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one year or a little more. The fish can be made to breed during most of
the year under laboratory conditions. About 100 to 150 eggs are laid at
a time and measure 1.2 to 1.7 mm. in diameter. The embryos hatch
out in 6 to 8 days if kept at 18-19°C. and take 3 to 4 weeks to reach

4 size of about 11 mm. when all the essential characters of the fish are
developed.

The eggs were fertilized by the dry-sperm method of artificial inse-
mination. Freshly fertilized eggs were subjected to hot or cold treat-
went by immersing them in water of the requisite temperature.

Observations
Production of abnormalities:

The table below classifies the abnormalities produced by hot or cold
treatment of the freshly fertilized eggs.

Temperature and duration of
treatment

32.5 to 37°C,

0°C, for 1%

for § minutes to 2 hours,

Total nnmber of eggs treated 936 4,284
Eggs starting to gastrulate 4317 981
Eggs with abnormal gastrulation 199 185
(i) Only anterior part of head present 60 10
(i1) Spina bifida 39 1
(iii) Only trunk and tail-like structure 0 28
(iv) Tail-like structure only 0 44

The proportion of abnormalities produced by hot treatment ig
greater than that produced by cold treatment. Also, lack of posterior
parts of the embryo ismuch more frequent after hot treatment, while

the absence of head or head and trunk structures could only be found
after coid treatment.

Actual observation of the developing eggs has shown two causes fo
these abnormalities; firstly the incomplete formation of the germ rinr
which results in the blastopore failing to close and secondly the exte g
of the rolling in of the invaginating parts which determines the eXtent
of differentiation. Incomplete formation of the germ ring leads to derf}’lt-

ciencies of the posterior parts of the body and the incomplete rolling j
leads to reductions of the anterior parts zf the body. plete rolling in
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Figure 1. Diagram and section of embryo consisting of anterior part of head only,
Mag_ 162X

Figure 2, Diagram and section of spina bifida embryo, Mag, 162X,
Figure 5, Diagram and section of embryo with tail-like structure only Mag, 162X
LE = FEpithelial covening,
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Only anterior part of head: (Fig. 1).

Externally it appears in the form of a small rounded raised protu-
berance without any sign of differentiation. A transverse section through
it shows a mass of undifferentiated cells which in some cases are grouped
to give the appearance of optic lobes.

Spina bifida: (Fig. 2).

Externally it appears in the form of a head-like structure attached
to a bifid trunk. Both externally and in transverse sections the structure
shows no differentiation.

Only trunk and tal-like structures: (Fig 3 and 4).

Externally it gives the impression that an embryo is formed which
is without the head. The trunk region is sometimes quite extensive and

Diagram showing the formation of abnormalities,

Text-Fig, 1,

a, Normal blastodisc at close of segmentation, .
Normal germ ring and invagination leading to complete cmbryo for-

b, ¢l and 4, =
mation, o . .
b2, ¢z and d2, = Absence of germ ring in most part except at one point anteriorly where
’ s -
head like structure is formed, ) .
b, &, and d3. = Germ ring formed anteriorly and laterally but absent posteriorly thus
forming spina bifida, ‘
bt gcdpand d4, — Germ ring formation is delayed to a later stage and in the mean time
’ » E R

the blastodisc spreads over the yolk for some distance with the result that a structure is
formed which is without the head, i« delaved to a lat " . 4

b3, o5, 5 — rm ring formation is delayed to a very late stage when the expand-
ing blasfod?;dr; hes ﬂ?: animalg pole and hence only tail-like structure is formed_
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shows clearly a large beating heart (Fig. 3). In other cases the trunk
region is small and it does not possess a heart (Fig. 4). Transverse scction
passing through the trunk region shows a nerve cord, two structures simi-
lar to pronephric tubules, a gut-like organ and a heart. The rest of the
space is filled with undifferentiated cells. None of the sections show any
trace of notochord. Sections of the tail show only undifferentiated cells
which are covercd over by a thin epithelium.

Tail-like structure only: (Fig. 5).

This abnormality is a tail-like structure without any trunk and
head regions. A faint superficial metamerism is visible. The scctions
passing through the tail show no sign of differentiation. Nerve cord and
notochord are absent and the cntire inner mass is made up of undifferen-
tiated cells which are covered by a thin epithelium.

Discussion

The author has described the process of gastrulation in this fish
(Swarup 1958). The blastodisc at the animal pole expands to cover the
yolk and its margin thickens to form the germ ring. In-rolling of the
margins of the blastodisc occurs round the circumference, but goes on
most rapidly at one point where the embryo is formed. As the blasto.
disc covers more and more of the yolk mass, the processes of cell move-
ments, inductions and differentiation proceed in a synchronised manner
and result in the formation of a complete embryo. In other words it
may be said that the two processes of epiboly and of gastrulation are
interdependent in time and space in the egg's history for the normal

formation of an embryo. If by any agency this relation is disturbed
malformations are created.

For the understanding of the present abnormalities a morphogenctic
ficld radiating from the animal pole has to be postulated. Now, if the
process of invagination is delayed, which actually happens in the treated
cggs. the epibolic process does continue. In such an event the period of
delay in invagination would determine the position of the point of in.
vagination on the egg’s surface. The point of invagination would in
turn effect the extent upto which the embryonic materials have been
mvaginated. The decrease in invagination results in a correspondin
reduction ot the embryo, beginning anteriorly. It is well established that
a complcte cmbryo is formed only if the chorda-mesoderm region reaches
the rostral head level. If the organiser invaginates only up to the pre-
surr_lptivc ear level, an embryo will be formed which is normal only in
regions pgsterior to the rhombencephalon. A still further reduction of
invagination leads to a corresponding decrease in anterior structures. In
the extreme case the invagination is delayed until the whole yolk except
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Figures 3 and 4, Diagram and scctions of embryo with only trunk and tail-like structures,
" Mag, 162X,
E = Epithelial covering; G = Gut;
N = Nerve cord;
P = Pronephros; H = Heart,
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the vegetative pole is covered by the growing blastodisc. A tail blastema
only, without any trace of hecad or trunk regions, will develop.

In the above explanation it is considered that a complete germ ring
is formed though late in relation to epibolic process. What would happen
if the formation of germ ring remains incomplete? The invagination
beginning at onc point of the edge of the blastodisc does sometime cn-
-counter great difficulty in spreading cqually around the whole cgg with
the result that the germ ring is incompletely formed. The incomplete
formation of the germ ring however does not inhibit the overgrowth of
the blastodisc over the yolk surface. The result is that the edges of the
blastodisc approach cach other very closely at the vegetative pole without
actually forming a true blastopore. Morcover the prospective embryo-
nic materials ccase to voll in with the result that two abnormalities are
formed. If only the dorsal edge of the blastodisc invaginates, a structure
similar to the embryonic forebrain (prosencephalon) develops. On the
other hand if the lateral edges of the disc invaginate as well as the dor-
sal, an undifferentiated head-like structure with a bifid trunk is formed.

Presence of undifferentiated tissue and various degrees of deficient
organogenesis as is noticed in these abnormal embryos can be readily ex-
plained on the basis of weak sccondary inductions as some of the pri-
mary organisers are absent in such cascs.

Summary

1. Gastrulation abnormalities appecar when freshly fertilized eggs of
-G. aculeatus are subjected to high or low temperatures.

9. The abnormalitics noticed arc the formations of (i) only anterior
part of head. (ii) spina bifida, (iii) only trunk and tail-like structures,
(iv) tail-like structure only.

2. It is argued that the processes of epiboly and invagination are

<.

intcrdcpcndent in time and space in the eggs’ history for normal forma-
tion of an embryo and if any agency disturbs this relationship abnorma-

lities are created.

Acknowledgements
It is pleasure to thank Sir Alister Hardy, Linacre Professor of

Zoology and Comparative Anatomy and Dr. M. Fischberg, Jenkinson

Memorial Lecturer in Embryology for providing me facilities and

-guidance at the University of Oxford.

References
HoapLey, L, 1938.—The effect of supramaximum temperature on the development of Rana

pipiens, Growth, 2 : Pp. 25-48. o
«HOLTFRETER, ] 1945.—Neuralization and epidermization of gastrula ectoderm. J. exp. Zool,

98 : pp. 161-207.



6 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [Vol. 11, No. §

_]Exmi\‘sof, Jo W, 1906.—On the effect of certain solutions
frogs’ cges. Arch. EntwMech, ()rg, 21:p. 3H7-460
JenkinsoN, Jo Wo 1914, —On the relation bewe
N, ¢ J e the structure : ; i
centrifuged eggs ot the fvog. Quari. j. AMlicr, Sci. g - ;)p ltil-a;lr],: the development of the
Lunléxx, Y. E. !933.~Di.e Augen-und Linsenbildung von Am i
Einfluss chemischer Mittel. Rev. suisse Zool. 40 : PP

upon the development of the

phiﬁbim embryonen unter dem
251-264. »
V 2
Lenmasy, F. E.  1998.—Rcgionale Verschi i
N, F. . 48. ¢ e Verschiedenheite ] i ]

¢ denhieiten  des Organisators von  Triton. Arch.

EntwMech. Org. 138 : pp. 106-138.

MOORE _I A. X¢] 1() —-—Ill('l'})i(. S ift 15 ing sms i Rana p ) e
s 10, nt intras peaihc 1 olatin mechanis i{ iens
31 PP' 30—}'32() g n ens. Ge nctics,
NEEDHAM J & others —1939  Biochemic: i .
. 03 tochemical JSPCCIS of organiser ‘)h 11
‘ ) . . ,) & cnomenon meth 3: Pp

PASTEELS, 19.40 —Effects de la rotan 85 sur 1’ i
e (’J,‘} )113‘.1 Ef’ul‘.(h 1.? l().ldll()ll 185" sur 1’ ocut insegmente,
gris, Arch  Biol, Paris. 51: pp, 103149

Pasteees, ] 1945 —Recherches  sur
Biol, Paris, 56 : pp, 105-183

muni de son crossant
raction du Li CL sur  les oeufs des Amphibiens,  Adrch

RucH, R 1948 — Experimental embryology,  Minneapolis, Minnesota
Stockyard, G R 1910 —The independent origin  a v ,
10 . e P g nd development of the lens
STOCRYARD, () R, 1921 —Developmental rate and structural expression :
study of. twins, double mansters  and  single  deformities and‘ thc.
cmbryonic organs during their origin and development An’zcr J. Anat
Swarre, H 1958 —Stages in the development of Gasteroste :
Morph 6 : pp. 373-383.
Swarte, H o 1959 —Abnormal development in
. 3959, | d the temperature t
(L)), I Cleavage Abnomalitiecs, J, Zool Soc Indiap 10: 1\'0rc::.>ith ;

Vour, W_ 1928 —Mosaikcharacter und Regulati i i Pp. 1082,
Verh. Dtsch Zool Ges, pp, 26-70 gulation in de Fruhentwicklung des Amphibicncies

interaction among
. 28 :p, 115-266
us aculeatus L. J Embryol exp.

Wirschi, E| 1952 —Over ripeness of the

Caneer Rescarih. 12 pp. 163786 €ggs as a cause of twinning and

teratogenesis,

Amer, 1.

An experimental.

ggs of Gasterosteus.

Abnormal Development in the Temperature Treated
Eggs of Gasterosteus aculeatus (L.); HI. Twinning

by H. Swarup

(Departiment of Zoology, University of Saugar, India.)
With 1 Text-Fig.

CONTENTS PaGe
Introduction 7
Maicrial and Methods 7
Observations . 7
Discussion s 8
Summary e 9
Acknowledgment 10
References 10

Introduction

This article is in continuation of my previous papers (Swarup 1958,
1959) on the abnormal development of  Gasterosteus aculeatus. Occur-
rence of double monstrosities in vertebrates is fairly well known in
nature. Since such abnormalities throw light on the developmental pro-
cesses involved, various workers have tried to produce twinning by ex-

erimental means. In the present work twins were produced when the
freshly fertilized eggs were subjected to temperature treatment.

Material and Methods
G. aculeatus is a small fresh water fish; its eggs measure 1.2 to 1.7
mm. in diameter and the young oncs hatch out in about a week’s time
at 1819°C.
Freshly fertilized cggs were given temperature treatment by immers-
ing them in water of the requisite temperature.

Observations
The temperature trcatments which were most successful, considering
the viability of the eggs, were as follows: —
Heat Treatment: 32.5 to 37.0°C. for a duration of 5 minutes.

Cold Treatment: 0°C. for a duration of 1 to 8 hours. The heat
treatment did not produce twinning though other types of abnormalities
‘were common. Twinning was however produced in the cold treated
<ggs. Out of the 6069 eggs treated, 1597 started gastrulation, and 1271
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formed embryos. On an cxamination of the em
3 of them: showed duplication abnormalities
of axial duplication (twinning) and no case of
melia or polydactyly) was observed.

bryos it was found that
All the three cases were
lateral duplication (poly-

The twinning obscrved involve on] i i
of the cmbryo and there is complete fu};iodr?l;?lht?lge ;f)sgl:i anterior parts.
the three twins, one pair remained undifferentiated withlor reglon§. Of
organogeny (fig. 1A) and died very early; one reached r adany Sign of
bryonic stage and developed normal heads with well dif;er;ez(tii\:’iigge% ins
rains.

Text-Iig, 1 Diagrams of 1wins: A twins  Jacking
. e n .. ° °
C, twins with deficient orgenogenesis

and cyes (fig. 1B). The third on th

‘ : e other hand alsg ‘hed -

ced stage but was very deficient (fig. 1C) with one taj] rteachcd o adva.n-
mented trunks cach with a heart, almost o entiy ) o Seficient P'g-

structures and with two abnormally situated Pigmenqy lacking cephalic:

ted eyes.

Discussion

In literature, various causes for twinn:
forwarded ¢l Y | ng are Iven. | »
bryony. It h;i siglceem}'d'm(tl pOlyspermy s gtwmnirf{er;mg 5189%
(lohblc fertiliz;x[ion rl‘)lol‘C in i Decuse in certailg1 s even
Katsubi 1gmy “adion ]csu {5 In unitary organisation (Gold }faS?S even
sk amph,ibian gn )sueghlc}ll‘ et al 195;)._ Moreover it has 5}2 midt and
other spatial rclatiirgl‘s!hi N Characterlst,'cs as. polarity, Bilateenl'pmved
(Harrison 1945). SUPs - are  determineq even bef, Fertil, apd

ore fertilization.

morphogenesis, B, symmetrica] twins,.

June 1959 SWARUP : TWINNING IN GASTEROSTEUS 9

Spemann’s (1401, 1902) well-known constriction experiments on the
cleaving amphibian eggs have produced twins. It is thought that in
these experiments the chordomesoderm material of the future embryo
splits during gastrulation and thus causes the formation of twins. A very
interesting case is reported by Schultze (1891). Twins arc produced when
the frog egg at the two ccll stage is compressed between glass plates and
turned upside down. A possible explanation is provided by suggesting
that the heavy yolk, which sinks from the vegetable to the animal pole
divides the archiplasm into two separate concentrations each of which is
competent of embryo formation. Whatever the reason, it is clear that
some internal dislocation and rcarrangement of cytoplasmic constituents
produce double monsters. Pasteels (1938, 1940) who has greatly extended
this work interprets the facts on the basis of a double gradient concept.

That multiple centres of induction can arise and lead to the forma-
tion of twins is shown by Holtfreter (1933), Pasteels (1948) and Witschi
(1952). Holtfreter’s blastulae gained secondary inductive capacity when
they were injured by freezing, boiling or dehydration. Pasteels, using
centrifugation, induced self differentiation in ventral ectoblast which
formed neural and mesodermal structures. Witschi who “obtained twins
in overripe eggs asigns the cause to physiologic fragmentation of the
archiplasm and activation of latent inductor capacity.

In the present experiments it is possible that the temperature shock
inhibited the development of a normal distribution of the presumptive
areas and that due to this two centres of induction were formed on the
germ ring. An indication of an abnormal distribution of the presump-
tive materials is given by the observation that the blastodisc in tl.'eat(?d
eggs was often less high and had a broader base than the blastodisc in
control eggs. The structure of the twins formed here suggests that the
two centres of induction were near each other and that the distance bet-
ween them narrowed gradually during epiboly. The formation of a
single tail is linked with the presence of a single blastopore.

Summary
1. Twins are produced when the freshly fertilized eggs of G.
aculeatus are subjected to a temperature of 0°C.

2. Of the three twins produced one remained undifferentiated; the

other reached an advanced stage with well developed brain and eyes
while the third which also reached an advanced stage was very deficient.

All the threc twins died before hatching.

3. The temperature shock probably caused the fragmentation of
the presumptive areas and due to this two centres of induction were
formed on the germ ring.

2
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Introduction

i igati the glycogen content dur-

There have been several mvestll]%auinlso oer:1 B R s

g d'fwd?pkr?e‘n:)élc}nvs:ltl((ii}i)zilitegy g;kur%gi g(1917), yIlelllll h(lf&%%) (13513(;

and tissues has ited by Needham, 1931), Lee (1951), Do{n offer 193

ey () h sy Konopacki and Konopacka (1926) (Clllteh y

and Dby othe‘r autos and Pomerat (1942) and ‘Tanaka (193) a}\;e

e Lo, ?reoggen content and distribution of glycogen in the

e glygc35g) has studied the distribution of glycogen in th«z

embryOS- ¢ Heatlllqyl;i;n gastrula by microchemlcal' methods. Iln conttra;f
ol these s 3::;1:5 ;tudies, the glycogen content during the developmen

g%l;hiz‘ivsfnvertebrates has been investigated.

; ; hin egg and its utilisat%on
lycogen in the sea  urc I
'The prcisen;leen(;f hga\)//e geen investigated by Ephrusfm land er{{?gkig:
?1%3g)g dl(j;}rid(;)perg (1945) investigated the metaboélsxlnm(:i bgrgco(fi%O) b
an) hin egg. Orstrom and L 1 2 _
fertilization of the se;arlgci*gtrotgsg lividus. Raven (1946) in h'IS st(llldtllfz
studied glycongll elrzbryolo gy of Limnaea stagnalis. L has mvre;;:gateresem
on the chde'rrilcibudon in the early stages pf d'eve'loprr.lent.. o dipﬁerent
glycogenl tisrto the glycogen content and its dlStI‘lbuEg(l’il in the
:::gdgs ::;5 athe apple-snail Pila virens by different methods.

Material and Methods

g
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and taken immediately for analysi
THIE g sis.  Hundre
cach determination. Y d embryos were taken for

For determining glycogen in th
metric micro-method descrigbed by Keenelaglztszges of development colori-

/

the results are calculated in micrograms. Fo (1954) was empl,o yed and
plodlfifl:d by Good‘ et al (1933) was %mployedragﬁefhitaﬁ;su 11::11;§er $ 1melthod
;2 mi 1tgrafn5. dT he (}1str1but10n of glycogen in the earl stae . t;udated
1pmen was determined by adopting Bauer-Feulgen ?t’ hg_es of deve-
glycogen content m‘the sections  specifically stained b eCquue. The
method was determined cytophotometrically. The am Y Bauer-Feulgen
l]llt[()'d through the section was measured by means of I?llllm of light trans-
colorlmgter Model No. .512. The image of the section otovolt e}ectromc
a magnification of 100 into the search unit of the phot was projected at
Wratten filter was employed to accentuate absorp}t)i(moglete}rl, A green
stain. r{he illumination was so arranged that the phot y the fuchsin
cqrded 100 when the llght was passing through a Pl ometer scale re-
slide \.\vlth sections. The selectively stained re ionc eélr region of the
then interposed and the degree of light absor tigon of the section was
};}gls from the different parts of the section V\[I)CI‘C t:lfggr(}ed. Sxﬁc read-
ol vceogggrzgeeteg;gf fgr h}glht absorption by the sections o;xlfiabcitins ta%}c.
?rzmothe average \E;aluy : 1e €ye was calculated—and this was dedgcteg

the sections Fgr o he relating to the glycogen containin i
ons. the values thus obtained the 8 portions of
a measure of glycogen content. mean was calculated as

Observations
Distribution of glycogen.

In the early oocyte there is no trac
oocyte the glycogen granules are confin
cytoplasm, the cortical region being ent
tely after the egg is laid, a few scatgtere
At the time of fertilization the glyco
both in the cortical and central re ig
trulation the ectoderm, endoderm ga
and in the early veliger the embryo
of an ectodermal Y
glycogen.

e of glycogen. In the m

led to the central region o"fmtltig
dlrely free of glycogen. Immedia-
granules are found in the ovum
€n granules are densel .

: nic shell- ca
Pnvagination Shogv Ss ell-gland which

Quantitative observations.

Before fertilization, the | glycogen

fertilization the glyco : A i

. . ogen  content rises to 50 Mo ¢ the time of

n?r?eg)r;bty colorimetric mﬁthod, During segrrllle(ral.ta{)'er 100 cggs as deter-

g ent suddenly declines to 10 Hg. per 100 eg10n stages, the glyco-
. pe gs.

content is low,

Cytophotometri inati
y ¢ determinations also giv

. 2 0 g h m i

decline of glycogen content. 1 V€ the same trend of rise and

n te 1 i
rms of optical density the values are
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8.3 before fertilization, 53.0 for the fertilized egg and 32.6 during segmen-
tation. The endoderm and mesoderm cells in the gastrula stage have
a higher content than the ectoderm cells. The values are 46.8, 52.6, and
41 for the endoderm, mesoderm, and ectoderm cells respectively. Later
in the carly veliger, the cytophotometric value for the shell gland is 54.1
whereas for ectoderm it is only 42. After segmentation the glycogen con-
tent per 100 embryos rises to 3970 fg. at 134 hrs; at 192 hrs. there 1s a
fall and thereafter there is a rapid rise, increasing to 1107 g. at 360 hrs.
of development. The data relating to glycogen content calculated in
terms of unit weight show a progressive diminution of glycogen after
192 hrs. of development, the values being 0.051 gm. at 192 hrs. and 0.019
gm. at 360 hrs. of development.  The cytophotometric data relating to
glycogen content in the early stages of development closely correspond to
the results obtained by other methods.

Discussion

Bretschneider and Raven (1951) found an uniform distribution of
glycogen throughout the egg in Limnaea. In Limnaea, Raven (1946)
noticed an accumulation of glycogen at the 24-cell stage in the central
protoplasm. At a 70-cell stage the cells 4a, 4b, and 4c (but not 4d) are
rich in glycogen. In the gastrula stage glycogen is present at the animal
pole mainly around the polar depression and the cells in the vegetal pole
are rich in glycogen. The mesoderm cells and endoderm cells are poor
in glycogen. In the gastrula of Pila the glycogen concentration 1S high
in the endoderm and mesoderm cells—unlike what Raven found in
Limnaea.  In the egg of Heliz May and Weinland (1953) found gala-
ctogen in considerable amount but not glycogen.

Orstrom and Lindberg (1940) demonstrated a fall of glycogen con-
tent in the egg of sea urchin Paracentrotus lividus immediately follow-
ing fertilization. This was also confirmed in the eggs of other sea ur-
chins, FEchinocardium cordatum and Psammechinus miliaris. Histo-
chemical studies of glycogen in the frog embryo by Konopacki and Kono-
packa (1926) and by Brammertz (1913) and Marcus (1906) (cited by Nee-
dham 1950) on nematode worm Ascaris revealed a diminution of glycogen
in the cggs following fertilization. In the present study also the glycogen
content of the eggs falls after fertilization from 50/g. to 10 # g. as may
be scen from Table I It is probable that fertilization stimulates the
oxidation of the carbohydrates as evidenced by diminution in the amount
of glycogen (Brachet 1950).

That glycogen undergoes a diminution in all parts of the embryo
during development is clearly established by Brachet and Needham (1935)
in Rana, Kataoka and Tsunoo (1933) in Cryptobranchus and by Taka-
matsu (1936) in Hynobius (cited by Needham, 1950). There are, how-
ever, a few reports to the contrary. In the teleost Salmo salar investi-
gated by Hayes and Hollett (1940) glycogen is absent at the beginning
but increases steadily at the later stages. An increase in the glycogen
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No.
content during embryonic development has been re
1933) in the orthonectid it iuroj ported by Nouvel
g\lecc)i)ham, 1950). parasites of Ophiuroids, Rhopalura (cited by

Table I

Table I—Glycogen content during development of Pila viy

ens 0711 o
chemical methods). (Colorimetric and

Siage Glycogen per G
g 100 eglbryos gggrixogwegt }\;vetr
o Oembry .
Fertilized egg 50 ¢ gm
Segmentation 12 hrs, 10, _
Blastula 20 35 ’: —
Gastrula 4, 50 ,, -
36 iR} 65 ” _
60 , 100 ,, _
2, 245 :
84 ,, 295 ,,
108 1 500 " _
120 ,, 1000 ,, _
132 , 2000 ,,
144 ,, 3970 .
” 0.051
192, 1699 ,, 000
240 ,, 2450 ,, 0'038 .
288 , 4065 ,, 0.030 )
360 ,, 4107 ,, 0.019 .
The glycogen content per unit weight was calculated for the em

bryos from 6th day till a day after hatching.

are therefore exgres_sed boyth as per IOgO erfl(;)rr;(l)]:s; ng?s the resulgs
weight of embryo. It is presumed that the increase in weight i:Sthper unit
stages of the embryos was not significant. A decrease i%l l - earlier
tent per unit weight is noticed in Pila virens from sixth ngcogen con-
till a dav after hatching. The results are in accordance W't;y onwards
ings of Brachet and Needham (1935). Kataoka and Tsunél 1(t)hf: find-
Takamatsu (1936) in other embryos. The decrease o [0 (1933) and
weight, as seen from Table I is evidently due to the fun G erms of unit
different organs resulting in the utilisation of glycogen ctioning of the

That glycogen and phosphatase are simult i
which calcify has been borne out by the ob;arisggs(}zspziseéiolcrll( '

: egions
Horowitz (1942). Glock (1940) found "that glycogen in primary ce
n

(1940),
tres of
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long-bone ossification (in rats) increases from the late foetal stage to the
tenth day of post-natal life and then falls off. Horowitz (1942) has
stated that in foetal heads, only tissucs which calcify have both alkaline
phosphatase and glycogen.

The dense accumulation of glycogen granules in the early veliger
stage of Pila implics an active centre for shell secretion. A ligh phos-

phatase activity has also been observed by the author (1939) in the shell
gland region.

Summary

1. The glycogen content and distribution during the development
of Pila virens have been determined employing cytochemical, cytophoto-
metric and chemical methods.

2. Tollowing fertilization of the egg there is a fall in the glycogen
content.

3. The shell gland is the site of high glycogen accumulation in the
early veliger stage.

4. ‘There is an overall increase of glycogen content when calculated
per 100 embryos and there is a decrease when calculated per unit weight
of embryo during development.
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Introduction

Coe (1944) has remarked that “little is known regarding the physical
hereditary basis of sexuality in Molluscs, for only”a tewv doubtful
examples have been reported. ..o Perrot (1930).”  Coe s rema}*ks
apply mainly to the pulmonate molluscs which are I}m'maphrodltc'. The
chromosome cytology of only a .fcw Il}ollttscs has so t‘;u‘ b;‘.cn §ludmd,f0r
this group presents technical dl.fﬁcultles for proper investigation. With
regard to the prosobranchs, which are dioccious, scx chromoso.mes have
been reported in only thirtcen species.  Among the more important
investigations relating  to the sex-determining cf}l’on10501nqs in proso-
branchs, mention may be made of the works of Kuschakewitsch (1913,
1921), Bataillon (1921), Hyman ( 1923), and Alexenko (1929). However,
very little attention has been paid to these ‘early works and our knpw-
ledge of the question of the hereditary basis of sexuality in dioccious
molluscs is still far from complete.

The present account which is in continuation of the earlicr studies
of Melaniidae by the author (Jacob 1954, 1957, 1955, 1959) relates to Fhe
identification and behaviour of sex chromosomes during the maturation
of the male germ cells in the prosobranch mollusc Paludomus tans-

chaurica.

Material and Methods

Specimens of Paludomus tanschaurica were cpllected from streams
chiefly with sandy bottom and kept in the aquaria. For fixation of the
3 .
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testis, Bouyms fluid, Carnoy's 1:3 acetic alcohol, San Felice’s flui

Flemming's and La Cour's fixatives were used. F(;r stainin ice's fluid
material  fixed in Bouin, Flemming and La Cour Heide;glhs?a’lor'ls of
ih{n} Haematoxyl.m was employed. Gentian violet aiso Ve Oal(rlls iron-
Scctions of material fixed in San Felice were stained S F gl o s,
}f)‘rcllmmary hydrolysis of seventeen minutes in ‘N HClln S800° .
Carnoy fixed material the hydrolysis was for twelve mi at 8G60°C. For
were cut at varying thicknesses from 8 to 14 4, nates. - Sections

Acetocarmine and Feulgen squashes were also

very useful particularly for the diplotene and diakiprepaerd and proved

netic stages.

Observations

~ The resting nuclei of the primary spermatogonia and the earl
primary spermatocyte are very small and do not differ markedly in sizz
In thc resting  primary spermatocyte nucleus, two strongly Feul en:
positive bodics of very unequal size may be seen (Fig 1) amidst igrr
gular strands of chromatin which stain /\'ery faintly wit'h Feulgén “

; .
Text-Fig, 1. A resting primary sper-
matocyte nucleus,

Leptotene. The leptotene nucleus i r i

. s 15 represented in Fig.

chromosomes do not show any polarisation or bouquet orien%atigorzlnrldl\rthe

withstanding the small size of the nucleus, a thick looped and po.sitivolt-
r (S y

Text-Fig. 2, A leptotene nucleus.

heteropycnotic chromosome can easily be recognised. A second mi
heteropycnotic element can also be made out as in the figure, but nu;e
after a careful examination of favourable preparations , oy
Comzlyégtotenel. "I;lhe pairing of homologous chromosomes is normal and
cor HFe m;:.is en‘ lt e zygotene dnucleus the larger of the two heteropycnotic
s easily recognised as lyin eripherall
1 g perpherally and close to
nuclear membrane. It appears as a stout curved body (Fig. 3) but Eﬁg
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smaller and minute hetcrochromosome cannot be made out with certainty
amidst the mass of the zygotene bivalents which traversc the nucleus
in all directious. However, it is dehnite that the two heterochromo-
somes are not associated.

Text-Fig. 9. A zvgotene nucleus,

Puachytene. The closely intertwined pachytene bivalent lie irregu-
larly in the nucleus and the bouquet orientation so characteristic of many
species ol animals is entirely wanting in Paludomus tanschaurica. Com-
pared to what was observed in the previous stage, the larger hetero-
chromosome which may be referred to as the X chromosome, now shows
further increase in length as well as thickness, but it continucs to be
situated at the periphery close to the nuclear membrane (Fig. 4). The
smaller heterochromosome could not be made out in this stage amidst
the rather thick pachytene bivalents, only a few of which are represented
in the figure.

Text-Vig. 4. A pachytene nucleus.

Diplotene and Diakinesis. 'Lhese stages are best studi'ed in acetocar-
mine squashes. The pachytene threads contract and split resu}tmg i.n
the diplotene bivalents with chiasmatal confiurations. In the diakinetic
stage the bivalents are characteristically distributed at the periphery of
the nucleus, more or less evenly spaced and equidistant from one
another. The chromosome complement shows eighteen bivalents and
in addition the large and the small heterochromosomes.  This
corresponds to the eighteen pairs of autosomes and the two
highly unequal chromosomes found in the spermatogonial metphase of
this species (Jacob 1959). In Fig. 5 is shown the entire chromosomal
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complement of a diakinetic nucleus which consists of four large, el

medium and three small bivalents besides the Lage X and thg srrf lelveﬁ?
Ihe latter two always remain as scparate univalents.  Durin the 2:1' ki-
netic stage the nucleination of the autosomal bivalents has groce d'ilal .
a great extent and they stain as deep as the hctcroéhrmﬁo&mef e

\?e¥t+x

X ¢ © = xx ¥ ¥

8 9 0 ] 12 I3 14 Text-TFig. 5. The diakinetie chromo-
- o ° - s?mcs drawn serially in order of
size.

i5 16 17 8

<---%

[}
1
X

5

I Melaphase. The X and Y chromosomes, by their distinctive shay
ar}d extreme 11]6(1[1&11[)"111 size, stand out markedly from ‘tl 1ve 5‘1aPe
l)wlalcms (Fig. 6). An intercsting feature which characteris(:se tZtllut(;zomall
Y in I metaphase is their slightly negative heteropycnosis | oo an
their positive heteropycnosis in the prophase stagespy Th&é i;nthcg}]etf?“ to

o5& : re an

instance of 1'9\'@1‘siblc heteropycnosis.  Hyman (1928)  obtai i
Fasciolavia a similar phenomenon when the X : obtained  in

' chromos

stained less deeply than the other chromosomes burtn(;:: nc;icdat IzaChYte{lle
nes, not actua

ative heteropycnosis. ’

interpret this as a possible instance of neg

Text-Fig. 6. 1 metaphase  plate,
polar vicw. The univalent sex
chromosomes (large X and small Y)
are shown in black while the auto-

somal bivalents are represented in
outline,

I Anaphase. The heter
/ . heterochromosomes do not

‘ ot have any characteristi
giots}iuon. (l)n tfhehmetaphasg plate.  But in the I anapha}llse }g?acm'usuc
N er s%:e of t lc cquatorial plate close to the poles of the spi e(?lll e o
1g. 7 1t may be noted that they ha & oroosi

‘ | they have actually moved t i
Ii)r?qlf;nfcir 1fn ?ld\atlce of the disjoining halves Zf the bivzléhf P i
nstance ?1Qt3 80 plhf;chessmn of the heterochromosomes was ﬁrstn Sticed b
va (1938). ¢ marked difference in size between the tr\zlvou(}:xed ;
0 hetero-
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chromosomes is clear even when they lie on the spindle. The anaphasic
disjuncticn of the antosomal bivalents is smooth and normal.

Text-¥ig. 7. I anaphasc showing the

precession of X and Y to the
opposite poles.

It was shown that during the 1 metaphase stage the heterochromo-
sornes are not at all paired. in fact they were never paired and showed
no tendency to pair in any stages of meiosis.  Their distribution in I
anaphase is however quite regular, one lying on each side of the equator
and close to the poles as stated carlier.  Even an accidental passing of

the two heterachromosomes to the same pole was never observed.

Further stages.  The fist maturation division is reductional for the
heterochromosomes as for the other chromosomes. The identity of the
heterochromosomes is lost at the T telophase and in later stages. The

secondary spermatocytes do not pass mto a typical resting or interphase
condition but pass into the IT metaphase as soon as formed.

Discussion

The characteristic staining property of the sex chromosomes, as Wil-
son (L911) pointed out, is helpful in identifying and tracing them from
onc generation to another cven through the resting stages. Heteropy-
cnosis of the sex chromosomes 1s a fairly wide spread phenomenon in the
male meiotic phase of animals. In groups like the Heteroptera almost
all species show heteropycnosis of the sex chromosomes. The behaviour
and staining propertics of  the distinctive heterochromosomes during
Spermatogcncsis in Paludomus tanschaurica leave no doubt regarding their
identity as sex chromosomes.  Further, a study of the spermatogonial
chromesomes also  showed the presence of the highly unequal pair of
chromosomes besides the eighteen pairs of autosomes (Jacob 1959).

It has generally been maintained since the works of Heitz (1933),
Muller and Painter (1932), White (1940, 1941) that heteropycnosis ig
associated with genetic inertness.  In Paludomus the sex chromosomes
must then bé largely or wholly inert genetically since they contain no
cytologically detectable chromatin other than heterochromatin. They are
therefore probably concerned only with the genetic determination of sex
and no other morphogenetic process.

_ The absence of pairing between X and Y and their regular segrega-
tion in spite of the lack of any association between them call for some
special remarks. At the 1 metaphase stage they are seen as separate
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bodies and their behaviour on the spindle might therefore be expected
to be random, cither cach going to opposite poles or both going to the
same pole. The association of the autosomes at | metaphase and their subse.
quent segregation arc normally conditioned by the pairing and chiasma
tormation in the meiotic prophase.  However, in the present instance the
X and Y do not pair and yet show, not random, but regular and un-
failing segregation to the opposite poles at the I division. White (1940)
stated that in the multiple sex chromosomes of Arachnida the X! and X®
which arc homologus throughout their length are prevented from
forming chiasmata by their heteropycnosis.  He (White 1933) also found
absence of pairing and chiasma formation between the two heteropyc-
notic X chromosomes in the tetraploid spermatocytes of  Schistocerca.
McNabb (1928) found that two X's are not hecteropycnotic in the oocytes
where they regularly pair and form chiasmata. The absence of heteropy-
cnosis in the X chromosome of the female is regarded by White (1940)
as an adaptation permitting the formation of a bivalent. Heteropycnosis
in the female would be a barrier to chiasma formation, Pairing and
crossing over between X and Y chromosomes are known in Mammalia,
Diptera, etc. Koller (1936, 1937, 1938). Koller and Darlington (1934),
Painter (1923, 1921), Perje (148) and White (1940, 1941, 1954). But in
such cases it has been pointed out that there are pairing or homologous
cuchromatic regions, though minute, and crossing over occurs in them,
This would strengthen the assumption  that heteropycnosis prevents
chiasma formation. However, Pontecorvo (1943) claims that in mammals
formation of chiasmata is confined to the regions that are positively
heteropycnotic at pachytene.  But Makino (1951) holds that the XY com-
plex of the different species of field mice is due to
cohesion’ and that chiasmata play no role in holding together the sex
chromosomes. ~ Smith (1952) points out that we have no evidence for
regarding the physico-chemical constitution of heterochromatin as funda
mentally different from that of euchromatin. If so, it would seem th '
there is no intrinsic barrier to crossing over within and between tat
segments that are respectively euchromatic  and heterochromatic ro.
vided that they pair with precision at zygotene. The behaviour ’fpro-
sex chromosomes and supernumerary chromosomes (White 1933, M 0N the
1928, McClintock 1933, and Ostergren 1947) seems to sh'()” hC 2bb
capacity of the heterochromatic chromosomes to pair is de en‘cAi/ o the
what degree they are diffusively distributed at zygotene E d oaeon to
stages.  In the present instance the X and Y are ver o Dachytene
appear as massive or solid structures. Y condensed ang

Their deep stani :
even from the early stages indicates that they arep }:ezl;lil{lg‘\/\;llth F(?ulg.e“
nucleic acid and probably tightly spiralised.  The y ‘charged’ with

of X and Y might therefore be attributed to these fez‘t)li:sce o pairing
The segregation of X and Y without their ey

be regarded as an example of what Whit
-minate disjunction” in N

ton (1937) has termed

“heterochromatic

er coming to
e (1940) has desc
curoptera and Heteropt

“distance conjugation”,

3 together may
tibed as “deter-
era and which Darling.

Similar peculiar beha-
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viowr of the sex chromosomes is known in somec other instances as well.
An cxample of “distance conjugation” in Neuwroptera has been reported
by Naville and de Beaumont (1933).  Cooper (1941) showed that in
Melophagus which possesses an X and Y, these move regularly to oppo-
site poles without previous conjunction. Payne (1910) and Troedsson (1944)
have reported that the five components of compound X in Acholla go to
one pole while the single Y goes to the opposite pole, inspite of the
absence of synaptic phenomena. Such instances of the behaviour of the
sex chromosomes where one chromosome (multiple or single) is supposed
to determine the disjunction of another at either the first or second
meiotic division without there being any connection or association bet-
ween them raise doubts on the validity of the generally accepted assump-
tion of the classical hypothesis of meiosis i.e., that reduction is dependent
upon the earlier pairing and subsequent crossing over of parts of chromo-
somes. An understanding of the forces that govern the behaviour of these
sex chromosomes may then be expected to lead to a better understand-
ing of the fundamental nature of meiosis.

Another interesting aspect of the X and Y chromosomes in
Paludonius tanschaurica is what appears to be a cyclical reversibility of
heteropycnosis which was described earlier. Reversible heteropycnosis has
heen observed by White (1940) in the X chromosomes of Acrididae, by
Ohmachi (1935) in Gryllidae (cited by White 1940) and quite recently by
Ohno et al (1959) in the male rat Rattus norvegicus.

The extreme inequality of the X and Y chromosomes and their
entirely heteropycnotic nature would seem to indicate an advanced type
of sex niechanism in this snail. But in view of the paucity of investiga-
tions on the sex chromosomes of Prosobranchs it is not possible to discuss
their evolution, although in the light of the present investigation and the
findings of previous investigators it may be concluded that the male is
the heterogametic sex in Prosobranchs.

Summary

1. The X and Y chromosomes in Paludomus tanschaurica have been
traced from the resting primary spermatocyte to the secondary sperma-
tocyte except in the casc of Y which 1n  zygotene and pachytene was
obscured from view owing to its extreme small size and the crowded
nature of the nuclei.

9. The diploid chromosome number as determined from a study of
the meiotic stages is thirty eight (36 + X + Y) and this number cor-
roborates that obtained from spermatogonial metaphase.

3. The first maturation division is reductional for the sex chromo-
somes and they precede the autosomes to the poles,
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‘ 5 ) cnoti
are probably genctically inert except for the detlgl}r]min:tcioinif ‘hercfore

o . sex.

5. The regular segregation of X and Y
appears to be an instance of determinate disj
6. The phenomenon of re
in the sex chromosomes.

at 1h_c first meiotic division
unction.

versible heteropycnosis has been observed

7. The sex formula for the m i
ale is XY. In the |
o . o . e li
sent study and.the mvestigations of the carlier workers %thtisof the pre
that the male is the heterogametic sex in Prosobranchs’ concluded
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Text-Figures 1 to 5 are camera lucida drawings from Sanhl'ch(e-Fc.ulgen sections and magni-
fied to X ca 2800 Text-Fig, 6 is also a camera lucida drawing but from an acetocar-

mine squash and magnified to X ca 1600, Text-Fig 7 is a photomicrograph from a

Bouin-Heidenhain iron-alum Haematoxylin section and magnified to X ca 1500,

4!



Macr;)puclear Reorganisation in Parameciy,
multimicronucleatum P "
owers & M;
itchell)

vy P.N. Ganaratay & M. V. N

ARASIMHA R
(Department of Zoology, -

Andhm Un[yersity)

Waltai
The separation of the nuclear a “r)

S 1n size, Shape, f

of division is characteristic of all  euciljates The unction ang mode
' Macronucley
s frag-

ments, degenerates and disappears during conjugatio it

.re—formed from one of the products of the ;yIlkar N and it is subsequemly
ing fragments the DNA content progressively dir?‘n.' In the degenerat-
stages the h‘zfgmems do not respond pOSitive[y ¢ lmShes' and in later
(1947), however, was able to obtain fully viab]eo P;Hy $am.  Sonneborn
aurelia in which all the macronuclear Materia] ;Ones (?f Parameciunm
fragments of the old macronucleus of the exconju aaS derived from the
macronuclear anlagen was experimentally d idntz. n theée cases the
ganisms to higher temperatures. Op the basi : Y exposing the or-
neborn (1947) developed the view that th

e ciliate mga
. : cro ;
pound consisting of many discrete, probab nucleus is com.

ly diploid unj¢ :
While examining cultures of Paramec - o subnuclei

tained locally, a number of individuals ¢

macronuclei, some of them resemb]ing stages which Dj]

to as hemixis. Stranghéner (1932) observed fra lller (1936) refers
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or cndomixis occurred in the cultures. The variations in the fission rate
Is in no way related to the regeneration process described below.

Of the four lines only the fourth one yielded interesting results and
hence will be dealt with in some detail. One of the fission products of
114th fission was very slim and slowly creeping at the bottom of the cul-
ture dish, unlike its partner which was very active. Cytological pre-
paration of the former revealed that a normal macronucleus was absent
and instead there were only two small Feulgen positive bodies (Fig. 5 & 5 a).
There was no trace of micronuclei.

Sub-lines derived from the fourth line were studied in detail and as
many as 18 Paramecia were found amicronucleate containing only the
two Feulgen positive bodies already referred to. By sacrificing one sub-
line, it was noted that the normal sister individual does not show any
macronuclear abnormalities. Five of the abnormal Paramecia were studied
with regard to their subsequent behaviour. A macronucleus developed
normally from each of two Feulgen positive bodies (Fig. 6 & 6a) and the
two macronuclei segregated at the next division. There was no trace of
the micronucleus. Three macronuclear regenerants underwent fission

normally.

These observations lend support to the view that the macronucleus
of Paramecium multimicronucleatum is composed of a number of sub-
nuclei, but does not go so far as to.demonstrate the composition of the
sub-nuclei. It is possible that each fragment may contain more than onc
sub-nucleus. Kimball (1953) believes that the‘maqonucleus of Parame-
cium aurelia as highly polyploid but not orgam:sed into .sub-nuclell, Son-
neborn (1947) on the basis of regeneration experiments with heterozygotes,
coupled with genetic observations suggests a sub-nuclear organisation of
the macronucleus. It is further supported by Moses’ (1950) evidence that
there is 40 times as much DNA in the macronucleus as in the micro-
nucleus of Paramecium caudatum and by Nanny’s work on mating types
as given Sonneborn (1951). The probgbxl}ty of the sub-nucleation of the
ciliate macronucleus is, however, implict in the numerous merotomy ex-
periments carried out by various .i!nyestig‘atons, (.W.eisz,. 1951). Further
work will probably clear the conflicting views existing in the field.

The present observations are also interesting from a different point
of view. We have not seen any evidence of nuclear reorganisation taking
place either by endomixis of autogamy. Exammatlor} of a number of
cytological preparations has revealed extrusion of bodies from the macro-
nucleus but these were never in significant numbers. (Figs. 2,3 and 4).
These hodies appear to be the result of irregularities in the contraction



28 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [Vol. |1, No, |

of the macronucleus following fission. In a few
nucleus was broken into two or three large bodies
the micronuclcus was normal. Diller (1936)

instances the macro-
and in all such cases,
observed fragmentation of
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the macronucleus in Paramecium aurelia unaccompanied by micronuclear
activity. He called this process hemizis and inaintained that it is a
result of the precocious division of the macronucleus during binary fis-
sion. A series of stages showing the macronucleus progressively extrud-
ing rounded chromatin bodies of variable numbers and sizes have been
figured by him. ‘These bodies are described to segregate passively during
the subsequent fissions and ultimately to disintegrate. Diller (1936) calls
the entirc process as one of purification of the macronucleus.

It is probable that the two small Feulgen positive bodies (Fig. 5) in
our preparations may represent the extruded bodies from the macro-
nucleus, which have got segregated owing to irregularities of fission. If
this is true it would imply that, the chromatin bodies extruded from the
macronucleus, under certain circumstances, have the potentiality to re-
generate the entire macronucleus. It is, however, difficult to explain as
to why only two such bodies were present in all our preparations.

In one of our sublines in which macronuclear extrusions were noted,
conjugation readily occurred when there were only eight individuals in
the culture dish. It may be recalled that these are descended from a
single parcnt and what prompted this behaviour is not clear. It may be
possible, in the light of this unexpccted behaviour, that the extrusions
are a partial reorganization process of the macronucleus in the absence of
conjugation and autogamy.
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Introduction

In a previous communciation Natarajan, 5
morphology of the chromosomes of(three Jspecieigf? Stth‘li hamber and
snails were reported and the present paper deals with t%ll atophorous
phology and behaviour of the chromosomes of the mari  eaaiber, mor.
verraculatum Cuv. (Oncidiidae: Stylommatophora) T}I:e slug Oncidium
i)’r'yolog_y and bionomics of this slug have been des;cribe(él ﬁnatomy, em
Karandikar (1948). Studies on the gametogenesis of yari )y Awati and
slugs made by Gatenby (1918), Watts (1952), and Nath nd Gpo Pecies of
relate mainly to cytoplasmic inclusions without ref and Cho
Perrot (1930, 1938) studied the chromosomes of
slugs belonging to the families Arionidae and L;j
to the chromosome numbers only. The present
one to record the morphology and behaviour of the chromosg d
somes durip

spermatogenesis of a sll}g, especially with reference ¢
chiasma frequency, terminalisation etc. © features like

Material and Methods

Specimens of Oncidium are availab]

: e from
mud flats in the Vellar estuary at Portonovo, Sogf}? uIar(){. 0 August in the
bers of them were collected ‘at low tide, it and large nym,

The ovotestis, easily recogni i
he estis, gnised by its brown
zaoonflellig:usltsm IXItrl:;f land I(-:Iarnoy’s 1:3 acetic aIcoh(fIOIOl"llfl,le? ? Dxed in
s. -alum Haematoxylin Crystal violet e ver
, et and Feu]gen y
were
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used for staining the sections. Aceto-carmine and aceto-orcein squashes
of the ovotestis, especially after pretrcatment with alpha-bromo-naphthol,
were found to be of great help for the study of the various stages.

Observations

The number of chromosomcs as determined from a study of a number
of spermatogonial metaphase plates is 2n=36. A polar vicw of one such
plate is shown in Text. fig. 1. All the chromosomes are metacentrics
showing two arms of equal length and hence with median centromeres.
Twelve chromosomes are larger in size and lie towards the periphery of
the plate, while the rest are of uniform size and lie near the centre.

During leptotene, the nucleus is traversed in all directions by faintly
staining and granular threads. But these get polarised towards one pole
during zygotene and thus form a typical bouquet. Subsequently, the
polarisation and bouquet formation are completely lost.

pay o
g ¥')

WG Ide
% ’
1 V)
%
TR N |
R ® T o
(LY )

Explanation to Figs, Text-figs, 1 to 3, Fig, 1, Spcrmatogonia! mcmphase—p_olar view
—accto-carmine squash.  Fig, 2, 1 metaphse bivalents—aceto-orcein squash‘_ Fig 3 1
metaphase plate —polar  view—aceto-carmine squash All are camera lucida drawings,
X ca poo0,

The calculated chiasma frequency and terminalisation coefficient values
during diplotene and diakinesis are given below.
Number Total Total X-ta Total Terminali-

Stage of number number per number sation
nuclei of of bivalent of terminal coefficient
bivalents X-ta. X -ta.
Diplotene 10 180 212 1.18 53 0.25
Diakinesis 10 180 186 1.03 152 0.81
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At diplotene, the chiasmata are seen ver
! Asmata ar y well and the cal i
Omgafgfiqu;firslcsytaat this sf:age 1s 1.18. The terminalisation cocﬁicciglllattedICh'laS-'
25 at ¢ ge shows that only about one-fourth of th e of
(S)fnch:;smatla;re terminal. During diakinesis all the beiv:l)éilllt .
migglim?i]:)(n cgﬁ5~§€alnlng' The Ch1a§ma frequency is 1.03 ands ﬁppear
s ethcient value of 0.81 indicates clearly th P
the chiasmata arc terminalised by this stage. Thuz ttzltt s, 0% X
minalisation is very high in this form between di 1’ c degree. OE. ter-
and almost complete by the later stage. plotene and diakinesis

At the I metaphase stage (Textfig. ¢ i
g, 2) all th i
come very well condensed and deep-stain)ing . [ehzlgstil:(eegrg:rlaﬁzztlslegi-
s

appear more or less as rings while the smaller ones are dumb-bell shaped
shaped.

A polar view of a Il m i i

etaphase stage is shown in Text-fi

. ! 18 ext-fig. . ' the

cighteen chromosomes, all of which are distinctly two-armed S e

ger while the remaining twelve are smaller in size. The h’r o oo
y 4 . ' drger *S e

more towards the periphery of the plate while the smalley s ons lic

the centre. TTATET ones arc near

Discussion

The present study shows that in Oncidium, the kar .
36 metacentric chromosomes, of which six pairs are IamYOtYPc consists of
small. No other member of the family Oncidiidac has S%efand twelve are
cytologically. However, Perrot (1930, '38) studied the h  peen studicd
X)e.me_s of slugs belonging to the family Limacidae a;dmm()somesiof $1X
rionidae and found tha} in the former the chromo one species of
between 48 and 62 and in the latter the number i nge number varies
_ 5 2n=52,

. ‘As only few species of slugs have been sty
d.lfﬁa;l!t to make any generalisation with refére
tfleosrtl; altp bci Fufrther, the morphology of the chromosomes h
p g g so far excepting in the present study. Hower as not been in-
d?iir:; (:cate thatbthe families Arionidae ang OncidiiedVer, the available
; some nu ‘ 2 : a i iploi

o he mbers of 32 and 36 respectively, ar ¢, with diploid
to each other than to the family Limacidae, wh ¢ more closely related

some number 1s much higher (varying between Clrg ath(ei g%ﬂmd chromo-
‘ n 2).

died cytologi it i
gically, it is
nce to karyological rela-

Summary
1. The chromosome numb
Cuv. is 2n=36 and n=18, er of the s

_2. All the mitotic chromosomes
median centromeres.

3. Polarisation and b m
ouduet i ;
tage 1 formation characterise

u -
8 Oncidium verraculatum

are distinctly two-armed and wirt

4. Th inal the zygoten
. e terminalisation coeffici

. cient of i
crease between diplotene and diakines the chiasmat

. ! 2 has a marked ir
later stage. 's and is alm o

0st complete by th
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5. With the available data it appears that the families Arion}dae and
Oncidiidae are more closely related to cach other than to Limacidae.
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Introduction

The phosphatases are vital not only for the formatj
tor the metabolism of carbohydrates, nucleotides, andlgﬁo(;f g)(;)lx_le:s dbUtf‘ISO
ner and Somers 1953). Bradfield (1951) suggested that ttll)e lfll)lvs ('bum-
may be part of the enzyme system involved in the lib Phosphatases
newlv synthesised protein from a complex with th cration of the

. o : € nuclejg i

interesting 'correlathll between the phosphatase activit Cleéc acid. The

difterentiation was first demonstrated in chick embryzg::es_gr(]))wthMand
18 Y OOg

(1941)  The majority of the studies on the alkal;

in anin}als ha\'e_ been with reference to ad?lltaltli[;:ughosphatase activity
1ilteresr.1ng studies on the developing tissues have alsos.b HOWCVC.T, some
Krugelis (1947), chkll}nq (1948) Gustafson and Hasselbeeen carried out.
alkaline phosphatase distribution in the deve]opmént I g (1950) studied
chm.h Fnzgerald (1949) studied the phosphatase activig, istagl:?s of sea ur-
grasshopper egg. Moog (1941) as stated already studieq n the dseve!opmg
alkaline phosphatase and acj ed the localisation of

: ) 2 d phosphatase  in th
Sl; of ~ch1cL‘. ~Kind and Macchi (1959) investigated Cehear_ly embryogene-
phatase activity in the tissues of Rapg pipiens emically the phos-

investigated the phosphatase activi 7. Krugelis etal, (195
nic development of Amblysion ;\nY and nucleic actlftis during the engbry?
Lorch (1949) studied the distribc: TeNt temperatures,
\ L stribution of i
;}lllfals'kun (})’f developmg.trout with specia] retf}:ealkalme Phosphat
ine phosphatase activity, Arvy (1955) h nce to calci
phosphatase and lipase aci. 955) has studied the di

i .
1stochemica)

ase in
fication apg
stribution of

ivity in some teleo
sts h v 1
Yy viz. Perca
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fluviatilis, Cyprinus carpio L, Tina wvulgaris Cuv, Trutia fario L,
Trutta iridus Gibb, Anguilla anguilla Turton and Lebistes teticulatus
Peters.

The present paper gives the results of a quantitative study of alka-
line phosphatase activity in the different stages of growth of ovary of
three different fishes viz., Labeo fimbriatus (Bloch), Mystus seenghala
(Sykes) and Boleophthaimus boddaerti (Day).

Material and Methods

The specimens of the two species of fish, Labeo fimbriatus (Bloch),
and Mystus seenghala (Sykes) were collected from the local ponds in the
University campus during different seasons of the year. Specimens of
Boleophthalmus boddaert: (Day) were collected at low tide from the Vel-
lar estuary at Portonovo. '

The ovaries in three clear marked stages of growth, viz., Stage
I (immature,) Stage II (maturing) and Stage III (mature) were taken for
analysis, adopting Bower’s (1954) classification. For the determination of
alkaline phosphatase activity in the ovary the method adopted by Kind
and Macchi (1952) with the modification of Hawk et.al. (1954) was fol-
lowed.  Fresh tissues were removed blotted quickly and weighed accu-
rately. The tissue was homogenised with 10. c.c. of cold double distilled
water, saturated with chloroform and allowed to stand in the refrigerator
for 48 hours. The homogenate was centrifuged and to 1 ml of the
homogenate was added 9 ml of glycerophosphate buffer (pH 9.4) and
incubated for 2 hours at 37°C in an incubator. At the end of 2 hours
the reaction was stopped and the proteins precipitated by adding 2 ml
of 30% cold trichloroacetic acid solution.  Control tubes containing
buffered phosphate and 1 ml of sample were kept without incubation for
the determination of initial phosphate concentration, under identical
conditions.

The deproteinised samples of the experiment and the control were
allowed to remain in the refrigerator for an hour and filtered. From the
filtrate (both incubated and unincubated) samples of known quantity
were taken for the estimation of inorganic phosphate following the pro-
cedure adopted by Fiske and Subbarao (1925) gi.ven in Hawk et.al. (1954).
The colour developed in the reaction was read in a Lumeteron colorime-
ter (Model 401-A) using a 650 / filter. For the standard, a standard solu-
tion was prepared and the inorganic phosphat.e determined as above.
The difference in the phosphate content in _the incubated and unincubat-
ed gives the akaline phosphatase activ.ity in the ovary. The alkaline
phosphatase activity is expressed in micrograms of inorganic phosphate
released per gram weight of wet tissue. For each stage three determina-
tions were made and the mean was taken for comparison.
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Observations and Results
The results are shown below:

Alkaline phosphatage activity expressed in micr

ograms i i
released per gram of tissue. ; of inorganic phosphate

(The result in each stage is the mean of three experimentg

. . N "
within brackets indicate range of variation) mbers
Stage 1 Stage 11 Stage 111 Ratio
Immature Maturing Mature
Labeo fimbriatus (Bloch) 348.3 1245 235.6 1.3
=5 90, 13.5: 0,
(345-350) (1R40-1250) (R25-247) o8
Mystus seenghala (Sykes) 215.6 511.6

| 225.0 1.9.4.
RU-21)  (503-52)  (220-230) o
Boleophthalmus 213.3
. 273, 1500 2250 1:54.
boddaerti (Day) (270-215)  (1500-1500) (220-230) o

The above data show that in cneral the . i
vity in the first and the third stugeig Is not s}:fikdi]ri(z‘illm((iz'ﬁphmphatase actl-
markedly h_lg'her'\'alue in the second stage. In Ltglbye the ot but has a
phatase activity increases 3.5 times in the second st € ne alkalnic

in the third stage to a lower level than in thE agand comes down

rise in the second stage is twice that i ¢ st wage. In Mystus
o md stage > that in the first ystus the
Stage 1s very slightly higher than in the first. S[rftjgg;fesgsl}iglthe third
' mus the

. b A -).»’ times ‘I t; I 1

Discussion

Moog (1944) has shown that in the develo
waves ot formation of alkaline phosphatase ar (j
development of at least most tissues. Moo (1!)141ff
have suggested that  phosphatase  activit 55 connd Kru
metabolism and differentiation i tissuey li e hed
is chserved that there is a marked rise an(:'f lln
acuvity.  The maturing stage of the ovar s e
of synthesis as the alkaline phosphatase 3 Niviey
stage 1n all the three species. The rise aixtcliwftzur:

activity is analogous to th
ment of (:hick.Og at observed by  Moog (1944)

gfelis (1950)
with active
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The study of amino acids in the three stages of the ovary made by
the author has also shown that the second stage of the ovary has a
maximum concentration of amino acids, and the high activity of the
-alkaline phosphatase in this stage of the ovary in the three fishes investi-
.gated may be correlated to an active protéin synthesis.

Summary

1. The alkaline phosphatase activity has been determined in the three
different stages of growth of the ovary of Labeo fimbriatus (Bloch),
Mystus scenghala (Sykes) and Boleophthalmus boddaerti (Day).

2. The phosphatase activity rises to a peak in the maturing stage
{Stage II) and declines in the mature stage (Stage 11I) to about the same
level as or slightly lower level than in the first stage.
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" Introduction

iti : > subclass
The Actinomyxidia, an order of parasitic ProSt?Zfocd Oth(l)Ka:tle;tion
"Cnidosporidia, were discovered angi naﬂmed bfy ar(z)).si'tes e
was focussed on this order of interesting group o inown Lpecies belong.
m the Asiatic countries, The order. bas seventeen PO i
Ing o scven genera of the two families, Tetrac?-lllorll)lylon to the genus
homyxicae Kudo, (1946).  Of these,.elght Spéucst seeci%:s also belongs.
"Tria'ctinomyxon stolc, 1889 (7), to which t_he presen ﬁ e e
Of these eight, six are recorded from the 1’r1test1_nal1 Wawal(l) of & Tumbricid
; the intestina
worms (1, 2, 3, 4, 5, 8), one.from al .
worm and one from the intenstinal wall of a maidid worm(6)

: ‘the taxong i t the fresh-
s taxonomy and biology o .
In the course of a‘study of the ; '
waternOli ochaeta of Cuddapab, lndla,uone worm be.lofngmsg1 to.tt}ﬁe sf:yﬁ;?{
Naididae gPrz‘stina longiseta Ehrenberg, ’wa; foucr;csltslr; rfciirio‘g; e
! - . - “. lx
' - an actinomyxid parasite.. /
323?135 yrsltlser?tf were found yin the gut-wall of the middle segments and FPr;:re
i 14

.absentp from the anterior 10 segments and posterior 5 segments. . 'e)ll
were found protruding into the coelom of the_ segments  as spherica
bodies. The presence of the cysts in the absqrptlve part of 'the‘ mtestilne
~and ti{eir absence in the anterior and posterior segments, indicate t }?t
they derive the nourishment from the intestinal wall and not from the
~<coclomic fluid bathing them. o
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. ’ O. ’~
The cysts contain the s in di
‘ he n Spores in different st
spo(r;p afle dllle free-hvmg stage n the life-histo:}gegf()fth(ievelopr.nem' The-
media for the spread of the parasite into new hosts Ap:sirzslt? and the
. Tipe spore

cyst was not available nearly ri i
‘ . ) € spores wer.
for studying their structure, be spo ¢ liberated from a Spore-cyst

Description of Triactinomyxon Sp,

The spore approaching maturity (Fj i
.1
and rocket-shaped. It consists of Z \(/er%icala) I;;rrct?llouﬂess
having apically three polar capsules and radiatin
transparent flap-like vertical valves at equal angle%

» transparent
-shaped centra] axis.
basally three similar
to one another form.

P

/o,

C

P,: A lateral view o

Fig.: 1 Triactinomyxon g
2000; C. spore-cyst attached os £ the s i
¢ W pore, /2000; B, i
00 the host's 1n apical view of the spore, /

shaped central axis p estina] wall
Cyst, 6, immatuss Sp(?;}eray f the tri-radiae base, 4 ir{t{B;tzisnoa'l lyirarl)lo?; tcl?ps}:lle' 2, barrel-.
) ) € host, 5 spore-
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ing a tri-radiate base (Fig. Ib). with which the sporc stands. The polar
capsules are spherical as their filaments  are not discharged.
Ventral to the capsules the axis contains a compact mass of
greenish sporoplasm undifferentiated into uninucleate sporoplasms.  In
the unripe spore the polar filaments are not discharged and the uninu-
cleate sporoplasms arc not differentiated.

The cyst (Fig-lc) contains cight bodies, the developing spores.
They arc all similar in size and shape in a cyst. The sizes and shapes
are different in different cysts.  The immature spores arc smaller and
nearly spherical in the smaller cysts and larger and ovoid in the larger
cysts. These two conditions of the spores represent younger and older
stages respectively in the development of spores as in T. legeri and
T. naidanum. Early developmental stages of the cysts in the lifc-history

are not seen.

The eight bodies in the cyst are the central axes of the developing
spores, with their basal valves crumpled and packed behind them as
parachutes behind parachuters.  In a liberated spore, the valves un-
crumple and spread out to form a triradiate base to stand on it with
the axis of the spore projected vertically upwards.

Of the several hundreds of worms of other species of fresh-water
oligochactes examined during the study, no other oligochaete was found
infected with this actinomyxid parasite, although another pavasite, T,
naidanumn Naidu was found infecting and specific to another fresh-water
oligochatee, Nais communis punjabensis Stephenson. This parasite also
appears to be specific to Pristina longiseta Ehrenberg.

Dimensions of the unripe spore: —height 60 # diameter at the base
65 ft diameter at the mid-axis 15 # Locality, Cuddapah, Andhra Pradesh,

India. Collected by K. Vanamala Naidu.

Discussion

Eight species have so far been recorded for the genus Triactinomyzon
Stolc, each with a specific shape of the spore and valves, and deﬁmte
number of uninucleate sporoplasms. They are: T. naidanum Naidu,
1956(6), with 12 sporoplasms found in Nais communis punjabensis belong-
ing to the family Naididae; T. ignolum Stolc, (8), with 8 sporoplasms,
T. legeri Mackinnon and Ad?m, (- Wlt%ll 24 sporoplasms, 7; dubium
Granata, (3), with 32 sporoplasms, actually a new name for an un-
named 2pe2i235 of Triactinlomymn described by Leger(4), and T. mrazeki
Mackinnon and Adam, (5), with 50—100 .sporoplasm_s, all the abqve
four speices are recorded from Tubifex tubifex belonging to the family
Tubificidae; T. ohridensis Georgevitch (1), with 8 sporoplasms, found
in a tubificid worm, Tubifex ohridensis; T. magnum Granata, (2),

6

RS
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with 16 sporoplasms found in Limnodrilus udekemianus of the Tubifi-

cidae: and T. petri Georgevitch, (1), with 8 sporoplasms )
unidentified worm belonging to the faznily Lumbrilz‘iclla?g wows from an

The present species with a rocket-shaped spore, with short and
barrelshaped central axis and short and wide valves, differs from all tl(
cight known species. Before Georgevitch, (1), discovered twot ne v
species, T. ohridensis and T. petri, both with 8 sporoplasms in th“f
spore there were only five species known, each with a particular numlflr
of sporoplasms. Now there are three species with 8 sporoplasms gr
such the determination of the species on the basis of sporoplasm n‘umbei
no longer seems to hold good. The present species, in which the sporo-
plasm number could not be seen due to unripe condition of the ~gp re
is evidently a new species as 1t has a distinctive rocket-shaped sporc. El“ohi;
spore-shape is not found in the other eight species. However, pénding

the examination of the ripe spore, the final inati
Cadd determination X
species is deferred. of the present

Remarks

This parasite is rarc as of the numcrous worms of Pristing longiseta
examined only onc contained the spore-cysts. o ¢

Summary

An actionomyxid, Triactinomyzon sp., distinguished from othe
bers of the genus by the rocket-shaped spore with flap-like r mem-
radiating valves is described from the intestinal wall of arIl) Indi vertical
water oligochaete, Pristina longiseta. ndian fresh-

This is the second record of an

actinomyxid in Asia and also in a member ;
M er of the oligoc o
Naididae. gochact family
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Introduction

This paper is a record of observations on the flagellate
genus Pscudotrichonympha Grassi and Foa 1911, Coptotermes heimi Wasm.
and Heterotermes malabaricus Snyder, collected from Dharwar (Bombay).

Material and Technique

The termites are commonly found infesting wood, books, cardboards,
files and paper during the rainy season.

Smears of the termite intestinal contents were made in a weak saline
solution of 0.4% strength on slides without using any albumen adhesive.
Of the various fixatives and stains used, Schaudinn’s fluid followed by
Delafield’s haematoxylin gave the best results.

Distribution

The termites of the genera Coptotermes, Heterotermes, Schedorhino-
termes and Rhinotermes (F. Rhinotermitidae) are known to harbour the
several species of the genus Pseudotrichonympha (Table I).
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Taxonomic Features
Shape and Size. The shape in species of this genus varies from a
heart-shaped appearance to a strikingly pisciform  shape, and the sze
generally ranges from 100-300 microns in length and 50-150 microns in
width.

Campanula. "The body of Pscudotrichonympha is very clearly de-
marcated by a narrow, circletlike line into two uncqual regions: a very
§1null, anterior, bell-like portion called the campanula and posterior to
It a very extensive arca forming the major portion of the body (Karandi-
kar and Vittal, 1954). Grassi (1917) and Koidzumi (1921) while describ-
ing this structurc failed to notice the narrow, circlet-like line demarcat-
ing it from the rest of the body which they called the “bell”. DeMecllo
(1927) described the campanula in P. belar: as a super-imposed structure
possessing a free margin.

Grassi, Koidzumi, DeMello and Karandikar and Vittal noted (wo
types of granular layers, a darker inner and a lighter outer layer in the
ectoplasm of the campanular portion of Pseudotrichonympha.

Rosiral tube. The presence of the rostral tube in  Pseudotri-
chonympha has been clearly indicated in all accounts concerning the
said genus though different workers have used different names for its
designation (Kirby, 1932). It is a tiny, thick-walled, deeply stainable,
dumbecll-shaped tubule occupying a central, vertical position in the cam-
panula of Pscudotrichonympha. 1t is closed posteriorly, so much so the
body endoplasm does not continue into it and is surrounded by a
single, dark layer of ectoplasm which is closely applied to the already
thickened wall of the rostral tube (Karandikar and Vittal, 1954). With
the exception of Grassi who distinguished two layers, all other authors,
have noticed only one layer of ectoplasm surrounding the rostral tube.

Blepharoplast. This is the name used by Franca and later adopted
by Kirby (1932) to the hemisperical granule situated at the anterior end
of the rostral tube in the base of the cap in the genus Trichonymhpha.
In Pseudotrichonympha also such a body is present in an identical posi-
tion to which the name blephavoplast is used in this account because it
suggests a blepharoplast in position and method of division (Kirby, 1932).
This structure has been observed by Grassi, Koidzumi and Karandikar
and Vittal as an enlargement at the anterior end of the rostral tube and
not sharply demarcated from the rostral tube proper. DeMello (1927)
observed the blepharoplast in P. belari as a hollow, hemispherical body
rising above a superior transversal meniscus at the anterior end of the
rostral tube.

The author has carefully examined this structure in P. subapicalis.
The blepharoplast in this species is a hemispherical granule lying on and
separated from the flat surface of the anterior end of the rostral tube.
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Rostral fissure. Grassi (1917) while enumerating the characters of
the Pseudotrichonympha species expresses the belief that the “citartrosi”
(rostral fissure) does exist in Pseudotrichonympha but that it is only very
slightly developed. Koidzumi (1921) does not make any reference to this
seructure in his description of the genus Pseudotrichonympha. DeMello
and Monteiro (1912) while suggesting the entire characterisation of the
order Hypermastigina have reiterated the absence of rostral fissure in
species belonging to the genus Pseudotrichonympha.  Karandikar and
Vittal (1954) in their study of the Pseudotrichonympha spzcies stated that
the rostral fissure is not visible.

The author has re-examined this structure in P. subapicalis from
Coptoterines heim Wasm. The rostral f_lssurc is visible and is only
slightly developed as obscrved by Grassi.  (Text Fig. 1).

Flagella. 'There are three types of flagella which cover the body in
Pseudotrichonympha.  The flagella of the first type arc relatively short
taking their origin from the thick layer of basal granules situated next
to the rostral tube.  The flagella of the second type are the longcst.
Thev arisc in a thick circular band just below the first type of flagella,
their basal granular layer being arranged all round the rostral tube
(Karandikar and Vittal, 1954). Posterior to the circular band of flagella
the flagclla of the third  type arise In 1aeotrop}c rows from the basal
granules situated in the “ribbon-like bands covering the body in a like-
wise direction.  These are a little longer than the flagella of the first
rvpe which extending posterjorly right upto the whole length of the body

loave however, a small glabrous avea at the posterior extremity (Text
Fig. 2.

Endoplasm. The endoplasm in Pseudotrichonympha is distinguish-
ahle inte two zonecs: the broad, “breast-like” anterior fifth portion of
the body being formed of clear, finely dotted endoplasm comparable to
the anterior endoplasmic granules in Trichonympha and the remaining
four-fifths of the body being full of coarse and deeply stainable granules
Grassi, Koidzumi and ~ Karandikar and  Vittal have described theske.
granular layers.

Nucleus. The position of _ the nucleus is variable in Pseudotri-
chonympha. It is usually anterior; sometimes it is found in the middle
third of the body and very rarely much distally.

Parabasal apparatus.  Concerning  this structure Grass;
! ! assi (19
remarked that he has not found in Pseudotrich ) s

i . onympha an
those cords which form the characteristic apparatu p y trace of

. 15 fo :
of the nucleus of Trichonympha. Koidumj (1921) d(fes tl:l(:)t 522)122: S::;r
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Vittal (1954) did not find any trace of the i
d a parabasal cord: a
chonymfha. But what is interesting is that* Kirby (19382)12)15:2%23”;1

Pseudothichonympha fr t A
in Trichonym;;htf om Heterotermes aureus parabasal cords like those

The guthor has observed cords somewhat similar to those observed
by Kirby in the vioinity of the nucleus in P. subapicalis from C. heimi

Wasm. (Text fig. fi R i
ba:al corils.c g. figure 3), which presumably are of the nature of para-

Entozoic organisms. Grassi, Koidumi, DeMello and Kirby have not
found any entozoic organisms in the Pseudotrichonympha species they
studied. But Karandikar and Vittal (1954) found sphaerita-like micro-
organisms in abundance in the endoplasm of the Psedotrichonympha
species from H. malabaricus Snyder and in relatively less numbers in
those from C. heimi Wasm. (Text figs. figures 3 and 4).

Endoplasmic inclusions. The endoplasmic inclusions commonly found
in Pseudotrichonympha are the undigested remains of the fibres of wood
which form the dict of their termite hosts. The debris of wood in
Pseudotrichonympha is not limited to the portion behind the nucleus but
is found cven a little anteriorly leaving free only a limited anterior
sone which takes the form of a “breast”. Apart from the fibres of wood
certain other endoplasmic inclusions have been observed in the body of,

Ps trich , ¢ i : . )
1(;11)(10 richonympha (Dunkerley, 1923. Diagonosis Karandikar and Vittal,

The diagnosis of the genus Pseudotrichonympha in t i
above is given below. b he light of the

Relatively large hypermastigote flagellates presenting a variet
forms from the perfect heart-shaped appearance to a pisciformleg .
body divisible into two unequal regions comprising of a very sm il e
terior, bell-like portion called the campanula and posterior Yto ita , an-
extensive area forming the major portion of the body; rostral t zll)ve?y
the campanular region closed posteriorly, so much so, the body e (;1 e in
does not continue into it;-plepharoplast a hemispherical y r11 Op_la.sm
above a transversal superior’ miniscus at the anterior end g(l;?nglee rt)lsstmgl

ra

tube in the base of the cap; rosttal fissure when visible sli

ed; flagella covering the body of three types which differ frgirlr:lzag}fvstlgp'
er

in their length and location; posterior extremi

length ¢ ! remity usuall :
plasm distinguishable into two zones; position o)f, nucleu}; g;ili)rgls,. ndo
basal cords in the vicinity of the nucleus known: entozoic Org:nise’ para(i
o ‘ : ms an

* Kirby in a letter (dated October 25, 1 S —
, 1 Do

fm‘m I{etcroltcrmves agfézius which I published i?l5 1),9\9,82a y(;(')es I(t)lte sf}lg()lxetgi Pseudotrichonympha

i‘;lchnC;tY. 'est [w_as _11' cqlt to see anything with the technique used pz(lirabasal abparatus

‘h - o present in silver impregnated material I have of other speci and the cords shown

ad silver 7preparatlons of the species from H_ aureus, it is pr 1? bles. Though I have not

either, What seems to be the parabasal bodies in ’lhis probable that they arc not there

parable to those of Holomastigotoides instead of Trichon(;th;,rh n}:‘iterial are numerous com-
- : ] mpha
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endoplasmic inclusions present; 1o sexual forms known; xylophagous;

descirbed species entozoic in termites.

Generitype. P. herlwigi (Havtmann) symbiont of Coplofermes hart-
manni Holmgren, Brazil.
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Introduction

The exhaustive studies of the gonadial cycle of § i

been published so far are of forcigng species. ySomc O?S}Sﬁz ‘fsllé? g?ve
contributions on the testicular cycle are by Turper (1919an .
Craig-Bennett (1931). Van Oordt (1925), Jones (1940), Weise] )lgal‘ld
Matthews (193%) and James (1946) have studied in detaii the hist g 43),
changes in the testes of Xiphophorus helleri, Salmo sqlqr Onc S;;) Bl
nerka, Fundulus heteroclitus, Lepomis macrochirys and }iuy orhynchus
respectively. ()bsprvutions on the sexual cycle in relation to 0 sﬂlmozde‘s
have been made in Fundulus heteroclijus (Matthews 19"3‘)enwr0nn‘lem
(Bullough, 1939, 1940) and Galeichthys  felis (Frederi,k “<)’ Phoginus
have also been noteworthy contributions on the hiStOC]’ 1941). There
cells in Cottus bairdii (Hann, 1927), on the orj in OEgy of the germ
sPermatogene31§ I Betta splendens (Bennington ]9§6) 0 dgerm cells and
tion of gonads in Plecoglossus ativelis after Spawn’ing (Ka;r: o Stlfllfuli?gi%gg;.

L .

Sufficient data on the bionomics and breeding ;
of eponpmic importar}ce are available (J Onese,e(il{l)lllgg higlftg of rIndian ﬁshes
vestigations on the histology of the gonadial Cy’cle’of é{ ,d':1901). But in-
meagre. Gosh and Kar (1952) and Sathyanesan (1958) nh:x ‘slg)oeiiez arce
rked on

the seasonal histological chan ing j
: logl ges occurrin
les fossilis and Cirrhina rebg respectivelyg The € Bonads of Heteropmeus.

histological variations of ti The present study is or
the test Y 1s on the

X . 1s durj
a study is of importance for th ng the sexual ¢ycle. Besides, such

> ‘ ; € accurat inati
the duration of spawning of the Speciese determination of the time and
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Material and Methods

Specimens of Mystus seenghala were collected from the river Ganges
at Banaras, every month for a complete year. "Lhe standard length of
the specimens was recorded. The anterior, middle and prosterior parts
of the testis were scparately fixed in Bouin's picro-formol acetric and
Zenker's fixatives. The total weight of the testis was  determined
before transferring to 70% alcohol.  Scctions  were  cut at f and
6 # thickness and stained in Erlich’s hacmatoxylin, Heidenhain’s iron
haematoxylin and Delafield’s bhacmatoxylin.  Eosin and orange-G werc
used as counter-stains.

The mean weekly temperature of the water was regularly recorded.
The condition factor of the testis for all the twelve months was calculated
by using the formula—

¢ .— (veight of the gonad oo 1951)
Lrx1i0 ¢
Where C is the condition factor and L is the standard length of the fish.

General Morphology of the Testis

The testes of M. seenghala are paired clongated, flattened structures
with lobulated margins, and situated ventro-lateral to the air bladder to

_which they are attached by the mesorchia. Posteriorly the testis on either

side lie close together with their sperm ducts running adjacently in the
median line (Pl 3, Fig. 2) which unite further behind to open into the
common urinogenital papilla along with the urinary bladder. In the
female the genital opening is scparate, the papilla is less-prominent, and
the ureter alonce opens into it. Thesce features distinguish the two sexes in
the adult state.

The testis is covered with a vascular tunica of connective tissue. The
seminiferous tubules anastomose and form a net-work. The term lobule
is also used by workers (Turner, 1919) as synonymous with tubule. The
testis during its seasonal cycle exhibits a period of activation, growth,
maturity, depletion and rest.

The classification of Bennett, cited by James (1916), with little modi-
fication is advantageously used in the present study to describe the gross
morphological changes of the testis.

Stage A: (Resting condition)—The testis is slender and translucent.
This condition prevails from August to December.

Stage B. (Slightly enlarged condition)—During this stage the testis
shows a little enlargement, and bccomes opaque. This stage is noticea-
ble in January and in the early part of February.

Stage C. (Greatly enlarged condition)—The testis is much more en-
larged than before, and tinted dull-white. The duration of this stage is
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very short as i ] o
Y short as at quickly passes into stage D. This condition is f
S ¢ 1s tound in

February.

Stages D and E. (S -

be . : pawning and partly .

(;:11;?128:2?( f?.thesc stages are available &Om Iy\la:%elntt I\C/I()’ndluons)“‘FiShes
o .lc:,smn(‘ and overlapping, these two stages a](_’ ay. Due to thejr
stage 1. (Completely depleted condition),_T‘he ‘zegga-,iidﬂtol%ethfr,

‘ 5 Hesh colour-

cd and much ed i i i
reduced in size. Specimens with i
June and July. “pent tests are found in

Seasonal Histological Changes

Stage A. The testis consists of seminife
conage A | nsists ¢ erous tubules su
conn ;cwuifl ttlﬁzuf.ﬂ”m N,I\.Vs'emghtilla‘ there is no radial septrjggx?dg? tEy
e ,c\-{-i 1}10‘:1‘ “els(el,‘ 1343) and the core of connective ti )
cal and nw(%n]]h«‘\-(y e I 1s wanting. Lhere are no distinet CSS‘“.C
1938). The s c‘r(ﬁ t'()nc».as'hu\c been deseribed in Fundifys (\ihvttl ()IFL
arranged '11()ﬁp that()g}())nll.a are the only germ  cells PI‘CS(‘ntL : dlC“S’
ranged al 1§m e tubular wall.  Often these germ cells totall ag' arc
b Iii,:« 5 T}?j (mfl‘ lhv lll(l.l\'l(]lllll tabule Jooks like o zorz,l lfSplaCC
i'mcrg{itm? (‘cilg ,S\SP.(',I matogonia measwre 1.5 to 154 in di:ﬁnct S
mierstitial ; are secn mh'ctw.ccn contiguous tubules, at ~Cr' he
where e intertubular space is wide. Their cytoplasm j meaeh. places
\valr(ioc;lll:] Is l“ el ]. 1(lc’*ﬁncd. ’ These cells may be casily distinsvln-l.ia.gre and the
The st y shaped and scattered nuclei of the connectiy B e, from the
rh;f f)tfn:}c]t(:";;?f tll:let:]a.st ‘or'pnsrerior part of the test;se is“:;ilflfc ~elemems_
permminganis L arlz 1;g10n. w_c‘ll»'dchncd cavities are prcsenfle?t from
Shermatogomia which characteristic of the anterior tesfig . But the
growth of corincct(i\ve f? are. often seen interconnected and Y ey
growih of necti issue iIs cvident between them. T an excessive

d with small cells with scanty cytoplasm (PL. 3 Fig !;])ese cavities are

(“VidSirl:]igc”\I;&l.hmDm;;ng 1~h15 stage spermatogenesis is
Fig 4 g g) 'de(t:hs mcf seen in the form of ‘nests of 1
G mét{lrationosi\s an individual nest are, more o ]CC usters (P]. 3,
A . iq.dp?ﬂimted out by Matthews (1938), v 55,611 the same
i \seco;mdary ; ;;ef;yt Otgy(ler:tc;;prct the different Zgrmorc(g]&%}f)
D Atoex ce aes : . particular. % the
nucloe? ;G;e 1&1&23? t(; ggr-s mlallm than the primary (P;rh3e ;Scong ary_sper-
due to its irre uly % _I.Ca '?ut the chromatin giQes 2 o5 3 Their
gular distribution. The diameter ofd I?hottled appearance
€ Spermatocytes

ranges from 5 t t !

mu%h smaller, }?a\%:] al;,hc > permatids show more affinigy :

Sperms arc present gThe average diameter of 9 to 9 5 ,3 to stain and are

alfnity for stain (PL. 3 Fiﬂg[)e;;n lzlgad is stained dCCpiy buItnt }few tubules

arrangenient as reported in‘};S;‘ch ( ¢ sperms do not exhibit aen;all lacks
regular

Oordr. 1925). The interstit; Turner, 1919 ,

: : erstitial cells d 19 and Xiphoph

hi: 7 . s do 0

this phase (Pl. 3, Fig. 6). The pOSteri(:ertterg);iSqm any variftio;usdu(xzn
h S 1

preceding stage PL. 3, Fig. 7. s similar to thay of the

In progress. The

JFi
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Plate 3

Catyanesan

PLATE I.

. 1—Photograph showing the spermatogonia comp'ctely replacing the lumina
. X 480

Fig
of the tubules, Siage A
Fig, s—Photograph showing portions of the posterior testis with their sperm
ducts (marked X), Stage A ... X 25
Fig, 3—Photograph showing the cavity ol the posterior  testis with the lining
cells, Absencc of spermatogonia may be noted, Stage A ... X 150
Figz, 4—Photograph showing the testis in an actively dividing phase and the germ
cells are in different stages of maturation, Stage B ... X 480
Fig. 5—Photograph showing  spermatogonia, spermatocytes and sperm,
Stage B .. X 728
Fig, 6—Photograph showing the interstitial cells in between tubules (marked by
arrow), Stage B .. X 760
Fig, 7—Photogra h - showing the cavity of the sterile posterior testis with the
=7 linin(igg ceI;ls Absence of dividing germ cells and the presence of deeply
; Jements may be noted, Stage B ... X gbo

g. 8-—Photograph

staining connective tissue ¢
showing shrunken interstitial cells in between contiguous tubules
... X 640

(marked by arrow), stage D
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Stage C. There is a noticeable reduction in the number of sperma-
togonia and a relative increase in the number of ‘nests’ of actively divid-
ing germ cells and sperm masses. As the sperms are formed, the thin
wall of the ‘nests’ gives way and the sperms arc liberated. When several
such ‘nests” belonging to the same tubule liberate their sperm contents,
the sperm-filled lumen ot the tubule is discernible.  An increase in the
number of interstitial cells as compared with the foregoing stage is obvi-
ous. Somc isolated groups ob these cells are outstandingly large (Pl 4,
Fig. 1) in comparison to others (PL 1, Fig. 2). Matthews (1933) has re-
corded in Fundulus “clusters of peculiar cells”, and he presumed them to
be interstitial cells. He did not locate these cells in the testis fixed either
immediately before or during the spawning scason. The postcrior testis
remains the same without any appreciable change.

Stages D and E. The lumina of the tubules are almost filled with
sperms, and the ‘nests’ of dividing germ cells are much less (Pl 4,
Iig. 5). The spermatogonia arc fewer (Pl 4, Iig. 4) and they are ve-
ferred to in literature as reserve germ cells (Kazuo Suzuki, 1939), resting
germ cells (Weisel, 1943;  Jones, 1940) and dormant germ cells (Hann,
1927). This is reported to be the parent cell for the new gencration of
germ cells (Hann, 1927; Weisel, 1943; Matthews, 1938). The tubular
wall is thin, due to distension, and in some cases communication is esta-
blished between the sperm-illed lumina of the neighbouring tubules.
There is an apparent increase in number of the interstitial cells during
stages G and D. Few groups are prominent by their large size; some
possess cytoplasmic vacuoles (Pl 4, Fig. 3) and some others arc shrunken
and pycnotic (P1. 3, Fig. 8). The cavitics of the posterior testis are dis-
tended with sperm (Pl 4, Fig. 6) and the connective tissue element in
between is comparatively thin. Many of these cavitics are interconnected
and finally they open into the sperm duct which is situated at the inner
margin. The partly spent testes exhibit varying quantities of sperm, sug-
gesting that in this species, the extrusion of milt takes place in instal
ments. The expulsion of sperm is followed by the division of the resting
germ cells.

Stage F. The tubules become more compact but the sperm masses
are always present. The resting germ cells are in active stages of divi-
sion. The persistence of sperm and the actively dividing germ cells
stated above during this phase reminds one of the condition obtained in
stage-B testis. But in stage-F the divisions end with the formation of
spermatogonia which remain dormant throughout the accompanying stage.
These germ cells occupy the wall of the tubule all around, thus progres-
sivelv narrowing down the tubular lumen (P1. 4, Fig. 7). The groups of
large interstitial cells which are scen during the preceding stages could
not be detected. Matthews (1938) has reported the frequent occurrence
of large vaculoes in these cells in the spent testis of Fundulus. 1In the
posterior testis the cavities are almost devoid of sperms and show varying
degrees of contraction (Pl. 4, Fig. 8). In some, along with the clumps
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of relict sperm, a number of their

lining  cells are also seen in the
fumen.

The condition factor readings appear t

testicular cycle. This value exhibits gradu
testis is activated.

o have a correlation with the
al increase in stage-B as the

The maximum is reached during

stages C to E, followed by a decline
during the fall as shown below: —

Months Condition factor Stages tfnrggﬁgfuxaifr"()
January 0.25 B 18.6
Febtuary 0.49 C 20.5
March 0.53 25.0
April 0.45 } D&E 27.3
May 0.40 30.0
June 0.27 } ¥ 23.4
July 0.17 28.8
August 0.037 28.7
September 0.06 | 28.2
October 0.05 ¢ A 274
November 0.06 | 23.1
December 0.07] 19.0

Discussion

The sexes can be distinguished in the adult M. seenghala. The
urinogenital papilla of the male is 1ore prominent than the urinary
papitla of the female. A distinct scparate genital opening is situated
close to the urinary papilla in the female. Mookerjee et of (1940) have
recordedd the presence of papilla only in the male of Macrones gulio.

‘The anterior part of the testis of M. seenghala is fu
posterior part is sterile. In the ‘transitional’ portion be
regions the germ cells are seen towards the periphery {
ties which progressively decrease in number further by
ly disappear in the posterior region. ‘The posterior te
net-work of cavities lined by small cells and
terior testis. It is likely that these cavities r
tubules and the lining cells may be the dege
that this part of testis having abandoncd its germinal potentiality has
assumed the secondary function of serving as conduits for the passage of
milt.  In Polypterus, Kerr (1919) has recorded the posterior testis to be
sterile and made up of net-work of cavities, Jungerson (cited by Kerr
1919) reported homologous condition In many young teleosts. The pre:

nctional and the
tween these two
N varying quanti-
ckwards and fipal-
_ stis is made up of
1S continuous with the ay.
cpresent the lumina of the
nerate germ cells, It appears
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sence of sterile posterior testis in the adult M. seenghala may be the per
sistence of the young teleostean feature.

Craig-Bennett (1931) has corrclated seasonal cycle in the interstitial
cells of the testis with the secondary sexual character in Gasterosteus
acnleatus. This view gains further support from the findings of Courrier
(vide Craig-Bennett, 1931). Champy (1923) and Esscnberg (1923) showed
that therz is no correlation between the secondary sex characters and deve-
Jopment of the interstitial cells (vide Craig-Bennett, 1931). Van Oordt
(1925) obscrved that in Xiphophorus ‘sex hormones are not sccreted by
the interstitial cells at least exclusively”.  Matthews (1938) could not find
evidences to establish the sccretory nature of the interstitial cells.  In M.
seenghala, the interstitial cells arc identifiable throughout the year. They
exhibit a numerical incrcase during stages C an . During these pha-
ses isolated groups of these cells are prominent by their large size. Some
possess cytoplasmic vacuoles and some others are shrunken and pycnotic.
In spite of these apparent quantitative and qualitative variations it is
diflicult to assign any functional corrclation with certainty.

Turner (1919) has recorded a cord of germ cells outside the body of
the testis from which the testis is periodically replenished with germ
cells.  But as reported by Hann (1927) such a migration of germ cells from
outside is not evident in M. seenghala. Division of the resting sperma-
togonia takes place in this species immediately after spawning as in the
case of Cottus bairdii (Hann, 1927) and perch (Turner, 1919). And these
new germ cells remain dormant throughout the resting phase.

In M. seenghala temperaturc might be a factor affecting the growth
and maturity of the gonads as in Gasterosicus  (Craig-Bennett,  1931),
Fundulus (Matthews, 1939) and Galcichthys (Frederick, 1941). Bullough
(1939) observed that in minnows, long daily hours of artificial light in
winter and a temperature of 17°C induced early maturation of the
gonads. Further work by him (1910) showed that “the internal rhythm is
capable of acting in the absence of these external seasonal changes which
may normally reinforce it and render it more precise in its time of
action”. Marshall (1956) states that apart from external influences there
is an inherent tendency towards a reproductive rhythm in fishes which
discharge their generative products in bulk. A large percentage of the
population of M. seenghala breeds during March to May. However, late
spawners are encountered in June, July and in early August. Karam-
chandani and Motwani (1955) reported breeding of Rita rita in river
Ganges from March to August. Khan (1924) found that Rita rita,
Mystus seenghala and Wallago attu breed from June to August in the
Punjab. He observed that the breeding of Pscudeutropius garua com-
mences earlier in March.

The existence of the internal reproductive rhythm is well established
(Marshall 1956 and others). The external environmental factors do have

8
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pa(;vmng In many species. It is pos-
yed onset of favourable environmen-
may be shifted a little one way or

some in[luen.ce on the activation of s
sible depending on the early or dela

tal conditions the breedin i
eriod
other. &P

Summary

In the adult M. seenghala the sexes can be distinguished with
The posterior one-fourth of the testis i ease.

work of cavities, homolo
, gous to the structure descri i
3 3 3 \ - M r

teleosts (Jungersoa, vide Kerr, 1919) which bear scxcnll)tied " e, Young
tion obtaining in Polypterus (Kerr, 1919). ance to the condi

s sterile and is formed of net-

The functional part of the testis duri

) C : n b . .
period of activation, growth, maturity B ion g gy exhibits a

a ot depletion and rest.
e interstitial cells exhibit s
_ The i - L some apparent variati i
pre-spawning and spawning periods, for which it is diff Ut o geng  the
tunctional correlations,  Giffeult to draw my

appears to be an environmental factor influ

_ to May. The
Into account. Temperature
encing spawning.

s in tbe condition factor value and
testis 1s attempted.

A corr;:lation between the variation
the stages in the seasonal cycle of the
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Introduction

The matcrial which forms the basis of the present paper was collected
from birds in two diflerent parts of Uttar Pradesh. A large numbes of
specinens were recovered from the intestine of Ardea purpurea Ling
shot in the environs of Lucknow and three mature '

i and one imma
specimens were collected from the intestine of a red wattled La ture
Lobivaelius imdicus Boddaert, shot down in the environs

sequent cxamination of six 4. purpurea from several placoefs ?2111111(?51 l:;) e
duce any further specimens. On a detailed study it was concluded gg)t
the specimens are new to science; those from Ardea purpurea belongin
to the genus’Parvitacnia Burt, 1940 and those of Lobivanellus i dg' ¢
belonging to the genus Panuwa Burt, 1940, mdncus

pwing,

Parvitaenia purpurea n. sp.

Length of the strobila 4.5-6.6 mm. with 40-60 se
or less tringular; basal portion broader 0.22 mm. X Oglrlge(?;s() n?rcr? li(vmore
diameter at the top (apex) 0.09 mm. Rostellum powerful and heir?\gle
muscular 0.08-0.095 mm. X 0.05 mm. Rostellum bears a double cr. D ot
20 hooks, the large hooks alternating with the smaller hooks O‘It,n o
hooks 0.047-0.052 mm. in length, Smaller hooks 0.027-0.030 mm. i : 1 N
Suckers globular and muscular 0.080.10 mm. in diameter .l\llgcke;l}glct)}rlé

*Part of thesis a roved b th.¥U LT e
degree pPp y the University of Lucknow for the award of the PhD.

June 1959] JOHRI: NEW SPECIES OF CESTODES 61

0.10 mm. X 0.07 mm. Anterior immature segments 10ngq thzm blroad
0.15 mm. X 0.075 mm. Mature and gravid scgments broader than ong,
the former 0.16 mm. X 0.21 mm. :m.d the ‘luttcr 0.20 mm. >< ‘(')...;,i
mm. Genital pores alternate irregularly, situated m a notch-like depression

Text-Fig. 1. A.Scolex of Parvitacnia pur-
purea, B. Rostellar hooks (enlarged)

near about the anterior third of the lateval margin of rtl}c) segments.
Dorsal and ventral longitudinal excretory vessels measure 0.0036 mm. and
0.0062 mm. in diameter respectively with a transversc vgssel in the p‘os.-
terior part of the segment. Cirrus sac (hsunguxslml)lg into Itwo pat ts
proximal globular portion and the dl?tal narrower portion. It mcasurlgi
.15-0.175 mm. in length and 0.06-0.075 mm. in wxﬁlth extending upto the
middle of the segment. Cirrus and ductus cjaculatorius coiled  within

/the cirrus sac. Cirrus sac, a little prior to its cntrance nto the genital

cloaca. is provided with a ring like muscular band (m.b.). Tests 6-9 in

<
f;/—/—//’) Toxt-Fig. 2. Rostcdlar hooks  of known
' % specics of Parvitaenia.f. P. ardeolae Bt

1040, 2 P. cochlearii Coil, 1955, 3. P,
purpurea n. 8p.

~

»

. meter 0.07-0.08 mm. X 0.05-0.06 mm.) situated dorsally to the
2\111;1}? e:n((idﬁnx:lf)st surrounding it except on the poral side and alwazs
limited within the ventral longitudinal excretory vessels.  Ovary (0.28
mm. across the segment) cxtending up to the inner borders of both the
poral and the aporal ventral long}tudxnal excretory vessels at the sides.
Vagina located posterior to the cirrus sac. Receptaculum  seminis large
and elongated and shows two prominent (WIists. Vitelline gland com-
pact, posterior to ovary, 0.06 mm. 1 diameter. Uterus an irregularly
lobed sac partially divided by several incomplete septa. Eggs and onchos-
pheres not fully developed.
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Type locality Lucknow .

I'ype: in the helmmthological collcclion, Universily of Lucknow
Dv.e__x.\('nfs V.o

. cs .3

Textdesg g

Matuye SCgment of Paryitge.
niag purpureg.
Type host: Ardeg burpurea 1iny,
Habitat: Intestine.
Discussion

There are only two species of Parvitgen;, Burt, 194 reported
so far, P. ardeolae Burt, 1940 and p. cochleqri; Coil, 1955 he I1)rese(r?1(t;
form can be easily separated from both species by its rel P

lute size of the cirrus sac, larger

ative ap(d abso-
*ATBer testes ang the

Toxt-Iie, 4, Gravid segment of Paryiige.
nia purpurea.

spiny cirrus (in the case of p, cochlear
of the cirrus, otherwise the cirru
lar hooks show m
form of the guar

canti the spines are Present at the byge
: $ 1S Unarmed). |p addition, the roste]-
arked difference in the curvatur

¢ of the handle and the

Panuwa vale]}; n. sp.

Length of the mature strobila 1924 mm. with 75.8p Segments. Seplay
markedly developed. wider than Jong 017021 mm, X 02703
Rostellum well developcd 0.16-0.18 mm

81 mm,
! . - X 0.07-0.00 mm, Rostel]ur:]
armed with a double row of 16 hooks, the handle of the hook bein
twice as long as the blade with 3 small guard, Large h
mm. alternate with

ooks 0,048. .05
‘ maller hooks 0.035-0.039 mm. Rostellay sac (0.9 o
long extending much beyond the lower

15 .
level of the s om

uckers, Suckers

N/
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unded or oval 0.10-0.196 mm. in diamctel". I,\TCCI,( m
e " starting ahmost behind the scolex.  Fully Ill:llll,l(.
e Ot m X 0850940 mm. Gravid segments 1.15-1.20
N 0'38-?.46 :lmgtrobila margin serrated.  Genital pores alterna.te
e ‘;(rl(i:silc:g:(;nsliéhtly anterior to the middle of the lateral margin
irregularly,

Text-Fig. 5A. Scolex of  Panuwa
valelli n. sqy.

B. Rostellar haoks (enlarged) of
P. valelli.

i a. Cirrus
of the segments opening into a w.ell dcl‘:e(l)oﬁ:(in rien;al()zlgga.so;g;; .
sac slightly anteronlccllilzr]le1165;);1(;10:;160.\.;(“1 poral longitudinal excre-
Cirrus sac extends‘a1 lo’ it.  Vas deferens greatly convoluted. . lTeste‘s
oy vesel and dmsal" 1ctc:1‘ 0.09-0.08 mm.) rounded or oval I_nffm Y pos-
120 I amber (((1)‘ln ry bilobed (onc of the lobes being subdivided mt((])
terior to the (?\my.l \tzd‘l ?osreriol‘ to the coils of the vas deferens an _
small lohulatl(?ns) o‘i?on Ovary 0.30 mm. across. Vagina sholrt1 pois_
slightly por'al N POS‘ (but' never ventral to it) and dorsal to pora .(;ng
Lenor 1o s Sacr sels. Receptaculum seminis larg(? and fusi orn(;
tacinal excretory ‘()6827-(; 038 mm. Vitelline gland posterior (ov 0va6ry an
0-055-0.07 mm: X o;ition measuring 0.025-0.035 mm. x 0.()a~0.0h ml:lh
slightly poral’ in p into 250-300 egg capsules in each segment, eaf wi
Huerus breaking upalnd onchospheres 0.06-0.07 mm. and 0.04?3-0.0;)0 Ill]lm-
; Sm'gle igf. ref[;gegcstively. Embryonic hooks 0.015-0.020 mm. in length.
in diamete

Type host: Lobivanellus indicus Boddaert.
Habitat: Intestine.

] ilibhic. U.P.
Type locality: Pilibhit. | o N
o OI tli)e helminthological collection, University of Lucknow.
Type: In
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Discussion

The genus Panuwa was established by Burt (1940) with P. lobivanelli
as its genotype which is the only species known so far. The present

form shows contrasting differences in the size and shape of the rostellar
hooks, size of the cirrus sac,

: the number of g8 capsules per scgment
and the size of the eggs.

- 3 Text Fig. 6. Mature segmont of P, valelli,

Abbreviatians used
¢.8., cirrus sac; ce., [

N
capsules; p.el., genital
cloaea; g, genital pore; m.b., muscnlar
band; ov., ovary; r,h, rostellar hool; rost.,
restellum; rost, s., rostellar 8AC; 18., recep-
taculum seminis; 8., septum; suck.
t. testis; ws., uterine 8aC; v,
vas deferens; v,ex.y

, sucker;
» vagina; v,
 ventral longitudinal
exeretory vessel, vgl, vitelline gland; VDo
vaginal pore.

n.sp. are described
a 18 distinguished from the
other two known specics of t ' the cirrus sac, stro-
bila, testes and the shape of the Trosteliar hooks, P.

! valelli is separated
from the only one known species by a number of features,

Acknowledgments

I wish to express my grateful ¢

; hanks to Professor M. B. I
kind interest in guiding "the present

.l for his
work.

References
Burt, D, R R 1940 —Some new species of cestodes from Charadriiformes, Ardeiformes and
Pelicauniformes in Ceylon —Ceylon Sci. 22, Pp.1-63
CoiL, W, H, 1955_—1’amx‘{a«nia cochleariy Sp. 1ov_ - (Cestoda: Dije
parasivic in the boat billed ey,

pididac) a new 1a eworm
Cochlearius cochfearius.——l’rocl ) Fingt
22, pp.b6-G8, '

Helm Soc, Washington

Development of Calappa lophos (Herbst) and Matuta
lunaris Forskal (Crustacea: Brachyura)

BY Miss K. G. Raja Baj,

7 i Ve swara University, Tirvupati, India)
(Department of Zoology, Sri Venkateswara University, pati,

(With 32 Text-figures)

CONTENTS PAGE
[ 65

Introduction s - o
Calappa lophos - &
Matuta lunaris e
Obscrvations *
General Considerations . n
Acknowledgment ' n
References

Introduction

In the family Calappidae, there have bcen_ some obscr'vat‘nonst or; E}}::
development of the genus Calappa. but there is so far nl;) df{unu'lbe% e
early development of the genus A!atuta. Smith (18}53()l )u.esc]rgxﬁ) the
megalopa of Calafppa mormorata \\'ltll?u[ a figure. af?onx [ge 2 des
cribed and figured the megalopa of Calappa ﬁi“{llll(?dd l‘(‘)ri:)cd , Shallow
\‘V'l[t‘)”S of Rc:ch and according to her the mega opaﬁ es.cd id by Smith
: hat of C. flammea. She (L. 1914) described and figure "t e megalop
\xfas(‘t‘ ;t ?I)ai;‘(lri which changed to a young cr_ab. By rearing a berrx.ed
(') }( o the laboratory, Aikawa (1937) obtained and described with
{'Cma . “fl first zoea of C. lophos but did not record where and at what
:tiugcihtc:ligvs. hatch. The observations recorded below on C. lophos
sugplcment(’those by Aikawa (1937).

‘ing car e length 93.5 mm. and breadth 50 mm.
i C(l,l(l/),’)(lylopc}fl(zf ftlta VolrI:gthCél IZEZC July g1953 in the offshore waters of the
in berr_Y V}\;{S ‘Vigakhapamam along with -ﬁshes in a fishing ner. Th?
egg‘:salie i(ny’late stages of development, dirty orange shade, spherica
and of diameter 320-330 ¢

4s in berry was caught in a net fvhlle fishing at the
Iawsl(l)fna,iugza}l/ur;;z{;;k;‘;amanz on the 11th jant}ary_ 190}} almti) subseque¥tﬁz
Séveral :)Vigeryous crabs were collected apd reared in tfe a g;a?t)gry_ he
carapace lengths and widths of the berrle(} crabsrvary rom 31- mﬁii n
ph d ‘553-38 mm. in breadth respectively. The late eggs were dar
é;iggt spal?eric';;[ and of diameter 400-4104 whereas the early eggs were

?
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O‘ 4 sI)ll 2T'1C ¢ nd d. n C =< . 1
{ ge S 5 ; . .) .

Observations

Early development of Calappa lophas: The ovigerous crab

Figs. 1-18) was not aggressive. It was always seen wigth 'ts ;ra ®. L

locked in front. When the crab was placed in a basin1 St' C~ clac et

was observed that a large quantity of water was taken i 0 s e 1

in a strcam at the anterior part of the buccal cavern i n and discharged

locked chelae. The crab was then transferred to an ;gfltaroit::] the u;,t'(‘lﬁ
in whic

it was submerged and it was noti
: iced that ther
vertical water current. ¢ was now only a small

On the next day (3-7-33) the heart-b .
TCIllI)runcs were noticed. A)day later (f?‘t;l‘)ofttfgee 1a:v§e 1-;1151(16 the cgg
liberated as prezoca. The prezoea performs VigOI‘O%l% atched and were
abo(lm.cn l?y wl_lich the larva swims. The pre-zoea Shm((l)vements of the
by which it swims. The pre-zoea sheds also its the thie 5 tfl’e abdomen
brane and within 1——3 hours changes over to the earl X}lprc-zocal mer-
carly zoea extends its exopod setae of the maxillipedesy r;t zoca. The
and reaches the late first zoea stage. Many died o ;:’lt in 10 minutes
the last batch of about 50 died three days after hatllhtin(; second day and

9. Prezoea: It is enclosed by a ver i

S : y thin pre-zoeal

the maxillipedes are free and covered over by sléparate membrane and
rancs (Fig. 1). pre-zoeal memb-

The abdomen consists of five segments excludi
- { $ ing th
telson forks are rudimentary and enclosed by flat set(;gse S;iggs(z%.i . E;I)‘he

The eye is sessile.  The first antenna 1is ¢ ics ) .
two rudimentary spine-like processes, one of which be;;r cana bears
(Fig. 3). The mandible is not visible. The coxa, the basi s spinule
dopod of the first maxilla bear 3, 3 and 2 setae res};ectivelamp and the en-
coxa and the basis of the second maxilla are bilobed anyd<blg' 4. The
9-2 setac respectively. The unsegmented endopod bears ear 12 and
the exoped bears 3 rudimentary setae (Fig. 5). 5 a seta whereas

The coxa and the basis of the first maxilli
. . . . o ede 1
The endopod is 1qd15tmct1y five-segmented and It)ippeci1 rwsit?le‘émd of setac.
exopod bears 3 apical setae (Fig. 6). The second maxillipedes?gaca' Tg_e
s as rudi-

mentary as the first maxillipede. Th is indisti
ed and tipped with 2 setaep(Fig. . ¢ endopod is indistinctly 3 Segment-

5. Early first zoea. It has all the i
: § three k .
well developed and the exopod setae not extendlerads QéhCarapaCe Spincs
advanced over that of the previous stage in tha‘t the seecsggomedn Iils
¥ ana the

June 1959] RAJABAl : DEVELOPMENT OF BRACHYURA
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Legends: —Text-figs, 1-18—Calappa lophos (Herbst)

1. Pre Zoca from the cgg,

2" First antenna of the pre-zoea,

Second antenna of the pre-zoea,

First maxilla of the pre-zoea,

Second maxilla of the pre-zoea

First maxiliipede of the pre-zoca,

The endopod of the second maxillipede of the pre-zoea,
Telson of the pre-zoca,

Abdomen of the early first zoea,

Late first zoca,

1. First antenna of the late first zoea,

12, Second antenna ol the late first zoea,

13, Mandible of the late first zoea,

14, First maxilla of the late first zoca,

15, Second maxilla of the late first zoea,

16, First maxillipede of the late first zoea,

17. Endopod of the second maxillipede of the late first zoea,
18" Telson of the late first zoea,

RIS

18

67
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third abdominal segments have a pair of . o
?elc[:)r;dtls Cg"}lentlare much larger [hzll)l‘)iui;h((::e i?o?gcofhvi\;lclllih thase of the
ivd, thie fourdh ; . , segme
i e s:)):illc{\:hq::d ]I\I(]L“h%m abdominal segments have eTar?ecrr;lii' 5 The
e BEL ledomm';l gr,.us(, at the terminpal end.  The lateral s spnes,
and the Tonth chmsé.l?:zlcnthil_i‘e very much smaller than those of :lllmlcis'()t
the pair of lalcralo o e tclsqn has still the rudiment f ertnrd
¢ pul spines on cach side of ¢y ‘ cntary forks but
(Fig. o). ¢ telson are  discernible

o klnds Of ca a[) ( Spi I ]
> ;'plnes. h OSst1
C rost Pt

and the dorsal spincs are :
. | S at an acute ang
spine has 2 denticles on it (Fig. 10) gle 1o the body. The rostral

The second and ¢l i i
sec F 1c third abdomin;
) Lhe s _ 1al segments
knobs.  The third, t ‘th SIS bear cach ai

lateral spines T}" he follth and the fifth abdominal seo o pair of
u -fl ,.}' . ¢ telson forks bear 4 hair in addi(j Fgoients bear
;1 u; spincs already present in the carly first zoeq (; 1rt1‘on t0 a pair of
the forks there are 6 plumose sctace (Fig 18) " cach fork; between
(=} .

The eye is sessile.  The firs :

aesthctqs and 2 unequal spines (;itg‘alitlc)nna Tf}:iis At the
l(;n% spiny process. 'I"hc‘pointcd exopod is slightl le

(L)\‘kt 1(:" s}])my process and has a long stff hair oy ]/}_'; Css lthan 1/3“lcngth
,ﬁrlsra\;g(ylas f(lc;;ullbed the pointed exopod provided Wltl}t: ength (Fig. 19).
st ,(F]_J 013) (‘zyzlzppa lophos.  The mandible 1s rudimaC SPlnule,for the
oo Cé{.d vhereas Aikawa (1937) mentiong teeth e 1k one
surfac f the mdnfhblc. The coxa, the basis and odne chewin
rst maxilla bear 6, 5 and 4 setae (Fig. 14) Th( the endopod of the
the cndqpod of the second maxilla arcobilob‘d ¢ coxa, the hasis and
4-2 and 2-1 setae of which some ¢d and are armed with 5.3

plumose setac (Fig. 15). ¢ plumose.  The exopod  bears 4

apex 2 unequal
second antenng has a

. The coxa of the first maxillipede is gh
l3a51s 15 armed with 2999 setae on its i‘
o-segmented bearing 0-1-0-0-2-4 set om |
ment. ‘The exopod is two seemen
. .- N - ’ g ted a 1 i 1
setae (Fig. 16). The coxa and the exopocril(z)flsh“pped Vith 4 plumose
similar to those of the first maxillipede; e '
endopod is rhree segmented bearing 1-9.
distal segment (Fig. 17). )

ort and devoid of setae. The
The endopod s

Measurements of the late firgt zoea.  Body length

Length from the rostral spi 1lm
spine to the d . m,
Length of the rostral spine orsal spine -+ 1.066 mm,
Length of the dorsal spine e 300m
Length of the lateral spine e 486 u

Length of the abdomen to the tip of the telson fork e 180 m

Length of the telson to the tip of the fork ow
‘ ’ ‘ 300 m
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Colouration: 'The eyes are jet black. The mandiblcs, the first and
the second abdominal segments are of brilliant orange colour.  The
lateral carapace is slightly orange.  Except for this, the lava is colour-
less.

Early Devclopment of Matuta lunaris:  (Text Figs. 19-32).

1. The cggs of M. lunaris hatch among the pleopods in the pre-zoca
stage and are liberated in the same stage. The larvac shed their skin
in about 2 hours. The early first zoca which emerges from the pre-
zoca rcaches the late first zoca stage in about half an hour. The larvae
swim only in the late first zoea unlike in Calappa lophos where the
larvae swim in the pre-zoea stage.

9. Pre-zoea is enclosed by the prezocal membrane (Fig. 19). The
‘ y I 1g
abdomen is not segmented.

The cye is sessile.  The tips of the first and the second antennac are
seen (Fig. 20). The mandible, the first maxilla and the second maxilla

are not visible.

The protopodite of the first maxillipede is not differentiated.  The
endopod 1s not segmented. The exopod is without sctac (Fig. 21). The
second maxillipede is similar to the first maxillipede excepting the exopod
which bears two rudimentary setae.

3. LEarly first zoca. It is almost similar to the late first zoca except
that in the former the setae of the exopod of the first and the second
maxillipedes arc rudimentary and are not extended as in the late first

Z0¢a.

Latc first zoea has only the dorsal and the rostral carapace spines.
The dorsal carapace spinc is normal to the body whercas the rostral
spine which is slightly longer than the dorsal is at an acute angle to the
body. A hair is present on either side of the dorsal spinc (Figs. 23

and 24).

The abdomen consists of five segments excluding the telson.  The
second and the third segments each bears a pair of lateral knobs. The
fourth segment is broad and the postero-lateral corners are lobed and
clasp the anterior border of the fifth segment.  The telson bears §
lateral spines on each side; between the forks there are 6 plumose setae.

The eye is sessile. The first antenna is a conical process with two
long equal aesthetes at the apex and a spine (Fig. 25). The exopod of
the second antenna is less than 1/9th the spiny process (Fig. 26).  The
cutting edge of the mandible bears few teeth (Fig. 20). The
coxa, and the basis of the first maxilla bear 2-4 and 4 setae respéctively.
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The endopod 1s two segmented, the distal segment is long and is tipped
with 3 sctac whercas the proximal segment 1s short and bears a sglpﬂc
seta. - Most of the sctac arve plumose (Fig. 28). The coxa thé h'lsils '1%1(1
the endopod of the second maxilla are armed with 3-3 1:3 and )z sétac
vespectivdly.  The exopod is hordered with plumose ;ctnc (Fig. AQS)). ‘

S =

I YT

20

27 .
28
4——/50’#"'

Legends:-—Plact, Figs, 19-32—-Matuta lunaris (Forskal)

o, Tist and second antenna of the pre-zoca,
Cephalothorax—{rent view of the late first zoca
First antenna of the late first zoca, )
sccond antenna of the late first zoca,

s 10 a3

o
[

27, Mandible of the late first zoca,
28 First maxilla of the late first 7oea,
29 Second maxiita of tse late first zoea,

Abdomen of the late first zoca,

s
10

The coxa of the first maxillipede is short and devoid of setae whereas
the long basis bears on the inner side 2-2-2-2 setae.  The endopod is 5
segmented and is armed with 2-2-1-2-5 sctae from the proximal to the
distal segment. The exopod is tipped with 4 natatory setae (Fig. 30). The
coxa of the second maxillipede is similar to that of the first maxillipede.
The basis bears 1-1-1 setae. The endopod is three segmented bearing
1-1-3 sctae from the proximal to the distal segment. The exopod is
similar to that of the first maxillipede (Fig. 31).
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Mecasurements of the late first zoea:

< Body length . .. 1.216 Ilrlm-
Length from the rostral to the dorsal spine .. 880¢
Length of the rostral spine L. 206 f
.

—

19, Pic-zoea,

1 First maxillipede of the pre-Zoea,

2  Second maxillipede of the pre-zoea,

3 Late first 7oea, )

First maxillipede of the Jate first zoea,
Second maxillipede of the late first zoea,
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Length of the dorsal spinc 250 p

Length of the spiny process of the second antenna o 150
Length of the exopod of the second antenna . 16 p
Length ot the abdomen to the tip of the telson fork ... 750 u

Colouration. "T'he eyes are green. The cephalothorax and the ro-
topodites arce yellowish, A black chromatophore s present in the molzlth
vegion. A large black chromatophore runs from the neighbourhood of
the post carcdiac region to the hrst abdominal segment. Black chromato-

phores with vellow are present in the second to .the fifth segment. The
telson 1s devold of chromatophores. ’

General considerations.  The early devclopment of Matula lunaris ;
described here for the hrst time. Supplemcntary notes such as the st .
at which the larvac hatch, the prezoea and the carly first zoea are sge
aibed tor Calappa lophos. >t 2 es-

The main characters of the late first z0eq of Cal
Matiuta lunaris ave as follows: -—The zoca of (.
kinds of carapace spines, namely the dorsal,
spines, whercas the zoca of M. {unaris has only the dorsal and the rostral
carapace spines.  The exopod of the second antenna of (. lophos i
pointed and bears a stiff hair at about 1/3 its length; it is slightly 1 .
than 1/ the spinv  process.  In M. lunaris the exopod  of theg SZC es;
antenna is knob-like and  slightly less than 1/9th the spiny ro‘?n
‘The third the fourth and the fitth abdominal segments of the };oeae?é
C. lophos bear lateral spines; the telson has a pair of spines and ‘a hair
on cach of its forks. In M. [unaris the fourth abodminal segment is
broad and the postero-iateral corners are lobed and clasp the anterior
border of the fifth segment; telson has 3 lateral spines on each side.

The local Calappids namely Calappa lophos and Mututa lunaris
strengthen Aikawa’s view that the calappid zoea has attained typical
brachyuran form diflering from other zoeae of Oxystomata.

appa lophos and
lophos has all the three
the rostral and the lateral
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A Record of the pearl Oyster Pteria lotorium
(Lamarck) off Tuticorin

BY S. T. SATYAMURTIL

(Superintendent, Government Museum, Madras).

(With 2 Text Figs.)
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Introduction

i e pearl-fishing operations conducted at Tuticorin in March
1958,D : rFl‘rrlegntclfll d};ving expe%t, pl\ir. Dumas, ‘brought up a few pearl oyster
shells of more than average size while diving at 14 fathpms, east ogf the
coast of  Tuticorin. Mr. S. Mahz}devan, Research Assistant, 'Tlitxcorm
Fisheries Biological Station, was kind enough to send me a single large
right valve of one of these shells for my examination and comment.

Description of the Shell

i hell of the ordinar
shell is large, much larger than an average s y
pear;rg\c;stge}f Psrszctaciga vulgaris and is obliquely -elongated dorso-ventrally,

Text-Fig. 1. Right valve of Pteria lotorium
(Lamarck), from Tuticorn (outer view)s
X 2(3.

the shell' being much higher than long. The hinge margin is straight
with a well developed anterior auricle, but the posterior auricle is very

10



slightly developed The
. ¢ front margi

notch bel : argin of the
well dese?(‘)\;);ctllc ?‘%11: I}OOE thcdamerior auricle Sh%Lebezﬁs a decp byssal
) | ngest dorsoventral axi ' acreous layer is
an angle of about 45° to the hi ral axis of the shell is incli §
4 e hinge . shell is inclined
inner surface of the shell 1 ge margin. The n at
. S bord acreous layer
area which 1is 118 ered by a b ) yer on the
coveringlcan l;rve(;ryofe):ltl‘::zls‘t/eh ILE) wards tge vernot;;gi t;l{:lcrkg,ix% IOSEY Elarginal
. > alt that of th of the shell
impression is large and  well i of the pearly layer. T )
blackish brow ; impressed. h yer. The 'addUCtor
The measuren?esgdozstkclzﬁslﬁglsf ‘31 of a fnumber oef g‘l,léflrapspuil;fgce 115 TIOUgh,
(i.e., the obli re as follows: — scaly layers.
e ;?e r?rr ;lqurgaizrilg)t}.x fl’;&!; anterior end of hirl;g: %ﬁ?rgd,‘:fso-vmtral yaxis
cular dotso- -' 5 mm.; Hinge A in to the middle

orso-ventral axis (from centre of %henﬁfég’m??mm'; Perpendi-

rgin to the ventral

margin): 129 mm,; L
iddler 110 mm. ength of shell (from front to hind margin)
in) at its

Taxonomic diagnosis

After careful examination

able literature o i of the specimen
Pteria Scopoli, 1’?7';}1635::? ject, 1 have been ableantg ?efélrld'y of the avail
WL 1L, p. 3) th;: genu:c?rd§ng_ to Jameson, (Proc. Zoozt go the genus
sub-genera, namely, Mar, ar't'tena lt§el£ is split up into th‘ s L_‘mdo";
In the Margaritifera ogu wtifera (Pinctada), Pteria s. st o At
gl approximately at rggrht E;:n;{l; lt(())n%ﬁset t?orso-ventra;l ;ii:ngfliéiﬁi:lma.
ectroma, on the other hand the sh 'mge'line. In Pteria s.st nd
the valves is directed obliquef b iell is oblique (i, the lon » 'and
In Electroma, however, the }innac wards, as in the present sg e
absent. Since the pres’em shell gies I(S;bfihort and the posterior Zec{n}en>.
que and at the same tix;:rel;:s l:

fairly long hinge and a w
hi ell marked i i i
to the Pteria s. str. section of the gem}: sterior auricle, it clearly belongs

As regards its specific identificati

<h . fication, 1 have
e T iyl Renes“Colf n
ey with the s sgn s almost exagtly in shape and siZCgla dlcomca
toila otorium Reeve, 4 named Pieria lotorium Lamarck AN
figured next to P. mac(;,o twcu{a‘ be.mg a synonym for P t""(:amed P
clongated in a beak-like ptera in'which the anterior auricle is ) kel
P. lotorium as a variet Ofp]r)OJecuon, and  some authors eve“markedly
au:iicll)e = blunt and ngt pm.drgézecgopetim,t lbut in P. lotorium the aﬁfgﬁ
and P. lotorium , exactly as in the i y
also agrees with S&(zrlgié‘l:’eref(&re be regarded as a diStif?Crtes: f:dspeamen,
| ave therefore idencified the has separated the two as ditinct species
and it appears to be the f e present specimen as P. lotori ot speaies.
e first vecord of this species from qrr:ldl( Lamrack),
an waters.

The border of the pearly lay .
Recve's description,p arly lyyer has a slight coppery red tinge as stated i
in
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is well to remember, when identifying
Pteria, ctc., are difficult to scpa

pearl oysters.

However, 1t
rate from

‘hat the species of Margaritiferd,
by hard and fast rules owing to t
to the extraordinary amount of in

he absence of well marked
dividual

one another
iagnostic characters and

Text-Fig. 2. Right valve of Pteria lotorium

(Lmnm‘uk), from Tuticorn (inuner view),
X 2/3.
variation. It is probable that there might be extensive beds of this
f Tuticorin. It 1 therefore worth exploring this

species off the coast O

region intencively for further records of this species.

The species of Pinctada so far recorded from the Indian waters are
P. vulgails, P. margarztifem and P. anomioides and those of Pteria most
commonly met with in the Bay of Bengal and Gulf of Manaar arc¢

P. chinensis, P. chemmitzii and P. castanea.
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Introduction

The excavation of the prehistoric sites of Taxilla, which is 22 miles
north of Rawalpindi (West Punjab), now in Western Pakistan, has
brought to light a wealth of historical or semi-historical associations of
an exceptionally circumstantial nature. The city of Taxilla for nearly a
thousand years ranked high amongst the cities of Asia, and its civi-

lization of that time provided a remarkable intermingling of Indian and
Western elements.

The excavation of this prehistoric site has brought to light the re-
mains of three big cities—the Bhir Mound, Sirkap, and Sirsukh, besides
a large number of isolated monuments, mainly Buddhist stupas and
monasteries, scattered over the face of the surrounding country, the oldest
and most conspicuous of them being the imposing Dharmarajika Stupa,

The present report deals with a sm i i
: all collection of animal remaj
;gzgvz;tsg fsrgnl\ the Sirkap site of Taxilla, made during the field seaso';m&
, 11 A. Ghosh (1948) published a report of the sites, particularly
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those of Bhir Mound and Sirkap. The date assigned to the sites is
from mid-first century B.C. to second century A.D. The excavation of
this site was previously carried out by Cunningham (1871), and later on
John Marshal carried on the excavation in 1912, continued it for twenty
vears, and gave a full account of various sites and the structural remains
in his Taxilla report (1951).

The animal remains are mostly fragmentary and fragile. However,
along with the animal remains, some of the long bones such as the
humerus, radius and ulna as well as some of the tarsal bones such as
calcaneum and astragalus, are almost intact. The organic material of the
bones has disappeared to a great extent and they are impregnated with

the inorganic material. Most of the bones consit of fragments only, and
hence are unsuitable for measurements, etc.

The animal remains from Taxilla resemble in general in their
species those of Harappa described by Prashad (1936), those of the Har-
appa 1946 collections recently worked by Nath (unpublished report) and
also those of Mohenjodaro (Sewell and Guha, 1931), Hastinapura (Nath,
1955), Maski (Nath, 1957) and Rupar (Nath, unpublished report). The
find of a single remains of a long-horned humped cattle from Taxilla is
noteworthy since it has not been recorded from any other prehistoric
sites of India so far, except at Harappa (Prashad, 1936).

As in the case of Anau (Duerst, 1904), Mohenjodaro, Harappa,
Hastinapura, Maski and Rupar, there is a large number of bones which

belong to young animals, indicating thereby that the people practised a
full-fledged domestication of these animals.

The foliowing five species are represented in the present collections
from Taxilla (Sirkap): —Equus asinus Linn.; Equus? caballus Linn.; Bos
indicus Linn.; Bos (Bubalus) bubalis Linn.; Sus scrofa cristatus Wagner.

As compared with specimens from Harappa, Mohenjodaro and Hasti-
napura this number is very small which is evidently due to the limited
extent of excavation. In this report each individual bone is marked with
SKR which denotes Sirkap site of Taxilla from which the bone was ex-
cavated, and which in some cases is followed by a Registered Number
depicted on the bone, as given in the Excavation Register of the Archaeo-
logical Survey of India along with the particulars of “find-spot,” i.e., the
locus which denotes the fixed landmarks of the excavted surface; the
stratum denotes the layer of soil from which the find was obtained at a
particular depth from the surface level.
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Systematic Account of the Animal Remains.
Class (MAMMALIA).

Order Perissodactayla.
Famry EqQuipar.
(a) Equus asinus Linn. (PL 6, Figs. 1-3).

AT

(The Domastic Ass).

SKR-3ny  Facial part of a skull (Tables 1 & 2) cousisting of the following : —

Premaxilla with the body (corpus mandibulae) devoid of incisor teeth; maxilla with its

palatine process, and having the maxillary tuberosity; with the and, grd & 4th premolars
and 1st, 2nd & grd molars of both the sides; and with a single canine tooth of the
left side,

It resembles closely the facial part of the skull of an ass, Equus

asinus Linn., obtained from Harappa (Prashad, 1936, p. 28), as well as
a modern specimen of the skull of an ass present in the collection of
the Zoological Survey of India. All the cheek teeth are of “pli-caballin”
(a minute fold near the base of the spur or protocone) which is very
characteristic of the chcek tecth of the horse.

Table 1—Mecasurements (in mm.) of the facial part
of the skull in Equus asinus.

Maximum length of the facial part of skull 261 mm.
Maximum length of the body of Premaxilla 59 mm.
Width of the skull opposite 4th premolar 97 mm.
Height of the skull in front of molar 1 108 mm.
Length of diastema 47 mm.
Maximum length of the right tooth-row 135 mm.

Table 2—Measurements (in mm.) of the upper jaw teeth of Egaus asinus.

9548/ N rnge]a;t Indian
Prasad After skul}]
) ) Prasad
Premolar 2
Length of crown ' 31 — —_ —_
Width of crown 21 — — —_
Length of protocone 6 — — —
Length from posterior margin of
crown to antecrochet. 1 — —_ —_—
Length from posterior margin of
crown to ant. lobe of protocone. ... 15 — — —

-
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Table 2-—(Contd.)
Measurements (in mm.) of the upper jaw teeth of Ayais asinus.
Taxilla ?{?13)/}1)1 1%323)nt Indian
20, "% Harappa  Museum
SKE-394 I;Mt“ ) After skull
rasac Prasad
Premolar 3
Length of crown. 23 — —_ -
Width of crown. 24 — — -
Length of protocone. 10 — — -
Length from posterior margin of
crown to antecrochet. 15 — —_— -
Length from posterior margin of
crown to ant. lobe of protocone. .. 13 —_ — —
Premolar 4 '
Length of crown 22 23 18 22
Width of crown 24 22 21 23
Length of protocone 16 11 9 8
Length from posterior margin to
ant. lobe of protocone. 16 20 13 17
Molar 1
Length of crown. 18 20 13 19
Width of crown. 21 23 20 20
Length of protocone. 8.5 9 7 8
Length from post. margin of crown
to antecrochet, . 15 12 9 10
Length from post. margin of crown
to ant. lobe of protocone. 16 17 12 14
Molar 2
Length of crown. 20 21 16 18
Length of protocone. 8 10 7 7
Width of crown. 21 21 20 20
Length from post. margin of crown
to antecrochet. 13 12 9 10
Length from post, margin of crown ]
to ant. lobe of protocone. 16 16 13 13
Molar 3
Length of crown. 24 19 22 20
Width of crown. 20 17 18 16
Length of protocone. . 11 7 10 7
Length from post. margin of crown
to antecrochet. ‘ 16 12 13 10

(b) Equus? caballus Linn
(The Horse).

. (PL 1, Figs. 4 & 5).
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This single astragalus of an equid resembles very much in shape
and configuration the astragalus of a modern horse, Equus caballus Linn.,
present in the Department, but differs slightly in the texture of its
facets for articulation with calcaneum, as well as in its vusvature of
ridges on its medial aspect. Below are given (Table 3) the measure-
ments of the specimen along with those of a modern horse.

Table 3—Measurements (in mm.) of the astragalus of Eguus Caballus Linn.

® < 08
-] [5) = °¢g
@ o2} o A] G~ = e
= ge = 5'5;:% EpLl sElig °f8s CESg
g 2% 2% Etie [El s3i s2lz
oS ‘Q‘}@@ 'H%r-ltl) _E.qobn w S w & O"q T 3B8
e o} = e} < A g O B0 =t
B £ a5 223y e 05 2= 5B o =] =4 e
% BP% Jo2& S8FE E~o@ oofdE 285
- £% F3zm% A8 £E2 S3E8 344
© 2 GR- .
- e
Taxilla
specimen 69 58 55 4.5 59 57
Modern specimen ,
(in the Dept, of .
Anthropology) 64 53 49 5 63 38

Order Artiodactyla.
Famiiy Bovipag.

(c) Bos indicus Linnaeus (PI. 6, Figs. 6, 7, PL 5, Figs, 1-4)-
(The Zebu or Domestic Humped Cattle of India).

SKR-XXIII-XXIV; stratum  (2) Proximal fragment of left 3rd and 4th metatarsal; right

calganeum; fragment of a rigth calcaneum  with tuber calcis and with distal facet for
cuboid ’ ’

SKR-XXV-XXVI; stratum (2),

Distal fragment of left femur with medial and lateral con-
dyles and the trochlea,

SKR-IX-X; stratum (3) Distal fragment of left humerus with lateral condyle and with
coronoid and olecranon fossa_
SKR-XXI-XXII; stratum (3). Proximal fragment of right grd and 4th metatarsal; 1st phalanx

of right fore-foot; two 1st phatanges of the right fore-foot; 2nd phalanx of the fore-foot
of a young individual

SKR-XII-XII; stratum (4)
lower 3rd molar, ’

SKR-XIL-XIV; stratum (4), Fragment of the frontal bone of the skull,
SKR-XXXII-XXXIV; stratum (5). Left astragalus of an young individual,
SKR-IL-III; stratum (5). A caudal vertebra,

SKR-locus I'-V'; stratum (6), Fragment of right horizontal ramus of mandible, with 2nd
and grd molar teeth; proximal %

ragment of left grd and 4th metacarpal, .

SKR-I'-II'; stratum (7). Right 1st upper molar tooth; snd phalanx of left fore-foot; frag-
ment cf inferior border of left horizontal ramus of mandible,

SKR-XXVIL-XXVIII; stratum (7). Distal fragment of grd and 4th metatarsal
SKR-IU-IIT'; stratum (8), Fragment of a thoracic vertebra with neural arch only, .

Proximal fragment of the right 3rd and 4th metatarsal; right
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SKR.-LIII; stratum (g), Lumber vertebra with body, neural arch, and with anterior and
posterior articular processes,

SKR~3§;5, Left horizontal ramus of mandible without body and with 2nd and g§rd molar
teet

SKR-337; stratum (12); Level 11 6'—0” B D; square LIV—1~—1" x ¢4—3” x6—0” One
incisor tooth,

SKR-387, One incisor tooth,

SKR-445. Complete right radius and ulna,

SKR-471/2, Shaft of right femur without proximal and distal extremities and with supra.
condyloid fossa,

SKR-471/1, Shaft of right tibia withoug proximal and distal extremities,

SKR-471-3, Fragment of the shaft of humerus,

SKR-487. One complete right humerus,

SKR-504, Square XLV—277” x 43" x 59", Right upper ist molar tooth,

SKR-68, Square XXII 12" x 2'77 X 4/; stratum (4), 3rd incisor tooth,

SKR-U-II’; stratum (g), Distal fragment of left humerus of long-horned type,

These remains of the humped cattle are mostly fragmentary. How-
ever, some of the long bones such as the humerus, radius and ulna as well as
a few tarsal bones such as the calcaneum and astragalus, are rather well
preserved and almost intact. Unfortunately, not a single complete skull
is available and it is difficult, therefore, to take measurements for com-
parison with those of other forms. The few teeth available do not show
any special peculiarities and generally resemble those of the recent
domestic humped cattle of India.

The lower jaw (Pl. 5, Fig. 1) is incomplete but resembles in all
respects that of a recent specimen in the Department; its maximum
length is 175 mm., while the combined length of its 2nd and 3rd molar
teeth is 59 mm.

The photograph of a better preserved and couspicuous lumber ver-
tebra is reproduced on PL 5, Fig. 2; its maximum length of the body
is 41 mm., while its maximum breadth anteriorly is 40 mm. and'poste-
riorly 54 mm. The maximum distance between two anterior articular
processes is 72 mm., while that between two posterior articular processes

1s 72 mm.

Of the limb-bones the measurements of the well preserved and intact
specimens of humerus and radius are given in Table 4 and photographs

in PL 5, Figs. 3 and 4.

Table 4—Measurements in millimeters of the long bones of Bos indicus.

Length Proximal Median Distal
diameter  diameter  diameter

Radius-Ulna-SKR-445 Taxilia 309 82 37 79
Humerus-SKR-437 Taxilla 297 94 45 81

1n
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‘The measurements of the long bones resemble closely the smaller
short-hoined variety of Harappa (Prashad, 1936, pp. 38-39), which is also
the form now met with in India. The other remains also rcsemble that
of the smaller short-horned type of the present day. However, amongst
them there is a single solitary find of the humerus of a massive and
large-horned race of the humped cattle.  Below are given (Table 5) for
comparison the measurements of this specimen along with those of the
large-horned race of the humped cattle from Harappa present in the
Department.

Table 5—Measurements of the distal fragment of humerus of the large-horned
race of Bos indicus Linn,

Distal epiphyseal Breadth of the

breadth trochlea
Humerus—
Large-horned race from Site SKR-I-II;
Str. (9) ; Taxilla 102 88
Large-horned race from Cemetery site
H/C, Harappa 103 99

Large-horned race from Site F/VI,
Harappa 124 . 126

It is evident that in dimensions the single distal fragment of the
humerus, referred to above, resembles closely those of the large-horned
race of the humped cattle trom Harappa (Prashad, 1986, pp. 88-30), parti»
cularly the spectmen of a large-horned race from Cemetery Site, H/C
Harappa. The photographs of the specimen excavated at Taxilla are re-
produced, along with the above-mentioned specimen cf a large-horned
humped cattle from Harappa, on Pl 5, Figs. 6 and 7.

Thus, the presence of two distinct forms of humped cattle from the
prehistoric site of Taxilla is quite evident, as at Harappa (Prashad, 1936,
p. 37), viz., (i) the large, massive form probably of the type of long-
horned, humped cattle; and (i) a smaller form with short horns, as at
present in India.

The remains from Taxilla also resemble very closely those of Mohen.
jodaro (Sewell and Guha, 1931, p. 654), Harappa (Prashad. 1936, pp. 32
37), Hastinapura (Nath, 1955, pp. 110-114), Maski (Nath, 1957, pp. 123-
125), and Rupar (Nath, unpublished report).

(d) Bos (Bubalus) bubalis Linnaeus (Pl. 5, Fig. 5),
(The Indian Domestic Buffalo).
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SKR-1-1I; stratum (g), Proximal fragment of the right scapula with glenoid cavity, neek
and without tuber scapulac and blade; fragment of a rib,

SKR-IL-1II; stratum (9), Proximal fragment of the left tibia without proximal cpiphysis
of a young one,

SKR-11-1II; stratum (8), One fragment of a lumbar vertebra with a portion of spinous
process and mammillary process; one fragment of a lumbar vertebra with a portion of
the ncural arch without transverse and spinous processes,

These remains of the domestic buffalo are all fragmentary and are
of no use for exact measurements.  The photograph of a fragment of
scapula is, however, reproduced on Pl 5, Fig. 5; its maximum length is
157 mm,, and the maximum width at the proximal end (Y mm.

The find of a limited number of fragments of bones of Bos
(Bubalus) bubalis Linn. indicates that the inhabitants probably did not
maintain large herds of this form (cf. Bos indicus Linn. above).

The remains of the buffaloes from the prehistoric site of Taxilla
show very close structural resemblance with the skeleton of modern
domestic buffalo in the Department. They are also similar to those of
Mohenjodaro (Sewell and Guha, 1931, p. 659), Harappa (Prashad, 1936,
pp. 43-14), Hastinapura (Nath, 1955, p. 115), Maski (Nath, 1957, p. 126)
and Rupar (Nath, unpublished report).

FaMiLY SUIDAE.
(e) Sus scrofa cristatus Wagner (Pl. 5, Figs. 6 and 7).
(The Indian Domestic Pig).

SKR-H-IT; stratum (5), Fragment of a thoracic rib,

SKR-L-II; stratum (7), Fragment of the superior border of the right horizontal ramus of
the right horizontal ramus of the mandible without tecth,

SKR-IL-ILI; stratum (8), Fragment of the left horizonal ramus of the mandible with 1st
and 2nd molar teeth of an young individual

These remains of the domestic pig are all fragmentary and belong to
young individuals. It is, therefore, difficult to take measurements for
comparison with other forms, but a careful examination of the bones and
teeth refer them without any hesitation to the domestic race of the Indian
pig, Sus scrofa cristatus Wagner.

The photographs of the fragment of a left horizontal ramus of the
mandible, along with one of a right ramus of mandible, are reproduced
on Pl 5, Figs. 6 and 7 respectively. The maximum length of the frag-
ment of the left horizontal ramus of the mandible is 115 mm., while the
maximum length of the fragment of superior border of right ramus of
mandible is 84 mm.

The remains of the pig from Taxilla are also similar to those of
Mohenjodaro (Sewell and Guha, 1931, p. 660), Harappa (Prashad, 1936,
p- 54), Hastinapura (Nath, 1955, p. 118), and Rupar (Nath, unpublished
report).
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Summary

. This paper deals with a small collection of animal remains of the
mid-first century B.C. to the second century A.D., obtained from the
prehistoric site of Taxilla, about 22 miles north of Rawalpindi, in Western
Pakistan. ~ The number of species  represented is 5, as follows: —
Equus asinus Lgnn.; Equus? caballus Linn.; Bos indicus Linn.: Bos
(Bubalus) bubalis Linn.; Sus scrofe cristatus Wagner. These remains are

th ¢ ; . O .
T:i?l](; . the domesticated animals maintained by the inhabitants of
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Introduction

I am very happy to be here today to receive the Sir Dorabji Tata
Medal which the Zoological Society of India has so graciously awarded to
me. I am very thankful to you all and am greatly honoured by this dis-
tinction. I am very grateful for the kind words of appreciation expressed
by the President and for the warm words of encouragement in the Cita-
tion. May I also express my gratitude to the Vice-Chancellor of the
University of Kerala who made it possible for me to be present here today
as a delegate from that University.

The work in consideration of which this award is made (Mathew,
19564, b; 1957) was done by me something like a hobby—outside my
regular work—which is teaching. I, therefore, consider this as a recogni-
tion for the amateur researcher and as an encouragement to the many
others like me, who, having some other task which is the “bread-earner”,
devote their spare time for research because of the love and the joy of
doing it. Only yesterday Dr. A. Lakshmanaswamy Mudaliar in his Pre-
sidential Address at the Inaugural Session of the Indian Science Congress
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gave us a beautiful account of the attitude of a good number of scientific

workers as “‘seeking science for i
§ or it n sake” “see”
g s own sake”. To “see” and “know” are

thcj lllgbest .re\\'ards that the true scientific worker secks and he fi
satisfaction in nothing else. ‘ can find

riends, thanking you all for the kind sentiments expressed and for

vour distinguished presence, T would have liked to stop. But the P
stop. e Pre-

sld(l’l[ Zlnd l SCCret - [z
» the g \ ne l] l 3 lllded us h 1

i .
W 1}.)h tl}c time-honoured custom, the recipient of this award is t k
a brief address on some sali : i | riting. the
; g s salient features in the 1 i iti
: g contribution merit
award, : 3 ay © WOor o
d, and I shall say a few words about some aspects of the embryology

Embryology of Scorpions

. (@) Vwviparity in scorpions
m”V\/:l:'ésa;lzc()fh ssi);‘lp’im')s]klms lieen kn'o\.vn f.rom very carly times. Gene-
o s s Wni[hi}n )t;ie C(rlncggs.’ Viviparity in them is merely reten-
aternal body where development takes

de&e]()plll(]lt 1s t.Vl)l( al, W]lh a g('] m t)a“d

the eggs In the Scorpioninae, however,

are minute and have little yolk. The
the . . yolkless egg, developi
inside t%le maternal body into a fully-formed scorpion, nagglrally shlz)le
ntlﬁny dltferensces from the typical course of development as seen in the
other types. Some of these differences, as n i l

: s, as made clear in m
development of Hterometrus scaber (1948, 1956a), may be Zlfsffziioynsg the

(b) Persisting polar cells in Heteromeltrus scaber
1 The pOL:iI' bodies persist and develop into a group of cells by which
the embryo is attached to the follicle. Since the polar cells are at the
an‘terlor' end of the developing embryo, fixation by them ensures proper
orientation of the embryo. As th i
: . As the embryo is to be fed orally f
' : rom the
21§ta1 61:1(1 of the follicle which forms the feeding mechaniZm correct
r . . . . ’
risl:t:tauon of the embryo is of vital importance. Later, these cells give
ar b(; a membrane surrounding the embryo. This membrane is com
a . - . - ’
p e to the trophamnion of certain viviparous insects; probably they

are developed for the same purpose.
(¢) “Simultaneous gastrulation”

Gastrulation i i i
hero aulllatlllon is peculiar. Sections prepared by me have shown that -
ollow blastula in which, however, there is already an inward
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proliferation of cells .Numerous sections were examined but I have
missed the hollow sphere—so I have ventured to suggest that this
precocious tendency to gastrulation may be called “simullancous gastru-
lation”. The proliferation is rapid and most sections of this stage show
an already well-developed solid gastrula.

(d) Time-factor in development (heterochrony; adaptalion.)

Another interesting feature is the precocity in the development of
certain structures and delay in the development of others. Taking the
development of Euscorpius as typical, we find here marked alterations in
the time and order of appearance of certain structures. For instance, the
very first structure that arises in the gastrula is an enormous stomodaeum
and this is soon followed by the appearance of the rudiments of the
chelicerae.  Strangely enough, these arc the very structures to be formed
very late in the development of Euscorpius. Soon after these, the midgut
also is established; in Euscorpius the midgut develops only very late. On
the other hand. the limb rudiments appear in Euscorpius carly, with the
exception of the chelicerac which arise late. Here the chelicerae appear
very early and the other limbs appear much later.

This displacement (heterochrony) in time of the appearance of cer-
fain structures in ontogeny, however, is not without significance. Follow-
ing the development, one can easily see that thesc displacements in time
are in adaptation to the particular conditions and needs of the develop-
ing embryo. The embryo, as it has no yolk provision, has to be nourished
from the outside. This is done by the development of an claborate
mechanism producing nutrient matter which is fed to the embryo through
the mouth. Naturally, the stomodaeum and midgut have to be developed
early and since the feeding mechanism is held in position by the rudi-
ments of the chelicerae, these too are formed very early.

(e) The feeding mechanism

Perhaps the most interesting feature 1 have described is the feeding
mechanism by which the embryo is nourished to its full growth with
material secreted from the maternal tissucs. The mechanism is a simple
one. When maturation of the egg takes place, a group of follicular cells
lying at the distal end of the diverticulumn proliferates onwards, forming
a finger-shaped process called the appendix. Soon this differentiates into
three regions—a terminal glandular region, a canaliferous middle region
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and a converging proximal region. A little later the proximal part gets
chitinised and is held between the two chelicerae, its terminal opening
being directed to the mouth of the embryo. Examining early living em-

bryos one notices pulsating movements of the midgut as the food is sucked
in. Secreted food material is sucked into the midgut which is seen to
be filled with a yellow nutrient matter very similar to yolk.

Heterometrus, however, is not the only instance of a scorpion with
this type of feeding mechanism. Sometime ago, O. Pflugfelder (1930)
described something similar in Hormurs, and recently M. Vachon (1950)
has demonstrated another in Ischnurus. I have suggested that this curious

type of feeding mechanism may be regarded as a natural “feeding bottle”
with an automatic filling device.

(f) Other interesting aspects

There are many other interesting aspects in the study of scorpion
embryology, scuh as the changes undergone by the diverticulum in shape
and structure accompanying the growth of the embryo, the presence of
the precheliceral and pregenital segments, the origin of the midgut epi-
thelium, and the regeneration of the uterine mucosa after it has broken
down completely during one reproductive cycle. Some of these have been

dealt with in the memoir above cited (Mathew, 1956a.) and others are
still being studied.

Once again, ladies and gentlemen, may I thank you all very much as
I close these few words of mine.
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Vol. VL. Nos. 1 & 2 Rs. ve .
Vol. VII, Nos. 1 & 2 Rs. ’ v
Vol. VITI, Nos. 1 & 2 Rs. » »
Vol. IX, Nos. 1 & 2 Rs. . u
Vol. X, Nos 1 & 2 Rs. ’ .
Vol. XTI, No. 1 Rs. ” v
Bulletin No. 1(1947) Rs. 1.00 "
Bulletin No.2 (1938) Symposium on application of zoological

knowledge to national advancement. Rs. 3.00

Other Publications: Year-Book of the Zoological Society of India
(1956-57 and 1957-58) Rs. 3.00 each, Indian Zoological Memoirs (initiated by the
late Prof. K. N. Bahl) Nos. 6° Pelaemon, 7 Salmacis & 3 Ostrea available.

All communications regarding the above should be addressed to :
THE HONY. TREASURER
ZOOLOGICAL SOCIETY OF INDIA

34, Chittaranjan Avenue, Calcutta-12, India,
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THE WEALTH OF INDIA

A DICTIONARY OI' INDTAN RAW MATERIALS £ INDUSTRI AL, PRODUCTS
Raw Materials, Vol. V (1I-K)

Provides a comprehensive survey of ’ublished iuformation on the
distribution, availability and utilization of the plant,
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mineral
and animal resources of India.
-
No. of entries, 318, Iuchudes ariicles on Helionthys  (Sumdlower Ve Yar . [
{ o), Heveag (Para Rubber),
Hibiscus (Mestay, Holarracaa (Kuwelu), Hordeum (Barley s, Indisofern Cindigo), Ipomueca
" - - Al £
(Sweet Potidoy, fasminum Chwsmone), fuplans (Walin L sl Juniperus Chanipery; Tron T
Wy
Ores awwd Kyanibe s and Fiseers and Yuseer Pests.
Pryy 4 Pages XXVIHT 2 332 4 X1 A phtes & 168 Hlusteations

Price Rs. 30.00 Postage extra

PUBLICATIONS DIRECTORATE, CSIR
O'd Mill Road, New Delhi 1.
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WANTED BACK NUMBERS

the Zoological Society of India, Volume [, No. 1 are

required to complete some ssts.  Second hand copies
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%

% in good condition may be purchased preferably at
¢

¢

%

¢

0

cost

A few copies of the back numbers of the Journal of %

price. Correspondence at the following address

Dr. B. S. CHAUHAN,
Honorary Treasurer,

ZOOLOGICAL SOCIETY OF INDIA
34, Chittaran]an Avenge,
CALCUTTA-IZ
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INDIAN JOURNAL OF ENTOMOLOGY

Published quarterly, contoining original Papers, Reviews, Short MNotes on results of Recent
Research, etc., in all branches of Pure and Applied Entomology.

Annual Subscription per Volume of 4 issues :
Rs. 24 .00 in India : : Rs. 26.00 Foreign

Back number available except in the case of first four volumes.

A few pages will be set apart for °
advertisements at rates available
from the General Secretary, Ento-

g:’\}:’j:ﬁ:l of.ocg;};ogorlﬁd;" Cﬁ}iﬁfﬁ can also be had on sale from the

g tary, N i-12.
Agricultural Rescarch  Iastitute, General Scerctary, New Delhi-12
New Delhi-2 2. )

I'rom such of the subscribers of the general public, as can spare them,
copics of single issues or complete sets of the first four volumes (parts of .
which are out of print) will be purchased by the Society at cost price.

Copics of Memoirs publisbed by
the Entomological Sccicty of India

Please apply to the General Secretary
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CURRENT SCIENCE

(EsTD. 1932)
The Premier Science Monthly of India devoted to the
publication of the latest advances in pure and applied sciences.

Conducted by
THE CURRENT SCIENCE ASSOCIATION

with the editorial co-operation of eminent scizntists in India

ADVERTISENENT CHARGES
INDIA FOREIGN

Full page Rs. 75.00 per insertion  Rs. 100.00
Half page Rs. 45.00 " Rs. 6000
Quarter page Rs. 28.00 ‘ » Rs. 40.00

Further particulars from:—
THE MANAGER
CURRENT SCIENCE ASSOCIATION

HEBBAL P.O., BANGALORE-6.
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X  Annual Subscription: g
E india: Rs. 12.00 Foreign: Rs. 16.00; £ 1-4-0; § 4.00 H
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. Just Published !

) \ Poultry Keeping in India
THE INDIAN ZOOLOGICAL MEMOIRS BY

ON INDIAN ANIMAL TYPES P. M. N. NAIDU

Tt offers reliable, helpful and uptodate information on the namerous
problems involved in Poultry-Keeping.  Recent advances in poultry-
breeding, housing, natrition, disease control, marketing ete. are exhaus-

; . . tively dealt with. Written ina popular style and profusely illustrated
The Zoological Society of India has undertaken in agrecment it will gerve as day-to-day guide to poultry keepers and a reference
with the late Prof. K. N. Bahl, to continue the publication of th work fo students in :L}_‘:l'i(;lllllll‘e andd velerinary  colleges, extension
’ workers and others conneeted with poultry keeping.

(Initiated by the late Prof. K. N. Bahl).

Indian Zoological Memoirs on Indian Animal Types and to reprint
td

neRusnsEE
azaveszus

with the consent of the authors, or publish revised editions of the 293 pp. 21 coloured plates, 192 black & white illnstrations ‘
Memoirs which were edited and published by the late Prof. Bahl or Rs. 19.80 (RS' 22.80)

to bring out new ones. Authors who may have manuscripts to Other Recent Publications

i i AGRICULTURE AND ANIMAL HUSBANDRY IN INDIA
offer or desire assignmeut on new ones inthe Series may kindly

A o 7 A
contact the Society Editor Prof. R. V. Se:haiya or Dr. B. S, By Dr. M. 8 RA\NDH;\?“\

A standard and reference volume on all tmportant. components of
Indian Agriculture providing a comprehensive account of India’s
geological past, physical features, soils, climate, vegetation, irrigation
works, agricultural holdings, crops, farm animals and fisheries.

364 pp., 117 illustrations, 11,7 x 87 (1958). Rs. 15.00 (Rs. 19.00)
STATISTICAL METHODS FOR AGRICULTURAL WORKERS

Chauhan, the Convener of the Indian Zoological Memoirs Com-
mittee of the Society.

Copics of only the following Memoirs in the scries are available
at present, subject to prior sale. The rest are out of stock,

1. No. 6. The Indian River-Prawn, Paluemon by Dr. S.S.
Patwardhan.  Second-Edition-1958. Rs., 500 plus
packing and postage Rs. 1:00

2. No.7. The Indian Sea-Urchin, Salmacis by Prof. R.

Gopala Aiyar. 1938. Rs. 2.50 plus ki
postage Rs. 1.00. F packing and

3. No.3. The Bombay Oyster, Ostrea cucullate by Prof.

P. R. Awati, At
Ro. 1‘00\7‘1“ 193). Rs. 3.00 plus packing and postage

4. No.2. The Shark of the Indian Sea i
' s, Scoliod
Dr. E. M. Thillayambalam, 1958, Rs.col;.osoonpllzl}s’
packing and postage. This Memoir is available from

?’{xejisi;s)- Lucknow Publishing House, Lucknow, U. P,

Terms: On prepayment or by V., P. P,

By V. G. PANSE and P. V. SUKHATME
An important text book on statistical methods and designs of
experiments in relation to agriculture, )
361 pp., 937 x 617 (1958) Rs. 15.00 (Rs. 18.00)
Y THE MANGO
By S.R. GANGOLL KT AL
The first authoritative monograph on India’s most important fruit,
530 pp., 213 colour plates, 65 black aua white illustrations, 73" x 107
(1957) Rs. 40.00 (Rs. 45.00)
AGRICULTURAL RESEARCH IN INDIA-INSTITUTES & ORGANISATIONS
By Dr. M. 8. RANDHAWA
Provides a connected account of all agricultural research institu-
tions and organizations in India,
430 pp., 79 plates. 10" x 83" (1958) Rs. 20.00 (Rs. 25.00)
MECHANICAL CULTIVATION IN INDIA

By D. A. GADKARY

A monograph discussing the scope for the use of mechanical
aids in crop production and provides information on farm machinery
and implements and their maintenance, etc.

148 pp. 10 plates, 10" x 7" (1938) Rs. 7.25 (Rs, 9.25)

Available from:—
THE BUSINESS MANAGER,

Indian Council of Agricultural Research, New Delhi-2.

Particulars may be had from or orders for item Nos. 1-3

Placed with

The Hony. Treasurer,

Zoological Society of India,

34, Chittaranjan Avenue, Calcutta-12
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§ ~TLaefHOLOGICAL SOCIETY OF INDIA

(ESTABLISHED : 1948)
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Registered under the Socicties Registration Act XXI of 1860 é
é Membership subscripticn Rs. 1000 per year.
g Admission fee Rs. 500.
Publishing the Indian Journal of Helininth
i olo
Started 1948: published bi-annually: & §
g Vol. 9, Nos. 1 &2 (1986) came out recently,
Journal despatched to members in good standing only
§ Copics of Dr. G. S. Thapar 60th Birthday Commr. Vol. also available now. s
g All remittances and correspondence to be addressed to: §
DR. BB S CHAUHAN,
§ Hony. Treasurer cum Secretary g
HELMINTHOLOGICAL SOCIETY OF INDIA, (4
§ 34, Chittaranjan Avenue (Zoological Survey of India), Calcutta-12 §
L4 §

Chief Editor: DR. G. S, THAPAR
14, Mahatma Gandhi Road, Dilkhusha, Lucknow (india)
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Members of the Zoological Society of India are
requested to send (heir membership subscription of
Society for the year 1959-60 and arrears, if any, to
the Hony. Treasurer at an carly date.
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= The Journal of the Socieiy as and when published, ]
| is mailed only to members in good standing. l
! Orders for publications of the Zoological Society 'y

& of India, the Indian Journal of Helminthology, reprints
| of a few papers of the Indian Helminthologist, the }
% |ate Dr. G.D. Bhalerao, Prof. G. 5. Thapar 60th Birthday |
% Commer. Vol. etc. could also now be placed with [
.!. Dr. B. S Chauhan, Hony. Treasurer, Zoclogical Society
| of India, 34, Chittaranjan Avenue, Culcutta-12 (India) )
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A Leading Journal of Zoology L
‘W Published Bi-Annually

SUBSCRIPTION \

v Inland: Foreign:
i illings per Volume t
Rupees Twelve per Yolume One Poun‘d .ane S.h ing p. |
ﬁ Rupees Six: Single Copy Twelve Shillings Six Pence: Single Copy
Space for ad vertisements cyailable: for rates contact Business Manager. L
'{ Copies of advertisements and papers for publications should be adlressed to: ﬂ’
1 The Honorary General Secretary, L

' THE ZOOLOGICAL SOCIETY

35 BALI_YGUNGE CIRCULAR ROAD

CALCUTTA -19 (|nc|ia)
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First All-India Congress of Zoology-19%0 !

(Sponsored by the ZOOLOGICAL SOCIETY OF INDIA)

Under the auspices of the University of Jabalpur, Jabalpur (M.P.):
October 24-29. 1959

Hony. Patron of the Society
Shri JAWAHARLAL NEHRU. Prime Minister of India
Houy..Patrons of the Congress
Shri H. V. PATASKAR, Governor, Madhya Pradesh

Prof. HUMAYUN KABIR, Minister of Scientific Research & Cultural
Affairs, 'ndia

Dr. MONOMOH AN DAS, Deputy Minister for Scientific Research &
Cultural Affair., india

Dr. S. D. SHARMA, Education Minister, Madhya Prad sh

Membership : Rs, 10.00: no extra membership  subseription for the

members of the Zoological Sociely of India in good
standing.
Papers :  Maximum 3,000 words : to be
August 15, 1959,
Maximum 200 words: to be submitted in triplicate,
hefore July 31, 1959,
Reorientation of teaching of Zoology in India,
9. Marine Zoology and Fisheries in the Indian Oceun.
3. Evolutionary Studies in India,
Papers  for Symposia :  Maximum 1,000 words; to be gubmitted
before Aungust 15, 1959.
Abstracts of 1, 2, 3,

v Ayt

submitted  hefore

Abstracts :

Symposia on: 1,

Maximum 200  words ;

before July 31, 1959.

Display of original discoveries, zoological exhibits of
educational and scientific interest in pure and applied
zoology, chemicals, instruments, apparatug, hooks and

other zoological publications, ete. in Kuglish and
Indian languages.

to  be submitted
Exhibition :

Particulars may be had from the xhibition Secretary.
Offices:
Dr. B. 8. Chauhau,
Ganapati, Wallair,
Prof. N, B. Singh Thakur, Head of the
Department of zoology, Mahakoshal Maha-
vidyalaya, Jabalpur (M.P.) C.R.
Prof. G. W. Vaidya, Veterinary  College,
o Jabalpar (M. D) C. R,
Ezhibition Secretary : Dr. A. Ghosh, Histology Lohoratory, Depart-
ment of Zoology, University College of

Science, 35, Ballygunge Circular Road,
Calcutta, 19,

Particulars may be had from :

Dr. B. S. Chauhan,

General Secrctary, First All.Ind; C
34, Chittaranjan Avenue, (Cjo. éoaoloonsre" e o

gical Survey of Indic
CALCUTTA-12. (India ). Y of India)

General Secretaries : Caleutta: Dr. P. N
Local Secretaries :
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