o B L’Q'
: 2.5

Journal of the @

o Zoological Society of India

Abbreviation : ¥. zool. Soc. India

i Vol. 10, No. 2 December 1958 Pages 103 - 200

Published 30th April 1959

PRICE: INLAND Rs. 10.00 FOREIGN Rs. 15.00

(»:‘,»c |

PUBLISHED HALF-YEARLY BY

THE ZOOLOGICAL SOCIETY OF INDIA
Cjo THE Z00LOGICAL SURVEY OF INDIA 4 ,
34, Chittaranjan Avenue _— CALCUTTA-12.



ZOOLOGICAL SOCIETY OF INDIA
Office bearers: Elected 1958
EXECUTIVE COUNCIL

President
Dr. M. L. ROONWAL, Director, Zoological Survey of India, 84, Chitta-
’ ranjan Avenue, Calcutta-12.
Vice-Presidents
Dr. H. SRINIVASA Rao, 4/86, Katpadi Extension P.O, N. Arcot Dist.,,
(Madras State). (Retired Chief Research Officer, Central
Inland and Marine Fisheries Research Stations).
DR. G. S. THAPAR, 14, Mahatma Gandhi Road, Dilkusha, Lucknow (U.P)
(Retired Professor of Zoology, Lucknow University),
Secretary-General '
Dr. P. N. GANAPATI, Professor of Zoology, Andhra University, Waltair
(Andhra Pradesh).
Foreign Secretary :
Dr. 8. M. H. KHATIB, Professor and Head of the Department of Zoology,
Nagpur University, College of Science, Nagpur.
Treasurer
DR. B. 8. CHAUHAN, Assistunt Superintendent, Zoological Survey of
India, 34, Chittaranjan Avenue, Calcutta-12.

Editor
PROF. R. V. SESHAIYA, Professor and Director, Marine Biological Station,
Portonovo, Annamalai  University, Annamalainagay

(Madras State).
Editor of General Publications

Dr. E. S. BHIMACHAR, Chief Research Officer, Central Inland Fisherieg

Research Station, 66, Upper Circular Road, Calcutta-g.
Manager of Publications -

PROF. P. K. MENON, Additional Professor of Zoology, Presidency College

Madras. !
Members

DR. BAINI PRASHAD, 10, Dobhalwala Road, Dehra Dun (U.P.). (Retire q
Fisheries Development Adviser to Government of India)

Dr. J. L. BHADURIL, Professor of Zoology, Upiversity College of Sclence &
Technology 35, Ballygunge Circular Roag, Calcutta-19.

Dr. B. N. CHOPrA, 439, Mathura Road, Jangpura, New Delhi-14
(Retired Fisheries Development Adviger to Government of
India).

DR. M. A. MogGHE, Tregsurer, Nagpur University, 4, Ramdag Peth,
Nagpur, ’

Dr. N. K. PANIKKAR, Fisheries Development Adviser to
India, Ministry of Food & Agriculture, (
Agriculture), New Delhi.

Dr. H. N. RaAY, Professor of Protozoology, School of Tropical . .
Chittaranjan Avenue, Calcutta-12. pical Medicine,

Subsidiary Office Bearers
Assistont Secretary-General : Dr. R, NAGABHUSHAN, Waltajr.
Assistant Editor : Dr, P, GOVINDAN, Annamalainagar,
Assistant Treasurer (General) : SHRI A. K. BOSE, Calcutta.
Assistant Treasurer (Publications): SHR{ G. RAMAKRISHNA, Calcutta
Assistant Treasurer (Library): SHRI S. GHOSHAL, Calcutta, '

GO’l}eT’nment Of
Department of

Journal of the |
Zoological Society of India

Abbreviation : ¥ zool. Soc. India

Vol. 10, No. 2 December 1958 Pages 103 - 200

Published 30th April 1959

PRICE: INLAND Rs. 10.00 FOREIGN Rs. 15.00

PUBLISHED HALF-YEARLY BY

THE ZOOLOGICAL SOCIETY OF INDIA

Cjo THE ZOOLOGICAL SURVEY OF INDIA

34, Chittaranjan Avenue —_ CALCUTTA-12.

A



P “

y L e

v v W
[ ‘,_ g'f

P :}*“ d “ P
‘\’ ‘i‘ i R y 4

o R

o (IR

Journal of the
Zoological Society of India

Abbreviation :  J. Zool. Soc. India

Vor. X, No. 2 DECEMBER, 1958 Paces 103-200
CONTENTS
Page
NATARAJAN, R, Chromosomes of some Estuarine Basommatophorous
Snails.  (With 6 Text-figures.) 103
SWARUP, S. Abnormal Development in Temperature treated Eggs of
Gasterosteus aculeatus (L): | Cleavage abnormalities. (with 2
Text-figures.) 108
SRI RAMULU, V. A Quantitative Study of the Amino Acids during
the Development of Oryzias melastigma (McClelland) (with 13
Text-figures) 114
ALl KUNHI, K. H. Notes on a Collection of Stomatopod Larvae from
Bay of Bengal off Mahanadi Estuary. (with 23 Text-figures) 122
BHANOTAR, R. K. Asymmetry in the Striped eyes of the Desett locust.
(with | Text-figure) 148
SWAMINATHAN, S.  Amino acid Composition of the Crystalline Style
Of Telescopium telescopium (Linn)  (with | Text-figure) 150
JAIN, S. L. New Species of the Genus Urocleidus. (with 12
Text-figures) 155
BHOLANATH. Animal Remains of the 12th century A.D. from Sarnath,
Uttar Pradesh, India. (with | Text-figure and 2 Plates) 165
KHASYAP, H. V. and VELANKAR. The Circulatory System of Natrix
piscator piscator (Schneider) (with 7 Text-figures) 176
GLADSTONE, V. and PANDYAN (Miss) A. S. Malformation in the
Azygos and Vena cava inferior in the field Rat Tatera indica
Hardw. (with 4 Text-figures) 195



Chromosomes of Some Estuarine Basommatophorous
snails (Mollusca: Pulmonata) from Portonovo.

BY R. NATARAJAN,
Department of Zoology and Marine Biology, Annamalai University.

(With 6 Text-figures)
(Communicated by Prof. R. V. SESHAIYA, F.Z.S.I.)

CONTENTS

PAGE
Introduction . . 103
Material and Methods 103
Observations . . 104
Discussion 105
Summary 106
Acknowledgments 106
References 107

" Introduction

In a previous communication (Natarajan, 1958) the author reported
on ,the chromosomes of three species of common Stylommatophorous
snails of South India, belonging to the genus Cryptozona: The present
paper deals’ with the chromosomes of three estuarine species of Basom-
matophora wiz., Melampus ceilonicus Petit., Cassidula (Cassidula)
musteling Deshayes and Pythia plicata Fer., belonging to the family
Ellobidae. Only about fifteen species of Basommatophorous snails have
been studied so far cytologically (Perrot, 1930, '34; Perrot and Perrot,
1938; Inaba and Tanaka, 1953; Inaba, 1953). Of these only one species
i.e., Melampus boholensis belongs to Ellobiidae (Koslowsky, 1933, as
cited by Makino, 1951). The present study was undertaken to fill the
gap and also to know more about the prevailing cytological conditions in
Basommatophora in general.

Material and Methods

All the species which are included in the present study were collected
from swampy localities in the backwaters, adjacent to the Marine Biologi-
cal Station, Portonovo, South India. The swamps are found as small
islets with typical mangrove vegetation.

Specimens of Melampus occur very commonly and could be collected
in large numbers. They are always seen in batches or groups adhering
to the pneumatophores of Avicennia and Sonneratie. sp., just above the
water mark. The shell is about a centimetre in length, rounded in
shape and dark coloured with different patterns of markings.
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Specimens of Cassidula and P

thia i
trunks and the stilt roots of the Rhy ooenr singly,

t20phora, high above

. . ythia iy laterally co :
and with a pointed apex. Young shellg are yellowishywhex;?:se Stslig ,atl}::ll:;

shells are dark coloured and there are no i
sh(?ll of Cgssidula resembles that of Melarzzzl;mbg;st oin the S}éﬁl.l' The
twice the size of the latter. s very thick ang

The ovotestis of each of the three speci i
¢ : ; pecles was fixed i
C-arony s fixatives which gave very good results. frorlxn aslﬁrlzlfehcc‘e o
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. e

squashes of the ovotestis also proved to b
of different stages. e very helpful for the study

Observations
1. Melampus ceilonicus Petit.

In this form the chromosome number as determ

. e ined
of the spermatogonial divisional stages is 2n — 3¢, from a study

Fig. 1. represents
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Fig. 1. Spcrmatogonial metaphase—polar view—in Melampus ceijpn; P
eus e(it‘

Fig. 2. I-—metaphase polar view in the same.
Figs. 3 & 4. Polar views of Spermatogonial and
of Cassidula (Cassidula) mustclina (Deshayges). I—metaphase chromosomes Tes

Figs. 5 & 6. Polar views of spermatogonial and J—;

of Pythia plicata Fer. All figures are camera lucida dral\:rlfrfggh)?e chromosomes respectively
ca 4o ’

pectt Ve]y
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a spermatogonial metaphase plate in polar view wherein all the thirty-
six chromosomes are short and rounded or oblong with no constrictions.
There are eight big chromosomes in the complement and the rest are
all smaller and of uniform size.

At I-metaphase there are eighteen bivalents with smooth outlines
all of them appearing dot-shaped in polar view (Fig. 2). Four of them
are bigger in size than the rest.

2. Cassidula (Cassidula) musteling (Deshayes).

In this species the diploid chromosome number is 34. All the
mitotic chromosomes are well condensed, short, rounded and without
contrictions, as can be made out from Fig. 3. It will also be seen that
eight of the chromosomes are big and the remaining are more or less
uniformly small in size.

The seventeen bivalents of a I-metaphase in polar view are shown
in Fig. 4. Of these four are distinctly bigger in size than the rest and
lie towards the periphery of the metaphase plate.

3. Pythia plicata Fer.

Text-Fig. 5 represents the polar view of a spermatogonial meta-
phase of this species and 34 chromosomes could be well made out. As
in the previous species, the mitotic chromosomes are short and rounded
with no constrictions. The karyotype consists of ten bigger elements
and twenty-four smaller ones. The bigger ones lie near the periphery
of the metaphase plate while the smaller ones are distributed all over.
During the metaphase of the first division, the five big bivalents lie
peripherally and all the bivalents appear dot-shaped in polar view
(Text-fig. 6).

Discussion

The present study of the chromosomes of three species of Basomma-
tophorous snails representing three different genera of the family Ello-
biidae shows that their karyotpes are on the whole very similar,
being composed of rounded or oblong chromosomes without any con-
strictions. In all the three species the chromosomes can be grouped,
according to size into a big set and small set. This feature is well
shown especially by the I-metaphase bivalents.

At the same time each of the species studied has a distinctive and
characteristic karyotype. In Cassidule and Pythia though the diploid
chromosome number is the same. i.e.,, 2n == 34, in the former there are
eight bigger chromosomes in the karyotype whereas in the latter there
are ten such chromosomes. In Melampus, the chromosome number is
2n = 36 and there are eight big chromosomes in the complement.
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Melampus ceilonicus Petit. 2n = 36 8 large 28 small
a
Cassidula (Cassidula)
mustelina (Deshayes) 2n = 34 8 26
Pythia plicata, Fer 2n = 34 10 2 5

Another relevant point which calis for som
tion of the typical number of chromosomes in
vestigations on various other species by several
present study show that 2n = 32 to 36 ang this ; :
number. But there are two exceptions. In M g);}?}));z}g%sls(lt{}gzlz}’plﬁal
1933) the chromosome number has been reported to be 2n = 16 V(‘;Sf s
Physa gyrina, Mahoney (1940) has recorded the chromosome’ ":ln bor
as n = 6. Whether these two species are rea] exceptions can b durr_lder
only by a reinvestigation of their chromosome numbers, ¢ decided

Inaba (1953) has pointed out that ther
between Baso and Stylommatophorous Pyl
number and morphology of chromosomes, In
dipoid chromosome number varies between 5( S:géorg?azzpdhorﬁ, the
chromosomes are clearly metacentrics. In Basommatophora th ad' the
chromosome number varies from 32 to 3¢ and all the (;hr e diploid
appear as acrocentrics. The present study and the re("IFIOSOmes
(Natarajan, 1958) on the chromosomes of three specieg of pSt 110us one
phorous snails bear out these features, yiommato-

€ comment is the ques-
Basommatophora. In-
authors and also the

€ are markeq differences
Mmonates with regard to the

Summary

1. The karyotypes of three representatives of
snails belonging to the family Ellobiidae have Obefnaszlglzl?ggphor'ggs
chromosome numbers of these species have b : €
time. °en Teported for t,he first

2. 2n = 36 in Melampus ceilonicus and 2p — .
(Cassidula) musteling and Pythia plicata, = 34 in Cassidulg

3. The spermatogonial chromosom
are rounded or oblong shaped with no
of each species is still distinctive.

es in all thy

ot ee specie i
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but the karyotype

4. The chromosomes of each karyotype
categories according to size. ype can he grouped into twg
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Introduction

Normal cleavage can be disturbed by the use ¢
as colchicine (Keppel and Dawson 1939) urethan (S
estradiol (Tondury 1943) which injure the mitotic spi
somes. Over-ripe eggs of amphibians show cleay
which are attributed to cytoplasmic impairmentg (
the present experiments abnormal cleavage hag
which are treated with low and high temperatu

f chemicalg

X su
troink 1957) a;}(li
ndles ang chromo-
s

Schi 19
been oht 52).
res.

The egg of Gasterosteus aculeatus has been deseribeq ;

Thomopoulos (1953) and its normal cleavage by SWarupd N detail py

ities
. : In
alned ip eggs

(1958),
Material and Method
The eggs of G. aculeatus, a fresh water fish, m
in diameter. The main bulk of the egg is forf;ledeiiu;:al'z to 1.7 mm
ns

the cytoplasm proper being an extremely thin
egg is covered over by a tough shell. Afte
separates from the egg proper creating the

with its fluid. The cytoplasm now gradually 4
pole as the blastodisc which subsequently ung

. par .
perlp}}e.ral latyes.nt y%l}ll{,
r fgl:tlllzation the gp )
Perivitelline Space fil o
Ccumulateg -

at t ;
€rgoes cleavage.h © animal
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The temperature treatment was provided by immersing the freshly
fertilized eggs in water of requisite temperature for a known length
of time.

Observations

Effect of heat and cold on the eggs:

For heat treatment of the eggs 32 experiments were performed
involving 873 eggs and for cold 18 experiments involving 843 eggs. The
results obtained are given in Tables 1 and 2.

0 B — 8% —

CXD) . oooo -
- = OO0 -

Text-Fig. 1. Diagrams of clcavage abnormalities; (a) unequal division of the blastodisc,
(b) and (c) inhibition of cleavage divisions.

It is evident from the Tables that both treatments produce
abnormalities and that their frequency increases with the severity of
temperature.

Unequal division of the blastodisc:

In normal development the first cleavage furrow divides the blas-
todisc intc two more or less equal blastomeres. The earliest sign of
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abnormal cleavage is seen when this division is unequal resulting in
one large and one small blastomere (fig. 1a). Subsequent divisiond
subdivide these cells equally but the initial inequality results in one part
of the early morula possessing large cells while the other part is made
up of small cells.  Later when the cells become more numerous and
smaller this difference is unnoticeable. These eggs undergo gastrula-
tion and form embryos which when squashed for chromosome analysis
are found to be mostly haplo-diploid mosaics (figs. 2a and 2b). Some
haplo-triploid mosaics are also produced.

Inhibition of cleavage divisions:

Another abnormality commonly seen is the inhibition of cleavage
divisions at some stage of the morula. In this case the initial divi-
sion of the blastodisc is normal and therefore subsequent divisions are
all equal. The cleavage divisi(_)ns may be arrest.e(_i at_ the early morula
stage and the yolk start diffusing into the perivitelline space. The
yolk thus is gradually reduced in size and the cells of the morula spread

Text-Fig. 2. Microphotographs of a mosaic embrvo at (wo places showing (a) diploid
number of chromosome in metaphase mitosis and a diploid nucleus, (b) haploid number
of chromosomes in metaphase mitosis and a haploid nucleus. 2560.

over it (fig. 1b). If on the other hand, the early morula goes on
dividing further, a stage is reached when a subgerminal like cavity
appears. The growth is now arrested and the yolk starts diffusing
into this cavity (fig. 1c). Eggs with abnorrpah’mes shown in figures 1b
and lc invariably die though they may survive for hours and sometimes
for one or two days. Unfertilized eggs when subjected to similar
temperature treatments also show exactly the same abnormalitieg and
therefore it is thought that the inhibition of cleavage divisiong here is
due to induced parthenogenetic development of the eggs.

Discussion

Mosaics have been produced by temperature treatment of t

. he
in amphibians (Fankhauser 1945 and Fischberg 1947) and fish ( ohEs

Swarup
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1956) but their early history has not been recorded. The initial cause
for unequal division of the blastodisc is the presence of two groups of
chromosomes in the blastomeres i.e. a haploid set and a diploid or trip-
loid set.  Fankhauser (1948) and Swarup (1959) have shown in the
amphibians and fish respectively that the cell size is directly propor-
tional to the number of chromosome sets present therein and there+
fore a haploid cell will be approximately 4 the size of a diploid and %
the size of a triploid cell of the same species.

The cause of mosaicism can be due to some disturbance in the
mitotic activity of the zygote nucleus or to the effect of one or more
extra sets of chromosomes in the egg before cleavage. Humphries JR.
(1956) has observed the formation of a haplo-diploid mosaic in tem-
perature ireated eggs of Triturus viridescense as a result of the failure
of the sperm nucleus to fuse with the diploid egg nucleus. It is pos-
sible that the haplo-diploid mosaics in the present work also originated
in the same manner.

Beatty (1957) has discussed in detail the various ‘routes’ which
could lead to parthenogenetic development. Haploid individuals have
been produced in fish (Swarup 1957) amphibians (Fankhauser 1945, and
Fischberg 1948) and mouse (Fischberg and Beatty 1952, Edwards 1954)
but they were either androgenous or gynogenous. Various reports of
haploid parthenogenesis in vertebrates which have appeared are con-
flicting but now there seems to be clear evidence of the fact that in
most cases the parthenogenetically induced eggs did not develop beyond
the blastula stage (Swarup 1957). Therefore the present abnor-
malities of the inhibition of cleavage divisions seems to be due to par-
thenogenesis.

Summary

1. Cleavage abnormalities appear when the freshly fertilized eggs
of G. aculeatus are subjected to high or low temperatures.

2. Two types of abnormalities are noticed; .(}:). unequal division
of the blastodisc. and (ii) inhibition of cleavage divisions after a start
has been made.

8. The first abnormality is due to the chromosorr}e rr}osaicism
which is mostly haplo-diploid.  The second abnormality is due to
parthenogenetic development of the eggs.
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TABLE 1. Summary of results of heat treatment of the eggs for 5 minutes

Temperature Total eggs Dead Survival Normal Abnormal
of treated before cleavage cleavage
treatment eleavage No. %
(]
32:5°C 98 23 75 73 2 26
33-0°C 182 40 142 138 4 2:8
33:5°C 267 94 173 99 74 497
34-0°C 290 60 230 120 110 478
35:5°C 36 13 23 0 23 100-0

TABLE 2. Summary of results of cold treatment of the eggs subjecied to 0°C

Duration of Total eggs Dead Survival ~ Normal Abnormal
treatment treated before cleavage cleavage
cleavage No. o
i hour 101 15 86 45 17 19-7
., 132 16 116 65 51 439
2; 96 11 85 27 58 68 .
3 514 51 463 102 361 779
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Introduction

_In a recent paper on the qualitative changes ip th
amine acid distribution during the development of Oryz battern of

fus Melast{gma

the author (Sriramulu, 1959) pointed out the importance of a th
Orough

understanding of the distribution of the amino gej ;
ment of different animal types in view of theaczii&igp % the develop-
repo.rte(.l by several investigators. In continuation of thl'c oLy ﬁndings
qualitative changes in the distribution of the amino g IS §tudy of the
lopment of Oryzias melastigma a study of the quantitaCIdS In the deve-

undertaken, and these are dealt with in the Present C(;CIIY‘III% 1§3h_anges was
nlcation,

The literature on the study of the amino gej .
has already been reviewed by the author (Sr?;(:uﬁ;l ring development
rence will therefore be made only to papers having | 1959)_ and refe.-
present‘ study.  Gustafson and Hjelte (1950, 1951)g 2 bea?mg on the
the amino acid metabolism of the developing sea urchl'n their study op
there was a little change during cleavage but during . egg founq that
was a drop In free and a concomittant rige ip protg Bstrulation there
acids.  Eakin et al. (1950) and Kutsky et of. (1953) eln-boung aming
tions in the- concentration of individual aming aci(i observeqd fluetyg-
found that in the development of sea urchin the t o Kay anay (1953)
lnto.several groups with regard to quantitative c}xl‘ee Amino acidy fall
consistent pattern of change with regard to p ange

. L . rotein-
which deciine continuously until hatching Whenottliler;eb? N
’ S

s but haye 1o
nd aming acids

y
A sharp geclipe.
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Later, Kavanau (1954) found in his studies of Paracentrotus lividus cyclic
changes in protein-bound amino acids, indicating alternate period of yolk
degeneration and protein synthesis.

Material and Methods

The protein-bound amino acids during the different stages of develop-
ment were studied by the circular and two dimensional paper chro-
matographic technique using Whatman filter paper No. 1. For circular
paper chromatography filter paper with 13 cm. diameter was used, and
for the two dimensional chromatography 19 X 19 em. paper was used.
The procedure adopted by Giri et al. (1952) has been followed for the
preparation of total acid hydrolysates, and for each stage of develop-
ment fifty entire eggs were subjected to hydrolysis in 6N HC1. The
first solvent system for the two dimensional chromatography consisted
of n-butanol, acetic acid and water mixed in the ratio of 4:1:1 v/v/v.
As a second solvent 80% buffered phenol (Block, 1952) was used.
0.5% ninhydrin in 95% acetone (w/v) was used as colour developing
reagent.

The following procedure was adopted for the quantitative estima-
tions of the amino acids. Each spot on the chromatogram was cut
and eluted in 8.0 c.c. of a solution containing 7.2 c.c. of 80% alcohol
v/v and 0.8 c.c. of 0.1% copper sulphate solution w/v. The optical
density of the solution was determined with a ‘Lumetron’ colorimeter
Model 401-A with 550/ ¢ filter.

Control chromatograms of known quantities of amino acids were
run simultaneously under identical conditions to locate the positions
of the individual amino acids and to serve as standards for quantitative
analysis.

The amino nitrogen in the corresponding stages of development was
studied by the method of Pope and Stevens (1939).

Results

As shown in the author’s previous study, in all, seventeen protein-
bound amino acids can be recognised in the chromatograms of the
hydrolysates of the developing eggs of Oryzies melastigma, viz.,
leucine and isoleucine, phenylalanine, valine, methionine, proline, tyro-
sine, alanine, threonine, glycine, serine, glutamic acid, aspartic acid,
histidine, arginine, asparagine, , ornithine and cystine. Of these
methionine, tyrosine, histidine and ornithine vary in their occurrence
in the different stages. The other amino acids are present in all the
stages of development.

With regard to the quantitative changes, an increase in the con-
centration of all the amino acids oceurs during gastrulation. Cystine
shows 48.60% increase, tyrosine 43.30%, phenylalanine and arginine a
little over 35%, leucines, aspartic acid and asparagine over 15%, but
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less than 20% and the remaining less than 10% increase, valj _
the least (5.5%) increase. » Valine showing

A marked decline in the concentration of all the amj ide
observed at the time of hatching ie., at 192 hours of (llré?/elamds o
Asparagine, leucines and aspartic acid show maximum decrease %pment,
80%, valine and threonine by over 75% but less than 80% o over

alanine and glutamic acid by 60% to 70% and the rem > arginine
about 30% decrease. Aning: show
At 48 hours of development a decline in concentration o .
acids excepting phenylalanine occurs. The maximum dfe:i}(laaamlqo
shown by serine, ornithine and cystine. At 168 hours of develose "
tyrosine disappears and all other amino acids excepting phen);lall);n e;nt
show a decrease in concentration. Serine alone shows less thap lnolne
decrease, the others over 409%. 7
Phenylalanine shows an increase in concentration in all stageg from

gastrulation to 168 hours of development, decreasing only in 192 b

stage of development. At 54 and 120 hours of development the urs
crease of phenylalanine in concentration is by over 400% and at T N
hours of development by 22%. 8

Amino acids other than phenylalanine fluctuate in their concent
tion, increasing in some stages and decreasing in others. The numtl)‘:-
of amino acids showing increase and decrease in concentration ul
different stages is as follows: — m

Hours of development Decrease Increase
192 all none o
148 12 1
168 12 1
96 11 9
54 10 3
144 10 3
120 9 4
24 1 6
72 1 6

Most of the amino acids as may be seen from Te

. . p xt Fi
have their peak concentration during gastrulation; cyst Figs. 1 o 6

ne and leucipeg
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in gastrulation and also in 24 hours stage; phenylalanine during 144
hours stage, and threonine and glycine during 96 hours stage.

The amino nitrogen content of the egg (Table II) is at its maximum
at 72 hours of development and at the minimum at 96 hours.

It is evident that the concentration of protein-bound amino acids
shows on the whole cyclic changes rising in some stages and falling in
others. How far these are related to the changes of protein-bound
amino acids of the yolk and whether there are alternate periods of yolk
degeneration and protein synthesis are under investigation.

On the whole the present study lends support to Kavanau’s observa-
tions on Paracentrotus lividus.

Summary

1. A quantitative study of the amino acids and amino nitrogen
during the development of Oryzias melastigma (McClelland) has been
carried out.

9. The different amino acids show fluctuations in quantity during
development.

3. At gastrulation concentration of all the amino acids increases.

4. At the time of hatching (192 hours) there is a marked decline
in the concentration of all amino acids.

5. At 48 hours of development there is decline in the concentra-
tion of all the amino acids excepting phenylalanine, which shows an
increase in all stages from gastrulation to 168 hours.

6. Amino nitrogen content is at the maximum at 72 hours and at
the minimum at 96 hours.
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TABLE 2. Quantitative changes in the amino— N during the development of
Oryzias melastigma (McClelland)

The quantity is expressed in £ gms./50 eggs.

No. Stages Amino—N
1 Cleavage 0.14
2 Gastrulation 0.21
3 24 Hours 0.19
4 43 Hours 0.19
5 54 Hours 0.23
6 712 Hours 0.42
1 96 Hours 0.13
8 120 Hours 0.15
9 144 Hours 0.33

10 168 Hours : 0.16

11 192 Hours 0.15
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Introduction

In Stomatopods the larvae differ so markedly fro
they have been described usually under different lapy
Though the general characters of the larvae of t
genera of stomatopods have been more or less defi

m the adultg that
al generic nameg,
he varioug adulg
hed (Claus, 1871,

*Published with the permission of the Chief Research Off
Research Station, Calcutta.

—

cer, Centra} Inlang Fisherie
S
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Brooks, 1886; Hansen, 1895, 1926 ; Giesbrecht, 1910; Foxon, 1932, 1939 ;
Gurney, 1937, 1946), there is still much confusion. Most of the larvae
belonging to any particular genus resemble one another so closely that
it is virtually impossible to place them in their proper specific niches
without rearing them to maturity (Townsley, 1953). While consider-
able descriptive work on larvae from several parts of the world has
been done, this is generally considered an “unprofitable business” in
the absence of reliable correlation with the adults (Foxon, 1939).
Laboratory rearing of pelagic larvae collected in townets is generally
very difficult and even recent workers (Townsley, 1953) have found it
impossible as the period of survival of the larvae in captivity was very
short. The present author has, however, fully demonstrated that with
adequate care and regular feeding and renewal of water the larvae_ not
only live in the laboratory aquaria for several days, but they also
metomorphiose into the post-larvae and grow rapidly to the adult size
(Alikunhi & Aiyar, 1942, 1943, Alikunhi, 1944 a, b, 1950). Stomatopod
larvae commonly occurring in the plankton from Madras have thus been
exhaustively studied and correlated with their adult species on the direct
evidence of rearing them to the adult stage (Alikunhi, 1952). The
detailed descriptions and illustrations of the several identified larvae that
resulted from the above studies enable easy and correct identification
of these larvae at other localities also; and as several of these Madras
species are widely distributed in the Indian seas and in the Indo-
Pacific region in general careful study of collections of larvae from these
localities should now lead to some useful information on the distribu-
tion and relative abundance of at least a few of them in the Indo-
Pacific region.

The present report is justified on this account and is of interest
as the collection is also from the Bay of Bengal though from a sector,
a few hundreds of miles north of Madras.

Material for Study

During a three weeks’ cruise of the I.N.S. Investigator, from the
middle of January to the first week of February, 1953 on a hydrographi-‘
cal survey of the Mahanadi estuary, off the Orissa coast a number of
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¢ ' 0.

townet collections* were made in the sea, 4-7 miles off th

the area lying between Lat. 20°3’ and 20°5’ ang long. 86°8’e estuary in

and 86°9’.

The stomatopod larvae from the general townet hauls wer
fully picked out and are available in 8 tubes as follows: ¢ care

No. Loecation of station Date

Time of hayl Tide
1. Opposite South entrance 17-1-53 18.00-22.00 High 7
‘ i
2. dO. do. — g
3. do. 22-1-53 16.00-18.30 Ebbing
4, do. do. 20.20-23.00 do
5. do. 27-1-53 18.30-20.30 High .
6. Mahanadi 28-1-53 10.24-12.94 Ebbi
in
7. Opposite S. E. channel 2-2-53 20.00-23.00 Hich ¢
. i
8. Tidal point 4-2-53 11.00-11.30 High
: g

Excepting two collections the rest were taken either late in ¢

evening or in the night. Though the exact time ang duration of 1:he
hauls are known, as only portions of the total haul were preserveq he
inferences on the distribution and relative abundance of the lary o e
possible. A qualitative account of the collection ig therefore gij: al_‘e
this paper together with descriptive notes of specieg or stageg whichna;n
at present either unknown or are of interest otherwige y

The entire collection consists of 165 larvae representin

and 12 species as shown in Table I g 2 genera

*The author is indebted to Dr. H. Srinivasa Rao, the then Ehilefi\*“\\
Inland Fisheries Rescarch Station, Calcutta for permission to work esearc.h Officer, Centya)
townet collections were made on board the ship by Dr. v, ¢ on this materig) The
Pantulu, to whom thanks are due. © ©- Jhingran and Srj y, R

TABLE 1—Statement of Stomatopad larvae collected by I.N.S. Investigator during January-February 1953
from the Bay of Bengal off the Mahanadi Estuary.
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Descriptive Account
1. Squilla lotreillei (Eyrony and Souleyety: —
The eight larvae represent three stages as follows:—

(1) 8.50 to 3.67 mm., (2) 6.04 mm. and (3) 8.15 t, 8.80 mm. in
total length.

They agree in all details with‘the corresponding stageg deseri
from Madras {Alikunhi, 1952). 'Whlle no larva in the ﬁnalbpeiagiz Stgzz
is available in the present collection the advanced larvae are distinguishg.
ble by the following features:-—

{iy The roughly irianguiar carapace, with a gtout rostrum
divergent postero-lgteral Sbines, only 1 1 g spinuleé
along lateral margin and none laterally directeqd.

(ii} Raptorial dactylus even in the final pelagic stage wi
one free tooth other than the terminal ge with only

2. Squilla sp. (decorala?y (Larva, Alimerichthug
type) 11— (Figs. 1-4)

All the four specimens have the rostrum_broken and measure, ex.
cluding rostrum, 8.7, 9.0, 5.06 gmd 9.34 mm. in length. None of éheze
specimens is in the final pelagic stage. Mea§urements of the smallest
and the lurgest of the four specimens are given below:

s

Specimen [,

SRR (2)
inomam,

Total length excluding rostrum 8.7 9.34
Median length of carspace 3.45 1.93
Anterior width of carapace 2.00 2.01
Maximum width of carapace 3.30 3.99
Length of posterolateral spine : 1.80 1.83
Eye : length of corneal portion L.0o 1.09
Eye: width of corpeal portion 0.66 0.73
Telson : length 1.36 1.37
Telson: width . 2.01 1.92

The carapace extends over the anterior half of the last thm
ment (Fig.1). The rostrum and postero-lateral gpipeg are mod ;ga?ci%;
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long and stout and the tips of the diverging postero-laterals reach the
level of the third abdominal segment. The antero-lateral spines are
much shorter than the dorsal. The lateral margin of ecarapace bears
1 + 3-spinules, none of which is laterally directed or visible in the dorsal
(Textfigs 1,2). The carapace is posteriorly vaulted prominently. One

ventral spinule (probably more are present) is seen on the basal part of
of the rostrum.

The tip of the antennular peduncle ig distinctly inferior to tip of
rostrum. Kyes are not very conspicuous. The raptorial dactylus has
two free teeth besides the terminal one, and indications of two more are
seen beneath the larval shell. The abdominal segments are characteristi-
cally broad and stout as in typical Alimerichthus larvae.

The telson is distinctly broader than long. The submedian spines

are longer than the intermediates. The denticles number 1 lateral, 8.9
intermediate and 19 submedians on each side. The tip of the uropod
reaches almost to the base of the intermediate spines of telson (Text-
fig. 4). The exopod has 8 free spines and the outer spine of the ventral

process is about a third of the length of the inner which hag a smooth
basal prominence.
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Remarks:—In most of the features the larvae show

resemblance to the larvae of S. latreillei, but a careful comap;':ir:: rkaple

the latter shows the following differences: arison with

a) The lateral margin of ca L
(a) spinule, g rapace bears one additional

(b) The raptorial dectylus has at least one free t.
in S. latreillei. e tooth more thay

(c) The eyes are smaller than in S. latreille;.

(d) The anterior width of carapace being rela
in S. latreillei it is less triangular in g
latter species.

tively more than
hape than in the

The length of the four larvae would measure just over
rostrum. The condition of the raptorial limb, telson ang y
that it is almost in the final pelagic stage or perhaps a
In total length, the final pelagic larvae would thus be of g
size as the corresponding stage of S. latreillei.

11 mm. with
ropods showsg
stage earlier.
bout the same

In attempting to refer these larvae to an adult gpeci

ble resemblence to the larvae of S. latreillei and the inpdicz:}tsiotrkl1 ; of prka
teeth on the dactylus of the raptorial limb may be of some help. Bej

a true Alimerichthus larva it is fairly certain that it belongs to ;,‘ s ng
of the Chloridelle or fasciata groups (Alikunhi, 1952). Of thege I;-etllesx
the larvae of S. latreillei, S. fasciata and S. lata are known. Th eg (;l}llps
species of these groups which have five teeth on the raptorial daci); er
and which have been recorded from the Indian waterg are S. ¢ c ylug
and S. microphthalma (Kemp, 1913). Both these species }-lavecomta
recorded from the Bay of Bengal but in S. microphthalmg the r e tbefan
dactylus has five teeth only in some specimens, the more Commoap orial
ber being four. In S. decorata the dactylus has five well spac él num-
It is also closely related to S. latreillei. As indicationg of ﬁvee d.tegth.
and well-spaced teeth are seen in the raptoriaj dactylus of th lsltmct
which is also closely related to S. latreillei, it is probably 1 e larva

s of only 5

i

suggest that it belongs to S. decorata. €asonable to

3. Squilla sp.? (Larva, Alimerichthus type)

More than half the total number of larvae in the .
to this species, but none of them is in the final pelagic SgsgsctloX belongs
complete series from the early Alima upto the fing] pela.l i n almo_st
however, available and as these differ from the larvae ofgs lstagf: is,
S. lata, S. fasciata and probably of S. decorcta descripe d b . atrezl(ei,
account of the different stages and the salient featureg of Ove a b‘rlef
below to facilitate their future identification. each ig given
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TABLE 2. Detailed measurements (in mm.) of selected specimens representing
the various stages in the collection.

Specimens No.
Particulars

1 2 3 4 5 6 1

Total length including rostrum 3.15 4.08 5.32 6.3. 7..0 8.65 981

Length of rostrum 0.57 0.97 1.20 1.01 1l.65 1.87 2.11
Carapace : median length 1.27 162 195 229 2,50 277 293
Carapace : anterior width 0.73 0.97 1.06 137 1.38 1.51 1.56
Carapace ; maximum width 0.97 1.48 192 2.29 2.30 2.53 275
Length of ant. lat. spine 0.31 0.34 .33 —_ 0.45 0.46 —

Length of post. lat. spine 0.49 0.78 1.06 1.13 147 1.43 1.46
Eye : length of stalk — 027 034 — 039 043 —

Eye: length of corneal portion —  0.49 0.67 0.73 0.79 094 101
Eye: width do. — 0.3¢ 0.43 046 057 0.63 0.73
Length of Raptorial dactylus 0.8¢4 — — — — 143 —

Telson : median length 0.57 0.49 0.84 1,09 1.23 142 156
Telson : width 0.55 0.79 1.08 128 142 172 1.83

The iargest specimen in the series, 9.81 mm. long, is in an earlier
stage than the final pelagic larva (Text-fig 5). It has the last thoracic
segment exposed dorsaily, the hind margin of the carapace extending
over the seventh thoracic segment only. The carapace is relatively
small and has 5 marginal spinules. The first of these is close to the
anter lateral spine. The second and third are at about the middle of
the iateral margin, and laterally directed, and therefore conspicuously
seen in dorsal view. The third spinule is much more conspicuous than
the second. The last two spinules are fairly large, ventrally directed
and situated close to lhe posterolaterat corner. The rostrum is longer
than the posterolaterai spine ‘and bears 2 denticles ventrally. The
posterolateral spines are slightly divergent posteriorly, have the tips
reaching the level of the second abdominal segment and have each a
spinule at about % its length from the base. Anterolateral spines are
aimost as long as the dorsal which is continued forwards as a median
carina.

4
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The eyes are relatively large an i ! :
lar peduncle reaches half way gt(,- thg Eiopnso%lcrli)zltl;lmTh?I‘}tllp of antennu-
nnular ﬂagel!um bears 4 groups of sensory hairs ’i‘h N :ecpnd ante-
lu's has cne free tooth besides the terminal one ('.I‘ext-ﬁe rr%p orxal. dapty-
of a third tocth besides the above are seen through tﬁ" fl Indlcatl(-ms
thafc with the subsequent moult the dactylus might h c : ell, showing
hesides the terminal one. The abdominal Segmentg a?veb oy e teeth
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b of uropod when dj
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Larva, 8.65 mm. long:— (Text-fig 8),

The shape and spinulation of cara
larvae, though the first laterally direct
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posterolateral spines reaches the lev
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of uropod has 2 free spines. The outer spine at the tip of the ventral
process of uropod is about 1/6 the length of the inner which has no
distinct prominence at the broad base.

Larva: 7.20 mm. long : —(Text-fig. 9).

Shape and spinulation of carapace are similar to those in the 8.65
mm. long larva. Posterolateral spines are relatively longer and reach
the level of the fourth abdominal segment. The antennal endopodite
just reaches the tip of peduncle. Raptorial dactylus has no free tooth
other than the terminal, though outlines of a second tooth are seen
through the larval shell. Thoracic appendages 3-5 are wel] differentiated
but not fully formed. The last three thoracic limbs are short, but bifid
and segmented. Of the marginal spines of telson the submedians are
still the longest. Denticles number 1 lateral, 7 intermediate and 17-18
submedians on each side. The uropod when directed backwards reaches
halfway tc the base of lateral spines of telson.

Larva 6.32 mm. long:—

General appearance including shape and spinulation of carapace is
the same as in the 7.20 mm. long larva.

Larve 5.32 mm. long:—

Very similar to the 6.32 mm. larvae in general appearance; it has
the hind margin of carapace extending over the anterior half of the
first abdominal segment. Posterolateral spines diverge posteriorly and
have their tips reaching the level of the fourth abdominal segment. An-
tennal endopodite is short and two segmented. Telson is relatively large.
The submedian spines are conspicuous. Denticles number | lateral, 7
intermediate and 13-14 submedian on each side. The submedian dorsal
spines on the sixth abdominal segment are rudimentary. Posterolateral
corners of the first abdomnial segment are rounded. Thoracic appenda-
ges 3-5 are fingerlike, unsegmented outgrowths. Short, bud-like, un-
segmented rudiments of thoracic limbs 6-8 are visible, the rudiments on
the sixth segment being smaller than those on the eighth segment.
Uropod is short but bifid.

Larva 4.0% mm. long:—(Text-fig 10).

Shape and spinulation of carapace are the same as in the larger
larvae. However, the carapace appears relatively larger, covers the first
abdominal segment completely, has the dorsal spines a little longer than
the anterolaterals and has the posterolaterals greatly divergent poste-
riorly with the tip reaching the level of the telson. The eyes are re-
latively large. Antennal endopedite is just a bud-like unsegmented pro-
minence. Thoracic limhs 3-5 are short and rudimentary. There is no
trace of thoracic limbs 6-8. The posterolateral corners of the first
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abdominal segment are rounded but subacutel i i
. : P ¥ pointed ;
‘flbdomznal segment is devoid of submedinan dorrs)al spiné;l Ot’I}‘l}?rS' Sixth
Is an unsegmented short stump. Shape of telson is diﬁellent fe o o
in the larger larvae. The submedian space ig very wide and rt(;lm th%t
e sub-

median spines long. Denticles number ( ] .
i o § ateral :
7-8 submedian on each side. » 8 Intermediate and

Larva, 3.15 mm. long: —(Text-figs. 11,12),

This is the earliest stage in the collection
some-what different appearance from t .
pace is quadrate in shape with the mar ;
rostrum has one ventral spinule. The 1q :;t-e Prominent, The
slender, shorter than the dorsal spine but 111€s are Jon
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The cara-
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a long prominent spinule near the base and with the tip reaching the
level of the third abdominal segment. The lateral margin of carapace
has the same number of spinules as in the advanced larvae but with
the exception of the two terminal ones, they are laterally directed. The
carapace covers all the thoracic segments dorsally. The eyes are con-
spicucus. There is no trace of the antennal endopodite and thoracic
limbs 3-8. The first abdominal segment has the posterolateral corners
rounded though in the next four they are subacutely pointed. There is
no trace of the sixth segment. Telson is also somewhat quadrate in
ghape and has 5 intermediate and 7-8 sub-median denticles on each side,
There is no trace yet of the uropod.

Remarks: —

The advanced larva is a typical Alimerichthus and belongs to the
‘unidens’ group. In the presence of the laterally directed spinules on
the margin of carapace it is immediately distinguished from the larvae
of S. latreillei, S. late and S. decorata, which do not have such spinules.
In this feature the present larvae resemble the larva of S. fasciata. As
the final pelagic stage is not represented in the present collection it is
not possible to give the exact size of the final pelagic larvae but from
the stage of development of the 9.8 mm. long larva it appears that it is
not only not likely to be larger than the final pelagic larva of S. fasciata
but might also be only about 12.0-12.5 mm. in total Jength. From the
pature of the raptorial dactylus in the 9.8 mm. long larva it may be
safely assumed that the final pelagic larva will have at least two free
teeth, excluding the terminal one, on the dactylus a feature identical
with that in S. fasciata. A detailed comparison of the relative size of
the various parts of the body of the 9.8 mm. long larva with an almost
similar size (9.3 mm. long) specimen of S. fasciata from the Madras
collections show the following features in the former:—

" (a) the carapace is longer, less triangular in shape and with
shorter rostrum and posterclateral spines,

(b) there are two laterally directed spinules on either side of
carapace which are seen conspicuously in dorsal view
in place of the single such spinule in S. fasciata; the total

number of spinules on the carapace margin is also one
more than in S. fasciata.

(¢) the raptorial propodus is not so inflated or broad as in
‘ S. fasciata (Compare Figs. 6 & 7), and

(d) the eyes are relatively smaller.

It is thus evident that the present larva does not belong to
S. fasciuta. Of the other larvae of the “Unidens” group with two
laterally directed spinules on either side of the carapace the 'lal:va'of
S. raphidea is different by virtue of its larger size, shape and spinulation
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of carapace and the absence of free teeth on the r i .
kunhi, 1952). Erichthus multispinons of Claus (18’27”2%0;“112l f;fiytlulso(Ah-
is in a much earlier stage of development than the present 9.8 mm.
long larva and has quite a different carapace shape and spinulati'on n;%m-
sides, no free teeth other than the terminal one is seen on th e
dactylus of the former. The typical form of Alimq multis
cribed from the Red sea, Arabian Sea and the Guif of Om

Forun (1939 is abcut 20 mm. long, hag 2 Prominent g Eim 1by
projecting laterally from the margin of carapace on either side alr)l(;l‘;es
4 free teeth, including the termal one, on the raptoria) dactylus Tas.
present larva is not likely to attain that size at the fing] pelagic. he
and appears to be different from the former in other features °

€ raptorial
pmnous deg-

tage
also.

In the absence of the final pelagic stage and consequently indj
tions of early postlarval features it is extremely difficult to 5 ica-
present larva to any adult species. Its small size and typical
thus characteristics, particularly the possession of free g
raptorial dactylus, probably indicate that it belongs to g species of th
Chloridella or fasciata groups. The larvae of S. latrejlle;, . lata, S, g e
corate (?) and S. fasciata are already known in thege groups’ .T 1:_
remaining species of these groups recorded from the Bay of Beng'al e
S. microphthalma, 8. gilesi, (Kemp, 1913) and S. Chopra; (TWee;‘?e
1985). S. gibba, S. miles (Kemp, 1913) and S. granti (Stephenson 1951;
have also been recorded from the Western Pacific. Out of these ’s X )
an Alima larva described by Foxon (1932) from the Great BarrierD;CIes
material has been suggested to be the larva of S. gileg; (Alikunhi, 19 eef
Whether the present larva belongs to one of the remaining Specié 52).
an undescribed adult cannot be decided on the hasis of informat; : or to
available. 1 now

ssign the
Alimerich.
Dines on the

4. Squilla harpax De Haan (?7) (Text-fig. 13).

Eight specimens of a species of Alimerichthus type larv
from 6.41 mm. to 11.17 mm. in total length are provisionany ref
to S. harpax (Tiwari and Biswas, 1952). The largest of the erred
larvae is in a much earlier stage than the final pelagic. Charaet above
neither advanced larvae nor early postlarvae are therefore Ce.rs of
even for an approximate determination of the adult Species to aVa.llabl.e
belongs. They are however referred to S. harpaz on the basi Which _lt
general appearance and larval characters including size ands of their
differentiation as compared to the final pelagic larve of S. han stage of
known (Alikunhi, 1952, c.f. raphidea). Npax already

a, Panging
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Three distinet sizes available in the collection measure as follows:—

Total length including rostrum 6.41 8.85 11.19
Length of rostrum 1.38 2.10 9.27
Carapace : median length 247 3.15 3.85
Carapace : anterior width - 1.46 1.72 2,01
Carapace ! maximum width 2.47 3.22 3.85
Length of ant. lat. spine — 0.51 —
Length of post. lat. spine 1.37 1.95 2.33
Eye : length of stalk 0.75

Eye : Corneal portion : length 0.91

Eye. Corneal portion ; width 0.61 0.73
Telson : median length 1.35 1.55
Telson : width 2.07 2.20

As the abdominal segments are broad, the larva has a stout build.
The carapace is large and covers all the abdominal segments posteri-
orly. The rostrum and postero-lateral spines are long and stout, the
former with two ventral spinules and the latter widely divergent, each
with a spinule at about a third of its length from base and with the
tips reaching the level of the hind margin of the fourth abdominal
segment. The dorsal spine is much longer than the anterolaterals
which are short though acutely pointed. The lateral margin of carapace
has 7 spinules—the first two near the anterolateral spine and ventrally
directed, the third smail, ventro-laterally directed and inconspicuous in
dorsal view, being in a different plane than the fourth which is larger,
laterally directed and promiently seen in dorsal view. The last three
spinules are nearer the posterolateral angles and ventrally directed.
The seventh spinule is rudimentary in the smaller larvae.  There are
thus two laterally directed spinules on each margin of carapace though
one of them is small and inconspicuous.

The tip of the antennular peduncle hardly reaches half way to the
tip of rostrum, but the flagella reach the rostral tip. The second
flagellum carries five groups of sensory hairs. The eyes are relatively
large.  The raptorial dactylus has no free teeth other than the terminal
one. The last three pairs of thoracic limbs are short, bifid and seg-
mented, though sideways these reach less than halfway to the margin
of carapace. Posterolateral corners of abdominal segments are sub-
a-cutely pointed.  The sixth abdominal segment is not fully differen-
tiated though a pair of rudimentary submedian spines is present. Telson
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: + No. 2
is relatively large and maurkedly broader than long T
spines are rather short and denticles number 1 latepy] 10 he marginal
and 13 submedian on each side.  The uropod whe Intermediate
reaches 2°3 the distance to the hase of the lateral SDin: d'll'ectej back
exopod has just one free spine while the ventral prol S of telson. The
tip just hifid.. ongation has the

Larvae 9.25 to 9.71 mm. long resemble the e i
ance and In all important features, but consist'jl?t()‘viitlﬁ %’}iﬁn_eral. APpear-
the maxillipeds 3-5, not fully formed and the peraeopod eIr size show
projections In the 8.85 mm. long larva the marginq? g}S_Short 'biﬁd
carapace appear longes than in the advanced stage an(i thbpln.es of the
posterolateral spines reach the level of the fifth abdom'e- Hbs of the
The peraeopods are rudimentary. The antennal endop di mf‘l segment,
three jointed. bodite is smal] anq

The antennal endopodite is unsegmented ; maxillipeds 3
finger-like and undifferentiated; the peraeopods are bud-ls'k -5 are short,
the posterolateral corners of abdominal segments roundedl € stumps and
7.05 mm. long.  The number and arrangements of spiny) 'l a specimen
pace are, however, similar to those in the advanced larVags Of the cara-

The smallest larva in the collection, 6.41 mm. ]

. . . . . ’ . - 1on »
pondingly earlier stage of differentiation than the . 75(})1§WS a corres-
specimen. ' mm.  Jong

REMARKS : —

The short antenna—Ilabral region and the g .
ments idicate that these larvac belong to the Alz';(:;t'z‘cf?tk;dommal seg-
11.17 mm. the largest of the present larvae is in a mycp s type. At
than the final pelagic and on this basis it may be reqq carlier stage
that at the final pelagic stage it might exceed a ]engt};*(}nab[y eXpected
EV‘en at the 11.17 mm. stage its carapace is alm()sto 15 or 16 mm,
bigger than that of the final pelagic larva of §. fascirLfaS big or even
species described above. In the typical Ali'mericht’h‘ " or the alljeq
Chloridelle and fesciate groups at least one free toothw‘S larvae of the
terminal cne cn the 1aptorial dactylus is present whep other thap the
long; in the present larva even at 11.17 mm. such af € 8.9 mm,
dactylus is absent. In the broad shield-like carapace ree t_o
spinulation the present larvae resemble the larvae Ofand its marging}
cribed from Madras (Alikunhi, 1952).  Thus, the re) t-S' harpag des.
the larger shieid-like carapace with more margina) 4 ia lvely large size
of free teeth on the raptorial dactylus, and the brogdnules, the absencé
segments are features in which they differ from the t stout abdoming)
Alimerichthii of the chloridella or fasciata groups Ybical smaly sized
merichthii of the Pyramdalis group. On this ba but agree with Ah‘
larvae have been referred to S. harpaz. Sls alone the presem-;

they ar
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5. Squilly (Alima) Hieroglyphica Kemp. (Fig. 14).

A single larva in the final pelagic stage and measuring 29.35 mm.
in total length was obtained in the night collection on 17-1-63.  This
larva agrees in all essential features with the final pelagic larva of
Squilla hieroglyphica (Alikunhi, 1944) obtained for the Madras waters.
The present specimen measures as follows:—

Total length including rostrum 29.35 mm.
Length of rostrum 5.09 mm.
Median length of Carapace 12.00 mm.
Breadth of carapace at base of anterolateral

spines 3.09 mm.
Breadth of carapace at base of Postero-

lateral spines 5.54 mm.
Length of anterolateral spines 1.00 mm.
Length of Posterolateral spines 3.86 mm.
Length of telson 2.73 mm.
Breadth of telson 3.09 mm.
Length of eye stalk 1.45 mm.
Length of corneal portion of eye 1.45 mm.
Breadth of corneal portion of eye 1.27 mm.

The rostrum has no ventral spinules and has the tip reaching
beyond the tip of antennular peduncle. The second antennular
flagellum has 14 groups of sensory hairs. The anterolateral spines of

S
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carapace are longer than the dorsal spine, the posterol

shorter than the restrum and ave slightly diverglzent p(i)s?s:ilﬁlsy af:itgu’éih
tips reaching the level of the second abdominal segment ’,I‘h ;
8 plus 3 spinules along the lateral margin of carapace tk'xe 8th epinae
being directed more sideways than the mnext, Th;z ant;ennaslpltnule
region of the body is telescoped and the abdominal segments Witilatergl
acutely pointed postero-lateral corners are not very broad ) Th nelx
abdominal segment has a pair of submedian dorsal spines. Th etsmth
is comparatively small for the size of the larva. Of tl;e thre els_on
of marginal spines the intermediates are the largest (Fig 14)6e Ii;urs
ticles of telson number 1 lateral, 11 to 13 intermediate : d . o
median on each side. ane 16 sub-

Indications of the post-larval carapace and outline o
telson are clearly seen through the transparent shell (T
this also the intermediate spines are seen longer than the laterals. Th
submedian spines have ecach a movable terminal joint.  There ér 18
intermediate denticles of which one nearest the intermediate spin e ’
the corresponding one near the submedian spine are smooth and roﬁe gmd
Submedian denticles are: an outermost large, blunt, rounded pairn ed
six pairs of pointed spinous ones. In the aropod the ventral ba:g d
process has the outer spine about a fourth of the size of the inne ’ hl'
has a smooth though conspicuous basal prominence. T Which

f the post larval
est-fig. 14 2). Ip

The raptorial dactylus shows through the chitinoy

. . . . 8 coveri -
lines of five teeth including the terminal one, g out

REMARKS : —

Compared to the larva obtained from Madrag waters
1944) the present specimen has slightly larger rostrum g
shorter telson. In all other features including totg]
specimens are practically identical. The nature and d
marginal spines and denticles of telson in the post

(Alikunhi,
nd a little

tures of the Madras specimen (Alikunhi, Op. cit. Fig | donding fea-

thus reasonable certainty that it belongs to S. hie»roglyphica). There is

The present specimen is the second record of
Bay of Bengal. It has been recorded from tj
(Kurian, 1947) and as pointed out in this connec
the species does not appear to be so very rare in

the specieg from the
¢ Arabian Sea algg
tion (Alikunhj, 1947)
the Indian waters.

6. Squillu Interrunta: —(Text-fig. 15, page 143y,

The species is fairly well represented in the ¢ ;
. . ne co
specimens are of the following stages:—— llection and the 29

Early postlarva-metamorphosing—1 specimen
Final pelagic larva—4 specimens,.
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Stages earlier to final pelagic—17 specimens ranging from 13.7
to 27.0 mm. in total length.

The final pelagic larva measuring 30.2 to 30.68 mm. in total length
agrees in all features with the corresponding stage described from
Madras (Alikunhi, 1952).  As the earliest larva referred to this species
measures 20 mm. in length (Lanchester, 1906) and as still earliey stages
which may be referred to this species are available in the present col-
lection a brief account of the same has been included in this report.

The early stages measure as follows:—

Particulars 1 2 3
Total length including rostrum 25.4 22.7 13.7
Length of restrum 3.6 2.3 ‘ 1.9
Carapace : medium length 8.8 3.4 4.8
Carapace : anterior width 3.0 2.9 1.9
Carapace : maximum width 5.4 5.1 2.9
Length of ant. lat. spine 1.2 1.0 0.73
Length of post. lat. spine 2.8 2.1 1.6
Length of raptorial propodus 4.8‘ 4.5 2.9
Eye : length of stalk 1.5 1.5 - 13
Eye .'4length of corneal portion 1.4 1.3 0.9
Telson : length 3.8 3.4 2.4
Telson : width 3.8 3,2 2.2

In the smallest larva, 13.7 mm. long, the carapace extends over
the anterior half of the sixth - thoracic segment and the tip of the
posterolateral spines reach the level of the hind border of the first e}bdo-
minal segment. There are 6 + 3 spinules along the lateral margin of
carapace, the last one near the base of the postgrolateral spineg ]‘oemg
small and rudimentary. The antennal endopodite reaches. the tip of
antennal peduncle. Thoracic limbs 3-5 are not fully differentiated,
while the last three are rudimentary, minute, unsegmented stumps.
Telson is longer than broad and has one lateral, 9 intermediate and
15-16 submedian denticles on each side. The uropod is a short, bifid
structure, not fully differentiated.

Except for differences due to their more advanced stage, larvae 22
to 25 mm. long, show almost identical features as the 13.7 mm. long
larva. The number of spinules on the ventral side of the rostrum



138 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA  [Vol, 10, No, 2

gradually increases with size and by the 25. mm. stage the lateral
margin of carapace has also 7 4 3 spinules as in the final pelagic stage.
7. SQUILLA sp. (ovateria var. inornata?) (Text-figs, 16-19).

Of the 22 larvae in the collection only one is in the final pelagic
stage, while the remaining ones are much smaller, Detaileq Measure.
ments of the various stages represented are ag follows:

Particulars 1 2 3 r
Total length in mm. including rostrum 26.00 12.55 9.07 6.75
Length of rostrum 3.72 1.92 1.65 1.20
Carapace : median length 9.00 4.76 3.97 2.43
Carapace : anterior width 291 2.01 1.65 1.27
Carapace : maximum width 5.27 3.48 2.64 9.38
Length of ant. lat. spine 1.00 0.55 0.52 0.48
Length of post. lat. spine 3.00 2.10 1.27 0.97
Length of raptorial propodous -— — 2.10 174
Eve : length of stalk 1.50 0.91 0.15 0.63
Eye : length of corneal portion 1.27 1.00 0.85 0.67
Telson ; length 3.82 1.83 1.35 0.97
Telson : width 3.73 1.92 1.42 1.00

The 26.0 mm. long larva is in the f'inal pelagic sta
long, somewhat narrow carapace posteriorly exte

ndin 8¢ and hag the
i ov
rior 2/3 of the sixth thoracic segment (test-fig, 16).8 er the ante.

. . Th
which is devoid of ventral spinules is longer thap the dorsa] € rostrum

S
anterolateral spines are longer than. the dorsa) Spine, Iéln;(.)stThe
laterals are slender, very slightly dlyergent posteriorly and hay etro_
tips reaching the level of the anterior half of e the

: the secop ;
segment. The marginal spinules on carapace numbey 7d :bgon;lmal
laterally directed. » none

The tip of rostrum is distinctly superior to
The second antennular ﬂagel}um has 14 group
neal portion of the eyf is gulfe brogdi.: '.I‘hde. ri :

h other than the terminal one but indiea ions of g
zzgﬁ beneath the larval shell (Text-fig. 17). The gy, dorﬁl}:letshe are clearly
narrow and have the posterolateral cornerg acutely poin’cg rgents, are
telson is relatively small, longer than broad, ang has 5 ed. The

Il the marging]

tip of antennuly

T peduncle,
8 of.sensory hairg, The c(:)f'-
ptorial dactylus hag nq free

9
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i ber 1 lateral, 9 inter-
i t equally developed. Dpntlcles num .
frlljégf:teala{rrll?is 18qsubmedian on each s1d¢}e1 (t’ﬁex}:‘i-ﬁg. 18}()ile 1;;;%52;?;?%%
i ' S t reac e base of t
when directed backwards does no . ase 0 T T e
od has three free spines. n the ven !

:c)eultse(:lfl .spir?ehisezoﬁttle less than half the length of the inner which has
no prominent basal tubercle.

. long larva the carapace leaves the las_t thoracic
- tt}(lai 1ozse5d5 drglf:ally fnd the tips of the posterolateral spines ?eac}%
segmenl fp the fourth abdominal segment. The layeral margin o
the leve (})1as 4 or 5 4+ 3 spinules, the third and 4th being rudlmenta}ry.
Fara;;aci 8 pairs of thoracic limbs are short but segmented and bllﬁd,
e i side-ways halfway to the margin of carapace. Oq the telson
reaching umber 1 lateral, 7 intermediate and 11-12 submedian on each
d%l tlde?l‘}?e exopod of the uropod has one free spine and the tip of the
frten%cral process is just bifid.

The 9.07 mm. long larva is practicall%f é@énti;%cliazi;c: theI tf(;‘:sgo;?é

i . its earlier stage of differ . t has th
specxm.enl. e}ﬁ(;egfs fa(;fml)st normal but 6-8 are sh.ort indt?ngrfg'?kt?iﬁd o te
thoxt'acic rcl)lcess of uropod is just a stu;np ch}rll i Ereepspine »
Xve}ﬁlzathg exopod is unsegmented and without any .

in the 6.75 mm. stage are
ortion of carapace 1n :
i 'lThet Sht%%e l:?gef I;,(I))ﬁcimens and the carapace leaVeshthe ;?j»t t{lor_‘ﬁmg
segn art 0x osed The lateral margin of carapace tas oul ej;al e
segrr:ﬁ:s svifh ruﬁiments of a spinule between the antero
spi $



140 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [vol. 10 N
. , O 2

and the first spinule.  The last two spinules near
corner are venfrolaterally directed. The antenn
short of the tip of peduncle.  Thoracic limbs 3-5 are not fully f

while 6-8 are indicated only as small bud-like protruber ully formegq,
erolateral corners of abdominal segments are subacuteances. Post-
abdominal segment is not fully differentiated and there. ~The sixth
mentary submedian spines. The submedian spines of ¢ flle no rudi-
longest and denticles number 1 lateral, 7 intermediate andeg'SOn are the
on each side.  The uropod is a small unsegmented stump submedian,

the posterolatergl
al endopodite stops

At the 7.2 mm. stage the carapace margin hag (1) 1 (2
spinules, those given in brackets being small and ry

. )
dimentary, t2a

REMARKS : —

In the general shape of the body the final pelagic larva
resemblance to the corresponding stage of S. boops ( Aliks :
but the smaller size, the absence of spinules on rostrum andm.lhl’. 19,52),
of six teeth on the dactylus of the raptorial claw easily di é{ldlca}tmns
from the latter species. The size and shape of carapace : llngul_sh.it
gui_sh it from the larvae of S. nepa, S. holoschista, S. wood::zso d}Stm‘
S. interrupta, all of which have six teeth on the raptorial daétafonz and
the relative size and shape of carapace and telson the preg yus. In
however, show a remarkable resemblance to the pelagic larvaens 1ar.vae,
by Komai and Tung (1929) from Tokyo Bay and ascribed to g escmb?d
This latter species has not been recorded from the Bay of  Oratoria,
its variety inornata is commonly encountered and it ig possibl engal but
present larvae belong to this variety.  According to Komaj e that the
(1929) the largest pelagic larva of S. oratoria measures o land Tung
20.5 mm. in total length. The largest of the present larVany 186 to
26 mm. If it really belongs to S. oratoria var. inorngtq ae measuxres
ing similarity in appearance with the larvae from Jag’)ans the strik-
would seem to indicate, its larger size, details of spinulation efs " aters
and absence of spinules on rostrum would be distinguishinog Eg;tapace

Ures,

hows some

In a recent contribution Townsley (1953) has t
certain Alima larvae collected from Hawaiian waterg
has not referred to the valuable paper by Komai an
the larval development of that species. The lar
Townsley also appear to be quite different from those .

S. oratoria by Komai and Tung. The earliest stage daSSIgned to
Townsley is a pseudozoea measuring 5.5 to 8.0 mm. in tescrlbed by
According to Komai and Tung at this size the larva of S O?tal .length.
early Alima with body form quite different from that of 1 hmtorm is an
figured by Townsley. The second stage described ang fig ® PSeudozogq,

measures 15 to 20 mm. in length. It represents 5 stl:f;g ;’13"1 {Ownsley
Ch earlier

entatively assigneq
to S. oratorin, byt
d Tung (1929) op
Vae describeq by
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than the final pelagic stage, as the last three thoracic appendages are
represented by small buds only. As mentioned earlier the 9th stage
or the final pelagic larva of S. oratoria measures only 16.0 to 18.7 mm.
(Komai and Tung, op. cit.) and is in a much more advanced stage than
the 15.20 mm. larva from Hawaiian water. Though this latter has a
superficial resemblance to the Japanese larvae the spinulation of cara-
pace and the earlier stage of differentiation indicate that it probably
belongs to a different species.  The third stage described by Townsley,
measuring 45 to 60 mm. in length, appears to be in the final pelagic
stage and by virtue of its large size alone is obviously a different species
from that described by Komai and Tung who, it is interesting to
observe, have referred two similar larvae (52 mm. and 44 mm. long
excluding rostrum) obtained from the Tokyo Bay to Alima emarginata.
It has already been shown that Komai and Tung have mixed up some
larvae of S. scorpio in one or two stages ascribed to S. oratoria (Ali-
kunhi, 1952). If the remaining stages really belong to S. oratoria it
is clear from the above remarks that the larvae tentatively referred
to that species by Townsley should actually belong to one or more

different species.

8. Squilla Holoschisla Wood-Mason:—
Three specimens in the collection are:—
(a) Two larvae in the final pelagic stage, 34.5 and 36.5 mm. long;
with the post-larval carapace and telson indicated in
both.

(b) One metamorphosing larva, with the larval carapace dropped
off but the rest of the moult incomplete.

The larvae agree in all details with the specimens described from
Madras (Alikunhi, 1952).

9. Squills Nepe Latreille (Bigelow):—

This common species is represented by a single larva in the final
pelagic stage. It measures 23.4 mm. in total length and. agrees in all
details with the larvae described from Madras (Alikunhi, 1952).

10. Squille Sp. (?) (Text-figs. 20-21).

This species is represented by two early Alima larvae in the first
and second pseudozoea stages respectively.  As advanced stages are
not available no attempt has been made to refer them to any adult
species but to facilitate future idenification the two larvae are described
and figured here:-—
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The two specimens measure as follows: —

Particulars 1 0
e e -
Total length including rostrum in mm. 4.58 6.04
Length of rostrum 0.73 0.99
Carapace : median length 1.74 2.47
Carapace : anterior width 0.92 1.14
Carapace : maximum width 1.32 1.65
Length of ant, lat. spine 0.31
Length of post. lat. spine 0.64 0.82
Eye : length of stalk
Eye : length of corneal portion 0.46 0.55
Telson : length 0.73 1.00
Telson : width 0.68 0.92

In the smaller larva the carapace extends posteriorly ovep th
seventh thoracic somite (Text-fig. 20). The anterolaters] Spines are
almost half the length of the posterolaterals which diverge ap d have
the tips at the level of the hind border of the second abdoming] e
ment. The rostrum is long and slender.  The dorsal spipe is al rrSleg.
as long as the anterolateral. Thq lateral margin of carapace h ost
prominent spinules, all laterally directed. 'I"he fifth Spinule iasthG
longest of the lot. The antennular peduncle is short anq reache 8 the
half way to the tip of rostrum. There is no trace of en dOpod?tonly
antennal peduncle. Thoracic limbs 3 to 8 are also absent. Pof on
lateral corners of abdominal segments are sub-acutely pointed S fllf‘o-
sixth abdominal segment is not 1nd1c_ated and the Uropods a:1r he
absent. The telson has 5-6 intermediate (_i-enticles on either side also
12 denticles between the two submedian spines. The larger s ee‘and
has the same general appearance as the S_maller larva, The Eoc::men
is still longer than the posterolateral spine. The anterolaberals rum
much longer than the dorsal and over half the length of the S are
lateral spine. There are only five spinules on the margin of cpOstero.
the second and third directed laterally (Text-fig. 21), o antarapace
peduncle appears relatively longer than in the earlier stage. Aennu]ar
endopodite is just indicated as a smooth prominence. There nt_ennal
trace of thoracic limbs 3 to 8, the sixth abdominal segment ands still no
There are 8 to 9 intermediate denticles on each side of telso uropods.
ween the two submedian spines the number of denticleg hasn_and bet-
to twenty one. increageq
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REMARKS ; —

Compared to the 6.75 mm. long larva tentatively assigned to S. ora-
toria var. tnornate in this report the present specimen, 6.04 mm. long,
is in a much earlier stage of differentiation. This would indicate that
by the fihal pelagic stage the latter might attain a larger size than the

former. The shape and spinulation of carapace also indicate that the
present larvae are different from the former.

When the size and stage of development are considered in conjunc-
tion with the shape and spinulation of carapace it becomes difficult to

identify the present specimens with any of the early Alime larvae so
far described.

Imm.

=
SN

21

11. LYSIOSQUILLA MACULATA (Fabricius):—

This widely distributed and common species is represented by two
larvae, measuring 22.0 and 23.0 mm. respectively in total length. Both
the specimens are in the final pelagic stage as outlines of postlarval
telson and carapace are seen clearly demarcated underneath the larval

6
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shell. They agree in all details with the larvy deseri
Alikunhi, 1952). escribed from Madrag

REMARKS: —

In a recent paper Townsley (1953) has refery .
larvae collected from the Hawaiian waters toe%;:;:)esnuﬁ_‘%’lz’oemchthus
His identification of these larvae is based on ap eXam?nat' maculatq,
larval forms and the adults of the same specieg oceurring iy 1?}111 of pqst-
The larvae measure 15 to 16 mm. in total length, rooks (188 g locality,
(1926), Tattarsall (1906) Foxon (1939), Gurney (194 and th) Hansen
considered Lysioerichthus duvaucelli (Guerin) ag the larv° e;‘rs haye
squille maculata. The present author Alikunhi, 1959 ( l?no blI'Jysw-
has demonstrated by rearing L. duvaucelli in the laborat(’)ry top:h Ished)
condition that the larva is that of L. sulcirostris and that the | e adult
L. maculata are closely similar to those of L. duvaucell; thou atll‘vae.of
some distinctive features. These larvae are 22 to 24 'in totglti' With
at the final pelagic stage. The larvae referred o . mac.“l"'ta, ba 'I?gnth
sley are not only appreciably smaller but are algq marked] fi-ﬁ.own-
from the former in the relative size and spinulation of cara };c Wereng
the shape of telson. It is obvious that they are bace and in

diff
Madras larvae and probably belond to a closely allieq speerc?el:_ from the

12. LYSIOSQUILLA Sp. (Text fiigs 22-23).

The- species is represented by four larvae—two of them ;
pelagic stage and measuring 12.82 and 14.0 mm, respectlir\;ein t}le fina)
length and two early Erichthoidina, measuring 3.4g8 and 3 50y In tota}
pectively in length. 9V mm, peg.

All the larvae agree very well with Lysioquillg
II described from Madras (Alikunhi, 1952) ang the
they belong to the same species. In both the sp
pelagic stage a minute dorsal spine is seen at tp
carapace. This is the only feature in which the .
the Madras specimens. The submedian space of tse(les(])ir‘i’ae hdlffer from,
cally divided into three sections with the specific n“mbers ; gracterlsti-
——6 denticles. The raptorial dactylus showsg indications Of —1—4
neath the chitinous shell. The post-larval telsop simi1016 _tee.th be-
is shown in figure 22. The submedian spineg are términaﬁry lpdlcated,
while, the lateral and intermediate spines are longer ths Y artlculated,
The submedian denticles are also longer than in the gln the larva,
number and arrangement remain unchanged, A third r'va but their

denticle is indicated by an angular prominence between thelnttermediate
Wo,

(Lg{sioerichthus) ]

T€ IS no douht tha1;
€Clmeng in the fina]
e hing bordey of the

The erichthoiding larva is smaller thap the smaj)
(4.39 mm.) obtained from Madras. It resembleg the 1 est specimen
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The eyes are sessile, the zoea spine appears a trifle longer thar} in the
Madras specimen and it is continued forwards as a dorsal carina.

REMARKS: —

That the number and arrangement of denticles of telson form an
important specific feature of the larvae has already been stressed (Ali-
kunhi, 1952). Though on this character the present larvae may be con-
sidered different from those of L. multifasciata, L. tigrina, and L. acan-
thocarpus which have been positively correlated with the adults, their
identification with an adult species, even on a tentative basis, is not
possible without more specific information.

Conclusion

Squille nepa which is the commonest species off Madras (Alikunhi,
1952) seems to be much less abundant off the Mahanadi estuary, situa-

ted over 700 miles north of Madras. S. latreillel appears to be as abun-
dant as the Madras coast. On the other hand.Squilla sp. (Chloridella
or fasciata group) which was not en.countgred m.the Madras plankton
appears to be fairly abundant in this region. Differences in the rela-
tive abundance of particular species in different localities thus seem to
be demonstrated in this group also.

The record of a second larva of S. hieroglyphica confirms the occur-
rence of this rare species in the Bay of Bengal and indicates that it
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is perhaps not so very rare as has been believed hitherto

complete series of larvae of Squilla sp. (Chloridella or fgsei
descr.'ibed in .this report will facilitate their identiﬁca{(ilgimi? fg rto up)
particularly since the adult species in all probability is likely t uture,
common Indian form. ¥y to be a

The almost

As the larvae live under almost identical envi
the differences between larvae of related species
kunhi, 1952). Unless the larva is carefully desc
of these features which are remarkably constant
specific determinations, are often missed. The si
stage of development are also important in this

ronmental conditiong
are often slight (Ali:
ribed in detail several
and of utmost help in

ze of the larva ang its
respect.

The need for some standardised description o
is badly felt particularly because of the striking
different types of larvae and if such-a procedure ig
results may be expected even from descriptiong of

f gtqmatopod larvae
Similarity between
ad_opted some useful]

unidentified larvae,
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Asymmetry in the Striped Eyes of the D
Locust Schistocerca gregaria (Forskal) et
BY R. K. BHANOTAR, M.sc.
Research  Assistant, Coordinated Loéust Researe
Survey of India, Coleutta-12,
WITH 1 TEXT-FIGURE
(Communicated by Dr. M. L. RooNwaL, F.z.8.1.)

h Scheme, Zoologicqal

In the solitaria phase specimens of th

gregaria (Forskal), the compound eyes areevg‘i?gltl Lo:u.s
brown stripes, the usual number of stripes being };ifhm
(Roonwal, 1936). Occasionally, individuals with five aed ;

may occur (Roonwal, 1947). The post-embryonic devéll elght stripes
eye—gtrxpes (Roonwal, 1947) and their physiological andoli)ment. of the
significance (Roonwal, 1947, 1958) as well ag their evg] heaviouristic
tance (Roonwal, 1954) have been studied in recent wtionary impor.
asymmetry as regards eye-stripes had been recordedyears' So far, no

t SchistOcerca
bed with dap)
T 8IX or sevep

d:

at

a | I— 2 mm. ] b

Side view of left and right compound eyes of Sch;

d : < chist ;

female showing the 7 and 8-striped condition rzspcctivcly.m Pogfr:;(ll £7¢8aria (phage solitqyi

coll. D. N. Bahl, Nanujaba (Jodhpur Division, Rajasthan), 20 ‘,105?6“"19“, No PPAl T
3 . . . ‘ 140,

(a) Left cye; (b) Right eye.

at., anterior side; d, dorsal spot., os., ocular scleri
. z » > . . 1te; o .
eighth eye-stripes. ’ 1€ Pt.. posterior side; S1_gg

» first 1o
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While studying a collection made by the Plant Protection Directo-
rate in Rajasthan desert in western India during 1955, I found a
female (No. PPA 140, locality: Nanujaba area, Jodhpur Division,
Rajasthan; 20.vi.55) in which the left eye had 7 stripes and the right
one 8 stripes (Text-fig. 1). In the 8-striped eye, Stripe Nos. 1 and 2
(i.e., the two most posterior stripes) were clearly separated in the top half
of the eye but fused for the rest of the length. The field population
during the period of collection was about 8,500 individuals per square
mile, which indicated a solitaria feature. The body-measurements and
ratios of the specimen which are given below also indicated a solitaria

character: —

Length of elytron (E), 64.5 mm.; length of hind-femur (F), 80.1
mm.; length of pronotum (P), 11.6 mm.; height of pronotum (H), 9.9
mm.; width of head in ocular region (0Q), 7.0 mm.; width of head at
the genal level (C), 8.2 mm.

Ratios: E/F, 2.14; P/C, 1.41; C/0, 1.17; F/C, 3.67; H/C, 1.20.

Summary

In the solitaria phase the two compound eyes of the Desert Locust
usually have 5-8 (mostly 6 or 7) vertical brown stripes, and the right
and left eyes are symmetrical. A female specimen, from the 1955
Rajasthan Collection, with asymmetrical eyes is recorded here. The left
eye is 7-striped and the right 8-striped.
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(Gastropoda Prosobranchia)
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The alimentary canal of all Lamellibranchs with the except; ‘
Septibranchs and of several herbivorous Prosobranch Gastrf 1(:1n of
characterised by the presence of a crystalline style. Th digestivpo 8 is
tions of the crystalline style are well known. But the COmposii' funec-
the crystalline style, apart from the enzymes present in it stil]lon of
investigation. In recent years, the chemical composition of’the . heedy
line style of Mactra sulcataria (Reeve) was investigated by Has}liystal-
et al. (1954, 1955). These authors showed that the style consi ltmoto
mucin with several component sugars. They also determined the Sts of
acids in the acid hydrolysate of the crystalline style. Veny aming
(1956) studied the free and protein-bound amino acids of the ¢ gs(;pf«!an
style of Sanguinolaria diphos (Gmelin). Hashimoto et ¢f and % alline
palan have shown that the style is a mucin and not g globulin enugo-
gested by Yonge (1932). as sug-

The amino acid composition of the crystalline style hag not
studied ir any gastropod so far. It would be interesting tq Kn ot been
ther the amino acid composition of the crystalline style iq th ow wh.e_
all species or whether it has any specificity. The present g € same ip

with the free as well as protein-bound amino acids in theccgr;:tdl%"ls
aliine
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style of Telescopium telescopium (Linn). The presence of the crystalline
style in this species was first recorded by Seshaiya (1932).

Material and Methods

Specimens of Telescopium were obtained from the backwaters of
Vellar estuary at Portonovo during low tide. The styles were dissected
out from the style-sacs of the animals. For the determination of free
amino acids the stvles were put in 80% alcohol, ground in a mortar
with quartz sand and centrifuged. To the supernatant liquid chloro-
form was added (1:3 v/v) and again centrifuged. The supernatant
extract was taken for spotting.

For the study of the protein-bound amino acids the style was hydro-
lysed in 6N HCI for eighteen hours under reflux. After hydrolysis the
contents were evaporated to dryness on a steam bath. A few drops of
10% isopropyl alcohol which served as a preservative was added to the
residue and the extract used for spotting.

For quantitative analysis, both for free and protein-bound amino
acids the styles were accurately weighed and the volume of extract was,
determined. Known micro-quantities of the extract were spotted with
the aid uf a micropipette.

Circular paper chromatography as adopted by Giri (1952) and alsq
two dimensional ascending chromatography were adopted using What,
man No. 1. and 2 filter papers with 13 cm. diameter for circular and
2020 cm. for two-dimensional.

n-butanol-acetic acid-water mixture (4:1:1) and buffered phenol
were used as solvents. 0.5% ninhydrin in 95% acetone was used as
the colour developing reagent. The amino acids were identified by
running a mixture of known and unknown sampies (Giri and Rao, 1952)
for circular chromatograms and from the positions of the amino acids in
the standard and also from the Rf values of the individual amino
acids previously calculated for two dimensional chromatograms. From
these, overlapping amino acids in the circular paper were verified with
the help of two dimensional paper chromatograms.

For quantitative determination, each band was cut out and eluted
after colour development in a mixture of 75% alcohol and 0.1% copper
sulphate golution (7.2 c.c. of alcohol and 0.8 c.c. of copper sulphate
solution).  The optical density of the resulting solution was read with
the aid of a Lumetron Colorimeter with 550 # filter. The quantity of
the amino acids was calculated from the calibration curve drawn for
each standard amino acid, and the quantity expressed in micrograms
per gram of style material.

’ JL.
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Observations
Free amino acids: —There are eleven aming acids found i {
state in the style which appear in eight bands ip the cir Nd 1n the free
§ ¢

gram.  These are (1) leucines (2) valine (3) prolin ‘lllar chr.omato_
alanine (6) threonine (7) glycine (8) serine (9) rf‘ (l‘l)_tYr()S}ne (5)
aspartic acid and (11) asparagine.  In the twe d>irri15 hemic - acid (10)
gram alll these appear as distinet spots, Proline Wﬁ?j}i”?m chromato.-
in circular and two dimensionai chromatogramg disap S seen both
; pears soon.

. s )
/ IE// : o W& «
. hES . /// Q‘\\\\“ \‘\.
‘ ES
Yoo .

IS

>o < i
Text-Figo 10 A Clnomre e showing the free aming ge
. e . . o > h acics SN .
Telescopium,.  F. Free amino acids, ids ol the arysialline style of
. . .- R J
Protein-tound amino acids: —Filteen amino acids «

the hydrolysate of the stvie, and appear n twelve bands ?;letklln‘es_ent n
chrematogram, and all separaicly in the two dimensionz{l chro > orcular
Band 3 in circular represents only valine and hand 14 reny fnat()gpam.
ornithine.  The protein-bound amino acids include, in ad(iit'esents only
occurring as {ree amino acids, phenylaianine, argin—ine h,{‘”_l _to those
ornithine which are nct found as free amino acids, » Nistidine and

e ——.
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B. Chromatogram showinz the protein-bound aming

. o) . ! acids,  py
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Discussion

The Amino Acid Composition of the Crystalline style of Telescopium
differs from that of the other molluscs investigated so far.

With regard to the free amino acids, the crystalline style of Teles-
coptum differs from that of Sanguinolarie in having aspartic acid,
threonine, serine and asparagine, and in lacking cystine, arginine,
histidine and phenylalanine. The free amino acids of the style of
Mactra have not been determined by Hashimoto (1955).

With regard to the Protein-bound amino acids, the style of Teles-
copium differs from that of Sanguinolaria in the absence of methionine,
lysine, cystine and from that of Mactre in the presence of leucine, valine,
proline, and asparagine and in the absence of phenylalanine and
cystine. It is interesting to note that the sulphur containing amino
acid, methionine and cystine are present in both Sanguinolaria and
Mactra but are lacking in Telescopium.

A quantitive study of the amino-acid composition of the crystlline
style in Muctra and Senguinolarie has not been made. In Telescopium
the total amino acid content, inclusive of the free amino acids, is 0.84%
of the wet weight of the style. Of this the protein bound amino acids
constitute 0.8« and the free amino acids 0.04%. Among the {free
amino acids, glycine has the highest value, and leucines the lowest.
Among the protein bound amino acids aspartic acid has the highest
value, next comes threonine and then gultamic acid.  Serine has the
lowest value. The quantities of the free amino acids and protein bound
amino acids are noted below in micrograms per gram (wet weight) of
style material : —

Amino acids Free Protein-bound
Leucines 2.01 221.0
Phenylalanine — 255.0
Valine 55.12 442.0
Tyrosine 63.00 34.0
Alanine 29.68 476.0
Threonine 66.80 1411.0
Glycine 74.20 85.0
Serine 10.60 578.0
Glutamic acid 26.50 1292.0
Aspartic acid 42.40 1564.0
Histidine — 42.5
Arginine — 731.0
Asparagine 21.20 765.0
Ornithine — 195.5
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Summary
The amino acid composition of the crystalline sty} .
telescopium (Linn.) has been studied and compared toyt(iaotf ogeéf;Op wm
guino-

laria diphos Gmelin. and Mactra sulcatariq (Reeve).

The available data on the amino acid com
crystalline style show that this may be specifi
molluscs.

bosition of the mollu
scan
€ and not the Same in aj]
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New species of the genus Urocleidus Mueller, 1934,
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Introduction

The genus Urocleidus was cre;ated by Mueller (1934)., mainly for
tetraonchids possessing (1) non-articulate bars, (2) npn-artwulate cirrus
and accessory piece (at the base), and (3)_ dextral vagina. Muller (1937)
created another genus Haplocleidus, which was similar to the genus
Urocleidus in all respects, but differed only in having dorsal anchors
conspicuously larger than the ventral anchors. Mizelle and Hughes
(1938) discussed the validity of some North American Tetraonchlgae
genera and regarded the genus Haplocleidus as synonymous with
Urocleidus. Sproston (1946) recognised the synonymy. Recently, how-
ever, Hargis (1952) has reinstated the genus Haplocleidus as a reswt of
his study of some North American torms. He distinguished it from
Urocleidus in (1) having dorsal anchors consistently larger than ventral
anchors by an average of 0.03 to 0.04 mm., in length and, (2) having
characteristic forked accessory piece. Jain (1958) as a result of study
of some Indian species of Urocleidus, has again synonymised Haplocleidus

with Urocleidus.

In an earlier communication Jain (1955) gave the earliest record of
Urocleidus from India. Again he (1958) described 3 more new species
of this genus from India and revised his form Haplocleidus gomtius
(Jain, 1952) to U. gomtius. Thus, in all, there are 5 species of Uroclei-
dus from India; two more are described in the present communi-
cation.
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Urocleidus xenentodon n.sp,
Host: Xenentodon cancila (Hamilton).
Location: Gill filaments. \
Locality: Lucknow, India.
Host specimens examined: 20.
Host specimens found infected: 6,
Number of trematodes examined: 8.

Description: —Elongated tetraonchids (Fig. 1),
0.042-0.06 wide at cephalic lobes and 0.05-0.09 i ;

0.35-0.56*
Two pairs of cephalic lobes (Fig. 2) bearing

mum body widt,.
$ of head organg,

three pair

]
Q
]
a.e.
pe.
Figs. 1 to 6. Urocleidus xenentodoni n.sp.
Fig. 1. Entire worm, dorsal’ view a.c.-anterior eye-spots, ¢.c.-copu]
¢.l-cephalic lobe, h.o.-head organ, lep-haptor, fnd-ingesine ov _OIV'“ ory “omplex
eye-spots, ped.-peduncle, ph.-pharynx. pr.-prostate glands, r""'l:cccd[r}’f 1)'6-‘903‘01&0;
t.-testis, vag.-vagina, vit.-vitclavia, wvit.d -vitelline duct. Placulym seminjg
adl
Fig. 2. Anterior end of the worm, showing head OTZANS, a.c.-anterioy
cephalic lobe, ko1 to h.o.g-head organs, p.c¢.-posterior cye-spots €ye-spots, cl.

* All measuremeuts are in mm.
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Each head organ, a conical body with rounded di‘stal end and _conlcal
proximal extremity. Eye-spots, in two pairs, anterior and posterior, the‘
latter with a larger number of melanistic granules. P'harynx, oval,
0.025 x 0.02. Intestine, bifurcate, erura confluent posteriorly.

Haptor (Fig. 3), somewhat rectangular, 0.08-0.15 long, 0.04-.0.065
wide. Peduncle, long and slender. Armature of the haptor (Fig. .4)
consists of 2 pairs of anchors, a dorsal and a ventral bar and 7 pairs

Fig. 3. Hapor, ventral view.  d.a-dorsal anchor d.b.-dovsal bar, hoa to b7 -hooks,
on \:11““illl(\‘lll'll muscic  fibres.  fonctransverse  musele fibres, w.a.ventral  anchor, v.b,

ventral bar.

Fio Armaware of the hapior, d.a.-dor-
g, . :
«al anchor, d.b.-dorsal bar, h.gq and h.6-
hooks, 1.a.-ventral anchor, v.b.-ventral

bar.

: or with short blunt superficial and similar deep
ggo?fm;{iigle ]3\701111521 jﬁ:?ng from the middle of the shaft, pot reaching
upto’ the points. Length of dorsal anchor 0.045-0.047; width of base
0.02-0.022. Dorsal bar, straight, transverse shaft, 0.053-0.055 long..
Ventral anchors similar in shape to_ dorsal anchors but srpal]er, each
0.034-0.038. long.  Ventral bar, straight transverse shaft with knobbed
extremities, 0.075-0.083 long. Hooks sickle-shaped, each consisting of
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longated base, shaft, sickle-shapeq portion and apposab}e piece. The

fii?nsnsions are as follows:—1 pair, 0.012-0.013; I pair, 0015‘0.017;
III pair, 0.018-0.021; IV pair, 0.021-0.022; V pair, 0.018-0.021; VI pair,
0.027-0.03: VII pair, 0.014-0.015.

Testis (Fig. 1), elongated, median,_ intercaec‘al, 0.076-0.084 long,
0.01-0.015 wide. Copulatory complex (If‘lg. 5) cons1sts.of spirally coileq
cirrus and small leaf-like accessory piece. The spiral hag 8 loops,
maximum diameter 0.023; base of the cirrus swollen. Accessory piece,
attached to cirrus, 0.014-0.015 long. A pair of prostate glandg (Fig. 5)
open at base of cirrus, one has coarsely granulfw and ot_her hyaline fluiq.
Vesicula seminalis not clear. Ovary, pre-tesjupu.lar, trilobed, 0.02-0.023
v 0.018-0.024. Vagina (Fig. 6), dextral, chitinised, consisting of long

C. ) ory
piece, car.-cirrus, cir.b.-base of ciryl

us,
pr-1 and pr.-z. prostate glands,

E Fig. 5. Copulatory complex. a.p_-access
0
o]
o

ftacn
Ve
-
o .

e
-

A A LY
. £

Fie. 6. Vacina. m.v.-mouth of vagina, r.s.-receptaculum seminis, v.t -vaginal tuhe
g - o) .

vaginal tube and pear-shaped reoeptacul}lm .seminis. ‘V.itellaria den
spread from pharynx to caecal union; v.1te111ne duc.ts join near peq
culum seminis. No egg was observed in the specimeng studieq,

sely
epta-

Discussion: —The present form shows closest affinities with
fundulus Mizelle, 1940 and U. seculus Mizelle and Arcadj, 1945 byt cg;
be clearly distinguished frorp both in sever'fxl Important characteristics
The looped nature of the cirrus, characteristic shape of the accessor;}
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piece and ventral bar, are characters which clearly separate the present

form from these species. The new form is named U. xenentodoni,
after the host.

Urocleidus rhyncobdelli n.sp.

Host: Rhyncobdella aculeata (Bloch).
Location: Gill filaments.

Locality: Lucknow, India.

Host specimens examined: 1.

Host specimen found infected: 1.
Number of trematodes examined: 4.

Description: —Elongated tetraonchids (Fig. 7), 0.44-0.53 long, 0.065
wide at cephalic lobes and 0.082 in maximum body width, Cephalic
lobes pocrly defined. Head organs (Fig. 8) disorganised, scattered on

Figs. 7 to 12. Urocleidus rhyncobdelli n.sp.

Fig. 5. Entire woim, ventral view. a.e.-qmcrior eye-spots. c.c.-copulatory complex,
h.0.-head organs, hp.-haptor, int.-intenstine, ov.-ovary, {).(:.-1)ochr101'.cyc-s_pots_, ph
pharynx, ph.-gl.-pharyngeal glands, @.-testis, vag.-vagina, wvit-vitellaria, wvit.-viteline
duct, wis.-vesicula seminalis.

Fig. 8. Anterior end of the worm, showing head organs. a.e.-anterior eye-spots, a.g.-
anterior group of glands, h.o.-head organs, pe.-posterior eye-spots, p.g.-posterior group
of glands, ph.-pharynx, ph.gl.-pharyngeal glands.

8
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either side of cephalic lobes. Eye-spots, two pairs, anteri .

latter with larger number of melanistic granules. Cﬁzi-l;zté?d Posterior,
in two pairs, situated near the eye-spots. Function of tl}?tlc glands,
cannot be assigned with certainty, but probably, like th ese glapds
granules, they are light sensitive. Pharynx. oval 00% melanistic
Pharyngeal glands, situated on both sides of ph’al‘ynx’ c' '9 X 0.035.
rounded bodies. Intestine, bifurcate, crura confluent p’OSt%I;?:;% of small

y.

Haptor (Fig. 9), hexagonal, 0.06-0.075 wide, 0.1-0.11
uncle, short, stout. ~ Armature of haptor (Fig. 10’) (;On B 2 long. Ped-
of anchors, two bars and 7 pairs of hooks. The ,two SISt,mg of 2 pairs
are greatly dissimilar in shape. Dorsal anchor consist-palrs of anchors
shaft and hollow recurved point. — Base of anchor {)nfg of stout base,
expanded superficial and short blunt deep root. A urcate; has an
each anchor, starting from shaft reaches upto the wing provided on
dorsal anchor 0.042-0.0.045, width of base at Originpoént' Length of
width at roots 0.026-0.027.  Dorsal bar, straight Otr a1'oots, 0.01 and
nsve

o o rse shaft,

tm4

Fig. 9. Haptor. d.a.-dorsal, anchor, d.b.-dorsal bar, j;
muscles, t.m.-transverse muscles, v.a.-ventral anchor, v.p) v'emlolh
.- 12

‘h()( ‘\S, l -longitudinal
./ 3
.m.-] ng d

extremities slightly drooping downwards, 0.052
anchor, peculiar C-shaped, consisting of base Shaf‘t 055 long.
point. Each anchor provided with one Wir;g ,

. ecu

base of anchor peculiarly shaped, long Superﬁcigle?hmg upto the p(l)'i\;etd

Each ventral anchor 0.03-0.033 long, 0.01 wide aEO{; but 1o deep oot
ase. :

VvV
bow-shaped, irregular margins, 0.049-0.052 long. A} 7 entral bay,

similar in shape and size, 1 to 5 are marging] Ventrau;)aiers of hooks
» b and 7 are
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medial dorsally. Each hook sickle-shaped, consisting of base, shaft,
sickle-shaped portion and apposable piece; 0.004-0.006 long.

©a vh.

QS

Fig. 10. Armature of the haptor. d.a.-dorsai anchor, d.b.-dorsal bar, k.-hook, v.a,-ventral
anchor, v.b.-ventral bar.

Testis (Fig. 7), median, slender, intercaecal, 0.096-0.12 long. Vesi-
cula seminalis (Fig. 11), chitinised, pear-shaped, located at base of cirrus.
Copulatory complex (Fig. 11), consisting of coiled cirrus and elongated
accessory piece, both articulated distally. Cirrus with 4-coiled loop;
maximum diameter 0.023. Accessory piece, bearing 3 teeth distally,
each 0.007-0.008 long. Ovary, rounded, 0.02-0.026 in diameter. Vagina
(Fig. 12, extral, tubular, chitinised; mouth of vagina funnel-shaped

Fig. 11. Copulatory complex, a.p.-accessory piece, cir.-cirrus, te.-teeth, v.s.-vesicula
seminalis.

Fig. 12. Vagina. m.v.-mouth of vagina. v.t.-vaginal tube,
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and vaginal tube thick-walled.  Receptaculum gem
observed in any specimen studied. Vitellaria spreaq
caecal union; vitelline ducts join just anterior to ovar

iniS and egg nOt

from pharynx to
v.

Discussion

The present form shows closest affinities with 17
1984 and U. xenmentodoni, but can be clearly disting{l‘
characters. It stands apart from both thege specié i
the dorsal and ventral anchor bases, (2) shape of Vestm (1) shape of
shape of the accessory piece. The new species ig ntral bar, ang (3)
delli, after the host. named U. rhyncop-

adspectys Mueller,
shed in important

Musculature of haptor:—One interestin i
species described above is that both show qu%tep(c)gt 2bou
the haptor. The muscles of haptor of U, gey
sist of twe pairs of longitudinal and a single by
whereas U/. rhyncobedelli (¥ig. 9) has a long rec
pair of longitudinal muscle bands.

t the two

arly some m ot
: uscle

entodon; (Fig, 3) ?:0(1)11E

lr;;ivof transverse fibreg
ed transverse and a;

Trematodes recovered by refrigeration technigue
'38), were left in a mixture of glycerine ang clear Wate
minutes.  These were, then, examined indiVidually onr 1f.Or about 20
with coverglags.  This technique proved very useful fOS ides covered
musculature of haptor.  Probably these muscleg accol‘ the study of
ments of haptoral armature for attaching the trematog rg the move-
of the gill filaments, while the parasite feedg by the € %o the tisgyeg

of Mizelle (1936,

separate communication the method of feeding apq o mOI.lth. In a
trematodes are being discussed. Comotion of these
Key for the identification of the Indian species of 1}
Mueller, 1934 :— ' genus Urocleidus
1. A pair of supporting bars present in llapt()r
Supporting bars absent 9
5
2. Cirrus thrown into loops
Cirrus not thrown into loops 3
4

3. Cirrus consists of 16-19 loops, accessory piece

flower-like U

* Polyspirgl;s Jain, 1958

Cirrus consists of 2 loops, accessory Piece con- ’
sisting of two claw-like bodies

U. vachuis Jain, 5819

Dec. 1958] JAIN ;  MUELLER, SOME INDIAN FISHES 163

4. Dorral and ventral anchors nearly equal in
size, accessory piece prong-like U. notopteri Jain, 1955

Dorsal anchors nearly 3 times the ventral

anchors, aceessory piece not prong-like U. gomtius (Jain, "52)
Jain, 1958.

5. Cirrus thrown into loops 6
Cirrus not thrown into loops U. recurvatus Jain 1958

6. Dorsal and ventral anchors nearly identical

in shape, accessory piecc without teeth U. xenentodoni n. sp,
Dorsal and ventral anchors dissimilar in
shape, accessory piece bears teeth U. rhyncobdelli n, sp.
Summary

Two new species of the genus Urocleidus Mueller, 1934, namely
U. zenentodoni and U. rhyncobdelli, recovered from Xenentodon cancila
(Hamilton) and Rhyncobdella aculeata (Bloch), respectively, have been
described from India. The trematodes were recovered from the gill

filaments. The new forms come nearer to North American forms,
than most Indian species of this genus, in the absence of supporting
bars. The copulatory complex of each species is characteristic and
distinguishes them from other species. The synonymy of the genus
Haplocleidus with Urocleidus is supported. A note on the muscles of the
haptor and a key for the identification of Indian species is appended.
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Introduction

This paper deals with the collection of the animal remains from
Sarnath (near Varanasi, Uttar Pradesh, India) made by the Archaeo-
logical Department of the Government of India during the field season
of 1943. The skeletal remains were found while excavating a drain
from Monastery No. IV, at Sarnath (about 5 miles from Varanasi) in
Banaras the courtyard between first and the second gateways of the
temple built by Kumardevi in the 12th Century A.D. The excavation
of this site was previously carried out by the late Shri D. R. Sahani and
Sir John Marshall in 1906-07, and also in the year 1921.

These animal remains are mostly fragmentary and fragile. The
organic material of the bones has disappeared to a great extent and
they are impregnated with inorganic material. Even the long bones,
such as the humerus, radius, femur, tibia and cannon bones, are either
broken or fragmentary. Most of the bones consist of fragments only
and hence are unsuitable for measurements, ete.

The animal remains from Sarnath resemble in general in their species
those of Harappa described by Prashad (1936) as well as with the
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1946 Harappa collection of animal remains receptl
(unpublished report), and also with those of Mohenjod

Guha, 1921), Hastinapura (Nath, 1955 and Magki (ﬂ}atirolg(g;well &
single find of the charred remains of thehare, Lepys rufica @w,latus G? The
from Sarnath is however, noteworthy, as there is po record eoffroy
remains of this animal from Harappa, Mohenjodaro ang Hastinz?;fu any

Y worked by Nath

far. r so
7 § £ 9%
N OUTLINE MAP OF INDIA |

* SHOWING LOCATION OF SARNATH

As in the case of Anan (Duerst, 1908), Mohenjoday
napura and Maski, there is a large number of hope
young animals, indicating thereby that the peo
fledged domestication of these animals.

0, Harappa, Yagt;
s Whlch b ) asti-

Only 12 species are represented in the Sarnaty collecti
compared with Harappa and Mohenjodaro, this numbep . ection. Ag
which is evidently due to limited excavation. 1In thig reportVery smal]
vidual fragmentary bone, is represented by the registered each ingj.
entered in the Excavation Register of the Archae()logical nélmber as
India, along with particulars of the “find spot”, ie. the nct urvey of
of the bone in the trench of the Monastery No, 1y ares .llal. location
particular depth from the surface level. » Indicateq g

Dec. 1958] BHOLA NATH: ANIMAL REMAINS FROM SARNATH 167

Systematic Account

(a) INVERTEBRATA
Phylum Mollusca

CLASS (GASTROPODA)
FAMILY CYPRAEIDAE

1. Monetaria monata (Linn.) (P1. VI, Fig. 1)

(The Money Cowry)
No 215; 32 N. 54 W; 7 ft. Three shells of cowries.

These three specimens of cowries correspond in structure and con-
figuration to the Money Cowry, Monetaria monata, present in the collec-
tions of Zoological Survey of India. This cowry replaced the old barter
system and is also used as an ornament. Maximum length 16 mm.; maxi-
mum breadth 12 mm.

2. Cypraea ? pallida Gray (Pl VI. Fig. 2)
(The Cowry)
No. 215; 32 N. 54 W; depth 7 ft. One shell of cowry.
This single shell is slightly damaged at the posterior end and resem-

bles to a large extent pallide Gray. Maximum length 21 mm.; maximum
breadth 14 mm.

CLASS (PELECYPODA)
Order Eulamellibranchia
FaAMILY UNIONIDAE

3. Parreysia sp. (P1. VL, Figs. 3 & 4)

(The Freshwater Mussel)
No. 215; 32 N. 54 W; depth 7 ft. Fragment of a valve.

This single fragment is very eroded, broken and worn out and is,
therefore, difficult to place specifically. These freshwater mussels have
a wide range of distribution in northern India. Its photograph, along
with that of one from Harappa (3689, Mound AB; Extensions of Pits
I & 1I; Square P 24/23; depth 8 8”) in the collection of the Depart-
ment, is reproduced in PL.VI, Figs. 3 and 4 respectively for comparison.

The maximum breadth of the fragment of a valve from Sarnath is
18 mm.,whereas the maximum breadth of the intact and complete speci-
men of a valve from Harappa is 80 mm.

9
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(b) VETEBRATA

CLASS REPTILIA
Order Chelonig,

FamiLy TRIONYCHIDAE

4. Lissemys punctata (Bonnaterre), forma typica (Pl. V| Fig. 5)

(The Common Soft-shelled Box Turtle)
No. 11/1943. One fragment of epiplastron.

This single fragment is undoubted] . ) o
of L. punctate forma typica. It resemsi)lgsf 12;1 r;:?é:g-mze(ld mdlv.ldual
tions those of Mohenjodaro (Sewell & Guha, 1931 aé163 vermicula-
(Prashad, 1936, p. 14) and Hastinapura (Nath, 1955 D.108 ),IHarappa
graph, along with that of one from Harappa’ (555é pi\/[oun)(‘i IE‘S péloto;
! ; Grea

Granary area; square K 9/5; depth 12 1t ¢ in i

v . ’ . ch .
the Department, is reproduced in PLVI, Figs s isrzde the collgctlon of
comparison. ' respectively for

In size the maximum length of the {rg
Sarnath is 49 mm. whereas the maximum e
of epiplastron from Harappa is 69 mm.

gment of epiplastron from

5. Chitra idica (Gray) (P1, VI, Fig. 7
(The Soft-shelled River Turtle)
Area of Antiquity No. 49. One fragment of hypoplastron

This single fragmentary piece resembles in p .
lations those of Harappa (Prashad, 1936, p. 14), Moh And vermicul-
& Guha, 1931, p. 663) and Hastinapura (Nath, 1955 enjodaro (Sewell
Length 30 mm.; width 26 mm. * 290% b 108).

attern

6. Batagur baska (Gray) (PL. VI, Figs. 8 & 9)

(The Batagur)
Area of Antiquity No. 49. Fragment of blastron

No. 110, depth 3 ft., 10 inches. Fragment of the carapace

These fragments correspond to thoge of Mohen
1931, p. 664) and Harappa (Nath, unpublisheq p
recent specimens in the Zoological Su
ventral views of a plastron excavate

Figs. 8 and 9 respectively. Size of
75 mm.

jodatr)'o (Sewell & Guha
€port) as well ag t ,
. i‘vey of India. The dorsalo :Sllcei
1a Sarnath are figured in P Vi
plastron: length 89 mm.; brea;dt};

ngth of an intact specimen .

Dec. 1958] BHOLA NATH. ANIMAL REMAINS FROM SARNATH 169

CLASS MAMMALIA
Order Artiodactyla
FAMILY BOVIDAE

1. Bos indicus Linn. (P1. VI, Figs. 10 & 11)
(The Zebu or Domestic Humped Cattle of India)

. 104; 51 W, 74N; depth 6 ft. & 4% inches. Fragment of an

astragalus.

. 60/28; TW, 149N ; depth 3 ft., 6 inches. Fragment of the shaft

of femur.

. 118/28; TW, 149N ; depth 3 ft. 6 inches. Three fragments of

left tibia; 2nd upper molar; 2nd upper premolar.

. 81/28. Fragment of the shaft of radius.
. 181/28: 10N, 20W; depth 6 ft.,, 4 inches. Distal fragment of

the shaft of femur; fragment of the shaft of metatarsus; distal
fragment of the shaft of right radius.

. 107/28. Proximal fragment of tibia.
. 191/28. Head of right humerus.
. 151/28. Fragment of the proximal extremity of radius; distal

extremity of left humerus; fragment of the proximal shaft of
right metatarsal; distal extremity of the left humerus.

. 214/28. Fragment of the shaft of humerus.
. 134,28. Nine fragments of distal ends of femur; fragment of

right femur.

. 8; 46 10 X &; depth?. Fragment of a molar tooth; left

lower 2nd molar.

. 105; 64W. 50N ; depth 6 ft. 3 inches. Fragment of the shaft

of a tibia.

. 107. Proximal fragment of right metatarsal. Fragment of

right tibia; eleven fragments of the shaft of metatarsal of
young ones.

. 451. Twelve fragments of femur of young ones.
. 116; 32N. 54W; depth 7 ft. Left astragalus of a young one.
. 103: 46W. 14N; depth 5 ft. to 5 ft. 6 inches. Nine fragments

of the shaft of a humerus.

. 80. Fragment of the shaft of radius.
. 300. Four fragments of the shaft of metatarsal.
.110. Proximal fragment of femur; fragment of the medial con-

dyle of femur.

. 18/1948. Distal portion of left humerus.
. 31/2328; 119 X 30; depth (?). Incomplete shaft of metatar-

sus; fragment of the shaft of 3rd and 4th metatarsals.
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PraTtie Vi1
The remains of the Humped Cattle listed above, including the long Bhola Nath :

bones, are very fragmentary; they mostly belong to young individuals

and are of no use for exact measurements.

The limb bones too are fragmentary. The photogr

aphs of some of
the better preserved specimens,

such as those of the astragalus and
the distal fragment of humerus, are reproduced in PLVI, Figs. 10 and 11

respectively. Maximum length of astragalus 62 mm.; maximum breadth
of distal fragment of humerus 65 mm.

The remains of the Humped Cattle from Sarnath, which have been
carefully examined, closely resemble the smaller, humped, short-horned
variety found from Mohenjodaro (Sewell & Guha, 1931, p. 654), Harappa
(Prashad, 1936, p. 37) and Hastinapura (Nath, 1955, pp. 110-114).
From the close structural resemblance between the skeletal remains ex-
cavated at Sarnath and those of the modern domestic Humped Cattle of
India in the collection of the Department, it is clear that the Sarnath

remains are of the same species as those of the domesticated cattle now
met with in India.

8. Bos (Bubalus) bubalis Linn. (P1, VI, Figs. 12 & 14)

(The Indian Domestic Buffalo)
- 719/28. Left scapula with a part of blade.

No. 166/28. Fragment of the shaft of left radius without distal
extremity.

No. 243/28. Ten proximal fragments of a left femur,.

No. 89/28. Fragment of the shaft of radius.

None of these bones is complete and no measurements can, there-
fore, be taken for comparison with those of other forms, However, the
photographs of the better preserved fragments of bones, such as those
of the scapula and radius along with those of the modern specimens,
are reproduced in PLVI, Figs. 12, 18, 14 and 15 for comparison. The
maximurm length of the fragment of scapula from Sarnath along the
glenoid border is 326 mm. and its maximum width at the proximal end
81 mm., while the maximum length of an intact and complete modern
specimen of a scapula in the Department is 348 mm. and its maximum
width at the proximal end 77 mm. The length of the proximal shaft of a
fragmentary radius (PLVI, Fig. 14), is 261 mm., while the total length
of a radius of a modern specimen (PLVI, Fig. 15) is 295 mm.

The find of a limited number of fragments of bones of Bos (Buba-
tus) bubalis indicates .that the inhabitantg probably did not m:gintain
large herds of the Indian buffalo ag compared with Bos indicus.

These remains of the buffaloes show ver
blance with those of the modern 4

4 y close structural resem-
omestic buffalo in India, They are
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also similar to those of Mohenjodaro (Sewell & Guha, 1931, p. 654),
Harappa (Prashad, 1936, pp. 32-37) and Hastinapura (Nath, 1955, p. 115).

9. Qvis vignei Blyth, race domesticus (P1. VII, Figs. 1-4)
(The Domestic Sheep)

No. 11/128; TW. 149N; depth 3 ft. 6 inches. Fragment of the 2nd
phalanx.

No. 216/28. A fragment of the lower jaw with 1st, 2nd and 3rd
molar teeth.

No. 141/15. Shaft of right femur without proximal & distal ends.

No. 211. Fragment of the shaft of metatarsal; distal fragment of
left humerus; several fragments of the shaft of humerus.

No. 12/1943; 41 ft. away from eastern wall of Monastery 111; depth
3 ft. 2 inches. Distal extremity of left humerus.

The teeth of the lower jaw available do not show any special pecu-
liarities and generally resemble those of the recent domestic sheep. The
photograph of the fragment of the lower jaw Is reproduced in PLVII,
Fig. 1; its maximum length is 62 mm., while the length of the tooth-row
of the same is 44 mm.

The limb bones too are Vvery fragmentary. The photographs of
some of the better preserved specimeng are reproduce in PL2, Figs. 17,
18 and 19, along with that of a modern specimen.The maximum breadth
of a distal fragment of humerus from Sarnath, (P12, Fig. 2) is 26 mm.
The maximum length oi a shaft of right femur without proximal and
distal extremities shown in PLVII, Fig. 3, from Sarnath is 133 mm,, while
the length of the shaft of a femur in a modern specimen of sheep in
the Department (Pl. VII, Fig. 4) is 128 mm., and its total length 161 mm.

Fragments of bones from Qarnath closely resemble those of the
remains of sheep from Harappa (Prashad, 1936, pp. 49-50 and Hasti-
napura (Nath, 1955, p. 116). They are also closely akin to modern
domesticated race of sheep.

10. Capra hircus aegagrus Erxleben (Pl. VII, Figs. 5-7)
(The Domestic Goat)

No. 66 138N. 51W; depth 4 ft. and 6 inches. Fragment of an as-
tragalus.
No. 246,/28. An incomplete right ramus of the mandible without
body (corpus mandibulae), coronoid process and condyle.
No. 11,/1943; 41 ft. away from Eastern wall of Monastery IV; depth
3 ft. 2 in. Proximal fragment of femur with head and tro-
chanteric fossae, distal epiphysis of metacarpal of an young one.
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These remains are fragmentary. The teety of
lable resemble closely those of_ the modern domest
also resemble those of the remaing of' the goatg from Harappa Py
1936, pp. 47-48). The I_Jhotog'%'al)h ot.the fragment of the low(er j‘;s\?;ags’
reproduced in PLVII, Fig. 5; its maximum length is 110 mm., while th
length of its tooth-row is 64 mm. e

_the lower Jaw avai.
lcated goatg. They

None of the limb bones available ig complete and pq
can, therefore, be taken for comparison with thoge of ot
photographs of the better preserved fragments of g femur apg 2 ihe
metacarpal fragment of the femur measure 29 mm. ip m stz

. . aximum Jep
while the distal metacarpal epiphysis measures 20 mm. in itg maxinglf]}:r’]
breadth.

measurements
her forms, The

Fragments of bones from Sarnath closely resmble thoge of th
remains from Harappa (Prashad, 1936, bp. 47-48) ang Hastinapurg
(Nath, 1955, p. 117). They also resemble closely the modern Indian
domesticated race of goat.

Order Proboscideq
FAMILY ELEPHANTIDAE

11. Elephas maximus Linu (Pl. VII Fig 8)
(The Indian E'ephant)

Sarnath No. 133. One 2nd left upper molar tooth

The only remains available of the Indian Elephant, Elephas mey;
mus, from Sarnath is a single left upper 2nd  molgy tooth JI,z_
structure and pattern it resembleg that. of a sbecimen of the m(;d n
elephant in the collections of the Zoological Survey of In ern

: dia. ¢
is slightly worn out. Maximum length of tooth 159 mm. - mislxcilr:l‘;vn
height 125 mm. The remains of the Indian elephant wepe al,so m

from Mohenjodaro (Sewell & Guha, 1931, p. 653), while Nathrecq(;rdred
corded its remains recently from Hastinapura (Nath, 1955, p. 10§)k ane(;
Harappa (unpublished report).

Order Lagomorphq

SUBORDER DUPLICIDENTATA
FAMILY LEPORIDAE

12. Lepus ruficaudatus Geoffroy (PJ. VII, Fig, 9)
The Common Indian Hare

No. 118/28; depth (?). Fragment of the right horizonta]
mandible with 1st molar tooth and without body (coip;:mus of
bulae), condyle and coronoid procesg (charreq mand;-
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This partly charred specimen resembles very closely, both in struc-
ture and configuration, that of a subadult specimen of Lepus ruficau-
datus present in the collection of the Department. Its photograph is
reproduced, along with that of a subadult modern specimen, in PLVII,
Figs. 9 and 10. The maximum length of this fragmentary piece from
Sarnath is 43 mm., while the total length of the right ramus of mandible
of a modern specimen of hare in the Department (PLVII, Fig. 10) is
55 mm.

The find of a fragment of a bone of Lepus ruficaudatus from Sar-
nath is noteworthy. There is no record of the remains of this animal
from Harappa and Mohenjodaro so far.

Summary

This paper deals with a collection of animal remains, obtained while
digging a drain from Monastery No. 4, at Sarnath (near Varanasi, Uttar
Pradesh, India) during the field season of 1943. The date assigned to
this collection of animal remains from the above-mentioned spot is the
12th century A.D. The number of species of animals represented in thic
collection is 12, as follows.—Monataria monate (Linn.); Cypraea? pallida
Gray, Parreyssia sp., Lissemys punctate (Bounaterre) forma typica;
Chitra indica (Gray); Batagur baske (Gray); Bos indicus Linn.; Bos
(Bubalus) bubalis Linn.; Ovis vignei, race domesticus; Capra hircus
aegagrus Erxleben; Elephas wmaximus Linn.; Lepus ruficaudatus
Geoffroy. '
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Explanation of Plate V]

The number mentioned after the scienti
Registered No.‘ of the bone in the I*]xcawatiorrl1 gggir;?me represents the
Archaeology of the Government of India. The oth er of the Dept. of
“32N. 54W, depth 7 1t.” denote the “find spot”, je. e o CLAIS ie.,
of the find in the trench of Monastery No. 4 apes ¢ € actual location
of 7 ft. from surface level. » 10und at the depth

Fig. 1. Montaria monata (Linn.). No. 215, g2N

4 ' N -
One shell of a cowry. Excavated at Sarnath. - 51W3 depth 7 f.

“ (below surface lcvcl)
Fig. 2. Cypraca pallida Gray. No. 2u5i 35N, 5W; depth |

One shell of a cowry. Excavated at Sarnath. 7 ft. below surface leve]

Fig. 3. Parrevssia sp. No. 215 32N. 554 depth 7 ft

a valve. Excavated at Sarnath, below surfaee level,

) : ) Fragment of
) I‘lg. 4. Parrveyssia flavideus (Benson) var. trigona Benson Rjp
No. 3680. son Right valve from Hara
K . appa;
Fig. §. Lissemys punctata (Bonnaterre) forma typica, Iygmpe bp
11/1943.  Excavated at Sarnath, agment of 5 epiplastron. N
Fig. 6. Lissemys punctata (Bonnaterre) lorma typica

plastron from Harappa; No. 5556. Left complete

N o s and  inacy epi-
Fig. 7. Chitra indica (Gray). Fragment of hypoplasiron,

Excavated at Sarnath. Area o An[i‘l“it)’ No. 49
Figs. 8, ¢. Dors.al fmd ycntral v‘icws of the fragment of 5 }
(Gray). Area of Antiquity No. 49. Excavated at Sarnath Plastron o Batagur pagp
. L a

Bos indicus Linn.

Fig. 10. Fragment of the left distal humerus. No 13/1943.

. ©oor MG Bxeavs
Fig. 11. Left astragalus of a young one. No. 116; gaN avated

at Sarnath, ’

Fig. 12. Fragment of the left scapula. No. 719/28.

at Sarnath
W+ . .
54W; depth 7 1. Excavated
! . Excay
Fiz. 13. Left scapula of a modern specimen in the Depte
Fig. 14. Proximal fragment of the left radius. No. 166/ 08

/28,

ated at Sarnath,
of Amhropology.
Excay,

ated ay Sa
. at Sain
of Anlhrol ath.

Fig. 15 Left radius of a modern specimen in the Depi
' »ology,
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Ezplanation of Plate VII

The number mentioned after the scientific name represents the
Registered No. of the bone in the Excavation Register of the Dept. of
Archaeology of the Government of India. The other particulars, t.e.,
«39N. 54W; depth 7 ft.”, denote the “find spot”, i.e., the actual location
of the find in the trench of the Monastery No. 4 area, obtained at the
depth of 7 ft. from the surface level.

Ovis vignei Blyth

Fig. 1. Fragment of lower jaw. No. 216/28. Excavated at Sarnath.
Fig. 2. Distal fragment of the left humerus. No. 211. Excavated at Sarnath.
Fig. Shaft of the right femur without proximal and distal ctxremities. No. 141/15.

Excavated at Sarnath.
Fig. 4. Left femur of a modern specimen of domestic shecp in the Dept. of

Anthropology.

Capra hircus acgagrus Erxleben

Fig. 5 An incompletc ramus of mandible. No. 246/28. Excavated at Sarnath.

Fig. 6. Proximal fragment of femur with hecad and trochanteric fossa. No. 11/1943;
41 ft. away from the Fastern wall of Monastery No. 4; depth 3 ft. 2 inches. Excavated at
Sarnath,

Fig. 7. Distal epiphysis of a metacarpal of a young onc from the same size as in

7
Fig. 6.
Elephas maximus Linn.
Fig. 8. Onc znd left upper molar tooth. Sarnath No. 2po. Excavated at Sarnath.
Lepus ruficaudatus Geoffroy

Fig. 9. Fragment of the right horizontal ramus of the mandible. No. 118/28. Ex-
cavated at Sarnath. ’

Fig. 10. Right ramus of the mandible of a subadult modern specimen in the Deptt.
of Anthropology.
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Introduction ”

No detailed accounts of the circalatory syste
available beyond the description of the ‘ctlterjai Qr,n N
by Ray (1934) and of both arteriaj and ve System of py.
caerulesces by Bal and Navathe (1919), ecent) Hlld"'ophis-
“The arterial system in Ceylon snakeg” de Silvg }*11 Y, in 2 Serjeg entit]ea
system of Nejo naje neje (1953) and Napyp, [)isfsf Publisheq tpq arterial
The circulatory system of the commoy British T W perripm, (1955
notus natrir has been worked out ip detail by‘(‘)yf‘jl‘ass Snake, T7'01)ido.
exhaustive account of the cireulatory system ang Onoghue (19 2). Iiié
such work on [ndian  snakes have Drompteq tth paucity of
undertake a detailed study of circulatory Syste}:g Present authorg to
which is a common fresh watey snake of North of Natriy Jig

Kal‘natak_ Discator

Material and Methodg

Specimens of Neatriv piscator
Dharwar (North Karnatak, Mysore State) ang collecteq round ghout
aquarium in the laboratory.  Fop PUrposes Were kept alive ; .
system a few specimens were injected © i ! oan

. dissect
With latex solutlir(l)i the arterial

Discato, Were

methods were found to be unsuitable for th - Inieet:

Hence freshly killed specimens were diSS:cfsgd%' of the venollsnsl;scttmn
Figures have been drawn in such g way as to ¢ or the study of o
from one end of the trunk to the other, 0 form M

a Continugyg series
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The Heart

As the structure of the heart of Natriz piscator has already been
described in detail by Mathur (1946), only its salient features have been
mentioned here.

The heart consists of two auricles and an incompletely divided ven-
iricle. It is situated at a considerable distance from the head and d1§-
posed slightly towards the right side. de Silva (}955) records that in
the different specimens of Natrixz piscator asperrimas disse_cted by him
the position of the heart was variable, lying to' t}}e left. or pg}}t or even
obliquely. It is enclosed in a pericardium within Whl'Ch it les freely,
there being no gubernaculum cordis as is common with snake hea.rts.
The so called sinus venosus is situated on the dorsal aspect of.the right
auricle and receives two precaval and a single 'postcaval vein. The
thin walled auricles are unequal in size, the rlght one b-emg much
larger than the left. In Natrix piscator asperrimus deSilva (%955)
records the presence of a diverticulum on the antero—dqrsal‘margm of
the right auricle. In Ptyas mucosus (Ray, 1.934) a diverticulum has
been described as being borne by the left auricle. The presence of a
diverticulum is not a feature common tp the: heart .of snakes. Mathur
(1946) opines that the formation of'a §1vert1culum is brought about by
the presence of coagulated blood within the auricle. ~ We are, how-
ever, of the opinion that a diverticulu_m is caused by t}}e constant
pressure of one or the other of the aqrtlc arches on thg aul.*lcles. Ray
(1934) has expressed a similar opinion.  The ventr.'lcle is somewhat
oval in shape and very unsymmetrical. The apex is bluntly conical.
The cavity of the ventricle is divided into a large left-dors;d cavam
dorsale aﬁd a small right-ventral cavum pulmonale by an incomplete
and horizontal intervengricular septum. Mathur (1946) has referred to
thiz septum as the muscular ridge. It is complete and more or less
vertical in the apical portion of the ventricle but becomes incomplete
dorsally and assumes a typically horizontal position in the basal por-
tion of the ventricle. About the middle of the cavum dorsale are seen
two opposable vertical ridges termed dorsal . and ventral septoid pro-
cesses by Mathur (1946). These two septoid processes become con-
tinuous with one another posteriorly and divide the cavum dorsale into
a left cavum aorticum and a right cavum venosum. Such .median
vertical muscle strands have been referred to as the ‘muscular ridge’ by
Rau (1924) and as the ‘vertical septum’ by Leene and Vorstmap (1930).
The latter authors believe that this vertical septum has a significant
role to play In the formation of the complete interventricular septum
of the crocodiles. We have, however, found that this vertical septum
is nothing but the most prominent and median of the many vertical
ridges that extend from the wall in this region of the ventricle.
(Kashyap, 1955).
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The Aortic Arches

The three aortic arches arise cloge {o
: ot ea
the ventricle, ventrally. The bulmonary arcihistil}g ;rozn the base of
osterior most to

arise. It forms the anterior continuati
after its emergence gradually curveg to?afﬁsttfﬁ cavum pulmenale and
right systemic arch.  After leaving the heart € dorsal aspect of the
vesophagus and‘ enters the right lung at its antz .
is abgent.  Within the lung the pulmonary artilr The left lung
posterior end a'nd gives off numeroug brancheg thy runs right up to the
lary net work in the substance of the lung, A 1at end ip g fine capil-
(O’Donoghue, 1912) and Ptyas mucosug (Raiz 8 I Tropidonogy natriz
branch from the pulmonary artery. In j d ere is no tracheal
and Navathe, 1949), however, the presence caerulesceng (Bal
reported. In Neja naje naja (de Silva, 1953) ¢ al artery paq been
is given off by the _pulmonary artery but there § 00, no trachea] artery
pulmonary art.ery. in the form of a clogeq cylir?da- Temnant of the left
about.5 mm. A similar rudlimentary left pulm rical gga¢ measuring
described by O’Donoghue (1912) in ropidoy, t(-mary artery has been
piscator asperrimus also, deSilva (1955) does 0Us natriy. In Natriz
artery but has described in detail the preSenééotOfmsint}ilfén any tracheal
ght and left liga-

mentum Botalli connecting the puimen .
systemic arches. AV areh with the right and left

The left systemic arises slightly in
and towards the right side. It gently curves p
runs forward.  Beyond the level of the
dorsal side, curves round the oesophagug
the right systemic arch to form the dorsa;
rise to three very delicate oesophageal art
ing blood to the oesophagus. There g
varialtion regarding the number, position
vessels among the different snakeg
donotus natriz (O'Donoghue, 1912) ta?:r,ehzze 1geen studieq.
of which supply the oesophagus. 1In Ptyasem
is only a single branch arising Very ne
systemic arches and dividing into three branch g
and tracheal, supplying blood to the latera] bo(;}s’ Parieta], oesophageal
trachea respectively. In Hydrophis caeryleg, Yy wall, 0esophagyg £ ad
1949) the left systemic arch does not hear . (B2l and Navgur,
Naja naje naje (de Silva, 1953) there ig a siany branch at a]] Ie’
artery which was found to be absent in most Ofngle slender oesop'hagear;

In Natriz piscator asperrimus (de Silva, 1955 ) the Specimeng dissected
varies from

Unites with

way, it gives
» Oes, a))

aorta. QO ;
eries (Fig | its

one to three. 1S number
The right systemic arch arises form th
e b
to the pulmpnary and left systemic archeg, a]sf of the Ventricle qorgg]
the right side of the left systemic arch and dlisveseen to vy a
rge from it
Just
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anterior to the auricles. It gives rise to the primary carotid trunk
and runs a little forward before curving backwards in order to meet
the left systemic arch to form the dorsal aorta. At the point where
it curves round, it gives off an anterior vertebral artery, which in its
turn gives off three intercostal branches to the vertebral column and
finally enters the vertebral musculature in the mid-dorsal line (Fig. 1,
ant. vert. a.). The right systemic arch does not give rise to any
branch which suppiies the oesophagus and the trachea.

In Tropidonotus natriz (O’Donoghue, 1912) the anterior vertebral
artery gives rise to from 3 to 7 intercostal vessels to the vertebral
column and one or more branches to the oesophagus before disappear-
ing into the vertebral musculature. In Ptyas mucosus (Ray, 1934) the
anterior vertebral artery gives off a considerable number of intercostals
varying from 6 to 17. From most of these arise branches which
supply blood to the oesophagus.  Some proximal intercostals give off
fine branches to the trachea also. In Hydrophis caerulescens (Bal and
Navathe, 1949) the anterior vertebral artery gives off a series of inter-
costals varying in number from 16 to 24 and fowards its anterior end
it breaks up into several fine oesophageal arteries. There are no
trachoal branches at all.  In Neje neje nejo (de Silva, 1953) the
anterior vertebral artery gives rise to 20-22 parietals or intercostal
arteries.  Before it disappears in the musculature near the head it
gives off a branch to the floor of the pharynx. de Silva (1953) asso-
ciates this prominent anterior vertebral artery with the formation of a
hood in Naja. It should, however, be noted that in Hydrophis caeru-
lescens (Bal and Navathe, 1949) where there is no hood, the vertebral
artery is big and gives off 16-24 parietal arteries. Thus Nairiz
piscator wmiscator shows a reduction in the number of intercostal
arteries arising from the anterior vertebral artery and a total absence
of the tracheal branches.

Beyond the anterior vertebral artery the right systemic arch gives
off two branches, the parietal arteries, which run towards the body
wall (Fig. 1, par. a.). There are no branches to the oesophagus from
this part of the systemic arch. With respect to the vessels arising
from the right systemic arch beyond the anterior vertebral artery in
different snakes there is no agreement. Tropidonotus natriz (O'Dono-
ghue, 1912) bears five parietal arteries and one or two small oesophageal
arteries in this region. In Ptyas mucosus (Ray, 1934) the number of
parietals (termed ‘intercostals’ by Ray) vary from 2 to 5 and any of
these may give off branches to the oesophagus or the trachea. In
Hydrophis caerulescens (Bal and Navathe, 1949) the right systemic arch
does not give rise to any branch in this region. In Naja naja naja
(de Silva, 1953) also there are no parietal arteries in this region while
in Natriz piscator asperrimus (de Silva, 1955) there are one to six
parietal arteries and a solitary oesophageal artery which may often be
absent.
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The Anterior Arteries
A single carotid artery originates from the righ )
runs along the 1efft side of the oesophagus and tric}ﬁesayskfe?m. arch and
the posterior region of the head.  On the basis of itqnll)losl'tt-rea(:hes
" tion this

artery is considered as the left carotid artery (Fig. 1, 1. ¢ )
- L l.car. a). The

right carotid artery is nearly always wanting in the snakes

Soon after
- f-————‘——-_Lext.cor a
p.ext. 3. V. - f————— L. ext.j. v.
plinl'.j-V..————-———\ o ///\l.int.car.o.
. N Lint. jv.
ces.a——TF
i | L. car.a.
p.com.jv——"""—
trGCH.__/_,f '——"—"—__'l.com.J.v,
r \
/\ E \ ves. a.
g { Al
int.cost.v. < s \\
£ Y oes. V.
Ve
ant.vert.a. B
= ) Yie, o A
“"t""zY'V'W] X Ehy 1. 1. Natrix piscator piscator—-T
thy. a. heart, anterior veins and L= he
thy. v. arterics,
com.o;z.y»V«
n.sg.ahck.
post. azy. V.= £
I
T.0U. u\‘
Pul.v. '.‘\
pul. & L
post.cav-v. ,_
L B
30 d.oorta.
2l

its origin the left carotid artery gives off a small branch, th

artery, which supplies blood to the thyroid gland (Fig. 1 ti’l e thyroid

small vessel is looked upom, by some authors, ag thé 1:emy. a.). This

right carotid artery. Regarding the presence of the thnal}t of the

Natriz piscator piscator agrees with other snakes that have 1);1‘01(1 artery

In Naja naja naje (de Silva, 1953) there is a single left common S(t:;udlizd,
arotid

»’\
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artery which gives off branches to the thyroid

trachea apc} the fat bodies. In addition tflere ,is t;l}s’(l)n lglls’sn?:lslolégafu.sé
artery arising from the rizht systemic very near the left corr):rr? l
carot}d. _Thls may represent the right common carotid arter (I)n
Natr{x p?.s.ca.z‘or asperrimus (de Silva, 1955) there are two Y. t'g
z_lrterles arigsing from a common trunk. The right comm fiaro_.;
is reduced and supplies branches to the thyroid, thymusv and Ofgt fré).tld
The left commion carotid artery is well developed and its di bodies.
is as in Naja naje najoe. ' istribution

The left carotid artery gives off, more ¢ ior
branches which supply the oesophagus and iheqnti‘eal;fl}?:z;y’ 3J1t10t4 slen(?er
to thg head, j;he left carotid artery divides into the extérnal asndpps;cerlor
carotzd. arteries. The external carotid supplies blood to tile u e
lower‘ jaws, tongue and the surrcunding muscles while th ppeg‘ -
carot[d enters the cranium and supplies the brain. It Ashoulg bIn o
that in respect of the possession of oesophageal and tracheal briu:lc(;lted
Zl\fgfgmz piscator piscator resembles Tropidonotus natriz  (O’Dono hes,
912), Pt_yus mucosus (Ray, 1934), Neja najo nejo (de Silva 1953g nd
Natriz piscator asperrimus (de Silva, 1955) while Hydrophis c:aem le‘) o
(Bal z}nd Navathe, 1949) stands apart in that its left carotid art ' Sgens
not give off any branches to the oesophagus and the trachea oy foes

The Posterior Arvteries

The dorsal aorta runs medially just ventral to the vertebral col
up tq the level of the cloaca, beyond which it enters the h 1CO anal
and is continued along the tail as the caudal artery. Alon ?:e'l:cﬂ-a Caflal
@he dorsal aorta gives off a number of branches th.ich ca 513) 15 eribed
in an antcro-posterior sequence as follows. n be deseribed

(a) The Parietal Arteries

. The parietal arteries (Figs. 2-4, par. a.) form a more or
zclalltx(e; t(;lt(* ]k‘)(l)‘g;xcgisll goi?}% to the body wall. These afeoilrigsasir:igl;lrﬁl
, > bo in the mid-dorsal line, a feature characteristi ’
most colubrine snakes. Further, as in mo lubri . ervl‘s 1c-0f
snakes, in Natrix piscator piscator too, thé:e s;rtcegilé:) I‘él(l)eril)r;ds ‘lli%el"me
two branches before entering the body wall. From the begirll)n' e
Fhe dors.al aprta up to the cloaca, there are about 64 parietal I?g 'Of
in Nat?"m piscator piscator. Regarding the arrangement and dz}r eries
tion of these vessels Natrixz piscator piscator closely resembl s
donotus natriz (0'Donoghue, 1912) in which also they are u o
enter the bod'y wal! in the mid-dorsal line. A similarcc()end%palr?d and
in nga naje maje (de Silva, 1953) and Natrix piscatm'1 o 1si.seen
(de Silva, 1955). Thus the situation in Natrixz piscator ‘sontor e
9ontradlcts Beddard’s belief that the median entry of the pa plg e a!so
is an exclusive feature of the viperidae. In Pti;as mucogune I%l arteries
inspite of its being a colubrine snake, the parietal (intercosst(al)ai}tlei?;l)
s
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are in two well defined sets, the anterior ang
one another in many respects.  The anteyi :

and enter the body wall on the left side Elflotlilep?‘;}(eitals are unp
the posterior parietals are paired and enter th td-dorsal line, whie
sides. Each one of the latter gives off a fine twier ¢ wall op both
Hydrophis caerulescens (Bal and Navathe, 1949) %h 0 the viscera, In
ferred to as the vertebral arteries and there are aboute barietals are pe.
middle part of the body. Information regargin t12.0f them in the
gbsence in. the posterior part of the body ang thegm heir Presence gy
is not available. In Nuja naje najo (de Silve 1953) (che of distribution
as 75 parietal arteries and in Nairix piscator a;';oer - here are as many
their number varies from 45 to 66 rimus (de Silva, 1955)

(b) The Oesophageal, Hepato-oesophageal and Gastri .
The purely oesophageal arteries which do not excechrtemeS
as in Tropidonotus natriz (O’Donoghue, 1912) ang Pte four in numbep
1934) are situated anterior to the liver (Fig. 2, ges. 5 ) yﬁs Mucosys (Ray
gastric arteries, numbering four, are found beh{n(i' tV}‘; ereas the pureI):
mity of the liver (Fig. 2, gast. a.). Between these t .
and situated in the region of the liver are about 17 WO sets of vesselg
qrteries (Fig. 2, hep. oes. a.) supplying blood to the . epato-oeSOphageal
liver.  The last gastric artery is termed the liepq esop.hagus and the
plies the blood not only to the stomach but also tq tg}f‘Strlc and it sup-
bladder (Figs. 2 and 3, lien. gast. a.). The distributi. —F.€0 and gall
of the lienogastric artery is similar to that of TrOn Of the brancheg
(O’Donoghue, 1912) and Ptyas mucosus (Ray, 1934) opidonotys Natrie
latter snakes it supplies the pancreas also. 1Ip HydreXOa.pt that in the
(Bal and Navathe, 1949) it supplies the liver ag Welophls caerulescens
naja (de Silva, 1953) and Natriz piscator a,sp_e;—orimus' In Naja najq
there are two feeble oesophageal arteries angd respect‘(de Sllva, 1955)
hepato-oesophageal arteries and 4 and 3 gastric arterieg vely 22 and 15
artery is absent in the former and the superior m A llenogastric
supplies the spleen, pancreas and the gall bladder., Mesenteric artery

Dosterior, differing
aired

body

(c) The Superior Mesenteric Artery

The superior mesenteric artery (Fig. 3, sup. meg a) i
vessel arising from the dorsal aorta, posterior to tile ) is a very large
and giving rise to a number of branches which conye gastric arterieg
of intestine and pancreas. It runs further as far as €;1 bloog to parté
of the right ovary to supply the intestinal coils and the F Posterior eng
superior mesentericartery in Natriz piscator asp errimus at bodieg, The
a similar distribution. In Neja neje naje (de Silyg 195(de Silva), hag
mentioned, the superior mesenteric artery function ’ 5), as already
too. 5 28 the lienogastrie

(d) The Genital Arteries

In Natrix piscator piscator the vessels supplyi
; ! r plyin ‘
ovaries and testes arise at different levels ag si,n gTE};(;‘;goto the baireq

’I'LOtus natr iz

Dec. 1958] KASHYAP & VELANKAR: THE CIRCULATORY SYSTEM 183

(O'Donoghue, 1912) and Ptyas wmucosus (Ray, 1934). In Hydrophis
caerulescens (Bal and Navathe, 1919) the two ovarian arterieg arise from
the same point and in the male the two spermatic arterices are the
branches of a common vessel which supplies the right kidney and the
intestine as well.  The sequence of the genital vessels in Natriv niscator
piscator is as follows.

Tig. 2. Nalrix piscalo piscator -The

dorsal aoria - anterior division.

9ust.a4

tien. gost.a.

(i) The Right ovarian Artery (Fig. 3, r.ov.a)

Some of the branches of this vessel also supply the supra-renal
body right oviduct and fat body as in Tropidonotus natriz (O’Donoghue,
1912).

11
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(i) The Right Spermatic Artery

This vessel is similar in distribution to the p;
the female. It supplies the rig € right oy

. arian :
ht testis, SUPLata arian artery of
deferens.

al body ang the vag

(iii)y The Right Oviducal Arteries (Fig, 3, r.ov
Anterior to the rizht kidney,
branches which supply blood to the right o
Ptuas wirncosus (Ray, 1934) there are 2 t0 4 ovidnes] artoric .
Sbodrleries while in

Tropidonotns natyiz ’
P § natrie (O’Donoghue, 1912) ang Hydvophis cacruleseens

24 . Jayvs ) 1 . s
(.Iml and Navathe, 1949) there is no separate ovidycy) branch arig
from the dorsal aorta. anch arising

id.a)

the dorsaj aorta gives rise to two

viduct angd fat bodies. In

(iv) The Right Spermiducal Arteries

Anterior to the right kidney, arige t

supply blood to the right vag deterens. The p i
- . . mb" L Spe 1 vl arte
ries differ from snake to sqake, there being 3 to(J;Of)gnbl}(’f,m].ducfu.f”t('.
(}{ay, 1931) and only one in Tropidonotyy natriz (()’D()ﬁz(tr';l :71&151(5'-\"“6'
From the figures, it aprears that in Hydrophig ca(zr?!l('x'ca;;'lef%' o
Navathe, 1919) there is a sip el (m t}': (l {ltl a.nld
e 1e1t side

gle spermiducal vag
. . . s
while there is none on the right. . ;

WO spermiducy) arteries which

The left ovarian (Fig. 3, Lov.a) ang oviducal (Fig
also the left spermatic ang spermiducal vesgelg 5
to the correponding vessels of the right sige
beyond the first inferior mesenteric artery. In Nei L O

Silva, 1?53)156])31'3& right and left oviducal arteries "JI(;)””J“ )a (flO
in Nalvir piscator asperrimog (de Silva, 1955) the ();/i(l L ‘I)Fesent Wh.”e
by branches of the ovarian arterjes, ucts are supplied

4, Lovid.a.) as
are more oy less similar
and arise in 5 sequency,

(e) The Fivst Infevior Mesenterie Artery

The first inferior mesenteric artery (Fig, 3. - )
the intestine, just posterior to the right( ovir; oi'Stfeizit.n?es‘?");Um)_hes
notus natriz (O’'Donoghue, 1912) and Plyas mucogy (SR“S ”119 ropido-
Hydrophis caerulescens (Bal and Navathe, 1949) N'a “ 23:’ 34.)- In
Silva, 1958) and Natriv piscator aspervimus (de ’Siqu] 195g()l Tkiwa e
the first mesenteric artery arises ag g branch of the u;ino-gen,it 10we'3tver,
in the male and as an independent vessel from the dorsal rta artery
female. al aorta in the

(f) The Second Inferior Mesenteric Artery

The second inferior mesenteric artery (Fig. 4, ond.in.
from the dorsal aorta about the middle of the right kidney

mes.a.) ariges
blood to the intestine. In the male of Hydrophis caerulese

and supplieg
ens (Bal anq

!
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ec

h h inferi S eric @ rtery is seen to arise
Nav second inferiod mesenferic arv € .
atre (3[?141191(311tViSS€1 which also sends a branch to the 11ght kldney,
from a C

while in the female it arises separately.

[ Arteries X
(g) The Fent five renmal arteries, two of which supply blood to the
tT??gee;r?Fig 4. r.ren.a.) and the rest to the left Kidney (Fig. 4,
rlgh K1d1l Ry

“%
}_JE__. sp.

q.bl.

;

=)
r. ov. ? f / M\P"""a‘

&

RN
NS

A

Sup.mes.a.

Fig. §. Nafrix piscator piscator—The
Fig. 8-

dorsal aorta—middle division.

r.s.ren.b.

r.ovid.a

int.

{.ov.a.

{st. inf.mes.a.

[.s.ren.b.

r.kid.

d 7 ’ . e ig t renal
ren.a.) as in 2')"()7). onotus natrix (O Donoghue, 1912) Th [‘. ht r n.a
; t . g arel betWeén the second and third inferior mesenteric arteries
arterie
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- 10, No,
while the left renal arteries arise more '

, el . ol y hosteriorly,
lescens (Bal (uld I\dvathef, '1949) has fouy right 1‘gn‘1l}-{ tor _
left renal arteries. In‘i\(tja naja naje (de Silvy l(!)‘S‘l thery and five
renal 211=tg1‘1es"(>n the right side'an(l from one t:)’thl‘;?)- t‘hm"(e are two
left. In \ atrie DISCELOT asperrimysy (de Silva losn e artevies on {he
five arteries on the right and two to four arter’ieg ::?tﬁi(’fll'eftal‘_el two to

g > lett side,
Nnterie Artery

The third inferior mesenter
from the dorsal acrta at the
kidney and takes the bl

Ydrophis cqey-

(h) The Thivd Inferior Mese

ic artery (I o
level ()fl{h(j 3 infmes.a) gorings
od to the intestine, end of the right

It may be recorded here that there
the number of inferior mesenteric
They are feur in Tropidonotug nat
phis caernlescens (Bal and Navat
Silva, 1953) and Natriy piscator
'ast named snake the number is s

ar “‘. T - Tey et .
artﬂig‘e's.lght variationg regarding
rix (O?D‘lm(mg the different spakes
he, 1949) t(;]r;()fh.lle’ 1912) and  Hydyo-
U-S'])G?'riw’ms‘ (e{l‘e”é'N”]u naja naja (de

. ’ DLva, 1955
ometimeg reduced t ’one b In the
(i) The Rectal Arterieg

The vectal arteries (Fig. 4, rect.a.) form
g behind the renal arteries
porti‘on of thg allmen.tary canal. The number of , posterior
cons1derably m’the different snakeg that have been ecta! arteries varies
tus  natriv  (O’Donoghue, 1912) ang e mas studieq, Tropidono.
possessing only one, Ptyas muyeos, 100 de Silvg, 1953)

s (Ray, 1934 arlt (
cucrulescew.x (Bal 'and _Navathe, 1949) tW(; an'()i )Nﬂ;f?' to ten, Hydrophis
mus (de Silva 1955) six. 4 pisecatoy aSperii-

4 series of five vo

and supplying hlood to th@Ssels aris-

The Venous System

For the sake of description t

he venoug
into anterior and posterior portion S System p

S, as been divideq

The Anterior Venous System

The anterior venous system Comprises of the ¢
their tributaries. These vessels drain blooq fr WO precay
the sinus venosus. The common om the

X jugular vej
are formed, on both sides, by the union ofm':h;h

al veing and
ead region into

. . | attJom the precavals
jugular veins. The external jugulap vein (Fig 1 rent o P

brings blood from the lower jaw ang floor of the L rextjv, |

internal jugular vein (Fig.1, rint.j.v.,, Lint.j v.) b ity W.hile thp
brain. o 0

The left common jugular vein (

Fig. 1, Lcom.;
left common carotid artery ang pa o

JVyr
Sses ventra] t ) Tuns

o the left baralle] to tphe

Systemic arch

TEM 187
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. i t receive any tribu-
i 't precaval vein. 1t does no . ' :
in order to oben i fhe & " in e o9y Tn sl the
tary {rom the thyrotd &1 weens (Bal and Navathe, 1919). all
> s ocaerilescens ; ) all the
e ilnilg:!/&)g}l):;s c(o(;r(\mon jugular vein receives small branches bring
hree snakes . 1o 'S, V. ).
itl}:;r:m}ﬂ:md from the oesophagus (Fig. 1, oes. v.)

E‘”“‘::;;par.a.

T .

c//

%~,, ~7Loviol.a
S

/

,//, . int.

LE
(77.

BV

3rd inf mes.a. -~

I { Nalriy /H\( ator /)1.&( alor—- T'he
3 A

Aot dior division,
dorsal aorta—postad

d. aorta.

rect.

caud. Qa.

; rei ig. 1, r.com.j.v.) is similar in dispo-

i The rightlc;‘tm g(r)rlrllﬁ](;]rlgl?gg\lg'nv(er;ngexcept that it. receives th(? l‘argg
sition to the vein (Fig. ‘1, com.azy.v.) in a leve] with the apterlol en

Common.azygosricle 1t also differs from the l.eft common juglar \felg
9f the rlghtrau thyi‘oid branch as in Hydrophis caerulescens (F%al‘ an

N possessigig? In Tropidonotus natrix (O’Donoghue, 1912) the1e. is no

Navat.he,}r ch‘for the right common jugular vein. Furth'er, unlike as

@hyrmg' 12?3 caerulescens (Bal and Navathe, 1949), .the right .con}momn
3‘3;{&; (\)/Zih of Natriz piscator piscator does not recelve any Vvelns iro
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the vertebral column. In thj
’ ’ h i
(O'Donoghue, 1912). Is respect it resembleg Tropig

1
Tnv(éhcig}rlm(non azygos vein (Fig. 1, com
‘N opens i ! : i

commonI jub 1llnt0 th.e right precaval vej short ty
- gular vein. It is form 1 along wigp th tink
;‘101 Cz;nd & posterior azygos veip edAby th . o nong

s c tescens (Bal and Nav ue, 1912
avathe 1949) ) and Hydy

) also, Yaro-

The anterior az i i
azygos vein (Fig, 1, ¢

((Z)(fh’lche heart and between the’ f:)r;‘;o

mn ¢ ’
heartm ‘11::1((13 iftends from‘the beginning of
he th;'=ee tooﬁects. blood from the dorgal bthe Deck uyp ¢, th
of thiee sjtuvet 1nterc0stal_veins (Fig lody Wall by meg e
foch & ua ed to the right of the ‘v ’ lnt.cost.v,) all ns
'r)id(}vzo? 'recelv.e any branch from th ertebra] colum;l of
vid hua 'n.airzx (O’Donoghue 1912) t;hoes Tra:

nch coming from the oesophagys &re is, in addig;

rus. lOn, a

azy.v.) is sity
ated i
phagug and the vzelrl'tg)iml;
a

The posterior az ; ;
ygos vein (Fig, 1

sel th . - 1, post.azy.v.) ;
the 1iza£.dt:1 ¢ ‘;;1 tel‘_lo,r azygos and also t}i‘;vﬁo 'S & shorter yeq.
the ventricle a SI 1ginates at about the Jeyep mologous vein of
vein. A simila‘rnv Juns forward to meet th of t e middle of
ghue, 1912) and e}}lq és,fm,n.ld mn Tropidonotui Znte?lor azygos
1949). ydrophis caerulescens (Bay aatgtér %\? "Dono.-
aVathe’

The Posterior Venous System

The Pulmonary Vein

The pulmonary vein (Fi
e Y, 1 l B
lung and runs parallel t 18. 1, pulv.) arises o
jor ; 0 the posteaval vei n the left si
right systemic arch and over the horizgiltgi pl(f tplasses vgntr‘iﬁ (t)(f tge
rtio e

caval vein to open into the I i
. . : eft auricle. % of the |
monary vein are single, as the left lung sf%ththt;lel ilmg and Eﬁz gr?_
eft pu ul-

are absent as in other .
the, 1949) a tracheal k?zl'airclz?lk}?:s bi%dzzghzf cacrulescens (B;T(;niir}i\lvein
such branch is found in Natrs n to join th nd Na
. n Nat ; 1 Lhe pulm . vava-
natriz (O’Donoghue, 1912). AT piscator piscator andonﬁigp‘{zm. No
1 ONotys

The Caudal Vein

The caudal vein (Fi
he g. 7, caud.v.) aris
run i e far | .
n tsh énsll(()ie the haemal canal alongside the caudalb:htmd’ m_the taj)
aca, the caudal vein divides into twy refl elry_ Just DOst,e;i'nd
al portal vei tor
ns,

Dec. 1958] KASHYAP & VELANKAR :

The Renal Portal Veins

the kidney,
branches to that organ.

three or four branches
duct Fig.7, r.ovid.v,, Lovi

Iig. n. Nalrix
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Fach renal portal vein (Fig. 7, ren.port.v,, l.ren.port.v.) on reaching
runs along the latter’s outer margin giving out numerous
The renal portal vein is joined, on each side by

bringing blood from the ureter and the genital
d.v.). Parietal veins (Fig. 7, par.v.) numbering

Post,cow. v,
Qes. V.

Oes,

piscator piscator—Veins
i s oregi [ s diver, oscsophagus
in the region of the fiver, phag

and stomach.

305{\7.

post.cav.v.

six also open into the renal portal veins. Each renal
portal vein gives off a dorsal branch (Fig. 7, t.) just anterior to the
cloaca, which joins its fellow from the other side to form the hepatic

1 vein (Fig. 7, hep.port.v.). The right renal portal vein is longer
ghtly anterior position of the right kidney.

about three to

porta
than the left one, due to the sli
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The Right Renal Vein

The right renal vein (Fig. 7, ren.v.) emerges on ty
of the right kidney and after running for a short distance
it. joins the left renal vein to form the posteaval Veiﬁ ??f(’f 1.n front of
v, It veceives four or five pavietal veins (Fig. ¢ ‘]‘g' 6, bost.cav,
hody wall, anterior to the kidney. In T"(‘/’f({';l‘r;l);g p‘”;\'-_) from the
ghue, 1912) theve ave no parietal veins opening into tﬁ T (O Dong.
while in Hydrophis caerulescens (Bal and Navathe 1()(391’;{“ venal v
sides the parietal, two oviducal or deferential Veir;s "4Y) there

€ mesial aspect

ein
are, he-

The Left Renal Vein

The Teft venal vein (Fig. 7, Lren.wv.) also arises on the _
of the lett Kidney. It receives three left ovavian veing ('Fmr“‘“'f‘l aspect
from the left ovary and the supra-renal body. In the m'xl]%'.f” Lm‘r.v.)
a single vein from the left supra-renal body and none 1'1('0;,1 ]tt} NCQW-OS
Lile the right venal vein, it also receives two Dariet‘al» veir vm wt‘mtm'
ParaL 15 (Fig, 6,

The two renal veins correspond, in position, to the ve
vwohentes found in the lizards. Further, they I‘GSembl(e fr?
the venae renales revehentes of the internal type, there 1§
ever, no transverse connecting vessels.

ae renaley
ore closely
emg, how-

The Postcoval Vewn

The postcaval vein (Fig. 6, post.cav.v.) is formed by th .
the two renal veins. It runs anteriorly along a grogve on tGh union of
aspect of the liver and finally opens into the sinus venogyg Ie Ven.tral
the following vessels in an antero-posterior sequence. ' tl’QCelves

The Oesophageal Veins

Scon after the emergence of the postcaval from the liver
by one or two oesophageal veins (Fig. 5, oes.v.) bringing
anterior part of the oesophagus.

it is joinegd
bloogd from the

The Parietal Veins

During the passage of the postcaval through the
oroove on its ventral aspect, it receives four parietal ve
par.v.). Further posteriorly, about the middle of the rj
postcaval vein receives two more parietal veing (Fig. 6

liver along 4
ssels (Fig. 5,
ght ovary tpe
» par, v)),

The Right Ovarian and Oviducal Veins

Opposite the right ovary, the postcaval is joined

. b
ovarian vessels (Fig. 6, r.ov.v.). The last of these vess y four or five

els bringg blood
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from the supra-renal body also. Behind the level of the right ovary, the
post-caval receives about three to four oviducal veins (Fig. 6, r.ovid.v.).

The Left Ovarian Vein
A single left ovarian vein joins the postcaval opposite the second
right oviducal vein (Fig. 6, lLov.v.).

post.cav.v.

5p.

par. v.

. ov. —___T

r‘,ov.v.<

Ay
e

r.s.ren.b.

S
2
o - |.ov.

4

J

4
r.ovid.v, ’ . ' 251
< > 9 éb A ; {
> )/ Lov.v.
o
NS
parv.sST ~ i l.ren.v.
r.ren.v. . ’i}é 1N
par.v. ,b_,v : 'l.s.r-en.b.

'ﬂ‘mi.‘ T "
\
fa

haaiig NS

\

£=N
E\
r. kid. g

Fig. 6. Natrix piscator piscator—Veins in the region of the intestine, ovaries and fat
bodies,
In the male, the disposition of the spermatic and the deferential
veins, in this region, is more or less similar to that of the ovarian and
oviducal veins.

12
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The Heputlie Portal Systein
The hepatic portal system consists of the he
6 and 7, hep.port.v.) and the severa] branches fro
and associated glands that go to form it m the
its origin far back in the per

batic portal vein (Figs. 5,
" alimentary canal
1e hepatic portal vein takes

itonial cavit a Fsh h

. y as ¢ e 3 i

renal portal vein as alveady refeypeq t Soon erat o fb oot ot the
0. Soon after itg ormation it

runs 1‘(:1\&'211‘_(1 on the dorsal aspect of the alimentay
blood from it through many small branches P);l fny L'zm'al collecting
it runs parallel to the posteayal for Some.(“g:ﬂ()‘lc (:nt(!l-)lnﬁ'; the liver
br.}ng blood to -it from the gall bladder, sploc ~'1;) ;L@.' A few hranches
CGI\'&S. two parietal veins in itg anteriop {)Oi"ti;nf pttwncmas. It also re-
hepatic portal system in Natrix Discator pz',w*(tforsi" Yl, hc 1?:11;.1‘1-@ of the
of ot}?er snakefs. Though the connection hetween bﬂV)e)y similar to thz.lt
and the hepatic portal vein woulg cast some douvbt tz(g 1};01)?}‘) ‘t);q)mlll s
‘ garding the latter’s

identity. it should be noted that the pepat:
. 1 epatic portal ve; '
the only vein that collects the p) oyl vein eribed here i

. ood from t i
convers it to the T he ahmentary canal and

The Auterior Abdominal Vein

The anterior abdoming] vein (Fig. ¢
Natriz piscator piseator, as in otherbén
that runs through the fat bodies colléct
of small branches and finally op’enin(r
about the level of the deodenum. T}Ti
the epigastric vein of the bird by
instead of cpening into the hepati

,l ant.abd.v.) ig represented, int
akes, by an independent vessel
.lng blood from them by means
1 > i

nto the hepatic portal vein at

S ves:sel appears to he similar to
t opens into the

hepatic ; i
ens , * portal vein
¢ vein like the former ‘

Summary
1. The heart lieg slig

htly tow:
distance from the heag y towards tp

e right side, at .
It consists of t g €, at a considerable
thick walle g Cp WO thin-walled auricjes ,
e Sl;;? :le;}fé 1\(;18 which 18 1ncompletely divideq intodl'::;c]]e;t znd (;
e entral cavity, The twe auriculo- 1rEe feli-dorsa
ie in the large dorsal cavity, ventricular apertures

' 2. Only the left carotid artery g
plying blood to the thyroid glang may

present and a small branch sup-
sentative of the right carotid artery

be considered as the sole repre-

3. Onl i
nly the right pulmonary artery and vein are present

Dec. 1958] KASHYAP & VELANKAR: THE CIRCULATORY SYSTEM 193
r.ren.y. ‘ =a ; L ven.v.,
r.kid. » > int.
. e hep. port.v.
L kid.

r.ren port.v.

l.ren.port.v.

bar v reet.
‘ \\::\ﬁpar'.\).
caund.v.

Fig 7. Natrix piscator piscator—Veins in the region of the rectum and kidneys.
‘ Abbyeviations .
vertebral artery, caud.a., caudal artety. caud.v., caudal vein-con-azj}.v. cOmMmon azygos
vein. d aorts., dorsal aortal, £.b. fat bady. g.bl., gall bladder. gast.a. gastrie artery.gass.
v., gastric vein. hep.oes.a., . ‘ . e .

hepato-ocsophageal  artery.  hepoport, v, hepatic portal  vein. mt., miesting. it
cost.v., intercostal vein, infumesa., iferior mesenteric arieyy. Lo lung dau, lcft auricle_
lear. a. left arotid artery. Leom.j.v., left common jugular vein. ‘yl.pxl.(‘a\‘g\_. left external
carotid artery. }.int.car, a., left internal carotid artery, Lextjv, fefe cxlcrynnl juglar vein,
Lint.j.v., feft internal jugular vein. tkid., l(’,f[.'kl(lﬂ(’y. Lov., lcl{ ovary. l.n'\ a.r. lct} ovarian
artevy, Lov, . left ovarian vein, tovida,, left oviducal artery, Lovid., lefi oviducal vein. Lren.
a., 1éft renal artery. Lyen.v. lef renal vein. Jsoen b, Teft supra-renal body 1 sy arch . left sys-
temic arch. liv_, liver lien gast a_, Jienogastric artery, ocs,, oesophagus_ ocs 4., ocsophageal artery.
ocs.v., ocsophageal vein., ) - . . ]

panc. pancreas, par.a., parietal artery.  pary, }";fl‘“t‘ﬂ vein, })O.sl.all,}._, pos-
teriot azygos vein, post cav v., posteaval vein, pul_,a., pulm(_)nur) arery, pu‘[\.. }mlm(m‘n}' vein,
rau,, right auricle, rcom jv., right common )\_\g\\lm‘. vein | rextfv., 1'(54'}‘1( external jugular
vein. r.intj.v., right internal jugular vein. r.l.ud., ng_ht kldn.ey. rov,. right ovary, rova,
right ovarian artery. r,ov,v,, tight ovarian vein, r.ovld,a.,. vight  ovidocal ariery - rren.a,
right renal artery. r.ren.v., right renal vein. v.ren portv., right renal poratl vein, rsrenb,,
right supra-renal body, r.syarch , right sysiemic arch_ rect,, vecfum rect.a,, rectal artery_
sp., spleen. st., stomach. t., tributary which joins the hepatic portal vein with the renal
portal. thy,, thyreid gland thy.a_, thyroid artevy thy v, thyroid vein trach., trachea,
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4. The parietal arteries which ar

; ise along the lene .
aorta are unpaired and enter the body wall iy the Ys;ldg-'(:i}(l)r()f] tll_le do?s'al
most colubrine and viperine snakes, sal line as in

DL |ohe COMMON azysos vein is pregeny on the right side and is
formed by the union of the anterior ang Posterior bhrancheg ° ‘
«l Yo

system 'is Connected witp the ren
essels ag in other snakes.

7. The anterioy abdomina) vein g
. ( i S & small ang ;

e llecting i . . ana independe 08856
collecting blood from the fat bodies and opening intg tpe Ihop-ft?s r\)/o:zgl]l
- < 14

6. The hepatic portal

by means of two small v al portal vein

vein.
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&
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(Government Arts College, Madras)
(Communicated by Prof. P. K. MENON)
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Introduction

SRR X ardw. is generally dissected as a mam-

.The ﬁeldbrath?(l‘gfg@a ;;‘?d%c(i)llggy in several colleges. The arrange-
Tt tYI{e : Sthis s‘pkecies is very similar to what has been deSC.I‘Ibed
{Hent Of‘ Ve”’l's cl'nz'cus ‘(Lll)'i’ims (Greene, 1955) anfi Ra;ftus rattus 1 attzfs
in Mu.s‘ noéql){agnbémnatha Iyer, 1956). The. inferior vena cava is
Linnaeus (th uniorcl of the common iliac veins and courses forward
e b‘y't afong the middle line of the body, receiving on its way t.he
i h(iidlh »atic veins. Finally it enters the rlght. atrlum‘ along with
e m“l C‘l\elil superior. The azygos vein i'n the rat is left-sided, in con-
l;he tvetfédth‘e dominant right-sided azygos in most mammals, and joing
tzzs left vena cava superior.

Abnormality

f the specimens given for dissection an interesting abnor-
ity was ?)bserved. The inferior vena cava in this specimen after
i Wasthe renal veins in the usual manner, joined not the right-
ceivin :
sfrium %ut the left vena cava superior.

i 3 in. There was no
rmality was related to the azygos vein .
discrétio;cgsgozkiflé(i)n. This latter structure presumably formed the anterior
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portion of the inferior vena cava

The point of junction of the
vena cava and the azygos seemed

inferior
to be indicateq by a swelling.
The hepatic vein aiso showed ap abnormal'ity, for it wa
cd with the inferior vena cava, but‘ remained as a
necter r forward from the liver and opening nto the rig
1’“nn€n§10ng with the left superior Vena cava. This ig
}sls(?ieme of the major abnormality.

8 not con-
Separate vein
ht atrium of the

a natural conp-

Thus, the opening of the inferior vana tava, into the superior veng

and not into the atrium, and the absence of g tonnection hetween

l((:ﬁ\. afle;)atic vein and inferior vena cava are the chief abnorma) features.
e

Explanation

sc features may be 1~§garded as the vesult of

q fccr];hebfjc ig known that during development the ven
efe . )

he astomosis consolidation
'mally formed by the anas , j
rr;o'irrlr)lfa eglbryonic vessels (Text figs. 1 & 3 It

a developmentg]
a cava inferior ig
and regression of
Is composed of 1, a hepatic

- 1 Normal LJ., Internal  jugulay vein; SC, Subclaviay, vein; HE,
o e L g Heart; LVS, Left Vehacava superion; AZ, /\17“%()5;
Text fig. 2, dbnormal VI, Vena cava inferion; LI, Liver:

RE, Renal; IL, Niye
vein; AH, Abnormal hepatic; AVi, Abnormgy vena  cava
inferior;  SW, chlling.

2. pre-renal segment formed from the subcardinal, 3. renal
segment, r}lprising of anastomosis between the gup cardinal ang supra
Vsegrﬁir.:i fz(c)eing 4. a supra cardinal segment from
card ’

¢ : the lumbar bortion of
cardinal vein, and 5. a posterior cardinal ilige anastomogisg,
the supra

. 1. 10, No. 2
Y OF INDIA Vo
OOLOGICAL SOCIET
)] JOURNAL OF THE Z
Dec. 1958] JOU

Prate VIII
Gladstone & Pandian

X<

Phot I » the abnorma (()I dition
‘ otograph S owin ¢ bnorr 1
g 1
grap sh 1
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The abnormality described already has probably resulted in the fol-
lowing manner. The whole azygos, formed from the anterior portion of
the left posterior cardinal and the left supra cardinal, has united with
the vena cava inferior at the place where it is formed by the subcardinal

Text-Fig. q. Diagram showing embryori.

veins,  (After Nebsen, modified).

AC, Anterior cardinal; SC, Supracardinal ;
SB, Subcardinal; SA, Subeardinal
anastomosis; S8, Sub-supracardinal
anastomosis. PC, Posterior cardinal;
IL, Iliac anastomosis of tho posterior
cardinals,

anastomosis. The prerenal segment which should normally develop from
the subcardinal has failed to develop in this instance. The hepatic seg-
ment has, however, remained separate with a distinct connection to the
heart.

This abnormality did not apparently interfere with the normal func-
tioning of the blood vascular system, as the animal had a normal ap-
pearance and did not show any trace of any effect of the vascular
abnormality.

Summary
A malformation of the azygos vein and inferior vena cava in Tatera
indica Hardw. has been described. The absence of any discrete azygos,

the connection of the inferior vena cava to the superior vena cava and not
the atrium, the direct connexion between the hepatic vein and heart
are the abnormalities that have been noticed. Explanation for these

abnormalities in terms of development has been suggested.
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Indian Zoological Memoirs on Indian Ap;
with the consent of the authors, or publi
Memoirs which were edited and publishe
to bring out new ones. Authors who m
ay h .
offer or desire assignment on new opegq in);hea‘ée [manuscripts o
contact the Society Editor Prof, R, V. Sesh eries may kindly
Chauhan, the Convener of the Indian Zoolo iil)ia 1&;1- Dr. B. S.
mittee of the Society. gical Memoirs Copy-

Copies of only the following Memoirs i the serie i
at present, subject to prior sale. The regt are on P

t of stock,

1. No. 6. The Indian River-Pray
Patwardhan. Second-Editi:x'1~119)g;l3aemo
packing and postage Rs, 1-00, '

No. 7. The Indian Sea-Urch; .
Gopala Aiyar. 1938, Rsl_n' 2'554(1)lmalczs by Prof. R,
postage Rs. 1.00. Plus  packing apq

% by Dr. 8.8,
Re. 500 plus
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3. No.3. The Bombay Oyster,
P. R. Awati, 1931,
Rs. 1.00.

4. No.2. The Shark of the Ing;
Dr E. M. Thilayambalam, 1arigs§eas' Seoliodon by
packing and postage. This Memoiy s v 4.50 plus
Messrs  Lucknow Publiship available from
(India).

Ostrea cygy
Rs. 3.00 plue packi;

latq by Prof,

ng and Postage

g IIOuse, L

Terms: On prepayment or by V, p, p

Particulars may be had from or orders for jtem N
e 08,

Placed with
Dr. B. S. CHAUHAN, Hony. Treqsyrer

Zoological Society of India,
34, Chittaranjan Avenue,

1-3

Calcutta- 12
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Fiest All-India Longress of Zoology

e Zoological Society of India)

(Sponsored by th

USRS
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i Zoology sponsored

.vst All-India Congress of :
T}tfeFerzological Society of India is prog.aosed to be
” d at Jabalpur (M.P.) at the invitation of the
g‘;live:sity of Jabalpur. from the 24th to the 29th of

QOctober 1959.

Particulars will be avail.ab
Zoological Society of India,
Calcutta-12.

le from Dr. B. S. Chauhan,
34, Chittaranjan Avenue,
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' NOTICE

.:...-u!:'“'-‘eb'.-""
B Members of the Zoological Society of India are requested to
emper

) 4 ! ; bsoription of the Society for the year
X i;lg% tsl;exrnr(fc;?iirrsshli}} :zy?io she Hony. Treasurer at an early date,
- a ? * . .
.i. The journal of the Society as and when published, is mailed
€

‘i only to members in good standing.

.t of the proposed Who’s Wh.o otj the .meml.)ers of the
.'. .Manuzgr;Ptb?bli;;rgphPy of their publications is going to the
) Socxetiy ra rinting. Information by members and others mtere§ted
o press O rl:) osed Catalogue-list of Indian Zoologists by the Society
for tlgfdlypbe expedited, so that it could also go for printing soon.
D] may

. vione of the Zoological Society of India like
& Order:lf;)fft};:elbé:)?lz‘g";:zl Sociely of Ign,iua,.ﬂfe.Bulletin Nos. 1 &
l the Journ Books, Indian Zoological Memoirs (initiated by late Prof,
& 2, the Yeﬂ;i) No. % on Palaemon by Dr. 8. 8. Patwardhan, second
b K N Ba o, T on Salmacis by_Prof. R. Gopala Aiyar, 1938
';:‘, edmon(3 01';’ Ostrea cucullata by Prof. P. R. Awati, 1931; the
and‘NOZI uomal of Helminthology, reprints of a few papers of the
& Indion }()Ielminthologist' the late Dr. G. D. Bhalerao, etc. could
! Indian be placed with Dr. B. S. Chauhan, Hony. Treasurer,
& %152;1:;‘;“1 Society of India, 34, Chittaranjan Avenue,
% Calcutta-12 (India)
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: ACKNOWLEDGEMENTS %
The Zoological Society of India wigheg to &
% ledge with many thanks the donations and h’denow- %
% in-aid received for publications of ; the grangs %
. Its Journg] *
% particularly from the following : W ete, %
3 3
o . ;
% National Institute of Sciences of Ind; 5
’:‘ s . la . . ”"e
& Councial of Agricultural Research . Unj iy Indian 3
Madras, Annamalai ’ Versities of 3
, malai and Travancore - M
Burmah-Shell Oil Storage ang Dist r’ibu:SSrS' %
o"o 7 1 '3.
Company of India, Ltd., etc i
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g HELMINTHOLOGICAL SOCIETY

(ESTABLISHED : 1948)

OF INDIA

Registered under the Societies Registration Act

Membership subscription Rs. 1000
Admission fee Rs. 500,
Publishing the Indian Journal of H

XXT of 184
Per year,

Started 1948: published bi-annuallyel.minthOIOgy

Vol. 8, Nos.1&2 (1956) came out recently

Journal despatched to members in '

good stang;j
All remittances and correspondence to pe address flng only,
€d to.

?
:
:
:
:
g DR. B- S  CHAUHA .
:
:
5

Hony, Treasurer cum Secretary

HELMINTHOLOGICAL SOCIETY op INDIA
34, Chittaranjan Avenue (Zoological Survey of Indi;
a 4

Calcutta.u
Chief Editor: DR. G, S. T

H A
14, Mahatma Gandhi Road, Dilkhusha, DAR

Lucknow (lndia)
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B Announcement
JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH
NCREASE [N ADVERTISEMENT & SUBSCRIPTION RATES
! WITH EFFECT FROM JANUARY 1958
(Revised Advertisement Tariff)*
No. of Insertions. Full Page Half Page Quarter Page
Twelve Rs. 700.00 Rs. 400.00 Rs. 250.00
Six Rs. 400,00 Rs. 250.00 Rs. 150.00
QOune Rs. 80.00 Rs. 50.00 Rs. 30.00
Rs. 800 Each

2nd and 3rd cover pages and pages facing reading matter
Fourth Cover Page

effect after the expiry of the contracted period.

Rs.
*The revision will be without prejudice to existing contrac

(Revised Subscription Rates) g{/ 00
. &

{ Subscription Rs. 20. India., £ 2 or $ 6,00 Forei
lé:-‘inc:aper Issuelf Rs. 2 India., Sh. 4 or $ 0-60 Foreign. |

C. S. L. R. Old Mill Road, NEW DE

L4
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Announcing the publication of :
GLOSSARY OF INDIAN MEDICINAL PLANTS
BY
Col. R. N. Chopra, S, L. Nayyar & Dr. . C, Chopra
(Size: 103" X 6"; Page: xx + 330)

Price Rs. 8/- per Copy: Postage extra.

An invaluable compendium of exhaustive information on
the occurrence, distribution and uses of Indian Medicinal Plants
with an index of their chemical constituents and vernacular names,

FOR COPIES APPLY TO:
The Assistant Secretary,
PUBLICATION DIVISION
Council of Scientific and Industrial Research,

OLD MILL ROAD, NEW DELHI-2,

w2

E ]
j iculars write to UNDER SECRETARY ,
For particutars wr PUBLICATION DIRECTORATE {!'®
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Announcing

RESEARCH & INDUSTRY

A new monthly periodical addressed to industry

Technical Digest,
Patents and Processes available for Licensing
Review of Patented Inventions in Selected Fields
Invited Articles — Notes — Enquiries

YESHE AT ST T

i}

)
154

Annual Subscription Rs. 8/-

For particulars, please write to:

@
@

The Assistant Secretary,

PUBLICATION DIVISION,

COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH
Ofd Mill Road, NEW DELH,
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PROCEEDINGS

OF THE

ZOOLOGICAL SOCIETY

b

“
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A Leading Journal of Zoology

W)
a
]] Published Bi-Annually

-

SUBSCRIPTION

=

Inland: Foreign:
Rupees Twelve per Yolume One Pound Five Shillings per Volume
Rupees Six: Single Copy Twelve Shillings Six Pence: Single Copy

G

. Space for advertisements cvailable: for rates contact Business Manager.

Copies of advertisements and papers for publications should be addressed (o

B The Honorary General Secretary,
THE ZOOLOGICAL SOCIETY
385, BALLYGUNGE CIRCULAR ROAD
B CALCUTTA - 19 (India) ‘
.
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