DEPARTMENT OF COMMERCE AND LABOR

BULLETIN

OF THE

BUREAU OF EISHERIES

VOL. XXIV

1904

GEORGE M. BOWERS, Commissioner

LIBRARY

MAY 2 6 2005

National Oceanic &
Atmospheric Administration
U.S. . of Commerce

WASHINGTON
GOVERNMENT PRINTING OFFICE

1905



National Oceanic and Atmospheric Administration

ERRATA NOTICE

One or more conditions of the original document may affect the quality of the image, such
as:

Discolored pages
Faded or light ink
Binding intrudes into the text,

This has been a co-operative project between the NOAA Central Library and the Climate
Database Modernization Program, National Climate Data Center INCDC). To view the
original document, please contact the NOAA Central Library in Silver Spring, MD at
(301) 713-2607 x124 or www.reference@nodc.noaa.gov.

LASON

Imaging Contractor

12200 Kiln Court
Beltsville, MD 20704-1387
March 21, 2005



Blank page retained for pagination



CONTENTS.

A REVISION OF MALACLEMMYS, A GENUS OF TURTLEs. By William Perry Hay. (Issued Feb- Fse
TUATY 8, 1905, ) - .ottt i it aaaan 1-20
Tre Mepusz or T Woops HoLe Rrcion. By Charles W. Hargitt. (Issued February 14,
85T RO 21-79
THE 0STEOLOGY AND IMMEDIATE RELATIONS OF THE TILE-FISH, LOPHOLATILUS CHAMBLEONTICEPS.
By Frederic A. Lucas. (Issued February 14, 1905. ). .. ..o oot oot i aaaaaas 81-86
THE BLOOD-VASCULAR SYSTEM OF THE TILE-FISH, LOPHOLATILUS cHAMALEONTICEPS. By C. F.
Silvester. (Issued February 14, 1905. ). ..o ioi i ool 87-114
THE FISII PARASBITES OF THE GENUS ARGULUS FOUND IN THE Woobs HoLr REGION By
Charles B. Wilson. (Issued Februaary 14, 1905.) . ... oottt etaieaan 115-131

THE SEAWEED INDUSTRIES OF JAPAN. By Hugh M. Smith. (Issued February 18, 1905.).... 133165
THE UTILIZATION OF SEAWEEDS IN THE UNrtep Stares. By Hugh M. Smith. (Issued Feb-

b V30 R T 5 0 167-181
THE FUNCTION OF THE LATERAL-LINE ORGANS IN FIsgES. By G. H. Parker. (Issued February .

BT 5 0 183-207
Isorops FROM THE ALASKA SALMON INVESTIGATION. By Harriet Richardson. (Issued February

0 4 R 209-221
List oF risHES cOLLECTED IN BouLbpER CouNty, COLORADO, WITH DESCRIPTION OF A NEW SPECIES

or Lructscus. By Chancey Juday. (Issued March 17, 1905.) ... . ... .oooiaaiiaan. 223-227
THE visiz FAUNA or THE TorTUGAS ARrcHIPELAGO. By David Starr Jordan and Joseph C.

Thompson. (Issued May 3, 1905.) .- cooiann ittt e ccieaeaees 229-256
THE CULTIVATION OF MARINE AND FRESH-WATER ANIMALS IN JaraN. By K. Mitsukuri.

(Issued June 17, 1905, ) - . oo oeienn oo e et ot ittt e ettt cictaeaaaan 257-289
NEW STARFISHES FROM DEEP WATER orF CALIFORNIA AND Apnaska. By Walter K, Fisher,

(Issued June 10, 1905. ) . oo enrnn et a ettt ce ettt 291-320
PARASITES OF TISHES OF BLAUFOR’], Nortn CaroniNa. By Edwin Linton. (Issued October

19, 1905 ) - < e e e e eee e e e ettt e e ean e reees 821-428
PHYSIOLOGICAL STUDIES OF THE CHINOOK sALMoN. By Charles Wilson ‘Greene. (Issued

November 2, 1905. ) - . e cveeeit e e aee e e e e aca e et e i aiaaienaetaaataaan 429-456

THE AMPHIPODA OF 50UTHERN NEW ENcLann, By S.J. Holmes. (lssued November 8, 1905.) . 457-529

111



Blank page retained for pagination



LIST OF ILLUSTRATIONS.

A REVISION OF MALACLEMMYS, A GENUS OF TURTLES: Facing page

Plate I. Malaclemmys centrata concentrica 3
II. Malaclemmys centratf.....oooovvevnnnns . 20
111, Malaclemmys centrata........oooeennn 20
1V. Malaclemmys centrata concentrica 20
V. Malaclemmys centrata concentrica 20
VI. Malaclemmys macrospiloth c..eueeeeee e eeroiianenaanaceees e tenarecvieteeniraaranaraaean 20
VII. Malaclemmys macrospiloth «.cueeienneeimiiiiiiieniiiierniiainaaneenes - 20
VIII, Malaclemmys HtOralis .oocaiiiiioriiiiainrenaaniineenans 20
IX. Malaclemmys littoralls .. oc.ooceiivniivaernniiennents PR R 20
X. (1) Malaclemmys centrata. (2) Malaclemmys centratd concentrica............... . 20
XI. (1) Malaclemmys macrospilota. (2) Malaclemmys pleata. ...ooovmiiiiiiiiia e 20
XII, (1) Malaclemmys centrata, young. (2) Malaclemmys littoéralis, young. (3) Malaclemmys littoralis,
adult..ieaniaacainaen T L LRCRTRTTT T T R T REEL R LR 20
MEDUSE OF THE WooDS HOLE REGION: '
Plate I. (1) Syncoryneproducta. (2) Dipurena strangulata. (3) Dipurella clavata. (4) Lizzia grata. (6) Willia
ornat c.veevenennes U R EREE TR TR R L LLR LA 80
II. (1) Ectopleura ochracea. (2) Hybocodon prolifer. (3) Hybocodon pendula. (4) Bougainvillia caro-
T TR UPRSU S RPPPPRPRY PEPEPOEFSERETECE e eeeieaetaaeaanaeaans 80
TII. PENTIATIR LATEIIR - oo enseneenennenansvanamran e e s ma s aa e taas s ts e s sttt re i mn sttt 80
1V. (1) Eufima mira, (2) Tima formosa. (8) Euchcilota duodecimalis. (4) Eucheilota ventricularis.
(5) POTOCOTYIG CATTIER . <o vvessesesssmnsns s s rass st s aasss T oas s s T s ta s st r s ot et 80
V. (1) Syncoryne mirabilis. (2) Oceania languida. (3) Epenthesis folleata. (4) Liriope cerasiformis.
(5) Charybdea VeITUCOSR. cvuvenerevernneessr e eneevcnenenarnaneaeeren s taivenaens . 80
VL (1) Gonionemus murbachil. (2) Aurelia flavidula.....ooveiiiiiiaiiiaiiiaes 80
VII. (1) Pelagia cyanclla. (2) Dactylometrs qUINGUECIITA <. vvunnimnraraeei ettt erees 80
BLOOD-VASCULAR BYSTEM OF THE TILE-FISH:
Plate I. (16) Diagram of arterial system, (17) Venous system, (18) First branchial arch......oooiiiiiiiainnnes 114
SEAWEED INDUSTRIES OF JAPAN:
Plate I. Kanten, or seaweed isinglass ........ eeebeenaerasreianaaas e areeaeaeeae et aateeer i eaasaseaanas 136
I, The manufacture of funori, or senweed glue 142
111. The manufacture of funori, or seaweed glue 144
1V. Views at an Osaka kombu factory «...eeeeeveraeernanceee- mreeseeascsmeerirearareananns reveriasseanesnaas 150
UTILIZATION OF SEAWEEDS IN THE UNITED STATES!
Plate V. Views of the Irish-moss industry of Massachusetts ........ N e emmecasereseraateeentasaraeteaeannyatary 169
CULTIVATION OF MARINE AND FRESH-WATER ANIMALS IN JAPAN: )
Plate 1. (1) View of a turtle farm. (2) View in a gold-fish breeder’s establishment. .....ococeenrineiinnannnnn. 259
II. (1) Egg deposits of Trionyx covered with wire baskets. (2) Second-yenr young of Trionyx 264
111, (1) Arrangement for collecting young turtles just hatched. (2) Crushing shells for food of turtles..... 266
1V. Varieties of gold-fish. ..............¢ PP PP PP PP PR e eeeenrernneanaaann 268
V. Varieties of gold-fish.....oovvceeeienanees errereeeeeanes [P 268
VI. Varieties of gold-fish. ..oocviiiummiiarininiieocnanninnnns ettt anean et 268
VIIL (1) View in earp-culture establishment. (2) Chitose salmon BALCRETY < oveviereeeneneiinaaanas SO 974
VIIL. OySter grotnAS. couveanrenensmsarronsraneensns ansrrormssn sy . 978
IX. (1) Spat collectors. (2) #poya* ground and living ground ... 250
X. (1) General view of Nihojima Inlet, showing oyster grounds. (2) Oyster grounds near Tamsui, Formosa. 282
X1. (1) Culture pearls. (2) wagemaki” shells oooiiioneiiieanaannes feeearetenaraaenas Cevreeans [ETTTTPPN 286
PARASITES OF FISHES oF BEAUFORT, N. C.: :
Plate I (1-b) Eehinorhynchus sagittert .oco . ovsssarseserssssinsmmasssensnsss st 428
II. (6~7) Echinorhynchus sagittifer. (8-11) Echinorhynchus pristls .oooooiiiiiiens feeeeteceanatiaeaaaaaaes 428
III. (12-14) Echinorhynchus pristis. (15-16) Echinorhynchus sp, (17) Filaria galeatn........cooneonennnn. 498
IV. (18-20) Filariagalenta. (21) Ichthyonema globieeps. (22-28) Ascarisbrevieapitata. (24) Heterakissp.. 428
V. (25) Heterakissp., (26-30) Immature DOINALOACE. « v v vremnaeerrvraanerassaasnnanan ot saa ittt 428
V1. (31-35) Immature nematodes .4
Vil (36-45) Minute nematodes 428
VI, (46-54) Minute nematodes. (65-56) Sporozoa. (57-68) Parasitic copepod 498



VI LIST OF ILLUSTRATIONS.

PARASITES OF FISHES OF BEAUFORT, N. C.—Continued. Facing page.
Plate IX. (59-66) Rhinebothrium sp.... 428

X. (67-71) Rhinebothrium sp...... ... 428
XI. (72-75) Rhinebothrium sp. (76-79) Scolex polymorphus. .......ooeovieiecncnenees PN 428
XII. (80) Calliobothrium sp. (81) Blastoeyst. (82-84) Larval cestodes. (85-86) Teenia. (87-88) Rhyncho-
LT3 08 00 T L LE R T DR R PO PR PP PP PP PP PP 428
XIII. (89-100) Rhynchobothrium 8P. v eere ettt ettt e 428
XIV. (101) Rhynchobothrium tenuispine. (102-109) Otobothrium sp. (110-111) Otobothrium crenacolle.... 428
XV. (112-115) Otobothrium crenacolle. (116-118) SynbOthIium 8D...ovnnmr it eiciiiieees 428
XVI. (119-124) Dibothrinm tortum « ..o en e e ittt 428
XVII. (125) Anthobothrium pulvinatum. (126) Anthobothrium laciniatum. "(127) Onchobothrium uncinatum,
{128) Acanthobothrium paulum. (129-130) Rhynchobothrium sp ... 428
XVIIL (181) Rhynchobothrium sp. (132-138) Rhynchobothrium plieatum. .. ccoooiiiiiiiiiii i 428
XIX. (139-140) Rhynchobothrium plicatum. (141-145) Otobothrium insigne. (146) Rhynchobothrium hispi-
ML e e e e e e e ee e oeeaesasesancaenaessaansecsceasesasssanenssasoacencrasactoscssnnssunannasaasansonasacass 428
XX. (147-150) Microcotyle sp. (151) Dactylocotyle sp. (152-163) Distomum appendiculatum. 428
XXI. (154-155) Distomum monticellii, (1566-157) Distomum tornatUM ...eeaneere ittt 428
XXII. (158) Distomum monticellii. (159) Distomum globiporum. (160) Distomum appendiculatum, (161-167)
DESEOMES « - o v eee e ee v e e m e e aaeassacesaamemcaseaauaseiosesasannaatasaasassocsbartototantannrmsonananns 428
XXIII. (168-172) Distomes. (173) Distomum globiporum. (174-176) Distomum bothryophoron..........c...... 428
XXIV. (176-178) Distomum vitellosum. (179) BRJTET703 110752015 ) + 00U G 428
XXV. (180-182) Distomum corpulentum............ e 428
XXVI. (183-187) Distomum inconstans 428
XXVII. (188) Distomum vibex. (189-194) Distomum imparispine. (195-197) Distomum aduncum .............. 428
XXVIII. (198-199) Distomum globiporum, (200-201) Distomum pectinatum ...........ooiinemeieronriinianes 428
XXIX. (202-203) Distomum pectinatum, (204-209) Distomum sp .. s 428
XXX, (210-215) Distomum sp. (216) MONOSLOMIUIN SP v et neaunnnnnnn e aaane s ettt ettt iatianaeruanas 428
XXX, (217-226) MONOSLOMUIL 8Dt ¢ teusnnnasaenseasosaeensesotannsenasnseststosesamtnstsissitnsntaaaaaasansaass 428
XXXII (227-229) Monostomum sp. (230-232) Gasterostomum gracilescens. (233-234) Gasterostomum baculum.
(235) Gasterostomum arcuatin. ... ..oooeeniiiieriainnniaaaas e tesasasasesaaaasaranararaseranrarae 428
XXXIII. (236-239) Gasterostomum gracilescens. (240-242) GasterosStomMum gOrgom. . ...vvvrenerieeueens cennennsns 428
XXXTV. (243-249) Aspidogaster TINEENS. ..o oottt ret ettt s st ees 428
AMPHIPODA OF SOUTHERN NEW ENGLAND:
Plate 1. (1) Hyperia galba. (2) Euthemisto bispinosa. (3) Phronima sedentaria ........... ool 530
II. (1) Talorchestia longicornis. (2) Talorchestia megalophthalma. (38) Orchestia agilis.................. 530
III. (1) Orchestia palustris. (2) Hyale littoralis. (8) ANONYX NUZAX...vcuenrrneunenamcninaroanoecosaionoas 530
IV. (1) Hoplonyx cicada. (2) Hippomedon serratus. (3) Tryphosa pinguis ....cocoiiiiiiiiiiiiiiiiiian, 530
V. (1) Lysianopsis alba. (2) Haustorius arenarfus. (3) BybliB SErrata «.oouvnererairiii e 630
VI. (1) Ampelisca compressa. (2) Stegocephalus inflatus. (3) Metopa greenlandica 530
VIL (1) Leucothod spinicarpa. (2) Parcediceros lynceus. (3) Pleustes panoplus ...........ocoooiiiiiiiin. 530
VIIL (1) Paramphithoé pulchella. (2) Sympleustes latipes. (3) Epimeria lorieata.........ooociioiiiii, 530
IX. (1) Acanthozone cuspidata. (2) Lafystius sturionis. (3) Eusirug cuspidatus................0 630
X. (1) Calliopius leviusculus. (2) Gammarellus angulosus. (38) Gammarus locusta ....oo...... 530
XI. (1) Gammarus marinus. (2) Gammarus annulatus. (3) Melita nitida . oeeeiiiiiiiaiaaa 530
XII. (1) Elasmopus levis. (2) Mwera dansg. (3) Ptilocheirus pinguis.........ooooooiiienann. . B8O
XIII (1) Amphithoé rubricata. (2) Amphithoé longimana. (3) Ischyrocerus ANGUIPeS. . covrireniiiaiaian ... b30
TEXT CUTS.

MEDUSAE OF THE Wo0oDS HOLE REGION: Page.
Perigonimus JONESIE - . .ou e et 83
Protiara haeckeli ........oooviiiriiiiiiiaii il 35
Stomotoca apicata, male......o.ooooiiiiiiianat 36
Stomotoce apicata, female 85
Turris vesiearia .....oooivnn i 36
Turris episcopalis ......oovireiieiiiaons 86
TUrTitopsis DUTICUIR - . vnnnie et e 37
Dysmorphosa fulgurans.................. ettt ecae s aernnes 38
Bougainvillia superciliaris 40
NemOPSis BACHEL oottt i et 41
LAOAICER CRICATALA . . oo e e ee e e e re e ettt e e aa et s e tsaaeaenneseanaaar e nnrasasarssan sosomiusstasssssssnnsinsnns 43
Staurostoma IACINIALA .. ... ettt 43
Orchistoma tentaculata 44
Clytia bicophora ................ 46
Obelia diaphans . ............... 48
Tiaropsis diademata .......... . 49
Rhegmatodes tenuls.......... b2
Rhopalonema typicum ......... b4
Aglaura hemistoma............. 65
Aglantha GIgIALE ... .ee e e breresseranaauas PR wenn DD



LIST OF ILLUSTRATIONS. VIiI

MEDUsa oF THE Woops HoLE REGIoN—Continued. Page.
ABIANENA COMICR ... o ettt iie e eaeaiaaisaannesoanasaseaneeoas asissesannalosaennnnasecssncmcssonase . 56
Glossocodon tenuirostris. . cooeeeniciiiinnaveiieenanaes e 57
Zging pachyderma ... ...ooeiieriiiiiiiiaciaaniaiaeaens 58
Solmaris tetranema .......... ceen 68
Diphyes bipartita......... Meeeeresennnnreareannnn 59
Diphyopsis campanulifera...... 60
Sphronectes gracills. ..o..iieuier oo 61
Haliclystus aurietl . oooe oo ooomeiiniiiimaenaracaaescaaaesnasnnanas . 63
Scyphostome of Aurelia flavidula 67
Beroe ovath ....ccveviriaieiriiinnrnecsonitarannes 73

OSTEOLOGY AND IMMEDIATE RELATIONS OF THE TILE-FISH:

Cranium of Lopholatilus, superior aspect.........cceeueneens e e b iesaaeeeeeeattaeanaeaicaatnesaeaneneaaaeny 84
Cranium of Lopholatilus, left lateral aspect..... eeeearacaenaeenranans . 85
Cranium of Lopholatilus, PoSterior 88PECT ... vueeeinm ittt e 85
BLOOD-VASCULAR SYSTEM OF THE TILE-FISH:
Efferent branchial vessels of tile-fish, with eirculus cephalicus. ..ol 90
Efferent branchial and head arteries, with cireulus cephalicus, in congcr eel 01
Cranial portion of arterial system in hickory shad 92
Second efferent branchial artery in hickory shad... 92

Fourth efferent branchial artery in hickory shad ....c..c.ooovvviee . . 92

Efferent branchial vessels of tile-fish, with circulus cephalicus. 93
Cranial portion of arterial system in swell-fish 94
Cranial portion of arterial system in sculpin 95
Cranial portion of arterial system in tomcod 97
Cranial portion of arterial system in toad-fish g 98
Cranial portion of arterial system in fiounder e feeeen 99
Ventral ends of efferent branchial vessels and their branches in tide-fish. .o . 101
Ventral ends of efferent branchial vessels and their branches in tomeod .......ovieaiiiiiiicnn. 102
Ventral ends of efferent branchial vessels and their branches in goose-fish 103
Diagrammatic cross section of body of tile-fISh.eeeieernianiiene e 104
FiSH PARASITES OF THE GENUS ARGULUS!
Argulus alose, female .......... . 122
Argulus alosw, male ...... 122
Argulus catostomi ...... 123
Newly hatched larva of Argulus catostomi.....ooiiaiiiiiinn 124
A single cluster of eggs of Argulus catostomi.. 125
A single egg of Argulus catostomi......... 125
Argulus funduli .c.oeeeoninniiiiiieiaaen, 126
Argulus laticauda 127
Argulus latus ........... 128
Argulus megalops 129
Newly hatched female larva of Argulus TCEALOPS. - vt e eeannrsaem et eee st ta et ea et aas 130
Eggs of Argulus megalops about ready to hateh. ..ooooivriiniiiiiinins crneiiiiiei e herebeeseenecennen « 180
SEAWEED INDUSTRIES OF JAPAN:

“Tengusa’ (Gelidinm COrmenm) . ...ouuvrueeerarniionaamnaeeonnsss 187
Furnace and tub for the boiling of Gelidinm.. 188
Press for straining crude seaweed jelly’....... 139
Pouring liquid kanten into cooling trays...... 139
Articles used in cutting seaweed jelly into sticks and bars 140
“TFunori” (Gloiopeltis coliformis) 144
ATOl Of fUNOTT .1 ee e iiieyaenvna e ianenaans 145
Kelps used in preparing kombu ....c.ooooenene 147
Kelps used in preparing Kombu.....ooooiiinnnazacniaianese 147
Forms of hooks used in gathering kelp in Hokknido .. 148
Kelp fishermen of HOKKaido «.vveieeiiiiiiinnnreriiimanrrcoensrenarncenes . 149
Drying kelp on the beach in Hokkaido....oveevveeeriiennnes 150
Gathering kelp with poles and drags.....ooveeeeeevanns 151
Gathering kelp v...oeneiiiiianiiniaenenes .- 162
** Amanori” or laver (Porphyra laciniata) .. 155
Preparing brush for laver cultivation ....oooovvecerieaenenensinaramrneneenss 166
Bundle of brash and conical frame used in planting brush on soft bottom . 167
Planting bundles of brush on which laver is togrow 158
Washing laver prior to sorting and cutting 168
Sorting and cutting laver........ooevueene- 159
Preparing laver sheets 169
The preparation of Porphyra .. ... 160
“Kajime” (EcKlonia CaAVA) -.ccocvemvneranranceermenarsens 161

61

“Arame” (Ecklonin bicyelis) c.vvveenneranraeaceneanaeees T T rebeereeeinaraaaa,



VIII LIST OF ILLUSTRATIONS.

UTILIZATION OF SEAWEEDS IN THE UNITED BTATES
Irish moss (ChONAIUS CTISPUS) . vttt it aitivtaeneeriasatassaasaseserasarasasnssass sansensenassnsanasasennsen
Dulse (Rhodymenis palmata)......coomueniiniuiiiiiiiiiiiiiiiiiiiiiiiiitiieairreaieseearananses
Giant kelp (Nereocystis lHitkeana).
Rockweed (Fucus vesiculosus) ..
Sea lettuce (Ulva latissima) .......
‘Badderlocks” (Alaria esculenta)
Dulse (Schizymenia edUlIS) ... o.cueeuiitiiiiiiieiaiiai et aitaaiaseeraraterieaeestraaansssnnnenrnaans

ISOPODS FROM THE ALASKA SALMON INVESTIGATION

Aga symmetrica. . 212
Rocinela belliceps . 213
Rocinela angustata 214
Rocinela propodialis 216

TO0le BOIMEST - . ottt ieet i ret e e cmree e eaeaaasisaaeaaarnanaaaanas 217

First incubatory lamella of Bopyroides hippolytes 218
Sixth leg of Bopyroides hippolytes 219
Adult female of Holophryxusalaskensis .......... 221
Maxilliped of Holophryxus alaskensiy................ e et et eeeeseneaeaearaeen et e aacaceaonas aveaneaann 221
Terminal segment of first lamella of incubatory plates of Holophryxus alagkensis....... e rieieaareaeiaaaat 221
FISHES FROM BOULDER COUNTY, COLORADO:
) T T CTOTV IR =A Y @ 11721 11 o) PR M M PN 226
F1SH FAUNA OF THE TORTUGAS ARCHIPELAGO:
& 00 ToTT=0 110 P IR 703 o 701 <2 s O 236
Etelides aquilionaris.................. et e et e e ana et anaa e e e tiaeae et erian e s o e eanan 241
B DA T U 13 T3 T N . 251
Gnathypops aurifrons........ . 252
Execestides egregius........... .. 253
Execestides egregius, front view 2563
CULTIVATION OF MARINE AND FRESH-WATER ANIMALS IN JAPAN:.
Plan of a turtle farm 261
Section and plan of a turtle pond......... : .. 262
Diagram of the tail of a gold-fish . . 267
“Demé-ranchu’ ..o.ovuiiiiniiinenennanaen.n P . 269
Diagram of typical oyster furm, Kaida Bay 279
Diagram of well-developed OySter FRIIIL .. .un.venie et it iiiae ettt aiaeeear e e aasanaeenaosanans 279
Bamboo collectors for oyster spat ' ... 280
Ground plan of & “0¥R " ... it it e ... 281
Map of oyster and seaweed concessions in an estuary of Nihojima 282
PHYSIOLOGICAL STUDIES OF THE CHINOOK SALMON:
Diagram of normal blood pressure from ventral 80rta. ... ..o vei o ieari ittt it e 435
Diagram of a type of blood pressure from ventral norta when affected by respiratory movements................. 487
Diagram of blood pressure from ventral aorta showing rhythmic interference of respiratory movements with
pulse pressure 438
“Diagram of blood pressure from Gorsal A0Tta ....c..vveeiernni it vaeeenarnereareanecaens 441
Diagram showing maximal blood pressure in ventral aorta when that vessel is completely occluded ............ 442

Diagram showing fail in ventral aortic pressure and the irregular heart rate following cutaneous stimulation... 443
Dingram showing effect on blood pressure in ventral aorta and on heart rate following stimulation of the vagus

JUCIVEC = e eeavennnensnasseaensseranecsceasssssssensssnsnseensnsasssnssssnsesesasasensonnsnstatosionstsserensosannsasnas 444
AMPHIPODA OF S8OUTHERN NEW ENGLAND:

HyPEria aIDa. oottt ittt et et ee e aiieese s et aenauaens 464
Talorehestin JoMEICOTIIS . . oo u ittt ittt is ettt s st r e eaaa oot tsasanrnaaascnaanan 468
Talorchestin megalophthalma. co.. oo i i ittt it et tcar ettt ee e aaiaeamas 469
[6770) T=515 0174 0 BT U ves . 470
Orchestin palustris. c . it e e . 471
Allorchestes littoralis 472
Anonyx nugax....... . 473
Tryphosa pinguis ...... .. 47}
Hippomedon SeITREUS v uun et ir et iireaeeaanarasscnsesasrorasnoaens 474
Lysianopsis alba oo oo ie i e e 475
Pontoporein femorata.. 476
Haustorius arenarius. .. 476
Phoxocephalus hélbolli. . 471
Paraphoxus spinosus 478
Ampelisca macrocephala 479

Ampeliscaspinipes...................; ............................ 480

Ampelisca compressa 481
Ampelisca agassizi ... 482
Byblisserrata........ 482



LI1ST OF ILLUSTRATIONS.

IX

AMPHIPODA OF SQUTHERN NEW ENGLAND—Continued. Page,
SLENOtIOT CYPIIY « oo ettt it e e e 484
Stenothot minutie . ceeeeeererineieennannn. 485
Leucothoi spinicarpa ... 486
Parcediceros lyneeuy .. 487
Monoculodes edwardsi 487
PLEUSEES PANOPLUS. ¢+« e eeeeeaee i aaeeeu s saaseiaeaa s ne 488
Paramphithoé pulehelln 489
Sympleustes lutipes oo oaiiiiiaee 490
Sympleustes glaber ... PR 491
Acanthozone cuspidata .........oo o 491
Lafystius sturionis................. 492
Eusirus cuspidatus.c..o...v cvivieniiiiiiiiiiiaann . 493
Calliopius leviusenlus ..o 494
Halirages fulvocinetus............. 495
Apherusa gracilis ..o 496
Pontogeneia inermis.. 497
Dexamine thea 498
Baten secunda 499
Gammarus locusts . ..oo.viennaenns 501
Gammarusannulatus .............. 502
Gammarus marinus. ........... 502
Carinogaminarus mueronatus. ... oo..ooiiiviiiineas A 503
Melita dentata 504
Melita mitiAa. . oee e i i iieieaaeas 505
Melita parvimana............. L 506
Ylasmopus leevis «oooeuiiiannnns 507
Gammarellus ANEULOSTUN. . oo o ee e riirer e aaa e ieaees 508
CHEIITR LEPEDIANS. . e e e v teraenetenneaaneanermeaaaesnemnssaananeasonsns 509
Amphithoi longimana 509
Amphithoi rubricativ «..coooovvviiiiiiiiot 510
Grubia compta . ....oonnnnn . 511
Jassa MArmoratt. ...voeeenn. 512
Ischyrocerus anguipes -...... 513
Microdeutopus gryllotalp.......ooeiieieeennnnns 514
Microdeutopus danmonensis 515
Autonoé smithi .............. 516
Cerapus tubularis............ 517
Ericthonius rubricornis 518
Ericthonius minax 519
UnCiola ITTOIEA . . o eve e vecnrecne e rmeanrcananns 520
Corophium cylindricum b2i
Ptilocheirus pinguis co...venetn 523
Podoceropsis nitida .......... 524
Zginella longicornis, var. spinississimus......... ?gz

B

CAPTEllf LIIGATIS < eaveranernnnrrannnrnneemesnnrsamsssscossnsenasss

B.B. F. 190411



A REVISION OF MALACLEMMYS, A GENUS OF TURTLES.

By WILLIAM PERRY HAY,
Professor of Natural History, Howard University.

B. B, F. 1004—1 1



Blank page retained for pagination



Bull. U.S.B.F. 1904. PLATE |I.

JULIUS BIEN & CO.NY.

MALACLEMMYS CENTRATA CONCENTRICA



A REVISION OF MALACLEMMYS, A GENUS OF TURTLES.

By WILLIAM PERRY HAY,
Professor of Natural History, Howard University.

INTRODUCTION.

During the summers of 1902 and 1903 the writer was engaged in conducting a
series of experiments for the Bureau of Fisheries with the object of determining the
life history of the diamond-back terrapin and its adaptability to artificial propaga-
tion. The field of work covered Chesapeake Bay and its tributary rivers, but the
major portion of the time was spent at Solomons Island, a small town at the mouth of
the Patuxent River, and at Crisﬁeld, Maryland, the well-known oyster, crab, and
terrapin depot on thé “ Eastern Shore.” Both of these localities afford excellent facil-
ities for study not only of the terrapin native to Chesapeake waters, but of those from
other localities as well, for certain residents of these towns are extensively engaged
in impounding the ammalﬂ to fatten them for market, for this purpose buying them
wherever they can be obtained. There have thus been bl ought togethel collections of
diamond-back terrapin which are unsurpassed by the collections in any museun, and
which have the added advantage of containing living instead of dead specimens.

In addition to the observations in these localities, the markets of Baltimore and
Washington have been carefully watched; and the Bureau of Fisheries, through its
agents in various southern cities, has secured a number of interesting specimens,
from which the accompanying color drawings have been made. Through the courtesy
of the American Museum of Natural History I.have been enabled to study the terra-
Pin in that collection, including types of Maximilian’s Zmnys pileata,; and the speci-
mens in the United States National Museum were also placed at my disposal, through
the kindness of Doctor Stejneger, who has assisted me in many ways.

An extensive series of photographs made by the writer from the living animals
turnishes a part of the illustrations accompanying this paper. The remaining plates
are taken from photographs by Mr. R. E. Coker, of the Beaufort (N. C.) laboratory
of the Burean of Fisheries, and from color drawings by Miss E. A. Woodbury; to
whom, and to the dealers in terrapin who assisted me in my work, I return grateful
acknowledgment, with especial thanks to Mr. J. C. Webster, of Solomons, Maryland,
and Messrs. I. H. Tawes, J. H. Riggin, and A. T. Lavallette, of Crisfield, who
allowed me to prosecute investigations at their pounds and to study the shipments
of terrapin as received.

3
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GENERIC SYNONYMY AND DIAGNOSES.

The genus Malaclemmys was established in 1844 by Gray to receive the species
described by Schoepff under the name Zestudo terrapin.
The synonymy of the genus is as follows:

Emys, part, Dum., Zool. Anal., p. 76, 1806.

Emys, part, Dum. and Bibr., II, p. 232, 1835.

Clemmys, part, Wagler, 8yst. Amphib., p. 136, 1830.

Clemmys, part, Strauch, Chelon. Stud., p. 28, 1862.

Terrapene (not of Merrem), part, Bonap., Osserv. 8. sec. Ed. 4. R. A., p. 18b, 1830,

Malaclemmys Gray, Cat. Tortoises, &e., of the Brit. Mus., p. 28, 1844.

Malaclemmys Gray, Cat. Shield Rept. I, p. 87, 1855, and Suppl., p. 41, 1870.

Malacoclemmys Agassiz, Contrib, Nat. Hist. U. 8,, p. 487, 1857 (nom. emend.).

Euchyloclemmys Sclater, Ann, and Mag. Nat. Hist., I, p. 292, 1858 (name proposed as a substitute for Malacoclemmys Agassiz).

The genus is characterized by Boulenger (1889, p. 89) as follows: ““Neural plates
hexagonal, short-sided in front, plastron extensively united to the carapace by suture,
with feeble axillary and inguinal peduncles, the latter anchylosed to the fifth costal
plate; entoplastron anterior to the humero-pectoral suture. Skull with a bony tem-
poral arch; alveolar surface very broad, without median ridge; choanse behind the
level of the eyes. Upper surface of head covered with undivided skin. Digits
webbed. Tail short. North American.” The species included are M. ferrapin
Schoepft, M. geographica (Lesueur), and M. lesucuriz (Gray).

In 1890, Baur (Science, X V1, p. 262, Nov., 1890) added to this list two new species,
M. oculifera and M. kohnis, but later he reestablished the genus Graptemys of Agassiz
and removed to it M. geographica, M. lesucurii, M. oculifera, and M. kohnii, thus
leaving M. terrapin of Schoepff the only species in the genus Malaclemmys.

The examination of the extensive series of diamond-back terrapin which have been
available to me shows that instead of one there are at least four well-marked species
and one subspecies: M. centrata (Latrielle), M. centrata concentrica (Shaw), M.
macrospilota sp. nov., M. pileats (Max. zu. Wied), and M. littoralis sp. nov. The
description of these will be found in this paper. '

The genus Malaclemmys as recognized here and by Doctor Baur may be char-
acterized as follows: '

Emydoid chelonians with the plastron united to the carapace by wide but flat
bridge; hind legs stouter than the fore legs and provided with a broad web extend-
ing beyond the articulation of the nail joint; distinct scales present only on the
legs and feet; inguinal and axillary scales small or wanting; horny sheath of jaws
straight, strong, ahd smooth; alveolar surface flat and broad, without ridges; alveolar
margins meeting at an angle in the upper jaw and tapering to a triangle in the lower
jaw. All the species are American and inhabit salt marshes along the Atlantic and

Gulf coasts.
BIBLIOGRAPHY OF THE GENUS.

By practically all who in recent years have treated of the genus Malaclemmys,
only a single species has been recognized, and although most of the authors have
spoken of its extreme variability, but few of them have gone so far as to propose
names for any of the forms.

The synonymy to be cited is as follows:

Testudo terrapin Schoepfl, Hist. Test., p. 64, pl. Xv, 1792 (not 7. terrapin Gmel. 1788).
Testudo terrapin Schoepf, Naturgesch. der Schildkriten, parts 3 & 4, p. 71, 1703,
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Testudp terrapin Bechstein, Lacepede’s Naturgesch. der Amphib., I, 166, pl. 1v, fig. 2, 1800,
Testudo centrata Latreille, Hist. Nat. des Rept., I, p. 145, 1802,

Testudo centrata Daudin, Hist. Nat. Gen. et Partic. des Rept., II, p. 153, 1808.

Testudo concentrica Shaw, Gen. Zool. III, p. 43, pl. 1x, 1802.

Testudo palustris Le Conte (non Gmel.}, Ann, Lye. N, Y., ITI, p. 113, 1830,

Emys centrata Schweigger, Prodrom. Iconog. Chel., p. 82, 1814,

Emys centrata Say, Jour, Acad. Nat, Sci. Phila., Ser. I, IV, p. 205, 1825,

Emys concentrica Gray, Synop. Rept., part 1, p. 27, 1881,

Emys concentrica Bell, Monograph Test, 1834.%

Emys concentricq Duméril et Bibron, Erpétol. Gén., II, p. 261, 1835,

Emys terrapin Holbrook, North Am, Herpetol,, I, p. 87, pl. x11, 1842,

Emys terrapin De Kay, Fauna N, Y., II, pl. x111, fig. 63, 1842.

Emys terrapin Maximilian zu Wied, N. Acta. Acad. Leop. Carol. XXXII, I, p. 16, 1865.
E"}yspalustﬁs De Kay, 1. ¢., p. 10, pl. 111, fig. 5.

Emys pileata Maximilian zu Wied, 1. ¢., p. 17, pl. 1, figs. 2 & 8, 1865.

Terrapene palustris Bonaparte, Osserv. sulla seg. Ed. Cuvier Reg. Anim., p. 157, 1830,
Malaclemmys concentrica Gray, Cat. Tort., &e., Brit. Mus., p. 28, 1844.

Malaclemmys concentrica Gray, Cat. Shield Rept. Brit. Mus., p. 87, 1856, and suppl., p. 42, 1870,
Malaclcmmys var. centrata Gray, Cat. Shield Rept. Brit. Mus., p. 37, 1855.

Malaclemm;qs var, tuberculifera Gray, Cat. Tort., &c., Brit. Mus., p. 28, 1844,

Malaclemmys var, areolata Gray, Cat, Shield Rept. Brit. Mus., p. 87, 1855.

Malacaclemmys palustris Agassiz, Contrib. Nat. Hist. U. 8., I, p. 437, pl. 1, figs. 10 and 12, pl. 7a, figs. 11-14, 1857.
Clemmys terrapin Strauch, Chelon. Stud., p. 182, 1862.*" .

C'lemmys terrapin Strauch, Verth. Schildkr., p. 90, 1865.*

Malacoclemmys terrapen Boulenger, Cat. Chelon. Brit. Mus., p. 89, 1889,

Malademmys concentrica Sowerby & Lear, Tortoises, &c., p. 8, pls, XXXIII-XXXVI, 1872,
M’alaclcmmys terrapin Baugs, Proc. Bost. Soc. Nat. Hist, xxvir, 169-161, 1896,

Malaclemmys centrata Jordan, Manual of the Vertebrates, 8th ed., p. 209, 1899,

A review of the literature given in the above list, only those works marked (¥)
having been inaccessible to me, has brought out the following facts, which are
Presented in full:

1792, Scuorprr, J. D.—Historia Testudinutﬁ, pp. 64-66, pl. xv. :

This author describes ‘‘the terrapin’’ under the name Testudo terrapin, and gives three figures of
the animal, showing the carapace, plastron, and a front view (the first two figures colored). The
habitat ig given as North America.a

The figure shows a shell which must have come from the northern form, probably from Delaware

2y or northward. The carapace is brown with darker mottlings, and the concentric ridges on the

Plates are plainly visible. The greatest height is at the 3d vertebral plate. The plastron is light yel-
low with g large orange blotch and an irregular dusky ring or rectangle on each plate.

. Unfortunately Schoepff seens to have been misled by the name ferrapin, and accordingly regarded
U8 8pecies as identical with the species of Gmelin, which was based on the species described by Brown
tom Jamaica (Rept. Jamaica) under the name Testudo terrapin or Testudo palustris. The latter animal

hag nothing to do with the one in question and belongs to a distinct genus, Pseudemys.

1793, Scrorprr, J. D.—Naturgeschichte der Schildkriten, Abth. 8 u. 4, 8. 71-74.

The description previously cited is given, though in German instead of Latin, with the additional
Statement that two of the shells upon which the species was based were brought by the author from
North America. From the context we may infer that these two shells came from Long Island. The
figure shown is the same as in the edition already referred to.

1800, Brousreiy, J. M.—Lacepede’s Naturgeschichte der Amphibien, I, pp. 166-170, pl. 1v, fig./2.

Under the name Testudo terrapin the description of Schoepff is repeated. The plate is a reduced
©opy of Schoepff’s figure, showing the shell from the side.

b 4" Habitat in America septentrionali, Duas inde mecum adportavi testas; duas minores misit Rev. Henr. Miihlen-
Crg.  Terrapins ibidem nuncupari solent, et hoe sub nomine in soris Philadelphis, et alibi, venales prostant. Licet capitis
et extremitatum cognitione destitutus, aquaticam esse speciem pro certo tamen scio, nam maxima, quam possideo, hujus
Apeciei testa, ex animali in aquis subduleibus Insulss Longs capto, deprompta fuit.”
u Invrecentissime epistola, Rev. Miihlenberg sequentia addit: “Habitat in aquis salsis; ad pedis magnitudinem inter-
m excrescit, Pedes palmati; palmee 5, plante 4-dactyle, cauda brevis.”
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1802. LaTrEILLE, P. A.—Histoire Naturelle des Reptiles, Vol. I, p. 145, plL. vy, fig. 2.

A description of Testudo centrata, *‘la tortue a lignes concentriques.”’ - This description was com-
municated to Latreille in manuscript by Bosc, who had had an opportunity to study the diamond-
back terrapin in the neighborhood of Charleston, 8. C. It will be noticed that the gpecific name
centrata is the earliest acceptable one, and the type locality may be fixed with almost perfect certainty
ag Charleston, 8. C.

1802. Smaw, Georae.—General Zoology, vol. 3; pp. 43 and 44.

The author describes under the name Testudo concentrica a species which he says is sold in the
markets of Philadelphia and elsewhere under the name of terrapin. It is a native of North America
and wasg ‘‘ apparently first described by Doctor Browne in his Natural History of Jamaica.”” . Character-
ized as ‘‘tortoise with subdepressed subcarinated, oval, yellow shell, with the scutella marked by
concentric brown zones.’

A varietal form of the species is figured on Plate IX, the carapace being shown in dorsal view,
from “‘a fine specimen in the Leverian Museum, which is remarkable for having the dark zones on
the several pieces of the shell double; being slightly separated by an intermediate line of pale or

yellowish ground color.” The figure shows the shell of the northern form of M. cenirata. with the
not uncommon character mentioned.

1803. Daupin, F. M.—Histoire Naturelle Générale et Particulidre des Reptiles, Vol. II, pp. 153-158.

Under the name la tortue & lignes concentriques, this author describes a terrapin concerning which
in a footnote on p. 153 he quotes as follows: *‘Testudo centrata, lineis duabus aut quatuor airts, circulari-
ler centratis, in scutellis lorice superioris et marginis; sterno flavo immaculato, posticeque marginato.”  Bosc,
description manusecrite communiquée.—Latreille, Hist. Nat. des Répt., I, p. 145, pl. v1, fig. 2.

Daudin doubts the validity of the new species, observing that it differs from Schoepff’s only in
having the plastron entirely yellow. His specimens came from Bosc, who reported them as coming
from the sounds of Carolina. He describes. three varieties, two based on color differences and one on

_the divided nuchal plate, but does not name them or assign localities. -

1814. ScEWEIGGER, A. T.—Prodromi Iconographiz Cheloniorum, p. 32.

In this pamphlet occurs the name Fmys cenirata, with references to Bosc, Nouvelle Dictionnaire
d’Histoire Naturelle, vol. 22, p. 264, and to Shaw’s General Zoology. In the description which
follows there is nothing to indicate which form of the terrapin the author was describing except that
it was based on six specimens in the Paris Museum and on those of Bose, which, as before stated,
probably came from the neighborhood of Charleston, S. C.

1825. Say, Tmos.—Journal Academy of Natural Sciences of Philadelphia, Ser. I, Vol. IV, p. 205.

In this paper the diamond-back terrapin is described as follows: E{mys) centrata. Shell somewhat
ovate, carinate excepting on the last plate; plates with concentric circles, either simply colored or deeply
impressed; posterior marginal scuta crenate; anterior one quadrate; skin whitish, with very numerous
blackish spots; jaws simple.

1830. Lk ContE, J.—Annals of the Lyceumn of Natural History of New York, III, p. 113.
Under the name Testudo palustris, this paper includes a descrlptlou of M. centrata. The form is
not identifiable. Three varieties are mentioned:
a. Smooth, with very few concentric strize. Shell above gray, with ‘concentric marks of
black on each plate. Sternum yellow, spots on the skin larger.
b. Dark brown, somewhat varied with black; lateral and marginal plates more or less
marked with concentric striee; vertebral plates smooth.
¢. With concentric strise on all the plates and black concentric marks on some of them.
The distribution is stated to extend from New York to Florida and even to the West Indies, in
galt water and always in the neighborhood of marshes.

1830, BoNAPARTE, CArLo LuciaNo.—Testudinum Genera. Sulla Segonda Edizione del Regno Animale
del Barone Cuvier Osservazioni di C.-L.-Bonaparte.- 1830. Page 157, species 8.

Terrapene palustris. The description is in Latin and Italian and refers to M. centrata of all forms.
The range is stated to extend from New York to Florida.
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1831 Gray, Jomx Epwarp.—Synopsis Reptilium. Part 1. Cataphracta, p. 27.

This author describes Emys concentrica, giving references to Bosc iri Daudin’s Histoire Naturelle
des Reptiles, Schoepff, Latreille, Gmelin, and Schweigger. The following forms are described:
a. livide. Testa livida obscure annulata, Emys livida Bell, Mss.
b. polita. Testa margine revoluta, scutellis nigris’ politis profunde suleatis, sterno lutes-
cente maculis magnis nigris notatot. ‘ .
Junior, testa carinis continuis scutellis sterni nigro marginatis; cute albido cinereo nigro
maculato, capite collogue lineis nigris notatis.
Habit in America Boreali. ‘
Continuing he says: “The head of the living animal is very broad and depressed like the

?/?lraspes, and the neck thick; skin slate colored, black-speckled. Inthe young specimens the skin is
bluish anq black-speckled; the forehead is marked with concentric black lines, and there are three
c“"}’ed black lines over each ear; the neck is also marked with short black strokes. The polished
:;‘m?ty appears very different, but I have seen specimens which unite it with the common state of the

ecles.”’ ' )

. The latter part of this description, at least, undoubtedly applies to some other turtle than the
diamond-back, probably to some-South American species. The forms described under a and b are
Indeterminable, as no localities are assigned, and the descriptions are such as to make it uncertain.
Whether they belong to this species at all. '

1834, BeLrL, Tros.—Monograph of the Testudinata.

No copy of this work has been accessible to me, and I am therefore unable to cite the page or
Plate referring to the present species. From the fact that four of the plates depicting Emys concentrica
flnd intended for this work were published later, by Sowerby and Lear, it is probable that the matter
In Bell’s Monograph is of little value.

1835. Dumirir, A. M. C. et Bisrox, G.—Erpétologie Générale ou Histoire Naturelle des Reptiles.

. On pp. 261-266, Vol. 11, is a detailed description of Emys concentrica ‘Gray. The authors regard
is species as one of the most variable known to them, and describe three varieties, A, B, and C,
vased on the colors of the head, neck, legs, shell, and the markings. The material evidently came

g{’m numerous localities, and the distribution of the species is given as extending from New York to
orida.

1842, Horeroox, J. E.—North American Herpetology. Second edition, Vol. I, pp. 87-91, pl. xi1.

‘ Emys terrapin Schoepff. The author gives a detailed description of M. centrata, in which he refers
O.the very large head and the frequent greenish color of the head and shell. The specimens were
evidently from South Carolina. -The distribution given is from Rhode Island to Florida and the Gulf
gf Mexico (northern shores), and this species is stated to be the only one common to both North and
outh America. .
The plate gives two views of an animal which is unmistakably the Carolina terrapin, M. centrata.
he predominating color is greenish; the head is large and heavy.

» 1842, Dy Kay, J. E.—Fauna of New York, Part II, pp. 10,11,

The species figured in plate 23 is the characteristic northern form of Malaclemmys cenirata
Concentrica. The concentric markings on the plates of the carapace are strongly brought out. Emys
palustris and Bmys terrapin are described, the former being called the *“galt-water terrapin’’ and the
latter the ‘smooth terrapin.”’ :

; Of Emys palustris the author says: ‘It is well distinguished as the salt-water terrapin, for it is
0“‘_1‘1 exclusitvely in salt or brackish streams near the seashore. They bury themselves in the mud
Uring the winter, from which they are taken in great numbers, and are then very fat. The

8eographical limits of this gpecies extend. from the Gulf of Mexico along the Atlantic to New York. -

ey are found along the northern shores of Long Island to its extremity, but 1 am not informed

Whether it oceurs on the opposite main shore. Dr. Storer does not mentidn it in his valuable report
on the Reptiles of Massachusetts. The Prince of Canino has introduced this species into Italy, but I
ave not learned with what success.”’

" O_f -.E'my.s terrapin he says: “I am indebted to Major Le Conte for a figure and note, pointing out
1e distinetive marks between this and the preceding species * ¥ *.  They are brought to our
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markets at the same time and sold under the common name of terrapin. The specimens of the two
species of the same size, examined by Major Le Conte, were both females. I had noticed the two, but
supposed them to be sexual varieties. The market people say they are caught in the same localities;
but as Schéepif derived his specimens (the present species) from Miihlenberg, I am inclined to believe
that the E. ferrapin inhabits indifferently fresh and salt water. Schoepff himself found one on Long
Island in water which was almost fresh.”

De Kay’s conclusions regarding the above species must have been based on insufficient material,
or posgibly on the really distinct northern and southern forms of M. centrata. 1t would be quite easy
at the present day to pick out a dozen individuals in a large series of M. cenirata concentrica which
would differ from each other quite as much as the two specimens just mentioned.

1844. Gray, JorN Epwarp.—Catalogue of the Tortoises, Crocodiles, and Amphishsenians in the
British Museum, London, p. 28.

Malaclemmys.—Generic diagnosis. *‘Salt-water terrapin, Maloclemys concentrica= Testudo concen-.
trica of Shaw,”’ etc.

Following thigis a description and list of specimens: A, b, ¢, d, ¢, f, g, h,and i. Under h is noted,
““Shell only (young); the three central vertebral plates with a central tubercle, the hinder tubercle
orbicular. M. tuberculifera, Gray, B. M. California. Mr. J. Drummond’s collection.”

As no Malaclemmys is known to inhabit any part of North America except the eastern and
southern coastal regions it is impossible to say to what the name M. tuberculifera refers, although the
description fits admirably the young of the species from the Gulf of Mexico; the locality given may
be erroneous or the turtle may not he a Malaclemmys.

1855, GrAY, JoEN EDWARD. ——Catalogue of the Shield Reptilesin the Collectlon of the British Museum,
London, p. 37.

Malaclemmys. Generic diagnosis.

Malaclemmys concentrica, salt-water terrapin.

Var. 1. concentrica. Head black-lined, limbs black-spotted; shield smooth; dorsal and
sternal shields with well-defined dark rings.

Var. 2. Not named.

Var. 8. cenirata. Head black, with small specks, etc.

Var. 4. tuberculifera. Characters given in preceding reference. Locality, California.

Var. 5. areolata. Head small, back elevated. Central America. Peten.

For varieties 1, 2, and 3 no more definite locality is given than North America, and the distinc-
tion is probably baged on color variations such as are to be found among any considerable number of
these animals. M. areolata is too insufficiently described to be identifiable with anything now known,
but the record is of interest in that it shows that the genus extends to the neighborhood of Yucatan.

1857. Adassiz, L.—Contributions to the Natural History of the United States, I, pp.437-438; 1I, pl. 1,
figs. 10-12, pl. 7a, figs. 11-14.

Gray’s genus Malaclemmys is recognized as very distinet, but the name is altered on etymological
grounds to Malacoclemmys. A single species, M. palustris, is mentioned and a short description is given.
The range ig stated to extend along the Atlantic coast, in salt marshes, from New York to Texas, and
even to South America. Specimens from the States bordering on the Gulf of Mexico are said to be
generally smaller than those of the Atlantic States and the edge of the carapace is more revolute; but
such specimens occur even in the vicinity of New York. In all other respects, also, the species is said
to be extremely variable. Emys areolate A. Dumeril, it is stated in a footnote (p. 437), was probably
baged on a specimen with strongly revolute marginal plates, from the Gulf of Mexico.

Bimys macrocephalus Gray, is said (footnote, p. 438) to have been based on a large-headed variety
of M. palustris (=M. centrata).  *

Figures show the young and the eggs of M. centrata.

1862. StrAUCH, A.—Chelonien Studien.

This work has not been accessible to me. T therefore cite the page reference given by Boulenger—
Clemmys terrapin, p. 132.
1865. . SrrAavcH, A.—Vertheilungen der Schlldkroten

Like the preceding work, this has not been in my hands, and the reference is Boulenger’s—Clemmys
terrapin, p. 90.
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1865. Maximrnian, Prinz zuv WiEp. Verzeichniss der Reptilien welche auf einer Reige in Nordlithen
America beobachtet werden; p. 16, pl. 1, figs. 2 and 3.

Contains several paragraphs on H. terrapin Schoepif, which are evidently condensations of the
more lengthy descriptions of other -authorities. The author mentions having seen the animals in the
markets of New York and Pittsburg and states that he received in the winter of 1832-33, while at
N'ew Harmony, Ind., a lot of nine terrapins from New Orleans which appear to' show constant
filfferences from J. terrapin of the more northern waters, and which he will describe as Emys pileata,
‘die Emyde mit schwarzen Scheitel.” “I. pileo nigro splendente; corpore cinereo, maculis nigris;
testa immaculata aterrima, margine subtus aurdntiaco, subrevoluto.” Then follows the description
of “an apparently female animal:”’

‘A thick, rounded emyd, with thick head, massive, strong shell, which, when looked at fron:
above, has a rounded, elliptical form, only slightly convex; somewhat depressed in front and behind;
feen from the side, is higher in front than behind; all the marginal plates somewhat revolute, and all
the vertebral plates with a strong knob or carina, so that the upper line in profile has almost a saw-
toothed appearance. The head of the animal is thick, broad, flat above, very smooth gkinned, or
covered with a smooth, horny shield, which on the top of the head forms a diamond-shaped surface,
and is concave, in so much as the sides of the head are somewhat swollen. The eyes are not
Prominent. * * * The horny covering of the lips is very wide, extending to just below the eyes.
The neck is smooth skinned, of medium length * * ¥ Tail rather short.

“Color: Head and neck ash gray, washed with greenish on the sides of the top of the head. Upper
side of neck clear olive brown, but everywhere with small black or dark-brown specks. Legs and
body darker gray than the head, everywhere strongly spotted; an olive-yellow streak from the eye to
behind the nose (often wanting). A constant character is thé black-brown rhomboidal field which
covers the top of the head, extending from the nose to the back of the head and from eye to eye.
Carapace uniform black, sometimes brown-black, but without any markings except the clear orange
on the uprolled marginal plates. The plastron is uniform dusky yellow, or clear gray-yellow, with an
occasional clonding of brown or dusky, usually uniform, however. Lips reddish white, claws grayish
yellow, hind legs and tail dark gray with the dark speckling obscure, iris olive yellow with small gold
8pecks, :

“The male similar, but with a black mustache; plastron clouded with brownish black.

“‘These emyds occur throughout the Southern States, especially in the salt marshes at the mouth of
the Mississippi, near New Orleans, whence they were brought to me alive. They are brought to
market by the fishermen, especially the negroes and Indians.”

Maximilian thinks that Duméril and Bibron had this species for examination. The plate shows
& male with the above characters.

1872, Sowrrpy and Lear.—Tortoises, Terrapins, and Turtles drawn from life by James de Carle
Sowerby, F. L. 8. and Edward Lear.

A series of plates made under the superintendence of Mr. Thomas Bell to illustrate his Monograph
of the Testudinata, but owing to the interruption of that work not published with it.. Bell declined
to furnish text with these plates and it was supplied by John Edward Gray.

Emys concentrica, No, 22, p. 8, pls. xxxu1, xxx1v, xxxv, and xxxvi. The text is of no value.
The description is confined to two lines, and then follow quotations from Agassiz and Holbrook. The
distribution is stated to be from Rhode Island to Florida, also along the shores of the Gulf of Mexico.
‘“This seems to be the only Emys common to North and South America, and it does not appear to be
found in the West India Islands.”

Pl. xxxiu, a dorsal view of Emys concentrica; a represents a rather large-headed form
" of centrata, but with the concentfic markings prominent. Female.

Pl. xxx1v represents the under side of the shell only.

Pl. xxxv, dorsal view of F. concenirica; ¢ repregents an individual with a much-pitted

ghell. Male.
Pl. xxxvi, dorsal view of E. concentrica; b represents an individual probably a Carolina
male. '

1889. BourmweEr, G. A.—Catalogue of the Chelonians of the British Museum.
On page 89 this author gives a diagnosis of the genus Malacoclemmnys and describes M. terrapin.
The ful) synonymy is the most valuable part of this reference.
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1896 Banas, OurraM.—Procceedings Boston Society of Natural History, XX VII, 159-161, Oct., 1896.

Records the occurrence of M. terrapin in the headwaters of Buzzards Bay, at Eastham, on Cape Cod.
¢ After careful study we came to the conclusion that the terrapin from the whole Atlantic coast is one
gpecies. It is subject to the most extraordinary range of individiial variations, however, not only in
color, markings, and roughness of ghell, but in the more important structural features, such as size and
shape of skull, of the horny portions of the mouth and the alveolar region. All these variations are

purely fortuitous and do not depend on age, sex, or locality. It ishard to find two terrapin alike.”” The
author does not believe the species was introduced into Buzzards Bay. . An 8-inch terrapin, he thinks,
is 50 years old.
1899. JorpaN, Davip Starr.—Manual of the Vertebrates, 8th edition, p. 209.

This work contains a short description of Malaclemmys centrata Latreille. Under this name all
the diamond-back terrapin are included, but the work is of interest as being the first in which the
proper combination of generic and specific names occurs.

GENERAL NATURAL HISTORY.

Diamond-back terrapins, so well known to connoisseurs and purveyors of sea
food, are distributed more or less continuously along the eastern coast of North and
Central America from Buzzards Bay, Massachusetts, to Yucatan.® All the species are
lovers of salt or brackish water and find their most congenial homes in low-lying
swamps and protected bays or inlets; but they also occur more or less abundantly in
nearly all the rivers that empty into the sea within the limits given, and they ascend
these rivers to points where the water is quite sweet. In‘the James River M. cenirata
is found considerably above Jamestown; in the York River it was formerly abundant
at West Point; in the Potomac individuals have been taken within 4 miles of
Washington.

Of the habits of M. lettoralis, M. pileata, and M. macrospilota, absolutely nothing
is known except as observed in individuals transported to the pounds near Crisfield,
Maryland. Here they act much like M. centrata, but go early into hibernation and
emerge late in the spring.

The northern species, M. centrata, is well known, and its habits have been care-
fully studied. Its period of hibernation begins soon after the advent of cold
weather, but for some weeks it emerges whenever there is a warm day. Eventually,
however, it buries itself completely at the bottom of some pool or stream and remains
until spring. Very soon after the winter sleep is over it seeks out others of its kind
and the process of reproduction begins. Conjugation usually takes place at night or
in the very early hours of morning, and always in the water, the diminutive male
being carried about on the back of the female. The eggs are laid during May or
June, for the most part. For a nest the female, with her hind legs, digs a hole in
some convenient bank, and at a depth of 5 or 6 inches deposits from 5 to 12 eggs.
She then crawls out, carefully covers up the nest, effaces every trace of her work,
and departs. The eggs hatch in about six weeks, if the weather is warm, but may
require twice as'long if the season is a cold one. The young soon after hatching go
to the marsh and dig into the ground, where they spend the first winter and possibly
a part of the second summer. The growth is, for a turtle, fairly rapid, the average
increase in length being about 1 inch a year until 5 inches or thereabouts is
reached, when it becomes slower. Growth probably continues throughout the life
of the individual but in old age is so slow as to be almost imperceptible. Twenty-
five or thirty years is apparently the limit of life.

a Their occurrence in Yucatan has been recorded by Gray (1855). It is quite possible that the range extends farther
to the southward, but Professor Agassiz’s statement that it reaches some point on the coast of South America is not sup-
ported by any evidence. The genus Malaclemmys does not appear in Cope’s list of the reptiles of Mexico,
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The food of the diamond-back terrapin consists largely of such crustaceans and
mollusks as it is able to ¢atch and crush, but as its jaws are rather weak it is com-
pplled to feed upon the smaller and softer animals of these groups. During excep-
tionally high tides it sometimes follows the water into the grassy lowlands, and may
be seen to catch and eat insects. The tender shoots and rootlets of some of the marsh
plants are also eaten, and undoubtedly at times form a very considerable portion of
the food. Fresh water seems to be a necessity to the well-being of the diamond-back
terrapin, though it can live for a long time without it. '

_ Although it is a common belief in many places where this turtle is found that
1‘3 is nomadic, moving restlessly from place to place, and that it is able to make con-
siderable journeys in a very short space of time, there is no evidence to support these
- notions. On the contrary, the individual born in or accidentally transported to a
favorable locality probably stays there indefinitely; no other theory will explain the
numerous local races and the stories of the reappearance of certain marked terrapins
season after season. The former abundance of the diamond-back is a matter of
record. At one time hundreds could be seen in a single day where now perhaps only
one or two can be found in a season. Thanks to lax laws and ruthless hunters, the
Species is on the verge of extinction, and before long, unless proper measures are
taken, must be numbered among the great host of animals that man has exterminated.

SEXUAL DIFFERENCES.

The sexual differences- in the genus Malaclemmys, aside from the genital parts,
are greater than in any other group of turtles known to me. The females are much
larger than the males, they alone attaining the sizes usually cited in descriptions:
Their heads are heavier and less pointed, their bodies deeper, and their tails shorter.
The males seldom, if ever, reach a greater length than 5 inches?; the shell is flatter

aTerraping are usually sold in market by length instead of weight, the measurement being made along the middle

line of the lower shell, or plastron, from the lowest point in front to the bottom of the posterior notch. Throughout this
baper I follow the popular method of measurement, and such citations of length as are made must be so understood.  The
ength of the carapace exceeds that of the plastron, sometimes slightly, sometimes considerably, varying with the age and
the species of the individual; but sofar as I have been able to determine the proportion does not possesssufficient constancy

%o be of value ag a character. The following table shows the varlations for a number of specimens in this and certain
Other respects:

Locality. sex, | Bottom 'l‘npshell.{ Weight. S“{;ggf“"“
Ch TInches. 1 fches. | Ounces, Years.
CERDOAKO BAY. .o .evvinnrnrnrrarrarnesanmasnmsnsansesssasesesivamennnaens 43 [} 16 7
4} 10 b
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53 ef“ 24 6
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g i 1 ;i
NOIth CArOMI ... oot eee e eeeeeeeeaeeereeeeecaaemeanerenas he ZP’ 12 ¢
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than that of the female, and posteriorly more triangular; the marginal plates are
apt to be revolute, the head is smaller, the nose sharper, and the tail longer. All
these characters, except the difference in size, are shown in the illustrations accom-
panying this paper. In the descriptions the female has in every case been placed
first, as the material available consists almost entirely of this sex. The laws of
several states where the industry is conducted forbid the sale of terrapin less
than 5 or 6 inches in length, and therefore only females are caught and sent to
market, the males being thrown aside as worthless. Largely on this account the
collections of terrapin, in museums as well as in the terrapin pounds, contain very
few males. Furthermore, in the pounds the males are thrown together regardless
of the locality from which they came. If possible, this sex is more variable than the
other and is really not as satisfactory for the purposes of the present paper.

Of the Georgia and the Louisiana terrapins, the writer has not seen perfectly
satisfactory male specimens, but males of all the other species have been examined
and will be dealt with in their proper places.

DIFFERENCES DUE TO AGE.

Aside from the natural increase in size and weight the turtles of this genus
exhibit some very interesting and important changes in form and sculpture as they
advance in age. The young of the northern species, M. centrata, and its subspecies
resemble the female parent very closely, with the shell perhaps a little rounder and
the head proportionally a little larger. The color, however, in every case among
the large number I have seen, was a dark blackish-brown, the soft skin being every-
where so thickly speckled with black as nearly to obliterate the ground color. The
top of the head and the lips were always dark. The carapace and plastron were more
or less flexible and the covering plates, while finely pitted, never showed concen-
tric ridges, and only occasionally the concentric markings so conspicuous in the-
adult. Asthe young animal increases in size the plates of the shell are spread apart.
To fill the space thus left new shell is developed, underlying the original plates and
extending beyond their margins, where it appears in the first year as the first concentric
ridge. Presumably this growth takes place periodically, as Agassiz (1857, pp. 260, 290)
observed in several species of turtles, and the age of the turtle can be approximated
by counting the ridges. For the first six or seven years the growth appears to be
quite uniform, the ridges being well separated and usually quite easily counted.
Later in life the growth is much slower and the ridges are so close together and so
narrow that it becomes impossible to distinguish them. The determination of the
age of a very large and old terrapin is rendered still more difficult by the fact that
the shell becomes worn off so as to obliterate all but the last-formed ridges. The
sexnal differences in the young terrapin are apparent after the second or third year.

The striking differences between the young and the adult of the Texas terrapin
are described in the paragraphs devoted to that species. Of the Florida species, I
have seen individuals ranging from 3% to 7 inches in length. The very young are

-still unknown. There is, however, some indication of an increasing roughness of
the shell with advancing age up to the fifth or sixth year when the inevitable wearing
away of the older ridges begins.
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MALFORMATIONS.

During my investigations I have met with a very considerable number of
Specimens of diamond-back terrapin which in one way or another were malformed,
elther congenitally or as the result of some injury or disease. Malformations of the
latter character are of no special interest, except in so far as they show the ability of
the animal to recover from its injuries and the futile effort on the part of nature to
Tegenerate the lost parts. In any large collection of terrapin it is easy to find
Individuals that have lost a foot. Occasionally both the feet on one side or both feet
of one pair will be missing and I saw one individual in which all four feet were gone.
.After such an injury the stump usually heals over smoothly, but occasionally
Irregular growths, not at all like the missing member, appear, and the result may be
& curiously branched, stumpy termination. I have never séen a specimen which
showed even an approximately perfect regeneration of any lost part. Injuries to the
body, unless too severe, are often survived. One individual I observed in a pound
at Crisfield, Md., had lost about one-third of the posterior half of its body, including
1ts left hind leg. The wound, which must have exposed the body cavity, had healed,
and the animal was apparently none the worse for the injury.

A disease similar to necrosis of the bone has been observed.in a large number
Of terrapins, especially those confined in pounds. The first appearance of the
disease is a small white spot on the plastron. This gradually enlarges, pushing its
Way through the scale, and a cheesy nodule from the size of a pin head to that of an
ah.nond kernel drops out, leaving a more or less deep cavity in the bone. Usually
this cavity speedily becomes covered with scar tissue, but in some instances it grows
until eventually a large area of the shell is eaten away. In severe cases death results, -

uf I'saw one individual which had recovered after more than half the plastron had
18appeared. In quite a number of terrapin from South Carolina and in a few
fom Chesapeake Bay 1 have found similar cheesy nodules in the skin of the neck
and legs, There was always an aperture in the skin, but no amount of pressure
could force out the contents. When the tumor was opened a nodule dropped out
Which on examination showed a concentric structure. The skin surrounding it was
Considerably inflamed, but there was no suppuration and the wound healed quickly.

The congenital malformations, with one exception, affected the plates of the
Carapace and were of the most varied character. The most common*was the appear-
hce of supernumerary plates, one or more small scales being intercalated among
the costal plates. Another, and a very common malforniation in one species, was

© longitudinal division of the nuchal or the vertebral plates. This seldom led to
A0y rearrangement of the scales, but in one case, on a terrapin from Chesapeake Bay,

ere was a double series of perfectly formed vertebral plates arranged alternately

OWn the full length of the carapace. The exception mentioned above was a dwarfed
Animal, which had a very broad and short shell slightly twisted to one side; there
Was no trace of injury and the terrapin was apparently very old.

THE AGE THAT TERRAPIN MAY ATTAIN.

.Professor Agassiz was of the opinion that most of our turtles, the present
Species included, may attain a very great age and continue to grow almost indefi-
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nitely. It is true that there is almost indisputable evidence to support this assertion
in regard to some species, but for nearly all-there is a limit, in size at least.

For the diamond-back terrapins the maximum size is about 9 inches, very rarely
exceeding 8, and is attained probably at the age of 15 or 20 years. It is quite
possible, of course, that the turtles live for many years after attaining their growth,
but in this event we should expect to find the plates of the shell worn perfectly
smooth, a condition I have never observed in any species except the Texas terrapin,
which, probably as a result of the warmer and more uniform climate of its habitat,
seems to grow more continuously than its relatives. I am therefore led to believe
that from 20 to 25 years is the average duration of life for the turtles of this genus.®

DISCUSSION OF SPECIES.,

Key to the species and subspecies of the genus Malaclemmys.

. Carin of vertebral plates never tuberculate. Atlantic coast species.
b. Head large to medium size; sides of carapace subparallel; southern form ranging

“north about to Cape Hatteras ... .ooeoroi oo M. centrata.
bb. Head medium to small; carapace widest posteriorly; northern form ranging
from about Cape Hatteras to Buzzards Bay ... ...ocveennnecnenn. M. centrata concentrica.
aa. Caring of vertebral plates more or less tuberculate, at least in the young. Gulf coast species.
¢. Kach plate of the carapace with a large central yellow or orange blotch ....... M. macrospilota.
ce. Plates of carapace without yellow blotch. , _

d. Carapace uniform black or dark brown, top of head and upper lip dark.......... M. pileata.

dd. Carapace uniform light brown or with traces of concentric markings; upper '
lip and top of head nearly always white.......cieiveeiiiiiiiiiiiiiiaann. M. lLittoralis.

Malaclemmys centrata (Latreille). The Carolina Terrapin. Pls. I, I1I, X (fig. 1), and XII (fig. 1).

1802. Testudo centrata Latreille, Hist. Nat. des Rept., I, p. 145.

1808. Testudo centrata Daudin, Hist. Nat. Gen. et Partic. des Rept., 1I p., 158.
1814. Emys centrata Schweigger, Prodrom. Iconog. Chelon,, p. 32.

1826, [Emys centrata Say, Jour. Acad. Nat. Sci. Phila., IV, p. 205 (part).

1830. Terrapene palustris Bonaparte, Test. Gen., p. 167.

1830. = Testudo palusiris LeConte, Ann, Lyc. N. Y., I11, p. 113 (part).

1831. Emys centrate Gray, Synopsis Rept., pt. 1, p. 27 (part).

1834, Emys concentrica Bell, Monog. Test. (part?). (This work not examined).
1835, Emys concentrica Dumeril & Bibron, Erpétol. Gén., p. 261 (part).

1842, [Emys terrapin Holbrook, North Am. Herp., 1, p. 87, P, X1I (part).

1842. Emys terrapin DeKay, Fauna N. Y., IT (part).

1844. Malaclemmys concentrica Gray, Cat. Tort. &e., Brit. Mus., p. 28 (part).

1857.  Malacoclemmys palustris Agassiz, Contr. Nat. Hist. U. 8., I, p. 437, pls. 1 and 7a (part).
1862. Clemmys terrapin Strauch, Chelon, Studien, p. 132 (part?), not examined.
1865. Clemmys terrapin Strauch, Vertheil. Schildkr., p. 90 (part?), not examined.
1865. Emys terrapin Maximilian, N. A. Acad. Leop. Carol., XX 17, I, p. 16.

1889. Malacoclemmys terrapen Boulenger, Cat. Chelon. Brit. Mus., p. 89 (part).
1899, Malaclemmys centrata Jordan, Mah. Vert. 8th ed., p. 209 (part).

Type locality.—Bosc’s material, on which Latreille’s description was based, probably came from
the neighborhood of Charleston, South Carolina.

Distribution.—Littoral region of the eastern United States from the neighborhood of Cape IHatteras
southward to the coast of Florida.

Characters.—When looked at from above, the shell of this terrapin is ovoid in outline, the greatest
width being behind the middle and across the fourth vertebral plate; the front is not very deeply, some-
times scarcely at all, notched. From the side view the shell is seen to be highest near the middle, the
tops of the crests of the second and third vertebral plates usually being the highest points, from which the
curve downward is gradual, both backward and forward; the lower margin of the carapace slopes gently
downward from the front to a point near the suture between the seventh and eighth marginal plates,

a In this connection see Bangs (1896), in which article the occurrence of M. centrata (** M. terrapin ) in Buzzards Bay,
Massachusetts, is recorded and remarks are made on the variations observed in a large series of the species
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then flareg upward and outward a little and descends again behind; vertical and  horizontal measure-
ments of the marginal plates above the bridge—the fifth, sixth, and seventh--approximately equal;
edges of marginal plates from the sixth backward often sharp and conspicuously revolute; inguinal and
axillary plates may be well developed or small, or one of them may be wanting; keels of vertebral
blates rather low and rounded, those of the third and fourth only being at all trenchant; plates of the
carapace usually cencentrically ridged, although in large individuals they are apt to be almost perfectly
Smooth. The plastron is comparatively broad, slightly notched or truncate in front, thence curving
outward and backward to the bridge; behind the bridge thesides of the plastron are subparallel to the
Posterior margin of the femoral plate, where there is a prominent notch, and are then rather strongly
convergent to the ends of the anal plates, between which, on the median line, there is a rather deep .
Dotch; epidermal plates of the plastron usually smooth. .

The head is large and heavy, its sides behind the eyes being more or less swollen; nose short and
bI“nt; jaws strong and provided with a broad horny covering; eyes somewhat prominent, but not sc
markedly so as in the species from the Gulf of Mexico. )

The legs and feet are strong, provided with stout claws; hind feet broadly webbed. Tail short
and weak,

S The male differs very markedly from the female in the shape of the carapace; the margins from
a little behind the bridge to near the posterior end of the shell are nearly straight, so that they meet
at an angle instead of together forming an arc; the marginal plates from a little in front of the bridge
to the posterior end are nearly always strongly revolute. The head is proportionally much smaller
and lackg altogether the heavy, blunt appearance just described in the case of the female; the tail is

Onger and stronger. )
The. coloration is extremely variable and offers no diagnostic characters of value. A series of
terrapin from Enterprise, North Carolina, showed the following variation: 13 females, 5 inches long
and under (measured on the middle line of the plastron), ranged from rather light slate-green
lnfiividuals, very slightly marbled with darker, to some in which the scales of the carapace were black
With more or less wide slate-green margins; the plastrons ranged from a rather pronounced orange

' }’ellow, through honey yellow, to greenish gray; in some cases the plastrons were uniformly colored,
In others they were more or less blotched or clouded with dusky; the lips were white and the top of
the heaq was white or light greenish. Eight females, 5 inches long and under, had the carapace
entirely black and the plastron yellow orange much blotched and clouded with black; the upper lip
and the top of the head were black, and the skin of the neck, legs, and tail was gray-green with many
short crooked black lines and small specks. Five females, of about the same size as those just
Mentioned, were almost perfectly intermediate in coloration, having brownish carapaces with more or
lesy strong traces of green marbling, and plastrons varying from green-gray to orange yellow, some
pl*}in and otheis clouded. Of 8 females about 6 inches long, 2 were very light colored, the scales

¢ing marked with concentric lines of greenish gray or brown on a darker background; 2 were very

ark brown, the others were intermediate; the plastron was yellowish gray-green, almost uniform in
the light colored individuals, but clouded with black in the darker colored specimens. Of the males
_0 had the scales of the carapace broadly margined with greenish gray, around a center of black or
3‘ght brown; the lips and-the top of the head were white or whitish; the plastrons were as variable as
In the females described above, but the dusky markings had the form of small specks rather than
Indefinite cloudings. Eighteen males varied from uniform black to specimens in which the scales had
& large black center and a margin of dark greenish-gray; the top of the head was black and in all but
One case the lips were black; in 11 males the color was like those just described, except that the
Upper lip was white; in 2 males the color was dark, like those just deseribed, but both the top of the
head and the upper lip were white. . :

This form, although variable, can readily be recognized by its large head, smooth carapace, and
low dorsal ridge. From North Carolina northward it begins to intergrade with the northern form,

L. centrata concentrica, and is displaced altogether before the mounth of Chesapeake Bay is reached.
The absence of concentric markings, usually mentioned as characteristic of the species, is apparently
the common condition in typical M. centrala, although now and then an individual is found which
shows them quite as plainly as the northern form. The usual coloration seems to be dark brownish
or greenish black with a border of lighter green gray around each scale of the carapace. It is not
exceptional to find individuals of this species with the transverse diameters of the shell before and
behind the bridge nearly equal and the sides straight, the outline of the carapace thus a }6ng oval.
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Dealers in terrapin regard Malacleminys centrate with little favor, and it commands a much lower
price in the markets than the northern form. The reasons for this unpopularity are variously stated
to be toughness and coarseness of the flesh, large size'of the bones, lack of flavor, uninviting appear-
ance, and it would seem that all the disagreeabie qualities are found combined in the terrapin from
South Carolina and Georgia; those from North Carolina are more esteemed, probably owing to the
fact that among them are to be found numerous individuals which can be made to pass muster ag
genuine ‘‘Chesapeakes’’. :

By Agassiz (1857, p. 438), and by Boulenger (1889, p. 89), Emys macrocephalus of Gray (1844, p.
26), is regarded as a synonym of M. centrata. Agassiz states that the species was based on a large-
headed specimen of the diamond-back terrapin. An examination of Gray’s description shows I.
macrocephalus to be indeterminable, as it does not apply to any one turtle more than to another, and
even the locality is doubtful.

Malaclemmys centrata concentrica (Shaw). The Chesapeake Terrapin. Pls. I, IV, V, and X
(fig. 2). ,

1792.  Testudo terrapin Schoepfi, Hist. Testud., p. 64, pl. Xv (name preoccupied).
1802. Zestudo concentrica Shaw, General Zool., I11, p. 43.
1825. Emys centrata Say, Jour. Acad., Nat. Sci. Phila., IV, p. 206 (part), &c. Numerous other authors as cited under

M. centrata. .

Type locality.—Both Schoepff and Shaw obtained their specimens from the markets of Philadelphia,
and we may therefore fix the type locality somewhere in that region, probably Delaware Bay, agin
that early day practically all the sea food handled in Philadelphia came from those waters.

Distribution.—The littoral region of the eastern United States from Buzzards Bay, Massachusetts,
to Virginia or North Carolina; Long Island Sound, Delaware and Chesapeake bays, &c.

Characters.—The carapace has in general the form of that of M. centrata, but is broader posteriorly
and the marginal plates behind the bridge are seldom revolute; the plastron, also, is less convergent
posteriorly; the plates of the carapace bear conspicuous concentric ridges, but those of the plastron are
smootber, nearly always, however, except in some old individuals, showing at least traces of the lines
of growth; the head is small, narrow, and neatly formed, the top of it flat, giving the nose a sharper
appearance than is to be seen in the otherJform of this species.

The color varies from uniform black to light Hrown, the latter always marked with darker con-
centric lines on each plate of the carapace and more or less blotched with darker on the plastron; the
skin of the head, legs, and tail varies from nearly pure black to a very light green-gray, the latter more
or less marked with specks and short, crooked lines of black; the lips and top of the head are usually
dusky, but individuals may be found with either or both white.

The males resemble the females in the shape of the carapace, except that they are a little sharper
posteriorly and the marginal plates are frequently a little revolute; the nose is much sharper than in
the females.

It seems very probable that somesof the types of coloration indicate local variation, but the species
has been so thoroughly mixed by the shipping of large consignments from one place to another that it
is doubtful whether anything of this kind could be proved. All the specimens from Connecticut and
other northern localities, so. far as I have seen, are very light in color, with conspicuous concentric
markings, but very smooth shells; Potomac River specimens are similar, but have rougher. plates;
those from the ocean and inclosed bays of the Atlantic coast of the Maryland-Virginia peninsula are,
in more than 75 per cent of the specimens, very dark and without markings of any kind. The terrapin
from Delaware Bay are more like those of more northern localities, but usually present very little
eontrast in the color markings on the plates of the carapace.

Many varieties are recognized by the dealers in terrapin—*‘Chesapeakes,” “Delaware Bays,”
“Long Island terrapin,” *‘Connecticuts,”” &c.—but in most cases the determinations are nothing more
than guesswork.

Maealaclemmys macrospilota, sp. nov. The FloridaTerrapin. Plg. VI, VII, and X1 (fig. 1).

Type.—U. 8. National Museum No. 33917, an adult female from Charlotte Harbor, Florida, secured
at the Washington market, December, 1902, by W. P. Hay. )

Distribution.—Salt marshes of the western coast of Florida, the limits of the range as far as known
being from Charlotte Harbor northward to Sand Key.



REVISION OF MALACLEMMYS, A GENUS OF TURTLES. 17

. Characters.—The carapace does not differ greatly in outline from that of M. centrata concentrica, but
18 nearly always a little less full along the sides between the shoulders and the hips, the sides in most
cases being nearly straight: marginal scales behind the hridge revolute; carine of the vertebral plates
fﬂwayg well developed and, except in very old individuals, often more or less expanded at their tips
Into roundish knob-like excrescences. Notch in front of shell,"above the neck, deeper than in the
formg previously described. Plastron usually rounded in front, its sides behind the bridge more nearly
Parallel and the notch between femoral and anal plates deeper than in M. centrata. Epidermal plates
of .both carapace and plastron strongly marked with concentric ridges. "Head large and blunt and,
OWing to greater development of the masseter maiscles, apparently swollen back of the jaws; horny
Covering of the lips strong; eyes protuberant, more so than in M. centrata; top of head flat. Legs and
feet perhaps a trifle smaller proportionally than in M. centrata.

The coloration in this species is very characteristic and will serve to distinguish -it at a glance.
The ground color of the carapace is a deep blue-black, but near the middle of each plate and covering
about two-fifths of its area is a congpicuous orange-yellow spot; the marginal plates are largely orange
Yellow hoth above and below and as these plates are revolute, a chain of color encircles the body; the
Plastron ig largely yellow or orange yellow, this color having nearly displaced the dusky brown
gr.ound color; head and neck a peculiar whitish flesh color, the head almost.unmarked but the neck
W}th numerous smatl black spots; lips and top of the head white; legs and feet light grayish green
with many small specks and spots of dark brown or black; tail grayish and usually unmarked.

The males are essentially like the females, though much smaller, of course, and with longer tails,
but the knobs on the caring of the vertebral plates seem to be more persistent.

In the specimens of M. macrospilota examined by me, about 100 in number, I have observed little
Variation. Two specimens were almost entirely black, but a close examination of these showed traces
of the characteristic orange blotches. In afew individuals thelips and the top of the head were dusky.
When handled, this terrapin shows more readiness to bite than any of the others, and its strong jaws
e_nﬂble it to inflict a painful wound. In one case a piece was cut cleanly out of the palm of an incau-
tious investigator.

It is quite surprising that this beautiful species has escaped the notice of naturalists for so many
Years, but perhaps the growing scarcity of diamond-back terrapin in northern waters has only recently
led to the appearance of this animal in our markets. My first specimens were selected from a barrelful
Which had heen sent from Charlotte Harbor, Florida, to a dealer in Washington. In the summer of
1903 1 noticed a considerable number of both males and females in one of the pounds at Crisfield,
Where they had been received from Sand Key, Florida. ‘

In the markets the *¢ Florida terrapin’’ does not meet with a ready sale. Its peculiar coloration
Proclaimsg it at once as different from the Chesapeake article, and by those who have eaten it, its flesh
18 8aid to be somewhat gelatinous and entirely lacking in the qualities which have made the northern
8pecies famous, :

Malaclemmys pileata (Maximilian zu Wied). The Louisiana Terrapin. Pl XI, fig. 2.

1865, Emys pileata Maximilian, Prinz zu Wied, Verzeichniss der Reptilien welche auf einer Reisp in Nordlichen America
beobachtet werden, pp. 16, 17; pl. I, figs, 2, 8. |

Type.—No. 916, American Museum of Natural History (?) the carapace and plastron of an adult

"Male or immatuie female from New Orleans, Louisiana, collected by Maximilian,

Distribution.—So far as is known, the range of this terrapin is along the Gulf coast from the region
about the mouth of the Mississippi River castward as far as Mobile Bay, and possibly well along the
Coast of Florida.

Characters,—This species is very similar to M. macrospilota in form and sculpture of carapace, size
and shape of head, and proportion of parts, but it differs in coloration. The carapace is entirely black
O very dark brown, except for the clear orange or-dark yellow of -the upturned marginal plates; the
Plastron iy yellow, more or less inclined to dusky or olive, and sometimes with cloudings of brown or
(,“Ek)’- The ground color of the head and neck is a gray or green gray, very clear and  light on the
sides and lower part of the head, but gradually shading into dark olive brown or dusky on the neck,
and everywhere thickly strewn with black or dark brown spots and specks; a large rhomboidal black-
ish patch on top of the head covers the entire area from nose to occiput, and touches the eyelid on
each side; the horny covering of the upper lip is very broad and usually white, but often is strongly

B. B, I, 1904—2
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marked with dusky; between the upper lip and the black rhomboidal patch on top of the head and
extending from nose to front of eye there is usually a streak of olive. The legs, tail, and soft skin of
the body are nearly black, owing to the great quantity of black spots which practically cover the
surface. '

The male is similar to the female, but the crests of the vertebral plates are nearly always knob-
like, and the size is, of course, much smaller than the adult female. The black marking on the upper
lip seems to be constantly present in the male, and has been compared by Maximilian to a moustache.
The plastron is nearly always quite strongly clouded with brownish black.

Maximilian’s specimens were received from New Orleans while he was at New Harmony, Indiana,
Since then no specimens have been obtained until two years ago, when Dr. H. M. Smith, of the Bureau
of Fisheries, received two or three from the same locality. These fit Maximilian’s description in every
way and place the species on a firm basis. Of the nine specimens mentioned by Maximilian, six geem
to have disappeared; the three others are in the collection of the American Museum of Natural History
(Nos. 799, 800, 918). No. 916 is labeled in Maximilian’s handwriting, * Emys pileate mihi, Emys
concentrica var. Dum. et Bibr.”” The original number of this specimen appears to have been 65 ; the
other two were numbered 66 and 67. The locality as given on the labels is Texag, New Orleans.”
The specimens are small, and probably represent males from 5 to 7 years old.

It has been possible to examine only three or four specimens of this turtle from the type locality,
but I have seen large numbers of females from Biloxi, Mississippi, and Mobile, Alabama. They appear
in the markets under the name of Biloxi terrapin or Gulf terrapin, and, next to the northern form of
M. centrata, command the highest prices. They are said to be rather tough, however, and according to
some opinions are not so delicately flavored as the ‘“‘genuine Chesapeakes.”” In one or two instances
among the Mobile specimens there was the faintest possible indication of a large whitish blotch on each
plate of the carapace, and subsequent investigation may show that the present species and M. macrospi-
lota intergrade at some point on the Florida coast. At present, however, the indications of this are
g0 slight that the two must be regarded as distinct.

Malaclemmys littoralis, sp. nov. Pls. VIII, IX, and XII (figs. 2 and 3).

Type.—U. S. Nat, Mus. No. 33913, an adult female from Rockport, Texas, secured at Crisfield, Md.,
in August, 1904, by W. P. Hay. )

Distribution.—8alt marshes and channels along the coast of Texas and outlying islands.

Characters.—Carapace oval in outline, but of nearly equal width at shoulders and hips, the sides
convex, straight, or even slightly concave; notch above the neck usually deeper than.in the species
previously described; carapace much more vaulted, greatest height usually farther back than in the
other species, being at top of third vertebral plate; marginial plates in front of the bridge blunt at the
edges, behind the bridge sharper and rather strongly revolute; margin of carapace rounded just above
the bridge, so that the sharp longitudinal ridge, so prominent in all the other species, is almost want-
ing; bridge high; plastron narrower proportionally than in the other species; posterior lobe with more
convergent sides. Plates covering the shell thin with old age, often becoming so worn away as to
expose the bone beneath them; plates on the plastron usually quite smooth, on the carapace sometimes
smooth, but usually concentrically ridged or roughly pitted.

Head large, the nose blunt. In the male the carapace is flatter than in the female marginal
plates from near front of the shell backwards strongly revolute; plates of the carapace much pitted.

The coloration is variable. Of the 250 specimens examined the few males were all dark brown;
there were a few-females which were almost black, with dark heads, necks, and legs; others were so
light a greenish gray as to appear almost white; the majority, however, were brown, varying from
rather light yellowish brown to dusky. The upturned marginal plates in the darker colored individuals
were orange, but in light-colored specimens were light greenish gray or nearly white; the plastron was
usually yellowish, but if the carapace was very light colored, the plasiron was nearly white with a faint
greenish tint; the markings on the plates of the carapace were always indistinet, but occasionally there
was a faint indication of one or two concentric bands near the centre; usually, however, the plates
were only slightly and irregularly clouded, or unmarked. The top of the head was usually dusky,
but sometimes white, and the upper lip was white in every individual. The soft skin was everywhere
a pronounced green-gray, but thickly marked and more or less obscured by small, nearly circular, black
or brown spots.
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All the terrapin of this species that I have seen alive came from Rockport, Texas, but they are
said to occur southward as far as Brownsville, at least, and northward as far as Galveston. In the
American Museum of Natural History there are four specimens of this turtle, Nos. 801, 802, 804, and
805, which were probably collected by Maximilian; no locality is given for them other than Texas.
1t is quite possible that the range of this species and that of M. pileate merge somewhere between Gal-
veston and New Orleans, and it may be that the two will be shown to be more closely akin than is
I{Idicated by the classification adopted here. The very dark brown individuals of M. litloralis are very
flmilar in general appearance to the Mobile Bay specimens of M. pileata, but may usually be distin-
guished by the higher and heavier body and the white upper lip.

A very interesting malformation, consisting,in the longitudinal division of one or more of the
vertebral plates, was observed in many individuals of this species, a condition so common that it was
.really difficult to pick out a full-grown specimen which did not show it in some degree. As to the
Dossession of the inguinal plate, these terrapin were variable; of 50 specimens examined for this
character, 26 had it and in 24 it was wanting, ’ .

' The young of M. littoralis are very remarkable, and in the absence of any other distinctive charac-
ters would serve to separate the species from M. centrata. I have secured a good series of the young
from eggs laid in one of the terrapin pounds near Crisfield, Maryland. They are much larger than
the young of M. centrata, having probably twice the bulk, and seem much more vigorous and lively.
The first vertebral plate is raised on the middle line to form a broad, low carina; on the second plate
the elevation is greater, and stands out as a smooth boss on the otherwise finely wrinkled plate; the
elevation on the third plate has the form of a hemispherical button with a well-marked constriction
around the posterior half of the base, so that it stands up prominently above the plate posteriorly but
anterjorly slopes into it; on the fourth plate the elevation rises into a knob-like protuberance from a
base which is constricted all around; the tubercle of the third plate is usually the broadest, but the
oneon the fourth plate is the highest and most conspicuous of the three; all are smooth and polished,
Wwhile the plate upon which they rest is finely wrinkled. The fifth vertebral plate is flat or with only
a trace of an elevation. The color of these young specimens is brownish yellow or horn color, and the
marging of all the plates of the carapace are thickened and darker than the remainder of the plate.

he centres of the costal plates usually bear a small dark dot, around which there is sometimes a
harrow dark ring.

Attention has already been ecalled to the knob-like tubercles observable on many specimens of
.M- macrospilota and M. pileata, and these unquestionably have their origin in structures such as those
Just deseribed in M. lttoralis. In the latter species they seem to disappear with age, but in macrospi-
lola and pileata they persist, in the males at least, for many years, increasing in size very little, if at
all, hut very congpicuous when present. In the hundreds of adult and young terrapin {rom the
Atlantic coast which have come under my observation, nothing approaching this character has been
found, and it will therefore serve to divide the genus into two distinct groups.
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Fi[..ﬂ MALACLEMMYS CENTRATA, FEMALE. SPECIMENS TAKEN NEAR BEAUFORT, N. C.
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A2, An individual 4 inches long. Fig. 8. A nearly full-grown individual 6} inches long.  Wigs. 4 and 5. An individual

37 inches long.
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MALACLEMMYS CENTRA

Figs. Land 2, An adult male 4 inches long.
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Fig. 1 A MALACLEMMYS MACROSPILOTA, FEMALE.
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same locality.



Buy|, U. s, B, F. 1904,
PLATE VII.

Fig. 1. Fig. 2.

Fig. 3.
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Figg. 3 and 2,
showing tubercles on the vertebral plates (about two-thirds natural size).
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- MALACLEMMYS LITTORALIS, FEMALE.
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8. 11, An individual 7 inches long, from Rockport, Tex. Yig. 5. A slightly smaller individual,
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MALACLEMMYS LITTORALIS,

The figures represent the same individual, an adult male 5 inches long, from Rockport, Tex. The tip of the tail has
been injured,
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I. MALACLEMMYS CENTRATA (YOUNG).
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3. MALACL.EMMYS LITTORALIS (ADULT).
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CONTRIBUTIONS FROM THE BIOLOGICAL LABORATORY OF THE BUREAU OF FISHERIES
AT WOODS HOLE, MASSACHUSETTS.

‘THE MEDUSZ OF THE WOODS HOLE REGION.

By CHARLES W. HARGITT,
FProfessor of Zvology, Syracuse University.

INTRODUCTION.

The present report forms one of a series projected by the director of the
biological laboratory of the United States Bureau of Fisheries, the primary object
being to afford such a biological survey of the region as will bring within easy reach
of students and working naturalists a synopsis of the character and distribution of
its fauna. ,

The work which forms the basis of this paper was carried on during the
summers of 1901 and 1902, including also a brief collecting reconnaissance during
the early spring of the latter year, thus enabling me to complete a record of
observations upon the medusoid fauna during every month of the year, with daily
records during most of the time. For parts of these records during late fall and
winter I am chiefly indebted to Mr. Vinal N. Edwards, which it is a pleasure hereby
to acknowledge. It is also a pleasure to acknowledge the cordial cooperation of ‘the
Commissioner, Hon. George M. Bowers, and of Dr. H. M. Smith, director of the
laboratory in 1901 and 1902,

Most of the drawings have been made directly from life by the writer or under
his personal direction. A few of those occurring in the text have been copied from
various sources, due credit for these having been given in every case, so far as known.

Since the publication of *North American Acalephe” by Alexander Agassiz
in 1865 no connected and systematic account of the medusoid fauna of the north-
castern Atlantic coast has been undertaken. Various reports dealing only inci-
dentally with this phase of the subject have been made from time to time by Prot.
A. E. Verrill, notable among these being that known as ““The Invertebrate Fauna
of Vineyard Sound,” in the Report of the United States Fish Commission for 1871;
and a number of papers by J. Walter Fewkes have appeared in issues of the
Bulletin of the Museum of Comparative Zoology, describing new species and
incidentally giving some account of their morphology. More recent contributions
are several articles by Mr. A. G. Mayer, in conjunction with Mr. A. Agassiz, dealing
with various aspects of the subject, though not limited especially to this region—
indeed, only touching it in a very general way.

28
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While by reason of the peculiar interrelations of hydroids and medusse the
present paper may here and there touch to ‘a 'limited extent a phase of the subject
included in Nutting’s ‘“ Hydroids of the Woods Hole region,” it will not materially
duplicate that work, but rather supplement and extend it, the two parts forming a
fairly complete summary of the entire phylum, the Anthozoa alone excepted. The
present paper will also include something in the nature of a synopsis of the develop-
ment of replesentatlve forms, together with data as to habitat, seasonal variations,
ete. The region covered w1ll be about that already outlined by Nutting, namely
within the limits of a single day’s cruise from the Fisheries Station; for example,
Cape Cod and Nantucket on the east, the Gulf Stream on the south, and Narragansett
Bay or Long Island Sound on the west.

The order of presentation will follow substantially that adopted by the present
writer in the ““Synopsis of the Hydromeduse,” recently published in the American
Naturalist, which follows in general order and nomenclature Haeckel’s ¢‘System der
Medusen,” though without adherence to that or any special authority, except as
noted in the hody of the paper. While deploring the more or less chaotic condition
of existing systems of taxonomy in relation to coelenterates, it has not seemed
expedient to propose any radical changes at present, even if data were available for.
such an undertaking. A prerequisite thereto, and oné open to students of the group
everywhere, is the critical study of ontogeny. Unfortunately, this has not only been
neglected in too many cases, but the tendency to devote attention to a single phase
of the subject, for example, the hydroid, or on the other hand the medusa, has,
perhaps indirectly, cultivated the neglect. It is greatly to be desired that in the
future less emphasis be placed upon elaborate monographs of ‘‘Gymnoblastic
Hydroids” or ‘‘System der Medusen,” valuable as these have been, and more upon
monographs of Hydromeduse, or, in other words, monographic details of the ontogeny
of species, constitution of genera, families, and orders, including also critical data as
to the varietal effects of environment, nutrition, ete. Such monographs would afford
fimal data from which a consistent and scientific taxonomy might be established.

Except'in so far as necessary in order to obviate ambiguity, little effort has
heen devoted in the present report to details of synonymy, or to the umavehnw of
conflicting claims of priority, ete.

GENERAL ACCOUNT.

Under the general title of ‘“Meduse” are included animals of a remarkable
range of size, habits, distribution, and life history. In size they vary from less than
a millimeter in diameter in the adult condition, as in many of the Hydromedusw®, up
to enormous specimens of Scyphomedusas, more than 2 meters in diameter and with
tentacles more than 30 meters in length,

One of the interesting dnomalies associated with some of these animals ig that
notwithstanding their large size, no less than 99 per cent of the entire mass is com-
posed of water, so that a specimen exposed upon a clean surface to the desiccating
influence of sun and air would, after a few hours, leave hardly sufficient organic
matter to identify the place. Such being the case it might not be a wholly unwar-
ranted paradox to define a medusa as organized and animated sea water.

In habit most medusse are marine, though a few are known to oceur in fresh
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waters of inland lakes. Most are free swimming at some time during their life
history, yet not a few among both Hydromeduse and Scyphomeduse are per-
manently sedentary, some as degenerate sporosacs, others as polyp-like forms such
as the Lucernaride. In distribution they range from a httoml to a pelagic life and
from the surface to abyssal depths

Under the head of Meduse is also usually included a group of animals of similar
form and habits, though of somewhat doubtful structural affinities, namely, the
ctenophores or ‘‘ comb-jellies.” While admitting a reasonable doubt as to their true
morphological relations, the ctenophores may still be most conveniently recognized
as a distinet class of medusee and included within the present synopsis. Hence
species indigenous to this region will be noted and briefly described.

Concerning the economic relations of meduss very little is known. That they
sustain intimate general relations to the varied forms of marine life can hardly be
doubted. Their vast numbers, wide distribution, and more or less active life habits
all support the general inference. The well-known cases of commensalism existing
between medusee and several species of fishes which follow them at times with more
or less persistence, often taking refuge in the frills of the pendulous lobes of Scypho-
medusee, and 1es1st1ng efforts to separate them, still further suggest the probability.
Some fishes are said to feed upon the oral tentacles and margins, as well as the larger
tentacles of the umbrella, which they tear off at times with great vigor. = Often,
however, the medusse 1'everse'the operation and devour the fishes. It does not seem
likely that medusw® can afford any large measure of food for fishes in general, but
several species of fish are known to feed upon them at times with great avidity.
The horned dog-fish, Squalus acanthias, when first arriving at Woods Hole in the
spring migration, in May, is said to feed largely on ctenophores. (H. M. Smith.)
The sun-fish, Mola mola, and also the file-fish, Alutera schoepfis, have been found by
Mr. Vinal Edwards to have fed entirely on ctenophores and medusge.

As aspecial case of mutualism between fishes and medusm may be mentioned that
of the young of the butter-fish, Rhombus triacanthus, found with Dactylometra
quinguecirra. Whether this pm‘ticular case is of more than temporary nature may
be doubtful. So far as I am aware it is chiefly, if not wholly, limited to the period
of the young fish. Another case of similar chiaracter is that of the Portuguese mgn-
of-war, Physalia pelagica, with its commensal, the Portuguese man-of-war fish,
Nomeus gronovid. In a single excursion in 1894 the United States Fish Com-
mission collected 21 specimens of this fish, averaging 6 inches in length, all of which
were found associated with Physalia. A dozen specimens of Nomeus have been
found under a single Physalia. (H. M. Smith.)

While the importance of meduse as food for fishes may as yet be an open
question, there can be no doubt, on the other hand, that fish, especially the fry, are
an important article of food to many medusm. Even small Hydromedusw, such
as (onionemus, gorge themselves with fry frequently too large to be entirely
swallowed, and large medusw, like Oyanca and Awrelia, are often found with their
stomachs filled with fish of considerable size, some of which are often in a partially
digested condition. It is not rare to observe the capture of minnows by medusse
in the aquarium. In general, however, so far as my own observations go, the prin-
cipal food source of the smaller medustwe is copepods, and since copepods also furnish
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an important part of the food of fish fry, the relations of fish and meduse in certain
cases may be due to the relation of both to a common source of food. '

In this connection may be noted another feature of medusoid life, namely, suscep-
tibility to certain parasites. When working upon the regencration of medusew, I
found several species of Protozoa very closely associated with them and, under the
limitations of the aquaria, often exceedingly troublesome, seriously interfering with
the progress of the experiments. This suggested the probability of a parasitic
relation. I have also found several species of Hydromedusw® infested with a minute
nematode, a species of Distonaum, which in many cases was so abundant as to per-
meate almost every part of the medusa. The parasitism of a small actinian, a species
of Fdwardsia, on Mnemiopsis leidyi, is well known, though the entire history of the
case is not yet fully determined.

The irregular and apparently capricious occurrence and distribution of meduse
has long been known but little understood. That many have a seasonal period there
can hardly be reasonable doubt. Such.for example is trae of Zlybocodon, Sarsia,
Tima, Pennaria, etc., among Hydromedusee, and Dactylometra, Cyanea, and to a less
extent Aurelia, among Scyphomedusm. Further consideration will be given to this
in connection with the subsequent descriptions. 4

Agassiz has called attention to the gregarious habit noted among many medusw
at certain times and places (cf. Catalogue of North American Acalephew, pp. 42, 46),
and has sought to explain the phenomenon as due to breeding conditions. This
seems to me a somewhat gratuitous assumption, as facts do not confirm it so far as
my observations have gone. As I have elsewhere suggested, it seems much more
probable that these aggregations may be quite as easily accounted for by the influence
of prevailing winds, tides, etc. At no time have I seen Cyance in greater numbers
than in April, when the specimens were very small, hardly more than 2 to 3 inches
in diameter, and sexually immature. A change in the direction of wind or tide
would disperse them again within a day’s time so that only by careful search could
an isolated specimen here and there be noted. This is true likewise of many Hydro-
meduse, which may often occur in large numbers for a day or two and then as
suddenly disappear. The occurrence of some other species, however, is less casily
explained. For example, Rheginatodes tenvis and Stawrophora laciniata 1 have taken
but twice at this station in ten years. Both of these being of littoral habitat their
appearance could hardly be accounted for by a heavy wind from the direction of the
open sea, as may be the case with pelagic forms like Zrachynemna ov DPhysalia.
When we know more definitely the details of the life history of such forms, light
will undoubtedly be tbrown upon this as well as many other more or less obscure
phenomena concerning them. '

A feature more or less similar to those just discussed is the apparently nocturnal
habits of not a few meduse. Whether the occurrence at the surface during the
early evening or night can be said to constitute a definitely nocturnal habit may be
an open question, but certain it is that there is here a fairly well-defined responsive-
ness to light and darkness. This has been experimentally demonstrated in several
well-known cases—for example, Gonionemus, Lennaria, etc., where advantage has’
been taken of it to secure the discharge of ova at times other than those normal to
the species. May there not be here also an explanation of a fact that has been often
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obsermd——nmnely, that cloudy or foggy days are frequently better times for collect-
ing from the surface than bright, clear weather? If, however, such a nocturnal, or
negatively heliotropic, habit exist, we must seek thc seat of response in dlﬁ"elent
organs. If we may allow that sensory bulbs are present in Gonionemus and are visual,
we shall be confronted with a variation of the problem in /%nnaria, which is wholly
devoid of such organs, and without sign of ocellar bodies. It should be noted in
this connection thut expemnents on Pennaria as to the effects of darkness were
entirely negative in results; at the same time no medusa known to me is more
apparently responsive to twilight conditions in its liberation from the hydroid, and
in the prompt discharge of its sexual products immediately after. I have elsewhere
pointed out that Fennaria shows certain aspects of degeneration, and among them
the visual organ may have been involved. If such has been the case, the process
must have béen a gradual one, during which the visual function may have become
more or less generalized and d]btl‘ll)uted over the entire nervous organization, or to
generalized sensory cells similar to those of many other well-known animals, as the
earthworm, for instance.

The brilliant coloration of many meduss is too well known to naturalists to need
particular emphasis, and to the general reader it will suffice to refer to the accom-
panying plates, from some of which a better idea may be obtained than would be
given by means of verbal description. Like several of the problems already raised,
that of color is noteworthy, if not indeed among the most difficult associated with
medusoid morphology, in connection with which it has usually been considered. As
will be seen from the following discussion, there is good reason to believe that the
most hopeful outlook for its solution lies along the line of physiology rather than
morphology.

As already pointed out, many medusw® are apparently devoid of visual organs,
and this fact alone would seem to preclude the usual explanation of coloration as
found among animals possessing eyes of any marked acuteness. Again, it has been
pointed out that many medusw are of abyssal habit, where solar light is almost if
not wholly absent, and where in creatures with or without eyes color as a physical
feature must necessarily be of minimum value. Many naturalists have speculated
upon these phenomena, and various theories have been proposed by means of which
it was sought to bring them into some sort of harmony with our ordinary conceptions
of color as a factor in adaptation and natural selection. It has been suggested that
the absence of solar light at great depths is measurably compensated for in the pres-
ence of phosphorescence, a property known to be possessed by not a few abyssal
animals, and that this is adequate for the recognition of colors, or to render colors
variously protective.

While these views are interesting and somewhat suggestive, they seem to me to
fall far short of affording even an approximation toward anything like a solution of
the simplest aspects of the problem involved. That phosphorescence may afford
some small measure of illumination when possessed by segregated groups of deep-
sea forms may be true, but not more so than in the case of surface and littoral
animals of similar properties. So far as I am aware, there has been little, if any,
disposition to interpret phosphorescence among the latter as serving any such function;
and while this alone may not disprove for it a function very different under the very
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different condition of deep-sea life, the burden of proof rests upon those who make
the claim. Whether available or not for animals with functional visual organs,
however, it fails to touch the problem among creatures which, like many of the
‘medus, are wholly devoid of such organs; but interesting as might be further dis-
cussion, the present is not the most appropriate place for the treatment of this and
related problems, nor is their morphological aspect likély to afford more than mere
plausibility. As suggested in a previous paragraph, it seems to me to be a
physiological rather than a morphological question. This phase has been discussed
by me elsewhere (cf. Science, Jan. 22, 1904), and the briefest summary is all ‘that
can be attempted here.

It was long ago pointed out by Darwin himself that color among lower forms
could not have any value as a factor in natural selection; it was considered as an.
expression of the ¢ ‘chemical nature or minute structure of their tissues,” and Wallace
regarded color as ‘‘a normal product of organization” among such creatures. It has
more recently been determined that among annelids, mollusks, and, indeed, among
certain insects, coloration often results from the purely physiological processes of
excretion, and I have shown that the same is probably true concerning the coloration
of meduse and other ccelenterates. Morgan and Stevens have demonstrated that
among hydroids during regenerative processes pigmentary matters, which were first
thought to have an important function, were in reality waste products in process of
elimination. The marked changes of coloration often observed in these organisms
under artificial environment have been shown to be associated with changed conditions
of nutritive metabolism in some instances, while in others light has been found to be
an important factor.

Similar observations and conclusions are not lacking concerning coloration among
echinoderms, crustacea, and many other groups. Without seeking to discredit the
value of color as a factor in adaptation among some of the highly specialized groups,
I can not repress the conviction that its importance in this respect has been greatly
overestimated.

SYSTEMATIC SYNOPSIS.

The meduswe comprise three fairly well differentiated classes, known as Hydromedus:e, Seypho-
medusee, and Ctenophora, and distingnishable by the following diagnostic characters.

I. HYDROMEDUSZAE.—Definite velum, gonads uvsually ectodermal and developed upon the
walls of the manubrium or beneath the radial canals; sensory organs in the form of ocelli or otocysts,
never modified tentacles. Polyp stage usually present, but devoid of gastric filaments or ridges, and
producing medusee or sporosacs by a process of budding.

II. SCYPHOMEDUS/E.—Devoid of true velum; gonads always entodermal, and borne within the
gastric pouches; sensory organs when present are usually entodermal and are perhaps modified
tentacles. Polyp stage when present possessed of distinct gastric ridges and often filaments, and
multiplying or metamorphosing by transverse fission to form the larval medusa.

III. CTENOPHORA.—Devoid of nematocysts, locomotion by means of vibratile plates, which are
arranged in eight meridional rows. Tentacles when present only two in number, adradially placed
‘on opposite sides of the body. )

THE HYDROMEDUSZA.
The Hydromedusze comprise some five fairly distinet orders:

I. AnrTHoMEDUSE.—A more or less hemispherical umbrella, sometimes ovoid or conical; velum
usually well developed, affording an effectual swimming organ, because of which these medusse are
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characterized by an active habit and quick vigorous movements lacking in many of the other orders.
Sensory organs when present are on the bases of the tentacles as pigmented, ocellate structures, prob-
ably visual in function. Otocysts are entirely lacking in this order. The radial canals are usually four
in number, rarely six or eight. Gonads are developed and borne on the walls of the manubrium,
rarely extending somewhat upon the proximal portions of the radial canals.—Nemopsis.

11. Lepromebusz.—Compared with the Anthomedusxe the umbrella of meduse of this order is
usually flat and disk-like; velum smaller and more delicate, at times difficult to distinguish, so that
in many of the species motion is somewhat sluggish, being produced as much through the general
contraction of the umbrella as by the velum. Sensory organs, when present, are usually otocysts,
rarely ocelli, more rarely both, or both may be lacking. Otocysts are usually borne between the bases
of tentacles, sometimes upon the inner side of their bases, and are probably equilibrium organs rather
than visual. Gonads are borne along the line of the radial canals, rarely extending to the manubrium
and upon its sides.— Tima, Nemopsis. '

1. Tracromepuszk.—Usually devoid of a polyp stage, though the recent determination of this
in Gonionemus, by Perkins, suggests the possibility of its occurrence in others. Sensory organs, when
present, are otocysts, entodermal in their origin, ocelli usually lacking. Gonads borhe upon the
subumbrellar surface of the radial canals, often throughout their entire length, Umbrella usually
hemispherical or bell-shaped; marginal tentacles usually numerous.

IV. Narcomepusz.—Somewhat flattish, or disk-shaped umbrella, with tentacles set in socket-like
receptacles high on the exumbrellar surface; radial canals usually in the form of flat, pouch-like
diverticula of the stomach.

V. SreronorHORA.—Comprising free-swimming polymorphic colonies, which are produced by
budding from a medusoid individual. Gonads produced in specialized medusoid gonophores which
seldom become free from the colony. The Siphonophora are characterized by an extreme degree of
specialization found nowhere else among the ccelenterates, so great indeed as to leave some doubt as
to the homologies of some of the individuals.

ANTHOMEDUSZ.

Copvoxtpx,—Manubrium cylindrical; mouth simple, devoid of lobes or tentacles; gonads borne
on the manubrium, but not radially divided; radial canals four, narrow; marginal tentacles four,
unbranched.

TraripE—Manubrium quadrangular; mouth with four lobes, simple or fimbriated; gonads four
or eight, radially disposed upon the manubrium; radial canals four, rather wide; marginal tentacles
unbranched. : .

MarGeEuDA.—Manubrium quadrangular, mouth usually simple or with four plain lip-like lobes,
and with four or more simple or branched oral tentacles; gonads four or eight, borne on the manubrium;
radial canals four, usually narrow; marginal tentacles unbranched. :

CrapoNEMIDE. —Manubrium usually quadrangular, mouth rarely simple, usually provided with
oral lobes or tentacles; radial canals narrow; marginal tentacles variously feathered or branched.

Family CODONIIDA.
KEY TO THE GENERA.

A. With two or four marginal tentacles, equally developed.
1. Tentacles and manubrium long, the latter extending far beyond the velum; bell hemispherical.......... Syncoryne
2. Tentacles rather short and stout, capitate ends, manubrium with one or more constrictions, sometimes
extending slightly beyond the velum; bell ofien conical...
3. Tentacles ns in preceding, but elavate, and with a distinet ring of nematoeysts between the base and

Dipurena

club-like ends; bell rather high and with rounded projection. ... i iiiiiiiiiiiiiiiiiiiieinenas Dipurclla
4, Tentacles elosely coiled in swimming; bell high and with cight rows of nematoeysts. . ........o.vecevnen Eetopleura
5, Tentacles only two at liberation, four in maturity; bell oval or hemispherieal, its smhum dotted with

NCIMALOCYEES Lottt ieiiiiia i etiataeiasaeraaaasaeeiasntaeensasessssnsnssesasnnsosnsinisanmananannss Hydrichthys
6. Tentaeles rudimentary; bell elongate, OVal. ..o i i it iiir i v e e eacrs e sanns Pennaria

7. Tentacles only two; bell hemispherical and with rounded upicul PrOJECHtoN s uviiiiit it e Perigonimus



30 BULLETIN OF THE BUREAU OF FISHERIES.

B. With a single conspicuous tenta’,cle, others rudimentary or unequally developed.
8. Large tentacle stout and subtriangular; other three rudimentary; bell elongate oval or rectangular in .
outline; manubrium short and thiCk ... .. ..ioiinit ittt iae et ae e aan s Euphysa
9. A single large, long tentacle, two very small, one rudimentary; bell hemispherical, slightly asymmet-
3T 1 Corymorpha
10. A single greatly enlarged tentacle, with thick base, from which secondary meduse are budded; bell
evidently asymmetrical ............. e e eneemeeneasenaeeaantnoeee et seet e it aananenannna PPN Hybocodon

SYNCORYNE Ehrenberg (in part, 1834).

Syncoryne mirabilis (L. Agassiz). PL YV, fig. 1

Sarsia mirabilis L. Agassiz, Memoirs American Academy of Arts and Seciences, Vol. 1V, 1849, p. 224,

. Coryne mirabilis L. Agassiz, Contributions to the Natural History of the United States, Vol. IV, 1862, pp. 185, 340,
Syncoryne mirabilis Allman, Monograph of the Gymnoblastic Hydroids, 1871, p. 278.
Sarsia mirabilis Haeckel, System der Medusen, 1879, p, 17.

Bell subhemispherical, very transparent, varying from 6 to 12 min. in diameter. Tentacles 4,
véry long and filamentous, but capable of great contraction. Manubrium long and pendulous, extend-
ing far beyond the velum, but highly contractile, often coiled within the bell. Mouth simple.
Gonads borne on the manubrium, at maturity enlarging this organ till it fills the bell cavity. A very
common medusa, ranging in season from February to May.

Colors.—Bell very transparent, manubrium pale greenish, tentacular bulbs greenish about a
brownish center, within which is located the black ocellus.

Distribution.—Fairly common throughout the region; reported by Fewkes as somcw]mt rare at
Newport.

Syncoryne reticulata (A. Agassiz).

Syndictyon reticulatum A. Agassiz, in L. Agassiz, Contributions Natural History United States, Vol, IV, 1862, p. 3(0. North
American Acalephw, 1865, p. 177,
Syncoryne reticulata Allman, Monograph of the Gymnoblastic Hydroids, 1871, p. 283.
Syndyctyon reticulatum Haeckel, System der Medusen, 1879, p. 21.

Medusa very similar to the preceding, but said to be distinguished in younger stages by the
gpirally disposed nematocysts about the distal portions of the tentacles, and by the reticulated disposi-
tion of the nematocysts over the exumbrella. These characters said to disappear after maturity, when
the species is chiefly distinguished by the permanently red-brown ocelli.

This medusa has not been distingnished by the present writer, nor have I seen it reported hy
recent students of the group. This brief description is taken from A. Agassiz’s account (North Amer-
ican Acalephw, page 177-180).

Distribution.—Massachusetts Bay, Boston Harbor, Nahant (Agassiz, Clark).

' Syncoryne producta Hargitt. PL I, fig. 1

Coryne producta Hargitt, American Naturalist, Vol. XXX VT, 1902, p. 550.

Bell high hemispherical or ovate, 1.5 mm. in long diameter by 1 mm. in short diameter; tentacles
4, rather long and with prominent basal bulbs, which are orange colored with a central black ocellus.
Manubrium long and distinctively sarsian in character, projecting far beyond the velum, but capable
of great contraction, its terminal portion bulb-like, basal portion forming a gastric pouch; mouth
simple. Gonads medusoid and borne in a whorl about the base of the manubrium. This is the first
member of the genus from this region or from American waters known to produce proliferous medus:c,
as do Forbes’s species, Suarsic gemmifera and S. prolifera.

Colors.—Bell very transparent; manubrium with basal portion orange; terminal bulbs proximal
light sky-blue; distal green; tentacle bulbs orange, margined with delicate greenish; ocelli black.

Distribution.—-A single specimen taken at Woods Hole.

DIPURENA McCrady (1857).

Dipurena strangulata McCrady. PL I, fig. 2.

Dipurena strangulata MceCrady, Proceedings of the Elliott Society of Natural Iistory, Vol. I, 1857, p. 83. L. Agassiz, Contri-
butions to the Natural History of the United States, Vol. IV, 1862, p. 341, A. Agassiz, North American Acalephie,
1865, p. 181.  J. W. Fewkes, Bulletin of the Museum of Comparative Zoology, Vol, VILI, 1881, p. 155,

Slabberia strangulate Haeckel, Prodromus Systema Medusarum, 1877, No, 15,

Dipurena strangulata Haeckel, System der Medusen, 1879, p. 23,
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This medusa was first described by McCrady from Charleston Harbor. The only record of its
subsequent occurrence within that region is that by Fewkes above cited. For several years I have
taken medusie at Woods Hole which differ in no essential respect from McCrady’s species and which
I consider identical. A

Bell subhemispherical to half ovoid, very transparent, with firm walls; marginal tentacles 4,
stout, rather stiff, and with evident terminal knobs, basal bulbs prominent, each with a single black
ocellus on its outer central surface; manubrium usually long, though highly contractile and distin-
guished by one or more rather sharp constrictions, usnally one at the base and another about the
middle, suggesting the specific designation. Mouth simple or slightly lobed.

Colors.—Body of manubrium bright green margined With red or pink; tentacular bulbs reddish
orange, terminal knobs bright reddish.

Distribution.—Common at Woods Hole, rare at Newport (Fewkes).

Dipurena conica A. Agassiz.

Dipurena conice A, Agassiz, in L. Agassiz’s Contributions to the Natural History of the United States, Vol, IV, 1862, p. 341;
North American*Acalepha, 1865, p. 181,

Slabberia condea Hacekel, Prodromus Systeme Medusarum, 1877, No. 16.

Dipurcna conica Haeckel, System der Medusen, 1879, p. 24, .

Bell conical to hemispherical, with rather firm aboral thickening; marginal tentacles 4, of same
character as in preceding species; manubrium indistinguishable from preceding; mouth similar.

Colors.—Indistinguishable from preceding.

Distribution.—Buzzards Bay, Vineyard Sound, ete.

Medus:e answering in every particular to Agassiz’s description have been taken constantly for miany
years, but associated with individuals which as clearly correspond with the preceding; and, what is
more significant, these two forms graduate imperceptibly into each other in all essentials of shape,
structure, ete. It seems altogether probable, therefore, that we have here simply a varietal form,
which would hardly justify specific separation, and should probably be included under the ahove
species.

DIPURELLA Hargitt (1002).

Resembling in some respects the preceding genus, these meduse have marked differences in shape
of bell, form of manubrium, and certain aspects of the tentacles, demanding generic distinction.

Dipurella clavata Hargitt. Pl 1, fig. 3.
Dipurelle clavata Hargitt, Biologienl Bulletin, Vol. IV, 1902, p. 19,

Bell rather high, subrectangular in profile, with slight apical projection; sides of bell almost straight,
thin, flexible, and capable of marked contraction both in long and short diameters, Surface of the
exumbrella dotted rather, promiscuously with clusters of nematocysts. Radial canals 4, rather wide
and simple. Tentacles 4, unequally developed in the type specimen. This difference would seem
to be due to immaturity, as is also indicated by the exumbrellar nematocysts. It will be noted from
a comparison of the figures of this medusa and Dipurena that there is more or less similarity in the
form and general aspects of the tentacles. Both are rather stout and rigid, both end in clavate knobs,
both have similar basal bulbs, On the other hand the knobs of Dipurella ave of a heavier and more
club-like character, and in addition there is about the median portion of each tentacle a ring of
nematocysts which are wholly peculiar to the latter species. The manubrium is sessile, rather short,
with large gastric basal portion; mouth simple or slightly lobed.

Colors.—Chiefly restricted to the tentacles; terminal knobs with bright carmine-red center tinged
with delicate. green; basal bulbs duller orange, red, or brown; ocelli black; manubriom tinged with
pale green.,

Distribution.—A single specimen taken in Great Harbor. Size small, 2 mm. in height by about
1.5 mm. in width,
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ECTOPLEURA L. Agassiz (1862).

Ectopleura ochracea A. Agassiz. PL II, fig. 1.

Ectopleura ochracea A. Agassiz, in L. Agassiz, Contributions Natural History United States, Vol. IV, 1862, p. 343; North
American Acalepha, 1865, p. 191. Haeckel, System der Medusen, 1879, p. 22, .

‘Bell elongate ovoid or pyriform, with thick aboral mesoglea, sides of uniform thickness, exum-
breilar surface with eight meridional bands of nematocysts uniting at the apex. Radial canals 4,
narrow, and communicating with a well-defined marginal canal. Tentacles 4, usually long and fila-
mentous, though often coiled and contracted when taken in the tow. Size from 2 to 4 mm. in long
diameter, by about half as wide. Manubrium large and flask-shaped.

Colors.—Manubrium yellowish on base and oral end, the latter often reddish; central portion red-
dish to pink. Tentacular bulbs of similar color; ocelli reddish hrown.

Distribution.—Common throughout the region in midsummer.

HYDRICHTHYS Fewkes (1888).

Hydrichthys mirus Fewkes.
Hydrichthys mirus Fewkes, Bulletin Museum Comparative Zoology, Vol. X111, 1888, p. 224.

Bell oval or subsphérical, its outer surface dotted here and there with clusters of nematocysts.
Marginal tentacles 4 in adult specimens; only 2 when first liberated; tentacular bulbs reddish in color,
but devoid of ocelli. Manubrium cylindrical, rather short; mouth simple.

Colors.—Bulbs of tentacles reddish-brown; manubrium yellowish to orange.

Distribution.—A single record, so far as known to the present writer, that of Fewkes above cited;
the medusa taken from a fish at Newport.

PENNARIA Goldfus (1820).
Pennaria tiarella Ayres. DT III~

Globiceps tiarella Ayres, Proceedings Boston Society of Natural History, Vol. IV, 1852, p. 193. L. Agassi~, Contributions to
the Natural History of the United States, Vol. IV, 1862, p. 344.

Eucoryne clegans Leidy, Marine Invertebrates of New Jersey and Rhode Island, 1855, p. 4, in Journal of Academy of
Sciences, Philadelphia, Vol. I11.

Pennaria tiarella McCrady, in Proceedings of Elliott Society of Natural History, Vol. I, 1857, p.153. A. Agassiz, North
American Acalephe, 1865, p. 187, ’ .

Halocordyle tiarella, Allman, Monograph of the Gymnoblastic Hydroids, 1871, p. 369.

Globiceps tiarella Haeckel, System der Medusen, 1879, p. 39.

Bell high, elliptical or ovoid in outline; size 1.5 mm. high by 0.8 mm. broad. Radial canals 4
marked by lines of reddish pigment on the exumbrellar surface; marginal tentacles 4, very rudi-
mentary., Manubrium spindle-shaped, about half as long as bell; mouth rudimentary, probably not
functional. Gonads horne on manubrium and filling entire bell cavity at maturity. Seéxual products
discharged at once on liberation of the medusa from the hydroid—indeed, often before—in many cases
the medusa never becoming free, but discharging the eggs or sperms and dying upon the branches.
Pennaria seems to be just on the border line between the fixed and free gonophore phases not uncom-
mon among the Tubulariidze. I have elsewhere discussed this feature of the gpecies in more detail.
(Cf. American Naturalist, Vol. XX XTIV, p. 390, et seq.)

Colors.—(General color, pale rosy pink; manubrium, chocolate-brown, reddish pigment along lines
of radial canals. - Ova vary from creamy white to orange.

Distribution.—General throughout the region in shallower waters; less common from deep waters.
One of the commonest of our hydromeduse, and exhibiting in striking way the characteristic alter-
nation of generations. ‘As previously shown (op. cit.), Pennaria exhibits interesting seasonal and
environmental variations.

Specimens of I gibbosa from Florida and Porto Rico, compared with I’ tiarelle, show hardly
sufficient differences to warrant specific distinctness.

a Figs. 3 and 4 drawn from life by H, B, Bigelow,
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PERIGONIMUS Sars (1840).

Perigonimus jonesii Osborn & Hargitt. Text cut.

Perzgommus Jonesii Osborn & Hargitt, American Naturalist, Vol. X VIII, 1894, p. 27. Hargitt, Mittheilungen Zoologischen
Station, Neapel, Bd. 11, 1895.

Bell hemispherical, with slight apical projection, about as high as broad, 2 mm. or slightly more,
Marginal tentacles 2, located on opposite sides, and with 2 additional tentacuhr bulbs at the inter-
mediate points; tentacles highly retractile and often carried coiled within the bell cavity, especially
when the medusa is disturbed. Velum well developed; manubrium short, subquadratic, and with
slmple, 4-lobed mouth. Gonads undeveloped in specimens taken, and showing no evidences of
growth within a period of more than two weeks, during which they were
kept in apparent health in the aquaria.

Habitat.—Found only on the legs and abdominal appendages of the
common spider crab, Libinia, and taken from this source during several
seasons. -

Distribution.—Long Island Sound, ongmally taken at Cold Spring
Harbor.

EUPHYSA Forbes (1848).

Euphysa virgulata A. Agassiz,

Luphysa virgulate A. Agassiz, North American Acalephe, 1865, p. 189. Haeckel, System
der Medusen, 1879, p. 33.'

Bell somewhat elongate oval or subrectangular in profile; tenta(,lcs 4,
but unequally developed, one being much longer and heavier than thc
others; basal Dulbs pinkish and extending upward along the radial canals
for a short distance; manubrium short and thick, cylindrical, and with an
accumulation of fat-like globules about its base; mouth simple; gonads
borne upon the manubrinm. In size the medusa is from 8 to 10 mm. in
long diameter, slightly less in breadth.

Colors.—Bases of tentacles with bright pigment, extending up the radial canals; manubrium yel-
lowish; bell transparent.

Distribution.—Nahant, Massachu%tts Bay, Woods IHole.

Perigoninus jonesii,

HYBOCODON L. Agassiz (1862).
Hybocodon prolifer L. Agassiz. Tl 11, fig. 2

Inocodon protifer 1. Agassiz, Contributions to the Natural History of the United States, 1862, Vol, IV, p. 243, A, Agassiz,
North American Acalephie, 1865, p. 193.  Allman, Monograph of the Gymnoblastic Hydroids, 1871, p. 422. Hacckel,
System der Medusen, 1879, p. 33. ’ :

Bell subhemispherical,, unsymmetrical, being humped upon one side adjacent to the single large
tentacle, the latter having a heavy, thick base and affording support for the proliferous secondary
medusee which bud asexually thereffom. The tentacle is very long, the terminal two-thirds heing
abundantly supplied with rings of nematocysts. Manubrium rather short, cylindrical, and with simple
mouth. Gonads on walls of manubrium, where the ova develop directly into actinuke, several of
which may be found in various stages of development at the same time.

Developing actinulie and budding meduswe are found at the same time, usually during the early
spring—March to May—though proliferous medusse seem to arise almost constantly, being present on
specimens taken in August. ‘An examination of the histology of the gonads shows aspects of cogenesis
and development almost ex%tl) similar to those exhibited in Pennaria, Corymorpha, Tubularia crocea,
and others. Fgg cleavage is so similar to that found in the last-named species as to be almost
indistinguishable during corresponding phases. Ova which become active and begin development
show the same phenomena of absorption of their fellows as Doflein has pointed out in Tubularia
mesembryanthemum and Allen in 7. crocea. It i3 not clear how fertilization occurs, since the early

B. B, F. 19043
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development takes place wholly within the tissues of the manubrium, but it is presumably through
the penetration of the ectoderm by the spermatozoon, as in several other tubularians,

Hybocodon is characterized by the presence of 5 meridional lines of orange or pinkish pigment
over the exumbrella, two of them arising from the base of the large tentacle. Associated with these
bands are batteries of nematocysts. A remarkable feature is the apparently gradual disappearance
during late sprmg and summer of these bands, together with their nematocysts, both being wholly
absent in specimens taken in August.

Colors.—Bell transparent; orange bands over the exumbrella, on base of tentacle, and on knobs at
distal ends of radial canals; manubrium similarly colored at its base and oral end.

Distribution.—General throughout the region, though usually in greatest abundance within limited
areas along the coast.

Hybocodon pendula (L. Agassiz). Pl II, fig. 3.

Corymorpha pendula L. Agassiz, Contributions to Natural History United States, Vol. 1V, 1862, p. 276. A. Agassiz, North
American Acalephea, 1865, p. 192.

Iybocodon pendula Haeckel, System der Medusen, 1879, p. 34; Hargitt, Biological Bulletin, Vol. IV, 1902, D. 20,

Monocaulus pendulus Allman, Monograph Gymnoblastic Hydroids, 1871, . 897,

Bell similar to that of preceding species, though but slightly unsymmetrical, medusa slightly
larger; tentacles unequally developed, one rather large, the others mueh smaller, one being sometimes
rudlmentary Manubrium very similar to that of preceding, and with gonads borne on the surtace as
in the former.

The hydroid of this medusa I have frequently taken at various placesin and about Vi ineyard Sound
and Muskeget Channel, and off Chatham, usually from sandy bottoms and at considerable depths, Tt
is a most beautiful form and lives quite well for a few days in the aquarium. L. Agassiz stated that its
medusze were not liberated, but A. Agassiz later claimed this to have been a mistake and reported
having taken the medusz, though without direct evidence of their relation to the hydroid. Such has
been my own experience. Hydroids with medusze in all stages of development have often been taken,
as have also free medusze, from waters near where the hydroids were dredged, and at the same time, so
that there seems to be little.doubt as to their relations.

Colors.—Very similar to those of . prolifer, though less bright.

Family TIARIDZ.

KEY' TO THE GENERA.
A. Marginal tentacles two or four.

1. Marginal tentacles four; bell with rounded upical projection ..............ooouurieaeen i, Protiara

2. Marginal tentacles two; bell with rather sharp apical projection ............ocoouieoee i . Stomotoca
B. Marginal tentacles numerous.

3. Bell with globular apical projection.. ..............o it Turris

- 4. Bell without globular apical projection Turritopsis

PROTIARA Haeckel (1879).

Four perradial tentacles; manubrinm with broad sessile base; gonady bornc in four masses on the
angles of the manubrinm,

This genus was established by Haeckel to distinguish a medusa of synthetic characters, somewhat
intermediate between the Codoniidee and the Tiaridie and . indicated by him as the prototype of the
latter family. T have elsewhere described briefly a medusa taken in the Woods Hole region which hus
characters quite similar to the genus under consideration.

Protiara haeckeli Hargitt. Text cut.

Protiare haeckeli Hargitt, Biological Bulletin, Vol. 1V, 1902, p. 17.

Bell half-ovoid, with rather elongated apical projection; tentacles four, rather stout, slightly longer
than bell, and with (,nlarged basal bulbs, the latter devoid of ocelli; veium well devcloned manubrium
prominent, gastric portion quadratic in cross section, and with the milk-white gonads borne on its
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walls; mouth simple with slightly lobed lips. Height of bell from 2 to 4 mm. by slightly more than
half as broad. Ontogeny entirely unknown.

Colors.—Bell very trangparent, manubrium and gonads milk-white.

Distribution.—Off Gay Head and Nomans Land, Vineyard Sound. Several specimens were taken
on two oceasions during the summer (July and August) in the same general region.

Protiara haeckeli, Stomotoca apicata, . (After Mayer.) Stomotoca  apicate, 9. (After
. . Mayer.)
STOMOTOCA L, Agassiz (1862). :

Stomotoca apicata (McCrady). Text cuts.

Saphenia apicata M&Crady, Proccedings Elliott Society of Natural Hislory, Vol. I, 1857, p. 120,
Stomotoca apicate L. Agussiz, Contributions Natural History United States, Vol. IV, 1862, p. 347.
Dinamatella cavosa Fewkes, Bulletin Museum Comparative Zoology, Vol, VIII, 1881, p. 151,
Amphinema apicatum Haeckel, System der Mcdusen, 1879, p. 50,

This species presents rather striking sexual dimorphisim; the male has a long tapering apical pro-
jection which is solid, while in the female it arises abruptly from the bell and is hollow. The colors
of the two sexes-also differ, the male showing a preponderance of green, while the female is dull
brownish ocher; Radial canals wide, tentacles two, highly contractile ahd with prominent basal
bulbs; rudimentary bulb-like processes at the intermediate radial points, and often interradial bulbs

_about the margin; manubrium large, quadratic in section, with broad base; gonads in four masses on
manunbrial walls; mouth with prominent everted lobes. Ontogeny unknown.

Colors as indicated above. Distribution chiefly southward in Woods Hole region; Newport,
R. I, ete. Mid-summer. '

Stomotoca rugosa Mayer.

Stomotoca apicate Fewkes, Bulletin Museum of Comparative Zoology, Vol. VIIL, 1881, p. 152.
Amplinema apicatum, Brooks, Studies Blological Laboratory Johns Hopkins University, Vol. 11, 1883, p. 473.
Stomotocq rugose Mayer, Bulletin Muscum Comparative Zoology, Vol. XXXVII, 1900, p. 32.

Shape of bell similar to that of preceding species, but of larger size, 5 mui, high by 3 mm. broad,
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and having a rugose manubrium. Tentacles similar in size and character to preceding; radial and
circular canals wide, all with undulating outlines; velum well developed. The sexual dimorphism

noted in the preceding seems to be lacking in this gpecies.
Onlogeny.—Brooks has described this medusa (cf. op. ¢it.), as derived from a hydroid which he

identified as Perigonimus minutus Allman.
Colors.—Bell transparent; tentacles and bulbs reddish as is also the manubrium.

Distribution.—Similar to the preceding.
TURRIS Lesson (1837).

Turris vesicaria A. Agassiz. Text cut.

Turris vesicaria A. Agassiz, Proceedings Boston Society of Natural History, Vol. I1X, 1862, p. 97; North American Acalephi,
1865, p. 164,
Catablema vesicarium Hacckel, System der Medusen, 1879, p. 64.
Medusa high, bell-shaped or hemispherical, with a prominent globular apical projection; tentacles
numerous, each with broad basal enlargement bearing a single ocellus, and tapering to filamentous
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Turris vesicaria. (After A, Agassiz.) Turris episcopalis.  (After Fewkes.)

ends; manubrium large and with prominent crenulated oral lobes; gonads borne~on base of manu-
brium and extending somewhat upon the four radial canals. Edges of the latter and of the marginal
canal irregular or jagged. ‘

Colors.—Bell transparent, manubrium and gonads dull yellowish.

Distribution.—Nahant.
I have never taken this medusa, and the above description is condensed from that of A. Agassiz,

who reports having taken it but once, and supposes it to be somewhat rare,
Turris episcopalis (Forbes). Text cut.

Oceanie episcopalis Forbes, British Naked-eyed M cddsm, 1848, p. 27.
Turris episcopalis Fewkes, Bulletin Museum Comparative Zoology, Vol. VIIL, 1881, p. 147,

Medusa shaped somewhat like an inverted teacup and with a rather sharp apical projection.
Radial canals 4, wide and with jagged edges; marginal tentacles 16, long and highly contractile,
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with very short interposed tentacle-like structures; the long tentacles have prominent triangular bases,
at the apex of which are borne bright crimson ocelli; between the bases of the long tentacles are 3
short tentacular processes and on each of these also is an ocellus, of color similar to those on the long
tenacles. . .
All the tentacular organs are hollow, and have smooth surfaces. Manubrium large, with wide base.
Gonads borne in conspicuous masses upon the upper portion of thé manubrium; mouth large and with
prominent, everted lobes. .

Colors.—Bell transparent, pale milky white, tentacles pale yellow, ocelli erimson.

Distribution.—Newport, R. 1. ’ :

This medusa is among the larger of the anthomedusw and is said to be one of the most beautiful.
1 have not seen it, however, and the above description is condensed from that of Fewkes.

TURRITOPSIS McCrady (1857).

Turritopsis nutricula McCrady. Text cut.

T:Irm'lopsié nutricula McCrady, Proceedings of Elliott So-
. ciety of Natural History, Vol. I, 1857, p. 127.
L. Agassiz, Contributions to the Natural History
of the United States, Vol. IV, 1862, p. 347. A.
Agﬁssiz, North American Acalephw, 1865, p. 167.
Hacckel, System der Medusen, 1879, p. 66.
i ltitentaculata Fewkes, Bulletin Mugeum Com-
parative Zoology, Vol. VIII, 1881, p. 149,
Turritopsis nutricula Mayer, Bulletin Museum Comparative
Zoology, Vol. XXXVII, 1900, p. 38.

Mo,

Medusa high-hemispherical, with rather thin
walls; radial canals four, narrow; velum well
developed. Marginal tentacles numerous and of
equal sgize, each with a dark brown ocellus on
the inner side of its hase. Tentacles usually long
and highly contractile. Manubrium large and v
when bearing gonads on its basal portion fills nearly half the upper part of the bell. Mouth large and
.with four pairs of knobs plentifully loaded with nematocysts. ‘

Ontogeny.—Brooks has described the development of this species in his memoir on North American
Hydromeduswe, . .

Colors.—Bell transparent; tentacles with brownish bases; ocelli dark brown or blackish; gonads
cinnamon-brown; manubrium dull yellow, sometimes streaked with brown or orange.

Distribution.—Occasionally taken at Woods Hole, Vineyard Sound, and southward.

Turritopsis nutricula,

Family MARGELIDZ.

KEY TO THE GENERA,

Dysmorphosa
Podocoryne

—

. Marginal tentacles 8, rarely 4, symmetrically disposed ........... R A

2, Marginal tentacles 8, rudimentary .. Stylactis
3. Marginal tentacles 8 10 16 ..o cveeanraaeeeaecniicnninnns . Willia
4. Tentacles in 8 clusters ceen eerlenn. Lizzia
6. Tentacles in 4 clusters .. Bougainvillia
6. Tentacles in 4 clusters, ench margined by an erect, €lavate PAIr. ...oive it ittt iai i ieraateereaiineeens Nemopsis
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DYSMORPHOSA @ Philippi (1842).

Dysmorphosa (?) fulgurans A. Agassiz. Text cut.
Dysmorphosa fulgurans A. Agassiz, North American Acalephe, 1865, p. 163. Haeckel, System der Medusen,1879, p. 77.

Bell subhemispherical, with a slight conical apical
projection; radial canals 4, simple and narrow; marginal
tentacles 8 in adult specimens, only 4 in young; sym-
metrically disposed; manubrium of medium size, its
oral end provided with 4 rather prominent tentacles;
gecondary meduse budded from the body of the
manubrium in great numbers, this apparently the chief
mode of reproduction, as I have not found the sexual
products at any time. A. Agassiz says the number of
medusze thus budded becomes so great at times as to
afford a splendid phosphorescence. Ontogeny, not
known with certainty.

. Colors.—Bell transparent, bases of tentacles and tip
. of manubrium reddish orange, pigment at base of
tentacles probably ocellate in nature. Young medusa buds pale bluish by reflected light.
Distribution.—Common generally throughout the region in July and August.

Dysmorphosn fidgurans, (After A, Agassiz.)

PODOCORYNE« Bars (1846).

Podocoryne carnea Sars. Pl 1V, fig. 5.

Podocoryne carnea Sars, Fauna Littoralis Norvegiz, Tome I, p. 4, 1846, Krohn, Archiv fiir Naturgeschichte, Bd. XVII, 1861,
p. 226. Hincks, British Hydroid Zoophytes, 1868, p. 29. Allman, Monograph Gymnoblastic Hydroids, 1871, p. 849,
Dysmorphosa carnca Haeckel, System der Medusen, 1879, p. 77.

General form very similar to the preceding species, with which it has been confused, unless upon
fuller knowledge of the entire life history it should appear that the two forms are but dimorphic phases
of one species. Their occurrence in the same region and season, however, makes this possibility
somewhat doubtful. ) :

Bell hemispherical with low arched aboral portion, entire exumbrella dotted with scattered
clusters of nematocysts in young which disappear in the adult; 1 to 3 mm. in height and slightly more
than half as broad. Marginal tentacles 4 in young medusa, but 4 additional interradial ones appear
early, always remaining shorter than the perradials, however. Manubrium well developed, usually
quadrate in section and with 4 oral tentacles which are tufted with clusters of nematocysts. Gonads
borne on base of manubrium and apparently approaching maturity when the medusa is liberated
from the hydroid. :

Colors.—Bell very transparent, base of manubrium reddish-brown, gonads pale bluish, bright
reddish-brown spots on perradial tentacular bases, duller ones on the interradials. It is somewhat
doubtful whether these pigment spots are true ocelli.

Ontogeny.—Derived directly from the hydroid Podocoryne, the life cycle being eadily traced on
specimens kept in aquaria.

Distribution.—Generally the same as the preceding species and during essentially the same season.

aThere can hardly be serfous doubt as to the identity of these gencra, Were there certainty as to the hydroid deseribed
by Philippi, the name Dysmorphosa should have recognition. In view of reasonable doubt on this point and the predomi-
nance of Sars’ name in the literature, it seems best to give it right of way. Uncertainty as to ontogeny may warrant the
former for Agassiz’'s species.
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LIZZIA Forbes (1848).

Lizzia grata A. Agassiz. PL I, fig. 4.

Lizzia grala A. Agassiz, Proceedings Boston Soeiet){ of Natural History, Vol. IX, 1862, p. 99. Fewkes, Bulletiir Museum
Comparative Zoology, Vol, VIII, 1881, p. 142. A, Agassiz, North American Acalephe, 1865, p. 161.
Margellium gratum Haeckel, System der Medusen, 1879, p. 95,

Bell subconical with high, rounded apical projection. Marginal tentacles in 8 clusters, perradial
clusters with usually b tentacles, interradials usually 8 in mature specimens, fewer in young. Thete
are no ocelli. Manubrium of moderate size with 4 rather prominent oral lobes, which are slightly
branched. Gonads form prominent clusters on the basal portion of the manubrium. This medusa,
like Dysmorphosa fulgurans, produces meduste by asexual budding from the body of the manubrium.
Specimens are found with secondary meduse in all stages of development. Like the species just
cited, this form does not seem to produce sexual products and medusze at the same time.

Ontogeny.—So far as known to me the hydroid stock of this medusa has not been traced. The
phases in medusoid budding have been studied by Hueckel, Agassiz, Fewkes, and Forbes, and
observations have been made by Claparede (Zeit. f. Wiss. Zool,, Bd. X) on the development of the
egg. The tentacles arise first from the perradial points, 8 from each; this is followed by the appear-
ance of a single tentacle at each of the interradial points, to which are added later 2 more tentacles;
finally 2 tentacles are added to each of the primary sets. It should be noted, however, that this rule
has exceptions, considerable variation appearing in both the number and the order of appearance of
the tentacles. '

Colors.—Bell very transparent, tentacular bases pinkish, tending to brown and even blackish in
rare cases.

Distribution.—TFairly common throughout the region. (Nahant, Massachusetts Bay, A. Agassiz;
Newport, Fewkes.) I have repeatedly taken this medusa at Woods Hole, both in the open tow and
with a small dip net in the eel pond. April to August.

BOUGAINVILLIA Lesson (1836).

Bougainvillia carolinensis (McCrady), Pl II, fig. 4.

Hippocrene carolinensis McCrady, Yroceedings Elliott Society Natural Histpry, Vol I, 1857, p. 164.

Margelis carolinensis L. Agassiz, Contributions Natural History United States, Vol. TV, 1862, p. 344, A, Agassiz, North Ameri-
ean Acalephae, 1865, p. 156.

Bougainvillia carolinensis Allman, Monograph Gymnoblastic Hydroids, 1871, p, 816,

Margelis carolinensis Haeckel, System der Medusen, 1879, p. 89,

Bell subspherical, with very thick walls of great transparency; radial canals 4, very narrow.
Marginal tentacles in 4 clusters of from 2 to 15 each, varying with age, arranged about a finely pig-
mented triangnlar base. Velum well developed; manubrimm rather long and with dichotomously
branching oral tentacles; gonads borne on walls of manubrium. :

Ontogenyy.—The medusa is derived directly from the hydroid of the same name.  When first lib-
erated the medusa is sinall, with rather thin-walled, hemispherical bell, and but 8 radial tentacles, 2
at cach point. As growth takes place the bell becomes spherical and the mesoglea becomes greatly
thickened, particularly over the aboral region. The oral tentacles, which at first are single, soon
bifurcate, and this process repeats itself about three times, forming a somewhat complete series of oral
tentacles. The adult medusa is from 8 to 10 mm. in diameter. ]

Colors.—The triangnlar pad from which the tentacles originate is bright reddish with green borders,
the ocelli as many as the tentacles, forming a crescent of black points. The manubrium is of similar
colors, pinkish about the base, bordered with green and with streakings of the same colors running
lengthwise. There is, however, great variation in the color markings on this medusa.

Distribution.—Common generally throughout the region, though chiefly limited to shallower
waters, where the hydroid evidently finds favorable environmental conditions. "June to September.
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Bougainvillia superciliaris I.. Agassiz. Text cut.

Hippocrene superciliaria L. Agassiz, Memoirs American Academy of Arts and Seiences, Vol. 111, 24 series, 1849, p. 250
Stimpson, Marine Invertebrates of Grand Manan, 1853, p. 11, in $mithsonian Contributions to Knowledge, Vol. VI

Bougainvillia superciliaris L. Agassiz, Contributions to Natural History United States, Vol. IV, 1862, p. 289 and 344. A.
Agassiz, North American Acaleph, 1865, p. 153.

Hippocrene superciliuris Haeckel, System der Medusen, 1879, p. 92.

In general form and characteristics very similar to the
preceding species, but of larger size and differing somewhat
in shape and in the complexity of the oral tentacles as well
as the disposition of the gonads. The marginal tentacles
are also more numerous and of greater length. The manu-
brium is shorter and broader, and the gonads are crowded
about its base instead of near the oral end, ag in the
former species. Size from 8 to 12 mm. in diameter in
maturity. '

Colors.—Less bright than in preceding species; sensory
pads dull yellowish to orange, ocelli black, manubrium
similarly colored, reddish orange distally.

Distribution.—Similar to that of preceding, but often
taken from greater depths and farther offshore. June to
September.

Bougainvillia gibbsi Mayer.

Bougainvillia gibbsi Mayer, Bulletin Museum Comparative Zoology,
Vol, XXXVII, 1900, p. 5.

Bougainvillia superciliaris. ' Medusa very similar to B. carolinensis, distinguished
' ) by Mayer by the relatively greater height of bell and by
the shorter and broader manubrium. Moreover, the size is smaller, the marginal tentacles fewer in
number, and the oral tentacles less complex.
Mayer records its occurrence at Newport, from July to October. He gives ample description in
the article cited.

WILLIA Forbes (1848).

Willsia Forbes, British Naked-eyed Medusce, 1848, p. 19.
Willia L. Agassiz, Contributions to Natural History of the United States, Vol, IV, 1862, p. 346,

Willia ornata McCrady, Pl 1, fig. 5.

Willsia ornata McCrady, Proceedings Elliott Society of Natural History, Vol. I, 1857, p. 149,
Willie ornata A, Agassiz, North American Acalephs, 1865, p. 171.

Willia gemmifera Fewkes, Bulletin Museum Comparative Zoology, Vol. IX, 1882, p. 299,
Dyscannota dysdipleura Haeckel, System der Medusen, 1879, p. 152,

Willetta ornata Haeckel, System der Medusen, 1879, p. 157,

Body of medusa rather low, bell-shaped, somewhat cohical above, about twice as broad as high, and
with rather firm walls. Radial canalg only 4 at birth, later each of these branches as shown in the
figure, finally resulting in from 12 to 16 terminal canals, which communicate with that of the margin.
Tentacles likewise but 4 at birth, but increasing in number with the increase of radial canalg, so that
finally there may be 12 or more at maturity. Between the terminal branches of the carlals are irregu-
lar lines of nematocysts, which pass npward on the outer surface of the bell for short distances.
Manubrium well developed, mouth with 4 everted loves. Gonads form prominent masses on the base
of the manubrium, but never extend outward upon the radial canals. Ontogeny wholly unknown.

Color.—Ocelli reddish brown, gonads and manubrium pale greenish.

Distribution.—More or less common at irregular intervals. Occasionally taken in numbers in the
Eel Pond and in the tow of the harbor. '

Haeckel, in the System der Medusen (vide supra), has placed this form among the cannotid Lep-
tomedusee, which seems to me to be wholly without warrant in so far as its more fundamental charac-
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ters are concerned, the branching radial canals, perhaps, excepted. As will be noted, its shape,
tentacles, ocelli, etc., are all distinctively Anthomedusan, and I have therefore ventured to place it
among the Margelidee. When its ontogeny comes to be known a different assignment may be required.

NEMOPSIS L. Agassiz (1849).
Nemopsis bachei L. Agassiz. Text cut.

Nemaopsis bachei L. Agassiz, Memoirs American Academy Arts and Sciences, Vol. IV, 1849, p. 289; Contributions Natural
. History United States, Vol. IV, 1862, p. 845, A. Agassiz, North American Acalephie, 1865, p. 149,
Nemopsis gibbesi McCrady, Proceedings Elliott Society Natural History, Vol. I, 1857, p, 160. Allman, Monograph Gymuao-
blastic Hydroids, 1871, p, 362,
Nemopsis bachei Haeekel, System der Medusen, 1879, p. 93,

This medusa, while similar in general aspects to the species of Bougainvillia above described, has
several very distinctive differences, such as the disposition of the gonads beneath the radial canals, and
also the pair of clavate marginal tentacles which arch over the clusters of long tentacles.

1t is specifically distinguished by the height and the thickness of the walls and upper portion of
the bell. The marginal tentacles are in 4 clusters, arranged about a '
bulbous pad, with a distinct series of ocelli at their basesand each cluster
with a pair of erect, clavate, tentacular bodies. As in Bougainvillia, the
tentacles vary in size and number with age, averaging about 7 or 8 in

- each ‘cluster in mature specimens, the ends usually appearing to have
clavate enlargements. Manubrium similar to the speciesalready referred
to, mouth with 4 complexly branched tentacles which are capable of great
contraction, so that they may become almost indistinguishable. Gonads
borne on basal portion of manubrium and in course of development
extending beneath the radial canals, almost or quite the entire length in
many cases.

Ontogeny.—Unknown. .

Colors.—Sensory bulbs yellowish orange, gonads yellowish.

Distribution.—Common throughout the region, ranging in season from
June to September., )

STYLACTIS Allman (1871).

Stylactis hooperi Sigerfoos.

Nemopsis bachet,

Stylaetis hooperi Sigerfoos, American Naturalist, Vol XXXIII, 1899, p. 802, s

Bell globular, slightly elongate, about 1 mm. in height. Marginal tentacles 8, rudimentary,
symmetrically disposed about the margin. Ocelli absent. Manubrium large, devoid of oral tentacles
or lobes. Gonads borne in general mass about the manubrium; products discharged at once upon
liberation of the medusa. :

Ontogeny.—Derived directly from a small hydroid, having its habitat upon the shell of a living

snail, Illyanassa obsoletu.
Distribution.—Originally described from Cold Spring Harbor, Long Island. Likely to be found

within the present region.
Family CLADONEMIDA.
' KEY TO THE GENERA.

A. Marginal tentacles four, two TGy - s et e te ettt teit i iaaseesaneteeteeassannannnanscnansesennnnnan v« Gemmaria
B MALZINAL 10NEACIEE WO« et ee s e e e e e e e e e e et e e e e e Corynitis

GEMMARIA MoCrady (1857).

Four simple radial canals, at the distal exumbrellar terminus of which are 4 clusters or bands of
hematocysts. Marginal tentacles 2, at opposite perradial points, each long and with various knob-like
and stalked clusters of nematocysts.’ :
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Gemmaria cladophora A. Agassiz.¢
Gemmaria cladophora A. Agassiz; North American Acalephz, 1865, p. 184. Haeckel, System der Medusen, 1879, p. 104.

Bell subhemispherical to conical, with walls of varying thickness over different regions, giving to
the subumbrellar cavity a form differing from that of the exumbrella. Marginal tentacles 4, 2 rudi-
mentary, the other 2 long and abundantly supplied with batteries of nematocysts, many of which are
stalked. Manubrium well developed and with the gonads borne on its proximal portion; mouth
simple, with 4 slightly everted lips, richly supplied with nematocysts. Ontogeny unknown or doubtful.

Colors.—Tentacles light brownish, with orange pigmentation at the bases.

Distribution.—Massachusetts Bay, Agassiz. Woods Hole.

CORYNITIS McCrady (1857).
Corynitis agassizii McCrady.«

Corynitis agassizit McCrady, Proceedings Elliott Society Natural History, Vol. I, 1857, p. 132,

Gemmaria gemmosa McCrady, op. eit., p. 49.

Zanclea gemmosa McCrady, op. cit.,ibid.

Halocharis spiralis L. Agassiz, Contributions Natural History United States, Vol. IV, 1862, p. 239.

Corynitis agassizii A. Agassiz, North American Acalephae, 1865, p. 185; Allman, Monograph Gymnoblastic Hydroids, 1871,
Pp. 287; Murbach, Quarterly Journal Microscopical Seience, Vol, 42, 1899, p. 354,

Corynetis agassizii Haeckel, System der Medusen, 1879, p. 49.

Bell elongate hemispherical, slightly higher than broad, about 2 mm. in height when liberated.
Marginal tentacles 2, long, with broad base, the entire tentacle rough with batteries of nematocysts,
many of which are stalked and erect like vorticelle, for which they might eagily be mistaken upon
casual examination. Radial canals 4, with rather conspicuous knots of nematocysts on the exum-
brellar surface of their distal ends. Manubritim well developed, flask-like, with 4 oral lips, which
are simple and slightly everted.

Ontogeny.—Derived directly from the hydroid stock, easily kept in aquaria. Iabitat of hydroid,
often on shell of Mytilis, fronds of sargassum, ete.

Distribution.—Buzzards . Bay, Naushon (Agassiz); taken at docks of Fish Commission, Woods
Hole, July.

LEPTOMEDUSZA.

In contrast with the Anthomedusw, the Leptomedusm are usually characterized by a flatter
and more digk-like umbrella, which is also often of more delicate texture, or thinner and softer; the
velum is usually less developed; tentacles usually more.numerous and with a more general disposition
about the margin. (Gonads almost always borne upon the radial canals. Ocelli Inay or may not be
present; sensory bodies usnally of the vesiculate type—otocysts.

TrauManripe —Radial canals 4 or 8; rarely more, always simple and unbranched. Tentacles
ugually numerous; ocelli usually present, otocysts usually lacking; manubrium usually short, with
.4~ to 8-lobed mouth; gonads in the form of undulating band-like organs along the radial canals,

Casnormm.—Radial canals 4 or 6, branched or with lateral pinnate diverticula; tentacles usually
very numerous; ocelli usually present, otocysts lacking; gonads usually spindle-like pouches on the
radial canals; mouth with 4 or 6 oral lobes, which are sometimes rudimentary.

Euvcormnz.—Radial canals always 4, simple and unbranched; tentacles usually numerous, at loast
+; manubrium usually short and quadrate in section, with 4 oral lobes; ocelli absent, otocysts always
present, usually 8 or more; gonads usually vesiculate bodies on the radial canals.

Bquorem . —Radial canals numerous, 8 to 16 or more, often 100, simple; tentacles at least 8,
usually very numerous; otocysts always present, 8 or more; ocelli absent; gonads usually ribbon-like;
manubrium varying from very short to long, oral lobes usually numerous and variously plaited or
folded.

aIn a fortheoming paper (Mittheilungen Zoolischen Station Neapel, Bd. 16, 1904, 8. 550), on some Hydromeduse from
the Bay of Naples, the present writer has taken occasion to express decided doubt ag to the generic distinetness of these
meduswe, It would seem more correct to regard them ag related species,
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Family THAUMANTIIDZ.

XEY TO THE GENERA.

A. Radial canals, 4; marginal tentacles numerous and with basal eirri......... et ettt ere e Laodicea
B. Radial canals, 4; marginal tentacles numerous, but without basal eirri..... ...l .. Staurostoma
C. Radial canals, §; marginal tentacles numerous, without basal efrri......o...oo ool - .. Melicertum
D,

LAODICEA Lesson (1843).

Laodicea calcarata A. Agassiz. Text cut.

Laodicea calcaratu A. Agassiz, in L. Agassiz, Contributions
Natural History United States, Vol. IV, 1862, p. 850,
Lafea calcarata A. Agassiz, North American Acalephw, 1865,
122, -
Laodicea cr;lcarata Haeckel, System der Medusen, 1879, p. 134,

Bell broad, low dome-shaped, about twice as
broad as high. Marginal tentacles very numerous
and with swollen bases; interspersed with them are
numerous tentacular gpurs and cirri.  Radial canals
4, along which the gonads are disposed in undulating
masses. Manubrium rather short, with 4 plaited
oral lobes. Velum well developed. Ocelli black
pigment spots on bases of tentacles.

Ontogeny.—This medusa is derived from the
hydroid stock of ILafea calcarata. When first
liberated it has but 2 tentacles, has a high, miter-
shaped bell, and bears little resemblance to the
adult. Growth seems to be rapid, other ‘tentacles
appear in rapid succession, and the bell gradually
loses its earlier form and assumes the typical shape
of the adult, with the various cirri, clubs, etc.

Colors.—Bell transparent; ovaries dull yellowish
to brown; tentacles of similar color near the base,
ocelli black.

Distribution.—Common throughout the region;

Radial canals numerous, 16 to 32 or more; tentacles numerous, without basal eirri...........ooooiiiiiiii, Orchistoma

)

Faodicen calcarata. After A. Agassiz.

usually taken in considerable numbers in the tow at Woods Hole during July and August.

STAUROSTOMA Haeckel (1879).

Staurostoma laciniata, After L, Agassiz.

within the complicated folds just mentioned.

Staurostoma laciniata (L. Agassiz). Text cut.

Staurophora laciniate L. Agasslz, Memoirs American Academy
Arts and-Seiences, Vol. 1v, 1849, p. 800; Contributions
Natural History United States, Vol. IV, 1862, p. 351.
A. Agassiz, North American Acalephe, 1865, p. 136,
Staurostoma laciniata Haeckel, System der Medusen, 1879, p. 130.
Bell low dome-shaped, about twice as broad as
high, adult specimens attaining 4 diameter of 150 mm.
or more, the average, however, only about 40 to 50
mm, Marginal tentacles very numerous; velum thin
and delicate; manubrium indistinguishable, mouth
early confluent with the genital folds, which are
double aJong the ventral agpect of each radial canal,
and are variously folded or crinkled; gonads develop
Ocelli present as violet pigment spots on the bages of

the tentacles, more prominent on young specimens. .
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Ontogeny imperfectly known. Ova develop within the genital foldy, the larvie being later dis-
charged as actinulee. : '

Colors.—Bell transparent, with bluish milky tint, genital folds and oral ridges of similar tints.

Distribution.—Very common at times at Woods Hole and in adjacent waters. Agassiz reports the’
species extremely abundant at Nahant, Boston Harbor, and Massachusetts Bay during early spring,
May and June. Its occurrence seems to be somewhat erratic, however, as I have taken specimens
but twice within recent years.

MELICERTUM ¢« A. Agassiz (1862).
Melicertum campanula A. Agassiz.

Melicertum campanula A, Agassiz, in- L. Agassiz, Contributions to Natural History United States, Vol. TV, 1862, p. 849;
North American Acalephwe, 1865, p. 130. Hacckel, System der Medusen, 1879, pp. 136-7. o

Medusa bell-shaped, about as high as broad, capable of consider-
able change of form by erratic contractions of theumbrella. Marginal
tentacles numerous in the adult, but the young resemble Laodicea in
having but 2, later acquiring others. Radial canals 8 in the adult,
only 4 in earlylife. Mannbrium much as in Laodicea, oral lobes 8
with sinuous edges. _

Ontogeny.—Medusa derived directly from the hydroid stock. Its
development has been followed by A. Agassiz (op. cit., p. 134).

Color.—Bell light ocher; gonads and bases of tentacles brownish.

Distribution.—Massachusetts and northward (L. and A. Agassiz).
So far as I am aware, the medusa has not been.recorded at Woods
Hole, though likely to be found at any time.

ORCHISTOMA Haeckel (1879).

Orchistoma tentaculata Mayer. Text cut.

Orehistoma tentaculata Mayer, Bulletin Museum Comparative Zoology, Vol. XXX VIT,
1900, p. 8.

Mayer describes an immature specimen taken at Newport which
has the following specific characters: Bell slightly flaring near the
margin, gelatinous substance of upper portion very thick; marginal
tentacles 32, in various stages of development, the longest about one
and one-half times the height of bell and with hollow basal bulbs;
radial canals, 16 functional ones, and 16 others in process of develop-
ment; velum well developed; manubrium flat and shallow, with 8 lips;
gonads undeveloped.

Colors.~—Bell transparent, basal bulbs of tentacles a delicate green.
A medusa taken at Woods Hole, resembling this in many respects, I have considered as probably

the young of Rhegmatodes.

Orchistoma tentaculata. After
Mayer.

aThis generic term was apparently flrst employed by Oken in 1816 (Lehrb. der Naturgeschichte), and the very similar
term Melicerta was proposed by Peron & Lesueur in 1809 in designating a Greenland medusa, presumably identical with
that later described by Oken. In 1829 Eschscholtz, under the binomial here used, described with somewhat more detail
and accuracy a medusa quite similar, Fabricius, however (Fauna Grenlandica, 1780, p. 866), had used the same specific
term in describing probably the same, or a similar medusa. '

Haeckel has shown (System der Medusen, p. 139), that all these earlier aceounts were elther so inadequate or inaccurgte
as to leave serlous doubt whether the medusa described by A. Agassiz (op. ¢it.) with critical detail was identical with
that of the earlier accounts. "He therefore proposes to credit both the generic and specific terms to the latter, and so
designates them in his account (op. cit.). While in strict conformity with established usage the priority of the olde
descriptions should have recognition, I have aceepted Haeckel’s version and leave a final adjustment for those having
larger concern in problems of synonymy.
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Family CANNOTIDA,.

Radial canals with numerous, pinnate, blind diverticula. ...l e Ptychogena
PTYCHOGENA A. Agassiz (1865).

Ptychogena lactea A. Agassiz.
Plychogena lactea A, Agassiz, North American Acalepha, 1865, p. 137. Haeckel, System der Medusen, 1879, p. 147,

Bell dome-shaped, about twice as broad as high, with rather thick walls; marginal tentacles
numerous and filamentous; radial canals 4, lateral walls with numerous pouch-like diverticula; gonads
variously folded and disposed beneath the canals; gastric cavity very flat, quadrate in form; mouth
large, but devoid of definite lobes or lips.~ The medusa seems wholly devoid of sensory organs of any
sort. .

According to Agassiz, from whose account this description has been condensed, this is a deep-sea
form, seldom coming to the surface, and when doing so apparently killed by the action of the light.
Ontogeny unknown.

Colors.—Gonads, radial canals, and tentacles milk white.

Distribution.—Massachusetts Bay. The occurrence of this species within the immediate region of
Woods Hole has not been reported, so far as T am aware, though it is likely to be taken at almost any

time,
Family EUCOPIDA.

KEY TO THE GENERA.

A. Marginal tentacles 4, sometimes with lateral cirri.

1. Manubrium very long, extending beyond velwm .........coooiii ittt e Eutima

2, Manubrium short, tentacles with lateral basal cirri. ««v. Eucheilota

‘3. Manubrium short, tentacles devoid of basal Cirri ..o iiiiii oottt e e Clytia (juv.)
B. Marginal tentacles 16 or more.

4. Manubrium long, bell hemiSphorieal. . o.u .o er e e

5, Manubrium short, bell discoid, otocysts on bases of tentacles

6. Manubrium short, bell hemispherical, otocysts between bases of tentactes Clytia or Epenthests

7. Manubrium short, oral lips variously fimbriated ....o....oiiiiiieeiie ettt Tiaropsis
8. Manubrium short, 12 otocysts, tentacles with interposed cirrl .....ooooooe e, Phialis
9. Manubrium short quadrate, 16 marginal tentacles, with 16 interposed otoeysts ....ooveenneennn.... Epenthests

10. Manubrium short, oral lobes plain, tentacles more than 16, two otocysts between each pair
EUTIMA MoCrady (1857).

Eutima mira McCrady. Pl 1V, fig. 1.
Eutima miva MeCrady, Proceedings Elliott Society Natural History, Vol. 1, 1857, p. 190. L. Agassiz, Contributions Natural
History United States, Vol. IV, 1862, p. 360. A. Agassiz, North American Acalephe, 1865, p. 116. Hacckel,
System der Medusen, 1879, p. 191. )

Medusa low, bell-shaped, about twice as wide as high, walls of bell very flabby, collapsing almost
at.once on being taken from the water. Size of adult 15 to 20 mm. in wide diameter. Marginal ten-
tacles 4, very long and tapering to mere threads; each has a larger bage with a pair of distinct cirri,
though these are often so closely coiled as to escape attention. The velum is extremely delicate and
- perhaps little functional as an organ of locomotion, which iy chiefly accomplished by rhythmic con-
tractions of the entire bell. The manubrium is very long and pendulous, extending beyond the bell-
margin two or three times its height. There is a long gelatinous peduncle, only the distal fifth consti-
tuting the gastric portion. The mouth is 4-lobed with strongly eversible lips, which form a disk-like
organ not unlike the sucking disk of a leech. Gonads are borne along the median portion of the
canals. The 8 otocysts are disposed about the margin of the bell, each containing several otoliths
arranged in the form of crescents. Within each marginal quadrant there are also 3 rudimentary ten-
tacles, each with its pair of cirri, which are also rudimentary, and slight swellings which appear to be
of similar character. Ontogeny unknown.

Colors.—Bell very transparent, basal portion of tentacles pale green by reflected light, but a beauti-
ful rose color by transmitted light, an interesting character which is possessed by many other medus:e,
The distal portion of the manubrium is also greenish with & pale pinkish hue, and the same color
though less distinct, is found in the gonads. ' .

Distribution.—Very common at Woods Hole and in Vineyard Sound during August.
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Eutima limpida A. Agassiz.

Eutima limpida A. Agassiz, in L. Agassiz, Contributions Natural History United States, Vol. IV, 1862, p. 262; North American
Acalephe, 1865, p. 116. Haeckel, System der Medusen, 1879, p. 191.

This medusa is very similar in general aspects to the preceding species, if indeed it may not be
found upon a more critical comparison to be identical, or perhaps a regional variety. Its size seems to
me the only distinctive difference, though the tentacles are said to be shorter and to have the basal
enlargement. Agassiz gives the size of adults as nearly 2 inches broad by about } inch high. He
describes the otocysts also as of unusual size, easily visible to the naked eye.

In many years of collecting about Naushon I have never taken this medusa, nor do I find it
reported by other collectors. May it not be that some unusually large specimens afforded the occagion
for this specific distinction?

Distribution.—Buzzards Bay, Naushon (A. Agassiz).

EUCHEILOTA McCrady (1857).
Eucheilota ventricularis McCrady. Pl 1V, fig. 4.

Eucheilota ventricularis McCrady, Proceedings Elliott Society Natural History, Vol. I, 1857, p. 187.
Eucheilota L. Agassiz, Contributions to Natural History of United States, 1862, Vol. IV, p. 353,
Eucheilota ventricularis A. Agagsiz, North American Acalephz, 1865, p?74. Haeckel, System der Medusen, p. 179, 1879,
Bell subhemispherical, broader than high. Marginal tentacles 4 perradial, with 4 somewhat
rudimentary interradial, each set with a pair of basal cirri. = The interradial tentacles afterward develop
and adradial tentacles appear with later maturity, but none of the specimens taken by me showed
these, and they are therefore absent in the figure given. Velum well developed. Gonads in spindle-
like masses on the distal third of the radial canals. Ontogeny unknown.
Colors.—Bell transparent, tentacular bases and manubrium bright green by reflected light,
Distribution.—Fairly common in the waters adjacent to Woods Hole, and at Newport (Fewkes).

Eucheilota duodecimalis A. Agassiz. Pl IV, fig. 3.

Fucheilota duodecimalis A. Agassiz, in L, Agassiz, Contributions Nutural
History United States, Vol. IV, 1862, p. 353; North American
Acalephw, 1865, p. 75,

Plialivm duodecimale Hacekel, System der Medusen, 1879, p. 180.

Medusa similar in form to the preceding species, hut
distingnished by having but 4 long tentacles with their
lateral cirri, and by the presence of 12 otocysts, 3 between

1 each two tentacles,
Distribution.—Similar to the preceding species.

CLYTIA Lamourcux (1812).

Clytia bicophora L. Agassiz. Text cut.

Clytia bicophora L. Agassiz, Contributions to Natural T{iutory of United
States, Vol. 1V, 1862, pp. 304, 854, A. Agassiz, North Amer-
ican Acalephse, 1865, p. 78,

Epenthesis bicophora Haeckel, System der Medusen, 1879, p. 184.

Clytia bicophora,

Medusa variable in form and other characters with development, at first inclined to be globular,
later hemispherical. Marginal tentacles at first but 4; at maturity, 16.  Velum fairly well developed,
though narrow. Otocysts 8, disposed on either side of the perradial tentacles.

Ontogeny.—From hydroid Clytia bicophora. '

Colors.—Bell, transparent; ovaries and tentacle bases, brownish.

Distribution.—Not especially abundant, though frequently taken at various points within the
region. Frequent in the tow at Woods Hole. :
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Clytia nolliformis (McCrady).

Campanularia nolliformis McCrady, in Proceedings Elliott Society of Natural History, Vol. I, 1857, p. 104,
Campanularia volubilis Leidy, Marine Invertebrates, New Jersey and Rhode Island, 1855, p. 6.

Clytia cylindrica L. Agassiz, Contributions to Natural History of United States, Vol. IV, 1862, p, 306.
Dlatypixis cylindrica A. Agassiz, North Amerigan Acalephw, 1865, p. 80,

Epenthesis bi'coyhm:a Haeckel, System der Medusen, 1879, p. 184,

This medusa resembles the preceding species so closely in most respects that Taeckel has included
both under his Epenthesis bicophora, and it seems likely that they dre identical. Only occasionally
have I taken a specimen that seemed to differ sufficiently to warrant separate classification, though
the hydroids seem to be fairly distinct.

DBistribution as of preceding.
TIMA Eschscholtz (1829).

Tima formosa I. Agassiz. P. 1V, fig. 2.

Tima formosa L. Agassiz, Contributions to Natural History of United States, Vol. IV, 1862, p.362. A, Agassiz, North American
Acalephwm, 1865, p. 118. Hacckel, System der Medusen, 1879, p. 205. Fewkes, Bulletin Museum Comparative
Zoology, Vol, VIII, 1881, p. 157.

This splendid medusa, one of our most beautiful eucopids, has a bell-shaped wmbrella about as
high as broad. Size in maturity about 50 to 60 mm. Body of bell rather thick and heavy, particu-
larly in aboral region. Marginal tentacles numerous, with bulbous bases. Manubrium long, capable
of protrusion beyond the velum, though usually about on a level therewith. Radial canals 4, rather
wide, with gonads extending the entire length and downward upon the elongated peduncle of the
manubrium. Mouth with 4 fimbriated eversible lobes. Otocysts numerous and symmetrically dis-
tributed about the margin, each containing several otoliths.

Fewkes has called attention (Bulletin Museum Comparative Zoology, Vol. VIII, p. 157) to the fact
that specimens are often devoid of the gastric and oral portions of the manubrinm. I have frequently
noted the same thing, and have suspected that it might be due to voracious fishes, some of which are
known to feed upon the oral lobes, etc., of the Scyphomedusie.  Whatever the cause, it seems to prove
of small-inconvenience to the medusa, as the organ is soon regenerated.

Ontogeny.—The ontogeny of Tona has been traced by A. Agaseiz (cf. North American Acaleph:e,
D. 115), who hasg reared the hydroid from the eggs discharged by the meduswe in aquaria. The
characteristic phases of development, through planulwe to polyps and hydroid colonies, occupied some
8ix months, at the end of which the colonies were very minute tufts, barely visible to the naked eye.

Colors.—While the bell is quite transparent, the milk-white gonads and mouth lobes render the
medusa very conspicuous. The tentacles also are white, with a delicate rosy pink in many specimens.

Distribution.—Rather general throughout the region——(}ap(, Cod, Vineyard Sound, Woods Hole,
Buzzards Bay, Newport, e¢tc. I have taken the species only during early spring—April and May. 1t
has heen reported by Agassiz in March, June, October, and Deceinber.  Facts seem to indicate the
sexual season as rather distinctively spring. ‘

OBELIA Peron & Lesueur (1809).

The genus Obelia, as at’ present defined by most authors, is much more comprehensive than was
understood by Forbes, McCrady, and Agassiz. As now constituted it comprises meduswe lmvmg the
following characteristics:

Light adradial otocysts, which are borne on the inward projecting bases of the marginal tentacles
of that region; marginal tentacles numerous; 12 to 24, or even 100 or more. Velum rudimentary, bell
flat and freely eversible, the meduswe often swimming more or less freely in that condition.a

The extremely variable stage of development at which the meduswe leave the gonothecw, some-
tinies ‘with 12, 16, 24, or even 48 tentacles, sometimes with the gonads already well developed,
sometimes w1thout any traces of them, render very difficult any certain determination of species; and
the same variable tendencies of the hydroid stocks but add to the dificulties of the problem. Hence,
in comparatively few cases may we f feel even a reasonable assurance that the species nsually recognized
a9 distinct are entitled to that rank.

) ¢ A8 will be noted, this definition includes what by carlier \vntcrs were recoghized as the genera of Eucope aud Obelia,
chiefly,
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Obelia commissuralis McCrady.

Laomedia gelatinosa Stimpson, Marine Invertebrates of Grand Manan, 1853, p. 8, in Smithsonian Contributions to Knowl-
edge, Vol. VI.
Luomedia dichotoma Leidy, Marine Invertebrates of New Jersey and Rhode Island, 1855, p. 6, in Journal Academy Natural
. Sciences of Philadelphia, Vol. I1I, 24 series. )
Obelia commissuralis McCrady, Proceedings Elliott Society of Natural History, Vol. 1,1857, p.197. L. Agassiz, Contributions
to Natural History of United States, Vol. IV, 1862, pp. 315, 851. A. Agassiz, North Americen Achlephee, 1865, p. 91,
in Bulletin Museum Comparative Zoology, Vol. I. Haeckel, System der Medusen, 1879, p. 174,

Bell flat and discoid; mar-
ginal tentacles 16 at liberation;
gonads borne on distal half of
radial canals; manubrium cylin-
drical, mouth four-lobed. Size
of medusa about 1 mm. at time
of liberation. Developed from
hydroid of same name:.

Obelia diaphana. Distribution. — Everywhere
throughout the region. Hydroid
found on various species of Fucus, and very
polific, hundreds of medus: being discharged
from a small colony within a few hours at the
breeding season. '

Obelia, diaphana (L. Agassiz.) Text cuts.

Thawmantius diaphana L. Agussiz, Memoirs American
. Academy of Arts and Sciences, Vol. IV, 1849,
p. 300.
Eucope diaphane A. Agassiz, in L. Agassiz, Contributions
to Natural History of United States, Vol. 1V,
1862, p. 322. North American Acalephw, 1865,
p. 83.
Obetia diaphane Allman, Annals and Magazine of Nat-
ural History, Vol. X111, 1864, p. 372, Hacckel,
System der Medusen, 1879, p. 175,

Medusa flat, discoid, with usually 24 ten-
tacles at liberation, later as many as 200 or
more. Size about 1 mm. at birth, becoming
as much ag 5-6 mmn. at maturity. Manubrium
cylindrical, with four-lipped mouth, lips short.
Gonads usually abgent at birth, becoming

Obelia dinphana. Oral view pyriform at maturity, and borne on distal third
of radial canals.

Development as in preceding species, the young sometimes occurring.in almost incredible num-
bersa  Hydroid stock very similar to preceding species. '

Distribution as of preceding. Common everywhere.

Obelia gelatinosa (Pallas).

Sertularia gelatinosa Pallas, Elenchus Zoophytorum, 1766, p. 116,
Laomedia gelatinosa Lamarck, Animaux sans Vertebres, Tome 11, 1817, p. 184, Lamouroux, Histoire des Polypiers
Coralligines Flexible. 1816, p. 92.

Luomedia gigantea A. Agassiz, North American Acalephw, 1865, p. 94.
Obelia gelatinosu Haeckel, System der Medusen, 1879, p. 176.
Obelia dichotoma Allman, Annals and Magazine of Natural History, Vol. XIII, 1864, p. 872

Medusa much as preceding as to general form, tentacles, etc. Tentacles at birth 16 (Hincks), 24
(Haeckel). Manubrium and gonads about as in preceding species. Development from hydroid
stock of same name, which, in contrast to those of both the previous species. is very large, attaining
a height of a foot or more.

Distribution.—Less common than preceding, though taken throughout region.
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Obelia pyriformis (A. Agassiz.)

Eucope pyriformis A. Agassiz, North American Acalephe, 1865, p. 88,

Laomedia pyriformis Leidy, Marine Invertebrate Fauna New Jersey aud Rhode Island, in Journal Academy Sciences,
Philadelphia, 1855, p. 6.

Obclia pyriformis Haeckel, System der Medusen, 1879, p. 175.

Medusa flat, discoid, with 24 tentacles at birth; gonads also present at this period, pear-shaped
and borne on proximal half of radial canals, Otocysts somewhat larger than in some of the preceding
species and usuvally slightly to one Slde of the tentacular base. Manubrium globular with simple
mouth devoid of lobes or lips.

Development.—From hydroid of same name, having its habitat chiefly on eel-grass or in similar
surroundings.

Distribution.—Somewhat general throughout the reglon

Obelia fusiformis (A. Agassiz.)

Eucope (7) fusiformis A. Agassiz, North American Acalephee, 1865, p. 90.
Fucope (7) divaricata A, Agassiz, op, cit. p. 91.
Obclin fusiformis Haeckel, System der Medusen, 1879, p. 177,

Medusa very similar to former species, but with 48 tentacles at birth, when also the gonads are
well developed and of fusiform shape along the length of the radial canals. Manubrium quadrate in
shape, with four-lipped mouth.

Development.—From hydroid of same name. ‘ :

Distribution.—Massachusetts Bay, Nahant (Agassiz). I have not identified this medusa from the
Woods Hole region, and there may be a question as to its specific distinctness, since Agassiz has him-
self expressed doubt on this point.

TIAROPSIS L. Agassiz (1849).
Tiaropsis diademata L. Agassiz. Text cat.

Tiaropsis diademala L, Agassiz, Memoirs American Academy Arts and Sciences, Vol. 1V, 1849, p. 289. Contributions Natural
History United States, Vol, IV, 1862, p. 808. A. Agassiz, North American Acaleph, 1865, p. 69. Haeckel, System
der Medusen, 1879, p. 188.

Bell hemispherical, or low dome-like, about half as high as broad.
Marginal tentacles very numerous in maturity, though comparatively few
when the medusa is liberated.. They are always short, forming a deli-
cate fringe upon the margin of the bell. Pigment spots occur at the bul-
bous bases of the tentacles, and are probably ocellar in character. Tight
otocysts are present, distributed between the tentacles, 2 in each quadrant
and between the radial canals, each containing black otoliths. The
velum is narrow and very delicate. Gonads spindle-shaped, disposed
beneath the inedian radial canal region. Manubrium very short, with
four fimbriated oral lobes. Ontogeny unknown. Tiaropsls diademato. After A.

Colors.—Bell pale bluish milky tint, gonads darker. Agassiz.

Distribution.—Massachusetts Bay, Boston Harbor; occasionally taken at \Voods Hole, March to May,

OCEANTIA Poron & Lesueur (1809.)

Oceania a8 a generic term has been largely superseded by most Luropean writers upon Hydrome-
dusm, and Haeckel has designated it as obsolete, merging the meduse formerly classed under it into
other genera, as Hpenthesis, or instituting new genera which better define the characters of those forms.
Several American authors have likewise abandoned the use of Oceania as a generic name, but still
others, notably A. Agassiz and Mayer, have continued to use it in something of its carlier sense. To
the present author it has seemed expedient to continue to use it, though recognizing its growing obso-
lescence. As at present defined by Agassiz and Mayer, it would seem to differ from ZEpenthesis chiefly
in the presence of two octocysts between each two marginal tentacles, and in its larger number of the
atter,

B.B, . 1904—
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Oceania languida A. Agassiz. PL V, fig. 2.

Oceania languida A. Agassiz, in L. Agassiz, Contributions to Natural History of United States, Vol. IV, 1862, p. 353; North
American Acalephe, 1865, p. 70.

Phialidium languidum Haeckel, System der Medusen, 1879, p. 188.

Bell rather low, symmetrically arched, walls very thin and delicate, collapsing when taken from
the water, Velum also very narrow and delicate. Marginal tentacles numerous in adult, usually 32
or more, with about 2 otocysts between the bases of each two. Gonads elongate masses along the
distal half of the radial canals, or when fully mature extending almost to the manubrium, the latter
very short and with four-lobed mouth. Tentacular bulbs large and oval in form. The meduse are
sluggish in temperament, moving languidly, often simply drifting; when disturbed, or even without
apparent disturbance, they often contract the marging of the bell, folding the body into an aspect of
collapse. This species is very abundant in the Woods Hole region, particularly in middle or late sum-
mer. In size it varies from 15 to 20 mm. in broad diameter, with about half the height.

The ontogeny of this medusa is somewhat doubtful. Haeckel assigns it to Campanulina languida.
T have never been able to determine definitely its entire life history.

Colors.—Bell very transparent; tentacle bulbs brownish with green center; gonads likewise greenish
brown; manubrium streaked with greenish.

Distribution.—Rather general throughout the region, June to September.

Oceania singularis Mayer.
Oceania singularis Mayer, Bulletin Museum Comparative Zoology, Vol. XXXVII, 1900, p. 7.

Medusa with straight, sloping sides, and with a rather sharply constricted apical region, somewhat
lens-shaped. Marginal tentacles 16, with large hollow basal bulbs, the tentacles rather short and
abundantly supplied with mematocysts. There are also 16 rudimentary tentacles’ and -32 otocysts,
2 between the bases of each two rudimentary tentacles, each otocyst with a single otolith. Manu-
brium rather long, quadrate in form, and with four-lobed mouth. Ontogeny unknown.

Colors.—Bases of tentacles greenish, distal portions brownish, gonads of turquoise tinge.

Distribution.—Newport, R. 1. (Mayer).

EPENTHESIS McCrady (1857).

Epenthesis folleata McCrady. PL V, fig. 3.

Epenthesis folleata MeCrady, Proceedings Elliott Society of Natural History, Vol. T, 1857, p. 191,

Oceania folleata L. Agassiz, Contributions to Natural History United States, Vol. 1V, 1862, p. 353. A. Agassiz, North Ameri-
can Acalephe, 1865, p. 70.

Encnllm:sisfolleata Haeckel, System der Medusen, 1879, p. 184,

Low, sub-hemispherical bell about two-thirds as high as broad, with firmer walls than in preced-
ing species. Marginal tentacles 16 in mature specimens, with 16 otocysts alternating therewith, tenta-
cles with rather large basal bulbs. Velum rather narrow but fairly firm in texture. Gonads form
elliptical masscs on the distal half of the radial canals. Manubrium moderately developed, quadrate
in shape, mouth with four everted lips. Ontogeny unknown.

Colors.—Basal bulbs of tentacles greenish by reflected light, or brownish by transmitted light.
Gonads similarly colored, though paler. Manubrium more or less streaked with light green.

Distribution.—Common in Vineyard Sound, Woods Hole, etc., from July to September.

PHIALIS Haeckel (1877).
) Phialis cruciata (A. Agassiz).
Halopsis cruciata A. Agassiz, North Amcrlcn’n Aecaleph, 1865, p. 102,
Phialis cruciate Haeckel, System der Medusen, 1879, p. 181; Prodromus Systemse Medusarum, 1877,

Bell low hemispherical, somewhat broader than high, about 30 to 40 mm. broad in adults. Mar-
ginal tentacles rather numerous, and with interposed-cirri. Ofocysts 12, three between each two
radial canals. Manubrium rather short, with quadrate base, and with four-lobed mouth and everted
lips. Gonads linear along the course of the radial canals. Ontogeny unknown.

Colors.—Bell light pinkish, as are also the gonads.

Disiribution,—Nahant, Massachusetts Bay. This medusa has not been taken within the region in
question, though likely to occur there.
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Family £QUOREIDA.

KEY TO THE GENERA.

A. Radial canals 8 or more, often lobed or forked near ProxXimal ends ...oi ittt it e e, Halopsis
B. Radial canals 12, manubrium very short and flat, oral lobes long, simple or erinkled Stomobrachiwm
C. Radial canals ususlly numerous, 16 to 32, sometimes 100 or more.

1. Manubrium very short or even indistinguishable, with simply a crenulated oral margin.............. Rhegmatodes
2. Manubrium well developed, oral lobes plain ............. e et eeiteeeienaateeietianaeeeeattearaaiaaraaaas Aquorea
3. Manubrium large and with complexly plaited oral 10Des......oo.eurneeerrn e eee e Zygodactyla

HALOPSIS A. Agassiz (1863). °

Halopsis ocellata A. Agassiz.

Ialopsis ocellata A. Agassiz, Proceedings Boston Society Natural History, Vol. IX, 1863, p. 219; North American Acalephee,
1865, p. 99. Haeckel, System der Medusen, p. 217, 1879.

Bell low and evenly arched, 8 or 4 times as broad as high. Tentacles very numerous and capable
of great contraction and extension, with numerous alternating cirri. 'Radjal canals 4 in young speci-
mens, increasing from 12 to 20 in adults. Otocysts large and numerous, composed of double rows of
otoliths, and symmetrically disposed along the margin of the bell. Manubrium very short, with four-
lobed mouth. Gonads form elongate masses along almost the entire length of the canals.

Agassiz has noted the occurrerce of double manubria in specimens of this form, particularly where
there is an extension of the gastric pouch in one plane of the medusa, attributes this gppearance to
a tendency to or “beginning of transverse fission.”” This inference seems to me hardly warranted
without clearer evidence of such fission among meduswe. I have occasionally found the same appear-
ance in smaller meduse, for example, Oceania languida and Gonionemus, in which so far as I am aware
there has never been noted any tendency to fission. G. T. Hargitt has found frequent examples of
such double manubria and mouths in individuals undergoing regeneration of excised parts, (Cf.
Biological Bulletin, Vol. 1V, p. 6 et seq.)

Agassiz has made observations upon the development of this species. (Cf. Proceedings Boston
Society Natural History, Vol. IX, p. 219.)

Distribution.—Nahant, Mass., Bay (Agassiz). This medusa has not been taken at Woods Hole
recently, nor elsewhere in the southern part of the region, so far as known to me.

STOMOBRACHIUM Brandt (1838).
Stomobrachium tentaculatum L. Agassiz.

Stomobrachium tentaculatum L. Agassiz, Contributions to Natural History of United States, Vol. IV, 1862, p. 861, A. Agassiz,
North American Acalephew, 1866, p. 98. Haeckel, System der M edusen, 1879, p. 224.

Bell low, evenly arched; radial canals 12, gastric portion of manubrium veryﬁﬂat, mouth with 4
rather triangular lobes which are variously frilled or folded. Tentacles very numerous; but short and
devoid of any considerable contraction or extension. Gonads linear in form and disposed along the
several canals. Ontogeny unknown.

Colors.—The medusa is almost wholly devoid of color.

Distribution.—Massachusetts Bay (Agassiz). I have occasionally taken at Woods Hole what may
have heen fragments of the somewhat firm gelatinous portions of this medusa.

RHEGMATODES A. Agassiz (1862).
Rhegmatodes tenuis A. Agassiz. Text cut.

Rhegmatodes A. Agassiz, in L. Agassiz Contributions to Natural History of United States, Vol. IV, 1862, p. 861.
Rhemnatodes tenuis A. Agassiz, North American Acalephse, 1865, p. 95. Haeckel, System der Medusen, p. 223, 1879,

Bell very low and flat with evenly rounded exumbrellar surface. Radial canals numerous, from 30
t0 40 or more in mature specimens, mostly simple, but exhibiting numerous variations; as spurs, anasto-
mosing branches, ete. Marginal tentacles numerous and evenly disposed, rather filiform and capable of
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great contraction, during which they are often characteristically coiled, and with a broader base,
above which is a tubular, spur-like flap; numerous rudimentary tentacular bodies interpoged between
the long tentacles. Gonads in double-linear series along the
course of the radial canals, extending from slightly beyond
the gastric cavity to about the same distance from the marginal
canal. Manubrium almost lacking, gastric pouch very flat,
mouth a simple crinkled rim about the edge of the gastric pouch.
Otocysts numerous and varlously interposed between the bases
of the tentacles.
o S o In general habits this medusa is sluggish, swimming lan-
> guidly by only irregularly intermittent pulsations of the bell
marging. The velum is but poorly developed. It varies in size
from 25 to 70 mm., the average being about 40 to 50 mm.
Ontogeny wholly unknown.

Distribution.—Not uncommon throughout the region, but
very erratic. During the summer of 1900 it was very abundant
at Woods Hole; in 1901 it was entirely absent; in 1902 a very
few specimens were taken.

0¥,

Rhegmatodes tenuis, -

ZEQUOREA Peron & Lesuneur {(1809).
Zquorea albida A. Agassiz.

Zquorea albida A. Agassiz, in L. Agassiz Contributions Natural History of United States, Vol. IV, 1862, p. 859. A. Agassiz,
North American Acalephe, 1865, p. 110. Haeckel, System der Medusen, 1879, p. 221.

Bell somewhat less than hemispherical, tending to conical above. Radial canals very numerous,
80 to 100, or even more. Marginal tentacles, about three between each two adjacent canals, and each
with a superposed spur similar to Rhegmatodes. Manubrium better developed than in preceding, gastric
portion very flat and wide, mouth simple or somewhat crenulated when contracted. Gonads disposed
along the entire course of the radial canals. Insize this medusa varies about as the preceding species.
Ontogeny entirely unknown,

Distribution.—Not uncommon in and about Woods Hole during late summer and autumn.

ZYGODACTYLA Brandt (1838).

Zygodactyla groenlandica (Peron & Lesueur).

Medusa zquorea, Fabricius, Fauna greenlandiea, 1780, p. 364.

Equorea grenlandica Peron & Lesueur, Tableau des Meduses, etc., in Annales du Museum, Vol. XTIV, 1809, p. 339,

Zygodactyla granlandica L. Agassiz, Contributions Natural History of United States, Vol. IV, 1862, pr360. A. Agassiz, North
Amencun Acalephs, 1865, p. 103.

Rhacostoma atlantica, LT Agassiz, Proceedings Boston Society Natural History, Vol, 111, 1862, p. 342.

Polycanna grenlandica Haeckel, System der Medusen, 1879, p. 232.

This is one of the largest of the Hydromeduswe, sometimes measuring a foot or more in diameter,
and about one-third as high. The bell is rather low and evenly arched above. Radial: canals very
numerous, 100 or more. Marginal tentacles also numerous, like the preceding species, usually three
between each two adjacent canals, and with similar superposed spurs. Manubrium very large, extend-
ing beyond the bell margin; gastric portion very broad; oral portion comprising highly complex
plaited folds and frills. Gonads in double-linear series along the course of the radial canals. Ontogeny
unknown.

Colors..—Manubrium, gonads, and tentacles dull whitish.

Digtribution. —-Greenland (Fabricius). Maine to Massachusetts (Agassiz). Occasionally found in
Vineyard Sound and Buzzards Bay in late summer and autumn.
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THE TRACHOMEDUSZ,

PerasipzE.—Radial canals' 4; manubrium without peduncle, mouth usually simple, occasionally 4
fimbriated lobes; gonads variously folded or undulating, suspended heneath radial canals. Tentacles
numerous, usually solid. Otocysts variously distributed between bases of tentacles. .

TracEYNEMID £.—Radial canals 8; manubrium long, devoid of peduncle, with mouth four-'obed.
Gonads 8, borne beneath radial canals. Sensory organs, otocysts with central otolith.

Acravripz.—Radial canals 8, manubrium long, with short distal bell-shaped stomach, and gelat-
inous peduncle; mouth usually four-lobed, rarely simple. Gonads usually rather long and cylindrieal,
borne on radial canals or manubrium. Tentacles always solid. Sensory organs usually free.

GervoNiDE —Radial canals 4 or 6, manubrium long and pendulous, with terminal stomach;
peduncle gelatinous, radial canals extending usually the entire length. Gonads usually flat and leaf-
like, borne on the subumbrella beneath radial canals. Tentacles of three series: Primary, occurring
during young stage, perradially distributed, and solid; secondary, interradially disposed, also solid,
and usually disappearing by atrophy; tertiary, the final series, hollow and communicating with the
marginal canal. Sensory organs are otocysts, each with a central otolith: ’

- Family PETASIDA.

A single genus under this family comes within this region—namely, Gonionemus, which was by
Haeckel referred to the cannotid Leptomeduse (cf. System der Medusen, p. 146). Later and more
detailed knowledge both of the structure and life history of Gonionemus has' clearly demonstrated its
trachynemid affinities. While it does not easily come within the current limitations of the Petasids,
the genus seems most closely related here, and it appears upon the whole better to enlarge the scope
of the present family than to establish an additional one.

GONIONEMUS A. Agassiz (1862).
Gonionemus murbachii Mayer. Pl VI, fig. 1.e .

Gonionemus vertens A. Agassiz, North American Acalephse, 1865, p. 128; in Contributions Natural History United States, Vol.
IV, 1862, p. 850,

Gonynema vertens Haeckel, System der Medusen, 1879, p. 147. .

‘ Gonionemus murbachii Mayer, Bulletin Brooklyn Institute Arts and Sciences, Vol. I, 1901, p. 5.

Gonionema murbachii, Yerkes, American Journal of Physiology, Vol. VII, 1902, p. 181. Perkins, Johns Hopkins University
Circular, May, 1902.

This species was first described by A. Agassiz in 1862, from the Pacific coast. In 1895 a species was
found at Woods Hole and supposedly identified with the Pacific species by Murbach, but it has since
been classed as a distinct species by Mayer.

Gonionemus murbachii may be characterized as follows: Bell somewhat ‘less than a hemisphere,
though in early life, and even in many specimens approaching maturity, it is almost if not quite hem-
ispherical. Manubrium rather short, seldom extending to the velum, quadrangular in shape, with
4 prominent and delicately frilled oral lobes. Radial canals 4, though many specimens are found with
5, 6, or even 2 and 8. (Cf. paper on Variation in Hydromedusee, by writer, Biol. Bull., Vol. 11, 1902.)

Gonads éxtending under radial canals in undulating folds. Tentacles numerous, 50 to 80 or more
in fully developed specimens, and with prominent basal bulbs of brownish color delicately tinged with
bright green. Each tentacle with a prominent suctorial pad near the tip, at which point the tentacle
often presents a sharp kuee-like angle. Sensory bodies, or otocysts, each with a central otolith, vari-
ously distributed between the bases of the tentacles. : ’

Ontogeny.—The life history and development of this medusa has recently been worked out with
much care by H. F: Perkins, who has thusshown that there is a well-defined, though lowly organized
hydroid generation, from which presumably, the meduse are derived by asexual budding. '

Color.—Bell transparent, radial canals and gonads yellowish-brown, manubrium brownish.

Distribution.—Chiefly in the vicinity of Woods Hole, Vineyard Haven, and adjacent waters.

«The figure is faulty in some respects, but a better substitute was not available,
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Gonionemus has afforded some extremely interesting ecological phenomena. Its most congenial
habitat seems to be in small protected pools or ponds, such as the Eel Pond at Woods Hole, which
has only a narrow connection with the harbor, and being surrounded by dwellings, receives garbage
and other wastes which must render its waters more or less foul. Eel grass grows luxuriantly in the
shallower portions, and in this the medusee seem to find favorable conditions for lodgment and at the
same time abundant food, such.as small crustaceans, fish-fry, etc. Thousands of specimens are
taken annually from this pond for use in the laboratory and elsewhere, but without apparently dimin-
ishing the numbers. When taken elsewhere, as at Vineyard Haven, the conditions have been very
similar. The adaptation of the species to such a habitat has seemed to fit it for aquarium life, which
in turn has made possible a most remarkable and varied amount of experimental work on coelenterate
physiology, as the abundant literature of the past few years amply attests.

Family TRACHYNEMIDA.
Radial canals 8, simple; no blind centripetal canals; otoCysts 16 .......coomvniiiiniiiiiiiiiiiiaas Rhopalonema

RHOPALONEMA Gegenbaur (1856).
Rhopalonema typicum (Maas). Text cut.

Homenema typicum Maas, Memoirs Museum Comparative Zoology, Vol. XXII, 1897, p. 22.
Rhopalonema, typicum A. Agassiz & Mayer, Memoirs Museum Comparative Zoology, Vol. XX VI, p. 152. Hargitt, Biological
Bulletin, Vol. IV, 1902, p. 15,

Bell hemispherical in general shape, with a low, rounded apical projection. Average size about 9
mm. in broad diameter by about 6 mm. in height. Radial canals 8, with the slightly developed gonads
borne about the mid-region of their subumbrellar course. Manubrium
urn-shaped and with slightly flaring oral margins. Velum well developed
and capable of extension outward, a condition often assumed normally.
Marginal tentacles were lacking on the specimens taken, though a fairly
regular geries of basal fragments indicated about the usual number char-
acteristic of the species.. Those of the region adjacent to the radial
canals seemed to have been of larger size than the others. No otocysts
were distingnishable on the specimens. In view of the solvent action
of strong formalin on these bodies in other cases it may not be unlikely
that a similar effect resulted in the present case, for this condition pre-

Rhopalonema typicum. vailed with almost all the specimens of the collection. Ontogeny entirely

unknown.

Colors.—Bell quite transparent, but with an evident irridescence; manubrium dull white, as were
also the gonads'in the preserved specimens.

Distribution.—Region of Gulf 8tream, fragments taken in the tow in Vineyard Sound. The occur-
rence of the species in this comparatively high Atlantic latitude may seem extraordinary, if not
improbable, but there do not seem to be sufficient grounds for considering the specimens ag distinct
from the species here indicated. Maas has described R. typicum from the west coast of Mexico (cf.
Memoirs Museum Comparative Zoology, Vol. XXII), and Agassiz and Mayer have recently recorded
it from the tropical Pacific (cf. op. cit., Vol. XXVI, No. 3).

1t should be noted that the specimens taken in Vineyard Sound were all more or less damaged, as
already indicated. More perfect specimens and in larger numbers may afford grounds for a different
conclusion from that here expressed. ‘




MEDUSZ OF WOODS HOLE REGION. 55

Family AGLAURIDZ.

KEY TO THE GENERA.
A. Gonads 8.

1. Gonads borne ongadinl CANRIS ...t e
2. Gonadsberne on MaNUDIIUM .o uvueeeennrnreeeennnnn... . -

B. Gonads 4, or sometimes 2.
3. Gonads 2, on opposite sides of umbrella

AGLAURA Peron & Lesueur (1809).

Aglaura hemistoma Peron & Lesueur. Text cut.

Aglaura hemistoma Peron.& Lesueur, Tableau des Méduses, 1809, p. 351.

Aglaura peronii Leuckart, Archiv fiir Naturgeschichte, J ahrgaug 22, 1856, p. 10.

Aglaura hemistoma var. nausicaa Maas, Die Craspedoten Medusen der Plankton-Expedition, 1893,
p.'26. Hargitt, Biological Bulletin, Vol. IV, 1902, p. 14.

Medusa in form of a cylinder, somewhat octagonal as viewed from either
pole. Average size 4 mm. in height by about half as broad. Radial canals
8, extending downward upon the long gelatinous manubrinm, which hangs
freely in the subumbrellar cavity for about two-thirds its extent. Gastric
portion rather short and with prominent four-lobed oral lips. Gonads, 4 or 5
in number, are suspended as finger-like processes from the lower portion of :
the gelatinous peduncle. Velum well developed and normally having the aspect ' 4giaura hemistoma.
shown in the figure, though often infolded in similar form within the bell. The
tentacles were in nearly every case entirely lacking or so badly distorted as to make impossible any
accurate determination of either their number or character; usually, however, the basal portions
showed with sufficient clearness to enable a recognition of their presence, and by comparing a number
of gpecimens an approximation as to the number was possible, as shown in the figure. Ontogeny
entirely unknown. ‘

Colors.—Bell very transparent; oral portion of the manubrium pale reddish; gonads pale
brownish to yellow, or whitish.

Distribution.—Region of the Gulf Stream, some 60 miles south of Marthas Vineyard.

AGLANTHA Haeckel (1879).
Aglantha digitalis (O. F. Muller). Text cut.

Medusa digitale O. F. Muller, Prodromus Zoologica Danica, 1766, p. 233, Fab-
ricius, Fauna Groenlandica, 1780, p. 366.

Melicerta digitale Peron & Lesueur, Tableau des Meduses, 1809, p. 352,

Eirene digitale Eschscholtz, System der Acalephen, 1829, p. 95.

Circe rosea Forbes, British Naked-eyed Meduse, 1848, p. 84. L. Agassiz, Contribu-
tions Natural History United States, Vol. IV, 1862, p. 849,

Trachynema digitale A. Agassiz, Nort American Acalephse, 1865, p. 57.

Aglantha digitalis Hacekel, System der Medusen, 1879, p. 272,

Medusa elongate bell-shaped, with rather sharp apical projec-
tion. Radial canals 8, rather wide and extending downward upon
the long gelatinous peduncle. Marginal tentacles numerous, but
fragile and ininany cases detached, apparently by the medusa when
brought into captivity. Otocysts 4, with reddish colored otoliths,
Gonads 8, suspended like sausages from the upper portion of the
radial canals. Velum strong and usually folded within the bell
cavity. Gastric portion of the manubrium comparatively small,

Aglantha digitalis, After A. Agassiz.  mouth with four everted lips. The medusa presents different
agpects at varying ages, as pointed out by A. Agassiz, the young
being shorter and more spherical. Adult specimens 25 to 85 mm. high. Ontogeny entirely unknown.

Colors.—Bell transparent, slightly pinkish, gonads milky white.

Distribution.—Taken at various points within the region, chiefly Woods Hole, March to May.
Reported by Agassiz from Massachusetts Bay; by Fabricius from Baffins Bay.
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Aglantha conica Hargitt. Text cut.
Aglantha conica Hargitt, Biological Bulletin, Vol. IV, 1902, p. 21.

Bell high, with rather sharp apical projection which is slightly constricted at its base in many
specimens. Bell walls rather firm, and when compressed tending to wrinkle longitudinally, a condi-
’ tion which often appears also in preserved specimens. Manubrium long and
pendulous, though not reaching the velum; peduncle gelatinous; gastric portion
much as in the preceding species, as, indeed, are other general characters.
Radial canals 8, extending the length of the peduncle. Gonads 8, cylindrical
and suspended from the upper portion of the radial canals. Velum well devel-
oped and the chief, if not sole, organ of locomotion; movements quick and
erratic, the meduse darting with arrow-like swiftness through the water. Ten-
tacles apparently numerous, but mostly lacking in the specimens taken, not-
withstanding the effort to distingnish them on living specimens. Those present
rather short and blunt. No marginal organs (otocysts) distinguished even in
living specimens. :

In many respects the specimens resemble very much the preceding species
and were at first taken for the young. A comparison as to size and sexual

Aglantha condea, maturity, however, seems to show undoubted specific distinctness as elsewhere

pointed out. Average size from 5 to 6 mm. high by about Lalf as wide.
Ontogeny entirely unknown.

Colors,—Bell very transparent, with only the slighest irridescence by reflected light,

Distribution.—Taken chiefly off Nantucket; in fewer numbers at another time off Chacham, Mass.
Collections were made with the open net at depths of from 12 to 20 fathoms. August.

Family GERYONID .

KEY TO THE GENERA.

1. Three centripetal canals between each pairof radials ............ ... ... e teeeieeneei—————— Liriope
2. One centripetal canal between each pair of radials ......ooiioinniie it aaraiann.. . Glossocodon

LIRIOPE Lesson (1843).

Liriope scutigera McCrady.

Liriope scutigera MeCrady, Proceedings Elliott Society of Natural History, Vol. I, 1857, p. 208.
Liriantha scutigera Haeckel, System der Medusen, 1879, p. 287. )

Bell hemispherical, with thick walls, Radial canals narrow, 4 in number. Manubrium very
long, extending far beyond the margin; mouth simple, devoid of 1obes; lips small, fringed with
nematocysts, short gastrostyle protruding from the mouth. Tentacles long, hollow, very flexible,
and with nematocysts arranged in definite rings. Otocysts 4, each with a club-shaped organ.
Gonads flat and spindle-shaped in outline, disposed beneath the radial canals. Ontogeny unknown.

Distribution.—Newport, R. I. (Fewkes).

Liriope cerasiformis Letson. Pl V, fig. 4.

Liriope cerasiformis Lesson, Histoire Naturelle Zoophytes Acalephes, 1843, p, 832. Haeckel, System der Medusen, 1879, p.
289, Maas, Craspedoten Medusen -der Plankton-Expedition, 1893, p. 85. Hargitt, Biological Bulletin, Vol. IV,
1902, p. 16.

Liriope exigua ?et cerasiformis) Haeckel, Familie der Geryoniden, 1864, p. 24.

Bell subhemispherical, with firm, rather thick walls; size averaging about 10 mm. broad by
slightly more than half ag high. Radial canals 4, quite distinct, centripetal canals 12, 3 between each
two radials. The centripetal canals are only evident upon very critical examination, and this may
account for their absence from the earlier accounts of McCrady and the later one by Fewkes, from
which a part of the description of the preceding species is condensed. The central of these canals is
rather long and narrow with rounded apex, the lateral ones are about half as long and of similar
shape. The marginal canal is wide, and communicates freely with both the radial and centripetal

canals.
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Marginal tentacles 4 on adult specimens; younger specimens often with well-developed interradial
tentacles, the gradual disappearance of which is easily traceable in a series of specimens of increasing
ages. Nematocysts of tentacles disposed in regular annulations with intermediate perfectly smooth
spaces. Manubrium long, extending far beyond the velum; gastric portion rather short and bell-
shaped, with slightly quadrate oral lips, beyond which protrudes -the pointed gastrostyle. Gonads
flat and heart-shaped, and disposed about midway beneath
the radial canals. Ontogeny wholly unknown.

Colors.—Bell quite transparent, gonads and manubrium
dull whitish in formalin specimens.

Distribution.—Region of the Gulf Stream, taken in sur-
face tow.

GLOSSOCODON Haeckel (1864).

Glossocodon tenuirostris (L. Agassiz). Text cut.

Liriope tenuirostris L. Agassiz, Contributions to Natural History of United
States, Vol. IV, 1862, 865. '

Glossocadon tenuirostris Fewkes, Bulletin Museum Comparative Zoology,
Vol. 1X, 1882, p. 278. Mayer, Bulletin Museum Comparative
Zoology, Vol. XXXVII, 1900, p. 166. :

Bell somewhat similar to L. scutigera, but more globular;
also single broad centripetal canals alternating with the 4
radial canals, which are themselves rather wide and prominent.
The marginal tentacles present the same aspects of modifica-
tion as to number, ete., as in Liriope cerasiformis, only the 4
perradial being permanent in the adult medusa. Manubrinm
very long and pendulous, extending far beyond the bell mar-
gin; ‘mouth 4-lipped, fringed with nematocysts. ,

Colors.—Bell transparent, gastric portion of manubrium
reddish.

Distribution.—Chiefly in subtropical waters; reported by Mayer as occasionally taken at Newport.
I have not seen this species, the above desecription being abridged from that of Fewkes.

THE NARCOMEDUSZAE.

Glossocodon tenuirostris, After Mayer.

So far as I am aware, only two, or at most three, families of this order are represented in thisg
region, and these by very few species. Diagnostic characters of the families are given below, but no
keys to the genera will be necessary as in families of larger numbers.

Family CUNANTHIDA.

Wide, pouch-like radial canals, which connect by double peronial canals with the marginal canal.
Otoporpee on the bases of the sensory bodies,

CUNINA Eschscholtz (1829).

Cunina discoides Fewkes.
Cunina discoides Fewkes, Bulletin Museum Comparative Zoology, Vol. VIII, 1881, p. 161.

Medusa flat, lens-shaped, transparent,.with smooth exumbrella. Tentacles 14, stiff, solid, and
usually carried at right angles to the vertical line of bell. Manubrium very small or wanting.
Otocysts located on the lower margin of the collar-like structure called by Fewkes the subumbrella.

. Distribution.—Qccasionally found at Newport. This account is condensed from Fewkes's descrip-
tion, the medusa being unknown to me.
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Family PEGANTHIDAZ.
No radial canals or gastric pouches, but peronial canal present. Otoporpe as in preceding.

Family ZGINIDA.

Double peronial canals connecting the gastric pouch with the marginal canal. Interradial pouches
present. Otoporpe lacking.
ZEGINA Eschscholtz (1829).

Zgina pachyderma (A. Agassiz). Text cut.
Campanella pachyderma A. Agassiz, North American Acaleph, 1865, p. 52.
Zgina pachyderma Haeckel, System der Medusen, 1879, p. 339. .

Bell somewhat conical, slightly broader than high, 1.5 mm. by 1 mm, Marginal tentacles 4, rather
long and arched, with numerous clus-
ters of nematocysts, and with ocellate
spots on the bulbous base of each.
Manubrium well developed, conical
in shape, and with plain mouth, gen-
ital pouches 8, symmetrically disposed
about the manubrium base. Radial
and marginal canals well defined. )

Color.—Bell dull yellowish, with
darker spotgscattered over thesurface;
tentacle basis brownish red.

Distribution.—Nahant, September
(Agassiz).

I have not seen this medusa, the above description being compiled from that of Agassiz.

HZgina pachyderma. After A. Agassiz.

Family SOLMARIDAZ.

No marginal or peronial canals; sometimes radial canals or modified radial canals. Otoporpze
absent. > .

SOLMARIS Haeckel (1879).

Solmaris tetranema Hargitt. Text cut.

Solmaris Haeckel, System der Medusen, 1879, p. 355.
Solmaris tetranema Hargitt, Biological Bulletin, Vol. IV,
1902, p. 18.

Bell flat, discoid, about three times broader

than high, 9 mm. by 3 mm. Exumbrellar sur-
face convex, of firm consistency, and with a soft,
flexible collar region indefinitely marked off from
the former. Medusa without circular or peronial /
canals. Velum fairly developed. Gastric pouches Solmaris tetranema.
small, and without distinguishable radial canals.
No signs of gonads present. Tentacles 4, of similar size and inserted high upon the sides of the bell,
terminating proximally in sharp inwardly directed ends; tentacles stiff over proximal half, but attenuate
and rather flexible distally, the endodermal cells in this region seeming much less crowded than
proximally.” Alternating with these primary tentacles were what appeared to be 4 undeveloped or
rudimentary tentacles. At first these were thought to be associated with sensory bodies, but the
absence of otocysts or similar structure seems to indicate their tentacular nature,

A single specimen was obtained near the Gulf Stream and had the appearance of immaturity;
being also somewhat damaged, accurate determination was not practicable, yet I have proposed for
it the provisional name “‘tetranema,” indicative of the number of tentacles.
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SIPHONOPHORA.

Almost, if not all, the members of this order likely to be taken in the Woods Hole region are inci-
dental rather than integral faunal factors, borne hither by tropical currents or prevailing winds from
seaward. The proximity of the Gulf Streamn and its general coursé are undoubtedly the most domi-
nant influences in transporting various subtropical faunal elements to these waters.

The following synopsis furnishes hardly more than a convenient check list of species of which I
have been able to find records, and only a comparatively few of which I have personally taken during
the more than ten years of observation and collecting within the region.

The order Siphonophora comprises three fairly distinct suborders or sections.

Disconeera.
With discoidal pneumatophore, but devoid of necfophqres or bracts.
VELELLA Boso (1802).

Velella mutica Bosc.

Velella mutica Bosc, Histoire Naturelle des Vers, Tome II, 1802, p. 158. L. Agassiz, Contributions Natural History United
States, Vol IV, 1862, p. 366. A. Agassiz, North American Acalephee, 1865, p. 216.
Armenista mutica Haeckel, Siphonophora Challenger Report, Zoology, Vol XXVIII, 1888, p. 84.
Velella mutica Mayer, Bulletin Museum Comparative Zoology, Vol. XXXVII, 1900, p, 71.
Pneumatophore an elliptical or oblong disc, usually with an oblique vertical crest, and with
nuamerous zooids suspended from its lower surface. Color of radial canals and manubrium often bril-
liant ochraceous. Occasionally taken in Vineyard Sound, Buzzards Bay, and off Newport.

PORPITA Lamarck (1816).°

Porpita linnseana Lesson.

Porpita linnzana Lesson, Histoire Naturclle des Zoophytes Acalephes, 1843, p, 589,
L. Agassiz, Contribution Natural History United States, Vol, IV, 1862, p.
366. A. Agassiz, North American Acalephee, 1865, p. 218, Mayer, Bulletin
Muscum Comparative Zoology, Vol, XXXVII, 1900, p. 72.
Pneumatophore a circular dise but devoid of vertical crest, other
wise similar in general aspects to the preceding.
Distribution.—Occasionally taken at Woods Hole, Vineyard Sound,
Newport, R. 1., etc.

CALYCONECTZ.
Without pneumatophores, but with one or more nectophores.
DIPHYES Cuvier (1817).

Diphyes bipartita Costa. Text cut.

D%Ph:l/ns bipartita Costa, Genere Diphya, 1840, p. 4. |
Diphyes acuminate Fewkes, Bulletin Museum Comparative Zoology, Vol. VI, 1880,

p. 142,

Diphyesbipartita, Chun, 8iphonophoren der Kanarischen Inseln, 1888; Siphonophoren
der Plankton-Expedition, 1897, p. 24. Mayer, Bulletin Museum Com-
parative Zoology, Vol. XXXVII, 1900, p. 74.

This species is widely distributed throughout, the tropical Atlantic

and : . . .

St not infrequently dnftg into the bays of the region frf)ln the Gulf  p,.0 00 pipartita.  Atter Mayer.

ream. Mayer records it as often taken at Newport in late sum-

mer.  Specimens were taken off the borders of the Gulf Stream during 1902, Figure 25, after Mayer,

8ives a good general impression of the shape of this medusa, but no figure can give the remotest idea

of itg delicacy or motions.
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DIPHYOPSIS Haeckel (1888).

Diphyopsis campanulifera Eschscholtz. Text cut.

Diphyes campanulifera Eschscholtz, System der Acalephen, 1829, p, 137,
Diphyopsis campanulifera Chun, Die Siphonophoren der Kanarischen Inseln, 1888; Die Siphonophoren der Plankton-
Expedition, 1897, p. 26. Mayer, Bulletin Museum Comparative Zoology, Vol. XXXVII, 1900, p. 75.

This form is similar in general characters and distribution to the pre-
ceding. The accompanying figure, after Mayer, gives an idea of its general
shape and size. Chun regards it as an extremely variable species, both in
the size and proportions of the colony. It is frequently taken in the
deeper tows, particularly south of Marthas Vineyard and in the region of
Nantucket.

CUPULITA Quoy & Gaimard (1827).-
Cupulita cara (A. Agassiz).

Nanomia cara A. Agassiz, North American Acaleph, 1865, p. 200
Agaima elegans Fewkes, (?) Report U. 8. Fish Commission 1884, p. 964, 1886,
Cupulita cara Chun, Die Siphonophoren der Plankton Expedition, 1897, p. 103.

This is a large mphonophore, of a generally boreal habitat. The descrip-
tion of Agassiz (vide supra) is quite full, with good ﬁgures, including also
accounts of its development, which obviates the necessity of fuller details
here.

HIPPOPODIUS Quoy & Gaimard (1827).

Hippopodius luteus Quoy & Gaimard.

Hippopodius luteus Quoy & Gaimard, In Annales des Sciences Naturelles, Tome X, 1827,
p. 172. .

Gleba hippopus Pewkes, Report U. 8. Fish Commission 1884, 1886, p. 963.

Hippopodius luteus Chun, Die Siphonophoren der Plankton-Expedition, 1897, p.-34.

b Occasionally taken within the region ad]acent to the Gulf Stream, but
Diphyopsis campanulifera.  Yarely, if at all, near to the coast.

After Mayer. .
ANTHOPHYSA Mertens (1829).

Anthophysa formosa (Fewkes). .

Athorybia formosa Fewkes, Bulletin Museum Comparative Zoology, Vol. IX, 1882, p. 271.
Anthophysa formosa Chun, Die Siphonophoren der Plankton-Expedition, 1898, p. 61.

This species was first deseribed by Fewkes from the Tortugas, and has not since been recorded out
of that general region till reported by Chun (vide supra). Hackel has described under the name of
Anthophysa darwinii what is apparently the same species.

During the summer of 1902 a single specimen of this interesting siphonophore was taken south of
Marthas Vineyard. It agrees in general characters with the descriptions of both Fewkes and Chun.
In size it is intermediate between the specimens they described, being about 4 mm. in diameter, and
about the same in height.
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SPHERONECTES Huxley (1859).
Spheeronectes gracilis (Claus). Text cut.

Monophyes gracilis Claus, Schriften Zoologischer Institut Wien, 1874, p. 29.
Diplophysa inermis Fewkes, Bulletin Museum Comparative Zoology, Vol. VI, 1881, p. 143.

The figure given herewith will afford a generally sufficient means of identification. Fewkes reports
the species from Newport, R. I. Other than this. I am not aware
that it has been found within this region.

CYSTONECTZ.

With large vesicular pneumatophore only, no nectophores or
bracts.
PHYSALIA Lamarck (1801).

Physalia pelagica Bosc.

Physalia pelagica Bosce, Histoire Naturelle des Vers, Tome II, p. 168, 1802.

Physalia arethusa Tilesius, in Krusenterns Reise, 1812, p. 91.

Physalia caravella Eschscholtz, System der Acalephen, 1829, p. 160.

Physalia pelagica Lamarck, Animaux sans Vertdbres, 2d edition, 1840, p. 92.
Huxley, Oceanic Hydrozoa, 1859, p. 100.

Physalia arethusa L. Agassiz, Contributions to Natural History of the United
States, 1862, p. 335. Chun, Die Siphonophoren der Plankton-Expedi-
tion, 1897, p. 89.

This is, for several reasons, the best known of siphonophores.
Its large size and conspicuous float, and long and numerous ten-
tacles with their powerful batteries of nematocysts, have combined = Sphwronectes gracilis. After Mayer.
to render the species noteworthy. These alone are generally
sufficient for its easy identification. The large and beautifully colored pneumatophore, capable of nice
adjustments to wind and wave, the graceful and pendulus tentacles, the languid, passively floating
habit of the creature, and last, if not least, its venomous repute, render its presence a center of eager
interest to observers. It is a fairly familiar object in Vineyard Sound and adjacent waters, at times
as many as fifty specimens being taken during a single cruise within a few miles of Woods Hole.

THE SCYPHOMEDUSZAE.

In general form, structure, habits, and distribution the Scyphomedus® have
much in common with the Hydromedusse and probably sustain a much closer
relation to them than to any other of the ccelenterate classes. As a rule they are of
larger size, somewhat sluggish in habits, the margin of the umbrella is more or less
evidently lobed, and there is usually a large manubrium which is provided with large
oral lobes, often complexly fimbriated or plaited. The body is also usually much
thicker and more rigid than in the Hydromedusw, and in some of the orders it is
provided with a well-organized muscular system.

As in the Hydromeduswe there is usually a well-defined alternation of genera-
tions, though with notable exceptions in some of the orders, and in all there seems
to be a tendency toward the suppression of the nonsexual stage, which is frequently
quite inconspicuous and more or less temporary. In contrast with this phase in the
Hydromeduse, the metamorphisin is usually more extended and arises differently—
Namely, by a process of transverse fission, known as’strobilization, the entire body of
the polyp constricting into a series of segments which eventually become free larval
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jelly-fishes known as ephyre. These in turn pass by an insensible metamorphismn
directly into medus®. Direct asexual budding from the adult medusew is very rare
in"this class, though quite common in the former. Here the medusa seems the pre-
dominant phase in the life history, while quite the reverse is frequently the case with
the Hydromeduse, where the hydroid is often large, long lived, and conspicuous,
the medusa small, rudimentary, or entirely suppressed.

The following morphological characters are usually sufficient for the distinction
of the two classes:

1. Absence of a true velum. The velarium of the Cubomedusse has important
structural differences, though doubtless serving essentially similar functions.

2. The sexual organs and products of entodermic origin.

3. Gastric filaments usually distinet.

4. Sense organs, when present, are perhaps modified tentacles, known as tentac-
ulocysts, or rhopalia.

There are four clearly distinguishable orders of Scyphomedusw®, characterized
as follows: ‘ o,

1. StavuroMEDUSE.—Vagiform or subconical umbrella. The medusa sedentary in some cases,
attached by an aboral peduncle or stalk. Wholly devoid of sensory organs, but provided with 8
tentacles or tentacular organs which serve as anchors. Stomach with 4 wide gastric pouches, which
communicate with a mafinal canal. Gonads in four crescentic loops on the floor of the gastrie
pouches.

II. PeromepusE.—Umbrella more or less conical in shape and with usually a well-developed
horizontal constriction which divides the body into two regions-—an aboral, which often resembles
very much the apical projection of many Hydromedusse; and a bagal or marginal portion, which is 8
or 16 lobed and bears tentacles and rhopalia. Stomach capacious, with 4 gastric pouches which are
separated by narrow septa and extend into a circular sinus. Gonads much as in the former order.

I1T. CusomEpUsE.—A. distinctively quadrate body or umbrella, which is provided with a definite
velarium supported at the radial angles by thickenings or frenulze. Marginal tentacles 4, interradially
disposed, their bases often provided with wing-like expansions known as pedalia; rhopalia 4, perradially
disposed.

IV. Discomepusk.—A shallow, or disk-shaped, eight-lobed umbrella. Marginal sense organs
8, per- and interradially disposed about the margin. Tentacles often very numerous. Manubrium
frequently large and with pendulous oral lobes variously plaited or crenulated. Stomach usually
large, with 4 to 8 or more gastric pouches, within which the sexual organs are borne in gastrogenital
pockets. ’

The meduse of this order are often of large size, many specimens of Cyanea reaching a diameter
of 3 to 4 or even 6 feet and having tentacles of 50 to 60 feet or more in length when fully extended.
The average size, however, even in thig genus, is generally much smaller.

By far the greater number of Scyphomeduse are members of this order, as will be seen in the
following list of genera and species found within the*region under discussion; and this is true of other
regions as well.

STAUROMEDUSZE.

TrssarIDE.—Margin of umbrella devoid of lobes or anchors, apex attenuated into a hollow stallk,
which in certain genera serves as a means of attachment; tentacles 8, 4 of which are perradial and 4
interradial. ‘

8o far as known to me, no representatives of this family come within this region.

LucCERNARUDE.—Margin of umbrella definitely lobed, each lobe terminating in a tuft of delicate,
knobbed tentacles. Exumbrella attenuated at the apex as an organ of attachment; margin of umbrella
with 8 tentacles, arranged as in the preceding family, but in some cases modified ag anchors.
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Family LUCERNARIDZ.
KEY TO THE GENERA.

A.~—Without gastrogenital pockets in the subumbrellar wall of the radial pouclwé.

1. Umbrella with 8 marginal anchors......................... Haliclystus

2. Umbrella without marginal anChors. ... .. i ittt e Lucernaria
B.—With 4 perradial gastrogenital pockets in the subumbrellar wall of the 4 radial pouches. '

3. Margin of umbrella With 8 ANCHOIS ..., .oei ittt et e e e e e, Halicyathus

HALICLYSTUS Clark (1863).
Haliclystus auricula Clark. Text cut.

Haliélystus auricula Clark, Journal Boston Society Natural History, Vol. VII,
1863, p. 559; A. Agassiz, North American Acalephz, 1865, p. 63; Lucernarie
and Their Allies, 1878, p. 13, in Smithsonian Contributions to Knowledge,
Vol. XXIII. Haeckel, System der Medusen, 1879, p. 389. ’

Haliclystus primula Haeckel, Prodromus Systemse Medusarum, 1877, No. 375.

Umbrella octangular to pyramidal, stalk quadrate, approxi-
mately as long as the bell height; 8 arms, arranged in pairs; 4
perradial sinuses, broader and deeper than the 4 interradials, each
arm with ‘from 100 to 120 tentacles; 8 large marginal anchors. .
Size, broad diameter, 20-30 mm.; height, including stalk, about
the same,.

Colors.—Variable, oiten including every tint of the spectrum.
Usually, however, the color is simple.

Distribution.—Massachusetts Bay northward.

Haliclystus salpinx Clark (1863).

Haliclystus auricula. After A,

Haliclystus salpinzx Clark, Journal Boston Society Natural History, Vol. VII, 1863,
p. 563. A. Agassiz, North American Acalephes, 1865, p. 64. Haeckel, Agassiz.
System der Medusen, 1879, p. 388.

Umbrella octangular, stem quadrate to prismatic and provided with 4 interradial longitudinal
muscles. - Eight arms symmetrically disposed, each with a tuft of 60-70 tentacles. Marginal anchors
very large and about as long as the tentacles.

Distribution.—Chiefly northeastern Atlantic coast.

LUCERNARIA 0. F. Muller (1776).

Lucernaria quadricornis O. F.xMuller.

Lucernaria quadricornis O, F. Muller, Prodromus Zoologia Danica, 1776, M. Sars, Fauna Littoralis Norvegimfl&l(}. L.
Agassiz, Contributions Natural History United States, Vol. IV, p. 175, 1862. Clark, Journal Boston Society
Natural History, Vol. V1I, 1863, p. 552. A. Agassiz, North American Acalephe, p. 62, 1865. Haeckel, System der
Medusen, 1879, p. 890, - . .

Umbrella flat funnel-shaped to quadrate pyramidal, about twice as broad as high. Stalk cylin-
drical, single-chambered, about as long as the bell height and with 4 interradial longitudinal muscles.
Eight arms, arranged in pairé; the 4 perradial sinuses of the bell margin as broad and deep as the 4
i'nterradials; each arm-with 100 or more tentacles. Diameter of umbrella about 50 mm.; height,
including stock, slightly greater.

Colors.—Variable, gray, green, yellowish-brown to reddish.

Distribution,—About as for Haliclystus.
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HALICYATHUS Haeckel (1879).

Halicyathus lagena Haeckel.

Lucernaria auricula Fabricius, Fauna groenlandica, 1780, p. 841.

Lucernaria fabricii L, Agassiz, Contributions to Natural History of United States, Vol. IV, 1862, p.176.

Manania auricula Clark, Journal Boston Society Natural History, Vol. VII, 1863, p. 542; A. Agassiz, North American
Acalephae, 1865, p. 62. ‘

Manania lagena Haeckel, Prodromus Systemae Medusarum, 1877, No, 381,

Hualicyathus lagena Haeckel, System der Medusen, 1879, p. 894.

Umbrella deep, flask-shaped, about twice as high as broad; stalk slender, cyhndru,al single-
chambered, much longer than height of bell. Arms 8, arranged in pairs, not longer than broad, each
with 60 to 70 delicate tentacles. Eight marginal anchors. Diameter 5 to 7 mm.; height, ihcluding
stalk, 20 to 30 mm.

Colors.—Black to dark brown, occasionally reddish.

Distribution.—Eastport, Me. (Stimpson); Swampscott, Mass. (Agassiz).

These four descriptions are compiled,chiefly from those of Agassiz, Haeckel, Stimpson, énd Clark.
The species are only rarely found within the Woods Hole region.

PEROMEDUSZ.

Only a single genus of the Peromedusze is known to come within the limits of this region, and that
but rarely, specimens being drifted in currents of the Gulf Stream.

Generic characters.—Umbrella with 4 perradial, buccal pouches and with 4 basal funnels; ga.stnc
pouches with 2 rows of filaments.

PERIPHYLLA Steenstrup (1837).

Periphylla hyacinthina Steenstrup.
Periphylla hyacinthina Steenstrup, Acta Musel Hafniensis, 1837. Haeckel, Systemae der Medusen, 1879, p. 419. Fewixes
Report U. 8. Fish Commission 1884, p. 933.

Umbrella bell-shaped; the 8 tentacle lobes with about the same marginal dimensions as the rho-
palial lobes. Length of tentacles about twice the bell-height. Manubrium extending to base of the
marginal lobes, and about twice as broad as long.

Colors.—Exumbrella reddish, pedalia and marginal lobes red to violet, tentacles bluish (Haeckel).

Distribution.—Greenland (Steenstrup); Gulf Stream south off Marthas Vineyard (Fewkes).

Periphylla humilis Fewkes.
Periphylla humilis Fewkes, Report U, 8. Fish Commission 1884, p. 931,

Umbrella low, conical, diameter twice that of height. Rhopalia 4, provided with protecting
hoods. Marginal tentacles 12, yellowish in color. Exumbrella brown, rough and opaque; central
disk and corona usually uniform brownish.

Distribution.—As of preceding species.

Periphylla peronii Haeckel.

Charybdea periphylla L. Agassiz, Contributions Natural History United States, Vol. 1V, 1862, p. 173. Peron and Lesueur,
Tableau des Meduses, 1809, p. 332. Verrill, Report U. 8. Fish Commission 1871, p. 724.
Periphylla peronii Haeckel, System der Medusen, 1879, p. 420,

Umbrella low-conical, about as broad as high. Marginal lappets 16, 8 tentacular and 8 ocular:
Tentacles long and stout, about as broad at base as the marginal lappets. Manubrium about ag broad
as long, and somewhat cubical in shape.

Distribution.—Tropical Atlantic (L. Agassiz); Georges Bank (8. I. Smith).

CUBOMEDUSZE.

Of the Cubomedusz only a single family has representatives in this region, so far as I am aware,
and of this but a single genus and species occurs. Other examples are likely to occur, however, under
favorable circumstances.
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CHARYBDEA Peron & Lesueur (1809).

Charybdea verrucosa Hargitt. Pl V, fig. 5¢,
Charybdea verrucosa Hargitt, American Naturalist, Vol. XXXVI, July, 1902, p. 559,

Several specimens of this species were taken by the author at Woods Hole in the summer of 1901
and were briefly described (vide supra). The following are distinctive characters:

Bell ovoid in outline as seen in profile, cuboid as viewed from either pole. Size 4-5 mm. in
height by 2-8 mm. in width. Surface of bell dotted somewhat irregularly with light brownish, warty
clusters of nematocysts. Rhopalia 4, perradially located and set in rather deep pockets arched by
protecting hoods. Tentacles 4, interradial, spindle-shaped, and deeply annulated. Velarium well
developed, but devoid of any distinguishable canals and supported by frenulwe on the inner perradial
corners of the subumbrella. Gonads undeveloped in the specimens, which were likewise without
distinguishable gastric filaments, '

Colors.—Light amber-brown, with deeper brown on the tentacles.

As pointed out in the original description, the specimens show many contrasts as compared with
to typical species of Charybdea. This may be due in part to the immatority of the specimens, as
already suggested. Mayer has described a similar species from the Tortugas which he likewise .
congiders immature, and he makes the same suggestion concerning a somewhat similar form described
by Fewkes. This assumption may in a measure account for certain of the negative characters noted,
but it has seemed to me doubtful whether it adequately accounts forall. In the absence of specimens
in sufficient numbers to warrant a decisive determination, however, the matter must of necessity rest
where it is for the present. )

Two species described by Mayer from the Tortugas—namely, Charybden auriferaand C. punctata—
were based on single specitmens, which, being regarded as immature, as above mentioned, leaves the
same doubt as in reference to C. verrucose. A comparison of Mayer’s deseription and figures (¢f. Bul.
Mus. Com. Zool., XXXVII, No. 2) will show many points of similarity, though at the same time

evident points of difference.
DISCOMEDUSZ.

CANNOSTOM .

Discomedusw with simple quadrate mouth, devoid of oral lobes or tentacles. Marginal tentacles
short, solid.

Epuyripa,—Radial pouches usually 16, broad and simple; no marginal canal. Chiefly deep-sea
forns, though occasionally taken at the surface.

Lixerainx.—Radial pouches broad, terminating in numerous branching, blind distal canals.

SEMOSTOM AL

Discomeduse with yuadrate mouth and with elongated oral arms or lobes which are often com-
plexly folded and frilled. Marginal tentacles hollow, often very long. Marginal lobes of umbrella
usually 8.

UrLmaripa.—Radial canals of small size, but usually numerous and branching, the branches often
anagtomoging into an intricate network and finally uniting with a definite marginal canal,

- Cyanem.x.—Radial canals broad and pouch-like, and with numerous blind, lobular canals; no
marginal canal. Marginal lobes 8-16, rarely more.

Prracuna —Radial canals rather broad and pouch-like, but simple and without ramifying
branches; no marginat canal, Marginal lobes usually 16.

RHIZOSTOM A.

Discomeduswe in which the mouth early becomes more or less overgrown and obliterated by the
8 root-like oral arms, into which the gastric cavity extends. Openings to the outer surface through
various funnel-like mouths on the edges and surfaces. There are no marginal tentacles.

Toruminz —~Radial canals 8-16, narrow and with anastomosing branches. Marginal canal absent.
Rhopalia 8-16. Suctorial funnels on the outer surface of the oral arms. ~

Prusmina.—Radial canals 8-16, occasionally more, variously branching and anastomosing.

Rhopalia 8. Suctorial funnels on both inner and outer surfaces of the oral arns.
_— :

+

aDrawn by H. B. Bigelow,
B. B. F.1904—5



66 BULLETIN OF THE BUREAU OF FISHERIES.

Family EPHYRIDZ.

KEY TO THE GENERA.

1. Gonads 4, lobular pouches 16, 8 ocular and 8 tentacular ........coooviiviimaeaen an Pesamsrassenncenranorannannaas Bathyluca
2, Gonads 4, simple, horseshoe-shaped; marginallobes 16-82 ... .uennniimieaieniin e Ephyroides
3. Gonads 8, symmetrically disposed; lobular pouches 16, ocular.........oooevoveeiennnan Nausithoe
4. Gonads 8, symmetrically disposed; lobular pouches 82, 16 ocular, 16 tentacular : Nauphantopsis
5. Gonads 8, arranged in pairs; lobular pOUCHES NUMETIOUS. . .. oueiretiiiaraamnaesencnenee ot teneaieeroneernnaacs Atolla

BATHYLUCA Mayer (1900).

Bathyluca solaris Mayer.

Bathyluca solaris Mayer, Bulletin Museum Comparative Zoology, Vol. XXXVII, 1900, p. 2.

Umbrella rather flat and thick, aboral surface dotted with batteries of nematocysts; marginal lap-
pets 24; tentacles 16, long and hollow; rhopalia 8; manubrium cruciform, simple, devoid of arms or
appendages. Gonads 4, horseshoe-shaped; 4 subgenital pits beneath them on the subumbral wall.
Stomach large and with 16 gastric pouches, 8 of which extend to the ocular lobes and 8 to the tentac-
ular lobes.

Colors.—Disk translucent, slightly bluish; clusters of nematocysts dull yellowish-brown; tentacles
slightly greenish. ' ‘

Distribution.~—Narragansett Bay, R. I. Condensed from Mayer’s description, which is the only
record for thig,region. :

EPHYROIDES Fewkes (1884.)

Ephyroides rotaformis Fewkes.

Ephyrotdes rotaformis Fewkes, Report U. 8. Fish Commission 1884, p. 949.

Fewkes describes what he considers both a new genus and species. The generic characters are
not definite, no mention being madeé as to gonads, radial pouches, etc. The following description is
condensed from the report above cited: :

Umbrella flat discoid, and viewed from the aboral aspect comprises three zones—'‘discus cen-
tralis,”” “‘zona coronalis,”’ *zona marginalis.”’ The last-named zone is marked by definite marginal
lappets of large size with rounded outlines twice as long as broad and 16 in number. Interposed
between the lappets are a similar number of gelatinous elevations—*‘socles”’ —ending a short distance
from the deepest point of the marginal incision of the discus centralis and zona coronalis. The mar-
ginal lappets are supported at their base by a pair of gelatinous socles.

| NAUSITHOE Killiker (1853).

Nausithoe punctata Kolliker.

Nausithoe punclale Kolliker, Zeitschrift fur Wissenschiiftliche Zoologie, Vol. 1V, 1853, p. 823. L. Agassiz, Contributions
B ‘Natural History United States, Vol. IV, 1862, pp. 122, 167. Mayer, Bulletin Museum Comparative Zoology, Vol.
X XXVII, 1900, p. 67.

Reported by Mayer from the Bahamas and Tortugas, and therefore likely to be found in the
Woods Hole region, though not yet recorded there. ‘

NAUPHANTOPSIS Fewkes (1884).
Nauphantopsis diomedese Fewkes.

Nauphantopsis diomedex Fewkes, Report U. 8. Pish Commission 1884, p. 944-946.

From fragmentary specimens collected by the Albatross in the Gulf Stream, Fewkes has described
this genus and gpecies as new. The following brief synopsis of characters is taken from the report
cited. : ‘

Umbrella high disk-shaped, with somewhat vertical walls, as in Linerges. Exumbrella divided
into a central disk and a peripheral corona by a shallow coronal furrow. Corona crossed by 32 radial
furrows alternating with same number of radial rounded elevations. Marginal lappets 32, rectangular
in shape with rounded free angles, Tentacles 24, long and flexible, arising from the incision between
the margmnal lappets: Rhopalia 8 (7).

Dustribution.—Latitude 38, longitude 69; depth 2,033 fathoms.
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ATOLLA Haeckel (1879).

Atolla bairdii Fewkes.
Atolla bairdii Pewkes, Report U. 8. Fish Commission 1884, p. 936.

Umbrella disk-like, with aboral center convex. Marginal lappets 44, marginal tentacles 22, each
supported by a gelatinous “gocle.” Rhopalia 22, situated in notches between the lappets. Manu-
brium large, with simple mouth; gastric pouches 22.

Color.—Slightly bluish, with rust-colored patches, especially on the border of the coronal furrow.

Distribution.—Gulf Stream, latitude 35-38, longitude 72-75.

Atolla verrilli Fewkes.
Atolla verrilli Fewkes, Report U. 8, Fish Commission 1884, p, 939.

Umbrella flat discoid, 6 to 8 times broader than high. Marginal tentacles 22 to 28, with the same
number of interposed rhopalia. , Marginal lappets same in number as tentacles and rhopalia combined.
The umbrella is divided into two regions, a central disk and a peripheral corona, separated by a coro-
nal furrow. In some specimens the consistency was quite cartilaginous.

Color.—A slightly bluish tinge. .

Distribution.—Gulf Stream, latitude 38-40, longitude 68-71; depth from 373 to 2,369 fathoms,

Family LINERGIDA.
LINERGES Haeckel (1879).
Linerges mercurius Haeckel.
Linerges mercurius Haeckel, System der Medusen, 1879, p. 495. Fewkes, Report U. 8. Fish Commission 1871, p. 950.
Mayer, Bulletin Museum Comparative Zoology, Vol. XXX VII, 1900, p. 68.
Reported as very common in Straits of Florida by Fewkes, and by Mayer as abundant in the Baha-
mas and Tortugas. Its occurrence within our portion of the Gulf Stream is therefore quite probable,

though not yet recorded.
Family ULMARIDZ.

KEY TO THE GENERA.
1. Rhopalia 8; tentacles numerous, short, borne on under margin of umbrella outside the velar lappets............. Aurelia
2. Rhopalia 16; tentacles numerous, long, in 16 clusters on the lower margin within the velar lappets. ....... Phaccliophora
' AURELIA Peron & Lesueur (1809).
Aurelia flavidula Peron & Lesueur. Pl. VI, fig. 2, and text cut.

Aurelia favidula Teron & Lesueur, Tableau des Meduses, cte., 1809, p. 359, Lesson, Histoire Naturelle des Zoophytes
Acalephes, 1848, p, 376. .
s Medusa aurita Fabricius, Fauna Groenlandics, 1780, p. 363. Gould, Report Invertebrates of Massnchusetts, 1841, p. 348,
Medusa flavidula Gould, op¢it.
Aurelia Slavidula L. Agassiz, Contributions Natural History United States, Vol. 1V, 1862, pp. 51, 160. A, Agassiz, North
American Acalephse, 1865, p. 42. Hacckel, System der Medusen, 1879, p. 555,

Umbrella flat and disk like, somewhat arched above ; margin normally 8-lobed and with 8 rhopa-
lia which are symmetrically disposed in the sinuses of marginal lobes. Marginal tentacles numerous,
but short, forming a delicate fringe
about the entire margin except at the
Mmarginal sinuses. Radial canals 16,
of three sorts—perradial and inter-
radial, each of these branching and
anastomosing freely, and adradial, 8 in
Number, simple and unbranched, pass-
ing directly from the gastric pouches
to the marginal canal. Manubrium
quadrate, with oral arms about as long
a8 the bell-radius, rather broad and —
heavy proximally, but terminating in
S'lender pointed crenulated ends; en-

t_“‘B marging of arms more or less folded or scalloped and richly supplied with nematocysts. In
life the oral arms are carried in an extended position, much as shown in the plate. Gonads

Scyphostomae of durelia Jlavidula.
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cresceni-shaped organs, located upon the floor of the gastric pouches and giving the medusa a dis-
tinctive appearance not easily confused with any of the Scyphomeduste likely to be found within the
region. ' ‘

Aurelia exhibits interesting aspects of variability, particularly in the radial canal system, the mar-
ginal lobes, rhopalia, and gonads. Browne (1901) has shown this in some detail in A. aurila. An
examination of several hundred specimens of adult Aurelia flavidule shows a very similar condition, a
ratio of variation as high as 20 to 25 per cent, and an examination of more than a thousand of the
ephyre of this medusa gives a like result. Details upon this point will be given in another contribution
dealing specifically with this feature.

Colors.—A rather dull-colored medusa, the umbrella being almost transparent with pale yellowish
pink, slightly more noticeable in the region of the gonads, which share in the same general color;
the tentacles are dull reddish occasionally. There is often noticeable a bluish opalescence over the
entire exumbrella.

Distribution.—This is one of the commonest of the Atlantic coast meduse and ranges from
Maine to New York. It is most abundant during early summer along the New England coast. Its
life history has been described by Agassiz (Contributions Natural History United States). The breed-
ing season seems to extend throughout most of the spring and summer. Smith (Museum Compara-
tive Zoology, Vol. XXII, p. 115) has worked out the early embryology with much care. The
scyphistoma period remains somewhat uncertain. In this stage the larvee certainly in some cases live
through the winter season and become free ephyre in early April and May, when I have taken them
in all stages of metamorphism. I have kept the polyps for weeks during the summer in aquaria, and
while they budded and stolonized freely, they showed no signs of strobilization. The text cut shows -
one such colony, which was reared in a small dish upon my laboratory table.

PHACELLOPHORA Brandt (1835).
Phacellophora ornata (Verrill).

Callinema ornate Verrill, American Journal Arts and Sciences, 1869, p. 117. Annalgand Magazine Natural His_tofy, Vol.1V,
1869, p. 160.
Phacellophora orr)nata Haeckel, System der Medusen, 1879, p. 643.

Umbrella flat and disk-shaped, rather thick and rounded aborally, the exumbrellar surface cov-
ered with wart-like papillee; walls transparent and with prominent radial canals which are of two
gorts, one branching and anastomosing, the other simple and straight, each 16 in number. Margin
with 16 lobes deeply incised, within the sinuses of which is located a prominent rhopalium. Tentacles
numerous and of varying size and length, arising from the under surface of the margin beneath the
circular canal. Manubrium large and pendulous and with prominent plaited oral arms. Gonads 8, in
prominent pouches within the gastric cavity. Specimens vary in size from 10 to 18 inches in diameter.

Distribution.—Taken at Eastport, Me., by Verrill and later by Fewkes, from whose description
(Bulletin Comparative Zoology, Vol. XIII) this account is chiefly compiled. So far ag known to me
the species has not been taken in the Woods Hole region, but, like others of similar range, its occur-
rence is not improbable. '

Family CYANEIDA.

Rhopalia 8; tentacles very numerous and long, disposed in 8 clusters, each comprising several rows ..........oo.t Cyanea
CYANEA Peron & Lesueur (1809).

Cyanea arctica Peron & Lesueur.

Cyanea arctica Peron & Lesueur, Tableau des Meduses, etc., 1809, p. 362. L. Agassiz, Contributions Natural History United
States, Vol. IV, 1862, pp. 87, 162. A. Agassiz, North American Acalephew, 1865, p. 44. Haeckel, System der
Medusen, 1879, p. 530.

Medusa cupitlata Fabriclus, Fauna Groenlandica, 1780, p. 364,

Cyanea capillata Eschscholtz, System der Medusen, 1829, p. 68.

Cyanea postelsii Gould, Report Invertebrates of Massachusetts, 1841, p. 347. Stimpson, Marine Invertebrates Grand Manan,
1853, p. 11. ) ' '

Cyanea Sulva L. Agassiz, op. cit. A, Agassiz, op. cit.

Cyanca versicolor L. Agassiz, op. cit. A. Agassiz, op. cit.
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Umbrella flat and discoid, with a central aboral convexity; marginal lobes 8, with 16 or more sec-
ondary lappets. Marginal tentacles very numerous, in 8 clusters composed of several series of rows, the
tentacles very long. This is one of the largest of our meduse, often reaching a diameter of several
feet, and with tentacles 50 feet or more in length when fully extended. The stomach is large, and
there are normally 16 gastric pouches, 8 ocular, rather small and somewhat triangular, and 8 tentacular,
much broader. The gonads are massive, extending the genital pouches into pendulous sacs hanging
about the margin of the manubrium, which is long and with complex oral arms hanging in plaited
folds within the circle of tentacles.

Cyanea, like Aurelia, presents numerous variations, not only in numerical and structural features,
but in color, size, etc.

Colors.—Umbrella brownish- to purplish, alternating with areas of transparency over the exum-
brellar surface. Gonads yellowish white; tentacles variously colored, yellowish, orange, brown.

Distribution.—Almost the entire coast from Maine to North Carolina or beyond. This species is
rather distinctively an arctic medusa, and is most abundant in early sprmg, though occasionally oceur-
ring in midsummer.

1. Agassiz has deseribed two other species of Cyanea, namnely, C. fulva and C. versicolor. I havenot
been able to recognize any constant differences of sufficiently marked character to warrant the conclu-
sion of their specific distinctness. Collections made from a wide range of New England coast waters
and southward to the Gulf Stream show every feature of intergradation among these supposed species
and the preceding so fully as to preclude any definite line of separation between‘them. It would seem
doubtful whether they were even entitled to varietal distinction, so intimate is the blending of varietal
characters among meduss taken within the same region.

Family PELAGIIDZ.

XEY TO THE GENERA,

1, Marginal tentacles 8; marginal lobes 16 ........ T T CTEETITITTRID Pelagia
2, Marginal tentacles 24; marginal 10Des 82 ..o iaiai ot e Chrysaora f
3. Marginal tentacles 40, less in young specimens; marginal lobesd8 ...t Dactylometra

DLCTYLOMETRA L. Agassiz (1862).
Dactylometra quinquecirra {Desor). Pl VII, fig. 2.

Pelagia quinquecirrha Desor, Proceedings Boston Society Natural History, Vol. 111, 1848, p. 76.
Dactylometra quinquecirra, L. Agassiz, Contributions to Natural History of United States, 1862, Vol. TV, pp, 125, 166. A.
Agassiz, North Amerium Acalephs, 1865, p. 48. Haeckel, System der Medusen, 1879, p. 518.

Umbrella rather high and arched aborally, much as in Pelagiu, disk aboul three times as broad as
high. Manubrium long and pendulous, and with 4 slender oral arms, which are more or less frilled,
as in the preceding. Rhopalia 8, marginal tentacles 40, marginal lobes 48. The tentacles are arranged
in the adults with 5 between each 2 rhopalia. In immature specimens there are usually but 3 in these
octants. Gonads in 4 masses within the gastric pouches, beneath each of which is a rather large sub-
genital pit on the subumbrellar surface. In size this medusa varies in the adult from 80 to 150 mm.
in broad diameter.

Colors.—In general, similar to those of Pelagia cyanella, though generally less brllllant the various
hues being paler and somewhat more delicate. Exumbrella delicate bluish, mottled thh reddish
brown, fading into yellowish; tentacles reddish to orange; oral arms pale pmklsh varying to bluish.

Distribution.—Rather more limited than either Aurelia or Cyanea. It is a common medusa at
Woods Hole, in Buzzards Bay, Vineyard Sound, and at Nantucket.

Like geveral of the previous species, Dactylometra, exhibits more or less variation. According to
Mayer (Bulletin Museum Comparative Zoology, XXXII, No. 7), the tertiary tentacles arise invari-
ably on either side of the ocular lappets. * In several specimens examined during the summer of 1902
they were found to arise at intermediate points between the primary and secondary sets. Again,
according to the same observer, the tertiary tentacles appear only as the medusa approaches sexual
mat;unty, and after attaining a diameter of 130 mm. On the contrary, I have found them well devel-
oped in specimens having a diameter of only 40 mm. and where no gonads were yet dev eloped. The
variation in the number of marginal lobes also was found to he about the same as in the previously
mentioned species.
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PELAGIA Peron & Lesueur (1809).

Pelagia cyanella Peron & Lesueur. Pl VII, fig. 1.

Pelagia cyanella Peron & Lesueuar, Tableau des Meduses, etc., 1809, p. 349. Eschscholtz, System der Acalephen, 1829, p. 75,
L. Agassiz, Contributions Natural History United States, Vol. 1V, 1862, p. 164. A. Agassiz, North American
Acalephe, 1865, p. 47. Haeckel, System der Medusen, 1879, p. 507,

Umbrella somewhat dome-shaped, or subhemispherical; marginal lobes 16, with 8 rhopalia and
8 tentacles symmetrically disposed in the sinuses of the marginal lobes. Gonads 8, forming conspicu-
ous pouch-like masses within the gastric pouches of the tentacular radii. Manubrium large and pen-
dulous, with 4 variously frilled oral arms approximately ag long as the tentacles.

Colors.—Disk translucent bluish, sprinkled with reddish brown dots over the exumbrellar surface,
though more numerous near the marging and along certain radial areas, and forming crescent-like
loops on the marginal lappets; manubrium similarly mottled on the outer edges of the arms, inner
edges and frills delicate flesh colored; tentacles dull madder red to brownish red. Gonads pale pur-
plish. Like Dactylomelra, the color of Pelagia is more or less variable in different specimens.

This is a rare medusa in this region, only two specimens having been taken recently, both south-
ward from Marthas Vineyard in the region of the Gulf Stream. Distribution chiefly pelagic.

According to Agassiz (above citation) the development of this medusais direct, skipping the polyp
and strobila stages and transforming directly from the planula to the ephyra and medusa.

CTENOPHORA.“

While there continves to be widespread uncertainty as to the exact systematic
relations of the ctenophores, there can be little doubt as to their more or less general
relationship with the coelenterate phylum, hence their inclusion in the present
synopsis.

In general they may be considered free-swimming medusoid ceelenterates of
pelagic habit, wholly destitute of the polyp phase of the preceding classes. More-
over, there is lacking any tendency to a colonial habit, so characteristic of the pelagic
siphonophores, budding or proliferous asexnal reproduction being unknown among
them. Ciliary locomotion, so characteristic a larval condition in the former group,
continues throughout the entire life of ctenophores, though the cilia become greatly
modified, appearing as plates occupying definite meridional areas over the body.
Tentacles may be entirely lacking, and when present are but two in number and
located on opposite sides of the body, in perradial planes, and capable of contraction
within lateral pockets. Again, nematocysts, so distinctive a feature of the classes
previously described, are wholly lacking here, though certain cells of the etoderm of
the tentacles, known as adhesive cells, may possibly be regarded as homologous with
them, and may aid in taking prey.

The gastrovascular system is well developed. The stomodeum, or so-called
stomach, is usually large and opens above into the principal cavity of the canal sys-
tem, the so-called funnel, or infundibulum. This divides into 8 terminal branches
occupying adradial positions at their peripheral extremities. The stomach and funnel
planes of the body are at right angles, and comprise the perradial planes known,
respectively, as stomach and funnel planes. There are no signs of gastral filaments.

The muscular system is but slightly developed as such, though there are numer-
ous muscular fibers intricately distributed through the mesoglea. Many of these
fibers are curiously branched and polynucleated.

@ This account presents merely the briefest synopsis of the species found within the reglon.
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The nervous system, or rather tissue, seems chiefly limited to the aboral pole
and concentrated about the sensory body (otocyst ?), whose function is probably
that of equilibrium.

In form the Ctenophora are for the most part ovoid, pyriform, or spherical
organisms, of extreme delicacy of texture, making it almost impossible to lift a speci-
men from the water without its dissolving into a bit of formless slime. Cestus, or
Venus’s girdle, is a rare exception to the usual shape alveady indicated. In this form
the body is greatly extended in the stomach plane and flattened in the funnel plane.

Ctenophores are hermaphrodite, the gonads being borne on opposite sides of the
canals. Development is direct for the most part, in only a few cases showing meta-
morphic phases.

The Ctenophora are distinguishable into two fairly well-defined sections, namely,
those with tentacles and those without tentacles, or

TENTACULATA.—With more or less evident tentacles, at least during the earlier
larval history.

Nox~TENTACULATA.—Devoid of tentacles during entire life history.

TENTACULATA.

ORDER CYDIPPID.E.

Body more or less spherical or cylindrical, with two simple or pinnate tentacles which are retrac-
tile within lateral pockets. Aboral pole without wing-like processes.

Family MERTENSIIDZ.
Body somewhat compressed in the gastric plane, subtentacular ridges longer than the subgastric.
MERTENSIA Lesson (1843).

Mertensia ovum (Fabricius).

DBeroe ovum Fabricius, Fauna Groenlandiea, 1780, p. 362.

Cydippe ovum Eschscholtz, System der Acalephen, 1829, p. 25,

Beroe pileus Scoresby, Arctic Regions, 1820

Mertensia scoresbyi Lesson, Histoire Naturelle des Zoophytes Acalephes, 1843, -

Mertensia ovum A. Agassiz, North American Acalephse, 1865, p. 26. Chun, Die Ctenophoren der Plankton-Expedition,
1898, p. 10.

Body subspherical to pyriform, from 16 to 18 mm. in diameter. According to A. Agassiz this
species is distinguished by a peculiar whirling motion in swimming, and by a distinct pinkish color,
body somewhat flattened. Only rarely taken at Woods Hole; commoner northward.

Family PLEUROBRACHIIDA.
Body pyriform to spherical; subtentacular and subgastric ridges of about equal length,

PLEUROBRACHIA Flemming (1822).
Pleurobrachia pileus (Fabricius).

Beroe pileus Fabriclus, Fauna groenlandica, 1780, p. 361, Flemming, History British Animals, 1828, p. 504.

Cydippe pileus Eschscholtz, System der Acalephen, 1829, p. 24.

Pleurobrachia rhododactyla L. Agassiz, Memoirs American Academy, Vol. IV, 1849, p. 814.

Plewrobrachia pileus L, Agassiz, Contributions to Natural History of the United States, Vol, 111, 1860, p, 203, Chun, Die
Ctenophoren Plankton-Expedition, 1898, p. 15.
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Very similar to the preceding species, size 18 to 20 mm.; nearly spherical in form; tentacles long
and feathered or pectinate; the 8 series of vibratile plates prominent. One of the commonest of our
early ctenophores, as well as one of the most beautiful and of a firmer texture than any others of thig
order, making it possible to preserve fairly well specimens that have been properly killed.

Distribution.—Chiefly northward, though common during early spring in Woods Hole and adjacent

waters.
ORDER LOBATA.

Body compressed laterally; that is, gastric plane longer than that of the funnel. Oral region with
2 lateral lobes, and with 4 auricles. Tentacles'in lateral furrows.

Family LESUEURIDA.
Marginal lobes somewhat rudimentary, auricles long and ribbon-like.

LESUEURIA M. Edwards (1841).
Lesueuria hyboptera A. Agassiz (1865).

Lesueuria hyboptera A. Agnssiz, North Ameriean Acalephm, 1865, p. 23. Chun, Die Ctenophoren der Plankton-Expedition,
1898, p. 22.

Body large and nearly rectangular as viewed from the broad aspect. -Aboral pole deeply pitted
with sensory body at its bottom. Very transparent and highly phosphorescent. Somewhat like
Mnemiopsis, though distinguishable by the greater flattening and by the rectangular aspect.

Distribution.—Newport, R. L., Woods Hole, Massachusetts Bay.

Family BOLINIDAZ.

Tobes of medium size, auricles short.
BOLINA Mertens (1833).
Bolina alata L. Agassiz.

Bolina alate L. Agassiz, Memoirs American Academy Arts and Sciences, Vol. IV, 1849, p. 349. Contributions to Natural
History United States, Vol. 111, 1860, p. 268. A. Agassiz, North American Acalepha, 1865, p. 15.  Chun, Die Cteno-
phoren der Plankton-Expedition, 1898, p. 22.
Similar in general form and size to Mnemiopsis, but more distinetly compressed.
Described by Agassiz as one of the commonest species in Massachusetts Bay, it IS however, rather
rare south of Cape Cod, being seldom found at Woods Hole.

Family MNEMIIDA.

Lobes large and arising from about the level of the funnel, which is also the level of origin,
of the auricles, and these are long and ribbon-like.

MNEMIOPSIS L. Agassiz (1860).
Mnemiopsis leidyi A. Agassiz.

Muemiopsis leidyi A. ‘Agassiz, North American Acalephe, 1865, p 20. Fewkes, Bulletin Museum Comparative Zoology,
Vol. IX, p. 291.

This is one of our largest and commonest ctenophores, specimens often measuring 100 mm, or
more in polar diameter by about half that width in narrow diameter. The marginal lobes are long
and pendulous, extending far below the mouth level. As seen inprofile the outline is somewhat
triangular, specially when fully expanded. In contraction the lobes are curved inward, closing
tightly over the mouth and giving an oval outline to the animal. The tentacles are rudimentary in
the adult, though quite well developed in the young. Mnemiopsis is brilliantly phosphorescent,
emitting sudden flashes of light when disturbed at night by a dipping oar or other cause.

Common throughout the region, and usually very abundant during summer and early autumn.
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ORDER CESTIDA.
Body greatly elongated and ribbon-like.

CESTUS Lesueur (1813).

Cestus veneris Lesueur.

Cestus veneris Lesueur, Nouveau Bulletin de la Société Philomatique, 1813, p. 281. Chun, Ctenophoren Plankton-Expedi-
tion, 1898, p. 20. .

This is a distinctively tropical species and rarely found beyond a tropical range. It has been
reported by 8. I. Smith from Georges Bank, and A. Agassiz has reported fragments of a single
specimen found at Newport, R. 1.

NONTENTACULATA.

Ctenophora wholly devoid of tentacles.
Only the order Beroida, family Beroide, has representatives in this region. The body is ovoid,
usually somewhat compressed laterally. Mouth very large, opening into '
a capacious stomach. Radial canals with lateral and variously anasto-
mosing branches. .
BEROE Browne (1756).

Beroe ovata Bosc. Text cut.

Beroe ovata Bose, Histoire Naturelle des Vers, 1802, p. 149. Fewkes, Bulletin Museum
Comparative Zoology, Vol. IX, p. 251,

Idyia ovata Lesson, Histoire Naturelle Zoophytes Acalephes, 1843, p, 134.

Tdyiopsis clarkii L. Agassiz, Contributions Natural History United States, Vol. IIT, 1860,
pp. 288, 296. .

Idyiopsis affinis L. Agassiz, Contributions Natural History United States, Vol. I1II, 1860, .
Pp. 288, 296.

One of our finest ctenophores. Body large, measuring 40-70 mm.
in polar diameter, with about half the width, Margins plain and capable
of slight evagination or contraction. Radial canals 8, extending to the
margin and otherwise connected with numerous anastomosing lateral
branches: Ciliary areas prominent and of beautiful pinkish hue.

Common at Woods Hole in 1901, though seldom taken in any con-
siderable numbers.

Beroe cucumis Fabricius.

Beroe cucumis Fabricius, Fauna Greenlandica, 1780, p. 861." Eschscholtz, System der -
Acalephen, 1829, p.36. Chun, Ctenophoren der Plankton-Expedition, 1898, p. 26. Beroe ovala,

Idyia borealis Lesson, Natural History der Zoophytes Acalephes, 1848, p. 134,

Media arctica Lesson, Natural History der Zoophytes Acalephes, 1843, p. 134.

Idyia roseola L. Agassiz, Contributions Natural History United States, Vol, 111, 1862, pp. 270 and 290.

Idyta cucumis A. Agassiz, North American Acalephs, 1865, p. 86.

This, like the preceding, is a most beautiful ctenophore, of splendid roseate hue, varying in size
from 15-20 mm. in polar diameter, with about half the breadth. In general aspects it is much like
the preceding, though much smaller and more brightly colored.

Range, according to Verrill, from Vineyard Sound to Labrador. Reported by Agassiz from coast
of New England. Taken by the writer in 1902 off Crab Ledge, near Chatham, Mass.
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THE OSTEOLOGY AND IMMEDIATE RELATIONS OF THE TILE-FISH,
LOPHOLATILUS CHAMALEONTICEPS.

By FREDERIC A. LUCAS,

Curator, Division of Comparative An(tlom_y,
U. S. National Museum.

The genera Latilus, Caulolatilus, Lopholatilus, and Malacanthus have usually
been grouped in one family, the Malacanthide, but Boulenger? adds to these
Opisthognathus, Bathymaster, and Rathbunella to form his Pseudochromids. It
was suggested by Doctor Jordan, in The Fishes of North and Middle America, that
the family Malacanthidee might not be a natural assemblage, and the present paper
is an attempt to define its limits; the question of affinities with other species or fam-

“ilies must await the accumulation of more material. ‘

The skull of LZopholatilus is moderately elevated, with an occipital crest formed
almost entirely by the supraoccipital, which extends forward between the frontals
and is produced backward as a narrow tongue of bone running between the exoccipi-
tals to the foramen magnum. In Malacanthus the supraoccipital is not extended
forward between the frontals, nor is it produced backward between the exoccipitals,
these bones interposing between the supraoceipital and the foramen magnum.

The mesethmoid extends well forward, slightly in advance of the vomer, and is
deeply forked, while in Malacanthus there is a mere indication of a fork. The
vomer is proportionately broader in Lopholatilus, as is also the parasphenoid, the
anterior forks of which do not reach so far forward. At the same time the keeling of
the parasphenoid in Zopholatilus is p-shaped in cross section, while in Malacanthus
in the anterior part it is decidedly | -shaped. In the particular characters mentionéd,
as in the general arrangement of the bones of the cranium and their relations with
each other, Latilus and Caulolatilus agree with Lopholatilus and disagree with Mala-
canthus. A myodome is present in all these genera.

The number of vertebrs, not including the terminal semivertebra, is approxi-
mately the same in all the species under consideration, being in Lopholatilus 10
thoracic and 18 caudal, in ZLatilus 11 and 12, in Cawlolatilus 12 and 14, and in
Malacanthus 10 and 18. In Malacanthus the vertebrs are somewhat elongate and
but lightly sculptured on the sides, while the other genera agree in having the.
vertebrs not elongated and rather deeply sculptured. :

aAnnals and Magazine of Natural History, 7th series, vol. 8, p. 270. In the same paper (p. 264) Boulenger gives
* excellent figures illustrative of the principal characters of the shoulder girdle of Cawlolatilus and two of the genera with
Which the latilids have been associated.
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In ZLopholatilus the parapophyses begin on the fourth vertebra, the ribs
anterior to that articulating directly with the centrum. On the eleventh, or first
audal vertebra, the parapophyses turn abruptly downward and unite a short
distance below the centrum, thus making a sharp distinction between the thoracic
and caudal regions. In Caulolatilus the parapophyses do not begin until the
fifth vertebra, uniting on the thir-
teenth and in a manner slightly dif-
ferent from thatin Zopholatilus. In
Latilus there is a short pedicel on
the second vertebra, the parapophy-
ses  beginning definitely on the
third, the eleventh being the first
caudal. The manner in which the
parapophyses are united on this
vertebra is at once peculiar and
characteristic: A branch is sent
backward, downward, and inward
from the posterioredge of the para-
pophysis of each side, and thisunites
with its fellow to separate definitely
the thoracic and caudal regions. In
Malacantlus, the parapophyses of
the eleventh, or first caudal, bow
widely apart and are united only at
their tips, where they reach the
interheemals or inferior axonosts.
This occurs to a lesser extent with
the twelfth and thirteenth vertebre,
and as a result the body cavity is
prolonged into the caudal region,
thus making a great distinction in
this respect between Malacanthus
and the other genera under consid-
eration. It is of interest to note
that the epipleural is attached to
the eleventh vertebra directly in
line with the vertebrae immediately

Cranium of Lopholatilus, superior aspect. preceding it

The scapular arch presents no peculiarities in any of the fishes in question, and
that of LZopholatilus may be taken as typical of all. This has a post-temporal of the
usual modified V-pattern, articulating with a simple postero-temporal which in turn
joins the proscapula. The post-clavicle is formed of two bones; the actinosts are
four in number, oradually increasing in length from above downward, the lowermost
being moderately long.

In cranial characters the geneva Latilus, Lopholatilus, and Caulolatilus agree
with each other and differ from Malacanthus in having the skull moderately elevated
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and the supraoccipital extended forward between the frontals and produced back-
ward between the exoceipitals to the foramen magnum. Furthermore, the thoracic
region is sharply marked off from the caudal, while in Malacanthus it is, as it were,
continued into the caudal portion of the vertebral column.

Cranium ‘of Lopholatilus, left lateral aspect.

It would therefore seem best to separate Malacanthus from the three
other genera and consider them as forming the family Zatilidz, as proposed by
‘Doctor Gill.

A still more marked difference exists between Zatilus and its allies and
Bathymaster in the fact that the
latter does not possess a myo-
dome and also lacks the basi-
sphenoid. The skull of Batly-
master is smooth, depressed, and
has a small supraoceipital shut
out from the foramen magnum;
the vertebral column comprises
14 thoracic and 38 caudal ver-
tebrae besides a semivertebra,
this being double the number
'found in any of the Latilide. d 'MW’"'“M i
The arrangement of the para- » ”"ﬁ'unllﬂ‘m“""Ml
Pophyses in Bathymaster is also
quite different from that in the
other genera; there is a closed
canal beneath the eleventh to
sixteenth thoracic vertebrse, formed by the inward extension of a process from the
Parapophysis of either side, so that these are united below the centra.  Bathymaster
furthermore presents a poculuu ity in the shoulder girdle, haviag the hypocoracoid
Prolonged beneath and in contact with the fourth, or lowest actinost, while in the

Cranium of Lopholatilus, posterior aspect.
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majority of fishes there is a considerable gap between the lowest actinost and
the projection of the hypocoracoid. Consequently Bathymaster must be considered
as quite distinet from any of the other genera herein discussed, entitled to the rank
of a family, and only distantly related to the Latilidee.

Explanation of figures.

Dbas, basisphenoid. : pas, parasphenoid.
bo, basioccipital. prf, prefrontal.

o, exoccipital, pro prootic.

epo, epiotic. ptf, postfrontal,
eth, ethmoid. - pto, pterotic.

Jr, frontal. 80, supraoccipital.
opo, opisthotic. vo, vomer,

pa, pariztal.
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THE BLOOD-VASCULAR SYSTEM. OF THE TILE-FISH, LOPHOLATILUS
CHAMZALEONTICEPS.

By C. F. SILVESTER,
Curator of the Movphological Museum and Assistant in Anatomy, Princeton University.

INTRODUCTION.

In the following pages an effort has been made to present a fairly complete list
as well as description of the blood vessels of Lopholatilus chamaeeleonticeps, with the
hope that the results may serve as a basis for comparison with the blood vessels of
other teleosts. Fifteen tile-fish were dissected, 11 for the arterial and 4 for the
venous system. For purposes of comparison the arterial systems of 20 other teleosts
also were examined, and many of them are figured in the present paper.

Since it has frequently been found difficult successfully to inject the blood vessels
of teleosts, the method adopted by the writer, which has proved most satisfactory,
may be mentioned: The best French gelatin, aftel being soaked for from five to ten
hours in cold water, is rinsed and drained for a short time in order to get rid of the
excess of water, then heated, and a 20 per cent glycerin solution stirred in until the
whole possesses the consistency of cream. The coloring mass, either vermilion or
insoluble Prussian blue, is then added. The arteries are usually injected from a
branch of the cceliacomesenteric, the veins from one of the tributaries of the portal
vein and the genital or caudal vein. In order to make a successful injection the
specimen must be cold and the injection mass heated to about 89° C., or even warmer.
After the injection the specimen should be plunged into cold watel to facilitate the
hardening of the gelatin. Injected specimens are preserved, as a rule, in a 5 per
cent formalin solution.

The material for the subject under consideration was collected under the auspices
of the United States Fish Commission at Woods Hole, Massachusetts, and 1 take
this opportunity of expressing my thanks to Dr. H. C. Bumpus and Dr. H. M. Smith
for their kind assistance in connection with this portion of the work. It is with
pleasure that I acknowledge also my deep indebtedness to Prof. C. F. W. McClure
for much valuable assistance throughout the research.

THE HEART.

"The heart of Lopholatilus chamseleonticeps is similar in p:)sition and form to that
of many other teleosts. It lies in the pericardial cavity between the two clavicles, just
dorsal to the basipterygium and ventral to the esophagus and first two or three verte-
brae. Its chambers consist of a sinus venosus, an auricle, and a ventricle. The sinus
Is & transversely placed, thin-walled, tubular chamber, into which the Cuvierian ducts
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empty, and communicates with the auricle by the large sinu-auricular opening, which
is guarded by a two-lipped valve. The auricle is large, thin-walled, and situated
cranial to the sinus and slightly cranial and dorsal to the ventricle. Its lateral angles
project somewhat ventrad upon the sides of the bulbus arteriosus, and it opens into
the ventricle by the auriculoventricular aperture, which is a transverse, elliptical
opening with a two-lipped valve. The ventricle is thick-walled, and shaped like a
triangular pyramid with the apex directed caudad. The bulbus arteriosus, which is
quite large, extends craniad from the base or cranial portion of the ventricle, and
tapers into the ventral aorta. The valve between the ventricle and bulbus consists
of two segments and is of the usual semilunar type. According fo Boas (1880), the
small region between the bulbus and ventricle, in which the valve is situated, corre-
sponds to the conus arteriosus of the elasmobranch heart.

THE ARTERIES.

THE VENTRAL AORTA AND THE AFFERENT BRANCHIAL ARTERIES.

The ventral aorta (figs. 16 and 18, pl. 1) extends craniad as a continuation of
the bulbus arteriosus, and after giving off, in the order named, the fourth, third,

F16, 1.—Efferent branchial vessels of tile-fish (Lopholatilus chamaleonticeps), with circulus
cephalicus. Ventral aspect, naturnl size. On the left side the hyoidean and afferent
pseudobranchial arteries are shown; on the right side the efferent pseudobranchial
artery.
and second pairs of afferent branchial arteries, bifurcates at its cranial end to form
the first pair of afferent vessels. On each side the third and fourth afferent branchial

arteries arise from a common stem. The second pair arise as separate vessels,
THE EFFERENT BRANCHIAL ARTERIES.

The efterent branchial arteries (1 to 1v, figs. 16 and 18, pl. 1) correspond pair
for pair with the afferent vessels just described. They converge, one from each gill
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arch, and run mesad; the first and second pairs unite to form the first aortic root (fig. 4,
Ar. 1), while the third and fourth similarly unite to form the second (A4r. 2). The
aortic roots of each side unite in the median line, ventral to the first vertebra, to
form the dorsal aorta. The posterior arc of the circulus cephalicus is formed on the
base of the skull by the proximal portion of the ﬁrst pair of efferent branchial arteries
and the first pair of aortic roots. In
front the circulus is completed by the
union of the internal carotids.
Ridewood (1899) has classified
the circulus cephalicus of teleostsinto
four groups, A, B, C, and D, on the
basis of the relationships held by
the efferent branchial arteries to the
circulus and the dorsal aorta. The
groups A, B, and D are represented
by Pomolobus (fig. 8), Leptocephalus
(fig. 2) and Microgadus (fig. 9), re-
spectively. The tile-fish would fall
under group C, since the first and
second efferent branchial arteries
open into the circulus‘cephalicus and
the third and fourth open into the
aorta immediately behind the cir-
culus (fig. 1). '

ARRANGEMENT OF THE BRANCHIAL
VESSELS ON THE GILL ARCHES.

The efferent vessels.—The efferent
branchial arteries are usually split for

68
some. distance at their ventral ends . 2.—Efferent branchial and head arteries, with circulus cepha-
(ﬁg 12)’ the two branches lymg one licus, in the conger eel ( Leplocephalus conger). Ventral aspect,

R . natural size, On the right side the efierent branchial vessels
on each side of the afferent trunk. are shown refiected so as to bring them into one plane. The

FOI‘ the most pﬂ,l't the eﬁ'erent fila- ventral ends of the left efferent branchial arteries are drawn to

f . . show their relation to those of the opposite side,
mentar arteries open directly into

the efferent trunk; the most dorsally situated, however, communicate with it by
means of two collecting vessels (2, figs. 5 and 18), one from each hemibranch. (In
a specimen 50 cm. long, these collecting vessels measured 1 to 3 ¢m. in length.) So
far as known to the writer, the efferent branchial vessels of teleosts have been
described as single, one vessel on each holobranch and the two series of filamentar
‘vessels opening into it. Parker (1886, p. 689) states as follows regarding the efferent
branchial vessels: ‘‘In Holocephali and Teleostes there is only one efferent artery to
each gill, corresponding to the anterior of the two efferent arteries in the plagiostome
holobranch.” The writer finds, however, in a large number of teleosts in addition
to the tile-fish, indications of two efferent branchial arteries on a single arch. In
some instances these vessels are double for almost the entire length of the arch, as
in the case of the conger eel (Leptocephalus, fig. 2), thus resembling in many respects
the corresponding vessels in Cerafodus, described by Spencer (1893).
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The afferent vessels (fig. 18, pl. 1). The afferent branchial arteries, as a rule,
run some distance on the gill arches before branching to the gill filaments. At
a point where the split ends of the efferent arteries join to form a single vessel, the
afferent artery gives off a recurrent branch (7, fig. 18) which runs between the two
efferent vessels and branches to the most ventrally situated gill filaments. Beyond
this point the afferent vessel occupies a position lateral to the efferent trunk.

FiG. 3.—Cranial portion of the arterial system in the hickory shad (Pomolobus medioeris), Ventral aspect, natural size,
The efferent branchial arteries have their ventral ends reflected on the right side and cut off short on _the left.

Fi1a. 4.—Second efferent branchial artery in the hickory shad, viewed from front, sho‘wing arrangement of efferent ves-
sels, Natural size. .

Fi6. 5.—Fourth efferent branchial artery in the hickory shad, viewed from front, showing arrangement of effcrent vessels
on grch; filamentar vessels not shown. .

\

BRANCHES OF THE EFFERENT BRANCHIAL ARTERIES.

The first efferent branclial artery (1, fig. 16, pl. 1). This artery gives off
the following branches, which will be described in the order named: A. The hyoidean
artery. B. The direct afferent pseudobranchial artery. C. A small vessel which
lies dorsal to the gills. D. The carotid artery. .

A. The lyoidean artery (3)* arises about 2 cm. from the ventral end of the first
branchial arch, and pursues a course chietly following the hyoid arch ultimately to
-reach the pseudobranch. Passing mesocraniad along the first branchial arch, it

«The hyoidean artery hag been deseribed by former writers under o number of different names, such as 4. hyoideo-
opercularis (Miiller, 1839), A, hyo-opercularis (Owen, 1866), A. hyo-mandibularis (Maurer, 1888),
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curves laterad through a foramen situated in the lower (ventral) end of the ceratohyal
near its dorsal border, continues along the lateral or cranial surface of the ceratohyal
and interhyal and passes through a fissure between the caudal angle of the quadrate
and the dorsal end of the symplectic, still occupying a position lateral to the bones;
- then passes dorsad through a fissure between the ventral end of the hyo-mandibular
and the metapterygoid and continues dorsad along the inner surface of this bone
until it reaches the pseudobranch @

The following are its branches:

a. A vessel at the ventral end of the first branchial arch which divides into the
nutrient artery to this arch (5, fig. 16) and into branches which go to the cranial part
of the musculus sternohyoideus.? (4, fig. 16.)

T16. 6.—Efferent branchial vessels of tile-fish, with circulus cephalicus, Ventral aspect, natural size. On the
left side the hyoidean and direct afferent pseudobranchial arteries are shown; on the right side the efferent
pseudobranchial artery.

b. An anterior and a posterlor branch shortly after passing through the fora-
men at the ventral end of the ceratohyal. The anterior branch (6) corresponds to
the lingual artery of Wright (1885) and supplies the musculus geniohyoideus and
structures on the floor of the mouth; it terminates in two vessels which accom-
pany the rami of the dental bone. The posterior branch (7) is somewhat smaller
than the anterior and runs caudad over the lateral surface of the ceratohyal to
supply the branchiostegal region.

¢. Two branches where the artery passes through the fissure between the quad-
rate and symplectic; the larger anterior branch (é) runs craniad and divides into

a'The pseudobranch of the tile-fish consists of from 40 to 50 filaments, and occupies n position on the medial side of
the dorsal end of the hyomandibular; its filaments are parallel to the most dorsally situated filaments of the first gill,

b For the muscular system the writer has followed the terminology of Allis (1897), and for the bones that of Reynolds
(1897) and Parker & Haswell (1897).
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several branches which supply the greater part of the musculus adductor mandibule;
the posterior branch (9) runs ventrad and caudad, spreading out on the inner side of
the infra- and subopercular.

The afferent pseudobranchial vessels (figs. 1 and 6). Before entering the pseudo-
branch the hyoidean artery usually anastomoses with or is joined by one of two
arteries. The ordinary arrangement (fig. 1) is that where the hyoidean artery is
joined by a branch (20) of the a. hyoopercularis (Z7) and then enters the pseudo-

branch at its ventromedial angle to spread

‘ out over the surface which adjoins the

( hyomandibular bone. In the second

j arrangement (fig. 6) the hyoidean artery

" is joined, by means of a connecting branch

(28), with a vessel which might be called

the direct afferent pseudobranchial artery
(22).

B. The direct afferent pseudobranchial
artery (12) was present in only two of the
nine specimens dissected, and only on one
side. It was given off from the first
efferent branchial artery just lateral to the .
carotid, and supplied the medial half of
the pseudobranch. It also anastomosed
with the hyoidean artery, and in this case
the latter supplied the lateral portion of
the pseudobranch. This arrangement re-
sembles that found in Gadus, as described
by Miiller (1839), where the pseudo-
branch receives its blood from the hyoi-
dean artery and from a branch which
comes directly from the circulus cephali-
cus. The former condition, which is the
one more generally met with among tele-

. osts, resembles that described by Miiller
FiG. 7.-—Cra.nit.11 portion of the arterial sy.stqm in the sw.ell- for Sander ( Lucz’operca), in which the
fish (Spheroides maculatug). Ventral view, natural size. .
On the rightside the ventral ends of the efferent branchial pSGlldObI'aDCh receives blood from the
arteries and their branches are reflected so as to bring hyoidean and hyoﬁpel cular arteries.
them into one plane.

There appears to be considerable
variation among the teleosts with legaxd to the blood supply to the pseudobranch.
Aside from the two methods described above for the tile-fish, the pseudobranch of
teleosts in general receives its blood (a) entirely from the circulus cephalicus (pike,
according to Maurer, 1888); (b) entirely by the hyoidean artery (Spheroides, fig. 7);
or (¢) by all three vessels—i. e., the hyoidean artery, a branch of the a. hyosper-
cularis, and the direct afferent pseudobranchial artery (Myowocephalus, fig. 8). In
teleosts where the pseudobranch is wanting, the dorsal portion of the hyoidean artery
is reduced in size, as in Leptooephalus (fig. 2), where it terminates in branches which
supply the branchiostegal region and membranes at the dorsal end of the ceratohyal.
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The efferent pseudobmnc/dal vessel (fig. 16, pl. 1, and figs. 1-and 6). The efferent
pseudobranchial or ophthalmic artery (74), arising from the caudal or exposed surface
of the pseudobranch, leaves the latter at its ventromedial angle, and runs slightly

38

Forcdeni:

Fi16. 8. —Cranial portion of the arterial system in the sculpin (My phalus
sus). Ventral view, natural size. On the right side the ventral ends of the eﬂ'erent
branchial arteries and their branches are refiected so as to bring them into one plane.

craniad and mesad, piercing the m. adductor hyomundlbulnms* thence it continues
dorsad to a point just cranial and ventral to the originof the recti eye muscles, where
it sends off a stout branch (Z5) which anastomoses with its fellow of the opposite side
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directly dorsal to the parasphenoid. From this point it continues dorsad and craniad
between the rectus inferior and rectus posterior and pierces the sclerotic at the
lower edge of the optic nerve. Within the eye it forms an anastomosis known as
the ¢“choroid gland.” | : '

According to Maurer the hyoidean artery represents in teleosts the most anterior
of the six aortic arches, or the mandibular aortic arch. He states that.in the trout
embryo two vessels are developed in connection with the hyoid arch, one of which is
situated in front of and the other behind the cartilage. The former is regarded by
him as equivalent to the mandibular aortic arch, the latter as equivalent to the hyoid-
ean aortic arch. Since the vessel in front of the cartilage alone persists in the adult,
becoming the hyoidean artery, it is the homologue of the mandibular aortic arch.
Both of these vessels are originally connected with the anterior end of the ventral
aorta, their connection with the first efferent branchial artery, which is characteristic
of the adult, being a secondary one (Maurer, 1888). Allis (1901) also seems to regard
the hyoidean artery as belonging to the mandibular rather than the hyoid arch. He
says (op. cit., pp. 115-118), *“ This postero-ventral prolongation of the efferent pseudo-
branchial artery of 12 mm. larve of Améa thus has, in its dorsal portion, the same
relation to the cartilage of the palato-quadrate arch that the branchial arteries have
to the cartilages of their respective arches. -* * * In its ventral portion this
artery acquires relations to the hyoid arch, but it there lies anterior to the cartilage
of the arch and not posterior to it. * * * It thus has a position it could naturally
acquire by simply slipping backward off the hind edge of the mandibular cartilages.
* % ¥ Jp both its ventral and dorsal positions this artery seems to correspond
closely, in general position, to the artery usually described in teleosts as the arteria
hyoidea.” . :

Wright (1885) regards the hyoidean artery as representing simply the enlarged
nutritive branch to the hyoid arch. He says (op. cit., p. 486): ““The condition of
the parts in Lepidosteus proves that the arteria hyoidea of the teleosts is not the
homologue of the hyoidean aortic arch, as is sometimes assumed, for the two vessels
coexist in the genus. * * * It appears to me to be homodynamous with the
nutritive or branchial arteries which spring from the succeeding efferent arteries, in
the way this does from thefirst, and to owe its greater relative size in ganoids and
teleosts to the development of the gill cover from the hyoid arch.”

Owen (1866) and others, however, regard the hyoidean artery as equivalent to
the hyoidean aortic arch. From the conditions found in the adult teleost, the writer
can see no reason for dssigning it to the mandibular rather than to the hyoid arch.
It seems perfectly natural to regard it as belonging to the latter, and as representing
the more cranial of the two efferent vessels which are present on each branchial arch
in sharks and rays.

C. The next branch of the first efferent branchiol artery is a small vessel. (11)
which arises near the dorsal end of the first gill, and, passing caudad, dorsal to the
second and ventral to the third branchial artery, supplies the muscles and membranes
at the dorsal ends of the gill arches.

D. The carotid arteries and their bramches (fig. 16, pl. 1).. The carotid artery
(16) is given off at the angle where the first efferent branchial artery bends caudad to
join the second. Almost immediately beyond its origin it sends off a large branch,
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which extends dorsad, craniad, and laterad. This vessel (Z7), the ‘“muscular branch”
of many writers, has been called by Allis (1897), in his description of Amia, the .
a. hyoopercularis. About 1 cm. from its point of origin the a. hyoopercularis (17)
passes through the facial foramen and then divides into three main branches.

L

g\zg
FiG. 9.—Cranial portion of artcrial system in the tomeod (Microgadus tomeod). Ventral aspect,

% 2. The first efferent branchial and hyoidean arteries of the right side are reflected so as to
bring them into one plane.

The largest of these three branches runs craniad and ventrad below the orbit for
about 1 cm., sends a small branch to the m. adductor hyomandibularis, and then divides
into two branches; the larger (Z9) runs craniad and supplies the inner or deep division
of the m. adductor mandibula; the smaller (20) running ventrad and slightly laterad for
about 18 mm., in a groove which crosses the metapterygoid, joins the hyoidean artery,

B.B. F.1004—7
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and, in common with the latter, supplies the pseudobranch as described above. In
the two cases where the direct afferent pseudobranchial artery was found to be present,
this latter branch was small and did not join the hyoidean artery.

The second division of the a. hyoopercularis (27), running caudad and ventrad
just medial to the upper end of the hyomandibular, sends a small branch to the m.
adductor hyomandibularis, and supplies the mm. adductor and levator operculi.

The remaining or third branch of the a. hyoopercularis (22) divides into a supra-
orbital and a postorbital branch.
The supraorbital branch (23) runs
craniad on the dorsal wall of the
orbit; the postorbital branch (24)
supplies the m. levator arcus pala-
tini and membranes behind the
orbit. According to Allis (1901)
the a. hyoopercularis in Awmia
represents the dorsal portion of
the hyoidean aortic arch.

- In the teleosts this vessel may
ariseinthreedifferent ways: From
the first efferent branchial artery,
asin Meicrogadus (tig. 9); from the
junction of the first efferent bran-
chial artery with the carotid, as in
Opsanus and Spheroides (figs. 10
‘and 7); and from the common
carotid, as in the tile-fish.,

After giving off the a. hyo-
opercularis, the carotid continues
craniad for a short distance,
pierces the skull wall between the
parasphenoid and prootic, and
immediately divides into the
g interPal and external carotid
J arteries.

The external carotid artery

Fic. 10.—Cranial portion of the arterial system in the toad-fish (Opsanus , g
taw). Ventral view, natural size, On the right side the ventral ends and its branches (ﬁg . 18, Pl I)-
of the efferent branchial arteries and their branches are reflected so (a) Two small branches are given

o bring them nto one planc. off from the external carotid near
its origin. The larger (30) runs laterad and divides into two branches which supply
the external and. superior recti muscles of the eye. The artery that supplies the
latter muscle runs along its inferior border and pierces the sclerotic to enter the eye
(81). The other branch is a small vessel (32) which supplies the inferior and internal
recti muscles of the eye. These two arteries frequently arise by a single trunk from
the external carotid.

(b) Beyond the point of origin of the arteries supplying the recti muscles, the
external carotid artery lies close to the eyeball and in this position gives off two
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small branches (33) to the membranes lining the orbit. It then curves slightly dor-
solaterad and, passing between the oblique muscles of the eyeball, gives off a small
branch (34) which divides to each of these two muscles and to the mucous lining of
the orbit. 'The main trunk continues craniad and, passing through a foramen in the

prefrontal bone, occupies a
position just ventral to the
olfactory organ, whichitsup-
plies by means of one or two
small branches (35). At this
point, also, a branch (36)
runs ventrocraniad to supply
the maxilla, the roof of the
mouth, and the maxillary
breathing valve (Dahigren,
1898). The direct continua-
tion of the main artery ex-
tends craniad ventral to the
nasal bones, where it gives
off small branches to the
upper lip and membranes
of this region, and finally
pierces the premaxilla as the
superior dental artery (37).
The internal carotid ar-
tery and its branches (fig. 16,
pl. 1). The internal carotid
artery (25) runs mesad and
slightly craniad until it
reaches the median line, then
dorsad for a short distance,
accompanied by the internal
carotid of the opposite side,
with which it anastomoses to
form a single median vessel,
the carotis interna impar
(26). The latter continues
dorsad, passing through a
median foramen in the basi-
sphenoid, and on the ventral
surface of the hypophysis

Y

HHEE

193

F1G. 11.~Cranial portion of the arterial system in the flounder (Lémanda fer-
ruginea). Ventral aspeet, natural size, On the right side the ventral ends
of the efferent branchial arteries and their branches are reflected so as to
bring them into one plane.

divides into two pairs of vessels, the anterior and posterior cerebral arteries.

The anterior cerebral arteries run craniad, side by side, to supply the telenceph-
alon. The posterior vessels curve laterad and caudad over the lobi inferiores to join -
again in the median line on the ventral surface of the medulla near its cranial end.
At this point they give off anterior and posterior branches, the former supplying the
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greater portion of the brain, while the latter run caudad, on the ventral surface of
the medulla, to reach the spinal cord. On the sides of the lobi inferiors the posterior
cerebral arteries usually give off several small branches, one or two of which supply
the ear. :

In some teleosts (Opsanus and Limanda, figs. 10 and 11) the internal carotids
join near their points of origin to form an arteria carotis interna impar; in others
(Leptocephalus, fig. 2) union does not take place until they rcach the base of the
brain. The position and constant occurrence of the arteria carotis impar of teleosts
suggests its homology with the cranial end of the primitive dorsal aorta (Ayres,
1889) of the lower elasmobranchs. ‘

The sccond gfferent bramchial artery (fig. 16, pl. 1, and fig. 12). About 2 cm.
from its ventral end the second efferent branchial artery (1) gives off a large branch
(38) corresponding to the fourth? commissural artery of Amie as described by
Parker and Davis (1899). This vessel (38) runs toward the median line and joins
its fellow of the opposite side at a point ventral to the thyroid gland and ventral
aorta, forming the median hypobranchial artery (42), which runs caudad, passing
below the ventral ends of the clavicles, and terminates in branches which supply the
ventral fins. : : :

The fourth commissural artery gives off three small branches, namely, two
nutrient arteries, one to the second (39) and one to the third (40) branchial arch, and
a ventral coronary artery (47), which is given ofl near the median line or, in some
cases, from the median hypobranchial artery itself, which runs caudad on the ventral
aorta and, in combination with a coronary artery that usually arises from the fifth
commissural artery, supplies the bulbus arteriosus and the heart. .

The median hypobranchial artery divides into the thyroid artery (43), which
immediately enters the thyroid gland; two small branches (44) which supply part of
the m. sternohyoideus; and finally a branch (45) which supplies the muscles attached
to the clavicles. Opposite the cranial end of the basipterygium the coracoid artery
(80) anastomoses, by means of a small branch, with the median hypobranchial, which
terminates (46) in the ventral in. Since the coracoid artery is a branch of the sub-
clavian, it will be described in connection with that artery. In teleosts where the
ventral fins are wanting (Leptoceplalus and Spheroides, figs. 2 and 7T), or where they
are situated far back on the abdomen (Pomolobus?, fig. 8), the median hypobranchial
artery is somewhat reduced in size and terminates in the m. sternohyoideus. Parker
and Davis (1899) have described it as dividing into coronary and epigastric branches,
but in many teleosts this description will not hold, for the corcnary may be a branch
of the commissural artery. For this reason the entire median vessel formed by the
joining of the commissural arteries is designated in this paper as the median
hypobranchial artery. ‘

The third efferent branchial artery (fig. 16, pl. 1, and fig. 12). Like the second
of the series, the third efferent branchial artery usually has but one branch, which
corresponds to the fifth commissural artery of Parker and Davis. This branch (47)

aParker and Davis in numberilllg the visceral arches followed the scheme laid down by Gegenbauer (1898), in
which the first visceral areh is represented by the upper and lower jaws, the second by the hyoid arch, the third by
the first branchial arch, ete.

bIn Pomolobus the ventral fins are supplied by a pair of somewhat larger peritoneal branches.
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arises about 2 em. from the ventral end of the artery and runs toward the median
line, where it may join the corresponding artery of the opposite side to form a single
vessel—the dorsal median hypobranchial artery (52). As a rule, however, it does
not reach the median line, but curves caudad dorsal to the fourth division of the
musculus obliquus ventralis, and terminates, like the dorsal median hypobranchial,
in the musculus constrictor pharyngis and inferior pharyngeal teeth. The branches
of the fifth commissural artery are the dorsal coronary artery (49), which is given

)

¥1a. 12.—Ventral ends of the efferent branchial vessels and their branches in the tile-fish. Ventral
aspect, X2.

- off from either the right or left side, and two pairs of nutrient branches which go to
the fourth (48) and to the rudimentary fifth (50) branchial arch. In one case the
vessel which supplied the rudimentary fifth arch was joined by a branch (51, fig. 12)
from the left fourth efferent branchial artery; also, in one individual the fifth com-
missural artery was wanting, its place being taken by the sixth, which was present
only on one side and arose from the fourth efferent branchial vessel.

Summing up the arrangement of these vessels in the tile-fish, it will be seen
that the species possesses dorsal as well as ventral coronary arteries, a dorsal and
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‘ventral median hypobranchial artery, fourth, fifth, and sixth commissural arteries,
and indications ot a lateral hypobranchlal artery. .

In individuals of the same species, as well as in species, teleosts show much
variation as to the arrangement of their hypobranchial and commissural vessels, all
tending to indicate a primitive condition, such as is found in the Elasmobranchii,
where the ventral ends of all the efferent branchial arteries of each side are connected
by means of a lateral longitudinal vessel—the lateral hypobranchial artery of Parker
& Davis—and where vessels (commissural
arteries) from these lateral hypobranchial
arteries run toward the median line and
unite to form the median hypobranchial
%rtel_y As Parker & Davis have pointed
out, the usual auangement of these vessels
in te]eosts is a single pair, the fourth com-
missural arteries running toward the median
line, where they join to form the median hy-
pobranchial artery. Parker (1899 and 1900),
however, describes for Mola the presence of
dorsal as well as ventral coronary arteries,
and considers more than one pair of commis-
sural arteries a remarkable condition not
likely to be possessed by a teleost. The
writer has found lateral hypobranchial ar-
teries, as well as dorsal coronary arteries,
in a number of teleosts in addition to Mola.
In a kingfish (Menticirrhus) the ventral ends
of the first, second, and third efferent bran-
-chial arteries were connected by a lateral
hypobranchial, while in a tomecod (Microga-
dus, fig. 13) the ventral ends of all four of
the efferent brancial arteries were connected.
The third, fourth, and fifth pairs of com-

missural arteries were also present in this
HT46 individual.
Fie. 13.—Ventral ends of the efferent branchial vessels The f ourth @f erent branchial artery (ﬁg.

and their branches in the tomecod. Ventral aspect, 16, pl 1, and ﬁg 12)_ This artery., Whlch as

x4 a rule has no branches, joins the third efferent
branchial artery to form the second root of the dorsal aorta. A small artery (53)
arises from the ventral surface of the second aortic root, and, running ventrad and
laterad, divides into branches which supply 'the sides of the pharynx, superior
pharyngeal teeth, and membranes on the rudimentary fifth branchial arch.

THE DORSAL AORTA AND ITS BRANCHES.

The dorsal aorta (fig. 16, pl. 1, and fig. 15) is formed by the junction of the two
pairs of aortic roots, and extends caudad along the ventral surface of the vertebral
column in a series of undulations which correspond to the topography of the ventral



BLOOD-VASCULAR SYSTEM OF THE TILE-FISH. 103

surface of the vertebral column. That portion of the dorsal aorta which runs in the
abdominal region lies free, while that in the tail is inclosed by the heemal arches.

The caliacomesenteric artery. 'The cceliacomesenteric artery (54) is not, strictly
speaking, a branch of the dorsal aorta,as it arises in common with the latter and the
second right aortic root. It is an artery of considerable size, running caudad and
dividing into numerous branches. '

The first branch (55) arises about 1 cm. from the origin of the artery, runs caudad
along the right dorsal surface of the cesophagus and right side of the stomach, and
curves upon the ventral surface of the latter, where its main termination runs ventrad
and caudad, in the gastrohepatic omentum, as the left hepaticartery (67). It givesoff
the following vessels: (1) (Esophageal branches (56) to the right side of the ceso-
phagus; (b) the right ovarian or spermatic artery (57), which is given off at the
junction of the cesophagus and stomach and runs directly caudad to supply the geni-
tal gland; (c) a small- branch (68) which is given off on the ventral surface of the
stomach and crosses the ductus choledochus to the central portion of the liver;
(d) several small gastric branches (59), which run to the ventral surface of the stomach

1 |
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F1a. 14.—Ventral ends of the efferent branchial vessels and their branches in the goose-
y fish (Lophius piscatorius). Ventral aspect, X .

46

and proximal portion of the intestine, one or two of them usually anastomosing with
a branch (66) of the second branch (62) of the ceeliacomesenteric artery.

The second branch (62) of the celiacomesenteric artery arises about 1 cm. caudal
to the first. It runs caudad on the left dorsal surface of the cesophagus and left side
of the stomach, dividing into a left spermatic or ovarian artery (64) which runs
directly caudad to supply the genital gland of the left side, and into several gastric
branches (65) which supply the left side of the stomach. As stated above, one or
two of these gastric branches usually anastomose on the ventral surface of the
stomach with a gastric branch (60) of the first branch of the cceliacomesenteric,
The anastomosis of these two vessels (60 and 66) may form an artery (67) which runs
in the gastrohepatic omentum close to the left hepatic artery (61), supplying a portion
- of the liver. The second branch of the cceliacomesenteric artery also sends out a
_small artery (63) to the left side of the csophagus.

The third branch (68) of the cceliscomesenteric is a vessel of considerable size,
given off about opposite the middle of the stomach, and itself giving off two
branches (69 and 70), beyond which point it runs caudad to enter the swim-bladder at
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the ventral surface and to break up into the rete mirabile. As already stated, it has
two main branches, which are given off near its
origin. The first is a gastric branch (69) and
supplies a part of the left side of the stomach;
the second is the right hepatic artery (70) which
supplies the gall bladder and right side of the
liver.

The fourth branch of the cceliacomesenteric
artery is the pancreatic artery (77). This is a
small vessel which is given off about 1 cm.
caudal to the third branch and almost imme-
diately enters the pancreas.

Beyond its fourth branch the ccelincome-
senteric artery continues caudad, passing to the
right of the stomach to divide, at a point just
cranial to the spleen, into four branches (72,
74, 76, 76). 'The first branch, or gastrosplenic
artery (72), runs ventrad along the cranial border
of the spleen, which it supplies by a branch (73)
immediately entering that organ. After a short
distance the main trunk of the artery (72) divides
into several branches, which supply the cwmcal
portion of the stomach and the distal loop of
the intestine. The remaining three branches
(74, 75, 76) are mesenteric arteries; two of them
(74, 75) supply the proximal portion of the
intestine; the remaining one (76), which is the
largest, runs caudad in the mesentary, and
supplies the distal portion of the intestine and
rectum.

Numerous variations occur in connection
with the branching of the mesenteric vessels;
for example, branches. 7} and 75 often send
twigs to the distal, as well as to the greater
part of the proximal loop of the intestine.

The subclavian arteries (fig. 16, pl. 1). The
subeclavian arteries (77) arise in common from
the ventral surface of the dorsal aorta just
caudal to the origin of the cceliacomesenteric
artery. They run laterad, caudad, and some-
what ventrad to the base of the pectoral fin,
where they terminate in two branches, the
Fio. 15.—Dingrammatic cross section of body of brachial artery and the ramus epigastricus de-

gi;g‘f:l‘;‘rfgr';cf“";,):nf::ﬁ‘:fj’e" armngement ol oondens of Miiller (1839). They give off a
‘ number of branches:
(a) About 1 em. from the dorsal aorta, a branch (78), which runs dorsad and
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craniad, giving off a small branch to the cranial portion of the kidney, several
branches to the muscles on the dorsal and caudal surface of the skull in the region
of the supraoccipital bone, and finally, branches which terminate in the skin and
cephalic crest. (b) A branch (79) which supplies the thymus gland and adjacent
muscles. (¢) In addition to several small muscular branches, the coracoid artery (80)
of Parker & Davis (1899) a short distance from the base of the pectoral fin, this
vessel extending ventrad, close to the pericardium, and giving off numerous small
muscular branches. At a point opposite the cranial end of the basipterygium, either
the right or left coracoid artery joins the median hypobranchial. (d) The brachial
artery (87) which supplies the pectoral fin. (e) The ramus epigastricus descendens (82),
which runs caudad close to the skin and supplies the ventral abdominal muscles as
far as the cloaca.

The parietal arteries and their branches (fig. 16, pl. 1, fig. 15). The parietal
arteries (83) arise from the dorsal aorta along its entire length, a pair opposite every
other vertebra. They will - be described in order. ‘ '

The first pair are given off, as a rule, opposite the third vertebra, and, one on
each side, curve laterad, dorsad, and craniad, then, after sending small branches
to' the cranial portion of the kidney, run dorsad to supply the dorsal parietal
muscles. '

The second pair are given off opposite. the fourth vertebra, and run laterad
through the kidney, to which both send one or more small arteries (84). At a point
just lateral to the kidney each of the pair divides into a peritoneal, an intermuscular,
and a dorsal branch. The peritoneal branch (85) runs ventrad close to the peri-
toneum and supplies the lateral abdominal muscles of that region. The intermuscular
branch (87) extends laterad along the intermuscular bone to supply the adjacent
muscles. The dorsal branch of the left side (88s) is small and runs dorsad to the
membranes and muscles adjoining the fourth vertebra; the corresponding artery of _
the right side (88d) is quite large and runs dorsad, between the neural spines of the
fourth and fifth vertebre, to the lower end of the pterygiophores of the dorsal fin,
where it divides into several muscular branches, two of which run dorsad, one on
the right (89d) and one on the left (89s). Close to the skin each of these two branches
divides into an anterior and a posterior vessel, the anterior running craniad and sup-
plying the skin, while the posterior runs caudad to anastomose with the correspond-
ing anterior branch of the next dorsal artery. The pairs of dorsal branches are
throughout bilaterally asymmetrical, the larger branches being sometimes on one
side and sometimes on the other. The smaller branch of each pair supplies the
structures adjacent to the vertebral column. The larger branch, asalready described,
sends off on each side of the base of the dorsal fin an anterior and a posterior vessel
which anastomose, respectively,” with the posterior and anterior corresponding
adjacent arteries, thus forming a more or less continuous vessel (90) on each side of
the base of the dorsal fin. These vessels send numerous small branches (97) to the
skin and dorsal fin.

aThé thymus gland of the tile-fish is situated in the dorsal part of the gill chamber just cranial to the supra-clavicle.
In fishes of about 50 em. in length it isa trlangular gland about 17 mm. long and 8 mm, wide; in the large individuals—those
of about 85 em.—it i8 very much reduced in size, traces of it, however, being always present.
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The third pair of parietal arteries are given off opposite the sixth vertebra and
have the same branches as the second, deseribed above, with the addition of a small
branch to the swim-bladder. This additional branch (86) arises from the peritoneal
branch of each parietal artery and immediately enters the swim-bladder to supply,
with its fellow of the opposite side, the anterior dorsal portion.

The fourth pair of parietal arteries arise opposite the eighth vertebra and have
branches corresponding to those of the third. The vessel to the swim-bladder, how-
ever, is larger than the corresponding branch from the third pair, and supphes the
median dorsal portlon

Between the origin of the fourth and fifth parietal arteries, though but slightly
anterior to the latter, the dorsal aorta sends a large branch to the kidneys. This
vessel, the posterior renal artery (92), leaving the ventral surface of the aorta, runs
caudad and ventrad in the posteriqr division of the kidney, which it supplies, and
sends a branch also to the bladder. A short distance beyond its origin it gives off
two vessels, each of which almost immediately divides into a peritoneal branch (85)
and a branch (86) which supplies the posterior dorsal surface of the swim-bladder.

The fifth pair of parietal arteries is given off opposite the tenth vertebra, just
caudal to the posterior renal artery, as stated above. Each divides into a dorsal and
an intermuscular branch. The peritoneal branch belonging to this segment arises
from the posterior renal artery, as already stated.

The dorsal aorta at this point leaves the abdominal cavity and continues as the -
caudal aorta, inclosed by the heemal arches of the caudal vertebre. It gives off,
opposite alternate vertebrae, three branches, two lateral, one on each side, and a
median ventral branch. Each lateral branch divides almost immediately into an
intermuscular (87) and a dorsal artery (85). The ventral branches (93) arise as
median vessels from the ventral surface of the caudal aorta. They run ventrad in
front of the heemal spines of their respective vertebrew and divide into right (94d) and
left (94s) branches which run ventrad, one on each side of the pterygiophores of the
anal fin. At the base of the anal fin each one of these branches divides into an
anterior and a posterior branch. These anastomose with corresponding vessels, thus
forming a continuous artery on each side of the base of the anal fin (95) in the same
manner as do the dorsal branches at the base of the dorsal fin, these continuous
arteries (95) giving off small branches (96’) to the skin and fin. The first ventral
branch of the caudal aorta, which is given off opposite the eleventh vertebra, is
somewhat larger than the more caudally situated ventral branches, and its anterior
branch extends craniad to supply the muscles around the cloaca.

The caudal aorta terminates in two branches which run dorsad and ventrad,
respectively (97), in a groove at the base of the caudal fin, supplying the latter by
means of numerous small branches (98).

THE VENOUS SYSTEM.

The veins (fig. 17, pl. 1) will be described in the following order:
1. The hepatic portal system.

II. The veins opening into the sinus venosus.

I1I. The veins opening into the Cuvierian ducts.

IV. The caudal vein and vens advehentes of the kidney.
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I. THE HEPATIC PORTAL SYSTEM.

The arrangement in the abdomen of the veins which form the hepatic portal
vein is not at all constant. The order generally met with will be described.

At the base of the liver two main trunks (47, 50) enter the large transverse
hepatic portal vein (40) which distributes the blood through the liver. The larger
of these two trunks (47) is formed by the union of the following vessels: (a) Branches
from the rectum and distal portion of the intestine (49); (b) branches from the distal
loop of the intestine (47) (principally from its left side); (c) a gastric branch (46)
from the cecal portion -of the stomach; (d) a vein (40) from the spleen and distal
loop of the intestine (principally right s1de) which joins the trunk opposme the right
- side of the stomach; (e) the small pancreatic vein (44), and a large vein (43) which
leaves the ventral surface of the swim-bladder and returns the blood of the rete
mirabile; and finally (f) a vein from the cesophagus (42) which joins the trunk just
before it enters the liver. The second trunk, which helps to form the portal vein (50),
returns blood to the liver from the greater part of the proximal loop of the intes-
tine (52), and from the stomach by several gastric branches (67); it also, at times,
receives branches from the distal loop of the intestine. V

II. VEINS OPENING INTO THE SINUS VENOSUS.

A. The hepatic veins (2), which are two in number, leave the right and left seg-
ments of the liver, one on each side of the median line, and empty immediately into
the sinus venosus.*

B. A large vein () fr om each side opens into the ventral surface of the sinus
venosus near the Cuvierian duct. This vessel is formed by the union of the follow-
ing three veins: (a) The brachial branch (5), which returns blood from the pectoral fin
and from the anterior part of the lateral muscles of the abdomen (6); (b) a vessel (7),
which returns blood from the ventral fin and adjacent muscles, and (¢) a vein (8),
which returns blood from the thyroid gland and muscles ventral to the ventral aorta.
Sometimes this latter vein (8) unites with its fellow of the opposite side by a small
trunk (9) just below the ventral aorta. These three veins (5, 7, and 8) run close to
the pericardium and, after uniting to form a single vessel on each side of the heart,
open into the sinus venosus, as described above.

C. The Cuvierian ducts (3) open into the lateral extremities of the sinus venosus.
They are two large vessels, about 2.5 em. in length, situated on each side of the
esophagus just behind the fifth branchial arch. ’

III. THE VEINS OPENING INTO THE CUVIERIAN DUCTS.

A. The inferior jugular vein (10), a large single vessel, its cranial end situated
in the median line, returns blood from the lower jaw and floor of the mouth. Just
caudal to the hypohyal, it receives two veins (11), one from each side, which return
blood from the branchiostegal and ceratohyal regions, and, continuing caudad just
dorsal to the ventral aorta, it curves to the right of the heart, close to the pericar-
dium, and opens into the right Cuvierian duct near its junction with the sinus

venosus.
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B. The spermatic or ovarian veins (Z3), which return blood from the genital
organs, run craniad in the abdominal cavity, emptying posteriorly into the Cuvierian
ducts. '

C. The jugular veins (Z5), two large vessels, one on each side, return blood
from the head region. Behind the orbit each jugular vein is situated directly dorsal
to the branchial arches and between the base of the cranium and the hyomandibular
bone. ‘

Branches of the jugular vein.—(a) The most cranial tributaries of the jugular
vein are vessels (26) that return blood from the upper jaw and contiguous structures.

(b) About 1 em. in front of the orbit the jugular receives a vein (25) from the
olfactory organ and adjacent tissue. - :

(¢) Ventral to the middle part of the orbit it receives the facial vein (22), which
is formed by the union of a vessel (24) from the angle of the mouth and the m.
adductor mandibule, and a branch (23) which returns blood from the operculum.

(d) Directly behind the orbit the right and left jugular veins are connected by
the transversely situated interorbital vein (Z9). This vessel (19), which is about 2.5
cm. in length, arches between the two jugulars and in the median line receives the
cerebral vein (27), which returns blood from the brain. It also receives the ophthal-
mic veins (20), which, one on each side, leave the eye at a point near the entrance of
the optic nerve, and after passing between the rectus superior and externus usually
receive branches from the eye muscles and open into the interorbital not far from the
jugular. Sometimes, however, the vessels from the eye muscles open directly into
the interorbital vein.

The jugular vein from this point continues caudad, partly surrounded by the
cranial end of the kidney (K'), from which it receives branches, and opens into the
dorsal end of the Cuvierian duct with the posterior cardinal vein of the same side.
Three important vessels enter the cranial end of the kidney to empty into the jugular
vein: The postorbital vein (78), which returns blood from the muscles of the head
behind the orbit; the pharyngeal vein (77), which returns blood from the superior
pharyngeal teeth, the muscles, and contiguous structures dorsal to the branchial
arches; and a vein (16), which returns blood from the thymus gland, muscles, and
membranes on the outer surface of the clavicle. These three veins (16, 17, and 18)
enter the cranial end of the kidney, and, after giving off several vene advehentes,
usually unite to form a single vessel, which opens into the dorsal surface of the
jugular vein. _

D. The posterior cardinal veins (1) lie immediately ventral to the vertebral
column, embedded in the substance of the kidney, and are asymmetrically developed.
The left (Z4s) is small and its cranial portion, which is about 8 em. long, functions as
a vena revehentis renalis. - The right cardinal vein (74d) is a vessel of considerable
size; it receives at its caudal end a large vein (37) from the posterior division of the
kidney, a connecting trunk (36d) from the caudal vein, and revehent branches from
the kidney, as well as branches directly from the parietal veins; it then empties with
the corresponding jugular vein into the right Cuvierian duct.
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IV. THE CAUDAL VEIN AND VENXE ADVEHENTES RENALES.

The caudal vein (35) is situated in the hemal canal just ventral to the caudal

aorta. After receiving branches from the caudal fin (39) it collects blood from the
tail region by means of ventral (38), dorsal (29), and intermuscular (30) veins. These
ave received opposite every other vertebra, and alternate with the arteries. After

leaving the heemal arches at the caudal extremity of the kidney the caudal vein
divides into a right (36d) and a left (36s) branch. The right branch is short (36d)
and opens directly into the right cardinal vein. The left branch (36s) runs forward
in the substance of the kidney as an advehent vein, which according to Parker (1884),
is the remains of the posterior portion of the left caldmal vein,

Four veins empty into the enlarged posterior division of the kldney, two from
each side of the body. The posterior pair (34) return blood from the ventral muscles
just behind the cloaca, while the anterior pair (33) return blood from the posterior
lateral muscles of the abdomen.

The parietal veins in the abdominal region consist of dorsal, intermuscular, and
peritoneal branches. The dorsal (29 to 29"} and intermuscular branches (30) are
received opposite every other vertebra, alternating with the arteries. The peritoneal
branches (31) return blood from the lateral walls of the abdomen, and, in addltlon,
each peritoneal vein receives a vessel (32) from the dorsal sulface of the swim-
bladder. The parietal veins in the abdominal region either enter and break up in
the substance of the kidney as vene advehentes (37') or, after sending out advehent

branches, connect directly with the right cardinal vein (31).

REFERENCES

d. and s. denote dextra and sinistra, respectively.
A., auricle.

Af., anal fin.

Arl,, first aortic root.
Ar?,, gecond aortic root.
B., branchial arch.
Ba., bulbus arteriosus.
Da., dorsal aorta.

Df., dorsal fin.

K., eye. ‘

Hs., Heemal spine.

TO FIGURES.

K., Kidney.

K., cranial portion of kidney.
L., liver.

Ns., neural spine.

(Es., wsophagus.

P. D., pterygiophore of dorsal fin.
Ps., pseudobranch.

P. V., pterygiophore of anal fin,
V., ventricle.

Va., ventral aorta.

ARTERIAL SYSTEM,

17 to I'V’. First to fourth afferent branchial arteries.

1. Recurrent branch to ventralmost filaments.

I to IV. First to fourth efferent branchial arteries.
I. First efferent branchial artery.

2. Branch for dorsalmost filamentar vessels.

3. Hyoidean artery.
4. Muscular branch.

5. Nurtrient branch to first gill arch.

6. Lingual artery.

7. Branch to branchiostegal membrane and rays.

8. Muscular branch to angle of mouth.

9. Opercular branch.
10. Afferent pseudobranchial artery.
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11. Small muscular branch.
12. Direct afferent pseudobranchial artery.
13. Connection between direct afferent pseudobranchial and hyoidean arteries.
(14. Efferent pseudobranchial artery or ophthalmic artery.)
(15. Anastomosing trunk between the two ophthalmic arteries.)
_16. Carotid artery.
17. Hyoopercular artery.
Branch which divides into 79 and 20.
19. To m. adductor mandibulz.
20. Branch which joins the hyoidean artery.
21. Muscular branch to adductor and levator operculi.
22. Divides into 23 and 24.
23. Supra-orbital branch.
24. Post-orbital branch.
25. Internal carotid artery.
26. Carotis interna impar.
Anterior cerebral artery.
Posterior cerebral artery.
29. External carotid artery.
: 30. Artery to rectus externus and superior.
31. Ocular artery.
32. Artery to rectus internus and inferior.
33. Small artery to membraneg lining orbit.
34. Oblique artery.
85. Olfactory artery.
36. -Branch in region of maxilla.
87. Superior dental artery.
II. Second efferent branchial artery.
38. Fourth commissural artery.
39. Nutrient artery to second gill.
40. Nutrient artery to third gill.
41. Coronary artery.
42. Median hypobranchial drtery.
43. Thyroid artery.
44. Muscular branch.
45. Muscular branch at ventral end of clavicle.
46. To ventral fins.
III. Third efferent branchial artery.
47. Fifth commissural artery.
48. Nutrient artery to fourth gill.
49. Dorsal coronary artery.
50. Nutrient branch to rudimentary fifth branchial arch.
51. Sixth commissural artery.
52. Dorsal median hypobranchial artery.
IV. Fourth efferent branchial artery.
53. Artery to superior pharyngeal teeth and membranes behind rudimentary fifth gill arch.
4. Ceeliacomesenteric ar tery.
55. First branch which sends out the followmg six branches:
56. Right wsophageal artery.
57. Right genital artery.
58. Hepatic branch.
59. Gastric and intestinal branches.
60. Branch which anastomoses with 66.
61. Left hepatic artery.
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62. Secaqnd branch of the cwliacomesenteric artery.
63. Left cesophageal artery.
64. Left genital artery.
65. Left gastric branch.
66. Branches of the latter which anastomose with 60 to form
67. Hepatic artery. :
68. Artery to rete mirabile of swim-bladder.
69. Gastric branch.
70. -Right hepatic artery.
71. Pancreatic artery.
72. Gastrosplenic artery.
73. Splenic artery.
?4. Mesenteric branch.
75. Mesenteric branch.
76. Mesenteric branch.
Subeclavian artery.
78. Muscular branch.
79. Artery to thymus gland.
80. Coracoid artery.
81. Brachial artery.
82. Ramus epigastricus descendens,
Parietal arteries.
&84. Renal branches.
85. Peritoneal branches.
86. Branches to swim-bladder.
&87. Intermuscular arteries.
88. Dorsal branch.
89." Branch on side of pterygiophores of dorsal fin.

90. Longitudinal vessel formed on each side of body at base of dorsal fin.

91. Branch to skin and dorsal fin.
Posterior renal artery.
Ventral branches.
94 d. and s. Right and left bra,nches of 93.
95. Longitudinal vessels.
96. Branch to anal fin and skin.
Bifurcation of caudal aorta.
98. Branches to caudal fin.
VENOUS SYSTEM.

. Sinus venosus.
. Hepatic vein.
. Ductus Cuvieri.

Vein which receives blood from 5, 7, d.lld E

. Brachial vein.

. Branch from lateral abdominal muscles.

. Vein from ventral fin.

. Vein from thyroid gland and muscles ventral to the ventral aorta.
., Anastomosing trunk.

10.
11.
12,
13.
14,

Inferior jugular vein.

Vein from branchiostegal regions.

Vein from teeth of lower jaw and floor of mouth.
Genital vein.

Posterior cardinal vein,

15s. Left jugular vein.

111
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16. Vein from thymus gland and contiguous muscles.

17. Pharyngeal vein.

18. Postorbital vem.

19. Interorbital vein.

20. Ophthalmic vein.

21. Cerebral vein,

22, Facial vein.

28. Branch from inside of operculum.

24. Branch from m. adductor mandibule and anglc, of mouth.

25. Vein from nose and adjacent region.

26. Vein returning blood from lips and teeth of upper jaw.

27. Venz advehentes of kidney.

28. Venz revehentes of kidney.

29, 29/, 29”. First, second, and third dorsal branches of parietal veins.
30. Intermuscular veins.

31. Peritoneal veins.

32. Veins from dorsal surface of swim-bladder.

33. Vein from lateral abdominal muscles.

84. Vein from muscles behind the cloaca.

$5. Caudal vein.

36d. Connection between caudal vein and the right postcardinal.
96s. Left branch of caudal vein.

37. Vena revehentes of the posterior enlarged portion of kidney.
88. Ventral parietal branches.

39. Branches from caudal fin.

40. Hepatic portal vein.

41. Branch which receives the following eight veins (42 to 49, incl.):
42. Oesophageal branch.

43. Vein from of rete mirabile of swim-bladder.

44. Pancreatic vein.

45. Vein from gpleen and intestine.

46. Gastric branch.

47. Intestinal branch. : '

48. Branch of proximal loop of intestine.

49. Branch from distal portion of intestine.

50. Branch from stomach and proximal portion of intestine.

51. Gastric branch.

52. Vein from proximal loop of intestine.
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