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THE THALIACEA OF THE MADRAS
PLANKTON |

. BY :
R. VELAPPAN NAIR, M.sC.

INTRODUCTION.

From the Madras plankton as many as sixteen species of Thaliacea have been obtained—

the 1érgest number ever recorded from the plankton of any particular place. The great
expeditions such as the *‘ Challenger,” * Siboga,” *‘ Valdivia”” and “ Investigator,” collected
most of the known species of Thaliacea from widely different parts of the great oceans. Even
the Great Barrier Reef Expedition, which confined its investigatioris to definite places obtained

_ only nine species ‘of Thaliacea (Hastings, 1g31).  Dakin and Colefax (194.0) record only seven -

forms from the Australian plankton.

33

The * Investigator Expedltmn the only expedmon that made collections also from
the Bay of Bengal and whose survey 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 Archlpelago the Revello
Channel, the Nankauri harbour and 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 more common forms like Thalia demo-
cratica and Salpa cylindrica were not recorded from this coast (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-
' fonms This species was not represented in their collectlon even though the form has been
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 appcar again, In March" :

they are quite common, but disappear in April.

In this connection mention may be made of two collectlons 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
dem.ocratica-mucronata from the Ceylon seas. The German Deep Sea Expedition on
“ Valdivia ” ‘which made extensive collections in the Indian Ocean while passing from
Sumatra to Nicobar Islands and then to Ceylon collected Cyclosalpa pinnata, Cyclosalpa

i
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- affinis, 'Cyclosaipa floridana, Salpa Sfusiformis, Salpa fusiformis forma echinata, Salpa
ambomenm, Salpa hexagona, Salpa mucronata, and Salpa zonaria (Apstem, 1905).

-Family Doliolidae Bronn has not been recorded so far from the Bay of Bengal. From

the Ceylon waters Herdman (Igob) collected small adult specimens of Doliolum sp. (?) from

Galle harbour and ** Nurse Forms  with broad bands from West Cheval and Penya Paars and

recorded the occurrence of the genus from both ends of the Fsland. The only other account

* of the Doliolids occurring in the neighbouring seas of the Bay of Bengal is that by Neumann

" (1906} in his work on the collection made by the German Deep Sea Expedition. The

* Valdivia " Expedition in its cruise frém Sumatra to Colombo collected Dokislum nationalis,

Doliolum indicum, Doliolum krohns, Dokiolum gegenbam, Dol:olum mullm and *“ Nurse
Forms.” e - ‘

Except Metcalfina hexagona and Thalia democratica the forrns deait with in this paper
are recorded from the Madras coast for the first time (Nair and Aiyar, 1943). - Similarly, the
solitary form of Cyclosalpa pinnata var. polae, Salpa maxima, Salpa maxima var. tuberculata,
Doliolum denticulatum, Dolioletta - gegenbauri and * Nurse Forms ™ 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 Laccadwe seas. Tiie other two Salps were
not represented in the “ Investlgator 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 only a 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 collections were brought to the laboratory twice or thrice a week
and they were examined for Thaliacea in the fresh condition. 'The bigger forms like Salpa
cylindrica were easily picked out, but, while collecting the smaller ones’ such as Brosksia
" rostrata the sediment was examined under the binocular microscope. Wherever possible,
the animals were studied in the izvmg condmon Preserved specimens taken out from
previous collestions have also formed a consrderable _portion of the material for this study.

"All the material for this paper was collected from the plankton collections made from 1st |

January, 1937 to 318t December, 1943. Altogether four hundred and seven collections,
made during these seven years, were examined out of which oné hundred and fortytwo
collections were found to contain one ot more of the Henumyarza described in this paper and
of the:above collections relating to the period from 1st January, 1937 to 3Ist December, 1940,
_ one hundred.and sixtytwo collections were examined for Cyclomyaria also and only thirty-
three collections contained g_onozomds or oozooids. - The following list gives the names of the
 gpecies collected. - - " ' ' '
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" HEMIMYARIA.
GRroUP. DOLICHODAEA,

1. Cyclosalpa pinnata var. sewelli Metcalf. ... Solitary. B
2. Cyclosalpa pinnata var. polae (Sigl). .. Solitary and Aggregate.

GRrOUP Cmconm

I._.Brooima rostrata (Traustedt). ... . Solitary.”
2. Ritteriella amboinensis (Apstem) “Deo. -
3. Metcalfina hexagona.(Quoy and Galmard) . Do.
4. Yasis zonaria (Pallas). .- ... Solitary and Aggregate.
5. Thalia democratzca (Forskal). BT Do. .
6. Pegea confoederata (Forskal). - " De.
=. Traustedtia . multitentaculata (Quoy and Solitary.
' Gatmard) ‘ . . o
‘ ‘ GROUP SPHAERODAEA. -
1. Salpa maxima Forskdl. ... ~ .. .. Aggregate.
2. Salpa maxima var, tuberculata Metcalf. ... . Do.
3. Salpa cylindrica Cuvier. ... .. .. Solitary and Aggregate..
CYCLOMYARIA.

I. Doliolum denticulatum Qu’oy and Gaimard.
2. Dolioleita gegenbaurs Uljanin.
Two kinds of * Nurse Forms.”

For quantitative analysis, except Thalm democratica, Doliolum and ‘ Nurse Forms,”
all the Tunicates dealt with in this paper were counted individually after rcmova.l from the
‘plankton. Since swarms of the above—mentloned three forms often occur in the plankton
collections, the same method of counting was not adopted. So, after removing all other -
macroplankton, the sediment was diluted to a known volume and from this 10 cc. was taken
with the aid of a wide-mouthed graduated plankton pipette and was spread uniformly in a
ruled petri dish. The number of each of the forms present in this volume was then counted
under the binocular microscope. ~ The number given in the analytical table for these three
‘forms represents the total number of specimens present in the whole plankton collection.
estunated in such a manner. Regarding Doliclum it should be mentioned that the number
in the analytical table represents the total number of the two species present in the plankton
collection. Quantitative estimation after identification was seriously handicapped and made
impossible by the bad preservation of these delicate forms in most of the plankton collections.

IA
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. HEMIMYARIA. -

G‘ROU’P Doucnomm ‘ _
Cyclosalpa pmnata var. sewelh Metcalf

Cydosalpa pmnata Sewell 1926 ‘
Cyclomlpa pzzmata var, sewellz Metcalf 1927

Solltary Form : (plate I fig. 1) -——Though the species is the ﬁrst and the best known

form in Salpidae, the vatiety setvelli was created only in the year 1927 by Metcalf for Sewell’s
species of Cyclosalpa pinnata ‘with four pairs of luminous organs and a simple ciliated funnel,

This variety has been recorded by the * Investlgator ” from the Nankaun harbour and the

_Reve]lo Channel of the Andaman sea.

Stray specimens of this vancty are met wlth in the Madras plankton The thl.ck covering
of test round the animal is soft, deteriorates quickly and oftén gathers much debris from the
plankton. ' The animals are very slow in their movements. 'The specimens collected from

the Madras coa_st, like those of Bomford (1913) and Sewell (1926), show only four pairs of -

luminous ofgans. They are situated between the second and the sixth body muscles,
The first pair found in the type speciés between.the first-and the second body muscles is
."absent in the ‘variety. = The absence of the first, and the presence of only four pairs of

luminous organs on the sides are constant features of this Indian variety of Cyclasalpa '

pinnata. Further, the ciliated funnel in this variety is simple, in the shape of a ‘U’
and not like a rosette as in the typical European form. '

~ The body has a barrel-shaped appearance and is perfectly. symmetncal Seven \body
muscles are present, which are interrupted dorsally as well as ventrally. 'The ventral ends of
‘the. mtermedxate muscles alone meet on the ventral side and are continuous.

The oral muscuTature consists of the promment honzontal oral retractor startmg from the

middle of the first body muscle and running external to the 1ntermed1ate muscle to the corners

of the . mouth (plate III fig. 1). “The antenor end of the oral retractor gives off two branches

running as the first and the second ventral- sphmcters The first and- the second dorsal |

sphincters approach the anterior end of the oral retractor, but are not united with it. In
" addition to this oral retractor, there is a ventral oral retractor taking its origin from the first
 body muscle tower down - and running obliquely upwards and forwards. The ventral oral
.retraqtor also divides into two branches. at the place where it crosses the oral retractor and the
mtermed;ate muscle, - . 'The ‘ventral branch is contmued to the lower. lxp as the third ventral

s,phmcter The broader doraal branch after runmng for }1 sh.ort d;stance dlvxdes into two
beanches, the third and the fourth dorsal sthcl:ers -
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The horizontal muscle starts from the middle of the fourth dorsal oral sphincter on either

side and runs postenorly “In its course backwards, t__he horizontal muscle fuses with the
dorsal end of the intermediate muscle A i

- The atﬂal musculature consists of a series of fire, complete, hoop -like sphmcters, usuglly
six in number. The first anterior sphinctér is strongly developed and is attached to the
seventh body musele on the sides. The ventral region‘of the second atrial sphincter crosses-
the first atrial sphincter internally and runs towards the intestinal caeca.

_ "C'yclosal;'ia.pinnat'a‘var, poiae (Sigl).
C'yclosalpa polae Sigl, 1912
Cyclosalpa pmnata var. polae Metcalf 1918

Sohtary Form : This is recorded for the. first time from the Bay of Bengal Sewell
doubted the validity- of this subspecies for reasons discussed under the aggregate form.

The solitary form of this variety is more common in the Madras plankton than the
variety sewelli. Unlike var. sewelli where only four pairs of luminous organs are present,
in this the usual five pairs are present between the first six body muscles. As Sigl (1912) has
pointed out, the solitary form of this variety is easily distinguished from the species by the
fusion of the sixth body muscle on the m'id-dorsal'line;and its continuance forwards as a
median muscle band réaching almost to the level of the second body muscle. The ciliated
funnel is a simple rosette, In all other essential characters of the musculature this variety
‘agrees with the species and var. sewelli. .

Aggregate Form : (plate I, fig. 2).—The aggregate gencratlons are 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 the ventral side. Accbrding to Sigl, the long peduncle of the aggregate
zooids of the variety is another feature dlstmgmshmg it from that of the species. There is
only a single pair of fairly clor__xgate luminous organs situated on the sides between the second .
and the third body muscles. ‘ B '

There are four body muscles present which are continuous dorsally. The first and the
second, and the third and the fourth- body muscles are fused on the mid- dofsal line. 1In
the aggregate form of the species the third and the fourth body musélés are separate on the
mid-dorsal line. But in the embryonic conchtlon these two body muscles are fused (Streiff,
1908). : , _

* Thereis only a single oral retractor (plate IH, fig. 2) The three ventral oral sphinct'ers
"arise as branches from the oral retractor. The first dorsal oral sphincter is independeht;
it app:oach_es the oral retractor but does not join it. The second and the thxrd_dorsal oral
sphincters are united with the intermediate muscle near the oral retractor. 'The intermediate
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muscle. after fusion w1th the second and the thu'd dorsal oral sphmcters proceeds _postero-
dorsally and unites with- the upper portion of the first body musc.le Ventraliy the inter-
mediate muscles of either side meet as in the solitary form, and are contmued into the peduncle.
) The fourth body muscle is continuous ventrally and gives off at the s1de an anterior branch
which stops at a Jevel with the ventral end of the third body muscle The ventral ends of the
first and the second: body ‘muscles ‘of each. snde are umted to form a broad band which is
' _contmued into ‘the peduncle '

There is a horizontal atnal retractor takmg its origin from the fom-th body muscle at the
side. 'There are fivé unbranched, complete, hoop-like atrial sphincters round the -atrial
opening.  The first sphmcter is well developed and is connected with the atrial retractor.

From the * Investigator ™. collections Sewell got only solitary forms of C. pinnata var.
sewellz with four luminous organs and aggregate forms of var. polae. 'He assigned the solitary
forms to C. pinnata, éven though they showed certain minor racial characters ; ‘and he con-
sidered the aggregate zooids also as those of C. pinnata, even when they showed fusion of the -
third and fourth body muscles. Further, in the descnpnon of the aggregate zooid: he says,
“ Had I been dealing solely with examples of the aggregated zooid I should have had no
besitation in referring this- form to the var. polae, but as I have already shown, the asexual
generation must be referted to C. pimnata. It is impossible, therefore, to dlstmguish
C. polae from C. pinnata even as a subspecies and much less, as Sigl originaily claimed, asa
‘species.” Because he has 1dent1ﬁed the solitary | form as C. pinnata, it does not necessanly
follow that the aggregate generations which he collected along with it should be that of the
same species., He did. not get the solitary forms of var. polae. ' But in Madras the sohtary
forms of C. pinnata var. sewelli and var. polae have been collected.  So, naturally, Sewell’s
descnptmn of the aggregate forms of C. pmnata is really that of its var. polae whereas the
aggregate form of C pmnata var. sewe!l: itself remains unrecorded.

Group CIRCODEA.
' Brooks:a rostrata (Traustedt)

Salpa rostrata Traustedt 1893 ; Apstem 1894 ; Strelﬂ 1908 IhIe, 1910.
Brooksia rostrata Metcalf, 1918 ; Sewell; 1926 ; Ihle, 1933,

Solztary Form : (plate I, fig. 3).—The “ Investigator ” Expedmon got a smgle dead
" specimen of this very rare Salp in a bad condition from the Nankauri harbour and another
‘fragment from the Revello Channel. - The Madras collection contains three badly preserved
_specimens of this species, two obtained from’ the plankton collection made on the 15th August,
1939 and the third from the collection of the 14th October; 1942 The -biggest specimen
measures aboiit 13 mm. mcludmg the anterior projection. L : '

¥
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Brooksia rostrata is ‘charactcrisedrbjr the presence of a large anterq-'vep.trai projection
as long as the body itself, starting from the base of the mouth. This proboscis is provxded

with two pairs of strong, broad muscle bands travetsing 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 Pproximity
with, and on either side of, the endostyle up to the ventral ends of the sixth body muscle and
the anterior portion of the nucleus. This pair, like the dorsal pair, is considerably 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 ventral ends of the mtermedlate muscles alone-

merge into the muscle fibres of this band.

The musculature of B. rostrata has not been studied satisfactorily, largely due to its
rarity. The acc_‘ouﬂts of this form by previous authors, Traustedt (1893), Apstein (1894) and
Thle (1910) do not agree. In the Madras form, seven strongly developed body muscles are
present ‘continuous on the dorsal side, while on-the ventral side they are separate 3 and the
free ends, except those of the last body muscle, touch the ventral pair of the proboscis muscles
as previously mentioned. The body muscles are arranged in two groups composed of the
first three and the 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-laterally. - 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 the intermediate muscle (plate ITI, fig. 3). The oral retractor crosses the
-intermediate muscle and the second dorsal oral sphincter and gives off three branches, one
going to the upper lip as the first dorsal oral sphmcter, 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 spec1mens 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 prolongatmn of the mantle
behind the nucleus and below the atrial siphon has been noticed in both the specimens collected -

on the 1 5th August, 1039. .
“Ritteriella amboinensis (Apstein).

Salpa amboinensis Apstein, 1904 ; Ihle, 1910,
Ritteria amboinensis Metcalf, 1918 ; Sewell, 1926,
' Ritteriella amboinensis Metcalf, 1919; Ihle, 1935.
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Sohmy Form: (plate I fig. 4). —Sewell obtained a few: epecnneﬂs of the sulitary form
of this rare species from the Revello"Channel; Nicobars, Eleven specimens of the solitary
- -generation of this Salp were collected during the seven yeats’ plankton. analysis, the biggest

of which measiites 20 mm. in length A well-develoPed stolon “was present in some of the
Alasger de.VIduals o ST : . - _
~ All the specimens show the usual eleven body muscles. The ﬁrst four are contmuous '
dcross the mid-ventril line also. 'The rest are mtermpted and the ends are widely separate'
ventrally. The first two as well as the last two body muscles are fused on the dorsal side.
"All the body muscles are BOmewhat symmetncally continious along the dorsal .aspect in a
Zig-zag imanrier. - S '

The musculature of the mouth seems to vary cons;derably The oral musculature
of the Madras form tallies with the description of the form by Metcalf (1928) with the excep-_
tion of a few minor différences.  The oral’ retractor, after crossing the intermediaté muscle
and the broad third dorsal sphincter, dividés into two branches at the corner of the mouth,

" the anterior- of which runs as a discontinuous first fower sphmcter along the margin of the -
valve of the lower lnp, while the posterior seconid branch runs as the continuous second lower
" sphincter (plate I1I; fig. 4). -Sewell 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 where it crosses the oral retractor and the
- fused band divides into two branches ventrally 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 dorsal side it crosses obliquely the second
dorsal sphincter while its ventral end comes: in'contact with the second ventral sphincter'

The intermediate muscles, like the four anterior body muscles, are contmuo’us only .
on the mid-venttal line. '

_The antetior end of the honzontal muscle pro_]ects above the broad third dorsal oral
sphincter, while the posterlor end is snuated very near the dorsal end of the 1ntermedxate
muscle. :

The atrial muséulature is simple. 'The atrial retractor instead of being horizontal takes
its course ventrally, on a level with the ventral ends of the posterior body muscles and runs
obliquely towards the corners of the atrium.. Its ventral end is forked, In its postero-dorsal
course the atrial retractor gives off seven to eight dorsal atrial sphincters at regular intervals.
The ventral lip of the atrial opening also contains a similar number of ventral sphincters

~ which do not fuse with the atrial retractor but crosses it and ends in fine strands.

Metcalﬁna hexagona (Quoy and Gaunard)

Salpa hexagona Quoy and Gaimard, 1824, Traustedt, 1885 ; Apstein, 1894,
. Ible, 1910 ; Oka, 1915
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}mu Inexagona Herdman, 1891

Ritteria. hexagona Metcalf, 1918 ; Sewe!l 1926

Rittersella hexagona Metealf, 1919.

Metcalfina hexagona Ihle, 1935, : :

Solitary FormY (plate I, fig. 5 and plate IV, fig. 1).—A single solitary zooid of this
warm water species was obtained on the 29th May, 1943. The specimen was brought to the
laboratory-in 2 dead condition with the body muscles of the middle region torn in some
places. It was caught in the deep water fishing nets. Metcalfina hexagona has never been
found jn the many townet 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 go mm.
in léngth excluding the two posterior protuberances of the test. This is the biggest of the
Thaliacea ob,tain_éd 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 present on the test, especially in the posterior
half. At the posterior end, the test gives off two prolongatidns measuring about 7 mm. in
length. As in Thalia democratica tubular 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 slso does mot bear any denticulations on these .
prolongations Five faint longitudinal ridges are present on each one of them.

All the body muscles are broad. Those of the posterior region gradually 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 1rregular, zig-zag manner as in Ritteriella amboinensis.
Consequently there is no typical number of muscle bands for this species. - On the left side
nihe-body muscles are present while the other side bears ten. Considerable variation
in the number and arrangement of the body muscles has been noted before. -

~ 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 contmuous across the dorsal
side 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 muscle band it is interrupted in the region where it crosses the intermediate muscle,
and' the course is represented only by .a few faint streaks (plate III, fig. 5). The broad
" third sphincter of the upper lip crosses internally the anterior 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 admarginal 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
2 : :
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* all of them commence from the oral retractor. The admarginal first sphincter is at the

margin of the strongly incurved ventral lip. The second and the third lower sphincters, -
after taking their origin from the oral retractor, run close together at the base of the fold
of the ventral lip. No horizontal muscles have been observed in the specimen.

' The well developed atrial retractor, after tak;ng its origin a little irf front of the - postenor

. edge of the last body muscle, runs posteriorly to the corners of the atrial opening giving off

about nineteen atrial sphincters to both the upper and the lower lips. The first anterior
sphincter is the broadest and a gradual decrease in breadth is seen in the succeeding sphincters.
The posterior-most sphinctérs are only mere fibres. The antero-posterior edges of some
of the sphincters meet and appear to be united in places. - There are strands of muscle fibres
on the ventral side connecting the postero-ventral corner of the last body muscie- w:th the
first lower atrial sphincter.

.The gut is a simple loop, the course of which can be followed even with’out the aid of
a'lens. A well developed stolon is present consisting of about fifty aggregate zooids measuring
3 mm. in length. The neural gland with the eye is situated beneath the postenor border
of the third muscle band of the left side or the fourth of the nght side.

~ Jasis zonaria (Pallas)
Holoth urium zonanum Pallas, 1774+
Salpa cordiformis 'Fraustedt, 1885 Oka, 191 5
Salpa nitida Herdman, 1888. '
Salpa cordi orﬂus—zonana Herdman, 1891
Salpa zonaria Apstein, 1894 ; Streiff, 1908 ; Ihle, 1910 Bomford 1913.
Tasis zonaria Metcallf, 1918 Thle, 1935
Fasis zonaria Sewell, 1926.

The ‘“Investigator® found this species to be of comparatively common occurrence
in the Indian Ocean. It has been recorded by the Expedition from manjr places in the
Bay and the neighbouring seas.  Jasis zomaria occurs ‘commonly in the Madras plankton.
The occurrence of solitary individuals of different sizes in the same plankton collection has
been frequently noticed;  The biggest specimen was obtained from the plankton collection

- made ot thergth March, 1943 and measured 35 mm, in length. During the study of the
" seven years’ collections, the one made on this date contained the greatest number of both

the solitary and the aggregate individuals of this species. The movement of ‘the solitary
form is quite characteristic and differs markedly from the other members of Salpidae, in
which the movement is-almost in a straight line effected by a series of jerks. But in this
form the course is invariably in- circles. 'This peculiar movemerit in circles is mainly due-
to the wedge—hke shape of the body and the conical, downwardly directed, posterior prolonga-
tion of the test. A similar, but less striking movement, is performd also by the solitary
generation of ‘Thalia demacmtzca
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Solitary Form : (plate I, fig. 6 and plate IV, fig. 2).—The shape of the solitary form of
Fasis zonaria is very characteristic and has the appearance of a wedge. The anterior region
is flattened dorso-ventrally and the oral opening is in the form of a slit in the anterior flat-
tened extremity. The poétgrior-most region is more or less rectangular 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 nucleus is placed. :The test is uniformly hard and
in the posterior region it is fairly thick. The nucleus with the gut forming a close loop is
pure white in colour. A wcll developed.stolon has been noticed in many of the so_litary
forms.

“There are five body muscles Whlch are interrupted both dorsally and ventrally. Thc
first four.-body muscles are broad while the fifth is only balf as wide as the others. Laterally
the ﬁfth 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 is of the same size and appearance as the body muscles and performs the same function.

' The oral musculature agrees with the previo'us‘ descriptions. Only a single strong
oral sphincter- is present in each of the strongly- incurved lips. The dorsal and: ventral
sphincters unite at the angles of the very much flattened oral opening and run posteriorly
external fo the intermediate muscle as the oral retractor. Lying mid-way between the
anterior end of the animal and the oral retractor, 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 theu' 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
" project a short distance forward after crossing the dorsal end of the atrial retractor externally.
The strand-like ends of the third dorsal atrial sphincter approach the bases of the second
ventral sphincter. The. third dorsal sphincter of one half gives oﬁ four regularly arranged
branches which are continuous with their fellows of the other half and present a pattern
very much similar to that of the solitary’ zooid of Thalia democratica. 'The second dorsal
atrial sphmcter is a short piece of muscle which is interrupted in the middle and the inter-
rupted ends curve antcnorly Each piece lies symmetrlcally on cither side of the middie

zA
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line :of the upper. lip of the atrium. : The eﬁds of the: third. ventral “sphincter are attached .
" to.the outside of the middle portmn of the atnai retractor by means of two branches. The

_dorsal atrial lip forms a triangular plate-like flap over the atrial opening. . :
. Aggregate Form : (plate I, fig. 7 and plate IV, fig. 2). —The hggest zomd measures
z7 mm. in length including the anterior and posterior pro_|cct10_ns Connective tissue
fibres are present in these projections of the mantle into the test reaching up to the tip. These
fibres are more prominent in the posterior projection; Like the aggregate forms of other
Salps, this form is also asymmetrical mainly in the lateral shifting of the atrial siphon and
the conical posterior projecudn The usual eight attachment protuberances of the mantle

~ are clearly seen in the aggregate : 1nd1v1dual As in Thalia democrama and in Pegea
‘confaedemta the arrangement is qulte charactenst;tc of the species. A group of three
i protuberances is found at the tip of the anterior mantle prolongatlon w'nle another group -
" of a similar number js present on the ventral side at the base_of the dorsally tilted posterior

mantle. prolongation. 'The remalnmg two protuberances are found on the mid-ventral line
on a level with-the- mterspacc between body muscles twoand three. ‘This type of disposition
of the mantle protuberances is in accordance with the end to end lengthwise attachment of

_ the individuals in the chain condition which has been clearly figured by Brooks (18¢3).

There are five broad body muscles which, with the exception of the first, are continuous
across the mid-dorsal line. They are interrupted and widely separated on the ventral side.
The right lateral portion of the- ﬁfth body muscle dmdes mto a long anterior and short

.posterior branches.

The well developed mtermedmte muscle is’ composed of two muscle bands which are
closely apposed together. These two muscle bands extend as far on the ventral side as the
body muscles. Dorsally they extend only a shert d:stance

At the angle of the mouth is the short oral retractor which dw:des into two sphincters
going to the two strongly incurved lips {plate III, fig. 7). Metcalf described only a single
set of oral sphincters. Streiff (19o8) and Sewell showcd the presence of another set of delicate
oral sphmcters in addition to the one descnbed by Metcalf. Thisset of sphmcters is very deh-

-cate and easily escapes notlce It originates at the point of bifurcation of the oral retractorand

runs as a delicate ‘continuous strand in the lower lip, while the one entering the upper lip is
feebly developed and cxtends only for a short dlstance Situated externally and anterior to
the point of bifurcation of the . oral retractor is the short plece of broWn muscle band of the
oral slphon characteristic of J. zomaria. ‘ E

The atrial musculature consists of a2 pair of strong atrial retractors. placed at the angles
of - the atrial ‘opéning, The dorsal ends of these muscles are branched (plate I1I, fig.'8).
There are.four ventral atrial sphmcters The last three take their origin from the oral
rétractor. . ‘The first ventral sphincter is continuous with the admarginal first dorsal
sphincter. The place of origin of the second and third ventral sphincters from the oral

~
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retractor is the same and sometimes the ends of the two sphincters merge with ‘each other
~ while the fourth takes its origin a little ventrally. The second dorsal atrial sphincter is not
attached anywhere but the two ends come in apposition with the second ventral atrial

sphincter, at the angles of ‘the atrial opening. This sphmcter breaks up into branches
medmlly . oo

Thaha democratnca (Forskal)

Salpa democratica Forskal 1775 ; Brooks, 1893 ; Traustedt 1893 ; Ihle 1912 ;
Bomford 1913,

Salpa mucronata Forskal 1775 ; Apstein, 1894 ; Strelﬂ' 1908 ; Ihle, 1970.
Salpa democratica-mucronata Traustedt, 1885 ; Apstem 1904

‘Thalia democratica-mucronata Herdman 1888.

Thalia demooratica Metcalf, 1918 Sewell 1926 ; Ihle, 1935.

Of all the Salps, Thalia democratica is the most widely distributed and  abundant
species. This has been recorded from all the tropical and temperate seas excepting the
Eastern Mediterranean, West Indian waters and the Pacific Ocean north of Lat. 30° N. T_His '
has been collected by the ‘ Investigator " from the Bay of Bengal, many places round the
Mergui Archipelago, the Mergui harbour, the Nankauri harbour, the Revello Channel and
other places. Menon has observed the occurrence of swarms of this spec1es during September _
and October in the Madras plankton.

The biggest solita-ry specimen obtained so far measured only 11 mm. in length excluding

“the posterior processes. Previous workers are agreed that the specimens found in the tropics

are smaller. In the North Atlantic specimens measuring about 25 mm. in length have been

reported to be common, Sewell has attributed this deficiency in size of the tropical forms
to the lower density of the surface waters of the tropics.

Nothing is known about the span. of life or time required by the two generations to
" attain maturity. Since the zooids were obtamed in sufficient numbers attempts were made
to rear them in the laboratery tanks. Usually the healthy specimens survived only for
a couple of days. Though the attempts were not successful, the resuits were encouraging,
especially with regard to the rate of growth of the chain forms. Itis 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 was found
when reared under laboratory conditions that the individuals in the distal block measuring
about 299 ‘microns in length grew to a size of about 1,010 microns -overnight. Next day the:
chain often got detached from the parent while sometimes it .was found still attached to the

mother. The significant fact is that the grow‘th of T. democratica seems to be very rapld '
under tropxcal conditions.
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Solitary Form : (plate I, ﬁg '8 and plate 1V, fig. 3).—The solitary form has a barrel-
shaped appearance with the test covered uniformly by numerous ‘minute denticulations. |
The posterior end tapers into a ventrally directed short prolongation which ends in two
‘short; pointed processes.” Two pairs of tapering processes of the test are present on either
side of the median process. The anterior ventro-lateral pair is very short when compared
with the posterior'ly situated dorso-lateral pair which is nearly a third of the length of the
individual. 'On either side of the atrial opening is a pajr of flattened prolongations. All
the eight prolongatmns of the test are aldo covered by denttculatlons 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
of the first, second and third body muscles which meet in the mid-dorsal line. ' The posterior
second group consists of the remaining two body muscles which also-meet in the mid-dorsal
line. The body muscles, like the muscle bands of Doholum are continuous throughout

~and are in the form of hoops. :
The mtermediate muscle is also well developed and is continuous on the ventral side
‘but is interrupted dorsally This muscle resembies the body muscles in size and dlsposmon
Its place in the working of the oral aperture appears to be taken by the very strongly -
developed second oral - sphinctér of the 1 upper lip.
The strongly developed oral retractor ‘divides into three branches antenorly {plate III

| fig. g). The dorsal branch runs as the admarginal first sphincter of the upper. hp which is

interrupted on the dorsal side, - The middle and the ventral branches run as the second and
,th_ii'd sphincters of the lower lip respectwely The ends of the admargmal first sphincter of
the lower lip extend up to the anterior h‘ranched portion of the oral retractor. The strongly

- developed second dorsal sphincter, at the region where it crosses the oral retractor, glves off

an anterjor small branch which is continued to the lower lip as the fourth sphincter. The
main posterior broader branch extends ventrally. The homology of this branch is uncertain.

" Streiff regards this as one of the two divisions of the intermediate muscle, while Metcalf

compares it with the ventral extension of the posterior dorsal lip sphincter of Cyclosalpa.
"The dorsal horizontal muscles are present in the usual pIace between the mtermedlate
muscle and the second dorsal oral sphmcter .
'The strong atrial retractor is connccted with the broad third dorsal atrial sphincter and
with.a ventral branch which divides to form the first and the third ventral atrial sphmcters
(plate II1, fig. 10). Antenor to this there iz "another strong continuous band representing

" _the broad fourth dorsal atrial sphmcter and the second ventral atrial sphincter. The first
. and second dorsa] atrial sphincters are very small and their bases are joined together. Three . -

concentric, horse-shoe shaped muscles join the first dorsal atrial sphmcter in the mid-dorsal line,

- Aggregate Form : (plate I, ﬁg ‘g and . plate IV, ﬁg 3) —~—Act1ve chain forms are
frequently obtamed when the aggregate generatlons appear in large numbers L;ke other
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species of Salpidae, the aggregate zooids Qf this species are also slightly asymmetriéal and
possess two forms depending on the side occupied by the individwal in the chain. The
asymmetrical nature is more pronounced in the slight shifting of the atrial opening and the
mantle protuberances. The body is roughly oval with the test tapering at the posterior
end into a denticulatéd prolongation. In young specimens the posterior prolongation of '
the test is short and i increases in length according to the age of the individual.

The individuals in a chain are held together by processes of the test intended for attach-
ment, with prolongations of the mantle extending'into them (plate I, fig. x I.). 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 their 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 size of the processes
for attachment on an 1nd1v1dual taken from the right 51de 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 isa tcndency for
these prolongations, especially the smaller ones situated on the ventral side, to disappear,

" After some time the bigger anterior and the posterior processes alone persist.

Metcalf says about the specimens of Thalia democratica 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 hils'
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 figure of this form shows only eight such processes. This will be the typical condition
of the protuberances when the aggregate 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-
mined, all intermediate stages between the typical European form and the Philippine form
could be traced ’ even though he could not find any dlfference in the musculature of ‘these
forms from the normal specimens,

Normally 7. democratica, when in the actual chain condltlon will have only eight pro-
.tuberances of the test for attachment. An individual i is connected with the ad_]omlng indi-
vidual of the chain by meaus of two processés Each individual in a chain is in contact w1th
four of its fellows and-thus all the four pau‘s of processes are engaged
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There are four body muscles continuous dorsally but interrupted-and widely- separated
ventrally: - The first three body muscles aré joined together in the mid-dorsal line. The
fourth body musecle gives off-a thin branch extending up to the base of the atrial opening.

The well developed intermediate muscle is composed of: an anterior and a posterior
division (plate III, fig. 11). The posterior one, after crossing the oral retractor, runs
upwards and backwards for a short distance while the anterior stops at the region of the oral
retractor. The strongly developed thn'd sphmcter of the upper hp joins the anterior branch
of the intermediate muscle.

‘The short oral retractor divides into four branches whlch are contmued as ‘thé first and

. the second dorsal oral sphmcters and the first and the third ventral oral sphmcters (plate III,

fig. 11).. The second and the fourth ventral oral sphincters are 1ndependent and are umted
at their bases at the corner of the mouth, '

The atrial musculature consists essentlally of three dorsal and three ventral sphmcters
(plate I11, fig. 12). 'The atrial retractor gives off three branches which are continued as the
first and the second dorsal atrial sphincters and the first ventral atrial sphincter. The third
dorsal  atrial sphincter ends abruptly on the right side near the oral retractor while on the
left side it divides into the second and the third ventral atrial sphincters. These two sphinc-
ters on the right side fuse together and ultimately. join the oral retractor of the rigﬁt side.

. Pegea confoederata (Forskﬁl)
‘ Salpa confoederata Forskdl, 1775 ; Apstem 1894 ; Stre1ﬁ‘ 1908 ; Thle, 1910 ;
Bomford, 1913..
Salpa quadrata Herdman, 1888. ‘
Pegea scuttgero—confoedemta Traustedt 1885 ; Herdman 1891 i Apstein, 1904 ;
" Oka, 1915. -
‘Pegea confoederata Metcalf, 1918 ; Sewell, 1926.
Previously this species has been recorded from the Arabian sea, the Revello Channel,

Preparis North’ Channel and other p_lacesrm the Bay of Bengal. Nextto Thalia democratica, -
Salpa cylindrica and . Jasis zonaria, this is the commonest form occurring in the Madras

- plankton.  The occurrence of numerous dead specimens of Pegea confoederata. comprising

‘mostly the aggregate form along the Madras coast on the 1ath October, 1943 under very
-abnormal conditions is worth recording here. Madras expenenced very heavy and continuous

" rains for about a week during the preceding days and this resulted in the complete.

flooding of the city on the roth and the 11th of October, 1943. Due to the draining of this
water by the river Cooum, the sea was discoloured to a great extent and the salinity very low.
Probably the current set up in the sea by the flow of large quantities of water from the fSooded
city along the overﬂowmg Cooum and the very low salinity of the sea water might have been
the reasons ‘for ‘the occurrence of large numbers of stranded specimens along 'the Madras

ndaamts
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coast. This collection consists of two hundred and thirty three aggregate and seven. solitary
individuals, and a very long chain form composed of small aggregate individuals (plate IV,
fig. 4). One side of a beautiful chain. c_onditidn of medium-sized aggregate individuals was
obtained from inside the Madras harbour on 4th October, 1935 (plate IV, fig.s).

Solitary Form : (plate I, fig. 1).—The solitary forms are represented in my collection
by twenty nine specimens (including the specimens collected on the 12th October, 1943) of
which thirteen are embryos. _The biggest spec1men from the townet collectlon of 15th
August, 1939, measures 50 mm, -

The scarcity of the solitary generatidns of P. confoederata in the surface waters has been
emphasised by all previous workers on Salpidae.- The “ Investigator” collection contained
thirty individuals including the embryonic forms. The Deep Sea Expedition collected
twelve individuals, while the * Siboga ” Expedition recorded only a single specimen. Ritter
(quoted by Metcalf), after examining thousands of P. confoederata, got only two solitary
individuals. Metcalf’s explanation for the scarcity of the solitary generation, that they lie
deep in the sea throughout the year and never come to the surface, seems to be plausible.
The suggestion that the solitary individuals’ may be much more abundant in the deeper
waters is supported by the data of collection of the previous authors.

The two'generations of P. canfaedérala differ very little in the musculature and general
features. The nucleus in the aggregate form occupies an extreme posterior position with
~ a very thick covering of test round it, while in the solitary generation it is placed on the
ventral side at two-thirds of the length from the anterior end. ~Further the presence of
the. protuberances for attachment in the aggregate individuals enables us to distinguish
them easily from the other generation.

" There are four body muscles on the dorsal side which 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 muscles approach each other very close but do not join.

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

The oral musculaturé consists of the oral retractors situated at the corners of the mouth,
and each is composed of two muscle bands, a dorsal and a ventral (plate TII, fig. 13). The
dorsal 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 dorsal 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 continued as the second sphincter of the lower
lip. The ventral oral retractor is continuous with the only complete splnncter of the upper
lip and also with the third sphincter of the lower lip. As Sewell has pointed out the oral

. 3



18 ' : Bullet;'n,'Madm; Government Museum : [NH. v 1

' retractor varies conslderably in dxfferent individuals. Such variation has been observed also

in the same individual. In one of the speclmens in the collection the posterior end of the
dorsal oral retractor of the left side is branched into two while that of the right side is normal.
In another specimen the right dorsal oral retractor is branchcd into three while the left has
only two branches. :

.~ The atrial musculatire is rather comphcated and consists of two sets, namely, a basal
'_set and a distal set composed of the atrial retractors and sphincters (plate I1I, fig..14). The

‘basal set consists of.a dorsal band which appears branched owing to the origin of another

N strand from near its lmddle, and a ventral muscle band. Sewell suggests that these two

bands might have been continuous in the livirig condition, but broken up into bits when
killed. -Similarly, he also suggests that the small bit of muscle lying anterior to the ventral
band of the basal set rmght be a broken remnant of the fourth body iuscle. These two

“suggestions require confirmation. The distal set consists of three atrial sphincters of the

~ upper lip and the three ventral sphincters of the lower lip. ~ The three dorsal atrial sphincters

are connected with the atrial retractor. The third dorsal atrial sphincter is not continuous

‘on the dorsal side. The first ventral atrial sphmcter also joins the atrial retractor while the
'~ sécond crosses it and proceeds for a short distance dorsally in the form of a fourth dorsal

atrial sphincter. The third ventral atrial sphmcter is confined to the ventral side and does
not approach the atrial retractor L .

In most of the specimens the placenta was present on the ventral side just below the
nucleus as an oval disc. ‘This suggests that the specimens are still young though the stolon
has made its appeardnce round the compact nucleus.

- Aggregate Form: (plate 1I, ﬁg 2)—The biggest of the specimeéns obtained from
the collection of 15th August, 1939 measures 6o mm: The musculatute of the aggregate
zooid closely resembles that of the solitary one. The four usual body mucles are present

. onthe dorsal side in two groups.  In'this form, unlike the solitary generation, the third and
. the fourth body muscles meet dorsally. :

The 1ntermed1ate muscles as well as the oral musculature of tlus form are similar to those .

, of the solitary zooid.

~ The atrial musculature is different. The atrial retractor is continued on the dorsal
side as the broad third atrial sphincter, which is interrupted on the sides (plate ITI, fig. 15).
Lying at the corners of the atrial opening and in contact with the atrial retractor is a strip of
broad muscle which divides dorsally into two. branches. The posterior branch runs as the
first dorsal atrial sphincter, which again, like the third sphincter, is not cdntinuous, but broken
at the sides. ‘The anterior short branch is the second dorsal atrial sphincter., This sphincter
is incomplete on the dorsal side and extends on the sides for a short distance only, The first

“and the second ventral sphincters arise from a single root at the junction 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 bedy muscle, but does not join it. All
the ventral atrial sphincters are continuous. Anterior to the third ventral sphincter lies
a muscle band which is morphologically the posterior branch of the fourth body muscle.

The test in the region of the nucleus is very 'thic_k and hard. Each individual carries’

only-a single embryo on the right side between 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 mult;tentaculata {(Quoy and Gaunard)
Salpa henseni Traustedt, 1893 ; Apstein, 1894.
Salpa multitentaculata Thle, 1911 ; Bomford, 1913.
" Traustedtia multitentaculata Metcalf, 1918 ; Sewell, 1926 ; Ihle, 1935.

Solitary Form : (plate II, fig. 3).—Itis well known that T. multitentaculata is 2 very

rare form and so’it is not surprising that a single specimen of the solitary zooid alone

was represented in the Madras collection, even though many plankton samples were examined.
This species, like Brooksia rostrata, is apparently a very casual visitor to the Madras coast,
The single specimen was obtained from the plankton collection made on the 27th September,
1940. It measured about 12 mm. in length excluding the tentacular processes.  The preser-
vation 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 number of the aggregate forms.

"The shape of the zooid is more oval than spherical with a slight compression of the body
dotso-ventrally. The nucleus is spindle-shaped and is placed vertically at the posterior 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 dorso-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 teéth. Metcalf (1918)
and Oka (1921) describe the presence of thirteen tentacular processes in the solitary form of this
species. But in the specimens océurring'in the Indian waters, Sewell has noted only nine such
processes and considers this variation as of geographical nature only. Inthe single specimen
of the Madras collection also only nine tentacles have been obbened Only four of these,

namely, the anterior ventro—lateral pair and the posterior ventro-lateral pair are long and .

contain tubular prolongatlon% 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 r«,eniaining, five tentacies,a.re mere tubular projections of the mantle into the test and do
not pass beyohd the general outline of the body. A pair of tubular protrusions arises on the
dorsal side from near the fourth body muscle and projects into the posterior end of the dorsal

3
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crests. Another pair is preeent at the angles of the atrial opening. These two pairs are very
small and barely noticeable. The median unpaued protrusion takes its origin from behind
“the middle portion of the nucleus and passes vertically upwards, temunatmg near the border
of the test on the dorsal side. A fairly well devcloped stolon is present in the specimen.,

There are five body muscles which occupy only the dorsal side of the animal. The
first three form a group and are completely fused together medially. This group of body
muscles has the appearance of a single muscle band with three branches at the ends. The
fourth body muscle at-the sides gives off a small posterior branch which runs backwards te
the base of the atrial opening. This branch, where it crosses the fifth body muscle, divides

* into two, the dorsal of which fuses with its fellow of the other side to form a continuous band’
at the base of the atrial suphon while the ventral branc.h runs towards the visceral mass,
The fifth body muscle is situated very near the atrial opening. Near the corner of the atrial
opening this muscle sends off a small posterior branch wh.tch runs towards the bases of the
atrial sphincters (plate III, fig. 17). ' _ : : _

The intermediate muscle is 2 short strip lying ms:de the oral retractors.

The horizontal muscle is thin and very small and lies at the dorsal end of the inter-
mediate muscle along the penpharyngeal groove: . :

Two short oral retractors are present. (plate I, fig. 16). The dorsal oral retracfor-
divides into three branches ; the first running as the incomplete, short, first dorsal sphincter,
while the remaining two branches run as the first and second ventral sphincters. Both these
sphincters are continuous from side to side and their bases are united for some length. The-
first ventral sphincter is well developed 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 third ventral sphincter. These two sphincters are interrupted medially and appear
as short stumps from the sides. meg to the bad state of the specimen blood sinuses

_ connecting the ends of these sphincters could not be made out, -

~Arising close to the dorsal branch of the posterior division of the fourth body muscle
is the short and weakly developed atrial retractor, which runs  upwards to the corner of the
atrial opemng (plate III, fig. 17). Due to the unsatisfactory preservation of the specimen
~ the atrial sphincters were detached from the atrial retractor, and so the origin of ‘the atrial
_ sphincters from the atrial retractor could not be made out. There are two dorsal atrial
sphincters the admargmal of which is well developed and strong, while the second is delicate
. and weakly developed. The ends of these two sphincters are united for a short distance.
There are three ventral atrial sphincters of which the strongly developed admarginal is
_continuous with the bases of the fused dorsal atrial sphincters at the corners of the atrial
opening. Like the second dorsal sph.lncter the second ventfal i§ also very thin and
approaches the atrial retractor at the sides. The third sphincter s confined to the med.lan
region of the ventral lip and does not apptoach the corners of the atrial opening.
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- -(GROUP SPHAERODAEA,

Salpa maxima Forskal

Salpa maxima Forskﬁi 775 ; Apstem 1894 ; Striff, 1908 ; Ihle, 1912, 1935 ;
Metcalf, 1918 ; Sewell, 1926.

Salpa africana Forskdl, 1775, .
. Salpa africana-maxima Traustedt 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 “ Im_restlgato_r got only two examples
of the aggregate zooids collected from the Laccadive sea. So this is the first record of the
occurrence of Salpa maxima in the Bay of Bengal, Evidently it is not 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’ whlle 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
1o mm. including the mantle protuberances. The zooids are asymmetrical especially in the
lateral shifting of the prolongations of the mantle.

There are six well developed body museles airanged in two groups, one consisting of
the anterior four and the other of the remaining two body muscles. The body muscles
of the first group 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-medialiy. All the body muscles extend
well on the ventral side.” The sixth body n"msgle gives off a branch at the sides. The two
branches of either side curve round the corners of the atnal s1phon and sometimes meet
at its base close to the dorsal side of the nucleus

The intermediate muscle is welI 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 opening lying 1nternal 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 few 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 originate 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 lower lips of the atrial opening. The first pair.of sphmcters
is better developed than the rest.
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Salpa maxima var. tuberculata Metc‘alf-,
Salpa maxima var. tuberculata Metcalf, 1918

Aggregate Form: (plate 11, fig. 5). —This variety was created by Metcalf in 1918
for the reception of the aggregate zooid of a Salp, the solitary generation of which has not
yét been discovered. Previously the variety has been collected from the Phjhppme sea.
As the *“ Investigator *’ Expedition did net 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 mgamred 85 mm. including the anterior and the posterior
prolongations of the test containing mantle protuberances. Two distinctive features, namely,
the elongation of the anterior and posterior asymmetrical mantle protuberances approaching
the condition found in the aggregate zooids of S. fusiformis and the. presence of two, thick
and rounded areas in the test with triangular spines on them on eithér side of the atrial siphon,

; dlstmgulsh the variety from the species. Allthe other characters, 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 specimen contained a fairly
well developed embryo (plate IV, fig. 6). ' - '

| Salpa eylindrica Cuvier.
Salpa cylindrica Traustedt, 1885 ; Herdmaﬁ 1888 ; ; Apstein, .1894' Thle, 1910‘; 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. 'The * Investigator ” collected many specimens of this species, mostly
from the Burma coast, the Nankauri harbour and the Revello.Channel of the Andaman sea.

The aggregate zooids occur more abundantly than the solitary ones and chain forms
were obtained from the townet collection made on the 21st October; 1942. The solitary

form often has the tendency to shed its test under extremely unfavourable conditions.

Solltary Form: (plate II, fig. 6).:—The biggest spcc;men obtained measures 45 mm.
in length. - The test is very thick and hard with prominent ridges on ‘the ventral. side,
The test on the dorsal side is thin and soft. - Only nine body muscles have been.observed
in the specimens collected so far excepting the single specimen obtained from the plank-
ton collection of the 15th April, 1943, which had ten body muscles. Sewell obtained several
examples possessing ten body muscles and showing considerable variations in the nature of
connection” between the first four body muscles on the dorsal side. In the Madras specimens -
the first four body muscles are invariably. separate from one another and the interspace
between them is about-half the width of the body muscles In a few cases the ﬁrst and the
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“second body muscles meet dorsally. This tendency for the first four body muscles to remain
- separate is probably a step towards the condition found in Salpa maxima. "The fusion of

the first four body muscles is sub_]ect to variation and cannot be taken as a distinguishing’

characteristic of the species.

There is an intermediate muscle assoc1ated Wlth the oral musmlature and lymg 1nternal
“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 111, fig. 19). The oral retractor, after crossing the
intermediate and the third broad sphincter of the upper lip, divides into five branches.. The
first two branches are very thin and rua as the first and the second dorsal sphincters. The
admarginal first dorsal sphincter is interrupted dorsally. Sewell has observed this condition
in the second 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. The remaining
three branches of the oral retractor run as the three sphincters of the lower lip. The course
of the first ventral sphincter is interesting and escapes notice easﬂv unless dissected 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 ubual place between the intermediate muscle
and the third dorsal oral sphlncter '

The well developed atrial retractor starting anterior to the ninth body muscle, after
crossing it, gives off about twelve dorsal and ventral atrial sphincters of which the first pair
s prominent, well developed and usually in contact with the ninth body muscle 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-ventral line, behind the nucleus.

Aggregate Form : (plate II, fig. 7).—The test in this zomd 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 muscl_cs 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 the atrial  siphon where the two
~ sometimes unite to form a single broad band and enter the posterior protuberance.
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7 The horizontal’ musele's situated very near the third dovsal oral sphincter até. small. .
" The intermediate muscles are placed ventral,ly below the oral opem ng and their anterior
ends are situatéd at the base of the antenor protuberance of the bod'y N R

- The oral musculature is rather comphcated "The oral retractor is well developed and -

consists of an antero-ventral group of muscle fibres supplymg all the three sphmcters of the
upper and lower lips and of a few postero-dorsal strands which run to the first and the second

sphincters of the upper lip and the first sphincter of the lower lip (plate III, fig. zo) ‘Except -

the second dorsal all the sphincters are continuous. The third dorsal and the second and .the

| third ventral sphincters are well developed while the other oral sphmcters are only weakly_

developed

Thé well deeIoped atrial retractor takes its origin from very near the fifth body muscle,
The retractor gives off about four or five sphincters to each lip of whlch the basal ones are
_better developed.

CYCLOMYARIA.

'The gonozooids of the genus Doliolltm have been receodi classil’ied into four sub- -

divisions by Garstang (1933) based mainly on the course of the 'alimehtary canal, The four
- subdivisions are Dvliolina, Dol:olmdes Doboletta and Doliolum ; this classification is
followed in this paper. :

"In the Madras plankton two types of gonozomds one belonging to Doliolum and. the
other to Dolioletta have been noted. ' Ir. Doliolum the alimentary canal forms a wide dextral
arch round the cloacal floor with the anus parietal on the right side. In Dokioletta 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’collected on many occasions,

sometimes along with the gonozomds

- Doliolum &enticulatum Quoy and Gaimafd'

Dolwlum (Dolioletta) denfzculatum Herdman, 1888 ; Neumann 1906 ;
' -Garstang, 1933.

_ Thzs species is recorded for the first time from the Bay of. Bengal 'I he biggest gonozooid

80 far obtained measured 4 mm. in length, The transpargnt body i is ‘barrel-shaped with the
oral and atrial openings at the ‘extremities. As ysual, twelve lobes-are present round the
- mouth and ten round the atnal opening. There are elght tuscle bands in the form of
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hoops of which the anterior and the posterior ones. act as the oral and the atnal sphincters
respectively (plate II, fig. 8). The stlgmata are arranged in two rows and the branchlal
septum takes its origin dorsally from the second muscle band. The septum runs postero-
ventrally, and on.a level with the fifth muscle band and the stomach, it curves and runs
anteriorly and is attached ventrally near the third muscle band. The ventrally placed
short, straight endostyle extends from the second to the fourth muscle 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 placed ventral[jf 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 extending up to the second muscle 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 . hearer the
latter.

Dolioletta gegenbauri Uljanin

Dolzoletta (Dolwlum) gegenhauri Uljamn 1884 ; Neumann, 1906 ;"
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 instead of on the fifth muscle band as in D. gegenbauri, cannot be taken as a specific -
character. Garstang is, therefore, correct in regarding D. tritonis as a synonym of D. gegen-
bauri. In Madras both the varieties have been taken from the townet collections. The
gegenbauri-like form is very rare while the tritomss-like form is the most abundant of the two
Doliolum recorded in this paper and the swarms of gonozooids met with in the plankton
collections were composed invariably of this form. Huge swarms of the gonozooids of this
“gpecies-were also present in the plankton collection made on the 29th July, 1941.

The biggest gonozooid obtained measured 7 mm., in length. The characters of D.
gegenbauri are the same as those of D. denticulatum except for a few differences in the dis-
position of the internal organs. The alimentary canal forms a close dextral coil in the middle
of the cloacal floor and the anus is median. Unlike D. denticulgtum the testis is very long
and proceeds. antero-dorsally ‘along the left side and extends as far as the second 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 the sixth muscle band
and is attached ventrally on, or in front of, the fifth muscle band. The anterior and the
posterior ends of the endostyle extend mid-way between the interspaces of the. muscle

4
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bands two to three and fourto ﬁve r&pcetively. '_I‘he dorsal ganglion is éituated n.eafer the

 third. muscle band postenorly - -

“ NURSE FORMS ”

_ Wlth our present kno'mledgc a proper correlation of the ‘00zooids with the gonoz.ooxds
-is impossible and practieally no - attempt has been madc in this direction probably due to
the difficulties encountered in such attempts e

Two types of “ Nurse Forms ” are commonly miet with in the Madras plankton and
 are easily distinguished from each other by their “relative sizes (plate IV, fig: 8). One is very
 broad and long and measures 10 mm., in length and 5 mm.in breadth while the other
is very narrow and measures 12 mm. long and 2 mm. broad. . The narrow -* Nurse Forms
are the most cominon in the townet collections. - Both the forms have been noted to occur
in swarms and sometimes along with the gonozooids. - Of the usual nine muscle bands the
anterior and the posterior ones are very narfow. The other muscle bands are very broad
and the edges are very closely approximated, but do not come into contact. - The musculature .
approaches the holomyonic condition. The third and the fourth muscle bands are slightly
" broader than the rest. - The seventh musc!e band is interrupted dorsally and the ends are
‘continued into the backwardlv directed cadophore The ganglion is situated between the
fourth and the fifth muscle bands ' e ’ '

SEASONAL OCCURRFNCE OF THALIACEA ON THE MADRAS
o COAST. :
" The physic_o—chemical conditions of the Madras _wator's ‘have not boen investigated -

* satisfactorily. In the absence of such definite information which is very essential for a work
of this kind; the cotrelation of the occurrence of Thaliacea with the hydrographical conditions
of the coastal watérs of Madras is impossible. Further, as has already been mentioned,
the methods empléyed. for plankton collect:on are also not - aliogether satisfactory. - For,
only a cataimaran was used for this purpose ; as such a craft has 4 tendency to be drifted
along the surface of the sea in the direction of the ocean currents, it is very difficult to deter-
mine either the speed of the craft or the amount of water drained through the townet in a
known time.  ‘These are scrious handicaps in an investigation of this kind and detailed work
as done by Michael’ (1918) can only be undertaken when better facilities for hydrographxcal
mvcstxgattons and lmprovod methods of colléction are available,

" The figures in the anaIyt1cal table reprcsent thé number of mdxvzduals of each of the
specles present in-the plankton collcctxons brought to the Iaboratory but not the number of
the form i ina known volume of sea water. However they serve to give an idea of the seasonal
. abundance of the various common forzns in the plankton of this coast. The conclusions
drawn mn the fol]owmg pages’ ré‘garding the seasonal occurrence of the various specxw of
Thahacea based on suoh data can onlv be of a general ‘nature. =

»
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Thalia democratica.—On the Madras coast the occurrence of this most abundant and
widely distributed species of Salpidae has been noticed to be very regular and it constitutes-
a typical planktonic organism. During the seven years of analysis the solitary and aggregate

- z00ids of this species have been collected during January to May, July to October and Decem-
ber. Asis evident from the analytical table, huge swarms of hoth generations of this species
are met with commonly in the month of January and also in the month of March.

~ The almost complete exclusion of all other usual planktomc organisms like the Copepods,
etc., is an interesting phenomenon of the plankton collections containing swarms of

T..democratica. Chain forms of the aggregated zooids of different sizes and growth occur

~ frequently in collections made during these months. The graph (plate V) shows the occurrence
of the sohtary and the aggregate zooids of T. democratica in the Madras plankton during an

' year constructed from the data obtained as a result of the analysis of the plankton made
during the yéars 1937 to 1943. 'The months are represented in the abscissa and the ordinate
represents the average of the number of 1nd1v1duals present in collections made in a month

- during the years under investigation. It is evident that there are two periods of maxima
in the occurrence of T. democratica-on the Madras coast. The first period extends from

January to March and the second period includes September and October.  The maximum
occurrence of both the zooids of T. democratica in the Madras plankton is during the month of
January.. In February thereisa considerable fall in the number of the two zooids occurring
in the plankton followed again by anabundance during March. A gradual decrease in the
number of individtals is evident in the succeeding months and during June T. democratica

- is not represented in the plankton collections of the Madras coast. Again, the Saip makes

its appearance in fairly good numbers and the secondary maximum in the occurrence of

T. democratica is reached during September and October for the solitary and aggregate

individuals respectively. After this period the number of individuals present in the plankton

" collections decreases and in November they are practically absent. So it can be concluded

that 7. democratica reiches the maximum numerical intensity in its occurrence on the

Madras coast during ]anuary to March and a secondarv maxlmum dunng September and

- October. ;

Salpa cylmdrlca.—The next common form m_the Madms plankton is Salpa cylmdma

As in T. democratica, a definite periodicity in the occurrence of S. cylindrica in this coast

has been noted. During the period under investigation, the solitary as well as the aggregate
individuals have been collected during the periods extending from January to April and August
~ to December. It.is clear from the tables that there a; ¢ two periods in the occurrence of this
species on the Madras coast. As the number of S, gylindrica occurring in each plankton
collection is very small when compared to that of 7. dgmocratica it is not possible to find out

- the period of maximum ingensity or the penod of secondary maximum of this species on the

" Madras coast. Hence from the available analytical data it can be sald that the maximum

- "number of S. cylindrica occurs during the months of March and October.

4A 7 E : Ty .
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*Jasis zonaria.—In the case of the next common form in the Madras plankton, namely,
j’asx: sonaria, a periodicity similar to that of the preceding forms has been observed. The
. sudden appearance of this spec:es in the plankton, its continued presence for a few days and
the sudden disappearance are probably characteristic of the species. -Both the zooids have
been. recorded .during March and Apfil, July and Avgust and the aggregate forms only in
September and December. During these two periods the maximum number has heen
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 suggests that they are
probably separated individuals belonging to a single chain or chains of the same size. On the
“other hand, solitary individyals of vanous sizes have been hoticed to occur in the same
collection. :

Pegea confoederata.—T he ‘only other form which deﬁmte]y exhibits a’ seasona]
variation in occurrence in the. Madras plankton is Pegea ‘confoederata. ‘During the period -
of investigation both the zooids have been obtained during March, August and September.
Stray specimens of aggregate zooids have been obtained during January and April. -Also-
solitary zooids have been collected in October: . Maich and August are 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 ffery fine speeimen of a solitarj 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 made on the 27th
‘September, 1937 The chain was very long but broke up into pieces when put in formalin,
‘Another fine specimen of a chain of aggregate mdlvxduals of P. -confoederata (one side
only) was pbtamed from within the Madras harbour on the 4th October, 1935 (plate' 1V,
fig. 5)- The chain was _im:act' even after fixation and the individuals measured 30 mm. in
length. Yet. another long chain of aggregate individuals measuring 3 mm., in length was
obtained alo_ng with the s';rapded specimens collected on the 12th October, 1943 immedlately
after the floods (plate IV, fig. 4). ' Taking into consideration these instances it se¢ms probable
that chain individuals of P. confoederata could be expected on-the Madras coast durlng the
months of September and October. .

, ' Regardmg the remalmng forms nothing can be said definitely about thelr penodlmty
of occurrence in the Madras plankton.  For, when compared to the forms discussed above,

the mamber of individuals of these occurring on the Madras coast is very small. Froma .

. knowledge of the date of eapture of these forms fair conclusxons regatdlng their occurrence
‘in the Madras planktqn can be drawn Ina general way there is a tendency for some forms
such as Ritteriella amboinensis, Sa_lpa maxima and its variety tubercilata to conform to the
periods of ‘occurrence of the -coramoner species of Salpidae. Themonths given under each
form represent only the period of: collection of the particular form and may be taken as tle

. mouths of occurrence of- the form on the Madras coast. -
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- Cyclosalpa pinnata var. polae.——The solitary forms are rare on the Madras coast
and have been collected only during the months July and October. The aggregate forms
are comparatively common in the Madras plankton and were collected during the months
January, March, April and July to December. |

' Cyclosalpa pinnata var, sewelli.—The sohtary forms have been collected from the
Madras coast during the months January, March, July and August. The aggregate forms
are unknown to science. . '

‘Salpa maxima —Only the aggregate forms have been collected from the Madras
plankton and these were obtained in the months of March and August

Salpa maxima var. tuberculata.—This species is rare onthe Madras coast and is
represented in the collection by four specimens of aggregate zoo1ds collected during ]anuary,
July and August. : :

Ritteriella amboinensis.—The sohtary forms alone have been collected during the
months of March July, August and December.

Brooksia rostrata.—This is another rare species -and a casual 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 single specnnen
of the solitary zooid was obtained from the plankton in the month of September.

Metcalfina hexagona.—This species in a deep water form in the Indian Ocean and, as
has already been mentioned, the species has never been obtained from the many plankton -
collections made so far from this coast. The collection contains a single specimen- of the
solitary form, with a well developed stolon, caught in the month of May in deep water fishing
nets.

" Doliolum.—When compared to the Salps, the paucity of Doliolum in the Madras p]ank- ,
ton is quite apparent, for only two types of gonozooids and twe types of cozooids have been
collected during these years. Further, only one-fifth of the collections made during the years
1937—1940 contained the zocids. The gonozooids have heen collected in the months,
January to April, June and August to October, while the 00700ids occurred in the plankton
from January to March, June, August,' September and December.. * Yet, Trom the numbers
in the analytical tables it is clear that there is a definite periodicity in the occurrence of swarms
of the two zooids on the Madras coast. . March and August, especially the latter, are the
‘most favourable months for their occurrence in swarms.”. During August, huge swarms have
been collected on two occasions. Thxs is in general conform:ty with the seasonal occurrence
of the Salps of the Madras plankton.

Taking the Thaliacea as a whole it may be definitely ment.toned that large numbers of this
pelagic group occur in abundance on the Madras coast regularly during two periods in the year,
namely, during the months of March and August. 'The seasonal occurrence of 7. democratica
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is the only exception to this general rule. During March large numbers of forms like
T democratica, S. cylindrica, 3’ zonaria, P. confoederata C. pmuata var. polaeand var. sewell
and Doliolum have been collected and this is the penod for the maximum ‘quantitative abun-

" dance of Thahacea in the Madras plankton Gradually, a decline sets inand during May
and June, the hottest part of the year, they are almost completely absent. Later in the year,
in Augﬁst,‘ a secb_ndary maximum is reached when forms like. T. ‘democratica, S.maxima,
P. confoederata, §. sonaria, C. pinnatavar. polae, R. amboinensis, S. cylindricaand Dofiolum
recur once again in fair numbers. Further, the qualitative maximum in the occurrence of .
Salpidae on the Madras coast is also reached during the month of Au‘gust It is during this
month that. out of the total twelve species of Salpidae recorded from this coast, seven varieties
of the solitary and seven of the aggregate mdzwduals belonging to ten species have been collect~
ed. In this connéxion, it is interesting to mention that, in the plankton collection made on the

- 15th August, 1939, as many as eight speczes were represented Inno Vother collection made
during these years was such a great number represented ina smgle collectloh .

Our knowledge of the hydrographical data of the Madras coast is very meagre The
following table is gwen by Subramaniam and Alyar (1936) —

Momh | Temperawre F. | Salimity
Dece.mher:' vo s e e T 76°g - ' 28.73
January .. .0 . .. e gbor 30'59
February. e e il Ces e L . 0% (R ' | 31°04
March .o . | sees | g8
Apnl Ces e e e e | ' 8312 7 3448
May ‘ - T e 8528 o | 34'81,
June i o ce e e et e - 8348 3539
July BEE . ' e e 8348 | 3516

_ Sewell’s (1929) work on the hydrograph;cal conditions of the Bay of Bengal cannot strictly
“be used in the present work because it deals mainly with those of the open séa and in Sewell’s
own words ““in many features, the conditions existing in those two different areas, namely,
the open sea and the coastal region, have been found to present a noticeable contrast, and the
results obtained indicate that in the bpen waters the surface of the ocean is completely exposed
to the outside mﬂuences that result in the productton of a aumber ‘of extremely 1nterest1ng
phenom.ena. - '
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_ Consequently, the only relevant data for a discussion of the seasonal occurrence of Thalia-
cea on this coast are those given above. Unfortunately, these authors have not given
the observations for the .months August to ‘November. It is evident from the table that
the temperature and the salinity are the lowest in the month of December, Then the tempe-
rature and the salinity gradually .iric;'ease, and the highest temperature is reached in the
month of May and the highest salinity in the month of June. The temperature and the

_salinity are on the declme dunng July. For the remaining . four months, even though
no data are available_regarding the temperature and the salinity, a gradual decrease can be
expected to occur culminating in the lowest figures in December. In Ma.rch the temperature
is about 83° F. and the salinity about 34 per mille. In Augustalso, the same conditions may be
expected, for, after reachmg the maximum in May and June, both the temperature and the

salinity are on the decline as is evident from the readmg_s for July. These facts strongly
suggest that these are the optimum conditions for the occurrence of Thaliacea on the Madras
coast. The optimum conditions for the occurrence in huge swarms of T. democratica
on the Madras coast are different from those for the occurrence of the other members
of the group. For latge swarms of both generations have been collected in January when the

‘temperature is about 76°F. and the salinity about 31 per mille, . Similarly, the secondary
maximum has been found to be in September and October for the solitary and aggregate

" individuals respectively when both the temperature and the salinity are less than what they

"are in August, 4 ‘

The observations made in this paper rega.rdmg the occurrence of Thaliacea especmlly of
T. democratica, are in general agreement with those of Russell and Colman‘( 1935) on the
seasonal occurrence of T. democratica in the Barrier Reef lagoons. They' observed the
maximum abundance of both the generations of T. democratica durmg two periods in the year
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, and when it falls from 28 to 24°C.
A complete absence of T. democratica has been noted. by them when the temperature reaches
its maximum of 28 to 29°C.  They doubted whether salinity has any effect at all on the
seasonal occurrence of T'. democratica, and suggested the possibility that the abundance of this
species is connected with the temperature of the sea water; On the other hand, Sewell has’
tried to correlate the number of species obtained each month in the Indian seas with salinity.
Further investigations are likely to show that both these factors, as I have indic_ated, exert
great influence on the seasonal abundance of these forms in any pamcula.r area,

Lastly, mention may be made of the value of pclaglc Tunicates as indicators of changing
_oceanographlc conditions. The utilization of certain easily dlstmgulshable organisms in the
plankton as indicators of the water in which they are found has come to the fore in recent
years mainly by the work of Russell (1935). Ttis now admitted that in places whereseveral

~ water masses mix the types of planktonic animals found can: give reliable clues as to the
different sources of these waters. Pelagic Tunicates, particularly the 'Thaliacea, are ideal
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~ planktonic animals for thls pﬁrpoﬁe.and afew refet’:noes toapecles used as indicators may net be _

out of place here. Bowman (1922) dréw. agtention to the possible connexion between the.
occurrence of certain Salps andshe influx of Atlantic water to the North Sea region. Russell

v. ’ and Hastings (1933) suggest the poss:bilm of pelaglc Tunicates actmg as indicators of move-

ments of Atlantic water into the Engllsh Channel - Thompson and Frost {1935) suggest that
the occurrence of different species of - Copelata could be used to mdicate the annual and seasonal .
variations in the degrees of occyrrence of Arctic and Atlantic watcrs in the New Foundland

' ﬁsh.ng areas. McKenzie (1939) folloWed large scale shoreward movements of Gulf Stream

water in the Nova Scotian region through the oceurrence of }am zonaria. Aida (1907) and
Tokicka (1940) state that oceanic species- of pelaglc "Funicates are brought by the Black
current zlong the Japanese coast. Essenberg ( 1926) 31m11ar1y showed the relatxonshlp of
the occurrence of the different spemes of Copelata to the cold and warm water currents along

“the Californian coast. It is premature to suggest which of the species dealt with in this paper
' are useful as indicators of water movements along the Madras coast, for, very little is’ known

about the geographxcal dlstnbutlon of the Thaliacea in the Bay of Bengal aad the current

'systems of the coast.

o . - SUMMARY.
Detalled descnptlons of the sohtary forms -of Cyclosai_’pa pmnata var, sewelli, Brooksia

rostrata, Ritteriella _ambmnenm Metcalfina _fxexagor;a and Traustedtia multitentaculata, .
the aggregate forms of Salpa maxima and Salpa maxima var. tuberculata, the solitary and

aggregate forms of Cyclosalpa pinnata var. polae, Fasis zonaria, Thalia democratica, Pegea

-confoederata and Salpa cylindrica, Doliolum denticulatum, Dolioletta gegenbauri and “ Nurse

Forms  obtained from the plankton coHectlons made during the years 1937 to 1943 are given
in the paper. The periedicity of occurrence of the different species in relation to the hydro-

_ graphlcal conditions of the Madras coast is bueﬂy discussed.
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KEY TO LETTERING.
- al.c. ss s . alimentary canal. __
a.p. ... o e attachment'protuberance.
8r. w. s e . atrial retractor.

a.s. 1,4.8. 2, etc,

€ aee

end.

" hom,

ht. ...
im, ..
L1, 12, etc.
0T, s
oV, e
pd. ...

8. e

R | PO

tp. v

v.8.1, V.8. 2, etC..

XX, eee

LI I

e

Y3

' u.I1, u.2, etc.

I, 11, 111, etc.

... -dorsal atrial sphincters.
-embryo. '
ehdosfyle.
... horizontal muscle.
e . heart, '
s« intermediate muscle.
we ' . ventral oral sphincters.
“wse e oral retractor.
we e OVATY.
ws . ses  peduncle. -
" e e stolon.
ve | een testis. _
s - e tentacular processes.
s wee dorsal oral sphincters.
.. ventral atrial sphincters.
‘ - muscle characteristic. of the oral siphon ot Jasis zenaria.
< - body muscles, ‘
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an 1. S:de view w of the solitary form of Cythtalpa pmnata var, :ewelh X 3-3{5
2. ﬁlde view of. the aggregate fbrmuf Cydomlpa pinnata var. polau X 37;/ 5.
' 3. Sule view of thie solitary form of Bmoima rostrata. X 6. '_ : ~
‘4 Side view of the solitary form of Ritteriella ambomerm's. X 3-1]5.
5. Dorsal view of the solitary form of Memhgﬁpq hezagona. K 4fs.- :
' 6. Dorsal view of the is'olitarjr form of Fasts zomm'a X 2. '
: 7. Dorsal view of the aggregate form of Yasie z*onma X 2-2! 5 VVVVV
- 8. Dorsal view of the sohtary form of Thal:a demcratsca X 4._ S
.9 Dorsal view of the aggregate form of Thaha demacmtzca X 8.

10 Ventral view of an aggregate form of Thalia democratzca from the nght side of a cham
.. showing the attachment protuberances. X ro. :

Dursal view of a cham of aggregate forms of Thalia demecrattca X 10.



T TR e -

TR RN T T

PLATE I -

BULL., MADRAS GOVT. MUS. (N.HL.VL) 1.

wraym

oI W ¥ X W W ORI X8

wat o B OH H

b

s



IR SR L B P -

4 Doraail view of the aggregate form of Salpa mmma. >< 6-3/7.
s
6.

_‘,1. Dossal view of the aggregate form of Salpe ‘J’Wﬂ“ co.’

-of Pegea coufocderat -

Dorsal view of the aggregate form of Salpa mazima var, tuberculata x'_r -2{7.
Side view of the sohtary fornx of Salpe cyhndnca, xé '

8, Sldsv!ew of Dohohnn dcmulatm. Xz4." L
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-muawiawre of the‘sqﬁﬁy &m:rof Cydb.wlpa pmnm var, semlh

. .§)ral musmlature ef&be mmfotm of Cyclosalpa maﬂf“gar polac.
. f)ral musculature of the golitary form of Brooksia rostrata. - ® :
4. Oral musculature of the solrtary form of Ritteriella amboinensis.
. Oral musculature of the solitary form of Metcalfina hexagona.
A Atrral musculatme of the solitary form of Jasis zormna.
Orzl musculature of theaggregate form of Jasis zmrza.

3! __Atrial musculature of'the aégfé%ate_fonn of Jasis
. Oral musculature of the sohtary form of Thalis . ¢

.10, _ﬁAtual musculature of the solitary form of Thaha dmocrat:ta
1. Oral musculature of the aggregate form of Thalia democratica..
12. Atrial musculature of the aggregate form of Thalia democratica. -

13 Oral musculature of the solitary form of Pagea cohfoederata. _
4. Attlal musculature of the sohtnry forin of Pegea coig'pederata '

'17 Afnlﬁ muscuiature of the solrta.ry form of Tramédiza multitentac ulau B

" 18, Oral musculature of the aggregate forin of Salpa mazima,
19: Oral musculature of the solrtary form of Salpa eylindrica. - )
20 Oral musculature of the aggregate form of Salpa cyhn dfu‘a

e
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.;BULL., MADRAS GOVT. MUS. (N.H.VL) 1.
5400 8 y
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" PLATE V.
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Graph showing the occurrence of the two generations of Thalia democratica in a year.
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