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X. 

ORNITHOLOGICAL  NOTES. 

By  C.  L.  Herrich. 

Mii^N"EAPOLis,  Dec,  1876. 

Prof.  Winchell : 

The  work  represented  by  the  following  list  of  birds  was,  of 

course,  much  impeded  by  the  difficulties  incident  to  the  season 

during  which  it  was  prosecuted;  for  not  only  are  there  compara- 
tively few  birds,  and  those  of  the  commonest  species  to  be  found 

during  the  heated  term,  but  those  actually  collected  are  often  unfit, 
on  account  of  the  summer  moult,  for  preservation  or  study. 

Yet  though  the  field  work  was  over  before  the  fall  migration  was 
fairly  commenced,  a  few  facts  of  some  interest  were  noticed. 

From  observations  made  during  the  summer  it  would  seem  that 

the  Brotherly-Love  Vireo  {Vireo  pMladelphicus)  is  not  as  rare  as 
until  recently  supposed,  and,  indeed,  it  may  be  found  to  be  quite 

as  common  in  this  locality  as  the  Vireo  gilvus.  The  vireos  col- 
lected were  shot  without  discrimination,  yet  two  were  quite  typi- 

cal specimens  of  philadelphicus. 
The  results  obtained  from  the  study  of  the  few  shrikes  as  yet 

collected  at  Minneapolis  are  so  unexpected  and  withal  so  contra- 
dictory, that  the  following  remarks  are  given  with  some  hesitancy, 

especially  as  they  are  at  variance  with  what  has  been  written  upon 
these  birds  by  others  who  have  collected  in  this  State. 

The  Great  Northern  Shrike,  or  CoUurio  horealis,  is  as  yet  only 

noted  as  occurring  during  Spring  and  Fall.  I  have  never  heard  of 

the  nest  in  this  vicinity.  I  am  led  to  believe  that  the  bird  is  some- 
what rare,  even  during  the  migrations,  for  in  the  Spring  it  is  very 

conspicuous  from  the  habit  it  has  of  perching  on  a  high  tree  and 
uttering  at  intervals  its  peculiar  metallic  cry  on  its  arrival  in  any 

J'
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locality;  and  thus  tlie  comparatively  small  number  of  specimens 
collected  is  more  significant. 

The  smaller  shrikes,  so  abundant  here,  or  many  of  them,  seem 
to  partake  of  the  characteristics  of  both  varieties,  viz :  ludovicianus 
and  excubitoroides.  The  three  in  the  museum  seem  to  me  to  nearly 
accord  with  the  descriptions  of  ludovicianus.  They  all,  together 
with  two  in  my  own  collection,  have  the  two  inner  tail  feathers 
black  to  the  bases;  but  another,  which  also  possesses  several  other 
resemblances  to  excubitoroides,  has  evident  white  patches  on  all  the 
tail  quills.  Again  a  number  of  these  birds  in  the  possession  of 
Mr.  T.  S.  Roberts  agree  inMisagreeing  with  every  description  of 
either  variety. 

I  draw  from  these  facts  the  inference  that  the  variety  ludovi- 
cianus predominates  over  the  other,  but  that  the  types  are  mingled 

and  blended  so  as  to  bafSe  any  accurate  identification. 
The  nesting  of  these  birds  may  be  easily  observed  in  many  parts 

of  the  suburbs,  but  the  nests  are  often  mistaken  for  those  of  the 
more  northern  Butcher  Bird. 

Perhaps  the  Red-bellied  Nuthatch  may  be  less  rare  during  mi- 
gration than  supposed,  if  searched  for  in  suitable  localities. 

The  bird-fauna  of  the  State  has  received  one  addition  in  the 

tern  Sterna  caspia  (Thalassus  c.  Boie.)  This  is  the  largest  of  the 
terns,  and  is  a  very  beautiful  and  striking  bird.  The  only  speci- 

men as  yet  identified  from  this  State,  as  far  as  I  am  aware,  was 
secured  at  Long  Lake  by  Will  Secombe,  of  Minneapolis,  by  whom 
it  was  presented  to  the  museum. 

The  English  House-Sparrow  was  simultaneously  observed  by 
Mr.  Roberts  and  myself  during  the  early  part  of  the  winter  about 
the  streets  of  the  city,  and  I  learn  from  that  observer  that  they 
have  survived  our  severe  weather  as  yet. 

The  fact  that  birds  are  often  infested  by  intestinal  worms  par- 
ticularly the  Tape  Worm,  (Taenia)  has  attracted  so  much  notice  of 

late  that  I  mention  the  collection  of  a  variety  of  these  parasites 

from  the  solitary  Tattler  ;  also  a  quasi-parasitic  colony  of  crusta- 
ceans found  upon  a  goose.  I  received  from  Mr.  Roberts  several 

specimens  of  crustaceans  collected  from  Hutchins'  goose,  found 
deeply  imbedded  in  the  feathers  near  the  skin.  These  proved  to 
be  miniature  Sand  Fleas  (fresh  water.)  Of  course  it  is  hardly  to 
be  supposed  that  this  was  more  than  an  accident.  I  cannot 
account  for  this  except  by  supposing  it  to  be  the  result  of  the  pro- 

clivity of  these  fleas  (so  often  noticed)  to  wedge  themselves  in  the 

thick  masses  of  leaves  upon  the  Bladder-wort  and  other  water 
plants. 

i?ltAESH  COLLECTION" 
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A-V   E    S 

Note.    A  star  (*)  signifies  male.    A  dagger  (f)  denotes  the  female. 

TURDID^. 

1.  Harpochynchus  rufas.    Cab.    Brown  Thrush.    Minneapolis,  Aug.  20th, 
1876.     (69.) 

2.  Mimus  carolinensis.    Cab.    Cat  Bird.*    Minneapolis,  May  14th,  1875. 
(26.) 

SlTTID^. 

3.  Sitta  carolinensis.    Gm.    "White-Bellied  Nuthatch  *    Minneapolis,  Aug. 
12th,  1876.     (64.) 

4.  Sitta  carolinensis,  Gm.    White-Bellied  Nuthatch.    Minneapolis,  July 
24th,  1876.     (65.) 

6.    Sitta  canadensis,  L.    Red-Bellied  Nuthatch.     Minneapolis,  Aug.  16th, 
1876.     (J&Q.)    Not  common. 

Sylvicolid^. 

6.  Mniotilla  varia.    Vieill.    Black  and  White  Creeper.*  Minneapolis,  Aug. 
16th,  1876.     (10.) 

7.  Mniotilla  varia.    Vieill.    Black  and  White  Creeper.    Minneapolis,  Aug. 
18th,  1876.     (77.) 

8.  Dendroeea    sestiva.    Bd.    Golden    Warbler.    Minneapolis,    May    7th, 
1875.  (6.) 

9.  Dendroeea  aestiva.    Bd.    Golden  Warbler.*    Minneapolis,   Aug.    16th, 
1876.  (7.) 

10.  Dendroeea  aestiva.    Bd.    Golden  Warbler.*    Minneapolis,   Aug.   14th, 
1876.     (8.) 

11.  Dendroeea  coronata.    Gray.    Yellow-Rumped  Warbler. f    Minneapolis, 
May  15th,  1875.     (9.) 

12.  Mniotilla  varia.    Vieill.    Black  and  White  Creeper.     Minneapolis,  Aug. 

18th,  1876.     (76.) 
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13.  Seiurus    aurocapillus.    Sw.    Golden-Crowned  Thrush.*    Minneapolis, 
Aug.  20th,  1876.     (79.) 

14.  Seiurus    aurocapillus.    Sw.     Golden-Crowned    Thrush.     Minneapolis, 
May  15th,  1875.     (4.) 

15.  Seiurus  novembraeinsis.   Nutt.  Water  Thrush.  Lake  Minnetonka,  Aug. 
14th,  1876.     (5.) 

16.  Setophaga  ruticilla.     Sw.    Red  Start.*    Minneapolis,  Aug.  20th,  1876. 
(80.) 

17.  Setophaga  ruticilla.    Sw.    Red  Start.*     Minneapolis,  Aug.  20th,  1876. 

(81.) 
18.  Setophaga  ruticilla.    Sw.    Red  Start.    Minneapolis,  Aug.  15th.    (15.) 

Tanagrid^. 

19.  Pyranga  rubra.  Vieill.    Scarlet  Tanager.*  Minneapolis,  July  19th,  1876. 
(28.) 

HlRUNDINID^. 

20.  Cotyle  riparia.    Boie.    Bank  Swallow.*    Minneapolis,  Aug.  14th,  1876. 
(47.) 

Ampelid^. 

21.  Ampelis  cedrorum.    Bd.    Cedar  Bird.*    Minneapolis,  July,  1876.    (25.) 

VlREODIN^. 

22.  Vireo  olivacea.    L.    Red-eyed  Vireo.*    Minneapolis,  July  19th,  1876. 
(11.) 

23.  Vireo  philidelphica.  Cassin.    Philidelphia  Vireo.    Minneapolis,  Aug . 
1876.    (14.) 

24.  Vireo  philidelphica.  Cassin.    Philidelphia  Vireo.    Minneapolis,  Aug. 
20th,  1876.     (78.) 

25.  Vireo  gilva.    Cass.    Warbling  Vireo.*    Minneapolis,  July  11th,  1876. 
(12.) 

26.  Vireo  flavifrons.   Bd.   Yellow-throated  Vireo.*   Minneapolis,  Aug.  16th, 
1876.     (13.) 

Lanid^. 

27.  Collurio  ludivicianus.    Bd.    Loggerhead  Shrike.*    Minneapolis,  Aug., 
1876.     (7.) 

28.  Collurio  ludivicianus.    Bd.    Loggerhead  Shrike. t    Minneapolis,  July 
20th,  1876.     (2.) 

29.  Collurio  ludivicianus.    Bd.    Loggerhead  Shrike.    Minneapolis,   1875. 
(3.) 

30 
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Fringillid^e. 

30.  Chrysomitris  tristls.    Bon.    Yellow  Bird.f    Minneapolis,   Nov.   26th, 
1875.     (31.) 

31.  Chrysomitristristis.    Bon.    Yellow  Bird.*   Champlin,  Minn.,  June  18tb, 
1875.  (30.) 

32.  Plectrophanes  niralis.    Meyer.    Snow  Bunting."^    Minneapolis,   Nov. 
30th,  1876.     (88.) 

33.  Plectrophanes  niralis.    Meyer.     Snow  Bunting.f    Minneapolis,  Nov. 

30th,  1876.     (89.) 

34.  Pocecetes  gramineus.    Bd.     Grass  Finch.     Minneapolis,   Aug.    I6th, 
1876.  (35.) 

35.  Pocecetes  gramineus.     Bd.      Grass  Finch.    Minneapolis,  Aug.   1876. 

(36.) 

36.  Spizella  socialis.     Bon.     Chipping  Sparrow.*    Minneapolis,  Aug.  14th, 
1876.     (32.) 

37.  Spizella  monticolor.    Bd.    Tree   Sparrow.*     Minneapolis,   Oct.   9th, 
1876.     (84.) 

38.  Spizella  pallida.    Bon.     Clay-Colored  Bunting.*    Minneapolis,  Aug., 
1876.    (33.) 

39.  Spizella  pallida.     Bon.     Clay-Colored  Bunting.f    Minneapolis,  May  7th, 
1875.  (34.) 

40.  Chondestes  grammaca.     Bon.    Lark  Finch.     Minneapolis,  1875.     (38.) 

41.  Melospiza   melodia.     Bd.    Song  Sparrow.*    Minneapolis,   Aug.  12th, 
1876.  (37.) 

42.  Goniaphea  ludiviciana.    Bowdich.    Rose-Breasted  Grosbeak.*    Minne- 
apolis, June,  1875.     (27.) 

43.  Coniaphea ludiviciana.     Bow.    Rose-Breasted  Grosbeak.    Minneapolis, 
Aug.  18th,  1876.     (75.) 

44.  Cyanospiza  cyanea.     Bd.     Indigo  Bird.*    Minneapolis,  July,  1876.  (29.) 

45.  Pipilo  crythrophthalmus.    Vieill.     Che  wink.*    Minneapolis,  Aug.    3d, 
1876.     (39.) 

46.  Junco  hyemalis.     Sd.     Snow  Bird.*    Minneapolis,  Oct.  9th,  1876.  (83.) 

lETERIDiE. 

47.  Dolichonyx  oryzivorus.    Sw.    Bobolink.*  Minneapolis,  July  20th,  1876. 

.   (42.) 
48.  Agelaeus  phoeEicus.    V.     Red- Winged  Black  Bird.*    Minneapolis,  Aug. 

4th,  1876.     (41.) 

49.  Sturnella  magna.     Sw.     Meadow  Lark.*    Minneapolis,  July  18th,  1876. 

(40.) 

50.  leterus  baltimore.    Daudin.   Baltimore  Oriole.*    Minneapolis,  May  22d, 
1875.     (21.) 

51.  leterus  spurius.     Bon.     Orchard  Oriole."^    Minneapolis,  1875.    (22.) 
52.  leterus    spurius.    Bon.     Orchard    Oriole.*    Minneapoli^s,   1875.     Juv. 

specimine.     (23.) 
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53.  leterus  spurius.    Bon.    Orchard  Oriole. f    Minneapolis,  July,  1876.  (24.) 

CORVID^. 

54.  Corvuscorax.    L.    Raven.*    (Mounted.)    Minneapolis,  Oct.,  1876.  (85.) 
N^ot  common. 

Presented  by  JSF.  Herrick,  Esq. 

55.  Cyanurus  cristatus.     Sw.    Blue  Jay.    Minneapolis,  July  20th,   1876. 

(45.) 

Tyrannid^. 

56.  Tyrannus  carolinensis.    Bd.  King  Bird.*   Minneapolis,  May  14th,  1875. 

(20.) 
57.  Contonops  virens.    Cab.    Wood  Pewee.*  Minneapolis,  Aug.  11th,  1876. 

C16.) 

58.  G.  virens.  Cab.  Wood  Pewee.^    Minneapolis,  Aug.  15th,  1876.  (17.) 
59.  C.  virens.  Cab.  Wood  Pewee. f    Minneapolis,  Aug.  15th,  1876.  (18.) 
60.  C.  virens.  Cab.  Wood  Pewee.    Minneapolis,  July,  1876.     (19.) 

Cap  RIMULGID^. 

61.  Chordeiles  virginianus.    Bon.    Night  Hawk.*    Minneapolis,  Aug.  16th, 
1876.     (44.) 

Cypselid^. 

62.  Cotyle  pelasgio.     Bd.     Chimney  Swift.*    Minneapolis,  July  10th,  1876. 
(43.) 

Alcedinidje. 

63.  Cryle  alcyon.     Boie.    Belted  Kingfisher.    Minneapolis,  Aug.  1st,  1876. 
(46.) 

PlCID^. 

64.  Picus  pubescens.    L.    Downy  Woodpecker.*    Minneapolis,  July,  1876. 
(60.) 

65.  Picus  pubescens.    L.    Downy  Woodpecker.*    Minneapolis,  Aug.  16th, 
1876.     (61.) 

66.  Picus  pubescens.    L.    Downy  Woodpecker.*    Minneapolis,  Aug  20th, 
1876.     (73.) 

67.  Melanerpes  erythrocephalus.   Sw.    Red-headed  Woodpecker.    July  23d, 
1876.     (62.) 

68.  Melanerpes  erythrocephalus.    Sw.    Red-headed  Woodpecker.*    Minne- 
apolis, Aug.  28th.     (71.) 

69.  Colaptes  auratus.     Sw.     Golden-winged    Woodpecker.    Minneapolis^ 
April  29th,  1875.     (63.) 
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70.    Colaptes    auratus.    Su.    Golden-winged  Woodpecker.*    Minneapolis, 
Aug.  28th,  1876.     (72.) 

Strigid^. 

7L    Bubo  virginianus.    Wilk.    Great-horned  Owl.*   Minneapolis,  Nov.,  1876. 
(86.)    From  Collection  of  C.  L.  Herrick. 

Falconid^. 

72.  Falco  sparverius.    L.    Sparrow  Hawk.  Minneapolis,  Aug.  2,  1876.  (67.) 
73.  Falco  sparverius.    L.    Sparrow  Hawk.    Minneapolis,  Aug.  13th,  1875. 

(68.) 
74.  Buteo  borealis.    Vieill.    Red-tailed  Hawk.*    Jav.    Minneapolis,  July, 

1876.     (82.)    {Mounted.) 

COLUMBIDiE. 

75.  Ectopistes  migratorius.    Sw.    Wild  Pigeon.    Minneapolis,  July  11th, 
1876.     (58.) 

76.  Ectopistes  migratorius.     S.    Wild  Pigeon.    Minneapolis,  July  11th, 
1876.     (59.) 

Tetraonid^. 

77.  Bonasa  umbellus.   Stephens.    Ruffed  Grouse.    Minneapolis,  July,  1876. 

(48.) 

Charadrud^. 

78.  .aEgialitis  vociferus.    Cass.    Killdeer  Plover.f    Minneapolis,  July  22d, 
1876.    (57.) 

SCOLOPACID^. 

79.  Totanus    solitarius.    Wilson,    Solitary  Tattler.*     Minneapolis,   Aug. 
17th,  1876.     (55.) 

80.  Totanus  solitarius.    Wils.    Solitary  Tattler.*    Minneapolis,  Aug.  12th, 
1876.    (56.) 

81.  Totanus  solitarius.    Wils.    Solitary  Tattler.    Minneapolis,  Aug.  20th, 
1876.     (74.) 

82.  Tringoides    macularius.     Gray.     Spotted    Sandpiper.     Minneapolis, 
Aug.  4th,  1876.     (53.) 

83.  Tringoides  macularius.    Gray.    Spotted  Sandpiper.*    Minneapolis,  July 
14th,  1876.     (54.) 

84.  Actiturus  bartramius.    Bon.    Upland  Plover.    Minneapolis,  Aug.  6th, 
1875.     (52.) 
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ARDEIDiE. 

85.  Botaurus  mugitans.    Coues.    Bittern.    Minneapolis,  1875.    (49.) 

RALLIDiE. 

86.  Porzana  Carolina.    V.     Carolina  Rail.f    Minneapolis,  Aug.  20th,  1876. 

(70.) 

Larid^. 

87.  Sterna  caspia.    Pall.    Caspian  Tern.    Long  Lake,  Nov.,  1876.     (87.) 
Bare. 

Collected  and  presented  by  Will.  Secombe. 
88.  Hydrochelidon  lariformis.    Coues.     Black  Tern.    Minneapolis,   July 

19th,  1876.     (50.) 
89.  Hydrochelidon  lariformis.    Coues.    Black  Tern,  yowwgr.    Minneapolis, 

July  19th,  1876.     (51.) 

Anatid^. 

90.  Bucephala  clangula.    Wils.    Golden-Eye.   Garrot.    Minneapolis,  Jan. 
17th,  1877. 

Just  as  tliis  proof  is  going  to  press,  I  have  the  pleasure  of  an- 
nouncing that  I  had  the  good  fortune  to  secure  for  the  collection 

two  specimens  of  Le  contes  Sparrovr,  coturniculus  lecontei,  thus 
adding  this  to  the  very  few  localities  of  its  occurrence.  A  more 
extended  notice  will  doubtless  be  given  hereafter. 
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XI. 

A  NEW  CYCLOPS 

By  C.  L.  Herrick. 

Cyclops  quadricornis  lias  often  been  used  as  an  object  for  study 
by  those  desirous  of  becoming  familiar  with  the  process  of  develop- 

ment in  Crustacea.  For  this  it  is  eminently  fitted  both  on  account 
of  its  very  distinct  changes  and  its  abundance  in  every  pond  and 

pool. 

Fig.  1. 

There  is  another  member  of  the  same  genus  which  has  not, 
apparently,  been  described,  and  I  have  therefore  provisionally 
named  it  C.  longicornis  from  the  very  long  primary  antennae. 

The  appearance  of  an  ordinary  individual  (Fig.  1.)  is  not  very 
widely  different  from  the  ordinary  species.  But  the  first  glance 
of  the  female  with  the  spherical  sac  of  ova  under  the  abdomen 
makes  the  creature  seem  quite  distinct. 

The  general  appearance  and  its  movements  while  swimming 
briskly  about  cause  it  to  look  like  a  magnified  cladocera,  the  long 
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spreading  antennae  increasing  the  similarit}-.     The  glass  at  once 
dispels  the  illusion  however. 

The  eggs  are  larger  in  proportion  than  those  of  quadrkornis  and 
are  loosely  aggregated  beneath  the  abdomen.  The  cephalothorax 

is  very  large  and  carries  the  usual  complement  of  motory  appen- 

dages. The  first  antennae  are  long — exceeding  the  body.  The 
second  pair  are  specialized  enough  to  be  called  antennae,  and  the 

claws  are,  according  to  my  observation,  small  though  they  were 
indistinctly  seen. 

The  abdomen  is  in  proportion  smaller  than  in  quadricoryiis,  and 
the  tail  similar  to  that  of  a  young  of  that  species.  Of  internal 

structure  little  was  made  out,  but  the  red  glands  are  as  prominent 
as  in  the  other.  A  curious  case  of  malformation  of  antennae  is 

shown  in  the  figure.  The  color  is  transparent  white,  except  the 
tips  of  the  antennae  and  the  last  segments  of  the  abdomen. 

The  process  of  cephalization  is  well  illustrated  by  the  cyclops, 
though  not  as  aptly  as  in  the  larger  crustaceans,  the  Sand  Fleas. 

-5=- 

Fig.  2, 

A  recent  observation  of  a  number  of  diatoms  dipped  from  the 
bottom  of  the  deeper  portion  of  Lake  Calhoun,  seems  to  prove  that 
one  species  is  clothed  with  cilia  throughout,  and  not  simply  at 
the  ends  as  usually  described.  While  watching  the  motions  of  a 

Navicula-like  plant  propelling  itself  slowly  along  it  was  seen  to  col- 
lide with  a  large  mass  of  vegetable  matter,  and  while  thus  brought 

to  a  stand-still  the  infinitesimal  particles  floating  near  it  were  seen 
to  traverse  its  whole  length,  the  diatom  and  particles  beyond 

reach  of  its  influence  remaining  motionless  in  the  meantime. 

This  specimen  was  of  sufficient  length  to  preclude  the  possibility 
of  the  cilia  at  the  ends  having  any  influence  upon  the  particles. 

Other  Collections. 

Besides  the  Moose  mentioned  in  the  report  of  last  year,  the  fol- 
lowing mounted  mammals  are  on  exhibition: 

Antil(zapra  Americana.  Ord.  Pronghorn  Antelope.  2  male  and  2  female. 
Custer  Expedition  to  the  Black  Hills.     1874. 



240 GEOLOGICAL  AND   NATURAL  HISTORY 

Corvus  Canadensis.    Exl.    American  Elk.    Custer  Expedition  to  the  Black 
Hills.     1874. 

Badger.    Custer  Expedition  to  the  Black  Hills.     1874. 

Utsus  horribilis.    Ord.    Grizzly  Bear,  female.    Custer  Expedition  to  the 
Black  Hills.     1874. 

Corvus  lencurus.    Doug.    White-Tailed  Deer;   1  male,  2  females.    Cus. 
Ex.  Blk.  Hills.     1874. 

Bangifer  Caribou.    And.  and  Bach.    Woodland  Caribou  (unmounted.) 
Presented  Dec.»  1875,  by  Nathan  Butler. 

Seiurus  hudsonius.    Pall.    Red  Squirrel.    Three  specimens. 

Tamius  striatus.    Bd.    Chipmunk. 

Spermophilus  tridecemlineatus.    Mitch.    Striped  Gopher. 

Hesperomys  michiganensis.    Wag,    Michigan  Mouse. 

Frocyon  lotoi.    Ston.    Common  Raccoon. 

Beptiles. 

Pana  catesbiana.    Shaw.    Bull  Frog. 

Amblystoma  tigrinum.    Bd.    (Immature.)    Common  Salamander. 

Eutaenia  radix.    Bd.  &  Gir.    Garter  snake. 

Skeletons  Mounted. 

Podilymbus  podiceps.    Lawr.    Pied-billed  Grebe. 

Botaurus  mugitans.    Bart.    Bittern. 
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New  Haven,  January  8,  1879. 

Prof.  N.  H.  Winchell: 

Dear  Sir:  I  have  examined  the  chapter  by  Mr.  Herrick,  which  you  placed  in 
my  hands,  and  think  it  a  valuable  contribution  to  science.  It  will  make  a  very 
appropriate  addition,  it  appears  to  me,  to  the  Minnesota  State  Report,  because 

of  its  illustrating  with  well-drawn  figfures  and  good  descriptions  the  life  of  the 
fresh  water  of  the  State.  The  species  are  among  the  most  interesting  of  the 
minuter  animals  of  the  waters,  and  have  a  wide  distribution  over  the  globe. 

Yours  truly, 

JAMES  D.  DANA. 

Minneapolis,  Minn.,  January  14,  1879. 

Gen.  H.  H.  Sibleij,  President  of  the  Board  of  Begents: 

I  herewith  communicate  to  the  Regents  an  illustrated  memoir  on  the  micro- 
scopic crustaceans  of  fresh  waters  of  Minnesota,  as  a  contribution  on  the  Natural 

History  of  the  State,  in  accordance  with  law.  This  valuable  paper,  by  Mr.  C.  L. 
Herrick,  my  laboratory  assistant,  has  cost  the  Survey  nothing  more  than  the  use 
of  its  rooms  and  apparatus,  and  has  been  submitted  to  the  approval  of  Prof.  J. 
D,  Dana  of  New  Haven,  who  indorses  it  as  a  valuable  contribution  to  science^ 
and  recommends  its  publication. 

Very  respectfully, 
N.  H.  WINCHELL. 



PREFACE. 

It  is  with  the  hope  that  the  following  paper  may  be  of  service  to  some  who, 

like  myself,  were  interested  in  the  many  and  varied  forms  found  in  every  stag- 
nant pool  as  well  as  in  the  lakes  and  ponds  of  our  country,  but  who  were  unable 

to  find  any  connected  account  of  them,  that  it  is  offered  to  such,  as  a  contribution 
toward  a  better  understanding  of  a  little  known  order  of  the  natural  kingdoms. 

The  lakes  within  a  radius  of  ten  miles  of  Minneapolis  have  furnished  all  the 
material  examined,  and  the  supply  is  not  exhauated  by  any  means.  It  is  only 
hoped  to  so  outline  the  extent  and  limits  of  this  division  of  animal  life  that  it  will 
be  less  difficult  to  place  the  forms  found  from  time  to  time,  in  approximately 
their  true  position. 

With  very  few  exceptions,  as  far  as  has  been  ascertained,  no  one  has  devoted 

any  attention  to  the  fresh  water  Entomostraca  oi'  America,  and  it  is  necessary  for 
some  one  to  act  as  a  pioneer,  to  learn  whether  any  of  the  forms  described  in 
Europe  appear  here,  and  to  discover,  if  possible,  if  there  be  a  general  similarity 

between  these  widely  separated  faunae.  This  has  been  the  ambition  of  the  pres- 
ent writer ;  and  if  only  an  intelligent  attention  be  durected  to  this  field,  he  will 

feel  abundantly  repaid  for  the  attempt. 

The  works  consulted  were  Dana's  ' '  Report  of  the  Crustaceans  collected  during 
the  Wilkes  Exploring  Expedition  to  the  Pacific  Ocean",  Dr.  W.  Baird's  "  Brit- 

ish Entomostraca,"  "  Report  of  U.  S.  Fish  Commission,"  papers  in  "  Hayden's 
Survey  of  the  Territories",  and  papers  in  the  American  Naturalist  and  other  peri- 

odicals. Many  thanks  are  due  to  Prof.  N.  H.  Winchell,  director  of  the  State 
Geological  Survey,  for  assistance  and  advice  in  many  ways;  to  President  W.  W. 
Folwell,  and  Dr.  P.  L.  Hatch,  for  assistance  and  intelHgent  sympathy,  and  to 

fellow  members  of  the  "  Naturalist's  Club." 
That  there  will  be  found  mistakes  in  the  work  is  to  be  expected,  but  it  is  hoped 

that  the  information  will  be  reliable  in  the  main. 

It  is  not  without  hesitation,  that,  as  a  novice  in  scientific  investigation,  names 
are  suggested  for  the  new  species  found,  but  the  purpose  of  this  paper  will  be 
best  served  by  defining  as  well  as  possible  these  forms,  and  submitting  them  to 
the  test  of  further  study;  and  if  in  the  futare  more  experience  and  greater  research 
can  be  brought  to  bear  upon  this  domain,  these  preliminary  notes  will  periiaps 
not  be  without  their  value.  The  drawings  were  all  made  by  the  writer,  in  most 

cases  from  life,  though  some  details  have  been  introduced  from  the  works  con- 
sulted, and  the  plate  of  Phyllopoda  was  collected  from  the  government  reports 

and  elsewhere.  Clearness  in  outline  and  detail  rather  than  beauty  in  execution 
was  the  desideratum. 

C.  L.  HERRICK. 
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INTRODUCTION. 

ENTOMOSTRACA. 

The  name  was  derived  from  two  Greek  words  meaning  insect  and  shell,  by 

Otho  F.  Muller,  and  applied  by  him  in  his  "  Entomostraca''  (i785)  to  the  animals 
which  had  hitherto  been  all  comprised  in  I.innseus'  genus  Monoculus,  named 
from  the  supposition  that  they  all  possessed  but  one  eye.  The  name  ''  Branchi- 

podes'*  was  also  proposed,  find  would  have  been  appropriate  enough,  but  Muller 
supposed  that  the  branchial  appendages  which  suggested  the  name,  were  want- 

ing in  Cythere,  etc.  Muller,  aside  from  naming  the  group,  was  the  first  to 
arrange  these  animals  in  anything  like  a  systematic  classification,  and  collected  a 

great  deal  of  interesting  mformation.  Since  his  time  several  authors  have  writ- 
ten upon  these  interesting  animals  in  Europe,  but  with  a  few  exceptions  no  sys- 

tematic work  on  Entomostraca  has  appeared  in  English. 
Dr.  W.  Baird  published  in  1850  a  superb  work  on  the  Entomostraca  of  Great 

Britain,  which  is  still  the  best  thing  in  the  English  language.  But  smce  ihis 
woik  was  published,  many  additions  have  been  made  to  our  knowledge.  In 

Prof.  J.  D.  Dana's  magnificent  work  on  the  Crustacea  found  in  the  "Wilkes 

Exploring  Expedition",  many  new  species  are  described,  and  a  revised  classifica- 
tion lor  the  whole  order  is  proposed.  In  this  work  every  known  genus  was  char- 

acterized. Since  then  additions  of  new  species  have  been  published  by  various 
authors,  and  are  scattered  through  the  reports  of  various  societies.  Moreover, 
recent  studies  in  Embryology  have  thrown  new  light  on  the  classification  of  all 

the  lower  animals,  and  many  changes  are  necessary,  but  it  is  not  possible  at  this 
stage  of  the  study  to  attempt  a 

SYSTEMATIC     AKRANGEMENT 

of  this  order.  We  shall  follow  quite  closely  Dana's  system  as  being  most  com- 

plete. 
The  following  changes,  which  will  not  affect  essentially  the  nomenclature  used 

must  be  indicated  as  the  necessary  result  of  modem  research : 

1.  The  Merostomata,  or  King  Crab  group,  which  contains  the  modem  genus 

Limulus  (Horseshoe  Crab)  and  the  ancient  Eurypteridce,  etc.,  which  was  con- 

sidered by  Dana  a  sub-order  of  Entomostraca  has  by  recent  writers  been  regarded 
as  a  distinct  order  intermediate  between  the  Trilobita  (which  Dana  included 

with  the  sub-classes  Chorestopoda  and  Entromostraca  in  the  class  Edriophtlialmia 
or  Tetradecapoda)  and  the  Entomostraca. 

Trilobita  now  stands  at  the  foot  of  the  sub-kingdom,  its  inferiority  in  rank 
being  assumed  from  the  inferiority  in  point  of  time. 

The  Cormostomata  (including  Pa^cilopoda  or  Epizoa)  has  been  united  with 

Copepoda  (Cyclopacea)  thus  doing  away  with  the  sub-orders  in  Entomostraca. 
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The  Pectostraea  (including  Phizocephala  and  cirripeda  (barnacles)  have  been 
assigned  a  place  among  the  Entomostraca  from  facts  learned  regarding  their 
development.  These  crustaceans  have  been  tossed  from  one  division  to  another 

till  they  ought,  it  would  seem,  to  find  a  permanent  resting  place.  First  consid- 
ered mollusks,  they  have  now  taken  their  position  among  the  lower  crustaceans. 

These  creatures,  which  are  at  maturity  firmly  cemented  to  foreign  bodies,  and  are 

inclosed  in  a  hard  shell-like  test  have,  in  their  earlier  stages,  forms  resembling 

the  "Nauplis"  stage  of  Cylops  (see  plate  III,)  and  also  a  stage  resembling  the 
mature  Cypris. 

It  is  now  known  that,  as  Huxley  expresses  it,  ' '  the  barnacle  is  a  crustacean 
fixed  by  its  head  and  kicking  its  food  into  its  mouth."  The  attachment  of  the 
head  finds  a  parallel  in  the  genus  Sida  (see  beyond),  which  contains  animals  that 

can  attach  themselves  at  will  to  bodies  by  a  sucker- hke  disk  on  the  head,  corres- 
ponding to  the  pedicle  of  the  barnacles.  As  the  barnacles  and  epizoa  have  not 

been  observed  no  further  mention  will  be  made  of  them  in  this  connection. 

The  following  table  from  Huxley's  Anatomy  of  Invertebrates  will  perhaps  be useful  for  reference. 

(Articulates  or) 

ARTHROPODA. 

,  I. 
Without  manducatory  appendages  (Gnathites) 

Trilobata.  Tardigrada  ( ?)  Pentastomida(  ?) 

XL 

With  pediform  gnathites. 
Merostomata,  Arachnida.  Peripatidea. 

III. 

With  maxilliform  gnathites. 
Entomostraca.  Myriapoda. 
Malacostraca.  Insecta. 

Water- breathers.  Air-breathers. 

For  the  most  part. 

The  extent  of  the  Entomostraca  has  been  outlined  above,  and  the  Malacostraca 
includes  the  remainder  of  the  crustaceans,  viz :  those  included  by  Dana  under 
Podophthalmia  and  the  order  Choristopoda  of  Edriophthalmia,  thus  embracing 
crabs,  shrimps  and  all  the  higher  crustaceans,  whose  body  consists  (almost  always) 

of  twenty  segments  (somnites)  of  which  six  constitute  the  head,  and  bear,  respect- 
ively, the  eyes,  superior  antennae,  inferior  antennae,  mandibles,  and  two  pair  of 

maxillae.  Of  the  remaining  somnites  eight  pertain  to  the  thorax,  and  carrj'  the 
foot  jaws  and  walking  hmbs,  while  six  are  abdominal  and  bear  swimming  limbs. 
These  higher  forms  do  not  go  through  the  Nauplius  stage  in  their  development, 
as  do  the  Entomostraca. 
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GENERA   CHARACTEKS  OF  ENTOMOSTRACA. 

The  Crustaceans  of  this  order  are  quite  various  in  form,  habits  and  internal 
structure.  They  possess  specialized  jaws,  but  there  are  never  more  than  three 
pairs  of  qualities,  while  m  the  higher  orders  there  are  often  six. 

The  somnites  of  the  abdomen  (that  portion  of  the  body  posterior  to  the  genital 
aperture)  are  devoid  of  appendages.  Though  the  study  of  these  animals  is  very 
fascinating  and  instructive  the  task  is  a  difficult  one,  both  on  account  of  the 
minute  size  of  most  of  them  and  the  great  difficulty  of  ascertaining  with 
what  organs  of  the  higher  forms  some  of  the  novel  instruments  seen  are 
homologous.  The  curious  misapprehensions  and  inaccuracies  into  which  authors 
have  fallen  still  further  complicates  the  matter. 

The  descriptions  of  these  organs,  and  their  functions,  must  be  taken  up  under 
the  divisions  of  the  order  and  treated  separately.  The  process  of  reproduction 
is  particularly  interesting  in  this  group,  for  we  have  numerous  instances  of 

agamogenesis  and  the  Pectostraca  are  hermaphrodites  peculiarly  modified  Al- 
ternate generation  will  be  spoken  of  more  particularly  under  the  Daphnioidea. 

The  species  described  have  all  been  collected  and  compared  with  descriptions  of 
previous  authors,  the  new  species,  it  is  hoped,  will  be  found  sufficiently  well 
defined  in  connection  with  the  figures  given  to  permit  of  a  ready  identification. 

The  following  table  of  the  families  of  the  order  will  be  useful  for  reference, 
while  the  characters  upon  which  they  are  founded,  and  synonyms,  will  be  found 
in  their  appropriate  places. 

TABULAR  VIEW  OF  ENTOMOSTRACA. 

ORDER  ENTOMOSTRACA, 

LEGION  I.    LOPHYROPODA. 

TRIBE  I.    CYCLOPOiDBA  (here  used  as  equal  to  Copepoda  with  the  Poecilopoda 
among  he  Cormostomata  (or  EpizoaS) 

Family  1.     Calanidse. 
Family  2.     Cyclopidse. 
Family  3.     Corycaidse. 

Epizoa? 

.    TRIBE  II.    DAPHNioiD^.     (Cladocera.) 

Family  1.  Penilidse. 
Family  2.  Daphnidse. 
Family  3.  Bosminidse. 
Family  4.  Polyphemidse. 

TRIBE  III.       CYPRID^. 

Family  1.    Cypridse. 

Sub-family  a.    Cyprinae.     (Cypridse  Bd.) 
Sub-family  b.     Cythrinse.     (Cythridae  Bd.) 

Family  2.    Halocypridee. 

Sub-family  a.     Cypridininse.     (Cypridinadse  Bd.) 
Sub-family  b.    Halocyprinae. 
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LEGION  II.     PHYLLOPODA. 

TRIBE  I.      ARTBMIOIDEA. 

Family  1.    Artemiadae.     (Branchipodidge.) 
Family  2.    Nebaliodse. 

TRIBE  II.      APODID^. 

Family  1.    Apodidee. 

TRIBE  III,      LIMNADIOID^. 

Family  1.    Limnadidse. 

Note — Other  genera  have  been  added  to  those  given  by  Dana,  and  changes 
made.    The  family  Estheriadse  seems,  however,  to  be  equivalent  to  Limnadidse. 

LEGION  I.    LOPHYROPODA. 

Bibliography. — Lophyropa,  Latreille,  Cuv.  Regne  An.,  1677; 
Lophyropoda  (in  part),  Leach,  Diet.  Sci.  Nat.,  XIV.,  554. 

  Gray,  Cat.  Brit.  Crust.  Brit.  Mus.,  1850, 
100. 

'   Baird  Brit^  Entomost.,  138. 
Cranchiopodes  franges  (in  part),  Lamark,  Hist.  Ans.  Yert. 

Characters. — Feet  normal  and  not  greatly  multiplied  in  number. 

TRIBE  I.      CYCLOPOIDEA. 

Bibliography* — Carcinoida  (in  part),  Latreille. 
Copepodes,  Edtvards,  Crust.,  iii.,  411. 
Copepoda,  Baird,  Trans.  Berw.  Club,  ii.,  1875. 
  Baird,  Brit.  Entomost.,  182. 
Cophyropoda,  Burmeisfer,  Organiz.  of  Trilobites. 
Copepodita,  Gray,  Cat.  Brit.  Crust.  Brit.  Mus.,  1850. 
Crustacea  copepoda  (Cyclopacea),  Dana,  Proc.  Ardes.   Acad.  Sci. 

and  Art.,  1847. 

Cyclopoidea,  Dana,  Rep.  Wilkes'  Exp.  Ex.,  p.  1020, 
Characters. — Body  elongate,    straight,   never  incurved.      Cephalothorax  and 

abdomen  with  few  joints.    Feet  and  jaws  16  to  18.    The  6-10 
posterior  thoracic  feet  are  double,  foliacecus,  with  the  last  often 

prehensile. 

This  is  a  very  extensive  and  widely  distributed  division,  and  there  is  a  greater 
unity  of  plan  seen  in  the  structure  of  the  animals  comprised  in  it  than  in  other 
divisions  of  similar  importance.  These  creatures  are  distributed  over  the  world, 
in  both  fresh  and  salt  water,  and  the  numbers  may  doubtless  be  reckoned  by 

thousands,  but  little  attention  has  been  devoted  to  the  subject,  and  our  knowl- 
edge is  quite  meagre. 
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The  Cyclopoidea  are  considered  the  highest  group  in  the  order,  approaching 
the  Macroural  Crustaceans.  The  body  is  not  covered  by  a  carapace,  as  in  the 

following  tribes,  and  the  abdomen  is  extended  in  the  same  line  as  the  body,  and 
not  incurved  as  in  Daphnioidea,  etc.  The  abdomen  is  terminated  by  two  stylets 

which  bear  several  setse.  If  the  Epizoa  ai-e  to  be  admitted  into  this  tribe,  certain 
modifications  would  be  necessary,  which  we  need  not  discuss. 

The  cephalothorax  is  composed  of  from  four  to  seven  segments.  In  those  spe- 
cies having  four  segments,  the  first  bears  the  first  and  second  antennse,  mandi- 

bles, maxillae,  maxHlipods,  first  feet  and  one  pair  of  natatorial  feet,  while  the 
following  three  carry  the  remaining  pairs  of  natatores. 

Eyes  of  the  three  kinds :  1 .  A  pair  of  simple  internal  eyes  with  spherical  lenses, 
which  are  the  ordinary  kind.  These  are  usually  united  near  the  front  in  a  single 
very  small  spot,  though  they  are  sometimes  remote. 

2.  A  pair  in  an  elevation  on  the  under  side  of  the  head  between  the  antennae. 
The  pigment  is  often  like  a  piece  of  solid  indigo. 

3.  A  pair  of  simple  eyes  consisting  of  an  internal  prolate  lens  situated  at  the 

extremity  of  a  vermiform  ma?s  of  pigment  and  of  a  large  oblate,  lens-shaped 
cornea.    This  kmd  of  eye  is  found  in  the  Corycaeidse. 

Antennce.  The  antennae  are  of  two  pairs,  of  which  the  superior  are  organs  of 
locomotion,  and  usually  are  long  and  powerful.  In  the  males  of  many  species 
one  or  both  are  modified  to  form  a  joint  by  which  the  female  is  held  during 
coition.    These  modifications  are  often  of  generic  importance. 

The  secondary  antennae  are  subjected  to  greater  changes  and  serve  various 
functions.  Sometimes  they  are  simple;  in  other  species  they  have  two  rami. 
They  are  often  prehensile,  and  when  simple  the  setae  at  the  end  are  movable  ao 
that  they  assist  the  animal  to  creep  on  surfaces. 

The  mouth  is  situated  in  the  posterior  aspect  of  a  low  prominence  beneath  the 
head. 

The  mandibles  are  variously  modified. 

The  maxillce  are  one  to  four  jointed  organs. 

The  maxillipeds  are  always  simple,  or  if  dividea  the  branch  is  rudimentary. 
Anterior  pair  of  legs  (or  second  maxillipeds).  These  organs  vary  greatly  in 

form,  and  afford  means  of  generic  classification,  and  wiU  be  described  under  their 

appropriate  heads. 
Natatory  feet.  These  are  similar  to  those  of  other  Entomostraca,  bearing  setae 

for  locomotion.  There  are  four  pairs,  and  sometimea  a  prehensile  or  abortive 
pair  following. 

The  heart  is  situated  in  the  posterior  part  of  the  thorax,  and  the  circulation 

may  be  watched  as  the  blood  globules  circulate  between  the  tissues ;  particularly 
in  some  transparent  species  of  Calanidae  these  may  be  well  traced  in  the  thorax. 

Nervous  system.  A  large  ganglion  exists  over  the  mouth,  and  surrounds  the 
oesophagus. 

This  tribe  includes  three  families,  as  given  by  Dana,  but  the  Epizoa  must  prob- 
ably be  included  also.  The  family  Corycceidm  is  oceanic,  and  no  members  have 

been  found  in  our  locality. 

FAMILY  I.    Calanidae. 

Bibliography. — Dana,  Wilkes'  Explor.  Ex,,  p.  1039. 
Characters. — Eyes  often  of  two  kinds,  the  upper  pair  being  simple  and  minute, 

with  their  pigments  either  separate  or  collected  into  one.    In 
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some  spec'es  there  is  another  pair  beneath,  with  joined  pigments. 
Mandibles  and  maxillae  elongate,  carrying  a  palpus,  which  is  fur- 

nished with  setae.  Ova  sac  one.  First  pair  of  antennae  long, 

unappendaged;  the  right  or  neither  having  a  geniculating  joint. 

Feet  of  the  first  pair  never  sub-prehensile  at  the  end. 

The  Calanidae  are  divided  into  three  sub-families,  only  one  of  which  has  been 

found  to  be  represented  in  our  locahty,  lapwever,  the  classification  will  be  indi- 
cated. 

Sub-family  1.  Calanin^. — Abdomen  of  moderate  length,  inferior  pair  of 
eyes  wanting.  Right  superior  antennae  of  male  without  a  geniculating  joint. 
Secondary  antennae  setigerous  at  the  end. 

Genus  1,     Calanus,  Leach,  Dana. 

-     Genus  2.     Rhincalanus,  Dana. 

Ganus  3.     Cetochilus,  Goodsir. 
Genus  4.    Euchaeta,  PhiUppi. 
Genus  5.    Undina,  Dana, 

Sub-family  2.  Oithonin^. — Abdomen"  linear  produced,  scarcely  shorter 
than  the  cephalothorax.  Inferior  eyes  wanting.  Maxille  digitate  on  the  interior 

margin.  Superior  antennae  long,  few-jomted;  right  male  antenna  not  gemculate 
nor  movable  in  an  angle. 

Sub-family  3.  Pontellin^. — Abdomen  of  moderate  length.  Eyes  some- 
times of  two  kinds.  Antennae  long  and,  in  all  the  genera  but  Acartia,  having  a 

geniculating  joint.  Second  antennae  setae-bearing  at  the  end.  Posterior  feet  of 
the  male  thick;  the  right  prehensile. 

Genus  1.     Diaptomus,   West  wood. 
Genus  2.    Hemicalanus,  Dana. 

Genus  3.     Candace,  Dana. 
Genus  4.    Acartia,  Dana. 

Genus  5.     Pontella,  {Pontia,  Edwards). 
Genus  6.     Catopia.  Dana, 

Genus  Diaptomus,  Westwood. 

Bibliography. — Monoculus,  Linnceus,  Fabricius  Jurine,  etc. 
Cyclops,  Muller,  Desmarest,  Manuel,  etc. 

,  Diaptomus,  J.O.  Westivood,  Partmgton's  Cycl.  Nat.  Hist.,  Ento- 
mologist's Text-book,  1838. 

  W.  Baird,  Brit.  Entomost.,  p.  219. 

  J.  D.  Dana,  Rep.  Wilkes'  Expl.  Ex.,  p.  1045. 
Cyclopsina,  M.  Edwards,  1840. 
   Philippi,  1843. 

  Baird,  Zoologist,  i.  56:  Trans.  Berw.  Clarb. 
   Dana,  Proc.  Amer.  Acad.  Art  and  Sci. 
Omethina,    Templeton,  Trans,  Ent.  Soc,  ii.,  118,  1838. 

Broteas,        Loren,  Kongl.  ret.  Akad.  Handl.,  1845,  p.  436. 

Characters. — The  smaller  ramus  of  the  secondary  antennae  six  to  seven  jointed. 
Maxillipeds  scarcely  less,  often  larger  than  the  first  pair  of  feet. 
Posterior  pair  of  feet  in  the  male  thick,  the  right  prehensile, 

those  of  the  female  long  and  different  from  the  preceding  pau-s. 
Ova  sac  one. 
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Of  the  two  species  liere  described,  one  is  certainly  a  member  of  this  genus, 

while  the  other  is  in  many  respects  more  like  Dana's  genus  Hemicalanus,  which 
difiers  from  Diaptomus  in  not  having  the  posterior  feet  of  the  female  large  and 
stout  and  the  shorter  branch  of  the  secondary  antennae  without  the  numerous 

joints.  The  species  of  Hemicalanus  are  also  oceanic,  and  none  were  seen  to  have 
ova  sacs.  Both  our  species  have  single  ova  sacs,  while  one  is  not  evidently 
furnished  with  the  plurality  of  articulations  to  second  antennae.  Not  having 

given  a  lull  account  of  the  family,  it  may  be  well  to  incorporate  a  more 
general  with  the  technical  description.  These  animals  are  usually  small, 

seldom  reaching  one-fourth  of  an  inch,  but  commonly  appearing  as  mere 
specks  in  the  water.  The  body  is  canoe-shaped,  and  divided  into  two 
portions.  The  main  portion,  or  cephalothorax,  is  usually  much  the  longest. 

The  antennae  are  the  organs  of  iocomotion,  being  used  as  oars  m  the  same  man- 

ner as  the  "water- boatman,"  etc.,  use  the  feet.  The  posterior  pair  of  feet  vary 
with  the  sexes,  as  described  above,  the  four  following  pairs  are  swimming  organs, 
while  the  anterior  pair  are  modified  and  turned  forward. 

The  cephalothorax  is  more  often. seven  jointed  in  PontelUnce  than  in  the  Cal- 
anince  but  this  is  not  a  constant  character. 

Diaptomus  longicornis,  Herrick.* 

This  speccies  is  very  near  to  Z),  castor  and  may^  indeed,  be  a  variety  of  that 

species,  it  differs,  however,  in  shape  and  color  from  figures  ot  that  species,  and 

the  maxillae,  and  antennae  differ  considerably.  Cephalothorax  rather  long,  nar- 
rowly oval,  six-jointed;  superior  antennae,  rather  long  but  they  are  not  curved 

as  represented  in  Dr.  Baird's  figures  of  D.  castor.  The  male  right  antenna  has 
a  geniculating  joint  at  the  thirteenth  segment  which  is  armed  with  a  considerable 

curved  spine;  the  joints  following  are  more  or  less  enlarged  and  sometimes  coa- 
lesce, forming  in  extreme  cases  a  monstrosity  as  represented  in  Geol.  and  Nat. 

Hist.  Rep.  for  1876.  The  secondary  antennae  are  two  branched;  the  outer  lamus 

being  three-jointed  and  armed  at  the  extremity  with  three  curved  spines,  form- 
ing a  sort  of  hand,  the  middle  segment  also  bears  a  number  of  setae  on  the  inner 

margin,  the  minor  ramus  is  six  or  seven -jointed,  though  it  appears  three-jointed 
at  first,  the  middle  segment  being  sub-divided.  The  head  is  produced  into  a 
beak  in  front  but  it  is  much  smaller  than  in  the  following. 

The  maxillepedes  (or  first  pair  of  feet)  are  of  three  portions,  the  latter  two 
bearing  setae  which  are  directed  towards  the  head,  the  final  division  is  composed 
of  about  six  small  joints  each  bearing  a  tuft  of  the  sete.  The  remaining  pairs 
of  feet  are  alike,  each  having  two  setigiferous  rami.  In  the  female  the  fifth  pair 
of  feet  are  prehensile  and  stout,  those  of  the  male  are  unlike,  the  right  being 
long  and  the  other  rudimentary. 

This  species  is  very  brilliantly  colored,  the  tips  of  the  antennae  and  last  seg- 
ments of  the  abdomen  are  a  fine  bluish  purple,  while  the  body  is  variegated  with 

red,  yellow  and  purple.  The  mass  of  eggs  is  also  a  beautiful  red.  Only  one 
locality  is  known  to  contain  the  creature,  though  it  may  be  abundant  in  the  more 

marshy  pools.  In  the  Rep.  of  the  Geol.  Surv.  of  Minn,  for  1878  it  was  men- 
tioned and  a  figure  given,  but  erroneously  called  cy clops.    (See  plate  I.) 

*See  D.  sanguineus,  Forbei  in  III.  State  Mus.  Rep.  1876.  Tlie  description  differs,  ap- 
parently, in  several  respects,  notably  as  to  color,  but  the  species  is  cenainly  closely 

allied. 
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Diaptomus  pallidus,  Herrick. 

A  more  abundant  form  than  the  above,  though  less  striking  in  appearance,  is 
the  creature  for  which  this  name  is  suggested.  The  cephalothorax  is  more 

elongate  and  has  but  five  segments.  The  antennae  are  much  longer,  considerably 
exceeding  the  body  in  some  specimens.  The  joints  of  the  antennas  following 

the  geniculating  joint  are  not  united  or  modified,  neither  is  there  an  appen- 
dage to  the  segment  immediately  preceding.  The  whole  body  is  slender  and 

graceful,  resembling  Hemicalanus  but  the  fifth  pair  of  feet  is  not  obsolescent. 

The  secondary  antennae  were  not  noticed  to  have  the  multiplied  intermediate 
oints  in  the  minor  ranius,  but  such  may  be  the  case. 

This  animal  abounds  in  the  larger  lakes,  and  seems  to  prefer  pure  water,  while 
the  other  is  found  in  more  stagnan  twater.  These  creatures  are  not  found  infested 

by  bell  animalcules  and  desmids  as  is  the  cyclops,  probably  from  their  rapid 
motions  and  the  nature  of  their  haunts. 

D.  pallidus  may  be  at  once  distinguished  from  longicornis  by  its  lacking  the 
brilliant  coloring  of  the  other,  it  being  quite  colorless,  and  by  its  smaller  size. 

D.  longicornis  is  65-1000  inch  in  length,  while  the  species  in  question  rarely 

exceeds  40-1000  inch.    The  eye  in  this  species  is  also  less  conspicuous.    (See 
plate  11.) 

FAMILY  II.    Cyclopidae. 

Bibliography —Dana,  Rep.  Wilkes'  Exp.  Ex.,  Vol.  XIV.  Part  2,  p.  1039. 
Characters. — Eyes  small,  simple,  usually  with  united  pigments.      Mandibles 

with  a  small  or  obsolete  palpus  and  few  setse.     Ova  sacs  one  or 

two.    Primary  antennae,  often  appendaged.     Both  or  neither  of 

the  male  antennae  geniculate.    Feet  of  the  first  pair  more  or  less 
prehensile  at  the  end. 

The  prehensile  character  of  the  first  pair  of  legs  is  chosen  by  Dana  as  the  chief 

characteristic  of  the  family ;  these  organs  sometimes  being  perfectly  prehensile, 

with  a  perfect  monodactyle  hand,  which  never  occurs  in  Calanidae.    These  ani- 
mals often  possess  appendages  to  the  first  and  second  segments  of  the  abdomen, 

as  see  plate  of  Canthocamptus, 
The  cephalothorax  has  little  variation  in  structure,  having  either  four  or  five 

segments.  The  anterior  antennae  are  more  often  much  shorter  than  the  body, 

and  if  either  of  them  is  modified  in  the  male,  both  of  them  have  a  geniculating 
point.  The  abdomen  is  five  or  six  jointed,  and  may  or  not  be  abruptly  smaller 
than  the  cephalothorax,  which  fact  forms  a  basis  for  generic  distinction. 

The  genus  Cyclops  possesses  two  ova  sacs,  while  the  ren  aining  genera,  so  far 
as  known,  have  but  one.  This  leads  to  the  division  of  the  family  into  the  two 

leading  sub-families.  The  third  sub-family  is  founder!  by  Dana  upon  some 

sapphirina-like  species  of  doubtful  affinities,  described  by  H.  D.  S.  Goodsir. 

Sub-family  1  Cyclopinw,    Dana. 
Characters. — Ova  sacs  two. 

Genus  1.    Cyclops,  Muller. 

?  Genus  2.    Cyclopina,  Claus* 

*There  are  a  considerable  number  of  genera  of  the  following  sub -families,  etc.,  men- 
tioned in  Glaus'  "  Zoologie",  wliich  are,  for  the  most  part,  not  descJribed.  Since  I 

have  not  been  able  to  consult  the  works  in  which  they  are  defined,  and  since  he  seems 
not  to  recognize  many  of  those  described  by  Dana,  and  to  disregard  his  classification, 
the  deciphering  of  their  relation  and  situation  will  not  be  attempted  here. 
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?  Genus  3.    Psammathi,  Philippi,  Archiv.  fur  Naturgeschicte. 

'?  Genus  4.     Idomene,  Philippi ,  "        "  " 
V  Genus  5.    Emyte,  Philippi, 

GENUS  1.    Cyclops. 

Bibliography. — (See  Cyclops  quadricornis.) 
Characters. — Cephalothorax  four-jointed.     Anterior  antennae  of  the  female  not 

appendag-ed;  of  the  male  both  greniculate.    Appendage  at  the 
base  of  abdomen  small.     Body  sub- cylindrical.     Feet  of  the  first 
pair  didactyle. 

The  various  species  of  this  genus  are  found  in  inland  waters  the  world  over, 
being  essentially  fresh  water  animals,  in  a  few  rases  only  inhabiting  water  a 

little  brackish.    They  are  among  the  most  abundant  of  all  the  individuals  of  the 

order,  every  standing  pool  abounding  in  them;  they  are  also  extremely  variable 
both  in  different  stages  of  the  same  animal,  in  the  different  sexes  and  in  different 
localities. 

The  young  stages  of  Cyclops  have  been  named  as  distinct  species,  in  so  far  that 
the  same  animal  has  been  honored  with  three  or  four  different  titles  between 

birth  and  maturity.  In  our  own  locality  many  forms  have  been  found,  and  it  is 

quite  likely  that  careful  study  would  enable  us  10  distinguish  several  species  and 
numerous  varieties,  but  such  is  the  extreme  variability  of  the  one  known  to  exist 

here,  that  it  is  not  now  possible  to  draw  a  dividing  line  between  the  varyinjgf 
forms,  so  that  all  that  is  attempted  is  to  give  a  general  view  of  the  species,  and 
leave  further  definition  for  more  minute  investigation. 

Cyclops  quadricornis,  Muller. 

Bibliography. — Monoculus  quadricornis,  Linnwus,  Gmelin,  Scopoli,  FabricinSj 
Jitrine,  Sulzer,  Donovan,  Blumenbach,  Manuel,  Barhut,  Shaw. 

Monoculus  apus.  Pod  a. 
Le  Monocle  ̂   querie  fourchue,  Geoffroy, 
Le  Monocle  ̂   quatre  cornes.  De  Geer. 

Cyclops  quadricornis,  Muller,  Zool.  Dan.  Prod.,  2416, 1776. 

  Ramdhor,  Latreille,  Box,  Lamarck,  Baird,  Leach, 
Koch. 

  Baird,  Briu.  Entomost,  p.  198. 
Cyclops  Geoffroyi,  Lamouelle,  British  Insects,  81. 
Cyclops  vulgaris,  Desmarest,  M.  Edwards,  Leach. 

  Baird,  Trans,  Berw.  Club,  i.,  97,  (young). 
  Garrter,  Nat.  Hist.,  Staffordshire. 
Pediculus  aquaticus,  Baker,  Empl.  for  Micros. 

Satyr,  Baker. 
Nauplius  saltatorius,  Muller,  Zool.  Prod.,  No.  2378. 

Four-horned  Cyclops,  Prichard,  Microscop.  Cab. 
Cyclops  quadricornis  of  most  recent  writers. 

The  full  grown  female  is  often  of  considerable  size,  attaining  the  length  of  .09  in. 

or  more.     The  male  is  smaller,  and  there  is  every  possible  gradation  between 
the  above  and  small  forms  scarcely  perceptible  to  the  unassisted  eye. 

The  cephalothorax  is  usually  regularly  oval,  but  varies  from  shoit  oval  to 

oblong,  it  is  composed  of  four  segments,  of  which  the  anterior  one  is  largest, 
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equaling  or  exceeding:  the  remaining  three.  The  superior  antennae  vary  in 
length  and  form.  Their  shape  is  that  of  a  letter  s.  In  the  male  both  antennae 
possess  the  hinge,  or  geniculating  joint,  which  serves  as  a  hand  for  retaining  the 
female  durmg  copulation.  The  antennae  are  about  twenty-six  jointed,  and  fur- 

nished with  numerous  setae.  The  secondary  antennae  are  four-jointed,  and  have 
six  setae  at  the  end,  serving  as  organs  of  prehension. 

The  mandibles  are  ovoid  bodies,  terminating  in  short  teeth,  and  carrying  a  sort 
of  palpus  o±  two  filaments. 

The  maxillipeds  are  somewhat  similar  but  are  furnished  with  two  toothed 
processes. 

The  first  paor  of  feet  are  organs  of  prehension,  having  two  rami,  of  which  the 

smaller,  a  three-jointed  organ,  springs  from  the  base  of  the  outer  or  main  branch. 
The  basal  joint  of  the  outer  ramus  besides  bearing  the  other  has  two  projec- 

tions on  the  mner  side,  the  second  joint  is  hook-shaped,  as  is  the  final  and  small- 
est segment  which  springs  from  it.  The  four  following  pairs  of  feet  are  composed 

of  two  rami,  each  consisting  of  three  setae-bearing  joints,  as  see  plate  of  Cyclops. 
There  is  also  a  pair  of  appendages  at  the  base  of  the  first  segment  of  the  abdo- 

men. The  abdomen  is  six-jointed,  the  final  joint  somewhat  bifid,  each  side 
terminating  in  a  caudal  stylet  between  which  is  located  the  anus. 

These  stylets  give  rise  to  two  small  setae  on  the  outer  margin  and  four  at  the 
extremity.  The  inner  pair  of  filaments  are  usually  much  the  longest,  and  are 
also  diflierent  from  the  others  in  having  a  joint  near  the  base  which  gives  greater 
freedom  to  their  motions.  The  seto  are  usually  barbed  backward,  and  in  old 
individuals  are  most  beautifully  pectinate.  In  cases  where  the  moulting  has  been 
arrested  these  and  the  other  hairs  attain  a  curiously  long  growth,  as  illustrated 
in  the  plate,  and  the  barblets  become  filiform  appendages. 

The  digestive  canal  begins  near  the  front  of  the  thorax  and  can  be  traced  to 
the  anus.     The  ovaries  are  two,  and  are  easily  seen  in  the  body,  and  communicate 
with  external  ova  sacs.     After  the  eggs  are  extruded  from  the  ovary  into  the 
pouches  they  are  not  dependent  on  the  mother,  but  will  come  to  maturity  if 
separated  from  her.    These  eggs  vary  in  number,  old  individuals  laying  upwards 
of  forty.    It  is  calculated  that  in  one  year  a  single  female  would  have  becouce 
the  projenitor  of  4,442,189,120  young  so  that  the  abundance  in  which  they  occur, 
notwithstanding  the  ravages  of  the  Hydrae,  and  other  enemies,  is  not  strange. 
A  single  copulation  fertilizes  the  female  for  life,  as  in  the  case  of  the  Aphides. 
The  eggs,  as  they  are  hatched,  descend  from  the  ovary  covered  by  a  transparent 
pellicle  in  which  they  remain  from  two  to  ten  days.    The  growth  of  the  young 
is  illustrated  in  the  plate,  the  operation  occupying  about  twenty  or  thirty  days. 
The  Cyclops  moults  a  number  to  times  during  its  life,  and  i  as  the  power  of 
replacing  lost  parts,  they  are  also  very  tenacious  of  life,  often  reviving  after  being 
frozen  lor  a  long  tirr.e  in  the  mud  and  water,  which  form  their  hiding  places. 

The  cyclop .  is  probably  both  carniverous  and  a  vegetable  feeder. 

Plate  III.  represents  the  usual  form,  the  figures  showing  the  diff'erent  stages 
are  copied  from  Dr.  Baird's  Entomostraca.     Plate  IV.  gives  one  of  the  varieties 
collected  here  which  may  be  worthy  of  a  specific  name;  the  greatly  exaggerated 

caudal  filaments  and  general  hairiness  is,  however,  only  an  age-modification,  the 
color  of  this  vanety  is  dark,  while  the  eggs  in  the  sacs  are  pelJucid.     Another 
variety  is  oblong  in  shape  and  lighter  in  color,  while  the  e^g  sacs  are  opaque. 

Still  other  varieties  are  smaller,  and  vary  from  bright  red  to  green  in  color,  hav- 
ing the  egg  sacs  diverging  from  the  abdomen.    There  seem  to  be  intermediate 

forms  and  it  is  best  to  await  further  study  before  separating  these  varieties. 
(See  Plates  III.  and  IV.) 
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SUB- FAMILY  2.   HARPACTICIN^. 

Characters. — External  ovary  only  one. 

*  Cephalothorax  4-jointed. 
Genus  1. Canthocamptus,  Westtvood. 
Genus  2. Harpacticus,  Edivards. 
Genus  3. Westweodia,  Dana. 
Genus  4. Alteutha,  Baird. 
Genus  5. Metis,  Philippi. 
Genus  6. Clytemnestra,  Dana. 
Genus  7. Setella,  Dana. 

**  Cephalothorax  5-jointed 
Genus  8. Laophon,  Philippi, 
Genus  9. Oncsea,  Philippi. 

Genus  10. uEnippe,  Philippi. 
Genus  11. Idya,  Philippi. 

Genus  1.    Canthocamptus. 

Bibliography. — Monoculus,  lAnnceus,  Fdbricius,  Jurine,  etc. 
Cyclops,  Midler,  Ramdohr,  Latreille,  etc. 
Cyclopsina  (part),  M.  Edwards. 

Canthocamptus,    Westtvood,  Partington's  Cyclop.  Nat.  Hist.  art. 
Cyclops;  Entomologist's  text-book,  115. 

Canthocarpus,  Baird,  Trans.  Berw.  Nat.  Club. 
Harpacticus  (part)  Dana,  Proc.  Amer.  Acad.  Arts  and  Sci.,  1847. 
Nauphilius,    Philippi,    Ann,  Mag.  Nat.  Hist.,   1840;    Wiegm. 

Archer,  1843. 

Characters. — Body  scarcely  flattened,  generally  linear  or  narrow.  Feet  of  the 
first  pair  (second  jaw  feet  of  Baird)  more  often  small;  those  of 
the  second  pair  with  two  rami,  rami  three  jointed.  Antennae  of 
the  female  with  an  appendage  at  the  end  of  the  fourth  joint, 
those  of  the  male  both  with  a  geniculating  joint.  Appendix  to 
base  of  the  abdomen  small.  Generally  no  sudden  transition  from 
the  segments  of  the  thorax  to  those  of  the  abdomen. 

Canthocamptus  minutus.    Bd. 

Bibliography. — Cyclops  minutus,  Muller,    Zool.   Dan.  Prod.,  No.  2409,  1776; 
Entomostraca,  101,  t.  17,  f.  1-7. 
  Ramdohr,  Beyt,  zur  Naturg.,  10-13,  t.  3,  f.  1-9. 
  Latreille,  Hist.  Nat.  Crust.,  IV.  266. 
  Bosv,  M6m.  Hist.  Nat.  Crust.,  ii.  257. 
  Lamarck,  Hist.  Aus.  Vert.,  V.  189. 

Baird,  Trans.  Berw.  Nat.  Club,  i.  97, 62,  f.  1,19,20,  etc. 
Monoculus.  Gmelin,  Linn.  Sgot.  Nat.  Edit.  13th,  i.  2997,  No.  11. 

  Fabricius,  Ent.  Syst.,  ii.  499,  No.  45. 
  Manuel,  Encyc.  mith.,  vii.,  719,  t.  267. 

Monoculus  staphylinus,  Jurine,  Hist.  Nat.  Monoc,  74-84. 
Cyclops   Desmarest,  Cons.  Gen.  Crust.  363,  t,  53. 
  Baird,  Trans.  Berw.  Nat.  Club,  i.  97. 
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Small  Cyclops  or  Vaulter,  Prichard,  Mec.  Cab.,  t.  9,  f.  7. 

Amyone  satyra  andBaecha,  Midler,  Entomost.,  42  t.  2  (young). 
Der  Satyr,  Kohlers. 
  Prichard. 

Cyclopsina  stapliylinus,  M.  Edtvards,  Hist.  Nat.  Crust.,  iii.  428. 

Canthocarpus    Baird,  Trans  Bew.  Club,  ii.,  154. 
Nauphilius  minutus,  Philippi,  Weigm.  and  Erichs,  Ar.  1843,  69. 
Doris  minuta,  Koch,  Deutsch,  Crust.,  li.  XXXV.  t.  3,  1841. 

Variety  occidentalis.    Herrick.* 

Description,  etc. — This  variety,  which  is  the  only  member  of  the  sub-familj- 
yet  distinguished  in  our  locality,  is  so  closely  related  to  the  type  of  the  species  as 
described  by  Dr.  Baird  that  it  is  with  much  hesitation  that  it  was  finally  co:!icluded 

to  separate  it.  The  description  given  will  apply  to  both,  with  such  exceptions 
as  will  be  pointed  out. 

Body  rather  long  with  no  obvious  distinction  between  the  segments  of  thorax 

and  abdomen,  composed  of  ten  segments,  which  taper  toward  the  tail.  Cephal- 
othorax  acute  in  front,  resembling  that  of  species  of  Calaniis  (in  which  respect 

it  differs  from  Dr.  Baird's  figures  of  the  European  species)  forming  a  sort  of 
beak  below.  Viewed  from  the  side  the  shape  is  triangular.  The  primary 

antennae  are  shorter  than  in  Cyclops,  and  those  of  the  males  more  altered  than 

is  usually  the  case  in  that  genus.  In  the  male  they  consist  of  seven  joints,  the 
fourth  of  which  is  much  enlarged. 

The  antennse  of  the  female  possess  eight  or  nine  joints,  and  have  a  small  pro- 
jecting appendage  from  the  extremity  of  the  fourth  segment.  The  secondary 

antennae  are  simple  with  two  or  three  joints. 
The  eye  is  bright  red  and  contrasts  finely  with  the  pale  yellow  of  the  body. 

The  mandibles  are  similar  to  those  of  the  cyclops.  The  maxillipeds  are  divided 
at  the  end  into  four  divisions  at  the  extremity  of  which  spring  three  or  four 
setae. 

The  first  pair  of  feet  (or  second  foot-jaws  of  Baird)  are  small,  three-jointed 

organs.  The  final  joint  is  hook- like,  and  directed  forward  for  the  purpose  of 
arresting  food  particles  and  carrying  them  to  the  mouth. 

The  second  pair  of  feet  are  large  and  modified  m  form,  differing  from  the 

natatorial  feet,  (they  form  the  basis  of  classification  in  this  whole  sub-family). 
Each  is  composed  of  two  three-jointed  rami,  of  which  the  outer  one  has  the 
joints  nearly  equal  with  three  setae.  At  the  apex  of  the  final  one,  the  inner  ramus 
has  the  upper  joint  long,  almost  equalling  the  outer  ramus.  The  second  joint  is 
shorter  and  with  the  final  one,  which  carries  at  the  extremity  three  long  setae, 
is  serrated  on  the  anterior  margin.  This  ramus  is  directed  forward  also.  The 

three  following  pairs  have  the  rami  unequal  but  both  with  three  joints. 
The  sexual  openings  are  at  the  base  of  the  sixth  segment.  In  copulation  the 

males  seize  the  caudal  stylets  with  the  geniculating  joint  of  the  primary  antennae 
and  are  bourn  about  rapidly  by  the  female. 

In  most  of  the  females  seen  there  was  a  organ  attached  to  the  vulva,  it  consists 

of  a  long  flexible  stalk  terminated  by  a  cyUndrical  or  club-shaped  mass,  which 
may  be  dark  brown,  red  or  pellucid, 

*S.  A.  Forbes  describes  a  species  in  Report  111.  Mus.  Nat.  Hist.,  the  characters  of 
which  I  have  not  been  able  to  compare  with  our  specimens,  but  it  seems  distinct. 
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It  was  conjectured  by  M.  Siebold  that  these  were  similar  to  the  seminal  tubes 
discovered  by  him  upon  Diaptomus.  The  act  of  copulation  in  Diaptomus,  as 
described  by  him,  is  so  strange  and  improbable  that  it  is  hard  to  accept  without 

some  hesitation.  He  says  that  "the  male  does  not  accomplish  a  true  coition  but 
attaches  to  the  female,  during  copulation,  a  tube  containing  spermatic  liquor. 
This  tube  contains,  beside  the  zoosperms,  two  substances  of  which  one  swells  by 
the  influence  of  water,  and  chases  out  the  whole  contents  of  the  tube.  The  other 

substance  coagulates,  leaving  in  the  middle  of  the  mass  a  canal  by  which  the 

zoosperms  arrive  at  the  vulva." 
In  the  case  of  the  Canthrocamptus,  however,  the  appendage  is  apparently  of  a 

different  nature,  being  corneous  and  harder  than  the  rest  of  the  animal,  more- 
over in  no  case  have  more  than  one  of  these  been  observed  on  the  same  female. 

Jurine,  howpver,  says  that  this  body  is  never  seen  till  after  she  has  several  times 
laid  eggs.  Dr.  Baird  adds  that  he  has  never  seen  more  than  one  on  the  same 
female,  and  that  no  mature  female  is  met  without  it,  even  though  the  ova  are 

attached.  My  own  observations  accord  with  the  above,  but  I  am  unable  to  add 

any  suggestion  as  to  the  use  of  these  organs. 
The  females  are  larger  and  usually  darker  in  color  than  the  male. 

Habitat. — Shallow  lakes  and  pools;  everywhere  abundant. 
This  si>ecies  will  repay  well  patient  study,  and  from  its  abundance  is  easily 

found.  This  western  variety  is  distinguished  from  the  eastern  type  by  the  shape 
of  the  head,  the  greater  brevity  of  the  caudal  stylets,  the  shape  of  the  ova  sac, 

the  greater  size  of  the  fourth  joint  of  the  male  antennae,  and  other  minor  differ- 
ences, which  no  great  stress  is  laid  upon,  however;  and  these  variations  may  be 

due  to  inaccuracies  of  the  drawings  of  Baird's  book.     (See  plate  V.) 

Sub-family  3.     Steropince,  Dana. 

Characters. — Form  somewhat  like  Sapphirina,  but  the  eyes  minute,  and  gener- 
ally situated  in  a  prominence  in  the  front.     Superior  antennae 

short.    Feet  of  the  first  pair  monodactyl  as  in  Cor^csecidee.     Cau- 

dal stylets  short,  sub-cylindrical. 
Genus  1.    Zaus,  Goodsir. 
Genus  2.    Sterope,  Goodsir. 

No  member  of  the  family  was  met  witn. 

FAMILY  III.      CORYC^ID^:. 

The  species  are  all  oceanic.  A  species  of  Sapphirina  is  figured  in  the  Rep.  of 
Fish  and  Fisheries  for  1871  and  1872. 

TRIBE  II.      DAPHNIOIDEA.      Dana. 

Bihliography. — Daphnioidea,  Dana,  Rep.  Wilkes'  Expl.  Ex.,  p.  1262. 
Cladocera,  Baird,  Brit.  Entomost  p.  62,  1850. 

  Burmeister,  But.  zur  Naberg.     Der  Rankenfass. 

Daphnides,  Straus.    Mem.  Mus.  d'Hist.  Nat. 
Daphnoides  on  Cladoc^res,  31.  Edwards,  Hist.  Nat.  Brust.,  lii.  372. 

  Lucas,  Exp.  Sc.  de  I'Algine. 
Characters. — This  tribe  which  corresponds   with  the  order  Cladocera  of  Baird 

and  some  recent  authors,  is  characterised  as  having  the  whole 
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body,  exclusive  of  the  head,    (which  is  covered  with  a  separate 
and  similEir  plate)  included  in  a  large  carapace,  which  is  open 

below  and  behind,  permitting  the  protrusion  of  the  posterior  por- 
tion of  the  abdomen,  and  allowing  currents  of  water  to  pass  with- 

in, both  for  respiratory  purposes  and  to  carry  to  the  mouth  parti- 
cles of  food. 

The  carapace  is  composed  of  three  parts,  in  one"  species  at  least,  and  it  would 
seem  that  this  is  the  typical  structure.    The  middle  plate  (in  Daphnia  vetula) 
lies  over  the  dorsal  region ;  the  other  two  spring  from  it,  flanking  |it  on  either 

side,  and  forming  the  bulk  of  the  shield.    We  would  suggest  the  probable  simi- 
larity of  the  central  shield  to  the  caudal  shield  of  other  crustaceans,  and  the 

possibility  that  the  now  larger  portions  ought  really  to  be  considered  as  accessory 
simply. 

The  Daphinoidea  possess  from  four  to  six  pairs  of  foliaceous^appendages,  or 
branchial  feet  which  do  not  assist  in  locomotion.  The  eye  is  apparently  single 
and  is  a  very  prominent  organ  in  all  the  members  of  the  tribe,  it  is  large  and 
furnished  with  numerous  lenses. 

The  superior  antennae  are  small,  often  obsolete,  and  except  in  Bosmina  only 

one  or  two-jointed.  The  inferior  antennae  are  large,  being  the  true  organs  of 
locomotion,  and  several-jointed. 
The  abdomen  is  incurved,  mobile,  furcate  at  the  extremity  and  bears  two 

prominences  on  the  dorsal  angle  which  are  the  origin  of  setae. 
The  carapace  is  often  beautifully  reticulated  and  sometimes  there  are  more 

than  one  sort  or  series  of  these  markings.  The  Daphinoide  are  distinguished 
from  Cyproidea  by  the  presence  of  posterior  foHaceous  legs,  which  is  considered 

by  Dana  as  of  greater  importance  than  the  more  obvious  pecuHarity — the  ex- 
clusion of  the  head  from  the  carpace. 

Prof.  Dana  has  united  the  genera  of  Dr.  Baird's  Daphniadce,  Polyphemidce 
and  Jjynceidce  in  this  tribe,  and  this  seems  appropriate,  since  there  cannot  cer- 

tainly be  as  wide  a  gap  between  Daphtiia  and  Lynceus  as  between  the  curious 
Bosmina  and  Daphnia,  yet  the  latter  two  were  united  in  one  family  and  Lyncens 
separated  as  totally  distinct.  The  chief  pecuharities  which  lead  to  the  separation 

of  Lynceidse  were  first,  the  fact  that  they  possessed  in  front  of  the  eye  a  "  black 
spot"  of  unknown  use,  and  second,  that  the  head  was  produced  in  front  to  form 
a  more  or  less  prominent  beak. 

But  it  has  since  been  ascertained  that  the  black  spot  is  a  common  feature 
among  the  species  of  the  whole  tribe  and,  according  to  modem  authors,  is  in 
someway  connected  with  the  base  of  the  superior  antennae  and  serves,  probably, 
as  an  organ  of  hearing. 

The  characters  of  the  head  seem  to  have  been  misunderstood.  In  all  the 
species  of  the  Daphinoidea  which  I  have  examined,  the  head  seems  to  be  covered 
with  a  curved  plate  or  carapace,  within  which  is  the  insertion  of  the  organs  of 
the  head.  Now  a  little  change  of  position  under  the  microscope  serves  to  give 

to  the  anterior  portion  of  this  covering  on  acute  or  obtuse  appearance,  depend- 
ing on  which  side  of  the  carapace  is  in  the  focus  of  the  instrument.  As  the 

shape  of  the  beak  is  used  as  a  generic  character  in  this  sub- division  it  seems 
quite  probable  that  the  matter  will  need  further  revision.  The  fact  that  the 

intestine  is  or  is  not  convoluted  was  shown  by  Dana  to  be  of  no  generic  im- 
portance. 

The  chara<jteristic8  of  the  tribe  may  be  best  seen  as  illustrated  in  the  subdi- 
visions. 

7 



98  ANNUAL   REPORT. 

FAMILY  1.    PENiLiD^.    Dana. 

Bibliography. — Penilidae,  Dana.  Pro.  Amer.  Acad.  Sci.,  ii.,  47,  1849. 
Sidina,  Baird,  Brit.  Entoniost,  106. 
Sididse,  Gray,  Cat.  Brit.  Crust.  Brit.  Mus.,  93,  1850. 

Characters. — Foliaceous  feet  twelve,  narrow.    Anterior  antennae  obsolescent. 
Genus  1.     Sida,  Straus.    Posterior  antennae  with  the  longer  ramus 

three- articulate,  shorter,  two- articulate.    Head  not  beaked  below. 
Genus  2.    Daphnella,  Baird.    Both  rami  of  posterior  antennae  two- 

jomted.     Anterior  antennae  borne  by  the  middle  of  the  under  aspect 
of  the  head. 

Genus  3.    Penilia,  Dana.    Both  rami  of  the  posterior  antennae  two- 
jointed.    Head  short,  produced  below.    Primary  antennae  borne  on 
the  extremity.     Species  marine. 

?  Genus  4.    Latona,  Strauss.     Posterior  antennae  having  three  one- 
articulate  rami. 

Only  one  species  of  this  family  has  been  met  with,  which  is  here  described. 

Genus  1. 

Sida,  (Straus.) 

Bibliography. — Sida,  Straus,  Minn.  Mus.  Hist.  Nat.,  v. 
  M.  Edivards,  •   Baird. 
  Dana. 

Daphnia,  MuUler, 
  Latreille,  etc. 
Monoculus,  De  Geer. 
  Jurine,  etc. 

Generic  Characters. — Superior  antennae  of  moderate  size.    Longer  rami  of  infer- 
ior antennae   with  three   articulations,  shorter  rami  with  two. 

Inferior  antennae  yery  large  and  powerful. 

Sida  crystallina,  Muller. 

Bibliography. — Daphne  crystallina,  Muller,  Zool,  Dan.  Prod.,  No.  2,405, 1,776. 
Daphnia  crystallina,  Muller,  Entomost.,  96,  t.  14,  f.  1-4. 
  Latreille,  Hist.  Nat.  Crust.  17.,  230. 

  jlosc,  Minn.  d'Hist.  Nat.  Crust.  II.,  281. 
Sida  crystallina,  Straus,  Minn.  Mus.  Hist.  Nat.,  V. 
Sida  crystallina,  M.  Edwards,  Hist.  Nat.  Crust.,  III.,  383. 
Monoculus   crystallina,  Gmelin,  Linn.  Lyst.  Nat.,  edit.  13th,  I. 

3,000,  No.  29. 
  Manuel,  Enc.  Mith.,  VII.  724,   t.  265, 

f.  15-18. 
  Fahricius,  Ent.  Syst.,  II.  493. 
Monoculus  elongatus,  De  Geer,  Mem.  Servis  Hist.  Ins.,  VII.  470, 

t.  29,  f.  1^,  1,778. 
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Description,  etc. — General  shape  that  of  an  elongate  rectangular  prism,  or 
sub-cylindrical.  Carapace  elongate  oval,  truncate  before  and  behind,  very  trans- 

parent, being  obviously  reticulated  only  near  the  anterior  portion. 
Head  large,  obtuse  in  both  vertical  and  horizontal  aspect,  furnished  with  a 

projecting  disc  or  plate  on  the  posterior  part  of  upper  surface.  Eye  round  and 
rather  large,  red,  with  many  cornese. 

Superior  antennae  are  quite  observable,  being  rather  long  and  armed  with 
four  bristles  on  the  extremity.  * 

Inferior  antennae  very  large.  The  basal  joint  is  cylindrical,  very  large  and 
fleshy,  and  wrinkled  so  as  to  appear  many  jointed.  The  two  rami  are  unequal 
and  rather  short.  The  outer  ramus  has  three  articulations.  The  first  is  short 

and  furnished  with  a  minute  spine.  The  second  is  longer  and  has  three  strong- 
jointed  setae  on  the  inner  margin,  and  a  spine  near  its  articulation  with  the 
third,  which  is  of  nearly  the  same  length,  and  has  four  setae  on  the  inner  margin, 
three  at  the  end  and  a  small  spine  at  the  upper  outer  angle. 

The  mner  ramus  has  two  unequal  joints,  the  lower  of  which  is  much  the  longer, 

and  is  furnished  with  a  spine  and  a  seta,  while  the  second  has  four  large-jointed 
setae  at  the  extremity. 

The  labrum  and  mandible  are  similar  to  those  of  Daphnia. 
The  feet  are  of  six  pairs,  which  are  described  as  follows: 
The  first  pair  consists  of  a  main  stalk  of  two  joints,  of  which  the  first  has  four 

setae,  and  the  terminal  (or  "hand'')  joint  seven.  The  first  joint  also  has  two 
branchial  plates,  of  which  the  upper  and  smaller  possesses  nine  or  ten  short  setae 
and  one  jointed  and  plumose  filament,  while  the  lower  or  main  plate  has  about 
thirty  plumose  setae.  The  second,  third,  fourth  and  fifth  pairs  are  quite  similar, 

but  the  stout  setae  on  the  outer  margin  of  the  first  joint  are  replaced  by  a  trian- 
gular plate  and  the  branchial  filaments  are  shorter.  The  sixth  pair  has  three 

articulations,  each  furnished  with  straight,  stout  spines,  and  is  curved.  The 
abdomen  has  at  its  extremity  two  strong,  curved  claws,  which  have  each  three 
spines  on  the  basal  half,  and  are  dentate  for  the  remainder  of  their  length;  it  also 
has  two  tubercles  at  the  angle  behind  each  of  which  bears  a  long  seta.  Between 
the  claws  and  these  knobs  are  two  rows  of  spines. 

The  ovary  contains  in  full  grown  females,  about  twenty  young,  which  resemble 
their  parent  from  birth. 

The  organ  on  the  top  of  the  head  is  used  as  a  sort  of  sucker,  by  which  the 
animal  adheres  to  water  plants. 

Their  motion  is  rapid  and  steady.  The  circulation  of  the  blood  can  be  seen 
through  the  transparent  walls  of  the  body  and  head,  as  in  the  front  part  of  the 
head,  where  the  minute,  colorless  corpuscles  are  easily  seen  coursing  from  above. 

There  appears  to  be  a  dorsal  vessel  just  above  the  intestine  in  which  these  glob- 
ules can  be  seen  as  they  pass  from  behind  forwards  to  near  the  juncture  of  the 

carapace  with  the  glabella  of  the  head,  where  is  an  enlargement  forming  the 
heart,  the  pulsations  of  which  are  uniform  with  the  motions  of  the  branchial  feet. 
The  motion  of  the  feet,  besides  the  aeration  of  the  blood,  propels  (as  in  others  of 
this  family)  a  strong  current  of  water  between  the  bases  of  the  limbs  toward  the 
mouth,  bringing  to  it  the  particles  on  which  it  feeds  and  which  it  has  no  other 
means  of  capturing. 

This  interesting  creature  is  quite  rarely  seen,  whether  from  its  reclusive  habits 

or  actual  scarcity  I  do  not  know,  but  it  deserves  the  attention  of  students,  as  pre- 
senting, both  on  account  of  its  size  and  transparency  and  its  somewhat  anoma- 

lous structure,  one  of  the  best  opportunities  of  investigating  these  little  known 
forms. 
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Habitat. — "  Grassy  Lake,"  a  pond  tributary  during  high  water  to  Lake  Cal- 
houn, near  Minneapolis ;  also  Diamond  Lake.  The  animal  seems  to  be  found  in 

lakes  not  completely  isolated,  and  does  not  prefer  so  muddy  a  situation  as  most 
of  the  Daphnioidea. 

The  structure  of  this  animal  was  compared  minutely  with  the  description  given 
by  Dr.  Baird  of  5.  Cr?/stoZZma,  and  is  beyond  doubt  identical.  Plates  Viand  VII. 

,  FAMILY  II.      DAPHl^IDuE. 

Bibliography. — Daphnidse,  Dana,  Rep.  Wilkes'  Expl.  Exp.,  p.  1265. 
  Dana,  Proc.  Amer.  Acad.  Sci.,  ii.,  1849. 
Daphnita,  Gray,  Cat.  Brit.  Crust.  Brit.  Mus.,  88. 
Daphmadse,  (part),  Baird,  Brit.  Entomos.  62. 

Characters. — Fohaceous  feet  ten.    Anterior  antennae  one  or  two-jomted. 

1.  Head  large. 

Genus  1.     Daphnia,  Muller,  (including  Ceriodaphnia  of  Dana,  which 
differ  in  the  shape  of  the  reticulations  of  the  shell.) 

Genus  2.     Moina,  Baird. 
Genus  3.    Macrothrix,  i?airf?  (including  Acanthocerus  of  Schodler. ) 

2.  Head  short. 

Genus  4.  Lynceus,  Midler  (including  Eurycercus,  Chydorus,  Pera- 
cantha,  Pleuroxis,  Acroperus,  Campotercus  and  Alona  of  different 
authors,  until  iome  valid  generic  characters  are  announced.) 

Genus  Daphnia,  Muller. 

Bibliography. — Daphnia,  Muller,  Zool.  Dan.  Prod. 
  Muller,  Entomost. 
  Straus,  Desmarest,  Latreille,  etc. 
Monoculus,  Linnoius,  Poda,  Blumenhach,  De  Geer,  etc. 

The  Daphnise  are  among  our  most  abundant  and  most  interesting  Entomostraca, 
occurring  in  stagnant  water  everywhere,  they  are  very  prolific  and  voracious. 
This  genus  is  confined  strictly  to  fresh  water. 

The  general  characters  will  be  gathered  from  the  description  of  tlie  tribe  and 
of  the  species.  The  superior  antennae  are  usually  rudimentary  and  hidden,  but 
vary  with  the  sexes.  The  most  prominent  organs  are  the  inferior  antennae, 
which  are  large  and  powerful.  Tfiey  consist  at  the  base  of  a  single  large,  fleshy 
joint  which  has  all  possible  play  upon  its  attachments.  This  joint  supports  two 

branches  of  nearly  equal  length,  but  the  outer  is  usually  four-jointed,  while  the 
inner  has  but  three  articulations.  Each  of  the  last  three  is  furnished  with  a 

long  seta  which  is  jointed  at  the  «niddie,  and  usually  pecinate,  forming  a  fine 
swimming  organ.  The  eye  is  a  large,  conspicuous  organ  near  the  front  and  is 

so  famished  with  muscles  that  it  has  a  semi-rotation.  This  organ  occupies  a 
prominence  on  the  underside  of  the  head,  which  projects  backward  supporting 
the  minute  antennae  and  the  black  spot  before  noticed.  Baird  says  that  the  eye 
was  naistaken  by  one  author  for  the  stomach.  The  chief  ganglion  of  the  nervous 
system  lies  near  and  communicates  with  the  eye.  The  mouth  lies  at  the  back  of 
tiie  prominence  described,  and  is  armed  with  a  labrum,  a  pair  of  mandibles  and 
a  pair  of  Jaws.    For  particulars  of  structure  see  plate  IX. 



STATE    GEOLOGIST.  101 

The  digestive  system  is  the  most  conspicuous  part  of  the  creature  when  filled. 
It  is  then  often  of  a  brillant  green  color,  extending  along  the  whole  dorsal  region. 

The  oesophagus  is  short,  opening  into  the  stomach  just  behind  the  brain  gang- 
lion. From  this  point  the  stomach  curves  upward  and  extends  thence  through 

the  whole  length  of  the  animal.  The  contractile  vessicle  above  the  stomach  is 
quite  an  obvious  feature,  but  Gruithuisen  sayh  there  are  two  hearts,  one  venous, 
the  other  arterial,  but  this  is  probably  not  established,  though  the  existence  of  a 

dorsal  vessel  above  the  stomach  is  probable  from  analogy  and  observed  appear- 
ances. 

The  legs,  which  are  of  five  pairs,  vary  considerably,  but  the  same  plan  is  pre- 
served. At  the  base  of  each  is  a  branchial  plate  furnished  with  fine  branchial 

filaments  corresponding  to  gills,  while  the  remaining  portions  of  the  leg  serve  to 
create  currents  of  water  toward  the  mouth.  The  result  is  a  vigorous  current 

between  the  legs  under  the  body,  which  transports  the  food  particles  to  the  max- 
illae. The  ovaries  are  along  the  sides  of  the  abdomen,  and  the  ova  are  normally 

hatched  within  the  shell  of  the  parent  above  the  abdomen. 
These  creatures  have  been  supposed  hermaphroditic,  from  the  extreme  scarcity 

of  the  males,  but  they  are  in  this  respect  like  the  Aphides,  being  parthenogenetic. 
Besides  the  ova  which  are  hatched  within  the  shell  of  the  living  parent,  another 
method  is  seen.  The  outside  of  the  carapace  grows  opaque,  and  finally  two  spots 
appear  within  which  are  the  eggs.  When  the  moult  takes  place,  the  carapace 
with  its  burden  is  left  in  the  water  until  a  favorable  time,  when  the  eggs  hatch. 
This  obviously  is  a  protection  against  the  cold  of  winter,  for  the  ephippium,  as 
the  carapace  thus  loaded  is  called,  is  thick  and  horny.  The  ephippia  may  be 
observed  in  winter,floating  about  in  the  water,  often  in  abundance.  (See  plate 
IX.) 

Daphnia  Pulex. 

Bibliography, — Monoculus  pulex,  Lmnceus,  Sys.  Nat.  10  Ed.,  i.,  635,  No.  4, 1758. 
  Gm.elin,  Syst.  Nat.  13th  Edit.,  i.,  2999,  No.  4. 
  Poda,  Ins.  Mus.  Grsecus,  124. 
  Muller,  Faun.  Insect,  Fredrichsdalens,  95. 
  Blumenbach,  Handbuch  der  Naturg.,  399. 

•   Manuel,  Enc.  nieth.,  VII.,  722,  No.  15,  t.  265,  f.  1-4. 
  Fahricius,  Entoml.  Syst.,  ii.,  497. 
  Leach,  Encyc.  Brit.  art.  Entoml. 
-^   Jurine,  Hist,  des  Monoc,  85. 
  Cuvier,  Tab.  Element.,  455. 
Daphene  pulex,  Muller,  Zool.  Dan.  Prod.,  199,   No.  2400,  1776. 
Daphnia  pulex,  Latreille,  Gen.  Cvust.    et  Ins.;  Hist.  Nat.  gen. 

et  part.,  des  Crust;  R^gne  Anim;  Cuv. 
  Lamarck,  Hist.  Nat.  des  An.  s.  Vert.  Edit.|^2,  V., 

181,  No.  1. 

  Lamouelle,  British  Insects,  81. 

  Straus,  Mem.  der  Mus.  d'Hist.  Nat.,  v.  t.  29. 
,   Demarest,  Consid.  g6n.  sur  les  Crust.,  372,  t.  54. 
  Baird,  Ann.  Nat.  Hist.,  i.,  254. 
   M.  Edwards,  Hist.  Nat.  des  Crust. 
  Guerin,  Iconograph.  Crust.,  t.  33. 
Daphnia  pulex,  0.  Fahricius  Faun.  Greenland.,  263. 

  Leach  Edm.  Encyc,  vii.  art.  Crustaceol. 
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Daphnia  pennata,  Muller,  Entomost.,  t.  12,  f.  4-7. 

  Bosc,  Man.  d'Hist.  Nat.  des  Crust.,  ii.,  280. 
  Schrank,  Faun.  Boic,  iii.,  264. 
Monoculus  pulex  arborescens,  Linn.   Syst.  Nat..  4th  Edit.,  96. 

Pulex  ■axborescens,  Swammerdam,  Hist.  Nat.  Ins.  Gen.,  76, 1. 1, 

f.  o.  b.  c.  Biblia  Natures,  86,  t.  31,  f.  1-3. 
  Goeze  Naturfoscher,  pt.  7. 

•         Monoculus  pulex  ramosus,  De  Geer,  M^m.  pour  servir  a  FHist. 
Ins.,  vii.,  442. 

Daphnia  ramosa,  Koch,   Deutsch,  Crust.,  h.  XXXV.,  t.  18. 
Daphnia  media,  Koch,  Deutsch.  Crust.,  h,  XXXVII .  t.  1. 

Daphnia  ephippiata,  Koch,  Deutsch.  Crust.,  h.  XXXV  t.  16. 
Puckron  branchu,  Trembley. 

Water-flea  with  branching'  horns,  Baker,  Empl.  for  Micros. 

Pou  aquatique,  JobJot,  Observ.  d'Hist.  Nat. 
Le  Perroquet  d'can,  Geoffroy,  Hist,  abr^g.  Ins. 
Vermes  minimi  rubri,  Merrett,  Pmax  Res.  Nat.  Brit. 

Ammaletti  aquatici,  Redi,  Asservaz'oni.  Opere. 
Monoculus,  Bradley,  Phil.  Occ.  of  Works  of  Nature. 
Le  Puceron  verdatre,  Ledermuller. 

Var.  1.  Daphnia  longispina,  Muller. 
  Latreille.   Bosc. 

  Ramdohr. 
  Lamarck. 
  Straus. 
  Demarest. 
  M.  Edwards.   Koch. 

Monoculus  longispinus,  Fahricius.   Manuel. 
  De  Geer. 
  Schoeffer. 

Var.  2.  Daphnia  magna,  Straus. 
  Demarest. 

  M.  Edwards. 

Description. — Carapax  oval  or  sub- quadrangular,  transparent,  more  or  less 
reticulated  on  all  or  part  of  the  surface.  Head  large,  more  or  less  beaked.  Su- 

perior antennae  very  small.  Inferior  antennae  strong  and  long.  The  superior 
antennae  have  five  small  setae  at  the  apex,  while  the  inferior  pair  are  armed  with 

the  usual  complement  of  setae,  which  in  this  species  are  finely  plumose. 

The'color  of  this  animal,  which  is  our  commonest  and  one  of  the  largest  spe- 
cies, is  dependent  upon  the  food  taken  into  the  stomach,  which  extends  through 

nearly  the  whole  length  of  the  body  in  all  the  species.  When  feeding  upon 
clean  vegetation  the  intestinal  canal  is  of  a  brilliant  green  hue,  while  at  othe^ 
times  it  is  dark  or  brownish.  In  England  they  are  often  of  a  bright  red  color 
throughout, |but  I  have  never  met  with  such  here. 

The  carapax  is  terminated  posteriorly  by  a  serrated  spine,  which  is  variously 
situated,  and  varies  also  with  the  age  of  the  animal.  In  one  variety  the  spine  is 
situated  at  the  upper  posterior  angle  while  in  others  it  sprinss  from  the  centre  of 

the^posterior  aspect.     In  the  young  the  spine  is  long,  almost  equaling  sometimes 
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the  carapax  in  length,  but  at  each  successive  moulting  the  spine  is  found  to  be 
shorter.  The  upper  part  of  the  body  has  four  projections,  one  of  which  is  longer 
than  the  others  and  serves  evidently  to  keep  the  ova  in  position. 

Dr.  Baird  says  that  "  the  male  is  much  smaller  than  the  female",  which  is  the 
case  in  nearly  all  the  species,  "and  the  superior  antennae  are  much  larger  and 
spring  from  under  the  beak  instead  of  from  the  beak  itself.  The  inferior  extrem- 

ities of  the  valves  are  more  densely  serrated  than  in  the  female." 
The  males  are  always  fewer  than  the  females.  The  motions  of  this  creature 

are  quick,  spasmodic  leaps  through  the  water,  and  it  often  presents  a  beautiful 

appearance. 

Daphnia  Vetula. 

Bibliograjohy. — Daphne  vetula,  Muller,  Zool.  Dan.  Prod.,  No.  2399. 
Daphnia  vetulo,  Straus,  M^m  Mus.  Hist.  Nat.,  V.,  t.  29,  f.  25-6. 

  Baird,  Ann.  Mag.  Nat.  Hist.,  i.,  255,  t.  9,  f.  13. 
Daphnia  sima,  MulUr,  Entomost.,  91,  t.  12,  f.  11-12,  1785.   Latreille. 
  Bosc. 
  Ranidohr. 
  ■   Gruithuisen. 
  Desmarest. 
  Lamarck. 
  M.  Edwards. 
  ^Koch. 

Monoculus  sima,  Givelus. 
  Manuel. 
  Jurine. 

*  Monoculus  IsBvis,  Fdbricius. 
Monoculus  expinosus,  De  Geer. 
Monoculus  conchacus,  Donovaan. 

Ungeschwauzter-zackiger,  Wasserfioh,  Schoeffer. 
Monoculus  nasutus  ( ?)  Jurine. 

Monoculus  pulex,  Sulger.  ^ 
Daphnia  congener,  Koch. 

Daphnia  expinosa,  Koch. 

Description. — In  size  like  Daphnia  pulex,  some  forms  of  which  it  resembles. 
Carapax  in  the  male  quadrangular  with  the  sides  nearly  parallel,  the  posterior 
prominence  being  near  the  dorsal  part  of  the  shell.  In  the  female,  however,  the 

prominence  is  near  the  middle  of  the  posterior  side,  while  the  carapax  is  widest 

near  that  extremity.  The  spine  usually  present  in  the  larger  Daphnidse  is  obso- 
lete, but  there  is  a  series  of  small  spines  or  teeth  on  the  upper  posterior  margin. 

The  lower  edge  is  strongly  ciliated.  The  carapax  is  strongly  lined  transversely. 

These  striae  arise  from  the  one  or  two  rows  of  hexagonal  cells  which  border' the 
lower  margin,  and  anastomose  occasionally,  giving  in  some  cases  a  reticulated 
appearance  to  the  sheU.  The  head  is  veiy  small  proportionately,  rounded  in 
in  front,  and  rather  strongly  beaked  below. 

The  superior  antennae  are  quite  evident.  Inferior  antennae  large.  The  first 
joint  is  fleshy  and  stout,  margined  at  the  extremity  with  spines  and  sending  out 
three  branches,  of  which  the  two  large  swimming  organs  are  as  in  pulex,  having 
the  plumose  setae,  etc.  At  the  base  and  between  these  is  a  third,  consisting,  of  a 

conical  pomt  with  a  broadened  base  ending  in  a  spinous  appendage.    The  scuta 
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of  the  head  seems  wider  and  less  arched  than  in  other  species.    Jaws  long  and 
ending  in  a  circle  of  fine  teeth.    Feet  as  iapidex. 

Seen  from  above  the  carapax  of  the  body  is  found  to  consist  of  three  pieces 

The  first,  which  might  be  termed  the  scutella,  is  a  small  shield  adjoining  the 
head,  and  the  two  principal  pieces  or  valves  of  the  shell  may  be  considered  as 
appendages  of  the  scutella.  These  pieces  may  be  compared  to  the  tergum  and 
pleuron  of  trilobites. 

The  structure  of  the  beak  and  its  relation  to  the  head  is  more  clearly  seen  than 
in  most  of  the  Daphnise.  The  head  shield  as  seen  from  below  is  transversely 

sub-oval.  Directly  in  front  and  very  near  the  anterior  margin  of  the  skull  is  an 
eye,  filling  a  circular  elevation  reaching  the  anterior  margin,  and  sending  off 
posteriorly  a  ridge  or  straight  partition  which  divides  the  lower  aspect  of  the 

head  into  two  basin -like  cavities.  This  ridge  terminates  in  the  beak  which  car- 
ries the  superior  antennae  and  the  black  spot  which  Huxley  calls  an  ocular  pig- 

ment, but  by  other  authors  is  thought  to  be  attached  to  the  auditory  apparatus, 

and  is  termed  by  Dana  the  "otolites",  following  Schoder  in  so  consideriug  it. 
(See  Plates  X.  and  XI.) 

Daphnia  Mucronata. 

Bibliography . — Daphne  mucronata,  Muller,  Zool.  Dan.  Prod.,  No.  2404,  1776. 
Dapnia  mucronata,  Muller,  Entomst. ,  94. 
  Desmarest.  Cons.  gfen.  Crust.  374. 
  Latreille,  Hist.  Nat.  Crust.,  IV.,  229. 

  Bosc,  Man.  d'Hist.  Nat.  Crust.,  ii.,  281. 
  M.  Edwards,  Hist.  Nat.  Crust,  iii.,  382. 
  Baird,  Trans.  Berw.  Nat.  club,  ii,  148. 
  Monoculus  mucronatus,  Gmelin,   Linn.  Syst.  Nat., 

edit.  14th,  i.,  3,000,  No.  28. 

  Manuel,   Enc.  Mith.,  t.  265,  f.  19. 
  Jurine,  Hist.  Nat.  Monoc.  137,  t.  14,  f.  1,  2. 
Monoculus  bispinosus,  De  Geer,   Mem.  Servir.  Hist.  Ins.,  YIL, 

463,  1778. 
  Fabricius,  Ent.  Syst,,  iii.,  493. 
Daphnia  bispinosa,  Koch,  Deutsch.  Crust.,  h.  VHI.,  t.  1. 

Description. — General  shape,  as  seen  from  above,  oval.  Lower  margin  of  the 
carapax  straight,  terminated  posteriorly  by  a  curved  spine.  Head  triangular, 
obtuse  in  front.  Eye  large.  Superior  antennae  small.  Inferior  antennae  long. 
Lower  part  of  the  carapax  ciliated.  Color  dark.  Dr.  Baird  says  that  the 
form  of  the  head  varies  in  this  species,  being  sometimes  rounded  and  at  others 
terminated  by  a  sharp,  somewhat  curved  point  directed  upwards. 

I  have  not  observed  in  any  of  the  many  specimens  seen  a  sharply  pointed  head; 
and  though  this  point  casts  some  doubt  on  the  identification,  every  other  point 
in  his  description  seems  to  agree  very  well  with  our  species,  which  I  find  no  war- 

rant for  separating  from  D.  mucronata  var.  obtuse  rostrata. 

Habitat. — Sandy  Lake  (East  Minneapolis),  Clark's  Lake,  Grassy  Lake,  etc. 
(See  Plnte  XII.) 

Daphnia  (Ceriodaphnia,  Dana)  Reticulata. 

Bibliography. — Monoculus  reticulatus,  Jurine,  Hist.  Nat.  Monoc,  139,  t.  14, 

f.  3,  4.      •  -^ 
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Daphnia  reticulata,  Desmar'est,  Cons.  g6n  Crust.,  374. 
M.  Edwards,  Hist.  Nat.  Crust.,  iii.,  381. 

  Baird,  Trans.  Berws.  Nat.  Club,  ii.,  148. 
Daphnia  ventricosa  (?)  Koch,  Deutsch.  Crust.,  h.  XXXV.,  t.  21. 
Daphnia  quadrangula,  Midler,  Ent.,  90,  t.  13.  f.  4. 

  Latreille,  Nat.  Hist.  Const.  IV.,  227. 
Monoculus  quadrangula,  Gmelin,  Linn.  Syst.  Nat.,  2999,  No.  24, 
Monoculus  quadrangularis,  Manuel,  Enc.  Mith.,  VII.,  723,  No. 15. 
Monoculus  quadrangulus,  Fabricius,  Ent.  Syst.,  ii.,  492. 

Xote. — I  was  not  able  to  fully  satisfy  myself  that  this  is  certainly  identical 
with  the  species  described  by  Baird  but  there  are  no  good  reasons  for  believing 

it  a  distinct  species.     It  is  round  enough  for  D.  rotunda.    There  is  an  evident 
spme  on  the  posterior  angle  of  the  shell,  though  it  sometimes  is  almost  obsolete. 

The  reticulations  are  hexagonal  (?).    The  color  in  the  specimens  examined  is 
greenish,  and  moreover  the  superior  antennae  agree  better  with  reticulata  than 
rotunda.    The  size  is  small. 

Description. — SmaE.  (.02  in.  or  over).  Carapace  oval  and  comparatively  very 
broad,  covered  with  hexagonal  markings.  Head  small  as  compared  with  the 

body,  and  more  nearly  at  right  angles  with  it  than  in  most  of  the  Daphniae. 
There  is  also  a  slight  depression  a  httle  in  front  of  the  juncture  with  the  body. 
Superior  antense  rather  larger  than  in  most  Daphniae,  and  somewhat  movable. 
Inferior  antennae  quite  large.    Beak  none.     Feet  as  in  the  larger  species. 

This  species  is  very  active  on  account  of  the  length  of  the  antennae,  which  have 

shorter  spines  (not  plumose)  than  D.  pulex.  It  presents  a  robust  appearance  in 
swimming  either  on  its  back  or  face,  since  it  is  much  broader  in  proportion  than 
most  other  species. 

Habitat. — Lake  Amelia,  (rrassy  Lake,  etc.  Not  very  abundant  but  widely 
distributed. 

Baird  says  of  this  species:  "  The  ephippium  differs  considerably  from  that  of 
pulex.  It  is  more  rounded,  white  at  the  centre,  with  a  large  round  ampulla, 

containing  only  one  ovum.  When  the  animal  has  the  ephippium  on,  it  pos- 

sesses a  square  appearance,  and  is  the  D.  qaadrangula  of  Muller." 
This  is  one  of  the  commonest  species  in  many  of  our  lakes,  while  in  others  it  is 

replaced  by  the  pulex,  for  as  yet  I  have  not  seen  them  both  in  the  same  locality. 

Habitat. — Grassy  Lake,  Lake  AmeHa,  etc, 
(See  Plate  VII.) 

Daphnia  spinoea,  Herrick. 

Description. — General  shape  of  the  Daphnia  pulex;  carapace  armed  at  the 
upper  posterior  margin  with  a  rather  long,  serrated  spme.  The  first  of  feet  are 

long,  bristled  at  the  extremity  as  in  young  specimens  of  D.  pulex.  The  anterior 

antennae  are  larger  than  in  pulex  and  two-jointed  and  setae-bearing  at  the  end. 
Posterior  antennae  exactly  as  in  pulex.  The  eye  is  nearer  the  antennae  than  in 

other  species,  but  the  most  striking  peculiarity  is  the  pointed  spine  formed  by 
the  front  of  the  head,  which  is  very  marked.  Carapace  not  obviously  reticulated, 
transparent. 

Habitat. — Found  in  Lake  Calhoun,  but  not  in  large  numbers.     It  seems  to  in- 
habit the  deeper  waters. 

(See  Plate  XIII.,  p.  1.) 
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GENUS  Macrothrix. 

{Big. — long  hair.) 

Bibliography. — Macrothrix,  Baird,  Ann.  Mag.  Nat.  Hist.,  XI,  87,  1843,  and 
XVII,  412;  Trans.  Berw.  I^at.  Hist,  club,  ii,  149. 

Daphnia,  M.  Edwards,  Hist.  Nat.  Crust.,  iii,  384. 
  Muller  ( ?)  Entomost. 
Lynceus,  Desmarest,  Cons.  Gen.  Et.  Part.  Crust.,  376. 
Monoculus,  Jurnine,  Hist.  Monoc.  Generc, 
Acanthocercas,  SchuJder  Ericks,  1846. 

Macrothrix,  Dana,  Wilkes'  Explos.  Exp.  Report.  * 
Characters. — Head,  beneath,  either  subacute  or  rather  obtuse,  anterior  antennae 

rather  long,  pendulous  from  the  beak,  eye  accompanied  by  a 
rather  large  black  spot  at  the  base  of  the  attennse ;  seta  from  first 
jomt  of  anterior  branch  of  inferior  antennae  much  longer  than 
the  others. 

Macrothrix  agilis,   Herrick. 

Description. — Head  shield  (as  seen  from  above)  very  nearly  Square;  body  car- 
apace pear  shaped;  eye  smaller  than  in  Daphnia  and  accompanied  with  a  rather 

larare  black  spot  similar  to  the  obvious  spot  in  Lynceus,  but  even  larger.  Superior 
antennae  very  long  in  comparison  with  other  members  of  the  family.  Inferior 
antennae  rather  large,  armed  with  large  setae,  of  which  the  spine  from  the  end  of 
the  first  joint  is  extremely  elongate  and  plumose,  nearly  as  long  as  the  body. 
This  joint  also  has  a  small  spine  on  the  opposite  or  upper  side  of  the  ramus. 
The  spine  from  the  second  joint  is  larger  than  in  Dap>hnia.  The  final  joint 

bears  a  small  spine  also  in  addition  to  the  three  setae.  (In  the  drawing  both  of 
the  rami  have  the  elongate  seta.  This  may  be  a  mistake  in  the  observation, 
which  was  made  in.  some  haste.) 

The  jaws,  feet,  and  posterior  segments  of  the  body,  are  similar,  as  far  as 
observed,  to  like  organs  in  Daphnia. 

The  lower  and  posterior  part  of  the  margin  of  the  carapace  bears  a  number  of 
long  stout  spines  directed  backward.  The  posterior  body  filaments,  instead  of 
being  simple  or  only  plumose,  are  divided  at  the  extremity  into  four  small  bristles, 
forming  a  tassel  or  brush  at  the  end. 

The  intestine  is  not  convoluted  but  is  more  abruptly  curved  and  depressed  near 
the  head  than  in  Daphnia,  thus  approaching  Dynceus. 

The  motions  of  this  interesting  animal  are  Hvely  and  impetuous,  it  being 
assisted  by  the  long  filaments  of  the  antennae,  which,  with  the  body  spines  and 
strong  teeth  of  the  shell,  give  to  it  a  spider  like  aspect. 

This  species  difi:ers  materially  from  any  described  by  Baird,  or  any  other  author 
with  which  I  am  familiar,  but  even  if  the  elongate  filaments  should  prove  to  be 
commoa  to  both  rami  of  the  antennae,  it  mu^t  fall  in  this  genus. 

Habitat. — Only  observed  in  Rocky  Lake,  a  small  pool  near  East  Minneapolis. 
Plate  XIV. 

GENUS  Lynceus,  Muller. 

This  genus  was  rejected  by  Dr.  Baird  who  founded  upon  its  remains  a  number 
of  genera,  most  of  which  were  rejected  in  turn  by  Prof.  Dana,  who  recognized 
the  following: 
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LynceuSj  Eurycercus  and  Alona. 

Ijynceus=Eurycercus  of  Dr.  Baird. 
Eurycercus=Chydorus,  Percantha  and  Pleuroxus. 
Alona==Alona,  Acroperus  and  Camptocercus. 
In  the  genus  Alona,  he  says,  the  beak  diverges  from  the  body  at  a  large  angle 

(60"  to  90°)  with  the  shell  adjoining,  while  in  Eynceus  it  is  usually  curved  par- 
allel to  it. 

But,  as  Dana  himself  admits,  the  distinctions  are  of  doubtful  importance,  and 

it  would  seem  preferable  to  retain  MuUer's  old  genus  instituted  for  all  of  these 
forms  than  to  further  complicate  the  matter  until  a  large  amount  of  material 
shall  be  gathered  and  compared.  The  species  observed  will,  therefore,  be  briefly 
defcribed  and  the  probable  place  in  the  rejected  genera  indicated. 

Lynoeus  macrourus.    Muller. 

Bibliography.— LjJiceus  macrourus,  Muller,  Dan,  Prod.,  2397. 

  Latreille  *'H.ist.  Nat.  Crust.,  207. 
  M.  Edwards,  Hist.  Nat.  Crust.,  iii,  i 
Monoculus  macrourus,  Genelin,  Syst.  Nat.,  8008,  No,  65. 
Monoculus  macrourus,  Manuel,  Enc.  Mith.,  vii,  733,  No.  68. 

  Fahricius,  Ent.  Syst,,  ii,  499. 
Camptocercus  macrourus,  Baird,  Ann.  and  Mag.  Nat.  Hist,  ii; 

Trans.  Berw.  Nat.  Club,  ii,  150;  British  Entomost.  p.  128. 

Description. — Carapace  pear-shaped,  transparent,  finely  lined  longitudinally, 
sinuated  on  the  lower  margin,  which  is  ciliated  for  most  of  its  length.  Head 

rather  small,  with  a  short,  blunt  beak  projecting  straight  downwards.  Superior 
antennae  rather  large,  situated  about  halfway  from  the  extremity  of  the  beak  to 
the  body.  Inferior  antennae  long,  with  long  setae  at  the  extremity,  eyes  small,  first 

pair  of  feet  large,  abdomen  very  long  and  slender,  serrated  with  well  marlaB(f 
teeth  on  the  posterior  edge  and  terminating  in  the  usual  pair  of  claws.  The 
extreme  length  and  narrovvness  of  the  abomen  formed  the  basis  of  the  genus 
camptocercus  of  Dr.  Baird,  this  species  being  the  only  one  described  under  it. 
The  intestine  is  convoluted,  and  there  is  an  opening  near  the  juncture  of  the  last 
segment  of  the  abdomen  with  the  rest  of  the  body  from  which  a  long  vessel 
begins  and  extends  above  the  stomach,  as  at  (a)  Fig.  1,  Plate  XV.  This  species 
is  quite  abundant. 

Lynceus  quadrangularis,  Muller. 

Bibliography. — Lynceus  quadrangularis.  Mailer.,  Zool.  Dan.  Prod.,  No.  2393, 
1876. 

  Latreille,  Hist.  Crust.,  208. 

  Baird,  Trans.  Berw,  Club. 

  M.  Edivards,  Hist.  Crust.,  iii.,  388. 

  :   ■   Kock,  Deutsch.  Crust.  L.  XXXVI. 
Monoculus  quadrangulus,  Gmetin,  Maduel. 

Monoculus  quadrangularis,  Fdbricius. 
Monoculus  striatus(  ?)  Jurine. 

Alona  quadrangularis,  Baird,  Ann.  and  Mag.  Nat.  Hist.,  ii.  92 
Trans.  Berw.  Club,  ii.  151; 
Entomostraca,  p.  131. 
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Description. — Carapace  ovate  quadrangular,  but  somewhat  variable,  being  in 
some  specimens  quite  abruptly  rounded  on  the  posterior  margin,  while  in  others 
it  is  almost  truncate;  shell  of  a  yellowish  or  brown  color,  heavily  marked  and 

ciliated  below.  Beak  blunt,  varying  in  position  in  different  individuals.  Abdo- 
men flat,  sinuated  at  the  extremity  and  bearing  long  claws.  Anterior  antennae 

of  moderate  size.    Eye  rather  large.     Larger  anbennse  rather  long. 
Total  length  between  .03  and  .04  in.  This  species  is  also  quite  abundant, 

and  if  I  am  right  in  referring  it  to  the  L.  quadrangularis  of  Muller,  is  quite  vari- 
able. Drawings  made  from  individuals  collected  at  different  localites  on  com- 

parison show  minute  differences  of  form  and  markings.  The  intestine  is  strongly 
convoluted  in  this  species,  but  the  dark  color  of  the  shell  usually  interferes  \5p.th 
observations  of  the  organs  within. 

Plate  XY.  fig.  2. 

Lynceus  sphaericus,  Muller.   (?) 

Bibliographij . — Lynceus  sphsericus,  Muller.   Latreille. 
  Lamarck, 
  Desmarest. 
  Baird. 

  M.  Edwards. 
  Prichard. -Koch. 

Monoculus  sphsericus,  Gmelin.   Manuel. 
  Fabricius. 
  Jurin  e . 

Monoculus  infusorius,  Schrank.   Eichorn, 

Chydorus  Mulleri,  Leach. 
Chydorus  sphaericus,  Baird,  Ann.  and  Mag.  Nat.  Hist.  ii.  89,  t.  2; 

Brit.  Entomst.  p.  126. 

Description. — Baird's  description  of  this  species  is  applicable  to  any  one  of 
several  almost  equally,  and  the  only  recourse  seems  to  be  a  reliance  on  the  figure 
he  gives  with  which  our  species  seems  to  correspond  quite  well. 

The  shell  is  round  and  nearly  blunt  behind,  the  antennae  are  quite  small,  so 
that  the  animal  rolls  slowly  along  like  a  corpulent  sailor  on  land.  Not  enough 
attention  has  been  devoted  to  this  and  the  following  species  of  the  genus. 
Length,  .03  in.    Plate  XIII,  fig.  2. 

Lynceus  sp,? 

See  L.  (Pleurus)  trigonellus,  P.  uncinatus  etc.  of  Baird, 

The  animal  figured  in  Plate  XII,  Fig.  3,  evidently  belongs  to  the  genus  Pleu- 
roxus  of  Baird.  In  examining  several  specimens  the  turned  up  beak  was 
found  in  several  cases  while  in  others  it  was  seen  as  represented  at  (3a)  of  the 
same  plate.  Dr.  Baird  separated  two  species  on  the  ground  of  this  variation, 
but  it  does  not  seem  to  be  a  specific  character.  The  length  is  ,03  in.  in  the 
species  seen,  and  except  that  the  shell  is  longer  in  proportion,  agrees  prettj  well 
with  L.  trigonellus,  Muller. 
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Lynceus  sp.? 

Another  member  of  the  genus  differing  from  any  description  met  with  is  shown 
in  plate  XYI.  It  is  the  smallest  form  seen,  not  exceeding  .02  in.  The  feet  are 
proportionally  large,  as  is  the  eye;  while  the  antennae  are  quite  small. 

FAMILY  Bosminidse. 

This  family  has  been  removed,  by  Prof.  Dana,  (justly  it  would  seem  tons) 
from  Dahpnidoe.  The  general  appearance  is  unique,  and  the  characteristics  of 
the  superior  antennae  places  the  only  member  in  the  single  genus  composing  this 
family  at  quite  a  distance  irom  Daphnia  and  its  allies. 

Characteristics. — Foliaceous  feet,  ten  in  number;  anterior  antennae  elongate  and 
many-articulate. 

GENUS  Bosmina. 

Bibliography . — Daphnia,  M.  Edwards.   Desmarest. 
  Baird. 

Monoculus,  Jurine. 
Lynceus,  Midler. 
  Latreille. 

Bosmina,   Baird,   Trans.  Berw.  Nat.  Club,  1845 ;  Ann.  Mag. 
Nat.  Hist.  VI.,  412. 

Note.    (Name) — "Bosmina,"  a  daughter  of  Fingal. 
Generic  characters. — Superior  antennae  long,  curved,  cylindrical,  consisting  of 

many  small  articulations,  and  projecting  from  the  extremity  of 
the  beak;  inferior  antennae  small  as  compared  with  size  of  the 
body. 

Bosmina  longirostris. 

Bihliographtj . — Lynceus  longirostris,  Muller,  Zool.  Dan.  Prod.,  No.  2394;  Ento- 
most.,  76. 

  Latreille,  Hist.  Nat.  Crust.  IV.,  206. 
  Fabricius,  Ent.  Syst.,  ii.,  499. 
Monoculus  comutus,  Jurine,  Hist.  Nat.  Monoc, 
Daphnia  cornuta,  Desmorest,  Cons.  Gen.  Crust. 

  Baird,  Ann.  Mag.  Nat.  Hist,  ii.,  257. 
  M.  Edward,  Hist.  Nat.  Crust.,  lii.,  382. 
Bosmina  cornuta,  Baird,  Trans.  Berw.  Nat.  Club. 
Eunica  longirostris,  Koch,  Deutsch  Crust.,  hi  XXXV.  t.  23. 

Description. — General  form  varying  from  nearly  square  to  an-irregular  pear 
shape  (the  large  portion  anterior);  carapace  terminated  on  the  lower  posterior 

margin  by  short,  curved  spines.  Head  of  moderate  size,  eye  large,  superior  an- 
tennae long,  projecting  from  the  beak,  consisting  of  many  articulations,  the  sev- 

enth joints  furnished  with  setae.    Inferior  antennae  small.    Ova  few. 
The  length  of  this  animal  is  less  than  .02  in.,  which  makes  it  a  difficult  matter 

to  clearly  discover  the  structure  of  the  organs. 
The  superior  antennae  are  nearly  immovable,  and  being  closely  in  juxtaposition, 

give  the  appearance  of  a  long,  jointed  beak  or  trunk.    In  fact  the  first  idea 
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suggested  by  this  bizarre  creature  is  a  peculiar  burlesque  on  the  elephant.  It 
requires  favorable  light  and  a  high  power  to  study  the  nature  of  the  antennae. 

The  feet  are  apparently  wider  than  in  Daphnia.  Under  a  favorable  light,  the 
carapace  is  seen  to  be  reticulated  with  hexagonal  cells  (at  least  near  the  edge)  and 
is  covered,  in  some  specimens  at  least,  by  exceedingly  minute  tubercles.  The 

motion  is  steady,  progressive,  and  not  saltatory,  as  in  many  Daphnice,  which  is 
due  (as  in  Lyncese)  to  the  shortness  of  the  antennae.  The  species  from  which 
this  description  is  drawn  may  be  distinct  from  the  longirostris  of  Baird,  but  on 
comparing  both  alcoholic  specimens  and  drawings  made  from  Hving  specimens,  no 
differences  of  importance  were  detected.  The  reticulated  and  tuberculated  nature 

of  the  shell  may  be  a  local  variation,  or  may  have  easily  escaped  his  notice.  The 

form  of  the  shell  demonstrably  varies,  and  so  probably  does  the  number  of  appa- 
rent joints  to  the  superior  antennse.  The  species  was  found  in  only  one  locality, 

having  been  dipped  with  a  bottle  from  the  bottom  through  the  ice.  but  the  time 
of  collection  is  lost.  Later,  careful  search  was  made  during  autumn,  but  no 

specimens  rewarded  the  pains.  The  markings,  and  jointing  of  the  antennse 

would  make  good  tests  for  microscopes  of  moderate  power,  for  such  as  are  inter- 
ested in  this  subject. 

Habitat. — Johnson's  lake,  Minneapolis. 
(See  Plate  XVII.) 

TRIBE  III.   GTPROIDEA.      Dana. 

Characters. — Dana  gives  the  following :  "  The  Cyproidea  differ  from  aU  other 
Crustacea  except  the  Lernceoids  [and  Rotatorial  in  the  absence 

of  the  pairs  of  appendages  belonging  to  all  the  normal  cephalo- 
thoracic  segments  posterior  to  the  eighth,  that  is,  to  the  six 

posterior  of  these  segments.  The  last  two  of  these  six  pairs 

are  obsolete  in  all  the  Lophropoda;  and  in  the  Cyclopoidea  and 
Daphnioinea  the  first  four  of  them  are  natatory  and  foliaceoua, 

together  with  also  another  pair,  next  anterior  in  most  species. 

The  pairs  of  appendages  present  in  the  Cyproidea  posterior  to 

the  mandibles,  in  number  four  pairs,  are  divided  variously  be- 

tween mouth  and  legs."  This  tribe  embraces  two  families,  only 
one  of  which  is  represented  in  our  locality,  and  aside  from  the 

general  characters  of  the  oceanic  family  we  must  confine  ourselves 
to  the  other. 

TAMiLY  I.  Cypridae.    Dana. 

Characters. — Antennse  of  the  second  pair  subterete,  three  to  five-jointed.  Man- 
dibles two-branched,  the  main  branch  or  body,  denticulate  at 

the  extremity,  the  minor  branch,  or  palpus  several-jointed,  palpus 
remote  from  the  apex  of  the  mandible;  eyes  with  their  pigments 
united,  minute,  with  spherical  lenses.  Feet  either  two  or  if 

more,  slender  and  pediform. 

SUB-FAMILY  1.  CYPRIN2E.    Dana. 

Bibliography. — Cypris,  Mutter  and  others. 
Cyproides  (in  part)  M.  Edwards,  Hist.  Nat.  Crust. 
Cypridse  (in  part)  Baird,  Trans.  Berw.  Club,  ii,  153. 
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Cypridae,  Baird,  Brit,  Entomost.,  p.  130. 

Characters. — Feet,  two  pairsj  anterior  slender  and  pediform,  posterior  weak; 
Abdomen  elongate,  bearing  two  clawed  appendages. 

The  cyprinae,  in  common  with  all  the  members  of  this  tribe  are  enclosed  in  a 

brittle,  mussel-like  shell  which  hides  from  view,  in  general,  all  of  body  and 
members,  except  the  extremities  of  the  two  pairs  of  antennae  and  a  pair  of  feet. 
They  vary  in  size  from  an  animal  of  sufficient  size  to  be  easily  watched  with  the 
naked  eye,  and  resembling  a  small  Unto  in  shape  and  color,  to  creatures  so 
minute  that  it  is  with  the  greatest  difficulty  that  the  valves  of  the  shell  are 
removed  without  destroying  the  parts  within  completely.  This  peculiarity  of 
these  animals  renders  them  among  the  most  difficult  in  all  this  order  to  study. 
The  shell  is  usually  opague.  and  sometime  beautifully  colored  and  fringed. 
When,  however,  the  soft  parts  within  are  separated  from  the  crustaceous  envelope 
the  beauty  and  peculiarity  of  the  structure  well  repays  the  student.  The  shell 
is  composed  of  two  valves,  which  are  only  united  for  a  short  part  of  the  dorsal 
margin,  and  which  are  held  together  by  muscles  which  are  under  the  control  of 
the  animal.  These  valves  are  symetrical  with  each  other  in  general  and  are 
covered  by  a  sort  of  varnish,  which  seems  to  repel  the  water  s©  that  when  the 
creature  takes  air  within  the  valves  of  the  shell,  and  hence  floats  upon  the 
surface  it  is  impossible  to  cover  it  with  water  to  prevent  the  glitter  from  the 
surface,  while  the  air  within  prevents,  by  its  refraction,  a  view  of  the  interior 
in  such  as  are  transparent.  On  removing  the  shell  the  body  is  seen  to  consist  of 
two  parts,  of  which  the  anterior,  or  cephalothorax,  is  considerably  the  larger 
and  is  furnished  with  organs  as  follows :  first,  the  eye,  situated  on  the  upper 
portion  of  the  anterior  aspect,  which,  according  to  Baird,  has  no  crystallines. 
By  Dana,  however,  two  lenses  are  described;  second,  the  superior  antennae,  which 

are  in  general  seven -jointed,  and  setigerous.  These  organs  are  always  kept  in 
vigorous  motion  when  the  animal  swims.  The  setae  are  sometimes  plumose;  third, 

the  inferior  antennae.  These  are  more  hke  feet  than  antennae  and  are  five -jointed, 
and  in  one  genus  abundantly  covered  with  (sometimes  plumose)  setae.  In  all 
they  are  furnished  with  strong  claws  at  the  extremity;  fourth,  mandibles,  which 
are  composed  of  two  parts,  the  main  portion  consisting  of  a  triangular  plate 
terminating  below  in  a  curved  neck,  bearing  at  the  end  a  number  of  teeth.  From 

the  base  of  the  neck  arises  a  second  portion,  which  is  three  or  four-jointed  and 
setigerous.  From  the  end  of  the  first  ioint  of  this  palpus  springs  a  small  plate 

(branchial?)  which  has  several  fine  filaments;  fifth,  first  pah'  of  maxillae.  These 
organs  consist  of  a  basal  portion  and  the  proper  maxiUae  which  are  of  two  rami, 
each  ramus  being  furnished  with  setae.  There  is  also  an  attached  branchial  plate 
extending  within  the  shell  directed  upwards  and  backwards;  sixth,  maxiUipeda. 
These  organs  vary  in  Cypris,  As  figured  by  both  Dana  and  Baird,  they  are  of  two 

rami,  or  have  a  "maxillary  process,"  but  in  the  species  of  Candona  here  figured 
they  seemed  to  resemble  the  maxillipeds  of  the  Cyclopoidea;  seventh,  first  pair  of 

feet.  These  are  five-jointed  and  terminate  in  a  strong  hooked-claw  which  is 
directed  forward,  opposing  the  second  pair  of  antennae. 

The  second  portion  of  the  body  or  abdomen  has  but  two  sets  of  appendages^ 
which  are  the  second  pair  of  legs  and  the  caudal  stylets.  The  second  pair  of  legs 

are  slender  and  four-jointed,  and  are  directed  backward  along  the  abdomen. 
The  caudal  appendages  are  long  and  terminate  in  two  claws.  The  anus  opens 
between  ttiem.  Of  the  other  organs  little  or  nothing  is  known.  Baird  was  in 
doubt  whether  they  were  hermaphrodites  or  one  copulation  sufficed  to  render 
the  mother  and  her  offspring  fertile  for  life,  as  in  Daphnia.    I  have,  however, 
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observed  copulation  in  C^pris,  and  tlie  peculiar  organs  represented  in  the  plate 
of  Cypris  seem  to  be  restricted  to  the  male,  so  that  it  is  certain  that  the  sexes 
are  distinct. 

These  mmute  creatures  moult  frequently,  casting  off  in  the  process  the  minu- 
test hairs  as  well  as  the  shell. 

This  sub-family  contains  two  genera,  both  of  which  are  represented  by  a  few 
abundant  species  within  our  limits. 

GENUS  1,    Cypris,   Muller. 

Characters. — Antennae  of  the  second  pair  furnished  at  the  end  with  a  bundle  of 
long  hairs,  by  means  of  which  the  animal  swims  freely  in  the 

water.    The  structure  is  that  of  the  sub-family. 
It  is  very  difl&cult  to  characterize  the  species,  and  it  will  be  necessary  to  rely 

chiefly  on  the  figures,  since  there  is  little  variation  in  internal  structure  between 
the  species. 

Cypris  vidua,  Muller.  (?) 

Bibliographtj . — Cypris  vidua,  Muller,  Zool.  Dan.  Prod.  No.  2384. 
  Latreille,  Hist.  Nat.  Crust.,  IV.  245. 

-Bosc,  Man.  d'Hist.  Nat.  Crust. 
-Desmarest,  385,  t.  55,  p.  4. 
-Baird,  Trans.  Berw.  Club,  ii.  152. 
-M.  Edwards,  Hsst.  Nat.  Crust.,  iii.  399. 

Monoculus  viduus,  Gmelin,  Linn.  Syst.  Nat.,  3002,  No.  42. 
  Manuel,  Enc.  M6th.,  vii.,  726,  No.  36. 
  Jurine,  Hist,  Nat.  Monoc,  175. 
  Bees,  Cyclopedia,  art.  Monoc. 
Monoculus  viduatus,  Fabricius,  Ent.  Syst.,  ii.  496. 

(I  here  give  Dr.  Baird's  description  verbatim  for  comparison  with  the  figure.) 
Description. — "  Shell  of  oval  form,  a  little  sinuated  on  the  under  margin,  and 

beset  all  round  with  dense,  fine,  short  hairs.  The  color  is  duU  white,  and  the 
valves  are  distinctly  marked  with  three  black,  somewhat  waved  fasciae  running 
transversely  across  the  shell  at  equal  distances,  the  most  anterior  of  the  three 

being  smallest.    Posterior  margin  rather  narrower  than  anterior." 
This  species,  if  it  be  the  one  figured  beyond,  is  the  most  a.bundant  of  this 

family  here,  inhabiting  all  the  pools  and  lakes.  It  is  quite  small,  appearing  as  a 
small  speck,  either  floating  on  the  surface  or  swimming  rapidly  about,  with  a 
sort  of  running  motion,  reminding  one  of  the  haste  of  an  excitable  man,  in  its 

seeming  uncertainty  and  briskness.  In  figure  1,  the  shell  is  represented  as  trans- 
parent, to  indicate  the  position  of  the  organs.  The  size  and  shape  of  the  dark 

bands  upon  the  shell  vary  in  different  individuals. 
(SeePlateNo.  XVII.  fig.  1.) 

Cypria  neglecta,  Herrick, 

This  species  is  apparently  different  from  aniy  other  which  I  have  seen  described 
The  sh^  is  very  small,  little  exceeding  .01  in.  in  length.  The  shape  is,  as  seen 
from  the  side,  a  very  perfect  oval,  not  sinuate  below,  but  narrower  posteriorly 
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than  in  front.  The  lower  edge  of  the  shell  is  rather  straight,  while  the  upper 
narrows  behind,  to  form  the  more  acute  apex.  The  color  is  dull  white,  without 

markings  of  any  kind.  'Xhe  shell  is  more  gibbous  than  any  of  the  other  speeies 
seen,  and  is  quite  glabrous. 

The  antennae  and  feet  are  not  protruded  as  far  as  in  vidua.  This  species  is 
also  abundant. 

Plate  No.  XVII.  fig.  2. 
GENUS  Candona,  Baird. 

Baird's  Brit.  Entomost.,  p.  151. 

.Characters. — Distinguished  from  Cypris  by  the  absence  of  the  tuft  of  long  hairs 
on  the  secondary  antennae,  and  the  consequent  creeping  method 
of  locomotion,  and,  perhaps,  by  a  difference  in  the  form  of  the 
maxillipeds. 

Candona  ornata.    Herrick. 

Kesembles  in  size  C.  lucens  of  Baird,  and  is  of  somewhat  the  same  shape. 
The  lower  posterior  margin  is  acute,  the  lower  margm  is  sinnated  and  the  whole 
margin  is  beset  with  hairs.  The  edge  of  the  shell  is  also  bordered  by  a  series  of 
of  markings;  the  antennse  of  the  second  pair  are  totally  without  setse  as  far  as 
observed;  the  shell  is  white  and  opaque  with  pearly  lustre.  This  species  is  not 
very  gibbous.    (See  Plate  No.  XX.,  Fig.  1.) 

Candona  (?)  elongata.    Herrick. 

Shell  renifbrm,  very  elongate,  white,  glabrous;  the  umbones.of  the  valves  are 

about  two-thirds  the  distance  from  the  anterior  to  the  posterior  dorsal  mai-gin; 
the  portion  of  the  shell  anterior  to  the  prominence  thus  formed  is  narrower  than 
the  posterior.  It  is  questionable  whether  this  be  a  member  of  the  genus 
Candona  or  in  reality  a  Cypris.  The  animal  is  quite  large  and  the  structure  was 
more  clearly  made  out  than  in  the  above.  The  same  pair  of  bodies  seen  in  the 

male  Cypris  vidua  was  found  in  this  animal,  the  form  of  the  maxillipeds,  more- 
over, was  found  to  differ  from  that  given  under  the  germs  Cypris  by  Dana.  It 

is  to  be  hoped  that  some  one  may  be  able  to  devote  a  little  patient  study  to  this 
group  and  clear  up  the  habits  and  structure  as  well  as  the  history. 

SUB-FAMILY   II.    CYTHERIN^. 

Cytheridse,  Baird,  Brit.  Entomostraca,  162. 

Characters. — Feet  six,  all  slender,  alike  and  pediform. 
Genus  1.     Cj'there,  Midler. 
Shell  thin  and  light,  tail  short. 
Genus  2.    Cythercis,  T.  R.  Jones. 
Shell  corrugulate  or  tuburculate,  animal  unknown. 

FAMILY   II.      HALOCYPRID^. 

This  family  includs  two  sub-families  and  three  genera  of  oceanic  species  differ- 
ing in  almost  all  the  organs  from  the  above. 

8 
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SUB-OBDER  PHYLLOPODA,     (sig.  Leaf-footed.) 

Bibliography. — Phyllopoda,  Latreille,  Hist.  Nat.  Crust.,  IV.,  130,  1802. 
  Leach,  Diet.  Sc.  Nat.  XIV.,  art.  Entomost. 
  M.  Edwards,  Hist.  Nat.  Crust.,  iii.,  351. 
  Desmarest,  Consid.  Gen.  Crust.,  357. 
  J.  E.  Gray,  Synops.  Brit.  Mus.,  1842. 
  Burmeister,  Organiz.  of  Trilobites,  34. 

  Lucas,  Explor.  Sc.  de  I'Algerie,  Crust.,  81. 
Phyllopa,  Latreille,  Cuv.  R^gne  Anim.,  IV.,  171. 
Branchiopodes  Lameliipedes  and  Branchiopodes,  Geans  (in  part), 

Lamarck,  Hist.  An.  S.  Vert.,  V. 

Characters. — Number  of  abnormal  feet  greatly  multiplied. 
TRIBE  I.     ARTEMIOIDEA. 

Family  1. — Artemiodse  (Branchipodidae.) 
Family  1.—  Nebaliadae. 

TRIBE  II.      APODOIDEA. 

Family  1. — Apodidae. 
TRIBE  III.      LIMNADIOIDEA. 

Family  1. — Limnioidee  (Estheridse.  '?) 

ARTEMIOIDEA. 

Bibliography . — Branchipiens,  Edwards. 
Brancliiopoda,  Leuch. 
Branchipodidse,  Baird. 

Characters. — Cephalothorax  many-jointsd,   either  covered  by  the  carapace  or 
not.     Appendages  of  the  cephalothorax  many,  fohaceous  and 
branchiform.  Eyes  peduncled. 

Artemioidea  includes  Chirocephalus ,  (Branchipus)  Eulimene,  Artemia,  Bran- 
chinecta,  Euhranchipus,  Streptocephalus,  Nehalia,  etc.  These  agree  in  having 

peduncled  eyes,  divided  posterior  thoracic  legs  and  a  straight  abdomen  termi- 
nated by  spines  or  plates.  This  tribe  is  quite  naturally  divided  into  the  two 

families  of  which  Nebalia  constitutes  the  one,  while  the^remaining  genera  fall 
quite  readily  into  the  other. 

FAMILY  Arte  mi  ads. 

Bibliography. — Branchipoda,  Leach 
Branchipiens,  Edivards. 
BranchipidaB,  Burmeister, 
BranchipUsidae,  Baird,  1845. 
Branchipodidae,  Baird,  later. 
  Most  modern  authors. 

Characters. — Cephalothorax   many-articulate  as  far  as  the  head,  but  nowhere 
covering  the  body.     Feet  fQliaceous  and  numerous. 

Dana  subdivides  this  family,  forming  of  the  genus  Eulimene,  which  has  twenty- 
two  branchial  feet,  the  sub-^ family  Eulimeninw,  leaving  Chirocephalus ,  Artemia, 
etc.,  as  the 
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SUB-FAMILY  CHIROCEPHALINJS. 

Characters — Body  slender,  abdomen  long  and  many  jointed,  antennse  of  the 
second  pair  in  the  female  very  short  and  broad,  while  those  of 
the  male  are  prehensible. 

GENUS  Chirocephalus.    (Sig.  hand-headed.) 

Bibliography. — Chirocephalus,  Prevost,  Jour,  de  Rhys.,  Ivii.,  37,  1803. 
  Thompson. 
Branchipus,  M.  Edwards. 
  Fischer. 
  Latreille. 
  Desmarest. 
  Guerin. 

  Lamarck,  etc. 
Ino,  Schrank,  1803. 
  Oken. 

Cancer,  Shaw. 

Some  member  of  this  sub-family  was  found,  during  the  autumn  months,  in  a 
pool  by  the  road-side  but  no  accurate  drawings  were  made  and  attempts  to 
re- discover  it  have  failed,  so  it  remains  uncertain  what  species  it  was.  A  figure 
is  given  of  Chirocephalus  diaphanus  and  the  following  discnption,  mostly  from 

Dr.  Baird's  work,  will  serve  both  for  a  better  understanding  of  the  genus  and 
for  comparison,  when  other  specimens  are  obtained. 

The  head  consists  of  two  segments,  the  posterior  of  which  is  more  slender 

than  the  anterior,  and  is  usually  called  the  "neck." 
The  antennae  are  very  important  in.  the  whole  group,  as  furnishing  basis  for 

classification.  The  superior  anteanse  are  alike  in  male  and  female,  and  are 

filiform,  straight,  many -jointed,  and  veiy  flexible.  At  the  extremity  are  a  number 
of  small  setse.  The  joints  of  these  antennae  are  with  difficulty  seen.  The  length 
equals  the  head.  The  inferior  pair  of  antennae  are  curious  organs,  from  which 
the  genus  derives  its  name,  and  have  been  mistaken  for  madibles  and  various 
other  entirely  different  organs. 

They  are  essentially  prehensile  organs,  and  consist  chiefly  of  two  large  appen- 
dages, which  occupy  the  forepart  of  the  head,  and  are  curved  downward  toward 

the  thorax.  They  are  articulated  about  the  middle  of  their  length;  the  first  joint 
being  large  and  fleshy  and  having  a  short,  movable,  conical  appendage  on  its 
external  edge;  the  second  being  curved,  cylindrical,  somewhat  flattened  at  its 
extremity,  and  bearing  a  strongly  toothed  process  at  the  base. 

Arising  from  the  base  of  the  fiset  joint  of  each  of  these  appendages  is  another 

set  of  organs,  called  by  Shaw  "the  trunk.''  These  each  consist  of  a  long,  flat, 
curved,  very  flexible  body,  composed  of  many  short  joints  the  edges  of  which  are 
acute,  giving  a  toothed  sppearance  to  this  organ.  From  the  outer  edges  of  these 
arise  fbur  long  and  flexible  appendages,  which  are  toothed  near  the  end,  and 
also  a  triangular  plate  which  is  folded  like  a  fan  when  not  in  use.  {This  is 
removed  in  fiigure  b  of  plate  1,  but  shown  at  d.)  These  organs  are  generally 
carried  rolled  under  the  head,  somewhat  in  the  manner  of  the  proboscis  of  a 
butterfly,  being  only  visible  externally  as  a  protuberance. 

These  prehensile  organs  are  used  in  retaining  the  female  during  copulation. 

In  the  female  they  are  much  more  simple,  being:  simply  two  flexible,  horn-like 
bodies,  carrying  none  of  the  appendages  which  pertain  to  the  male. 
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The  eyes  are  large,  convex  and  compound,  and  are  situated  on  rather  large 

peduncles,  which  are  movable;  the  mouth  consisting  of  a  labrum,  a  pair  of  man- 
dibles and  two  pairs  of  jaws. 

The  thorax  consists  of  eleven  segments,  each  bearing  a  pair  of  branchial  feet, 

which  are  large  and  foliaceous,  and  consist  of  three  joints.  The  first  is  the  larg- 
est, and  has  on  its  lower  edge  a  semicircular  branchial  plate,  which  is  furnished 

with  about  forty  plumose  hairs;  the  second  joint  of  the  feet  bears  on  its  inner 

side  three  projections,  each  of  which  sends  off  long  hairs;  the  third  joint  is  long", 
bearing  plumose  setse. 

The  abdomen  is  composed  of  nine  segments,  which  are  devoid  of  appendages, 

except  the  two  terminal  plates,  which  are  beset  on  theii*  edges  with  plumose  setse. 
In  the  female  there  is  an  external  oviferous  pouch. 

The  dorsal  vessel  or  heart,  commences  near  the  head,  and  traverses  the  whole 

length  of  the  body.  When  fully  grown  it  is  upwards  of  an  inch  in  length,  slen- 
der, of  a  cylindrical  form,  and  nearly  transparent.  The  male  has  a  reddish  tinge 

throughout.  The  tail  is  of  a  beautiful  red;  the  basal  joint  of  the  prehensile 
antennse  a  bluish  green  tipped  at  the  end  with  red.  The  back  of  the  female  is 
bluish,  and  the  ovary  brown. 

These  are  beautiful  animals,  and  may  be  seen  in  fine  weather  balancing  them- 
selves, near  the  surface  of  the  pools  they  inhabit,  by  means  of  their  branchial 

feet;  but  when  disturbed  they  strike  the  water  from  right  to  left,  and  dart  away 
like  a  fish,  to  conceal  themselves  among  the  weeds  at  the  bottom  of  the  pond. 

GENUS  Branchinecta, 

Characters. — Form  rather  slender,  with  the  medium  appendages  longest,  so  as 
to  somewhat  resemble  Artemia  in  outline,  but  larger;  male  with 

rather  slender,  rounded,  two-jointed  claspers.  Egg-pouch  much 
elongated. 

GENUS  Eubranchipus.    (Verrill.) 

Characters. — Body  robust;  made  with  large  head  and  very  stout  claspers;  firs 
joint  of  claspers  much  swoolen,  capable  of  retracting  bas^ 
portion  of  the  second  joint  into  their  cavity;  second  joint  stout 
at  the  base,  in  the  typical  species  with  a  large  tooth  on  the  inside, 
the  outer  portion  .tapering,  rather  obtuse.  Front  of  head 
between  the  claspers  bears  two  thin,  flat  tapering  appendages. 

Caudal  appendages  long.     Egg-pouch  short  and  thick. 

genU^  Streptocephalus.    (Baird.) 

Characters. — Male  claspers  long,  three-jointed,  tortuous;  terminal  point  sub- 
divided more  or  less  into  two  branches,  or  bearing  slender  ap- 

pendages. Male  organs  long  and  slender.  Egg-pouch  elongate 
or  conical. 

GENUS  Artemia. 

Bibliography. — Artemia,  Leach,  Dist.  Sc.  Nat.,  XIV. 
Artemisus,  Lamark,   Hist.  An.  S.  Vert.  (2d  edit.) 
Artemis,  r^om^soM,  Zool.  Res.,  104. 
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Characters. — Clasping  organs  three-jointed;  egg-pouch  short,  broad;  living  in 
more  or  less  saline  waters. 

The  members  of  this  genus,  which  will  be  often  referred  to,  are  peculiarly 
interestmg  from  the  way  in  which  they  show  the  great  and  sudden  changes  that 
a  change  in  the  invironment,  is  competent  to  effect  in  animal  forms. 

Three  species  are  known  m  the  United  States,  one  of  which  is  found  in  the 
eastern  states,  another  m  Utah,  and  still  another  in  California,  viz:  gracilis^ 
monica,  Bud  fertilis. 

SUB-FAMILY  EULEMENIN^. 

Characters. — Abdomen  almost  obsolete;  both  pairs  of  antennae  filiform. 

GENUS  Eulimene.    (Latreille.) 

FAMILY    NEBALID^. 

Characters. — Antennae  large  and  ramiform;  eyes  peduncled;  feet  twelve  pairs; 
carapax  large,  enclosing  head,  thorax  and  part  of  the  abdomen, 
as  in  a  bivalve  shell. 

UENUS  Nebalia. 

Bibliography. — Nebalia,  Leach,  Thompson,  Desmarest,  Latreille,  M.  Edwards^ 
^  Bosc,  Lamarck,  etc.,  etc. 

Cancer,  0.  Fabricius,  Herbst.. 
Monoculus,  Montagu. 

Myses,  Olivier. 
Being  the  only  genus  in  the  family,  the  above  characters  also  characterize  the 

genus. 

TRIBE    II.      APHODOIDEA.  • 

Bibliography. — Apusiens  (in  part),  Edwards. 
Apodidse,  Biirmeister.   Baird. 

Characters. — Body  straight;  cephalothorax  covered  by  a  scuteliform  shell;  pos- 
terior appendages  of  the  thorax  lamalliform;  abdomen  many- 

jointedj  eyes  sessile. 

FAMILY  Apodidse, 

Bibliography. — Apus,  M.  Edwards,  Hist.  Nat.  Crust.,  iii.,  356. 
Phyllopoda,  Leach,  Edin.  Enc^'clop.  VII.,  art.  Crustaceology. 
Apodidee,  Burmeister,  organization  of  Trilobites,  34. 

Characters. — Of  large  size,  with  a  rounded  carapace  partially  covering  the  base  of 
the  abdomen,  which  is  elongate  and  ends  in  two  many-jointed, 
caudal  filaments;  about  sixty  pairs  of  swimming  feet;  antennae 
rudimentary;  first  maxillipeds  antenniform. 
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GENUS  Apus.    (Sig.  without  feet.). 

Bibliographi/ . — Apus,  (see  above  for  family.) 
Monoculus,  Ldnnceus,  Fahricius. 
Binoculus,  Geoffroy,  Leach. 

Limulus,  Muller,  Lamat'ck. 
Trilopes,  SchranJc, 

Characters. — /  nienniform  maxillipeds  long;  telson  squarish. 

GENUS  Lepidurus. 

Characters. — Body  much  shorter  than  in  Apus.    First  maxillipeds  shorter,  and 
a  long,  spatulate,  keeled  telson  projecting  beyond  the  insertion 
of  the  caudal  filaments. 

Query — Should  not  this  be  reunited  with  Apus  ? 

TRIBE  III.   LIMNADIOIDEA. 

Bibliography. — i^pusieus  (in  part),  Edwards 
Characters. — Body  covered  completely  by  a  carapace  which  includes  abdomen 

and  head;  eyes  sessile,  like  Cyproidea  in  appearance. 

FAMILY   LIMNAD^. 

Characters.— Body  compressed,  with  ten  to  twenty-sevea  feet,  inclosed  in  a 
bivalve  shell. 

GENUS  Limnetis. 

Characters. — Shell  small,  round  globose,  without  lines  of  growth  or  umbones; 

feet-bearing  segments  ten  to  twelve.  ' 

GENUS  Limnadelia. 

(Uncertain.    The  species  upon  which  it  was  founded  are  not  now  known.) 

GENUS  Estheria. 

Shell  oval,  more  or  less  globose,  Cyclas-like  with  numerous  lines  of  growth, 

amber-colored;  animal  without  a  ̂^  haftorgan" ;  second  antennae,  with  from 
eleven  to  seventeen  joints  to  the  fiagella;  from  twenty-five  to  twenty-seven  seg- 

ments behind  the  head;  feet  twenty-four  to  twenty-eighty  anterior  feet  in  the 
males  with  clumsy  hooks. 

GENUS  Limnadia. 

Shell  large,  with  four  or  five  lines  of  growth,  sub-triangular  or  broadly  ovate; 

animal  with  a  knob-like  projection  C'haftorgan'''' )  above  the  eyes;  second  ante  nnse 
with  nine  or  ten  joints  to  the  flagella;  ieet  eighteen  to  twenty-six;  body  m  uch 
smaller  than  m  Estheria. 
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GENUS  Cyzicus. 

(Am  not  familar  with  any  description  of  the  p^eneric  characters.) 

Remarks  on  the  Sub-Order. — The  species  of  this  sub-order  are  scattered  rather 
sparingly  over  the  world,  and  many  of  them  are  dependent  on  peculiar  circum- 

stances for  their  perfect  development,  as  in  the  case  of  Artemia  (or  Brine  Shrimp) 
which  is  found  in  the  waters  of  salt  lakes  and  in  the  brine  tubs  of  salt  manu- 
factories. 

Of  the  family  Arteiniadce  several  species  occur  throughout  the  United  States. 
No  Chirocephalus  has  been  found  west  of  the  Rocky  Mountains.  Artemia  occurs 
in  many  places,  as,  one  in  Great  Salt  Lake,  one  in  Mono  Lake,  California,  and 
one  in  the  eastern  U.  S.  The  genus  BrancMnectas  which  has  a  representative  in 
Greenland  and  in  Labrador,  has  also  a  species  in  Colorado,  12,800  feet  above  the 
sea.     I  am  not  informed  that  any  species  of  Nebalia  occurs  in  North  America. 

The  tribe  Lhnnadioidea  is  without  a  known  representative  east  of  the  Missis- 
sippi and  north  of  San  Domingo.  But  in  Greenland  and  the  arctic  regions, 

Lepidurus  glacialis  is  found.  West  of  the  Mississippi  and  east  of  the  Rocky 
Mountrins  are  three  species  of  Apiis,  and  there  has  been  another  found  on  the 
Pacific,  at  Cape  St.  Lucas.  Geologically,  the  genus  is  found  in  European  rocks 
in  the  Triassic,  and  our  own  rocks  will  probably  furnish  species. 

In  the  Phyllopoda  the  abdomen  and  thorax  are  merged  together,  and  in  all 
but  the  family  Artemiadce,  there  is  a  large  carapace  covering  most  of  the  body. 
In  the  Limnadidoe  this  shell  is  large  and  double,  and  resembles  the  small  Cyclas 
shells  of  fresh  water,  and  are  often  collected  by  Conchologists  as  such.  The  eggs 

are  round  or  polygonal,  and  are  dense  and  tough-^shelled.  The  eggs  are  carried 
in  an  ova-sack  similar  to  that  of  Cyclops,  or  in  the  Limnadiadce.  They  are  borne 
under  the  shell,  as  in  Daphnia,  etc.  The  young,  as  in  other  Entomostraca, 

hatch  from  the  egg  in  the  *'  Nauplius  stage"  described  more  particularly  under 
Cyclops.  The  difference  between  the  sexes  is  usually  sharply  defined.  The  pro- 

cess of  reproduction  is  very  interesting  in  many  species  of  this  sub- order.  The 
normal  method  of  reproduction  is  perhaps  less  common  than  what  is  known  as 
parthenogenesis,  or  virgin  reproduction.  The  eggs  are  produced  by  a  simple 

budding  process  from  the  ovary,  without  fertilization  by  the  male.  Tiie  propor- 
tion of  males  to  females  is  very  small.  In  some  localities  the  males  are  entirely 

absent.  In  Artemia  the  amount  of  saline  matter  in  water  seems  to  vary  the 
comparative  number  of  males.  This  affords  a  curious  parallel  with  the  sexual 
changes  in  the  pupa  of  the  honey  bee.  The  saltness  of  the  water  not  only  affects 
the  young,  the  form  of  the  parent  also  varies.  Schmankiewitsch  found  near 
Odessa,  Russia,  a  species  of  Artemia,  and  by  studying  it  discovered  that  it 
changed  its  form  to  correspond  with  the  greater  or  less  saltness  of  the  water. 
Toward  the  end  of  the  summer,  when  the  rain  and  cold  weather  set  in,  the 
Artemia  increases  in  size,  and  the  July  generation  has  many  differences  from  the 
later  ones.  Ho  then  attempted  to  verify  his  observations  by  artificial  breeding. 
He  increased  the  concentration  in  one  case  and  lowered  it  in  the  other,  and 
found  that  after  a  series  of  generations  the  two  sets  of  animals  varied  between 
themselves,  and  also  both  differed  from  those  of  the  pond  from  which  they  came. 
He  also  learned  that  males  were  only  produced  in  water  of  medium  strength. 

In  the  genus  Apus  similar  parthenogenetic  broods  are  produced.  Siebold's 
experiments,  which  have  been  made  with  great  care  and  minuteness,  have  estab- 

lished this  fact  beyond  doubt. 
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There  is  great  need  of  further  investigation  in  this  subject,  and  we  are  glad  to 
learn  that  it  is  about  to  receive  attention  from  so  competent  hands  as  Dr. 

Packard's.  * 

The  systematic  position  of  the  sub-order  is  still  a  matter  of  doubt,  and  it  is  not 
yet  possible  to  make  any  positive  classification  of  the  divisions  of  the  Ento- 
mostraca. 

(See  Plates  XYIII.  and  XIX.) 
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ADDENDA. 

Since  these  pages  were  written  the  Bulletins  of  the  Illinois  Museum  of  Nat . 
Hist,  have  come  under  my  notice,  which,  aside  from  other  interesting  matter, 
contain  descriptions  of  many  new  species  of  Crustacea  inhabiting  the  water  of 
that  state.  Fine  descriptions  are  given  of  the  followmg  species  of  Entomostraca, 
to  which  the  student  is  referred,  viz : 

Eubranchipus  serratus,  Forbes. 
Canthocamptus  Illinoisensis,  Forbes. 
Diaptomus  Sanguineus,  Forbes. 
Eubranchipus  Bundi/i,  Forbes. 
In  Bulletin  No.  2,  Prof.  Forbes  describes  or  mentions  the  following: 
Eurycercus  lamillatuSy  Mull.  ?    . 
Bosmina,  sp.? 
Ceriodaphnia  angulata,  Say. 
Daphnia  pulex,  L.  ? 
Daphnia  galeata,  Sars. 

Later  study  shows  that  there  is  yet  much  to  be  done  in  simply  verifying  tiie 
species  which  occur  here,  not  to  mention  the  ever  remaining  opportunity  for  more 
minute  study  of  the  structure  of  known  forms,  for  aside  from  the  whole  genus 
Cijdops,  which  has  not  yet  been  attempted,  and  contains  numerous  species,  new 
species  are  constantly  being  met  with,  among  which  are  those  described  beyond . 

FAMILY  PENILID^. 

Genus  Daphnella.    Baird. 

Bibliography. — Daphnella,  Baird,  Bnt.  Entomost.,  809. 

  Dana,  Wilkes'  Exp.  Crust.,  page  1267. 

Another  member  of  this  interesting  family  has  been  found  since  the  text  was 
sent  to  press. 

The  genus  Daphnella  is  characterized  by  Dana  as  follows:  Posterior  antennae 

with  both  rami  two-jointed,  the  shorter  ramus  often  imperfectly  three-jointed : 
Head  oblong,  not  prodiiced  beneath,  bearing  the  anterior  antennas  near  the 
middle.    Daphnella  differs  from  Sida,  which  it  greatly  resembles,   even  in 
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minute  structure,  in  the  number  of  joints  of  the  antennse  and  from  Penilia,  in 
having  the  first  joint  of  the  longer  ramus  shorter  than  the  second. 

The  branch  which  is  three-jointed  in  Sida  is  not  the  one  which  has  the  short 
terminal  joint. 

Daphnella  Winchelli.    Herrick. 

This  species  closely  resembles  D.  Wingii,  Baird,  but  I  have  no  [hesitation  in 

pronouncing  it  distinct.  Length  .03  in.  Head  rather  short.  Carapace  pear- 
shaped,  transparent.  Superior  antennae  short,  but  appearing  on  either  side  the 
head  when  the  animal  is  swimming,  they  appear  to  have  three  setse  at  the 

extremity.  Inferior  antennae  very  long,  as  long  as  body.  I'he  shorter  ramus 
has  four  setae  on  the  terminal  joint  and  one  on  the  first,  while  the  other  ramus 
carries  eight  on  the  terminal  joint  besides  one  that  is  much  shorter  than  the 
others,  and  the  first  joint  has  four. 

The  tail  has  long  diverging  stylets,  and  seems  not  to  have  the  minute  teeth  of 

the  D.  Wingii.  The  posterior  portion  of  the  front  of  the  shell-margin  is  ciliated 
or  spined.  The  back  of  the  head  seems  to  have  the  same  appendage  described 
in  Sida.  Ova  two.  This  species  was  found  in  Minnetonka  creek  and  is  named 
in  honor  of  Prof.  Winchell. 

FAMILY  POLYPffEMIDiE. 

Genus  Polyphemus.    MuUer. 

Bibliography ,-^Vo\Y^]i&m\i^,  Muller,  Cuvier,  Latreille,  Strous,  etc. 
  Baird,  Brit,  Entomost.  p.  111. 

  Dana,   Wilkes'  Exp.  p.  1266. 
Characters — Body  incurved  toward  the  head  except  the  posterior  portion  of  the, 
abdomen,  which  projects  backward  and  is  very  slender,  bearing  two  long  spines 

at  the  extremity.  Head  distmct.  Rami  of  posterior  antennae  three,  and  four- 
jointed. 

Polyphemus  occldentalis.    Herrick. 

Length  .25  in.  Body  excessively  incurved,  as  is  the  head.  Eye  large,  filling 
the  head.  Superior  antennae  apparently  obsolete.  Inferior  antennae  small. 

Jaws  two  or  three-jointed,  three-toothed  at  the  apex.  Feet,  four  pairs,  first  pair 
long,  apparently  four-jointed  and  three-clawed  at  the  end,  basal  portion  ciliated 
on  the  posterior  margin.  Fourth  pair  of  feet  nearly  rudimentary.  The  abdo- 

men is  very  long.     Found  in  "  Mud  Lake,"  south  of  Minneapolis. 

Eurycercus  lamellatus.    Muller? 

Several  specimens  belonging  to  Baird 's  genus  Eurycercus  were  found,  and  as 
far  as  can  be  determined  they  are  not  specifically  distmct  from  E.  lemeUatm, 
though  they  are  less  in  size  and  have  a  few  minor  points  of  difference. 

I  append  his  description,  omitting  the  bibliography : 

"Shell  of  an  ohve  color;  rather  square-shaped,  ciliated  on  anterior  margin; 
ventricose  in  centre,  and  arched  on  posterior  edge.  Beak  rather  blunt  and  short, 
superior  antennae  stout,  somewhat  conical,  slightly  curved  and  terminating  in 
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six  spines,  each  of  which  gives  out  a  fine  seta.  Inferior  antennae  short  compared 
with  the  size  of  the  insect.  Anterior  branch  has  five  long  filaments,  three  from 
the  terminal,  and  one  from  each  of  the  other  joints.  The  posterior  branch  has 
short  spines  on  the  two  basal  joints.  Eye  large.  Abdomen  very  wide  and 

densely  ciHated.  This  is  the  largest  member  of  the  family,  its  motion  is  a  suc- 
cession of  bounds.    This  animal  is  heavy  and  slothful  compared  to  other  species. 



PLATE  I. 

Diaptomus  longicornis,  Herrick. — ^Back  view  of  the  female  and  side  view  of 
the  male,    a,  basal  portion  of  male  antennae  showing  geniculating"  joint. 



The  Geological  and  Natural  History  Survey  of  Minnesota, 
MICROSCOPIC  ENTOMOSTRACA. 

Pnoro  LNG.Co,  If.Y 

Plate  I. 

C.LfftKmcir.  CoL 



p 





! 

PLATE  II. 

Diaptomus  pallidus,  Herrick. — Back  view  of  female.  (In  this  plate  the  antennae 
are  represented  far  too  short.)  a,  maxilliped.  b,  fifth  pair  of  feet.  c,. 
extremity  of  male  antennae,    d,  extremity  of  female  antennae. 
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PLATE  III. 

Cyclops  quadricornis,  Linn. — 1,  mature  female  with  egg  sacks  containing  ova. 
a,  egg.  &,  young  just  bom.  c,  young  eight  days  old.  d,  young  fifteen 

days  old.  c,  young  seventeen  days  old.  o^,  mandible,  b^,  first  pair  of 
foot  jaws.    2,  side  view  of  mature  cy clops. 
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PLATE  IV. 

Cyclops  quadricornis,  Var? — a,  last  pair  of  feet      1,  2,  3,  4,  5,  feet.     6,  inferior 
antennae. 
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PLATE  V. 

a,  Canthocumptus  miniitus,  car.  occidentalls,  Herrick,  male. 
h,  do.,  side  view. 

c,  young,  or  Nauplius. 
d,  under  view  of  head  of  male. 
e,  external  ovary  and  appendage  of  female. 
/,  antenna  of  male. 
g,  antennae  of  female. 
i,  foot  of  first  pair. 
k,  appendage  to  abdomen  of  female.    (Fifth  pair  of  feet.) 
h,  foot  of  second  pair. 
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PLATE   VI. 

Sida  crystallina,  Straus,    a,  ft,  c,  feet  of  first,  second  and  last  pairs,     d,  jaw. 
e,  extremity  of  abdomen.   /,  superior  antennae. 
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PLATE  VII. 

1.  Daphnia  reticulata,    a,  superior  antennae,     b,  heart. 

2.  Sida  crystallina.    a,  head. 
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PLATE  VIII. 

1.  Daphnia  pulex,  var.  1. 

2.   var.  2. 

3,   var.  3. 

{a)  foot. 
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PLATE  IX. 

Fig.  1.  Head  of  Daphnia  Schseiferi  showing^  alimentary  apparatus  etc.,  antennae 

removed,  a,  heart.  6,  stomach,  c,  coecum.  d,  superior  antennse* 
e,  eye.   /,  labmm.    ̂ ,  jaw.    A,  B,  C,  D,  £7,  one  of  each  pair  of  feet. 

Fig.  2.  Superior  antennse. 

Figf.  3.  Posterior  portion  of  body. 
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PLATE  X. 

Daphnia  vetula. — 1,  under  view,  2,  side  view.  3,  young  extracted  from  egg. 
a,  one  of  the  setae  from  the  an  term  8e.  6,  jaw.  c,  base  of  the  two  rami 
of  the  superior  antennae,    d,  end  ot  abdomen. 
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PLATE  XI. 

Daphnia  vetula,  male  and  female,    a,  jaws. 
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PLATE  XTI. 

Daphnia  mucronMa.    a,  head  and  eye. 
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PLATE  XIII. 

1,  Daphnia  spinosa,  Herrick. 

i?,  Lynceus  sp.  ? 

3j  Lynceus  sphcericus. 



i  The  Geological  and  Natural  History  Survey  of  Minnesota. 

MICROSCOPIC   EISTTOMOSTRACA. 

Ha, _3_ 
JOO 

'/rro  £nc  Cfl  '/'/■ 

C.l./ftnntcK  Del. Plate  XIII. 







PLATE  XIV. 

Macrothrix  agilis,  Herrick.    Two  views,    a,  tail  spine. 



The  Geological  and  Natural  History  Survey  of  Minnesota, 
MICROSCOPIC  ENTOMOSTRACA. 

/x. 

yh-oTo  j-f^c  Co  A/y 

Plate  XIV. 
C  L  HCR/dCK  Del. 







H-a : 

PLATE  XV. 

1,  Li^nceus  macrauruSy  Muller.    a,  abdomen. 

2,  Li/nceii^  quadrangularis,  Muller. 
a,  beak,    b,  jaws,    c,  end  of  antennae. 

11 
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PLATE  XVI. 

1,  Bosmnia  longirostris.    a,  portion  of  shell,  superior  antenna^. 

2,  Lynceus  sp.  ? 
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PLATE  XVII. 

1.  Ct/pris  vidua,  Muller. 

1^.   top  view. 

2.  Cypris  neglecta,  Herrick. 
a,  testicle,    h,  maxilla,    c,  caudal  stylets,    d,  inferior  antennae. 
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PLATE  XVIII. 

Chirocephalus  diaphamis.    a,  head  of  female,    b,  head  of  male  with  claspers 
removed,    c,  head  of  male,    d,  appendage  of  claspers. 
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PLATE  XIX. 

Nehalia,  Sfreptocephalus,  Artemia,  Apus,  Estheria  and  Limnetes. 
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PLATE  XX. 

1.  Candona  ornata.    2.  Candona  elongata.    2a,  testicle?    2&,  maxillipeds. 
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PLATE  XXI. 

1.  Daphnella  Winchelli,    la  Embryo.    2.  Side  view  of  same. 

3.  Polyphemus  occidentalis.    3a,  1st  pair  of  feet.    3&,  3d  pair.    c.  jaw. 

4.  Eurycercus  lemellatus?    4m.  foot.    4?).  jaw. 
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On  page  119,  7th  line  fi'om  the  bottom,  for  neared  read  nearer. 
On  page  24,  last  line,  insert  they. 
At  variouus  places  in  the  catalogue  of  specimens  for  Linomite  read  Limonite. 
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the  ascogonium  is  filled  up  by  the  loose  tissue  of  the  inner  rami- 
fications. 

The  ascogonium  is  divided  by  repeated  partition  into  a  number 

of  asci,  each  of  which  in  our  species  contains  eight  spores. 
According  to  the  observations  of  several  botanists,  these  spores 
are  not  developed  before  the  next  spring,  so  that  the  parasite  is 

preserved  through  the  winter  by  means  of  the  peridia.  In  most 

species  of  Erysiphe  these  peridia  are  provided  with  hyaline 

appendages,  some  of  which  are  of  wonderful  regularity  and 

elegance  of  form,  when  seen  under  the  microscope. 

:o:- 
FRESH-WATER  ENTOMOSTRACA. 

BY  C.  L.  HERKICK. 

THE  collector  of  fresh-water  specimens  is  constantly  meeting 
unexpected  forms,  especially  among  the  smaller  organisms, 

and  of  these  no  order  of  animals  furnishes  a  wider  variety  or 

more  curious  adaptations  than  the  fresh-water  Crustaceans  em- 
braced in  the  old  group  Entouwstraca,  which  is  by  many  authors 

at  the  present  day  subdivided  into  several  orders  of  Crustacea, 

the  name  being  retained  for  a  single  order.  To  the  microscopist 

particularly  they  are  available  as  a  never-failing  field  for  study, 

since  a  cup  of  water  from  almost  any  source  will  contain  abun- 

dant material  for  a  day's  work. 
The  Entomostraca  have  specialized  jaws,  but  the  gnathites  never 

exceed  three  pairs.  The  segments  of  the  abdomen  are  devoid  of 

appendages.  The  name  was  derived  from  two  words,  meaning 

insect  and  shell,  by  Otho  F.  Miiller,  and  applied  by  him  in  his 

"Entomostraca"  (1785)  to  the  animals  which  had  hitherto  been 

all  comprised  in  Linnaeus'  genus  Monoculus,  named  from  the  sup- 
position that  they  possess  but  one  eye.  This  order  has,  gener- 

ally speaking,  been  much  neglected,  and  in  America  particularly 

it  seems  to  have  escaped  attention.  The  members  of  this  order 

are  never  large,  and  many  are  so  small  as  to  be  with  the  greatest 

difficulty  detected  by  the  unassisted  eye,  yet  from  their  great 

variety,  wide  range  and  immense  number  they  assume  a  j)osition 
of  considerable  importance  in  the  animal  kingdom. 

Recent  investigations  instituted  by  Mr.  S.  A.  Forbes,  of  the 

Illinois  State  Laboratory  of  Natural  History,  have  emphasized 

the  fact  that  the  lowly  animals  play  important  parts  in  the  econ- 
o:in'  of  nature,   he   hav'in<j   found   that  these  Crustaceans   ciitir 

drrm^. 7ioutiu..^jLuJr^  LA^.  13.    J 27% 
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Iciruch'  into  tlic  diet  of  fish,  oven  of  the  laiLJ^  r  wirieties.  The 

]ar(;ci'  portion  of  tlie  I^ntoinostr.ic.i,  nuineric.ill)'  at  least,  are 
vegetable  feeders  and  live  on  the  minute  particles  of  matter  float- 
incf  in  the  water,  which  otherwise  would  tend  to  render  our  waters 

impure.  The  snails  wipe  clean  the  stones  and  water-plants,  and 
the  scaveni^er  fishes  remove  the  carrion,  but  it  remains  for  minuter 

forms  to  search  carefully  each  drop  and  remove  the  particles, 

microscopic  even  to  the  thousand  eyes  of  the  dragon-fly  larva. 
Thus  the  Sida  (Plate  in)  in  swimming  uses  the  branchial  feet 

within  the  shell-valves,  not  onl\^  in  taking  the  necessary  air  from 
the  water,  but,  by  creating  a  counter  current  between  the  bases  of 

the  feet,  particles  of  food  are  constantly  brought  within  reach  of 

the  jaws.  In  common  with  low  forms  of  animals  in  general,  the 

processes  of  reproduction  are  often  curiously  anomalous.  Con- 

gress of  the  sexes  is  in  many  cases  unnecessary  for  many  genera- 

tions, and  some  forms,  especially  the  Artcmia,  or  "  brine  shrimp," 
seem  unusually  susceptible  to  changes  in  their  environment. 

Males  are  often  produced  only  in  certain  seasons  of  the  year  or 
under  certain  climatic  conditions. 

In  the  Daphnia  the  females  produce  young  by  simple  budding 

from  the  ovary,  but  in  the  winter  the  ovum  is  enclosed  between 

the  valves  of  the  carapace,  which  is  removed  at  each  molt,  and  it 

is  thus  enabled  to  resist  the  severity  of  the  cold  season.  Speaking 

of  the  molt  it  is  interesting  to  note  that  every  hair,  even  to  the 

finest  filament,  throws  off  a  sheath,  so  that  the  cast-off  integu- 
ment is  a  perfect  copy  of  the  animal  from  which  it  came.  In  the 

higher  forms  the  eggs  are  carried  during  the  later  stages  of  em- 

bryonic  existence  in  double  or  single  sacs  extending  beneath  or 

on  either  side  of  the  abdomen.  In  the  Daphnia  and  other  forms 

enclosed  in  a  carapace  the  animal  is  oviparous,  and  the  young 

can  be  seen  within  the  shell  in  a  cavity  above  the  abdomen  for 

some  time  before  they  are  sent  out  to  paddle  their  own  crystal 

canoe.  They  may  be  remo\'ed  from  the  parent  without  inconve- 
nience. In  the  larger  sub-division,  the  Lophyyopoda,  the  chief 

organs  of  locomotion  are  one  or  both  pairs  of  antenna,',  though 

natatorial  feet  are  never  wanting.  The  antenn;e  also  serve  a.s  pre- 

hensile organs  in  the  Cyclopoidca,  while  the  feet  throughout  the 

whole  legion  have  branchial  filaments. 

Every  one  who  has  used  thj  microscope  has  met  with  some  of 

these  animals,  and  we  will  mention  a  few  forms.  If  water,  taken 

from  the  clear  surface*   of  a  lakr   (M1  a  siiiinx'  day,  be  carefull\'  ob- 
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served,  often  a  delicate,  transparent  animal  may  be  seen  darting 
about  in  the  vessel  like  a  fl.ish  of  li^ht,  or  if  the  lake  be  shal- 

low and  abounds  in  water  plants  the  related  form  re{)resented 

in  Plate  i  may  be  seen.  As  it  sprin<;s  from  side  to  side  of  the 
jar  it  seems  a  living  jewel,  for  the  antenn.e  and  abdomen  are 

tipped  with  varying  purple,  and  the  body  glows  yellow  and 

scarlet,  and  if  the  bright-red  egg-mass  be  present  it  is  a  con- 
spicuous object.  Place  it  under  the  microscope  with  a  low  power 

and  we  can  see  the  long  flexible  antennae,  and  if  it  is  a  male  the 

thickened  basal  joints  can  be  seen  terminating  in  a  spine  at  the 

thirteenth,  where  the  geniculating  joint  is  situated.  rThe  anten- 
nules  on  either  side  of  the  head  segment,  which  is  distinct  from  the 

tliorax  in  this  species,  and  the  stylets  on  the  last  joint  of  the 

abdomen,  with  their  seta-,  are  noted — when  the  antennules  begin 
to  rotate  like  the  paddles  of  a  steamer,  and  bending  the  abdomen 

and  immediately  launching  a  powerful  *'  kick  "  with  the  caudal 
seta!  spread  out,  at  the  same  time  that  the  antenme  beat  the 

water  like  oars  in  the  hands  of  an  expert,  the  animal  s[)rings  out 

of  sight.  Oite  instinctively  looks  for  the  fellow  some  yards 

away,  but  remembering  that  the  whole  animal  is  little  over  .06 

of  an  inch  long,  we  again  adjust  the  slide  and  bring  him  into  view. 

More  abundant  than  the  Diaptoniiis  and  better  known,  is  the 

Cyclops.  Plate  11  represents  a  large  species  in  which  the  hairs 

are  greatly  elongated,  especially  on  the  caudal  seta',  the  longest 
pair  of  which  resemble  feather  dusters.  The  Cyclops  has  received 

more  than  its  share  of  names,  owing  to  the  great  difference 

between  different  stages  of  its  existence.  If  we  place  a  female 

Cyclops  in  a  vial,  in  a  few  days  little  specks  will  be  seen  swim- 
ming about  in  the  water,  and  the  eggs  will  have  disappeared. 

These  specks  prove  to  be  the  young  of  Cyclops,  but  so  little  like 

the  parent  that  it  requires  much  faith  to  believe  they  will  ever 

assume  its  likeness.  Instead  of  five  pairs  of  feet  there  are  but 

three,  and  as  we  watch  the  growth  of  the  animal,  these  prove  to 

be  elementary  antennae  and  jaws,  while  the  true  feet  bud  out  of 

segments  not  yet  formed.  Almost  every  i)ool  furnishes  another 

example  of  the  Cyclopoidca  in  the  CantJiocaniptus  which  resembles 

the  Cyclops  greatly,  and  goes  through  the  same  transformations. 

The  body  tapers  gradually  with  no  marked  distinction  between 

thorax  and  abdomen  ;  the  egg-sac  too  is  under  the  abdomen,  and 
has  in  connection  with  it  a  colorless  tube. 

Perhaps  the  next  animal  to  attract  our  attention  will  be  a  crca- 
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turc  clothed   in  defensive  armor  of  crystal,  with  an  ovoid  helmet 

on  the  head,  from  beneath  which  protrude  the  secondary  antennae, 

which  in  this  family  are  always  the  lar^^er.  and  the  chief  organs  of 

locomotion.     On  the  back  is  a  small  shield-like  plate  from  which 

are  suspended   the   two   plates   enclosin<;  the   body.     Under  the 

.scuta  of  the  back  the  heart  can  be  seen  i)ulsating  re«;ularly,  while 

just  below  it  is  the  intestinal  canal,  usually  «;reen  from  the  vege- 

table matter  contained  therein.     The  jaws  are  susi)ended  from  the 

upper  part  of  the   head  and   meet  below,   where   their   toothed
, 

grinding  edges  are  placed  in  opposition,  so  that  all  the  food  
must 

necessarily  pass  between  them  to  be  comminuted.    The  existenc
e 

of  a  median  dorsal   plate   in   Daphnia  seems  to  have  been  over- 

looked, it  will  be  readily  found  however  in  this  species  [D.vctula) 

by  placing  a  specimen  on  a  slide  and  allowing  it  to  dry  and
  then 

tilting  it  up. 

The  genus  Daphnia  is  quite  well  represented  in  our  w
aters, 

both  in  variety  of  species  and  abundance  of  .specimens
.  Ihe 

section  of  the  genus  separated  by  Dana  and  called  Ccnoda
phma 

includes  those  members  which  have  a  cellularly  reticulated 
 shell, 

but  this  character  does  not  seem  constant  in  the  closely
  allied 

smaller  forms  which  it  evidently  ought  to  include,  if  indeed 
 the 

.same  species  may  not  embrace  forms  with  both  reticu
late  and 

non-reticulate  shells. 

One  of  the  most  interesting  of  all  Daphnia-like  species  is  Sid
a, 

Plate  III.  A  species  of  Sida  and  also  a  new  species  of  the 
 allied 

genus  Daphndla  occurs  in  Minnesota  waters.  The  body  of
  Sida 

is  highly  transparent,  rendering  the  study  of  the  inner  par
ts  less 

diffic'lilt  than  in  most  of  these  animals.  The  movement  of  blood 

corpuscles  in  the  head  and  the  currents  caused  by  the  branc
hial 

feet  (indicated  by  arrows  in  the  drawing)  can  be  readily  traced. 

The  curious  Polyphemus  .ilso  is  represented,  an  animal  in  which 

the  body  is  much  curved  upon  itself,  and  the  last  joint  of  the 

abdomen  is  greatly  elongated  and  bears  two  long  flagella.  The 

single  staring  eye,  occupying  the  whole  of  the  head,  is  the  mo
st 

conspicuous  organ,  while  the  apparently  undeveloped  branch
ial 

feet  at  first  suggest  the  young  of  some  other  .species. 

Hut  the  most  curious  of  all  these  minute,  shelled  forms,  is  the 

single  species  of  Bosmina  (Plate  iv),  which  constitutes  the  
family 

Bosminidce  of  Dana.  The  idea  at  once  suggested  is  a  strange  bur-
 

lesque on  the  elephant,  though  the  animal  is  not  by  any  means 

of  elephantine  proportions,  being  not  two  hundredths  of  a
n  inch 
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in  length.  The  superior  antennae,  usually  very  small  or  nearly  ob- 

solete in  the  Daphnoid.x-,  arc  the  longer,  but  they  agree  with  those 

ofother  members  of  the  tribe  in  having  little  motion  or  play.  'rhe>e 
many-jointed  appendages  constitute  the  trunk  of  our  elephant, 

lying  as  they  do  in  so  close  ju.xtaposition  as  to  seem  a  single  or- 

gan. The  shell  of  l^rosmina  is  tuberculate  and  parti}',  at  leaNt. 
reticulated  with  hexagonal  cells. 

A  group  of  smaller  animals  than  any  of  the  above  is  the  old 

family  Lynccidcc  which  is  now  included  in  the  Daphnid.Ti.  Manx- 
genera  have  been  formed,  but  only  one  or  two  are  founded  ,on 

reliable  generic  characters.  Euryccrcus  contains  an  animal  nearly 

as  large  as  Daphnia,  but  the  remaining  animals  are  small  and  they 

all  agree  in  moving  by  a  steady  progressive  motion  rather  than 

by  successive  bounds,  which  peculiarity  is  due  to  the  shortness  of 

the  antennae.  The  head  is  sharper  in  front  and  a  little  black  spot 

beneath  the  eye,  which  is  common  to  all  Daphnjd?e  becomes  in 

Lyuccus  and  its  allies  as  conspicuous  as  the  eye  itself.  This  spot  is 
of  unknown  use  but  seertis  connected  with  the  base  of  tlie  antenn;u. 

There  are  representatives  of  two  genera  of  the  family  CypndiC 

to  be  found  in  every  pool.  ■  Tliese  animals  are  enclosed  in  a  shell 
^^hich  covers  not  only  the  body  but  the  head  also,  so  that  th' 
animal  can  withdraw  entirely  from  view  and  close  his  shell  about 

him  like  the  mussel,  which   the   shell   much  resembles  in  shape. 

The   Cypris  scurries   about   with    an    uncertain   running  motion, 

reminding  one  of  the  haste  of  an  excited  man,while  the  Candona 

loves  the  bottom.    The  inability  to  swim  freely  is  due  in  Candona 

to  the  absence  of  the   many  setcC  on  the  antennc-e  (the  principal 

motary  org-ans),  which  broaden   these  paddles  in  Cypris.    In  this 
sketch  only  a  very  few  forms  have  been  glanced  at,  and  the  legion 

Phyllopoda  containing  BrancJiipus  and    the  **  brine  shrimp,"  has 
not  been  noticed,  but  objects  enough   to  employ  many  a  leisure 

day  have  been  seen,  any  one  of  which  might  well  repay  weeks 
of  study. 

DESCRIPTION  OF  PL.XTES.i 

Plate  I. — Dinptonms  lonf^icomis  Hcrritk,  back  view  of  female  and  side  view  of 

male;  a,  basal  j)ortion  of  male  anteiin.e  showinj^  enlarj^ed  sej,mients  preceding  gen- 
iculating  joint. 

Pl.ATK  n. — Cyclops  sp.  ?    a,  last   \r\\x  of  feet ;    I,  2,  3,  4,  5,  feet  of  Cyclops  quadi  i 
cornis  ;   6,  inferic^r  antennae. 

Plate  \\\. — Sida  oyslallina  Straus,  a,  /',  c,  feet  of  first,  second  and  last  pairs  ;  d, 
jaw  :  e,  extremity  of  abdomen  ;  /,  suj^erior  antenna. 

Plate  IV. —  l,  Hostnina  lon;^irosfris  ;  a,  portion  of  shell  with  superior  antenn.v; 
/',  anterior  antenna  ;  2,  Lynccus  sji.  ? 

1  Uicd  through  the  kiiidncb-  of  J'n  f.  N.  H    Wiiichtll,  Dircxtor  of  Miiuicsolu  GoulugiL.il  Survey. 
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•«ABSH  COLLECTION'! 

Papers  uii  lb  Crustacea  of  tie  Fresli  f  aters  of  iioiiesota. 

BY  C.  L.   HERBICK. 

-.     GyclopldcB  of  Minnesota  with  notes  on  other  Copepoda. 

[I.     Notes  on  some  Minnesota  Cladocera. 

[III.    On  Notodnmias  and  Cambarus. 

[Extracted  from  the  Tenth  Annual  Report  of  the  Geological  and  Natural 

History  Survey  of  Minnesota — 1882.] 

.^'^
 



[Note. — The  author  feels  it  but  justice  to  himeulf  to  state  that  part  of  the  material  here  presented 
has  been  in  its  present  form  for  some  time.    The  work  was  begun  in  1879.] 
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1.     CyclopiDtE  of  Mtn^i^esota,  with  notes  on  other  Copepods. 

CALANIDuS. 

It  ee  ms  that  recent  authors  have  sufficient  ground  for  uniting  the 

families  (7a/amc?(S  and  Po??^^//ir/o5  under  the  single  name;  the  value  of 

these  terms  as  subfamily  names  even  may  be  questioned. 

The  family  is  represented  in  our  limits  by  two  genera  and  by  three, 

or  doubtfully  more  species. 

The  fifth  pair  of  feet  furnishes,  by  its  modifications,  the  best  criteria 

for  distinguishing  genera  and  species. 

Genus  Diaptomus,  Westwood. 

Body  elongated,  compressed;  head  destinct  from  the  thorax,  anterior 

antennse  25-jointed,  those  of  the  male  geniculate  on  the  right  side; 
posterior  antennae  and  mouth  parts  as  in  Calanus ;  in.ner  branches  of 

all  the  swimming  feet  three-jointed  except  the  first,  which  is  two- 
jointed;  fifth  foot  consisting  of  two  unequal  branches,  prehensile; 

abdomen  of  male  with  five-joints,  of  female  three-jointed. 

Diaptomus  castok. 

(Plate  I,  figs.  1-7,  Plate  II,  figs.  1-2,  16.) 

BibUographij. 

Monoculus  castor,  Jurine. 

Cyclops  castor,  Desmarest,  Baird,  Mag.  Zool.  and  Bot. 

Cyclops  cseruleus,  Midler,  Latreille,  Bosc. 

Monoculus  cseruleus,  Fahricius,  Manuel,  Gmelin. 

Cyclops  lacinulatus,  Muller,  Bamdohr,  Latreille,  Bosc,  Baird,  Trans. 
Beow.  club. 

Monoculus  lacinulatus,  Manuel,  Gmelin. 

Cyclops  rubens,  Midler,  Latreille,  Bosc,  Baird, 

Diaptomus  castor,  Westivood,  Baird,  Baker. 

Cyclopsina  castor,  .1/.  Edivards,  Baird,  Glaus. 

Grlaucea  rubens,  Koch,  Deutschlands  Crust. 

Glaucea  caerulea,  Koch,  an 
Diaptomus  castor,  Baird,  Brit.  Entom. 

Glaus,  Die  Freilebenden  Copepoden. 

Lilljehorg,  De  Crust,  ex  ord.  trib. 

Lubbock,  Trans.  Linn.  Soc. 

westwoodii,  Lm^^ocA:,      " 
castor,  Fric.  Die  Krustenthiere  Bohmens. 

castor,  Brady,  Brit.  Copepoda. 
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The  above  bibliography  is  complete  only  up  to  a  comparatively  re- 
cent date;  many  notices  may  be  found  in  recent  literature. 

The  species  which,  after  careful  study,  has  been  considered  identical 

with  the  European  D,  castor  is  that  described  previously  as  D.  longi- 

cornis  with  the  remark  that  it  might  prove  too  near  D.  castor.  D,  san- 

guineus^ Forbes,  seems  to  be  the  same  thing  nearly.  If  the  amount  of  \ 

variabilit}'  admitted  by  Brady  to  prevail  is  allowable  I  see  no  reason 
for  separating  this  species.  It  is  very  variable  as  to  size  and  colora- 

tion, and  even  in  the  configuration  of  some  of  the  parts,  as  antennae, 

etc.,  a  certain  amount  of  latitude  is  to  be  given;  (See  plates  of  Claus, 

Zur  Anatomic  und  Entwicklungs-geschichte  der  Copepoden  Arch.  f. 

Naturg.  XXIV  Jahrg.,  B  [.)  tVo-tVit;  cm.  in  length.  The  following 
points  are  variable : — length  of  caudal  stylets,  structure  and  thickness  of 
male  geniculating  antenna,  size  of  claw  of  fifth  male  foot  and  spinous 

armature  of  feet.  How  far  such  variations  may  extend  and  how  much 

they  are  dependent  on  peculiarities  of  habitat,  etc.,  farther  study  must 

demonstiate.  Some  interesting  facts  meanwhile  are  suggestive.  A 

second  and  gigantic  form  which  may  be  known  as 

Diaptmnus  giganteus. 

(Plate  II,  figs.  3-11-15.) 

with  the  reservation  that  it  is  doubtfully  of  more  than  varietal  value, 

was  found  under  such  circumstances  as  to  suggest  that  it  might  be 

only  a  curiously  magnified  condition  of  D.  castor.  It  is  known  to 

occur  only  in  a  small  marshy  pool  of  about  two  square  rods  extent  and 

which  annually  dries  up  nearly  completely.  A  few  yards  away  is  a 

second  pool  of  a  ̂ mewhat  greater  size  and  which  less  frequently  dries 

up  in  summer  These  two  pools  within  the  memory  of  the  writer 

were  united,  but  in  the  gradual  dessication  which  has  been  observed  in 

all  Minnesota,  they  have  been  isolated.  The  former  pool  in  June  was 

found  to  contain  mature  males  and  females  of  the  D.  giganteus  only, 

few  other  copepods  being  present,  while  the  other  pool  contained  all 

stages  of  the  common  D,  castor.  There  are  no  neighboring  waters,  the 

nearest  being  half  a  mile,  and  that  (L.  of  Isles)  has  only  D.  castor. 

The  smaller  pool  soon  completely  dried  up  so  that  this  form  was,  for 

the  time,  exterminated.  The  conclusion  seems  almost  resistless  that 

the  stagnation  incident  to  evaporation  produced  circumstances  favor- 

a])le  to  the  development  of  this  enlarged  form.  At  any  rate  it  is  an 

interesting  fact  in  local  distribution 

This  variety  is  fif  cm.  long  or  more,  and  i^  much  the  largest  fresh 
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water  copepod  known  to  me;  it  is  a  deep  red  in  color  and  very  com- 
pactly framed.  Although  so  much  larger  than  D.  castor,  it  is  almost 

impossible  to  find  any  structural  differences.  The  male  fifth  foot  dif- 
fers somewhat,  but  mainly  in  the  enlargement  of  one  part  afe  the  ex 

pense  of  the  others.  The  thorns  on  the  feet  are  strongly  pectinate 

and  the  larger  ones  bear  short  spines  instead  of  bristles. 

Diaptomus  armatus,  sp.  n. 

(See  accompanying  cut,) 

A  second  form  is  imperfectly  known,  but  presents  some  clearly 
marked  distinctions  which  may  have  specific  value. 

Length  about  as  D.  castor;  body  slender;  antennaB  reaching  base  of 

abdomen  only;  female  differing  otherwise  but  little  from  B.  castor  (?); 

male  considerably  smaller;  caudal  stylets  narrow;  antennae  peculiar, 

shorter  than  the  body;  thickened  portion  of  the  geniculate  antenna 

short;  two  last  joints  very  short;  one  preceding  the  second  long,  bear- 
ing a  hook  at  end;  fifth  foot  with  a  very  long  claw  to  longer  ramus 

(nearl}^  as  long  as  the  ramus  itself)  with  a  tooth  on  the  inner  margin 
near  the  base,  not  perfectly  arcuate,  reaching,  when  extended,  to  end 
of  caudal  setse. 

Pig.  1. 

Diaptomus  armatus. 
a.  part  of  male  antenna,     b.  fifth  foot  of  male. 

Genus  potomoichetoe,*  Gen.  nov. 

Cephalothorax  six-jointed  as  in  Diaptomus,  but  with  the  distal  seg- 

»ient  more  evident;  abdomen,  in  the  male,  five-jointed,  in  the  female 
•River  iuhabitor. 
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four.jointed;  antennae  twenty-four  jointed,  the  right  geniculated  a«  in 
Centropages  {=Ichthyop}iorhia);  first  pair  of  feet  with  the  v^mi  both 
three-jomted,  like  the  following;  feet  of  the  fifth  pair,  in  the  female, 
hke  the  preceding,  but  with  a  spine  of  the  joint  preceding  the  ter- 

minal one  enlarged  and  divaricated  somewhat  as  in  Centropages;  in  the 
male,  the  right  with  a  two-jointed  outer  ramus,  the  terminal  joint  of 
which  is  spined  and  bears  near  its  base  a  blunt  expression  of  its  inner 
margin;  outer  ramus  of  left  foot  three -jointed,  armed  with  unequal 
spines;  inner  branches  smaller,  similar,  three-jointed;  the  terminal 
joint  bearing  curved  spines;  ovary  and  testes  as  in  Dlaptomns,  with 
which  the  mouth  parts  agree  in  the  main;  eyes  medium,  confluent;  no lower  or  secondary  eye-spots. 

POTOMOICHETOR    FUCOSUS,  Sp.  IIOV. 

(Plate  II,  Figs.  12-14.     Plate  III,  Figs.  1-8,  18-14.) 

Eather  slender,  and  in  size,  as  well  as  general  appearance,  resembling 
the  smaller  forms  of  Diaptomus  castor ;  antennae  rather  stout,  reaching 
but  little  beyond  the  feet,  appendaged  as  in  D.  castor,  in  the  male 
strongly  geniculated,  but  somewhat  variously  so;  the  six  joints  pre- 

ceding the  terminal  four  are  thickened;   those  preceding  the  joint  or 
hmge  are  arcuate  on  the  distal  margins;    the  secondary  antennae  are 
about  as  in  Diaptomus;  mandibular  palp  two-branched;  the  outer  three- 
jointed,  the  inner  two-jointed;  the  terminal  joint  of  the  shorter  branch 
bearing  seven  setae,  of  the  other  four,  the  proximal  joint  of  the  former 
with  three  stout  spines;  the  maxilla  nearly  like  Diaptcmus;  the  pro- 

cesses have  respectively  the  following  numbers  of  setse :    the  basal 
plate  eight,  the  small  process  at  base  of  posterior  branchial  appendage 
one,  the  appendage  itself  twelve,  terminal  portion  three  groups,  first 
containing  nine,  the  second  three  and  the  third  four  or  five,  the  upper 
of  the  anterior  processes  two  and  the  lower  three;  fifth  feet  nearly  like 
the  others  in  size;    the  right  in  the  male  having  the  outer  branch  but 
two-jointed  by  the  coalescence  of  the  two  outer  to  form  an  arcuate 
and  deformed  appendage   armed  at  the  end   with  three  stout  equal 
spines;  corresponding  branch  of  left  foot  three-jointed;  the  terminal 
joint  bearing  three  unequal  spines,  each  of  the  preceding  but  one; 
inner  branches  similar,  three-jointed;  terminal  joint  being  short  and 
armed  with  three  short  lanceolate  setae  and  three  longer  ones,  two  of 
which  are  curved  so  as  to  be  slightly  prehensile;  fifth  foot  of  female 
with  both  rami  three-jointed;  inner  ramus  much  smaller;  antepenult 
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segment  of  the  outer  ramus  extending  into  a  large  lanceolate  process; 

ova  sac  long-elipsoidal  reaching  to  nearly  the  end  of  caudal  setae. 
This  species  prefers  running  water  or  estuaries  of  streams.  Crow 

river,  Meeker  county,  and  a  brook  between  Minneapolis  and  St.  Paul. 

NOTE  ON  CANTHOCAMPUS. 

Claus  says  (Freilebenden  Copepodeyi,  p  121)  that  he  could  not  find  the 

coiled  "shell  gland"  in  Canthocampus,  though  it  is  described  by  Leydig. 
I  have  found  it  in  a  European  species,  {C.  miniUus?)  and  think  it  con- 

stant. Canthocampus  also  has  a  singular  area  of  nervous  hairs  upon 

the  forehead,  and  in  the  same  situation,  pits  which  seem  rudimentary 

eye-spots  and  sometimes  appear  to  be  pigmented.  The  pentagonal  area 
mentioned  is  bounded  by  a  raised  line. 

CYCLOPID^ 

Contains  five  genera,  viz. :  Thorellia,  Cijclojjf^,  Olthona,  Lophoph- 

orus  aiid'Ci/cIopina;  passing,  by  the  genera  Misophria  and  Pseudocy- 
clops,  into  the  Calanidce  or  marine  copepods.  The  afiinities  of  these 

little  studied  genera  need  farther  study,  as  they  are  very  interesting, 

the  question  being  still  open  in  how  far  the  cj^clopoid  forms  are  altered 
by  adaptation  to  saline  habitat,  if  such  an  adaptation  takes  place  at  all. 

The  following  is  Brady's  definition: 
Cephalothorax  ovate  and  usually  much  more  robust  than  the  abdo- 

men; anterior  antennae  seldom  longer  than  the  cephalol:horax,  those 

of  the  male  alike  on  both  sides  and  modified  for  the  purpose  of  clas^D- 
ing:  posterior  antennae  branched  (i.  e.  jDalpus  Avanting);  palps  of 

mandibles  and  maxillae  usually  well-developed;  foot-jaws  mostly  less 

developed  than  in  Calanidce ;  first  four  pairs  of  feet  as  in  Calanida', 

fifth  pair  rudimentary,  alike  in  both  sexes,  and  usually  one -jointed; 
ovisacs  two. 

15 
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Fig.  2. 

A  Cyclops  with  abnormally Jpectinated  caudal  setae. 
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Grenus  cyclofs. 

Brady  well  says  of  this  genus :  "As  regards  discrimination  of  species 

it  is,  perhaps,  the  most  difficult  and  puzzling  of  all  the  Copepoda. ' ' 

He  also  states  that  "  the  only  safe  rule  in  this  state  of  things  is  to  ac- 
cept no  specimens  as  types  which  do  not  show  amongst  them  ova- 

bearing  females."  It  is  necessary,  however,  to  limit  the  matter  more 
closely,  as  will  be  shown  farther  on,  for  not  only  do  immature  females 

become  fruitful  even  while  the  antennae  are  yet  incompletely  developed, 

but  the  species  are  subject  to  a  sort  of  dimorphism  which  it  is  interest- 
ing to  parallelize  with  that  in  the  males  of  Cambarus.  The  species  are 

all  fresh-water,  so  far  as  it  is  at  present  known,  though  it  may  be  that 
salt-water  forms  exist  under  other  names. 

The  characters  of  the  family  with  some  limitations  apply  to  the 

genus. 
The  following  species  are  probably  but  few  of  those  which  occur 

even  in  Minnesota,  but  they  are  so  clearly  defined,  for  the  most  part,  as 

to  be  unmistakable  and  their  description  it  is  hoped  will  form  a  founda- 

tion upon  which  to  lay  later  study. — Observations  extend  over  a  term 
of  about  four  years. 

Species  with  seventeen-jalnted  Antennce. 

CYCLOPS  TEJ^UICOKNIS,   ClaUS. 

Bibliography. 

Plate  VI,  figs.  1-11,  20.    Plate  Y,  fig.  14. 

Cyclops  tenuicornis,  Glaus,  Das  Genus  Cyclops. 

Die  Frei-lebenden  Copepoden^ 

Sars,  Oversigt  af  de  Indenlandske. 

Ferskvands  Copepoder. 

Uljanin,  Reise  in  Turkestan. 

Brady,  British  Copepoda. 

Cyclops  signatus,  Koch,  Deutschlands  Crust. 

'(r.  0.  Sars.     Uljanin.     Brady. 
Cyclops  coronatus,  Claus.     Fric. 

We  feel  confident  that  the  two  forms  distinguished  by  Claus  as  C 

coro)iatus^(=^signatus)  and  C,  tenuicornis  should  be  united,  as  the  only 

distinction  which  is  at  all  reliable,  is  the  knife-like  serratedj^ ridge  on 

the  last  joint  of  the  antennae.  The  last  joints  are  frequently  longer  in 

tenuicornis  form,  as  are  the  stylets  in  eoronatus,  but  this  varies.     In  the 
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same  gathering  (for  m  so  far  as  we  have  observed  they  occur  together 

where  circamstaiices  permit  a  full  development,)  the  corona  t  us -form  is 

larger  and  carries  more  numerous  eggs.  No  3^oung  with  the  serrated 
antennae  have  been  seen,  though  searched  for  diligently.  On  the  other 

hand  j^oung  forms  of  tenulcornis  abouud,  and  we  have  seen  females 

with  incompletely  grown  antennae  with  egg-sacs.  In  view  of  these 
and  similar  facts,  we  feel  justified  in  considering  coronatus  probably  a 

post-imago  ol  teiuiicorms. 
Cephalothorax  broad;  abdomen  rather  slender;  antennae  reaching 

about  to  base  of  throax,  attenuated  at  the  end;    terminal  joint  with  a 

knife-like  ridge;  formula  —  ̂ ^  ̂ ^  —  r^-'  —  v^v^s^^^^^^^^   

— ;  fifth  foot  composed  of  a  long  basal  joint  bearing  a  long  spine  and 

a  terminal  three-spined  division;  caudal  stylets  over  twice  as  long  as 

last  abdominal  segment;  setc^  all  nearl}'  terminal,  inner  one  much 

longer  than  usual,  length  I'oj  cm. 
Common  in  America,  England  and  continental  Europe. 

CYCLOPS  ATER,  U.  Sp. 

(Plate  III,  figs.  9-12.) 

Length  about  ili)  cm;  antennae  as  long  as  cephalothorax,  /uj  cm.,  slen- 

-der  and  gradually  tapering;  formula*  —  —  ̂ ^   -^  —  ^  ̂   ̂   ̂ ^  r 
—  ̂ ^   ;  terminal  joints  rather  short;  the  last  joint  furnished 

with  a  knife-like  ridge  as  in  tenulcornis;  second  antennae  much  as  in 

tenulcornis;  maxillipeds  rather  large;  fifth  foot  one-jointed,  armed  with 

'three  subequal  spines;  abdomen  rather  short,  last  segment  very  short; 

stylets  somewhat  elongated;  setae  rather  short,  lateral  seta  near  the 

■end;  eggs  pale;  color  deep  blue  or  gray. 

This  beautifiil  and  very  distinct  species  is  found  in  ''  Mud  Lake  "  in 
Hennepin  county,  with  Cyclops  signatus.  The  large  very  dark  cephalo- 

thorax and  shortened  abdomen  make  it  conspicuous.  The  one-jointed 

fifth  foot,  shape  of  the  operculum  vulvae  in  connection  with  the  short- 
ened joints  of  antennae  and  characters  of  the  caudal  stylets,  make  the 

species  sufficiently  distinct  from  any  other. 

CYCLOPS  INGENS,  Sp.  nOV. 

(Plate  ly,  figs.  1-8.) 

A  large  species  perhaps  too  near  C  gigas,  or  C.  brevicornis  Glaus, 

but  differing  from  the  former  as  to  the  length  of  antennas  and  stylets 

*lVoTE     The  accent  marks  are  used  to  signify  that  joints  represeated  by  them  (counting  ft'ora  base) 
.  are  either  long  — ,  short  ̂ ,  medium  :=:• 
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and  ill  not  having  tiie  distal  margins  spined  (except  in  some  cases?) 

and  fro  n  the  latter  in  size  and  arrangement  of  caudal  set^e. 

Thorax  large;  abdomen  rather  slender;  stylets  rather  slender  with 

the  lateral  seta  well  towards  the  end;  second  and  third  setae  alone 

long,  weakly  pectinate;  last  joint  but  one  of  abdomen  sometimes 

toothed  along  the  distal,  under  margin;  maxillipeds  as  in  C.  gigas ; 

jaws  with  large  teeth;  antennae  very  short  not  reaching  to  the  base  of 

the  first  cephalothoracic  segment;  formula  —  r^  —  ̂ w  —  ̂ ^ww 

s^w^^-^^--;  fifth  foot  two-jointed,  the  proximal  joint  very 

broad  with  a  strong  spine,  second  joint  cylindrical  with  a  long  seta 

and  a  very  short  spine  near  the  end;  operculum  vulv^  somewhat 

heart-shaped;  egg  sacs  oval-elongated,  reaching  beyond  the  end  of  ab- 

domen; length  yVo  cm.  including  stjdets  and  setae. 

This  is  one  of  the  largest  and  finest  as  well  as  rarest  of  our  forms 

and  loves,  as  it  appears,  lakes  having  outlets. 

Sinall  forms  with  seventeen- jointed  Antennce. 

CYCLOPS  i^AVUS,  Sp.    UOV 

(Plate  y,  figs.  6-13-15-lTO 

Closely  related  to  Cyclops  piiJcheUus,  Koch,  and  to  Cyclops  strenims, 
Fischer. 

Rather  slender;  abdomen  long;  stylets  about  three  times  as  long  as 

last  segment  of  abdomen;  lateral  seta  leather  stout;  outer  and  inner 

terminal  setse  minute ;  middle  ones  of  moderate  length ;  antenna  short, 

reaching  barely  to  or  but  little  bevond  the  end  of  first  segment;  for- 

n,ula  --w_r___^^^^^w^---;  fifth  feet  two- 

jointed,  terminal  joint  large,  with  two  considerable  spines;  operculnm 

vulvse  of  peculiar  shape;  length  ̂ ^o  cm.  excluding  setae. 

Quite  abundant  and  perhaps  passing  into  the  following. 

CYCLOPS  PARCUS,  Sp.   UOV. 

(Plate  yi,  figs   12-15  ) 

Almost  exactly  like  the  last  but  not  yet  found  in  the  same  waters. 

Distinguished  by  the  broad  and  short  basal  joint  of  the  fifth  foot
 

which  extends  into  a  process  carrying  a  spine,  the  slender  second  joint 

with  a  single  long  spine  and  a  short  thorn,  and  by  the  oval  shape  ot 
the  operculum  vulvae. 
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The  caudal  setae  are  naked  for  about  a  third  of  their  length.    These 
distinctions  seem  constant. 

Section  ivith  twelve-jointed  Antennce. 

CYCLOPS  SERRULATUS,  Fischer. 

(Plate  V,  figs,  i-5,  Plate  VII,  fig.  10.) 
Bibliography. 

Cyclops  serrulatus,  Fischer  Bulletin  de  la  Soc.  Imp.  etc.  Moscou.        I 

Lilljeborg,  De  crust  ex  ord.  trib.  1 

Clans,  Das  genus  Cyclops. 

Sars,  Oversigt  Ferskvands  Copepoder. 

Frei-lebenden  Copepoden. 

Fric,  Die  Krusten  thiere  Bohmens. 

Uljanin,  Reise  in  Turkestan. 

Brady,  British  Copepoda. 

•?  Cyclops  minutus,  Claus,  loc.  cit.  (-     young.) 
?  Cyclops  macrurus,  Sars,  loc.  cit. 

?  Cyclops  spinulosus,  Glaus,  loc.  cit. 

Typical  Form. 

Cephalothorax  oval,  compact;  abdomen  slender  and  short,  suddenly 

enlarged  previous  to  its  union  with  the  thorax;  antennae  slender, 

reaching  nearly,  but  not  quite  to  the  last  thoracic  segment;  the  last 

three  joints  are  attenuated  and  furnish  the  most  evident  character  of 

the  species;   formula  —  —  ̂   —  v^w-  —  ̂ ^   ;  during  life  the 
antennae  tend  to  assume  the  form  of  a  rude  Z,  the  proximal  four  joints 

forming  the  base;  antennules  small,  reaching  about  to  the  sixth  joint 

of  antennae;  jaws  small  with  large  teeth;  the  single  segment  of  the 

fifth  foot  with  three  equal  spines;  egg  sacs  oval,  as  long  as  the  abdo- 

men; eggs  few,  dark;  caudal  stylets  very  long  and  slender,  spined 

along  the  outer  margin;  lateral  setae  small  and  approximated  to  the 

upp?r  one;  outer  terminal  seta  short,  spine-like,  in  life  set  nearly  at 
right  angles  to  the  others,  spined  or  beaded  on  one  margin  and  bristled 

on  the  other;  the  next  seta  is  as  long  as  the  abdomen,  being  somewhat 

exceeded  by  the  following  one ;  inner  seta  insignificant;  upper  seta  very 

small;  length  less  than  y^o  cm. 
A  larger  form  occurs  with  an  elongated  body  and  abdomen  and  with 

extremelv  attenuated  antennae  and  caudal  stvlets,  but  it  is  not  a  va 
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riety  induced  by  alpine  habitat  as  suggested  by  Brady,  occurring  as  a 

**post  imago"  form  with  the  ordinary  type.  Glaus'  description  of 
Cyclops  spinidosus  suggests  that  this  form  may  be  the  basis  of  his 

species  though  the  form  of  the  male  antenna  is  different  from  any 

yet  seen.  Cyclops  minutus,  Glaus,  is  most  certainly  the  youug  of  some 

Cyclops,  as  is  indicated  both  by  the  description  and  figures  in  Die  Frei- 

lehenden  Copepoden.  Though  placed  among  the  twelve -jointed  forms  the 
antennae  are  eleven-jointed.  The  fact  that  the  females  may  have  had 
egg  sacs  is  no  proof  of  their  maturity  as  I  have  seen  undoubted  larval 

forms  of  serulJatus  with  the  sacs.  Moreover  two-jointed  branches  of 
sivimming  fest  is  a  larval  character.  This  is  a  cosmopolitan  and  very 

abundant  species,  occurring  in  almost  all  pools  and  lakes  about  Min- 
neapolis. The  form  and  structure  of  the  stylets,  antennae  and  feet 

make  it  an  easily  recognized  species. 

CYCLOPS  FLUVIATILIS,  Sp.  UOV. 

(Plate  yil,  figs.  1-9.) 

A  very  small  and  distinct  species  of  the  section  with  12-jointed  an- 

tennae was  found  in  an  estuary  of  the  Mississippi  river,  (also  later  in 

L.  Minnetonka)  with  the  following  characters:  — 

Body  elongated;   thorax  very  long;  abdomen  slender;  stylets  about 

as  long  or  longer  than  last  abdominal  segment ;  setae  all  very  short,  not 

pectinate;   lateral  and  dorsal  setae  ver}'-  small;  outer  one  spine -like 
short  and  stout,  two  middle   short,  inner  one  very  small  and  incon- 

spicuous: antennae  reaching  nearly  to  the  base  of  abdomen;  formula, 

—  —  ̂ ^  —  —   ;  the  three   joints   following   the   six 

basal  are  much  elongated  while  the  terminal  ones  are  but  moderateh' 
so,  a  character  which  is  peculiar  to  this  species;  terminal  segment 

slightly  but  evidently  hinged,  and  together  with  pair  preceding  some- 
what curved;  feet  with  the  terminal  spines  strongly  toothed;  fifth 

foot  very  small,  one- jointed,  bearing  three  small  setae;  operculum 

vulvae  heart-shaped;  egg  sacs  subquadrangular;  eggs  large;  abdomen 
in  the  young  much  elongated;  color  deep  indigo,  length  j  Jo  cm. 

CYCLOPS  ADOLESCENS,  Sp.  UOV. 

(Plate  VI,  figs.  16-20.) 

The  form  figured  under  the  above  name  seems  closely  allied  to  C 

affinis,  Sars,  from  which  it  differs  chiefly  in  the  arrangement  of  the 
joints  of  antennae. 
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The  body  passes  without  marked  transition  into  the  abdomen  which 

is  abnormally  shortened;  caudal  stylets  very  short  as  is  the  last  segment 

of  the  abdomen;  setae  exactly  as  in  C.  parens  with  which  it  was  found; 

antennae  eleven-jointed;  formula  —  ̂ ^  —  ^^  --  ^  —  — ■  a  semi-cir- 
cular series  of  spines  upon  the  basal  joint;  fifth  foot  obsolescent,  the 

three  spines  appearing  to  spring  directly  from  the  last  thoracic  seg- 

ment which  also  bears  a  series  of  teeth;  egg-sac  reaching  to  base  of 

abdomen,  with  rather  numerous  eggs;  feet  heavily  spined  on  one  mar- 
gin;  length  iVo  c^i  J  male  i^  cm. 

This  species,  together  with  all  others  of  this  sort  with  eleven-jointed 
antennae,  is  perhaps  but  an  immature  and  abnormally  modified  form 

of  some  of  the  common  species  If  this  be  true  the  rarity  of  these 

nominal  species  is  explained.  C.  minutus,  Claus,  is  certainly  but  a  lar- 

yal  form,  as  is  shown  by  the  two-jointed  branches  of  swimming  feet. 

Section  with  S-jointed  Antennae 

CYCLOPS  CRASSICORNIS,    MiUler. 

(Plate  IV,  figs.  9-U.) 

Bibliography. 

Cyclops  crassicornis,  Muller,  Entomostraca. 

Sars,  Oversigt  Ferskvands  Copepoder. 

U/janin,  Reise  in  Turkestan. 

Brady,  British  Copepoda. 

pauper,  Fric,  Die  Krustenthiere  Bohemens. 

?  magniceps,  Lilljeborg,  De  crustaceis  ex  ordinibus  tribus,  etc. 

A  small  species  characterized  by  its  small  size  and  the  eight-jointed 
antennae;  body  depressed  and  passing  gradually,  into  the  rather  uni_ 

form  abdomen;  first  cephalothoracic  joint  large;  abdomen  rather  slen- 

der; stylets  of  moderate  length,  spined  along  the  outer  margin  some- 

what as  in  C.  serrulatus;  outer  seta  lance-shaped,  short;  the  next  one 
as  long  as  stylets  and  last  two  segments;  the  following  one  nearly 

twice  as  long;  inner  one  very  small;  last  joint  of  abdoman  spined;  the 

preceding  one  fringed  on   distal   margin   with  weak  setae;    antennae 

short,  not  reaching  the  base  of  first  segment;  formula   —  —  '  ̂^  ̂ - 
^^  —;  the  basal  joint  with  a  semi-circular  set  of  fine  bristles,  and  with 
the  following  is  furnished  with  pectinate  setae;  second  antennae  short; 

terminal  joint  short,  with  two  curved,  strong  spines  and  other  weaker 

ones;  fifth  feet  small  one-jointed  with  three  unequal  spines,  bordered 
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above  by  a  spined  plate  of  the  last  thoracic  segment;  length  about  iVo 

cm.  excluding  setge. 

This  species  appears  not  to  be  very  abundant,  or  at  least  from  its 

small  size  it  is  not  often  encountered.  A  few  particulars  distinguish 

these  western  forms  from  the  description  given  by  Brady,  among  them 

being  the  spinous  armature  of  the  stjdets,  the  bristles  on  the  penulti- 
nate  segment  of  the  abdomen,  pectinate  bristles  of  the  fifth  feet,  and 

the  greater  length  of  the  abdomen,  yet  I  see  no  reason  for  separating 
them.  I  have  not  seen  the  male  and  can  not  be  sure  that  there  is  no 

further  development,  but  the  fact  that  the  feet  in  this  form  are  three" 
jointed,  and  its  peculiar  characters,  clearly  distinguish  the  species 

from  any  other  known  to  me. 



PnO-J  £/tC:   CS.    ,V  ' 

C I  Ar.?v/ .-/.-.■■  ̂ r-/ 

Fig,  3,  Sida  crjjstaUina. 
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TI.     Notes  o:n"  some  Mini^tesota  Cladocera. 

Tribe  I  Ctenopoda. 

SIDIDuE. 
Antennae  of  second  pair  with  unequal  rami,  superior  larger;  last 

joints  compressed  and  setose ;  intestine  simple. 

Of  this  family  two  species  are  certainly  identified  in  America,  both 

of  which  are  abundant  in  certain  favorable  locations  at  the  proper 

seasons.     No  species  of  the  Holopedidce  are  known  to  occur  here. 

G^nus  SID  A  Straus. 

Superior  ramus  of  second  antefinse  three -jointed;  posterior  margin 

of  post-abdomen  with  numerous  spines  (20-30.) 

SiDA  CRYSTALLiNA,  Mliller. 

(Fig.  3.) 
BibUog'*'aphy. 

Daphne  crystallina,  Miiller. 

Daphnia  crystallina,  Latreilk.     Bosc. 

Sida  crj^stallina,  Straus,  Mem.  Mus.  Hist.  Nat. 
Sida  crystallina,  M.  Edwards,  Hist.  Nat.  Crust. 

Monoculus  crystallinus,  Gmelin.     Manuel.     Fahvicius. 

Monoculus  elongatus  De  Geer,  Mem.  servir  Hist.  Ins. 

Sida  crystallina,  Lievin,  Branch,  d.  Danziger  Geg. 
Baird,  Brit.  Entom. 

LiUjeborg,  De  crust,  ex  ord.  trib. 
Fischer. 

Schodler,  Die  Branch,  d.  Umg.  v  Berlin. 
Neue.  Beitr. 

Ley  dig,  Naturg.  d.  Dajjh. 

SarSi  Norges  Ferskv — Krebsdyr. 

elongata  Sara      ''  **  " 

Sida  CTjstallina,  P.  E,  Mailer,  Danmark's  Cladocera. 
Kurz,  Dodekas  Neuer  Cladoceren. 

Birge,  Notes  on  Cladocera. 
Herrick,  Microsc.  Entom. 

Lutz,  Untersuch,  Li.  d.  Cladoceren  d.  Umg.  v.  Bern. 
18T8. 

Weismann. 
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I  note  this  cosmopolitan  species,  of  which  a  nearly  complete  biblio- 

graphy is  given  above,  simply  to  mention  that  I  have  recently  found 

for  the  first  time  specimens  of  Sida  reaching  the  size  mentioned  by 

P.  E.  Miilier  dVo  cm.) 

In  smaller  pools,  when  present  our  Sida  is  much  (often  i)  smaller, 

and  only  in  L.  Minnetonka  does  the  species  attain  its  ultimate  devel- 

opment. 

Genus  daphnella. 

Superior  ramus  of  second  antennae   apparently  2-iointed,  narrow; 

post-abdomen  destitute  of  spines. 

DAPHNELLA  BRACHYURA  Licviu. 

(Plate  VII,  11-16  ) 

Bibliography. 

Sida  brachyura,  Lieviii  Branch,  d   Danziger  Geg. 

Daphnella  wingii,  Baird,  Brit.  Entom 

Sida  brachyura,  Lilljeborg,  De  crust   ex  ord.  trib. 

Diaphanosoma  brandtianum,  Fischer,  Erganzig,  Berichtig. 

Daphnella  brandtiana,  Sars,  Norges  Ferskv.— Krebsdyr. 

Daphnella  br.    hyura,  P.  E.  MiiUer,  Danmark's  Cladocera. 
Daphnella   brachyura,   Lidz,  Untersuchung   li.   die   Cladoceren    d. 

Umg.  V.  Bern. 

Sida  brachyura,  Pavesi,  Nuova  serie  di  recerche  della  fauna  pelagica 

nei  laghi  italiani,  (L.  Trasimens.) 

(Compare  also  /).  expinosa,  Birge,  Notes  on  Cladocera  p.  3.) 

The  species  of  Daphnella  found  about  Minneapolis,  occasionally 

abundant,  seems  not  to  differ  in  any  important  character  from  Euro- 

pean types  of  1).  brachyura  although  I  formerly  regarded  it  as  distinct 

(Z).  winchelli.) 

Head  less  than  one-half  the  body  (about  ,JJo  cm.  while  body  is  |o?)o 

cm.  long);  eye  about  i  head;  antennae  when  reflexed  extend  a  little 

beyond  I  the  length  of  body.  Male  , Jo  cm.  long;  antennae  reflexed 

reaching  base  of  shell;  anterior  antennae  extremely  long;  copulating 

organs  reaching  nearly  to  end  of  claws.  Having  carefully  compared 

our  specimens  with  the  description  and  figures  given  by  Birge  for  his 

D.  expinosa,  the  evidence  seems  to  indicate  not  only  that  they  are 

identical  but  both  are  really  D.  barchyura.  The  distinctive  characters 

of  D,  expinosa  are  a  greater  indentation  between  head  and  body,  ab- 
sence of  caudal  teeth,  greater  length  of  male  appendages,  and  the 

opening  of  the  vasa  deferentia  in  the  *'instep"  of  these  appendages. 
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The  absence  of  teeth  upon  the  .post-abdomen  is  of  even  generic  im- 

portance according  to  Sars,  who  gives  it  in  his  synopsi-'  of  genera  as 
typical  for  Daphnella.  In  our  specimens  the  claws  are  at  least  pecti- 

nate if  not  serrate,  while  the  appendages  of  the  male  reach  generally 

nearly  to  the  middle  of  the  claws.  The  relative  length  of  these  ap- 
pendages and  the  antennae  of  male  is  variable. 

Tribe  II,  a:n"omopoda. 

DAPHNID^. 

Rami  of  antennas  3  and  4-jointed;  feet  of  five  pairs;  intestine  with 
anterior  coeca  not  convolute. 

Genus  MOii^A,  Baird. 

A  transition  between  Sididce  and  Dai^hnidtt  is  made  through  this 

genus. 
Head  separated  from  the  body  by  a  depression;  macula  nigra  absent; 

antennse  of  female  large,  movable,  of  male  very  long,  curved;  first 

foot  of  male  with  strong  hook;  valves  short,  truncate  behind. 

MOIKA  BEACHIATA. 

We  believe  with  P.  E.  Miiller  that  this  and  M.  rectirostris  are  iden- 

tical. The  most  complete  discussion  of  the  merits  of  the  three  species 

(the  above  and  M.  paradoxa)  is  found  in  Weismann's  paper,  Ueber 
einige  neue  oder  unvollkotfunen  gekannte  Daphniden,  Griiber  and  Weis- 

mann,  1877,  which  see  for  bibliography  and  elaborate,  not  to  say  la- 
bored, distinctions.  This  species  is  not  common,  but  when  found  (in 

muddy  pools  in  late  summer)  frequently  appears  in  great  numbers. 

For  embryology  see  Grobben,  Entwicklungsgeschichte  der  Moina 
rectirostris. 

Genus  daphnia. 

This  genus  as  limited  by  Miiller  is  well  distinguished  from  the  re- 

maining genera  of  the  famiiy—S moce2)halus ,  Scapholeberis,  Ceriodaphnia  . 
and  Moina. 

As  remarked  by  Birge,  this  is  not  the  typical  representative  of  the 
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group  but  is  a  very  divergent  membei'  of  it,  worthy,  probably,  of  form- 
ing a  distinct  section  or  sab-family.  The  most  remarkable  feature  is 

one  which  appears  in  a  comparatively  earl}^  embryonic  period  and,  in 
some  cases,  nearly  disappears  in  later  life  This  is  the  development  of 

a  long  spine  from  the  dorsal,  posterior  end  of  the  shell.  This  is  the 

real  diagnostic  test  and  has  not  yet  been  incorporated  into  the  defini- 

tion of  the  genus  The  occurrence  of  a  crista  is  more  variable  ap- 

parently, but  may  be  of  some  importance. 

The  following  is  suggested  as  a  revision  of  the  diagnosis : 

Shell  more  or  less  oval  or  sub-quadrate  and  reticulate;  head  rounded 
anteriorly,  but  sometimes  with  a  crest,  prolonged  below  into  a  beak 

which  is  truncate  posteriorly  and  bears  the  antennae  near  the  apex; 

upper  dorsal  corner  of  shell  in  young  of  both  sexes  and  mature  males 

prolonged  into  a  long  spine;  the  macula  nigra  is  present  but  not 

always  pigmented;  the  post-abdomen  spined  behind;  opening  of  rectum 
at  the  end. 

The  female  with  two  age-forms  (heterogenetic  and  dimorphic);  the 
second  form  frequently  scarcely  spined;  antennae  small,  not  movable, 

furnished  with  sense-hairs;  ephippium  with  two  ova,  separable  from 

remainder  of  shell  along  the  latero-median  suture;  the  brood-cavity 
closed  by  more  than  two  unequal  processes  of  the  abdomen. 

Male  with  long  movable  (almost  two-jointed)  antennae  furnished 

with  prehensile  stylus;  first  foot  bearing  a  curved  claw;  swimming  an- 

tennae very  long;  vas  deferens  opening  at  the  end  of  post-abdomen. 
Embryo  with  second  antennae  palpate;  a  curved  appendage  to  shell 

which  becomes  the  spine  of  adult. 

DAPHNIA   PULEX. 

This  species  is  mentioned  here  simply  to  remark  concerning  D. 

pulex,  var  denticulata  of  Birge,  (Notes  on  Cladocera,  p.  11,  plate  I,  fig. 
11 J  that  the  European  as  well  as  all  the  American  specimens  of  D. 

pulex,  have  a  fine  series  of  spines  on  the  claws  of  the  post-abdomen. 

A  glance  at  Tafel  XII,  fig.  39,  of  the  Zeitschrift  fiir  Wiss.  Zool.  Bd- 

XXXIII,  with  Weismann's  plate  of  the  end  of  the  abdomen  of  this 
species,  is  sufficient  evidence  of  this  fact,  though  as  the  animal  is  a 

]iiale  and  quite  young,  the  spines  are  less  evident;  moreover  the 

number  of  caudal  teeth  is  known  to  be  variable  with  age.  Some 

other  peculiarity  must  be  found  to  give  this  varietal  distinction 
validity. 
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DAPHNIA   Sp? 

(Plate  X,  figs.  15-16). 

From  a  cold  marsh  a  gathering  in  June,  1882,  contained  several  fe. 

males  like  that  represented  by  fig.  16.  They  were  far  from  being 

abundant,  however,  and  the  pool  contained  no  other  Daphnia  showing 

that  it  was  unfavorable  to  the  growth  of  these  animals. 

These  females  differ  from  D.  pulex  chiefly  in  their  small  size,  dVo  cm.) 

being  the  smallest  Daphnia  seen  with  an  evidently  mature  appearance. 

The  caudal  spine  is  sickle-shaped;  post-abdomen  as  in  pulex;  antennae 

short;  the  animal  beautifully  clear  and  varigated  by  the  brilliant  con- 
tents of  ovary,  eggs  and  intestine.  I  hesitate  to  regard  it  as  a  destinct 

species. 

Figure  15  represents  a  single  specimen  of  Daphnia  found  with  the 

above  which  was  somewhat  injured  during  its  moult.  This  resembles 

D.  apicata,  Kurz,  and  D.  pellucida,  Mliller,  and  is  perhaps  the  male  of 

the  species  represented  by  fig.  16.  Our  knowledge  of  the  variations 

induced  by  "environment  is  yet  too  meager  to  draw  up  definitions  of 
species  with  certainty  from  a  single,  gathering,  but  these  forms  are  pe- 

culiarly interesting. 

See  also  the  accompanying  figure,  (fig.  1,).  These  forms  merit  closer 
study. 



Sia, J  OP 

Pttmo  OiDi  Ca  tM 

£tLnammeae 

Fig,  4.    pajyhuia  longispina  {numbered  1)  etc. 
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scAPHOLEBERis,  Schodler. 

In  a  former  paper  S.  mucronata  was  reported  from  this  locality  with 

the  remark  that  only  the  unhorned  variety  seems  to  occur  here.  A 

rather  diligent  search  has  failed  to  find  var.  f route  cornuto,  though  our 
waters  have  been  carefully  searched  at  intervals  for  several  years  and 

at  different  seasons  Birge  quotes  only  this  variety.  However,  the 

species  is  not  common  and  the  other  form  may  yet  be  discovered. 

See  Fig.  5. 

16 



/'MrroSffB.Ca  Mr 
C.l.HeKfiictf  Del.^ 

Fig.  5.    Scapho/eberis  mucronata. 
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A  second  variety  or  species  has  been  found  which  differs  somewhat 

from  typical  mucronata,  but  does  not  appear  to  be  nasuta  of  Birge.  Is 

not  the  latter  a  variety  simply  ? 

SCAPHOLEBEEIS   AEMATA   Var.  ?  nOV. 

Length  tot  -To'o  cm.;  much  as  S.  mucronata  in  form;  but  the  spines  are 
greatly  elongated  in  old  as  well  as  young  individuals;  and  in  individuals 

having  winter  as  well  as  summer  eggs,  though  the  winter  form  seems 

to  have  longer  spines  which  are  nearly  equal  in  some  cases  to  the 

hight.  Antennae  are  short  and  transparent.  The  head  is  separated 

from  the  body  by  a  marked  depression;  but  is  curved  forward  so  that 

the  beak  lies  generally  between  the  valves.  The  antennules  are  of 

medium  size.  Nowhere  reticulate  ( ?)  nor  tuberculate.  The  shell  is 

marked  by  impressed  lines,  especially  anteriorly  and  below.  The  lower 

margin  is  straight  and  beaded  anteriorly,  but  toward  the  base  of  the 

mucro  are  several  long  bristles  which  stop  abruptly  and  are  followed  by 

a  few  very  weak  hairs.  The  post-abdomen  has  three  teeth  at  the  base 
of  the  claws,  which  are  smooth. 

This  variety  is  much  like  S.  nasuta  of  Birge,  perhaps,  but  differs  per- 
ceptably  in  several  points.  Most  conspicuous  are  the  greatly  elongated 

spines  and  the  short  antennae.  This  variety  is  about  as  large  as 
mucronata  but  less  than  nasuta. 

BOSMINIDuE. 

Grenus  bosmina. 

First  antennae  many -jointed;  intestine  straight.  Sole  genus  of  the 

family,  and  one  which  Kurz  characterizes  as  "  one  of  the  most  difficult 

of  the  genera  of  Cladocera." 
There  are  three  species  known  in  the  United  States,  two  of  which 

are  found  from  the  Eastern  States  to  the  Mississippi  and  westward,  and 

are 'identical  with  European  forms.     The  third  may  not  prove  distinct 

BOSMINA   LOlfGIKOSTRIS. 

(Plate  X,  fig.  2.) 

Differs  from  the  following  in  having  the  terminal  claws  not  toothed, 

and  from  B.  striata  in  the  shorter  antennae  and  reticulate  shell. 
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BOSMIifA   CORNUTA. 

(Plate  IX,  figs.  3-5.) 

^Iq  cni.  long;  shell  reticulate  with  hexagonal  meshes;  antennae 

curved  backward  and  outward  at  the  tip;  claws  with  several  teeth  near 

the  base.     In  embryonic  specimens  the  antennae  are  straight. 

BOSMINA   STRIATA,    Sp.    n. 

(Plate  IX,  fig.  1). 

1^5 0  cm.  long;  shell  marked  with  anastomosing  longitudinal  striae; 

antennae  very  long;  frontal  seta  about  midway  between  eye  and  the 

sense -hairs  of  the  antennae :  posterior  inferior  angle  of  shell  spined  as 
in  the  previous  species. 

The  species  resembles  B.  maritima  greatly.  The  members  of  this 

genus  have  been  little  studied  owing  to  their  small  size  and  compara- 

tive rarity,  and  it  is  even  possible  that  some  of  the  species  will  prove 
invalid- 

All  three  of  the  above  species  were  found  in  one  gathering  from 

Lake  Minnetonka.  Only  one  other  locality  (for  B.  longirostris)  is  known 
to  me  in  this  State. 

LYNCODAPHNID^. 

Genus  Macrothrix. 

Aside  from  M.  roseus  and  M.  tenuicornis  (to  which,  perhaps,  M.  agilis 

of  a  previous  report  may  be  referred)  a  single  species  of  macrothroid 

crustacean  was  collected  at  Lake  Minnetonka,  which  is  very  remarka- 
ble. The  specimen  was  apparently  somewhat  injured  in  moulting,  and  it 

is  not  possible  to  tell  how  much  of  its  peculiar  shape  may  be  due  to  this, 

fact,  but  some  of  its  characters  are  sufficient  evidence  that  it  consti- 
tutes at  least  a  new  species. 

It  resembles  in  outline  Simocephalas  vetulus;  the  antennae  are  very 

narrow  and  curved  in  a  lateral  as  well  as  posterior  direction;  the 

second  or  swimming-antennae  are  long  as  in  other  members  of  the 

genus;  macula  nigra  present  but  small;  eye  small;  post-abdomen 

short,  triangular;  claws  pectinate;    a  dorsal  sucking-disc  is  present; 
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length  I'o'o  cm.      For  this  species  the  name  macrothrix  pauper  is  jpro 

visionally  offered.     (Plate  VIII,  fig.  I.) 

(Fig.  6.) 

MACROTHRIX  TEKUICORJ^IS,  Kurz. 

(Fig.  6.) 

The  description  given  by  Kurz  is  very  full  and  agrees  very  well.  The 

peculiar  arrangement  of  the  movable  spines  at  the  margin  of  the 

valves  is  characteristic.  I  have  observed  that  this  species  forms  an 

ephJppiuni.  Miiller  says  destinctly  of  the  series  of  genera  including 

Macrothrix,  Drepanothrix,  Lafhonura,  Bosniina,  Acantholebris  and 

IliocryptuSy  "  Testae  abjecfce  corporis,  nullo  ephippio,  ova  hiherna 

ohtegunt.'' 
Bosmina  is  little  related  to  the  Lipicodaphnidce  and,  however  it  may 

be  with  regard  to  other  species,  in  M,  tenuicornis  an  evident  ephippium 

is  formed  in  much  the  same  way  as  in  Ceriodaphnia.  In  Daphnia  this 

egg-cover  is  produced  by  an  alteration  of  part  of  the  inner  layer  of 
the  shell  which  becomes  turgid  and  secretes  a  thick  coating.  The 

ephippium  simply  extends  over  the  brood-cavity,  being  marked  off 
from  the  rest  of  the  shell  by  the  median  suture  of  the  valves.  In 

other  Daphnidce  and  in  Macrothrix  nearly  the  whole  of  the  valves  are 
thus  modified.  The  shell  of  M.  tenuicornis  is  normally  smooth,  but  in 

the  ephippial    female,  that   portion   of  the   inner  layer   of  the  shell 
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bordering  the  egg-cavity  and  a  little  beyond,  is  composed  of  large  and 
very  deep  cells ;  the  space  between  the  outer  and  inner  layers  is  much 

greater  than  in  Daphnia. 

Genus  lathonura. 

Although  no  species  of  this  genus  has  been  found  in  Minnesota,  it 

is  to  be  expected  that  it  will  eventually  be  discovered  that  the 

cosmopolite  L.  rectirostris,  Miill.  occurs  in  our  limits.  It  occurs  in 

Mass,  according  to  Birge.  The  figures  (Plate  VIII,  figs.  11-12) 
were  drawn  from  specimens  found  in  Leipzig,  Saxony,  illustrating  a 

tendency,  especially  common  in  the  Lyncodaphindce,  to  abnormal 

growth  of  the  spinous  appendages — in  this  case  the  anal  setae. 

Genus  iliocryptus. 

A  genus  represented  by  a  single  European  species.  Our  form  may 

differ  somewhat  in  some  respects  from  the  generic  diagnosis,  but 

certainly  belongs  here.  There  are  no  anterior  cceca  (as  indeed  there 

are  probabl}^  not  in  the  European  /.  sordidus  though  so  stated  by 
Miiller,)  and  no  permanent  coecum  or  dilation  of  the  intestine  before 

the  rectum.  The  marginal  spines  are  straight,  long  and  movable  with- 
out branches. 

ILIOCRYPTUS    SPINIFER    Sp.  nOV. 

(Plate  YIIT,  figs.  2-6.) 

Short;  depth  nearly  equaling  length  of  body  excluding  head;  rounded 

behind;  free  edges  of  valves  beset  with  slender  ciliate  spines  which  are 

not  branched;  antennae  exactly  as  those  of  /.  sordidus,  as  is  the  post- 
abdomen,  save  that  the  anus  seems  to  be  situated  higher;  ova  three  or 
more. 

This  species  occurs  in  Silver  lake,  east  of  Minneapolis.  It  swims 

quite  well,  while  of  the  European  species  it  is  said  this  is  not  the  case. 

It  does,  however,  frequently  load  itself  with  filth  so  as  to  be  too  heavy 

to  swim  freely. 
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LYNCODAPHKiA,  Gen.  n. 

(Plate  IX,  figs.  1-3.) 

Form  much  as  is  species  of  Alonella,  etc.,  truncate  behind;  
superior 

antennae  like  Macrothrlx,  attached  movably  to  the  end  of
  a  blunt 

prominence  beneath  the  head;  second  or  swimming  anten
nae  slender; 

four-jointed  ramus  with  three  long  setae  at  the  end  of  term
inal  joint 

where  is  also  a  stout  spine;  joint  following  the  basal  joint 
 also  with  a 

spine  above;  middle  joint  unarmed  (?);  three-jointed  
ramus  as  in  Ma- 

crothrlx; the  basal  segment  armed  with  a  much  elongated  seta;  eye
  rel- 

atively small;  pigment  fleck  present;  intestine  twice-convo
luted,  ex- 

panded in  front  of  colon,  opening  in  the  "heel"  of  the  po
st-abdomen, 

post-abdomen  slender,  sub-triangular,  margined  behind 
 with  a  double 

series  of  spines;  terminal  claws  large,  straightish  an
d  furnished  with 

a  long  and  short  spine  near  the  base,  also  very  minute
ly  feathered  be- 

hind; shell  marked  alone  by  the  so-called  "stuzbalkein;"  
lower  margin 

with  movable  spines. 

Few  more  interesting  forms  have  been  noticed  than
  this,  since  it 

combines  the  characters  which  have  hitherto  been  con
sidered  as  very 

<jlearly  forming  the  boundaries  of  distinct  familie
s. 

Kurz  says,  (Dodekas  neuer  Cladoceren  nebst  einer  ku
rzen  Uebersicht  der 

Cladocerenfauna  Bohmens,  p.  30:)  "Keine  Cladoce
renfamilie  bildet  erne 

so  streng  in  sich  abgegrenztes  natiirliches  ganze, 
 wie  eben  die  Lyn- 

ceiden,"  and  this  even  after  recognizing  the  relationsh
ip  of  Macrothnx 

andLdhonura  to  theLynceids  by  placing  them  in  t
he  sub-family  Lyn- 

oodaphnice.  The  form  for  which  I  propose  the  name
  Lyncodaphma  is 

quite  as  much  like  such  forms  as  Alona-  and  related  Ly
nceids,  as  any 

species  of  the  Lijncodaphnince,  while  at  the  same  ti
me  the  characters  of 

antennae  and  head  are  almost  identical  with  Macrothrl
x.  This  furnishes 

but  another  example  of  the  fact  that  possibility  of
  distinguishing 

families  and  genera  lies  alone  in  the  meagerness  of  our 
 knowledge. 

LYNCODAPHJ^IA  MACROTHROIDES,  Sp.  U. 

Form  sub-rectangular,  greatly  elongated;  length  iVo  cm.,  h
ight 

,1,  cm.  or  less;  first  antennae  long  and  slightly  cu
rved,  bordered  be- 

hind  by  about  ten  spines  and  terminating  in  two  unequ
al  sword-shaped 

spines  and  several  sense-hairs,  about  jH,  cm.  long;  s
wimming  an- 

tennae very  slender  as  in  Macrothrlx,  iSo  cm.  long;  head  not  m
arked 

off  by  a  depression  from  the  body,  small  and  extending  
below  into  a 

blunt  elevation  for  attachment  of  antennae;   labrum  rather  
large;  eye 
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small;  macula  nigra  conspicuous  but  not  large;  anterior  feet  strongly  \ 
armed  with  curved  spines.  The  intestine  anteriorly  is  furnished  with 

cceca,  is  twice  convoluted,  broadened  before  entering  the  rectum  and 

opens  a  little  distance  beyond. the  oval  seta  in  the  heel  of  the  post-ab- 
domen; post-abdomen  rather  slender,  toothed  behind  with  a  double 

series  of  about  twelve  prominences,  becoming  distally  sharp,  strong 
teeth;  terminal  claws  curved  at  the  end  only,  pectinate  and  bearing 

two  unequal  but  large  processes  near  the  base;  eggs  much  like  those 
of  Macrothrix. 

Occurs  in  Lake  Minnetonka,  Hennepin  Co.,  Minnesota,  rare. 

LYNCEID^. 

But  few  of  this  large  family,  furnishing  the  majority  of  the  Clado- 

cera  fauna  of  anj"  locality  and  at  any  time  of  year,  have  been  carefully 
studied  here.      The  following  are  mentioned  as  of  particular  interest: 

SUB-FAMILY  EURYCERCIN^. 

The  single  species  Eurycerciis  lamellatns  which  constitut-es  this  sub- 
family has  been  mentioned  and  figured  in  a  previous  paper.  It  is  quite 

abundant  and  constant. 

Eurycercus  is  connected  with  the  true  Lynceids  by  the  following 

genus  which  has  quite  as  manj^  affinities  with  Euryceixtis  as  any  Lyn- 
ceid.  Schodler  seems  to  be  the  only  writer  who  has  laid  sufficient 

stress  upon  this  similarity,  though  it  may  not  be  best  to  unite  the  two 
forms  as  he  did. 

Genus  Leydigia,  Kurz. 

LEYDIGIA    QUADRANGULARIS,    Leydig. 

(Plate  VIII,  7-8.) 

The  Minnesota  species  is  referred  to  L.  quadrangularis  under  the  be- 
lief that  there  is  no  specific  distinction  between  that  species  and  L. 

acanthoceroides,  Fischer. 

Our  form  does  not  agree  in  every  particular  with  the  very  minute 



STATE   GEOLOGIST.  249 

description  of  Kurz  and  does  agree  very  well  w  th  what  is  said  of  L. 

acanthocercoides.  However,  Kurz  says  of  the  latter  species,  "Diese  Art 
is  von  der  vorangehenden  {L.  acanthocercoides)  im.  weiblichen  Gresch- 

lecht  schwierig  zu  unterscheiden,''  and  immediately  adds  that  the  male 
is  unknown  to  him.  In  P.  E.  Miiller's  time  both  males  were 

unknown.  Miiller  says  of  acanthocercoides,  "ungues  caudales 

inermes,"  oi  quadrangular  is,  "ungues  caudales  dente  minuto."  Kurz  on 
the  other  hand  says  of  the  former,  "der  Basaldorn  ist  kurz,"  of  the 
latter  "die  Endklauen  haben  keinen  Basaldorn." 

Our  species  has  no  spine  on  the  claws,  and  has  a  small  spine  on  an 

eminence  on  the  dorsal  part  of  the  abdomen,  as  well  as  two  ciliated 

prominences  between    it  and  the  oval  setae ;  length  ̂ ^  cm. ;  color  red. 

Silver  Lake,  east  of  Minneapolis. 

CAMPTOCEKCUS   MACROURUS. 

(Plate  X,  fig.  9.) 

This  large  species  occurs  rather  sparingly  at  Lake  Minnetonka.  It 

is  probably  widely  distributed  in  America  as  well  as  Europe.  It  is 

known  in  Cambridge,  Mass.  and  Madison,  Wis.     (Birge). 

GAMPTOCERCUS   ROTUNDUS,    Sp.    nOV. 

(Plate  yill,  figs.  9-10.) 

Short,  quadrangular,  dorsally  nearly  uniformly  arched;  antennae  of 

first  pair  long,  curved  outward,  with  long  terminal  bristles;  abdomen 

long,  nearly  uniform  in  width;  teeth  of  post- abdomen  few,  inconspicu- 
ous; terminal  claw  nearly  straight;  basal  spine  large;  the  claw  also  has 

a  series  of  spines  beginning  a  little  beyond  the  middle  and  shortening 

proximally;  length  ̂   J^  cm.  This  resembles  C.  rectirostris,  Schodler,  a 

little  in  outline  of  body  but  the  head  is  like  C.  macrourus,  except  that 

there  is  a  slight  beak  directed  anteriorly  (not  shown  in  the  figure) ;  the 

post-abdomen  is  much  as  in  C.  macrourus,  but  is  less  heavily  spined. 

In  size  it  is  somewhat  less  than  C.  Ufljehorgii,  and  the  shortest  species 
known  to  me. 

ACROPERUS  sp? 

(Plate  X,  fig.  10.) 

Resembles  Camptocercus  macrourus  greatly.  Are  these  two  genera 

really  distinct? 
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PLEUROXIS    PROCURVUS,  Bil'ge. 

(Plate  X,  fig.  6  ) 

Very   characteristic.     Found   in   Shady   Oak   lake,    and  elsewhere 
abundant. 

PLEUROXIS  UNiDENS,  Birge. 

A  species  which  agrees  best  with  this  is  quite  abundant.  It  is,  how- 
ever, always  of  a  deep  brownish  color,  and  the  beak  is  long  and  curved 

inward;  it  nia}^  be  distinct. 

A  third  form  of  Fleuroxis,  probably  P.  denticidatus,  Birge,  is  abund- 
ant also. 

GRAPTOLEBRIS   INERMIS,  Birge. 

(Plate  X,  figs.  8,  11-12.) 

Resembles  Alona  festiKJinarla  very  closely;  the  antenna?  are  peculiar; 

each  joint  has  a  median  circlet  of  fine  bristles;  the  upper  ramus  is  ter- 

minated by  two  long  setae,  one  shorter  seta  and  a  stout  spine;  the  joint 

preceding  the  terminal  one  has  a  stout  seta.  The  description  given 

by  Birge  is  otherwise  complete.     Lake  Minnetonka. 

CREPIDOCERCUS   SETIGER,  Bil'ge. 

This  is  exceedingly  rare,  and  by  reason  of  its  small  size,  difficult  to 

distinguish.      It  has  been  encountered  but  once  in  Minnesota.      This  ' 
species  is  easily  recognized  when  found,  and  though  our  specimens 

differ  a  little  from  the  figure  given  by  Birge,  they  are  doubtless  the 
same. 

ALONA  OBLONG  A,  P   E.  Muller. 

The  specimens  examined  differ  somewhat  from  Miiller's  description. 
The  caudal  claw  is  pectinate;  the  spine  at  its  base  is  large  and  covered  ̂ ] 

with  a  tuft  of  hairs;  the  teeth  of  post-abdomen  are  large,  emarginate    ' 
and   hairy;   otherwise   the   agreement   is   very   close;  length  .07  cm^  , ; 
Found  in  Grass  Lake,  Richfield. 

:i 
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TKIBE   III    OKYCHOPODA. 

POLYPHElVLID^. 
POLYPHEMUS    PEDICULUS. 

(Plate  IX,  figs.  4-6.) 
Bibliography. 
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Polyphemus  oculus,  Miiller,  Zool,  Dan.  Prod,  et  Entomost. 
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Latreille,  Cuv.  Rig.  An. 
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Monoculus  polyphemus,  J urine.  Hist.  Nat.  Monoc. 

Cephaloculus  stagnorum,  Lamarck,  Hist.  An.  Yert. 
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Scalicerus  pediculus,  Koch,  Deutsch.  Crust. 
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I  have  coliected  from  various  sources  what  I  could  of  the  extensive 

bibliography  of  this,  the  sole  species  of  the  genus.  One  of  the  most 

characteristic  and  pleasing  figures  given  is  that  of  Weismann  in  his 

article  on  the  "  Schmuckfarben  der  Daphnoiden,"  though  we  believe 
that  author  in  the  wrong  in  the  deductions  made.  Our  specimens  rarely 

approach  the  brilliancy  of  the  plate,  and  there  seems  to  be  a  more  le- 
gitimate way  of  explaining  these  secondary  colors  than  by  sexual 

selection.  This  species  is  never  abundant,  nor  is  it  very  rare;  found 

in  Lake  Minnetonka,  and  the  larger  lakes  with  their  outlets. 

Ill  On  Notadromas  and  Camharus. 

CYPRIDJE. 

This  group  is  one  of  the  most  difiicult  and  perhaps  least  studied.  A 

number  of  species  some  of  which,  perhaps  most,  are  new,  occur  in  Min- 
nesota, and  among  them  is  a  Ci/pris  which  exceeds  any  described  form 

in  size.     I  only  mention  one  genus  which  is  cosmopolitan. 

NOTADROMAS,  Lilljeborg. 

Carapace  differing  in  male  and  female;  eyes  two;  antennae  similar  to 

those  of  Cypris,  the  superior  having  seven  and  the  inferior  six  joints; 

setae  of  inferior  antennae  reaching  beyond  the  apex  of  the  terminal 

claws;  second  pair  of  jaws  without  a  branched  appendage,  in  the  male 

pediform;  abdominal  rami  rather  long. 

NOTADROMAS   MONACHUS,  Milller. 

Bibliography. 

Cypris  monacha,  Midler,  Latreille,  Bosc,  Demoresf,  Biird,  Edwards, 

Monoculus  monachus,  Gnielin,  Manuel,  Fabricius,  Rees,  Jurine. 

Notodromas  monachus,  Lilljeborg,  De  Crust,  ex  ord.  trib. 

Brady,  British  Ostracoda. 
Females  of  this  widely  distributed  species  were  collected  near  Min. 

neapolis,  presenting  in  as  far  as  could  be  seen  no  material  points  of  dis- 
tinction from  English  types. 
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DECAPODA. 

But  two  species  of  Cambaru.%  C.  virilis.  Hagen,  and  C.  signifer,
 

occur  in  Hennepin  county,  except,  perhaps,  in  the  Mississi
ppi.  The 

following  localities  for  the  former  species  are  known  in 
 the  State: 

Mississippi  river,  Minnehaha  creek,  Bassett's  creek,  
Cedar  lake.  Lake 

Minnetonka,  Lake  Independence,  Lake  Superior. 

It  is  possible  to  recognize  three  age-forms  in  the  males  o
f  this  species. 

A.  The  immature  male  (II  Form,  Hagen).  Reaching  tw
o  to  three 

inches  in  length,  this  stage  has  the  chelae  proportional
ly  smaller,  and 

the  spinous  armature  less  developed:  the  first  abdomina
l  foot  is  simply 

bifid  at  the  end.  i    ip  .     i. 

B  (Form  I  of  Hagen,)  usually  over  two  and  one
-half  inches  long; 

chelse  larger;  branches  of  abdominal  foot  de
stinct;  inner  branch 

grooved  but  lance -linear. 

C  Very  large  (four  inches) ;  inner  branch  of
  abdominal  foot  spatu" 

late'at  end;  the  two  rows  of  tubercles  on  the  inner  mar
gin  of  the 

"  hand  "  with  six  or  seven  in  a  row  instead  of  five. 

Male  of  Form  II,  A  stage,  2i  in.  long.  Chela.  7  in.,  thu
mb   .49  in. 

"       I,  B  stage,  2i  in.  long,      "       1  in.,       ''        .6  in. 

u  a       I^  C  stage,  4    in.  long,      "    i.8  in.,       "      1.1  in. 

"     II,  A  stage,  3    in.  long,      "     1.2  in.,       "     .75  in. 

It  will  be  seen  from  the  above  that  size  does  not 
 govern  the  transi- 

tion from  the  first  to  the  second  form  entirely.  This 
 differs  either  in 

different  localities  or  at  different  seasons  of  the  ye
ar.  A  large  gather- 

ing from  Cedar  lake  showed  no  specimens  of  the 
 form  I,  while  a 

similar  gathering  at  Lake  Independence  contai
ned  but  one  of  the  form 

II  A  male  from  Minnehaha  creek  had  rudimen
ts  of  a  third  tooth  on 

the  carpus  of  the  left  claw,  thus  indicating  
an  approach  to  Hagen's Var  A. . 

CAMBAKUS  SIGXIFER  sp.  nOV. 

(Fig.  T.) 

A  slender,  o-raceful  species  of  raiher  marked  colors
,  belonging  to  the 

section  having  a  hook  on  the  third  pair  of  legs  bu
t  not  on  the  fourth. 

The  rostrum  is  not  carinated  nor  toothed  at  the  a
pex;  acumen  moder- 

ate lateral  borders  curved,  moderately  excavate
d.  Cephalothorax 

arched  and  not  depressed  above,  densely  pun
ctate;  areola  hnear; 

chelae  slender,  straight;  thumb  deeply  excavate
d  on  the  inner  margm 

for  the  proximal  one-third:  opposite  finger  with  a
n  impressed  groove  on 

the  inner  but  not  on  the  outer  margin. 



254 TENTH  ANNUAL  KEPOBT 

Male,  I  Form.  iColor  reddish-(crimson)  browD,  not  obviously  fig- 

ured; tail  lighter;  fin  chestnut,  marked  with  gray;  chelae  bright  crim' 
son  below  there  are  green  markings  on  the  body  and  legs,  and  some 

yellow  below. 

The  hands  are  rather  narrow  and  straight,  while  the  "thumb"  is 
deeply  excavated  for  one -third  its  length,  and  the  notch  thus  formed  is 
armed  with  three  or  four  teeth;  the  finger  opposite  has  a  tooth  half 

way  fi*om  the  apex,  and  others  near  the  base;  the  ange  at  base  of  thumb 
is  densely  hairy.  The  penultimate  and  previous  joint  of  second  foot 

bears  a  very  dense  and  thick  tuft  of  hairs  on  the  inner  margin  Avhich  it 

particularly  noticeable  in  living  specimens.  The  antennae  are  short 

about  as  long  as  the  thorax  when  reflexed. 

The  first  pair  of  abdominal  feet  resemble  those  of  C.  virilis  some- 
what, but  are  stouter  and  less  divided.  They  are  more  strongly  curved 

than  in  C.  propinciuus. 
The  laminae  of  anteunae  are  much  as  in  C.  troglodyles  but  wider  at 

the  base. 

The  second  form  has  the  two  branches  of  the  abdominal  foot  united 

almost  to  the  end.  The  young  males  have  the  chelae  greenish-blue  and 

mottled,  while  the  coloration  of  the  body  is  like  the  females. 

The  females  have  shorter  chelae,  and  broader  abdomen  marked  with 

chestnut  bars  on  each  segment  above. 

A  male  3.3  in.  long  was  still  in  form  II,  while  au other  3.2  in.  long 

was  in  the  form  I.  Found  by  hundreds  in  a  shallow  pool  known  as 

Grass  Lake,  in  Richfield,  Hen.  Co. 

Fig.  7. 
Camharus  signifer. 

a  chela,     h  lamina  of  antenna,     c  rostrum, 

form  II.     e  abdominal  foot  of  form  I. 
d  abdominal  foot  of 



INDEX  OF  GENERA  AND  SPECIES. 

Page. 

Acroperus    249 

sp?    249 

'  Alona  testudinaria    250 

I             oblonga    250 

Anomopoda    237 

Bosmina    243 

cornuta    244 

longirosiris      243 
striata    244 

BOSMINID^   -....  243 

CALANID^iE    221 

Cambarus         253 

virilis    253 

signifer    253 

Camptocercus    249 

macrourus    249 

UUjeborgi    249 
rectirostris    249 

rotundiis    249 

Centrophages    224 

Crepidecercus    250 

setiger    250 
Ctenopoda    235 

CYCLOPID^    225 

Cyclopina    225 

Cyclops    227 

adolescens    231 

ater    228 

brevicornis    228 

coronatus    227 

crassicornis    232 

fluviatilis    231 

gigas    228 

ingens    228 

macrourus    230 

magnice'ps    232 

Pag 

minutus    230 

navus    229 

parous    229 

pauper    232 

pulcTiellus    22  9 

serrulatus    230 

signatus          227 

spinulosus    230 

tennicornis    227 

CYPRID^    252 

Cjpris    252 
monacha    252 

Daphne    235 

erystalUna   '    235 
Daphnella    236 

brachyura    236 

brandtiana    236 

expinosa    236 

winchelU    236 

wingi    236 

Daplinia    237 

denticutaia    238 

pulex    238 

sp?    239 

spicata    239 

pellucida    239 

erystalUna    235 

DAPHNID^    237 

decapoda    253 

Diaphanosoma  brandtianum    236 

Diaptomus    221 

castor      .  221 

westwoodi    221 

giganteus    222 

armatus    223 

EURYCEIICIN^E     ...  248 



11 INDEX  OP    GENERA  AND   SPECIES. 

\ 
Eurycercus    248 

lamellatus    248 

Graptolebris      250 

ivermis    250 

Ichthyophorbia    224 

niocryptus    246 

spinifer    246 
sordidus    246 

Latlionura    246 

rectirosiris    246 

Leydigia    248 
acantTiocercoides    248 

quadrangularis    248 

Lophopliorus    225 

LYNCEID^.....    248 

Lyncodaphnia    247 
macrothroides    247 

LYNCODAPHNID^    244 
Macrotlirix    244 

agilis    244 

pauper    245 
roseus    244 

ienuicornis    245 

Misopliria    225 
Moina    237 

hracMata    237 

Notadromas      252 

monachus    252 
Oithnia    225 

Onychopoda    251 

Pleuroxis      250 

p)'ocurvus    250 
unidens    250 

POLYPHEMID.^    251 

Polj'^phemus    251 
kochii    251 
oculus    251 

pediculus    251 

stagnorum    251 
Potomoichetor    223 

fucosus    224 
Pseudocyclops    225 

Scapholeberis  armata    243 
Sida    235 

crystalUna    235 

elongaia    235 

SIDID^    235 

Simocephalus    237 
vetulus      244 

Thorelha    225 





PLATE  I. 

Diapiomus  castor. 

[1.     Male,  antennae  not  yet  fully  developed,  showing  shell,  gland,  heart,  reproduct« 

•'     ive,  alimentary  and  muscular  systems. 
2.     Female,  antennae  and  appendages  removed  except  fifth  feet. 
3  and  4.     Nauplius  stage. 

5.  Male  foot  of  fifth  pair,  (a)  "  thumb  "  of  larger  branch. 
6.  Female  foot^of  fifth  pair. 

7.  Mouth  parts  etc. 
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PLATE  II. 

1.     End  of  male  antennae. 

Diaptomus  castor. 

2.     End  ot  abdomen, 

Duipioinus  giganteus. 
8.    Antennule. 

Male  fifth  foot. 

Female  fifth  foot. 

Spermatic  tube. 

9. 

10, 

11. 

S,  Caudal  stylet, 

4.  One  pair  of  feet. 

5.  Maxilliped. 
6.  Maxilla. 

7.  Mandible  and  palp. 

Potomoichetor  fucosus. 
12.  Female  fifth  foot. 

13.  Female  abdomen  and  egg-sac, 

14.  Abdomen  of  young. 

15.  First  foot  of  Diaptomus  giganteus,  one  branch  drawn  reverse. 

16.  "  "  castor,  "  ''  " 
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PLATE  m. 

1.  Male. 

2.  Antennule. 

3.  Maxilliped. 

4.  Male  fifth  pair  of  feet. 

9.  Female 

10.  Abdomen. 

11.  Maxilliped, 

Potomoichetor  fucosus. 

5.  Palp  of  mandible. 
6.  End  of  abdomen. 

7.  Feet  of  first  pair. 
8.  Eye, 

Cyclops  ater. 
12.  Antenna. 

13.  Maxilla  of  Potomoichetor  fttcoms. 

14.  Mandible  of  '*  " 



JO^AnnuaZ  Report 

MINNESOTA     CRUSTACEA. 
PJLATE    III. 

G€ol.&Naf'.HistSiu\  Minrv. 







PLATE  IV. 

Cyclops  ingen». 

1.  First  segment  of  abdomen  of  female,  f).  Stylets  ol  mature  female. 

2.  Antenna.  (i.  "        young  mule. 
3.  Fifth  foot.  7.  Maxilliped. 

4.  Antenna  of  young  male.  8.  Mandible. 

9.     Cyclops  crassicornis,  Female. 
10.  Antenna.  13.     Second  antenna. 

11.  Tennin;U  portion  of  abdomen.  14.     Nauplius  form. 
12.  Female  fifth  foot. 
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PLATE  V. 

Cyclops  serrulatus. 

1.  Female.  4.     Antenna  of  very  young. 

2.  Antenna  of  elongated  form.  5,     Stylet  of  elongated  form. 
3.  Stylet  of  ordinary  form. 

6.     Cyclops  navus,  antenna. 
7.  Fupca.  11.     FifiU  foot.    . 

8.  Abdomen  of  young.  12.     Antenna  of  young. 

9.  Abdomen  of  male.  13.  *'  male. 
10      Opening  of  spermatophore.                               ^ 

14      (7.  "  signatus,''  raaxilliped. 
15.  C.  navus,  swimming  foot  of  first  pair. 

16.  "  '*  "         second  pair. 
17.  Maxillipeds. 
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PLATE  VL 

1. Female. 
2. Mandible 
3. Maxillse. 
4. 

Stylet. 

8. Abdomen. 

9. Antenna. 

12. Abdomen. 

i:;. Antenna 

1  . Fifth  foot. 

15. Opening  of  spermatopli ore 
16 Abdomen. 
17. Foot. 

IS. Female  antenna. 

Cyclops  ienuicornis. 

5.     Fifth  foot, 

(i.     Maxillipeds. 

7.     Antennule. 

C.  '*  signaius.'" 10.  Fifth  foot. 

11.  Male  antenna. 

Cyclops  parens. 

Cyclops  adolescens. 
19.  Eye. 

20.  i\I(ile  antenna 

21.     End  of  antenna  of  a  form  of  C  "  signatus.'^ 
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PLATE  VII. 

1-9.     Cyclops  fiuvialitis. 
3.     Antenna  of  young.       4,     Abdomen  of  young.         10.    Young  of  0.  serrulatus. 

11.  Daplinella  brachyura,  female.  14.     End  qf  male  abdomen. 
12.  "  "  male.  15.     End  of  female  abdomen. 
13.  Part  of  edge  of  valves.  16.    Antenna  of  male. 

li 
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PLATE  VIII. 

1,        Macrotlirix  pauper ^  9-10.  Camptocercus  rotundus. 

2-6.     Iliocryjttus  spinifer .  11-12.  Latlionura  reciirostris. 

7-8.     Leydigia  quadrangular  is 
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PLATE  IX. 

1-3.     Lyncodaphnia  macrothroides.  4-6.     Polyphemus  pedicul us 
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PLATE  X. 

1. 

2. 
3-5. 
6-7. 

Bosmina  striata. 

"        longirosiris. 
"        cornuta. 

Pleuroxis  procurvatus. 

8.         Oraptolehris  inermis 
10,        Acroperus  sp? 

11-12.  Graptolebris  inermis. 
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PLATE  XI 

1.  limnetcssp'i  male. 
2.  First  foot  of  male. 

3.  Antenna. 

4.  Mandible. 

5.  Maxilla. 

6.  Mandibler  teeth. 

7.  Caudal  appendages  of  female. 

8.  Head,  labrum  etc.,  of  female. 

9.  Antenna  (2d)  of  female. 
10.  Foot  of  female. 

11.  Exterior  of  whole  animal  from  in  front. 

12.  Modified  (sexually)  foot  of  female. 

13.  End  of  process  of  same. 

14.  Magnified  spines  of  lateral  limbs  of  same. 
15.  Daphni  sp.  ? 

16.  Daphni  sp.  ? 
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{^From  the  American  Naturalist,  October,  1882.) 

ZOOLOGY. 

Habits  of  Fresh- water  Crustacea. — No  one  branch  of  bio- 

logical study  is  now  bringing  forth  more  interesting  and  every- 
way useful  results  than  embryology.  Throwing  light  as  it  does, 

not  only  on  questions  of  classification  and  theoretical  biology, 
but  also  on  the  application  of  such  theories  to  practical  life, 
this  new  science  may  be  termed  at  once  the  root  and  most 

typical  fruit  of  a  revolutionized  biology.  No  other  science  fur- 
nishes a  better  illustration  of  the  value  of  minute,  accurate  study 

of  the  most  common  and  apparently  insignificant  facts.  Sets  of 
isolated  facts  evolved  by  conscientious  study  of  different  men 
spring  suddenly  into  line  when  once  the  clue  is  found,  and  the 
result  may  be  a  new  law  which  renders  all  these  facts  eloquent. 

To  the  systematist  the  merely  external  study  of  life  histories  is 
of  greatest  value  as  a  check  against  redundancy  in  classification, 
and  furnishes  the  only  reliable  method,  among  lower  forms  at 
least,  of  setting  the  bounds  of  species. 

Many  eminent  monographers  have  been  obliged  to  considera- 
bly augment  the  nomenclature  of  their  specialty  with  names 

which,  later,  have  proved  to  apply  simply  to  larval  or  immature 
forms,  on  account  of  the  impossibility  of  following  the  whole  life 
history  of  each  individual. 

To  confine  ourselves  to  the  class  Crustacea,  many  instances  of 
this  sort  could  be  recounted.  The  best  known  is  perhaps  that  of 
the  common  Cyclops  which  in  the  earlier  days  of  carcinology 
enjoyed  as  many  as  three  names  between  its  exclusion  from  the 
e:gg  and  maturity.  The  discovery  of  the  earlier  stages  in  the  life 
of  Cyclops  opened  a  new  vista  in  the  whole  subject,  and  now  we 

recognize  a  **  Nauplius  stage  "  in  the  life-history  of  nearly  every crustacean. 

It  has  been  more  recently  discovered  that  similar  opportunities 

for  error  are  afforded  by  the  difficulty  of  distinguishing  the  ulti- 

mate stage  in  an  animal's  life.  It  has  been  shown  that  the  func- 
tions of  reproduction  are  anomalous  in  the  lower  animals.    Espe- 

VaSfm 
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cially  is  this  true  in  Crustacea,  in  so  much  that  their  condition 
affords  no  sufficient  evidence  that  the  sexually  mature  animal  is 
in  its  historically  perfect  form.  The  enthusiasm  elicited  by  the 
discovery  that  certain  amphibians,  under  some  circumstances, 
reproduce  during  a  larval  stage,  was  almost  unparalleled,  but  I 
believe  it  demonstrable  that,  not  only  species,  but  families  of 

lower  Crustacea  are  normally  sexually  mature  in  a  stage  preced- 
ing" actual  maturity. 

VVe  most  naturally  turn  to  the  order  Branchiopoda  for  a  test, 
since  the  most  remarkable  cases  on  record  ot  heterogeneous  repro- 

duction have  recently  been  read  in  their  history.  We  need  only 

mention  the  parthenogenetic  summer  brood  of  Daphnia,^  and  the 
case  of  heterogenesis  discovered  by  G.  O.  Sars  in  Leptodora,^  in 
which  Sars  concludes  that  L.  Jiyalina  has  both  *'  dimorphous  de- 

velopment and  alternation  of  generations."  Nor  are  we  disap- 
pointed in  looking  among  the  Cladocera  for  examples  of  hetero- 

genesis. During  the  winter  semester  of  1881-82,  at  Leipzig 
University,  we*had  the  opportunity  of  studying  the  development  of 
DapJinia  magna  [^scJiaffcri)^  and  among  other  interesting  facts 
the  following  were  elicited  : 

The  development  proceeds  in  very  much  the  way  described  for 

Moina  by  Grobben.^  The  secondary  or  swimming  antennae  have 
an  evident  palpus  in  the  nauplius  stage,  however,  which  makes 

the  parallel  coniplete  between  Copepod  and  Branchipod  Crusta- 
cea. The  heart  and  circulatory  system  apparently  is  formed  dif- 

ferently from  the  method  given  by  Grobben.  I  may  be  permitted 
to  say  in  this  connection,  that  the  circulatory  system  is  much 
more  complicated  than  hitherto  described,  and  seems  to  originate 
about  a  mass  of  deutoplasm  which  surrounds  the  intestinal  canal 

in  the  embryo,  and  which  is  a  remainder  of  the  food-yolk, 

"  Nd/i7^uiigsdottcr"  of  the  egg.  The  embryo,  in  a  comparatively 
early  age,  begins  to  differentiate  the  walls  of  the  valves,  which 
first  appear  as  a  fold  over  the  maxillary  region  near  the  position 
occupied  by  the  heart,  and  extends  gradually  backwards  in  a 
thick  fold  of  turgid  cells  between  which  fluid  flows.  Quite 
remarkable  is  it  that  from  the  dorsal  region  a  process  extends, 
growing  much  more  rapidly  than  the  lateral  portion  till  it 
reaches  the  membrane  of  the  Qgg,  when  it  curves  downward 
and  forwards  till  it  reaches  a  position  nearly  half  way  from  the 
extremity  of  the  abdomen  to  the  maxillae.  The  method  of 

growth  of  this  tail-like  appendage  of  the  shell  is  obscure,  but 
it  seems  to  stand  in  close  relation  to  the  formation .  of  the  brood- 

\  vSee  J.  Lubbock  ;  Phil.  Trans.,  Vol.  147,  p.  98. 
Cfr.  R.  Leuckarl :  Archiv.  f.  Nature;.,  xxxi,  and 
V.  Siebold:  Wahre  Parthenogenesis  bei  Schmetterlingen  und  Bienen. 

^  G.  O.  Sars :  Om  en  dimorph  Udvikling  samt  Generations  vexel  hos  Leptodora, 

^  Die.  Entwicklungeschichte  der  Moina  reciii'ostris,  von  Dr.  Carl  Grobben.  Vienna, 1879- 
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cavity,  and  is  the  result  of  a  secondary  folding  of  the  common 
shell  envelop.  At  the  close  of  the  development  in  the  egg,  this 

"  tail "  lies  between  the  valves  of  the  shell,  curved  beneath  like 
the  tail  of  a  frightened  dog,  although  the  frequent  motions  of  the 
post-abdomen  are  not  a  little  hindered  thereby. 

On  its  escape  from  the  ̂ %'gy  the  animal  swims  freely,  and  soon 
kicks  this  pliant  appendage  backward  and  upward  till  it  assumes 
a  direction  parallel  to  the  long  axis  of  the  body,  and  then  very 
soon  its  unequal  growth  causes  this  tail  to  be  somewhat  elevated. 
The  appendage  probably  serves  as  a  support  for  the  cast  off  skin 
in  the  molt,  so  that  it  cannot  fall  down  upon  the  post-abdomen 
and  then  be  broken  off  before  that  portion  of  the  shell  forming 
the  inner  covering  of  the  brood  cavity  can  be  successfully  molted 

— a  danger  especially  incident  to  long  forms  with  narrow  brood 
cavities,  and  to  young  animals  in  which  the  shell  is  tender.  (It 
may  be  for  this  reason  that  males,  in  which  the  part  correspond- 

ing to  the  brood  cavity  is  very  narrow,  and  young  females,  have 
this  spine,  while  adult  females  do  not,  for,  as  is  well  known,  the 
males  of  all  this  section  of  the  genus  are  spined  through  life.) 
Successive  moltings  increase  the  size  of  the  animal,  but  the  spine 
remains  and  increases  correspondingly,  giving  the  animal  a  very 
different  appearance  from  the  parent,  which  was  not  only  of  an 
entirely  different  form  but  totally  without  the  spine. 

Finally  the  young  female  produces  eggs  parthenogenetically, 
and  is,  therefore,  according  to  our  customary  notions,  an  adult. 

We  have  here,  therefore,  a  case  of  heterogenesis.  Under  circum- 
stances where  food  is  not  sufficiently  abundant,  it  seems  certain 

that  the  above-mentioned  state  is  the  final  one,  and  that  the  ani- 
mal does  not  reach  that  condition  which  we  name  DapJinia  magna^ 

but  remains  in  a  stage  which  has  received  a  different  specific 
name. 

The  same  process  has  since  been  observed  in  the  case  oi  DapJi- 
nia pulex,  in  Minnesota.  Some  of  the  so-called  varieties  are  but  age- 

forms.  There  is  in  each  species  what  may  be  called  d.  post-imago 
form,  which  is  only  assumed  under  favoring  conditions.  With- 

out going  into  the  synonymy  of  this  genus,  which  will  bear  a 
revision  in  view  of  this  and  similar  facts,  we  may  safely  say  that 
in  the  Daphnidae  we  find  heterogenesis  almost  a  rule,  at  least  in 

the  genus  Daphnia.^  We  may  add  that  every  possible  provision 
for  the  reproduction  of  these  animals  seems  to  be  provided, 

(i)  They  are  very  prolific  ;  (2)  reproduce  both  sexually  and  par- 
thenogenetically ;  (3)  resist  great  extremes  of  temperature  ;  (4) 

accommodate  themselves  to  great  alterations  in  the  purity  of  the 
water  ;  (5)  the  winter  eggs  are  provided  with  a  horny  covering 
ox  0hippiuin,  which  permits  them  to  be  dried  in  a  mass  of  mud 
or  frozen  in  a  cake  of  ice  without  destroying   their  vitality  ;  (6) 

^  See  Birgr,  Notes  on  Cladoc^rn,  Madison,  Plate  11,  Fig.  6. 
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during  mild  winters  both  summer  and  winter  ̂ ^%?>  are  produced, 
and  the  successive  broods  of  young  after  producing  agamic 
young,  throw  off  an  ephippium  so  that  the  pool  is  filled  with  eggs 
which  are  calculated  to  stand  any  vicissitude.  Thus  it  happens 
that  after  a  pond  has  been  dried  for  a  long  time  the  first  warm 
shower  quickens  in  it  swarming  life.  The  above  facts  are  more 
significant  when  we  remember  that  the  Cladocera  are  above  all 
others  among  Crustacea,  the  most  useful  as  purifying  agencies. 
The  greater  number  subsist  entirely  upon  vegetable  matter,  and 
the  only  means  they  have  of  collecting  it  is  by  causing  a  current 
of  water  containing  such  minute  particles  as  may  exist  in  it  to 
pass  between  the  rotating  jaws,  though,  perhaps,  in  some  cases  the 
labrum  is  sufficiently  prehensile  to  grasp  somewhat  larger  food. 
Certain  it  is,  however,  that  these  same  minute  animals  form  an 
indispensable  agent  in  the  economy  of  nature,  purifying  all  our 
stagnant  pools  of  the  decaying  vegetation  floating  therein.  One 
who  had  given  no  attention  to  the  number  of  these  creatures 
would  undoubtedly  be  surprised  on  carefully  examining  a  given 
quantity  of  water  from  the  nearest  lake.  Here  are  some  figures. 

In  a  quart  of  water  taken  by  dipping  from  a  lake  near  Minne- 
apolis, the  following  were  counted : 

Ceriodaphnia   1400 
Daphnia      9 
Simocephalus    56 
Cypris          50 
Cyclops    28 
Amphipods   (chiefly  young)    120 
Infusoria    35 
Mollusks    22 

Diptera  (larvae)    100 
Hemiptera   ,    9 

etc.,  all  visible  to  the  unassisted  eye. — C.  L,  Herrick. 
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(^From  the  American  Naturalist^  December^  1882.) 

ZOOLOGY. 

A  NEW  GENUS  AND  SPECIES  OF  THE  CRUSTACEAN    FAMILY    LyNCO- 

DAPHNiNiE.^ — Lyncodaphnia,  gen.  n.  (Plate  xvi,  Fig,  1-4).  Form 
much  as  in  species  of  Alonella,  etc.,  truncate  behind  ;  superior 
antennas  Hke  Macrothrix,  attached  movably  to  the  end  of  a  blunt 
prominence  beneath  the  head ;  second  or  swimming  antennae 
slender,  four-jointed  ramus  with  three  long  setae  and  a  stout  thorn 
at  the  end  of  distal  segment,  the  joint  following  the  short  basal  one 
with  a  thorn  above,  the  following  joint  unarmed  (!);  three-jointed 
ramus  as  in  Macrothrix,  the  basal  segment  armed  with  a  much 
elongated  seta  ;  eye  relatively  small,  pigment  fleck  {macula  nigra) 
present ;  intestine  twice  convoluted,  expanded  in  front  of  the  rec- 

tum, opening  in  the  "  heel "  of  the  post-abdomen;  post-abdomen 
slender,  sub-triangular,  margined  behind  with  a  double  series  of 
spines ;  terminal  claws  large,  and  furnished  with  a  long  and  short 
spine  near  the  base ;  shell  margined  below  by  stout  movable  spines. 

Few  more  interesting  forms  than  the  one  forming  the  type  of 
this  very  peculiar  genus  have  been  found,  since  it  combines  in  a 
curious  manner  those  characteristics  hitherto  regarded  as  distinc- 

tive of  the  families  Daphnidae  and  Lynceidae.  Kurz  says  '}  *'Keine 
cladocerenfamilie  bildet  eine  so  streng  in  sich  abgegrenztes  natiir- 

liches  Ganze,  wie  eben  die  Lynceiden,"  and  this  after  recognizing 
the  relationship  of  Macrothrix  and  Lathonura  to  the  Lynceids, 

by  placing  them  in  the  sub-family  Lyncodaphninae.  The  form 
above  referred  to,  however,  has  quite  as  close  affinity  to  the  Lyn- 

ceidae as  to  Macrothrix,  though  it  resembles  the  latter  rather 
more  on  a  superficial  examination,  indeed  if  one  were  to  divide 

the  animal  back  of  the  heart  and  examine  the  two  portions  inde- 
pendently, it  would  be  impossible  to  avoid  referring  the  head  to 

Macrothrix  and  the  body  to  some  Lynceid  genus.  Thus  is  fur- 
nished another  of  those  curious  intermediate  forms  which  remind 

us  that  the  possibility  of  distinguishing  families  and  genera,  lies 
alone  in  the  meagerness  of  our  knowledge. 

There  can  be  no  doubt  that  this  genus  should  stand  next  to 

Macrothrix,  but  it  will  be  necessary  to  modify  a  little  the  diagno- 
sis of  the  Lyncodaphnidae  to  receive  it,  and  it  then  appears  that 

it  cannot  longer  remain  a  sub-family  of  the  Daphnidae,  hence  I 
have  proposed  to  give  it  equal  rank  with  that  body  and  the  Lyn- 

ceids as  an  independent  family,  Lyncodaphninae,  including  the 
genera  Macrothrix,  Lyncodaphnia,  Drepanothrix,  Lathonura 

(=  Pasithea),  Ilyocryptus.  As  thus  limited  a  very  natural  group 
is  formed,  in  size  and  isolation  corresponding  well  with  the  other 
related  families. 

^Series  secunda generum  (Daphnidre),  P.  E.  Miiller,  Danmaik's  Cladocera,  p.  134; 
sub-family  Lyncodaphnincc,  Kurz.     Dodekas  neuer  Cladoceren,  p.  24. 

■■^Kurz.  Dodekas  neuer  Cladoceren  nebst  einem  kurzcn  Ubersicht  der  Cladoceren 
fauna  Bohmens,  p.  30. 

IRLSOII 
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Lyncodaphnia  macrothroides,  sp.  n.  —  Form  sub-rectangular, 

greatly  elongated  ;  length  iJ^*^"^ ;  height  100*^"^  or  less  ;  first  antennae 
long  and  slightly  curved,  bordered  behind  by  about  ten  spines, 
and  terminating  in  two  or  three  sword-shaped  unequal  spines  and 

several  sense-hairs,  about  iS)^"^  loiig  \  swimming  antennae  very 
slender,  as  in  Macrothrix,  1^^^"  long  ;  head  not  marked  off  by  a 
depression  from  the  body,  small  and  extending  below  into  a  blunt 
elevation  for  attachment  of  antennae  ;  labrum  rather  large ;  eye 
small ;  macula  nigra  conspicuous  but  not  large ;  anterior  feet 

strongly  armed  with  curved  spines ;  intestine  anteriorly  is  fur- 
nished with  coeca,  is  twice  convoluted,  broadened  before  entering 

the  rectum,  and  opens  some  distance  beyond  the  anal  setae  in  the 

heel  of  the  post-abdomen  ;  post-abdomen  rather  slender,  toothed 
behind  with  a  double  series  of  about  twelve  prominences,  ciliated 

near  the  anus  but  distally  becoming  strong,  sharp  teeth ;  ter- 
minal claws  large,  curved  only  at  the  end,  pectinate  and  bearing 

near  the  base  a  small  and  large  tooth  ;  eggs  much  like  those  of 
Macrothrix.     Male  not  seen. 

Occurs   in   Lake   Minnetonka,   Hennepin  county,   Minnesota  ; 
rare. —  C.  L.  Herrick. 

ruBLisnED  December   12,    18.S2. 
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(_From  the  American  Naturalist^  February,  1883.) 

A  Blind  Copepod  of  the  Family  Harpacticid^. — The  interest 
now  centering  upon  these  animals,  which  through  peculiarities  in 
their  habitat  have  disperfsed  with  important  organs,  may  warrant 
the  mention  of  a  case  of  the  disappearance  of  the  eyes  in  an  order 
of  Crustacea  in  which  it  has  not  been  hitherto  noticed  so  far  as  I 
know. 

While  collecting  marine  Copepoda  in  the  Gulf  of  Mexico  a 
gathering  was  taken  from  a  very  slightly  saline  marsh,  a  ditch 
passing  through  the  marsh  affording  the  only  water  of  sufficient 
depth  in  which  to  use  the  net.  This  ditch  is  about  eighteen  inches 
in  breadth,  but  of  moderate  depth,  and  extends  continuously  for 
some  distance ;  it  is  so  shaded  by  high  salt  sedge  grass  as  not  to 
be  found  save  by  accident.  The  gathering  here  secured  proved 

to  contain  a  new  species  of  the  sub-family  Longipediinae  and 
closely  allied  to  the  genus  Bradya  established  by  Boeck  in  1872 
for  a  marine  Copepod  dredged  in  rather  deep  waters  about  North 
Europe. 

The  American  species,  which  has  been  named  Bradya  liniicola 
in  allusion  to  its  muddy  habitat,  was  found  to  lack  in  both  sexes 

the  pigmented  eyes  which  in  other  Harpacticidse  are  so  con- 
spicuous in  the  center  of  the  forehead  or  on  either  side.  It  is  to 

be  regretted  that  lack  of  opportunity  to  repeatedly  collect  this 
interesting  species,  and  to  endeavor  to  ascertain  if  truly  pelagic 
species  also  inhabit  our  waters,  robs  this  discovery  of  much  of  its 
interest. —  C.  L.  Herrick. 
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{^From  the  American  Naturalist ^  February,  i88j. ) 

Heterogenesis  in  the  Copepod  Crustacea. — In  a  former  paper 
we  have  considered  examples  of  heterogenesis  furnished  by  the 
Cladocera.  Let  us  now  turn  our  attention  to  the  copepods,  the 
Cyclopoiclea^  with  the  view  to  discover  if  similar  conditions  exist 
here  also. 

The  standard  books  upon  the  non-parasitic  forms  of  the  Cope- 
poda  by  Claus^  and  Brady^  enumerate  many  species,  but  do  not 
agree  entirely  in  synonymy,  nor  does  it  seem  probable  that,  Claus, 
who  alone  has  done  most  of  the  anatomical  and  embryological 

work  in  this  section,  has  followed  the  life-history  of  anything  like 
a  large  proportion  of  the  species  named. 

It  has  been  long  known  that  the  marine  forms  of  Copepoda  have 
a  very  extended  geographical  range,  many  of  them  seeming  to 

complete  the  circuit  of  the  earth's  longitude  and  to  extend  over 
several  zones  of  its  latitude^.  Similar  and  often  identical  forms 
occur  in  the  Mediterranean  and  North  seas,  over  all  Europe  and 
the  British  Isles.  Certain  genera,  as  Calanus  and  Chetochilus, 
seem  to  extend  through  all  degrees  of  latitude  from  the  equator  to 
the  most  northern  seas. 

A  confirmation  of  these  facts  may  be  sought  in  the  works  of 

^  C.  Clans  :  Die  Frei  Lebenden  Copepoden.     T>eipsig,  1863. 
2  G.  S.  Brady  :  Copepoda  of  British  islands,  Roy.  Sec.  1878-9. 
"*  Claus  ;  Op.  cil.,  pp.  83-86. 
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Claus,  Dana,  Leydig,  Jurine,  Baird,  Fischer,  Miiller,  Lubbock, 
Boeck,  Brady,  Heller,  Lilljeborg,  Sars,  Uljanin,  etc.  As  yet,  how- 

ever, it  is  too  soon  to  say  how  far  this  similarity  may  extend. 
Confining  ourselves,  for  the  present,  to  fresh-water  forms,  a  recent 

opportunity  for  comparison  of  American  with  European  Copepoda 
has  confirmed  our  impression  that  a  large  number  of  species  will 
be  found  identical^  It  seems,  indeed,  somewhat  astonishing  at  first 
to  discover  that  the  isolated  pools  of  the  Central  United  States  con- 

tain species  identical  in  every  particular  with  those  of  England, 

Scandinavia  or  Germany,  but  such  is '  certainly  the  case.  In  fact 
the  populous  genus  Cyclops  has  few  new  species  in  America  rela- 

tive to  the  number  identical  with  transatlantic  forms. 

A  Diaptomus,  believed  to  be  identical  with  D.  castor  in  typical 
as  well  as  several  varietal  forms,  occurs  throughout  Minnesota  from 
the  shores  of  Lake  Superior  to  near  its  southern  boundary  and  in 
Illinois.  Another  species  believed  to  be  nearly  allied  to  a  Scandi- 

navian species  is  known  from  Minnesota,  Wisconsin  and  the  neigh- 
borhood of  East  St.  Louis,  Illinois.  Cylops  serrulatus  Cls.,  with 

similar  variations  to  those  noticed  by  Claus  (Op.  cit,  p.  85)  and 
Brady  (Op.  cit,  vol.  i,  plate  22)  occurs  as  our  most  abundant 
species. 

It  may  be  observed  that  Brady's  work  is  so  strictly  systematic 
that  his  figures  are  frequently  little  more  than  schematic,  and  lack 
the  life-like  character  of  those  in  the  earlier  work  of  Claus.  It 

would  seem  that  some  of  the  species  of  Cyclops  described  by  Dana^ 
are  identical  with  the  above,  although  details  are  wanting  to  identify 
positively.  Without  delaying  to  discuss  the  question  opened  as  to 
whether  these  widely  separated  forms  have  all  diverged  from  a 
primitive  geographical  center  or  have  arisen  independently  from 
original  marine  prototypes,  as  suggested  to  the  writer  by  Professor 
Leuckart,  we  may  remark  that  the  former  theory  is  rendered  pos- 

sible by  the  fact  that  the  feathers  of  water- fowl  often  form  a  vehicle 
for  the  transportation  of  even  larger  Crustacea. 
Amphipods,  for  example,  are  transported  hundreds  of  miles  under 

the  feathers  of  geese.  While  it  is  unlikely  that  these  larger  crus- 
taceans or  their  eggs  would  survive  a  long  aerial  journey,  it  is 

quite  certain  that  the  eggs  of  Cyclops  would  pass  many  hours  or 
even  days  without  being  destroyed.  On  the  other  hand,  it  seems 
that  some  entomostraca  are  in  a  nascent  condition  which  permits 

a  slight  change  in  the  environment  to  induce  remarkable  altera- 
tions in  structure  which  are  uniform  wherever  this  change  is 

effected^  and  if  this  be  not  now  the  case  with  all,  it  may  have  been 
so  at  one  time  with  the  prototypes  of  our  fresh-water  copepods. 

To  return  to  the  question  of  heterogenesis.     Selecting  the  larger 

^  Herrick  :  Copepoda  of  Minnesota.     Rep.  Geo].  Surv.  Minn.     1881. 

^  J.  D.  Dana;  Wilke's  Exploring  Exp.     Crustacea. 

^Siebold  and  KoUiker,  Zeilschrift.      1872,  p.  293.     Packard;   synopsis  of  Phyllo- 
pod  crust.  N.  A.      U.  S.  Geol.  and  Geog.  Surv,  of  Col.  1873.     ?•  ̂ H*  t;tc. 
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species  of  Cyclops,  say  C.  signatus  (=  C.  coronatiis  Cls.),  we  find 
a  form  not  at  all  rare  but  less  abundant  than  C.  tenuicornis  with 

which  it  seems  to  be  constantly  associated.  In  our  investigations 
we  found  Signatus  almost  constantly  larger,  in  the  same  gathering, 
than  Tenuicornis.  The  only  distinction,  among  those  given  by 
either  Claus  or  Brady,  which  is  constant  is  the  following:  in  Sig- 

natus the  last  joint  of  the  antennae  has  a  longitudinal  ridge  shaped 

like  a  pruning  knife-blade  extending  beyond  the  end  in  a  hook 
with  the  proximal  two-thirds  of  its  length  strongly  toothed.  (The 
only  other  species  which  has  teeth  on  the  first  joint  is  a  species 

allied  to  C.  parens  Her.  found  in  Alabama,  but  this  has  no  knife- 
like ridge.)  The  two  species  agree  in  having  the  ridge  which  ex- 

tend^ nearly  to  the  base  of  the  antenna ;  they  both  have  certain 
series  of  spines  arranged  upon  definite  parts  of  the  antennae ;  both 
have  the  circular  series  of  spines  on  the  basal  joint  of  the  fifth  foot ; 

in  short  there  is  a  complete  agreement  even  to  the  microscopic  de- 
tails— aside  from  the  teeth  above  mentioned. 

Nevertheless  it  is  possible  to  pick  out  Signatus  from  a  glass  of 
the  other  form  by  its  larger  size  and  different  color  as  well  as  to 
detect  a  different  relation  in  proportional  length  of  the  caudal  setae, 
etc.  Close  examination  fails  to  discover  an  earlier  stage  of  Signatus 
while  Tenuicornis  is  constantly  accompanied  by  males  and  smaller 

forms  as  well  as  the  larval  stages.  The  curious  fact  is  demonstra- 
ble that  these  species  of  the  section  of  Cyclops  with  i /-jointed 

antennae  become  sexually  mature  long  before  they  are  perfect 
in  form.  In  this  species  it  is  no  uncommon  thing  to  see  females 
of  less  than  half  the  size  of  the  adult  with  ova  sacs.  Indeed  it  is 

common  to  meet  larvae  in  which  the  antennae  are  as  yet  composed 

of  but  few  joints  in  a  similar  condition.  This  fact  alters  our  con- 
ception of  a  species  considerably,  inasmuch  as  it  has  been  thought 

sufficient  to  prove  the  maturity  of  a  specimen  to  find  the  ̂ ^^  sacs 
developed.  A  glance  at  the  literature  of  this  family  will  suggest 
that  in  more  than  one  case  a  species  has  been  founded  upon  a 
larva  which  was  simply  prematurely  gravid. 

In  Cvlops  seriillatiis  the  same  fact  is  more  easily  observed,  as 
the  species  is  so  easily  recognized  as  to  be  unmistakably  at  an 
early  stage.  The  van  Montanus  Brady,  is  not  at  all  a  variety  due 
to  station  as  suggested  by  him  but,  if  our  observations  are  correct, 
is  the  last  form,  in  exceptional  cases  of  the  common  species.  It  is 
but  a  step  further  to  show  that  as  C  timiicornis  is  a  more  advanced 
stage  of  the  small  Cyclops  forms  with  larval  characters,  so  C. 
signatus  \^  but  a  post-imago  of  the  former.  In  truth  not  only  in 
this  species  but  in  all  others  which  we  have  had  opportunity  to 
examine,  there  appear  at  favorable  opportunities  unusually  large 
and  somewhat  altered  forms.  These  large,  or  post-imago  stages 
appear  to  be  dependent  upon  abundance  of  food  and  a  shallow, 
warm   habitat. 

The  species  considered   identical  with  Dioptomns  castor  is  abun- 
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dant  and  varies  in  size  and  particularly  in  color.  So  marked  are 
these  differences  that  it  would  be  difficult  to  believe  at  first  sight 
that  they  are  not  indications  of  specific  distinction  but  these  changes 
are  dependent  upon  food,  light  and  other  similar  circumstances. 
The  typical  form  is  found  oftenest  in  rather  large  pools  with  no 
outlet,  but  which  do  not  actually  dry  up  in  summer.  In  length 

the  female  is  often  i^^™'  sometimes  less  and  not  seldom  more.  In 
the  smaller  females  the  eggs  are  observed  to  be  usually  fewer,  but 

of  the  same  size  iJoo*™*  to  ̂ ^-  Recently,  however  in  a  small  and 
very  shallow  marsh  which  is  frequently  entirely  dry,  but  which  lies 

near  a  less  shallow  pool  swarming  with  the  common  Diapto- 
mus  (both  being  half  a  mile  distant  from  any  other  water)  we  found 
a  new  species  of  dimensions  considerably  exceeding  those  given 

by  Brady  for  var.  Westwoodii-^.  Closer  examination  showed  that 
the  size  and  color  were  the  only  marked  differences,  antennae  and 
first  pair  of  feet  being  identical,  while  the  fifth  pair  of  feet  were  but 
little  different  and  these  differences  were  seemingly  but  the  inten- 

sifying of  the  characters  of  the  smaller  species  to  form  the  larger. 
Here  there  were  two  pools,  which  within  our  personal  recollection 
formed  but  a  single  body  of  water  and  were  now  separated  but  by 
a  dozen  steps,  only  differing  as  to  depth  and  muddiness,  in  the  one 
of  which  flourished  all  stages  of  the  ordinary  form,  while  in  the  lat- 

ter the  one  enlarged  form  alone  existed.  The  conclusion  is  almost 
forced  upon  us  that  the  second  pool  needed  only  similar  conditions 
to  bring  forth  this  final  stage  of  twice  the  usual  size  (but  with  eggs 

but  little  larger — iJlo*'"^')-  Shortly  afterward  the  more  shallow 
pond  dried  up  entirely  so  that  no  more  of  the  larger  form  could  be 
obtained. 

It  is  not  necessary  to  emphasize  the  fact  that  just  such  insignifi- 
cant variations  furnish  the  data  upon  which  the  generalizations  of 

modern  science  must  stand  or  fall.  A  most  interesting  field  is 
open  to  any  one  with  the  opportunity  to  rear  such  forms  as  these 
under  conditions  which  can  be  altered  at  will  in  order  to  discover 

what  farther  structural  changes  can  be  artificially  induced. 

The  practical  value  of  the  fresh-water  copepods  can  hardly  be 
overstated  since  they  are  scavengers  and  almost  entirely  feeders 
upon  animal  matter.  The  aggregate  amount  of  putrid  flesh  which 

the  Cyclops  fauna  of  a  quart  of  water  will  consume  is  quite  remark- 
able, as  any  one  may  satisfy  himself  by  watching  the  decay  of  such 

a  creature  as  a  poUiwog  in  a  jar  of  stagnant  water. — C.  L.  Herrick. 
*  Op.  cit.  p.  60. 
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almost  all  their  special  characters  at  once,  in  the  White  river. 

The  Hystricomorpha,  whose  home  is  in  South  America,  are  un- 

known in  North  America  below  the  Loup  Fork  or  highest  Mio- 
cene, where  Leidy  identified  a  true  porcupine,  Hystrix  venustus. 

Many  of  the  extinct  genera  stand  in  evident  genetic  connection 
with  existing  forms.  The  Miocene  Castors  doubtless  include  the 

ance'stor  of  the  modern  beaver.  The  Ischyromys  is  a  primitive 
type  of  the  Sciuridae,  and  Gymnoptychus  connects  it  directly 

with  the  existing  forms  by  the  character  of  its  molar  teeth. 

Eumys  is  the  primitive  form  of  Hesperomys,  as  Paciculus  is  of 

Sigmodon,  Entoptychus  and  Pleurolicus  are  the  near  ancestors 

of  the  Geomyidse  of  the  Pliocene  and  present  periods.  Palaeo- 
lagus,  Panolax  and  Lepus  form  a  direct  genetic  line.  The  ancient 

genera  all  differ  from  their  modern  representatives  in  the  same 

way  ;  that  is,  in  the  greater  constriction  of  the  skull  just  posterior 

to  the  orbits  and  accompanying  absence  of  postorbital  processes. 
This  relation  may  be  displayed  in  tabular  form,  as  follows  : 

Skull  wider  behind  orbits. Skull  narrower  behind  orbits. 

Postorbital 

processes. 
No  postorbital 

processes. 

Postorbital 

processes. 

No  postorbital 

processes. 

Castor  fiber. Castor  peninsulatus. 
Ischyromys. 
Eumys. 

Paleolao^us. 

Sciurus. 

Hesperomys. 

Lepus. ' 

None  of  the  species  of  this  fauna  are  of  larger  size  than  their 

modern  representatives.  In  the  cases  of  the  beaver,  squirrels  and 

rabbits,  the  ancient  species  are  the  smaller.^ 

-:o:- 

HETEROGENETIC  DEVELOPMENT  IN  DIAPTOMUS. 

BY  C.  L.  HERRICK. 

IN  a  paper  in  the  Report  of  the  Geological  and  Natural  History 

Survey  of  Minnesota,  the  writer  suggested  that  this  genus  is 

unusually  affected  by  changes  in  the  environment,  and  an  exam- 
ple is  given  in  the  case  of  D.  castor.  The  form  called  giganteus 

was  shown  to  be  probably  an  enlarged  variety  of  the  above.  In 

a  paper  in  the  Naturalist  this  matter  was  expanded  and  an 

attempt    made    to    parallelize    the    two    ibrms    with     the     two 

^  For  these  conclusions  see  Bulletin  U.  S.  Gcolog.  Survey  Terrs.,  vi,  1881,  362-3. 
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stages  in  adult  Cyclopidae.  I  am  now  able  to  set  the  matter  at 

rest  with  reference  to  these  two  forms  at  least.  Having  had 

occasion  to  collect  fresh-water  animals  through  the  entire  length 

of  the  Mississippi  valley  from  Lake  Superior  to  the  Gulf  of  Mex- 

ico, many  hundreds  of  specimens  of  Diaptomus  have  been  exam- 
ined in  the  most  diverse  localities.  If  it  were  permissible  to 

establish  a  species  upon  slight  variations  in  structure,  numbers  of 

them  might  be  distinguished.  However  the  following  facts  debar 

me  from  attempting  it :  At  Decatur,  Ky.,  a  series  of  small  pools 

in  various  stages  of  stagnation,  furnished  an  opportunity  for  study- 
ing the  variations  due  to  age  and  conditions  of  the  water. 

It  is. remarkable  that  in  such  small  bodies  of  water  only  one 

stage  may  be  present  in  one,  while  the  next,  a  few  feet  away,  may 
offer  another. 

In  the  same  localities  the  various  stages  of  a  Phyllopod  could 

be  studied  in  the  same  way. 

The  normal  D.  castor^  like  Minnesota  specimens  in  its  various 

stages,  occurs  in  some  pools,  in  others,  a  few  steps  away,  occurred 

a  larger  form,  at  a  glance  distinguishable  from  the  above  by  the 

short  antennae  and  stylets,  and  the  structure  of  the  fifth  feet.  I 

was,  however,  struck  by  the  fact  that  all  these  specimens  were  im- 

mature (though  nearly  as  large  as  D.  giganteiis),  and  unaccom- 
panied by  the  adult  stages.  Figs,  i,  2,  3  and  9,  Plate  v,  show 

some  of  the  peculiarities  of  the  normal  D.  castor  \  \a  and  (^b  show 

the  effect  of  senility  on  fifth  feet  and  antennae.  Figs  4,  5,  6  and 

9  show  the  corresponding  parts  in  the  enlarged  form. 

Further  study  showed  me  that  the  difference  distinguishing  the 

second  from  the  first  forms,  saving  the  compact  build  of  the  for- 
mer, are  just  those  found  in  young  of  castor.  It  then  only 

remained  to  find  the  specimens  in  the  process  of  molting  with  the 

combined  characters  of  both  (Fig.  8)  to  convince  one  that  the  en- 

larged form  is  really  identical  with  castor,  but  by  favorable  circum- 
stances enormously  developed. 

Differentiation  takes  place  before  the  mature  stage  is  reached,  in 

the  same  way  that  tadpoles  wintered  over  are  greatly  enlarged. 

I  have  found  the  typical  D.  sajtgicineus  of  Forbes  in  Alabama. 

This  form  has  some  peculiarities  to  distinguish  it  from  the  com- 
mon var.  of  D.  castor. 

In  view  of  the  facts  now  known  regarding  the  development  of 

Diaptonms,  we  may  safely  say  that  D.  stagnalis  Forbes,  is  an  en- 
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larged  variety  or  age  form  of  D.  sanguineus,  but  the  writer  must 

still  express  his  decided  belief  that  these  must  all  be  referred  to 

the  European  D.  castor. 

It  must  be  admitted  that  the  intensity  of  coloration  does  not 

depend  upon  season  but  upon  the  conditions  of  the  water  which 

may  or  may  not  be  influenced  by  the  time  of  year.  In  the  same 

month  I  have  found  the  same  species  of  all  colors,  from  colorless 

to  deep  crimson-red  or  variegated  red,  yellow  and  blue  or  purple. 
Weissmann  seems  to  have  neglected  these  facts  in  referring  the 

coloration  of  many  species  of  Cladocera  to  sexual  selection.  I 

have  found  in  every  case  where  the  Diaptomus  was  intensely  red, 

the  species  of  Cyclops,  usually  green  or  bluish,  would  be  more 

or  less  red  also.  In  Swan  lake,  near  Decatur,  nearly  all  the 

Cladocera  were  brilliantly  marked,  sida  and  sirnoceplialus  (?)  be- 
ing most  so  ;  in  the  neighboring  lakes  these  species  were  pale 

as  usual. 

With  respect  to  the  identity  of  our  species,  ist.  The  armature 

of  the  last  segment  of  thorax  is  usually  obscured  by  doubling 

over.  Fig.  12,  Plate  vi  of  Brady  gives  the  large  thorn  but  omits 

the  lower  process.  2d.  Fig.  7,  Plate  vi  of  Brady  figures  the  pro- 
cess on  the  antenna  of  male.  (Claus  gives  the  best  figures.)  3d. 

Fig.  5,  Plate  i  .of  Cyclopidae  of  Minn.,  Herrick  shows  that  the 

inner  branch  of  the  male  fifth  foot  is  armed  by  three  spines  (as 

figured  by  Brady)  in  Minnesota  specimens.  It  must  be  remarked 

that  this  applies  to  young  forms  only,  and  that  the  later  forms  lose 

them  and  become  shorter.  Brady  has  probably  transposed  his 

numbers  as  regards  the  female  feet  of  fifth   pair. 

The  serrature  of  the  spines  differs  between  different  age  forms. 

Diaptomus  pallidus  Herrick  (Plate  vii.  Figs.  1-6)  is  quite  rare 
as  compared  with  the  foregoing.  The  peculiarities  mentioned  in 

the  original  notice  suffice  to  distinguish  it  from  any  other  known 
to  me.  D.  sicilis  Forbes,  seems  to  sustain  the  same  relation  to 

pallidus  that  giganieus  does  to  castor.  The  two-jointed  character 
of  the  inner  branch  of  female  feet  in  sicilis  confirms  this  view. 

There  are  several  differences  however. 

Char.  spec. — Extremely  slender ;  head  separate  from  thorax  by 
a  suture ;  antennae  longer  than  the  caudal  setae ;  setae  very  long  ; 

fifth  foot  of  female  very  short,  inner  branch  with   only  one  ter- 
minal seta  at  end ;  the  male  fifth  feet  long ;  the  jaw  is  like  that  of 

castor. 
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Diaptomiis  leptofus   has   not   been   recognized   in   the   South. 

Fig.  4  of  Plate  viii  in  the  Naturalist,  July,  1882,  represents  the 

process  or  inner  branch  of  fifth  foot  reversed,  probably  by  pres- 
sure ;  Fig.  6  of  the  same  plate  omits  one  of  the  setae  on  the  last 

joint.  Now  comparing  these  figures  with  others,  we  see  less  dif- 
ference than  as  given. 

Epischura  fluviatilis,  sp.  nov.  (Figs.  10-20,  Plate  v). 

The  genus  Epischura,  which  was  founded  by  S.  A.  Forbes^ 
upon  a  species  of  Copepod,  E.  lacustris,  inhabiting  Lake  Michigan, 

is  one  of  the  most  interesting  as  well  as  anomalous  of  the  genera 

of  Calanidse.  The  typical  family  likeness  is  preserved,  but  there  are 

several  peculiarities  which  have  no  parallel  in  Copepoda,  if  else- 
where. 

The  animal  for  which  the  name  Epischura  fluviatilis  is  proposed, 

is  undoubtedly  extremely  near  the  above,  but  in  several  respects 

disagrees  with  the  points  in  Forbes'  description  which  he  seems 
to  rely  upon  as  of  generic  importance.  It  might  be  assumed  that 

these  differences  have  generic  value,  and  I  should  be  inclined  to 

so  regard  them  except  that  there  seems  a  possibility  that  Mr. 

Forbes  has  slightly  mistaken  the  homologies  of  the  anomalous 

organs  as  indicated  below. 
As  no  generic  characters  were  given,  this  second  species  may 

warrant  an  attempt,  as  follows  : 
Epischura  Forbes,  1882. 

Char.  gen. — Cephalothorax  slender,  5-6-jointed ;  abdomen  4-jointed  in  male.  3- 
jointed  in  female;  second  antenrtce  as  in  Diaptomus;  mandibular  palp  biramose  ; 

swimming  feet  all  biramose;  inner  ramus  i -jointed;  left  foot  of  last  pair  aborted 
or  obsolete,  right  foot  in  female  slender,  last  feet  of  male  greatly  modified  (right?), 

foot  liiramose,  inner  ramus  short,  lamellate,  i -jointed  with  claw-like  setae,  outer 
branch  nearly  like  female,  left  foot  coalesced  with  the  first  two  jomts  of  abdomen, 

extremity  alone  free;  seta;  of  caudal  stylets  three. 

Forbes  says  of  E.  laaistris  that  the  female  has  a  process  upon 
the  abdomen  and  in  both  sexes  the  latter  is  curved  and  deformed. 

In  E.  fluviatilis  the  abdomen  of  the  female  appeared  normal,  3- 
jointed,  and  differs  in  no  way  from  Diaptomus  except  as  to  the 

number  of  setse.  It  is  to  be  remarked  that  Epischura  offers  an  ex- 
treme example  of  the  tendency  noticed  in  all  Copepods,  as  well  as 

frequently  in  higher  Crustacea,  to  diminish  or  abort  the  inner 

branch  of  biramose  organs  on  either  side  the  median  line. 

^S.  A.  Forbes.  On  some  Entomostraca  of  Lake  Michigan.  Am.  Naturalist, 

July,  1882. 
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This  may  be  observed  in  the  abdominal  feet  of  Palaemon,  the 

mouth  parts  of  Cyclopidse,  but  extends  to  the  first  pair  of  swim- 
ming feet  in  Diaptomus,  and  in  this  case  involves  all  of  them. 

The  advantage  of  this  arrangement,  as  well  as  its  cause  in  the  law 

of  adaptation,  is  evident  in  the  case  of  such  animals  as  rely  much 

upon  a  current  below  the  body  for  food  or  the  aeration  of  the 

blood.  In  Epischura  the  antennules  rotate  and  create  such  a  cur- 
rent past  the  mouth  as  is  seen  in  other  Copepods. 

Char.  spec. — Cephalothorax  imperfectly  6-jointed  ;  antennae  25-jointed,  in  the  male 

6  joints  follow  the  hinge,  the  enlarged  portion  is  not  greatly  thickened,  the  antennae 

reach  somewhat  beyond  the  thorax  ;  mandibles  with  about  nine  teeth,  the  hrst  of 

which  is  large  and  divaricate,  more  or  fewer  of  the  following  ones  are  emarginate ; 

mandibular  palp  biramose,  inner  branch  i-jointed,  outer  branch  3Jointed;  maxilli- 

peds  not  unlike  Diaptomus  but  shorter  and  more  strongly  armed  with  curved  spines; 

(last  feet  of  female  i -branched  with  a  straight  claw  terminating  the  distal  segments, 

or)  left  foot  obsolete  and  the  other  2-branched,  each  branch  3-jointed,the  right  male 
foot  of  last  pair  is  much  more  modified,  its  inner  ramus  is  lamellate  and  curved  in 

upon  itself  so  as  to  make  a  grasping  organ  of  curious  form,  in  this  office  it  is  aided 

by  two  or  more  curved  movable  hooks  which  may  probably  be  regarded  as  modified 

setae ,  the  second  joint  of  the  abdomen  bears  on  its  left  side  an  appendage  of  two 

joints,  the  basal  joint  being  flat  and  extending  into  a  strong  curved  claw  reaching  to 

the  base  of  the  furca,  while  the  second  is  slender  and  has  two  small  setae  at  the  end, 

thus  is  formed  a  powerful  hand. 

I  regard  this  appendage  as  perhaps  the  terminal  joint  of  the 

left  of  the  last  pair  of  feet ;  indeed  there  seems  to  be  some  internal 

connection  with  the  last  thoracic  segment,  although  externally 

none  remains,  the  abdomen  is  otherwise  quite  normal  and 

straight. 

These  suggestions  with  regard  to  the  homologies  of  the  organ 

are  offered  with  some  hesitation,  as  such  a  coalescing  of  a  limb 
with  the  abdomen  has  never  been  described.  However  I  believe 

the  same  thing  takes  place,  though  to  a  less  degree,  in  Cyclops. 

In  C.  midleri,  for  example,  the  fifth  foot  entirely  disappears,  leav- 

ing only  two  separate  spines  to  indicate  its  position.  It  is  sug- 

gested that  certain  spines  adorning  the  first  segment  of  the  abdo- 
men in  most  species  of  Cyclops  may  be  rudiments  of  the  missing 

second  ramus  of  the  fifth  foot  By  comparing  Figs.  1 1  and  1 2  of 

Plate  v  with  i  and  3,  representing  the  corresponding  parts  in 

Diaptomus.  it  will  be  seen  that  the  theory  advanced  places  all  the 

parts  in  the  place  demanded  by  the  schema  of  the  limbs  in 
Calanidae. 

Comparing  the  fifth  leg  of  the  female,  Figs.  12-13,  with  the 
preceding  one,  Fig.  20,  it  appears  to  correafpond  with  one  leg  only, 
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but  both  rami  are  3 -jointed  as  in  the  swimming  legs  of  other 
Calanidae.  On  the  other  hand,  regarding  both  legs  as  present,  the 

'*  hand  "  of  the  male  does  not  homologize  with  the  left  limb,  and 
we  have  besides  to  account  for  a  supernumerary  2-jointed  limb  on 
the  second  joint  of  the  abdomen.. 

The  present  species  was  found  in  large  numbers  in  Mulberry- 
creek,  Cullman  count}%  Alabama ;  the  color  is  bluish-green,  and 
the  length  about  ̂ ^  in, 

Entozoic  Parasites  in  Entomostraca  (Fig.  15,  PL  vi). 

We  have  discussed  the  relation  of  the  minute  fresh-water  Crus- 

tacea to  sanitary  science  in  a  paragraph  in  a  recent  article  in  the 

Naturalist,  but  it  remains  to  touch  upon  another  phase  of  the 

subject.  It  may  be  thought  unnecessary  to  trouble  ourselves 

about  the  pathological  conditions  prevailing  among  such  lowly 
animals,  but  it  can  be  shown  that  these  same  causes  of  disease 

may  not  be  unimportant  in  connection  with  human  diseases. 

It  is  a  fact  constantly  receiving  new  exemplification,  that  the 

parasites  infesting  small  animals,  particularly  water  animals,  are 

frequently  but  the  immature  forms  of  parasites  of  animals  higher 

in  the  scales.  These  alterating  generations  are  exceedingly  diffi- 
cult to  study,  so  that  while  all  stages  may  be  separately  known, 

only  a  fortunate  combination  of  circumstances  or  patient  accumu- 
lation of  facts  can  connect  the  individual  factors  into  the  complete 

cyclus.    . 
Thus,  for  example,  Professor  Leuckart  has  but  recently  worked 

out  the  full  life-history  of  Distomiun  Jiepatinim^  although  the 
adult  has  been  a  stock  example  in  helminthological  study  in  the 

laboratory  for  years. 

The  importance  of  such  parasites,  even  in  a  commercial  view, 
needs  but  a  reference  to  trichinosis  to  illustrate.  I  am  not  aware 

that  endo-parasites  are  known  in  Entomostraca  except  in  the  case 
of  Cyclops.  Embryos  of  Ciicullamis  elegans,  a  nematoid  worm, 

enter  the  body-cavity  of  Cyclops  and  undergo  two  molts  and  then 
are  transferred  to  the  intestinal  canal  of  food-  fishes.^ 

Taken  in  connection  with  the  recent  discoveries  of  S.  A. 

Forbes,^  showing  how  dependent  our  own  food-fishes  are   upon 

^Claus.     Kleines  Lehrbuch  d.  Zoologie,  p.  368. 

2  Forbes.     On  some   Entomostraca  of  Lake  Michigan,    A.M.  Naturalist,    July, 
1882. 

Cf.  Ryder  on  Food  Fiihes,*Bul.  U.  S.  Fish.  Com. 

J 
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Entomostraca,  the  significance  of  these  facts  cannot  fail  to  appear. 

A  similar  parasite  of  Cyclops  is  FtlaiHa  inedinensis} 

The  Cladocera  are  generally  quite  free  from  parasites,  but  I 

have  found  in  several  instances  young  nematoids  in  the  blood 

sinus  in  front  of  the  heart  in  Daphnia  magna.  These  are  mouth- 
less  but  very  active  round  worms,  subsisting  upon  the  nutriment 

in  the  blood  which  constantly  bathes  the  animal.  True  cysts 
could  not  be  formed  in  the  cobweb-like  tissues  of  the  hosts. 

This  is,  so  far  as  I  can  learn,  the  first  publication  of  Entozoa 

from  Cladocera.  The  animals  were  from  "  Schimels  Teich," 
Leipzig.  While  collecting  Copepods  near  Tuscaloosa,  Ala.,  I 

gathered  a  number  of  specimens  of  Cyclops  teniiicornis  and  nearly 

all  were  unusally  pale  and  feeble.  On  examination  they  proved 
to  be  infested  with  a  worm  of  the  sub-order  Distomeae.  This 

sub-order  includes  many  distressing  parasites  and  forms  which  are 
adapted  to  be  widely  distributed  by  a  long  period  of  adolescence 

and  the  number  of  stages  passed  through  before  maturity  is  at- 
tained. 

The  larvae  live  frequently  in  Mollusca,  and  in  maturity  the  ani- 
mal inhabits  the  intestine  of  vertebrates. 

Upon  examination  the  Cyclops  individuals  collected  were  nearly 

all  found  affected,  some  having  as  many  as  five  parasites  of  vari- 
ous sizes  about  the  alimentary  canal,  in  the  common  vascular 

cavity  which  corresponds  to  the  entire  arterial  and  venus  system 

of  the  more  highly  organized  Calanidae.  The  Cercarian  or  tailed 

stage  was  not  found.  Were  the  life-history  known  it  would  prob- 
ably appear  that  the  larval  stage  is  passed  within  some  young 

moUusks,  and  that  the  adult  infests  some  vertebrate,  probably  fish, 

and  would  thus  be  perhaps  transferred  either  in  food  or  drink  to 
human  system. 

It  is  worthy  of  notice  that  the  host  was  soon  destroyed  by  the 

parasite,  the  post-imago  or  Coronatus  form  being  absent ;  most  of 

the  individuals  thus  infested  possessed  abnormally  persistent  lar- 
val characters  in  antenna,  etc. 

EXPLANATION  OF  PLATE  V. 

Fig,  I,  Diaptomus  castor  {?),  fifth  pair  of  legs  of  adult  male. 

"     la.  "  same  (older  specimen)  showing  a   greater  retrograde 
metamorphosis  of  inner  ramus. 

"2.  "  caudal  stylets  of  adult. 

'  Fedschenko.     Ueber  d.  Bau.  u.  d,  Entwicklung  d.  Filaria  medinensis,  Moscow. 
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Fig.  3.  Diaptomus  castor  (/*)  fifth  legs  of  adult  female. 

"  4.  "  fifth  legs  of  male  of  exaggerated  or  giganteus  form 

(immature). 

"  5.  "  fifth  legs  of  female. 

**  6.  "  caudal  stylets  of  same. 

"  7.  "  margin  of  last  thoracic  segment  of  same. 

"  8.  "  leg  of  immature  specimen  of  ordinary  form  just  prior 
to  molt. 

*'  9.  "  antenna  of  male,  ̂ z^a;z/<?Mj  form  (immature). 

"  9<ji.  "  antennce  of  male,  castor  adult. 

"  ()b.  '       **  antenna  of  male,  castor,  older  form. 

"  10.  Epischurajlnviatilis,  sp.  nov.,  abdomen  and  fi.'th  feet  of  male.' 
"II.  •'  right  foot  of  male. 

"  12.  "  right  foot  of  female. 

"  13.  "  right  foot  of  female  (young). 

"  14.  "  mandible. 

*♦  15.  "  labrum,  mandibles  and  palpi. 

*•  16.  '*  end  of  maxilliped. 

•*  17.  "  globular  upper  part  of  testis. 
*'  18.  "  end  of  antennules. 

"  19,  **  antenna  of  male. 

"  20.  "  swimming  foot. 

"  21.  Cyclops  modestusy  sp.  nov.,  fifth  foot. 

"  22.  "  stylets. 

"  23.  **  end  of  antenna. 

"  24.  Cyclops  tenitissi7?tus,  sp.  nov.,  fifth  foot. 

•*  25.  '*  terminal  joint  of  antenna. 

"  26.  Schapholeberis  angulata,  sp.  nov.  {a),  antenna. 

"  27.  **  first  foot. 

«*  28.  "  lower  angle  of  shell. 

•*  29.  Shyiocephalus  vetuhis,  outline  of  posterior  portion  of  shell  in  old  females  {a) 

spines. 
**  30.  Sitnocephalus  daphnoides. 

"  31.  "  lower  angle  of  shell. 

EXPLANATION  OF  PLATE  VL 

Fig.  I.  Daphnia  longispina, 

"     3- 
(( "    4. <( 

"     5- 
Daphnia  dnbia. "     6. (( 

"     7- 
<( 

9. 

10.  Daphnia  longispina. 

11.  Ceriodaphnia alabainensis,  sp.  nov.,  end  of  postabdomen. 

12.  **  head. 

\ia.  "  reticulations  of  shell. 

13.  Daphnia  dubia, 

14.  " 
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HETEROGENETIC  DEVELOPMENT  IN  DIAPTOMUS. 

BY  C.  L.  HERRICK. 

(  Continued  from  page  38  g,) 

Cyclops  ingens  Herrick  {Cyclopidce  of  Minn.,  p.  228,  Plate  iv.  Figs.  1-8). 

Found  in  pools  near  Tuscaloosa,  Ala.,  with  Daphnia  pulex  and  Simocephalus 

daphnoides.  The  post-imago  is  somewhat  over  Jg-  in.  long,  i.  e.,  not  quite  as  long  as 

C'  gigas  according  to  Brady,  which  is  very  little  different.  Our  form  has  longer  sty- 

lets and  shorter  antennae  in  the  ordinary  stage,  but  the  mature  or  post-imago  has 

shorter  stylets.  In  the  last  stage  prior  to  maturity  the  stylets  are  just  as  figured  by 

Brady  for  this  stage.  It  is  worthy  of  remark  that  C.  kaufmanni  Uljanin,  which  is 

certainly  founded  upon  a  prematurely  gravid  larva  (feet  being  2-jointed  and  antennae 
undifferentiated)  corresponds  perfectly  with  larvae  of  C.  ingens. 

Brady  himself  considers  C.  helleri  the  same  species,  and  we 

have  here  apparently  an  older  stage  with  fully  developed  feet  but 

not  yet  provided  \\;ith  mature  antennae. 

A  variety  of  C.  ingens  is  found  in  cold  springs  at  Tuscaloosa 

and  elsewhere  in  Alabama,  much  less  in  size  and  with  the  propor- 
tions of  the  European  C.  gigcis. 

The  large  examples  in  shallow  "  prairie  pools  "  were  masked 
by  dense  algas  coating.  The  form  of  the  fifth  foot  and  stylets  dis- 

tinguishes the  above  from  other  members  of  the  genus,  and  one 

is  tempted  to  regard  these  forms  as  varieties  of  C.  gigas  simply. 

C.  parous  (Cyclop.  Minn.,  p.  229)  might  be  considered  a  var.  of  C. 

ingens. 

Cyclops  pectinatus,  sp.  nov.. (Plate  vii,  Figs.  25-28). 
Related  to  C,  navus,  from  which  it  is  chiefly  distinguished  by  a  semicircular  series 

of  small  spines  at  the  base  of  the  greatly  elongated  caudal  stylets.  In  the  post-imago 

the  stylets  are  nearly  half  as  long  as  the  abdomen  ;  the  antennae  ^"each  nearly  to  the 
base  of  the  third  segment.  In  the  ordinary  adult  the  stylets  are  less  elongate.  In 

all  forms  the  lateral  setae  are  one-third  frorii  the  end  and  the  outer  and  inner  ter- 

minal seta;  are  short  spines ;  the  fifth  foot  is  as  in  Navus  and  the  operculum  valves 

is  a  little  different.  Most  characteristic,  however,  is  a  circlet  of  small  spines  one- 

fourth  from  the  base  of  the  stylets.     Length  over  y^^-  in, 

Cyclops  tenuissimus,  sp.  nov.  (Figs.  24-25,  Plate  v;  Figs.  20-21,  Plate  vi). 

Section  with  i^-jointed  antenna:. 

Extremely  elongated;  antennce  reaching  a  little  beyond  the  first  thoracic  segment, 

short  jointed,  formula  —  C/  o  — ^  t/_  cJool/uUl/  i^  ̂   ̂   ̂ ^^  terminal  joint  rather 

short,  armed  with  three  teeth  near  the  extremity;  antennules  rather  long,  last  two 

joints  slender;  fifth  foot  2-jointed,  second  joint  with  two  nearly  equal  setae;  cauda 

stylet,  as  in  C.  tenuicornis  ;  opening  of  spermathaeca  elongated. 

This  Species  is  the  most  slender  Cyclops  known  to  me,  and 

may  be  recognized  by  the  toothed  terminal  joint  of  the  antennae, 

a  character  otherwise  confined  to  C  tenuicornis,  "coronatus  stage.'* 
VOL.   XVII. ^NO.   v.  35 
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The  teeth  of  this  species  differ  from  those  of  "  Coronatus  "  too 
much  to  confuse  the  two.  This  species  is  of  the  naviis  and 

parens  group,  but  the  caudal  stylets  closely  resemble  tenuicornis. 
Near  Paducah,  Ky. 

Cyclops  modestus,  sp.  nov. 

Antennae   remaining    i6-jointed   in    all    individuals     seen,   very  short,   formula 

—  <^  —'-i  o — c/'6/c  o  t/'o  u£.  _  c/ ;  antennules  short  jointed;  fifth  foot  three-jointed, 
with  unequal  spines;  caudal  stylets  of  moderate  length,  lateral  set?e  about  half  vv^ay 
to  base  of  stylet,  three  longest  terminal  setae  subequal. 

This  is  a  small  species  related  to  the  preceding,  but  differs  in 

many  respects,  the  form  of  the  spermathaeca  is  oval.  The  ̂ 'g^ 
sacs  are  slender,  elongate  oval.     Cullman  county,  Ala. 

Post-embryonal  Development  of  two  species  of  Daphnia. 

In  a  previous  paper  it  was  shown  that  the  spine  found  on  the 

posterior  portion  of  the  shell  in  young  and  male  individuals,  in 

all  members  of  this  genus,  is  a  persisting  embryonal  character, 

and  its  possible  advantage  to  the  economy  of  the  animal  was 

pointed  out.  It  was  indicated  that  a  recognition  of  the  facts 

brought  out,  would  throw  several  species  into  synonymy.  It  is 

my  wish,  in  this  paper,  to  illustrate  the  extent  of  the  variations 

passed  through  in  the  course  of  later  development,  by  two  exam- 
ples, one  of  which  has  been  but  imperfectly  described,  while  the 

other  is  new  to  America. 

These  two  species  differ  from  any  known  to  me,  though  they 

may  possibly  be  found  among  some  of  Sars'  numerous  nominal 
species. 

Daphnia  longispina  Herrick  (Microscopic  Entomostraca,  1877). 

This  name  was  applied  to  the  young,  and  in  connection  a  figure 

was  given  of  a  male  with  the  spine  on  the  head  which,  in  the 

female  at  least,  was  indicative  of  immaturity.  The  name  is  not 

particularly  appropriate,  for  the  mature  female  is  not  evidently 

;spined. 
This  name  has  been  long  applied  to  another  form  in  Europe, 

but  apparently  to  an  immature  stage  of  another  species,  so  that 

it  is  really  vacant. 

In  a  paper  (Notes  on  Cladocera  of  Minnesota)  in  the  Rep.  of 

Geol.  Surv.  of  Minn.  1881,  the  post-imago  is  figured,  and  a  variety 
of  the  younger  stage  (a  little  distorted  in  the  molt).  I  am  now 

able  to  complete  the  chain  from  the  embryo  to  the  post-imago  (see 
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Plate  vii).  Fig.  3  is  the  embryo  extracted  from  the  brood  cavity, 

showing  that  the  eye  is  near  the  extremity  of  the  elongated  head 

even  before  the  two  eye  spots  have  united  (Fig.  10).  Fig.  2 

shows  the  early  stage  of  post-embryonal  growth.  Fig.  i  is  the 
adult  in  the  first  stage  in  which  all  the  peculiarities  of  the  species 

are  pronounced.  Fig.  4  is  the  post-imago  (see  also  Plate  xi  Figs. 

15-16  of  Notes  on  Minnesota  Crust,  and  Fig.  4  in  the  text). 

Daphnia  dubia,  sp.  nov.  ? 

This  species  is  very  nearly  related  to  the  preceding,  differing, 

however,  in  having  the  eye  small  and  situated  nearly  in  the  cen- 
ter of  the  head,  while  the  previous  one  has  an  eye  of  usual  size 

and  near  the  straight  lower  margin.  The  head  is  much  more 

acute  than  in  the  preceding  but  not  carinated  (Fig.  9).  Both 

these  species  have  occasionally  a  horn  in  young  stages  (Fig.  14). 

The  claws  are  smooth  or  sirhply  pectinate.  The  spine  in  the  lat- 
ter species  is  more  elevated.  It  is  remarkable  that  the  same 

species  has  both  forms  of  abdominal  appendages  represented  at 

Figs.  13  and  8. 

The  post.-imago  of  dubia  has  not  been  seen.  The  nearest  ap- 
proach to  it  had  a  considerable  spine,  but  the  head  had  already 

begun  to  assume  the  shorter  form  with  a  curved  lower  margin. 

The  only  allied  species  yet  described  from  America,  is  D.  Icevis 

of  Birge  in  which  the  development  is  tolerably  well  completed. 

By  filling  up  the  gaps  till  all  the  stages  in  each  case  are  known, 

we  have  advanced  one  step  toward  an  accurate  determination  of 

species,  and  require  then  to  learn  what  variations  in  the  process 

usually  obtaining  may  be  occasioned  by  alterations  in  the  envi- 
ronment. But  in  the  mean  time  we  are  discovering  the  laws 

which  govern  development  and  the  historical  affinities  of  the  dif- 
ferent genera  and  species. 

Daphnia  pulex. 

This  common  species  is  subject  to  variations  which  are  per- 
plexing, but  there  seems  to  be  no  reason  for  the  separation  of  the 

var.  denticidata,  as  done  by  Birge.  The  differences  relied  upon  are 

the  fine  teeth  down  the  claw  and  the  abrupt  curvature  of  the 

lower  margin  of  the  head.  Fig.  4  of  Plate  i  in  P.  E.  l^ueller's 
work  figures  this  peculiarity  of  the  claws.  Quite  typical  D.  pulex 

from  Tuscaloosa,  however,  do  not  have  the  fine  teeth  and  only 

12-15  teeth  on  the  abdomen. 
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ScAPHOLEBERis  ANGULATA,  sp.  nov.  (Figs.  26-28,  Plate  V). 

The  genus  Scapholeberis  at  present  consists  of  two  species,  5". 
nasiita  Birge,-^  and  vS.  niiicronata  with  its  three  varieties  (a)fronte 
Icevi,  (b)fronte  cornuti  of  Europe,  and  (c)  annata^  found  in  Min- 

nesota, Illinois  and  Tennessee.  With  regard  to  the  European 

varieties  it  is  remarkable  that  although  they  are  not  local  varieties,^ 
the  horn  upon  the  head  appears  in  the  larger  individuals  and  not 

as  would  be  expected  from  the  analogy  of  Daphnia,  in  young 
and  small  individuals.  However,  it  is  to  be  noticed  that  the 

spines  of  the  valves  in  Scapholeberis  are  not  persisting  embryonic 

characters  like  the  spine  in  Daphnia,  but  the  young  are  like 

Ceriodaphnia.  It  may  be  that  in  like  manner  the  crest  upon  the 

head  in  Scapholeberis  is,  instead  of  an  embryonic  appendage  as 

in  Daphnia.  a  later  production.  It  might  then  be  suggested  that 

Scapholeberis  is  now  undergoing  differentiation  or,  in  other 

words,  is  a  new  genus  historically,  while  Daphnia  is  past  the 

acme  of  its  activity  in  the  direction  in  which  it  has  differentiated, 

and  now  retains  its  peculiarities  by  inheritance,  and  tends  to  con- 
tinue them  only  so  far  as  they  are  of  functional  value. 

The  horn  which  sometimes  appears  in  young  of  certain  species 

of  Daphnia  {D.  galeatd)  and  seems  so  capricious  in  its  produc- 
tion, may  be  not  unlike  that  of  this  species. 

Were  it  not  that  vS".  mucronata  is  known  to  be  very  variable,  it 
might  be  admissible  to  create  var.  armata  a  new  species.  Addi- 

tional details  are  given  for  this  variety  in  Figs.  23-24,  Plate  vi. 

Scapholeberis  angulata,  sp.  nov. — Head  of  medium  size;  rostrum  directed  down- 
ward and  backward ;  eye  of  moderate  size ;  macula  nigra  indistinct;  formices  and 

basin  for  antennee  well  developed ;  antennules  long  curved,  armed  with  two  lateral 

sense  hairs  as  well  as  the  terminal  olfactory  ?  filaments;  cephalic  portion  of  the  basin 

of  antennae  marked  by  longitudinal  lines  connected  at  intervals  by  cross  lines,  infe- 

rior portion  of  the  part  of  the  basin  on  the  valves  reticulate  ;  "  mucro  "  absent,  the 
inferior  posterior  corner  of  shell  simply  sharply  angled ;  inner  wall  of  shell  furnished 
with  a  row  of  small  spines  below  and  posteriorly  for  a  part  of  the  height  of  the 

shell;  caudal  teeth  5-7  in  adult,  being  more  numerous  than  in  any  other  known  spe- 
cies; size  large. 

The  "  mucro "  is  absent  in  the  smallest  individuals  seen. 
Scapholeberis  seems  to  lie  between  Daphnia  and  Ceriodaphnia, 

agreeing  with  the  former  in  being  a  divergent  member  of  the  fam- 

ily, but -still  with  more  affinities  to  the  latter.    Near  Decatur,  Ala. 

^Birge.     Notes  on  Cladocera. 
^  Herrick.     Notes  on  Crustacea  of  Minnesota,  Geol,  Rep,  1881, 

3  Kurz.     Doclekas  neuer  Cladoceren,  etc.,  p.  22. 
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SiMOCEPHALUS  DAPHNOIDES,  sp.  nov.  (Figs.  30,  3 1,  Plate  V;  Fig. 

16,  Plate  VI). 

Four  nominal  speeies  of  Simocephalus  are  deseribed :  .S.  vetu- 

lus  Miiller,  vS.  expinosiis  Koch,  ̂ S.  serrtilatus  Koch,  vS".  arnericanus 
Birge.  The  differences  in  some  cases  seem  quite  trivial,  since  the 

form  of  the  macula  nigra  certainly  varies  with  age  along  with  the 

shape  and  armature  of  head  and  the  general  shape  of  the  body. 

However,  the  present  species  is  so  unmistakable  that  it  is  not 

requisite  to  enter  upoa  a  discussion  which  lack  of  material 
makes  undesirable. 

Simocephalus  daphnoides,  sp.  nov. — General  shape  very  like  Daphnia ;  head  regu- 
larly curved  and  not  strongly  angled  in  front,  not  marked  off  from  the  body  by  a  strong 

depression;  eye  of  moderate  size,  macula  nigra  oval  to  rhomboidal;  antennules  long 
curved ;  anterior  portion  of  shell  as  deep  as  the  posterior ;  the  three  curved 

spines  at  the  lower  posterior  angle  of  shell  are  wanting ;  abdomen  much  as  in  S. 

Tjetulus  ;  claw  fringed  part  way  with  weak  spines. 

This  species  is  recognized  by  its  oval  shape  and  the  Daphnia- 
like  shape  of  head.  In  old  females  the  spine  is  about  midway  of 

the  depth  of  the  shell,  but  the  upper  outline  is  regularly  curved 

and  not  keeled  as  in  vetuhis  (Fig.  29,  Plate  V).  Quite  charac- 
teristic is  the  absence  of  the  three  or  four  curved,  spines  on  the 

shell  angle  (comp.  Fig.  31  with  29^^).  On  the  whole  in  this  spe- 
cies an  approach  to  Daphnia  may  be  seen.  Near  Decatur,  Ala., 

with  Scapholeberis  angulata,  also  in  all  Southern  Alabama. 

Ceriodaphnia  alabamensis,  sp.  nov.  (Figs.  11-12.  Plate  VI). 

Ceriodaphnia  is  a  very  perplexing  genus,  and  one  in  which  the 

effect  of  age  has  not  been  studied.  Three  species  have  been 

mentioned  from  America,  C.  cristata  Birge,  C.  consors  Birge,  and 

C.  teticidata  {==  dentata  Birgo),  there  remaining /?//^/W/^,  rotunda, 
punctata,  laiicauda  (?)  and  quadrangidata,  as  described  in  Europe. 

Quite  typical  C.  reticulata  were  collected  back  of  Paducah,  Ky. 

The  peculiar  shape  of  the  fornices  figured  by  P.  E.  Mueller  can 

be  produced  by  pressure.  I  have  little  doubt  that  this  is  the 

same  animal  described  from  Massachusetts  and  Wisconsin  by 

Birge.  The  head  is  not  so  suddenly  angled  behind  the  eye  as 

figured  by  Birge,  but  more  so  than  represented  by  Mueller. 

C.  alaba7nensis,  sp.  nov.  —  The  form  for  which  this  name  is 
offered,  is  known  from  a  single  gathering  at  Tuscaloosa,  Ala., 

but  it  differs  from  any  known  species   so   much   as  to  leave  no 
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doubt  that  it  is  a  new  species.     A  complete  diagnosis   unfortu- 
nately cannot  be  given. 

Head  remarkably  small  and  produced  downward  ;  eye  very  small ;  the  head  ex- 

tends into  a  beak-like  prolongation  below  the  eye  ;  the  antennules  are  very  long  and 
pendant  as  in  Moina;  the  body  is  longer  than  in  reticulata,  and  the  reticulations 

have  a  double  contour  line  as  in  C.  pulchella  ;  the  abdomen  is  slender  and  the  sides 

nearly  parallel,  the  claws  being  short  and  truncate,  the  spines  of  the  usual  size.  Two 

summer  eggs  were  in  the  cavity  of  the  animal  figured, 

A  fifth  species  of  Ceriodaphnia  was  found  in  cold  springs  near 

Tuscaloosa,  Ala.,  which  is  not  greatly  different  from  C.  reticulata 

as  defined  by  P.  E.  Mueller  and  Kurz. 

Ceriodaphnia  (^reticulata  var.)  parva,  sp.  (vel  var.)  nov. 

Tf^o~TMo  ̂ '^'  1°"^S>  transparent;  head  not  strongly  depressed,  somewhat  abruptly 
angled  in  front  of  antennules;  fornices  not  very  prominent;  antennules  short,  coni- 

cal, shell  oblong,  ending  in  a  sharp  angle  posteriorly,  simply  reticulated;  abdomen 

rather  short,  not  narrowed  very  much,  distally  rounded  at  the  extremity;  claws 
rather  short,  smooth,  spines  short  curved. 

This  very  small  species  was  found  in  considerable  numbers, 

but  very  little  variation  in  size  was  noticed.  C.  pulchella  Sars,  is 

0.5-0.6™"^,  but  the  head  is  quite  different,  though  the  abdomen  is 

similar.  Kurz  says  also,  **  Die  schalensculptur  ist  doppel-linig," 
which  is  not  the  case  in  our  species. 

C.  quadrangula  is  0.6™"^,  but  several  iinportant  differences  are 
observable  between  the  two  species.  In  that  species  the  head  is 

said  to  be  "  valde  depressum,  ante  basin  antennarum  ferme  non 

angulatum;"  the  antennules  are  large  and  the  abdomen  narrow. 
In  general  appearance  this  species  is  a  reduced  copy  of  C. 

reticulata,  but  the  claws  are  smooth.  Kurz  speaks  of  a  small 

var.  oi  reticulata  with  smooth  claws,  but  the  fornices  are  then  said 

to  be  sharp. 

Fig. 

EXPLANATION  OF  PLATE  VII. 
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<< 
mandible. 

6. <( head. 

7.   Canthocampius,  sp. 

8. 

n,  ?  fifth  foot  of  female, 
fifth  foot  of  male. 

9. 

antennules. 
10. antenna  of  female. 
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stylets  of  female. 

13. 

14. 
stylet  of  male, 
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Fig.  15.  Canthocamptus,  sp.  n,,  stylets  of  female. 

"  16.                 "                          antenna. 

"  17.                 "                          fifth  foot  of  female. 

"  18.  Diaptomus  ̂ ^  sanguineus,^''  fifth  feet  of  larva  ((^). 
"  19.                     "            ̂                fifthfeet  of  larva  (9). 

"  20,                       "                            abdomen  of  larva  (9). 

•'  21.                     «                           fifth  foot  of  adult  (^). 
"  22.                      *'                            antenna  of  adult. 

"  23.  Diaptomus  '■^ castor^''  margin  of  last  segment  ((j^). 
"  24.                      "                 margin  of  last  segment  (9)* 

"  25-28.    Cyclops pedinatus. 

"  29.  Diaptomus  pallidus,  inner  ramus  of  fifth  foot  (  9  •) 

REMARKS  ON  THE   MORPHOLOGY. OF  ARTERIES, 

ESPECIALLY  THOSE  OF  THE  LIMBS.^ 

BY  FRANK  BAKER,  M.D. 

IT  is  generally  taken  for  granted  that  the  variability  of  arteries 
is  such  that  they  are  of  but  little  use  in  morphological  studies. 

Anatomists  are  usually  of  the  opinion  that  since  the  function  of 
the  arteries  is  to  nourish  the  tissues,  their  course  from  the  heart 

to  their  destination  is  of  too  slight  importance  to  the  race  to  have 
become  a  fixed  character,  and  all  search  for  law  is  abandoned. 

But  it  is  questionable  whether  some  biologists  have  not  too 
hastily  come  to  this  conclusion. 

Morphological  laws  are  always  obscure  when  studied  in  the 
adult  individual  alone.  To  trace  them  we  must  examine  the  dif- 

ferent phases  of  individual  development  and  investigate  the  anat- 
omy of  related  forms. 

There  is  a  period  when  the  embryo  of  a  vertebrate  animal  is 
not  provided  with  a  proper  vascular  system.  During  the  early 
stages  of  the  segmentation  of  the  ovum,  no  vessels  exist,  the 
young  cells  receiving  the  necessary  nutriment  from  an  interstitial 
plasma,  as  do  those  of  the  lowest  Protozoa. 

This  stage  is  of  short  duration.  Throughout  the  minute  disk- 
shaped  object  which  is  hereafter  to  be  a  fully  developed  verte- 

brate, certain  cells  appear,  of  a  slightly  reddish  color,  dotting 
the  disk  in  a  peculiar  marbled  manner.  From  their  appearance 

and  isolation  these  are  known  as  blood-islands.  They  touch  each 
other  finally  as  they  increase   in  number,  either  at  some  part  of 

*  Abstract  of  a  paper  read  before  the  Montreal  meeting  of  the  Amer.  Assoc,  for 
the  Advancement  of  Science. 
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their  contour  or  by  means  of  processes  which  they  throw  out,  so 

that  there  results  a  net-work,  at  first  indistinct  but  gradually  in- 
creasing in  clearness  and  color  as  the  cells  enlarge. 

Each  of  these  blood-islands  then  undergoes  vacuolation,  a  por- 
tion of  the  protoplasmic  contents  becoming  liquified  and  leaving 

a  cavity.  By  a  budding  process  new  cells  are  formed  in  the  in- 

terior of  the  mother-cells  and  becoming  detached  float  free  in  the 

fluid  which  fills  the  vacuole.  At  this  period,  therefore,  the  blood- 

islands  present  an  outside  cell-wall  with  a  contained  fluid  in 
which  float  free  cells  or  corpuscles,  the  whole  arranged  in  a  close 
mesh-work. 

Next  the  cell-walls  wherever  in  contact  thin  away  and  disap- 
pear, there  resulting  a  tube  the  walls  of  which  are  the  original 

cell-walls  of  the  blood-islands,  the  contents  a  fluid,  plasma,  in 

which  swim  free  blood-corpuscles.  There  is  at  first  no  special 
difference  in  size  among  the  vessels  thus  formed,  nor  is  there  any 

structural  difference  by  which  we  can  distinguish  arteries  from 

veins.  No  trunks  or  branches  can  as  yet  be  made  out,  it  is  in 

fact  a  capillary  plexus  that  appears,  all  vessels  lying  on  the  same 

plane  and  communicating  equally  with  each  other. 

But  a  difference  soon  begins  to  be  manifest.  The  rapidity  of 

growth  varies  greatly.  Along  certain  lines  the  vessels  begin  to 

increase  in  size  so  that  soon  there  is  visible  distinction  of  capil- 
laries, branches  and  trunks.  This  process  of  capillary  and  trunk 

formation  extends  from  without  inward,  attains  the  proper  body 

of  the  embryo,  finally  reaching  the  rudimentary  vesicle  which 

represents  the  heart.  (Plate  VIII.) 

It  should  be  noted  that  the  development  is  centripetal.  Noth- 
ing is  more  natural  than  to  look  upon  the  arteries  as  a  system 

proceeding  centrifugally  from  the  heart  outward. 
However  convenient  this  may  be  to  the  physiologist  or  the 

surgeon,  to  the  anatomist  it  embodies  a  fallacy.  The  capillaries 
are  the  first  formed,  next  the  arterioles,  then  the  branches  of 

larger  size,  finally  the  trunks.  It  is  owing  to  the  subtle  persistence 

of  this  fallac}^  that  the  study  of  the  arterial  system  has  advanced 
no  farther. 

I  have  mentioned  that  the  rapidity  of  growth  is  greater  along 

certain  lines,  thus  leading  to  the  formation  of  trunks.  It  is  con- 
ceivable that  these  trunk-lines  should  be  intermediate  in  direc- 

tion, but  in  fact  they  usually  become  established  in  certain  definite 
situations.     What  can  be  ascertained  as  to  the  causes  for  this  ? 
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tirsula^  should  not  be  considered  a  sufficiently  good  species.   
The   entomological    papers  from   the  transactions   of   the   Iowa 

Slite  Horticultural  Society,  for    the  year   1882,  have  been  pub- 

'ish'^d  separately  for  gratuitous  circulation,  and  contain  much  in- 
rriiation  of  practical  value  from  Hon.  J.  N.  Dixon,  Miss  Alice 

*(.  Walton,   and    Professor    Herbert    Osborn.   The    monthly 
neetings  of  the  Brooklyn   Entomological  Society  will  hereafter 

be  held  on  the  last  Saturday  of  each  month  in  Wright's  business 
"dU  jge,  corner  of  Broadway  and  Fourth  Streets.   The  Stettiner 
..^.ntomologische  Zeitung,  Vol.  44,  1883,  Nos.  7-9,  contains  beside 

■)thers  of  less  general  interest  the  following  papers  :     Dr.  H.  A. 
lagen's  contributions  to  a  monograph  of  the  Psocidae  (continued); 
c^marks  upon  the  influence  of  change  of  food  upon  morphologi- 
.tri  varieties,  especially  in  the  species  of  the  genus  Eupithecia, 

^Y  Dr.  A.  Speyer;  H.  B.  Moschler's  notice  of  Fernald's  catalogue 
of  N.  A.  Tortricidae ;  and  Dr.  C.  A.  Dohrn's  list   of  Zeller's   en- 

tomological papers,  published   after  the   appearance  of  Hagen's 
Bibliotheca.   At  the  fiftieth  anniversary  meeting  of  the  London 
Entomological  Society,  held  May  2d  of  this  year,  Professor  J. 
O.  Westwood  was  elected  by  acclamation  titular  life-president  of 
the  society. 

ZOOLOGY. 

The  Sea  Pens  or  Pennatulida.^ — Professor  Milnes  Marshall 
and  Mr.  W.  P.  Marshall  give  an  important  and  interesting  account 
of  the  Pennatulida  collected  in  the  Oban  Dredging  Excursion  of 
the  Birmingham  Natural  History  and  Microscopical  Society. 
Funicidina  quadrangidaris ,  Pennahda  phosphorea  and  Virgularia 
mirabdis  were  the  three  forms  collected. 

The  very  primitive  nature  of  the  first  of  these  is  indicated  by 

the  irregular  arrangement  of  the  polyps,  their  independent  inser- 
tion into  the  rachis,  and  in  the  comparatively  slight  difference  be- 

tween the  polyps  and  the  zooids,  as  well  as  by  the  shortness  of 
the  stalk,  or  part  of  the  colony  devoid  of  polyps.  In  Pennatula 
we  have  the  polyps  fused  into  leaves,  and  there  is  a  considerable 
difference  in  the  size  of  their  constituent  parts,  as  well  as  great 
anatomical  differences  between  the  polyps  and  the  zooids  ;  the 
stalk  is  also  relatively  much  longer. 

Virgularia  is  shown  to  be  the  most  modified  by  the  restriction 
of  the  reproductive  organs  to  imperfectly  developed  polyps,  and, 

in  addition  to  these  points,  by  the  presence  of  the  so-called  radial 
vessels  which  are  absent  from  the  other  two  forms. 

A  very  curious  discovery  has  been  made  with  regard  to  Virgu- 
laria; with  but  one  exception  all  the  known  specimens  of  Virgu- 

laria are  mutilated,  the  lower  end  being  generally,  and  the  upper 
always  wanting;  as  a  hypothesis,  the  author,  some  time  ago  sug- 

gested that  the  tips  were  probably  bitten  off  by  some  marine  ani- 

^  8vo,  Birmingham,  1883,  pp.  8i  (4  pis.). 
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mals,  probably  fish.  Since  then  they  have  (through  Mr.  R.  D. 
Derbyshire)  been  able  to  examine  the  contents  of  a  stomach  of  a 
haddock,  which  consisted  of  five  fragments  of  V.  mirabilis,  and  of 

these,  three  were  "  actual  perfect  upper  ends;"  as  a  possible  ex- 
planation of  this  mutilation  it  is  suggested  that  the  apparent 

absence  of  stinging-cells  from  this  species  is  not  only  apparent 
but  real,  so  that  the  fish  are  enabled  to  bite  at  them  with  impu- 

nity. As  the  specimens  examined  were  not  in  a  thoroughly  sat- 
isfactory condition  for  histological  study,  the  question  must  be 

examined  again  with  more  satisfactory  specimens. 
The  evidence  afforded  by  the  dredging  leads  to  the  supposition 

already  suggested  by  Richiardi  and  Kolliker,  that  Fiiniculina 
forbesi^  the  supposed  British  species,  is  only  the  immature  form 
of  F.  quadrangiilaris,  which  is  well  known  from  the  Mediter- 

ranean. The  most  complete  example  from  Oban  is  only  thirty- 
nine  inches  long,  but  at  Hamburg  there  is  a  stem  eighty-nine 
inches  in  length. 

The  foregoing  notice  has  been  taken  from  the  Journal  of  the 
Royal  Microscopical  Society.  Having  received  from  the  authors 
a  copy  of  the  book,  we  can  bear  testimony  to  the  excellence  of 

the  plates.  The  authors  quote  Dalyell's  statement  that  Virgularia 
when  in  captivity  **  remains  contracted  during  the  greater  part  of 
the  day,  and  the  organs  are  seldom  displayed  before  five  or  six  in 

the  afternoon;"  but  the  authors  with  more  reason  suggest  that 
Pennatula  appears  to  be  **  nocturnal "  when  brought  to  the  sur- 

face, "simply  because  the  amount  of  light  it  receives  in  broad 
daylight  is  vastly  in  excess  of  what  it  receives  normally  at  the 
sea  bottom,  and  that  it  is  only  towards  evening  that  it  is  placed 

under  what  to  it  are  normal  conditions  as  to  amount  of  light." 
The  authors  are  strongly  in  favor  of  the  now  generally  accepted 

view  that  Pennatula  lives  upright,  planted  in  the  sea  bottom. 
As  regards  the  phosphorescence  observed  in  the  majority  of 

the  Pennatulida,  P,  phosphorea  receiving  its  name  from  having  this 

property,  the  authors  say :  "  This  was  well  seen  in  the  Oban 
specimens  while  living;  the  more  perfect  female  specimens  when 

suspended  in  a  jar  of  sea  water  in  the  dark,  and  irritated  or  ex- 
cited by  gently  brushing  the  leaves,  exhibited  a  fine  display  of 

phosphorescence,  the  different  polj^pes,  when  touched,  showing 
minute  brilliant  points  of  light  which  appeared  to  flash  over  the 

whole  surface  of  the  feather  in  rapid  irregular  corruscations." 
Panceri's  observations  on  this  subject  are  adopted,  and  his  views 
presented  at  some  length. 

Hetkrogenetic  Development  in  Diaptomus,  etc.,  Correc- 
tions.— The  editors  kindly  allow  me  space  to  make  the  following 

emendations  to  the  article  entitled  Heterogenetic  Development  in 
Diaptomus,  rendered  necessary  by  an  unfortunate  loss  of  proof  in 
the  mail. 

Cyclops  pectinatus    (p.  499)    should  have    stood    "  C.  thoinasi 
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Forbes  ?"  It  is  at  least  the  southern  representative  of  this  spe- 
cies, which  consequently  is  distributed  from  the  Great  lakes  in 

Minnesota  to  the  gulf.  The  similarity  to  C.  bicuspidatiis  Cls.,  is 
very  close. 

The  description  of  Epischura  (pp.  384-85)  was  written  before 

the  second  part  of  Mr.  Forbes'  paper  was  obtained,  and  in  making 
up  for  the  press,  the  generic  description  given  in  that  place  was 
not  referred  to.  It  might  be  inferred  from  remarks  on  p.  384, 
that  in  E.  lacustris  the  female  has  a  structural  modification  of  the 

abdomen,  which  is  obviously  not  stated  by  Forbes. 

Although  the  writer  has  since  succeeded  in  rearing  one  Cope- 
pod  (Canthocamptus),  and  observing  the  transition  from  one  of 
the  dimorphic  conditions  to  another,  and  the  two  stages,  in  both 
of  which  eggs  are  carried,  are  strikingly  diverse,  it  should  be 
admitted  that  perhaps  too  much  confidence  was  expressed  in  the 
inferred  conclusions  upon  Diaptomus. 

It  may  be  that  Brady  has  confused  two  distinct  species  in  his 
account  of  D.  castor,  inasmuch  as  his  descriptions  disagree  with 

those  of  Sars,  It  is  evident  that  the  same  peculiarities  of  distri- 
bution maintain  in  England  as  here,  however  explained.  Correc- 

tions and  information  bearing  upon  these  questions  are  earnestly 
solicited. 

An  opportunity  for  comparing  types  of  Diaptomus  pallidus 
with  D.  sicilis  shows  that  the  differences  are  even  less  than  indi- 

cated, consisting  of  the  greater  robustness  of  the  latter  and  a 

greater  elongation  of  the  antennae  in  the  former.  There  is  a  dif- 
ference of  .1™™  in  the  length  of  the  living  adults  seen. —  C.  L. 

Herrick. 

The"Coxal  Glands  of  Arachnida  and  Crustacea.— In  this 
journal  for  September,  1875,  we  described  certain  gland-like 
organs  of  Limulus,  supposed  to  be  renal  in  their  nature,  situated 

at  the  base  of  the  legs.  We  then  said  that  the  organ  "  in  its  gen- 
eral position  and  relations  was  probably  homologous  with  the 

green  gland  of  the  Decapod  Crustacea,  and  its  homologue  in  the 
lower  orders  of  Crustacea,  which  is  supposed  also  to  be  renal  in 
its  nature.  It  may  also  possibly  represent  the  organ  of  Bojanus 
in  the  Mollusca,  which  is  said  to  be  renal  in  its  function.  It  per- 

haps represents  the  glandular  portion  of  the  segmented  organs  in 

worms." 
In  the  Proceedings  of  the  Royal  Society,  No.  221,  1882,  Pro- 

fessor Lankester,  in  a  paper  *'  On  the  coxal  glands  of  Scorpio, 
hitherto  undescribed  and  corresponding  to  the  brick-red  glands 

of  Limulus,"  revoking  his  first  expressed  opinion  {Quart.  Journ. 
Mic.  Sci.,  1 881)  that  these  were  not  "  of  a  glandular  nature  at  all," 
concludes  from  histological  examination  that  they  are  glands,  and 

calls  them  "  coxal  glands."  He  was  also  unable,  as  were  our- 
selves, to  find  any  openings  into  the  great  veins,  or  "  to  detect  the 

situation  of  their  opening  to  the  exterior."     Lankester  then   de- 
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scribes  the  coxal  glands  of  Scorpio,  and  also  finds  that  the  coxal 
glands  of  My  gale  are  elongated  and  lobed  as  in  Limulus.  He 

remarks  :  "  Possibly  such  coxal  glands  are  in  all  cases  the  modi- 
fied and  isolated  representatives  of  the  complete  series  of  tubular 

glands  (Nephrida)  found  at  the  base  of  each  leg  in  the  archaic 

Arthropod  Peripatus."  As  will  be  seen  in  the  foregoing  note  on 
Peripatus,  that  animal  is  provided  with  a  series  of  paired  organs 
which  Moseley  and  Balfour,  with  Sedgwick,  regarded  as  Nephrid- 
ia,  homologous  with  those  of  Chaetopod  worms. 

It  now  appears  that  homologous  organs  exist  in  a  third  type  of 
Arachnida,  for  not  only  do  the  spiders  and  Pedipalpi  possess 

coxal  glands,  but  also  the  mites.  In  his  excellent  "  Observations 
on  the  Anatomy  of  the  Oribatidse,"  in  the  February  number  of 
the  Journal  of  the  Royal  Microscopical  Society,  Mr.  A.  D. 
Michael  describes  a  sac  which  he  believes  to  be  glandular,  and 

which  he  calls  the  "  super-coxal  gland."  The  organ  was  first 
recognized  in  the  mites  of  this  family  by  Nicholet,  who  supposed 
it  to  be  connected  with  what  he  and  others  imagined  to  be  the 
stigma. 

When  the  upper  part  of  the  cephalothorax,  and  the  adipose  tissue 

which  underlies  it,  has  been  removed,  "  what  appears  to  be  the 
enlarged,  blind  end  of  a  fine  colorless  sac,  may  be  seen  on  each 
side  of  the  body,  the  seemingly  blind  end  being  nearest  to  the 
eye  ;  the  sac  descending  obliquely  downward  and  slightly  forward, 
and  being  attached  close  to  the  acetabulum  of  the  coxa  of  the 
second  leg;  a  closer  examination  shows  that  this  is  not  the  only 
attachment,  but  that  the  lower  end  is  apparently  bifurcated,  and 
that  the  second  branch  is  attached  much  nearer  to  the  center  of 

the  body,  and  higher  in  level  than  the  coxal  branch.  On  dissect- 
ing out  this  sac,  and  carefully  extending  it,  a  matter  by  no  means 

easy,  it  will  be  found  that  what  seemed  to  be  the  blind  end  was 

not  the  end  at  all,  but  that  the  whole  organ  is  an  elongated  sau- 
sage-shaped sac,  bent  upon  itself  in  the  middle  and  taking  a  sin- 

gle turn,  so  that  the  two  halves  cross,  but  for  some  distance  the 
two  limbs  of  the  horseshoe  (if  1  may  call  them  so)  lie  over  each 
other,  or  are  so  closely  pressed  against  one  another  as  to  appear 
one ;  it  is  only  toward  the  end,  that  they  stand  free  from  each 
other  when  in  situT 

Mr.  Michael  suggests  that  these  glands  are  analogous  to  the 
nephridia  (segmental  organs)  of  Vermes,  and  the  green  gland  of 
Astacus  and  other  Crustacea,  and  the  coxal  glands  in  scorpions 
and  Limulus.  The  resemblance  to  the  segmental  organs  of  worms, 
especially  the  leech,  is  very  considerable  as  regards  the  general 

form  of  the  organ,  and  to  a  lesser  extent  in  the  minuter  struc- 

ture, and  if  the  double  lines  described  in  Michael's  account  be 
tubules,  "  they  would  be  analogous  to  those  in  the  nephridia. 
The  sac  (super-coxal  gland)  would  correspond  with  the  gland  in 

the  nephridium,  and  the  globular  body  with  the  vesicle." 



^    Sectior ^    Marine  . 
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^[PRKFACKi* 

EN  presenting  what  may  be  denominated  a  final  report  of  tlie  work 

done  in  this  state  upon  the  group  of  Crustacea  best  repre- 
sented, and,  all  things  considered,  most  important,  the  author  must 

admit  that  the  term  "  final  "  refers  only  to  his  own  opportunities 
and  the  limitation  of  time  imposed  by  circumstances. 

While  a  comparatively  large  proportion  of  all  the  species  exist- 
ing within  our  limits  have  been  examined  during  the   progress  of 

these  investigations,  there   undoubtedly  remain   many   additional 
and  curious  forms  to  reward  the  search  of  the  student.     A  great 
variation  in  the  degree  of  completeness  with  which  the  different 
genera  and  species  have  been  treated  will  be  observed,  due  in  part 
to  the  circumstances  under  which  they  were  studied,  and  frequently 
to  the  poverty  of  material.      The  entomostracean  fauna  is  quite 
different  at  different  seasons,  and  a  complete   knowledge  of  even 
our  local  fauna  requires  a  long  period  of  observation.     Even  the 
dead  of  winter  is  a  favorable  time  to  study  some  groups.     The  late 
autumn  is,  perhaps,  the  most  favorable  opportunity;  for  then,  ia 
one  group,  the  sexual  activities  are  just  at  their  height,  aod  both 
sexes  may  be  studied.    A  number  of  cladocera  are  restricted  to  this 
season.     There  are  a  number  (how  large  it  is  not  yet  possible  to 
tell)  of  species  in  both   groups  which  are  to  be  sought  by  night 
though  no   phosphorescent  species   are  yet  known.     Our  larger, 
and,  especially,  deeper  lakes  have  a  quite  different  fauna  from  the 
shallow  pools  and  rivers.    In  general,  the  flowing  waters  are  poor 
in  entomostraca.    The  cladocera  or  shelled  entomostraca,  have  here 
received  a  large  share  of  attention,  and  more  particularly  the  Lyn- 
ceidae,  which  are  the  most  minute  of  arthropods.     This  study  has 
been  rewarded  with  an  unexpectedly  large  number  of  forms,  and  a 
particularly  large  number  of  species  identical  with  those  of  Europe 
and  elsewhere.      Prof.  Birge   is   the-  only  American  writer  who 
has  attempted   this  group,  and  his  valuable  work  has   made  us 
familiar  with  the  more  striking  new  species.     A  few  new  species 
are  included  in  our  list  and  several  varieties  hardly  yet  known  in 
Europe.     The  remarkable  Monospilius  is  among  these.     This  ani- 

mal has  but  a  single  larval  eye  in  the  middle  of  its  forehead,  and 
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wears  its  old  covering  over  the  newly-formed  shell  till  the  latter 
is  a  curious  patchwork  mass.  The  attempt  has  been  made  to  in- 

corporate a  brief  description  of  all  American  species  with  those 

found  in  Minnesota,  and  also  to  frame  keys  for  the  larger  genera, 
so  that  the  place  of  a  species  among  its  congeners  may,  at  least 
approximately  be  found.  The  difficulty  of  framing  such  keys  is 

very  great ;  for  few  authors  have  employed  the  same  distinctions 

in  their  descriptions,  and  it  is  necessary  to  select  points  sharply 
distinctive  and  conspicuous  from  the  often  meagre  remainder  after 
striking  off  scattering  particulars.  In  some  cases  this  difficulty 
has  been  greatly  enhanced  by  the  possibility  that  some  of  the 
species  should  be  considered  synonyms  or  varietal  forms.  The 
tendency  to  combine  questionable  forms  thus  produced  it  was 
necessary  to  offset  by  what  may  seem  a  too  great  conservatism. 
Faulty,  however,  as  these  keys  may  be,  it  is  hoped  that  they  will 
serve  a  good  purpose  in  the  extent  which  they  cover.  While  the 
limits  of  this  work  preclude  much  more  than  a  systematic  outline, 

opportunity  is  taken  here  and  there  to  admit  a  word  on  the 
anatomy  or  development.  Such  allusions  must  be  considered 

simply  accidental,  for  a  complete  treatment  of  these  subjects  would 
require  large  volumes,  and  the  material  will  be  long  in  gathering. 
A  larger  proportion  of  the  rare  males  of  the  cladocera  are  here 
referred  to  than  in  any  previous  work  of  equal  extent.  The  genus 

Cyclops,  one  of  the  bugbears  to  fresh-water  carcinologists,  is  per- 
haps somewhat  summarily  treated.  The  excuse  must  be  the  con- 

dition of  the  synonomy.  However,  most  of  the  combinations  made 

were  the  result  of  careful  study  of  large  series  from  diflPerent  locali- 
ties. The  sketches  illustrating  this  paper  are  photo-printed  from 

the  writer's  own  drawings,  and,  without  the  elegance  of  litho- 
graphs, serve  the  purpose  of  explaining  points  of  structure  which 

cannot  be  communicated  verbally.  I  am  indebted  to  Prof.  A.  S. 
Forbes  for  very  timely  aid  in  bibliography,  without  which  the 

paper  could  not  have  been  completed.  To  Dr.  Lindthal,  through 
my  friend  Mr.  Oestlund,  I  am  indebted  for  a  like  service.  But  my 
obligation  is  deepest  to  Prof.  Rudolph  Leuckart  of  Leipzig,  who 

kindly  afibrded  access  to  almost  a  complete  set  of  works  on  Euro- 
pean entomostraca.  Prof. .  C.  W.  Hall  has  collected  at  much 

expenditure  of  time  and  labor  a  set  of  specimens  from  different 

parts  of  the  state  which  he  kindly  placed  in  my  hands,  thus  en- 
abling me  to  observe  the  great  similarity  of  widely-separated 

faunse.  Mr.  Lieberg  also  sent  specimens  of  Diaptomus  stagnalis 
from  saline  pools  in  Dakota. 
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INTRODUCTORY 

"  Evading  e'en  tlie  microscopic  eye, 
Full  nature  swarms  witli  life  ;  one  wondrous  mass 
Waitinj?  the  vital  breath,  wlien  Parent  Heaven 
Shall  bid  the  spirit  blow.    The  hoary  fen, 

^  In  putrid  streams,  emits  the  living  cloud 
Of  pestilence.    Through  subterranean  cells, 
Where  searching  sunbeams  scarce  can  find  a  way, 
Earth  animated  heaves.    The  flowery  leaf 
Wants  not  its  soft  inhabitants.    Secure 
Within  its  winding  citadel,  the  stone 
Holds  multitudes.    *    *    where  the  pool 
Stands  mantled  o'er  with  green,  invisible 
Amid  the  floating  verdure,  millions  stray. 
*    *    Nor  is  the  stream 
Of  purest  crystal,  nor  the  lucid  air. 
Though  one  transparent  vacancy  it  seems, 

Void  of  their  unseen  people."— Coujper. 

To  the  poet  only,  and  tlie  man  of  science,  is  it  given  to  meet 

these  "unseen  people^'  on  those  familiar  terms  which  warrants  the 
use  of  the  word  intimacy;  yet  may  not  we  who,  like  Sam  Weller, 

find  our  "vision  limited,"  because  we  have  only  eyes,  avail  our- 
selves of  the  kind  introduction  these  people  give  us,  and  shake 

hands,  as  it  were,  though  perhaps  a  little  stiffly,  with  our  neigh- 
bors, the  unseen  people. 

Whether  we  like  it  or  not — Cowper  intimates  we  shall  not — 
these  people,  in  one  way  or  another,  touch  us  constantly,  and  like 
diminutive  sprites  are  ever  active  in  hatching  mischief  or  doing 
their  little  favors  to  humanity.  Happily  most  of  these  are  amiable 
goblins,  and  are  tireless  in  endeavors  to  secure  us  against  our 
insidious  enemies  of  their  own  ilk.  \¥ith  your  permission  we  will 
draw  the  curtain  which  separates  us  from  the  naiades  of  our  pools 
and  streams. 

The  numbers  of  living  forms  to  be  found  in  any  pool  is  a  con- 
stant surprise  even  to  the  student  of  this  subject,  and  the  variety 

and  unique  character  of  the  animals,  particularly,  cause  a  constant 

flow  of  wonder  and  admiration.     Coufining  ourselves  to  the  crus- 
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tacean  forms  which  are,  perhaps,  most  typical,  abundant  and 

interesting  of  the  smaller  animals  of  fresh  waters,  it  is  to  be  re- 
marked that  they  are  of  a  practical  value  to  an  extent  which  can 

hardly  be  correlated  with  their  seeming  insignificance. 
To  understand  this  fact  it  is  first  necessary  to  recollect  that 

water  in  some  form  is  an  indispensable  vehicle  for  the  nidus  of 
disease  germs  as  well  as  of  all  life;  desiccation  means  death.  The 

abundantly-watered  portion  of  our  country  must  become  per- 
meated with  the  pestilential  hordes  ingendered  in  its  fens  did  not 

this  army  of  devouring  animalculse  destroy  the  decaying  matters 
accumulating  in  the  waters. 

Their  importance  depends  largely  on  their  minute  size  and  un- 
paralleled numbers.  The  majority  of  non-carnivorous  crustaceans 

are  so  constituted  that  their  diet  is  nearly  confined  to  such  floating 
particles  of  matter  as  are  present  in  the  water,  in  a  state  of  more 
or  less  fine  comminution;  for,  nearly  without  prehensile  organs, 

these  animals,  by  means  of  a  valvular  or,  at  most,  ladle-like  labrum, 
dip  from  the  current  of  water  kept  flowing  by  the  constant 
motion  of  the  branchial  feet,  such  fragments  as  the  snail  and 

scavenger-fish  have  disdained.  All  is  fish  which  enters  the  net. 
Think  of  it,  poor  dyspeptic,  a  constant  supply  of  food  of  every 

variety  and  no  question  asked  for  stomach's  sake!  Bits  of  decay- 
ing algae  or  the  broken  fragments  of  a  disintegrated  mosquito,  all 

alike  acceptable  aad  unhesitatingly  assimilated. 

Nor  is  the  sanitary  aspect  the  only  one  in  which  the  entomosU 
raca^  as  our  minute  Crustacea  are  collectively  called,  command 
attention;  they  are  valuable  also  as  a  food  supply. 

Now,  does  some  one  jump  at  the  conclusion  that  the  water  we 

drink  is  filled  with  aliment  in  such  pleasant  form  as  that  repre- 

sented above — that  Dr.  Tanner  after  all  lived  on  a  watery  solution 

of  entomostraca?  Too  fast,  my  friend — food  for  fishes,  but  not 
therefore  an  insignificant  element  in  our  cuisine  economy;  for  it 

has  recently  been  shown  by  Prof.  Forbes  of  Illinois,  that  some  of 
our  best  fresh-water  food  fishes  are  almost  dependent  on  some  one 
or  more  species  of  entomostraca.  Darwin  shows  that  cats  regulate 

the  clover  crop  of  England  via  field-mice  and  humble-bees,  but  it 

is  not  half  as  far  from  our  ''bugs"  to  the  price  of  trout  and  white- 
fish. 

Still  we  are  not  prepared  to  be  surprised  at  this,  for  have  we  not 
long  understood  that  whales  go  fishing,  with  their  whalebone  nets, 
for  little  mollusks  not  big  enough  to  excite  the  cupidity  of  the 

catorial  small  boy  ? 
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The  fact  is,  that  the  principle  laid  down  by  the  Deacon  (of 

venerable  memory)  that  ''the'  weakest  pint  must  stand  the  strain/' 
maintains  in  nature  aside  from  the  nature  of  "shays."  The  minutest 
forms  are  in  some  sense  the  most  important,  for  they  are  the  links 

which  stand  nearest  the  rock,  and  it  they  be  loosened  the  depen- 
dent series  falls. 

The  animals  of  the  above  group  are,  it  is  likely,  the  best  criteria 

by  which  to  judge  of  the  purity  of  natural  waters  if  their  distribu- 
tion were  correctly  understood.  The  presence  of  some  species  in 

great  numbers  is  sufficient  evidence  of  organic  impurity.  A  criti- 
cal study  of  the  contents  of  samples  of  such  waters  will  enable  us 

to  determine  their  character  almost  as  well  as  by  analysis.  The 

following  list  of  the  animal  life  visible  in  a  quart  of  filthy  pond- 
water,  taken  by  simple  dipping,  will  perhaps  be  suggestive  on  this 

point: 
Daphnia  pulex        6 
Ceriodaphnia         1400 
SimocephaliLS      56 
Cypris   ,      51) 
Cyclops      30 

Sand-fleas    120 

Total  Crustacea   1662 

Infusoria    35 
Arachnida  {Hydrachna)    1 
Vermes    5 

Insecta— 
Coleoptera  (larvae)    8 
Diptera  (larvae)    11 
Hemiptera   -    10 

Mollusca    35 

Total   1767 

The  above  are  simply  the  animal  forms  visible  to  the  (trained) 

unassisted  eye;  the  truly  microscopic  forms  number  vastly  more. 

But  each  gathering  includes  specimens  of  carnivorous  entomost- 
raca  as  well,  and  these  are  not  less  interesting  and  bizarre  than  the 
cladocera. 

The  common  Cyclops,  busy  picking  the  bones  of  a  luckless  pol- 
liwog  (must  we  say  purwiggy?),  is  not  less  benevolent  than  the 
animate  filters  mentioned  above.  The  amount  of  such  material 

that  they  will  dispose  of  in  a  short  period  of  time  is  truly  astonish- 
ing. It  is  the  province  of  the  following  chapters  to  describe 

briefl}^  such  of  these  animals  as  fall  in  the  two  groups  Cladocera 
and  Copepoda  and  have  been  noticed  in  America. 
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CHAPTER  I. 

THE  ENEMIES  OF  ENTOMOSTRACA. 

First  among  these  rank  the  young  of  various  fishes  which  prey 
upon,  and  find  their  entire  support  in,  these  minute  animals.  This 

subject  has  been  fully  treated  by  Forbes,  Ryder  and  others. 
The  enemy  next  most  dreaded  by  entomostraca  is,  perhaps,  the 

"spectre  animalcule"  or  the  larva  of  the  little  frost-gnat,  corethra. 
It  is  no  unusual  thing  to  see  a  corethra  carefully  gorging  itself 
with  a  fat  cyclops,  suddenly  seized  by  the  protractile  jaws  of  the 

dragon-fly  larva,  shaken  for  a  minute  and  then  engulfed  in  the 
tomb-like  cavernous  mouth  below.  Nor  is  the  road  to  the 

stomach  of  the  dragon-fly  always  so  circuitous.  Water-tigers  also, 
with  other  larvae,  prey  upon  these  unfortunates.  The  hydra  con- 

siders them  a  dainty  morsel,  and  at  once  paralyzes  them  by  the 

touch  of  his  nematocystiferous  arms;  in  other  words,  by  the  pois- 
onous barbs  coiled  in  concealment  in  the  cells  of  the  tentacles. 

If  the  animal  flys  from  these  ubiquitous  enemies  he  almost  cer- 
tainly is  betrayed  by  carnivorous  plants  which  abound  in  all  our 

waters.  Forbes  says:  "In  ten  bladders  of  UtricidmHs  tmlgaris^  taken 
at  random,  I  found  93  animals,  either  entire  or  in  recognizable 

fragments,  and  representing  at  least  28  species.  Seventy-six  of 

the  animals  found  were  entomostraca,  and  belonged  to  20  species." 
"Just  one-third  of  all  the  animals  found  in  these  bladders  belonged 

to  the  single  species  Acroperus  leucocephalus^  Koch." 
But  among  the  ranks  of  enemies  must  be  included  certain  para- 

sites, both  external  and  internal,  of  which  a  variety  are  known. 
A  few  of  the  most  remarkable  of  these  will  be  mentioned.  I  may 
be  permitted  to  quote  from  an  article  in  the  American  Naturalist, 

April,  1883: 

"We  have  discussed  the  relation  of  the  minute  fresh-water  Crus- 
tacea to  sanitary  science  in  a  paragraph  in  a  recent  article  in  the 

Naturalist,  but  it  remains  to  touch  upon  another  phase  of  the 

subject.      It   may   be   thought  unnecessary  to  trouble   ourselves 

1 
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about  the  pathological  conditions  prevailing  among  such  lowly 
animals,  but  it  can  be  shown  that  these  same  causes  of  disease  may 
not  be  unimportant  in  connection  with  human  diseases. 

Tt  is  a  fact  constantly  receiving  new  exemplification,  that  the 
parasites  infesting  small  animals,  particularly  water  animals,  are 
irequently  but  the  immature  forms  of  parasites  of  animals  higher 

in  the  scale.  These  alternating  generations  are  exceedingly  diffi- 
cult to  study,  so  that  while  all  stages  may  be  separately  known, 

only  a  fortunate  combination  of  circumstances  or  patient  accumu- 
lation of  facts  can  connect  the  individual  factors  into  the  complete 

cyclus. 

Thus,  for  example.  Prof.  Leuckart  has  but  recently  worked  out 

the  full  lifie-history  of  Distomum  hepaticiim^  although  the  adult 
has  been  a  stock  example  in  helminthological  study  in  the  labor- 

atory for  years. 

The  importance  of  such  parasites,  even  in  a  commercial  view, 
needs  but  a  reference  to  trichinosis  to  illustrate.  I  am  not  aware 

that  endo-parasites  are  known  in  entomostraca  except  in  the  case 
of  Cyclops.  Embryos  of  Cucullanus  elegans,  a  nematoid  worm, 
enter  the  body  cavity  of  cyclops  and  undergo  two  moults  and  then 

are  transferred  to  the  intestinal  canal  of  food  fishes.^ 

A  similar  parasite  of  cyclops  is  Filaria  medinensisJ^ 
The  cladocera  are  generally  quite  free  from  parasites,  but  I  have 

found  in  several  instances  young  nematoids  m  the  blood  sinus  in 

front  of  the  heart  in  Daphnia  schcefferi.  These  worms  subsist 
upon  the  nutriment  in  the  blood  which  constantly  bathes  the 

animal.  True  cysts  could  not  be  formed  in  the  cobweb-like  tis- 
sues of  the  hosts.  This  is,  so  far  as  I  can  learn,  the  first  publica- 
tion of  entozoa  from  cladocera,  and  the  parasites  are  figured  in 

Plate  T,  Fig.  15.     The  animals  were  from  'Schimels  Teich,'  Leipzig. 
While  collecting  copepods  near  Tuscaloosa,  Ala.,  I  gathered  a 

number  of  specimens  of  Cyclops  tenuicornis,  and  nearly  all  were 

unusually  pale  and  feeble.  On  examination  they  proved  to  be  in- 
fested with  a  worm  of  the  sub- order  Distome^.  This  sub-order 

includes  many  distressing  parasites  and  forms  which  are  adapted 
to  be  widely  distributed  by  a  long  period  of  adolescence,  and  the 

number  of  stages  passed  through  before  maturity  is  attained." 
"The  larvge  live  frequently  in  moUusca,  and  in  maturity 

inhabit  the  intestine  of  vertebrates. 

Upon  examination,  the  cyclops  individuals  collected  were  nearly 

iClaus.    Kleines  Lehrbuch  d.  Zoologie,  p.  368. 
2B'edschenl£o.    Ueber  d.  Bau.  u.  d.  Eatwickiung  d.  Filaria  medinensis,  Moscow. 
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all  found  affected,  some  having  as  many  as  five  parasites  of  various 
sizes  about  the  alimentary  canal,  in  the  common  vascular  cavity 
which  corresponds  to  the  entire  arterial  and  venous  system  of  the 

more  highly  organized  Calanidse.  The  Cercerian  or  tailed  stage 

was  not  found.  Were  the  life-history  known  it  would  probably 
appear  that  the  larval  stage  is  passed  within  some  young  moUusks, 
and  that  the  adult  infests  some  vertebrate,  probably  fish,  and 
would  thus  be  perhaps  transferred  either  in  food  or  drink  to 
the  human  system. 

It  is  worthy  of  notice  that  the  host  was  soon  destroyed  by  the 

parasite,  the  post-imago  or  coronatus  form  being  absent ;  most 
of  the  individuals  thus  infested  possessed  abnormally  persistent 

larval  characters  in  antennae,  etc."  (See  also  below  on  Lagenella 
mobilis). 

The  external  parasites  are  more  numerous  but,  in  the  main,  less 

dangerous.  Among  these  are  a  variety  of  algae,  and  colonies  of  Yor- 
ticellae  and  related  animals.  There  is  almost  always  a  colony  of 
Acineta  near  the  anus  of  Cyclops  phaleratus.  Rarely  Stentor  is 
found  upon  the  body  of  Cyclops. 

The  most  remarkable  ectoparasite  among  the  protozoa  is  the 

remarkable  louse-like  ciliate  protozoan,  to  be  described  beyond, 
found  as  a  parasite  of  Diaptomus  pallidus. 

Finally,  certain  of  the  rotifera  are  very  constant  enemies  of  the 

entomostraca,  one  species  making  its  diet  almost  exclusively  of 
Chydoras  sphaericus  and  stowing  them  away  with  remarkable 

facility  with  its  forceps-like  jaws. 

A  New  Species  of  Corethra. 

(Plate  V.  Figs.  1-4  ) 

The  Corethra  plumicornis  as  known  in  the  larval  form  is  one 
of  the  most  abundant  of  the  inhabitants  of  our  inland  waters,  and 

its  form  and  habits  are  sufficiently  well  known.  (See  Types  of 
Animal  Life  by  the  author  for  description  aud  figures.) 

A  second,  and  presumably  new,  species  was  found  in  a  night 
gathering  from  Lake  of  the  Isles  near  Minneapolis.  In  motion  it 
differed  so  entirely,  though  indescribably,  that  the  eye  recognized 
it  at  once  as  new.  The  few  specimens  then  obtained  were  all  that 
have  been  seen,  but  I  will  here  give  a  brief  description  of  the  larva 

and  pupa  in   hope   that  the   imago  may  finally  be   encountered. 
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The  form  is  more  slender  than  in  C.  plumicornis.  The  tracheal 
vessels  are  of  a  different  form  and  color,  and  the  viscera  have  ob- 

vious differences.  Most  conspicuous  variations,  however,  are  seen 
in  the  shape  of  the  head,  which  is  slender  and  attenuated  toward 
the  insertion  of  the  antennae.  The  antennae  are  shortish  and  have 

a  spine  outwardly.  The  cuticular  appendages  have  an  unusual 
form  as  has  the  labrum.  The  anterior  part  of  the  head  is 

spiny.    The  armature  of  the  end  of  the  abdomen  is  peculiar. 
The  posterior  rudimentary  appendages  are  of  a  different  form, 

and  the  claws  are  replaced  by  club-shaped  bodies.  A  curious  ap- 
pendage below  is  indicated  in  the  name.  The  pupa  has  an  extra- 

ordinarily elongate  abdomen  which  terminates  in  two  paddle-like 
appendages  loosely  ciliated  outwardly.     This  species  may  be  called 

Corethra  appendiculata,  sp.  n. 

A  New  Ectoparasitic  Peotozoan. 

(Plate  y.  Figs.  12-13.) 

The  very  strange  monocellular  animal  referred  to  was  found  scur- 
rying over  the  body  of  Diaptomus  pallidus  in  a  manner  like  that 

of  a  louse  scrambling  over  a  bare  spot  upon  its  host.  The  body  is 

disc-shaped  and  about  .04  mm.  in  diameter.  The  lower  or  ciliated 
side  is  flat  and  circular.  The  upper  or  aboral  portion  is  convex 
with  an  annular  depression  of  greater  or  less  regularity  about  half 
way  from  the  center  to  the  margin.  The  lower  side  has  a  chitinous 
barred  ring,  corresponding  to  the  depression  above,  containing 
about  25  radially  arranged  bars,  each  of  which,  apparently,  forms 
the  support  for  a  long  cilium  which  with  the  others  forms  a  circlet 
extending  beyond  the  margin.  These  cilia  are  used  as  feet  and  by 
them  the  animal  is  able  to  move  in  any  direction,  apparently  with 
none  of  the  uncertainty  of  motion  usual  to  ciliate  infusoria.  The 

protoplasm  is  granular  and  contains  one  or  more  contractile  vesicles, 
one  of  which  appeared  very  regularly  in  the  center  of  the  chitinous 
ring  before  mentioned.  These  animals  can  also  swim  freely,  but 

after  a  short  excursion  usually  came  quickly  back,  and  after 

shuffling  or  sliding  over  the  smooth  surface  of  the  crustacean  as- 
sumed a  position  of  repose.     The  generic  affinites  of  this  protozoan 
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are  uncertain  (Chilodontidae?);  the  specific  name  may,  perhaps,  be 
safely  applied  as  follows: 

pedicularis,  sp.  n. 

Cragin  notices  the  occurrence  in  American  species  ot  Cyclops  of 

Lagenella  mohilis,  Rehberg.  This  gregarine  (?)  was  found  by  him 
at  Cambridge,  inhabiting  in  large  numbers  the  digestive  tract  of 
species  of  Cyclops,  and  has  since  then  been  observed  in  Minnesota. 
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CHAPTER  II. 

ORDER  CLADOCERA. 

This  very  extensive  group  contains  a  variety  of  types,  but  there 
are  sufficiently  evident  connecting  links  uniting  the  extremes  of 
structure.  The  Gymnomera  which,  following  the  usual  custom, 
we  include  here,  stand  distinct  from  the  other  groups,  yet  have  suf- 

ficiently evident  cladoceran  affinities.  It  is  very  unfortunate  for 
setiological  speculation  that  this  the  only  truly  marine  group 
should  stand  thus  isolated  from  its  fellows.  According  to  the  no- 

tions at  present  prevailing,  the  Phyllopods  stand  nearest  the  primi- 
tive type  of  Crustacea.  There  are  unmistakable  hints  at  an  early 

origin  for  that  group,  and  not  less  evident  are  certain  analogies 
with  both  Cladocera  and  Copepoda. 

There  has,  however,  recently  been  made  an  attempt  to  derive  the 
Phyllopods  from  an  original  cladoceran  stem  with,  as  we  think, 
somewhat  unsatisfactory  results.  Do  we  not  the  rather  see  in  both 
groups  two  like  phases  which  may  be  looked  upon  as  incidental  and 

comparatively  trivial.  The  shelled  and  the  shell-less  phasis  appears 
in  both.  The  most  closely  shelled  Phyllopod  is  unmistakably  nearer 
Branchipus  even  than  any  of  the  Cladocera.  It  would  seem  that 
the  brief  and  imperfect  embryonic  nauplius  condition  of  the  latter 
sufficiently  indicated  their  later  origin.  Again  no  fanciful  analogy 

can  unite  the  Ostracoda  with  the  'Lynceidse.  We  know  of  no 
recent  discoveries  casting  discredit  on  the  remark  of  Balfour:  "the 
independent  origin  of  the  Ostracoda  from  the  main  crustacean 

stem  seems  probable." 
Prof.  Packard  says:^ 

"We  imagine  that  when  a  permanent  body  of  fresh  water  became 
established,  as,  for  example,  in  perhaps  early  Silurian  times,  the 

marine  forms  carried  into  it  in  i>he  egg-condition,  possibly  by  birds 

i"A  Monograph  of  the  Phyllopod  Crustacea,"  etc.,  Xllth  Annual  Rep.  U,  S.  Geol. 
and  Geog,  Surv.  Terr. 
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[sic?]  or  by  high  winds,  hatched  young,  which  under  favorable  con- 
ditions, changed  into  Sida,  Moina,  and  Daphnia-iike  forms.  The 

Cladocera  are,  then,  probably  the  more  generalized  forms,  from 

which  the  Phyllopods,  at  this  time  and  probably  ever  since  Devo- 

nian times,  par  excellence  a  fresh-water  assemblage  of  forms,  took 

their  origin/'  Whatever  affinity  there  may  be  between  the  shelled 
Phyllopods  and  the  Cladocera,  it  would  seem  that  the  evidence  is 
conclusive  that  the  latter  group  is  not  the  direct  continuation 

of  the  line  of  development  inaugurated  by  an  ostracode  ancestor. 
As  shown  beyond,  the  present  centre  of  the  group  seems  near  Moina 
with  indications  of  a  divergence  from  this  rather  generalized  type, 

especially  of  degradation  and  heteronomy  on  the  side  of  the 

Lynceids. 
It  seems  at  the  present  time  that  more  might  be  accomplished 

for  aetiology  by  a  careful  study  of  such  groups  as  the  present,  in 
which  are  a  variety  of  closely  allied  forms  than  by  the  attempt  to 

join  widely  separated  groups.  When  we  shall  have  siezed  upon 
the  latest  eddies  and  mapped  their  direction,  it  may  become  possible 
to  combine  the  indications  in  such  a  way  that  lines  of  divergence 

thus  traced  accurately  through  some  small  part  of  their  course 
may  be  produced  backward  to  their  intersection.  This  then  is 

our  present  duty — the  accurate  mapping  of  minute  districts  and  the 
careful  noting  of  any  moving  straws,  competent  to  indicate  move- 

ments in  the  vast  complex  of  vitalized  nature.  We  conceive  the 
cladocera  to  have  had  a  comparatively  recent  origin,  and  to  express 
the  culmination  and  retrograde  development  of  a  plan  of  structure 
first  differentiated  after  the  appearance  of  clear  bodies  of  fresh 
water.  All  the  species  save  a  very  few  are  confined  to  inland 
waters.  Accepting  the  above  mentioned  theory,  the  Sididse  will 
occupy  the  first  place  as  departing  least  from  the  type  from  which 
the  whole  group  sprang,  while  it  is  connected  by  the  genus 
Daphnella  with  the  Daphnidse.  The  Daphnidae,  beginning  with 
Moina,  find  their  ultimate  development  in  some  monstrous  forms 
of  the  genus  Daphnia,  but  pass  into  the  Ly ncodapbnidae  by  way 
of  Macrothrix.  The  links  uniting  all  these  minor  groups  are  very 
obvious. 

Our  own  ideas  of  the  relationships  among  the  Calytomerous 
Cladocera  are  expressed  in  the  accompanying  table.  This  table  is 
to  be  considered  a  projection  of  a  portion  of  a  genealogical  tree, 
seen  from  below,  in  which  the  genus  Moina  forms  the  arbitrarily 
chosen  fixed  point.  The  heavy  dotted  line  is  imagined  as  directed 

downward  vertically.    That  branch  rising  toward  the  top  of  the 

III 
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page  is  growing  obliquely  upward.  The  Daphnidae  are  represented 

as  expanding  upon  the  same  plane  as  Moina,  and  the  Lyncodaph- 
nidae  extend  diagonally  downward,  producing  the  Lynceid  branch 

The  Bosminidse  spring  from  the  stem  at  a  lower  point.  These 
relations  are  made  obvious  by  the  figure  giving  a  view  of  the  ideal 

tree  as  seen  from  the  side.* 

Limnosrefa 

Bowped/das       \ 
Pseudosida 

y        ^  —  "^ 

Latona 

(?) 

V'  ̂ Daphnella -^  v 

<srolDyE> 
I 
I 
r 

-  IVrO  f  N  A   Ceriodaphnia 

Simogephalas ^Daphnia. 

<LYNCODAPHNID/E> 

Eosmma, StrebLocercus  j^acrothn)!  ̂ ^ 

laihnmira       Drepanofhri>t^ 

^Sca'pholeheris 

Lyncodaphnia 
■  lliocrypius 

A  cantholeberis 

5IDrD>E 
<LYNC^EID/E>     f 

y,       ,                     Eurycercua     ̂ ^  J^^ Camptocercu:s   y  o^ 
DAPHNIDffl 

Aionopsis^"' 

fAlona)  y 

Lynpeus 
(PleOcQxusI^ 

CbydorOs 

Graptojebris 

^MoQaspilus 

fig.  1. — table  illustratilij'g  the  relation's  of  the 

Cladocera  Calyptomera. 

*NOTE.— To  adapt  the  diagram  to  the  theory  that  the  Lyuceidse  are  the  progenitors 
of  Cladocera,  it  is  only  necessary  to  revolve  the  imaginary  line  to  the  right,  till  it 
coincides  with  the  axis  of  that  family.  The  question  mark  may  be  understood  to 
indicate  that  the  source  of  the  pivotal  group,  Moina,  is  uncertain.  The  author  must 
confess  that  his  inclination  is  toward  a  belief  that  the  line  culminating  in  the  Daph- 

nidae diverged  from  a  group  of  organisms  resembling  Phyllopoda,  more  definitely, 
resembling  Limnetes.  There  is  a  very  remarkable  resemblance  between  the  larva 
of  Limnetes  and  Bosmina.  The  lateral  spines  of  the  former  are,  as  will  be  shown 
true  homologues  of  the  antennules  of  Bosmina.  The  later  origin  of  the  Phyllopoda 
in  their  present  form  may  be  well  admitted. 

1  Entomostraca,  seu  Insecta  testacea,  quae  in  aquis  Daniae  et  Norwegige  reperit 
d«scripsit,  etc.    Otho  Friedric  Mueller,  1785. 

2  Monoc.  qui  se  trouvent  aux  Envir.  de  Geneve. 
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The  Cladocera  or  Daphnoidea  are  characterized  by  the  more  or 

less  leaf-like  feet,  and  the  lamina  of  thin  chitine  which  encloses  the 
greater  part  of  the  body,  or  at  least  forms  a  sac  for  the  protection 

of  the  eggs.  This  so-called  shell  springs  as  a  fold  from  the  maxil- 
lary segment  and  is  the  most  conspicuous  and  variously  formed, 

while  really  least  important,  of  the  structural  peculiarities. 
All  Cladocera  begin  life  with  a  single  median  eye,  but  some  lose 

it  during  later  life.     In  one  case  it  remains  the  only  visual  organ. 
The  outer  covering  is  in  most  cases  changed  by  frequent  moults. 

The  period  of  the  moult  is  one  of  the  most  precarious  in  the  life 
history  of  the  animal. 

Although  figures  and  brief  descriptions  of  animals  belonging  to 

this  group  are  to  be  found  in  the  works  of  Swammerdam,  Leewen- 

hoek,  Trembley  and  other  of  the  older  authors,  Mueller^  was  the 
first  to  produce  a  systematic  work  upon  these  in  common  with 

other  minute  fresh-water  Crustacea.  He  may  be  called  the  father 

of  the  study  of  micro-crustacea.  Jurine,^  an  eminent  Swiss  natur- 
alist, was  the  next  to  contribute  important  discoveries  relating  to 

these  interesting  animals,  though  Ramdohr  had  given  anatomical 
details  of  several  species.  Gruisthuisen,  a  little  later  gives  farther 
details  of  Daphnia  sima  (Simocephalus).  The  work  of  Milne 

Edwards  gives  a  resume  of  what  was  known  regarding  these  ani- 
mals in  that  period.  Soon  afterwards  the  work  of  Baird  became 

the  beginning  of  a  new  era,  and  the  study  of  the  minute  Crustacea 

sprang  into  importance  at  once.  The  Scandinavian  peninsula 

being  the  birth-place  of  the  science,  it  is  proper  that  the  most 
exhaustive  work  on  the  group  should  be  performed  there. 

The  most  important  of  the  later  writers  are  Leydig,  Schoedler, 

Fischer,  Lilljeborg,  P.  E.  Mueller,  Sars,  "Weismann,  Glaus  and Kurz. 

The  complete  bibliography  of  the  subject  up  to  Mueller's  time  is 
found  in   Baird's   British  Entomostraca;  the  greater  part  of  the 

later  bibliography  is  to  be  found  in  P.  E.   Mueller's   Danmark's 
Cladocera.     A  few  only  of  the  more  important  works  are  here 
mentioned. 

Koch,  C.  I/.,  Deutchlands  Crustaceen,  etc. 
Schoedler,  J.  E.,  [Jeber  Acantliocercus  rigldus,  etc. 

Dana,  J.  D.,  Crustacea  of  the  Wilkes'  Exploring  Expedition. 
lAevin,  Die  Brancliiopoden  der  Danziger-Gegend. 
Fischer,  Leh.,  Ueber  die  in  der  Umgegend  von  St.  Petersburg  vorkommenden  Crus- 

taceen,  etc.,  1851. 

lAlljehorg,  W.,  De  Crustaceis  ex  ordinibus  tribus,  (or)  Om  de  inom  Skane  forekom- 
mande  Crustaceer  af  ordningarne  Cladocera,  Ostracoda  och  Cope- 

poda. *  ) 

-I 
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This  valua'  le  work  is  particularly  good  on  the  Cladocera,  but  is 
unfortunately  ;^dthout  Latin  descriptions;  so  that  the  Swedish 
text  is  a  hindrance  to  its  usefulness.  It  is  chiefly  of  historic  value 
now.    Large  8vo;  Lund,  1855. 
Schoedler,  J.  E.,  Die  Branchipoden  der  Umgegend  von  Berlin,  1858. 
Smitt,  F.  A.,  Sur  les  Ephippes  des  Daphnes. 
LuhhocTi,  J.,  An  account  of  the  two  methods  of  reproduction  in  Daphnia,  etc. 
I/eyclifiT,  Fn,  Naturgeschichte  der  Daphniden. 

The  most  magnificent  work  published. 
Lilljehorg,  W.,  Leptodora  hyalina,  1861. 
Sars,  G.  O.,  Cm  Crustacea  Cladocera,  iagttagne  i  Omegnen  af  Christlania,  1862. 

This  valuable  work  is  difficult  of  access,  printed  on  thin  paper  and 
without  illustrations.  A  second  paper  by  the  same  author  in  1863 
is  mentioned,  but  I  have  never  seen  it. 
Schoedler,  J.  E.,  Neue  Beitrage  zur  Naturgeschicte  der  Cladoceren,  1863. 

One  of  the  most  important  works  on  the  Lynceidse.  The  author 
is  rather  too  credulous  and  inclined  to  form  new  species. 
Klunzinger,  Einiges  zur  Anatomie  der  Daphnlden  nebst  kurzen  Bemerkungen  ueber 

die  Susswasserfauna  der  Umgegend  Cairo's. 
Sars,  G.  0.,  Norges  Ferskvandskrebsdyr  Cladocera  ctenopoda,  1865. 

The  best  work  on  the  Sididse,  etc. 

Mueller,  P.  E.,  Danmark's  Cladocera. 

One  of  the  most  useful  books  on  the  subject.  Especially  good 
on  Lynceidee  and  Bosminidse. 
Plateau,  Felix,  Recherches  sur  les  Crustaces  d'eau  douce,  etc.,  1867-69. 
Mueller,  P.  E.,  Note  sur  les  Cladoceres  des  Grands  Lacs  de  la  Suisse. 
Weismann,  A.,  Bau  und  Lebenserscheinungen  Leptodora  hyalina. 
Sars,  G.  O.,  Om  en  dimorpli  Udvikllng  Samt  Generationsvexel  hos  Leptodora,  1873. 
Claus,  C,  Zur  kennt.  d  Organ,  u.  d.  feineren  Baues  der  Daphniden. 
Claus,  C,  Zur  kennt.  des  Baues,  etc.,  der  Polyphemiden. 
Gruber  and  Weismann,  Ueber  elnige  neue  Oder  unvollkomen  gekannte  Daphniden. 
Weismann,  Thierleben  im  Bodensee,  1877. 

•    Lutz,  A.,  Untersuchungen  ueber  Cladoceren  der  umgebung  von  Bern. 
Claus,  C,  Die  Schalendruse  der  Daphniden,  1874. 

Spangenberg,  Fr.,  Ueber  Bau  und  Entwicklung  der"Daphniden. 
Lilljeborg,  W.,  Crust,  Suececorum  Ordin.  Branchiop.  et  Subord.  Phyllop.,  1877. 
Pavesi,  P.,  Nuova  Serei  di  recherche  della  fauna  pelagica  nei  laghi  Italiani,  1877-1879. 
Grobben,  C,  Zur  Entwicklungsgeschicte  d.  Moina  rectirostris,  1789. 
Weismann,  Beitrage  zur  Naturgsch.  der  Daphnoiden,  Leipzig,  1876-79.    (Valuable  od 

the  physiology). 

The  American  literature  may  be  catalogued  in  a  few  lines.  The 
first  descriptions  and  figures  with  which  I  am  familiar  are  those  in 
the  Rep.  of  the  U.  S.  Fish  Commission,  1874,  where  S,  L  Smith  notes 

Daphnia  galeata,  D.  pellucida  and  D.  pulex;  also  a  species  of  Bos- 
mina,  Eurycercus  lamellatus  and  Leptodora  hyalina. 

A.  E.  Birge  was  the  first  to  systematically  study  Cladocera  in 

America,  and  his  '*  Notes  on  Cladocera "  furnished  a  basis  upon 
2 
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which  to  build.  A  few  notes  were  published  by  the  writer  a  little 
later. 

A  few  additional  notes  and  descriptions  of  new  species  were 

published  in  the  eleventh  annual  report  of  the  Minnesota  geoL 
and  nat.  hist,  survey. 

Prof.  Birge  published  other  notes  in  the  Medical  Journal  and 
Examiner  of  Chicago,  which  I  have  not  seen. 

Prof.  Forbes  of  Normal,  111.,  in  an  article  in  the  American 

Naturalist,  July,  1882,  adds  a  number  of  facts  and  one  new  species. 
In  addition  to  the  above,  a  figure  of  Sida  was  printed  in  one 

of  Hayden's  Survey  Reports,  and  some  account  of  the  Cladocera 
of  lake  Michigan  was  given  by  B.  W.  Thomas,  I  believe,  in  one  of 
the  official  reports  of  the  Chicago  Water  Commission. 

CLASSIFICATION  OF  THE  CLADOCERA. 

SUB-ORDER  I  — CALYPTOMERA  (membrane-clothed). 

Body  enclosed  in  a  bivalve  shell.    Mandibles  truncate  below.    Maxillae  distinct, 
spiny.    Thoracic  ganglia  discrete. 

Tribe  I. — Ctenopoda. 
Feet  six,  similar,  foliaceous,  all  distinctly  branchiate. 

FaM.  1. — SiDIDE. 
Swimming  antennae  with  two  unequal  rami,  intestine  simple. 

FaM.  2. — HOLOPEDID^. 
Swimming  antennae  simple,  elongate  cylindrical  (in  the  male  prehensile), 

intestine  with  two  lateral  dilations. 

Tribe  II. — Ais^omopoda. 
JFeet  five  (or  six)  pairs,  the  anterior  pair  more  or  less  prehensile  and  destitute 

of  branchiae. 

Pam.  1. — Daphnid^. 
Rami  of  antennae  three  and  four-jointed,  five  pairs  of  feet,  the  last  with 

a  curved  appendage  guarding  branchial  sac;  antennules  of  female 
short,  one-jointed. 

Fam.  2. — BosMiisriD^. 
Six  pairs  of  feet,  antennules  elongated,  many-jointed. 

Fam.  3. — Lvncodaphnid^. 
Antennules  of  female  elongated,  but  one-jointed;  intestine  simple  or 

convolute. 

Fam.  4.— LYNCEiDiE. 
Antennae  with  both  rami  three-jointed,  intestine  convolute,  with  ab- 

dominal but  no  anterior  caeca. 

SUB-ORDER  II.— GYMNOMERA  (destitute  of  covering). 

Body  without  or  nearly  destitute  of  bivalve  shell ;  feet  not  branchiate,  spiny.    An- 
terior thoracic  ganglia  in  one  mass. 
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FaM.  1. — PoLYPHEMIDiE. 
Abdomen  curved,  terminating  in  two  long  stylets. 

Fam.  2. — Leptodorid^. 
Abdomen  straight,  ending  in  short  claws. 

FAMILY  SIDIDiE. 

Head  separated  from  the  body  by  a  depression,  without  promin- 
ent fornices  (or  spreading  shields)  over  the  base  of  the  antennae. 

First  pair  of  antennae,  or  antennules,  as  we  shall  uniformly  call 

them,  one-jointed,  usually  rather  small  in  the  female,  but  extend- 
ing into  a  very  strong  flagellum  in  the  male.  Antennae  long, 

biramose,  with  unequal  branches.  Mandibles  truncate  at  the  end. 
Maxillae  armed  with  large  spines.  The  form  is  usually  elongate, 
and  the  abdomen  often  extends  beyond  the  edge  of  the  shell 

behind.  The  male  openings  are  usually  in  the  end  of  long  ap- 
pendages which  depend  from  the  base  of  the  post-abdomen.  This 

interesting  family  is  represented  in  America  so  far  by  four  species, 
one  of  which  constitutes  a  new  genus.  Others  will  undoubtedly 
be  found  upon  a  careful  study  of  the  fauna  of  the  great  lakes 
Most  of  the  species  prefer  the  clearer  and  colder  water  of  large 
lakes.  The  processes  of  development,  as  traced  by  the  writer,  vary 
very  little  from  the  method  exhibited  by  Moina.  The  ephippial 
condition,  however,  is  not  found  in  these  animals  which  are  less 

subject  to  destructive  influences  of  the  climate.  They  do,  how- 
ever, produce  so-called  winter  eggs  which  are  laid  in  October  and 

are  distinguished  from  the  summer  eggs,  which  hatch  in  the  brood 
cavity,  by  a  brown  color  and  the  presence  of  fatty  spheres.  These 
€ggs  are  produced  in  large  numbers  in  distinction  from  most  other 
€ladocera  in  which  the  winter  eggs  are  very  few.  These  eggs  are 
permitted  to  settle  to  the  bottom  and  there  develop  at  the  proper 
time.  Sida  crystallina  is  often  found  in  immense  numbers  in  large 

lakes  which  contain  abundant  plant  growth.  The  size,  and  especi- 
ally the  reproduction  activity,  is  very  dependent  on  the  environ- 

ment, and  hence  little  success  is  obtained  in  preservation  in 
aquaria.  Some  of  the  genera  are  nocturnal  and  should  be  sought 
at  the  surface  on  quiet  evenings. 

I. — GrENUS  Sida.     Straus. 

(Plate  N.  Figs.  12-14.) 

Body  elongate,  hyaline.  Head  small,  quadrate.  Fornices  ab- 
sent.   Antennules  of  female  small,  truncate;  of  male,  with  a  long 
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flagellum.  Second  antennae  with  the  rami  two  and  three-jointed. 
Male  with  the  sexual  openings  just  behind  the  last  pair  of  feet. 
It  is  the  upper  or  longer  branch  of  the  antennae  which  in  Sida  i& 

three-jointed,  while  the  reverse  is  the  case  in  the  next  genus. 
The  only  species,  according  to  P.  E.  Mueller,  is  the  ubiquitous  S. 
crystallina.  The  S.  elongata  of  Sars  is  distinguished  by  the 
smaller  head  and  its  concave  lower  margin  and  more  elongate 
shell.  The  terminal  joint  of  the  longer  ramus  has  one  less  seta 

than  S.  crystallina,  while  the  post-abdomen  has  more  numerous 
spines.  We  incline  to  believe  it  a  valid  variety  at  least.  The 
bibliography  below  is  extracted  from  a  previous  report: 
DapTine  crystallina,  Muellek. 
Daphnia  crystallina,  Latreille,  Bosc. 
Sida  crystallina,  Straus,  Mem.  Mus.  Hist.  Nat. 
Sida  crystallina,  M.  Edwards,  Hist.  Nat.  Crust. 
Monoculus  crystallinus,  Gmelin,  Manuel.    Fabricius. 
Monoculus  elongatus,  De  Geer,  Mem.  servir.  Hist.  Ins. 
Sida  crystallina,  Lievin,  Branch,  d,  Danziger  Geg. 

Baird,  Brit.  Entom. 
LiLiiJEBOBG,  De  crust,  ex  ord.  trib. 
Fischer. 

SCHOEDLER,  Die  Brancb.  d.  Umg.  v.  Berlin. 
Neue.  Beitr. 

Leydig,  Naturg.  d.  Dapb. 

Sars,  Norges  Ferslcv— Krebsdyr. 

Sida   elongata.   Sabs,      "  *'  " 
Sida  crystallina,  P.  E.  Mueller,  Danmarlc's  Cladocera. 

KuRZ,  Dodekas  Neuer  Cladoceren. 
Birge,  Notes  on  Cladocera. 
Herrick,  Microsc.  Entom. 
LUTZ,  Untersuch,  u.  d.  Cladoceren  d.  Umg.  v.  Bern.,  1878. 
Weismann. 

Grobben,  Entwicklung.    Moina. 
Herrick,  Crustacea  of  Minnesota. 

II. — Genus  Pseudo-sida.    Herrick.    (Genus  n.) 

Similar  to  Sida.  Antennules  of  the  female,  with  a  long  flagel- 
lum, like  that  of  the  male  of  Sida,  sensory  setae  lateral.  Body 

elongate,  head  short,  extending  into  a  sharp  beak.  The  post- 
abdomen  is  armed  with  groups  of  sharp  spines  or  bristles.  Most 
characteristic,  however,  is  the  fact  that  the  anteunary  joint,  which 

in  Sida  is  two-jointed,  in  this  species  is  tri-ariiculate,  and  the  two- 
jointed  ramus  has  a  great  number  of  satae  (16-17). 

Sp.  1.    Pseudo-sida  bidentata,  Herrick.    (Sp.  n.) 

(Plate  K.    Fig.  9.) 

Post-abdomen  armed  with  12-14  clusters  of  spinules  in  a  trans- 
verse row  ;  the  terminal  claw  armed  with  two  long  basal  spines, 

and  with  numbers  of  fine  teeth  on  the  inside.     The  two-jointed 
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ramus  of  the  antennse  has  six  setae  on  the  basal,  and  ten  or  eleven 

on  the  terminal  joint,  while  the  three-jointed  ramus  has  a  short 
terminal  joint  bearing  three  spines.  The  valves  are  marked  with 
sparse  spines  on  the  lower  margin.  In  most  respects  this  species 
is  like  Sida,  which  it  resembles  in  size.  In  the  form  of  the  female 
antennae  it  is  like  Latona  which  it  also  somewhat  resembles  in  the 

number  of  joints  of  the  antennae  and  the  numerous  setae  they  bear. 
It  is  certainly  an  interesting  transition  form.  Found  only  in 
swamps  bordering  Mobile  bay,  Ala.,  but  whether  in  brackish  or 

fresh  water  my  notes  do  not  inform  me.  Sida  crj^stallina  lives  far 
out  in  the  bay,  and  Daphnella  is  found  in  pools  along  shore. 

III. — Genus  Limnosida.    Sars. 

(Plate  :N'.    Fig.  9.) 
Head  crested;  eye  in  a  conical  prominence.  Shell  elongated, 

produced  above  in  an  acute  angle.  Antennules  small,  truncate  in 
the  female ;  in  the  male  of  enormous  size;  antennae  very  long. 

Post-abdomen  smooth;  terminal  claw  spiny. 
The  one  species,  L.  frontosa,  Sars,  is  not  yet  known  in  America. 

lY. — Genus  Daphnella.    Baird. 

Neither  beak  nor  fornices  present.  Antennules  of  female  small, 

truncate  ;  those  of  male  long,  flagellate.  Antennse  with  two-and 
three-jointed  rami.  Male  with  a  hook  on  the  first  foot,  and  large 
copulatory  organs  attached  to  the  base  of  the  post-abdomen. 

Sp.  1.    Daphnella  brachyura,  Lievin. 

Sida  brachyura,  Lievin,  Branch,  d  Danziger  Geg. 
Daphnella  wingii,  Baird,  Brit.  Entom. 
Sida  brachyura,  Lii,i«teborg,  De  crust,  ex  ord.  trib. 
Diaphanosoma  brandtianum,  Fischer.  Erganzig.  Berichtig. 
Daphnella  brandtiana,  Saks,  Norges  Ferskv. — Krebsdyr. 
Daphnella  brachyura,  P.  E.  Mueller,  Danmark'sCladocera. 
Daphnella  brachyura,  Lutz,  Untersuchung  u.  die  Cladoceren  d.  Umg.  v.  Bern. 
Sida  brachyura,  Pavesti,  Nuova  serie  di  recerche  della  fauna  pelagica  nei  laghi 

Itaiiani  (L.  Trasimene). 
Daphnella  brachyura,  Herrick,  Notes  on  Crustacea  of  Minnesota. 
{Compare  also  D.  expinosa,  Birge,  Notes  on  Cladocera  p.  3.) 

The  species  of  Daphnella  found  about  Minneapolis,  occasionally 
abundant,,  seems  not  to  differ  in  any  important  character  from 
European  types  of  D.  brachyura,  although  I  formerly  regarded  it 
as  distinct  (D.  winchelli.  Microscopic  Entom.,  Addenda). 

Head  less  than  i  the  body  (about  .27  mm.,  while  the  body  is 
.6  mm.  long);  eye  about  i  head;  antennae  when  reflexed  extend  a 
little  beyond  f  the  length  of  body.     Male,  .7  mm.  long;  antennae 
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reflexed,  reaching  base  of  shell ;  anterior  antennae  extremely  long; 

copulating  organs  reaching  nearly  to  end  of  claws.  Having  care- 
fully compared  our  specimens  with  the  descriptions  and  figures 

given  by  Birge  for  his  D.  expinosa,  the  evidence  seems  to  indicate 
not  only  that  they  are  identical,  but  both  are  really  D.  brachyura* 
The  distinctive  characters  of  D.  expinosa  are  a  greater  indentation 
between  head  and  body,  absence  of  caudal  teeth,  greater  length  of 

male  appendages,  and  the  opening  of  the  vasa  deferentia  below  the 

*'  instep  "  of  these  appendages. 
The  absence  of  teeth  upon  the  post-abdomen  is  of  even  generic 

importance  according  to  Sars,  who  gives  it  in  his  synopsis  of 
genera  as  typical  for  Daphnella,  In  our  specimens  the  claws  are 
at  least  pectinate  if  not  serrate,  while  the  appendages  of  the  male 
reach  generally  nearly  to  the  middle  of  the  claws.  The  relative 
length  of  these  appendages  and  the  antennae  of  the  male  is  variable^ 

Sp.  2.    Daphuella  brandtiana,  Fischer. 

Head  as  long  as  half  the  body,  antennae  when  reflexed  reaching 

beyond   the  posterior  margin  of  the  valves.     Length  0.8  mm.     Of 
the  validity  of  this   species  we   can  form  no  conclusion.     It  is 

usually  considered  a  variety  or  phase  of  the  above. 

V. — Genus  Latona,  Straus. 

(Plate  K.    Fig.  8.) 

Body  elongate,  broad;  head  large  and  square,  appendaged  below 
with  triangular  laminae ;  fornices  present.  Antennules  rather 

large.  The  larger  ramus  of  the  antennae  is  two-jointed  and  has  an 
expanded  process  at  the  base.  The  lower  posterior  angle  of  the 

shell  has  a  peculiar  diverging  set  of  setae.  The  shell  is  often  orna- 
mented with  numerous  flecks  of  bright  color.  There  is  a  copula- 

tory  apparatus  in  the  male. 

Latona  setifera,  Mueller, 

Is  the  only  species,  and  is  not  yet  recognized  in  Minnesota,  but 
was  found  by  Prof.  Birge  in  lake  Michigan. 

FAMILY  HOLOPEDID^. 

Genus  Holopedium,  Zaddach. 

(Plate  N.    Pig.  11.) 

The  peculiar  animal  bearing  the  name  Holopedium  gibberum 
has  the  brood  cavity  greatly  elevated,  and  the  whole  upper  part  of 
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the  animal  is  covered  by  a  jelly-like  mass  secreted  as  a  protection 
or  float.  The  antennae  are  simple  in  the  female  and  extend 
through  a  slit  in  this  covering.  In  the  male  they  are  prehensile 

and  have  rudimentary  inner  rami.  It  would  be  difficult  to  recog- 
nize the  affinity  of  the  female  with  its  monstrous  form  were  it  not 

for  the  male  and  particularly  the  development  history.  Found  in 
this  state  probably  only  in  lake  Superior.  Forbes  mentions  it  from 
lake  Michigan. 

FAMILY    DAPHNIDJE. 

The  family  Daphnidse  contains  the  genera  Moina,  Ceriodaphnia, 
Scapholeberis,  Simocephalus  and  Daphnia,  which  include  the  com- 

monest, as  well  as  some  of  the  largest,  Cladocera.  The  genera  may 
be  distinguished  by  the  following  table: 

I.    Head  rounded,  not  beaked;  antennules  long  iu  both  sexes,  shell 
not  covering  the  end  of  the  abdomen   Moina. 

II.    Head  rounded ;  antennules  rather  short ;  shell  enclosing  whole 
body   Ceriodaphnia. 

III.  Head  somewhat  beaked  below,  shell  angled  below  or  extending 
in  long  spines  from  the  lower  angle,  pigmentfleck  roundish..  .Scapfioleberis. 

IV.  Head  beaked  below ;  shell  rounded  below,  with  a  blunt  spine 
above  :  pigmentfleck  elongate   Simocephalus. 

V.  Head  beaked  below  ;  shell  extending  in  a  sharp  spine  at  the  upper 
posterior  angle  ;  pigmentfleck  small   Daphnia, 

The  Circulatory  System  of  the  Daphnid^. 

In  the  Daphnidce,  and,  indeed,  the  Cladocera  in  general,  we  meet 
an  instance  of  great  development  of  surfaces  at  the  expense  of 
solidity  of  form  and  compactness  of  organs.  The  whole  body  is 
composed  of  an  aggregate  of  laminae,  and  the  appendages  all  ap- 

proximate more  or  less  toward  this  fundamental  modification. 
Thus,  for  example,  the  head  is  a  leaf-like  body  with  a  laminate  shield 
above  and  a  pair  of  flat  organs  beneath.  The  abdomen  terminates  in 

a  knife-like  post-abdomen,  while  the  thorax,  with  its  narrow  form, 
foliaceous  feet  and,  far  more,  the  enormous  development  of  the 
outer  wall  to  enclose,  more  or  less  fully,  the  entire  body,  is  the 

typical  illustration  of  this  fact.  Necessarily  this  structural  modi- 
fication exerts  a  formative  influence  on  the  internal  organs  which 

are  all  more  or  less  influenced  by  it*  and  this  is  peculiarly  the  case 
with  the  more  external  and,  in  general,  the  paired  organs.  Thus 

the  "  shell  glands,"  so  called,  which  in  Copepoda  are  generally 
coiled  tubes,  become  here  greatly  flattened  organs  closely  united 
with  the  shell.     The  physiological  result  of  this  modification  is  the 



24  TWELFTH  ANNUAL  REPORT. 

sensitiveness  to  changes  in  the  environment,  which  is  universal 

among  the  Daphnidce.  The  compact  Copepoda  survive  the  vicissi- 
tudes of  confinement  with  comparative  immuity,  but  the  first  taint 

in  the  water  destroys  the  delicate  organism  of  Daphnia,  The  cause 
for  this  may  be  found  in  the  exposure  of  the  most  vital  and  delicate 
parts  of  the  organism  to  the  influences  of  the  surrounding  aqueous 
medium.  In  particular  the  circulatory  and  respiratory  systems, 
which  here  are  not  easily  to  be  distinguished  one  from  the  other, 
constitute  a  relatively  very  large  area  of  close  contact  with  the 
water.  It  thus  happens  that  the  central  organs  are  influenced  in 
a  very  short  time  by  whatever  deleterious  substances  may  be  dis- 

seminated in  the  water. 

Notwithstanding  this  lack  of  centralization,  the  structure  of 
these  animals  is  of  a  very  considerable  degree  of  complexity  and, 
presenting  so  many  instructive  modifications  under  circumstances 

so  favorable  for  study,  has  been  verj^  thoroughly  investigated.  The 
very  transparency  which  has  made  it  possible  to  clear  up  many 
questionable  points  in  crustaceolosfy  from  the  lessons  learned  in 
Daphnia,  has  rendered  the  investigation  of  certain  sets  of  organs 
extremely  difficult,  and  among  these  may  be  mentioned  the  circula- 

tory system.  The  circulation  of  the  nutritive  fluid  and  the  gen- 
eral facts  connected  with  the  heart  were  indeed  early  understood; 

but  there  remains  many  a  detail  and  some  important  relations 

which  are  as  yet  either  imperfectly  known  or  entirely  misunder- 
stood. The  following  notes  are  offered  as  a  contribution  to  the,  as 

yet  incomplete,  knowledge  of  the  circulatory  apparatus. 
The  observations  were  confined  for  the  most  part  to  Daphnia 

schcefferi  and  Simocephalus  vetulus^  with  occasional  comparisons 
with  Eurycercus^  Pleuroxis,  Pasithea  and  others.  It  is  greatly 
to  be  desired  that  the  study  might  be  carried  to  the  Sididae, 

in  which  the  larger  size  and  superior  transparency  would  doubt- 
less reward  the  search  with  several,  as  yet  doubtful  details. 

The  circulation  of  the  nutritive  fluid  in  the  Daphnidge,  then,  is 
somewhat  complicated,  but  may  be  divided  into  a  superficial  and  a 
deep  system.  It  must  be  remarked  that  this  distinction  is  arbitrary 
and  only  used  for  its  convenience.  The  one  extends  over  the  entire 
inner  surface  of  the  carapace,  while  the  latter  is  in  close  relation 
with  the  vegetative  organs,  and  extends  into  the  branchial  vessels 
of  the  feet.  The  nutritive  fluid  which  is  normally  colorless  and 

supplied  with  corpuscles  of  organized  nutriment,  (it  seems  doubt- 
ful if  they  should  be  called  blood  corpuscles)  is  confined  for  the 

most,  if  not  its  entire,  course  within  membranous  walls  of  connec- 
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tive  tissue  which,  however,  instead  of  assuming  a  definite  form  as 

"blood  vessels,"  for  the  most  part  conform  to  the  contour  furnished 
by  the  firmer  organs. 

This  membrane  which  is  frequently  folded  upon  itself  and  invests 
the  body  walls  and  the  inner  organs,  is  in  some  places  free,  and  may 
be  seen  as  a  pulsating,  swinging  film,  or,  more  frequently,  it  can 
only  be  detected  as  a  swaying  line  (seen  in  optical  sections),  thus 
giving  rise  to  the  misapprehension  that  one  is  dealing  with  a  thread, 
or  as  moving  graius,  in  which  case  the  film  is  itself  invisible  but  its 
presence  is  indicated  by  the  attached  grains  of  protoplasm.  About 
the  heart  the  free  swaying  portions  of  this  membranous  layer  are 
so  numerous  as  to  render  it  almost  impossible  to  distinguish  the 
essential  from  the  accidental  appearances. 

This  membrane  must  serve  the  most  various  purposes;  aside  from 
the  mere  retention  and  direction  of  the  blood  currents,  it  is  often 
transformed  into  a  branchial  surface.  At  definite  points  it  becomes 
the  bearer  of  the  cells  which  were  above  mentioned  as  grains  of 

protoplasm.  These  are  most  numerous  in  young  and  well-fed  ani- 
mals, and  in  particular  in  gravid  females,  while,  on  the  contrary, 

mature  males  and  females  after  the  escape  of  the  young,  are  nearly 
devoid  of  such  bodies.  These  are  most  numerous  in  angles  of  the 
membrane,  particularly  about  the  heart,  shell  glands,  ovaries, 
intestine  and  the  branchial  spaces  in  the  feet. 

These  cells  vary  in  size  from  that  of  the  blood  corpuscles  to 
larger  cells  with  nuclei  of  comparatively  very  large  size.  It 
would  be  too  much  to  say  that  such  cells  are  developing  blood 
corpuscles;  but  that  they  are  reservoirs  of  nutriment  which  serve 
to  supply  the  increased  demand  upon  the  blood  in  exigencies  of 
the  existence  of  the  animal,  cannot  be  doubted.  It  is  a  well  known 
fact  that  the  number  of  blood  corpuscles,  so  called,  likewise  varies, 
and  apparently  under  the  same  conditions.  It  seems  altogether 
probable  that  the  two  facts  may  be  considered  as  supplementary, 
i,  e.  that  the  same  process  of  depauperating  of  the  blood,  which 
deprives  it  of  its  corpuscles  in  an  earlier  stage,  lays  waste  those 
supplies  laid  up  in  the  cells  referred  to  (whether  by  their  actual 
separation  as  blood  corpuscles  or  simply  desolving  of  the  contained 
material  is  of  little  importance).  These  cells  also  are  thus  paralel- 

lized  with  the  "  oil  globules"  of  Copepoda.  In  such  copepods  as 
Cyclops  and  Canthocamptus,  which  appear  to  have  no  difieren- 
tiated  heart,  there  are  always  present  drops  of  colored  fluid,  which 
are  most  numerous  in  well-fed  and  pregnant  specimens.     These 
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drops  occupy  the  same  relative  position  as  the  blood  globules  of 
other  Crustacea,  i.  g.,  they  lie  within  a  very  thin  membrane  cor- 

responding to  the  vascular  walls  of  other  animals.  This  mem- 
brane, in  general,  invests  the  alimentary  canal,  as  can  be  very 

readily  seen  in  the  abdomen,  where  it  encloses  a  considerable  space 
about  the  intestine,  which  is  filled  with  fluid,  investing  more  or 
less  completely  the  muscles  and  other  organs.  As  there  is  no 

rapid  circulation  of  blood,  these  "oil  drops"  are  comparatively 
stationary,  and  yet  are  moved  slowly  by  the  constant  contraction 
of  the  walls  of  the  alimentary  canal  which,  in  the  anterior  part,  or 
stomach,  are  thick  and  glandular,  while  in  the  abdomen  they  seem 
to  be  more  fitted  for  respiratory  function. 

The  above  arrangement  in  Cyclops  is  correlated  with  its  com- 
pact habit  and  thick  carapace,  and  forms  a  simple  starting-point 

for  the  study  of  the  circulatory  system  in  arthropods.  It  seems 
that  the  walls  of  the  membranous  blood  cavity  are  themselves  also, 

in  places,  furnished  with  muscles,  so  that  the  fluid  is  not  depend- 
ent entirely  on  the  vermiform  or  the  peristaltic  motions  of  the 

intestine  for  its  escape  from  stagnation.  If  this  be  correct,  we 
here  have  an  indication  of  the  origin  of  the  central  organ  of  the 
circulatory  system. 

But  to  return  to  Daphnia,  the  heart  lies  in  the  dorsal  region 
over  the  intestine  upon  which  it  may  be  said  to  ride,  as  it  were 
astride,  though  as  we  shall  see,  it  is  separated  from  the  intestine 
by  other  organs.  In  Eurycercus  this  is  most  evident,  as  here  the 
heart  is  more  obviously  bifurcate. 
The  heart  and  circulation  in  Daphnia  has  been  described 

more  or  less  at  length  by  many  authors,  in  particular  Glaus 
(Zur  Kenntniss  der  Daphniden  und  verwanter  Cladoceren. 
Zeitsch.  f.  Wiss.  Zool.  Bd.  xxvii.)  and  Griiithuisen  (the  work 
of  this  author  I  have  not  seen),  while  Weismann  (Ueber  Bau 
und  Lebenserscheinungen  von  Leptudora  hyalina,  1874)  describes 
the  heart  of  Leptodora,  and  Glaus  (Zur  Kenntniss  des  Baues  und 
der  Organ,  der  Polyphemiden),  that  of  the  Polyphemidse.  Other 
authors,  except  G.  0.  Sars^  who  elucidates  some  points  in  the 
circulation  of  blood  in  Sida,  seem  to  have  added  little  or  nothing 
to  our  knowledge  of  this  interesting  subject. 
As  already  often  described,  the  heart  occupies  a  place  in  a 

definite  space — the  pericardial  chamber — the  summit  of  which  is 
the  dorsal  shield  which,  we  believe,  should  1  e  distinguished  from 
the  remainder  of  the  so-called  cephalic  shield.  (It  is  usual  to 
describe  the  shell  of  Daphnia  as  consisting  of  a  bivalve  posterior 
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portion  or  or mosteglte,  Siud  a  simple  anterior  cephalostegite;  but  it 
seems  much  more  proper  to  consider  that  portion  of  the  shell 
which  covers  the  pericardial  space,  and  is  the  point  of  attachment 
of  the  powerful  muscles  of  the  abdomen  and  of  the  membranous 
walls  of  the  pericardium,  as  a  distinct  portion  of  the  carapace,  as  it 
often  evidently  appears  through  the  presence  of  a  distinct  suture, 
or,  in  its  absence,  through  the  peculiar  sculpture  of  the  shell.  In 
such  case  it  might  also  be  proper  to  distinguish  two  regions  on  the 
lateral  appendages  of  this  dorsal  shield,  an  upper  and  a  lower, 
separated  by  the  more  or  less  obvious  line,  extending  from  the 
union  of  the  lateral  lines  of  the  dorsal  and  cephalic  shield  in 
nearly  a  straight  line  toward  the  posterior  portion  of  the  shell, 
and  indicating  the  insertion  of  the  muscles  which  move  the  feet 

and  post-abdomen.  The  lateral  walls  of  the  pericardial  space 
are  the  shell-walls  themselves,  and  the  floor  is  formed  by  a  mem- 

brane supported  on,  and  investing  in  part,  the  strong  muscles 
which  connect  the  abdomen  with  the  upper  anterior  part  of  the 
dorsal  plate.  Thus  a  space  is  left  between  the  pericardium  and  the 
intrstine  which  is  occupied  by  a  special  blood  sinus  leading  toward 
the  posterior  and  lower  part  of  the  abdomen.  The  posterior  wall  of 
the  space  is  formed  by  a  chitinous  partition  which  bounds  the 
brood  space,  or  its  homologue,  and  is  connected  by  chitinous 
processes  (stutzbalken)  with  the  outer  skeleton.  The  anterior,  on 
the  other  hand,  is  only  bounded  by  the  supporting  ligaments  ot 
the  abdomen  above  described  and  membranous  partitions.  As 

usually  described,  the  heart  lies  suspended  in  the  cavity  thus  de- 
fined, by  slender  muscular  threads,  more  or  less  like  those  of  the 

heart  of  Corethra  larvse  and  the  like;  and  such  seems  to  be  the 
case  at  first,  but  a  more  careful  study  shows  that  this  is  far  from 
correct.  On  the  contrary,  the  chief  supports  of  the  heart  are 
membranes  which,  seen  in  cross-section  with  the  attached  grains 
or  blood  globules,  assume  the  appearance  of  exceedingly  slender 
structureless  threads.  The  action  of  re-agents  indicates  that  these 
supposed  threads  are  not  muscles,  but  composed  of  connective 
tissue;  while  by  changing  the  focus  the  sharpness  of  the  line  is 

frequently  not  altered,  but  its  relative  position  is  changed^ — a  simple 
test  which  often  serves  to  dispel  an  illusion  of  this  sort.  That 
there  are  some  threads  of  the  character  above  mentioned  is  not  to 

be  doubted,  as  in  connection  with  the  valves  of  the  heart;  but  the 
proper  support  of  the  heart  is  found  in  the  membranes  which 
invest  it  in  part,  and  are  reflected  upon  the  walls  of  the  shell  and, 
anteriorly,  of  the  intestine.     It  is  not  yet  possible  to  fully  describe 
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the  insertion  of  these  tissues,  as  there  is  so  large  a  number,  especi- 
ally about  the  anterior  opening,  where  they  lie  in  all  directions 

and  at  all  angles,  and  are  s  o  transparent,  that  only  their  vertical 
sections  appear  as  dark  lines.  Thus  the  same  membrane  appears 
and  disappears,  only  to  re-appear  in  a  different  position  where  it 
might  be  readily  taken  for  a  distinct  membrane.  In  general, 
however,  I  hope  to  make  no  serious  error  in  the  following  sum- 

mary. Before  going  into  detail,  however,  it  will  be  necessary  to 
consider  the  intimate  structure  of  the  heart,  as  well  as  its  general 
shape  and  position. 

The  general  shape  is  that  of  an  irregular  oval  with  the  greatest 
convexity  posterior  [Daphnia.  etc.),  or  it  may  be  strongly  bifid  and 
thus  somewhat  Y-shaped  (Eurycercus,  etc.).  It  is  held  in  position 
in  the  pericardial  cavity  by  the  membranes  above  alluded  to,  to 
which  it  is  attached  at  definite  points,  the  principal  of  which  are  two 
slight  enlargements  on  the  lower  posterior  portion,  which  are  in  part 
opposed  to  each  other  and  also  to  a  superior  posterior  point  of 
insertion.  All  three  of  these  points  are  thus  held  in  relation  with 
the  shell  with  which  the  attached  membrane  is  connected  on  either 

side  below  and  above.  The  membrane  then  extends  part  way  along 
the  heart  wall  towards  the  anterior  and  is  then  reflected  to  the 

shell  wall.  The  result  of  this  is  that  the  pericardial  space  is  an 
angular  cavity  opening  in  front.  It  would  seem  as  though  the 
membrane  attaching  the  heart  were  identical  with  that  lining  the 
cavity  itself.  The  heart  proper  is  obviously  composed  of  series  of 
muscular  elements,  which  are  considered  as  simple  cells  by  Claus, 

and  which  in  young  individuals  show  very  destinct  nuclei  of  compar- 
atively large  size.  These  are  arranged  like  the  meridian  lines  of  a 

globe  uniting  above  and  below,  thus  forming  the  most  effective 
apparatus  possible  for  contracting  the  heart.  In  the  smaller 

Daphnidae,  as  stated  by  Claus,  there  seems  to  be  but  a  single  laj^er 
of  muscular  rays,  but  in  D.  schaefferi  and  Simocephalus  I  have 
repeatedly  satisfied  myself  that  some  of  the  longitudinal  rays 
sink  below  the  others  and  form  a  series  of  longitudinal  muscles, 
as  stated  by  earlier  writers:  These  are  furnished  with  a  nucleus 

which  is  frequently  more  or  less  external,  appearing  like  a  spheri- 
cal appendage.  In  Leptodora  Weismann  has  shown  the  heart  to 

consist  primarily  of  a  membrane  of  connective  tissue,  upon  which 
the  muscular  fibres  or  cells  sit  in  somewhat  the  same  position  as 
in  Daphnia,  except  that  there  is  not  the  same  regularity  in  the 
arrangement.  There  are  many  considerations  which  would  lead 
us  to  expect  the  same  structure  in  Daphnia,  though  it  is  not  yet 



STATE   GEOLOGIST.  29 

demonstrated;  and  the  structure  of  the  anterior  opening  seems  to 

point  in  the  same  direction.     At  any  rate  there  is  a  close   connec- 
tion between  the  muscular  and  connbctive  parts  of  the  heart.     We 

have,  then,  in  the  heart  of  Daphnia  a  highly  developed  apparatus 
for  closing  it,  but  apparently  none  for  its  opening.     This  certainly 
is   not  accomplished  by  the  few  fibers  which  connect  the  heart 
with    the    shell,    the    very   contractility   of  which    is    doubtful. 
Nay,  more,  these  are  insufficiei>t  even  to  hold  it  in  its  place  in  the 
cavity.    Still  less  can  we  assume  that  the  heart,  from  any  inherent 
power,  can  open  itself.     This  must  be  explained  by  the  operation 
of  two  factors  which  are  interdependent,  i.  e.,  the  elasticity  of  the 
supporting  membranes  and  the  unequal  pressure  of  the  blood  in 
different  parts  of  the  body.     1.  The  membranes  which  support 
the  heart  are  attached  not  at  right  angles,  but,  on  the  contrary,  in 
a  direction  more  nearly  parallel  to  the  walls  of  the  heart,  and  thus 
whatever  elasticity   they   possess   is  greatly   increased;   and   the 
diminishing  of  the  size  of  the  heart  draws  these  membranes  out 
of  their  position  at  the  expense  of  their  elasticity,  which  tends 
to  restore  them  to  their  original  position  vfhen  the  pressure  is 

removed,  in  the  same  way  a  drum-head  returns  after  a  blow  to  its 
normal  position.     This  factor  is,  however,  only  operative  so  long 
as  the  whole  system  of  membranes  to  which  these  belong  is  dis- 

tended with  fluid.     If  this  blood  cavity  be  punctured,  the  fluid 
flows  out  and  the  heart  shrivels.     It  may  continue  to  beat  for 
-some  time,  but  it  will  be  seen  that  the  effort  consists  simply  in 
a  vigorous  contraction  which  is  followed  by  no  perceptible  enlarge- 

ment.   2.  After  tlje  systole  the  blood  of  the  heart  is  forced  toward 

the  head,  whence  it  is  prevented  from  re-entering  the  pericardial 
space   directly  by  the  valves   and   the   membrane   enclosing   the 
arterial  blood.     The  pressure  is  therefore  increased  in  all  parts 
of  the  system,  except  the  pericardial  chamber  where  it  is  greatly 
diminished.     The  membranes  supporting  the  heart  are  thus  un- 

usually tense,  and  the  muscular  effort  having  ceased,  the  walls  of 
the  heart  are  distended,  and  blood  flows  in  in  the  direction  of  the 
least  resistance  through  the  two  lateral  openings  or  ventral  valves 
of  the  heart.     The  contraction  of  the  heart  during  the  systole  is 
not  simultaneous  in  different  parts,  but  begins  by  the  contraction 
of  the  posterior  part  where,  beina:  nearly  free,  the  motion  is  more 
marked.     At  the  close  of  the  systole  the  heart  is  irregularly  con- 

tracted, the  points  of  attachment  above  described  being  more  dis- 
tended than  the  remaining  portions.     The  anterior  of  the  heart  is 

rendered  very  difficult  to  study  by  the  fact   that  its   opening  is 



30  TWELFTH   ANNUAL  REPORT. 

covered  by  the   muscles   of  the   mandibles  and  obscured  by  the 
many  supporting  and  vibrating  membranes  alluded  to. 

It  is,  however,  suspended  by  two  folds  of  membrane  which  I  have 

been  inclined  at  times  to  believe  blood-vessels  through  appearances 
resulting  from  the  confused  currents  flowing  about  them.  The 
upper  margin  is  also  attached  by  a  pair  of  cords  directly  to  the 
superior  part  of  the  shell.  The  anterior  opening  or  arterial  valve 
is  most  perplexing,  and  the  following  description  which  applies 
only  to  Daphnia  schsefFeri  mjist  be  subject  to  some  doubt.  It  ap- 

pears however  that  it  has  been  in  a  measure  misunderstood  by  pre- 
vious writers,  and  namely  by  Glaus,  who  compares  it  with  that  of 

Leptodora,  which  if  correctly  described  by  Weismann,  is  not  at  all 
identical  in  form,  but  quite  comparable  with  one  of  the  sides  or  lips 
of  the  venous  opening.  It  does  not  seem  to  be  connected  by  a 
thread,  as  stated  for  Leptodora,  with  the  aortal  bulb,  for  in  reality 
there  is  no  aortal  bulb;  the  heart  simply  is  connected  with  the 
system  of  membranes  which  more  or  less  inclose  the  system.  The 

floor  of  the  so-called  aortal  space  is  a  membrane  which  separates  the 
outflowing  stream  from  a  current  which  flows  toward  the  abdomen 
and  passes  directly  under  the  arterial  opening,  so  that  it  appears  as 
though  there  was  a  stream  entering  the  heart  from  before  as  well 

jji  j  as  at  the  sides;  the  arterial  opening  being  nearer  the  dorsal  part  of 
ii'  I  the  heart  than  is  naturally  expected,  and  the  slight  enlargements 

at  the  attachment  of  the  supporting  membrane  favoring  the  im- 
pression that  there  is  here  a  veritable  opening.  The  out-flowing 

blood  stream  is  bounded  at  first  by  the  membrane  above  mentioned, 
which  is  farther  on  reflexed  onto  the  shell  and  ̂ intestine  so  that 
the  streams  in  the  head  flowing  just  under  the  shell  are  separated 

from  the  deep  dorsal  stream  flowing  from  the  heart.*  This  main 
current  passes  to  the  region  of  the  eye  between  the  horns  of  the 
caeca  of  the  alimentary  canal,  and  thence  beneath  the  stomach,  and 

here  divides,  part  becoming  external  and  a  deeper  part  passing  un- 
der the  intestine,  thence  in  front  of  the  heart,  flows  into  the  deep 

sinus  which,  as  before  said,  passes  beneath  this  organ.  Other  por- 
tions of  the  returning  stream  flow  around  the  angle  of  the  union 

of  the  head  and  body  and  constitute  a  stream  just  above  the  feet 
in  which  the  current  flows  vigorously. 

Yet  other  portions  flow  into  the  region   of  the   shell-gland  and 
are  united  with  blood  which   here   parses   through   the   numerous 

sinuses  described  by  Glaus  as  surrounding  this  organ  (Die  Schalen- 
11  I    
ij  j  *In  Pasithea  rectirostris  this  septum  is  easily  seen  as  a  swaying  membrane,  which  near 
iij  1  the 'eye  is  reflexed  to  the  top  of  the  shell. 
i.i 
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druse  der  Daphnien)  and  thence  flows  into  the  abdomen,  uniting 
with  the  other  two  streams.  A  part  also  of  the  current  in  the  head 
flows  into  the  antennae  where  it  follows  a  deep  course  through  the 
basal  joint  in  which  the  corpuscles  may  be  seen  to  emerge  to  the 
surface  from  two  points  where  are  spaces  between  the  powerful 
muscles,  the  first  being  near  the  base  and  the  second  near  the  ex- 

tremity of  this  joint,  and  then  to  return  and  join  the  superficial 
current. 

The  corpuscles  appear  to  enter  the  rami  very  rarely  if  at  all. 
That  part  of  the  superficial  stream  which  reaches  the  interior  of 
the  pericardial  chamber  passes  between  the  muscles  of  antennae 
and  jaws  and  seems  to  find  its  way  into  the  great  current  beneath 
the  heart,  though  I  have  also  thought  to  have  seen  it  flow  directly 
into  the  pericardial  space  as  the  lateral  superflcial  streams  do. 
That  part  of  the  superficial  stream  which  reaches  the  posterior 
margin  of  the  shell  returns  through  a  canal  formed  by  the  walls 

of  the  shell  and  the  brood-space,between  the"stutzbalken"of  which 
the  blood  corpuscles  can  be  seen  to  glide  more  rapidly  than  in  the 
free  lateral  spaces. 

Lastly,it  only  remains  to  follow  the  fortune  of  the  strong  stream 
flowing  along  the  neutral  surface  of  the  abdomen.  The  strong 
current  flowing  beneath  the  heart  enters  a  broad  sinus  which  lies 
over  the  intestine  and  extends  for  over  a  third  of  its  length,  where 
its  walls  unite  with  the  surface  of  the  intestine  above  and  thus 

open  downward  on  either  side. 
The  stream  thus  directed  flows  toward  the  openings  of  the  base  of 

the  feet.  The  structure  of  the  branchiae  has  not  yet  been  clearly 
described.  Instead  of  nearly  spherical  or  oval  chambers  they 
are  really  tubes  which  connect,  on  one  hand  with  the  opening 
above,  and  below  with  the  general  cavity  of  the  limb,  whence  the 
blood  returns  to  the  abdomen.  The  current  is  very  rapid  through 
these  tubes.  The  blood  having  been  returned  to  the  ab- 

domen, courses  in  the  well  known  manner  through  the  post-ab- 
domen and  flows  over  the  intestine,  thence  over  the  back-flowing 

stream  to  the  posterior  lower  opening  of  the  pericardial  chamber. 
The  study  of  the  actions  of  the  heart  is  rendered  more  difficult 

by  the  fact  that  in  order  to  secure  the  greatest  possible  transpar- 
ency, the  living  animal  must  be  covered  and  a  little  pressure  ap- 
plied, which  is  frequently  attended  with  abnormal  variations  of  the 

circulation.  In  particular  if  the  usual  exit  of  the  blood  be  stopped 
by  the  caeca  of  the  intestine,  as  is  frequently  the  case,  the  opera- 

tion of  the  heart  may  be  reversed,  when  a  vigorous  stream  may  be 
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seen  to  enter  tlie  arterial  opening  and  emerge  from  the  ventricles. 
This  process  would  be  impossible  if  the  anterior  valve  were  as  de- 

scribed by  Claus  and  Weismann;  while  being  really  more  like  the 
venous  valves,  it  is  easily  and  frequently  permitted.  The  curreat 
of  the  blood  in  this  case  stagnates  except  near  the  heart. 

The  rapidity  of  the  pulsations  of  the  heart  varies  with  age  and 
condition  of  rest  or  motion. 

In  D.  schaefiPeri  this  variation  may  range  from  about  150  per 
minute  to  perhaps  250,  200  being  probably  a  fair  f«verage.  In  a 
young  Simocephalus  I  have  observed  a  heart  beat  300  times  in  a 
minute.  Again,  in  a  specimen  of  D.  Schsefferi  at  rest  the  heart 
was  beating  170,  but  during  the  spasmodic  motion  of  feet  and  an- 
il tennse  the  pulse  rose  to  over  200. 

1. — Genus  Moina.    Baird. 

The  systematic  position  of  this  genus  has  been  the  theme  of 
some  discussion,  it  being  claimed,  with  good  reason,  that  there  are 
many  resemblances  to  the  Lyncodaphnidse  (P.  E.  Mueller  considers 
it  a  transition  to  the  Bosminidse  and  lyncodaphnids);  on  the  other 
hand,  Leydig  and  Kurz  regard  it  more  closely  allied  to  the  Sididae^ 

with  equally  good  reason.  The  long  antennae,  long  narrow  anten- 
nules  and  many  peculiarities  in  form,  etc.,  suggest  the  macrothroid 
crustaceans;  the  extended  abdomen  and  especially  the  location  of 

the  male  seminal  opening  are  like  Daphnella,  which  Moina  resem- 
bles in  motion  and  habit  very  strikingly.  The  absence  of  the  pig- 

ment fleck  is  no  more  a  characteristic  of  the  Sididae  than  of  other 

groups.  After  all  has  been  said,  the  immediate  affinities  of  the 
genus  are  acknowledged  to  be  with  the  Daphnidae. 

The  true  place  of  the  genus,  as  it  appears  to  the  writer,  was- 
hinted  at  by  Birge  (Notes  on  Cladocera).  Moina  seems  to  be  the 

pivotal  point  of  the  Cladocera,  at  least  of  the  families  above  men- 
tioned. Without  going  into  phylogenetic  speculation,  it  is  sug- 

gestive that  this  genus  can  and  does  by  preference  live  in  very  im- 
pure water  and  may  therefore  have  had  an  early  origin.  From 

Moina  diverges  the  stem  of  the  Daphnidae  by  way  of  Ceriodaphnia^ 
Simocephalus  and  Daphnia.  These  two  latter  genera  are  intimately  . 
connected  by  Simocephalus  daphnoides,  Herrick.  Scapholeberis 
is  connected  with  Ceriodaphnia  through  S.  angulata,  Herrick. 
The  Sididae  seem  to  diverge  by  the  way  of  Daphnella,  through 

which  by  means  of  Pseudo-sida  the  genus  Sida  is  reached,  and  final- 
ly Limnosida,  Latona  and  Holopedium.  The  relationships  of  the 

curious  Polyphemidae  are  less  evident. 

I 
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The  Lyncodaphnidae  make  an  easy  traasition  to  the  Lynceids 

proper,  while  the  Bosminidae  are  still  quite  isolated,  but  are  sug- 
gested by  Macrothrix  pauper.  The  fact  that  Moina  stands  thus 

related  to  radiating  groups  is  simply  suggestive,  but  it  is  sugges- 
tive of  its  possible  antiquity  and  synthetic  character. 

The  three  species  of  this  genus  stand  very  poorly  distinguished 
from  one  another  and  their  specific  validity  may  be  doubted. 

The  most  exhaustive  study  of  the  embryology  of  the  Cladocera 
was  based  on  Moina.  (Grobben^  Entwick  d.  Moina,  etc.) 

The  genus  is  characterized  by  Weismann  and  Gruber^  about  as 
follows: 

Head  prone;  separated  by  a  depression  from  the  thorax;  fornices 
obscure;  rostrum  none;  pigment  fleck  absent;  antennules  of  the 
female  large,  moveable,  furnished  with  a  sensitive  seta  near  the 
middle,  flagelliform;  antennules  of  the  male  very  large,  hooked  at 

the  end.  The  setae  of  the  antennae  are  all  ciliate;  the  tri-articu- 
late  ramus  with  five  setae;  posterior  margin  of  the  valves  thicker 
in  the  median  line;  caudal  setae  very  large,  about  twice  in  the 

length  of  the  animal;  anus  above  the  claws;  feet  of  the  first  pair  of 
the  male  with  a  strons:  hook. 

Weismann  has  shown  that  both  summer  and  winter  eggs  origi- 
nate from  groups  of  four  cells,  one  of  which  only  is  transformed 

into  the  egg,  the  remaining  three  serving  simply  as  a  supply  of 

nourishment  for  the  egg,  which  absorbs  it  directly.  Both  eggs  and 
nutrient  cells  develop  from  the  epithelium  of  the  termination  of 

the  ovary.  The  summer  eggs  have  less  yolk  than  the  winter  brood, 
and  the  yolk  is  bluish  in  the  summer  eggs  and  deep  red  in  the 

winter  eggs  of  Moina  rectirostris;  while  in  M.  paradoxa  the  sum- 

mer eggs  have  yellow  and  the  winter  set  snow-white  yolk.  There 
are  never  more  than  two  winter-eggs  in  any  of  the  Daphnidae,  but 
there  are  as  many  as  twenty  summer  eggs  in  some  cases  in  Moina. 
In  M.  rectirostris  only  one  winter  egg  is  produced,  which  is  one  of 
the  best  distinctions  of  the  species,  as  this  is,  perhaps,  the  only  case. 

(Naturgeschichte  der  Daphnoide^i,  Weismann.)  The  first  genera- 

tion, springing  from  the  winter  eggs  (impregnated  eggs),  is  com- 
posed solely  of  females  which  reproduce  parthenogenetically;  the 

second  brood  contains  sexual  males  and  females,  thus  completing 
the  cyclus. 

1    Ueber  einege  neue  oder  unvolkommen  gekannte  Daphniden,  Freiburg,  1877. 
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Sp.  1,    Moina  rectirostris,  Mueller. 

(Plate  A.     Figs.  2,  5,8,10,  11.) 
A.  Var.  vera. 

Daphnia  rectirostris,  O.  F.  MOELLER,  LA.TBEILLE,  BOSC,  DESMAREST,SCHRANK,LETDia. 
Monoculas  rectirostris,  GmELTN,  FabriCIUS,  MaNUEL,  JURINE. 
Pasithea  rectirostris,  KoCH. 

Moina  rectiroitris,  BA.I8D,  WEI3MA.NN,  KURz,  BlRGE. 

/?.  Var.   brachiatus. 

Monoculus  brachiatus.  JDRINE. 

Dapania  brichiata,  DBSMA.REST,  EDWA8D3,    LetdIG 
Moina  brachiata,  Baird,  Weismann. 

•C.  Both  varieties. 

Moina  brachiata.  P.  E.  MUELLER.  Lilljeborg. 

The  only  tangible  difference  between  the  two  forms  thus   united 

is  the  fact  that  M.  rectirostris  produces  but  a  single  winter    ovum 

and  hence  has  a  one-chambered  ephippium,  while  M.  brachiata  has 
a  two-chambered  ephippium. 
The  head  is  separated  from  the  thorax  by  a  marked  depression ;  there 

is  a  deep  depression  above  the  eye;  the  margins  of  the  shell  have  few 

bristles.  The  post-abdomen,  which  extends  far  beyond  the  edge  of  the 
valves,  bears  about  eleven  hairy  spines  on  either  side,  the  lower 

spine  being  two-cleft  at  the  end;  the  base  of  the  claws  bears  a 
comb  of  small  teeth,  and  the  posterior  margins  are  bristled.  The 
ephippium  is  oval;  and  the  single  cavity  in  M.  rectirostris  has 
its  longer  axis  horizontal,  while  the  two  cavities  of  M.  brachiata  are 
vertical.  The  depression  above  the  eye  is  deeper  in  the  males,  in 
which  sex  also  the  antennae  are  longer  and  bent  at  the  middle. 

'The  seminal  bodies  are  stellate.  Length  1,  2  mm.  The  ̂ orm  is 
;subject  to  the  greatest  variation  due  to  the  varying  number  of  sum- 
imer  eggs.  Birge  finds  this  species  abundant.  I  have  found  both 
ithis  and  the  following  species  in  various  parts  of  the  Mississippi 
Talley  from  Mobile  to  the  upper  river  region. 

Sp  2.— Moina  paradoxa,  Weismaun. 

(Plate  A.    Figs.  1,  3,6,  7,9.) 

The  species  differs  in  a  few  very  insignificant  points  from  the 
previous  one.  The  head  is  short  and  nearly  evenly  convex 
above,  with  no  deep  depression  above  the  eye;  teeth  of  terminal 
claws  reduced  to  bristles  which  are  only  a  little  longer  than  the 

series  extending  down  the  claw  as  in  the  above  species;  the  first 

l"Gruber  and  Weismann,  ueber  einige  neue  oder  unvollkmmen  gekannte  Daphniden 
Freiburg,  1877 



STATE  GEOLOGIST.  35 

foot  of  the  male  is  furnislied  with  a  long  bristle;  the  lower  shell 

margins  are  more  bristly  than  in  the  previous  forms;  the  ephip- 
pium  has  two  cavities,  while  the  seminal  bodies  are  crescent-shaped. 

Sp.  3. — Moina  micrura,    Kurz. 

This  form  may  be  of  specific  value,  but  it  is  not  sufficiently  dis- 
tinguished to  make  this  certain.  As  described  by  Kurz,  it  seems  to 

he  smaller  (1  mm.)  and  most  to  resemble  M.  paradoxa,  which  was 

not  at  that  time  described.  The  post-abdomen  is  short  and  has  few 
(6)  spines,  while  the  terminal  claws  are  short  and  smooth;  the 

head  has  a  sinus  above  the  eyes;  the  eyes  are  smaller,  with,  numer- 
ous lenses;  the  antennules  are  shorter  (?)  than  in  M.  rectirostris; 

the  mandibles  are  partly  exposed,  while  the  shell  margin  overlying 
is  notched.  Males  and  ephippial  females  were  not  observed.  Not 

•distinguished  in  America. 

II. — Genus  Ceriodaphn"ia,  Dana. 

The  genus  Ceriodaphnia  is  the  successor  to  Moina,  which  some 

species  greatly  resemble;  the  post-abdomen,  however,  is  shorter 
and  has  a  habitus  resembling  Daphnia;  the  antennae  are  smaller, 
and  the  shell  is  thick  and  coarsely  reticulated. 

Ceriodaphuia  has  the  same  general  mode  of  life  as  Moina,  living 
in  muddy  pools  in  late  summer  and  bearing  numerous  broods 
which  often  greatly  extend  the  brood  cavity.  The  antennules  are 

shorter  but  have  a  similar  form;  the  male  antennae  show  a  transi- 
tion in  the  various  species  from  forms  adapted  for  prehension  to 

such  as  are  found  in  Daphnia.  The  brood  cavity  is  closed  by  two 
ridges  on  the  abdomen  instead  of  one,  as  in  Moina,  or  three,  as  in 

Daphnia. 
The  ephippium  contains  but  a  single  ovum.  In  general,  the 

form  is  oval  or  quadrate,  angled  but  not  spined  posteriorly;  head 

separated  from  the  body  by  a  deep  depression;  pigment  fleck  pres- 
ent; beak  absent;  antennules  moveable,  rather  short;  antennae  with 

the  three- jointed  ramus  with  five  setae;  first  foot  of  the  male  with 
a  hook  or  flagellum. 

The  members  of  this  genus  are  danger  signals  from  a  hygienic 
point  of  view,  for  they  frequent  water  containing  decaying  matter; 
as  many  as  1,400  were  counted  in  a  single  quart  of  such  water. 

The  genus  is  particularly  perplexing,  as  the  varieties  named  seem 
to  be  hardly  entitled  to  specific  rank  and  are  so  similar  as  to  re. 

quire  great  care  to  properly  distinguish. 
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The  foUowini?  artificial  key,  it  is  believed,  will  assist  in  placing- 
the  specimens  which  may  be  obtained  in  America.  There  seems, 
no  reason  to  doubt  that  our  fauna  is  very  similar  to  that  of  north 

Europe.  Of  the  twelve  species  here  enumerated  at  least  one-third 
may  be  synomyms  and  others  of  the  remainder  are  with  difficulty 
distinguished. 

Artificial  Key  to  the  Gtenus  Ceriodaphnia. 

A.  Shell  irregularly  striate. 
1.  C.  megops,  Sars. 

2.  C.  cristata,  Birge. 

B.  Shell  with  hexagonal  meshes. 
a.  Shell  wiih  doubly  contoured  markings. 

(aa)  Head  broad,  short. 

8.  C.  pulchella,  Sars. 

(bb)  Head  narrowed,  depressed. 

4.  C.  rotunda,  Straus,  (antennules  normal.) 

5.  C.  alabameiisis,  Herrlck,  (antennules  elongate.) 

b.  Shell  simply  marked. 

(cc)  Claws  with  teeth. 

6.  C.  reticulata,  Jurine. 

[7].   C.  dentata,  Birge. 

(dd)  Claws  without  teeth. 

I.  Antennse  very  long. 

8.  C.  punctata,  P.  E.  Mueller. 
IT.    Antennae  normal  or  short. 

*  Post-abdomen  broad. 

9.  C.  laticaudatus,  P.  E.  Mueller.    1  mm.  long. 

[lOj.  C.  consors,  Birge.  0.5  mm.  long. 

**  Post-abdomen  narrow. 

t  Head  not  angled  behind  the  eye. 

11.  C.  quadrangula,  Mueller. 

ft  Head  abruptly  angled  behind  the  eye. 

12.  c.  sciiula,  Herrick. 

C.  Shell  reticulate  with  rectangular  meshes. 
13.  C.  nitida,  Schoedler. 

[14].  C.  textilis,  Dana. 

Sp.  1.      Ceriodaphuia  meg-ops,    Sars. 

(Plate  A.     FigP.  16,  20.) 

Cerioiaphnia  megops,  SABS,  P.  E.  MUELLER,  KuRZ.  (The  earlier  synonymy  isidoubtful 

See  note,  page  26,  Schoedler's  Neue  Beitrage  zur  Naturgeschichte- 
der  Cladoceren. 

4 
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This  species  is  one  of  the  largest  and  most  readily  distinguished 

as  well  as  rarest  of  the  genus.  Very  characteristic  is  the  fine  an- 
astomosing striation  which  breaks  up  into  reticulation  only  near 

the  shell  margins.  This  species  seem^  to  form  the  transition 
toward  Simocephalus  with  Scapholebaris,  which,  however, 
diverges  along  its  own  peculiar  track.  The  length  is  sometimes  1 
mm.  The  head  is  obscurely  angulated  in  front  of  the  antennules, 
which  are  large.  The  antennules  of  the  male  are  long 
■and  have  a  hooked  setae  at  the  end. 

Typical  C  megops  has  not  yet  been  found  in  America,  but  the 
following  form  takes  its  place. 

Sp.  2     Ceriodaphnia  cristata,    Birge. 

The  description  given  by  Birge  would  apply  in  almost  every  par- 
ticular to  C.  megops,  though  he  seemed  to  overlook  the  close  con- 

formity. The  size  is  much  less  (0.7  mm.),  and  the  post-abdomen 
seems  more  abruptly  truncate;  moreover  the  number  of  anal  spines 
is  less.  The  crest  upon  the  dorsal  margin  may  be  the  effect  of 
prominences  such  as  are  described  by  P.  E.  Mueller;  at  any  rate,  in 

view  of  the  fact  that  but  few  specimens  were  discovered,  the  sug- 
gestion lies  near  that  C.  cristata  is  the  young  or,  at  least,  a  reduced 

form  of  C.  megops. 
Found  at  Southampton,  Mass. 

Sp    3. "Ceriodaphnia  pulcliella.  Sirs, 

(Plate  A,    Figs.  14,  19,) 

■Ceriodaphnia pufchella,  SA.BS,  P.  E.  Mueller,  Kubz. 

Very  much  like  C.  reticulata,  but  smaller.  Head  large,  turgid, 

and  angled  in  front  of  the  antennules,  forming  almost  a  right  an- 
gle; fornices  moderate;  antennules  rather  large;  shell  oval,  reticu- 

lated with  double  contour  lines;  post-abdomen  of  medium  size, 
narrowed  toward  the  end,  slightly  truncate,  with  about  nine  spines; 
terminal  claws  short,  smooth.  The  flagellum  of  the  male  antennae 

is  but  slightly  hooked,0.5 — 0.6  mm.  long.  This  species  is  not  cer- 
tainly identified  from  America,  though  a  form  with  smooth  claws 

and  small  fornices  occurs  with  C.  dentata  in  some  places. 

Sp.  4.    Ceriodaplinia  rotunda,    Straus. 

(Plate  B.    Fig.  1,    Plate  A.  Figs.  13  and  23.) 
Dnphnia  rotunda,  STRAUS,  BAIRD. 
Ceriodaphnia  rotunda,  SCHOEDLER,  Sars,  P.  E.  MUELLER,  KURZ. 
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As  said  by  Kurz,  this  species  is  not  easily    mistaken ;    the  small 

head  (only    paralleled  by  the  following),  the  very  evident  reticular 
tions  and  the  broad  abdomen  give  it  a  peculiar  habitus   which   is 
unmistakable. 

Head  depressed,  small,  spiny  below,  not  angulated;  fornices^ 
prominent,  thorned;  body  rotund,  almost  spined  above; shell  doubly 

reticulate;  post-abdomen  broad,  with  seven  or  eight  anal  spines;: 
claws  large,  smooth.  The  male  antennules  are  little  larger  than 

those  of  the  female.      I  have  not  yet  seen  this  species  in  America. 

Sp.  5.    Ceriodaphnia  alabamensis,  Herrick, 

(Plate  B,    Fi^.  2.^ 

(American Naturalist,  May  18S3.     Plate  v,  Figs.  11, 12.) 

This  species  was  seen  but  once  and  is  insufficiently  known.  The- 
body  is  elongate,  quadrate,  the  shell  reticulated  with  double  con- 

tour lines,the  head  very  small  and  produced  downward  below  the  eye,, 
which  is  very  small,  the  antennules  are  longer  than  in  any  other 

species,  obviously  two-jointed,  with  a  lateral  seta;  the  antennae 
are  very  long;  post-abdomen  long  and  rather  narrow,  with  the 
margins  nearly  parallel,  truncate  at  the  end,  with  over  nine  anal 
spines;  claws  smooth,  abruptly  truncate.  My  drawing  represents  a 

daphnia-like  set  of  processes  for  closing  the  brood  cavity.  Length 
1  mm.  (?) 

Tuscaloosa,  Ala. 

Sp.  6     Ceriodaplmia  reticulata,  Jurine, 

Monocidus  reticulaius,  JUKINE. 
Daphnii  reticulata,  Baird,  LeydIG. 
Ceriodaphnia  quadrangula,  SCHOEDLER. 
Ceriodaphnia  reticulata,  Sars,  P.  E.  Mueller,  Kurz,  Berrick. 

Head  long,  obscurely  angled  in  front  of  the  antennules;  fornices; 

very  prominent;  antennules  small;  post-abdomen  of  moderate  size, 
rounded  at  the  end,  slightly  tapering;  about  eight  long  anal  teeth  r 
terminal  claws  with  a  series  of  sharp  spines  at  the  base.  The  re-, 
ticulations  are  sharp  but  simple.  The  flagellum  of  the  male  an 
tennule  is  either  straight  or  moderately  curved.  Kurz  says  that 
some  varieties  have  the  fornices  blunt  \\  thers  are  sharp.      I 
have  seen  only  the  blunt  form  which  is  then  much  like  the  next. 

Sp.  7.    Ceriodaphnia  dentata,  Birge. 

This  form  differs  from  the  above  only  in  having  the  inside  of  the- 
claws  fringed  with  minute  bristles  (sometimes  absent),   the   angler 

:.| 
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of  the  head  beiag  more  marked  and  the  foraices  less  prominent.  It- 
is  difficult  to  say  whether  our  Minnesota  specimens  most  resemble 

this  or  the  typical  C.  reticulata  of  Europe.  They  seem  intermedi- 
ate, some  having  fornices  with  an  abrupt  angle.  It  may  be  in- 

structive to  quote  Kurz  on  the  European  C.  reticulata — "Examples 
occur  0.8-0.9  mm.  long,  others  on  the  contrary  only  0.5-0.6  mm» 
long  and  combining  with  the  smaller  size  some  differential  char- 

acters. In  the  larger  variety  I  found  the  fornix  obtuse,  while  in 

the  smaller  it  extends  in  a  sharp  thorn  directed  upward  and  out- 
ward. In  this  small  sub-species  the  secondary  teeth  of  the  claws- 

of  the  post-abdomen  seemed  to  be  absent,  though  in  C.  reticulata 

3-5  are  constantly  present," 

Sp.  8.   Ceriodaplinia  punctata,  P,  E,  Mueller, 

(Plate  A.  Figs.  1-3.) 

Head  depressed,  rounded  at  the  end,  not  angulated,  ornamented 
with  minute  spines  .within  the  hexagonal  areas.  Fornices  slightly 
prominent,  either  smooth  or  spiny;  antennules  very  long;  shell 

rotund,  reticulated;  post-abdomen  of  medium  size,  width  nearly 
uniform,  truncate  below  at  an  obtuse  angle;  anal  spines  large,  in- 

creasing toward  the  end;  claws  smooth.     Length  0.7 — 0.9  mm. 
Found  as  yet  only  in  Scandinavia. 

Sp.  9.  Ceriodaplmia  laticaudata,  P.  E.  Mueller. 

(Plate  A.    Fiff.  22.) 

Ceriodaphnia  quadrangula,  SARS,  (fide  MDELJ.EK.) 

Head  small,  depressed,  rounded  at  the  end,  not  angulated;  forni- 
ces prominent;  shell  roundish,  or  sub-quadrangular,  moderately 

reticulated;  antennules  rather  large;  post-abdomnen  broad,  nar- 
rowed from  the  middle  to  the  end;  the  nine  or  ten  small  anal  spines 

nearly  equal ;  claws  large  and  smooth.  In  P.  E.  Mueller's  time 
males  unknown.  Length  1  mm.  Specimens  0.6  mm.  long  from 
Minnesota  agree  in  most  respects,  but  the  reticulation  is  very 
marked  and  irregular  and  the  terminal  claws  are  pectinate.  This 
form  constitutes  a  transition  to  the  next. 

A  species  related  to  C.  laticaudata,  but  only  half  the  size,  was 

found  in  Clarke's  lake,  a  small  but  very  deep  pool,  containing  a 
fauna  like  that  of  the  great  lakes.  The  appearance  is  like  the 
small  form  alluded  to  under  that  species,  but  the  claws  are  smooth^ 

the  head  is  slender  and  strongly  angled  behind  the  eyes,  and  the 
antennules  are  of  rather  large  size.      The   fornices   are   not   very 
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prominent.  The  shell  is  large-reticulate  and  the  abdomen  is  large 
and  obliquely  truncate,  the  anal  teeth  being  very  large  and  strongly 

curved.  The  only  individuals  wseen  were  ephippial  females  measur- 

ing .55  mm.     This  maj'  be. 

Sp.  lO.    Ceriodaphnia   censors,  Birge. 

This  species  differs  from  C.  laticaudata  in  one  or  two  points, 

being  about  one-half  the  size  and  having  fewer  caudal  teeth.  Birge 
says  the  abdomen  is  broad  and  obliquely  truncate.  The  difference 

between  being  obliquely  truncate  and  narrowed  at  the  end  in  some 
circumstances  disappears,  so  that  really  this  species  seems  quite 
close  to  laticaudata. 

Found  in  Madison,  Wis. 

Sp.  11.    Ceriodaphnia  quadraugula,   Mueller. 

(Plate  A.  Figs,  17-18,) 

Daphnia  quadrangula,  O.  F.  MUELLEB. 
Daphnia  reticulata.  BaIRD. 

Ceriodaphnia  quadrangida,  P.  E.  MUELI  ER. 

Head  depressed,  rounded  at  the  end,  only  slightly  angled;  forni- 
ces  prominent,  antennules  large;  post-abdomen  narrow,  of  equal 
width  for  the  lower  half,  rounded  at  the  end,  with  about  eight 
small  spines;  claws  smooth,  length  about  0.6  mm.  This  species 
resembles  a  smooth-clawed  D.  reticulata. 

Sp.  J  2.    Ceriodaphnia  scitula,     (Sp.  n.) 

(Plate  B.   Figs.  5-7.) 

One  of  the  most  abundant  species  of  Ceriodaphnia  in  Minnesota 

is  a  large  form  much  resembling  C.  quadrangula.  The  post-ab- 
domen is  exactly  as  in  C.  reticulata  or  C.  dentata,  which  latter  it 

resembles  in  having  a  sharp  angulation  in  front  of  the  antennules. 

The  shell  is  oblong  and  heavily  marked  with  minute,  regular  hex- 
agonal lining;  the  upper  angle  is  rather  sharp.  The  head  is  closely 

appressed,  the  fornices  are  prominent  and  abruptly  truncate  at  the 
tip,  the  eye  is  small,  the  pigment  fleck  also  small;  antennules  short. 

The  post-abdomen  is  of  moderate  size,  narrowed  toward  the  end 
and  armed  with  about  ten  powerful  curved  spines;  the  terminal 

claw  itself  is  large  and  curved,  armed  only  with  fine  spines  extend- 

ing down  the  entire  inner  side.  The  size  is  0.8 — 1.0  ram.;  color 
pinkish,  opaque;  antennae,  especially,  often  bright  pink.     Male  0.6 
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mm.,  flagellumof  themale  antennae  long;  sensory  filaments  lateral, 
also  one  anterior,  lateral  flagellum. 

Distinguished  from  C.  quddrangula  by  the  prominent  fornices, 

large  anal^spines,  small  reticulations,  form  of  head  and  larger  size 

A  small  variety  resembling  the  above  very  closely  is  the  com- 
monest form  in  our  larger  lakes;  the  reticulation  is  commonly 

larger  but  less  distinct,  the  head  is  depressed  and  narrowed,  with  a 
sinuous  upper  outline.  The  fornices  are  prominent  and  the  form 

of  the  post-abdomen  is  exactly  as  in  the  last.  The  spines  of  the 
post-abdomen  are  very  long  and  sel^ted  on  small  eminences.  The 
length  hardly  exceeds  .55  mm.  The  claw  is  densely  ciliated,  but 
not  spined;  these  smaller  forms  have  but  few  eggs  (two).  The 

3^oung  have  a  thorn  on  the  angle  of  the  fornices.  Plate  J.  Fig.  1 
represents  the  ephippial  female  of  this  species.  There  seems  no 
reason  to  doubt  that  this  is  only  a  variety  of  C.  scitula.  The  small 
form  of  C.  reticulata  mentioned  by  Kurz  might  be  referred  here, 

while  the  larger  form  with  less  prominent  fornices  is  not  so  difiier- 
ent  from  the  American  C.  dentata. 

Sp.  13.    Ceriodaphnia  nitida,  Schcedler. 

Ceriodaphnia  quadrangula,  Leydig. 

This  species  seems  to  be  characterized  by  the  quadrangular  form 

of  the  meshes  of  the  shell-markings  and  the  presence  of  teeth 
upon  the  claws. 

Sp.  14.    Ceriodaphnia  textilis,  Dana, 

This  species  is  not  sufficiently  fully  figured  to  allow  of  a  sug- 
gestion as  to  its  affinities.  • 

Daphnia  rotundata^  Say,  is  very  probably  a  member  of  this 

genus,  though  the  description  is  hardly  intelligible.  "Body 
rounded  behind;  upper  antennae  three-branched,  a  small  spine 

above  at  the  joints;  lower  five-branched;  color  white.  Length  0.5." 
It  is  probable  that  we  should  read  ''upper  branch  of  antennae  with 

three  setae",  etc.,  in  which  case  we  ma}"  identify  the  above  with 
Ohydorus  or  the  like. 

III. — Genus  Scapholeberis. 

The  genus  Scapholeberis  stands  rather  closely  related  to  Cerio- 
daphnia, from  which  it  is  at  once  distinguished  by  the  angled  or 

spined  lower  posterior  angle   of  the  shell.      The   head  is  rather 
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clumsy,  and  the  continuation  of  the  fornices  runs  toward  the  apex 
of  the  incurved  beak,  which  commonly  lies  within  the  valves  of  the 
shell.  The  lower  anterior  angle  has  a  prominence  and  there  is  a 

basin-shaped  area  inclosing  the  base  of  the  antennae,  part  of  which 
lies  on  the  shell  and  part  on  the  head.  This  area  is  more  strongly 
lined  or  reticulated  than  the  rest  of  the  shell.  The  lower  margin 

is  straight  and  terminates,  in  most  forms,  in  a  long  scythe-shaped 
spine  which  is  directed  backward.  The  shell  itself  is  usually  indis- 
tinctly  reticulate  or  unmarked,  and  commonly  is  deep  colored.  The 

post-abdomen  is  very  like  Ceriodaphnia  or  more  as  in  Simocephalus;. 

the  anal  spines  are  few  and  the  older  specimens  have  more  than  the^ 
young;  the  place  at  which  additional  spines  are  to  appear  is^ 

marked  by  prominences.  The  eye  is  of  moderate  size,  the  pig- 
ment fleck  rather  small  and  the  antennules  short  and  hidden  by  the 

beak.  The  antennae  are  of  small  size  and  generally  dark  colored^ 

The  ephippium  contains  but  one  egg;  the  males  do  nob  have  al- 
tered antennae  or  feet.  The  sexual  periods  fall  in  early  summer 

and  in  autumn,  according  to  Weismann;  the  males  appear  but 

sparingly.  The  species  S.  mucronata  is  very  abundant  every- 
where, while  the  others  are  less  frequently  seen. 

Sp.  1.    Scaplioleberis  mucronata,    Mueller. 

(Plate  J.     Fig.  5.) 

Daphnia  mucronata,        MuBLLBB,  Leivin,   LilljbbORG,  FISCHER,  LeYDIG,  BAIRD, 
Hekrick. 

Scapholeber is  mucronata,  SCHO^DLER,     F.    E.    Muellek,  Kurz,     WeiSMANN,    BikgE, 
Herrick. 

This  well-known  species  with  rather  short  spines  below  is  found 

abundantly  everywhere.  In  this  country  at  least  it  is  character- 
ized by  a  dark  color.  The  head  is  large,  rounded  in  front  of  the 

large  eye,  serrate  below  and  extending  posteriorly  into  a  roundish 
beak,  back  of  which  are  the  short  antennules.  The  fornices  are 

very  short  and  rounded;  a  line  connects  the  fornices  with  the  beak 

by  a  sudden  deflection  downward;  it  sets  off'  the  area  which  forms 
a  part  of  the  basin  of  the  antennae.  A  second  line  springing  from 
just  above  the  termination  of  the  fornices  passes  over  the  eye  by  a 

broad  curve.  The  post-abdomen  is  truncate  and  bears  beside  the 
terminal  claws  four  or  more  spines  which  rapidly  decrease  in  size. 

The  claws  are  minutely  spined;  the  spines  on  the  shell  are  of  vari- 

able length,  but  do  not  exceed  one-fourth  the  leng'th  of  the  re- 
mainder of  the  lower  margin.  This  species  ranges  overall  Europe 

and  eastern  United  States. 

Length  0.6  mm, — 0.8  mm. 
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Sp.  2.    Scapholeberis  cornuta,  Schcedler. 

(Plate  T.    Fig.  6.) 

Moncculus  bispinosus,  DeGrer. 
Daphnia  mvcronata,  var,  acute  rostraia.  BAIRD. 
Scapholeberis  mucronata,  var.fronte  cornuta,  P.  E.  MuellEB. 

This  species  differs  from  the  above  only  in  having  a  sharp  curved 

horn  on  the  head  in  front  of  the  eye.  The  use  of  this  appendage 
can  only  be  conjectured;  but  it  may  be  that,  like  the  curved  beak 
of  Ripophilus,  it  serves  to  clear  away  rubbish  in  the  filth  in  which 
these  animals  frequently  live.  This  form,  be  it  variety  or  species^ 
is  not  known  in  America. 

Sp.  3.    Scapholeberis   ariuata,    ( Herri ck.) 

(Plate  B.    Figs.  10-11.) 

Scapholeberis  mucronata,  var.  armata,  HeekicjK. 

A  very  beautiful  and  unique  species,  which  possesses  the  extreme- 
development  of  the  peculiarities  ot  the  genus.  The  head  is  shaped 
very  much  as  in  the  previous  species,  the  fornix  is  squarish,  the 
basin  for  the  antennae  is  small.  The  upper  lines  from  the  fornix: 
meet  behind  the  eye;  the  form  of  the  shell  is  as  in  the  above,  but 

the  spines  upon  the  lower  margin  are  longer.  The  scythe-like 
spine  on  the  lower  angles  of  the  valves  is  extremely  long,  falling 
little  short,  in  extreme  cases,  of  being  as  long  as  the  entire  lower 

margin,  in  others  about  one-half  as  long.  There  are  the  usual 
lines  parallel  to  the  lower  edge  of  the  shell.  The  specimens  hav- 

ing the  longest  spines  were  found  in  fresh  water  about  Mobile, 
Ala.,  but  the  species  occurs  in  Minnesota  and  intermediate  points,, 

though  sparingly. 

Sp.4:;     Scapholeberis    nasuta,  Birge. 

Form  much  as  in  the  last,  head  shorter,  "prolonged  into  a 
rather  sharp  beak,  at  whose  apex  the  continuations  of  the  fornices 
unite.  The  beak  does  not  project  downward  as  in  S.  mucronata, 

but  backward,  and  in  its  natural  position  lies  between  the  valves.'^ 
The  usual  reticulated  and  lined  areas  are  present  and  the  balance  of 

the  shell  is  covered  with  "small  pointed  projections."  "The  anten- 
nules  are  much  larger  than  in  S.  mucronata,  though  they  do  not 

project  beyond  the  rostrum."  The  pigment  fleck  is  long  and 
large;  the  post-abdomen  is  much  as  in  the  preceding  species;  the 

terminal  claws  have  several  fine  teeth.     The  males  have  the  open* 



44  TWELFTH  ANNUAL  REPORT. 

ing  of  the  vas  deferens  close  behind  the  terminal  claws;  macro 
short  and  blunt,  length  1  mm  This  species  is  very  near  the  next, 
but  differs  in  several  particulars.  It  forms  the  transition  to  the 

next,  which  is  the  extreme  of  the  genus  in  a  direction  converse  to 
that  pursued  by  the  S.  armata. 

Sp,  5.    Scapholeberis   ang-ulata,    Herrick. 

(Plate  B.    Fig.  9.         Plate  T.     Fig.  7.) 

American  Naturalist,  1883, 

Form  as  in  the  above,  but  comparatively  larger;  valves  quadran- 
gular, anterior  margin  strongly  arched;  head  short,  only  slightly 

concave  below  the  eyes;  the  beak  is  as  in  S.  nasuta,  but  seems  to 

be  directed  more  nearly  directly  downward  than  in  that  spacies. 
The  antennules  are  long  and  resemble  those  ofSimocephalus,  The 

pigment  fleck  is  square  and  rather  large;  the  antennae  are  of  the 
usual  size.  Tlie  reticulated  areas  are  as  in  the  other  species.  The 

post-abdomen  is  more  as  in  Daphnia,  not  so  squarely  truncate  and 
with  five  to  seven  large  teeth;  the  first  foot  has  one  elongated 
jointed  seta;  the  posterior  angle  of  the  shell  has  no  spine,  at  most 
there  is  a  somewhat  prominent  acute  angle,  the  inner  shell  layer 

is  armed  at  this  point  with  some  elongated  teeth  as  in  the  corres- 
ponding situation  in  Simocephalus.  On  the  whole,  there  is  a 

similiarity  to  that  genus  in  this  as  well  as  in  the  previous  species. 

S.  nasuta  has  a  short  spine  and  elongated  pigment  fleck;  the  pres- 
ent species  has  a  squarish  bat  rather  large  fleck  and  no  spine;  the 

post-abdomen  has  a  greater  number  of  spines  than  any  other 
species.     South  of  Tennessee  river,  in  Alabama  and  Mississippi. 

The  species  of  this  genus  are  predominatingly  American,  four 

out  of  the  five  being  found  in  the  United  States;  the  fifth,  more- 
over, is  more  often  regarded  a  variety  of  one  of  the  others;  in  fact, 

the  absence  of  S.  cornuta  from  America  is  one  of  the  most  impor- 
tant supports  of  the  specific  independence  of  the  two  forms.  All 

the  species  delight  in  disporting  themselves  near  the  surface  in 
sunny  weather. 

IV. — Genus  Simocephalus. 

Although  a  very  well  circumscribed  group,  this  genus  passes 
into  the  next  rather  directly  by  means  of  S.  macrothroides.  The 

connection  on  the  other  hand  seems  to  be  by  the  way  of  Scaphole- 
beris, though  there  is  a  rather  broad  separation  between  even 

Scapholeberis  angulata  and  any  known  Simocephalus.      The  en- 
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larged  spines  near  the  angle  of  the  shell  and  the  form  of  the  an- 
tennules  as  well  as  some  other  points,  show  a  transition  through 

that  species  toward  the  present  genus.  The  general  form  is  quad- 
rate with  the  lower  posterior  margin  sinuate;  in  young  specimens 

the  shell  is  nearly  a  perfect  rectangle.  The  upper  margin  is  pro- 
duced more  or  less  at  the  point  of  union  with  the  free  posterior 

margin  and  the  shell  is  either  arched  or  very  abruptly  angled 
above  the  prominence  in  old  females.  The  head  is  produced  into 

a  projection  at  the  eye  while  the  beak  proper  is  between  the  ante- 
rior margins  of  the  valves;  the  pigment  fleck  is  rather  large  and 

variously  shaped.  The  fornices  are  larger  than  in  Scapholeberis 
and  extend  to  the  front  of  the  head  over  the  eyes;  the  antennules 

have  a  lateral  flagellum  which  is  large  and  lance-shaped.  The 
post-abdomen  varies  very  little  in  shape;  it  is  truncate  and  exca- 

vated below  and  very  broad.  The  anal  teeth  are  few,  large,curved, 

pectinate;  the  claws  are  straightish  and  pectinate  or  spined;  the 
labrum  is  shaped  as  in  Daphnia;  the  anterior  part  of  the  stomach 
has  the  usual  caeca. 

The  members  of  this  genus  are  among  the  most  abundant  and 
conspicuous  of  the  family  and  are  more  persistent  during  the 

changing  seasons  than  any  other  form.  S.  vetulus,  the  common- 
est species,  stands  in  the  centre  of  the  genus,  while  two  extremes^ 

are  expressed  by  the  other  members  of  the  group. 
The  winter  or  sexually  produced  eggs  are  lodged  in 

an  ephippium  or  saddle- like  modification  of  the  shell,  which  is 

finely  reticulate;  while  the  shell  is  usually  marked  by  fine'anasta- 
mosing  lines  which,  in  some  species,  show  clearly  their  derivation 
from  a  rather  fine  hexagonal  marking. 

The  sexual  periods,  when  males  are  produced,  occur  in  autumn 
and  spring.  The  males  have  few  distinguishing  characteristics^ 
the  form  being  that  of  the  young  female. 

The  opening  of  the  vasa  differentia  is  back  of  the  anus,  hence 

these  ducts  cross  the  course  of  the  intestine.  They  have  ejacula- 
tory  muscles  about  the  lower  part.  The  smaller  species  are  fre- 

quently deeply  colored  with  pink,  purple  and  brown  fatty  deposits 
and  the  markings  are  more  conspicuous  than  in  the  American 

Eurycercus,  which  is  itself  often  brightly  spotted  with  blue  or  pur- 
ple. The  aspect  in  the  water  is  between  that  of  Eurycercus  and 

Daphnia. 
The  first  mention  made  of  any  member  of  this  genus  in  America  is 

Say's  description,  repeated  in  Dekay's  Crustacea  of  New  York,  of 
Daphnia  angulata.     This  description  which  follows  is  quite  sufii- 
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<3ient  to  identify  the  genus,  and  indeed  to  indicate  that  either  S. 

iimericanus  or  a  related  form  is  intended,  but  it  is  hardly  compe- 
tent to  alter  names  the  significance  of  which  is  quite  clear. 

"Sides  striate  with  numerous  parallel  minute  oblique  lines;  hind 
-edge  of  the  body  with  a  prominent  augle  in  the  middle.  Antennae 
with  four  filaments  on  the  upper  and  five  or  the  lower  branch. 
Color  white  or  red.  Length  0.1;  stagnant  water  in  the  forests  of 

the  Southern  States." 

Sp.  1.    Simocephalus  vetulus,  Mueller. 

Daphnia  vetula,  Baird,  Herkick. 
Daphnia  sima,  MUELLER,  LATREILIiE,  BOSC,  RamdOHR,  GRUITHUISBif,  DeSMAREST 

Lamarck,  M.  Edwards,  Koch,  Gmelin,  Manuel,  Jurink,  Lil- 
LJEBORG,  LEYDIG. 

Simocephalus  vetultLs,SCHOEBLV:Yi,  "P.  E.  MUELLER,  KuBZ,  Weismann,  Claus,  Lutz, 
BiRGE. 

This  commonest  and  one  of  the  largest  species  is  apparently  dis- 
tributed over  the  northern  hemisphere  and  abounds  in  all  the 

-more  shallow  lakes.  The  head  is  rounded  in  front  and  is  not  an- 

gled between  the  prominence  of  the  eye  and  the  beak.  The  body 
is  very  large  and  not  abruptly  angled  above,  the  spine  of  the  shell 
being  inconspicuous  and  high,  so  that  the  free  posterior 

■edges  of  the  shell  lack  little  of  equalling  the  greatest  hight  of 
the  shell.  The  shell  is  covered  with  minute  dense  striations  which 

spring  from  the  free  edges.  The  pigment  fleck  is  elongated  in  old 

specimens  and  the  upper  angle  follows  up  beside  the  suture  sepa- 
rating the  antennary  basin  from  the  rest  of  the  shell  of  the  head. 

The  antennules  are  ornamented  with  minute  spines.  At  the  lower 

angle  of  the  shell  are  three  curved  spines  which  differ  from  the 
preceding  filaments.  The  number  of  eggs  which  are  produced 
at  once  is  truly  immense.  Under  favorable  circumstances  this 

species  reaches  a  large  size,  falling  little  if  any  short  of  3  mm.  S. 

vetulus  lives,  by  preference,  among  the  leaves  of  aquatic  vegeta- 
tion. With  us  this  species  seems  to  live  in  the  smaller  pools  as 

well  as  in  lakes  of  some  size.  I  am  not  able  to  see  any  difference 
in  this  respect  between  the  various  species. 

Sp.  2,    Slinocephalus  serrulatus,  Kcch. 

Daphnia  serrulata,  KOCH,  LiEVIN.  FISCHER,  LlLLJEBORQ. 
Simocephalus  serrulatus,  Lbydig,  Schoedler,  P.  E.  MuELLER,  KuRZ. 

Head  narrow,  extending  anteriorly  into  a  sharp  spiny  angle  in 

front  of  the  eye.  Dorsal  line  of  the  shell  abruptly  angled  or 
€urved  posteriorly,  projecting  to  form  a  broad  obtuse  spine  behind; 

% 
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this  spine  is  serrate  with  sharp  teeth  and  lies  somewhat  above  the 

middle  of  the  hight  of  the  animal,  so  that  the  free  posterior  mar- 
gins of  the  shell  fall  much  short  of  reaching  the  greatest  hight 

of  the  shell.  Post- abdomen  of  the  usual  form,  with  the  claws 
armed  with  two  series  of  spines  or  bristles,  the  outer  being  much 

the  larger;  anal  teeth  curved  or  angled,  dentate;  pigment  fleck  tri- 
angular or  rhomboidal.     Length  2.0  mm.,  2.5  mm. 

I  am  not  sure  that  the  three   following   species  are  more   than 

varieties;  the  first  in  particular  is  very  close  to  the  European  type. 

Sp.  3.— Simoceplialus  cong-ener,  Birge. 

My  own  observations  of  this  form  made  throughout  the  Missis- 
sippi valley  are  not  in  complete  accord  with  the  description  of 

Birge,  but  it  seems  improbable  that  there  is  any  mistake  in  the 

identification.  The  very  generally  distributed  form  on  which  this 
«pecies  rests  is  subject  to  marked  variations  within  certain  limits. 
This  species  differs  from  S.  serrulatus  in  the  following  points. 

The  head,  although  prominent  and  spiny  near  the  eye,  is  not  an- 
gled between  this  prominence  and  the  beak;  in  fact,  it  is  either 

straight  or  simply  curved.  The  pigment  fleck  is  usually  rhom- 
boidal and  only  occasionally  oval,  triangular  or  irregular.  In 

other  respects  the  agreement  is  rather  close;  the  terminal  claws 
have  two  series  of  spines,  one  of  which  is  larger  (not,  as  said  by 

Bu'ge,  equal);  the  outer  series  is  not  so  much  larger  as  in  S.  rostra- 
ius,  but  not  nearly  as  inconspicuous  as  in  S.  vetulus.  The  termi- 

nal claws  are  rather  evenly  curved.  This  species  is  frequently  col- 
ored with  pink  or  brown  markings.  In  old  females  the  back  is 

squarely  angled  above,  forming  a  pocket  for  the  eggs.  The  size 
falls  short  of  that  of  the  last  species.  I  have  found  this  species  from 
the  gulf  of  Mexico  to  Minnesota. 

Sp.  4.— Simoceplialus  rostratus.  (Sp.  n.) 

This  form  is  of  the  size  and  color  of  S.  americanus,  and  approaches 

^nearest  to  Schodler's  S.  expinosus  in  general  characters.  The  back 
is  arched  above  but  not  abruptly  angled;  the  spine  is  as  in  S.  amer- 

icanus but  not  so  low.  The  free  posterior  shell  margins  are  some- 

'what  shorter  than  the  greatest  hight  of  the  shell.  The  head  is 
produced  below  the  eyes  in  an  angle  like  a  right  angle,  which  is 
not  spiny.  The  lower  margin  of  the  head  is  excavated  to  form  a 
Tight  angle,  and  in  front  of  the  smooth  antennules  forms  a  very 
prominent  beak,  beyond  which  the  antennules  reach  but   a  short 
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distance.  The  terminal  claws  of  the  post-abdomen  are  straightish 
and  are  more  heavily  spined  than  in  the  preceding;  the  anal  spines 
are  doubly  curved  or  geaiculate.  The  pigment  fleck  is  rhomboid 

or  pentagonal;  the  antennules  are  smoofh.  The  abdominal  pro- 
cesses differ  somewhat  from  the  previous  species,  in  which  the  second 

one  is  rounded  above,  for  in  this  it  is  squarely  truncate.  This 

species  was  found  only  in  shallow  pools  at  Ocean  Springs,  Missis- 
sippi, aud  was  very  carefully  compared  with  S.  americanus  which 

is  also  found  there. 

Sp.   5.    SimocephaUis  exspinosus,  Koch. 

Head  extending  into  an  obtuse  angle  at  the  eye,  pigment  fleck 
rhomboidal.  Shell  without  a  spine;  maximum  hight  of  the  shell 
greater  than  that  of  the  free  posterior  margin.  Caudal  claws  with 
an  unequal  series  of  spines;  anal  spines  evenly  curved.  There  is 
little  to  distinguish  the  above  from  this  species  save  the  geniculate 
anal  spines  and  the  presence  of  a  blunt  spine  on  the  shell. 

Var.  cong-ener,  Schoedler, 

has  the  lower  outline  of  the  head  sinuate  instead  of  angled. 

Sp.  6.    Simoceplialus  daplinoides,  Herrick. 

American  Naturalist.  1883. 

A  curious  transition  form,  found  only  south  of  the  Tennessee 
river,  was  described  in  the  American  Naturalist  in  May,  1883,  under 

this  name.  By  an  oversight  a  comparison  made  with  S.  americanus 

appeared  as  though  made  with  S.  vetulus.  The  general  shape  is- 
oval;  the  greatest  hight  of  the  valves  lies  near  the  middle  and  not 

posterior  to  it  as  in  all  the  other  species.  The  head  is  short,  de- 
pressed, rounded  in  front;  the  beak  is  wanting;  the  lower  margin 

of  the  head  is  straight.  The  pigment  fleck  is  small,  oval  or  irreg- 
ular: the  fornices  are  small  and  short.     The  antennules  are  smooth. 

The  post-abdomen  is  narrow,  shaped  more  as  in  Daphnia;  the 
terminal  claws  are  straightish  and  fringed  part  way  with  spines; 
the  anal  spines  are  slightly  curved.  The  processes  of  the  abdomen 
are  long,  as  in  Daphnia.  The  shell  is  covered  by  the  characteristic 
striations  and  extends  into  a  blunt  spine.  In  every  detail,  almost, 
there  is  an  approach  toward  the  genius  Daphnia,  while  the  general 
result  is  sufficiently  like  Simocephalus,  The  lower  angle  of  the 
shell  is  not  armed  with  the  peculiar  curved  spines  as  in  all  the  other 



STATE  GEOLOGIST.  49 

species.     This  species  becomes  over  1-10  inch  long.     In  such  old 
individuals  the  spine  is  nearly  midway  of  the  hight. 

One  could  wish  a  trifle  closer  link  to  Scapholeberis  than  that  furn- 

ished by  S.  angulata;  but,  on  the  whole,  the'position  of  this  genus 
can  not  well  be  called  in  question.  America  has  four  species  oat 
of  the  six  known  and  but  one  of  these  certainly  identical  with  the 

European,  though  others  are  probably  too  closely  related. 

Note.— On  p.  47  read  S.  Americanus,  Birge,  not  <S.  Congener. 

Y.  Genus  Daphnia. 

Long  considered  the  type  of  the  family,  this  genus  is  most  fre- 
quently seen,  or,  at  least,  is  more  conspicuous  than  any  other 

group.  It  has  already  been  pointed  out  that  the  forms  here 

united  are  the  extreme  development  of  a  diverging  line.  Simoceph- 
alus  is  the  link  connecting  it  with  the  typical  forms  of  the  fam- 

ily. As  might  be  expected,  this  genus  presents  more  puzzling 
problems  than  any  of  the  others.  It  contains  more  peculiarities 
of  structure  and  diversities  of  habit  and  development  than  any 

other  of  the  genera.  Here  the  sexual  differences  are  most  inter- 

esting. The  young  are  hatched  with  a  pendant  appendage  at- 
tached to  the  upper  posterior  angle  of  the  shell,  which  soon  be- 

comes the  rigid  spine  characteristic  of  the  younger  stages  and 
males  of  the  genus.  The  females  almost  immediately  after  birth 

commence  the  production  of  eggs  by  an  asexual  process.  Groups  of 
epithelial  cells  containing  four  each  are  formed  and  one  of  the 
cells  of  each  group  develops  at  the  expense  of  the  others,  forming 
the  egg.  Many  such  eggs  are  laid  simultaneously  and  deposited  in 
the  cavity  between  the  shell  and  the  dorsal  part  of  the  animal. 

The  eggs  are  prevented  from  escaping  by  means  of  three  long  pro- 
cesses, of  which  the  first  is  much  the  larger  and  curves  forward. 

At  stated  periods  in  spring  and  autumn  the  males  appear;  the  fe- 
males of  the  generation  in  which  occur  the  males  have  a  tendency 

to  produce  eggs  of  a  different  sort  charged  with  a  different  mis- 

sion. At  the  same  time  the  upper  portion  of  the  shell  (that  sur- 
rounding the  brood  cavity)  becomes  finely  reticulated  and  pigment 

is  deposited  between  its  layers.  This  ephippium,  as  it  is  called,  in 

allusion  to  its  saddle-like  form,  is  the  case  in  which  the  winter  egg 
is  to  pass  the  period  of  cold  or  drought  which  is  to  follow.  The 
method  of  the  formation  of  the  ephippium  is  obscure  and,  in 

spite  of  the  investigations  of  Lubbock  and  Smitt,  considerable  re- 
mains to  be  learned  with  reference  to  this  interesting  modification 

of  the  shell.     Some  rather  carefal  study  has  been  devoted   to   this 
4 
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subject  by  the  writer,  but  it  was  unfortunately  interrupted  before 

completion.  The  most  promising  method  of  persuing  the  investi- 
gation is  that  of  sectioning  ephippial  females  in  various  stages 

with  the  microtome.  A  preparation  of  soap  was  employed  with 
partial  success  as  a  medium  for  embedding,  and  figures  of  some  of 
the  many  sections  made  are  drawn  on  plate  P.  Figure  10  is  a  ver- 

tical section  through  the  middle  of  an  ephippium  which  has  been 
cast  off.  The  outer  and  inner  shell  layers  are  distinct  and  one  of 

the  eggs  is  divided  in  the  middle.  No  pigment  or  protecting  ma- 
terial was  deposited  in  this  case,  which  is  the  simplest  possible. 

Fig.  9  represents  a  section  just  back  of  the  head;  it  passes  diagon- 
ally, severing  the  heart  longitudinally  (h).  The  intestine  (a),  the 

ovaries  (g),  the  mandible  (m),  tiie  labrum  (1),  and  certain  suspen- 
sorial  muscles  ( ?)  are  seen  in  situ.  Only  a  portion  of  the  ephip- 

pium is  cut  and  the  double  layers  enclose  a  large  mass  of  protec- 
tive matter.  Fig.  8  is  a  vertical  section  through  the  middle  of  the 

animal,  and  the  usual  form  of  the  ephippium  is  seen  with  its  large 
amount  of  protective  matter  obscuring  all  else.  Fig,  7  is  a  longi- 

tudinal section  of  an  ephippium  similar  to  that  seen  in  Fig.  10.  It 
is  hoped  to  present  at  some  more  appropriate  time  a  fuller  account 
of  the  formation  and  process  of  moulting  this  saddle. 

Development  of  Daphnia. 

Although  the  careful  researches  of  Glaus  and  Grobben  have  ad- 

ded much  to  our  otherwise  rather  meager  knowledge  of  the  develop- 
ment of  the  cladocera,  there  still  remain  many  interesting  points, 

particularly  with  reference  to  the  individual  species,  which  merit 
xiareful  study. 

The  following  observations  relate  to  the  single  species  (D. 
schsefferi)  which  was  available  during  a  short  stay  in  Leipzig: 

The  winter  eggs  of  D.  schsefferi  are  two  in  number  and  are 
lodged  in  the  well  known  manner  in  an  ephippium. 

The  shape  of  these  eggs  is  sharply  ovoid,  there  being  no  distin- 
guishable difference  between  the  two  ends.  The  position  in  the 

ephippium  is  not,  as  might  be  expected,  with  the  longer  diameter 
paralled  to  the  axis  of  the  body,  but  the  posterior  end  is  slightly 
elevated.  This  is  undoubtedly  due  to  frequent  elevation  of  the 
abdomen  between  the  valves  during  the  extrusion  of  the  eggs. 

The  color  is  dark  green  and  the  only  protection  as  the  egg  leaves 
the  ovary  is  a  thick,  tough  shell  which  is  at  first  so  soft  as  to  be 

susceptible  to  pressure.  It  is  thus  reticulated,  apparently  through 
the  simple  pressure  of  the  walls  of  the  ephippium. 
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The  length  is  0.43  mm.;  width  .33  mm.  in  the  average,  though 
€ggs  were  occasionally  found  of  an  elongated  form,  measuring  .48, 
.31  mm.  The  contents  of  the  egg  consist  of  spheres  of  greenish 
plasma  of  various  sizes  and  fat  or  oil  drops.  These  oil  globules  are 
not  very  numerous  as  compared  with  those  of  the  summer  eggs, 
and  likewise  never  attain  the  dominant  size  seen  in  the  latter. 

The  various  forms  assumed  by  the  plasma  balls  are  perplexing  but 

frequently  result  from  the  action  of  external  agents.  The  cleavage 
stage  was  not  seen,  and  if  actual  segmentation  takes  place,  it 

must  be  inconspicuous  as  would  be  expected  from  the  large  quan- 
tity of  yolk  present.  The  differentiation  of  the  blastoderm  occurs 

very  early,  perhaps  in  the  ovary  itself,  and  the  result  is  a  tolerably 
uniform  layer  of  prismatic  cells.  The  egg  now  comes  to  a  period 
of  repose  after  the  blastoderm  has  produced  a  second  external 

envelope  apparently  by  simple  secretion. 
This  envelope  consists  of  a  fine  structureless  membrane.  The 

egg,  under  ordinary  circumstances,  remains  dormant  during  the 

winter  in  this  most  favorable  stage.  The  reason  for  which  is  evi- 
dently the  fact  that  the  differentiation  has  proceeded  to  the  extent 

of  producing  the  greatest  number  of  protective  layers  without 
materially  increasing  the  complexity,  and  thus  the  sensitiveness,  of 
the  organism.  Under  favorable  circumstances  the  development 
proceeds  farther  and  near  one  pole  appears  a  slight  indenture  of 

the  surface  which  grows  deeper  and  seems  to  form  a  true  invagina- 
tion. This  blastopore,  if  such  it  really  be,  remains  for  some  time, 

generally  till  the  two  '*  scheitel  "  plates  appear.  These  ''  scheitel- 
platfce  "  are  formed  by  a  simultaneous  thickening  and  lengthening 
of  the  cells  of  limited  areas  on  opposite  sides  of  the  egg^  near  the 

opposite  pole  from  that  occupied  by  the  blastopore.  The  '^scheitel- 

platte"  are  situated  at  right  angles  to  a  plane  perpendicular  to  the 
blastopore.  The  nuclei  of  the  cells  of  the  "scheitelplatte"  are 
nearly  .0208  mm.  in  diameter,  while  those  of  the  other  blastoderm 
cells  are  about  half  that  size. 

The  egg  remains  a  long  time  in  this  stage,  while  the  following 

stages  are  passed  through  quite  rapidly  till  the  embryo  assumes  its 
nauplius  form.  The  remainder  of  the  development  agrees,  so  far 

as  seen,  quite  fully  with  that  of  the  summer  eggs,  to  which  we  will 
now  return. 

The  summer  eggs  vary  greatly  in  size  and  number,  but  are 

nearly  as  large  as  the  winter  eggs.  The  number  is  sometimes  re- 
duced to  two  or  three  or  rises  to  as  many  as  fifteen  or  even  more. 

In  color  the  eggs  also  vary  from  green  to  brown.     The  fresh  egg 
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consists,  as  the  winter  egg^  of  two  sorts  of  yolk  spheres.  The 
plasma  or  formative  yolk  contains  colored  globules  of  rather  small 

size,  distributed  throughout  the  whole  of  the  mass  quite  uniformly. 
The  food  yolk  or  oil  globules  assort  themselves  in  two  sizes;  first, 

a  few  (generally  three)  very  large  oil  drops,  which  persist  through- 
out the  ealier  stages  of  the  embryo;  second,  smaller  globules  of  ap- 

parenth^  the  same  character,  which  are  quite  numerous  and  form  a 
very  considerable  part  of  the  contents  of  the  egg^  In  an  egg  of 
about  .35  mm.  in  diameter,  the  largest  of  the  smaller  size  of  oil 

drops  measured  .029  mm.  while  the  larger  three  exceeded  .060  mm. 

The  oil  drops  are  distinguishable  by  their  light  refractive 

power,  pellucidity  and  the  intense  dark  brown  or  black  color  assum- 
ed when  treated  with  osmic  acid.  The  latter  reagent  affects  the 

formative  yolk  but  slightly.  It  will  be  seen  that  though  the  sum- 

mer egg  is  nearly  as  large  as  the  ''dauerei"  in  some  cases^ 
yet  the  relative  amount  of  formative  yolk  is  more  diverse  than  at 
first  appears. 

The  great  similarity  between  the  two  sorts  of  eggs  in  Daphnia 
schaefferi  is  throughout  striking  as  compared  with  Moina,  the  only 
one  of  the  Daphnidae  the  development  of  which  is  fully  studied. 

In  the  summer  eggs  I  have  not  been  able  to  see  the  complete  seg- 
mentation described  for  Moina.  The  following  stages  are  much 

as  described  by  Grobben.  An  invagination  occurs  and  a  median 
swelling  appears  on  the  ventral  aspect  of  the  egg. 
Labrum  and  second  antennae  bud  out  and  are  soon  followed  by 

the  antennae,  mandibles  and  two  pairs  of  maxillae,  after  which  the 
five  pairs  of  feet  soon  appear.  In  an  early  stage  there  is  present  a 
basal  palpus  to  the  second  antennas,  a  fact  not  before  observed,  and 

this  persists  as  the  small  two-bristled  wart  found  on  the  basal  joint 
of  the  antenna.  It  is  a  conspicuous  object  in  the  embryo  and  is 
thus  a  true  embryonic  organ. 

The  eyes  of  the  embryo  appear  as  two  separate  pigmented  flecks 
which  approximate  and  are  covered  with  an  oval  refractive  body, 
which  later  is  penetrated  by  the  pigment  and  divides  to  form  the 

small  lenses.  Soon  after  this  the  shell  grows  over  the  eye  as  de- 
scribed for  Moina. 

The  first  indication  of  the  shell  appears  as  two  folds  of  the  max- 
illary region  of  the  back,  being  thickest  laterally.  These  grow 

forward  and  backward  to  form  the  cephalic  and  body  shield.  At 

a  little  later  stage  there  appears  a  very  interesting  modification  of 
the  shell  which  stands  in  close  relation  to  the  growth  of  the  brood 

sac.     A  slight  protuberance  appears  on  the  margin  of  the  shell  in 
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the  median  dorsal  line  and  extends  toward  the  abdomen.  It 

grows  much  more  rapidly  than  the  other  parts  of  the  shell  and,  in 
a  later  stage,  forms  a  comparatively  enormous  tail,  which  curves 
under  the  animal  between  the  shell  valves  which  now  extend  be- 

yond the  body.  This  ''tail"  extends  well  along  the  ventral  mar- 
gin of  the  shell  and  reminds,  by  its  position,  of  the  tail  of  a  fright- 

ened dog.  The  true  tail,  or  post-abdomen,  is,  in  the  meanwhile, 
well  developed  and  is  constantly  kicking  the  useless  protuberence 

of  the  shell  upwards.  As  the  animal  leaves  the  egg  this  projec- 

tion becomes  straightened  as  in  the  young  D.  pulex,  finally  be- 
€oming  the  still  considerable  spine,  though  it  is  proportionately 
much  shorter  than  in  the  embryo.  The  spine  becomes  shorter 
with  successive  moults  and  the  mature  form  has  only  a  slight 
rounded  knob  in  place  of  a  spine  more  than  half  the  length  of 
the  body. 

The  use  of  the  long  spine  in  the  young  Daphnia  is  a  matter  of 
interest.  Its  length  agrees  pretty  well  with  that  of  the  brood 

<cavity  and  it  seems  possible  that  it  serves  to  prevent  the  shell 
from  bending  abruptly  down  when  it  is  only  partially  removed 
during  the  moult  and  thus  breaking  off  and  so  leaving  a  portion 

of  the  clothing  of  the  brood-cavity  therein  to  become  a  source  of 
irritation.  This  is  more  necessary  for  the  young  since  the  brood 
<javity  is  narrow  and  the  shell  weak,  so  that  while  the  outer  shell 

is  removed  like  a  glove  from  the  finger,  it  can  not  be  pulled  up- 
ward Of  downward,  but  directly  backwards.  It  is  well  known  that 

male  Daphniee  often  have  the  spine,  while  the  females  may  have 
none,  and  here  again  it  is  possible  that  the  narrower  cavity  over 
the  abdomen  requires  this  assistance,  while  this  is  not  the  case 
with  the  females. 

The  shell  gland  is  early  formed  and  the  branchial  lamellae  of  the 
feet  appear  almost  simultaneously  with  the  feet  themselves  as 

■distinct  lobes.  The  branchial  chamber  is  not  a  simple  chamber,  but 
is  essentially  a  curved  tube  as  can  be  very  well  seen  in  the  last  foot 
of  the  adult.  This  tube  doubles  upon  itself  and  crosses  in  the 

manner  of  a  loop  and  a  constant  stream  flows  rapidly  through  it. 

The  nervous  system  is,  at  first,  paired  from  beginning  to  end 
and  first  unites  anteriorly,  the  ocular  ganglia  fuse  after  the  union 
of  the  two  pigment  flecks  in  the  compound  eye,  then  the  cephalic 
ganglion  is  formed  by  the  union  of  the  two  preoe^ophagal  ganglia, 
the  commissures  passing  about  the  oesophagus.  I  have  not  been 
able  to  determine  if  the  suboesophagal  ganglia  become  fused. 

From  the  anterior  ganglia  spring  the  nerves  to  the  antennae  and 
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jaws,  which  latter  are  the  larger  in  the  embryo,  being  exceedingly 

large  nerves. 

This  key  contains  the  majority  of  the  genus,  but  falls  short  of 

completeness.  The  following  species  are  uncertain.  W.  Schman- 
kewitsch  described  as  new  D.  degenerata  and  D.  rudis^  from  salt 
or  brackish  waters.  These  he  regards  as  degenerate  forms  produced 
by  the  inferior  aeration  of  dense  waters.  The  author  does  not 

appear  to  recognize  the  modern  distinctions  of  genera  so  that,  not 

having  seen  the  work,  even  the  generic  position  can  not  be  defi- 
nitely stated.  His  investigations  seem  to  show  that  the  proximity 

of  salt  waters  influence  the  form  of  the  body,  or,  perhaps,  that 

there  is  a  constant  interchange  between  the  sub-marine  and  fresh- 
water species.  Daphnia  hrevicauda^  Chambers,  is  an  incorrectly 

figured  and  described  Simocephalus. 

Key  TO  THE  GrENUs  Daphnia. 

Section  i.     Pigment  fleck  present. 
a.    Head  short,  equally  rouucled. 

1.  D.  psi«ocea,  Baird. 

B.    Head  not  regularly  rounded,  more  or  less  beaked. 

(a)  Claws  spiny. 

I.  Abdomen  broad,  series  of  anal  spines  nearly  equal,  neither  head  nor  back, 

keeled. 

t   A  marked  sinuosity  in  the  posterior  outline  of  post-abdomen. 
2.  D.  scheefferi,  Baird. 

D.  ovata,  Sars. 

D.  pennata,  Mueller. 

tt    No  well  marked  depression. 

3.  D.  pulex,  Mueller. 

4.  D.  schcedleri,  Sars. 

D.  hastata,  Sars. 

I),  obtusa,  Kurz. 

II.  Abdomen  narrow,  shell  keeled  somewhat  dorsally. 

5.  D.   oninnehaha,  sp.  n. 

6.  D.  carinata,  Sars, 

(b)  Claws  nearly  or  quite  smooth. 

I.    Head  not  crested. 

7.  D.  longispina,  Leydig. 

8.  D.  rosea,  Sars- 

9.  D.  simiiis,  CI  aus 

D.  lacustris,  Sars. 

D.  cavitrons,  Sars. 

10.  D.  hyalina.  Leydig. 

11.  D.  dubia,  Herrick. 
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D.  pellucida,  P.  E.  Mueller. 

D,  galeatE;  Sars, 

12.  ( ?)  D.  laevis,  Blrge. 

Section  ir.    Pigment  fleck  absent. 
A.  Head  but  slightly  crested. 

1.  D.  longiremis,  Sars. 

B.  Head  strongly  crested. 

2.  D,  cristata,  Sars." 
3.  D.  cucuUata,  Sars. 

D.  apicata,  Kurz .  • 

4.  D.  kcdbergensis,  Schoedler. 

D.  cederstromii,  Schoedler. 

D.  retrocurva,  Forbes, 

D.  vitrea,  Kurz. 

5.  D.  magnicepSySp.  n. 

SECTIOiq"   I. 

A.  Head  shorty  evenly  curved. 

Sp.  1.    Daphnia  psittacea,  Baird. 

Mentioned  by  Schoedler,  Frig  and  Kukz. 

This  species  is  at  once  recognized  by  the  head,  which  is  very 
short  and  evenly  curved,  or  nearly  so,  from  the  heart  to  the  beak. 
The  shell  is  high,  oval,  with  a  rather  short  spine.  The  fornices 

are  wide  and  angled  behind:  the  antennules  are  longer  than  in 

most  species;  the  post-abdomen  is  very  large,  but  narrows  toward 
the  end  and  has  comparatively  few  anal  teeth,  which  are  of  une- 

qual bize.  This  is  one  of  the  largest  of  the  genus.  Not  yet 
found  in  America. 

B.  Head  more  or  less  concave  below,  at  least  not  evenly  arched. 

Sp.  2.    Daphnia  schseflPeri,  Baird. 

(Plate  M.  Fi^s.  1—4.) 
Daphnia  pennata,  MuELLiER. 
Daphnia  pulex,  STRAUS,  KOCH,  (fide  P.  E.  MUELLER.) 
Daphnia  magna,  LiLLJEBORG,  LErDIG,  etc. 
Daphnia  schsefferi,  SCHOEDLER,  KuRZ. 

The  largest  species  of  the  genus,  is  of  an  elongated  oval  and 
ventricose  form.  The  spine  is  entirely  absent  in  old  females  and  of 
only  moderate  length  in  the  young.  The  antennules  of  the  male 

are  long  and  have  a  very  long  flagellum.  The  post-abdomen  is 
narrowed  suddenly  below  the  anus  so  that  the  spines  consist  of 

two  sets;  the  terminal  claws  are  spiny   at  the  base.       Although 
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very  similar  to  D.  puiex,  it  may  be  recognized  at  once  by  the  con- 

cavity of  the  dorsal  margin  of  the  post-abdomen.  The  plate  will 
make  any  detailed  description  superfluous.  A  common  species  in 
Europe,  but  not  yet  found  in  America. 

Daphnia  ovata,  Sars,  seems  probably  this  species,  but  Sars  was 

troubled  by  Straus'  mistaken  reference. 
Daphnia  i^enyiata  of  Sars  may  al«"o  be  this  species  or,  more  prob- 

ably, D.  pulex.  The  Latin  discription  given  by  Sars  is  appended 
for  convenience  of  reference. 

Daphnia  pennata,  Sars. 

•'Antecedenti  (D.  pulex)  simillima,  caput  autem  a  latere  visiAi  latius,  rostro  breviore, 
supra  visum  testa  cetera  paruin  angastius  fere  cordiforme,  antice  acuminatum.  Pro- 

cessus anteriores  duo  disjuncti.  Margo  posterior  postabdominis  in  medio  sinuloparvo 

et  infra  liunc  utrinque  aculeis  16-18  armatus.    Color  ut  in  antecedeute. Longit.2Minm.'' 

Daphnia  ovata,  Sars. 

"Caput  a  latere  visum  ante  oculum  fere  angulatum,margine  inferiore  leviter  concavo 
in  rostrum  longum  apiceni  versus  attenuatum,  extremitate  tenuissima  exeunte,  spura 
visum  ut  in  D.  pennata  cordiforme.  Testa  cetera  a  latere  visa  ovata,  margine  superi- 
ore  et  inferiore  in  f emina  adulta  fere  3equ?es  arcaatis,  postice  in  medio  spinam  formans 
brevissimam  vel  omnino  obsoletam.  Processus  anteriores  duo  abdominis  disjuncti- 
Margo  posterior  postabdominis  in  medio  sinuatus,  utrinque  aculeis  20-22  armatus.  Color 
albido— flavescens  vel-virescens.    Longit.  circit  3  mm." 

Sp.  3.    Daphnia  pulex,  Mueller 

This  commonest  of  our  Daphnids  is  apparently  circumpolar  in 
distribution.  I  have  found  it  in  Alabama  near  the  Gulf  and  it  also 

occurs  near  lake  Superior. 

Oval,  either  elongate  or  short,  spine  springing  from  the  upper 
angle  of  shell  or  in  some  cases  near  the  middle.  The  spine  is  rather 
long  in  young  individuals  but  becomes  very  narrow  in  older  ones 
or  entirely  disappears.  The  abdominal  processes  are  long,  not 

coalescent,  or  slightly  united  at  the  base.  The  head  is  concave  be- 
low and  extends  into  a  prominent  beak.  This  species  is  either  very 

variable  or  several  species  are  frequently  united  under  the 

term.  Two  types  have  been  recognized  in  America.  One,  abun- 
dant in  spring  in  smaller  ponds  in  Minnesota,  is  rather  short, 

arched  above,  and  in  old  females  with  th«  spine  situated  near  the 
middle  of  the  posterior  margin.  This  form  is  quite  typical  for  the 

species  and  occurs  from  April  to  mid-summer.  Another  variety  was 
found  in  Alabama  in  late  autumn,  and  similar  animals  in  mid-winter 
in  lake  Calhoun,  Minnesota.  This  type  has  a  much  more  elongate 

bodj',  the  very  slender  but  rather  short  spine  springs  from  the  upper 
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margin  of  the  shell  or  is  quite  wanting.  This  longer  form  has  the  beak 

slightly  arched  so  as  to  resemble  a  "Roman  nose."  The  anal  spines 
are  less  numerous  (10-14  while  typical  D.  pulex  has  nearly  20). 
The  young  of  this  form,  which  may  be  called 

Daplinia  pulex,  var.  nasutus,  (Yar.  n.) 

(Plate  N.     Figs.  1-4.) 

vary  much  among  themselves  but,  in  general,  resemble  the  young 
of  the  European  form. 

Daphnia  pulex  has  been  mentioned  by  a  number  of  authors  in 

America,  Smith,  Birge,  Chambers  and  Herrick  having  noted  its 
occurrence  in  various  parts  of  the  United  States.  D.  obtusa^  Kurz, 
is  apparently  only  the  spineless  condition  of  the  above  or  a  related 
species.  No  Daplinia  is  without  the  spine  through  life;  such  a 
form  would  constitute  a  new  genus  at  once. 

Sp.  4.    D.  sclioedleri,  Sars. 

Seems  to  resemble  D.  pulex  very  closely  but  differs  in  haviug 
the  lower  margin  of  the  head  nearly  straight,  terminating  in  a  short 
straight  beak.  The  spine  springs  from  the  middle  of  the  posterior 

margin.     The  anal  spines  are  14-16  in  number.     Length  2.33  mm. 

This  name  is  applied  by  Sars  to  Schoedler^s  D.  longispina  which 
is  not  D.  longispina  of  Leydig. 

Sars'  D.  hastata  is  so  insufficiently  defined  that  it  will  probably 
be  necessar}'-  to  drop  it  from  the  list. 

Sp.  5.    Daplinia  minneliaha,  (Sp.  n  ) 

(Plate  K,  Figs.  1,  2;  Plate  L,  Figs.  1,  2.) 

This  species,  which  occurs  in  small  pools  in  autumn  (afiluents  of 

Minnehaha  creek,  etc.,)  closely  corresponds  apparently  to  Sars' 
Daphnia  carinata  but  differs  in  numerous  points.  It,  in  fact,  is  more 
nearly  related  to  D.  pulex  than  the  group  under  which  that  species 
is  placed. 

The  form  is  oval,  arched  above,  narrowed  posteriosly,  terminat- 
ing in  a  rather  short  spine  which  curves  liojhtly  upwards.  In  males 

and  young  females  the  spine  springs  from  the  upper  angle,  but  in  old 

females  having  many  summer  eggs  the  spine  is  nearly  median- 
The  head  is  depressed,  strongly  arched  and  keeled  slightly  above 
the  eye,  which  occupies  the  extreme  end  of  the  forehead.  The  keel 
of  the  head  extends  into  a  slight  angle  over  the  heart  and  continues 
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down  the  back.  In  young  females  and  in  males  the  slight  anajle- 
is  replaced  by  a  strong  knife-like  projection  which  extends  into 
from  1  to  4  sharp  teeth,  the  anterior  tooth  being  directed  forward. 

The  males,  in  particular,  have  this  feature  emphasized.  D.  long- 
ispina  has  a  somewhat  similar  projection  but  the  more  nearly  re- 

lated forms  seem  not  to  show  this  peculiarity.  The  beak  is  slightly 

curved  and  the  lower  margin  of  the  head  is  slightly  sinuate.  The- 
shell  has  the  usual  square  reticulations  and  is  usually  very  trans- 

parent but  in  peaty  waters  becomes  brownish.  The  size  is  small 

but  variable;  1.8  mm.  is  a  common  measurement.  The  post-abdo- 
men is  narrow,  the  claws  are  armed  with  four  or  more  teeth  and  a 

series  of  lateral  bristles.  The  anal  spines  are  eleven  or  more  in 

full  grown  females  and  decrease  only  moderately  upward.  The 
processes  of  the  abdomen  are  distinct.  The  males  are  smaller  and 
strongly  carinated  above  and  of  the  same  form  as  young  females 
The  antennules  are  rather  long,  with  a  short  lateral  and  a  long 
terminal  flagellum,  which  latter  is  more  than  twice  the  length  of 
sensory  setse  which  are  partially  lateral.  The  first  foot  has  a  strong 

claw  and  a  long  flagellum,  while  the  second  feet  have  a  small  spiny 

hook.  There  is  a  single  abdominal  process  which  is  not  hairy  as^ 
in  D.  pulex. 

Sp.  6.    Daphnia  cariuata,  Sars. 

Very  similar  to  the  last  but,  according  to  Sars,  the  claw  has  no 
well  marked  teeth,  a  short  flagellum  on  the  male  antenna,  and  the 
abdominal  processes  are  united  at  the  base  (which  may  indeed  be 
sometimes  the  case  in  the  above.) 

D.  cavifrons^  Sars,  has  a  prominence  on  the  forehead  and  the  lower 

margin  of  the  head  is  strongly  concave,  otherwise  hardly  destin- 
guishable  save  by  the  absence  of  the  keel  above. 

Sp.  7.     Daphnia  longispina,  Mueller. 

£>.  longispina,  O.  F.  Mueller.  Bated,  Leydig,  Sabs,  P.  E.  Mueller,  Kurz,  Weis- 
MANN,  etc. 

Oval,  elongate;  head  large,  rounded  in  front,  lower  margin  some- 
what concave;  rostrum  long.  Spine  very  long;,  springing  from,  the 

middle  of  the  posterior  margin.  Post-abdomen  attenuated  toward 
the  end.  Terminal  claws  smooth  or  simply  cilate,  spines  few. 

The  abdominal  processes  are  united  at  the  base  a  very  little,  Flag- 
ellum of  the  male  antennule  hardly  longer  than  the  sensory  setse^ 

The  young  have  three  teeth  above  as  in  D.  minnehaha.     There  is- 
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a  great  deal  of  diversity  of  opinion  as  to  the  value  of  this  name. 
Not  that  there  is  any  doubt  of  the  existence  of  a  widely  distributed 
form  which  in  general  is  that  intended  by  Leydig  and  others,  but 
the  variation  is  so  great  that  the  possibility  remains  that  more 
than  one  species  is  included  under  the  one  title. 

P.  E.  Mueller  recognizes  two  varieties  depending  chiefly  upon 
the  length  of  the  spine. 

D»  lacustris^  Sars,  is  nearly  related,  if  not  a  variety  of  the  above. 

Sp.  8.     Daphnia  rosea,  Sars, 

(Plate  K.     Figs,  10-12.) 
Tn  form  very  like  D.  longispina,  this  species,  which  is  the  only 

representative  of  this  smooth-clawed,  unkeeled  group  yet  found  in 
America,might  perhaps  be  appropriately  re-united  with  that  species, 

but,  as  there  seems  little  doubt  of  the  identification  with  Sars'  va- 
riety, as  above,  I  prefer  to  use  his  name. 

Body  oval,  moderately  ventricose;  head  of  moderate  size,  lower 
margin  nearly  straight;  eye  situated  in  the  anterior  prominence. 
The  beak  is  not  very  prominent.  The  upper  outline  of  the  head 
is  slightly  concave  above  the  eye  or  rather  less  convex.  The  head 
is  separated  from  the  body  by  a  marked  depression.  The  spine  of 
the  shell  springs  from  the  upper  angle  or  is  quite  wanting.  The 

post-abdomen  is  of  moderate  size,  somewhat  narrowed  toward  the 
end.  The  claws  are  smooth,  the  anal  spines  nearly  equal,  straight, 
about  14  in  number.  The  abdominal  processes  are  not  coalesced 

or  but  slightly  so.  Length  1.50  mm.  to  2.0  mm.  The  species  was 

collected  sparingly  in  a  large  gathering  of  D.  pulex  from  a  small 
lake  in  early  spring. 

The  size  and  conformation  of  the  abdominal  processes  is  very 
variable  and  the  long  and  very  slender  spine  is  frequently  absent, 

Sp.  9.    Daphnia  similis,  Claus. 

The  description  of  this  species,  which  was  bred  in  confinement 
from  eggs  brought  in  mud  from  Jerusalem,  I  am,  unfortunately, 
unable  to  quote.  Judging  however,  from  the  figures  which  alone  I 
now  have  access  to,  it  belongs  in  the  group  of  D.  longispina^  though 

in  many  particulars  it  resembles  D.  schsefferi.  The  form  is  elon- 
gate, the  spine  short  and  springing  from  the  upper  margin.  The 

antennule  of  the  female  is  very  large  and  flagellate,  while  that  of  the 
male  is  like  that  of  D.  schaefferi.  The  flagellum  and  hook  of  the 
first  foot  of  male  are  rather  small. 
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We  now  come  to  a  group  of  related  species  which  are  most  dif- 
ficult to  circumscribe  on  account  of  their  extreme  variability.  Ac- 

cording to  the  view  of  Lutz  they  would  all  fall  into  the  old  D. 
hyalina  of  Leydig.  More  probably,  however,  some  of  these  forms 
are  of  nearly  or  quite  specific  value. 

Sp.  lO.    Daplinia  liyaliiia,  Leydig? 

(Plate  L,  Figs.  3,  5.) 

Daphnia  longispina,  Herrick. 

I  have  elsewhere  given  a  brief  account  of  the  post-embryonic  de- 

velopment of  a  species  which  agrees  best  with  Leydig's  figures  of 
D.  hyalina. 

The  lower  outline  of  the  head  is  nearly  straight,  the  eye  being 
always  approximated  toward  it.  In  young  specimens  the  head  is 
sharp  in  front  and  crested.  The  lower  margin  of  the  head  appears 
very  long  and  the  beak  turns  backward.  The  spine  is  very  long  in 
young  forms  but  is  short  in  old  females.  The  male  resembles  very 

much  the  young  female.  The  post-abdomen  is  narrowed  toward 
the  end,  the  terminal  claws  are  smooth,  the  anal  teeth  few  and  the 
abdominal  processes  united.  Our  specimens  are  from  Paducah,  Ky., 
south  of  the  Ohio  river. 

I  do  not  know  how  to  distinguish  D.  Icevis^  Birge,  from  D.  hyalina, 
save  that  the  abdominal  processes  are  said  to  be  distinct.  Both 

forms  were  observed  in  the  above  mentioned  gathering.  If,  how- 

ever, Birge's  figures  are  characteristic,  he  had  a  difi'erent  variety 
before  him  from  ours;  it  seems  somewhat  like  D.  galeata. 

D,  pellucida^  P.  E.  Mueller,  differs  from  D.  hj^alina  in  the  pre- 
sence of  a  series  of  small  teeth  on  the  caudal  claws,  and  a  more 

strongly  curved  beak. 
It  is  just  now  brought  to  my  attention  that  P.  E.  Mueller,  in  a 

late  work,  identifies  D.  pellucida  with  D.  hyalina,  though  he  still 
holds  D.  galeata  distinct. 

Daphnia  g'aleata,  Sars. 

( Plate  T.  Figs.  7,  8.) 

According  to  P.  E.  Mueller,  this  species  differs  from  D.  pellucida 
in  the  absence  of  teeth  on  the  caudal  claw,  and,  in  one  variety,  by 
the  acuminate  head,  which  seems  the  only  form  for  which  the  name 

is  distinctive.  Kurz  found  only  the  var.  frons  rotundata.  Accord- 
ing to  Forbes,  both  varieties,  the  first  of  which  he  identifies  with 

D.  pellucida,  occur  in  lake  Michigan. 
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S.  1.  Smith  finds  both  in  lake  Superior,  and  seems  to  have  no 
doubt  of  their  distinctness.  One  of  the  forms  which  1  have  seen 

differs  a  little  from  either  of  the  above,  and  had  a  different  habitat. 

Kurz  has  described  the  male,  which  has  a  very  short  flagellum  upon 
the  antennule.  A  single  source  for  D.  galeata  was  found  in  a  small 

pool  known  as  Clarke's  lake.  This  is  the  more  remarkable,  as  this 
species,  which  is  almost  confi^ned  to  larger  bodies  of  water,  is  found 
nowhere  else  in  the  vicinage  of  Minneapolis,  while  this  minute 

lake,  though  as  deep,  perhaps,  as  any  of  the  largest  in  the  county 
(say  40  feet),  contains  a  number  of  forms  known  otherwise  only  in 

the  Great  Lakes.  Kurz's  remarks  on  the  specimens  collected  by 
him  apply  equally  to  these.  Were  the  claws  dentate,  the  animal 
would  pass  as  D.  pellucida.  The  young  have  no  horn  on  the  head. 
The  spine  of  the  shell  is  nearly  as  long  as  the  whole  animal  in  the 

young.  The  male  of  our  form  is  1.2  mm,  long,  excluding  the 
spipe  which  measures  47  mm.  The  flagellum  is  a  very  little 
longer  than  the  sensory  setae,  and  there  is  a  very  minute  lateral 
flagellum.  A  peculiarity  of  this  species  is  the  scattered  thorny 
armature  of  the  spine  of  the  shell.  There  is  but  little  change  in 
the  form  of  head  with  age.  The  form  of  the  last  feet  is  peculiar. 
The  ephippium  occupies  comparatively  a  small  part  of  the  valves 
and  the  spine  becomes  very  short  and  quite  smooth.  The  sexual 
period  occurs  in  September  and  October. 

The  above  statements  regarding  D.  galeata  require  a  modifica- 
tion, for  in  another  deep  lake  the  writer  has  since  secured  the 

typical  crested  D.  galeata  with  even  a  higher  crest  than  that  figured 
by  P.  E.  Mueller.  The  head  ends  in  a  sharp  angle.  The  single 
female  seen  was  in  company  with  the  rounded  variety  and  numbers 
of  D.  kalbergensis,  which  it  resembles  in  many  respects.  Our 
fauna  therefore  is  quite  complete  in  these  remarkable  forms. 

(  See  Plate  U.  Fig.  6.) 

Sp.  11.    Daphiiia  dubia,  Herrick. 

( Plate  L.  Figs.  7,8.) 

American  Naturalist,  1883, 

The  life  history  of  this  form  is  insufficiently  knoAvn,  but  there 

seems  no  reason  for  doubting  that  it  constitutes  a  new  and  easily 

recognizable  species.  It  is  nearly  related  to  D.  hyalina,  but  the 
head  is  strongly  crested  all  round  and  the  eye  is  withdrawn,  in 
young  as  well  as  old  specimens,  toward  the  middle  of  the  head.. 
This  peculiarity  is  shared  in  this  degree  by  no   other   Daphnia 
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The  form  is  as  in  D.  pellucida,  but  the  spine  is  more  slender  and 
directed  upward.  The  head  is  shaped  much  as  in  D.  vitrea  in 
the  young,  but  is  much  less  prominent.  The  older  form  has  a 
shorter  and  more  slender  spine  (none  were  seen  in  the  ultimate  or 
spineless  stage).  The  head  is  more  evenly  rounded,  but  still  well 
crested.  The  abdomen  is  very  slender  and  the  anal  teeth  diminish 
rapidly  in  size  from  below  upward.  The  claws  are  very  short  and 
armed  down  the  whole  length  with  fine  bristles.  The  abdominal 

processes' are  well  united  at  the  base  in  old  specimens,  so  that  the 
second  seems  a  small  process  of  the  first.  The  shell  is  very  trans- 

parent and  the  spine  is  longer  than  in  any  other  Daphnid. 
In  a  young  specimen  the  spine  was  1,  mm.,  the  body  0.7  mm.,  and 
the  head  0.4  mm.  In  this  specimen  the  spine  was  slightly  curved, 
the  head  elongate  with  a  slight  ridge  in  front.  Another  individual 
had  the  spine  1.1  mm.  long,  while  the  remainder  of  the  animal  was 

1.3  mm.  This  specimen  also  had  a  knife-like  hyaline  ridge  on  the 
crest,  which  was  obliquely  truncate  in  front;  it  also  had  numerous 
summer  embryos  in  the  brood  sac.  The  spine  was  perfectly  straight 
and  but  slightly  inclined  upward.  Older  individuals  have  a  rounded 
crest  as  figured  and  no  ridge.  The  spine  is  relatively  somewhat 
shorter  but  much  more  slender.  The  characters  which  most  clearly 
distinguish  this  species  are  the  well  crested  head,  which  in  young 
as  well  as  sometimes  older  specimens  has  a  median  hyaline  ridge, 
the  withdrawal  of  the  eye  from  the  margin  and  the  very  long  spine. 
It  resembles  D.  galeata  in  earlier  stages.  It  is  very  much  like  D. 
Isevis  or,  in  other  words,  is  in  the  group  of  D.  hyalina;  but  the  study 
of  a  considerable  number  of  specimens  from  diftbrent  localities  con- 

vinces me  that  it  can  not  be  united  with  that  species  in  any  of  its 

varieties.  This  species  has  only  been  found  in  autumn,  Sept. — 
Nov.,  lake  St.  Croix  and  Richfield  in  Hennepin  county. 

Section  II. 

Pigment  fleck  wanting.  Head  crested.  The  small,  hyaline  spe- 
cies constituting  this  section,  elevated  by  Schoeiler  to  the  rank  of 

a  genus  (Hyalodaphnia)  and  by  Sars  to  that  of  a  subgenus  (Cepha- 
loxus),  are  chiefly  residents  of  the  deeper  parts  of  our  larger  lakes. 
These  forms,  from  their  rarity,  have  been  little  studied  and  it  is 
uncertain  how  far  the  assumed  specific  distinctions  are  valid. 

Two  species  are  known  in  America  and  they  are  not  confined  to 
large  lakes. 
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Sp.  1.    Daphnia  longiremis,  Sars. 

Hyaline,  compressed,  seen  from  the  side,  rounded,  lower  margin 
strongly  arched;  spine  long,  straight,  oblique.  Head  rounded, 
lower  margin  nearly  straight,  ending  in  a  beak  directed  downward, 
acute  anteriorly.    Eye  small.    Antennae  very  long.     Length  1  mm. 

The  abdomen  is  said  to  be  similar  to  that  of  D.  longispina.  From 

the  brief  description  given  by  Sars  it  would  appear  that  this  spe- 
cies is  characterized  by  a  rounded  and  uncrested  or  slightly  crested 

head.  Though  imperfectly  described,  it  is  here  mentioned  to  direct 
attention  toward  any  such  species  as  may  be  found  in  America. 

Sp.  2.    Daphnia  cristata,  Sars. 

Compressed,  long.  Head  acute  in  front,  strongly  crested,  lower 
margin  nearly  straight.  Dorsal  line  of  body  little  curved,  spine 

long  in  the  young,  strongly  curved.  Head  of  male  smaller,  flagel- 
lum  of  antennule  twice  as  long  as  the  setae;  first  foot  well  clawed. 

Length  of  female  1.33  mm. 

Sp.  3.    Daphnia  cucullata,  Sars. 

D.  JjRrolinensis,  Schoedlek. 

Very  like  the  above,  but  the  margin  of  head  is  not  straight  be- 
low, is,  however,  extremely  variable  and  ends  in  a  sharp  angle.  The 

eye  lies  nearly  midway  between  the  heart  and  the  end  of  the  head 

and  near  the  lower  margin.  The  two  anterior  processes  of  the 

abdomen  are  united  for  most  of  their  length.  The  flagellum  of  the 
male  antenna  is  about  as  long  as  the  terminal  setae. 

D.  apicata^  Kurz,  seems  to  be  a  large  variety  lacking  the  sharp 
spine  of  the  head.  In  the  main  it  agrees  quite  well.  Although  the 

post-abdomen  is  broader  than  figured  by  Mueller,  the  number  of 

teeth  corresponds  with  Sars'  description. 

Sp.  4:.    Daphnia  kalberg-ensis,  Schoedler. 

(Plate  U.    Figs.  1—3). 

Form  oval,  spine  long.  Head  high,  compressed,  enormously 
elongated,  beak  obtuse.  Eye  small.  Abdominal  processes  not 
united.  Caudal  claws  ornamented  with  small  setae.  Antennae  of 

male  with  a  short  flagellum.  Length  of  head  nearly  equal  to  that  of 
body  exclusive  of  spine. 

i).  vitrea  of  Kurz  seems  not  improbably  a  varietal  form  of  the 

above  though  the  crest  is  lower,  the  size  is  less  and  the  post-abdo- 
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men  is  more  slender  and  lias  fewer  teeth ;  the  differences  are,  how- 
ever, hardly  specific. 

I  am  not  convinced  that  either  D.  cederstromii^  Schoedler,  or  D, 

retrocurva,  Forbes,  are  really  distinct  species,  although  the  latter, 
with  its  more  strongly  crested  head,  is  said  also  to  have  a  series  of 

teeth  on  the  terminal  claw.  Perhaps  it  forms  with  D.  cederstro- 
mii  the  fifth  and  extreme  phase  of  this  group. 

Since  writing  the  above  account  of  Daphnia  kalbergensis  thi& 

truly  monstrous  species  has  come  to  light  in  the  vicinity  of  Min- 
neapolis. The  opportunity  is  thus  afforded  to  verify  the  suspicion 

expressed  above  that  a  number  of  species  must  be  united  under  thi& 

name.  P.  E.  Mueller  gives  the  following  measurements  for  D.  kal- 

bergensis: head 0.9 — 1.0mm., body  1.0 — i.lmm.,  spine  0.7 — O.T5mm. 
Kurz  for  his  D.  vitrea  gives  a  length  of  0.85  mm.  plus  0.25  mm.,  the 
length  of  the  spine.  Judging  from  his  figure,  the  head  would  not 
measure  over  0.35  mm. 

Forbes  says  of  his  D.  retrocurva  that  the  head  is  two  thirds  a& 
long  as  the  body. 

Our  specimens  measured  as  follows: 

No.  1.  1.6  mm,  head  somewhat  more  than  half  the  body  and  al- 
most exactly  like  D,  vitrea  in  form. 

No.  2.  Head  0.6  mm.,  body  0.9  mm.,  spine  0.5  mm.;  about  9  anal 
spines.     Head  in  this  case  moderately  curved  upward. 

No.  3.  Head  0.95  mm.,  body  0.95  or  less,  spine  0.5  mm.;  or  the 
head  as  long  as  or,  indeed,  considerably  longer  than  the  body  and 
directed  upward. 

The  males  have  the  crest  much  lower,  the  spine  longer,  and  the 
form  of  antennules  figured  by  P.  E.  Mueller.  In  the  older  females 

the  beak  is  elevated  above  the  antennules,  as  remarked  by  Forbes, 
but  in  smaller  individuals  there  is  very  little  difference  between 

our  specimens  and  Mueller's  figures. 
The  claws  of  the  post-abdomen  have,  besides  the  row  of  fine  teeth 

mentioned  by  Mueller,  a  cluster  of  sharp  teeth  just  at  the  bas3. 
Found,  together  with  typical  D.  galeata  and  the  rounded  form,  in 

a  small  deep  lake  or  expansion  of  a  creek  not  far  from  Medicine 
lake,  Hennepin  county,  Minn. 

Sp.  5,    Daphnia  magniceps,  (Sp.  n.) 

(Plate  U.    Fig.  15). 

The  peculiar  form  figured  in  the  Tenth  annual  of  this  survey 

seems  indubitably  new  and  is  distinguished  by  the  peculiar  shovel- 
shaped  head,  which  is  scarcely  crested  but  is  broadest  beyond  the 
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middle.  The  spine  is  long,  the  claws  smooth,  the  abdominal  pro- 
cesses united  and  the  shell  transparent.  The  eye  is  near  the  end 

of  the  rounded  head  and  is  large;  the  pigment  fleck  was  apparently 
absent.  Found  with  Daphnia  minnehaha  in  a  shallow  swampy 
pool  in  autumn. 

Family  BosMiiiriD^. 

The  sole  genus  of  the  family,  Bosmina,  contains  over  a  dozen 
nominal  species  which  are  among  the  most  difficult  to  define  of 
any  cladocerans.  The  number  is  here  reduced  to  nine  and  the 
probable  position  of  the  rejected  species  is  indicated.  This  is  not 
done  because  the  author  presumes  upon  the  slender  material  at 

hand  to  revise  the  genus;  but  simply  from  the  fact  that  the  descrip- 
tions of  the  earlier  writers  do  not  permit  a  proper  discrimination; 

so  that  this  necessity  is  entailed  upon  any  one  who  would  give  a 

birds-eye  view  of  the  members  of  the  genus.  The  B.  diaphana  is 
founded  upon  a  different  twist  in  the  antennules  and  no  hesitancy 

is  felt  in  uniting  it  with  Sars'  B.  lilljeborgii.  The  other  species^ 
B.  brevirostris  and  B.  nitida,  are  omitted  simply  because  there 

seems'  to  be  no  way  of  separating  them  satisfactorily  from  B.  mari- 
tima  and  B.  obtusirostris  respectively.  Three  species  have  been 
found  in  Minnesota,  but  practically  no  attention  has  been  given  to 
the  genus  here. 

Bosmina  macrorhyncha  found  in  Egypt  is  not  here  included,  its 
description  being  inaccessible  to  me. 

B.  laevis,  Leydig,  seems  simply  a  smooth  condition  of  other  spe- 
cies. Whether  B.  curvirostris,  Leydig,  is  or  is  not  valid  must,  so  far 

as  I  am  concerned,  remain  at  present  doubtful. 

GsiTus  Bosmina, 

A.     Shell  extending  into  a  spine  behind. 
(a)  Antennje  curved  outward. 

1.  Bosmina  cornuta,  Jurine, 

(b)  Antenuse  not  curved  outward, 

I.    Shell  reticulated,  at  least  in  part. 

t  Flagellum  midway  between  eye  and  the  sensory  setae  of  antennae. 

2.  Bosmina  longirostris,  Mueller. 

tt  Flagellum  nearer  eye. 

3.  Bosmina  maritima,  P.  E.  Mueller. 

4.  Bosmina  Zonflrispina,  Leydig,  (B.  brevirostris?) 
II.    Shell  striate. 

t  Antennules  long. 
5 
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5.  Bosmina  striata ,  Herrick . 

tt  Antenmiles  short. 

*  Rostium  long. 

6.  Bosmina  lacustris,  Sars. 
**  Rostrum  short. 

7.  Bosmina  obtusirostris,  Sars.    (B.  nitida,  Sars?) 

B.     Shell  not  spined  behind. 
(a)  Shell  strongly  arched  above. 

8.  Bosmi7ia  nil jehor gii,  Hars,   (B.  diaphana?) 

<b)  Shell  moderately  curved  above. 

9.  Bosm,ina  m,icrops,  P.  E.  Mueller, 

Concernins:  the  identification  of  Bosmina  longispina,  Leydig, 
with  B.  brevirostris,  P.  E.  Mueller,  it  must  be  said  that  the  bow  is 

drawn  at  a  venture,  for  Mueller,  in  his  paper  on  the  Cladocera  of 

Swiss  Lakes,  in  a  fit  of  absent-mindedness  refers  to  B.  lacustris,  P. 

E.  Mueller,  citing  p.  149  of  Danmark's  Cladocera.  On  the  page  in 
question  are  descriptions  of  B.  maritima  and  B.  brevirostris  of  which 

the  latter  is  probably  the  one  meant.  Sars'  B.  lacustris  seems  quite 
different,  being  strongly  marked  by  longitudinal  lines,  while  Leydig 

says  of  B.  longispina  ''shell  striped  and  small  reticulate,"  and  P.  E. 

Mueller  says  in  B.  brevirostris  the  shell  is  "utydeligt  reticuleret" 
i.  e.  indistinctly  reticulate. 

The  three  species  so  far  identified  in  America  are  B.  longirostris, 
of  which  a  figure  is  given  (plate  J,  fig.  2,)  B.  cornuta  and  B.  striata, 

which  may  possibly  be  yet  identified  with  one  of  the  European  spe- 
cies, though  it  seems  improbable.  I  have  also  seen  a  species  like 

L?ydig's  B.  laevis,  but  considered  it  a  smooth  variety  of  B.  longi- rostris. 

FAMILY  LYNCODAPHNIDiE,  Sars,  1861;  Herrick,  1881. 

This  is  a  rather  small  family  with  seven  genera  of  minute  ani- 
mals which  are  abundant  only  in  summer.  Many  and,  indeed, 

most  o1  the  species  are  among  the  rarer  of  fresh-water  crustaceans 
of  this  group,  and  a  few  are  among  the  rarities  which  only  now  and 
then  reward  the  collector.  This  family  undoubtedly  is  the  link 
connecting  the  Daphnidse  with  the  Lynceidse,  relationships  to  which 
are  expressed  by  Macrothrix,  on  the  one  hand,  and  Lyncodaphnia, 
on  the  other. 

The  rank  of  this  group  as  a  family  must  be,  of  course,  a  matter 

largely  of  opinion.  Sars  was  the  first  to  adopt  this  view,  sustained 
by  certain  curious  transition  forms  leading  toward  Lynceidae.  Later 
writers  seem  never  to  have  found  these  genera  and  the  group  was 
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again  included  with  the  Daphnid^,  The  writer,  upon  the  dis- 
covery of  the  Lyncodaphnia,  was  forced  to  regard  this  group  as  of 

€quivalent  grade  with  the  above  mentioned  families  and  again  pro- 

posed the  family  name  Lyncodaphnidse.  ^ 
The  genus  Ilyocryptus  is  a  little  one  side  the  normal  course  of 

the  family  and  seems  related  to  the  lynceid  genus  Leydigia. 
The  waters  of  the  northern  United  States  are  very  rich  in 

members  of  this  family. 
The  aberrant  family  Bosminidae  finds  its  only  connection  with 

other  Cladocera  through  this  group  by  means  of  the  remarkable 
Macrothrix  (?)  pauper;  and  here  it  is  only  vaguely  hinted  at  in  the 
elongated  antennules  and  angled  lower  margin  of  shell,  as  well  as 
the  presence  of  certain  bodies  near  the  base  of  the  antennules.  It 

has  been  affirmed  that  none  of  the  Lyncodaphnidae  have  an  ephip- 
pium,  i.  e.  the  saddle-shaped  thickenino^  of  the  shell  walls  to  in- 

clude and  protect  the  winter  eggs;  but  I  have  discovered  it  in  the 
case  of  Macrothrix  tenuicornis,  Kurz,  and  presume  it  may  occur 
exceptionally  in  others.  Kurz  says  that  Ilyocryptus  has  no  moult 
proper,  but  this  probably  refers  only  to  the  European  I.  sordidus. 
The  American  species  differs  from  the  generic  description  given  by 
Kurz,  and  may  be  different  in  this  respect  also. 

In  this  family  the  regularity  in  the  disposition  of  the  setae  on 
the  antennae  is  broken  and  the  fringing  of  these  hairs  serves  the 
purpose  of  specific  distinction.  The  antennules  are  always  long 
and  frequently  differ  considerably  in  the  sexes.  The  pigment  fleck 

is  always  present  (Kurz  is  in  error  in  denying  its  existence  in  La- 
thonura).  In  many  forms  there  is  no  free  posterior  margin  of  the 
valves,  while  the  lower  is  generally  thickly  beset  with  movable 

spines.  The  Lyncodaphnidae  will  be  distinguished  from  Cerio- 
daphnia,  which  they  resemble,  by  their  motion,  which  is  a  succession 
of  quick  bounds,  while  the  broader  Ceriodaphniae  hobble  along  as 
though  heavily  weighted  by  the  enormous  mass  of  eggs  with  which 
they  are  generally  laden.  The  abdomen  is  usually  short  and  the 
anus  is  behind  the  terminal  claws,  but  in  Ilyocryptus  the  claws  are 
long  and  spined  at  the  base.  In  the  American  I.  spinifer  the  anal 
opening  is  elevated  to  a  point  nearly  underneath  the  stylets,  and 
there  is  a  rudimentary  anal  caecum  as  in  Lynceids. 

The  males  have  the  opening  of  the  vasa  deterentia  in  front  of 
the  claws,  which  may  be  absent;  the  antennules  are  also  modified, 
being  longer  and  curved.    In  Lathonura  the  abdomen  is  elongated 

1  Notes  on  some  Minnesota  Cladocera.    1881. 
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posteriorly  till  it  begins  to  suggest  a  transition  to  Polyphemus. 
The  known  genera  and  their  distribution  is  as  indicated  below. 

Half  of  the  known  species  are  found  in  America;  one  sixth  being 
peculiar  to  it. 

GENEKA. 

Total 
number 

of 

species. 

Europ- ean. 
Also 

Amer- 

ican. 

Only  in America 
Total 

Amer- 

ican, 

J .    Macrotlirlx   
2.     Latlionura   

4 
1 

1 
1 
1 
1 
3 

3 2 
1 

1 3 
I 

3.    Drepanothrix   
4.    Streblocercus         
5.    Acantlioleberis   
6.    Ofryoxus   1 1 
7.    Lyncodaphnla  ?   I 

1 
1 

8.    Ilyocrvptus   2 1 

Totals    

13 10 

4 3 1 

I.    Genus  Macrothrix,  Baird. 

Body  oval,  pointed  behind;  head  broad;  antennae  of  first  pair 

long,  nearly  straight,  beset  with  spines,  olfactory  threads  terminal ; 
swimming  antennae  large  and  powerful,  propelling  the  animal 

by  bounds;  three-jointed  ramus  with  a  greatly  elongated  seta  which 
is  thorned  and  jointed;  labrum  with  the  basal  joint  enlarged, 

resembling  that  of  Lynceids;  first  foot  with  a  hook  in  both  sexes; 
last  foot  with  a  long  process  (respiratory  body);  abdomen  short; 
claws  short;  caudal  stylets  often  with  a  bush  of  hairs  at  tip.  The 
intestine  is  straight  and  without  caeca  in  front  or  behind. 

The  first  one  to  observe  a  member  of  this  genus,  apparently,  was- 

0.  r.  Mueller  whose  Daphnia  curvirostris  is  usually  referred  to 
Macrothrix  laticornis. 

The  name  Echinisca  was  proposed  by  Lievin,  but  Macrothrix  was. 

applied  by  Baird  in  1843.  Four  species  are  known,  three  of  which 
occur  in  America  and  without  doubt  the  fourth  will  ultimately  be 

found.  No  males  of  this  genus  were  known  till  1877  when  the 

male  of  M.  laticornis  was  described  and  figured.  ̂   Nearly  two  years 
later  the  male  of  M.  rosea  was  described  from  Wisconsin  by  E.  A. 

Birge.  Descriptions  of  the  male  of  Lathonura  are  also  given  in 

both  the  above  mentioned  sources- 

Sp.  1.    Macrothrix  laticornis,  Jurine. 

(Plate  C.    Figs.  7,  8  and  9.) 

Daphnia  curvirostris{?),  mueller. 
MonoculiLS  laticornis,  jubtne. 
Lynceus  laticornis,  desmakest. 

Toruber  und  Weismann,  Ueber  einige  neue  Oder  unvollkommen  gekannte  Daph 
niden.    Freiburg. 
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Macrothrix  latieornis,  baxrd,  Ann.  Mag.  Nat.  Hist. 
jLcanthocercus  curvirostris  {?),  schoedler,  Erichs.  Archiv,  1846. 
Daphnia  curvirostris,  fischbb. 
Macrothrix  latieornis,  lilljeborg,  leydig,  baird,  p,  e.  mueller,  fric,  kurz, 

SABS,  LUTZ,  CLAUS  (Die  Schalendruse  d.  Daptinien),  korman" 
and  BRADY  (Monogr.  Brit.  Entom.),  gruber  and  weismann, 
weismann,  (Beitrage  zur  Naturgeschiclite  d.  Dapb.) 

This  is  the  commonest  European  species  and  is  the  type  of  the 
genus,  showing  its  rather  conservative  position  by  the  broad  tip  of 
the  antenna  which  is  a  feature  exhibited  by  embryos  and  young  of 
Dther  species.  The  shell  has  a  warty  surface  and  is  toothed  above, 
while  the  lower  margins  are  fringed  with  long  unequal  spines  in 
groups  of  threes  or  fours. 

The  form  is  roundish  with  a  blunt  posterior  angle,  the  ventral 

margin  being  regularly  curved.  The  antennules  are  short  and  en- 
larged at  the  end.  The  form  is  an  irregular  pentagon;  a  pair  of 

blender  spines  sits  at  the  angle  near  the  base. 

The  swimming  antennae  with  the  seta  on  the  first  joint  of  3- 
jointed  ramus  very  long.  Post-abdomen  truncate  at  the  end,  short, 
posterior  margin  beset  with  series  of  bristles. 

Length  of  male  0.5 — 0.6  mm.,  of  female  0.4  mm. 
This  is  the  smallest  of  the  genus  and  will  undoubtedly  be  found 

in  America. 

Sp.  2.    Macrothrix  rosea,  Jurine. 

(Plate  C.    Ficrs.  5,  6,  11,  and  13.) 

Monoculus  roseus,  jurine. 
Jjynceus  roseus,  desmarest. 
Daphnia  rosea,  m.  ed wards,  JURRELii. 
Echinisca  rosea,  lievin. 
Macrothrix  rosea,  baibd,  ltlljebobg,  p.  e.  muelleb,  birge. 

The  body  is  sub-oval,  terminating  behind  in  an  acute  angle;  the 

lower  margin  is  less  conspicuous!}'"  spined  than  the  last  or  the 
following;  the  antennae  are  but  slightly  dilated  at  the  end  and 
nearly  straight.  The  longest  seta  of  the  antennae  is  longer  than 

in  the  last,  reaching  beyond  the  tips  of  the  terminal  setae;  abdo- 
men more  slender,  sinuate  in  front,  beset  with  short  hairs. 

Length  0.6  mm,  male  0.3  mm.  The  male  has  no  claws  on  the  end 

of  the  post-abdomen,  and  the  antennules  are  curved  and  elongated. 
Figures  5  and  13  are  copied  from  Birge. 
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Sp.  3.    Macrothrix  tenuicornis,  Kurz. 

(Plate  C.    Figs.  1,  1  a,  2,  3,  and  12.) 

(See  Notes  on  Cladocera  of  Minnesota,  p.  245.) 

The  body  is  oval,  produced  posteriorly  infa  sharp  point;  the  ab- 

domen is  strongly  arched,  while  the  upper  outline'of  the  head  is  a 
regular  curve  or  slightly  extended  in  front  of  the  eye;  the  anten- 
nules  are  long,  nearly  straight  and  a  very  little  narrowed  toward 

the  end,  just  in  front  of  which  is  a  series  of  short  teeth;  there  is  na 
lateral  spine,  but  a  strong  terminal  one  in  addition  to  the  sensory 

filaments;  the  pigment  spot  is  large,  the  eye  small  and  the  lobus- 
opticus  well  separated  from  the  ganglion;  the  antennae  have  a  very 
powerful  basal  joint;  the  elongated  seta  is  very  stout  and  densely 
spiny,  with  a  tooth  at  its  flexure;  two  of  the  terminal  seise  are 

spiny,  for  the  basal  half;  the  valves  are  beset  with  very  long  spines 
in  sets  of  three  each,  all  having  different  positions;  the  abdomen  is 
nearly  as  in  M.  rosea,  but  the  posterior  margin  has  a  series  of  long 
sharp  teeth;  the  mandibles  are  nearly  completely  exposed  by  the 
arched  anterior  margin  of  the  valves. 

The  labrum,  in  this  species,  is  an  odd  link  between  that  of  the 

Daphnidas  and  Lynceidge.  The  basal  segment  is  greatly  enlarged 

and  is  sub-triangular  in  outline,  vvith  a  movable  lip  attached  to  the 
inner  free  face;  the  typical  daphnoid  structure  is  preserved,  but  the 

enlarged  salient  angle  of  the  basal  portion  shows  how  the  transi- 
tion to  the  great  triangular  labrum  of  Aloua,  etc.,  is  made.  In 

young  specimens  the  head  is  proportionately  larger,  the  antennules 
are  broader  at  the  tip,  and  the  dorsal  outline  is  less  convex;  the 
marginal  spines  of  the  valves  are  also  proportionally  larger,  as  are 
the  appendages  of  the  first  and  last  pairs  of  feet.  This  is  one  of  the 
largest  species  of  the  genus,  0.75  mm.  being  the  length.  This 
is  very  close  to  M.  rosea  but  seems  distinct. 

This  form  is  quite  common  about  Minneapolis,  Minn.,  but  is  not 
yet  noted  elsewhere  in  America. 

Sp.  4.    Macrothrix  pauper,  Herrick. 

(Plate  C.    Fig.  4.) 

This  species  is  described  from  a  single  specimen  from  L.  Minne- 
tonka,  and  I  can  add  nothing  to  the  very  meager  notice  given 

then. ^ 
1  Notes  on  some  Minnesota  Cladocera.    1881.    C.  L.  Herrick. 
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The  body  is  broad  and  very  narrow,  the  lower  outline  is  angled 

and  nearly  unarmed;  the  pigment  fleck  and  eye  are  small  and  ap- 
proximated; antennules  very  long  and  curved  backward  and  out- 

ward; abdomen  short,  ciliate  below;  claws  short,  ciliated.  This 

female  had  a  full  complement  of  eggs  but  the  antennae  resemble 

those  of  a  male.  This  is  unusually  interesting  and  should  be  redis- 
covered and  studied;  for  there  seems  to  be  some  affinity  between 

this  species  and  Bosmina,  and  it  is  probable  that  it  requires  to  be 
distinguished  generically  from  Macrothrix. 

II.     GrENUS  Lathonuba,  Lilljeborg. 

The  form  is  oval  ;  the  head  is  curved  more  than  in  Macrothrix 
and  the  shell  is  more  obtuse  behind,  sinuate  below  where  it  is  beset 

with  short  spines  anteriorly;  first  antennae  long,  straight;  second 

antennae  with  five  setae  on  each  ramus;  only  four  pairs  of  feet  ap- 
parent; abdomen  short,  prolonged  upward  to  the  insertion  of  the 

caudal  stylets;  male  similar  but  smaller. 

Sp  1.    Liathonura  rectirostris,  0.  F.  Mueller. 

(Plate  D.) 

Daphnia  rectirostris,  o.  f.  murller. 

PasitJiea  rectirostris,  koch,  Deutschland's  Krust.,  etc. 

Daphnia  brachyura,z\DDXC's,Syn.  Crust,  prussicorum.      LTEVi>r,   Die  Branch,  d. 
Danziger  Gejrend. 

Daphtiia  mystacina,  fischer,  St.  Petersb.  Branchiop, 
Latlwnur a  rectirostris,  lilljeborg,  De  Crust,  ex  ord.  trib. 
Pasithea  rectrirostris ,  leydig,  Naturg.  d.  Daph. 
Lathonura  rectirostris,  noRUAN  a.nd  brady,   Mouogr.  Brit.  Eut. ;     p.  e.  mueller, 

Danmark's  Ciadocera, 
Lathonura  spinosa,  schoedler,  Brauchiop.  d.  Umg.  v.  Berlin. 
Pasithea  rectirostris,  GRUKEPx.  and  weishiaxn,  Ueber  einige  neue  od.  unvolllc.  ge- 

kaunte  Dapli. 
Lathonura  rectirostris,    birge,  Xotes  on  Ciadocera.    herrick,  Notes  on  Minnesota 

Ciadocera. 

The  only  species  of  the  genus  is  distributed  probably  over  the 
entire  northern  temperate  zone.  It  has  been  found  in  America  at 
Cambridge,  Mass.,  and  in  the  vicinity  of  Minneapolis,  at  both  of 
which  places  it  is  very  rare. 

The  form  is  a  rather  quadrangular  oval,  the  head  being  strongly 

arched  to  the  beak  which  is  much  farther  posterior  than  in  Macro- 
thrix, in  this  respect  resembling  the  Daphnidae;  the  eye  occupies 

the  center  of  the  lower  part  of  the  head  mar2:in,  and  is  of  moderate 
size;  the  pigment  fleck  is  near  the  base  of  the  antennules  and  well 

removed  from  the  eye;  the  antennae  are  straight  and  long,  with  a 
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sensory  bristle  near  the  base  in  front  and  two  bristles  a  third  from 
the  end;  the  second  antennae  are  furnished  with  a  powerful  basal 
joint,  while  each  of  the  main  subdivisions  of  the  rami  has  its  bristle, 
which  are  nearly  equal;  two  of  the  terminal  setae  are  toothed  for 
the  basal  half  and  pectinate  distally,  but  the  others  are  feathered 

throughout;  the  four- join  ted  ramus  has  a  spine  on  the  second  joint 
and  a  longer  one  at  the  end,  and  all  the  joints  of  both  rami  are  orna- 

mented with  triple  series  of  spines;  the  maxillae  are  three-spined  at 
the  end  and  are  in  almost  constant  motion;  the  first  pairs  of  feet 

have  curious  comb-like  bunches  on  some  of  the  setae;  the  abdomen 
is  very  short  and  terminates  in  inconspicuous  teeth,  the  posterior 

part  of  the  abdomen  being  ornamented  with  teeth  flattened  longi- 
tudinally so  as  to  look  like  spines  from  the  side;  the  last  foot  is 

simple  but  bears  a  large  appendage;  the  posterior  third  of  the  shell 
is  fringed  by  extremely  minute  spines,  but  anteriorly  by  lanceolate 
stiff  spines  flattened  longitudinally  like  the  spines  of  the  abdomen; 
the  caudal  setae  are  seated  on  a  high  prominence  of  the  abdomen, 
and  are  fringed  along  their  whole  length,  not  merely  at  the  end. 

The  female  is  1  mm.  long,  the  male  0.5 — 0.6  mm.,  in  which  sex  the 
antennules  have  more  numerous  lateral  bristles,  the  first  foot  has 
a  claw  and  the  back  is  less  elevated.  The  semen  bodies  are  irre- 

gularly round  with  small  nuclei. 

III.    Genus  Streblocercus,  Sars. 

In  form  like  Macrothrix  laticornis,  head  terminating  in  a  long 
rostrum  bearing  the  long,  twisted  antennules.  Antennules  very 
large,  curved  backward  and  outward.  Head  not  separated  by  a 
destinct  depression  from  the  body,  very  high,  slightly  arched  above, 

abrubtly  curved  below  with  spines  upon  the  margins.  The  anten- 

nae are  large;  four-jointed  ramus  much  the  longer,  with  four  setae. 
Labrum  with  a  large  process.  Post-abdomen  as  in  Macrothrix  lati- 

cornis. Eye  near  the  beak  ;  pigment  fleck  small,  below  it  at  the 
base  of  the  antennules.  Length  .33  mm.  S,  minutus  is  the  only 

species. 
Our  Macrothrix  pauper  seems  a  near  approach  to  this  genus; 

both  have  a  strong  spine  or  claw  on  the  first  foot  which  projects 
beyond  the  shell,  but  there  are  many  differences.  M.  pauper  is 
1  mm.  long. 
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IV.     Ge]S"US  Drepanothrix,  Sars. 

The  head  not  separated  from  the  valves  by  a  depression;  fornices 
moderate;  rostrum  rather  acute,  distant  from  the  anterior  edge  of 

the  valves.  The  form  is  subrotund;  reticulate,  with  the  margins  of 
shell  fringed  below  by  long  movable  spines;  pigment  fleck  present; 

swimming  antennae  with  three  ciliated  setae  on  the  4-jointed  ra- 
mus, the  3-jointed  ramus  with  its  basal  joint  armed  with  an  un- 

jointed,  strong,  spinous  seta  and  four  ciliated  setae  on  the  remain- 

ing joints.  The  post-abdomen  is  broad.  The  male  has  longer  an- 
tennae and  a  hook  on  the  first  foot. 

Sp.  1.    Drepanothrix  dentata,  Euren. 

(Plate  C.    Fig.  14.) 
Acantholeheris  dentata,  ̂ VRBS . 
Drepanothrix  .setig era,  saks. 
Drepanothrix  hamata,  sars. 

This  animal  is  only  0.5  mm.  in  length.  The  antennules  are 
laterally  curved  in  the  middle  and  ornamented  with  notches  on  the 

margins;  the  pigment  fleck  is  quadrate  and  rather  large;  the  post- 
abdomen  is  truncate  at  the  end,  convex  behind  and  ornamented 

with  a  series  of  small  spines.     Only  found  in  Scandinavia  as  yet. 

V.   GrENUS  x^cANiHOLEBERis,  Lilljeborg. 

Head  separated  by  a  depression  from  the  body,  with  fornices 
above  the  base  of  the  swimming  antennae;  rostrum  erect,  rather 

acute;  shell  oblong,  truncate  behind,  ciliate  below  with  long  setae; 
macula  present;  antennules  rather  long,  movable,  sensory  setae 
terminal,  bifid  at  the  apex. 

The  tri-articulate  ramus  has  a  long  spiny  seta  on  the  basal  joint; 

feet  six  pairs;  no  abdominal  process;  post-abdomen  wide,  large;  in- 
testine without  caeca. 

Sp.  1.    Acantlioleberis  curvirostris,  Mueller. 

Baphnia  curvirostris,  o.  f.  mueli^er. 

Acanthocercus  rigidus,  schoedler,  lieviI'J'. 
Acantholeberis  curvirostris,  lilljeborg,  p.  e.  mubller. 

This  species  of  a  genus  approximating  the  Lynceids  has  not  yet 
been  found  in  America  but  is  to  be  expected. 

The  abdomen  is  rounded  toward  the  end  and  spiny  posteriorly; 
the  terminal  claws  are  furnished  with  two  strong  teeth  at  the  base, 
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followed  by  a  series  of  fringing  bristles.     The  length,  according  to> 
Mueller,  is  1.5  mm.     This  is  a  rare  form  in  Europe. 

Yi.     Geijus  Ofryoxus,  Sars. 

The  single  species  constituting  this  genus  seems  to  have  been 
seen  by  no  writer  save  Sars.  At  the  time  ray  previous  paper  on 

Cladocera  was  published,  Sars'  description  seemed  not  to  apply  ta 
the  form  called  Lyncodaphnia.  Since  then  several  stages  in  the 
growth  of  Lyncodaphnia  have  been  encountered,  which  so  far  agree 
with  what  is  said  of  Ofryoxus  gracilis  that  it  is  doubted  if  the  twa 
forms  are  not  identical. 

VII.    Genus  Lyncodaphnia,  Herrick. 

(Plate  B.  Figs.  12,  15;  Plate  Bi,  Fi^?.  1,  3.) 

Body  elongated,  somewhat  rectangular  as  seen  from  the  side, 

greatest  width  and  liight  of  shell  a  little  posterior  to  the  heart; 
head  separated  by  a  depression  from  the  body,  truncate  below; 

antennae  and  antennules  much  as  in  Macrothrix;  i-iointed  ramus 
of  antennas  with  no  lateral  seise;  eye  small,  pigment  fleck  present; 
intestine  twice  convoluted,  expanded  posteriorly,  with  anterior  but 

no  posterior  caeca,  opening  near  the  ''  heel  "  of  the  post-abdomeu  :. 
post-abdomen  large,  triangular;  terminal  claws  long,  rather  straight, 
with  two  accessory  spines  at  the  base. 

The  species  upon  which  this  genus  was  founded^  occurs  in 
August  and  September  in  the  larger  lakes  of  Minnesota. 

Lyncodaphnia  is,  as  was  suggested,  a  curious  transition  form 
linking  the  Daphnidae  with  the  Lynceidae. 

A  farther  study  of  the  genus  shows  that,  in  some  respects,  it  is 
more  closely  allied  to  both  groups  than  before  suspected.  The  habit 

and  appearance  in  the  water  reminds  us  of  Simocephalus,  a  re- 
semblance which  an  occasional  spot  of  pink  or  blue  color  hightens. 

L.  macrothroides  not  only  has  the  disc-like  last  foot  colored  but 

the  swimming  antennae  are  banded  with  purple  as  in  Simocepha- 
lus rostratus.  Her.,  and  S.  americanus,  Birge.  The  intestine  has 

anterior  caeca,  which  is  not  the  case  in  lyuceids  nor,  indeed,  in 
other  Lyncodaphnidae. 

The  four-jointed  ramus  of  the  antennae  approaches  Lynceidae  in 
the  absence  of  a  lateral  seta,  but  the  other  ramus  is  as  in  Macro- 

thrix. The  convolution  of  the  intestine,  the  form  of  the  post- 
abdomen  and  the  situation  of  the  anus,  are  all  of  a  strictly  lynceid 

1  Notes  on  Minnesota  Cladocera,  p.  247. 
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type;  moreover  the  flattened  appendage  of  the  last  foot  is  like  that 
of  Eurycercus. 

Even  in  the  form  of  the  shell  there  is  a  combination  of  charac- 

ters; the  anterior  part  of  the  shell  has  the  form  peculiar  to  Lynco- 

daphnid^;  but  posteriorly  it  again  expands  and  becomes  truncate  be- 
hind; the  form  in  the  adult  is  not  unlike  that  of  some  Lynceid^, 

but  the  young  has  a  long  spine  posteriorly  exactly  like  the  spine 
of  Daphnia.  The  latter  fact  is  very  instructive,  for  it  indicates  that 

the  theory  proposed  (Am.  Naturalist,  1882,  p.  815)  to  explain  the 
origin  of  this  appendage  is  probably  the  correct  one.  Professor 
Leuckart  suggested  that  this  spine  was  a  balancing  rod  intended 

to  keep  the  proper  equipoise  over  the  center  of  gravity;  but  it  is 

difficult  to  see  why  these  long-bodied  forms,  in  which  the  greater 

part  of  the  weight  lies  "abaft"  of  the  pivotal  point — the  base  of  the 
antenuge — should  be  thus  provided  while  the  shorter  forms  are  not. 
We  conceive  that  it  is  an  apparatus  for  eflPectiug  the  moult  of  the 

inner  lining  of  the  brood  cavity  of  long-bodied  and  tender-shelled 
animals  such  as  Daphnia  and  the  present  genus.  The  great  develop- 

ment of  the  head  in  the  crested  Daphnidse  maj^  undoubtedly  be  ex- 

plained upon  Prof.  Leuckart's  theory, 

Sp.  1.    Liyncodaplinia  niacrotliroides,  Heirick. 

(Perhaps  :=  Ofryoxus  gracilis,  Sars.) 

Notes  mi  Cladocera  of  Minn. ,  p.  247. 

Sub-rectangular,  greatly  elongated,  truncate  behind,  with  a 
slight  spine  above;  head  and  eye  small,  fornix  moderate,  beak 
truncate;  antennules  rather  long,  slightly  curved,  tapering  a  little 
toward  the  end,  whence  spring  three  lanceolate  spines  and  several 
sensory  filaments,  five  stout  spines  behind,  above  the  middle,  and 
several  more  slender  ones;  swimming  antennae  very  long,  terminal 
setae  smooth  to  the  joint;  labrum  as  in  Daphnia;  mandible  attached 

behind  a  salient  angle  of  the  front  margin  of  the  shell;  no  ab- 
dominal processes;  post-abdomen  broad  above,  triangular;  terminal 

claws  pectinate,  furnished  with  one  very  large  toothed  accessory 
spine  and  a  smaller  one;  the  first  foot  has  a  hook  ;  the  last  foot 

consists  of  a  large  oval  plate  which  bears  posteriorly  the  ordinary 
branchial  coil,  here  shaped  like  a  thumb  and  forefinger.  The  young 

is  of  a  difi'erent  shape  and  bears  a  long  spine.   The  male  is  unknown. 
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Yin.    Genus  Ilyocryptus. 

Form  compact,  short;  head  short,  triangular,  with  large  fornices 
forming  a  roof  over  the  head;  the  posterior  margin  of  shell  nearly  as 

long  as  the  inferior;  lower  angle  a  hroad  curve;  an  ten  miles  two- 
jointed,  basal  joint  very  short,  second  joint  straight,  rather  long; 

setae  terminal,  but  one  seta  near  the  base;  the  four-jointed  ramus 
of  the  antenna  with  but  three  (terminal)  setae;  six  pairs  of  feet,  last 

pair  rudimentary;  tail  large,  as  in  Lyncodaphnia,  anus  elevated; 
intestine  straight,  without  caeca,  but  an  expansion  near  the  rectum 
sometimes  simulates  one;  the  margin  of  the  shell  is  bordered  with 
long  spines,  which  may  be  branched  or  simply  pectinate.  There  is 

often,  perhaps  generally,  a  failure  to  entirely  remove  the  moulted 

shell;  when  this  occurs,  the  newly-formed  shell  from  each  moult 
remains  under  the  older  ones  till  the  animal  seems  to  be  wearing 
six  or  more  overcoats,  and  the  spaces  so  formed  become  filled  with 
algae  and  filth  till  the  animal  is  no  longer  able  to  swim.  P.  E. 
Mueller  and  Kurz,  who  seem  to  have  seen  only  I.  sordidus  agree 
that  Ilyocryptus  can  not  swim,  but  poles  along  in  the  mud  on  the 
bottom  by  means  of  antennae  and  abdomen;  our  I.  spinifer,  on  the 
other  hand,  swims  freely  till  loaded  up  with  old  clothes  and  filth. 

This  genus  is  also  closely  allied  with  the  Lynceidae. 

Sp.  1.    Ilyocryptus  sordidus,  Lievin. 

(Plate  C.    Fi>s.  15,  16, 17.) 

Aeanthocereus  sordidus,  lievin,  leydig. 
Ilyocryptus  sordidus,  sars,  normann,  p.  e.  muellbr,  kurz. 

Body  higher  than  long;  head  small,  terminating  anteriorly  in 

almost  a  right  angle;  posterior  part  of  the  shell  margins  covered 
with  branching,  thorny  spines;  antennules  cylindrical;  antennae 

short:  four-jointed  rami  with  no  lateral  setae;  post-abdomen  large, 
broad;  terminal  claws  with  two  spines  at  the  base;  anas  in  the 
middle  of  the  posterior  margin,  which  is  very  heavily  armed  with 

spines;  a  hairy  abdominal  process  is  present  according  to  Kurz. 
There  are  no  anterior  caeca  (my  statement  that  P.  E.  Mueller 

described  such  caeca  was  an  error;  see  Notes  onCladocera  of  Minn., 

p.  246).  { 
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Sp,  2.    Ilyocryptus  spinifer,  Herrick. 

(Plate  C.    Figs.  18—19.) 
Usually  longer  than  higli;  head  rounded,  almost  exactly  like  T. 

sordidus,  but  the  form  of  the  post-abdomen  differs  a  little  in  the 
higher  situation  of  the  anus  and  the  great  elongation  of  four  or 
five  of  the  lower  spines  of  the  posterior  margins;  the  margins  of 
the  shell  are  beset  with  pectinate  setge  which  do  not  branch.  The 
nearest  approach  to  branching  setae  yet  seen  are  figured  on  plate  C, 
fig.  18  a;  this  consists  in  the  outgrowth  of  a  spine  from  near  th& 
base,  and  such  setas  are  found  only  on  part  of  the  posterior  margin. 

It  seems  that  our  form  is  rather  close  to  I.  sordidus  though 
clearly  distinct. 

This  species  occurs  in  many  of  our  lakes,  and  is  found  most  fre- 
quent in  late  summer. 

Sp.  3.    Ilyocryptus  acutifrons,  Sars. 

This  species,  is  only  mentioned  in  the  appendix  to  the  paper  of 

Sars  on  the  Cladocera  from  the  vicinity  of  Christiania.  The  follow- 
iug  is  a  condensation  of  the  description. 

Head  large,  acute  in  front.  Shell  truncate  behind,  with  shorter 
setae  behind  than  below.  Antennules  shorter  and  thicker  than  in 

I.  sordidus.  Antennas  long  and  robust.  Abdomen  with  a  short,, 

obtuse  process.  Post-abdomen  shorter  than  in  I.  sordidus,  posterior 
margin  continuous,  anus  terminal;  caudal  claws  straight,  very  long» 

with  two  minute  basal  spines.  Figment  fleck  almost  touching  the- 
eye.     Length  less  than  in  I,  sordidus. 

This  species  seems  in  some  respects  more  like  a  true  lyncodaph- 
nid  than  either  ot  the  other  species.  It  is  doubtful  if  it  belongs 
here. 

FAMILY  LYNCEID^. 

GEKERA. 

1.  Eurycercus   
2.  Acroperus   
3.  Camptocercus   
4.  Alonopsis   - 
5.  Leydigia   .' 
6.  Graptoleberis   
7.  Crepidocercus   
8.  Alona   
9.  Alonella   

10.  Pleuroxus   
11.  Harporhynchus   

2.    Chydorus"   13.  Ancliistropus   
14.  Monospilus   

Totals   

Number 
of 

known 

species. 
1 
2 
6 
3 
2 
2 
1 21 

5 

14 
8(?) 

1 
1 

68 

Europ- ean. 

14 
5 
8 
6(?) 

1 
1 

50 

Also  in 
America 

20 

In 

America only. 

16 

Total 

Amer- 

ican. 

1 
1 
2 
2 
2 
1 
1 

13 
2 
7 

3 

1(?> 

I 
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Out  of  the  fourteen  genera,  two  (or  perhaps  only  one)  are  not 
yet  known  from  America,  while  one  is  restricted  to  it.  The  Amer- 

ican species,  45  per  cent  of  which  are  new,  aggregate  72  per  cent 
of  the  European.  54  per  cent  of  all  the  known  species  are  Amer- 

ican, and  most  of  these  have  been  found  within  a  range  of  ten  miles 
of  Minneapolis.  It  is  probable  that  the  number  of  species  peculiar 
to  America  is  too  high  proportionately  rather  than  the  reverse,  and 
the  comparatively  high  per  cent  of  new  species  is  due  to  an  actual 
larger  fauna  in  the  New  World,  while  many  Old  World  species 
remain  to  be  identified.  A  few  of  the  European  species  are  very 
likely  synonyms,  permitting  farther  reduction. 

This  family,  which  is  numerically  the  largest  among  the  Clado- 
cera,  is,  in  the  main,  well  limited,  though  there  are  transitions  to- 

ward the  Lyncodaphnidse,  which  are  quite  direct.  The  genera 
Lyncodaphnia,  Ofryoxus  and  Ilyocryptus  lead  toward  the  Lynceidse 

unmistakably.  Most  of  the  members  of  this  family  are  small,  com- 
paratively few  exceeding  one  millimeter  in  length.  The  head  is 

covered  with  an  arched  shield,  which  frequently  passes  with  no  in- 

dentation into  the  shell  of  the  body.  This  head-covering  generally 
extends  forward  and  downward  to  form  more  or  less  of  a  sharp 
angle  in  front,  while  in  several  genera  it  is  simply  rounded  in  front. 
It,  in  either  case,  arches  over  the  more  fleshy  lower  side  of  the  head 

from  which  hang  the  two  short  antennules  and  the  labrum,  while 

the  strong  two-branched  antennae  spring  from  well  up  under  its 
posterior  expansion.  The  rounded  sides  of  this  shield,  which  pro- 

tect the  insertion  of  the  antennse,  are  called  the  fornices.  Above 

the  insertion  of  antennules  is  a  dark  fleck  lying  near  or  on  the 
lower  angle  of  the  brain;  this  is  the  larval  or  nauplius  eye,  which 

is  the  first  to  appear  in  all  these  small  Crustacea.  This  macula 

nigra  is  not  infrequently  as  large  as  the  eye  itself,  *  or  even  larger, 
and  in  one  genus  it  is  the  only  visual  organ.  The  antennules 
are  small  and  bear  on  the  end  several  sensory  filaments  as  well  as 

a  lateral  flagellum.  The  antennules  of  the  male  differ  very  little 
from  those  of  the  female.  The  labrum  is  furnished  with  a  process, 
which  is  triangular  or  semicircular  and  is  usually  larger  than  the 
terminal  portion.  The  mandibles  are  as  in  Daphnidse  but  usually 
shorter.  Maxillae  are  often  conspicuous,  but  the  first  pair  of  feet 

serve,  by  a  slight  alteration  at  the  base,  the  same  purpose.  There 
is  rarely  an  indication  of  the  sixth  pair  of  feet,  and  the  antennae 

have  both  rami  three-jointed.     The  terminal  part  of  the  body,  or 

*  The  name  "Lynceus"  is  derived  from  that  of  the  son  of  Aphareus  who  was  famous 
tor  the  sharpness  of  his  vision. 

I 
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post-abdomen,  is  usually  enlarged,  and  the  anal  opening  is  near  its 
base;  the  armature  is  usually  considerable.  The  form  of  the  post- 
abdomen  is  one  of  the  best  criteria  for  distinguishing  genera  and 

species — a  process  often  attended  with  much  difficuUy. 
The  shell  is  of  various  forms,  frequently  beautifully  sculptured. 

The  number  of  eggs  produced  at  onetime  is  limited,  and  the  winter 

^ggs  are  very  often  laid  in  the  brood-cavity  with  no  preparation  of 
the  shell  previous  to  it,  in  other  words,  the  ephippium  may  be  ab- 

sent. On  the  other  hand,  sometimes  the  shell  is  considerably  modi- 
fied, and  generally  there  is  a  deposit  of  dark  pigment  in  the  upper 

part  of  the  shell.  The  males  are  very  rare  and  until  recently  few 
were  known.  The  diligence  of  Kurz  has  added  a  great  many,  and 
we  now  have  a  fair  idea  of  the  sexual  variations.  These  consist 

usually  in  a  narrower  body  and  shorter  beak,  in  a  strong  hook  of 

chitin  on  the  first  foot  and  certain  modifications  of  the  post-abdo- 
men. The  hook  mentioned  is  simply  an  enlargement  of  one  of  the 

terminal  bristles  of  the  foot,  and  serves  to  fasten  the  animal  to  the 
shell  of  the  female.  In  one  American  species  of  Pleuroxus  we  find 

an  approach  to  this  structure  in  the  female — an  interesting  example 
of  inheritance  of  sexual  peculiarities  across  the  sexes.  The  altera- 

tions in  the  form  of  the  post-abdomen  consist  in  a  narrowing  or 
excavation  of  that  organ  to  permit  its  introduction  into  the  brood- 
cavity,  and  in  some  forms  (Chydorus)  this  change  can  only  be 
understood  by  observing  the  form  of  the  shell  of  the  female  about 

to  produce  winter  eggs.  In  general,  as  in  other  Cladocera,  males 
are  found  only  at  the  period  when  the  females  are  sexually  perfect. 

The  ordinary  method  of  reproduction  is  by  virgin-bearing  or  par- 

thenogenesis. In  some  cases  it  would  seem  from  Weismaon's  ob- 
servations that  the  sexual  method  occurs  only  incidentally.  The 

orifice  of  the  male  organs  is  between,  or  anterior  to,  the  terminal 

claws  of  the  post-abdomen  (Eurycercus  alone  excepted).  The  males 
are  usually  but  not  always  smaller.  Plate  E  gives  views  of  typical 
Lynceidse  Fig.  1  is  particularly  instructive,  for  in  it  the  details 
which  can  be  usually  made  out  in  the  living  object  are  represented. 

The  following  points  may  be  especially  noticed.  The  large  size  of 

the  pigment  fleck,  the  large  antennules  (A^),  the  keel  of  the  labrum 
(Lb.),  the  peculiar  modification  of  the  first  pair  of  feet  to  assist  the 

maxillae  (not  shown)  which  are  exceedingly  small,  the  largely  de- 
veloped anal  gland  (A.  g.),  the  form  and  muscular  mechanism  of 

the  abdomen,  which,  however,  is  better  illustrated  by  fig.  10  of  the 
same  plate.  Fig.  1  contains  an  embryo  seen  from  the  side  with  the 

partially  developed  limb.     Fig.  3  shows  the  appearance  of  a  differ- 
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ent  embryo  from  below  and  in  an  earlier  stage.  Fig.  2  illustrates 

the  relation  of  the  brain  to  the  eye  and  the  very  small  optic  gang- 
lion. Fig.  9  of  plate  G  gives  details  of  the  feet  in  another  species^ 

and  the  modifications  seen  in  the  male  of  the  same  species  are  suffi- 
ciently shown  in  fig..l  of  the  same  plate,  which  also  well  illustrates 

the  various  sculpture  of  the  shell  displayed  by  this  group.  Figures 

4  and  9  of  plate  F  show  curious  modifications  of  the  post-abdomen 
of  the  male,  and  fig.  7  exhibits  the  structural  peculiarity  of  sexually 
perfect  females  which  is  correlated  with  it  or,  perhaps  we  may  say, 
occasions  it. 

SUB-FAMILY  L— EURYCERCINiE. 

A  single  species  constitutes  the  sub-family,  and  it  will  be  necess- 
ary to  point  out  only  those  points  which  are  distinctive. 

The  Eurycercinae  differ  from  the  true  Lynceidaeand  approach  the 
Lyncodaphnidse  in  having  the  digestive  tract  not  coiled,  with  two 

caeca  in  front  and  the  anus  at  the  end  of  the  post-abdomen.  Many 
eggs  are  produced  at  once.  The  male  opening  is  at  the  base  of  the 
abdomen,  as  in  Sididae.  The  general  habitus  is,  however,  lynceid. 
The  males  appear  in  autumn  or  when,  by  the  gradual  drying  up  of 
the  water  or  other  causes,  the  continued  existence  of  the  animals  is 
threatened. 

I,    Genus  Eurycebcus,  Baird. 

Characters  of  the  sub-family. 

Eurycercus  laniellatus,  0.  F.  Mueller. 

(Plate  H,    Figs.  5-6.) 
Lynceus  lamellatus,  MUELLER,  EDWARDS,  KOCH,  ZADDACH,  LIEVIN,  LBYDIG,    ZENKER 
Eurycercus  lamellatus,  BAIRD,  LTLLJEBORG,  SCHOEDLER,  P.  B.  MUELLER,  KURZ,  BIRGE, 

HERRICK. 

Eurycercus  laticaudatus,  FISCHER,  SCHOEDLER. 

A  gigantic  lynceid,  reaching  the  dimension  of  3  mm.  The  figure 
of  the  male  given  will  sufficiently  illustrate  the  general  form.  The 

abdomen  is  broad  and  armed  behind  with  a  dense  row  of  saw-teeth. 

The  eye  is  larger  than  the  rather  small  pigment  fleck,  and  the  in- 
testine is  bent  upon  itself  but  not  coiled.  The  last  foot  is  found  in 

few  other  Lynceidae.  Acroperus  has  the  same,  and  Pleuroxus  uni- 
dens  also  has  a  rudimentary  sixth  foot. 
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SUB-FAMILY  IL— LYNCEINiE. 

Intestine  coiled;  anus  near  the  end  of  the  post-abdomen;  open- 
ing of  vas  deferens  nearly  terminal.  There  are  no  anterior  caeca 

but  usually  a  single  anal  diverticle  of  the  intestine.  Rarely  or  never 
more  than  two  embryos  produced  at  once. 

Series  A. 

Head  or  dorsal  line  keeled  or  ridged  ;  abdomen  long  ;  shell  marked  with  diagonal 
strife.  This  section  is  proposed  for  the  old  genera  Camptocereus,  Acroperus  and  Alo- 
nopsis,  which  seem  to  form  a  natural  group  though  passing  directly  into  Al  na. 

II. — Gek^us  Camptocercus  (>  Camptocereus,  Baird). 

This  easily  recognizable  genus  contains  two  groups,  each  with 
several  nominal  species,  which  are  distinguished  mainly  by  the 

width  of  the  post-abdomen.  In  both  the  shell  is  elongated,  more 
or  less  quadrangular,  longitudinally  striate,  armed  behind  with  one 
to  four  minute  teeth.  The  head  and  back  are  keeled  and  the  former 

strongly  arched.  The  antennules  rarely  extend  beyond  the  beak 
and  are  commonly  curved  laterally.  The  eye  is  proportionately 

small.  The  post-abdomen  is  long  and  furnished  with  a  lateral  row 
of  scales.  The  terminal  claws  have  a  single  basal  spine  and  are 
serrate.  There  is  an  ephippium,  and  the  male  opening  is  in  front 
of  the  terminal  claws. 

Sub-gen"us  1. — Acroperus,  Baird. 

Post-abdomen  broad,  margins  parallel;  anal  teeth  very  minute 
lateral  scales  large  and  usurping  their  place.   Antennae  with  eight 

setae  (gn).     Three  species  are  described,  one  of  which  is  very  abund- 
ant in  Minnesota. 

Sp.  1 .    Acroperus  leiicoceplialus,  Koch. 

(Plate  E,  Fig.  5.    Plate  I,  Fig.  9.) 

Lynceus  leucocephalus,  KOCH,  FISCHEK. 

Acroperus  harpas,  BAIKD. 
Acroperus  leucocephalus,  SCHOEDLER,  P.  E.  MUELLER,  KUKZ. 

Acroperus  sp.,  HERRICK. 

Acroperus  striatus,  JVRISE,    M.  EDWARDS,    LIEVIX,    LILLJEBORG,   LEYDIG,  CtC,  SCCmS 

to  belong  here,  but  I  am  able  to  add  nothing  to  the  eluci- 
dation of  the  puzzle. 

Body  rounded  above,  angled  behind;  head  moderately  arched  and 
carinated.     Lower  margin  of  the  shell  pectinate,   terminating  in 

6 
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two  teeth.  The  antennae  are  long  and  when  reflexed  the  setae 
reach  nearly  to  the  posterior  margin  of  the  shell.  The  posterior 
angle  is  not  always  as  prominent  as  shown  in  fig.  5. 

Sp.  a.    Acroperus  angustatus,  Sars. 

(Plate  I.   Fig.  10.) 

Aeropertis  angustatus,  P.  E.  mueller,  kubz. 

This  species  is  distinguished  from  the  former  by  the  head,  which 

is  higher  and  very  strongly  arched.  The  dorsal  contour  is  nearly 

straight.  The  anteonae  are  shorter.  The  form  of  the  post-abdomen 
of  the  male  is  less  different  from  that  of  the  female  than  in  the 

above.     The  length  of  both  species  is  about  0.7  mm. 
The  American  form  figured  in  fig.  5  of  plate  E  differs  from  both 

the  above  slightly.  The  head  is  carinated  and  incurved  almost  as 
in  C.  angustatus;  the  antennae  fall  a  little  short  of  reaching  the 

posterior  margin  of  the  too  low  and  oblong  shell;  there  is  an  ob- 
vious depression  between  the  head  and  body.  However,  in  the  main 

there  is  close  agreement  with  C.  leucocephalus,  to  which  it  has  been 
previously  referred.  There  is  always  a  rudiment  of  an  additional 

pair  of  feet. 

A.  cavirostris.  P.  E.  Mueller,  is  not  known  in  the  female  sex. 
The  male  has  a  twisted  caudal  claw. 

Sub-genus  2. — Camptocercus,  Baird. 

Although  the  general  form  is  similar  to  the  last  section,  the  body 

is  usually  longer;  the  post-abdomen  narrows  toward  the  end;  the 
anal  teeth  exceed  the  lateral  row;  the  antennae  have  usually  but 
seven  setae  (sTf)- 

The  species  enumerated  are  so  closely  related  as  almost  to  baffle 
definition. 

Key  to  the  Sub-genus  Camptocercus  (verus). 

Beak  pointed. 
(a)  Head  depressed. 

I.    Pigment  fleck  larger  than  tlie  eye. 
1.  C.  biserrahis,  SCHOEDLEK. 

II.    Pigment  fleck  smaller  than  the  eye. 
2.  C.  macrurus,  O.  F.  MUELLER. 

(b)  Head  directed  forward. 
3.  C.  rectirostris,  SCHOEDLER. 

Beak  truncate  below. 
4.  C.  laiirostris,  KURZ. 
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Beak  cleft  below  or  with  a  forward  projection. 
(a)  Aiitennules  shorter  than  the  beak. 

5.     C.  Ulljeborgii,  SCHOEDLEB. 
(b)  Antennules  longer  than  the  beak. 

6.     C.  rotundv^,  HEBBICK. 

Sp.  1.    Camptocercus  biserratus,  Schoedler. 

(Plate  I.    Fig.  4.) 

Is  very  nearly  related  to  the  next,  from  which  it  is  distinguished 

chiefly  by  the  fact  that  the  pigment  fleck  is  larger  than  the  eye. 
Schoedler  overlooked  the  fact  that  in  C.  macrurus  there  is  a  lateral 

line  of  scales  on  the  abdomen,  and  relied  upon  that  character  to 
distinguish  this  form.  (Schoedler  says  that  the  pigment  fleck  in  C. 
macrurus  is  smaller  than  the  eye,  P.  E.  Mueller  says  they  are  nearly 
equal,  while  in  our  specimens  they  are  much  smaller  or  nearly 

equal.)  If  much  variability  is  found,  Schoedler's  species  seems  to  rest 
on  a  slender  basis.  The  basal  spine  of  the  claw,  however,  seems  to 
be  peculiar  in  sitting  on  a  distinct  prominence. 

Sp.  2.    Camptocercus  macrurus,  Mueller. 

(Plate  E.    Fig.  10.) 

Lynceus  macrurus,  LILLJBBOBG,  SCHOEDLEB,  P.  E.  MUELLEB,  KUBZ,  BIBGE,  HEBEICK. 

This  universally  distributed  species  occurs  in  our  larger  bodies 
of  water  and  is  not  rare,  though  hardly  abundant. 

The  body  is  long  and  nearly  rectangular;  the  head  strongly 
arched  and  keeled.  The  keel  of  the  head  is  extended  down  the 

whole  dorsal  line.  The  dorsal  line  is  moderately  curved,  while  the 
shell  is  but  slightly  excavated  below.  The  head  extends  into  a 

blunt  beak  looking  downward;  the  direction  of  the  head  is  some- 

what variable  (from  vertical  to  an  angle  of  about  30°).  The  eye  is 
much  larger  than  the  pigment  fleck;  the  antennules  are  shorter 

than  the  beak,  and  have  one  elongated  terminal  seta.  The  post- 
abdomen  is  very  long  and  has  numerous  anal  teeth  as  well  as  a 

lateral  row  of  scales.  The  basal  spine  of  the  claws  is  large  and  ser- 
rate, the  claw  itself  being  nearly  straight  and  armed  with  an  in- 

creasing series  of  spines  to  beyond  the  middle.  The  lateral  scales 

of  the  post-abdomen  are  inconspicuous.  The  shell  gland  is  long. 
The  antennules  reach  to  almost  the  end  of  the  beak,  are  curved  and 
bear  a  lateral  flagellum.  The  first  foot  of  the  female  has  a  sort  of 

hook  (branchial  sac?).  The  labrum  is  armed  with  teeth  on  the 
posterior  face  of  the  triangular  process.  The  intestine  is  very 
trongly,  almost  twice  coiled.   The  lower  margins  of  the  valves  are 
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feebly  spined  for  three-fourths  their  length,  and  armed  with  from 
one  to  four  teeth  at  the  angle.     Length  0.8  mm.  to  1.0  mm. 

Sp.  3.    Camptocercus  rectirostris,  Schoedler. 

(Plate  I.    Figs.  1—3.) 
Camptocercus  rectirostris,  SCHOBDLER,  P.  E.  MUELIiEK,  KURZ. 

Distinguished  from  the  above,  which  it  closely  resembles,  by  the 
form  of  the  head,  which  is  less  rounded  and  directed  anteriorly.  It 

hardly  exceeds  half  the  hight  of  the  body.  The  beak  is  sharp.  I 

am  not  sure  that  Weismann's  figures  (1.  c,  plate  XI,  figures  13  and 
14)  really  belong  to  this  species,  for  the  drawing  of  the  post-abdo- 

men does  not  agree  with  that  of  P.  E.  Mueller  fully.  Outline  copies 
of  the  former  are  given  in  plate  I,  figs.  1  and  2.  The  male  has  a 
hook  upon  the  first  foot.     Not  yet  recognized  in  America. 

Sp.  4.    Camptocercus  latirostris,  Kurz. 

(Plate  I.  Figs.  5—6.) 
C.  liUjeborgii,  P.  E.  MUELLER  (?). 

Closely  allied  to  the  next,  but  distinguished  by  the  position  of 
the  head,  which  is  a  little  less  depressed,  and,  especially,  by  the 
truncate  beak.  The  dorsal  margin  is  convex  and  crested;  the  lower 
outline  is  also  convex.  The  claws  are  toothed  more  as  in  C.  macru- 

rus  than  the  following.  The  basal  spine  springs  from  the  claw 

itself  and  not  from  the  post-abdomen  as  in  the  next.  Length  0.9' 
mm.  to  1.0  mm. 

Sp.  5.    Camptocercus  lilljeborgli,  Schoedler. 

(Plate  I.    Figs.  7—8.) 

Head  depressed,  rounded  in  front:  beak  divided  at  the  end  by  the 
extension  of  the  fornices.  The  terminal  claws  are  pectinate  for 

their  entire  length,  and  the  basal  spine  is  seated  on  the  end  of  the 

post-abdomen.  This  species,  in  the  main,  closely  resembles  C. 
macrurus. 

Sp.  6.    Camptocercus  rotunduSjHerrick. 

The  second  of  the  two  species  found  in  America  is  this  shorty 

strongly  carinated  form,  which  is  known  from  a  single  gathering. 
It  differs  from  all  the  above  species,  with  which  it  agrees  pretty 
well  in  shape,  by  its  more  compact  form;  high  dorsal  keel  (which 
extends  the  entire  length  of  the  body);  the  long  antennules,  which 
extend  far  below  the  beak;  and  the  somewhat  pointed  beak.     The 
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liead  is  much  as  in  the  last,  but  it  is  not  certain  that  the  beak  is 

•cleft,  although  it  has  a  peculiar  form  (not  indicated  in  the  figure) 
near  the  end.  The  length  is  0,7  mm.  The  terminal  setae  of  the 

antennules  are  very  unequal;  but  in  most  points,  as  in  the  armature 

of  the  post-abdomen,  the  details  resemble  C.  macrurus. 

III. — GrENUS  Alon"opsis,  Sars. 

This  curious  genus  includes  three  species  of  small  lynceids, 
which  exhibit  a  combination  of  characters.  The  form  of  the  beak 

and  head  is  like  that  of  Pleuroxus,  which  the  form  and  sculpture  of 
the  shell  otherwise  resembles.  The  back  is  extended  more  or  less 

in  a  knife-like  ridge  above,  thus  resembling  Acroperus,  a  resemblance 
hightened  by  the  excavated  lower  margin.  The  form  of  the  post- 
abdomen  approaches  that  of  Acroperus,  but  in  that  genus  it  is  of 
about  equal  width  throughout  and  in  this  it  rapidly  narrows.  The 
internal  organs  and  feet  are  of  the  typical  lynceid  form,  while  the 
■antennae  are  as  in  Pleuroxus. 

The  type  of  the  genus,  A.  elongata,  is  apparently  much  closer  to 
Acroperus  than  the  two  species  which  have  been  identified  in 
America. 

Shell  sub-rectangular,  high,  produced  into  a  ridge  above;  lower 
margin  convex  anteriorly,  concave  behind;  beak  rather  long;  an- 
tennules  slender;  antennae  with  eight  setae;  abdomen  long,  nar- 

rowed toward  end,  incised  at  the  extremity;  claw  rather  large,  with 
median  spines  and  a  basal  thorn;  third  foot  with  a  long  bristle. 
Male  smaller,  without  the  carina  above;  orifice  of  sexual  organs  in 
front  of  the  claw,  which  is  removed  from  the  anterior  margin.  The 

young  are  more  elongate  and  (sometimes)  have  hexagonal  reticula- 
tions instead  of  the  usual  strong  diagonal  striae.     Motion  slow. 

Sp.  1.    Alonopsis  elong-ata,  Sars. 
Jyynceus  macrurus,  LIBVIN. 

Lynceus  macrurus,  ZENKER,  LEYDIG. 

Alona  elongata,  SARS. 

Acroperus  intermedius,  SCHOEDLER. 

Alonopsis  elongata,  P.  E.  MUELLER. 

The  shell  is  wide,  the  upper  margin  forming  an  even  curves 
manifestly  angled  behind;  ventral  margin  nearly  straight,  ciliated 

throughout,  with  a  single  tooth  behind.  Fornices  large;  head  nar- 
row, not  carinate.  Post-abdomen  compressed,  truncate  at  the  end, 

armed  with  a  series  of  marginal  spines  and  of  lateral  scales;  caudal 

•claws  large,  with  a  single  spine  at  the  base  and  two  median  spines 
followed  by  a  series  of  minute  setae. 



86  TWELFTH   ANNUAL  KIPORT. 

This  form  I  have  never  seen,  and  it  seems  somewhat  doubtful  that 

the  following  really  belong  with  it. 

Sp.  2.    Alonopsis  latissima,  Kurz. 

(Plate  E,  Fig.  8.    Plate  G,  Figs,  1  and  9.) 

Body  very  high,  compressed,  with  a  high  dorsal  keel  or  ridge; 

the  upper  outline  strongly  and  evenly  arched,  terminating  be- 
hind in  no  angle;  lower  margin  almost  angled  at  the  anterior  third, 

rounded  behind,  fringed  with  long  bristles  anteriorly,  with  short 
ones  posteriorly.  Head  very  narrow;  beak  extremely  long ;  fornices 
small;  antennules  nearly  as  long  as  the  beak,  straight  and  narrow;, 

pigment  fleck  smaller  than  the  eye.  The  abdomen  is  long,  some- 
what narrowed  toward  the  end,  where  it  is  deeply  cleft;  the  terminal 

claw  is  furnished  with  a  large  and  small  basal  spine,  while  there  is 
an  increasing  series  of  spines  extending  to  the  middle. 

The  elongated  spine  of  the  third  foot  is  pectinate  and  reaches 
nearly  to  the  posterior  margin  of  the  shell.  The  shell  is  marked 
by  few  strong  striae  which  are  diagonal  except  anteriorly  where  are 
a  few  parallel  to  the  front  margin.  The  male  is  small  and  lacks 

the  crest  on  the  back,  while  the  lower  margin  is  straight;  the  an- 
tennae are  longer  than  the  beak  and  differ  somewhat  from  those  of 

the  female.  The  first  foot  has  a  claw.  The  post-abdomen  lacks 
the  anal  teeth.     Kurz  gives  the  size  as  0.5  mm. 

The  American  form  varies  between  0.45  mm.  and  0.55  mm.,  and 

seems  to  have  a  higher  dorsal  keel  and  longer  beak.  Kurz  speaks 

of  but  a  single  accessory  spine  on  the  terminal  claws;  there  is,  how^ 
ever,  a  second  very  minute  spine  or  cluster  of  hairs  in  this  as  well 
as  the  following. 

Found  in  the  same  gathering  with  the  following  near  Minnea- 

polis (marshy  off-set  from  Bassett's  creek  near  Oak  Lake  Addition).* 
*NOTE  TO  ALONOPSIS  LATISSIMA.  (See  Fig.  1,  Plate  G.)  Since  writing  the  above  the 

males  of  our  American  form  have  been  found  ;  they  are  shaped  as  the  females,  with  a 
high  dorsal  keel ;  the  post-abdomen  Is  rounded,with  transverse  series  of  small  bristles  ; 
the  claw  has  a  minute  median  spine,  and  the  pcyrus  genitalis  is  anterior  and  elevated. 

Sp,  3,    Alonopsis  media,  Birge. 

(Plate  E.    Fig.  9.) 

I  give  Birge's  description  verbatim: 
"Rostrum  prolonged,  and  shell  sharp,  somewhat  quadrangular  in 

shape,  marked  by  strise.  The  dorsal  margin  is  convex,  the  hinder 
margin  nearly  straight..  Its  lower  angle  is  rounded  and  without 
teeth.     The  lower  margin  is  concave  and  has  long  plumose  setae^ 
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The  front  margin  is  strongly  convex.  The  post-abdomen  is  long 
and  slender,  resembling  that  of  Camptocercus,  and  is  notched  at 
the  distal  extremity;  it  has  two  rows  of  fine  teeth  and  some  fine 
scales  above  them.  The  terminal  claws  are  long,  slender,  with  a 
basal  spine,  a  spine  in  the  middle,  and  are  serrated.  The  antennules 
are  long  and  slender,  but  do  not  reach  to  the  end  of  the  rostrum. 
They  have  each  a  flagellum  and  sense  hairs.  The  antennae  are 
small  and  have  eight  (su)  setae  and  two  (iot)  spines.  The  labrum 
resembles  that  of  A.  leucocephalus,  but  is  slightly  prolonged  at  the 

apex.  The  intestine,  caecum  and  color  resemble  those  of  Acrope- 

rus.     There  is  a  trace  of  a  keel  present  on  the  back." 
The  specimens  seen  in  Minnesota  resemble  this  species  very 

nearly,  apparently,  but  there  are  some  differences.  The  terminal 
claw  of  the  post-abdomen  has  an  increasing  series  of  spines  to  the 
middle;  there  seems  to  be  no  lateral  row  of  scales  beside  the  anal 
teeth;  the  abdomen  is  rather  broad  at  the  base  and  narrows  toward 
the  end.  The  shell  is  not  square  behind.  The  lower  margin  has  a 
few  long  hairs  anteriorly  which  are  followed  by  a  series  of  teeth, 

and  in  the  concave  part  a  somewhat  longer  set  to  a  point  just  be- 
fore the  lower  curved  angle. 

The  pigment  fleck  is  nearly  or  quite  as  large  as  the  eye.  The 
antennule  is  shorter  than  the  beak  (which  is  almost  as  in  Pleuroxus 

hastatus),  and  has  a  flagellum  about  midway;  at  its  base  it  is  nar- 
rowed and  inserted  on  a  prominence. 

The  embryo  still  in  the  brood  sac  had  a  more  elongate  form  and 
hexagonal  reticulations  upon  the  shell,  while  the  antennules  were 
longer  than  the  very  long  beak,  and  the  pigment  fleck  was  smaller 
than  the  eye.  Length  of  female  0.52  mm.  The  color  is  darker, 
and  the  striae  more  numerous,  than  in  A.  latissima. 

Series  B. 

This  section  includes  forms  with  (usually)  no  keel  above,  or,  if 

keeled,  the  post-abdomen  is  not  long.  The  majority  are  highly 
arched  dorsally,  and  have  comparatively  short  post-abdomen  and 
pointed  beak.  The  antennae  are  usually  feeble  and  the  motion  slow. 

A.  Post-abdomen  nearly  round  in  outline,  armed  with  very  long  stout  spines,  terminal 
claw  with  one  minute  basal  spine  or  none  ;  greatest  hight  of  shell  about  equal  to 
the  posterior  margin. 

1.  Genus  Leydigia. 
B.  Greatest  hight  of  shell  moderately  exceeding  that  of  posterior  margin  ;  post-abdo- 

men more  or  less  triangular,  armed  with  bristles ;  shell  marked  with  hexagonal 
meshes. 

(a)  Head  nearly  horizontal,  blunt ;  post-abdomen  prominent  in  the  anal  region. 
2.  Genus  Graptoleberis. 
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(b)  Head  depressed,  acute  ;  post-abdomen  excised  near  the  anus. 
3.  Genus  Crepidocerctis. 

C.  Post-abdomen  more  or  less  quadrangular,  armed  with  one  or  two  rows  of  small 
teeth  on  either  side  behind  ;  terminal  claws  with  one  or  two  basal  spines  ;  hight  of 
posterior  shell  margin  usually  less  than  the  greatest  hight  of  shell. 

4.  Genus  Lynceus. 

D.  Greatest  hight  of  shell  little  less  than  that  of  posterior  shell  margin  ;  post-abdo- 
men terete  ;  terminal  claws  very  minute. 

5.  Genus  Phrixura. 
E.  Greatest  hight  of  shell  more  than  double  that  of  posterior  margin. 

(a)  Eye  and  first  foot  normal. 
6.  Genus  Chydorus. 

(b)  First  foot  with  a  claw  which  extends  beyond  the  shell. 
7.  Genus  Anchistropus. 

(c)  Eye  absent,  only  pigment  fleck  used  for  vision. 
8.  Genus  Monospilus. 

IV. — Genus  Leydigia,  Kurz. 

In  this  genus,  both  the  known  species  of  which  are  found  in 
America,  the  posterior  part  of  the  shell  and  body  is  emphasized  at 
the  expense  of  the  anterior.  The  curved  posterior  margin  is  equal 
to  the  greatest  hight  of  the  shell.  The  head  and  anterior  part  of 
the  body  are  of  the  form  characteristic  of  Alona;  indeed,  the  whole 
body  is  in  plan  like  Alona,  but  in  the  back  part  the  organs  are  all 
enlarged.  The  general  form  of  the  body  and  abdomen  recalls 

Ilyocryptus;  the  post-abdomen,  in  particular  is  very  like  that  genus. 
The  last  two  pairs  of  feet  are  much  enlarged.  The  shell  is  usually 
irregularly  marked  with  longitudinal  striae;  the  lower  margin 

is  covered  with  long  spine-like  setae.  The  post-abdomen  is  armed 
with  several  sets  of  long  spines  and  aggregations  of  bristles  and 
small  spines;  it  is  almost  round  and  enormously  enlarged.  The 
intestine  is  coiled  and  expanded  at  the  end,  but  the  anal  caecum  is 
rudimentary.  The  antennae  are  heavily  spined  and  have  eight  setae; 
the  labrum  is  more  or  less  hairy.  The  male  has  a  strong  hook  on 
the  first  foot,  and  between  the  terminal  claws  of  the  abdomen  is  a 

peculiar  intromittent  organ. 

Sp.  1.     LiCydigia  quadrang-ularis,  Leydig. 

(Plate  H.     Fig.  4.) 

Lynceuit  quadrangularis,  i.^Yi>iG,FRic. 
A.lona  leydigii,  schoedler,  p.  e.  mueller. 
Leydigia  quadrangularis,  kurz. 

The  shell  is  comparable  to  that  of  Alona  quadrangularis,  but 

higher  behind;  the  markings  are  not  very  distinct;  shell  trans- 
parent. The  head  is  very  small;  the  eye  smaller  than  or  of  about 

the  size  of  the  pigment  fleck.   The  post-abdomen  is  very  broad,  the 
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posterior  margin  nearly  the  segment  of  a  circle,  armed  with  numer- 
ous very  long  unequal  spines  which  extend  only  about  half  the 

hight,  being  replaced  by  short  close  hairs;  the  anal  opening  is  very 
high;  the  terminal  claws  are  long,  straightish,  and  have  a  small 
thorn  near  the  base. 

The  males  are  smaller  than  the  females,  and  the  abdomen  is  less 
broad;  the  antennules  are  longer  than  the  beak  and  furnished  with 
a  flagellum.  The  sexual  period  occurs  in  September  or  irregularly. 
This  species  has  only  been  encountered  once,  during  September,  in 
Poplar  river,  Cullman  county,  Alabama. 

Sp.  2.    Jjejdigisb  acantliocercoides,  Fischer. 

Lynceus  aco.nthocercoides.  Fischer,  leydig. 
Eurycercus  acantliocercoides,  schoedler. 
Alona  acantliocercoides,  p.  e.  mubller. 
Leydigia  acanthocercoides,  KUfiz. 
Leydigia  quadrangularis,  hbrktck. 

This  species,  reported  in  a  previous  paper,  is,  as  was  said,  nearest 

like  L.  acanthocercoides;  and  I  am  now  able  to  verify  the  very  in- 
conspicuous differences  upon  which  the  two  are  separated.  Our 

specimens  of  the  L.  quadrangularis  have  the  pigment  fleck  fully  as 
large  as  the  eye,  Kurz  to  the  contrary  notwithstanding,  and  the 

claw  of  the  post-abdomen  is  present,  while  in  the  present  species 
the  pigment  fleck  is  much  larger  and  furnished  with  lenses;  the 

spine  of  the  claw  is  wanting;  the  labrum  is  densely  hairy;  the  abdo- 
men is  narrower,  and  the  shell  higher.  The  shell  is  very  obviously 

striped  in  the  posterior  portion.  The  auus  is  higher  than  in  the 
previous  species.     In  other  respects  the  two  seem  alike. 

V. — Ge'N'us  Graptoleberis,  Sars. 

A  genus  containing  two  closely  allied  species,  having  some  affi  nities 
with  Alonella.  The  shell  is  entirely  reticulated,  and  there  is  a  sort 

of  crest  along  the  back;  while,  on  the  other  hand,  the  head  is  flat- 
tened and  rounded  in  front.  There  can  hardly  be  said  to  be  a  beak. 

Seen  from  above,  the  animal  resembles  some  species  of  Alonella, 

but  the  head  is  larger  proportionally  and  more  horizontal.  The 
lower  posterior  angle  is  spined.  The  antennae  have  seven  setse  and 
are  very  long,  in  this  respect  resembling  Camptocercus.  The  dorsal 

contour  is  not  greatly  arched.  The  post-abdomen  has  short  claws 
and  anal  bristles,  but  no  teeth. 
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Sp.  1.    Graptoleberis  testudinaiia,  Fischer. 

Lynceus  testudinarius,  leydig,  lilljebobg. 
Lynceus  reticulatus,  frig. 
Alona  teatudinaria,  schoedijER. 
ChraptolMberis  testudinaria,  kurz. 
Oraptoleheris  inermis,  bibge. 

Form  trapezoidal;  lower  margin  straight,  armed  behind  with  two^ 
teeth,  thickly  beset  with  long  hairs  in  front;  the  dorsal  margin  is 
not  greatly  elevated,  rounded  at  the  posterior  angle,  forming  a 

slight  '*hump"  where  it  unites  with  the  head  shield.  The  head  and 
shell  are  reticulated  with  hexagonal  or  quadrangular  markings. 

The  shell  gapes  below  and  rises  to  a  sharp  ridge  above.  The  an- 
tennae have  long  rami,  the  antennules  being  hardly  longer  than 

the  fornices.  The  eye  is  large;  the  pigment  fleck  is  small.  The 

post-abdomen  is  narrowed  toward  the  end,  rounded  in  front;  the 
terminal  claws  are  small  and  have  two  basal  teeth.  The  dorsal 

margin  of  the  post-abdomen  is  covered  with  tufts  of  hairs.  The 
winter  eggs  have  no  ephippium.  Length  0.55  mm.  to  0.7  mm.  The 

male  is  smaller  and  has  a  lower  dorsal  keel;  the  post-abdomen  is 
excavated  behind. 

The  only  differences  between  the  Minnesota  specimens  and  the 

typical  European  form  seemed  to  be  the  absence  of  the  very  minute 

spines  on  the  front  of  the  terminal  claws.  The  eye  and  pigment, 

fleck  are  of  about  the  proportions  figured  by  Kurz.  Birge's  figure 
of  the  post-abdomen  does  not  a2:ree  with  his  description  fully.  Our 
Minnesota  specimens  have  an  obvious  but  not  high  keel. 

Sp.  2.    Graptoleberis  reticulata,  Baird. 

Alona  reticulata,  baird,  p.  e.  mueixer. 
Lynceus  reticulatus,  lilljeborg,  letdig. 
Alona  esocirostris,  schoedleb. 
Oraptolel)eris  reticulata,  sars,  kurz. 

Shell  almost  rectangular,  reticulate,  ventral  margin  straight, 
ciliate  anteriorly,  with  two  teeth  behind.  Pigment  fleck  smaller 

than  the  eye.  Post-abdomen  short,  narrowed  towards  the  end, 

dorsally  covered  with  clusters  of  spines;  caudal  claws  with  a  minute- 
tooth  at  the  base.     Length  0.4  mm.  to  0.5  mm. 

The  pigment  fleck  is  nearer  the  end  of  the  beak  than  the  eye,  and 

is  smaller  than  in  the  previous  species,  but,  on  the  whole,  there  is< 
perhaps,  too  great  similarity. 
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Ti. — Genus  Crepidocercus,  Birge. 

The  characters  of  this  group  place  it  rather  near  Alonella  or  be- 

tween that  and  Pleuroxus.  Form  sub-quadrate  with  rounded 
angles;  dorsal  line  uniformly  arched,  terminating  in  a  sharp  angle 
behind;  lower  margin  convex,  armed  behind  with  a  single  spine  as 
in  Pleuroxus  unidens,  and  along  the  entire  length  with  loose  setae. 

Beak  of  moderate  length,  acute.  Post-abdomen  deeply  incised  in 
the  anal  region ;  lower  posterior  margin  straight,  rounded  at  the 
apex;  ventral  margin  straight  or  concave;  claws  with  a  single  basal 

spine  and  a  few  teeth.  The  post-abdomen  is  shoe-shaped  and 
armed  with  transverse  rows  of  setae. 

The  antennae  are  large,  having  eight  setae  and  the  usual  spines. 
Shell  smooth  or  reticulate, 

Sp.  J .    Crepidocercus  setiger,  Birge. 

(Plate  F.  Fig.  13.) 

Length  0.4  mm.  to  0.5  mm.  Minnesota  specimens  measured  0  5 

mm.  This,  the  only  species  of  the  genus,  is  but  rarely  encounter- 
ed, and  is  so  peculiar  as  to  be  easily  recognized  when  seen.  Alona 

intermedia  has  a  post-abdomen  with  clusters  of  bristles,  but  in 

Crepidocercus  the  post-abdomen  is  more  as  in  species  of  Graptoleberis 
than  any  other  genus.  The  markings  upon  the  shell  are  very 
indistinct. 

Yii. — Genus  Lynceus,  0.  F.  Mueller. 

The  perplexing  inter-relations  between  the  three  genera  Alona, 
Alonella  and  Pleuroxus  give  rise  to  the  utmost  confusion.  No  two 
authors  are  agreed  as  to  their  respective  limits,  and  the  points  given 
by  Kurz,  who  has  carefully  gone  over  the  ground,  are  obviously 
insufficient.  Although  there  may  be  practical  benefits  to  be  derived 
from  the  continuance  of  the  nomenclature  in  use  for  groups  which 

in  the  general  view  can  be  distinguished,  the  value  from  a  theoreti- 
cal standpoint  is  reduced  to  a  minimum. 

The  genus  Camptocercus  (including  here  Acroperus,  which  differs 

solely  in  the  form  of  the  abdomen,  as  a  sub-genus)  passes  through 
Alonopsis  into  the  group  represented  by  Alona.  Leydigia,  although 
very  near  such  forms  as  Alona  quadrangulata,  may  be  conveniently 

distinguished  as  a  transition  to  species  like  Ilyocryptus. 
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■Phrixura,  Graptoleberis  and  Crepidocercus,  each  contaming  few 
species  vrhich  can  be  readily  recognized,  fill  a  place  in  the  system; 
but  it  is  practically  impossible  to  distinguish  Alonafrom  Pleuroxus 
without  instituting  the  very  indefinite  genus  Alonella  to  contain  a 
variety  of  small  intermediate  forms,  Percantha,  Rhypophilus, 
Harporhynchus  and  Pleuroxus  seem  to  be  pretty  generally  regarded 
as  constituting  a  single  group  which  may  be  recognized  by  the 
long  rostrum,  high  shell  and  greater  development  of  the  antenna 
bristles.  Alona,  on  the  other  hand,  with  its  broader  fornices,  shorter 

beak,  fairly  developed  antennae,  and  more  rectangular  shell,  is,  per- 
haps, the  pivotal  point  of  the  group.  According  to  this  view,  then, 

the  old  name  Lynceus  is  revived  for  the  aggregate;  and  the  other 
names  are  retained,  in  part,  as  titles  of  largely  conventional  groups 

or  sub-genera,  thus: 

Genus  Lynceus. 

Sub-genus  Aloka. 
Section  A.    Alona  vera. 
Section  B.    Alonella, 

Sub-genus  Pleuroxus. 
Section  A.    Pleuroxus  verus. 

Section  B.    Leptorhynchus.  ^ 

Characters  of  Percantha  and  Rhypophilus  are  combined  in  the 
species  P.  procurvus,  Birge,  so  that  one  must  be  dropped  or  new 
diagnoses  formulated.  I  am  not  sure  that  the  same  species  is  not 

at  first  Pleuroxus  verus  ̂   and  only  later  assumes  the  form  known 
as  Rhypophilus.  So  with  Percantha  the  amount  of  serrature  of 
the  posterior  margin  is  in  part  a  question  of  age. 

Sub-genus  Alona. 

This  group  contains  two  sections  which  resemble  each  other  in 
form  and,  in  general,  in  detail;  but  it  is  exceedingly  difficult  to 
formulate  a  diagnosis  that  shall  strictly  limit  it.  The  form  is 

generally  sub-quadrangular  with  rounded  corners;  the  terminal 
claw  is  armed  with  but  a  single  spine  at  the  base;  the  beak  is  rather 

short;  and  the  prevailing  marking  consists  of  longitudinal  lines. 

Section  A.    Alona  (vera).    Baird. 

This  genus  contains  a  large  number  of  minute  animals  which 
are  widely  distributed. 

1  Instead  of  Harporhynchus,  a  name  preoccupied  in  zoology. 
2  Embryos  of  P.  procurvus  have  the  part  which  is  to  be  curved  forward  attenuated 

before  leaving  the  brood-cavity,  however. 
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The  authors  who  have  done  the  most  to  elucidate  this  genus  are 
Schoedler,  P.  E.  Mueller,  and  Kurz.  Birge  has  contributed  most 

largely,  thus  far,  to  the  knowledge  of  American  species,  which  are, 

for  the  most  part,  identical  or  very  close  to  the  European.  No 
other  genus  is  so  difficult  among  the  Lynceidse,  for  the  most  minute 
differences  are  relied  upon  to  distinguish  species.  The  species  of 

this  genus  are  not  greatly  altered  by  the  production  of  the  winter 
eggs.  The  males  are  frequently  but  little  smaller  than  the  opposite 

sex,  and  are  recognized  by  the  altered  form  of  the  post-abdomen 
and  the  presence  of  a  hook  on  the  first  foot.  The  form  is  more 

perfectly  rectangular  than  in  the  next  section;  the  shell  is  only 
exceptionally  reticulated  and  very  rarely  tuberculate,  occasionally 
smooth.  The  lower  angle  of  the  shell  is  not  armed  with  spines, 
but  is  generally  rounded.  There  is  only  one  basal  spine  upon  the 

claw  of  the  post-abdomen,  which  usually  bears  a  row  of  scales  beside 
the  anal  spines.  The  antennae  have  eight  seta3.  The  claw  of  the 

male  post- abdomen  is  removed  from  the  lower  angle. 
About  twenty  species  are  known,  all  of  which  that  seemed  recog- 

nizably defined  have  been  included  in  the  following  key,  which  is 
believed  to  be  more  nearly  natural  in  its  arrangement  than  that  of 

Kurz,  which  would  separate  the  European  and  American  represen- 
tatives of  the  A.  parvula  group.  Many  more  forms  remain  to  re- 

ward the  labor  of  American  students.  Those  mentioned  from 

Minnesota  could  probably  all  be  found  by  a  few  days  search  in  one 
locality. 

Key  to  Section  A,  Alona. 

*A.     Shell  reticulate. 
(a)  Reticulations  liorizontal. 

1.  A.  guttata,  Sars.  • 
(b)  Keticulations  oblique. 

2.  A.  angulata,  Birge. 

B.     Shell  lined,  smooth  or  tuberculate. 
(a)  Over  0.5  mm.  in  length. 

I.  Shell  densely  striate. 

3.  A.  sanguinea,  P.  E.  Mueller. 

II.  Shell  normally,  evidently  striate. 

*  Post-abdomen  narrowed  at  the  end. 
t  Armed  with  elongate  teeth  below. 

4.  A.  tenuicaudis,  Sars. 

t+  Teeth  of  pobt-abdomen  nearly  equal. 
5.  A.  lineata,  Fischer.    (Shell  arched .) 
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6.    A.  modesta,  Herriok.  (Shell  straight  above.) 
**  Post-abdomen  not  narrowed. 
+  Antennae  with  seven  setae. 

(?)  7.    A .  costata,  Sars. 
ft  Antennae  with  eight  setae. 

8.  A.,  quadrangularis,  Mueller. 
IIL    Shell  faintly,  irregularly  striped;  eye  of  same  size  as  pigment  fleck. 

9.  A.  oblonga,  P.  E.  Mueller. 
IV.    Shell  smooth. 

10.  A.  afflnis,  Leydig, 

<b)  Under  0.5  mm.  in  length. 

I.  Post-abdomen  armed  with  a  row  of  hairs  terminating  in  large  teeth. 
11.  A.  dentata,  P.  E.  Mueller. 

II.  (One  or)  two  rows  of  teeth  present. 

*  Shell  densely  and  evenly  striate. 
12.  A.  elega7is,  Kurz. 

**  Shell  not  densely  lined. 
t  Shell  smooth  or  lined  longitudinally. 

t  Teeth  of  post-abdomen  unequal,  the  lower  ones  enlarged. 
13.  A.  porrecta,  Blrge. 

tt  Teeth  nearly  equal. 

§  Form  elongated  ;  abdomen  with  a  lateral  line  of  spiny  scales. 
14.  A.  spinifera,  Schoedler. 

§§  Form  squarish  ;  abdomen  with  a  lateral  line  of  simple  spines  or  bristles,  or 
neither. 

15.  A.  parvula,  Kurz. 

16.  A.  glacialis,  Birge. 

Xtt  Clusters  of  bristles,  not  spines,  on  the  posterior  edge  of  the  post-abdomen. 
17.  A.  intermedia,  Sars. 

++  Shell  smooth  or  tuberculate. 

18, 19.    A.  tuberculata,  Kurz,  Herrlck. 

Sp.  1.    Alona  guttata,  Sars. 

A  small  species  ©f  sub-quadrangular  form.  The  beak  is  very  short; 
the  eye  small,  but  larger  than  the  minute  pigment  fleck.  The  shell 
is  short,  with  a  rounded  posterior  angle  and  marked  by  hexagonal 
or  rectangular  meshes  running  about  parallel  with  the  lower  margin. 

The  post-abdomen  is  of  moderate  size,  rounded  at  the  apex,  with  a 
series  of  stout  teeth  behind;  the  terminal  claw  has  a  minute  basal 

spine.  P.  E.  Mueller,  in  Danmark's  Cladocera,  confused  this  with 
A.  intermedia,  which  he  described  under  this.  The  post-abdomen 
in  that  species  is  larger,  less  rounded  behind,  and  armed  with 
clusters  of  spines  instead  of  teeth.  The  length  is  about  0.3  mm. 
in  both. 
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Sp.  2.    Alona  ang-ulata,  Birare. 

Dorsal  margin  considerably  arched,  terminating  in  a  more  or 
less  obvious  angle  at  the  hinder  corner;  the  hinder  edge  is  convex, 
as  is  also  the  front  margin;  the  ventral  margin  bears  plumose  setae. 
Beak  pointed,  extending  nearly  to  level  of  ventral  margin  of  the 
valves.  Fornices  broad.  Shell  obviously  striated  diagonally  and 

less  obviously  marked  by  cross  lines.  Post-abdom  3n  broad,  trun- 
cate; about  twelve  anal  teeth,  with  a  series  of  scales  and  hairs  back 

of  them.  The  pigment  fleck  is  much  smaller  than  the  eye.  Male 

smaller;  beak  shorter;  post-abdomen  with  a  lateral  row  of  hairs; 
anterior  feet  hooked;  sculpture  less  distinct.  [Birge.]  Length  of 
female  0.4  mm;  male  0.35  mm. 

Sp.  3.    Alona  sanguinea,  P.  E.  Mueller. 

(Plate  I.    Fig.  20.) 

Body  nearly  rectangular;  ventral  margin  nearly  straight,  with 

short  setae;  posterior  angle  rounded,  unarmed.  Beak  short;  pig- 
ment fleck  much  larger  than  the  eye.  Post-abdomen  large,  the 

end  truncate,  broadened;  posterior  margin  rounded,  with  a  series 
of  spines  and  a  lateral  row  of  scales;  terminal  claw  with  a  small 
spine.  The  shell  is  ornamented  with  fine,  close,  longitudinal 
striations.  Length  0.9  mm.  Alona  elegans  is  very  near  to  this 
and  should  have  followed.  In  August,  1878,  I  took  an  Alona 

marked  as  in  A.  sanguinea  and  agreeing  with  Maeller's  description 
in  all  points  which  can  be  verified  in  the  drawing.  The  small  size 
of  the  eye  is  remarkable  for  so  large  an  animal.  I  have  never  again 

seen  this  species;  it  seems  to  be  very  rare  here  and  in  Europe. 

Sp.  4.    Alona  tenuicaudis,  Sars. 

(Plate  I.    Fig.  11.) 

Alona  tenuicaudis,  sabs,  p.  b.  MUELiiER,  kubz.   ^ 
A  lona  camptocercoides,  schoedler. 

Form  nearly  rectangular;  ventral  margin  rounded,  with  long 
setae,  posterior  angle  rounded.  Beak  short,  pigment  fleck  smaller 

than  the  eye.  Post-abdomen  with  sides  parallel,  long,  incised 
below;  lower  angle  armed  with  about  six  strong  teeth,  remainder 
of  the  series  small;  a  lateral  line  of  scales  present;  claws  with  a 

strong  basal  spine.  The  shell  is  striate  with  longitudinal  lines. 
Length  0.5  mm. 

One  of  the  most  easily  recognized  species;  not  identified  in 
America. 



96  TWELFTH  ANNUAL  REPORT. 

Sp.  5.    Alona  lineata,  Fischer. 

Lyneevis  Uneatus,  fischer,  leydig. 
Alona  lineata.  scuoedlbr,  p.  e.  mueller,  kurz. 
Alona  rectangularis,  sars. 

The  upper  margin  is  rounded,  the  lower  one  somewhat  sinuate,, 

with  setae  of  moderate  length.  The  beak  is  tolerably  long,  reach- 
ing nearly  to  the  level  of  the  lower  margin  of  the  shell;  the  pig- 

ment fleck  is  less  than  the  eye,  to  which  it  is  much  nearer  than  to 

the  end  of  the  beak.  Post-abdomen  short,  broad  and  tapering 
toward  the  end,  truncate,  armed  with  about  ten  large  teeth; 
caudal  claws  with  a  small  basal  tooth.  Shell  marked  with  distinct 

lines  running  horizontally.  The  ephippial  females  are  recognized 
by  a  deep  color  and  the  greater  elevation  of  the  back.  Length 
0.5  mm.,  0.6  mm.  The  male  has  a  weak  hook  on  the  first  foot,  and 

the  post-abdomen  is  narrowed  toward  the  end;  the  terminal  claw 
has  no  spine. 

The  Minnesota  representative  of  this  widely  distributed  species 
differs  in  some  respects.  The  lower  margin  is  nearly  straight  f and 
rather  sparsely  hairy;  the  beak  is  blunt,  but,  on  account  of  the 

spreading  of  the  extremely  wide  fornices,  does  not  appear  so  except 

under  pressure. 
The  beak  reaches  nearly  to  the  lower  shell  margin.  The 

antennules  are  narrow,  one  or  more  of  the  setae  being  elongated* 
The  dorsal  margin  is  either  nearly  straight  or  strongly  arched 
behind;  in  either  case  the  greatest  hight  of  the  shell  is  back  of  the 

middle.  The  pigment  fleck  is  large.  The  post-abdomen  is  just  as 
in  A.  lineata,  but  the  lateral  row  seems  to  be  of  spines  rather  than 
fringed  scales.  The  shell  is  marked  by  rather  evident  or  indistinct 

lines.  The  form  agrees  pretty  well  with  Schoedler's  figure,  except 
that  the  posterior  shell  margin  is  much  higher.  The  antennae 
have  eight  setae,  but  the  last  one  is  very  weak.  The  terminal 
setae  seem  sometimes  to  be  spined,  ab  figured  by  Schoedler,  but  in 

some  specimens  they  are^  perfectly  smooth.  There  is  a  circlet  of 
spines  on  the  second  joint  of  the  setose  ramus.  There  is  a  hair  on 
the  inner  aspect  of  the  protuberance  of  the  labrum.  The  eye  is 
somewhat  nearer  the  pigment  fleck  than  is  the  end  of  the  beak. 
If  it  is  desirable  to  apply  a  new  name  to  a  form  at  least  so  near  the 

European  A.  lineata,  it  may  bear  the  name  first  given  it  in  my 
note-book. 
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?    Sp.  6.    Alona  niodesta.    (Sp.  n.) 

(Plate  H,  Fig.  3;  and  Plate  Q,  Fig.  4.) 

The  length  varies  between  0.41  mm.  and  0.55  mm.  The  smaller 

forms  have  the  back  most  rounded,  while  a  specimen  0.55  mm. 

long  will  appear  very  like  A.  quadrangularis.  Males  are  elongate; 
hook  of  first  foot  strong,  accompanied  by  a  heavy  growth  of  small 
spines;  terminal  claw  of  abdomen  with  a  minute  spine. 

?    Sp.  7.    AloDa  costata,  Sars. 

Founded  practically  upon  the  absence  of  the  eighth  seta  of  the 

antennae.  The  description  given  by  Sars  will  not  render  it  recog- 
nizable so  that  there  is  no  occasion  to  repeat  it  here.  In  all  the 

species  of  this  section  the  eighth  seta  is  small  and  may  be  absent. 

Sp.  8.    Alona  quadrangularis,  Mueller. 

(Plate  E.     Figs.  1—2.) 
Alona  sulcata,  schoedler. 
Alona  quadrangularis,  p.  e.  mueller,  ktjrz,  herrick.     The  further  synonomy  of 

the  species  may  well  be  doubtful,  for  there  are  species  so 
closely  allied  as  to  render  a  strict  determination  difficult. 

Lynceus  quadrangularis,  o.  f.  mueller,  is  the  name  employed,  and  is  thought  to  he 
identical  with  the  Alona  quadrangularis  of  Baird. 

Shell  quadrangular,  highest  behind;  lower  margin  straight; 
posterior  margin  curved;  lower  angle  rounded,  striped  with  rather 
evident  lines  which  are  parallel  and  straight.  The  beak  is  quite 

long;  the  pigment  fleck  is  smaller  than  the  eye.  The  post-abdomen 
is  broadest  near  the  end,  where  it  is  strongly  rounded;  the  numer- 

ous anal  spines  are  strong  and  emarginated,  supported  by  a  lateral 
series  of  scales;  the  terminal  claw  and  its  basal  spine  (in  American 
forms)  are  denticulate  (Kurz  says  smooth  in  European  specimens). 

The  feet  are  of  the  typical  Alona  form  (see  plate  E,  fig.  1).  The 

shell  gland  is  rather  conspicuous;  no  true  ephippium.  The  abdo- 
men of  the  male  lacks  the  spines,  but  is  otherwise  similar.  Length 

0.6  mm.  to  0.7  mm.  Less  abundant  in  Minnesota  than  the  next. 

Both  this  and  the  following  species  were  recognized  in  1878,  but 

were  thought  to  be  the  same  species.  (See  Microscopic  Entomostra^ 
ca^  p.  109.) 

Sp.  9.    Alona  oblonga,  P.  E.  Mueller. 

Alona  oblonga,  KCRZ,  BIRGE. 

Alona  quadrangularis,  LILLJEBORG. 

Differs   from  A.  quadrangularis  in   the   following   points: — the 
greatest  bight  of  the  shell  is  anterior  to  the  middle;  the  lines  are 

7 
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less  evident,  and  all  confined  to  the  lower  part  of  tlie  shell,  while 
the  centre  of  the  valves  is  marked  with  very  minute  striae;  the 

pigment  fleck  equals  the  eye;  and  the  post-abdomen  is  of  about  the 
same  width  throughout  and  hardly  as  round  below.  This  and  the 
proceeding  species  have  a  well  marked  keel  on  the  process  of  the 
labrura.  The  size  is  greater,  this  being  one  of  the  largest  and  most 
abundant,  as  well  as  one  of  the  most  striking  species.  It,  perhaps, 
should  rank  as  a  well  marked  and  permanent  variety  of  the  above. 

Length  0.9 — 1.0  mm.  The  abdomen  of  the  male  is  narrowed  at 
the  end  and  lacks  the  teeth.     Lakes  about  Minneapolis. 

(A  small  form  of  A.  quadrangularis  in  lake  Calhoun  had  the  eye 

and  pigment  fleck  equal  and  the  terminal  claw  smooth.) 

Sp.  10.    Alona  affinis.  Ley  dig-. 

(Plate  F.    Fig.  14.) 
Lynceus  affiinis,  LETDIG. 
Alona  affinis,  SCHOEDLER. 

Form  sub-quadrangular;  hight  about  once  and  one-half  in  length; 
the  dorsal  outline  forming  a  regular  and  low  curve  from  end  of  head 

to  upper   posterior   marsfin;  lower  outline  very  slightly  sinuate, 

anterior  one  not  at  all:  posterior  angles  rounded;  head  nearly  hori- 
zontal; eye  of  moderate  size;   pigment  fleck  considerably  smaller; 

antennules  rather  large,  with  unequal  sensory  hairs  at  the  end,  one 

spine  just  above  the  end  in  front  and  a  bunch  of  minute  hairs  near 
the  base  behind;  antennae  comparatively  large,   basal  joint  spiny, 
outer  ramus  with  three  setae,  two  of  which  have  thorns  at  their 

middle,  also  a  terminal  spine;  inner  branch  with  two  of  the  termi- 
nal setae  thorned  and  the  upper  lateral  seta  reduced.     The  post- 

abdomen  is  very  broad  and  short,  expanded  below  and  rounded  at 
the  end;  the  terminal   claws  are  straightisb,  denticulate,   and  the 

spine  at  the  base  is  also  dentate;  there  is  a  series  of  heavy  spines 

on  the  upper  margin  of  the  post-abdomen,  accompanied  by  a  series 
of  scales  on  the  side.   The  shell  is  unornaraented  and  fringed  below 

with  short  bristles.     Length  0.9  mm.,  or  more.     This  fine  species 

is  recognized  by  its  smooth  shell,  the  horizontal  position  of  the 

head,  and  the  form  of  the  post-abdomen;  it  belongs  among  the 
largest  of  the  genus.     Lakes  near  Minneapolis,  not  rare. 

Birge  quotes  A.  spinifera  from  Wisconsin.     In  all  probability 
that  species  is  the  younger  stage  of  the  above. 
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Sp.  11.    Alona  dentata,  P.  E.  Mueller. 

(Plate  I.     Figs.  12—13.) 

Form  sub-rectangular,  somewhat  arched  above,  obscurely  longi- 
tudinally striated;  lower  angle  obtuse,  margined  below  with  short 

setae.  Post-abdomen  small,  slender,  armed  with  a  lateral  line  of 
scales  and  two  strong  teeth  at  the  lower  angle;  claw  with  a  minute 

basal  spine.  The  form  of  the  post-abdomen  is  identical  with  "Har- 
porhynchus"  falcatus,  Sars,  which  this  species  also  resembles  in 
having  the  pigment  fleck  larger  than  the  eye,  and  in  general  form 
and  the  character  of  the  striation.  The  beak,  however,  is  very 
short.  In  size  P.  E.  Mueller  says  it  is  among  the  smallest  of  the 

genus. 
Sp.  12     Alona  elegans,  Kurz. 

(Plate  I.    Fig.  14.) 

Form  rectangular;  back  slightly  elevated,  posterior  margin  high, 

lower  margin  straight.  Shell  covered  with  minute  striations  spring- 
ing from  the  region  of  the  attachment  of  the  head  shield.  Head 

rather  large,  pigment  fleck  smaller  than  the  eye.  The  antennae 
have  eight  setae  and  a  circlet  of  spines  on  the  second  joint  of  the 

inner  ramus,  and  a  single  thorn  on  its  first  joint.  The  post-abdo- 
men is  short  and  broad,  rounded  at  the  end,  and  is  armed  with 

about  ten  anal  teeth  and  a  lateral  row  of  scales.  Length  0.4  mm.- 
0.5  mm. 

Sp.  13,    Alona  porrecta,  Birge. 

Sub-rectangular  ;  ventral  line  nearly  straight;  valves  marked  by 
longitudinal  striae;  beak  short.  Post-abdomen  truncate,  with  about 
twelve  teeth,  three  or  four  of  which  at  the  end  are  larger,  and  a 
row  of  hairs  above  the  teeth.  Male  similar.  Length  0.34  mm. 

Distinguishable  from  the  following  small  species  in  the  armature 

of  the  post-abdomen. 

Sp.  14.    Alona  spinifera,  Schoedler. 

If  not  the  young  of  A.  affinis,  this  little  species  mimics  it  very 
closely.  The  head  is  less  horizontal  and  more  acute  than  in  that 
species,  otherwise  almost  identical  excepting  in  size  which  is  about 

one-third.  The  sensory  setae  of  the  antennules  are  said  to  be  nearer 
equal.  Found  by  Birge  m  Massachusetts  and  Wisconsin,  but  not 
yet  encountered  in  Minnesota. 
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Sp.  15.    Alona  parvula,  Kurz. 

The  body  is  sub-quadrangular,  arched  above;  ventral  margin 
straight,  rounded  behind.  Shell  marked  by  longitudinal,  feeble 

and  irregular  lines.  The  post-abdomen  is  narrower  toward  the  end, 
with  eight  or  more  teeth;  the  row  of  scales  is  absent;  at  the  end  it 

is  sharply  truncate  and  incised;  the  claws  have  short  basal  spines.. 
Hardly  to  be  distinguished  from  the  next. 

(18  )    Alona  parvula,  var.  tuberculata,  Kurz. 

Alona  tuherculata,  kurz. 
Alona  verrucosa,  lutz. 

The  species  described  by  Kurz  in  1874,  and  more  at  length  by 

Lutz  under  a  different  name  in  1878,  appears  to  be  simply  a  tuber- 
culate  variety  of  the  above.  Observations  upon  the  American  re- 

presentatives of  the  two  forms  indicate  a  close  relationship  between 
them.  The  shell  is  covered  with  rows  of  tubercles  (or  depressions?) 
which  vary  in  number  greatly. 

Sp.  16.    Alona  glacialis,  Birge. 

(Plate  G.    Figs.  2,  3  and  8.) 

I  do  not  know  how  to  distinguish  this  certainly  from  A.  par- 
vula. It,  however,  seems  to  have  the  lower  angle  of  the  post-abdo- 

men less  squarely  truncate  and  the  incision  less  obvious.  Birge 
says  that  the  abdomen  is  rounded.  I  have  found  specimens  which 

apparently  belong  here,  with  the  post-abdomen  rather  sharply 
angled  and  deeply  incised;  there  were  about  fourteen  teeth  with  a 
row  of  hairs  in  front.  The  form  is  hardly  to  be  distinguished  from 

another  variety  which  has  a  shorter  post-abdomen,  rounded  below^ 
and  with  only  about  seven  or  eight  teeth  and  with  a  smooth  shell. 
This  form  passes  directly  into  a  tuberculate  variety,  having  the 

post-abdomen  similar  bat  the  shell  covered  with  numerous  rows  of 
tubercles.  Sometimes  a  transition  from  a  lined  shell  to  a  tuber- 

culate shell  is  seen  (as  in  plate  G,  fig.  14).  Alona  tuberculata,  Kurzr 

is  said  to  have  a  truncate  and  incised  post-abdomen  with  no  lateral 
row  of  hairs,  Birge  thinks  these  identical;  if  so,  our  form  referred 
to  A.  glacialis  is  identical  with  A.  parvula.  There  is  also  a  form 
found  with  the  above  in  which  no  markings  are  visible  and  the 

shell  is  considerably  arched;  these  were,  however,  nearly  all  ephip- 
pial  females  or  approaching  that  period. 
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(19.)    Alona  glacialis  ( ?),  var.  tuberculata,  (Var.  n.) 

(Plate  G.     Figs.  4—7  and  14), 

will,  then,  be  our  tuberculated   Alona  with  a  lateral  row  of  scales 
and  a  series  of  fine  spines  along  the  anus. 

Alona  glacialis  (?),  var.  Isevis,  (var.  n.) 

is  the  smooth  form  with  higher  dorsal  margin. 
The  antennae  of  the  two  last  have  spines  at  the  end  of  the  rami 

of  the  antennae,  a  circlet  of  spines  on  the  outside  of  the  second  joint 
of  the  setose  ramus,  and  a  spine  on  the  basal  joint  of  the  other 
ramus;  two  of  the  setae  at  the  end  of  the  setose  ramus  bave  spines 
at  the  angles.  The  males  found  among  the  above  small  forms  have 
the  same  characters  as  var.  Isevis  and  the  abdomen  is  rounded  at 

the  end;  the  claw  is  situated  in  the  middle  of  the  lower  margin,  in 

front  being  the  opening  of  the  porus  genitalis  and  behind  a  cluster 
of  hairs;  the  spines  are  absent,  but  there  is  a  lateral  row  of  long 
bristles.   A  strong  hook  is  found  on  the  first  foot.   Length  0.3  mm 

Sp.  17.    Alona  iiiterineclia,  Sars. 

(Plate  I.    Fig.  15.) 

Alona  guttata,  p.  e.  mueller. 

Form  sub-rectangular,  rounded  below;  beak  short;  shell  marked 
by  longitudinal  lines,  which  may  be  broken  into  indistinct  rec- 

tangular meshes/  Post-abdomen  short  and  wide,  rounded  at  the 
end,  ornamented  by  clusters  of  minute  spines  behind  as  well  as  a 
lateral  row  of  scales.     About  0.3  mm.  long. 

Section  B.    Alon"ella,  Sars. 

In  this  group  are  included  small  species  with  a  combination  of 
characters,  forming  the  link  between  Alona  and  Pleuroxus.  An 
obvious  character  is  the  fact  that  the  shell  is  usually  partly  marked 
by  oblique  striae,  which  run  in  two  directions:  first,  a  set  extending 
forward  and  upward  from  the  lower  posterior  angle  of  the  valves; 
second,  a  set  springing  from  the  anterior  and  lower  angle,  running 

across  the  others.  At  the  central  part  where  these  two  series  in- 
tersect, they  each  become  zigzag;  th^  result  is  a  series  of  hexagonal 

markings,  which  may  extend  to  the  middle  of  the  lower  margin. 
The  beak  is  short  and  the  fornices  broad;  the  shell  is  more  or 

less  rectangular,  but  somewhat  elevated  in  the  middle  above- 
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There  are  usually  but  seven  setae  on  the  antennae,  or  the  eighth 
is  a  minute  hair;  on  the  ramus  having  the  lateral  setae  one  of  the 

terminal  setae  is  frequently  reduced.  In  many  cases  the  Avhole 
shell  is  marked  by  minute  striae  in  addition  to  the  proper  markings, 
but  this  is  also  found  in  some  species  of  the  true  Pleuroxus.  Kurz. 

gives,  as  a  character  of  Alonella,  the  presence  of  but  a  single  basal 

spine  to  the  claw  of  the  post- abdomen;  but  P.  E.  Mueller  figures 
two  spines  on  the  claws  of  one  of  his  species  (A.  exigua),  and 
Schoedler  figures  eight  setse  on  the  antenna  of  A.  excisa.  American 
specimens  of  A.  excisa  and  of  A.  pygmaea  both  certainly  have  a 
very  minute  eighth  seta.  There  remains,  therefore,  positively  no 

point  which  can  be  relied  upon  to  distinguish  these  little  lynceids- 
from  Pleuroxus  or  Alona.  Perhaps,  however,  these  species,  as  a. 

group,  may  be  recognized  by  what  has  already  been  said.  Three- 
species  are  found  in  Minnesota. 

A.  Rostrum  long,  bent  backwards. 
1.  A.  rostrata,  Kocli. 

B.  Kostrum  short. 

L    Lower  posterior  angle  toothed. 

(a)  Shell  more  or  less  reticulate. 

*  Eeticulated  areas  minutely  striate. 
2.  A.  pulchella,  Herrick. 
3.  JL.  excisa,  Fischer. 

**  Reticulated  areas  smooth. 

t  Head  depressed. 
4.  A.  exigua,  Lilljeborg. 

tt  Head  horizontal. 

(?)  5.    A.  grisea,  Fischer, 

(b)  Shell  marked  by  lines  running  diagonally  upward  and  backward. 

6.  A.pygmcea,Sa,vs. 
II.    Lower  posterior  angle  smooth,  shell  longitudinally  striate. 

7.  A.  striata,  Schoedler. 

Sp.  1.    Alonella  rostrata,  Koch. 

Lynceus  rostratus,  koch,  lilljebobg,  schoedler. 
Alonella  rostrata^  sars,  kurz, 
Alona  rostrata,  p.  b.  mueller. 

Body  long,  rapidly  narrowed  behind;  dorsal  line  strongly  arched 
in  front  toward  the  depressed  head;  the  lower  margin  straight,  with 

0 — 3  small  teeth  at  the  angle.  The  fornices  are  broad,  but  the  beak 

is  sharp;  the  pigment  fleck  is  but  little  smaller  than  the  eye,  to- 
which  it  is  three  times  nearer  than  to  the  beak.  The  post-abdo- 

men is  long,  very  much  as  in  A.  excisa,  but  longer.     Length  0.4 — 
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0.5  mm.  Schoedler  says  the  lower  margin  is  concave  and  the  angle 
unarmed,  a  condition  not  inconsistent  with  specific  identity,  as  can 

be  seen  in  many  other  species.  The  shell  seems  to  be  variablj^ 
marked,  but  most  conspicuous  are  the  diagonal,  curved  striae. 

Schoedler  compares  the  sculpture  to  P.  exiguus;  Kurz,  however, 
leaves  the  impression  that  only  slight  reticulation  is  present  in  the 
female. 

The  male  has  the  post-abdomen  narrowed,  ornamented  with 
clusters  of  hairs  behind,  and  the  small  claws  have  no  basal  spine, 
while  the  genital  opening  is  in  front  of  the  claws. 

Sp.  2,    Alonella  pulchella.    (Sp.  n.) 

(Plate  Q.    Figs.  1—3.) 

A  minute  form  very  recently  obtained  is  described  under  the 
above  name.  Although  closely  allied  to  A.  exigua,  this  species  is 
more  like  Graptoleberis  than  any  other  member  of  the  genus.  It 
is  the  smallest  of  the  lynceids,  excepting  A.  pygmsea.  The  shell 
is  high  and  rather  strongly  arched;  the  posterior  margin  is  short 
and  armed  with  four  teeth  below,  which  point  in  different  directions 
as  in  Graptoleberis.  The  head  is  short  and  the  antennules  long. 
The  pigment  fleck  is  of  moderate  size,  but  smaller  than  the  eye. 

The  post-abdomen  is  short,  rounded  below,  and  armed  with  sharp 
and  small  anal  teeth,  besides  which  is  an  inconspicuous  row  of 

rLinute  setae.  The  claw  is  very  small,  and  has  a  single  very  minute 
tooth.  The  shell  is  marked  by  reticulations,  which  below  are 

regular  hexagons  but  above  pass  into  elongated  meshes,  and  finally 
on  the  beak  and  head  become  longitudinal  striations.  The  areas 
are  lined  as  in  A.  excisa.  Thus  this  species  combines  the  form  of 
abdomen  of  A.  exigua  with  the  teeth  of  Graptoleberis  and  the 
markings  of  A.  excisa. 

Length  hardly  0.27  mm.  Motion  active.  The  specimen  figured 
contained  a  single  large  ovum.  The  head  may  possibly  have  been 

somewhat  protruded  by  pressure.   Habitat,  vicinity  of  Minneapolis. 

Sp.  3.    Alonella  excisa^  Fischer. 

(Plate  E,  Fig.  6;  and  Plate  G,  Figs.  10.  11.) 

Lyneeiis  excisus,  fischer. 
Pleuroxus  excisus,  schoedler. 
Alonella  excisa,  kurz. 
?  Pleuroxus  insculptu^,  birge. 

This  species  is  closely  allied  to  Alonella  exigua;  yet  that  species 

shows  appreciable  differences,  (which  can  hardly  be  claimed,  per- 
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haps,  for  Pleuroxus  insculptus.)  The  various  authors  who  have 
written  of  this  lynceid  have  all  laid  emphasis  upon  the  sculpture  of 
the  shell,  almost  to  the  exclusion  of  other  points  in  the  description. 
Prof.  Birge  has  found  a  quite  different  form,  apparently,  which  has 

the  same  peculiar  markings;  and  even  the  common  Alona  oblonga 

has  a  part  of  the  valves  covered  by  minute  striations.  Schoedler's 
figure  of  this  species  is  unrecognizable;  but,  as  identified  by  Kurz, 
the  species  seems  undoubtedly  the  same  that  is  common  in  shallow 

pools  in  Minnesota,  during  autumn,  and  probably  also  in  Massa- 
chusetts. 

The  variations  to  which  this  species  is  subject  are  considera- 
able  and  may  account  for  the  marked  disagreement  in  the 
accounts  of  our  ditierent  authors.  Schoedler  gives  his  specimens 

a  length  of  .20-.25  mm.,  while  Kurz  says  .35  mm.  Birge  gives 
,27  for  the  length  of  Pleuroxus  insculptus,  and  our  specimens 
varied  in  the  same  gathering  between  .24  mm.  and  .40  mm. 
Schoedler  figures  three  teeth  at  the  lower  posterior  angle;  Kurz 

says  "several  (4);"  Birge  describes  one  or  two,  and  Minnesota 
specimens  show  gradual  transitions  from  an  inconspicuous  angle 

to  three  or  perhaps  four  teeth.  These  teeth  are  the  extensions  of 
some  of  the  strong  ridges  or  crenulations  which  mark  the  shell. 

P.  E.  Mueller's  figures  of  the  shell  and  abdomen  of  P.  exigua 
would  apply  to  our  species  perfectly,  save  the  absence  of  minute 

striations;  Kurz's  statements  with  reference  to  the  differences  bet- 
tween  these  two  forms  seem  to  agree  only  in  part  with  those  of 
Schoedler.  I  must  here  express  my  suspicion  that  the  Pleuroxus 
aculeatus,  P.  exiguus  and  P.  excisus  all  belong  under  this  species. 
I  have  seen  a  small  form  which  lacked  the  fine  striations;  and  there 

appeared  to  me  to  be,  at  times,  a  slight  indication  of  a  second  series 

of  hairs  upon  the  post-abdomen. 
The  form  is  oblong,  truncate  behind,  variously  arched  above,  but 

usually  with  a  rather  low,  evenly  curved  dorsal  contour;  the  lower 

shell  margin  is  either  nearly  straight  or  convex  in  front  and  con- 
cave along  the  posterior  third,  and  is  heavily  beset  with  very  long 

pectinate  bristles.  The  head  is  moderately  depressed,  with  a  very 
broad,  blunt  and  short  beak  (in  some  positions  this  beak  seems 
acute,  but  it  is  an  optical  delusion);  the  fornices  are  very  broad, 
covering  the  antennules  completely;  seen  from  above  the  head  is 

broad  and  truncate  in  front;  the  eye  is  larger  than  the  large  pig- 
ment fleck,  which  is  nearer  it  than  the  end  of  the  beak.  The 

antennse  have  eight  setae,  the  last  of  which  is  minute;  the  fivr- 
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spined  ramus  has  a  strong  thorn  on  the  end,  and  the  inner  terminal 

seta  is  reduced.  The  post-abdomen  is  rather  broad  and  truncate 
or  somewhat  rounded  below;  its  length  is  very  variable,  being 
short  in  small  individuals;  its  form  is  subject  to  concomitant 
variations.  The  seven  to  eleven  anal  spines  extend  m  a  series  of 

miuute  bristles  above  the  anus.  The  lower  posterior  angle  of  the 

shell  bears  one  to  four  teeth;  the  marking  consists  of  wavy  ridges 
and  striiie,  producing,  by  the  crossing  of  two  sets  springing  from 
the  two  lower  angles,  a  reticulation  covering  more  of  less  of  the 

entire  shell.  The  head-shield  and  the  spaces  between  these  mark- 
ings are  densely  striated.  Color  yellowish,  often  opaque.  Length 

0.24.-0.40  mm.  At  times  abundant.  Birge  alone  has  seen  the 

males;  his  description  agrees  with  Kurz's  account  of  the  male  of 
A.  exigua,  save  that  the  former  speaks  of  spines,  and  the  latter  of 

thorns,  along  the  post-abdomen. 

Sp.  4.    Alonella  exig^ua,  Lilljeborg. 

Lynceus  exiguus,  lilljeborg,  leydig,  fric. 
Alonella  exigua,  sars,  kurz. 
Pleuroxus  exiguus,  schoedler,  p.  e.  mueller. 
?  Lynceus  aculeatus,  fjscher. 

Aside  from  the  differences  in  the  male  sex  as  above  indicated, 

"this  form  is  said  to  have  a  convex  lower  margin,  a  rounded  post- 
abdomen,  and  the  pigment  fleck  nearer  the  end  of  the  beak  than 

the  eye,  The  absence  of  the  fine  striation,  finally,  is  the  most 

marked  characteristic.  Length  0.30-0.33  mui.  Not  identified  in 
America. 

(?)  Sp.  5.    Alonella  grisea,  Fischer. 

This  species  is  included  here  on  the  authority  of  Kurz.  The 
shell  may  or  may  not  be  toothed  at  the  lower  corner,  and  is  partly 

lined  and  partly  reticulate;  but  the  only  character  which  at  all 
separates  this  species  from  the  above  seems  to  be  the  position  and 

form  of  the  head,  which  is  said  to  be  blunt  and  nearl}^  horizontal, 
as  in  Camptocercus  rectirostris.  Is  this  a  transition  to  Graptole- 
beris  ? 

Sp.  6.    Alonella  pygm^ea,  Sars. 

(Plate  H.     Fig.  7.) 
Alonapygmcea,  sars. 
Pleuroxus  transversus,  schoedler. 
A.lona  transversa,  p.  £.  mueller. 
Lyuceus  nanui,  frtc 

-Alonella 'pygmcea,  kubz. 
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The  form'is  rotund,  much  like  species  of  Chydorus  in  the  highly 
arched  dorsal  outline;  the  beak  is  rather  short  and  depressed;  the- 
lower  outline  of  the  valves  is  very  convex  in  front,  and  barely 
sinuate  behind,  where  it  terminates  in  a  minute  spine.  The  shelL 
is  marked,  as  in  no  other  lynceid,  by  lines  running  diagonally 
backward,  and  only  on  the  lower  part  reticulated,  if  at  all. 

The  post-abdomen  is  short,  broad  and  rounded  below;  the  claw 

has  a  single  basal  spine.  Length  0.20  mm. — 0.28  mm.  This  is  the- 
smallest  member  of  the  Cladocera.  In  form  it  so  nearly  resembles 
Chydoras  that  apon  first  sight  the  writer  took  it  for  a  member  of 

that  genus.  Our  one  specimen  measured  0.25  mm.  The  shell  is^ 
marked  by  plications  rather  than  striae,  which  arch  over  the  back*. 

Sp.  7.    Aloiiella  straiat,  Schoedler. 

This  species  is  said  to  resemble  A.  exigua  in  habit  and  sculpture- 
of  shell;  the  form  is  quadrangular  and  not  greatly  elevated  in  the- 
middle;  the  lower  margin  is  nearly  straight  and  fringed  with- 
bristles;  the  posterior  angle  is  rounded  and  unarmed.  The  anten- 
nules  with  their  setae  extend  beyond  the  beak;  the  pigment  fleck  is^ 

smaller  than  the  eye  and  half  way  to  the  beak.  The  post-abdomen 

is  long  and  narrowed  toward  the  end;  there  are  seven  or  eight  anal- 
spines,  and  two  spines  on  the  terminal  claw.   Length  about  0.5  mm.. 

Sub-genus  Pleuroxus. 

Section  A.     Pleuroxus  {verus),  Baird. 

This  group  of  lynceids  is  most  obviously  defined  by  the  long 

''beak",  formed  by  the  extension  of  the  chitinous  covering  of  the 
head.     (There  is  rarely  a  beak  in  the  sense  of  that  word  as  applied 

in  the  case  of  Scapholeberis  or  Daphnia,  but  the  antennules    are- 
simply  attached  to  low  Drominences  on  the  under  side  of  a  broad 

shield-like  projection  of  the  shell.)     This   beak-like   projection    is 
acute  and  often  long  and  either  curved  backward  or  even  bent  for- 

ward.    The  fornices,  or  lateral  projection  of  the  head-shield,  are 
narrow.   The  form  varies  much,  but  is  almost  alwaj^s  very  strongly 

convex  above,  and  the  posterior  margin  is  thus  only  a  fraction  of' 
the  whole  hight  of  the  animal.   In  some  American  species  the  body 

is  very  much  elongate,  and  these  also  depart  from  the  characteristic- 
habitus  of  the  s^enus  in  having  strong  longitudinal  striae  instead  of 
reticulations.     The  lower  posterior  shell  angle  has  teeth  which,  in 

a  few  cases,  extend  across  the  entire  posterior  margin.     The  post- 
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abdomen  is  slender,  usually  truncate  and  armed  behind  with  a  single 
set  of  sharp  teeth  on  either  side;  the  terminal  claw  has  usually  two 

spines  and  may  be  serrate. 

The  male  has  a  shorter  beak,  the  post-abdomen  is  more  or  less 
modified,  and  the  first  foot  has  a  powerful  hook.  The  winter  eggs 
frequently  have  a  true  ephippium;  and  sometimes  this  structure  is 
like  that  of  Chydorus,  toward  which  the  round  forms  of  this  genus 
seem  to  lead.  There  are  upwards  of  a  dozen  valid  species,  several  of 
which  are  American. 

Key  10  Section  A,  Pleuroxus  yerus. 

§  Beak  not  carved  forward. 
A.  Shell  reticulate. 

(a)  Post-abdomen  very  narrow. 
1.  P.  hastatus,  Sars, 

2.  P.  stramineus,  Birge. 

(b)  Post-abdomen  not  very  slender. 
*  Terminal  claws  with  two  spines. 

3.  P.  trigonellu-^,  O.  F.  Mueller.  (?) 
?.    P.  ornatus,  Schoedler. 

**  Terminal  claws  with  a  single  spine. 
4.  P.  acutirostris,  Birge. 

B.  Shell  smooth,  except  upon  the  front  margin. 
5.  P.  adunctus,  Jurine. 

C.  Shell  striped. 

(a)  Shell  very  long  and  low. 

*  With  one  tooth  below. 

10.  P.  unidens,  Birge. 

**  Without  a  tooth  ;  female  with  a  hook  upon  the  first  foot. 
8,  P.  hamatus,  Birge . 

***  Without  a  tooth  on  the  shell  or  claw  on  the  foot. 
9.  P.  affiinis,  Herrick. 

(b)  Shell  high. 

*  Lower  angle  spined. 
t  Antennae  with  eight  setse,  anterior  margin  of  valves  toothed. 

7.    P.  denticulatus,  Birge. 
tt  Antennae  with  seven  setae. 

6.  P.  hairdii,  Schoedler. 

**  Whole  posterior  margin  of  shell  spined  (Percantha.) 
11.  P.  truncata,  O.  F.  Mueller. 

§§  Beak  procurved  (Rhypophilus.) 
A.    Shell  reticulate. 

*  Faintly  and  regularly. 
13.    P.  rjlaher,  Schoedler. 

**  Strongly  and  irregularly. 
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14.  P.  personatus,  Leydig. 
B.    Shell  striped. 

*  Posterior  margin  toothed. 
12.    P.  procurviLS,  Birge. 

**  unly  lower  atgle  toothed. 
15.  P.  uncinatiis,  Baird. 

Sp.  1.    Pleuroxus  hastatus,  Sars. 

(Plate  I.    Fig.  16.) 
Pleuroxus  IcBvis,  sabs. 
Pleuroxus  hastatus,  p.  e.  mdeller. 

Form  somewhat  oval,  dorsal  line  strongly  curved,  posterior  mar- 
gin short,  with  a  tooth  below;  head  short,  beak  very  long,  straight- 

ish;  shell  obscurely  reticulate.  Post-abdomen  very  long,  narrow, 
with  small  teeth;  claw  with  two  basal  spines.  Color  corneous. 

The  sculpture  consists  of  faint  reticulations.  The  ephippium  forms 

a  truncation  of  the  upper  part  of  the  shell.  Length  0.50 — 0.55  mm. 
The  male  has  a  shorter  beak;  the  first  foot  has  a  weak  hook,  and 
the  spermatozoa  are  spherical. 

?  Sp.  2.    Pleuroxus  stramineus,  Birge. 

This  form  is  the  American  representative  of  the  preceeding,  if 
not  identical  with  it.  Birge  mentions  minute  striae  in  the  meshes. 
P.  stramineus  is  said  to  be  lower  than  P.  hastatus,  while  its  beak  is 
shorter.  Undoubted  specimens  of  P.  denticulatus  exhibit  the  same 

difi'erences,  an  increase  in  the  convexity  of  the  shell  accompanying 
an  increase  in  the  length  of  beak.  The  form  of  the  abdomen  ap- 

pears nearly  identical,  if  we  compare  P.  E.  Mueller's  plate  IV,  fig. 
18,  with  the  outline  given  by  Birge  at  plate  II,  fig.  11.  The  color 
in  both  is  deep,  especially  during  the  period  when  the  winter  egg  is 
forming.  The  direction  of  the  reticulations  is  said  to  differ,  but 

P.  E.  Mueller's  figure  does  not  furnish  positive  evidence  ot  this. 
Length  C.6  mm. 

Sp.  3.    Pleuroxus  trigonellus,  0.  F.  Mueller. 

Lynceus  trigonellus,  o.  r.  aruELiiER,  liiEvi^r,  lilljeborg,  leydig,  fbic. 
Pleuroxus  trigonellus,  schoedler,  p.  e.  Mueller,  kurz. 
?  Pleuroxus  ornatus,  schoedler. 

Dorsal  line  strongly  arched;  the  beak  rather  long,  straightish; 
pigment  fleck  smaller  than  the  eye.  Shell  faintly  reticulate,  the 

markings  consisting  of  transparent  ridges.  Post-abdomen  widest 
in  the  middle,  attenuated  slightly  toward  the  end,  which  is  truncate; 

•claw  large,  with  one  long  and  one  very  small  basal  spine.   The  anal 
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margin  of  the  post-abdomen  has  a  series  of  small  spines,  and  the 
lower  shell-margin  is  hairy.  The  post-abdomen  of  the  male  is 
somewhat  as  in  Crepidocercus,  and  densely  hairy;  the  first  foot  has 
a  moderate  hook. 

To  judge  from  Kurz's  statements,  P.  ornatus,  Schoedler,  is  not 
specifically  distinct.     Not  yet  identified  in  America. 

Sp.  4.    Pleuroxus  acutirostris,  Birge. 
» 

This  form,  with  Harporhynchus,  imitates  in  some  respects  the 
Alonellae,  from  which  they  differ  in  having  the  beak  elongated  and 

recurved.  Birge's  description  does  not  state  what  the  form  of  the 
fornices  is,  but  he  intimates  that  the  general  resemblances  are  with 
Pleuroxus.     The  general  shape  is  as  in  P.  hamatus. 

''The  post-abdomen  is  broad,  compressed,  truncated,  with  numer- 
ous fine  caudal  teeth.  The  terminal  claws  have  only  one  basal 

spine."  ''The  valves  are  reticulated  as  in  P.  [Alonella]  insculptus, 
although  not  so  plainly."    Length  0.35  mm.    Southampton,  Mass. 

Sp.  5.    Pleuroxus  adunctus,  Jurine. 

Monoculus  adunctus,  jukine  . 
Pleuroxus  adunctus,  schoedler,  p.  e.  MUELiiER,  kubz. 

Very  like  P.  trigonellus,  but  with  the  back  more  strongly  arched^ 
The  anterior  part  of  the  shell  is  striped.  The  beak  is  shorter  than 

in  P.  trigonellus,  but  no  other  permanent  differences  are  discover- 
able. The  temptation  to  believe  this  a  mere  varietal  form  of  P. 

trigonellus  is  great.  Indeed,  four  species  (the  two  here  noted,  P. 
bairdii  and  P.  denticulatus,  Birge,)  are  very  nearly  related.  The 
ephippium,  where  known,  is  marked  by  minute  punctation  and  a 
darker  color. 

Sp.  6.    Pleuroxus  bairdii,  Schoedler. 

Pleuroxus  trigonellus,  baird. 
Pleuroxus  hairdii,  kurz. 

This  form,  so  far  as  can  be*gathered  from  Baird's  brief  descrip- 
tion and  figures,  differs  from  the  others  in  having  the  shell  marked 

by  straight  parallel  lines  running  diagonally  backward  and  upward, 

and  in  lacking  one  of  the  terminal  bristles  on  the  5-setose  ramus  of 
the  antennae.  The  first  is  a  possible  but  unusual  structure,  while 
the  second  might  result  from  an  overlooking  of  the  very  small  seta 
which  fills  this  place  in  the  other  forms.  Baird  himself  did  not 
distinguish  it  from  P.  trigonellus. 
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Sp.  7.    Pleuroxus  denticulatus,  Birge. 

(Plate  G.    Figs.  12—13.) 

Resembling  very  closely  P.  adunctus,  which,  however,  has  a 

broader  post-abdomen  than  the  ordinary  P.  denticulatus.  The 
posterior  angle  of  the  shell  is  armed  with  from  one  to  four  (gener- 

ally three)  teeth.     The  beak  is  very  long. 
The  character  most  emphasized  by  Birge  is  a  series  of  teeth  along 

the  anterior  margin  of  the  valves.  The  same  thing  is  found  in  P. 

procurvus,  as  I  have  repeatedly  satisfied  myself.  In  certain  posi- 
tions these  teeth  do  not  show,  or  the  smaller  teeth  on  the  lower 

margin  only  appear.  P.  adunctus,  as  figured  by  Schoedler,  has 

similar  teeth  on  the  lower  margin,  and  very  likely  has  them  anteri- 
orly. The  edges  of  the  valves  are  heavily  fringed  with  pectinate 

setse.  The  male  has  a  shorter  beak  and  the  post-abdomen  simply 
rounded  without  the  peculiar  modification  seen  in  P.  adunctus. 

There  seem  to  be  two  varieties  in  Minnesota  both  of  which  have 

the  characteristic  irregular  striations  of  the  shell,  which  radiate  from 

an  irregularly  marked  or  unmarked  area  in  the  center  toward  the 

edges;  both  have  the  toothed  posterior  angle  and  the  serrated  post- 
erior angle  and  the  serrated  anterior  margin.  But  the  common 

form  is  much  longer,  with  the  dorsal  margin  less  convex  and  the 
beak  shorter.  The  robust  form  has  a  larger  pigment  fleck,  while 

the  post-abdomen  is  shorter  and  more  robust,  resembling  more 

nearly  Schoedler's  figures  of  the  abdomen  of  P.  adunctus.  There  is 
another  variation  or  abnormality,  in  which  the  lower  margin  is 

quite  concave.  The  resemblance  to  P.  procurvus  is  remarkable  in 

some  phases. 
I  have  collected  this  species  in  Blount  springs,  Ala.,  in  the  St. 

Croix  river,  and  at  various  intermediate  points,  as  well  as  very  often 
in  Minnesota. 

Sp,  8.    Pleuroxus  liamatus,  Birge. 

(Plate  H.    Fig.  1.) 

This  species  is  smaller  than  those  of  the  preceding  group  and 
forms  a  transition  to  the  two  next  to  be  described  in  the  greater 
elongation  of  the  shell,  which  is,  however,  higher  and  more  strongly 
arched.  The  head  and  beak  are  much  as  in  P.  denticulatus.  The 

lower  margin  is  concave  posterior  to  the  middle  and  slightly  convex 
-at  the  posterior  angle,  which  is  unarmed.  The  lower  margin  is 
hairy.     The  markings  are  as  in  P.  denticulatus,  but,  in  addition, 
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%there  is  a  set  of  horizontal  striae  all  over  the  shell.  The  post-abdo- 
jiien  is  widest  in  the  middle  and  almost  exactly  as  in  P.  denticula- 

■tus.  The  first  foot  bears  a  claw  such  as  ordinarily  distinguishes 
the  males. 

The  only  specimens  which  I  have  seen  were  from  the  Tennessee 

river,  near  Waterloo,  and  near  Decatur,  in  Alabama.  My  notes 

•contain  no  reference  to  the  minute  striations,  which  cou]d  perhaps 
be  hardly  seen  with  the  instrument  employed.  The  process  of  the 

labrum  is  long  and  rather  acute,  the  beak  moderate,  and  the  pig- 
ment fleck  very  large.  The  markings  on  the  anterior  of  the  valves 

are  irregular  and  are  inter-connected  by  cross  lines  or  anastomoses. 
Ova  two.  (The  genus  Anchistropus  has  a  hook  upon  the  first  foot, 
■but  is  like  Chydorus.) 

Sp.  9.    Pleuroxus  aflSnis.  (Sp.  n.) 

(Plate  H.    Fig.  2.) 

A  small  species  with  elongated  shell  and  longitudinal  striae,  form- 
ing a   link  between  the  preceding  and  the  next,  to  which  it  is 

closely  related.     Shell   broadest   in   front,   upper  contour   nearly 
straight;  anterior  part  of  the  lower  margin  evenly  arched,  posterior 
margin  rather  low.     Head  very  short;  beak  very  long,  narrow  and 

somewhat  incurved;  antennules  and  antennae  very  small;  eye  evi- 

dently larger  than  the  pigment  fleck.     The  post-abdomen  is  as  in 

P.  denticulatus,  or  a  little  lon-^er  proportionately.     The  markings, 
so  far  as  observed,  consist  of  diagonal,  faint,  numerous  and  parallel 
lines  posteriorly,  and  others  springing  from  the  anterior  margin. 

"There  is  no  tooth  behind;  the  teeth  on  the  post-abdomen  are  small 
and  not  numerous.    The  upper  margin  of  the  shell  is  not  sharp  but 
rounded.   Thus  this  pretty  and  unique  form  is  clearly  distinguished 
from  all  its  allies  althongh  unfortunately  only  this  very  imperfect 
description  and  schematic  figure  can  be  given.     Found  in  Weakly 
pond,  Culbert  county,  near  Florence,    Alabama,  where   with   an 

Alona,  Chydorus  sphaericus  and  Scapholeberis,  it  formed  the  clado- 
ceran  fauna  of  the  pool. 

Sp.  10.    Pleuroxus  unidens,  Birg^e. 

(Plate  F.    Fig.  15). 

An  extreme  among  these  elongated  species,  the  length  of  body  fall- 
ing little  short  of  double  the  liight.  The  dorsal  line  is  very  flat 

and  slightly  but  evenly  arched;  the  lower  margin  is  evenly  convex 
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or  nearly  straight,  covered  by  long  pectinate  bristles.  The  head  is- 
short,  and  the  beak  is  long  and  sharp;  the  antennules  are  of  moder- 

ate size,  with  a  lateral  seta  one-fourth  from  the  end;  pigment  fleck 

less  than  the  eye;  antennae  rather  long,  with  strong  thorns  on  the- 
terminal  joints.  The  post-abdomen  is  long,  as  in  P.  hastatus,  sides 
nearly  parallel;  anal  teeth  sharp,  small  and  numerous;  claws  pec- 

tinate, with  two  strong  basal  spines.  The  shell  is  strongly  striate- 
with  luDgitudinal  strise,  which  are  parallel  with  the  different  mar- 

gins. Birge  says  that  there  is  a  reticulated  area.  The  lower  angle 
is  rounded,  and  anterior  to  it  is  a  small  tooth  directed  backward. 

This  species  is  distributed  throughout  the  Mississippi  valley.  I 
have  notes  of  it  from  Swan  lake,  near  Decatur,  Alabama.  It  i& 

often  rather  abundant  about  Minneapolis,  but  is  thought  by  Birge 
to  be  absent  from  the  eastern  states.  Almost  all  the  specimens  I 
have  seen  are  very  dark,  often  brown,  so  as  to  appear  to  the  eye 
like  dark  specks  as  they  swim  about.  The  length  varies  froui  0.55 
mm.  to  0.85  mm.  About  0.60  mm.  is  a  common  size,  according  to 
my  observation.  Birge  mentions  a  rudimentary  sixth  foot  in  this 
species.  This  organ  is  found  in  Eurycercus  and  other  lynceids» 
according  to  Schoedler. 

Sp.  11.    Pleiiroxus  trimcata,  0.  F.  Mueller, 

LynceiLS  truncatus,  mueller,  koch,  zaddach,  lievin,  fischer,  liiLLjEBORG,  let- 
dig,  FRIC. 

Percantlia  truncata,  baird,  schoedler,  kurz. 
Pleuroxus  truncatus,  p.  e.  mueller. 
Percantha  brevirostris,  schoedler. 

This  species  is  widely  distributed  in  Europe,  but  is  replaced  in 
America  by  the  following.  The  shell  is  high,  the  dorsal  contour 

arched;  beak  rather  long  and  straight;  lower  margin  slightly  con- 
vex,  setose;  posterior  margin  straight,  armed  with  very  strong  teeth 
entirely  across  it;  the  anterior  margin  also  is  dentate,  as  in  the  next. 

The  valves  are  covered  with  strong  strise,  springing  from  the  an- 
terio-central  part  and  radiating  toward  the  free  margins.  The  post- 
abdomen  is  of  moderate  size  and  in  form  much  as  in  the  next.  The 

ephippium  causes  a  considerably  change  in  form  and  coloration.  In 
the  male  the  beak  is  shorter,  and  the  abdomen  has  finer  teeth.  The 

first  foot  has  an  extraordinarily  large  hook.  The  length  is  about 
0.5  mm.  to  0.6  mm.  Percantha  brevirostris,Schoedler,  differs  in  the 
length  of  the  beak  only. 
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Sp.  12.    Pleuroxus  procurvus,  Birge. 

(Plate  E.     Figs.  3,  4.) 

In  size  and  general  appearance  this  most  interesting  species  is 

similar  to  the  ahove,  and,  especially,  to  P.  denticulatus.  The  gen- 

eral form  and  even  the  details  of  structure  agree  almost  to  identify- 
with  the  latter.  The  structure  of  the  posterior  margin  is  like  Per- 

cantha,  while  the  rostrum  is  bent  abruptly  upwards  as  in  Rhypo- 
philus.  In  small  individuals  the  length  is  greater  proportionally. 
The  lower  margin  is  slightly  convex  or  nearly  straight,  and  fringed 
by  bristles  which  are  stronlgy  pectinate;  the  anterior  and  lower 
margins  are  toothed  as  in  Percantha.  The  shell  gland  is  more  as 
in  the  Daphnidse  than  most  lynceids.  The  number  of  posterior 
teeth  is  variable.  The  ephippium  is  as  in  P.  denticulatus.  Length 

0.40  mm.  to  0.50  mm.  Not  rare,  but  less  common  than  P.  denticu- 

latus. The  male  post-abdomen  is  like  that  of  P.  denticulatus;  the 
rostrum  is  as  in  the  female. 

Of  the  species  following  it  may  suffice  to  say  that  they  are  corpu- 

lent, filth-loving  representatives  of  P.  trigonellus,  P.  adunctus  and 
P.  bairdii,  respectively,  which  have  turned  up  their  noses  at  a  super- 

ficial existence  and  buried  themselves  in  the  mire  and  debris  at  the 

bottom  of  the  pools.  It  might  be  fanciful  to  assume  that  the  curved 

snout  is  used  for  "rooting,"  but  the  fact  that  these  "Schmutz- 

peterchen^'  lynceids  would  find  a  long  straight  beak  in  the  way  is 
suggestive. 

Sp.  13.  Pleuroxus  (Ri/popMlus)  g"laber,  Schoedler. 
Pleuroxus  per sonatus,  p.  e.  mueller. 

The  shell  is  high  and  squarish,  the  fornices  narrow,  the  beak 

slightly  pro-curved,  the  lower  margin  nearly  straight,  with  two  or 
more  teeth  at  the  posterior  angle.  The  antennae  have  seven  setae 
only.  The  male  is  almost  exactly  as  that  of  P.  trigonellus.  Length 
0.55  mm.  to  0.65  mm.;  male  0.5  mm. 

Sp.  14.  Pleuroxus  (Rypophilas)  personalus,  Leydig. 

That  this  species  is  really  distinct  is  by  no  means  certain;  how- 
ever, it  is  stated  that  the  shell  is  less  regularly  aud  more  markedly 

reticulated,  and  the  markings  lack  the  elevations  described  under 
P.  trigonollus,  which  are  present  in  the  previous  species.  It  lives 
in  filth  and  covers  itself  with  it. 

8 
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Sp.  15.    Pleuroxus  (RypopMlus)  uncinatus,  Baird. 

The  shell  is  ridged  with  lines  running  upward  and  backward,  as 
in  P.  bairdii;  the  lower  angle  of  the  shell  has  three  teeth,  and  the 
beak  is  more  horizontal  than  in  the  above.  In  size  and  characters 

this  is  almost  identical  with  P.  bairdii,  with  which  it  occurs  in 
England. 

This  completes  the  list  of  swine-like  members  of  the  genus;  these 

well  deserve  to  be  studied  from  a  morphological  stand-point. 
Pleroxus  nasutus^  Gay,  is  a  poorly  described  form  from  Chili,  re- 

sembling, according  to  Schoedler,  P.  ornatus  =  tri2:onellus. 
A  species  of  Percantha  (Lynceus  armatus.  Gray)  is  found  in  Chili. 

NOTE  TO  PLEUROXUS.— The  two  species  P.  unideas  and  P.  affinis  are  quite  diverse 
from  the  type  of  the  genus  and  approach  in  some  respects  to  Leptorhynchus.  P.  affinis, 
particularly,  has  a  recurved  heak.  I  am  in  doubt  about  P.  hamatus  and  P.  acutirostris, 
which  is  said  to  be  reticulated  ;  but  it  seems  likely  that  the  species  above  mentioned 
stand  In  closest  relation  to  Leptorhynchus. 

Section  B.     Leptorhynchus^  Hernck.'^ 

The  species  for  which  Sars  formed  the  genus  Harporhynchus  is 

of  Alona-like  habit,  but  has  a  beak  which  exceeds  that  of  any  known 

Pleuroxus  in  length,  being  simulated  in  this  respect  by  the  Amer- 
ican P.  acutirostris,  which  is,  however,  in  other  respects  more  nearly 

allied  to  Pleuroxus. 

Leptorliynclius  falcatus,  Sars. 

Harporhynclius  falcatus,  sars. 
Alona  falcata,  sars,  p.  e.  mueller. 

Body  oblong,  arched  above;  ventral  margin  nearly  straight,  setose, 
with  a  spine  at  the  posterior  angle;  beak  strongly  curved,  folded 

laterally;  pigment  spot  larger  than  the  eye.  The  post-abdomen  is 
wide,  sides  nearly  parallel,  armed  with  a  few  strong  teeth  below 
and  a  lateral  line  of  spines;  caudal  claw  with  a  single  small  basal 

spine. 

VIII. — Genus  Phrixura,  P.  E.  Mueller. 

Oblong,  wide;  posterior  shell-margin  little  less  than  whole  hight. 
Post-abdomen  terete,  obtuse  at  the  end,  which  is  armed  with  a 
cluster  of  spines  of  which  the  terminal  ones  are  similar  to  the  others. 

1  Harporhynchus  is  preoccupied  in  ornithology. 
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Sp.  1.    Plirixura  rectirostris,    P.E.Mueller. 

(Plate  I.    Fig.  18.) 

Beak  acute;  shell  striated  longitudinally,  slightly  arched  above; 
ventral  margin  rounded,  with  a  round  and  unspined  angle  behind. 
Length  0.5  mm.     Not  yet  encountered  in  Minnesota. 

IX. — Gen'us  Chydobus,  Leach. 

This  genus,  if  it  be  really  of  generic  value,  contains  minute 

rotund  animals  which  appear  in  the  water  like  animate  pin-heads 
of  small  size.  Their  motion  is  a  rolling,  wavering  hobble;  and  they 
live  by  preference  upon  vegetation,  or  in  slime  at  the  bottom  of 

pools.  Occasionally  they  may  be  seen  in  sunshiny  weather,  dis- 
yjorting  themselves  near  the  surface  in  immense  numbers.  There 

are  two  common  species,  and  six  more  which  are  more  rare  or  in 

part  not  valid. 

The  sexual  period  occurs  at  two  different  periods  (i.  e.,  May — 
June,  and  December),  but  in  probability  is  not  confined  to  any 
periods.  The  males,  which  only  rarely  are  found  even  in  these 
periods,  have  the  abdomen  narrowed  or  excavated  to  accomodate  it 

to  the  peculiar  alteration  of  the  brood-cavity  which  takes  place  in 
the  sexually  mature  female.  The  connection  takes  place  by  the 
insertion  of  the  abdomen  within  this  chamber,  which  is  facilitated 
by  the  reduced  size  of  the  abdomen.  The  modification  of  the  shell 

of  the  brood-cavity  above  referred  to  -consists  in  the  thickening  of 
the  wall  posteriorly,  which  may  or  may  not  result  in  the  deforming 

of  the  shell,  as  shown  in  plate  F,  fig.  7,  taken  fron^  Kurz.  This 
may  be  termed  an  ephippium,  although  it  differs  somewhat  from 
the  modified  shell  so  called  in  Daphnia.  The  male  element  consists 
of  nearly  round  nucleated  cells,  and  the  opening  of  the  vas  deferens 
is  anterior  to  the  terminal  claws.  The  members  of  this  genus  are 

among  the  most  minute  forms  of  the  family  or  the  entire  group. 
Concisely  put,  the  characters  are  as  follows: 

Form  globose,  not  obviously  truncate  behind;  head  terminating 
in  a  sharp,  long,  curved  beak,  which  lies  close  upon  the  anterior 
margins  ot  the  valves;  antennas  short;  eye  larger  than  the  pigment 
fleck;  abdomen  flattened,  excavated  in  the  male;  intestine  with  nc 

anterior  caeca,  doubly  convoluted,  with  an  anal  caesum.  Three  spe- 
cies found  in  Minnesota. 
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Sp.  1.    Chydorvis  sphsericus,  Mueller. 

(Plate  F.    Figs.  4,  7,  8  and  10.) 

Lyncexis  sphccricus,  o,  r.  mueller,  m.  edwards,  koch,  zaddach.  lieven,  fischer 
LILLJEBOEG,  LETDI&,  TOTH,  ZENKER,  FRIC. 

Monoculus  sphcericui),  jurine. 
Chydorus  muelleri,  leach. 
Cliydorus  sphcericus,  baird,  schoedler,  p.  e.  muellee.  lutz,  kurz,  birge. 

Form  nearly  spherical,  as  seen  from  above  broadly  oval;  in  young 
specimens  truncate  behind;  antennules  of  moderate  size,  in  the  male 

very  large,  with  curved  flagellum  near  the  middle  of  anterior  mar- 
gin; pigment  fleck  often  nearly  as  large  as  eye;  beak  of  moderate 

length,  blunt  in  the  male;  first  foot  strongly  hooked  in  the  male; 

post-abdomen  short,  broad,  rounded  at  the  end,  armed  with  8 — 9 
sharp  teeth;  shell  reticulated  with  polygonal  meshes.  Color  light, 

unspotted.     Length  0.50  mm. 
This  species  occurs  in  Spring  earlier  than  most  forms,  and  is 

ranked  as  the  most  abundant  of  the  micro- Crustacea,  being  found 
over  the  whole  circumpolar  Irnd-area.  The  ephippium  for  the 
winter  egg  was  observed  by  Kurz,  but  the  period  at  which  it  is 
formed  seems  variable. 

C.  sphsericus  of  a  previous  report  seems  to  have  been  the  follow- 
ing species  which  is  more  common  in  Minnesota  in  the  clearer 

lakes.  A  small  form  in  our  large  lakes  measures  0.3  mm.;  it  may 
be  distinct. 

Sp.  2.    Chydorus  globosus,  Baird. 

(Plate  F.     Figs.  1,2,  3  and  9.) 

Chydorus  glohosiis,  baird,  lilljeborg,  schoedler,  leydig,  p.  e.  mueller,  fric, 
g        kurz,  birge. 

Form  globose,  very  broad;  antennules  very  large  with  a  strong 
lateral  seta  on  a  small  elevation;  swimming  antennae  exceedingly 

small;  the  shell  gland  is  well  developed;  the  pigment  fleck  is  much 

smaller  than  the  eye;  beak  very  long  and  incurved;  post-abdomen 

rather  long,  more  slender  than  the  last,  broader  near  the  end  which 

is  truncate,  bearing  about  20  spines  on  the  margin  near  which  is  a 

lateral  series  of  minute  bristles;  the  terminal  claws  are  straightish, 

spined  along  the  basal  half,  and  have  an  accessory  spine;  the  shell 

is  very  indistinctly  reticulated  and  spotted;  color  dark;  length  0.7- 

0.8  mm.;  male  0.55  mm.  The  males  have  the  abdomen  very  nar- 
row for  the  entire  length. 

This  species  is  considered  rare  elsewhere,  but  is  not  infrequent  in 

August  near  Minneapolis. 
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Sp.  3.    Chyclorus  ovalis,  Kurz. 

(Plate  F.    Fig.  11.) 

Form  oval,  nearly  twice  as  long  as  high;  beak  long;  antennuies 

two-thirds  as  lona:  as  the  beak,  with  two  elongated  sensory  filaments 
above  the  others;  pigment  fleck  nearly  as  large  as  the  eye;  antennae 

small;  shell  margins  heavily  fringed  anteriorly;  post-abdomen  of 
moderate  size,  rounded  at  the  end,  with  about  8  teeth  near  the  end; 
shell  smooth.     Length  0.4  mm. 

This  species  is  rather  near  C.  sphsericus,  differing  in  having  the 
shell  smooth,  antennae  shorter,  and  beak  longer.  This  species  is 
not  yet  known  in  America. 

Sp.  4.    Cliydorus  cselatus,  S  hoedler. 

(Plate  F.     Fig.  12.) 

Chydorus  adunctus,  Schoedler. 

This  small  species  is  about  0.4  ram.  long,  and  resembles  the  young 

of  C.  globosus  in  form,  from  which  as  well  as  from  all  known  spe- 
cies it  is  distinguished  by  the  markings  of  the  shell,  which  consist 

of  series  of  rounded  elevations  (or  depressions?)  arranged  parallel 
to  the  lower  margins  of  the  shell  and  head.  The  description  is  very 
incomplete,  and  the  only  other  author  who  appears  to  have  seen 

the  animal  is  Kurz,  who  adds  that  the  sensory  filaments  of  the  an- 
tennae are  unequal  in  hight,  and  that  the  so  called  elevations  are 

really  depressions.  A  form  with  a  few  depressions  about  the  edge 

and  characters  of  this  species  was  once  seen  in  the  vicinity  of  Min- 
neapolis. 

Sp.  5.    Cliyclorus  nitidus,  Schoedler. 

(Plate  F.    Figs.  5,  6.) 

Shell  smooth  and  regularly  punctate;  the  head  resembles  C.  sphae- 
ricus,  but  the  pigment  fleck  is  much  smaller  than  the  eye,  to  which 

it  is  much  nearer  than  to  the  end  of  the  beak;  the  post-abdomen  is 
broader  near  the  end,  and  bears  a  row  of  10 — 12  teeth  on  either  side. 

(?)  Sp.  6.    Chydorus  latus,  Sars. 

Very  possibly  a  variety  of  C.  globosus,  from  which  it  differs  in 
the  shorter  beak  and  greater  size.     Length  0.66  mm. 
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Sp,  7.     Cliycloriis  piger,  Sars. 

Sub-rotund,  prominent  above,  sinuate  behind;  lower  and  poster- 
ior margins  rounded,  lower  margin  ciliated.  Head  movably  united 

to  the  body;  beak  long,  separated  by  an  indentation  from  the  head 
shield.  The  shell  is  broad,  as  seen  from  above.  Shell  punctate 

anteriorly  and  marked  below  by  indistinct  oblique  striae.  Anten- 
nules  with  seven  setae  and  two  small  thorns  on  the  end  of  each 

ramus.  Post-abdomen  truncate;  the  terminal  claws  with  a  minute 
tooth  at  the  base;  posterior  margin  sinuated,  rounded  below  and 
there  densely  armed  with  minute  teeth.  Abdominal  setae  long  and 
flexible.  Pigment  fleck  of  medium  size,  much  nearer  to  the  eye 
than  to  the  beak.     Length  about  0.33  mm. 

(?)  Chydorus  latifrons,  Dana.  (U.  S.  Explorinor Expedition,  Rep.  on  Crust., 
vol.  II,  p.  1274.) 

Yery  tumid;  in  side  view  rotund,  head  not  separate,  very  short- 
beaked;  beak  slender  and  close  to  the  body,  acute;  in  upper  view 
animal  very  broad,  truncate  anteriorly,  the  front  thereby  nearly 

as  broad  as  the  body;  behind  low,  triangular  and  obtuse.  Feejee 
islands. 

(?)  Chydorus  albicans,  Gay, 

from  Chili,  is  imperfectly  described;  but  it  is  interesting  to  note  the 
occurrence  of  this  genus  there. 

X. — Gekus  Anchistropus,  Sars,  (?) 

Very  similar|in  form  to  Chydorus;  valves  gaping  below  anteri- 
orly; antennules  small;  process  of  labrum  rounded.  Post-abdomen 

attenuated  toward  the  end,  densely  covered  with  fine  teeth;  terminal 
claws  denticulate.  First  foot  with  a  powerful  claw,  protruding 
beyond  the  shell.  Eye  very  large.  Shell  indistinctly  reticulate. 

Sars  says  of  his  Anchistropus  emarginatus  that  on  cursory  inspec- 
tion it  would  be  taken  for  the  young  of  Chydorus  globosus.  He 

found  but  few  specimens,  about  0.35  mm.  long.  The  suggestion  is 

still  possible  that  the  young  males  of  some  Chydorus  are  here  mis- 
taken for  a  new  genus.  The  males  of  Chydorus  globosus  were  not 

known  till  1878,  and  their  early  form  is  still  unknown.  The  young 

females  have  a  tolerably  strong  claw,  though  it  is  not  much  curved. 
I  have  once  found  a  peculiar  lynceid  measuring  0,46  mm.,  with 
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unevenly  but  distinctly  reticulate  shell,  slender  abdonien,  and  a 
strong  claw  which  was  dentate.  There  were  several  young  (more 
than  two),  and  the  shell  in  these  was  more  regularly  reticulate.  All 

efforts  to  find  a  second  specimen  failed,  and  the  one  seen  was  some- 
what mutilated;  hence  I  am  unable  to  determine  its  real  position. 

XI. — Genus  Monospilus,  Sars. 

Head  separated  by  a  depression  from  the  body;  shell  high,  com- 
pressed, posterior  margin  somewhat  less  than  the  greatest  hight  of 

the  shell.  Post-abdomen  broai,  ornamented  with  lateral  and  post- 
erior spines;  claws  large,  with  a  single  basal  tooth.  The  compound 

eye  is  absent,  its  place  being  taken  by  the  pigment  fleck,  which  is 

the  functional  eye.  ̂ 

Monospiliis  elispar,  Sars. 

(Plate  I.    Fi^.  21.) 

Lynceus  tenuirostris,  fischer,  Abli.  uebei'  einige  neue  Dapli.  uad  Lynceidoe.  p .  427, 
tab.  Ill,  figs.  9—10  (fide  Sars). 

Monospilus  dispar,  saks,  Crust.  Cladoc.  iOmga.  af  Cliristiania,  p.  165. 

Monospilus  dispar,  mueller,  Danmark's  Clad . ,  p.  196. 

Shell  roundish;  ventral  margin  setose;  posterior  angle  rounded, 

marked  above  with  numerous  impressions.  Antennules  small;  an- 
tennae long,  with  seven  setae-  Post-abdomen  short  and  broad,  bear- 

ing a  series  of  spines  along  the  excavated  posterior  margin,  and 
ornamented  on  the  sides  with  clusters  of  bristles.  The  shell  in  old 

individuals  is  not  moulted  but  remains  as  in  Ilyocryptus,  covering 

the  greater  part  of  the  new  shell.  The  figure  shows  an  old  indivi- 
dual with  its  successive  coverings  still  clinging  to  it.     Like  Ilyo- 

1  So  much  interest  attaches  to  this  species  that -sve  reproduce  the  Latin  description  of 
Sars.  "  Testa  in  adultibus  valvulis  composita  pluribus,  altera  alteri  imposita,  a  latere  visa 
lata,  latitudine  maxima  in  parte  antica  sita;  margine  superiore  antice  valde  prominente, 
posteriore  et  inferiore  ciliato  rotundatis.  Caput  mobile,  perparvum  et  valde  depressum, 

supine  impressione  parva  sed  distincta,  a  testa  cetera  disjanctum,  deorsum  in  rostrum  rec- 
tum et  breve  apice  obtuso  exiens.  Animal  supra  visum  sat  compressum,  latitudine  maxima 

capite  majore  ante  medium  sita.  Pars  superior  testae  et  capitis  impressionibus  numerosis 

rotundatis  notata.  Antennae  1-mi  paris  minutse  structura  ut  in  ceteris  Lynceidis  ;  2-di  paris 
sat  longse,  ramo  altero  setas  4  et  aculeum  unum  apicalem,  altero  setas  3  et  aculeos  duos, 
quorum  alter  longus  articulo  primo  ejusdem  rami  adfixus  est,  gerunte.  Postabdomen  breve 
et  latum,  apicem  versus  truncatum ;  margine  posteriore  supra  obtuse  angulato,  ad  anguliun 

inferiorem  rotundatum  seriebus  duabus  acu'eorum  inque  lateribiis  setis  vel  spinulis  brevi- 
bus  numerosis  prseditum;  ungues  terminales  ad  basin  aculeo  longo  armati.  Intestinum,  ut 
in  ceteris  Lynceidis,  in  thorace  laquem  fere  duplicem  format.  Macula  nigra  unica  minima 

prope  basin  antennarum  2-di  paris  ;  maculae  infra  oculari  in  ceteris  Lynceidis  simillima,  in 
capite  conspicitur,  quae,  quum  oculus  verus  compositus  in  omnibus  ceteris  Crustaceis 
Cladodoceris  distinctus  omnino  ab-it,  organum  quamquam  rudimentare  visus  habenda  est. 

Animal  parum  pelluciduni,  colore  fulvescente.    Longit.  parum  supra  ̂   mm  " 



120  TWELFTH  ANNUAL  REPORT. 

cryptus,  this  animal  passes  its  life  in  filth  at  the  bottom  of  pools, 
and  rarely  emerges  to  the  light  of  day.  What  little  visual  function 
there  may  be  is  vested  in  the  larval  organ. 

The  specimen  from  which  the  drawing  was  made  measured  0.45 

mm.  The  first  glance  at  this  rarest  of  all  entomostraca  afi'ords  proof 
of  its  unique  character.  The  strongly  arched  shell  is  so  compressed 
as  to  bear  little  resemblance  to  Chydorus.  The  dorsal  line  passes 
with  little  angle  into  the  high  posterior  margin.  There  is  a  rounded 

angle  below,  armed  with  two  teeth — the  shortened  representatives 
of  the  fringing  spines  of  the  straight  lower  margin.  The  head  is 
depressed  and  very  short,  but  the  narrow  beak  is  produced  to  below 
the  margin  of  the  valves.  It  is  rounded  so  as  to  resemble,  as  seen 

in  front,  a  duck's  bill.  The  fornices  are  narrow  and  flare  so  that 
the  eye  is  left  partly  exposed  upon  the  side.  The  antennules  are 
not  long  but  slender.  The  labium  has  a  very  large  lamella,  which 
is  crenulate  in  front  and  acute  below,  the  labrum  proper  being  large. 
The  systematic  position  of  this  genus  is  a  matter  of  considerable 
interest,  for  it  is  the  only  member  of  the  whole  order  in  which  the 
larval  eye  is  the  only  one  developed,  and  the  first  thought  would 
be  that  this  must  be  a  primitive  synthetic  type,  in  other  words, 
historically  the  oldest  of  Cladocera.  Closer  study  does  not  warrant 

the  theory.  There  is  much  to  indicate  that,  though  essentially  lyn- 
ceid,  it  stands  in  close  connection  with  the  higher  members  of  the 

familj'  and  perhaps  has  more  than  a  superficial  resemblance  to  such 
degraded  lyncodaphnids  as  Ilyocryptus.  All  things  considered, 
however,  our  diagram  stands  with  this  genus  as  a  degraded  offshoot 
of  the  more  typical  stem  of  Lynceidae. 

SUB-ORDER  II.— GYMNOMERA. 

This  group  is  easily  recognized  by  the  almost  entire  absence  of 
the  shell,  which  forms  so  conspicuous  a  part  in  the  greater  number 

of  the  Cladocera.  Here  it  serves  simply  to  form  a  pouch  or  brood- 
sac  for  carrying  the  eggs  and  embryos.  The  feet  are  nearly  terete 
and  prehensile,  with  but  slight  indications  of  branchial  appendages. 

FAMILY  POLYPHEMID^. 

Feet  five  pairs.   Antennae   with  the  rami  three-  or  four-jointed. 

I. — Genus  Polyphemus,  De  Geer. 

Head  very  large,  separated   by  a  depression  from  the  compact 
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body;  shell  covering  but  a  part  of  the  dorsal  region.  Feet  all  with 
an  internal  dentate,  and  an  external  lamellate  appendage.  Caudal 
seta  upon  a  long  process  of  the  post-abdomen. 

Sp.  1,    Polyphemus  pediculus,  Linn. 

(Plate  B"-  .  Fiffs.  4—6.) 
Monoculus  pediculus,  likn^eus,  1746.    gmelin,  Linn.  Syst  Nat.  fabricius,  Ent.  Syst., 

etc.    SULZER,  lasecten.    manuel,  Encyclop.  Meth. 

Monoculus  pediculus  ramosus,  de  geer,  Mem.  pour  serv.  a  I'Hist.  des  Ins. 
Polyphemus  oculus,  mdbller,  Zool.  Dan.  Prod,  et  Entomost.    cuvier,  Tab.  element 

liATREiLLE,  Hlst.  Nat.  Crust.,  etc.    leach,  Edin.  Encyc. 

PoZi/p?iemitS8tacrrM)rMm,  LEACH,  Diet.  Sc.  Nat.    latreille,  Cuv.   Rig.  An.    dema- 
REST,  Cons.  Gen.  Crust. 

Polyphemus  pediculus,  straus,  Mem.  Mus.  d'Hist.,  etc.  m.  edwards,  Hist.  Nat.  Crust. 
Monoculus polyphemus,  JVRiifE,  Hist.  Nat.  Monoc. 

Cephaloculus  stagnorum,  lamarck,  Hist.  An.  Vert,    bosc,  Man.  d'Hist.  Nat.  Crust. 
Monoculus  oculus,  gmelin,  Linn.  Syst.  Nat. 
Scalicerus  pediculus,  KOCM,  Deutsch.  Crust. 
Polyphemus  pediculus,  baird,  Brit.  Entom. 
Polyphemus  oculus,  lievin,  Brancti.  d.  Danz. 
Polyphemus  stagnorum,  fischer,  Ueber  die  in  d.  Umg.  von  St.  Petersburg,  vorkom. 

Crust. 

Polyphemus  pediculus,  ltlljeborg,  De  Crust,  ex  ord.  trib, 
PolypTiemus  ociilvs,  letdig,  Naturg.  d.  Daph. 
Polyphemus  pediculus,  schoedler,  Neue  Bsitr.  zur  Naturg.  d.  Cladoceren. 

Polyphemus  Tiochii,  "  "  "  " 

Polyphemus  oculus,  '•  *'  "  " 

Polyphemus  pediculus,  p.  e.  mukller,  Danmark's  Cladocera.    kdrz,  Dodekas  neuer 
Cladoceren.    weismann,  Beitr.  zur  Naturg.  der  Daphnoiden. 
BiRGE,  Notes  on  Cladocera. 

Polyphemus  occidentalis,^  herrick. 

There  are  two  well-marked  varieties  of  this  species:  one  is  found 
commonly  in  the  clear  lakes;  the  other,  which  I  have  only  once 
seen,  was  found  in  a  very  shallow  weedy  marsh.  The  difference  in 
size  is  quite  remarkable.  Our  ordinary  form  measures  less  than  1 
mm.  The  lars^er  form,  including  the  stylets,  is  1.6  mm.  The 
ordinary  variety,  although  highly  colored,  is  yet  transparent,  while 
the  large  variety  is  deep  red  and  quite  opaque.  The  relationship 
between  the  two  forms  is  quite  like  that  maintaining  between 
Diaptomus  stagnalis  and  D.  sanguineus.  Some  slight  structural 
differences  are  observable  between  the  two  varieties,  as  in  the  form 
of  the  antennules,  yet  quite  insignificant  when  compared  with  the 
striking  difference  in  size  and  coloration.  Number  two  may  be 
called 

1  Polyphemus  occidentalis,  Dekay  =  Limulus. 
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Sp.  2.    Poljphenms  stag-nalis.    (Sp.  n.) 

In  order  to  make  the  relation  clear  between  these  forms,  I  add 

measurements  of  this  species,  following  each  with  the  correspond- 
ing measurement  of  P.  pediculus  in  parenthesis;  animals  of  the 

same  age,  as  far  as  possible,  being  chosen.  Head  (capsule  of  eye) 
0.3  mm.  (0.2  mm.);  head  and  thorax  0.7  mm.  (0.45  mm.);  abdomen 
0.7  mm.  (0.56  mm.);  caudal  stylet  0.36  mm.  (0  26  mm.);  caudal 
filaments  0.36  mm.  (0.3  mm.).  Whole  length  of  antennae  0.54  mm. 

(0.42  mm.);  first,  second  and  third  joints  of  the  3-jointed  ramus  0.08, 
0.06  and  0.10  mm.,  respectively.  The  formation  of  the  resting  eggs 

or  "dauer-ei"  seems  to  go  on  at  the  same  time  with  the  partheno- 
genetic  reproduction. 

II. — Genus  Bythotrephes,  Leydig. 

Much  like  Polyphemus,  but  the  external  appendage  of  the  feet  is 
rudimentary,  and  the  abdomen  extends  out  into  a  most  enormous 

spine.  The  single  species  is  that  described  by  Leydig  as  B.  longi- 
manus,  which  was  found  in  the  stomach  of  Coregonus  wartmanni. 
B.  cederstromii,  of  Schoedler  and  P.  E.  Mueller,  the  latter  author 
now  identifies  with  the  above,  and  concludes  that  the  supposed 

differences  arose  from  "I'etat  de  maceration  des  examplaires  exa- 
mines." (Les  Cladoceres  des  Grands  Lacs  de  la  Suisse^  p.  11.) 

This  species  may  be  looked  for  in  the  depths  of  the  Great  Lakes. 
(See  piate  U,  fig.  10.) 

III. — Genus  Podon. 

IV. — Genus   Eyadne. 

These  are  compact  oval  forms  confined  to  the  sea.  See  Glaus, 

Zicr  Kenntniss  des  Baues  der  Polyphemiden^  Vienna,  1877,  for  the 
best  account  of  the  anatomy. 

FAMILY  LEPTODORID^. 

Feet  six  pairs.  Antennae  with  both  rami  four- jointed.  Body 
elongated,  not  curved,  shell  very  much  reduced. 
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Leptodora  hyalina,  Lilljeborg, 

(Plate  N.    Figs.  6,  7), 

the  only  species,  is  found  rarely  in  the  larger  lakes  of  Europe  and 
America. 

See  Bail  und  Lebenserscheinung  von  Leptodora  hyalina,  Weis- 
mann,  1874;  also,  Om  en  dimorph  Udvikling  samt  Generatmisvexel 

hos  Leptodora,  G.  0.  Sars,  1873;  also,  Bidrag  til  Cladocerenes  For- 
plantningshistorie,  P.  E.  Mueller. 

The  work  of  Sars  is  particularly  valuable,  showing  that  the  young 
produced  from  the  winter  egajs  pass  through  a  metamorphosis  not 

experienced  by  the  summer  or  parthenogenetic  brood.  P.  E.  Muel- 
ler mentions  the  pathological  condition  induced  by  the  plants  of 

the  Saprolegnia. 
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CHAPTER  III. 

ORDER  COPEPODA. 

This  extensive  order  contains  minute  and  predominatingly  pre- 
daceous  animals  which  constitute  no  inconsiderable  part  of  the 
fauna  of  fresh  and  salt  waters.  They  serve  a  beneficent  purpose 

both  as  scavengers  and  as  providing  food-supply  for  the  fry  of  fishes 
and  other  aquatic  animals. 

Oopepods  are  never  enclosed  in  a  bivalved  shell  but  ordinarily 
exhibit  a  more  or  less  elongated  cylindrical  form  composed  of  two 

obvious  sub-divisions.  There  are  a  few  species  which,  by  the  great 
prolongation  and  expansion  of  some  of  the  tergites  or  dorsal  shields, 
seem  to  simulate  shelled  Crustacea.  The  anterior  part  of  the  body, 
or  cephalothorax,  is  composed  of  ten  somites  which  are  frequently 
considerably  united  or  fused.  Five  of  these  segments  constitute 
the  head  and  bear  respectively  the  following  appendages:  first,  a 

pair  of  several-  to  many-jointed  antennse  which  are  never  prim- 
arily sensory  in  function,  although  they  usually  are  provided  with 

sense  hairs  or  other  like  organs;  second,  a  pair  of  two-branched  an- 
tennules,  which  sometimes  become  almost  simple  or  prehensile; 
third,  a  pair  of  mandibles  in  the  form  of  masticatory  or  piercing 
organs,  these  being  usually  provided  with  a  palpus;  fourth,  a  pair 
of  maxillae  of  various  form  and  function;  fifth,  a  pair  of  maxillipeds 
which  not  infrequently  subdivide  in  later  life  to  form  what  appear 
to  be  two  distinct  pairs. 

The  five  thoracic  segments  have  each  a  pair  of  swimming  feet 

consisting  typically  of  a  two-jointed  base  and  two  like,  three-jointed 
rami.  The  symmetry  is  frequently  broken  by  the  retardation  of  the 
development  of  the  inner  ramus,  while  the  fifth  pair  of  feet  may 
become  rudimentary  and  in  various  ways  subserve  the  organs  of 
sex.  The  five  abdominal  segments  are  nearly  devoid  of  appendages 

and  are  continued  posteriorly  by  two  caudal  stylets  which  bear 

strong  setse  constituting,  in  many  forms,  a  tail-fin  or  spring. 
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All  copepods,  even  such  as  are,  in  later  life,  parasitic,  begin  their 

existence  as  free-swimmg  nauplii,  such  as  are  represented  on  plate 
S,  fig.  13,  and  plate  K,  fig.  8. 

Though  the  vast  majority  of  genera  and  species  are  marine,  it 

would  seem  that  fresh-water  copepods  make  up  in  the  number  of 
individuals  what  they  lack  in  variety. 

As  we  are  dealing  primarily  with  the  fresh-water  species,  no 
lengthy  description  of  the  group  is  here  necessary. 

The  earlier  history  of  our  knowledge  of  the  animals  of  this  order 
is  given  by  Baird.  According  to  this  authority,  the  first  to  mention 

any  fresh-water  species  of  this  group  was  Stephan  Blanhaart  ^  in  his 

SchotC'biirg  cler  Rupsen,  Wormen^  Ma'clen,  en  vliegende  DieJcens  tot 
Amsterdam.  Leeuivenhoeh  adds  numerous  interesting  details  and 
is  accredited  by  Hoek  with  being  to  first  to  discover  the  relation 
between  the  remarkably  diverse  stages  which  occur  in  the  history 

of  the  Cyclops.  However,  it  is  evident  that  he  had  a  very  incomplete 
knowledge  of  the  metamophoses. 

De  Geer  gives  rather  characteristic  figures  of  acyclops  in  Memoi- 
res  pour  servir  a  VHistoire  des  Insectes,  vol.  vii,  1778. 

Mueller,  in  his  great  work  on  Entomostraca,  adds  new  facts, 
defines  species  and  forms  the  genus  Cyclops. 

Ra^ndohr  in  1805  gave  sundry  additions  to  the  knowledge  of 

these  animals  in  his  Beitraege  zur  Naturgesckichte  einiger  Deutschen 

Monocidus-arten.  In  this  work  the  post-embryonic  history  is  quite 
fully  outlined. 

Jii7'ine,  in  his  classic  work  Histoire  des  Monocles  qui  se  trouvent 
aux  Envirous  de  Geneve,  1820,  crystallized  what  previous  authors 
as  well  as  his  own  original  experiments  had  brought  to  light  of  the 
anatomy  and  biology  of  these  animals. 

Ferussac  (Memoire  sur  deux  novelles  espices  d'Entomostraces) 
redescribes  known  species. 

Gunner,  Stroem,  and  Viviana,  seem  to  have  had  little  effect  on 

the  knowledge  of  the  group,  though  they  wrote  prior  to  Juriue. 
A  recent  author  attempts  to  revive  the  names  of  Jurine,  though 

hitherto  it  has  been  thought  hazardous  to  attempt  a  specific  identifi- 
cation. 

The  German  author,  C.  L.  Koch,  who  only  incidentally  studied 

this  group,  distinguished  more  or  less  perfectly,  a  variety  of  species 
which  have  been  reinstated  in  our  literature  by  Rehberg,   Although 

1  T,atinized  Stephanua  Blanchardus .  Hoek  recognized  Cyclops  brevicaudatus  orC. 
bieuspidatus  as  the  one  described,  chiefly  through  knowledge  of  the  present  inhabitants  of 
the  locality . 
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this  proceeding  seems  quite  unjust  to  the  careful  authors  whose 
descriptions  are  recognizable  in  themselves,  the  law  of  priority  must 

probably  prevail.  Koch's  Deutschlands  Krustaceen  appeared  in  1838. 
BaircVs  British  Entomostraca^  without  greatly  extending  our 

knowledge  of  this  order,  put  in  readable  form  and  made  available  to 

English  readers  what  was  known,  and  added  interesting  facts.  He 

distinguished  two  families  of  Copepoda,  (1.)  Cyclopidse,  (2.)  Diap- 
tomidse.  The  first  included  the  genera  (1.)  Cyclops,  (2.)  Canthocamp- 
tus,  (3.)  Arpacticus,  (4.)  Alteutha;  and  the  second  the  general  (i.) 
Diaptomus,  (2.)  Temora,  (3.)  Anomlocera. 

Fischer^  who  contributed  not  a  little  to  our  knowledge  of  the 

distribution  of  fresh-water  Cladocera,  was  the  next  to  describe  valid 

species.  He  described  the  species  found  near  Moscow  and  St.  Peters- 
burg, Russia. 

Ouchahoff  is  likewise  a  Russian  author,  but  his  writings  are  quite 
unknown  to  me. 

The  justly  famous  Swedish  naturalist,  W.  Lilljeborg^  who  has 
left  his  mark  on  so  many  branches  of  natural  science,  has  not 

neglected  the  microscopic  Crustacea  of  his  fatherland.  Om  de  inom 

Shaane  foerekommande  Crustaceer  af  ordningarne  Cladocera^  Ostra- 
coda  och  Copeiooda  is  the  somewhat  formidable  title  of  his  work, 

published  in  1855.  He  recognized  the  following  genera  of  Cope- 
poda: Diaptomus,  Temora,  Dias,  Ichtyophorba,  Tisbe,  Tachidius, 

Harpacticus,  Canthocamptus,  and  Cyclops.  A  species  each  of  Diap- 
tomus and  Canthocamptus  is  described,  and  two  species  of  Cyclops. 

(It  would  seem  from  authors'  quotations  that  other  species  are  de- 
scribed in  an  appendix,  but  the  copy  I  have  seen  lacks  this.)  The 

author  who  has  done  most  for  micro-carcinology  in  general  is  Carl 
Claiis^  of  Vienna.     His  principal  works  are: 

1.  "Das  Genus  Cyclops,"  etc.    In  Wiegmann's  Archivfuer  Natur- 
geschichte.     3  857. 

2.  "  Weitere  Mittheilungen  ueber  die  einheimischen  Cyclopiden." 
The  same,  1857. 

3.  Die  Freilebenden  Copepode^i,  1863. 

The  later  work  especially  is  indispensable  to  the  student  of  Co- 
pepoda, though  in  reality  it  is  more  important  in  respect  to  marine 

Copepoda. 
In  the  meantime  a  work  appeared  in  Norwegian,  with  Latin  de- 

scriptions, from  the  pen  of  G.  0,  Sars.  This  has  been  largely  over- 
looked. It  is,  unfortunately,  unaccompanied  by  plates,  but  the  de- 

scriptions bear  the  stamp  of  the  naturalist. 
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A  little  later  a  second  brief  contribution  from  this  author  was 

published,  but  I  have  not  seen  it. 

Sir  John  Lubbock  in  1863  describes  species  of  fresh-water  cope- 
pods,  but  the  publication  seems  no  longer  necessary. 

Heller^  in  Tyrol,  Fric,  in  Bohemia,  and  Uljanin^  in  Asia,  have 
studied  the  copepod  fauna. 

A  Russian  paper  by  Poggenpol  and  Uljanin  is  quoted  as  "A 
Catalogue  of  the  Copepoda,  Cladocera  and  Ostracoda  of  the  vicinitj^ 

of  Moscow,"  by  Rehberg,  and  as  from  the  Protokolle  der  kais.-na- 
turw.  anthropoL  unci  ethnogr.  Ges.  in  Moskau^  but  by  Cragin  who 
publishes  a  translation  apparently  of  the  same  paper,  in  part,  as 

from  the  "  Bulletin  of  the  Friends  of  Natural  History." 
Hoek,  in  the  Tijdschrift  der  JSIederlandsche  Dierkundige  Vereeni- 

ging  (Magazine  of  the  Zoological  Society  of  the  Netherlands)  1875, 
and  later  in  German  in  the  Niederlaendisches  Archiv  fuer  Zoologie^ 
gave  excellent  figures  and  descriptions  of  some  species  which  Claus 
had  too  hastily  treated. 

In  1878  A,  Gruber  gave  descriptions  of  ''Two  fresh-water  Cala- 

nidse."" 
In  the  same  year  the  first  volume  of  Brady's  fine  ''^British  Cope- 

oda  "  appeared.  A  purely  technical  work  and  briefly  written,  it  is 
yet  very  comprehensive  and  in  the  main  reliable.  This  is  a  worthy 

successor  of  the  Ray  Society^s  earliest  publication  on  entomostraca 
— Baird's  great  work. 

In  the  sixth  vol.  of  the  Abhandlungen  d.  naturwissenscha/tlichen 
Vereine  zu  Bremen^  Herman  Rehberg  gives  a  systematic  review  of 
synonomy,  and  in  the  revision  unites  several  species  in  a  manner 

that  the  present  v/riter  had  independently  been  driven  to  do.  It  is 
probably  impossible  either  to  substantiate  or  positively  deny  some 

of  this  writer's  identifications  of  the  species  of  the  older  authors. 
This  paper  also  contains  an  observation  of  a  hermaphroditic  Cy- 

clops, which  it  is  interesting  to  compare  with  similar  anomalies, 
described  by  Kurz  in  Cladocera. 

In  the  vii  Band  of  the  same  periodical,  Rehberg  adds  to  and 
modifies  some  of  the  views  expressed  above.  In  the  same  number 

is  a  description  of  a  new  species  of  Temora  by  Poppe.  (The  same 

species  occurs  in  the  semi-saline  waters  of  the  Galf  of  Mexico,  and 

had  well-nigh  gone  into  print  under  a  new  name  when  this  was 
seen.) 

In  the  above  review  we  ha^e  noticed  only  the  more  important 

foreign  works  on  the  Copepoda  and  those  including  fresh- water 

forms.     Dana^s  magnificent  Crustacea  of  the   Wilkes^  Exploring 
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Expedition  is  not  included  because  it  is  essentially  restricted  to  the 

marine  species,  the  few  descriptions  of  fresh-water  species,  being 
quite  valueless.  Among  important  contributors  to  the  exclusively 

marine  Copepoda,  are  Boek  (Oversigt  over  Norges  Copepoder  and  Nye 

Slcegter  og  Arter  af  Saltvands-Copepoder)^  Brady  and  Robertson^ 
Lubbock  and  Clans. 

The  history  of  the  American  literature  can  be  quickly  traced. 

Say  described  imperfectly  an  American  species  of  Cyclops  in  1818. 
Haldeman  describes  in  vol.  viii,  of  the  Proc.  of  Phil  a.  Academy  of 

Science,  p.  331,  Cyclops  setosa  (which  may  be  C.  serrulatus).  Pick- 
ering very  imperfectly  described  a  new  genus  of  copepods  from  lake 

Ontario  in  Dekay's  Zoology  of  New  York.  This  genus  is,  most 
likely,  Epischura  of  Forbes  and,  in  strictness,  ought  to  rank  it.  In 

1877  appeared  "A  List  of  Illinois  Crustacea,"  by  Prof.  Forbes^  in 
which  two  species  of  Copepoda  were  described  which  may  rank  as 
the  first  descriptions  at  all  adequately  framed  of  American  memberb 

of  the  order.  In  the  annual  report  of  the  Minnesota  state  geologist 
for  1878,  a  brief  article  by  C.  L.  Herrick  outlined,  in  the  light  only 

of  the  then  English  literature,  the  micro-erustacea  of  Minnesota. 
No  attempt  was  made  to  treat  the  Copepoda,  but  two  species  of 
Diaptomus  are  indicated  which  will  prove  valid.  Occasional  papers 
in  the  American  Naturalist  and  elsewhere  follow  till,  in  July  and 
August  of  1882,  Prof.  Forbes  added  two  new  genera  and  several 

species  of  Copepods,  constituting  by  far  the  most  considerable  addi- 
tion to  the  subject  yet  produced. 

In  the  report  of  the  state  geologist  of  Minn,  for  1881,  C.  L.  Herrick 

makes  a  considerable  addition  to  the  knowledge  of  American  Cyclo- 
pidae,  enumerating  ten  species,  of  which  six  seemed  new.  This 

writer  also  describes  a  new  genus  and  several  new  species  of  Cala- 
nidse,  some  of  which  unfortunately  are  identical  with  those  described 

by  Forbes  and  published  about  simultaneously. 
Several  articles  in  the  Naturalist  bring  the  bibliography  up  to 

May,  1883,  when  F.  W,  Cragin  published  in  the  Trans.  Kansas 

Academy  of  Science,  "A  Contribution  to  the  History  of  the  Fresh- 
water Copepoda.''  In  this  paper  ten  species  of  Cyclops  are  described 

or  mentioned.  The  author  ignored  previous  American  literature 
and  thus  adds  somewhat  to  synonomy.  The  plates  are  lithographic, 
and  are  carefully,  if  not  artistically,  prepared.  A  valuable  feature 

is  the  translation  of  the  descriptions  of  Poggenpol's  species  from 
the  Russian. 

These  papers,  together  with  the  outline  presented  beyond,  it  is 

hoped,  will  form  a  basis  for  future  work. 
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Since  writing  the  above,  it  is  brought  to  my  notice  that  in  April, 

1881,  F.  T.  Chambers  gave  some  account  of  a  species  of  the  Hai- 
pacticidse  referred  by  him  to  Tachidius,  This  species  is  particularly 
interesting  on  account  of  its  novel  habitat,  Tachidius  (?)fonticola, 
Cham.,  is  found  in  the  saline  waters  of  Big  Bone  Springs,  Ky.,  and 
thus  is  very  distant  from  any  marine  congeners.  It  is  perhaps 
doubtful  if  the  generic  reference  can  be  sustained,  but  the  species  is 

worthy  of  further  study.  The  Diaptomus  described  by  the  same 
author  is  hardly  recognizable. 

FAMILY  CALANID^. 

This  group  is  pre-eminently  marine  and  contains  diverse  and 
graceful  forms  mostly  with  very  elongated  bodies  and  antennae. 
Of  the  six  genera  here  enumerated  as  more  or  less  habituated  to 
the  use  of  fresh  water,  two  are  found  as  yet  only  in  America 
and  one  is  confined  to  Europe. 

Heterocope,  namely,  is  very  near  Epischura,  both  being  restrict- 
ed to  fresh  water.  Diaptomus  and  Osphranticum  are  likewise  only 

accidentally  found  in  the  seas,  though  their  nearest  allies  are  marine. 

The  genus  Limnocalanus  is  as  yet  found  in  America  only  in  the 
Great  Lakes. 

In  the  distribution  of  genera  we  here  follow  Brady,  whose  defini- 
tion of  the  family  Calanidge,  including  Calanidse  and  Pontellidae  of 

authors,  we  quote:  "  Body  elongated;  composed  of  from  ten  to 
twelve  [obvious]  segments.  Abdomen  nearly  cylindrical,  much 
narrower  than  the  cephalothorax  and  prolonged  at  the  posterior 
extremity  into  two  more  or  less  cylindrical  caudal  branches 

f stylets].  First  segment  of  thorax  often  anchyiosed  with  the  head; 
fourth  and  fifth  segments  also  often  coalescent.  Head  only  rarely 

divided  into  two  segments.  Anterior  antennae  ver}'  long  and  com- 
posed of  twenty-four  or  twenty-five  joints;  that  of  the  right  side  in 

the  male  often  modified  for  grasping  [geniculate].  Posterior 
antennae  large,  composed  of  a  basal  joint,  from  which  spring  usually 
two  branches,  the  primary  branch  consisting  of  two,  the  secondary 
of  several  joints.  Mandibles  strongly  toothed  at  the  apex,  palp 

(usually)  two-branched.  Maxillae  strong,  and  provided  with  a 
many-lobed  palp.  Foot-jaws  strongly  developed:  first  pair  very 
broad;  the  basal  joints  having  on  the  inner  margin  wart-like  pro- 

cesses, from  which  spring  long  ciliated  bristles;  the  distal  extremity 

divided  into  three  short  joints  which  are  thickly  beset  with  strong 
9 
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and  long,  ciliated  setae;  second  pair  longer  and  more  slender,  basal 

portion  forming  two  long  oval  joints;  apical  portion  usually  4-6- 
jointed.  First  four  pairs  of  feet  2-branched,  the  outer  branches 
always  three-jointed.  Fifth  pair  either  like  the  foregoing,  or  much 
modified,  unlike  on  the  two  sides,  and  in  the  male  forming  clasp- 

ing organs.  A  heart  is  present.  Eyes  either  median  and  stalked 

or  paired  (lateral)  and  sessile;  in  the  latter  case  being  often  coales- 
cent  and  composed  of  several  lenses.  Sexual  organs  in  the  female 

symmetrical,  in  the  male  asymmetrical.  Ovisac  single,  borne  in 

front  of  [below]  the  abdomen. 

I. — Genus  Heterocope,  Sars. 

Cephalothorax  7-jointed;  abdomen  of  female  three-jointed;  caudal 
stylets  short,  with  three  large  setas  and  other  small  spines.  Anten- 

nae long,  slender,  25-jointed;  right  male  antenna  geniculate,  the 
six  joints  preceding  the  nineteenth  swollen  slightly,  the  previous 

ones  coalescent;  external  ramus  of  the  antennules  7-jointed;  labrum 
tri-lobate;  feet  of  the  four  anterior  pairs  with  the  inner  rami  one- 

jointed;  fifth  feet  of  female  with  a  single  ramus,  three-jointed,  with 
a  terminal  spine.  The  right  foot  of  the  male  is  cheliform, 

four-jointed,  second  joint  extending  into  a  long  cylindrical  process, 
the  terminal  joint  with  two  apical  claws. 

The  writer  is  familiar  with  but  three  species — H.  appendiculata, 

Sars^  H.  saliens,  Lilljeborg,  (=  H.  rubusta,  Sars^)  and  H.  alpiua^ 
Sars.  None  of  these  have  as  yet  been  positively  identified  in 

America*  and  their  place  seems  supplied  by   the  following  genus. 

II. — Genus  Epischura,  Forbes. 

(=  Scopiphora,  Pickering?) 

Undoubtedly  the  most  remarkable  of  fresh  water  copepods  are 
the  two  American  species  of  this  genus.  It  is  not  yet  certain  that 
the  second  species  may  not  be  a  young  stage  of  the  first  but  it  seems 

quite  improbable. 

Related  with  Heterocope,  Sars.  The  antennae  are  25-jointed^ 
the  right  of  the  male  being  geniculate.  Tne  thorax  is  6-jointed» 
the  last  two  segments  being  partially  coalesced.  The  abdomen  is 

five-jointed  in  the  male  and  four-jointed  in  the  female,  one  branch- 
ed, in  the  male  modified  for  prehension.     Abdomen  of  male  with  a 

♦Heterocope  is  said  by  Patten  (Cragen)  to  be  common  at  Watertown,  Conn. 
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prehensile  appendage  on  the  left  side,  often  more  or  less  distorted. 

Inner  rami  of  swimming  feet  one-jointed.  Caudal  stylets  with 
three  long  setae.  The  first  mention  of  an  animal  of  this  genus 

seems  to  be  Pickering's  description  of  Scopiphora  vagans  from  deep 
water  in  lake  Ontario.  It  seems  almost  certain  that  the  species  so 

imperfectly  described  in  Dekay's  Crustacea  of  New  York,  is  none 
other  than  a  species  of  Epischura,  but  [  hesitate  to  substitute  for 

a  name  accompanied  by  good  descriptions  and  figures,  and  one 
which  has  already  been  incorporated,  to  some  extent,  into  our 

literature,  one  which  is  founded  on  a  description  so  imperfect  and 
general  that  one  incidental  character  alone  enables  one  to  guess  its 

application.     The  following  is  Pickering's  description: 
'^  Body  small,  eye  single,  near  the  anterior  margin  of  the  shield. 

Antennse  large,  and  as  long  as  in  the  preceding  genus  [Cyclops], 
and  has  the  same  motions  in  the  water.  Abdomen  termmatiuor 

in  two  styles,  each  with  three  setae;  last  or  three  last  joints.  Ova- 

ries none;  legs  spiny." 
What  is  meant  by  the  "brush"  fails  to  appear,  unless  the  speci- 

mens were  ornamented  with  some  parasitic  plants  or  animals. 
The  three  setas  of  the  caudal  stylets  and  long  antennas  will  place 
this  form  in  no  American  genus  save  Epischura.  But  even  this 
statement  of  Pickering  may  be  held  doubtful. 

Sp.  1.    Epischiu'a  lacustris,  Forbes. I 
( Plate  Q.    Fig.  15.) 

"  The  scond  segment  of  the  abdomen  of  the  male  is  twice  as  long 
as  the  first,  and  produced  to  the  right  as  a  large,  elongate,  trian- 

gular process,  somewhat  hooked  backwards  at  the  tip.  The  third 
segment  is  similarly  produced,  but  rounded  and  expanded  at  the 
tip,  which  is  roughened  before  and  behind. 

From  the  right  side  of  the  fourth  segment  arises  a  stout  process 

bearing  at  its  apex  a  hatchet-shaped  plate  with  seven  broad  obtuse 
serratures  on  its  anterior  margin.  This  process  is  roughened  be- 

hind, where  it  is  opposed  to  the  concave  side  of  the  left  ramus  of 

the  furca.  From  the  same  side  of  the  fifth  segment,  a  short  flat- 

tened plate,  of  a  spatulate  or  pad'dle-like  form,  extends  forward 
above  or  beyond  the  toothed  process  just  mentioned. 

The  antennae  are  25-jointed,  and  reach  to  the  second  segment  of 
the  abdomen.     There  are  especially  prominent  sensory  hairs  on  the 
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first  and  third  joints,  borne  at  the  tips  of  long  spines.  The  anten- 
nules  are  short,  the  ramus  apparently  but  three-jointed,  the  short, 
median  joints  common  in  this  appendage  being  only  obscurely  in- 

dicated. The  mandible  has  but  seven  teeth,  the  first  simple  and 
acute,  separated  from  the  second  by  an  interval  about  equal  to  the 
second  and  third,  the  second  to  the  sixth  bifid,  the  seventh  entire 

and  acute.  The  usual  plumose  bristle  is  replaced  by  a  sharp, 
simple  spine. 

The  outer  ramus  of  the  fourth  pair  of  legs  has  two  teeth  at  the 

outer  tip  of  each  of  the  two  basal  joints.  The  terminal  joint  of 
this  ramus  is  armed  as  follows:  a  short  simple  spine  at  middle  of 
outer  margin  and  another  at  the  distal  outer  angle;  a  single  and 
long  terminal  seta,  strongly  and  sharply  toothed  externally  and 
plumose  within,  and  four  long  plumose  setae  attached  to  the  inner 
margin. 

The  left  leg  of  the  fifth  pair  in  the  male,  viewed  from  behind,  has 

the  basal  joint  very  large,  broader  than  long,  with  the  inner  inferior 
angle  produced  downwards  as  a  long,  stout,  curved  process  or  arm 

as  long  as  the  two  remaining  joints.  The  second  joint  is  trapezoid- 
al, shortest  within.  The  third  joint  is  about  half  as  wide  at  base 

as  the  first,  is  straight  without,  with  a  sharp,  small  tooth  at  its 

distal  third,  and  bifid  at  tip.  On  the  inner  margin  this  joint  is  at 
first  dilated  a  little,  and  then  deeply  excavated  to  the  narrow  tip, 

to  receive  the  lower  end  of  the  left  leg,  the  lower  two-thirds  of  this 
margin  forming  the  segment  of  a  circle. 

The  right  leg  is  two-jointed,  the  first  joint  twice  as  broad,«nlarg- 
ed  at  the  lower  end,  forming  an  auriculate  expansion  at  iS  inner 
inferior  angle.  The  second  joint  is  conical  in  outline  and  about 

two-thirds  as  long  as  the  first. 
The  terminal  bristles  of  the  rami  are  very  broad  and  strong  in  the 

female,  the  outer  one  especially  having  an  extraordinary  size  and 
thickness.  There  is  also  at  the  outer  angle  of  each  ramus  a  short, 

stout  spine,  that  on  the  left  ramus  being  inflated  like  the  outer 

bristle.     Length  .065  in. 

The  legs  of  the  fifth  pair  in  the  female  are  three-jointed  and 
similar,  the  basal  joint  short  and  broad,  the  second  two  and  one- 
half  times  as  long  as  wide.  The  leg  terminates  by  four  diverging 

teeth,  preceded  by  two  others,  one  on  each  side, 
Taken  in  the  towing  net  abundantly  in  October,  1881,  at  Grand 

Traverse  bay;  also  obtained  rarely  by  Mr.  B.  W.  Thomas,  from  the 

city  water  of  Chicago." 
Occurring  in  Minnesota,  probably  in  lake  Superior. 
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Sp.  2.    Epischura  fluviatilis,  Herrick. 

(Plate  Q.    Figs.  14  and  16.) 

Similar  to  the  above  but  smaller  (.04  in.)  The  females  are  very 

similar,  though  the  fifth  feet  are  more  elongate  and  difi'erently 
spined.  The  abdomen  is  perfectly  straight  and  the  three  caudal 

setse  are  of  nearly  equal  size.  The  claw  is  armed  with  eight  teeth, 
all  but  the  first  of  which  are  emarginate.  The  abdomen  of  the 

male  is  straight,  but  has  a  strong  process  on  the  left  side  which 
bears  a  movable  claw  laterally  and  a  small  second  segment  which 
terminates  in  two  small  spines.  The  fifth  foot  of  the  male  is 

peculiar;  the  inner  ramus  (or  the  left  foot)  lamelliform,  one-jointed, 
with  two  opposable  claws;  the  right  branch  is  simple  and  3-jointed, 
in  form  like  that  of  the  female.  Here  we  have  the  most  marked 

difference  between  the  two  species.  Found  in  Mulberry  creek, 
Cullman  county,  Alabama.  Although  a  considerable  number  were 

examined  no  oviferous  female?  were  found,  while  the  males  contain- 
ed the  spermatophores  and  can  hardly  be  thought  immature,  and, 

as  it  is  in  the  male  that  the  most  marked  differences  appear,  the 
two  species  seem  certainly  distinct. 

III. — Genus  Temora,  Baird. 

(Plate  H.    Figs.  8— 16.) 

This  genus  contains  several  marine  forms  and  two  which  are 
found  also  in  streams  opening  into  the  sea.  The  species  seem  to 

be  as  follows:  T.  velox^  Lilljeborg,  T.  longicornis,  Mueller,  (=T'. 
finmarchia^  Baird,  =Diaptomus  longicaudatiis,  Lubbock),  T. 
armata^  Glaus,  T.  inermis^  Boeck,  and  T.  affinis,  Poppe.  T. 
clausii,  Hoeck,  is  said  by  Poppe  to  be  certainly  identical  with  T. 

velox.  Hoeck's  figures  are  incomparably  better  than  any  of  the 
preceding,  but  he  seems  to  have  been  misled  by  errors  in  Lilljeborg. 
The  species  described  by  me  before  the  Academy  of  Sciences  of 
Minnesota  (but  still  unpublished)  as  T.  gracilis,  from  the  brackish 

waters  bordering  the  gulf  of  Mexico,  agrees  very  closely  with  T. 
affinis,  Poppe.  (xlbhandlungen  v.  naturw,  Vereine  z.  Bremen, 

1880,  p.  55.)  This  name  must  therefore  take  precedence.  This- 
species  has  been  found  in  the  Rhine  and  rivers  flowing  into  the 
gulf  of  Mexico,  as  well  as  in  the  marine  or  brackish  waters  into 
which  these  rivers  flow.  The  occurrence  of  the  genus  in  American 

fresh  waters,  justifies  its  mention  here. 
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lY. — Gekus  Osphrakticum,  Forbes. 

(=Potamoichetor,  Herrick.) 

First  reported  as  Potamoiclietor  before  the  Minnesota  Academy 
of  Sciences  in  1879,  but  owing  to  a  disastrous  fire,  publication  was 

prevented.  Priority  probably  belongs  to  Forbes'  name,  since, 
although  first  printed  in  the  tenth  annual  of  this  survey,  the  edition 
was  not  distributed  till  after  the  August  issue  of  the  American 
Naturalist  of  1882,  containing  the  description  above  alluded  to. 

Forbes  says  this  genus  has  antennae  23-jointed;  all  the  specimens  we 
have  gathered  from  Minnesota  to  Alabama  had  24-jointed  anten- 

nae.    The  original  description  of  'Totamoichetor"  is  appended. 
"Cephalothorax  six-jointed,  distal  segments  evident;  abdomen, 

in  the  male,  five-jointed,  in  the  female  four-jointed;  antennae 
twenty-four-jointed,  the  right  geniculated  as  in  Centropages 

(=Ichthyophorbia);  first  pair  of  feet  with  the  rami  both  three- 
jointed,  like  the  following;  feet  of  the  fifth  pair,  in  the  female,  like 
the  preceding,  but  with  a  spine  of  the  joint  preceding  the  terminal 
one  enlarged  and  divaricated  somewhat  as  in  Centropages;  in  the 

male,  the  right  with  a  two-jointed  outer  ramus,  the  terminal  joint 
of  which  is  spined  and  bears  near  its  base  a  blunt  expansion  of  its 

inner  margin;  outer  ramus  of  left  foot  three-jointed,  armed  with 
unequal  spines;  inner  branches  smaller,  similar,  three-jointed;  the 
terminal  joint  bearing  curved  spines;  ovary  and  testes  as  in  Diap- 
tomus,  with  which  the  mouth  parts  agree  in  the  main;  eyes  me- 

dian, confluent.'' Our  own  experience  is  that  the  single  species  of  this  genus 
prefers  estuaries  of  running  water.  Forbes,  however,  has  taken  it 
from  swamps  and  wayside  pools. 

Sp.  1.    Osplirauticuiii  labronectum,  Forbes. 

(Plate  Q2.    Figs.  1—8  and  13— 14.) 
Potamoichetor  fiicosus,  herrick,  Cyclopidoe  of  Minnesota,  etc.,  p.  224. 

'"  Rather  slender,  and  in  size,  as  well  as  general  appearance,  re- 
sembling the  smaller  forms  ofDiaptomus;  antennae  rather  stout, 

reaching  but  little  beyond  the  feet,  appendaged  as  in  Diaptomusi 
•in  the  male  strongly  geniculated,  but  somewhat  variously  so;  the 

six  joints  preceding  the  terminal  four  are  thickened;  those  preced- 
ing the  joint  or  hinge  are  arcuate  on  the  distal  margins;  the  secondary 

antennae  are  about  as  in  Diaptomus;  mandibular  palp  two-branched, 
the  outer  three-jointed,  the  inner  two-jointed;  the  terminal  joint  of 
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the  shorter  branch  bearing  seven  seta?,  of  the  other  four,  the  proxi- 
mal joint  of  the  former  with  three  stout  spines;  the  maxillae  nearly 

like  Diaptomus;  the  processes  have  respectively  the  following 
numbers  of  setae:  the  basal  plate  eight,  the  small  processes  at  base 
of  posterior  branchial  appendage  one,  the  appendage  itself  twelve, 
terminal  portion  three  groups,  first  containing  nine,  the  secoud 
three,  and  the  third  four  or  five,  the  upper  of  the  anterior  processes 
two,  and  the  lower  three;  fifth  feet  nearly  like  the  others  in  size; 

the  right  in  the  male  having  the  outer  branch  but  two-jointed  by 
the  coalescence  of  the  two  outer  to  form  an  arcuate  and  deformed 

appendage,  armed  at  the  end  with  three  stout  equal  spines;  corres- 
ponding branch  of  left  foot  three-jointed;  the  terminal  joint  bearing 

three  unequal  spines,  each  of  the  preceding  joints  only  one;  inner 

branches  similar,  three-jointed;  terminal  joint  being  short  and  armed 
with  three  short  lanceolate  setae  and  three  longer  ones,  two  of  which 

are  curved  so  as  to  be  slightly  prehensile;  fifth  foot  of  female  with 

both  rami  three- join  ted;  inner  ramus  much  smaller;  antepenult 
segment  of  the  outer  ramus  extending  into  a  large  lanceolate  pro- 

cess; ova-sac  long-ellipsoidal  or  spherical,  reaching  nearly  to  the  end 

of  the  caudal  setae." 

V. — Gekus  Diaptomus,  Westwood. 

The  most  widely  distributed  and  well-known  of  fresh  water  Cala- 
nidae,  inhabiting  in  various  species  the  smallest  as  well  as  the  largest 

bodies  of  standing  or  sluggishly-fiowing  fresh  water.  Apparently 
a  recently  formed  group  whose  nearest  known  ally  is  the  curious 

Pseudo-diaptomus,  found  in  the  gulf  of  Mexico.  The  animals  of 
this  genus  are  apparently  very  susceptible  to  the  influences  of  the 
environment,  and  are  consequently  ex:tremely  variable  not  only  in 
color  but  in  minor  structural  points.  lu  America  there  is  a  curious 
fact,  which  is  susceptible  of  different  explanations,  one  of  which 
was  given  in  the  American  Naturalist  at  various  times  during  the 

year  past.  The  species  or  varieties  fall  in  pairs,  one  of  which  is 

smaller  and  less  highly  differentiated,  while  the  other  is  greatly  en- 
larged and  has  the  peculiarities  emphasized.  These  sets  occur  in 

open  and  shallow  water  respectively.  The  large  varieties  are,  as 
the  rule,  restricted  te  such  shallow  weedy  pools  as  dry  up  during 
summer  and  freeze  solid  in  winter.  The  forms  intermingle  slightly, 
but  there  are  seasonal  differences  of  greater  or  less  extent. 

The  body  is  composed  of  an  elongated  thorax,  with  which  the 

head  is  united,  forming  a  six-jointed  cephalothorax.     The  abdomen 
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is  five-jointed,  though  in  the  female  these  joints  are  so  united  as  to 
cause  the  abdomen  to  appear  three-jointed.  The  antennae  are 
twenty-five-jointed,  and  the  right  male  limb  is  modified  by  a  coal- 

escing of  some  of  the  terminal  joints,  a  thickening  of  others  and 

the  development  of  certain  spines,  hooks,  and  knife-like  ridges  to 
form  a  prehensile  organ.  The  first  pair  of  feet  has  two-jointed 
inner  rami.  The  remainder  have  both  rami  three- jointed,  save  the 
last.  This  fifth  foot  is  differently  formed  in  the  sexes,  the  inner 

branch  of  the  fifth  foot  beina:  one  or  two-jointed.  Terminal  joint  of 
the  outer  ramus  of  this  limb  in  the  female  very  small  or  apparently 
absent,  second  joint  produced  to  form  a  stout  curved  claw.  The  left 

foot  is  reduced  in  the  male,  serving,  in  some  species,  to  affix  the  sper- 
raatophore  to  the  body  of  the  female,  while  the  abdomen  is  held  by 
the  right  foot.  The  last  segment  of  the  thorax  has  one  or  two  sharp 

spines  below.  The  spermatophore,  or  sperm  case,  is  a  long  tube 
with  coagulating  expansive  lining,  which  forces  out  its  contents  on 
exposure  to  the  water.     The  colors  are  frequently  brilliant. 

Three  or  four  species  of  this  genus  are  known  in  Europe,  the 
first  being  Diaptomus  castor  which  seems  universally  distributed. 
It  can  hardly  be  doubted  that  the  six  forms  mentioned  below  belong 

among  the  varieties  of  this  species;  yet  these  forms  can  be  disting- 
uished very  well,  and  are  deserving  of  distinct  names.  Two  other 

forms  are  nearest  D.  gracilis  of  Sars,  but  sufficiently  distinct.  These 
stand  related  as  do  the  pairs  of  the  other  section,  and  can  not  be 
readily  distinguished. 

The  following  is  the  most  convenient  arrangement  of  the  genus 
I  have  been  able  to  devise. 

Key  to  the  Genus  Diaptomus. 

I.   Form  robust;  right  antenna  of  the  male   with  a  hook,    much 

swollen  anterior  to  the  geniculating  joint. 

a.     Head  not  greatly  dilated. 

*  Last  segment  of  thorax  prolonged  into  a  sharp-spined  angle  or  tooth. 
t  With  but  one  tooth  (?). 

1.  D.  castor,  Jurine. 

tt  With  two  teeth. 

X  Length  under  3  mm. 

§  Inner  rami  of  fifth  feet  in  the  female  1 -jointed. 
2.  D.  sanguineus.  Forbes. 

4.    D.  armaius,  Herrick . 

§§  Inner  rami  2-jointed, 
3.  D.  minnetonka,  Herrick. 

iX  Length  over  3  mm. 
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5.  D.  staffncdis,  Forbes . 

**  Last  segment  of  the  thorax  more  or  less  united  with  the  previous  one,  bearing  very 
small  spines. 

6.  D.  longicornis,  Herrick. 

(u)  Length  under  2  mm. 

var.  leptopus,  Forbes. 

(b)  Length  over  2  mm . 

var.  similis,  Herrick. 

B.    Head  enlarged. 

7.  -D.  laticeps,  Sars. 

II.  Form  slender,  elongate;  head  divided  into  two  portions;  antennse 
long,  slightly  altered  in  the  male. 

A.  Antenna  of  male  with  a  hook. 

8.  D.  gracilis,  Sars. 

B.  Antenna  of  ma'e  without  a  hook. 

9.  D,  pallidus,  Herrick.. 

(a)  Antennae  much  longer  than  the  body,  inner  rami  of  fifth  pair  of  feet  in  the  male 

1-jointed. 

var.  pallidus,  Herrick. 

(b)  Antennae  little  longer  than  the  body,  inner  ramus  of  fifth  feet  bi-articulate. 
var.  sicilis,  Forbes, 

Sp.  1.    Diaptonius  castor,  Jurine.     [Sars.] 

"Corporis  forma  sat  robusta.  Cephalothorax  in  femina  postice  parum  antice  vero  magis 
attenuatus,  angulis  laminarum  segmenti  ultimi  obtusis.  Segmentum  1-mum  abdominale 
absque  mucrone  laterali.  Rami  caudal es  brevissimi  segmento  antecedente  vix  longiores 

setis  crassis  et  brevibus.  Antennae  1-mi  paris  mediocris  longitudinis  reflexae  segmentum 
3-tiuni  abdominale  vix  superantes,  animali  natante  leviter  arcuatae  adque  latei'a  vergentes  ; 
articulus  ultimus  [?]  antennas  dextrae  maris  in  hamulum  exiens  acuminatum.  Ramus  an- 
tennarum  2-di  paris  exterior  interiore  parum  modo  longior,  articulo  ultimo  quam  antece- 
dentibus  5  junctis  breviore.  Articulus  ultimus  pedum  5-ti  paris  in  femina  perrudimentaris 
tuberculum  solum  minimum  aculeo  uno  parvo  instructum  formans ;  unguis  intus  curvatus 

maximus  validusque  ;  appendix  interna  indistincte  bi-articulata  longitudinem  articuli  3-ti- 
superans ;  unguis  terminalis  pedis  dextri  maris  longissimus  leviterque  arcuatus.  Saccus 
oviferus  parva  et  multa  continet  ova  colore  castaneo.  Color  animalis  variat  ex  fulvo,  cae- 

ruleo  vel  rubro.    Longit,  fem.  interdum  fere  3  mm.     Habitat  in  aquis  stagnantibus." 

The  description  quoted  above  from  Sars  does  not  agree  with 

Glaus'  or  Brady's  account  of  the  same  species.  From  what  Brady 
says  of  the  English  Diaptomi  one  would  conclude  that  the  same 
variations  occur  there  as  here.  D.  westwoodii,  which  he  unites 

with  D.  castor,  is  certainly  as  different  from  that  species  as  our  D. 

stagnalis  is  from  D.  sanguineus.  An  actual  comparison  of  specimens 
will  be  necessary  to  clearly  define  the  relation  of  the  American  and 
European  species. 
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Sp.  2.    Diaptomus  saiig-iiineus,  Forbes. 

(Plate  Q.    Fig.  12.) 

A  species  found  with  us  in  stagnating  pools  in  early  spring, 

frequently  following  D.  stagnalis  and  giving  place  to  D.  leptopus. 
It  prefers  pools  less  foul  than  those  affected  by  the  latter,  though 
not  rarely  found  with  it  temporarily.  The  species  is  quite  variable, 
and  the  variations  are  in  directions  suggestive  of  other  species. 
Measurements  taken  of  specimens  from  a  gathering  from  two 

pools,  one  being  more  stagnant  than  the  other,  showed  the  follow- 

ing results: — males  from  the  less  stagnant  1.7  mm.;  males  from  the 
other  pool  2.0  mm.;  a  difference  of  0.3  mm.  (Males  of  D.  stagnalis 
from  the  latter  gathering  measured  3.4  mm.,  while  the  females  of 

that  species  vary  between  3.8 — 3.9  mm.)  Females  measure  about 
1.8  mm.  on  an  average,  of  which  1.3  mm.  is  the  length  of  the  thorax. 
Such  individuals  have  antennae  1.7  mm.  long.  The  greatest  width 
is  anterior  to  the  middle,  being  about  0.5  mm. 

This  species  differs  from  D.  stagnalis  of  which,  in  most  respects, 
is  a  miniature,  by  the  long  antennae,  short  abdomen  and 

peculiar  armature  of  the  fifth  feet. 
In  the  female  the  fifth  foot  is  about  0.5  mm.  long,  and  the  outer 

ramus  has  two  small  spines  on  the  terminal  joint,  while  the  seg- 
ment before  the  last  has  a  powerful  toothed  claw.  The  inner  ramus 

is  not  evidently  two-jointed.  The  first  abdominal  segment  is 
spurred  on  either  side.  The  last  thoracic  segment  extends  into  a 
strong  angle  which  bears  a  heavy  spine  terminally,  and  a  smaller 
spine  dorsally.  On  the  dorsal  median  line  is  a  protuberance  or 

"hump''  on  this  segment.  In  the  male  the  outer  ramus  of  the  right 
foot  of  fifth  pair  is  long,  and  terminates  in  a  powerful  curved, 
toothed  claw.  The  inner  ramus  is  small  and  narrowed  toward  the 

end;  on  the  outside  of  the  segment  from  which  it  springs  is  a  blunt 
spine,  which  is  nearly  as  large  as  the  ramus  itself,  and  has  been 
mistaken  for  it.  The  left  foot  is  very  fleshy  and  its  inner  ramus 

very  rudimentar}^  The  color  is  brilliant  red  or  purple  but  variable. 
Found  in  the  southern  states  in  autumn. 

Sp.  3.    Diaptonius  niinne tonka,  (Sp.  n.) 

(Plate  Q.     Figs.  8—10.) 

A  small  species,  smaller  than  either  D.  longicornis  or  D.  sangui- 
neus, was  gathered  in  a  pool  bordering  lake  Minnetonka,  which 

contained  also  D.  longicornis.     It  unites  the  chara3teristics  of  both 
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species.  The  antennae  reach  beyond  the  stylets,  the  color  is  dark, 

the  margins  of  the  last  segment  of  the  thorax  is  rather  strongly 
spined,  very  much  as  in  D.  sanguineus.  The  fifth  feet  of  the  female 

resemble  very  much  those  of  D.  leptopus,  but  the  first  segment  of 
the  abdomen  has  a  strong  spine.  The  fifth  foot  of  male  resembles 

that  of  D.  sanguineus  more  than  that  of  leptopus,  This  species 
was  seen  but  once,  and  no  measurements  can  be  given  save  that  of 
the  male  which  was  1.4  mm. 

Sp.  4.    DiaptoiMUS  arinatus,  Herrick, 

Is  founded  upon  an  imperfectly  known  form  in  which  the  an- 
tennse  do  not  reach  the  end  of  the  abdomen;  the  thickened  part  of 
the  male  antennae  short;  the  antenna  armed  as  in  D.  sanguineus; 
the  terminal  claw  of  the  fifth  foot  of  the  male  with  a  tooth  near 

the  base;  the  claw  being  nearly  as  long  as  the  ramus. 

Sp.  5.    Diaptoinus  stagnalis,  Forbes. 

(Plate  Q.    Figs.  11  and  13.) 
D.  giganteus,  herrigk. 

The  largest  species  of  the  genus  and,  not  improbably,  too  close 
to  D.  westwoodii,  Lubbock.  The  general  characters  are  like  those 

of  D.  sanguineus,  but  the  form  is  much  more  robust  and  the  anten- 
nae only  moderately  exceed  the  thorax.  The  proportions  may  be 

gathered  from  the  measurements  given,  In  the  female  the  length 
of  thorax  is  2.5  mm.;  abdomen  1.2  mm.;  antennae  2.3  mm.;  stylets 

0.1  mm.  The  caudal  stylets  are  as  broad  as  long,  or  nearly  so.  The 

last  thoracic  segment  extends  into  an  irregular  process  0.1  mm. 
long,  bearing  a  spine  dorsally.  The  first  abdominal  segment  is 

spurred  on  either  side.  The  fifth  feet  in  the  female  have  two-jointed 
inner  rami.  The  terminal  segment  of  the  outer  ramus  is  more  than 
ordinarily  distinct,  while  the  claw  is  biserrate.  The  right  foot  of 

the  fifth  pair  in  the  male  is  very  long,  its  claw  being  strongly  tooth- 

ed. On  the  inside  of  the  second  joint  from  the  base  is  a  disc-like  ap- 
pendage peculiar  to  this  species.  The  left  foot  is  short.  The  longer 

ramus  is  three-jointed,  but  the  terminal  joint  is  a  mere  curved  spine, 
opposing  a  spine  from  the  penultimate  segment,  which  is  covered 

with  minute  spines  or  teeth.  The  basal  joint  of  the  ramus  has  a  brist- 
ly protuberance  distally.  The  inner  ramus  is  marked  with  oblique 

ridges.  The  right  antenna  has  a  powerful  hooked  spine  on  the 
antepenult  segment,  the  two   segments  be.yond  which  coalesce  in 
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maturity  as  in  the  other  related  species.  For  measurements  see 
above.  Color  deep  opaque  red  or  purple.  Appearing  in  early  spring 
as  soon  a^  the  ice  is  melted  from  the  pools  which  it  inhabits.  In 
the  south  it  occurs  in  autumn.  The  name  above  given  seems  to 
have  the  priority,  although  this  species  was  figured  and  described 
at  about  the  same  time  m  the  annual  of  this  survey. 

Sp.  6.    Diaptomus  longicornis,  Berrick 

This  name  was  applied  somewhat  loosely,  the  description  given 

being  incomplete,  but  re-examination  of  types  shows  it  to  belong 
unquestionably  to  the  form  since  described  as  D,  leptopiis.  in  our 
state  we  have  found  another  variety,  in  general,  almost  identical 
with  the  type  specimens,  but  nearly  twice  as  large.  It  is  now 
proposed  to  extend  the  sis^nificance  of  this  name  so  as  to  include 
both  varieties,  which  will  undoubtedly  be  found  connected  by 
intermediate  forms,  thus  retaining  the  name  given  by  Forbes  for 
the  variety  to  which  it  in  particular  applies. 

(a)  var.  leptopiis,  Forbes. 

This  species  is  the  commonest  member  of  the  genus  in  small 
lakes  and  clear  pools.  It  is  tolerably  constant  in  coloration,  but 
varies  somewhat  in  size.  The  original  description  is  insufficient  to 
identify  the  species  definitely,  but  taken  in  connection  with  the 
figure  and  the  measurement,  could  hardly  be  refered  to  either  of 
the  other  American  forms.  This  species  is  characterized  by  the 
very  compact  thorax,  the  margin  of  the  last  segment  of  which  has 
two  very  minute  spines;  and  by  the  form  of  the  fifth  feet.  The 
antennae  reach  nearly  to  the  end  of  the  caudal  setae,  while  in  the 
next  they  fall  short  of  the  length  of  the  stylets.  The  outer  spines 
of  the  swimming  feet  are  denticulate  on  the  outer  margin  and  setose 
within.  The  fifth  feet  of  the  female  are  compact,  the  inner  ramus 

is  more  or  less  obviously  two-jointed;  the  third  joint  of  the  outer 
ramus  is  almost  obsolete  and  has  two  short  spines;  the  claw  of 
second  joint  is  strongly  denticulate.  The  male  fifth  foot  has  a 

rather  long  inner  ramus  which  is  very  imperfectly  two-jointed;  the 
left  foot  is  rather  long;  the  claw  of  the  right  foot  is  armed  with 
crenulate  teeth.  Leugth  1.5 — 1.7  mm.,  without  setae.  The  body, 
which  is  broadest  anterior  to  the  middle,  is  bluish;  the  tips  of  the 

antennae  are  deep  purple.  The  eggs  are  not  as  numerous  as  in  the 
next. 
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(b)  var.  similis,  (Var.  n.) 

(Plate  Q.  '  Figs.  5—7.) 
This  form  is  twice  as  large  as  D.  leptopus,  but  otherwise  scarcely 

distiDguisliable.  It  occurs  in  autumn  (and  spring?)  in  shallow 
pools,  which  can  but  be  frozen  solid.  The  following  diflPerences 
are  the  only  points  yet  noticed.  Females  of  both  of  the  species 
were  placed  side  by  side  upon  a  slide  and  examined.  D.  leptopus 
measured  2.4  mm.,  exclusive  of  caudal  setae;  the  antennae  reached 

hardly  to  the  base  of  the  stylets;  the  eggs  measured  0.12  mm.,  while 

those  of  D.  longicornis  measured  0.8  mm.;  the  egg-sac  measured 
0.8  mm.,  while  that  of  longicornis  was  0.5  mm.  A  few  other  minute 

differences  were  noticed,  but  the  general  form  and  color  was  iden- 
tical. The  peculiar  doubling  of  the  edge  of  the  last  segment  is 

characteristic  of  these  two  forms;  each  has  a  small  spine  on  either 
side  of  the  abdomen.  The  base  of  the  inner  ramus  of  left  foot  of 

fifth  pair  of  the  male  has  a  double  series  of  spines. 

Sp.  7»    Diaptomiis  laticeps,  Bars. 

"Cephalothorax  aLtice  dilatatus.  latidudine  maxima  in  pane  antica  capitis  sita, 
postice  sensim  atteuuatus,  segmento  ultimo  feminae  ad  latera  parum  extante  angulis 
lateralibus  acuminatis.  Segmentuni  1-mum  abdominale  feminse  antice  latum  mucrone 
brevi  laterali  armatum,  postice  sensim  attenuatum.  Rami  caudales  sat  magni  seg- 
menta  antecentia  2  juncta  longitudine-sequantes  setis brevissimis  et  robustis  instruct!. 
Antennse  l-mi  paris  feminge  longltudinem  corporis  requantes,  anlmali  natante  rectte  et 
quam  in  D.  gracili  adliuc  magis  postice  vergeates  ;  articulus  antepenultimus  antennae 
dextrse  maris  liamulo  armatus.  Ramus  exterior  auteunarum  2-di  paris  interiore  multo 
longior  articulo  ultimo  longitudiuem  articulorum  autioedentium  5  aequante.  Pedum 
5-ti  paris  feminae  articulus  ultimus  parvus,  cylindricus,  nou  vero  tam  rudimentaris 
quam  in  D.  castore,  aculeo  uno  brevi  apicali  instructus  ;  appendix  interna  ne  tertiam 
quidem  longitudinis  articuli  3-ti  partem  aequans  et  uniarticulata  ;  pedis  dextrl  maris 
articulus  3-tlus  extrorsum  aculeo  forti  armatus,  ungue  terminali  valde  flexuoso  et  sub- 
sigmoides  ;  sinister  aculeis  duobus  rectis  terminatus.  Saccus  oviferus  sat  multa  conti- 
netova.  Color  pleurumque  laete  cseruleus,  interdum  pallidior,  albescens.  Longit. 
feminse  circit.  Wz  mm." 

Sp.  8.    Diaptonius  gracilis,  Sars. 

"Corpus  quam  in  D.  castore  gracillus,  ceplialothorace  et  antice  et  postice  attenuato, 
latitudine  maxima  in  medio  sita.  Anguli  laminarum  segment!  ultimi  thoracalis  femi- 

nge in  mucrones  tenues  et  acuminatos  product!,  et  mucrone  simili  sat  magno  segmen- 
tum  1-mum  abdominale  utrinque  armatus  est.  Rami  abdominales  breves  setis  in  fe- 
mlna  valde  divergentibus.  Antennae  l-mi  paris  feminae  perlongae  et  tenues,  longitudi- 

uem totius  animalis  longe  superantes,  anlmali  natanti  rectae  et  aliquantum  postice  ver- 
gentes  ;  articulus  antepenultimus  antennae  dextrne  maris  liamulo  longior,  articulo  ultiuio 
rami  dimidium  longitudiuem  aequaute.  Pedum  5-ti  paris  femlnae  articulus  ultimus  rti- 
stinctus,  quadratus  aculeis  duobus  apicalibus  quorum  interior  apicem  fere  unguis  arti- 

culi penultimi  attingit  instructus  ;  appendix  interna  articulo  3-tio  brevior  ;  unguis  ter- 
minalis  pedis  dextri  maris  apicem  versus  valde  curvatus.  Saccus  oviferus  semper  ova 
cuntinet  paucissima  et  niagua  regulariterque  distributa.    Animal  pleurumque  pelluci- 
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dum  colore  albido,  interdam  vero  facia  transversa  lata  coloris  fusel  saturati  in  medio 

cephalothorace  ornatum.    Longit.  femiuae  parum  supra  1  mm." 

The  two  forms  following  are  sufficiently  distinct  fro.n  the  above 
and  form  a  closer  link  with  the  marine  Calanidae.  It  is  doubtful  if 

any  absolute  line  of  demarkation  exists  between  these  varieties, 

although  they  are  here  distinguished. 

Sp.  9.    Diaptoinus  pallidus,  Herrick. 

(  Plate  Q.    Fig.  17.) 

Length  1.20  mm.;  length  of  antennae  1.35  mm.  Colorless.  Head 
separated  by  a  suture  into  two  parts;  form  very  slender.  Antennae 

with  elongated  setae,  which  are  very  plumose.  The  right  male  an- 
tenna has  no  hook.  The  inner  rami  of  the  fifth  feet  are  one-jointed 

in  both  sexes.  Left  foot  of  the  fifth  pair  of  the  male  of  peculiar 

form  (see  plate  Q,  fig.  17,  for  an  extreme  instance).  Entire  Missis- 
sippi valley. 

var.  sicilis,  Forbes. 

(Plate  Q.    Fig.  18. J 

Like  the  above,  but  larger.  Length  1.45  mm.  Length  of  an- 
tennae 1.5  mm.  Inner  ramus  of  male  feet  of  fifth  pair  two-jointed, 

those  of  the  female  one-jointed.  The  form  of  feet  varies  a  little 
from  the  above.  This  species  has  been  but  once  encountered  in 

Minnesota,  the  previous  species  occurring  abundantly  in  our  larger 
lakes. 

D.  kentuckyensis.  Chambers,  is  referable  to  one  of  the  above  species,  probably  D. 
longicornis. 

For  a  full  account  of  synonymy  see  Rehberg,  Beitrag  z.  Kenn.  d.freilel).  Suesswasser 
Copepoden,  p.  552. 

VI. — Genus  Li3j:N"ocALAinjs,  Sars. 

Cephalothorax  6-jointed,  slender;  abdomen  in  the  female  3- 
jointed,  in  the  male  5-jointed.  Antennae  shorter  than  the  body, 
25-jointed.  Caudal  stylets  long.  Feet  of  the  four  anterior  pairs 
with  both  rami  3-jointed;  external  ramus  of  the  fifth  foot  in  the 
female  3-jointed,  second  joint  produced  into  a  spine  ;  inner  rami 
3-joiated  in  both  sexes  and  like  those  of  the  previous  pairs;  external 

rami  2-jointed  in  the  male,  the  right  and  left  dissimilar. 
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Sp.  1.    Liiimocalaniis  niacriiriis,  Sais. 

A  species  similar  to  L.  macrurus  has  been  found  in  lake  Michigan, 
and  probably  occurs  also  in  this  state  in  lake  Superior.  We  can 

do  no  better  than  quote  Bars'*  description. 
"Corpus  gracile  et  angustatiim.  Cephalothorax  supra  visus  elongate  ovatus,  latitu- 

dine  maxima  in  medio  sita  antics  et  postice  aequaliter  atteauatus.  Caput  anuulum 
unicum  praebens,  a  latere  visum  parte  antica  altiore  et  convexa  sinu  distincto  a  poster- 
iore  disjuncta,  margine  antico  oblique  descendente.  Segmentum  ultimum  thoracis  par- 
vum  neque  ad  latera  extans  in  femina  et  mare  simile.  Abdomen  sub-cylindricum  tbor- 
ace  longius.  Eami  caudales  valde  elongatl  et  angustati  tertium  longitudinis  abdominis 
partem  superantes,  supra  Pt  ad  latera  spinulis  vel  pllis  brevibus  obsiti,  intus  ciliati, 
setis  5  majoribus  uniarticulatis  et  ciliatis,  quarum  2-da  ab  interiore  numerata  omnium 
longissima  ceteraeque  extus  graduatim  longitundine  decrescentes,  exteriore  ceteris 
minore  absque  apice  sat  remota  ;  seta  adest  praeterea  alia  intus  adfixa  ut  in  generibus 
antecedentibus  tenuissima  et  simplex.  Frons  a  latere  visa  obtuse  acuminata  appendic- 
ibus  tentaculiformibus  duabus  perbrevibus  instructa.  Antennas  l-mi  paris  reflexae  seg- 

mentum peuuliimum  abdominis  minime  attingentes,  articulo  ultimo  setis  5,  quarum 
posteriores  2  longissimae,  instructo,  articulis  antecedentibus  3  setae  simili  postice  ver- 
gente  praeditis  ;  dextra  maris  articulatione  inter  articulum  18-mum  et  19-mum  geniculans. 
Autennarum  2-di  paris  ramus  exterior  interiore  et  longior  et  latior,  7-articulatus,  arti- 

culo 2-do  omnium  maximo.  sequentibus  4  minimis  junctis  articulo  ultimo  brevioribus 
setisque  longissimis  instructis.  Mandibulaead  extreraitatem  inferiorem  in  dentes  ex- 
euntes  9,  quorum  exteriores  2  ceteris  majores,  interiores  2  tenues  et  setiferes  sunt ;  pal- 

pus longus  et  angustatus  3-articulatus,  articulis  ultimis  2  brevissimis,  ramo  exteriore, 
vel  anpendice  branchiale,  parvo.  Maxillae  1-mi  paris  eadem  fere  structura  ac  in  Diap- 
tomo.  Maxillae  2-di  paris  validissimae  8-arliculatae,  articulis  ultimis  5  in  ungues  exeun- 
tibus  longissimos  et  fortissimos  margine  altero  sparsim  piloses,  ad  apicem  falcatum 
vero  nudos  vel  aculeis  persubtile  et  dense  obsitos  ;  3-tii  paris  [Maxillipedes]  valde  elon- 
gatte  et  angustatae  antice  vergentes  articulis  7  setis  pleurumque  longis  praeditis  compo- 

site. Pedes  omnes  biramosi  natatorii,  ultimo  pari  in  mare  bi-articuiatus  in  pede  dex- 
tro  et  sinistro  dissimilis,  articulo  ultimo  in  illo  brevi  et  robusto  ad  apicem  quasi  trun- 

cate dentibnsque  3  parvis  et  obtusis  armato  intus  vero  in  aculeum  niagoum  et  validum 
exeurrente,  in  hoc  valde  elongate  extus  et  ad  apicem  aculeate  intus  vero  nude.  Oculus 
unicus  prepius  marginem  inferiorem  capitis  situs.  Animal  quamquam  pellucidissimus 
et  fere  omnino  hyalinum,  facile  tamen  accumulatione  in  thorace  sat  magna  liquoris 

oleosi  Ijete  fulvo-rubide  ceiorati  se  prodit,    Longir.  circit.  2V2  mm." 

FAMILY  CYCLOPID.E. 

Contains  five  genera,  viz:  Thorellia^  Cyclojos^  Olthona,  LopJio- 

pliorus  and  Cyclojnna;  passing,  by  the  geneva  Misophria  and  Pseii- 
do-cijclops,  into  the  Calanidce  or  marine  copepods.  The  affinities  of 
these  little  known  genera  need  further  study,  as  they  are  very  in- 

teresting, the  question  being  still  open  in  how  far  the  cyclopoid 

forms  are  altered  by  adaptation  to  saline  habitat,  if  such  an  adapta- 
tion takes  place  at  all. 

Cephaiothorax  ovate  and  usually  much  more  robust  than  the 
abdomen;  anterior  antennae  seldom  longer  than  the  cephaiothorax, 
those  of  the  male  alike  on  both  sides  and  modified  for  the  purpose 

of  clasping;  posterior  antennae  unbranched  (i.  e.  palpus  wanting); 
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palps  of  mandibles  and  maxillse  usually  well-developed;  foot-jaws 
mostly  less  developed  than  in  Cala?iidce;  first  four  pairs  of  feet  as. 
in  Calanidce,  fifth  pair  rudimentary,  alike  in  both  sexes,  and  usually 

one-  or  two-jointed;  ovisacs  two. 
The  circulatory  system  of  this  family  is  partly  lacunal  and  has 

heevx  thought  to  be  entirely  so  in  the  genus  Cyclops,  closer  obser- 
vation, however,  shows  that  there  is  something  like  an  imperfect 

central  organ  at  the  point  occupied  by  the  heart  of  higher  Cope- 
pods.  This  was  figured  in  my  previous  report,  plate  V,  fig.  1,  but 
no  mention  was  made  of  the  discovery.  It  has  since  been  verified. 

The  apparatus  referred  to  is  a  modification  of  that  described  under 
Canthocamptus.  In  the  second  thoracic  segment  there  is  a  set  of 
swaying  membranes  which  constitute  a  valvular  apparatus,  chiefly 
moved  by  the  action  of  the  stomach. 

Genus  Cyclops. 

The  sole  representative  of  the  s^enera  of  the  Cyclopidse  here  treated 

is  the  best  known  of  the  Copepoda.  Every  one  is  familiar  with  the 

*'  common  cyclops,"  but  few  realize  how  many  are  the  species  in- 
cluded under  this  name.  An  attempt  is  here  made  to  enable  the 

student  to  recognize  the  more  obvious  distinctions  upon  which  the 

genus  is  subdivided  and  to  identif3^  such  of  the  species  as  seem  valid 

and  at  the  same  time  recognizable  withoutreconditestudy  of  devel- 

opment. Without  attempting  a  complete  elucidation  of  the  syn- 

onymy, which  is  practically  an  impossibility,  a  proximate  classifica- 
tion of  all  the  species  known  to  me  is  attempted.  Thirty  suffici- 

ently well  marked  species  are  enumerated,  and  the  position  of  a 
number  more  is  indicated. 

Auteniise  18-joiiitecl. 

8p.  1 .    Cyclops  eloiig-atus,  Glaus. 

This  species,  cited  hitherto,  apparently,  by  but  one  other  author 
than  Claus,  is  distinguished  from  the  C.  pulchellus  group  by  the 

18-jointed  antennae,  which  are  hardly  longer  than  the  first  thoracic 

segment.  The  caudal  stylets  are  longer  than  the  two  preceeding  ab- 
dominal segments,  and  bear  rather  short  setae.  C  elougatus  lias 

been  found  by  Cragin  near  Cambridge.  That  this  species,  found 
thus  far  by  but  a  single  author  in  Europe,  appears  in  America,  may 
serve  as  a  warning  not  to  decide  too  hastily  from  its  habitat  that  a 

copepod  is  new. 
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Antennae  17- jointed. 

I. — Fifth  Foot  1-jointed. 

Sp.  2.    Cyclops  ater,  Herrick. 

(Plate  Q 2.    Figs.  9— 12.) 

This  is  our  most  striking  species  and  loves  the  clearer  flowing- 
waters.  The  thorax  is  broadly  oval  and,  usually,  of  a  deep  color. 

Antennae  as  long  as  the  cephalothorax  (1.2  mm.),   slender,  and 

tapering  toward  the  end ;  formula  '^  —  ̂ ^   ^  —  ̂ -^^^^^^   ► 
last  three  joints  rather  short,  the  last  joint  furnished  with  an. 

unserrated  knife-like  ridge  as  in  C.  tenuicornis;  maxillipedes 
rather  large;  fifth  foot  one-jointed,  armed  with  three  subequal 
spines;  abdomen  rather  short,  last  segment  especially  short; 
stylets  of  moderate  length;  setge  rather  short,  internal  seta  much 
longer  than  the  outer,  lateral  seta  near  the  end  of  the  stylet; 

eggs  pale.  Color  deep  blue  or  gray.  Length  2.1  mm.  The  young 
can  be  recognized  without  a  glass  by  the  band  of  deep  color  which 
crosses  the  thorax  in  the  middle. 

Collected  near  Minneapolis,  in  "  Mud  lake ''  and  Bassett's  creek. 
This  species  has  been  collected  in  different  parts  of  the  Mississippi 

valley  from  Alabama  to  Minnesota,  but  is  nowhere  very  abundant^ 
being  but  rather  more  so  southwardly, 

II. — Fifth  Foot  2-jointed. 

A.— First  joint  of  fifth  foot  very  broad. 

Sp.  3.    Cyclops  viriclis,  Jurine.    CRehberg.) 

(var,  a.) 
C.  vulgaris,  koch,  fischer,  saks. 
C.  brevicornis,  claus,  lubbock,  heller,  fric,  hoek. 

C.  viridis,  cragin". 
(var.  b.) 

C.  glgas,  claus,  sars,  fric,  brady. 
C  ingens,  herrick. 

The  American  form  is  usually  somewhat  different  from  the  C. 

gigas,  but  the  stage  prior  to  maturity  is  like  that  figured  by  Brady. 
Observations  made  over  a  considerable  territory  and  for  a  period  of 

several  years  led  me  to  the  conclusion  expressed  by  Rehberg  (Ab- 

1  The  accent  marks  are  used  to  signify  that  joints  represented  by  them  (counting 
from  base)  are  either  long—,  short  w  or  medium  ^, 

10 
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handl.   naturwiss.   Vereine  zu  Bremen.     Bd.  vii,  1.  Heft,  p.  62) 

that  C.  gigas  is  but  a  greatly  enlarged  form  of  C.  brevicornis .     See 
also  American  Naturalist,  May,  1883,  p.  499,  where  I  have  expressed 

a  similar  opinion  regarding  the  American  form. 

A  part  of  the  original  description  of  C.  ingens  is  here  given. 

Thorax  large;  abdomen  rather  slender;  stylets  slender,  with  the 
lateral  seta  well  towards  the  end;  second  and  third  setae  alone  long, 

weakly  pectinate;  last  joint  but  one  of  abdomen  sometimes  toothed 

along  the  distal,  under  margin;  jaws  with  large  teeth;  antennae  very 

short,  not  reaching  to  the  base  of  the  first  cephalothoracic  segment; 

formula  -^^  .-^^-^^^~^^^^-^--;  fifth  foot  two-jointed,  the 

proximal  joint  very  broad  with  a  strong  spine;  second  joint  cylindri- 

cal with  a  long  seta  and  a  very  short  spine  near  the  end;  oper- 
culum vulva3  somewhat  heart-shaped;  egg-sacs  oval-elongated, 

reaching  beyond  the  end  of  abdomen;  length  4  mm.,  including 

stylets  and  setae. 

Sp.  4,    Cyclops  leiickartii,  Glaus. 

f  C.  crOSSltS,  FISCHER. 

Is  said  to  be  elongated  and  slender;  the  antennae  are  nearly  as 

long  as  the  first  three  segments.  The  fifth  foot  is  like  the  smaller 

forms  of  the  above,  but  the  second  joint  has  only  one  spine.  The 

proportions  of  the  caudal  setae  are  very  much  as  in  the  above. 

Rehberg  denies  that  Sars'  identification  of  this  species  so  briefly 
described  by  Glaus  is  correct;  his  description  is  therefore  copied. 

Sars  refers  also  with  a  query  to  0.  obsoletus,  Koch. 

"Cephalothorax  ovatus  antice  sat  attenuatus,  fronte  leviter  truncata,  ses;mento  ulti- 

mo parvo  vixque  ad  latera  exstante .  Segmentum  abdominale  l-mum  sub-cylindricum 
autice  quam  postice  parumlatius.  Rami  caudalisbrevisculi  longitudinemsegmeutorum 
antecedentium  duorum  non  attingentes  setis  apicalibus  sat  longis,  externa  furcte 

longitudinem  aquante  dimidiamque  Interni,  intermediarum  interiore  altera  aliquanto 

longiore  longitudinem  abdominis  fere  sequante  ;  seta  marginis  exterioris  ab  apice  sat 
remota.  AntennjB  1-mi  paris  17-articulatfe,  longfe  et  apicem  versus  attenuatae, 

reflexai  segmentum  4-tum  corporis  fere  attingentes ,  2-di  parls  quam  in  speciebus 
ceteris  longiores.  Maxillarum  2-di  paris  margo  posticus  subtillssime  crenulatus.  Pedes 

5-ti  paris  bi-artlculati,  articulo  ultimo  bisetoso.  Rami  pedum  natatoriorum  omnes  3-ar- 

ticulati ;  articulus  rami  exterioris  intus  setis  3,  extus  aculeis  2  instructus.  Lamina  par- 
tes basales  pedum  4-ti  paris  conjugens  utrinque  in  processum  acuminatum  exit.  Rami 

interioris  articulus  ultimus  insolito  modo  in  longitudinem  extensus  in  pedibus  4-ti  paris 

aculeis  apicalibns  2  subsequalibus  armatus.  Sacci  oviferi  rotunda  to-ovati  ab  abdomine 

sat  exstantes .    Longit.  parum  supra  l  mm. " 

Sp.  5.    Cyclops  lacustris,  Sars. 

Cephalothorax  sub-ovate,  truncate  in  front.    Abdomen  nearly 
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of  equal  width;  caudal  stylets  longer  than  the  last  two  seg- 
ments of  the  abdomen  terminal;  setae  of  moderate  size,  inner 

three  times  as  long  as  outer,  internal  pair  nearly  equal.  Antennae 
as  long  as  first  two  segments.  The  inner  ramus  of  fourth  foot  has 
the  exterior  thorn  very  small.  The  second  joint  of  the  fifth  foot  is 
small  and  the  external  thorn  very  small.  Length  1.5  mm. 

Not  seen  in  America. 

B. — First  joint  of  fifth  foot  of  moderate  size. 

(a)  Terminal  segment  of  fifth  foot  with  one  long  seta  and  a 
short  thorn. 

These  small  species  pass  into  the  above  group  and  constitute  one 
of  the  most  difficult  groups  of  the  genus.  The  distinctions  offered 
are  very  small  and  specific  variation  considerable. 

Sp.  6.    Cyclops  strenuus,  Fischer. 

f  C.  piCtUS,  KOCH. 
C  brevicaudatus,  claus,  liUBBOCK,  heller,  fric. 
C.  strenutis,  saks,  brady. 

Antennae  reaching  about  to  the  end  of  the  third  segment;  caudal 
stylets  slender,  three  times  as  long  as  the  last  segment;  the  outer  of 
the  caudal  setae  shortest.  The  third  seta  is  over  once  and  one  half 

the  length  of  the  stylet. 

Sp.  7.    Cyclops  lucidulus,  Koch. 

C.  lucidulus  SARS . 

C.  furcifer,  claus. 
C.  vernalis,  fischer. 

This  species  is  given  on  the  authority  of  Rehberg.  Claus  con- 
sidered C.  furcifer  a  large  variety  of  the  above  species. 

The  antennae  are  as  long  as  the  first  segment;  the  fifth  foot  is 
peculiar  in  form,  with  the  second  joint  armed  with  a  spine  and  a 
hook;  length  1.3  mm. 

Neither  this  nor  the  previous  species  is  known  in  America.* 

Sp.  8,    Cyclops  robustus,  Sars. 

Antennae  shorter  than  first  segment,  thick.  Body  depressed, 
first  segment  broad  and  rounded  anteriorly,  the  others  spreading; 
leaudal  stylets  nearly  parallel,  long;  inner  median  seta  much  the 

*C.  palchellus,  Brady  is  not  C.  puichellus,  Koch,  and  may  be  the  above  species. 
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longer,  external  setas  very  short.  Terminal  joint  of  outer  rami 

with  three  spines  externally  and  four  setae  internally.  Length  1.3- 
mm.  I  know  nothing  of  this  species  save  the  description  of  Sars^ 

a  part  of  which  is  quoted  ahove. 

Sp.  9.    Cyclops  parens,  Henick. 

(Plate  R.     Fig.  22.) 

Cyclops  parens,  herrick,  Crustacea  of  Minnesota,  p.  229  ;  Plate  VI.,  Figs.  12—15. 

In   form  and  general   appearance  greatly   resembling   Cyclops 
thomasi,  which  it  nearly  equals  in  size.     The  chief  differences  are 

found'in  the  length  of  the  caudal  stylets  and  antennae  and  in  the 
form  of  the  fifth  foot.     The  antennae  are  shorter  than,  or  about  as 

long  as,  the  first  thoracic  segment.      The  formula  expressing  th& 

length  of   the  joints  corresponds  with  that  for  C.  thomasi.      The 
antennules  are  shortish.     The  labrum  is  rather  narrow,  projecting 

below  into  obtuse  angles,  the  middle  of  the  lower  face  being  occu- 
pied with  nine  rather  small  teeth.   The  terminal  joint  of  the  larger 

branch  of  the  maxilliped  bears  four  hairs.     The  second  joint  has  a 
moderately  large  dactyl,  the  movable  finger  of  which  is  small  and 

sparsely  spiny,  the  immovable  finger  is  ornamented   by  an  oblique- 
series  of  blunt  prominences  and  a  small  seta  at  its  base.     The  first 

pair  of  feet  has  two  terminal  and  two  interior  setae  and  two  exter- 

nal spines  on  the  ultimate  joint  of  the  outer  ramus,  while  the  cor- 

responding joint  of  the  inner  ramus  bears  one  inner  seta  and  large- 
spine  and  three  outer  setae.     The  fourth  foot  has,  in  the  first  case, 
two  outer  spines,  a  terminal  spine  and  seta  and  three  internal  setae, 

and,  in  the  second,  one  external  seta,  two  subequal  terminal  spines 

and  two  internal  setae.      The  fifth  foot  is  two-jointed,   bearing  on 
the  short  basal  joint  a  moderate  seta  and  on  the  larger  second  joint 
a  considerable  seta  and  a  small  oval  spine  on  its  side.      The  caudal 

stylets  are  short  and  the  lateral  seta  is  near  the  end  (about  1-5). 
The  outer  seta  is  but  three-fourths  the  length  of  the  inner.       The 
inner  of    the  median  setae  is  considerably  longer  than   the  outer. 
The  shape  of  the  operculum  of  the  female  is  very  characteristic,  it 

being  nearly  oval.      The  last  two  joints  of  the  thorax  are  acute. 
The  entire  length  is  about  1.5  mm. 

Sp.  lO.    Cyclops  brevispinosus.  (Sp.  n.) 

(Plate  S.    Figs.  7— 11.)  -j^ 

The  form  for  which  this  name  is  proposed  takes  the  place  of  the 

I 
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above  in  the  larger  lakes.  It  appears  to  be  but  a  modified  condi- 
tion of  the  above  species,  from  which  it  differs  in  its  slender  form 

and  especially  in  the  very  slender  caudal  stylets.  The  outer  caudal 
seta  is  reduced  to  a  short  ciliate  thorn.  The  fourth  foot  is  also 

modified  by  the  great  enlargement  of  the  spines  and  the  reduction 
of  the  setae.  The  number  of  the  setae  is  the  same,  but  they  are 
differently  disposed.  The  form  of  the  operculum  vulvae  is  also 
slightly  different. 

(?)    Sp.  11,    O5 clops  uniangulatiis,  Cragin. 

Cyclops  uniangulatus,  Cragi^".    A  Contribution  to  the  History  of  Fresh-water  Cope- 
poda,  p.  6. 

Cragin  was  not  conversant  with  the  description  of  C.  parens,  with 

which  his  description  agrees  save  in  one  point.  It  differs  from  C. 
parens  in  having  three  inner  setae  on  the  terminal  joint  of  the  outer 
ramus  of  the  first  foot.  It  would  be  officious  to  suggest  a  possible 
oversight  here,  but  C.  parens  has  only  two  in  type  specimens 
(though  in  all  this  group  the  corresponding  ramus  of  the  second 

foot  has  three  setae),  so  that  at  present  the  two  must  be  kept  dis- 
tinct. 

Sp.  12.    Cyclops  scutifer,  Sars. 

Not  having  identified  this  and  the  following  species  it  will  be 
best  to  quote  the  descriptions. 

C.  strenuo  afflais.  Cephalothorax  sat  elongatus,  segmentis  ultimis  duobus  in  femina 
ad  latere  valde  prominentibus  inque  processos  exeuntibus  laminaves  et  liyalinos  utrin- 
•que  inter  se  contiguos,  quare  thoracis  pars  posterior  tamquam  clypeo  fornicato  quad- 

rangular! obtecta  esse  videtur.  Seginentum  1-mum  abdominale  ad  basin  valde  dilata- 
tum  latitudine  quam  admarginem  posteriorem  duplo  majore.  Rami  eaudaies  segmen- 
tesantecedentibusduobus  junctis  parum  longiores,  introrsum  clliati,  setis  apicaiibus 
brevissimis,  intermediarum  interiore  ceteris  multo  longiore.  Antennae  l-mi  paris  17- 
aiticulatge,  reflexge  segmentum  2-dum  corporis  superantes  setis  plurumque  longis  obsi- 
t?e.  Pedum  structura  eidem  in  C.  strenuo  similis.  Articulus  scilicet  ultimus  rami  exter- 
ioris  pedum  natatoriorum  setis  5  instructus  in  paribus  anterioribus  duobus  3,  insequen- 
tibus  duobus  2  modo  aculeis  marginis  exterioriis  armatus ;  aculeorum  apicalium 
rami  interiores  pedum  4-ti  paris  exterior  brevis  et  rudimentaris.  Pedum  5-ti  paris  arti- 

culus ultimus  sat  magnus  articulo  basali  parum  minor  extrorsum  sparsim  pilosus  in- 
trorsum aculeo  armatus  ciliato  setaque  longa  termlnali.  Sacci  oviferi  parvi  globosi 

abdomen  magna  ex  parte  obtegentes.    Longit.  circit.  13^  mm. 

Sp.  13.    Cyclops  abyssorum,  Sars. 

C.  strenuo  et  scutifero  sat  afQnis.  Cephalothorax  ovatus  antice  ob<;use  truncatus,  seg- 
mentis parum  ad  latera  extantibus.  Rami  eaudaies  longi  et  tenues  satisque  divergen- 

tes,  longitudinem  segmentorumantecedentium  3  superantes,  setis  apicaiibus  longioribus 
intermediarum  interiore  duplam  longitudinem  furc?e  superante,  exteriore  quam  ilia 
parum  breviore.  Antennse  l-mi  paris  l7-articulatae  longa?  et  fere  rectse  distiucte  posticl 
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vergentes,  reflexae  segmentum  3-tium  corporis  fere  attingentes.  Pedum  natatoriorum 
structura  fereeadem  ac  in  speciebus  antecedentibus  ;  aculeorum  apicalium  rami  interi- 
oris  pedum  4-ti  paris  exterior  dimidiam  fere  interioris  attingens  longitudine.  Pedum 
6-ti  paris  articulus  basalis minimus  ultimo  multo  brevior  parumque  latior.  Sacci  ovi- 
leri  mediocres  rotund ato-o vales  abdominique  appressi.    Longit.  circit.  2  mm. 

(b)    Terminal  segment  of  fifth  foot  with  two  rather  long  setaj^ 

*    External  and  internal  caudal  setae  not  extremely  short. 

Sp.  14.    Cyclops  oithonoides,  Sars. 

(Plate  S.    Figs.  2—6.) 
f  C.  hyalinus,  rehberg. 
f  C.  tenuissimus,  herrick. 

This  most  interesting  species  occurs  under  peculiar  circumstances* 
It  is  perhaps  the  rarest  member  of  the  genus  and  seems,  beyond  a 
doubt,  nocturnal  in  its  habits.  It  was  first  found  by  Sars  in  saline 
water  and  named,  on  account  of  its  slender  form,  from  the  marine 
Oithona.  A  similar  species  which,  though  about  half  as  large,  is 

hardly  distinct,  was  found  by  Rehberg  near  Bremen.  Rehberg  men- 
tions particularly  that  it  was  found  oftener  at  night  than  during 

the  day.  In  America  a  similar  species  was  described  from  near 
Paducah,  Ky.,  under  the  name  C.  tenuissimus;  but  the  possibility  of 
identity  with  the  Scandinavian  species  seemed  excluded  by  the 
habitat.  A  gathering  taken  at  night  from  one  of  the  lakes  near 
Minneapolis  contained  a  few  specimens  of  similar  characters,  and 

there  no  longer  seems  to  be  a  doubt  of  the  identity  or  very  close 
relation  between  these  forms. 

The  antennae  are  longer  than  described  for  C.  tenuissimus,  nearly 

equalling  the  thorax.  The  last  joint  of  the  antennae  is  short,  but 
the  toothed  character  was  not  noted.  The  fifth  feet  are  small,  the 

spines  are  very  long  and  slender.  The  margins  of  the  abdominal 
segments  are  irregularly  toothed.  The  species  will  be  confused 

with  no  other.  It  is  marked  with  blue  in  spots.  Length  0.  5—1. 
mm. 

Sp.  15.    Cyclops  simplex,  Poggenpol. 

Cyclops  Leeuwenhoekii,  hoek  (fide  Rehberg). 

This  species  is  of  more  compact  form  than  the  last,  which  it  re~ 
sembles  in  the  form  of  the  caudal  stylets  and  the  fifth  foot.  The 

antennae  are  nearly  as  long  as  the  thorax,  the  last  two  joints  being 

elongate  and  having  a  knife-like  ridge  which  has  at  the  end  teeth 

like  those  figured  in  C.  tenuissimus.     Length  1. — 2.  mm. 
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**  The  two  median  setae  much  longer  than  the  external. 
The  species  of  this  section  are  the  most  perplexing  of  the  genus. 

The  best  that  I  can  now  do  is  to  indicate  the  relations  of  the  nom- 

inal species  and  express  the  conviction  that  most  are  of  varietal 
value  simply. 

Sp.  16.    Cyclops  pulcliellus,  Koch. 

C.  bicuspidattLS,  claus- 

t  Terminal  joint  of  outer  ramus  of  feet  with  two  spines  outwardly. 

16  a.     C.  ihomasi,  Forbes. 

16  b.     C  iiavus,  Herrick. 

ft  With  three  spines. 

16  c.    C.  bisetosus,  Rehberg^. 
=  C.  bicuspidatus,  Sars. 

=  (?)  C.  insectus,  Forbes. 

There  are  at  least  three  well  marked  varieties  in  America,  which 
may  probably  rank  as  species  and  have  been  ranked  as  such  by 

Forbes.     I  give  verbatim  Forbes'  description. 

(16a)  Cyclops  tlioinasi,  Forbes. 

(Plate  U.  Figs.  4,  5,  7  and  8.) 

"Elongate,  slender,  broadest  in  front  and  tapering  backward, 
antennae  17-jointed,  reaching  the  middle  of  the  third  segment. 

The  first  abdominal  segment  in  the  female  is  broad  in  front  and 

slightly  emarginate  on  each  side  before  the  anterior  angles,  and  the 
last  segment  has  a  terminal  circlet  of  small  spines.  The  rami  of 
the  furca  are  more  than  half  as  long  as  the  abdomen,  and  each  bears 
two  short  rows  of  transverse  spinules  outside,  one  at  the  anterior 

the  other  at  the  posterior  third.  With  the  latter  a  spine  occurs 
about  as  long  as  the  outer  terminal  seta.  The  inner  seta  at  the  tip 
of  the  ramus  is  about  half  the  length  of  the  furca,  the  outer  still 
shorter.  The  inner  median  seta  is  as  long  as  the  abdomen  and 
furca,  and  the  outer  about  half  as  long. 

In  the  outer  ramus  of  the  first  pair  of  legs  the  terminal  joint 

has  one  spine  and  two  setae  at  the  tip,  one  spine  on  the  outer  mar- 
gin and  two  setae  within. 

In  the  second,  third  and  fourth  pairs  the  last  joint  has  one  spine 
and  one  seta  at  tip,  two  spines  externally  and  two  setae  within. 
The  inner  rami  of  the  second  and  third  pairs  terminate  in  one  spine 
and  one  seta,  that  of  the  fourth  pair  in  two  spines,  the  inner  of 
vrhich  is  only  half  as  long  as  the  other. 

The  legs  of  the  fifth  pair  are  two-jointed,  with  the  basal  joint 
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quadrate,  broad,  and  bearing  one  long  spine.  The  second  joint  is 
narrow  and  longer,  parallel  and  truncate,  with  one  terminal  spine 
about  equal  to  the  preceding,  and  one  about  half  that  length. 

From  C.  hicuspidatus,  Claus,  this  species  may  be  distinguished 
by  the  armature  of  the  outer  ramus  of  the  first  pair  of  legs,  and 
from  C.  bisetosus^  Rehberg,  by  the  armature  of  the  outer  rami  of 
the  other  legs. 

It  shares  with  Diaptomus  sicilis  the  responsibility  of  affording 

to  the  young  white-fish  their  earliest  food." 

(16  c)  Cyclops  insectus,  Forbes. 

(Plate  U.    Fig.  9.) 

"Closely  allied  to  the  preceding,  but  more  robust  in  all  its  parts, 
and  with  the  second  cephalothoracic  segment  widest.  The  abdo- 

minal segments  are  all  bordered  with  spinules  posteriorly.  The 

two  median  caudal  setae  are  much  more  nearly  equal  than  in  tho- 
masi^  the  outer  and  the  inner  are  very  short,  but  longer  than  in 

that  species.  The  inner  in  our  specimens  is  longer  than  the  outer 

— the  reverse  being  the  case  in  hicusp>idatus  as  described   by  Claus. 

*'The  legs  are  armed  nearly  as  in  thomasi^  but  the  last  joint  of 
the  outer  ramus  of  the  first  pair  has  two  spines  externally  besides 
the  one  at  the  tip,  and  the  terminal  spines  on  the  last  segment  of 

the  inner  ramus  of  the  fourth  pair  of  legs  are  about  equal." 
Both  forms  probably  occur  in  Minnesota,  though  the  second  has 

been  seen  but  once,  and  the  identification  lacks  confirmation.  The 

diff'erences  between  the  two  are  almost  exactly  those  prevailing 
between  C.  hicuspidatus  (=  pulchellus)  and  C.  bisetosus,  Reh.,  if 

I  correctly  understand  Sars.  Claus"  description  does  not  agree 
with  that  of  Sars.  Further  study  of  the  European  types  will  be 
necessary  before  a  satisfactory  settlement  can  be  reached. 

(16  b)  Cyclops  navus,  Herrick. 

Cyclops  navus,  herrick,  Copepoda  of  Minnesota,  p.  279. 

This  name,  proposed  at  nearly  the  same  time  as  C.  thomasi,  ap- 
plies to  a  very  closely  related  form  which  I  can  but  regard  as  a 

variety  of  that  species.  It  seems  constant  in  its  differential  char- 
racters  in  given  localities,  but  we  are  now  familiar  enough  with 
the  fact  that  changed  conditions  in  the  water  occasion  changes  in 
forms  in  the  copepods. 

This  form  inhabits  shallow  pools.     It  is  larger  than  C.  thomasi, 
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has  much  shorter  stylets  and  differently  proportioned  antennae,  etc. 
L3ngtli  1.5  mm.  Thorax  0.9  mm.;  abdomen  0.6  mm.;  stylets 

0.14  mm.;  last  two  abdominal  segments  0.16  mm.;  antennae  0.7  mm.; 
first  segment  of  body  0.5  mm.  The  basal  segment  of  the  antennae 
is  long  and  ornamented  with  several  transverse  series  of  spines,  the 
last  two  segments  are  equal  and  longer  than  the  preceding.  The 
armature  of  the  first  and  fourth  feet  is  identical  with  C.  thomasi,  as  is 
the  form  of  the  female  openings  and  the  fifth  feet.  The  form  of 
the  first  feet,  caudal  stylets  and  other  details  were  correctly  figured 
on  plate  V  of  the  Cyclopidae  of  Minnesota. 

Specimens  of  Cyclops  pulchellus  (thomasi)  were  obtained  from  a 

cistern  which  is  supplied  solely  by  rain-water.  The  eggs  must  have 
been  introduced  in  ice  which  had  been  placed  in  the  cistern  at  least 

s.  year  previously.  The  cistern  is  entirely  dark,  so  that  these  ani- 
mals must  have  been  deprived  of  light  for  many  generations.  The 

general  color  was  of  course  very  white;  the  eye  spots  were  pale,  but 

present  with  some  pigment  and  the  lenses.  No  noticeable  altera- 
tion in  form  had  resulted. 

(c)  Terminal  segment  of  fifth  foot  with  three  setae. 

Sp.  17.    Cyclops  ten uicornis,  Ciaus. 

(Plate  R.    Fig.  16.) 

■var.  a.    Knife-like  ridge  upon  the  antennae  smooth, 
t .  alhidus,  J  URINE, 
C.  quadricornis,  var.  h,  baird. 
C.  tenukornis,  saks  ,lubbock,  heller,  frtculjanin,  hoek,  brady,  herrick. 
C.  Clau^ii,  POGGENPOL. 
C.  annulicorais,  sars. 

n)ar.  b.    Knife-like  ridge  of  antennae  toothed. 
C.  obesicomis,  templeton. 
C.  signatus,  koch,  sars,  uljanin,  bradt. 
C.  coronatus,  claus,  lubbock,  heller,  frig,  hoek 
C.  signatus,  var.  fasciacornis,  cragin. 

Cyclops  tenuicornis,  as  thus  comprehended,  is  widely  distributed 
and  variable.  European  specimens  in  our  collection  have  longer 
«tylets,  but  seem  otherwise  identical.  The  nearest  relation  is  C 

•ater^  which  is  easily  distinguished  by  the  compact  oval  form  of  the 
thorax  and  the  one-jointed  fifth  foot.  In  the  stage  previous  to 

maturity  the  "signatus''  form  has  no  teeth  upon  the  ridge  of  the 
last  segment  of  the  antennae;  it  is  then  similar  to  the  C.  tenuicornis. 

Cephalothorax  broad;  abdomen  rather  slender;  antennae  reaching 
about  to  base  of  thorax,  attenuated  at  the  end;  terminal  joint  with 

a  knife-like   ridge;   formula —^^  —  -^  —  --^^^-'--^   ;   fifth 
foot  compo.:>ed  of  a  long  basal  joint  bearing  a  long  spine  and  a  ter- 
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minal  three-spined  division;  caudal  stylets  twice  as  long  as  last  ab- 
dominal segment;  setae  all  nearly  terminal,  inner  one  long.  Length 

2.5  mm. 

Common  in  America,  England,  continental  Europe,  etc.  C.  clau- 

sii,  Poggenpol,  is  known  to  me  only  from  the  citations  of  Rehberg- 
and  the  translation  given  by  Cragin,  hence  I  cannot  judge  authori-- 
tatively  of  its  validity.  Certain  points  in  the  translation  are  obvi- 

ously erroneous,  as  where  the  larger  branch  of  the  fifth  foot  is  spoken 
of.  No  distinctions  sufficiently  clear  to  enable  us  to  separate  it 
from  C.  tenuicornis  can  be  gathered. 

III. — Fifth  Foot  3-jointed. 

(See  Cyclops  modestus.) 

Antennae  16-jointed. 

There  are  a  few  forms  which,  although  they  might  more  properly 

be  ranked  with  the  previous  section,  seem  rarely  or  never  to  acquire- 
more  than  sixteen  joints. 

Sp.  18.    Cyclops  languiclus,  Sais. 

Thorax  attenuated  posteriorly,  caudal  stylets  exceeding  in  length 
the  two  preceding  segments,  internal  seta  short,  half  as  long  as  the 
outer,  the  inner  of  the  median  setae  as  long  as  the  abdomen.  Both 

rami  of  the  first  foot  and  the  inner  of  the  second  are  two-jointed. 
Second  joint  of  the  fifth  feet  sub-linear,  armed  with  a  seta  and  a 

spine.  The  fact  that  some  of  the  feet  have  two-jointed  rami  sug- 
gests a  young  stage  of  some  other  forms. 

This  species  has  not  been  seen  in  America. 

Sp.  19.    Cyclops  modestus,  Henick. 

(Plate  R.    Figs.  1—5.) 

American  Naturalist,  1883,  p.  500 (May). 

This  small  species,  1.0  mm.  long,  was  first  recognized  in  Cullman 
county,  Alabama,  but  occurs  also  in  our  lakes.  The  color  varies,  but 
very  characteristic  is  the  peculiar  shining  or  glaucous  surface  of  the 
strongly  arched  thoracic  shield  and  the  evenly  curved  segments  of 
the  abdomen.  The  antennae  reach  but  little  beyond  the  very  long 

first  segment;  they  are  usually  16-jointed,  but  I  have  notes  of  a 
similar  form  in  which  the  antennae  are  17-jointed,     The  feet  are 
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all  3-jointed  and  are  peculiar  in  their  armature.  The  fifth  foot  is 

obscurely  3-jointed,  the  second  joint  bearing  a  short  spine  and  the 
terminal  joint  two  spines  of  varying  length.  The  stylets  are  once 
and  a  half  as  long  as  the  last  segment  and  are  peculiarly  excavated 
for  more  than  the  lower  third,  from  the  point  where  the  lateral 
spine  is  situated.  The  outer  terminal  seta  is  short,  the  others  being 

sub-equal  and  also  short.  The  opening  of  the  spermatheca  is  elong- 
ated, oval.  The  antenna  of  the  male  is  divisible  into  five  regions^ 

the  third  being  formed  by  the  thickening  and  coalescing  of  four  or 
more  segments. 

Antennae  14- jointed. 

Sp.  SO.    Cyclops  insignis,  Glaus. 

The  two  forms  here  belonging  might  be  considered  atavic  varie- 

ties of  Cyclops  pulchellus.  Brady's  figures  and  description  of  his 
C.  insignis  (=  C.  lubbockii)  agree  almost  exactly  with  what  Reh- 
berg  says  of  Cyclops  helgolandicus  (Abh.  v.  naturw.  Vereine  zu 

Bremen,  vii.  1.  pp.  62 — 64).  Rehberg  regards  that  species  as  an 
atavic  sub-species  or  variety  of  C.  pulchellus.  With  C.  insignis,^ 
Claus,  the  case  seems  to  be  different.  The  occurrence  of  this  species 
is  not  conditioned  by  marine  influence.  I  found  it  abundant  about 

Leipzig,  Saxony.  The  differences  between  it  and  the  C.  insignis  of 

Brady  are,  as  the  latter  says,  very  slight.  Figs.  11 — 14  of  plate  T 
are  drawn  from  Leipzig  specimens,  from  osmic  acid  preparations. 
The  first  foot,  outer  ramus,  has  three  external  spines  on  the  distal 
segment,  two  setae  at  the  end,  and  three  within;  the  inner  ramus 

has  one  internal  seta,  a  spine  and  a  seta  terminally,  and  three  ex- 
ternal setse  on  the  distal  segment.  The  outer  terminal  segment  of 

the  fourth  foot  is  like  the  first;  the  inner  one  has  only  two  external 
setffi.  The  external  setse  of  the  caudal  stylets  exceed  half  the  length 

of  the  stylet  and  are  pectinate.  The  fifth  foot  has  a-  short  basal 
joint  armed  with  a  single  seta,  the  second  joint  being  slender  and 
armed  with  two  unequal  setae.  The  gathering  above  mentioned, 
taken  near  Leipzig,  Dec,  1881,  contained  scarcely  a  female  among 

scores  of  males  in  various  stages  of  development.  This  is  so  con- 
trary to  what  is  expected  that,  notwithstanding  the  apparently 

good  characters  on  which  the  species  is  founded,  an  uncertainly 

exists  in  the  mind  of  the  writer  as  to  the  permanent  adult  charac-^ 
ters  of  this  species. 
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Antennae  12-jointed. 

I. — Fifth  Foot  2-jointed. 

A. — Terminal  segment  of  fifth  foot  with  a  seta  and  a  small  spine, 

Sp.  21.    Cyclops  capillatiis,  Sars. 

**Cephalofchorax  sub-ovate;  anteriorly  uniformly  rounded;  seg- 
ments projecting  somewhat  laterally,  the  last  being  scarcely  wider 

than  the  first  abdominal  segment.  Abdomen  attenuated  posteriorly; 
caudal  rami  almost  as  long  as  the  last  three  abdominal  segments, 
hardly  divergent,  the  external  and  internal  apical  setae  short  and 

nearly  equal;  the  interior  of  the  median  setae  as  long  as  the  abdo- 
men; lateral  seta  about  in  the  middle  of  the  stylet.  Antennae  of 

the  first  pair  robust,  slightly  exceeding  the  first  segment  of  the 
body  when  reflexed,  vrith  the  twelve  joints  densely  covered  with  long 
and  divergent  hairs.  The  last  joint  of  the  outer  rami  of  swimming 
feet  are  elongated  and  armed  externally  with  three  spines,  internally 
with  four  setae;  the  interior  apical  spine  of  the  interior  rami  of  the 
fourth  pair  of  feet  longer  than  the  exterior.  Feet  of  the  fifth  pair 
large,  with  a  large  and  thick  basal  segment  and  a  small  oval  second 

joint  bearing  one  long  seta  and  a  short  spine.  Ova-sacs  small,  nar- 

row and  divergent.     Eye  very  small.     Length  nearly  2  mm." 
Very  close  to  C.  viridis  in  many  points.  Found  only  in  Scan- 

dinavia. 

Sp.  22.    Cyclops  crassicaudis,  Sars. 

Cephalothorax  elongate-ovate;  segments  produced  laterally,  espe- 
cially the  last,  which  extends  into  a  somewhat  procurved  process. 

Abdomen  short  and  thick,  first  segment  somewhat  excavated;  caudal 
rami  equalling  the  la^t  two  segments  of  the  abdomen.  External 
apical  seta  longer  than  the  internal,  both  short;  median  setae  long. 

Antennae  of  the  first  pair  12-jointed,  scarcely  longer  than  the  first 
segment.  Swimming  feet  short  and  thick,  spines  and  setae  short; 
the  interior  apical  spine  of  the  last  joint  of  the  inner  ramus  of  the 
fourth  foot  almost  twice  as  long  as  the  exterior  spine.  Terminal 

Joint  of  the  fifth  foot  small,  armed  with  a  spine  and  a  seta;  seta  of 

the  basal  segment  short.  Ova-sacs  oval,  somewhat  divergent. 
Length  0.75  mm. 

Found  only  in  Scandinavia. 
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II. — Fifth  Foot  I-joii^ted. 

Sp.  23.    Cyclops  varicans,  Sars. 

"Cephalothorax  ovate,  attenuated  about  equally  in  front  and  be- 
hind, with  the  last  segment  wider  than  the  abdominal  segments, 

produced  laterally  and  bearing  a  long  seta.  Abdomen  elongate; 
caudal  rami  scarcely  as  long  as  last  two  segments;  the  internal 

apical  seta  twice  as  long  as  the  outer;  median  pair  elongated,  the 

internal  one  as  long  as  the  abdomen.  Antennae  12-jointed,  robust, 
shorter  than  the  first  thoracic  segment.  ̂   ̂   Both  rami  of  swimming 

feet  two-jointed.  ̂   ̂   Feet  of  fifth  pair  rudimentary,  with  a  single 
linear  segment  bearing  a  long  spine.  Ova-sacs  long,  divergent. 

Length  1  mm." 
Yery  possibly  the  young  of  some  species  not  now  identifiable. 

Only  mentioned  by  Sars.     (Compare  C.  diaphanus  below.) 

Sp.  24.    Cyclops  serrulatus,  Fischer. 

(Plate  0.    Figs.  17—19.) 
?  Cyclops  agilis,  koch  (flde  Rehberg). 
Cyclops  serrulatus,  lilljeborg,  claus,  sars,  lubbock,  heller,  fric,  hoek,  brady. 
Cyclops  longicornts,  vernet. 
Cyclops  pectinifer,  cragix. 

Although  Rehberg  positively  asserts  that  Koch's  name  applies  to 
the  present  species,  none  of  the  numerous  authors  who  have  men- 

tioned this  most  widely  distributed  form  have  'employed  any  other 
than  the  familiar  designation,  and  the  practical  advantage  to  be 
derived  from  its  use  seems  to  outweigh  a  quibble  of  doubtful, 

synonymy. 

Cephalothorax  oval,  compact;  abdomen  slender  and  short,  sud- 

denly enlarged  previous  to  its   union   with  the  thorax;  antennae' 
slender,  reaching  nearly,  but  not  quite  to  the  last  thoracic  segment; 
the  last  three  joints  are  attenuated  and  furnish  the  most  evident 

character  of  the  species;  formula  —  ̂ ^  —  ̂ ^^  —  ̂    ;  during 
life  the  antennae  tend  to  assume  the  form  of  a  rude  Z,  the  proximal 
four  joints  forming:  the  base;  antennules  small,  reaching  about  to 
the  sixth  joint  of  antennae;  jaws  small  with  large  teeth;  the  single 

segment  of  the  fifth  foot  with  three  equal  spines;  egg-sacs  oval,  as 
long  as  the  abdomen;  eggs  few,  dark;  caudal  stylets  very  long  and 

slender,  spined  along  the  outer  margin;  lateral  setae  small  and  ap- 
proximated to  the  upper  one;  outer  terminal  seta  short,  spine-like, 

in  life  set  nearly  at  right  angles  to  the  others,  spined  or  beaded  on 
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one  margin  and  bristled  on  the  other;  the  next  seta  is  as  long  as 
the  abdomen,  being  somewhat  exceeded  by  the  following  one;  inner 

seta  as  long  as  the  outer,  but  feeble;  upper  seta  nearly  as  long,  ap- 
proximated; length  less  than  1  mm. 

A  well  marked  variety  of  the  above  occurs  in  America,  which 

might  rank  as  a  species,  were  it  not  probable  that  it  is  simply  a 

post-imago  form  occurring  only  under  favoring  circumstances.  This 

variety  has  no  connection  with  Brady's  var.  montanus. 

Cyclops  serrulatus,  var.  elegans.   (Var.  n.) 

Distinguished  from  the  type  by  the  greater  size,  and  the  elonga- 
tion of  antennae  and  caudal  stylets.  We  will  first  of  all  give  the 

measurements  which  afford  a  criterion  for  judging  of  the  form  and 

proportions. 
Total  length  1.34:  mm.;  thorax  0.76  mm.;  abdomen  0.40  mm.; 

stylets  0.18  mm.;  greatest  width  0.42  mm.;  inner  median  caudal 
seta  0,60  mm.;  outer  median  seta  0.36  mm.;  inner  seta  0.08  mm. 

The  first  segment  of  the  thorax  is  long  proportionally  (0.40  mm.) 

The  antennae  are  very  long,  reaching  to  the  base  of  the  third  seg- 

ment (.68  mm.).  The  egg-sacs  are  elongate-oval,  being  more  slender 
€ven  than  in  typical  C.  serrulatus;  in  the  animal  measured  they 
were  0.50  mm.  long,  by  0.19  mm.  wide.  The  caudal  stylets  are 

slightly  shorter  than  the  last  two  segments  of  the  abdomen.  The 
antennules  are  very  short,  and  each  joint  has  its  series  of  fine  teeth. 
The  free  lower  mar^ns  of  the  thorax  are  ornamented  with  series 

of  prominences,  while  the  last  segment  is  extended  into  a  blunt 

angle  bearing  long  teeth.  The  last  segment  of  the  abdomen  is 

spiny-margined  and  is  ornamented  with  a  double  row  of  spines  at 
the  anus.  The  armature  of  the  stylets  as  well  as  that  of  the  feet  is 

identical  with  that  in  typical  C.  s.errulatus.  The  last  two  joints  of 
the  antennae  measure  0.1  mm.  each,  while  the  two  previous  measure 

unitedly  0.12  mm.  The  color  is  not  opaque  as  in  the  smaller  form 

usually,  Brady's  var.  montanus  has  shorter  stylets  than  the  type, 
but  seems  nearest  the  small  dark  form  found  in  peaty  waters  in 

America.  Cyclops  pectinifer,  Cragin,  has  no  distinctive  points,  it 

being  typical  C.  serrulatus. 

Sp.  25.    Cyclops  macrurus,  Sars. 

Cyclops  macrurtLS,  brady. 

Closely  allied  with  C.  serrulatus.    Cephalothorax  ovate,  rounded 
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tinteriorly ;  last  segment  fringed  at  the  angles  with  numerous  fine 
hairs.  Antennae  much  shorter  than  in  C.  serrulatus,  about  as  long 

as  the  first  thoracic  segment,  otherwise  similar.  Abdomen  attenu- 

ated, penultimate  segment  margined  posteriorly  with  spine-like 
setse,  the  other  segments  pectinated.  Caudal  stylets  very  long  and 
slender,  about  equal  in  length  to  the  three  segments  preceding, 
bearing  a  group  of  four  to  five  spines  on  the  outside  near  the  end, 
otherwise  unarmed.     Length  1.3  mm. 

Here  is  the  natural  place  for  C.  spinulosus,  of  Glaus,  but  there  is 

strong  reason  to  suspect  the  validity  of  the  species  so  very  imper- 
fectly characterized. 

Sp.  26.    Cyclops  fluviatilis,  Herrick. 

(Plate  Q5.    Figs.  1—9.) 

Cyclops  magnoctavus,  cragin. 

This  small  species  with  twelve-jointed  antennae  and  conspicuous 

■coloration  is  widely  distributed  through  the  Mississippi  valley.  The 
original  description  is  appended. 

''Body  elongated;  thorax  very  long;  abdomen  slender;  stylets 
about  as  long  or  longer  than  last  abdominal  segment;  setae  all  very 
short,  not  [always]  pectinate;  lateral  and  dorsal  setae  very  small; 

outer  one  spine-like,  short  and  stout;  two  median  setae  short;  inner 
one  very  small  and  inconspicuous;  antennae  reaching  nearly  to  the 

base  of  abdomen  [or  beyond];   formula—  —  ̂   —  -   ;  the 
three  joints  following  the  six  basal  are  much  elongated,  while  the 
terminal  ones  are  but  moderately  so,  a  character  which  is  peculiar 
to  this  species;  terminal  segment  slightly  but  evidently  hinged  and, 

together  with  pair  preceding,  somewhat  curved;  feet  with  the  ter- 

minal spines  strongly  toothed;  fifth  foot  very  small,  one-jointed, 
bearing  three  small  setae;  operculum  vulvae  heart-shaped;  egg-sacs 
sub-quadrangular;  eggs  large;  abdomen  in  the  young  much 

elongated.     Color  deep  indigo.     Length  0.7  mm." 
The  first  foot  has  upon  the  last  joint  of  outer  ramus  three  ex- 

ternal spines,  two  apical  setae  and  three  internal  setae;  the  outer 

branch  of  fourth  foot  has  three  external  spines,  apically  a  spine  and 
seta  and  internally  four  setae. 

Males  of  this  species  are  slender,  measuring  about  0.75  mm.;  the 

abdomen  being  0.28  mm.,  stylets  0.6  mm.,  first  thoracic  segment 
0.28  mm.,  and  the  longest  caudal  seta  0.24  mm.  The  antennae  are 
long  and  much  modified  so  as  to  resemble  superficially  the  antennae 
of  Diaptomus. 
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Antennae  11- jointed. 

Sp.  27.    Cyclops  diaplianus,  Fischer. 

(Plate  R.     Fig.  12.) 

f  Cyclops  hieolor,  Saks. 
?  Cyclops  minutus,  Glaus,  Heller. 

If  not  the  youug  of  other  species,  this  is  a  widely  distributed 

form,  being  known  from  Russia,  Norway,  continental  Europe, 
Madeira,  and  America.  The  synonyms  above  given  are  upon  the 
authority  of  Re h berg. 

The  following  description  applies  to  our  American  form  found 
always  in  connection  with  C.  thomasi,  C.  parens,  or  C.  navus. 

Very  small,  measuring  0.81  mm.,  setae  not  included.  The  thorax 

is  0.5  mm.,  the  abdomen  .31  mm.,  the  stylets  .06  mm.,  the  longest 
caudal  seta  0,4  mm.,  outer  median  seta  .36  mm.,  the  first  thoracic 

segment  0.3  mm.,  and  the  egg-sacs  sometimes  OA  mm.  The  thorax 
is  oval,  the  first  segment  being  quite  large,  as  in  larval  cyclops. 
The  antennae  rarely  reach  the  end  of  the  first  segment  aud  are 

either  ll-joint'ed  or  obscurely  12-]ointed;  their  formula  h 
—^——^— — ~^——.     The  first  joint  is  very  large. 

The  second  antennae  are  of  rather  small  size;  the  maxillipeds  are 

armed  as  in  C.  navus.  The  feet  have  usually  but  2-jointed  rami, 
but  in  large  individuals  some  of  the  rami  are  obscurely  3-jointed. 
The  first  foot  has  the  terminal  joint  of  the  outer  ramus  armed  with 
three  exterior  spines,  two  terminal  setae  and  three  interior  setae; 

the  inner  branch  has  one  internal  spine,  a  terminal  spine  and  seta 
and  three  external  setae.  The  fourth  foot  has  the  terminal  joint  of 
the  outer  ramus  Avith  two  external  spines,  a  terminal  spine  and  seta 
and  four  internal  setae;  the  inner  ramus  has  one  internal  spine^ 

two  unequal  spines  and  three  internal  setae.  There  is  also  a  series 

of  teeth  at  the  place  where  the  middle  joint  should  appear.  The 
fifth  foot  consists  of  a  broad,  basal  segment  nearly  fused  with  the 
abdomen  and  bearing  laterally  a  long  spine;  the  terminal  segment 

is  terete  and  small,  having  a  single' terminal  spine.  The  caudal 
stylets  are  but  little  longer  than  the  last  abdominal  segment,  which 
bears  teeth  below;  the  sides  are  parallel,  and  the  lateral  seta  is  f 
from  base.  The  median  setae  are  long  and  toward  the  end  show 

false  jointing.  The  inner  seta  is  longer  than  the  outer  which  is, 

however,  heavier.  Eggs  eight  to  twenty,  in  narrow  elongate  sacs. 
Not  uncommon,  everywhere. 
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Sp.  28.    Cyclops  phaleratus,  Koch. 

(Plate  R.    Figs.  6—10.) 
(rar.  a.) 

C.  canthocarpoides,  fischer,  claus,  lubbock,  frig. 
C.  phaleratxis,  koch,  sars,  ul.janix,  brady,  rkhbebg. 

C.  afflnis,  sabs.  "^^ 

C.  py(7m<:EUJ*.  rehberg.  ^ 
C.  adolescent,  hebrick.(==(7.  pera/rmatus,  cragix.)  'i' 
fC.  laSCiVUS,  POGGENPOL.  -•'. 

That  the  two  varieties  here  united  are  very  closely  allied  must 

be  admitted;  that  they  are  merely  age  forms  is  possible.  Glaus  in 

figure  2  of  his  plate  II  (Freilebenden  Copepoden)  figures  some 
other  species  than  the  one  described  as  C  canthocarpoides,  as  can 

be  gathered  from  the  elongated  stylets  and  the  eight-jointed  an- 
tennse.  Our  Minnesota  specimens  combine  the  eleven-jointed  an- 
tennse  of  C.  affinis  with  the  short  stylets  and  peculiar  form  of  the 

filth  feet  of  the  first  mentioned.  Rarely  one  is  found  with  ten- 

jointed  antennae  and  at  the  same  time  sexually  mature.  The  char- 
acteristic oblique  lines  of  spines  at  the  base  of  the  stylets  may  be 

absent.  Rehberg's  figures  of  C.  pygmseus  agree  very  well  with  our 
species,  but  he  has  decided  that  it  is  not  specifically  distinct  from 
C.  affinis. 

It  appears  to  me  undesirable  to  institute  a  new  species  for  the 
American  form,  neither  is  it  possible  to  sufficiently  identify  it  with 
any  of  the  above. 

I  here  append  a  brief  description  of  Cyclops  adolescens^  Herrick 

(^C.  perarmatusj  Cragin,)  for  comparison  with  the  description  of 
C.  affinis  as  transcribed  below.  Thorax  oval,  broad,  acute  anterior- 

ly;  last  segment  large  and  separated  by  a  constriction  from  the 
anterior  ones.  The  head  is  beaked  below;  first  throacic  segment 
large  and  long  (.36  mm.):  last  thoracic  segment  wide,  united 
closely  with  the  first  abdominal  segment,  armed  with  series  of 

teeth.  Abdomen  short,  especially  the  last  segment,  which  is 
toothed  behind ;  stylets  very  short.  The  antennae  are  much 

shorter  than  the  first  segment,  eleven-jointed.  The  maxillipeds 
are  very  small.  All  the  feet  are  armed  with  a  row  of  very  large 

teeth  or  lanceolate  spines  down  one  side;  fifth  foot  one-jointed,  with 
three  spines,  the  outer  being  smooth,  the  others  spiny;  egg-sacs 
variable,  narrow,  appressed;  eggs  large,  color  usually  dark.  The 
animal  moves  like  Canthocamptus,  and  is  able  to  progress  out  of 
water  better  than  other  species.  The  following  measurements  will 

give  an  idea  of  the  proportions:  Length  1.26  mm.;  thorax,  0.76 
11 
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mm.;  abdomen,  0.44  mm.;  stylets,  .06  mm.;  longest  seta,  0.34  mm.; 
antennae,  0.28  mm.;  width  of  thorax,  0.44  mm, 

Cyclops  affinis^  Sars. 

" Antecedent!  [C.  phalerato]  simillimus.  Corpus  autera  minus  robustum  colore  coe- 
ruleo  vel  potius  glauco  sat  saturato  insigne .  Segraentum  ultimum  thoiacicum  ad mar- 
ginem  posteriorem  extrosum  pilis  vel  spinulis  subtilisslrais  peetenatim  exornatum. 
Rami  caudales  quam  in  C.  phalerato  aliquanto  longiores,  setarum  apicalium  interna 
quam  externa  multo  breviore,  intermediarum  interiore  altera  fere  trlplo  loHgiore  long- 
itudinemque  abdominis  superante,  in  medio  aculeata  deln  vero  subtile  ciliata.  An- 

tennae l -mi  paris  segmento  1-mo  corporis  multo  breviores,  tenues.  articulis  11  compo- 
sitae.  Pedes  5-ti  paris  distinct!,  uniarticulati,  setis  3,  quarum  interior  ceteris  multo 
major  et  ciliata,  instruct!.  Sacci  ovifer!  parvi  abdomini  appressi.  Longit.  circit.  % 

mm." 
Cyclops  ornatus^  Poggenpol  (=C.  clausii,  Heller,  fide  Rehberg,)  is 

almost  certainly,  in  our  judgment,  a  young  or  atavic  condition. 

C.  helleri^  Brady,  though  not  identical,  is  no  more  worthy  a  spe- 

cific name.  If  every  form  with  eleven-joiuted  anteuDae  and  egg- 
sacs  be  worthy  a  distinct  name,  it  will  be  possible  to  duplicate  all 

the  seventeen-jointed  forms.  Fortunately,  however,  many  species 
agree  together  in  this  condition,  so  that  the  number  of  spurious 

species  derived  from  this  source  is  rather  small ;  among  these  is  to 

be  reckoned  C.  nanus^  Sars,  which  is  obviously  very  near  the  pul- 
chellus  group. 

Antennae  lO-jointed. 

No  valid  species  have  permanently  10-jointed  antennae.  C.  pha- 
leratus  is  frequently  found  with  10-jointed  antennae.  C.  kauf- 
raanni  is  without  much  doubt  an  immature  form. 

Antennae  8-jointed. 

*    Sp.  29.    Cyclops  finibriatus,  Fischer  (fide  Rehberg.) 

(Plate  R.    Fi^.  11.) 

C  crassicornis,  sars,  brady,  herrick. 
C.  gredleri,  hkller. 

C.  pauper,  fric. 
C.  poppei,  REHBERG. 
{f    C.  magniceps,  ulljeborg.) 

Our  American  species  corresponds  to  that  described  by  Rehberg 

as  a  new  species.  The  differences  mentioned  in  the  previous  report 

(see  Cyclopidae  of  Minnesota,  p.  233)  are  just  those  which  have 
led  Rehberg  to  establish  the   C.   poppei,  which,    by  the  way,  was 
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found  with  the  type.      I  see  no  reason,  especially  in  view  of  the 
latter  fact,  to  regard  it  as  even  a  well  marked  variety. 

C.  crassicornis  is  widely  distributed  in  America  as  well  as  Europe, 
but  is  never  very  common.     The  color  is  always  reddish. 

Antennae  6-jointed. 

Sp   30.    Cyclops  sequoreus,  Fischer. 

A  brackish-water  species,  .85  mm.  long,  which  in  a  number  of 
characters  departs  from  the  type  of  the  genus.  Those  who  have 

the  opportunity  to  search  the  brackish  pools  alongour  coast  would 
do  science  a  service  by  looking  for  this  interesting  species. 

Note.— Cyclops  navicularis,  Say,  is  perhaps  C.  vindls  of  this  report.  C.  setosus,  Hal- 
deman,  (Phila.  Acad,  Sci.,  Vol.  VIII,  p.  331)  is  referred  in  my  notes  to  C.  serrulatus,  I  do 
not  now  know  with  how  much  reason.  « 
The  reader  is  referred  also  to  Cyclops  latisslmus,  Poggenpol,  as  quoted  by  Cragin- 

which,  although  belonging  to  the  section  having  sevjateen-jointed  antennae,  and  hav- 
ing feet  like  C.  tenuicornis,  is  said  to  have  a  disc -like  body,  long-jointed  antennules 

with  no  armature,  and  the  basal  ioint  of  the  abdomen  very  long. 
Cyclops  ornatus  is  quoted  by  Cragin,  but  we  are  left  in  doubt  as  to  the  number  of  seg- 

ments in  the  antennae,  a  point  quite  essential  to  tk  e  definition  of  species. 
(See  under  C.  phaleratus.) 
Cyclopfi  longicaudatus  and  C.  igneui*  are  thought  to  be  simply  prematurely  gravid 

young  of  known  species. 
(See  Cragin,  1.  c,  (pp.  12—13.) 
Cyclops  ftscheri  of  the  same  author  agrees  with  C.  Je  ̂ uoreus  in  having  six-jointed  an, 

tennse,  but  in  nothing  else  apparently.  It  is,  if  correctly  described,  a  very  remark- 
able form,  with  no  setae  on  the  antennae. 

FAMILY  HARPACTICIDiE. 

Numerically  the  largest  of  the  families  of  the  Copepoda,  this 
group  contains  predominatingly  marine  and  mostly  minute  animals, 
frequently  of  strange  and  grotesque  form.  A  few  of  the  marine 
forms,  inhabiting  the  gulf  of  Mexico,  are  figured  in  the  report  of 
the  Minnesota  Academy  of  Sciences  for  1881.  Of  the  over  thirty 
genera  of  the  family  less  than  a  half  dozen  are  not  exclusively 

marine,  and  of  these  most  are  brackish-water  residents.  The  genus 
Bradya  contains  blind  copepods  living  in  slime. 

The  name  was  proposed  by  Dana,  but  was  dropped  in  the  final 
report.  Again  revived  by  Claus,  it  is  now  in  use  by  the  best 
authors.  The  general  form  and  structure  closely  resembles  that  of 
the  Cyclopidse.  The  following  characters  are  the  more  important 

ones  in  distinguishing  the  family  from  the  other  families  of  the 
order: 
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Body  flattened  or  sub-cylindrical.  Abdomen  usually  not  much 
smaller  than  the  thorax,  from  which  it  is  not  separated  by  a  sudden 

constriction;  antennae  rather  short,  4-  to  10-jointed;  mandibles 
strongly  toothed,  palpate;  maxillas  well  developed,  palpate;  first 
pairofmaxillipedes  with  strong  teeth  at  the  end,  second  pair  usually 
forming  a  claw.  The  first  pair  of  feet  are  often  turned  forward  or 

prehensile;  fifth  pair  one- or  two-jointed,  serving  as  egg  supports 
in  the  female. 

Most  species  live  among  sub-aquatic  vegetation. 

The  Sub-Family  Canthocamptin^, 

to  which  our  sole  genus  belongs,  is  further  distinguished  from  the 

other  sub-families  of  Harpacticidse  by  the  fact  that  the  seconp 
maxilliped  has  a  prehensile  hook.  The  feet  of  first  pair  are  not 

clawed,  but  have  the  inner  branch  elongated,  and  the  palp  of  the 
mandible  is  one-branched. 

Genus  Canthocamptus,  Westwood. 

These  little  animals  may  be  secured  in  considerable  numbers  by 

gathering  a  supply  of  water  from  among  weeds  in  shallow  ponds, 
and  permitting  the  debris  to  settle  in  a  spot  where  light  only 
touches  the  jar  from  one  side,  when  the  Canthocampti  congregate 
on  the  exposed  side. 

Canthocamptus  is  an  elongated  animal,  with  the  body  divided 
rather  obscurely  into  two  portions,  of  which  the  first,  or  anterior 

portion,  is  largest..  This  part  of  the  body  has  five  segments,  each 
of  which  has  at  least  one  pair  of  appendages.  The  first,  consisting 
of  the  head  proper  with  one  of  the  somites  of  the  body  or  thorax, 
as  is  discovered  by  observing  that  a  pair  of  legs  is  attached  to  it,  is 
the  largest  segment  of  the  body. 

As  seen  from  above,  it  is  triangular  and  extends  in  front  into  a 

short,  stout  beak  or  snout,  like  the  rostrum  of  a  cray-fish.  Above 
the  beak,  in  the  center  of  the  forehead,  is  the  eye,  consisting  of 

pigment  and  two  lenses,  showing  that  we  really  have  to  do  with 
two  eyes  confluent  on  the  median  line.  This  is  the  simplest  form 
of  a  compound  eye.  The  same  method  of  compounding  the  eyes 
is  exhibited  in  a  more  complicated  manner  by  Daphnia  and  other 
Cladocera.  On  either  side  of  the  beak  springs  an  antenna  with  six 

to  nine  joints  of  unequal  size.     The  first  three  joints  are  profusely 

1 

.1 
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covered  with  hairs.  The  fourth  joint  is  more  slender  than  the 
preceding,  and  terminates  in  a  process  below,  which  bears  besides  a 
long  hair  a  peculiar  blunt  bristle,  that  serves  some  unknown 

purpose — probably  being  sensory  in  function  like  the  similar  hairs 
on  the  antennae  of  some  Cladocerae.  The  next  joint  is  shorter  than 
the  rest,  while  the  remaining  three  are  spined  at  definite  points. 

The  antennae  of  the  male  are  curiously  altered,  or  geniculate^  on 
both  sides,  as  in  Cyclops.  The  three  basal  joints  are  shortened, 
while  more  or  fewer  of  the  following  ones  are  coalescent,  followed 
by  a  hinge  joint  and  two  elongated  segments. 

The  second  antennae  or  antennules  are  two-jointed,  and  the  basal 
joint  has  a  two-jointed  branch  or  palp;  the  terminal  joint  is  covered 
with  spines;  at  the  end  are  longer  and  curved  spines,  jointed  in  the 
middle. 

The  mandible  is  a  flattened  plate  with  digitate  teeth  at  the  end, 

on  one  side  of  which  springs  a  two-jointed  palp,  and  from  the  other 
a  blunt  process.  The  maxilla  is  somewhat  like  it,  but  has  rudiments 
of  other  elements. 

The  first  pair  of  feet  have  two  three-jointed  rami.  The  outer 
ramus  is  shorter  and  with  the  longer  branch  is  directed  forward. 

The  fourth  foot  has  the  inner  branch  two-jointed.  The  inner  branch 
of  the  third  foot  of  the  male  is  peculiarly  modified  to  form  a  pre- 

hensile organ,  as  it  is  this  foot  which  fastens  the  sperraatophore  to 
ihe  female.     The  fifth  feet  are  composed  of  two  flat  plates. 

The  second  division  of  the  body,  the  abdomen,  consists  of  five 
segments,  of  which,  however,  the  first  two  are  united  in  the  female. 

The  last  segment  of  the  abdomen  bears  two  stylets,  which  are  some- 
times considered  as  together  constituting  an  additional  segment. 

Each  of  these  stylets  has,  with  several  small  spines,  two  elongated 
caudal  setae,  one  of  which  is  usually  as  long  or  longer  than  the 

■entire  abdomen.  The  stylets  are  usually  considerably  longer  than 

"wide,  but  the  proportions  vary  somewhat  in  different  species. 
Viscera.  The  body  cavity  is  traversed  by  the  alimentary  canal, 

which  is  a  straight  tube  with  no  lateral  caeca  or  blind  sacs,  as  in 
some  other  Copepoda.  The  canal  is  divided  into  four  more  or  less 

distinct  portions;  the  first  section  is  a  slender,  muscular  tube,  ex- 
tending from  the.  mandibles  nearly  through  the  first  segment, 

opening  into  the  stomach  proper,  which  is  a  muscular  and  gland- 
ular sac  or  tube,  filling  the  greater  part  of  the  thorax  ;  at  the  be- 

ginning of  the  abdomen,  the  sac  is  constricted  and  becomes  the  ia- 
testine  proper  ;  near  the  extremity  again  there  is  another  change 
«-nd  the  intestine  loses   its  glandular  character,  and,  by  a  peculiar 
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adaptation  becomes  a  sort  of  force-pump,  which,  during  life,  is  con- 
stantly pumping  water  in  and  out,  serving  as  a  means  of  respira- 

tion. This  anal  respiration  is  quite  common  among  aquatic  ani- 
mals in  this  as  well  as  other  orders.  This  latter  bection  of  the  canal 

is  the  rectum,  and  opens  beneath  a  toothed  anal  plate,  above  and 

between  the  stylets.  No  special  divarications  or  cseca  are  append- 
ed to  the  digestive  tra3t,  and  the  only  other  organ  which  is  at  all 

considered  to  belong  to  the  alimentary  system,  is  what  is  known  as 

the  "shell-gland,"  present  in  most  Crustacea,  but  till  recently 
thought  to  be  absent  in  Canthocamptus.  It  is  a  coiled  tube  found 

in  the  lower  part  of  the  first  segment  of  the  thorax.  It  is  impos- 
sible to  find  this  organ  in  Canthocamptus,  in  every  case,  it  being 

very  obscure;  and  its  office  is  uncertain,  though  it  is  supposed,  per- 
haps with  little  reason,  to  be  hepatic  in  function. 

There  is  no  functional  heart  in  this  animal,  but  its  place  is  taken 
by  a  peculiar  apparatus,  hitherto  undescribed  ;  this  consists  of  a 
tube,  surrounding  the  posterior  portion  of  the  alimentary  canal. 
This  sac  around  a  sac  is  open  in  front,  and  serves  by  a  double 

mechanism  the  office  of  a  pulsating  heart,  though  in  a  very  imper- 
fect manner. 

There  are  no  true  haematic  or  lymph  corpuscles  in  this  animal  ; 
so  far,  at  least,  none  have  been  discovered.  The  place  of  these 
blood  corpuscles  is  taken  by  globules  of  yellowish  or  red  color  of 
the  most  diverse  size.  These  nutritive  globules,  or  fat  globules,  as 
they  have  been  called,  are  undoubtedly  reservoirs  of  nutriment  in  a 

shape  convenient  for  the  animal's  use,  and  equally  certainly  are 
deiived  from  the  contents  of  the  intestine.  In  those  Copepoda 
which  have  a  functional  heart,  it  is  open  anteriorly  into  a  general 

'body-cavity  in  the  same  way  as  in  this  animal.  That  a  portion  of 
the  vascular  system  should  surround  the  alimentary  canal,  is  no 

unexampled  thing,  for  in  Daphnia  a  large  sinus  embraces  a  por- 
tion of  the  canal.  The  same  provision  as  this  described  in  Cantho- 

camptus occurs  in  the  Cyclopidge.  The  nutritive  globules  are  often 
very  large,  and  are  frequently  extremely  abundant,  especially  in 
females  soon  to  become  gravid.  Three-hundredths  mm.  is  not  a 
large  measurement  for  the  diameter  of  such  drops. 

The  nervous  system  is  very  hard  to  trace,  consisting  of  a  large 

pear-shaped  ganglion  just  below  the  eye,  from  which  extend 
commissures  around  the  oesophagus,  connecting  them  with  the 
ventral  ganglia  lying  between  the  bases  of  the  feet.  The  senses 

are  not  apparently  well  developed,  for,  excepting  the  eyes,  we  can- 
not locate  with  certainty   the  organs  of  any  sense.     There   are^ 
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however,  two  spots  which  are  evidently  devoted  to  special  sense: 
first,  the  processes  on  the  fourth  joint  of  the  antenna?,  which  may 
be  siraply  the  seats  of  tactile  sense,  or  may  have  nerves  suitable  for 

perceiving  chemical  stimuli;  second,  the  area  on  the  forehead  bord- 
ered by  a  raised  line  and  covered  with  little  pits,  each  with  a  small 

bristle.  The  character  of  this  organ  can  be  but  conjectured;  it  may 
be  homologized  with  the  frontal  nervous  organs  of  the  Cladocera. 

The  sexual  organs  are  quite  extensively  developed,  and  periodical- 
ly obscure  the  remaining  viscera.  In  the  male  the  simple  testis  is 

situated  in  the  second  segment,  and  the  single  vas  deferens  after 
numerous  windings  through  nearly  the  entire  length  of  the  body, 
opens  at  the  base  of  the  first  abdominal  segment  under  a  spined 
plate.  A  part  of  the  vas  deferens  is  of  a  glandular  character  and 

secretes  an  elongate  tube,  the  spermatophore^  which  serves  to  con- 
tain the  spermatozoids,  and  is  fastened  by  the  male  at  the  opening 

of  the  median  pore  of  the  female;  on  contact  with  the  water  this 
tube,  which  is  at  first  soft,  contracts  and  presses  the  contents  into 
the  opening  of  the  female  organs.  So  long  is  the  vas  deferens  that 

as  many  as  three  spermatophores  are  sometimes  seen  in  the  body 
at  once.  The  spermatozoids  are  very  small.  The  geniculated  male 

antennae  are  used  in  grasping  the  setae  on  the  tail  of  the  female, 
and  the  curiously  modified  inner  branch  of  the  third  foot  of  the 

male  may  assist  in  fastening  the  spermatophore  upon  her  body. 
The  ovary  occupies  the  same  position  as  the  testes,  and  the  two 
ducts  are  coiled  in  the  body  from  end  to  end,  opening  in  the  median 
pore  behind  the  fifth  pair  of  feet.  When  the  eggs  are  ready  to  be 
laid,  they  are  forced  out,  carrying  with  them  a  film  of  the  secretion 

of  the  lower,  glandular  portion  of  the  ducts,  which  is  of  a  collodion- 
like consistency,  and  which  forms  the  enclosing  sac.  The  young  be- 

come fully  developed  sexually  before  they  assume  their  final  form, 

and  it  is  not  unusual  to  find  ova-bearing  females  which  are  not  only 
much  smaller  than  the  parent,  but  with  considerable  differences 
in  the  various  organs. 

This  sort  of  heterogenesis  is  not  uncommon  among  lower  Crusta- 

cea, for  the  young  may  difi'er  much  from  the  mother  till  after  they 
have  themselves  produced  young. 

Four  species  have  been  recognized  in  America,  of  which  one  is 
certainly  identical  with  a  widely  distributed  European  form,  and  a 
second  is  probably  identical  with  an  English  species.  C.  palustris, 

Brady,  seems  to  depart  considerabl}^  from  the  norm  of  the  genus 
and  may  prove  a  type  of  a  marine  genus.  No  true  Canthocamptus 
is  more  than  accidentally  marine. 
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The  ten  species  below  enumerated  are  all  that  have  fallen  under 

the  author's  notice,  though  others  may  have  been  mentioned. 

Key  to  the  Genus  Cakthocamptus, 

•-I  f  2-jointed.  i  ''"  '^™"  ̂ *'""'  basal  joint  of  5th  foot  small   C.  gracil4«,  Sars. 
?  I  '0.5  mm.  long;  basal  joint  of  5th  foot  long.  C.  brevipes,  Sars  \T\ 

1  J.  /Antenna',  thick   C  era^sv^,  Sars, 

2-jointecl.oi  1    ^"ner  ramus  of  J      Antennre      ^  C.  IrispinosxLS,     i    Brady 

P-
 

a  ;  (   _  .    i^Antenna'.  thick   C  cra^su^,  Sars. 

3-joint*d.  \  ''^  ̂''''^  2-jointed.  [       slender.       j  c.  northumhricx,. ,  Brady. 
o*  I  !    Inner  ramus  of  J  Stylets  rather  long.  C  minutus,  Mueller. 
t  1 2d  foot  3-jointed.  '  Styl.  short,  dval,  G.  illinoisensis,  Forbes 

Male  antenna  normal   C.  hibo-niciis .  Brady. 
Male  antenna  reduced,  hooked  at  the  end   C.  ?  pcUuslris,  Brady. 3-jointed.  •{  ■, 

Canthocamptus  elegantulus,  C.  mareoticus  and  C.  horridus  are 

uncertain,  probably  referred  to  the  wrong  genus.  C.  stromii,  Baird 

{  =  Dactylopus  stromii,)  C.  rostratus,  Glaus  (=  Stenhelia  ima.) 
C.  virescens,  C.  linearis,  and  C.  roseus  of  Dana,  are  marine  Harpac- 
ticidae  of  uncertain  affinities.  C.  minutus  of  Clausisnot  sufficiently 
described,  but  appears  to  be  the  earlier  condition  of  C.  minutus, 
Mueller  (C.  staphynalis,  Jurine). 

Sp.  1.    Cantliocamptus  gracilis,  Sars, 

Is  elongated  linear,  with  the  abdominal  segments  smooth.  Caudal 

stylets  long  and  slender;  external  caudal  seta  about  one-fourth  the 
inner.  All  the  feet  with  two-jointed  inner  rami;  outer  branch  of 
fourth  foot  longer  than  the  others,  inflexed;  basal  process  of  fifth 

foot  slightly  expanded.     Length  1  mm. 
At  Decatur,  Alabama,  was  found  a  species  of  Canthocamptus 

which  is  diflfererit  from  any  American  species,  and  seems  in  many 
points  nearest  the  above  but,  unfortunately,  only  a  hasty  sketch 
could  be  made  at  the  time,  and  the  notes  are  insufficient  to  define 

it.  The  form  is  not  remarkably  slender;  the  first  and  second  ab- 
dominal segments  are  very  large.  The  caudal  stylets  are  slender 

and  elongated,  the  inner  seta  being  very  long  and  curved,  while 
the  outer  is  quite  short.  The  anal  plate  is  covered  with  hairs  only. 
The  antennae  are  normal,  of  moderate  length,  and  the  fifth  foot  has 

but  a  narrow  process  at  the  base. 

1  Distinguished  from  the  following  by  the  presence  of  only  three  spines  oo  the  prooess 

of  the  basal  joint  of  the  fifth  foot. 
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If  this  form  be  worthy  a  distinctive  name,  it  may  be  called 

Sp.  2.    Cantliocamptus  tenuicaudis.  (Sp.  n.) 

(Plate  0.     Figs.  15  and  16.) 

?  Sp.  3 .    Canthocaniptus  brevipes,  Sars. 

This  small  form  is  almost  certainly  the  young  stage  of  some  other 

•species;  yet  I  transcribe  the  description. 

"Corporis  forma  et  magaitudine  C.  pygmaeo  noa  dissimilis.  Segmenta  abdominalia 
vero  postice  magis  attenuata  seriebusque  aculeorum  destituta.  Rami caudales elongati 
duplo  longiores  quam  latiores,  setis  apicalibiis  brevisculis  parumquedivergentibus,  ex- 
teriore  dimidiam  longitudinem  interioris  non  attingente.  Operculum  anale  absque 
■dentibus.  Antennae  l-mi  paris  breves,  articulis  ultimis  duobus  inunum  confluentibus 
articiilum.  Pedes  natatorii  brevissimi,  ramo  exteriore  intus  setis  destitute,  interiore 
biarticulato  in  pedibus  l-mi  paris  longitudinemjexterioris  gequante,  in  sequentibus  multo 
breviore.  Pedum  5-ti  paris  articulus  basalis  intus  in  processura  foliiformem,  sat  mag- 

num et  angustatum,  articulum  ultimumelongato-ovatum  aliquanto  superautem,  exit. 
•Color  albidus.    Longit.  param  supra  Vg  mm." 

Sp.  4.    Cantliocamptus  crassus,  Sars. 

Robust;  segments  margined  with  pectinate  bristles.  Caudal 
stylets  oval,  contorted,  constricted  at  the  base.  Antennae  thick, 

densely  covered  with  long  setae.  Fifth  feet  with  long  setae;  basal 

process  rpther  small.  All  the  feet  excepting  the  first,  with  bi- 
articulato inner  rami.     Length  0.75  mm. 

Sp.  5,    Cantliocamptus  trispinosus,  Brady. 

(Plate  0.    Figs.  6—14.) 

This  species  with  the  last  and  next  has  all  the  feet  save  the  first 

with  bi-articulate  inner  rami.  Very  near  the  next,  from  which  it 
Pilfers  in  the  form  of  the  fifth  foot  of  the  female,  which  has  the 

basal  process  smaller,  bearing  only  three  spines,  while  the  next  has 

six,  the  second  joint  being  longer  and  narrow.  The  male  is  un- 
known.    Not  yet  identified  in  America. 

Sp.  6.    Cantliocamptus  nortliumbricus,  Brady. 

Body  robust;  antennae  long  as  first  segment,  nine-jointed;  man- 
<iibular  palp  minute.  In  the  male  the  inner  branch  of  the  third  foot 

is  three-jointed  and  dactylate,  as  in  C.  minutus. 
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Canthocamptus  north umbricus,  var,  americanus.  (Var.  n.) 

(Plate  0.    Figs.  6—14,  20—22.) 

One  of  our  most  common  species  is  very  near  the  English  forra, 
so  near,  in  fact,  that  I  dislike  to  remove  it  from  it.  A  few  points 
of  divergence,  however,  may  be  mentioned. 

The  form  and  proportions  are  much  like  those  of  G.  minutus. 

The  head  is  large  and  ends  in  a  prominent  bent  beak.  The  anten- 
nae are  rather  long  and  slender  and  have  a  well  marked  flagellum. 

(Brady  figures  no  flagellum).  The  palp  of  the  antennule  is  as  in 
C.  minutus.  The  mandibular  palp  is  small.  The  first  pair  of  feet 

normal,  rather  small;  all  the  other  swimming  feet  with  two-jointed 
inner  rami,  save  in  the  case  of  the  male  third  foot.  The  fifth  feet 

are  exactly  as  figured  by  Brady,  save  that  there  is  a  prominence  or 
tooth  of  the  basal  segment  near  the  point  of  attachment  of  the 
terminal  joint  which  is  quite  long.  The  sensory  area  of  the  head 
is  oval  and  pointed.  The  male  antenna  has  a  long  flagellum,  not, 

as  figured  by  Brady,  a  very  short  one.  The  egg-sac  is  very  large, 
oblong.  The  animal  seems  to  fall  short  of  the  size  of  the  English 

species,  though  measuring  upwards  of  0.65  mm.  Our  form  is  very 
well  distinguished  from  any  other  species.  It  is  found  in  lake 
Minnetonka,  lake  Calhoun,  and  elsewhere. 

Sp.  7.    Caiithocaiiiptus  minutus,  Mueller. 

M  onoculu^  staphyliniis,  JVBiHE. 
Lanthocamptus  minutus,  ltlljkborg,  baxrd,  sars,  ul.janin,  brady,  herrick. 
Canthocamptus  staphylinus,  claus,  fric. 
Canthocamptus  minutus,  var.  occidentalis,  herrick. 

A  well  known  species  which  has  been  frequently  described  and 
seems  quite  circumpolar  in  its  distribution. 

First  mentioned  from  America  in  a  paper  by  the  writer  in  1878. 

A  pretty  full  description  will  also  be  found  in  the  author's  Types 
of  Animal  Life.  A  very  abundant  species,  frequent  in  muddy  pools, 
but  somewhat  variable  in  abundance.  It  may  frequently  be  found 
in  great  numbers  in  winter. 

Sp.  8.    Canthocamptus  illinoisensis,  Forbes. 

(  Plate  0.    Figs.  1—5.) 

This  robust  and  pretty  species  was  first  taken  near  Minneapolis^ 
by  Mr.  A.  W.  Jones,  a  student  of  the  University,  who  found  it  in 

a  peaty  ditch.     Forbes'  description  is  appended. 
"Length  1  mm.     Head  and  first  segment  united;  five  abdominal 
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segments  in  male,  four  in  female.  The  suture  between  the  first 

and  second  segments  is  not  wholly  obliterated  above  in  the  female. 

Last  abdominal  segment  is  deeply  and  acutely  emarginate. 
Branches  oifurca  as  wide  as  long,  inner  bristle  plumose,  a  little 
longer  than  abdomen;  outer  plumose  only  on  outer  side,  about  half 

the  length  of  the  inner.  The  second  to  fifth  abdominal  ser/ments 
have  each  a  row  of  spinules  along  ventral   portion  of  posterior, 

Male  with  anterior  antennae  composed  of  seven  joints,  the  fourth 
joint  very  short.  The  front  outer  angle  of  the  third  is  produced, 
the  blunt  process  bearing  three  long  bristles  surrounding  a  slender 
olfactory  club  which  is  as  long  as  the  three  following  joints.  The 
penultimate  joint  bears  a  strong  spine  or  slender  appressed  process 

at  the  middle  of  its  posterior  margin.  The  five  outer  joints  con- 
stitute the  grasping  organ.  The  posterior  antennm  bear  five  long 

bristles  at  tip,  three  of  which  are  made  prehensile  by  the  occurrence 
of  from  eight  to  twelve  short  articulations  in  the  middle  of  the 

hair,  allowing  it  to  be  bent  forward.  At  the  base  of  these  articula- 
tions on  the  outer  bristle,  are  two  short  spinules.  Two  nearly 

longitudinal  rows  of  five  or  six  strong,  short  spines  each  appear  on 

the  under  surface  of  the  outer  joint  of  the  antennule.  The  secon- 
dary flagellum,  borne  as  usual  on  the  middle  of  the  basal  joint,  is 

not  articulated,  and  bears  four  long  bristles,  two  terminal  and  two 
on  distal  half  of  inner  side.  The  outline  of  the  mandible  is  exactly 

like  that  figured  by  Glaus,  but  it  bears  about  ten  teeth,  the  upper 
thick  and  blunt,  the  inner  sharp,  slender  and  longer.  Several  are 

notched  at  tip.  The  lower  angle  bears  a  long  simple  bristle. 

Mandibular  palpus  two-jointed,  second  joint  with  three  long  ter- 
minal hairs  and  a  shorter  spine  attached  at  basal  third  of  anterior 

margin,  jointed  at  base  and  directed  towards  tip,  like  a  dactyl. 

The  maxilla  and  maxillary  palpus  are  scarcely  to  be  distinguished 
from  those  of  C.  staphylin  us. 

The  first  maxillipeds  are  three-lobed,  the  outer  lobe  constituting 

a  long,  strong  claw.  The  second  aud  third  are  about  one-third  as 
loDg  as  the  first,  and  bear  each  one  strong  simple  spine  and  one 

weak  branched  hair.  The  inner  lobe  is  widest,  about  two-thirds  as 
wide  as  long.  The  dactyl  of  the  posterior  maxilliped  is  spinous  on 
its  inner  edge,  and  the  same  edge  of  the  hand  is  ciliate  and  bears  a 
short,  stout,  sparinajly  plumose  bristle  at  its  base,  just  beyond  the 
tip  of  the  closed  dactyl.  The  width  of  this  joint  (the  second)  is 
nearly  half  its  length. 

Basal  joint  of  inner  ramus  oi first  pair  of  legs  nearly  or  quite  as 
long  as  outer  ramus,  the  second  wider  but  only  half  as  long  as  the 
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third,  and  obliquely  truncate.  Inner  ramus  oi  third  pair  of  legs  in 

male  is  three-jointed,  [the  outer  two-jointed,]*  chelate.  The  finger 
is  orate,  truncate,  teruiiuating  in  two  long  plumose  hairs.  The 
dactyl  is  linear,  curved  at  base,  and  twice  as  long  as  finger.  The 
inner  ramus  of  the  fourth  vair  of  legs  is  about  half  as  long  as 

outer,  two-jointed,  basal  joint  short,  terminal  joint  about  as  long 
as  middle  joint  of  outer  ramus.  The  fifth  pair  of  legs  is  best  de- 

veloped in  the  female.  In  the  male  the  length  is  not  over  one- 
third  the  width.  The  basal  portion  bears  three  plumose  hairs  on 
its  very  broadly  rounded  anterior  margin,  of  whiclr  the  innermost 
is  longest.  The  outer  plate  is  nearly  orbicular  and  bears  five 

spines  on  its  terminal  margin,  of  which  the  second  from  the  inter- 
nal angle  is  the  longest.  Genital  plates^  found  in  male  at  posterior 

border  of  first  abdominal  segment,  beneath,  are  short,  slightly  ex- 
panded internally,  with  internal  angles  rounded,  and  externally 

bear  three  sub-equal  bristles,  jointed  at  base,  the  inner  largest  and 
strongest  and  semi-plumose.  The  antennce  of  the  female  are  eight- 
jointed,  extending  backward  to  the  first  free  segment.  The  basal 

joint  of  the  fifth  pair  of  legs  is  sub-elliptical  in  outline,  with  the 
basal  half  produced  externally  into  a  broad,  triangular  process 
which  bears  the  second  joint  on  its  posterior  margin.  The  free  end 

of  the  basal  joint  bears  six  large  plumose  bristles  of  which  the  in- 
ner is  longest.  The  greatest  width  of  the  joint  is  nearly  equal  to 

its  greatest  length.  The  second  or  outer  joint  is  ovate,  sub-trun- 
cate, spined  on  each  margin,  and  bears  four  plumose  bristles  at  tip 

and  one  at  the  middle  of  its  outer  margin.  Its  Idngth  is  about 

twice  its  breadth." 

Sp.  9.    Canthocaiuptus  liibernicus,  Brady. 

A  small  species  differing  from  all  others  save  the  next  in  having 

a  three-jointed  inner  ramus  of  the  fourth  foot. 

^'Anterior  antennae  of  the  female  slender,  8-joiuted,  about  as 
long  as  the  first  body  segment,  and  mach  like  that  of  C.  minutus. 

Inner  branch  of  the  second  antenna  very  small,  1-jointed.  Poster- 
ior foot-jaw  having  a  broad  hand  armed  with  a  long  apical  claw. 

Inner  branch  of  the  first  pair  of  feet  scarcely  twic9  as  long  as 

the  outer;  first  joint  longer  than  the  entire  outer  branch,  and  near- 
ly twice  as  long  as  the  united  second  and  third  joints,  both  of 

which  are  extremely  small.  Inner  branches  of  the  second,  third 

and  fourth  pairs  shorter  than  the  outer,  and  3-jointed,  the  first  joint 

*  Evidently  a  misprint,  for  It  Is  the  Inner  ramus  which  is  chelate. 



STATE  GEOLOGIST.  173 

being  very  small.  Inner  segment  of  the  basal  joint  of  the  fifth 

pair  of  feet  in  the  female  elongated,  fringed,  bearing  two  long  and 

three  short  apical  setse;  second  or  outer  joint  sub-ovate,  finely 
fringed  internally;  externally  bearing  six  long  marginal  setae.  In 

the  male  the  limb  is  smaller,  the  basal  joint  short,  broad  and  hav-* 
ing  six  short  setae  of  equal  length;  second  joint  nearly  like  that 

of  the  female.  Caudal  segments  somewhat  longer  than  broad;  in- 
ner seta  about  twice  as  long  as  the  outer;  anal  operculum  denticu- 

late.    Length  .65  mm."     Not  found  in  America. 

Sp.  10.    Canthocamptus  palustris,  Brady. 

(Plate  K.    Fig.  5.) 

A  brackish-water  species  about  .9  mm.  long,  found  in  a  number 
of  places  in  the  British  Isles.  The  species  presents  several  anom- 
alies. 

The  antennae  of  the  female  are  8-jointed;  those  of  the  male  ro- 
bust, the  last  joint  forming  a  hook.  The  first  four  pairs  of  feet 

have  both  branches  3-jointed;  the  fifth  pair  in  the  female  are  2- 
jointed,  with  a  short  and  broad  basal  joint,  the  second  joint  being 

sub-ovate,  bearing  five  long  apical  setae;  in  the  male  the  fifth  pair 
is  obsolete,  being  reduced  to  a  minute  setiferous  lobe.  Caudal  seg- 

ments short,  bearing  two  principal  setae,  the  outer  half  as  long  as 
the  inner. 

Sp.  11.    Canthocamptus  minnesotensis.  (Sp.  n.) 

(Plate  T.    Figs.  1—6.) 

Since  the  manuscript  of  this  genus  was  finished,  a  small  species 
has  been  found  which  seems  undoubtedly  distinct  from  any  of  the 

above.  A  single  pair  were  taken  in  a  gathering  from  Bassett's 
creek  containing  C.  minutus  in  abundunce.  Unfortunately  the 

characters  of  the  swimming  feet  are  not  certainly  known,  but  they 
were  apparently  all  three  joiuted  save  the  last.  The  antennas  are 

very  short  and  thick,  8-jointed,  with  a  long  flagellum;  the  anten- 
nules  are  of  the  usual  form,  and  the  mouth  parts  rather  large.  The 
first  pair  of  feet  have  the  two  rami  of  nearly  equal  length.  The 
form  is  moderately  elongate.  The  caudal  stylets  are  very  short, 
quadrate  in  outline  and  well  armed  with  spines.  The  fifth  foot  of 
the  female  has  four  long  and  two  short  spines  on  the  inner  lamina, 
and  the  terminal  joint  has  five  unequal  spines.  In  the  male  the 
fifth  foot  has  two  spines  on  the  lamina  and  six  on  the  second  joint,. 
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one  being  a  small  bristle.  The  male  antenna  is  of  peculiar  form. 

The  teeth  of  the  anal  plate  are  large  and  emarginate  (see  fig,  4.) 
The  swimming  feet  are  all  armed  with  very  strong  spines,  aside 

from  the  usual  quota  of  spines  at  the  end  of  each  joint.  Length 
.65  mm. 

NoTE.—C.frontinalis,'Reh\)erg.  This  author  seems  to  have  parted  with  his  usual 
acumen  in  the  remarks  upon  this  species.  After  describing  a  Cauthocamptus  with  the 

inner  ramus  of  the  first  foot  "reichlich  doppelt  so  lang  wie  die  beiden  Grundglieder  des 
Aussennasts,"  lie  draws  a  moral  on  the  mutability  of  genera  from  the  fact  that  Brady 
founded  the  genus  Attheyella  'auf  grund  der  Eingliede  des  innenastes  am  fierten 
Fusspaare  und  einer  derartigen  Bildung  des  ersten  Fusses,  wie  er  bie  C.  frontinalis 

"beschreiben  ist."  Brady  says  (Biit.  Copepoda,  p.  58) :  "inner  branch  of  first  pair  of  feet 
scarcely  at  all  elongated,  and  either  2- or  3-jointed,"  etc.  The  distinctive  characters 
being  the  l-  or  2-jointed  2d  and  3d  feet  and  the  1-jointed  inner  ramus  of  the  fourth  foot, 
it  Is  doubtful  if  C.  frontinalis  is  really  new. 

II.    Genus  Attheyella,  Brady. 

This  genus,  the  diagnostic  characters  of  which  have  been  above 
indicated,  contains  three  norpinal  species.  It  is  quite  difficult  to 

say  what  differences  exist  between  Sars'  ̂ ^Canthocamptus'^ pygmceus 
and  Attheyella  spinosa.  Brady  did  not  seem  to  recognize  the  fact 
that  his  diagnosis  included  that  species.  The  third  species  is  the 

blind  A.  cyrptorum,  of  Brady,  which  it  is  interesting  to  compare 
with  the  blind  Bradya  limicola  of  the  coast  of  the  gulf  of  Mexico. 

PCECILOSTOMATA. 

This  group,  consisting  of  animals  more  or  less  like  Cyclops  in 

appearance,  but,  during  part  of  their  existence,  semi-parasitic,  has 
been  very  little  studied  in  America.  Most  of  the  fresh-water  species 
inhabit  the  gill-cavities  of  fishes.  The  gills  of  fishes  should  always 
be  examined  (if  practicable,  microscopically)  for  these  interesting 
animals. 

The  mouth  parts  are  greatly  reduced  and  their  homologies  un- 
certain. 

Genus  Ergasilus,  Nordman^n. 

Body  shaped  much  as  in  Cyclops;  anterior  antennae  short;  anten- 
nules  in  the  female  large,  four-jointed,  terminating  in  a  strong 
claw.  Mouth  opening  in  the  center  of  the  very  large  head,  which 
is  not  beaked  in  front.  The  mouth  parts  are  inconspicuous,  but 
the  maxilliped  is  a  stout  organ  terminating  in  a  long  claw.  The 

three  anterior  pairs  of  feet  are  bi-ramose,  and  each  ramus  is  three- 
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jointed;  the  outer  ramus  of  the  fourth  foot  is  two-jointed;  the  fifth 
pair  is  absent  or  rudimentary.  Tlie  abdomen  is  four  or  five-jointed, 
and  the  stylets  are  rather  short.     Ova-sacs  two,  large. 

Ergasilus  depressus,  Sars. 

(See  Forhandlinger  i  Videnskabs-Selskabet,  1862.) 
The  form  figured  in  plate  S.,  fig.  1,  is  known  from  a  gathering 

taken  under  the  same  circumstances  as  Sars'  specimens,  and  con- 
sisted only  of  males.  The  animal  is  very  transparent  with  deep 

blue  markings  below,  especially  between  the  bases  of  the  feet. 

Sars  thinks  the  males  are  always  free,  while  the  females  early  re- 
tire to  the  gill-cavities  of  fishes.  This  species  may  be  distinct  from 

the  Norwegian  form,  but  there  is  no  reason  for  declaring  that  it  is 
so. 

E.  depressus  is  probably  the  young  of  the  widely  distributed  E. 
sieboldii. 

Note. — As  the  systematic  part  of  this  work  draws  to  a  close,  a 
note  is  received  from  Prof.  Birge,  who  was  so  kind  as  to  glance 
through  advance  sheets  of  the  portion  upon  Cladocera.  Prof.  Birge 

informs  me  that  his  Scapholeberis  nasuta  is  the  same  as  S.  (Daph- 
nia)  aurita,  Fischer,  as  published  in  1849  in  the  Bull.  Natur- 
forsch.  Gesellsch.  in  Moscaii,  Bd.  22.  This  paper  I  have  not  seen. 

At  Prof.  Birge's  suggestion,  then,  read  on  page  43. 

Sp  4,    Scapholeberis  aurita,  Fischer. 

Daphnia  aurita,  fischer. 
Scapholeberis  nasuta,  birge. 
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CHAPTER  IV. 

COLLECTING,  PRESERVATION   AND   MISCELLANEOUS 

NOTES. 

The  appliances  employed  in  the  capture  and  study  of  Entomo- 
straca  are,  in  the  main,  those  employed  by  the  student  of  aquatic 
vegetation.  The  first  in  order  of  importance  is  the  hand-net  and 
its  accompaniment,  long  rubber  boots,  such  as  cover  the  entire 
leg  being  preferable.  Thus  equipped,  the  student  can  collect  by 

far  the  greater  number  of  fresh-water  Crustacea.  The  net  is  best 
made  by  obtaining  an  ordinary  gaff  or  dipping  net  of  extra 
strength  but  small  size.  If  jointed,  the  ferrule  must  be  unusually 
strong,  not,  indeed,  because  of  the  weight  or  activity  of  the  prizes, 
but  because  it  is  often  necessary  to  lift  a  net  full  of  water,  which  is 
a  greater  strain  than  the  strongest  fish  would  produce  in  a  net 

with  open  meshes.  The  ring  of  such  a  net  is  furnished  with  a  me- 
dium-sized bag  of  some  porous  but  still  rather  close  fabric.  The 

writer  usually  uses  for  this  purpose  the  thinner  variety  of  flour 
sacking.  This  material  fulls  a  little  when  wet,  and  permits  the 
water  to  pass  rather  too  slowly,  but  this  is  a  good  fault.  The  net 
is  used  in  shallow  water  and  among  weeds.  After  the  net  has 
been  repeatedly  filled  and  permitted  to  drain  nearly  empty,  the 
bottom  of  the  net  is  seized  and  the  small  remaining  amount  of 

water  is  thrown  by  a  dexterous  movement  of  the  hand  into  a  large- 
mouthed  jar,  several  of  which  are  needed.  By  this  method  the  ani- 

mals can  be  secured  in  any  desired  degree  of  concentration,  so  to 
speak,  provided  care  is  taken  to  avoid  fouling  the  net  with  fine 
mud  or  debris.  A  single  jar  should  usually  contain  only  a  gather- 

ing from  a  single  locality.  In  case  the  collection  is  not  to  be  ex- 
amined at  once,  the  gathering,  which  must  now  be  quite  free  from 

admixture  of  mud  and  filth,  is  concentrated  as  much  as  possible, 
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and  then  poured  into  a  thin  filter-paper  or  a  thin  muslin  bag. 
When  nearly  dry,  the  funnel  is  held  over  a  small  bottle,  an  open- 

ing is  made  in  the  apex  of  the  filter,  and  the  contents  washed 
through  with  slightly  dilute  glycerine.  Soon  after  pure  glycerine 

is  added  so  as  to  bring  up  the  whole  to  the  required  degre  of  con- 
centration. A  sufficiency  must  be  used  to  well  cover  up  the  whole. 

In  case  of  haste  the  end  of  the  filter  containing  the  gathering  may 

be  torn  ofi*and  placed  at  once  in  a  bottle  of  glycerine  or  alcohol. 
For  the  collection  of  Cypridae  it  is  recommended  to  use  a  very 

thin  fine  net,  and  gather  as  much  as  possible  of  the  finely  commi- 
nuted debris  which  settles  in  weedy  pools.  Spread  this  material  in 

shallow  pans  and  in  an  hour  or  so  skim  the  surface  with  a  small 

spoon-like  hand-net,  and  transfer  with  the  addition  of  clear  water 
to  shallow  porcelain  plates.  Such  sfatherings  may  contain  Ilyo- 
cryptus,  Monospilus,  the  hook-nosed  Pleuroxids  (=Percantha)  and, 
perhaps,  also  species  of  Canthocamptus. 

The  entomostraca  of  the  larger  lakes  must  be  sought  by  a  differ- 

ent method.  A  net  of  larger  size,  and  composed  of  very  thin  ma- 
terial is  drawn  after  a  boat  which  is  kept  moving  in  different  parts 

of  the  lake.  Such  a  net  should  be  so  weighted  as  to  receive  water 
from  the  surface  as  well  as  from  several  inches  below  it.  The  net 

is  emptied  occasionally  with  plenty  of  water  into  large  bottles, 
which  may  preferably  be  placed  in  the  dark  if  to  be  unexamined 
for  some  time.  Water  kept  in  the  dark  will  preserve  its  animal 
life  for  a  much  longer  time  than  if  exposed  to  the  sunlight. 

m.  A  similar  net  may  be  placed  in  a  rapid  stream  in  such  a  way 

that  it  remains  partly  full,  but  does  not  overflow.  The  accumula- 
tions of  a  day  may  be  thus  gathered  into  little  space.  The  faucets 

of  the  city  water  will  frequently  afford  a  good  supply  of  animal 
life,  and  unfortunately  in  Minneapolis  a  rather  large  number  of 
forms  are  worms  of  a  suspicious  and  unpleasant  appearance.  It 
must  be  observed  that  for  this  purpose  the  faucet  must  be  well 

open  so  that  a  good  current  is  secured,  otherwise  most  of  the  im- 
purities will  be  dropped  on  the  way.  A  friend  mentioned  that  very 

little  life  was  found  in  the  city  water  after  long  and  careful  experi. 
ment,  during  which,  however,  a  very  small  stream  was  allowed  to 
trickle  through  the  complicated  set  of  graduated  screens.  But  the 
writer  at  the  same  time  secured  a  rather  large  supply  both  of  en_ 

tomostraca  and  vegetable  forms  by  simply  permitting  the  water 
from  the  hydrant  faucet  to  flow  with  full  head  through  a  muslin 
net. 

But  our  methods  are  not  yet  exhausted.     The  dipping   bottle 
12 
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frequentlj^  brings  up  animals  quite  different  from  those  collected 
by  the  towing  net  at  the  surface.  This  consists  of  a  large  bottle 

weighted  by  a  suitable  bit  of  lead  or  iron  and  fitted  with  a  tight- 
fitting  cork  or  wooden  stopple.  The  stopple  is  attached  to  the  line 
fastened  at  the  neck  of  the  bottle  in  such  a  way  that  a  sudden 

twitch  of  the  cord  opens  the  bottle  when  it  has  sunk  to  the  re- 
quired depth.  Another  method,  when  one  does  not  object  to  ming- 

ling forms  from  all  depths,  is  to  lower  a  net  weighted  with  a  heavy 

ring  to  the  bottom,  there  agitating  it  slightly  and  drawing  it  vertical- 
ly upward.  This  serves  in  a  poor  way  in  the  place  of  a  dredge  and 

will  secure  a  larger  gathering  than  the  dipping  bottle,  and  is  quite 
as  easily  rigged.  The  collections  secured  in  either  of  the  above  ways 

are  placed  in  large  shallow  porcelain  plates  and,  the  microscope  be- 

ing ready,  the  study  may  begin.  With  a  rather  large  hand-mag- 
nifier, with  which,  however,  the  student  will  soon  be  able  to  dis-l 

pense  entirely,  the  various  forms  seen  swimming  or  creeping  or 
springing  about  are  scanned,  chiefly  for  the  purpose  of  noting 

their  motions.  The  little  black,  brown  or  yellow  imps  springing 

on  the  surface  are  rapidly  skimmed  ofi"  as  hindrances,  and  (if  the 
student  is  interested  in  the  Podurse)  consigned  to  a  bottle  of  spirits. 

Next  a  great  Belostoma,  Corixa,  Water-skater,  Ranatra,  or  Dysti- 

cus  requires  the  same  treatment.  Perhaps  a  half  dozen  '"whirligig- 

beetle"  require  more  time  to  dispose  of,  and  then  a  careful  remov- 
al of  the  dragon-fly  larvae  and  'Vater-tigers"  leaves  the  coast  com- 

paratively clear  save  for  sand-fleas  and  dipterous  larvae  which  must 
be  endured  as  necessary  evils. 

With  a  narrow  slip  of  paper  folded  trough-wise  the  desired  animal 
is  captured  by  a  quick  movement  and  the  water  permitted  to  drain 

off",  when  the  specimen  is  placed  on  the  object-carrier,  and  a  square 
cover  glass,  one  corner  of  which  has  been  armed  with  a  bit  of  wax, 

is  placed  over  the  animal  and  then  adjusted  so  as  to  give  the  re- 
quisite amount  of  pressure  to  quiet  its  restless  motions.  The  slip 

of  paper  is,  in  every  way,  more  convenient  than  a  dipping  tube  and 

avoids  flooding  the  object-carrier.  With  a  half-inch  objective  and 
suitable  eye-piece  the  whole  animal  is  drawn  in  as  natural  a  posi- 

tion as  possible,  either  with  the  aid  of  a  camera  or  free  hand,  by  the 

assistance  of  careful  measurements  and  a  given  scale.  A  one-fifth 
inch  objective  is  now  substituted  and  all  possible  details  added.  If 
any  dissections  are  necessary,  the  cover  glass  may  be  removed,  the 
slide  placed  upon  a  slip  of  black  paper  and  the  parts  separated  as 

far  as  possible  by  the  aid  of  a  watchmaker's  glass  or  dissecting 
microscope. 
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Up  to  the  present  time  almost  the  only  reagent  which  could  be 
employed  for  the  instantaneous  killing  of  Entomostraca  with  the 
body  in  its  natural  position  and  the  preservation  of  the  same  was 
osraic  acid,  which  partly  on  account  of  its  expense,  perhaps,  seems 
rarely  to  find  its  way  into  our  laboratories.  And  even  this  is  but 
partially  successful  or  causes  such  a  dark  color  as  to  obscure  what 

one  most  desires  to  see.  The  desideratum  seems  to  have  been  sup- 
plied by  the  discovpry  of  Prof.  Hermann  Fol  that  ferric  perchloride 

produces  not  only  an  instantaneous  death  but  a  fixation  of  all  the 

parts  with  very  little  coloration  or  shrinkage.  The  alcoholic  solu- 
tion is  diluted  to  about  2  per  cent,  and  applied  to  a  small  quantity 

of  water  in  which  the  animal  is  swimming,  or  a  more  concentrate 

solution  is  added  at  once  to  the  water  of  a  vessel  containing  numer- 
ous Entomostraca.  The  water  is  poured  off  and  the  animals  washed 

with  alcohol  of  TO  per  cent.,  to  which  a  few  drops  of  nitric  acid 
may  be  added  to  remove  the  ferric  salts.  According  to  Fol,  in 
transparent  animals  the  appearance  is  very  little  changed  by  this 

process.  Specimens  thus  prepared  may  be  preserved  in  alcohol 
and  afford  preparations  for  making  thin  sections.  They  do  not 

take  color  well,  but  may  be  stained  with  gallic  acid  without  diffi- 

cult}-. 
As  a  preservative,  glycerine  does  admirably  for  Copepoda,  but  no 

known  fluid  works  satisfactorily  for  the  Cladocera  unless  after  such 
treatment  as  above  indicated.  Sections  may  be  made  by  imbedding 
in  soap,  but  the  tissues  of  the  Cladocera  are  so  delicate  that  the 

writer  never  succeeded  in  making  permanent  preparations  of  such 
sections.  Either  the  alcohol  or  the  balsam  as  it  flows  in  almost  in- 

evitably disturbs  the  natural  position.  50  grammes  of  soap  are  dis- 
solved in  200  cu.  cent,  heated  alcohol  of  96  per  cent.  The  soap 

should  be  shaved  very  thin.  A  shallow  paper  trough  is  prepared 
and  filled  with  the  still  warm  mixture,  and  the  animal,  which  lies 
in  concentrated  alcohol,  is  transferred  into  the  solution  and  agitated 

till  its  tissues  are  permeated  with  the  soap.  When  cold,  the  bit  of 
soap  is  cut  into  the  required  form  and  is  ready  to  be  placed  in  the 
microtome. 

As  a  preservative  medium  for  Copepoda,  Carpenters'  gelatine  an- 
•  swers  well.     It  consists  of  clarified  gelatine,  one  ounce  to  six  fluid 
dramchs  of  pure  glycerine.     The  preparations  mounted  in  this  re- 

quire no  cement,  as  the  gelatine  is  quite  firm  when  cold. 
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APPENDIX. 

The  previous  pages  refer  to  the  fresh-water  Crustacea  simply  and 
will  give  a  tolerable  idea  of  the  variety  exhibited  in  the  fauna  of  the 
lakes  and  rivers  of  America.  The  majority  of  Copepoda  are  marine 
and  the  coasts  of  the  United  States  will  afford  the  student  of 

marine  entomostraca  a  rich  harvest  of  curious  forms.  These  ani« 

mals  are  now  being  investigated,  it  is  understood,  by  competent 
naturalists.  In  the  meanwhile  any  notes  may  be  of  a  temporary 
interest.  The  following  jottings,  which  are  the  result  of  a  few  days 
stay  on  Mississippi  sound,  will  give  an  idea  of  the  fauna  of  the  gulf 
ol  Mexico.  They  are  extracted  from  a  paper  offered  the  Minnesota 
Academy  of  Natural  Sciences. 

FAMILY  CALANID^. 

Gen"us  Pseudo-diaptomus.    (Gen.  n.) 

Resembling  Metrida  and  Diaptomus;  compactly  framed;  cepha- 

lothorax  6-jointed,  last  two  segments  coalescent  above;  head  round- 

ed in  front,  beaked;  eye  small;  antennae  appearing  22-jointed  in 
both  sexes,  longer  than  the  thorax;  the  right  male  antennae  genic- 

ulate as  in  Diaptomus;  antennules  bi-ramose,  both  rami  rather  short, 
inner  one  seemins:  but  two-  or  three-jointed;  mandible  ten-toothed; 

maxillipedes  well  developed;  feet  all  bi-ramose  save  the  last,  both 
rami  3-jointed;  first  feet  smaller;  fifth  feet  with  inner  ramus  obso- 

lescent, in  the  male  nearly  as  in  Diaptomus,  in  the  female  rather 

slender,  simple,  three-jointed;  abdomen  in  the  female  3-jointed,  in 
the  male  5-jointed;  stylets  in  the  female  longer;  ova-sac  single; 

spermatophore  pear-shaped. 
This  genus  is  of  unusual  interest  on  account  of  its  close  approach 

to  the  fresh-water  section  of  the  family. 
The  spermatophore  in  this  genus  is  large  and  swollen  and,  as 



STATE   GEOLOGIST.  181 

seen  through  the  body  of  the  male,  is   liable  to   be  mistaken    for 

eggs. 

PseiAclo-cliaptoiiius    pelaglcus.    (Sp.  n.) 

Esther  compact;  thorax  alike  in  the  sexes,  antennas  short, 

seeming  22-jointed;  first  foot  small,  both  rami  3-jointed;  fifth  feet 
in  the  male  with  but  small  rudiments  of  the  inner  rami,  basal 

portion  heavily  armed  with  short  teeth,  otherwise  almost  as  in 

Diaptomus\  fifth  feet  of  female  slender,  alike;  abdomen  in  male 
very  slender,  with  short  stylets  armed  with  five  terminal  setae  and 

-a  series  of  bristles  on  the  inner  margins,  distal  margin  of  segments 
of  abdomen  toothed;  a  series  of  spines  also  ornaments  the  middle 

of  the  first  segment  below;  abdomen  of  female  short  and  very 
spiny,  first  joint  thick,  second  slender,  oblong,  third  joint  short; 
length  of  abdomen  supplemented  by  that  of  the  elongated  stylets, 

which  are  spinulous  on  their  edges;  ova-sac  ovoid,  eggs  numerous; 
opening  of  operculum  vulvae  with  lateral  projecting  lips. 

This  species  is  ornamented  with  irregular  markings  of  brownish 
color  which  give  it  a  strange  appearance  not  observed  in  any  other 

copepod.  The  size  is  like  Temora  velox,  which  the  female  resem- 
bles a  little,  a  resemblance  enhanced  by  the  elongated  stylets.  By 

some  changes  in  the  definitions  of  Metrida  and  Pleuy^omma  these 
three  genera  could  be  united,  but  there  would  then  be  no  valid 

excuse  for  not  admitting  Diaptomus^  so  that,  on  the  whole,  it  may 
be  well  to  let  matters  stand  until  we  reach  some  better  understand- 

ing of  the  natural  generic  affinities  of  these  animals. 
Habitat,  Mississippi  sound,  gulf  of  Mexico. 

Genus  Dias,  Lilljeborg. 

Slender  ;  cephalothorax  very  long,  narrow  in  front  ;  abdomen 
with  five  segments  in  the  male,  in  the  female  with  three;  antennae 

20-jointed,  nodose  ;  secondary  branch  of  antennules  one-jointed, 
small  ;  labrum  lnrge;  posterior  maxillipeds  short;  swimming  feet 

with  2-  and  3-jointed  rami;  fifth  feet  with  a  single  ramus. 

Oias  long-iremis,  Lilljeborg  ? 

Unfortunately  the  gathering  vras  insufficient  to  determine  with 
certainty  the  identity  of  our  species  with  the  above,  but  the  female 
agrees  quite   well;   and    those   points  in   the  young    males   seen 
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which  could  be  compared  with  the  descriptions  of  D.  longiremis 
were  sufficiently  concordant.  This  species  ranges,  in  the  eastern 
hemisphere,  from  the  North  sea  to  the  Mediterranean,  and  could 

be  expected  here.  It  is  a  very  active  animal  and  represents  a  well 
differentiated  type. 

GrENUs  Temora,  Baird. 

Elongate;  thorax  five-jointed,  fourth  and  fifth  segments  closely 
combined  ;  abdomen  with  four  segments  in  the  male,  three  in 

female  ;  antennae  21-  or  25-jointed  ;  right  antenna  of  the  male 
geniculate;  mouth  parts  as  in  Calanus;  inner  branches  of  second, 

third  and  fourth  pairs  of  feet  two-jointed,  of  first  one-  or  two-jointed; 
fifth  feet  with  but  one  branch,  prehensile  in  the  male. 

Temora  afflnis,  Poppe. 

-=  r.  gracilis,  herrick,  ms. 

The  shallow  bays  and  estuaries  along  the  Grulf  of  Mexico  swarm 
with  a  species  of  Temora  but  little  unlike  T,  velox. 

The  body  is  much  less  compact,  it  being  rather  slender  in  both 
sexes;  in  like  manner  the  caudal  stylets  are  very  much  elongate^ 

being  nearly  as  long  as  in  T.  longicornis  of  Mueller,  from  which  it 
is  clearly  distinguished  by  many  obvious  characters,  and  which 
seems  to  show  an  approach  to  Metrida. 

The  antennae  in  male  and  female  are  just  as  in  T.  velox^  and  the 
fitth  feet  are  little,  if  at  all,  dissimilar  ;  the  spine  on  the  second 
joint  in  the  female  is  not  serrated,  however,  and  the  basal  joint  of 
the  abdomen  in  this  sex  has  three  teeth  on  either  side.  The  caudal 

stylets  are  about  six  times  as  long  as  broad  in  the  female  and 
densely  spined,  as  is  the  last  abdominal  segment.  The  stylets  are 

more  slender  in  the  male  and  have  few  spines,  but  the  last  abdom- 
inal segment  has  three  larger  spines  on  either  side.  Inner  ramus 

of  the  first  foot  one-jointed.  The  animal  is  generally  colorless,  in 
autumn  at  least,  but  may  be  variously  ornamented  with  prismatic 
colors,  the  most  constant  of  which  markings  are  a  band  about  the 

stylets  and  across  the  thorax  and  between  the  bases  of  the  feet. 
The  ova  are  very  numerous  and  carried  as  in  Dlaptomus.  This 

species  is  littoral  in  habitat  and  ranges  from  salt-water  bays  to  the 
fresh  waters  of  rivers,  along  with  several  varieties  of  Cyclops^ 
Sida^  etc. 
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FAMILY  HARPACTICID7E. 

Genus  Amyone,  Clans. 

B'ody  much  compressed;  dorsal  margin  strongly  curved;  head 
very  large,  produced  and  angled  below;  antennae  6-  to  8-jointed; 
antennules  palpate,  3-jointed;  second  maxillipeds  long,  chelate  at 
the  end;  last  thoracic  and  anterior  abdominal  segments  enlarged; 

fifth  feet  leaf-like,  large. 

A  very  small  crustacean,  little  over  |-  mm.  long,  occurs  in  the 
gulf  of  Mexico  in  shallow  water  among  vegetation.  Insufficient 
material  prevented  its  complete  study,  but  it  is  nearly  allied  to  A. 

sphcerica^  Claus,  from  which  it  differs  in  several  particulars. 
I  can  do  no  better  than  quote  the  remarks  of  Claus,  the  original 

discoverer  of  this  peculiar  genus. 

"The  body  of  this  highly  remarkable  form,  represents,  in  its 
general  form,  an  intermediate  stage  between  the  nauplius  (cyclops 
larvge)  and  the  mature  copepods.  The  oval,  almost  spherical  form, 
the  slight  development  of  the  abdomen  and  the  enlargement  of  the 
anterior  thoracic  segment  recall  the  structure  of  the  larva,  while 
the  almost  complete  segmentation  of  the  body,  the  jointing  of  the 

antennee  and  the  swimming  feet,  as  well  as  development  of  the  re- 

productive organs,  make  the  maturity  of  the  creature  certain, " 
(Beitr.  zur  Kenntniss  der  Entom^straken.) 

Gei^us  Laophonte,  Philippi. 

Rather  slender;  antennae  4-,  8-jointed;  palp  of  antennules 
1-jointed;  mandibular  palp  l-or-2-jointed;  maxill as  palpate;  first  pair 

of  feet  slender,  outer  branch  short,  3-jointed,  inner  branch  elon- 
gated, 2-jointed;  three  following  pairs  with  one  ramus  3-,  the  other 

2-jointed. 

Laoplionte  siniilis,  Claus? 

The  small  crustacean  which  is  referred  to  the  above  species  oc- 
curs sparingly  in  the  brackish  waters  of  Mobile  bay,  and  with 

Teinora  seems  to  be  the  only  entomostracean  not  also  found  in  the 

fresh  w^aters  adjacent. 
From  the  few  specimens  found  it  could  not  be  certainly  deter- 

mined that  our  species  is  identical  with  the  European.  The  dif- 
ferences are,  however,  such  as  might  be  expected  in  immature  speci- 
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mens.  Brady  figures  a  similar  reduction  in  the  number  of  Joints 
of  the  antennae  as  that  seen  in  our  specimens.  The  fifth  foot  too, 

is  less  well  armed  with  spines,  but  otherwise  the  agreement  is  tol- 
erably close- 

Genus  Harpacticus,  Milne-Edwards. 

Elongate  or  expanded  laterally;  head  united  with  the  first  thor- 
acic segment;  first  and  second  abdominal  segments  coalescent; 

antennae  S-,  9-jointed;  mandibuiar-palp  2-branched,  large;  second 
pair  of  maxillipeds  strongly  developed;  outer  ramus  of  the  first 

pair  of  feet  2-  or  S-jointed,  inner  ramus  2-jointed;  first  and  second 
joints  of  outer  ramus  elongated,  second  joint  of  inner  ramus  short; 

both  rami  of  following  pairs  of  feet  3-jointed;  ova-sac  single. 

Harpacticus  chelifer,  Mueller,    (var.  n.  ?) 

The  species  inhabiting  the  galf  of  Mexico  resembles  H.  gracilis^ 
Claus,  in  the  length  of  the  setge  and  some  other  peculiarities;  but 

the  antennary  palp  is  more  like  H.  chelifer^  with  which  it  closely 
agrees  in  most  respects.  Remembering  that  the  entomostraca 
have  their  highest  development  in  temperate  and  arctic  regions,  the 
small  size  and  greater  proportional  length  of  setae  and  stylets  may 

be  explained,  H.  gracilis  from  the  Mediterranean  takes  the  place 
of  the  true  H.  chelifer  of  the  North  sea,  and  is  regarded  by  Brady 
as  the  same  species.  Our  form  would,  in  this  case,  stand  more 
nearly  related  to  the  typical  form.  Both  branches  of  the  first  feet 

are  two-jointed  and  the  antennary  palp  has  three  spines  on  its  dis- 
tal segment. 

Genus  Bradta,  Boeck.  "  (1872.) 

Antennge  very  short,  6-,  7-join ted;  antennules  of  moderate  size 
longer  than  antennae,  with  a  2-  or  3-jointed  palp;  mandibular  palp 

large;    maxillipeds   rather  large,  outer   branch   (first   foot-jaw   of 
Brady?)  much  as  in  Calanidce;  first  four  pa\rs  of  feet  nearly  alike; 
fifth  pair  small,  not  lamellate. 

This  peculiar  genus  is  not  yet  well  circumscribed  and  defined, 
and  it  is  much  to  be  regretted  that  lack  of  time  prevented  from 

ascertaining  how  far  the  western  species  agrees  with  the  generic 
characters  of  the  European  form  and  thus  determining  the  validity 
of  the  assumed  generic  criteria.  That  our  species  is  a  member  of 
the  genus  can  not  be  doubted,  but  the  hurried  examination  which 
could  be  devoted  to  it  failed  to  cover  the  entire  structure. 
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Braclya  limicola.    (Sp.  n.) 

Body  flattened;  free  margins  of  the  segments  of  the  dorsal  cara- 
pace rather  long;  little  separation  between  abdomen  and  thorax; 

abdomen  cylindrical,  rather  long;  stylets  short ;  distal  margin  of 

the  segments  spined  ;  antennae  very  short,  6-  or  T-jointed,  hardly 
longer  than  the  movable  beak  ;  second  antennae  much  longer, 

3-jointed;  palp  long,  two-jointed  ;  mandibles  palpate,  teeth  fine, 
much  as  in  Calanidge;  palp  bi-ramose,  second  ramus  very  small ; 
maxillae  of  moderate  size;  maxillipeds  large,  outer  one  as  in  Cala- 

nidae;  first  four  pairs  of  feet  bi-ramose,  each  ramus  3-jointed ;  fifth 
foot  small,  with  two  terminal  digitate  processes  and  a  seta  on  either 
side.  The  male  is  at  least  a  third  smaller  and  has  longer  caudal 

stylets;  the  antennae  are  modified,  but  very  short.  The  eyes  are 
ivanting  in  both  sexes.  This  very  interesting  species  was  collected 
in  the  brackish  water  of  a  ditch  shaded  by  high  sedges  so  that  the 
sun  could  hardly  penetrate.  I  did  not  find  any  representative 

of  the  genus  in  the  open  waters  neighboring,  but  it  is  hardly  to  be 

doubted  that  such  exist.  This  species  is  quite  distinct  from  Bra- 
clya  typica  of  north  Europe. 

The  only  other  blind  copepod  with  which  I  am  familiar  is 
Attheyella^  which  is  circumstanced  somewhat  as  the  above. 

The  European  B.  typica  is  pelagic;  ours  dwells  in  darkened 
ditches  and  seems  to  furnish  another  illustration  of  the  effects  of 

seclusion  upon  the  visual  organs,  Brady  seems  to  have  transposed 
the  maxillipeds;  these  are  really  but  branches  of  the  same  organ, 

as  shown  by  the  development,  and  the  outer  ramus  is,  probably, 

what  Brady  usually  calls  second  foot-jaw  but  here  first  foot-jaw. 
In  the  characters  of  the  mouth  parts  and  fifth  feet  our  species 
seems  to  show  an  affinity  with  the  elongated  higher  copepoda. 

Ocean  Springs,  Mississippi. 

Caligus  americanus,  Dana  and  Pickering  ? 

A  species  of  Caligus  was  collected  at  dusk  far  out  in  Mississippi 
sound  in  considerable  numbers.  The  animals  were  floating  in  a 

bank  of  vegetation  and  swam  freely.  They  seem  not  to  difi'er 
greatly  from  the  species  described  by  Dana  and  Pickering  in  1838 
from  the  cod  near  New  York.  The  fish  lice  are  remarkable  for 

their  flattened  bodies  and  the  paired  sucking  organs  on  the  head. 

A  species  of  Corycaeus  allied  to  C.  varius  of  Dana  was  also  col- 
lected. 
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Note. — Prof.  Forbes,  to  whom  advance  sheets  of  the  portion  on 

Copepoda  were  sent,  writes  me  that  he  somewhat  questions  the 

identity  of  the  Minnesota  species  of  Diaptomus  referred  to  D. 

leptopus  with  the  species  for  which  that  name  was  proposed.  I  do 

not  know  of  any  facts  casting  doubt  upon  the  reference,  but  wish 

to  call  the  reader's  attention  to  the  susfgestion  of  Prof.  Forbes. 

I 

!l 
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M.  tenuicornis     70  S.  aurita   175 
Metrida   182  .  S.  cornuta    43 
Misophria    143   S.  mucronata    42 

Monoculus  (=  early  synonym  for        S.  nasuta  . . .'    43 
Lj^nceus,  etc.)  Scopliipbora  vagans   180 

Monospilus,  Genus   119   Sectioning  entomostraca   179 
M.  dispar    119  Sida,  Genus    19 
^ote  to  Cladocera   175  S.  crystallina    20 

IS'ote  to  Copepoda   186  S.  elongata    20 
Oithona    143   Sididse,  Family     19 
Osphranticum,  Genus   134  Simocephalus,  Genus    44 
O.  labronectum   134   S.  americanus   47,  48 
Pasithea     71   S.  congener    48 
Percantha  truncata   112   S.  daphnoides    48 
Phrixura,  Genus   114  S.  expinosus    47 

P.  rectirostris   115   S.  rostratus   '. . . .  47 
Pleuroxus,  Sub-genus   106   S.  serrulatus    46 
P.  acutirostris   109   S.  vetulus    46 
P.  adunctus   109  Streblocercus,  Genus    72 
P.  affinis   Ill   S.  minutus     72 
P.  bairdii   109   Tachidius   129 
P.  denticulatus   110  Temora,  Genus   133,  182 
P.  glaber   113   T.  affinis   133,  182 
P.  hamatus   110   T.  armata   133 
P.  nasutus   114  T.  finmarchia   133 

P.  personatus   113   T.  gracilis   133,  182 
V.  procurvus   113   T.  longicornis   133 
P.  trigonellus   108   T.  velox   133,  182 
P.  truncatus   112  Thorellia    143 

P.  uncinatus   114   Utricularia  vulgaris         8 
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PLATE  A. 

Fig.    1.    abdomen  of  Moina  paradoxa^  female,  from  ̂ Minnesota. 
Fig.    la.  spine  from  post-abdomen. 
Fig.    2.     post-abdomen  of  Moina  rectirostris. 
Fig.  3.  head  of  M.  paradoxa^  female,  showing  (a)  eye  with  pig- 

ment and  lenses,  (b)  supra-oesophagal  ganglion,  anten- 
nule  with  (c)  its  muscle,  (d)  its  nerve,  and  (e)  its  terminal 
sensory  filaments,  (f)  the  caecum  of  stomach,  (g)  optic 
ganglion,  (h)  stomach,  (i)  oesophagus,  (j)  the  muscles 
which  move  the  eye,  also  part  of  the  labrum. 
antennae  of  same, 

ephippium  of  M.  rectirostris, 
"  of  M.  paradoxa. 

seminal  cell  of  M.  paradoxa  ;  7a,  a  group  less  magnified, 
seminal  cells  of  M.  rectirostris. 

first  foot  of  male  of  M.  2mradoxa. 

"       "      ''     "      ''  M.  r^c^iros^m  (from  Weismann). 
Fig.  11.     male  M.  rectirostris  (from  Weismann). 
Fig.  12.     head  of  Ceriodaphnia  rotunda.     (  This  and  the  following 

numbers  after  P.  E.  Mueller.) 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 

Fig. 4. 

Fig. 
5. 

Fig. 6. 

Fig. 7. 
Fig. 8. 
Fig. 9. 

Ficr. 
10. 

13.  head  of  C.  punctata. 

li.  "        C.  pulchella. 
g.  15.  ''        C.  reticulata. 
g.  16.  "        C  qiiadrangtda. 
g.  17.  "        C,  quadrangula. 
g.  18.  post-abdomen  of  C.  quadrangtda. 

g.  19.  '^               C.  pulchella. 
g.  20.  "              C.  megops. 
g.  21.  *'               C  reticulata, 
g.  22.  "              C.  laticaudata. 
g.  23.  "              C.  rotimda. 
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Fig. 1. 

Fig. 
2. 

Fig. 
3. 

Fig. 
4. 

Fig. 5. 
Fig. 6. 

Fig. 7. 

Fig. 8. 
Fig. 9. 

Fig. 10. 

Fig. ii; 
Fig. 12. 
Fig. 13. 
Fig. 14. 

Fi-. 15. 

PLATE  B. 

Ceriodaphnia  rotunda,  male  (after  Kurz). 
C.  alabamensis,  female. 

C.  reticulata,  post-abdomen  of  male  with  opening  of  va^ 
deferens  (after  Weismann). 
C  consors  ?  ? 

C.  scitula^  head  of  female. 

do.,  post-abdomen. 
do.,  antennule  of  male. 
do.,  semen  cell  of  male. 

Scapholeheris  angidata,  adult  femal*^;  9a.  first  foot. 

Schapholeheris  armata^  " 
do.,  view  from  below. 
Lyncodaphnia  macrothroides,  young. 
do.,  labrum. 
do.,  antennule. 
do.,  last  foot,  purple  pigment  in  lower  part. 
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PLATE  Bi, 

Fig.  1.  Lijncodaphnia  macrothroides  (=  0/r^o.^'«<5?),  adult  female, 
showing  coiled  intestine,  elevated  anus,  long  antennules, 
elongated  seta  of  second  antennae,  anterior  cseca,  etc. 

Fig.  2.     post-abdomen  of  the  same. 
Fig.  3.     antennule. 

Figs.  4 — 6.    Folijphemiis  pediculus,  young  and  adult  females. 
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PLATE  C. 

Fig.    1.  Macroihrix  tenuicornis^  la.  labrum. 
Fig.    2.  do.,  first  foot. 
Fig.    3.  do.,  antennye  of  young. 
Fig.    4.  Macrothrix  paui)er. 
Fig.    5.  Macrothrix  rosea^  antenna  of  male. 

Fig.    6.  do.,  spines  of  shell-margins. 
Fig.    7.  do.,  post-abdomen. 
Fig.    8.  Macrothrix  laticornis^  male. 
Fig.    9.  do.,  semen  cells. 
Fig.  10.  Pasithea  rectirostris,  male  antenna. 

Fig.  11.  Macrothrix  rnsea^  post-abdomen. 

Fig.  12.  Macrothrix  fenuicornis^    '' 
Fig.  13.  Macrothrix  rosea^  post-abdomen  of  male. 
Fig.  14.  Drepanothrix  dentata,  antenna. 
Fig.  15.  llyocrijptuis  sordidiis,  marginal  spines. 
Fig.  16.  do.,  antenna. 

Fig.  17.  do.,  post-abdomen. 
Fig.  18.  IJyocrijptus  spinifer,  18a.  marginal  spines. 
Fig.  19.  do.,  antenna. 
Fig.  20.  Macrothrix  teniiicornis^  heart  and  accompanying  vessels?, 

Fig.  21.  Ilyocryptus  spini/er,  post-abdomen. 
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PLATE  D. 

Fig.  1.     Lathonura  rectirostris. 

female,  from  above,  a.  eye.  b.  optic  ganglion,  c.  mus- 
cles of  eye.  d.  muscles  of  antenna,  e.  dorsal  sucking 

disc.    f.  stomach,     g.  young  in  brood  cavity. 

Fig.  2.    female,  from  side. 
Fig.  3.     head  seen  from  below. 
Fig.  4.     maxillae. 
Fig.  5.     first  foot. 
Fig.  6.     ovary. 
Fig.  7.     antennule. 
Fig.  8.    last  foot. 
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PLATE  E. 

Fig.    1.     AJona  quadrangular  is  ̂  female. 
A.  anteunule.  Lb,  labrum.  Md.  mandible.  P-a.  post- 
abdomen.  An.  anus.  F.  c.  musculus  flexor  caudalis. 

E.  c.  musculus  extensor  caudalis.  A.  g.  anal  gland, 

n.  g.  nutritive  globule  in  erabr3'o.  t.  tail  of  embryo. 
I,  II,  III,  IV,  V.  five  pairs  of  feet  of  embryo,  mx.  maxilla 

of  embryo,  at 2.  antennae  of  embryo,  at^.  antennules 
of  embryo.  H.  heart.  Sh.  g.  shell  gland.  Ov.  ovary. 
Md.  m.  muscle  of  mandible.  At.  ̂ m.  muscle  of  antennae. 
E.  eye,  s.  oe.  g.  supra-oesophagal  ganglion.  P.  F.  pig- 

ment fleck. 

brain,  eye  and  pigment  fleck  of  same. 
Pleitroxus  2)rocurvus^  female, 
foot  of  same. 

Acroperus  leucocephalus. 
Alonella  excisa,  female;  6a.  shell  of  same, 
antennae  of  same. 

Alonopsls  latissima^  female. 
Alonopsis  media^  female. 
Camptocercus  macrurus^  post-abdomen. 

Fig.  10a.  lower  angle  of  shell  of  same. 

Fig. 2. 
Fig. 3. 

Fig. 4. 

Fig. 5. 
Fig. 6. 
Fig. 

7. 

Fig. 8. 
Fig. 9. 

Fig. 10. 
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Fig. 1. 

Fig. 

2. 
Fig. 3. 
Fig. 

4. 

Fig. 5. 
Fig. 

6. 

Fig. 7. 
Fig. 8. Fig. 9. 

Fig. 10. 

Fig. 11. 
Fig. 12. 
Fig. 13. 

Fig. 14. 
Fig. 15. 

PLATE  F. 

Chydorns  glohosus. 
do.,  first  foot. 

do.,  end  of  post-abdomen. 
Chydorus  sphcericus^  male. 

Chydorus  nitidus,  post-abdomen  of  female. 
Chydorus  nitidus^  bead. 
Chydorus  sphcericus^  ephippial  female. 
do.,  female. 

Chydorus  glohosus,  post-abdomen  of  male. 
Chydorus  sphcericus^  from  above. 
Chydorus  ovalis. 
Chydorus  cwlatiis. 
Crepidocercus  setiger. 
Alona  affinis. 
Pleuroxus  unidens;  15a.  antenna. 
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PLATE  G. 
   • 

Alonopsls  latissima^  male. 

Alona  glacialis  ?  female. 
do.,  male. 
Alona  tuherculata. 

do.,  post-abdomen. 
do.,  labrum. 
do  ,  antenna,  setose  branch. 

Alona  glacialis^  antenna. 
Alonopsis  latissima,  feot. 

Figs.lO,  11.  Alonella  excisa,  details  of  shell  sculpture. 

Fig.  12.     PleuroxKS  clenticulatus^  female;  10a.  outline  of  ephippium. 
Fig.  13.     do.,  common  variety. 
Fiof.  14.     Alona  tuherculata.  var. 

Fig. 
1. 

Fig. 2. 
Fig. 

•  > 

Fig. 
4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 
Fig. 

8. 

Fig. 9. 
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Fig. 1. 

Fig. 2. 
Fig. 

3. 

Fig. 
4. 

Fig. 
5. 

Fig. 
6. 

Fig. 7. 

Fig. 
8. 

Fig. 9. 
Fi^. 10. 
Fig. n. 
Fig. 12. 

Fig. 13. 
Fig. 

14. Fig. 15. 
Fig. 16. 

PLATE  H. 

Pleuroxus  humatus^  post- abdomen  and  antenna. 
Pleuroxus  affinis. 

Alona  modesta  (=  lineata?) 
Leydigia  quadrangularis. 
Euri/cercus  lamellatus^  male;  5a.  posterior  margin. 
do,  antenna  of  female. 
Alonella  pygmwa.  y 
Temora  affinis^  Poppe.  female. 

do., 

abdomen  of  female. 
do,. 

male. do., 

abdomen  of  male. 
do.. 

fifth  feet  of  male. 
do., 

"      "    of  female. 
do.. 

jaw. 

do., 

antennule. 

Nanplius  larva  of  this  or  a  related  species. 
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PLATE  I. 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 

g.    1.  Camptocercus  redirostris^  post-abdomen  of  female. 
g.    2.  do.  post-abdomen  of  male. 
g.    3.  do.  male. 
g.    4.  Camptocercus  biserratiis^  head. 
g.    5.  Camptocercus  latirostris^  head  of  male. 
g.    6.  do.,    head  of  female. 

,    7.  Camptocercus  lillgehorgii^  head. 
,    8.  do.,   post-abdomen  of  female. 
9.  Acroperus  leucocephalus^  post-abdomen  of  male. 

10.  Acroperus  angustatiis^  '^  ^' 
11.  Alona  teniiicaudis^  post-abdomen. 

12.  Alona  dentata^  post-abdomen.  * 
13.  do.  female. 

14.  Alona  elegans. 
.  15.  Alona  intermedia. 
16.  Pleuroxus  hastatus. 

17.  Leptorhy melius  falcatus. 
18.  Phrixura  rectirostris, 

19.  Eurijcercus  lamellatus,  first  foot  of  female. 
20.  Alona  sanguinea?  shell  markings. 
21.  Monospilus  dispar;  21a.  do.,  head  seen  from  in  front. 

Figures  19-21  original,  others  from  Kurz,  P,  E.  Mueller  and  Schoedler. 
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Fig. 1. 

Fig. 2. 
Fig. 3. 

Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 

7. 

Fig, 8. 

Fig. 
9. 

Fig. 10. 

PL.ATE  J. 

Ceriodaphnia  scitula^  (small  var.)  ephippial  female. 
Bosmina  longirostris. 
Bosmina  lilljehorgii.     After  P.  E.  Mueller. 
Bosmina^  hook  on  the  first  foot  of  male. 
Scapholeberis  mucronata. 
Scapholeheris  cornida,  head. 
Scapholeberis  angulata^  head;  7a.  angle  of  shell. 
Pleiiroxus  denticulatus^  male. 

Simocephalus  americanus,  head  of  female. 
Bosmina^  post-abdomen  of  male  (after  Weismann). 
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PLATE  Ji. 

Fiof.    1.      Bosmina  striata. 

Fig.   2.      Bosmina  longirostris.     (See  plate  J,  fig.  2.) 
Figs.  3-6.  Bosmina  cornuta. 
Figs.  6,  7.  Pleuroxus  procurvatus. 
Fig.  8.       Graptoleheris  inermis. 
Fig.  10.     Acroperus  sp. 
Figs.  11, 12.  Graptoleheris  inermis. 
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PJLATE  K. 

Daphnia  minnehaha^  male. 

"  "  part  of  feet  of  first  and  second  pair. 
Canthocamptus  hihernicus^  antenna  of  female. 

fifth  foot  of  female. 

"  palustris^  antenna  of  male.  i 
''  frispinosus^  fifth  foot  of  female. 
"  minutus^  young.  j 
"  "       nauplius  form.  ^ 

Fig.    9.     Psendo-sida  bidentata,  adult   female,  antennule,   labrumi 
angle  of  shell  and  post-abdomen. 

Fig.  10.     Daphnia  rosea^  young  female. 

Fig.  11.  ''  '*       post-imago. 
Fig.  12.  ''  '^      beak. 

Fig. 
1. 

Fig. 
2. 

Fig. 3. 

Fig. 
4, Fig. 5. 

Fig. 6. 

Fig. 7 
Fig. 

8. 
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PLATE  L. 

Wig.  1. 
Fig.  2. 
>Fig.  3. 
Fig.  4. 
Fig.  5. 
^Fig.  -7. 
iFig.  8. 

Daphnia  minnehaha,  young  female. 
head  of  female;  2a.  post-abdomen. 

hyahna,  young  female, 
young. 
post-imago. 

duhia^  young. 
older  female. 

■
i
 

•i\ 



12  th'Anrtual  Rfiport 

MINNESOTA     CRUSTACEA. 

PLATE  L . 
Ge.ol.  &  Nat: Hist' SunM^inrt. 

^i 



I 





PL.ATE  M. 

I  Fig.  1.    Daphnia  schcefferi^  post-abdomen  of  female. 

Fig.  2.  ''  "  "  ''male. 
Fig.  eS.  ''  "         male  antennule. 

Fig.  4.  "  "         brain  and  nerves. 
inf.  oe.  g.  infra- cesophagal  ganglion  with  nerves  to  anten- 

nae; ce.  oesophagus;  n.  f.  frontal  nerve;  g.  opt.  optic  gang- 
lion; ra.  opt.  muscles  which  move  the  eye;  p.  f.  pigment 

fleck;  n.  opt.  optic  nerve. 

Fig.  5.     Daphnia  scho'fferi,  posterior  part  of  embryo. 
Fig.  6.  Eurycercus  lamellatus^  heart,  showing  the  anterior  bifid 

portion  between  the  lobes  of  which  is  the  arterial  opening 
and  valve.  The  vaned  arrows  represent  deeper  currents 
while  the  unvaned  indicate  superficial  ones.  The  dotted 

line  represents  the  position  of  the  prlsatin^  membrane 
separating  the  venous  from  the  arterial  curients  and  seen 
in  section  at  (a). 

.Fig.  7.  Daphnia  similis^  anterior  part  of  the  nervous  system  seen 
from  below,  a.  optic  nerve;  b.  optic  ganglion;  c.  Irontal 
nerve;  d.  nerve  to  antennules;  e.  commissure  connecting 

upper  and  lower  oesophagal  ganglion;  f.  nerves  to  antennae 
and  mandibles. 
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PLATE  :N^, 

Daphnia  jyulex,  var.  nasutus. 
outline  of  head  and  (a)  beak  of  D.  similis. 
Leptodora  hyalina^  seen  from  above. 

larva. 

Latona  setifera^  female. 
Limnosida  frontosa^  female. 
*'  ''  antennule  of  male. 

Holopediiim  gibberum,  female, 
Sida  elongata,  head  outline. 
Sida  crystallina,  head  outline  of  young  female. 
"  ''  antennule  of  male. 

of  female. 

Daphnia  galeata^  outline  of  head. 

Fig.   17.  "        ''vitrea''      "       ''      " 

Fig. 1-4. 

Fig. 5. 

Fig. 6. 

Fig. 
T. 

Fig. 

8, 

Fig. 9. 

Fig. 10. 
Fig. 11. 
Fig. 12. 

Fig. 13. 

Fig. 14. 

Fig. 15. 

Fig. 16. 
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PLATE  O. 

Fig.    1.  Canthocamptus  illinoisensis^  antenna  of  female. 

Fig.    2.  "                      *'            fifth  foot  of  female. 
Fig.    3.  "                       *'             antennule. 
Fig.    4.  "                      *'             firstfoot. 
Fig.    5.  "                       "             caudal  stylet. 
Fig.    6.  Canthocamptus   northumhricus^    var.    americanus,   fifth 

foot  of  female. 

Fig.    7.  "                           "     *          antenna  of  female. 
Fig.    8.  "                            "               maxilliped. 
Fig.    9.  "                            ''               caudal  stylet. 
Fig.  10.  '*                            "               antenna  of  male. 
Fig.  11.  *'                            "               firstfoot. 
Fig.  12.  ''                            ''               fourth  foot. 
Fig.  13.  "                           "               fifth  foot  of  male. 
Fig.  14.  *'                            "               frontal  area. 
Fig.  15.  Canthocamptus  tenuicaudis,  stylets. 

Fig.  16.  "                        "           fifth  foot  of  female. 
Fig.  17.  Cyclops  serrulatus^  fifth  foot. 

Fig.  18.  ''               "         fourth  foot. 
Fig.  19.  **               "         outer  ramus  of  first  foot. 
Fig.  20.  Canthocamptus    northumhricus^   inner    ramus   of   third 

male  foot. 

Fig.  21.  "                          *'               beak. 
Fig.  22.  "                          "                maxilla. 

I 
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PL.ATE  P. 

Fig.  1.  Heart  of  Simocephalus  vetulus.  a,  tendons  attached  to 
lateral  walls  of  heart,  b,  venous  opening  of  heart,  c, 
muscular  bands  supporting  the  abdomen,  connected  by 
transverse  bands,  d,  cells  of  nutritive  matter  hiding  the 
arterial  opening,  e,  thin  membrane  seen  in  section 
which  separates  the  venous  from  the  arterial  blood  cur- 

rents, is  in  focus  near  the  side,  but  its  situation  in  the 

center  is  shown  by  the  dotted  line.  Above  this  or  out- 
side it  is  the  attachment  of  the  powerful  antennary 

and  mandibular  muscles,  f,  posterior  arterial  sinus,  g, 
brood-sac.  h,  alimentary  canal  with  thick  glandular 
cell  walls,  i,  shell  gland  or  excretory  organ,  j,  power- 

ful muscles  supporting  and  moving  the  abdomen. 
Fig.    2.     An  early  stage  of  the  embryo  of  Daphnia  schcefferL    a, 

anus,     n,  nutritive  globules  or  fat  drops  characteristic 

of  the  summer  embryo.     m\  m^  outer  and  inner  enve- 
lope of  the  embryo.     This  is  a  nauplius  stage,  but  not  | 

the  first  or  proper  nauplius.     The  portion  darkly  shaded  j 
is  nutritive  yolk. 

Fig.  3.  A  well  advanced  winter  embryo  of  2>.  schcefferL  a,  shell  1 
growing  over  the  eyes.  b.  c,  inner  shell,  d.  outer  shell, 
e,  lateral  part  of  the  head,  f,  antennules.  g,  labrum. 

h,  mandibles,  i,  maxilla,  j,  second  maxilla  ?  k',  F, 
m^,  n^,  branchial  appendages  of  the  2d-5th  pairs  of  feet, 
represented  by  k,  1,  m,  n.  o,  first  foot.  p.  antenna, 
q,  anus  and  intestine  partly  completed,  s,  shell  growiug 
out  from  the  maxillary  region. 

Fig.    4.     Older  embryo  bursting  outer  shell. 
Fig.    5.     Egg  after  extrusion  into  the  brood  cavity. 
Fig.  6.  Head  of  young  embryo,  a,  lenses  in  formation,  b,  eyes 

appearing  as  dark  flecks,  c,  shell  growing  over  the 
head,     d,  labrum.     e,  antennule. 

Fig.    T.     Longitudinal  section  through  an  ephippium. 
Fig.    8.     Vertical  section  through  an  ephippial  Daphnia  schcefferL 
Fig.  9.  Somewhat  oblique  section  through  the  ephippium  (a, 

b,  c),  heart  (h),  mandibles  (m),  and  labrum  (1). 
Fig.  10.     A  vertical  section  through  the  ephippium  and  its  egg. 
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PLATE  Q. 

Fig.    1.    Alonella  pulchella^  female. 

Fig.    2.  "  "        reticulations. 
Fig.    3.  *'  "        post-abdomen. 
Fig.    4.     Alona  modesta^  male. 
Fig.    5.     Diaptomus  similis^  female.  5a.  jaw. 

"      fifth  foot  of  male. 
"      *'      '*  female. 

minnetonka^  fifth  foot  of  male. ''     "female. 

"  abdomen  of  female. 

stagnalis^  margin  of  last  thoracic  segment. 

sanguineus^     "      "    "        "  " 
stagnalis^  fifth  foot  of  the  male. 

Fig.  14.     Epischura  fluviatilis^  abdomen  of  male. 

Fig.  15.  "  lacustris,  fifth  feet  of  male. 

Fig.  16.  "         fluviatilis,   ''      "    ''      " 
Fig.  17.     Diaptomus  pallidus    ''      '*     "      "    inner  ramus. 
Fig.  18.  "  sicilis         "      "    "      " 

Fig.    6. 
w 

Fig.    7. 
ki 

Fig.    8. 

(I 

Fig.    9. 
u 

Fig.  10. 
u 

Fig.  11. 
u 

Fig.  12. 
il 

Fig.  13. 
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PLATE  Qi. 

Fig.  1.  Diaptomiis  sp.  Young  male;  external  parts  as  yet  but 
partly  developed  showing  alimentary  and  reproductive 
systems  as  well  as  a  portion  of  the  muscular  system. 

The  looped  tube  is  the  vas  deferens.  The  small  irreg- 
ularly coiled  tube  anteriorly  is  the  shell-gland  or kidney. 

Fig.      2.     female  with  ovary ,  oviducts  and  heart. 

Figs.  3-4.     Nauplius  larva  of  same. 
Figs.  5-6.     fifth  pair  of  feet  of  male  and  female. 
Fig.  7.  mouth  appendages,  anteriorly  the  base  of  antennae  fol- 

lowed by  aatennule,  labrum,  mandible  with  palp,  max- 
illa and  maxilliped.  .f 

il 

^1 
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PLATE  Q2. 

Fig.    1. Osphranticum  lahronectum  (Potamoichetor),  male 
Fig.    2. antenuule. 

Fig.    3. maxilliped. 

Fig.    4. fifth  feet  of  male. 

Fig.    5. palp  of  mandible. 
Fig.    6. end  of  abdomen. 

Fig.    7. feet  of  first  pair. 
Fig.    8. eye. 
Fig.  13. maxilla. 

Fig.  14. mandible. 

Fig.    9. Cyclops  ater^  female. 
Fig.  10. abdomen. 

Fig.  11, maxilliped. 

Fig.  12. antenna. 
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PLATE  Q3. 

Fig.    1.  Cyclops  ingenSi  first  segment  of  abdomen  of  female. 
Fig.    2.  antenna. 
Fig.    3.  fifth  foot. 
Fig.    4.  antenna  of  young  male. 
Fig.    5.  stylets  of  mature  female. 
Fig.    6.  stylets  of  young  male. 
Fig.    7.  maxilliped. 
Fig.    8.  mandible. 
Fig.    9.  Cyclops  fimbriatus^  female. 
Fig.  10.  antenna. 
Fig.  11.  terminal  portion  of  abdomen. 
Fig.  12.  female  fifth  foot. 
Fig.  13.  second  antenna. 
Fig.  14.  Nauplius  form. 
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PLATE  Q4. 

Fig.    1. Cyclops  tenuicornis^  female. 
Fig.    2. mandible. 

Fig.    3. maxillae. 

Fig.    4. stylet. 
Fig.    5. fifth  foot. 

Fig.    6. maxillipedes. 
Fig.    7. antennae. 

Fig.    8. Cyclops  '^signatus^"  abdomen. 
Fig.    9. antenna. 

Fig.  10. fifth  foot. 

Fig.  11. male  antenna. 

Fig.  12. Cyclops  parens,  abdomen. 
Fig.  13. antenna. 

Fig- 14. 
fifth  foot. 

Fig.  15. 
Cyclops    '''' adolescens^''^     opening    c 
cement  gland. 

Fig.  16. Cyclops  ̂ ^adolescens^'  abdomen. 
Fig.  17. foot. 
Fig.  18. antenna  of  female. 

Fig.  19. eye. 
Fig.  20. antenna  of  male. 

Fig.  21. 
Cyclops  ̂ 'signatus^'"  end  of  antenna. 

< 

of    sperm atheca   and 
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PLATE  Q  5. 

Fig. 1. Cyclops  ftuviatiliSi  female. 
Fig. 

2. 
antenna. 

Fig. 3. antenna  of  young. 
Fig. 

4, 
abdomen  of  young. 

Fig. 5. foot  of  young. 
Fig. 

6. 
foot  of  adult. 

Fig. 
7. 

fifth  foot. 
Fig. 8. 

eye. Fig. 10. C.  serrulattis^  young. 
Fig. 11. Daphnella  brachyura^  female. 
Fig. 12. Vaphnella  brachyura^  male. 
Fig. 13. edge  of  valves. 
Fig. 14. abdomen  of  male. 
Fig. 15. abdomen  of  female. 
Fig, 16. antenna  of  male. 
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PLiATE  K. 

I 

Fig. 
1. 

Cyclops modestus. 
Fig. 

2. 
u 

^'          eud  of  abdomen. 
Fig. 

3. 
(I 

"          outer  ramus  of  first  foot. 
Fig, 4. 41 ''       ''  second  foot. 
Fig. 5. 

il 
fifth  foot. 

Fig. 
6. 

U 

phaleratus,  fourth  foot. 
Fig. 7. u 

^'          outer  ramus  of  first  foot. 
Fig. 

8. 
u fifth  foot. 

Fig. 9. u 
"           caudal  stylets. 

Fig. 10. u 

"           antenna  of  young  otherwise Fig. 11. u 
fimhriatus,  end  of  abdomen. 

Fig. 12. u 
diaphanus^  abdomen. 

Fig. 13. 
(i. 

ater,  inner  ramus  of  first  foot. 
Fig. 14. 

(I 

U          ̂ ^^.pj.               44                 .4           44                44 

Fig. 15. u 
''  fourth  foot. 

Fig. 16. 
(i 

^'signatus,'^  fourth  foot. 
Fig. 17. 

41 

ater,  inner  ramus  of  fourth  foot. 
Fig. 18. 44 

''     stylet. 

Fig. 19. 4. 

sp.?  first  foot. 
Figs 

.20,21.  '' 
"      terminal  segments  of  fourth  foot. Fig. 22. 

44 

''     fifth  foot. 
Fii. 23. Cliydorus  gJohosiis,  first  foot  of  male. 

T 

* 

perfef' 
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Fig.    1. Ergasilus  depn ?ssw8,  male. 

Fig.    2. Cyclops oithonoides  (Amer.  C  tenuissimus,  var.),  stylets. 
Fig.    3. 

(I u fifth  foot. 

Fig.    4. (I 

tl antennules. 

Fig.    5. fcC 

(( 

fourth  feet. 

Fig.    6. Ki, 

u antenna  of  male. 

Fig.    7. 11 

(( 
hrevispinosus^  stylet. 

Fig.    8. 
11 

1( 

ii inner  maxilliped. 

Fig.    9 
41 

(k (b swimming  foot. 

Fig.  10. 

<k 

k( 

(( 

fifth  foot. 

Fig.  11. 

(I 
14 

(( antennule. 

Fig.  12. 
(I u (( 

opening  of  spermatheca. 

Fig.  13. Cyclops sp.?,  nauplius. 
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PLATE  T. 

Fig.    1. 
Fig.    2. 

Fig.    3. 
Fi<y.    4 

l^ig.    5. 6. 

7. 8. 

9. 

Fig. 

Fig. 
Fig. 

Fis. 

Fig.  10. 
Fig.  11. 

Fig.  12. 
Fig.  13. 
Fig.  14. 
Fis.  15. 

Canthocamptus  minnesotensis,  first  foot. '•  stylets. 

antenna  of  female, 

fifth  foot  of  female, 
"       ''     ''  male, 

antenna  of  male. 

Daphnia  galeata,  young. 
"  "        male. 

Camptocercus  leitcocej^halus^  male. 
Alonella  excisa^  male. 

Cyciops  insignis,  first  foot,  outer  ramus. 
fifth  foot, 

fourth  foot, 

stylet. 
Worm  parasitic  in  arterial  sinus  of  Daphnia  schmfferL 

1,1 

Note.    On  pages  43  and  44,  for  'Plate  T."  read  Plate  J. 
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PL.ATE  U. 

Fig.    1.  Baphniakalhergensis,  oimodier^iQ^izQ 

^,^       •  ^^  ^  antennule  of  male. 
^.^'      *  '*  head  of  var. 
^ig.    4.  Oyc^02?5  jfAomas/,  fourth  foot. 

J^'    f*     ̂  ",  ''        outer  ramus  of  first  foot, 
^ig.    b.     />ai?/iW2a  (/a?m^6?,  typical  form. Fig.    7.     az/c%95  ̂ Aoma5?,  fifth  foot. 

l\^'    ̂ '  "  '^         stylet. Fig.    9.     Cyc/o^^^rm^^c^^^s?;,  fourth  foot.  i 
^ig.  10.     Bythotrephes  longimanus,  female  ■ 
i^ig.  11.    A  curious  large  protozoan;  a.  infundibulum  frame  work b.  pulsating  vacuole;  c.  nucleus;  d.  food  and  digested  mat- ter; e.  protective  rods;  11a.  spicules  of  the  infundibulum 
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PLATE  Ui. 

Figs.  I- 1 4.     Limnetes  gouIcUi.BsiiYd. 
Fig.       15.     DcqyJinia  magnicej^s,  female. 

Fig.       16.  '  Daphnia  minnehaha,  female. 
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PLATE  V. 

Fig.    1.     Corethra  appendiculata^  head  of  larva. 

Fig.    2.  '*  "  portion  of  heart  with  its  muscles, 
a.  chitinous  projection  of  the  body  wall  to  which  are  at- 

tached two  muscular  threads;  b.  peripheral  muscle;  c. 
proximal  muscle  attached  to  the  wall  of  the  heart;  d, 
muscles  scattered  over  the  surface  of  the  heart,  serving 
as  contractors;  e.  venous  opening. 

Fig.    3.     do.,  extremity  of  body. 
Fig.    4.     do,  abdomen  of  the  pupa. 
Figs.  5,  6,  7.     Rotifera  found  with  entomostraca  in  Minnesota. 

Fig.  8.  Flask-shaped  rotifer,  hermaphrodite,  with  eggs  and  sperm, 
a.  jaws  and  head;  b.  shell  gland;  c.  glandular  portion  of 
the  stomach;  d.  testes;  e.  oesophagus;  f.  one  of  several 
embryos. 

Fig.    9.    jaws  of  the  above. 
Fig.  10.     similar  animal,  female,  deadly  enemy  to  Chydorus. 
Fig.  11.    j aws  of  same. 

Figs.  12, 13.     ?    pedicularis,  ecto-parasite  of  Diaptomus, 
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I.  lallUjttB. 

Bulletin  of  the  Scientific  Laeoratories  of  Denison    Univer- 

sity,  Granville,   Ohio. 

EDITORIAL     STATEMENT. 

Every   well  conducted  institution  of  learning  should  form  a   recog- 
nized centre  of  scientific  activity  ;  and  legitimately  concerns  itself,  not 

only  with  the  instruction  of  those   who  directly  entrust  themselves   to 

its  charge,  but  with  the  dissemination  and  conservation  of  information 

relating   to  the  subjects   taught.       Moreover,  in   connection   with   the 

laboratory  drill,  it  often  happens  that  facts  of  general  scientific  interest 

are  brought  to  light  which  the  student  may  be  ill  prepared  to  appreciate 

in  all  their  bearings.       Such  facts,  if  preserved,  may,  at  another  time, 

become  very  valuable,  while,  if  not  thus  preserved,  they  would  be  lost. 

Still  again,  instructors  will,  as  a  rule,  be  unable  to  instill  enthusiasm  if 

they  themselves  do  not  come   in  contact  with  nature  at  first  hands, 

while   the  fragments  of  time,  which   are  often  frittered  away,  can   be 

made  most  useful  to  themselves  and  others  by  being  applied  to  studies 

in  advance  of  the  work  required  by  the  curriculum. 

The  present  publication,  which  we  are  able  to  present  through  the 

generous  co-operation  of  numerous  friends,  is  a  step  toward  filling  a 
need  hinted  at  in  the  above  paragraph.  The  bulletin  is  intended  to 

represent  the  life  of  the  college  in  its  scientific  departments  and  may 

incidentally  serve  to  illustrate  to  distant  friends  the  facilities  for  work 

afforded,  as  well  as  needs  still  unsupplied.  To  the  scientific  students  of 

the  country  we  confidently  appeal  for  support  and  indulgence,  since  it 

is  hoped  to  devote  an  increasingly  large  portion  of  space  in  each  number 

to  technical  papers  which  have  more  interest  to  the  student  than  to  the 

general  public.  To  the  teacher,  with  still  greater  confidence,  we  look 

for  encouragement,  as  it  is  entirely  in  the  interest  of  better  school  work 

that  this  bulletin  is  prepared.  While  limited  means  has,  in  this  first 

number,  prevented  the  use  of  costly  illustrations,  it  is  hoped  that  the 

generous  patronage  of  this  volume  will  enable  us  to  extend  to  the  con- 
tributors to  the  following  one  more  elegant,  if  not  more  perspicuous 

graphic  aids. 

V  7 



A  considerable  number  of  papers  prepared  for  this  number  have 
been  necessarily  delayed,  on  account  of  the  limited  space  allotted,  and 
yet  our  limits  have  been  extended.  The  lithographs  were  executed  by 
the  editor  and  printed  by  a  process  making  them  cheaper  than  any  other 
available,  and  any  failure  to  realize  the  ideal  of  such  work  will,  no 
doubt,  be  pardoned  on  this  account. 

For  information  relating  to  the  departments  here  represented,  the 
reader  is  referred  to  the  advertisement  appearing  elsewhere.  The  fact 

that  the  chemical  laboratory  has  afforded  us  no  material  for  this  num- 

ber, may  be  attributed  to  the  change  in  administration  in  that  depart- 
ment, occasioned  by  the  death  of  the  lamented  Prof.  Osbun. 



I. 

THE  EVENING  GV.O^^¥..\K.—Hesperipho?ia  vespertma,  Bonap. 

[Plate  I  and  Frontispiece.] 

Among  the  rarities  in  the  cabinet  of  most  ornithological  collectors 

is  the  Evening  Grosbeak,  which  excites  interest  as  much  by  its  com- 
parative rarity  and  exceeding  capriciousness  in  distribution  as  on  ac- 

count of  its  odd  note  and  eccentric  behavior.  First  found  by  Mr. 

Schoolcraft,  in  1823,  near  Sault  St.  Marie,  in  Michigan,  it  was  de- 

scribed by  Cooper.  The  indefatigable  naturalist,  Sir  John  Richard- 

son, encountered  it  upon  the  Saskatchewan,  where  seems  to  be  its  nat- 
ural home,  and  from  whence  it  issues  forth,  guided  by  any  whim,  and 

wanders  far  to  the  East  and  South,  though  seeming  to  avoid  the  coast. 

The  genus  is  Asiatic  and  our  two  species  are  obviously  derived  from 

the  Old  World,  via  Alaska.  In  Europe  there  is  a  closely  allied  genus 

Coccothraustes,  which  differs  in  the  shape  of  the  secondary  wing  feath- 
ers. The  genus  is  distinguished  from  all  other  finches  of  the  United 

States  by  the  very  large  beak  and  the  following  points : 

"  Feet  short  ;  tarsus  less  than  the  middle  toe  ;  lateral  toes  nearly  equal,  and 
reaching  to  the  base  of  the  middle  claw.  Claws  much  curved,  stout,  compressed. 

Wings  very  long  and  pointed,  reaching  beyond  the  middle  of  the  tail.  Primaries 

much  longer  than  the  nearly  equal  secondaries  and  tertials  ;  outer  two  quills  long- 
est ;  the  others  rapidly  graduated.  Tail  slightly  forked  ;  scarcely  more  than  two 

thirds  the  length  of  the  wings,  its  coverts  covering  nearly  three-fourths  of  its 

extent. " — Baird. 

[In  America  we  have  the  two  species,  H.  vespertina  (with  its  two 

varieties),  and  H.  abeillii,  Scl.,  which  lives  in  the  mountainous  ])or- 
tions  of  Mexico,  southward.] 

In  very  few  places  in  the  United  States  does  this  bird  appear  with 

sufficient  constancy  to  be  set  down  as  more  than  an  accidental  visitor. 

In  this  respect  Minneapolis,  Minn.,  is  particularly  favored  for,  during 

a  number  of  years,  these  grosbeaks  have  rarely  failed  to  make  a  longer 

or  shorter  winter  visit,  sometimes  coming  early  in  the  Autumn  and  re- 
maining until  the  trees  are  in  full  leaf,  when,  in  a  few  cases,  their  much 
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mooted  song  has  been  heard.  The  most  eastern  point  yet  reached  by 

these  birds  seems  to  be  Cleveland,  Ohio,  and  isolated  cases  of  their  oc- 

currence in  Wisconsin  and  Illinois  are  also  known.  The  species  is 

highly  gregarious  and  individuals  are  rarely  or  never  met  with  singly. 

Even  the  destructive  inroads  of  the  collector,  before  whom  they  are 

absolutely  defenseless,  do  not  scatter  or  break  up  the  flock.  Unsus- 
pecting and  without  fear,  they  continue  to  feed  until  the  last  individual 

falls  a  victim.  The  migrating  colony  seems  well  satisfied  with  itself 

and  its  temporary  home  and,  while  feeding,  a  constant  chorus  of  an- 
swering cries  is  kept  up.  The  note  is  not  loud  but  is  remarkably 

piercing,  and  yet  not  unmelodious.  The  early  belief  that  these  birds 

are  silent  except  at  evening  is  entirely  erroneous.  In  spring,  upon  the 

approach  of  the  breeding  season,  the  males  cultivate  the  muses  in  an 

odd  but  not  displeasing  little  song.  This  song  consists  of  several  suc- 

cessive repetitions  of  a  short  warble,  followed  by  a  similar  strain  clos- 

ing with  a  shrill  cry,  like  the  finale  of  a  black-bird's  song.  The  phrase 
which  makes  up  the  body  of  the  song  is  musical,  but  is  so  abruptly  ter- 

minated (as  though  from  lack  of  breath  or  of  ability, )  that  it  is  annoy- 
ing when  heard  singly,  for  one  is  subjected  to  much  the  same  nervous 

expectancy  felt  in  listening  to  a  hen's  cackle  when  quite  leisurely 

"working  up  the  agony"  sufficiently  to  sound  the  final  note.  A 
flock  of  a  dozen  or  more  singing  together  produce  a  very  musical  ef- 

fect. The  food  almost  entirely  consists  of  the  seeds  of  various  trees, 

among  which  the  box  elder,  the  maple,  poplar,  and  pine  are  pre-emi- 
nent. Buds  of  cherry  and  other  trees  are  also  eaten,  and  this  regime 

is  varied  bv  occasional  insect  larvae,  etc. 

O.  B.  Johnson,  who  mentions  this  grosbeak  from  the  Williamette 

valley,  speaks  of  it  as  plentiful  during  migrations,  and  states  that  "  the 

only  note  heard  was  a  loud  '  yeeip,'  strikingly  like  the  call  of  a  lost 

chicken."  Of  the  nest  and  eggs  we  as  yet  know  nothing,  and  so  of 
the  many  interesting  traits  which  make  up  the  sum  of  its  true  home- 
life  we  must  be  content  to  remain  ignorant.  From  its  inaccessable 

summer  home  it  continues  to  descend  during  the  .severe  winter  weather 

and,  almost  under  the  very  roofs  of  the  factories  of  a  busy  city,  con- 
tentedly passes  the  short  days,  heedless  of  the  noise  and  regardful  only 

of  the  oily  kernels  of  the  keys  of  the  box  elder,  which  it  displays 

a  very  awkward  skill  in  plucking  as  it  swings  (head  downwards  or  oth- 
erwise) from  the  pendulous  branches. 

These  brief  remarks  are  designed  simply   as  introductory  to   the 
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notes  on  the  osteology  appended.        Before   preceding  to  these  the  fol- 

lowing description  will  suffice  to  make  the  bird  recognizable. 

Sp.  char.  Bill,  yellowish  green,  dusky  at  base  ;  anterior  half  of  body  dusky 

yellowish  olive,  shading  into  yellow  to  the  rump  above,  and  the  under  tail  coverts 

below.  Outer  scapulars,  a  broad  frontal  band  continued  on  each  side  over  the 

eye,  axillaries,  and  middle  of  under  wing  coverts,  yellow.  Feathers  along  the  ex- 

treme base  of  bill,  the  crown,  tibiae,  wings,  upper  tail  coverts,  and  tail,  black  ;  in- 

ner g'-eater  wing-coverts  and  tertiaries,  white.  Length,  7.30,  wing,  4.30,  tail,  2.7;;. 
In  the  female  the  head  and  back  is  dull  olivaceous  brown.  Below,  the  body  is 

pale  yellowish  ash.  There  is  an  obscure  black  line  on  either  side  the  chin.  There 

is  more  white  upon  the  wings  and  tail.  (See  plate,  which  is  intended  to  give 

simply  the  tout  ensctnhk  without  strict  accuracy  as  to  color.) 

Osteology  of  Hesperiphona  vespertina. 

The  anatomy  of  the  Evening  Grosbeak  is  of  more  than  usual  inter- 
est, not  only  on  account  of  the  rarity  of  the  bird  and  the  air  of  mystery 

which  has  associated  itself  wnth  it,  but  because  it  stands  at  the  head  of 

American  Friiigillidae ,  by  virtue  of  possessing  the  extreme  develop- 
ment of  the  finch  type  of  structure.  Our  observations  are  based  on 

the  study  of  three  more  or  less  perfect  skeleta,  which,  so  far  as  we 

know,  are  the  first  which  have  been  studied. 

The  skull.  The  most  striking  peculiarities  of  the  skull  are  those 

which  are  corelated  with  the  extraordinary  development  of  the  beak. 

The  angle,  for  instance,  formed  by  the  quadratojugal-jugal  bony  pillar 
with  the  lower  margin  of  the  maxilla  is  greater  than  usual,  chiefly  on 

account  of  the  great  size  of  the  quadrate  bone.  In  this  way  a  firm 

support  is  afforded  to  the  upper  jaw.  But  we  pass  to  a  detailed  de- 

scription. As  seen/;w;^  above,  the  skull  is,  in  outline,  a  perfect  trian- 
gle, with  a  narrow  rounded  base.  The  apex  of  the  triangle  is  formed 

by  the  remarkably  large  and  strong  (though  correspondingly  very  light) 

beak.  The  bones  entering  the  beak  are  cancellated  within,  forming  a 

firm  bat  light  organ.  These  bones  are,  first,  the  premaxiUa,  which 

makes  up  the  bulk  of  the  bony  frame-work  of  the  beak  and  is  early 

anchylosed  with  the  maxillaries  in  the  family  under  consideration. 

Although  we  can  not  separate  the  parts,  we  may  distinguish  in  the  tiiax- 

illary  bone  a  superior  or  nasal  process  which  separates  the  opening  of 

the  nares  and  unites  with  the  nasal  bones,  two  lateral  or  maxillary  pro- 

cesses, and  two  palatine  processes  which  are  within  the  mouth-opening- 

The  distance  from  the  apex  of  the  beak  to  the  subcircular  nares  is  .6 

inches,  the  distance  between  them,  .10.       The  nasals  are  inseparably 
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united  and  form  a  quadrate  bone  making  an  angle  of  25°  with  the  cul- 
men  or  upper  Hne  of  the  beak,  their  combined  width  is  .45,  and  they 

form  the  posterior  borders  of  the  nares,  being  united  laterally  with  the 

maxillaries,  anteriorally  with  the  intermaxillary,  below  with  the  lachry- 
mals, and  posteriorly  with  the  frontals.  The  distance  from  the  angle 

of  the  mandible  to  the  top  of  the  nasals  is  .40.  Occupying  the  top 

of  the  skull,  and  apparently  restricted  to  the  space  between  the  orbits, 

are  the  concciYe  fro /ifa/s.  The  distance  between  the  orbits  is  about 

.35.  The  remainder  of  the  roof  of  the  skull  is  formed  by  the  con- 
fluent parietals  which  occupy  a  larger  area  than  usual  on  the  top  and 

back  of  the  skull.  From  above  can  be  seen  a  small  prominence  be- 
hind, which  covers  the  cerebellum,  and  hence  is  called  the  cerebellar 

prominence.  The  sides  of  the  triangle  are  continued  backward  from 

the  ends  of  the  maxillaries  by  a  slender  rod  consisting  of  the  quadra- 

tojugal  and  \\\*t  jiigal  which  can  be  studied  to  advantage  when  the  skull 
is  viewed  from  the  side.  In  this  position  the  skull  is  seen  to  present 

the  outline  of  two  triangles,  the  smaller  of  which,  forming  the  beak,  is 

set  at  an  angle  of  45°  with  the  other.  The  cutting  edges  of  the  jaw 
(to?7tia),  supported  chiefly  by  the  maxillary  bones,  are  slightly  curved. 

The  tomia  are  .80  long.  The  slender  rod  passing  backward  and 

downward  and  forming  the  lower  outline  of  the  second  triangle  is,  in 

the  young,  composed  of  two  bones,  the  jugal  and  quadratojugaL 

Their  combined  length  is  .  54,  the  posterior  articulation  being  upon  the 

outermost  process  of  the  peculiar  quadrate  bone.  This  bone  is  con- 
sidered the  homologue  of  the  little  ear  bone  of  mammals,  known  as 

the  malleus,  but  in  birds  has  a  very  important  function — that  of  giving 
the  necessary  movability  and  yet  stability  to  the  beak.  It  is  the  point 

of  attachment  of  the  two  important  supports  of  the  facial  part  of  the 

skull.  The  form  of  the  quadrate  is  very  irregular,  consisting  of  a 

body  and  six  processes.  The  styloid  process  is  the  largest  and  is  that 
which  connects  the  bone  with  the  base  of  the  skull  ;  it  is  a  flattened 

vertical  pillar  with  a  large  articular  surface;  jutting  out  anteriorly  is  the 

orbital  process,  about  .30  long,  which  extends  into  the  orbit.  Just 

below  the  orbital  is  the  pterygoid  process  of  rather  small  size.  The 

mandiblar  end  bears  two  curved  processes  so  situated  that  the  glenoid 

surfaces  oppose  the  rami  from  within  and  behind,  while  the  jaw  is  com- 
pletely locked  by  the  large  articular  process  of  the  mandible.  A  more 

complete  articulation  could  scarcely  be  conceived.  The  malar  pro- 
cess extends  out  horizontally  and  offers  an  oblique  surface  to  the  head 
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of  the  quadrato-jugal.  The  lachrymal  bone  is  very  large  and  hoe- 
shaped,  occupying  the  whole  anterior  aspect  of  the  orbit.  A  very 

slender  curved  process  extends  backward  from  its  lower  angle.  The 

lachrymo-nasal  space  between  this  and  the  maxillary  permits  the  free 
movement  of  the  beak  on  the  skull.  The  lachrymo-nasal  foramen  is 

quadrate.  The  optic  foramen  occupies  its  usual  position  on  the  mar- 

gin of  the  ali-sphenoid,  which  is  inseparably  united  with  the  septum 
intraorbitale  and  this  with  the  ethmoid  still  farther  forward.  There 

is  a  large  irregular  foramen  above  the  optic.  The  greater  part  of  the 

side  of  the  skull  behind  the  orbit  is  formed  by  the  squamosal^  which  is 

strongly  ridged  and  forms,  first,  a  strong  flange-like  process  behind  the 
orbit  and,  second,  a  very  long  process  projecting  forward  toward  the 

corresponding  process  of  the  lachrymal.  The  orbito-sphenoid  was  not 

detected  as  a  distinct  bone,  but  irregular  processes  on  the  ali-sphenoid 
may  represent  it.  The  sclerotah  are  membranous  bones,  which  unite 

to  form  a  ring  about  the  globe  of  the  eye.  As  seen  from  below,  sev- 
eral new  bones  appear.  At  the  back  of  the  skull  is  the  large  foramen 

magmmi,  suhcordsite  and  quadrate  in  form  and  about  .20  in  width. 

Above,  it  is  bounded  by  the  supraoccipital^  laterally  by  the  exoccipitals, 

and  below  by  the  basioccipital.  These  bones  are  intimately  united 

and  the  sutures  quite  obliterated.  There  is  an  impressed  line  on 

either  side  the  foramen.  The  single  occipital  condyle  is' a  small  knob- 
like process.  The  basioccipital  is  quadrate  and  near  its  lateral  mar- 
gins are  the  foramina  of  the  carotid  and  the  seventh,  ninth,  tenth  and 

eleventh  nerves.  The  squamosal  expands  into  a  large  shield-like  cov- 
ering over  the  auditory  meatus.  Just  inside  of  the  quadrate  bone  can 

be  seen  a  bony  sheath  which  indicates  the  former  point  of  union  of  the 

Meckel's  cartilage.  Within  the  meatus  the  minute  auditory  ossicles 
can  be  seen  with  a  glass.  The  sphenoid  is  a  pyramidal  bone,  soon  be- 

coming a  vertical  plate  fusing  with  the  ethmoid  and  inter-orbital  sep- 
tum. Here  also  the  obliteration  of  sutures  is  complete.  The  vomer 

is  present  but  inconspicuous.  The  maxillaries  form  the  sides  of  the 

beak  and,  in  connection  with  the  premaxillary,  form  a  continuous  bony 

ceiling  to  the  roof  of  the  mouth,  which  is  covered  with  a  thick  horny 

sheath,  so  thickened  on  the  edges  as  to  make  the  knife-like  cutting 

tomia.  T\\^  palatals  are  movably  articulated  to  the  edges  of  the  max- 
illaries by  broad  bases  so  that  they  nearly  meet  on  the  median  line  and 

reach  nearly  to  the  jugal,  externally.  Posteriorly,  the  palatals  extend 

into  forked  processes,  making  the  whole  length  .40  of  an  inch.       From 
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this  process,  which  descends  below  the  level  of  the  jugal,  a  nearly  ver- 
tical plate  extends  upward  to  form  a  sliding  sheath  which  clasps  the 

presphenoid  and  plays  back  and  forward  upon  it.  The  flattened  ends 

of  the  long  {.^o)  pterygoids  are  fused  with  these  vertical  plates  by  ex- 
panded, overlapping  plates.  There  are  two  curved  flanges  springing 

from  the  point  where  the  pterygoids  unite  with  the  palatals.  The  eth- 

7710-turbinal  plates  are  more  or  less  ossified  and  are  seen  on  either  side 
of  the  rudiment  of  the  vomer.  The  pterygoids  are  stout  but  very 

unusually  long  and,  on  account  of  the  size  and  position  of  the  quad- 
rate bones,  are  quite  distant  from  the  basis  cranii.  Near  the  point  of 

union  of  the  pterygoid  with  the  quadrate  bone,  a  small  hooked  process, 

about  .  1 2  long,  extends  upward  from  the  former  bone.  What  the  use 

or  the  homologies  of  these  processes  may  be,  we  do  not  know,  although 

they  occur  in  finches  and  in  other  birds. 

At  the  posterior  of  the  two  mandiblar  processes  of  the  quadrate 

bone  is  a  bone  as  large  as  the  head  of  a  large  pin,  but  of  irregular 

shape,  which  may  be  regarded  as  either  a  sesamoid  contributing  to  lock 

the  jaw  or  an  independent  portion  of  the  quadrate.  There  is  also  a 

very  minute  sesamoid  at  the  union  of  the  quadrato-jugal  and  the  quad- 
rate. The  lower  jaw  shows  no  evidence  of  its  composite  character. 

The  whole  anterior  half  is  enlarged  and  forms  a  simple  trough  of  can- 
cellous bone  which  may  be  assumed  to  consist  of  the  dentary  elements 

of  both  rami.  The  surangular,  angular  and  splenial  elements  of  the 

rami  are  not  distinguishable.  The  articular  portion  consists  of  a  huge 

flange,  extending  inward  and  upward  and  is  perforated  at  the  middle  of 

its  inner  surface  for  the  entrance  of  Meckel's  cartilage. 
What  corresponds  to  the  surangular  portion  is  a  broad  triangular 

plate  extending  upward  inside  the  jugal  bones  and  serving  to  further 

lock  the  jaw.  Thus,  as  we  have  seen,  the  whole  skull  is  modified  in 

harmony  with  the  enormous  rhinencephalic  development. 

The  hyoid  arch  is  well  developed  and  consists  of  seven  bones, 

whose  homologies,  in  the  present  state  of  our  knowledge,  cannot  be 

made  out.  The  anterior  pair  are  pointed  before  and  behind  and  at- 
tached at  the  middle  to  each  other  and  the  end  of  the  azygos  bone 

which  next  follows.  The  first  mentioned  bones  are  called  entoglossal, 

by  Gegenbaur,  by  some  American  authors,  ceratohyals,  with  no  real 

evidence  that  they  are  homologous  with  the  bones  so  called  in  other  ani- 
mals. The  following  element  may  be  called  basihyal  {^copula  of 

Gegenbauer,)  and  is  flattened  to  form  a  vertical  plate  and  bears  on 
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either  side,  posteriorly,  the  cornua^  which  each  consists  of  one  straight 

shaft,  .50  long,  and  a  shorter  fusiform   segment.        Between  these  the 

urohyal  extends  backward  as  a  support  to  the   trachea.        The  atlas 
and  axis  are  fused  together  more  or  less  fully.       There  is  no  neural 

spine  on  the  atlas,  but  its  dorsal  surface  is  perfectly  plane.       The  axis, 

or  second  cervical  vertebra,  has  a  well  developed  spine  and  posterior 

zygapophyses  and  also  a  very  large  haemal  spine,  which  curves   back- 

ward.      The  third  cervical  has  a  smaller  neural  spine  and  its  poste- 

rior zygapophyses  project  upward.       Its  haemal  spine  ( hypapophysis) 
curves  forward.       There   is  a  slight  inferior  lamella  of  its  transverse 

process.       The  fourth  cervical  introduces  a  new  type,  having  a  low 

spine,  nearly  horizontal  posterior  zygapophyses,  and  elongated  styloid 

inferior  lamellae.       It  has  a  smaller  haemal  spine.       The  following  cer- 

vicals  have  no  neural  or  haemal  spines,  the  posterior  zygapophyses  de- 
cline, and  the  styloid  appendages  are  very  long.       The  thirteenth  and 

fourteenth  (last)   cervicals  have  pleur apophyses  (ribs),   those  of  the 

former  being  mere  rudiments,  while  those  of  the  latter  'are  large  but 
have  no  connection  with  the   sternum.       These  vertebrae,  in  common 

with  the  first  of  the  dorsals,  have   strong  haemal  spines.        They  also 

have  the  capitula  process  well  developed  to  receive  the  head  of  the 

rib.       The  transverse  process  has  its  normal  tubercular  facet  to   sus- 
tain the  tubercle  of  the  rib.       There  are  six  dorsal  vertebrce,  which 

are  more  or  less  firmly   co-ossified.       The  transverse    processes  are 
large  and  the  spines  of  uniform  size.       The  last  dorsal  is  firmly  united 

with  the  following  nine  vertebrae,  which  form  the  vertebral  framework 

of  the  sacrum.       Seven  free  vertebrae  follow,  forming  the  free  caudal 

series.        Each  of  these  has  a  strong  transverse  process  and  a  more  or 

less  perfect  neural  spine.       Upon  the  last  two  there  are  also   haemal 

spines.       The  last  bone  or  pygostyle  is  remarkable  for  the  great  devel- 
opment of  its  neural  spine. 

The  sternum  is  normal  for  the  group  and  is  1.20  inches  long.  The 

keel  is  well- developed,  being  .50  high.  The  mid-xiphoid  process  is 
.40  wide  at  the  end.  The  lateral  xiphoids  are  separated  by  an  excis- 

ion one  half  as  wide  and  rather  more  than  .40  deep.  The  transverse 

sternal  angle  (that  between  the  two  sides  of  the  body  of  the  sternum,) 

is  sharp  and  considerable.  The  costal  processes  are  strong,  while  the 

coracoid  grooves  are  .25  in  width.  The  manubrium  is  particularly 

large  and  is  bifid.  Each  of  the  six  ribs,  as  well  as  the  last  cervi- 
cal rib,  has  a  well  developed  uncinate  process. 
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The  strongest  bone  in  the  shoulder  girdle  is  the  coracoid,  which 

is  expanded  below  and  obHquely  winged  for  a  short  distance,  then 

is  cylindrical  and  then  curves  inward,  throwing  off  a  flange-like 
process  where  the  scapula  is  articulated,  and  ends  in  an  articular 

surface  against  which  the  flattened  upper  part  of  the  clavicle  is 

pressed.  From  the  lower  angle  of  this  surface  a  strong  tendon 

passes  to  the  process  of  the  manubrium  on  that  side.  The  clavicles 

are  of  the  usual  form,  forming  the  merry-thought  in  connection  with 
the  anchylosed  interclavicle.  The  scapula  is  united  to  both  clavicle 

and  coracoid  and  with  the  latter  furnishes  a  glenoid  surface  for  the 

humerus.  Between  these  three  bones,  at  their  union,  is  a  cavity,  fora- 

men  triossetun^  permitting  the  passage  of  the  tendon  of  the  sub-cla- 
vius  muscle. 

The  anterior  extremity  is  of  moderate  size.  The  humerus  is  .95 

long  and  is  much  expanded  proximally  where  it  is  .33  in  breadth. 

The  radial  crest  is  short  and  quite  prominent.  The  ulnar  tuberosity 

is  very  large  and  outwardly  presents  a  large  triangular  surface  and 

within  excludes  two  extensive  fossoe,  divided  by  a  strong  septum,  from 

the  end  of  which  a  strong  process  is  developed.  The  opposite  or 

distal  end  of  the  humerus  is  less  highly  developed,  but  still  shows  a 

high  degree  of  perfection  of  the  spinous  appendages.  The  trochlea, 

consisting  of  the  radial  and  ulnar  tubercles,  are  about  as  usual.  The 

radial  condyle  is  a  small  prominence  directed  forward  at  the  base  of 

the  radius,  while  the  ulnar  condyle  is  a  larger  acute  process,  extending 

in  the  opposite  direction.  The  radius,  the  smaller  bone  of  the  arm, 

is  but  slightly  curved  and  measures  1.20  in  length.  The  ulna  curves 

considerably,  proximally,  so  that  the  sigmoid  cavity  is  quite  oblique  to 

the  shaft,  and  the  olecranon  process  is  small  and  styloid.  The  carpus 

contains  two  bones  which  have  the  usual  positions.  The  ulnare  is 

applied  to  the  back  side  of  the  ulna  and  rotates  upon  its  smooth  articu- 

lar surface.  The  radiate  caps  the  ulnar  and  is  overlapped  by  the  ra- 
dius in  front.  The  three  metacarpals  are  fused  at  the  base.  The 

first  one  can  not  be  distinguished  and  its  phalanx  measures  but  .  20. 

The  second  metacarpal  is  .65  long  and  is  fused  at  both  ends  with  the 

slender  third  metacarpal.  The  second  digit  consists  of  two  phalanges, 

the  first  of  which  is  .30  long  and  consists  of  two  bars  connected  by  a 

thin  plate  of  bone,  the  second  being  a  triangular  plate  .15  long.  The 

third  digit  consists  of  a  styloid  phalanx  .20  long.  (The  two  ossicles 

described  by  Schufeldt,  in  certain  birds,  as  the  cuneiform  and  the  pen- 
tosteon,    are   not   discoverable  in    any   of    the    skeleta  before  me. 
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ThQpelvis  is  papery  and  yet  very  complete.  The  obturator  fissure, 

separating  the  ischium  2iX^A pubic  moiety  of  the  pelvis  is  divided  into  an 

elongated  posterior  and  smaller  circular  anterior  foramen.  The  ilio- 
siatic  foramen  is  quadrate,  with  rounded  angles.  The  pubic  bone  is 

produced  into  a  slender  curved  process,  as  usual  in  this  group.  The 

femur  is  .91  long  and  nearly  straight  and  requires  no  description. 

The  tibia  is  a  symmetrical  straight  bone,  1.30  long,  while  the  fibula 

is  nearly  free  from  it  and  is  about  half  its  length.  In  the  skeleta  of 

adult  birds,,  such  as  those  before  us,  it  is  useless  to  attempt  to  distin- 
guish the  tarsal  bones  which  unite  with  its  epiphyses,  thus  forming  the 

tibio-tarsiis,  nor  yet  the  composition  of  the  succeeding  segment  of  the 

leg,  the  tarso-i?ietatarsLis.  The  latter  is  .80  long  and  is  furnished  with 

a  strong  process  ("calcaneal,")  behind,  which  is  at  present  causing  so 
much  discussion.  The  subdivision  at  the  distal  extremity  into  the 

four  metatarsals  is  distinct.  The  first  of  these,  the  hallux^  is  provided 

with  a  separate  matatarsal,  the  accessorius,  which  is  quite  large  and  de- 
scends to  the  level  of  the  other  united  metatarsals.  The  phalanges 

of  the  hallux  are  two  in  number,  the  first  being  very  large,  .32  long. 

The  claw  borne  by  the  following  phalanx  is  the  strongest  on  the  foot. 

The  second  toe  has  three  phalanges,  the  third,  four,  and  the  shorter 

fourth,  five,  as  is  the  case  in  all  of  the  present  group  of  birds. 

Such  a  bare  description  as  is  above  given  of  points  in  the  osteology 

of  a  species  of  bird,  is  of  little  value,  except  as  furnishing  a  basis  for 

comparison  with  others  of  its  own  and  other  groups.  Such  a  com- 

parative study  we  cannot  at  present  attempt,  but  may,  perhaps,  profit- 
ably note  some  points  of  difference  between  the  present  species  and 

others  of  its  own  family,  Fringillidae.  Quite  at  the  other  extreme 

of  the  family  may  be  found  the  genus  Pipilo,  which  is  represented  in 

our  region  by  the  Chewink  or  Ground  Robin,  P.  erythropthalmus, 

a  bird  of  singular  appearance,  in  some  points  resembling  the  Orioles, 

while  mimicking  the  habits  of  the  Brown  Thrush.  A  comparison  with 

this  species  then  may  be  expected  to  give  us  the  limit  of  divergence  in 

structure  within  the  family,  and  those  points  which  are  identical  in 

both  may,  with  some  probability,  be  assumed  to  be  of  family,  ordinal 
or  class   rank. 

The  skull  is  of  very  different  form,  but  the  differences  are 

chiefly  those  accompanying  the  reduction  in  the  size  of  the  beak, 

which  in  the  Chewink  is  slender,  almost  Icterine.  This  slender  point- 

ed beak  does  not  extend  backward   so   far  as  in  the  true   Finches,  but 
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the  malar  pillar  is  much  longer  and  the  angle  of  the  beak  and 

t?ie  end  of  the  tomia  are  forward  from  the  orbit.  The  opening  of  the 

nares  is  much  larger  and  the  lachrymo-nasal  space  is  a  very  large  tri- 

angular opening.  On  this  account  the  ascending  process  of  the  max- 
illary is  quite  rsiender.  As  seen  from  above,  the  skull  of  Pipilo  is 

much  narrower  between  the  orbits  and  the  facial  portion  of  the  skull 

is  easily  distinguished  from  the  cranial.  The  orbits  are  rather  larger 

and  not  nearly  as  well  guarded.  The  lachrymal  is  of  the  same  shape, 

but  lacks  the  long  slender  process  directed  backward,  below.  The 

lachrymo-nasal  foramen  is  small.  The  interorbital  septum  is  very 
poorly  developed,  two  oblong  foramina  extending  longitudinally  leave 

but  a  narrow  bridge  between  them.  The  ethmoid  is  therefore  greatly 

reduced.  The  back  of  the  skull  is  alike  in  both,  but  the  opening  of 

the  bullae  is  directed  more  forward.  The  palatal  bones  are  quite  sim- 
ilar, but  the  posterior  processes  are  not  bifid.  Two  curved  slender 

rods,  which  seem  at  least  partially  ossified,  pass  from  the  palatal  pro- 
cesses of  the  maxillary  to  that  part  of  the  palatals  farthest  forward  and 

highest.  The  pterygoids  are  of  the  usual  shape  and  are  flattened  an- 
terioi;ly  to  shde  over  the  sphenoids  The  quadrate  is  smaller  and  of 

the  same  form,  but  has  a  rather  longer  orbital  process,  proportionally. 

The  quadrato-jugal  has  the  same  hamular  process  posteriorly  as  described 
in  the  Grosbeak.  The  lower  jaw  is,  like  the  upper,  rather  weak. 

The  various  parts  entering  into  each  ramus  are  indicated  by  the  pres- 
ence of  a  large  oval  foramen  separating  the  surangular,  angular  and 

splenial,  and  the  flange  of  the  articular  is  large.  The  differences  in 

the  shoulder  and  arm  are  slight  and  are  such  as  might  occur  in  species 

of  the  same  genus.  The  sacrum  is  relatively  much  stronger  and  the 

spinous  armature  is  greater,  this  corresponding  to  the  greater  demand 

upon  the  muscles  there  finding  origin.  The  foramina  are  of  the  same 

number,  but  the  lower  one  is  more  elongated  to  correspond  to  the 

greater  development  of  the  pubic  bone.  The  femur  is  of  ordinary 

form,  but  the  tibiotarsal  segment  is  greatly  enlarged.  The  fibula  is 

quite  well  developed  and  is  anchylosed  with  the  tibia  about  one  half 

an  inch  from  the  head,  for  a  short  distance,  but  is  free  above  and  be- 
low. The  head  of  the  tibia  develops  two  huge  processes  and  there 

is  a  small  patella.  The  condyles  are  very  large.  The  "  calcaneal" 
process,  strangely  enough,  is  very  small  and  poorly  ossified.  The 
foot  itself  is  not  particularly  enlarged. 

The  form   of  the  sternum  is  very  closely  alike  in   these  birds  ;  in 
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fact,  the  sternum  is  a  valuable  osteological  index,  for,  not  only  is  it 

pretty  constant  in  a  given  family,  but  it  presents  points  of  constant 

difference  between  many  families.  The  manubrium  is  larger,  if  any- 
thing, than  in  the  Grosbeak. 

Such  are  some  of  the  differences  noted  between  these  species  and 

they  may  be  taken  as  indications  of  those  points  in  the  osseous  struc- 

ture most  readily  responding  to  changes  in  habit  or  habitation  as  in- 
duced by  changes  in  the  environment.  It  is  by  the  elimination  of 

the  variable  elements  of  different  degrees  of  constancy  that  classifica- 

tion can  be  placed  upon  a  permanent  and  correct  basis.  The  vari- 
able points  may  be  employed  in  distinguishing  species,  genera,  etc.,  in 

accordance  with  their  relative  permanence  or  value. 

Plate  I.      Anatomy  of  Hesperiphona. 

Fig.    1.      Lateral  view  of  entire  skeleton. 

Fig.  2.  Skull  seen  from  below.  Qj,  quadratojugal  ;  PI,  palatal  ;  pt,  ptery- 
goid ;  sp,  sphenoid  ;  e,  condyle  ;  Fiii,  foramen  magnum  ;  Z,  internal  flange  of 

mandible. 

Fig.  3.  Transverse  section  of  skull  F,  vomer ;  Q,  quadrate  bone  ;  Of, 
optic  foramen  ;   other  references  as  above.     3^,  diagram  of  bones  of  skull. 

Fig.  4.  Quadrate  bone  and  articulations  Pi,  pterygoid  ;  Qj,  quadratoju- 

gal;  a,  accessory  ossicles  ;  ui  c,  sheath  of  Meckel's  cartilage. 
Fig.   5.      Hyoid  arch. 
Fig.   6.     Superior  surface  of  a  cervical  vertebra. 
Fig.   7.      Humerus. 
Fig.   8.     A  dorsal  vertebra,  from  behind. 
Fig.   9       Muscles  of  the  wing  seen  from  above. 
Fig.  qA.     ATiterior  part  of  wing  from  below. 
Fig.    10.     Skull  denuded  of  skin  and  showing  certain  cervical  muscles. 



II. 
METAMORPHOSIS     AND     MORPHOLOGY     OF     CERTAIN 

PHYLLOPOD  CRUSTACEA. 

[Plates  V— VIII  and  Plate  X.] 

The  group  Phyllopoda  is  one  of  the  most  remarkable  among  crusta- 
ceans, on  account  of  the  peculiar  form  and  life  history  of  most  of  its 

members.  About  the  animals  of  this  group  there  clings  a  certain  air 

of  mystery  which  may  lead  one  to  regard  them  as  almost  "  uncanny." 
A  pool  by  the  wayside  is  suddenly  formed  by  a  shower  and  almost  in- 

stantly becomes  populated  with  a  swarm  of  animal  life,  which  no  one 
ever  saw  there  before  and  for  the  like  of  which  we  might  search  an 
hundred  miles  in  vain.  In  a  few  days  the  little  tragedy  is  played  and 

the  uncouth  actors  have  disappeared,  no  one  knows  whither,  having 
sown  the  clay  at  the  bottom  of  the  now  dry  pool,  with  eggs  which, 
under  favorable  circumstances,  may  again  put  the  play  on  the  boards, 
but  only  after  being  themselves  thoroughly  dried  by  the  sun.  In 

short,  in  the  study  of  these  animals  the  unexpected  is  always  appear- 
ing and  known  laws,  or  at  least  theories,  are  again  and  again  negatived. 

We  calmly  institute  a  species  when,  lo  !  the  change  in  certain  condi- 
tions attending  the  development  occasions  the  change  to  an  entirely 

different  genus  in  our  system. 

(See  V.  Siebold,  in  Sitzungsbcrkhte  d.  math.-phys.  Classe  zii  Muenchen,  1873,  and 
the  paper  by  Schmankewitsch  in  the  Zeitschrifi  fuer  Wissenchaftliche  Zoologie,  XXV 

Suppl.,  1S75.) 

In  spite  of  many  able  papers  and  works  on  American  Phyllopods 

(notably  the  monograph,  by  Prof.  Packard,  in  The  Geol.  Surv.  Terr., 
1868,  Part  I,  Sec.  2.)  many  points  of  deepest  interest  remain  to  be 
cleared  up,  and  particularly  such  as  relate  to  the  development  history 
and  homologies  of  organs.  In  the  present  paper  a  few  observations 
made  some  years  ago,  are  presented  with  no  attempt  to  discuss  their 
bearing  upon  the  questions  in  dispute.  The  student  conversant  with 

the  literature  of  this  subject  will  observe,  however,  that  these  facts 
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make  necessary  a  modification  of  views  at  present  in  vogue  in  several 

important  particulars.  The  work  was  arbitrarily  closed  by  circum- 

stances and  the  material  was  long  suppressed,  in  the  hope  of  continu- 

ing a  study  which  proved  of  absorbing  interest ;  but,  as  this  hope  is 

now  extinct  and  no  motive  remains  for  further  delay,  the  observations 

are  presented  in  their  necessarily  fragmentary  form,  hoping  to  fill  a 

place  in  the  life -history  of  these  remarkable  animals. 
The  Phyllopoda  are  extremely  well  adapted  for  use  in  biological 

laboratories  and  the  outline  here  given  may  make  the  process  of  de- 

velopment plainer  to  the  student  who  is  fortunate  enough  to  be  sup- 
plied with  such  material  for  study.  The  two  animals  described  may 

be  found  in  early  spring  and  late  summer,  in  many  temporary  pools 

throughout  the  eastern  zoographical  province  of  North  America. 

A.     Larval  Develop7nent  of  Limjietis  gouldii,   Bd. 

Liinnetis  is  a  genus  of  the  Family  Limnadiad^  of  Baird,  which 

includes  crustaceans  enclosed  in  a  bivalved  shell,  within  which  is  con- 

cealed a  body  like  that  of  a  Water  Flea,  but  having  ten  to  twenty- 

seven  pairs  of  leaf-like  swimming  feet.  The  very  large  head  projects 
from  between  the  valves  in  front  and  is  flanked  on  either  side  by  a 

b'iramose  second  antenna,  while  the  first  pair  of  antennae  is  very  small. 
A  figure  of  the  adult  of  the  present  species  will  be  found  in  the  mono- 

graph by  Dr.  Packard,  and  also  in  a  paper  by  the  present  writer,  in  the 

loth  Annual  of  the  Minnesota  Geological  Survey. 

The  earliest  stage  seen  (Plate  VI,  Fig.  2.)  was  the  simple  nauplius- 
form  common  to  all  this  group  of  Crustacea,  but  so  curiously  modified 

as  to  at  first  almost  defy  recognition.  The  animal,  as  viewed  from 

above,  seems  covered  almost  entirely  by  an  oval  shield,  which  is  thickly 

studded  with  spines  arranged  in  anastomosing  lines.  The  head  ex- 

tends into  a  frontal  prominence,  which  is  densely  bearded.  The  pos- 
terior part  of  the  body  forms  a  blunt  prominence,  bearing  two  spines. 

The  eye,  occupying  the  front  of  the  head,  consists  of  a  single  pig- 
ment fleck,  with  at  first  a  single  lense  (?).  The  digestive  tract  is 

simple  and  similar  to  that  of  other  Phyllopod  larvae.  In  the  protu- 
berance which  represents  the  future  abdomen,  the  muscles  producing 

the  pumping  action  of  the  rectum  are  well  developed  and  anal  respi- 
ration at  once  begins. 

The  appendages  differ  only  in  form  from  those  of  other  larvas. 

The  antennules  are  long  and  curved  prolongations  of  the  frontal  region 
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and  project  laterally.  They  are  covered  with  a  spiny  cuticle,  like 
the  antennules  of  the  nauplius  of  Cimvcephaliis,  but  are  less  movable 

and  less  obviously  tactile  organs.  It  has  been  denied  that  these  are 
really  antennae,  but  the  history  of  their  further  development  makes  it 

clear  that  they  are  really  representatives  of  those  organs,  though  ob- 
scured by  their  covering. 

Although  the  nauplius  of  Limnetes  is  said  by  authors  (Packard, 

Monogr.  Phyllopod  Crust,  etc.)  to  be  distinguished  from  other  nauplii 
by  the  small  size  of  the  labrum,  this  is  founded  upon  a  mistake.  The 
labrum  is  really  the  most  prominent  of  the  larval  organs.  It  is, 
indeed,  of  monstrous  form  and  is  so  enlarged  as  to  become  a  valve 

nearly  as  large  as  the  shield-like  expansion  of  the  body  above.  The 
larva  resembles  a  small  turtle,  from  the  edge  of  whose  shell  protrude 
two  pairs  of  appendages. 

The  labrum  is  thorned,  as  is  the  whole  body,  and  is  slightly,  if  at 
all,  movable.  In  this  respect  it  differs  little  from  other  young  nauplii. 
Like  the  first  pair  of  antennae,  the  labrum  is  obscured  by  its  larval 
envelope,  similar  to  that  which  extends  the  carapace  of  the  body  to 
form  a  false  shell.  The  second  antennae  are  of  the  usual  form  among 

Phyllopods,  the  anterior  branch  being  five-,  the  lower  one  two-jointed. 
The  basal  portion  is  furnished  with  a  prominence  bearing  two  heavy 
claws.       The  palp  of  the  mandible  is  of  the  usual  form. 

In  the  next  stages  slow  changes  accompany  the  increase  in  size- 
A  dorsal  area  is  marked  off  over  the  maxillary  and  mandiblar  seg- 

ments, from  which  the  shell  develops  under  the  larval  covering.  The 

nauplius  eye  becomes  associated  with  a  pair  of  club-shaped  sensory 
hairs.  A  ventral  swelling  becomes  distinct  and  proceeds  to  segment 
itself  and  elaborate  limbs.  (Fig.  i,  Plate  VII.)  In  figure  ii  of  this 

plate,  which  gives  a  semi-diagramatic  under  view  of  the  abdomen,  is 
shown  that,  as  in  other  Phyllopods,  the  appendiculate  segments  seem 

to  appear  at  once  and  the  development  goes  on  then  from  before  back- 
ward. Prior  to  the  appearance  of  feet  (stage  of  Fig.  i.)  the  animal 

is  about  0.33  mm.  long,  but  becomes  over  0.50  mm.,  before  the  meta- 
morphosis. In  the  last  stage  prior  to  assuming  the  characteristics  of 

the  adult,  the  antennules  seem  smaller,  the  labrum  has  become  cordate 

and  very  wide,  while  a  prominence  appears  below  the  eye.  Rudi- 
ments of  the  compound  eye  are  visible  and  the  sensory  filaments  over- 
lying the  pigment  fleck  are  developed.  The  anterior  part  of  the 

digestive  tract  has  bifurcated  and  its  branches  extend,  toward  the  labrum- 
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The  accessory  branch  of  the  second  antenna,  with  its  forceps,  has  be- . 

come  large.  Now  the  hypodermic  contents  of  the  antennules  with- 

draw from  its  shell  and  compact  themselves  into  the  mature  form,  de- 

veloping, at  the  same  time,  sensory  rods  in  their  substance.  The  con- 

tents of  the  labrum  fall  away  from  the  walls  and  gather  into  a  lobe-like 

body.  Feet  have  formed,  and  a  single-chambered  heart  is  actively 
pulsating.  The  future  shell  may  now  be  seen  under  the  larval  cover- 

ing, connected  only  with  the  back  over  the  segments  bearing  gnathites, 

and  hanging  free  about  the  edges.  When  the  moult  is  affected  the 

labrum  falls  within  the  valves,  carrying  with  it  the  small  tactile  anten- 

nules, which  hang  pendant  by  a  slender  stalk.  The  frontal  promi- 
nence, however,  is  elongated,  forming  the  beak.  The  larva  is  now  a 

diminutive  of  the  adult.  In  its  future  development  the  form  elongates 

and  finally  again  becomes  rounded  and  assumes  the  familiar  appear- 
ance. The  branches  from  the  stomach  fill  the  front  of  the  head  with 

so-called  liver-lobes.  The  compound  eye  becomes  perfected,  while 
the  nauplius  eye  is  covered  by  filaments  charged  with  some  unknown 

sensory  function.  The  heart  becomes  multi-chambered  and  the  geni- 
tal organs  appear.  For  a  figure  of  a  young  Limnetes,  see  Types  of 

Animal  Life^  etc.,  by  the  author;  for  figures  of  the  adult  and  a  discus- 

sion of  relationships,  see  Packard's  '' Monograph  of  the  Phyllopod 

Crustacea  of  America";  U.  S.  Geol.  Surv.  of  Teri-.  187S,  Part  I. 
Farther  details  may  be  gathered  from  the  plates.  It  is  a  matter  of 

regret  that  Grube's  work  on  the  development  of  the  European  Lim- 
netes brachyura  was  not  accessable  to  me  during  the  period  which  was 

covered  by  this  paper.  My  recollection  is,  however,  that  the  pro- 
cesses are,  in  the  main,  identical,  but  that  Grube  fails  to  identify  all 

the  organs  of  the  embryo. 

B.      Post-e7nhryonic  Development  oj  Chirocephahis. 

The  species  studied  is  assumed  to  be  the  common  C.  hol77iani^  Ryder, 

although  the  oldest  male  seen  differed  in  several  particular  from  the 

description  of  that  species.  One  must  imagine  a  fish-like,  transparent 

animal,  about  one-half  inch  long,  balancing  itself  in  the  water  by  the 
movement  of  eleven  pairs  of  lamellate  swimming  feet.  The  colors 

are  brilliant  and  do  not  interfere  with  an  almost  perfect  transparency  of 

the  body. 

The  earliest   stage  seen  is  that   figured  on  Plate  V,  Fig.  i.       The 

animal  is  at  that  period  .93  mm.  long  and  the  antennae  measure  about 



20  BULLETIN    OF   THE   LABORATORIES 

.57  mm.,  the  antennules  .32  mm.  The  form  is  that  of  a  nauphus 
toward  the  end  of  its  first  phase.  The  antennules  are  much  like 
those  of  males  of  Moina,  being  curved  abruptly  near  the  middle. 

They  are  clothed  with  a  spiny  larval  integument,  which  disappears  in 
the  next  stage.  The  sensory  ganglia  in  the  end  and  the  connecting 
nerves  are  present;  of  the  latter  there  seem  to  be  two  bundles  having 

a  different  course.  The  larval  eye  in  the  middle  of  the  head  is  dis- 
tinct and  has  two  lenses,  or,  rather,  crystalline  bodies. 

The  antennas  are  of  the  form  usual  to  larvae  of  this  family,  the 

rami  being  unequal,  the  shorter  being  very  indistinctly  two-jointed,  the 
longer  eighteen-jointed.  Near  the  base  a  small  prominence  bears  long 
spines,  later  to  serve  a  temporary  purpose  in  bringing  food  to  the 

mouth.  The  mandiblar  palp  is  indistinctly  6-jointed,  the  inner  ramus 
of  this  limb,  or  mandible  proper,  has  a  single  spine. 

The  thoracic  segments  are  already  indicated  and  rudimentary  limbs 
lie  under  the  larval  skin.  The  abdomen  bears  two  styles,  and  has  a 
set  of  muscles  adapted  to  produce  anal  respiration  in  the  rectum.  The 

stomach  is  simple  and  glandular.  Although  no  heart  could  be  distin- 
guished, blood  corpuscles  crowd  the  antennae  and  other  parts  of  the 

body,  (see  figure  4.)  Rudiments  of  the  compound  eyes  are  seen  on 
the  sides  of  the  head  where  pigment  is  collected. 

In  the  next  stage  the  animal  may  be  .98  mm.  long  (Fig.  2.)  and 

several  changes  appear.  A  well  marked  scutum  covers  the  mandib- 
lar and  maxillary  segments.  The  antennules  have  lost  their  spiny 

covering  and  the  proportions  of  the  antennae  have  changed.  At  the 

base  of  the  antennae  certain  organs  develop,  which  present  great  re- 
semblances to  the  branchial  sacs  of  the  other  feet,  but  which  become 

the  shell-glands  of  the  adult.  This  is  parallel  to  the  like  origin  of 
these  organs  in  copepods,  as  we  have  demonstrated  in  Diaptomus.  In 

Limnetes  it  was  impossible  to  follow  the  development  of  the  shell- 
gland.  (See  figure  6,  <?,  shell  gland;  M,  mouth;  L,  labrum  ;  Md, 
mandible;  Mx,  maxilla;  Mx  2,  second  maxilla.)  The  brain  lobes 

or  supra-oesophagal  ganglia  resemble  those  organs  in  cladocera,  the 
optic-lobes  being  apparently  hollow,  however.  The  posterior  part  of 
the  body  is  now  considerably  elongated.  The  segments  of  the  thorax 
seem  to  be  all  differentiated  at  once  and  the  segmentation  is  obscured 

by  a  false  segmenting  of  the  posterior  part  of  that  region  or  the  appa- 
rent absence  of  segments.  The  region  about  the  rectum  is  open  and 

crossed  by  the  muscles  giving  it  motion.       It  frequently  seemed  to  me 
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that  this  chamber  was  that  in  which  the  blood-corpuscles  (or,  better, 

lymph- cells)  were  formed.  The  rectum  is  covered  with  irregular 
masses  of  cells  of  varying  size,  and  I  more  than  once  thought  to  have 

observed  their  change  to  lymph-cells.  It  was  impossible,  unfortu- 

nately, in  the  time  allotted  to  observe  the  development  of  the  circu- 
latory system,  but  it  would  seem  that  the  heart  differentiates  from  the 

connective  tissues  between  the  stomach  and  the  scutum. 

(Fig.  3  illustrates  not  only  the  formation  of  the  posterior  appendic- 

ular segments,  but  the  rectal  sinus  with  its  muscles  and  lymph-cells. 
A  simple  valvular  apparatus  separates  the  rectum  from  the  anterior  part 

of  the  digestive  tract. ) 

The  next  stage  is  illustrated  on  Plate  VI,  Fig.  i.  A  change  in 

proportion  and  in  size  is  all  that  requires  notice.  Figures  ;^-6,  illus- 
trate the  growth  of  the  appendages.  Fig.  3  is  the  first  foot  of  the 

right  side  of  an  individual  over  1.5  mm.  long.  Fig.  4  is  the  same  of 

a  younger  individual  of  which  Fig.  5  is  the  sixth  and  Fig.  6,  the  ninth 

foot.  Fig.  7  shows  how  the  matrices  of  the  caudal  spines  are  devel- 
oped from  enlarged  cells  as  are  the  corresponding  parts  in  Daphnia. 

Fig  2,  of  Plate  VII,  illustrates  the  general  characters  of  the  animal 

when  about  2  mm.  long.  The  maxilla  have  become  larger  and  the 

feet  begin  to  assume  their  definitive  form. 

Fig.  3  shows  the  growth  of  the  caudal  stylets  and  the  character  of 

the  valve  at  the  opening  of  the  anus,  as  well  as  the  prolonged  matrix 

at  the  setae.  Fig.  4  illustrates  the  differentiation  of  the  optic  lobes 

and  of  the  anterior  part  of  the  stomach.  The  heart  is  by  this  time 

well  formed  and  whatever  part  the  rectal  cells  may  have  played  in 

originating  lymph-cells,  is  lost.  The  liver  lobes  grow  out  from  the 
stomach  and  the  labrum  becomes  reduced.  The  antennae  now  un- 

dergo a  rapid  and  remarkable  transformation.  In  the  male  the  shorter 

ramus  becomes  atrophied  as  shown  in  Fig.  10,  and  from  the  base  an 

epipodal  body  is  formed  just  as  in  the  case  of  the  feet.  At  first  this 

pouch  resembles  homologous  organs  in  the  feet,  but  soon  it  alters  and 

becomes  greatly  modified.  In  the  female  the  change  is  similar,  save 

that  this  branchial  sac  fails  to  develop  (Fig.  9.)  The  palpus  of  the 
mandible  is  likewise  reduced  to  a  mere  rudiment  (Fig.  8.) 

The  sexual  organs  of  the  female  appear  as  lobed  glands 

(Fig.  12.)  The  caudal  stylets  are  of  considerable  size.  A 

male,  in  the  stage  above  mentioned,  measures  3.5  mm.  In  the 

following   stages   growth   is   rapid.       The   antennae   modify   rapidly. 
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Figs.  2  and  3,  of  Plate  VIII,  show  the  form  of  the  antennae  of  the 

female  and  male  in  this  stage,  the  former  being  .78  mm.,  the  latter 

.79  mm.  long.  In  the  male  the  palp  is  gone  and  the  appendage  is 

considerably  developed,  the  longer  ramus  still  showing  its  primitive 

form.  Fig.  4  figures  the  fourth  foot  of  a  male  ̂   inches  long.  Fig. 

5  shows  the  abdomen  of  a  larger  male,  and  Fig.  6,  the  stylets  when 

they  are  .78  mm.  in  length.  Fig.  i  shows  the  form  of  the  head  of  a 

male  some  time  prior  to  maturity,  and  Fig.  8  illustrates  the  external 

genital  organs  of  one  side  at  the  same  period.  The  testis,  only  part 

of  which  is  shown,  is  a  double  chamber.  The  penis  is  paired  and 

each  factor  is  spiny.  A  common  muscle  protrudes  them  both  by  lateral 

pressure,  while  a  muscle  peculiar  to  each  serves  as  a  retractor.  Fig. 

7  illustrates  the  form  of  the  male  antenna,  previous  to  the  branching 

of  the  so-called  frontal  organ.  As  to  the  homologies  of  the  "  frontal 

organ,"  there  is  no  doubt  that  in  Chirocephalus,  as  stated  many  years 
ago,  it  is  an  appendage  of  the  base  of  the  antenna  and  the  develop- 

ment shows  it  related  in  position  and  formation  to  the  branchial  sacs  of 
the  other  limbs. 

There  is  a  curious  dimorphism  among  these  animals,  as  in  cope- 
pods.  The  males,  under  certain  circumstances,  become  sexually 
mature,  while  the  antennae  retain  an  undifferentiated  character.  The 

antenna  in  this  stage,  has  a  short  basal  process  and  the  remainder  is 

rather  short  and  bifid  at  the  tip,  one  of  the  branches  bearing  a  sharp 

spine.  The  frontal  appendage  is  simple,  coiled,  and  regularly  crenu- 
late  in  this  stage.  The  next  stage  is  characterized  by  the  elongation 
of  one  of  the  short  branches  at  the  end  of  the  male  antennae  and  the 

modification  of  the  frontal  organs. 

Explanation  of  Plates. 

Plate    V.  • 

Fig.    I.     Young  nauplius  larva  of  Chirocephalus. 

Fig.   2.     The  same  in  an  advanced  stage. 

Fig.  3.  End  of  body  of  individual  of  same  age  as  figure  I,  showing  cavity 

about  the  rectum  and  its  muscles,  the  cells  springing  from  the  walls  of  the  rectum, 

the  blood  corpuscles,  the  valve  at  the  posterior  end  of  the  stomach,  and  the  prim- 
itive segments  outlined  in  the  cellular  mass. 

Fig.  4.  End  of  the  longer  branch  of  the  second  antennae,  with  massed  blood 

corpuscles. 

Fig.   5.     Mandible  and  palpus. 
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Fig.  6.  Lower  view  of  anterior  part  of  a  larva,  about  the  size  of  that  shown 

in  figure  2,  oc.  nauplius  eye  ;  Ai,  antennae  ;  ̂,  eye  ;  ̂ ,  upper  ganghon  ;  ̂ i,  optic 

lobe  ;  A  2,  swimming  antennae  (base  only  shown);  M,  mouth  opening,  bordered  on 

either  side  by  commissures  passing  to  the  infra-oesophagal  ganglion  ;  Z,  labrum  ; 
-M/,  mandible  and  palp  ;  Mx,  first  maxilla  ;  Mx  2,  second  maxilla  ;  /,  //,  ///,  IV, 

etc.,  feet  in  different  stages  of  development. 

Plate    VI. 

Fig.  .1.      Chirocephalns  larva  in  an  advanced  stage,  seen  from  above. 

Fig.   2.     Limnetes  gouldii,  early  stage. 

Fig.   3.     First  right  swimming  foot  of  Chiroccphaliis  when  1.4  mm.  long. 

Figs.   4-6.     First,  sixth,  and  ninth  feet  of  younger  larva. 
Fig.   7.     Abdomen  of  same. 

Plate    VII. 

Fig.  I.  Larva  of  Linmetes  .3-',  mm.  long.  A,  first  antennae  \  A  2,  swimming 
antennae ;  Md,  mandiblar  palp  .  e,  eye  ;  /,  lense  ;  Z,  liver,  budding  from  anterior 

part  of  stomach  ;  s,  sensory  filament ;  ni,  muscles  of  rectum. 

Fig.   2.      Larva  of  Chij'ocephahis,  from  below. 
Fig.  3.     Caudal  stylet  of  same. 

Fig.   4.      Head,  showing  organs  of  one  side,  Z,  liver. 

Fig.    ̂ -     Muscles  of  swimming  antennae. 
Fig.  6.  Maxilla.  Fig.  7.  End  of  abdomen  of  an  older  individual.  Fig. 

8.  Mandible  and  palpus  [p)  in  this  stage.  Fig.  9.  Antennae  of  female.  Fig. 

10.     Antenna  of  male  ;  /;  inner  ramus  ;  g,  frontal  organ. 

Fig.    II.      Part  of  Limnetes  older  than  figure   I. 

Fig.   12.     First  abdominal  segment  of  female,  seen  from  below. 

Plate    VIIL 

Fig.  I.      Head  of  male  approaching  maturity. 

Fig.  2.     Antenna  of  female,  (length  of  antenna  .78  mm.) 

Fig.  3.     Antenna  of  male  of  about  the  same  age,  (length  of  antenna  .79  mm . ) 

Fig.  4.     Fourth  foot  of  male  ̂   inches  long. 

Fig.  ̂ .     Abdomen  of  young  male. 

Fig.  6.     Caudal  stylets  of  same,  (.78  mm.  long.) 

Fig.  7.     Antenna  of  same. 

Fig.  8.     Copulatory  organs  of  one  side,  m,  muscle  common  to  the  sheaths   of 

both  male  organs ;  /,  penis  or  forceps  ;  t,  testis. 

./^^.  9.     End  of  sensory  antenna  ;  a,  sensory  rods,  enlarged. 

J^ig,  10,     Ykw  gf  the  surface  of  the  basal  knob  on  the  male  antenna. 
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Fig.  II.  Larva  of  Limnetes  when  .5  mm.  long,  showing  withdrawal  of  the 

hypoderm  and  its  contents  from  the  walls  of  the  antennules  and  labrum.  A^  an- 

tennules  inside  the  sheath  formed  by  their  old  covering.  Z,  labrum  inside  its  old 

shell,  L\. 

Plate    X. 

Fig.    I.     Head  of  Chirocephahis,  male,  nearly  adult. 

Fig.  2.     A  typical  foot  of  the  same. 

Fig.  3.     One  of  the  swimming  feet  of  Limnetes. 

Fig.  4.  Outline  of  the  head  of  Limnetes,  after  the  metamorphosis,  showing 

relation  of  labrum  and  antennules  and  also  the  position  of  the  beak,  eye  and  sen- 

sory fleck. 
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MUD-INHABITING  CRUSTACEA. 

Plate  IX. 

Among  the  curiosities  of  pond  life  are  certain  minute  crustaceans 

which  spend  their  entire  Hfe  in  the  soft  debris  and  mud  forming  the 

superficial  deposit  at  the  bottom.  The  Canthocamptus  among  cope- 

pods  is  commonly  found  in  such  situations,  but  this  is  less  surprising 
than  that  members  of  the  cladocera,  or  shelled  entomostraca,  with  their 

delicate  organization  and  frail  structure  should  have  become  adapted 

to  such  a  life.  In  many  marine  crustaceans  (copepoda)  the  accomo- 

dation to  such  a  reclusive  life  is  manifested  in  the  retrograde  devel- 

opment of  many  of  the  organs — eyes,  even,  being  absent  in  several 
cases.  The  present  paper  is  concerned  only  with  a  few  cladocera, 

which  are  peculiar  to  America  or  rare  both  here  and  elsewhere,  and 
which  exhibit  curious  and  instructive  modifications  as  a  result  of  such 

a  habitat.  The  reader  who  wishes  to  familiarize  himself  with  the  sys- 

tematic classification  of  the  group  would  do  well  to  consult  Die  Clado- 

ceixn  Boehmens,  by  Hellich,  Birge's  Notes  on  Cladocera,  and  the 

writer's  Final  Report  o?t  Crustacea  of  Minnesota,  while,  for  a  thor- 

ough study  of  the  physiology,  Weisman's  Beitraege  zur  Naturgeschiclite 
der  Daphnoiden,  is  necessary.  A  special  paper  on  the  limicole  or 

mud-loving  cladocera  was  published  in  the  Zeitschrift  fuer  Wissenchaft- 

liche  Zoologie,  in  1S78,  by  Dr.  Wm.  Kurz,  and  entitled  Ueber  li??ii- 
cole  cladoceren.  Reference  will  be  frequently  made  to  this  paper  and 

this  must  be  understood  in  all  cases  of  reference  to  Kurz,  unless  other- 

wise specified.  These  mud-dwellers  are  happily  called  ̂ '-  schmutz-pe- 

terchen'^  cladocera,  i.  e.  "Smut-Johnny,"  or  chimney-sweep  water 
fleas.  In  America  the  following  species  are  pre-eminently  worthy  of 

the  name  :  Monospilus  tenuijvstris,  Leydigia  quadrangida?'is ,  Alona 
sanguinea,  Alona  quadrangula,  Plcuroxus procurviis,  and  several  other 

members  of  the  genera  Alona  and  Pleuroxus.       The  typical  cladocera 



38  BULLETIN    OF   THE   LABORATORIES 

are  graceful  in  movements  and  slender  in  form.  Very  generally  they 

are  more  or  less  boat-shaped  and  the  polished  shell  is  modeled  like  a 

clipper,  the  head-shield  forming  the  prow,  while,  in  a  few  cases  of  the 
best  swimmers,  (as  Camptocercus,  Acroperus,  and  Alonopsis)  there 

is  developed  a  sharp  ridge  upon  the  back  which  bears  an  unmistakable 

resemblance  to  the  keel  of  a  boat  and,  since  the  animals  swim  upon 

the  back,  may  not  impossibly  serve  a  similar  purpose. 

In  the  mud-loving  species,  on  the  contrary,  the  body  is  clumsy  and 

approaches  the  spheroid  in  form,  the  antennae,  which  normally  are  oar- 

like and  long,  bearing  fringed  setae,  are  short  and  are  armed  with  claw- 

like spines  and  smooth  setae.  The  post-abdomen  or  tail,  which  in  the 
natatory  species  is  reduced  in  size  and  subordinated  in  function,  is  here 

enlarged  and  armed  with  numerous  and  considerable  spines.  The 

front  of  the  head  is  either  reduced  and  pointed,  or,  if  there  be  a  long 

beak,  it  is  turned  up  out  of  the  way.  The  meaning  of  all  this  is  that 

the  animal  no  longer  swhns  on  its  back,  but  creeps  humbly  and  prone 

and  requires  the  efforts  of  post-abdomen  and  antennae,  as  pushing  poles 
to  make  its  way  through  the  debris  in  seach  of  food.  The  effect  of 

this  manner  of  life  is  seen  in  several  other  ways,  as  in  the  structure  of 

the  shell  itself.  In  several  of  our  species  the  shell,  which  is  renewed 

periodically,  is  not,  as  in  other  cladocera,  moulted,  but  remains  as  a 

sort  of  outgrown  overcoat,  after  the  new  shell  has  become  perfected. 

The  result  of  this  is  what  might  be  expected  from  the  sluggish  na- 
ture of  the  animal,  the  supply  of  clothing  thus  accumulated  becomes 

so  onerous  a  burden  that  it  no  longer  could  swim  if  it  desired  and  is 

thus  fettered  to  the  life  it  early  chose.  While  this  is  true  of  a  few 

only,  yet  in  all  the  limicole  cladocera  the  cuticle  becomes  indurated 

and  it  follows  that  respiration,  which  normally  takes  place  from  the  en- 
tire surface  of  the  body,  becomes  restricted  to  those  membranes  in 

contact  with  the  water  within  the  valves  of  the  shell.  As  a  partial 

offset  to  this  disadvantage,  the  strictly  respiratory  appendages  on  the 

feet  are  enlarged  more  than  in  most  groups.  The  sensory  organs  are 

modified  in  several  ways.  Kurz  calls  attention  to  the  fact  that  the 

antennules  are  movably  joined  to  the  body  in  the  limicole  cladocera ; 

they  are  also,  as  a  rule,  rather  large  and  well  endowed  with  sensory 

apparatus.  The  compound  eye  is  small  and,  in  one  species,  as  we 

shall  see,  fails  to  develop  at  all. 

MoNOSPiLUS  DisPAR,  Sars.  is  the  most  remarkable  of  all  filth-dwel- 
lers.      This  animal  may  probably  lay  claim  to  be  called  the  rarest  of 
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the  family  and  has  been  seen  but  few  times.  First  described  and 

figured  by  Fischer,  from  Russia,  it  next  turns  up  in  Scandinavia,  where 

Sars  gives  a  full  Latin  description.  Norman  and  Brady  find  it  in 

England,  and  Mueller  in  Denmark,  and,  finally,  Heilich  records  it  in 

Bohemia.  It  was  also  reported  from  Minnesota,  by  the  writer, 
in  1884. 

Unlike  most  other  limicole  cladocera,  the  body  is  narrow  and  high, 

rather  than  globose,  the  head  is  much  depressed  and  terminates  in  a 
slender  rounded  beak,  like  the  bill  of  a  duck.  The  fornices  or  free 

margins  of  the  head-shield  are  narrow  and  flaring.  The  shell  of  an 

old  individual  is  a  curious  pile  of  overlapping  valves,  and  is  ornament- 

ed with  concentric  series  of  depressions.  The  lower  margin  is  nearly 

straight  and  bears  a  row  of  long  curved  teeth  (not  free  spines),  back 
of  which  are  two  small  teeth.  The  antennae  are  short  and  the  an- 

tennules  rather  slender.  In  this  respect  our  specimen  seemed  to  dis- 
agree with  the  figure  given  by  Heilich.  The  labrum  is  of  large  size 

and  is  produced  into  an  acute  appendage  below,  as  in  most  Lynceids. 

The  compound  eye  is  quite  absent,  but  its  function  is  subserved  by  the 

larval  organ,  a  quadrate  and  rather  large  fleck  at  the  base  of  the  an- 

tennules.  The  intestine  is  coiled  once  and  ime-half  times  and  opens 

in  about  the  middle  of  the  flat,  pentagonal  post-abdomen.  The  latter 
bears  straight  terminal  claws,  each  with  a  single  basal  spine,  a  series  of 

rather  small  triangular  teeth,  posteriorly,  and  irregular  areas  of  fine 

spines  upon  the  sides.  The  male  is  not  known  and  many  points  of 
interest  remain  to  be  made  out. 

The  two  species  of  Leydigia,  both  of  which  occur  in  America,  are 

familiar  enough  and  are  sufficiently  well  described  to  render  a  repeti- 
tion of  the  description  needless.  It  is  otherwise  with  the  only  species 

of  llyocriptus  yet  found  in  America. 

Ilyocryptus  setifer,  Herrick. — The  description  given  in  my 

"Final  Report,  etc.,"  is  very  brief  and  no  comparisons  were  there 
instituted  with  the  /.  agilis  of  Kurz  which  is  its  nearest  ally  in 

Europe.  The  paper  by  Kurz  referred  to  gives  detailed  descriptions  of 

the  three  European  species  accompanied  by  elegant  plates.  We  are 

able,  therefore,  to  draw  up  the  following  distinctive  diagnosis  of  the 

species,  hoping  thereby  and  by  means  of  the  figures  to  show  the  rela- 
tions of  the  four  species  at  present  known.  It  is  almost  certain  that 

we  have  more  than  one  species  in  America  and  the  careful  description 

of  the  known  form  may  make  the  detection  of  others  easier. 
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The  size  varies  greatly,  a  full  grown  female  with  eggs  in  the  brood 

cavity  is  nearly  .90  mm.  long  and  .70  high,  while  a  smaller  female 

measures  .65  mm.  long  by  .44  high.  The  form  of  the  shell  is  nearest 

like  that  of  /.  acutifrons,  the  heighth  being  less  than  in  /.  sordidus, 

and  the  angle  between  the  ventral  and  posterior  margins  less  than  in 

/.  agilis.  The  entire  length  of  the  post-abdomen  in  the  large  female 
is  .56  mm.  measured  to  the  base  of  the  caudal  stylets,  of  which  length 

.168  mm.  pertains  to  the  claws.  The  width  of  the  post- abdomen  is 

but  .14  mm.  Thus  it  is  evident  that  the  proportions  of  the  post- 
abdomen  differ  greatly  from  any  of  the  other  species,  it  being  very  long 

and  narrow.  The  terminal  claws  are  exactly  as  in  /.  agilis,  having 

two  small  basal  spines  and  a  few  sharp  serrations  near  the  apex,  an- 
teriorly. Near  the  base  of  the  claw  is  a  cluster  of  small  spines  of 

two  sizes,  then  begins  a  series  of  about  sixteen  lateral  teeth  averaging 

.02  mm.  in  length  and  extending  to  the  sides  of  the  anus.  Above 

this  point  the  contour  of  the  margin  is  convex  and  is  ornamented  with 

nine  spines  twice  as  long  as  the  preceeding.  Then  follow  the  promi- 
nences which  bear  the  long  and  simple  caudal  setae.  Besides  the 

above  mentioned  spines  there  are  four  spines  on  either  side  upon  the 

lower  posterior  angle  of  the  post-abdomen  which  are  four  times  as  long 
as  those  of  the  previously  mentioned  continuous  series  (/.  e.  .08  mm.) 

Above,  the  abdomen  is  hirsute  or  thorny  as  in  /.  agilis,  and  the  process 

for  closing  the  brood  sac  is  similar.  It  will  be  seen  that  the  post- 
abdomen  differs  in  armature  as  much  as  in  form  from  other  species. 

From  /.  sordidiis  it  differs  in  the  following  points  : — the  claws  are  not 
pectinate  behind  but  are  serrate  in  front,  the  anal  opening  is  higher 

and  the  details  of  the  spines  vary  ;  from  /.  acutifrons  it  differs  in  that 

the  claws  are  not  pectinate,  neither  is  there  a  spine  in  front  of  the  claws, 

and  the  anus  is  not  terminal ;  from  /.  agilis  it  differs,  in  that  the  shape 

is  different,  there  are  fewer  enlarged  spines,  and  the  shape  of  the  nine 

spines  above  the  anus  is  different.  The  head  is  convex,  resembling 

/.  sordidiis  most  nearly,  but  the  antennules  are  much  longer  and  more 

slender  than  in  any  other  known  species.  They  are  .17  long  and  about 

.016  mm.  wide,  while  the  longest  seta  is  .084  long.  The  antennae  are 

almost  exactly  as  in  /.  sordidiis.  The  labrum  has  the  usual  shape,  as 

have  the  jaws  and  other  appendages.  The  margins  of  the  shell  are 

ornamented  with  spines  simply  pectinate  or  barbed,  as  in  /.  agilis.  In 

/.  sordidus  these  spines  are  variously  branched  and  in  that  form  alone 

of  the  European  species,   according  to  Kurz,  is  there  a  failure  to  per- 
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feet  the  moult;  in  our  species,  which  has  simply  pectinate  setae,  the  old 

coverings  are  all  but  uniformly  retained.  The  spines  of  the  lower 

posterior  margin  are  from  .16  mm.  to  .20  mm.  long. 

Such  are  some  of  the  chief  peculiarities  of  the  species,  but,  to  make 

the  relation  between  the  four  species  of  this  little-known  genus  even 
clearer,  if  possible,  the  following  comparative  table  is  appended. 

The  shell  moulted  periodically  — 

The  shell  not  moulted  but  retained — 

j  I.  agilis. 
\  I.  acutifrons. 

J  I.  sordidus. \  I.   spinifer. 

Antenules  not  more  than  eight  times  as  long  as  broad — 

Antenules  more  than  eight  times  as  long  as  broad — 

f  I.  sordidus. 
-   /.  agilis. 

\  I.  acutifrons. 
I.  spinifer. 

Claw  of  post,  abdomen  pectinate — 

Claw  of  post-abdomen  not  pectinate — 

J  I.  sordidus. \  I.  acutifrons. 

J  I.  agilis. \  I.  spinifer. 

A  strong  spine  in  front  of  claw — 

Fine  bristles  or  none  in  front  of  claw 

I.   acutifrons. 
( I.  sordidus. 
X  I.  agilis. 

y  I.  spinifer. 

Anus  opening  near  the  claws — 

Anus  about  midway  of  the  posterior  border — 

I.  acutifrons. 
(  I.  sordidus. 

\  I.  agilis. 

y  I.  spinifer. 
Marginal  spines  of  shell  much  branched — 

Marginal  spines  nowhere  much  branched — 

I.  sordidus. 

C  /.  agilis. 
\  I.  acutifrons. 
(  /.  spinifer. 

Elongated  anal  spines  on  either  side,  four  or  five,  very  long — 

Elongated  anal  spines  more  numerous — 

I.  spinifer. 

( I.  agilis. 
\  I.   acutifrons. 

(  /.  sordidus. 
Upper  ̂ (one  to  three)  spines  of  the  supra-anal  series  modified 

and  enlarged — 

Upper  spines  like  the  others — 

j/.  acutifrons. 

\l.  agilis. 
j/.  sordidus. 
\l   spinifer. 
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Plate  IX. 

Fig.    I.     Ilyocryptus  spinifer,  Her.,  female. 

Fig.  2.     Post-abdomen  of  same. 

Fig.  3.     Antenule  of  same. 

Ftg.   \A.     Jaw  of  /.  sordidiis. 

Fig.  4.     Post-abdomen  of  same. 
Post-abdomen  of  /.  agilis. 

Head  of  same,  antennae  being  removed. 
Antenule  of  /.  sordidiis. 

Spines  on  edge  of  shell  of  same. 

Post-abdomen  of  /.  acuiifrons. 

Monospihis  dispar,  female. 
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V. 

NOTES  ON  AMERICAN  ROTIFERS. 

BY   C.    L.    HERRICK. 

{Plates   II— IV,   and  Plate  X.] 

Introduction. — In  the  series  of  papers  here  begun,  it  is  expected  to 
treat  the  subject  in  somewhat  the  following  order :  First,  in  an  intro- 

ductory section,  an  outline  of  the  general  characteristics  will  be  given, 
then  we  shall  proceed  to  a  description  of  species  without  attempting  to 

treat  them  in  systematic  order,  finally,  if  permitted,  space  may  be  de- 
voted to  a  review  of  the  classification  and  a  more  detailed  discussion 

of  anatomy  and  development.  The  present  installment  attempts 
simply  to  describe  a  few  of  the  common  species  of  a  number  of 

genera. 
A  rotifer  may  be  described  as  a  worm-like,  bilateral,  metazoan, 

moving  by  means  of  a  circum-oral  trochal  disc,  and  either  adherent  or 
free-swimming.  Many  of  the  animals  of  this  group  are  exceedingly 
small  and  are  greatly  exceeded  in  size  by  certain  Infusoria,  and  it  was 
this  circumstance,  as  well  as  a  certain  outward  similarity  in  appearance, 

which  led  Ehrenberg  to  include  both  under  the  one  head  and  to  as- 
cribe to  Infusoria  the  same  complicated  structure  he  was  able  to  make 

out  in  rotifers.  Living  in  all  fresh  waters,  these  animals  are  among 
the  most  accessible  objects  for  the  microscope,  yet,  on  account  of  the 

care  necessary  in  their  study  and  the  scattered  literature,  they  have 
been  much  neglected  in  America. 

The  body  of  all  rotifers  exhibits  a  tendency  to  segmentation,  which 
is,  however,  mainly  confined  to  the  integument.  The  inner  organs 
are  but  slightly  affected  by  the  jointing,  except  the  muscular  system 

which  is,  moreover,  largely  responsible  for  the  number  and  arrange- 
ment of  the  segments.       Very  generally  the  body  terminates  posteri- 
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orly  in  a  several-jointed  abdomen  or  "foot,"  which  bears  two  caudal 
stylets  and  contains  glands  which  secrete  a  gummy  fluid  used  by  the 
animal  in  temporarily  adhering  to  other  objects.  The  form  varies 

from  nearly  spherical  or  round  lense-shaped  to  terete  and  extended. 
The  cuticle  is  modifided  in  various  ways,  sometimes  appearing  like  a 

bivalve  shell  and  thus  hightening  the  resemblance  to  certain  entomos- 
traca  and  explaining  why  older  naturalists  classed  the  rotifers  under 
Crustacea.  The  cuticle  may  be  smooth  or  beautifully  ornamented  and 

produced  into  long  spines  or  marked  off  into  areas  outlined  by  im- 
pressed or  raised  lines.  The  cuticle  is  secreted  by  a  hypodermic  layer 

which  is  often  seen  obviously  to  consist  of  cellular  tissue.  Notwith- 
standing the  protection  afforded  by  a  chitinous  shell,  some  species 

(as  Melicerta  ringens)  build  for  themselves  a  tube  composed  of  ma- 
terials gathered  from  the  water  and  apparently  connected  by  a  cement 

secreted  in  a  gland  near  the  mouth.  Such  an  envelope  may  be  com- 

pared to  those  swallows'  nests  eaten  in  Asia,  or  the  case  of  a  caddis-fly. 
Some  of  the  species  live  in  colonies,  and  when  the  colony  is  spherical, 

as  in  Conochilus,  it  is  a  veritable  microcosm — a  sphere  of  active,  vora- 
cious creatures  whirling  through  aqueous  space.  In  only  one  case  is 

it  certainly  known  that  a  moult  takes  place,  and  facts  seem  to  be  un- 
harmonizable  with  the  theory  that  such  a  change  of  coats  is  affected. 

The  cilia  of  the  trochal  disc  or  "wheel"  are  arranged  in  the 
greatest  variety  of  ways  in  different  genera.  The  attempt  is  made  to 
refer  all  these  forms  back  to  a  fundamental  form — /.  e.  a  double  circlet 

of  cilia,  the  outer  of  which  is  largest  and  serves  as  locomotory,  while 
the  inner  set  is  under  the  control  of  voluntary  nerves  and  serves  simply 
to  bring  food  within  the  pharynx.  In  many  cases  there  is  really  no 

indication  of  such  a  distribution  and  the  cilia  seem  to  be  merely  iso- 
lated clusters  of  hairs  scattered  about  the  oral  end  of  the  body. 

Several  of  the  rotifers  are  parasitic  and  cling  to  the  less  exposed  parts 

of  the  body  of  certain  Amphipods,  or  on  Annelides,  or  are  endopara- 
sitic.  The  muscles  are  often  very  conspicuous  and,  when  large,  show 
the  striated  structure  well.  The  alimentary  canal,  maxtax,  and  the 
contractile  water  vessel  have  muscular  tissue  af  another  sort. 

The  nervous  system  is  most  diflicult  to  study  and  little  is  certainly 

known  of  its  structure.  Usually  there  can  be  made  out  a  considera- 
ble granular  mass  over  the  maxtax  and  in  close  proximity  to  the  eyes, 

this  is  assumed  to  be  the  principal  ganglion.  From  the  chief  or  cen- 
tral ganglion  fine  nerves  pass  to  the  muscle  and  organs  of  sense. 
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The  eyes  are  double  or  single  and  are  sometimes  supplied  with  a 

lense ;  they  are  always  furnished  with  a  dark  red  pigment  and,  very 

generally,  rest  directly  upon  the  ganglion.  There  are  occelli  at  vari- 
ous points  in  the  trochal  disc  of  some  species.  The  sense ,  of  touch 

is  delicate,  and  there  is  often  a  special  tactile  tentacle,  or  palpus  with 

minute  tactile  rods.  This  may  be  reduced  to  a  slight  papilla  or  a  pit, 

with  sensory  hairs.  No  other  sensory  organs  have  been  discovered,  al- 
though Huxley  fancies  that  to  be  an  octocyst,  which  the  Germans  call  the 

' '  Kalk-beutel, "  i.e.  the  lime-sac.  This  is  a  spheroidal  sac,  contain- 
ing irregular  grains  of  lime.  The  function  is  unknown,  but  it  may 

be  simply  a  reserve  supply  to  be  used  in  preserving  the  rigidity  of  the 

indurated  parts  of  the  body. 
The  mouth  is  more  or  less  ventral,  while  the  anus  is  dorsal.  The 

mouth  leads  by  the  pharynx  into  a  roomy  and  expansible  crop  or 

directly  into  the  maxtax  or  masticatory  organ,  and  this  is  armed  with 

chitinous  appendages  of  the  most  various  form,  but  referable  to  a  sim- 

ple type.  Here  there  is  a  central  anvil-like  part  called  the  incus  and 
two  lateral  mallei  which  consist  of  a  handle  (or  manubiHuni)  and  a 

head  {uncus)  which  beats  upon  the  incus  and  reduces  the  hard  parts 

of  the  food.  The  maxtax  opens  into  a  narrow  ciliated  oesophagus 

which,  in  turn,  leads  to  the  stomach  proper. 

The  stomach  is  sometimes  quite  distinct  from  the  succeeding  parts 

of  the  system,  but  sometimes  can  only  be  distinguished  by  the  large 
size  and  absorbtive  character  of  its  cells.  Into  the  stomach  is  poured 

the  secretion  of  a  pair  of  glands  which  may  be  compared  to  the  so- 

called  salivary  glands  of  insects  or  the  liver  and  salivary  glands  of  ver- 

tebrates. The  size  of  the  glands  is  dependent  on  the  diet  of  the  ani- 
mal. In  carnivorous  species  the  glands  are  small,  while  in  others 

they  become  quite  conspicuous.  The  intestine  is  clothed  with  long 

cilia  and  opens  into  the  cloaca  or  common  receptacle  of  the  reproduc- 

tive, water  vascular,  and  alimentary  systems.  In  some  species,  how- 
ever, the  stomach  is  a  coecum  and  has  no  anus.  Males  uniformly 

lack  the  alimentary  system  and  are  short-lived  creatures  of  love.  In 
some  cases  evident  messentaries  support  the  digestive  tract. 

The  excretory  system  consists  of  a  pulsating  bladder,  opening  into 

the  cloaca,  and  two  lateral  vessels  of  various  form,  upon  which  are 

flagellate  chambers  which  contribute  to  keep  up  a  circulation  between 

the  cavity  of  the  body  and  this  vascular  system. 

Respiratory  and  circulatory  organs,  in  the  received  sense,  are  absent, 
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respiration  taking  place,  as  in  many  small  entomostraca,  through  the 

body  surface,  and  circulation  is  affected  by  the  rythmical  movements 

of  the  digestive  tube  and  the  ciliary  action  in  the  later  vessels. 

In  mature  females  much  of  the  body  cavity  is  filled  by  the  ovary 

and  the  yolk  masses  or  eggs.  The  ovary  is  disc-shaped,  botryoidal 
or  variously  contoured  and  in  the  grey  substance  exhibits  hyaline  spots 

containing  the  nucleated  ovule  cells.  A  part  of  the  ovary  temporari- 

ly secretes  the  yolk  when  the  egg  reaches  maturity,  so  that  the  appear- 
ance of  the  viscera  differs  greatly  at  different  times.  The  egg,  after 

extrusion,  is  commonly  carried  about  in  a  delicate  external  brood-sac 
as  in  copepoda. 

To  add  here  the  details  of  the  development  of  the  egg  would  lead 

us  too  far.  The  male,  as  before  said,  has  no  functional  digestive  tract 

and  is  not  only  much  smaller  than  the  female,  but  suffers  a  reduction  in 

many  organs.  The  sensory  organs  are,  however,  well  developed.  The 

testis  is  spindle-shaped  or  oval  and  opens  in  a  papilla,  which  also  con- 
tains the  opening  of  the  water  chamber  or  pulsating  vessel.  The 

spermatozoa  are  rod-like  or  thread-like  and  motile. 

The  Rotifera  are  found  in  fresh  and  salt  water  over  the  entire  globe. 

Some  species  may  be  found  in  damp  situations  on  land.  They  exceed 

even  the  lower  Crustacea  in  their  great  adaptability  to  changes  in  out- 
ward surroundings.  Not  only  is  drought  not  destructive  to  the  eggs, 

but  the  animal  itself  endures  a  long  period  of  dissication.  Other 

notes  upon  the  habits  must  find  their  place  under  the  special  descrip- 
tions. 

Descriptive  Part. — As  above  stated,  the  following  descriptions  are 
given  without  attempt  at  orderly  arrangement,  with  the  expectation  of 

ultimately  attempting  a  systematic  review.  In  cases  where  lack  of 

literary  aids  make  positive  identification  impossible,  the  description 

alone  will  be  given,  awaiting  future  identification. 

GENUS  FLOSCULARIA,    Oken. 

The  head  is  margined  by  five  oval  processes  bearing  exceedingly  long  setas  of 

excessive  fineness.  The  mouth  is  central,  with  a  funnel-form  opening.  There  is 

a  crop-like  vestibule,  separated  by  a  partition  from  the  pharynx,  except  in  the  cen- 
tre, which  is  perforate,  the  opening  being  margined  by  several  pendulous  cilia. 

The  adult  is  attached  by  a  long,  jointed  foot,  but  the  young  is  motile  and  possesses 

eyes,  which  are  aborted  after  the  metamorphosis. 
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Floscularia  ornata,   Ehr. 

is  not  a  rare  inhabitant  of  the  pools  of  Minnesota.  The  very  full  de- 
scriptions of  this  species,  given  by  various  authors,  would  seem  to  have 

exhausted  the  subject,  but  we  do  not  even  yet  feel  sure  that  the  so- 

called  species  are  not  local  or  age  variations.  The  other  species  are 

F.  appendictdata^  F.  proboscidea^  F.  complanata^  F.  longiloba,  and  F. 
trifolium. 

Of  Rotifer  and  Callidina  we  find  a  number  of  species,  but  reserve 

the  consideration  of  the  group  for  another  occasion. 

Notojnjnata  furnishes  several  species  which  are  very  abundant  and 

striking,  but  a  large  number  of  works  are  necessary  for  their  study. 

GENUS  EUCHLANIS,   Ehr. 

The  lorica  is  oval  and  composed  of  an  arched  dorsal  shield  and  a  plane  ven- 

tral one.  The  lorica  in  front  is  broad  and  presents  a  large  opening  for  the  head. 

The  shell  often  has  a  carina  above,  while  the  dorsal  shield  is  movable  upon  the 

ventral.  The  trochal  disc  is  strongly  ciliate  and  bears  two  terminal  sensory  or- 

gans with  clumps  of  tactile  hairs.  There  is  a  single  cervical  eye  and  the  viscera 

are  highly  differentiated.  The  foot  has  four  short  segments  and  two  terminal 
lanceolate  claws. 

EucHLANis  (dilatata)  hipposideros,    Gossc. 

{Plate  III,   Fig.    2.] 

The  identification  of  our  species  with  the  above  is  made  in  spite  of 

minor  points  of  disagreement  which  may  be  looked  upon  as  the  result 

of  faults  in  the  descriptions  or  slight  variations  in  structure.  Eckstein 

gives  the  length  at  .45  mm.,  while  Eyferth  says  .23  mm.  Our  spe- 
cies varies  only  between  .22  and  .24  mm.  and  is  quite  uniform,  so  far 

as  observed.  The  form  is  oval,  the  lorica  being  excavated  before  and 

behind,  as  shown  in  the  figure,  although  it  is  not  often  seen  as  clearly 
as  drawn. 

The  trochal  disc  has  two  broken  circlets  of  cilia,  and  on  either  side 

the  head  is  a  pit  densely  ciliated  within.  The  drawing  given  by  Eck- 

stein shows  the  arrangement  well.  Two  curious  sensory  organs  oc- 
cupy the  very  front  of  the  head.  The  ganglion  is  very  large  and 

quadrate,  the  eye  being  near  its  anterior  part  and  quite  large.  The 

maxtax  is  quadrate,  showing  the  component  parts  well.  The  stomach 

is  ob-pyriform  and  there  are  two  accessory  glands.  The  ovary  has 

very  large  nuclei  and  the  egg  is  of  great  size.       The  contractile  vessel 
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is  clearly  seen  and  all  the  details  of  the  water  vascular  system  may  be 

made  out  with  ease.  The  lateral  vessels  are  tortuous  canals,  while 

upon  them  are  seated  beaker  cells,  the  flask-shaped  base  of  which  con- 
nects directly,  by  means  of  a  curved  tube  of  less  diameter,  with  the 

main  canal.  The  mouth  of  the  flask  is  directed  downwards  and 

has  a  small  opening  near  which  is  the  point  of  insertion  of  a  long 

cilium  Avhich  extends  upward  into  the  flask,  where  it  is  constantly  in 

motion.  There  seems  to  be  no  reason  to  doubt  that  by  means  of 

these  beaker-cells  the  vascular  system  is  in  communication  with  the 
perivisceral  cavity.  The  foot  is  comparatively  slender  and  has,  aside 

from  distinctly  cross-striate  muscles,  two  large  foot  glands  which  open 

in  the  ends  of  the  rather  long  dagger-shaped  claws.  A  pair  of  fine 
bristles  springs  from  the  dorsal  surface  of  the  last  segment  of  the  foot. 

The  following  measurements  were  taken : 

No.    I.     lorica  .22  mm.    long.  No.    2.      .22  No.   3.      .24 

"      .14  mm.  wide.  .14  .15 
foot      .06  mm.    long.  .06  — 
claws   .07  mm.   long.  •.  07  .072 

jaw  capsule  .06  mm.   long.  .06  .048 

Found  in  Minnesota  during  the  whole  summer  among  water  plants. 

EUCHLANIS    AMPULIFORMIS,    Sp.  )l. 

{Plate  II,  Fig.  3.] 

This  species,  which  deviates  toward  Salpina,  is  smaller  than  the 

above  and,  in  outline,  is  somewhat  flask-shaped.  The  back  is  cari- 
nate  and  the  flat  ventral  plate  is  excavated  posteriorly  with  a  cordate 

opening.  The  head  is  produced  and  densely  hairy  below.  The 

maxtax  is  small,  but  the  cervical  eye  is  very  large.  The  nuclei  of  the 

ovary  are  very  Conspicuous,  although  the  egg  is  not  as  large  in  propor- 

tion as  in  the  above.  The  foot  is  four-jointed  and  the  claws  are  elon- 
gated and  somewhat  curved.  The  lorica  is  .16  mm.  long,  the  claws 

.08  mm.  Another  individual  measured  .20  mm.  and  the  claws  were 

.12  mm.  long.  This  species  was  seen  but  twice,  June  i8th,  1884, 
in  Minnesota. 

POLYARTHRAEA. 

The  family  includes  the  two  genera,  Triarlhfa  and  Polyarthra.  In  both 

genera  the  foot  is  wanting  and  appendages  of  the  sides  of  the  body  take  its  place. 

The  body  is  not  segmented  except  anteriorly  and  the  form  is  not  definite.  The 

genus  first  mentioned  has  two  lateral  and  a  ventral  appendage,  while  in  Polyarthra 

the  appendages  are  collected  in  groups  upon  the  opposite  sides.  In  both  generp, 

the  egg  is  carried  about  as  in  Anutxcs^ 
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GENUS  POLYARTHRA,   Ehr. 

A  single  species  has  so  far  been  encountered  and  I  am  able,  with 

the  works  at  hand,  to  discover  no  reason  to  doubt  its  identity  with  P. 

platyptera  of  Ehrenberg. 

When  swimming  freely  this  animal  seems  to  consist  of  two  quad- 
rilateral segments,  the  first,  or  head  segment  being  considerable  shorter 

than  wide  in  outline,  while  the  body  is  a  third  longer  than  wide.  The 

trochal  ciliation  is  slight.  Two  sensory  organs  are  conspicuous  upon 

the  front  of  the  head  and  the  eye  occupies  the  middle  of  the  first 

segment  near  its  posterior  margin.  The  maxtax  is  very  large  and  the 

stomach  is  short,  with  a  tubular  intestine.  There  are  two  prominences 

on  either  side  of  the  body  near  the  front,  each  bearing  three  lanceolate 

spines.  The  egg  is  very  large  and  is  perhaps  half  as  bulky  as  the 

whole  body.  The  contractile  vessel  is  small  and  little  could  be  seen 

of  the  lateral  vessels.  The  length  is  .10  mm.  ;  width,  .08  mm,;  setae, 

.088  mm.  long.  This  species  seems  rare  and  was  found  among  plauts 

in  standing  water  during  June  and  July  of  1884  and  1885  near  Min- 
neapolis. 

The  group  of  genera  termed  Macrodactylea  or  Longiseta  includes 

such  animals  as  have  a  more  or  less  elongate  and  frequently  cylindrical 

body,  often  strongly  curved,  and  possess  the  following  characters. 

The  cuticle  is  considerably  indurated ;  the  terminal  segment  of  the  foot 

is  long ;  there  is  usually  a  lack  of  symmetry  exhibited  by  the  claws  or 

maxtax;  and  the  cilia  are  sparse  upon  the  trochal  disc. 

The  following  genera  are  at  present  included  in  the  family : 

Scaridium,  Monura,  Furcularia^  Diste?nma^  Monocerca^Mastigo- 
cerca,  Diurella,  Heterognathus ^  Rattulus. 

GENUS  DIURELLA,   Bory  de  St.  V. 

The  body  is  more  or  less  perfectly  cylindrical,  and  curved  either  ventrally  or 

dorsally.  The  claws  are  rather  long  and  frequently  seem  united,  and  are  curved 

ventrally,  The  eye  is  cervical  and  single.  There  is  a  sensory  tube  upon  the 

upper  (dorsal)  part  of  the  disc.  Three  species  are  described,  although  doubt  ex- 
ists as  to  the  specific  value  of  one  of  these;  they  are  D.  tigris,  Ehr.,  D.  Rattulus^ 

Eyferth,  and  D.  stylata,  Eyferth,  to  which  a  species  is  added  below  under  the  name 
D.  insignis.     The  common  species  in  America  is 

Diurella  TIGRIS,  {Ehr. )  Bory. 

The  descriptions  and  figures  of  European  authors  vary  remarkably 

in  this  instance,  but  from  them  all  we  are  able  to  gather  sufficient  tQ 
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make  it  reasonably  sure  that  our  species  is  really  D.  tigris.  It  is 

quite  variable  in  size  and  form.  The  cylindrical  body  is  strongly 

curved  ventrally.  The  head  is  distinctly  set  off  from  the  body  by  a 

suture  as  represented  by  Eyferth  but  not  by  Eckstein.  The  sides  of 

the  neck  extend  into  a  sharp  spine  on  either  side,  which,  however,  may 

be  easily  overlooked.  There  is  a  sensory  cylinder  which  forms  a  third 

prominence  upon  the  front.  The  foot  consists  of  but  a  single  evident 

segment  which  is  quite  short.  The  appendages  assume  a  variety  of 

appearances.  Usually  they  seem  to  form  a  flattened  triangular  plate 

curved  in  the  same  plane  as  the  body.  This  appearance  is  figured  by 

Eckstein,  though  he  describes  the  appendages  as  consisting  of  two  pairs, 

the  outer  half  as  long  as  the  inner,  both  being  united  at  the  tips  into 

one  plate.  Eyferth  says,  on  the  other  hand,  that  the  foot  bears  two 

unequal,  bristle-like,  curved  claws,  but  his  drawing  shows  two  equal 

claws.  Our  experience  confirms  Eyferth' s  account.  Like  RattuliAs^ 
this  species  moves  in  circles  or  arcs  of  circles  when  lashing  its  tail,  but 

has  the  power  of  moving  in  a  straight  line  by  the  use  of  the  cilia  alone. 

The  maxtax  is  nearly  as  drawn  by  Eckstein.  The  chief  organs  are 

two  anchor -like  indurated  processes  which  are  unlike  in  length  and 

form.  The  walls  of  the  maxtax  are  furnished  with  ring-muscles. 
The  stomach  is  glandular  and  its  cells  contain  large  globules  of  fatty 

matter.  The  intestine  is  pear-shaped  and  furnished  with  numer- 
ous cilia.  The  contracting  vessel  is  large  but  the  lateral  vessels 

are  not  easily  seen  and  I  can  add  no  details.  The  single  cervical  eye 

is  large  and  seated  on  a  large  elongate  ganglion.  The  ovary  is  small 

and  the  egg,  when  present,  occupies  the  left  side  of  the  body  on  its 

ventral  aspect.  The  total  length  is  about  .20  mm.  of  which  the  body 

forms  .16  mm.  The  longer  claw  measures,  in  large  specimens,  .048 

mm.  and  the  shorter  only  .036  mm.  Sometimes  I  fancied  that  I  saw 

two  .lateral  spines  as  described  by  Eckstein.  The  width  of  the  lorica 

is  about  .65  mm.  This  species  was  encountered  in  Ohio  and  Minne- 
sota in  all  situations  and  seasons. 

DiURELLA  INSIGNIS,   Sp.    11. 

{Plate  IV.     Fig.  6.) 

A  larger  species  than   the  above  is   found  in    Minnesota.       The 

length,  exclusive  of  the  claws,  is  from  .17  to  .20  mm.       The  claws 

are  .06  mm.  long,  one  being  much  longer  than  the  other.     There  are 

spines  in  the  cervical  region  similar  to  those  described  in  in  the  above, 
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The  body  is  much  more  slender,  while  the  viscera  do  not  differ  essen- 
tially from  D.  tigris. 

GENUS  MONOCERCA,  Ehr. 

This  genus  includes  elongated,  nearly  cylindrical  or  conical  forms,  having  a 

single  greatly  elongated  claw  and  more  or  fewer  accessory  spines  on  the  last  seg- 

ment of  the  foot,  The  maxtax  is  elongate,  with  unequal  indurated  ridges.  The 

stomach  is  oval  and  the  intestine  cylindrical. 

The  only  specimens  of  this  genus  as  yet  seen  resemble  very  closely 

M.  rattus  of  Ehrenberg  but  are  somewhat  longer.  The  lorica  is  .30 

mm.  long  while  the  claw  is  .22  mm.  The  foot  consists  of  two  seg- 
ments, both  of  which  are  very  short,  while  the  last  carries  four  or  more 

unequal  spines.  -The  pulsating  vessel  is  elongate  oval  but  the  details 
were  not  studied.     This  rotifer  it  quite  rare. 

GENUS  DINOCHARIS,  Ehr. 

The  lorica  is  cylindrical  or  prismatic,  with  a  wide  opening  in  front.  The 

head  is  distinct  and  feebly  ciliated.  The  eye  is  cervical.  The  foot  is  long,  rigid, 

and  three  jointed.  The  claws  are  long  and  the  foot  bears,  beside  these,  long 

spines  anteriorly  and  behind.  The  whole  shell  is  densely  covered  with  granula- 
tions or  spinules. 

DiNOCHARIS    POCILLUM,   Eh7'.    (.?) 

(Plate  II.     Fig.  i.) 

The  most  abundant  form  of  this  genus  in  America  varies  so  greatly 

in  both  size  and  details  of  structure  that  one  is  tempted  to  identify  it 

with  the  most  frequent  species  of  Europe  in  spite  of  variations  from 

the  descriptions  of  authors.  The  outline  of  the  lorica  is  cup-shape 

and  its  symmetry  is  broken  by  two  ridges  near  the  posterior  edge,  pass- 

ing transversely.  It  is  1 1-5  times  as  long  as  wide.  The  first  segment 
of  the  foot  is  short  and  bears  two  long  curved  spines  above.  The 

middle  joint  is  twice  as  long  and  nearly  cylindrical.  The  third  seg- 
ment is  about  as  long  as  the  first  and  bears  two  curved  claws  four 

times  as  long  as  the  segment  and  also  a  short  spine  about  as  long  as 

the  segment. 

The  whole  body  is  about  .  24  mm  long,  including  the  claws,  which 

measure  .  08  mm.  The  eye  is  large  and  is  seated  on  an  ovoid  ganglion. 

The  ovary  is  large  and  the  nuclei  are  quite  distinct.  The  egg  is 

obliquely  placed  and  nearly  as  long  as  the  width  of  the  lorica.  Two 

curved  elliptical  glands  lie  in  front  of  the  stomach.  The  lateral  ves- 
sels of  the  vascular  system  are  large.       Encountered  only  in  Minnesota. 
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A  somewhat  larger  form,  also  found  in  Minnesota,  has  more  slender 

claws  and  seems  to  lack  the  spine  on  the  last  joint  of  the  foot.  The 

shape  is  otherwise  the  same. 

The  cast-off  shell  of  still  a  different  form,  in  which  there  is  an  in- 
dication of  segmentation  near  the  anterior  of  the  lorica,was  once  seen. 

GENUS  SALPINA,  Ehr. 

Somewhat  resembling  Euchlanis,  but  having  spines  upon  the  front  and  posterior 

margins  of  the  laterally  compressed  lorica.  There  is  a  median  area  above,  which 

is  less  perfectly  indurated  than  the  sides,  giving  rise  to  two  ridges.  The  foot  is 

short,  three-jointed,  and  bears  two  lanceolate  claws.  The  eye  is  single  and  the 
ciliation  of  the  trochal  disc  rather  strong.  The  maxtax  is  large  and  the  digestive 

tract  well  differentiated.  Water-vascular  system  with  two  or  three  beaker-cells  on 
either  side.     The  Qgg  is  carried  about  with  the  parent  after  extrusion. 

Salpina  affinis,  sp.  n. 

{Plate  II.,   Fig.  4-) 

This  species  is  so  allied  to  6".  7)zucronata,  Ehr.  that  it  is  with  some 
hesitation  that  a  new  name  is  proposed.  While  agreeing  in  most 

characters,  it  differs  from  that  species  in  having  the  upper  pair  of 

anterior  spines  much  longer  than  the  lower  and  curved  downward  and 

in  having  the  lower  pair  of  posterior  spines  much  longer  than  the 

single  upper  one  and  curved  upward.  S.  niucronata  is  said  to 

measure  but  .15  to  .16  mm.,  while  our  form  is  .22  to  .24  mm.  long  and 

.10  mm.  wide.  The  anterior  spines  measure  .045,  length  of  claws,  .06 

mm.  The  whole  shell  is  granulated  and  there  is  a  band  in  front,  set 

off  by  a  distinct  line.  There  is  a  sensory  tube  which  bears  a  bundle 

of  cilia  at  its  end,  and  which  usually  projects  from  between  the  two 

dorsal  spines  of  the  lorica.  The  eye  is  lunate  and  seated  on  a  very 

large,  almost  spherical  ganglion.  The  maxtax  is  very  large  and  opens 

into  a  slender  oesophagus.  The  stomach  is  glandular  and  saccate. 

The  very  large  egg  is  ventral.  No  careful,  study  was  made  of  the 

viscera.     Minneapolis,  May. 

The  species  of  the  genus,  aside  from  those  mentioned,  are  S. 

spinigera,  Ehr.,  S.  brevispina,  Ehr.,  S.  ventralis,  Ehr.,  S.  bica7'inata, 
Ehr,  S.  redunca,  Ehr.,  S.  dentatus,  Duj.,  and  S.  polyodonta,  Schm. 

There  is  reason  to  suppose  that  several  of  these  are  but  varietal  forms. 
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GENUS  MONOSTYLA,  Ehr. 

Shell  depressed,  oval  ;  head  opening  large,  notched  before  and  behind.  The 

foot  has  two  short  basal  segments  and  a  long  terminal  one  ending  in  a  small  spine, 

hence  appearing  as  though  bearing  one  long  spine.  The  eye  is  single  and  situ- 

ated at  the  base  of  a  large  ganglion.  The  maxtax  is  large  and  quadrate.  The 

viscera  are  simple. 

MoNOSTYLA  (quadridentata,  EJir.  ?) 

Two  species  of  Monostyla  have  been  thus  far  encountered,  one  of 

which  may  be  identical  with  M.  quadridentata  of  Ehrenberg.  The 

body  is  bell-shaped  or  inverted  pear-shaped,  the  oral  margin  being 

produced  into  two  sickle-shaped  spines  turned  outward,  which  are  dis- 

tinct from  the  acute  margins  of  the  shell  itself.  The  body  is  com- 
posed of  two  segments  or  apparent  segments,  the  second  being  small 

and  conical.  The  terminal  joint  of  the  foot  is  slender  and  elongate, 

bearing  a  thorn-like  spine.  The  ganglion  is  very  large.  The  maxtax 

is  also  large  and  opens  into  a  sack-like  alimentary  canal  not  evidently 
subdivided.  The  shell  in  this  species  is  ornamented  with  granules. 

Length  of  lorica,  .15  mm.,  width,  .11  mm.,  terminal  caudal  joint,  with 

spine,  .08  mm.        Found  in  June,  in  Minnesota. 

A  second  species  is  smaller,  measuring  from  .11  to  .12  mm.,  foot 

.04  to  .08  mm.,  width,  .11  mm.  The  shell  is  smooth  and  the  curved 

spines  are  absent. 

The  following  species  are  known  : — 
Monostyla  lunar  is,  Ehr.,  M.  cornuta,  Ehr.,  M.  closterocerca, 

Schm.,  M.  oophthalnia,  Schm.,  and  M.  macrognatha,  Schm. 

GENUS  DISTYLA,   Eckstein. 

Shell  ovate  conical,  closed  behind,  except  for  the  small  opening  admitting  the 

foot.  In  front,  the  opening  is  wide  and  guarded  on  either  side  by  projecting  an- 

gles. The  foot  is  one-jointed  and  bears  two  equal,  divaricated  spines.  The 

shell  may  be  smooth  or  ornamented  with  raised  lines  and  serrations.  The  eye  is 

single  and  seated  upon  a  considerable  ganglion.  Two  species  are  described  by 

Eckstein  from  Europe  {D.  gissensis  and  D.  ludioigii)  and  two  additional  ones  occur 
in  America. 

DiSTYLA  MINNESOTENSIS,   Sp.   11. 

This  is  a  large  species,  .25  mm.  long,  with  a  pear-shaped  body  of 
two  segments,  the  first  being  .20  mm.  long  and  of  equal  width.  The 

second  segment  is  .05  mm.  long  and  has  an  oval  slit  behind  for  the  in- 
sertion of  the  foot  and  permitting  its  free  lateral  motion.       The  claws 
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are  .13  long  and  slender,  the  terminal  third  being  attenuated.  The 

ganglion  is  small  and  bears  a  single  red  eye.  The  trochal  disc  is 

retracted  by  four  powerful  muscular  bands.  The  stomach  is  globular 

and  glandular.  The  short  segment  of  the  foot  is  moved  by  pairs  of 

evident  muscles.       This  species  was  but  once  seen  in  July. 

DiSTYLA  OHIOENSIS,   Sp.  11. 

The  lorica  is  .  1 2  mm.  long  and  its  form  is  much  as  in  the  previous 

species.  Width  of  lorica  .084  mm.,  length  of  claws  .028  mm.  The 

sides  of  the  lorica  project  in  front  to  form  a  tooth  on  either  side  of  the 

head.  The  lorica  is  sculptured  into  regular  areas  upon  the  first  seg- 
ment. There  is  a  quadrate  plate  projecting  over  the  base  of  the 

claws.  The  latter  are  attenuated  toward  the  end.  The  details  of  struc- 
ture are  not  known. 

GENUS   SQUAMELLA,   Ehr. 

The  three  genera  Squaniella,  Metopidia^?i\\(S.  Lepadella  agree  closely  together,  be- 

ing characterized  by  the  presence  of  four,  two,  or  no  eyes  respectively.  The  or- 

ganization is  much  as  in  Euchlanis.  The  lorica  consists  of  an  oval,  arching,  scale - 

like  shield  above,  and  a  flattened  plate  below.  The  foot  consists  of  three  short 

joints  terminating  in  two  acute  claws  The  head  terminates  above  in  an  oval  scale- 
like appendage. 

They  only  species  belonging  to  this  group  as  yet  seen  was  hastily 

identified  with  Sqaamella  bractea  and,  in  absence  of  further  informa- 
tion, we  will  simply  give  measurements  in  addition  to  the  figure,  in 

which,  by  the  way,  but  one  pair  of  eyes  is  represented,  leaving  us  to 

infer  that  the  animal  is  Metopidia  rather  than  Sguamella. 

Length  .08  mm. — .14  mm.  Width  (in  the  latter  case)  .12  mm. 
Found  several  times  in  Minnesota. 

CxENUS  STEPHANOPS,   Ehr. 

The  lorica  is  depressed,  and  frequently  extends  into  spines  posteriorly.  Head 

covered  with  a  shield,  which,  when  viewed  from  before  or  behind,  is  in  shape  like 

a  halo  There  are  two  eyes,  occupying  the  extreme  sides  of  the  head.  The 

foot  is  three -jointed  and  ends  in  two  lanceolate  claws,  between  which  springs  an 

awl-shaped  spine. 

Stephanops  muticus,   Ehr. 

(Plate  X,  Fig.  9.) 

A  specimen  of  this  species  was  taken  in  July,  I885.  The  lorica 

is   oblong  oval,  seeming  two-jointed  behind.       There  is  a  slight  crest 
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above.  Both  segments  extend  dorsally  into  prominences  which  only 

appear  when  the  animal  is  viewed  from  the  side.  The  head  is  cov- 

ered by  a  thin  semi- circular  shield,  which  is  slightly  arched.  The  cilia 
of  the  disc  are  feeble,  but  the  sensory  tube  is  distinctly  seen.  The 

first  joint  of  the  foot  is  quadrate,  the  two  following  being  of  equal 

length  but  different  diameter.  The  claws  are  ovate  lanceolate  and 

short.  The  accessory  spine  is  awl-shaped  and  shorter  than  the  claws. 
The  length  is  about  .10  mm.  Eckstein  gives  very  good  and  accurate 

figures  of  this  species,  his  description  of  the  viscera  is  also  valuable.  , 

The  following  species  of  this  genus  are  known  :  S.  lameller i s , 

Ehr.  with  three  spines  behind.  ^.  cirratus,  Ehr.  with  two  spines 

behind.       S.  lofigispinatus^TaX.       S.  ovalis.^chxn.       S.  tridentatus,Yr. 

GENUS  BRACHIONUS,   Ehr. 

A  large  genus  containing  curiously  armed  and  ornamented  species.  The  body 

is  depressed,  oval  or  quadrate  in  outline,  presenting  a  very  large  anterior  opening 

always  guarded  by  spines  or  teeth.  Behind,  the  shell  may  be  rounded  or  armed 

with  spines  like  those  in  front.  There  is  only  a  small  opening  upon  the  ventral 

aspect  through  which  extends  the  foot.  The  ventral  surface  of  the  body  is  gener- 

ally plane  while  the  back  is  arched  and  may  be  set  off  into  areas  by  elevated  lines. 

The  maxtax  is  prismatic  and  complicated.  The  egg  is  carried  about  attached  to 

the  body  of  the  parent,  as  in  Aniircea.  The  males  are  said  not  to  be  rare  in  this 

genus. 

Brachionus  bakeri,  Ehr. 

A  single  gathering  taken  in  Granville,  O.,  in  September,  contained 

a  species  belonging  in  the  section  of  this  genus  characterized  by  the 
multiarticulate  foot. 

Our  species  is  sub-quadrate  in  outline  and  more  or  less  expanded 
back  of  the  middle.  The  whole  length,  including  spines,  is  from  .30 

to  .40  mm.  for  adult  females.  The  oral  margin,  above,  is  produced 

into  six  spines.  The  median  pair  are  longest  and  curve  decidedly 

outward  and  may  be  from  .05  to  .08  mm.  long  ;  between  them  is  an 

incision,  through  which  ordinarily  projects  the  sensory  tube.  The 

outer  pair  of  spines  are  half  as  long  and  also  curve  outward.  Mid- 
way between  these  pairs  is  a  short  spine  or  tooth.  The  ventral  edge 

is  notched  in  the  middle,  but  not  toothed.  The  width  of  the  body 

is  from  .18  to  .22  mm.  The  posterior  portion  of  the  shell  extends 

into  two  pairs  of  spines,  of  which  the  outermost  are  very  long  (.10- 

.14  mm. )  and  project  directly  backward  or  slightly  outward  or  are  uni- 
formly curved-       The  inner  pair  of  spines  immediately  border  the 
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opening  for  the  exit  of  the  foot  and  are  curved  plates.  The  foot, 

which  can  be  almost  wholly  withdrawn  within  the  lorica,  is  composed 

of  a  closely  ringed  basal  portion  terminated  by  a  short  rigid  joint, 

bearing  two  conical  claws  and  blunt  processes.  The  claws  are  perfora- 

ted by  the  ducts  of  large  cement  glands.  The  flexibility  and  extensi- 
bility of  the  foot  are  truly  wonderful.  The  whole  shell  is  covered 

above  with  fine  granules,  but  is  not  otherwise  marked.  The  eye  is 

large  and  is  seated  on  the  ventral  side  of  a  large  ganglion.  The  max- 
tax  is  very  wide  and  short.  The  manubrium  is  a  curved  plate  and 

the  uncus  consists  of  several  fused  plates  (see  drawing).  I  have  seen 

the  animal  attempt  to  masticate  a  large  diatom  and,  after  failing  to 

crush  it,  reject  it  by  reversing  the  usual  movement  of  the  jaws.  The 

pharynx  is  ciliated  and  funnel-form.  The  oesophagus  is  not  ciliated, 
but  has  ringed  muscles  which,  when  in  motion,  give  the  appearance  of 

a  valvular  arrangement.  The  stomach  and  intestine  are  strongly 

curved  upon  each  other,  the  former  being  glandular  with  fatty  spheres 

in  its  walls,  while  the  latter  is  furnished  with  a  dense  coating  of  cilia. 

The  pulsating  vessel  is  not  large,  but  the  lateral  vessels  with  their  beaker 

cells  are  quite  conspicuous.  This  species,  which  agrees  with  Br. 

Bakeri  closely,  is  common  in  Ohio,  (September). 

Another  species,  known  only  from  a  single  gathering  and  imper- 
fectly studied,  differs  from  all  known  species  in  having  a  single  pair  of 

spines  before  and  behind  and  a  foot  which  at  the  base  is  multiarticu- 
late,  but  ends  in  the  two  long  segments,  the  last  with  two  quite  long 

claws.  The  shell  is  nearly  smooth.  This  species  may  be  called 

Br.  interfnedius,  as  it  partakes  of  the  characters  of  both  sections. 

Brachionus  militaris,  Ehr. 

(  Plate  X,  Fig.  10.  ) 

It  is  interesting  to  compare  with  the  above  a  related  species  which 

is  quite  common  in  the  west  and  which  belongs  to  that  section  of  the 

genus  characterized  by  the  absence  of  the  ringed  basal  arrangement  of 

the  foot.  This  form,  which  may  not  be  properly  Brachionus,  resem- 

bles decidedly  the  above  in  the  form  of  the  body.  The  anterior  mar- 
gin extends  into  ten  teeth,  of  which  the  superior  median  are  longest 

and  curve  ventrally.  All  the  other  anterior  teeth  are  doubly  curved, 

the  points  extending  outward.  The  posterior  part  of  the  body  bears 

two  pairs  of  spines,  the  relative  position  (and  size)  of  which  is  not 

constant.       The  outer  pair  are  always  longer  and  project  outward  and 
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backward.  The  foot  consists  of  three  slender  joints,  the  last  of  which 

bears  two  lanceolate  appendages  somewhat  longer  than  the  segment 

preceeding.  The  whole  shell  is  covered  with  minute  points.  The 

trochal  disc  is  broken  up  into  five  lobes  and  the  cilia  are  of  two  sizes. 

The  measurements  of  one  specimen  are  given  as  illustrating  the  pro- 

portions. Length  .20  mm.  exclusive  of  foot,  width  .14  mm.,  termin- 
al stylets  .024,  lateral,  posterior  spines  .028  mm.,  anterior  spines  about 

.04  mm..  From  the  side,  the  ventral  surface  (in  outline)  is  seen  to  be 

plane  while  the  dorsal  is  composed  of  two  inclined  planes  (or  is 

"humped.")  The  foot  is  moved  by  two  pairs  of  muscles.  The  con- 

tracting vessel  is  unusually  large.  I'he  maxtax  and  the  position  of  the 
viscera  seem  to  be  as  in  other  species  of  Brachionus.  The  animal 

seems  most  to  resemble  B.  niilitai-is,  Ehr.  of  the  European  species. 

PlCESOMA     LENTICULARE,    geil.    Ct   Sp.    71. 

(See  figures  facing  Index.) 

The  animal  for  which  the  above  generic  name  is  proposed,  was 

several  times  seen  in  a  gathering  taken  at  the  reservoir  near  Hebron, 

Ohio,  in  November.  The  general  form  is  very  similar  to  that  of 

many  minute  bivalved  Crustacea  [Chydorus)^  with  which  it  was  asso- 

ciated. The  lorica  is  composed  of  two  ovate  valves,  which  are  par- 
tially united  below,  so  that  the  foot  springs  from  the  middle  of  the 

ventral  margin.  The  animal  is  laterally  compressed.  On  the  dor- 
sal aspect  of  the  lorica  are  several  distinct  ridges  arranged  about  as 

follows :  A  pair  of  short  transverse  markings  occupy  a  point  poste- 

rior to  the  middle  of  the  dorsal  aspect ;  anterior  to  these,  and  begin- 
ning at  either  end,  spring  diverging  lines  which  lead  to  notches  of  the 

anterior  margin;  behind,  two  ridges  lie  on  either  side  the  median  line 

and  extend  to  the  acute  posterior  end  of  the  shell.  Several  lines 

border  the  above  described  markings  on  either  side  and  are  approxi- 

mately parallel  to  the  axis  of  the  body.  Seen  from  the  side,  the  lor- 
ica is  elliptical  and  is  truncate  in  front  and  acute  behind.  The  dorsal 

line  is  a  uniform  curve,  while  the  ventral  is  prominent  near  the  middle 

at  a  point  some  distance  in  front  of  the  point  of  union  of  the  valves. 

Seen  from  above,  the  front  half  is  quadrate,  while  the  posterior  half  is 

triangular.  The  lorica  is  lenticular,  considered  as  a  whole,  and  is 

marked  by  minute  hexagonal  or  irregular  depressions. 

The  head  is  armed  with  two  long  sensory  organs  and  has  two  sorts 

of  cilia.       The  outer  series  is  quite  feeble,  but  the  ventral  prominence 
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bears  several  elongated  setae.  The  maxtax  is  oval  and  seems  to  be 

but  slightly  armed.  It  is  furnished,  however,  with  distinct  annular 

bands  of  muscles.  The  eye  is  cervical,  and  is  seated  on  the  under 

side  of  a  considerable  ganglion.  The  foot  is  multiarticulate  at  the 

base,  as  in  Brachionus.  Two  distinct  joints  follow  this  portion,  the 

last  being  longer  and  bearing  two  oval,  appressed  spines.  Of  the 

internal  organs  little  was  seen.  The  stomach  is  glandular  and  the 

egg  of  but  moderate  size.        The  vascular  system  was  not  seen. 

Length,  .24  mm.,  height,  .15  mm.,  width,  ,10  mm.  Frontal  pro- 
cesses, .03  mm.,  spines  of  foot,  .025  mm,,  last  joint,  .02  mm. 

GENUS  ANURIA,   Ehr. 

Closely  related  to  N'oteus  and  Brachionus  is  a  genus  of  curious  rotifers  in 
which  the  foot  is  entirely  absent  ,so  far,  at  least,  as  can  be  seen.  As  in  Brachio- 

nus, the  anterior  opening  is  protected  by  spines  or  teeth,  while  there  may  or  may 

not  be  simtlar  teeth  behind.  The  lorica  is  usually  distinctly  separable  into  a 

dorsal  and  ventral  shield,  and  the  dorsal  scutum  is  marked  off  into  geometrical 

figures  by  raised  lines.  There  is  a  single  cervical  eye.  Tbe  egg  very  generally 

remains  attached  to  the  body  and  may  be  mistaken  for  a  part  of  it. 

Anur.^a  SP. 

A  species  differing  from  all  European  forms  is  very  common  in  the 

West.  The  form  is  hexagonal  in  outline,  the  length  being  1.4  times 

the  width  (exclusive  of  spines).  The  anterior  margin  of  the  hexagon 

is  wider  than  the  posterior.  The  dorsal  scutum  is  produced  into  six 

long  spiny  teeth,  of  which  the  middle  pair  are  much  the  longest  and 

are  strongly  curved  outwards  and  downwards.  The  remaining  pairs 

are  sub-equal  and  project  outwards  like  the  horns  of  an  altar.  The 
ventral  part  of  the  anterior  margin  is  excavated  in  the  middle  and 

bears  a  series  of  small  sharp  teeth.  The  whole  shell  is  ornamented 

with  circular  prominences,  and,  in  addition  to  this,  above  there  are 

strongly  raised  lines  blocking  off  the  shell  into  thirteen  regular  areas 

and  leaving  two  other  areas  about  the  front.  The  character  of  these 

ridges  is  best  seen  from  a  side  view.  The  eye  is  cervical  and  the 

trochal   cilia  are  strong  for  the  genus.       There  is  also  a  sensory  tube. 

The  following  measurements,  owing  to  an  accident,  may  not  be 

accurate,  but  will  give  the  propgrtioiis  ;  Length,  .  i  rnm. ,  width,  .054 

mm.;  longest  spine,  .024  mm. 
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GENUS  PTERODINA,  Ehr. 

The  lorica  is  flattened,  round,  or  ovate  in  outline  and  flexible.  Head  funnel, 

shaped,  entirely  withdrawn  into  the  body  when  at  rest,  furnished  with  two  lines  of 

cilia.  Stomach  sac-like  with  large  cilia.  The  foot  is  ventral  and  consists  of  a 

ringed  basal  portion  and  a  short  terminal  joint  which  bears  no  claws.  The  intes- 

tine is  said  to  be  continued  through  the  tail  having  the  anal  opening  at  its  end. 

The  Pterodina  is  a  good  subject  for  use  in  obtaining  a  knowledge 
of  the  rotifers  as  the  viscera  are  quite  distinct,  the  cross  striation  of  the 

muscles  and  the  ciUated  or  beaker-cells  of  the  lateral  vessels  being 
particularly  distinct. 

Pterodina  patina,  Ehr. 

{Plate  I,  Fig.  III.) 

The  form  is  circular  with  a  slight  emargination  in  front  for  the 

withdrawal  of  the  head.  The  head  is  funnel-shaped  and  bears  a 
double  disc  having  good  sized  cilia.  When  extended,  the  eyes  are 

seen  to  occupy  a  position  about  one-third  the  width  of  the  disc  from  its 
sides.  The  pharynx  is  closely  ciliated  and  leads  into  a  comparatively 

large  maxtax  in  which  a  partial  fusion  of  parts  has  taken  place.  The 

stomach  follows  upon  a  very  narrow  oesophagus  and  is  a  curved  sac 

composed  of  large  cells,  each  of  which  is  filled  with  granular  contents 

and  has  fatty  spheres  within  it.  On  either  side  the  stomach  is  a  strong 

muscle  passing  from  the  sides  of  the  head  to  the  posterior  third  of  the 

body  where  it  is  fastened.  When  the  head  is  withdrawn  the  muscles 

are  curved,  but  upon  the  protusion  of  the  head  become  straight.  On 

either  side  the  stomach  is  a  large  glandular  mass  composed  of  numer- 
ous lobes  made  up  of  fused  cells  with  large  translucent  flecks  which 

may  be  globules  of  the  secretion.  These  glands  open  back  of  the 
maxtax.  While  the  stomach  is  curved  to  one  side,  the  intestine  lies 

behind  the  tail  and  is  curved  upon  itself,  opening,  as  claimed  by  Eck- 
stein, into  a  canal  excavated  in  the  tail.  It  is  indeed  certain  that  the 

tail  contains  a  canal  and  is  ciliated  at  the  distal  extremity  but  we  have 

never  been  able  to  verify  the  statement  referred  to.  The  tail  seems 

to  be  more  slender  in  our  specimens  than  figured  by  European  writers, 

though  it  is  exceedingly  contractile.  The  contractile  vessel  seems  to 

be  absent  but  two  very  distinct  lateral  canals  are  to  be  seen.  The 

breaker  vessels  are  long  and  the  cilia  active.  The  ovary  occupies  one 

side  of  the  body,  while  the  egg  nearly  fills  the  other  when  mature. 

Large  nuclei  are  discernible  imbeded  in  a  granular  mass  of  yolk.       The 
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margin  of  the  shell  seems  to  be  granulated  and  extends  beyond  the 

body-cavity.  The  tail  often  is  directed  at  right  angles  to  the  body  and 
is  then  overlooked.  The  lorica  is  about  .20  mm.  in  longest  diameter. 

The  tail  measures  over  .07  mm.  The  trochal  disc,  when  expanded, 

is  .05  mm.  wide.  A  small  specimen,  but  fully  adult  was  but.  17  mm. 

long.  Mr.  Stokes  mentions  a  species  of  this  genus  but  does  not  iden- 
tify it.  There  are  two  other  species,  viz,  P.  elliptica  and  P.  clypeata, 

Ehr. ,  which  latter  occurs  as  a  parasite  on  species  of  Assellus.  I  have 

a  confused  recollection  of  having  seen  such  a  rotifer  parasitic  upon 

Gammarus.  Pteivdina  complanata  of  Gosse  is  almost  certainly  identical 

\\-ith  Pt.  patina. 

FAMILY  ASPLANCHN.EA. 

This  family  includes  abberant  rotifers,  which  lack  the  posterior 

opening  of  the  digestive  organs  and  are  considerably  reduced  in  other 

respects.  The  foot  is  sometimes  almost  entirely  absent,  its  position 

bjing  marked  in  these  cases  by  the  glands  simply.  The  body  is  sac- 

like and  often  consists  of  a  single  segment  in  which  the  various  inter- 
nal organs  are  very  readily  seen.  The  head  is  broad  and  sparsely 

ciliated.  The  maxtax  is  enlarged  and  to  it  is  appended  an  extensible 

crop,  while  the  incus  is  not  highly  indurated  and  the  mallei  are  modi- 
fied to  form  a  prehensile  pair  of  nippers  or  pliers.  The  stomach  may 

be  very  extensible  and  a  part  is  very  highly  glandular.  The  water- 
vascular  system  is  highly  developed  and  there  is  generally  an  accessory 

canal  bearing  the  minute  beaker  cells,  while  the  lateral  vessels  them- 

selves are  tortuous  and  elaborate.  Most  of  the  species  are  carnivor- 
ous, while  others  live  upon  alg?e  and  like  i)Lants. 

GENUS  ASPLANCHN.EA,   Gosse. 

The  genus  is  characterized  by  the  sac-like  body  and  the  large  size 
and  well  differentiated  organism  as  compared  with  AscomorpJia.  The 

details  mentioned  under  the  family  apply. 

ASPLANCHNA    MAGNIFICUS    Sp.    11. 

{Plate  II,  Fig.  2.) 

This,  the  largest  species  of  the  genus,  is  most  like  A.^Myrmeleo.^  but 

is  considerably  larger  and  appears  to  differ  from  it  in  several  other  par- 
ticulars. The  general  form  is  a  prolate  spheroid  truncated  anteriorly 

and  slightly  flattened  ventrally.       The  oral  end   is  furnished  with  six 
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discrete  clumps  of  cilia  and  two  sensory  processes.  The  crop  is 
large  and  distensible,  the  forceps  are  smooth  and  toothless.  The 

oesophagus  is  long  and  muscular.  The  stomach  is  composed  of  ver)' 
large  cells  and  is  held  in  place  by  bands  of  connective  tissue.  There 

are  accessory  glands  between  the  stomach  and  crop.  The  ovary  is 

pear-shaped  (not  horse-shoe-shaped,  as  in  A.  jM)'77/ieIeo).  a.nd  can  be 
seen  to  be  made  up  of  an  elongated  ribband  of  cells  folded  upon  itself. 

The  pulsating  vessel  is  exceeding  large  and  powerful,  while  the  lateral 

vessels  are  convoluted  canals  ;  accessory  to  the  latter,  there  are  nearly 

straight  tubes  bearing  about  twenty  beaker-cells.  The  foot  is  two- 
jointed  and  contains  small  glands.  The  muscular  spstem  is  highly 

developed  and  consists  of  strong  bands  passing  backward  from  the 

head  and  frequently  branching  before  they  are  inserted  upon  the  very 

pliable  external  wall.  Two  pedate  cells  lie  upon  the  viscera  and  may 

represent  the  visceral  nervous  system.  The  nervous  system  was  oth- 
erwise found  to  consist  of  ganglia  upon  the  oral  aspect,  one  of  which 

bears  a  single  icd  eye,  and  which  send  nerve-fibers  to  all  parts  of  the 
body.  The  animal  feeds  upon  species  of  minute  Crustacea,  especially 

of  the  genus  Chydorus.  The  greatest  length  is  .9  mm  ,  width,  .66 

mm.,  foot,  .15  mm.  This  species  was  figured  in  the  writer's  Final 
Report  on  the  Crustacea  of  Minnesota,  where  also  may  be  found  the 

figure  of 
ASPLANCHNA    Sp  ? 

This  species,  which  seems  to  resemble  A.  Brightwelii  of  Gosse,  is 

purse-shaped,  being  constricted  about  the  head.  The  jaws  are  bi- 
dentate  at  the  end  and  ribbed.  The  foot  is  entirely  absent,  but  its 

position  is  indicated  by  the  orifice  of  small  glands.  The  stomach  of 

the  only  individual  of  this  species  seen  contained  a  number  of  the 

lorica  of  what  may  be  Amircea  longispina,  Kellicott. 

Explanation  of  Plates. 

Plate  II. 

Fig.    1.  Dinacharis pocillum,  Ehr.? 

Fig.   2.  Asplanchna  niagiiificus,   sp.   11. 

Fig.   3.  Fuc/iianis  ampuliformis,  SY*.  \\. 

Fig.   4.  Salpina  affinis,  sp.  n, 

Plate  III. 

Fig.    I.     Pterodina patina,  Ehr. 
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Euchlatiis  hipposideros ,  Gosse. 

do         portion  of  lateral  vessel  with  beaker  cell. 
Undetermined. 

Amphileptus  gigas,  C.  &  L. 

Plate  IV. 

Undetermined. 

Squamella  bractea,  Ehr. 

Alonostyla  qtiadridentata,  Ehr,  (?).     The  foot  is  somewhat  too  long  in 

Polyarthra  platyptera,  Ehr. 
Undetermined. 

Diurella  insignis,  sp.  n. 

Plate  X. 

Spirosiomnni  teres. 

Ophridhwi  paradoxiim . 
Annnea  sp. 

Distyla  Miniiesotensis ,  sp.  n, 

Stephanops  niuticus,  Ehr. 

Brachiomis  iiii'h'atris,  Ehr. 
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of  the  State  of  New  York,  p.  52,  also  in  the  Aquarium,  Jan.  1894,  '■ 
p. 91,  and  again  in  the  Fishing  Gazetteof  May  31, 1894,  with  references.  ̂  in  each  case  to  the  original.  I  am  pleased  to  see  that  Mr.  F.H.  Her  rick  i' 
in  the  Zoologischer  Anzeiger,  No.  454,  Aug.  13,  1894,  p.  29,  confirms  'J my  observations  on  times,  rates,  and  on  variations  along  our  coasts  etc  I 
even  though  he  does  not  make  it  entirely  clear  why  he  should  prefer  ̂  to  give  the  impression  that  my  work  was  first  published  in  the  Aqua-  | rium  of  January  1894.  | i 

I 
3.  Microcrustacea  from  New  Mexico.  | 

By  C.  L.  Her  rick,  Professor  in  Denison  Univ.  S 
eingeg.  30.  November  1894. 

The  valley  of  the  Kio  Grande  passes  through  a  region  which  is 
by  nature  almost  a  desert,  although  capable  of  great  fertility  under 
irrigation.   Although  the  year  is  almost  rainless  there  are  a  few  weeks     | during  which  copious  showers  fill  such  natural  reservoirs  as  exist.    In    1 
these  pools  there  soon  appear  large  numbers  of  Phyllopod  Crustacea,     I 
Apus,  Branchipus,  Nebalia,  etc.  -  a  fauna  sufficiently  known  through     % 
the  labors  of  Professor  Packard  and  others.      Among  these  types 
which  are  characteristic  of  the  western  plains  are  a  few  species  of  the 
strictly  Microcrustacea  which  deserve  special  study.  These  are  chiefly 
members  of  the  orders  Copepoda ,  Cladocera  and  a  few  Ostracodes. 
Although  one  would  expect  a  priori  a  rather  limited  representation 
of  such  types,  there  is  no  lack  of  individuals.     The  numbers  of  Moi7ia 
which  appear  in  fresh  rain  pools  is  enormous,  and  curiously  enough, we  find  M.  rectirostris ,    M.  hrachiata  and  a  third  form  either  asso- 

ciated in  the  same  pool  or  in  adjacent  waters.     Moina  and  several 
species  of  Ceriodaphnia  may  rank  with  the  Phyllopods  as  »occasiona- 
list«  or  desert  Crustacea.     We  were  also  surprised  to  find  in  the  less 
transient  pools  numerous  examples  of  the  American  Latonopsis  occi- 
dentalis  Birge,  which  is  closely  allied  with  the  Australian  L.  australis 
Sars.     Simocephalus  and  Scapholeheris  with   Chydorus  and  a    small 
Pleuroxis  are  not  uncommon,  but  a  single  example  of  a  new  species  of 
Daphnia  almost  completes  the  list  of  Cladocera  so  far  encountered. 

The  Cyclopidae  are  represented  by  C.  tenuicornis  Claus,  C,  bicolor, 
C.  serrulatus  and  C,  viridis  americanus  Marsh.  No  unique  species  '^ occur,  while  the  Calanidae  and  Harpacticidae  are  all  new.  With  these 
introductory  words  I  beg  to  pass  to  the  description  of  a  few  forms 
which  seem  worthy  of  present  notice  though  all  will  be  illustrated  in 
full  in  the  forthcoming  report  to  the  state  Zoologist  of  Minnesota  upon the  Microcrustacea  of  Minnesota. 



> 



41 

Genus  Marshia',  gen.  nov 

Allied  with  Attheyella.  Inner  branch  of  first  foot  3-jointed  scar cely  elongated,  barely  sub-prehensile.  ■"  ' 
Second  and  third  feet  with  outer  rami  2-jointed  short  V.unh 

foot  with  outer  ramus   l-iointed      Vifth  f    /  ,   •  •  '    ,  *^''"'^'' 
6>inted,  the  fourth  joint Xaslend^tr  "'"''''\  ̂ "'^'^""^ 

the  end  of  the  antennl.  JL:^:^^::!:^^:^^:^ 
sue.    Mandiblar  naln  simnlo  ̂ >^     v    ,.  r       -  .     ̂   ̂ F^^y  prenen- 

bercle-like  nZ    T     ̂l    ̂̂ :        '''  ̂'""^'^^^  ̂ '*'^  *  uniciliate  tu- 

Antennae  oF  tb.  .    V"^  "'*^  "  ̂°°^  '^'''-^^'  ̂ ^i^.l  joint. Anrennae  ot  the  male  strondv  modifipH     Froci.  ̂     v      i  •  i^        J    "''• 

the  Rio  Grande  valley.  ^  ''  ̂'""^^'^  ̂ ^^"^  ̂ ^ 

Marshia  albuquerquensis  n.  sp. 
P    ,  (Figures  1—11.) 

exiuri,  D  jointed,      Ihe  proximal  joint  enlarged 
^'''-  ^^^-2.  Fi.3.  ..  ^ 

Fig.  4. 

Fig.  6. Fig.  8. 

Fig.  I. 
Fig.  2. 
Fig.  3. 
Fig.  4. 
Fig.  5. 
Fig.  6. 
Fig.  7. 
Fi?.  8. 

Antennule 

Interttot-Iaw.'^''  "'"'  "'  "  f^"*'''  "'^  "'S'^'  '»»»  "»-alous. Posterior  foot-jaw. Mandible. 
Fifth  foot  of  male. 

1  In 

compliment  to  Professor  C.  Dwight  Marsh  of  Ripon,  AV 

isconsm. 
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and  spinous;  second  joint  also  tumid,  with  three  or  more  cilia;  third  | 
joint  longer;  fourth  with  a  long  seta  and  a  still  longer  flagellum;  fifth  i 

joint  very  short;  apical  joint  elongate,  bearing  about  ten  setae.  An- 
tennules  short,  prehensile,  with  four  geniculate  setae  apically  and  se- 

veral short  spines  .  especially  a  transverse  row  of  sharp  teeth  on  the 

dorsal  aspect.  Mandibles  with  six  sharp  teeth.  Anterior  maxillipeds 

with  a  minute  unisetose  palpus  and  three  processes  bearing  claw-like 

spines.  Posterior  maxilliped  with  an  apical  claw  longer  than  the  pre- 
ceding segment.  First  foot  with  the  outer  ramus  nearly  as  long  as  the 

inner,  2-jointed,  bearing  at  the  apex  three  pectinate  setae.    The  basal 

Fie.  1». Fig.  10. Fig.  II. 

Lyi^"""'*^: 

Fig.  9.     Stylet  of  male. 
Fig.  10.     Fourth  foot. 
Figr.  1 1 .     First  foot. 

joint  has  one  pectinate  seta  externally  and  a  spine  internally.  The 

inner  aspects  of  all  the  joints  of  both  rami  are  spinous,  the  outer  se- 

tose. The  outer  ramus  of  the  second  foot  is  two-jointed  and  has  one 

])ectinate  seta  apically,  one  spine  internally  and  a  spine  externally, 

while  the  corresponding  segment  of  the  third  foot  has  two  pectinate 

setae  apically,  one  internal  seta  and  two  external  spines. 

The  fourth  foot  has  a  minute  one-jointed  outer  ramus  which  bears 
one  long  pectinate  seta  and  a  short  external  spine.   The  fifth  foot  seems 
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to  consist  of  one  piece  which  is  armed  as  follows:  Externally  a  coni- 
cal projection  near  the  base  with  a  lon^  simple  seta;  outer  apical  lobe 

=  the  homologue  of  the  second  joint)  with  five  setae,  the  second  and 

fourth  of  which  are  pectinate  and  longer  than  the  rest;  the  inner  api- 
cal lobe  bears  six  (sometimes  only  five)  setae ,  all  but  the  innermost 

being  pectinate.  The  tw^o  lobes  are  separated  by  a  simple  rounded 
incision  and  repeated  examination  of  a  number  of  individuals  failed 

to  discover  any  signs  of  division  or  segmentation.  The  abdomen  is 

very  slender,  and,  like  the  thorax,  its  segments  are  all  ornamented 

along  the  caudal  margin  with  a  row  of  teeth.  Caudal  stylet  two  and 

a  half  times  as  long  as  ̂ ^  ide .  with  one  or  two  small  spines  externally 

at  a  point  one-third  the  length  from  the  base  and  one  longer  spine 
near  the  middle  of  the  inner  margin  which  is  ciliate.  The  two  median 

apical  setae  are  fused  at  the  base  and  the  inner  is  three  times  as  long 

as  the  outer,  wich  is  twice  as  long  as  the  stylet.  The  inner  apical  seta 
is  short,  the  outer  obsolescent. 

In  the  male  the  antennae  are  reduced  to  a  thick  tumid  member 

with  third  and  fourth  segments  greatly  enlarged.  The  apical  segment 

is  furnished  with  three  hook -like  claws.  Flagellum  slender  and  of 
uniform  width  throughout. 

The  fifth  foot  has  on  the  outlier  apical  lobe  four  setae  and  one 

spinule  and  on  the  inner  lobe  three  non-pectinate  setae.  Caudal  sty- 
lets greatly  elongate,  over  four  times  as  long  as  wide  and  nearly  twice 

as  long  as  the  preceding  segment. 

\Marshia  brevicaudata  n.  sp. 

Figures  12 — 15.1 

The  second  species  of  this  genus  at  present  known  may  be  de- 
scribed comparatively.  Similar  to  M.  alhtiqueriiuenbis  in  most  respects 

but  differing  at  least  in  several  obvious  particulars.  The  caudal  stylets 

are  short,  about  twice  as  long  as  broad,  the  longest  seta  being  seven 

times  the  length  of  the  stylet  while  the  outer  median  is  twice  and  a 

half  the  length.  The  median  setae  are  not  fused  at  the  base  as  in  the 

preceding  species. 

In  the  male  the  proportions  of  the  stylet  are  nearly  the  same  as 

in  the  female  but  the  longest  seta  is  nine  times  as  long  as  the  stylet. 

The  fifth  foot  of  the  female  is  nearly  the  same  as  in  the  preceding 

species,  but  the  proportions  of  the  setae  differ.  The  fifth  feet  of  the 

nial^  closely  resemble  those  of  M.  aihu(jf//cr(jue/f^iti.  The  antennae  of 

the  male  differ.  The  flagellum  is  shorter  and  clavate.  The  swimming 

feet  seem  to  be  similar  in  the  two  species.      Length  of  male,  -ol)  mm; 

V 
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length  of  first  segment,    -15  mm.;    length  of  stylet,    04  mm;  leng1 
of  longest  seta,  -28 — 34  mm. 

The  stylets  of  the  female  of  M.  albuquerquensis  measure  -072  mi 
and  those  of  the  male  over  -08  mm,  the  longest  seta  being  -37  mi 

Fig.  12. 

Fig.  13. 

Fig.  14. 

Fig.  15. 

Fig.  12.  Habitus  outline  (earner! 
lucida)  of  Marshia  hrevicaudata  ,  (^ 

Fig.  13.  Fifth  foot  of  male. 

Fig.  14.  Fifth  foot  of  female. 
Fig.  15.    Antenna  of  female. 

and  '42  mm  respectively.  It  must  remain  for  larger  experience  to 

determine  the  value  of  these  distinctions  which  rest  upon  comparati-. 
vely  few  individuals  in  the  case  of  M.  hrevicaudata. 
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Diaptomus  albuquerquensis  n,  8^. 

(Figures  16—26.) 
Species  of  moderate  size.     The  cephalothorax  is  widest  near  the 

middle.    The  last  two  segments  are  fused  and  the  last  projects  laterally 

where  it  is  armed  with  two  strong  spines ;  there  is  also  a  dorsal  pro- 
tuherance  from  the  last  segment.     The  first  abdominal  segment  is 

Fig.  16.  Fig.  17.  Fig.  18.  Fig.  !(►. 

Fig.  21. 

Fig.  19. 

Fig.  2(>. 

Fig.  25. 

Fig.  22.  Fig.  23. Fig.  24. 

Fig.  16.     Diaptomus  albuquerquensis,  Fig.  21. 
dorsal  view.  Pig.  22. 

Fig.  17.    Lateral  view  of  female.  Fig.  23. 
Fig.  18.     Abdomen.  Fig.  24. 
Fig.  19.    Fifth  foot  of  female.  Fig.  25. 
Fig.  20.    Antennule.  Fig.  26. 

Jaw. 

Maxilliped. 
First  swimming  foot. 
Fourth  foot. 
Male  antenna. 
Fifth  feet  of  male. 

longer  than  the  remainder  and  projects  laterally  into  two  strong  spi- 

nes; second  segment  very  short,  invaginately  concealed  in  the  preced- 
ing.   Caudal  stylets  short  but  nearly  as  long  as  the  preceding  segment, 
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ciliated  on  the  mesial  aspect,  setae  strongly  pectinate.  Antennae  ex- 

tending to  or  beyond  the  end  of  the  stylets,  purple-tipped,  25-jointedJ 
The  antepenult  joint  of  the  right  male  antenna  with  a  curved  hook. 
The  fifth  foot  of  the  female  with  very  short  inner  ramus  which  is  more 

OT  less  distinctly  two-jointed  or  simply  attenuated  beyond  the  middle,! 
armed  apically.  with  two  or  more  spines  and  setae.  External  branch 

3-jointed,  third  segment  obvious  and  armed  with  one  long  and  one' 
shorter  spine.  Claw  rather  straight,  armed  for  the  middle  third  of  itsj 

concave  aspect  with  sharp  teeth.  The  right  fifth  foot  of  the  male  hasj 

on  the  outer  ramus,  a  long  sickle-shaped  claw  with  few  teeth  or  none,! 
it  being  nearly  as  long  as  the  remainder  of  the  leg.  The  penult  joint] 

is  long  and  bears  a  long  thick  spine  which  is  slightly  curved  and  may 

be  dentate  and  is  affixed  at  a  point  of  the  segment  one  fourth  its  length 

from  the  end.  The  basal  joint  of  the  outer  ramus  is  very  short  and, 

like  the  next  following  has  a  lateral  hyaline  plate.  The  inner  ramus 

is  very  short  and  1-jointed.  The  second  protopodite  segment  of  thel 
left  foot  is  nearly  as  long  as  that  of  the  right,  the  inner  ramus  is| 

1-jointed  and  simply  ciliate  at  the  end.  The  apical  segment  of  the| 
outer  ramus  is  acute  and  bears  a  short,  ciliated ,  conical  process  andl 

a  minute  spine  apically  as  well  as  a  ciliated  internal  lamina.  Th^ 

preceding  joint  also  has  such  a  lamina  or  a  patch  of  short  spinulea 

upon  a  protuberance.  I 

Color  pellucid,   with  purple  upon  the  tips  of  the  antennae  andj 

caudal  stylets. 

Length  of  female,  l»4 — 1-6  mm.  > 

Waters  about  Albuquerque  New  Mexico  very  abundant.  i 

Diaptomus  novomexicanus  n.  s^. 

(Figures  27—29.) 
A  species  of  moderate  size,  ratlier  robust,  with  the  greatest  width 

of  the  thorax  near  the  middle.  Last  two  thoracic  segments  distinct,] 

the  last  with  two  small  spines.  First  abdominal  segment  very  long.' 
much  exceeding  the  remainder.  Second  segment  short.  Stylets  about 

as  long  as  the  preceding  abdominal  segment.  Antennae  reflexed 

reach  to  the  base  or  end  of  the  stylets,  25-jointed.  Antepenult 

segment  of  right  male  antenna  with  a  hyaline  lamina  which  does  not 

extend  the  entire  length  of  the  joint  and  ends  in  a  rather  short  scarJ 
cely  hooked  process  distad.  The  outer  ramus  of  the  fifth  feet  is  ob 

viously  three- join  ted,  the  apical  joint  being  small  and  armed  with  two 
fiUbequal  spines.  A  small  spine  is  inserted  near  the  base  of  this  joint. 
The  claw  is  curved  and  dentate  near  the  apex.  The  inner  ramus  is  as 

long  as  the  basal  joint  of  the  outer  ramus.    1-jointed,  and  armed  al 
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the  apex  with  two  subequal  spines.  The  inner  rami  of  the  fifth  feet 

of  the  male  are  both  I -jointed,  acute  and  minutely  ciliated.  The 

apical  claw  of  the  right  foot  is  long  and  slightly  curved.  The  acces- 

sory spine  is  weak  and  inserted  one-third  the  length  of  the  second 

Fig.  27. Fig.  28. 

Fig.  29. 

Fig.  27.     Diaptomus  notomexicanus. 
Fig.  28.     Fifth  feet  of  male. 

End  of  right  male  antenna. 

Fig.  29. Fifth  foot  of  female. 

joint  from  its  end.  The  apical  joint  of  the  outer  ramus  of  the  left 

foot  is  armed  with  a  cushion  of  short  spines  and  two  longer  ones  and 

also  bears  a  ciliated  lamina  internally.  Length  of  female,  11 — 
1-2  mm. 

II.  Mittheilungen  aus  Museen,  Instituten  etc. 
Zoological  Society  of  London. 

15th  January,  1895.  — -  The  Secretary  read  a  report  on  the  additions 

that  had  been  made  to  the  Society's  Menagerie  during  the  month  of  Decem- 
ber 1894,  and  called  attention  to  two  Tapirs  recently  deposited  in  the  So- 

ciety's Gardens,  which  he  believed  to  be  referable  to  Dow's  Tapir  [Taptrus 
Dowi]  of  Central  America.  —  Mr.  P.  Chalmers  Mitchell,  F.Z.S.,  exhibited 
and  gave  an  account  of  a  tibia  and  other  bones  of  an  extinct  bird  of  the  ge- 

nus Aepyornis  from  Central  Madagascar ,  which  had  been  lent  to  him  for 
exhibition  by  Mr.  Joseph  H.  Fenn.  With  these  bones  was  associated  a 

skull  of  a  species  of  Hippopotamus.  —  Prof.  G.  B.  Howes,  F.Z.S.,  exhi- 
bited and  made  remarks  on  the  photograph  of  an  embryo  of  Omithorhynchus. 

—  The  Secretary  exhibited,  on  behalf  of  Mr.  R.  Lydekker,  a  life-sized 
drawing  of  Idiurus  Zenkert,  a  new  and  remarkably  small  form  of  Flying 

Squirrel  from  West  Africa,  recently  described  at  Berlin.  —  Lord  Lilford, 
F.Z.S.,  sent  fort  exhibition  the  skin  of  a  Duck,  believed  to  be  a  hybrid  be- 

tween the  Mallard  [Anas  hoschas)  and  the  Teal  (Querquedula  crecca]^  that  had 
been  caught  in  a  decoy  in  Northamptonshire.  —  The  Rev.  T.  R.  R.  St  ebb- 
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