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" .. 

· . 
Brachyrhyncha .' 
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BranChiura aowerbyi •• 
Branchyodontee •• 
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Bryodrilus ehleni • , 
BuDa (HamiDea) orooata •• 
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Coue. equal. 
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Calathurs .. 

borradail ei 
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· .• 
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S9G 
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126 
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.. 80S 
•• 1«K.209 
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2G6 

Ca.lliana8s& turneratla 
CaJlianassa (Callichiru.e) 
Callia.naseidae 
Callianasainae •• 
C&lliohrous 

· .• 
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· . 
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• • 
" . bim,aculatus 

Calliobothrium esohriohtii •• 
Calliope.jlutMtUN 
Calyptobla.stea •. 
Oamb&.rU8 •• 
Oampan~'mWGIG 

,pi.uloBG 
Oampanulariidae 
Campanulina 

ceyloneoais 
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.. 

· . 
· . 
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· ., 
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Caruua 
CaroIuJriGI gtJ~ 
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· . 
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• • 
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.,. •• 8()8 
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•• 
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· . 
., . 

" . 
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". 406 .. M 

• • '06 
Ca,cMna. (Ply, .. ) ....,. 
,Care,","" (Pri.-) ga,.,... 
Carcharinidae 

• • 

• • 
•• 
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4:06 
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Carcharinua .. •• · ., 406 
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~dae •• .. '()ardiOlOma 

camifez ". 
guanhumi 
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· '. 

1 __ . 

Page 
404, .4OG 
404,-'06 

763 
763 

•• •. 333,351 
•• •• 222,241 
'. • 2M, 20'1, 241,2d 
•• 242 

•• 
• • 

· . 
241 
361 
339 

Cudium (Pulvia)ruptam •• 333,338, SGl 
2OG,260,29S Oaridea 

'OaridiDa 
fOl8al'UlD •• 
laevil ..•• 

•• 
• • 201, '208, 307,31'9 

•• •• S09 
' .. 309 

nilotiea '.. 208, 807, 308, 309, 696 
Dilotica bapleuis • • 106. 307, 308, 696 
Dilotioa graoilipee •• •• 308, 696 
propiJlqua lOG. 208,. SOB, 309, 310, 696 

Camivora • , 1M 

Carolobatea 80hneideri • '. Al 
"CuaidiDa 

tpulchra •• 
'typa 

'Caaaidiaca lUDifroDl 
Catochaenum 

~ 
1uci4um •• 

Catoateomi 
C~'Mg"'" 

eguulG 
,Aomhu" •• 

Uentropagidae • " 
Centropodu •• 

f'Aombeut ,. 
Oeatropommae • • 
OMlropomUl ombaIriI 
Oeratooeph .... 
Oeratoaereu. • • 
Oerberus · . 

r.hynohopa 

O~(J '"'01''' 

•• 
•• 

· '. 
•• 

· '. 
•• 
•• 
•• 
•• .. 
•• 
• • 
' .. 
•• 
' .. 
•• 
•• 
•• 
' .. 
•• 

Oeriagrion ooromaod.liaDum 
Cerianthua . . ' .. 

•• 887,888 
818,8.889 

•• 888 
•• 888 

126 
729 
1ST 

443,~, '18& 
731 

•. 130, 131 
•• 734 

'778. 782 

· . 13G 
134 

71', 767 
716 

•• 67,8, 60S 
•• 090, GIG 

161, 169, 171 
167. 168, 110 

• • 131 

•• l80 

· . 18 
LCerithiidae q 3S2, 839, '". 698, eG6, 867. 866 

• • 
•• 

Cetacea •• 
C~.,..,... 

gtMIdriJ ....... 
Chaetodontidae •• 
Chaetoguter 
Chama 
Chanda 

amb .... 
d~ 

fYnPtOOtJpieIG 
ruooDiu .• Mi, .. .. 

Chandinae 
Cltaoidae 
Chaaoe • • 

ora6icul 
chaD. .• 
,aalmOMU 

CharehariD.idae •• 
CAotoeuu allu •• 

,~" 
~ 
tICIIUI •• 

Cheilodipterua .... 
CheiloDereia •• 
CheilOltAMData 
Cheirothriz •• 
Cbelolle .. 

mrdM •• 
CheloDia •• 
'CheloDid.. •• 
Cberaydrua •• 

gruWatul 
Chilkaia •• 

imitat.ri& •• 

• • Chiropatha 
Cbiroaomidae • " 
ChitiDopoma 
Chloreu. 

., 
•• 

O~1otrttJ ....... 
Ohryeallicla •• 

eootelia ' •• 
Dacli..-

•• 
•• 
•• 

•• 
•• 
.'. 
•• ... 
•• 
•• 
•• 
•• ., 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
' .. 
•• 
•• 
•• 
•• 
•• 
•• 
•• 

•• 
•• 

. . 

,Poge 
3H 

19,.1 
181 
7M 
., a 
TIG 
141 

•• 138, SSt 
'11G,116,'. 

til, 7ft 
711 
11,6 

7US 
.• 116, m 
11 . 711, .,17 
.. 4 T,1M 
• 11 '~17 ., 

*,'17, TM 
fl1 
70 
f17 

"', liS, 11' 
t.t 
til 
716 
678 
111 
286 
I'll 

•• ,18f, In 
•• 161, 113 

117,108.171 
. '. •• 1ee,,171 
•• 181, I ... 170. 1'7 
-.181, 1.,170, 1.,1 

•• •. as1,33' 
•• ..36&.811 
. . 'ft. 780, 810 
•• •• ISf 

.'. .... 
•• • 
•• 
•• 

•• 



vi 1 __ . 

OhrysaUida (lformula) 
Page 

347 
eoolesia ... 
nadiensis 

Cirolana 
CG1i/M'nWa 
harfordi ... 

'tnigra ... 
parva 
pleonastio. 

Cirolanidae •• 
Cirrhina . . 

. . latia 
Cirripedia 
Qadaqia 

,craaairamoaa 
perforata 
aemispherioa 

Oladobepatica 
Qadonem& 
Clariinae 
'Clausidiidae •• 
Clava~tiDia . . 

,aBeDSis ... 
Olementia 

,aonandalei 

Qeta 
blardordii 

breviroetria 
lameDifera 
faecuada terr.. .. '. 

Clibaaariua 

Cliooa 

lO,ogitanil 
olivae8ua 

padaveDBiB 

annulifera 
celata 
v8IJttfica 

Cliomd,ae 

Clu"nodon cluUcundG 
ili.l .. 

elupea 

' .. 
· .. · .. 
· .. 
• • 
' .. 
' .. 
· .. · .. 
' .. 
•• 
' .. 

' .. 
' .. 
· '. 

332, 335, 347 
332,341 

,882 

884 , 
884 

878,884, 885 
87,8, ,88S, ,88' 
878, 882" 883 

... ,877, ,882 
435 

404, ,435, 766 
137 
902 
'903 
90S 
903 
702 

.. . 692 

... 428, 764: 
•• 779, 799 

• '. .. '. lOS, 109 
69,108,109,251,344 
4, 334, 3'0, M'l, 699 ' 

333, 834, 336, 837, 351, 3~2, 
699 
362 

· . ." 780,834 
.. .. ,8!U 

8S', ,835 
•• 17'.780,881.842 

· '. 834 

• • 
2OG, 207, :M9. 260, 2Gl, ,695 

202" 201, 207, 208, 249. 2M, 
251,69rs 

206, 208, '207, 208, U9, 260, 
:161, 346. 696 

,8' 
86 
S, 

23,24,26.34,36,344,690 
• • '23,2~, 34 I 

419 
42'7 

41'7, 424, . '27 

Ol'Upeaat~ 

cypriMida 
iliaha •• 
Ule ., 
mauritionG 
my8tGtJ; ' •• .. 
1*'Gtt(J •• 
tAN_ . '. 

Clupeidae •• 
01 . _upemae .. 
Cl fd _ upeol __ ea •• 

ilisha . '. 
lile •• 

'Clytia '. '. 
geoiculata 

•• 

' ... 
· '. 
•• 
• • 
•• 
' .. 
• • 
•• 
' .. 
•• 
•• 
•• 

· '. 

., 

... 
Page 
4:2~ 

411 
• .• 4<K,4:21 
•• 427 
•. 41t 

· '. 42' 
4:1f 

•• ~24: 

• • 417 
417, 762" '7M 

•• 4:26, 7164: 
42& 

· . 764: 
~,426J166 

•• 106 
106 

,serruJat;a ' •• 

Coenobita •• 
•• 69,106,101 
• • 206, 151, '282, 331 

cavipea •• 
ntgOIua •• 

Coenobitidae 
Coiua · . 

cat'" 
polotG •• 
quadrifaaoiataa 
t"~_ 
1)(J('ti 

Coelenterata 
Coleoptera 
CoUembola 

· . 
· '. 
•• 

' .. 
' .. 
•• 

· '. · '. 
' .. 
•• 
• • 
•• 
' .. 
•• 
•• 

Colubridae.. • • 
Colyptoblutea •• 
Conger bagio '. • •• 

,",trIO • '. ' •• 

Ccmgrutt~ •• 
Oopepoda •• •• 
Corbicul4 (Y doriIG) ..,... .. 
Corbula •• •• 

,ohilkaeaaia 
Co~ylophora •• 

lacuatria •• 
Corma IUbatriata 
Oorixidae •• 
Corophiidae •• 
Corophium bouoWi 

oraaaioor .. 

•• 
•• 
• • 

· '. 
• • 
• • 

· '. 
'. '. 

206., 21)1, 342 

... 206,,262 

. '. 206,261 
'118, '116, ,. 

•• 

'718 
71:3 

•• 718, 787 

'.. 720 

'. '. 11' 
67,691 

111 
,. 188 
•• 167, 169 
•• 67 

. '. 441 
'.. 448 
.. 4G 
•• 199, '118 
•• 801 

82, 83'., 889, ,aea 
'8S,885,8I$ 

•• ll~ 

•• 118,110 
•• 188 
... 181. 183 
., ~9 

•• GOO 
•• GIM$, ue 



I ... 

Poge 
Qntophium triaeonyx.... •. G2S,665 

&rtMo 0llMG • '. ." 124 
oM •• ,. 124: 
MIlt " •• •. '124 

()onospougilla buroiai '. • M 
·Oorycaeidae.. •• •. 779, 803 
COryCIe'UB •• •• •• "1'19, 80S 

wn1lllW •• • '. 803 
oCorycaeue (O~yohoooryoatnll) peabreohti 119, 80S, 

84'7 

oCoryDidae . " 
·Onmgonidae •• 
·Cratena 
.(J'Gyrocioft ,~ 

tmudWut 
·Criodrilua l&C1111Dl 
Crooodilus poro8U8 

palustria •• 
·CfYJI~~ 
-Crocothemia eervilia 
·Oruoigera 
Crustacea ' •• 
Cruatecea Copepoda 
(lrostaoea Deoapoda 
~ .. 

paruita •. 
woadi 

a,.taUagobi\ll DilaIoui 
.otenogobius " • 

aoutipinDia 
alcooki •• 
chilkeDSia •• 
tcylindrioepa 
'tdeatifer •• 
tglobioepe 

JDlrna ". tm" · 
-ctenophore. • • 
·Ctenoatomata •• 
CubU18 •• 

panulatua 
.()Qbomedusae •• 
Oalioidae •• 
Ouliooia. perepiaua 
Ca.ma . '. 

tJIIriM/tJro 
diaJ'UDOta 

.. ' ... 69, 109 

•• ... '205, ,260 

•• 878 
•• . , ,DOe 

•• . . 508 

'. '. .. 146 

•• 171 

•• 161J 168, 171 

•• · ' . 436 

•• 180 

•• -' .. ' •• 409. '69S 

•• · , 773 

•• , . 201 

•• •• 901, 90S 

•• 902 

•• 902 

. '. '1&3 

•• •• 739, 743 

•• •• 743, 768 

•• ' •• '144,,768 

•• •• "", 168 
•• 'HI, 1.e.168 

•• • '. 747. 768 
' .. 7., "4-5, '768 

•• '89.",168 
•• · , . 111, 692 

•• • • 122. 1:H 

•• " . ,893 

"I, 419, 480, 87,8, 893 

•• •• 19 
18'7 

•• '187 
•• 69&,857 

69&, 698. 870 
." eee,865,818.870 

•• 

•• 

•• 

*Cuma diajUDcta obUt.ata 
kioequif0ftDe8 •• 

· '. . , 
P.,. 

'" 870 
Oumacea •• 
Cnmingia 

hinduorum 
eunillo ojric4ft4 
Cospidaria •• 

&IlIWldalei 
Cos idariid _ '. Be 
Cuthona 

anDaDdalei 
themici 

"'-I id "'J",.op_. ae 
CyclopiDa ... 

belgica •• 
elepD8 ... 
euacaotha 
_~Ia_ 
I§a__ •• 

tiDtemaedia 

lolJlicaadata 
loDlioomii 

fl~ 

puailla 
pytpDl ••• 
eclmeideri 

_. 185, 398, 399, 8M 

• '. • .340, .341 
•• •• ,333, ., 

•• '.. 188 
•• S31, MO:, MI,_ 
313,334, ,331,361. 700 

•• 333,361, eat 
•• 378" 698,.f 
• • 371, 318, 70J 
376,177.698,102,8&8 
'.. •• 179,788 

· '. m. '192, 71et. 1 • 
' .. .. , . 
· '. '.. 111 
· . .... 193. 195 
•• 796 

"" m 779, 711. 1M, 195, 
ad,8t8, 851 .,. 

.. til 
" .. m. 1'9, '711. 7., ,80, 

•• 

· . · .. 
'. 7. 7. ,. 

CyolopiDidae • • '. '. ' •• 'm, 7. 
Cyclopoida • • • • nt, 780. '791 
Oyclopa • •• • TI9, 1 •• '11 

'CIefUO'W' • • 'M 
bioolor no, TIt, 197 J N4, St9, &DO 
buzt4ui •• • • 176, 'n9, 'f98. 8t8 
~ .. .. ...,. 
~ •. •. T. 

Cycloetreraa.. •• ., 316 
t"~ •• •• .... 
microecopioa • • • .. 31' 
~ (, ..... , ...... ,m. 1ST, 36'1," 
OyCIOItromatidae •• m, SC.,. _, 818 

Cydippidea , . • • 11'1 
Cyliohu iDvolu. · '. · ' . 871 

lactuca ' .. · ,. · . rrl 
CyUoia • • · , .... 101,_ 

rubeola •• • • • • 101 
·tld amt . ,. . too, 901. 902, 103 



Cylioia tenella •• 

verre8uzi 
Cymothoa 

amurenaia 
borbonioa 
indica 

oestrum 
Cymothoidae 
Cynoglosaidae 
CynoglO88UB 

.. 

.. 
brevia •• 

Cyprinidae •• 
CypriniDae •• 
O. 'ftOt.lon _#.iI':"_ .tIP" ~.-".. 

CyprinodODtidae 

Own"fII goAarn4 
laonstria •• 
lat,", 
IOpIwre , .. 

Cyrtograpaua 
Cytherea 

impudioa 

.. 
-

Dactylopus •• 
utarotioua 
bm1icontU 
loti",. •• 

~ 

Dactylopuaia •• 
Da,bat", imbriccaM 

• epAm 
u~ 

DatinG polota •• 
Datnioidea 

poloto . '. 

D 

• • 
• • · ., .. 
· . 
• • 
• • 
•• 
•• 
., 
•• 

· " .. 
,. 
.. 
•• 

· " ,. 
... 
•• 
•• 

· . 
•• 

l~. 

Page 
902 

902 
887 
887 
887 

.• 878,887 
887 

•. 877,887 
739,160,769 

•• 760 

739, 760, 769 
•• 4S5, 766 
•• '-35, 766 
•• 417 
•• 461,766 
•• 435 

887 
436 

~,.s7,'38 

438 .. 236 
•• 861,362 

361 

819 
820 

,. 819 
•• 819 

'17, "'1e, 778, 780. 819, 842, 

,. 
•• 
•• 
•• 
• • · .• 
· . 

MS, M4, M~, 8tH 
•• 780.819 
•. 409 

409 
WI 
713 
718 

.• 713. 71~ 
fUGd,rijGfoiatue • " •• 113, 714 

Decapoda 202,208,298,294,311,322,694 
Decapoda N atantia • • •• 260, 696 
Decapoda Rept&ntia •• 209 
DdGuolWJ itwpinatG • • • • 828 
p>eDdroDereidea, •• ~78, eol. 60S 

t eteropoda • • 666, 667, 808. 606 

Dendronereis 

taeatuarina 
arborUem 
pinnatioirris 

Dermaptera ., 
Desmocaridinae • " 
Deto •• 

Page' 
• • .578, 602, 60S, 607 

068, 667, 688., 599, 601, 600 

•• ". 601, 602 
•• •• 601, 602 

•• 18~ 

264:· 

•• 4:60, 466, 481. 
aucklaadiae 

Diadumene ,aCbilleriaua 
Diadumenidae •• 
DiapUwul fil,amentolUll 

•• 
•• 
· . 

•• 465,466 

691. 
691 
72&. 

OyenG 
Diaptomidae 
.Diaptomus 

blanci 

cia.ctua •• 
QOntortua •• 

pulcher '" 
atrigilipea 

Diaatybdae 
Dibl&Dchia 
Dichelaepie ·cor 

· . 
pyi 

l!)ioyc1oooryne •• 
filamentata 

lDidonwgloeaa ." 
estriata 

DinoJlagell&ta 
Diose. 

avarua · , 
· '. milea 

pUfP,lator 
variaDI ." 

Diopatra 
amoena •• 
ohilieaai.t •• 
leuokarti •• 
tvariabilia 

Dioeaocidae •• 
Diph)'88 •• 

bojani •• 

•• enbauri 
Diphyidae 
Diplaoodea trivialil 

•• •• 727 
•• 778,719,7~ 

•• ..779, 78& 
176,779,788,848,849 

• • 77G. 779, 188, 8'~ 
•• 771i, 779, 788, 849 
• • 7'16, 779, 788, &9 
•• 715. 179, 788, 8'9 

• • • '. 896, 398. 
•.• •• 8H . 
.. •• 187, ~ 

· . · . 171 

• • •. 108.691 .. 69, 110, 691, 692. 

•• • ,. ,86'1, 871 

•• 81)1, 866,81.1, 871 

• • 18 .. 

•• · . 261 
109,206,207.249, 261,S42r 

au 
· '. ., 
• • 
•• 
•• 
• • 
•• 

• • 

· " 

~9 

sal 
261 
368· 
616 
616 
816· 

168, 667. 6'10, 11'11, 0'12, eD, 
613 

• • •• 'ISO, 81~ 

•• 10. 

· " 69, 1~. 
,. lOi 
• • 69,104. .. • • leo. 



1M.. 

PGge 
Diplodoata ... • .. 838, ~.S41, 352 

barhampureuia •• 3S3, 353 
" .. 333,353 
' •• 333,363 

,satparaeDSis •• 
Diplodonta (Felania) ADDNldalei 

'chilkaiDlia •• 33S, 362, 35'3 
333, 352, 353 

1'17, 178, 186,697 
110 

ov8lis 

•• Diptera 
~obIcw(J •• 
Djabub .. 
Donaeidae 
DODUpulchena 
:Doromoeia pictoidea 
Doroaoma .... ,.. 

indicum •• 
indicua •• 

· '. 

· . 

. .. 

.. '. 
• • 

.. 

'. '. 119 , 

. '. ,331 

.. '. 331 
' .. 1M 

'11 
419 

.... 513, ,. 

.01, '19, 1M 
nuua • .. 4(K, 417:, 763, 764 

DOl'08omatiaae •• •• 417, 1M 
Doqlaimua '. .. .. .. • .32, 6s 
Dotilla .. • • • '222. 214, '221 

a8iDis '. .. 226 
blaufordi • • 223 

brevitaraia '. .. 226 
olepeydrodaotylu *,206, 2U, 2'25,226, 

t8De8tr,ata 

iDtermedia 
mtJab_ioa 
myctiroidea 

tFertiDa 

profuaa •• 
auloata •• 
wiohmaani 

• • 
' .. 
' .. 

Bbalia •• 

~)1JIi10B • '. 
tmalefaotriz 

..,iitUera 
Bbuma •• 

· . 
127 

222, '2. 
220, '223, 226, 226 

'222, '2M. 2. 
.. , 2CH, 206, :226:. 221 

204:, 207" III, 223, m,22G, 
226, 221. 228 , 

E 

· '. .'. 2. 
111,228,214,226,227 
•• ..223, 22G 
•• •. 224 

•• 
.. '. 

• • 

202 
19,177,178 

•• 209, tit; 
•• , .. 211,212 

202. 2M" m" '208, 108, 2'11, 
112.211, 'N 

•• 
•• 

.. til 

... 109,340 

Echiuroidea .. . 
Bctin080Dla 

~ 

melaaicepe 
Ilormaai ... 

EctinOlOaUciae 
Ecu,pr«ta 
Edw,udai. 

adeneaais 

areuosa ... 
,claparedi 
pudica ... 
ftlootrm •. 

Edwudaiella •• 

• • 

· '. 
•• 

P.,. 
If 

... 779 .• 808 
•• 801 

Tl8, 779, 808. 809 •• 1 
''18. n., ,808. &&6, 841 
•• ' •. 779.808 
•. III 

' ... 
' .. 
.. '. 

87" .t '73. 88, n 
II 

' .. 
• 91 
n 

•• _, M ••• l&l. 691 

.. n 

.. ea..t 88 
BiODe • • '. • • ' .• 7,eet 
Eireoe.. 101 
BWt:W.w ~ liH 
Elameu • • .... 21,6, il'1 
fE'ADleu (Tftaoaoplu) Gima 101, '*N. 208, III. 

IUDpifoaDiI 
Eleotrillae 
Bleotria 

• • 
•• 
• • 

oavifroaa • '. 
•• 

.p. •• 
Bleutbero.... ' .• 

tetraclMt"lum 
~Io... •• 

h •• u .... 
iDdioua 
mechData 
' .......... B. (_wu) , ...... 

Blopeidae •• 
Bly,aia •• 

tohilkeuil 
ooodpeDIia 
f.uduIa . '. 
Jobata •• 
.. ..:-:.1:­y"...... •• 

Blyei8 (Ac"') .... 
81,.- .. 

•• . ' . 
•• 
•• 
•• 

· '. 
•• 
• • 

' .. 
• • 

iI7.218 
•• 217, 218 

7'1, '7N, , • 
7.,116.1a 

•• '1M 
.. .. 7~,7. 

700,1'-'.1. 
~ . 'U,7. 

4 • 
.'. ,'II, ,. 

413, 'If. til 
•• 411 

tot •• '3, f14. 411, ,. 
... (la, '14, fll 
•• fl,3" 41'f, 'II, 41. 
•• t.1 

•• •• "13. ". 
•.•• an,3ft 
171, ... 3'1', 1Ot. 811 
•• •• 371 

•• . '. S1t 
•• · ,. ,a.,. 
• • •• ,a,. 
•• .. .. 37 • 

•• · '. 31 • 

· .. · '. 3" 



Elyeiidae 
Emyda 

•• 

granoea •• 

1 ... 

' .. 
' ... 
• • 

granosa 'c~rlonenaiB •• 
graDOS& intermedia .. '. 

Page 
702,856 
173,616 

•• 1'7,3, 516 
1'73 

165, 167. 173, 516 
173 

... 173, ,516 
granosa soutata 
granosa vittata 
vittata •• 

Emydosauria 
E _Led Dcuytrael _ ae 
Enchytraeu8 

,albidus 
tbarkudelleia 
hanu:ami 

iDdicUl 
BugrauUnae 

"au lis . '. 
tannandalei 
browrli, •• 
comtnerlOftii 
iadieu ' .• 
tkempi ' •• 
·y~t.acotlu 

my.tax 
porotJG •• 

purava •• 
'f.rambhae 
8puufer •• 
tri •• 
valeuoitDBeli 

Bnh,driDa vaJebdien 
Batacmaea olivacea 
BDt4m08traca ' •• 
Entoprocta 
EolidUdae 

' ... .. 
Bphemeroptera ... 
Bphyd,atia 
Epiu.nium b,amatw.. 
Equula •• 

bkJdiii 
("(,balta 
C(mUJ 

dente:e 
ooentata •• 
edemula 
.,...,foro " 

•• 

· . 
•• 

•• 

&16 
•• 167, 1'11 
•• 142, 144 
' •• 142, 144 

142 
141,. 145, 693 ' 

144 
144 

• ,.419, 764 
419 

404, til. '20, 4:2:l, 764 
426 

' .. 
· . 

426 
42rs 

404, m ,. 422, 7!64 
•• •• 4:14, . '20 

404, 420, 42,1, 424, 425, 7,64 
•• 424,425 

4Of, 420, 421, 424" 764 
•• 404, aa.1M 
•• 421 .. 
.. .. 
· '. 
•• 

.. 
• • 

· '. 

426 
' •• 421,422 

121 
72 

•• 19 

• '. 122, 127 
•• 8&6 

697 
62 

• • 332. 337 J 346,858 
•• 731, 1'61 

' .. 
· . 
· . 
· '. 

• ,t 732 
•• '730, 731 
•• 733 

733 
•• 739" 7,61 

'730" 78.1. '769 
•. 730, '7,31 

Equula equuula ' •• 
mi_uta •• 
nuchale •• 
nICOtlius ",. 
,emili/era 
Iotta •• . . Er~aallidae 

Ergaailus 
bengalensi.e 
hamiltoDi •• 
scotti 
aieboldi •• 

Eriphiinae •• 
Eristalia arvorum 
EryciDidae 
Erythromma _j .. 

BIO'.e '. '. 
panc1~ •• 

•• 
•• 

· '. · '. 
•• 
' .. 
•• 
•• 

· ' . 
•• 
' .. 
.'. 
•• 

· '. 
•• 

· . 
' .. 

Page-
... '7St. 

· . '138 

· . 781 

· . 780 
•• 780~ 

•• 780· .. 77'9, soa.. 
7'19, 80S, 80ft. 

8(K. 

e '. 
80i· 

· . 8(N" 

· . SCM. 

.. I- ,24f 

.. 178, 186--

· . SSS,360 
179 
~93 · 

461 
tEuolymene ,a1ll1aDdalei GS8, 661, 57'0, 6'1,2, ItL 
Bl1I1ioidae •••• 611 
Ev.tae "... 188 

formidabilis 177, 178, 18.1. 182, 183, 186,. 

. '. Euryte 
EUIpOJIIilla 
IJuurpe~ 

,graoili., •• 
EuterpiDa •• 

acutifrou 
grociIi8 ' •• 

Ev.chelJl maarurua 
BzoBpbaeroma 

•• gigas 
tparva •• 

•• 
' .. 
• • 
•• 
•• 
· ' . 
•• 
' .. 
•• .. 
•• 

,F 

· '. 

69'1 

· '. 798· 

· '. .' ... 888 

•• 886· 
." 7,SO,888· 

780,836,846,M1 
.'. ~., 

'" 
" 888· 
•• 890,881 

818,".891 

188,. 
'f'f'Wf ..... l88,l •. 

Fabrieia " • '. • •• IN, 8M 
tJabrioia (Kan~ywiIda) 8pOIl8icola 186, 687:. 070" 

Falcipr 
,Felia viverriaa 
'FeaeOa 

pupoidea 

" '. " . 
• • 

'. " 

1J71,8I8,eGI 
•• 188· 
•• 181· 
•• 888,8" .. .... 



1'-. 

Penella virgata 11. 

:J!i~omatus '. '. 
tmaorodOD 

Iloulina •• 

"Mella 
J'lustra laeroixii 

Pag6 
•• [8&6, 866, 863, 86' 

• • 
•• .. 
' .. 
• • 

•• 861 
566,567,. 

51 
· . 863 

123 
Fompula q,uadrispinoea · . · . 188 
,1'000aridae •• • '. 332, 846, 866, 85'1 I 

.J'u0Ul •• • • •• 122 

c 
Galatheidea •• •• 
Galeommidae • • • • • '. 333, 3Gl I 

Gammaridea • • • • • . 168 
Gauptica • • •• 817, ,862 
oGarveia III 
6G11topA,8UI _ 107 

Gastropoda SI8, 1S'l, 382, 384, 3SG, MI, 697 , 

=Gaatr08accinae 
-Gutroeaccus 

bengaleDlil 
erythraeus 
iDdicua •• 
'1- •• • .. olllD ..... 
tmuticua 

aormaoi •• 
paoiioua 
panu •• 
I&IlCtUl •• 

taimuJaaa 
.piDifer ' •• 

apiDiferaa •• 

vulgari' • '. 
Gavi.U. ' •• 

gaagetious 
GUla •• 

argmtana 
Of'gentariw 

eguulaeJonMt 
miDuta •• 
ttJ1*ftOIomG 

GeluDue ' •• 

898 .. · . 102 
149. 1&2. IGG, 151, IDS, 109 

•• •. 1M 
•• •• 1M 

•• 
•• 

168 
•• 168" 169 

lao, '111. 1M, 105, 1M, lOT, 
1l18, 1GB 

' .. 
' .. 
•• 

• • 168, 169 

U~8 . . 168 
• • 163. 166, 1M, 169 

),51,111,.168, 167, 1GB, 169 
111, lU, 1M, 166, 167. 

1M. 1D9 

•• • • 161 

•• · . IDS, 109 

•• · . 112 
•• 187. 168" 112 

•• · . 733 

•• •• 733. 734 
'733 

•• •• 733, '7Sf 

• • 733,73'.768 
•• •. '733,73' 

'. '. •• 2:21. 222 

OeJaaimUl 8unUlipel 
anA"'.,. on.,., 
perplaaa •• 

GeooarciDidae •• 
Geoligia 

perlriDaii •• 
Gepbyrea •• 
Gerreomorpha •• 
Ger.ree •• 

allipi" .... 
equuJa •• 

'erYdUOanUD 
~ 
japomca • • 
luCid.,. 

0tJefttI 
6y,ena 

pUDctatua 

aetiler 
Oerridae · . · . 

foeaaram •• 
nitida 
.piD~l. 

triltaa 
(JAoriGl .. 

• • 

GiardeUa ~ ...... 
OI088OlOblUl •• 

abacopua 
.. Iesta • '. 
biooeUatua 
bruDDet18 

campbelliaaua 
gillrie •• 
1m.. •. 
plltyoepWua 

Glouoecotecld .. 
Oloaeoeipbonia •• 

~ylaDi .... 
~lolMDIia 
eomplanata 
heteroolita 
:beteroolita etriata 

Glyeer. africua •• 
alb. • • 

• .. baooohip·" 

m 
Page 

lOS, 206:, ..,. 221 
' .. ft1 

· '. 221 

• • tD2, 2M, 241 

•• 
• • _, ,8M 

•. 466, ,891 

•• .- IT 
•• 7. 
•• '7. 

•• •. 1~, 7. 

•• 71'1 
' .. 12'1 

•• 129 

· . '71S 

•• •. 1ft, '7. 

• • 7ft .. " .,7t7, 182, '161 

• • 129, 76:!, '781 

•• 1ft,7 •• 781 

•• 128,161,1. 

•• rl8, 1,81., 7. 

•• 182 

•• I. .. 181, 1,82, 697 
. . la 
' .. I_ 

· '. . .. 80S 

• • 139,140,711 

• ''I 
141 

•• 7'1 
•• ." 141, 7. 

• • 141 
•• 741 
•• 741.7-." 
•• 7f1, ,...,. 

•• • • 741 
•• 141 

•• .." 673,6IS 
•• 'ta, "", tTl 
. '. . ' . •• 
•• ..,t 
•• DII, ~. 871, tI8I 

•• &11 
•• .. . at 
•• • ....... 619 

•• aGI, 187, ". '" 



Glyeera alba maorobraaohia 
convoluta 

Glyoeridae • · 
Glycinde 

• • 

· . 
· " 

· . 

I ..... 

Page I 

629 
629 
621 

." 6'11,6S2 
•• 632 a.tmigera •. 

toIigodoD D66, ~87, 670, 57,\. ';7:2, a, 
631,632 

GnathOltoma • '. 
Gobiidae 
GobiiDae 
Gobiifol'lDea 
'GobioidiDae 
GobiUl 

GCtIti"." .. 
albopuaotatus 
Glooc1ri. ' •• 
~,hilaaft. 

melu08ticta 
08treicola 

,~ 

GODopJacidae " • 
GonoripcAUI 6reN 

~ 
goAcJWI •• 
'~ 

•• 

· . 
· '. 

'." 779;, 791 
7'0,162,768 
'139, 740, 768 

' •• 739, '768 
739, 757, 768 

381.383,740, 141, '743 
743 

'140,762,'168 
744 
74,4 
'743 

• • 382, 383, '140, 168 
•• ". 700 
•• ... 202 

•• .. .s6 
" . · . 436 

" '. .sa 
· '. 436 

GoBotbyraea ." 106 
"'--vlel ,M'WI • " · . 119 
Graadidierella '. · MI, GM, 693 

,boA",," '. '. • • ". 048, 649 
fIileei • • 621, 028, III, 653, GM 
fNIItG/..... • · ". 621, 648 
mepae 111, 618. ,NS. 049, 660, 61>2. 664, 

Grapaidae 
GnpaiDae •• 
GryUotalpa afrieua 
Q)'IDDoblutea 
GymaodoDtee 
Gyrinidae 
Gyro8toma ". 

t ,glaucum •• 

Balcampa 
Bali.oth •• 

H 

693 
109,104,231,233,236 
•• 231 I .. 

· . .. 
• • 

· " 

., 188, 189 
61. 69, 108. 108 

•• &06;, 766 
171 

•• 68, 10 
,89, 71. 71,72, 691 

88 
67, 68,89 

'tHalianthu8 limnioQla 

.. 

PGfl8 
69, II, 90, 91" 91, 96, 101, 

69,1, 891 
. . 
•• 

779,196 
791 

Halicyolopa 
cwquorew 
mapicepa "7~, 196, '797, 842, NI, 84'1. 

propinquUB 
ft,enuispiDa 

Balobatea herdmani 
Halophila •• 

ovata 
Haminea 

crocata •• 
BaoaeneUa loogioonUa 
Baplobranchus ... 

aeatuariDua 
HOfIlocI*lw ,..,. 
. B.,locAtlw (Jrgenteue 

.-opAlialMu .. ,...",.. 
fMlaIt1gmo 
pancA. •• 

HapJomi •• 
Baploatylue ' ... 
BoteflIU' mitior ...... 
BarpacticeDa ... 

... 
•• · ' . 

•• 
•• 
•• 
' .. 
•• 
•• 

.. .. .. .. 
•• 

· '. 

M8 
798 

774:, 7'19, 788 
184 

13, 16, 43, 124: 
18,4:1" 43, Ill, 1&2 

818 
... 866,8'13 

'.. 1M­
." 8M,8&G 

8M 
4IJ8 
4tI3 

•• 463, .. 
' •• 185,408 

,48 
. . 

«S,4Gl,'l65 
1&9 
'19 

•• 719,81B 
• • 813, 814, 811 iDopmata 

tlaeustria "'."8.'79,811.&2,84'. 
MS,849,eGl 

Harpactioidae • • • • •• 719, 810 
Harpactioua.. •• 779,810,813,811 
~.,. •• •• 83e 
ob.lifer • • 810, 811, 81a 
gracilia • • • • 810, 811; 812, 81S 
.graoilia orieatalia • .. 77',71'9, 811. 846 
littoralis 710, 776" 778, 119, 810, sa 

uniremis '. '. 
JlebrUiae •• 
. B.brua beogal:enail 
Bemidaotylua brOOkei 

henatUB ." 
emiporoellio .... 

eariutua 

hiapidua •• 

M6 
811 

•• •• 181 

• • • '. 178, 181· 
... • .. 188. ,Nl 
•• • .. 168, Ml 
•• ' •• 477,888 

1". ,461, 4.62, 477, f718. 8Te. 
898 

. '. ,"I,4n •• " 



, .... 
Bemiporcellio immsi 

, BemirhamphUB 
b1acA~ 
Hmbatua •• 
'...: ;I--,~ ... " .TIf.WIM~'tI •• 

Hennaeidae 

· . · . 
· '. 

Pag' 
•• 4'11,478 

381,383,49' 
494 

882, 883, 388, ,494, '766 
494 

· . 
. HeaioDidae • '. 

1698, 702, 866 
573 

778, 779,782 
785 
188 

•• 671, ed, 644, 64:6 
642 

JIn.rarthraudria •• 
.~,"",.,...1MIoM .. 
Hete1:ocenu maindroDi 
B~ •• 

fiIiformia •• 

G6~,Ge',Ii'lO,1i11,".642,"6 

Betaropanope 
afrioaua " 
indica •• 

Bippidea 
,Hippocampus • ,t 

brachyrh1Dch• 
~ytidae 
W!_..:I!, __ _ 
UIRIUIIUNi 

Birado 
Kia10pia 
B~ CIIlcGrt/. 
~'" 
jarbu •• 
katkay ••• 
,.".", .. 

Homalopainae •• 
Bum. 
,~ 

• ,.ale brevip ••• 

•• 688 

•• ' .. M2 
., •• 24S 
1M, '207, 208, 242. 2a 

'.. 202 
' .. ." •• 443,417,(18,186 
• • 
•• 
•• 
•• 

•• 
• • 

•• 
•• 
•• 
• • 
• • 
•• 

•• '293 
•• GIl, 698 

• '. 614 
· . ,. 
•• 114 

714 

· '. 719 
• • 720 

119 
•• 1. 

169 . . 170 
GI8,G46.M6,647 

,,"",ont •. • • 146. 146, M8 
_",ons ".....,.. . . . . MI 
perieri • • 648 
prevOitii • '. '. • ,648, 047. ,Ma 
"'-bb~ ~. .~Q 
IDW 1JIIll • • • '. ~ 

B"dractiniidae . '. •• 69,108 
Hydrobia • • 331. 341, 346 

miliacea •• • • 81)8 

myliacea 8ubaagWata • • 346 
Bydrobia (BeJsraodia) myliaoea 332, 334, 346 
Bydtobiidae '.. SSt, 346,. 697, '898, 811 
,Hydrooorallillae •• •• 103 
Bydroidea • • • • , • 666 

Bydroide8 DO"..,. 
H1~etn vittatA 
Bydrometridae ., 

HydrophidiDM " 
Bydrophilidae .• 
Hydro,phis 

eorOftCllul 

obeourua •• 
Hydrozoa . 

P.,. 
.. -.• " 
•• 178 .• 181 

181 
" . 170 

19,1'71.118 

' .. .. 1., 170 
17 • 

1U, 187,. 17!), 171 
40. 67. '68, _, 101, 81 

170 
•• '206,218 
., 201, 21'6 

'" 

H gdrtuJ f'ApcAopt 
.Hymeo.icus 
HymeDOIODlaticiae 
Byperomerieta 
Hypolophua •• 409,668 

tM. 408, 613, ,11f, 68S, ,_, ... 
'763 

-phem 

loI&~yobcIeUa ' •• 
,lohtJayOCUDpaa ." 

. " 
~ 

.Idoteidae ". 
Id---II_· . • _uausua MCJ1IICODlII 

fobiIk .... lei,....., .. 
/VIOIIIII •• 

Idyaea 
eDli.fera 
~era iDcIica 
furoata • • 

dyidae •• 
lDdomyaia ... Daud .. 
IadoplanOl'bia ___ 

lIIIeota •• 

'. " pbill6e 
faaDpiDea 
triapmOia 

lrav.w. .. 
heoe •• 

MtI ...... 
_11-.,;. 

,~"''' .. 
lIoImara sea. 

- Ieiu 
" " 

.. .' . ,t,M 

•• •• .. 
•• -• • 416.~7.7 • 

· . " . 417 

· . •• 8'11,811 

•• UI,UI •• 

.'. 612,-." 
817 

· . ,817 

• '. • '. 780, 81f 
". na. 811. 818 
•• "4,7'11,'180,117 
711, 180, 81'1,. 818. 863 
". .• 180.81'1 
". •• 110, III 
.. ..81' 
". •• etf 

III.Ste, 1M 
IN, ... SM. -.388. 1M 

". •• 380, _ 

. '. 3M .. 

. '. 
•• 
•• 

100 
lot 
UN 

." 180 
' •• '118. 78'J 



Iaial'\ clavipes 
ftropioa 

I80pod~ 

I8OpOiJ,a ..4'nomalo 
l8OpOiJ,a CUi/erG 
Ix. ,ca.ualiowata 

Jolmius 
aMi 
,carutta 

JuguJarea 

Kellya 

.. 

•• 

chilkalasia 
mahoaailllia 

1-'-. 
Page 

.• 782,783,7~ 

774:,776, 778, 781, 784,848, 
,BU, ,8'~ 

1'6, '61, 693, ,877, 878, 880, 
894 

· . 
' .. 

J 
· ' . 
• • 

· . .. 
It 

" '. 
· " .. 

,L 

.. 
' .. 

818 
818 
266 

1~ 

724 
714 

•• 7S9,7'69 

.• 34:0,3'1 
318,310,301 

•• ,3S8,3Il 

Labidooera 
pavo 

•• 779, 789 
174,718, 779,789, Mi, sa, M4, 

Labidura beupleDBia 
riparia •• 

IAbrtu Ionglt'OllN 
· '. ... 

. '. 

. .. 

8",849 
188 
188 
728 

6ytM4 ..... 726 
sp .. (qualcw""', •• • .. '726 

Lamellibranchiata 317,818, ,328, ,831, 332, SM. 
336, M8 

LaoDome • • • • 671 

tindiC!l " " 686, 667. 670, 672, til 
t.ophOD~ 180,830,831,832,834 

brevlcomia • • '. • 833 
ehatbmeuaia 776, 780, 830, 831, 832, .1 
COrtluta •• " • 834 
miDut" •• 
mohammed 
tqui oqueal' inoea 

stromi 
Laopholltid,ae 
L4oplun.wl1*i, 

'. '. 

.. 
7'16,831,832 

174, 780, 888, 842, ,tWa, 
861 

•. 8M 
•• 780,8S0 

• " •• 780,834 

Latea .. PGfl6 
114 

7.14, 716,767 
715 
'714 

71' 
Latrunculus 761 
Lu08uberitee ~, 88, 4- , 42, 572, 589, 690 

aquae.dtdciolia :21, 24, 25, ,3G, 87, 41, 43, 
", ,~, 47, 48, 49, 50, 52 

ec~oDinU8 60 
tlaoutria 23, ~, ., 32,4:3, 44, 41, ,47, 48, 

49, GO, 61, 12, 113, 124, 132, ~, 

proteua •• 
'rug08\18 ' •• 

Leander ' •• 
loftgifWtris 

· . 
690,699 

GO 
42,60 

264, '273, 27' 
273 

longiroetria cariaatu •. 
longiroetria japoaiOQl 
styliferua 

· . 
• • 

206,206, '27S. 27' 
.,. ~-~-~ftn/AIVI 
~r--- .• 
Leiopathus 

argenta tum 
4rfmUua •• 
argmtiu. 
bloolW ' ... 
at.t • .• 
at.t...,. .. ...... 
~ 
oquulua •• 

lLeipooteD •• 
teordidw1IIII 

LeoDllatee 
Lepadidae 
Lepaa auerUeta 
LepidoDOtua 
Lepidoptera 
Leptoohela 

reven • 

•• 

' .. 

aouleooaudata 
cariaata •• 
I . ' I graoiUa" - - ' .. 
robuat& •• 
eerratorbita 

Lepklnereis •• 

• • 

· . .. 
•• 
•• 
•• 
· . 
•• 

•• 

... 007 
•• 730, 781 
•. 131 

180 
731 

•• 732, 767 
•• 1,11 

• '. 730,7S1 
".730, TSI 
•• 7S1 

730,787 
au 

--, I«K, 907" 208, IH, ~. 
~,24T · ,., .. ,578 

• • 
•• • • 

· . •• 
. '. • .. 178, 188 
'.. •• 31~. S11 
•• •• SII 

lOG, 208, 311, 312, 314. 315 
•• •• 310,311 
'.. 310, 311. 312 
•• 310, 311. 310 
•• •• 310 .. 311 
'II. 'II " 678 



,Leptopus 888U&IleD8ia 

Lepu rufieaudatu& 
UtuMctl8 damucm, 

Btigfno •• 
ft4lpAUI'et18 

Leucoaiidae .... 
UbelluJinae 

•• 
• O' .. 
. '. 

1M.. 

Page 
•• 168, 189 

'.. 165 . .. 436 
436 
436 

202, 204, 2()9 
•• 179, 180 

Ligia .. • 461, 463, ,464, 466, 481, 894-
australieDBis 89' 
baudiniaDa '... 464, 466, 41S, 47' 
exotica 461, 482, HS, ''', '66, 466, 467, 

.68, 469, 4'10, 471, 472, 473,"4, 693, 

exotica hirtitaraia 
9G~dicAG1ldii 

italic. ... 

• O' 

. '. 
694, ,878, 89' 

•. 41. 
462 
464 

Dovae-~ealaDdiae •• 488, 4,64, ,466, 4'0 
occideDtaJis • '. 466 
oceanica dS, 466, 468, 410, '71, 4'1,2,48'1 
olfenii • • .. • 466 

pallaaii • '. • .. 466 
perkinai • .. .. • 894 

LiPdae • • • • 470, 877,1 8M 
IAtnJda .otico • . • • • . 462 
Ltgtplida~ • • • • • • 894 
Lialbriua iDdiea •• •• 167 
LimDatie (PoeciJobdeDa) pua10la ... 163. 673 
Litiopa '.. •• 33'1,. 340 

copioltl • '. • • • • 81)6 

lempi • • • • •• 698:. 861 
Lit. (..4lGbo) C( po. •. 382, 3aG, MO, 863 

/tempi • • .. • 832, 346" 803 
Litiopidae • • • • .332, 346, 698 

,LittoriDa •• • • '. '. 334 
LittoriDidae .. '. 

,Liza ... .. '. 
bOlDee" 
cOJ8ula •• 
troschelii 

Lobolidae ... 
Loboeu MtraonG ... 
Lobotidae ' •• 

LoUso iDmea .. • 
LonJipedia '. • 

•• . .. 
•• 
•• 
•• 
•• 
•• . '. .. 

.. 
. ' . 
•. 498, 7. 
•• 4'98, '766 
•• 499, 168 
•• 713 
.. 7.18 

• • 767 
.. 19 

•• 
• • 

· '. .. 

. . 

.. 805,801 

." 179.8Of 
46, 121, J28 

LODgiFedia IOOtti 
" ,eberi • ' • 

LQDlipediidae •• 
Lox08OIDatoidee 

colomatia 
tlaevia 

J21. 128. 129, ISO, 81 
62, III, 122, 128, 111. 130, lSI, 

~ 132.6n 
LubominJria 
Lucifer 

aceatl'a • '. 
hanHDi •• 

re)'Dalldi •• 
typue •• 

LuciferiDae •• 
LlllllbricoDereia atlaatioa 

heteropoda 
iDdica 

.. 27 

202,322,323,324,696 
' •• 323, S2f 

2OG,32S,324,321,'e., 
698,691 

•• .. .. 
•• .. 

322,323,324,3. 
,322, 323, 314 

S21 
826 

· " ... 
at 
au 

'fpolydelma 
teUaura •• 
feimplq •. 

666, 167. 170. " '2, .... as 

lMpo ' •• 
Lvtitntu. joh.. •. 
Lutjaamae • '. 
Lutjanas •• 

".. .. ocepWw 
jolmii •• 

L .. tro~ •• 
macrodOl •• 
\'1l'pria •• 

Lyceatie 
albi1lDla 
brevicomia 

~ - ,4 

payi •. 
haw,aiieuia 

tiDdica •• 
oDa.,,,, 

aeDes"'" 
LYIOIOII18PUDctawaa 
Lyollsia •• 

amal· ..... 
LyoDliidae ' ... 

•. •. lit 

.. 248 

.. · . '7)8 

.. ." 718. ,., 
' .. · . 718 

· '. · '. 711 

•• •• '118. '1'1 .. · . I. 
•• · . lei 

· . III 

· . It7,18J.6n 

· '. .. Gal 
681 
081 

." •• 680,681 
",167,''',119,180,681 

M 

'.. •• 081 .. 
• • 
•• ... 
•• 

. . 

. ' . 
181 I. 

IM,MO,St! .. ~.t 
•. 383,.1 

coroData 
•• 17'~, 804, 806,M8 

116,778,779,804,800,808, 
81-8,842,843,844,846 JlaorocIiplaz ... . . ' .. 180 

role- •• •• 779,806,848 •• . ' . .. ~, .• 



,rn 

lfaoronesC&vaaius 
gulio 
vittatu8 •• 

,Macrophtbalmin 8e 

Kacrophthalmus 
de6nitua •• 

tgaatrodes 
latreiUei 

serratus ". 
Macropsia 

orientalie 

Jlacrura 
actridae 

Kaera othomdee •• 
I alaoopfMygU 'I. 

lIaldamdae 
Manayuukia 

specioea 
ltarphyaa 

,califomioa 
'tpavelyi 

lDoeaambioa 
eaaguinea 
teretiUlOllla 

Ifarteaia 
&triata •• 

Jlutacembelidae 
Mutaoembel1ll •• 

armatua •• 

"""fl"" 
IIutobraocbu ' •• 

tiDdicua •• 
Katla bengaleDiia 
Matuta 

victor 
Meduaa 
Megalop. 

cypriDoid. 
jil'J~ 
indictu •• 

M.aacolecid;ae 
KeiDertia imbrica~ 
M'elania 'I: 

tubereuJata 
Jlilea4liU 

1 __ . 

Page 
'.. 404, '34, 435, '165 
• • 404, ,434,435, 765 

· . 
" '. 

.M,4S',435.76~ 
•• 228 
... 228 

!SO 
202, 20it 888, '229. 230 

216 
230 

" . 169 
'149, IGI. IG2, 169, 160, 161, 

'167, 694 

.... 

· . 

• • 

•• 310, ,311 
.. ass, 356 

623, 635, 636 
4OG.418.763,7M 

648 
671, 8M 6IS5 

•. eM,8M 
•. 620 

,620 

. He, NT, 670, 072, 817 t 619, 
620, 621, 822 

· . 

'I. 

· .• 
610 
6ao 
621 
33. 

.• 333,316 
•• 762, 769 
'I. 162 

• 0 '89, 162, 163, 769 

'I. 'I. .93 
'I. 642, 1(u3, 641 
0I8,68f,III,846,647 
• • GaG, 067 J 643 

• '. 'I' 2()9 .. 2M,208,209 
..Hl 
'I. '11 ~ 

406, 41'1, 763 
417 

· .. 41'1 

• 0 
146 
,881 

... · '. SS9 

· . · . 388 I 

· . .28 

Melita inaequis~ylia 
iDsatiabilis 
mesaalina, •• 
palmata •• 
ten~ 

~la"tca 
Membranipora • " 

bengalenais 
bippopus ." 

lacroixii o. 

tuberculata 
Kena chilkaea 

• • 
• • 

meretrix •. 
IDOrphhla. " 

" " 

· . · . 

Page 
G2l, 1)22, G2S, 635 

." ISIS 

.. " 
!SSG 
635 
~S5 

Glrs 
•. 12S,692 
•• 121, 123 

121, 122, 128, :124, ,344, 356 

... 

MS,692 
128 
121 
691 

'. ~ 339, MO, 341, ,699 
3SS,3S6,8S8, S61, 3G2, 699 

333,351 
331 

OVUID •• 333,336,340, 862 
Mer6e chilkaiDBia '. • ... 331 

eatparalDlia • • ,381 
ecripta 381 

MeeenchytraeUi. '. • • •• 1" 
lIeaocb.ra T80, 826, 826, M6 

.. tuarii.. •• 8H 
hirtioomia •• ." 8~' 
lilIj'eharP •• •• 828 
meridioaalia • • 8 • 
nana 7'1e, 'l'l6,f80. 8H, a., 826, Ma, 

PYIJDM& ' •• 
Meaooyolop. " • 

Ob80Jetu8 

oithouoid. 

M~~ 
joAn •• 
tI~ 

Meaov,eli. mull&Dti 
Jt~ •• 
Jlecopeneut •• 

O,ffi"M 
Gob.oM •• 
monooerot 

Metaptax 

MI 
817 

· . .. '''9, '1'98 
no. 'In, ''19, 798, M6, MG, 

MS, M9, 850 
7'1,179,799,841,84:9 

'I. '718 

• • · . '718 

· . 'I • 718 

· '. '. 1'$, 181 
' .. • • SIO 

•• 810 

· " •• 811 
•• • • 811 
• • • • 811 

· . · '. 108~ 181 
lIetaleearma fOU8I8aaD • • ''I. 107 
Metridiinae •• 
Ifetridium •• 

71, 76, 76, 78, 891 
7t, Ta, 7 •• 76, '1e, 79, 8G 



1~. 

Page 
Ketddium sohillerianum 6'1., '1(), 73, 74, 75, '76, '7"1, 

. 78, 81, ·82, 86 
8C1liUericmtM GIll 

pticrapoOl1Ptes .• 
•• ... 

72, '71, '79, 86 
739,711,762 

76' braehypterus 

tfragilis •• 
Miorodeutopus •• 

gryllotalpa 

'189, 711,762, '763:, 754, '768 
Ma, 049, G64 I 

mepae •• 
propinquua 
websteri •• 

ltiorohyla omata 
Microneota minthe 

proba •• 
ltIioroDer.eis 
ltficroaeteUa .. . 

' .. 
•• 

· . 
• • 

•• 
•• 

• • 

·M9 
•. MS, M9 
. ..M9 

·MB 
•• 168, 11' 
•• 183 
• .. 17·8, 183 

678 
•• 719,809 
•• 809 

Ilorvegioa" • • • • '. 179, 809 
lIodiola 32, 62, 180, SIS, 8U, MO, ,341, 3M, 360, 

. 366,699,700 
_~ •• 360, ,3,62, 363 
oelator 360, .362, ·363 
cA"~ •• 308, 359, 360 
·cocAinenN '. • 860,361, 362, 363 
muwgiMIG • • .860, 361, 362 
j-ana .. ,880, 362, 363 
~ •• ,. •• 361 

41,180, lSI, 1S6, .MO, 3DO,3G8, 
880,861,362,364,699 

aubramou •• •• ·362 
... 360,362, 363 ,~"", 

unduJata 888, .831,837,860:.368,31)9, 
360, .361, 362, 410. 6~'('t 700 

tm4ulota crGlfteo,'GtG •• 358,359, 361 
wateom •.. • • 3G8 

,KoDaaoa 828, ,829, ,884, ,831, 886, SS7, 341, 3DS, 

lIoBuca Gutropoda 
,KoUuaO& NudibrADOhia. 
Moaazonollid. .,. 
'MODhyetera uri. 
Jl,0M0Ul0du ~ 
lIonodaotylua •• 

argenteus •• 
laJci/ormu 
,A0m6eu8 •• 

Monopylephorul .•. , 

· . 
•• 

· , 
, . 

. '. . . 

8M, ,8eG, 366, 697 
327, .329, 8G6 
366, 37G, 371 

2S,~ 

• • 622 
,. 621,628 

" 734, 130 
7M, 736, 768 

,. 134 
,. 73. 
,.488 

Konopylephorua .018.. .. 
pber •• ., 
limOlUl •• • • 
parvua •.• •• II. .... ". 
adj .... 

aallGN •• 
6eloMi •• 
bleWJri •• 
bontah 
60naeenN 
caeruJeo-macuIMu 
oeplGlolw 
cephal .... 

cAoftot ". 001''' ... 

· .• · ., 

•• 

· .. 
•• 
. .. 
•• 

•• 488,689 
•• 489,499· 

_, _, 489, , • 

'.,496,.97 
498 

, .• 496,498 
.... ,496· 

497 

•• 
. .. ·'18 
•• 497, '7" 

496 
'.,t96,1. 

•• 411 

•• •• ... '.t ,'11, 1ea, 1. 
tl~ 

..". •• 
QlllDooeplt ... 
jopoaictlt •• 
je.tdoai •• 
.I_via •• 
,longi ...... -clt1r •• 
ott" ••• ...... 
lpeialeri •. .,..,..,.... 
. Iub'riridia ,,..... ....... 
nppofttw 
~ .. 

Musllidae •• 
MWlp .uropwa .... 
MuraeD& .•• 

C'InIbictI •• 
'--tAo 
~.v . '. 

.tIIGCf"WG • . , 

. .....",.,." 

JfW'GlllO (1010) ..... 
Maraeoeaoz . . 

... • ,..,.... 
,omeNUI. , 

•• 
•• 
•• 

· .• 

.• " 

.. .. 
... 
• • 

... 

· . · . 
• • 
· .• 
.. '. 
· .. 
· .• 
., .• 

· . 
" ., 

•• 497 

•• _ .... 7. 
.,,~ 

•• ·t97, ,. 
... m 
•• 481 

•• · .. "'.496 
4~ 

417 

· . 488.1. 

'" · . .If.' • 
417 4. ... 

· . _.7. 
•• UIG 

•• 4Q 
. .. US 
' .. ta .. ... ... 

tA 

"' "' 443, 

· ' . ·'~3 .• TOG 



Ittil«». 

Muromu~ Aamillcmt'Ge 

~ 
14uraenidae 
Itvr4eftOplw • 
f4urieidae " . 
My,&Cidae 'I. 

lfyidae 'I. 

Myliobatidae 'I" 

MyliobaNMeuIaoJU 
Kyriochete •• 

heeri 'I. 
,tpiota 

lIyaidaeea • " 
Mysidae 'I' 

Mysinae 'I' 

lIytilidae 'I. 

lIytilua 'I' 

amaragdiDus 
MyxospoDiida •. 
lIyzomyia IistoDi 
lIyzorhynohua fowled 

aiprrimUi 

Naididae 
Naia 

'I' 

' .. 
oommUDis 
panpayeuaia 

N8m)meduaa •• 
Narcomeduaae '." 

N 

· . 
· " 
' .. 

· '. 
,Poge 

448 
44S 

' •• '", '165 ' 
4M 

3S2" ,843, 698, 856, 870 
'.. •• 365 

" " 

' .. 
• • 

•• ISS, :356 
•. '11, 763 

413 
•• 671, 639 

6'0 
,ae6, 067, ~70, 672, 888 

•• 15, 149" 694 
1'9, lfiO, 161, 166, 161 
•• '... 159 

. '. 333, 349, 699 

.. •• 349 
" " 833, 338, S'9, ,861 

.. Ii 
•• •• 187 

'. ,. 187 

· '. 187 

'. '. 144,'90 
' .. ''I " 121 

141 
''I • .. 141 
' .. · '. .',.68 
'. " ' .. 69, 103 

,Nusa 4. 21n, lOS, ,au, ,88D, 340,34:2, 700, 861. 
867,868, 869 

deneaabilia 882, ,SM, SSD:, ,337, '842, MS, 
698, ,800, 867. 868 I 

eo.nu.reasia 868 
eIlDUIUIia depaupemta • ''I 869 
labecula 109, 2GO. 332.336, 339:, M2 
marrattii ". 332, ,339,342, 866,857, 868 
oriaea6naia 332, 334. S3li" 837, 340, 342. 

343, 698, ,SU, 881, 868, 869 
,ori8aa6uaia eu.DU'eDlil 'I. 340, M3 
liatJIoidea 832, 3'2, 8&6, 867, ,868 
strieta • '. " • • " ,868 

)1881& ,(Eione) labooula 8&6, 867, 868, 869" 870 
N~.idae 331, 332, 339, 3.'2" 698, ,866, 867. 867 

Natantia • '. '. • 201 

Natioa •• 
maculos& 
maroohienais 

Naticidae •• 
Nematooer& 
:Nematura 
Nemert;ea "" 
Neomy:aie vulgaris 
NeolOlen &qll&e-dulaioria 
Nepbropsidea ". 
Nephthydidae •• 
tNepthys oligobranohia 

tpolybranohia 

Nepidae • • 
NeptuDua .. 

pelagicue 
aanguinoleDwa 

Nereidae ." 
Nenis •• 

oamiguiD& 
kergueleuis 
pel.pca ' •. 
van .. ta 

tNereia (Nereis) obi1benli' 

'tgJandioinota 
fredueta •• 

PGf/I 
• • ID(), :111, 262, 331 .. 
· . 
· '. 

" '. 

· . 
· . 
· . 

•• 381 
•• 331 
.. ,831 

IS. 
3M, 381),361 

" . 

19 
160 
699 
293 
607 • 

686, G67, 670, 67~, 810 
G66, 681~, 570t 572, 807, 

608, 610, 611 

• • 

· " 
•• 181,18S 

2(8 
• .I~, 206, 248., 6. 

207 

· '. '.. St, GTe 
•• 176,878,895,608 

· . 
'. '. 'I. 

,G9f 

III 
•• 676,6'17 

597 
&68, 067, 670, G11. 

",586 
G86,66T,I88.~91,192 

&66, ,667, G70, 571, 691, 
,.8, ,594 

Neritidae •• AI, N7, 8G6, 857. 81" 
NeritiDa. • 109,33', ,880 

.ouver6ionG • '. •• 8G6, 880 
NeritiDa ,(Theodona) I01lftrhiaua 332, 34:0, 367 
NeritiDae • • • • • • 8H 
Nipharp • '. DB, &32, ,GSS, 635. -69S 

fohDktlllil IU. 111.53', ,G35, 879 
Nitoora '. • 180, 827, 8. 

frogtJU • • • '. • • Si. 
ol~ ,.,.. 8_ 
aimplez • '. • • • • 8)8 
,8piDipea • • , '... 176, 8J7 
'-'piDipea IOrientalJa ", '. ''1'1&;, 771, 780, ... 

typioa . '. 
'-typioa IaouD 
yahiai ' •• 

NotoDectidu •• 

lUI, ed, 868 
,-, '1'16, 81'1. 818 
7",'7G, 780, 818,841 
• • 1,80, 819. 811 
... ... 181,1,81 



NovacuIina 
Budoapongilla 

aster 
N fWIM ypBWm 
Npnphula diminutalia 
Nyuorhynchua fuliginoaua 

Obelia 
,~ .. 
epinuloea 

0caH0 gzObo.o, • 
Ocdlteridae •• 
'Ochterus margiDatus 
Ooypoda 

cordimaua 
lIl6QfOC8l'a 

platytania 
Ocypodidae " • 
OoypodiDae 
Odouta 
Odoetomia ., 

o 

Oedioerua novi-zealndiM 

f*Uci/ormu 
Ol)'rides 

occidentalia 
aibogae •• 

1,"*, 

• • 
•• 

· '. .. 
· . 

" . 

· . 
• • ... 

Page 
699 
62 

6' 
211 

•• 1'18, 188 
187 

•• 106, 107 
107 

69, 106, 107 
108 
189 
189 

" • 218, 222, 227, 262 

· . •• 218 
10&,207,218,219,220 

~,218,220,221 

· . 202, 2M, 218 

• • · . 218 

· . · . 118,697 
867 

· . SS2,S47,8rS6 

• • •• GSI 

· . •• 1521,628 

· . 284 .. •• S8'1, 288 

· " · . 286,287 

I 

tltriatioauda 202, J06, 207,1M, 28G, 286, 
287,288,289 

.o"n. . '. '. ·a 
•• 286 

Oithona • • 774, '779,791,843, 849 
brevioomia '1'1', '179, 792, 842, 843, 844. 

846,a.6, a.1, 849, 860 
Mlg~ ... •• 791 
DADa 774, 779, 791, 792, 844, 846, 8471/ 

,849:, ,860, mH 

OithoDidae 
OliFohaeta 
Onohidium 

• a 

•• 
verruculatum 

Onohol&imUi o.hilkeDlil 
iDdioUi •• 

ODiloidae •• 
ODiaooidea •• 
Oa.iloua .. 

•• •. 779,791 ! 

141. 142, 144, .s6. 693 
•• •• 334. 366 

•• · .• 
• • 

, • SOl) 

· . 
• • 

32 
661 

4'82, 4'10, 482, 8'17,893 
•• 461, 466, 893 

" " •• '17 

Onychooamptua heteropal ." 
ODychocoryCUUl 
Oaychophora 
Operculata 
Ophicephalua 

irulicul 
punctatus 

Ophichthua 
uakusae ,. 
biaerialia •• 

-. 

" . 
• • 

.-

P.,-
832 

_. T79, 80S 

., 

122 
138 
G(K 

DOl 
IKK 

t46.,",t4T 

"' ..447,448 
bOlO 446,448.449,~ • .al,785 
fcbi1kenaia t43, tII.~, 448. 76G 
Uootalis.. 44' 
hijala ,448 .• 449, 410. 461, ,. 

microcepblua 44' 
miyamotonia "' 
rhytidoderma •• "7 
tauchidae •• "' 

Ophicbthua (Bucaniohth,,) la-jam. ". .aT 
Ophicllthyid.. •• 446, ta, 185 

~A~ •• "6 
bonJ· •• ... tOO 
AfG'4 •• •• •• f48 

Ophidia • • •• Uri, let 
'Ophiocepb.lidae. • •• _. DOC, 7M 
~.,. ~.,.. '.. •• 101 
~ IJO& 
IalG DOt 
,..".. • • DOl. 113, 'lee 
~ .. "' 
()pAiIuruI • • "8 

6oro '... - ..., 
CG"dlllw · . 
gro~ 

AtwotlCAo •• 
Itijola ~ • • 
Ayala 
.... i ...... ' .• 
rwlraIG .. . 
,.".... · .. 
wrml(onMa 

Opiathobratlchia 
OpiatbobruohiMa 
Opiathollypha •• 
Opiathomi •• 
0zaaelIa bNviNlWiI 

· . 
•• 

• • 
•• 
· . 
• • 

· . · . 
• • 
• • .. 
•• 
•• 
•• 

.. _teO 
•• 1&8 
•• taO 
•• 6t8 .. _"I 
.'. "' 
•• "', QO .. 441.'" 
•. ..a .. .. .. 
• • 

Itt 
117 

'St.,a,'. 
leo. 1" 1" I. 



.OrceUa~ 
fluminalV 

tlJrc1f8tM agtliI •• 
anomala •• 
B,..esiana 

... 

IM«e. 

Page 
168 

• • 166, 167 
638,6S9,MO 

640 
6'2 

iDoisimaaa • '. 640 
marl";' 541 
,,",SOft' iurienriI • • ' 646 
~""i 638,539,6'0 
plateusia ISSS, ISS, GSt. MO, G41, 693, 691 
tueurauaa • • 640 

0ryMs 

"'1* 
•• 

Oatariophyai •• 
OM«Jgeftionsl oofttoril 

Oetrea 
militaris •• 

oraaai88im ;& 

oucullata 

· . •• 466 
•• 463,466 

• • 406, 428, 764, 7,6ft 
•• •• 4S0 
• • 404,430.764 
86,337,3.0,344,349 

•• 849 
,332,. 336,. 849 I 

gryphol,dea • '. 34'9 ' 
348 

S3S,336,M9 
,349 

I"yphoid. outtaakeaaia 
leutiginoea •• 
madruea.aie •• 
rostrata •• 
virgiDiaDa 

()etreidae 
OweDia •• 

fwlifomUa 
Osyrhyucha •• 
OxyatolData e. 

·Osyurioathy. ... 
tentacularil 

Pac ygtapaul ... 

proPJQquua 

P,achylabra •• 
vireu •• 

P..,hyura hodpaai 
Paehyurus hodgeo • 
Paguridae e·. 

p 

S.a 
832,336,338,348.3'9 
•• 332,348 

64:0 
639 

•• 

•• 

•. 202, 29S 
"'. 2M, '209 
•• 160 
•• 160, 168 

• • 231 
101. SOl, 107. 208, 181, 232. 

- - '69G,700 

•• 

• • 

• • 

... 611 

e' • 

'.'. 

857 
041 
16~ 

•• 206, 'U9 
P,af(uridea... 20,5, 208, '2'H 
PaiaemOD 203, 1M, 268, 267, '273, 281. 69~ 

biuupioulatUl • • • • 282 

pog. 

PalaemoD oaroinue 288 

danae •• · '. 268 
293 

· '. 298 
doliohod&Otyl US 

dubius •• 
lamarrei 208, 20G, 208, 233,26', 265" 

268, 6Q6 

longi~ostrif • • 2'1,8 

malcolmsoDi 208,206, 208, 264, 266. 267, 
. 268" 271, 272 

rudis 203, 106, 208, 26', 266, 267,. 268, 
. 270,272,693 

eoabrioulu 106,206,264, 272" 273.1 293, 
691 

8tgliferus •• • • •• '273 

u~ . '. •• 282 

Palaemtm (Bu~)""'" ' .. 266 

Palaemonetea • • • • '27' 
PalaemoDidae lOS, 205, 2M, 268, 270, '274, 293, 

319,896 

PeJaemoDiDae ' •• 
PaliDua •• 
Palpomyia 

polY8tiota 
Paludeatrinidae •• 
Pa1udicen. 
Paludicellid&e . . 
Paludioe1lina •• 
P&ludomua • • 
PaDohu 

arg ___ •• 

~i 

cytlnopAIicIItM 
,1cuAlM •• 
panohaz •• 

Paodalidae • • 
Pandalua •• 

-,,~ 
mODtagui 

P.,uiua •• 
bucAoMM 
paapaiua 

Panulirul ' .. 
ParaoaJ.auidae ' .. 

• • 
•• 

· . .. 
• • 
•• · ' . 
•• 
· . 
• • 
• • · ' . 
· . 
• • 

· ' . 
· . 
· '. · . 
•• 
•• 
• • 
• • 

264: 
20J 

178, 186, 187 

· . 187 

· . 861 

• • 12',1. 

· ' . ,124 
M 

· . 865 

• • 411 
418 
411 
4:G3 
,4al 

411. 46S,4:M,f. 
" 

• • 193 
299 

' .. 298 
160, i98, 318 

•• '28 
• • '29 

~,'29, '1M 

• • 137 

· '. '7T8 
ParaoalaDU8 • '. • • •• 77,8, 780 

oraaairoatria "4. 77f, 7'1,8, 780,8'2, &d, 
8". 846, M8, NT, MS, 869, ,aGO, 861 

dubia •• .. •• 181 



IMG. 

Page 
Paracalamu ,'IHI1JIJIIUWt 780 78 ,rl1l1 •• '--- • • • • " , ,. 1 
Pat'aoalliope • • • • - 631 

iluviatllis ,GS1, 622, 629:, ,GaO, 631 

Paraoorophium GO&vaWID •• •• 522, 563 
PtwGCtU oUtltJCeO • • • • 7'2 
p,·-~~ ... ~lis .-.W\oIMIID",1 • .395, 398 

touliooides 3~, 188, 399, 400, 401, 402, 

IODgipes ... 
Paramelama •• 
Par&Dereiaelepu 
Parapaaiphai •• 
Parueauma •• 
Parataema meduaia 
Paratepetea •• 

clauai 
DigraDS •• 
sphaericus 

" . 
... 

69. 
400, 401, 402 
..346 

.. 

697 

311 
2fO 
410 

•• 779,81G 
•. 811 

816 
•• 174, 176, 816, 816 

174, 77,8, 719, 816. 

" . 
•• 

sa, NS, 846, 848, 861 

Parathelphuaa epw,ara • . • · 233 
Paratelphusa (Oziotelph1lll) hydrodromus 206 
Paratya curvirostria • • • . 622 
Puiplaaeidae •• •• toG. 310, 311 

PGUrOCOfJ6 •• •• •• 799, 800 
Nbuta. .. 7"" 800 SO'I "", " , 

_.. •• •• l32 PedicelliDid·" 
Peduncwata •• •• •• 13'7 
Peleontoda • .. • • 897. 699, 700 
:Pelocoetee •. 7S, '14, 'I, 16, _, 88, 691 

en1 • • 69, ' ,8, 86, 86, 87, ,88, 691 I 

PeloaoDidae ." •• •• 189 
Pe1Dohely. oaDtoriI • • • '. 173 I 

,Peaaeidae 202, 101, 81~, 81T, 319, 320, 321, 69G, 
696 

P.aaeidea 
Peuaeopaia 

aiBDia 

' .. 
.. 

doblODi ." 
,DlODOoeroe 

HIT_tua •• 
PeD&e1lI ,. 

aahiaka •• 
caeru1eue 
cariDatuJ 

greoilil •• 

•• ". toG, 316 
• " 208, ,320, 322 
• " 2OG, 320, ,321 

IOI, '107, 208, ,820, 321, 322 
101,906,320,321,322 
. '. 320 
• '. lOS, 8 6, 317, 320 

· '. • '. ,311 

•• •• 
SOl, 208, lOT, 311, 818, 819, 

810,698 

•• . .. Sit 

P., 
Peoaeue iDdieu.. _, •• 817. S19, 820, 6M 

Wlicu'-~ , ..,..,.~....,.. •• •• 319 
monodota •• 

Peoeopaia dob80Di 
monooerol 

p.., 
indicut •• 
,emNulcaM 

Pennaria 
perctJ oakcw 80/,-

. . 

Ip (!.-,..,.) 

· '. 
· ' . .. 

. . 

.. 
· .. 

S17, 318 .. .. 
817 
Sit 

8p.~) •• 

•• 811. S18 
101 
714 
116 
120 
11t 

Peroeeocea 
Perciformee 
Periclimeoe8 

' .. .. 
a.opiua •• 
borradailei 
breviDlril 
daa. .• 
fdemaDi 

edwardai •• 
elepDI •• 
eaai&oDl •• 
euiroetria 
-~ .. ,:t~,....... •• 

teDuipee •• 
~ .. 

•. 493, T. 
... 113, 761 

102, 164, 21,4, :270, 179 
•• ISS 

.. .. m 

.. ..-
• '. '.. '28'1,_ 

... 101, 101, 108, .,.~ 180, . 

•• 
•• 
•• 
•• 
• • 

.... 

282,28S 
... _, 28S 

.... 1St,283 
•• 182, t83 

. . 
" . 

,280 
281 
28t -Peric1imeDeI (pericljmenee) iDdicaa •• •• 

PerisoaimUi .• •• 111 
PeriDereia • • •• 112, 678 

tm~jorii 181,117. '70,1'12.073, ... 691 
Perioculodeeionpaaa.. • • Ut, m, Oi8 

aerra •• .. 
PeriophthalmiDae • • 1,31, 7M, 1. 
Periopbtb&lmUi • " '7. 

koelreuteri 
Petncola •• 

eIOulptura ... 
P.trioolid.. • • 
Petroeoirtee •• 

bhattaob.".. 
,PIwruIo .... .., 
PhiatidiWD •• 

toruaifenID 

• • 

· .. ... 
708. 71S, 7. 

340 =. SH, 633 
, •• 333, _ 

360,381,383,387, lei 
181, _, sao. 139" 761 .• 1 • 

ou,aI9, 030 
• • lOT 

".107 •• 1," 



1 .... 

PhlaJidium globosum · . • • 

Pag~ 

108 
bid~... •• •• 108 

lP~e •• •• •• 871 
P1ailocAerGf • • •• ,160, 261 
Philyra • • 211, 214, 694 

adamai •• ... 214 
'taloooki 200, 2M, '208, 111, 21', 2tG, 694 
fuliginoaa.. •• 21G 
olivaoea •• .. • 213, iI', 211 
8exangula • • '216 

Pholadidae .. , a88, ,834, :366 
Pholas ... 366 
Phortia '. " l~ 

oeylonenaia .... 1M 

pol""'" • ' .. 1~ 

Photia •• IN 
dolichommata .. • MIS 
longioaudata •• 128,031, 1M, GG6 
longimanus GOG 
muum ~ 

Phrapitee • • • • 18 
PhreatogammlZUl propinqUl18 '. • 636 
Phylaotolaemata •• •• ~2 

Pilyll.-gia •• 902,90S 

•• 
•• 
•• 

Poge 

-668,888,889 
•• 888, 8ft 
•• 612 

t Pisoiooia caeca. • 
eleg8ll8 •• 
geomeW. 
toliv,acea Gl .. ,R8. ~.I' ..... 8M,.e, 

86f 
PU()(J(/,(mopAN hom 

potGfMpWw 

~ 
'PlaoobdeUa 

-
•• 
' .. 
•• 

temydae •• •• 
Ptaouaa •• 

plaoenta ... •• 
Plagio8tomi •• 
Plapma depresaa •• 

depr.'(J~ •• 
deprella 8fUG"IO'G • • 
depreasa tubaroulata 
.~ 

~, .. 
tubtrculatG 

Plaguaiioae 
Planorbis •• 
Plautala fiqeaoeaa 
PlataDista PQletioa 

•• 
•• 
•• 

•• 
· '. 
•• 
• • 

"'t 4IQ, 'lil 
•• 460 
.. . 
. ' .. 

114,1-11," 
.. '.1,81 
•• 888 
•• 4oI, .7tI 
•• MI .. ~ 

.. W 
1M, '208, 261 

•• ~l 

•• 2'1 
•• 2&1 
•• 1'1 

888 

•• 180 

amerieaoa •• 90S I Platu ... .. •• lit'. 171 ,. 
ooDferta ... 903 

PhyUobothrium pammiorum .. .. 410 
Phynodoce • • .. • 673 
PhyeodOD .. • • • • .. 406 I 

mullen ,. • • • 4Of, 405, '768 
tpbytoooetee 7S, "'. 70, 7', 78, '1~, ., 87,~, : 

- 691 

tchilk­

tgangetioua 

Phytozoa •• 
P.melod.,. Gnu. ... 

CtJrcio 
,caVtUiua 
gulw 
ifllictuJ •• 
pangtUiur 

'mag," " 
Piuotberidae .. 
'Pirat. I~pturoidea 
Pieoieola 

It, '4 71:. '16, 88, SS, M, 86, 
691 

70, "', 70, 76. 71, 80, 82, 83, 
M,86,691 

• • 

• • 

· . • • 
.. . 

I' I' 

11 
131 
~ 

'" ~, 

4 • 

"9 
"4 

· . tot 
18t 

86G,661,6es,t71,698 

PIat.a nuaeUii .... 
Platicidae 
Pl&tybdeUa 
Platycephalidae 
Platycephalua ... 

· . 
· .. 

iDaidiator 
riAam..., •• 

Platycbeira •• 
Platynereia •• 
PlGtyll4cul ~ 
P1eotocnMhi •• 
Pledropomo I~ 

oolcotV ..... 

•• 

' .. 
• • 
' .. 
•• 

•• 

•• 
•• 

• • 
• • 

PltmopomUl colt»ri/ .. 
Pleurobranohia ,gioboaa 

-,wboea beDpl'" 
globosa oeylo ...... 

•• 
•• 

Pleurooaema •• · '. 
alveolaria •• 

• ~ .. 1~ .. proVlDUUUID •• 
PlotoaUJ • • •• 

.. .. 
708 
'm .. 

.. '81, '.,. 
7el 

1,39, 'Q, 761 
•• 11 

11' 
' .. life 
. . dB 

'.,605,'. 
•• 7:115 
•• 
•• 

fll 
71& 
117 

• • .111, 8n 
. '. 117 
•• 90J 
•• 80S 
... 908 _ as 



IfIda. 

PIGto."a atagUi1larja 
oamus 

Plumatena 
. '. 

•• 
' .. 
•• 

punota. loqipmlDia 
Podager ." •• 
PotoiUo JaWp" ." •• 
PoeoD08toma " " • , 
Po~yohaeta •• 
Po~" f'1GcIitnIe •• 
Polydora •• •• 

aateDData •• 
ciliata · . 

' .. 
Page 
.28 

"',,418. 764 
." 12G 

122 

• • 728 
•• 4G8 
•• "9, '799 

,82,,1566,88S 
•• 499 

." e36,637 
838,687,638 

6SG 
homeUi • • 1S88, 187, 17'0, M2, 8U. 635 
polybr,aaohia •• •• '636 

fPol)'dora (O&rUlia) kepi 
.iOlyuemidae , .... .,,~ 

IGZIicIA •• 

•• · .• 
•• 
•• 
•• 

088.~67.".6S7 

•• 499, 786 

· " •• 
• • 499 

•• 
" . 499 

,.,;. 
~Iw 

lolyaoa ... U, I, 144, MS, 692 
Pomatooeroa •• •• ••• 860 

triqueter '. " 
Poma~8UI •• 
Jl.teWd.ae •• 
PoatObdeU.. •• 

• e 

•• 

'Boatodrilu •• 
bermudeuil •• 
'be.rmudeuia epldppJpr 
bermudlDlil .iuuIariI . .".", .. 
~'" ' .. 

POIltoaiidu 
VOlLtoDtinae 

•• . '. • • 

•• 

•• eN,601 
•• 616 
• " '179, 189 

688:.689,610 
• '. 1.0, 146 
•• 146 
•• 146,893 
•• 146 
e. 146 
.. I. 
e" !14 
•• 2M 

r.tophilUl • • • • • • 210 

bilpiDoI'" • '. '.. '281, 26S 
ecbiDu1a1u '.. , '.. HO, t81 
thend~ 108, toG, Ill. 262, 28S,289 
fI(HMII • • • • • • 261 
apiDOIUI •• • • • • 160 

rOlOeIlio •• •• •• 478 
JoDfera •• •• •• 880 
,JOItllDidae • • • • '2M, 101. 148 
P""UI • • • • • • 148 
Potamaroha obecu.ra • • • • 180 
Potamidee 138, 260, 261, 211,a81, MO, Nl, 80' 

P.,. 
Potamidf8 'oiQpJata • '. • '. 698 

ojopl_. • '. ,BM, _.886 
fluviatilia 109. 260, au, 881 
fulcum •• •• •• 8GO 

Potamidee (Teleeoopiam) fuowD 332. 33', 3H 
,Potamid. (TympaBOtoDOI) aiaplatu •• 8M, see 

luviatilla 12'1, ,332,831,336,839, 3d. 346.-
Potamilla • • • • •• 601, 8M 

fleptoChMta. . 066, 687. 111 
totelli '.... 86. 

P~OfMoD 12,16,12',178.181,188.187, 
188. 308, 830, .7, au. ,38(;, e81, _. 

698 
pectiaatUl 

Potamomyaia •• 
12. NS,'., tM. M2, 891 

•• leo 
.. imilia •• 1",110,112, leo, ltl, 8M 

PotamoDidae •• 
Pot_ell. •. 
Paopia 

lJIDDoo-.pW. 
PriltidM 
PriItia 

'PruvoteUa 
Peammobia 

.. .. 

· ." 
• • 

maboeaea. 
,PlIIDIDobud.. • • 
Paammocollua a .. tnIiI 
PIeW .. 
Paettua 

· .• 
G'ff'I&C*I •• 
oom ....... 
/.zcy",. .. 
rAottebeua • '. 

P .. ud.ioD ......... 
JDiarooepbalQID 

PMudoamb ... 
P .. udodiaptoallll 

aout. •• 

•• •• 131 

· ' . .. 
•• 
• • 711, n1, 71S, 1.., 
•• 
•• 
•• 
•• 

· '. 
•• .. 
•• 
• • 

'. '. 
•• 
•• 
•• 

· . · .. 
• • 
' .. 
· .. 
•• 

•• • '1 • 

'.. .. 406._. 'I. 
•• 362 

ST,. a," 
•. Itt 

It, 111.118, M8 
•• 111 

'.. StO 
' .. _,3M 
•• ,SD,au 
•• eto .. ., •. .. 'I. 
•• TM. ,. 

.. 'M .. 7&&,'. 
'.. '1M 
•• 1" 

•• 1" ,1T1, 180," 
" • '1la 

• • nt,n8,1M 
· .. •• 1M 

yn.adal. ''14. T'IT. 118, t86, 'I •• '''. 
Ia,IM,e.e,ate,"'.-. 

auri.u.u .. • .. • ., tal' 



~seudodi& ptomus 

coronatul 
forbeai •• 
gracilis •• 
hessei 
bickmaDi 

Ind«J;. 

Page 

biDghami '774, ''178, 1,84, 785, 
786" 787, 842, ,846, 849 

'.. '785 
785 

• • • • 184 
•• 78~" 786 

11', 77' t 77,8, '184, 786. 786, 
842,846,848,849,851 

lobipea 176, "7, 7"18, 784, 785, 786, 787, 
84:8, 849 

richardi •• •• •• 7&,78l> 
salinus • • 784 
serricaudatua 7',15, 118, 784, 785, 786, 847 
atuhlmarmi • • 784, 78G, 186 
to1liDgeri 7'1',717,778,78',187,844,848 

.PMMlolota (GWfroN •• ... 716 
PHUdOfftyzom,tG htdlotDi •• ... 187 

f'OIft ... •• 81 
PseudoDereia Dovae-hollaDdiae • '. 69'1 
Paeudophilyra • .. ... •• 214 
Paeudorhombua '. • • • • • 7GB 

&r81U8 •• 

1'U88elli ... 
P,evdOlCt4t!ftO albidG 
Peeudoluberita 
Pt._POD trivittatue 
tpt.erobdeUa 

tamara . '. 
Pteropoda ... 
Ptycbopathu •. 

andanumioul 
barbatul •• 
dentaa . '. 
euterana 
johannae 
onyx 
puaiUua 
rieden 

Punt.us modutut 
'opAore 
• tigm4 
t1iUatUl 

'Purpura •• 
,cariftvera 

Purpura (Tbais) cari.nifor. 
~ygmaeon888a •• 

139, ''IDS, 759, 762, 16,8 
•• •• 768 

•• •• '124 

•• ,S6, 37, sa 
... ' .. '720 . , · . ".671 

· . 66S, 888, 6,69 

•• •• )9 

•• · . 2M, 236 

•• ' .. 231,234 

. '. ' .. 234 

· ' . 23',23& 

· . ' .. 234 

· .. 234 

•• 2M, 23', 23~ 
234 .. · . 23' 

· . · . 436 

· . 439 

· . • • 436 .. · . 439 
' .. 23, 124,343 

. '. .. '2.9 

•• .. 3~, 127 

•• 8G7, 888, ,869 

Pygmaeonae&a deaegabilia •• 

Po,g6 
855,866 

855,866,868 ,oriasaensis 
Pyralidae •• 
pyramideUa 'CMormula) 
PyramideUidae •• 
Pyruua paluatrie 
Pyrgulina •• 

ecol'" •. 
humilla •• 
humilia obi1Jraen';' 
nadieDBia 

Pythia •• 

PyDdopatbue • '. 

Quadriviaio •• 
beapleaaia 

1l41o ,./149'" • • 
gu#aIIJ •• 
,mbriCXrIG 
ftVAoJK •• 

&jG 
Rana brevicepa •• 

oyanophlyotia 
Ranatra 80rdidala 
Rae_a 

truncatula 
Ratuaidae . . 

Q 

R 

'. 

•• 
•• '.. 188 
•• •• 341 
831,34'1,856,807,866 
•• ., 866 
• '. 387, 8'0, 857, 861 
• '. •• aDS 
8SI, 88IS, 8.', ,856, 867 
• eo' S" 

•• 8M 

• • 
•• 

•• · . 693 
121,1.,687,688,898 

•• 
• • 
•• 
•• 
' .. 
. '. 

• • 

'. '. 

411 

'11 
408 
'IS 
409 
409 
4HI 

•• 411, , 2 
•• •. 168, I'" 
167. 168, 173, ,514. 6'11 
•• •• 182 

.. '. 
· . 

.• 871,871 
871 

· . aGe 
,Rhabdura maarura •• 

Rhopalopth UI".. . •• 163, ". 
' ._ 6N 

Reduviidae •• 
Reptantia •• .. 
Reptilia •• · . 
Betusa •• · . 
~ .. · . 

Rhabdura maorura ' .. 
Rbacophoruamaoulatu · . 
RhagoveUa DipiO&Dl •• 
Rhipidosloua •• •• 

189 
•• 104:. 691 
•• 167 
•• Ml 

• '. 871 

"' •• 168 
• • 181 .. a 



, .... GY 

'BhiBtqpa 
b,auni •• 
breVlllima 

martini • '. 
michelini 
eedgwicki •• 

BbIaocephala ... 
Ilhiaodrilu 

kermadeoenaie 

lUdaostomata •• 
mu.oatomata Trip .. 
Bhopalophtlla1minae 
B.hopalophthalmus 

epegius 
Rbynchoplax 
Bhynchota 
BiIaoidae 
IUIIOiDM 
,BOCiDela 

... 
' ... 

auetEalia •• 
orientalis 

lWIee .. 
Botatoria 

· .. 
• • 

Sabellidae ... ...... .. 
,~ 

troglodytes 
laldidae 

• • 
· . 
' .. 

.'. 

· '. · . 
•• 

· '. 
•• 
• • 

Poge 

• .901, 903 
t82 I 

902 

.. '. 902 

902 

· .. 902 
1,87 

.. a, 489 
•• 480 

67,89,8. 
69 

•• 111 
161 

1". 110, Ill, 102 
'.. •• 218 

177, 1'8, .181, 188, l89, 697 

s 

• '. .. '. aD6" ,861 I 

•• ... 8U 

· . 
• • 
• • 
• • 

• • 
• • 

' ... 
• • 

· '. 
.. 

8tm 
886 

' •• ,878,886 
438

1 

.. . 19 

· . 

,.1 
." 

12, 70, '76, 881 
'74, '18 

189 
• • 779, 799, 800" ,802 laphirella 

a~)'_oola 

findioa •• 
~oa •• 

• " '799, 800, ,80.1 
'1f1 .... 802, 844, 846, ,860 

199, 800, 80.1 

SapbiriDa ... 
Saqatiidae 
8ania 

· . Soalariidae 
SoapJumdridae •• 
,siMlh pabo • '. 

• • 1'99 
•• 67.68,89,12,691 

· '. III 

'.. 832.146,866,81)1 

· '. •• 872 

• • · . .29 

S 'L.!- od ow.zop . . • •• • '. · '. 161 

'8D 8~,'~ •• • • 

BoiGMtJ 'Glbitlo • • '. • 12f 
&quU. •• •• '72' 

80iaeDa ooibor ' •• 
eoa. 
i __ 

j.-6uo 
,~ 

",.,.. 

·Ig· 
,BciaeDidae 
Scintilla . . 

ch.ilk&6alie 
bydatioa •. 

Solerodenai 
8cleroparei 
8oo10pi0l armipr 

kerpel'" 
tlD&I8upialia 

RoolDber) 

r:ioM6eu ' •• 
8ooDlb~ •• 
Boombrilormel 
8copimeriDae 
8corpididae " • 
8ootopbilus kuhIi 

WIOu,latolli 
Sorobiculariidae 
Scylla 

' ... . . 
•• .. 
. . 
.. 

· . 
.. 

P.,. 
' .. n. 

717 

• • 1. 
' .. 11t 

• • 122 
7. 
Til 

"' M1 
,DI.MO,1I1 

III 
' •• 001, 'I • 
.. 7.,7. 
•• 8M 

'. • es.6. 
.. 18'1, ,170, I'll, ... as 

•• • '. '7S1 

'. '. .. 
· '. 

· .. 

.. 730 
•• 730.711 

710 
.. 'I., 1M 

.. 7" 
.. ~ -.'. .. ''139.'. 

m .. TM.'. I. 
Ie 

_. ,101.189 
Me 

eerrata 137, _. lOt. 101, '1O'l. _ 14 •• .. tal 

SoypiaOmeciUSl •• 
8cyphoJDetl" ..... 
8cytopborUi • '. 
8el.cbii •• 
8epieU. iDenaiI ' •• 
8er(leetidae • '. 
8erpuJa ... 
8erpulld,at' •• 
8erraaid. •. 
&rnmu JNI" ...... 
8eearma 

udenoai •. 
'-6i _ _ 

bMaviu. 

.• ., 

· .. 

• • 

e7.M 
61." 

T' 
• .... .,13 ... 1. --.-... .. 

til 
•• 114, '161 

718 
lSI 

tsa.ts9, 140 
•• 138. ItO 

160 



IMc. 

8uorma bcIlavico 
batavioum 
murrayi .... 
quadratum 
tetragODUID 
thelxiDoi 

... 8eaarminae 
8e1ella~ 
Sigmatomonoo,neUida 
8igmatophor,a ... 
Siliquaradiata 
8illaginidae 

,Silbgo 
acuta ' •• 
etythroeCJ ". 
,~ 

panijua 
amimia 

8iluridae 
8Durinae 

.&1WUfGUU 

. . 

himoo""" 
60alil 
i_tout ". 
miliIGriI •• 
8p. (1DCIllGgo) 
tUlalUl ... 

• 

,,8ilunu (Callicl~) ,CMto 
8iphoDopbora 
Smar~ia 

mamilla • • 
,80uv,erbiaua 
viridis 

,Bmw 6yeua ' ... 

Page 

'I ' 238, 240 
SO" 207, '238,239,240 
.. 
· '. ... 

• " . " 
.... 

· .. 
' .. 
' ... 
· . .. 
· '. 
•• .. 
•• 
•• 
•• ... 
· .. 
•• 

• • 

•• 
•• 

· '. · . 
•• 

'240 

· . 
204 '206 '288 ' 

" 231 

· " 238 

• • 809 
'25 

•• ~2 

•• 340 
•• 7,21, 761 

' .. 
721 
129 
722 ' 

•• 7'22, 723 

• '. 123 
721, 72S, '167 
428, 762,7M 

••• 29, 1M 
•• 429 

· '. '29 
•• 4'29 

•• 429 

· '. 'SO 
.... 429 

.sIS 
· .. '29 

69, lOS, UN 
857,859,860 
868,860,861 

... 86'1 
8D9, 860, :861 

• • 728 
,8olarieUa aatp.faiDlia 
801eidae 

• • :331, 348, ,&D6, ,Em? 
•• 139,769,169 

321;, SIS,MO" Ml, 3153" 361, 409 
BlUlalldalei • • m,aM, MIS 
fonesi 333, SSG, MO, SM. 3GG, 867, 368, 
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PREFACE 
Some years ago a series of short papers 011 the fauna of brackish pools at l)ort 

Canning in the Gan,getic delta was published in theR('cords 0/ tll(' Iltdiil1l J/"Sf/llll . 

I h:ad intended to make these the basis of ;a nluch more c01l1prehensive study of tilt·' 
fauna of brackish water in Bengal and other parts of India. but as tittle "'cut on it 
became evident that the area of these pools "'as too litnited. and their hioiogica'i 
equilibrium too subject to interferen~e on the part of luan, fOf th<-nl to h~ ft'l(a rd(.~l 
,as in any way typical. On sever.al occ,asiotls I had visited the ChilkaLak~ 'for th~ 
purpose of <:ollecting the auinlals of :its shores and islands, but it ,,'as not until July. 
19I3,wben bottom·nets \\'er'e used for the fir~t tittle ,. that the r{",tint\."'re~t of the 
lake fauna became apparent. On this occasion I \\'as so stnlck by the a!".~.('iation ui 
marine and freshwater .forms that I sent to Calcut~"l for )Ir. Ken11> to join 11 Ie at 
Barkul and we drew up together a scbeme for a comprehensi\'e. zoological ,~UT\'ey of 
the lake. 

I due course OUf plan ""as laid before the l~rl1stces oftbe Indian ~hlS('Utn. " 'bo 
accepted it in a most geuerous spirit and put aside a nlpI (. funds (or it~ rc ~lIil~'tion , 

With their approval we hired the oldy stealn-laullch 011 the lak\.", ol>t~lin(.'d tht 
necessary ,apparatus by purch.ase from Europe or ffOll1 local ~ur,<..~ an(1 ~.rr'lu~ed ttl 

spend, together or severally, a ,considerable p,art of the year 1(114 un th'l· lak\' or it ... 

shores. 
I take this opportunity to state that all the physical ob~~rvat i~nl' \\'hl'r( hy th,,' 

positions of o'ur collecting .. stations '''ere established an(l the \·aryiug~,lHuity \If th~: 

w,ater ascertained were made by Mr. 'Kentp, \vhose practical \."xp('ri\'l1\'\.' uf nlarin,,' 

investigations is nlore extensive than nlY 0"'11. 
So far ,as the preparation of this volunle is (.'tlll("erned '. \,"c lu,v\',,'ork,,'(1 tnth,," 

strictest collaboration, ,Q'nd even those re )orts that .are is~ued in the U ' \111\' tt( ou~ of 
~ 

us have bad the benefit of revision at the hands of tl1\.· other, (htr a\:~n(l\\'I('d~nH!n1 

of the assistance we have received is exprcsSl"d iu a ,,::cll('ral 11"."th,·r in tl,,' 11ltn,(hl('­
tion th;at follows; ill the case of r(;'ports on tlH"~J'<)Up~ tha t W(' hn \'\' UI't \',,'ut uf~~l t u 

discuss ourselves froln a taxununli\.~ J>uiut uf Yi~,\' . t h\· pap~r~ t hl'U'~\'h \',,\ \, ill 1'10'" id,,' 
the best proof of our indebt<.·(llle~s, 

CAtCU'I'1'A : 
kJ.ay 14th, t9 1S, 

N. ANNANO:\t,J~. 
S"I>"'~'" ('/ tltt / ••• Ii "f .\1 .. ,.,.. ...... 
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FAUNA OF THE (~HILI\'A J~AKE 

INTRODUCTION. 

By N. ANNANDAI.E a1,d STANLEY KEMP. 

GEOGRAPHY OF THE LAKE. 

'l'he Chilka Lake is a lagoon situated on the east coast of Peninsular India and con­

Ita. poatt'oD and character. nected with the Bay of Bengal. Its area is about 350 sq. 
miles; its depth rarely exceeds two fathoDls; its \vater 

undergoes great changes of salinity in the course of the year and at anyone season 
d!fters greatly in this respect at different places. The precise geographical situation 
of the lake is between latitudes 19°28' and 19°54' N. and longitudes 85°6- and 
85°35' E.; the greater part of it lies in the Puri District of the Province of Bihar and 
Orissa, while one corner extends into the Ganjam District of the Madras Presidency. 

A glance at the map (plate II) will show that the lake consists of two parts. 

Ita dlvlaions. 
(i) an outer channel opening to the sea aDd (ii) \vhat 
may conveniently be called the main area. 

The outer channel is peculiar ill that its course is not direct from the sea to the 
lagoon, but runs parallel to both for SOlne miles. Its total length is about twelve miles 
aDd the breadth of the outer part nowhere more than one and a quarter. The actual 
mouth of this channel changes froID time to time both in position aud in breadth; 

,in 1914 it was situated opposite the village of Arakhuda and \vas not nlore than 
300 yards broad. Near the opening the channel turns abruptly at right angles to its 
former course and communicates with the sea by a narrow passage several hundred 
yardsin length and apparently of .no great depth. There are records that 011 several 
occasions the mouth has been completely blocked up by sand carried along the coast 
by' northerly currents, especially in the south-west monsoOD,' It has then been opened" 
artificially by digging to prevent flooding of the surrounding country. 

Frotp the inner ope11ing of the sea-passage the channel runs ahuost, directly 
south-west. On one side it is separated from the sea by a llarro\y saud .. spit and on 
'the other from the main area of the lake by a series of comparatively broad penin­
sUlas and islands. On reaching the apex of the Satpara peninsula tile channel divides 
into two branches, one of which continues in the original course until it becomes 
g~adually Inerged in a network of swamps and narrow water-ways. 'l'he broader 
branch, however, turns at a right angle and, coDtinuiDg rouDd Satpnra peninsula, 

I 'l'he origin and dhection of the local currents on this coast are atilt very Imperfectly known, aad 
it I, probable that more than one factor plays a part in the phenolDenon to wblcb we refer. 
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finally reaches the lllaill area at the point called Mugger-Mukh I (Shark mouth). 
III the flood-season this is one of two openings into the main area, for there is another 
south-west of the large flat island of Barnikuda which lies in the midst of the inner 
part of the channel; but even the opening at Mugger-Mukh qecomes extremely 
shallow in the dry season, while the other disappears altogether. In March there is 
not lnore than a foot and a half of water on the bar ' at the former point. 

The 11lain area of the Chilka Lake is the, real lagoon and occupies by far the 
greater part of the lake-system. It is roughly pear-shaped, the longer axis running 
south-west and north-east. Its length is about forty miles in the height of the dry 
season and its greatest breadth about twelve and a half miles. 'The broadest point 
is situated toward the north-east extremity. 

The shores of the Chilka Lake have considerable variety of character. Smooth 
green lawns, diversified by clumps of trees, slope down 

Shores, streams and Islands. 
to the water's edge: rocky headlands rise as pyramids, 

seemingly composed of loo;e boulders piled one on another with bamboos and other 
vegetation springing up in the interstices; islands, some bare and rocky, others like 
the headlands, others again low and sandy, rise from the surface of the water; nak~d 
sand-hills contrast with the dark green foliage in which fishing vi,l1ages lie hidden. 

On a near approach the green lawas are not attractive, for in dry weather their 
margins are edged with decaying weed and in the rainy ~eason lie deep i~ evil­
smelling lnud: the headlands and islands are difficult of access at all times of the 
year. Our present business, however, is not to discuss the beauties or the d~om"f 
forts of the Chilka Lake but to describe the features of its shores that have a bearing, 
direct or indirect, 011 the nature and distribution of its fauna. 

At the northern end of the lnain area the silt brought down by several branches 
of the Mahanaddi system, of which the most important is the Dayanaddi, has 
formed a lnargin so iU-defined"that, when the floods are high and the water in con­
sequence fresh, there is no perceptible boundary between rice-fields and lake;' the 
former tenninate oaly at the point at which the water becomes too deep for rice to 
grow. ~\s the water-level -sinks in late autumn wide stretches of muddy fOJ;'eshore 
at:e left bare. 

Along the outer side of this area, as the distance from the mouth of the streams 
increases, a large quantity'of sea-sand is mixed with the Inud, and even where the, 
proportion of alluvium present is very small, tne periodic decay of vegeta~on and 
the fine silt usually held in suspension hi the water but deposited when·a dead ,calm 
prevails, produce a thinner or thicker layer of mud above the sand. AtoUI the­
whole of th~ shore the extent of mud or sand left bare when the water sinks is COD­

siderable and the depth of the lake at aad near the margin extremely small, to be 
measured in inches rather than feet. 

I In several Iudlau dialects the word .t mugger It (more correctly tIItJ,",) luen.ns crocodUe.. but 
the Uriya fishermen of the CbUka J~ake use it to .llIlify either a crocodfle. a porpoise or a shark. Tbe 
Jast is sometimes di8tinguishetl a8 'Haga,-mach and tbe porpoise (O,ctll,& b'ftJirosl,is) as sl&S-tNagd'. 
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Fauna oj the Chitka Lake: I tttroduclioIJ. 

The inner side of the main area has a far more varied character. For SOllIe 
miles north-east of Barkul, almost to the point at which the delta of the branches of 
the Mahanaddi may be said to cOlnmence, the shore consists of a series of little bays 
separated by headlands of the kind described above. Most of these lteadlandc; are 
spurs running out from a range of rocky hills that lies all110st parallel to and at no 
great distance from this shore; others are isolated fraglllents of the saIne formation. 
Between the promontories the edge of the lake is flat and resembles that of the 
outer shore of the sante area, except that the prop-ortion of lllUd to sand is greater 
at n10st points and the slope a littl~ less gentle; sin~le rocks and groups of stones, 
most of which are left entirely bare in winter, occur sparingly; the grass that covers 
the shore is short and coarse. 

South-west of Barkul point, which forms a lower and less pyranlidal prOlllontory 
than those that lie to the north-east, there are several wider bays in which the 
margin is of a shnilar kind, but without the headlands 

The south (strictly south-we.;t) end of the lake is occupied by two long and 
rather narrow bays separated by a lllass of rocky hills, the highest of which, a 
regular pyranlid nalned Ganta Sila, rises abllost straight frolll the water to a height 
of over 5Qo feet and is one of the m03t con ipicuous Imd-marks over the greater part 
of the whole area. Round its ~ase single rocks of considerable size fornl what may 
a!nlost be called small cliffs; when the lake is flooded or moderately full the water 
r01:U1d- them is s~veral feet deep, but in spring and early sunuuer a narrow muddy 
fereshore is left.bare in front of theln. The shores of the two bays resenlble those 
a4jacent to thenl. 

Near the south-western corner of the outer bay lies the moutb of a Slllall canal 
tlat'formerly ran to the town of Ganjam, which is connected by another canal witb 
the- Bay of Bengal. The Chilka-Ganjam canal is now, however. COlllpletely blocked 
\1p and the locks with which it was ptovided Inust alwdYs have rendered any direct 
communication between the lacu3trine faulla and that of the sea practically illl­

possible. 
The inner shore of the outer channel, except in the itntnediate neighbourhood of 

th~ sea-opening, resemble.; the outer shoreaof the lagoon. 1'he bar that separates the 
ab8.nnel from the Bay of Bengal is, however, eo1nposed almost entirely of clean 
sea-sand Sloping down into the water, and it is only at the point at which the 
channel turns landwards, anel in particular opposite Harhanlpur Id .• that the t11al'lOI 
becomes rnuddy or swanlpy. 

The only streams of any size that find their way into the lake arc the braucbes 
of the Mahanaddi that enter the north-eastern part of the main area, for the hills 
that run 'parallel to the inl1er shore are practically waterless for ttie greater p~rt of 
the year and even at the southern end the sInal1 water-courses dry up "lore or less 
completely by the beginning of the hot weather. 

In the lnain area of the lake there are a Dumber of rocky isl"ud~ of different 
sizes" none of them really large, that have n certaitl bfological itui>ortalll'e in that 
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their bases remain under water throughout the year. In this area there are also a 
few flatter and luore sandy i;:;lands the margins of which slope gradually, but the 
most remarkable and the largest island in the whole lake is N alban'o, which lies not 
very far within the lVi:ugger-Mukh. Nal1:>ano is a great sand-bank .co~pletelY covered 
with tall reeds, the roots of which are submerged when the water IS hIgh, so that only 
the leaves and inflorescences are visible above the surface. 

The islands of the outer channel, including Barnikuda, are also sand-banks, but 
at tllost support in the way of vegetation no more than a scanty growth 'of short grass 
,vith, in the case of Barnikuda, a few stunted shrubs. 

Generally speaking the bottom of. the Inain area is muddy, while that of the' 
outer part of the outer channel is sandy. In the former 
its nature is so uniform, notwithstanding the admixture 

of a certain amount of. sand at some places, that the snlall actual differences have as 
a rule little effect on the fauna, and it is only in the neighbourhood of N albano and. 
on the shores of' some of the other islands that true arenicolous specie~ occur in this 
are~. The mud forms .two quite distinct layers, one of which remain5 practically 
undisturhed except in very rough weather, while the other is usually held suspended 
in the water and only deposited, in very sheltered places or at times of unusual calm. 
This flo~ting layer is of course very finely divided and habitually stains the water a 
dirty clay·colour. Its occasional deposition is an unfavourable factor ill the life of 
m~ny sessile organisms. The permanent layer is gray and of a clayey consistency, 
but not so tenacious or so heavy as that of creeks and canals in the Gangetic delta. 
It is mixed with a considerable atuount of decayed vegetable matter, which some­
times stains it black, and often with a large number of small dead shells of genera 
such as Clementia, Theora, Nassa, Stenothyra, etc. These apparently do not remain 
long intact; but at certain points, notably in the neighbourhood of Gopkuda Id. J 

there are fairly large deposit,s. of dead Placu.lta-shells, whJch are evidently more 
permanent, while at the edge of Ranlbha Bay masses of crude litlle are dug from the 
mud when the water sinks and with thetn occur large numbers. of dead shells of Area 
and Meretrix. T~ese deposits of calcareous matter do not J however, seem to have 
any direct effect on the fauna found amongst theln. 

Bottom. 

In the inner part of the outer channe1 there is a great l11ixture of nlud and sand, 
some of the latter being black and extrelneJy heavy. Mr. G. H. Tipper of the 
Geological Survey of India informs us that this is.due to the presence of monazite in 
small quantities. 

In t?e part of the outer channel that runs parallel to the Bay of Bengal, the 
bottom IS composed of almost pure yellow sand similar to that which forms the 
beach along tpe greater part of the eastern shore of Peninsular India. The only 
natural solid bodies found in this part of the lake are the large masses of dead and 
livin? oyster-she1ls that lie in beds round the small islands· opposite the village of 
Manlkpatna. The faunistic impQrtance of the absence of solid bodies is illustrated 
by the fact that ~n a small post set up to mark the channel near Satpara we foulld 
several species not obtained 'anywhere else in the lake. . 
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The main area of the Chilka Lake is exceedingly shallow. In the dry season, 
Depths. when the water-level is at its lowest, the depth rarely 

exceeds 8 ft. at the southern end; while over an immense 
area towards the northern extremity it nowhere reaches 4 ft. The deepest sounding 
we obtained at this season was IO ft., at a point close to the eastern end of Kalidai 
Id., whence a comparatively deep trough extends towards the shores of Parikudh. 
At many places we found it impossible to approach within a mile of the shore even 
in a small row-boat. 

We have already referred to the shallowness of the water at Mugger-Mu~h and to 
the depth of the outer channel at this season. The dE!epest water is said to be 
situated off Arakhuda and our boatmen talked of five fathom~; but the deepest 
soundings we . ourselves obtained did not exceed 20 ft. ' 

In'~ the flood-season all depths are ·increased by 5 or 6 ft., the exact amount 
probably varying from year to year. 

It is evident that the differences in depth, relatively great though they may be, 
are actually insufficient to produce any appreciable ef!ect on the fauna of different. 
parts of the lake, except in so far as they imply a great rise of temperature in 
extremely shallqw water. 

The origin of the Chilka Lake was thus explained by the l~te Dr. W T. Blanford 
Origin of the lake. in his ' C Sketch of the Geolo.gy of Orissa' , I :-

"The lake itself is a part ,of the sea first rendered shallow by deposits from the mouths of the 
Mahanaddi and from silt carried up the bay round the hills near Ganjam by the violent southerly w~nds 
of the monsoon, and then entirely cut off by a spit, formed, by the same agency, of sand drifted along 
the coast: Ne~r the south-western extremity of this spit there is a considerable deposit of estuarine 
shells, at a height of 20 to 30 fed: above the present flood level of the Chilka." 

For our special purpose it is unnecessary to elaborate this concise statement, 
with which we are in general agreement.'l We may. point out, however, that even 
stronger evidence for the belief that the lake was once an open bay than that 
adduced in the passage quoted, is to be found in the occurrence on the rocks at 
the base Ganta Sila of the remains of solitary corals, organisms that flourish only 
in a pure sea-water. The beds of dead Placuna-shells to which we have already 
alluded provide evidence less strong, for Placuna flourishes in the Tampalakaman 
(Tamblegam) Lake 3 on the coast of Ceylon, in which conditions are not very 
dissimilar to those of the Chilka I/ake. 

HYDROGRAPHY OF THE LAKE. 

Of the varied elements that compose the physical environment of the fauna of 
the lake by far the most noteworthy is the great periodic change in salinity to which 

-------------------------" -

I Rec. Geol. Surv. India, V, p. 56 (1872 ). 

2 Hunter, in his" Orisscl" (p. 25; 1872) cites a legend which implies that the bed of the lake 

was dry land as late as the 4th century A.D. 
B Hornell, "Report on the Placuna Placenta Pearl Fishery of Lake 'l'ampalakatuam": Rep. 

Ceylon Marine Biol. Lab., I, p. 41 (1906). 
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its waters are subject. This factor undoubtedly exercises a continual selective 
in8uence on the animals of the lake and it is to it, in the main, that the special 
interest of the fauna is due. 

The methods ,vhich we adopted in determining the salinity of the water are 
explained on p. 17· 

As is pointed out below (p. 18) our investigations were. made chiefly at two 
periods, in each of which we attempted, 80 far as was possible, to visit all parts'of 
the lake. Observations were, of course, made at other seasons and we have in fact, 
in 1914 and in previous years, paid visits to the lake in practically every month; on 
these occasions, however, our investigations were of a more or less restricted nature, 
concerning only a portion of the area to be investigated. 

The more comprehensive surveys effected in the two periods.mentione~ above 
were made respectively in the salt- and the freshwater seasons. In the first, in whi~ 
our observations extended from February 12th to March 18th, the entire lake was 
filled with water of varying but comparatively high density, while in the second, 
from September 1st to September 23rd, the water throughout a great part of the 
system was quite fresh, owing to the floods which enter the lake at the close of the 
monsoon. 

The charts on P 9 showing the corrected specific gravity of the water will give a 
good i(lea of the enormous variation in density at these two periods. It is of course 
improbable tbat they represent the maximum and miuimun with any exactitude . 

• 
Somewhat higher specific gravities are doubtless to be found in early summer, that 
is to say in the period immediately preceding the monsoon, and subsidiary investiga­
tions made in July tend to prove that this is the case. It is also possible that the 
general density indicated in fig. 2 is capable of further reduction in exceptionally 
high floods so far as the southern end of the lake is concerned. 

In giving an account of the general configuration of the lake-system, we noticed 
that it could be divided into two pa rtc:; , the main area, which comprises the bulk 
of its waters, and the outer channel that forms the communication with the' sea. 
'rhis division is not founded entirely on geographical considerations; there ate ~1so 
very marked differences in the range of density of the.\vater in the two regions and 
therefore notable faunistic distinctions. I The division is consequently based on both 
physical and biological feat~res of considerable itnportance. 

In March we found that the specific gravity of the sea, taken at a point some 

S It It f th t h J 
mites below the mouth (and therefore, owing to the 

any 0 C ou cr c aRnc. 
~trollg north-easterly currents that prevail aloDg the 

coast, Ullcontalnillated by any discharge from the lake) wa~ 1'0270. i\n additional 
ubservation made a few days later just inside the mouth gave a reading of 1'02825. 

At this period there \yas 110 appreciable outflow from the lake and the water in the 
channel over an area extending from Barnikuda Id. to Arakbuda yi~ded specific 

I Tbe prevalence of a aandy botton1 over a large part of the outer cbnnnel IDUIt also of course be 
tak~1l into account iu coaudderit.g the faunistic di"ercn~ •. 
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gravities, varying from r'02625 to r'026so.L It is clear that in this region, during 
March, the water was for all practical purposes as salt as the sea. 

In September the conditions were markedly different, The level of the water 
was sonle five feet higher than in March and many of the low-lying islands in the 
channel were almost or entirely submerged, a strong current was flowing out of the lake 
and the water throughout the length of the channel was entirely fresh up to the point 
where it entered the sea. Ebb and flow at this period made no alteration in salinity 
and the maximulll effect even of a high spring tide could only have been a slight 
banking of the water at the mouth. The specific gravity of the sea a little to the 
south of the entrance to the lake was at this period I or675, a reading considerably 
lo\ver than those obtained in March of the same year. 

By December the freshwater floods had in a large measure subsided and samples 
taken in the early part of this lllonth at Satpara and near Manikpatna gave readings 
respectively of r'o0325 and I'or250. At this tinle a small outflow from the lake 
probably still persisted, salt water entering the <;hannel only at high tide or under 
specially favourable conditions of wind, 

In the outer channel, then, the range of salinity is the greatest possible, and 
animals that live permanently in this region are able to exist for some eight months 
in water almost or quite as salt as the neighbouring sea (sp, gr, 1'0270) and for at 
least three months in water that is entirely fresh. 

The change from salt to fresh water that takes place annu211y towards the close 
of the monsoon season is probably effected gradually, _The discharge from the rivers 
at the northern end of the lake must in the first place drive before it the saline water 
with \vhich the main area' was previously filled, and there can be no doubt that the 
first slow currents that pass down the outer channel have ,a conlp~ratively high 
salinity, which slowly decreases with the augmenting volume of the flood. The 
change fronl fresh to salt water, on the other hand) probably takes place more 
suddenly. After the floods have subsided and the hea9. of water in the lake has 
disappeared, there must, under suitable conditions of tide and perhaps also of wind, 
come a tilne when a volume of salt water enters the sea ... mouth and it is possil?le that 
f~r-reaching alterations take place in th~ channel in the course of a single day. 

Both periods of change must have Inarked effects on the fauna of the outer 
channel and on each occasion there is probably a high mortality; freshwater forms 
must be largely exterminated on the entrance of salt water, while many marine 
species that have established themselves'during the salt-water period must succumb 
in the 'flood s~ason. We have direct evidence that this occurs. 

Though less extensive than is the case with the outer channel, the changes of 

Salinity of the main area. 
density to which the waters of the main are~ are subject 
are nevertheless great; the specific gravity v!1rying) 

according to our observations, from 1'000 to 1'0150 . 

I A sample taken in a swamp south-east of the northern extremity of Barhatnpur ld. and separated 
by a bar from the main channel gave a reading ro02376, The water'in this place was probably Ibixed 
with a certain amount of surface drainage from land in the vicinity, 



.1lt'1110;'-S 0/ !ltt IIIJ;(III .\111'1'10", rVOL. V 
J 

I I
, 1 ". I '1' 1 f,'11 1'-' will he sel'll frotH the chart Oil p, l), an abrunt 

11 'C )rll~l1\ .\tit .'.' '- , •. t" 

, 1 't" " 1 ')\lIltl~rl'd 'lt :\hp'l!l'r-'!ukh on the har that separates the 
l'hallgelIl(en~ly\\a~Cll( .. :--.. " 

. ' t' tIl" (llltCI" l'll'lJllll'l . '1 h,t r CO\'l'J"(,'( 1 at thIs }>eJ'1o<l hy \\'a ter only some Illanl art-a [(Hll '- • ., " , , 

, 1 '1' r t\\'() f'~et I'll (l"l)th 'fhe Sl)l'citic gra\'ltles III ltttic (nore than a l'lg ltec..'ll IIll' le~ () '- 1,-, ., 

'I 1 1 t' I' )26 t() r'llln 'l'hl' flood..:; of the l)rL'\'I()U":; year S InunSOon had 
1111 C C langC( r\ lIIl (, , 

not only alto~ethl'f suhsided, hut a C(HISider,lbll' qllJlltlty of salt·,,'ater had entered 
frOlll tl'le Ba~' of Bengal. The luost notl~\\'()rth~' fl'atllrl' of th(' spl'cific gravities in 
this large rl'~~i()l1 \\'as that the denser \\'ater \\'as accllllll.llated at thl' south end, 
Thl~ highest realli ngs \\"l're oht a in~<1 at the ';Oll t hl'rn l'X t feln 1 t y of I{aln bha Bay and 
frol11 this point to Nalhauo thl' SPl~l'itiL' gLl\"itil" fegnLlrly dl'crcased. North of 
X albano, watl'r of grea t cr ltellsity \\'as agai II 11ll't \vi t h. "'hill' the lo\vest readings 
were ohtained along thl' north-\\'e~tl'rll shorl' in the vicinity of Patsahanipur. At 
this period the specitlc gra\"ities Wl' obtainl'(t ran~l'd frOlll I'c )()h75 to I 'OI 150. Owing 
to the extrellll' shall(,\\'nes~ of thl' lakl' \\·c \\'~rl~ un lhlc. ho\\'cvcr, to visit a con­
~iderable rl~gion at the llorthern CtHt alHI the l'oillparati\"cly sinall alnonnt of water 
that enters fnnll the ri'"l'r~ pr()hahl~' proritll'('" specific ~r.l\"ities lo\\"er than any we 

actually recorded, 
~l1hsidiary ohservations Illade in the lni,,tflle uf ,\pril at the southern end of the 

lake seem to inciicatt' that no great changl' in the c()nilitiqn~ hall taken place, thougn 
the position of the isohalines (as in(licatc(l by the linc~ of llO~lual 'pc.:inc gravities) had 
probahly altered to a certain extent. S:unple..; t'd~en in Ratnhha Bay and off Break­
fast and Chiriya Ids, gay(a readings idcn t iC,ll \\'ith t hos~ of February; but off 
Barkuda thl' ~pel'ific grayity "'as lo\"cr (1',)(uJ7)) and off ~Ialudaikllda higher 
(I 'oUqi5). By J u]y, ho\vcvcr I a l10table change had ()ccurred and there is little 
douht that during :\Jay all(l June a considerahle \'OIUtll(' of salt \\'ater had entered the 
lake: the specific ~ravitic~ \\'ere hi~hcr than any pre,"iou.;ly oh~cr\"ed and the entire 
area ~.outh\\·est of Salnal Id, \\'as fillccl ,,"jth \\',lter \'aryin~ fronl l·ol~5 to 1'0150, 
At Barknl the specific gravity \\"a.;; still tllUl'h thl' sanll' as ill Fehruary, t'iz., 
I ·ooi.5n. 

1'h(· conditions in the TlUlin ar('a ""l're \"l'ry «tifft'n'llt in Sl'ptl'lllht'r. IQl4, In this 
Illonth, a.;; sho\\'n in fig. 2, p. II, tht, grt.'ater part of the.' an-a ,,'a, tilh·d \vith fresh or 
:l hnost f r~h ,,"att·r 

'fhe l-!f('~t \'OhUllC of silt-lad<"11 "':tter brought (10"'11 into the l10rtlltltnl end by 
t h~ ltt'ancht,~ of the !\lahanac1cli systt"111 had t'X pl'l1l,t1 all t ha t of h i~h(llr sa linity- n 
l,h("J)otlleU(ltl al r(tad y I1ntt .. ct ,,"j t h n,f(·rc'lll'(' tnt he." ott t lor l'lt a 1llll'l. I t is lll\"ic1cn t that, in 
tl11o~l' part", of th~ lakt., at any raft·, the ch;tll~(,'" ar<' not (hit, to ;Uhllixtl1re so Inueh as 
tnt h(· «:x pulsioll (,f OI1e.' volt 1111(' l)y a 111lt llt,r. 

In S('pt(:l11her ... 1i~ht tract'''' of a higher spl'citil' grayity -,vl'n' 1l11-t ,,,ith between 
~all'an() and Pat~ahauip\lr, the "'ah'r varying fruln fr(· ... h tc~ I'cIO:. and south\\'ards (If 
this lin«: thtoJ(. waS;t \.!l:lClual ri~(' ill (1('Il",it~" up to sp. gr l'caClh~ ill Ralnhha Bnv, The 
1att(:-r 1t";~dill~. tb.· 111;)>.:il11\l111 c,h!'-t.'r\'(·d ill !-\(""ptl'11l1u:r. is ab()~lt th(· ~al111' a~ tl~e luini-
IIIUI11 u'cord«:(1 ill tlu: · .... tlt-\\·.,tc·r .. It 'J11 . 1 1 ,. "f 

• fa '- "'(·.l~flJ1 WI »(' untll.'l'C t 1at "pct'lh(" gra\'ltlC~s () 
I'C,')(, ;lull 1I\'(·t w{'n· "111\' 111t·1 with IU';,,, tIlt, "holt, ill tltt, ('xt1'('I1'" "o\1tll and that 
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B A V o r B E: N GAL 

TEXT-FIG. I.-The speCific gravity of the water of the lake in February and March, 19t4. 

,At this. I?eriod we w~re unabl~ to visit ~he north-east end of the lake owing to the shallowness of the water. The 
specrfic gravItIes recorded 111 the mam area vaned from I '00675 to I '01 15, A sudden change occurred at Mugger-Mukh, I 
the outer channel being filled with water as salt as that of the Bay of Bengal. 

.. :.' 

FRESH WATER 

BAY OF' 8 ENG A L 

TEXT-FIG. 2.-The specific gravity of the water of the lake in September, 1914. 

During this month the water-level was some 6 ft. hjgher than in February and ~Iarch; Nalbano I ~nd ,several of the 
islands in the outer channel were submerged. The north-eastern part of the mam area was filled wIth tresh water, as 
was also the outer channel as far as the sea-mouth. In the south-western end of the main area the specific gravities 
ranged from 1'002 to 1'0065. 

1 See detailed map, Plate II. 
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throughout the ~o\lthl'rl1 part of tht.' 1.lke the ,,'atlor in the 1l1id(lIl' \\'as of lower specific 
g r a \.j t Y t han t hat tle a r l' r the ~ 11 0 r l- ~ , ,. ., 

.. \ short seril'~ of nh,cr\'atil)fl'" tll;tllt' 111 ~()\'cll1hlor lnlhl'atc~ that the conditions 
in this 11lonth did not diner 1.1rgt·ly fHlln thnSl' ob'l'rvcd t\\'O Illonths earlier, the 
hig-hest "'pl~'itil' gravity (l,,),.h) hl'iug o)'tailll,d at the ,ollth cl,ul of I{ambha Bay. 
\\·ater of apprccial)le salinity"'.'" hO\\'\.'\'L·r. Ilut ,u clo'l'l~' rl'stncte<i to the southern 
area. for a salllplt' ohtailll'd otl KalilLli gave a Icading of l'o°.i5 and others off 
Barknl (,f 1"H\3. Thl" tlond-\\'ater. hi.ltl SOllll'\\'hat ahated, \\'ith the result that the 
It'\'~.'1 had dl'Crl'aSl'tl and thl' ~llilll' 'vater. l'onlilll·tl (luring S,-opt~nlht-r at the extreme 
~·)uth, had ~pr,-'ad further north, 

It is noteworthy that thl" r()ck~ 011 the illlh:r -.horlO of t hl' suain area appear to 
itJdic~ltl' that the \vater ~illks Illainly ill " seril'''' of sllt!tlt.·n falls. for. as will be seen 
iroIl1 the uppt.·r phuto~raph ull Plate I. till' ",tonl' j, luarkl'cJ in the dry season with 
threl' or fnur horizuntal hasll1: .. of .1 :,uperliei,tl Ilature 1'hc distinct dt-Inarcation of 
the-s\.' bands i:, apparl'J)tly dUl' to thl' fact that till' upplor Iiluit of la;Il'h has indicated 
t h,-' highl"st \\'a tl'r-lint' ic,r ,~lHlll" l.'ollsitil."l.t 1 ,ic 1 )l·t inti, ~lIH I altl"r it high south-westerly 
\\'iutI "'C: not iced ill nile l'a "'L' t h~l t .1 b.1Ud act ua II~' rl·prl·'\.·11 t(:d an a rea of half-dried 

al~a ju~t left bare hy a ",udc.lC:1l rl'lhll't inn of Il·\'(.,1 
. \n at tl'lll pt tu tli~l'llS'" ill «il't.t il t hl' \"an inll' ttt hel &'J.:l·Ill.·il·~ tha t a ffa.-t the 

Effect of winds, tides, ttc 
""tlinityof till' lakt· \\'lHlld b~· bl.-~·Olltl tilt· !"!Cope of our 
IHL'''t"llt l'U'Iuiry .llltl \\unltl l"lortaillly dCluand an ex­

pl.'riCtll'l· uf h~Odr()graph~' and I1ll·tl't)rllll)~y \\ hich lll·itht·r of u~ po~~'~S(.-s. It has been 
our ohjl,'ct to obtain. ~ i~H a .... \\ .1'" pr~,ctil',lhll' \\'ithill th,-· lilllit~ of a single year, a 
~l."lleral i.Il"a of thl' altl·l.ltiuu .... in ",alinity tn \\'hich tlal- Lllllla of thl' lake i~ sUhject and 
oi thl' Inure illlportallt c.J\l'CS to \\'hi,,'h thl''''~' l'han~e'" .lfl' clllt' 

It i", l'\'idlout that thl' l'h~1I1:.!l'''' arl' til a l~lr~c l'Xtl'llt cOfl,-olat<.a(1 \\'ith differences in 
\\ah:r-lc\'l'l.lud th.lt thl' IIlnll-.u.,1l JlcHut", arc .. by t.u thl' IIl .. ",t poft'llt of tht· n ... ~Dcies 

at \\ork ()ther Ca\l'l'~ lllu~t. Uolh' thl' :l· .... "'. 1I,&"l" .l ll1,lIkl'.) l°tllo,,'t .. \Ithuugh the 
ri,'l,'r", ,It thl' l10rth briug \\'itb tlll'lll },~. far till" ).,!h',lt('r p.lrt (If I Ill' fresh \\',lter tllat 
l'lltl:r'" the ",ystlotll, the ~trl',lfJl"" \\'hi"h olYtll III till' 1l1nll't)(,11 at other puints but 
al"-: {ur thl' Jllo,t p.u t clr~' during thl' rl'lll,lintl4..'r of tlat' YlO,lr, 111H,t al~, have some 
inf1uc:nce I,n till' l'ondition, .&lld dUliut,! l'l'llft.}'" of hl·.l\'~· Llin -.ur(al'C drainage even 
tllJlll thl' "'Ill,tli \\,ltl'.",hl·.}'" at the -.nttt}\(·rll l'ud tllU",t Ite l'uu"idl'labll' 

l'nf()lll1llatl')~' fln )'It'C'''l" claLt ,lfl' .\\',lil.,hlt, ,,~ III tla .. · .lIHount of fuin that 
l.db a .. :tl1;llJy 'JIl tht' l.lkl', III otlr \,X!h,tiCll('lO It \\.1'" dl·t'icll'dl~· ll"~ (ill Iq 14) than that 
which it'll Oil tht' ~lHf"\ll1ditlg ,"HUltt\" St1l1'111 .... l'cll1lill!-! up frnlll thl' ~nuth uften 
t:ithl'r full.,\\'('d thl' hill1.lllgl'''' t .. tIlt: l1"llh'\\l,~t,,1 till' l.lkl'. 01' t,l-'l' ~plit in t\\'U hefore 
tIll' Y' rL'~H:hL'd it. tllll' 1)'llt "'kirtin~ thl''''c.- hill", ,,11ile., t11(, lttlH'1 kl'l'P~ to slOa\\Oarcl. follow­
ing tht' lint' (Jt ",lnd hill ...... t',n k tll(' 4.'lI,l ... t 

,\11 it1l)H.rta111 f:l('t"r ill 1.w.t1 ('haith"'" ill ", . .tilllt\' i", tilt' dill,·tioll of tht' \\'incl, 
e h\ ill" 1 n ( /1 ,. d h' ttl' 1 I', ts 

,... ". \I }t' c'l)jI~~J.l}1 1\ Itt til' -"'\Ult'\lllllrllg ,'o\1l1t,\" 111t' 111nl1",)oll curren 
;lh' to ""'JIII(' ('xh'ul di\'('ltt,d .llld th,' l t1C O\'.tlvut \\ll1d tltt c t\lghtt\lt lilt, J..:ll'al("r pnrt of 
t Jt t ' \ 'l' • 1I J .., .... ( ) \ 11 )) \ t I I . 1 " " d hie - \(: .... l" \ '10111' 11'" «i",l1tel It Cltft'll 1,1.,,, .... \\"ath \"oll~1 ('ra 
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force and for protract~d periods. We are informed that on occasions, when its 
violence is extrelne, the greater part of Rambha Bay is entirely emptied of water 
and in February, I914J the effect of even a moderate breeze was brought home to 
us by a sudden lowering of the water-level so great that the "Lady of Chilka" 
grounded at her moorings. Sudden changes of the kind must result in the water being 
banked up towards the northern end and must produce a considerable admixture of 
volumes hitherto distinct. Observations made at Barkuda Id. in February, before 
and after several days' strong breeze, showed a definite rise in density, the salter 
water having doubtless been brought from the southern end by the wind. 

Tides have of course no effect during the flood season, as at this period the 'Outer 
channel is filled with fresh water to a level some feet above that of the sea. Even 
when the lake was at its lowest we were unable to observe any regular ebb and £low 
in the main area. The influence of wind, indeed, seemed to us sufficient to account 
for any diurnal changes in level that were actually noted. Any effects that the tides 
may have had were doubtless Inasked by this agency, \;yhile we made no attempt to 
investigate less obvious movements. 

In the outer channel tide had of course a slight effect at this season.; but the rise 
and fall, owing to the narrowness of the sea-mouth, was probably much smaller 
than in the Bay of Bengal immediately outside. It is clear, nevertheless J that the 
tides, assisted probably by changes in the wind, must have a much greater effect on 
the isohalines than is indicated by diurnal changes in water-level, for to this agency 
in a large measure must be assigned the influx of salt water at the time when the 
autumn floods have subsided. 

In a lagoon of the size and shallowness of the Chilka Lake evaporation must) 
especially in a tropical climate, be more than considerable and doubtless plays a 
great part in the phenomena we have been discussing. We have no nleans of estima­
ting the exact influence of this factor, but it is not unreasonable to suppose that 
beyond compensating for the comparatively small amount of fresh water that comes 
from the Mahanaddi system in the dry season, it also plays an important part in 
inducing an inflow from the sea. 

The great changes in the salinity of the Chilka Lake are due, as has already been 
explained, to the floods of fresh water which enter it 

Summary statement of annual each year at the northern end from s~veral branches of 
changes in salinity. 

the Mahanaddi systenl; the annual sequence of events, 
as it concerns the lake as a whole, may be stated brieRy as follows:-

The floods that enter the lake at the close of the monsoon from the Mahanaddi 
delta expel all salt water froln the northern portion, driving it through the outer 
channel to the sea and are of sufficient volume to raise the level of the lake some , 
5 or 6 ft. above the mean of the dry season. There being no outlet at the southern 
end" the cOlnparatively saline water which had accumulated there is banked up by 
the flood, becoming, however., diluted to a considerable extent both by admixture 
with water from the north and by surface drainage from the land in the vicinity. 
Towards the end of the year the floods subside. The first effect of the alteration 
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, 1 'f t -r )f to\\' ~aJinit\", hithl'rto l'olltinr<1 at the "tuthem end in le\-el IS that t ll- \\ .. 1 C C • • • _ , 

d f t1 rtll In l'OUrSl' nf tillle thl' It.'vel sInks to a J111DlmUlll and SUbQ6~ 
sprea s ur ler no ' , '" ~ 

I d · 't'lbl' ·"onditions of \\'uld aud tull'. \"oJullles of salt \\'uter enter quent v Ull er !o'UI, t '" . • 

f t-l' ~ lO' , Id entirel" till the outler t:hanlll,l This III IC)I" had already taken 
rOI11 Ie sell .11 . d' . 

b f t l l110nth of Fchruar\". lTnder unrnu,l l"on ItlODS the \\'att:rs of the 
place e ore Ie . ' . . , . ~.. .'. . ft f, 

, bab},' risl' In snlllnt\" O\\'lllJ.: to ~U{Cl*SSI\ e 111 OW" rOil 1 the Bay of 1nanl a rea pro.. ,~ . . · 
Bengal, until a J1HodnuUll is rl'ill"ht~1 ill ! uly. By .-\Ub'llst. ~he monsoon floods bav'e 
t"otlllllenced. the \\'atcr-Ievcl ris~s rapidly and ~I repetltlun of the annual cycle 

hegills, • 
'Phe inlportant subject of salit1iti~s In,IY thert'fure be sUlllillunzed a~ (ollo\\'s:_ 

(I) In the dry sea~)Jl the ,,'atl'r uf the uuter chanu ... -! is practic.~lll\" a~ salt a~ 
that of the Bav of BCIlJ.:al. \\'hile that uf the luaiu area i~ distincth' 

r • 

brackish. 
(..?) _\t tlu~ end of the \y~t St-tlSull the \\ .. lter of the \vhule of the uutl·r l'hilllUel 

and of a great part of the ruain area is frc!ih. \vhile that of the suuth­
\\oestenl part uf the latter is hut ~liKhtly saline 

(J~ At all tiJne~ uf yc,lr the l·hange frulll \\'atl-r uf 10\" to that of cCHllparati\'ely 
high s..11inity take plal'(.-s ahruptly in a \"l·ry linlitt-d afl'.l, -..c. that the 
isohalillt-S arlO l·l()sel~· \.'rU\\·tll-d togethlor, 

(-4) In the dry scn~n Ulis art'" of ahrupt l"haugc is -.itunted at tia- Junl·tiun uf 
the uuter channel \\'ith tht, uti,ill "r,,-u. hut by the end of t lit" \\ l-t season 

it has shiftt-cl to thl- sca-Illuuth, 

\"ariatious in the tClllpcr .. lturlo uf the \\"atl-r of the lake IU1\·e Jlr()l".lhl~·, eXl'ept 
in cxtrclllC cases. hut tittle inftuence on ,hl- di~tribu· 

Tcmprr.lurc •. 
tion of the fnuna. ;\C\."Orciing tu our 01-""(" vatiuns. tJJ(~ 

,urfal"'C telllperclturc raogl"S frulil .!5'· tu ];oC. "lui is prubably hightl t ... 1 lIlarked 

extent than t hat of the nar of Hcng •• I. ·fhl· l't)()ll-r \\'utcr i, IUlturall, fOllnd in the 
Inore central parts, \vhillO nearer thl' ~hort.-s. and l~pecinlly in tJle VI~"II11tr of rucky 
he,ullands. thto tClnpl'r,lturc is nuti,,,c.lhly hiJ.:I,,:r l~vell ,-~ulnp.ilrntivel~· ... hort IK'ri()d~ 

of hot \\'e-dther Inust uh\";u\I,ly ha"l· a Inarkcd \-alwct In r'li~ln~ the ,;urful"\' t\'lup""raturc 

and the IUi.lxitnulu nllist he rc.'nl'hcd In \"l"ry shallu,,' \\"at\'r ur in "'111 •• 11 Inofl' or 
h:~" i~)latl-d J>oul~ at the l1ulrJdn J n onc' sUl'h !\IKlt ""\' nhtnincd. in At ,. f l-h, .t r(. ... ldin~ 
of -4J

D

C,; thi, ternpcratufl' Illu,t 11\', inilnil~.tl tn II1UI1)' f()nn~ of lifl' ,IIHI as a 
lnatler of ob~rvation fe\\' li"inJ,: .'l1i,nal~ .'fl' tn he fUlind in ~it\lntioll'" of thlo kind. 
SeClM>nal varialion in tl'IUpl"ratuh' i ... ,·(·rtainl\' uot v .. or\, ~r(·nt: but (I'll dat~' arC Ilot 

~utlicicntly cxtcn~i\'lO tu pel'lnit of .• 11101,- prl·(.·;"4,' "t.'tl'lI~l'l1t 

\·I~'~ET.\TIf IS 

I,ll Inu~t .,art~ of tIll" lakl' th" .Hiu.atic \'l1-:(·tnt.on i~ ~,·.'nt \'. hut il'l ,l h·" ,hl-Itcretl 
J,ay~ III thl' lu.lin alCil at ')Jl'l·i\.~ of l'fl/'''"Ol:('I"" t \\ ilh ,llO,"I\'I< ~r,,~~.lik(· Il·.'\'l'~ Krow~ 
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luxuriantly, for1Iling dense thickets that extend up\vard froln the bottom to the 
surface for a height of at least four feet. This plant dies down in the rainy season 
and Inasses of dead and dying weed then break loose, float on the water and are 
thrown up on the shore or entangled amongst rocks at the edge. The new grovvth 
Inakes its appearance in autumn and is well advanced by the middle of November) 
\vhen the plant is in flower on the surface. Its maximum luxuriance is not ho\vever , , 
reached until February or March, after the flowering season is practically over. 

A plant more widely distributed in both parts of the lake, but much less con­
spicuous and luxuriant) is H alophila ovata, a species that creeps along the bottom 
sending up stenlS of four to six inches high at short intervals. These bear relatively 
large ovate leaves which form a favourite basis for a few simply organized sessile 
animals. Halophila, which is practically confined to a muddy bottom, is found all 
over the main area and in the inn~r part of the outer channel, in patches that often 
reach a considerable size, Srnall masses of this plant are constantly being detached, 
probably by diving ducks and other water-birds, and float from place to place. The 
plant is found in an active condition at all times of the year. 

Several other aquatic Phanerogams occur in the lake, but are not of sufficient 
abundance to have any faunistic jnterest. 

Among semi:.aquatic flowering plants by far the most conspicuous is the reed 
(Phragmites) that covers Nalhano and grows amo'ng the rocks on many of the promon­
tories. It reaches a heig1;lt of at least IO feet. Several other smaller grasses and at 
least one species of rush also grow in the shallows of the Inain area, but not in 
sufficient quantities to attract a special fa una. 

The higher algae are absent from the lake and those of the less specialized groups 
that occur. are not as a rule of any great zoological interest. Several unicellular 
forms are found J however, in consiqerable quantities in the plancton at some seasons, 
notably species of Dinoftagellata, while a certain number of diatoms live on the 
bottom or else\vhere. Submerged rocks and stones are usually coated with simple 
and branched filamentous algae of a bright green or a brown colour, but the growth 
is never very luxuriant. A slimy dark green species with an offensive odour some­
times co~ers small patches 01 the bottom in the main area and is fairly common along 
the shore of the Satpara peninsula. Its presence seems to be pecul~arly inimical 
to animal life. As the water sinks after the rains., this alga) in dry~ng, forms a thin 
felt-like substance and is gathered by the villagers at Satpara and used by them 
instead of paper for wrapping up parcels. 

From a zoological point of view the most important feature of the vegetation 
on the shores of the lake is the total absence of mangrove swamps. Except where 
the beach is sandy, as along the outer parts of the outer channel, or stony, as 
around many of the islands and promontories of the main area, cultivated fields or 
grazing grounds extend do,vn to the ,vater's edge, if the former do not actually 
encroach upon the water. There are, therefore, comparatively few trees close to the 
margin; firewood is also scarce and trunks and branches are not allowed to go to 
waste or to float away. T~is fact is of faunistic importance in reference to the 
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general "l".trl'it'" of ~oli(t hotlic.·s tn \\'hich att4."utloll ha, .1Irl-;a(ly hl-en , .. ,lIefl with 
respect to thl" uuter l'haul1('1. 'l'h4.· hl~tl~4.~ of ....crc\\··pint.-s hy \\ ~lich. tht· til·lds ar~ 
prott.~'ted (ronl t rl'~passillg l"at tIl' .lI ~, hO\\'l·"l·r. \\'h(-11 tilt.· "'il t~r IS hlRh ~ "Hllctirnes 

partialJ~" slIlunerJ,!cd: thl"~' tht"11 afTonl ,ht·l~l·r to n'un~" J 'el."aputi, l:rust.~l·ea. \\'hile 
hroken frn).!lllent~ st rnndl~1 Oil tht' ~h()rc J:1V4.· lod~nlcnt to .. llIpl11hlOU5 ln~l.·':t~ and 
l"nl~tal'l'a, a' \\'l"l1 as tn 'l""(~rnl t('rrl·,t rial \'t.·rtl·J,ralt .... that (l .... ·<1 un these .ll1i,nal~. 

(~r~sl~w.\J. l'II.-\N.\lurl~R 01: Till-: I:A'"S.\ 

\\'hen all th~ rl"ports l'ontrihntt.-tl h~" S!lt.~·inli.;ts to this ,·ohune have '~n 
l~111plt'tcd \\"t~ prl)pu~· to (J iS~:l1s~ t hl" fa Uilil o( t hl' t'hilka I...ak~ in t"onsidera lIlt.. d(·tail. 
It \\"jll hl~ \\'el1. hu\\'~\"er. to prefacc t hc:-s,c rl'p()rt~ by tl hric.-f ~tatemerl t :l' to tlu.­
general nature (If the- (nulla \\'ith \\'hil"h tht·y \\'ill d4.·nl 'ro dn su it ,,"ill he cU!l\"l"nient 
to consider the nnilnnls fir,t under tht.· fulln,,"in~ hl·tldin~s:-~ 

(I) ~Iud (aun.. (-4) \\·eetl faunn 
(l) Sand fnuna. (5) l:ree·~\vinullinf..! ur":'lnl-;n1s. 

(.I) Rock fauna. (tJ) PJancton null ,urf,1l-e fauna gencraJl~· 

I. The organislns th;,t Ih"c in nnul or \.·ra,,·l nn its ~urface (orlu what i, J)(·rhap$ 
(rOlll a zoolo~il"nl point uf "icw the In()~t coI1Apil"u()u~ elelneDt in the fa ulla of the 
lake Consjdering the ,::reat proportion of tJu~ huttnl" thnt i~ l'"()\·ered with Iuud thi, 
(net is not ~lIrprisinJ.!. .\rnnng the Inud·d"'~lIftrs nrc included ge\-emJ coel(·llter:tt~. 

several polychaete \\"Ofln~. n large pruportion uf tht- 111oUnSC'S. ~\-cral D(~"'npo(1 nnd 
other crustacea. a (e\\" srnalJ Tclt:"o~tcan li~h nn,1 roC,· ... r .. 1 colnp:.rntiv(·I)' 14fJ.:l- ra~·s In 
nearly e,"ery (· .. 15e the uuruller ,·f ~p:ci~ pr~·nt in anyone KrOlip i~ ext relnely 
~rnall. indeed it is probable thnt in In.llI)" l·n~~ (-\"\"11 falnili~ nrl- each repre"-Cl1tl"d by 
a single fonn The Illllnher of in"h'idunl~ nn the nth .. r hand is 8!-\ .. full" "ery 
largt-. In this section of the fnulla \\'l" lind 111nl1)" nnt("\\'nfth~' ndnptntion" for hurro""· 
ing and for protCC'tinJ: the J.!iU-. or ntlH-r hr.-nthinr.: ~.pparnttl.; frunl IwinR (Jn~~C(1 ,,"ith 
particles of silt 

l. The arenicolous nninlnl~ uf th~ I;,kc arc lIulinl~· l~)ntincd tn the- nuh"r part 
of the outer chlunel nncl ha\'c a~ n rul", a I(",~ ~tlC('iIlIi1.\·d t~harncter than the lund· 
d"'ener" :\,nung therll nrt" to 1><- found nt It-nst nne ~p~i(~ of ~poo,:c. t\\Cl ~I~"ie-- of 
nliJ,!ochaete \"Orln,. 'CVl-r,11 PoIYl"hat"t .. "", and thl" tnajur-it'· of tht, IlccnJXlcl crtl~hl(~.l 
and Innllll~S. "rhi~ C."It°l1u~nt i, not l-ntifl'l~' contine!l tn t h," nutc."r t"lulnnel. (nr se,·tral 
of its rcprt°sl"ntath'(·, an" fonnd on the sh()rl~ of ~nlbnnn Id. and d few l"Vt"n ~ (ar 
inlanci as Barkucla Itt IllO.lf the 11lf)uth uf J~a'nhh.l Ua,' 

1· 'rhe rock faUllt' i, nUll'h Iunlt" fl·'tril't~(t "" ~ .. 11, .. nh(-r nf ~Il«il~ .In.1 J,!c,'nrfn 

than 11li~hl at first ,ight ~t-l"111 pr"hahllO "fhl" 'p .. n~(·" nrt· It'pr\~'nt~1 hy t \\'0 ahun .. 

,tant fonu",. t h\· Cf)(·It.·utt"ra h-", hv :, ,iuJ,'!J(- h~'" roil \. t 11(- ('",,'" 'U"l-.' nnel "·or"' .... h\' ~\ fl'''' 
"'lllall 'pl'ci('''' that ('l'a\\'1 ;tltll)flJ.,! "'IKJllJ.:l·' and ~d~"u" of hictt· lIuclt·r ~tnn("~; th,' tnnlluS<.'!' 
by O~l(~ Of' two, ,c,""ilt· LaIlH·llihr,llll·h, ;11111 n'h' or t,,' .. 1~~.'tfnpn{I' 1'11(" IHl\"(·rt~· 
of tlu, (·)(.·111(4nt .' (hit, \'('r~' Inr~("lr tn t\\'o (I .. t ..... il~th· that 1110"" of the ItK'k'" :If'-

C 1111 V ('U\'('h-tJ 1." \\"l t -, f· II f " I 
. -' ( O'.t '111.' p~lft.. tht" )"(·.ll. ,IUel 't·, Ctnell" thnt .111\' .tllInUl 



1915.] Fauna oj the Chitka Lake,' Introduction. I5 
~hich settles on a fiat surface is liaqle to be smothered by the dep.osition of firie silt 
In calm weather. 

4· The majority of the anitnals that can be classed under the heading of weed 
fauna are associated either with Potamogeton or with H alophila. Young fish of many 
~pecies take shelter amongst the dense thickets of the former plant, to which the 
Insects of the lake are, at any rate in the salt~water season, almost entirely con­
fined. Several species of Decapod crustacea .and at least one very abundant Lamelli­
branch mollusc are also characteristic of these thickets. The comparativ~ly large 
leaves of Halophila act as a base for several small sponges, coelenterates and polyzoa. 
On the whole the scantiness of the fauna associated with weeds is a little surprising. 

5· Under th~ heaning of free-swimming organistns we lllust include the 
majority of the fish, as well as a few medusae and at least one Ctenophore, also 
several Decapod crustacea and at least three species of Mysidacea. As a rule the 
animals falling under it .are perhaps the least interesting with which we have to deal, 
and it has been impossible, except in a very few instances, to add materially to our 
knowledge of their biology or distribution. 

6. ·We are hardly in a position as yet to say much about the plancton beyond 
stating that in the main area of the lake it is never abundant and almost disappears 
for a time in the earlier part of the rainy season, while in the outer channel it 
becpmes, in the salt-water season, both nlore abundant and more varied than it ever 
is inside Mugger-Mukh-. One point may be noted, however, viz., that in most of our 
samples from the main area Copepods and larval molluscs greatly predominate. 

We have not included among the headings tabulated above that of ( amphibious 
fauna,' as perhaps we might have done. There are of course a certain number of crus­
tacea) insects and other animals that would naturally fall into this category; but 
the amphibious fauna fades so gradually i1!to the terrestrial one, with which we do not 
propose to deal, that it has seemed best to consider separately the status of each spe­
cies that lives only partially in water. 

Regarded as a whole, the fauna. of the lake may be described as mainl~ of marine 
onglll. A few freshwater forms have, however, established themselves, w~i1e there 
is· also a marked faunistic element that appears to have originated actually in 
estuaries or lfackwaters subject to great changes of salinity and temperature. This 
element is also w~l represented in the Gangetic delta and in lagool:1s on both coasts 
of Peninsular India. A fourth element consists of species that immigrate at appro­
priate seasons either from the sea or from neighbouring streams, ponds and ri~e­

fields while a fifth-of little importance-is composed of mere casual visitors that 
J 

drift swim or crawl into the lake and exist there for a period without establishing , 
their species anlong its permanent inlV:lbitants. . 

The abundance of individuals and poverty of species noticed under the heading 
of mud fauna is to a very large extent characteristic Qf the fauna generally and in 
particular of that of the main area. 

Perhaps the most striking feature of the biology of the permanent residents in 
the lake is the extraordinary power of individual adaptability to physical changes 
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in en\·irol1lnent tliat Illost of tlU.-111 pos."t'S~. It ~eelns strangl- to find 11 l~hizostomo1ll 
Inedllsa o~ an ()x y'st o 111 l' crah Jiving in lacustrine l'onditions. hut it is e\·en more­
rel11arkahle that indi\"iduals of ~uch fonus arl- ahle to flourish at nne season in fresh 

and at another in salt \\Onter . 

• \W!" OF TilE ZOOLOGICAl. Sl'RVI\\· OF TIII~ LAKF.. 

1'ht.' origin of our zoological survey of the ~hilka Lake ha~ hl~·n t*xplained in the 
note prefixed to this vohllne; the 1l1nin objt.-(ot \\'C ha\'l- had he-fore us in its execution 
ha~ heen to lay a foundation for the study uf the fauna of hrackish \\'ater and of 
water of \·ariable salinity on the l'oast of India un the s~lIne lines n" our pred~ssors 
in the Indian lluseUlll have dOl1l' for that uf the abys.CUlI fauna of Indian seas. For 
this ohject it has seerncd Ill·cessn ry in the fir~t place tu luakl- our collec. .. tioDs as 
cOlllprehensive a" p()~ible. noting the circll1nstanl"t.~ of each capture and deducing 
frOlll our notes facts as to the biology of tht* t-onllllnner spl-(.'i~- It has not been 
possible, and perhap, it has ht'ell h,lrdly desirahle, to rllake all~' attl-Inpt at a detailed 
biological or InorphologicnJ study of any particular group or "pecies. That can 
corne later J and if our researches pro\-c useful to future n:,turnlists ,,·ho ruoy UDder­
takt" iu\'estigatiolls of the kind J "oc feel tllnt our labours \\·ill be nnlplr rewarded. 
In a field so little explored \\'e think it is itS \\'l'l1 not tu spe<.'ialile too suon. 

'l'h(» Illethods l-mployed and the apparatus used in the sur\'(-Y rnay he described 
in sorne little detail. 

~1F.THOI>S ANJ) lIATJ-:RIAI., 

In nlaking our in\'lastigations \\'c \\'lan: fnrtunatt." in ohtaining frunl the Kallikota 

Apparatul 
I tl! the u~ of it slunll Inulll"h, the ., J...ady of Cbilka" ,. 
the only stl"oruship un the Inke, I:rnnl thi~ launch we 

\,'ere able to tra\\'1 systenlatically uver a consith."rnhle part of the run in area aDd, 
in the ft()od·sea~n. over the \,'hole of the outl"r channel. In the latter area, in 
tlle S&~t-\\'ater season, \ve \\Oorkl-<l frorn a ro\\··bnat kindly Il"nt us by the Salt 
J lepartnlellt. 

1'he \·cry soft Inucl of \'Ohich the hottoln i" for the nlo~t purl colnpose<i proved a 
c()n~iderablc difficulty I and \\'c hl·lie\~l' that II really satisfactnry in~trument (or the 
zoological investigation of r~i()lls such us the Chilkn Lake ~·l·t fl"nUlins to he de\'ised . 
. '\ net \\'ith l11l~h fine t.·nuugh to retain slnnll huttulll u~nllisln~. such "s CUluacea 
and I1linute ~()l1usca. <lu(.-s nnt pennit th(· 11lud tn e~l.llll· and in n \·ery shnrt space 
elf tll11C l>l"Colnes filled to bur~ting point, 

For hot hun \\'ork \Vl' used l~hiclly t \\'0 sorts of Ill-t. ~l'hc- lirst of these was a 

Inilliature heatH-tru\vl, ~ix fl·c.·t ill J,rtaadth. of a ~i1..lo that ('(,uld he lishl"tl l~lnfortnbly 
froul the stt:ru of the launch . \ t t lu: l'ocl-c,'ncl the nll"sh of this Ih .. t \\'n~ ~ in. (~t retched) 
and itt herc..-(ofC: pt:ran it tl"d th,· g r(·.lll"r part of t h(' l11\ul t () l·st'npe. l'Xc<-pt in particular 
pllAl"c~ \Vht.-rl· it \\'a~ of a hlI11P~' '·haftu:tl"... '1'0 t 11(' hack of this I1t't • nil the outside, 
\\'(- at tal·hed a shap.:«l hag of 1I10~(luito-I14'" till).: 01 l'onrsl"·111l·!'ihl,(l CUllvns, placed in 
the path of tlu: .... 'virl caused by thlt {oot-lop"O, 'J'hi", Ill't "-,,ught l1uluhers nf "n1all 
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animals which would o.ther\iVise have escaped, and compensated in some nleasure for the 
lar~e mesh of the main bag: none the les3 it was frequently drawn up half full of mud. 

The second type of net employed for bottom work was a O-net, that is to say 
a light fralue of i in. iron (shaped in the form of a 0 and towed by three bridles) to 
which by means of brass rings a long bag of coarse-me5hed canvas was attached. 
This net produced exc21lent results.; but it was only possible to make very short 
hauls as the bag rapidly filled with mud. 

Mud we dealt- with by means of a series of large rectangular sieves with brass 
meshing, fitted in a frame to keep them above the level of the deck. 

A larger net, an otter-trawl with head-rope 28 ft. in length and 3 in. mesh at, the 
cod-end, was also ~mployed occasionally and was sl1ccessful in obtaining large fish 
that were able to avoid the smaller nets, especially in thickets of Potamogeton near 
the shore. 

The larger free-swimming organisms were obtained by towing the O-net in 
midwater and at the snrface; but for many of the fish we were dependent on indigen­
ous·methods, which will be described in a special paper in this volume. Plancton 
we collected in silk tow-nets of the ordinary type supplied by the Marine Biological 
Station at Plymouth. Hand-nets were of course employed in shore-collecting, in 
which we found a hammer .and chisel an essential part of our outfit. 

As regards determinations of salinities it seemed, unnecessary, in view of the 
enormous seasonal changes, to employ the elaborate titration luethod advocated by 
the Bureau International pour l'Exploration de la Mer, a method designed to demon­
strate extremely slight differences in oceanic and coastal waters. We realized at the 
outset that to obtain a complete or even an approximate knowledge of the varied 
physical conditions that affect the salinity of the lake would be beyond our powers 
and that it was improbable that observations carried out in a single year, however 
complete, would render possible a true account of the actual changes that take place. 
Variations in rainfall, temperature, wind; tide and possibly other factors lnust all 
produce different effects in different years 

In making our observations on the density of the water we used a hydrometer 
kindly lent us by Capt. R B. Seymour Sewell, Surgeon-Naturalist to the Marine 
Survey of India, and our results are therefore expressed in the form of specific 
gravities. 'The scale of the instrument, which is calibrated for 15°C., is about 7 ems. 
in length and is graduated :rom 1'00 to 1'04 in 40 divisions. Readings were taken to 
the nearest 0'00025. In order to give corrected readings of specific gravities of 
I '0015 and under it was necessary, at the temperature at which we were working, 
that the hydrometer should be scaled below I 000. This unfortunately was not the 
case and we are in consequence unable to insert the line representing sp. gr. I'oor in 
the chart reproduced in fig. 2 on p. g. 

Water-samples were collected in bottles provided with a spring top and rubber 
washer and were, as a rule, tested the day they were taken. The determinations 
quoted are in every case reduced to IS DC. by the use of a correction table. This 
table is based on a series of laboratory experiments made with the salne instrument 
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in waters of different salinities at temperatures ranging from toO to 35°C., "We~'are 
under great obligation to Dr. W. A. K. Christie, Chemist to the Geological SurveY' of 
India fot advice and practi~al assistance in this matter. 

The positions' of our stations in the lake were determined by the use of' a sound-
ing quintant and station-pointer kindly lent us by the Survey of India. 

'rhe specim~ns on which the reports in this volume are based are at present in 

CQllections. 
the Indian Museunl, in which all the types of :new 
species described, as well as a complete set of aU" 

other forms, will be preserved. The oldest specilnens from the Chilka Ifake that 
we. 'possess .are a few shells collected by the late Dr. \V T. Blanford and his agents; 
liiostly, as is evident from the species represented, in the outer channel. The" 
Museum collector obtained a considerable l1Ulllber of fish in the neighbourhood 
of Gopkuda Id. in 1907, 'while Dr. J Travis Jenkins made collections, ~~ls~ 
111ainlyof fish, in the outer channel in 1908. ()ne of the present authors p8:id a 
short visit to Rambh'1 in the following year and obtained there, among other 

) . " 

Inaterial, the types of'several new shells' describeli by Mr. H. B. Prestoll.. It \vas 
not, however, until .A.ugust, 1913, that any concerted attelnpt was made to investi­
gate the bottom-fauna. In that year W2 used bottom-nets for the firs_t time in -the 
lake, Inainly in the immediate neighbourhood of Barkul. In October of the sam'e 
year We commenced 'preliminary work at Satpara and Ralnbha, and subsidiary trips 
were made in Noveniber and'in the follo\ving January. Our actual survey com­
menced in February, 1914. Apart from a number gf short visits to one or other 
region of the lake, it was conducted, as has already been stated;' mainly at two 
periods, representing respectively the luiddle of the salt-water and thb.t of -the 
fresh-water season. In February and ~1arch we spent altogether about six. weeks on. 
the lake, on which we trawled practically every day, while in September a period .. of . 
about three weeks was occupied in the saIne manner. Our own shorter trips were 
made in April, July, November an~ the beginning' of December, while Dr. B. L. 
Chaudhuri collected fish at Barkul and elsewhere in December of the same year "and 
in January, 1915 

We have in our log particulars of I7 I collecting stations. In some cases·tUe 

data of two or more stations refer to the sanle place at different seaso~s, but many 
specimens were collected, on the subsidiary trips and at other times, in circumstances 
not noted in the log, though recorded on the labels. 

The bUlk of the collections is of course very considerable and it will therefore be 
possible for us to distribute to other lnuseU1US by the only means open to us (i.e., 
that of exchange) a number of sets of duplicates. 

LIMI'rATIONS OF 'rHE WORK. 

Neither the tinle nor the funds at our disposal were unlinlited and even within 
the somewhat narrow boundaries to which the survey was confined, we were obliged 
to observe certain limitations in collecting. (~ellerally speaking we made no special 
effort to capture and preserve represen tutives of luicroscopic groups such as· the 
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Protozoa. and Rotatoria. The smailer EntomQStraca were collected merely as they 
occurr~d 1U tow-nettings. In the majority of groups' larval forms, with a few specific 
exceptIOns, we~e. also neglected, while certain other small and inconspicuous organisms 
(e.g., the free-hving Nematodes) were obtained only in small nunlbers. 

We regret that we ,were unable to study the ornithology of the lake which is 
remarkab~y attractive at different seasons to different kinds of water.bird~, though 
comparatIvely few breed there habitually. 

. In. a few groups of animals of which we did tnake fairly comprehensive collec­
t10ns, It has not been possible in the present state of international affairs to find 
specialists able and willing to investigate the specimens. The most noteworthy of 
these groups are the Nenlertea and the aquatic beetles. Of the former at least th"ree 
species are common in the lllain area of the lake, while both the Dytiscidae and the 
Hydrophilidae are represented by a considerable, but not a large, number of forms. 
We failed to get the two species ot N udibranch molluscs that occur identified while , 
the single Tunicate we obtained (an immatur~ A,ppendicularian common in the 
outer channel in March) is probably not determinable specifically. 

Among internal parasitic species we preserved a certain number of Helulinthes, 
especially Cestoda from the alime~tary canal of sting-rays. Mr. T. Southwell has also 
collected specimens of this group in the lake and is preparing a report upon his and our 
collections. l The parasitic Nematodes are poorly represented and there is only one 
Acanthocephelon, which was found in the intestine of a Teleostean fish. The Trema­
todes are represented by at least three species, a large, and common 'form from the 
body-cavity of a ray and two minute Distomids, one occurring in the canals of a 
Ctenophore and the other in the body-cavity of a Copepod. We do not propose to 
discuss these internal parasites further except in reference to their hosts. 

Of the groups that appear to be actually absent from both the outer channel and 
the main area, the most conspicuous are the Echinoderms and the Cephalopod:1. lTIol­
luses. Certain other divisions of the latter phylum, e.g., the Pteropoda, seem also to 
be unrepresented in the fauna, as is the case with several groups of coelenterates, 
notably the Cubomedusae and the stony corals. The aquatic insects are naturally 
represented by but a fe,lV of those families which possess aquatic larvae. 

Apart from such linlitations, there are also others dependent on mechanical diffi­
culties in collecting. Our collections from the main area of the lake, considering the 
multitude of individuals and the paucity of forms, are probably almost complete; a 
few rare species may have escaped our notice, but it is doubtful whether this is the 
case with the common animals, which are, of course, very mach more important from 
a faunistic point of view. If any of the latter are missing it is probably among the 
fish that gaps occur. In the fauna of the outer channel on the other hand there 
are probably nlany gaps both in the vertebrates and in the invertebrates. All 

J Rec. indo Mus., ined. 

'1 Goodrich (Trans. Linn. Soc., Z ool. (2) VII, pp. 5, 7, 1896) records sp~cimells of Sepiella inermis 
(van Hasselt) a~d Loligo indica, Pfeffer, from the " Chilka Bight'" but they were probably obtained 
outside the nlouth of the lake, as they are frOlu the Investigator' collections. 
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the evidence available points to t~~ fact of ther~ being a large n~mber of spec~es in 
both divisions of the' ani1nal kingdom which occasionally enter this part of the.;lake 
from the sea in the salt-water season) and it would not be unreasonable to expect to 
find in the channel at that season stray individuals of any menlber. of the littoral 
fauna of the adjacent parts of the Bay of Bengal. 

The shallowness of the water on the bar at Mugger-Mukh and in the northern 
part of the main area generally makes it impossible for any but a small boat to enter the 
outer channel or to proceed much north of N albano between October and August, and. 
con~equently we were unable to make use, except in September, of our larger nets 
either in the channel or in the shallows of the northern region. A considerable 
number of the marine species fO'lnd in the fortner part of 1-he lake in September but 
not in March probably escaped our notice in spring for this reason, and it is al~0 pro­
bable that our series of fish and possibly of reptiles would have been considerably 
augmented if we had had the use of the launch between Satpara and the mouth of 
the lake at all seasons. The freshwater season (roughly the middle of August to the 
middle of October) is, however, the critical period in the'study of those animals that 
are able to withstand great changes in salinity and September is therefore perhaps the 
most interesting month in the year so far as the outer channel is concerned. There 
is, moreover, no reason to postulate any great difference between the faunas of the 
northern and central parts of the main area, except in so far as extreme shallowness 
of "vater is indirectly q.estructive of animal life owing to increased temperature. So 
far as the main area is concerned, the only faunistic boundary that we are able to 
distinguish extends from Kalidai Id. towards Parikudh. 

In our own papers we have included 110tes on and descriptions of species allied 
to those from the Chilka Lake but found in the Gangetic delta or in lagoons on 
the Indian coasts, in cases in which this course seetned desirable. 
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RPONGES. 

By N. ANNANDALE. 

The sponges of the Chilka Lake, though few in number of species, are of great 
biological interest, not merely because they consist of both freshwater and- marine 
forms growing together in an intimate manner, but also because at least one of the 

-la tter has become modified in accordance wi th condi tions of life more proper to an 
inland lake than to any part of the sea, while the true freshwater sponge Spongilla 
alba has developed peculiarities that are correlated with conditions only to be des­
cribed as marine. The following is a list of the'species obtained in the course of our 
survey. All are siliceous sponges ,belongi~g to the order Tetraxonida. 

MONAXONELLIDA. 

Fam. SPONGILLIDAE. Fam. SUBERITIDAE. 

SpongiUa alba, Carter. 
Spongilla nana, sp. nov. 

Suberites sericeus) Thiele, 
Laxos'l-tberites aqua e-dulci oris , 

Atipandale. Fam. CLIONIDAE. 

Cliona vastifica, Hancock. Laxosuberites lacustris, sp. nov. 

TETRAXONELLIDA. 

Fam. TETILLIDAE. 

Tetilta dactyloidea (Carter) var. lingua, nov. 

With the exception of SpongiUa nana, 'these seven sponges are common either 
throughout or in parts of the lake. Spongilta alba, being apparently unable to live 
in water that is distinctly brackish or salt at all seasons of the year, is found only in 
the outer channel and in the northern part of the main area of the lake itself, but 
flourishes in a pool of fresh water on an island in the southern part. SpongiUa nana 
was found, on one occasion only, in the northern part of the same area; it is possibly 
no more than a modified form of the other species. The boring sponge Cliona vasti­
fica is abundant in oyster-shells in the outer channel and also occurs in those of Pur­
pura in Rambha Bay and the neighbourhood. S'uberites sericeus and Laxosuberites 
aquae-dulcior~s grow all pver the lake, while L. lacustris has been found only in rocky 
localities in the main area, and the TetiUa in sandy parts of the outer channel. 

We know at present, as I have recently pointed out elsewhere, very little about 
the littoral sponges of the Bay of Bengal, and the biological conditions that prevail 

1 Rec. Ind. Mus. X, p. 194 (1914). 
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on the coast north of Palk Straits differ greatly from thos: occurrin?, in the Gulf of 

M hence several large collections have been descrtbed. It IS 'not surprising, 
anaar, w ..' 'b' f h · 

therefore, that the Chilka sponges cast httle hght on the. dlstrl utl0n 0 t e. Indian 
sponge-fa l:1na as a whole. Of the t~o Spongillidae one 1~ ap~arently endemlc in t~~ 
lake \vhile the other has been found In Egypt as well as In dIfferent part~ of Ind~a. 
The'species belonging to marine families also are for th~ most ~~rt eithe~. en.demic or 
of wide distribution. To the latter category belong Cl~ona vast~fica, whtch IS cosmo­
politan, and Suberites sericeu,s, an Indo-Pacifi? species. original1! describe~ from 
Japan and not as yet found in any intermediate locahty. Tet~Ua dactylo~deq.:., of 
which the variety lingua is apparently endemic, is known froln the Arabian Sea and 
from the ~ergui Archipelago on the east side of the Bay of Bengal. Both species of 
Laxosuberites, so .far as their distribution is at present known, are confined to lagoons 
on the east coast of India and it is not improbable that L. lacustr·is.may,have been 
evolved from L. aquae-dulcioris in the Chilka take. 

The m~in interest ~f these sponges is, as I have already indicated, of a stri~tly 

bjological nature. Attention may be drawn in the first place to the remarkable varia­
tions exhibited by.most of the species and to the fact that these can be definitely 
correlated with differences in environment. It is evident that all the' species in 'the 
list are able to withstand, by one means or another, great changes of salinity: The· 

, . 
peculiar modification of the simple gemmule characteristic of the Suberitidae whereby 
Laxosuberites lacustris has fitted itself.to survive periodical desiccation (p. 50) is a note­
worthy instance of adaptation to environment-a series of phenomena also illustr~ted 
to a degree hardly less striking by the maJ;1ner in which the skeleton of SpongiUa 
alba is modified to withstand the violence of the waves in exposed positions in the 
lake (p. 28). 

The only sponge not.included in the Chilka fauna with which I am acquainted 
from other Indian lagoons or estuaries is a minute representative of the order 
Myxospongida found in October, 1913 on oyster-shells in the backwater at Ennur a 
few miles north of Madras. It accompanied /.,axosuberites aquae-dulcioris, to young 
examples of which it bore so close a resemblance in the field that I failed to distitl­
guish the two species. Specimens were therefore preserved without any special care 
and are so shrivelled and distorted that I can only say in reference to them that they 
see~ to represent an undescribed genus. I failed to find this sponge again at En­
nur In January, 1915. 

The table on the opposite page shows at a glance the distribution, in the Chilka 
Lake a.nd elsewhere, of the different species. The nal1).es of those that ar~ apparently 
endemIc are marked with a star. . 

F~r particulars as to the biological conditions that prevail in different parts of 
th~ Chllka Lake at different seasons reference may be made to the Introduction to 
thIS volume Th 'fi " f . . .' e speci C gravItIes 0 water quoted in the paper are not readings 
obtal11ed m the field but have been corrected to a standard temperature of ISoC. 
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GEOGRAPHICAL LIST OF SPECIES. 

m.a. = main area: o.ch. = outer channel: sp. gr. = specific gravity of water. 

~======================~~-~-==~~----~--=-~~=--=-=--~--==================~--

CHILKA LAKE. 

FURTHgR DISTRIBUTION. sp. gr. 

m.a. I o.ch. 

-----------------

MONAXONELLIDA. 

SPONGILLIDAE. 
Spongilla alba x X India; Egypt (fresh and brack-

ish water) I ooo-ro065 
Spongilla nana* 

CLIONIDAE. 
Cliona vastifica 

SUBERITIDAE. 
Suberites sericel1s 
Laxosuberites aq ua e-dulcioris 
Laxosuberites lacustris* · 

TETRAXONEI~LIDA. 

TETILLIDAE. 

x 

x 

x 
X 
X 

X Cosmopolitan (marine) 

X , J ap~n (marine) 
X Madras (brackish water) 

Tetilla dactyloidea var. lingua*_I_~ _____ x _ Typical form in Arabian Sea 
and off Mergui (marine) 

I 

Suborder SIGMATOMON AXONELLIDA. 

Family SPONGILLIDAE. 

Genus SPONGILLA, Lamarck. 

Subgenus Euspongilla, Vejdovsky. 

Spongilla alba, Carter. 

(Plate iii; plate iv, figs. 1,2; plate v, fig. I.) 

ca. ro06 

j:'OOO-I ·0265 

1'000-1'0145 
rOOO-ol'0265 
1 '000-1'0150 

1'000 

1849. 
1 849. 
1863. 
1863. 
1881. 

I 

Spongilla alba, Carter, J Bomb. Asiat., Soc. III, p. 32 , pI. i, fig. 4· 

1895. 
1899. 
1906°. 

" "id., Ann. Mag. Na~. Hist. (2) IV, p. 83, pI. iii, fig 4. 
" "Bowerbank, Proc. Zool. Soc., p. 463, pI. xxxviii, fig. -I5. 
" cerebellata, id., ibid., p. 465, pl. xxxviii, fig. 16; 

alba var. cerebellata, and Carter, Ann. Mag. Nat. Hist. (5) VII, 
" p.83· 

cerebellata, Weltner, Arch. Naturg. LXI (i), p. 117· 
alba, Petr, Rozp. Ceske Ak. Praze II, pI. i, figs. 3-6. 
lacustris var. bengalensis, Annandale, !ourn. Asiat. Soc. Bengal, 

" 
" 
" 

P·56. 

" 
cerebellata, Kirkpatrick, Ann. Zt/ag. Nat. H~st. ,(7) XX, p. 523. 

, , alba, Annandale, Rec. Ind. Mus. I, p. 388, pI. xiv, fig. 2. 



Ai emoirs 0/ the Indian Museum. [VOL .. V, 

1907. Spongilla alba var. marina, id., ~bid., p. 389. .. 
travancorica, id., op. ctt., III, p. 101, pI. xu, fig. I. 

19°9· " 1 . A d I F B . alba var. cerebellata and var. benga ensts, nnan a e. aun. ftt. 
1911 . 

1911 

1913 

Ind., Freshw. Sponges, etc., pp. 76, 77, fig. 8b (p. 71 ), pI. i, 

figs. 1-3· 
travancorica id., ibid., p. 81, fig. II. 

" lacustris va;. cerebellata, Susswassersch wanllne in W iss. E rgebn. 
" Deutsch Zentrala/rika-Exped. 1907-1 908 , Zool. II, p. 475· 

The'characters usually employed in distinguishing the species of Spongilla com­
pletely break down in separating S. alba from S. lacttstris. Nevertheless, I believe 

thelTI to be distinct, for the following reason s :-
I Even when S. alba is growing side by side with green forms of S. lacustris, as 

is sonletitnes the case, its cells never contain chlorophyl.corpuscles (cells of the alga 

C hlorella). 
2. In the living sponge, even when it is fully expanded and in full activity, 

the oscula are not protected by conical derrnal collars, but can be partly or com­
pletely closed by horizontal or oblique membranous diaphragms, as in S. (Eunapius) 
carteri. 

3. The oscula are not surrounded by radiating exhalent canals of small width 
and running ilumediately below the derlnal nlelnbrane; single canals similarly 
situated but of much greater size often open into thelu after running along the 
surface for a considerable distance. 

4. The main exhalent canals in the interior of the sponge are of much greater 
calibrethaninS.lacu~r~. 

5. There is' a much thicker horny membrane at the base of the sponge. 

6. There is often a subsidiary skeleton in S. alba, consisting of single macroscleres 
fastened together to form a dense irregular network by a secretion of chitinoid sub­
stance. 

The fact that these characters are for the most part difficult or impossible to 
recognize in ordinary preserved specimens does not invalidate them from a theoreti­
cal point of view, although it renders them inconvenient to the systematist. 

There are other distinguishing characters that can usually be applied to indivi­
dual specimens even when these are not in particularly good condition, but they are 
not constant and both species are of extreme variability in accordance with environ­
ment, locality and individual idiosyncracy. The most notable of the usually differ­
en tial characters exists in the structure of the skeleton. 

In the typical form of S. lacustris (i.e. the forn1 usually found in normal cir­
cumstances in Northern Europe) the radiating or vertical spicule-fibres are compact 
though slender, and often run for some distance without branching. The spicules 
of which they are maiuly formed are cemented together by a secretion of horny 
substance, which does not, however, for111 a sheath on the surface of the hbre. 
~rhese fibres are joined together, often at considerable intervals, by 1110re slender 
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transverse ones or even by single spicules: at places there IS also an irregular 
network of single spicules or very fine fibres. A t all points at which spicules of the 
skeleton meet one another at an angle there is a more profuse secretion of horny sub­
tance, which there forms a kind of veil l often produced for some little' distance along 
the surface of individual spicules. . 

In the typical form of S. alba (i.e. the form represented by the type specimen, 
which is from fresh water on the island of Bombay) the structure of the skeleton 
is essentially the same, hut the radiating fibres branch and anastomose more' freely 
and the transverse ones are more numerous, so that a closer and harder network is 
formed. Moreover, the subsidiaty skeleton of single spicules to which I have alluded 
already is characteristic, in its full development, of the harder phases of this species, 
although but slight traces of it ca~ be detected in the more fragile forms thereof. 

FIG. I.-Spongilla alba, Carter. 
Vertical section of a moderately hard sponge from Pigeon Id. ill the Chilka Lake, )( 30 • 

If a long series of specimens from different localities be examined it will be found that 
some of them agree in ·skeletal structure almost precisely with the typical S. lacu$tris. 
In the Chilka Lake and its immediate vicinity we obtained specimens not only pro­
viding a complete transit'ion, but even going further in some cases than the typical 
S. lacustris in the direction of simplicity of skeleton, and, in. other cases., than the 
typical S. alba in that of complexity. In simple forms the secretion of horny 
matter is much redu.ced and it does not produce veil-like films at the nodes of the 
skeleton (see pI. iv, figs. I, 2, and pI. v, fig. I) .. 

Neither the spicules nor the gemmules afford any constant differential character. 
The macroscleres are simple, sharply ,pointed, smooth amphioxi, very variable, in size 

I Apparently this veil is never deposited in distinct concentric layers as in Lubomi,;skia, ct. Annan­

dale, Rec. Ind. Mus. X, p .. 144~ pI. ix, fig. Ia (1914). 



M~moirs of the Indian Museum. [Vo~. V, 

and proportions in the case of both species, but not essentiall~ d.i~erent £ro.m those 
of many other sponges. The free micro.scleres, alth?ugh also variable, are ~dentical 
or practically identical in the two spec~es. T~e mlcroscleres of the ge~rnu1e I~ all 
forlDS of S. alba with which I am acquaInted dIffer from those 9£ the typIcal forlij. of 
s. lacustris in beiD:g relatively more slender and in never having a very strong c~va­
ture but both these features are found in SOlne forms of S. lacustris also, e.g: in the , 
common Indian varieties reticulata and prol1/erens. I ~'he number of free microsc1eres 
present is extremely variable. Sometimes they are practically absellt fJ"om the 
choanosome. Th~ spicules of a specimen of lnoderate hardness are figured l on p~ 3. 

The number of spi~ules present in and on the pneumatic coat of the geipmule 
-in sOlne forms of S. lacustris both spicules and coa tare .practically allsent-.. is 
extremely variable; their precise arrangement is correlated with their nuniber and 
with the thickness of the coat J another variable character. 

In the synonymy, given above I have included the nanles of four varieties (the 
typical fo!m, vars. cerebellata, marina and bengalensis) and of ~ "species" (S. travan­
corica) that I fortnerly regarded as distinct. Although" typical" (i.e. extreme) 
specimens of these can be readily distinguisheq, so many intermediate sponges occur 
that any attempt to distinguish them. consistently is vexatious and unprofitable. 
The form travancorica is perhaps more strongly differentiated than the others, but 
the original description of it was founded on a single degenerate specimen and many 
of those .from the Chilka Lake approach it closely. 

Among the latter· are included the types of the var. marina: also many sponges 
that are even further removed from the typical S. lacustris than is' the type 
of S. alba, as well as others clearly referable to the typical form of the latter, to 
bengalensis or, identical, except in the features noted above, with· some forms of 
S.lacustris. Others, again, are much harder than' the forms of either species hitherto 
described. The spiCUles and skeleton of an average specimen are figured in figs. I 

and 2, pp. 27, 30. 
Variation in the structure of the skeleton is definitely correlated, in sponges 

from the lake, with environment. Generally speaking, those that grow on. rocks 
exposed to the violence of waves in open water are hard, their skeleton-fibres being 
thick, branching and anastomosing freely and containing much horny matter, while 
the subsidiary skeleton is well developed; those that grow among loose :filamentous 
algae have remarkably slender fibres forming a very open network and' containing 
very little horny matter (cotnpare figs. I, Ia with fig. 2 on pI. jv). In such sponges 
the subsidiary skeleton is practically absent. 

But intermediate forms occur. The softest specitnens of the species I ~ave. seen 
anywhere were growing among loose weeds in a small pool of pract:ically fresh water 
on Barkuda Id.; sponges from rocks in the same pool were tnuch harder, though not 
as hard as those from similar positions in the lake. ' 

. - --_._- --------

1 The tubular form of foraminal t h .. .. . d h anna ure c aractenstic of S. prol~/e,ens IS not constant an t e 
sponge cannot therefore be regarded any longer as a distinct species. 
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The species may be described as essentially an encrusting sponge, but short 
branches, as a rule distinctly compressed rather than cylindrical, often arise from 
the surface. Sometimes they are so thin as to be almost filamentous, often they are 
short and stout and of irregnlar, triangular or tril<?bed cross-section (pI. v, fig. I). 
In most cases these branches (pI. iii) are mere crusts enclosing fine filaments of algae 
or the stems of water plants, but sometiules it is not possible to detect in them any 
extraneous core. 

In the phase that occurs on rocks in the Chilka Lake the larger waterways 
have a distinctly radial arrangement and the main exhalent channels converge, near 
and on the surface of the parenchyma, to a central primitive osculum. The external 
surface has a reticulate appearanc~ owing to the arrangement of the skeleton and the 
meshes are often distinctly longer in the direction of the exhalent channels than in any 
other. The inhalen t c~annels are vertical in direction and are conspicuous in . the 
dried sponge ·as circular pits extending downwards from the surface. The dermal 
pores are scattered and very minute. They have the unicellular structure character­
istic of the family. 

S. alba has ·been found" in fresh water at several widely separ.ated localities in 
India: the island of Bombay, the Western Ghats, Calcutta, and Hyderahad: also 
near Cairo in 1-4ower Egypt; nowhere does it appear to be of common occurrence 
in ordinary ponds and lakes. It is, however, extremely abundant in brackish 
water in t~e Gangetic delta and has been found in ~he same medium' on 'the 
west coast of India in the backwaters of Co chin , 'In the Chilka Lake its distribution 
is somewhat remarkabl~ It occurs on all the rocks of· the northern region, often 
growing luxuriantly and covering ~onsiderable areas, and is found among loose ,algae 
in the outer channel. In sheltered inlets alnong the rocks its gemmules often form a 
SCtlnl on the surface. South of Kalidai Id it is not present in the lake, although 
many rocks apparently suited for its growth are situated round Rambha Bay. It 
does grow, however, in a small pool of practically fresh ,vater on Barkuda Id. Even 
on Kalidai, on the north side-'of which it is common, we did not nnd it on the 
south side. A very careful search at low water on Maludaikuda Id. failed to reveal 
a single specimen, and no gemmules could be detected on the surface of the water. 
The sponge evidently flourishes best at depths of from 2 to 10 feet. We found it 
growing actively and producing larvae in water of a sp. gr. of 1'0065, but it cannot 
exist in water that never becomes fresh or practically fresh; specimens taken in salt 
water in the outer channel were all dead. 

The larvae are of the true Spongillid type and resemble those of S. lacustris in 
their ovoid shape. 

The colour of 5, alba varies greatly but depends on external circumstances. As 
its name indicates, the sponge is, when growing in clean water, of a glistening white 
very ,characteristic in its purity, but if the water it inhabits is muddy, as is usually 
the case, it assumes the hue of the surrounding soil. In the pond or-' Barkuda Id., 
where the earth and rocks contain much iron, it is reddish; in the lake and in the 
creeks and canals of the Gangetic delta it is grey, but this tint is usually concealed 
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by a' dull green flush sometimes so strong as to predo~inate. In these cases 'the 
coloilr is due to nothing inherent in the sponge but either to minute particles of silt in 
its parenchyma cells or to the growth in its substance of green filamentous' algae, 
which belong to several quite distinct groups. In the Chilka 'Lake a chain-forming 
diatom is often responsible for the green tint. 

In its power of engulfing particles of silt without apparent ~ent to itself 
this sponge shows itself peculiarly adapted for existence in muddy water in which 
the solid particles are extremely small, as is the case both in the lake and 'in most 
other places at which it has b~en found. The minuteness of i~s dermal pores'l 
doubtless serves a similar purpose, or at any rate saves it from being overwhelmed 

. . 
: . 

" ( ~ 

, . . 

, 

FIG. 2.--Spongilla alba, Carter. 
Spicules of a normal specimen frolD the Chi11M. Lake, )( 255. 

by the deposition of silt. The green algae that grow in it are parasitic, or at any .. rate 
incidentally destructive.'l 

Where rocks occur S. alba is literally attracted to them, for as the gemmules are 
set free from the sponge by the gradual disintegration of its skeleton. they gravitate 
towards the rocks on the same principle that floating bodies of all kinds are 
attracted one to another or to fixed objects. Their liberation takes place, qwing to 
the decay of the sponge and the disintegration of the skeleton 011 the death of its 
cells, mainly between February and June, but may occur at any time of the yea'r, 

-----~-~ ---

.1 These pores ha ve been actually observed, so far as S. lacustris is co~cerned, only in the var. 
prol't~erens. See Jo~'n. As. Soc. Bengal (n. s.) IX, p. 69, pI. v, fig. I (I9

1
3).. ' 

See Faun. Bnt. Ind.) Freshw. Sponges, etc., :po 49 (191I ). 
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and many of them are retained in situ J for the skeleton is rarely destroyed completely 
ere the return of the waters. In the pond on Barkuda Id. only dead sponges 
were found in April; in July the getnmules were beginning to sprout, and in September 
the sponges were i,n full activity, new gemmules .being formed. A mass of sprouting 
gemmules kept in a dish of water on the island in July produced in five days a 
small sponge with a single osculum. It is worthy of note that they did not each 
produce a different "individual ',', hut built, as it were, a single edifice in common. 
The sponge is in full vigour in the lake in November and' continues in this condi­
tion unti~ the rocks on which it grows' become d'ry or the water round them g~ows foul 
owing 'to the decay of vegetation. As late as the beginning of . March some extremely' 

FIG. 3.-Spongilla nana, sp. noV. 

Spicules of one of the type-specimens, x 255· 

hard living specimens were obtained on a little rock ou~ in the lake near Patsahanip~r. 
The water was free from decaying weeds and cover~d a consi4erable depth of rock. 
The earliest date at which we saw"sponges of the species in a vigorous condition 
was tl}e end of September; a large specimen was obtained a few days before the end 
of that month on a reed at, Nalbano Id. in I913· The sponges taken i~ March (in 
water of a specific gravity sometimes as high as 1'0065) contained many mat~re 
embryos and young larvae as well as gemmules. The two kinds of reproductive body 
were evidently produced in close proximity. 

The canals of S. alba L often give shelter ·tQ large,. numbers of small animals' of 

1 Faun. Brit. Ind., Freshw. Sponges p. 76 (I9Ir). 
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· ki d but this is not so commonly the case irl the Chilka Lake as in some variOUs n s" · f 
h 1 l't' We found l'U them however at least two species 0 Nematode W,orms ot er oca lies I ' " - , 

(Dor~laimus sp. and Oncholaimus -chilkensis, Stewart 1) as well as Polych~cta of the 
family Neteidae. Molluscs of the ,genus M.0diola are often overwhelmed b~ t~e 
growth of the spop.ge, but we did' not find In sponges f~om the lake the shells of 
Corbula ~ so common in those from the ponds at Port CannIng. 

One of the most striking illustrations of admixture of lnariQ,e and freshwater 
fauna that the lake provides is the occurrence on the same rocks, and often e~en 
i~teI11lingled, of Spongilla alba and a sponge of the marine family Suberitidae 
(La~o,suberites lacustris,' p. 49 postea). When they come in contact I the Spongillid, 
being the more vigorous species of the two,usually overwhelms the other. 

Spongilla nanat sp. nov. 

(Plate iv, fig. 3.) 

The sponge forms spherical or cushion-shaped mas~es that do not exceed and 
indeed rarely reach 5 mm. in diameter. The' colour (in tife as in spirit) is pale 
yellowish or buff. The whole structure is extremely fragile. There is as a rule a 
single osculum and in some specimens a cylindrical central cavity can be detected, 
extending downwards almost to the base of the sponge (pI. iv, fig 3). The sub· 
dermal cavity is ample and the general arrangement of the canals and apertures 
resembles that found in Spongilla alba. There is little or no horny matter at the 
base of the sponge, which is attached lightly to its support. 

The skeleton has a distinctly radial arrangement, but contains very little horny 
ma'tter. The r~dial spicule-fibres are distinct but slender and feebly coherent. They 
can frequently be traced from a point near the centre of the sponge to its' surface; 
where they project as spines. The transverse fibres are, however, imperfectly 
differentiated and in many places represented merely by an irregular network of 
single spicules. No distinct subsidiary skeleton can be detected. 

The spicules in many respects reselnble those of S. alba, but are as a rule more 
attenuated and irregular. The macroscleres in particular are remarkable in the 
latt~r respect. Some are sparsely and minutely spiny, but their irregu~arity of 
outhne, the precise n~ture of which is best indicated by a figure (fig. 3, p. 31 ), is often 
of a more genera.! nature. The spicules of this type are sharply pointed,at b«?th ends 
and as a rule slightly and regularly curved. 

The gemmule-spicules are slender and also exhibit a slight and regular curvature. 
As a. rule they are distinctly mucronate at both extremities but sometimes one 
~nd is blunt. They bear short, straight, sharp spines, which ar~ fairly.numerqus at 
a~d near the extremities and sometimes a little retroverted in this region. the 
mIddle of the shaft is ft b h . . o en are or as only a few lsola ted spIn es. 

------ ~---------

1 Rec.Ind. Mus. X, pp. 245,247 (I9
1
4).. ------------ - '. 

~ See Preston, Ann. Mag. Nat~ Hist. (7) XIX, p. 215 (I90 7) and Annandale, Faun. -B;it. Ind., 
Freshw. Sponges, etc., p. 78 (1911 ). 
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The free microscleres are slender, spindle-shaped, sharply pointed, slightly curved'­
amphioxi, covered fairly uniformly with short, straight, blunt spines. They are 
numerous both in the parenchyma and in the dermal membrane. 

The gemmules, though the sponge is never bulky enough to contain many of 
them, are fully fortned and relatively large. They possess a thick pneumatic coat 
including many spicules. The- single foralnen is armed with a horny- cup or short 
tubule. The spicules are for the most part tangential to the inner coat but a large 
number stand upright or nearly upright, giving the surface an irregu\ar appearance 
like that of the gemmules of the form of S. alba that I called travancorica. There are 
also a few horizontal spiCUles on the surface. 

Diameter of gemmule 9.2 7 mm. 
Length of macrosclere (average) 0'192 , , 
Thickness , , , , 0'010 

" Length of gemmule-spicule (average) 0'098 
" Thickness' 

" " 
, , 0'005 , . 

Length of free microscleres (average) 0'0102 
" 

Thickness " 
" " 

0'001 ." 

Type. No. Z.E.V 6455/7 Ind. Mus. 
Locality. In a small bay at the base of Patsahanipur promontory, Chilka 

Lake, Orissa, 26:.i-I4. Salinity. of "Yater approximately 1'006: depth not more than 
2 feet. 

We found this sponge on one . occasion ,only, but then in considerabJ.e numbers. 
The little spheres or cushions were attached to the free st~ms of a ,vater-plant. As 
they were in a .small backwater behind a tock where there was much decaying 
vegetation, I was at -first inclined to regard them merely as abortive or abnor­
mal individuals of S. alba which, owing tp unfavourable conditions, had developed 
prematurely. This' vieW' would be supported by, the fact that in general structure 
they reselllble a little sponge from an aquariunl in Calcutta that I regard. as an 
abortive form of S. (Eunapius) cart~ri. L Although, however, the skeleton-spicules of. 
young sponges of S. carteri are often irregu1~r in outl~ne, this feature js by no m.eans 
-strongly marked it?- the abortive sponge.. Both in it and in some fO,rms o~ S. lacustris 
that have been found growing in unfavourable environments the gemmules are poorly 
developed, being not only small but 'devoid or practically devoid of special micros­
cleres; this is also the case in large sponges of S. carteri induced by confinement in 
an aquarium to produce gem~ules prematurely_ It is, therefore, an important point 
in considering the status of S. nana that its gemmules are fully developed and 
relatively large: it is clear that the sponge, in the case of the type-specimens, has 
produced the gemmules and not the gemmules the sponge, for their surface shows no 
signs of wear or of having been exposed unprotected to ~he water and many of them 
~ere actually in the course of formation when killed, the <?uter part of their c<?at not 

I Faun. Brit. Ind., F,eshw. Sponges, etc., p. I26, etc., pl. i, fig. 4 (I9II). 
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1 It is mainly this consideration that has induced me to 
being as yet comp ete. 
describe the species as distinct, but no other sponge in the subgenus has skeleton-

spicules of quite the same nature. 

Suborder ASTROMONAXONELI(IDA. 

Family CLIONIDAE, 

Genus CLION At Grant. 

1888. Cliona, Topsent, Arch. Zool. experim. (2) V bis, p. 76. 

1891. " id., ibid., (2) IX, p. 556. 
1915. " Annandale, Rec. Ind. Mus. XI, p. I. 

Elsewhere I have given a key to the Indian species of the genus (1915, p. 5)· 

FIG. 4.-Cliona vastifica, Hancock. 
Spicules of a specinlen from the oyster-beds at Manikpatna. 

Cliona vastifica t Hancock. 

(Plate iv, fig. 7·) 

1900 . Cliona vastifica, Topsent, Arch. Zool. experim. (3) VIII, p. 56, pI. ii, 
figs. 3-9. 

1915. Cliona vastifica, Annandale, Rec. Ind. Mus. XI, p. 8. 

A full description and synonomy of this well-known species will be found in 
Topsent's paper of 1900. I give here (fig. 4) a figure of the spicules of a specimen 
from the outer channel of the Chilka Lake. 

As I have recently pointed out (191 5, p. ~) C. vastifica is the commonest species 
of boring sponge on the coasts of India in quite shallow water; it is cosmopolitan in 
its distribution. In the Bay of Bengal it is very abundant; apparently it does great 
injury to oysters and sitnilar bivalve molluscs both there and in the Persian Gulf. 
In the seas of France it is, according to Topsent, less vigorous than C. celata, Grant; 
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but' this is not the case in Indian waters. I figure on plate iv a fragment of. an 
oyster-shell from Manikpatna destroyed by it. 

In the Chilka Lake C. vastifica is abundant in the oyster-beds of the outer 
channel. We found it in a flourishing condition both in September, 1913, when 
the water was fresh or practically so, and in March, 1914, when it was as salt as 
that of the Bay of Bengal (sp .. gr. 1'0265). In the . main area, towards the south 
end of the lake, we took a few shells in w:hich it occurred in February, March, and 
November in water of a sp. gr. of from 1'006 to 1'010. In the outer channel it was 
always obtained in the shells of Ostrea, in which it was also found in the Ennur back­
water and the Adyar river near Madras in October, 1913; whe~~as in the main area 
of the Chilka Lake it was only seen alive in shells of Purpura (Thais) carini/era. 
In the latter region, however, burrows that agree with tho~e made by it in oyster­
shells elsewhere were noticed in dead shells of Placuna and Ostrea. 

At both seasons of the year at . which we took this species in the outer channel 
its burrows contained many gemmules as well as livi~g sponge-tissue, and were 
numerous and of a relatively large 'size; but examples found in shells of Purpura 
in and in the neighbourhood of Ratp.bha Bay contained few gem mules and were 
otherwis~ feeble, though their spicules were well-deyeloped and typica1. Curiously 
enough, C. vastifica shares' with a deep-sea species of its genus (C. annuli/era, 
,A.nnandale L

) the power of producing gemmules. Their utility is, I believe, in both 
cases connected with the fact that the shells in which the 'sponge makes its excava ... 
tions are liable to be invaded by other boring sponges or covered over by species of 
encrusting or-parasitic habits. We found numer<?us e~amples of Laxosuberites aquae­
dulcioris on the outside of oyster-shells whose substance was permeated by the 
galleries of C. vastifica. Where· the Suberitid was very thin the excavator main­
tained itself alive and thrust its .papillae right through the substance of the encrust­
ing form, but this became impossible as the latter grew thicker and the hidden 
sponge was soon overwh~lmed. Encrusting sp?nges that coat small areas such as 
the external surface of shells cannot be long-lived and jt is not improbable that the 
gemmules lie concealed'in theiinterior of the shell when their parent-sponge is over­
whelmed, and sprout in situ if favourable conditions return. 

Family SUBERITIDAE. 

Genus SUBERITES, Nardo. 

1900. Suberites, Topsent, Arch. Zool. experim. (3) VIII, p. 224· 

The genus Suberites as now restricted consists of massive sponges with a con­
fused skeleton, without detachable ectosome, but with vertical bunches of spicules 
on the surface. Although a considerable number of I~dian species were assigned to 
it in days when the name had a much wider significance, 'only thre,e. that have 
hitherto been recorded from Indian seas can now be assigned to the ~enus: Suberites 

1 Rec. Ind. Mus. XI, p. 12, pl. i, fig. 2 (1915). 
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(J h t ) 1 S ,,'nconstans pendy'l and S. cruciatus of the same author.s carnosus 0 ns on , .,,' . 
Th fi t f these is a cosmopolitan species found. by Carter 1n the late Dr. J. 

e rs 0 I d "b 
Anderson;s collection from the Mergui Archipelago: the two atter ~ere esc.t~ ed by 
Prof. Dendy from Mr. E. Thurston's and Prof. ~erdman'.s collections from the Gulf" 
of Manaar. Thiele ~ states that S. inconstans. 15 a Sp~rastrella, but I have not 
succeeded in finding the characteristic microscleres of that genus in specimens from 
the Gulf of Manaar; possibly the sponges from Celebes examined by Thi~le -repre­
sented a distinct species. Carter's Suberites vestigium,6 an example o{ which was 
recently obtained by Mr. S. W. Kemp at Kilakarai on the Gulf of Manaar, is a Pseudo-
s'uberites. 

One species of Suberites (s.s) is well represented in our 'cpllection of the .Chilka 
faUna, namely S. sericeus, Thiele, a very distinct form that shows a relationship in 
one of its phases to Pseudosuberites, though better developed sponges clearly belong 
to the parent-genus of the family. This species was originally described from Japan. 

Suberites sericeus, Thiele. 

(Plate iv, fig. 4.) 

18g8. Suberites sericeus, Thiele, Stud. ii. pacif. Spongien (Bibl. ?oo~ .. X, 24), 
p. 39, pI. viii, fig. 10. 

Thiele's species was described from two small specimens that had grown on the 
shells of Gastropod~. Apart from his account of the spicules, of which he gave a 
good figure, the description was by no means full and all that we learn froln it is that 
the specimens, which were dry, formed thin films of small size and that the skeleton 
of one was amorphous while that of the other. was" somewhat reticulate." Fortu­
nately the spicules are characteristic. Although all are macroscleres and tylostyles, 
they m~y be separated into two classes, the more distinctive of which is remarkable 
for its short, stout form (fig. 5). . . 

In the Chilka Lake this sponge is found in two phases, one of which is app~­
rently identical with that of-the type-specimens, wpile the other is mucb more 
. robust. The former may pe called phase A, the latter phase B. 

In phase A the sponge is restricted in area, forms a film not more than 2 mm, 
~hick a~d has a _ mi~utely hispid but otherwise smooth surface; whereas in· phase B 
It extends over areas of considerable extent, may attain a depth of at least 50 mm., 
and is not only hispid on the surface but also produces irregular projections and, 
,occasionally, curious ear-like horizontal outgrowths. ' 

The two phases"'are not absolutely distinct, for the extreme periphery of large 
mas~es of sponge closely resemble p.hase A and when masses of the kind grow out 
---------------------------------------

~ Most fully describe~ p~ Topsent in the paper cited (1900), p. 233 . 
. Ann. Mag. Nat. H~st. ~5) XX, p. 154, pIs. ix, x (1887). 
: In He~.dman~s Ceylon Pearl Fisheries III, p. 131 , pI. v, fig. 10. 

b Stud. u. Paclfisch. ~pongiell (Bibl. Zoot. X, 24), p. 10, pI. i, figs. 3, 3a, pI v, fig. 4 (1899)' 
At'n. Mag. Nat. H'tst. (5) VI, p. 52, pI. v, fig. 2I (1880). 
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over leaves that come in contact with them or ,the shells of mussels attached to ~he 
same support, the thin film that they first produce over these bodies, before incor­
porating'them, is indistinguishable "from the less robust phase. The differences 
between the skeletons of the two phases are no less striking than those between their 
external forms, and just as in Laxosuberites aquae--dulcioris <?ne phase of the species 
approaches the genus Prosuberites in certain details of structure (p. 43 postea), so 

o 
A 
y""( 

FIG. 5.-Suberites serice'us, Thiele. 
Spicules of a specimen in phase B, )( 255. 

A.-Heads of spicules further enlarged. 

o 
\I 

A. 

in Suberites senceus one phase, in tJ:tis case as in that of the other species the 
ess robust, approaches the genus Pseudosuberites. 

Before discussing the peculiarities of the two phases In detail it will be as well 
to say something of the specific characters. 

The most constant of these is the occurrence both of short, relatively stout 
spicules and of much larger ones in which the shaft is relatively more slender. 
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Thpse of the larger type have small subglobular heads which are not separated 
from the shaft by a constriction. As a rule the heads are only prevented from 1)eing 
spherical by the fact that they are flattened at the point at which they a~e at~ched 
to the shaft, but trilobed, acorn-shaped and other forms occur among them (fig. 5) 
.and these are often asymmetrical. The shafts are long, relatively' slender and as ~ 
rule straight, if curved but slightly so and usually only towards) the distal extremity. 
The maximum diameter is already attained at the point at which they are jQmed 
to the head and does not diminish until near the other end, at which the shaft'tapers 
to a very fine point. The greates~ length of the spicules of this type is 0'44 min.., 
the greatest thickness of the shaft 0'0117 mm. and the diameter of the head abeut 
0'0126 mnl. Some spicules that belong on account of the relative slenderness of 
their shafts to the same type are rather smaller and a few greatly so, being not more 
than 0'I05 mm. long. The diameter of the shaft varies considerably. 

The second type of spicule has the shaft as stout as that of the largest .spicules, 
but the maximum diameter is situated as a rule. near the middle of the length 
and the shaft tapers towards the head. The length of the shortest spicul.es of this 
type is llot more than 0' 098 mm., but it may be as much as 0'I47 mm. and is usually 
about 0'I2 mm. 

Spicules of the first type are found in abundance throughout the. sponge, but 
those of the second occur singl y in the central pa rts only. 

The living sponge, in both phases, is of a bright sulphur-yelJow colour, which is 
evenly distributed throughout its substance and disappears rapidly in spirit. The 
consistency is soft and somewhat elastic. 

The oscula are small and scattered; they are not connected, as in the two 
species of Laxosuberites found in the lake, with a regular system of subde~al canals, 
but a few irregu1~r exhalent channels in this position sometimes open into them. As 
a rule these canals are more deeply buried, often running for some distance parallel 
to the surface in the choanosome and opening not directly into the osculum but into 
vertical canals that extend downwards from it. The pores are minute and not 
confined to restricted areas; the verticallacunae into which they open are small and 
the structure of the whole inhalent system is obscure. # 

The position of the main exhalent channels, combined with the .rather dense 
structure of the outer parts of the sponge, indicates SOlne approach to the differen­
tiation between ectosome and choanosome that reaches a much higher degre~ of 
development in Pseudosuberites. There are .always, moreover, horizontal spicules· in 
the extern.al parts, though this is much more marked in certain conditions of the 
sponge than in others and in some cases their number is very small. 

There is a stout horny membrane at the base of the sponge. 

Phase A. 

The. skeleton in this phase is fragile and the exercise of pressure immediately 
r~duces It t? an amorphous state, If sections be nlade of carefully preserve4 mate­
nal a definIte structure is apparent, especially if the part sectioned does .not contain 
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getutuules. In those parts of the sponge in which reproductive bodies are absent, 
nu~erous spicules will be found with their hoods enlbetlded in the basal ,membrane 
and their points projecting upwards. In lllOst cases they do so at an angle less than 
a right angle, but regular ascending colulnns of an entirely non-plumose character 
can be distinguished. The lowest spicul~s in these columns project straight upwards 
from 'the basal membr:ane, while the highest form brushes on the surface of th~ 
sponge, where they are to some extent splayed out. 

Otherwise the skeleton forms an indefinite network in 'which the strands are 
formed mainly of single spicules and no very distinct fasciculation can be detected. 
On and near the surface there are numerous horizontal spicules. 

Where gemmules are present the lower part of the skeleton becomes partially or 
wholly disorganized, while the spicules tend to be massed in a horizontal layer a 
little belovv the surface. As the cellular parts of the sponge also degenerate on the 

FIG. 6.~Suberites sericeus, Thiele. 
Vertical section through the outer part of a sponge in phase B, showing gemmules, x ca. 10. 

production of gemmules and are less completely destroyed where furthest from these 
,bodies, the flesh is also massed tog~ther above and an "ectosome " distinct fro~ the 
choanosome is thus formed (fig. 7, p. 40). 

Gemmules are produced in large numbers. They form a single layer at the base 
of the sponge firmly connected with the adherent basal membrane. They vary greatly 
in size and shape but are always flattened at the base and strongly convex above. 
Their horny coat is thin, but the fact that it is deposited in several layers can 
sometimes be ascertained from .its laminated structure. There is no foramen 
(nlicropyle). The structure of tJ1e actual reproductive body is that usually found in 
the genlmules of sponges. Spicules do not as a rule penetrate the gemmule-coat. 

Phase B. 
The skeleton in this phase is much more complex (fig. 4, pl. iv). The spicules that 

have their heads elnbedded in the basal membrane for~ a dense irregular mass, all or 
practically all of thenl meeting the nlem brane at an angle less than a right angle. 
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Only obscure traces of vertical fascic111a tion can be detected in the basal parts 
iIntnediately above this lnass, but 011 the surface of the sponge the vertical tufts of 
spicules so characteristic of several genera of Suberitidae are well developed. They 
arise directly froln vertical, entirely non-pltll110Se colull1ns in which all the spicuies 
point directly up,vards and ,vhich can be traced downwards to diffe.rent levels in 
the sponge, some of thetn for at least one-third of its depth. The section figured 011 

pI. iv passes through the outer ,vall of a large horizontal canal probably belonging to 
the exhalent system and it \vill be readily seen that the spicules here lie horizontally 
parallel to one another. Had the section passed outside the canal altogether no such 
horizontal stratum would have been shown, and had it passed through the lumen 
instead of the wall there would of course have been a longitudinal gap. In the 
former case it would have been possible to trace the vertical colull1ns much further 
down, and they would have tnerged gradually into the confused intermediate zone 
of the skeleton instead of being sharply divided fr01n it by a horizontal layer. 

-' .... -- ------ - - - ......... .-.,,--~--

FIG. 7.-Suherites serz'ceus, Thiele. 

Vertical section through a sponge in phase A with gemmules, x. I50. 

If fragments of this confused intennediate layer be retnoved froln the sponge 
they will be found to be surprisingly coherent; it is even possible to Inacerate the 
flesh from thenl and preserve thenl intact. The explanation lies in the fact that many 
of the spicules are cell1ented together in slender and often irregular fascicles by a 
scanty but strong secretion of transparent 110rny substance and tha t both the fasci­
cles and single spicules not included in theln are fastened to one another in a similar 
manner at the points at which they inlPinge This is particularly noteworthy in the 
neighbourhood of foreign bodies such as the stenlS of Hydrozoa (Ri1ncria) that lie 
buried in the sponge. The heads of nlany spicules are etnbedded in a horny secretion 
covering such bodies in exactly the saIne Inanner as at the base of the sponge and 
these spicules seeln to fonn as it \vere a nucleus frolll\vhich the reticulation of the 
skeleton arises (pI. iv, fig. 4a). 
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Gemmules are developed abundantly. Individually .they resemble those found 
in the other phase of the species, but they form) instead of a flat basal layer , serpentine 
masses (fig. 6, p. 39) that nleander through the sponge-like veins of min'eral in a rock. 
Each of these Inasses has in its centre some foreign body such as a filament of alga 
or a branch of Bimeria and there is no essential difference in the two phases except 
that the gem mules in phase B are attached to foreign bodies of the kind instead of 
to the basal membrane. 

Suberites sericeus was described from Kagoshima in Japan and has not hitherto 
been recorded, so far as I am aware, from any other locality. In the Chilka Lake 
we found it both in the outer channel and in the main atea. In the latter we dis­
covered accidentally that the bottom of the' Lady of Chilka' , \vhich then layoff 
Barkuda ld., was coated with masses of the sponge in its more robust phase. 
T'his was in July, 19I 4. In the outer channel specimens of the less robust form 
were taken in September, 1914, at four stations, in all cases in very small quantities. 

The sp. gr. of the water, which was quite fresh in the outer channel in Septem­
ber, was 1'OI45 at Barkuda Id. in July. The depth at which the sponge was collected 
varied from about 2 feet to about 2 fathoms. 

The species seems to stand alone in the genus; from other species the structure 
of its skeleton, as well as the form of ,its spicules, separates it. It has no close relation­
ship to the genus Laxosubeyites, to which Topsent, who had evidently not seen a 
specimen, proposed to assign it (op. cit., 1900, p. 184). 

The phase A was found in the Chilka Lake coating the leaves and stems of 
Halophila ovata and other plants, while in Japan it was taken on the shells of 
Gastropod molluscs. The phase B has only been found on the bottom of a steam­
launch. The small size and .feeble development of the former may possibly be 
connected with the small area to which it was confined, while the circumstances in 
\vhich the robust sponge was growing, on the only occasion on which it has yet been 
seen, were perhaps unusually favourable for its growth. The fact that one phase 
was taken in brackish and the other in fresh water was probably accidental. 
Gemmules were found in both forms in the circumstances described. 

On the r Lady of Chilka' the sponge had grown over an assemblage of small 
mussels (M odiola striatula) as well as many colonies of the hydroid Bimeria fiumina­
lis. Some of the latter seemed to be quite dead, but others were valiantly holding 
their own and budding out fresh polyps on the surface of the sponge. Of the 
mussels a few also survived and had su~ceeded in keeping open) over the tips of 
their shells, slit-like apertures through which they could obtain food and water. 
But the majority had perished and been completely buried. In some cases the 
two valves \vere found still cohering at the narro\v end but forced widely apart at 
the other and coated inside and out with living sponge. In others the valves were 
shut or almost so, and the remains of the animal, not yet conlpletely liquified, were 
still held between thelu. In yet others the sponge was beginning to force the shells 
apart at the broad end and to invade their inner surface; the remains of the animal, 
rendered liquid by putrefaction) \vere being gradually absorbed. These facts are 
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. t t" suggestl'ng a reason or rather as supporti1).g a suggestion already l11 eres lng as '., ' 
advanced,l for the fact that sponges of dIfferent kInds frequently grow over molluscs 
or their eggs and that the shells or 'egg-cases are fOLLn~ full of sponge~suQstance. 

The case of hydroid colonies buried in sponges IS sOlnewha t different. In in­
stances such as the present one their vital parts may s~rve as food for the spongeJ".but 
in others the association is apparently symbiotic and the two o~ganislns afford mutual 
suppo~t the one· to the other without suffering in consequence.;i 

Genus LAXOSU BERITES, Topsent. 

1896. Laxosuberites, Topsent, Afem. Soc. zoot. France, IX, p. 126. 

1900. " id., Arch Zool. experi1n.. (3) VIII, p. 184-
Topsent (1900) defines this genus as having the skeleton composed of ascending 

colunlns in which the spicules are a11 orientated in one direction. Neither of the two 
species found in the Chilka I~ake agrees precisely, when fully developed, with this 
definition, for the spicule-fibres that form the main elenlent in the skeleton are to a 
large e,xtent horizontal and there ar~ also Inany non-fasciculated h9rizontal 'spi~ules 
in the cp.oanosome and basal melnbrane that Inay be regarded as a part of~ the 
skeleton. However, the peculiarities of these species are obviously correlated with 
the method of growth and certainly do not justify generic separation from L. r'ugosus 
(Schmidt), the type-species of the genus. Their relationship to it is 'discussed 
on p. 50. 

According to Topsent, Schtnidt' s Suberites palltdltm, w4ich was originally 
described from a Mediterranean lagoon, is synonymous with L. rugosus. The genus 
is also represented in the fauna of the Black Sea and other enclosed waters and 
would seem to be one peculiarly capable of adapting itself to life in such situations. 
A remarkable adaptation of the gemmules of one of the Chilka species is described 
here (pp. 48 , 49). 

Laxosuberites aquae-dulcioris (Annandale). 

(Plate iv, figs. 5, 6.) 

1914. Suberites aquae-dulcioris, .A.nnandale, Rec. Ind ... ~[us., X, p. 157, pI. xi, 
fig, I. 

I have little to add to the description of this sponge published in 191 4, so far 
as its structure is concerned. Attention tnay be invited, however, to the peculiar 
spiral arrangement of the spicules round the broader vertical canals (pl. iv, 
fig. 6a) and to the fact that the sponge occurs in two sOlnewhat distinct phases 
of growth in accordance with the nature of the' surface to which it is attached. 
When it is growing on an oyster-shell or a stick it is rather Inore robust and has 
the skeleton distinctly better developed than \vhen it is attached to the leaves and 

- - -

I Annandale, Faun. Brit. Ind.,-Freshw. Sponges, etc., p. 94 (1411). 

~ Herdman, Journ. Linn. Soc. (Zoo!.) XXXII, p. 27 1 (19I.-\-}. -

() Alcock, Ann. Jl.lag. Nat. Hisl. (6) X, p. 208 (1892 ). 
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slender stems of weeds. In the latter situation it is naturally dwarfed, owmg. 
to the limited area to which it is restricted, and its skeleton is so simplified 
(fig. 9, p. 44) that it resembles that of Topsent' s genus PYosuberites, which is defined 
as having all the tylostyles with their heads in contact with the basal membrane and 
their shafts projecting upwards. At the edges even of sponges of the more vigorous 
phase a similar arrangement occurs; but, as Dendy L has pointed out, the different 
genera into which the old genus Suberites have recently been divided are, in some 
instances, not very clearly separated one from another. In any case, L. aquae­
dulcioris is never devoid of horizontal spicules and always, in at least SOlne spiCUle 
fibres, some of the spiCUles are not in contact with the bas3.1 membrane. 

o 0 

o (/ 
A. 

FIG. 8.-Laxosuberites aquae-dulcioris (Annandale). 
Spicules from type-specimen, x 255. 

A.-Heads of spicules further enlarged. 

The species is abundant on the oyster-shells of the beds ?e~r Manj~patna in the 
ouier channel of the Chilka Lake and has also been found, In Its less VIgorous phase 
on the stems and leaves of the plant Halophila ovata- both in the outer channel and 
at various places in the neighbourhood of Barkul and Barkuda Id. in the main area. 
It occurs in water as salt as the Bay of Bengal, of different degrees of salinity and 
quite fresh, and is found vigorous in all. (and at all times of the year) at depths varying 
from a few inches to 2 fathoms. 

Ripe embryos, which closely resenlble those of L. lacustris (p. 49) in colour, 
size and external form, were found in a sponge growing on a leaf of H alophila at 
Barkuda Id. in July. Gemmules \vere seen only in speCitllens taken in fresh \vater 

~--­~-------- - -----------

1 In Herdman's Ceylon Peatl Fisheries, III, p. 13I (190 5) 
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(both in the outer channel and in the main area) in September, but several Sponges 
from oyster-·shells fronl Manikpatna taken i~ that luonth do not contain these bodies. 
They are only present in specimens on leaves and stalks. Possibly the stimulus 
necessary for the development of gemmules in this spe~ies may be set up by the-decay 
of vegetable matter, but more evidence is necessary before a definite opinion can _be 
expressed. In structure the gemmules differ considerably from those of L. lacustris 
(fig. II, p. 48) and are hardly distinguishable fronl those of the less robust phase of 
Suberites sericeus (fig. 7, p. 40) ,'having thin-shells without foramina and being arranged 
in a single adherent layer at the base of the sponge. 

L. aquae-dulcioris differs in colour in different circumstances._ Often it is hyaline 

FIG. g.-Laxosuberites aquae.dulcioris (Annandale), 
Part of the skeleton of a sponge on a leaf of Halophila, x roo. 

and quite colourless; sometim~s it is of a Inore or less deep orange-yellow, and 
occasionally bright green. The yellow colour seeins to be due, probab~y in all cases, 
to the accumulation of food-luaterial in cells that have taken part or are about to 
take part in the formation of eggs or gelTInlUles, while the green is due to the 
growth in the substance of the sponge of a branching alga of simple structure, which 
only grows if the organism is exposed to light. As the sponge usually affects 
sheltered situations, this is not very often the case. 

I will discuss the affinities of this sponge together with those of L. lacustris all a 
subsequent page (p. 50). 
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Laxosuberites lacustris, sp. nov. 

(Plate v, figs. 2, 3). 

45 

The sponge forms thin and fragile films, sometimes a little less so than those of 
L. aquae-dulcioris, on stones and rocks. Its colour varies in the same manner and for 
the same reasons as that of the latter species. In spirit any that may be present 
(except the yellow of the gemmules, which is remarkably permanent) disappears and 
t~e whole specimen assumes a Inilky opacity. The external surface, except imme­
dIately round the gemmules and on the roofs of the superficial canals, is level and 
minutely hispid These areas are smooth and, in the living sponge, convex. 

~robably each sponge possesses only one osculum, but many frequently grow so 
close together as to form an apparently uniform layer of considerable area. The 
osculum is slightly raised on a crater-like eminence with gently slqping sides. In the 
living sponge it is protected by an oscular collar capable of expansion to a consider~ 
able length. This structure is a hollow cone formed of dermal membrane without 
skeletal support. The actual exhalent orifice is situated at its free extremity and is con­
siderably· narrower than the base of the cone. When fully expanded the latter is. 
much longer than it is broad at the base, where it is almost equal in width to the 
main exhalent channel from the roof of which it arises. The external (i.e. im­
mediately subdermal) horizontal exhalent channels form a very conspicuous feature 
in the external appearance of the sponge. Each system of the kind consists of a 
main channel which runs along the surface of the parenchyma in a straight or sinuous 
course for a distance of some 5 to 10 mm. The oscular collar arises from its roof at 
or near the middle. Running into it at fairly regular intervals on either side are 
lateral channels like itself but narrower;· these, in their turn, receive yet other, still 
narrower channels, so that an entirely horizontal ramification is formed. In the 
Hying sponge the roofs of all those channels, that is to say those parts of the dermal 
membrane that cover them, are markedly convex and quite hyaline. The inhalent 
dermal pores lie scattered in the intervals between the lateral channels. They are 
somewhat variable in size, but always minute; the largest I have seen were not more 
than 0·08 mm. in diameter. In the preserved sponge apertures of both kinds are a'5 
a rule obliterated, the oscular collars disappear and the roofs of the exhalent channels 
collapse. In both living and p~eserved specimens ridges may freq ueatly be observed 
on the surface, sometimes marking off enclosed areas. These are, however, due not 
to any peculiarity in the structure of the sponge, but to the growth in its substance 
or below its base of algae, of the stolons of a Hydroid (Bim~ria) or of a Polyzoon 
(Loxosomatoides), or else to the tubes made by a minute Polychaete worm. 

The dermal pores open directly, as is so often the case in thin encrusting 
lVlonaxon sponges of different families, into cylindrical channels of considerably 
greater diameter than themselves and running in a vertical direction. The upper 
part of these channels, which is wider than the lower, represents the subdermal cavity, 
but the lower part extends nearly to the base of the sponge. Finer afferent chan­
nels are given off radially from the lower part of the main ones, run in a horizontal 
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or inclined plane and, prohahly after branching at least once, ultitllately reach tpe 
stllall, ill-defined laCllnae round \vhich the ciliated chanlber~ arc arranged. Th, 
chanlbers arc oval in outline and about o'OU20 t11tll. long by 0'002 nun. broad. Fine 
eKhalent channels rUll frotn the lacunae and, after cOlnbining once or 1110re J reach the 
superficial canals; their course is naturally up\vards in a sloping direction. The soft 
parts of the sponge Inay he described as cOlnpact in cOlllparison ",ith those of other 

species of the genus. 
The skeleton consists of two distinct parts: pltullose spicule-fibres that terminate 

in free brush-like bunches of spicules on the surface of the sponge, and a basal horny 
Inembrane containing isolated spicules, \vhich are as a rule slnaller and more slender 
than those of the fibres. . 

The spicule-fibres differ but slightly as a rule frolll the type characteristic 
of the genus. SOllletitnes, ho\vever at the extrelne luargill of gro\ving spongeS and 
in stunted ~pecilnens they resel11ble the siluple upright bunche!i\ of Prosflbe,itts. 
In those sponges that Inay be regarded as fully formed and well developed the 
primary fibres are directed for a short distance vertically up\vards frOltl their base, 
then bend over gradually and run for sOlne distance horizontally (that is to say 
parallel to the surface of the sponge), and finally protrude upwards. 1'he spicules 
all point a\vay froIH th~ hlsal eKtretnity of the fihrt". I~xcept at the base, I have 
not been able to dett:ct any binding substance in the tihr<.-s, and the extreme readi­
ness ,vith \\'hich the \"hole structure is disorganized by the exercise of pressure 
\\'ould seeln to prove that suhstance of the kind is not tllore. at 111ost, than very 
scantily pre~ent. 'rhe pritnary fihres tenl1inat~ in the· usual 111anner in bunches of 
~picules directed out,,'nrds as "'ell as l1pward~; the tips pierce the dernlaJ nletnbrane: 
The \vhole disposition of the skeleton is closely l'orrelatl'd \\'ith that of the osculum 
and exhalent channeJs, and, indeed, \vith that of the \vater-s~·stenl generally_ The 
c1irection of the spicules is a\vay frolll the OSCUhl111, so that the fibres they for(l1 
radiate out\var<1s frolll it het\veen the III lin exhalent channels. parallel to \\'hich they 
run. :\t the lnargins of these chaunt-Is the pril11a ry fihres give off short lateral 
hranches that ha\'t." a sonl~\\'hnt fan-likt, arrangcnlent incli\-idunlly nnd lie in the 
dealt sponge horizontally and practically paralh.l ~o the surface. 'rhose from the 
prinlary fibre on either side of the l'hannel Ill-'arly 11l~et in its Iniddle. When, how­
ever, a current of \vater pas.;c:-; through {t)\vards the ()SC'UlUlll it raise~ these lateral 
fan-like hranches and causes tht'J11 tn arch over inltnedintclv under the dermal 
1tlembrane, to \\'hich they give support. 'rhe tips of their spicules, which are 
directed out\vards fro111 thl- pritllary fihre, do not penetra te it as do those uf the 
spicule~ \\'hich CortH the tenllinal hrushl-s. Single spi('ull-~ lie Sl'at tered in a horizon­
tal direction 011 the floor of the superficial channels. 

At the base of the sponge therl" i.; a cleticat~- hut (Ji~tinl .. t horny l11embrane in 
\vhich, as already stated, spicule~ t1sl1atly slludler than those of the fibres Jie 
scattered horizontally. ~l'his stnu.'htn.' is very liahh.' to hl- overlooked 8!-\ it can be 
separated ~r0111 the stone to \\'hit~h t 11<.- sponge is attached only \\'ith sOlne difficulty . 

. All the spi<.'ules arc nonnally t yl()st~·I<.-s and th(.lfl' arc nn 1l1icro~leres. The 
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o/lostyles have a very distinct head, which is variable in shape and Inay be irregular; 
i~ is much more frequently spherical or symlnetrically elliptical than in 1-. aqtttlt-­

dulcioris. The shapes that it may aSSUlne in the two species are sho\\rn in figures 
8 and 10. The shaft is usually straight or slightly and regularly curved. It is 
always slender and tapers gradually to a sharp point. There is practically no dilation 

., 1 
I 

o 0 

o \1 

() 

~? 0 
A. 

111(;. JO.-IA'xos"b~';ks laOf!)/,.;S. sp. UO\', 

Spicules froul 1.\ typical sptthncli. • 4itS~· 
A.·- ,11t'ada ul "pu:ules 'uftb", CUI4fJtt"ti 

'of the axial canal in the head) and this canul is never hruud ur ~X)uspi\.'uou~. ,'h,: 
length of the largest spicules is 0'56 to 0' 5X 111111. t and the hrc..'ud tit uf t hl" t hh .. ~kc..~t 
part of the shaft 0'008 111111., the (.~()rrespollding 1l1eaSUreluents in J... "«I",'c"',/u/(i('ris 
being 0·33 IDm. and 0'005 llnn.l In I .. {dClIst,is. ho\vever. SOltle of th~ shurh.'t'·~picult.~ 

J .. 0.033" in the original description (Nt" I ,.d. "Ills. X. p. 1,8, Is • printttr', ("Hul, t n :KltUc." 

Ipecimenl the spicules are Itnaller tban iu othtfS. 



48 111 cJ1toirs 0/ the Tndian MttSeu1/t. [Vo~., V, 

are often actually stouter than those of greatest length. The breadth of the head is 
slightly greater than that of the shaft. 'rhe nleasurelnents of the spicules aie 
extremely variable both individually and in different sponges, but sOlne of them a~e 
always nluch larger than any in L. aquae-dulciorZ:s. 

Genunules are produced in large nUlubers., 'fhey are forlned in groups at the 
base of the sponge and are visible externally as relatively large patches of lichenoid 
outline and of a deep orange-yellow colour. 'rhe skeleton becomes completely dis­
organized in these patches and the basal menlbrane disappears as an independent 
structure. Each group consists of numerous gemilluies piled one on the top of the 
other several1ayers thick. The individual genl1nules are flattened on the lower sur-

A 

B 

FIG. I 1.-LtI.fosubc-ritrs IllClIsir;s, sp. flOV. 

A.-Larva in optical section, - 255. 
TllC dUa un.' (.milled. 

B.-Vertical section though a lUUS of gc,umules. )( 30. 

face, distinctly convex above, and polygonal in outline. 'rhe whole mass (fig. lIB) 

is fixed together by spiCUles of the l10rtnal type \\,hich transfix the coats of the gem­
nlules v~rtically or tangentially, their heads being lower than their tips. The actual 
reproductive body consists of a l~ongeries of cells of the usual forln gorged with 
globules of food-Illutcrial of a hright yello\v colour. It is to this substance that 
the colour of the \vhole 111aSS is lnninly due, but it is intensified by the tint of the 
horny coat. 14:ach gCl1ul1uie has its 0\\'11 coat, hut the different gelnmules of one 

patch are so closely pressed together that their coats beCOlne intitnately C01111ected. 
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There is 110 orifice, but the coat, which is about 0·007 n1ln. thick. is deposited 
in several layers, between which there is air or SOlne other contained gas, so that, 
when dry, the structure has a slight silvery lustre. The genlnlu1es vary in size, but 
the greatest transverse diameter does not exceed o· 2 I mm. The biological signifi­
cance of the whole structure is discussed below (pp. 5I, 52). 

The larvae (fig. IIA) is, when set free, a ll1illute ovoid body distinctly truncated 
at the bro~der end. Its colour is a uniforln clear yeUo\v not quite so deep as that of 
the gemmules. Cilia cover the whole external surfac~ except the broad truncated 
end, which forms a hernia of relatively large cells. I have not been able to Inake a 
detailed examination of living 111'ltedal, but in \V'ell-preserved and stained specilllen~ 
the cells of the external ciliated epithelium (endodenn) seenl to be slightly elongated 
immediately round the hernia. There is, therefore, reason to think that a ring of 
longer cilia surrounds this region. Tile greate5t length (in Canada balsalll) is about 
0·139 mm. , aud the greatest 'v~dth about o· 102 lUlU. .-\ distinct seglllclltation-cavity 
of irregular shape and relatively large size can be detected in the interior of th~ 
larva anterior to the lnass of enlarged cells that fonns the (po..;terior) hernia. 
A single fascicle of spicules is already pre5ent. .A.lthough the spicules are very 
slender, they are clearly tylo:;tyle:i \vith a distinct head. Their head~ r~st. approxi­
mately in a ring, a little in front of the enlarged cells; their shaft. ... point foc\\·ard 
and a little outwards and lie to a considerable extent in the s<"~lllelltation-cavity. 
Their points are separated by a considerable distance froln the anterior extrelnity. 
The fascicle is composed of about 7 spicules. 

1'ype . No. Z.E. V 0442/7. I lid . .\/ tis. 

L. lacustris has been found as yet only in the Illain area uf th.e Chilka Lake. in 
which it occurs abundantly, often together with S pOIlr,illa ,t/hel \\·here,·cr there arc 
rocks or stones at the edge. It can live, at any r~lte for a season. in pure fresh 
water and has not yet been fOllud iu that uf a ~r~at~r sp. gr. than I '01 50 . It gro\\'~ 
at all times of the year, but is Illost vigorous at the ~~aSOll \\·hl·11 th~ \\'at~r of the 
lake is brackish but the level still fairly high (th,lt is to say about l)(.-celuhl'r and 
January), and occurs ill depths of frOlll a fc\v in~hes to at lea ... t .! fathollls. 

It is with considerable hesitation that I descrihe this spongt' as a specie~ 'distinct 
froln L. aquae-dulciorl.s, hut on the ,,"hole. to do so seelllS less liahl~ to cause l'Ollf~ISioll. 
should my opinion be ultilnately proved incorrect, t han to regard tht' sp()n~t': \\'lth~ut 
experimental evidence, as 1l1erely a highly spccialized phase o~ that ~pe\"l~. 1 he 
nlost important differences het\\"eell the t\\·o ionns an.' the follo\\'lllg : ---

I. The spicule-fibres of I~. /clClIslris a re longer hril~ll'h l~lorc f r~l'ly and luaintniu 
a horizontal direction for a ~rt'ater part 01 thl'lr ll'ngth than thOSl' of 

l.... llqutlt'-duJeivris. . . 
2. 'rhe spicules art' eVl'n llUHC "ariablt' in Sil.l' hut hu\"\.' Sph('rlC'll .ur slJ~htJy 

elliptical heads in a grl'at proportion of instant'l's; S(Ulll' nt. tl~CUl art' 
ahvays considerahly larger than any of th()~l~ of I.. "c/lIcico-cl,,/,:,c tns. . 

J" 'l'he gcnlJll u]cs arc pi tee 1 t ogct her ill I .. /,'CII sf r; s I onc Oil t h~ top ot ., nut h\.· .. III 
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several layers, and are held in this position by vertical spic~es w1iich 
trallsfix them. Lichenoid coherent 1nasses of gemmules, whtch cali be 
detached as a whole, are thus form(!d, instead of a single adherent layer ail 
in L. aquae-dulcio,is. 

in..gene~al structure the two sponges resemble L. rugos~ (Sc~midt) I J except that 
they are much less vigorous in their gr?wth and that . t~elr maIn exhalent channels 
and the main component parts of their skeleton exhIbIt a greater tendency to be 
horizontal. The two facts are probably correlated. The spicules of both species 
differ from those of Schmidt's in having the heads practically always differentiated, 
though often irregular. '£hey are also more variable in size. In these respects 
they come nearer th~ spicule; of L. eclyoninus, Topsent, from which they differ in 
that by no means all of them are directed 'c towards the periphery of the body" 
(Topsent, op. cit., p. 189, pI. vii, figs. II, 12). As regards the form of the spicules 
both species agree closely with the variable Australian L. protellS J Hentschel! t but 
from all varieties of this sponge they are separated by the structure of their ske1e­
to~ and the general smoothness of their surface. 

L.lacustris was always found on stones or rocks except in one instance in which it 
was on a dead bamboo. On rocks it grows on vertical faces and on the lower surfaces of 
overhanging projections j on stones it occupies the lower side only. unless the stone 
is protected by others above it. This seems to be not so nluch due to avoldance of 
light as to the fact that its comparatively ft.at surface renders it liable to be com­
pletely smothered by the settling of silt if it spreads out in all exposed position. 
If sponges of the species are placed alive and surface uppermost in an aquarium f~ 
of lake-water they rapidly become covered with fine mud and debris, through which 
their oscular collar~ project upwards. The convexity of the roof of the superficial 
exhalent channels, c<?mbined doubtless with the steady lnovements of the water iu 
the can~ls, keeps the roofs free of extraneous matter for SOlne time and the plan of 
the canals is mapped out in a very conspicu!)us Inalll1er by clear hyaline streaks in 
the general area of mUd.; but the dermal pores are soon choked, and the sponge dies. 

Larva~ were found In April ready to be liberated in the canals of sponges which 
also contained gelnmules. Gemmules are produced at all tim~ of the year but 
particularly at the approach of the hot weather. At this season most of the rocks 
on ~hi~ the ~ponge flourishes are gradually exposed by the retreat of the water. 
A.s 1t dries. up It .naturally dies. Sponges that suffer thus before producing gem­
m~esJ a~ IS not Infrequently the case, cling tightly as dried skeletons to the stOlle, 
their horizontal fibres being pressed against their adherent basal tuelnbrane (pl. v J 

fig. 2).; but ~o fibre; persist in the getntllule-masses and the basal tuembrane 'has 
practtcally dls~ppeared below them. When these masses are thoroughly dry, there-
fore, they begin to curl up r u d th d . f h one e ges oWing to the unequal contraction 0 t e 

.. Topsent, Arch. Zoot, experim (J~-;~;;-p'''t -, --~ .,-
t "Tetrax 'd " . . t· ,. V, I~!,\. 1·4. 

(fi . ani a III Michaelsen and Hartmeyer's Falin, .,",',;dw. ..IIIs/,c'Uf'."S II. pp. 389_ 39' 
gs. 20, 2r) ,392 (figs. 22, 23), pI. xxii, fig~. r,,] (Iqoq). 
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co~poneDt parts during desiccation J and are finally detached intact by the wind, 
whtch wafts them away and; sooner· or later, drops them in many cases, on the 
surface of. the water. There they float. We may imagine that a large number are 
carried by wind or water to quiet nooks among the rocks where they germinate when 
the floods return, while others Clre submerged by heavy rain. The majonty of these are 
probably smothered in the mud at the bottom of the lake, but some may faU on 
stony ground. The masses are rendered extremely light by the spaces between the 
diffe~!nt layers of hO.rny subst~nce on the surface of the gemmules ., and probably 
some are transported for long distances. The whole mechanisln of these structures 
affords a most interesting example of adaptation on the part of a sponge of recent 
lnarine origin, as L. lacuse,is undoubtedly is, to conditions that can rarely. if ever, 
occur in the sea. 

Smaller masses of gemmules of the same constitution as the large ones remain 
embedded in small cavities on the rock on which they were deposited, and their 
gemmules germinate in situ. This seems to occur main~y at the beginning of the 
salt-water season, that is to say in November and the beginning of December. At 
this time of the year I have found luany young sponges at different stages of 
development. In gemmule-masses of $e kind, as in the case of SpongUla alb" 
(p. 31, antea), each Inass of gemmules produce~ a single sponge with one Oscu1Ulll. 

A number of small sponges often arise from different masses deposited close together 
on a rock or stone. They do not, however. fuse, when, in the course of growth. they 
come in contact, but remain distinct, apparently throughout life, although their 
Inargins are co-ternlinous. It is in this way that large areas are often covered with 
what appears at first sight) but not on careful inspection, to be a uniform layer of 
sponge. 

Another instance of adaptation to ellvironnlent is probably to be found in the 
reproduction of this sponge, viz. ill the large irregular cavity which occupies a COIl­

siderable proportion of· the interior of the larva (fig. IIA). Topsent discussing 
the structure of the larva in the different fanlilies of Halicholldrine sponges, points 
out that a series of lacunae normally occurs in the prilnitive epiderlll of the embryo 
and regards these as identical, not lnerely homologous, with tbe 111 ueb larger single 
ca vity found in the larva of SpongiUidae. He does not , however, notice that in 
that larva the cavity is not only of tDuch Inore regular {orlll but is actually lined by 
a specializ~d membrane·i of which there i~ apparently no trace in nla?t~e types. 
I have comnlented tlsewhere· on the essential resemblance of the Spougilbd larva, 

Possibly the horny coat of tbe gClUlUules of Suberitidae is always deposited io layen; lb" is 
clearly the case ill Ficuli,u (see lfis5 Solhu's figure reproduced ou p. 330 of Vol 1 of the CUtb,u,,, 
Natural History). In most Cale.i, however, it is extreluely thin, and I can find 00 refereuce ioliteratur~ 
to spaces between the layers. 

I A.rch. Zool experim. (5) VII, pp. xiii and xiv (1911). 

1$ 'fhis is clearly' shown ill a figure recently pUbli:,lu:ci by NlHdeke. Zool. JuMb. (.~Hd'·1 VIII, 

fig. 1 (1913). 
" Jou,,.. As. Soc. 8{mgal (u. t;.) IX, p. 'l.J.'J. (lYlj). 
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in its tllechanislu and functions, to that of Polyzoa Phylactolaell1ata and have 
suggested that in both cases the bladcier-like body is an adaptation for life in fresh 
water. The fresher water is, the lower its specific gravity. The yolk contained in 
larvae that gro\v 'without feeding is heavy, and a body that has to progress through 
fresh ,vater to obtain a situation suitable for subsequent changes is greatly hindered 
if it is luuch heavier than the mediunl through which it llloves - If it is hollow, and 
i.f the cavity is filled with vvater, as that of the larvae under consideration presum­
ably is, the \veight of the yolk is cOl11pensated for and the specific gravity of the 
luoving body becomes practically identical with that of the surrounding mediunl. 
The cavity in the larva of L. lacltstris is not relatively so large as that in the larvae 
of Spongilla, N'ltdospongilla and E /)/tydatia) nor has it the same specialized structure, 
but it is at any rate considerably luore aluple than in nlost luarine types. Its size 
is, therefore, not improbably correlated vvith the fact that the larva lives in water 
of low salinity and consequently of 1o\v specific gravity. 

L. lacltstris is too thin a sponge to afford shelter to any but very snlaU animals. 
Nelnatode \VOrnlS (Dorylain'lus Sp.l) are, however, comnlon in its canals; at least 
one luinute species of tubicolous polychaete) probably a Capitel1id, was found on 
one occasion, while another, tubicolous and plumigerous species is nearly always 
·abundant. The rhizonles of the Hydrozoon Bimeria fiuminalis and the Polyzoon 
Loxosomato£des laevis are also often found at the base of the sponge, sending up their 
branches or polyps through its substance to the surface. Lamellibranch molluscs of 
the genus M odiola are sOluetimes over\vhelmed in its growth. 

Grade TETRACTINELLIDA. 
Suborder SIGMATOPHORA .. 

Fatuily TETILLIDAE. 

Genus TETILLA, Schn1irlt. 

LTetilla dactyloidea (Carter) J 
1869. 1~ethya dactyloidea, Carter, AnJl. il/ag. iVat. Rist. (-t-) III, p.rs, fig. 
r872." " id. , (4) IX, p. 82, pI. x, figs. 1-5. 
1887." " id. J laun-t. Linn. Soc. Zoot. (Fauna Mergui, I), p. 79. 
1888. T'etilla " Sallas, (Challenger Rep., Zool. XXV, p. I. 
1891." " Keller, ZeitschY. wiss. Zool. LII, p. 335. 
1903." "v. I--fendenfeld, Das Tierrech, Tetraxonia, p. 18. 

DistJ'ib2(t~on: S. Arabia; BOlubay; Mergui .A.rchipelago, Burina (Carter). 
The typIcal forn1 of T dactyloidea ,vas not obtained in the Chilka Lake, but 

another, so. near that I think it Inust be regarded as a variety, is represented in 
our collection by sever 1 . F h· f . . . a speClll1ens. or t IS or111 I propose the name ltllgua 10 
reference to Its peculiar shape. 

---

J. ~tewart, Rec. Ind. JIlts. X, p. 247. 
not dlstluguished from L. aqu((c-dltlcioris. 

\Vhen Capt. Stewart's paper was written ~. lac1{stris was 
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(Plate v, fig. 4). 
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The var. Ii 11 flU ({ differs £1'0111 tIle I f p' f tl 1 
p orJJza y' lea 0 Ie speCIes In t le following 

characters :-

I. The sponge is tongue-shaped and cOlupressed instead of being sausage-shaped. 
2. The 111inute spherical spicules found by Keller in Carter's specimens fronl 

.Arabia (the types of the species) are absent. 
3· The basal tuft of spicules is much reduced, being visible to the naked eye 

merely as a slight shagginess. 

4· The single OSCUlUll1 at the central cavity of the sponge is even smaller, or 
perhaps capable of more complete contraction. 

5· The pores are apparently confined to the upper three quarters of the super­
ficial area of the sponge. 

I have been able to compare our specinlens with several of those froln the 
Mergui Archipelago exatnined by Carter. As Sollas has pointed out, the latter do 
not altogether agree with the original specimens and I cannot find in them, any more 
than in the types of the new variety, the minute siliceous spheres found by Keller in 
Carter J s Arabian examples. 

The sponges from the Chilka Lake agree Well in general structure with those 
from Mergui, from which they differ notably in their compressed, tongue-like shape 
and in the still greater reduction of the basal tuft. The spicules, except that those 
of the basal tuft are of course much shorter, appear to be practically identical. 
The osculum is more completely closed and the central cavity into which it opens 
almost obliterated. The fact, however, that the external surface is thrown in the 
larger specimens into strong vertical folds in the anterior part of the body, and 
the manner in which these folds radiate from the osculum, would indicate that the 
sponges were killed in a highly contracted state. The shape of the posterior end is 
somewhat variable, this extremity being tapering and rounded in some sponges and 
obliquely truncate in others. In the latter there is no trace of external injury. The 
largest, which has this shape, is 58 mm. long and 22 mm. broad in the middle, where 
it is 10 mm. thick. This specimen is less compressed in the anterior region than 
the others. A photograph of it, with one of a smaller example from the same sta­
tion, is reproduced on plate v, fig. 4. The colour of the sponge (in life and in spirit) 
is pale greenish grey. 

Specimens of T dactyloidea -var lingua were taken in the outer channel of the 
Chilka I~ake in September, 19[4, at depths of about z fathoms. All were on a sandy 
botton1. The \vater at the time was fresh, but there can be little doubt that the 
sponge is also to be found at the satne place when it is salt. It evidently lived in 
groups at tnore than one point. 

The species has ahvays been taken in shallow water apparently anchored in sand 
by its basal tuft. The reduction of this tuft is probably correlated with the com­
pressed form of the new variety, and both characters, as well as the position of the 
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pores, seen! to indiclte that it lives 11l0re deeply budeo th~n the typical fOr111. Its 
superficial reselllblance to Sphcnopus tnars1tpilt1n, an Actinian that lives buried in 
mud and is C01111110n off the Inonths of the Ganges, is noteworthy and affords an inter­
esting instance of convergence. Dendy [ has pointed out that T dacty!oidea is 
closeJy related to the species he described under the name T limicola, except in the 
iInportant feature that in the latter ,{ the sponge is very compact throughout, and 
there are no wide tubes in it, the excurrent canals being very narrow and opening by 
numerous minute apertures in the floor of a somewhat flask-shaped cloacae with 
slit-like vents on the surface of the sponge." He rightly regards this feature as an 
adaptive one connected with the fact that the sponge lives in very fine soft mud in 
Lake Tamblegam, a cOlnparatively small lagoon on the coast of Ceylon that closely 
resembles the Chilka L,ake in many respects. So far as its compact structure and 
the absence of broad channels go, the Chilka sponge is very like the Tamblegam one, 
but the nature of its single exhalent aperture is totally different. Although it lives 
in sand, the water above it is always full of fine silt held in suspension. The case 
seems to be in some respects parallel to one I have recently discussed elsewhere, viz. 
that of Corvospon{!,illa barroisi and Nud'Jspongilla aster in the Lake of Tiberias.'2 
In both cases we find sponges structurally related and living in the same, or a very 
similar, environment, but adopting diametrically opposite means of protecting their 
water-system; in both cases the disadvantages of their environment are due to 
minutely separated mineral matter held in suspension in the water or settling on the 
surface of the sponge. 

I "Report on the Sponges" in Herdman's Ceylon Pearl Oyster Fisheries III, p. 94 (IgOS). 
'2 ]ollrn. Asiat. Soc. Bengal (n. s.) IX, p. 76 (I9 I 3). 



EXPLANATION OF PI~ATE III. 

Spongilla alba, Carter. 

A rock at the edge of the Chilka Lake partly covered by the sponge. 

The photograph was taken in November after the level of the lake bad sunk about 5 feet, leaving 
the sponge dry. The rock was 2 ft. II in. in width and was covered with a somewhat sparse growth of 
filamentous alga. The sponge had grown over this alga on the lower part of the rock and the appa­
rent branches on its surface were actually thin incrustations of the filaments. 
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SPQNGES OP T 'ME CHILKA LAKE . 



EX.PLANATION OF PLATE IV 

Figs. I, la, 2. Spo1'tgiUa alba, Carter. 

I) ra. Fragments of the skeleton of a very hard specimen froln a rock in the 

Chilka Lake, x 50. 
Th~ preparations had'been cleaned and stained with pyrogallic acid t~ s~ow the horny substance. 

Some of the single spicules forming the subsidiary skeleton may be noted tn s'ttu. 

2. Fraglnen ts of the skeleton of a very soft specimen from weeds in a pond 
on Barkuda Id., treated in the same way, X 50. 

Fig. 3. Spongilla nana, sp. nov . 

. A complete sponge stained with borax carluine and mounted in Canada balsam, 
seen frotn 1:;>elow, x 15· 

c.c.-central cavity. s.c.-subdermal cavity. g.-gemmule. 

Figs. 4, 4a. S~tberites sericeus, Thiele. 

4. Vertical section through the skeleton of a sponge in the more vIgorous 
phase, x IS. 

4a. Fragtnents of the skeleton frotn the interior of the saIne sponge in the 
neighbourhood of an engulfed colony of the hydroid B inleria fluminalis, more highly 
magnified. The preparation has been stained with pyrogallic acid. 

s.f.-vertical spicule-fibres on the surface of the" sponge. i.e.-the position of one of the Inain 
horizontal canals. b.m.-horny basal membrane. 

Figs t 5,6, 6a. Laxosuberites aquae-dulcioris (Annandale). 

5· Type-specimen on an oyster-shell froln Manikpa tna in the outer channel of 
the Chilka Lake, x 2. 

6. .A. single branched spicule-fibre in lateral view, x 100. 

6a. A fragment of the skeleton in the neighbourhood of a large vertical and a 
superficial horizon tal canal, x 75. 

v.c.-position of vertical canal. h.c.-position of horizontal canal. 

Fig. 7. Cliona v{lstijica, Hancock. 

Part of an oyster-shell froln the Manikpatna beds destroyed by the sponge, x I. 



Mem. Ind. Mus., Vol. V, 1915. 
Plate IV 

7. 

2. 

bm. 

6. 
4. 

he. 

II 5. 
cr. 

3. 6a. 

AC.Cbowdhaxy. del. S"mrosc. Collo, Derby. 

SPONGES OF THE CHILKA LAKE. 



EXPLANATION OF PLATE '/ 

Fig. I. Spongilla alba, Carter. 

A thick section· through the base of a branch in the neighbourhood of an 
osculum, x 10. 

The soft parts of the sponge have been entirely removed; the filmy substance shown partict1larly in 
-the lower lobes of the section is the subsidiary skeleton. 

Figs. 2, 3. 3a. Laxos~tberites lacustris, sp. nov. 

2. Dried specimen on a stone, somewhat enlarged. 
3. Mass of gemlTIules removed from a rock by the wind, seen frOlTI above and 

considerably enlarged. 
3a. Part of the saIne speciluen, seen from below. 

Fig. 4. Tetilla dactyloidea (Carter) var. lingua, nov. 

Two of the type specimens, nat. size. 

The figures on this plate are reproductions of direct photographs. 
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ECHIUROIDEA. 

By N. ANNANDALE and STANLEY KEMP. 

The Gephyrea are represented in the fauna of the Chilka Lake by a single Echiu­
roid belonging to the genus Thalassema, Gaertner. The species, which appears to 
be undescribed, is of interest on account of its close relationship to T sabinum, 
Lanchester, from the Tale Sap in lower Siam (~ lagoon that closely resembles the 
Chilka Lake in many respects) and of the fact that a third closely related species 
occurs in canals of brackish water on the outskirts of Calcutta. 

These three forms belong, in a sense, to the group typified by T neptuni, Gaert­
ner (the type species of the genus) and characterized by the comparatively simple 
na ture of the anal trees, by the possession of two pairs of nephridia and by the undi­
vided sheath of longit.udinal muscles. They have, however, certain very noteworthy 
peculiarities-especially in the structure of the proboscis-that may ultimately be 
considered to be of generic. importance. The following key to the species of the 
lleptttni group, to \vhich we assign provisionally those described here, may be 
useful :-
I. Proboscis long and slender, pointed or bifid at the tip, ex­

tremely extensile, without dendritic or ,finger-shaped out­
growths. 

A. Proboscis when expanded much longer than body, 
pointed T neptuni, Gaertner. 

B. Proboscis when expanded not much longer than 
body, expanded and bifid at tip T semoni, Fischer. 

II. Proboscis short and stout, truncate at tip, not very exten­
sile, with dendritic or finger-shaped outgrowths. 

A. Proboscis tubular, (the lateral margins being fused 
together), and containing internal finger-shaped 
outgrowths T sabinunt J Lanches-

B. Pro boscis with the lateral margins not fused to­
gether, though capable of close apposition, bear­
ing dendritic marginal outgrowths. 

I. Dendritic outgrowths of proboscis small, 

ter. 

less than half as long as it is \vide T dendrorhynchus, sp. 
nov. 
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Dendritic outgrowths gill~like, nearly as 
long as the proboscis is wide T branchiorhynchus, 

sp. nov. 

2. 

We have to thank Dr. A. E. Shipley and Mr. Forster Cooper for sending us the 
two type specimens of T sabinum for cOlnparison with those of our new species. 

Genus THALASSEMA t Gaertner. 

Thatassema, \Vharton, Philippine Journ. Sci., VIII, p. 243· 

Thalassema dendrorhynchus, sp. nov. 

Like all Echiuroids this species is contractile; but the body is much more so 
than the proboscis (though the latter is capable of undergoing considerable change of' 
form) and neither region appears to be so extensile as in many other species. 

~ 
lax2 

1 x 1. 

FIG. I.-Thalassetna dendrorhynch1-lS, sp. nov. (nat. size); la, ventral view of proboscis with lateral 
margins separated (x 2). 

FIG. 2.-Thalassema branchiorhynchus, sp. nov. (x 2). 

Our largest specimen (fig. I), preserved fully expanded, is 120 nlm .. in total 
length, of which 18 mm. is occupied by the proboscis. The greatest breadth is 12 

mm., the point at which this measurement was taken being near the posterior ex­
tremity. The animal is, however, able to contract its body ~t different points and the 
position of the greatest breadth differs from time to time. In our smallest specimen, 
preserved in a contracted condition, the length is 46 mm., of which about 8 mm. is 
occupied by the proboscis; the greatest breadth, situated near the centre of the 
body, being again about 12 mm. In general form this specimen may be described 
as sausage-shaped. 
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~rhe proboscis, the length of which is thus about one-sixth or one-seventh that of 
the entire anilual, is shovel-shaped; the distal extreluity is truncate and the lateral 
(ventral) margins are capable of being applied together in such a \vay as to fonn 
a cylindrical tube. \Vhen separated the space bet\veen thenl is narro\vly V-shaped. 
The dorsal surface is stnooth or nearly so. There is no longitudinal ridge on the 
ventral surface and the ciliated groove is inconspicuous. A. striking feature of the 
Inargil1s is that they are distinctly serrated, the serrations towards the proximal end 
gradually taking the fonn of dendritic outgrowths, which, however, are always shorter 
than half the width of the \vhole organ (fig. 1a). 

In certain conditions of expansion the basal part of the proboscis has the ap­
pearance of heing annulated and the distal extremity is luarked by short parallel 
longitudinal grooves. 

The body is covered with papillae which are lUOSt nUluerous towards the two 
extremities, where they tend to be arranged in concentric rings elnphasized by corres­
ponding circular folds in the integnment. This is more marked in the posterior region, 
where the papillae are also larger, than in the anterior. There is a considerable area 
in the posterior half of the body where they are scattered and comparatively small. 
The ventral 400ks are of a bright golden colour but in two of our specin1ens the tips 
appear to have been broken off. Even when complete they are small and only 
conspicuous on account of their colour. They are situated close together and their 
distance from the base of the proboscis is considerably shorter than its length. 
The exact point at which they occur is not, however, constant. 

The circull1-anal region is devoid of papillae, but surrounded in a Inore or less 
definite manner by several con~entric folds, the most conspicuous of which separates 
it fronl the densely papillate region immediately in front. As a whole it is conical, 
but the part actually borderi~g the anus can be thrust out to fonn a short tubular 
process. 

1'he longitudinal muscles form a continuous sheath. 
There are two pairs of nephridia I both of \vhich open behind the level of the 

ventral hooks. The internal funnel of each is provided with a pair of very long) 
fine, spirally-twisted filaments \vhich arise at either side of its orifice. 1'he vesicle 
is narrow and finger-shaped, tapering to a blunt apex which points inwards. 

The anal trees are short and simple, nearly half the length of the body in a 
contracted specitnen. They have a slight brownish tinge and the walls are very 
thin; the distal part is narrowly cylindrical, but the apex is blunt; the basal or 
proximal part is sOlnewliat swollen) but there is no definite vesicle. No funnels are 
visible with the aid of a hand-lens and there are no tlluscular strands attaching the 
organs to the body-\val1. Exalnined under the Inicroscope, each tree is seen to possess 
two longitudinal rows of luinute ciliated funnels, the mouth of which does not exceed 
0'047 mm. in breadth, "'hile the length is not greater than 0'168 tum. The t\VO 
trees open separately into the intestine close to the anus. 

The aliluelltary canal is extremely long and intricately but irregularly coiled. 
Its calibre i~ slnall at all points and the \valls are thin and transparent. For a 
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considerable part of its length it is closely packed with sl1lall oval pellets of ll1Ud. 

The canal is joined to the body-wall by numerous slender muscular strands which 

are very easily detached. 
The natural colouration is luuch less conspicuous than in SOUle species of the 

genus. The body-wall is translucent in life with a pale vinous tinge; but the l11Ud 

in the alimentary canal makes it seem n1uch darker) sometimes nearly black. 
The circulll-anal region is dead ·white, the proboscis cream-coloured, with the free 
edges and the dendritic outgrowths tinged \vith brown. There are several opaque 
longitudinal streaks on the body which silllulate l1luscle· bands. Specimens beco"me 
opaque in spirit and lose their colour cOll1pletely. 

Apart fron1 the Gangetic species ('\vhich we describe as T branchiorhynchus) 
T dendrorhynchus is most nearly related to T sabinu1n, Lanchester. l The only pub­
lished description of the latter is very incomplete; but, as has already been stated, 
we have been able to exaluine the type-specimens. The most important diagnostic 
character is the fact that the lateral margins of the proboscis are fused, so that the 
organ is tubular. Comparatively long finger-shaped processes arise from its internal 
surface and protrude at the opening of the tube. Otherwi~e, except for its small 
size and comparatively smooth external surface, the species .closely resembles 
T dendrorhynchus. 

Fischer's description of T semoni, -2 which \vas based on specimens that had 
lost their proboscis, shows that the internal anatomy is similar in most respects to 
that of the Chilka species; but Shipley's figure of a living individual·$ proves that 
a wide difference exists in the structure of the missing organ. Wharton, in the 
paper cited above) has recently redes.cribed T semoni, which .is an Indo-Pacific form. 

So far as published figures of the entire animal ~re concerned, 1"' dendrorhynchus 
lnost closely resembles T kokotoniense Fischer + another form widely distributed in , ) 

the Indo-Pacific region, but in the latter species the longitudinal muscles are divjded' 
into bands and the body-wall is apparently much stouter. 

Specimens from the Chilka I~ake were very sluggish when relTIoved from the 
luud in which they were taken. The only movements exhibited ,vere quite unrhythmic 
contractions, both transverse and longitudinal, of the body-wall and proboscis; 
the latter showed no signs of great extensibility or of readiness to break off, and its 
luovements did not suggest that it was employed in burrowing. 

A female killed in February contained immature ova. 

\Ve found only three specimens of T dendrorhYJlchus, all in the southern part of 
the main area- of the Chilka Lake. They were living, probably rather deeply buried, 

I Proc. Zoot. Soc. London, I905 (I), p. 40, pI. ii, fig. 5. 

'2 In Semon's Zool. Forsch. Australien, V, p. 338 , fig. 4 {1896 }. 

R In Gardiner's Faun. Geogr. Jl aldiv/-''jo and Laccadivcs I, p. I29, pI. vi, lig. 4 (I9.)3). 

) ~ See Shipley in \Villey's Zool. Res. IVt;W Britain and New Gltt·ll.?a, p .. ;}..)'7, pl. ... f1 
v _) XXXlll, 19. 3 

(1°98•19°2). 
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ill dense lHUd. The Llrge"t of the three was brought up on the anchor of the launch 
bet\veen Barkuda Id. and the l11aiulalld in .:\pril; the other two were taken out in 
the lake bet\veen Harkuda and Chiriya Ids. in February; the specific gravity of the 
"rater varying from I '006 on the fortner o~casion to 1'009 0 1 the latter. The species 
is doubtless a pennanent inhabitant of the southern part of the lake and Illust at 
tinles be brought in contact \vith ,vater that is almost fresh. The habits of the species 
render it unlikely to be captured except occasionally and we have no rneans of 
ascc:"rtaining whether it is actually scarce. 

Our specimens of l' dendroyhynchlts, the types of the species, are nutnbered 
Z. E.\T 6800-680317 in the register of the Indian Museum collection. 

Thalassema branchiorhynchus, sp. nov. 

'fhis species (fig. 2, p. 58) is closely related to T dendro;hynchus, but differs in 
the following characters:-

(I) The proboscis is relatively longer aud nlore slender, its length when fully 
expanded being more than one-third that of the body. 

(2) The dendritic outgrowths of its margin are much more highly developed, 
having a gill-like appearance (fig. 3) and being of a blood-red colour 
in life; they are confined to the proximal third of the margin, the distal 
part of which is quite smooth. 

(3) There is a conspicuous longitudinal ridge (in place of the ordinary ciliated 
groove) on the proxitnal part of the ventral surface of the _proboscis be­
tween the two rows of dendritic outgro\vths. These it resembles in colour. 

(4) The external (dorsal) surface of the proboscis is minutely tubercular instead 
of being smooth. 

(5) The integument of the body relnains. translucent even in spirit, the 
nerve· cord being visible externally as an opaque white line. 

(6) The surface papillae of the body are less protninent than in T dendrorhyn­
chus; they are, as a rule, distinctly of two kinds, large and small, the 
large papillae being most numerous towards the two extremities. Near 
the posterior end they are conical and show some tendency to be 
arranged in transverse rings. There is, however, no smooth circum-anal 
regIon. 

The length of the body in the type-specimen (fully expanded) is about 32 lllm. 
and the greatest breadth about 7 mm.; ·the length of the proboscis nearly 15 mIn. 

In the living animal the whole body was of a deep reddish vinous tint, trans­
lucent, but not 111arkedly so. The posterior extrenlity was sorllewhat paler than the 
rel11ainder and the colour seelned to be due luainly to the fluid of the body-cavity. 
The proboscis \vas purplish pink, contrasting notably ,,,ith the bright red colour of its 
dendritic outgro\vths and the ridge on the ventral surface. The hooks \vere golden 

yeUo\v tipped with black. 
The internal structure of this species agrees closely with that of T dendror hyn-
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chus, the only differences detected being that the. processes of the nephridial funnels 
were less distinctly coiled and the anal trees possIbly longer. In. the fully. exp~nded. 
specilnen the latter are about half as lo~g as. the body but It was notlce~ In the 
living anitnal that their relative length vaned wIth the state of general expansIon and 
that they were not so extensile as the body as a whole. The arrange.ment and form of 
the minute funnels on the trees seeln to be identical in the t"vo specIes. 

Our specil11en froIn the Gangetic delta was active. '~lhen placed in a dish of mud 
and wa ter, the animal fornled for itself) by irregular movelnen ts of the body and probos­
cis a shallow groove on the surface of the mud. It made no attempt to burrow down­
wa~-ds, but lay on one side in this groove. When first removed from the \vater it 
writhed vigorously and changed its shape rapidly in diverse regions, sonletimes 
extending itself to a considerable length and assuming a wonn-like form, sometimes 

FIG. 3.-Thalassema branchiorltynchus, sp. nov. 

Gill.like olltgrowth from base of proboscis, seen from ventral surface, )( 30. 

C :::: lumen of base of outgrowth, which is cut off a little obliquely; H'Z = muscles entering base. 

expanding the extremities or other parts of the body into bulbous or annular swell­
ings. When it was replaced in its natural element these movements continued for a 
short time, but soon became less vigorous, though without ceasing completely. The 
natural attitude of the proboscis appeared to be rlexed backwards, so that its dorsal 
surface was in contact with that of the body. The distal parts of the lateral borders 
were applied together so as to form a complete tube; but the proximal parts were 
everted (fig, 2, p. 58), the dendritic outgrowths being thus displayed. They were some­
what contractile and, when fully extended and spread out, formed a double series of 
short feathery tentacles. The whole proboscis was, however, sOlnetimes twisted spir­
ally, as is shown in the figure. 

The only knovvn specitnen of T' branch iorhynchus was taken in about 3 feet of 
water in a slnall tidal creek connected with a canal near Chingrighatta on the out­
skirts of Calcutta in Decelnber, I91 4. The specific gravity of the water was then 
I·oo6. 
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\Ve have failed to obtain further specimens, but this does not necessarily lueall 
that the species is scarce, for, frolu the point of vie\v of the collector the Gan aetic 

, b 

mud is very difficult to deal with in a satisfactory Inanner. 
The specitnen bears the nutnber Z.E.V 6807/7 in the Indian Museum books. 

T dendrorhynchtts, the Gangetic species, and T sabinum-despite the specific 
name of the last-all live in peculiarly dense luud, and we believe that the unusual 
structure of the proboscis in the three species is correlated with this fact. It is 
noteworthy that the gill-like outgrowths are better developed in the species from the 
Gangetic delta than in that from the Chilka Lake J for the mud of the former region 
is extremely fine and therefore forms a peculiarly dense and sticky mass. 

In most species of Thalassem-a the proboscis seems to be the most active agent in 
burrowing or in insinuating the body into crevices, but apparently this is not the case 
in the three mud-living species just discussed. In these species the excavations are 
formed by movements of both the body and the proboscis, and the latter has prob­
ably a respiratory as well as a muscular and a nutritive function, for the dendritic 
outgrowths of its margins or ventral surface have much the appearance and structure 
of gills and are situated in such a position that all water which enters the mouth 
must first pass over them. Externally, in T dendrorhynchus and T branchio­
rhynchus, they are covered \vith ciliated epithelium; they contain spacious lumina 
that communicate with the body-cavity by means of a longitudinal canal at their 
base. The other parts of the proboscis are highly muscular, the bulk of the organ 
consisting of a gelatinous substance that contains numerous bundles of longitudinal 
muscle-fibres. In T dendrorhynchus these are most numerous towards the ventral 
surface, from which they proceed outwards, in transverse section, in somewhat ir­
regular bands that become gradually attenuated. Single transverse fibres run in the 
opposite direction among the bundles and shorter fasciae also occur in the ventro­
dorsal axis between the bands. Immediately below the ectoderm on both ventral 
and dorsal surface, there is a relatively broad horizontal muscle running across the 
proboscis. 
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COEI1EN'rERATE~. 

By N. ANNANDALE. 

As will be seen from the list on p. 69, we obtained specimens of sixteen species 
of coelenterates in the Chilka Lake, viz. six Actinozoa, one Scyphon1ednsa and nine 
Hydrozoa. Five of the Actinozoa are Actiniaria and one an ~t\.lcyonarian; the 
Scyphomedusa belongs to the order Rhizostolnata; one of the Hydrozoa is a Narco­
medusa and one a Siphonophoran, while the remainder are true hydroids or hydro­
medusae, including four Calyptoblastea and three Gymnoblastea. Of the Calypto­
blastea it is possible that a hydroid and a medusa actually represent the different 
generations of a single true species. 

Of the Alcyonarian (a species of Virgularia probably not yet narned) I propose 
to say no more at present than that it also occurs in the Gangetic estuaries. Our 
specimens are in the hands of a specialist, who will doubtless describe them in due 
course. 

The Actiniaria are perhaps the most interesting group represented, for not only 
do they include species of the primitive genera Edwardsia and H alianthus, neither of 
which appears to have been found hitherto in the Indian Ocean, but they also 
include two species of Metridiine Sarga tiidae that are here described as the types of 
new genca. These genera are apparently specialized for different phases of life in 
conditions such as occur in the Chilka Lake and in the Gangetic delta. Notwith­
standing their high degree of apparent secondary specialization, it is possible that 
the type-species of one of them is in reality no more than a permanent post-larval form 
of 1\1 et,idium schillerianum, long known from the estuarine tracts of the Ganges. 
All the species of Actiniaria found in the Chilka Lake occur in its main area, in 
which it is evident that they are permanent residents. Most of them, if not all, 
are, however, to some ext~nt affected by the seasonal irruption of fresh water and 
probably only a few individuals of each survive annually to perpetuate their kind. 

The only Scyphomedusa we obtained is also a permanent inhabitant of the main 
area of the lake, in which we have evidence that it breeds regularly, though it 
occurs also in the Bay of Bengal. .i\ fortunate accident made it possible to study 
the direct effect of fresh water 011 the general physiology and the structure of this 
species, not only in the Chilka Lake but more particularly in the Ennur backwater 
near Madras. 

The Coelenterata of the lake fall into three classes biologically: (r) casual visitors 
from the sea; (2) periodic immigrants from the Bay of Bengal; and (3) permanent 
inhabitants of brackish water or of water subject to great changes in salinity. The 
first group consists of a fe\v surface or midwater forms of which individuals are 
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occasionally carried into the outer channel, and of at least one hydroid washed into 
the main area on drifting weed. To ~e second category belong several hydroids 
that are able 'to' establish themselves in the salt-water season in the outer channel 
but perish in the summer floods; while to the third muSt be assigned .all the 
Actiniaria" the one Alcyonarian, the one Scyphomedusa an~ at least two hy~oids. 
'The number of species that may be tabulated under each of the three headings is-as 
follows:-

Casual visito,s 4 
Pe,iodic immig,ants. . 3 
Pe,manent inhabitants 9 

TOTAL 16 

The casual visitors include one Narcomedusa, one Siphonophoran and two 
Calyptoblastic Hydrozoa, one of which is represented by the medusoid generation 
only; the periodic immigrants consists of one Gymnoblastic and one Calyptoblastic 
hydroidJ with a medusa that may be no more than the fertile generation of the 
latter; while as permanent residents may be classed five Actiniaria, one Alcyonarian, 
one Scyphomedusa and two Gymnoblastic hydroids. 

ACTINIARIA. 
(Plate vi (in part), plates vii, vila). 

The Actiniaria of the Chilka Lake belong to three families, five genera and five 
species. .The three families are the Actiniida.e, the Sagartiidae and the Edwa.5dsiidae. 
The first is represented by a single new species of the genus Gyrostoma, the second 
by two species each of which is placed in a new genus, and the last by new species of 
Halianthus and Edwardsia. With one exception (that of a Sagartiid previously 
found in the Gangetic delta) all the species are here described or nalned for the first 
time-a fact that is not surprising in view of our present ignorance of the actinian 
fauna of the Bay of Bengal l and of the estuaries and lagoons connected therewith. 

From a geographical point of view the most interesting feature of the Chilka 
species is the occurrence among them of E dwardsia and H alianthus, genera known 
from both northern and southern regions but apparently represented but poorly in 
the Tropics. 

Biologically the most import an t fortns are those here accepted as the types of 
new genera of Sagartiidae. Their significance is discussed at sonle length on pp. 72-76, 
postea. The apparent effect of the irruption of fresh water into the lake on the 
species of Halianthus is another interesting feature of the fauna (see p. 91 ), and may 

1 The only papers on the sea-anemones of the Bay of Bengal that I can trace are those by Alcock in 
~he Journal 01 the Asiatic Society 01 Bengal (vol. LXII, part 2, pp. lSI and 169: 1893). and by HaddoD 
In t~e Jou,nal 01 the Linnean Society (Zool., vol. XXI. p. 247: 1888). These papers deal with a few 
specIes only. 
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ANTHOZOA. 

Actlnlarla. 
Actiniidae. 

Gyrostoma glauc"". * 
Sagartiidae. 

Phytocoetes clsilkaet4s· 
Peloroeles exul 

Edwardsiidae. 
H alianthus li".nicoltj· 
Edwa,dsia ti1lctrix· 

Aleyonaria. 
Virgulariidae. 

Vi,gula,iel sp. 

SCYPHOMEDlJSAE. 

Rhi%oltomata, 

Rhizostomata Triptera. 
Acromitus ,abanchatu 

HYDROZOA. 

Nareomedusae. 
Aeginidae. 

Solmf4ndeJia bitentac.:uiattl .. 

Siphonophora, 
Diphyidae. 

Di.phyes boiani 

Calyptoblastea. 
Campanulinidae, 

Campanulina ceylc)1lcnsis 

Campanulariidae. 
Obelia spinulosa 

Clytia sc"ulata 
Phialidiu". crucifer /1m· 

Gymnoblastea. 
Bougainvilliidae. 

Bime,ia {luminalis 

Corynidae. 
Dicycloco,yne lilametltata .. 

Hydractiniidae. 
ClalJactinia gallt'nsis 
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Fl'RTHRJ{ DISTIoUUl'TION. 

Gangetic delta (b,,,ckisJa IHln), 

Uangetic delta (? sd/i"i1r), 

Hay of Hell~al (HId,.i".,), 

Practicolly cosmopolitan ("..,,.iHf) , 

Indian and Pudti~ lkl'''"~ (HIIt,i,.<). 

Bny lIf nl'n~:ll; (~, ot ~lal1a~{; 
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d 'th th t noted in greater detail in the case of the medusa Acromitus 
be compare WI a ..' b th 

) . nerally speaking this change In enVIronment seems In 0 rabanchatu (see p. 101 , ge ., .' f 
t . d perl'od of physiological quiescence accompanled by a shrInkage 0 

cases a In uce a . .. h h 
the mesogloea and is probably fatal to a large number of IndIvlduals, t oug not to 

the species as a whole. 
With my account of the Chilka species I have included a description of a new 

G t ic anemone co-generic with one of the former, and also some notes on another 
ange . l' t . f 

G t · l' s that has long been known but is of partlcu ar Interes In re erence ange IC spec e . . . 
to the question of the origin of the fauna of .b~ackish ~at~r. These ?angetic speCIes 
are Phytocoetes gangeticus, sp. nov. and l\;fetr~d~um schdler'tanum (Stohczka). 

Family ACTINIIDAE. 

Genus Gyrostoma t Kwietniewski. 

1900. Gyrostoma, Carlgren, Mitt. Naturh. ]}lus. Hamburg, XVII, p. 55· 
1905. JJ McMurrich, Zool. Jahrb., Suppl. VI (III), p. 226. 

The only representatives of the Actiniidae found in the Chilka Lake belongs 
to the genus Gyrosto'ma as redefined by the authors cited. The genus is represented 
in all the warmer seas and species have been described from East Africa) South 
,A.ustralia, Torres Straits and the West Indies. 

Gyrostoma glaucum t sp. nov. 

(Plate viia, fig. I.) 

In life the animal is of an almost uniform glaucous green colour, but in some 
individuals there are darker V-shaped cross-bars on the upper surface of the tenta­
cles. The column is slender and more or less vase-shaped, much longer than broad 
when fully extended. The external surface is smooth to the naked eye, except when 
the circular n1uscle is strongly contracted, but is covered with scattered microscopic 
prominences provided with nematocysts. The contracted muscles are visible as 
distinct annuli which, in preserved specimens, are more opaque than the expanded 
parts of the column. 

The oral disk is rather narrow, circular in outline, flat but ridged and grooved 
radially_ The luouth, which is provided with not very prominent lips, is almost 
linear and occupies about two-thirds of the circle in its longer axis. The tentacles 
are moderately long and slender; when fully expanded they are pointed, but even a 
slight contraction produces a faint ovoid swelling of the tips due to a greater thick­
ness of the wall (mainly the ectoderm) in this region. The outer circle consists of 
about 24 tentacles distinctly longer and stouter than any of the others Within 
this circle there are four others, but neither the nUlnber nor the arrangement is at all 
regular. Some of the tentacles of the innermost circle, though smaller than the 
outermost ones, are larger than the nlaj ority _ These are often thrust in to the 
mouth. 

The basal disk, though small and not extending beyond the margin of the column, 
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is thick and muscular. It is capable to some extent of retraction, the margin of the 
retracted portion being angular in vertical section. There is a l11inute central aboral 
pore. 

There are twelve complete and thirty-six incomplete mesenteries, the latter 
being situated in the intermesenterial spaces only, six in each. The two central 
incomplete 111esenteries in each space are fertile. The longitudinal l11uscles are very 
feebly developed and in strictly horizontal sections the width of the mesenteries is 
almost uniform throughout, the folds at the base on both sides in particular being 
diffuse and poorly developed. The two pairs of directive l11esenteries are very short. 

The stomodaeum is ample and extends l11nch l110re than half way down the 
column in a state of expansion. 

A. 

FIG. I.-Gyrostoma glaucum, sp. nov. 

A. Transverse section through the column in the lower part of the stomodaeum. 
B. Vertical section of the lower part of the sphincter. 
c.m. = circular muscle: ec. = ectoderm: en. = endoderm: g. = gonad: m. = mesogloea: t. = tentacles 

thrust into mouth. 

The column-wall is thin, the mesogloea in particular being scanty. The circular 
muscles lie at the base of the endoderm and are not very highly developed. The 
sphincter is little if at all differentiated from any other part of the sheath in a state 
of contraction. When the tentacles are fully everted there is, indeed, a region just 
below the disk in which its folds are a little stronger than in the region immediately 
succeeding it; but similar folds may also be observed in the aboral half of :he 
column. These features are indicated by increased opacity and stronger annulatlon 
of the body-wall (pI. viia, fig. I). 

The length of the column of our largest specimen was, fully expanded, 10 mm.; 
that of the other adults about half as much. 

Type. No. Z.E.V 6825/7, Ind. j~fus. 
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In this brief description I have not attempted more than to give a concise state­
ment of the characters that seem to be of specific importa~ce. Only five ad~lt 

. vailable for examination and so far as I can Judge from the specIes 
speCImens are a . .' 
of other families that I have exatnlned 1n much larger numbers,. th: ~o-called ~n~to-
mical characters of the Actiniaria are liable not only to great IndtvIdual varIatIon 
but also to much momentary change in correlation with expansion and contraction 
of the muscles and mesogloea, apart altogether from the fact that distortion is almost 

inevitably produced in the course of preservation. 
In external appearance Gyrostoma glaucum bears some resemblance to von 

Ehrenberg's figure of Entacmaea olivacea L (= Paractis olivacea, Klunzinger), but 
differs therefrom in the greater relative length of its outer tentacles. 

G. glaucum has been taken as yet only in the Chi1~a Lake, in which it appears to 
be very scarce. It occurs both in the main area and in the outer channel. A single 
specimen was taken near the mouth of Rambha Bay in February, at a depth of 
between 5 and 7 feet and in water of asp. gr. of I·oo75, while four others of much 
smaller size were obtained in the channel between Satpara and Mahosa in March, 
from about the same depth and in water of sp. gr. 1.02575. Three others2 of still 
smaller size and evidently immature were found in the oyster-beds at Manikpatna 

in the same month. 

Family SAGARTIIDAE. 

Subfamily METRIDIINAE. 

In discussing the species of this subfamily found in the Gangetic delta inex­
perience led me in 1907 into a taxonomic ~rror, but this error, having some biological 
justification, has proved not unprofitable in considering the actinians of the Chilka 
Lake. In 19073 I ascribed three forms from Port Canning to the genus Metridium 
and to the species described by Stoliczka + in 1868 and 1869 as Sagartia schilleriana. 
One of these, there is no doubt, was identical with that species, of which my speci­
mens were topotypes in the strictest sense of the term and of which the actual typ"es 
are still available for comparison in Calcutta; another I described as a variety (exul), 
while the third I regarded as the young of the second. These three forms are here 
placed in three distinct genera, of which two are described as new, while Stoliczka' s 
species is left in M etridium. 

As. the two" new genera are both represented in the Chilka Lake, it will be 
convenlent to discuss here the relationships of one to the other and of both to M etri­
dium. Differences may first be noted. The species of lv[ etridium are all anemones 
with a well-developed basal ~isk by means of which they cling firmly to solid objects. 

- - -

I See Zoologic a I I Phytozoa I . . . fi .. S b l' . . . " , p. Vl11. g. Vl, 10 ym 0 'lcae Phys'lcae, edited by O. Carlgren (r899) 
and Klunzlnger s !{orallthiere des Rothen lJI eeres I, p. 70 , pI. v, fig. 7, pl. viii', fig. 8 (I877). 

'2 These had only 24 tentacle d .. . . . s arrange In two cucles, an outer cucle of 8 and an Inner one of 16· 
the latter was however inco I t 1 d·ff . '. ' 3 ' ,mp e e y I erentlated lnto two subSidiary circles. 

Rec. Ind. Mus. I, p. 35. 
, Proc. A siat. Soc Bengal 1868 6 . . , ,pp. 174,2 3, andJourn.As~at. Soc. Bengal,XXXVIII (2), P.31 (I869~. 
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Their body-\vall IS thin and not particUlarly tnuscular; they have t\velve complete 
nlesenteries, an atnple oral disk and a large llulnber of slender tentacles arranged in 
several or Inany cycles. For the two ne\v genera I propose the nanles Pelocoetes and 
Phylocoeit's. The fonner. as its name indicates, is a (hveller in mud, while the latter 
lives, free or lightly attached, among weeds, in sponges or in holes in logs of wood. 
The generic peculiarities of Pelocoeles are so Inarked that at first sight it nlight be 
placed in a different family frotn J[ elridilun. It is a typical burrower with an elongated 
vermifonn body, and a muscular though by no nleans thick body-wall. Its oral 
disk is highly specialized, the arrangement of its tentacles peculiar. Phytocoetes has 
an elongated, but not a vermiform colulnn. Its oral disk remains normal, but the 
number of its tentacles, which exhibit no marked peculiarity in arrangement, is 
sotnewhat reduced. In both genera' little practical use is made of the aboral disk, 
but it has not entirely disappeared and is to some extent functional. In both 
genera, notwithstanding this fact, the lower extreluity of the column bears, both 
functionally and structurally J a remarkable resemblance to the physa of such types 
as Edwardsia and Cerianthtts that totally lack an aboral disk. 

If this were all that could be said about the three genera it would appear that 
they were very distinct, and that Pelocoetes and Phytocoetes differed considerably, one 
from another and both from 1.l1 etridium. But an examination of the anatomy and 
even of the external characters reveals very striking resemblances, and, although there 
would be no difficulty in distributing a set of living anemones into their respective 
genera, there is often a very real difficulty in sorting out specimens preserved in 
alcohol. The colour at ion of the known species is identical or almost so; all have 
the same translucent watery appearance, the same absence of intrinsic pigment; L 

the arrangement of the mesenteries is the same, except that the cycles of incomplete 
septa differ in number, while the musculature of the body-wall is very similar; the 
structure of the gonads, of the muscle-banners and of the individual tentacles appears 
to be practically identical. 

The fact that these three genera live together in circumstances very unfavour­
able to their group as a whole (viz. in estuaries, creeks, pools and lakes in which the 
water is much fresher than normal sea-water and subject, moreover, to great and 
even sudden changes in salinity; in which the bottom is cOlnposed of soft mud; in 
which rocks covered at all seasons and even stiff water-weeds are practically absent) 
must not be forgotten in considering their relationships. 

M etridium schillerianum, the species originally described from the Gangetic 
delta, maintains itself by clinging tightly to floating logs, which are by no means 
COlnmon in the Gangetic delta, and to posts fixed on the edge of canals and creeks. 
It is a normal tnember of its genus, which is probably cosmopolitan in distribution 
and essentially marine. Of the three genera, M etridium is certainly the most primi­
tive and indeed mav be the ancestral forrn of the other two, both of which are , '.I 

I The colouration of all these brackish-water species appears to be due to the presence of Zoo­

cblorellae and of a minute purple alga in the endoderm. 
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evidently adapted in structure for life in different phases of the same environment. 
The peculiarities of 111. schillerianum are mainly physiological; to these are added, in 
the case of Pelocoetes and Phytocoetes, special structural characters. 

In 190 7 (op. cit.) I expressed the opinion, somewhat tentatively, that the type 
now called Pelocoetes was a variety, local race, or possibly an unfixed phase of 
Af etridiunt schillerianum produced by isolation, and that the form here recognized as 
a distinct genus under the name Phytocoetes was merely the young of Pelocoetes. 
This view ignored, perhaps rightly, the fact that many individuals of the Phytocoetes 
type are sexually mature. In any case it is rendered untenable in its entirety by the 
discovery in the Chilka Lake of anemones of both the Pelocoetes and the Phytocoetes 
types. Stress must be laid, nevertheless, on the resemblance between the latter 
type and the young of the Sagartiidae. In Sagal'tia troglodytes l the young, at any 
rate in some cases, is born as a small actinian differing from its parents mainly in the 
smaller number of its tentacles and mesenteries, in the poorly developed condition 
of its basal disk, in the tendency displayed by its column to assume at one time a 
spherical or subspherical, at another an elongated shape, and in its much more mobile 
habits. These are precisely the differences between Phytocoetes and M etridium. 
Some years ago I obtained the young of M. schiUerianum from individuals t~ken 
from a post in the Mutlah estuary, and kept them in an aquarium full of water from 
one of the brackish pools at Port Canning. The adults of this species are almost 
invariably found in hollows on a rough surface (e.g. in the empty shells of Balanus or 
among rnasses of worm-tubes), but the walls and bottom of my aquarium were quite 
smooth. The young anemones closely resembled those of S. troglodytes and were 
apparently devoid of a columnar collar; they lived for some months and increased 
considerably in size, without losing their juvenile form. Unfortunately, during 
my absence from India, the aquariulu was allowed to dry up and they perished 
before a detailed examination could be made. All that can be said about them 
therefore is that they continued for some months to resemble both Phytocoetes and 
the young of Sargartia in outward appearance. 

The species of Phytocoetes found in the Chilka Lake is distinct from that origin­
ally obtained at Port Canning and since taken in the immediate neighbourhood of 
Calcutta. I have given the latter the name of P. gangeticus and the fonner that of 
P. chilkaeus. 

Although on taxonomic grounds I now propose to regard Phytocoetes as distinct 
generically from M etridium, the facts of the case, regarded from a biological point 
of view, seem to point to the probability of the former being no more than a perma­
nent or quasi-permanent larval (or rather post-larval) phase of the latter. In other 
words, it s~ems likely that Phytocoetes gangeticus bears to M etridium schillerianum 
much the same relationship as the axolotl does to Amblystoma tigrinum. P. chil­
kaeus may either be related in the same way to all unknown species of M etr£dium 
or be a direct descendant of either M schillerianum or P. gangeticus in which evolu-

-- ----- ---~ -- --- - - - ---- - -

I Ashworth and Annandale, Proc. Roy . .soc., Edinb'urgit, XXXV, p. 4 (1904). 
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tion has produced definite structural changes: the fortner view seel11S to Ine the 
more probable. 

At Port Canning and ill the Chilka Lake exaluples of both Pclocodes and 
j)hylocot'tt'S may be found within a radius of a few yards. In both localities the 
}>elocoetes \vill be deeply buried, at least up to the base of its oral disk, in dense mud. 
At Port Canning i). gangeticlts is 1110St abundant in the canals of the sponge Spongilla 
alba and in hollows on its surface} but is also found in abandoned burrows of Teredo 
in the few wooden posts that exist in the pools, and occasionally quite free among 
filaluentous algae; in other parts of the Gangetic delta it occurs, often half-buried in 
luud, on the roots of reeds. ..I\t Rambha P. chilkaeus occurs luainly among algae, 
but there are neither Spongillidae nor worm-bored posts in those parts of the lake 
in which it has been found. 

It is thus evident that ""hile Phytocoetes has to some extent the habits of a young 
Sagartiid, Pelocoetes has adopted a Inode of life differing from that of any phase of 
.. \/ etridium, indeed of any other allied form. All its generic peculiarities-its vermi­
form body, its reduced disk, even its incapacity to withdraw its tentacles-are 
correlated with this mode of life, but apart from these features it retains the 
structure of a Metridiine Sargartiid, and its basal disk is still functional, for if a 
living individual is examined immediately after being dug out from the mud it 
will be seen in most instances that the disk) small as it is, adheres to a particle of 
shell or some other hard body. Although, therefore, the type must be regarded as 
quite distinct from M etridi'ltm and Phytocoetes, I still believe that it is genetically 
related to ft;/ etridium schillerianum, from which it has been evolved directly, most 
probably in the Gangetic delta. Whether its evolution is due to natural selection 
(i.e. to the survival of individuals that exhibited a slight tendency to burrow, and 
of their offspring) or to mutation (i.e. the sudden appearance of a burrowing 
strain in the species) there is no evidence to prove; the fact that Phytocoetes is 
intermediate in structure between the two extreme types might seem to support the 
natural selection theory, but there is as a Inatter of fact nothing definite to show that 
the two new genera do not represent different offshoots from the main stem of 
M etridiunt ; and if Phytocoetes is a permanent larval form it is difficult to imagine 
it as an actual step in the ladder of evolution. 

My present views on these Metridiinae of Indian estuaries and lagoons, therefore, 
tuay be summarized as follows :-

(r) Stoliczka's Sagartia schilleriana is a lvfetridium. 
(2) The form I described in 1907 as a variety of J!. schillerianum under the 

name exul is a distinct species and represents a new generic type, for 
which the name Pelocoetes is proposed. 

(3) What I took for the young of this form represents a second new generic 
type, for which I now suggest the name Phytocoetes. 

(4) Phytocoetes is probably a permanent or quasi-permanent post-larval form 
of j~1 etridium. 

(5) Pelocoetes is probably related genetically to M etridiul1'l schilterianum, but 
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has becolne structurally adapted, without losing certain essentially 
lVIetridiine characters, to life as a burrower in mud. 

(6) The species of Phytocoetes found in the Chilka Lake is distinct from that 
found at Port Canning, while the Pclocoetes is specifically identical in 
the two localities. 

(7) IVetridium schillerianum does not occur in the Chilka Lake. 

The following key to the' species of Metridiinae that occur in brackish water in 
India may be useful to naturalists in this country:-

1. Basal disk large and strongly adherent; column in nor­
mal state no longer than wide. 

Tentacles about 168, arranged round the disk in 5 
circles 111 etridi~tm schillerianum. 

2. Basal disk reduced, feebly adherent; column elongated. 
A. Tentacles arranged in one circle of 12 and in 12 

groups of 5 to 9 each, 72 to 120 in all Pelocoetes exul. 
B. Tentacles less than 60, arranged in uninterrupted 

circles. 
1. Tentacles 21-24; anterior sphincter well 

differentiated, visible on the surface as a 
prominent ring Phytocoetes chilkaeus. 

11. Tentacles about 36; anterior sphincter prac-
tically absent, not visible on the surface Phytocoetes gangeticus. 

Genus Metridium t Oken. 

190 5. Aletridium, McMurrich, Zool. Jarhb., Suppl. VI, (III), p. 276. 

Metridium schillerianum (Stoliczka). 

(Plate vii, fig. I.) 

1868. Sagartia schilleriana, Stoliczka, Proc. As. Soc. Bengal, pp. 174,263. 
1869. Sagartia schilleriana, id., Journ. As. Soc. Bengal XXXVIII (2), p. 31, 

pIs. x, xi. 
1882. Sagartia schilleriana, Hertwig, cc Challenger" Rep. Zool. VI, Actiniaria, 

P·71 . 

1907· l'Ietridium schillerianum (typical form), Annandale, I?ec. Ind. Mus. I, 
p. 45, pI. iii, figs. 1,2,5. 

My description of "the typical form" of this species (Igo7) should render the 
identification of specilnens a comparatively easy Inatter, but there are one or two 
points both in its anatomy and its ecology on which further notes may be useful. 

Strictly speaking it is perhaps incorrect to talk of the existence of a sphincter 
in M. schillerianum, for all that can be said is that the circular muscle of the column 
is thro\vn into nlore conspicuous folds a short distance below the disk than elsewhere, 
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but that the condition of these folds varies considerably in different stages of expan­
sion and contraction of the C'OIU11111. There are as a rule no independent muscle­
fibres in this region, but in one speCitllen (fig. 2) I have found a few widely separated 
in the mesogloea and without any definite arrangelllent. When the disk is retracted 
but the colunln expanded horizontally J the differentiated region of the tlluscle-sheath 
extends over a considerable area; part of it is introverted, \vhile part still renlains 
external. 

The facts relating to expansion and contraction of the COlUlllll and to retraction 
of the tentacles were not fully understood by me in 1907. ~rhen the anilnal is left 
dry by the retreat of the tide its tentacles are always 
retracted ,"'but its column fully expanded. The oral disk 
is withdrawn for some distance into the coltillln and the 
walls of the latter are partially closed by a constric­
tion above the tips of the tentacles, but as a rule a 
snlall opening remains patent. In this condition the 
actual body-wall is much swollen and remarkably trans­
lucent. If the anitnal is touched, water is squirted 
violently from the orifice above the tentacles. I was 
wrong, however, in thinking (Igo7, p. 64) that any 
part of this water was contained between the layers 
of the wall or in its mesogloea. In specimens killed 
with the body fully expanded-this is easily acconl­
plished by pouring boiling fonnalin upon them in FIG. 2.-]1,,1 etridium sch£llerianurn 

a small dish-the column wall will be found to be (Stoliczka). 

very thin and to be expanded by liquid within the Vertical section through the 
sphincter. 

nlesenterial chambers. The mesenterial filaments lie 
ec. = ectoderlU: CIl. = elHlodenu. 

bathed in this water in the tniddle" of the body-cavity. 
A sudden contraction of the circular muscles of the colunln causes part of the water 
to be shot violently out of the mouth and consequently out of the orifice lying 
immediately above it. 

When the tentacles are fully retracted the whole of the visible part of the 
column is smoothly rounded, but as they are extruded a distinct convex ring I makes 
its appearance round the upper extremity. When the oral disk has been completely 
extruded the column itself contracts strongly both in a transverse and a vertical 
direction, becoluing relatively short and slender. This is due partly to llluscular action 
and partly to the fact that water is expelled from the body-cavity. In the living 
animal the colulnn in this condition is more or less completely hidden by the 
tentacles, but if a specimen is bisected vertically a very distinct fold of the 
body-wall can be seen (pI. viia, fig. 2) SOine little distance below the base of the 
tentacles. It is in this fold that the circular muscle of the column IS most distinctly 
strengthened and differentiated. 

J See Stoliczka, 1869, pI. x, fig. 6. 
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Jl etridi1tn~ schillerianum has recently been found in great abundance on posts 
and bridge-piers in canals and creeks of brackish water on the outskirts of Calcutta. 
In such positions it is often surroun'ded by sponge-like masses formed of the tubes of 
a 'small Sabellariid worm that builds in mud. On one occasion the ,vater under a 
'bridge on the piers of which the anemone occurred had a specific gravity of only 
ro06 but individuals from this bridge lived for less than three days in pure fresh , 
water, whereas others placed in water of a llluch higher salinity flourished. 

The species has as yet been found only in brackish water in the Gangetic delta :­
at Port Canning on the Mutlah river, in canals and creeks connected with the same 
systelTI near Calcutta, and in the Hughli at Diamond Harbour. It does not occur in 
the Chilka Lake, in which suitable conditions are very rarely to be found. Mr. T. 
Southwell, however, recently took a specimen on a muddy bottom near the edge 
of the river at Diamond Harbour. l 

Genus Phytocoetes t nov. 

The genus nlay be defined concisely as follows:-

Thin-walled Metridiinae without a collar, with the column capable of 
considerable elongation but protean in form, with the basal disk small and 
unmuscular, never strongly adhesive, with the aboral region capable of 
assuming a physa-like shape and appearance, with retractile tentacles 
arranged round the margin of an undivided and non-lobulate oral disk; 
the tentacles thread-like when fully expanded but highly contractile. 

In both the species assigned to this genus the body-wall is very thin in a state of 
expansion, but can be considerably thickened at any point by the contraction of the 
circular muscle. This muscle lies on the mesogloea at the base of the endoderm, 
upon which it does not encroach; it forms a con~inuous sheath over the whole of the 
column, but, though uninterrupted anatomically, can be differentiated physiologically 
into numerous transverse strands almost visible to the naked eye and capable of 
independent contraction and expansion. When the animal is floating in the water or 
supported amidst filamentous algae or other similar plants the anterior region of the 
column is as a rule somewhat narrower than the aboral part, which may be swollen 
and bladder-like; but when it is at rest in mud, on roots or in sponges, the latter 
region is strongly contracted and cylindrical ,vhile the anterior part is more or less 
barrel-shaped (pI. vii, fig. 2). In all stages 0.£ expansion the basal disk is distinct. 
If the animal be subjected to abnormal or unhealthy conditions the column may 
assume almost any form, for the thin muscular walls permit constant and almost 
instantaneous changes of shape. In one species there is a distinct mesogloeal 
sphincter, in the other it is absent. The contractions and expansions of the circular 
muscles cause very great changes in the microscopic appearance of the column-wall. 

The tentacles are never very numerous; in one species the normal number is 
from 48 to 60, in the other 24. In the living animal they sometimes exhibit a 

I Ct. Gosse on Sagartia troglodytes in Actin. Brit., p. 95 (1860). 
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tendency to he arranged in groups, hut these groups are ntver pedicellate. In a state 
of extrelne contraction the individual tentacles Ina Y beCOl11e knoh-like hut they are 

~ ,~ 

always elongate and very slender when fully expanded. 
The walls of the cohunn are either Slllooth or covered with Inin~lte solid tubercles 

produced by swellings of the ll1csogloea. The cindide~, which are scattered on the 
upper part of the COIU111n, are conspicuous in the Ii ving animal but difficult to detect 
in preserved specimens. The central part of the column is often encased in a loose 
sheath of mucus and extraneous particles. 

The nUlnber of luesellteries is never great. The normal number is 12 cOlllplete 
and 12 incomplete; the latter are ahnost vestigial, lacking muscle-banners, filaments 
and gonads. All the complete mesenteries are normally fertile and the species 
appear to be dioecious. Owing to the presence of large Inesenterial stomata 
(which vary greatly in size, shape ano position but are as a rule internal), transverse 
sections through the stomodaeal region frequently show gaps in the membrane of the 
complete mesenteries. It is possible, however, that the stomata are capable of 
almost inconlplete obliteration by contraction. 

So far as can be judged from published figures, I the species of Phytocoetes bear 
a remarkable if superficial resenlblance to the aberrant genus Scytophorus, but they 
have no morphological relationship to that genus and have probably been derived, 
as I have already indicated, from M etridium in an environment in which solid ob­
jects of attachment are scarce and the bottom is almost uniformly soft and muddy. 

The type-species of Phytocoetes is P. gangeticus, sp. nov. 
~rhe genus is only known from brackish water and water of variable salinity on 

the east coast of India. 

Phytocoetes gangeticus t sp. nov. 

(Plate viia, figs. 3, 3a , 3b.)' 

1907. M etridium schillerian'um var. exul (in part), Annandale, Rec. Ind. Afus. 
I, p. 48, pI. iv. 

The animal is colourless in spirit; in life it nlay be described as being of a pale, 
translucent greenish flesh-colour. When the tentacles are retracted the uppermost 
visible part of the column is tinted with olivaceous green, but the retractile region 
immediately below the oral disk is pale. The tentacles are greenish or yellowish, 
with a pale purplish tinge due to the pre3ence of algae in the celis of the endoderm; 
they bear no definite m'3.rkings. When the colulnn is fully expanded' the body­
wall is remarkably transparent, especially in the anterior parts. 

The column is protean in form, sometimes contracted into a subspherical or 
barrel-shaped mass, sometimes elongate an9. ahnost cylindrical and at least four times 
as long as wide; in either condition it is frequently divided transversely by clear-cut 
circular constrictions. Sometimes the aboral region is fully extended and very nar­
row, while the anterior parts are contracted and broad; often the converse is the 

I Hertwig. "Challenger" Rep. Zoot., V[ 0), Ac!iniaria, p. ro~~, pI. iii, fig. 6 (r882). 
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case. Preserved specimens may have practically any form, except that the basal 
disk is always narrow and inconspicuous; the aboral extremity as a whole is often 
swollen and bladder-like. In the living animal, when the tentacles are retracted but 
the column expanded, the anterior end is cone-shaped, the orifice above the tentacles 
being closed by a constriction of the column-walls. 

Large specimens attain a length of 30 mm. 
The tentacles are extensile but rarely or never exceed the column in length; 

when contracted they are bluntly pointed and minutely annulated; each has a ter­
tninal pore. The disk ·is ample and not at all emarginate. The tentacles are arranged 

i.rrv. 
" 

A. B. 
FIG. 3.-Phytocoetes gangeticu,s, sp. nov. 

A. Transverse section of column in the upper part of the stomodaeum. 
B. Transverse section of a complete and incomplete mesentery in the lower part of the 

column (more highly magnified). 
a. = .acontium in section: c.m. = circular muscle: d.m. = directive mesenteries: en. = endoderm: 

i.m. = incomplete mesenteries: n. = nervous layer: s. = mesenterial stoma. 

round its margin. The mouth extends for about three-quarters of the breadth of 
the disk when the latter is fully expanded, but in some preserved specimens seems 
to be less extensive. The lips are not prominent, but there are six shallow trans­
verse ridges on each side of the mouth. 

The number of the tentacles is very variable; there are usually between 50 and 
6S; but some as a rule are very small. These small tentacles usually occur together 
in pairs or groups of three and are situated externally. The normal number of fully 
developed tentacles is probably 48 or 60. 

The basal disk has the generic characters. 
The surface of the colllmn is smooth, except for the cinclides. These, though 
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difficult to detllo11stra te on the preserved specilllen, are conspicuous in the living 
animal. They are confined to a region separated by a short itnperforate « neck" 
frotn the disk and otherwise occupy approxilnately the anterior fifth of the ex­
panded column. They have thin but sOtnetitnes rather prominent lips and run 
across frOtll Inesentery to luesentery, but only in the spaces separating conlplete 
mesenteries and not ahvays in these. Their arrangetnent is irregular, but their 
relation to the mesenteries renders it necessary for them to fonn vertical rows, 
which contain from 3 to 7 cinclides each. When the apertures are closed they have 
the appearance, in the living animal, of fine white transverse lines bridging the 
mesenterial spaces into which they open (pI. viia, fig, 3a). 

The stomodaeum extends when expanded for about one-third the length of the 
expanded cOlUtlln, but can contract independently of the body as a \vhole. Its walls 
are not very thick, but the endoderm forms a series of distinct ridges. Transversely, 
in the sulco-sulcular axis, it is relatively wide, occupying by far the greater part of 
the diameter of the column; it is, however, strongly compressed. 

There are as a rule twelve imperfect, infertile mesenteries as well as the twelve 
complete ones. Sometimes all of the latter bear filaments and gonads, but in some 
individuals not more than one-half or two-thirds do so; the incomplete mesenteries are 
almost vestigial. Owing to the great width of the stomodaeum the directive mesenteries 
are relatively very short. The basilar muscles are small and feeble and the muscle­
banners fairly strongly developed. On the directive mesenteries the latter have in 
some cases a narrow, elongate form in cross-section, while in others they are 
shorter and distinctly kidney-shaped. Most mesenteries have a stoma, but this aper­
ture is sometimes absent and when present varies greatly in size, shape and posi­
tion. As a rule it is very large, of a broad transverse or oblique oval or ovoid form 
and distinctly internal in position; but sometimes it is much reduced in size and 
situated nearer the column-wall than the stomodaeum. I have seen one mesentery 
in which not only was the stoma, which was external in position, very large) 
but the whole of the membrane between the muscle-banner and the body-wa11 reduced 
to a narrow band by a great gap or emargination in the lower part of the mesentery. 
The band was bounded above by the stoma and below by this gap. 

As a rule acontia, which are never well developed, are only present on a few of 
the mesenterial filaments. The upper trilobed portion of the. filaments is short-as 
a rule shorter than the stomodaeum, and the simple portion relatively long; but the 
proportionate length of the different parts of the filaments varies greatly even in the 
mesenteries of a single individual. 

The gonads are normal in .structure, and as far as I can ascertain the animal is 
dioecious. 

The anterior sphincter is even less differentiated than in M schillerianum, but 
in carefully preserved expanded specimens which have been rendered transparent, a 
'few folds of the muscle-sheath can be detected in the region occt1pied by the cin­
·clides. These folds lie in the mesogloea at the base of the endoderm and are not 
accompanied by any independent muscle-spaces. The rest of the muscle-sheath 
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resembles that of M schilleJ'ianum) except of course that there is no basal disk­
sphincter. The walls of the column are for the most part very thin, chiefly owing to 
a reduction of the tuesogloea) in this respect resembling those of the other Gangetic 
species. In the region of the false physa (fig. 3A, p.80) the endoderm is, however, 
greatly thickened. 

Types.-Nos. Z.E.V 6804-6/7, Ind. Mus.: from the vicinity of Calcutta. 
The species has not been found in the Chilka Lake but occurs abundantly in 

pools of brackish ,vater at Port Canning in the Gangetic delta and in canals and 
creeks near Calcutta. In the latter district it was on one occasion found in water of 
a specific gravity of I·006. 

P. gangeticus is distinguished from P. chilkaeus, the only other species as yet 
known in the genus, mainly by its more numerous tentacles and by the lack of a true 
sphincter; other differential characters are shown in the table on the opposite page. 

At Port Canning P. gangeticus, which is markedly gregarious, is found in large 
numbers ensconced in masses of the sponge Spongilla alba that have probably grown 
round it on the roots of grasses. It is also found in the same pools in deserted bur­
rows of Teredo in \\Tooden posts. In both situations it is lightly attached by its 
degenerate basal disk to foreign bodies. N ear Calcutta its favourite situation is 
among the roots of reeds that grow at the edge of small tidal creeks. Here it is fre­
quently accompanied by masses of the polyzoon Victorella bengalensis. Although it 
is found in small holes in mud, I do not think that the anemone is able to burrow, 
for in this situation it occurs actually attached to roots and accompanied by the 
polyzoon, which certainly is not a burrower. In both cases the mud seems to be 
deposited round the animal; the anetnone saves itself from suffocation by elongating 
its column, while the colonial organism buds freely and so forms a dense mass prac­
tically impervious to mud, and is thus able to expand the tentacles of its individuals 
upon the surface. A.t Port Canning I have seen an individual of P. gangeticus lying 
exposed in the sun at the edge of a pool. The tentacles were retracted, the orifice above 
them closed and the column fully expanded owing to the amount of \\Tater it contained; 
in the creeks near Calcutta large numbers of individuals may be found in mud between 
tide-levels. Very few individuals found in winter are sexually mature; probably the 
real breeding-season begins about February. The species does not seem to be ex­
clusively nocturnal in habits. In an aquarium healthy individuals often cling to the 
glass in an upright position by means of the mucus that exudes from the surface of 
the colutnn. They are able to drag thetllselves upwards by means of their tentacles 
as well as to progress in a lateral direction. L 

Phytocoetes chilkaeus t sp. nov. 

(Plate vii, fig. 2; plate viia
J 

fig. 4.) 

This species, examined alive, resembles P. gangetiyus very closely so far as the. 
external characters are concerned, except that it has not more than 24 tentacles 

----------------------- -----~-~--

I For further details of this mode of progression see Rec. Ind. Mus. I, p. 67. 
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and that almost the whole of the external surface of the colulnn is covered with 
luiuute papillae. The internal structure of the two species is also very sitllilar, 
except that P. cllilkaelts has a true luesogloeal sphincter situated a short distance 
belo\v the oral disk. This species is also lllore sensitive to drugs than its Gangetic 
ally and therefore luuch 11l0re difficult to preserve in a natural condition. Conse­
quently, preserved specimens of the t\VO look as a rule very different (cj. figs. 3 
and 4, pl. viia). Those of P. chilkacus are darker in colour, being of a glaucous grey 
shade, and, o\ving to the strong contraction of the circular muscles lnuch more , 
opaque; the colulnn is elongated and cylindrical for the most part and the physa-like 
appearance of its aboral extremity exaggerated, while the tentacles are reduced to 
mere knobs, though in full expansion they are as long and slender as those of 
P. gallgctictts. The position of the sphincter is clearly indicated externally by a 
convex annulus (pl. viia, fig. 4). 

The specific.characters in which the two species differ may be tabulated thus:-

Tentacles 

P. gangeticus. P. chilkaeus. 

~---~ - -~-----.--- --------:--------------- ~--~------~ 

'" 50-65. Never contracted to zr-24. Liable to be contracted to mere 
mere knobs. Concolorous. knobs. Sometimes with dark angulate 

rings and a dark tip. 

----------1 ----- ~-- ---------1-------------- -- --- -~---

Surtace of column .. Smooth Covered, except at the aboral extremity, 
with minute tubercles and bearing a con­
vex annulus a short distance below the 
disk. 

-------------- --~ ~---- ~~-------·I-----------~ -------

Sphincter .. Absent Well developed, with elongate muscle­
spaces. 

------------------------~---------~------- -------------------------------

Body-wall Very thin Much thicker, at any rate in a state of con­
traction. 

----------------~----------------------~-------------~--------------

The tentacles are normally 24 in P. chilkaeus, but one or mor~ may be aborted 
and I have examined a specimen in which there were only 21. Even in specimens 
preserved in alcohol the darkening of their tips occasionally persists, though the dark 
angulate rings disappear rapidly. The tnarkings are due to accumulations of minute 
algae in the cells of the endoderm. In preserved specimens there appear to be two 
concentric circles of tentacles arranged alternately, but in the living animal they 
are distinctly grouped in threes with a single tentacle between each triad. The 
extreme contraction to be noted in most of our examples took place before death and 
was apparently due to the fact that unsuccessful attempts were made to paralyse the 

animals with drugs. 
The minute papillae on the surface are produced by swellings of the mesogloea 
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(fig. 4) and cover the whole of the anterior two-thir~s of the col~mn. Towards th.e 
posterior extremity they gradually disappear and In some speclmens are scanty If 

not altogether absent between the 
sphincter and the disk. On the 
anterior part of the body they are 
arranged in vertical rows. 

,,/o,m. 

FIG. 4.-Phytocoetes chilkaeus, sp. nov. 

The sphincter (pI. vii, fig. 2) 

consists of numerous strands, 
most of which are somewhat 
elongate in vertical section. They 
are grouped in a band-like figure, 
usually with a few that are shor­
ter than the rest lying separated 
in the mesogloea, to which layer 
the whole muscle is confined. 
The muscle extends outwards in 
an 0 bliq ue direction from near 
the base of the endoderm into an 
external annulus produced by a 
thickening of the mesogloea. The 

Transverse section of the column it1 the lower part of the' circular muscle-sheath is not In-
stomodaeum; froln a highly contracted specimen. terrnpted in this region. 

c.m. = circular muscle. 
The in ternal structure of P. 

chilkaeus very closely resembles that of P. g angeticus. The body-wall appears to be 
as a rule thicker in the former, but this is due partly to the fact that it is more 
highly constricted in the specimens examined. When it is not contracted there is 
comparatively little difference. 

Large specimens of P. chilkaeus, with the column constricted and elongated, 
are about 22 mm. in length and 4 mm. in diameter. 

T'ype-specimens. No. 6803/7, Z.E.V Ind. Mus.: from Rambha Bay, Chilka 
Lake. 

p, chilkaeus has as yet been found only in the Chilka Lake, but in both the outer 
channel and the main area. The only localities in which it was obtained were .the 
head of Rambha Bay and the channel between Satpara and Mahosa. The actual 
specific gravity of the water in which it was taken varied from about I'OI05 at 
Rambha to 1'0265 at Satpara. It was collected in January and March. 

At Rambha the anemones were found either floating a few inches below the 
surface or with their aboral disks lightly attached to a filmy alga that grows luxuri­
antly on luud in very shallow water. Off Satpara they were brought up from a 
muddy bottom overgrown with weeds in about 12 feet of water. To judge from 
their muddy bases they had been attached to the roots of the weeds. The aboral 
extremity was contracted and cylindrical in these specimens J expanded in those 
frolll H .. ambha. The exaluples from Rall1bha were taken in January and March; 
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those fro111 on Satpara in the latter 111onth. At both seasons sonle individuals were 
sexually luature. The species is not lllarkedly gregarious. 

Genus PeIocoetes, nov. 

This genus is closely allied to Phytocodcs and lllay be diagnosed as follows:­
Thin-walled Metridiinae vvithout a collar with a vennifoflll colunln with , , 

the basal disk HlllCh reduced, with the aboral extrelnity capable of assuming 
a physa-like appearance and shape, \vith the tnajority of the t~ntacles 

arranged in groups each of ,vhich is placed on a flattened pedicel or out­
growth frotn the reduced oral disk; the tentacles slender, thin-walled and 
not very highly contractile; the oral disk not retractile. 

In the structure of its body-wall the single species of Pelocoetes closely resenlbles 
Phytocoetes, but the circular muscle-sheath is even stronger and has a Inore intimate 
relationship with the endoderm, with which it interdigitates when highly contracted 
(pI. vii, fig. 3b). Moreover, there is a considerable region on the upper part of the 
column in \vhich this Inuscle is to some extent differentiated, being more powerful 
and more readily thrown into physiologically indepepdent folds than elsewhere and 
occasionally being associated with a few scattered muscle-spaces. This region 
does not extend upwards quite as far as the base of the oral disk, but otherwise is 
approximately co-terminous with the stomodaeum. There is no separate sphincter. 
The nervous layer of the mesogloea is particularly well differentiated. 

The animal Jives buried in mud and its vermiform column, plainly correlated 
with this mode of life, is not so protean as that of Phytocoetes. 

The tentacles are more numerous than in the allied genus, but variable in num­
ber. There is an inner circle of twelve solita~y tentacles and an outer circle of 
twelve pedicellate groups; but the numbet: in each group varies considerably. 

The outer wall of the column is for the most part smooth, but bears a certain 
number of small vesicular swellings on the upper part. The cinclides are arranged 
definitely in vertica.llines on the upper muscular region. 

There are more incomplete mesenteries in Pelocoetes than in Phytocoetes, but 
fewer than is usual in 1.11etridium, the actual number in P. exul being 36. None of 
these are situated in the intralnesenterial spaces. Both internal and external mesen­
terial stomata may be present, but, as in Phytocoetes, their size) shape and position 
are very variable. Speaking generally, the .1nesenterial filaments are comparatively 
well developed in Pelocoete~; some of the incomplete mesenteries are occasionally 
fertile; the acontia are long and relatively stout and are normally present on all 
the fertile mesenteries. The animal is monoecious and protogynous. 

The one species known occurs in the Gangetic delta and the Chilka Lake and has 
been found only in brackish water. 
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Pelocoetes exul (Annandale). 

(Plate vi, fig. I; plate vii, figs. 3, 3a , 3b.) 

[VOL. V, 

190 7. A!fetridiu11t schillerianum var. exul (in part), Annandale, Rec. Ind. lV/US. 

I, p. 48, etc., figs. I, 2, 3, 4; pl. iii, figs. 3,4· 

My original description of the (( variety exul" of Stoliczka's Gangetic Anemone 
applies for the most part to Pelocoetes exul but is vitiated by the fact that I re­
garded .Phytocoetes gangeticus as the young of the species now to be discussed. In 
the actual diagnosis, however, on p. 48 of the paper cited the characters distinctive 
of ~That I regarded in 1907 as young and adult individuals respectively are clearly 
differentiated. All that is necessary now, therefore, in the way of actual description, 
is to give a fuller account of the tentacular system, which can only be investigated 
satisfactorily in specimens killed in a fully expanded condition; L for the living animal 
is too sensitive to permit a very detailed investigation, while specimens killed in the 
ordinary way do not illustrate the peculiarities of the oral disk to anything like the 
full extent. 

The tentacles, as is stated in the diagnosis of the genus, are disposed in a single 
inner circle of twelve and in twelve external pedicellate groups. The twelve primary 
internal tentacles represent the twelve complete chambers, each arising above either 
an inter- or an intramesenterial space, which is continued into its lumen. In the 
case of the intramesenterial tentacles the base of each occupies practically the whole 
of the inner part of the roof of the chamber, while in that of the intermesenterial 
tentacles it is situated opposite the central incompletely separated compartment 
formed by two of the six incomplete mesenteries that project into the chamber from 
the column-wall. These primary tentacles do not differ in structure or form from 
the others. 

I I find by far the most satisfactory method of killing these Gangetic species with degenerate 
basal disks is to allow them to expand themselves fully in a small vessel of water in which natural 
conditions are so far as possible reproduced. In the case of P. exul I fill the vessel half full of mud, 
make a hole some two and a half inches deep in the mud by thrusting in a pencil, and plant the anemone, 
basal disk downwards, in the hole. I then leave it until after dark with just sufficient water from its 
own habitat to allow full expansion of the tentacles. In the evening, after they are fully expanded, 
I sprinkle on the surface of the water a few crystals of menthol. In the morning the animals are found 
completely paralysed. Without disturbing them, a considerable amount of commercial formalin (abou t 
sufficient to make up a solution of 5 % formaldehyde) is poured into the vessel. The whole is left 
standing for an hour and the specimens are then removed and cleaned. If they are wanted for histo­
logical purposes they are subsequently treated with corrosive acetic solution precisely as though they 
were fresh material. In cool weather at any rate, I do not find that they suffer from this process to any 
material extent so far as general histology is concerned, but if· any delicate cytological work is to be 
performed it is better to kill them in a contracted condition. The specimens of anemones of which 
photographs are reproduced on pIs. vi and viia were killed and preserved in the way described; it is 
apparently applicable rather to species with very thin muscular walls than to ordinary fixed forms, and 
I have not found it altogether successful in the case of M etridium sch-illerianum. In that of P. 
chilkaeus it failed, possibly on account of the use of too much menthol. 
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There are two pedicellate groups, alternating \vith the single tentacle, above 
each cOluplete intennesellterial space; each group is associated with one conl­
plete and three incolnplete Inesenteries and its hunen is continuous with that of 
three incolnpletely separated cOlnpart-
nlents; one of its internal walls is 
practically co-tenninous with a COln­
plete and the other with an inC0111plete 
Inesentery, "'hile the upper extrem;­
ties of two other incomplete mesen­
teries are continued into it. The 
pedicel itself is a hollow process of the 
margin of the oral disk; its length is 
considerably greater than its breadth; 
it is cOlnpressed from above down­
wards; it has parallel sides. At some 
little distance from its point of origin FIG. 5·-pflocoetes exul (Annandale). 

the process bifurcates in a horizontal Transverse section of the column in the muscular 

plane and just within the fork a single region, from a highly contracted specimen. 

tentacle, \vhich we may call the furcal tentacle, arises on the upper surface. Each 
hranch of the pedicel bears two, three or four tentacles; the number is variable, 
sOlnetimes even on the disk of a single individual. 

In the lower or posterior wall of the pedicel there are, projecting into its lumen, 
four muscular ridges, two practically at the lateral margins and two in the middle. 
~rhese ridges are actual prolongations upwards and outwards of the four mesenteries 
with which this process is associated; above and opposite each of then1 on the upper 
or anterior wall a similar ridge is developed, so that the whole lumen is divided in­
completely into three chambers, the two outer pairs of ridges being close to the sides 
of the pedicel. The separation is incomplete because the united depth of the two 
ridges of each pair is not so great as that of the lumen. The furcal tentacle is pro­
duced at the distal extermity of the central chamber, while each of the lateral cham­
bers corresponds to one branch of the pedicel. The number of tentacles developed 
on each branch is evidently a matter of secondary importance . 

. Although one of the lower ridges in each pedicel is connected with a complete 
mesentery while three are continuations of incomplete mesenteries, no difference, in 
structure can be observed; nor is there any difference between these lower ridges 
and the corresponding upper ones. 

The walls of the pedicel and of the tentacles are very thin, the mesogloea and 
the circular muscles being poorly developed in them. The longitudinal muscles, 
though by no means thick are, in spite of the non-retractile and not highly contrac­
tile state of the disk, well developed. The mesenteries closely resemble those of 
Phytocoetes, except that there are 36 instead of 12 incomplete mesenteries and 
that the filaments are more uniformly developed on the complete ones. 

In the case of Phytocoetes the difference between the microscopic appearance of the 
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body-wall in specimens in which the circular muscles are contracted or relaxed has 
already been noted (p. 78); in Pelocoetes it is even more marked. When the column is 
fully expanded the total thickness of the wall is reduced to about 0·02 mm. and the 
mesogloea is a mere thread even under high powers, whereas in examples· killed with 
these muscles contracted the wall is about o· 17 mm. thick and the mesogloea, includ­
ing the muscle-band, 0·028 mm. thick. 

If the nluscles are at all contracted there is always a tendency for the column of 
P. exul to assunle an oval form in cross-section and this feature may be observed 
to some extent even in the living anitnal; the main axis of the section is sulco­
sulcular (fig. 5, p. 87)· 

The types of the species, which are from Port Canning, are numbered Z.E.V 
2419-21/7 in the books of the Indian Museum. 

P. exul has been found only in small pools of brackish water at Port Can­
ning in the Gangetic delta and in the main area of the Chilka Lake, but its habits 
render it very difficult of detection and capture and it is actually, in all probability, 
distributed more widely than we know. In the lake it was taken close inshore at 
Rambha in a few inches of water in January and off Kalupara Ghat in the northern 
part of the area in very shallow water in April. The salinity of the water is not 
precis.ely known, but the specific gravity must have been between 1·005 and 1·010. 

This anemone lives, as already stated, buried in the mud up to the base of its 
oral disk, which can be pulled downwards with great rapidity on disturbance. It 
is nocturnal in habits to this extent-the tentacles are never fully expanded by day 
and remain with their tips extending fr01TI the hole in the mud for a short distance 
only, whereas by night they are completely extended. These facts were observed 
in the case. of anemones in situ at the edge of the lake in January. A bright light 
directed on the disk, however, did not cause contraction. Although in early life 
the animal must be an active burrower as it lives in a vertical burrow several inches 
deep, adults are very helpless when removed from their proper environment and 
show no inclination to lTIake a fresh hole. Their vermiform column prevents them 
from assuluing an upright position, and it is very difficult to keep them alive in 
captivity unless they are literally planted in mud in the way described in the footnote 
on p. 86. Further particulars as to the habits of P. exul will be found in nly paper 
of 1907. 

In specimens taken in the Chilka Lake in January the ovaries were mature; 
this was also the case with specimens taken at Port Canning in December; but in 
others taken at the latter locality in January it was the testes that were ripe. 

Family EDW ARDSIIDAE. 

I90 5· Edwardsiidae, McMurrich, Zool. ] ahrb., Suppl. VI (III), p. 2I8. 

Remarkably few species of this family have been found in the warmer seas and 
the occurrence of two genera, representing respectively the Edwardsia and the Hal­
campa sections of the family, in a locality so peculiar as the Chilka Lake is therefore 
noteworthy. 
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Cenus Halianthus, K\vietnie\yski. 
1896. Halt"alltlzus, Kwietnie\vski, leila. Zeitscll. lVatlll'1uiss. XXX, p. 5~5. 

The species hitherto assigned to this genus are Inainly Arctic, hut McMurrich 
(01'. cit., 190 5, p. 223) has descrihed one frOl11 the Pacific coast of South Al11erica. 
I can find no previous record froln the Indian ()cean. 

Halianthus lim nicola, sp. nov. 

(Plate vi, fig. 2; plate vii, figs. 4, -4{1, ~h.) 

\\Then at rest the living anilnal has a conical shape, slightly s\vollen in the 111id­
dIe region and slightly constricted at the truncated end, i.e. just below the oral disk. 
The aboral end is bluntly pointed and often not at all inflated; externally there is no 
apparent separation of capitululll, scaphus and physa, but the last is to SaIne extent 
retractile. The body can assume practically any shape froin spherical to cylindrical 
and sharp constrictions at one or lnore points are often a noticeable feature of pre­
served specimens; when the tentacles are retracted the upper part of the column 
assumes a subspherical form, while the aboral region is constricted into a cylindtical 
peduncle; or the \vhole organism may have an elegant vase-like outline. There is 
no external cuticle or sheath. 

On the external surface there are twelve longitudinal rows of relatively large, 
though not very prominent, solid tubercles, which correspond roughly in position 
\vith the twelve mesenterial spaces; they are mainly due to thickenings of the 
mesogloea. Towards the aboral extremity these rows, and also the individual 
tubercles, tend to become obsolete. The whole of the body-wall and the wall of the 
disk and tentacles is hyaline and practically colourless, but the tentacles are often 
ornamented on the upper surface with V-shaped translucent bars and the disk is not 
so transparent as the column. The mesenterial filaments and the gonads are of a 
bright yellowish flesh-colour, which is communicated by reflection to the remainder of 
the animal, especially in a state of contraction. Specimens in spirit or even formalin 
beconle more or less opaque. 

The oral disk is ample, its outline in contraction is broadly oval, the longer axis 
being that of the mouth, which occupies the greater part of the disk in this axis. 
The lips are by no means prominent when the mouth is closed; there are six lo\v 
transverse ridges at each side. The normal number of tentacles is twelve, but occa­
sionally one or more subsidiary tentacles are produced asymmetrically; the nornlal 
arrangement is that the tentacles form two concentric circles of equal numbers and 
alternate round the margin. There is no structural difference between ordinary and 
subsidiary tentacles; both when fully expanded are stout, cylindrical and bll;1nt and 
hardly longer than the longer diameter of the disk; they can be contracted into little 
\vart-like projections. The disk is usually flat but can assume a conical or even a 

clavate form. 
The aboral extremity is perforate, but the pore is always small. 
OUf largest specinlens, \vhich have shrunk very little, are about 5 mm. long. 
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The circular muscle of the body-\vall is well developed and in the living animal 
can be detected readily witlr the aid of a hand-lens as a series of transverse rings 

FIG. 6.-Halianthus limnicola, sp. nov. 

Transverse section of the column in the middle of 

capable of independent contraction and 
expansion. The differentiation is, how­
ever, physiological rather than anato­
mical and in vertical sections the muscle 
forms a continuous sheath of minute 
fibres, having the general appearance of 
an irregularly serrated line more conspi­
cuously folded at some points than at 
others. In transverse sections the fibres 
lie at the base of the endoderln (as of 
course they do also in vertical sections) 
but run across the mesogloea at the 
base of the mesenteries. The muscular 
sheath is most strongly developed in 
the wall of the physa. 

The sphincter (pI. vii, fig. 4) is well 
developed but short. It lies close below 
the base of the tentacles and consists of 

the stol1lod aeum. 
a number of relatively stout isolated 

strands surrounding distinct muscle-spaces and well separated by mesogloea from the 
muscle-shea th. 

The stomodaeum is spacious in cross-section; the walls , which are moderately 
thick, are thrown internally into three distinct though not very deep folds on either 
side; the sulcus and sulculus are very broad. The sulco-sulcular length in a state 
of expansion occupies a little less than a half of the width of the column. 

There are no rudimentary or incomplete mesenteries. The twelve complete 
mesenteries are normally fertile. The kidney-shaped muscle-banners are moderately 
small and separated by some Ii ttle distance from the wall of the stomodaeum; they 
contain a considerable number of moderately long and slender folds of the mesogloea. 
The parietal muscles are slightly and irregularly folded, the projections of tbe 
mesogloea on which they are based being by no means clearly defined in sections. 

The gonads are normal in structure and not very much folded transversely. 
The animal appears to be dioecious. 

The specific characters of H alianthus limnicala may, therefore, be summarized as 
follows :-

(r) The whole animal (except the internal organs) is colourless and translucent 
or hy~line, the markings on the tentacles being due to relative degrees 
of transparency and not to pigmentation. 

(2) The normal shape of the column is conical and there is no external differ­
entiation of capitUlum., scaphus and physa. 

(3) There is no external sheath or cuticle. 
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(.·l) There are twelve vertical ro\\'s of solid tubercles on the colutnn. 
(5) The tentacles are nonnaHy 12 in number, but extra subsidiary tentacles 

are sOluetilues produced aSY1111uetrically; both the normal and the 
subsidiary tentacles are (even \vhen fully expanded) stout, blunt and 
hardly longer than the longer diailleter of the disk. 

(6) The 1110uth is relatively ,vide. 

(7) The stomodaeUll1 is spacious, its sulco-sulcular axis occupying nearly one 
half of the diameter of the colulnn. 

(8) 1'he l11uscle-banners are small, though not so slnall as in some forms and , 
separated frol11 the walls of the stomodaeum. 

(9) There are no incomplete mesenteries. 
(10) The parietal 111uscles are feebly developed and accolnpanied luerely by 

somewhat indistinct projections of the mesogloea. 

Types. No. Z.E.V 6032/7, Ind. Mus. 

This species has been found as yet only in the Chilka Lake, in the main area of 
\vhich it is abundant at all seasons except the end of the rains' it is also found , , 
tuuch more sparingly, in the uluddy parts of the outer channel. It is commonest in 
from 6 to 12 feet of water and has been found throughout the range of salinities 
occurring in the lake. 

H alianthus limnicola is gregarious, and was usually taken on a muddy bottom 
in which there was a fairly large admixture of dead Lamellibranch shells. It is 
very active and not at all shy. When removed from the water or otherwise 
disturbed it retracts its tentacles instantaneously but extrudes them again the 
moment that it is comfortable. In a vessel half filled with mud and shells and 
half with lake-water it begins to burrow almost immediately. This it prefers to do 
among shells, among which it progresses in an almost horizontal direction, lying 
prone and dragging itself along with fair rapidity by means of its tentacles. Their 
movements are accompanied and assisted by rhythmical longitudinal expansions and 
contractions of the column. No rhythmical transverse contractions of the column 
were observed, but constrictions often appeared suddenly at different points. The 
animal has a strange habit of alternately retracting and extruding the proximal 
part of the physa. No attelupt was made to form an external sheath or cuticle, the 
transparent wall of the column remaining remarkably clean. If left to itself the 
anemone sometimes formed a vertical burrow, in which, however, it never remained 
for very long. The muscular nature of the physa would suggest that it is employed 
in making burrows of the kind, but the process was not observed. 

Although numerous individuals of the species ,vere obtained in most hauls of our 
nets on suitable ground throughout the greater part of the year (even in July, when 
the rains were established, and in September, when the water had become fresh), yet 
in November it was found to be very scarce and only a few specimens were obtained. 
These were, Inoreover, in a quiescent condition, exhibiting none of the normal 
tlluscular activity, and \vere so contracted and shrivelled that they could not at first 
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be identified. ~rhere can, therefore, be little doubt that prolonged exposure to fresh 
water has ll1uch the saIne effect as it has on the medusa Acromitus rabanchatu 
(p. ror, postea). A larger proportion of the actinians, however, probably perish and 
the physiological changes are produced Inore slowly. 

H. lintnicola does not seem to have any fixed breeding season, for individuals 
\vere found with apparently ripe gonads at all times of the year, even in November. 

Genus Edwardsia, Quatrefages. 

r889. EdwClrdsia, Haddon, Trans. Roy. Dublin Soc. (2) VI, p. 326. 

I~95· " Faurot, Arch. Zool. experim. (3) V, p. 108. 

Edwardsia has been generally regarded as characteristic of temperate seas both 
north and south of the Tropics, and I can find no reference to any undoubted species 
froln the Indian Ocean. Carlgren 1 has examined a representative of the closely allied 
genus Edwardsiella from the Red Sea and East Africa, which was originally described 
by Kiunzinger 02 under the name Edwardsia pudica, and thinks that Edwards£a 
adenensis, Faurot;> from Aden is probably a synonym. E. arenosa, Klunzinger, is also 
an Edwardsiella. 

Edwardsia tinctrix, sp. nov. 

(Plate vi, fig. 3; plate vii, figs. 5, Sa; plate viia, fig. 5.) 

When fully extended the whole animal is vermiform, and narrowly sausage­
shaped when the capitulum is introverted. The distinction between capitulum, 
scaphus and physa is well marked in the former condition and that between the two 
last regions in the latter. The scaphus is relatively long and slender, the capitulum, 
which is not constricted, short. The naked physa is also short J but not so short as 
in some species, it has a rather narrow ovoid form when expanded and bears at the 
tip a circle of eight minute finger-shaped processes. These, however, are apt 
to disappear in preserve~ specimens and in any case are so small that they can 
only be seen under a high power of the miscroscope; in structure they are solid 
outgrowths, nlainly of ectodenn and containing a large number of minute intracellu­
lar refractive granules. On the scaphus there are eight vertical rows of small but 
prominent mamilliform tubercles corresponding in position to the eight mesenterial 
spaces. The structure of these tubercles will be discussed presently. Not only the 
whole of the capitulum but also a considerable part of the scaphus can be introverted. 

The sixteen tentacles are long, slender and pointed. The oral disk is narrow 
but more or less tumid; the mouth runs across the greater part of it. The tentacles 
are not very highly contractile, but can be thrust into the mouth so far that their 
tips extend into the physa. 

The capitulum, \vith the disk and tentacles, is translucent and often colourless, 

J Mitt. Natltrh. Mlts. Hamburg, XVII (2), p. 46 (1900). 

oJ. Die Rorallthiere des Rothen Meeres I, p 81, pI. vi, fig. 3-
R P . . 0 0 elt., supra, p. 121. 
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but is usually tinged 111(>re or less deeply with olive-green; sOluetilues the el1dodernl 

of the tentacle~ is luarked \\"ith alternate green and white rings, the pale rings being 
llUrrO\Ver than the dark. The lllost characteristic features in the colouration is , 
however, a series of eight blacki:~h vertical bars that ornalnellt the capitululn just 
below the disk, one outside each lllesentery. Each bar is double, beiug cOlnpletely 
bisected longitudinally by a colourless or pale line, and expands at the upper end, 
\vhich is sOluetilues separated as a distinct spot or rather pair of spots. The scaphus 
has a bright orange-scarlet colour, which, unlike the Inarkings of the capitulum, 
retains its intensity in spirit; this colour is not in trinsic in the tissues of the animal 
but due to a staining of the particles of mud incorporated in the delicate "cuticle" 
that clothes the scaphus. l The physa, both in living and in preserved specimens, is 
of a fairly opaque white. 

The tubercles on the scaphus are a characteristic feature of the species, not only 
on account of their prominent nature but also of their internal structure. In most 
sections of the column they appear tnerely as hollow outgrowths of the wall due 
mainly to a thickening of the mesogloea accolnpanied by the apparent formation of 
a large lacuna; but if specitnens of the whole animal be mounted for tnicroscopic 
examination after being rendered transparent it will be readily seen that each lacuna 
contains, in addition to a quantity of mucus, what appear to be a number of long 
slender chaetae arranged for the most part almost at right angles to the circum­
ference of the column but converging somewhat to the tip of the papilla, which con­
tains a minute aperture. In -a few sections of several large series some of these 
peculiar bodies remain in situ and can be recognized in the slender nematocysts of 
the type figured more than fifty years ago by Gosse in his Actinologia Britannica 
(pl. xi, fig. 10, 1860). Their threads can be occasionally detected emerging from 
the pore in the papilla (pI. vii, figs. 5, Sa). The cavity of the tubercle has a diameter 
of about 0'09 mm. 

The body-wall is very thin in the capitulum, but considerably thicker in the 
scaphus, the difference lying mainly in the relative amount of mesogloea present; 
in the physa the mesogloea is thin but the endoderm rather thick. There is no 
special sphincter, but the circular muscle, which lies at the base of the endoderm, is 
well developed both in the scaphus and in the physa. The nervous layer is well 
developed. The wall of the tentacles is thick, but their tnesogloea relatively thin. 

The stomodaeum is ample at its upper extremity, occupying in its longer axis 
more than half of the diameter of the column and having a rather narrowly oval 
shape in cross-section; it is very short vertically and does not quite reach the 
lower end of the capitulum. 

There are) in addition to the usual eight complete mesenteries, eight rudimentary 
ones, but these are confined to the upper part of the stomodaeum. They have the 
arrangement apparently nornlal in the genus, i.e. there are two in each sulco-lateral 

1 A similar staining of muddy particles is often produced at the edge of the mantle in some of the 
Cbilka Lamellibranchs (e.g. Theora opatina) and in the tubes of Maldanid worms. 
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chatuber and one in each of the other chambers except the sulcar and sulcular. 
Most of these rudimentary mesenteries consist tuerely of the basal (parietal) longitu­
dinaltuuscles and the folded mesogloea that supports them) but those in the sulco­
lateral chatubers are distinctly better developed and possess a rudiment of- the 

A 

FIG. 7.-Edwardsia tinctrix, sp. nov. 

A. Lateral view of the capitulum (from a sketch by Mr. G. Henry). 
B. Transverse section through the upper part of the capitulum. 
C. Transverse section of a fertile male Inesentery through the upper end o{the gonad_ 

tuembranous part as well; indeed, they are at least as well developed as the incom­
plete mesenteries of Phytocoetes. 

The longitudinal muscles of the cOluplete mesenteries differ in different regions 
of the column. In the upper part of the capitulum the parietal series are poorly 
developed, whereas the tuuscle-banners are large and powerful, occupying the greater 
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part of the \vidth of the luesentery (fig. 7 A, p. 9~). A little lower down these latter 
structures becolue much thinner and weaker, practically disappearing at the lower 
end of the stoillodaeunl, while the parietal 11111Scles becotne better developed. Below 
the stomodaeum the lnuscle-banners again becollle large. The tuesogloea in the 
basal part of each luesentery is thrown on each side into five or six folds, all of 
\vhich are nloderately stout and have an approximately sitnilar fonn and depth. 

The gonads ate normal and the anitnal is apparently dioecious. 
Our largest specinlen of this species is about 30 tum. long in a fully extended 

condition, the greatest transverse dianleter of the scaphus being 3 nnn. and the 
length of the tentacles 6'5 lum., but this specilnen is unusually large. 

Types.-No. Z.E.V 6819/7, Ind. Mus. 
The Inost important specific characters of Edwardsia tinctrix lie in the shape and 

colouration of the column, the presence, peculiar structure and comparatively large 
size of the tubercles on the scaphus, the relative length of the sulco-Iateral rudimentary 
mesenteries, the forn1 and relative size of the longitudinal muscles of the mesenteries 
and the proportions of the stomodaeum; but in the identification of specimens of the 
genus attention must be paid to the general sum of characters rather than to sepa­
rate features or to single organs or parts. Perhaps the most peculiar feature of the 
Chilka species is the structure and size of the tubercles) but those of E. claparedi 
(Panceri) are probably similar, if relatively smaller, for the nematocysts in these 
organs are very liable to disappear from sections. I 

E. tine/rix is, for the greater part of the year, one of the most abundant nlem­
bers of the fauna of the main area of the Chilka Lake, over the whole of which it 
occurs from the shore to a depth of 16 feet; in the muddy parts of the outer chan­
nel it is much less common. It was found in water of which the specific gravity 
varied froln that of the Bay of Bengal at the time to that of pure fresh water. 
Outside the Chilka Lake it has not yet been discovered. 

The anemone lives buried in mud as far as the base of the disk. It is extremely 
shy and sensitive. When removed from mud individuals almost invariably have 
the disk and capitulum introverted into the scaphus, and it was not found possible 
to cause them to expand by daylight. If planted in mud covered with water in a 
glass they often did so by night 'l., but even then showed no tendency to shift their 
position or to construct fresh burrows for themselves. 

E. tinetrix is lnuch less common in the Chilka Lake at the end of the rains than 
at other seasons, but a few individuals were found even in November. They were 
luuch contracted and did not expand in captivity even at night. It is probable, 
therefore, that they are affected by long-continued residence in fresh water much in 
the same way as Halianth1ts limnieola. 

In specimens taken between March and July inclusive the gonads were ripe, as 

-----------

I See \Valton and Rees, J ourn. Mar. BioI. Ass. Plymouth X, p. 64, fig. 2, 191 3. 
'1 \Valton and Rees (op. cit., p. 62) found that an individual of E. claparedi (Panceri) at first 

refused to expand by daylight but after a time did so. 
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they were occasionally in September; but this ,vas not the case in those collected 
between Noveillber and February. 

SCYPHOMEDUSAE. 

(Plate vi (in part); plate viii.) 

The only n1edusa of this group found in the Chilka Lake belongs to the order 
Rhizostoma ta and the division Triptera. The species is here described as new and 
belongs to a genus recently discovered in the Philippines, in which the only form 
hitherto recognized occurs. The Chilka species is of considerable biological interest, 
not only because it has been able to establish itself as a permanent resident in water 
of very variable salinity, but also because we found it possible to estimate the direct 
effect of fresh water upon the physiology of individuals (p. 101, postea). Some post· 
larval forms were obtained and are here described briefly and figured; they throw 
light 011 the evolution of the Rhizostotnatous 1l10uth-arm. The species is also 
COlnmon in the Bay of Bengal. 

Order RHIZOSTOl\ii\TA. 

Division RHIZOSTOMATA TRIPTERA. 

Genus Acromitus. Light. 

1914. Acromitus, Light, Philippine Journ. Sci. (D) IX, p. 210. 

This genus has recently been described to contain a single species (A. maculosus, 
Light) from the Philippines. Its most striking diagnostic character is the posses­
sion at the tip of each mouth-arm of a single greatly elongated tentacle-like filamen­
tous process. This process is very much longer and stouter than the small sensory 
filaments scattered among the mouths on the arms. 

In describing a new species froln the Chilka Lake and the Bay of Bengal I have 
closely followed the descriptions of representatives of the order published in Meyer's 
lvfedusae 0/ the World (1910). In all the features accepted by Light (1914, Ope cit.) as 
of generic importance this species agrees with A. maculosus, the only other menlber 
of the genus yet known. 

Acromitus rabanchatu It sp. nov. 

(Plate vi, figs. 4-6; plate viii.) 

The disk is no flatter, at any rate in living medusae and in specimens recently 
preserved in formalin, than a hemisphere. In large individuals its dianleter is as 

-~--- - ----- -- --- ------- --

I Raban-chatu is the vernacular name given to this medusa by the Uriya fishermen of the Chilka 
Lake, who would probahly apply it also to any other medusa of similar shape. It means" the umbrella 
of Ravana " the demon-king of Ceylon who plays the part of chief villain in the Ramayana. 
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luuch as 20 CllI. The exulubrella is snl00th to the naked eye, but under the micros­
cope appears minutely granular each granule consisting of a little prolninence beset 
\vith nenlatocysts. There are eight rhopalia, each flanked 011 either side by a sn1all, 
elongate, tapering tnarginaI lappet. A furrowed eXlullbrellar pit extends inwards 
down each rhopaliu111; as seen frotll above the outline of the pit is SOl11e\vhat 
expanded towards the luargin and constricted in\vards. The rhopalar lappets, which 
are longer than the others, are not expanded il1\vards at the base and do not Ineet at 
any point. The velar lappets, of which there are four pairs in each octant, are short 
and broad; their tips are very broadly rounded or subtruncate, and the incisions 
that separate theln short, those separating the two lappets that fonn a pair being 
shorter than those that separate one pair from another. There are thus r6 rhopalar 
and 64 velar lappets, or 80 in all. 

The \vidth of the artn-disk at its base is about two-thirds, and at the point at 
which the arms originate frotn it about one-half that of the bell. 

There are four narro,,, genital ostia, each a little narrower than the pillar which 
separates one ostium frotn the next. Each is constricted below by a thick, wide, 
gelatinous process of the bell-disk, and a little distance outside each a broad triangUlar 
process with a bluntly pointed tip is directed downwards and inwards from the 
subumbrellar surface. It occupies a position immediately below one of the rhopalar 
canals. The arm disk is very slightly emarginate in each perradius. The subgenital 
cavity is broadly cruciform. 

At their bases the eight mouth-arms are joined together in a circle for a short dis­
tance. Their relative length is sOlnewhat variable and one or more, perhaps ·owing to 
accident, are sometimes shorter than the others; they are always comparatively long 
in proportion to the vertical axis of the bell. The lower, bifid portion of each arm 
occupies about four-fifths of its total length. In this region the mouths are arranged 
in a single row down each margin of each edge of the three lamellae. On the upper, 
simple part of the arm they extend up the inner edge, in the same formation, to its 
point of origin. The fringed lips, however, are so contorted, and the minute capitate 
stinging-tentacles so nutnerous upon them, that it is difficult to make out the precise 
arrangement without studying imnlature medusae. Normally the arm is bluntly 
pointed at the tip. 

The sensory :filaments on the sides of the arms are short, slender and bluntly 
pointed; they are often entirely concealed among the capitate tentacles and seem 
to be much better developed in some individuals than in others. Their arrangement 
is not very regular, but, generally speaking, they are set in short transverse lines 
parallel to and alternating with the mouths. The elongate term.inal filament charac­
teristic of the genus is rather stout at the base and tapers gradually. vVhen fully 
forn1ed it is of great length, but it is rarely well-developed on all the arms of an 
individual and may be altogether absent from some. This is probably due to acci­
dent, for the tip of the ann itself is sometimes lacking. Not infrequently the fila­
ment has one or more short branches at its base. Possibly this is due to regeneration 

~fter inj ury . 
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The stomach is cruciform. There are eight rhopalar and eight adradial canals. 
The former reach the broad zone of anastomosing circular canals externally, but the 
latter are usually separated therefrom by an invvardly projecting portion of this peri­
pheral system. Even in adult medusae an ad radial canal can sometimes be traced in 
a straight line through this projecting portion to the outer zone, but more frequently 
it loses its identity on entering the former. The gastric filaments 'are numerous but 
very small. They are short, cylindrical and bluntly pointed. 

The colour of the bell, arm-disk and arms is milky white, neither transparent nor 
altogether opaque. As a rule the bell is ornamented with dark spots, but their size, 
number and arrangement are variable, and often they are absent. Sometimes 
(perhaps most frequently) there is a broad immaculate peripheral zone and the spots, 
which are about 2 mm. in diameter, are densely scattered over the remainder of the 
bell; but sometimes they extend outwards to the marginal lappets, and I have seen 
medusae, apparently quite uninjured, in which there were only some half a dozen 
minute specks on the central part of the dome. SOlnetimes the spots are rather 
large and fewer than usual; I have examined one individual in which they ran 
together to form large irregular blotches on the margin. The pigment appears, in 
the living medusa, almost black to the naked eye, but if the animal is allowed to die 
in water it streams out in a deep purple cloud. In spirit or formalin the spots fade 
to a reddish brown and gradually, after some months, disappear altogether. The 
gastric filaments and the gonads are naturally of a yellowish flesh-colour, but fade 
immediately to opaque white in spirit or formalin. 

Type.-No. Z.E.V 6740/7, Ind. Mus. Preserved in 5 % formol. 
Distribution.-This medusa is common in shallow water on both sides of the Bay 

of Bengal and in backwaters in the Madras Presidency. I have exa mined specimens 
from the coast of Tenasserim and of Orissa. In the Chilka Lake it occurs at all 
times of the year both in the outer channel and in the main area. We found it in 
water of every degree of salinity up to that normal in the Bay of Bengal, and even in 
pure fresh water; it evidently breeds in brackish water. The effect of fresh water 
upon it is discussed below (p. 101). 

A cromitus rabanchatu is closely allied to the type-species of the genus (A. macu­
losus, Light l), from which it differs in colouration, in having the velar lappets shorter 
and blunter than the rhopalar, the terminal arm-filaments stout and tapering at the 
base, in the shape of the rhopalar pits and rhopalar lappets and in several other 
minor characters. 

Young stages. 
Many small sp~cimens were obtained in tow-nets, especially in November, 1914 

in the immediate neighbourhood of Barkuda Id. The smallest are about 3 mm. in 
diameter and represent an interesting stage in the developtnent of the species. 
Practically every other stage up to the full-grown medusa is represented in our 
collection. 

I Phitz:pptne Journ. Sci. (D) IX, NO.3, PP 210-216, figs. 4-6 (1914). 
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In our slnallest specimens the disk is flat and tllen1branous, with only a slight 
convexity in the central region of the exutnbrella. The margins can, however, be 

FIG. 8.-Acromitus rabanchatu, 
sp. nov. 

everted upwards so that the structure becomes deeply 
concave, resembling a chalice in form (fig. 8). The 
muscular system is poorly developed and that of the 
canals is still in a primitive condition. The sixteen 
radiating canals are well developed, but they open 
outwards directly into a circular canal 011 the peri­
phery. The walls of the latter canal are irregular in 
outline and somewhat indefinite projections can already 
be detected, represen tillg the anastomosing channels 
that will be developed later. The actual margin is so 
delicate that it is invariably injured in specimens taken 
ill a tow-net, but the rhopalar lappets are relatively 
large and conspicuous and the velar lappets short and 
broad and perhaps not very clearly separated. There A very young medusa with the 

bell everted upwards. 
appear to be four in an octant. The actual rhopalia 
are well-developed, but the furrowed pit above them is represented only by a slight 
depression in the exumbrella. 

The most interesting features of these young medusae are to be found in the 
mouth-arms. The arm-disk has already assumed its final shape, but the ostia are 
relatively smaller than in the adult and are not protected by depending processes of 
the subumbrella. These processes do not appear until a much later stage in post­
larval development is attained, and the ostia remain relatively small until the bell is 
considerably larger. In the smallest specimens the arms themselves (pI. viii, fig. 2) 
are still in the Semostoman stage and may be compared with those of the adult medusa 
in A u.rosa. They are united in a circle at their base to a slightly greater relative 
extent than in the adult, to form what may be called a short manubrium, and are 
arranged in four pairs. Each arm is an elongate, membranous, flattened process of the 
Inargin of this manubrium, bilobed at the distal extremity and having the tips of the 
lobes slightly everted. The lobes are rounded and do not diverge widely. The inner 
(endodermal) surface is concave and a single row of minute capitate tentacles run 
round the whole arm (including the lobes), and also along the margin of the manu­
brium between the bases of the members of each pair of arms. The tentacles are 
least numerous in the latter position. 

It would be out place to discuss the post-larval development in any great detail) 
but one or two points of general interest may be noted. It may be stated firstly 
that there appears to be very little correlation of a definite kind in the origin or 
full elaboration of different organs in different individuals. In some very small 
specimens the canal-system is already more elaborate than it is in o~hers of much 
larger size; the bell is much deeper, and has a shape more near that of the adult, 
in some young examples than it has in others of more advanced development as 
regards the canal-system; the terminal filaments of the anns rarely appear at the 
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same time on all the arms of the same luedusa, and are frequently absent in indivi­
duals of later growth than in some of those in which they are fully formed; the 
lateral sensory filaments of the arms usually appear later than the terminal ones, J:>ut 
can sometimes be detected in the form of minute buds before the latter make their 
appearance. 

A second point of interest lies in the fact that in the development of the canal­
system the inward projections of the peripheral plexus connected with the adradial 
canals first tllake their appearance as irregular processes of the primitive circular 
canal and are in no way connected with the radiating channels. Each projection 
is formed in two halves, one half on each side of the canal with which the whole is 
ultimately to fuse. Even after the t'NO halves have become joined to the two sides 
of the radiating canal, it runs straight through thern and maintains its identity to 
the tnargin of the disk. This condition prevails for a considerable period and may 
occasionally be found persisting as an abnormality in one or more octant of a large 
medusa. 

But the most interesting feature of our series of young specimens of A cr01nitus 
lies in the clear manner in which it illustrates the evolution of the Rhizostomatous 
mouth-arm (plate viii, figs. 2 to 3b). The peculiarities of the structure of this organ 
are due in the first instance to unequal growth in its different parts. The everted 
terminal lobes of the arm of the young medusa grow more rapidly than the simple 
basal part, and the margins in both regions grow more rapidly than the middle 
portion. The first consequence of the accelerated growth of the terminal lobes is 
that the whole arm is definitely folded inwards along the middle line, while the 
fact that the nlargins become longer than the middle region causes them to be 
thrown into a series of short transverse pleats. This double folding causes certain 
parts of one side of the arm to be brought into close contact with the corresponding 
parts of the other side, and also certain parts of each margin to be pressed against 
others on the same side; but prevents the whole of one vertical half coming into con­
tact with the whole of the other. In fact, a central vertical canal is left open 
down the mid-ventral line of the pritllitive arm, while lateral canals of smaller 
calibre diverge from it obliquely to the margin on either side. The whole figure 
thus formed is pinnate. Simultaneously with the production of this system of 
canals a great increase in the bulk of the mesogloea of the arm takes place. 
Where end<?derm meets endoderm in the folding, the two surfaces fuse together and 
are invaded by mesogloea, -which cuts off one canal from another, leaving those 
endodernlal tracts free that have not been in contact. The endoderm in the interior 
of the greatly strengthened and thickened ann that is thus produced is now confined 
to the lining of the vertical and lateral channels formed by the folding of the 
originally membranous structure and its consolidation in the manner indicated. The 
distal extremities of the lateral canals remain open and form two linear series of 
mou ths, extending, one on each side of the new margin, down the arm and along 
each of the terminal lobes. 

Yet another folding takes place owing to the growth of these lobes. At first 



j;'lIl1lltl oj filL' ('hiIJ\l/ Lalit!-: Codcnteratcs. 101 

slightly everted, they tend to grow upwards rather than outwards and so to be 
folded against the outer tl1argin of the undivided part of the arm. Their ectoderm 
thus conIes in contact \vith the ectodenn of that part. Ectoderm fuses with 
ectodenn and is invaded by Inesogloea, but as the folding is a simple one no new 
channels are left open. The characteristic ann of the Triptera is thus produced, 
fonned in its distal region of three lall1ellae 111eeting in a vertical line and having a 
>--shaped cross-section . 

. Another point that lllay be noticed is the large size of the gastric filaments in 
the young medusa, in which they are actually as large as-relatively of course much 
larger than -in the adult. 

A cromitus rabanchatu IS a sluggish nledusa usually seen on the surface with its 
lllain axis nearly horizontal. Its pulsations are slo~r and feeble. Probably the fixed 
stage occurs 011 rocks or weeds near the south end of the lake, where the young were 
found in April, July, September and November, but not in January or February. 
Small copepods were noticed in the stonlach of the young. The stinging-cells have 
little or no effect on the human skin. Personally I could detect none. 

The most striking point in what we ascertained as to the biology of this medusa 
is the effect that an irruption of fresh water has on its habits and physiology. We 
noticed that medusae were absent from the surface of the northern part of the main 
area of the Chilka Lake for a considerable part of the year in which they were fairly 
common in Ranlbha Bay, although the prevailing wind had a tendency to drive 
them northwards. The season at which we did not find them on the surface off 
Barku! and Nalbano was that at which fresh water, which never penetrates fully 
into Rambha Bay, was prevalent in the northern parts of the lake. At this season 
our nets often brought up specimens of A cromitus from the bottom; they seemed to 
be unusually sluggish, to have unusually flat disks and long arms; but we did not 
notice anything very definitely peculiar. By a fortunate chance abnormal meteoro­
logical conditions made it possible to make a much more definite observation in the 
Ennur backwater near Madras in January, I9I5. At that time, at a season at which 
the weather is usually dry, heavy rain had fallen and the specific gravity of the 
\vater in the upper reaches of the lagoon had sunk, probably quite suddenly, at least 
as low as 1'001. No medusae were seen on the surface J but every haul of the bottom­
nets brought up specimens; in one case as many as twenty in a haul. At first sight 
they appeared to be dead; no movement of any kind could be detected and the 
circular muscles of the disk were uncontracted and flaccid. The disks were so flat, 
o\ving partly to the condition of the muscles but mainly to an actual shrinkage of 
the jelly) that the specimens were recorded provisionally as representing either a 
distinct species or a phase of A. rabanchatu in which the disk retained the post-larval 
form; the arms J in consequence of the shrinkage of the bell, appeared to be excep­
tionally long. That the medusae were not dead 'vas proved by two facts-they 
exhibited no signs of decay and the spots on their umbrellas were clear and well­
defined. The latter fact is particularly important, because in medusae of this species 
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that are allowed to die in water the pigment of the spots begin to "run" imme­
diately, staining the surrounding medium. The Ennur specimens \\Tere- of all sizes 
from a diameter of about 3 cm. to about 20 cm. 

These facts, taken in conjunction with the observations recorded on Halianthus 
limnicola and Edwardsia tinctrix on pp. 91, 95 of this paper, justify an expression of 
the belief that some individuals of certain coelenterate species, if forced to live tempora­
rily in water of very low specific gravity (i.e. greatly decreased salinity), are able to 
survive in a state of quiescence or torpidity for considerable periods, and that the 
most obvious direct structural effect of such conditions is a shrinkage of the mesogloea. 
If unduly prolonged these conditions cause the de8:ths of many individuals. The 
more marked results at Ennur, as compared with those noticed in the Chilka Lake, 
were probably due to the greater suddenness of the change. 

In the Chilka Lake, but not at Ennur, a small amphipodous crustacean was 
almost invariably observed among the tentacles on the mouth-arms of large indivi­
duals of A. rabanchatu and occasionally also on the subumbrellar surface. It was 
not present on very young medusae. In the gastric cavity of these latter, among 
the gastric filaments, ova were frequently observed, giving, together with the large 
relative size of the filaments, a false appearance of sexual maturity. The ova, 
however, were not confined to the gastric cavity but occurred scattered through­
out the vascular systeln and in particular in the circular canals; they are shown 
as white spots in the photographs of young medusae reproduced on plate vi. 
A microscopic examination revealed no ovarian tissue, and there can be no doubt 
that the ova were not proper to the medusae. Mr. T. Southwell has been kind 
enough to examine a series of well-preserved specimens. He agrees with me in 
thinking that the eggs are not those of the commensal amphipod but probably 
belong to some helminth parasite. They are in various stages of seglnentation and 
the formation of a blastula, but unfortunately have not reached in any case a higher 
stage of development and have not as eggs any distinctive structural character. In 
size and shape, however, they closely resemble eggs found with immature Distomid 
Trematoda in the canals of a Ctenophore common in the Chilka Lake (p. 118). No 
eggs of the kind were observed in adult medusae. 

The main breeding season of A. rabanchatu occurs in the Chilka Lake, to judge 
from the condition of the gonads in specimens, towards the end of the cold weather, 
i.e. in February and March. 

HYDROZOA. 

( Plate ix, in part.) 

We ~btained in the Chilka Lake spec~mens of eight or nine species of Hydrozoa, 
representlng four orders, seven families and eight or nine genera. The alternative 
numbers in species and genera are due to doubt as to the association of a medusa 



191 5.1 Fan JIll oj the ('llll/Nl rake.. Coelellterates. r03 

with its hydroid generation. All the orders of the group except the Tracholnedusae 
and the Hydrocorallinae are represented, but the Narcoluedusae and the Siphono­
phora each include only one casual visitor. The true hydroids are better repre­
sented; anlong the Calyptoblastic faluilies, the Calnpanulinidae have a single 
medusa (a casual visitor), and the Catnpanulariidae two hydroids, each belonging 
to a separate genus, as \vell as a lnedusa that lnay very well be co-specific with one 
of the hydroids. One Calyptoblastic hydroid is a casual visitor, while another 
establishes itself in the outer channel, in which a Inedusa belonging to the same 
group was also found as a casual visitor, in the salt-\vater season. The Gymnoblastea 
are represented by three hydroids, two of \vhich are pern1anel1t inhabitants of the 
main area of the lake, while the third was found only in the outer channel and 
in the salt-\vater season. 

Most of the casual visitors and periodic immigrants are marine species of wide 
distribution. Of the four free-swimming forms included in these categories one is 
cosmopolitan and one Indo-Pacific, one is widely distributed in the Bay of Bengal 
and the neighbouring seas, while the fourth, though only known as a medusa from 
the outer channel of the lake, is perhaps the other generation of an Indo-Pacific 
hydroid found with it. Of the three fixed forms that are not permanent residents 
t\VO are Indo-Pacific while one was described froln Ceylon. 

The two permanent residents, on the other hand, are both species that were 
originally described from the Gangetic delta and are as yet known only as inhabi­
tants of brackish water on the east coast of India. 

Order NARCOMEDURi\E. 

Family AEGINIDAE. 

Genus Solmundella Haeckel. 

Solmundella bitentaculata (Quoy and Gaimard). 

1904. Solmundella bitentaculata, Browne, F au,n. Geogr. Maldives and Laccadives 
II, p. 741, pI. lvi, fig. 3. 

1905. Solmttndella bitentaculata, id., Rep. Ceylon Pearl Fish. IV, p. 153, pl. iv, 
figs. 1-6. 

1910. Solmundella bitentaculata, Mayer, Medusae of the World II, p. 455, fig. 
301 (p. 457)· 

An excellent figure of this peculiar little medusa as it appears when contracted 
is given by Browne (1904). In his paper .of 1905 he gives further particulars. 
Mayer regards the A eginopsis mediterranea of Muller as no more than a variety. If 
this is so, the species occurs in all seas but has become sufficiently differentiated in 
the Mediterranean to be distinguished there as an endemic race. As Mayer points 
out, referring to Vanhoffen's report on the Narcomedusae of the 'Valdivia' (N ar­
comedusen der 'Valdivia' Exp., p. 45), " Solmundella is the most widely distributed 
Narcomedusa known, ranging from the North Atlantic, through the tropical Pacific 
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and Indian Oceans to the Antarctic. Living at temperatures of 27° to IO C, and in 
depths ranging from I,500 fathoms to the surface." 

A single small specimen was taken in a tow-net on the surface of the outer 
channel of the Chilka Lake near Barhampur Id. on March I4th, I9I4. The salinity 
of the water at the time was practically identical with that of the Bay of Bengal 
outside the bar. The medusa must be regarded merely as a casual and perhaps 
involuntary visitor to the lake. 

Order SIPHONOPHORA. 

Family DIPHYIDAE. 

Genus Diphyes t Cuvier. 

Diphyes bojani (Chun). 

I9II. Diphyes bojani, Bigelow, Mem. }'v[us. Zool. Harvard, XXXVIII, No.2, 
p. 25I; pI. vii, figs. 2,3; pI. viii, fig. 6; pI. ix, figs. 1,2; pI. x, figs. 2, 
3; pI. xi, fig. 5; pI. xii, fig. I. 

The synonomy of this species is discussed by Bigelow in the paper cited. Our 
specimens agree well with the figure of Diphyes gegenbauri published by Lens and 
Van Riemsdijk in their report on the Siphonophora of the C Siboga' (S1~boga-Exp. LX, 
pI. vii, fig. 57), or in some cases with that of Doyomosia pictoides (op. cit., pI. i, 
fig. I). The species is evidently a variable one and the shape of the anterior necto­
phore depends to some extent on the condition of preservation of specimens. 

In our collection from the Chilka Lake I have found anterior nectophores only. 
D. bojani is widely distributed in the Indo-Pacific Region. It is not a per­

manent inhabitant of the lake, but is to be found in considerable numbers in the 
outer channel in the salt-water season. It was usually present in our tow-nettings 
obtained there in March, 19I 4. 

Order OALYPTOBLASTEA. 

Family CAMP ANUI{INIDAE. 

Genus Campanulina, van Beneden. 

I868. Campanulina, Hincks, Brit. Hydr. Zooph., p. 186. 

Campan'ulina ceylonensis (Browne). 

190 5. Irene ceylonensis, Browne, Rep. Ceylon Pearl Fish., p. 140, pl. iii, figs. 
9- II . 

Ig05· I rene palkensis, id., ibid., p. I4I, pI. iii, figs. I2-I6. 
I907· " ceylonensis, Annandale, Journ. As. Soc. Bengal (n. s.) III, p. 79, 

pI. ii, fig. 5. 
1907· "ceylonensis, id., Rec. Ind. 1\;fus. I, pp. 38, I42, fig. 2. 
IgIO. Phol'tis palkensis + Ph. ceylonensis, Mayer, Al edusae of the World, p. 309. 
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The position of the Inedusa of this species is some\vhat eniglllatical. Browne 
placed it in 1ft' lie (or E irene). and rvlayer, relying \vholly on BrOV111e'S description, 
in Pizortis. It seell1S to l11e to have affinities with Tint({, I hut does not altogether 
agree with that genus, although its gonads, \vhen fully adult, reach practically from 
the base of the manubrium to the edge of the disk; there are no cirri and no conspicu­
ous band of longitudinal nluscles on the lower side of the tentacles. I have, how­
ever, been able to detect a very thin band of the kind in this position. As the 
hydroid is merely a dwarfed Campanulina, it seems best to place the species in that 
genus, in which the adult medusae have not been satisfactorily identified. 

The hydroid l forms a minute colony barely visible to the naked eye. It con­
sists of a sparsely branching adherent rhizome that gives origin at intervals to single 
hydrothecae borne on short ringej pedicels about one-seventh as long as the cup. The 
hydrothecae are nearly cylindrical and can be closed above by an operculum con­
sisting of several triangular flaps. The hydranth has about 14 very long slender 
tentacles with regular rings of stinging-cells and but slightly webbed at the base. 
The hypostome, which is conical, is small and inconspicuous. 

Medusae from Port Canning in the Gangetic delta exhibited every gradation 
between Browne's two nominal species (1907 (2), pp. I40, 141). An increase in the 
number of concretions in the otocysts was regularly correlated with the production 
of extra tentacle-bulbs that did not reach their full development. Both changes 
were apparently due to degeneration and took place towards the end of the season 
at which the medusa flourished (December to March), when the water of the pools 
in which it was found began to grow hot. 

The hydroid was found on the leaves and stems of water-plants at Port Canning 
in November, December and January. Both medusa and hydroid have now dis­
appeared from the pools. 

The medusa is cotnmon off the coast of Burma in winter. It was taken in the 
Gulf of Manaar and Palk Straits in March and July. At Port Canning, the only 
locality at which the hydroid has been found, both generations flourished for a time 
in brackish water. Neither was, however, found in the main area of the Chilka Lake 
and the species is represented in our collection by a single medusa that was taken 
in the outer channel, in salt water, in March. 

In the second of my papers published in 1907 I dealt with the feeding habits of 
the medusa, ,vhich sucks out the contents of filamentous algae as well as swallowing 
small Gastropod molluscs and finally ejecting their shells. It is the hardiest medusa 
with which I am acquainted and will survive for some hours corked up, several indi­
viduals together, in a small tube carried in the waistcoat pocket. 

I For definitions of the different medusoid genera here referred to see Mayer's 1H edusae 0/ the 

ltorld II, pp. 307, 311 , 314. 
i All my specimens of this hydroid are now in the hands of Dr. Ritchie of the Royal Scottish 

Museum, who will, I hope, give a full description in his account of the shallow-water hydroids of the 
Indian Seas. Dr. Ritchie will describe shortly in the Records 01 the Indian Museum a minute and very 

interesting hydroid from brackish water in the Gangetic delta. 
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Family CAMP ANULARIIDAE. 

Genus Obelia, Peron and Lesueur. 

Obelia spinulosa (Bale). 

1888. Campanularia (?) spinulosa, Bale, Proc. Linn. Soc. Iv S. Wales (2) III, p. 
756 , pI. xii, figs. 5-7. 

IglO. Campanularia (?) spinulosa, Ritchie, Rec. Ind. Mus. V, p. 5. 
A single specimen of this species was taken in the main area of the lake in July, 

19l3. It grew on a piece of drift-weed stranded among rocks near Patsahanipur and 
though many of the polyps were alive, was in a somewhat degenerate condition. 
A few gonothecae were present but did not contain gonosomes. 

The information that the hydroid is an Obelia I o\ve to Prof. K. Ramunni 
Menon of Madras, in whose laboratory the medusa has been reared. I have also to 
thank him for the sket.ch reproduced (fig. g), which was made from life by his pupil 
Mr. A. V Narayananvami Ayer. 

FIG. g.-Obelia spinulosa (Bale). 

O. spinulosa was originally described from N. S. Wales and has Slnce been 
recorded from Java and the Andamans. It is very common (with Clytia geniculata, 
Thornely) in Madras harbour, in which it grows on the shells of mussels, etc. 

Genus Clytia, Lamouroux (Hincks). 

1868. Clytia, Hincks, Brit. Hydr. Zooph., p. 140 (Hydroid). 
1910. "Mayer, Medusae of the World II, p. 261 (Medusa). 

Clytia serrulata (Bale). 

(Plate ix, figs. I, la, lb.) 

1888. Campanularia (?) serrulata, Bale, Proc. Linn. Soc. N S. Wales (2) III, 
p. 257, pI. xii, fig. 4. 

So far as can be judged from well-advanced embryos in the gonothecae this 
species is a Clytia; it is certainly neither a Campanularia nor a Gonothyraea. ' The 
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possibility of its being the hydroid of a Phialidiu11l is not, however, excluded, and it 
luay be the vegetative generation of the lnedusa described below as 1JIzialidiurn crttci­
/t'YUI1L Of this there is no direct proof, but the fact that the nledusae and hydroid were 
found together in a fauna so poor as that of the Chilka Lake is at any rate noteworthy. 

The hydrothecae and the other purely vegetative parts of the colony agree well 
with Bale's description and figures. The hydranth is luuch stouter in structure 
(pI. ix, fig. 1) than that of Obelia spinulosa and has a wider and luore trulnpet-shaped 
hypostonle. The tentacles are less attenuated. The basal part of the hydrotheca 
is separated off from the remainder by a delicate membrane. 

The gonothecae are mostly produced in groups and arise directly from the anasto­
nlosing rhizome. They are placed vertically on very short, obscurely annulated stalks. 
Sometimes they also arise on the stems, near the base of the stalks of the hydro­
thecae; in this position their stalks are longer and more distinctly annulated. They 
are somewhat variable in form, and often distinctly irregular and asymmetrical 
in outline. Generally speaking, they may be described as being narrowly oval, ca. 
4 times as long as broad and truncate distally, with a slight constriction near 
the distal extremity and sometimes another about half way down. They vary in 
length from 0'68 mm. to 0'85 tnm. There are no annuli on the surface. 

In the specimens of an Obelia from New Britain assigned by Miss Thornely l to 
this species the hydrotheca was evidently much shorter than in Bale's types. 

Clytia serrulata was originally described (with Obelia spinulosa) from New South 
Wales. We found a considerable number of specimens at two stations in the outer 
part of the outer channel of the Chilka Lake in March, 1914, in salt water. The 
species is probably a periodic immigrant into this part of the lake. 

The original Australian specimen was growing on another hydroid (Tubularia). 
Ours were on a fragment of Pennaria that had been washed in from the sea, on roots 
of grass, a dead leaf and dead Lamellibranch shells Many hydranths of those taken 
at the mouth of the lake contain larval appendicularians in the gastric cavity and 
these anitnals would seem to constitute an important element in the food of the 
species. 

Genus Phialidium t Leuckart. 

1910. Phialidium, Mayer, Medusae oj the World II, p. 265. 

Although many medusae of this genus have been described none have been 
associated with the hydroid in a satisfactory manner. Probably it is identical with 

Clytia. 
Phialidiuni cruciferum. sp. nov. 

(Plate ix, figs. 2, 2a, 2b.) 

i\S I have pointed out above, this may be the medusa of Clytia serrulata (Bale). 
Our specimens met with an unfortunate accident, owing to which they are all some-

lObelia serrulata, Thornely, "The Hydroid Zoophytes" etc., in Willey' s Zoological Results, 

p. 453, pI. xliv, fig. 5· 
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what distorted. This has made it impossible to obtain a satisfactory profile figure, 
but the medusa possesses several distinctive characters that can be illustrated in 
detail even from our material. 

In outline the medusa reselnbles Ph. globosum (Mayer) l having abundant jelly 
and an evenly curved bell. The manubrium, gonads and tentacle-bulbs are deep 
flesh-colour. The bulbs are tinted with brown externally and there is a dark brown 
cross on the base of the manubrium as seen from the exumbrellar surface. It is 
composed of four pairs of parallel lines of equal length, one pair on the proximal 
part of the roof of each radial canal. As a rule the four lines do not quite meet in 
the centre. Specimens with fully developed gonads are about 6 mm. in diameter. 

The number of tentacles is variable and their arrangement irregular. In all the 
specimens exanlined a considerable proportion of them are not fully developed and 
the number of perfected tentacles is often different in different quadrants of the 
same individual. The radial tentacles are no longer than some of the others. 'I'he 
number, as well as the arrangement, of the otocysts is also variable. Sometimes 
two are situated close together, but more often several tentacles intervene. They 
are very small and inconspicuous. 

The velulll is narrow. 
The manubrium is relatively long and has four long deeply-fringed'lobes. 
The gonads are narrowly spindle-shaped and about equidistant when young 

from the margin of the bell and from the manubrium. When mature they occupy 
more than half the length of the radial canals and approach the margin, also becom­
ing more band-like and somewhat contorted. 

Type.-No. Z.E.\r 6827/7, Ind. Mus. 
Distribution. - Taken in large numbers on the surface in the outer channel of 

the Chilka Lake (Orissa) in salt water, March, 1914. 
This species is apparently related to Ph. iridescens, Maas,"2 fronl which it differs 

in colour, in its lnuch larger nlanubriallips, and probably in other characters, Ph. 
iridescens has been found only in the Antarctic Ocean. 

Order G YMNOBLASTEA .. 
Family HYDRA.CTINIIDAE. 

Genus Clavactinia t Thornely. 

Clavactinia gallensis t Thornely. 

190 4. Clavactinia gallensis, Thornely, Rep. Ceylon Pearl Fish. II, p. III, pI. i, fig. 3. 

In sorting out our collection we found on several small shells colonies of a 
lninute Hydractiniid that agrees with Miss Thornely's description sufficiently well. 
The animal escaped our attention in the field. 

I Oceania globosa, :\layer, Bull. Mus. Zool. Harvard, XXXVII, p. 51, pI. x, figs. 20, 20a (1900); 

Phialidium globoswn (in explanation of plate "globulosum")' id" Medusae 0/ the World II, p. 272 , pI. 
xxiv, fig. 4. 

'2 Exp. A ntarct. Bclgica iVl ed usen, p. 12, p1. i, fig. 6 (1906). 



1915. J FclltJl£l oj t/ZL' C/zilka Lakr.:: Co.?/l'JlteYaies. 109 

The t:olollies are evidently young or dwarfed. Only one bears fully developed 
gonosolues and even in this colony the basal crust is still inlperfectly developed and 
reluains at 11l3.UY points openly reticulate. In one colony it is still in the primitive 
condition of a branching and allastolllosing rhizolue bearing upright hydranths at 
intervals. The largest shell to \\'hich a colony \vas attached was only 23 lUlU. long. 

The largest hydranths are not Inore than 2 mn1. long and the luajority are luuch 
shorter. The nunlber of tentacles is variable, but I have not seen more than 14. 
Their neluatocysts are very sluall. Even when fully expanded the tips are blunt. 

There are no true dactylozooids, but young gonophores were at first sight mis­
taken for then1. These individuals have a large central cavity at the base, which is 
somewhat inflated. The region on which the gonosomes are borne is elongated and 
slender. Its tip is blunt and not at all capitulate. In this region the structure 
fonus a solid finger-shaped mass. Bro\~nish granules occur abundantly in its inter­
nal cells. Each female gonosonle bears three ova. Except in being a little more 
inflated at the base, the whole gonophore, in mounted specimens rendered trans­
parent, somewhat resembles the larger spines but may be distinguished therefrom, in 
the absence of gonosomes, by its basal cavity and by the absence of a thickened 
chitinous external coat. The gonophores are shorter than the largest hydranths. 

ClllV(lctinia gallensis was originally taken in Galle Bay on the west coast of 
Ceylon in two fathoms. Our specimens were found close inshore in not more than 
two feet of water at Satpara in the outer channel of the Chilka 14ake. 

The former specituens were attached to shells of E burna and N er itina; Miss 
Thornely does not say whether these shells were inhabited. Ours \vere in most 
instances on shells of Potamides fluviatilis, and in one on a shell of N assa labecula. 
In both cases small hermit-crabs (Diogenes avarus, Heller) were living in the shells, 
both species of which are abundant at Satpara. The hydroid was present on a small 
proportion only of the shells collected, though many had been appropriated by 
hermit-crabs. Our specimens were taken in March, in water practically as salt as 
that of the upper part of the Bay of Bengal at the same season. It is probable, in 
view of the immature condition of most of the colonies in March, that the planulae 
are brought in by the tide iri the season of salt water and that the species does 
not survive the irruption of fresh water that takes place later in the year. 

A minute Campanularian hydroid accompanied Clavadinia on one shell, but the 
specimen was unfortunately too imperfect for even partial identification. 

Family CORYNIDAE. 

Genus Dicyclocoryne t nov. 

This genus may be defined as consisting of Corynidae in which the tentacles of 
the hydranth are all capitate and are disposed in two quite distinct circles. The 
gonosomes, which are borne on the proximal part of the hydranths, are free medusae 
and have, when liberated, four short, stout capitate tentacles, one at the end of each 
radial canal, but no ectodermal ocelli. The manubrium, at the same stage, is short, 
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conical and apparently imperforate. Nothing is known of the developm~t of the 

gonads. 
Type-species.-Syncoryne filamentata, Annandale. 
The genus is at present known only frOin brackish water on or near the east coast 

of India. 
Dicyclocoryne filamentata (.A.nnandale). 

(Plate ix, figs. 4, 4a , 4b, 4c.) 

190 7. Syncoryne /ilamentata, Annandale, Rec. Ind. Mus. I, p. 139, figs. 1,2. 

The colonies of this species often have a peculiarly lax appearance owing to the 
fact that the rhizome is adherent only in places and is sometimes produced into long 
filamentous free processes that bear terminal polyps. These, or rather the stalks 
from which they arise, may again become attached at their base to the object on which 
the colony is growing, so that loops of free rhizome are formed. The whole colony, 
except of course the hydranths J has a fairly thick chitinous investment. The 
rhizome branches sparingly and does not anastomose. Short vertical stems are pro­
duced at intervals, but as a rule bear only one (ternlinal) hydranth. A second 
(lateral) polyp is, however, sOlnetimes present. The stems and rhizome, including 
the free portions of the latter, are often irregular in outline without being exactly 
annulate. Their diameter does not exceed o· 19 mm. 

V\Then fully expanded the hydranths are slender and spindle-shaped. They have 
a well-developed sheath of ectocyst at their base. As a rule there are about ·four 
tentacles in the proximal and six in the distal circle, but the number is variable and 
individual hydranths are occasionally found in which they are aborted and reduced 
in number. When normally developed they are capable of great extension and even 
in contraction the cylindrical part of the tentacle is longer than the terminal swell-' 
ing. The latter is very large, circular and somewhat flattened The largest hy-
dranths are probably never IT10re than 2'5 mm. long. 

The gonosomes are borne at the bases of the proximal ring of tentacles or 
distinctly below them'at the base of the hydranth. 

The medusa is about 0'4 mm, in diameter when liberated.. Its' bell in life is 
slightly deeper than broad. In profile, the sides, except in extreme contraction, are 
nearly straight and the upper outline moderately convex. The cross-section is subr 
quadrate. The surface is minutely tuberculate but has no conspicuous projections 
or specialized organs. The velum is broad. There are no marginal processes of 
any kind between the tentacles. 

The tentacles are incapable of great elongation and in all circumstances remain 
shorter than the bell~ They are somewhat flattened from without inwards and bear 
on each side a series of minute projections which decrease in size from above down­
wards. The terminal expansion, which is full of large nema tocysts, is circular and 
somewhat flattened from above downwards. The tentacle-bulbs are relatively large 
but lack all traces of ocelli, .A,s a rule they contain one or several large nematocysts. 
Imlnediately below theln there is a broad band of· stinging cells; below this band 
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there is another llarrO\Ver and less prolninent one of the satne nature. In the 
living animal the t\VO bands can hardly be distinguished. 

The endodermal parts are colourless. The tnanubriunl is a stout conical body 
much shorter than the bell. Its ,vaUs are very solid and I can rletect no orifice. 
There is, however, a relatively large IUlnen at the proxitnal end. 

The radial canals are simple and slender. 
Types.-Hydroid, No. Z.E.V 2424/7: l\Iedusa, No. Z.E.V 24:)6/7, Ind. l'[US. 

This species is closely allied to those that form the genus Syncoryne (Ehrenberg) 
as restricted by .. \l1man, but the hydranth is distinguished from their hydranths by 
the arrangement of the tentacles. The medusa is distinguished from Sarsia, Lesson, 
by its capitate tentacles and lack of ocelli. 

Distriblttio1t.-The hydroid, from which medusae were hatched in Calcutta, 
was originally found in a small artificial pool of brackish water at Port Canning 
in the Gangetic delta. In the Chilka Lake we found the hydroid, with developing 
medusae, on two occasions in the main area, in Rambha Bay and near Pigeon 
Island, in both cases on the surface. 

The type-specimens, which were taken in Decenlber, 1907, were growing on a 
grass-stem in water of low salinity. Our examples from the Chilka Lake are on a 
leaf of H alophila ovata and on the stem of an indeterminate water-plant. They were 
collected in July, I9I3. The salinity of the water was not ascertained at the time, 
but in July, 19I4, the specific gravity in Rambha Bay was about 1'015. The species 
is evidently scarce in the lake, but is probably a permanent resident in the main 

area. 

I868. 
I87!. 
I902 . 
lQ0 5· 

190 5. 
19°7· 

Family BOUGAINVILLIIDAE. 

Genus Bimeria, Wright. 

Garveia+Bimeria, Hincks, Brit. Hydr. Zooph., pp. 101, I 0 3· 
Garveia+Bimeria, Allman, Mon. Gymn. Hydr., pp. 249, 297· 
Bimeria, Torrey Zool. Pub. Univ. California I, p. 20. 
Perigonimus (in part), Motz-Kossowska, A reh. Z ool. experim. (.~) III, 

p·71 : 

Pruvotella, id., ibid., p. 77. 
Bimeria, Browne, Journ. Mar. Biol. Ass. Plymouth VIII, p. 19· 

Bimeria fluminalis, sp. nov. 

(Plate ix, figs. 3, 3a.) 

190 7. Bimeria vestita, Annandale (nee Wright), Ree. Ind. Mus. I, p. 141, fig. 3· 

I am acquainted with two phases of this species, a luxuriant bushy form and a 
dwarfed one consisting of simple pinnate stems arising at intervals from an adherent 

rhizome. 
In the latter phase the stems are never much more than 20 mm. high and 

may be reduced to stalks less than a millemeter long and bearing only a terminq.1 
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hydranth. The bushy lnasses of the more robust phase may, on the other hand, 
reach a length of 20 cm. In both phases the stems are single and even when the 
colony is most luxuriant they never become agglutinated or even intertwined, its 
luxuriance being due solely to the profuse production of stems from the rhizome and 
their still more profuse branching in one plane. Even the largest masses are soft 
and lax, for the stems and branches are not thickened, and it is only when the former 
are very short that they are at all stiff. 

The chitinous investlnent of the hydrophytol1, though not hard, is thick and 
brown. It extends up the stalks of the hydranths, round the base of the latter and 
for a short distance up the tentacles, on which, however, it is thin and almost colour­
less. Cons~quently the exact point it reaches can be detected with difficulty. When 
the hydranths are contracted the thin investment of their bases is to some extent 
invaginated into the thicker and stiffer covering of the stalk (pI. ix, fig. 3). 

The hydranths are spindle-shaped and fairly slender when fully extended, their 
tentacles are capable of great elongation. As a rule the tentacles, which are borne 

in two alternating circles, are 8 or 10 in number. 
The base of the stems and lateral branches 

is always annulated for a short distance, but the 
annulation is often very obscure. So far as I can 
see it is never spiral. This is also the case with 
the stalks of the gonophores, which (the stalks) 
are always shorter than the gonothecae. 

These thecae are borne at the base of the 
considerably longer stalks of the hydranths. 
When immature they are almost spherical and 
when mature vary considerably in size and out· 

FIG. lo.-Eimeria {luminalis, sp. nov. line. Generally speaking, those of the female 
Male gonophore, from a stained speci· gonophores tend to become cylindrical as the 

men. ovum ripens, whereas those of the male gono­
phares assume an ovoid form with the growth of the gonad and become almost 
pointed distally. There is usually a small pimple-like projection at the extreme 
tip, especially in mature male gonothecae (fig. 10). 

Traces of the circular canals persist at the base of the gonophores but are 
not well developed. In both sexes the spadix is a simple cylindrical or somewhat 
spindle-shaped body. In the female gonophore, which produces a single egg, the 
spadix extends up one side of the egg and arches over it slightly. The distal ex­
tremity is slightly elnarginated outwardly, so that the spadix has precisely the shape 
of the human finger (pI ix, fig. 3a). In this sex it is of an orange or brownish colour. 
The ovum and the young planula are usually white but, at any rate in the bushy 
forni of the species, sometimes have a bluish tinge. The spadix of the male gonophore 
is symmetrical and somewhat less curved; it extends up the interior of the 
gonophore nearly to the tip of the latter and is invisible externally in the living 
animal. 
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Type.-~o. Z.E.\" 664.) '7 Illd. Jflts. The specilnen helongs to the bushy 
phase and \vas taken in a canal of hrackish \vater 011 the outskirts of Calcutta. 

Bill1t'yill f/ltl1lillct/is is cotnmon in both phases in canals, creeks, pools and hack­
waters of brackish \vater in the Gangetic delta. In the Chilka Lake the d,varfed 
fonn is abundant, especially in the l1lain area, at an seasons. 

The species is closely allied to Bintcria 'ucstita, \Vright, the type of its genus, 
\vhich occurs in the North Sea and Irish Channel and in the Mediterranean and has 
heen recorded fronl the Pacific side of South Alnerica. I 

From the British form it differs only, so far as the hydrophyton is concerned, in 
the more obscure annulation of the stems and the thinner and less conspicuous cover­
ing of the base of the hydranth and the tentacles. The cup-like invagination 
produced at the base of the contracted hydranth is doubtless correlated with the 
latter feature and is certainly not a generic character. Until I was acquainted with 
the structure. of the gonophore in both sexes I was of the opinion (see Fault. Brit. 
Ind., Freshw. Sponges, etc., p. 140; 1911) that the Indian hydroid was at most a 
local race of the British one, but the spadix differs in the two, for in the male of 
B. vestita (fide Allman) it is branched instead of being simply cylindrical, while in the 
female,i instead of forming a cylindrical process on one side of the ovum .. it forms a 
sytnnletrical cup in which the ovum rests. 

B. /luminalis plays lnuch the same part in the aquatic fauna of the Gangetic 
delta as Cordylophora lacustris does in that of the estuarine tracts at the mouths 
of the Thames and the Mersey. It reaches its tuaximum development on 
submerged timber and there provides a support or a refuge to numerous fixed and 
free Protozoa) while the Indian race or species (bengalensis) of the Polyzoon V ictoreUa 
grows on its branches just as V ·pavida does on t.hose of Cordylophora in England. In 
the Chilka Lake the dwarfed form of the hydroid is found on rocks and stones and on 
the stems of \vater-plants, avoiding only those spots reached by direct sunshine. 
On stones it is confined to the lower surface, but on rocks it often covers vertical 
faces. In the Gangetic delta, where there are no stones, this form is usually found 
on hard artificial objects such as bricks and potsherds but also grows on water­
plants in pools. I have never seen the species in places .where the ,vater was perma­
nently fresh, but it flourishes in a medium of very slight salinity and can exist for a 
considerable period in fresh water. The position$ it affects in the Chilka Lake are for 
the rnost part the saIne as those affected by Laxosuberites lacustris, except that, 
when the lake is full, it grows higher up the rocks than the sponge. The rhizome 
is very often completely buried in the sponge, through which the branches protrude. 
In these circumstances the hydroid is more completely dwarfed as a general rule 
than it is when growing free; often the hydranths die and the branches disintegrate, 
leaving only the rhizome, which retains its vitality and doubtless produces new stems 
if anything happens to the sponge. 

------ ------

I Hartlaub, Zool. Jahrb., Suppl. VI, p. 534 (I90 5)· 
'1 I can find no published description of the female gonophore of B. vestita. My statement is based 

on a specimen from Port Erin that ~lr. F. H. Gravely has kindly lent me. 
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The tllaXilllUm vegetative growth of the hydrophyton, ,vhich in favourable con­
ditions tllust be rapid, takes place in the lake in the salt-water season, but gono­
phores are produced in the greatest numbers at the time when the lake is inundated 
with fresh water. Indeed, the most favourable conditions for their production seem 
to be those most unfavourable for the survival of the hydranths. In the northern 
part of the main area in September, when the water was quite fresh, we found both 
male and female colonies covered with gonophores on stems of drift-weed that had 
been carried by the wind into corners among rocks and had begun to decay. Most 
of the hydranths had perished, but most of the gonads were developing normally, 
though a few were degenerate, especially in the male colonies-a circumstance that 
occurs even in conditions that seem to be more nornlal. In active colonies growing 
in water of moderate salinity gonophores were never found in profusion so great, but 
many are present on the type-specimens, which were taken in water of a specific gra­
vityof I 006. In these they are almost entirely confined to those parts in which the 
organism is congested by its own luxuriant growth. They are accompanied by few 
hydranths, though the younger and freer parts of the colonies were evidently in full 
nutritive vigour and well supplied with active polyps. It is thus clear that in 
Bimeria fiuminalis, as in many other species, sexual reproduction is stimulated by 
changes in environment that ultimately prove fatal to the colony. 



EXPLANATION OF PLATE VI. 

ACTINIARIA AND MEDUSAE. 

Fig. i.-Pelocoetes exul (Annandale). 

Speciinens froin the Chilka Lake, nat. size. 

Fig. 2.-Halianthus limnicola, sp. nov. 

Type-spechnens, enlarged. 

Fig. 3.-Edwardsia tinctrix, sp. nov. 

Type-spechnens, enlarged. 

Figs. 4-6.-Acromitus rabanchatu, sp. nov. 

4.-Half-grown specimen divided longitudinally (nat. size). 
5.-Young spechnen in Semostoman stage, much enlarged. 

sa.-Same specimen as seen from above. 
6.-Slightly older specimen seen from below. 
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COELENTE IRAT'ES OF THE CH I LKA LA 'KE . 



EXPLANATION OF PI~ATE VII. 

ACTINIARIA. 

Fig. I .-L11 etridium schillerianum (Stoliczka). 

Solid transverse section through the lower part of the column. 
The sulcus awl sulculus are shown at the ends of the longer axis of the stomodaeum. 

Fig. 2.-Phytocoetes chilkaeus, sp. nov. 

Vertical section of the body-wall in the region of the sphincter, X 75. 

Figs. 3t 3at 3b.-Pelocoetes exul (Annandale). 

3.-A living anemone in a contracted state (nat. size), showing the loose colum­
nar sheath. 

The figure is from a sketch made ad nat. by Mr. G. M. Henry. 

3a.-Transverse section of a part of the body-wall in the lower region of the 
column, x 100. 

3b.-Vertical section of the body-wall of a small portion of the muscular (upper) 
region of the column, x 250. 

Figs. 4t 4a, 4b.-H alianthus limnicola, sp. nov. 

4.-Vertical section of the body-wall in the region of the sphincter (highly 
magnified). 

4a.-Transverse section of a mesentery passing through the trilobed region of the 
filament (highly magnified). 

4b.-Transverse section through a male gonad (highly magnified). 

Figs. St sa.-Edwardsia tinctrix, sp. nov. 

5·-·A. papilla on the column as seen in profile in a specimen mounted in Canada 
balsam, showing the nematocysts discharging their threads, x 250. 

5a.-Transverse section of a papilla passing a little to one side of the centre of the 
lumen, x 250. 

Figs. I, 2, 3a, 3b, 4, 4a, 4b, and 5 are taken from specimens in which the column·wall was in 
a state of high contraction. 

LETTERING. 

c.m. =circular muscle: ec. = ectoderm : en. =endoderm: i.me. =incomplete mesen­
tery: m.=mesog}oea: lue.=complete mesentery: n.=nervous layer: p.=cavity of 
papilla: sC.=remains of nen1atocyst: sp.=sphincter. 
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ACTINIAR IA OF THE CHILKA LAKE. 



EXPLANATION OF PLATE VIla. 

ACTINIARIA. 

Fig. I.-Gyrostoma glaucum, sp. nov . 

. A .. speciIllen from the main area of the Chilka Lake, x 2. 

Fig 2. -.lIv1 etridium schillerianum (Stoliczka). 

Thick vertical section through one half of the column of a specimen with fully 
expanded tentacles (enlarged); mounted unstained in Canada balsam. 

The section passes through an intermesenterial ch3.mber. The dark nlass in the chamber is a 
much contorted aconti urn. 

Figs. 3, 3a, 3b.-Phytocoetes gangeticus, sp. nov. 

3o.-Type-specinlens of the species preserved in fornlalin, X 2. 

3a.-A living specimen attached to the root of a reed and half buried in mud; the 
ten tacles retracted J X 2. 

In this figure the cinclides appear as sman white spots on the npper part of the column. 

3b .-A young specImen stained with borax-carmine and lllollnted in Canada 
balsam, x ca. 5 . 

. Fig. 4.-Phytocoetes chilkaeus, sp. nov. 

Type-specimens from the main area of the Chilka Lake, x ca. 2. 

Fig. 5 -Edwardsia tinctrix, sp. nov. 

Transverse section (somewhat oblique) through 'the lower extremity of the 
stoillodaeum, highly magnified. 

All the figures in this plate are from direct photographs of specimens or preparations. 

LETTERING. 

b. = basal disk: c. = fold of body-wall that appears when the tentacles are 
extruded: spo. = sphincter: st = lower extremity of stolllodaenm. 
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ACTINIAR IA OF THE CHILKA LAK IE . 



EXPL,ANATION OF PLATE VIII. 

SCYPHOMEDUSAE. 

Aeromitus rabanehatu, sp. nov. 

FIG. I.-Adult specimen (reduced). 
The specimen has been preserved in formalin for some time and the bell was therefore flatter than 

in life. 

FIG. rG .-Plan of the disk of the same specimen seen from below on the removal 
of the arnlS. 

" , , 

" 
" 

FIGS. 

One octant (X) of the margin has been removed. 

rb.-A. single arm seen in profile. 
re.-The tip of an arm (enlarged) seen from in front. 
rd.-Sense organ as seen from above (greatly enlarged). 
2.-Arms of a very young medusa in the Semostoman stage as seen from 

below (much enlarged). 
3, 3a , 3b.-Arms of a young medusa at a somewhat later stage of <;levelop­

mente 

LETTERING. 

£. = terminal filament of arms: t. =short lateral filalnents. 
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SCYPHOMEDUSAE OF THE CHILKA LAKE. 



EXPLi\N A TION OF PLATE IX. 

HYDROZOA AND CTENOPHORA. 

Figs. I, la, Ib.-Clytia serrulata (Bale). 

I.-Hydrothecae and hydranth (mnch enlarged). 
ra, rb.-Gonothecae frotn the same specimen (same Inagnification). 

Figs. 2, 2a, 2b.-Phialidium cruciferum, sp. nov. 

2. - Type specimen of medusa as seen from below (much enlarged). 
2a.-Part of the Inargin of the bell in a slightly younger medusa (further 

enlarged). 
2b.-Dorsal surface of stonlach of the type specitnen with proximal part of 

radial canals (salne magnification as in fig. r). 

Figs. 3, 3a.-Bimeria fluminalis, sp. nov. 

3.-Tenninal part of a colony fronl the Chilka Lake (enlarged). 
3a . --Female gonosolnes fronl a living specimen from near Calcutta examined 

under pressure (at a slightly greater rnagnification). 

Figs. 4t 4a, 4b, 4c.--Dicyclocoryne filamentata (Annandale). 

4·-Hydranth bearing go no somes (much enlarged). 
4a.-Tenninal part of a tentacle of the sarne hydranth (further enlarged) as seen 

from in front. 
4b.-Young medusa (much enlarged). 
4c.-A tentacle of the same specimen seen froin the tnner surface (further 

enlarged). 

Fig. s.-Pleurobrachia globosa, Moser var. bengalensis, nov. 

La teral view of a specimen preserved in formalin (enlarged). 
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HYDROZOA & CTENOPHORA OF THE CH fL KA LAKE . 



]j"AUNA OF TIlE CHILl(A LAKE 

CTENOPHORA. 

By N. ANNANDALE, D.Se., and STANLEY KEMP, B.A. 

(Plate IX, fig. 5.) 
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Bv N. AN~ANDALE and STANLEY KEMP. 

The only melnber of this group represented in our collection is a representative 
of the order Cydippidea and of the genus Pleu rohrllchia, Flemtning. fonning a race of 
l). globosa, Moser a species originally described from the l\1alay Archipelago. For 
this race we propose the name bengalensis, as it occurs on at least one side of the nay 
of Bengal and differs from the form found in the Gulf of Manaar to which Browne I 
has given the name ceylone~tsis. 

Pleu,robrachia globosa bengalensis must be classed as a periodic visitor to the 
Chilka Lake, over the whole of which it is found for a great part of the year. In the 
fresh"vater season, however, it disappears, and does not re-appear until the water 
has regained a certain salinity. Froin observations made in the Ennur backwater, 
near Madras, in January, I9I5 it would seem that it is able to live in a l11ediunl of 
sp. gr. 1"0045, but not in one of 1'0025. 

In the outer channel of the lake, in the salt·\vater season of 19I4, we captured 
in our to,v-nets on several occasions a species of the order Lobata but the animal 
,vas so fragile that we failed to preserve specimens. In formalin it seemed literally 
to tuelt away and all attelnpts at narcotizing it had the same effect. 

Pleurobrachia globosa, Moser. 
1903. Pleurobrachia globosa, 1\foser, Sihoga-Exp., XII (Ctenophora), p. 7, pI. i, figs. 1-4. 

The typical form of this species has not been found in the Indian Ocean. We 
have already alluded to the race endemic in the Gulf of lVIanaar. 

Race bengalensis t nov. 

(Plate ix, fig. 5.) 

In all the more important structural features (viz. the relative position of the 
tentacle-sheaths, of the tentacle-openings, the canals and the stomodaeunl and the 
proportions of the tentacle-sheaths) this race agrees \vith the typical form of the 
species, from which it differs in all the points noted by Browne in his description of 
his variety ceylonensis. From that form, however, it differs in that in the vast 
majority of individuals, the costae are still longer , being about twice as long as in the 
typical form and at lea~t a quarter longer than in ceylonensis. The length of the 
tneridional canals, which extend for the \vhole length of the costae, is also relatively 
longer than in the 1atter ,. but the opening into thelU of the ad radial canals is also 

I Herdman's Ceylon Pearl Fisheries IV, p. 161 (1905). 
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median. In nl0st individuals each costa consists of about 28 ciliated plates, which 
diminish gradually in size towards both extremities. Neither the number of plates 
nor the exact proportions of the costae are quite constant and individuals occur in 
which one or more of the costae are shorter than the others; in one individual 
examined the number of plates varies frOITI I6 to 23. In all our specimens the 
tentacle-base is pressed Inore or less closely against the stomodaeum and is, perhaps 
for this reason, concave, but in the living animal its precise relative position, like 
the precise outline of the whole organism, is liable to almost constant change. The 
tentacles are capable of great elongation; processes are absent from a considerable 
part of the distal half, but are uniformly developed on the remainder of each ten­
tacle; to judge froin specimens in which they are contorted, they are cylindrical and 
capable of being coiled in a close spiral with many whorls. In life the tentacles are 
yellow and the remainder of the anin1al colourless. 

The longer axis never exceeds I cm. in length. 
We have examined specimens of this form from the coast of Orissa and from the 

Ennur backwater near Madras, as "vell as froITI all parts of the Chilka Lake. The 
animal swims as a rule from 2 to 4 feet beneath the surface, 

In many of our specitnens taken in July the jelly, more particularly in the 
neighbourhood of the stomodaeum, funnels and tentacle-sheaths, contains a large 
number of minute and apparently immature Distolnid trematodes. They are ac­
companied by eggs, hardly smaller than themselves, reselTIbling those found in the 
canals of the young of Acromitus rabanchatu (p. 102, antea). On the external surface 
of a few individuals we found Protozoa of the genus Trichodina. 

The type-specimens of the race are nUlnbered Z.E.V 5936/7 in the books of 
the Indian Museum. 
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By N. ANNANDALE. 

Eight species of Polyzoa have been found in brackish water on the coasts of 
India, but of these only three occur, so far as \ve know, in the Chilka Lake. A 
fourth was abundant some years ago in slnall pools of brackish water near its 
inner shore, but has now disappeared and has not been taken in the lake itself. 

A list of the eight species will be found in the Table of Contents 011 the opposite 
page. One half of these species are apparently endemic in estuarine tracts, Inaritin1e 
swatnps and lagoons in India, while the other half are cosmopolitan or at any rate 
very widely distributed. The two series may be tabulated thus:--

ENDEMIC INDIAN SPECIES. WIDELY DISTRIBUTED SPECIES. 

NI embranipora bengalensis, .l\4 enzbranipora hippopus, 
T ~ ictorella bengalensis, Bowel'bankia caud ata, 
Loxosomatoides colonialis, Alcyonidium mytili, 
Loxosomatoides laevis. Barentsia discreta. 

With one exception the genera are cosmopolitan. The exception is Loxosoma­
toides, which is only known from estuarine tracts and lagoons on the east coast of 
India. The two species of this genus, as ,,,ell as the two other endemic forms in the 
list, have been found only in water of slight or variable salinity, while all the 
cosmopolitan species are known to occur in the sea. Loxosomatoides is closely related 
to the North American fresh'water genus Urnatella. 

The species found in the Chilka Lake are Loxosomatoides laevis, M embranipora 
hi p POPu,s and Alcyonid iUl1l mytili, while the one that formerly occurred in pools in 
the vicinity was Bpwerbankia caudata. The first three of these are abundant or at 
least fairly conlmon in both divisions of the lake, among the permanent inhabitants 
of which they must all be included. L. laevis also occurs in lagoons near Madras 
and is closely related to the Gangetic L. colonialis. The absence of VictoreUa and 
of M. bt'ltgalensis is rather strange, for both forms occur almost certainly at Bombay, 
\vhile the Ctenostome has also been found at Madras. Both are very abundant 
"'here they do occur, and neither could well escape the notice of a collector accus­
tOlned to look for it. Possibly their absence is due to lack of suitable food. 

The only important biological fact I have to add to our knowledge of these 
brackish-,vater Polyzoa is that Loxosomatoides produces resting buds. The struc­

ture of these buds is discussed on p. I30 . 

In addition to the indigenous Polyzoa of the lake \ve found within its boundaries 
specimens of t,vo other species a lnarine Cheilostome and a freshwater Phylactolae-
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luatous fonn. .l\s the presence of both in the region to be considered was eVI­
dently adventitious, they may be dismissed here in a few words. 

The marine species was M embranipora tuberculata, Bosc, a form common in the 
Atlantic and already recorded from Indian seas by Miss ThornelyL. A number of 
young colonies were observed on a stick that had been washed in at the sea-mouth 
opposite Arakhuda. The species lives attached to floating objects, especially algae 9.; 
Miss Thornely's specimens, though taken over deep water, were on a floating Fucus 
and evidently came from near the surface. 

The Phylactolaematous form I recently described under the name Plumatella 
punctata var. longigemmis 3

• It grows luxuriantly in a pond of practically fresh water 
on Barkuda Island, and in September we found its statoblasts in large numbers on the 
surface of the Inain area, on to which they had probably been blown by the wind. 
We could obtain no evidence that they germinated in the lake and the species can 
hardly be included in the fauna thereof. 

GEOGRAPHICAL LIST OF CHILKA SPECIES. 

nt.a. =maill area: o.ch. =outer channel: sp. gr. = specific gravity of water in the lake. 

ECTOPROCTA. 

Cheilostomata. 
NI embranipora hippopus 

Ctenostomata. 

Bowerbankia cal/data * 
Aleyoniaium mytili 

ENTOPROCTA. 

CHILKA LAKE. 

m.a. o.ch. 

x X 

X X 

FURTHER DISTRIBUTION. 

i Cosmopolitan (marine and es-
I tuarine). 

European seas. 
Cosmopolitan (marine). 

I X X I Madras backwaters (brackish water). I 'I 

I 

Loxosomato'ldes laevis 

------- --- ---
~----~ --- --

* Occurred formerly ill pools near shore of main area, not found in lake. 

ECTOPROCTA. 

CHEILOSTOMATA. 

Genus MEMBRANIPORA t De Blainville. 

sp. gr. 

1'000-r0275 

1'006-1 '0275 

1'000-1'0275 

190 9. 111embra nipora , Levinsen, l'vforph. Syst. Studies Cheilost. Polyzoa, p. 144 
(Copenhagen) . 

Both the species of Cheilostomata to be discussed belong to the genus 
IV! e1nbranipora as restricted by Levinsen, having the armature of the lateral wall 

-- -~-- -------

I kee.Ind. Jl;ius. I, p. 185, fig. 3 (190 9). 

'2 Norman, Journ. Linn. Soc. (Zool.) XXX, p. 287 (lg09), 

B Rec. Ind. lvlus. XI, pp. 168, 169, fi& 2 (p. 166), pI. iii, fig. 2 (19 1 5). 
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of the zooeciulll cOlllpletely covered by a membranous upper or dorsal wall. 1'hey 
are readily distinguished by the following characters :-

... \1 bt'1tgalt'nsis forms a slightly foliaceous colony with a faint silvery lustre and 
is by no lueans hyaline. The lip of the zooeciUlll bears a pair of very long 
and slender bifid spines. 

1\t[ hippoplts fonus an entirely flat colony that is transparent and hyaline; 
unless the polypides are gorged \vith food or funning brown bodies, 
all that is usually visible to the naked eye is a delicate network produced 
by the armature of the lateral walls of the zooecia; the lip bears no 
spines. 

Membranipora bengalensis, Stoliczka. 
1869. Al elltbranipora bengalensis. Stoliczka, J Oltrn. As. Soc. Bengal XXXVIII 

(2), p 55, pI. xii. 
190 7. ..lIefnbranipora bengalensl:s, Thornely, Rec. Ind. Mus. I, p. r86, fig. 4. 
19 11. Jlcmbraniporu bengalensis, Annandale, Faun. Brit. Ind., Freshw. Sponges, 

etc., p. 175, fig. 33. 

This species has not been found in the Chilka Lake, but is abundant in pools of 
brackish water in the Gangetic delta, within the limits of which it also occurs in the 
Salt Lakes near Calcutta. It has also been taken in creeks near BOlnbay, but 
Miss Thornely's record from Mergui is due to the nlisreading of an almost illegible 
label. 

Membranipora hippopus, tevinsen. 
1854. Membran£pora lacroixii, Busk, B. M. Cat. Polyzoa II, p. 60, pI. lxix, pI. 

civ, fig. I. 

1880. Membranipora lacroixii, Hincks, Brit. Marine Polyzoa, p. I29, pI. xvii, 
figs. 5-8. 

190 9. J.\f embranipora hippopus, Levinsen, J1orph. Syst. Studies C heilost. Polyzoa, 
pp. 144, 146. 

19 11. Membranipora lacroixii, Annandale, Faun. Brit. Ind., Freshw. Sponges, 
etc., pp. 23, 175. 

There has been considerable confusion about this species, but Levinsen has 
given good cause for considering it distinct froln the one described by Audouin as 
Flustra lacroixii. 

The armature of the lateral wall of the zooecium is very slight, consisting of two 
parallel calcified bands of no great depth, one situated at the base of the wall and the 
other superficial. The area bet,veen them remains metnbranous. Both margins may 
be either smooth, irregular or Ininutely denticulate; \vhen denticulate they have a 
beaded appearance. In the numerous specilnens I have exatnined I have failed to 
find a single ovicell, but in one a "tower-cell" was present. The small triangular 
abortive zooecia figured by Hincks (op. cit., pI. xxii, fig. 6) occur rarely in Indian 
eXalnples. The polypides have 12 very long and delicate tentacles. 
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The animal is extremely shy and in captivity never extends its tentacles for 
more than a few nlinutes at a time. If a healthy colony be observed in favourable 
conditions the different individuals will be seen to protrude and retract the lopho­
phore frequently, but not either rhythmically or in unison. 

Larvae of the Cyphonautes type were taken in our tow-nets at Ranlbha in 
January, but \vere very minute and did not provide any definite specific characters. 

111 h£ppop~tS is in the broadest sense a cosmopolitan species and seems to be 
equally at home in brackish and in salt water. It has been found in the Cochin 
backwaters and in the estuaries of the Ganges, in pools of brackish water, in lagoons 
and on the open coast of Orissa; off the British coasts it occurs both in brackish 
ditches, in the littoral zone and in deep water. It is abundant all over the Chilka 
Lake and flourishes at all seasons, in fresh, brackish and salt water; on the leaves of 
H alophila, the stems of Potamogeton, on reeds, on rocks and stones, on the shells 
(living and dead) of P1~trpUra and in the deserted burrows of Teredo in a wooden post. 
On rocks it is frequently overwhelmed by the rapid gro\vth of sponges, but often 
succeeds for a period in preserving for itself a bare space in the midst of Laxosuberites 
lacustris, which is a very thin encrusting form. 

1911. 

191 1. 

CTENOSTOMATA. 

Division PAL [JDICELLINA. 

Fanli1y VICTORELLIDAE. 

Genus VICTORELLA, Kent. 

V ictorella, Annandale , Faun. Brit. Ind., Freshw. Sponges, etc., p. 194. 
Victorella, id., Rec. Ind. Al'Us. VI, p. 195. 

It is perhaps best, as suggested in my volume in the Fauna of British India J to 
regard this genus as representing a family distinguished from the Paludicellidae by 
the fact that there is only a single funiculus which is not connected with the gonads. 
Braem 1 has recently shown that in Paludicella (as well as in Victorella and occasion­
ally in PottsieUa) secondary buds may be produced in addition to the three primary 
ones characteristic of the division, and Pottsiella, though it resembles Victorelta in 
external characters, agrees with Paludicella in internal anatomy. The separation 
of the "two families must, therefore, depend on the structure and position of the 
gonads and funicular strands, and the Victorellidae must for the present be accepted 
as generically nl0notypic. 

As I have pointed out in the paper cited (1911), the so-called species of V ictorella 
are very closely allied and should perhaps be regarded as local races, varieties or 
phases of a single species. The fornl COlnmon in the Gangetic delta appears to be 
indistinguishable froin one described frol11 Central Asia and is also very doubtfully 
distinct from an African fortn found in 'fanganyika and in the Egyptian salt lake 
Birket-el-Qurun. 

I Archiv .t. Hydrnbiol. und elankton/tunde IX, 1913-14. Unfortunately the copy of this paper ia 
my poss~5sion bas been mislaid, and I am unable to refer to the page. 
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Victorella bengalensis, Annandale. 

Victordla syntbioticll. Rousselet. Proc. Zoo!. Soc. London I, p. 255, pI. xv, 
figs. 7-8. 

Vic/orella bcltga/cllsis, Annandale, Rec. Ind. l~1tS. II, p. 12, fig. I. 

Victordla c011tiul'Il/litis, BraelTI, Tr1l71. Soc. Nat. St. P8ersb. XLII, p. 30 , 

figs. 18-21. 

1" ictorella bt'ngaleHsis. Annandale) Fllltn. Brit. Ind., Frcshw. Sponges, etc., 
pp. 191 - 1 98 , fig. 37. 

Vic/orella bl'ngalensis, id., Rec. Ind . .l{us. VI, p. 197, pI. xii, figs. 3,7,8. 

I cannot find any definite difference bet\veen this species and the form from 
Issyk-kul in Central Asia described by Braem as Vic/orella continentalis. The latter, 
however, seems to have been founded on young colonies just developing frotTI resting 
buds. The features in which V bengalensis differs frotn Rousselet's V symhiotica are 
also of problematical value, perhaps depending rather on the direct influence of 
environment than on anything inherent in the organism. In V hengalensis, to' use 
the name provisionally, this influence is powerful in deternlining the tnethod of 
growth. and four distinct phases may be noted. First, there are young colonies de­
veloping from resting bnds on objects the surface of which provides abundance of space. 
In these the zooecia are short and almost entirely recumbent, closely resembling those 
of Palttdicella in shape. Older colonies vary in accordance with the nature of the 
object to ,vhich they are attached. The phase most commonly found resembles a 
thick fur in \vhich the hairs are represented by upright zooecia, and grows on the 
stems and roots of grasses and water-plants and occasionally on the shells of 
Gastropod .tnolluscs. When the colony, attached to supports of the kind, is being 
overwhelmed by mud owing to the deposition of silt in tidal creeks, the stolons of the 
secondary buds become greatly elongated and by their entanglement produce a 
spongy mass; the individual zooecia in this phase of the species are almost entirely 
vertical and often of considerable height. The silnplest adult phase is that found 
on the stems of the hydroid Bimeria flltminalis. In it the colony is luuch more 
diffuse than in the two others, and the zooecia, though mainly upright, are more 
definitely swollen at the base. This phase often approaches very close to the 
European l~ pavida, which is commonly found on the stems of Cordylophora lacustris, 

a hydroid that resembles B. fluntinalis in ecology and manner of growth. 

I was surprised not to find this Polyzoon in the Chilka Lake; it is COlnmon in 
the tidal area of the Gangetic delta and has been taken at Madras and also probably 
at Bombay. In the Gangetic delta it usually affects brackish water, but has been 
observed with Plumatella in a pond of fresh water near a tidal canal. .At Madras 
it was found on the carapace of a fresh\vater prawn. The food is perhaps restricted 
to diatoms of a kind that were not observed in the lake, but on this point further 
information is desirable. 
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Division VESICULARINA. 

Family VESICULARIDAE. 

Genus BOWERBANKIA, Fane. 

Bowerbankia caudata, Hincks. 

Bowerbankia caudata, Hincks, Brit. Marine Polyzoa, p. 521, pI. lxxv, figs. 
7-8. 

Bowerbankia gracillima, id., ibid., p. 525, pI. lxxv, fig. 6. 
Bowerbankia caudata, Thornely, Rec. Ind. Mus. I, p. I96. 
Bowerbankia caudata race bengalensis, .A.nnandale, Rec. Ind. Mus. II, 

P·I3· 
Bowerbankia caudata subsp. bengalensis, id., Faun. Brit. Ind., Freshw. 

Sponges, etc., p. 1B9. 

In the form I have named bengalensis the zooecia show every gradation between 
those of B. caudata and those of B. gracillima as figured by Hincks, and sometimes 
even surpass the latter in their elongation and. relative slenderness. They also vary 
in colour, sometimes being quite hyaline and sometitnes having a rather opaque 
brownish tinge. Gerierally speaking, the zooecia of young or poorly developed 
colonies and of the younger parts of more luxuriant ones are short, relatively stout, 
colourless and transparent, while those of more opUlent colonies are longer and rela­
tively more slender; it is only some zooeci~ that become darkened. I have found 
none in which the (' tails" formed branching radicles, but occasionally they are 
forked. The racial name bengalensis can hardly be n1aintained in view of the varia­
bility of the form to which it was applied. 

Waters l has pointed out that at present it is hardly possible to identify some 
of the supposed species of Bowerbankia and that the cc tailed" condition of the 
zooecia is by no means confined to Hincks's caudata. The Indian form, however, is 
constant in its method of growth, except in so far as it is indicated above, and never 
produces upright or hanging branches. The gizzard (i.e. the part bearing horny 
teeth) is about 0'°58 lnm. in transverse diameter when expanded, the length in this 
condition being considerably less than the breadth, viz. about 0'°46 mm. According 
to Waters (op. cit., p. 242) the diameter of the organ is about 0'1 in B. imbricata cc in 
an ordinary non-inflated condition." The anatomy of the polypide agrees closely 
with that of a specimen from the Irish Sea (Port Erin) lent me by Mr. F. H. Gravely, 
in particular in the structure of the gizzard. The figure of this organ reproduced 
on pi. xii, vol. VI of the Records 0/ the Indian MUSef4tm (191 I) for comparison with 
those of Victorella and Hislopia was drawn from Mr. Gravely's English specimen. 

B. caudata, to judge from the few !eferences'2 in literature to it, seems to be a 
scarce species in European waters. In India I have seen it only in the neighbour-

I Journ. Linn. Soc. (Zool.) XXXI, p. 241 (1910). 

'2 For references see Waters, Ope cit., pp. 248, 249- Most of the works he cites are unfortunately 
not available in Calcutta. 
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hood of Port Canning in the Gangetic delta (where it is abuudant with T'ictordla 
btngalellsis in pools of brackish water) and at Raluhha on the Chilka Cake. \Ve did 
not find it in the lake itself. hut ill :\1arch, Igog, it \vas gro\ving luxuriantly on water­
plants of the genus Na is in pools of slightly brackish \vater near the shore. These 
pools have no\\' becolue quite fresh, probably owing to the action of floods, and the 
Polyzoon has disappeared fr0111 thelll. Bowcrba Ilkia ca IIcitlta, though it shares with 
other members of its genus the capacity of living in brackish \vater is essentially a 
marine species and can only have reached the pools 7,ia the lake, in \vhich its 
apparent non-occurrence is therefore somewhat reluarkable. 

Division ALCYONELLEA. 

Family ALCYONIDIIDAE. 

Genus ALCYONIDIUM t Lamouroux. 

Alcyonidium mytili, Dalyell. 

1880. Alcyonidhun lnytiti, Hincks, Brit. l'.!arine Polyzoa, p. 498, pI. lxx, figs. 
2, 3. 

1905. Alcyonidium mytili, Thornely in Herdman's Ceylon Pearl Fisheries IV, 
p. 127· 

Specimens from the Chilka Lake agree well with IIincks's figures. The poly­
pides have as a rule 12 to 14 tentacles; Hincks says IS to 18. 

We found the species fairly common on shells of Potamides (Tympanotonos) 
fiuviatilis at Satpara both in the fresh- and the salt-water season, and on those of 
Purpura (Thais) carini/era near the south end of the lake at all times of the year. 
So far as we could see it was always attached to shells that contained either hennit­
crabs or their own proper inhabitants. Mr. T. Southwell recently captured at Dia­
mond Harbour in the Hughli estuary a sea-snake (Enhydrin(l valakadien) to the skin 
of which numerous small circular colonies of this Polyzoon were attached. It would 
seelU, therefore, that in the conditions prevalent in the Chilka Lake and in Indian 
estuaries it is advantageous for the organism to be attached to animals possessing 
the power of progression; but in Europe A. mytili has been found-as its name indi­
cates-associated with sedentary molluscs, and also on algae, stones, etc. 

The species is cosmopolitan. 

ENTOPROCTA. 

Family URNATELLIDAE. 

1856. Urnatellidae, Allman, iV! on. Freshwater Polyzoa, p. 117· 

The family may be defined as follows:-
Deciduous colonial Entoprocta of fresh or brackish water that produce resting 

buds either by segmentation of the stalk or by the degeneration of a capi­
tulum; that have a vertical or sloping lophophore with a well-developed 
web-like sphincter at its base, distinct tentacular retractors, a well-defined 
.cloaca and a distinct water-vascular system. 
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Only two genera can at present be assigned to this family, namely U rnatella, 
Leidy, fronl fresh water in North America and Loxosomatoides, Annandale, from 
brackish water in India. 

Genus LOXOSOMA TOIDES t Annandale. 

I g08 . Lo xosomatoides, Annandale, Rec. I nd. Mus. 11-, p. 14· 

Since this genus was described I have been able to compare specimens of Urna­
tella with the types. The relationship between the two genera is evidently very close 
and is shown even in the minute structure of the lophophore and tentacles and in 
the position of the different parts of the alimentary canal. I have not been able to 
detect any trace of a brood-pouch in Loxos01natoides and there is a distinct cloaca, most 
readily seen when the rectum is in a retracted condition. Spaces occur in the lopho­
phore that are clearly homologous with the water-vascular system of Urnatella I, and 
tentacular retractors are conspicuously present. 

U rnatelZa, therefore, differs from Loxosomatoides mainly in the segmented stalk 
of its polyps and in not possessing either an elongate stolon or a chitinous capitular 
shield. 

Nothing is known of the embryology of either genus, but the asexual method 
of reproduction is similar, though not identical, in the two. In U rnatella the stalks 
of the polyps segment to form resting buds, while in Loxosomatoides buds are formed 
by the degeneration of capitula. It is not yet certain whether any capitulum may 
degenerate for this purpose, or only certain capitula do so, and I have no information 
as to the stage in the development of the capitulum at which degeneration com­
mences; but it is noteworthy that in one instance a stalk was observed which bore 
three resting buds, arranged in a linear series one in front of the other at its ex­
tremity. It is perhaps legitimate in any case to regard the capitulum in Urnatella as 
the homologue of a single segment of the stalk, or rather to conceive of the segment 
as a degenerate capitulum. 

The species of Loxosomatoides that occurs in the Chilka Lake and the lagoons of 
Madras is not identical with the one described from the Gangetic delta, but the 
two are closely related. They may easily be distinguished one from the other 
by the complete absence from the capitular shield of the Peninsular species 
(L. laevis) of the spines that always occur on that of L. colonialis, and by the much 
more regular ornamentation of the shield in the former species. The normal method 
of growth is also different, for whereas the polyps in L. laevis are borne singly at 
considerable intervals on stalks that arise from one side of a slender rhizome which 
branches sparingly, in L. colonial is , though the unilateral arrangement also obtains, 
the polyps are arranged in groups and the rhizome from which their stalks arise 
is somewhat flattened and irregular and branches rather less sparingly. These 
characters are liable to be obscured if growth is congested or inhibited, but they 
never disappear altogether. 

I Davenpdrt, Bull. Mus. Compo Zool. Harvard XXIV, pp. I-44, pis. i-vi (I893). 
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Loxosomatoides colonialis, Annandale. 

1908 . Luxosumatoidt's cololl l ellis I Annandale, Rcc. I ltd. J.~11ts. II, pp. 14~ 19, figs. 
2-7· 

Except ~o~ what has been said under the generic heading I I have nothing to 
add to my ongInal account of the species. 

L. COI01tl'ahs has been found as yet only in pools of brackish water at Port Can­
ning in the Gangetic delta. 

Loxosomatoides laevis, sp. nov. 

In general structure this species closely reselnbles the preceding one, from which 
it differs mainly in the ornamentation of its capitular shield. The differences, how-

FIG. I.-Loxosomatoides laevis, sp. nov. 

Part of type specimen. One of the polyps has been turned back to show the oral surface. 

ever, appear to be quite constant J and I have seen no intermediate forms, though 
the number of examples examined in the field and in the laboratory has been large. 

The polyps (fig. r) arise singly and at considerable intervals from a creeping 
rhizome that branches very sparingly or not at all. It grows mainly in one direction 
and follows the inequalities of the surface to which it is attached; the upper surface 
is convex, the lower surface flattened; it:; calibre is small and its surface smooth; 
it is never splayed out at the margins; the thin cuticle that covers it is usually 
colourless, but may be more or less tinged with brown. 

The polyps all face in the same direction, a way from the side of the rhizome to 
which the stalks of all of them are attached. The stalks are more or less swollen at 
the base and taper gradually; there is no specialized basal region. In normal 
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circulllstances the stalk is very little if at all longer than the capitulum, but if the 
colony is overwhelmed by lnud it may become greatly elongated; its cuticle is 
altnost snlooth and lnay be either colourless or have a distinct brownish tinge. The 
capitulu111 is rather narrowly ovoid, the blunter end being uppermost; in the opposite 
plane it is strongly compressed. When the lophophore is retracted, its direction is 
almost vertical, but when the tentacles are extended it slopes oUbNards and down­
\vards in the saIne way as that of L. colonialis and U. gracilis. The normal number 
of tentacles appears to be 14. 

The relative size of the capitulum shield varies considerably, but as a rule it 
does not cOlnpletely cover the aboral surface, leaving bare a rim of variable width at 
the upper end. .A .. t the sides its margins are clear-cut; below the oral area they 
bend inwards towards the middle of the oral surface and are then obliquely truncated. 
There are never any spines on the shield; its ornamentation consists of numerous 
luinute, closely compacted oval depressions arranged regularly in transverse rows. 
Those of the upper rows are a little larger than those nearer the narrowed basal 

FIG. 2.-Loxosomatoides laevis, sp. nov. 
Resting bud as seen froln above in optical section, x 250. 

extremity. The oral surface is completely devoid of spines or other armature and 
is always colourless. In life, as in spirit, the contrast between it and the shield, 
which is of a yellowish shade, is usually striking. 

The length of the capitUlum in the largest polyps is usually about 0'47 nun., the 
greatest breadth about 0'35 mm., and the thickness considerably less. 

The most interesting fact ascertained with reference to the biology of this 
species was that of the production of resting buds. Seen from above these buds 
(fig. 2) closely· resemble capitula lying, oral surface downwards, on the object to which 
the colony is attached. They are usually, however, rather narrower than ordinary 
capitula and their stalks, instead of standing upright or bending over in a semi­
recumbent position, lie flat and adhere throughout their length. The upper surface 
of the bud is covered by a shield closely resenlbling that of a capitulum and orna­
nlented in the saIne manner. At the broader end this shield is somewhat thinner 
and of a paler yello\v. l\t the other extremity the bud bears a ~tout circular 
annulus of horny substance through which the stalk enters, the direction of this ring 
being at right angles to the surface on which it rests. The stalk, except in being 
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horizontal and adherent, resetllbles that of ordinary capitula. The lower surface of 
the bud is covered by a thin horny 11leLl1brane that adheres to the object of attach­
ment. The inner structure is very Sitllple, consisting of a 111aSS of circular cells filled 
\\,ith granular tllatter and contained in a delicate external epithelial tuembrane. 
Muscle-fibre5 can be seen tnaking their \vay frolll the stalk into the proxinlal part of 
the cellular Blass. There is a space' at the broader end .of the capsule. The granuli­
ferous cells are not packed closely but are separated by spaces that appear to be 
void of connecting substance. The length of the bud is about 0'27 and the breadth 
0'15. It is thus smaller than the largest polyps. 

I have found these buds on one occasion only, in the Ennur backwater in 
October, 191 3. They take the place of ordinary polyps in the colony, but I cannot say 
whether they are produced by the degeneration of an ordinary active capitulum or 
by direct development. 111 the colonies in which they occurred I noticed that many 

FIG. 3.-Loxosomatoides laevis, sp. nov. 
Resting buq giving rise to a new colony, )( 100. 

normal polyps were lying prone on the surface of the oyster-shells to which they 
were attached, but this attitude is often .adopted in normal circ~mstances, the shield 
being invariably uppermost. Among my specimens is one illustrating the origin of 
a young colony from a resting bud. It was in the substance of a thin encrusting 
Myxospongid sponge. 1'his specimen is shown in fig. 3. The capsule of the bud has 
already degenerated somewhat, but traces of the characteristic ornamentation can 
still be detected under a high power. From the broader end a stalk bearing a young 
polyp has already emerged, while through the annulus at the other extremity a 
young stolon has made its way and is already producing at its tip the stalk of a polyp. 
It is evident that the original stalk of the bud had degenerated and disappeared; 
that this occurs commonly is substantiated by other specimens. 

The polyps of L. laevis are very shy and I found it difficult to induce them to 
expand in captivity. When the lophophore was retracted they usually remained 
\vith the lower part of the stalk vertical and the upper part bent over in such a way 
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that the capitular shield was horizontal or had its broader end depressed. Some­
times, however, they lay quite prone as already indicated. The colonies were 
usually found either on stones or on oyster-shells, in both cases on protected surfaces, 
but they did not seelll to avoid light so much as to seek protection from falling 
silt. In one instance we found a small colony on the stem of a water-plant. Its 
polyps did not differ from those of others. On stones the species was almost 
invariably associated with Laxosuberites lacustris, at the base of whjch its rhizome 
adhered, sending up the polyps through the substance of the sponge. 

Though actually found in the Chilka Lake at three localities only, the species is 
evidently distributed widely in both divisions of the lake-systetu. The three locali­
ties ,vere Barkuda Island and Gopkuda Bay in the main area and the oyster-beds of 
Manikpatna in the outer channel At the first and the last of these places it was 
abundant, but at Gopkuda Bay .only one specimen was taken. The organism is so 
luinute and inconspicuous that it very readily escapes observation, and it was prob­
'ably owing to the fact that at Barkuda we were able (living in a bungalow close to 
the lake and having every facility for luicroscopic work) to make a very thorough 
investigation of the stones of the little landing-stage, that we found it in such abun­
dance there. Oyster-shells also are naturally much more easily transferred to head­
quarters and examined in the field than stray pieces of rock. Apart from the Chilka 
Lake, the species has as yet been discovered only on the oyster-beds of the Ennur 
backwater a few miles up the coast from Madras. At Barkuda Id. the species was 
taken in an active condition at all times of the year, in water of specific gravity 
varying from I'OIO to 1'006; at Manikpatna we found it in March and September 
and at Ennur in November and January. It is thus clear that L. laevis can live in 
water of a specific gravity of at least 1'0265 and can survive, at any rate for a limited 
period, in pure fresh water. 

The type (registered No. ZEV 621I/7) is preserved in the Indian Museum. 

1880. 
1886. 

Family PEDICELLINIDAE. 

Genus BARENTSIA, Hincks. 

Barentsia, Hincks, Ann. Mag. Nat. Hist. (5) VI, p. 285. 
Cercopodaria, Busk, Rep. Zool. ' Challenger' XVII (2), p. 41. 

Bal'entsia discreta (Busk)~ 

1886. Cercopodaria discreta, Busk, Rep. Zool. ' Challenger' XVII (2), p. 44, pI. x, 
figs. 6-12. 

190 5. Cercopodaria discreta, Thornely in Herdman's Ceylon Pearl Fisheries IV, 
p.128. 

1912 . Barentsia discreta, Annandale, Rec. Ind. l~f~ts. VII, p. 205. 

In my note of 1912 I recorded the occurrence of a dwarfed form of this species 
in the Mutlah estuary at Port Canning in the Gangetic delta, the water containing 
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a saline residue of about 25' -t6 per l11ille) that is to say being almost as salt as that 
of the Bay of Bengal. 

B. discreta was originally described from a depth of over 100 fatholTIs in the 
South Atlantic and was found subsequently by Professor lIerdman in comparatively 
shallow water off Ceylon. 
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By N. ANNANDALE. 

l'here is 110t 111uch to be said about the barnacles of the Chilka Lake, for only 
two species, both of which are comlU011 and widely distributed, are represented, 
naluely DicJzelaspis cor and Balanus amphitrite. Both were found abundantly in 
the outer channel of the lake. The only species observed in the main area was B. 
cl1nphitritc, of which a few individuals were noticed on rocks and the bottom of 
boats. 

Dichelaspis cor probably breeds in the outer channel and this luay also :he the 
case with Balanus amphitrite, but larvae of the latter almost certainly enter annu­
ally from the sea. Both species were found in the adult state in the fresh- as well 
as the salt-water season. 

No Rhizocephala or other true parasitic forms were found. 

Suborder PEDUNCULATA. 

Family LEPADIDAE. 

In addition to the species discussed below, another member of this family (the 
common Lepas anseri/era, Linn.) is represented by several specimens that were taken 
in a dead or tuoribund condition from a stick floating in the outer channel near 
Manikpatna in March, 1914 This species can hardly be ,included in the fauna of 
the lake on evidence so slight, for the stick had probably drifted in from the sea. 

Dichelaspis cor t Aurivillius. 
1909. Dichelaspis cor, Annandale, Mem. Ind. Mus. II, p. II9, pI. vi, figs. 7-IO. 

This species is COlumon on the gills of the crab Scylla serrata in the outer chan­
nel at all times of the year. In the main area we failed to find it, though the 
crab \vas common. Some of our specimens are of very large size, the capitulum 
being 3 mm. in breadth and the peduncle 8 mm. long. All of then1 belong to 
Gruvel's var. A. D. cor has been found in the gill-chamber of Panulirus in the sea 
but is particularly common in that of Scylla serrata in estuarine tracts. Its dis­
tribution extends from East Africa to Sumatra. 

The larvae are able to hatch frolu the egg and to live, at any rate for some 
hours, in pure fresh water. This I have seen in the case of specimens from the gills 
of crabs purchased in the Calcutta market. The adults which produced the eggs 
lived for at least t\velve hours out of water. 
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Suborder OPERCULATA. 
Falnily BALAN1DAE. 

Balanus amphitrite, Darwin. 
1854. Ralanus am,phitrite, Darwin, J'lf on. Cirripedia, Balanidae, p. 240, pI. v, figs. 2a-2C. 

All our specimens from the Chilka I~ake belong to Darwin's var. communis, but 
they vary considerably in shape, some being much more depressed than others. The 
largest have a diameter of about IS mm. 

The species is abundant on oyster-shells, fish-traps and wooden posts in the outer 
channel of the Chilka Lake and occurs singly or in small numbers on the shells of 
Potal1zides and other Gastropods and I~amellibranchs. In the main area a few soli­
tary living individuals of small size were observed on rocks, mostly towards the end 
of the dry season, whi~e a relatively large number of dead shells were observed in the 
same situation. On one occasion in the season of low salinity the bottoln of a boat 
in Ralnbha Bay \\Tas found to be covered with slnall living individuals, but it had 
possibly arrived recently from the outer division of the lake-system. In the outer 
channel the specific gravity of the vvater in which apparently healthy barnacles were 
observed varied from 1'000 to 1'0265. I have seen them in brackish or almost fresh 
,vater in the Gangetic delta, nearMadras and in Cochin on the west coast of India. The 
species is comnion in all the warmer seas and is carried into those of the northern 
telnperate zone on the bottom of ships. In the Bay of Bengal it is perhaps the 
commonest of the littoral Opercula ta. 

Larval Balani, probably of this species, were abundant in our tow-nettings taken 
in the outer channel in March. This is also the case in collections made in the 
same Inonth in the shallower parts of the Bay of Bengal. 

B. amphitrite is remarkable for the rapidity of its growth and for its power of 
resisting unfavourable circumstances. Professor Herdman 1 found specimens of a 
diameter of 8 111nl. on baskets that had been in the sea off Ceylon for 2 I days. 
I. have little doubt that the species breeds regularly in the outer channel of the 
Chilka Lake and that stray larvae are carried into the main area and occasionally 
find it possible to settle down and undergo their metamorphosis, without being able 
to survive it for more than a few months. 

The vicissitudes undergone annually by barnacles attached to oyster-shells in the 
outer channel are sufficient proof of the strong vitality ,of the species, but even nlore 
relnarkable evidence is afforded by the fate of those individuals that attach them­
selves to prawn-traps in the neighbourhood of Satpara. The traps are placed in the 
lake in the evening and, relnaining in the water all night, are removed at dawn. 
Throughout the heat of the day they lie 011 th~ shore, fully exposed to the sun's 
rays. Nevertheless, the barnacles on theln survive. We saw many instances of 
this, more particularly in September, 1913, and in the same lno,nth of 1914. Speci­
lnens froln such situations are slnall (not exceeding 9 mln. in diameter) and dull in, 
colour, but otherwise apparently nonna!. 

Ceylon Pearl Fisheries V, p. 147 (1906). The dates were April 17th to May 9th . 
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By J STEPHENSON. 

The Oligochaeta of brackish water are few, and do not fonn an independent 
ethological group. They seem to· be forms belonging to the freshwater or littoral 
groups which possess the power of resisting a certain alTIOunt of admixture of salt or 
fresh water respectively. 

Though the Oligochaeta have long been recognized as capahle of contributing 
valuable results to zoogeography, these results have been gained almost entirely 
froln a study of the terrestrial forms, to the exclusion of those of aquatic and littoral 
habit. Nor in view of the lTIodes of dispersal can it be expected that it will be 
otherwise in the future. The following few remarks may serve briefly to illustrate 
this statement. 

In the case of freshwater forms, it seems probable that birds are one of the chief 
agents of dispersal; the mud which adheres to the feet of waders offers an easy 
means of transport to slnall worms or their cocoons; and it is well known that slnall 
animals, such as Nematodes and Rotifers, have been cultivated frotn such mud after 
a prolonged flight, \vhile small molluscs have also been found to be conveyed in this 
way. Speaking of the probable introduction of Australian worms into New Zealand in 
this way, Benham (" A note on the Oligochaeta of the New Zealand I."akes ", Trans. 
N Z. Inst., XXXVI, 1903) calculates that a strong flier with the wind behind it 
could cover the distance in 36 to 48 hours. The comparative valuelessness for 
zoogeography of the data of distribution of freshwater Oligochaeta may be exempli­
fied by the fact that N ais paraguayensis, first found, as the name hnplies, in 
material from Paraguay) has since been discovered in Lahore; that N ais communis, 
described first froln Switzerland, has been found both in North and South India; 
Stylaria lacustris, also found at Lahore, occurs all over Europe, in the Baikal Sea, 
and in North America; while the genus Chaetogaster, represented by several species in 
India, is found throughout Europe, in North America, in the Baikal Sea, and in 
Australia, and is indeed probably absolutely cosmopolitan. 

The littoral Oligochaeta are unfortunately capable of furnishing no more valu­
able results. cc The animals usually lay their cocoons underneath and amongst the 
masses of detritus on the shore, often attaching them firmly to these. When at 
more than usually high tides these ma~ses are again washed into the sea, they may 
be taken up by currents, carried far away, and thrown up with the cocoons they 
bear on to the shore at some distant point. In this way littoral Oligochaetes may 
spread not only along a continuous coast-line but over considerable stretches of 
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ocean. Probably shore-birds also contribute to their dispersal by carrying away 
cocoons w'hich adhere in a chance luanner to their feet. That such a trans-oceanic 
dispersal of littoral Oligochaeta is a fact may be seen fronl the case of geologically 
recent and isolated oceanic islands; these contain (apart froIu forms demonstrably 
introduced by nlan) no terrestrial Oligochaeta, but are colonized by littoral species, 
e.g. the slllall coral island Laysan of the Hawaiian Archipelago by a species of 
PontodrilltS" (Michaelsen, Die geogr,"1phische Verbreitung dey Oligochaeten, 1903). So 
the genus Pontodrilus is apparently distributed over the coasts of all the warmer 
portions of the globe; while Enchytraeus albidus is found from Nova Zembla and 
Greenland to South Patagonia and Kerguelen Is. 

Fatuily ENCHYTRAEIDAE. 

Genus ENCHYTRAEUS, Henle. 

Enchytraeus barkudensis, sp. nov. 

(Plate X, figs. 1-4.) 

Types.-Barkuda Island, Chilka Lake, Ganjam Dist., Madras Presidency. In 
sand at edge of lake; 16-vii-IgI4. Five specimens (Reg. No. ZEV 6545/7, Ind. Mus.). 

Length 15 mm. Filiform, breadth about '3 mm. Colour light brown. Seg­
ments 57-64. 

The prostomium is rounded and very short. 
The setae are of the saIne type (E nchytraeus type) in both lateral and ventral 

bundles; they are blunt rods, straight except for a curve at the inner or proximal 
end. In both lateral and ventral bundles they are three per bundle in segments 
ii-xi; segment xii has lateral bundles consisting each of two setae, but no ventral 
bundles; from segment xiii onwards the setae are two per bundle, both laterally and 
ventrally. 

The clitellum is not distinguishable. 
Not much of the anatomy of the worms could be observed with accuracy in the 

entire specimens, and IUost of the following account is based on the examination of 
longitudinal sections. 

The septa in the anterior region are much bulged backwards, especially 7/8, 8/9 
and g/ro, which form deep pockets filled with coelomic corpuscles. These three 
septa are also considerably thickened as cOlnpared with the others, and form stout 
sheets of muscular fibres (cf. septum 9/10 in fig. 2). 

The . coelomic corpuscles (fig. 2) are numerou~ and conspicuous even in the entire 
animal; they are nucleated flattened plates, oval or broadly spindle-shaped, of an 
average length (in the fixed and stained condition) of 28ft; the maximum length 
o bserved was 4 I /.A.. 

The pharynx (fig. I) occupies segments ii and iii; it has the usual constitution, 
the epithelium of the roof being markedly columnar and forming a sucker-like plate. 
The oesophagus is a narrow and uniform straight tube, ciliated throughout, and 
sho\ving no differentiation; it passes fairly suddenly into the intestine, distinguish-
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able by its greater width t in segluent xv (in one specilnen), xvi or perhaps xvii (in a 
second). 

The Sali'l'tlfY glands (fig, I) are apparently represented by a pair of short club­
s~aped backwardly directed evaginations of the pharynx; these take origin frotn the 
htnder part of the pharyngeal roof, behind the sucker-like epithelial plate, and are 
situated one on each side near the tuiddle line, ' 

.The seplal {!,lallds are situated on the anterior faces of septa 4/5, 5/6, and 6/7, 
causlng these to bulge back\vards. Those of each pair are continuous dorsally over 
the oesophagus; and each gland is continued forwards by an anteriorly projecting 
lobe situated ventro-Iaterally to the oesophagus. In entire specimens the glands 
appear to be in segnlents v, vi, and vii, and perhaps to be more than a single pair 
per segulent; but the appearances are explained by the backward bulging of the' 
septa, and the presence of the anterior lobes, as just described. 

The dorsal v('ssel is certainly distinct as far back as segtnent xv ,-probably 
further, as far as xvi, if not xvii. 

The lIeplzyz'dia have a short ante-septal portion ,-perhaps a quarter the length of 
the postseptal; the post-septal portion is elongated, narrow, and gives off the duct 
from its under surface at about one-third of its length frOtll the posterior end; the 
duct is short, passes vertically downwards, and ends in front of the ventral 
setae. 

The cerebral ganglion is in segment i; its shape could not be deterrnined. 
The description of the male genjtal organs (figs. 2, 3, 4) is most conveniently 

begun with the sperm-sacs. These are two in number, quite distinct from each 
other, of large size and ovoid shape (figs. 2, 3); they are continuous with and sus­
pended by septunl IO/II; they project forwards into segment x, and, still more, 
backwards into xi, so that they occupy the whole length of the latter segment; their 
,valls are quite thin, but complete. Contained within this sac is' a large mass of 
sperm-morulae, in various stages of development; but, in the two specimens which 
were sectioned, there were 110 wisps of fully developed spermatozoa. What is to be 
considered as the testis is a mass of cells (figs. 2, 3), adherent to the inner face of 
the sac-wall at its lower part, t".e. to the floor of the sac, approximately in the 
region where septum 10/11 joins it. This mass of cells may project not inconsider­
ably into the interior of the sac; or it may constitute merely a flattened plate, 
perhaps divided up into a number of smaller masses. The morulae within the sac are 
evidently developed from cells ,vhich 'are proliferated from the cell-mas~ or cell­
plate; indeed there is a gradual transition from the one to the other. The funnel 
(fig. 4) is in segment xi; it is two or three times as long as broad; it has the usual 
cylindrical shape, but the cells of which it is composed have not the usual clear 
mucous appearance in stained sections; this might possibly be due to the specirnens 
being in a rather early stage of sexual maturity. The vas deferens is situated in 
segment xii; it is long, thin, r6f-l in diameter, and coiled; fig. 4, sketched from an 
entire specimen in cedar oil, \vill give an idea as to its disposition and course. The 
penial body is a small henlispherical mass of cells round the termination of the vas 
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dejerens, which latter pierces through it without interruption and reaches the surface 
at the position of the (absent) ventral setae of xii. 

The ovaries, and masses of ova, are contained in segment xii. Funnels and 

oviducts were not observed. 
The spermathecae are in segment v, and communicate with the oesophagus. 

The anlpulla is small, ovoid in shape, soP- in diameter; the duct is a narro\v tube, 
141-'- in dialneter, of considerable length and with a few slight bends in its course. 
There were no spermatozoa in the ampullae. 

This little worm is stated to be practically colourless in life, but rather opaque. 

The discovery of the present species is of interest in several ways. Though 
(like the Tubificidae) occurring in such abundance in the temperate regibn~ of Europe, 
the Enchytraeidae seem to be very rare in India; the present is the fourth species 
which has been completely investigated. This rarity is probably partly apparent, 
partly real; and the same may be said of the Tubificidae also, of which too only four 
species have been recorded. 

A feature that is worthy of note is the presence of sperm-sacs. These are not 
invariably present in the genus Enchytraeus; out of the two other Indian species of 
the genus they are absent in one (E. indicus), present in the other (E. harurami). 
In the present species the sacs are of the same nature as those of E. harurami, and 
differ from those of the N aididae and of the genus i11 esenchytraeus, the only other 
Enchytraeid genus in which they are found. In lv[ esenchytraeus a~d the N aididae 
the sacs are pocket-like backward extensions of the septum which forms the poste­
rior wall of the testis segment; here they are .closed bags, seated on or suspended 
from the anterior wall of the segment, and containing both testis and developing 
sperm-morulae. The sacs do not include the funnels of the vasa deferentia; and 
since they are, in the stages at which I have examined them, completely closed, it is 
not obvious how the spermatozoa escape (c/. remarks on E. harurami, in a previous 
paper: "On a collection of Oligochae~a, mainly from Northern India", Ree. Ind. 
1\;1 us., vol. x, p. 321 J 1914). 

Another point of interest is the condition of the salivary glands (" pepto­
nephridia' , ). In the species in which they occur, they are found usually as narrow 
curling tubes extending back for a few segments behind the pharynx, from the 
posterior end of which they take origin. In the present case there are a pair of 
small club-shaped structures, quite short and inconspicuous, discovered in the series 
of longitudinal sections, though they would probably have escaped notice during 
life; these originate from the posterior end of the pharynx, and seem to correspond 
to the salivary glands of other forms. Similar rudimentary salivary glands appear 
to have been described by Ude (" Beitrage zur Kenntnis der Enchytraiden und 
Lumbriciden " -' Zeit. /. wiss. Zool., vol. 61) I8gS) in Bryodrt'lus ehlersi, though I have 
not seen the original paper. 

The above characters, together with the setal distribution, are sufficient to 
distinguish the form as a new species. 
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E. barkltdt~llsis ,vas found at only one spot in the Chilka Lake, nanlely in a 
stuall patch of sand at one side of the landing-stage on Barkuda Id., in the 11lain 
area. It lives there, \vith POlltvdrilus bcnnudensls f. ephi ppiger, some inches belo\v 
the surface and \vell below \vater-level. The lIlonths in \vhich specitnens were 
obtained ,vere July and ~ovelnber. In the fanner the specific gravity (corrected) of 
the water imtuediately off Barkuda Id. was 1'015, while in Novelnber it was 1'005. 

The species \vas taken in January at the edge of the Ennur backwater near Madras , 
also in wet sand and with P. bermudensis, the specific gravity of the water being 
about 1'0025. On all three occasions sexually 11lature worms were obtained. 

Fatuily MEG.A.SCOLECID.AE. 

Genus PONTODRILUS, E. Perrier. 

Pontodrilus bermudensis, Bedd., forma ephippiger (Rosa). 
1914. Pontod,ilus ephippige" Stephenson, Rec. Ind. Mus. X, p. 256. 

In life this ,vorm has a bright pink colour. 
In the Chilka Lake specimens were obtained both in the Inain area and in the 

outer channel at all times of the year. They occurred at the extreme margin in wet 
sand or sand mixed with mud, sometimes under stones with the amphibious Isopoda 
Hemiporcellio carinatus and Arhina barkulensis, Collinge, [ the water being either fresh, 
brackish or as salt as that of the Bay of Bengal. Probably, however, the species 
does not breed in fresh ,vater, as no fully mature individuals were found in the 
fresh-water season (July to September). The chief breeding-time seems to fall in late 
winter and early spring, when the w~ter of the lake varies in corrected specific 
gravity from 1 '008 to 1 '026. .At the edge of the Et1nur backwater near Madras the 
saIne form was found iu January, 1915, in sand wetted by water of specific gravity 
of about 1'0025. Some of the specimens were mature. 

The species is very widely distributed on the warmer coasts of both hemispheres. 
Foll<?wing Michaelsen (Mitt. aus dem Naturh. Mus. Hamb., xxvii, 1909) I now 
recognize P. ephippiger, Rosa, as one of the numerous forms of P. bermudensis, Bedd. 
The form ephippiger is recorded from Christmas 1., Celebes J and the Hawaiian Archi­
pelago; the form t"nsularis of the same species (formerly P. insularis, Rosa) has been 
found, among other places, in Ceylon. 

Family GLOSSOSCOLECID~\E. 

Genus CRIODRILUS (Hoffmstr.). 

Criodrilus lacuum, Hoffmstr. 
1914. C,iod,ilus lacuum, Stephenson, Rec. Inq. J.l1us. X, p. 256. 

The identification of this worm is, as stated in the above paper, not absolutely 
certain, since the specimens were not fully mature. 

The natural colour of this worm is tinged with a peculiar ochraceous shade. 

1 Rec. I nd. ~"1 us. XI, pp. 145, 147, pls. vi, viii (1915). 
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The species is apparently common on the shore of the Chilka Lake somewhere 
near Satpara, where the beach is for the most part sandy. It is dug for bait by 
fishermen. Specimens obtained from them in March, 1914 were not quite mature. 
The corrected specific gravity of water from the lake at Satpara was in this month 
1·026. In Palestine the worm lives in wet earth- under stones at the edge of water. 

This is a well-known European species, which occurs throughout Central Europe, 
in S. Russia, Syria and Palestine. It is interesting to find it in brackish water, since 
it is a typically limnic form, and so far as I know has not hitherto been recognized. 
as littoral. That it can support a considerable amount of salt is, however, shown by 
its occurrence on the margin of the Lake of Tiberias, the water of which is markedly 
saline; and this being the case, it is perhaps remarkable- that it has not so far defi­
nitely established itself as a littoral form. 


