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THE tHALIACEAOFTHEMADRAS 
PLANKTON, 

BY 

R. VELAPPAN NAIR, ·M.SC. 

INTRODUCTION. 

From the Madras plankton as many as sixteen species of Thaliacea have been obtained
the largest number eve,rrecorded ,from the plankton of any particular place. The great 
expeditions such as the" Challenger," " Siboga," " Valdivia" and" Investigator," collect~d 
most of the known species of Thaliacea from widely different parts of the great oceans. Even 
the Great Bar~ier Reef Expedition, which confin~d its investigations to definite places obtained 
only nine species of Thaliacea (Hastings, 1931). Dakin and Colefax (1940) record only seven 
forms from the Australian plankton. 

The "Investigator" Expedition, the only expedition that made collections also from 
the Bay of Bengal and whose surv~y period extended over a number -of years, collected 
altogether twelve species of Salpa and four species of Cyclosalpa from the Indian seas. 
These collections were mostly from the Burma coast, the Mergui Archipelago, the Revello 
Channel, the Nankauri h~rbourand other places (Bomford, 1913; Oka, 1915 and Sewell, 
1926). The Expedition visited the Madras coast and collected only Thetys vagina, Salpa 
fusiformis and Metcalfina hexagona during the months of January and February; 1894, from 
depths ranging from 133 to 250 fathoms; even the'l!1ore common forms like Thalia demo
eratica and Salpa cylindric.a were not recorded from this~oast (plate VI). On the other 
hand it must be 'stated that Thetys vagina and Salpa fusiformis recorded from this coast 
by the., "Investigator" Expedition are not represented in the Madras collection. This 

. curious fact has also been noted by Russell and Colman (1935) in the case of Salpa fusi
formis. This species was not represented in their collection eventhough the form has heen 
recorded by previous authors from the vicinity. 

Recently, Menon (1931) while investigating the plankton of the Madras coast has recorded 
that swarms of Thalia democratica occur during the months of September and October. 
He adds that they then become sparse till February, when swarms appear again.. ,In March' 
they are quite common', but disappear in April., 

In this connection mention ma~ be made of two collections of Salpa made from the 
neighbouring seas of the. Bay of Bengal. Herdman (1906) has recorded the occurrence of 
solitary and aggregate individuals of Salpa cylindrica, Salpa runcinata-fusiformis, and Salpa 
demoeratica-mucronata from the Ceylon seas. The German Deep ~ea Expedition on 
" Valdivia " "which made extensive ~ collections in the Indian Oce~n, while passing from 
Sumatra to Nicobar Islands and then to Ceylon colle,cted Cyclosalpa pin nata, Cyclosalpa 
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affinis, 'Cyclosaipa jloridana, Salpa iusiformis; SalpaJusiformis forma echinata, Salpa 
amboinensis, Salpa hexagona,Balpa m'ucronata,and Salpa zona"-a(Apstein, 19(5). 

Family DoliolidaeBronnhas ~ot heenrecotded so far fromthe Bay of Bengal. From 
the Cey~on waters Herdoian(1906) collected smalladultspecimens Qf Doliolum sp. (?) from 
Galle harbour and" Nurse Forms n withbroad bands froinWestCheval and Periya Paars and 
recorded the occurrence of the genus from both ends of the fslartd. The only other account 
of the Doliolidsoccurring in the' neighbouring seas ofthe Bay of Bengal is that by Neumann 

'. '. (1906) in ,his work on' the collection made by the-German Deep Sea Expedition. The 
"Valdivia U Expedition in its ct:Uise ftom Sumatra to Colombo <!oJ1ectedDoHolum nationalis, 
Doliolumindicum, Dolioluth krohni, Doliolum gqeniJauri, Doliolum mUlleri and .. Nurse 
Forms." 

. .' . 

Except Metcalftna hexagon a and Thalia democraticaihe fotlD$ dealt with in this paper 
are recorded from the Madras coast for thefirsttiine (Nair andAiyar, I943)~ Similarly, the 
solitary form of Cyclosalpa jJinnata'vat, polae, Salpamaxima,Salpa maxima var. tuiJerculata, 
Doliolumdenticulatum, Dalioletta gegenbtl1lriand " Nurse Forms 'i are recorded for the 
first time from the Bay of Bengal. The "Investigator " Expedition collected from the Bay 
of Bengal only the aggregate form of Cyclosalpa pinnata var. polae while 'a couple of speci
mens of Salpa maxima were collected from the Laccadive ~eas .. The other two Salps were 
not represented in the'" Investigator JI collections. ' 

.MATERIAL AND METHODS. 

The material for this study was obtained from the plankton collections made from the 
Madras coast. The method of collection: was rather crude, as ontya catamaran and a townet 
of fine mull were used for the purpose. Hauls were made up ,to a depth of 10 fathoms. 
Under normal conditions colle~tions were brought to the laboratory tWice or thrice a week 
and they were examined .lor Thaliaceain th,e fr~condition. The bigger forms like Salpa 
cylindrieawere easily picked out, but, while collecting the smaller ones' such as Br08ksia 

. rostrata the sediment was examined under the binocular microscope. Wherever possible; 
the lilmmals were st1,ldied in the living conditio~. Preserved specimens taken'out from 
previous colleetions have also fot:m¢d'll considerllble portion of the material for this study~ 
All the material. for this ~per was collected from theplanktonoollections made from 1St 
January, 1937 to 3 1st December" 1943. Altogetherfour hundred aq,d seven collections, 
made during these seven years, were examin,edputof which one hundred and fortytwo 
collections were found to contain one or more ,of the Hemimyaria descriq,ed in this paper and 
of the: above collections relating to the period from Ist'Janllary. 1937 to 3.~·st December, 1940, 
onehundred.and'sixtytwo collections were examined for Cyclomyaria ~so.and only thirty-
6reeeollections cpntainedgollozoojds or oozo!>ids. . The followinglist,gives the names of the 
speciesoollected. . . 

',..t .. 
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HEMIMYARJA .. 

GROUP. DOLICHODAEA. 

I. Cyclosalpa pinnata var.sewelli Metcalf. 
2. CyclosaZpa pinnata var. polae (S}gl). 

GROUP CIRCODEA. 
. . 

I •. Brooksia rostrata' (Traustedt). 
2. Rittemlla amboinensis (Apstein) .. 
3. Metcalfina hexagona(Quoy and Gaimard). 
4. Jasis zonaria (Pallas). 
5. Thaliademocratica (Forskru.)~ 
6. Pegea conJoederata (ForSUl). . . 

Solitary. 
Solitary and Aggregate. 

Solitary .. 

. Do. 
Do. 

Solitary and Aggregate. 
Do. 

. Do. 

7. Traustedtia .multitentaculata (Quoy and S,olitary. 
Gaimard) .. 

GROUP SPHAERODAEA. 

I. Salpa maxima ForsUl. 
2. SaZp!, maxima var. tUberculata Metcalf .. ~. 
3. Salpa cylintlrica Cuvier. . 

CYCLOMYARIA; 

I. Doliolum denticulatum Quoyand Gaimard. 
2. Dolioletta gegenba.uri Uljanin. 

Two kinds of "Nurse Forms." 

Aggregate. 
Do. 

Solitary and Aggregate. 

3 

For quantitative analysis, except Thalia democratita, Doliolum and" Nurse Forms," 
all the Tunicates dealt with in this' paper were counted individually after removal, from the 
plankton. Since swarms of the'above-mentionedthree forms often occur in the, planktoa 
collections, the same method of counting was not adopted. So, after removing aU other 
macroplankton, the sediment was. diluted to a known volume and from this 10 ce. was taken 
with the aid ofa wide-mouthed graduated plankton pipett~ and was spread uniformly ina 
ruled petri dish; The number of each of the forms present in this volume was then counted 
.under the binocularmicroscoJfe .. The number given in the analytical table for theSe three 
forms represents the total number of specimens present in the whole plankton col1ection 
estimated in such a manner. Regarding Doliolum it should be mentioned that the Iiuhiber 
in the analytical table represents the total number'of the two species present in the plankton 
collection. Quantitative estim:ationafter, identification was' seriously handicapped and· made 
impossible by the bad preservation, of these delicate forms in most of the pianktoncollections. 

IA 
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..,:. i CytlosatPa pin;,ataSeweit~1926~ '. 
Cyeiostdp;Pi~.at4 ;~I~{Metcalf:l~a7. , 

[N.H., Vl~ I 

.;. ; 

SoHtaiyFOrm: (plate I; fig. x ).~ Thougll the specieS. is, dle ·&.t;·and· the best known 

forin in-SaJ.pi~e,the vanC}iy1'efQ!f1:i"lf~c~~#t!~~~,~~y~,19a7.,,>Metcalf for Seweli's' 
species of ,Cye16salpiJ pi"n,tilawith loUt pairs of luniinous organs and. simple ciliated funnel. 
This variety has be~n r~Corded by '~e n Inv~igatoi "fromthe' ti~b~tih~bour and t~e 
Revello Channel of the Andam.naea. ". , . ....;. . 

.. ' '. 'Straysp~imeriS Qf~isvarietY~re'met' ~th ihthe Madraspl~nktoii~~ The thic,kcovering 
.' of t~roundthe ~nUnat is ~ft. deteriorates qUickly and oft~n gathers' ~ti~h 'debris from the 
. plankton.' the animals are very slow :inthek u)OveihentS.The speCimens. collected from 

the Madtas coaSt, like th~.ofBomford (X9I3)and 'Sewell(I~),showonly four pairs of 
l'uminous~orgails:They :are situatedbetWeentliesecQ~d'and.fhe;sixth body muscles • 
. Tge firSt pair 'found irith~type speCies hetweetl,.thcditst,and the second body mUsCles is 

'. '~bsentin the :variety. . The' absence of the 1irst, a~d,the presen~ of only i~'ur pairS of 
lun1iilou~ orgins on the sid. are ConStant featmes,ofthis lndianvarietY of eyelolalpa 
'pinnat~.~urthel','theciliatedfunnel in this: variety is simple, in the shape of a C U ' 
and not like a rosette as in, the typical European fotlll' ' 

. T~eb~dy has a bl1f~el~shaped' appearan~ and is' pedectlisym,~etricat ' ... Seven body 
muscles ate present, whidt are interrupted dorsally ~s'well as ventrally. The ventral eQ.dsof 
. the .interme,diat~lni,tsc1es alone meet· onthev~ntraJ side atld.. ar~cont¥iuous. . 

.'. The or~ muscul'itUre consists of the prori:li~thorizoritaloral retractor starting from the 
middle of the first body Ihuacle ind runningexter~ tot~e intermedutte musCle to the corners 
ofdle . mouth· (p'lat, Ill, ,~g. ,I) •.... ,'fheantei.:i9rendqfthe oral retractor .giv~ oH two·brancb.es 
.-unriiqgas ~e.nrst anci ~e·Sec()nc,iYe~.~plJ.4lcters. The'first andihe' second dorsal 
8phin~ters app*oaCh the.anteriorencJ o.fthe' .ot.! ~etract~r, b~t are not united With it. ' In' 
4d.dition ~o this oralretJiact«>f; there' is '. velltia.Ior.al~~tnu:tor· ~kiDg its' origin ftomthe first 

. body' muscle lowe; downp.n4 iunning .. oQliQ4ely upwards arid fOrwards. The ventral' oral 
'r«ra~or also d..ivic,ics· in~~9 bran~_ ~:~~ whqe,it.~~~t.be.· or~ r~tractOr and the 
intenP,edia~e.muade.(~ven~ b~ i,co,4qlltl~dto tile loweij~p ¥ the ,third ve$"al 

. ,,~~.' . lh~ .~i'9~de17'clo~. bfan~~r~~iI~. fo~ a. ~1t ~lU;e di~ides into two . 
" ,~ • .hes.; tbethirdan41;ij~Jqu¢i4orsal. sP~J.~~ '. ' . . . 

, -... ;.: 

1 .. -~.~ .... ~ ,' .... 
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The horUontal muscle startsJrom the middle· of the fourth dors'al orai sphincter on either 
side 'and runs posterio~lY. 'In its cour.se backwards,., dle' horizontal muscle fuses with the' 
dorsal ~~d oLthe intermediate muscle: "~'f;''''''~'';' 

.' ", ,". ,'. 

" The atrial lnusculature-consists ora seties o"fHne, cotnpiet:e, hoop-like'sphincters, usulllly 
six in numb~ ~ The first anterior sphincter 'is strongly ,developed and ii5 a~tached to the 
sev~nth, bodymusele' on,' thesides~ The, ventral region :of the' second atrial sphincter crosses 
the first atrial. sphincter internally and runs towar~s' the intestinal caeca~ , 

, ' , 

;,,' Cyclosalpapinnata,var,.polae (Bigl). 
, ' 

, Cyclosalpapolae ~igl. 1912. 
Cyclosa/pa pinn~ta var.polae Metcalf. 1918. ' 

. . \ . . , . ..'. 

Solitary Form ~"T.his is' recorded for the, .first,time ,from the,Bay of Bengal. Sewell 
douQted~~ validity 'ofthii5 subspecies for reasons disc~ssed under.th~ aggregate form. 

. - .' ". ., 

. The' solitary form of this varieiy is m:ore. commo~ in the Madras- plankton than the ' 
variety sefl)eJli. Unlike var; sefDeUi·where· only four pair.s oi liuninoU8 organs are present, 
in this the usual five pairs are present between the first six body muscles. As Sigl (I,91~) has 
pointed 01.lt, ',the ~1itary form of this variety is easily 'distingUished. from the species by the 
fusion of,the sheth body muscle' on the 'uiid-dorsal'line' and its continu.apce forwards as a 
median mu.sc1e band reaching almost to' the level of the s'econd body muscle." The ciliated' 
funnel is, a simple rosette., 'In all other essential characters of the musculatu~e this Y~riety 
• ag~ees with the, species and var ~set:o~lli.' , , ' , , 

Aggrqate ForiD: (pJate'I, fig.2)~'-:-The aggregateg~nerationsare' very ,common in the 
Madras plankton. The test is thick and 'soft. . The zooids have a rough oval shape with a 
fairly long peduncle on theventral side. "According to Sigl, the long p~~Unc1e of the aggregate 
zooids o(the variety js another featuredistinguishiilg it from that of the species. There is 
only a single pair of fairly elongate luminous organs situatedo~ the sides between the second, 
and the third body muscles. ' , 

, ' 

,There are four body muscles present which are-continuous, dorsally. . The first and the 
second~ and the. third' and the fou~h' body' m~scles are'fused. on the mid~donal lin~. _In 
the aggregate form, of the specie~ the third and the fourth body musCles 'are' $eparate on the 
mid-dorsal line. ' But ip the embryonicconditiontliese two body muscles are fused (Streiff, 
1,908). ' , 

- - There-i$ onlja single or,a1retractor(plate HI, fig. 2). The three vential oral sphincters 
"arise as bnl,nches from the oral retractor. Them.t dorsal oral sphincter is:jndependet.t'j 
itappio~ch~ the oral retractor, but does not Join it: The secondaJid the third dorsal oral 
sphincters are~nited ,with the intermediate'muscle near the oral retractor.. The inter-mediate 

. . ". ,".. .... .. ,. " . 
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muscle after fusion with the' secOnd and ,the tJ.tirddorsal Qral 8phincters pr~ceeds postero
dorsally and- unites with the upper portion of the ~tst body muscle.. Ventrally the inter
m.ediate muscles of either side meet as in the solitary for~,and are continued into t~e peduncle. 
The fourth. body muscle is tontinu()us ventrally~nd gives off at th~ ,side an anterior branch 
~hich stops at a level with the ventrd end of th~ third body muscle. The ventral ends of the 
first and the second body muscles' of each side ar~ united to form a broad band which is 
continued into'the pedunCle. , . 

. There isa horizontal atrial retractor taking its origin from the foUrth body ,muscle at the 
side. There are five unbranched, complete,p.oop~like atrial sphincters round the atrial 

. opening. The first sphincter is well deve!opedand isconn~cted with the atrial retractor. 

. From the "Investigator" .-collections Sewell got only solitary forms' o(C. pinnata var. 
sewelli with fouduminous organs and aggregate forms of var. 'pohle. . He assigned the solitary 
f-ormfttoC..pinnata, ev~nthougli they showed eertainminor racial characters; .and.he con
sidered the aggregate zaoros also as those 'of C. pinnata; evert when they showed fusionofthe 
third and fourth boftymusdes.Further,in the descriptio!J:of the aggregatezooro. he says, 
"Had-I bee!l dealing solely with examples of the aggregated zooid I shoUld have had no 
hesitation in rcferringthill,Jorln to thevar.polae, but as r have already shown, 'the asexual 
generation must he referted ,to C.pinnafa. It is impossible, therefore, to. distinguish 
C. polae from C .. pinhata even as ~subspecies and much less, as Sigloriginallyclaimed, as a 
species." Because he has identified., the solitary. form asC. pinnata, it doesnot necessarily 
foll()w th~t the. aggregate generations which hec.ollected along with it should be that ~f the 
same species .• He did not get the. solitary forms of var. polai. ButinMadras the 'solitary 
forms of C. pinnatavar .. se!P~lliand.var.p~~~ have been collected. Sp. naturally, Se,well's. 
description of the aggregatefocms of C. pinnata is :really that of its var.polae whereas the 
aggregate form of C. pi1fnata var. sewelli itself remains unrecorded. 

GROUP CIRCODEA. 

Broo~sia, rostrata (Traustedt). 

Salpa rostratq. Traustedt .. I893.; ApsteiQ,. 1894; Streiff, 1908; Ihle,19 IO• 

Brooksia ros.tratalVl~tcalf, 1918; Sewell, 1926; Ihle, 1935. 

Solitary Form.: (plate I, fig. 3).-'-The "Investig~tor " Expedition got a single dead 
specimen of this very rareSalp iriaba4 copditionfrom the Nanburi harbour and another 
fragment from the Revello Channel. . The Madras' col1ectio~.contains three badly preserved 
,specimens of this species,twQobtaiped fromtlie plankton colleCtion made on the 15th August, 
1939 and the third from the collection of the 14th October; 1942. .The biggest specimen 
measures about 13' min. including the anterior projection. 
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Brooksi-a rostrata is characterised by thepreseIice. of a larg~ .ant~r~y~al projection 
as long as the bodyitself, starting from the6aseofthem~uth. This proboscis is provided 
with two pa~rs ofstrong, broad muscle bands traver~ing its. whole length. The dorsal pair of 
muscle bands' is a continuation of the' strongly developed· second dorsal. oral sphincter. The 
ventral pair of muscle bands is continued posteriorly along the ventral side in close proximity 
with, and on either side of,· the endostyle up to the ventral ends of the si:x:th body muscle and 
the anterior portion of th~ nucleus. This· pair, like the dorsal pair,· is considera,bly broad 
in the region of the probosciS. . The ventral ends of all the body muscles, excepting the last, 
touch the muscle, bands of this pair. The vent!alends of the intermediate muscles alone
merge iQto the muscle fibres of this band. 

The musculature of B. rostratahas not been studied satisfactorily, largely due to its 
rarity. The ac~oun:ts of this form by previous authors, Traustedt (1893), Apstein (1894) and 
Ihle (1910) do not agree. In the Madras form, seven strongly developed body muscles are 
present .. continuous on the dorsal side, ~hi1e on-:the ventral side· they are separate; and the 
free ends,except those ofthelast body musCle, touch the ventral pair of the probosci!J muscles 
as previously mentioned. The body· muscles are arranged in two groups composed of the 
first three and t.he last four body muscles. The edges of the body muscles of each group 
meet and fuse mid-dorsally. The !dorsal end of the intermediate muscle is attached to the 
first body muscle dorso-Iaterally .. The fairly long horizontal muscle is present on either side 
of the eye between the second dorsal oral sphincter and the first body muscle . 

. The oral retractor is well developed and is attached to the first body muscle a little below 
the attachment of die intermediate muscle (plate III, fig. 3). The oral retractor crosses the 
intermediate muscle and the second dorsal· oral sphincter and gives off three branches, oite 
going to the upper lip as the first dorsal oral sphincter, and the other two to the lower lip as 
the ventral· oral sphincters. 

Owing to the bad preservation of the specimens the atrial musculature could not be made 
out satisfactorily. Yet, the presence of four continuous rings of sphincters round the atrial 
opening could be made out in one specimen. 

The nucleus is fairly big and in each of the three specimens a well developed stolon is 
present consisting of two rows of individuals. The eye which is situated anterior to the 
ganglion has the usual horse-shoe shape. A small posterior prolongation of the mantle 
behind the nucleus and below the atrial siphon has been noticed in both the specimens collected 

on the 15th August, 1939· . 

. Ritteriella amboinensis (Apstein). 

Salpa amboinensis Apstein; 1904; Ihle, 1910. 

Ri.tteria amboinensis Metcalf, i9IS; Sewell, 1926 . 
. Ritteriella.amboinensis Metcalf, 1919; Ihle, 1935. 
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::8cJtitaflY'.Form: (plate I,fig. 4k-Sewell obtained a~w!SpeWnetIS(0f~$Olitary form 
of this rare species from the Revello:·Cltannel,Ni~ars .. Ele:ven-tipecimens of the Solitary 

''generation of this Salpwerecollectedduring thesevenyeats j 'plahktonan:aiysis,thc biggest 
ofwhlch •. niea~~ ~o JIllll." in length. A well-developed Stolon 'W1\$ present in' some of the. 
l~ger indi.viduals. ;.' . . r : 

. . 

All thespeciniens sllow the usual elevenbodY·inuscles. The' first· foutare continuc:>us 
~cro$S the .tnid-~entral lineal!!o. The reSt are interrupte'tf arid the ends are wid~ly ~parate' 
ventrally . The first two as well as' the last two. body muscles ate fused' on. the dOrsal· side .. 

. All thc'body.muscles are $omewha:tsymllletricallycontinuo!1salong the dorsaL aspect in a 
zig-zag manner. . • . 

The ~usculature oftlte moutlt seems to.varyconsidetablY. The oral mu"sculature 
oftne Madr:n; form tallies, with the description of the "form by Meicruf(19xB) with the excep
tion of a few minor differences, . Theoral'retractot, after crossing the' int~tinediate muscle 
and the broad third dorsal sphincter, divides into two branches at the cornet of the mouth, 

. the anterior- of which runs as' a discontinuous first lower sphincter along the margin. of the 
valve of the lower lip; while the posterior' second' branch runs asthecon~inuous second lower 

. sphincter (p~ate UI;fig. 4)' S~ell has also shown·the origin of the.first dorsal sphincter 
from· the oral retractor. The corresponding sphincter in the Madras specimens fuses with 
the broad third dorsal sphincter at the region whete it crosses the oral retractor and the 
fused band' divides into tw~. branchesventraIly to form the third and the fourth. ventral, oral 
sphincters. The first sphincter of the upper lip, is' discontinuous dorsally and is situated 
at the margin of the corners of the mouth.. On.the dorsahide it crosses obliquely the second 
dorsal sphin<::ter while its ventral end comes in contact with the second ventral~phincter ... 

The intermediate muscles, like the four' arttet!.0rbody muscles, are' continuo\ls only 
on themid-venttal.Iine. . 

,The antetiotend of tqe horizontal muscle projects abOve the broad third dorsal oral 
sphincter, while the posterior end is situated very near the dorsaIend· of the intermediate 
muscle. . . 

The atrial.~usculature is simple. The atrial retractor inste;dof being horizontal takes 
itS' course ventrally, on a level with the ventral ends of the. posterior bodymuscIes and' runs 
obliquely towards the corners ofthe atrium. Its ventral end is forked .. Inits postero-dorsai 
course the atri;ll retractor gives off seven to eight dorsalats:iaJ sphincters at regular intervals. 
Theventtal lip of the atrial opfming also: contains a similar number ofvehtralsphincters 
which do not fuse with the atrial tetractor but crosses it and ends in fine strands. 

MetcaUina heugoaa (Quoyand Gaimard). 

Salpahexagona Quoy and Gaimard, 1824; Traustedt, 1885; Apst~n. 1894; 
Ible;19IO.; Oka, 1915 .. 

.. 
. . 
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Jam h.exagona Her,clman. 1891. 
Rittena,hi!xago1Ul Metcalf, 1918; Sewell, 1926. 
Ritteriella he,xago1UlMetcalf,,19I9. 
Metcaljina hexagona. Ihle, 1935. 

9 

Solitary Form ') (plate I, fig. 5 and plate IV, fig. I);-A single solitary zooid of this 
warm water species was obtained 'onthe 29th May, 1943. The specimen was brought to the 
laboratory in a dead condition with the body muscles. of therp.iddle region tom in some 
places. It was caught in the deep water fishing nets. Metcalfina hexagona has never been 
found in. the mapytownet collections made so far on the Madras coast. It is apparently 
a deep water form of the Indian seas. But this species has been collected from the surface 
waters of the other oceans. Sewell has drawn attention to this interesting feature, namely, 
its deep water habitation in the Indian Ocean only. The specimen measures about 90 mm. 
in length excluding the two posterior protuberances of the test. This is the biggest of the 
Thaliacea ob/tained .so far from the Madras coast. 

The fairly thick test of M .. hexagona is soft in the anterior region and hard in the posterior 
region. Prominent longitudinal ridges are preseRt oil the test, especially in the posterior 
half. At the posterior end, the test gives off two prolongations measuring about 7 mm. in 
length. As in Thalia democratic a tubuiar prolongations of 'the mantle cavity extend into 
them for a short distance. Metcalf has described these processes as denticulate. Like 
Sewell's specimens, the Madras specimen also . does 410t . bear· any denticulations on these 
prolongations.. Five faint longitudinal ridges are present on each on,e of them. 

All 'the body muscles are. hroad. Those. of the posterior region gradu~lly become 
broader, the last one being about twice the width of the .first body muscle. They are con
tinuous"across the dorsal side in an irregular, zig-zag manner as in Ritteriella atnbojnensis. 
Consequently there is no typical number of muscle bands for this species. On the l~ft side 
nine body muscles are present while the other side bears ten. Considerable variation 
in the number and arrangement of the body muscles has been noted b~fore. 

The intermediate muscle is as wide as the anterior body muscles and resembles them in 
general appearance. Like the body musCles, this muscle is also continuous across the dorsal 
sid~ and is interrupted very widely on the ventral side. 

Though the oral retractor takes its origin very near the first body muscle as a well defined 
strip of m~scle band it is interrupted in the region where it crosses the interm.ediatemuscle, 
and the course is' represented only by a .few faint streaks (plate III, fig. 5). The broad 
third sphi,ncter of the upper lip crosses internally the antei:'ior· bit of the oral retractor and 
extends on the sides to the same distance as the intermediate muscle. The second dorsal 
sphincter is very narrow' and starts as a small anterior branch of the third dorsal sphincter. 
The first a~marginal sphincter of the upper lip maintains its connection with the-oral retractor 
as well as the third dorSal sphincter. The lower lip is provided with three sphincters and 
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aU of the~commence froui the 9ral r~tractor. T~ a:dmargi~ first sphincter is at the 
margin of the~tronglyip.curved ventral lip~ ,T~ .second, and the ' third .lower.sl>hin~ers, 
after taking· their origin froQlthe omlretractoc" .run close together at the base "f the fold 

"of theventrallip. No horizontalllluscles have been observed in the specimen . 

. , T~e well developed ~1:rialretractor, after taking its origin a: little in:front'~fthe ,posterior 
edge:'of the last 'body ,m1Js~e,runs posteriorly to the :comers of the 'atrial opening giving off 
aboutrtineteeria:trial~phinctets to both the' upper and the lower lips. ,The first' anterior 
sphincter is the broad~t and a gradual deetease iIi bfeadt~ is 'Seen in. the succeeding, sphincters. 

-The postetior-most:sphhicters are orily mere fibres. 'Th~ antero..;,posterior;· edges' of Some 
of thespbincters meet and appear to be united inplaces~' ,', There' are fotrands of muscle. fibres 
·on. the ventral jideconneCting' the' postero-ventral comer of th~ last ,body muscle" with· the 
first lower atrial sphjncter. 

. ',:rile gut isa simple loop, the course of which can he followed' even without the aid of 
~·lens .. ,Awell developed stolon is presentconmstiilgof about fifty aggn:gatezooids measuring 
3 mm. in, length. The neural gland Witli the eye is situateq 'beneath the posterior border 
of the third muscle band ofthe.leftsideorthefourth of:theright side~ 

Iasis zonal'ia(Pallas). 
Holo~hunum .a'onari~mPallas,i774.\ 
Salpa cordiformisTraustedt; i88S; Oka, i91S. 
Salpii niti:daHerdma~,188i.· ',' ,,: . " 

, Salpacordi/orints;;':ton{lria aeidman;1891. ", 
Salp'll .a'onariaApstein, 1894 ; Streiff, 1908; Ihle, 1910 ,~ Bomford, 1913 . 

• ' lasis zonariaMetcatlf,1918 '; Ihle, 1935. ' 
Jasis .a'onfma Sewell; 1926 .. 

The" Investigatbr U found thls species to 'be of comparatively common occurrence 
itl the Indian Ocean. It has beenl'ecorded by theExpeditio~ 'from many places in the 
Bay and theneighbout:ing,seas~ , JtlSis .a'onaria occurs coniinonly iri the Ma:d~s plankton. 
The occurrence of- solitary- individuals of different sizes' in the same plankton coJlection has 
been freqUently' noticed~' '·Thebiggest, specimen was obtained, from the plankton ,collection 

'.' ttiade oii the 9th March, 1943 and measured 35mm. in length. "nuri:ng the study of the 
seven years' ',~(;Jllections;the' one made on this d8te' contained, the greatest number of both 
the solitary a~d the aggregate 'individual$Qf 'this. species. The','movement of " the solitary 
fomi is quit~ chatacteristic and differs :markedlY from, the other mem'bers' ~f Salpidae, in 
which the movement is·.almost in a straight line effectedby'a series' of jerks. But in this 
form, the course is invaii;blyincircles.Thispeculiai movemerttin circles is mainlydue 
to, the wedge..lik~ s.haJre of the' body a'nd~he conical, down~dly directed, P9~eriorprolonga
lion of the. testlA similar, but less striking movement, 1$ pelformed also' by ,the solitary' 
g~ei'ation'of:'Thalia Je.ocratka~ , 
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SolitaryForm: (plate I, fig. 6 and plate IV, fig. 2).-The shape ofthe solitary form of 
Jasis zonaria is very characteristic and has the appeal'a~ce ofa wedge. The anterior region 
is flattened dorso-ventrallyand the oral opening is in the form of a slit in the anterior flat
tened extremity. The post~rior-most region is more or less rectaI)gtdar in shape, due to-the .. 
presence of strong ridges on the test. The posterior end tapers into a downwardly directed, 
short,. conical prolongation in which the nu~leus is placed. ~ The test· is uniformly hard and 
in the posterior region it is fairly thick.. The nucleus with the gut forming a dose loop is 
pure white in colour. A well developed stolon has been noticed in many of the solitary 
forms. 

There are five body muscles which are interrupted both· dorsally and ventrally, . The 
first four. body muscles are broad while the fifth is only half as wide as the others. Laterally 
the fift~ body muscle extends only up to the base of the atrial retractor and it is not in general 
conformity with the other body muscles in appearance. On the contrary, the intermediate 
muscle isof the same size and appearance as the body muscles and performs the same function. 

The oral musculature agrees with the previous descriptions. Only a single strong 
oral sphincter is pr~sent in each of the strongly- incurved lips. The dorsal and ventral 
sphincters unite at the ang1es of the very. much flattened oral opening and run posteriorly 
external to the intermediate· muscle as the oral retractor. Lying mid-way between the 
anterior end of the animal and the oralretractor, and at the angles of the oral siphon is the 
strong muscle characteristic of the subgenus, coloured brown in preserved specimens and 
opaque white in living ones. The ends of this muscle extend only for a short distance to -
the dorsal and ventral sides of the oral siphon. Metcalf has described the dorsal and ventral 
oral sphincters as interrupted in the middle line. Sewell too found no .deviation from the. 
condition described by Metcalf in the specimens examined by him. In the Madras form 
both the oral sphincters are perfectly continuous throughout their course without any 
interruption. 

The atrial musculature consists of the strong atrial retractor, three dorsal and three 
ventral atrial sphincters (plate III, fig. 6). The atrial retractor is a strong muscle the base 
of which is flattened and spreads out like a fan while the narrow dorsal portion terminates 
in five or six short branches. The first admarginal dorsal and ventral sphincters are con
tinuous at the corners of the atrial opening. The extremities of the second ventral sphincter 
projecta short distance forward after crossing the dorsal end of the atrial retractor externally. 
The strand-like erids of the third dorsal atrial sphincter approach the bases of the second 
ventral sphincter. The, third dorsal sphincter of one half gives off four regularly arranged 
br~nches which are continuous with their fellows of the 0!.her half and present a pattern 
very much similar to that of the solitary' zooid of Thalia democratica. The second dorSal 
atrial sphincter is a short pi'ece of muscle which is interrupted in the mi'ddle and the inter
ruptedends . curve· anteriorly. Each piece lies symmetrically on either side of the middle 
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lineiof tlle .. upp~; . .JiP·J)( .theatrit,lq1.,,: Tile en,ds of :the third . ~ve$ral'sphincter ·.-eattached 
. to, the,out$ide,of the mi<Wlc po!ti0nof llleat~at,~"'tractQr by Il1eaQS.ofnv.o hrancihes~. The 

dorsal atQ«l, lip i9mn&.,a triap,gular plate..,u~. ~p,Oyerthe, amal.ope~n8'.; ,'. 
· <i,Aggnpte FerGi:(piate l,fig~,7andpllttelV;. fig~~a).--Tbcl biggest~id measures" 
~7Dlm. in ·lengt.h including tl}e . anterior , andpO$teriorprojectiQm. Connectivetissue 
fibres are p~nt ~n these projections ofthemantle into !he test reaching up to the tip. These 
fib~ are more prominent inthe:Posteriol':PJ'Gj~C)JlJ ,L1Jt.e'the aggregate forms of other 
. Salps,thisJorm is.al8()"YlQ,metri~lI\aiPly'in· thelatetitshlftingof the atrial. siphon and 
the conical p~steriorprojeCti~n. . The usual eight ','It:taphment 'protuberances of. the ~ntle 

, are deatlyseen, inth~ ag~pt,e: ,indi~dualr ,.' . As ·in", ThfJl!a. ,,' clp~~a ,and in Pegea 
,confoedeT(i~~the; ariil~ge~nt is, /quii~ ,ch~ra~~fistic of,~e'spe~~., ,A,group' ,of three 

protuberances' is found at, the tip o(tlieat)t~~i~r ~antleproI~~#o.tl, ~hile another group 
of' a _si~lat"nulll~er iSl>J~ent. ~fl th~ !en~#de~t i~ePl1Se,~fi~~do.r~lyti1ted.posterior 
m,antle. prolongatio.n.. ~~ remaibing twoprotuber~ces u:e found on the mid-ventral line 
on a leveJwith:thcdntel'Space betWeen bodytrttlscles two and three~ 'This'type of dis po !Uti on 
of the mantle p~otuberances'isili accordance With the end to en.d l~ngdlWise attachment of 
the individuals in the chain cond{ti~nwhich has' heen clearly figurea by Brooks ( 1893). 

There are ,five broad body muscles wbich,with the exception of tbefirst, ar.e continuous 
across the mid~~allin~; 'They' are interfupted .'andwidelf separa:ted on~e ventral side. 
The right lateral pori ion of the'~fth body. muscie· divides into a long anterior and short 

· poster1or branches. ", . ' . 

The ,well Jleveloped inter~e4iate . muscle isc~mpQsedoftwo. muscle bands which· are 
closely, apposed togetl1er •. ' These two muscl~ band$ extend. far on the ventral side as the 

.. body musc1e$. I>o~alIYJheyexten~ only .ashortd.i$tan~., .. 

. . At the ahgle of the mouth,is tbesho~Qralreu..clct.()rwhichdivides int.o two sphincters 
going to the two strongly incutved 1ip((pla~ 11.1, fig~ '7)~ Metcalfdescrlbed only a singI~ 
set of ora.l sphincters. .Streif[( 19Q8) andS~~Rsl)owe.sJthep'resenceof another set of delicate' 
ol"alSphin,cters ~P-ad41tion ~9 the ~)Jie.d~8pribed by Metcalf.' Thi~ setofl\lphlnCters is very deIi~ ~ 

· cate and easily escap~snQtic,e. ItQrigi~t~ atthep~intof bifUfcation 9I tb.e oral retractocand 
rU,ns~sa p.di~~, continu9us~tra~4. iA the l<>;wer lip,' w,hi1e the one .~~ering the upper. lip is ' 
f~~blyd.ev;el.opedan.(e;xt~~~.oJlly fW-,ashQtt dist,an,Qc" ~i~uateq..externaUy and anterior to 

I t~,'P.oint~,bif~~1ii~p'Qf~.Qral, ,et~c;t()r~i the Short pie~ of:brown muscle band of the 
ora.l:8iphon chatact~ristic: of.(.zonaria;·· , . 

The atrial muscqlature ~Oli$i8tsbf ipair. of sir~ atrW retract~; plaeed' at the angles 
.of·~~ atriaL<>pe.ung. ThedOrsalendtt of thelse1nuscI~s 8reb~ed,(plate In,fig;:C8). 
Th~ are·. fourt; ventral. ~.na1.' .J>Iii.rotets.' , Th,' ,t.st . three .~~~., t1Wt:. oogiJw: from· ·the 6ra1 
~or. ;;The Dm ~tra1sphineter. i8~ntiil~U8: with the adoiarginal . fitilt dorsal 
spbincter. The place of origin of the.second and third ven~ 's~~ra fr~m·theoral 
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retractor is the same and . sometimes the ends of the two ·sp~ncters merge with 'each 'other 
while the fourth takes its origin a little veptraUy. ,The second dorsal atrial sphincter is not 
attached anywhere but, the two ends 'eottle in appOsition with the second veptral atrial. 
sphincter, at the angles of ' the atrial opening~ This sphincter breaks up into branches 
medially~ , 

Thalia democ.rat~c~(Fo.rsk~I}. 

'Salpa democrflt;ca FQrskil,:J77s;Brooks, I~3-;Traustedt, t893 ; 'lhle,'I9I2; 
BQnUord,"19I3:;' ' 

Salpa mucronata Forsk~l~i775; Apstein,'I894; Streiff, 1908; Ihle, i9IQ. 
stilpli democratica-mucronata Trau'stedt, :.:885 ; Apstein, 1904. 
Thalia 'democratica-m tUronata Herdman, 1888. . 
Thalia demooratica Metcalf, I9I8;Se~ell, 1926; Ihle, 19~5. 

Of all the Salps,ThaiiadernocratiCiJis, the most widely distributed. and ,abun_dant 
species. This has been recorded from, all :the tropi~ and temperate seas excepting t~e 
Eastern ~editerranea~, West Indian waters and the Pacific .Ocean north cjf Lat: 30.° N. This 
has been collected by the "Investigator" from the Bay of Berigal,many places round the ' 
Mergui Archipelago, the Mergui harbour, the Nankauriharbour, the Revello Channel and' 
other places. Menon hU observed the occu,rrence of swarnis ofthis speci~ during Sept~m~er -
and O~ober in th~ Madras plankton. 

The biggest solitary 'specimen obtained so far measured only II mm. in le,ngth excluding 
'the posterior pro~ses. Previ~us workers are agreed that the specimens found in the tropics 
are smaller. In the North Atlantic,seecimens measuring about 25 Illm., in length· have been 
reported to be. common. Sewell has attributed this deficiency in' size of the tropical forms 
to the 10w~r 4ensity of the surface waters of the tropics. 

Nothing is known' about the span of life or time required by the two generations to 
, attain ma~rity. Since thezooids were obtained insufficient numbers attempts were made 

to rear them in the laboratory tanks. . Usually the healthy specimeDS> surVived only for 
a couple of days. Though the attempts were notsuccessfuJ, the results were encouraging, 
especially with regard to the rate of growth of the chain forms. ,It is well known that the 
stolon in 'the solitary forms.contains from three to four blocks of aggregate individuals when 
the distal block is ready to emerge from. the mantle. cavity to the exterior~ . It \vas found 
when re~red under laboratory conditions that the individuals in the distal block mea$uring 
abqut 29Q 'microns in length grew to a size of about 1,0.10 microns ,overnight. Next day the', 
chain often got detached. from thepar¢nt- while sometimes 'it :was ,found still attached to' the 
mother. The signifiC.!plt fact is that theg..owth of T.de1lJCiCr.atka seems to. -be very rapid 
under tropical. conditi01l8. . 
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Solitary Form: (p1ateI, fig.'S and plate IV, fig. ·3)."":"~Thesolitaty form has a barrel
shaped· appearance. witb.the test covered utlifornily by' numerous minute denticulations. 
The posterior end tapers into a ventrally directed short .. prolongation which ends in two. 
·short; pointed pro.cesses. Two pairs of tapering processes of the test are present on either 
,side ofihe median process. The anterior ventro-Iateral pair is very short when compared 
with the posteriorly ~itllated dorso.;.lateraLpairwhich.is nearly a thirciof th~ length of the 
individuaL' . 'On either side of the atrial ope,ning· is a pair: of flattened prolongations. All 
the eight prolongations of the test are also. covered by deil.ticulatioli$. In the very young 
solitary forms the 'paired processes ,have a leaf-like'appearance., 

. - - . . 

There, are five body muscles arranged in two groups. The anterior group is composed 
or the first, second and third body muscles which meet in the mid.;dorsalline .. The pOSterior 
second'group consi~tsoHhe remaining two body muscles· which also meetinthe mid-dorsal 
line. The body ~uscles, like the muscle Qands of Doliolum, are continuous throughout 
and are in theform of hoops. ' 

The intermediate, muscle is also well'developed and is ,continuous on the ventral side 
'but is interrupted dor~any.' This muscleresemhles the body mu~cles in size and disposition~ 
Its plac~ in the wo~king of the oral aperture appears to be taken by the very strongly 
developed seco:ld oral·sphincter of the upper lip. ", , . 
. The strongly developed oralretractor'dividesinto three branches anteriorly (plate III, 
fig. 9). The dorsal branch runs as the admarginal fust&phincter of .the upper lip which is 
interrupted ,on the dorsal side.· The Iniddle and the ventral bl'anches run as the second and 
,third sphincters of the lower 1ip respectively. 'The ends of, the, admarginal first sphincter of 
the lower lip extend up to the anterior branched portion o~t.he oral'retractor. Thestrongly 
developed second dorsal sphincter, at the region where it crosses the oral retractor, gives off 
an anterior small branch which is continued to the lower lip as the fourth sphincter .. The 
main posterior broader branch extends ventrally. Tb,ehomology of this branch is uncertain. 
Streiff regards this as· one of the two djvisions of the intermediate muscle, while Metcalf 
compares it with thevent;ralextensionof thepost~riordorsallip sphincter of Cyclosalpa. 

The dQrsal horizontal muscles are present in' the usual place between thl'! intermediate 
muscle and the second dorsal oralsphinctei. 

The strong a~dal retractor is connected with the broad third dorsal atrial sphincter ind 
wi~ha ~entralbranch whi.ch divides to form the first and the third ventral atrial ~phincters 
(plate IIl,fig~ Io)~:Anteri~r to this there is anotper str~ng continuous band representing 

, . the broad fourth dorsal atrial sphincter and the second ventral atrial sphincter. The first 
'. and second dorsal atrial sphincters are.verysmall and their bases are joined together. Three 

concentfic, horse":shoe,shaped musc\esjointhe first4Qrsal atrialsphi-Dctei in the mid-dorsal line. 

Aggregate Form: (plate I, fig. 9'and.plate'IV, fig. ,3).-----Activ:e chain forms are 
frequently obtained when the aggregategenerati()ns appear in large numbers. ., Like other 
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species of Salpidae, the aggregat~ zooids of this species are also slightly asymmetrical and 
possess two forms depending on the side occupied by the individual in the chain. The, 
asymmetrical nature is more pronounced in the slig~ shifting of the atrial opening and the 
mantle protuberances. The body is roughly oval with the test tapering at the ,posterior 
end into a denticulated prolongation. In young specimens the posterio.r pl."olongation of ' 
the test is short and increases in length according to the~ge of the individual. 

The individuals in a chain are held. togethe~ by processes of the test intended for attach
ment, with prolongations of the mantle extending~intothem (plate I,fig.u). Each aggregate 
individual has, only eight such protuberances for attachment situated on the ventral and 
lateral sides (plate I, fig. 10). This is naturally accounted for by the fact that the individuals 
are arranged side by side in a row and the two rows are apposed together by tlieir ventral 
sides. In the Madras forms' the number of these processes is constant and no variation 
has been noticed. The figure shows the disposition ,and relative si~e of the processes 
for ~ttachment on an individual taken from the right side of-the chain. The processes for 
attachment on the individual on the left side are a mirror image of those of the individual 
on'the right side. When an individual gets detached from the chain there is a tendency for 
these prolongations, especially the smaller ones situated on the ventral side, to disappear. 

, After some time the bigger anterior and the posierior pr~cesses alone persist. 
Metcalf says about the specimens of, Thalia' democratic a collected from the Atlantic 

coast of the United States that "there are but few tubular protuberances of the mantle 
into the test. If there are others they are generally weakly developed". Evidently his 
specimens were detached individuals of the chain form collected after a lapse of time when 
the smaller of the protuberances had begun to disappear. On the' contrary his Phillippine 
specimens showed "more numerous and much more developed mantle protuberances ". 
His figur~ of'thls form shows only eight such processes. This will be the typical condition 
of the protuberances when the aggl"egate'individuals freshly detached from the chain condition 
are examined. But his figure shows all the protuberances as arising from the sides which 
cannot, be the case as has already been explained. Sewell too says, "most of the Indian 
examples' that I have examined show a very distinct approximation to the Philippine 
type" of Metcalf. "In these individuals the mantle sends out a number of tubular pro- , 
cesses into the test (his figure shows only six) but the actual number of such processes appears 
to vary very considerably" and he concludes by saying that "were a sufficient number exa
miq,ed, all intermediate ,stages between the typical European form and the Philippine form' 
could be traced" even though he could not find any difference in the musculature of 'these 
forms from the normal specimens. 

NorD;lally T. democratica, when in the actual chain condition will have only eight pro
-tuberance's of the test for attachment. An individual is con~ected with the adjoining indi
vidual of the chain by meallS of two process~. ,Each individual in a chain is in contact with 
four of its felloWlS and thus all the four pairs of processes are engaged. 
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There are four, body·· muscles continuous d()rsslly but interrupted' and . widely- separated 
ventrally~ T'hefirst threeOOdy muscles are joiIi¢d together in'the rnid-d()1'Sal line. The 

. fourth body muscle gives off'a thmbranchextendihg U}) to thebaseoftheatrial opening. 
The well developed intermediate muscle is composed of- an anterior and a posterior 

di¥ision(plate ]H,fig~' II). ,The postetjQr one, after ~rossingthe,or;tl retractor, runs 
upwards and baokwards for aihort,distanqe while the aIiteriorstopsat ~ region of the oral 
retr.actor. The strongly ,developed third sphincter,of the upper lipjoins.the anterior branch 
of the intennediate muscle., • 

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

The short oral retractor divides into four branches which are continued as the first, and 
. the ~econd dorsal oral ~phinctersand the 'first andth~ third ventral oral sphincters (plate III, 

fig. II). The second and the fourthventr.al oral sphincters are independent and are united 
at their bases at the corner of the mouth,. 

. . , 

. The atrial ,musculature consists essehtialiYQf three dorsal .and three ventral ,sphincters 
(plate Ill, fig. 12). The atriaLtetractor gives off three branches which are continued as the 
first and the second dorsal atrial sphincters and the first ventr~ atrial sphincter. The third 
dorsal atrial sphincterendsabrup,tly on the right side near the oral retractor while on the 
left side it divides into the secondandthethird ventral atrial sphincters. These two sphinc
ters on the right side fuse together and ~ltimately,join the oral retractor of the right side. 

Pegeaconfoederata (Fors'UI) . 

. Salpa confoedtrata ForsHl, 1775; Apstein;. 1894; Streiff. 1908; Ihle. 1910; 
Bomford, 1913. 

$alpaquadrata Herdman, 1888. 
Pegeascu#gtro-cQtifoederataTraustedt, 1885; Herdman, 1891 Apstein, 1904; 

Oka.191 5· 

'Pegeaconfoederato, M~tcalf, 1918; Sewell, 1926. 

Previously this' species has been recorded from the Arabian sea, the ReveJIo Channel, 
Preparis North Channel and other places in the Bay of Bengal. Next to Thalia democratica, 
Salpacylindricaand Yasis zonaria, this is the COmmonest fonn occurring in the Madras 

. plankton. The occurrence of numerous ,dead specimens of Pegea confoederata, comprising 
mostly the a~gregate form along the Madrllscoast on the 12th October, 1943 under very 
abnormal conditions is worth recording here. Madras experienced very heavy and c'ontinuous . 
. rains . for about a week during the preceding days and this resulted in the c()mplete 
flooding of the city on the loth ,and the nth ~f October,i943.· Due tathe draining of this 
waterby theriverCooum, the .sea was discoloured to a great extent and the salinity very low. 
Probahlythe current setup in the sea by tIle 'flow of large quantities of waterfr~m the flooded 
city along the overflowing'Cooum and the very low salinity of the sea water IIiight have been 
the reasons for the occurrence of large numbers' 'of stranded speCimens alorig the Madras 
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coast.,.TJUlYeol1eQtion~cO~ists,QftWobundredanc1~il'tytbree aggregate and seven,solitluy 
individ~als, an4a ~rylong "cU,.in. iotl1l C(,lmpo~d of s~l aggregateindividu~ (p~te ' IV, 
fig. 4). oPe aide of a .beauUiulchainC;:()Jlditioo Qf me~-sized. aggregate individua~ was 
obtain~,fr~mi~side,the,Madr.isharbour on ,4th Octo~rJ '1935 ,(plate IV, fig.S). 

Solitary Forin ; (plate II, fig. ,I).-The solitary forms are repreSented in my collectio~ 
by twenty nine -specimens(inclu~lig the specnnens collected on the 12th oCtober, 1943) of 
.which thirteen 'are embryoS. The biggest ,specimen' from'thetownetcollection of 15th 
August, 1939, m~SUl'es So Dim. ' 

The scarcity of the solitary generations of P. con!oederata·in the sunacewaters' has been 
emphasised by: all prmou8 ~~rkers onSalpidae. ',The "Investigator~' collection contmned 
thirty' individuals including. the . embryonicfornrs. 'The Deep Sea 'Expedition, collected 
twelve individul!ls, while the" SiJ:)oga" Expeditionl'ecorded only a single specimen. Ritter 
(quo~ed" by Metcalf), , after' examining thousands of-Po confoederata" got only two' solitary 
individuals. 'Met~aIf'sexplanation for thescatciiy ,of the solitary 'generation, that they lie 
deep in the sea throughout the year and never come to the sutface, seems to be plausible. 
The suggesti()n that the solitary iridividuals' may ,be much more ,abundant in the 4eeper 
waters iss~pported by the data of collection of the previous ' authors. ' 

Thetwogenerations'of P. con!Qeti~aiadiff.er very little in the mus.culature,and general 
features. The nucleus'in the aggregate form occupies an "extreme posterior position with 
avery thick covering' Of test round it, whae iii the solitary 'generation it is placed on the 
ventral side attwo-:-thirds of the length' {rpm the anterior end. 'Fhrther the presence of 
the.>protuberances for attachment in the aggregate individuals enables Ug to distinguish 
them easily from the other generation. , 

, There are 'four body muscles oil the dorsal side whicJi do not extend laterally. The first 
and the second body muscles join together in the mid-dorsal line. The middle portions of 
the third and the fourth body musetel! approach each other 'Very 'Close but do not join. 

The intermediate muscle' is 'composed of an anterior and a posterior muscle band and 
theperipharyrigeai groove runs between these two: bands. The dorsal end of the anterior
muscle band is continuous with the posterior end of the dorsal horizontal hand. 

The oral musculature consists of the oral retractors situated at the corners of the mouth, 
and each is compo~ed of two muscle bands, a dorsal and a ventral (plate,IIi, ~g. 13). The 
dors~l oral'retractor divides anteriorly ,into two branches, the ,dorsal of which is continued' 
as the first sphincter 'of the'lower lip. The dorsal branch of the dol'$al oral retractor, gives 
off. a short branch which runs for a ,short distance along the'margin of,the upper lip. The 

, ventral branch of the dorsal oral retractor is eontinuedas the second sphincter of the ,lower 
lip., The ventral oral retractor is continuous with the' O~y completespbin~t~r of the upper' 
lip and also with the third ,sphincter of the'lower lip. As Sewell has,pointed out the oral 
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. retractor varies considerably indifferent:' individuals., Such variation has been observed also 
in the sameindividuaf. Inone of the specimens in the collectiQIlthe. p~terior end of the· 
dorsal ~l retractor of the left side is brancJted into two while that ofthe right side is normd. . 
In another ~pecimen the right dorsal oral retractor is branched into three while the l~ft has 
only two branches. 

, The ,atrial musculature is rather complicated and consists Q( two sets, namely, a basal 
set and a distal set composed of the atrial retractors'and sphincters (plate HI, fig','I4-). The 

'basal set· consists of ,a dOrsal band which appears branched .·owiIig to the origin ··of another 
strand from near its middle, and ave!ltral muscle band. Sewell suggests that these two 
bands.'might have been continuous in the Jiving conditIon, but broken uJ> into bits when 
kil1~d. Similarly, he also suggests that the small bit of muscle lying anterior to the ventral 

I .' ,,' 

band of the basal set might be a bro.ken retnnant of the fourth bodYinuscle. These two 
suggestions requireconfirmatiQn.The distal set consists of three atrial sphincters of the 
upper lip and the three ventral sphincters of the lower lip. Thethree dorsal atrial sphincters 
ate coimected with the atrial retractor. The third dOl'salatrial.sphincter is not co,ntinuous 

. on the dorsal side. The firstventrafatrialsphinct:er also joins the atrial retractor while the 
second crosses it al1d proceeds for a ·short distance dorsally in the form of ~ fourth dorsal 
atrial sphincter. The thirdventralathals.phin~er is confined to the ventral side 'and does 
not approach the atrial retractor. ~, 

In most of the specimens the placenta was present em the ventral side just below the 
nucleus as an oval disc. This suggests that the specimens are still Y<lung though the stolon 
has II\ade its appeariince round the ~ompact nucleus. . 

Aggregate Form: (plate II, fig. 2).-Thebiggest of the specimens obtained from 
the collection of 15th August, 1939 meain:lres 60 mm; The musculature of the aggregate 
~ooid closely resemb~es that ofthe solitary one. The four usual body mucles are. present 
on the~orsal side in two groups. In 'thisfonn; unlike the solitary ge~ration, the third and 
the fourtl1 body muscles meet dorsally. 

The intermediate muscles as we1hs the oral musculature of this form are similar to those 
of the solitary zooid. 

The atrial musculature is different: The 'atrial retractor is contin~ed on the dorsal 
side as the broad third atrial sphincter, which is interrupted on the sides (plate III, fig. 15). 
Lying at the corners of the atrial 'opening and in contact with the atrlalretractor is a strip of 
broad' muscle' which divides dorsally into two. branches. The posterior branch .runs as the 
first dorsal atrialsphincter,which again,like the third sphincter, is notcontinuo,us, but broken 
at the sides .. The anterior short branch:is the<second dorsal atrial~phincter. This sphincter 
is incomplete on the dorsal side andexten~80n the sides fora shott distance only. The first 

. an~ the second ventral sphincters arise from a single toot at the JUllction of the atrial retractor 
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with the dorsal atrial sphincters. The third ventral sphincter crosses the ventral end· of the 
atrial retractor internally and approaches the fourth body muscle, but does' not join it. All 
the ventralatri~l sphincters are continuous. Anterior to the third ventral sphincter lies 
a muscle band which is morphologic~lly the posterior branch of the fourth body muscle. 

The test in the region of the nucleus is very thick and hard. Each individual carries 
anlya single embryo on the.right sidebetween.the third and the fourth body muscles .. All 
the specimens collected here possess eight protuberances for attachment, four on the sides 
near the ends of the first and the fourth body muscles and the other four on the ventral side. 

Traustedtia multitentaculata (Quoy and Gaimard). 
Salpa henseni Traustedt, 1893 ; Apstein, 1894. 
Salpa muititentaculata Ihle, 19II ; Bomford, 1913. 
Traustedtia multitentaculata Metcalf, 1918 ; Sewell, 1926 ;, Ihle, 1935. 

Solitary Form: (plate II, fig. 3).-,-It is well known that T. multitentaculata is a very 
rare form and so 'it is not surprising that a single specimen of the solitary zooid alone 
was represented in the Ma<iras collection, even though many plankton samples were examiped. 
This species, like Brooksia rostrata, is apparently a very casual visitor to the Madras coast. 
The single specimen was obtained from the plankton collection mad.e on the 27th September, 
1940 • It measured about 12 mm. in length excluding the tentacular processes. The preser
vatiqn of the specimen was unsatisfaCtory; for the test had become white and opaque, and 
the muscles in the vicinitY of the atrial opening including the atrial sphincters were broken. 
The "Investigator" collected six specimens of this species from the. Nankauri harbour, 
the Revello Channel and the Laccadive sea and also a fair n.umber of the aggregate forms. 

The shape of the zooid is m~re oval than spherical with a slight compression of the body 
dorso-ventrally. The nucleus is spindle-shaped arid is placed vertiCally at the P?sierior end 
and projects on. the ventral· side much beyond the general. contour of the body with a fairly 
thick covering of test round it. 'On the do~so-lateral side· a pair of crests is formed by· 
thickened projections of the test.' The crests are coarsely toothed on .the free edge. The 
anterior. part of the test of the ventral oral lip also bears a row of teeth: Metcalf (1918) 
and Oka (1921) des,cribe the presence of thirteen tentacular processes in the solitary form of this 
species. But in the specimens occurring in the Indian waters, Sewell has noted only nine such 
processes and considers this variation as of geographical nature only .. In the single specimen 
of the Madras collection also only nine tentacles have been observed. Only four of these, 
namely, the anterior ventro-iateral pair and the posterior ventro-Iateral pair are long and 
con,tain tubular prolongations of the mantle into them up to the tip. The anterior Pair is 
about the length of the body while the posterior pair is about one and a half times longer. 
The remaining five tentacles ,are mere WDular projections of the mantle jnto the test and do 
not pass beyond the general outline ofthe body. A pair of tubular protrusions arises on the 
dors'al side from near the fourth body muscle and projects into the posterior end of the dorsal 
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crests. ,Another pair ispresen,t at.theJliigleOf,th~;atiial()penin~. ,The$e two pairs are very 
small and, barely -noticeable. ,The m,edi~ u~p~e~t p~otrusion takeS its : origin from, behind 

" the middle portion of the nucleus: and pU8esvertiQitiyupwardIJ,~: ~~minati!llg n~ the border 
itf the'teSt on'the c:iorsa1sic1~ A fairlyweU developed stoioh. isp~e~ilthl the specimen. , ' 

There are five, body musCles W:hich occupy rinly th~" dorsal side of the animal.. The 
first three form a group,and are~ conlpleteJyfusedtogetbei medially,- 'This group of body 
muscles' has the appearance ()f a single mus~, ban", witbthree branches at thi endIJ. The 
fou.rth ~dj musckafdle,sides gives, of[ a.mati pqsterior brancb which 1)JpS, '~~wards t(' 

, the b~. of lAe atrial' openi.llg~ l'his branch" wJ:tere it cross~ the fiftl;lbodymuscle, ,divides 
" in,to two, the dorsal of whichtuses with its f~Uow of t~eotheJ."~de t~t:fotm a coo;ttinuous band' 

at the base of the ' attial ~jp~on"while tbeventralbran4 'rut,\s 'towar4athe visceralm~ss. 
The fifth body muscle is aituated verylIear ~ atrial Qpe~ng. Nett,the ~orner oJ the atrial 
opening this muscle,sends off a small'pOstePor branch which ruil$ towards the bases ,of the 

, atrial spliincters·(plate III, fig. 17).' ' , 

The'intermediate 'Di~scle is a short strip lying inside, the oral.retractors~ 

'rhe hori20ntal m~scle is thin and very s~11 and lies ai'the',do~,end of thejnter ... 
mediate musclea1()ng the peripha,ryngeal groove;,,' 

, Two' short ,oral retractors are present· (plate UI,fig. 16). The dorsal oral retractor 
di,vides into 'three branches ; the fir.st running as~e'incompl~te! short, first dorsal sphincter, 
while theremaiiling:two branches,run as; the first and second ventral, sphincters. Both these 

, sphincters'are C€?ntinuo~s from side tosicre and their bases ,are united [orsonie length. The' 
first ,ventral ,sphincter 'is well devd9ped while the ,second is a thin: strand' of muscle fibres. 
The ventral' oral retractor gives off ,two, branches ,which, run as the second dorsal sphincter 
and the tblrd ventral ~phincter. ,These two sphinctersareinteirupted medially and-appear 

, as short ,stUmps from: the sides. ,Owing ,to the bad state . of the specimen bleod' sinuses 
, connecting the ends, of ,these sphincters could not be made out~ " 

Arising"close to thedorsalbrancli of ,the pOsterior division Qf the .fourth body muscle 
is'the short and weakly developed ,atrial' retractor, whlcl:t runS' upwards to the comer of the 
amal ~p~ning (plate, III, fig. 17). ,Due to the uDSlltisfa9lory pr~~ation()f the specimen 

", the atrial sphlncterswere detache4from.the atn.alrettactor, and so the origin or-the ~trial 
sphinct~rs from the atrial rettact.or could .no11 be made out. There are two <lorsal atrial 
sphinci:ers the admargirialof which ~s well developed and, strorm,: while$e second isde1i~te ' 
~nd weakly qeveJoped. , The ends of these: two sphincters are united for a short distance. 
There are t,bree, ventr~ atrial sphincters: of ',wluch the ,strongly.de~e,loped admarginal is 

, continuous' with 'the bases ()f,the fused d?rsai 'atri,al spbinct~rs at, tliecorners' of the atri81 
opening. Like the second dorsal sphiri~J:' the 8~cond ventral i~:atso' very thin ' and 
approaches the 'atrial i~tractorat the sides.' the thirdsphincteiis: coMned' to the median 
x:egion of thc;ventrallip and does not approach the cornersoftheiltrl81 bpening. 
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-GROUP SPHAERODA'EA. 

Salpa maxima. ForskHI. 

Salpa maxtma Forskij, 1775; Apstein,' 1894; Striff, 1908; Ihle, 1912, 1935 ; 
Metcalf, 1918 ; Sewell, 1926. 

Salpa ajrica1!a Forsk£1, 1775. 

Salpa ajricana-maximaTraustedt; 1885 ; Herdman, 1888; Apstein, 1894. 

Aggregate Form: (plate II, fig. 4}.-Only the aggregate individuals of this species 
have been collected from the Madras coast. The" Investigator" got -only two examples 
of the aggregate. zooids collected' from the Laccadive' sea. So this is the first record of the 
occurrenceofSalpa maxima inthe-Bay of Bengal. Evidently_ it knot a very rare species, 
for, as many as thirty-seven specimens of the aggregate zooids have been collected from a 
single plankton collection. But it is curious that neither the" Siboga" nor the "Valdivia" 
has as yet obtained this specimen from the Indian waters while the "Investigator" -got 
only two specimens from the Arabian sea. 

Almost all the specimens in the collection are of the same size and they measure about 
10 mm. iticluding the mantle protuberances. The zooids are asymmetrical especially in the 
lateral shifting of the prolongations' of the mantle. . -

There are six well dev~loped body muscles arranged in two groups, one consisting of 
the anterior four and the other of the re}llaining two body muscles. The body muscles -. 
of the first gro~p are fused together medially on the. dorsal side." -The first and the second 
body muscles are fused for the greater part of their length. Similarly the two body muscles 
constituting the posterior group are also fused dorso-medially. All the body muscles extend 
well on the ventral side. - The sixth body mu~le gives off a branch at the sides. The two 
branches of either side curve round the corners of the atrial siphon arid sometimes meet 
at its base close to the dorsal side of the n~cleus. 

The intermediate muscle is well developed and is present in its usual place on the sides. 
The horizontal muscles are comparatively small. 

A strong oral retractor Is present at the corner of the oral ope rung lyirtg internal to the 
intermediate muscle (plate III, fig. 18). There are three dorsal oral sphincters on- the upper 

. lip, of which the third is well developed and is also supplied with a fe~ strands of muscle 
- fibres from the intermediate muscle~ Similarly, the usual three sphincters are also present 

on the ventral lip. . The first and second of these run very close together. All the sphincters 
are 'continuous and origirtate from the oral retractor. . 

The atrial musculature consists of an atrial retractor and four or five pairs of atrial sphinc
ters running to the upper and l,?werlips of the atrial opening. The first pair of sphincters 
is better developed than the rest .. 
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Salpa maxima var •. tubetculata Metcalf .. 

Salpa m~xima var. tuberculata Metcalf, 1918 .. 

Aggregate Form; .(plate II, fig. 5).~This variety was created by Metcalf in 1918 
for the reception of the aggregate zooid of a Salp, the solitary g~neration of which has fi(\t 

• yet been discovered. Previously the variety has been collected from thePhiIippine sea .. 
As the" Investigator "Expedition did not get any specimen of this variety the occurrence 
of this variety in the Bay'of Bengal is.recorded here for the first time. In the Madras collec
tion the variety is represented by only four specimens of which the largest caught in the. 

. . 

plankton of the 18th January, 1938 measured 85 mm. including the anterior and the posterior 
prolongations of the test containing mantle protuberances. Two distinctive features, namely, 
tJie elongation Of the anterior and posterior'asymmetrical mantle protuberances approaching 
~he condition found in the aggregate zooids of S. fusi/ormis and the. presence of two, thick 
and rounded areas in the test with ttiangular spines OR them on either side of the atrial siphon, 
distinguish the variety from the specits. All the other· charac~ers, especially the' musculature, . 
resemble those of the species, The test round the nucleus is considerably thick and hard 
while it is soft and thin in the anterior region. The largest speci~en contained a fairly 
well developed embryo (plate IV, fig. 6) . 

. Salp~ ,Cylindrica Cuvier. 

Salpa cylindrica Traustedt, 1885; Herdman, 1888 ; Apstein, 1894 ;.Ihle,19Io ; Bomford, 
1913 ; Oka, 1915; Metcalf, 1918 ; Sewell, 1926. 

This species is one of the most common Salpidae in the Madras plankton next to 
T.democratica. 'rhe" Investigator" collected many specimens of this species, mostly 
from the Burma coast, the Nankauriharbour'and the Revello.Channe1.of the Andaman sea. 
~he aggregate zooids occur more abundantly than.. the solitary ones and. chain forms 
were obtained from the tQwnet collection made on the '2lst October;. 1942. The sol1tary 

. form often ha~ the tendency. to shed its test under extremely unfavourable conditions. 
- . . . . 

Solitary Form! (plate II, fig. 6).~-The biggest specimen obtained measures 45 mm. 
in length.. The test is very thick and hard 'withprominent ridges on the ventralside~ 
The test on the dorsal side is thin and soft. Only nine body muscles have been.observed 
in the specimens coW~cted so far excepting the. single specimen obtained from the plank
ton ~ollection of the 15th April, 1943, which had ten body mu.sCles. sewell obtained several 
exa~ples posse~ing ten body muscles and showing considerable variations in the. nature·. of 
conne'ctiort between the first four bodymusc1eson the dorsal side. In the Madras specimens 
the fil'st four body muscles are invariably sep~rate from one anoth.er an~the intersp~e 

between them is about. half the width of the body mustles. In a few .cases the first and the 
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" second body muscles meet dorsally. This tendency for the tirst four body muscles to remain 
. separate is probably a step towards the condition found in Salpa maJl-ima. ·The fusion of 

the first four body muscles is subject to variation and cannot be taken as a distinguishing . 
characteristic of the species~ 

There is an intermediate muscle associated with the oral musculature and lyi~g internal 
. to the oral retractor. 

The oral .musculature differs considerably from its. description given by Metcalf and 
Sewell. Metcalf described only two. dorsal' and two ventral oral sphincters. Sewell noted 
in two specimens of his collection another dorsal· oral sphincter, . which, in one specimen, 
was interrupted dorsally. In the Madras specimens three dorsal and three ventral oral 
sphincters have been noticed (plate III, fig. 19). The oral retra~tor, after crossing the 
intermediate and the third broad sphincter of the upper lip, 4ivides into five branches.". The 
first two branches are very thin and run as the first and the ~econd dorsal sphincters. The 
admarginal first dorsal sphincter is interrupted dorsally .. Sewell has observed this condition 
in the sec~md dorsal sphincter of one of his specimens. The broad third dorsal sphincter 
is continued ventrally for a short distance only after crossing the oral retractor. Theremairiing 
three branches of the oral retractor run as the three sphincters of the lower lip. The cours.e 
of the first. ventral sphincter' is interesting and escapes notice easily unless dis$Ccted and 
examined carefully. Immediately on arising from the oral retractor it makes a very sharp . 
turn and runs closely below the second broad ventral sphincter. Throughout its course 
the first sphincter is completely covered and hidden by the second sphincter .. All the ventral 
sphincters are continuous. 

. The horizontal muscles are present in the usual place between the intermediate muscle 
and the thi.rddorsal·oral sphincter. 

The well developed atrial retractor starting anterior to the ni.nth body muscle, after 
crossing it, gives off about twelve dorsal and ventral atrial sphincters of which the first pair 

'is prominent, well developed and usually in contact with the ninth body mu'scle at the sides. 
The second pair is slightly smaller than the first and the rest are thin strands of muscles. 
The ninth body muscle gives off a small branch to the' posterior side. The two branches 
of either side extend as far as the mid-:-ventralline, behind the nucleus. 

Aggr;:egate Form: (plate .II, fig. 7).-The test in this zooid also is hard and roughly 
rectangular in shape. There is an anterior and a posterior hollow conical protuberance of the 
body into the test with connective tissue fibres inside them. The five body muscles are 
in contact· dorsally, but are separate and interrupted . ventrally ; The fifth body muscle 
gives off on either side a posterior branch. which, after passing along the sides of the atrial 
opening, is continued on the right side to the base of. theattjal . siphon where the two 
sometimes unite to for~ a single broad band and enter the posterior protuberance. 
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'. The horizorita:l" mu~les situa<ted very near the tmrd d~al oral· sphincter ate, Small. ' "

.. ' The' int~imediate muscles' arep1a.cedventral,ly below ,the oral opening artdtheir anterior 
ends ,are situated at the bas~ of the anterior protUberance of the Dody<" '- ~" , . , 

The oral mUl~cuiature is rath(!r complicated. The oral retractor is 'Yell developed and . 
. Consists of an anterq-'Ventral group of muscle fibres supplying all the three sphincters of the 
upper and lower lips and of a few postero-dorsal strands which run to~he first a~d the second 
sphinctel".8' of the upper lip and the first sphincter of the lower lip(plat~ III, fig. 20). Except 
the s~cond dorsal all the sphincters are continuous. The third dorsal and the second and . the 
,third 'ventral, sphincters are well developed while the other oral sphincters are only weakly 
developed. , 

The well developed atrial retractor takes itlJ origin from very near the fifth body muscle, 
The retraCtor gives off about four or five sphincters to each lip' of which the' basal oneS are 
, better developed. 

CYCLOMYARIA. 

The gonozooids of the genus Doliolum have been recently classified into four sub- ' 
diVisions by Garstang (1933) based mainly on t4e course of the alimentary canal. The four 

,subdivisions are Doliolina, Dolioloides,Dolioletta and Doliolum ; this classification is 
followed in this paper. 

In the Madras plankton two types of gonozooids, one belonging to Doliolum and the 
other to Dolioletta have ,been noted;. In Doliolum the alimentary canal {omls a wide dextral 
arch round the cloacal floor with the anus parietal on the right side. In Dolioletta the ali
mentary canal forms a close, dextral 'coil in the middle of the cloacal floor with median anus. 
Two kinds of gonozooids or " Nurse Forms" have also been '(.!Ollected on many occasions; 
sometimes along with the gonozooids. 

Doliolum denticulatum Quoy and Gaimard. 
, . 

Doliolttm (Dolioletta) denticulatum Herdman, 1888; Neumann, 1906 ; 
. Garstang, 1933. 

This speCies is recorded for the first ,time from the Bay of Bengal. The biggest gonozooid 
so far obtained; measured 4 mm. in length. The transparpnt body isbarrel~shaped with the 
oral an4 atrial openings at the "extremities," As1,lsual. twelve. lobes are present round the 
mouth and ten round the atrial opening. There are eight muscle bands in the form of 

, ,), 
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/hoops'Of wbichthe antenor and the posterior ones a~ liS theotal and the atrial spb-incters 
respectively (plate II, jig.8)~ The stigmata are arranged in two rows and 'the branchial 
septum takes its origin dorsally from the second. muscle· band. The septum runS . postero
ventrally,and on.a level with the fifth muscle bitnd and the stomach, it curves and runs 
anteriorly and. is attached. ventraily near the thii"{!·. muscle band. The ventrally placed 
short, straight endostyle extends from the second to the fourth rilUscle band. The alimentary 
canal forms a wide dextral arch round the cloacal floor with the anus parietal on the right 
side .. The hermaphrodite reproductive organs are placeci ventrally in the coil of the alimen
tary ·canal and consists· of a rounded ovary and an elongated testis. The testis takes its origin 
from very near the ovary and runs horizontally extendi'ng up to the' second mus~le band. 
The heart is placed ventrally close to the oesophageal aperture. The dorsal ganglion is 
placed in the interspace between the third and the fourth muscle bands, but nearer the 
latter. 

Dolioletta gegenbauri Uljanin 

Dolioletta (Do/iolum) gegenbauriUljanin, 1884; Neu'mann, 1'906;' 
Garstang, 1933. 

This species also is recorded for the first time from the Bay of BengaL As Garstang 
has pointed out, the difference between Dolioletta tritonis and Dolioletta gegenbauri is negligi
ble and the ventral attachment of the branchial septum in front of the fifth muscle band in 
D. tritonis insteadof on the fifth muscle band as in D. gegenbauri, cannot be taken as a specific 
character. Garstan~ is, therefore, c6rrect in regarding D. t~itonis as a synonym of D. geg~n
bauri. In Madras both the varieties have been taken from the townet collections. The 

• • . I 

gegenbauri-like form is very rare while the tritonis-like form is the most abundant of the two 
Doliolum recorded in this paper and the swarms of gonozooids met with in !he plankton 
collections were composed invariably of this form. Huge swarms of the gonozooids of this 

. species·were also present in the plankton collection made on the 29th JUly,I94I. 

The biggest gonozooid obtained measured 7 mm;, in length. The characters of D. 
gegenbauriare the same as those of D.,denticulatllm except for a few differences in the dis
position of the internal organs. Thealimentary canal forms a close dextral coil inthe middle 
of the cloacal floor and.the anus is median. Unlike D;' denticulqtum the testis is very long 
and proceeds, antero-dorsallyalong the left side and extends as far as the secJnd muscle' 
band. In some specimens the testis, after reaching the second muscle band, takes a sudden 
turn and continues its course backwards (plate IV, fig. 7). The branchial septum is attached 
dorsally near the third muscle band extending backwards as far as tbe sixth muscle band 
and is attached ventrally on, or in front 'of, the fifth muscle band. The anterior. and the 
posterior ends of the endostyleextend mid-way between the interspaces of the muscle 

4 
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·b(~.tw~ to tl1ree~d four to' five i'eapeetiyeIy.,'<The dorsal.ga~ itlsituatedneater the 
. third 'll\US~ band,posteOody.,,' ' " , 

, ' , ",' , .~ NUR~E.J;"01lMS~ ';, 

, With our' present knQ'Wledge a prope~ 'COI'1'elatiOJl Of the, :ootooids ,with the gon.ozooids 
, is impassible a,ndpt'actically no.3,ttempthaa. been ma,d~inthi8diredionprobably due ,to 
thedifticultiesencourite~ed:in,8uch.attetnP~., . c' ' 

. . ... 

Two types 0(" Nurse Forms'~ are CoInmonly m:et 'With in the Madtas plankton and " 
are e'clsily distinguished lpun ea.clt oth~r by ,their 'relativ~sizes(plate IV~ -fig. 8)~ One is very 
broad and long and meaSures 10 m.m., in ·length' aridSI'Ilm.' in 'breadth while the other 
isvetY~W' ~nd in~uresIZmm~'longand2 Utm. ,'broad.', The rulrrow"Nurse'Forms" 
are the mostcomtnon in the to\Vnet collections. Both die forms have been ~oted to occur 
in swarms 'and' so~etilile8'along With·the,g~.nazooids .• ,'Of,theus\ial,nine muscle ba~dsthe 
anterior ~n4 the pOStetioron.es are very narrow. The other musble bands ,are very br.oad 
.and the edges are ~ly cloSely ,appt()ximated, but 'do not , ccune into contact.' The m~sculatUre,' 
approachesthe~oloI'llyonic,conditioti:, Thethitd and the .f()~rthinusde bands are ~lightly 
broader than the rest~'The seventhmuscle,·'ban4 is iilterrupted-dorsaIiyand the ~nds are 
continued into. the,ba~kwardly directed~a()ph~e. ," The, ganglion, is situated between the 
fourth;lnd; the fifth musclebands~' " " , 

" SEASONAL OCCURRENCE: OF' THAJ. .. IAcEA ON THE 'MADRAS 
' , " 'COAST •. : _ ' 

ThephySic(j~chemical coIiditi~ns of dleMadraS w~tei'tihave n~ been investigated ' 
Satista~~i1y. In the absence of. stich d~niteinfonnationwltichiS'very e~ntialfor a work' 
Clfthis' kiRd; the cottelation« the occurrenooof 'i'haliacea with the bydtographica:lconditions 
oftbe coliStal'waters' o(Mlldrasis impoSsible. Further" a~hasalr~dybeen mentioned, 

'the-:ruetho<b emplt;~d for plankton reoUection ,:are alsO not ,altogether satisfactory. For, 
ocly' a catatm\tSJi\vaSu~ for 'this putpOse,;' as, such a crafthas'a,tendency to be' drifted 
along,the surface 'of the'. in the ,direction 'of the ;ocean -Currents, it' is very diffic~.dt, to deter
mine~itherthe speed of the craft or the aploun.t of water drainedthr6ugh the townet in a 
known time. 'These'ar~serious bandicaps ih~n ipvestigation of this kind and detailed work 
as done ,by Michael'(l918) can'on1yb~ undertaken when betterfaci1ities'for:hydrogr~phical 
investigations andimpl"oved methods of ,~n~ction ; are avaiJiible. , ' 

'Th~figures in the anaJyticat ~blt:i represent the number ofindividtials Of each of the' 
species present in: the planktoncollectioIl$ brought to the'labOratory but not the lui'mbel" of 
th~ form ih akrihwrr volume olsea warer~ , 'Howevel", they serve to give an idea of the seaSonal 
abU~danc~ ,offlle 'Y:.uiQuscommoilf6mui i~ the plankton of this cOast. 1'he conclusions 

, dtawn liii~~ihe foUoWingpagea 'rt¥"gardiJlg 'the~nal occuttence 'of the various specles of 
Thati~ceabal;ed' onsucll(la~ ca~ 6~y 1>e o~a' generainatUfe." . ' 
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Thalia dem:ocrati~ • .,......()n the Madras coast t~ oc~ence of this most.abundant and 
widely ·distributed ·species of. Salpidae has. been noticed to be very regular and it. constitutes· 
a typical planktonic organi~m. During the seven yeatS of ana.lysis the solitary and aggregate 

. ZOQidsof this species. bavebeen coUectedduringJanuary to May, July to October and Decem
ber. As is eyident· from the ·analytica1 table, huge swarms of hoth generations of this species 
are met with commonly in the .month of January arid . also in the month· of . Mat:ch. 
The almost complete .exdusi(!n . of all' otber: usual plahktonic organisms like the Copepods,. 
etc., is an interestiIlg 'phenomenon of the plankton ¢Qllectipns containing swartns. of 
T.,demoCratica~· Chain forms Qfthe aggregated zooids·of different . sizes and growth occur 
frequently in collections made during ~ese mon1:h$·. ;'fhegraph (plate V) shows the :occuIrence 
of the solitarY and the aggregate zooids of T. democratica in the Madras plankton during an 
year conStrUcted. from the. data. obtained as a t:esult· of· the analysis ~f the pblnktonmade 
during the years 1937 to 1943. .The months are represented in the a:bscissaandthe ot:dinate 
represents the average of the number of individuals present in collections made. in· amon,tb 

. during the years under investigation. It. is evident that there are two-periods of maxima 
i~ the occurrence of T. de1lZocratictl'on the Madras coast .. The firstperio.d e~ends from 
January to Marchand ~esecond.period includeS September and October,· The ma~mum 
occurrence of both ~'zooids of T .. democratica in the Madras plankton is during the month of 
January.. In· F~t4ere is a considerable faU·in the number of the two zooids occurring . 
in the p1an~t9UO;Wed;ajtiIl by an abundance during· March. A gradual decrease in the 
number ofindi"'du.tsis· mdent in the sllcceeding m,onths and during June T.'denwcratica 

, isnotreprestntedin,;~theplanktoD collections of the MadraS coaSt. Again"t~~Sajp' makes 
its aPPe8nmce,infairlY,g09f,i numbers and. thesecond~ry: maximum in the. oCcurrence·. of 
7'. rJ,tIIOCTatfca iSreacbed' dtlringSeptember an4 . October for the solitary. and aggregate 
indi~dual8 respectively.Aftet this.peripd the number of individwllspr~entin the plankt~n 
collections ciec1-eases ~nd'in November th~are pral.~ically absent. So. it ca~ .be concluded 
thatT .. tlemocTtdica reaches the ma~u1n numerical intensity iI!- its occu~ence on the 
Madras· coast during· I anuary . to.March ·!Ulcl a s~ndaty pulximuDl during September, and 
October.'· ",~ . 

Salpa . cylindrica.-The next comino~ form itt the Madras plarikton is Salpa cylindnca. 
As in T.democratic.a, a dennite.periodicity in the occurrence of S. cylindricll in this coast 
has been noted. During the period under iJivestigation, the solitary as ~ellas.the aggregate 
indi~duals have been collected during the periods extendingfr<?m January to April and AUgtJst 
to December~ . Ids clear (rom the tables that ther~~t~o ~riods~n t~e. o.c~urrence of this 
species on the Madras co;lSt. ~. the number of S.:l:.ylindr.tt;a, occurnng ~pell:c4. p~nkton 
coliection i~· very small when compared to that of T. ·~,ttiO.~.~tit;a it is no~ po~ible ~o futd out 

.. the period of maximum intensity or th~period of se~~~ .. maximup1of this ~pecies on the 
';;Madras eoast. . Hence from. the availableatUllytica1 data it. can be said that t.he maximum 
: 'number of S. cylindrica occurs during the months of March and October. 

~ ~ 
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·.jasis%onaria.:-In the case of the ne~t cQllUllon form:in,tM Madras pJankton.~ely; 

. JasiszonarUi,a periodicitY sImilar 'to· that of . the preceding. farins.has heen observed; The 
sudden appearance of this species in the plankton, its continued presence for a Jew days and 
the sudden disappearance are. probably characteristic oftlte species.' , Both thezooids have 
been recorded during March and April, July :alld August ,and the aggregate forms, only in 
Septeniber and December. During these two periods the ma.ximuIIl llumber has been 
noted to occur during March and July. Almost all the aggregate individuals obtained in 
a particular collection have been noted to be of the. same size. This s~ggests that they are 
probab~y separated individuals belongingta a single chain or chains of the ~amesize. On th~ 

. other hand, solitary individuals of various sizes have been noticed to occur in the same 
collection. 

Pegea coilfoederata.-Theonly other form which definitely exhibits a seasonal 
variation in occurrence in the Madras plankton is pegeaconjoederata. During the period 
of investigation both thezooids have been obtained during March, August and September. 
Stray specimens of aggregate zooids have been obtained during January and April. Also 
solitary.zooidshave been collected in October; . March and August ~re the favourable months 
for the occurrence of this species on the Madras coast when fair numbers of both the solitary. 
(embryos included) and the .aggregate individuals make their appearance in ·the townet 
collections. It may be mentioned here that a very fine specimen ofa solitary individual 
with' a long extruded stolon consisting of one hundred and thirty three aggregate individuals 

. each measuring 6 mm. in length was obtained in the plankton Collection iQade on the 27th 
September, 1937. The chinn was very long but broke up into pieces when'put inJormaIin. 
'Another fine specimen of a chain pf aggregate individuals. ofP.conJoederata (one side 
only) was obtained ·from witlunthe Madras ·harbouron the 4th October, 1935 (plate IV, 
fig. 5). The chain wasiritact even after fixation and the individuals measured 30 mIll. in 
length: Yet. another long chain of aggregate)ndividuals meas:aring 3mm., in length was 
obtained along withthe st~ded specimens collected on the 12th October,1943 immediately 

. after the ftodds (plate IV, :6g~ 4).' Taking into consideration these instances it seems probable . 
that chain individuals of P.eonjoederata could be expecte.dontheMadr~scoast during the 
months of September and October. '. .' 

Regarding the remaining forms, nothing can besaiddefiniielyabout . their .. periodicity " 
of occurrence in the Madras plankton. For, when compared tothe forms discussed above . '. , 
the nlllI1ber of individuals of these occurring on the M~drascoast is very small. From a 
knowledge of the date of capture of these forms fair conclusions regarding their occurrence 
ill the Madras plankt6ncan be draWl!. In· a gelleral way there is :1' tendency for some forms 
such asRitteriella amboinensis, SaZpa maxima and its varietytubeTculilta to conform' to the 
perio'ds Of. ·occurr~nce of thecatnmoQer species ofSalpidae. The'months given under each 
fortnrepresePt only the period '6fcollection of :tlieparticnlar form and may be taken as the 
motiihs . of occurrence iof -the· form on the l\4adras coast. . 

, 
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Cyclosali)a pinaata. vH\'polae~~The sOlitary f~rms are ·rare.on the Ma:dras·.co~t 
and have been collected. only during the months July and October. The aggregate fOmis 
areeomparative1ycommon i~ the Madras plankton . and were collected during the months 
January, Marcb; April.andJuly to December. 

Cyc10salpa pmnata vat. sewelli~-The solitary forms have. been collected from the 
Madras coast during the months January, March; July and August .. ,Theaggreg~te forms 
~ unluiown to science. . .' . 

. Salpa • maxima.-Only the aggregate forms have been coUect~d from the Madras 
plankton and these were obtained 'in the months' of March and August: 

Salpa maxima var.tubercu1ata.-1~his speci~s is rare on thcl\.ladras coa~t alid is 
represe':lted in the collection by four specimens of aggregate 2;Qoids collecte.d duringJ amiary, 
July and August. 

Ritte~ella amboinensiS.-The solitary formsa:lone have been collected. during the 
months ofMarc~, July, August and Decemb~r. 

Brooksia·rostrata.~This. is another tire species . and a ca.~ual visitor to the Madras 
coast. Three specimens of the solitary zooids were obtained during AUgUst and October. . ,.,. . 

Traustedtia multitentaculata.--This is a very rare species and only 2 singlespecjmen . 
of the soJit~ zooid was obtained from th.e plankton in t~e month ofSeptemb~r. 

Metcalfinahexagona.-This species ina deep water form in the Indian Ocean and; as 
has already been mentioned~ the species has 'never been obtained from the m~ny plankton 
collections made so far from tills coast. The ·col.lection contains a single specimen' of the 
solitary form, with a well developed stolon, . caught in the month of May in deep water fishing 
nets. 

Dollolum.-When compared to the Salps, the paucity· of Doliolum in the Madras plank
ton is quite 'apparent, for only"two types of gOriozooids and two types of oOZQoids . have been 
collected during these years. . Further, oniy one-fifth of the collectiO.ns made' during the years 
1937~I940 containecl the zoaids. The gonozooids have been colletted in the months, 
January to April,.JuneandAugust~o October, while the oozooidsoccurred in t~e plankton 
from January to March, June, .August, September' and. December.,' Yet,. Irom thenuml?ers 
in the analytical tables it is clear that there is. a definite periodicity in the occurrence of swamis 
of the two zooiUs' on the Madras coast. . Marchand August, .especlally the latter,' are the 
most Javourabl~months for their occurrence in t>~arms ... During . Augtist~ huge swarms have 
been collectedon·two occasion.~. 'This is in geneml conformity.with tlte seasonal occurrence 

,-' . .. '. I· . 

ofthe SalpsoI.the :Madras plankton" . .. .' 
.' i 

Taking the Tbaliacea as a whole it may be definitely .men1;i()Iled that large numbel$- of this 
pelagic group occur in ~bundanceol1. the Madru coa~t regwarlyduring two perioos ~n the year, 
'namely, during the months of March and A~gust. The seasonal occurrence of 1'.. u1ltOC-r{ltica 

·tl~ 
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is .the oWY e~ception to t4is genetalrule. During March large ml~bers of forms like 
T.democratica, S. cylintlrica, j. zonaria,.P. tonjoedt'rata,C. pimlata var.polaeand var.sewelli 
and Dolio/u,,; have:: been collected, and this, ill tb,e .p~riod for the'maXunuttl,quall.titative abun
~nce of Thaljacea in the Madras plankt0tl,o Gradhally, a' dedinesets in and during May. 
and June.. the hotte.st part of the year, they are almostoompleteJyabserit.· l.ater in the year. 
in August; a sewndary maximum is i~ached when forms' like, T.· de71wf',atica, S~ maxim a, 
P.conjoederata,y. zanana, C.pinnata var, pol4e, R, amboinensis" S.tylindricil and Duliolum 
recur once again in fairnu1l).bers. ~urt'her, the qualitative . ma~imtim in the oCC;:\UTence of 
Satpidae on the' Madras' coast is also rea~d during the, month 'of .August.' It is during this 
month that , .. out of the total' twclve species of Salpi<iae recorded from this coast, seven varieties 
of the so~itary and seven of the aggregate individuals belonging to ten spe,cies have been collect
ed. In this connexion, it is interesting to mentiorithat, in the plankton' coUection made on the 
15th AugUst" 1939, as many as eight species were represented.. In no other collection made 
'd~lring these years' wassuch.,a great number repr~sented ina single collection, 

Our knowledge of the hydrographicaldala of the Madras coast is very meagre. The 
following table is given by Subramaniam and Aiyar (1936)':- . 

MOllth, .' TemperatureO . F 0 j Salinity 
per mille, 

December. , ;. 75'9 .... 28073 

January , . 76'01 3°'59 

February . ' .. " , . 79016 31'94 

March .' . 82'94 33,88 

April .. ' ., 83'12 34'48 

May , . 85'z8 34'81 

June . '. "- 83'48 35'39 

Juiy 83048 3S'I6 

Sewell's (1929) workon thehydr9graphicalcondition~ofthe Bay of Bengal cannot strictly 
" be 'used in'the present work beca~eit deld~ mainly with those of the open sea and in SewelPs 
own words "in many features; t!teconditionsexistingin those two different areas, namely, 
the open sea and the coastal region, have beell found to present a noticeable contrast, ,and the 
result.~obtained indicate tbatiAthebp~n waters th~ SUrface -of the oc~n is completely exposed 
to the outsideintIuences th~'resuJt in the prOduction ora numbeiof extremely interesting 
phenomena."·· '. 
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Consequently, the only relevant data for a discussion of the seaso~al occurrence of Thalia
cea on this coaSt are those given abovc:;. UDforturiately, these ~uthOi"s,have 'not given 
the obs,ervations for the, months Au~ to'NovemJ>er~' . It IS evident froin the table that 
the temperat.ure and the salinity are the lowest in the month of December~ Then the tempe
rature and the salinity gradually inc.t'ease,and the highest temperature is reached in the 
month of May and the highest salibity ill the month of June. The temperature and the 

,'Salinity are on the decline during July. For', the remaimngJ~ur months, even though 
. no data are 'available_~egardi~g the temperature and the salinity, a gradual decrease can' be 
expected to occur cUlminating in the lowest 6.guresiriDecember. in March, thetemperature 
is about 830 F. and the salinitY about 34 per mille. In August iilso, the ~ame conditions may be 
expecied" for"after r~ching themaximuJQ in May and June, boththe temperature and the 
,salinity are on the decline as i~ evident from theiead~g$ for July.' These' facts strongly 
sugg~t that these are th~optimumconditions for the occurrence of Thaliacea on ~e Madras 
coast. The optinium conditions for the occurrence in huge .. swatms. of··T. denwcTatica 
on the Madras coast are different from those for the . occurrence of the oth~r members' 
'of the group. Forhlrge swarms of both generations have been collected in: January when the 
'temperature is about 76°F .. and the salinity about 3i per, mille. ,Similarly, the Sec~ndary_ 
maximum haS been found to be in September and October for the solitary and aggregate 

, indivi<;luals respectively When b?th the temperature arid thesaHnity are less than what they 
, ~e in August. ".. . ' . . 

The obseryations made in this paper regarding the occurrence ofThaliacea especi~lly of 
T. democratica,are in general agreeinerit~ith those of;Russeli and COl~JI93S) on the 
seasonal occurrence of T. 'demotratica 'in the Barrier Reef lagoons. T~ey obse,tved the 
maximum abundance of both thegene~ations of T. democratica 'during two periods in the y~ 
and their complete absence during the remaining months of the year. The two periods are 
when the temperature rises from about 24 to' 28°C. imd ,when it falls froni 28 ,to 24°C. 
A complete absence of T. democi~tica has been noted by them when the temperature reaches 
itg maXimum of 28 to 29°C. . They doubted whet1.lel' salinity has any effect' at all on the 
seasonal otcurrence of T. democratica, ~nd suggested the possibility that the abundance of this 
species is connected with the tetnperature of the sea water; On the other hand, Sewell has' 
tried to correlate the number' of species obtained each month in th~ Indian seas with salinity. 
Further investigations are likely to ,show ~t l?oth these factors,a~ I have indiCated, exert 
great influence on the seasonal abundance of these forms in any particular area. 

l.astly, mention nu.y be uiade ofthe vaiue ofpeiagic Tunicates as i~dicators of Changing 
,oceanographic conditions. The utilizatton of certain easily distinguishable ,organisms. In the 
plankton asindicat9rs of the water inwhiCh'theY'are found has come·to theJor~ in recent 
years mainly by the, work of 'Russell (1935). "Itis now admitted tbat in places where,several 

, water masses mix the types of planktonic aniinals found' cant give reliable clues as to the 
different sources of these .waters. Pelagic Turucates, particularly the Thaliacea,are ideal . 

1 ._. .....,.,::., 'ii:, _.-
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planktonic animals for this pllrp0sie.and dew 4"efereA~to'\\lpeeies usedasindic~tors may not be 
, out of place here.. Bowman, (l922) ,dt¢w.~~ntion to the Jlo,ssible connexion between the, 
occurrence ofceitain Salps anflltlJ.e influx QfAtlMticwater to the North Sea region. Russell 
and ~stings (1933) suggest, the possil?ilitf of, pelagic Tunic~te~,acting as indicatprs of IllQ~e
'~nts,of Atlan~ic ,wate~into the~nglish Ch~el. ,Thompson and Frost (1935) suggest that 
the occurrence of different species of ·Copelatacou1d be used to mdicate the annual and seasOnal, 
variations in the deg,rees of OCCl,ltrence ~f Arctic~wi Atlantic waters in the New Foundland 
fishing areas. McKenzie (1939') folloWed large scale ,sh~rew~d movements of Gulf Stream' 
water in the Nova SCQtiatl region, ~hroug4 the occurrence of Jasis zonaria. Aida (1907) and 
Tokioka(1940) state, that ~c~nicspecies' of pelagic Tunicates are brought by the Black 
c1,lrrent along the Japanese cOilSt~ Essenberg(I9l6) similarly showed the relationship of 
the' occurrence of the different species of C:opelata to' the cold and warm water currents along 

, the'CaIlfornian coast.' Ii is premature to suggest which of the species dealt with in this paper 
, are useful as indicators of water movements a,Jong the Madras coast, for, very little is' known 
about the geographical' distribution of the Thaliacea in the Bay of Bengal and the current 
.syste~s of the coast. " . 

SUMMARY. 

Detailed descriptions 'Of the soiit~ry forms of Cyclosalpa pinnata var. ~ewelli, Brooksia 
T()strata, Rittmella amboinenSis, Metcalfina hexagon a , and Traustedtitl multitentaculata, 

.the aggregate fornls,ofSalpa maxima and Salpa maxima var. tuberclllata, the solitary and 
aggregate forms, of Cyclosalpa pi1l.nata var.polat, Jasiszonaria~ Thalia democratica,' Pegea 
'confoedtnataand Salpa cylindlica. Dnlioluni denticulatum, Doliolettagegenball,ri and" Nurse 
Eorms " obtained from the plankton collections, made during the <years 1937 to 1943 are given 
inthepaper. The periodicity of occurrence of the different species in relation to the hydro
graphical conditions of the Madras coast ~ .• brietly discussed. 
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Fig. I,'.' Stdeview of the solitary form of C11t/.().r,tUt4 ~ata var~$ewelli., X 3"~fs. 
z.Side View ofthe aggregate f~ af:C;~qlpa pinnata ~iK"p()t!~~,'X;·tI5.' 
3.s'i4~¥iew ofthe solitary fohn or 'Brookna Tostrata, X 6."" ','! 

.~ .. ~ . , 

4. Siwtview of the solitary form of Rif!eriella amlioinensis. X 3-1/5. 

5. Dorsal view of the solitary form of Mete.Q,lji~(I hexa~ona. ' X 4/5' 

6. Dorsal view of the$olitarr form of Jalis tl~1f(fr-ia,., ),(~, 

7.' OOrsa.lviewohhe aggt:egate form ofJll$i'~"tW.iq. . X2-z/5. 
8. DorsaI~iew of the solitary. form of thali4Je~crat!ca. .?<4;" 

.. 9.D()rs~:view of. the aggregatelorm of Th;Uia·democratiu., ,X 8. 

I~" Venqal view o~ an aggregate form of ,,' Th!llia .democTatica from the, right side of a chain 
, showing the attaChment pro~uberances. X 10. 

II. :D~sal view of a Cltaiuof aggregate forms of Thalia democratica. X 10. 
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THE Manager, THE HYDERAllAD BOOK DEPOT, Hyderabad (Deccan). 
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