);  W  of  Rio  Guaini'a N  of  Boca  de  Casiquiare,  5  Feb.  1980,  Liesner  &  Clark 
9111   (MO,    VDB).    Venezuela,   territorio   federal 

AMAZONAS:  cerro  Chipital,  E  cerro  Chipital,  Guanchez 
1087  (TFAV,  VDB);  Cerro  Yapacana,  Huber  1599  (NY, 

US);  bajo  Ventuari,  Huber  4858  (NY);  Yapacana  Sa- 
gate,  sparingly  branched  rhizome  3-6  mm  thick,  vanna  I,  Jan.  1951,  Maguire  et  al  30789  {GH,  NY 

the  roots  spongy-thickened.  Rosettes  few-leaved,  paratype);  Pimichin,  Nov.  1953,  Maguire  et  al  36381 
terminal     *    u-  •  1  •      •     1  I  11  (NY— paratype),  36382  (NY— annotated  as  a  possible 
termma   at  rhizome  tips,  the  prmcipal  leaves  11-      ̂ ^ybrid  between  A.  grandis  and  A  macrostachya);  Ya- ^o  cm  long,  the  sheaths  thin,  with  convex,  mul-      pacana  III,  Maguire  et  al  36622  (NY.  US—paratype); 

Cano  Hechimoni  above  mouth  Rio  Siapa,  Maguire  et  al 

37642  (NY — paratype);  Yapacana  savannas,  Sep.  1957, 
Maguire  et  al  41495  (GH,  NY);  Sabana  Pacimoni,  Oct. 
1957,  Maguire  &  Wurdack  41680  (F,  K,  NY,  US); 

-    ...     -  Yavita,  Jan.  1942,  L  L.  Williams  14045  (F,  US);  5  km 

ed  to  acute,  mucronate  or  short-subulate,  the  mar-      below  Guarinumo,  June   1959,    Wurdack  &  Adderley 

ticostate   backs,    narrowing    ±    abruptly    from    a 
broadly  clasping  base  to  10  mm  wide  into  narrowly 
™ear,  erect  or  ascending  blades  2-3  mm  wide, 
tilese  comoressed  hut  firm.  anir;illv  ahrnntlv  round- 

gms 42855  (NY). finely 

nerved,  the  lower  surface  coarsely  3-5-ribbed  Ion- The  comparatively  blunt-tipped,  uniformly  lin- 

gitudinally.  Scape  erect,  usually  1  per  rosette,  20-  ear  leaf  blades  and  the  rhizome  character  distin- 

25  cm  long,  1 .5-2.3  mm  thick  distally,  there  terete  guish  this  from  the  closely  related  Abolboda  mac- 

or  with  a  few  broad  ribs;  scape  bracts    1    pair,      rostackya.  Some  of  the  narrower-leaved  extremes •ubequal 

oblong,  1-2  cm  long,  the  tips  acute  to  subulate- 
spinulose,  the  borders  broad,  scarious,  pale,  the 

nerved; 

cribed 
macro- he  produc 

bet 
ever,  I  believe  these  are  mostly  separable  on  the 

cylindric-ellipsoid,  solitary  and  terminal,  2.5-      basis  of  a  distinct  taper  of  leaf  blade  and  a  s
touter 

5-5  cm  long,  6-8  mm  thick,  many-flowered,  the 
erect  bracts  aD  fertile,  oblong-ovate,  12-15  mm 
*^ne,  broadlv  amt**    witli  hrnad_  nalp  scarious  bor- 

rootstoc rootstock 

m A ifc 
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Figure  26.^  ,  ^^olhoda  hnearifolia  {Maguire,  Cowan  &  Wurdack  30468).-a.  Habit.-b.  Leaf  tip.  two  sorts. 

e.  Spike  and  uppe
r  scap f.  FertUe  bract.— g.  Lateral 

 sepal- 

-k.  Enlarged 
 viev 

c.  Abaxial  (  eft)  and  adaxial  (right)  views  of  a  sector  of  leaf  midblade.-d.  Leaf  base. (middle) 

h   Inner  view  to  show  relative  position  of  sepals  within  fertile' bract!— i.  Stamen of  stylar  base  with  appendages. -1.  Capsule,  external  view  of  one  valve. -m 
— ].  Gynoecium Seed. 
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Figure  27.     Abolboda  xglomerata  {Maguire  &  Wurdack  35593).— a.  Habit.— b.  Leaf  tips.— c.  Sector  of  leaf 
at  midblade,  abaxial  side.— d.  Leaf  base.  — e.  Inflorescence.  — f-  Lower  inflorescence  bract.  — g.  Spike  bract,  abaxial side. Lateral 

'21-  Abolboda  xglomerata  (Maguire)  Krai, 
Stat.  nov.  Abolboda  glomerata  Maguire,  Mem. 
New  York  Bot.  Card.  10:  14.  1958.  TYPE: 

Venezuela.  Territorio  Federal  Amazonas:  Sa- 

bana  Venado,  left  banks  of  Cano  Pimichin 
above  Puerto  Pimichin.  affluent  Rio  Guainia, 
140  m.  14  Anr    IOF;^ 

Maguire  &  Wi 

35593  (holotype,  NY;  isotype,  US).  Figure 

27. 

perennial 

roots  spongy 

Leaves  few,  stiff,  spreading-ascending,  5-10  cm 
k  As  4  ft 

stramineous 
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ca.  5  mm  wide  at  clasping  base,  narrowing  to  linear,  ascending,  imbricate-based,  the  lowest  scalelike, 

firm    blades,    2-2.5    mm    wide,    these    narrowed  gradually  longer  upstem,  the  longest  at  or  toward 

abruptly  to  acute,  mucronate  or  subulate  apices,  scape  base,  lance-linear,  8-12  cm  long,  their  bases 
the  margins  rather  thin  but  with  narrow,  pale,  completely  sheathing  the  compressed  internodes, 

the  adaxial  surface  these  laterally  compressed,  2-3  mm  wide,  strongly 
wir finely 

nerved;  blades  with  bases  strongly  open-sheathing, 

surface  coarsely  nerved  and  usually  convex,  both      the    sheaths    strongly    infolded,    scabrous-keeled, 
dull 

qualin 
16-27  cm  high,  yellow  green,  distally  15-23  mm      scarious  borders,  these  converging  gradually  to  a 
thick,  terete  or  somewhat  angled,  coarsely  costate      strong,  scarious. 

blunt 

to  striate;  scape  bracts  2  pairs,  erect,  lance-oblong,      blades  linear-triangular,  laterally  compressed,  2 

subequal,  1-2  cm  long,  involute,  the  tips 
subulate nun  wide  at  junction 

to  acute,  the  borders  broad,  pale,  scarious;  inflo-  evenly  to  subterete,  incrassate,  setaceous  tips,  the 

rescence  a  narrowly  to  broadly  turbinate  or  ellipsoid  margins  strongly  thickened  and  strongly  papillose- 

fascicle  of  spikes,  ca.  2  cm  long,  the  individual  tuberculate,  the  surfaces  transversely  rugulose-pa- 

spikes  mostly  lanceoloid  or  ellipsoid-cylindric;  lower  pillose,  pale  yellow-green.  Scapes  terminal,  later- 
inflorescence  bracts  (involucre)  broadly  to  narrowly  ally  compressed,  7-15  cm  long,  ca.  3  mm  wide, 

ovate,  8-15  mm  long,  those  above  within  the  spikes  narrowly  elliptic  in  cross  section,  the  narrow  hard 
numerous,  progressively  shorter,  in  spikes  1-2  cm  edges  papillose-tuberculate,  the  pale  green  surfaces 

long,  these  bracts  ascending,  ovate,  5-8  mm  long,  finely  papillose.  Inflorescence  terminal,  mostly  nar- 
acute,  with  strongly  nerved,  convex,  green  or  pur-  rowly  turbinate,  3-6  cm  long  from  base  to  bract 

pie-tinged  median  areas  and  somewhat  keeled  api-  tips,  the  bracts  and  flowers  essentially  distichously 
cally,  subtending  lanceolate,  thin,  lateral  sepals  ca. 

primary  and  secondary  peduncles 6-8  mm  long,  these  with  tips  acuminate-subulate,  erect  or  ascending,  occasionally  excurved;  bracts 
with  backs  carinate,  the  keel  strong,  entire,  ex-  as  in  foliage  leaves  but  shorter,  the  lowest  erect 

current,  the  sides  thin,  pale;  flower  parts  other      and  slightly  shorter  or  slightly  longer  than  the  rest 
than  sepals  not  developed. 

Distribution.      Known  only  from  the  type  lo- 
cality and  not  collected  since. 

of  the  inflorescence,  thus  4-6  cm  long,  producing 

from  axils  either  a  fascicle  of  3-4  pedicels  sub- 

tended by  a  lanciform,  scarious -bordered  second- 

ary bract  or  2-3  pedicels  and  an  opposing  short 
It  is  suggested  that  these  plants,  while  abundant  (to  1  cm  long)  laterally  compressed,  costate  Inter- 

according  to  record,  are  genetic  anomalies,  possibly  node  and  a  bract,  this  subtending  2-3  pedicels 

the  result  of  chance  hybridization  between  Ahol  subtended  by  an  opposing  yet  shorter  bract  (pro- 
boda  Unearifolia  and  A.  macrostachya  var.  mac-  phyll?);  pedicels  stiff,  erect  or  somewhat  excurved 

rostachya.  As  no  floral  structure  other  than  sepals  to  ascending,  1-3  cm  long,  linear-claviform;  flow- 

ers subregular,  the  sepals  lanciform,  spirally  im- 
bricate, the  laterals  external,   1.5-1-7  cm  long, 

is  developed  in  the  spikes,  it  can  only  be  assumed 
that  reproduction  is  strictly  vegetative,  clonal  ei-    , 

ther  by  rhizome  or  by  a  toppling  and  rooting  of  with  thickened  dorsal  areas  crested  by  a  broad, 
scapes  within  the  inflorescence. 

Achlyphila  Maguire  &   Wurdack 

rounded,  tuberculate-papillate  keel  and  with  broad 

scarious,  strongly  involute  borders,  these  converg 

ing-overlapping  at  sepal  tip,  this  with  a  scario 
^ 

ijpiiiia    iviaguiic    vx     w  uroacK,    iviem.    [New       ,  .^ .  .  *  ff"   =raber- 

York  Bot.  Card.  10(2):  12,  fig.  la-m.  1960.      ̂ ^^^  ̂ P^""'  ̂ ^^  ''''^^^  excurrent  as  a  stitl,  s     ̂^^ TYPE:  A.  disticha  Macuire  &  Wurd 
!• 

Wurdack 

Mem.  New  York  Bot.  Card.  10(2):  12.  1960. 
TYPE:  Venezuela 

ulous  cusp;  inner  sepal  simila. 

less  spreading  and  shorter;  petals  3,  distinct  loba 

and  unclawed,  obovate  to  rhombic,   1.2'1'* lonff-  vfillnw   tlip  anp-Y  narrowlv  rounded,  the  m 

nas:  Cerro  de  la  Neblina,  2,000  m,  14  Dec. 
1957,  B,  Maguire.  J.  /  Wurdack 

itaminod mens 

MafTiiire  40402  (holotype,  NY;  isotypes   US       ̂ ^t^asporangiate  and  bilocular,  at  ant
hesis  or 

VKNV  Fiir..r*.«  9ft    9Q  r    ̂       .      lanciform.   2.5-3   mm  lone,   the  apex  shauo    j YEN).  Figures  28,  29, 

Stiff,  slentler,  papillose-scabrid  perennial  herb 
from  branched,  slender,  horizontal,  short-inlernod- 
ed,  branched  rhizomes  to  3  mm  thick,  the  roots 
slender-fibrous.  Leaves  distichous,  stiff,  erect 

or 

haUowly 
notched,  the  base  with  locules  widely  diverge" 

along  a  broadened,  thin  connective,  sagittate, 

joined  to  the  slender  tip  of  a  broad-based,  somew  a 

flattened  filament  5-5.5  mm  long;  ovary  oblong- 
trieonous,  ca.  3,5  mm  lone:  style  ca.  2  mm  ̂   P' 
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a.  Habit. Achlyphila  disticha  (Krai  71924). 

d-  Two  nodes  with  blades  cut  away  above  base. 

<'^fO,  inner  (middle),  and  outer  (right)  views  of  a  lateral  sepal— g.  Flower. 

b.   Leaf  tip. 

e.  Two 
c.  Leaf  at  junction  of  blade  and 

views  of  fruiting  calyx. 

Capsule, — i-  Seed, 

f.  Lateral 
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C 

^.^  jum 

sepal. — b.  Sp 
view  of  anther 

capsule  (right). inner  view  of  a  latej 

c. 

J  tlower  showing  relative  positions  and  dimensions  of  petals,  stamens,  and  gynoecium.- 
at  anthesis.  — d.  Side  view  of  capsule  with  persistent  style  (left);  diagram  of  cross  section  o\  Jo 
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Stiffly  erect,  tapering-linear,  with  a  short,  capitate,  ear,  ligulate,  the  longer  ones  downstem,  20-40  cm 

shallowly  3-lobed  stigma.  Capsule  ca.  4.5-5  mm  long,  20-40  mm  broad,  strongly  compressed,  nar- 
long,  oblong-trigonous,  dull  brown,  the  placentation  rowly  acute  to  slenderly  acuminate,  upstem  pro- 
axile  along  2  approximate  placental  lines  per  locule,  portionately  gradually  shortening  and  with  broader 

the  valves  later  falling  free.  Seeds  ovoid  to  subglo-  outline,  more  spreading,  more  broadly  acute,  all 

hose,  0.9-1.0  mm  long,  with  a  short,  bluntly  conic  blades   with   thin,   entire,   subsrarious   and    often 
apiculus  and  with  several  slightly  spiral,  longitu-  crisped  margins,  and  smooth,  deep-lustrous-green, 
dinal,  minutely  papillate  ribs,  the  intervals  marked  finely  nerved  surfaces;  leaf  bases  broadly  clasping, 

by  numerous,  low,  transverse  short  connections.        and  here  a  lustrous  pale  to  deep  brown,  immediately 

Distribution.  Abundant  locally  in  peaty,  moist 
to  wet,  rocky  shrub  bogs,  summit  elevations  along 
Cerro  Neblina,  Territorio  Federal  Amazonas,  Ven- 

ezuela (ca.  800-2,300  m),  thus,  along  a  common 
border  with  Brazil  (this  as  yet  undocumented). 

Additional  material  examined,  VENEZUELA.  TERRI- 
TORio  FEDERAL  AMAZONAS:  near  E  escarpment  of  upper 
Canon  Grande  basin  ,  2,000  m,  14  Dec.  1957.  Maguire 
et  al  42386  (NY  — paratype);  Valle  de  Titlrico,  N  of 
Pico  Phe]ps,  Neblina  Massif,  by  rocky  but  wet  ridges,  ca. 
2,300  m,  1  Dec.  1984,  Krai  71924  (F.  GH,  MO,  NY, 
SP.  US,  VDB,  VEN);  Camp  III,  Neblina  and  Massif,  NW 
Plateau  (arm)  13.5  km  ENE  of  Cerro  de  la  Neblina  Base 

above  this  somewhat  constricted,  thence  upblade 

gradually  broadening,  thrnce  from  midblade  to  tip 
mner 

liage  leaves  ringing  a  dense,  subcapitate,  chaffy- 
involucrate  head,  this  convex  mass  hemispheric, 

of  many  bracts  subtending  flower  clusters  and  ring- 

ing the  complex,  the  outer  bracts  broadest,  mostly 

5-7  cm  long,  lanciform,  ecarinate  and  sharply 
acute,  the  inner  ones  directly  subtending  flowers 

narrower,  ca.  as  long,  all  distinctly  paler  than  the 

foliage  leaves,  mostly  with  red-purple,  entire  bor- 
ders and  tips,  the  center  paler,  cream  with  flecks 

pink 

v^iiii;  A  J.J  Mil  M^i^L.  ui  ̂ ciiu  uc  Id  i^cmiim  L»ci3c      ^j  j-g^^  appcanug  paic  pmx,  tne  suriaces  smootn, 

&•  Vi^oVMn'  ̂ v  T..^^^%ir^'  '^'-   ''''•      finely  striate-nerved.  Sepals  3,  comparable  to  inner 
bracts  in  outline  and  length,  the  outer  (lateral)  2 

infolded  ineauilaterallv,  their  bases  soiraUv  imbri- 

tube 

Liesner  16049  {MO,  NY,  VDB,  VEN). 

This  is  the  monotypic  genus  whose  discovery 

led  anatomists  and  morphologists  to  treat  Abol-  cate,  the  keel  sharp  and  usually  anthocyanic,  en- 

bodaceae  and  Xyridaceae  as  one  family,  because  tire;  inner  sepal  ecarinate  but  with  a  median  sharp, 
rt  possesses  characters  intermediate  to  both.  Its  narrow  costa.  Corolla  salverform,  actinomorphic, 

general  floral  organization  is  the  most  primitive  in  pale  purple,  7-10  cm  lung  from  base  to  tip  of 
the  family  except  for  the  lack  of  staminodia.  It  is  lobes 

the  only  xyridaceous  genus  in  which  the  stamens  broa 
are  distinct  from  the  petals.  The  elongate  stems  ascei 
^th  their  equitant   and   distichous,   strongly  as-  broa< 

cending  and  imbricate  leaves  form  plates  of  leaves  cm  1< 

smiilar  to  some   of  the  more  "primitive"  xyris,  the  t 
wiich  likewise  have  a  completely  axile  placenta-  flatte 
t»on,  namely  species  such  as  X  ptariana,  X.  wit-  linea 
^enioides,  X.  xiphophylla,  all  of  which  have  a 

broadening 

ed 

lobes 

bel lobe 

oblong 

connective  produc 

Similar  distribution  and  ecology. lus,  the  base  shallowly  aurlculate.  Ovary  dorisven- 
essed.  ereenish 

Aralitiyopea  Steyerniark  &  Berry,  Ann.  Missouri 
locules 

ucing  at  each -V"FeaoieyermarKO.i>erry,Ann.missouii      ^^  ,  j^,^^  triangled  and  producing  at  each 
Bot.  Card.  71:  297.  1984.  TYPE:  Aratitiyo-  ,^  ̂^  ̂ ^^^  ̂ ^^^  3  appendages,  these  at  their 

subtruncate pea  lopezii  (Lyman  B.  Smith)  Steyerm,  & 
Berry.  Figure  30. 

Robust  perennial  from  a  trailing  or  repent  rhi-      crenate,  thin  tips  whirh  touch  the  ovary  summit; 

flabell 

zome  to  2  m  long  and  to  1 .5  cm  thick,  the  rhizomal 
nodes  numerous  and  annular,  the  reddish  brown 

'nternodes  short-cylindric,  the  roots  slender-fi- 
brous. Outer  part  of  rhizome  densely  cloaked  by 

producing  3  connivent 
ibes.  Ripe 

greenish,  dorsivent  rally  compressed 

»;» 

obo 
1.2-1.4  cm  long,  the 

e^ed 
spiraUy  imbricate  scales  (the  scales  being  remnants      apex  obscurely  3-lol>ed,  in  profile  subtruncate  or 

of  old  leaf  bases),  passing  gradually  into  a  sprawling 
^^  ascending  leafy  shoot.  Leaves  spirally  imbricate, 

numerous  and  crowded  toward  shoot  apex,  the      Seeds  numerous,  broadly  ellipboul  to  .**nf,gioi>ose 
duced  io  a  short -broad 

Pnncipal  ones  spreading  or  ascending,  lorate-lin- subsymmclric,  pale  browTi  to  derp 
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Figure  30.      Aratitiyopca  lopezii  var.  lopezii  {Maguire  &  Politi  27742).- 
upper  stem.— c.  Uppermost  principal  leaf.— d.  Foliage  leaf  directly  subtending  invol 
cluster.— f.  Flower  cluster.  — g.  Flower  at  anthesis.  subtended  by  two  inner  bracts.— h.  Calyx  with  enc 
base  (outer  view   left);  .  al>x  with  enclosed  ovary  (inner  view,  right). -i.  Gynoecial  base,  showing  appendag 
base.-j.  Appendage,  inner  view.-k.  Anther,  with  portion  of  filament  apex.-l.  Capsule.-m.  Seed. e  leaf' 

b.  Principal  foliag 

-e.  Outer  bract  of  flow«^ 

losed  flora'
 

es  at  stylar
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longitudinally  with  12-14  strong  ribs,  and  numer-  two  (one  the  type)  collected  4  August  1951,  and 

ous  lower  cross-ribs  in  the  intervals,  thus  reticulate-  one  the  following  year  (23-25  January),  these  could 
alveolate. 

Key  to  Varieties  of  ARATmroPEJ  lopezii 

la.  Larger  leaves  20-40  cm  long,  2-4  cm  wide; 
heads  3-7  cm  across  base,  7-15  cm  broad,  7- 
10  cm  high;  floral  bracts  5  7  cm  long,  red- 
purple  with  paler  median  zones;  sepals  ca.  as 

long,  roseate-bordered;  corollas  (fide  Steyer- 
mark  &  Berry)  pale  purple  „ 
....   la.   A.  lopezii  var.  lopezii 

lb.  Larger  leaves  10-18  cm  long,  1.5-2.5  cm 
wide;  heads  2-3  cm  across  base,  4-7  cm  broad, 
4-5  cm  high;  floral  bracts  3-4  cm  long,  purple 
outside,  yellowish  to  purple  inside;  sepals  ca.  as 
long,  pinkish  or  pinkish-bordered;  corollas  white 

PH   VH„-***«-*^#4-*->«4  '  «B*^*»>  W^  «■■■  VH  vi 

be  from  the  same  population.  Differences  between 
the  two  varieties  appear  to  be  largely  quantitative. 
The  habit  is  the  same,  but  the  rhizome  of  variety 

colomhiana  is  narrower;  the  leaves  of  variety  co- 
lomhiana  are  similarly  shaped  but  smaller,  as  are 
involucral  bracts  and  sepals.  The  colors  (as  given 

by  Schultes  &  Cabrera,  the  collectors  of  the  Vaupes 

material)  appear  to  be  different  from  those  of  the 

type  variety,  as  bracts  are  described  as  "purple- 
brown"  or  "purple  inside  and  out."  Bract  color  on 

the  type  specimen  is  given  as  "purple  outside, 

pinkish  or  yellowish  inside.*'  Flowers  (none  avail- 
able on  the  material)  are  described  as  white  on  the 

or  near  white    lb.  A,  lopezii  var.  colombiana       type  label,  "whitish"  on  one  of  the  paralypes. 
A  later  and  more  detail<'d,  field-oriented  survey 

la.   Aratitiyopea    lopezii   (Lyman   B.    Smith)      of  the  two  varieties  may  show  a  running  together 

Ann 
of  the  two.  In  any  case,  this  species  should  be 

Bot.  Card.  71:  297,  fig.  lA-K.  1984.  Navia  cultivated,  as  it  is  without  question  (even  from  one 

lopezii  Lyman  B.  Smith,  Bot.  Mus.  Leafl.  15:  who  has  seen  only  color  slides  of  it)  the  most  beau- 

40.  1951.  TYPE:  Brazil.  Amazonas:  Cerro  tiful  of  the  Xyridaceae  yet  found.  From  exami- 

Dimiti,  upper  Rio  Negro  basin,  on  rocks,  800      nation  of  specimens  without  flowers  and  from  vicw- 

m,   12-19  May   1948,  Schultes  &  Lopez ing  the  color  photographs,  it  is  easy  to  see  how 

9956  (holotype,   178^1985318;  isotype,   US-      these  plants  were  first  placed  in  the  Bromeliaceae. 
1985319).  Figure  30. 

1  b.  Aratitiyopea  lopezii  (Lyman  B.  Smith) 

Steyerm.  &  Berry  var.  colombiana  (Lyman 

B,  Smith)  Steyerm.  &  Berry,  Ann.  Missouri 

See  genus  description  and  key. 

Distribution,  Territorio  Federal  Amazonas  of 

southwestern  Venezuela,  northwestern  Brazil,  and 

southeastern  Colombia  (Vaupes),  usually  on  wet, 
<^pen  or  shaded,  rocky  faces,  250- 1,600  m. 

Additional  material  examined.  VENEZUELA.  TERRI- 

TORIO  FEDERAL  AMAZONAS:  Cerro  Avispa.  Dansterville  & 
Ounsterville,  Dec.  1972  (US);  Cerro  Avispa.  Rio  Siapa, 
punsterville  &  Dansterville  s.n.  (US);  Cerro  Sipapo, 
lower  N  escarpment.  Nov.  1948,  Maguire  &  Politi  27497 
(US);  spray  of  waterfalls,  Cano  Profundo,  Jan,  1949, 

^laguire  <£■  Politi  28276  (US);  Cerro  Aratitiyope.  ca.  90 
wn  SSW  de  Ocamo,  24-28  fev.  1984,  Steyermnrk  el 
fl/.  130088  (MO,   US),   130289  (MO);  Rio  Siapa  just 

Bot.  Card.  71:  299.  1984.  Navia  lopezii  var. 

colombiana  Lyman  B.  Smith,  Bot.  Mus.  Leafl. 

16:  195.  195  1.  TYPE:  Colombia.  Vaupes:  Rio 

Kananari,  Cerro  Isibukuri,  piedra  de  arenisca, 

250  m,  4  Aug.  1951,  R.  E.  Schultes  &  I. 

Cabrera  13342  (holotype,  US;  isolypes,  Gii, 
COL). 

See  key  to  varieties  and  discussion  under  variety 

lopezii. 
Distribution.      Shaded  and  &unny,   wet,   ruck 

l«lowRaudalCallipeta,  July  1959,  WurJacA&^Jder/ey      outcrops,  Vaupes,  southeastern  Colombin,   250- 
■«564  

(US). 

The  disc AUPES: 

'nark  &  Berry  (1984)  appears  largely  to  be  based 
^pon  Aratitiyopea  lopezii  var.  lopezii,  the  widest - 
ranging  and  most-collected  of  the  two  varieties. 
For  some  reason,  the  authors  did  not  include  in- 

formation on  the  variety  colombiana  (Lyman  B, 
Smith)  Steyerm.  &  Berry  in  their  article,  but  simply 
^ade  the  transfer  from  Navia  (Bromeliaceae). 

■^o^tless  this  was  because  of  the  paucity  of  ma- 
terial available.  From  the  few  examples  !  have 

available  on  loan  (three  sheets  at  US,  all  from  Cerro 

"ibukuri  by  Bio  Kananari  in  Vaupes,  Colombia, 

700  m. 

Additional  material  examined.  CoiOMRU. 

Rio  Kananari,  Cerro  Isibukuri,  4  ago.  195L  Schultes  & 

Cabrera  13393  {US);  Rio  Kananari,  Cerro  Ml.uk uri,  base 

of  mountain,  23-25  Jan.    1952,  Schultes  Sr  Cahrrra 
15078  (US). 

Oreclanlhe  Maguire,  Mem.  New  York  Bot.  Card. 

10:  23.  1958.  TYPE:  Abulboda  sccptrum  F. 

Oliver. 

Coarse,  smooth,  perennials  0.5-2  m  high;  .sterna 

either  short,  stout,  producing  dense  basal  roseUes, 

or  lax,  rl.xumlwnJ,  elongitcand  cloaked  b)  higher. 
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looser  spirals  of  leaves.  Leaves  polystichous,  nar- 

rowly panduriform,  5-40  cm,  firm,  bases  dilated, 
clasping  with  a  broad,  maroon  or  red-brown  patch, 

blades  variably  linear,  lingulate  to  flat,  finely  mul- 
tinerved,  apically  sharply  subulate,  margins  thin, 

entire,  aging  lacerate.  Scapes  1 -several  from  axils 

of  upper  leaves,  fistulose,  terete,  0.2-2  m,  to  2 
cm  thick  at  base;  spikes  burrlike,  multiflorous, 

hemispheric  to  broadly  turbinate  or  globose,  510 

cm  broad  across  spreading  sepal  tips;  outer  bracts 

in  l(-2)  whorls  of  3,  often  empty,  floral  bracts 

Abolhoda  sceptrum  F.  Oliver,  Trans.  Linn. 

Soc.  London,  Bot.  2:  286.  1887,  TYPE:  Guy- 

ana. Roraima  summit,  Im  Thurn  312  (holo- 

type,  K;  isotype,  US),  Figures  31,  32. 

Orectanthe  sceptrum  (F.  Oliver)  Maguire  subsp.  occi- 
dentalis  Maguire,  Mem.  New  York  Bot,  Gard.  10: 
5.  1958.  TYPE:  Venezuela.  Territorio  Federal  Ama- 

zonas:  SE  escarpment,  Cerro  Huachamacari,  Ma- 
guire et  at.  30140  (holotype,  NY). 

Robust,  glabrous,  sometimes  glaucous.  Yucca- 

like perexmial,  rosulate  herb,  (2~)4-15(-20)  dm 
much  shorter  than  sepals,  ovate  to  broadly  Ian-  tall  from  a  thick  caudex,  the  roots  coarse,  fibrous, 

ceolate.  Sepals  3,  subequal,  lanciform-navicular,  the  stem  erect  or  ascending,  stout,  to  2  cm  thick, 
acuminate,  the  laterals  with  broad  curved  keel,  the      either  short  or  elongatins;  to  3  dm, 

sun 

linea 

third  thinner  and  without  keel;  petals  connate,  un-  branch  buds  of  a  rosette  base.  Leaves  firm,  spirally 

equal,  forming  a  spreading-recurved,  yellow  (rarely  imbricate  in  tight  or  loose  spirals,  those  of  elon- 
reddish),  two-lipped  corolla  to  6  cm  long,  limb  about  gating  shoots  and  branches  ascending  to  spreading 

as  long  as  recurved  tube  and  throat,  trilobed,  upper  in  loose  spirals,  those  of  flowering  portion  in  flatter 

lobe  largest,  broadest,  forming  a  hood,  the  lower  tight  spirals,  thus  forming  a  rosette,  the  former 
2  spreading  outward,  forward,  slightly  down  and 

forming  the  lower  lip;  staminodes  none;  stamens  usually  gladiately  linear-triangular  or  lanceolate, 

3,  adnate  to  upper  corolla  tube,  filaments  longer  spreading  to  erect,  (5-)  10-30(-40)  cm  long,  blades 

than  anthers,  anthers  ca.  1  cm  long;  placentation  flat,  apically  narrowly  acute  to  acuminate,  involute 

axile;styleelongate,  apically  curved,  with  terminal,  at  tips  to  a  callused  point,  the  margins  forming  a 
patelliform,  papillose,  later  fimbriolate,  stigma;  sty-  deep  red-brown,  thin  but  firm  and  sharp  entue 
lar  appendages  linear,  firm,  doubled  back  to  form  border,  this  aging  to  be  upwardly  jagged,  toward 

an  inverted  "U,"  arising  from  ovary  summit  around  base  usually  somewhat  constricted,  then  flaring  to 
style  base  and  2-2.4  cm  long.  Capsule  ovoid  to  the  broadly  sheathing  (1-6  cm  wide)  base  and  with 
obovoid,  trilobed,  1.5-2  cm,  valves  thick,  tips  shal-      a  broad,  brown  to  castaneous  patch,  the  leaf  bases 
lowly  bilobed;  seeds  numerous,  irregularly  curvate-      persisting  several  seasons  as  a  tight,  chafify,  stubbly 
triangular,  2-4  mm,  edged  with  a  broad  wing  around      shingling  on  the  stem.  Scapes  usually  solitary  at 
embryo,    1    edge   forming   a   narrow,   ascending,      stem  apex,  less  often  2  or  few  from  axillae  of  rosette 
thumblike  lobe,  surface  finely  curvedstriate,  lus-      leaves,  mostly  erect,  fistulose,  terete,  cloaked  at 
trous  brown.  Two  species  of  northern  South  Amer-      base  by  2-several,  erect,  short,  involute  sheath 

leaves  and  there  1-2  cm  thick,  overaU  tinted  with 

red-purple  or  brown,  rarely  with  1-2  narro  ; 

linear  subscarious  bracts  toward  base;  spikes  ne  ̂ like,  solitarv  and  terminal 

ica. 

Distribution.      Southwestern  Guyana  across 
southern  Venezuela  into  Territorio  Federal  Ama- 

zonas  and  southward  into  contiguous  Brazil,  on  the      ̂ ^'  soUtary  and  termmal,  multitlorous,  m  uuu    ̂ ^^ 

Roraima    sandstones,    usually    in   boggy    pockets      ̂ '^'''^^  ̂ "^^  ̂ ^^^"^  anthesis  with  parts  more  spre 

cks  and  in  full  sun.  at  m^Hinm  t.  K;.k      ing,  broadly  turbinate  to  broadly  ovo
id,  but  usu    j among  rocks  and  in  full  sun,  at  medium  to  high 

elevations  (500-2,700  m). 

Key  to  Species  of  OREcrAmvE 

la.  Stem  contracted,  caudiciform,  erect;  leaves  in 
dense  basal  rosette;  outer  cephalar  bracts  most- 

ly with  flowers,  thus  directly  subtending  lateral 
sepals;  scapes  mostly  solitary,  mostly  longer than  stem   

lb.  Stem  elongate,  lax,  often  decumbent,  or  sprawf 
ing  to  1.5  m  or  more;  leaves  in  long,  high  spiral, 
not  forming  a  distinct  basal  rosette;  outer  ce- 

phalar bracts  empty;  scapes  2  or  more,  shorter 
than  stem   9 

globose  to  hemispheric,  5-10  cm  high,  nearly  as 

broad  across  the  sepal  tips;  outer  (involucral;t>r 

of  1   (rarely  2)  series  of  3,  ovate  to  lanceolate, 

leathery-chaflfy,  rigid,   2~6  cm  long,   7'l5  nun 

wide,  fhiely  nerved,  acute,  entire,  yellow-green 

anthocyanic;  flowers  rigid-based  and  tightly  inu) 

cate,  each  consisting  of  1  adaxial,  appressed,  Ian 
-1.0.  sceptrum      ovate  bracts  ca.  ¥i  as  lone  as  sepals  and  3  erec  , cormivent 

O.  ptaritepuiana 

Orectanthe 
Bot 

imbricate  in  1  flat  spiral;  lateral  sepals  lanceoiai  . 

to  6  cm  long,  chaffy,  strongly  folded,  narrow  y 
acute,  subequilateral  with  a  strong,  broad,  na 

tire  keel,  the  mner  sepal  adaxial,  lanceolate 

ecarinate,  thinner,  the  borders  narrowly  invou 

but  thin,  apically  more  inrolled  to  a  subulate  tip, 
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6cm 

Figure  3L 
70470,  Liesner  19337).— a.  Habit  (sector 

Orectanthe  sceptrum  {Huber  9569,  Krai  &  Gonzalez     -         -  r     ■  jui    i        i  .-.i 

of  upper  scape  removed).-b.  Two  leaf  tips,  abaxial  side  (above),  adaxial  ̂ id^(b^l«^);-l,^^^^^^^^^ 
*de  (left)  and  abaxial  view  of  entire  blade  (right). 
(aboveV-        —  -  .    ..      .  1 d.  Some  shorter  rosette  leaves  (below)  and  \ 

e.  Flowering  inflorescence. 

^Uique  view  of  floral  bract  and  calyx  (right). 
natural  posture.— j 

f.  Abaxial  view  of  floral  bract  and  calyx  (left);  inner  view
  of  calyx  (rrnddle); 

jcDaHriicht).  — I.  Flower, 
g.  Floral  bract. 

Ideal  view  of  spread  corolla,  fitamens.-k.  Ideal  view  of  gynoeci
um. 

inner     ^ 

I,  jCCo 
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Figure  32._     Orectanthe  sceptrum  [Ruber  9569).  — a-c.  Inside  (left),  lateral  (middle),  and  oblique  (^'g^^^  Jj2 
d.  Exploded  flower,  corolla  viewed  from  side.— e.  Flower  opened  so  as  to  show  sp 
— f.  Stamen. 

of  flower,  scale  omitted 

gynoecium 

coroUa  large  for  a  xyrid,  6-8  cm  long,  zygomor-      fixed,  10-11  mm  long,  on  slender  filaments  l5 
phic,  yellow,  rarely  purple,  the  lobes  loneer  than      '>^  rr.r>,  1^^,t    o.;.,v,„  r^\A^^^  down  corolla  tuD* 
the  erect  tube,  broadly  ovate,  the  upper  one  spread- 

ing and  excurved,  its  margins  spreading,  the  lat- 
erals spreading  and  directed  downward  (see  figure); 

staminodia   lacking;    anthers   oblong-linear,    basi- down  corou
a  tube; 

style  erect,  30-35  mm  long,  terete,  ̂ "j" 7^,^^^ 

curved  apically  to  produce  a  glandular-nmP 

oblique  stigma  pad,  the  ovary  summit  aro 

base  producing  3  linear  reflexed  firm  append^g 
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mm 
long,  these  disarticulating  just  above  Ptari-tepui  and  Sororopan-tepui,  Steyermark  60144  (F); 

base  to  leave  3  nubs  at  the  capsule  apex;  capsule  Chimant£,  Apr.   1953,  Steyermark  74999  (F -^plants ,1-1       11  -J      1  c    on  1  I     ̂   with  8  scapes  but  leaves  as  in  O.  sceptrum);  Chimanta 
thick-valved,   ovoid,    15-20    mm   long,   lustrous,  ̂ .r    c,L.^^..^  y^Pfl^  ̂ irv    a„,A«       ';      u.. brown Massif,  Steyermark  75885  (F);  Auyan-tepui,  cumbre, 

Steyermark  93689  (K,  NY);  Cerro  Jaua,  cumbre,  24 

around 

mm 

ened  short  lobes,  these  forming  a  6-lobed  "annu-      feb.-7  mar.   1974,  Steyermark  et  al    109435  (NY); 
Cerro  Guanacoco,  cumbre,  Steyermark  et  al.  109742 
(NY);  Cerro  Roraima,  cumbre,  Steyermark  et  al,  112453 

(F);  Chimanta,  Steyermark  et  al.  128355  (MO);  Camar- 
ca/Barai/Tepui,  Steyermark  et  at  131999  (MO,  US, 
VDB,  VEN). 

Orectanthe  sceptrum  is  a  highly  variable  species 

with  a  broad  wing  around  embryo,  ] 

g  a  narrow,  ascending,  thumblike  lobe 

finely  curved-striate,  lustrous  brown. 

Distribution.      Through    the    Guayana    High-  as  to  size,  leaf  dimensions,  and  bract  character.  In 

lands,  in  boggy  rocky  savanna  atop  Roraima  sand-  the  western  part  of  the  range  are  many  morphs 
stones,  at  medium  to  high  elevations  (500-2,700  corresponding  to  what  Maguire  called  subspecies 
m)  from  southwestern  Guyana  and  contiguous  Bra-  occidentalism  a  lower  plant  with  nonglaucous  fo- 
zil  westward  across  Bolivar  through  southern  Ter-  liage  and  shorter  cephalar  bracts;  in  the  eastern 
ntorio  Federal  Amazonas,  Venezuela. 

Representative  material  examined.  BRAZIL.  RORAI- 
MA: Ule  8559  (K).  Guyana.  Mt.  Roraima,  Oct.  1884- 

Jan.  1885,  Mt,  Roraima  Expedition,  Set  Q  no,  312 
(K— a  single  small  rosette);  Roraima,  Nov.-Dec.  1931, Abhensetts  37  {K 

part  of  the  range  the  plants  are  mostly  taller,  with 

the  longer  range  of  involucral  bracts  and  cephalar 

bracts,  and  with  the  foliage  tending  toward  glau- 

cousness  (subsp.  sceptrum).  However,  these  inter- 

grade  to  the  extent  that  it  is  difficult  to  assign  even 
base  with  3  scapes);  Roraima,  N  ridge      varietal  rank.  In  the  eastern  part  of  the  range,  and 

escarpment,  Mar.  1978,  Edwards,  K.  E.  R,  106  (K); 
imbaimadai  Savannas,  Oct.  1951,  Maguire  &  Fanshawe 
32254  (NY,  US);  Mt.  Ayanganna,  Maguire  &  Bagshaw 
40567  (K,  NH);  Summit  Roraima,  McConnell  &  Quelch 
668  (K);  Roraima  Escarpment,  Oct.  1973,  Persaud  83 
(P  NY);  Mt.  Ayanganna,  Aug.  1960,  Tdlett  &  Boyan 
•^^097  (K,  NY,  US— several  scapes  per  stem).  VENEZUELA. 
TERRiTORio  FEDERAL  AMAZONAS:  Camp  III,  Neblina,  NW 
plateau,  Feb.  1984,  Liesner  15991  (MO);  Cerro  Mara- 
huaca,  Liesner  24764  (MO);  Cerro  Sipapo,  West  Peak, 
J^ec.  1948,  Maguire  &  Politi  2777  (GH,  NY);  Sipapo, 
Jfn.  1949,  Maguire  &  Politi  28106  (NY),  28451  (NY); 

(K^  N  ^'P^P^'  ̂ ^^^^  Mountain,  Maguire  &  Politi  28569 
p  '  ̂̂ '  U,  US);  Sipapo,  South  Escarpment,  Maguire  & 
mv  ̂^^^^  ̂ ^^^^  ̂''''^^  ̂ ^^""^  Maguire  &  Politi  28678 
^nJl  ̂J\?  Huachamacari,  Maguire  et  al.  29822,  30079, Mag. 

adding  to  the  problem,  0.  ptaritepuiana  may  be 

hybridizing  with  O.  sceptrum,  as  some  specimens 

there  appear  to  be  intermediate  as  to  bract  and 
scape. 

2.  Orectanthe  ptaritepuiana  (Steyerm.)  Ma- 

guire, Mem.  New  York  Bot.  Card.  10(1):  5. 

1958,    Aholboda    ptaritepuiana    Steyerm. 

Fieldiana  Bot.  28:  104.  1951.  TYPE:  Vene- 

zuela Bolivar:  Ftari-tepui,  Bonnettia  rorai- 

mae  forest  on  SW-facing  shoulder,  2,000- 

2,200  m,  2  Nov.  1944,  Steyermark  59760 

(holotype,  F;  isotype,  GH).  Figure  33. 

Stems  elongate,  often  to  15  dm  or  more,  densely 42166        '^^^^*"^'  ̂   Savannas,  Maguire  &  Wurdack  Stems  elongate,  often  to  15  dm  or  more,  densely 

65565  (MO^Vpf^^'  ̂ ^7  !^''^^M Ti-  ̂%f"  "'  ""i      leafy  but  the  leaves  ascending  in  high  spirals,  the m.ol^'^.?i!  P'^"'^>e  de  Zuloaga,  Neblina,  Steyermark  -^^^  ̂̂ ^   ,,   r^^A^^^^^A  1..*  ..K. 

^03824  m);  CerVo  Mar^^^^^      i^mbre,'  sTeyl'rmark      growth  often  sprawling,  often  branched,  erect  only 
^^  aj.  124394  (MO),  125981  (NY),  129486  (MO);  Mt.       tv^^cx^  »^o,  ».         
^»aa    Tate  398  (NY),  bolivar:  Aprada  Tepuy,  ago.-       J^r  or  this  indistinct;  scapes  2-several,  as  in  Orec- 

tanthe  sceptrum,  but  distinctly  shorter  than  the 

leafy  portion  of  the  stem;  involucre  of  3  sterile, irmer 

7nn  ̂^^^'  ̂ '^^^'^rdi  936  (NY);  Auyan-tepui,  Bogner 
^WO  (K);  Matahui-tepui,  Castillo  2284  (UCV,  VDB);  El 
^auji.  Uolst  &  Liesner  2323  (MO);  Murisipan-tepui,  Hoist 
fiv     ̂^^^  ̂ ^^)'  Chimanti,  Ruber  &  Colella  8953         
;^J;  VDB.  VEN);  Kukenan-tepui, //«6er  9470  (NY);  Ilu-      (cephalar)  bracts  and  up  to  6  cm  long.  Flowers, 

fruit,  and  seed  as  in  O.  sceptrum. 

Distribution.      Boggy,  rocky  open  sites,  seeps 

on  high  cliffs  and  ledges,  southwestern  Guyana, 

Unman,  Huber  9569  (NY (NY- 

„  -  ,  ^    .         Jim 
corolla  lavender-rose),  9571 

fM*D  '^^^^^^  pale  yellow);  Uei-tepui,  Huber  10043 

[JJ^fNR,  MYF.  NY,  VDB);  Kavanayen,  Lasser  1826 
^T^  I );  El  Pauji,  Liesner  19337  (MO,  VDB,  VEN);  Tereke- 
lluren,  W  edge,  Liesner  et  al.  21099  (MO.  VDB);  Ku- 
«^nan  tepui,  liesner  23173  (MO,  VDB);  15  km  WSW 
'^araurin  tepui,  r      "  '    " 
rande,  Maguire 

Boliva 

(probably) 

2,700  m. 

IMO);  NE  Luepa,  Steyermark  &  Nilsson  597  (NY);  Mt.  Additional  material  examined.      QmKHK.  Summit  Mt. 

"o^aima.  Emerald  Swamp,  Steyermark  58861  (F,  GH, 
^^--some  plants  with  4  scapes);  Ptari-tepui,  SW  shoul- 
f^er,  Steyermark  59787  (F,  GH,  NY);  mesa  between 

Wokomung,  July  1989.  Boom  &  Samuels  9087  (NY, 

VDB);  Mt.  Ayanganna,  Tdlett  et  al.  45125  (NY). 

Venezuela,  bolivar:  Cf-rro  Gualquinima,  Cardona  967 
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Figure  33. 

-b 

a.  Habit. I       Orectanthe  ptantepuiana  (constructed  from  Steyermark  59760  and  Boom  &  Samuels  9087). 
■  Cauline  leaf  -c  CauUne  leaf.-d.  Inflorescence,  natural  posture.-e.  Outer  inflorescence  bract  (lei 

mner  innorescence  bract  (nght)  -f.  Outer  view  of  calyx  and  subtending  floral  bract.-g.  Gynoecium.'h.  Flowe natural  posture. -i.  Capsule. -j.  Two  seeds,  showing  size  range. 
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(US);  Murisipan-tepui,  summit.  Hoist  el  al  1926  (MO);       genera  arose  was  (1)  a  rhizomatous  perennial  (2) 
Auyan-tepui  //^6e.  ./  al  S829m   VDB.  YEN);  Chi-  ̂ jj^  polystichous,  spiraUy  arranged  leaves,  (3)  sca- manta  Massif,  Uiiber  el  al.  8889  (NY,  VDB,  VEN);  Uei-  ,  A  a  •      .  Vn/    ■  ̂ 

tepui,  Huber  10043  (MFV.  VDB);  Cerro  Guaiquinima,  P°'^  ̂ ^^  ̂^'^^"■^  "^  bracteate  racemes,  (5)  with 
Maguire  31761  (NY),  32786  (NY,  US),  32823  (NY),  sepals  and  petals  distinct  and  equal,  (6)  the  stamens 

32979  (NY),  33022  (NY),  33035  (NY);  Ilu-tepui,  Gran  6  and  distinct,  and  (7)  the  ovary  superior,  tricar- 
Sabam,  Magmre  33431  33467  (NY);JrontierJ)etween  pellate,  and  with  axile  placentation.  This  sort  of 

plant  probably  existed  in  what  is  now  called  the 

Guayana  Highlands,  the  most  ancient  part  of  the 

Bolivar 

Sol,  cumbre,  Maguire  40413  (NY);  Chimanta  Massif, 
Torono-tepui,  Steyermark  &  Wurdack  523  (F,  K,  NY), 
905  (NY),  1221  (F,  NY,  IJS);  Ahacapa-tepui,  Steyermark  New  World  surface  geography,  and  from  it  one 

74927  (NY);  Apacara-tepui,  Steyermark  75885  {¥,  NY);  branch  led  to  Achljphila  and  Xyris  (which  share 
f'"°J^"^"'°'  Steyermark  &  Dunsterville  92759  (GH,  ̂   common  poUen  type),  and  the  other  branch  led US);  Ptan-tepui,  S/ejermari  93775  (NY);  Auyan-tepui,  ,        .       .,.  j     ̂ l    /l    j  i     •     ,• 

Steyermark  93903  (F,  NY,  US);  Chimanta,  Steyerrnark  *°   Aratitiyopea   and   Aholho
da,   culmmatmg   m 

dack  34234-A  (NY). 

rai-tepui,  SW 
Chimanta  Ma 

Orectanthe. 

As  mentioned  in  the  preface,  this  introductory 

approach  to  the  Xyridaceae  is  but  the  first  part  of 

As  mentioned  under   the  discussion  of  Orec-      *  ̂ ^^'^  ̂ ^^^  ̂ ^  conclude 
 with  a  treatment  of  the 

tanthe  sceptrum,  there  are  intergrades  between  it      ''"^^  ̂ P^"^^  °f  ̂^"^  World  Xjns.  This  wiU  be 

and  0.  ptaritepuiana  sufficient  to  tempt  one  to      ̂ ^^  ̂^^^  ̂^  "^^  ̂ ^""^  "
^'^  '^^  ̂^"^^^  Xyridaceae. 

treat  the  two  as  subspecies  of  a  common  species. 
It  remains  to  be  explained  how  the  dramatic  ex- 

tremes described  by  Steyermark  and  Maguire  orig- 
inated. This  calls  for  comparative  cultivation  of 

these  extremes  and  other  experimental  approaches 
that  would  demonstrate  the  true  relationship  be- 

tween them.  For  now,  it  is  probably  best  to  retain      Maguire,  B.     1958.    Xyridaceae.  In:  B.  Maguire,  J.  J. 
the  two  as  species. 
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REVISION  OF  COSMiniT.NA 

(RUBIACEAEy 
Charlotte  V.  Taylor^ 

Abstract 

JLslinguLlied  by  its  epiph)tic  habit«  interpetio!ar  stipules  that  are  aho  partially  fused 
erform  white  corotlas.  Four  species  are  recogrmed:  C,  grandijiora  (Ruiz  Loper  &  V^  *  on)  Rusby,  C.  macrocarpa 

vipers. and  C  valerii  (StamR^v) idley) 

Cosmibuena  Ruiz  Lopez  &  Pavon  is  a  genus  of  wing  on  its  secf?«  in  contrast  to  a  w 

four  species  of  characterislically  epiphytic  shrubs  wing  in  Co^mibuena^  but  Ilillla  seeds 
found  throughout  the  moist  and  wet  continental 

Neotropics.  Its  species  are  easUy  recognized  by 
their  succulent  stems  and  leaves,  salverform  white 

those 
ariable.  In  his  key  to  j 
-atcJ  these  taxa  based 

corollas  with  relatively  long  tubes,  and  cylindrical     of  Hillia  in  contrast  to  the  deciduous  calyx  ol 
woody  capsules  that  contain  numerous  small  gla-      Cosmiburna^  although 
brous  seeds  with  thin  membranaceous  wings. 

Species  of  Cosmibuena  can  be  con 

absent 

ca- 

with 
ucous*':  Sch 

those  of  Hillia  Jacquin,  a  more  speciose  genus  with      contrasted 
a  similar  morphological  aspect  and  geographic  range 

(Taylor,  1989).  Hillia  can  be  separated  from  Cos- persistent  calyx  of  Cosmihurna  for  thus  same  dis- 
tinction. ActuaHv.  oersistence  -^  *^-  '^^'^^  ̂  

>  J  —     y   ^'/   f   '            J  'r    I         f 

mibuena  by:  their  seeds,  which  are  similar  in  size      varies  in  both  genera  and  among  individuals  o 
some  species,  or  the  calyx  limb 

specii 

vf^ 

of  Hillia.  Slandley 
also 

and  form  but  bear  a  tuft  of  brown  **trichomes"      some 

(deeply  fimbriate  seed  wings;  Robbrecht,  1988)  1-      at   al 
3  cm  long  attached  at  one  end,  in  contrast  to  the      (193_,   ^   

"glabrous"  seeds  (with  entire  or  only  slightly  fun-      presence  of  a  wcll-devcl»>pcJ  calyx  tube  in  ̂o 

briate  wings)  in  Cosmibuena;  and  by  their  stipules,      mibuena^  in  contrast  to  a  completely  divided  ca  y 

limb  (when  present)  in  Hillia;  however,  tha
i  dis- 

both 

petiolar  and  partially  fused  intrapetiolarly  in  Cos- 
mibuena, These  eenera  can  usually  also  be  seoa- 

does 

bilobed 

above 

linea belo 

anthers  in  Hillia. 

M.  Taylor,  which  ha^  a  completely  divided  cal
yx 

limb.  Dwyer  ( 1 980)  separaf .•<!  these  genera  in
  Pan- 

ama based  in  part  on  width  of  the  loaf  blades,  u 

this  distinction  is  Invalidated  here  by  the  inclus
ion 

of  C.  valerii,  which  has  narrow  leaves,  and  was
 

never  useful  outside  of  I'anama,  where  species  o 

used  to  separate  these  genera  are  less  useful.  Hillia 
been      Hillia  with  larger  leaves  are  found. 

been 

presence  of  raphides  in  its  tissues,  in  contrast  to 
Taxonomic  History 

their  absence  in  Cosmibuena  (Verdcourt,  1958);  Cosmibuena  was  originally  described  by  ̂  
however,  raphides  are  present  in  all  species  of 
Cosmibuena.  Steyermark  ( 1 974)  distinguished 
Hillia  from  Cosmibuena  by  the  lack  of  a  marginal 

Lopez  &  Pavon  (1794)'in  their  Prodrornus. name  commemorates  Cosme  Bueno  (1' 

a  professor  of  medicine,  mathematics,  an 

I 

rAc;   TR    n<^   nu^v  7  rn   r-ij   .^^      ̂ ^  'oiiowing  institutions,  who  kindly  made  sp
ecimens  avaiiaD.e.  -. 

CAS   CR,  pS   DUKE.  F  GB   GH.  NY,  UCR,  and  US;  and  the  Department  of  Biology  of  the  University  of  P"«J R.co_Rec,nto  de  «'«  P.edras   I  also  thank  the  Manual  Flora  of  Costa  Rica  project  (NSF  award  BSR  ̂ ^"^^^^^ 
the  Dee  Scholarship  Fund  of  the  F.eld  Museum  of  Natural  History,  and  the  Fondos  Institucionales  Para  la  Inv^^  f  ̂ 
of  the  University  of  Puerto  Rico  for  travel  support.  I  am  indebted  to  a  number  of  people  who  contributed  throug" discussions  and  comments,  notahlv  WiniorK.  r..^„„-    rv„- -j  t  «rr.».        „  ,       ̂      K  ,  .   A_^^r^cnn. 
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Missouri 900.  1992. 
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mology  at  the  University  of  San  Marcos  in  Lima RuLbrecht,  1988;  Lorcnce,  1990;  Andersson  & 

nally  applied   to  a       Persson.    1991).    Twentiethcentury    authors 

species  of  Hirtella  Linnartjs  (Chry-obalanaceae) uiz 
However,  in  their  j^i 

&  Pavon  (1802)  applied  \\\e  name  lo  a  different 

species,  a  succulent  member  of  the  Ruhiaceae  they 

had  previously  treated  in  the  Prodromus  as  Cin- 

chona grandijlora.  Ruiz  Lopez  &  Pavon  now  treat- 

ed the  rubiaceous  species  under  a  new,  illegitimate 

name,  Cosmibuena  obtusifolia.  Their  use  of  Cos- 

(Bremekamp,  1966;  Robbrecht,  1988;  Kirkbride, 

1982)  cite  a  lack  of  raphides  as  a  characteristic 
tribe 

bfamily 

sense  was  followed 
ninetee 

ently  overlooked  the  presence  of  raphides  in  Cos- 

mibuena (e.g.,  Bremekamp,  1966;  Robbrecht, 

1988;  Lorence,  1990).  Based  on  its  raphides,  Kirk- 

bride (1982)  removed  Cosmibuena  to  the  previ- 

ously monogeneric  Hillieae  of  the  subfamily  Ru- 

bioideae.  Bremekamp  (1966)  originally  removed 

Hillia  from  the  Cinchoneae  based  on  its  raphides 

ujLy^^xjK^  =     ̂ i^o  «*  *^c*^»«  .  ̂.-.  x^.Q.,          and  "comose"  seeds,  which  are  unique  in  the  fam- 

».-«.  «  Hl^W,T8T3VdeTa^^  1830;  Ben-      ily.   Cosmibuena  has 
 ̂ ^glabrous"  seeds,  but  this 

tham,  1839,  1844).  Unfortunately,  Buena  Pohl      character  was  discounted  b
y  Kirkbride  m  favor  of 

similarities  of  habit  and  general  aspect. 

Some  species  of  Hillia  are  similar  to  those  of 

Cosmibuena,  as  discussed  above.  However,  Cos- 

mibuena shares  with  Ladenbergia  and  other  gen- 

era of  Cinchoneae  several  features  not  found  in 

rubiaceous  species  in  Buena  Pohl  (e.g.,  Ben 

itimate  later  homonym  of  Buena  Ca 
iacemis  but  doe 

Th 
subsequently 

Lope 

iUegitimate  Cosmibuena  by  Klotzsch  (1846)  and       Hillia,  including  
intrapetiolarly  partially  fused  stip- 

Schumann  (1891).  By  this  time  Cosmibuena  m  its 
been  relegated found 

jjected 
...  ..u.  .u....au„  ..,   ,  -.  ^ImUarity  of  habit  and  morphology  between  

//.ffia 

or  purposes  of  priority.  Thus,  and   Cosmibuena
  may  be  convergent    and  that 

^     *  -  raphides  may  not  be  a  reliable  tribal  character 

jiiuic  man  a  ceniury.  inis  proDieni  was  xci.vgi«*.^«  (nobbrec     ,  »  ,    .       i  .    i         '      *^u 

but  not  addressed  by  Standley  ( 1 92 1 ),  who  used  A  deta
Ued  analysis  of  the  relationship  between  these 

the  name  Cosmibuena  in  all  of  his  works  (Standley,  genera  de
pends  on  a  modern  study  of  Hdha  cur- 

1921,  1930,  1931a,  b,  1938).  The  conservation  rently  underw
ay  (Taylor,  1^89,  in  prep.;. 

Jgh  it  still  existed 

rubiaceous  plants  lacked 
Th 

of  Cosmibuena  in  Ruiz  Lopez  &  Pavon's  second, ■       -  ^  ^  m        m.  •  .    ' 

Separation  of  Cosmibuena  and  Hillia  was  
clear- rubiace 

finally    resolved    this    situation before 
(Monachino,  1949;  Lanjouw  et  al.,  1956). 

(Standley)  C.  M.  Taylor.  Previously,  in  add
ition  to 

^ft  ^  ^1  V  H  a  H      H  _                   — 

The  firs,  ,rea,m;„,  of  .he  entire  genus  was  pre-      .he  eh
araCer,  discussed  m  *e  m<roduc,,o„  th  se 

sen.ed  b,  de  CandoHe  (1 830),  who  reeognked  Aree      gen
era  could  be  separated  by  the,r  coroDa  aes.,. ^  .     .     r  V  r  .      r     I  _.-*;™  ,..u\^\.  wflQ  imhrirate  m  Cosmwuena  m  con- 

bergia.  Subsequent  outlines  of  the  genus  were  pre-  trast  t
o  convolute  m  Hdha;  flower  -mber,  wh^ch 

seated  by  Klotzsch  (1846),  Bentham  &  Hooker  w
as  3-11  in  a  cymose  a-angement  m  Cosnu- 

(1873).  L^  c;.>..^.L  n«01V  Aside  from  these       buena,  in  contrast  to  fohta^y  ̂ h  --^/^
^Ij 

derived  exception,  Taylor,   1989)  m  Hdha
;  the 

presented  in  regional  floras,  notably  by  Standley      
development  of  a  tubular  calyx  lunb  m  Cosm. 

(1921.   IQ.-^l.K     IQ.R^    St^nHlev  &   WiUiams      tuena,
  in  contrast  to  a  completely  dmded  or  (fre- 

(1975  ,  Dwyer'  (1980)    Croat  (1978),  and  Stey-      quently)  absent  calyx  hmb  ̂ ^^^l^^ 

ermark  (1974).  Cosmibuena  has  not  been  treated      petiolarly  and  partxally  ̂ J  '"'^^^^^^^^^^^^^^^^ 

comprehensively    since    de    CandoUe's    work,    al-      in  C^^;^-^:^  ColrJCt: 

though  Monachino  (1949)  presented  a^pe.ep^^^^^      ZtZTZol  aest.vltion,  solitary  flowers, 

ams    1975;      a  completely  divided  ca
lyx  limb,  partiaUyintrapetio- 

larly  fused  stipules,  elliptic,  flattene
d,  densely  pa- 

pUlose  stigmas,  and  "glabrous"  se
eds.  This  species 

is  here  classified  in  Cosmibuena  base
d  on  its  seed. 

—  -^  *  v/^i^iii  an 

Dwyer,  1980). 

be 
WUl 

Relationships  of  Cosmibuena 
UTl found 

Cosmibuena  has  been  classified  by  most  workers       bncate  corona  ̂ -"^-"""  ^    j. 
the  t.;K.  r;.„t,.„.„.  .f  »»,.  ..,hf.n.ilv  Cincho-       Cinchoneae 

 (Robbrecht,  1988  ,  and  thus  the •n  the  tribe  Cinch oneae 
of  the  subfamily  Cincho- 

noideae  (Schumann,    1891;   Bremekamp,    1966; between  these  conditions  seems  less 
 un 
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portant  than  some  other  features.  Number  of  flow-  larger  in  calyx,  corolla,  anthers,  and  stigma  than 
ers  is  variable  within  genera  of  Rubiaceae  and  the  subtending  flowers,  which  are  similar  to  each 

within  species,  and  again  seems  unreliable,  as  does  other  in  size.  The  flowers  are  homostylous  and 

development  of  a  tubular  calyx  limb.  In  contrast,  apparently  protandrous,  with  the  general  morpho- 

"comose"  seeds  are  unique  in  the  family,  intra-  logical  features  correlated  with  sphingid  moth  pol- 
petiolarly  fused  stipules  are  rare  (Robbrecht,  1988)  Knation  (Haber  &  Frankie,   1989).  The  duration 

and  style  and  stigma  characters  appear  to  be  more  of  a  single  flower  is  not  known. 

important  than  previously  recognized  (Bremer  et The  calyx  limb  is  tubular  and  may  be  truncate 

al.,  1990),  Detailed  study  of  the  relationships  among      or  shallowly  to  completely  divided  into  4-7  tri 
the  species  of  Cosmibuena  will  be  presented  later lobes.  This  calvx  limb 

(Taylor,  in  prep.). 

Morphology 

on  the  developing  fruit,  caducous  at  anthesis,  or 

show  any  intermediate  condition.  The  presence  or limb 

to 

HABIT,  STEMS,  AND  VESTURE 

Plants  of  Cosmibuena  are  erect  succulent  shrubs 

or  trees.  They  are  usuaDy  epiphytes,  although  oc- 

be 

t  within  the  genus. 

The  corollas  are  salverform  with  relatively  long 

nder  tubes  and  four  to  seven  elliptic  lobes;  the 

casionally  they  may  be  terrestrial.  The  branches  number  of  lobes  may  vary  within  a  species,  the 

are  often  a  meter  or  more  in  length  and  flexuous.  corollas  are  white  or  pale  green  externally  when 

The  stems  are  quadrate  and  green  when  young,  fresh,  or  (in  C.  valerii)  tinged  with  rose-pint  on 

usually  becoming  terete  and  covered  with  smooth  the  surfaces  exposed  in  bud.  They  change  in  all 

gray-brown  bark.  The  stems,  leaves,  and  stipules  species  to  cream,  yellow,  or  brown  when  old.  Ine 

become  gray-green  when  dry,  with  the  exception  corolla  is  thickly  carnose  and  glabrous  throughout, 
of  C.   valeriiy  which  becomes  a  distinctive  red-  or  the  internal  surface  of  the  tube  and  bases  oi  tne 
brown  similar  to  many  members  of  Psychotria  L.  lobe 

subg.  Psychotria.  The  plants  are  glabrous  through-  three  lobes  external,  or  convolute  as  in  C.  valerii- 
mbricate out,  with  the  exception  of  the  puberulous  abaxial 

leaf  surfaces  of  some  individuals  of  C  grandijlora imbricate  lobes  mav  appear  convolute  unless 

described  as 

(Ruiz  Lopez  &  Pavon)  Rusby  from  Colombia  and  convolute  by  previous  authors  (e.g.,  Schumann, 

adjacent  areas.  Raphides  are  found  in  all  parts  of  1891;  Steyermark,  1972),  and  even  as  convolute 
all  species,  but  are  most  evident  in  the  stipules,      with  the  direction  variable  (Bentham  &  Hooker, 
ovaries,  and  abaxial  surfaces  of  the  leaf  veins. 

1873). 

The  stamens  are  inserted  near  the  apex  of  the
 LEAVES 

The 

lumber .  ne  .eaves  are  .opny„ous  w„„  ,„ccu.e„.,  en„re,      ">"  --!'■' '"be-  The  free  P"''"-  f  JT/X' usually  eUiptic  or  obova.e  blades  borne  on  short     r.^""\"L".'"V^°?!' "  !!f  L.  td.ud»al Stout  petioles.  The  caducous  stipules  are  fused  in- 
which  are  bithecal  and  dehiscent  by  a  longitudm^ 
slit.  The  anthers  are  usually  included  or  niay terpetiolarly  and  partially  intrapetiolarly  as  well.      '^^'   ̂ ^^  ̂ ^^^^""  ̂ "^  ''^''^^^  '^,  ,tions 

The  internetiolar  nnrtinn  \^  ̂ Pr^^T-alK.  l;^,.u*«  .^      sUghtly  exserted  m  more  southerly  popuid 

of 

The  interpetiolar  portion  is  generally  ligulate  to 
obovate,  and  rounded  to  obtusely  angled  at  the 
apex.  The  stipules  are  initially  green,  changing  to 
pale  green  and  then  white  when  they  are  ready  to 

dijl 

brown  when  ready  to  fall. 

turning 

FLOWERS 

The  inflorescences  are  terminal,  with  cymes  of 
3-11  flowers  produced  in  one  to  two  whorls,  or 
flowers  solitary  (in  Cosmibuena  valerii).  The  stout 
peduncles  are  usually  reduced,  and  the  equally 
stout  pedicels  relatively  short.  Inflorescence  bracts      ™^'^ 

The  slender,  straight,  white  style  arises  Iro^^ inside  an  annular  disk  and  extends  just  beyon 

apex  of  the  coroUa  tube.  It  is  frequently  pil^^e 

the  upper  i/s-Vi,  more  densely  so  distaUy  and  r^^ 

quently  most  densely  so  at  the  stigma  attachm^ 

The  two  stout  white  stigmas  are  elliptic,  flat  e      ' 

and  densely  papiHate  adaxially.  The  inferior  ova^)^ 

is  turbinate  to  cylindrical  with  axile  placentas 

bear  numerous  verticallv  imbricated  ovules. 

simila 

form  to  the  stipules  and  caducous.  The  terminal 
cylindrical,  broj^^ 

woody,  and  often  spotted  with  conspicuous flower  of  a  cyme  is  generally  a  few  millimeters      lenticels.   Dehiscence  is  septicidal  and  basip^ 
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with  the  valves  then  loculicidally  dehiscent.  The      in  C.  valerii,  the  interpetiolar  portion  oblanceolate 

old  valves  often  unroll  but  remain  attached  to  the       to  obovate  with  numerous  parallel  veins  arising 

fibrous 
Inflorescence^  terminal,  peduncu 

exocarp  and  mesocarp  separating  from  the  papery      late,   cymose  with    1-2  whorls  or  reduced  to  a 
endocarp. similar 

The  seeds  are  strongly  flattened,  with  a  small  ducous  or  apparently  sometimes  lacking;  bracteoles 

elliptic  embryo  ca.  1-2  mm  long  surrounded  by  a  usually  lacking  or  when  present  2  per  flower,  sim- 

narrowly  rhombic,  papery  or  membranaceous  wing      ilar  to  bracts  but  smaller;  flowers  pedicellate,  per- 

iate,  but  never       feet,   actinomorphic,  nocturnal,  fragrant,  appar- 

comose  or  'pilose'.  The  seeds  are  apparently  dis-       ently    protandrous;    calyx   limb   persistent    or 
deciduous,  green,  membranaceous  to  coriaceous. 

fimb 

parsed  by  wind. 
truncate 

Taxonomic  Treatment 

The  nresent  treatme 

(4-)5-6(-7)  subequal  to  unequal  lobes;   corolla tube 

grandifl becoming  cream,  yellow,  or  brown  when  old,  ex- sometmies 

wa 
Wal 

logicaUy  variable  and  widely  distributed  in  moist  ̂ ^  ̂ ^^^  internaUy  glabrous  or  frequently  papiUose 
middle  to  montane  regions  from  Peru  to  Costa  Rica;  ̂ ^^^  ̂^^^^  ̂^  ̂^j^^^  ̂ j^^  j^t^^s  (4-)5^6(-7),  aes- 
most  of  the  names  published  in  the  genus  are  syn-  ̂ ^^^^^^^  imbricate  with  3  lobes  external,  or  con- 
onymsofthisspecies.lt  is  replaced  from  Nicaragua  ^^^^^^  ̂   ̂    valerii;  stamens  equal  in  number  to 

corolla  lobes,  inserted  near  apex  of  tube,  the  fila- 

ments about  equal  in  length  to  anthers,  the  anthers 
pars  is  found  from  Costa  Rica  to  Peru  in  wet  forest  j^j^j^^^.^!^  yellow,  narrowly  oblong,  acute  at  base 
and  coastal  formations.  Cosmibuena  valerii  is  re-  ̂ ^^  ̂ ^^^^  mostly  to  completely  included,  basifixed 
striated  to  wet  montane  forests  of  Costa  Rica  and  ̂ ^  attached  near  base  and  between  extended  ends 
^^'^^"^^^  of  thecae,  dehiscent  by  a  longitudinal  slit;  disk 

This  treatment  is  based  on  fieldwork  in  Costa  ̂ ^^j^^j^j.;  ovary  bOocular,  inferior,  the  ovules  nu- 
Rica  and  on  study  of  herbarium  specimens  from  ̂ ^^^^  Vertical,  imbricate,  on  axile  placentas;  style 

A,  AAU,  CAS,  CR,  DS,  DUKE,  F,  GB,  GH,  MO,  ̂ ^^^^J^  straight,  usually  equal  to  coroUa  tube;  stig- 

NY,  UCR,  US,  and  W.  Haber's  personal  coUection      ̂ ^^  g^  elliptic-ovate,  stout,  densely  papillose  on 
ArTpvial  surface.  Fruit  capsular,  cylindrical,  woody. 

brown 

in  Monteverde,  Costa  Rica  (designated  in  specimen 

citations  as  "Haber").  Plants  of  Cosmibuena  are  ^^^^  ̂ ,^,,., 
fleshy,  and  about  0-10%  reduction  in  size  of  soft  ̂ ^^^^    septicidally  and  basipetally  dehiscent,  the 
parts  can  be  expected  in  dried  material;  measure-  ^^jyeg  then  loculicidally  and  basipetally  dehiscent 
ments  of  such  parts  given  here  shoidd  be  adjusted 

accordingly,  flattened,  surrounded  by  a  narrowly  rhombic,  pa- 

pery  to  membranaceous,   entire   to  irregular  or Cosmibuena  Ruiz  Lopez  &   Pavon,  Fl,  Peruv.  g^^newhat  erose  marginal  wing. 

irown 

Four  species,  southern  Mexico  to  Peru,  Bohvia, 

3:  2.    1802,  nom.  cons.  TYPE:   Cosmibuena 

ohtusifolia  Ruiz  Lopez  &  Pavon,  nom.  illeg., 

typ.  cons.  [=  Cosmibuena  grandiflora  (Ruiz      and  southern
  BraziL 

Lopez  &   Pav6n)  Rusby].   Not   Cosmibuena      ^^^  ̂^  ̂^^  ̂^^^^^  ̂ ^  CosmsmyA 
Ruiz  Lopez  &  Pavon,  Fl.  Peruv.  Prodr.  10. 

t.  2,  f.  1-8.  1794,  nom.  rej. 

^uena  Pohl,  PI.  Bras.  Icon.  Descr.  1:  8.  t.  8.  1826,  nom. 
illeg.  TYPE;  Cosmibuena  grandiflora  (Ruiz  Lopez  & 
Pavon)  Rusby.  Not  Baena  Cav.,  Anales  Hist.  Nat. 
2:  278.  t.  23.  1800. 

Erect,  succident,  unarmed,  glabrous  or  rarely 

puberulent,  usually  epiphytic  shrubs  or  small  trees 

^th  raphides.  Leaves  isophyllous,  petiolate,  entire, 

^thout  domatia;  stipules  interpetiolar  and  also  fused 

»"trapetioIarly  for  1/4-%  of  their  length,  membra- 

naceous to  subcoriaceous,  caducous  or  those  sub- 

tending flowers  frequently  persistent  until  anthesis 

la use 

broadly  rounded  at  apex,  thickly  coriaceous; brown 

solitary;  corolla  tube  and  outside  of  lobes  of
ten 

pink  to  red  in  bud;  calyx  limb  divided  to  ba
se; 

capsules  usually  smooth 
4.  C.  valerii 

lb  Leaves  2.4-16  cm  wide,  elliptic  to  obov
ate, 

obtuse  to  broadly  rounded  or  acute  at  apex, 

coriaceous  to  subcoriaceous;  plants  drying  green 

or  gray-green,  old  stipules  white  to  pale  gr
een; 

flowers  (2-)3-8(-9)  in  1  -2  whorb;  corolla
  tube 

and  outside  of  lobes  pale  green  to  white  in 
 bud; 

calyx  limb  partially  lobed  to  truncate,  
with  a 

tube  111  mm  long;  capsules  frequentl
y  len- 

ticellate. 
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E.  Capsule.  Calyx  limb  of  A  shows  the  "typical"  form,  those  of  C  and  D  show  variants,  [ .   w.   .,  .       ̂     yy  _  ,     .      G.  Calyx  limb. 

Figure  1.     A-E.  Cosmibuena  grandiflora  (Ruiz  Lopez  &  Pavon)  Rusby.— A.  Habit.— B.  Stipule. 
limb.  —  D.  Calyx  limb.  ^  ^            ^       ̂      ̂ ^^^     _^^^^    ̂ ^^^^   
from  Colombia,  D  from  Panama).  F,  G.  Cosmibuena  matudae  (Standley)  L.  O.  Williams.  — F.  Leaf.— v^.  ̂ «v  ■  7 

A,  B,  from  Hutchinson  et  al  6037  (F);  C,  from  Cuatrecasas  23788  (F);  D,  from  Duke  6193  (F);  E,  from  WilUants 
17010  (F);  F,  from  Molina  26038  (F);  G,  from  Moreno  9950  (MO).  A,  C-G  to  same  scale. 

2a 

2b 

Capsules  73-1 12  mm  long;  seeds  7-9  mm 
long  including  wing;  leaves  coriaceous,  ob- 
ovate,  obtuse  to  broadly  rounded  at  apex; 
secondary  veins  usually  straight,  acutely 
angled  with  the  midrib   2.  C.  macrocarpa 
Capsules  40-65  mm  long;  seeds  5-6  mm 
long  including  wing;  leaves  subcoriaceous 
to  coriaceous,  elliptic  to  broadly  elliptic, 
acute  at  apex;  secondary  veins  straight  to 
usually  curved,  acutely  angled  to  usually 
nearly  perpendicular  to  the  midrib. 
3a.  Calyx  limb  truncate  to  lobed,  the  lobes 

shorter  than  or  equal  to  the  tube;  leaf 
blades  3.6-16  cm  wide,  with  seeond- 

3b. 

ary  veins  (3-)4-6  pairs;  southern  Nic- 
aragua to  Bolivia  and  Peru   

-     1.  C.  grandijiora 
Calyx  limb  lobed,  the  lobes  longer  than 
the  tube;  leaf  blades  3-8  cm  wide,  with 
secondary  veins  (6-)7-9  pairs;  south- 

ern Mexico  to  Nicaragua  _  3.  C.  matudae 

1. 

Cosmibuena  grandiflora  (Ruiz  Lopez  &  P^ 

von)    Rusby,    Bull.    New    York    Bot.   Gard^ 

4:   368.    1907.   Cinchona  grandiflora  mt 

Lopez  &  Pavon,  Fl.  Peruv.  2:  54,  t.  1
^  • 

1799.  Cosmibuena  obtusifolia  Rmz  Lopej 

Pav6n,   Fl.   Peruv.   3:    3.    1802,  noxn    m- 

Buena  obtusifolia  {Ruiz  Lopez  &  Pavon)
  U^- 

Prodr.  4:  356.  1830,  nom.  iUeg.  TYPE:  Fer^ 

Huanuco:  ad  Pozuzo  et  San  Antonii  de 
 Flay 

Grande,  Ruiz  Lopez  &  Pavon  s.n.  (h<' W J 

MA  not  seen;  isotypes,  B  destroyed,  pn^ 

(neg.  #  240)  F.)  Figure  lA-E
;  SteyermarK- 

1974:  fig.  24. 

•d. 

Cinchona  longiflora  Mutis  ex  Steudel,  Nomencl
.  Bot. 1,  1:  196.  1821,  nom.  nud.  fetreue 

Cosmibuena  triflora  (Benth.)  Klotzsch  in  Hayne, 

Darstell.  Gew.  14:  subt.  15.  1846.  Buena  mj 
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Benth.,  J.  Bot.  (Hooker)  3:  216.  1841.  TYPE:  Gua-       8(-l  1)  mm  long,  truncate  to  sinuous  or  lobed,  the 
yana   FaUs  of  the  Rio  Quitaro,  1838,  Schomhurgk       ̂ ^^^^  5^6    Hgulate  to  narrowly  triangular,  0-4(- 
555(holotype,  Knot  seen,  photo  (neg.#NS  3195)       ̂ ,  ,       ̂   ,    ,    ,         ̂   77         i - MY.  lo^t,    1    r    ̂ *  c  ♦  ir\  0   nim   lone,    rounded    to    acute;    corolla   white 
JNi;  isotypes,  Vy  not  seen,  fragment  r).  /  &'  •> 

Co5m6ae«a/an/o/m  (Benth.)  Klotzsch  ex  Walp.,Repert.       throughout  or  flushed  with  pale  green  externally, 

the  tube  (47-)58-90(-100)  mm  long,  the  lobes 

5-6(-7),   narrowly   to  broadly  elliptic -oblong  or 

ovate,  (9-)15-35(-41)  mm  long,  6-20  mm  wide, 

broadly  angled  to  rounded;  anthers  5-6(-7),  10- 

18  mm  long,  with  the  thecae  extending  ca,   1-3 

[folia  Benth 
Hartw,  191.  1845.  Cosmibuena  obtusifolia  var. 
Intifolia  (Benth.)  Hooker  f.  ex  Monach.,  Phytologia 
3:  65.  1949.  Cosmibuena  grandiflora  var.  latifolia 
(Benth.)  Steyerm.,  Mem.  New  York  Bot.  Card.  23: 
296.  1972.  TYPE:  Colombia.  Cundinamarca:  inter 

pages  Villega  et  Guaduas,  Hartweg  s.n.  (holotype,       mm  below  filament  attachment,  the  apices  included 
K  not  seen,  photo  (neg.  #  NS  3197)  NY). 
dbuena  quinqueflora  Klotzsch  in  Hay 
Darstell.  Gew.  14:  subt.  15.  1846.  TYPE 
Merida:  Merida,  Nov.  18441845,  Moritz  407  {ho- 

or  occasionally  exserted  for  1-3  mm;  disk  annular, 

1-2  mm  high;  ovary  elliptic  to  cylindrical,  5-10 

mm  long;  style  1-2  mm  shorter  than  to  1-3  mm 

lotype,  B  not  seen,  destroyed,  photos  (neg.  #  242)       longer  than  corolla  tube,  glabrous  or  more   fre- 
F;  isotype,  P). 

Cosmibuena  skinneri  (Oersted)  Hemsley,  Biol.  Cent.- 
Amer.,  Bot.  2:  12.  1881.  Buena  skinneri  Oersted, 
Vidensk.  Meddel.  Dansk  Naturhist.  Foren.  KJ0ben- 

quently  sparsely  to  densely  pilose  In  distal  1-3  cm; 

stigmas  4-7  mm  long,  frequently  unequal  in  length 

by  1-2  mm.  Capsules  40-65  mm  long,  613  mm 

havn4:48.  1853.  TYPE:  Nicaragua.  Masaya:  toppen       diam.,  crowned  by  a  beak  ca.  2-4  mm  long,  fre- 
af  Vukanen  Masaya,  2,000-3.000  ft.  [654-968       quently  lenticellate;  5eec?5  including  wings  5-6  mm 
m],  Jan.  1848,  Oersted  11134  (holotype,  C  not 
seen,  photos  (neg.  #  22790)  A,  F;  isotype,  US). 

Cosmibuena  gardenioides  Wernham,  J.  Bot.  51:  32L 
1913.  type:  Colombia.  Cauca:  Lehmann  1955  (ho- 

lotype, K  not  seen). 
Cosmibuena  arborea  Standley,  Contr.  U.S.  Natl.  Herb. 

17:  447.  1914.  type:  Colombia.  Cauca:  Cauca  Val- 

ley, near  Espejuelo,  1,000  m,  Jan.  1906,  Pittier 
985  (holotype,  US;  isotypes  F,  US). 

Cosmibuena  ovalis  Standley,  Contr.  U.S.  Natl.  Herb.  18: 
137.  1916.  TYPE:  Panama.  Code:  vicinity  of  Ola, 

long,  1-2  mm  wide. 

Phenology.      CoUected  in  flower  throughout  the 

year,  in  fruit  January- April  and  July-December. 

Habitat  and  distribution  (Fig.  2)  ,      Southern 

Nicaragua  to  Bolivia  and  Peru,  in  moist  to  wet 

thirketR.  forests,  and  on  banks  at  (0-)500-2,200  m. 

Selected  specimens  examined.      Bolivia.  La  PAZ:  Ma- 

100-350  m,  7-9  Dec.  1911,  Pittier  5074  (holo-       piri,  H,  H.  Rusby2103{F,  GH,  NY,  US).  Brazil,  terrj- 
type,  US,  photo  (without  number)  F;  isotype.  NY). 

l^piphytic  or  terrestrial,  glabrous  or  sometimes 
pubescent,  to  12  m  tall,  drying  green  or  grayish 
green;  stems  rounded  to  subquadrate;  bark  smooth, 
becoming  gray  to  grayish  brown.  Zea/ blades  el- 
Hptic  to  broadly  so,  6.5-19.5  cm  long,  3.6-16  cm 
^»de,  acute  at  apex,  acute  to  cuneate  at  base, 
subcoriaceous  to  coriaceous,  glabrous  throughout 
or  hirtellous  or  pilosulous  abaxially  along  midrib  in 
some  plants  from  Colombia  and  adjacent  Venezuela 
and  Ecuador;  secondary  veins  (3-)4-6  pairs, 
acutely  angled  to  nearly  perpendicular  to  midrib, 
usually  curving,  sometimes  rather  well  marked,  not 

174  Km  168,  G.  T.  Prance  et  al  22680  (NY,  US). 

TERRITORIO  DO  RORAIMA:  Upper  plateau  and  summit  of 

Serra  Tepequem,  G,  T  Prance  et  al.  4413  (F,  GH,  NY). 

Colombia,  antioquia:  Amalfi,  vereda  "El  Oso"  13-16 km  from  Amalfi  toward  Medellin,  Cordillera  Central, 

6^54'N,  75^*08^,  /  Betancur  et  al.  896  (MO— 2  sheets). 
cauca:  Cali,  Lehmann  BT1171  (A,  F,  Gil  NY)  .  CHOco: 

Rio  San  Juan  Palestina,  Quebrada  de  las  Sierpes,  /.  Cua- 

trecasas  &  L  Willard  26048  (US).  CUNDINAMARCa:  Cor- 
dillera Oriental,  S  side  of  Guavio  River,  22  km  NE  of 

Gachala,  Caiio  Castalia,  Station  90,  M.  L.  Grant  10544 

(NY).  META:  Quebradablanca,  near  bridge  on  road  from 

Bogota  to  Villavicencio,  T.  Plowman  et  al  4277  (F,  GH). 
NORTE  DE  SANTANDER:  Balcones,  head  of  Quebrada  de 

Miraflores  7  km  NNW  of  Convencion,  8^3 1'N,  73"22'W. 
F.  R.  Fosberg  21407  (NY,  US).  SANTANDER:  Rio  Surata 

Prominulous,  the  distal  1    2  veins  sometimes  loop-  „      ̂ ^^J^  j,,  j^^^^^^j,,^  ̂ ^j  g^^^^^^  ̂   p  j^.^.    ̂  
^%  to  interconnect;  petioles  5-40  mm  long,  gla- 

''ous  or  sometimes  sparsely  to  moderately  hirtel- 

A.  C.  Smith  16424  (F,  GH,  NY,  US),  tolima:  Mariquila, 

/.  Linden  5257(F).  VALLE:  Cordillera  Occidental,  eastern 

W  or  pilosulous;  stipules  connate  intrapetiolarly  slope.  El  Saladito,  /  Cuatrecasas  2378S(F,  US)  CosTA 
for  ca    U    2y     r  *i.   '     1         i               i                       *^  RlCA   alajuela.  Upala,  Dos  Rios,  2.5  km  NW  of  Finca 

subcor-                                  ̂ "^     '  r™^'"Tu '*^"'  U  Pabna,  10°55'n'85O20'W.  G.  Herrera  1071  (DUKE). "coriaceous,  pale  green  io  white  at  dehiscence,  ^n*NArASTF-  road  from  ICE  project  at  Santa  Cruz  to 
he  interpetiolar  portion  oblanceolate  to  obovate. 

GUANACASTE:  road  from  ICE  project  at  Santa  Cruz  to 

Vista  de  Mar,  L.  D.  Gomez  &  G.  Herrera  23668  (MO). 

^-30  mm  long,  rounded  to  obtusely  angled.  Flow-  puntarenas:  Monteverde,  San  Luis  valley,  JT^;  Haber  & 

^rs  3-5(^9)  in  1-2  whorls-  oeduncles  6-30(-40)  ^  Bella  2911  (CR,  Haber);  Parque  Nacional  
Coreovado. 

mm  lonp-  1         A  "^.""r"'^^'  P^  Tr:   '  n  1  along  OUas  trail  near  station,  8«29'N,  83^34'W,  5.  Ilam^ 
^       long,  internode  (when  present)  5-20  mm  long,  ̂ ^^^  j  ̂^^.^^^  ̂ ^^^6  (CR).  san  Jose:  basin  of  the  Rio 
racts  usually  none,  or  when  present  oblanceolate,  £j  General,  A.  F.  Skuich  &  M.  Barrantes  5155  (CR, 
^^18  mm  long,  membranaceous;  pedicels  5-30 

^^  long;  calyx  limb  4-15  mm  long,  the  tube  4- 

b 

US).    Ecuador.   BOUVAR-CAf^AR-CHlMBORAZO-OUAYAS 
BORDER   REGION:   foothills  of  W   Cordillera   near   Bucay 
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Figure  2.      Distribution  of  Cosmibuena  grandiflora  (Ruiz  Lopez  &  Pavon)  Rusby  in  Central  and  South  Amen 

J 
r 

t_ 
iT 

I 
village,  W.  H.  Camp  E-3825  (MO,  NY),  carchi:  along 
Lita -Salinas  road,  H.  van  der  Werffet  al.  9578  (MO). 

MORONA-SANTIAGO:  along  Ri'o  Palora  1-4  km  upstream 
P.  C.  Hutchison  et  al.  6037  (F,  G

H,  NY).  SuRiNANf- 

saramacca:  Lely  Mountains,  S'N,  SS^W,  /  C  ̂'««^'  ̂  

660  (MO).  Venezuela.  bariNas:  distrito  Bohvar,  
ne 

from  Arapicos,  H.  Lugo  S.  6087  (GB,  MO),  napo:  Re-      Soledad,  8°50'N,  70°32'W,  H.  van  der  WeTJ}&  «■ 
"■  "  *       '  ■'     "    '  "  •       —     '  -  ^Q42  (MO,  NY),  bolivar:  RIo  Chicanan,  Cerro    i^^| 

Gnrrlillf^ra    Fnirara      R      Mnjruire   et   al    53574  (I  ̂   ' 

serva  Biologica  Jatun  Sacha,  ca.  8  km  ESE  of  Puerto 

Misahualli,  1°04'S,  77*'37'W,  /  S.  Miller  et  al  2212 
(MO). Tenneco  oil  well  "Garza,"  ca.  35  km 
NW  of  Montalvo,  r49'S,  76°42'W,  V.  Zak  &  S,  Es- 
pinoza  4561  (MO).  Guyana,  essequibo:  Karietur  Pla- 

teau, B.  Maguire  &  D.  B.  Fanshawe  23226  (A,  F,  MO, 
NY,  US).  Nicaragua,  masaya:  top  of  Volcan  Masaya, 
Oersted  11134  (US).  Panama,  chiriqui:  Sabana  de  la 
Tortuga,  between  El  Boquete  and  Caldera,  H,  Pittier 
3309  (US).  COCLE:  S  of  El  Valle  de  Anton,  P.  H,  Allen 
2798  (F).  Peru,  huanuco:  distrito  Padre  Luyando,  prov- 
incia  Leoncio  Prado,  Saipai,  A.  Gutierrez  R.  71  (F,  MO, 
NY,  US).  JUNIN:  provincia  Chanchamayo,  road  to  San 
Vincente,  S  of  San  Ramon  along  RIo  Tulumayo  between 
Kms  5  and  8,  ll^S'S,  75n5'W.  B.  Stein  &  C  Todzia 
2352  (MO,  NY),  san  martin:  provincia  Mariscal  Caceres, 
distrito  Tocache  Nuevo,  Quebrada  Luis  Salas,  5  km  NE 
of  Puerto  Pizana,  /  Schunke  V.  6667  (GH,  MO),  ucayau: 
provincia  Coronel  Portillo,  lower  Boqueron  del  Padre  Abad 

Cordillera  Epicara,  B.  Maguire  ̂ l  ̂ ^-  --  r^^^ 

NY,  US).  TERRiTORio  DELTA  AMACURO:  downstream  ̂  

Yarakita  River,  Rfo  Amacura,  Sierra  Imataca^-  ̂^-     ̂ ^^ 

ermark  87428  (F,  NY).  ZUUA:  S  of  Perija,  t^^"!^^.  ̂ w 

hill  that  goes  toward  Pishikakao  and  Pishikaka^,  lou 

the  Rio  Vikay-kuna  (a  tributary  of  the  Rio  lumu y.  A.  Steyermark  et  al  105758  (NY). 
dijl 

ra  is  distinguished 
 by 

tubular  calyx  
limb  >^ 

its 

ith 

lobes 

mg 

It  has  frequently  been  confused  with     -^^^^ 

tudae;  the  distinctions  between  them  are  o ;  latter  species.  r  ̂ ^ 

Cosmibuena  grandiflora  has  also  been  co    ̂   ̂ 

with  C.   macrocarua,  but  these  species     i  ̂ 

und 
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capsule  length  and  diameter.  In  addition,  they  are  of  its  length,  and  the  shape  of  the  lobes  varies 

easily  separated  by  leaf  shape  and  venation  pattern  widely  from  rounded  to  more  frequently  acute, 

in  the  northern  portion  of  their  shared  range,  al-  Some  South  American  plants  have  a  calyx  limb 
though  they  may  be  difficult  to  distinguish  on  this  that  is  lobed  to  about  the  middle,  similar  to  that 
basis  in  southern  Colombia,  Ecuador,  and  Peru.  of  C.  matudae. 

The  various  collections  (unnumbered  and  uniden-  Pubescence  is  encountered  on  the  leaves  and 

tified  as  to  locality)  of  ̂ ''Cinchona  grandiflora'*  petioles  of  some  plants  from  Colombia,  western 
and  ̂ ''Cosmibuena  ohtusifolia^  made  by  Ruiz  Lo-  Venezuela,  and  northern  Ecuador,  but  glabrous 
pez  and  Pavon  in  Peru  actually  include  both  Cos-  plants  occur  in  the  same  range  and  only  glabrous 

mibuena  grandiflora  and  Cosmibuena  macrocaj'  plants  are  found  elsewhere.  Both  pubescent-styled 

pa.  The  two  species  are  never  mixed  on  a  single  and  glabrous-styled  individuals  occur  throughout 

sheet  and  are  probably  not  from  the  same  site.  the  range  of  the  species,  with  no  apparent  geo- 

Among  the  specimens  seen,  Cosmibuena  grandi-  graphic  pattern  except  that  the  most  densely  pi- 
flora  predominates,  and  this  species  is  also  figured  losulous  styles  are  found  on  plants  from  Costa  Rica 

in  the  illustration  that  accompanied  the  description  and  Panama. 

of  C.  obtusifolia,  Ruiz  Lopez  and  Pavon's  material The  diameter  of  the  mature  capsules  and  thus 

was  undistributed  for  many  years,  although  the      the  proportional  width  varies  throughout  the  geo- 
illustrations  for  their  Flora,  with  Cosmibuena  de-      graphic  range,  but  no  pattern  is  evident. 
picted  in  its  second,  rubiaceous  sense,  were  widely 
distributed  (Steele,    1964).  Thus,  the  illustration dijli 

latifc 

must  be  given  weight  not  only  in  the  authors'  the  pubescence  of  its  petioles  and  abaxial  leaf  mid- 
interpretation  of  Cosmibuena  but  also  in  subse-  ribs.  However,  as  discussed  above,  pubescent-leaved 

quent  applications  of  this  name,  including  the  con-  and  glabrous -leaved  individuals  are  found  sympat- 

servation  of  the  generic  name  (Lanjouw  et  al.,  rically  in  western  South  America,  and  this  feature 

1956),  Steyermark  (1974)  considered  all  of  Ruiz  appears  to  be  no  more  than  sporadic  variation. 

Lopez  and  Pavon's  material  to  represent  one  spe-  This  leaf  pubescence  appears  to  have  been  the 
cies  and  annotated  this  material  accordingly.  How-  principal  character  used  by  Steyermark;  the  calyx 

€:ver,  some  of  the  material  collected  by  Ruiz  Lopez  lobes  actually  vary  widely  in  size  and  shape  among 

and  Pavon  represents  C.  macrocarpa,  and  is  ex-  the  pubescent-leaved  individuals,  and  several  spec- 

eluded  from  the  type  material  cited  here.  The  con-  imens  annotated  by  Steyermark  have  strongly  acute 

nision  of  these  two  species  by  Ruiz  Lopez  and  lobes. 

Pavon  may  have  been  responsible  for  the  origin  of  The  name  Cosmibuena  skinned  was  applied  to 

their  epithet  ''obtusifolia,"  which  contrasted  with  Central  American  specimens  of  C.  macrocarpa  by 
Monachino  (1940).  His  usage  was  followed  by  later 

Cosmibuena  grandiflora  varies  throughout  its  authors,  but  the  type  of  this  name  cleariy  repre- 

the  iDustration  to  which  it  was  applied. 

geographic  range  in  the  persistence  and  degree  of 
lobing  of  its  calyx  limb,  in  its  leaf  and  style  pu- 

bescence, and  in  the  size  of  its  capsules.  None  of 
these  features  shows  any  correlation  with  other 
niorphological  characters,  and  most  show  little  or 
"o  geographic  pattern. 

fhe  calyx  limb  of  Cosmibuena  grandiflora  is 
usually  persistent  on  the  fruit,  or  may  be  deciduous 
^'ther  at  anthesis,  with  the  corolla  after  anthesis, 

^r  during  fruit  development;  this  characteristic 
stiows  no  correlation  with  geographic  range.   In 

difl 

2.  Cosmibuena  macrocarpa  (Benth.)  Klotzsch 

ex  Walp.,  Repert.  Hot.  Syst.  6:  69.   1846. 

Buena  macrocarpa  Benth.,  Bot.  Voy.  Sulphur 

104.  t.  38.  f.  1-14.  1845.  Not  Buena  ma- 

crocarpa Wedd.,  J.  Linn.  Soc,  Bot.  1 1:  187. 

1869.  TYPE:  Colombia.  Narino:  Island  of  Cor- 

gona,  Hinds  353  (holotype,  K,  photo  (neg.  # 

NYBG  NS  3196)  NY).  Figure  3;  Dwyer,  1980: 

fig.  27;  Croat,  1978:  fig.  518. 
contrast,  the  calyx  lobes  vary  in  shape  and  size,       ̂        .,  xir    ̂ Uo^    i    R..t    ̂ i-  ̂ 91 
^ith  some  .'^l.;.  ..»..A.;^.„.l  thU  ..W.       Cosmibuena  gorgonensts  Wernham 

   J    Bot    51     321. 
^ith  some  geographic  pattern  evident  in  this  vari- 

ation. Plants  from  Costa  Rica  and  Panama  usually 
^ve  truncate  to  sinuous  calyx  limbs,  but  sometimes 
show  short  (1-5-mm-long)  lobes  that  are  separated 
y  truncate  portions  of  the  limb;  this  shape  is  also 

seen  on  occasional  individuals  from  northern  and 
northeastern  South  America.  In  most  South  Amer- 

ican plants  the  calyx  limb  is  lobed  for  half  or  more 

1913.  TYPE:  Colombia.  Narino:  Island  of  Gorgona, 

Barclay  919  (holotype,  K). 

Cosmibuena  paludicola  Standley,  Contr.  U.S.  Natl.  Herb. 
18:  137.  1916.  type:  Panama.  Colon:  vicinity  of 

Viento  Frio  between  Playa  Damas  and  Viento  Frio, 

in  mangrove  formation  along  beach  near  sea  level, 
7-8  Aug.  1911,  mttier  4107  (holotype,  US  (# 

679204).  photos  (without  number)  F  (#  613829); 

isotypes,  GH,  NY). 
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5    cm 

1 

C 

5mm Figure  3.      Cosmibuena  macrocarpa  (Bentham)  Walpers.  — A.  Habit.  —  B.  Stipule.— C.  Capsules.  — D.  bee  . 
from  Foster  1912  (GH);  B-D,  from  Croat  5057  (F).  A,  C  to  same  scale. 

Epiphytic  or  terrestrial,  glabrous  or  puberulous,      oblong. 

mm 

to  12  m  tall,  drying  green  or  grayish  green;  stems 

quadrate  to  subterete;  bark  smooth,  becoming  gray- 

brown.  Leaf  hlaides  obovate,  5.5-15  cm  long,  2.4- 
8  cm  wide,  obtuse  to  broadly  rounded  at  apex  or 
somewhat  angled  in  plants  from  southern  Colombia 
to  Peru,  acute  to  attenuate  at  base,  coriaceous. 

roimi 

thers  5,  13-15  mm  long,  the  thecae  extending  
ca. 

1-2  mm  below  filament  attachment,  the  apic^ 

ca.  1"-^ 

1 
annular  to  sUghtly  lobed 

ry  cylindric,  6-13  mm  lo»6'J^^£^ tube 
^ 

—     -  w   ,   .w   «.-««*v.     «-    -^«.^v^,     v^v^.  iM.v.«^v»i-io,  i      ̂   111111  ivjiigC'i    tiia.li  ii-u^^,  i^ixv^^  —  —IX  ^  I 

glabrous  throughout  or  rarely  puberulous  abaxially      stigmas  6-9  mm  long,  frequently  unequal  in  leng 
along  midrib  on  young  leaves;  secondary  veins  4 

6  pairs,  acutely  angled  with  midrib,  usually  straight, 
not  well  marked,  not  prominulous,  the  distal  1-2      lenticellate;  set 
veins  sometimes  looping  to  interconnect;  petioles      2-3  mm  wide. 
5-18(-25)  mm  long,  glabrous;  stipules  cormate 
intrapetiolarly  for  ca.  %  of  their  length  but  later 
separating,  membranaceous,  pale  green  to  white 
at  dehiscence,  the  mterpetiolar  portion  obovate,  6- 
20  mm  long,  broadly  rounded.  Flowers  3-8  in  1- 

2  whorls;  peduncles  5-30  mm  long;  intemode  (when 

by  1-2  mm.  Capsules  73-112  mm 
wide,  crowned  bv  beak  ca.  2  mm  k 

wings  7-9  nun 

Phenology.      CoUected   in   flower
   December October 

fruit  in  Februar
y 

ril-May,  and  September-October. 

Habitat  and  distribution  (Fig^  4)  . 

Peru,  in  coastal  and  inland  wet  i 

Costa  Rica
 ^cts  at  0" 

present)  5-30  mm  long;  bracts  obovate  to  ligulate,      500 
m. 

6-11  mm  long,  broadly  rounded,  membranaceous; 
pedicels  91 6  mm  long,  elongating  somewhat  in 

fruit;  calyx  limb  L5-9  mm  long,  the  tube  (l-)2- 
5  mm  long,  lobed,  the  lobes  5,  deltoid  to  narrowly 

Selected  specimens  examined.  Colombia,  a  ̂ ^ 

vicinity  of  Pararando  Grande  W  of  Mutata,  near  ̂  
border.  A,  Gentry  &  H.  Leon  20259  i^^^'fj^jjl 

San  Juan  near  Tado,  A.  Gentry  &  M.  Fallen  ̂  
   GorgoniUa  Island,/.  R  KiU^J^^^ triangular,  0.5-4  mm  long,  acute;  coroWa  white      ̂ r     ' -   V^^r!!^^^  fTlVacifico  Rio: 

,h.„„ghou.o.  flushed  »Uh  pa,e  g.ee„  external.,,      f^o  df P^-lVet^r  ̂ ^^tto'f  Ail  <^, the  tube  58-93  mm  long,  the  lobes  5,  eUiptic  to      Cuatrecasas  14301  (F,  US).  — '  ""'^^    ̂ ^"^^ Costa 
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Figure  4.     Distribution  of  Cosmibuena  macrocarpa  (Bentham)  Walpers  in  Central  and  South  America. 

tm  SW  of  San  Isidro,  lower  valley  of  the  Rio  Peiias 
«lancas.  village  of  San  Miguel,  W.  Haber  1476  (Haber). 
CliANACASTE:  Rio  Chiquito  de  Tilaran,  Rio  Negro  Valley, 
1^22'N,  84°52'W.  E.  Bella  &  W.  Haber  5863  (Hahei). 
"^REDia:  Finca  La  Selva,  the  OTS  field  station  on  the 
'?  ̂^^no  Viejo  just  E  of  its  junction  with  the  Rio  Sar- 

•P'qm,  B.  E.  Hammel  8620  (DUKE),  13364  (DUKE). 
UMON:  Parque  Nacional  Tortuguero,  Estacion  Cuatro  Es- 
quinas,  Laguna  T,  ICSUN,  83°30'W.  R.  Robles  1312 (CR) 

SAN  JOSE:  confluence  of  the  Rios  Sucio  and  Hondura, 

(CRr*  '^^cional  Braulio  CariUo,  /.  Gomez-Laurito  6577 t  K)  Ecuador,  esmeraldas:  near  Lita  on  the  Ibarra- 

^n  Lorenzo  railroad.  M.  T.  Madison  et  at.  5143  (MO). 
'mbabura:  Lita,  M.  Acosta  Solis  2468  (F).  manabi: from   ■"

•  
^ roa 

d 
Car  me 

Pan 

KH  iV  ̂^^^'-  ̂ cinity  of  El  Valle,  P.  H.  Allen  758  (F, 
^yi  US).  COLON:  Barro  Colorado  Island,  ff.  N.  Banghnm 

j^^-^  (A,  F.  US),  T.  B.  Croat  5057  (F,  NY).  Panama:  3 •  ae  la  Carretera  Interamericana  en  la  carretera  a  Cerro 

ri  ̂̂ '  ̂'^^  ̂ ^^-  Nusagandi,  along  continental  divide 
°"  tJ  Uano  Cartfroad,  9°19'N,  TS^IS'W,  G.  de  Never s ^'^/.MCAS). 

ihed 

been 
1 

wi th 

xliji^ 

issed 

menls  of  the  former  two  species- 
mistake 

bined  with  C,  skinnerl  (Oersted)  Hemslcy,  a  syn- 

onym  of  C.  grandiflora,  by  Monachino  (1940), 

who  was  followed  by  Croat  (1978)  and  Dwyer 

(1980).  It  was  also  apparendy  confused  with  C 

dijlora  by  Ruiz 

difl. 

label  data  of  one  specimen 

Ek^uador 

of  this  species  are  macerated  and  mixed  with  water, 

and  this  mixture  drunk  to  relieve  vomiting  caused 

by  various  diseases- 

3.  Coftinibucna  maludae  (Standley)  L.  0.  Wil- 

liams,  Fiilihana,  Rot-  31:  45.  1965.  UilUn 
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M Figure  5.      Distribution  of  Cosmibuena  matudae  (Standley)  L.  O.  Williams  (circles)  and  C.  valerii  (Standley)  C. Taylor  (triangles)  in  Central  America  and  southern  Mexico. 

matudae  Standley,  Publ.  Field  Mus.  Nat.  Hist.,  to  white  at  dehiscence,  the  interpetiolar  portion 

Bot.  Ser.  22:  51.  1940.  TYPE:  Mexico.  Chia-  oblanceolate  to  obovate,  15-30  cm  long,  rounded 

pas:  Volcan  de  Tacana,  2,000-4,038  m,  Aug.  to  broadly  angled.  Flowers  (2-)3(-4)  in  one  whorl; 

1938,    E.    Matuda   2327   (holotype,    F   (#  peduncles  5- 1 5  mm  long;  bracts  usually  none  or 

980255),  photo  (neg.  #  CNHM  52425)  F  (#  when  present  oblanceolate,  518  mm  long,  mem- 
1631431);  isotypes.  A,  NY,  US(#  2216160)).  branaceous;  pedicels  6-15(-25)  mm  long;  calp 

Figure  IF,  G;  Standley  &  Williams,   1975:  limb  7-13  mm  long,  the  tube  2-3(-5)  mm  long, 

deeply  lobed,  the  lobes  5-6,  narrowly  tria
ngular, 

5-8  mm  long,  acute;  corolla  white  throughout
  or 

flushed    with    pale    green    externally,    the 

(40-)60-82  mm  long,  the  lobes  5,  eUiptic-ob
long. 

(10-)25-35  mm  long,  6-20  mm  wide,  broad  y 

angled  to  rounded;  anthers  5,  15    18  mm  lo
ng- 

the  thecae  extending  ca.  1-3  mm  below  the  tila^ 

ment  attachment,  the  apices  included  or  ̂ ^^^  ' 
exserted  for  1  -3  mm;  disk  annular,  1  -2  aan  H^^ 

ovary  elliptic  to  cylindric,  5-10  mm  long;  ̂ ty 
1-2  mm  shorter  than  to    1-2  mm  ̂ ^^^^^  Z^i^ 

corolla  tube,  glabrous  or  sparsely  pilose  m 

1-3  cm;  stigmas  4-7  mm  long,  frequently  uneq" 

,     ,  -    ,  r— -,      "1  length  by  ca.  1  mm.  Capsules  28-65  "'"^^'^T 
acutely  angled  with  midrib,  usually  straight,  usually      6-1 3  mm  diam.,  crowned  by  a  beak  ca.  ̂   ̂  "^ 
well-marked  and  prominulous  at  least  on  abaxial      long,  frequently  lenticellate;  seeds  including  '^nS* 
surface,  the  distal  1-2  veins  sometimes  looping  to      5-6  mm  long,  1-2  mm  wide. 

fig.  15. 

Cosmibuena  holdridgei  Monach.,  Phytologia  3:  64.  1949. 
TYPE:  Guatemala.  Barillas  to  Tokija,  July  1948,  L. 
R.  Holdridge  s.n./ Monachino  519  (holotype,  NY 
(#  3187)  not  seen,  photo  (neg.  #  CNHM  53087) 
NY;  isotype,  NY  not  seen,  photo  (neg.  #  CNHM 
53088)  NY). 

Epiphytic  or  terrestrial,  glabrous,  to  16  m  tall, 
drying  green  or  grayish  green;  stems  rounded  to 
subquadrate;  bark  smooth,  becoming  gray  to  gray- 

ish brown.  Lea/ blades  elliptic,  6.5-13  cm  long, 
3-8  cm  wide,  acutely  angled  at  apex,  acute  to 
cuneate  at  base,  subcoriaceous  to  coriaceous,  gla- 

brous throughout;  secondary  veins  (6-)7-9  pairs. 

connate 
petioles  I  -3  cm  long,  glabrous;  stip- 

mbranaceous  to  subcoriace 
Phenology.      Collected  in  flower  May-Octo 

in  fruit  October-January. 



Volume  79,  Number  4 
1992 

Taylor 
Revision  of  Cosmibuena 

897 

I 

I 

i 

FIGURE  6. 
Cosmibuena  valerii  (Standley)  C.  M.  Taylor.  —  A.  Habit. — B.  Flower,  partially  opened,  with  bract. 

^-  Capsule.  A,  B,  from  Taylor  511  (F);  C,  from  Williams  el  al.  28318  (F).  A-C  to  same  scale. 

Habitat  and  distribution  (Fig.  5)  .  Southern 
Mexico  to  Nicaragua,  in  wet  thickets,  banks,  and 
forest  at  1,200-2,500  m. 

selected  specimens  examined.  GUATEMALA.  ALTA  VE- 
«APAZ:  ca.  10  km  N  of  Coban,  L  0.  Williams  et  al. 
42069  (F).  CHIQUlMULA:  upper  slopes  of  Montana  Tajur- 
an,  vicinity  of  El  Barriol,  /  A.  Steyermark  30823  {¥). 
HUEHUETENANGO:  between  Ixcan  and  Finca  San  Rafael, 
^lerra  de  los  Cuchumatanes,  between  Cerro  Chiblac  and 
l''nca  San  Rafael,  /.  A.  Steyermark  49471  (F). QUEZALTENANGO:  above  Mujulia,  between  San  Martin  Chile 
J^erde  and  Colombia,  /.  A.  Steyermark  85538  (F). 
HONDURAS,  morazan:  Mt.  Uyuca,  L.  O.  Williams  17010 
[f.  GH,  MO,  US,  WIS).  Mexico,  chiapas:  E  base  of 
Urro  Tres  Picos  near  Cerro  Bola,  SW  of  Colonia  Agr6no- 
^os  Mexicanos,  Villa  Corzo,  D.  E.  Breedlove  &  R.  Thorne 
^W69  (MO,  NY).  Nicaragua,  jinotega:  along  Hwy.  3, 
*-y  km  NW  of  Aranjuez  road  entrance.  13°02'N, 
0^  56'W,  W.  D.  Stevens  9166  (MO),  matagalpa:  along 
road  to  La  Fundadora,  ca.  5  km  N  of  Santa  Maria  de 
^tuma,  Cordillera  Central  de  Nicaragua,  L.  0.  Williams 
«  ol.  27760  (F,  G,  NY.  US). 

Acad.  Sci.  16:  164.  1928.  TYPE:  Costa  Rica. 

San  Jose:  vicinity  of  La  Palma  on  the  road  to 

La  Hondura,  1,500-1,700  m,  17-18  July 
1923,  Maxon  &  Harvey  8092  (holotype,  US 

(#  11817760),  photo  (without  number)  F). 

Figure  6. 

a  ligulifolia  Dwyer,  Ann.  Missouri  Bot.  Card.  67: 

216.  1980.  TYPE:  Panama.  Veraguas:  6-7  km  W 
of  Santa  Fe  on  road  past  agricultural  school,  935 
m,  17  Feb.  1974,  M.  Nee  9812  (holotype,  MO  (# 

2244248);  isotype,  MO  (#  2244247)). 

a  chiriquiensis  Ehvyer,  Ann.  Missouri  Bot.  Gard.  67: 
216.  1980.  type:  Panama.  Chirifjui  Bocas  del  Toro 
border:  N  of  San  Felix  at  province  border,  on  Cerro 
Colorado  copper  mine  road,  1,613  1 ,774  m,  3  May 
1975,  Mori  &  Kallunki  5810  (holotype,  MO  (# 
2259027):  isotvoe.  MO  (#  2259026)). 

Epiphytic  or  terrestrial,  glabrous,  to  15  m  tall. 
stems 

smooth 

eaf 

Cosmibuena  m a mrfae  is  distinguished  by  its  rel-  ovate,  3-9.8  cm  long,  1-4,2  cm  wide,  obtuse  to 

^^ively  short,  stout  capsules  and  its  calyx  limb  with  usually  broadly  rounded  at  apex,  acute  to  attenuate 

the  lobes  longer  than  the  tube.  It  is  similar  to  C.  at  base,  thickly  coriaceous,  glabrous;  secondary 

S''^ndiflora\  the  latter  species  can  also  be  sepa-  veins  4-7  pairs,  acutely  angled  with  the  midrib, 
^ated  by  its  calyx  limb  with  the  tube  longer  than 

ked 

•he  lobes.  These  two  species  have  generally  com-      minulous,  the  distal   1-2  veins  often  looping 

Pementary  geographic  ranges  and  appear  to  be closely  related. 

*•  Cosmibuena  valerii  (Standley)  C.  M.  Taylor, 
comb,  nov.  HilUa  valerii  Standley,  J.  Wash. 

glabrous; 
stipules  connate  intrapetiolarly  for  ca.  ?^  of  their 

length  but  later  separating,  membranaceou.'^,  red Lo 

oadJy 
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peduncles  0-5  mm 

or  when  present  broadly  triangular,  2-11  mm  long,      well-developed  tube, 

bricate  corolla  aestivation,  and  calyx  limb  with  a 

limb 
lobes 

4 rounded 

divided  to  Apparently  neither  Standley  nor  Dwyer  saw  fruits 
ly  ligulate,  of  Cosmibuena  valerii,  the  seeds  of  which  clearly 
olla  white  lack  trichomes,  although  the  solitary  flowers  and 

throughout  or  flushed  with  pink  or  red  externally,  completely  lobed  calyx  limb  do  suggest  Hillia  rath- 

the  tube  47-75  mm  long,  the  lobes  5,  elliptic  to  er  than  Co5mi6ae^a.  The  placement  of  this  species 
oblong,  17-31  mm  long  and  usually  unequal,  10-  in  Cosmibuena  is  problematic,  as  discussed  in  the 
18  mm  wide,  rounded;  anthers  5,  12-15  mm  long,  introduction. 
with  the  thecae  extending  ca.  2-3  mm  below  the The  calyx  lobes  of  this  species  vary  in  length, 

filament  attachment,  the  apices  included;  disk  an-      shape,  and  persistence,  but  these  characters  show 
nular  to  slightly  lobed,  ca,  1  mm  high;  ovary  cy-      no  geographic  pattern  or  correlation  with  other lindric mm 5  mm  longer  than      features. 

nam  long,  subequal 
The  illustration  presented  by  Dwyer  (1980:  fig. 

in  length.  Capsules  40-98  mm  long,  8-10  mm      48)  of  ''Hillia  chiriquiensis'"  does  not  represent 
2  mm  long,  usually      Mori  &  Kallunki  5810,  as  stated,  but  rather  H. 

crowned 

not  lenticellate;   seeds  including  wings  5-6  mm      panamensis  Standley,  In  practice,  Dwyer  applied 
long,  1-2  mm  wide.  the  epithet   ''chiriquiensis''  to  specimens  of  H. 

Phenology.      Collected  in  flower  January 
February,   May-November,   in  fruit   November 

Septemb 

panamensis,  but  the  type  collection  he  cited  rep- 
resents Cosmibuena  valerii.  The  Latin  and  English 

descriptions  he  presented  for  his  new  species  de- 
scribe the  flowers  as  green  and  funnelform,  the 

Habitat  and  distribution  (Fig.  5)  .      Costa  Rica      calyx  lobes  as  twice  as  wide  as  long  (in  the  Latin 
and  western  Panama;  wet  montane  forest,  774-      description  only),  and  the  leaves  as  rounded  at  the 
2,300  m.  apex;  these  descriptions  do  not  satisfactorily  fit  any 

Selected  specimens  examined.  CosTA  Rica,  alajue-  ̂ ^^""'^^  ""^  ̂'^^'"^  ''''  Cosmibuena  known  from  Pan- la:  La  Pahna  de  San  Ramon,  A.  M.  Brenes  3827  (CR, 

F,  NY),  5512  (CR,  F.  NY),  cartago:  near  La  Sierra,  ca' 25  km  S  of  Cartago,  L  O.  Williams  et  aL  28138  (F, 
GH,  NY,  US).  GUanacaste:  Parque  Rincon  de  la  Viejaj 
Hacienda  Santa  Maria,  sendero  desde  el  Mirador  en  la 

ama. 

Excluded  Species 

x^o^.^ii^d  oaiiia  iTidiid,  scuucro  uesue  ei  iviirador  en  la       ̂          .,  t^    -    t  jp    p     'n   FI 
falda  del  Volcan  Santa  Maria,   10*'48'N,  85°19'W    G.       Cosmibuena  acuminata  Ruiz  Lopez  Cfe  raven, 
Herrera  652  (DUKE),  1382  (DUKE),  heredia:  Tres 
Marias,  Volcan  Barba,  L  R.  Holdridge  6675  (CR,  F, 
NY).  PUNTARENAS:  ca.  3.5  km  NE  of  Monteverde  in'the Penas  Blancas  Trail,  R.  L  Wilbur  et  al.  15804  (F).  SAN 
JOSE:  vicinity  of  La  Palma  on  road  to  La  Hondura    / 
Utley  &  K,  Utley  2583  (CR,  F,  NY).  Panama,  bo^ 
DEL  TORO-CHIRIQUI  BORDER:  N  of  San  Felix  at  province border,  on  Cerro  Colorado  copper  mine  road,  5  Mori  & 
J.  Kallunki  5810  (MO),  5934  (GH).  chiriqui:  Cerro 
Colorado,  along  road  to  copper  mine,  34.1  km  beyond 
bridge  over  the  Rio  San  Felix  near  town  of  San  Felix. 
13.1  km  beyond  turnoff  to  Escopeta,  T.  Croat  37256 
(NY).  PANAMA:  vicinity  of  Cerro  Jefe,  near  tower,  T. 
Antonio  4731  (NY),  veracuas:  NW  of  Santa  Fe  10.8 
km  from  the  Escuela  Agricola  Alto  de  Piedras  on  road 
to  Calovebora,  Mori  6707  (US). 

Cosmibuena  valerii  is  distinguished  by  its  soli- 
tary flowers,  calyx  limb  divided  to  the  base,  and 

red-brown  color  when  dried.  It  has  been  confused 
with   Hillia   tetrandra  Swartz   and   H. 

Peruv.  3:  3.  t.  236.  1802.  Cinchona  acu 

minata  (Ruiz  Lopez  &  Pavon)  Poiret,  Encyd. 

Suppl.  4:  640.  1816.  Buena  acuminatai^^ 

Lopez  &  Pavon)  DC,  Prodr.  4:  356.  1830. 

TYPE:  Peru.  Chicoplaya,  /.  Tafalla  5.  n.  OjO- 
lotype,  MA  not  seen;  isotypes,  F).  =  ̂^ parasitica  Jacquin.  ^ 

nibuena  dichotoma  (Ruiz  Lopez  &  Pavonj  • 

Don,  Gen.  Hist.  3:  479.  1834.  Cinchona  di- 

chotoma Ruiz  Lopez  &  Pav6n,  H.  Peruv.  2: 

53.  t.  197.  1794.  Ladenbergia  dichotoma 

(Ruiz  Lopez  &  Pavon)  Klotzsch  in  Hayne, 

Getreue  Darstefl.  Gew.  14:  subt.  15.  l84o- 

type:  Peru.  Chicoplaya,  /.  Tafalla  5.  n.  (h^' 

lotype,  MA  not  seen),  =  Joosia  dichoto
ma (Ruiz  Lopez  &  Pavon)  Karsten. 

Gen 

mcLxonii 

►bed 

be TYPE 

Marti 

W  not 

below 

seen 

fused 

been 

Ladenbergia  
hexandra 

vx  wiu;  iviuizscn.  ^.  tj 

Cosmibuena   rhizophorae  Standley,   P^bl-  ̂ ^ 

(Pohl)  Klotzsch. 

be  distinguished  by  its  long  slender  capsules,  im 
Ser TYPE 

Colombia.    Valle:    Buenaventura 
 n-/ 
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mangrove  swamp,  13  Apr.  1939,  E.  P.  Killip 

34972  (holotype,  F;  isotype,  US).  =  Hillia 
maxonii  Standley. 
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NOTES  ON  ALOPHIA 

(IRIDACEAE)  AND  A  NEW 
SPECIES,  A.  VERACRUZANA, 

FROM  VERA  CRUZ,  MEXICO^ 

Peter  Goldblatt^  and  Thad  M.  Howard^ 

I 
Abstract 

Alophia  veracruzana  is  a  new  species  of  this  American  genus  of  Iridaceae  subfamily  Iridoideae.  Closely  related 
to  the  widespread  A.  drummondii,  it  differs  in  its  pale  to  dark  lilac-blue  perianth  with  white  to  yellow  markings, 
secund  flower,  and  more  or  less  erect  inner  tepals  with  lightly  raised  marginal  areas  bordering  a  smooth  median  zone. 
The  generic  characters  of  Alophia  lie  exclusively  in  its  stamens  and  style,  and  the  genus  is  defined  by  pandurate, 
nearly  latrorse  anthers,  and  deeply,  but  incompletely  divided  style  branches  with  slender,  ascending-recurved,  terminally 
stigmatic  style  arms.  The  relationships  of  Alophia  within  tribe  Tigridieae  are  uncertain,  and  its  suggested  affinities 
with  Tigridia  (Tigridiinae)  seem  unlikely.  Despite  a  similar  and  derived  karyotype  with  ra  =  14,  and  comparable 
forked  style  branches,  the  pollen  grains  of  Alophia  are  not  bisulcate  as  they  are  in  all  other  Tigridiinae, 

linear,  extrorse  anthers,  usually  held  almost  at  right 
olumn 

Among  the  many  and  mostly  weakly  differen-  filiform,  partly  or  often  completely  divided  style 

Hated  genera  of  tribe  Tigridieae  of  Iridaceae  sub-  branches  (Molseed,  1970).  Tigridia  differs  in  hav- 
family  Iridoideae  (Goldblatt,  1990),  Alophia  Her- 

bert (synonym  Eustylis  Engelm.  &  Gray)  comprises 
four  species,  distinguished  on  the  basis  of  their 
pandurate  anthers  (Figs.  IB,  2B,  3B)  with  marginal  usually  divided  to  the  base  Into  filiform,  spreading 

and  nearly  terete  style  arms.  In  addition,  in  most  species  of  Tigridia 

style  branches  that  are  erect  below  and  deeply  there  is  a  mucro  in  the  angle  between  the  style 

divided  into  slender,  ascending-recurved  tubular  armsof  each  style  branch  (Molseed,  1970).  Species 

  (Figs.  IC,  D,  2B,  such  as  7!  mo/seeJmrta  Ravenna  and  T,  martinezii 

3B).  Vegetatively,  species  o{  Alophia  can  usually  (Calderon,   1987),  however,  have  suberect  style 

connective 

arms 

umbell 
distinguished  by  their  rhipidial  spathes  (the  paired  branches  divided  only  in  their  upper   third  and 

lex  clus-  ascending  anthers  like  Alophia  and  the  monotypic 

g-atten-  Fosteria  Molseed.  The  latter  differs  from  Tigridia 

^ale.  In  addition  the  margins  of  the  outer  spathes  largely  in  the  style  branches,  which  in  addition  to 

une 

belo 
rootstock 

^pt^rnorphies  for  Tigridieae,  differ  in  Alophia  hard- 
ibe 

Affinites  of  Alophia 

being  suberect 
and  presumably  stigmatic,  throughout  (MolsccJ, 
1 968). 

Together  with  these  two  genera  and  Cobana 
Ravenna  and  Sessilanthrra  Molseed  &  Cruden, 

Alophia  was  tentatively  assigned  to  5nbtril>e  Ti- 
aridimap  rColdblatt.  1982).  based  on  their  apnar- 

The  immediate  affinities  of  Alophia  are  uncer-      ently  shared  derived  polyploid  karyotype  with  x  = 
n-  Historically,  it  has  sometimes  been  included       14,  in  addition  to  the  filiform  and  deeply  <livided 

Shinners 
style  branches,  and,  except  for  Alophia  (Goldblatt 

and  South Le  Thomas 

»can  genus  (Goldblatt,  1974,  1982),  which  also  has 

nown 

'  Support  for  this  study  by  grant  BSR  89-06300  from  the  U.S.  National  Science  Foundati<m  h  gratefdly  acknowl. edged. 

,    '  B.  A.  Krukoff  Curator  of  African  Botany,  Missouri  Botanical  Garden,  P.O.  Box  299,  St.  L.>uis  Missouri  63166. 

'  16201  San  Pedro  Avenue,  San  Antonio,  Texa^  78232,  U.S.A, 

Ann.  Missouri  Rot.  Gabd.  79:  901-905.  1992. 
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Figures l.Alophia  veracruzana.  —A.  Whole 

D.  Single  style  branch"sWrnr'  "'''"^"""-  ~^^-  ̂ ^ole  flower.-B.  Stamens  and  style  branches.-C.  Entire  style.' 

drurnlndT-^A^l:^Z.lrT^^^^^  ^^g™-^-  apices' of  individual  arms.  2.  Aloph_^ ^.    "upie  nower.  — B.  btamens  anri  cf^rU  k.„„„u„„    -y     m,     ,  r      ..  A.  Whole  flower.- 

branch,  D 

drummondiL^A.  Whole  flower       ̂ '"""""'^""g/"^  broadened  stigmatic  apices  of  individual  arms. 

Stan.ens  and  style  brancLfwhoTe  flowrrTf";;    •''^''  ̂''"'^^^"  ̂ -  ̂̂ ''P^'''  silvestns.-A.  Whole 
X   1 0.  ^  ̂"""^'^  ̂ "  f""  «'^«'  stamens  and  style  branches,  x  4.  detail  of  style 

B. 

1988), 
one  Soi tnoAr^bf  r^f'T*"","'"  *  **""='''•      f-^Wo"-  Like  Mophia.  Ainea  has  sulca.e  poU- 

^h  Aleriet  J*-)^     ?■  ̂''"""'"-      «"'^  """^  f-"  Ha-enk  The  flowers  of  Ainea  are m  American  species  of  TjatiV/iVt  f^^^  !>„_..  .....  .           i.„„Jin 

diploid,  n 
^Heywood,  1 984)  has  been  found  to  be 
-  7,  so  that  the  tetraploid  state  is  pre- o^wc^.;,  ..ot  apomorphic  for  the  subtribe 

Alophia  shares  some  striking  similarities  with 

^J/     !■■    fr^l^u"  "  ""*"'"y  '^^°^^^1  -ith  that  of Alophia  (Goldblatt  &    Henrich,    1991)    and  the 
unusually  long  stamens  also  have  a  broad  comiec- 
t.ve  and  lateral  sporangia.  However,  unlike  Ato- 

unusual  in  their  inner 

obovate —^  «i,v*  x^xiin:^!    \JUHJll^  Ul    UUUVaiC  Willi  a  iv^-^j^  - 

cusp.  In  either  case,  the  inner  tepals  have  raised 

marginal  areas  comparable  with  those  of  Aloph^^ 
veracruzana  and  A.  drummondiL  So  strong  is  "» 

resemblance  in  critical  taxonomic  characters  that 

Ainea  and  Alophia  may  be  closely  related,  perhaps 
even  congeneric,  a   possibility  that  needs  to explored. 

linea 
circinnate 

Cardiostigma    {Sphenostigma)    hinlonh   ' 

ster)  Ravenna  also  has  a  style  similar  to  that 
Alophia  and  Ainea  (Goldblatt  &  Henrich,  19 

(R. 

of 

t 
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but  the  resemblance  goes  no  further,  and  C.  kin-  in  the  genus.  It  reportedly  has  pendent  lilac -violet 
tonii  probably  does  not  have  a  particularly  close  flowers  with  a  yellow  center,  connate  filaments, 
relationship  to  Alophia  or  Ainea,  pandurate  anthers,  and  deeply  forked  style  branch- 

Little  attention  has  been  paid  to  the  broad  con-  es,  the  arms  of  which  are  14-15  mm  long.  In  the 
nective  condition  in  Iridaceae,  and  although  it  seems  article  in  which  he  described  A,  intermedia,  Ra- 

intuitively  to  be  apomorphic,  the  character  is  dis-  venna  (1964)  included  A.  trijiora  in  Alophia^  a 
tributed  in  two  of  three  genera  of  Maricaeae  and  species  now  regarded  as  conspecific  with  Tigridia 
several  species  of  CjKpeZ/a,  possibly  the  basal  genus  meleagris  (Molseed,  1970).  Examination  of  the 
of  Tigridieae.  Thus,  a  broad  connective  is  probably  type  of  A.  intermedia^  not  available  to  us,  is  nec- 

synapomorphous  for  the  clade  that  includes  Mari-  essary  before  its  status  and  generic  position  can  be 
ceae  and  Tigridieae  (see  Goldblatt,  1990)  but  pie-  assessed. 

siomophic  for  Ainea  and  Alophia,  although  the  Alophia  veracruzana  seems  most  closely  re- 

pandurate  shape  in  Alophia  seems  unique.  There  lated  to  A.  drummondii,  which  it  resembles  ui  the 

no  longer  seems  any  reason  to  place  Alophia  in  size  and  general  form  of  the  flower  (Figs.  lA,  2A), 

Tigridiinae.  The  shared  polyploid  base  number  is  Alophia  drummondii  is  normally  a  taller  plant, 

almost  certainly  convergent,  and /i/op/ija  does  not  and  the  flowers  are  violet  to  red-purple  with  the 

have  either  the  united  filaments  or  bisulcate  pollen  well-diflFerentiated  tepal  claws  marked  cream  to 

grains  that  are  apomorphic  for  Tigridiinae.  Beyond  yellow  and  densely  speckled  throughout  with  dark 

a  possible  close  relationship  with  Ainea,  the  affin-  red-purple.  The  major  diff"erence  be 
ities  of  Alophia  seem  more  uncertain  than  ever.  species  lies  in  the  shape  of  the  inner  tepals.  In  A, 

drammondiij  the  inner  tepals  are  narrower  than 

ween 

Distribution  and  Species  Review 
the  outer  tepals,  and  the  limbs  are  sharply  bent  at 

the  base  (Fig.  2 A).  The  edges  of  the  lower  part  of 

Alophia  occurs  across  a  wide  portion  of  tem-  the  inner  tepal  limbs  are  closely  pinched  together 

perate  and  tropical  America.  The  most  well  known  below  where  they  are  whitish  to  yeUow  and  arched 

and  widespread  species,  A.  drummondii  (Graham)  over  the  median  lower  part  of  the  limb.  This  fold 

R.  Foster  (synonyms  Eustylis  purpurea  (Herbert)  covers  a  narrow  median  zone  of  stalked  glandular, 

Engelm.  &  Gray,  E,  />artc/a/a  (Herbert)  Ravenna),  presumably  nectariferous  tissue.  The  distal  part  of 

the  outer  tepal  limb  is  dark  red-purple  and  as- 

cending. Alophia  veracruzana  (Fig.  lA)  lacks  a limb 

mner 

extends  from  the  southern  United  States  (Arkansas, 
Louisiana,  Oklahoma,  and  Texas)  to  southern  Mex- 
«co  (including  Vera  Cruz,  Chiapas,  and  Tabasco) 
(Goldblatt,  1974;  Henrich  &  Goldblatt,  1992).  The 

species,  or  one  closely  related  to  it,  also  occurs  in      undulate  margins,  have  no  nectariferous  band. 
Guyana  (cf.  Maas  et  aL  1774,  U).  This  seems  to 
have  slightly  smaller  flowers,  filaments  united  in      SystematICS 

the  lower  half,  and  style  branches  that  are  shorter  -    - 
^nd  do  not  arch  over  the  stamens.  A  second  species, 
Ae  smaller-flowered  A,  silvestris  (Loesener)  Gold- 
Watt  (synonyms  Nemastylis  hequaertii  Standley, 
^.  rotacea  Ravenna),  is  restricted  to  Central  Amer- 

ica, where  it  extends  from  southern  Mexico  to  Costa 
'^ica.  A  third  species,  A.  medusa  (Baker)  Goldblatt 
(basionym   Chlamydostylis   medusa   Baker),   ap-  ,        .     ,-     .    c  o         i    ■ 
Parenilv  r.r^^-.i,    i  .     g-.   •'  ♦     i      cis  atrobrunneis,  foliis  4-5,  laminis  phcatis,  5-0  mm  latis, F^remiy  poorly  known,  occurs  m  Goias,  central      ̂ f/;;.°"^""^      '__   _'    i„,^r\L^  -xo   -xiK  m,,.  lnnc.p 

veracruzana 

TYPE:  Mexico. 
ted  Missouri 

ical  Garden,  June  1 990,  Goldhlatt  &  IJouard 

9070  (holotype,  MEXU;  i.^otypcs,  K,  MO), 

Figure  L 
tiini 

orazil.  It  is  particularly  distinctive  in  its  large  flow- 
ers and  spathes  (tepals  2.5-3  cm  long,  inner  spathes 

*^^)j  a  conspicuous  band  of  glandular  tissue  in 
^he  median  of  the  inner  tepal  limbs,  and  terete 
eaves.  To  these  the  new  A.  veracruzana  can  now 
^  added.  This  has  a  restricted  distribution  in  north- 

eastern Mexico,  currently  known  only  from  Vera 

rhipidiis  4-5  florum,  spatha  interiore  32  38  miu  longa, 

floribus  iilacinis  tepalis  interioribus  marulis  albis  vel  luteis 

notatis,  tepalis  obovatis  obscure  unguiculatis.  exlerioribua 

17-20  mm  longis,  ca,  10  mm  latis,  interioribus  16-19 
mm  longis,  ca.  10  mm  latis,  staminibus  atropnrpurffb, 

filamentis  ca.  2  mm  longis  infra  contiguis  anlheris  angubtc 

loiigts*  1.1  mm 
ca.  2  mm  supra. 

Perennial  geophyte  25-30  cm  high.  Bulbs  nar 

One    species,    Alophia    intermedia    Ravenna      rowly  ovoid,  the  scales  dark  brown.  Leaves  4-5,
 

(1964)  (known  to  us  only  from  the  description)      laminate  except  the  uf>permosl  ±  entirely  shrath- 

from  Sinaloa  in  western  Mexico,  may  be  misplaced      ing  and  elamtnate,  blad<^s  pllr.ae,  iiK^-ily  abc 

t  as 
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long  to  slightly  longer  than  the  stems,  the  lower  begin  to  separate  at  about  8  A.M.,  and  by  9  A.M. 

2-3  inserted  below  the  ground,  the  upper  two  they  have  spread  sufficiently  to  allow  access  to  the 
inserted  well  above  ground,  the  lower  of  these  near      style  and  stamens;  by  this  time  the  anthers  have 

dline and  short-  dehisced,  revealing  the  bright  yellow  pollen.  At 

est,  narrowly  lanceolate  (to  almost  linear),  5-8  mm  about  1 0  A.M.  the  inner  tepals  reach  their  full  open 
at  the  widest,  apices  attenuate.  Stem  terete,  gen-  position.  The  tepals  begin  to  collapse  at  about  2:30 

erally  with  one  branch  produced  in  the  upper  third,  P.M.,  and  by  3:30  P.M.  are  closed  together.  Like Infl> 
its  relative  A.  drummondii^  A.  veracruzanaisstM- 

rhipidia,  single  and  terminal,  usually  4-5 -flowered;      compatible.  Self-fertilization  often  occurs  In  one  or 

spathes  green,  attenuate,  the  apices  generally  dry      two  flowers  of  a  rhipidium  with  resultant  capsule 

32-38  mm      and  seed  production.  As  the  stigmas  are  not  in 
mner 

inner 

mner 

secund,  contact  with  the  anthers  while  the  flowers  are  open, 

spathe,  pollination  presumably  occurs  after  the  flowers  col- 
curved  outward  at  the  apex;  perianth  actinomor-  lapse,  when  the  parts  of  the  flowers  are  pushed 

phic,  pale  to  dark  lilac-purple  (rarely  whitish),  paler  together  by  the  inward-falling  tepals.  Outcrossing 

toward  the  center  and  lightly  flecked  toward  the  is  presumably  the  normal  mode  of  reproduction  for 

lis  with  the  species  in  view  of  the  colorful  and  fragrant 
undulate  margins  and  each  with  a  pair  of  large  perianth.  The  occasional  selfing  presumably  serves 

white  to  yellow  marks  near  the  base  of  the  limbs,  to  ensure  seed  production  in  the  absence  of  insect- 

,  ±  ob-  mediated  pollination.  Plants  of  ̂ .  t;eracr«za/ia  can 
ovate,  claws  weakly  differentiated  and  spreading  be  raised  from  seed  to  flowering  in  a  single  growing 

outward,  outer  tepals  17-20  mm  long,  the  limbs  season.  Seeds  sown  in  late  fall  in  the  greenhouse 

spreading,  ca.   10  mm  wide,  inner  tepals  16-19  in  St.  Louis  grew  to  flowering  size  in  about  six 

sweet 

limb months. 

right  angles  to  the  claws  and  with  the  lower  lateral 
areas  raised  and  the  median  portion  recessed.  Sta-      Karyology  AND  POLLEN  MORPHOLOGY 
mens  dark  purple,  filaments  ca.  2  mm  long,  broader 
and  contiguous  below,  narrow  in  the  upper  half; 

anthers  coherent  at  their  bases,  with  a  broad  nar-      ̂ ^ 
rowly  pandurate  connective  narrowest  in  the  mid-  « 

die  %,  weakly  ascending,  ca.  4  mm  long,  LI  mm      ̂ ^^'^^^  ̂ ^^  the   12  remaining  much  s 

Chromosome  number  in  Alophia  veracruzana 

28.   Four  long  chromosomes,  one  pair 
submetacentric  and  the  other  acrocentric,  conlras 

mailer 

wide  at  the  base,  nearly  2  mm  at  the  apex,  spo- 
rangia  marginal  and  nearly  latrorse;  pollen  yellow, 

broadly  sulcate.   Ovary  narrowly  obovoid,  ca.  4      Benton  &  Heywood,  1984). 

pairs.  The  karyotype  accords  with  that  of  the  e  - 

raploid  members  of  Tigridiinae  (Goldblatt,  IV  -. 

mm  long,  exserted  from  the  spathes;  style  ca.  5.5  ̂ ^^  P°"^"  S'"^"'"  ̂ ^""^  ̂   '""^'^    7  j^r  IHblatl 

mm  long,  dividing  opposite  the  middle  of  the  an-      ̂^"^  as  the  grains  when  fully  expanded^oo      ̂  

thers  into  three  thickened  branches,  the  branches      *  ̂^  Thomas,  in  prep.)  and  resemble  those^^  ̂^ 

erect,  ca.  1 .5  mm  long,  each  dividing  into  two  long      drummondii  (Goldblatt,  1 974).  '^^^^!'^'"' °„,ity 
ascending-recurved  arms,  these  ca.  3  mm  lone       '^^^"^  ̂ ^"^^  correspond  with  those  of  the      J 

■    -  ^'      of  Tigridieae  excluding  Tigridiinae  (7I^"d'«' ^^ 

teria,  Sessilanthera,  and  Cobana—Uo
\see  ̂ 

1970;  Ravenna,  1974),  which  have  bisul
cate  grams- 

tubular,  stigmatic  apically,  arching  over  the  an- 
thers.   Capsules    obovoid -oblong,    trigonous    and 

truncate 

obovoid-pyrlform,  narrowest  at  the  mi 

cropylar  end,  the  chalazal  end  concave,  Ughtly      Literature  Cited brown 

28  (Goldblatt  &  Howard  9070). 

Flower  Phenology  and  Compatibility 

As  in  all  Tigridieae,  the  fugacious  flowers  last befo 

during 

fuU 

CaLDERON  DE  RZEDOWSKI,  G.     1987-     '^'S'f^^^^ie 
nezii,  una  especie  nueva  de  iridaceas  "^'^  „  ̂  

Hidalgo  (Mexico).  BoL  Soc.  Bot.  Mexico  ̂ ^[^    '^^ 
Goldblatt.  P.    1974.    Revision  of  the  bulbous  maa 

of  North  America.  Brittonia  27:  373-385.  ^^ 
  .     1982.     Chromosome  cytology  "^^^  ̂̂ ^^y^. 

suprageneric  systematics  of  neotropical  Iridace 7:  186-198.  .        r  t^^^. 

-.     1990.    Phylogeny  and  classificatmn  oi 

Bot 

Ann.  Missouri  Bot 

unfold,  but  until  7  A.M,  the  inner  tepals  remain 

Herbert 

closed 

this 

(Iridaceae-Tigridieae):  notes  on  \l^xii  n^-         c/vli^ 

nus  and  reduction  to  synonymy  of  Salp^^b     " 
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CHROMOSOME  NUMBER  IN 

TICODENDRON  (FAG ALES, 
TICODENDRACEAE) 

Neil  Snow^  and  Peter  Goldblatt^ 

Abstract 

number  of  Ticodendron  incoe:nitum  is  reoorted  for  the  first  time 

26,  and  the  phylogenetic ignificance  of  this  number  within 

After  exhaustive  collaboration  among  several      Castanopsis^  Cyclobalanopsis,  Fagus,  Castanea, 
authors  (Hammel  &  Burger,  1991)  the  monotypic 

Qu 

21  or  22 

family    Ticodendraceae    was    described    (Gomez-  Hans,  1969;  Raven,  1975;  Morawetz  &  Samuel, 

Laurito  &  Gomez  P.,  1991)  to  accommodate  the  1989),  while  Trigonobalanus  has  x 

Mesoamerican  tree  Ticodendron  incognitum  Go-  (Hou,  1971;  Soepadmo,  1972).  Colombobalanus 

mez-Laurito  &  Gomez  P.  (1989).  Evidence  from  and  Formanodendron,  segregated  from  Trigono- 

wood   anatomy   (Carlquist,    1991),   leaf  anatomy  balanus  by  Nixon  &  Crepet  (1989),  remain  un- 
(Hickey  &  Taylor,  1991),  floral  anatomy  and  mor-  counted 
phology  (Tobe,  1991),  pollen  (Feuer,  1991),  and  merit  its 
sieve  element  characters  (Behnke,  1991)  strongly  (Armstrc 

in  the  family.  Nothofagus,  which  may 

own  family  (Nixon,  1982),  has  x  =  13 

ig  &  Wylie,  1965;  Ono,  1977).  Withi
n /"   •     n.^     — J  Dc/r-i/nm/.s  form 

suggests  its  inclusion  in  Fagales.  We  report  for  the  Betulaceae  Carpinus,  Ostrya,  and  Ostryopsu 

first  time  the  chromosome  number  of  Ticodendron  a  distinct,  evidently  paleodiploid  group  with  x  =  o 
incognitum  as  2n  =  26  and  discuss  the  possible  (Raven,  1975;  Love  &  Love,  1982);  Betula,Alnus 

phylogenetic  significance  of  this  number  within  Fa-      (Raven,  1975),  and  Dusckechia  (Kovanda,  1984, 

=  1 4;  Corylus  may  have 
gales. 

Materials  and  Methods 

Root  tips  were  collected  at  approximately  9:30 equire 

Pashuk,  1987)  have  x  = 
ac  =  14  (records  of  2fi  =  2 

but  there  are  records  of  re  =  11  in  the  genus  as 

well  (e.g.,  L5ve  &  Liive,  1982).  The  monogeneric 

20  (Morawetz
 

21  in 

A.M.  from  a  single  specimen  growing  in  the  green-      B^l^^oP^^^ae  appear  to  have  x 
 , 

houses  at  the  Missouri  Botanical  Garden  (Voucher:      f  Samuel,  1 989)  (the  sn^gle  count  of 
 n  J^ 

W„™™./^  R.w„   17R^A    MH^    Af.J         fi.au5^raZma(Goldblatt,  
1979)  may  be  erroneous^ Hammel  &  Rivera  17834,  MO).  After  pretreat- 

ment  with  aqueous  1  -bromonaphthalene  for  4  hours, 
the  tips  were  fixed  in  3:1  ethanol  (95%)-gIacial 
acetic  acid.  After  hydrolysis  in  10%  HCl  for  7 

minutes  at  70*C,  root  tips  were  squashed  in  FLP 
orcein  (Jackson,  1973). 

Qearly,  x 

1 3  is  infrequent  in  Fagal
es.  Our 

count  ot  2n  =  26  from  a  single  plant  suggests
  x 

=  1 3  for  Ticodendraceae,  so  within  the  order  /^ 
codendron  shares  this  number  only  with  no 

fagus,  a  genus  from  which  it  is  distinct. 

basic 

Discussion 

The  din 26  and  small, 

Although  Raven  (1975)  proposed  x  ^^ 

for  Fagales,  a  plausible  scenario  for  ̂ ^^^^''''^'J^, 
evolution  can  be  suggested  based  on  x  -     - 

suming  x  =  R-  nremimed  base  numbe'  '"^ 

relatively  uniform  chromosomes  of  Ticodendron      related  Hamamelidales  as  weU  (Goldblatt  &  ̂^n- 

dress,  1977;  Morawetz  &  Samuel,  l^^^^^*"^*  J 

early  members  of  Fagales,  dysploid  reduction  o^^ 

=  7 ,  followed  by  a  doubling  to  1 4  and  sut*^*!"^^ 
reduction  to  13,  12,  and  II  seems  »«  us^^^  ̂ ^ 

reasonable  explanation  for  change  withm  e 

^  corrobo    .v.  n.cii 
indicate  the  distinctness  of  this  taxon  from  other 
families  of  Fagaceae. 

The  Fagales  (sensu  Cronqust,  1981)  have  base 
numbers  x  =  8,  1 1 ,  1 2,  1 3,  and  1 4  (Raven,  1 975). 
In  Fagaceae  x  =  12  predominates,  occurring  in ibers  of  the  order.  The  base  numbe 

13, 

■
i
 

•  De{u.rt,nent  of  Biology.  Washington  University,  St.  Louis.  Missouri  63130.  U.S.A. B.  A.  Krukoff  Curator  of  African  Botany.  Missouri  Botanical  Garden,  P.O.  Box  299,  St.  Louis.  Missour. 

63166 
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common  to  Ticodendron  and  Nothofagus,  was  most      Hickey,  L.  J.  &  D.  W.  Taylor.     1991.    The  leaf  ar- 

likely  achieved  independently  from  x  =  14,  a  hy- 
pothesis supported  by  significant  differences  in  wood 

chitecture  of  Ticodendron  and  the  application  of 
foliar  characters  in  discerning  its  relationships.  Ann. 

Missouri  Bot.  Card.  78:  105-130. 

Nothofagus  is  the  best  candidate  in  comparing 

anatomy    (Carlquist,     1991),    reproductive    mor-  Hou,  D.    1971.    Chromosome  numbers  of  7a^(>«o6a/a- 
phology  (Tobe,   1991),  leaf  architecture  (Hickey  nas  t;er/fci7/a/a  Forman  (Fagaceae).  Acta  Bot.  Neerl. 

&  Taylor,    1991)  and  other  features.   We  note,  20;  543-558. 

however,  the  comment  by  Tobe  (1991:  141)  that  J^^^^^^'  ̂ -     1^^.^:    Chromosomal  evolution  in  Haplo- 
^  pappus  gracilis:  a  centric  transposition  race.  Evo- 

lution 27:  243-256. 
Fagaceae  with  Ticodendron,  which  is  at  least  su-      Kovanda,  M.    1984.    Chromosome  numbers  in  selected 

angiosperms  (2).  Preslia  56:  289-301. 
Love,  A.  &  A.  Love.     1982.    In:  lOPB  chromosome 

number  reports  LXXIV.  Taxon  31:  120-126. 
Mehra,  P.  &  A.  S.  Hans.    1969.   /«;  lUPB  chromosome 

number  reports  XXL  Taxon  18:  310  315, 

MoRAWETZ.  W.  &  M.  R.  A.  Samuel.     1989.    Karyo- 

logical  patterns  in  the  Ilamainelltlae.  Pp.  129    154 
in  P.  R.  Crane  &  S.  Blackmore  (editors),  Evolution, 

perficially  similar  in  a  number  of  important  char- 
acters. 
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THE  GENUS  CYBIANTHUS 
SUBGENUS  CONOMORPHA 

(MYRSINACEAE)  IN 

GUAYANA^ 

John  I  Pipoly  III 

Abstract 

A  taxonomic  treatment  of  the  species  in  Cybianthus  subg.  Conomorpha  occurring  in  the  Guayana  Floristic  Province 

is  presented.  Twenty -one  species  are  described  and  illustrated,  and  their  phylogenetic  relationships  are  discussed.  I  he 

distribution  and  ecology  of  each  species  are  provided,  A  key  to  the  subgenera  of  Cybianthus  occurring  in  Guayana 

is  presented,  as  is  a  key  to  the  species  within  subgenus  Conomorpha,  Of  the  21  species  described,  seven  are  new  to 

science,  one  is  transferred  from  subgenus  Weigeltia^  and  one  is  transferred  from  subgenus  Cybianthus.  Ihe  new 

taxa  include:  Cybianthus  fabiolae,  C.  huberi,  C  julianii,  C,  plowmanii,  C.  wurdackiiy  C.  holstii,  and  L.  maguirei. 

The  species  concept  of  Cybianthus  guyanensis  is  amplified  to  include  C.  multipunctatus  as  a  subspecies,  and  tnc 
new  combination,  C.  guyanensis  subsp.  multipunctatus,  is  made.  Five  additional  binomials  are  lectotypified. 

Resumen 

cedentes 

Se  presenta  un  tratamiento  taxonomico  de  las  especies  del  genero  Cybianthus  subgenero  Conomorpha  pro 

de  la  Provincia  Floristica  Guayanesa.  Se  describen  y  se  ilustran  veintiun  especies  y  se  discuten  su  parentezco, 
distribucion  geografica  y  ecologia.  Se  presenta  una  clave  para  los  subgeneros  de  Cybianthus  de  la  Guayana,  y  una 
para  las  especies  dentro  del  subgenero  Conomorpha.  De  las  veintiun  especies  descritas,  siete  son  nuevas  para  a 
ciencia,  una  se  transfiere  del  subgenero  Weigeltia^  y  otra  se  transfiere  del  subgenero  Cybianthus.  Los  nuevos  taxa 

incluyen:  Cybianthus  fabiolae,  C  huberi,  C  julianii,  C  plowmanii,  C  wurdackii,  C.  holstii,  y  C.  maguirei  tl 

concepto  de  Cybianthus  guyanensis  se  amplifica  para  incluir  a  C  multipunctatus  como  subespecie,  y  la  nueva 
combinacion,  C.  guyanensis  subsp.  multipunctatus,  se  publica.  Cinco  binomiales  adicionales  son  lectotipificados. 

Cybianthus  Martius  is  the  second  largest  genus  would  involve  detailed  study  of  the  Guayanan  spe- 

of  Myrsinaceae  in  the  Neotropics,  after  Ardisia  cies,  particularly  those  of  Cybianthus  subg.  Cono- 
Swartz,  the  latter  containing  nearly  200  species,  morpha  (A.  DC.)  Agostini.  The  subgenus  had  been 

As  here  interpreted,  Cybianthus  contains  1 50  spe-  revised  by  Agostini  ( 1 97 1 )  in  his  dissertation,  but 
cies  in   10  subgenera.  During  the  course  of  my  in   1978  he  gave  me  his  file  on  the  genus  an 
work  on  the  genus,  it  became  apparent  that  an  suggested  I  pursue  a  monograph, 

integral  part  of  any  Flora  Neotropica  monograph  While  revising  subgenus  Conomorpha,  I  ̂\s- 

I 

.    .      —  Getulio  Agostini,  Venezuelan  specialist  in  Myrsinaceae,  who  pr^^^J^   ̂    y 
encouragement.  To  the  staffs  of  the  following  institutions,  I  owe  thanks,  BRG,  FDG,  INPA,  MYF,  and  VEN-  ̂ \^ 
thought-provoking  discussions  of  tepui  ecology  with  Otto  Huber  and  the  late  Julian  Steyermark  were  "^^'^'J^ 
throughout  this  study.  I  am  grateful  to  Paul  Berry,  Henk  van  der  WerfF,  and  Amy  Scheuler  for  review  ol 
manuscript  and  many  helpuful  suggestions.  Fieldwork  in  Venezuela  was  financed  by  grants  from  the  National  bc'e 
Foundation  (BSR.8309628),  Ruddick  Lawrence  and  the  Conoco  Oil  Company,  and  EDELCA.  In  Guyana,  » 

supported  by  the  Smithsonian  Institution  and  a  grant  from  the  Eppley  Foundation  to  the  New  York  Botanical  l/araj"^ 
Funds  for  fieldwork  in  Brazil  were  provided  through  Projeto  Flora  Amazonica,  NSF  Grant  BSR-8 1 06632X3  to  i^  j 
This  study  is  a  portion  of  the  work  completed  while  I  was  a  postdoctoral  fellow  and  research  associate  in  the  DeP*"""^ 
xr  r'r"^"^  ̂ ^%  National  Museum  of  Natural  History,  Smithsonian  Institution.  I  thank  my  Smidisonian  5pon«» 
Vicki  tunk  and  Laurence  Skog,  for  their  constant  encouragement.  I  am  grateful  to  the  curators  of  the  herbaria  c 
herem  for  loans  of  specimens.  The  signed  Ulustrations  contained  herein  were  prepared  by  Kristin  Malin  and  r^ 
Duke.  Unsigned  illustrations  were  redrawn  and  modified  by  me  from  figures  donated  by  Getulio  Agostini.  The  i«"f """  . 
of  K.  Malm  were  financed  by  NY,  and  those  of  P.  Duke  by  a  Smithsonian  ROF  Grant  from  the  Office  of  the  As-'i-« Secretary  for  Research,  No.  1233F089. 

'  Missouri  Botanical  Garden.  P.O.  Box  299,  St.  Louis.  Missouri  63166-0299.  U.S.A. 
Missouri 957.  1992. 
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covered  my  concept  of  phylogenetic  relationships  cept  C  apiculatus,  in  which  they  are  persistent, 

within  the  subgenus  and  among  the  subgenera  dif-  leaflike,  and  petiolate.  It  is  the  only  species  in  the 
fered  substantially  from  that  of  Agostini  (Pipoly,      genus  known  thus  far  with  persistent  prophyUs. 

Wha 1987).  The  specimens  collected  by  Steyermark, 

Huber,  Hoist,  and  the  various  collectors  who  par-      possibility  of  finding  Aubreville's  Model  (Halle  et 
ticipated  in  the  Cerro  de  la  Neblina  expeditions      al.,  1978)  within  the  genus,  I  observed  it  in  the 
provided  material  and  ecological  data  that  nearly fi 

doubled  the  amount  of  information  available  to  Model  is  characterized  by  a  mon<>p()diaI,  rhyth- 

Agostini,  Fieldwork  allowed  me  to  observe  sym-  mically  growing  tnmk  with  tiers  of  branches  mor- 

patry,  separation  of  species  by  abrupt  changes  in  phogenetically  distinct  from  It.  The  branches  grow 

life  zone,  and  sexual  lability  (dioecy  and  various  rhythmically,  but  are  modular,  developing  as  com- 

combinationsof  polygamy  in  the  same  population),  plexes  that  are  plagiotropic  and  sympodinl  by  ap- 

which  had  caused  taxonomic  confusion  when  stud-  position.  In  these  complexes,  the  terminal  merislcm 
ied  only  in  the  herbarium.  Were  it  not  for  the  is  displaced  by  an  axillary  one,  hut  continues  its 

wealth  of  new  collections  and  field  studies  of  pop-  growth  in  a  rhythmic  manner,  producing  extremely 

ulaliojib,  the  reliance  on  relative  lengths  of  the  free  short  internodes,  thus  ^ 

portions  of  the  filaments  to  separate  many  species  The  sylleptic  branch  axis  is  at  first  oriented  oblique- 

by  Agostini  (1971)  could  not  have  been  replaced  ly  upward,  but  is  progressively  displaced  downward. 

Jioot 

eventually  in  a  plane  perpendicular  to  the  axis. 

analysis  would  have  been  precluded. 
The  present   treatment  is  a   precursor  to  my      in  the  axils  of  recently  developed  leaves  of  the 

oduction 

ifth 
short  shoot.  The  inflorescence  is  syllcptically  pro- 

yana.  Because  the  abbreviated  format  of  the  Flora      duced,  senescent  after  fruit  fall,  and  does  not  in 

does  not  allow  discussions  of  ecology,  morphology,      fluence  leaf  or 
and  the  description  of  novelties  outside  the  terri- lim 

fluence  leaf  or  shoot  prcKluction.  The  architectural 

dynamics  of  this  model  result  in  the  characteristic 

"'Terrninalia  branching"  first  described  by  Fisher 

sary  to  present  a  more  comprehensive  treatment      (1977),  with  the  exception  that  the  progressi 
prior  to  its  publication. 

Morphology 

      bending  of  branches  was  not  observed. 

Whether  this  notable  exception  to  modular  dynam- 

ics is  attributable  to  the  small  hranrh  size  and 

insienificant  fruit  weight  in  C  fabiolae^  or  some 

In  this  treatment,  morphological  terms  follow      other  morphogenetic  or  environmental  factor,  is 

lindley  (1848)  and  Pipoly  (1987). unknown 

Habit  and  architecture 

Unlike  previous  architectural  studies  in  the  ge- 

s  (Pipoly,  1 987),  the  present  study  did  not  reveal 
rtirpct  correlation  between  sexual  lability  nnd 

occur 
All  species  of  Cybianthus  subg.  Conomorpha      architectural  reiteration.  It  secmb  possible  that  this 

*re  terrestrial  shrubs  or  trees  to  5  m  tall  with 

positively  geolropic  roots.  All  species  of  the  sub- 

genus except  C.  fabiolae  exhibit  Rauh's  Model 
(Halle  et  al.,   1978),  which  is  characterized  by  a 

ibserved 
be 

nverme 

^onopodial,  rhythmically  growing,  readily  distin-  by  destruction  of  the  apical  meristcm  of  lb*' trunk, 

guishable  trunk,  which  develops  tiers  of  branches  was  seen  in  C.  quekhii  on  Scrra  Araca,  but  the 

morphogenetically  identical  to  itself.  AH  branches  individual  was  not  in  flower,  pre*  lurhng  study  of 

«fe  orthotropic  and  monopodial,  with  lateral  (ax-  conMN|uenlial  effects  on  sexual  expression.  In  pop- 

'JJary)  inflorescences  that  do  not  affect  shoot  de-  ulations  of  C,  fabiolae  sludi<'<l  on  Ml.  Ayanganna, 

^elopment.  As  in  most  tropical  trees  exhibiting 

Kauh's  Model,  branching  in  members  of  subgenus 
^nomorpha  is  exclusively  sylleptic.  The  sylleptic 

"ranches  are  easily  recognized  by  the  absence  of 
hasal  bi]d-scales  and  the  elongate  hypopodium  (an 
Ungate  portion  of  the  stem  below  the  prophylL). 

'n  subgenus  ronomorpAa,aU  species  have  sylleptic      variation  was  the  notablr  elongation  of  inicrnod^
 

tw^anrhes  (sensu  HaUc  et  aK,   1978)  that  possess      and  saplinglike  N^af  morphology.  Further  study  of 

produced  by  stress  as  a  result  of  over- 

ig  by  other  trees,  r'^^ulted  in  the  production 

thotropic  shoot  in  the  distal  portion  of  an 

e  plagiotropic  branch.  Because  the  rett- 
ihoot  was  not  in  flower,  the  only  ccmcrctc 

two  ephemeral  prophyll^  on  the  hypojxHlium,  ex-      these  populations^  i 
V    nci   » 

ary  to  r-f.iMi^h  %^h»-thcr 
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Cybianthus  Subgenus  Conomorpha 
Species  by  Floristic  Complex 

Total  Species Endemic  Species 

Floristic  Complexes 

Macarena 

Chiribiquette 

Neblina 

Duida 

Sipapo-Yutaje 

Jaua 

Guaiquinima 

Auyan-tepui-Chimanta 

Roralma-llu-tepui 

Merume-Ayanganna 

Numbers  of  species/endemics 
Figure  1. DC Co 

proceed  from  west  to  east  across  South  America.  Note  thai  Chirihiquette  and 
Trans-Rio  Negro,  Colombian  Guayana  Subprovince;  Neblina,  Duida,  Sipapo-Yulajc,  j 
belong  to  the  Rio  Caronl-Rio  Negro  Subprovince;  Auyan-lepui-Chimanta,  Roraima  II 
complexes  belong  to  the  Cuyana-Pakaraima-Venezuelan  Gran  Sabana  Subprovince. 

tep 

t. 
exploration  is  needed  in  the  Macarena,  Chiribi-      siomorphies,  or  homoplasic  apomorphies,  correlat- 

quette,  and  Guaquinima  complexes  to  determine  if      ed  with  blogeography  and/or  ecology.  This  ra" 

prima 

nk 

rding 
the  low  representation  of  subgenus  Conomorpha      „  ̂          ^   ._^ 

is  biogeographically  significant,  or  if  it  is  merely  a      variation  in  the  life  histories  of  these  populations 
coDecting  artifact.  and  character  state  differences  hypothesized  to  b« 

the  result  of  this  variation.  The  subspecific  ra  ̂̂ 

in  no  way  attempts  to  predict  speciation  ̂ ^^^  ' 

The  keys  are  artificial  and  designed  to  expedite
 

identification  of  herbarium  specimens.  The  n 

bers  appearing  before  the  taxa  refer  to 

spective  position  of  the  species  in  the  key,  a 

Taxonomic  Concepts  and  Notes  on  Keys 

defined 

of  WUey 

linea 

descendant  populations  which  maintains  its  identity 

ndany 

s  coin- 

lineag 

evolutionary  ten 

subspecies  concept  (Pipoly,  1987)  defines  a  sub- 

species as  follows:  "groups  of  populations  within  a 
single  lineage  of  ancestor-descendant  populations 
that  show  variation  by  unique  combinations  of  ole- 

correlation  with  phylogenetic  relationship 

alitative  data  pre^ 

ano 

Qu 

sented  in  keys  and  descriptions  for  floral  parts 
bracts  were  taken  from  organs  rehydrat 

herbarium  specimens  by  boiling  in  water, 

surements  from  these  range  from  10%  ̂^ 

greater  than  those  measurements  taken  dire 
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from  drir.I  material.  Data  regarding  stem  diame-      by  wide  to  narrow  longitudinal  slits;  p
oUen  tricol- 

umbonate 
ters,  inflore^^cence  raclii?rs»  pcdii «!-,  leaf,  and  fruit 

shape  were  taken  from  dried  hertarium  specimens.  binate,  the  ovary  glabrous  or  sparsely  t
o  densely 

A  description  of  the  genus  Cyhinnthus  and  a  translucent  glandular-lepidote,  
the  style  glabrous, 

key  to  its  subgenera  are  pro\nded  below.  This  de- 

scription, along  with  that  of  subgenus  Conomor- 

pha^ includes  features  found  in  the  taxon  as  a 

whole,  including  those  species  occurring  outside 

the  Guayana  Florisic  Province. 

pun 

umbonate 

ubglobose,  the  ovules 
uni 

Cybianthus  Martins,  Nov.  Cen.  Sp.  PI.  3:  87. 

1831,  nom.  cons.  TYPE  SPECIES:  Cybianthus 

ed,  the  endosperm  translucent,  nonstarchy,  the 

embryo  small,  linear,  flexuous,  erect  or  curved, 

longitudinal  or  transverse,  the  cotyledons  not  well 

developed. 

A  neotropical  genus  of  150  species,  Cybianthus 
penduliflorus  Martins,  Nov.  Gen.  Sp.  PI.  3:      j^  ̂  ̂^^^pi^^^^s  element  of  the  Guayana  Highland, 87.  1831. 

inhabiting  tepui  summit  savannas 

Terrestrial  or  epiphytic,  monoaxial  or  polyaxial      slope,  lowland  igapo,  varzea,  moist  and  wet  fores
t 

shrubs  or  trees  to  15  m  taO.  Architectural  devel-      formations  throughout  the  Guayana  Shield.  Its  spe- 

opment  by  Rauh's  Corner's,  or  Aubreville's  Models 
be 

(Halle  et  al.,  1978),  Roots  positively  geotropic  or      many  apparently  sympatric  species  are  separa
ted 

diageotropic .  Branchlels  glabrous,  glandular-gran-      ecologically  by  life  zone  rather  than  el
evation. 

ulose,  dendroid-  and  stellate-tonientose,  furfura- 

ceous-  or  ferrugineous  stipitate-lepidote.  Leaves 

sessile  or  petiolate,  alternate,  subopposite  or  pseu-      junctio 

defined  by  the  umque 

lobe  and  tube 

doverticillate,    the    venation    camptodromous    or 
identification,  the  combination  of  axillary  racemes. 

acrodromous,  the  petioles  canaliculate,  pulvinate,      spikes  or  racemose  panicles,  and
  filaments  that  are 

connate or  absent.  Inflorescence  axillary,  a  simple,  con-  sho  . 

densed  or  spicate  raceme  (the  flowers  sessile  to  length,  and  adnate  to  the  corolla  at 
 least   A  its 

subsessUe),  a  panicle  with  racemose  branches,  or  length  aUows  for  easy  recognition. 

an  indeterminate  umbel.  Flowers  functionally  uni-  In  the  Guayana  Highland,  there  are  40  species 

sexual   or    bisexual,    3-6(-7)-merous.    Staminate  in  five  subgenera.  A  key  to  the  subge
nera  of  the 

flowers  with  pistillode  conic,  lageniform,  turbinate  Guayana  Floristic  Province  is  p
rovided  below. 

or  irregularly  shaped,  vestigial,  hollow  or  bearing 

sterile  placenta,  rarely  absent.  Pistillate  flowers  with  |^^, 

staminodes  morphologically  similar  to  the  stamens  Corolla  cupuliform  to  campanulate;  anthers  Ion- 
CWIANTHUS 

but  reduced  in  size,  at  times  producing  abortive 

poUen.  Calyx  patelliform,  crateriform,  cotyliform, 
or  cupuliform,  the  lobes  imbricate,  valvate,  or 

somewhat  contorted,  basally  cormate  ̂ i-?^  their 

length,  abaxially  glabrous,  glandular-granulose,  or 

^ith  translucent  or  ferrugineous  lepidote  scales, 

adaxially  glabrous.  Corolla  cupuliform,  campanu- 
'ate,  rotate  or  subrotate,  the  lobes  basally  cormate 

^-Va,  their  length,  abaxially  glabrous,  glandular- 
granulose  along  the  margins,  or  with  ferrugineous 

•epidote  scales,   adaxially  glabrous  or  glandular- 

ger  than  wide,  usually  distally  recurved  in  an-
 

thesis,  mostly  apically  acute  or  minutely  apic- ulate.  .  .  . 

2a.  Branchlets  and  calyx  ferrugineous  stipitate- 

lepidote;  calyx  lobe  margin  glabrous  (ex- 

cept in  C.  apiculatus);  abaxial  corolla  sur- 
face mostly  glabrous  along  the  margin  __. 
  I.  Conomorpha 

2b  Branchlets  and  calyx  stellate  and/or  d
en- 

droid tomentose;  calyx  lobe  margin  glan- 

dular-cilia  te;  abaxial  corolla  surface  always 

elandular-granulose  along  the  margin   II.  Laxiflorus 

granulose.  Stamens  adnate  to  coroUa  tube  at  least      lb.  Corolla  rotate  to  -bromf.L-^^T.rl"  1" 
^  their  length,  the  filaments  variously  connate  to 

form  a  tube,  the  staminal  tube  adnate  to  the  corolla 

tube  or  at  times  developmentally  fused  with  it  (the 

stamens  thus  appearing  epipetalous),  bearing  fleshy 
lobes  alternate  with  the  anthers  or  not,  the  anthers 

ovate,  widely  ovate,  or  triangular,  basifixed  or  dor- 

sifixed,  apically  acute,  rounded,  emarginate  or  mi- 

'lutely  apiculate,  basally  cordate,  erect  or  dorsally 

^■ecurved,  dehiscent  by  confluent  apical  pores  or 

long,  always  erect,  apically  rounded  
or  emar- 

%T  Petioles  abruptly  swollen  basally;  anth
ers 

versatile,  longitudinally  dehiscent        - 

  III.  Weigeltia 

3b.   Petioks  not  abruptly  swoUen  basally  or 
 ab- 

sent; 

cent. anthers  basifixed,  poricidally  dehis- 

4a.  Leaves  apically  mucronate,  the  peti- 
oles absent,  the  margins  scarious,  the 

venation  acrodromous,  the  bases  au- 
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riculate;  staminal  tube  merely  adnate 
to  the  corolla  tube   IV,  Grammadenia 

4b.  Leaves  apically  not  mucronate,  the 
petioles  present,  the  margins  opaque, 

the  venation  camptodromous,  the  bas- 
es attenuate,  acute  or  cuneate;  sta- 

minal tube  developmentally  fused  to 
the  corolla  tube,  the  stamens  thus  ap- 

lanceolate  or  ovate,  ferrugineous  stipitate-lepidole, 
inserted  at  the  base  of  the  pedicel;  pedicels  terete, 

at  times  clavate  in  fruit,  erect,  apically  recurved, 

pendent,  or  nodding,  at  times  accrescent  in  fruit, 

rarely  absent.  Flowers  unisexual,  rarely  bisexual, dimorph 
)4-5(-6)-merous,  the  plants  dioe- 

pearing  epipetalous .„.,  V.  Cybianthus cious  or  rarely  polygamous;  calyx  cotyliform,  cu- 

puliform,  crateriform,  or  patelliform,  the  lobes  val- 

vate,  the  margin  entire,  rarely  crenulate  or  erose; 

'•  ̂̂ ^^T?"**  .^.^''r'  ̂ t^\  ̂"^«™*»fP*»^  i^-      coroUa  campanulate  to  cupuliform,  rarely  subrotate 
DC)  Agostmi,   Acta   BioL   Venez.    10:    150.      ̂ ^  apiculatus),  or  deeply  rotate  (C.  crotonoides), 

imbricate 

ferrug 1980.  Conomorpha  A.  DC,  Trans.  Linn.  Soc. 

London,  Bot.  17:  102,  1834;  Conomorpha 
sect.  Euconomorpha  Miquel,  Stirp.  Surinam. 

^ll'!:  .L^^:  il^_^l,f ̂ r'"?!^!^^.^^..^""      iong'^ihe"  margi" "  glandular -granulose^  vvithin, 
epunctate    or    the    punctations    conspicuous,  not 

times 

conomorpha  (Miquel)  Mez,  in  Engler,  Pflan- 

zenr.  IV,  236:  254.  1902.  TYPE  SPECIES:  Cy- 

hianthus    oblongifoliMs    {K,    DC.)    Agostini      Z^^^lZely^ ̂^^^ 

brown 

(lectotype,   selected  by  Agostini,   Acta   Biol. 
Venez.  10:  151.  1980). staminodes  resemblin educed 

Conomorpha  sect.  Aconomorpha  Miquel  in  Martius,  Fl.  spicuous,  adnate  to  the  corolla,  lobate  or  elobate, 

Bras.  10:  304.  1856.  type  species:  Conomorpha  the  anthers  ovate  or  triangular-ovate,  usually  re- 
heterantha  Bentham  (l^^/^^yf '  «^^^^^^^^    by  Agosti-       ̂ ^^^^j  ̂ ^^^^^^^  ̂ ^^^j^  ̂ ^^^^^  ̂ he  apex  acute  or ni,  Acta  Biol.  Venez.  10:  151.  1980). 

apiculate,  rarely  rounded,  the  apiculum  dorsally, 

Terrestrial  shrubs  or  trees.  Bark  smooth  or  fis-      rarely  proximally  recurved  or  erect,  the  base  cor- 
dorsifixed sured,  brown  or  beige,  rarely  with  significant  da^ 

amounts  of  cork  (C.  quelchii).  Trunk  distinguish-  connective  punctate  or  not;  pistillode  conic  to  la- 

able,  leptocaulous,  the  growth  dynamics  following  geniform,  rarely  absent,  translucent-lepidote,  no  - 

Rauh's  or  rarely  (C.  fabiolae)  Aubreville's  Archi-  low;  pistil  obnapiform,  rarely  conic,  the  ovary  gw- 
tectural  Model.  Branchlels  thin  to  moderately  thick,  hose,  lobed  or  with  an  apical  apophysis  (C  huben 
terete  or  ridged,  densely  to  moderately  covered 
with  ferrugineous  stipitate-lepidote  scales,  the  scales 
at  times  appressed,  rarely  glabrescent  (C  quelchii, 

C.  apiculatus).  Leaves  alternate,  petiolate,  cov-      bose,  l(-2)-seeded. 

C.  holstii\  the  style  short,  the  stigma  capitate
- 

lobate,  2-3-lobed  or  punctiform;  placenta  cupuli- 

form or  cotyliform,  the  ovules  2-4.  Fruit  subglo- 

ered  with  ferrugineous  stipitate-lepidote  scales,  of- 
ten glabrescent  above;  petioles  canaliculate,  mar- 

ginate,  or  rarely  winged.  Inflorescence  axillary, 
racemose,  spicate  or  paniculate,  the  panicles  with 

Cybianthus   subg.    Conomorpha   contauis 
 o 

2 1  of  which  have  been  coUected
  in  the species 

Guayana  Highland.  AU  species  are  readily  dist|n 

guishabl racemose  branches,  rarely  a  solitary  flower;  inflo-      ?— -"-  -^       Vp^SoRtT  which  are  al 
rescence  bract  smaU,  lanceolate,  early  caducous;      '^ate-lepidote  

scales  (Pipoly    1987),  wh.cn 

rachis  erect  or  lax,  straight  or  rarely  tortuous,      "^^^^  ̂ '^^^""^  °°  *^^  branchlets. 
ferrugineous  stipitate-lepidote;  floral  bracts  deltate, 

Key  to  Species  of  CmiAmms  Subgenus  Conomorpha 
la. 

Leaves  mostly  less  than  3  cm  long  (rarely  to  3.5  cm  in  C  huberil  up  to  2  cm  wide. 
2a.   Inflorescence  2(  SVflowered,  at  times  1 -flowered:  leaves  RmnntT,  ah«v^-  antri*.r«  rounded  to  emarginate 

apically. 

f 
J 

!'
■ 

w 

r ded. 
3a.  Trunk  orthotropic,  the  branches  plagiotropic;  leaves  chartaceous,  apically  obtuse  to  roun 

-  „  fl^..  i_    *^    .  ̂ ^^^^  j^^g^  c^yx  chartaceous;  pedicels  5-10  mm  long  — ^TTu 
•  abruptly Trunk 

mm  long. 

calyx 

4a.   Leaves  coriaceous,  apex  abruptly  acuminate;  flowers  sessile;  calyx  deeply  crateriform, 
1.9-2.4  mm  lonj?           ,  2.  C-  "** 

long;  calyx  cotyUforn^.^,^^.. 

1.9-2.4  mm  long 
Leaves  carlilagino 
0,8-1.2  mm  long 

3.  C.  J^ 
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2b.   Inflorescence  4-9-flowered;  leaves  scrobiculate  above;  anthers  apiculate  to  cuspidate  apicalJy. 
5a,  Leaf  blades  nitid  above;  flowers  carnose;  staminate  corolla  2.7-2.9  mm  long;  pistillate  corolla 

1.9-2.2  mm  long;  stamens  1.6-1.7  mm  long,  the  free  portion  of  the  filaments  flat,  less  than 
0.1  mm  long;  staminodes  1.0- 1.3  mm  long,  the  free  portion  of  the  filaments  flat,  0.1-0.2 
mm  long;  stigma  capitate,  2-lobed 4.  C  steyermarhianus 

5b.  Leaf  blades  dull  above;  flowers  coriaceous;  staminate  corolla  2.0-2,3  mm  long;  pistillate  corolla 
2.4-2.8  mm  long;  stamens  1,4-1.5  mm  long,  the  free  portion  of  the  filaments  terete,  0.1 
mm  long;  staminodes  1.8-2.1  mm  long,  the  free  portion  of  the  filaments  terete,  0.2-0.3  mm 

lb long;  stigma  not  capitate,  3-4-lobed   5.  C  wurdachii 
Leaves  mostly  3.1-24  cm  long,  (L5-)2.1-8.5  cm  wide. 
6a.  Inflorescence  paniculate  or  spicate. 

7a.   Inflorescence  paniculate. 
8a.   Branchlets  5-12  mm  diam.;  leaves  coriaceous. 

9a.   Branchlets  stiff',  not  subsucculent,  the  bark  creamish  white;  inflorescence  a  simple panicle,  the  branches  racemose;  leaf  apices  acuminate. 
10a.  Branchlets  terete,  prominently  furrowed,  moderately  adpressed-lepidote,  with- 

out lenticels;  leaves  smooth  above,  the  margins  flat;  pedicels  2-3  mm  long; 
calyx  patelliform,  coriaceous,  the  lobes  oblate  to  suborbicular;  corollas  3.0- 
3-5  mm  long,  apically  cucuUate   „„  6.  C  plowmanii 

10b.  Branchlets  angular,  densely  lepidote,  prominently  lenticellate;  leaves  scro- 

biculate above,  the  margins  revolute;  pedicels  0.5-1,0  mm  long;  calyx  cu- 
puliform,  carnose,  the  lobes  ovate-triangular  to  deltate;  corollas  2.3-2.7  mm 
long,  apically  flat   7.  C.  amplus 

9b.  Branchlets  subsucculent,  the  bark  yellowish  brown;  inflorescence  tripinnately  pa- 
niculate; leaf  apices  rounded,  obtuse,  truncate,  or  emarginate   8.  C.  quelchii 

8b.   Branchlets  2-3  mm  diam.;  leaves  membranaceous  to  chartaceous. 

11a.   Leaves  to  5(-6)  cm  wide,  abruptly  acuminate  apically;  petioles  canaliculate,  mar* 
ginate  only  distally;  inflorescence  to  8  cm  long;  pedicels  erect. 
12a.   Leaf  margin  revolute;  calyx  cotyliform,  carnose;  corolla  carnose 

  9.  C  punctatus 
12b.   Leaf  margin  flat;  calyx  subcupuliform,  chartaceous;  corolla  chartaceous 

   14.  C  guyanensis 

lib.   Leaves  5-7  cm  wide,  apically  acute;  petioles  marginate  along  entire  length;  inflo- 
rescence 8-15  cm  long;  pedicels  curved  upward   10.  C  cardonae 

7b.   Inflorescence  spicate. 

13a.    Flowers  subsessile  (pedicels  0.2-0.6  mm  long);  calyx  deeply  cupuliform,  carnose,  the 
lobes  proximally  curved;  corolla  lobes  not  keeled. 

14a.   Leaves  pustulate  above;  inflorescence  (2-)6-16  cm  long;  corolla  lobe  apex  flat; 
anthers  erect   —    1 1 .  C.  lepidotus 

14b.   Leaves  smooth  above;  inflorescence  0.8-1.0  cm  long;  corolla  lobe  apex  cucuUate; 
anthers  distally  recurved 12.  C  sipapoensis 

13b.   Flowers  sessile;  calyx  crateriform,  coriaceous,  the  lobes  erect  to  spreading;  corolla  lobes 
prominently  keeled. 

1 5a.  Leaves  membranaceous  6-9.5  cm  long,  (1 .5-)2.2-3.5  cm  wide,  scrobiculate  above; 
petioles  1.21.5  cm  long;  corolla  coriaceous;  anthers  proximally  recurved,  the 

apex  apiculate,  glabrous;  pistil  sessfle      13.  C,  holstii 

15b.  Leaves  coriaceous,  2.5-3.5(-4)  cm  long,  L2-1.9  cm  wide,  smooth  above;  petioles 

0.5-1.0  cm  long;  corolla  carnose;  anthers  erect,  the  apex  rounded,  glandular- 
papillate;  pistil  on  a  carnose  disc     _-_   2.  C.  huberi 

6b.    Inflorescence  racemose. 

16a.  Staminate  corolla  2-2.5  nrun  long;  staminate  calyx  0.71.1  mm  long;  pistillate  calyx  0.8-L2 mm  long. 

17a.    Leaves  elliptic,  7-20  cm  long,  apices  acuminate;  corolla  membranaceous  or  chartaceous; 
fruit  4-7  mm  diam.  when  dried. 

18a.  Branchlets  2-3  mm  diam.,  the  bark  beige;  leaves  smooth  above,  the  margins  flat; 

petioles  0.5-2.0  cm  long;  pedicels  to  1  mm  long;  corolla  campanulale;  fertile  and 
sterile  anthers  strongly  recurved  dorsally,  the  apical  portion  of  the  sterile  anthers 

tightly  twisted   ■    14.  C  guyanensis 

18b.  Branchlets  3.5-4.5  mm  diam.,  the  bark  reddish  brown;  leaves  pusticulate  above, 

the  margins  revolute;  petioles  2-3  cm  long;  pedicels  2-3.5  mm  long;  corolla  rotate, 

the  lobes  reflexed.  perpendicular  to  the  tube  in  anthesis;  fertile  and  sterile  anthers 

slightly  recurved  dorsally,  the  apical  portion  of  the  sterile  anthers  straight   
   15.  C.  Toraimne 

17b.   Leaves  obovate-spathulate,  4-5  cm  long,  apices  obtuse  to  rounded;  corolla  carnose, 

glandular-granulose  v/ithin;  fruit  7-8  mm  diam.    ...           16-  C  breweri 

16b,  Staminate  corolla  2,5-3.7  mm  long;  staminate  calyx  1.1    1.5  mm  long;  pistillate  calyx  1.1- 1.7  mm  long. 
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19a.   Calyx  cotyliform;  corolla  glabrous  or  glandular-ciliate  along  the  margins;  staminal  tube 
conspicuous,  chartaceous  or  carnose,  opaque. 

20a.   Leaves  membranaceous,  long-acuminate  apically,  smooth  above;  petioles  (1-)L3- 
1.7(-2.3)  cm  long;  pedicels  0.6-1.0  mm  long;  calyx  without  scales,  the  margin 
glandular-ciliate;  corolla  lobe  apex  cucuUate;  staminal  tube  carnose,  costate,  elobate. 

the  free  portion  of  the  filaments  as  long  as  the  anthers;  fruit  4-7  mm  diam.  „ 

   17.  C  apiculatus 
20b.    Leaves  chartaceous  to  coriaceous,  rounded  to  acute  apically,  pustulate  above; 

petioles  0.5-1.1  cm  long;  calyx  sparsely  lepidote,  the  margin  glabrous;  corolla  lobe 
apex  flat;  staminal  tube  chartaceous,  terete,  bearing  lobes  to  0.1  mm  long  alternating 

with  the  filaments,  the  free  portion  of  the  filaments  shorter  than  the  anthers;  fruit 
3-3.5  mm  diam   ..--  18.  C.  agostinianus 

19b.   Calyx  cupuliform;  corolla  glandular -granulose  along  the  margins;  staminal  tube  incon- 
spicuous, membranaceous,  hyaline. 

21a.   Leaves  smooth  above,  the  margins  flat;  petioles  0.1-0.2  cm  long;  Inflorescence 

tortuous;  staminate  corolla  3.5-3.7  mm  long,  pistillate  corolla  2.7-3.5  mm  long 
  ;    19.  C  spathulifolm 

21b.   Leaves  scrobiculate  or  pusticulate  above,  the  margins  revolute;  petioles  0.9-1.3 
cm  long;  inflorescence  straight;  staminate  corolla  2.5-3.0  mm  long,  pistillate  corolla 
1.9-3.3  mm  long. 

22a.   Leaves  pustulate  above,  moderately  lepidote  below,  the  scales  not  overlapping; 

pedicels  erect,  less  than  1  mm  long;  calyx  lobes  longer  than  broad;  staminate 

corolla  2.7-3.0  mm  long,  pistillate  corolla  3.0-3.3  mm  long,  the  lobes  fiat; 
free  filaments  shorter  than  the  anthers;  fruit  verruculose,  6-8  mm  diam.  ._ 

.   20.  C  magulrei 
22b.   Leaves  scrobiculate  above,  densely  lepidote  below,  the  scales  overlapping; 

pedicels  nodding,  1-3  mm  long;  calyx  lobes  broader  than  long;  staminate 

corolla  2.5-2.7  mm  long,  pistillate  corolla  1.9-2.0  mm  long;  free  filaments 
longer  than  the  anthers;  fruit  smooth,  4.5-5.0  mm  diam.  when  dried   

21    C.  crotonoides 
*     1 

1.  Cybianthus  fabiolae  Pipoly,  sp.  nov.  TYPE:  base  cuneate,  slightly  decurrent  on  the  thin  petio  e, 

Guyana.  Cuyuni-Mazaruni  Region  No.  VIII,  midrib  depressed  on  the  upper  surface,  promuien 

Mazaruni  Subregion  No.  VIII-2:  Mt.  Ayan-       below,    nerves    5-7    pairs,    inconspicuous  above 

ganna,  summit  of  E  plateau,  5^24'N,  59°57'W 
1,350 elfin somewhat    conspicuous    below    on    older   leav    , 

prominently  black  punctate  above,  densely  lepidote
 

nated  by  Bonnetia  roraimae,  1 1  Mar.  1987  at  first,  but  glabrescent  above,  moderately  lepw^ 

(pist.  fi,  fr),  Pipoly,  Gharbarran,  Samuels  &  below,  the  scales  not  impressed,  the  margin  entire, 

Chin  11120  (holotype,  US;  isotypes,  AAU,  punctate,   flat;   petiole   canaliculate,  0.2-0.4  cm 

B,  CAY,  COL,  F,  FDG,  G,  GH,  L,  MO,  NY,  long,  densely  lepidote.  Staminate  inflorescence:^ 
P,  VEN),  Figure  2- 

reduced,   2-flowered   raceme  (appearing  umbeUi
- 

form)  or  at  times  1  -flowered;  rachis,  pedicels-  an 

often cies  haec  allopatricos  C.  steyermarkiano  et  C.  wur- 
dackii  simulans,  sed  ab  cis  filainentis  punctatis  (non 
epunctatis)  Aubrevillei  (nee  Rauhii)  architectura  statim 
distinguitur. 

Quoad  filamenta  staminum  tubi  manifeste  punctata,       calyces  densely  stipitate -lepidote,  the  margins antheras  non  apiculatas  suberectas  vel  ventraliter  recur-  .        .  \        ii^ric_  y^r^a-  floral  bracts 

vatasqae.  folia  obovato-spathulata,  ad  C.  dus.ium  valde      overlappmg;  peduncle  0.5-1.5  cm  long,  Hora    ̂ ^^^^ 

affinis,  sed  ab  ea  pedicellis  gracilibus  4-10  (non  crassis,      lanceolate,  1.0-1.5  mm  long,  0.3-O.D  mn        ̂  

1.5-2.5)  mm  longisinflorescentisquereductis(l-)2-floris      apex  acute,   densely  lepidote  below,   the  margt 
(non  racemosis,  plus  quam  3-floris)  praeclare  differt.  Spe-      entire;  pedicel  terete,  5-10  mm  long.  Flowers  pen- 

dent, 4-5-merous;  calyx  patelliform,  chartaceoi^i 

0.7-1.1  mm  long,  the  tube  0.10.3  "^^^''"^' "|^ 
lobes  subdeltate,  0.6-0.8  mm  long,  ̂ "^'^         ̂  

wide,  apex  acute,  densely  stipitate -lepidote  ̂ ^^/*    ' 
the  margins  of  the  scales  overlapping^  gl^ 

vrithin,  the  margin  glabrous,  subentire  to  ̂ ^^     ̂ ^ 

corolla  subcotyliform,  chartaceous,  2-l'^^- 

long,  the  tube  0.3-0.6  mm  long,  the  lobes  
erec , 

slightly  concave,  narrowly  ovate,  I.6-I.0  nim 

0.9-1.1  mm  wide,  apex  rounded,  sparingly  g^^j 

dular-granulose  within  and  along  margin  only 

apex,  sparingly  lepidote  without  apically,  P 
long,  0.9-1.2  cm  wide,  apex  obtuse  to  rounded,      nently  black  punctate  and  punctate-lineate  withou  • 

Treelet  to  2.5  m  tall,  2  cm  diam.;  trunk  monopo- 
dial,  orthotropic,  the  growth  rhythmic,  the  branch- 

ing pseudoverticillate,  the  branches  modular,  with 
rhythmic   growth,    plagiotropic   by   apposition Model) 

densely 

1.5-2.0 

with  only  scattered  scales  persistent.  Leaves  broad- 
ly obovate-spalhulate,  chartaceous,    1.3-2.0  cm 
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Figure  2.      Cybianthus  fabiolae  Pipoly.— A.  Habit,  showing  short  shoots.  — B.  Staminate  corolla, 

pistillate  corolla,  showing  suberect  to  proximally  recurved  anthers.  — D.  Pistillate  calyx.— E.  Pistil, 
central,  dorsal,  and  lateral  views,  showing  punctate  filaments  and  connective.  — C.  Pistillode, 
st'grna.  (A,  C,  D,  and  E,  from  the  holotype;  B  and  F,  from  Pipoly  et  al  11112.) 

C.  Opened F.  Anther, 

showing  punctiform 

Jhe  margin  regular,  entire;  stamens  1.6-1.9  mm 
^^»gi  the  tube  inconspicuous,  membranaceous,  0.4- mm 

"^  '^"g»  flat,  prominently  punctate,  the  anthers 
suberect  to  proximally  recurved,  ovate,  0.7-0.9 
"*wi  long,  0.5-0.6  mm  wide,  apex  truncate  to 
eniarginate,  base  cordate,  subversatile,  the  con- 

nective prominently  black  punctate;  pistiUode  glo- 
wse,  1.0-Ll  mm  long,  the  ovary  0.7-0.8  mm 
^^g»  0.8-0.9  mm  wide,  densely  translucent  gl 
awlar-lepidote,  the  style  0.3-0.4  mm  long,  gla- 
^^^'  stigma  punctiform.  Pistillate  inflorescence: 
reduced,  2-nowered  raceme  (appearing  uml>el- 

'  *>rm),  1 .5-2.0  cm  long,  axis  sparingly  lepidote; 
P^ujicJe   1.0    L5  mm  long;  floral  bracts  ovate. 

0.7-1.0  mm  long,  0.4-0.5  mm  wide,  sparingly 

lepidote  adaxially;  pedicels  terete,  5.0-5.5  mm 

long,   densely   lepidote.    Flowers   pendent,    4-   or 

iubrotyliform,  cha 

tube  0.2-0.3  mm 

eous,  0.7 

widely  ovate  to  drltate,  0.6-0.8  mm  long,  0.6- ram 

an- 

punctations  dark  brown, 

not  prominent,  the  margin  entire  to  crenulate;  co- 

rolla subcotyliform,  chartaceous,  1.9-2.0  mm  long, 
the  tube  0.5-0.6  mw  long,  the  lobes  broadly  ovate, 
1.5    1.6  mm  long,  1.3 

pex 

ed,  sparingly  glandular-granulose  within  apirally. 

med 
inently  biarlc  ptmctate  and  punclale-lincatc  with- 
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out,  the  margin  somewhat  irregular,  entire;  stam-  and  moral  support  were  a  constant  source  of  en- 

inodes  1.5-1.8  mm  long,  the  tube  inconspicuous,  couragement  during  our  residence  in  Guyana. 

membranaceous,  0.7-0.9  mm  long,  glabrous,  the 

apically  free  filaments  flat,  0.4-0.5  mm  long,  con-  2.  Cybianthus  huberi  Pipoly,  sp.  nov.  TYPE: 

spicuously  punctate,  the  anthers  erect  to  ventrally 

recurved,  deltate,  0.4-0.5  mm  long  and  wide,  apex 
truncate  to  emarginate,  base  cordate,  subversatile, 

the  connective  prominently  black  punctate  dor- 

sally;  pistil  obnapiform,  1 .4- 1 .5  mm  long,  the  ova- 

ry 0.9-1.0  mm  long,  0.9-1.2  mm  diam.,  densely 

glandular-lepidote,  the  style  0.1-0.2  mm  long,  gla- 

Venezuela.  Bolivar:  Dtto.  Cedeno,  Serrania 

Guanay,  NE  sector,  headwaters  of  Rio  Par- 

aguaza,  1,700  m,  5^55'N,  66^23'W,  20-28 

Oct.  1985  (pist.  fl,  fr),  Ruber  11005  (holo- 

type,  VEN;  isotypes,  MO,  NY).  Figure  3. 

Quoad  inflorescentias  spiciformias  reductasque,  calyces 
crateriformes,  corollarum  lobos  abaxaliter  carinatos  erec 

brous,  epunctate,  the  stigma  capitate,  3-4-lobed,  tos  ad  apicem  cucullatos,  C  kolstii  arete  affinis,  sed  ilia 

the  placenta  deeply  cupuliform,  the  ovules  2-3,  ab  hac  laminis  coriaceis  (non  membranaceis)  stamino- 

deeply  imbedded.  Fruit  globose,  ca.  5  mm  long,  3  Riorum  tubi  conspicui  (nee 
 inconspicui)  lobulis  filamentis 

J.            ,v                    ̂ 1  .                  ■        xi      ui     1  aherans  praeditis  (nee  destitutis)  filamentis  glandulosis  ̂ nec 
mm  diam.,  the  exocarp  thm,  prommently  black  eglandulosis)  fruetibusque  5.5-10  (nee  4.0-4.5)  mm  dia- 
punctate-lineate. 

Distribution.      Endemic  to  the  elfin  and  scrub 

metris  statim  cognoscitur 

Shrub  to  3  m  tall:  I 

forest  on  the  uppermost  slopes  and  summit  of  Mt.       Jiam.,  densely  appressed-lepidote.  Leaves  obovate, 
Ayanganna,  Guyana,  at  1,350-1,380  m  elevation.      coriaceous,  (2.5-)3.0(-3.5)  cm  long,  1.2-1.9  cm 

Ecology,      Cybianthus  fabiolae  occurs  in 
wide,  abruDtlv  acuminate 

thickets  in  zones  between  Bonnetia  roraimae  for-  ̂ '^  ̂ "^  ̂ ^^^g'  cuneate  basaUy,  the  blade  decurren 

ests  and  large  rock  outcrops,  The  treelets  grow  on  «^  ̂ ^e  petiole,  smooth  and  glabrous  above  at  ma- 

hummocks  and  rarely  exceed  2.5  m  in  height.  The  ̂ ^""'^^V^  epunctate,  midrib  depressed  above  pronii- 

flowers  and  fruit  are  pendent  beneath  the  leaf  ro-  ̂ ^^^ly  ̂ '^i^ed  below,  nerves  inconspicuous,  the  mar- 

gin revolute;  petioles  canaliculate  and  prominently 

marginate,  5-10  mm  long,  densely  lepidote,  the Paratypes.     Guyana,  cuyuni-mazaruni  region,  no.      scales  overlappine 

settes,  and  no  odor  was  detected. 

viii,  MAZARUNl  SUBREGION  vni-2:  Mt.  Ayanganna,  upper 
cliffs  of  E  flank,  1,380  m,  1 1  Mar.  1987  (stam.  fl),  Pipoly 
et  al.  11112  (FDG,  NY,  US),  11117  (B,  CAY,  FDG, 

iflorescence 

i/ 

peduncle 
1 .2  cm  long; NY,  P,  PH,  TEX,  US),  (fr)  lUSS  (CAY,  F,  FDG,  L,  floral  bracts  chartaceous,  deltate,  0.8-1-1  mm  long 

NY,  PH,  US),  on  E  Bank  above  Thompson  Camp,  1,370  and  wide,  the  apex  acute,  densely  lepidote  abaxi- 
m,  8  Aug.   1960  (pist.  fl,  fr),  Tillett  et  al.  45056  (F,  "'       " 
FDG,  NY,  US,  VEN). 

Cybianthus  fabiolae  is  unique  within  Cybian- 
ally,  the  margin  entire;  pedicels  absent.  Fl

owers 

4-merous,  sessile,  2.7-3.0  mm  long;  calyx  deep^ 

crateriform.  coriaceous.  1 .9-2.4  mm  long,  the  tube 

t/ius  because  its  morphogenesis  follows  Aubreville's      1.3-1.6  mm  long,  the  lobes  very  broadly  trian- 
Model  (Halle  etal.,  1978).  This  architectural  model      gular,  0.5-0.9  mm  long,  1.1-1.4  mm  wide,  acute, 
is  defined  by  a  monopodial,  orthotropic  trunk  with 

punctate 

rhythmic  growth,  producing  pseudoverticillate  tiers      idote  along  the  margins,   the  margins  irregular, 

of  branches  that  are  modular,  with  plagiotropic      entire;  corolla  cupuliform,  carnose,  2.3-2.7  nun 
growth  by  apposition.  In  this  type  of  growth,  the      long,  the  tube  0,4-0.6  mm  long,  the  ̂ <^^^^^^^l 
terminal  meristems  are  evicted  by  sylleptic  branch- 

es, which  function  as  short  shoots  because  no  elon- 

gation occurs.  The  short  shoots  produce  rosettes 
mm 

1  and  cucuUate,  g
labrous 

punctate  withou
t,  gl^"" 

of  leaves,  and  the  small,  axillary  inflorescences  are      dular-granulose  within  the  margin  entire,  glan^"' 
pendent  beneath  them.  Cybianthus  fabiolae  can      lar-granulose;  staminodial  tube  conspicuous,  car- 
most  readily  be  confused  with  C.  wurdackii,  but      nose,  0.5~0.7  mm  long,  bearing  lobes  alje^'^^^^J can  immediately  be  distinguished  from  it  by  the 
architectural  model,  the  punctate  filaments,  the 

tube 

less 

emarginate  or  truncate  anthers,  the  subcotyliform      than  0.1  mm  long,  the  anthers  subsessile,  erec  , 
corolla,  umMliform  inflorescence,  and  long  pedi-      ovate,  0.9-1.1  mm  long,  0.6-0.7  mm  ̂ ^^'.^^^ cels- 

I  dedicate  this  species  to  my  wife,  Fabiola  Monje- 
Pipoly,  whose  patience,  hard  work,  enthusiasm. 

rounded  and  rufous 

ca.  V4  from  base,  the  connective  prominently  P     _ 
tatf*  /1r»»-colK..  „:o»;i  ^u^.r^  o  r^r.rnn^e.  disc,  ot)n  P 

I 
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Figure  3 
A.  Habit.  — B.  Inflorescence,  with  one  fl

ower  removed. --^-..,.  J.      Cybianthus  huberi  Pipoly.-  ...  -— —      -  .  ^^l 

pistillate  flower,  showing  cucullate  corolla  lobes,  and  apophysate  ovary  with  disc  below. 

•nther,  showing  punctate  connective  and  glandular-papillate  thecae.  (From  the  holotype.; 
Opened 

Dorsal 
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form,  the  ovary  4-lobed,  deeply  costate,  with  an 

upper  apophysate  rim,  1  mm  long,  1.3  mm  diam., 
iflorescence:  unknown 

iflorescence:  a  2-flowered 

glabrous,  the  style  truncate,  prominently  punctate,  flower,  1 ,0-2.0  cm  long,  densely  lepidote;  pedun- 

the  stigma   punctiform.    Fruit   depressed-globose,  cle  0.5-0.7  mm  long;  floral  bracts  linear-lanceo- 

0.5-1.0  cm  long  and  in  diam.,  black  at  maturity,  late,  1.9-2.5  mm  long,  0.3-0.5  mm  wide,  apex 

the  exocarp  thin.  acute,  densely  lepidote  above  and  below,  the  mar- 

_.       ,      ,  __  1    r         1  r  &^  entire,  glabrous;  pedicels  terete,  erect,  3.0- Distribution,      Known  only  irom  the  type,  from  ,  ̂   i  t?     -x-  i  *  rr    «,   ^o^^^nc 
.  1  -rnn         1         .  4.5  mm  long.  Fruitmg  calyx  cotylitorm,  coriaceous Serrania  Guanay,  at  1,700  m  elevation. 

1 

0.8 tube 

Ecology.      Cybianthus  huberi  is  a  scrub  forest      the  lobes  very  broadly  ovate  to  suborbicular,  0.8 
species  growing  near  low,  inundated  areas  and  small 
watercourses. 

ounded 

punctate 
Cybianthus  huberi  is  unique  within  the  genus  the  margin  crenulate;  corolla  unknown.  Fruit  yel- 

because  of  its  pistO  on  a  carnose  disc  and,  within  low,  globose,  2-3  mm  long  and  in  diam.  when 
subgenus  Conomorpha,  by  its  rufous-papillate  an-  dried. 

thers.  Its  reduced  spike,  crateriform  calyces,  car-  distribution.      Known  only  from  the  type,  col- inate  corolla  lobes,  and  apicaUy  apophysate  ovary  ^^^^^^  ̂ ^  ̂^^^^  Marahuaca,  Amazonas,  at  2,560  m. are  synapomorphies  with  C.  holstii.  However,  C, 

huberi  may  be  easily  separated  from  C  holstii  by 
coriaceous  (not  membranaceous)  leaves,  the  con-      margins  of  boggy  areas 
spicuous  lobate  (not  inconspicuous,  elobate)  stam-      Marahuaca. 

Ecology.      Cybianthus  jalianii  occurs  at  the 
^     ,  1  'x      -f    Cairn 

summit 
inodial  tube,  subsessile  anthers  (not  on  short,  api- 

Cybianthus  julianii  is  unique  within  the  genus cally  tree  faiaments),  pistil  on  a  disc  (not  sessile),      ,       -^         - .  -,     -  i  ^a  ..^llnw  fruits. 
/,  r    -.  because  of  its  cartilaginous  leaves  and  yeUow  iruiis. and  larger  fruit. 

This  species  is  dedicated  to  Otto  Huber,  friend  ,       ,        ,       ,       ̂          ,        v7  .  from  which 
J  •..!-.  1  .         r  1  niost  closely  related  to  C.  crotonoides,  trom  wniti and  preeminent  authority  on  the  vegetation  of  the  .    .  .,  i  .      •  *i  „;„^.,c  rnot  co- 
r  u-  ui     J       J         X       '1  TT-  It  IS  easily  separated  by  its  cartdagmous  l^noi  tu I, Havana     Hiornlanrl     unH    rk#ar^+T»i-ki-ki/>'i  I    c-o^ro^^  r»  ̂ ^       Ui-,^  J  r  J  ^      .     n        ̂ ^ Guayana  Highland  and  neotropical  savannas.  His 

riaceous)   leaves,    2(not 

inflores- 

collections  and  their  accompanymg  detailed  eco-  ,       ,  ,  ,      ,-     i  *    /   *  AA\i^^eS  and 
1.11,,  .1    •  J  1  1        cence,  calyx  lobes  suborbiculate  (not  aeuaie;  a. logical  data  have  greatly  mcreased  our  understand-  -     ,i       /  /  \        a  ̂ \.^  vpHow  (not 
ina  .f  tK.  r.„.,..L  J..  ^PcaUy  obtuse  (not  acute),  and  the  yellow  i 

black)  fruit.  Cybianthus  julianii  also  bears  a 
 su- 

perficial resemblance  to  Cybianthus  laetus  of  Co- 
"     understood 

ing  of  the  Guayana  flora. 

3.  Cybianthus  julianii  Pipoly,  sp.  nov.  TYPE: 

Venezuela.  Territorio  Federal  Amazonas:  Dep-  J  '    ,     <.  •  I         .u        „c  Froin  C 
fr.    A*  Kor.^   r         \Ji      u  u  taxon  known  only  from  eight  gatherings-  trom to.  Atabapo,  Cerro  Marahuaca,  cumbre,  cen-  ,     ̂         ̂     .   ..    \.  .  %.     j.vtWmshed  by  its 

tral  portion  of  SE  mesa,  along  QuebradaYeku-  '^^^"^V^"  ̂"'^^^'^^^  '\  T     ll       Tea^^^^^^^ 
ana,    tributary    of    Rio    Negro,    3»40'30'N,  ̂ "'1  <"°'  ""^l"''''^.  ̂ J""'^^''''  'r,    no.  2-3) 

65O26'20''W,  2,560  m,  10-12  Oct.   1983  ̂ ""\  ̂"^^  ̂   rin^^f^TtTq   15)^^ 
(fr),  Steyermark  129448  (holotype,  VEN;  iso-  "^  '^"§'  pedicels  3.

0-4.5  (not  0.9-1 .5)  mni  ̂  ̂ 

types,  MO,  NY).  Figure  4.  ^^'^^  coriaceous  (not  carnose),  0.8    1.^  K 
^  ^  1.8)  mm  long,  and  fruit  yellow  (not  black),  ̂  

Ob  laminas  plicatas  secus  marginem  revolutas  subtus  (not  5-8)  mm  long  and  in  diam.  It  is  hoped  t  a 
dense  lepidotas  C  crotonoideo  arete  similis,  sed  ab  ea  more  collecting  on  Cerro  Marahuaca  will  result  m laminis  cartilagineis  (non  conaceis)  inflorescentiis  uni-  vel  n     ,.         r  .^    n  •  ^;^-.fm  needed  for  3 

bifloris  (non  racemis  largis),  calycis  lobis  suborbicularibus  ̂ «^^.*^^^«^  ̂ ^  ̂^^  flowermg  specimens  neea 
ad  apicem  obtusis  (non  ovatis  ad  apicem  rotundatis)  fruc-  detailed  phylogenetic  analysis, 
tibusque  luteis  (non  atris)  praeclare  distat.  The  species  is  dedicated  to  the  late  Julia"       ) 

Shrub  to  1.5  m  tall;  branchlets  terete,  2-3  mm 
diam.,  appresseddepidote.  Leaves  elliptic  to  oblan- 

ermark. 

— „-.,  «^|   ^^v-  xv.^.vtw.v-.  j^^avcB  cuipiic  lu  oDian-  .  .X 

ceolate,  cartilaginous,  2.6-3.1  cm  long,  0.8-1.4      4.  Cybianthus  steyermarkianus  (Ag«^'J"'' 
cm  wide,  apically  acute  to  subacuminate,  promi-  Agostini,  Acta  Biol.  Venez.  10:  156.  l^^^ 

belo 
punctate  abo 

rib  depressed  above,  prominently  raised  belo 

Agostini,  Acta  Biol.  Venez 

Conomorpha  steyermarkiana  Agostini,     ̂ ^ 

Bot.  Venez.  2:  283.  1967.  TYPE;  "^^^^^^^^ nb  depressed  above,  prommently  raised  below,  the  Bolivar:  Cerro  Auyan-tepui,  cumbre,  ̂ ^^^ 
leaf  pUcate    the  margin  revolute;  petioles  canalic  m,  without  date,  (stam.  fl),  Cardona  2^^ ulate.  0.5—0.7    cm   Innor     rloncoKr   n,^.^-^   . — II   •  „     .  ,,„-.    .  ivTV\    r;,T.irfi  5. 
ulate,  0.5-0.7  cm  long,  densely  appressed-lepi- 

(holotype,  VEN;  isotype,  NY).  Figure 
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Figure  4.      Cybianthus  julianii  Pipoly. 

showing 

Shrub  to  4  m  tall;  branchlets  terete,  2.5-3  mm 
'ani.,  densely  lepidote,  at  times  glabrescent.  Leaves 

^^rbicuJar,  obovate,  or  elliptic,  stiffly  coriaceous,      aliculate,  0.5 

prominent  below,  nerves  612  pairs,  the  margin 

prominently  revolute,  often  inrolled;  petioles  can- 

nsely 

'^-)l,5-2.5cmIong,  1.0-1.7  mm  wide,  apically 
rounded  to  obtuse,  basally  acute  to  obtuse,  decur- 
rent  on  the  petiole,  nitid  and  scrobiculate,  densely '*=pi^lote  when 

I/. 

raceme,  5-9-flowered,  0.7-3  cm  long,  the  axis 
densely 

to ,    -,,,  glabrescent  above,  densely      cm  long;  pedicels  1.5-3.5  mm  long; 
 floral  bracts 

sparingly  lepidote  below,  midrib  depressed  above,      narrowly  elliptic,  1.0-1.5  mm  long,  0.4-0.6  mm 

young 
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wide,  apically  acute,  densely  lepidote  adaxially,  the Ecology.      Cybianthus  stcyermarkianus  grows 

margin  entire.  Flowers  pendent,  4-merous;  calyx      in  cracks  along  the  upper  edges  of  narrow,  deep 
cupuliform,  0,9 mm canyons  (zanjones)  and  in  rocky  outcrops  near  the 

mm  long,  the  lobes  triangular,  carnose,  0.7-0.8  edge  of  savannas  on  the  summits  of  the  tepuis  of 
mm  long,  0.60.7  mm  wide,  tapering  to  a  rounded  the  Chimanta  Massif.  It  is  subject  to  high  winds 

apex,  sparingly  lepidote  without,  inconspicuously      and  rain  in  the  evening  hours,  and  high  levels  of 

peUucid  or  orange  punctate,  the  margin  entire, 

lepidote;  corolla  campanulate,  2.7-2.9  mm  long. 

sunlight  and  radiation  during  the  day. 

Specimens  examined.  VENEZUELA.  BOUVAR:  Ehto.  Piar, 
the  tube  0.8-0.9  mm  long,  the  lobes  elhptic,  broad-      ̂ ^^-^^  j^,  chimanti,  N  sector,  Abacapa-tepui,  NW  sum 
ly  elliptic  or  ovate,  carnose,  2.0-2.2  mm  long,      mit,  2,125-2,300  m,  13  Mar.  1953  (fr),  Steyermark 

rounded,    glabrous,       74934  (BM,  F,  MO,  NY,  US,  VEN);  Acopan-tepui,  sector 
NE,  headwaters  of  Rio  Yunek,  1,950  m,  8-11  Feb.  1985 

1.2-1.4 wide 

punc 

,^^              1A1V           1            A     *     ̂   o    ̂   A  (stam.  fl),  Pipoly  et  al.  7187  (F,  MO,  NY,  PH,  TEX, 
tate;  stamens  1  6-1  7  mm  long,  adnate  1.2-1.4  \^^^  ̂̂ ^^^  7162{MO,  NY,  US,  VEN);  summit,  Apacara- mm  to  the  corolla  tube,  the  tube  0.8    1 .4  mm  long,  i^^^^  2,450-2,500  m,  26  June  1953  (pist.  fl,  fr),  Stey- 
inconspicuous,  elobate,  the  apically  free  filaments  ermark  75899  (NY,  US,  VEN),  S  base  of  upper  cliffs  of 

less  than  0. 1  mm  long,  the  anthers  erect,  dorsifixed  Apacara-tepui,  2,200  m,  30  Jan.- 1  Feb.  1983  (s*3"J;^|' 

near  the  base,  ovate,  0.5  mm  long,  0.4-0.5  mm  Steyermark  et  al.  128435  (F,  MO,  MYF, 
 NY,  US,  VEN) 

^  30  Jan.   1  Feb.  1983  (stam.  fl),  Huber  &  Steyermark 

6990  (MO,  NY,  VEN);  Aprada-tepui,  2,460-2,500  m, pellucid  or  orange  punctate;  pistillode  clavate,  1 .2-  25  Feb.  1978  (fr),  Steyermark  et  al.  115888  (MO,  NY, 

1.4  mm  long,  hollow,  translucent  glandular-lepi-  VEN);  Chimanta-tepui,  Ri'o  Tirica,  Cano  Grille,  7-9  Feb. 

connective 

dote,  the  style  elongate,  the  stigma  punctiform. 
Pistillate  injtorescence:  a  simple,  erect  raceme, 

5-9-flowered,  0.7-3  cm  long,  the  axis  and  pedicels 
densely  lepidote;  peduncle  0.3    1.5  cm  long;  ped- 

1983  (ster.),  Steyermark  et  al.  128920  (MO,  NY,  VEN); 

NW  cumbre,  Churi-tepui  (Muru-tepui),  2,300-2,350  ra, 

3  Feb.  1953  (stam.  fl),  Wurdack  34299  (NY);  S-central 

section,  wide  valley  between  the  NE  border  of  Torono- 
tepui  and  the  central  section  of  Chimanta-tepui,  2,100 

icels  1.5-3.5  mm  long;  floral  bracts  narrowly  el-       m,  11-15  Feb.  1985  (stam.  fl),  Pipoly  et  al.  7293  (MO, 

summit 
liptic,  1.0-1.5  mm  long,  0.4-0.6  mm  wide,  api-       MYt,  NY,1EX,  US,  YEN);  lorono-tepiu,  summit,  .,.^^ 

..llv  ....t.    d.n..lv  l..Lt.  .^..,-.11.    .U.      '  .1       2,180  m,  9  Feb.  1955  (fr),  Steyermark
  &Wurdackm 

surnmit 

cally  acute,  densely  lepidote  adaxially,  the  margin 

entire.  Flowers  pendent,  4-merous;  calyx  cupuU-      arovVcafio  Moja^^ 
form,  0.9-1.2  mm  long,  the  tube  0,2-0.3   mm      fl),  Steyermark  &  Wurdack  1035  {NY,  VEN). 
long,  the  lobes  triangular,  carnose,  0.7-0.8  mm 

long,  0,6-0.7   mm  wide,  tapering  to  a  rounded 
apex,  sparingly  lepidote  without,  inconspicuously 
pellucid  or  orange  punctate,  the  margin  entire, 
glabrous,  lepidote;  corolla  campanulate,  carnose. 

Cybianthus  steyermarkianus  is  most  closel
y  re- 

lated to  C.   wurdackii,  an  apparently  sympatnc 

species,  but  is  easily  separated  by  its  epunctat
e, 

revolute-inrolled  leaf  margins,  branchlets  2.5- 

(not  3-3.5)  mm  diam.,  nitid  (not  duU)  upper  leat 1 .9-2.2  mm  long,  the  tube  0.4-0.5  mm  long,  the      ̂ ""^  ̂^^'^^^  "^^  ̂ ^^"^Z'  ̂ ""  ''''''     Tflnwers  For 

lobes  elliptic  to  broadly  elliptic,  1.6-1.7  mm  lon^       '^^^^^^'  ̂ ""^  ̂ ^™^'^  ̂ ^^^^  coriaceous)  tlower  . 

0.9-1.1   mm  wide,  the  anex  nht...    r^..^A^A  Z      ̂   discussion  of  ecological  
differences,  see  c. 1.1  mm  wide,  the  apex  obtuse,  rounded  or 

attenuate  to  a  rounded  tip,  glabrous,  sparingly  lep- 
idote outside,  pellucid  or  orange  punctate;  stami- 

nodes  1.0-1.3  mm  lonp_  adnata*  O  fi-d  P  rv^»^  ^^ 

dackii. 

5.  Cybianthus  wurdackii  Agostini  ex 

Pipoly, 

del 

tube 
mm 

bate,  the  apically  free  filaments  0.1    0.2 

the  anthers  erect,  dorsifixed  near  the  base,  ovate, 

0.5-0.6  mm  long,  0.4-0.5  mm  wide,  apex  apic- connective 

punctate 

sp.  nov.  TYPE:  Venezuela.  Bolivar:  Macizo 

Chimanta,    Churi(Muri)-tepui,    NW   
summ. , 

2,250-2,300  m,  26  Jan.   1953  (
stam-  n), 

Wurdack  34240  (holotype,  VEN;
  isotyP«^' COL,  F,  NY,  S,  US).  Figure  6. 

Quoad  filamenta  anthera  breviora,  folia  parva  o  ̂^^. 
mc  uvaijf  v-.u-u.  t  mm  long  and  m  diam.,  densely       ̂ ^*  ̂ ^'^  elliptica,  species  haec  syrapatrico  C  steyer   ̂ ^ 

glandular-lepidote,  the  style  elongate,  0.5-0  6  mm       """  praeclare  affinis  sed  florum  staminatorum  coro  a   • 

lone    ca    0  2  mm  Hipm     ol.Kr/  "     T        2.2  (non  2.7-2.9)  mm  longa,  extusque  lepidotalnet& 

ri;.;     7t      9  ,  K  ;  ̂1    T'  ̂P"""^^*«'  '^^       bra),  starriinibus  1.4-1.5(nec  1-6-1.7)  mm  long.se  tu^ 
stigma  capitate,  2-lobed;  the  placenta  cotyliform,       staminali  conspicuo  (nee  inconspicuo)  statim  separab^-^ the  ovules  3,  naked.  Fruit  not  seen.  i  n  3  ̂ 

Treelet  to  3  m  tall;  branchlets  terete,  ̂ -^ 
'  »*      ..  .^"^^™^  to  the  tepuis  of  the      mm  diam.,  densely  lepidote  at  first,  glabresent, j^ 

Chimanta  Massif,  located  in  the  eastern  portion  of      v^-'i-  -^   -^    _-/_.j_„j    t  „..,„=  ^hnvate-spatnu 

the  ovary  0.6-0.7  mm  long  and  in  diam.,  densely 

Distribution. 

wu-uama  massn,  located  m  the  eastern  portion  of      bark  smooth,  not  ridged.  Leaves  obovate-sp-- 
tlie_state  of  Bohvar,  from  2,000  to  2,300  m  ele-      late,  coriaceous,   1.5   2.4  cm  long,  O-S'^'^J^^ 

wide,  apex  obtuse  to  rounded,  rarely  app 
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FiCLRE  5.      Cybianthus  steycrmarkianus  (Agoslini)  Agostini. 
Anther,  ventral  view.— 
view. 

—  F.  Antlier,  dorsal  view,  showing  punctate  connective. 
K.  Staminate  corolla  lobes,  lateral  view.— 

A.  Habit.  —  B.  Pistillode,  —  C.  Ventral  view,  pistillate  corolla  lobe, — D.  Lateral  view,  pistillate  corolla  lobe. — E. 
G.  Staminate  flower. — H.  Pistil,  showing  capitate  stigma. — I,  J.  Staminate  corolla  lobes,  ventral 

connective. — 0,  Pistillate  flower.  (A-G,  from  holotype;  H-0,  from  Steyermark  75899.) 

L.  Placenta,  showing  naked  ovules. — M.  Sterile  anther,  ventral  view.  —  N,  Sterile  anther,  dorsal  view,  showing  punctate 
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Figure  6.      Cybianthus  wurdackii  Agostini  ex  Pipoly. — A.  Staminate  flower. 
showing  punctations.  —  D,  E.  Staminate  corolla  lobe,  ventral  and  dorsal  views B,  C.  Staminate  calyx  lobes, -G.  Anther, 

F.  Anther,  lateral  view.- -L  Pistillode. dorsal  view,  showing  punctate  connective. — H.  Anther,  ventral  view,  showing  dehiscence  slits. 
Leaf,  adaxial  and  abaxial  views.  (From  the  holotype.) 

J. 

subacute,  base  cuneate,  slightly  decurrent  on  the 

punctate 

mm 

petiole,  midrib  depressed  above,  prominently  raised  dorsally;  pistillode  conic,  0.8-0.9  mm  long,  gla- 

below,  nerves  6-8  pairs,  inconspicuous  above  and  brous,  prominently  black  punctate.  PistillO'te  in- 

below,  upper  surface  wrinkled,  at  first  densely  lep-  florescence:  a  4-9-flowered  raceme,  1.0-1.6  mm 

idote,   then   scrobiculate   and   sparingly   lepidote,  long,  peduncle,  rachis,  and  pedicels  densely  lepi- 

densely  lepidote  below,  the  scales  sunken,  not  over-  dote,  the  scales  not  overlapping;  peduncle  0.3-00 
lapping,  inconspicuously  pellucid  punctate,  except 
prominently  so  beneath  the  margin,  the  margin  0.9 

entire,  revolute;  petioles  canaliculate,  0.3-0,7  mm  lepidote  adaxially;  pedicels  terete 

long,  densely  lepidote.  Staminate  inflorescence:  a  long.  Flowers  4-merous,  nodding  at  first,  then  erect 

4-7-flowered  raceme,   1.0-2.0  cm  long,  the  pe-  in  fruit;  calyx  deeply  cupuliform,  coriaceous,  1 -2' duncle,  rachis,  and  pedicels  densely  lepidote;  pe- 
duncle 0.6-0.8  mm  long;  floral  bracts  ovate,  0.5- 

wide 
mm 

mm subo 

1 . 2  mm  long  and 
1.0  mm  long,  0.2-0,4  mm  wide,  apex  acute,  dense-      wide,  apex  obtuse,  somewhat  cucuUate,  medially 

ly  lepidote  adaxiaUy,  the  margin  entire;  pedicels      keeled,  sparingly  lepidote,  with  three  conspicuoi^ 
terete,  1.5-1.8  mm  long.  Flowers  4-merous,  nod- 

ding; calyx  cupuliform,  coriaceous,  0.8-1.0  mm 
long,  the  tube  0.1    0.2  mm  long,  the  lobes  ovate 

to  broadly  ovate,  0.7-0.9  mm  long,  0.5-0.7  mm 
wide,  apex  obtuse,  rarely  rounded,  somewhat 

black  punctations,  the  margms  entire,  gi^^*- 

corolla  deeply  cupuliform,  coriaceous,  2.4--^- 

long,  the  tube  0.9-1.0  mm  long,  the  lobes  
subor* 

bicular  to  widely  ovate,  1.4- 1.8  mm  long,  1- 

cu- 

mm 

cullate  medially  and  keeled,  sparingly  lepidote  with-      moderately  lepidote  without,  glabrous  within 

the 

margin  entire,  glabrous;  staminodes  resembling 

mens  but  larger,  1.8-2.1  mm  long,  the  tube  0-
  ' 

1 .0  mm  long,  the  apicaUy  free  filaments
  tare  e, 

-0.3  mm  long,  the  anthers  ovate  t
o  delta  e. 

0.2 

out,  glabrous  within,  conspicuously  black  punctate, 
the  margin  entire,  glabrous;  corolla  cupuliform, 
coriaceous,  2.0-2,3  mm  long,  the  tube  0.6-0.7 
mm  long,  the  lobes  ovate,  1.3-1.4  mm  long,  1.0- 
1,2  mm  wide,  apex  rounded,  sparingly  lepidote      0.6 
without,  glabrous  within,  conspicuously  black  punc-      2.1 
tate,  the  margin  entire,  glabrous;  stamens  1.4-1.5      1.4 
mm  long,  the  tube  conspicuous,  chartaceous,  0.7-      bro 

0.8  mm  long,  without  lobes,  the  apicaUy  free  fil-      brousi  the  stTgma 's-i-lobed,  not^capitate,  the  pi^ 

[form 
mm  long,  the  ovary  1.1-1.2  mm  long,    ̂  

mm  diam.,  prominently  black  punctate,  & 

punctate
 

la 

aments  0. 1  mm  long,  epunctate,  terete,  the  anthers 
erect,  ovate,  0.7-0.8  mm  long,  0.4-0.5  mm  wide, 
apex  apiculate  to  cuspidate,  the  apiculum  erectj      the 

centa  cotyliform,  with   3-4  naked  ovules. 

punctate 
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Distribution.      Endemic    to    the    Auyan-tepui-  depressed  above,  prominently  raised  below,  sec- 
Chimanta  Floristic  Complex  (Maguire,    1979)  in  ondary  nerves  prominent  above  and  below,  nitid 
eastern  Bolivar.  above,  pallid  below,  the  surface  smooth  above,  with 

Ecology.      Cybianthus  wurdackU  is  restricted  '"^""''^^  appressed-Iep
idote  scales  below,  not  con- 

to  the  heavUy  shaded,  moist  bottoms  of  zanjones.  ̂ P'^"^"^'^  punctate,  the  margm  essentiaUy  flat, 

It  is  sympatric  with  C.  steyermarkianus,  which 
regular,   entire;    petioles  prominently   marginate, 

tKri\.^o  ;».  ti.  11    u     L.  •  1     J  .1        '        •  thick,  (L4-)l -8-2.5  cm  lone,   2-4  mm  diam., thrives  m  the  small  shrub  islands  on  the  summits,      ,     . .  /  i       ,  ,  ^        -  - 
frequently  bordering  the  canyons. 

Paratypes.  VENEZUELA.  BOLIVAR:  Dtto.  Piar,  Kamar- 
kaibaray-tepui,  E  of  Auyan-tepui,  2,400-2,500  m,  25- 
26  Mar.  1987  (stam.  fl),  Delascio  13146  (MO,  VEN); 
Ptari-tepui,  summit,  2,360-2,420  m,  23  Feb.  1978  (pist. 
fl),  Steyermark  et  al  115657  (MO,  NY,  VEN),  2,300 
m,  26  Mar.  1987  (pist.  fl,  fr).  Hoist  3600  (MO,  US, 
VEN);  Macizo  del  Chimanta,  NE  section,  central  portion 
of  Murey-(Eruoda.)tepui,  2,500  m,  24  Feb.  1978  (stam. 
fl),  Steyermark  et  al.  115785  (MO,  VEN),  15-17  Mar. 
1986  (pist.  fl,  fr),  Huber  11590  (MYF,  NY,  VEN);  Sar- 
ven-tepui,  1,7501,850  m,  19  Jan.  1953  (stam.  fl),  JFur^ Jack  34189  {NY,  US,  VEN). 

lepidote  at  first,  early  glabrescent.  Staminate  in- 

florescence: a  panicle,  rarely  appearing  almost  ra- 

cemose, (1.5-)3.5-5.5  cm  long,  the  rachis  densely 

lepidote;  bracts  linear-lanceolate,  1.1-1.5  mm  long, 

0.3-0.5  mm  wide,  plicate,  apically  acuminate,  the 

margin  entire,  glabrous;  pedicels  2. 1  -3.0  mm  long. 
Flowers  4-merous,  erect;  calyx  patelliform,  cori- 

aceous, 1.2-1.3  mm  long,  the  tube  0.2-0.3  mm 

long,  the  lobes  widely  ovate  to  suborbicular,  1.0- 
1.1  mm  long  and  wide,  apex  obtuse  to  rounded, 

lepidote,  medially  thick  and  rugose  without,  densely 

and  prominently  black  punctate,  the  margin  irreg- 

C^hir,^fh  J     1  •'  I  IT  ular,  entire;  corolla  campanulate,  carnose,  3.0- ^yoianttius  wurdacku  seems  to  be  most  closely  ̂   ̂   ,  ,         ̂ ,         t      r\  r,    ̂    ̂ 
relatpri  tr. /^     *  7  ••  TT  r^  II-  3.5  mm  long,  translucent,  the  tube  0.9-1.1  mm leiatedto  C.  steyermarkii.  However,  C.  wurdacku  ,  ,     .  ,  ■  t  ,  .  .  •         n       j is  e^<\\^r  ..^^       •     J  1      •  11       1     . 1  ■  lone,  the  lobes  widely  ovate,  asymmetric,  reflexed 
IS  easdy  recognized  by  its  smaller,  lepidote  stami-  ^^  ̂'^^,^^    ̂   ̂ _^  /_  ._   i  ,,  .  __     .. 
nate  corolla,  shorter  staminodes,  a  conspicuous  sta- 

at  anthesis,  2.0-2.4  mm  long,  1.4-1.6  mm  wide. 

minal  f„u  J  1  ,  1  11     ,  1      phcate,  obtuse  to  rounded  apically,  cucuUate,  mi- 
^inaj  tube,  and  leaves  that  are  dull  above  and      ̂   '     , ,     . .  i    ,      t  i 
merely  revolute  along  the  margin. 

nutely  red  lepidote  and  glandular-granulose  within. 

TUp  ̂ ^^'      •     J  J.         1         t  1       wr      1     I      r  basally  red  lepidote  and  glandular-granulose  near tiie  species  is  dedicated  to  John  Wurdack  of       ,         ̂       .        ..i      .        -       .i    ui     i the  Sm.tK       ■       r      •      .  .  r    .      --  the  margin  without,  veins  4,  black,  conspicuous, 
tne  Smithsonian  Institution,  explorer  of  the  Gua-  •         i     .  i     i  .  .       -*u     •  u      .u vana  ar.^  ̂   •  1-1  .  prommently  black  punctate  without  apically,  the 
J'dna  and  preemment  authority  on  the  systematics  ^        .  i         iji  i  ^  o-? 

of  neotropical  Melastomataceae.  "^"''S"^  '"*"''  glandular-granulose;  stamens  2.7- 

6. 

3.0  mm  long,  the  tube  conspicuous,  carnose,  1 .2- 
1.3  mm  long,  translucent,  epunctate,  elobate,  the 

Cybianthus  plowmanii  Pipoly,  sp.  nov.  TYPE:  apically  free  filaments  1 .0- 1 .2  mm  long,  flat,  th
e 

Venezuela.  Territorio  Federal  Amazonas:  Dep-  anthers  ovate,  erect,  1.4-1.6  mm  long,  0.8-0.
9 

to.  Rio  Negro,  Cerro  de  la  Neblina,  Venezu-  mm  wide,  apiculate,  the  ap.culum  ventraUy  r
e- 

elan-BrazUian  border,  vie.  Camp  6,  on  ridge  curved  perpendicular  to  the  anther,  the  base 
 cor- 

3.5  km  W  of  Pico  Zuloaga,  O^SS'N,  65°56'W,  date,  glabrous,  the  connective  prommently  b
lack 

2,000  m,  13    15  Apr.  1984  (stam.  fl).  The-      punctate,  the  slits^extremely  wide,^not  
confluent; 

mas  &  Plowman  3048  (holotype,  VEN;  iso-    '^       " 
types,  F,  MO,  NY,  US).  Figure  7. 

stUlode 1.3  mm  long,  0.5  mm  diam., 

ijlores- 
cence:  paniculate,   at  times  poorly   formed,   ap- 

^^VUoadfoha  supra  dense  atro-punctata,  laminarumner-      pgaring  racemose  in  fruit;  3.5-8.0  cm  long,  the .A  r  _^'''"*I"«  conspicuos,  inflorescentiam  paniculatam       _^.  .     .,„,^i^  IpnJHnte:  floral  bracts  linear-lanceo- ad  C  amnhn^.u^T    '  "n.u.  e.cc„ua  u  p.zn.u  ..an.  ^.    j        ,    lepijotc;  floral  bracts  Imear-lanceo- ^- a/npiu/n  valde  affims  sed  ab  ea  coroliae  lobis  phcatis       "^^   •  ,   „  ,  «  e    n /;  -j  i 
("ec  planis)  ad  anicem  cucullah.m  in.c.  nlan»ni>  asvm-       late,  1.1-1.3  mm  long,  0.5   0.6  mm  Wide,  sparsely -     -  apicem  cucullatum  (nee  planum)  asym 
^  ricis  (nee  symmetricis)  manifeste  atro-  (nee  brunneo-) lepidote,  plicate,  early  caducous,  the  margin  entire. 

P|incians,  antherisque  ad  apicem  apiculatos  (nee  acutos)      glabrous;  pedicel  erect,  (1. 0^)2. 0-3. 0(4.0)  mm que  ventraliter  (nee  dorsaliter)  curvatis  facile  cognos- citur. 

Shrub 

long,  moderately  punctate,  terete,  thickenmg  in 

fruit.  Flowers  4  merous;  calyx  patelliform,  coria- 
or  tree  to  8  m  tall;  branchlets  terete,  0.7 tube tbes 

  ,   

-^  mm  diam.,  stiff,  the  bark  creamish  white,  prom- 
inently furrowed,  without  lenticels,  moderately  ad-      0.7-0.8  mm  long,  1.2- 1.3  mm  wide,  apex  rounded 

Pressed-lepidote,  at  times  glabrescent.  Leaves  ob- 
'anceolate  to  obovate,  coriaceous,  (5.5-)9.3-24 

to  obtuse,  essentially  glabrous,  medially  thick  and 
margm 

cm  long,  (4.5-)5.5   7.5(-8.5)  cm  wide,  apically      irregular,  entire,  lepidote;  corolla  rotate,  3.0-3.2 
acuminate,  the  acumen  subacute,  0.3-1.8  cm  long. tube  0.5-0.7  mm 

^he  base  cuneate,  decurrent  on  the  petiole,  costa      highly  reflex**!  at  anthesis,  touching  llic  pedicels, 
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Figure  7,      Cybianthus  plowmanii  Pipoly.^A.  Habit. 

alyx 

aminate  flower,  showing  plicate  corolla  lobes,  c  J  • 
1      .    ,  A   ̂        ̂ /  .      -  _.^  fl^w*>r  showing and  coroUa  punctalions  and  erect  anther  with  proximaUy  recurved  apiculum— C.  Opened  staminate 

cucuUate  coroDa  lobes  and  punctations.^D.  Opened  pistiUate  flower,  showing  pistU  with  2-lobed  stigm nomas  &  Plowman  3048;  B  and  C,  from  holotype;  D.  from  Thomas  &  Plowman  3069,) 
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ovate,  2.5-2.8  mm  long,  1.7- 1.8  mm  wide,  asym- 
metric, apically  cucullate,  minutely  red  lepidote 

and  glandular-granulose  within,  basaUy  red  lepidote 

defined  by  staminal  and  staminodial  tube 

than  the  corolla  tube.  From  there,  C.  pe- 
lus  and  C.  plowmanii  form  a  clade  defined 

and  glandular-granulose  near  the  margin  without,  by  asymmetric  corolla  lobes.  Cybianthus  peruvi- 
the  veins  4,  conspicuous,  prominently  black  punc-  anus  is  defined  by  its  unique  linear-lanceolate  an- 

tate  apically  without;  staminodes  2.6-2.9  mm  long,  thers,  while  C.  plowmanii  is  distinguished  by  its 

the  tube  prominent,  carnose,  0.8-1.0  mm  long,  plicate  corolla  lobes.  Cy6ta/i/^u5  amp/us  is  defined 
translucent,  the  apically  free  filaments  0.8 

dorsifixed 

mm by  its  angulate,  lenticellate  branchlets. 

narrowly  ovate,  1.0-1.2  mm  long,  apiculate,  the      7.  Cybianthus  amplus(Mez)Agostini,  Acta  Biol. 
apiculum  ventrally  recurved,  perpendicular  to  an- 

ther, base  nearly  cordulate,  appearing  obtuse,  the 
connective  darkened,  epunctate  but  with  a  prom- 

inent translucent  callosity  and  appearing  verru- 
cose;  pistU  obnapiform,  2.0-2.2  mm  long,  the  ova- 

ry terete,  1.0-1.2  mm  long,  1.3 
mm 

glabrous,  black  punctate,  the  style  terete,  ca.  0.9 nun 

the  placenta  bilobed,  bearing  2  deeply  imbedded 
ovules.  Fruit  depressed-globose,  ca.  0.5-0.8  cm 
*^J^g»  0.7-1.0  cm  diam,,  prominently  punctate, 
verrucose,  exocarp  thin. 

Distribution,  Restricted  to  cloud  and  scrub 
forests  of  Cerro  de  la  Neblina  and  the  environs  of 

Serra  Araca,  the  latter  a  satellite  tepui  in  Ama- 
zonas,  Brazil,  at  elevations  to  2,000  m. 

Venez.  10:  151.  1980.  Conomorpha  ampla 

Mez  in  Engler,  Pflanzenr.  IV,  236:  257-  1902. 

TYPE:  Brazil,  Bahia:  without  locality,  without 

date  (stam.  fl),  Sellow  653  (lectotype,  here 

designated,  K;  isolectotype,  fragment  at  F), 

Figure  8. 

Conomorpha  macrophylla  Martins,  Herb.  Fl.  Bras.  260. 
1837.  TYPE:  Colombia.  Commisaria  de  Vaupes:  Dtto. 

Japurensis,  Serra  do  Araracoara,  (pist.  fl,  fr),  Mar- 

tius  s.n.  (lectotype,  here  designated,  M;  isolecto- 

typ 

4  sheets). 

Conomorpha  utiarityi  Hoehne,  Relat.  Commiss.  Linhas 
Telegr.  Estrateg.  Matto  Grosso  Amazonas,  Ann.  5, 
Hot.  6:  64.  1915.  type:  Brazil.  Matto  Grosso  [Ron- 
donia]:  Sako  de  Utiarlty,  Rio  Papagio,  Jane  1909 
(stam.  fl).  Hoehne  2111  (holotype.  R). 

Shrub  or  small  tree  to  7  m  tall;  branchlets  an- 

gular, 5-8  mm  diam.,  the  bark  longitudinally  ridged. pi  /-<   I  .        1  gu^^r,  o-o  mm  aiam.,  me  oarit  loiiguuuuiaiiy  nugcu, 
ecology,      Cybianthus  plowmanii  occurs  on  -  u     r -^  •  i    i     *■     ii  *     ̂         u, nntni-rv      •  1  „    .      ,    .  ̂      1  creamish  white,  conspicuously  lenticellate,  densely 

^uicrops  m  exposed  areas,  in  small  shrub  islands.  i     •  i  *     t  n-  *•  u       *       :«^^^,«   « u  ̂ ^  ,     1       «  ,  lepidote.  Leaves  elliptic  or  obovate,  coriaceous,  o- 
appears  to  be  locally  common,  but  the  popula-  ̂ ^  ̂^  ,^^^    4_,  /^^  ̂.^^    ̂ ^^^  ̂ j,^,,^^,^  ̂ ^^. 

uons  are  few  and  infrequently  encountered. 

Paratypes.      VENEZUELA.  AMAZONAS:  Dep   
gyo,  Cerro  de  la  Neblina,  Venezuelan-Brazilian  border, 

23  cm  long,  4-12  cm  wide,  apex  abruptly  acu- 
minate, the  acumen  to  1  cm,  basally  obtuse  to 

acute,  decurrent  on  the  petiole,  midrib  depressed 

above,  prominently  raised  below,  nerves  24-40 
^c  Lamp  6  on  ridge  3.5  km  W  of  Pico  Zuloaga,  2.000      p^j^^^  inconspicuous  or  slightly  raised  above,  more 

JJ.  NY,  US,  VEN),  (pist.  fl),  3069  {¥,  US,  VEN),  Camp 
J^U,  29  Nov.  1984  (pist.  fl),  Anderson  13386  (MICH, 
mo  ̂^^^'  ̂   ̂'^P^s  of  Canon  Grande,  1,900  m,  29  Nov. 

conspicuous  below,  upper  surface  scrobiculate, 

densely  lepidote  at  first,  glabrescent,  the  lower  sur- 
face densely  lepidote,  the  scales  not  overlapping. 

epunctate;  petioles  marginate,  1.0-3.5  cm  long, 

densely  lepidote.  Staminate  inflorescence:  a  race- 

o^  (pist.  fl),  Croat  59409  (MO.  VEN),  E  escarpment,  sparindy  pellucid  punctate,  the  margin  revolute, 

Jf  no  Grande  below  Cumbre  Camp.  1,200-2,200  m,  27  "^ 
IJec.  1957  (fr),  Magulre  et  al  42533  (F,  NY  — 3  sheets, 
5;*^;  VEN),   1,730-1,850  m,   31   Jan.   1985  (fr),  Nee  .      • 
W663  (MO,  NY,  US,  VEN).  Brazil,  amazonas:  Rio  mose  panicle,  with   l-6(-8)  branches,  branchmg 
^uieras,  50  km  upstream,  farm  of  Sr,  Caldez,  [near  Serra  from  near  the  base,  2.5-8.0  cm  long;  peduncle, 

axis,  and  branches  densely  lepidote;  peduncle  0.1™ 

0.5  cm  long;  pedicels  0.5-1.0  mm  long;  floral 

f;ac4],  3  Apr.  1974  (fr),  Campbell  et  al.  P21820{INPA, 
MG,  NY,  US).  ^ 

Cybianthus  plowmanii  is  most  easily  confused  bracts  ovate,  triangular,  or  ovate-triangular,  0.6- 

^fh  C.  amplus  in  the  western  limit  of  Guayana.  1 .0  mm  long,  0.4-0.6  mm  wide,  apex  acute,  dense- 

However,  the  terete  branchlets,  flat  leaf  margins,  ly  lepidote  adaxially,  the  margin  entire.  Flowers 

branchlets  without  lenticels,  asymmetric,  plicate,  4(-5)-merous,  white;  calyx  cupuliform,  carnose. 

3nd  apically  cucullate  corolla  lobes  with  prominent 
'^ck  punctations  easily  distinguish  C.  plowmanii 

ffom  C.  amplus. 

0.7-1.1  mm  long,  the  tube  0.20.4  mm  long,  the 

lobes  triangular,  deltate,  or  deltate-ovate,  0.5-0.8 

mm  long,  0.50.9  mm  wide,  the  apex  rounded  or 

Preliminary  data  obtained  from  phylogenetic  attenuate  to  a  rounded  tip,  sparingly  pellucid  or 

analysis  (Pipoly,  unpublished)  reveals  that  C.  pe-  brown  punctate,  sparingly  lepidote  medially,  the 

^t^vianus,  C.  amplus,  and  C.  plowmanii  form  a      margin  entire,  often  densely  lepidote;  corolla  cam- 
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Figure  8. 

ventral  view. 
Anther,  lateral 

Cybianthus  amplus  (Mez)  Agostini. 
D.  Pistillade.- A.  Habit.  — B.  Staminate  flower.  — C.  Staminate  corolla 

-E.  Anther,  ventral  view.  — F.  Anther,  dorsal  view,  showing  darkened  connective 
view.  (A,  modified  from  Miquel,  1856,  fig.  47;  B-G,  from  Maguire  &  Wurdack  3486L) lobe, 

tube 

lobes 

mm  long.  0.8    1.2  mm  wide,  apex  rounded,  flat, 

1  7- 

margin  entire,  glandular-granulose;  stamens  i. 

2.2  mm  long,  adnate  0.8- 1.3  mm  to  the  corolla, 
[be 

spa 

bate,  the  apically  free  filaments  0. 1  0.3  mm  long 
in  and  without  submarginally,  inconspicuously  pel-  flat,  the  anthers  triangular  to  ovate-triangular,  dor 
lucid  or  brown  punctate  along  the  margins,  the      sifixed  less  than  14  from  base,  0.5-0.8  mm  long 
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0.3-0.4  mm  wide,  dorsally  recurved,  apex  acute,       fl),  Schultes  &  Cabrera  15928  (COL,  GH,  US);  near 
base  cordate,  the  comiective  inconspicuouslv  brown       ̂ ^^^^  ̂ ^  ̂>^  Piraparana,  Rio  Apaporis,  20  June  1952 

punctate;  pistillode  elongate,  subconic,  1.0-1.4  mm 
long,  hollow,  translucent  glandular -lepidote  basally. 
Pistillate  inflorescence:  a  racemose  panicle,  with 

(fr),  Schultes  &  Cabrera  16794  (COL,  ECON,  MO,  US); 

along  tributary  of  Rio  Macu  Parana,   1-8  June   1970 
(ster.).  Silver  wood-Cope  3  (AMES).  Venezuela,  terri- 
TORio  FEDERAL  AMAZONAS:  0,5^3  km  N  of  San  Carlos  de 

1-5  branches,  branching  from  near  the  base,  2.5-       Rio  Negro,  ca.  20  km  S  of  confluence  of  Rio  Negro  and 

8.0  cm  long;  peduncle,  axis,  and  branches  densely 

lepidote;  peduncle  0.1-0.5  cm  long;  pedicels  0.5- 
1.0  mm  long;  floral  bracts  ovate,  triangular,  or 

BrazoCasiquiare,  120  m,  19  Nov.  1977(stam.  fl),  itesner 
3692  (MO,  NY,  VEN),  5  May  1979  (fr),  Liesner  7220, 
(stam.  fl  bud),  7221  (MO,  NY,  VEN),  16  May  1979 
(stam.  fl),  Liesner  7468  (MO,  VEN),  115  m,  17  Sep. 

ovate-triangular,  0.6-1.0  mm  long,  0.40.6  mm       1975  (stam.  fl),  Berry  1373  (MO,  VEN);  15  km  SW  of 
Sta.  Barbara  del  Rio  Orinoco,  120  m,  26  June  1979 

(stam.  fl),  Huber  3861  (US,  VEN);  Rio  Cunucununia, 

Cano  Culebra,  1,000-1,100  m,  18  Nov.  1950  (pist.  fl, 

wide,  apex  acute,  densely  lepidote  adaxially,  the 
margin  entire.  Flowers  4(-5)-merous,  white;  calyx 

mm  lone,  U.b-O.V  mm 

cupuaform,  carnose,  0.7-1.1   mm  long,  the  tube       f^.),  Maguire  It  at.  29508  {Ny]  VEN);  Cerro  Duida,  SE 
0.2-0.4  mm  long,  the  lobes  triangular,  deltate,  or       slopes  along  Cano  Negro,  350-1,095  m,  25-26  Aug. 

1944  (stam.  fl),  Steyermark  57984  (F,  NY,  VEN);  Sa- 
bana  Grande,  between  Esmeralda  and  Cerro  Duida,  175 

m,  24  Mar.  1953  (stam.  fl),  Maguire  &  Wurdack  34861 

(COL,  F,  K,  NY,  S,  U,  US,  VEN);  Capibuara.  alto  Ca- 
siquiare,  120  m,  27  May  1942  (fr),  Williams  15574  (A. 

the  apex  rounded  or  attenuate  to  a  rounded  tip, 
sparingly  pellucid  or  brown  punctate,  sparingly  lep- 

idote medially,  the  margin  entire,  often  densely 

lepidote;  corolla  campanulate,  2.3-2.7  mm  long,       F,  G,  RB,  US,  VEN);  Cerro  Curiche,  Tama-tama,  without tube 
1.1    mm  long,  the  lobes  elliptic  to 

Magu 

Cerro  Vinilla,  30  km  SSW  of  Ocamo,  jet.  of  Rio  Orinoco, 

A  \   a  ""^     ̂ ^'  ̂-^"^-^  """^  "^'^^^  ̂ P^""  (stam.  fl),  Steyermark  et  al.  130400{MO,  VEN);  middle 
rounded,  flat,  sparsely  lepidote  without,  glandular-  part  of  Rio  Bar Ja,  80  m,  29  June  1 984  (pist^fl),  Davidse 
granulose  within,  and  without  in  the  marginal  zone,  &M 
inconspicuously  pellucid  or  brown  punctate  along 
the  margins,  the  margin  entire,  glandular-granu- 

•ose;  staminodes  1.7-2.2  mm  long,  adnate  0.8-  ^„„„„^_„_  ̂ ^„  _,    _„.  ̂ „„  „_.^   
1-3  mm  to  the  corolla,   the  tube  inconspicuous,  (MO,  PORT,  US,  VEN);  Sierra  Ichun,  Salto  Ichun,  27 

km  NNE  of  Pico  Phelps,  N  branch  of  river  canyon,  780 
m,  15  18  Mar.  1984  (stam.  fl),  Liesner  16637  (MO, 

VEN).  BOLIVAR:  raid-basin,  Rio  Paragua,  near  Minas  de 
Manaima,  300  m,  13  June  1987  (fr),  Stergios  10284 

Dec.  1961  (stam.  fl),  Steyermark  90249  (WEN).  BRAZIL. 

AMAZONAS:  Yutica,  left  bank  of  Rio  Vaupes,  15  Nov. 

1952  (fr),  Romero-Castaneda  3536  (COL,  GH,  INPA, 
MO,  NY,  US). 

hyaline,  0.8-1.3  mm,  elobate,  the  apically  free 
filaments  0.1  0.3  mm  long,  flat,  the  anthers  tri- 
ngular  to  ovate-triangular,  dorsifixed  less  than  Vi 

from  base,  0.5-0.8  mm  long,  0.3-0.4  mm  wide, 
dorsally  recurved,  apex  acute,  base  cordate,  the 

connective  inconspicuously  brown  punctate;  pistil  Cybianthus  amplus  is  most  closely  related  to 

obnapiform,  1.3-2.0  mm  long,  the  ovary  0.7-1.2  C.  plowmanii,  an  endemic  species  of  Cerro  de  la 

™«i  long,  0.7-1.1  mm  diam.,  glandular-lepidote,  Neblina,  and  C.  peruviamis,  a  western  Amazonian 

*e  style  thick,  0.5-0.7  mm  long,  the  stigma  cap-  species,  but  differs  by  its  flat,  symmetric,  pellucid 

"ate,  elobate,  the  placenta  cotyliform,  bearing  3  or  brown  punctate  corolla  lobes,  leaves  with  rev- 

ovules,  the  ovules  imbedded  except  at  the  apices.      olute  margins,  the  terete,  ienticellate  branchlets. 'bo 

11   mm  long,  6-12  mm  diam.,      and  the  acute  anthers  dorsal
ly  recurved. 

^^docarp  smooth  or  rugose,  arU  scanty,  adnate  to  Cybianthus  amplus  is  a  forest  margin  species 

^ed,  embryo  curved,  4  mm  long. 

Distribution,      Colombia,  Venezuela,  Brazil,  and 
^^ru,  at  elevations  below  1,100  m. 

and  the  only  member  of  the  subgenus  that  tolerates 

disturbance-   Individuals  growing  in  shady  areas 
Uoir^  1rknrT«»r  I*>Jiv*»«  i\T\t\  Innj/ftr.  TXXiWV.  hii'lllv  Lranclicd 

Kcol panicles.  Individuals  growing  in  more  open  areai ogy 

oy-      Cybianthus  amplus  occurs  in  low- 

^nd,  mostly  seasonally  inundated  forests  (varzea 
^^^  igap6).  It  Is  a  gap  and  forest  margin  species, 

^"d  as  such,  thrives  in  areas  of  moderate  distur- bance. 

obovate 

revolute  margins.  This  variation  has  resulted  in 

taxonomic  overdescription-  The  type  of  Conomor- 

pha macrophylla  Martius  represents  populations 

with  long,  elliptic  leaves,  and  narrowly  campanulate 

flowers-  It  is  otherwise  identical  to  the  other  pop- 

Represeniative  specimens   examined.      COLOMBIA.       ulations.  Likewise,  the  type  of  Conomorpha  utiari- 
^AUPts:  Cerro  del  Varador,  Raudal  Alto  (Mariapire),  right       ̂ w  Hoelme  differs  only  by  the  wi<Iely  elliptic  leaves 

.pj'p'  250  m,  3  Feb.  1953  (pist.  fl),  Fernandez  2056 
fk'      ̂'^  Apaporis,  Randal  de  Jirijirimo,  below  mouth 

and  petioles  at  the  longer  end  of  the  continuum. 

fi 
^nararl,  250  m,  25-26  Nov.  1951  (stam.  fl),  C 

^''iga  13715  (COL,  US).  100  m,  15  Mar.  1952  (stam 

broadly 

ulate 
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8.  Cybianthus  quelchii  (N.  E.  Brown)  Agostini,  cullate,  glabrous  without,  densely  glandular-gran- 

Bol.  Soc.  Venez.  Ci.  Nat.  22(132-133):  388.  ulose  above  staminal  tube  and  apically  along  mar- 
1976.  Ardisia  quelchii  N.  E.  Brown,  Trans.  gin  within,  prominently  black  punctate  and  rugose 

Linn.  Soc,  Bot.  2,  ser.  6:  46.  1901.  Weigeltia  without,  the  margin  regular,  entire  except  crenu- 

quelchii  (N.  E.  Brown)  Mez,  Pflanzenr.  IV,  late  apically,  glabrous;  stamens  2.4-2.8  mm  long, 
236:  288.  1902.  type:  Venezuela  [Guyana].  the  filaments  basally  swollen  and  connlvent  to  form 

Summit  of  Mt.  Roraima,  2,860  m,  autumn  an  inconspicuous  tube  0.5-0.7  mm  long,  terete 

1808  (stam.  fl),  McConnell  &  Quelch  665  and  adnate  to  the  corolla  lobe  0.6-0.8  mm  above 
(holotype,  K).  [Steyermark  (1981)  reported  tube,  then  apically  free  for  0. 60. 8  mm,  ventrally 

that  McConnell  and  Quelch  arrived  at  the  recurved,  terete,  epunctate,  the  anther  oblong  to 

summit  of  Roraima  from  the  Venezuelan  side.]  ovate,  dorsifixed  less  than  V4  from  base,  0.8-1.2 

Conomorpha  depressa  Steyermark,  Fieldiana,  Bot.  28(3): 
458.  1953.  TYPE:  Venezuela.  Bolivar:  Carrao-tepui, 
2,470-2,500  m,  7  Dec.  1944  (fr),  Steyermark 
60898  (holotype,  F;  isotype,  NY). 

mm  long,  0.5-0.6  mm  wide,  dorsally  recurved, 

apex  apiculate,  the  apiculum  erect,  base  subcor- 
dulate,  the  connective  black  punctate  at  apex  at 

point  of  insertion;  pistillode  lageniform,  0.9-1.1 

mm  long,  ca.  0.5  mm  diam.,  densely  black  punc- 
Shrub  or  tree  to  5  m  tall;  branchlets  terete,  tate,  the  style  and  stigma  not  differentiated.  Pis- 

subsucculent,  0.5-1.2  cm  diam.,  the  bark  yellow-  tillate  inflorescence:  a  tripinnate  panicle, 
ish  brown,  without  lenticels,  densely  and  minutely  (1.0-)1.5-2.7(-4.0)  cm  long,  pedimcle,  rachis,  and 

ferrugineous  stipitate-lepidote  at  first,  early  gla-  pedicels  lepidote  at  first,  glabrescent;  peduncle  0.7- 
brescent,  densely  black  punctate  and  punctate-  2.0  mm  long;  secondary  branchlet  bracts  ovate- 
llneate.  Leaves  elliptic,  oblanceolate,  obovate,  or-  spathulate,  membranaceous,  2.2-2.3  mm  long, 

bicular  to  oblate,  coriaceous,  (3.5-)4.5-l  1.5(-13)  LO-1.3  mm  wide,  apex  obtuse,  prominently  black 

cm    long,    (2.0-)3.0-4.0(-6.0)    cm    wide,    apex      punctate,  sparsely  lepidote,  the  margin  entire,  flat, 

the  petioles  to  0.2  mm  long;  floral  bracts  ovate, 
acuminate,  or  somewhat  cuneate,  not  decurrent  on  1,0  mm  long,  0.5  mm  wide,  apex  acute,  densely 

the  petiole,  nitid  and  densely  black  punctate  above  lepidote,  the  margin  irregular,  denticulate,  gla- 
and  below,  the  midrib  planer  above,  prominently  brous;  pedicels  terete,  0.1-0.5  mm  long.  Flowers 

raised  and  black  pimctate-lineate  below,  nerves  4-merous,  erect;  calyx  deeply  cupuliform,  carnose, 

16-26  pairs,  not  usually  conspicuous  above,  con-  0.9-1.1  mm  long,  the  tube  0.3-0.5  mm  long,  the 
spicuous  below,  the  margin  flat,  punctate-lineate;      lobes  orbicular  to  oblate,  0.3-0.5  mm  long,  0.4 

rounded,  obtuse,  truncate 

hove,  rounded 

1.5( 

0.7  mm  wide,  apex  obtuse,  hyaline,  sparsely  glan- 2.0)  cm  long,  densely  lepidote  at  first,  glabrescent.      dular-papillate  and  ferrugineous  lepidote,  densely 
iflorescence:  a  tripinnate 

and  prominently  black  punctate  medially 

essen- 

10  cm  long,  the  peduncle,  rachis,  and  pedicels  tially  glabrous,  the  margin  irregular,  denticulate, 

lepidoteatfirst,  glabrescent;  peduncle  1.2-2.3  cm;  glabrous;  corolla  campanulate,  carnose,  translu- 
secondary  branchlet  bracts  ovate-spathulate,  mem-  cent,  2.5-3.0  mm  long,  the  tube  0.5-0.7  mm  long, 
branaceous,  2.3-2.5  mm  long,  1.2-1.3  mm  wide,      the  lobes  oblate  to  suborbicular,  reflexed,  1.7-2.1 

mm  long,  1.9-2.3  mm  wide,  the  apex  rounded  to 
punctate 

lepidote,  the  margin  entire,  flat,  the  petioles  to  0.2  emarginate,  prominently  cucullate,  glabrous  with- 
mm  long;  floral  bracts  ovate,  0.9- LI  mm  long,  out,  densely  glandular-granulose  with  and  apicaUy 
0.3-0.5  mm  wide,  apex  acute,  densely  lepidote,      along  margin  within,  prominently  black  punctate sometimes 

nmi 
glabrous;  pedicels  terete,  0.1-0,5 

ers  4-5-merous,  erect;  calyx  cotyliform,  carnose, 
1.1-1.4  mm  long,  the  tube  0.3-( 
lobes  suborbicular  to  oblate,  O.i 
0.9- 1.3  mm  wide,  aoex  obtuse. 

and  punctate-lineate,  the  margin  entire,  irre 

gular 

glabrous;  stamens  2.1-2.3  mm  long,  the  tube  in- 

conspicuous, 0.5-0.7  mm  long,  the  apically  free 

filaments  0.91.1   mm  long,  ventraDy  recurved, 
1.1    mm  long,      subterete,  epimctate,  the  anther  erect,  ovate,  0. 

mm 

medially 

sometimes 

gul 

densely      0.7  mm  long,  0.5-0.8  mm  wide,  dorsifixed  less 

than  M  from  base,  apex  apicidate,  the  apic 

erect,  base  deeply  cordate,  the  connective  blac 

punctate  at  apex  at  point  of  insertion;  pistu 
If  *^'  S'^^^^^"^;  ̂ ^^'•^P^  campanulate,  chartaceous,     napiform,  2.0-2,3  mm  long,  0.4-0.5  mm  diani- 

the      densely  translucent-lepidote,  the  style  0.4-0.5  n\ 

    o'  *—    1-2     long,  the  stigma  capitate,  not  lobed,  0.2  mm  long' 
mm  wide,  ovale,  the  apex  obtuse,  prominently  cu-      the  placenta  cupuliform,  with  3-4  exposed  ovules. 

tube 

lobe 

\ 
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Fruit  globose,  0.7-0.8  mm  long,   0.9-1.2(-2.0)  burgk  s.n.  (K);  Dtto.  Piar,  Aparman-tepui,  E  of  Auyan- 

cm  diam.,  exocarp  thick,  purple-black,  juicy,  ed-  ̂ ^^P"'-  2 J 50  m,  23  Mar.   1987  (fr),  Delascio  13032 

Me  black  nunctate    Bisexual  inAoresrence-  as  in  ̂ ^^'  ̂ ^^^'  'westernmost  of  4  tepuis  in  Aparaman  range, iDiemacK  punctate,  msexualinjtorescence.  asm  gjoo  m,  27  Mar.  1987  (fr),  Hoht  3699  (MO.  US, 
pistillate,  but  stamens  2.3-2.5  mm  long,  the  tube  VEN);  Auyan-tepui,  Jan.  1949  (stam.  fJ),  Cardona  s.n. 
0.3-0.5  mm  long,  the  filaments  adnate  to  the  co-  (US,  VEN),  summit,  NE  section,  N  of  Camarata,  1,950 

rolla  lobe  0.5-0.6  mm  above  tube,  then  apically  m,  28  Feb.  1978  (stam.  fl),  Steyermark  116183  (F,  MO, 
free  for  1.1-1.3  mm,  the  anther  as  in  stamina te 

flowers,  but  0.8-0.9  mm  long;  pistil  ellipsoid,  2.0- 

NY,  US,  VEN);  Macizo  del  Chimanta,  summit,  Acopan- 
tepui,  2,200  m,  Oct.  1947  (fr),  Cardona  2266  (US, 
VEN),  SSE  sector,  SE  plateau,  headwaters  of  Rio  Arauai, 

2.3  mm  long,  1.1-1.4  mm  diam.,  the  style  almost  14-I6  Feb.  1984  (stam.  fl),  Luteyn  et  al.  9482  (AAU, 
obsolete,  the  stigma  capitate,  0.3  mm  long,  the  MO,  MYF,  NY,  S,  US,  VEN),  NE  plateau,  headwaters 

placenta   deeply   cupuliform,    with    2-3    exposed      of  Rio  Yunek,  1,950  m,  8-11  Feb.  1985  (pist.  fl),  F^/>o/7 
ovules.  Fruit  depressed-globose,  0.4-0.5  mm  long, 

0.5-0.7  mm  wide,  densely  and  prominently  black 
punctate,  exocarp  thin,  black,  with  little  juice. 

Distribution.      Endemic 

et  al.  7163  (MO,  MYF,  NY,  PH,  TEX,  US,  VEN),  SE 

sector,  central-SE  section  of  Churi-tepui,  10-12  Feb. 
1984  (bud),  Huber  &  Colella  8964  (MYF,  NY,  VEN), 
4  Feb.  1955  (stam.  fl),  Steyermark  &  Wurdack  402  (F, 

MO,  NY,  U,  US,  VEN),  central  section,  Chinianta-tepui, 

Upper  Falls,  Ri'o  Tirica,  2,150  m,  17  Feb.  1955  (bisex. 
fl,  fr),  Steyermark  &  Wurdack  920  (F,  MO,  NY.  US, 

known  from  most  portions  thereof,  except  Tafel-       VEN),  central-S  section,  large  valley  between  NE  border 
berg  and  Macarena.  It  occurs  at  elevations  from 
1,150  to  2,330  m. 

of  Torono-tepui  and  central  section,  Chimanta-tepui,  2, 1 00 
m,  1 1  - 1 5  Feb.  1 985  (stam.  fl),  Pipoly  et  al.  7256  (MYF. 
NY,  TEX.  US,  VEN),  Torono-tepui,  summit,  between  base 

Ecology.      Cybianthus  quelchii  is  a  conspicu-  and  upper  falls  and  drop  to  escarpment,  1.895-1,910 

ous  tree  in  gallery  forests  and  dense  thickets  sur-  "^'fJt}, ^^l\\Tvvr!^'  ̂ ''^Tr''^  f  ̂""'-"^ rnntirl-       u  i        i  r  ■      t    •    r  1088(F,  MO,  NY,  US,  VEN);  summit,  CerroGuaiqumiiiia 
rounding  bogs  on  the  plateaus  of  tepuis.  It  is  fre-  j^g  ̂ ^^^j^^^^  ̂ ^^^  ̂ Ij^r^^  headwaters  of  NE  branch  of  Rio 
quently    associated    with    Archytaea    multiflora  Carapo,  1,490-1,500  m,  25  May  1974  (bud),  Steyer- 
(Theaceae)  and  is  one  of  the  taller  trees  of  the  marketal.  7i7322(F,  MO,  NY,  US,  VEN);  Dtto.  Heres. 

shrub  islands  growing  on  water-saturated  soUs.  It  Cerro  Marutani',  summit,  along  Ri'o  Carla,  affluent  of  Rio is  not  a  ̂   r    1         1       1  /  1/!     r        .  c  Paraeua  at  headwaters,  1,200  m,  11-12,  14  Jan.  1981 

^not  a  component  of  the  cloud/elfin  forest  for-  ̂ ^^^^^^  Steyermark  et  al   123866.  123906  (MO,  NY. nations  occurring  in  less  exposed  areas,  nor  is  it  yg,  VEN);  near  Venezuelan-Brazilian  frontier,  1,420  m, 
present  in  the  scrub  formations  in  savannas.  13  Jan.   1981   (bud),  Steyermark  et  al.   123993,  (fr), 

This  species  is  sexuaUy  labile,  but  it  appears  that  124023  (MO.  NY,  US,  VEN);  Ptari-tepul,  SW-facing 
polveamniic    l^A-   'A     T  ^^Fi  .*      ,       7  shoulder,  2,000-2,200  m,  2  Nov.  1944  (fr),  SrejemorA: F^iygamous   individuals    are    rare   (Iillett   et    at,  rr^-rr^-y  tV   mv   \7rivT\     •     ̂ xi-     i-  *u    r        "  ̂ ^.^ 
4c/cpo\   n  .  ,  ,  ,  59797  (F,  NY,  VEN),  vie.    'Miss  Kathy  Camp,     mesa 
^OOV).  Howering  occurs  throughout  the  year  on  te^^een  Ptari-  and  Sororop4n-tepuis,  1,615  m,  15-17 

new  growth,  and  within  a  given  population  there  Nov.  1944  (fr),  Steyermark  60240  {F,  NY,  VEN);  sum- 
^re  usually  some  individuals  in  flower.  During  an 

inventory  on  the  summit  of  Serra  Araca  I  observed  ̂ ,620-2  740  m    27  Sep.  1944  (smm    fl),  Steyer-^ark 
that  rh^r^  .  ^  i_  •    -n        -   J-  ̂ 8842  (F,  NY,  VEN);  Tormeru,  NW  of  Parupa,  1,200 

^i  tnere  are  more  stammate  than  pistiUate  mdi-  ̂   ̂ ^  j^^^   ̂ 984  (fr),  Krai  72045  (MO,  NY,  US,  VDB). ^auals  per  population.  In  gallery  forests  studied  Guyana.  Upper  Mazaruni  River  Basin,  Mt.  Ayanganna, 

summit 

on  Chimanta  Massif  and  Serra  Araca,  flowers  of 
^his  species  produced  a  notable  musklike  odor  and 

shoulder  E  flank  above  Thompson  Camp,  1,418-1,525 

m,  10  Aug.  1960  (polygamous),  Tilleil  et  al.  45609  (F, 
FDG small  dint^ro^.  ■  •*•        *!,     o  T         FDG,  MU,  IN  Y,  b,  U^);  tlaieka  savanna,  i!.  siae  oi  naieita 

*"<tu  aipterans  were  seen  visitme  the  flowers.  In      *.     *       ,       r    f  ru-    «,«»«  ̂ rii\^a^   7dn  m    9)   Au<r 
PoDuUur.      k     J     •       i_  1  ri^jr     '        ̂ ^^^'  4  km  E  of  Chinowemg  village,  /4U  m,  dl  Aug. 
Papulations  bordering  bogs  on  the  summit  of  Muri- 
*^pui,  no  odor  was  detectable  in  the  flowers. 

FDG 

specimens  examined.  VENEZUELA.  TERRITORIO  FE- 

'JERAL  AMAZONAS:  Depto.  Rio  Negro,  Cerro  de  la  Neblina. 
P  ateau,  NW  range,  summit  N  of  base  camp  along  Rio 
,Q*"'numa.  affluent  of  Rio  Barla,  1,880  m,  7-8  Feb. 
VPw  ̂'^"'^^'  ̂ "'^yn  *  Steyermark  9442  (MO,  NY,  TEX, 

f  P  ̂:  ^^'"^'  ̂ ^^52  (MO,  NY,  TEX,  US,  VEN),  upper  basin 
«  Unon  Grande  above  Salto  Grande,  13  Dec.  1957  (fr), 
^agutre  et  al.  42366  (F,  MO,  NY,  S,  US,  VEN),  S  rim 
«  upper  basin,  (fr),  Maguire  et  al.  42373  (F,  MO,  NY, 
*J^  VEN),  ridge  at  Brazil/Venezuela  divide,  26  km  ENE 
of  Neblina  Base  Camp.  2,000  m,  15  Apr.  1984  (pist.  fl),       MG.  NY,  S.  U,  US). 

US,  VEN).  Brazil.  AMAZONAS:  plateau  of  .Serra  Araca,  S 

side  of  N  mountain,  1,150- 1,250  m,  1 1  Feb.  1984  (stam. 

fl),  Pipoly  el  al.  6695  (INPA,  MG,  MO,  NY,  PH,  TEX. 

US,  VEN),  14  Feb.  1984  (stam.  fl),  6700.  (ster.),  6701, 

6706  (CM -2  sheets,  INPA,  MG,  MO,  NY,  PH,  TEX, 

US,  VEN),  plateau,  N  massif,  1,400  m,  20  Feb.  1984 

(pist.  fl).  Prance,  Pipoly,  et  al.  291 94  (INPA.  MG,  MO. 

NY.  US).  TERRITORIO  DO  ROBAIMA:  Serra  do  Sol  (Uei- 

tepui),  2,333  m,  28  Dec.  1954  (pist.  fl),  Maguire  40396 

(F.  MO.  NY,  S,  US,  VEN);  Serra  dos  Surucucus,  upper 

slopes  of  Serra  Parima,  S  of  Auaris,  1,400- 1.520  m,  10 
Feb.  1969  (pist.  fl).  Prance  et  al.  9820  (F.  INPA,  K, 

Plo 

J»«"«a«  &  Thomas  13598  (F,  MO,  NY,  US,  VEN); 
P*o.  Atures,  Serrania  Sipapo,  summit,  S  section,  17 

VFN  ̂^^^  ̂^'^"*-  ̂ ^^  Steyermark  et  al.  124531  (MO, 
•^N).  BOLIVAR:  Roraima,  without  date  (ster.),  Schom- 

Cybianthus  quelchii  was  placed  in  subgenus 

Weigeltia  by  Agostini  (1971,  1980),  hut  its  cam- P anu late  corolla,  with  anthers  distally  recurved. 
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indicate  it  shares  common  ancestry  with  the  Mi-  ulate  and  densely  lepidote  when  young,  glabres- 

croconomorpha-StapfiaLaxiflorus-Conomor-  cent,  sparsely  lepidote  below,  the  margin  revolute; 

pha  clade  illustrated  by  Pipoly  (1987).  These  syn-  petioles  canaliculate,  prominently  winged,  1.0-2.2 
apomorphies,  combined  with  its  ferrugineous  cm   long,    densely   lepidote.    Staminate   inflores- 

lepidote  scales  on  the  branchlets  and  leaves,  indi-  cence:  a   somewhat  pyramidal  panicle  with  3-7 

cate  that  it  is  a  member  of  subgenus  Cortomorp^a.  lateral  branches,  3.5-5.5  cm  long,  2.5-3.5  cm 
Despite  the  fact  that  the  scales  of  the  branchlets  broad,  the  peduncle,  axis,  branches,  and  pedicels 

are  often  early  caducous,  they  are  the  same  type  densely  lepidote;  peduncle  0.3-1.5  cm  long;  ped- 
of  scale  found  in  the  other  members  of  the  sub-  icels  terete,    1.0-1.5  mm  long;  floral  bracts  tri- 

genus,  not  like  the  furfuraceous  scales  encountered  angular  to  ovate-triangular,  0.5-0.7  mm  long,  0.3- 

in  subgenus  Welgeltia.  Also,  the  anthers  are  dor-  0.4  mm  wide,  apex  acute,  densely  lepidote  abax- 

sifixed  less   than   V4  from  the  base,   rather  than  ially,  the  margin  entire.  Flowers  (4-)5(-6)-merous; 

versatile,  as  are  all  the  members  of  subgenus  Wei-  calyx  cotyliform,  carnose,  0.9-1.0  mm  long,  the 

geltia tube  0.2-0.3  mm  long,  the  lobes  triangular,  0.7- 
This  species  is  extremely  variable  throughout  its  0.9  mm  long,  0.5-0.6  mm  wide,  .apex  attenuate 

range  and  often  forms  stands  at  the  edge  of  bogs,  to  a  rounded  tip,  brown  punctate  near  the  margin, 

or  in  gallery  forests  along  watercourses  on  summits.  the  margin  lepidote,  entire;  corolla  campanulale, 

Individuals  occurring  at  the  edges  of  bogs  often  carnose,  2.0-2.5  mm  long,  the  tube  0.7-0.9  nun 

have  smaller  leaves  and  larger  inflorescences,  while  long,  the  lobes  ovate  or  broadly  ovate,  1.3-1.6 
those  of  the  gallery  forests  have  correspondingly  mm  long,   0.9-1.1    mm  wide,   reflexed,  apically 
larger  leaves  and   more   compact  inflorescences.  rounded  or  attenuate  to  a  rounded  tip,  sparsely 

The  bark  is  extremely  corky,  and  the  wood  is  strong  glandular-granulose    without,    densely    glandular- 
and  flexible.  The  fruit  is  juicy,  with  a  slightly  tart,  granulose    apically    within,    conspicuously   brown 
cherrylike  flavor  at  maturity. 

punctate  toward  the  margin,  brown  punctate-Iin- 
The  type  of  Conomorpha  depressa  Steyermark  eate  medially,  the  margin  entire,  glabrous;  stamens 

represents  populations  in  the  eastern  section  of  the  1 .7-2.0  mm  long,  adnate  ca.  0.8  mm  to  the  corolla 

state  of  Bolivar,  which  are  notable  only  for  their  tube,  the  staminal  tube  conspicuous,  chartaceous, 

larger-than-average   fruits.    However,    individuals  0.8-1.0  mm  long,  elobate,  the  apically  free  fila- 

from  Cerro  de  la  Neblina  {Luteyn  &  Steyermark  ments  flat,  0.1-0.2  mm  long,  the  anthers  ovate- 
9442)   have   the   largest   fruits   known   thus   far,  triangular,  erect,  0.9- 1.0  mm  long,  dorsifixed  ca. 

reaching  2  cm  dianu  It  is  not  known  whether  the  M  from  base,  apex  apiculate,  the  apiculum  erect, 

individuals  from  which   fruits  were   collected  on  cordate  basally,  the  connective  prominently  brown 
Neblina  are  pistillate  or  bisexual.  punctate;  pistillode  lageniform,  1.2-1.5  mm  long, 

ca.  0.4  mm  diam.,  hollow,  translucent  glandular- 
9.  Cybianthus  punctatus  (Mez)  Agostini,  Acta  lepidote  basally.  Pistillate  inflorescence:  a  bipm- 

Biol.   Venez.    10:    155.    1980.   Conomorpha  nate  or  poorly  formed  panicle  with  3-5  lateral 

punctata  Mez,  in  Engler,  Pflanzenr.  IV.  236:  branches,  2.0-4.5  cm  long,   1.5-2.5  cm  broad, 

260.   1902.  TYPE:  Venezuela  [Guyana].  Bo-  the  peduncle,  axis,  branches,  and  pedicels  densely 

livar:  Roraima,  1842-1843  (stam.  fl),  Schom-  lepidote,  the  scales  superposed;  peduncle  0.6-0.8 
hiirgk  554  (lectotype,  here  designated,  G;  iso-  cm  long;  pedicels  terete,  2.7-3.8  mm  long;  floral 

W) 

Conomorpha  sessilis  A.  C.  Smith,  Bull.  Torrey  Bot.  Club 
67:  294.  1940.  TYPE:  Venezuela.  Bolivar:  Roraima 
vie.  Arabupu.  Arabupu  River,  Dec.  1938  (^tam.  fl) 
Pinkus  55  (holotype,  NY;  isotypes,  F,  GH,  S,  US) 

Shrub  or  small  tree  to  3  m  tall;  branchlets  terete 

2.0-2.5  mm  diam.,  densely  lepidote.  Leaves  ellip 
tic,  narrowly  elliptic,  or  elliptic-obovate,  membra 
naceous  to  chartaceous,   7.5-10(-15)  cm  long, 
2.5-4.5  cm  wide,  apex  acuminate,  the  acumen      *^*^  ̂ ^ocarp  verrucosa 
0.5- LO  cm  long,  base  acute,  decurrent,  midrib 

bracts  triangular  to  ovate-triangular,  0.5  0./  "i 

long,  0.3-0.4  mm  wide,  apex  acute,  densely  lep- 

idote abaxially,  the  margin  entire.  Flowers  5-merous, 

calyx  cotyliform,  carnose,  0.9-1.0  mm  long,  the 

tube  0.2-0.3  mm  long,  the  lobes  deltate,  0.7-0.9 

mm  long,  0.7-0.9  mm  wide,  apex  attenuate  to  a 

round  tip,  brown  punctate  near  the  margin, 

margin  lepidote,  entire;  corofla  not  seen,  rruit  g 

bose,  0.3   0.4  mm  long  and  in  diam.  when  dned. 

abo 
Distribution.      Endemic    to    the    northeastenj 

section  of  Pantepui  (sensu  Mayr  &  Phelps,  i 

.    „   -       in  the  Auyan-tepui-Chimanta  Complex  of  the  Guy- surface  wlutush,  sparsely  and  eglandular  scrobic      ana    Pakaraima-Venezuelan    Gran    Sabana   SuD- 

12 
belo 
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Figure  9. 
View. Cybianthus  punctatus  (Mez)  Agostini. — A.  Staminate  flower. — B,  C.  Staminate  calyx  lobes,  ventral 

D,  E.  Staminate  corolla  lobes,  ventral  view. — F.  Staminate  corolla  lobe,  lateral  view, — G.  Anther,  lateral 
^w,  showing  erect  habit.  — H.  Pistillode.  —  I .  Anther,  dorsal  view,  showing  punctate  connective,— J.  Anther,  ventral 
view.— K,  L.  Leaves.  (A-K,  from  Pinkus  55;  L,  from  Forest  Dept.  Brit.  Guiana  WB33 1-5757.) 

province  of  Maguire  (1979),  at  1,000-1,400  m  Within  Guayana,  C.  punctatus  may  be  most 
elevation.  ^  -  - 

Ecol 

easily  confused  with   C.   cardonae,  but  is  easily 

distinguished  by  its  leaves  7.5-10(-15)  cm  long, 
^gy-      Cybianthus  punctatus  is  an  infre-      (2..5-)3. 5-4.5  cm  wide,  with  acuminate  apices, 

4"ently  encountered  element  of  cloud  forests  on      petioles  canaliculate  and  winged,  pedicels  erect, 
a  us  slopes.  Very  little  is  known  of  its  life  history.      ̂ ^j  corolla  carnose  with  reflexed  lobes. 

Venezuela,  bolivar:  Dtto ^Specimens   examined.         „         
'ar,  descent  from  Salto  Hacha,  upper  basin  of  Rio  Pur- 

Pur,  along  trail  to  Urimin.  850- 1,1 00  m,  (fr),  Davidse 
«  Muber  22955  (MO,  VEN);  Gran  Sabana,  tributary  of 
, i", *^"^enan,  S  of  Mt.  Roraima,  1,005-1,065  m,  2  Oct. 
•^44  (stam.  fl),  5fejermar/t  59122  (F.  NY,  VEN);  Ka- 
anayen,  forests  of  Oparuma,  1,400  m,  28  May  1946 

Warn,  fl),  iasser  1836  (K,  US,  VEN);  Arabapu,  Mt. 
""ramia,  1,400  m.  13  Dec.  1938  (stam.  fl).  Forest  Dept 

In  sterile  condition,  C.  punctatus  may  be  con- 

fused with  the  sympatric  C. and  C.  lep- 

idotus.  From  C.  roraimae,  C.  punctatus  may  be 

recognized  by  its  branchlets  2.0-2.5  mm  diameter, 
membranaceous  to  chartaceous  leaves  with  upper 

surfaces  shallowly  eglandular  scrobiculate,  the 

nerves  12-18  pairs,  and  the  petioles  winged,  1.0- 

2.2  cm  long.  From  C  lepidotus,  C.  pundatus  is 

SW  f^/"/*''  ̂ ^9-^^^  (BRG,  K);  Ayavoparu,   10  km      ̂ ^^e  difficult  to  separate,  but  may  still  be  recog- 
?<;jj/\  P'^P"^'  1,100  m,  without  date,  Hernandez 

IQ?o       '  ̂̂ ^^-  Guyana,  Wabuwak  Kanuku  Mts.,  Dec. 

(NY)  ̂''^''"''  ̂^'  ̂''''^''^  ̂ ^P^'  ̂ ^''-  ̂"'""'^^  WB3315757 

nized  by  ith  leaves  membranaceous  to  chartaceous, 

with  nerves  12-18  pairs,  and  acute  leaf  bases, 

which  are  decurrent  on  the  potiole.  It  appears  that 
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the  two  species  are  separated  ecologically,  C.  punc-  ma  punctiform  when  developed.  Pistillate  infio- 
tatus  being  a  talus  forest  species,  while  C.  lepidotus  rescence:  a  subpyramidal  panicle,  erect,  (6-)8-10 
occurs  in  protected  cloud/elfin  forest  areas  on  the  cm  long,  as  long  as  or  subequal  to  leaf  length,  the 
edges  of  the  taller  tepui  summits.  peduncle    12    cm    long,    sparsely   lepidote,   the 

branches  5-6,  racemose,  12-15-flowered,  2.5-4 

10.  Cybianthus  cardonae  Agostini,  Bol.  Soc.      """^  ̂**"S'  ̂ ^''^^  ̂ '"^^^^  chartaceous,  nar
rowly  ovate, 

Venez.  Ci.  Nat.  22:  386.  1976.  TYPE:  Ven- apex  acute,  0.6-1.0  mm  long,  0.1-0.2  mm  wide, 

ezuela.  Bolivar:  Alto  Paragua,  Cerro  Tabare-      ̂ ^""^^^  ̂ ^P^^***^  adaxially,  the  margin  entire,  gla- 

rupa,  500  m,  1  July  1944  (stam.  fl),  Cardona      ̂ ™"^'  P*'*^'*^*''^  **^^*^*^'  *^'"'  ̂ "^  ™"  '^"S'  ̂ P'^^^^ recurved  in  anthesis  and  fruit,  densely  lepidote. 

Flowers  4-merous;  calyx  cupuliform,  chartaceous, 

1.1-1.4  mm  long,  the  tube  0.2-0.4  mm  long,  the 

1081  (holotype,  VEN;  isotypes,  F,  NY,  US). 

irub  or  tree  to  8  m  tall:  branchlets  subaneular. 

2-4  mm  diam.,  densely  lepidote,  at  times  glabres-  lobes  erect,  deltate  to  ovate-deltate,  symmetric, 
cent.  Leaves  widely  elliptic  to  elliptic,  subcoria-  0.7    0.9  mm  long  and  wide,  apex  acutely  rounded, 
ceous  to  coriaceous,  1 0- 1 8  cm  long,  5-7  cm  wide,  with  2-6  conspicuous  orange  punctations,  with  few 
apex  acute  or  short-acuminate,  base  acute,  de-  lepidote  scales,  the  margin  entire,  irregular,  lepi- 
current  on  the  petiole,  midrib  depressed  above,  dote;  corolla  unknown.  Fruit  depressed-globose,  4- 
prominently  raised  below,  nerves  30-50  pairs,  con-  6  mm  long,  5-7  mm  diam.  when  dried,  smooth. 
spicuous  above  and  below,  densely  glandular-scro- 

biculate  above,  densely  ferrugineous  lepidote  be-  Distribution.  Endemic  to  the  Gua
yana  Shield, 

low,  the  margin  entire,  epunctate,  subrevolute;  "^  *^^  Neblina,  Duida,  and  Jaua  comp
lexes  (Ma- 

petioles  marginate  distaUy,  squarrose  proximally,  ̂ uire,  1 979).  It  is  notable  that  it  has  thus  far  not 

1 .5  2.0(-3.0)  cm  long,  densely  lepidote.  Stami-  ̂ ''''  coUected  in  the  Sipapo-Yutaj6  Complex,  which 

nate   inflorescence:   a  lax   pyramidal  to  subpyr-  ̂ ^^  °°^*^  °^  *^^  ̂ ^'°  Ventuari  drainage.  The  ab- 
amidal  panicle,  erect,  8-15  cm  long,  about  as  long  '  -       „, 

as  the  leaves,  the  peduncle  1-2  cm  long,  sparsely  ̂ '"""^  ̂ "*^  ̂ ^*^  f'"^^  °ther  Myrsinaceae  and  Clu^ 

lepidote,  the  branches  5-6,  racemose,  20-55-flow-  ^iaceae,  support  the  notion  that  the  affinities
  of 

ered,  2.5- 1 0  cm  long;  floral  bracts  chartaceous,  Guaiquinima's  flora  He  with  the  Guyana 
 Pakaraima- 

narrowly  ovate,  apex  acute,  0.6-1.0  mm  long,  Venezuelan  Gran  Sabana  Subprovince, 
 rather  than 

0.1-0.2  mm  wide,  densely  lepidote  adaxially,  the  ""^^  ̂ ^^  Caroni-Rio  Negro  Subprovince,  as  pos- 

margin  entire,  glabrous;  pedicels  terete,  thin,'l-3  *^^*^*^  ̂ V  ̂^^guire  (1979).  The  occurrence  of  this 

mm  long,  apically  recurved  in  anthesis  and  fruit,  *^''°"  ̂ "  ̂^""^  ̂ '"^*^^'  Amazonas,  Brazil,  once  again 

densely  lepidote.  Flowers  4-merous,  whitish  yellowj  •"cinforces  the  notion  that  Araca's  flora 
 is  intimately 

calyx  cupuliform,  chartaceous,  1.1-1.4  mm  long. 

iinima 

Duida be 

to  ovate-deltate,  symmetric,  0.7-0.9  mm  long  and 

It  occurs  in  the  region  at  80- 1 ,800  m  altitude. 
   t 

Ecology.      Cybianthus  cardonae  is  a  conspic- wide,  apex  acutely  rounded,  with  2-6  conspicuous  uouselement  of  the  cloud/elfin  forest  of  the  summit 
orange  punctations,  with  few  lepidote  scales,  the  edge,  near  a  large  waterfaU  on  the  southern  side 
margin  entire,  irregular,  lepidote;  corolla  campan-  of  the  northern  mountain  of  Serra  Araca.  These 

ulate,  membranaceous,  2.5-3.1  mm  long,  the  tube  small  patches  of  cloud  and  elfin  forest  located  on 
0.8-1 .0  mm  long,  the  lobes  ovate  to  ovate-eUiptic,  plateau  edges  are  floristicaUy  as  weU  as  physiog- 
united  ca.  H  length,  1.8-2.2  mm  long,  0.9-1.4  nomically  distinct  from  the  more  extended  cloud mm  wide,  somewhat  reflexed  in  anthesis,  apex  ob-  forests  below  elfin  forest  formations  on  smaller, 

tuse  to  rounded,  symmetric,  sparsely  lepidote  with-  protruding  plateaus  scattered  over  the  broad,  prin- out,  glandular-granulose  apically  within,  glabrous 

mens  2,1 punctate tube cipal  plateaus  of  the  tepuis.  It  appears  that  the 

pistillate  flowers  are  ephemeral,  as  a  number  o 

.  .  fruiting  specimens  were  seen  and  collected,  wiui 
long,  inconspicuous,  hyaline,  elobate,  the  apicaUy      the  pistUlate  coroUa  remains  unknown.  In  the  rest 
free  filaments  0.2-0.5  mm  long,  terete,  glabrous,      of  its  range,  C.  cardonae  is  infrequently  encoun- the  anthers  lanceolate,  dorsifixed  ca.   V4  length,      tered  in  small,  elfin  cloud  forests  in  protected  areas 
dorsally  curved,  0.9-1.0  mm  long,  0.2-0.3  mm      at  the  edge  of  steep  clifl-s  on  tops  of  the  tepuis- wide,  apex  acute,  base  cordate,  the  connectives  rt. 

prominently    brown    punctate    dorsally    pistillode  Specimens  examined.      Venezuela.  Territobio    ̂  

conic,  1.5-1.7  mm  long,  0.5-0.6  mm'diam.,  the     sZ'Tp''''%°r1:A^%'^tT^n'^?650^l^'^'- 
ovary  lepido.e,  hollow,  ,he  style  gl.Wous,  ,he  s.ig.     19Xa^a\S:Al-,!'S6;«-,S.  NV.  Ve5k 
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Camp  IV,  15  km  NNE  of  Pico  Phelps,  N  branch  of  river       peduncle,  pedicels,  and  axis  densely  lepidote,  the 
^AT"' J«0  "^'  15    18  Mar.  1984  (fr),  Liesaer  16678      ̂ ^ales  not  overlannin. .  .  .    r>       i-  1  .^^         —   rr"'&>  peduncle  (0.2-)0.5-0.8  mm V— ,  .X..  V,  ̂ ^x/^  Aracamunj,  summit.  Proa  Camp,  1,400       ,  n       i  i  ■  i  i  i 

m,  26  Oct.  1987  (fr),  L/esner  et  al  22486  (MO,  VEN),       '^"8'  ̂ ^'■^'  ̂ ^^^*^  ̂ ^^*^  *^  ̂ ^^^^^  ̂ ^^t^'  ̂ ^^^*^- 
2  Nov.  1987  (fr),  22760  (MO,  VEN);  Depto.  Atabapo,       ceous,  0.5-0.6  mm  long,  0.3-0.4  mm  wide,  apex 
Cerro  Duida,  1 ,000  m,  Jan.-Feb.  1969  (stam.  fl).  Farinas       acute,  densely  lepidote  adaxially,  the  margin  entire, 

Wn/^ljy k!!^^'  ̂̂ ^n^j^^^^^n^Z'*''o^^^/*^      ̂ "i^fr^"      glabrous.  Flowers  (4-)5-merous;  calyx  cupuliform, 
carnose,  0.9-1.2  mm  long,  the  tube  0.2-0.4  mm 

long,  the  lobes  deltate  to  ovate-triangular,  0.6-0.8 
mm  long  and  wide,  apex  acute  or  acuminate,  rarely 

huaca,  near  base  of  Duida,  100  m,  27  Oct.  1988  (fr), 
Liesner  25496  (MO,  US,  VEN),  28  Oct.  1988  (fr),  Lles- 
ner  25533  (MO,  US,  VEN);  Cerro  Marahuaca,  slopes, 
"sima,"  1,200  m,   16  Oct.   1988  (fr),  Liesner  24964 
(MO,  VEN);  Cerro  Huachamacari,  E  slope,  600-700  m,       obtuse,  attenuate  to  a  rounded  tip,  conspicuously 

vIr'r'^^o^  ̂^'^'  ̂ o'T  ̂ IV^  !^°'  ̂^'  ̂^^^-  ̂'''^''      t>r«^"  punctate,  the  margin  entire,  lepidote;  corolla var:  Rfo  Orinoco,  30  km  below  la  Urbana,  80  m,   14 

Mag 

cupuliform. 56,  1.5-2.5  mm  long,  the  tube 

VEN);  Meseta  de  Jaua,  Cerro  Jaua,  summit,  1,750-1,800  0.5-1.0  mm  long,  the  lobes  ovate  to  broadly  ovate, 
m,  22  Feb.  1974  (stam.  fl),  Steyermark  et  al.  109300  1.2-1.7  mm  long,  0.7-0.9  mm  wide,  apex  atten- 
(US,  VEN)  Brazil.  amazonaS:  plateau  of  Serra  Araca,  yate  to  a  round,  cucuUate  tip,  at  times  with  a  few, 

VEN),  plateau  of  N  massif,  N  summit,  1,600  m,  23  Feb.  glandular-granulose  withm  over  the  entire  surface, 

1984  (stam.  fl),  Prance,  Pipoly,  et  al  29429  (INPA,  punctations  brown,  submarginal,  the  margin  entire, 

K,  MG,  MO,  NY,  US,  VEN).  -  -    -    - 

Cybianthus  cardonae  may  be  confused  with  C 

glabrous;  stamens  1.5-1.6  mm  long,  adnate  0.5- 

1.0  mm  to  corolla  tube,  the  staminal  tube  0.3-0.4 

Punr/«/;/s:K,.trv,^    u               /  ji_    ■.          .1                  n^rn  long,  carnose,  bearing  lobes  alternating  with 
/'w^fcmm**  but  may  be  separated  by  Its  acute  leaves,        ,  .  ̂„     ̂        ̂ ,   ^y^  ,    ̂   ̂   ,  _    ̂ ^^ recurved  pedicels,  and  the  membranaceous  corolla. 

n.  Cybianthus  lepidotus  (Gleason)  Agostini, 
Bol.  Soc.  Venez.  Ci.  Nat.  22:  388.   1976. 

the  apically  free  filaments  0.1-0.2  mm  long,  the 
filaments  flat,  0.3-0.4  mm  long,  erect,  glabrous, 

the  anthers  dorsifixed  less  than  14  from  base,  ovate- 

triangular,  0.6-0.7  mm  long,  0.4-0,5  mm  wide. 

Conomorpha  lepidota  Gleason,  Bull.'  Torrey      Tt  ̂ '"/""T  'V  "Tt^  *'^'  'T"^  '"'f  f' Bot.  Club  58:  446.  1931.  type:  Venezuela, 
lerritorio  Federal  Amazonas:  summit  of  Mt. 

Duida,  1,500  m,  Aug.  1928-Mar.  1929  (pist. 
fl),  Tate  741  (holotype,  NY;  isotype,  US). Figure  10. 

slightly  dorsally  reflexed,  the  connective  epunctate; 

pistillode  lageniform,  1,1 -L2  mm  long,  hollow, 

costate  basally,  sparingly  translucent  lepidote,  pel- 

z/( 
(2)6- 16  cm  long,  6 

pedun 

icels,  and  axis  densely  lepidote,  the  scales  not  over 

conomorpha  curvivenia  Gleason,  Bull.  Torrey  Bot.  Club       lapping;  peduncle  0.6-0.8  mm  long;  floral  bracts 
58:444.  1931.  type:  Venezuela.  Terr itorio  Federal       ovate  to  widely  ovate,  chartaceous,  0.5-0.6  mm 

long,  0.3-0.4  mm  wide,  apex  acute,  densely  lep- 

idote adaxially,  the  margin  entire,  glabrous.  Flow- 

Amazonas:  Mt.  Duida,  1,260  m,  Aug.  1928-Mar. 
1929  (stam.  fl),  Tate  927  (holotype,  NY;  isotype. 

Conomorpha  lepidota  Gleason  f.  acutata  Steyermark,       ers  5-merous;  calyx  cupuliform,  carnose,  0,9-1-2 
Fieldiana,  Bot.  28(3):  465.  1953.  TYPE:  Venezuela. 
Territorio  Federal  Amazonas:  Cerro  Duida,  2  Dec. 
m4  (fr),  Steyermark  58265  (holotype,  F;  isotype, 

lobes 

deltate  to  ovate-triangular,  carnose,  0.6-0.8  mm 

long  and  wide,  apex  acute  or  acuminate,  rarely 

obtuse,   attenuate  to  rounded   tip,  conspicuously 

Shrub  or  smaU  tree  to  6  m  tall;  branchlets  terete,      brown  punctate,  the  margin  entire,  lepidote;  corolla 

"■^-5  mm  diam.,  densely  lepidote.  Leaves  elliptic 
"arrowly   elliptic,   chartaceous   to   coriaceous. 

tube 

0.5 
lobes 

(3;l-)5-15  cm  long,  1.6-6  cm  wide,  apicaUy  acu-  1.2-1.7  mm  long,  0,7-0.9  mm  wide,  apex  atlen- 

^inate,  the  acumen  0.3-2.0  cm  long,  basally  acute  uate  to  a  round,  cucullate  tip,  at  times  with  a  few, 

*o  obtuse,   midrib  depressed  above,  prominently  scattered  lepidote  scales  without,  glabrous  without, 

""aised  below,  nerves  24-28,  inconspicuous  above  glandular-granulose  within  over  the  entire  surface. 
below,  pustulate  and  densely  lepidote  above  at 

^st,  glabrescent,  densely  lepidote  below,  the  scales 

punctations  brown,  submarginal,  the  margin  entire. 

Overlapping,  inconspicuously  pellucid  punctate,      0,5 
™  Margin  entire,  subrevolute  to  revolute;  petioles      0.6 

taminodes    1.21-3  mm  long,  adnate 

tube,  the  staminal  tube  0.5- 
bearinc  lobes 

*hin,  marginate,  1 .0-2.5  cm  long,  densely  lepidote. 
^trunnte  inflorescence:  a  spike,  rarely  two  sub- 

^^fisile  spikes,  (2-)6-16  cm  long,  8-15.flowered, 

nun 

the  filaments  flat,  0.3   0.4  mm  long,  erect,  gla- fromba 
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Figure  10. 
B.  Staminate  corolla  lobe,  dorsal  view, — C. A.  Staminate  flower,  showing  pistillode  and  conspicuous  staminal  tube.— 

D.  Staminate  corolla  lobe,  lateral  view. — E.  Staminate  calyx  lobe,  dorsal  and  ventral  views. — 
—I.  Placenta,  showing  two  naked 

Cybianthus  lepidotus  (Gleason)  Agostini.— 
Staminate  corolla  lobe,  showing  glandular  granules,  punctations,  and  anther  habit. 

F,  Pistillate  flower. — G.  Pibtlllate  corolla  lobe,  dorsal  view. — H.  Pistillate  corolla  lobe,  showing  glandular  granules,  punctations,  and  anther  habit, 

ovules.  —  J.  Anther,  ventral  view.  —  K.  Anther,  dorsal  view. — L.  Anther,  lateral  view.  —  M.  Sterile  anther,  ventral  view.  —  N.  Pistil. — O.  Leaf.  (A-E,  J-L,  from  Steyermark  74900; 

F-1,  M,  N,  from  hololype;  O,  from  Tate  927.) 
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dehate,  0.7-0.8  mm  long  and  wide,  apex  attenuate      (stam.  fl),  Prance,  Pipoly,  et  al.  29239  (F,  INPA,  MG, 

to  a  rounded  tip,  basally  cordate,  sliehtly  dorsaUy      ̂ ^^  ̂ Y,  US),  23  Feb.  1984  (stam,  fl),  29247  (F,  INPA, 

,,fl^_i   ,.  ,.     ̂   ,  /      r  ./      .^       -^       K.MG,  MO,  NY,  US),  S  side  of  N  plateau,  1,150-1,250 
eflexed  the  connective  epunctate;  pistJ  pynform,      ̂ ^  ̂ ^  ̂ ^^^   ̂ 984  (stam.  fl),  Pipoly  et  al  6703  (INPA, 
1.4-1.5  mm  long,  the  ovary  1-1.2  mm  diam,,  the      k,  MG,  MO,  NY,  RB,  US,  VEN).  Bolivia,  la  paz:  Prov. 
style  not  differentiated,  the  stigma  punctiform,  the       Nor  Yungas,  valley  of  Rio  Coroico,  Sacramento,  10  km 

placenta  patelliform,  bearing  2(-3)  naked  ovules.      NE  of  Chuspipata  on  Coroico  Rd.,  27  Jan.  1984  (ster.). 
Gentry  &  Solomon  44668  (MO),  4  km  NE  (above)  Inabu- 
ara,  13.5  km  above  San  Pedro,  1,530-1,560  m,  22  Jan, 
1984  (stam.  fl).  Gentry  &  Solomon  44407  (MO);  Prov. 

Larecaja,  Maipiri,  6  Nov.  1926-28  Feb.  1927  (stam.  fl), 
Buchtien  i758  (HBG,  NY,  US),  Copacabana,  10  km  S 

Fruit  globose,  purple  at  maturity,  0.5-1 .0  cm  long, 

0.6-1.0  cm  diam.,  the  endocarp  smooth,  the  em- 
bryo curved,  3.5-4.0  mm  long. 

Uistnbution,      Guayana  Highland  of  Venezuela      ̂ f  Maipiri,  850-950  m,  8  Oct.~15  Nov.  1939  (fr),  Kru- 
and  sandstone  formations  in  Bolivia,  600-2,300      koff  10987  (A,  K,  MICH,  MO,  NY,  UC.  US). 
m  in  Venezuela,  850-950  m  in  Bolivia. 

Cybianthus  lepidotus,  restricted  to  sizeable  cloud 

Ecology,      Cybianthus  lepidotus  is  restricted  forests  in  transition  zones  between  sandstone  and 

to  large  cloud  forest  formations  in  transition  zones  diabasic  intrusions,  is  most  easily  recognized  by  its 

between  sandstone  and  diabasic  intrusions.  It  is  long,  lax  spikes.  When  sterile,  it  may  be  confused 

often  associated  with   species  of  Erythroxylum,  with  C.  roraimae,  but  may  be  easily  distinguished 

which  are  also  edaphic  endemics.  It  is  interesting  by  the  branchlets  2-2.5  (not  3.5-4.5)  mm  in  di- 

to  note  that,  in  popidations  on  Serra  Araca,  I  did  ameter.  It  may  also  be  confused  with  C.  punctatus 

not  observe  any  flowering  individuals  less  than  2  and  C  carcfonae.  For  a  discussion  of  the  differences 

m  m  height.  This  is  rather  unusual  in  Cybianthus,  between  these  taxa  in  sterile  condition,  see  C.  car- 

>vhere  precocious   flowering  is    frequent  (Pipoly,  donae, 
1981,  1983b,  1987).  The  cloud  forest  in  which  The  area  of  Bolivia  in  which  this  species  has 

C.  lepidotus  was  encountered  was  notably  wetter  been  collected  is  of  biogeographic  interest  because 

and  colder  than  the  cloud/elfin  forest  in  which  C.  it  also  supports  several  other  Guayana  Highland 
cardonae  had  been  found.  The  forest  was  located  taxa  in  the  Ericaceae  and  Clusiaceae.  It  is  inter- 

on  a  small  plateau  arising  from  the  principal  plateau iff  10987  is  identical,  both 

Duid 
of  the  mountain  and  was  dominated  by  Perisso-      itatively  and  quantitatively,  to  specimens  of  C. 
<^(^rpa.  The  soils  were  extremely  wet,  yet  well- 
drained,  humus  with  deep  leaf  litter. 

Specimens  examined.  VENEZUELA.  TERRlToaiO  FE- 
DERAL AMAZONAS:  Depto.  Atabapo,  below  Salto  Los  Monos 

on  tributary  of  headwaters  of  Rio  Iguapo,  1,500- 1,600 
VPN^  ̂^^'  ̂ ^^^  (^^^^'  fl)'  Liesner  18537  (MO,  NY, 
I  tN);  Cerro  Huachamacari,  E  slope,  600-700  m,  3  Nov. 
^^88  (fr),  Liesner  25744  (MO,  US,  VEN),  (stam.  fl), 
^5745  (MO,  US,  VEN);  Depto.  Rio  Negro,  Cerro  de  la 
^eblina,  Camp  VII,  S  slopes  of  Cafion  Grande,  1,770- 
j^oSO  m,  30  Nov.  1984  (pist.  fl,  fr),  Croat  59505  (MO, 
Vrk  ̂^^)*  ̂   ̂^^'  1^^^  (^*^"^-  fl)'  Reriner  2088  (US, 
^tN);  Cerro  Yavl,  2,200  m,  1  Mar.   1947  (stam.  fl)> 

12.  Cybianthus  sipapoensis  Pipoly  &  Agostini, 

Ernstia  50:  36.  1988.  TYPE:  Venezuela,  Ter- 

ritorio  Federal  Amazonas:  Cerro  Sipapo,  along 

middle  of  Caiio  Negro,  1,600  m,  6  Jan.  1949 

(stam.  fl),  Maguire  &  Politi  28181  (holotype, 

VEN;  isotypes,  F,  LL,  NY).  Figure  11. 

Shrub  to  small  tree;  branchlets  terete,  2.5-3 

mm  diam.,  densely  ferrugineous  lepidote;  leaves 

chartaceous,  narrowly  obovate,  9-13  cm  long,  3.5- 

Phelps  &  Hitchcock  32  (NY,  VEN),  1,800  m,  (stam.       4.5  cm  wide,  apically  subacummate  to  acu
mmate, 

n).  Phelps  &  Hitchcock  1 74;  Cerro  Paru,  summit,  2,000       basally  acute,  midrib  depressed  above,  prommently 

^^  ̂''^-  ̂ ^^^  (^*^'"-  fl)'  C'^"'«"  *  Wurdack  31221 
^^n  (fr),  31342  (NY).  BOLIVAR:  Chimantd  Massif,  above 
nj'd^e  falls  of  RJo  Tirica,  1,925  m,  5  Feb.  1955  (stam. 
n).  Sieyermark  <&  Wurdack  501  (NY,  VEN),  Amuri- 

loo'  ̂ ^  ̂''*°'"  °*"  Acopan-tepui),  1,950  m,  2-5  Feb. 
VvS  (^^^r-).  Sieyermark  et  al.  128734  (MO,  NY,  US, 
♦*^N),  summit  of  Apacar£-tepui,  2,125-2,300  m,  23 
War.  1953  (stam.  fl),  Sieyermark  74900 (MO,  NY,  VEN). 
slope  below  summit,  2,000-2,150  m,  20  June  1953 
<stam.  fl),  Sieyermark  75185  (MO,  NY,  VEN),  wide 
!.ajey  in  the  SE  sector  of  Apacar£-tepui,  2.150  m,  6-9 
[eb.  1985  (pist.  fl),  Huber  et  al.  8882  (NY,  US.  VEN); 
Meseta  de  Jaua,  Cerro  Jaua,  1,922-2.100  m,  22  Mar. 
^967  (pist.  fl,  fr),  Sieyermark  98704  (VEN).  Brazil. 
JMazonas:  plateau  of  N  massif  of  Serra  Araca,  cloud 
lorest  of  uppermost  plateau.   1,600  m.  22  Feb.   1984 

raised  below,  nerves  30-40  pairs,  reticulate,  con- 

spicuous above  and  below,  pellucid-punctate, 

sparsely  lepidote  and  smooth  above,  glabrescent, 

moderately  lepidote  below,  the  margin  entire,  sub- 

revolute;  petioles  canaliculate,  1.3-1.6  cm  long. 

Staminate  inflorescence:  a  condensed  spike,  0.8- 

1.0  cm  long,  5-8-flowered;  floral  bracts  ovate  to 

ovate-triangular,  ca.  1  mm  long,  0.8- 1 .2  mm  wide, 

apex  acute,  pellucid-punctate,  moderately  lepidote 

below,  the  margin  irregular,  entire,  glabrous;  ped- 

icels absent,  rarely  to  0.3(-0.6)  mm  long,  sparsely 

lepidote.  Flowers  2.5-3.3  mm  long;  clayx  deeply   i:f   „^^^r^ca     1   il-l  ft  mm  Innf.   the  tube 
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Figure  11.      Cybianthus  sipapoensis  Pipoly  &  Agostini. — A 

Opened  staminate  flower,  showing  cucullate  corolla 
■      -C.  Leaf, 

lobes,  glandular  granules,  fused  staminal  tube,  and  pistillode.— ̂ B.  Staminate  calyx,  showing  lepidote  scales, 
abaxial  view.  (From  holotype,) 

1 

0.6-0.8  mm  long,  the  lobes  deltate  or  ovate-tri-  patently  epipetalous  sessile  anthers.  It  may  be  con- 
angular,  ca.  1 .0  mm  long,  0,8- 1 .2  mm  long,  apex  fused  with  C  spathulifolius,  but  is  easily  separated 
acute,  sparsely  lepidote,  conspicuously  brown  by  its  leaves  chartaceous  (not  coriaceous),  with 

punctate,  the  margin  irregular,  entire;  corolla  cu-  subrevolute  (not  flat)  margins,  and  with  petioles 

puliform,carnose,  2.4-3.2  mm  long,  the  tube  1.2-  1.3-1.6  (not  0.1-0.2)  cm  long,  the  petals  erect 
1.5  mm  long,  the  lobes  erect,  ovate-triangular,  (not  tortuous),  and  the  anthers  sessile  (not  on  fi]- 
1.4-1.8  mm  long,  0.9-1.1  mm  wide,  apex  acute  aments  0.30.4  mm  long). 
or  subacute,  cucullate,  glabrous  and  sparsely  lep- 

idote without,  densely  glandular-granulose  within  13.  Cybianthus  holstii  Pipoly,  sp.  nov.  TYPE: 
and  along  the  margin,  pellucid-punctate;  stamens 

0.8-1.0  mm  long,  the  tube  1.3-1.8  mm  long, 
developmentally  fused  to  the  corolla,  the  anthers 

dorsally  recurved,  sessile,  ovate -triangular,  0-8- 
1.1  mm  long,  0,60.8  mm  wide,  apex  long-atten- 

uate, glabrous,  prominently  brown  punctate  dor- 
sally;  pistillode  lageniform  or  obovoid,  ca.  1.5  mm 
long,  the  ovary  0.8  mm  long,  0.5  mm  diam.,  trans- 

lucent lepidote,  the  style  ca.  0.8  mm  long,  prom- 

Venezuela.  Territorio  Federal  Amazonas:  Dep- 

to.  Ature,  W  side  of  valley  of  Rio  Coro-Coro, 

8  km  NNW  of  settlement  of  Yutaje,  500- 

1,000  m,  26  Feb.  1987  (pist.  fl,  fr),  Uesner 

&  Hoist  21418  (holotype,  VEN;  isotypes,  MO, US).  Figure  12. 

Q 

unknown.  Fruit  unknown. 

i/ 

crateriformes,  corollarum  lobos  abaxaliter  carinatos  erec- 

tos  ad  apicem  cucullatosque  pistillum  apophysatum,  y- 

huberi  arete  affinis,  sed  ilia  ab  hac  laminis  membranaceis 

(nee  coriaceis)  staminodii  tubos  inconspicuos  (nee  con- 
spicuos)  lobulis  filamentis  aUerans  destitutis  (nee  praeditisj 

10) 

Distribution.      Endemic  to  Cerro  Sipapo  (Pa-      antheris  glabris  eglandulosisque  (nee  rufo-papilosis  brunj 

raque),  1,600  m.  Known  only  from  the  type.  neo-glandulosisque)  fructibusque  4.0-4.5  (nee  5.5- 

Ecology.      Cybianthus  sipapoensis  is  appar- 
ently restricted  to  cloud  forests  on  steep  slopes. 

mm  diametris  statim  distinguitur. 

2 nun 
Shrub  to  2  m  taU;  branchlets  thin,  fragfle,  1 .5' 

  diam.,    terete,    densely    stipitate-lepidote. Cybianthus  sipapoensis  is  easily  recognized  by      Leaves  obovate,  membranaceous,  6.0-9.5  cm  long 
the  condensed  spicate  inflorescence  and  the  ap-      (1.5-)2.2-3.5  cm  wide,  abruptly  caudate  apicallv, 

Figure  12. 

„;st.ll  .t.  flower    9'^'"'"^"'  ̂ /'^■^"'  P'Poly--A.  Habit.-B.  Pistillate  flower,  showing  crateriform  calyx.-C  Op^ pistdlate  flower,  showing  apophysate  ovary  and  sub.essile  sterile  anthers.  (From  holotype.) 
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the  acumen  1.6-4.0  cm  long,  obtuse  to  rounded  membranaceous  (not  coriaceous)  leaves  with  cau- 

basally,  sUghtly  decurrent  on  the  petiole,  midrib  date  (not  short-acuminate)  apices,  the  inflorescence 

depressed  above,  prominently  raised  below,  nerves  5-8(not  l-2)-flowered,  and  the  glabrous  (not  ru- 
very  fine,  conspicuous  above  and  below,  very  mi-  fous  papillate)  anthers.  This  species  is  dedicated  to 

nutely  scrobiculate  above,  moderately  lepidote  be-  Bruce  Hoist,  specialist  in  Myrtaceae  and  keen  stu- 
low,  the  scales  along  the  midrib  and  margin  slightly  dent  of  the  Guayana  flora, 

overlapping,  pellucid -punctate;  petioles  thin,  can- 

aliculate, 1 .2-1.5  cm  long,  ridged  abaxially,  dense- 
ly lepidote  toward  the  base.  Staminate  inflores- 

cence: not  seen.  Pistillate  inflorescence:  a  spike, 

0.5-1.5(-2)  cm  long,  5-8-flowered,  densely  lepi- 
dote; floral  bracts  deltate,  ca.  0.9-1.1  mm  long 

14.  Cybianthus  guyanensis  (A.  DC.)  Miquel  in 

Martius,  Fl.  Bras.  10:  298.  1856.  Figures. 

13,  14. 

Shrub  or  small  tree  to  8  m  tall;  branchlets  terete, 

and  wide,  apex  acute,  densely  lepidote  abaxially,  2-3  mm  diam.,  densely  lepidote.  Leaves  narrowly 

the  margin  irregular,  entire,  glabrous;  pedicels  ab-  obovate,  narrowly  elliptic,  or  oblong,  membrana- 
sent  or  rarely  to  0.1    mm  long.   Flowers  4(-5)-  ceous  to  chartaceous,  8-20  cm  long,  2.0-3. 5(- 

merous,   sessile   or   subsessile;   calyx  crateriform,  6.0)  mm  wide,  apex  acuminate  to  abruptly  acu- 
coriaceous,   1.7-2.1   mm  long,  the  tube  ca.    1,0  minate,  the  acumen  0.5-2  cm  long,  base  acute, 
mm  long,  the  lobes  very  widely  triangular,  erect,  decurrent  on  the  petiole,  the  midrib  depressed  above, 

0.7-1.1   mm  long,    1.1-1.5  mm  wide,  the  apex  prominently  raised  below,  nerves  (15-)20-40  pairs, 
rounded,  prominently  black  punctate  without,  lep-  inconspicuous  or  slightly  raised  above  and  below, 
idote  near  the  margin,  the  margin  entire,  glabrous;  the  upper  surface  smooth  or  slightly  wrinkled  when 

corolla  cupuliform,  coriaceous,  2.5-2.8  mm  long,  dried,  densely  lepidote  at  first,  glabrescent,  lower 
the  tube  0.5  mm  long,  the  lobes  oblong,  erect,  surface  sparsely  to  densely  lepidote,  pellucid-punc- 
2.0-2.3  mm  long,  0.7-1.1  mm  wide,  apex  round-  tate,  the  margin  entire,  flat;  petioles  canaliculate 
ed,  cucuUate,  strongly  carinate  without,  pellucid  and  slightly  marginate  distally,  0.5-1.9(-2.3)  cm 
punctate  apically  and  along  margin  without,  glan-  long,  densely  lepidote.  Staminate  inflorescence:  a 

dular  granulose  only  along  margin  within,  the  mar-  raceme,  a  subsessile  pseudoverticel  of  2-3  ra- 

gin  entire,  glabrous;  staminodes  2.0  mm  long,  the  cemes,or  a  panicle  2-8  cm  long;  peduncle,  branch- 

tube  inconspicuous,  membranaceous,  elobate,  0.5  es,  and  axis  densely  lepidote;  peduncle  0.1-0.5 
mm  long,  the  apically  free  filaments  ca.  1,0  mm  cm  long;  floral  bracts  ovate  or  ovate-triangular, 
long,  adnate  to  the  corolla  lobes,  the  anthers  ap-  0.6- 1.2  mm  long,  0.3-0.4  mm  wide,  apex  acute, 

pearing  epipetalous,  ovate,  0.8  mm  long,  0.5  mm  densely  lepidote  abaxially,  the  margin  entire,  gla- 
wide,  recurved  distally,  apically  apiculate,  the  ap-  brous;  pedicels  erect,  cylindrical,  (0.3-)0.5-1.0 
iculum  recurved  ventrally,  the  base  deeply  cordate; 

pistil  sessUe,  apophysate,  costate,  1.8-2.1  mm  long. mm  long,  moderately  lepidote.  Flowers  4-5-mer-
 

ous;   calyx  cotyhform  or  subcupuliform.  charta- the  ovary  1.4-1.6  mm  long  and  in  diam.,  glan-  ceous,  0.8-1.1  mm  long,  the  tube  0.20.4  mm 
dular-lepidote,  the  style  short,  0.2-0.3  mm  long,  long,  the  lobes  ovate-triangular,  0.6-0.8  mm  long, 
the  stigma  capitate,  2-lobed,  the  placenta  cubic,  0.5-0.7  mm  wide,  apex  attenuate  to  a  round  or 
2-ovuIate,  the  ovules  covered  by  flaps  of  tissue,  acute  tip,  inconspicuously  pellucid  or  brown  punc 
Fruit  globose,  4.0-4.5  mm  diam,  when  dry. 

tate,  or  prominently  brown  or  black  punctate,  the 

m  elevation. 

Ecology,      Cybianthus  holstii  is  infrequently 

ilopes. 

margms 

Distribution.      Endemic  to  the  Guanay  and  Yu-      ""^^^in  lepidote,  entire,  glabrous;  ̂ ^^^^"^^^'"P^ 

taje  complex,  in  forests  on  talus  slopes  under  1  000      ̂ ^^^'  membranaceous  or  chartaceous,  
2.0  I- 

long,  the  tube  0.6- 1.0  mm  long,  the  lobes  ereci 

or  reflexed-recurved,  elliptic  or  ovate-triangular, 

1.2-1.7  mm  long,  0.6-1.0  mm  wide,  apex  acute 

to  attenuate  or  attenuate  to  a  rounded  tip,  uicon- 

spicuously  or  conspicuously  brown  punctate, 

punctations  few,  glabrous  externally,  glabrous  or 

densely    glandular-granulose    internally,    sparsely 

lepidote  or  glabrous  externally,  the  margins  g 

brous  or  glandular-granulose;  stamens  1.11-    " 

long,   the   staminal   tube   inconspicuous,  hyaiui  ' 

Paratypes.      VENEZUELA.  Depto.   Atures.   Rio  Coro- 
Coro,  W  of  Serranla  de  Yutaje,  9  km  N  of  settlement 
600  m.  26  Feb.  1987  (pist,  fl.  fr),  Hoht  &  Liesner  3185 
(MO,  US,  VEN),  CaSo  Yutaje,  right  branch,  Rio  Mana- 
piare,  1,400  in,  9  Feb.  1987  (pist,  fl),  Masuire  35097 
(F,  MO.  NY,  US,  YEN). 

membranaceous,  0.6-1.1   mm  long,  elobate, 
Cybianthus  holstii  is  most  closely  related  to  C.      apicaUy  free  filaments  terete,  recurved  ventraUy, 

kuberi  but  can  be  easily  separated  from  it  by  the      0.2-0.9  mm  long,  eglandular,  glabrous,  the  an- 
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A.  Habit.— B.  Staminate  flower. Figure  13.      Cybianthus  guyanensis  (A.  DC.)  Miquel  subsp.  guyanensis 

Y  Staminate  corolla  lobe,  showing  elongate  apically  free  iiJament  and  tortuous  anther, 

lateral  view.-E.  Pi.tillode.-F.  Anther,  ventral  view.-G.  Anther,  dorsal  view,  showing  darkened  connective. 
D.  Staminate  corolla  lobe, 

-H. 

Anther,  lateral  view.  (A,  modified  from  Miquel,  1856,  fig.  49,  B  II,  from  holotype.) 
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Figure  14.      Cybianthus  guyanensis  (A.  DC.)  subsp.  multipunctatus  (A.  DC.)  Pipoly, 

A.  Stamina te  flower.— 

C.  Staminate 

B.  Staminate  corolla  lobe,  ventral  view,  showing  elongate  apically  free  filament  and  tortuous  anther.— 
corolla  lobe,  lateral  view. — D.  Pistillode. — E.  Anther  and  filament,  lateral  view,  showing  wide  dehiscence  slit. 
Anther,  dorsal  view,  showing  darkened  and  punctate  connective.  —  G.  Anther,  ventral  view,  —  H,  I-  Leaves.  (A  U 
from  Pinkus  252;  H,  I,  from  Sagot  1031.) 

thers  dorsifixed  just  above  the  base,  narrowly  tri-      or  reflexed-recurved,  elliptic  or  ovate-triangular, 

1.2-1.7  mm  long,  0.6-1.0  mm  wide,  apex  acute 

gul 

curved,   0.5-0.8   mm  long,   0.3-0.4   mm   wide, 
apiculate  or  attenuate  to  an  acute  tip  at  apex,  the 

to  attenuate  or  attenuate  to  a  rounded  tip,  con 

punctate,  the  punctations  few, tip  dorsally  recurved,  cordate  basaUy,  the  connec-  glabrous  externally,  glabrous  or  densely  glandular- 
tive  inconspicuously  brown  punctate,  or  merely  granulose  internally,  sparsely  lepidote  or  glabrous 

darkened;  pistillode  lageniform  or  conic,  0.9-1.4  externally,  the  margins  glabrous  or  glandular-gran- 

mm  long,  basally  translucent  lepidote,  the  style  not  ulose;  staminodes   1.1-1.8  mm  long,  the  stami- 
differentiated,  the  stigma  not  developed.  Pistillate 

inflorescence:  a  raceme  or  panicle  2.5-8.0  cm 
unc 

peduncle  0.1-0.2   cm  long;   floral  bracts  ovate- 

nodial  tube  inconspicuous,  hyaline,  membrana 

ceous,  0.6-1.1  mm  long,  elobate,  the  filament; 

terete,    recurved    ventrally,    0.2-0.9    mm    long 
e^landnlar.    prlahrnii«     thp    anthers    dorsifixed  JltS 

gul 
1.2  mm  long,  0.3-0.4  mm  wide,      above  the  base,  tortuous,  narrowly  triangul 

apex  acute,  densely  lepidote  abaxially,  the  margin 

gular,  dorsaUy  recurved,  0.5-0.8  mm
 

entire,  glabrous;  pedicels  terete,  (0.3-)0.5-1.0  mm      long,  0.3-0.4  mm  wide,  apiculate  or  attenuate  to moderately 

5-merous;calyxcotyliformorsubcupuIiform,  char-      cordate   basally,    the 
an  acute  tip  at  apex,  the  tip  dorsally  recurved 

coruiecttve 

picuously 

taceous,  0,8-0,9  mm  long,  the  tube  0.2-0.4  mm      brown  punctate,  or  merely  darkened;  pistil  pyn- lobes  ovate-triangular,  0,6-0.8  mm 
0.5-0.7  mm  wide,  apex  attenuate  to  a  rounded  or 
acute  tip,  inconspicuously  pellucid  or  brown  punc- 

form,  1.4-1.6  mm  long,  the  ovary  0.7-0.8  mm 

-  -^,   im  diam.,  the  style  0.7-0.8  mm  long, 

or   not   well   differentiated,    the    stigma   capitate, 

tate,  or  prominently  brown  or  black  punctate,  the      2-lobed,  the  placenta  cotyliform,  the  ovules  2,  na- 
margin  lepidote,  entire,  glabrous;  corolla  campan-      ked.  Fruit  0.5-0.6  cm  long,  0.4-0-7  cm  diam-, 

mm 

mod 
lobes 

spicuously  pellucid-punctate. 



Volume  79,  Number  4 
1992 

Pipoly 

Cybianthus  subg.  Conomorpha  of 
Guayana 

943 

Distribution,  Cybianthus  guyanensis  occurs 

from  Venezuela  (Amazonas  and  Bolivar)  to  Brazil 

(Amazonas  and  Para),  Guyana,  Surinam,  and 
French  Guiana,  from  80  to  1,000  m. 

Ecology.  Cybianthus  guyanensis  grows  in 

lowland  Amazonian  igapo  forests  and  montane  for- 
ests. For  more  detailed  discussion,  see  comments 

under  each  subspecies. 

Preliminary  phylogenetic  analysis  (Pipoly,  un- 
published) revealed  that  C.  guyanensis  is  most 

closely  related  to  C.  pseudoicacoreus  by  the  syn- 
apomorphic  undulate  anticlinal  cell  walls,  subsessile 

inflorescence,  pyriform  pistil,  and  tortuous  anthers 
of  the  staminodes.  Cybianthus  pseudoicacoreus 

may  only  be  distinguished  from  C.  guyanensis  by 

its  cupuliform,  although  deeply  divided  (not  sub- 

cupuliform)  calyx,  the  staminate  corolla  2.8-3.2 

(not  2-2.6)  mm  long,  with  the  tube  1.2- 1.8  (not 

0.6-1.0)  mm  long.  Further  study  may  prove  that 
C.  pseudoicacoreus  is  best  treated  as  another  sub- 

species of  C.  guyanensis. 

In  his  dissertation,  Agostini  (1971)  recognized 

^-  guyanensis  as  a  distinct  species  and  considered 

It  most  closely  related  to  C.  peruvianus  and  C 
amplus.  He  separated  it  from  those  species  by  the 

combination  of  oblong -elliptic  leaf  blades,  the  short 
filaments,  the  corolla  2.3-2.6  mm  long,  with  lobes 
internally  glandular-granulose,  the  inconspicuous 

staminal  tube,  and  the  pedicels  0.5-1.0  mm  long, 
1  ne  description  provided  here,  based  on  many  more 
collections,  considerably  alters  the  aforementioned 

dular-granulose  within  and  along  margins;  sta- 
mens 1.5-1.8  mm  long,  the  tube  0.9- 1.1  mm 

long,  the  apically  free  filaments  shorter  than 
the  anthers,  0.20.4  mm  long,  the  anthers  nar- 

rowly triangular  to  ovate-triangular,  the  apex 
apiculate,  dehiscent  by  narrow,  introrse  slits; 
plants  of  igapo  forests    14a.  subsp.  guyanensis 

lb.  Petioles  0.5-1.0  cm  long;  leaves  slightly  asym- 
metric, the  acumen  0.5-1.0  cm  long;  calyx 

cotyliform,  the  lobes  attenuate  to  a  rounded 

apex;  corolla  membranaceous,  the  tube  0.6- 
0.7  mm  long,  the  lobes  distally  reflexed-re- 
curved,  1,2-1.6  mm  long,  0.6-0.8  mm  wide, 

apically  acute,  glabrous;  stamens  1.1-1.4  mm 
long,  the  tube  0.6-0.8  mm  long,  the  apically 
free  filaments  longer  than  the  anthers,  0.6-0.9 
mm  long,  the  anthers  ovate,  the  apex  acute, 
dehiscent  by  wide,  sublatrorse  slits;  plants  of 

premontane  forests  on  lateritic  and  sandstone 
substrates    14b.  subsp.  multipunctatus 

14a.  Cybianthus  guyanensis  (A.  DC.)  Miquel 

subsp.  guyanensis.  Figure  13. 

Conomorpha  guyanensis  A.  DC,  Ann.  Sci.  Nat.  2  ser. 
16;  92.  1841.  Peckia  guyanensis  (A.  DC.)  0. 
Kuntze,  Rev.  Gen.  2:  402.  1891.  Conomorpha 

peruviana  var.  /3  guyanensis  (A.  DC.)  Mez  in  En- 

gler,  Pflanzenr.  IV,  236:  262.  1902.  type:  Vene- 
zuela. Bolivar  [Guyana]:  sine  loc.,  1898  (stam,  fl), 

Schomhurgk  975  (holotype,  G-BOIS;  isotypes,  BM, 
F,  G,  GH,  K,  L.  P,  US,  W). 

Conomorpha  heterantha  Bentham  ex  Miquel  in  Martius, 
Fl.  Bras.  10:  304.  1856.  TYPE:  Brazil.  Prov.  Rio 

Negro,  Barra,  Dec.  1850-Mar.  1851  (pist.  fl).  Spruce 
1041  (lectotype,  here  designated,  M). 

Shrub  or  small  tree  to  5  m  tall.  Leaves  oblong 

ifl 

quantitative  characters.  For  a  discussion  of  rela-  ̂ ^  narrowly  elliptic,  symmetric,  membranaceous  to 
tionships  among  these  species,  see  C.  plowmanii.  chartaceous,  9-20  cm  long,  3-5.5  cm  wide,  apex 

In  Guayana,  C.  guyanensis  may  be  confused  acuminate,  the  acumen  1-2  cm  long,  nerves  20- 

with  C.  roraimae,  but  is  easily  separated  by  the  ̂ ^    ̂ ^j^.^.    petjoles    canaliculate    and    winged, 
branchlets  2-3  (not  3.5-4.5)  mm  diam.,  leaves  (j  0-)1.5-1.9(-2.3)  cm  long,   densely  lepidote. 
smooth  (not  pustulate)  above  with  flat  (not  revolute)  -     -    - 

margins,  the  petioles  (1. 0-)  1.5-1. 9(-2. 3)  (not  2-  pej^ncje  0.2-0.5  cm  long;  floral  bracts  ovate, 
3)  cm  long,  pedicels  0.5-1 .0  (not  2-3.5)  mm  long,  q.T-O.S  mm  long,  0.3-0.4  mm  wide;  pedicels  0.5- 
coroUa  campanulate  (not  subrotate),  the  lobes  erect  j  q  ̂ ^  j^^^g    flowers  4-5-merous;  calyx  subcu- 
to  spreading  (not  perpendicular  to  the  tube),  the  -  .        -     «  «   ̂   . 
anthers  distally  recurved  (not  erect),  and  the  sterile 
anthers  apically  tortuous  (not  erect). 

As  circumscribed  here,  C.  guyanensis  consists 

o|  two  subspecies,  C.  guyanensis  subsp.  guyanen-  j^^j-gin  lepidote,  entire,  glabrous;  corolla  charta- 
5W  and  subspecies  multipunctatus. 

mm 

lobes  subdelt 

0.6  mm  wide,  apex  attenuate  to  an  acute  tip, 

punctate 
mm  long,  the  tube 

lobes 

Key  to  Guayana  Subspecies  of 
Cybianthus  Guyanensis 

la. 

mm  long,  0.9- 1.0  mm  wide,  apex  attenuate  to  a 

rounded 

Petioles  (1.0-)1.5-1.9(-2.3)  cm  long;  leaves              brous  exte
rnally,  densely  glandular-granulose  in- Qvrr.^^*--      _-    ,  /  «  _- i„„^-  „„u.^  .   n,.    .r^orc^lv  UniHnte  externallv,  the  mareins 

syiiinietric,  ajjitcii  acujiicn  i—^  um  '"1*5?  \.a»j-^ 
subcupuliform,  the  lobes  attenuate  to  an  acute 
apex;  corolla  chartaceous,  the  tube  0.8-1.0  mm 

long,  the  lobes  erect  to  spreading.  1.6-1.7  mm 
'ong,  0.9-1.0  mm  wide,  apically  rounded,  glan- 

temally,  sparsely  lepidote  externally,  the  m
argins 

glandular-granulose;  stamens  1.5-1.8  mm  
long, 

the  staminal  tube  0.9-1.1  mm  long,  the  filament
s 

shorter  than  the  anthers,  0.2-0.4  mm  long,  th
e 
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anthers  narrowly   triangular   to   ovate-triangular,      Branquinho,  7  Apr.   1974  (stam.  fl),  Campbell  et  al 

0.5-0.8  mm  long,  0.3-0.4  mm  wide,  dehiscent     ̂ ^^^^6  (A,  C.  F.  INPA,  K.  MICH,  MO,  NY,  P,  US). 

uished by  narrow  introrse  sUts,  apex  apiculate,  the  tip  Subspecies   guyanensis  may   be   distin^ 
dorsally  recurved,  cordate  basally,  the  connective  fj.^^  subspecies  multipunctatus  by  the  longer  pet- 
merely  darkened;  pistillode  conic,  L2- 1.4  mm  long.  -^^^^^  (l,0-)1.5-2(-2.3)  cm  long,  the  coroUa  char- 
Pistillate  inflorescence:  a  panicle  2.5-8.0  cm  long;  taceous  (not  membranaceous),  with  tube  0.8-1  (not 
peduncle  0.2-0.5   cm  long;   floral  bracts  ovate,  0.6-0.7)  mm  long,  "the  lobes  glandular-granulose 0.70.8  mm  long,  0.3-0.4  mm  wide;  pedicels  0.5 

within  and  along  margins  (not  glabrous),  1.6-1.7 
1.0  mm  long.  Flowers  4-5-merous;  calyx  subcu-  (not  1.2-1.6)  mm  long,  0.9-1.0  (not  0.6-0.8)  mm 
puhform,  0.8-1.1  mm  long,  the  tube  0.3-0.4  mm  ^jj^^  apically  free  filaments  shorter  than  (not  lon- 
long,  the  lobes  subdeltate,  0.6-0.8  mm  long,  0.5-  g^^  than)  the  anthers,  and  narrowly  triangular  (not 0.6  mm  wide,   apex  attenuate  to  an  acute  tip,  ovate)  anthers 
inconspicuously  pellucid  or  brown  punctate,  the  ^he  type  specimen  of  Conomorpha  heterantha 
margin  lepidote,  entire,  glabrous;  coroUa  campan-  jg  pistillate,  and  therefore  has  shorter  pedicels,  sta- 
ulate,  chartaceous,   2.3-2.6  mm  long,  the  tube  ̂ ^^g  ̂ ^^^  shorter  than  the  petals,  and  a  broadly 
0.8-1.0  mm  long,  the  lobes  erect  or  spreading,  ̂ ^^^   ̂ ^^^^    ̂ j^^   feature  that  gave  rise  to  the 
eUiptic,  1 .6-1 .7  mm  long,  0.9-1 .0  mm  wide,  apex  specific  epithet,  the  heteromerous  perianth,  occurs 
attenuate  to  a  round  tip,  inconspicuously  brown  frequently  within  the  genus  and  is  not  constant 
punctate,  glabrous  externally,  densely  glandular-  ̂ ^^^g  ̂ j^^  specimens  examined. granulose  internally,  sparsely  lepidote  externally, 

the  margins  glandular-granulose;  staminodes  1.5- 
1.8  mm  long,  the  staminodial  tube  0.9-1.1  mm 

long,  elobate,  the  filaments  0.2-0.4  mm  long,  nar- 
rowly triangular,  or  ovate-triangular,  dorsally  re- 

curved, 0.5-0.8  mm  long,  0.3-0.4  mm  wide,  apex 
apiculate,  the  tip  dorsally  recurved,  cordate  ba- 

sally, the  connective  merely  darkened;  pistil  pyr- 

iform,  1.4-1.6  mm  long,  the  ovary  0.7-0.8  mm 
long,  1.0  mm  diam.,  the  style  0,7-0.8  mm  long, 
the  stigma  capitate,  2-lobed,  the  placenta  cotyli- 

14b.  Cybianthus  guyanensis  (A.  DC.)  Miquel 

in  Martins  subsp.  multipunctatus  (A.  DC) 

Pipoly,  comb,  et  stat.  nov.  Cybianthus  mul- 

tipunctatus A.  DC,  Ann.  Sci.  Nat.  2  ser.  16: 

94,  1841,  Conomorpha  multipunctata  (A- 

DC.)  Miquel,  Stirp.  Surinam.  Select.  lH-  t. 

34.  1850.  TYPE:  French  Guiana.  Cayenne, 

Martin  s.n.  (holotype,  P  not  seen).  Figure  14. 

Shrub  or  small  tree  to  8  m  tall;  branchlets  terete 

form,  the  ovules  2,  naked.  Fruit  0.5-0.6  cm  long,      2-3  mm  diam.,  densely  lepidote.  Leaves  narrowly 
0.4-0.7   cm  diam.,  exocarp  thin  to  moderately 
thick,  black,  inconspicuously  pellucid  punctate. 

Distribution.      Venezuela  and  Brazil  (Amazo- 

obovate  to  narrowly  elliptic,  asymmetric,  charta- 

ceous, or  rarely  membranaceous,  8-12(-1j;  c 

long,   2.0-3.5(-6)  cm  wide,  apex  acuminate  to 

abruptly  acuminate,  the  acumen  0.5-1  cm  long. nas  and  Para),  at  altitudes  of  80  to  1  000  m.  It      ̂ ^^^^^  \r^_^Q         ̂^        i^j^^  canaliculate,  0-5-1.0 
IS  assumed  that  the  type  {Schomburgk  975)  was      ^^  ̂   ̂ ^^.     ..^^^^     Staminate  inflorcs collected  in  Venezuela  rather  than  Guyana.  Stey- 
ermark  (1981)  discussed  the  fact  that  the  Schom- 

burgk coUections  were  probably  Venezuelan. 
cence:  a  raceme  or  rarely  a  subsessile  pseudoverti- 

cel  of  2-3  racemes,  2.5-5.0  cm  long;  peduncle 

0.1-0.2  cm  long;   floral  bracts  ovate-triangular, 
Ecology.      Subspecies  guyanensis  is  restricted      0.6-1.2  mm  long,  0.3-0.4  mm  wide,  apex  acute. 

to  inundated  black  water  forests  (igapo)  in  lowland 
Amazonia  on  white  sands.  It  is  apparently  infre- pedicels  (0.3-)0.5-1.0  mm  long.  Howers  4-niero

us, 

calyx  cotyliform,  chartaceous,  0.9-1.0  mm  long, 

bel  the  tube  0.2-0.3  mm  long,  the  lobes  ovale-
tnan- 

data  indicate  that  it  grows  on  the  banks  of  smaller  gular,  0.7-0.8  mm  long,  0.50.7  mm  wide,  apex streams  and  is  shade  tolerant. 

Representative  specimens   examined.      Venezuela. 
attenuate  to  a  rounded  tip,  prominently  brown  o 

black  punctate;  corolla  membranaceous,  ^'^' ^^ 

mm  long,  the  tube  0.6-0.7  mm  long,  the  
lobes 

reflexed-recurved,  ovate-triangular,   1.2-1-0 

      ...-.„„„,.-      long,  0.6-0.8  mm  wide,  apex  acute  to  attenuate, 

vrW?  ff.?  i^f^^^'i'  ̂ rZ^l  "'•  ̂^?-  ̂^J'.^^^      <J-hiscent  by  wide,  sublatrorse  sUts,  co
nspicuous^^ 

ITORIO 

part  of  Rio  Barfa,  80  in,  22-23  July  1984  (fr),  Davidse 
27605  (MO.  NY,  N'EN);  Rio  Baria,  near  Rio  Marawinu- 

VEN),  (fr).  3412  (NY,  US,  VEN);  upper  Rio  Barla.  9 
May  1984  (fr).  Gentry  &  Stein  47291  (MO,  NY,  US, 
VEN).  Brazil,  amazonas:  vie.  Barra,  Apr.  1851  (pist.  fll 

brown  punctate,  the  punctations  few,  glabrous  c 

■  -;     — -.   »,  -.1...  .u.x  vp.M.  n.      ternally  and  internally;  stamens  1.1-1. 4  mm  long^ 

fr).  Spruce  1 150  (F.  K,  LD).  (stain,  fl).  Spruce  s.n.  (F,      the  staminal  tube  0.6-0.8  mm  long,  the  Wainci«  ̂ 
LD,  M);  10  km  npstream  from  jet.  of  Rios  Cuieiras  and      0.6-0.9  mm  long,  the  anthers  ovate,  0.5-0-7  nu" 
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at  apex,  the  connective  brown  punctate,  incon- 

spicuous; pistClode  lageniform,  0.9- 1.0  mm  long. 

Pistillate  inflorescence:  a  raceme  2.5-5.0  cm  lone; 

Cowan  &  Soderstrom  1988  (F,  FDG,  K.  NY,  US);  65 

mi.,  Bartica-Potaro  Rd.,  28  Nov.  1947  (fr),  Forest  Dept. 
Brit.  Guiana  F2790-5589  (FDG,  K,  NY.  U),  10  mi., 
14  Mar.    1948  (stam.  fl),   Forest  Dept.   Brit.    Guiana. 
F2803-5602  (FDG,  K,  NY,  RB,  U,  VEN);  Upper  Ma- 

peduncle  0.1-0.2   cm  long;   floral  bracts  ovate-      zaruni  River,  22  Sep.  1922  (fr),  De  La  Cruz  2045,  (fr), 
triangular,  0.6-1.2  mm  long,  0.3-0.4  mm  wide;      2168  {CM,  F,  FDG,  GH,  MO,  NY),  Kamakusa,  15  Dec. 

1922  (pist.  fl),  Lang  &  Persaud  374  (BFG,  F,  FDG,  K. 
NY),  Coomaka,  Nov.  1924  (fr),  Persaud  199  (F,  FDG, 
K,  NY),  Makreba  Falls,  Kurupung  River,  25  Feb.  1 939 

pedicels  (0.3-)0.5- 1 .0  mm  long.  Flowers  4-merous; 

calyx  cotyliform,  0.8-0.9  mm  long,  the  tube  0.1- 

0.2  mm  long,  the  lobes  ovate-triangular,  0.6-0.7  ^^^^^^  fl)  pj„;t«s  252  (BR,  DUKE,  G,  GH,  M,  MO,  RB. 
mm  long,  0.5-0.7  mm  wide,  apex  attenuate  to  a  S,  VEN),  Mt.  Ayanganna,  762  m,  3  Aug.  1960  (fr). 

rounded  tip,  prominently  brown  or  black  punctate;  T^iHett  et  at.   45017  (F,  NY,  P,  S,  U,  VEN);  Upper 

corolla  membranaceous,    1.8-1.9  mm  long,   the  Y^T"""^"  fylT.CM    vi^^^rxflT  ̂ i^^  ̂̂ 'l\  ̂'\ ♦  knrno             1             111            n        ̂   La  Cfuz  1706  (CM,  F,  FDG.  GH,  MO,  NY);  without 

tube   0.5-0.8    mm    long,    the    lobes    reflexed-re-  j^^^jj^^^  ̂ ^^^^^  g^g  (K);  without  locah'ty,  Dec.   1890 curved,  ovate-triangular,  1.0-1.4  mm  long,  0.6 
0.8  mm  wide,  apex  acute  to  attenuate,  conspicu- 

(stam.  fl),  Jenman  6220  {BRG,  K).  Surinam.  Hendriktop, 
1,080  m,  14  Mar.  1922  (fr),  Boschxvrzen  Surinam  5662 

ously  brown  punctate,   the   punctations  few,   gla-  (BBS,  U);  ad  fl.  Carouany,  Feb.  ISU  (^tam.  R)  Kappler 
hrnne  o   t  11  J    '    .  11  'J       AH  ^^29  (BM,  P,  S,  U,  W);  in  mountains  called  Nassau,  2 
Drous  externally  and  mternally;  stammodes  0.9-  .,      m^n/  .        a\  t      -        ̂   r      r  0AA7mn< ,  ̂   -^  -''  Mar.  1949  (stam.  fl),  Lanjouw  cc  Lindcman  Jool  (ISlib, 
l.U  mm  long,  the  staminal  tube  0.2-0.3  mm  long,  jsjy,  U),  Nassaugbergette,  line  13.  550  m,  5  Jan.  1955 
the  filaments  0.70.8  mm  long,  the  anthers  ovate,  (fr),  Lindeman  &  Cowan  7000  (BBS,  U),  along  Mar- 

0.4-0.5  mm  long,  0.3-0.4  mm  wide,  attenuate  to  woijne  River,  400-550  m,  14  Mar.  1955  (fr),  Maguire 
an  amito  **^    *.  •  .-1         -f  ^  A    1  r:  et  al  40805  (BBS,  NY,  US,  VEN).  Fkench  Guiana. 
an  acute  tip  at  apex,  pistu  pynform,  1.4-1.5  mm  r;  ,„-\  ,  ;        ̂     c       ,  in'>i  ni\^   r   ir   x* 
1  .,        ̂   ^  «  ,  1  ,  ,1  Karouany,  1857  (stam.  fl).  Sagot  1031  (BM,  G.  K,  F, 
long,  the  ovary  ca.  0.8  mm  long,  the  style  not  weU  g^  ̂ j.  Montagne  de  Kaw,  275  m,  11  Dec.  1954  (fr), 
differentiated,  the  stigma  capitate,  2-lobed,  the  pla-  Cowan  38722  (CAY,  NY,  U,  US,  VEN);  Moniagnes  de 
centa  cotyliform,  the  ovules  2,  naked.  Fruit  0.5-  la  Trinite,  sommet  Nord,  350  m,  10  Jan.  1984  (stam. 

0.6  cm  long,  0.4   0.5  cm  diam.,  the  exocarp  thick,  ̂ }J^^  ̂ 'T'^t^'h'''^  ?^{  "^^^a^;  f!^'  ̂1'  V' 
blarV    Jr,^  •  1         II       J  .  US),  Inselberg  NW,  450]7i,  17  Jan.  1984  (stam.  fl),  Je 
Diack,  mconspicuously  pellucid-punctate.  Granville  et  al.  5899  (CAY,  NY,  U),  (stam.  fl),  6087 

/),-.,.,■»,,•  ,r  I       /D  I'       \      r-  (BR,  CAY,  G,  NY,  P,  U);  Montagues  Bellevue  (le  rinini, 
distribution.      Venezuela    (Bolivar),    Guyana,  ̂ 'i'^' ^      ;;..', no <.r,N    .,.  r., ..,..„..>  .,r   7^,, 

Surinam  and  French  Guiana,  Brazil  (Para),  25 
1,000  m  elevation. 

650  m,  15  Aug.  1985  (fr),  de  Granville  et  al.  7511, 

7521  (B,  BR,  CAY,  MG,  MO,  NY.  P,  U);  Zone  centrale. 

600  m,  29  Aug.  1985  (fr),  de  Granville  et  al.  78.34  (B, 
BM,  BR,  CAY,  F,  G,  GOET,  INPA,  MG,  MO,  NY,  P, 

Ecology.  Subspecies  multipunctatus  is  found  u);  Saul,  220  m,'  22  June  1988  (ster.).  Gentry  cl  al. on  lateritic  and  sandstone  formations  in  the  Guianas  63081  (CAY,  MO,  NY),  La  Fumee  Mt.,  Antenne  Est, 

and  eastern  Venezuela.  In  Brazfl,  it  has  been  col-      300  m,  18  May  1986  (fr),  Mori  &  Pennington  180.30 lected on    Serra    do   Cachimbo    (Prance   et „j       (CAY,  MO,  NY).  Brazil,  para:  Serra  do  Cachimbo,  BR 

Pi^iQoo  %  w.iumuu     .  .^n..    ..    c...       -^^^    Cuiabl-Santarem  Hwy..  km  823,  570  m,  7  Nov. ^  *yyy),  a  sandstone  mountain  that  is  known  to      ,  Q77  ,,^^    a.    p^„„^„  p,  „/    94999  iY.  INPA.  MG. 

contain  a  number  of  tepui  elements,  such  as  Cy-      jmy,  RB,  US). 
1977  (stam.  fl),  Prance  et  al.  24999  (F.  INPA,  MG, 

fi IUf( 

Clusia  sessilis  Klotzch  ex  Engler,  and  Clusia  mel 
chiori  Gleason. 

Specimens  examined.  VENEZUELA.  BOLIVAR:  Mori- 

^"^1»  2  km  E  of  Rio  Orinoco  between  Rio  Horeda  and 
Jj;erro  Gavilan  (Cerro  Carlchana),  100  m,  17  Dec.  1955 
m  Wurdack  &  Monachino  39940  {F,  MO,  NY,  US). 
^l^VANA.  UPPER  demarara:  Mabura  Hill,  100-200  m,  16 
^P-  1986  (ster,),  Pipoly  &  Boyan  8515  (BRG,  FDG, 
';^'  US);  Moraballi  Creek,   Essequibo  River,   30  Nov. 

Subspecies  multipunctntus  may  be  distin- 

guished from  subspecies  guyanensis  by  tlic  fila- 
ments 0.7-0.8  (not  0.2  0.4)  mm  long,  the  conAh 

glabrous  (not  densely  gfandiilar  granulose  within), 

and  the  petioles  0.5-1.0  (not  1.0-2.3)  cm  long. 

It  is  restricted  to  the  Guianas,  the  easternmost 
r^^rtiV^n  of  CiiAvatin^  and  the  Serra  do  Cachimbo. 

15. :os 

tini.  Acta  Biol.  Venez.  10:  155.  1980.  Cono- •*,   uo;,  Moraballi  Creek,   Lssequitx)  tuver,   6U  i\ov.  •  c.  ™   ̂ L   r:  .Li;^na   R,.» 

938  (fr),  Davis  2764  (BM,  FDG.  K,  NY.  P,  S,  U).  rnorpha  rora.maeSieyermyk.ndd^an^Bol. stam   a\   v    r>     .    A  ..    ̂   ■         r,^^,  o-7^^  /D»*  oQ/Q^.  AA«    1  Q ̂ ^ ̂     TVPF'  Vftnezuela.  Bolivar: —  \"A    lyavis  ZiOt  Kp^V,   rL»U,   fk.,    J>  l  .   r,   o,    u;. 
™-  fl).  Forest  Dept.  Brit.  Guiana  D601-2764  (BM, 
^DG,  K,  NY,  U);  Eagle  Mt.,  500-700  m.  27  Jan.  1943 
JP'st.  fl).  Forest  Dept.  Brit.  Guiana  Fl  158-3894  (FDG. 
J'  NY);  Kaieteur  Plateau,  1  May  1 944  (fr),  Mnguire  & 
fanshawe  23122  (F,  FDG,  G.  GH,  IAN,  NY.  S.  US. 
^EN),  vie.  Kaieteur  Falls,  and  along  W  rijn  of  Potaro 
^rge,  450  m,  14  Feb.  1962  (pist.  fl).  Cowan  &  Soder- 
^[rom  I860  (F,  FDG.  NY.  US),  forest  along  trail  from 
■•rstrip  to  Kaieteur  Falls,  450  m,  27  Feb.  19(>2  (pLst.  fl), 

Mt.  Roraima,  ledge  along  SW-facing  side,  from 

bluffs  to  summit,  2,255-2,620  rn,  27  Sep. 

1944  (pist.  fl),  Stcyermark  58759  (hoI<,type, 

F;  isotype,  NY).  Figure  15. 

Shrub  or  small  tree  lo  5  m  tall,  lli<'  bark  roddish 

brown;  branrhlets  terete,  3.5- 4(   4.."))  mm  diam.. 
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Figure  15. A.  Staminate  flower. 

B.  Staminate  corolla  lobe, 
Cybianthus  roraimae  (Steyermark)  Agostini.— 

ventral  view,  showing  pellucid  punctations.  —  C.  Staminate  corolla  lobe,  lateral  view  showing  anther  habit 
Pistillode.  — E.  Anther,  ventral  view.  — F.  Anther,  lateral  view. — G.  Anther,  dorsal  view  showing  darkened  connective 

and  pellucid  punctations,  — H.  Leaves.  (A-D,  from  Maguire  33464;  E-G,  from  Wurdack  34259;  H,  left  to  right, 
from  Maguire  33464,  Wurdack  34270,  and  Steyermark  58765,) 

densely  lepidote.  Leaves  elliptic,  coriaceous,  7-11      idote;  corolla  rotate,  membranaceous,  2.0-2.3  mm 

cm  long,  2.5-4.5  cm  wide,  apex  acuminate,  the      long,  the  tube  0.3-0.4  mm  long,  the  lobes  ovate, 

highly  reflexed  (perpendicular  to  the  tube)  in  an- 
.l___-  .       .        _       J^J    ♦ir^     al^hrous 

acumen  1,0 rounded 

midrib  depressed  above,      thesis,  apex  attenuate  to  a  rounded  tip,  glabro 

prominently  raised  below,  the  nerves  26-30  pairs,      without  and  within,  the  punctations  pale  brown  or 

yellow,  inconspicuous,  the  margin  entire,  glabrous, 

belo 

pustulate,  the  lower  surface  densely  lepidote,  in-  stamens  1.7-1.8  mm  long,  the  staminal  tube  m- 
conspicuously  pellucid-punctate,  the  margin  entire,  conspicuous,  hyaline,  elobate,  0.40.6  mm  long, 

epunctate,  revolute;  petioles  marginate,  273  cm      the  filaments  flat,  0.3-0.4  mm  long,  epimctate 
long,  densely  lepidote.  Staminate  inflorescence:  a 
raceme,  rarely  a  subsessile  pseudoverticel  of  2-3 

racemes,  5-8  cm  long;  peduncle,  axis,  branches, 
and  pedicels  densely  lepidote;  peduncle  0.5-2.5 
cm  long;  floral  bracts  ovate  to  broadly  ovate,  0.5- 

1 .0  mm  long,  0.5-0,8  mm  wide,  apex  acute,  dense- 

glabrous,  the  anthers  dorsifixed  near  the  base,  ovat
e- 

triangular,  0.8-1.0  mm  long,  0.4-0.6  mm  wide, 

attenuate  to  an  apiculate  tip,  the  apiculum  erect, 

slightly  recurved  dorsally,  the  connective  dorsal
ly 

brown  or  yellow  punctate,  the  punctations  no 

prominent;  pistillode  lageniform,  1 .2- 1 .5  mm  
long. 

ly  lepidote  abaxially,  the  margin  entire,  glabrous;  the  base  glandular  lepidote  with  dark  scales,  n  ■ 
pedicelsterete,  2.0-3.5  mm  long.  Flowers  nodding,  tillate  inflorescence:  a  raceme,  rarely  2  racemes 
(4-)5-merous,  2.1-2.4  mm  long;  calyx  shallowly  from  a  common  peduncle,  5-8  cm  long;  peduncle, 

cotyliform,  carnose,  0.7-0.9  mm  long,  the  tube  axis,  branches,  and  pedicels  densely  lepidote;  pe- 
0.3-0.4  mm  long,  the  lobes  deltate  to  subdeltate,  duncle  0.5-2.5  cm  long;   floral  bracts  ovate  to 
0.5-0.7  mm  long,  0.5-0.8  mm  wide,  the  apex  broadly  ovate,  0.5    1.0  mm  long,  0.5-0.8  mm 
rounded  or  attenuate  to  a  rounded  tip,  epunctate  wide,  apex  acute,  densely  lepidote  abaxially,  tn« 

or  with  a  few,  inconspicuous  pellucid  punctations,  margin  entire,  glabrous;  pedicels  terete,  erect,  2.1>- 
densely  lepidote  externally,  the  margin  entire,  lep-  3.5  mm  long.  Flowers  (4-)5-merous,  2. 1  -2-4  mm 
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long;  calyx  shallowly  cotyliform,  carnose,  1.0  1.1  entire,  epunctate,  revolute;  petioles  canaliculate, 

mm  long,  the  tube  0.2-0.3  mm  long,  the  lobes  0.4-0.6  cm  long,  sparsely  lepidote.  Staminate  in- 

very  widely  ovate,  0.8-0.9  mm  long,  1.1-1.3  mm  florescence:  a  raceme  1-3  cm  long,  8-16-flow- 

wide,  the  apex  rounded  or  attenuate  to  a  rounded  ered;  peduncle  0.2-0.4  cm  long;  floral  bracts  del- 
tip,  epunctate  or  with  a  few,  inconspicuous  pellucid  tate,  carnose,  1,5  mm  long  and  wide,  apex  acute, 

punctations,  densely  lepidote  externally,  the  mar-  densely  lepidote  abaxially,  the  margin  entire,  gla- 

gin  entire,  lepidote;  corolla  not  seen.  Fruit  globose,  brous;  pedicels  terete,  2.0-3.0  mm  long,  erect. 

wine-purple,  0,5-0.6  cm  long,  0.4-0.5  cm  diam.  Flowers  4-5-merous;  calyx  cupuliform,  carnose. 
when  dried. 

Distribution.      Endemic   to   the   Auyan-tepui- 
Chimanta  Complex  (sensu  Maguire,  1979),  from 
1,140  m  to  2,600  m. 

0.7-1.0  mm  long,  the  tube  0.2-0.3  mm  long,  the 

lobes  deltate  to  subdeltate,  0.5-0.7  mm  long,  0.5- 
0.7  mm  wide,  apex  acute,  densely  and  prominently 

orange  punctate,  the  margin  entire,  glabrous;  co- 

rolla campanulate,  ca.  2  mm  long,  the  lobes  sparse- 

Ecology.  Cybianthus  roraimae  occurs  in  ly  lepidote  without,  densely  glandular-granulose 

cloud  forests  on  talus  slopes.  Only  a  few  of  the  within;  stamens  ca.  1.5  mm  long,  the  tube  prom- 

fruiting  collections  also  bear  pistillate  flowers,  im-  inent,  carnose,  ca.  0.3  mm  long,  lobate,  the  lobes 

plying  that  the  latter  are  ephemeral  in  this  species,  ca.  0.1  mm  long,  the  anthers  ovate-triangular,  ca. 

as  they  are  in  others  of  subgenus  Conomorpha       1.0-1.2  mm  long,  0.5-0.6  mm  wide,  apex  acute. 

1983a) 

ifl 

base  cordate,  recurved  distally,  prominently  punc- 

tate dorsally;  pistillode  conic,  ca.  2.3  mm  long, 

densely  glandular-lepidote.  Pistillate  inflores- 

cence: a  raceme  1-3  cm  long,  5~12-flowered; 

peduncle  0.2-0.4  cm  long;  floral  bracts  carnose, 

1909  (fr),  Ule  8724  (L,  K);  Ilu-tepui,  W-facing  slopes,  deltate,  1.5-1.6  mm  long  and  wide,  apex  acute, 

2  100-2,400  m,  17  Mar.  1952  (fr),  Maguire  33464      densely  lepidote  abaxially,  the  margin  entire,  gla- 
m  T'  ̂̂ ^J^  ̂^  ̂^'-  ̂ ^^^  ̂P*^'-  ̂'  ̂'^^  ̂^^^^  ̂ V^'      brous;  pedicels  terete,  2.5-3.0  mm  long,  erect. 
«WslopesofChuri-tepui(Muru-tepui),  2,050  m,  29  Jan.       tl*  ̂   ̂    c  i  rr 
1953  (Slam.  fl).  Wurdack  34259  (K,  NY,  US,  YEN),  30      blowers  4-5.merous;  calyx  cupuhform,

  carnose. 

Specimens  examined,  VENEZUELA.  BOLIVAR:  Mt.  Ro- 
raima,  ledge  along  SW-facing  side,  2,250-2,620  m,  27 
Sep.  1944  (fr),  Steyermark  58765  (NY),  2,000  m,  Dec. 

Ian.  1953  (fr),  34270  (F,  K,  NY,  US,  YEN). 0.7-1.0  mm  long,  the  tube  0.20.3  mm  long,  the 

lobes  deltate  to  subdeltate,  0.5-0.7  mm  long,  0.5 

Cybianthus  roraimae  is  unique  within  the  genus      ̂ ^  ̂ ^  ̂ j^^^  ̂ p^^  acute,'densely  and  prominently 
l!n!l^*'!''^'^v''T''^^  orange  punctate,  the  margin  entire,  glabrous;  co- 

rolla  not  seen.  Fruit  depressed-globose,  0.7-0.8 
remuuscent 

^.  crotonoides,  which  is  easily  separated  by  its  ̂ ^  j.^^^  ̂ ^^  exocarp  thin,  conspicuously  pellu- 
overlapping  (not  merely  adjacent)  scales  on  the  cid-punctate. abaxial  corolla  surface  and  the  longer  calyx  and 
corolla.  In  sterQe  condition,  it  may  be  confused  Distribution,      Endemic  to  the  Meseta  de  Jaua, 

1?,!!?  ̂  ̂ ^^donae,  C.  punctatus,  or  C  lepidotus.  1,400-2,100  m. 
those  species  are  discussed  under  Ecology.      Cybianthus  breweri  occurs  in  gal- 

lery forests  and  thickets  at  the  margins  of  savannas. 

with 

^-  cardonae. 

*"•  Cybianthus  breweri  Agostini,  Bol-  Soc. 
Venez.  Ci.  Nat.  22:  384.  1976.  TYPE:  Ven- 

ezuela. Bolivar:  Meseta  de  Jaua,  Cerro  Guan- 

acoco,  summit,  1 ,450  m,  3  Mar.  1974  (stam.      "j 09393,  109660  (VEN),  1,850-1,920  m,  4  Mar.  1974 

Specimens  examined.  Venk^^uELA.  BOUVAR:  Meseta 

de  Jaua,  Cerro  Jaua,  surnmit,  1,922-2,100  ui,  22-27 
Mar.  1967  (fr),  Stcyermark  97931  (VEN),  1,750  1.800 

m,  22-28  Feb.  1974  (fr),  Steyermark  el  al.  109296, 

fl),  Steyermark  et  al  109754  (holotype,  VEN) (fr),  Steyermark  et  al.  109820  (VEN);  Meseta ^e  Jaua, 
Cerro 'hed 

obovate 

Shrub  or  smaU  tree  to  3  m  tall;  branchlets  terete,      Steyermark  et  ai  109162  (VEN). 
•^•5-5  mm  diam.,  densely  lepidote,  glabrescent.  ^  l--_.l      u   :^^..\^ 
1-eaves  obovate-spathulate  to  narrowly  obovate- 
spathulate,  coriaceous,  4-5  cm  long,  1.5-2  cm 

^'ide,  apically  obtuse  to  rounded,  at  times  abruptly 
short-acuminate,  the  acumen  to  0.4  cm,  base  cu- 

"eate,  pustulate  above,  sparsely  lepidote  below, 

"Midrib  somewhat  depressed   above,   prominently      17.  Cybianthus  apiculalus  (Steyermark)  Ago- 

lobes 

with 

raised  below,  nerves  inconspicuous  above  and  be- 
'ow,  inconspicuously  pellucid  punctate,  the  margin 

stini.  Acta  Biol.  Venez.  10:  168.  1980.  Cono^ 

morpha  apiculatn  Steyermark,  Fi«Idiana,  Bot. 
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28(3):  456.  1953.  TYPE:  Venezuela.  Territorio      curved,  dorsifixed  just  above  the  base,  slits  very 

Federal  Amazonas:   Cerro   Duida,   SE-facing      wide,  glandular-papillate  dorsally,  the connective 

slopes  along  Cano  Negro  (tributary  of  Cano      prominently  black  punctate;  pistillode  absent.  Pis- 

Iguapo),  305-1,095  m,  25-26  Aug.   1944 

tfl' 
(fr),  5^ejermar^  57986  (holotype,F;isotypes,  long,  erect;  floral  bracts  linear-subulate,  membra- 

NY,  VEN),  naceous,  0.60. 8  mm  long,  0.2-0.3  mm  wide, 

apically   attenuate,   the   margin  entire,  glabrous; 
Shrub  or  small  tree,  to  3  m  taU;  branchlets  thin,  ̂ ^j.^^,^  ̂ ^^^^^^  ̂   ̂ ^^^  j  2-2.3  mm  long,  incras- 

terete,  2-3  mm  diam.,  densely  lepidote  at  first,  the  ̂ ^^^    ̂ ^^^^^^  4-5-merous;  fruiting  calyx  subco- 
scales   not   appressed,   early   glabrescent.   Leaves  ^^^^^^  1.1-1.3  mm  long,  the  tube  0.2-0.3  mm membranaceous,  translucent,  elliptic  to  narrowly  , 

oblanceolate,  asymmetric,  (8-)10-17.5(-20)  cm  ^^^^^  0.9-T.2  mm  wide,  apex  rounded,  mediaUy 
long,  (2.0-)3-4(-5.9)  cm  wide,  apically  acumi-  ^^^  ̂ ^^^^j,y  ̂ ^^^^^^^^^  ̂ j^e  margin  erose,  glan- 
nate,  the  acumen  (0.8-)L5- 1 .9(2.2)  cm  long,  j^i^^.^iiiolate;  corolla  not  seen;  pistQ  pyriform,  ba. 
basally  acummate  to  acummate-attenuate,  decur-  ̂ ^^^  j^^.^^^^^  persistent  stigma  capitate.  Fruit  ovoid, 
rent  on  the  petiole,  nitid,   smooth  and  glabrous  (q  5_)o  ̂ .^  q  ̂ ^  i^^g^  (0.3)0.4-0.7  cm  wide, 

subdeltate 
1.3  mm 

above,  pallid  and  densely  orange  lepidote  below,        , 

the  midrib  depressed  above,  prominently  raised exocarp    thin,    rugulose,    prominently   black 

below,  lateral  nerves  1215,  prominent  above  and 

below,  the  margin  irregular,  subrevolute  at  first, 
punctate. 

Distribution.      Cybianthus  apiculatus  is  cur 
then  flat  at  maturity,  prominently  punctate-lineate;  rently  known  only  from  the  southernmost  region 

petioles  thin,  marginate,  and  deeply  canaliculate,  Qf  Territorio  Federal  Amazonas  in  Venezuela,  in- 

(l-)L3-L7(-2.3)cmlong,  ProphyUs2,oftenper-  eluding  Cerros  Neblina,  Duida,  and  Marahuaca, 
sistent,  chartaceous,  elliptic,  (l-)1.3-1.5(-2)  cm  ^nd  also  from  Mt.  Ayanganna  in  Guyana. 
long,  0.5-0.6  cm  wide,  apex  acute,  base  acute, 
decurrent  on  the  petiole;  petiole  thin,  marginate. 

Ecology.      Cybianthus    apiculatus   occurs 

m 

and  deeply  canaliculate,  0,2-0.4  cm  long.  Sta-  mixed  evergreen  moist  forest  on  talus  slopes,  where 

minate  inflorescence:  a  raceme,  (0.6-)1.5-4.5(-  various  species  of  Dicymbe,  Eperua,  and  other 

6.2)  cm  long,  lax,  the  rachis  glandular-papillate  legume  species  dominate.  It  specifically  grows  along 

and  lepidote;  floral  bracts  deltate,  0.8- 1 . 1  mm  long  the  banks  of  black  water  streams  in  somewhat  open, 

and  wide,  apex  subulate,  densely  lepidote;  pedicels  exposed  areas,  and  has  relatively  few  individuas 

terete,  thin,  0.6-1.0  mm  long,  basally  lepidote  and  per  hectare,  based  on  my  observations  m  Guyana. 

glandular-papillate.    Flowers    4-6-merous;    calyx 

membranaceous,  cotyliform,  1 .3-1 .5  mm  long,  un- 

equally divided,  translucent,  the  tube  0.3-0.4  mm 
long,  the  lobes  hyaline,  ovate  to  widely  ovate,  0.9 

Specimens   examined.      VENEZUELA.  TERRITORIO
  FE- 

DERAL AMAZONAS:  Depto.  Atabapo,  slopes  of  Mt.  Duida. 

1,000  m,  Aug.   1928-Apr.   1929  (fr),  Tate  901  (IN^ 

.  -  US);  Cerro  Marahuaca,  SE-facing  slopes,  headwaters  oi 1.2  mm  long,  0.7-1.3  mm  wide,  apexacute,  dense-  Rio  Iguapo,  S  section  of  SE  range,  1,560  "^;^|^^7w  fnl 
ly  and  prominently  black  punctate  within  and  with- 

out, glabrous  without,  with  a  few  glandular  papillae 

at  base  within,  lepidote  scales  absent,  the  margin 

erose,  glandular-ciliate;  corolla  subrotate,  charta- 

ceous, translucent,  2.8-3.0  mm  long,  the  tube 
0.9-1.1  mm  long,  the  lobes  suborbicular  to  very 

broadly  ovale,  1.8-2.2  mm  long  and  wide,  apex 
rounded,  cucullate,  glabrous  without,  densely  glan- 
dular-granulose  within  except  for  a  small  (0.1  mm) 
marginal  zone,  densely  and  prominently  black 

punctate  and  punctate-lineate,  the  margin  entire, 

glabrous;  stamens  2,6-3.0  mm  long,  the  tube  car- 
nose,  costate,  0.9-1.1   mm  long,  densely  rufous 

1983  (stam.  fl),  Steyermark  129612  (MO,  VEN),  (sta
m. 

fl),  129683  (CAS,  MO,  NY,  VEN),  below  Salto  Los
  mo- 

nos,  on  tributary  of  headwaters  of  Rio  Iguapo,  l*^^^ 

1,600  m,  20  Oct.  1988  (stam.  fl),  Liesner  25121  (^  . 

US,  VEN);  Sima  Camp,  S-central  portion  along  br
anc 

of  CaSo  Negro,  21-22  Feb.  1985  (stam.  fl),  Steyermr 

&  Hoist  130492  (MO,  NY,  US,  VEN),  upper  Kio  i 
meduaka,  1,225  m,  17-18  Feb.  1985  (pist.  ̂ \^[^'^^^^ 

17606  (MO,  US,  VEN),  (fr),  17819  (MO,  US,  ̂ ^^
h 

Depto.  Rio  Negro,  Cerro  de  la  Neblina,  trail  S  from  
l.an  ̂  

V,  1,200-1,300  m,  12  Apr.  1984  (fr),  Ce«^'"^<^  ̂'' ̂ ^ 

46557  (MO,  NY,  VEN),  Camp  V,  valley  at  N  bas 
Pico  Cardona,  1,250  m,  21-24  Mar.  1984  (st"^^,,i 

Liesner  &  Stannard  16896  (MO,  NY,  VEN),  beiwe 

Camps  II  and  IV,  8  Nov.  1 957  (fr),  Maguire  et  aL  4 J 

(F,  NY— 2  sheets,  US,  VEN),  Guyana,  cuyuni-mazak 
glandular-granulose,  without  lobes,  the  apically  free      region  vni,  mazaruni  subregion  vni-2:  Ayanganna      ̂  

portion  of  the  filaments  terete,  0.6-1.2  mm  long,      ̂ ^^^»  2  km  W  of  base  camp  in  *^^^^^^iVlf^pix;^NV< 
vpntrallv    recurved,    the   anth*.r«   ov^t^    t^   ,..;^^l'       Mar.  1987  (ster.),  Pt>o/y  ef  a/.  70940  (

CAY,  . 
ventrally  recurved,  the  anthers  ovate  to  widely      usx  (i;; ;  S VX  NY;  USrMt^-Apngann^ ovate,  0.9-1.2  mm  long,  0.6-0.8  mm  wide,  apex      base,  NE  side,  800-900  m.  1  Aug.  1960  (stam.  fl),  T'll"" acute  to  rounded,  the  base  cordulate,  dorsally  re-      et  al.  44959  (F,  FDG,  NY,  US,  VEN). 

\ 
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.  Cybianthus  agostinianus  Pipoly. — A.  Opened  staminate  flower,  showing  prominent  punctations, 
glandular  granules,  lobate  staminal  tube,  and  pistillode. scales  and  punctations. - C.  Staminate  calyx. — D.  Leaf.  (From  holotype.) 

B.  Staminate  corolla  lobe,  dorsal  view,  showing  lepidote 

Agostini  (1980)  placed  Cybianthus  apiculatus 
»n  subgenus  Cybianthus  on  the  basis  of  fruiting 
specimens  available  to  him  from  Steyermark  col- 
'ections.  In  fruit,  the  simple  raceme,  with  glan- 

Maguire  et  al.  30006  (holotype,  VEN;  iso- 

types,  F,  LL,  NY,  US).  Figure  1 6. 

Shrub  or  small  tree  to  4  m  tall;  branchlets. 

Qular-papillate  rachis  and  subcotyliform  calyx,  in-  petioles,  inflorescence  rachis,  and  pedicels  densely 
dicated  placement  in  that  group.  On  the  other  hand,  ferrugineous  lepidote;  branchlets  terete,  3-4  mm 

Agostini  (1971)  placed  the   Guyana  populations  diam.  Leaves  narrowly  elliptic,  eUiptic,  or  rarely 
(based  on  Tillett  et  aL  4459)  in  a  new  section,  elliptic-obovate,  chartaceous  to  coriaceous,  4.6- 

intermedius,"on  the  basis  of  the  lepidote  branch-  11.5  cm  long,  2-3  cm  wide,  apically  rounded  to 
es  and  calyx  with  erose,  glandular-ciliate  margins.  acute,    basally    acute,    midrib    depressed    above. 

Close  examination  revealed  no  qualitative  dif-  prominently  raised   below,   nerves    l.'i~40  pairs, 

lerences  between  the  Venezuelan  and  Guyanese  somewhat  conspicuous  above  and  below,  minutely 
collections.  This  species  is  here  transferred  to  sub-  pu 
genus  Conomorpha  because  the  lepidote  scales  that  th< 

bel 

defin 
anthe 

epmictate moder 

niorphology  is  entirely  consistent  with  sub- 

z/ 

be-  ceme,  L5-3  cm  long,  5'12-flowered;  peduncle 

^ause  the  anthers  are  distally  recurved  (not  erect),  0.2-0.5  mm  long;  floral  bracts  ovate  or  elongate- 

^Jorsifixed  (not  basifixed),  and  longitudinally  (not      triangular,  0.7-Ll  mm  long,  0.3-0.5  mm  wide. 
poricidally)  dehiscent.  Because  the  erose  and  glan- apex  acute. 

pedicels 
terete,  erect,  1.5-4.5  mm  long.  Flowers  4-merous; 

character  state  (Pipoly,   1987),  and  the  lepidote       calyx  cotyliform,  chartaceous,  1.2-1.4  mm  long, 

scales  are  homologous  to  those  found  in  the  rest      the  tube  0.20.3  mm  long,  the  lobes  triangular  or 

deltate,  1.0-1.1  mm  long,  0.8-1.1  mm  wide,  apex 

acute,  prominently  black  punctate,  sparsely  lepi- 

dote without,  the  margin  irregularly  dentate  or 

undulate,  glabrous;  corolla  campanulate,  membra- 

"*c  suDgenus,  it  is  more  parsunomous 
Pothesize  one  reversal  than  to  define  a  ne\> 
generic  taxon  on  the  basis  of  a  homoplasy. 
18 

tube 

lobe 
Cybianthus  agostinianus  Pipoly,  Ernstia 
50:   33.    1988.  type:   Venezuela.  Territorio 

Federal  Amazonas:  Cerro  Huachamacari,  vie.      mm  wide,  erect,  apex  flat,  rounded,  prominently 

summit  camp,  1,800  m,  10  Dec.  1950  (fr),      black  punctate,  sparsely  lepidote  without,  sparsely 
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glandular-granulose  within,  the  margin  flat,  entire, 

hyaline,  glandular-ciliate;  staminal  tube  prominent, 

terete,  chartaceous,  0.6-0.7  mm  long,  the  lobes 

to  0.1  mm  long,  alternating  with  the  apically  free 

filaments;  the  apically  free  filaments  ca,  0.4-0.5 

eral  Amazonas:  Cerro  Sipapo,  S  and  E  rims, 

2,000-2,200  m,  26-28  Jan.  1949  (stam.  fl), 

Maguire  &  Politi  28658  (holotype,  YEN; 

isotypes,  F,  NY,  S,  US).  Figure  17. 

Ob  inflorescentiam  condensatamque  tortuosam  caly- 
mm  long,  prominently  brown  punctate,  the  anthers  ̂ ^^  profunde  cupuliformem  carnosumque,  corollam  car- 
deltate,  0.8-0.9  mm  long  and  wide,  apex  acute,  nosam  et  corollae  lobos  cucullatos  atque  manifeste  punc- 

dorsifixed  ca.  Vz  from  the  base,  distally  recurved,  tatos  ad  C  sipapoensem  valde  affinis,  sed  ab  ea  foliis 

prominently  brown  punctate  dorsally;  pistillode  cla-  coriaceis  (nee 
 chartaceis)  petiolis  0.10.2  (nee  1.31.6) 

^           ,    ̂     ,   ̂              1            rt  J               1-                       -cm  loneis  secus  mareinem  planis  (nee  revolutis),  intlores- 
vate,    1.4-1.6  mm  long,  0.4  mm  diam.,  promi-  ^^^^.^  racemosa  (nee  spicata)  pedicellis  1.0-1.5  (nee  0- 
nently  black  punctate,  densely  translucent  lepidote.  q  5)  „^Jn  longis,  florum  staminatorum  calyce  1.1-1.2  (nee 

Pistillate  inflorescence:  a  simple,  erect  raceme,  1.4- 1.6)  mm  longoque  corolla  3.5-3.7  (nee  2.4-3.2) 

1.5-3  cm  long,  5-9-flowered;  peduncle  0.2-0.5  mm  longa,  denique  corollae  lobis  tortuosis  (n
ee  rectis) 

mm  long;  floral  bracts  ovate  or  elongate -triangular,  ''
^'^  recognoscitur. 

0.9-1.3  mm  long,  0.3-0.5  mm  wide,  apex  acute, 
the  margin  entire,  glabrous;  pedicels  terete,  erect, 

1.5-4.5  mm  long.  Flowers  4-merous;  calyx  co- 

Shrub  or  small  tree;  branchlets  terete,  3-4  mm 

im.,  densely  lepidote.  Leaves  narrowly  obovate- 

spathulate,  coriaceous,  8- 19  cm  long,  3-7  mm 

glabrous;  corolla  not  seen.  Fruit  subglobose,  3.0 

3.5  mm  diam.,  the  exocarp  moderately  thick,  in- 

conspicuously pellucid  punctate. 

Distribution Endemic  to  Cerros  Duida  and 

tvliform,  chartaceous,  1.2-1.4  mm  lone,  the  tube  ^,             '             ,    ,    '      ,       i               -     *«    u^a^ 
^  n   r.  o           1            u     1  u      *  ■         1            J  u  *  wide,   apex   rounded   to  shortly  acuminate,  base 0.2-0.3  mm  lone,  the  lobes  tnaneuiar  or  deltate,  ,                    i                        ^u       ̂ #^^1^ 
Anio          inoii              -J                      .  truncate  to  subcuneate,  decurrent  on  the  petiole, 0.9-1.2  mm  lone,  O.o-l.l  mm  wide,  apex  acute,  ^          . ,  .,     ,               ,     t                            *Kr  raicprl 

,    , ,     f           ,  ,                1    1     r,  ̂       .  .  '  the  midrib  depressed  above,   prommently  raised prominently  black  punctate,  sparsely  lepidote  with-  ,    ,                     5^    ̂   ̂       .                 -              u^,.^  onrl 
^         ,         ̂       .     /        1     1     J     ./              jw  below,  nerves  30-60  pairs,  conspicuous  above  and 
out,  the  marein  irregularly  dentate  or  undulate,  ,      '  ,         ,,,11  u  ♦  firct 
.  I  %         ,  IT     •.      u  1  u         Q  A         below,  smooth  and  densely  lepidote  above  at  first, 

glabrescent,  densely  lepidote  below,  inconspicu- 

ously pellucid-punctate,  the  margin  entire,  epunc- 

tate,  flat;  petioles  0.1-0.2  cm  long,  densely  lepi- 

dote. Staminate  inflorescence:  a  tortuous  axillary 

raceme,  rarely  several  subsessile  racemes  from  a 
r.     /  i-  L-      ,L                ,-    -                       •  common  peduncle,  2-4  cm  long,  the  peduncle, Lcotosry,  Cyoiantrius  asrostinianus  erows  in  ^                            ,                         11     'A^tf^- 
v^-^          -^          1            f             •  A           A  axis,  and  pedicels  densely  to  sparmgly  lepidote, rocky,   open  areas  where   strong  winds  produce  ^                            a       1  K      t    deoressed- 

xeric  effects.  Label  data  imply  that  the  species  is      P     ̂ ^^  "  ^'  ,  n  n    a  n  mm 

.       „  V   »  V  *l.  *      r      ovate,  carnose,  0.6-0.8  mm  long,  0.7-1. U  mm locally  common  between  rocks  on  the  summits  01  .         1    1      j  ̂ ^  ol^av. 

Marahuaca  and  Huachamacari.  -^e,  apex  rounded  to  acute,  densely  ̂ ^^^^^^^^^^ 

ially,  the  margin  entire,  glabrous;  pedicels  t
ereie. 

Specimens  examined.      VENEZUELA.  TERRiTORio  FE-       1.0-1.5  mm  long,  erect.  Flowers  4(-5)-merous, 
DERAL  AMAZONAS:  Depto.  Atabapo,  Cerro  Huachamacari,       3  ̂ ^g  g  ̂ ^  \onsL'  calyx  deeply  cupuliform,  car- 

Huachamacari  at  1,700-2,660  m. 

elfin  forest,  vie.  summit  camp,  1,800  m,  10  Dec.  1950  ,110  1  xu      »   k^  n  ̂ -w  -*  i*"- 

(fr),  Maguire  et  at.  30102,  30103  (NY,  VEN),  summit,  ̂ °^^'    1-1-1-2   mm  long,   the     ube  "•<!     •      ̂ ^ 
SW  side  of  center,  2,660  m,  23  Oct.  1988  (stam.  fl),  long,  the  lobes  deltate  to  subdeltate,  U.^   "• 

Liesner  25276  (MO,  VEN),  SE  slopes,  below  Salto  Los  long,  0.7-0.8  mm  wide,  apex  obtuse,  rarely  round- Monos  on  tributary  of  headwaters  of  Rio  Iguapo,  1,500- 
1,600  m,  20  Oct.  1988  (fr),  Liesner  25108  (MO,  VEN), 

slopes,  "sima  area,"  1,200  m,  16  Oct.  1988  (fr),  Liesner  ^^'^^'^'^  "-^""'  "^^  '""'6^   "     '   _  j^j^g 
24947  (MO.  VEN):  Cerro  Duida.  summit.  1.700-1  000  dote;  corolla  tubiform,  carnose,  d.t>   ̂ •'  '  .  ̂ 

ed,   prominently   orange   punctate   aDove
,   brow 

Dunctate  '   ^""    *^"  """-"■"  ^^ntirp    at  times  lep'' 
^tvti  vi"^A  vE.i>;;  v^erro  L/uiaa,  summit,  i,<UU-l,yuu       ^"'^^,  ^"^v,..^  iv^^..v^»...,   ,  . 

m,  1  Sep.  1944  (fr),  Steyermark  58153  (F,  NY,  US),      yellowish  brown;  the  tube  1.3-1-5  mm  long, 

(stam.  fl),Steje/-mari  59i64(F,  NY,  US),  summit,  slopes      lobes  elliptic,  erect,  tortuous,  2.1-2.5  mm  lo"g 
of  Ridge  25,  26  Nov.-16  Dec.  1928  (fr)  Tale  435,  874 
(NY). 

1.1-1.4  mm  wide,  apex  attenuate  
to  a  subacute 

umque 

subgen 
and  corolla.  It  is  named  in  honor  of  the  late  Getulio 

Agostini,  formerly  of  the  Universidad  Central  de Jular 

to  rounded  tip,  glaDrou
s  witnoui,  ucn^'^'V  & — 

granulosa  within,  prominently  orange  ̂ "  V 

punctate,   the   margin   irregular,   entire,   d^
n 

glandular-granulose;  stamens  3.8-3.9  mm  lon
g. 

tube  innorK^niriimis.  membranaceo
us,  ny- 

Venezuela,  perceptive  student  of  the  genus,  who      aline,  1.3-1.5  mm  long,  elobate,  the  filaments    ■ 

0.3  mm  long,  adnate,  1 .7-2.0  mm  lo
ng,  flat,  g  ̂* 

suggested 

brous,  epunctate,  the  anthers  narrowly  trian
g 

19.  Cybianthus  spathulifolius  Agostini  ex  Pi-       1.1-1.2  mm  long,  0.3-0.4  mm  wide,  apex  apic- 

poly,  sp.  nov.  TYPE:  Venezuela.  Territorio  Fed-      ulate,  the  apiculum  distally  recurved,  base  corda  e, 
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Figure  17. A.  Staminate  flower. CybidfUftas  spathaHfoliu 

virw.      D.  Staminate  corolla  lobe,  ventral  view,  showing  punctations  and  glandular  granules. 
and  oniire.  —  H,  Antl^er,  lateral  view.   

B.  Staminate  calyx,  ventral  view,  showing  punctations.— C.  Staminate  corolla  lobe,  dorsal 
E.  Staminate  corolla  lobe,  lateral  view.  — F.  Pistillode.— G.  Pistil,  in  longisection 

lobed M 
I,  Anther,  dorsal  view,  showing  pellucid  and  black  punctate  connective.— J.  Anther,  ventral  view ,  uw..a   V,...      .,  ̂ „uier.  uorsai    lew  snowmg  peUucid  and  black  punctate  connective. -J.  Anther,  ventral  view.^K.  Leaf.-L.  Fruit  longisection,  showing Placenta  showmg  buried  ovules.  (A-E  and  HK,  from  holotype;  F,  L,  and  M,  from  Maguire  &  PoUti  2846L)  ^ 
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the  connective  prominently  brown  punctate  dor- 

lift 

sally;  pistillode  obnapiform,  1 .4- 1 .5  mm  long,  the  related  to  the  apparently  sympatric  C.  sipapoensis, 

ovary  0.2-0.4  mm  long,  0.3-0.5  mm  wide,  dense-  but  may  be  easily  distinguished  by  the  coriaceous 

ly  translucent  lepidote,  the  style  1 .0- 1 .2  mm  long,      (not  chartaceous)  leaves  with  petioles  0. 1  -0.2  (not 
prominently  brown  punctate,  the  style  capitate, 1.3-1.6)  cm  long,  and  flat  (not  revolute)  margins, 

elobate.  Pistillate  inflorescence:  a  tortuous  axillary  the  inflorescence  racemose  (not  spicate),  the  ped- 

raceme,  rarely  several  subsessile  racemes  from  a  icels  1.0-1.5  (not  0-0.6)  mm  long,  the  staminate 

common  peduncle,   1-3  cm  long,  the  peduncle,  calyx   1.1-1.2  (not   1.4-1.6)  mm  long,  the  sta- 

axis,  and  pedicels  densely  to  sparingly  lepidote;  minate  corolla  3.5-3.7  (not  2.4-3.2)  mm  long, 

peduncle  to  0.1  cm  long;  floral  bracts  depressed-  and  the  lobes  tortuous  (not  reflexed). 

ovate,  carnose,  0.6-0.8  mm  long,  0.7-1.0  mm 

wide,  apex  rounded  to  acute,  densely  lepidote  abax-      20.  Cybianthus  maguirei  Agostini  ex  Pipoly| 

ially,  the  margin  entire,  glabrous;  pedicels  terete, 

1.5-2.5  mm  long,  erect.  Flowers  4(-5)-merous; 

2.8-3.6  mm  long;  calyx  deeply  cupuliform,  car- 

nose,  1.5-1.6  mm  long,  the  tube  0.6  0.8  mm 

long,  the  lobes  ovate  to  elliptic,  0.8-1.0  mm  long, 

0.8-0.9  mm  wide,  apex  obtuse,  rarely  rounded, 
prominently  punctate,  orange  above,  brown  below, 

the  margin  entire,  glabrous;  corolla  tubiform,  car- 

sp 

nov. TYPE:  Venezuela.  Territorio  Federal 

Amazonas:  Depto.  Rio  Negro,  Cerro  de  la  Ne- 

blina,  6.5  km  W  of  base  camp,  S  extension 

ofrange,0°47'N,66°ll'W,  1,600  m,  18  Apr. 

1984  (pist.  fl,  fr),  Stein  et  al  1616  (holotype, 

VEN;  isotypes,  F,  K,  MO,  NY,  US).  Figure 18. 

Ob  inflorescentiam  racemosam  folia  coriacea  secus 
nose,  2.7-3.5  mm  long,  yellowish  brown;  the  tube  marginem  revoluta  et  subter  dense  lepidota  calycem  cu- 
0.9- 1 .0  mm  long,  the  lobes  elliptic,  erect,  tortuous,  puliformem  tubum  staminalem  inconspicuum  membrana- 

1.7-2.0  mm  long,  0.7-1.0  mm  wide,  apex  atten-  ceumque  hyalinum  corollae  lobos  secus  marginem  dense 

uate  to  a  rounded  tip,  glabrous  without,  densely  glandulari-granulosos,  ad  C  crot
onoideumj^XA^^i^^^J 

,       .   ,  ,  •  L-  ■         ,  J       affinis,  sed  ab  ea  laminis  desuper  pustulatis  (non  scrobi 
glandular-granulose  withm,  prommently  orange  and  ̂ ^j^^.^^  ̂ ^^^^  ̂^^^^^  ̂ ^^^^j^  l^pjd^.i,  adiacentis  (nee  mar- 
brown  punctate,  the  margm  irregular,  entire,  ginibus  ipsis  superpositis)  indutis,  calycis  lobis  longioribus 

densely  glandular-granulose;  staminodes  0.9    1.0      quam  latioribus  (nee  latioribus  quam  longioribus),  coro 

staminata  2.7-3  (nee  2.5-2.7)  mm  longa,  pedicello  recto 

(non  nutanti)  necnon  0.4-0.6  (13)  mm  longo  insjde
ns, 

mm  long,  the  staminal  tube  inconspicuous,  mem- 

branaceous, hyaline,  1 .0-1 .1  mm  long,  with  lobes      ̂ """  ""^**'  '^  "."^7"  """  "„"  V      '  Tq  2  ofmm  longa 
,         ,      '      ,  1  ,  •  ,     ,  .        atque  corolla  pistillata  3.0-3.3  (nee  l.y--i-Uj  mm  luig 

to  less  than  0.1  mm  long  alternatmg  with  the  api-      pgdicello  recto  (nee  nutanti)  necnon  0.6-1.0  (13)  mm 
cally  free  filaments,  the  filaments  0.3-0.4  mm 
long,  flat,  glabrous,  epunctate,  the  anthers  ovate longo  insidens,  apicibus  corollae  staminatae  pistillat

aeque 

lobis  rectis  (nee  cucullatis)  filamentis  antheris  brevior
ibus 

to  ovate-triangular,   0.8-0.9   mm  long,   0.3-0.4      ("^^  longioribus)  denique  fructu  ̂ ^^^^^''J^j"^';..^"    ' 
mm  wide,  apex  attenuate  to  a  rounded  tip,  the  tip 

dorsally  recurved,  base  cordate,  the  connective 

prominently  brown  punctate  dorsally;  pistil  obnap- 

iform,   1.6-1.8  mm  long,  the  ovary  subglobose, 

0.8-0.9  mm  long,  0.8  mm  diam.,  densely  trans- 

lucent lepidote,  the  style  thin,  0.6-0.8  mm  long, 
glabrous,  prominently  brown  punctate,  the  stigma 

capitate,  2(-3)-lobed,  the  placenta  cylindrical  be- 
low, the  apex  obconic,  the  ovules  2-3,  buried  with- 

6-8  (nee  4.5-5)  mm  diametro  praeclare  distinguitur. 

Shrub  or  smaU  tree  to  2  m  taU;  branchle
ts  terete, 

2-3  mm  diam.,  densely  appressed-lepid
ote,  gla- 

brescent.  Leaves  obovate  or  elliptic,  coriaceous,
 

9.5  cm  long,  (2.3-)3-4  cm  wide,  
apex  short-acu- 

minate, the  acumen  0.4-0.6  cm  long,  ̂ ttenuat^^ 

to  a  rounded  or  subacute  tip,  base  obt
use,  shor- 

decurrent  on  the  petiole,  midrib  slightly  ̂ epr^s^ 

above,  prominently  raised  below,  nerves 

in.  Fruit  subglobose,  0.6-0.7  cm  long,  0,7-0.8      pairs,  densely  pustulate  and  densely  lepidot^' ||^^" 
cm  diam.,  when  dried.  glabrescent  above,  moderately  appressed-lepidote 

Distribution,      Endemic  to  Cerro  Sipapo  and      ̂ ^^^^'  '^^  ̂"^^^^  ̂ ^J^""^'  ̂ "'  "^'  """^"'^^he  m^aVlin 

the  nearby  Orinoco  area,  at  1,600-2,200  m.  punctations  dark  brown,  mconspicuous,  t^^^^^ 

entire,  epunctate,  revolute;  petioles  canau 
Ecology.      Cybianthus  spathulifolius  is  a  scrub       LO-1.2  cm  long,  thin,  densely  appressed-lepi 

forest  species,  occurring  along  cliffs. 

Paratypes.      Venezuela,    territorio    federal 
amazonas:  Cerro  Sipapo,  S  Basin,  2,000-2,160  m,  26- 
28  Jan.  1949  (stam.  fl),  Mnguire  &  Politi  28668  (NY); Orinoco 

the  scales  persistent.  Staminate  inflorescence, ^^ 

straight  raceme,  rarely  a  cluster  of  2-3  suns 
racemes 

1.5-2.0   cm  long;   peduncle 

1       in  9-0  3  nu"^ 
pedicels  densely  lepidote;  peduncle  v.^  ̂ - 

lone;  floral  bracts  deltate  or  ovate,  0.5-1- 20  Jan.  1949  {phx.RjT),Maguire&hiiti  28461  {NY),      long,  0.8-1.0  mm  wide,  apex  acute,  densely 
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flCURE  18.      Cybianthus  maguirei  Agostini  ex  Pipoly tations.-B.  PistiUode.- 
Staminate  corolla  lobe,  lateral  view, n.  Anther 

A.  Staininate  flower,  showing  pellucid  and  black  punc- 
C,  D.  Staminate  calyx  lobes,  ventral  view.  —  E.  Staminate  corolla  lobe,  ventral  view.  —  F, 

— G.  Anther,  lateral  view,  showing  ventrally  curved  apiculum  and  erect  habit 
dorsal  view,  showing  darkened  and  punctate  connective, 

confluent  dehiscence  slits. - 

I.  Anther,  ventral  view,  showing  apically 

609i9.) 
J,  K.  Leaves.  (AI,  from  Maguire  37042;  J»  from  Maguire  37197;  K,  from  Silva 

idol 
e  abaxially,  the  margin  entire,  glabrous;  pedi-      entiated  from  the  style,  the  base  densely  translucent 

eels   terete,    erect,    0.4-0.6    mm    long.    Flowers 
-merous,  2.8-3.1   mm  long;  calyx  cupuliform, 

chartaceous,  L0-L5  mm  long,  the  tube  0.4-0.5 
"^  long,  the  lobes  ovate-triangular  to  deltate,  0.8- 
0-9  mm  long,  0.40. 7  mm  wide,  attenuate  to  an acute 

glandular-lepidote.  Pistillate  inflorescence:  a 

straight,  simple,  reduced  raceme,  0.4-1 .0  cm  long; 

peduncle,  rachis,  and  pedicels  densely  appressed- 

lepidote;  peduncle  0.5-1.0  mm  long;  floral  bracts 

triangular,  1.0- L5  mm  long,  0.3-0.5  mm  wide, 

tip,  prominently  punctate  and  punctate-H-      apex  attenuate,  densely  lepidote,  the  margin  entire. 

neate,   the   distal  punctations   red,   the   proximal      regul 

1 .0  mm  long; 

calyx  cupuliform,  1.3-1.7  mm  long,  the  tube  0.2- 

0.4  mm  long,  the  lobes  elliptic,  1.0-1.4  mm  long, 
O  ?,-0  f\  mm  wide,  aoex  attenuate,  medially  thick- 

punctate-lineations  black,  the  margin  entire,  dense- 
ly lepidote;  corolla  campanulate,  chartaceous,  2.7- 

3-0  mm  long,  the  tube  0.9-1.2  mm  long,  the  lobes 
^rect,  ovate,  1.6-1.9  mm  long,  0.9-1.2  mm  wide,  ened,  plicate,  prominently  black  punctate  and 
^t,  apex  attenuate  to  acute  tip,  prominently  punc- 

tate, the  submarginal  punctations  red,  the  medial      ceptdensely  so  along  the  margin,  the  margin  entire. 

lod 

J^fles  black,  sparsely  lepidote  without  except  dense- 
y  so  along  the  margin,  densely  glandular-granulose 

^thin,  densely  glandular-granulose  near  margin      erect,  oblong,  2.0-2.2  mm  long,  0.7-1.4  mm  wide, 

regular;  corolla  campaimlate,  chartaceous,  3.0- ibe  1.2  mm  lone,  the  lobes 

^thoul,  the  margin  entire,  densely  glandular-gran- 
yJose;  stamens  2.1-2.4  mm  long,  the  staminal  tube 

apex  rounded  to  obtuse,  sparsely  lepidote  mrdinlly 

without  except  densely  so  along  the  margin,  plan- 

"^conspicuous,  membranaceous,  0.9- L2  mm  long,  dular-granulose  within  and  near  margin  without, 

fiyaline,  elobate,  the  apicaUy  free  fUaments  flat,  prominently  black  punctate  and  punctatedineate, 

^•1-0.3  mm  long,  sparsely  brown  punctate,  the      the    margin    densely   glandular-granulose;   stami- anth 
ers  ovate,  0.9-1.0  mm  long,  0.40.5  mm nodes  2.3-2.6  mm  lone,  the  tube 

^Je,  slightly  recurved  distally,  apex  apiculate,  the      hyaline,  membranaceous,  1.0  mm  long,  the  free 

apiculum  somewhat  recurved  proximally,  the  base      apical  portion  of  the  filamenU  completely  adnale 

lobes Cordate,  glabrous,  the  connective  dark  and  prom- 

inently separating  the   thecae;  pistiUode  obturbi-      the  anthers  ovate,  0-9-1.1  mm  long,  0.5  0.6  mm 

■^ate,  1.4-1.5  mm  long,  the  ovary  not  well  differ- 

d*»^Iy 
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nective  prominently  black  punctate;  pistil  obnapi-  pressed  above,  prominently  raised  below,  the  nerves 

form,  2.1-2.3  mm  long,  the  ovary  1.1-1.3  mm  22-26  pairs,  inconspicuous  above  and  below,  the 
long,  ca.  1.5  mm  diam.,  densely  translucent-lepi-  upper  surface  scrobiculate,  densely  lepidote  at  first, 

dote,  the  style  0.9- 1 . 1  mm  long,  the  style  capitate,  glabrescent,  the  lower  surface  densely  lepidote,  the 

2-lobed,  the  placenta  subglobose,  with  4  naked  margin  entire,  epunctate,  revolute;  petioles  cana- 

ovules.  Fruit  depressed-globose,  4-5  mm  long,  6-  liculate,  0.9-1.3  cm  long,  densely  lepidote.  Sta- 

8  mm  diam.,  verruculose,  the  exocarp  thin,  black  minate  inflorescence:  a  simple  raceme,  2.0-3.5 
punctate. 

Distribution.      Endemic  to  Cerro  de  la  Neblina 

and  adjacent  mountains,  at  1,3002, 000  m. 

cm  long,  the  axis  and  pedicels  densely  lepidote,  the 

scales  overlapping;  peduncle  0.6-1.2  cm  long;  flo- 

ral bracts  linear-lanceolate,  0,3-0.6  mm  long,  1.5- 

3.5  mm  wide,  apex  acute,  densely  lepidote  adax- 

Ecology,  Cybianthus  maguirei  grows  among  ially,  the  margin  entire,  glabrous;  pedicels  terete, 

Heliamphora  and  Bromehaceae  patches  on  the  nodding,  1-3  mm  long.  Flowers  4-merous,  2.6- 

summlt  of  Cerro  de  la  Neblina.  2.9  mm  long,  cream- white;  calyx  cupuliform,  car- 

nose,    1.1-1.2  mm  long,  the  tube  0.4-0.5  mm 

AMAZONAS:  Cerro  de  la  Neblina,  summit,   1,700-2,000 
m,  4  Jan.  1954  (stam.  fl),  Maguire  et  al  37042  (NY, 

Paratypes.      Venezuela,    territorio    federal  ,          .vii              .          i_ji           *nc;nfi 

.vn^.i  r.rrr.  A^  1.  N.wi..    .....^it    1  700-9  HOH  'ong,  the  lobes  ovate  or  broadly  ovate,  U.5-U
.« 

mm  long,  0.7-1.0  mm  wide,  apically  rounded,  the 

VEN),   10  Jan.  1954  (stam.  fl),  37197  (NY).  Brazil.  punctations  small,  dark  brown,  conspicuous,  the 
AMAZONAS:  Serra  Pirapu^u,    1,3001,700  m,   27   Jan.  marein  densely  lepidote;  corolla  campanulate,  car- 

1^966  (stam.  fl),  Silva  &  Bra.do  60919  (INPA,  NY,  ̂ ^^^^   2.5-2.7   mm  long,  the  tube    1.0-1.1   mm 

long,  the  lobes  ovate  to  elliptic,  1.5-1.6  mm  long, 
Cybianthus  maguirei  is  most  closely  related  to  1.1-1.2  mm  wide,  the  apex  attenuate  to  a  rounded, 

C.  crotonoides,  a  species  endemic  to  the  eastern  cucullate  tip,  densely  to  sparingly  lepidote  mediafly 

state  of  Bolivar.   Cybianthus  maguirei  is  easily  without,  glandular-granulose  within,  the  margin  ir- 

distinguished,  however,  by  its  leaves  pustulate  above,  regular,  finely  crenulate,  densely  glandular-gran- 
densely  lepidote  below,  calyx  lobes  longer  than  ulose;  stamens  1.9-2.1  mm  long,  the  staminal  tube 

broad,  pedicels  less  than  1  mm  long,  flowers  erect,  inconspicuous,  hyaline,  membranaceous,  ca.  0.1 

longer  corolla,  apically  free  portion  of  the  filaments  mm  long,  elobate,  the  apically  free  filaments  1.2- 
shorter  than  the  anthers,  and  finally,  the  larger  1.3  mm  long,  adnate  to  the  corolla  lobes,  flat, 
fruit  with  verruculose  exocarp. 

It  is  a  pleasure  to  dedicate  this  species  to  the epunctate,  glabrous;  the  anthers  ovate,  0.8  O.v 

mm  long,  0.6-0.7  mm  wide,  apex  apiculate.  the 

tropical  Clusiaceae  and  authority  on  Guayana  flo- 

late  Bassett  Maguire,  former  Curator  Emeritus  of      apiculum  distally  recurved,  base  cordate,  the  lon- 
the  New  York  Botanical  Garden,  specialist  in  neo-       gitudinal  slits  thin,  dorsifixed  just  above  the  base, 

the  connective  prominently  brown  punctate  ven- 

trally;  pistillode  pyriform,  1.3-1.4  mm  long,  the 

ovary  ca.  0.3-0.4  mm  long  and  in  diam.,  densely 

translucent  lepidote,   the  style  ca.   0.9-1-0  mm 

nstics. 

21. crotonoides Schomb. 
^juiuiiiiius)  ei-oionuiut?s  \n.  m.  ̂ >cnomt).  ^  •'  i  k     ic    Pis- 

ex  Mez)  Agostini,  Acta  Biol.  Venez.  10:  153.      '^"^^  prominent
ly  brown  punctate,  S>abrous 

1 980.    Conomorpha    crotonoides    R.    M. 
Schomb.   ex   Mez  in  Engler,  Pflanzenr.   IV, 

tillate  inflorescence:  a  simple  raceme,  2.0  3.^  ̂ 

long,  the  axis  and  pedicels  densely  lepidote-  ine 
ocuuiiiu.    CA    mez   m    cngier,    rnanzenr.    IV,  ^  ^  /:     i  o         1  ne*  flo- 

236:   262.    1902.  type:   Venezuela.   Bolivar      scales  overlapping; 
 peduncle  0.6- 1.2  cm  long. 

ral  bracts  ovate,  0.3-0.6  mm  long,  1.^-^'  "' 

Sr/^om6«r^t6S7  (7027)  (lectotype,  here  des-      "^'^^^  ̂ ^"^  ̂ *'"*^'  "^^^'^'^  \^?^AoXe  adaxially,  l^e 
ienated-  G-DEL:  isolertotvn^^    V    Y>    \u\   Vu      margin  entire,  glabrous;  pedicels  terete,  er

e    , 

[Guy 1842-1843  (stam.  fl), 

be w).ri 
Richard 

3  mm  lone.  Flowers  4-merous,  2.0-2.1  mm       b^ 

cream-white;  calyx  cupuliform,  carnose-  i. iciiiiiiicu  umi  au  oi  lucnara  ;:5cnomburek  s    '  — ^   ^ —  i  .u^  lobes 

"Guyana-Roraima-  collections  were  actually      ̂ "^  ̂^'^S'  '^^  ̂"^^  ̂ -^'^'^  "J"^       O  V    1  0  mm 

19. 
borders  of  Venezuela.] 

Shrub  to  4  m  tall;  branchlets  terete,  thin,  2-3 

ovate-triangular,  0.5-0.8  mm  long,  0.7- 10  "^ 

wide,  apically  rounded,  inconspicuously  pe
llu<'> 

punctate,  the  margin  densely  lepidote;  corolla  ca 

panulate,  carnose,  1 .9-2.0  mm  long,  the  tube  L 
mm  diam.,  densely  lepidote.  Leaves  elliptic  to  ob-  1.1  mm  long,  the  lobes  ovate  to  elliptic,  0.7'l^o 
ovate-ell.pt.c,  coriaceous,  3.1-6  cm  long,  1.0-2.5  mm  long,  0.2-0.4  mm  wide,  the  apex  attenuate 

cm  wide,  apically  acute  or  short -acuminate,  base  to  a  round,  cucullate  tip,  densely  to  sparingly  l«;p- 
acute,  decurrent  on  the  petiole,  midrib  slightly  de-  idote  medially  without,  glandular-granulose  withm. 
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Figure  19 A.  Leaf,  adaxial  and  abaxial  views. 

Cybianthus  crotonoides  (R.  M.  Schomb,  ex  Mez)  Agostini,- 
B-  Anther,  ventral  view  showing  apiculum.— C.  Anther,  dorsal  view  showing  darkened  connective. 
^^^^  —  F    Pla--^^*-,    ̂ \   :   f.^j  ̂ ,...1^^  — p   Staminate  flower. — G.  Staminate  corolla  lobe,  dorsal  view  showing 

D.  Anther,  lateral 

E.  Placenta,  showing  naked  ovules. 
Punctations.  — H.  Staminate  corolla  lobe.— I.  Pistillode.— J.  Pistillate  corolla  lobe,  dorsal  view  showing  punctations.— 
K.  Pistillate  corolla  lobe,  ventral  view.— L.  Pistil.  (A-D  and  F-I,  from  Cardona  2721;  E  and  J-L,  from  Steyerniarh 59902,) 

Ihe 
margin  irregular,  finely  crenulate,  densely  glan- 

slaminodial  tube 

staminodes 

ine.  membra 

Distribution.      Endemic  to  Venezuela,  state  of 

Bolivar,  1,800-2,500  m. 

Ecology.      Cybianthus   crotonoides   grows   in I.  '       J  '  ecology.        s^yuiuitiiiU'O     k,t  i7#iy/n/*.u.cj     f^i  uttj     m 

aceous,  ca.  0.1  mm  long,  elobate,  the  filaments      2?oAi«c//a  roraimae  formations  on  the  J^immils  of 
•f  0.8  mm  long,   adnate  to  the  coroUa  lobes,      ̂ ^^.^^^  ̂ ^^^j^  j^  ̂ ^^  Auyan-tcpui-Chimanta  Flo- ^Pically  free  for  0.1-0.2  mm,  flat,  epunctate,  gla- 

brous; the  anthers  ovate,  0.6-0.7  mm  long,  0.5- 
'"  ̂ ^  wide,  apex  apiculate,  the  apiculum  distally 

|"ecurved,  base  cordate,  dorsifixed  just  above  the 
^ase,  the  longitudinal  slits  thin,  the  connective 
prominently  brown  punctate  ventrally;  pistil  ob- 
napiform,  1.6-1.8  mm  long,  the  ovary  0.9-1.1 
^^^  long  and  in  diam.,  densely  translucent  glan- 
^"'ar-punctate,  the  style  short,  0.5-0.6  mm  long, 
•^5.0  mm  diam.,  glabrous,  epunctate,  the  stigma 

capitate  and  lobulate,  the  lobules  ca.  2-3,  the 

P'acenta  subglobose,  bearing  3-4  naked  ovules. 

ristic  Complex  (Maguirc,  1979).  It  is  notable  ll 

it  occurs  in  the  fissures  of  tall  columns  of  rorks. 

t 

Specimens  examined,  VENEZUELA.  BOLIVAR;  A| 

man-tepui,  2,150  m.  22  Mar.  1987  (fr),  Hoist  3487 

(MO,  US,  VEN),  (pist.  fl,  fr),  Iloht  3497  (MO,  Ub,  YEN); 

Auyan-tepui,  2,100  m,  Jan.  1949  (stam.  fl),  Cardona 

2721  (NY  VEN),  1,850  m,  without  date  (btam.  fl).  Pan- 
nier &  Schwabe  s.n.  (VEN),  Tate  1171  (NY.  VEN). 

upper  slopes  of  Auyan-tepui.  2.300  m,  Apr.  1956  (sUm. 

fl),  Vareschi  &  Foldats  4844  (VEN),  summit  of  S  portion, 

2,050-2,300  m,  15  May  J  964  (.Mam.  fl),  Steyermnrh 

9301  f)  (F,  NY,  US,  VEN);  Carnarcailiarai-tepui,  summit, 

2^400  m.'26  Mar.  1987  (pist.  fl).  finlst  3624  (MO,  US, f  run  3.5   4.5  mm  long,  4.5-5.0  mm  diam.,  pur-      VEN).  SW-n^ring  shouMrr.  1,800   1.825  ni.  22-24  May 
P'e-black  at  m«.nritv    ..nr.rn  smooth.  1986  (stam.  fl),  Stryermark  el  al.    i:i2022  (MO,  b.S. 
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VEN);  summit  of  Carrao-tepui,  2,470-2,500  m,  7  Dec.  Mayr,  E.  &  W.  H.  Phelps.     1967.    The  origin  of  the 
1944  (pist.  fl,  fr),  Steyermark  60890  (F,  NY,  VEN);  bird  fauna  of  the  South  American  highlands.  BuU. 

Murisipan-tepui,  E  of  Auyan-tepui,  2,400-2,500  m,  25-  Amer.  Mus.  Nat.  Hist.  136:  273-327. 
26  Mar.  1987  (stam.  fl),  Delascio  13063  (MO,  VEN),  PiPOLY,  J.,  III.     1981.     Contributions  toward  a  mono- 
second  of  4  tepuis  W  to  E  in  Apamaran  range,  2,300 
m,  26  Mar.  1987  (stam.  fl).  Hoist  3533  (MO,  US.  VEN); 
Ptari-tepui,  along  base  of  S-facing  bluffs,  2,410  m,  6  Nov. 
1944  (stam.  fl),  Steyermark  59902  (F,  NY,  VEN);  sum- 

mit, Tereke-Yuren,  W  edge,  2,135  m,  26  May  1986 
(pist.  bud),  Liesner  et  al.  21118  (MO,  US,  VEN). ^ 

Cybianthus  crotonoides  is  easUy  recognized  by 
its  coriaceous,  revolute,  acuminate  leaves,  that  are 

so  densely  punctate  below  that  the  scales  are  su- 

perposed by  their  margins.  It  is  most  closely  related 

to  C.  maguirei  because  of  the  subglobose  placenta 

bearing  naked  ovules.  However,  C.  maguirei  is 
defined  by  its  wide  longitudinal  dehiscence  slits, 

which  are  apically  confluent,  and  C  crotonoides 

is  defined  by  its  dense  indument  of  lepidote  scales, 
which  overlap  each  other  on  the  abaxial  surface 

of  the  leaves,  corolla,  and  calyx,  on  the  pedicels, 
rachis,  stem,  and  petioles,  and  by  the  nodding 
flowers,  Cybianthus  crotonoides  shares  several 

other  characters  with  C.  maguirei  such  as  the 
inconspicuous,  hyaline,  membranaceous  staminal 

and  staminodial  tube,  the  cupuliform  calyx,  and 

the  corolla  lobes  densely  glandular-granulose  along 
the  margin. 

graph  of  Cybianthus  (Myrsinaceae):  I.  Subgenus 
Iteoides  and  the  identity  of  Conomorpha  loretensis. 

Brittonia  33:  491-493. 
  .     1982.    Contributions  toward  a  monograph  of 

Cybianthus  (Myrsinaceae):  II.  The  systematic  po- 

sition of  Ardisia  perpuncticulosa.  Wrightia  7:  52- 54. 

  .    1983a.    Contributions  toward  a  monograph  of 

Cybianthus  (Myrsinaceae):  III.  A  revision  of  sub- 
genus Laxiflorus.  Brittonia  35:  61-80. 

  .    1983b.    Contributions  toward  a  monograph  of 

Cybianthus  (Myrsinaceae):  IV.  Notes  on  subgenera 

Stapfia  and  Microconomorpha.  Wrightia  7:  235- 244, 

1987.     A  systematic  revision  of  the  genus 

Cybianthus  subgenus  Grammadenia  (Myrsinaceae). 
Mem.  New  York  Bot.  Card.  43:  1-76. 

1988.     Contribuciones  para  una  monografia 
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EVOLUTIONARY  BIOLOGY  OF      James  Aronson^ 
ACACIA  CAVEN 

(LEGUMINOSAE, 
MIMOSOIDEAE): 
INFRASPECIFIG  VARIATION 
IN  FRUIT  AND  SEED 

GHARAGTERS^ 

w 

Abstract 

Six  varieties  are  recognized  in  Acacia  caveti  (Leguminosae,  Mimosoideae;  Acacia  subg.  Acacia,  subsection 
Polyseriae)y  based  on  herbarium  studies  of  vegetative  characters,  population -lev  el  studies  of  fruit  and  seed  characters, 

and  a  map  of  the  species'  distribution  and  morphological  variation  patterns  in  southern  South  America.  Two  new 
varieties  are  described.  Ecological  and  evolutionary  aspects  of  carpological  variations  are  discussed,  and  a  framework 
is  established  for  further  studies  in  this  and  related  species. 

( 

Within  the  huge  pantropical  genus  Acacia  Mil-      ern  Bolivia,  western  Paraguay,  southern  Brazil, 

ler,  subgenus  Acacia  sensu  Vassal  (=  series  Gum-      Uruguay,  and  central  Chile.  This  paper  attempts 
ife 

to  clarify  infraspecific  taxonomy  of  the  species  and 
(Del,)  A.  Chev.)  appears  to  be  a  natural  phyletic      set  the  stage  for  ecological,  biogeographical,  and 
unit  (Bentham,  1842;  Pedley,  1986;  Vassal,  1972).      other  studies  of  A.  caven  and  related  species. 

membe 

savannas  of  the  Neotropics  (ca.  50  species)  and 
Africa  (ca.  115  species)  (Guinet  &  Vassal,  1978; 
Ross,  1979;  Vassal,  1981;  Rico  Arce,  1984),  but 

Historical  Systematic  Treatment 

Acacia  caven  was  originally  described  (as 

M. 

there  are  also  5-10  endemic  species  in  western  caven)  from  central  Chile  by  Molina  (1782),  who 

and  northern  Australia.  The  South  American  mem-  considered  it  very  similar  to  A.  farnesiana  (L.) 

bers  of  this  subgenus  (ca.  15  species)  are  among  Willd.,  a  species  described  over  29  years  previously 

the  least  well  known,  despite  the  recent  revision  of  and  widely  cultivated  in  Italy  and  France  during 

the  genus  ̂ cacm  in  Argentina  by  Cialdella(  1984).  the  eighteenth  and  nineteenth  centuries.  Unfor- 

Although  most  abundant  and  variable  in  the  tunately,  leaflet  size  (and  "a  shorter  pod")  was  the 
warm  temperate  to  subtropical  biogeographical  re-  basis  on  which  Bentham  (1875:  502)  separated 

gion  known  as  the  Chaco  (Hueck  &  Seibert,  1972;  the  two  taxa,  thereby  paving  the  way  for  subse- 
Cabrera  &  Willink,   1973),  one  member  of  sub-  quent  authors,  e.g.,  Kuntze  (1898),  Arechavalela 

genus  Acacia,  A,  caven  (Molina)  Molina,  appears  (1901),  Hassler  (1909),  Spegazzini  (1923),  and 

to  have  spread  relatively  recently  into  other  bio-  Clos  (1930),  to  lump  the  two  together.  By  contrast, 
geographical  regions  in  northern  Argentina,  east-  Hooker  &  Arnott  (1830),  Wight  &  Arnott  (1834), 

Berry.  Jan  GiUett.  Philip  Guinet.  Bruce  Maslin.  Gwilvni  T.ewis.  David  Mabberley,  Lourdes 
ny  Scheuler,  bara   Jressens,  and  Charles  Stirton  made  valuable  comments  on  • 
thank  them  as  well  as  A.  M.  Cialdella,  C.  Cristobal.  D.  H.  Janzen,  M.  Kalin  Ai     , 
the  late  P.  Legname,  J.  Morello,  R,  Nash,  C.  OvaUe,  R.  Palacios.  R.  M.  PolhiU.  A.  Radcliff of 

taff  of  the  foUo^sJI 

CTES,  FCQ,  G,  ICN,  K,  LP,  LIL,  LPB,  
MCN^ mr-ni.,  mu,  mvrn.,  mvm,  INI,  bOU.  and  SI.  An  unpublished  manuscript  by  Arturo  Burkart  (1959-lV^^/  — 

made  available  by  Nelida  Bacigalupo  (SI).  Permission  was  granted  by  the  Institute  Darwinion  (SI)  to  reproduce  two 
drawmgp  of  nods  from  that  manuscript  and  to  renrfxliire  thr**^  ml^^rc  tkat  or.^...^^  \r.  n^r..ininnn  n984).  Additional 

National  Geographic  Society. 

2  Centre  d'Ecologie  Fonctiomielle  et  Evolutive  L.  Emberger,  CNRS 

financ 

ipport 

Missouri 968.  1992. 
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Arata  ( 1 89 1 ),  Burkart  (1952,  1 967,  unpublished),  Habitat  and  Distribution 
Tortorelli  ( 1956),  Vassal  (1 972),  Lombardo(  1982),  .       . 

CialdeUa  (1984),  Rodriguez  at  al.  (1984),  and  Ber-  ̂ "^"""^  '^"''^''  ''  ̂""^  "^  ̂^^  ""^'^  widespread 

nardi  (1984)  maintained  separation  of  the  two  taxa  ̂ '^'^^^  'P^^^^'  ̂ ^  extra-tropical  South  America, 

on  the  basis  of  length  to  width  ratio  and  anatomy  ?!'^'^^,^:_^'S ^ ̂  :^ ̂T^^^!:  t^'l^ of  the  pods,  pericarp  striations,  length  and  pubes- 
known 

espinill 

cence  of  petioles,  size  of  leafle'ts,  and  other  mor-      ™*^'"  ̂ "d  "churqui"  (Fig.  2).  It  is  a  natural  com- 

phological  characters.  Only  Spegazzini  (1923)  and      ̂ ^"1"' ^^^.^^^.^^/^^^^^^^^^^  forest  maU  but  the Cialdella  (1984)  treated  A.  caven  in  detail. 

Position  Within  Subgenus  Acacia 

than  1,000,000  km^'  between  15°  and  35°S  in 
north-central  Argentina,  adjacent  parts  of  Bolivia, 
a  tiny  portion  of  Mato  Grosso,  Brazil,  and  nearly 

vasive. 

Like  some  other  widespread  acacias,  e.g.,  A. 
WiUd.,  ̂ ./c 

The  sman  subsection  Polyseriae  (Vassal,  1 972)  ̂ 'l  ""^  ̂̂ ^'^^^  ̂ ^"fo^Tu^  ̂ T'tt'-  l^^^' Jc  o^«oU„    J        1  .-         -11  1  1  Cabrera  &  Wilhnk,  1973;  Kamella  &  bpichieer, 
IS  considered  evolutionardy  advanced  compared  to  ,  ̂^^,    ̂       . ,       „   ,      ̂ ,  .    .  .f      j  . 
»kpf^^i  ^„         ,         ,       rr  •       .  11  •  1989)-  Outside  of  the  Chaco,  it  is  considered  in- me  lar  larger  subsection  Unisenae,  which  contains  . 
all  other  members  of  the  subgenus.  Acacia  caven 
and  A.  farnesiana  are  the  only  South  American 
members  of  this  subsection  {A.  erioloba  E.  Mey 
and  A,  sphaerocephala  Cham,  et  Schldl.  are  the  „  ,  ,  in,.., cnl«  Af^„  J  »x  .  .V  Hayne,  A.  caven  snows  remarkable  climatic  tol- 
^"le  /vtrican  and  Mesoamencan  representatives).  -^  .         ,     •     ,      ,        ,  -,-  „ Sn*ir-;^c.  r.r      u      ̂ '       n  I         .1  1  erance  and  ecological  adaptabuily,  as  well  as  a 
'^^pecies  ol  subsection  Polysenae  have  two,  rarely  -        i     v       ,     ,  ,    /•  r  i tK-^„   ̂ „         r        ,  ,  ,1  propensity  to  invade  disturbed  habitats.  In  central 
tnree,  rows  ol  seeds  per  pod,  as  compared  to  only  >,,.;,  t        a  ^ onA  r^„,  J  •         I         .       FT  .       .       /\r        ,  Chile,   encroachment   by  A.    caven   atlects  over 
one  row  per  pod  m  subsection  Unisenae  (Vassal,  ̂   ̂ ^ '  ̂ ^^  i      -     i    i-  .      i  -    .u 
1972V  Thic  .Ko......  1.J  w:.u.  ^.  A   .  n  QQ^x  2,000,000  ha,  mcluding  natural  ecosystems  m  the 

Willd 

subhumid  portions  of  the  mediter- 
ranean climate  zone  (Parsons,   1976;  Fuenles  et to  propose  the  segregate  genus  Vachellia,  a  prop- 

osita  accepted  by  Spegazzini  (1 923)  bu,  rejected  ^valle  e,  al.,  1 990).  It  occur,  fro,„  ,,ea "J  most  subsequent  workers.  Many  modern  work-  ,       ,  ,     „  ̂ ^„  ,  .  .         i.    -      . 
/f^    c  '  1  \^^^\  to  nearly  3,200  m  at  its  northern  limits  m uimatural 

&  r  ri  •                                   X   ,r       -     ,       I .  i              ,       central  Bolivia.  In  Argentina  and  Chile  it  rarely 
<v  J.  hbmger,  pers.  comm.).  Yet,  it  should  be  noted        ^   ,  ̂ ^^  J"  _  .  ._  p  ,.  .    ,,  .    _' 

dia 
rdily  dehiscent)  pods 

"agnostic  trait  cited  by  Vassal  (1972)  for  subsec- 

occurs  above  1,200  m,  and  in  Bolivia  it  is  sparse 

above  1,900  m.  Freezing  temperatures  would  ap- 
be 

t!nn   P  ;  -  ,     1  ,  ,         pear  to  oe  a  iimiime  lacior.  rur  uiikiiuwh  rt^ai^uni^, 
"on  rolysenae,  and  that  the  eroup  corresponds      \  ,  ^  "^  .      ,  ♦     •    ̂ i. 
in  n^rf  f.  *k„  .»u„„_:„  e   ..?_..._._.  /^„.j      A.  caven  does  not  occur  m  close  proximity  to  the defined 

bv  R^r^fK        /io'7c     Ar^r^^  ,      i      -      r  n      ,  sca.  It  occurs  not  Only  m  diverse  contmental-ch- 
^y  oentham  (1875:  499)  on  the  basis  of  floral  as  ,_  .    i      •     *u  j-*  i-^  . 
wpii  ̂ ^  111  mate  areas  but  also  m  the  mediterranean-chmate 

as  carpological  characters.  ^  .^  ̂^^^^  j^^^j^  .^  seasonally  inundated  plains 

Infraspecific  Treatment 

CialdeUa  (1984)  recognized  four  varieties  within 
Acacia  caven.  Three  of  these  were  characterized 

and  on  very  dry  slopes  or  inselbergs.  Preferring 

open  cow  pastures  or  abandoned  fields,  it  also  en- 
ters clearings  in  various  types  of  natural  vegetation seen 

»...  .c...«    xnree  o    tnese  were  cnaracrenzea      ^  ̂^^j,.^^     j^ed  shrub  1-3  m  tall.  A.  caven  can y  poa  size  and  shape  (vars.  caven,  microcarpa,      _^  .^  Q_,n  _  :.  h^laUt  wl.f.  HRH  of  RO  rm.  wh^n anfl.,„                ,       ,-                   ,    ,      «r         «■  attain  8-10  m  in  height,  with  DBHofSO  cm,  when 
""u  sfcftocarna)  and  corresponded  to    forms    rec-  ,  ,            .•     j        ̂ ^.lo  en,  .??..    10R<^n«.r«  «!..,  ̂  

ogn^ed  by  Spegazzini  (1923)  under  VachelUafar-
  '^^^  ""^"*  ""  ̂̂ ^^  ̂"''^  ̂°^'^"^'  '^^^'  P'"'  "^'^•^• 

B'urlT?'  ̂   r-  ^r."n^'  ̂^  ̂«':"«/t"^*y  ̂ "^f"""'  REPRODUCTIVE  B.OLOCY "*KarT  ex  L.ialdella,  recognized  the  unusual  pop- 

nations  with  dehiscent  pods  in  the  hills  between  Similar  to  several  Australian  and  African  aca- 

'-ordoba  and  San  Luis,  Argentina.  Three  more  of 
Spega2zini's(1923)  "forms,"  characterized  by  short 
peduncles,  small  anthers,  and  large  leaflets,  re- 

spectively, were  rejected  by  Burkart  (unpublished) 

both  hermaphrodit 

ed 

romonoecious  species  (Spegazzim 

t,  1967;  Leon  et  al.,  in  prep.).  Thes< 

and  Cialdella  ( 1 984).  Furthermore,  Burkart  labeled  occur  in  varying  proportions,  both  within  and  among 

several  specimens  var.   macrocarpa  or   var.  population?,  possibly  In  response  to  changes  in  wa- 

^Phaerocarpa,  but  never  prepared  formal  descrip-  ter  availability  (Icon  et  al.,  in  prep.).  Acacia  caven 

*>ons  for  them.  Typical  fruit  types  of  the  six  pu-  seems  to  be  largely  allogamous,  as  more  than  50 

tative  varieties  are  shown  in  Figure  1.  individuals  tested  have  proven  to  be  highly  srlf- 

J 
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Figure  1.  Typical  fruits  of  the  six  varieties  of  Acacia  caven.—a.  Variety  caven  Burkart  29343.— h.  Variety 
stenocarpa  Krnpovickas  983.— c.  Variety  microcarpa  Rojas  7697.— d.  Variety  sphaerocarpa  Tressans  &  Ka- 
dovancich  3539.— e.  Variety  mnrrocarpa  Burkart  17577.— {.  Variety  dehiscens  Burkart  15730.  All  drawings life  size. 

incompatible,  both  in  an  Argentinian  population 

near  Cordoba  (A.  Anton,  pers.  comm.)  and  a  Chil-      ̂ ^^^  DiSPERSAL 
ean 

Pollin 

in  central  Chile 

in 

beetles 

bees 

pollinator  group  is  the  most  common  for  the  genus 
(Arroyo,  1981). 

pod 

at  least      seeds  are  presumably  dispersed  in  this  fashion.  K'^ 
^  ^  ^     ̂ ^B    ̂ ^^  ̂ mJ 

primary 

habitat  within  the  Chaco  was  near  seasonally  activ 

waterways,  where  it  is  often  seen  today  (C  J^^ 

Toledo,   pers.   comm.)-   At   the  same  time,  mo^ 

varieties  of  A.  caven  seem  adapted  for  Ion/'' 
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FicuRE  2.      Continental  distribution  of  Acacia  caven  in  southern  South  America.  Each  point  represents  a  single field  collection. 

tance  dispersal  by  mega-vertebrates.  In  prehistoric      with  48  grains  (Cuinet  &  Aronson,  unpublished 
numerous 

camelids,    stegomastodons,    notoungulates,    eden- 

data). 

tates,  and  giant  sloths  in  the  Chaco  (Bucher,  1987).      Materials  and  Methods 
At  present,  domestic  livestock  are  undoubtedly  the 

umportant 
FRUITS  AND  SEEDS 

as 
(( 

pod 

f^ 

covering Armesto,     1981).    Medium-sized    birds    such 

charata"    {Ortalis   canicollis)^    and    "corzuela 

{Mazama  americana,  M.  rufa),  as  well  as  tapir  Acacia  caven.  In  addition,  more  than  750  her- 

{Tapirus  terreslris),  guanaco  {Lama  guanicoe),  barium  fruit-bearing  specimens  of  A.  caven  were 

«nd  sury  (Rhea  americana)  are  all  probable  dis-  compared  for  carpological  and  vegetative  traits. 

Parsers  of  seed  (C.  Saravia  Toledo,  pers.  comm.).  Several  fruit  (pod)  and  seed  characters  appeared 

relatively  constant  within  populations,  and  llip  three 

Cytology  and  Palynology largest  fruit  samples  from  populations  of  earh  of 

ibe 

26  (Castronovo,  1945)  and      more  individuals  was  sufficient  to  represent  each 

variable      population,  since  the  addition  of  further  pods  failed 

^n  recorded  as  2n 

2^1  =  26,  52  (Atchison,  1948).  SimUarly  .«   
numbers  occur  in  the  closely  related  A.farnesiana, 
^hich  is  said  to  have  2n  =  52,  104  (Atchison, 
1948).  Pollen  is  shed  in  relatively  large  polyads 
<^on£ibtingof  ca.  32  grains  (Caeca van,  1970;  Heus- 
*^r,  1971;  Peralla  et  al.,  in  press).  Exceptions  are pod 

ted  for  analy 

h  of  five  or 

„._  ̂ __.eralized 
&  Ashton,  1978).  Only  ripe  pods  free 

damage  were  used.  Voucher  specimens 

julation  are  deposited  at  herbaria  in  O 

SCO),  at  Kew  (K),  and  in  Missouri  (M< 

grams 

SCO) 

population  were  meapurwl 
pods  per 



962 Annals  of  the 
Missouri  Botanical  Garden 

Table  1.      Leaf  and  peduncle  characters  in  six  varieties  of  Acacia  caven.  Based  on  examination  of  fully  developed 
leaves  of  750  herbarium  specimens. 

Rachi IS 
Variety length  (cm) 

Pairs  of 
leaflets 

per  pinna 

Pubescence 

of  rachis' 

Peduncle 

length^  (mm) 

caven 

spkaerocarpa 
dehiscens 

macrocarpa 
microcarpa 
stenocarpa 

5-7 

3-4 

2-4 
3-4(-5) 

3-7 

4-8 

4-6 8-14 

6   12 6-10 

4-6 
4-8 

5   15 
5-15 

5-8 
3-5 

10-15 

10-25 

Position  of 

nectary  on  rachis' 
A  or  absent 
A  or  absent 
A 
A 
A  or  B 
A  or  B 

'  —  usually  glabrous;  ±  variable. 
^  Not  shown  in  Figure  1 . 'A- 

at  or  near  junction  of  first  pair  of  pinnae;  B  — midway  from  A  to  base  of  rachis. 

estimated  as  pod  length  x  xr^  Seeds  were  re-  the  Chaco  that  is  periodically  inundated  for  several 
moved,  coimted,  and  weighed  separately  from  pods.  months  each  year.  Variety  dehiscens  is  limited  to 
Average  seed  weight  varied  little  within  popula-  the  rather  dry,  isolated  range  of  mid-altitudinal 
tions,  as  seen  in  a  number  of  preliminary  scale  ranges  stretching  between  San  Luis  and  Cordoba, 
checks.  To  determine  average  seed  weight  for  each  west-central  Argentina;  variety  spkaerocarpa  De- 

population, all  seeds  from  each  sample  were  pooled,  curs  only  in  high-rainfall  areas  of  eastern  Argentina 
and  three  random  subsamples  of  100  seeds  were  and  adjacent  portions  of  Uruguay.  Variety  caven 
weighed.  The  average  weight  of  a  single  seed  was  is  the  most  widespread,  demarking  the  outer  pe- 
calculated  from  the  resulting  mean  values.  Data  riphery  of  the  geographic  range  of  the  whole  spe- 
were  analyzed  by  Duncan  s  Multiple  Range  test  cies,  except  in  Bolivia  and  Paraguay. 
and  two-way  ANOVA  to  evaluate  the  relative  con-  A  gap  occurs  in  the  distribution  of  A.  caven  in 
tribution  of  population  and  variety  to  overaU  vari-      the  middle  of  the  Chaco,  undoubtedly  due  to  aridity. 

Moreover,  the  five  varieties  other  than  variety  ca- 

ven seem  to  spread  out  in  an  irregular  pattern 

around  this  natural  gap.  This  situation  is  remniscent 
of  that  found  in  Acacia  karroo  in  southern  Africa 

(Brain,  1989).  In  that  species,  three  chemotypic 

ance. 

Results 

Table  1  shows  the  comparison  of  selected  mor- 
phological traits  among  the  six  putative  varieties 

Although  some  diagnostic  differences  occur,  veg-  ''^''^^  °''*'"^  ̂ ^"'""^  allopatricaUy  around  the  tree- 

etative  organs  clearly  do  not  display  the  most  dis-  '^^^  Drakensberg  massif.  The  geograph
ic  distn- .*.-       •*•  -^  ..        —  ..--  V»iit;*-iK»    -~fcf  +k^c-^    ^^^^r^    r^w^^^r^^c    correlated   witn 

changes  in  the  quantity  and  distribution  of  precip- 

tinctive  infraspecific  variation.  Table  2  shows  in-      ̂"^^^"^    ̂ ^   *^^^^    ̂ ^^^^    appears 

pod 

m 

17  populations  representing  the  six  putative      "^*'''"-  '"  ̂ ^^  specimens  of  ̂ .  caven,
  polymor 

varieties 

pod pod 

phism  in  a  peroxidase  banding  pattern  has  been 

determined  and  a  clear  distinction  was  found  be- 

tween Chilean  and  non-Chilean  populations  (Brain 

&  Aronson,  in  prep.).  Further  studies  are  needed 
in  thi IS  area. 

Taxonomic  Treatment 

tinguished:  (i)  caven,  spkaerocarpa,  and  dekis- 
cens,  (ii)  macrocarpa,  and  (iii)  microcarpa  and 
stenocarpa,  which  is  further  distinguished  by  nar- 

row pod  shape  and  small  seed  size. 

Figure  2  shows  collection  localities  for  the  six 

varieties.  Partial  geographic  isolation  occurs  in  some  Acacia  caven  (Molina)  Molina,  in  Sag.  Stor.  r<la  ■ 
varieties,  notably  variety  dehiscens  in  west-central  ^^^^*'  ̂ nd  ed.,  163;  299,  1810. 

Argentina,    and    variety    microcarpa    +    variety  Shrub  or  tree  to  10  m  high,  but  usuaUy  much 

TrZ7T  "i     '.h"    p"""'°  T'  "'  ""'■^'^^^^  «--"-^  smgle-stemmed  or  with  5-20  or  more 

Cr?.rn  "    "     T,,T  ̂^76"^y- Geographic  sep-  densely  crowded  basal  stems,  depending  on  history 
nrat  on  .s  com^lated  to  ecological  differentiation  in  of  cutting  and  burning;  you^g  branchlels  mottled most  cases.  Thus,  variety  nu^crocarpa  is  not  only  g.ay,  sparingly  puber  JJs,  lenticels  not  pron,ine»|. 

ZL^Z:Xo^rtr' ■^'''  ̂-^^^  "-''^^  ̂ ^  Stipllarspin'ela4-2.5cmlong,slende;.not.wol- s.tes  above  2,000  m.  Both  variety  murocarpa  and  ]«„  at  the  base   white  or  gray   rarely  brown,  often 
variety  stenocarpa  are  restricted  to  tho  portion  of  mottled,  borr  in  ;airrafev;ry  nlle.  Leaves  bi- 
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Table  2.  Means  and  ranges  of  four  morphometric  fruit  and  seed  traits  in  six  putative  varieties  of  Acacia  caven. 

For  each  variety,  N  =  240,  from  three  populations.  Means  in  a  column  followed  by  the  same  letter  are  not  significantly 
different  {P  =  0.05). 

Variety 

caven 
Range 

sphaerocarpa 
Range 

dehi iscens 

Range 

macrocarpa 
Range 

mirrocarpa 
Range 

stenocarpa 
Range 

Fruits Seeds 

Length  (cm)       Width  (cm)      Volume  (cm^) 

5.1 a 

(4.6-8.4) 

4.0b 

(2.1-6.5) 

5.5a 

(3.3-7.5) 

8.4c 

(6,2-11) 

2.3d 

(1.7-3.1) 

3.7a 

(3.0-6.5) 

Dry  weight 

(g)' 

Seeds 

per  pod 1.5a 

(1.4-2.3) 

2.9ab 

(1.6  4.8) 
1.6a 

(0.9-2.2) 

2.2b 

(1.8-2.5) 

1.2c 

(0.5   1.5) 

0.8c 

(0.6-1.1) 

9.0a 

(7.0-14) 
6.3b 

(5.4-68) 

11.9ab 

(7.1    18) 

31.9c 

(26-38) 
2.6d 

(2.2-3.0) 

2.4d 

(1.9-3.6) 

5.4a 

(3.7-9.7) 
3.5a 

(1.5-6.0) 
6.3ab 

(5.2-8.3) 

9.8b 
(8.4-12.7) 

0.9d 

(0.7-1.4) 

1.4d 
(0.8-2.4) 

21.3a 
(9-39) 

22.9a 

(11-31) 

18.4a 
(4-28) 

30.2b 

(16-41) 
11.2c 
(7-15) 

12.4c (8-17) 

Dry  seed 

weight  (g) 

1.23a 

(1.2-1.3) 

L15a 

(1,0-1.3) 
0.91b 

(0.90-0.93) 

].26a 

(1.25-1.27) 

0.47c 
(0.4-0.5) 
0.51c 

(0.4-0.56) 

With  seeds 

pmnate 

rachis  2-5(-8)  cm  long,  sparsely  puberulous;  pinna 
pairs  typically  4-8(- 1 4);  rachiUae  0.7-1  A  cm  long; 

2  cm  long,  often  with       2.        Pod  elongate-fusiform,  more  than  twice  as  broad 
as  long,  excluding  beak 

3(2).   Pod  usually  2.0-3.0  X  1.0-1.5  cm;  mesocarp 
prmiary 

4 

leaflets  4 

somewhat  reddish,  peduncle  more  than  15  mm long   

lin 

3. 

...  var.  micracarpa 
mesocarp  white, 

peduncle  less  than  1 5  mm  long „  var.  sphaerocarpa 

4(2).   Pod  3.0-4.0(-6.5)  x  0.6- 1.1  cm,  narrowing 
at  both  ends,  sometimes  subtorulose,  often  light 

brown,  occasionally  reddish  purple,  peduncle 

usually  more  than  15  mm  and  rarely  up  to 
30  mm  „ 

var.  stenocarpa 

4. 
5 

^  0.5  mm,  glabrous;  midrib  and  lateral  nerves  not 
readily  distinct.  Peduncles  usually  pubescent  but 
sometimes  glabrous,  3-15(-25)  mm  long,  and  rel- 

atively constant  in  length  within  populations.  Flow- 

er head  spherical  or  ellipsoid,  5-10  mm  long;  one 
or  usually  several  per  leaf  axil,  highly  visible  prior 
to  the  emergence  of  leaves.  Flowers  sessile,  yellow, 

highly  fragrant.  Calyx  0.5-1.0  mm  long,  glabrous, 

t-orolla  1-3  mm  long,  glabrous,  approximately  30-  5(4) 
55  flowers  per  head;  stamens  44-58  per  flower, 
with  filaments  free  from  the  base  and  anthers  eglan- 

atilate;  pods  brownish  black  or  purplish  brown, 
oblong-elongate  or  subglobose,  straight  or  slightly 
lalcate,  frequently  stipilate  basaUy  and/or  acu- 
^>ttale,  extremely  variable  in  size,  volume  and 

weight;  indehiscent,  except  in  variety  dehiscens;      Acacia  caven  var.  caven,  Mfmosacai^ea  Molina, 

Pod  5-11    X   1.5-2.5  cm,  elongate,  acumi- 

nate, not  torulose,  peduncle  less  than  15  mm long   slightly 

pie,  5-8  cm  lung,  with  one  butural  ridge,  this 
often  indistinct;  mesocarp  evanesrnit  „  var.  caven 

5. 
Pod  usually  reddish  purpi«',  usually  more  than 
8  cm  long,  with  thrtf  ilistinct  sutural  ridgeft, 

these  often  sharply  distinct;  mesocarp  resinous var.  mncrornrpn 

glabrous,  usually  not  striate.  Mesocarp or Seed 

±  spongy 

©Dip tic,  5- mm.  Seeds 
35 

per  pod 

red fully  ripe  pods. 

Key  to  Fruiting  Specimens  of  Acacia  caven 

var.  dehiscens 
   2 

1. 
1. 

*^l).   Pod  subglobose,  Ies6  than  twice  as  broad  as 
long,  excluding  beak  and  peduncle 

Mature  pod  dehiscent 
Mature  pod  indehiscent 

3 

Sag.  Stor.  Nat.  Chili  1  .t  rd.,  174.  1782.  TYPE: 

not  known.  Neotype  here  designated:  Ran- 

cagua,  Chile,  Oct.  1828,  Bertero  s.n.  (SCO). 

Figure  la. 

Acacia  adennpa  Hook.  &  Am.,  Elot.  Mi^cell.  3:  206. 
183.3. 

Acacia  farnesiaiia  a.)  WilW.  var.  brachicnrpn  0.  Kuntw. 

Rev.  Gen.  PI.  1:156.  1891  Iraciti  farnrsianail.) 

Willd.  var,  cavenia  (H(K)k  &  Am.)  O.Kuntze,  Rev. 

Gen.  n.  3:47.  1898.  Vachelha  farnesiann  (L) 

Wight  &  Arn.  f.  cairma  (Molina)  !^g.,  B<>I.  Acad. 

J 
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Nac.  Cs,  C6rdoba  26(2):  298.  1923.  Acacia  far- 
nesiana  (L.)  Willd.  f.  cavenia  E.  C.  Clos,  Bol.  Min. 
Agric.  Nac.  28(4):  455.  1930. 

Shrub  or  tree  to  10  m  high,  but  usually  much 

smaller;  single-stemmed  or  with  5-20  or  more 
densely   crowded   basal   stems;   young   branchlets 

entes:  ca.  27^27'S,  58°46'W,  60  m,  ̂'alrede- 
dores  de  la  ciudad  de  Corrientes,  antiguo  cami- 
no  a  Matadero,  500  m  de  la  ruta,  17  Feb. 

1989,  5.  G.  Tressens  &  A.  Radovancich  3539 

(holotype,  K;  isotype,  CTES).  Figure  Id. 

A  varietatibus  omnibus  aliis  var.  microcarpa  sola  ex- 
mottled  gray,  sparingly  puberulous.  Stipular  spines      ̂ epta  legumine  subgloboso  differt,  a  var.  m/crocar/^a  legu 
0.4-2.5  cm  long,  slender,  white  or  gray,  borne  in      mine  maiore  pedunculum  crassum  baud  excedente  differt. 
pairs  at  every  node.  Leaves  bipinnate,  deciduous; 

peduncle  5-15  mm  long,  usually  with  one  nectary 

at  midpoint  of  petiole;  primary  rachis  5-7  cm  long, 

sparsely  pubenJous;  pinna  pairs  4-6;  rachiUae  0.7- 

Fruits  are  nearly  spheroid  when  small  (ca.  15 

X  15  mm)  or  slightly  ovoid  when  larger  (ca.  25- 
30  X  20  mm),  often  with  a  sharp  acuminate  tip. 

Leaflets  are  numerous  (814  pairs)  and  leaves  are 1.0  cm  long;  leaflets  4-6  pairs  per  pinna,  linear,      .  ,         .  .  ori^fcv^inic: 

1  n  ̂   AC.   ^i.u   ..  J^^.:uLju*..„i   ....      'arger  than  m  variety  caven:   30-45    x    lU-lD 1.0  X  0.5  mm,  glabrous;  midrib  and  lateral  nerves 

not  readily  distinct.  Peduncles  usually  pubescent, 

3-15  mm  long,  and  relatively  constant  in  length 

mm;  stipular  spines  mostly  less  than  5  mm  long. 

Distribution  (Fig.  2).      In  the  more  humid  part 
within  populations.  Flower  head  spherical  or  ellip-  of  the  Chaco  and  adjacent  regions  of  Corrientes 

soid,  0,5-1.0  cm  long;  one  or  usually  several  per  and  Entre  Rios,  Argentina,  rarely  in  Santa  Fe  and 

leaf  axil,  highly  visible  prior  to  the  emergence  of  Cordoba  provinces,  Argentina,  and  in  western  Par- 
leaves.  Flowers  sessile,  yellow,  highly  fragrant.  Ca-  aguay  and  Uruguay.  In  damp  fields  where  livestock 
lyx  0,5-1.0  mm  long,  glabrous.  Corolla  1-3  mm  roam, 

long,  glabrous,  approximately  30-55  flowers  per 

head;  stamens  44-58  per  flower;  filaments  free 
from  the  base;  anthers  eglandulate;  pods  brownish 

black  or  purplish  brown,  oblong-elongate  or  subglo-  10  km  NE  of  Colonia  C.  Pelligrini,  Route  14,  Krapovickas 

bose,  straight  or  slightly  falcate,  frequently  stipitate  «'  ̂ l.  29427  (CTES,  SI),  entre  rigs:  Depto   Islas  del 

^  Ibicuy,  14.5  km  N  of  the  interprovince  line  with  Buenos 

Representative    specimens.       ARGENTINA.    COR- 

RIENTES:   Empedrado,    Estado    La    Yeia,    ca.    27°53  S, 

basally  and/or  acuminate  ±   5-7   x    10-13  cm, 

8- 1 0  g;  indehiscent,  glabrous,  usually  not  striate.  Tronson'7648  (M0).7anta  fe:  RIo  Nah  Tuli  Piague.  9 
Mesocarp  ±  spongy.  Seeds  olive  brown,  ±  elliptic,  Jan.    1937,    Ragonese  2444   (SI).    Uruguay.  Laguna 
5-7    X   4-6  mm,  areole  4-5    x    3-4  mm;  9-39  Guayaca,  Apr.  1906,  Berro  4002  (MVFA). 
per  pod  in  2  rows  in  young  pods  but  ±  scattered 

in  fully  ripe  pods. 
In  1947,  Burkart  labeled  one  herbarium  sheet 

„               ,   ,                       r^  (Ragonese  2444,  SI)  "forma  sphaerocarpa  n.f." Habit  and  distrihuUon  (Fig.  2).      In  disturbed  ^ut  never  described  it  formaUy.  In  all  morphological 
sites  m  northern  Argentina,  southeastern  Bolivia,  ̂ ^^jj^  ̂                  .  ̂ j^^p^^  ̂ j^i,  ̂ le^.ly  shows  affinity 
and  south-central  Paraguay,  occasionaUy  an  inte-  ̂ -^^^  ̂ ^^ety  caven.  However,  apart  from  carpologi- 
grated  element  m  xerophytic  Chaco  woodlands  and  ̂ ^j  differences,  limited   geographical  distribution 
along  former  river  courses  in  adjacent  areas.  Also  ̂ y^     2)  and  comparatively  rapid  growth  rate  under 
in  the  central  vaUeys  of  Chile  (36-27°S),  parts  of  eontrofled  environmental  conditions  (Aronson  et 
Uruguay   and  southern  Brazil.  EspeciaUy  frequent  ̂ ,^  ̂^g^^                 -^^  recognition  as  a  distinct  va- 
m  much-burned,  overgrazed  cow  pastures  and  in  -^^    -y.-    ̂ ,J-^^,  ,^^_,  .^  u^^^               "     '      " abandoned  fields. 

Representative  specimens. unusua 
leaves,  regardless  of  water  availability. 

CORDOBA 

km  E  of  C6rdoba,  ca.  3in9'S,  64°57'W,  280  m,  11  r>     i      *     v  fial- 
Oct.  1988.  Aronson  7642  (CONC.  K    MO^    RnirviA       Acacia  caven  var.  dehiscens  burkart  ex 

Bolivia 

CHUQUISACA:  1 9  km  S  of  Cainargo,  on  road  to  Tarija  ca 
20°41'S,  65''15'W,  2,350  m,  26  Feb.  1989,  Aronson 
7799 (CONC,  MO);  53  km  S  of  Palos  Biancos,  ca.  21°45'S 

63''38'W,  850  m,  28  Feb.  1 989,  Aronson  7827  (MO)' 

deUa.  Darwiniana  25:  76.   1984.  TYPE:  Ap 

gentina.  Cordoba:  Ascochinga,  22  Sep.  1 
E.  G.  Nicora  962  (SI).  Figure  1  f • 

Chile.  4  km  E  of  Lo  Ovalle,  ca.  33»02'S,  71°22'W,  220  Distribution.      The  mid-altitudinal  hills  of  Cor- m,  18  Nov.  1988,  Aronson  7692  (K,  MO);  Cuesta  de  j  Ko       j  c       t    •  w«<.t«.rn  Argentina. 

Chacabuco,  45  km  N  of  Santiago,  ca.  32<>58'S.  70»42'W  ̂ ""^^  ̂ ""^  ̂ ^"  ̂ "^'  provmces,  western  Arg      ̂  

750  m,  23  Nov.  1988.  Aronson  7696  (K,  MO).  Uruguay!  ̂ ^""^  ''^''^  "*  ̂ ^^  '<'^®'"  pre- Andean  slopes  o 

2  km  E  of  Gauleguaychu,  ca.  33°10'S,  58''22'W,  45  m.  tamarca  and,  according  to  Cialdella  (1984),  i5al    • 

SCO) 

frequen 

disturbed 

Acacia  caven  var.  sphaerocarpa  Burkart  ex 
Aronson,  var.  nov.  type.  Argentina.  Corri-      ulations  (Fig.  2). proximity  to  large,  permanent  human 

\ 

\ 

I 
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CORDOBA 
Representative  specimens,      ARGENTINA.  CATAMARCA:       purple  pericarp,  and  the  spongy,  resinous  mesocarp 

of  the  pod  are  unusual  m  Acacia  caven  and  are 

reminiscent  of  some  forms  of  A,  farnesiana.  Nev- 

ertheless, some  Chilean,  Bolivian,  and  one  Uru- 

San  Roque,  Apr.  1945,  Hunziker  5984  (SI);  Ascochinga, 
Giardelli  405  (SI);  2  km  E  Villa  de  Totoral  (jet.  Rte.  9 
and  Rte.  17),  ca W 

1988,  Aronson  7644  (MO,  SCO).  SAN  LUIS:  Bajo  Grande,       guayan  specimen  of  variety  caven  show  morpho- 
Larca,  A,  Maldonado  102  (SI);  Larca,  Hunziker  2097       logically  intermediate  pods  that  suggest  possible 
(SI);  Embalse  La  Florida,  2  km  E  of  Trapiche,  ca.  33°06'S, 
66*^2' W,  930  m,  27  Mar.  1990,  Aronson  79(97  (MERL, SCO). 

Fruiting  material  is  generally  required  to  key 
out  this  variety.  Variety  dehiscens  displays  well- 
opened  pods  (see  Fig.  If)  on  the  tree,  especially 
at  Embalse  La  Florida.  Special  caution  is  required 

with  specimens  from  Lago  San  Roque,  near  Cor- 
doba and  from  San  Luis,  since  natural  hybridization 

appears  to  occur  between  this  variety  and  A.  atra- 
tnentaria.    Moreover,    pods   on   some    herbarium 
sheets  appear  dehiscent  due  to  crushing  of  speci- 
mens. 

gene  flow  with  variety  macrocarpa. 

macrocarpa 
TYPE 

Acacia  caven  var.  microearpa  (Speg.)  Burkart 

ex  Cialdella,  Darwiniana  25(1-4):  77.  1984. 
TYPE:  Argentina.  Formosa.  Depto.  Patino, 

Fortin  Soledad,  A.  Krapovickas  1283  (SI; 

isotype,  LIL).  Figure  Ic. 

Vachellia  farnesiana  (L.)  Wight  &  Arn.  f.  microearpa 
Speg.,  Bol.  Acad.  Nac.  Ci.  Cordoba  26:  301.  1923. 

fig.  20f,  3. 

Compared  to  all  other  varieties  except  variety 

stenocarpa^  the  pod  here  is  much  smaUer  (2-3  x 
1-2  cm)  and  the  peduncle  much  longer  (usually 

>  15  mm).  The  variety  differs  from  variety  steno- 

carpa  by  its  much  shorter,  somewhat  spherical  or 

subglobose  fruit,  less  than  twice  as  long  as  broad. 

ril,  19  Oct.  1948,  Burkart  17577  {SI).  Figure      Mesocarp  is  white  and  evanescent. 
le. 

Distribution.      On  heavy  soils  in  the  seasonally 

A  varietatibus  aliis  leguminibus  multo  maioribus  pilis      inundated  portions  of  central  Paraguay  and  north- 
niinutis  glandulosis  rubropurpureis  omnimoobsitis  et  su- 
turis  prominentibus  differt. 

Mesocarp  spongy  and  whitish. 

Distribution.      This  varietv  has  onlv  been  found 

eastern  Argentina  (Formosa  and  Chaco  provinces). 

proximity 
been 

at  high  altitudes  (2,000-3,200  m)  on  the  eastern      ^^.^^^  -^  ̂^^^  ̂ ^^-^^ 

Brazilian  portion  of  the  Chaco.  Found  under  rel- 

pristine 
flank 

Representative  specimens,  ARGENTINA.  CHACO:  Pto. 

Barrangueras,  5  Dec,  1939,  Poiraberi  77  (LP,  MVM). 
FORMOSA:  R.  Juarez,  10  Jan.   1957,  Burkart  201698 

(CTESy 

^nd  Jujuy  provinces,  northwestern  Argentina  and 
»n  Chuquisaca,  Cochabamba,  and  La  Paz  depart- 
nients  of  southern  Bolivia*  This  variety  is  generally 

only  found  in  dry  streambeds  and  alluvial  plains      salta:  between  Colonia  Castelli  y  Rivadavia,  Mar.  1967, 
^vhere  groundwater  is  relatively  near  the  surface 
(Fig.  2). 

Representative  specimens.      Argentina.  CATAMARCa: 

Andalgala,  Jorgensen  960  (MVM);  Depto.  Capital,  "La 

CROSSO  DO 

SUL:  Mun.  Porto  Murtinho,  estrada  ao  Fazenda  Jerere, Dec 

GROSSO 

Vuebrada,"  Krapovickas  1748  (SI).  SALTA:  between 
Guachipas  y  Alemania,  ca.  25°38'S,  65°37'W,  Jan.  1957, 
Job  1511  (LP);  ToIoinb6n,  20  Oct.  1948,  Real  12084 
(MERL);  Quebrada  de  las  Conchas,  14  Aug.  1936,  Ca- 

brera 3758  (SI);  Valle  Santa  Mark,  Los  Arcos,  Sprg-      4431  (MO). 

1 980,  Pires  &  Furtado  1 7287  (NY).  PARAGUAY.  PRESI- 
DENTE  HAYES:  Paliiias  Chicas,  near  Puerto  Ma.stinho,  Dec. 

1937,  Rojas  7694  (SI);  Colonia,  M«-nno.  Mi-sion  Nueva, 
ca.  23''05'S,  59°40'W,  Armas  200  (SI).  BoyOERON:  Ma- 

riscal  Estigarribia,  23  Oct.  1980,  F.  Casas  &  Molera 

gazini  5983  (SI).  jujUY:  Villa  El  Perchal,  ca.  23''20'S, 
65°30'W.  2,490  m.  7  Nov.  1988,  Aronson  7677  (MO, 
SCO).  BouviA.  LA  PAZ:  Prov.  Murillo,  Mallasa.  16°32'S, 

68»08'W.  3,200  m,  7  Aug.  1986.  Solomon  15483  (LBP, 
MBM).  COCHabaMBA:  Prov.  Capinota,  Santibanez  to  Capi- 
iota  road,  ca.  17''45'S,  66°17'W,  2,500  m,  1  Feb.  1985, 
Pedrotti  et  al.  87  (LPB).  CHUQUISACA:  27  km  S  of  Las 
Careras,  ca.  21°16'S,  65n7'W,  3.080  m,  26  Feb.  1989, 
Aronson  7808  (K,  MO). 

Although  Burkart  had  a  drawing  prepared  for 

ti«s  variety  in  1949  (Fig.  2e),  he  did  not  write  a 

Acacia  caven  var.  slenocarpa  (Speg.)  Burkart 

ex  CialdeUa,  Darwiniana  25:  78,  1984.  Va- 

chellia farnesiana  (L.)  Wight  &  Arn.  f.  sleno- 

carpa Speg.,  Bol.  Acad.  Nac.  Ciencias  Cor- 
doba 262:  301.  1923.  fig.  20.  TYPE:  Argentina, 

Misiones.  Dept.  Candelaria,  Santa  Ana,  Burk- 
art 14734(51).  Figure  lb. 

Distribution.     This  variety  is  ̂•'rn  primarily  in 

description.  The  three  sutural  ridges,  the  reddish      Formosa  and  Mi.sionef*  provinces,  Arge
ntina  and  in 
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adjacent  Paraguay,  especially  within  the  area  pe-      nan  (1957)  for  A.  nilotica  (L.)  Willd.,  the  type 
riodically  flooded  by  the  Rio  Pilcomayo.  However,      species  of  Acacia,  In  A.  nilotica,  nine  subspecies 

delim the  few  specimens  from  the  Rio  Uruguay  collected      were 

before  1930  suggest  that  its  former  distribution,      in  the  shape,  size,  and  pubescence  of  the  pods. 

specimens 
and  possibly  that  of  variety  microcarpa^  formerly  Only  fruiting 

included  parts  of  Uruguay  and  possibly  the  Rio  subspecies,  but  geographic  separation  tends  to  con- 

Parana  region  as  well.  Both  of  these  areas  are  now  firm  the  validity  of  the  infraspecific  system  pro- 

transformed  by  agriculture  and  urban  sprawl.  There  posed.  Brenan's  (1957)  elaborate  system  for  A, 
also  exists  one  specimen  from  Tucuman,  Argentina, 
nearly  800  km  to  the  west  of  its  current  area  of 
distribution. 

Representative  specimens,       ARGENTINA.  CHACO: 

nilotica  has  been  maintained  by  Ross  (1979,  1981). 

On  a  higher  taxonomic  level,  Britton  &  Rose's 
(1928)   subdivision    of  Bentham's   (1875)  series 

Gummiferae  into  12  genera,  partly  on  the  basis  of 

Colonel  Benitez,  7  July  1937,  Schinini  1987  (SI).  COR-  ̂ ^^^^  characters,  has  been  rejected  by  most  sub- 

RIENTES:  75  km  N  of  Merced,  Laguna  Trinidad,  Culan-  sequent  workers.  Moreover,  for  generic  and  tribal- 
trillar,  Schinini  et  ah  11761  (MBM).  FORMOSA:  between  level  revisions  throughout  the  Leguminosae,  it  has 
Formosa  and  Mosou  de  Fieri o,  7  Jan.  1945,  Ragonese  been  argued  that  far  too  much  emphasis  in  the &  Cosso  2658  ISl);  Clorinda,  banks  of  the  Rio  Pilcomayo,  .             ,         ,           ,     .         r     -^  r     ̂            r.^A  tViat 
1 A  M^,    1  o/i/i    T  /?    *      loono  /T  TT  \  ̂   .^^   ^.^^   c  1  P^st  was  Diaced  on  obvious  Iruit  teatures,  ana  inai 14  INov,  1944,  7.  nojas  12298  (LiL),  ENTRE  RIOS:  5  km  r                r                                                    j             i      ♦ 
S  of  Colon,  ca.  32**20'S,  58°06'W,  20  m,  Aronson  7882  i^  the  future  these  should  be  replaced,  or  at  least 

(CONG.  K,  MO).  Paraguay,  Trinidad,  Bahia  Caballero,  supplemented,  by  consideration  of  flowers,  inflo- 
Depto.  Central,  11  Nov.  1950,  Sparre  &  Vervoorst  57  rescences,  seed,  and  seedlings  in  attempts  to  pro- 
(K).  PREsmENTE  HAYES:  Mariscal  Estigarribia,  1 1   Dec,  j         natural  classification  svstems  (Polhill  et  al., 
1987,  Schinini  &  Palacios  25934  (CORD,  CTES,  G);  ̂ ^^,  natural  c

iassmcation  systems^ruii 

Presidente  Hayes,  1  Dec.  1877,  Royas  6979 (SI);  Capitan  ̂ ^^^''  25).  However,  at  the  specific  and  particu- 
Lopez  de  Filippis,  Oct.   1938,  Rojas  8419  (SI);  Bajo  larly  the  subspecific  level  m  Acacia  caven,  fniit 

Chaco,  30  km  from  Rio  Aguaray  Guazu,  4  Jan.  1980,  and  seed  parameters  seem  more  conservative  with- 
P  Arenas  1571  (CTES).  caaguazu:  Hassler  9085  (LIL).  -^  populations  than  leaf  pubescence,  size  of  leaflets, Uruguay.  PAYSANDU;  Santa  Lucia,  Banado  del  Rio  Uru-  -     i          ,-                        i      -      i           •       i^r^rrfli    all 

guay,  ca.  34-28'S,  56^22'W,  Nov.  1919,  /  Schroder  ̂ apitulum  diameter,  and  stipular  spme  length, 

of  which  have  been  used  to  split  up  species  com- 

plexes or  to  erect  infraspecific  categories  within 

8865  (MVM)- 

This  variety  is  distinguished  by  its  short,  narrow 

Mimosoide 
pod  ( 10  mm)  and  long  peduncle  ( 

15  mm).      YoT  A.   caven,  and  many  related  species,  most 
Fresh  pods  are  usually  light  brown  and  often  bear  pj^^^^^  j^^g^^^  ̂ ^j  spinescent  stipule  parameters 
three  strongly  delineated  suture  ridges  as  m  variety  ̂ j^^^  ̂ ^^j^  considerable  infraspecific,  and  even 
macrocarpa  (and  m  much  material  of  A.  fame-      within-population,  variation  that  they  gain  taxc siana).  Leaves  are  big  (80  x  50  mm),  with  pinnae 

greenh 

up  to  30  mm  long.  As  in  variety  stenocarpa,  trees      ̂ ^  common-garden  experiments,  or  when  they  are 
tend  to  he  weak  and  spmdly  compared  to  other      ̂ ^own  to  be  geneticaUy  fixed  traits  (cf.  Aronson, varieties.  Some  introgression  apparently  takes  place 
between  variety  stenocarpa  and  variety  micro- 

1992) 

nd 

7 

^ 

1^ 

,  .     c^  o  r^  By  contrast,  the  shape  of  mature  legumes  a 
carpa  (e.g.,  m  Sparre  &  Vervoorst  57,  K).  Much      ̂ ^e  number  and  average  weight  of  fully  developed more  coUect.on  is  needed  in  the  Rio  PUcomayo      ̂ ^^^^         ̂ ^  ,^  be  conservative  withm 
basm  and  m  western  Paraguay.  ^^^^  populations  of  A.  caver.,  though  contrasted 

The  few,  rather  old  specimens  of  variety  steno-      ^  ^^^eties,  and  thus  can  play  a  role  in  sys- car;.a  coUected  from  Uruguay  bear  witness  to  the      ̂ ^^^.-^  ̂ ^j  ̂ ^^^^  „f  studies.  Lewis  &  EUas 
wider  distribution  of  this  variety  in  earlier  times.      (iggi)  ̂ ^^^^^^  ̂ ^^^  ̂ ^^-^  characters  provide  ex- They  also  raise  the  possibUity  that  A.  caven  var.      ^^jj^^^  -^  ̂ ^^^^^^  ̂ ^hin  the  Mimoseae. 
Stenocarpa  populations  that  existed  in  eastern  Ar-  -      -i 

gentina  and  western  Uruguay  were  eradicated,  only      aspectrofTIriatL"withinl7ada'cat;en,  it  seems to  be  replaced  more  recently  by  A.   caven  var.      ^^at  fruit  and  seed  characters  are  subject  to  more 

intense  selective  pressure  than  other  vege 

ones.  At  least  four  different  types  of  seed  d'^pers^ 

strategies  may  have  evolved  in  the  varieties  o described 

W 

caven. 

Discussion 

An  infraspecific  revision  of  a  widespread  and 

polymorphic  Acacia  based  in  large  part  on  differ-      carpa,  variety  microcarpa,  and  variety  stenofor 

1  and  seed  weight      pa  may  have  undergone  selection  for  seed  disper ibe 

pod 
gularly  inund 
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occupy.  By  contrast,  high  in  the  Andes,  the  un- 

usually large  pods  of  variety  macrocarpa  could 

have  been  selected  for  long  distance  dispersal  by 

mega  vertebrates.  Finally,  variety  dehiscens  has 

possibly  undergone  selection  for  seed  dispersal  by 

rodents,  ants,  or  avian  granivores  (Aronson,  in 

prep.). 
Studies  on  variation  in  polyad  grain  number 

among  varieties  of  Acacia  caven,  e.g.,  those  of 

Arechavaleta,  J.  1 90 1 .  Flora  Uruguayana,  III:  436- 
437.  Anales  Museo  Nac.  Montevideo,  Montevideo. 

Aronson,  J.  1992,  Description  and  distribution  oi  Aca- 
cia  macracantha  Humb.  &  Bonpl.  (Leguminosae, 
Mimosoideae)  in  northern  Chile.  Gayana,  Bot.  48: 
81-87. 

C.   OvALLE  &  J.  AvENDANO.     1991.     Early 
growth  rate  and  nitrogen  fixation  potential  in  44 
legume  species  grown  in  an  acid  and  a  neutral  soil 
from  central  Chile.  Forest  Ecol.  Managem.  47:  225* 
244. 

Kenrick  &  Knox  (1982)  for  A.  retinodes,  reveal       Arroyo,  M.  T.  K.     1981.    Breeding  systems  and  polH- 

a  correlation  between  pollen  grain  number  and 

maximum  seed  number  per  pod.  Yet,  there  is  no 
obvious  correlation  between  seed  number  and  av- 

nation  biology  in  Legumlnosae.  Pp.  723-769  in  R. 
M.  Polhill  &  P.  H.  Raven  (editors),  Advances  in 

Legume  Systematics,  Volume  1 .  Royal  Botanic  Car- 
dens,  Kew. 

erage  seed  size  in  A.  caven,  such  as  predicted  by      Atchison,  E.     1948.    Studies  in  the  Leguminosae.  IF. 

Harper  et  al.  (1970)  and  others,  A  related  question 
IS  the  possible  correlation  between  ovule  number 
in  Acacia  caven  flowers  and  the  number  of  seeds 

borne  per  pod  (Lewis  &  Elias,  1981;  Ph.  Guinet, 
pers.  comm.). 

In  Hispafiola,  Barneby  &  Zanoni  (1989)  used 

pod  dehiscence  as  one  of  the  diagnostic  features 

for  distinguishing  A.  tortuosa  from  A.  macracan- 

tha. At  a  higher  taxonomic  level,  the  occasional 

occurrence  of  pod  indehiscence  is  considered  a  Bernardi,  L.  1984.  Contribucion  a  la  Dendrologia  
Pa- 

A\^r.^^  *•     r     ̂   r       1  4        -        '  raeuaya.  L  Boissiera  35:  1-341. 
diagnostic  feature  of  subgenus  Acacia,  since  no-       ̂ ^^^^^^   \gQ^     Genetic  races  in  a  rmg  species,  ̂ cacm 

karroo,  S.  African  J.  Sci.  85;  181-185. 
can  it  be  found  (Elias,    1981),   Within  subgenus       Brenan,  J.  P.  M.     1957.     Notes  on  Mimosoideae:  III. 

Kew  Bull.  12:  75  96. 

BrittoN,  N.  L.   &  J.  N.  Rose.     1928.     Mimosaceae. 

North  Arner.  Fl.  23  (Part  2):  1-194. 

Cytogeography  of  Acacia  (Tourn.)  L.  Amer.  J.  Bot, 

35:  651-656. 
Barneby,  R,  C.  &  T.  A.  Zanoni.    1989.    Las  Acacias 

{Acacia,  Mimosaceae)  de  la  Espanola:  dos  nuevas, 

una  mejor  descrita,  y  una  clave  para  todas,  las  in* 

digenas  asf  conio  las  cultivadas.  Moscosoa  5:  4-27. 
Bentham.  G.  1842.  Notes  on  Mimosaceae,  with  a  syn- 

opsis of  species.  Hooker's  J.  Bot.  Kew  Card.  Misc, 
1:  318-392. 

  .     1875.     Revision  of  the  suborder  Mimoseae, 

Trans.  Linn.  Soc.  London  30:  335-667. 

where  in  subgenus  Aculeiferum  or  Phyllodinae 

BURKART,  A.     1952. igummosas  Argentinas 

Acacia,  as  well  as  in  various  other  legume  taxa, 

It  is  observed  that  once  pod  indehiscence  has  arisen, 

It  remains  firmly  fixed  (B.  Verdcourt,  pers.  comm.).       Bucher,  E.     1987.     Herbivory  in  arid  and  semi-arid 
Ine  question  arises  whether  A.  caven  variety  de-  regions  of  Argentina.  Rev.  Chilena  Hist.  Nat.  60: 

hiscens  is  the  most  primitive  of  the  six  varieties  265-273. 

or  a  case  of  evolutionary  "reversion."  This  latter 
hypothesis  seems  more  likely  in  view  of  the  fact 

that  seed  arrangement  in  variety  dehiscens  is  poly- 
seriate,  just  as  in  all  the  other  varieties. 

The  significance  of  polyseriate  seeds  in  a  given 
pod  should  be  noted  in  this  context.  In  contrast  to 

uniseriate  seeded  pods,  pod  length  of  ̂ .  caven  (and 

of  its  close  relative  A.  farnesiana)  bears  no  cor- 

relation with  seed  number.  Thus  pod  volume  and 

vestres  y  Cultivadas,   2nd  edition.   Acme  Agency, 

Buenos  Aires. 
      1967.    Flora  de  la  Provincia  de  Buenos  Aires, 

Volume  l\\  3A,  Leguminosae.  INTA.  Buenos  Aires. 

Cabrera,  A.  L.  &  A.  Willink.    1973.    Biogeograffa  de 

America    Latina.    Organization    of    the    Americas, 

Washington,  D.C. 
CaCCAVARI,  M.  A.    1 970.    Cranos  de  polen  de  Leguriuno- Tribu 

cicue.  Darwiniana  16;  144-174. ftrx,  ,     ■   i_.  .      ,    .        11...  1      -j^u       Tastronovo    a.     1945.     Estudio  carif>logico  dt;  doce 
dry  weight  are  required,  m  addition  to  pod  width      ̂ ^^f„^^^^^^^^^  Darwiniana  7:  38  57. 
and  length,  in  order  to  adequately  describe  vari- 

ation in  reproductive  output  and  therefore  in  ev- 

olutionarily  significant  phyletic  groups.  As  Vassal 

(1972)  put  it:  'The  genus  Acacia  is  endowed  with 
great  evolutionary  dynamism;  apparently  it  has  not 

yet  exhausted  all  its  potentialities.''  Systematic 

ti'eatments  within  the  genus  need  to  take  this  dy- '^amism  into  account. 
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I DOCUMENTING  SCIENTIFIC 

DATA:  THE  NEED  FOR 
VOUCHER  SPECIMENS 

Peter  Goldblatt,^ 

Peter  C.  Hoch,^  and 

Lucile  M,  McCook^ 

Like  many  botanists  we  have  been  following  the  sources;  few  gardens  have  the  personnel  or  the 
developments  in  molecular  systematics  with  inter-  library  and  herbarium  resources  to  verify  the  names 
est  and  excitement.  One  aspect  of  most  current  of  all  the  plants  in  their  collection.  Yet  many  mo- 
work  in  nucleic  acid  sequencing  and  restriction  lecular  studies  cite  botanical  garden  accessions  as 
enzyme  analysis,  C-value  estimation,  and  natural  if  they  were  sources  of  accurate  identifications, 
products  chemistry  is,  however,  a  growing  source  Some  authors  assume  that  any  samples  sent  to 
of  concern.  This  is  the  question  of  voucher  infor-  them  are  adequately  vouchered  and  documented, 
mation  for  taxa  studied.  Our  experience  demands  caution  in  this  area.  Mis- 

A  survey  of  papers  on  nucleic  acid  sequence  identifications  and  mixing  of  labels  occur  with  suf- 

data  recently  published  has  revealed  a  lack  of  con-  ficient  frequency  that  no  systematist  should  be 
sistency  in  the  citation  of  voucher  data  (Cantino,  satisfied  with  procuring  a  sample  from  a  botanical 
1992;  Gianassi  et  al.,  1992;  Hufford,  1992;  01m-  garden,  or  any  other  source,  without  being  certain 
stead  et  al,,  1992;  Downie  &  Palmer,  1992;  Don-  that  a  proper  voucher  exists  that  corresponds  to 
oghue  et  al.,  1992;  Olmstead  &  Palmer,  1992),  the  plant  being  sampled  and  that  the  plant  is  prop- 

Some  papers  neither  cite  nor  allude  to  any  voucher  erly  identified.  Original  locality  data  should  also  be 
data.  Others  refer  to  previous  papers  or  individuals  established  if  possible. 
as  documentation  or  sources  of  experimental  ma-  Absence  of  a  voucher  makes  it  impossible  to 

tenal.  Yet  voucher  data  are  not  necessarily  in-  reassess  identity.  To  avoid  the  potential  for  future 

eluded  in  the  referenced  papers.  problems  we  suggest  that  leading  scientific  journals 
Vouchers  are  central  to  any  serious  questioning  insist  on   the   citation   of  an   existing  herbarium 

or  reexamination  of  data  and  conclusions.  An  un-  voucher  specimen  and  an  indication  of  its  location. 

expected  result  may  be  due  to  convergence  or  to  Absence  of  a  voucher  for  critical  taxa  should  be 

past  misinterpretation  of  morphology  and  other  explained  so  that  readers  are  somehow  assured  of 

characters,  but  it  may  also  be  caused  by  misiden-  the  identity  of  study  materials,  A  statement  that 

tification  of  the  plant  examined.  The  most  prudent  an  author  may  be  consuhed  personally  for  voucher 

step  to  take  before  accepting  an  unexpected  ex-  data  is  not  satisfactory.  This  rarely  works.  Are  we 

perimental  result  is  to  question  the  possibility  of  simply  going  to  have  to  discard  dozens  or  possibly 

misidentification  of  experimental  material  or  mis-  hundreds  of  sequences,  obtained  at  huge  cost  in 

labeling  m  the  laboratory.  The  next  step  is  to  du-  research  dollars,  because  of  inadequate  voucher 
plicate  the  result.  Because  of  the  absence  of  vouch-  documentation?  This  seems  likely, 

ermaterial,  literally  thousands  of  early  chromosome  We  strongly  urge  that  molecular  systematists 

counts,  published  over  the  past  50  years,  have  had  take  the  time  and  make  the  effort,  sometimes  not 
discounted,  and  we  suspect  that  fully 

counts 

cannot  be 
questio 

inconsiderable,  to  assure  proper  documentation  of 

their  experimental  subjects.  We  also  urge  that  jour- 
nal editors  insist  on  the  inclusion  of  direct  citation 

of  voucher  material  in  all  papers  presenting  original 

Most  systematists  have  had  the  experience  of      data.  As  an  example,  the  Annals  of  the  Missouri 

seeing  species  they  know  well  misidentified  in  bo-      Botanical    Garden    is    instituting    the    following 

tanical  garden  collections.  Not  infrequently  seeds      voucher  policy.  Papers  presenting  original  data  will 

not  be  accepted  for  consideration  unless  they  in- 

be  species  other  than  the  one  named  on  the  pack-  elude  citation  of  voucher  information.  At  the  mm- 

age.  Just  as  in  commercial  nurseries,  botanical  Imum  this  means  citation  of  an  extant  herbarmm 

gardens  receive  seed  and  plants  from  commercial      specimen  (minimally  collector  and  number)  and  an 

botani 

'  B.  A.  KrukofF  Curator  of  African  Botany,  Missouri  Botanical  Garden,  P.O.  Box  299,  St.  Louis U.S.A. 

=  Missouri  Botanical  Garden,  P.O.  Box  299,  St.  Louis,  Missouri  63166,  U.S.A. 

'Horticultural  Taxonomist,  Missouri  Botanical  Garden,  P.O.  Box  299,  St.  Louis,  Mi880ur»  63K 

Ann.  Missouri  Box.  Gahik  79:  96< 
970.  1992. 
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indication  of  the  herbarium  in  which  the  voucher       Downie,  S.  R.  &  J.  D.  Palmer.    1992.    Restriction  site 

mapping  of  the  chloroplast  DNA  inverted  repeat:  a 
molecular  phytogeny  of  the  Asteridae.  Ann.  Missouri 
Bot.  Card.  79:  266-283. 

is  located.  Herbarium  vouchers  should  clearly  state 

by  means  of  an  annotation  that  the  specimen  rep- 

resents a  voucher  for  a  particular  study.  Depending      Giannasi,  D.  E.,  G.  Zubawski,  G.  Learn  &  M.  T.  Clegg. 
1992.  Evolutionary  relationships  of  the  Caryophyl- 
lidae  based  on  comparative  rbch  sequences.  Syst. 

Bot.  17:  1-15. 
HUFFORD,  L.     1992.    Rosidae  and  their  relationships  to 

other  nonmagnoliid  dicotyledons:  a  phylogenetic  anal- 
ysis using  morphological  and  chemical  data.  Ann, 

Missouri  Bot.  Card.  79:  218-248. 
Olmstead,  R.  G.  &  J.  D.  Palmer.    1992.   A  chloroplast 

DNA  phylogeny  of  the  Solanaceae:  subfamilial  re- 
lationships and  character  evolution.  Ann.  Missouri 

Bot.  Card.  79:  346-360. 

Olmstead,  R.  G..  H.  J.  Michaels,  K.  M.  Scott  &  J.  D. 

Palmer.  1992.  Monophyly  of  the  Asteridae  and 
identification  of  their  major  lineages  inferred  from 

DNA  sequences  of  rbcL,  Ann.  Missouri  Bot.  Card. 
79:  249-265. 

on  the  type  of  paper,  reference  to  the  original  wild 

source  may  also  be  required,  and  is  certainly  ap- 

propriate for  studies  at  infrafamilial  level  for  wide- 

spread species.  As  always,  authors  are  personally 

responsible  for  establishing  the  accuracy  of  their 
information. 
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NOTICE 

The  Rupert  Barneby  Award 

The  New  York  Botanical  Garden  invites  appli- 
cations for  the  1992  Rupert  Barneby  Award.  The 

award  of  $500.00  is  to  assist  researchers  planning 
to  come  to  The  New  York  Botanical  Garden  to 

study  the  rich  collection  of  Leguminosae.  Anyone 
interested  in  applying  for  the  award  should  submit 
their  curriculum  vitae,  a  letter  describing  the  pro- 

ject for  which  the  award  is  sought,  and  how  the 
collections  at  NYBG  will  benefit  their  research. 

Travel  to  NYBG  should  be  planned  between  Jan. 
1,  1993  and  Jan.  30,  1994.  The  letter  should  be 
addressed  to  Dr.  Brian  M.  Boom,  Vice  President 
for  Botanical  Science,  The  New  York  Botanical 
Garden,  Bronx,  NY  10458,  USA,  and  received  no 

later  than  December  4,  1992.  Announcement  of 

the  recipient  will  be  made  by  December  20.  Anyone 

interested  in  making  a  contribution  to  The  Rupert 

Barneby  Fund  in  Legume  Systematics,  which  sup- 
ports this  award,  may  send  their  check,  payable 

to  The  New  York  Botanical  Garden,  to  Dr.  Boom, 
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tanical Garden  during  July  and  August  of  1992. 

She  will  also  have  the  opportunity  to  work  together 

with  Dr.  Barneby  during  her  stay  in  New  York, 
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Skog,  Judith  E.     (See  William  A.  DiMichele  &  Judith  E.  Skog)       447 

Smith,  James  F.      (See  Michael  J.  Donoghue,  Richard  G.  Olmstead,  James 
F.  Smith  &  Jeffrey  D.  Palmer)    

333 
Snow,  Neil  &  Peter  Goldblatt.      Chromosome  Number  in  Tlcodendron 

(Fagales,  Ticodendraceae)        

906 Taylor,  Charlotte  M.     Revision  of  Cosmihuena  (Rubiaceae)   _     886 

Taylor,  W.  Carl  &  R.  James  Hickey.     Habitat,  Evolution,  and  Speciation 
in  Isoetes 

Thomas,  Barry  A.      Paleozoic  Herbaceous  Lycopsids  and  the  Beginnings  of 

Traverse,  Alfred.     Organic  Fluvial  Sediment:  Palynomorphs  and  "Paly- 
nodebris"  in  the  Lower  Trinity  River,  Texas   

Utech,  Frederick  H.      Biology  of  Scoliopus  (Liliaceae)  L  Phytogeography 
and  Systematics    „           

Wagenitz,  Gerhard.      The  Asteridae:  Evolution  of  a  Concept  and  its  Present 
Status          

Modem  North  American  Lycopodiaceae 

Wallace,  Robert  S.      (See  Ki-Joong  Kim,  Robert  K.  Jansen,  Robert  S. 

Webster,  Terry  R.      Developmental  Problems  in  Selaginella  (Selaginella- 
ceae)  in  an  Evolutionary  Context 

Willard,  Debra  a.     (See  Richard  M.  Bateman,  William  A.  DiMichele  & 
Debra  A.  Willard)    

Whittier,  Dean  P.  &  John  E.  Braggins.     The  Young  Gametophyte  of 
Phylloglossum  (Lycopodiaceae)    

Young,  Stephen  M.  &  Walter  S.  Judd.     Systematics  of  the  Guadua  an- 

Zuloaga,  Fernando  O.,  Roger  P.  Ellis  &  Osvaldo  Morrone.     A  Revision 

olPanicum  subgenus  Phanopyrum  section  Laxa  (Poaceae:  Panicoideae: 
Paniceae)      

613 

Extant  Lycopodium  sens.  lat.  and  Selaginella  sens.  lat.        623 

110 

126 

209 Wagner,  Florence  S.     Cytological  Problems  in  Lycopodium  sens.  lat.  —     718 

Wagner,  Warren  H.,  Jr.  &  Joseph  M.  Beitel.     Generic  Classification  of 

676 
Wallace,  Helen  J.  Michaels  &  Jeffrey  D.  Pabner)        428 

632 

500 

730 gustifolia  Complex  (Poaceae:  Bambusoideae)       ^^ 

770 
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Statistical  Summary  of  Some  of  the  Activities  in  the  Missouri  Botanical  Garden  Herbarium,  1990-1991 

Acquisition  of  specimens 
Staff  collections 

(includes  bryophytes) 
Purchase 

Exchange 
Gifts 

Total  acquisitions 

Mountings 
Newly  mounted 
Mounted  when  received 
Total  specimens  filed 

Repairs 

Specimens  repaired 
Specimens  stamped 
Total  repairs 

Specimens  sent 
On  exchange 
As  gifts 
Total 

Loan s  sent 

Total  transactions 
Total specimens 

To  U.S.  institutions 
Transactions 

Specimens 

To  foreign  institutions 
Transactions 

Specimens 

To  student  investigators Transactions 

Speci unens 

Lo 

To  professional  investigators Transactions 

Specimens 

ans  received 
Transactions 
Specimens 

1990 1991 

Vascular         Bryophyte Total Vascular         Bryophyte 

35,086 

1,350 43,197 

11,040 

90,673 

86,742 

1,843 
88,585 

15,852 

8,054 
23,906 

47,356 
14,765 

62,121 

596 

24,828 

426 

17,554 

170 

7,274 

31 

3,818 

565 

21,010 

478 

32,414 

0 

3,089 

1,081 
4,170 

13,569 
0 

13,569 

0 

1,020 
1,020 

29 

1,339 
15 

288 

14 

1,051 

4 
861 

25 
478 

22 

1,490 

1990 

From  U.S.     From  abroad 

Visitors 
458 124 

35,086 

1,350 46,286 

12,121 
94,843 

100,311 

1.843 102,154 

15,852 

8,054 
23,906 

47,356 
15,785 

63,141 

625 
26,167 

441 
17,842 

184 

8,325 

35 
4,679 

590 

25,306 

500 

33,904 

Total 

582 

66,100 

586 
39,246 
12,309 

118,241 

98,606 
455 

99,061 

14,641 

6,033 
20,674 

62,543 

28,536 
91,079 

672 

36,859 

352 

22,018 

320 

14,841 

67 

8,897 

605 

27,962 

406 

23,422 

0 

2,763 

875 

3,638 

11,832 0 

11,832 

6,022 
425 

6,447 

25 

1,346 
18 

1,124 

7 

222 

0 
0 

25 

1,346 
33 

2.699 

1991 
From  U.S.     From  abroad 

477 
133 

Total 

66,100 
586 

42,009 

13,184 
121,879 

110,438 
455 

110,893 

14,641 

6,033 
20,674 

68,565 

28,961 
97,526 

697 

38,205 

370 
23,142 

327 

15,063 

67 
8,897 

630 
29,308 

439 

33,904 

Total 
610 

On  31  December  1990  the  total  number  of  moun 

(3,613,402  vascular  plants  and  191,979  bryophytes). 
On  31  December  1991  the  total  number  of  moun 

(3,718.496  vascular  plants  and  203,811  bryophytes). 

accessioned  specimens  in  the  herbarium  was  3.805,381 

accessioned  specimens  in  the  herbarium  was  3,922,307 
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Monographs  in  Systematic  Botany 
from  the  Missouri  Botanical  Garden 

Bibliografia  Botanica  Taxonomica  de  Chile 
k Clodomiro  Marticorena. 

This  comprehensive,  up-to-date  bibliography  contains  citations  for  over  6,100  references 
concerning  the  vascular  plants  of  Chile.  Each  citation  in  the  bibliography,  which  occupies 

about  450  of  the  book's  587  pages,  is  accessible  through  one  or  more  of  the  subject  indexes: 
taxonomic  (by  family  and  genus),  geographical  (by  Chile's  twelve  political  regions),  and 
descriptors  (including  vernacular  names,  medicinal  plants,  cultivated  plants,  and  others).  The 
taxonomic  index  will  be  useful  as  a  guide  to  the  literature  outside  of  Chile,  since  the  bibliography 
contains  citations  for  many  generic  and  family  revisions. 

Monographs  in  Systematic  Botany  from  the  Missouri  Botanical  Garden,  volume  41, 
587  pages,  hard  bound.  May  1992. 

f 

Index  of  Mosses  1963-1989. 
Marshall  R,  Crosby,  Robert  E.  MagiU  &  Cheryl  R.  Bauer. 

Index  of  Mosses  is  a  guide  to  the  names  published  for  mosses,  including  all  new  taxa 

from  the  rank  of  genus  and  below.  Entries  include  full  references  to  places  of  publication, 
and,  depending  on  the  nature  of  the  name,  listings  of  basionyms,  replaced  names,  and  types. 
The  Index  for  1963-1989  lists  about  8,500  names  and  contains  appendixes  giving  full 

authors'  names  and  fully  spelled  journal  and  book  titles  with  references  to  their  entries  in TL<2  and  B-P-H. 

Monographs  in  Systematic  Botany  from  the  Missouri  Botanical  Garden,  volume  42, 
656  pages,  hard  bound,  June  1992. 

To  place  an  order,  send  check  or  money  order  in  U.S.  funds,  payable  through  a  U.S.  bank;  U.S.  shipments:  add 
12.00  for  one  book  and  $.75  for  each  additional  book;  non-U.S.  shipments:  add  $3.00  for  one  book,  and  $.75  for 
each  additional  book.  Orders  should  be  prepaid;  a  $1.00  fee  will  be  added  to  orders  requiring  invoices.  No  shipments 

to: 

Department  Eleven,  Missouri  Botanical  Garden 
P.O.  Box  299 
St.  Louis.  MO  63166-0299,  U.S.A. 

□  Payment  enclosed. 

□  Send  invoice  (SLOO  fee  will  be 
added  to  total). 

Please  send 

Please  send 

copy(ies)  of  Monograph  No.  4L 

copy(ies)  of  Monograph  No.  42. 

Send  Monograph  and  order  to: 

Name 

Addre 

Postal  Code 

Country 79(4) 

Prices  Are  Subject  To  Chance  WiTHotr  Notice 
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