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Tetraphyllidean Larvae in the Marine Copepod,
Fucalanus pseudattenuatus Sewell, from the Madras
Coast

BY (MRS.) SITA ANANTARAMAN and S. KRISHNASWAMY,
(University Zoology Laborctory, Madras 5).

The life-history of Tetraphyllidean Cestodes, which are parasitic
exclusively in Elasmobranchs, is not yet fully known. Their plerocer-
coid larvae have, however, been discovered in marine invertebrates
(Wardale & McLeod, 1952). tlyman (1951) lisis the intermediate hosts as
copepods, ctenophores, molluses, marine fish and various other animals.
The extensive literature on the plerocercoids of tetraphyllidean and
trypancrhynchan cestodes occurring in marine invertebrates has been
reviewed by Dollfus (1923, 1929, 1931). The present study relates to
the occurrence of such larvae in the marine pelagic copepod, Ewcalanus
nseudattennatus Sewell, encountered on the Madras Coast.

Five infected copepods of this species were collected from the
Madras inshore plankton on 13th February, 1957. These infected forms
appeared pinkish in colour. Each specimen harboured approximately
300 larvae, packed mainly within the body-cavity and distributed inside
the appendages (Photomicr. 1). The parasites were released by gentle

Illustrations
Photomicrograph 1. A specimien of Lucala- Photomicrograph 2. A ecollection  of Letra-
nus pseudattenualus filled with Tetraphyi- phvllidean arvac released from the body-
lidean larvac. cavity of F. pscudattenuatus.

pressure of the cover-slip and were found to be actively moving. The
shape of the larvae varied from a triangular to a circular one as a
result of contractile movements (Photomicr. 2).
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Most larvae were within a thin-walled cyst, 0.090
which is easily ruptured. The larva attains a1
0.080 x 0.034 mm., and is distinguishable into an anterior sy k
region and a posterior body filled with six to nine, large refr(.: ered
granules. There are four prominent suckers, each 0.03 x, 002mgem
arranged in a transverse row immediately behingd the terminal m ) r}r:m
chus or special adhesive organ, 0.02 mm., in diameter (Fig. 1) v

X 0.073 mm.,
a4 maximum size of

Fig 1 Camon ludida dhawings i ihe Faraplallid Lavae within and withou

s H . . the -
e Apical adhesive organ mvsorhivichasyy: o0 v, RIS

rg-oaehingenm granne, suek
: cr,

Fhere was considerable evidence of ‘parasitic ¢

' . astration’ of ¢t
In that the ovaries of the infected femules were degenerate i .

the ohservations of Krishnaswamy (1950) and Sewell (1951)
ot other infections in copepods. "

host,
the cage

Larval forms of cestodes appear to have heen reported
;.)ods.earlier by Apstein (1911) and Wundsch (1912). g
1d'ent1ﬁed some of the larvae deseribed by Apstein (1911. Tebps (197)
of the cestode genus Iehthyosporidium.  She also conas' oy stages
others of Apstein’s material, described separately by Wfldered 4 few
as Ifater stages of the same parasite. The epibionts an(llndSCh f1912),
marine copepods of the Arabian Sea wer A Parasites of

: . € monographed by ¢

In which no cestodes were included, but only protozoansy :r?(‘;ve“ (1.951)’

trematodes.  An adult female of FE. psendattenuatyy was foung ftler;llurid
0 be the

from cope.
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host only of a dinoflagellate protozoan, Syndininm sp. Nematode, Tre-
mutode, and Cestode parasites from Calanus finmarchicus were described
by Marshall & Orr (1955), of which the cestode larvae were further
distinguished as cyclophyllidean and tetraphyllidean.

There are two reports of Tetraphyllidean larvae from marine in-
vertebrates of the Madras Coast, already. Krishnaswamy (1950) des-
cribed ‘larval helminths’, of which Type A from a female copepod,
(ndinule culgaris, is identifiable as a Tetraphyllidean larva. In des-
cribing metacercariae of an Accacoeliid from the body-cavity of the
chaetognath, Sagitta inflota, Dollfus, Anantaraman & Nair (1954) drew
attention to the presence of Tetraphyllidean larvae attached to one of
the metacercariae.

Since these plerocercoids are harboured by various kinds of plank-
tonic organisms, it is probable that they grow into adults in the Selachii,
having passed through two intermediate hosts, namely, an invertebrate
and a fish.
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Contributions to the Cytology of Indian Anura
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Three Species of Rana (Ranidae)
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Introduction
The great majority of the cytological studies On Anura relate opjy
to the number and morpholagy of the chro :

mosomes wheregqy «
on the spermatogenesis have been few. The carlier studies gy

of Janssens and Willems (1909, Champy (1923), Stohler (1928) and
Witschi (1924), and the recent studies are Saey et al., (1936)( ’
Bifo areiariom, Wickbom (1945, 1949) on a few European species '(”;
Bole Gowda (1948) on Uperodon systoma. Relatively very little i« l';l ‘mf
so far regarding the spermatcgenesis of the Indiap SI;e(inS nt'AA\ 0\‘\'11
The present study is on the spermatogenesis of Rang he.rudn('fyla { n‘l‘u(L
I cyanophlyetis  Schneider and R, tigring Dauq, e num} ‘&"5%0",
mea1 phology ¢f the chromosomes of these forms have alreaq }\)el and
cribed by me elsewhere (1958¢). a4y Leen des.

All the meiotic stages were studieq Mostly in Fey
carmine squashes supplemented by sectior

el and acety,.
violet and Feulgen.

18 staived in Iron ajum Crystal
» Lryste

Observationg
1. Rawna heradactyla

I division: At the beginning of the Prophase of mejgy

lar blocks of chromatin seen in the resting nuclej grady SIS th
selves into regular threads of unitorm thickness
the nucleus as shown in Fig. 1. The ends of thes’e
attracted and crowded towards one pole of the p

e irregy.
'all_v resolve them-
\'[‘,}E“Ch seem to fi]) up

reads appear tg he
ucleys, )
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The chromosomal threads, as can be made out {rom the ﬁguvl'e,
are s=lender, long and thin. No nucleolus is seen. A side-by-side unfon
of the thin leptotene threads during zygotene results in the format‘mn
of bivalents (Fig. 2.), A more or less complete pairing and also polarisa-

Tost bes. 1 1o Leptotene, Zvgotene and
Pachviene ~stages i Rana Liexadactyla 1esson.
Diawings N\ ca o0

tion of the threads to form a bouquet may also be noted. The ‘granular
nature of the threads at this stage is well seen in Feul‘gen—stamed pre-
parations. The paired pachytene threads appear much thlcker. and shorter
than hefore. As shown in TFig. 3. the outlines of the bivalents are
coarse and the polarisation is completely lost.

At diplotene, the chiasmata are seen well formed (Photom.icr(?-
»raph 1) and from the time of their appeur,‘qnce thgy seem to be distri-
buted more towards the terminal regions of the 1)1.\'3191‘1ts. The number
of bivalents is thirteen, of which five are larger in s1‘7,e than the re;st.
Not more than three chiasmata could be seen in any bivalent, two bemﬁg
most common. Consequently, the calculated cbias‘ma freqt}ency at this
stage is 2.03 (vide Table I) and the terminalisation cofficient value of
0.66 at this stage clearly indicates that more than half the number of
chiasmata are terminal as indicated earlier.



6 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [Vol. (0. No. 1

During diakinesis, there occurs a full
in the staining capacity of the hivalents
bivalents become well condensed ang short angd deep-
smooth outlines. They also take up a more
beneath the nuclear membrane. The chiasm
1.99 and the terminalisation coefficient is 0.98 which
that almost all the chiasmata are terminalised at this stage.
carly diakinesis, interlocking is a common feature (photo
hetween the bivaients, but durine late diakinesis all the
free from one another. The larger bivalents usually
whereas the smaller ones appear solid.

condensation and an incyr

: staining  with
peripheral position,

The disappearance of the nuclear membrane and the arrang

. . . ement
of the chromosomes in the equatorial region of the cell mark the

. . meta-
phase stage. The hivalents have attained the maximum degree of yy.
cleination and stain deepest, appearing simple and  dumb-he)) shaped

"

Text figs. 4w 11, q-

I melaphase bivalents of R,
from Fculgen squash. 5. 1 mctaphase bivalents of R.
from an  acetocarmine squash. 6. 1, metaphase  bivalenty
acctocarmine squash. 7. I mctaphase polar view in R,

//r',\‘u([acl)'Ia——camcr;l ‘el -
Yanophlyetis—camers 1]:(1((.::{: ((lllrfl“:l,"'
of R. tigring drawy, fromd“mg
c : . hexadartyla. g I metaphage o
view in R. cyanophlyetis . 11 metaphase chromosomes of R hcxa(l('xczy[ ‘1 S¢ polar
drawing 10, {1 wetaphase  chronosomes of R, eyanoplivetis  Qrawy from ;ﬁa;?el.:' lucida
1. I metaphase  chyomosomes of R, tigrina—camera lucida drawine n ““' gen squash,
squashi. X ca 4000. > oM acetocarming

. ease
. By late diakinesis all the

_ Jjust
a frequency at thig stage ig

denoteg distinetly
During
micrograph 2)
hivalents aye
Abbear ving-shape
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Plate 1

5

Photomicrographs. 1, Diplotene stage in R.mm hexadactyla.

2. Diakinctic stage-~inter focking of the bivalents c:ould »he

well seen—acetocarmine :«quash 4. l-}iva]ents duru}g (hp-)

lotene in R. cyanophiyctis—acetocarmine squash_4,D.1pi<.)tc‘l.1.L

stage in R. tigrina—acetocay mu'\c scquash, 5. Diakinesis
Feulgen squash X ca 4ovo.
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(Fig.4). In a polar view (Fig. 7) it may be very well seen that there
are thirteen bivalents with five big and eight small elements, and
the tormer are more towards the periphery while the latter occupy the
central area. The anaphase and telophase immediately follow and take
a normal course.

11 division: After the telophase of the I-division the nucleus does
not seem to enter into an interphase but enters immediately on the second
division. The second division metaphase is shown in Fig. 9. Thirteen
chromosomes could be made out clearly and five of them are larger in
size. All the chromosomes appear 'V'-shaped with equal arms.

Further stages in spermatogenesis were not investigated.

2. Rana cyanophlyctis

The leptotene chromosomes when fully formed, are very granular,
thin and tangled threads. Gradually the ends of these come to be
attracted towards one pole of the nuclens. The polarisation of the
threads is complete at zygotene with a typical bouquet formation. The
polarisation is lost, however, during pachytene.

The chiasmata are seen fully formed at diplotene (Photomicrograph 3).
The number of chiasmata is mostly two per bivalent and their distribu-
tion is mostly restricted to the distal ends of the bivalents. The chiasma
frequency at this stage is 2.01. Of the thirteen bivalents, which are
casily made out at this stage, five are big and the rest are small. As
in the previous case, the terminalisation of the chiasmata is marked
and rapid between dipotene and diakinesis. The chiasma frequency at
diakinesis is 1.98 and the terminalisation coefficient value of 0.98 at this
stage indicates that the terminalisation is almost complete. All the
larger bivalents show enclosed space in the middle and the smaller ele-
ment- are dumb-bell shaped.

The bivalents at metaphase are much condensed and short (Fig, 5).
In a polar view (Fig. 8), the five larger elements may be seen surround-
ing the eight smaller ores in the centre.

The second division follows immediately. At metaphase, represent-
ed in Fig. 10 there are thirteen *V’-shaped metacentric chromosomes of
which five are large and eight are small.

3. Rane tigrina

The nolarisation of the chromosomal threads which could be dis-
cerned at leptotene, becomes marked at zygotene when the chromosomes
begin to pair. The paired threads are slowly condensed and the polarisa-
tion is also slowly lost. At the end of the pachytene the two com-
ponents of each bivalent begin to separate from each other.
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The diplotene stages give distinct pictures of iv .
thus t'_a\'ourable for an exact analysis ()If the i;ufq):rrtsenbé;i?ts ‘and are
erbut19n. Even from the time of their appearance Athe ch"q fnd dis-
secn distributed towards the terminal vegions (Photomicro ,‘rldS}rlnata are
aumber of chiasmata is one per arm pair or two per bi\"%l alt) 1) The
case thf‘ number of chiusmata is never morve than thi‘ee in( fn . ] ‘I.n any
T'he chiasma frequency is 2.03 (vide Table D). Almost ‘J]n}th)l\alent‘,
have 3 or 4 of the bivalents interlocked and the iﬂtef-l ‘k‘e.nuclel
secn at early diakinesis, is always proximal (Photomicmgl-f\);h]]}”j;)’ pest

7 A' marked and rapid terminalisation of the chiasmata sety :

late diplotene with the result that even at eaprlv diakinesi?e.ﬁ M during
fents appear ring-shaped. The chinsma t'requ.eiicv at thkigb 11 thg hiva-
u'n(i the terminalisation coefficient value of 0.99 iﬁlplie% thtS e y 1:98’
tiorc of the chiasmata ir almost complete. T At terminalisa.

. At metaphase all the bivalents appear dumb-bell gh
I'hey are thirteen in nuinber, of which five are bhigy
ot ers, )

‘ apgzd (Fig. ¢).
€r In size than the

The second division follows immediately. At Mmetaphase (fy
. 3 11 . LT N } 3
all the th.u‘reen chromosomes appear *§ -shaped with more or le g, 11
arms.  Five chromosomes are big and eight are small, 5 equal

Discussion

_ In the present investigation, the course of meiotic divig
been studied in three species of frogs viz., Rana heradactylq I;es >
cyanophlyctis Schneider and L. tigrina Daud. 1t has bheen obse:(')n’ I‘L
all the cases that the leptotene threads are fermed first ang )ol\ e-('l‘m
la'ter. The same condition has been reported by many aut}l] fllb‘ed
King (1907), Witschi (1921), Saez et al, (1936) and Bole w(}owd' O ke
But Seshachar (1910) and Carrick (1934) have reported a l‘e])togl L348)
quet in the species which they studied. A typical houquet W.er‘le hou-
ever, seen to occur during zygotene, in all the forms includegb" how-
p‘resent investigation. Several other authors have made similgy bm the
tlo_n (Witehi, 1924; Walker, 1925; Stohler, 1928; Saey et 10 By
Wickbom, 1945. Sato (1934) observed that there is no polaai.’isll??(;:

ation

lons has

and bouquet formation at any stages of meiosis i Trituryy Thig
the only instance of the absence of polarisation and bouquet. .f(nmli' >
‘mation

recorded so far among Amphibia.

The calcuated chiasma frequencies at different stag
related data for the three species included in the prese
are summarised in Table I. From this it can be see
all the forms the chiasma frequency is more or less un
with no marked variations. The number of chiasm
per arm-pair or two per bivalent in all the three speci

€s, as also othey
nt 1nvestigation,
N clearly that in
iform throughout

ata averages one
es.
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So far, Wickbom (1945, 1949) alone has studied the diplotene stages
i the different European species of Anura. He has stated that the
number ef chiasmata which is seen to rise rapidly to two per hivalent
in the shorter arms, remains the same in the !arger ones also irrespec-
tive of their arm-lengths, and as such there exists no correlation between
the arm-length of the chromosomes and the number of chiasmata in
Anura, in general. The present investigation, where also the number
of chiasmata has been found to be the same in both the larger and
smaller bivalents, leads us to the same (snclusion.

Wickbom (1949) has further stated that in Bombina alone, among
Anura, there is a correlation between arm length and the number of
chiasmata, and the condition in Alytes presenting a very low correlation
is midway between that of Bombina and other Anura. He says that the
condition in Bombina may be due to the time-limit hetween pairing and
division of the chromosomes being not restricted.

In all the forms studied by me, it has been found that the chias-
mata are seen only towards the terminal vegions of the chromosomes
from the very time of their appearance. It thus appears that they are
localised. The distal localisation of the chiasmata has been reported by
Wickbom (1945) in various species of Dipnoi, Urodela and Anura. By
studying the effects of temperature on chiasma frequency and by a
study of heterochromatic parts of the chromosomes after cold treat-
ment, Wickbom (1945) concluded that the chiasmata are not distributed
at random but are localised distally in the species of Anura which

he studied.

White (1954) is of opinion that the localisation of chiasmata must
be intimately connected only with alternation of heterochromatic and
suchromatic segments in the chromosomes. Callan and Montalenti
(1947) have also shown that the lengths of the heterochromatic parts
largely determine the mean distance between the centromere and
the chiasma. A considcration of the occurrence of the heterochromatic
parts in the chromosomes of Amphibia (Wickbom, 1945; Callan, 1942),
which have been shown to be unusually long and lie in the main centri-
cally where the chiasmata are not developed, leads us to the conclusion
that the chiasmata are distally localised in Anura.

A marked terminalisation of the chiasmata is characteristic of all
the species of Anura now studied. The terminalisation coefficient values
of 0.98 — 0.99 at diakinesis show clearly that almost all the chiasmata

are terminalised at this stage.

Marked and complete terminalisation of the chiasmata has pre-
viously been noted in Anura by Wickbom (1945) and Bole Gowda (1948).
The former has stated that the degree of terminalisation is very high
hetween diplotene and diakinesis but it is very slight between diakinesis
and metaphase. The present investigation also shows that terminalisa-
tion is almost complete between diplotene and diakinesis.

2
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. Another interesting and constant feature in di
;)r}tell'loctkin% of .bii;yalents in all the three species.
bivalents at meiotic prophase has previou i
(1906) in Salemandra and by Wick%om (ISS}ZS?eiinlr?:rsx;r:;gc?g Szhrelner
a.nd Urodela. Wickbom has further stated that due to the dis‘fafl Arlx}lra
tion of the chiasmata all the cases of interlocking were proxi vl 1t
must be noted here that some authors like Witschj (1924)p Sleal. ¢
(1936) and Bole Gowda (1948) have not reported any suc’h j:czu::er?lé

of interlocking of bivalents during meiosis in a
' n
have examined. y of the forms they

plotene nuclei is the
The interlocking of

At diakinesis and also at metaphase, many a .
one or two large ‘V’-shaped or ring-shaped tetlyadsuti}rllofrsar}i‘::: desc-rlbed.
Bufo and Rana (Iriki, ‘30, ‘32; Makino, ‘32; Witschi, ‘33- gp:cxe§ Ot.
Asana and Mahabale, 'dl, etc.). Most of the authors, cons,ide: (()1’ t1§14,
these ‘odd chromosomes’, as they called them, are connected e'th at
determination. According to the earlier views held by Witschv'vl 5
'33), Iriki (1929, ‘30 and ‘32), Sato (1934, ‘36 and ‘39) anq B 1}1(1924'
al, (1936), the males in Anura were considered to possess aus nell et_
chromosomes  with differential behaviour and appearance I\);?zl-l,; ot
claimed it to be a XY pair but Iriki and Sato considereq it t;) be ; S;;})l(l
pair. ~ Witschi’s claims received no confirmation either from St ht
(1928) or from Wickbom (1945). The opinion of the Japanese au;)h o
was also found to be incorrect by Galgano (1933) and Wickbom (19(2115S
‘49). Wickbom has stated conclusively after a more thorough ang 't',
cal study that ‘in Anura and Urodela nothing has been brought to iflrhlt
which even suggests the occurrence of morphologically or behavionf 'l
recognisable hetero-chromosomes in either sex.” Matthey (1949 ‘51) }: y
also endorsed the same idea by stating that among Amphibia ‘,sex hetas
rozygosis does not find any morphological expression.’ Although g t(?—
cally it has been shown by Humphrey (1942) and Ponse (1949) t}i;etn i
Amphibia heterozygosity exists either in the male or in the fema;1 er»
the case may be, we see now that this genetical heterozygosit fiai
not show any cytologically demonstrable expression. ¥ does

. It has been reported elsewhere (Natarajan, 1958 a, b, ¢) that in th
d)ﬁ'erept species of Rana, Bufo and Rhacophorus studied, no unequal )a'e'
or pairs seem to occur among the metaphase chromosomes dui‘inur
:s()matlc, spermatogonial and oogonial divisions. In the present inve t"g
ga’gqn also, not even a single case of heteropycnosis or absenceS 1;‘
pairing and chiasma formation is to be seen. Obviously we are led 2
the conclusion that cytologically recognisable sex chr’omosomee ar()
absent in all the species included in the present study. This lends SL?) Jori
to the views of Matthey and Wickbom mentioned above. .
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Summary

1. The Spermatogenesis of three species, viz., (1) Rana hexadactyla
Lesson, (ii) Rana cyanophlyctis Schneider, and (iii) Rana tigrina Daud
has been studied.

2. The meiotic divisions in all the three species follow a normal
course. .

3. The leptotene threads in all the forms are formed first and are
polarised later.

4. A marked and complete polarisation characterises the zygotene
stage. A typical bouquet and the pairing of the threads could be well
seen.

5. At diplotene, the calculated chiasma frequency is low in all the
three speeies varying from 2.01 to 2.03. The chiasmata, occurring
only towards the terminal regions even from the beginning seem to be
distally localised.

6. The chiasmata show a very high degree of terminalisation in
all the forms and the terminalisation is more marked between diplotene
and diakinesis. Terminalisation coefficient values, calculated for each
species at diakinesis, vary from 0.98 to 0.99 which is highly indicative
of the fact that in all the species almost all the chiasmata are termina-
lised at diakinesis.

7 Interlocking of bivalents, a common feature at diplotene and
early diakinesis, is always of the proximal type in all the cases.

8. The metaphase bivalents are simple and dumb-bell shaped in
all the species. No differential behaviour of any bivalent in any form

is noted.

9. Neither heteropycnosis nor absence of chiasma formation could
be observed in any of the species studied.  These findings, along with
the previous observations on other Anuran species support the view that
sex chromosomes are not recognisable cytologically in the different

species studied.
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Introduction

The genus Armandic is one of the three genera of subfamily Poly-
cpnthalminae belonging to the Family Opheliidae (Hempelmann, 1927)
and includes four known species A, polyophthalma, A. cirrosa, A. lanceo-
lata and A. leptocirris. Of these the last two species occur in restricted
localities in the Indo-Pacific region and have bheen collected from the
Indian Ocean in the Persian Gulf, Gulf of Mannar, around the Andaman
Islands and the Mergui Archipelago (Fauvel, 1932). Our knowledge
regarding the anatomy of Opheliids is largely due to the early workers
like Quatrefages (1850), Kiikenthal (1887) and others, who have dealt
with certain aspects in the anatomy of species of Polyophthalmus and
Ophelia. Among the more recent papers Brown’s account (1938) on the
anatomy of Ophelia cluthensis and a similar study on Thoracophelia
meceronate by MceConnaughy and Fox (1949) are quite exhaustive.
The larval development and metamorphosis in Ophelia bicornis by Wilson
(1948 a and b) and that of Thoracophelia. mucronate by Dales (1952),
being perhaps the only detailed studies on the subject, provide several

* Present Address-’ Central Marine Fisheries Research Station, Mandapam Camp,
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points of considerable interest as nothing was known untij
ing the development and settling of these larvae. Tebble's review (19

of the genus Ophelia together with descriptions of some new ,( _5?3)
indicatex scope for turther study ot the tamily as a whole, While wbpiues
thus some knowledge of the European forms, little information is‘e; ave
able on the Indian species.  The present account deals with thL ?"V(“).-
liar Indian Genus, Armundic and is intended mainly to suppleme t&ml_
knowledge of the anatomy of the fascinating groul; of 1)()1yéh%§en, o
Ophelidae. and bring out the comparison between Armandia '(1I4d > -thP
species of the family. and other

then regard-

This work was carried out between 1944 and 1946 at the U
Zoological Laboratory, Madras, during the tenure of 3 research schol
ship trom the Madras University, and formed part of the M.Sc\ thea'r-
but has since been brought up-to-date.  This investigation w.as CSIS’
ducted under the guidance of Prof. R. Gepala Aiyar and it gives (r):ll_
great pleasure to thank him for his help and criticism.  The authoe-
is also grateful to Dr. N. K. Panikkar for his constant encouragemeni;
and to Shri R. V. Nair for making some of the illustrationg ang also in
arranging for the publication of this paper.

Methods

The material was collected on the sandy intertidal area op the
western side of Krusadal Island in the Gulf of Mannar, These worms
are capable of swift darting movement and easily disappear by burrow-.
ing themselves into the loose sand.  The easiest method of collection wag
to dig out as quickly as possible a quantity of sand at a depth of aboui
a few inches and lift it out of water over a basin when most of the
worms wriggle out and fall into if.

niversity

Some observations made on the living worms under the binoculay
microscope were useful particularly in studying the course of blood cir-
culation in the main vessels. Careful dissections were also made to study
the disposition of the various internal organs.

Specimens were kept in clean sea water and in about 12 hours the
gut was free of sand particles for sectioning the material. Heiden-
hain’s Susa was found to be a satisfactory general fixative ang especially
useful for the musculature and the nervous system. Bouin’s fluig and
Bouin--Duboscq were useful in studying the alimentary canal and the
associated glands. Staining was done mostly with Heidenhain’s iron
haematoxylin and counterstained with eosin. Mallory’s aniline b}
ccllagen stain and Hoyer’s thionin were employed for the glandma'r 1ue
ments and the blood system. ele-

External Features

The size of the species varies approximately from 25

length and in the adult the average width of the worm rto 20 mm. in

anges from 2
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mm. in its broadest region. There does not seem to be any
:nce in size or other external characters between the sexes. In
al appearance, the shape of the body roughly resembles that of
ioxus but is more round in cross section. The segments are not
»d off by annulations, the whole body being smooth throughout
.1, 2 and 3). In the present collection all the specimens possess-
to 36 setigerous segments. However, Fauvel (1932) mentions that
nens from Krusadai examined by him showed 36 to 38 segments
those collected from Andamans had 33 or sometimes only 31
rs.  Thus the species seems to show variation in the number of
rs.

n freshly caught specimens the body has a light pink colour. The
e is iridescent and is somewhat transparent. The species is dioe-
and most of the specimens caught in February and March were
lly mature  Mature females could be distinguished from the males
ie presence of ova seen through the transparent body wall as small
led structure floating in the coelomic fluid while the males appear
white or slightly pinkish.

Che dorsal aspect of the animal is highly arched whereas on the
al side there is a prominent mid-ventral groove starting behind

'
H
T ey

nouth (Fig. 3) and reaching up to the posterior end of the animal.
ddition there are two ventro-lateral grooves (Figs. 1 and 2) one on
side throughout the entire length of the body beginning from the

segment giving the animal a characteristic appearance ip cross
on with two longitudinal ventrolateral folds. The parapodia arise

3
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’ dorsal margin of the ventro-latera] folds.
gl(i):r}? glveo bundles of capillary setag. . The
bundle are longer and the dorsal cirri are g
SBranchia are simple structures and oceu
éegment up to the last one. Thesle arlts
of the parapodium as simple tubular s
annulations. Beginning from about the
10 to 12 pairs of what have been calleq
the middle of each secment.

They are small, each
setae of the notopodial
bsent (Figs., 44 and b)
r from the second setigerous
e from the notopodial regions
ructures with close transverse
seventh setigeroyg Segment are
lateral eye spots occurring in

The anterior pointed region imrpedu_\teiy in f
the prostomium or thet snout  which is conica
sensitive to touch.  This is a ve!(‘iy mlllsc.u(;ar
to burrow in the sand. On thg orsz; si
seen two or three small brgwn 'plgmfelih S
which represent the cephalic eves o e

ront of the mouth is
1l in shape angd highly
organ aiding the animal
e of the brostomium can he

pots underneath the body wali
animal,

The posterior end of the body after the region of the setigerous
segments is prolonged into a long anal funnel

bordered by 11 papillae
d also a median jointed anal cirrus usually much longer than tpe
and a :
papillae.

P ot visible from outside in spite of the transl}lcent
Nep?légéab?)gif rivall; the nephridiopores are also not prominent.

nature o ‘idia may, however, be seen if th.e animal i§ slightly pressed

Lhe nephnv aslid:es’and viewed under a binocular microscope.  They

e een '&?Zmall greenish brown funnel-shapeq structureg inside the

appear ¢

véllntro-lateral folds from the 12th segment.

Internal Anatomy
o :  The cuticle

Body wall and musuul_ature.
“thicker t%an on the reslt' O}tltt}::i g)(zs}li’o?g“zu’a‘é?:u

. ‘) jr
examined bsﬁnzzﬂgf-tgge 1(z:ros,s-hatched straiations op the surface.
:)y' the hpriuticle is a single layer of hypodermal ce'lls which do n
lying the d o ;»valls- The nucleus is round with g darkly
well define Tﬁ hypodermis is thicker in the region of the p
i\}:‘degl:;{omitlriy measuring about 15 micra, and thinper in
‘the p body where it is oniy 10 micra high. Among the ordin
of_ the 0‘\3; rmis are certain unicellular glands having an eplap
"ot the hY"°t§imn‘g a nucleus and a narrow neck (Fig. 5).
pertion con erous in the anterior region. The contents of
'(“tr?emfi)r:ri:x?xr\?'ll' appearance and stain intensely dark with ir
dave a gy oL

of the snout is relatively
res about 5 micry, When
appears irid.escent, caused

ot show
staining
ead and
the rest
ary cellg
ged basa]
ese glandg
these cellg

on haemg.
. ' lands secrete the mucoid substance which
( Probabhly these gl:
E)Tf‘)’;mi.n keeping the surface of the hody smooth for easy burrowing
e o
into the sand.

The ¢ircular muscle is precept as a ve
anterior portion of the snout and s consider
lin the middle and posterior regions of t

ry thin laver
ably reduced oy
he hody.

only in the
tven abgent
These - circulay
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. feid
i 1 les make it a rigi
1 the snout along with the longitudinal musc
1uscles on _ along
:)Irgan adapted for burrowing.

roughout the entire
<Ay | developed throug t In
i inal muscles are wel . are absent.
’f}hef!;)gé_,lt&l)(j;‘? gxcept in the anal ftmnel Xﬁelqes tzeycontinuous “heet
length of 't ¢ itudinal muscles occur as a distinct
. ami the lougituding ot divided into four r
the prostomium ain they e to ther side
. oo t the brain | ‘ lies on ei
while at th(?fltcﬁt;:: t(‘)le dorsal pair is mw‘gel angheeac\l;‘entl‘;ll bundles are
hundles. se wie @ of the bocy.
. «al arched portion mtro-lateral folds.
Ojl tth'e ?m?r‘xlll'l"lgzshmdlthev occupy the ventro-ia
reatively smasier < ‘

ful that they
. ; are so well developed »and power nat ey
e (M'!kjuefr)rll'u:}ieschggliwteristic contoui;’\(;xilst h;la}z:(;((ilyds(f:e together,
are responsible f¢ seles occur in blocks or ha | ool aneoves
sections.  These -mubgiii‘Jzz; the 1nid\'enﬁr§1' and }:/enct(t)’gléﬁz apﬁarently
the fibres stretchlnﬁ 176ntal partition d1v1d.1ngw t et e e et
it thrce chambe ‘Or :I‘be dorsal more Shac o pil}r two smalier spaces
onitucin Chambers‘ nd t'he alimentary canal and‘c l1e longitudinal mus-
longitudinal mtzcolel;;ml folds enclose the ventra
inside the ventro-

cle bundles.

i ' i transitional
yresent a serles of mteres'tm'g' o
s Obltik?uediﬁr:;iféezrenlem of thehfar(rililflfi.rentlnfrj(’)z:lwzzsl'\zgse in other
e thin Ty mue of a few
Slhei gre thin and Pz(l)ll”ze o;)]i?ttha‘zjrzg:s these ml{scles ti-l;(f (l:;):épzie(? the. sidos
polychaetes. In bl'JuelV between the m¥dven n;uSdes ore rTelatively
fibres stretching o I(Iln “Armandic the oblique e e i the fon
of the body wall. - and their enormous deyel()})r:)leg The next stage
shorter and stouter Tongiﬁlldinal grooves oi. the_ 0 v):fh h the obline
mation of the t.h'ree is seen in Ophelia in the midventral line
in the trapsﬂaon ide apart in front, meet in he midventra. line
muscles, which are Vtvh» nerve cord and _bass llp‘:;ai rone in_ Ammotry.
posteriorly, push up ti‘lvf“rther modification is un Eobtwo Hivisione, the
a white she.et. A Sblique muscies seem to sphttﬁ;\ O romed body wal
pane in which tY_le gone passes straight acrossb cbntaining the ventral
unver much qulﬁe d separates the ventral lo lc o extends from the
f}lﬁm side to 31dei :nwl;iist a short bu_t powerfule: to the body wall at
longitudin?él ?g?c&é ventral longitudinal musc
opposite edg

its inner border.

' e
i F protractor muscles .a’ctached totthihlenr}l)gtesglf'fiﬁe
There i3 2 balr Oixpretractor muscle is attached ord > ’1‘?1 2 of the
of each setal st atfal body wall near the ne;vihgoseéae. _
el andle:h:o;:ther control the movement o
gsets of muscles

is lied with
i tary canal is supp :
; i art of the alimen TR
The everSI{J le :&%ﬁgg %etween the ventral body wa
S ac
retractor muscle
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of the pharyrx (Fig. 6, r.pr; r.ph).

fibres are attached to the laterai wall of
and proceed to the body wall on either
The oral aperture is guarded by a ring of musecle fibres (Fig

or.m.) forming a sphincter by the working of which the mou
or closed.

:A series of powerful muscle
the proboscis and the pharynyx,

side (Figs. 9, 10 and 12, r.ph).
S. 6 and 10,
th is opened

T RS

TR

The ciliated nuchal organs which are also eve
well develcped retractor muscles.  These consist of
bundles of which one is most prominent and s lar
retracting the everted nuchal organs (Fig. 9, » yue). One end of this
muscle is attached to the base of the organ and the oth 8

rsible have g set of
about four Separate
gely responsible for

. . . er is anch,
the ventral body-wall on el_ther side of the median line, The Orgghl(;
three sets of fibres stretching between the two nuchal organg prevent
their undue eversion,

Coelome: The body cavity is spacious ang for the great
. Ay er
it is a continuous chamber undivided by septa €xcept in the anteg?rt
region where there are three septa at the ends of Segments 2, 3 anqg Zr
In a longitudinal section of the anterior region of t ’ )

s he animal tphe
are seen like thin vertical partitions of the coelomic cavity roi%(?ert)}t]a
alimentary tract (Fig. 6, se 1, 2 and 3). The septa show e

tion, unlike what 1is seen in certain other Opheliids. nfnmgdlhﬁcﬁ_
cluthensis Brown (1938) has observed that the *epta which are onlp :za
and confined to the anterior region form a sort of conical Caecumy wo
jecting backwards to the oesophagus, one septum being msid I)E'}?_
other.  Similar modified structures have been noticed in othep 0 hel" e
and on different occasions they have been described gag a respi etnds
vesicle, a salivary gland, a fleshy heart, g digging organ, ang anp ot
funnel.  However, Meyer (1882) has deseribed the septa in pe’;ertlle
thalmus pictus as normal structures. The Dresence of the Oly.OZ)h-
modified septa thus seems to be rather a special feature of &ecu larly
Ophelia. e genus

Although it was described earlier that t

he oblique m
enormous development tend to divide the o d s

cles b ;
Oelome intO t y thelr

hree regions,
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these three sections communicate with each other by spaces blet\\fe(zn t}}i
lnllgCle bands. The coelomic fluid therefore flows freely In %ains
various regions of the body cavity. 1t i.s almost colourless ind cx(-)(?lative
corpuscles which may be distinguished into two types .by t eu“ five
QiuE and inclusions (Fig. 7 a and b). Bpth are §9L$dtgfs$il& c:ns.‘11 e
majori these measure about 10 micra in diame
gfsgslé:f)t,oglfasm. The other type which are t'ewer in nur{]ber arelbllght}g
larger with an average diameter of 15t mlcga.b ; t’flseg’reggﬁg ez)sfmt “1]0
: : ) haracterise
ular and the cells are oitgn ¢ : _

i)r"air:lhree small spherical incluslons_of light yellowish brown colour and
which stain deep with borax carmine.

is si the ventral side of the
¥ w canal: The mouth is SItuated‘ on ‘ :
dntm"?(l)lrm::;;i(gnyin(}lmediately in front of the origin of the median ventral
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groove. In the living animal the 10 or \ :

ly protruded and retracted. Each of tﬁgsglgll'atlertti(‘é;ei s ermittent-
tudinal rows of cilia seen in a transverse section (Fi : eiS] ha§ tWo' longi.
below these ciliarv rows and beneath the hvpodermisg.ar ,tm)' Sltpated
nal bundles of muscle fibres. When the ten‘tacles aré )ret o longitudi.
work vigorously in all the tentacles to produce g currlen(; I‘U_ded the cilia
the mouth. There is also a small proboscis which is hut o saiter near
p}\shl}lg of the roof of the mouth as can he seen in a 1o 3risac1.11a1- out-
tion in figcure 6 (pr). In the everted condition this mr:)ilt}l(-hm}l Sec-
SO very prominent as in most other Opheliids where it h%us 18 hot
cribed as a button-shaped structure projecting from tﬁ €8 been des.
wall of the proboscis is made up of a layer of epitheliue m(_)uth. The
gland cells. [t iz also provided with a covering of m 1m Without any
ing it elastic. Uscle fibres render.

The mouth leads to a muscular pharynx. A transvey
through the pharyngeal region (Fig. 12) shows that th oy Section
posed of three regions which could be differentiated byet}‘ivau S com.
the cells lining it. The floor of the pharynx is composed of Ie nature of
cells and consequently this region is very thin. Lateral] t(})lw cuboidal
columnar and in sections appear as a darkly staining ZOHZ F(‘a cells are
gl). The cells show & glandular structure with a roung b( 5 13, ph.
and the cell contents are granular especially near the dista] o Jucleus
cells which stain deep blue with iron haematoxylin. Ph;ll‘ ends of the
have been observed in Polyophthalmus pictus in which tgn o2l glands
oceur in clusters and open into the pharynx by small ductse Bland cells
tion of these glands in Armandia is not known. The dorswi hThe junc-
pharyngeal wall is thrown into a number of folds and ig cor;1 lf o the
of ciliated cells with clear cytoplasmic contents. posed Mostly

The pharynx is continued as the oesophagus.
body-segment a pair of lateral pouches are formed as g r
enlargement or outpushing of the oesophageal wall, he esult of the
equally prominent in all the specimens and when present ggr Ay Dot be
receptacle in temporarily retaining food particles before ghe ;e only as a
on to the stomach. The cells of the oesophageal epitheliumy °Te bassed
and possess a centrally situated nucleus. are ciliateq

At about the 3yq

The anterior end of the stomach following
complicated folds in the stomachal wall ang 15 sggpzli?;)t?hag
Beyond this region the stomach enlarges and has a thick Vely narpoy
of two or three layers of large cells (Fig. 14, st). Thes Wall compogeq
some yellowish substance and seem to be comparable to the cells contain
ous cells described in Arenicola by Ashworth (1904) ¢ chloragogen-

Us showg
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The stomach leads to the intenstine at about the 8th segment with-
out any constriction at the transition. A pair of digestive glands open
directly into the anterior region of the intestine. Each gland is a
conspicuous tubular structure measuring 1.2 - 2.0 mm. placed on either
side of the intestine (Fig. 15 in gl.) and extending over two segments
with their blind ends directed anteriorly. Transverse sections of the
gland in relation to the alimentary canal at successive stages are shown
in figure 16 a, b and ¢. where the opening of the glands on the ventral

side of the intestine may be seen. The gland cells contain large granu-
les most of which stain deeply with iron haematoxylin or acid fuchsin
and are acidophilic while the others stain with aniline blue (Fig. 17).
Posterior to these glands is another more or less similar pair of glands
opening into the intestine but these are disposed more ventrally. The
two glands (Fig. 18, . gl.) are seen in sections to lie closely pressed
against euch other on the ventral side of the intestine. KEach has a
structure, the blind end of which is also directed anteriorly,

tubular
Immen and a thick wall aften in a <eriec of hawallsl

vitlh o oontral
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folds. The lumen of each gland communicates wi .

; with t i
means of a narrow opening on the ventral side (Fig. hleg Igte,ft;n% by
The cells are large and contain a number of secretory granule Pl
the first pair of glands and these granules also do not, show muchS da}?felrn

w005

ence in their staining properties. Thege lan

ble to these described in Polyophthalinus iictz(ci.: :Sr ‘
(Meyer, 1882) on account of their close s
§tructure. Brown (1938) does not descri
intestinal glands in Ophelia cluthensis.

probably compara-
pictus .“Mittledarmdriisen”
Imilarity in both position ang

The wall of the intestine is com
€ we . 8 posed of sho
In the initial region of the intestine ther
L t € are usuall ;
tudinal folds, more or less like g typhlosole, eit}?ers', :I)gsn(*);l t:)‘;'o (liongli
orsa

in position in the different specimens i
the intestine also extends into these foids. T}’i‘ehf? l(i)r(l)ti ine. o oending

tube and passes on to the anus with stine is a straign
- : out any struct ight
m,;g thi anus is a long anal funnel which is a dl;fﬁ)ll;}::;%e- Surrour}d-
a tew ¢ rt'c;lnsverse membraneous partitiong between them o tube with
rim of the funnel 1s fringed with 10-11 anal ilae he posterior
median, long, anal cirruys, Papillae and a ventral

rt ciliary cellg (Fig. 21).
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Circulatory system: The heart is represented by a thin-walled
oxpansion of the dorsal blood vessel at about the junction of the stomach
and the intestine. In the living animal the heart is in a regular state
of contraction and expansion and during systole it can hardly be distin-
guished from the dorsal vessel. The cardiac wall is supplied by a
number of slender muscle fibres. Inside the heart and attached to its
ventral wall is a core of tissue composed of large cells, some of which
show small vacuoles in them. The cell walls are not very distinct where-
as the nuclei stain well (Fig. 22, ht.b). Similarly, the heart gives off

two large lateral contractile vessels from its anterior end, often regarded
as paired lateral hearts or lateral chambers of the heart, which also
contain a loose spongy mass of cells extending into their cavity (Fig. 23).
These structures found within the heart might correspond to the heart-
body described in certain Opheliids and other families of polychaetes. The
recent discussion by Kennedy and Dales (1958) on the function of heart-
body in polychaetes reveals that it has a “haematopoieic” function.

The two lateral contractile vessels curve round the alimentary canal
on either side and meet ventrally from where arise two pairs of anterior
ventro-lateral vessels and a single, unpaired median vessel posteriorly.
One pair of these anterior ventro-lateral vessels gives off branches to

4
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the gills of the 10th and 9th segments whil
just above the oblique muscles and sends afferent branches t
branchize of the rest of anterior segments. The efferent vessel Of .the
all these ten anterior gills break up into capillaries aroung the )rosb s,
pharynx and oesophagus. The blood is collected by three pairs Iof ,OS‘Cls'
closely adhering to the septa and opening into the dorsa)l blood V?Sbéls
In addition to these, there is a pair of vessels collecting blood‘?'de'
the region of the snout which also joing the dorsal lilood vessel rom
anterior end. Besides, the dorsal blood vessel also receives smaiglii }?:illt:
re

vessels from the pharyngeal region and the b . -
the heart. ody wall before it enters

e the other pair is situated

The posterior unpaired median ventral vessel g
vessels to the branchiae on either side trom the g
Each afferent branchial vessel starts from the mali?lﬂlebnet%‘r;?ler}])‘]L ‘)ngirdS,
and curves round either side of the nerve cord and bendsg o }'eSSel
enter the gill. But before passing into the gil g branch 'L}l)vy.a'lds to
to the nephridium of that segment. Alcng the length of t;: %lfen O'ﬁ
the efferent vessel gives off fine transverse vesselg to the effe ranchia
chial vessel which leaves the ¢ill and enters the perivisceral Slrf’nt b}““-
In the living animal the gills appear red in coloyy owing ¢ o Sinus,
filling the vessels. Figure 26 shows a transverse 0 th? blood
a thin layer of muscle fibres just beneath the
of long cilia along its length to heip in mainta
of water around it.

ves off afferent

ming a constant current

The blood sinus surrounding the intestine ig s
forward peristaltic contraction which in the living anima]
through the body wall. The blood has a red coloyy when §
haemoglobin dissolved in the plasma as in othey ¢
tains a small number of round or slightly ov

bacious angd showsg 5
can be seen
.. resh, due to
er Opheliids, and algq con
oid corpuscles. -

The general course of circulation through the
indicated diagrammatically in figures 24 and 25 e de
chambers of the heart by their contraction fore: blood j ):sal and latera]
ventral vessels. Afferent Lranchial vessels given off fr(n N the bosterior
blood vessels carry blood into the gills. The efferent }))m the.se ventra|
from the gills of the region in front of the heart break u ranchial vessels
arcund the pharynx and the oesophagus and those of th b into capillarieg
cnter the intestinal blood sinus. Small vessels ¢pom th‘e D(‘>ste1.1().r region
three principal vessels from around the pharyny collectehll)”)st(lmlum and
it to the dorsal chamber of the heart by meang of thoOd and return
vessel.  On its way  the dorsa’  bloog 'v'eséel e dorsal hlogg
vessels from the body wall and the alimentary canal l‘er;elves smaller
the posterior region is pumped back into the flea1~t b. he blaod from
traction of the perivisceral blood sinus. Y the forwarg con-

Principal vegselg 1s

'./\"m'rou,.g system:  The brain is situateq ip the prostom:
composed of two cerehral ganglia fused to form the bréiomlum and is
' mass plae
ed
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a little in front of the nuchal ergans. It gives off anteriorly a pair of
nerves to the tip of the snout. From either side of the brain arises
a stout nerve entering the body wall just anterior to the nuchal organs.
Pruvet (1885) and Brown (1938) consider these nerves as actual pro-
longations of the brain itself. A transverse section of the brain shows
roughly a trapezoid shape (Fig. 8). The histology of the brain and
the nervous system in Opheliids has been described earlier by Kukenthal
(1887). In the brain mass two groups of ganglionic cells are seen, each
in the dorso-lateral corner. Eyes occur as small pigment cups sunk in
the tissue of the brain. Proceeding from the posterior end of the brain
are a pair of nerves supplying the nuchal organs.

The circumpharyngeal connectives start from the ventral side of the
brain, curve round the pharynx in a postero-ventral direction and meet
ventrally at about the level of the second segment. At the point of
fusion of the connectives is a slight enlargement representing a small
sub-pharyngeal ganglion. The ventral nerve cord begins from the 2nd

segment and shows two main longitudinal nerve bundles with intermit-
tent groups of ganglionic cells along its length. There is usually a
central group and two lateral groups of nuclei (Fig. 27, I. nu; mi. nu).
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Podial nerves (pd. n) and also sl ¢
given off in each seginent. ender branches to the body wal) are

hS;mse organs :d The principal sense organs are th
nucnal organs and the eyes. The hypodermi : .
nig}_lly sepsitive and is supplied with ayi)air of fler?\festhfio&r()tsfltomlum. 18
region _o't the brain. The prostomium thus serves also as g t i']amterlor
in addition to its burrowing function. At the place wher a(;;}ie organ
enter the body wall the hypodermal cells are tall and colue e
not show any definite modification into what may be carlrlm;r but do
organ. However, the nerve supply might indicate a kinde 5 sense
function for these cells. The paired ciliated nucha] organs of sensory
on the dorso-lateral region of the head and are eversible iare Sltl}a?ed
animal. These organs are innervated directly hy a pair of nothe living
the posterior part of the brain. Each is a cup-like structl?erve's wyom
columnar cells having cilia (Fig. 9) which work vigorous} 1 opned by
nuchgl organ is everted. In Polyophthalmus pictus Meyery 1When the
described a *“Becherformiges organ” or the cupiliferous oy an (252) has
ponding position on the prostomium. The function of thg n op oy coTes-
has not so far been properly established. These were conside uchal orgay
ear:]y wprkers as organs for producing a current of water rt? 4 by some
anlma.l in feeding. While their position and nerve supply st © help the
gest either on olfactory or chemoreceptor function, theiy evesr Conely sug.
may be explained as a device for getting rid of any partic] e nature
get into them during burrowing into the sand. ¢ that might

€ prostomium, the

Cephalic eyes, two or sometimes three in number, are sup
the .tlssue of the brair as in other members of the famj] .
sec'tlon each appears as a simple pigment cup with no diﬂerentl'y .and. n
retinal cells. With their small size and simple organisation t}l}atxon into
no way comparable to the more well developed eyes of other o are in
(Tampi, 1947), but are more like those seen in some of the ]errant forms
The burrowing mode of life of these polychaetes may be 1ay afval forms,
ble for such poorly developed eyes. In addition to these o - Sponsi-
there are a few paired lateral eye spots occurring on eithecem'hallc eyes
body from the 7th segment which appear as small dark } I Side _Of the
spots of about 36 micra in diameter. Each eye spot in se ?‘)Wn Digment
shows.a structure almost similar to that of the cephalic o (Fig. 28)
of a pigment cup enclosing a large central nucleus angd j SYeS Composeq
branch from the ventral nerve cord. 'nmervated by a

Mmerged ip

‘ Nephridia: Nephridia occur from the 12th

in all except the last 4 or 5 segments. Each Sﬁi;nhe;}fliind are present
into three regions, an inner funnel, a short excretory zon o leiSible
lqoped conducting tube opening to the outside by meg °and a slighﬂy
d_lqpore. The funnel is provided with a hood-like lip angs‘ of a nephri-
clhated_cel]s. The excretory part of the nephridium i S composeq of
brown in ecolour owing to the presence of green andS oy Ereenish

excretory granules in the cells (Fig. 30).  Cilia are abser}lyfi2 lilr?v;}if'h brown
18 region,
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The terminal conducting portion has relatively clear cells with cilia
which work actively in a direction away from the nephrostome and
towards the nephridiopore.  There is no external prominence of the
nephridial opening unlike in Ophelia cluthensis where the nephridiopore
is situated on papillae.  The lumen of the nephridia is so narrow
especially in the terminal part that it is difficult to consider these func-
tioning as ducts for conveying the genital products, particularly the
comparatively large ova, to the outside. Blood supply to the segmental
organs is by means of branches from the afferent branchial vessels. This
small nephridial vessel lies along the length of the nephridium up to
about its middle and ends blindly. The presence of such blindly ending
vessels round the segmental organs in Opheliids and other polychaetes
has been noticed by Schaeppi (1894) and Ewer (1941). Surrounding
the nephridial vessels are a group of cells whose function is not known
except in certain similar instances where they are believed to be excre-
tory in function.

It may be seen from the above description that the segmental
organs in Armandia conform to the metanephridial type. The nephridial
funnel is narrow and is only the enlarged inner end of the nephridial
tube. The cells of the funnel also have more or less the same structure
as that of the rest of the nephridium forming a nephrostome with no
indication of a true coelomostome. Although Brown (1938) does not
mention the exact nature of the nephridia in Ophelia cluthensis his
description seems to indicate that it is also of the metanephridial type.
However, Goodrich (1900 and 1945) has mentioned Opheliids as possess-
ing a nephromyxia and a more critical study of the development of the
nephridia in Armandia and other Opheliids seem to be necessary to

ascertain their true nature.

Reproductive elements: The coelomic oocytes are pale greenm, dis-
coid, oval bodies with an average size of 656 X 35 micra. Each oocyte
is surrounded by a membrane and has a large centrally placed nucleus
(Fig. 81) with a darkly staining nucleolus.  Small yolk granules are
densely aggregated around the nucleus. The size of these oocytes com-
pare with those in Thoracophelia (Dales, 1952) but are much smaller
than in Ophelia described by Brown (1938).

Spermatozoa arise inside the body cavity of the males from “sperm
plates” as in other polychaetes and until they are mature float in the
coelomic fuid in small masses each consisting of a large number of
spermatozoa attached by their heads to a hollow sphere of protoplasm.
The ripe spermatozoon contains a large nucleus and a long vibratile

tail.

Sexes are separate in the species as in other Opheliids. It
seems probable that the reproductive elements escape by the rupture of
the body wall and not by way of the nephridia for reasons already ex-
plained although no actual observation has been made. Beniham (1901)
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believes that the eggs in Opheliids are laid i .
few records of observations on the :ctt?a(li I;Ipswﬁlrlé‘ inT}éire are very
Fauvel (1927) and Wilson (1948) «) have pointed out that Pol es% worms.
pzctus.becomes pelagic at night during its sexual phase althoyozk)l thalmus
Tampi (1958) has observed that even juveniles of this specieug recently
exhibit this swarming tendency. McGuire (1935) in his OS- sometimes
on Ophelia cluthensis from the Millport area mentions tlk‘xlgmal potes
fglvé}lzi)l;;g‘ /two .broqu in the year—in April and in Septembe: Speﬁ.les as
' cophelia mucronate along the California coast Dales (1’95":V e in
:Ellﬁlgsoa;ﬂprolgnged kgreeding period for the species throughout the si) o,
. Febrﬁq? sifvatlon on Armandia is that most of the wormg coﬁlmer.
Lebruary-. arch were sexually mature or nearly so indicati ected
maturity during this period of the year. icating their

Summary

The anatomy of the common O ii

S . pheliid polychaete Ar :

?\,11711.5 oceuring in the 1nt§rtidal areas in Krusadai Island i?lwt?}ll(iw(} ento-
%annar Is described pointing out the salient comparative an tulf. of
eatures with those of other known Opheliids. atomical

- The coelomic cavity is a continuous space exceptin
g;vt}lle anterlf)r region. ' The oblique muscles havepattgirfgg ltr};rmeaet 1s{epta
elopment in the species and these together with the four longi Dl
muS.C«Ie bands helpq the animal in its swift movements in t};‘gltudma]
hatblt,?-t' Two pairs of conspicuous digestive glands open ientsandy
in estine. .Both the vascular system and the nervous system ar ° the
rue anneliden type. A heart-body has been observed in the esggc‘the
les.

Excretory organs of the metanephridi
b ial ¢
The species is dioecious. P ype occur from the 12th Segment,
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Introduction

From the standpoint of chromosome cytology the Mollusca are one
of the least known groups. Of the very large numbers 'of species con-
stituting the phylum, the chromosomes of only 3 species of Lamelli-
branchs, about 131 species of Gastropoda and one species of Cephalg-
poda are known. Even among these, the account in many cases is
limited to the mere enumeration of chromosomes. Among the Gastro-
poda,the largest of the molluscan classes, the Prosobranchs have received
little attention compared with Opisthobranchs and Pt.llmonz_ites. The
paucity of our knowledge of molluscan chromosome:s 18 rpalnly due to
the small size of the chromosomes and technical difficulties.  All the
Prosobranchs studied so far have been mostly from Europe, Amerxga
and Japan.  The only Indian species studied so far are the Melaniid
species investigated recently by Jacob (1957, ‘58).

The present account deals with the chromosomes of two Indian
species of  Viviparus, Viviparus dissimilis. (Mulle‘r)‘ and Viviparus
bengalensis (Lamarck). The European.spemes of Viviparus ha\_fe beep
particularly well studied. Special mention may be made of the investi-
gations of Meves (1902) and of Pollister and Pollister (1943).

Material and Methods

Specimens of Viviparus dissimilis were collect.ed_ from freshwater
ponds in the University campus. Specimens of Viviparus bengalensis
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were obtained from Nellore (Andhra Pradesh).
sected from the animals and fixed immediately in C
Bouin’s fluids.  Iron alum haematoxylin, crysta
were used for staining the sections. The stu
plemented hy acetocarmine and Feulgen
stages.

The testes were dis-
arnoy, San felice and
1 violet and Feulgen
dy of sections wag sup-
squashes of the different

Observations
Viviparus dissimilis
The number of chromosomes as determin
ber of spermatogonial plates is 2n=92 A polar view of one such
plate is shown in Fig. 1. A careful examination of the plate shows
that the chromosomes lying close together are very similar in size and
shape. All the chromosomes are metacentrics. The chromosome
complex consists of eleven homologous pairs of which six pairs are
large while the rest are small (Table 2). Of the former, four paiys
are ‘V’--shaped and have median centromeres, while the other two pairs
appear ‘J'-shaped and have submedian centromeres. Of the small
chromosomes, two pairs of chromosomes are ‘V’-shaped and have median
spindle attachments, and three pairs have subterminal centromereg,

ed from a study of a num-

Meiosis:

During the resting stage one, or sometimes two large nucleoli can
be seen.  Chromatin blocks of irregular shape can be seen in the nucleus
following the resting stage. At the approach of division, the blocks
are resolved into fine granules of uniform size from which the leptotene
threads are formed. During the zygotene stage the threads show g
tendency to polarisation which increases in the pachytene, The analysis
of the diplotene shows clearly eleven separate bivalents with the chigs-
mata formed.  The distribution of chiasmata is not uniform.  The
number varies from one to three. Two or three Cross-shaped configura-
tions are commonly met with indicating the occurrence of single Crross-
over points (chiasma) between the chromosomes, Fig. 3. shows the
diplotene group from a single nucleus. As seen from Table 1. the
chiasma frequency at this stage is 1.36. At diakinesis stage

the fre_
quency is 1.36. In this stage the chromosome_s are condengeq and
appear with smooth outlines. At metaphase the bivalents are SO much

condensed that all the bivalents appear as smooth round dots
view, and more or less dumb-bell shaped in the side view.
frequency at this stage is 1.27.

in the polar
The chiasma

It will be seen from Table 1. that the degree of tey
greater between diakinesis and metaphase ang
diakinesis and diplotene stage.

: minalisation is
IS very slight between

During the second division of the metaphase the chyo

! ‘ mosome
‘V’-shaped with equal and unequal arms and lie distributed ir? 2}1;:
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Plate 2
Ramamoorthy

Fie. 1. Polar view ol spermmatogonial
7 . e s . N s ) i
metaphase of  rorprarus dissimilis. Photo
micrograph  acetocarmmine  squash. . X e

4500,

Fig. 2. Polar  view of .\\)Ql'ﬂlllt()g(nll:.ll
metupluse of - Viviparus  bengalensis.
Phioteticrograph  acetocarmine  squash. X
ca 4500,

Fig. §. Photomicrograph of nucleus dur-
ing diplotene stage in Piviparus  dissi-
milis-acetocarmine  squash. X ca. 4500,

Fig. 4. Photomicrograph of nucleus during
diplotene  stage  Viviparus  bengalensis-
acetocarmine squasht. X ca. 4%00.
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equatorial region, radially round the spindle axiy with their centromere
regions pointing towards the division centre.

Viviparus bengalensis:

The polar view of the spermatogonial metaphase plate (Fig. 2) shows
that the diploid number is 22. Of the eleven pairs of chromosomes,
two chromosomes appear large, three pairs are small, while the rest
seven pairs are median in size (Table. 2). One pair of large chromo-
somes appear as ‘J’-shaped and have subterminal centromeres.  All
the rest appear as ‘V’-shaped and have median centromeres,

The diplotene analysis shows clearly eleven separate bivalents and
one such group is shown in Fig. 4. The chiasma frequency at diplo-
tene stage is 1.63 and at diakinesis 1.36 and at metaphase 1.27. The
degree of terminalisation as seen from Table 1. is slight between diplo-
tene and diakinesis and slightly higher between diakinesis and meta-

phase.

In both the species, as stated already, the diploid number is 22. But
i Vivipurus dissimilis there are 5 pairs of chromosomes with unequal
arms whereas in Viviparus bengalensis only one pair of chromosomes
have unequal arms.  All the chromosomes are metacentrics in both the

species.

The hivalents are simple in form, much condensed and very short.
No differential behaviour of any of the bivalent is seen.

The chiasma frequency shows a higher value in V. bengalensis than
in V. dissimilis and the degree of terminalsation is great between diaki-
nesis and metaphase in V. dissimilis and slight in V. bengalensis.

Discussion

Makino (1951) has listed the chromosome numbers of five species of
Viviparidae.  Among the American species described by Pollister
(1939), Pollister and Pollister (1940) Vivipare malleatus has 2n=-18,
V. contectoides and V. intertestus 2n=26, V. georgianus 2n=24. Re-
cently Inaba and Tanaka (1953) have examined the chromosome number
of Viviparus (Cibangopaludina) malleatus (2n=18). The chromosome
number of Paludine vivipare (Vivipara viviparus) has been variously
given by different authors. Meves has mentioned 2n= 14, but Anke!
has given 2n = 34.

In the Indian forms in both the species the diploid number is 292.
Though the number is the same, the morphology of the chromosomes
is quite distinct in the two species, with six pairs of large chromosomes
in Viviparus dissimilis and one pair in Viviparus bengalensis and six
pairs of chromosomes with median and five pairs with subterminal
centromeres in Viviparus dissimilis, and one pair of chromosomes with
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su?terr_mnal and ten pairs with median centromeres in Viviparus ben-
galensis.

Summary

1. The chr.omosomes of Viviparus dissimilis (Muller) and Vivi-
purus bengalensis (Lamarck) have been studied. The diploid number
is 22, and all the chromosomes are metacentrics.

2. The chiasma frequency is slightly higher in Viviparus ben-
galensis than in Viviparus dissimilis, and the terminalisation coeffi
cient is greater between diakinesis and metaphase in Viviparus dissi-
milis and very slight between diakinesis and metaphase in Vi’viparu;
bengalensis as found from the counts at different stages. o
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TABLE 1—Chiasma frequencies and terminalisation coefficient at

different stages

Stage V?vipa'nfs Viviparus
dissimilis bengalensis
- -

Diplotene Chiasma frequency per bivalent 1.36 1.63
Terminalisation coefficient 0.13 0.11
Diakinesis Chiasma frequency per bivalent 1.36 1.36
Terminalisation coefficient 0.26 0.26
Metaphase Chiasma frequency per bivalent 1.27 1.27
Terminalisation coefficient 0.85 0.35

TABLE 2—Differences between the chromosomes of Viviparus species
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Introduction

The Eriophyid mite which is popularly known as the pink mite in
North-East India was discovered on tea, Camellia sinensis (L.) O. Kuntze
in Assam in 1895 by Sir George Watt who subsequently described it as
a new species, Phytoptus theae (Watt, 1898).  He also recorded the
presence of the purple mite, Calacerus carinatus Green, found along with
the pink mite in a number of cases. Subsequently, it was recorded
as a serious pest of tea in Cachar and the Dooars and to a certain extent
in Darjeeling (Watt and Mann, 1903).  For some time, it was little
heard of until it occurred in Cachar and the Dooars in 1917 (Andrews,
1918). It attained serious proportions in Cachar in 1919 (Andrews,
1920) but in the following year the attack partially subsided (And-
rews, 1921).  Since then, there was no published record of its occur-
rence, until another serious outbhreak occurred in a tea estate in Jorhat,
Assam, in 1951 (Das, 1951). During the last five or six years it has
been reported from several tea estates, particularly from Upper Assam,
and in some cases it appeared in damaging numbers.
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Synonymy
Phytoptus theae Watt.—The Pests and Biigh .
pp. 400-408, fig. 11, 1898. ghts of the Tea Plan,

Phytoptus theae Watt.—Bernard, Meded,
pp. 52-60, pl. 4, figs. 33-36, 1909.

Eriophyes theae (Watt).—Menzel, Arch. T
pb. 44-15. fig. 5 (), 1929, heecult, (Indon.), 1.

Eriophyes theee (Watt)—Pasquier Prinei

1 vatt). § , paleg aladiee .

taires du Theier et du Cafeier en Extrveme-b()rir:;liadleb barasi-
fig. 45, 1933, » PD. 127-131,

Acaphylla  stetnwedeni Keiter.—Bull. De ;
. p' Ar . ¥d
pp. 212222, pl. 176, 1943. grl. Calit,

Proefst. Thee, 3.

32 (3):

As stated, this mite was first described .
Ph_{/f()/)flt.s: theae. Keifer (1943) described it as g r?ngzetzt-, m 1895 gg
stetiwceden? from the specimens collected by him ang Mg éltes Acaphylly
Camellia japonica L. in Caidfornia. He was not h()w(;v einweden gp
the pink mite was different from the purple mité, Calacer.’ aware that
(Green). Keifer (1954) mentioned that the name theae' “‘;7 Us caringtyg
by Nalepa in 1929, along with carinatus Green ag 5 ¢ att was listeq
in a personal communication with the senior aut
had the idea that ‘the«e’ was another name fop [‘lcocf;'i:zlst soted that he

Though Watt’s description of the mite is brief it i
by the illustrations of the adult and the young mite S Accompanieq
mite is s well-known in tea and has always heeq re.ferr dol-eover, this
that the change in the trivial name ‘theae’ would on} °C 1o as theqe
The trivial name ‘steinicedeni’ should, therefore, gink ;’ add confusion,
the earlier ‘theae’.  But, since Keifer (1943) has givensfa Synonym qf
of the species and corrected the generic placement, tp '
henceforth be known as Acaphylla theae (Watt) Kéifer

Distribution .

The pink mite is widely distributed in all tea dictp: .

%n the Dooars but it is less prevalent in Darje:g]gf,trmt? of Assam and
it was reported to cause damage to tea (Ansteaq 3509) n Sol}th Indig
con§1dered to be a pest nowadays. On tea, it’ also y

nesia (Bernard, 1909; Van Hall, 1926; Menzel, 1999, F
(Pasquier, 1933) and in Batum, U.S.S.R. (Demoki,dov 19’1(‘

been reported from Ceylon (Stuart-Light, 1927). ,In 1))’ but
was collected from Camellia japonica 1. in Sacra s
(Keifer, 1943). Keifer also mentioned that “specimen oo
also b_een seen from Southern California ip 19492 s of th
camellla in 1941”. Hall (1954) reported that thi %n
steinwedeni Keifer) was collected on tea in §

fas not
» this mite
: Californjg
8 mlte haVe
d from Alabamg
Mal FoPhyid mite (4

alaya for the first time in'
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1954, stating that Keifer had received specimens from tea elsewhere
in Asia.

Habits and Injury

The pink mite attacks the leaves at the upper part of the bush but
the young leaves are preferred. It occurs on both the surfaces but
is more prevalent on the undersurface, particularly along the mid rib.
Petioles and stems of young shoots are also attacked.  The affected
leaves become pale coloured, often leathery, the veins and the margins
particularly on the undersurface showing pinkish discolouration. In
severe damage, the whole of the undersurface may show a brownish dis-
colouration. The affected leaves may also present a crinkled appear-
ance.

The relative populations of this mite on upper and under-
surfaces of young and mature leaves were assessed on a heavily attacked
unpruned tea during the early part of the season for which 50 young
leaves 1st—A4th) and 50 mature leaves (from 5th down) were collected at
random with the following results (Table I).

TABLE 1—Populations of pink mite on the upper and under surfaces of leaves

Young leaves Mature leaves

Upper surface ! Under surface | Upper surface Under surface

Average No.

of mite per

leaf. 85.3 1003.9 18.6 61.5
Percent
occurring on 7.8 92.2 [ 23.2 16.8

it will be evident from the above table that damage is mainly caused
to the undersurface, particularly of the young leaves.

The pink mite attack cannot, however, be easily detected unless the
Jeaves are carefully examined. The affected bushes have a pale and
sickly appearance, and in a severe attack the growth of the shoots is
very much retarded. There are instances where heavy loss of crop occurr-
ing without any perceptible cause, was later detected to be mainly
due to the pink mite attack, and in certain cases areas reported to have

6



42 JOURNAL OF THE ZOOLOGICAL SOCIETY OF [NDIA [Vol. 10, No. |

been suffering from the effect of drought were found to be damaged
by the pink mite (Das, 1954). One tea estate in the Sibsagar distriet
which had a severe outbreak of this mite in 1950-51 was reported to
have lost 500 mds. of tea (Das, 1954) and another in Moran also suffer-
ed considerably in 1957.  Watt and Mann (1903) recorded that a garden
in Cachar had a loss of 21,500 lbs. of tea from an area of 75 acres
which they attributed principally, if not entirely to this pest. h

It is a well known fact that pink mite prefers Assam kinds of tea
to China. Hybrids closer to the Assam variety are more attacked than
those nearer to China.

Relative populations of pink mite on two adjacent plots—one with
an Assam kind of plants and the other with plants known as China
hybrids—were estimated during the month of September. Assessment
was made on 50 young leaves (lst—4th) collected at random from each
plet and the results show that the pink mite population on the Ass
kind is six times that on the China hybrid (vide table I1).

am

TABLE 2— Populations of pink mite on Assam and China kinds of tea

Total No. of adults and young mites

on 50 leaves Average per leaf

Assam kind 3994 79.9

China hybrid 654 13.1

Life - History
Very little information is available on the life-history of the pink
mite though it has been known as a pest of tea for more than half a
century. The nymph and the adult were briefly described by Watt and
Mann (1903) but no egg had been found by them.

Studies on the life-history of this mite were, therefore, made in the

laboratory at different times of the year viz., in March July-August
and December-January. The data are summarised in the tahle IIIb ’
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TABLE 3—Life-history data of pink mitc

E - 'g g e “ Average duration (days)
2 5 sfo fT: A& . Lifeoycle
fg‘Z g'% =22 = g i § g Egg Nymyhal (egg to
é 2 ;?j a2 - stage stage adult
1 27— 3—57 24.2 83.8 2 3.8 4.8 8.6
2 28— 3—57 24.3 83.8 7 3.6 5.1 8.1
3 29— 3—51 24.4 84.1 2 3.0 5.0 8.0
4 16— T—54 29.3 86.0 3 2.3 3.5 5.8
5 27— 1—54 28.7 88.9 2 2.5 4.0 6.5
6 28— T—54 28.9 88.5 1 3.0 4.0 7.0
1 16— 8—54 29.17 85.8 10 2.6 3.7 6.3
8 17— 8-—54 29.7 85.4 9 2.7 3.3 6.0
9 19— 8—54 29.1 86.4 11 2.5 3.1 5.6
10 20— 8—54 29 0 85,5 14 2.6 3.3 5.9
11 11— 1—55 19.3 82.0 1 6.5 1.0 13.5
12 12— 1—55 19.2 82.1 4 6.3 6.8 13.1
13 6—12—57 20.0 82.3 6 5.7 6.3 12.0
14 7—12—-57 20.0 82.7 6 6.0 6.5 12.5

The time taken from egg to adult averaged 8.4 days, ranging from
2.0 to 8.7 days during March when the average mean temperature and
humidity were 24.3°C and 83.9 percent respectively. In July and August
when the average mean temperature and humidity were 29.2°C and 86.6
percent respectively, the life-cycle was completed in 5.6 to 7.0 days, with
an average of 6.2 days, but in the cold weather (December and January)
when the average mean temperature and humidity were 19.6°C and
82.8 percent respectively, it took 12.0 to 13.5 days, the average being
12.8 days.

The maximun life oi an adult was found to be 16 days with an
average of 12 days under the laboratory conditions, but it may be a
little longer in the field. The tota! number of eggs laid by a female
could not be ascertained as frequent transfer of the females from one
leaf to another resulted in their early death. It, however, lays 2-4
eggs per day and it is assumed that a female may lay 30-40 eggs during
its life time.
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TABLE 4—Effect of treatments on the population of pink mi
mite

Average pPopulation i
Percent reduyct;
Treatments per leaf after— { per Ched:’-ea;l:ct;o—l}
0 : l
ne weel ; Two weeks ] One weck ’ Two weeks
Lime-sulphur containing w
22-26% polysulphide at
1in 40 parts water ... 3.8 2.1 99
: 98.4
“Thiovit’ (a wettable sul-
phur) at 1 Ib. in 10 gals.
water 1.4 4.1 99,7 96
' .8
*Akar 338’ (chlorobenzilate
25% emulsifiable concen-
trate) at 1 pint in 62!
gals. water. . 17.2 5.1 95.8 96
: 1d
Malathion 50% Emulsifi-
able concentrate at 1 pint
in 50 gals. water 44.1 26.0 89.2 79.9
“Aramite’ 15% wettable
powder at 1 1lb. in 50 ,
gals. water, 98.8 26.8 75.9 79.3
Check oo | 4000 0 1204 _
Significant difference at 59, ‘
level 146.7 23.3
Rainfall between treatment 19.69 34.72
and obeervation cm. cm.
—_—

From the results of observations made after a week
that all the acaricides proved to be highly effective in reg

efficacy of the acaricides. There were, however, heavy pq:
on the 5th day of treatment which do not seen; to vams starting
eﬁ"lcacy of the acaricides, since most of the stages wer ¢ ?Educﬂfd the
meantinie either due to the contact action of the acaricig  Killed 0 the
dues. Observations made after two weeks showed that tehs or their pegi.
the pink mite population was significant in all treatment e reductiop In
The performance of ‘Akar 338" was similar to that of Ill's of Acaricides,
Thiovit, while Malthion and Aramite were slightly infer. <
phur. The reduction in the population of the pinkn r(re]l;czr.

M check as
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observed after two weeks, appears to be due to heavy rains which
washed off the mites.

Remarks on the use of Akar, Aramite and Malathion on tea

The residues of Akar and Aramite on made tea at the concentrations
tried out, have been evaluated by the respective manufacturers of the
chemicals from the samples supplied by the Tocklai Experimental Sta-
tion and are found to be lower than the tolerance levels fixed by
the Food and Drug Administration, U.S.A., for these chemicals on raw
tion and are found to be lower than the tolerance levels fixed by
agricultural commodities. Tea has not yet been scheduled for any Plant
Protection chemicals, but in view of the success of Akar and Aramite
in the abnve, and other experiments, the manufacturers are undertak-
ing to have the tolerance levels for these chemicals on made tea declared
in accordance with the act concerned.

Until the tolerance levels for Akar and Aramite on made tea ave
scheduled, it is in the interest ot the Tea Industry of this country that
their use should ke confined to tea not in plucking. They can however
be used on flushing tea during the early part of the season, at least two
weeks before plucking commences. 1t may be mentioned that both Akar
and Aramite have been found to produce no taint in made tea.

On the other hand, the use of organo-phospherus compounds for
the protection of tea and ancillary crops is not advocated since most of
them are highly toxic to mammals and involve 4 great risk to the health
of spraying operators. Malathion is, however, said to be of low mam-
malian toxicity and its residue tolerance on raw agricultural commodities
is quite high. Even then. ti'l it is definitcly proved that it is not absorbed
by the plant tissues and thus carried over to made tea, it is advisable
that its use be confined to tea during the off season and to young tea
not in bearing. Action is being taken to obtain a scheduled tolerance
level for Malathion residues on tea.

Summary

The pink mite, Acaphylle theae (Watt) Keifer, has been known as
a pest from the early days of tea plantation in North-East India, at
times causing considerable damage to tea, but in recent years it has been
recorded in consistently damaging proportions. It has been recorded on
tea, Camellia sincnsis (L) O. Kuntze in South India, Indo-China,
Malaya and Batum (U.S.S.R.) and on an allied species of Camellia in
California and Alabama. It occurs on tea throughout the year, but a
serious attack may develop between March and June, particularly when
a prolonged dry period prevails. The affected leaves become pale, with
the veins and margins showing pinkish discolouration. The Assam
kinds of tea are much more attacked than the China hybrids.
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° » INQ.
The pest is a small Eriophyid mite, 0.142-0.189 1, ‘e
history is completed in 8.0-8.7 days in March, in 5.6.1’;161?12g' Its life-
August and in 12.0-13.5 days in December—January. Tiy_\ le yftﬁn Jubf_
of the adult is 8-16 days under the laboratory conditions, neth of life

Sulphur, lime-sulphur and Akar are highly effecti
mite, while Malathion and Aramite also give eff ective
are slightly inferior to lime-sulphur.

. against thig
ective control, hut they
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Introduction

The free amino acids in tissues constitute a sort of metabolic cur-
rency and their variations in the tissues reflect metabolic changes. The
free amino acids of adult tissues of a number of amma!s havg been d.es-
«rihed in recent years, but the variations In free amino acids during
growth do not seem to have been investigated so far in any animal, How-
ever, the free amino acids during development have been investigated
by Li and Roberts (1949) in amphibian development; and more recently
by Deuchar (1955,58) in Xenopus, Chen (1956) in Urodele development,
and Kavanau (1953,54) in sea-urchin embryo.

The present communication records the changes in the free amino
acids in three different stages of the ovary in Labeo fimbriatus (Bloch)
Muystus seenghala (Sykes) and Boleophthalmus boddaerti (Day).

Materials and Methods

Labeo fimbriatus and Mystus seenghala were collected from ponds
in Annamalainagar during the different seasons of the year. Specimens
of Boleophthalmus boddaerti were collected in the backwaters of the
Vellar estuary at Portonovo during low tide.

The animals were dissected, and ovaries in three clearly marked
stages-(i) immature (Stage I.), (ii) maturing (Stage II.) and mature

7
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(Stage 1L )-adopting Bewer's classificati

( ptin, ‘ asgification (1951), were taken for st

(1 he n‘ltat'euql was Immediately put in 80% alcohol and well grousngdiyn.
a mortax \\.lth a little quart; sand.  After centrifugation the super-
ni}g;ant llqtll.l? was treated with thrice the volume of chloroform Iand
after centrifugation again the upper laver : or ¢
matoganhic ol pr yer alone was used for chro-

t For t}}:'e study é)f the free amino acids the circul
matographic procedure, as deseribed by Giri i

NO.‘, 1. filter paper of 13 cms. diametery was laé;s’?e%)’ X.lltgk:lt W}Iatr.na'n
aqd-vyater mixture (4:1:1) wag used as the solvent. and Olaﬁno —qcetlc
drln_m 95‘% acetone as the colour-developing reagent. F 'ﬂfa pth‘
fication of the different amino scids, mixed Chromatog.ramsor de enti
by Giri and Rap (1952) were run by spotting both knoas ey hed
known samples in the same chromatogram. The technji uewr% andl e
development as described by these authors was algo ;)ucézl:stt':ﬁll;

adopted to identify amino acid i :
bands. aclds which failed to separate as distinct

ar filter-paper chro-

Two-dimensional ascending chromat i ;
emp}oyed using a 25 X 25 em. Whatman ONg(f.ai).kllfiClteg'ecr)};nlque s Ao
acetic acid-water mixture and huffered phenol were ué)ee(; - Butanol
0.1% ninhydrin in 959% acetone was used as the colour-deasl sorvents.
agent. The amino acids were identified from the standarge:}?;griwlt‘g-

gram and also from Rg values of the individual ami .
n -
calculated. 0 acids previously

Observations and Results

The qualitative distribution of free amino acids in three different

stages of ovary of Labeo fimbriatus, Mystus seenghala and Bol
mus boddaerti is shown in the Table. cophthal-

The more important findings are as follows: —

I. (a) Alanine, threonine, glutamic acid and aspartic acid

these four are the only amino acids present in common j
studied in all the three stages. on in all the fishes

(b) Tryptophan and hydroxyproline ar i
. e are abs
stages in all the three fishes. ent in all the
I[I. (a) There are nine free ami ids i
‘ é - no acids in the i
of Doleophthalmis and Labeo, and eight in Mystus sam;;llgllztllreﬁ)vary
these, only‘ﬁve are common to the three species in this q.t' y Ut'ot
valine, alanine, threonine, glutamic acid and aspartic ¢ -hdg’e’ viz.,
Boleophthalmus methionine, arginine and lysine are I)reserftm' (b) in
to these five amino acids. (¢) Mustus has in addition to the ﬁvn addition
amino acids arginine and asparagine, and differs from Bole ’e common
in lacking methionine. (d) Lobeo has besides the five o cophthalmus
> tommon amino
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acids, tyrosine, histidine and glycine. It differs from Mystus in the
absence of asparagine and arginine.

[II. In the second or maturing stage, there are ten amino
acids in Mystus, eleven in Labeo and ten in Boleophthalmus. Of these
only four are common to the three fishes, viz., leucines, threonine, gluta-
mic acid and aspartic acid.

IV. In the mature stage Boleophthalmus has seventeen, Labeo
twelve and Mystus eleven amino acids. Of these, nine amino acids are
common to all the three fish, viz., leucines, valine, methionine, alanine,
threonine, glutamic acid, aspartic acid, histidine and arginine.  The
third stage of the ovary of Boleophthalmus differs from those of Labeo
and Mystus in having lysine, ornithine and cystine. The presence of
cystine in the third stage is very distinctive of Boleophthalmus, for this
amino acid is not present in any of the other fishes examined in any
stage. The third stage of the ovary in Labeo and Muystus can be
distinguished by the presence of phenylalanine and asparagine in the
former but not in the latter. '

Summary ‘ ,
1. The free amino acids in three different stages of the growth
of the ovary in Labeo fimbriatus (Bloch), Mystus seenghala (Sykes),
and Boleophthalmus boddaerti (Day) have been investigated.

9. These three fishes have distinctive amino acid patterns charac-
teristic for each of the three stages.

3. The free amino acids show a progressive increase in number
during the development of the ovary. The mature ovary has nearly
twice as many free amino acids as the immature ovary in Boleoph-

thalmus.

4. The second stage shows the greatest variation in the three
fishes, for there are only four amino acids common to them. The third
stageAhas nine amino acids in common, and the first stage has five in

common.

£ Evidently the second stage is a critical stage as it is most dis-

tinctive for each species. The increase in number of the free amino
acids in the second and third stages probably indicates increased pro-
tein metabolism.
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Table showing the Free Amino Acids of the Ovary of Labeo

fimbriatus,
Mystus seenghala and Boleophthalmus boddgert;

Labeo Mystus
fimbriatus seenghala

| Boleophthalmuys
boddaerti

Free Amino Acids

Stages

Stages ;
I II 111

St
I IL I e

i1 I 111

Leucines -
Phenylalanine
Valine
Methionine
Proline
Tyrosine
Alanine
Threonine
Glycine

Serine
Glutamic acid
Aspartic acid
Histidine
Arginine
Asparagine
Lysine
Ornithine
Cystine -
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*Tryptophan and Hydroxyproline are not persent in the ovar
’ JE of ) .
stage and hence are not shown in the Table. Y of the three fishes in any
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Introduction

An estuary is generally defined as that area in a ri
tidal effects are evident. The daily rhythm of the ebb an
tides makes the physico-chemical environment in the estua
plex and dynamic. Superimposed on the diurnal
estuarine environment are the seasonal and annual cha
biology can be properly understood only against the background of
ever-oscillating environment. Extensive observationsg on ‘rho the
sonal changes in the hydrology and biology of estuaries have belee e
in UK, US.A, South Africa and Australia. But detailed Obsern rg}ade
on the daily rhythm of changes in the hydrobiology of estuaries V; tons
seem to have been made in any country so far, ‘ 0 not

ver in which
d flow of the
ry very com-
changes in the
nges. Estuarine

The present communication is a preliminay . .
. . . . Y glim
kaleidoscopic changes in the hydrobiological pattefn bse into the

estuary. of the Vellar
The Vellar Estuary

The Vellar estuary is situated in Lat. 11 29/ N
E at Porto Novo, S. India, where it flows into the Ba;r(l)g éong' 79° 49
bar of the estuary is always open, and as shown by Ramam engal. The
the estuary is characterised by vertical salinity gra oorthy (1954),

of these salinity gradients the estuary can be degnlz;l(f:.tedof} Ehe basis
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marine zone extending up the estuury for a distance of a mile from
the mouth, with a mean salinity of 33.72 per 1,000 and having little or
no difference in the salinity at the bottom and surface; (b) a tidal zone,
exhibiting a maximum tidal rise and fall and also showing a progres-
sive increase in the vertical haloclines towards the upper reaches of the
estuary, the salinity being always higher at the bottom than at the
surface; (c) a gradient zone with progressively decreasing haloclines
and (d) the fresh-water zone at the head of the estuary with no halo-
¢lines.

It may be noted that in the Vellar estuary, as in the Tees investi-
vated by Alexander, Southgate and Bassindale (1935), and the Tamar
by Milne (1938), the incoming salt water from the sea does not mix
completely with the river water.

Methods of Investigation

The observations relating to the tidal cycle recorded in this paper
were made at a station in the tidal zone of the estuary, about two miles
from the mouth and opposite the Porto Novo Marine Biological Station.
The average depth at this place is 10 feet. :

The observations which were commenced in 1956, have been made
during spring tides on new moon or full moon days every menth. Usu-
ally, the work was started at 6 a.m. and continued till 6 a.m. on the
succeeding day, the observations being recorded every two hours. The
present account relates to one such series of observations made on 11th-
12th April, 1956, which is more or less typical for the summer months.

The temperatures of the bottom and surface were taken with a
reversing thermometer. Water samples to within a foot of the bottom
were taken with the ‘horizontal water scoop’.  The chemical analysis
was carried out immediately, partly in the laboratory of the Biological
Station and partly on its research vessel, the “MEDUSA”.  QObserva-
tions on the velocity of water-currents both at the surface and bottom
were made with the Watt’s current meter and expressed in meters per
second. Co

Tor the determination of salinity, Harvey’s (1955) method wasg
emploved and frequentiy checked up with titrations against standard sea-
water. Carbonates and bicarbonates were estimated by the usual
method of titrating 100 cc. of the sample against N/20 HC1 using
phenolphthalein and methyl-orange as indicators.  For the determina-
tion of oxyvgen the Winkler's method was employed with the necessary
precautions.

The plankton was collected with a net of bolting silk, which was
towed for ten minutes on each occasion. The collections of plankton
were fixed in 10% formalin and transferred to a graduated measuring
cylinder. The organisms were allowed to settle for one or two days and
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the volume of the plankton was noted. The concentra

after the removal of macro-organisms, was numerically anSSSe%Iabnykt&r;
method of Utermohl (1931) using the plankton microscope. A tide staff
was used for noting the rise and fall of the water. Turbidity wa
corded only during daytime using a Secchi dise, y was re-

90

[80

~
o

o
(o]

o
(o]
0D INNTOA NOLMNVYId

PLANKTON
r
[}

TIDE FT.

-
w
o]

20

7',0'6

l!

6 8 10122 4 6 8 1012 3
TIME 4

Graph 1. Graph showing wwo-hourly fluctwations in tide and

lank .
1ith-12th April, 1956. P ton volume gn

Tides and Tidal Range

There are two high and two low waters for ever
hours, each with a duration of about six hours. When tp
or new, the morning high water occurs at 08 hrs. 41 mj
ever}ing high water at 20 hrs. 40 mins, Graph 1 Sh.ows tY}Ylllns.. and the
during one complete’ tlf:'ie cycle.  The tide levels for the ﬁe tlda.l range
low waters were 3" 9” and 1’ 77 respectively (Table 1 Ist high and
second high and low waters 3’ 7”7 ang 1 27 respectiveley ) and for the

The tidal range in the mornin w ‘ on .
Generally, the tidal range in the e i '2 2" and in th‘? evening 2’ 5~

¥y twenty-four
€ moon is fyj}
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Fluctuations in the Temperatures

In the surface-water the range of diurnal variation of temperature
was 3.8°C, the lowest temperature which was recorded at 6 a.m. being
28.7°C, and the highest 325" at 2 p.m. The temperature remained

33

—— SURFACE
MIODLE
...... B8OTTOM

32

w

TEMPERATURE ¢

w
[e)

29

Lol 4l

28
6 8 1012 2 4 6 8 1012 2 4 6
TIME
Graph 2. Graph showing two-hourly fluctuations in temperaturue of surface, middle
aud bottom waters on 11th-i2th April 19506,

surface; — - — - Middle; . Bottom.

steady from 2 p.m. to 4 p.m. After 4 p.m. the temperature began to
decline till 8 p.m. From 8 p.m. there was an increase till 4 a.m., after

which there was again a fall. (Graph 2).

The atmosphere showed the lowest temperature of 27.2°C. at 6 a.m.,
and the maximum, which was 31.1° C,, at 12 noon. From 12 noon to
4 p.m. the atmospheric temperature remained steady, and from 6 p.m.
there was a steady fall till 6 a.m. Thus there was a fairly close cor-
respondence during daytime between changeg in the atmospheric tem-
perature and the temperature of the surface waters. But during the

8
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night, the atmospheric temperature decreased by 3.4 C.,, whereas th
temperature of the surface-water showed an increase 0%’ 1.2°C (Sfro )
29.6 C. to 30.8 C.) between 8 p.m. and 4 a.m. This is e\.r'ideritl dtrln
to tk}e warm water masses of the upper shallow reaches of the es);uare
flowing down the estuary during second low water which occury
hetween 20 hrs. 41 mins. and 03 hrs. 02 mins. The range of variatiosn
in the surface temperature during the complete, diurnal tidal 1
was 3.8 C. e

The temperature at the bottom shows a rather different type of
fuctuation. From 6 am. till 4 p.m. the range of fluctuation was not
more than 1.2 C., whereas in the surface the temperature fluctuated
by 3.8 C. At 6 p.m. the temperature of the bottom reached the maxi-
mum and at this time the temperature was practically the same at the
surface, in the middle and at the bottom. After 6 p.m. during the
second high water the temperature of the bottom fell by 2.4"C and
showed an increase from 10 p.m. till 4 a.m. when the temperature
was 31.0 C. The range of variation of temperature at the bottom
during the complete tidal cycle was 3.5 °C.

Graph 3 shows the relationship between the air temperature, the
tides and the difference in temperatures at the surface and bottom. At
the time of first high water, a slight difference was noticed in the

TIDE
—__ AIR TEMPERATURE
" P, SURFACE-BOTTOM DIFFERENCE
w
v '
z 4
&
3
w e
‘_L_ ("}
3 3
s F31 =
z <
0 @
s w
5 Q
d? »303
w
w [
g S
x 20 «q
v
28
Y27

TIME
Graph 3. Graph ~showing the lCldli(lIl\'lip between atmospherie temperatmn
< ¢

A tide and
complete Gidal ey le

the swrface-bottom difference in temperatare duvine  one
o
onith-r2th

April. 10506, :
—— Tid¢ = — — = Air temperature;

- Diffcrence in sirtace-hottom
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temperature between surface and bottom. The maximum difference of
3.8 C. hetween the surface-bottom temperatures was noticed at the
time of first low water.

It can be seen from the graph that the atmospheric temperature
and the temperature difference between surface and bottom bear a close
similarity. The maximum temperature of 31.1 C. in the air was re-
corded at 12 noon and the maximum difference of 3.3 C. between surtace
and bottom was recorded at 4 p.m. There is thus a time lag of 4 hours
hetween the temperature peak of the atmosphere and the peak in
the surface-bottom difference in temperature.

Salinity

The surface waters showed the maximum salinity at high tide in
the morning and in the evening. At 8 a.m. the salinity was 33.63 per
1,000 and at 8 p.m. 33.83 per 1,000 At 4 p.m. and 4 a.m., when the
tide was low, the surface salinity fell to 25.17 per 1,000 and 20.43 per

— SURFACE
-~ MIDDLE
BOTTOM

351

w
[0}

SALINITY L

251

206 8 10 12 2 4 6 8
TIME

IO 12 2 4 6

Graph 4, Graph showing uwvo-hourly fluctuations in salinity of surface, middle and
bottom waters on 1ith-rzth April 1930 Surface; — — — — Middle;

...... Bttoom
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1,000 respectively. The range of variation in salinity

at the surface j
13.40 per 1,000 and the fluctuations correspond to the t oo s

idal variations.
At the bottom the range of variation in salinity during twenty fouy

hours is only 14.32 per 1,600; the maximum recorded heing 94 2% per

1,000 and the minimum of 29.91 per 1,600, “the

he salinit at the }
was throughout the day higher than at the Su d o Mighr

: Tace and wag also higher
at high tide than al low tide. A reference to Table 1. wil] :}“‘x)()\iujt};l(tlt

the bottom-surface diffcrence in salinity is 0.6 er 1, . ) ‘

0.10 per 1,000 at & p.an when the tide ig high.I Fur(t)f?e?r ltltg t(;]‘;l:'tfm(f
there is relatively little difference in the salinitieg bet\’zv-een b‘ott]m(;
middle and surface, indicating that there ig considerable mixiﬁ ' of 1 (_’?’j
and estuarine waters, hut not quite complete. At low tidc% h 17”};]?
a well defined chlorinity conflict develops with cleay differem s ‘0‘.*9‘(‘1,
salinities at the bottom, middle ang surface, nees in- the

It will be seen that the bottom w
by the tides. However some sea water
at high tide, for the salinity of the b
tides.

atgrs are not
evidently flo
ottom incre

Zreatly influence(
ws alo‘ng the bottom
ases slightly at high

Oxygen
The concentration of OXygen in the surfac .
: € water v .
4.8 p.p.m. to 7.4 p.p.m. dux_‘mg one complete diurna] tidal cl;rclvq?'gs} from
the range of variation being 2.6 DD The lowest oXyme € (Label 1),
tion was recorded at 4 am. ip the surfa o concentra-

oo . Ce water, .

fluctuation in the concentration of oxygen at the hottom € range.()f

the tidal cycle was 2.2 p.p.m. Water during
There is a general tendency for the oXygen cq

- R n 3 .
in the surface water with the rise in temperatu(lzzntfc‘atlon fo inere
7.4 p.p.m. being recorded at 4 p.m. From Table 1. i’t

the oxygen concentration in the surface water ig alw
that at the bottom. é

_ ase
he maximum of
an be seen that
ays greater than

The maximum difference in once .

. ntr
face and hottom waters during a tida] cycle was 2:6t10n between sur-
was observed at 2 p.m. and also at 9 a.m. " PPm, ang this

Carbonates ang Bicarbonates
The concentration of carbonateg in the g

0.0 p.p.m. to 10.0 p.pm. ang in the bottom
to 12.0 p.p.m. The concentration of bicarbo oo from 10
showed wide fluctuations, from g p.m,
hottom water from 8.0 p.p.m. to 39.0 P.p.m

vy R . The ms ’
tion of bhoth carbonates and bicarbonateg in Surfacergn;thglm Concentyn-
occurred in the early hours of the day. nd bottom Waters
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Currents and their Velocity

The maximum velocity of the ‘ﬂpw’ c‘urrent o‘n the s‘urfac(e{ t:r:llg
was observed during one tidal cycle is 0,227) megelsASirh bi(z)(;?m’n und
that of the ‘ebb’ current is 0.455 met.el‘s I)g b(,’C(Tn(i A ‘16‘, ottom toe
maximum velocity oi the currenfcs of the Il'ow an ‘e a ev ] o P !

05 ters per second respectively. Durlpg ‘ebk{ tide the ve 0“.%’ 0
Ou(lj(()?nl’glilt the bottom is sometimes zero, indicating that there is no
tnnvem-ent of water mauss,

is of irection of current at the surface indicates some
i An‘fll)'r‘s ltb ;)timt?: d}%;;t second high water sets in at the mouth of
Ultel’G_Stlns eltd hrs' 55 mins. But at 16 hrs. the direction of flow in
e l‘l.\’t‘l: (lt ‘ﬁll d(l)wn the river with a velocity of 0,{3]7 meters per
eond, ‘Ib }lt high water on the succeeding day sets in at the mO_uth
e e 012S mnutes but the direction of current in the river
o }:1011'1'5 down the river with a velocity of 0.300 meters pel"se‘cond,
e l}?' the direction of the current has changed and it is up
the 1t 0‘6 'Il"fl'is shows that it takes about 2 hours for the current to
o 1‘£V’el_£ directién in‘ the river after the onset of high waters at the
leel‘;‘;‘e 1(§enera]1v the ‘ebb’ current on the surface is faster than the
mouth. G 3
‘flow’ current (Table 1.)

Turbidity

SN st high water the estuarine water is less turbid due
Durm‘g t.h‘e ﬁ)\;;tr;giit:: 1;61‘2 river, This is shown by the observation
to‘ the ﬂmﬁ of b;e?;.‘c which disappears from view at a depth of 81.0 ems.
sith the becch}t( {b 10 a.m. the turbidity of the water increases, and at
ey a’:}?é S?cck?il disc i‘eading hag the lowest value of 36.0 cms.
5 p.m. '

The high idity of / ¢ is due to the
ig bidity of the water at 4 p.m. and 6 p.m. is .

| mnltity 1:(?11 Sluspended matter carried by the river at the time of
arge que :

iow water.

flankton

: it ollected at the time of the first high
The volum)e V(zraq lll)illglf\t(l)g.otcc. After 8 a.m. the volume of ’ghe
water (8‘ ?}.m'sed zu;d reached the low value of 3.0 cc. at 4‘p.m. With
plankton U,ecreakent of the second high water, the velume of the plank-
the commencem eased and rose up to 10.0 cc. at 6 p.m., to GO.Q ce. g’c
ton C(’”e.('ted mcw; 80.0 cc. at 2 am. But after 2 a.m. there is again
12 midmgh.t’-{.l;)ldye(;(-he:% to 16.0 ce., and continued till 6 am. The
a dectine w?}it volL:me of plankton in relation to the tide are shown in
S;h;mges " It ; ill be seen that during daytime, from abqut 6 a.m. to
Graph 1. - reneral similarity in the trend of changes in the plank-
6 p'm'i tr};irzrlji Z}ci%ies But after 6 p.m. there is an inverse relationship.
ton-volume .
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This means that during daytime the increase in the vol
is due to flow of neritic waters, but at night the incer
secems to he due to other causes
bottom crganisms to the surface.

ume of plankton
. : ease in plankton
like the migration of the endemic

Duriug high waters in daytime the nevitic orcanisms like Sagitia
e . . ) ol [Pley ) .
{\M,(h(m tadpoles, {/u/«u.x l(u\(w,. vI)/(‘I()pUl{.\’ and small Medusae occur
in large numbers. Copepods, Mysids. fish eggs and iaivae are few But
during the night Copepods, Zocae, Myxids, Veligers, Polyehacte larvae
‘ ‘ ! s H< < a¢
fish eggs and larvae are guite common. ’
Graph 5 shows the diurnal fluctuations in some of the plankton
populations like the copepods, Veligers, phytoplankton and fish eggs

The copepod population has a minor peak at 8 a.m. and a major peak

s —— COPEPODS

-—— VELIGERS
e A e PHYTOPLANKTO N
3 . FISH EGGS

IN THOUSANDS

Graph 5. Graph showing two-howrlv fluctuations in the population of ¢

. . O ODe A
gers, phyvtoplankton and fish cges on vith-yzh April. 1gs6, pepods, Velj.
Copepods: - Veligerss phytoplankion;

-, fish cggs,

‘aph that aftey 4 p.m,
from 6 pm. a gradual
After 12 midnight the

at 12 midnight. It will be observed from the ay
and till 6 p.m. there is a steep rise, and then
rise till about 10 p.m. and then a steep rise.
decrease is sudden.
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The velizer population shows a gradual rise from 6 a.m. onwards
and has n minor peak at 12 noon. After 12 noon there 1s a decre'use
in population till 4 p.m  There is an increase in their members after
4 p.m. with a major pezk at 12 midnight.

In the phytoplankton population there are two minor peaks at 10 a.m.
and 6 p.m. and a major peak at 12 midnight.

—— IOAEAE
——_ MYSIDS
32 s FISH LARVAE

28 1

24

N
[e]

IN HUNDREDS
N

Graph 6. Guaph dhowing two-hourly fluctuations in the population of Zocac, Mysids
1 . Gu :

andd fish Lvae on orderedy \pril, 1956,

- ocaer - - Mysidss o fish larvac.

Fish eggs which are very rare during 'dayt‘,ime, as stated already,
are common at night. There is a steep Tise In t}}elr numbers 1",1;()m
& p.m. to 12 midnight, and a steep fall from 12 mldmght to‘4 a.m. Few
fish larvae are present during the day. The population of fish larvae
shows a peak at 12 midnight (Graph 6).

The population of zoeae shows two major peaks,.on.e at the time of
the first high water (8 a.m.) and another at 12 midnight (Graph 6).
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Mysids are present in small numbers in the da i

S y collections b

steep increase from 10 p.m. onwards reaching a peak agnzb alrllg e
2 a.m. there is a steep fall in their numbers (Graph 6). o

=1

I am thankful to Prof. R. V. Seshaiya, Director, Mar
Station, Porto Novo for suggesting the problem and ,fora;

a
After

Summary

The paper .l'eco'rds the preliminary observations on some of
the hydrobiological variations during a diurnal tidal cycle in
the Vellar estuary.

The tide in the Vellar estuary is of the semi-diurnal type
having two high waters and two low waters each day. The
evening high water is slightly higher than the morning high
water.

The temperature cycle of the surface waters follows closely
the cycle of air temperature. The range of variation in the
temperature of surface water during one tidal cycle is 3.8°C.

The therma. stratification that is developed during the early
part of the tidal cycle is short-lived and is destroyed at the
commencement of second high water occurring in the
evening

The concentration of oxygen in the surface layers follows
closely the temperature cycle and reaches a maximum at 4 p.m.
when the surface layer has the highest temperature. ’

The salinity of the water at the bottom is always higher than
that of the surface water salinity, and a pronounced chlori-
nity conflict is established in the estuary at the time of low
waters.

The plankton is poor in the surface waters of the estuar
during daytime, but there is a great increase in the volumel 0{,
plankton collected during the second low water at night
Numerous veligers cf the bottom molluscan fauna Demgmi
larvae and fish eggs are common in the plankton’at n‘ilrhé
Neritic vlanktonic organisms are common in the coll Et“ :
made during high tide. ollection

sico-chemical o
The physico-chemical features as well as the plankton show

a complex pattern of diurnal fluctuations. Further work i
in progress. 5
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TABLE 1—Data relating to the tidal cycle in the Vellar estuary on 11—12 April, 1956.
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5.0
6.0

272 287 28.6 288

AT

6a.m.

0.345

0.137
0.280

16.0
10.0
6.0

4.0

61.0
8

10.0

10.0

6.0
5.6

28.7 28.6 285

29.4 29.8 28.7 286

28.3

Y9
3/7//
w71

{107

a.m.

0.036 Down

0.050 Down

1.0

8.0 44.0 32,0 39.0
120 41.0 37.0 31.0

12.0
10.0

0.0
6.0

4.0

6.4
58

6.6

10a.m.

0.340
0,220

71.0

5.6
6.2
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31.1

12 noon
2 p.m
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32.17 40 4.0 13.0 120 120
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4.2 26.37 29.7}
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31
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10.0

150 8.0
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8.0
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7.4
6.4

7.4
6.2

325 29.8 2972

314

1171
22701
371
3141
241

4 p.m

6
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Up
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6.0
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0.235
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0.027 Down
0.011
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40 22.02 26.17 3149
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5.0 28.55 29.13 29.91
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Down
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11207
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0,039 Down
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0.220
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160

5.4

29.0 288 287 5.4

27.2
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14—55 hours

08—4! hours

% Low water
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4 a.m.
3,280
512
512
16
884
1,584
96

16

496

16

2 a.m.
7,104
1,760
2,016

355

2,598

3,048

80

23

48
80

2,016

12 mid-
night
15,936

2,752
8,800
1,313
1,835
4,512
64
102
32
4,416
64
99
32

10 p.m.
11,904
2,448
5,152
5
12
2,496
224
108
64
224
4,128
34
13

256
96
3,136
152
96
480
1,696
33
74

8 p.m.

224
160
800
215
160
2,496
325
28

32

108

216
64

168

56

1,200 10,624 11,104
30

1,344
376
40
248
656
16
64

696
16

12 noon 2 p.m. 4p.m. 6 p-m.
1,440

1,464

10 a.m.
1,888
1,728

208
784
16
32
32
64
944
96
16

8a.m.
2,976
1,744
16
304
624
96
16
64
04
496
32

1,352
32
200
304
48
24
16
296

TABLE 2—Data relating to the analysis of plankion collected at different intervals of the tidal cycle.
6 a.m.

plankton

Copepods
Ascidian tadpole

Fish larvae

Fish eggs
Mysids

Veligers
Nauplii
Sagitta

Zoeae
Plychaete larvae
Lingula larvae

Phyto
Medusae

Diphyes

(]

43

Ctenophores

64

64

96

96

Cypris
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Introduction

Schizodactylus monstrosus is a pest of Maize and Ay
also feeds on flesh. Tension (1912) while discussing the distribut:
crickets, described that this insect has a wide distributjop L ;1 ution of
placed Schizodactylus in his sub-family Gryllacrinae an(j me roy (19Q9)
occurrence in Bihar. Essig (1942) classified it in the faen.tlmne‘d its
pelmatidae and since then entomologists agree with Essig’s C{i‘;zﬁc&tgno_

assification,

The general anatomy of the head and mouth parts of t
members of the group Orthoptera and Euplexoptera ha he v
by Yuasa (1920). Davis (1927) described the anatomy
the alimentary canal of Stenopelmatus fucws (St o .
made some general remarks on its head. (Agéloox%eilnn;?dae)- and also
Stenopelmatus is omnivorous and may eat flesh under | 0 this authoy
tions. er laboratory congj.

hay seeds. 1t

arious
s heen described
and histology of

However, no detailed account of the head an
Stenopelmatidae is available. Present account isd am?i‘étilﬂzgrtst%f the
4 study of

the morphology of the head capsule and m . .
monstrosus. outh parts of Schizodactylus
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Meterial and Technique

The adult specimens of Schizodactylus monsirosus were collected
irom the banks of Anasagar and Foysagar Lakes, Ajmer. The head and
mouth parts of the specimen were made transparent by treating them
with 5% solution of potassium hydroxide for 15-24 hours. The various
structures were studied with the help of a dissecting binocular micro-

scope.
Head-Capsule

Head Capsule (Text-Figs. 1, 2 and 3)

The head capsule oi Schizodactylus monstrosus occupies a horizon-
tal position in front of the thorax and has hypognathous type of mouth
parts. The mid-dorsal region of the head capsule, the epicranium, car-
ries a median longitudinal suture, the epicranial or coronal suture \;Vhich

Cext-Fig. 1. Front  wview of head  ant.,
antenna: b.. brustia; ce. compound ey
clls.. clypeolabral sutures 8., cpicranial
suture;  fgs.. l'ronlogclm! suture; fr.. frons:
fs., fronial suture; ge., geoa, [, labrum; —
Ir., labral ridge; mb. mandibuluria; md., PNj'

mandible; mgs.. mandogenal suture mi.,
muscle impression: oc., oculata; fr..group
of papillac;  pr., pretentoving: pel., pre-
clvpeus: pocl., postelypeus: v, vertex. MD

P

divides anteriorly into two branches, the frontal sutures. On either side
and parailel to the epicranial suture on the ventral side of the head bq ,‘c
two ridges, the epicranial ridges, which become indistinct on the< q(tle
vior side. Yuasa (1920) while describing in general the anatom(n e£
the head and mouth parts of the group Orthoptera and EupleXOpteray df)d
not mention the presence of the epicranial ridges in any of tkll
members. €

The area in front of the frontal sutures is known as frons or front
while the area behind these sutures and extending to the ventral surface
of the head is the vertex. Just caudad of bifurcation there é;re t‘Le
raised oval chitinous areas one on each side of the epicranial suture WX
jarge number of small papillae are present on the dorsal side of. th
vertex. €
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The frons, a conspicous part of the he ; :

) ) € 3P 5 P he head is rais e ! ..
-tmd is  hounded ’ dorsally by the frontal “‘ture;b:gqﬂtu‘tb extremities
:ate)any ‘):\' t‘he 1.)‘({)13:()-;.'3612{1] or sub-ocular sutures mid )m«,p()u.nd eyoes,
houndary is indefinite as there Is no epistomial sutur }im.\teymr}y the
the ypeus, ) e between it and

1n Selsizodaetylns wonstrosies the antennac ave locat

tex because of the position of the frontal *“tilreqr l:i‘(:'.t‘("d. on the vey.
fenturve in this species as in other members of the o S 18 a0 peculiar
are Yocated on the frons (Yuasa, 19200, EKach alntehnh).u;{ the antennae
MeMpranous civcular avea, the antacorium which iqnfl l\ lodged in o
ghltmﬂm ving, the antennal sclerite or :mtmmm'iumA ;\pl;l“(mnded by a
b the Arst segment, is a strongly built piece and .‘u‘ti- {; stape, which
“im of the antennal sclerite at two points, the ‘h\;:e}‘.(u; H‘WS with the
meso-ventral,  The latero-dorsal articulation con‘:i\‘ts m)‘»( ol and the
ot the scape, the antartis (Yuasa, 1920) hinge(.l "Whith S) hasal process
corner of the rim of the antennal sclevite, while the nw\‘“\indt(;r»?ﬂ)atteral

’ : ral articy-

Foxy-big, 2l HIG T
B " Ntk
carelo: { .o Hen of - head ey
i inooda o distigatea: er 3 )
e ! 5 B S epreYang:
vidoer oy cprovanial s e, v o
: . v “i
frc b L Tabiad pal )
af , . Mpust oy ;
VD i YOOt ey, ‘ ']m "
;!Ii‘(llr\‘ ik . b adifany
: Cooandibabio gy
! oy, )
biles il a : - mandi
Ca COMCEAtentoy e oy i
SM 0., OCCRML g0s, i il
‘ B B HE S TR B
ST odomardea: Vs ol

ol accin
apial toramen: {1

M LeT i \
{ sterior artvubin 1‘()]](1\‘(" 204
Dbgn - CobEs postgena:
PMT .. privag lossas FR pr ’ )
s P D - et
/ E ,, } \')l(l;)ll.l] ll‘)“ll((ll(" /!w( })()\l )
LA - o . . S0,
Xp puis oy Pestotapital sulye: o
MA e R .
pracvs s submiehin: /1'/ P!
N . N Jl)l'\; i

verey

Yation formed by the ventro-mesial side of the scape does not ye
the 1im of the antennai scterite.  Oniy because ol the atty l{;‘mh upto
n}tsn-vem;‘ut antatendon ( Misva, 1943, the latter "1‘(1ce,;g ‘h';fb} ment of
sidercd as an articulatory provess of the scape though It d(( h~ }%n con-
the rim of the antennal sclerite.  The antacorium facilitwt)% not reach
ventral movement of the scape between the two al‘ticul‘\tgrés tbe dorso-
pedicel, the second segment of the antenna is divided i(nt( i D‘?mts. The
by a suture on the dorsal side with a corresponding ridg P DWO segments
side, and is longer than its breadth. 1t carries ;1 digsng;ghe v
tion to the s i g i ¢ ar
he scape with a membranous ring at the base which fac;

eniral

ticula-
litates
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its movement. Two antatendons, the laterodorsal antatendon and the
mesoventral antatendon are attached to the respective articulatory points
of the scape. A unique feature in this insect is the additional presence
of two short antatendons attached to the two articulatory points of the
pedicel.  The flagetum s composed of many cegments (of which the
irst being longest) which are immovably connected with each other.

The area on each side of the epicranial suture is named as the
parictal region (Cramptlon, 1921). In the antero-mesial corners of the
parictal region are situated two large compound eyes. Each eye is
large & kidney-shaped and located within a chitinous ring, the oculata.
The lateral ocelli are absent but a single muscle impression on the
frons below frontal sutures presents an appearance similar to a median

ocellus (Karandikar, 1939).

PTent-Fig. 5o A the  bhase of antenila
(Dorsal viewy B The base of ailennd

intral pfeie)  alc.. antacorium; an.scl.,
anennal - sclerite: in., flagelhum: Ld.pr.,
latero-dorsal  articulay  processs moaupr.
qresavental o avticulan Process: pd.. pedi-
celr r.. ridge on the ventral side of the

pedicel: s, suture on the dorsal side ol

the puli(cl: SC.. scape.

The lateral area of the head—the gena (Snodgrass co
. . < = g 3, 193 3 >

anteriorly by the fronto-genal suture, ventrally by the mando%igilhmltc‘d
and posteriorly by the occipital suture. genal suture

On the dorsal surface of the head forming the caudal .
each mandibularia on each side and separating it from the T o
is the mandogenal suture which is well developed in thi gona and frons
parison to that of other members of the group. Extelsl(‘linb?Ct- o
caudal margin of each mandibularia is a linear furrow thl i from the
leading to the anterior arm of the tentorium. » the pretentorina,

‘ The caudal end ot the head on th X is f
large occipital foramen. Surrounding 51:62;1113111aiﬁi?ltch}sdiol:med by a
pital f‘oramen is a semicircular area, the occiput, the e;(r .toé the veel-
;)f fzv}_uc.h are not definite, as there is no suture eifherdcon“ i(?m(tmnes
122;%111 wbere it meets the vertex, or on its cephalic margin . ca'ud;:_\
lerges with the postgena. The imaginary line drawn o ere v
D;;[all' f(l)}‘amen just cephalad of the odontoideae is consi({g‘gifs the ved-
.Is)idi 11?5 lsrﬁi;o()f ghe occiput. The rest of the occipital foramena(s)nth?ﬂfij
od by the Oclclin led by a {oroad postgena whose lateral margins i
pital sutures which run on the ventral side of a;;f h}imz

€ hea
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1 have their caudal ends free. Posterior to the occi _
and fa -ipital foramen is a small sclerite, the post ocelputs separated
e thfhocgclcipu‘t and postgena by a postoccipital suture, At the ven-
jrom t? mity of this suture on eiher side ig situated an open pit, the
tral ex 1temin{ which leads to the posterior arm of the tentorium. Latery]l
metzlte? Olv e;\ch end of the postocciput ig g large chitinoug plate, the
and‘ -b& miwq between which and the postoceiput on either side ig present
mauo‘cgr ()(’)gtocciuital apodeme directed cephalad. The submentum ig
a k‘)r‘?]dd %0 ‘the hlead capsule by means of two elongated plates, the
atftdvcmiriaé Each maxillaria runs frem the caudal end of the submentum
]t?,d‘i\he(base of macrocoriae and develops a roun

ded condyle at itg caudal
end, the odontoid process (Yuasa,1 920 Jor occipital condyle (Crampton,
1921).

Mouth-Parts
CLYPEO—LABRUM (Text-Figs. 1 and 4).

A cuticular clypeo-labrum, convex ‘dorsally and
hangs vertically downwards _trom the ttllonrsrhbet\%e
and occupies a mesial area of the mouth. e x ‘ ‘
‘ e joins the frons and clypeus into g fronto-clypeus. The clypeo-
e onsi ts of a clypeus above and a labrum below, movably articul-
lib;un:vict(;lnsgch other by a clypeo-labral suture oy the anterioy side
ate

put and surroung-

concave ventrally,
en the twg mandibleg
sence of the epistomia]

Fext-Fig. 1.
i) 4/_/'/:.,
avpeo-labral
pression; [

The ciypeo-labrym (Postervie,
chypeal ¢pipharyny; aly
vidges ey,

aeseentis (.
- labrum; {hs.,

labyal sttre:
opague arcys; 0.5.,
torma,

oal oal

oral scense
organ; m,

‘peo-labral ridge on the posterior side. Tpe mobility of the
o the'CI}illl)g;)e]a:rlszl(ialby presence of a deep square cavity ip the middle
l;ifbﬁ:? Clli,;)eo-la})ral suture. Tbe clypeqs and labrum ape made np o
:t)wo closely apposed walls,.a thick anterior ang a membranoyg Posterio
(the labral and clypeal epipharynx).

The clypeus is differentiated into an y

, bper pre ang
clypeus with a difference in the consistenc

a lower ost-
¥ of the two pos

parts; such g

each dor-
i rimitive (Walker, 1931). At‘ e.a‘c‘ :
o o Suppt(l)lse(ll;gm}l): 11: ;K‘loduced into a notch, tbkie z;ei?llelasglig
solgteral corner terior a}ticular nrocess of. the yna{ldl e of fhe same
thh fits th(?l van;l epipharynx is divided into six beg_rmr(‘rilenthe I;hm‘ynx
o grrgf)fe%c'yff/o }011git1,1dinal grooves also run towards
verse S;

i its free lower
id Iabr bears a median notc}} E)n its ‘ '
o SL.I}J—thI'YlbOI}g fidgzll(l)r}?ed appearance. Anterl(rnbl}j lthyid?eblol;mt}i:
et Whl'Ch gl\}els ] (wus by a three-rayed clypec-labra idge is beset
Separa_ted HO'm e C’I‘}tlllevmiddle arm of the clyz)e()-lqbralhrl tgwo 1ater£11
A illae and runs horizontgllly Wh‘11e t(;e o lateral
s o papi of 60 degrees to the middle arm antha ¢ directed
et ar;lg eanterior plate of the labrum and dafc ?on(gifudjna]
packwards. O'n tr(;oups of small papillae: A m; éﬁn ongitudinal
ariui)elz.estehrg lz‘ggalgsuture runs or;l t};e pOSteil;ilgro?(iﬁeoclvpio_labral Lo
the up h to the lower s the cly abral, ridge
e tlfle nOt‘C rt ridge on the anterior side. U ’
fmd CIZ)YI‘QSIJ(')HdS w'lflh ‘(};b}tl}(;étl;kl)(:i? ;)uture are two large slhallro\/\miclftees(i
mid(_lle or elther F%oi tk;.e insertion of muscles. Short.and Ongjp[‘t bed
betatl depl'esslong, the margins of these _depresswtls.o o the
e e e 1 arms of the clypeo-labral 1‘1dge are tw mall chitl
sides of the Iat.erah ‘tormae. The lateral marging of they ads Jre
onth Structlll”e§: fi eand bear short bristles .pomtmg ou(;cv&alt"lor;t e
entill'e, ?c{c%re()tllabgral epipharynx is beset with long and s 3
whole o
bristles.

MAXILLAFE (Text-Fig. )

I i the
i i bles, one on each side of
. ie just behind the mandibles, ide of the
'The maxﬁl?:b%llﬁn‘]and each articulates with the \{entralrrl??;l g;;lngt the
by © eans of two processes of the ca}‘do Wh;fh W}(()illa é,omiqts he
e by . rrooves in the postgenal margin. Eac H(l{a la consists of
COHespm;dmfr(%ximqlly the cardo and the stipes and distally :
four par S, DI c
and the lacinia.

_ o gitudinal
to some extent is rhomboid in shape. ¢ A lor;;,le 10W4;1‘
0 _ ing just near
The ca_rd? from the anterior end and endlng_']u:r 'u)((tacardo and
ridge running os the cardo into two parts, the P ! d forms the
left corner dl‘”desd The juxtacardo at the anterior en ti Otlﬁ - pro
.ardo. e | . - articuiar pro-
the outel'_ Veracml-ocess The veracardo ﬂ?lms an outer ald is (shapped
inner artlcu_lal _It) ted below the inner articular process tz}nl 1: roooss
cess which 13151 l;-al walking-stick.  From the outer ar 1(:;13 uicleb ‘
) » of a ws . : i ol muscles.
like the h?’fnqel(m(r promotor apodeme for the insertion
is given off ¢ s

¥ X rated from the cardo by a
ot i uadrate stluctul.e separa he ] :
Th_e 'btllloes ’tlusrea O(il the anterior side and. the car@ostlpltfll rlrcliggtrsr(?w
cardostunﬁa Sl'lde The stipes is composed of t}}}'ee plef:eszi (i) a't rrow
?he pOStglt,K)ert iilafaed piece, the juxtastipes, (ii) a broad rectang
inner racket-s ,
10
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mlddle piece, the verastipes and (iii) an outer piece, the palpiferp hi

J‘S not ‘dlstlnctly seen f.rom the anterior view. The, ]'uxtals(ti[)eseli W v
i)if)i%ﬂi‘roer;ldt}tll’elevleir(iftlp'es lzly aﬂl;idge all along its 'length.l Niai’epifcg

ade ridge Invades t rerasti : is i

st_rong Jjuxtastipital apodeme. ° Ateth\eer(:?\ttlé;esen((lindvf}bthproduct?‘d‘ }IltO o
given out another apodeme with a long narrow I;roc e< Jltlx ‘TSF‘I)QS‘ -
Juxtacardo. the adductor apedeme. The palpifer is a eS.'ll OI’vdlds e
tbe cephalqlateral part of the verastipes and is %ep"wifcm(li 1“5'L Hl'te by
1'1dfge running fl:gm the outer end of the cardosti; 't‘( (~'e . rom }?y o
T of the palpiter. pital ridge tc the distal

Pexe-Fig. 5. The vight maxilla (Anterior
viewy ad.ap.,  adductor  apodeme:r e
basigalea; (r., cardostipital ridge: dg., (ii&-
ﬁgnlv;x: gr.. galcal vidge: T, hamadens;
ranax. inner articulay processt je., justa-
cavdo - gsjuxtastipes; jsap juxtatipital
apodemer Ja., laciniar nax .. maxillayy
])Zli!)lis; ms . maxadentes;  o.max., oul(*‘r
articular  process;  pf., palpifer: proap.
promotor apodeme: v, lacinarastra; sg.pr "
concial process of subgalea; ve. avdo:

‘ , veracardo;
TS serastipes.

Frem the outer border of the verustipes are giv

galea and the mesial lacinia. The galea ils divideedglivn%cr(l) (t)ito i t()}lter
a galeal spture on the posterior side with the correspondin pgi(;‘ s by
the anterior side. The lower part, the subgalea is short gs Iil ‘ge_ o
gnd with a conical subgaleal process at the outer end Tk; (Ci-e“.)tlsed
is a large membranous lobe widened distally and ovértm (‘:h 1St1g‘al.ea
It bears leng bristles on its inner and outer mareins ru[)(sl Srsalllacmtm

[=] « se

on the anterior side of the upper half portion where it Show ae

of bifurcation by a small notch.  The § a sign
. N : sutu
and the stipes is indistinct on the posterior sigs between the subgalea

The lacinia is a h
ook-shaped, depre iti
- - ssed, ¢
structure; its surface and mesial ’mar<rins ar;z fitinous and dentate
g .

half of the proximal part is concave dorsally COnTes but the lateral

side has two maxadentes and a hamadens. The ser(l:(};r?dk;ﬁg{i:d :rft eac}%
es 0
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right maxilia has a short conical tooth-like projection at its base which
looks like a third maxadentes. The maxadentes and hamadens are
sharp, strongly chitinised and inwardly directed teeth widely separated
frem each other. On the inner proximal margin the lacinia carries
many stiff long hair, the lacinarastra directed towards the preoral
cavity.  The suture between the lacinia and stipes is indistinct on the
anterior side.

The palpifer appears more or less like basal segment of the palpus,
bears o five segmented maxillary palpus. The proximal segment of
the palpus is small and cylindrieal.  The second segment is longer
than the first, and the third is long and cylindrical while the fourth
and fitth are subequal in length.  The distal =nd of the fifth segment
is covered with numerous sctae having a gustatory function (Cramp-
ton, 1916}

MANDIBLES (Text-Figs. 2, 6, 7, 8 & 9).

The manditles lie at the sides of the clypeus. Each mandible is
a long strongly cuticularised subcenical structure with a broad trian-
onlar huse and a peinted apex. The inner cutting margin of each
mandille iz differentiated into strongly cuticularised tecth which can

Toxt-Tig. 6. Ao The  cutling margin. of
left mendible  (dnterior viewy B The
cutting mavain of left mandible (Posterion
viewy L L 1 first, sccond, thivd,

fourth cle, incisors e, e v €l firsi

sceend, third cte. molars.

be distinguished into lower cutting incisors and the upper grinding
molars.  The number and arrangement of the incisors and molars
is neither similar nor symmetrical on the right and left mandibles. The
cutting margin of the left mandible has three incisors and five molars
while the cutting margin of the right mandible has three incisors and
only four molars.

In the left mandible the first incisor is very long (3.5 mm.) pointed
at the apex and directed outwards. On its anterior surface is a depres-
sion which differentiates it into two parts, the lower pointed and the

apper broad respectiveiy. The second incisor is sharp with a pointed
cusp and lies at the base of the first incisor. The third incisor is

Jeng, straight and directed inwards with a single pointed cusp and a
biroad base. At an angle of 60 degrees to the third inciscr is the first
molar directed inwards and bears a blunt cusp. The second and third
molars are long, the third being longer than the second.  The former
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i§ a pointed cusp while the latter with a blunt cusp. The two cusps
lie opposite to each other in the same horizontal plane. The fourth
and fifth molars are short with blunt cusps. The fifth molar lies behind

the fourth and is not visible in the anterior view. The two cusps of

FexeeVigo 50 A0 1he culling  wmargin of
rght mandible  (Antervior vicwy B The
culling anargin of right mandible (Poste-
Yior view),

Letering as in Fig. 6.

the tourth and fifth moars also lie opposite to e
norizontal plane.  The last four molars lie in two ares at an angle of
6CG degrees to each other and are arranged in such g way as to form
a four-cusped tooth with a cavity between them.

ach other in the same

The first incisor of the right mandible directed outwards, is also
very leng (3 mm.) pointed at the apex and ends bluntly at the broad
base. Two depressions are visible on its anterior margin, which
divide it into three parts, the lower, the middle and the upper part
respectively. At the base of the first incisor lies the second incisor
which is short and has a pointed cusp.  The third incisor is also long

Text-Fig. 8 Basal region of the mandible
showing ils anterior articulation. w.ar. p.,
anterior articular process: b, brustia: o,
cdvpoas; [.gs, fronto-gencatl suture:  ge.,

genas mrh.o mandibulavia: aed.. mandible;

mys..  mandogenal suinre; po.o precoita:

. pretentoring.

with a pointed cusp and is directed inwards
four molars the first is peculiar of all. [t is short and has the cut
ting margin in the form of an edge of a glass-plate.  The seC(;nd mol .
is long with a blunt cusp and a broad base. It is direcfed inwo ?ir
and is not visible in the posterior view. The third molar is sh a}; "
than the second, bears a blunt cusp and is directed inwards - W};'lm er
fourth molar with a blunt cusp is shortest of all. Th;’l- tle the
molars are arranged to form a tricuspid tooth with a cavityd?aett\té:s

and outwards.  Qut of the

them.

The peculiarity about the mandibles of this i i
. d s 18 S M . .
sors and molars in both the mandible 5. nsect 1s that the inci.

s are all single cusped.
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Each mandible hag two articulatory processes at' its proxn_na} entd,
an anterior and a posterior articulatory process. ' T'he ‘fmterlo% (u‘l—
cular process fits into the precoila While.the postgrlor artlcp‘lat(n_quol-
cess bears a well developed condyle which fits into a cavity i01rr1‘ef
in the lower lateral margin of the 1)0stgena.. I?etwgen these ‘alt‘l.-
culatory processes intervenes a rectangulay strip of cuticle, the mandi-
bularia.

] 1hle with their tendons. a.ar fy, anterios
' f The g nd vight mandibles  wt
Text-Fie. o The left il g

icul ~ b, brashar o extensacuta et estensotendon: mb., mandibu-
artrcutar [)H)L'(‘.\\. . Shld.

favia: ., mandibles e rectacuta:  rh., rectotendon.

Along the base of the molar region are situated many long stiff
hairs, the brustia which are directed towards the preoral cavity and are
112(131fl1,1 in preventing the escape of the masticated food material (Snod-

grass, 1928).

T 318 * each mandible possesses two apodemes for the insey-
tion 12.19, l;;;;?lc?itbfl:;h muscles. A small spatulate extensotendon is
attached near the posterior art.icu'lar process_and a la.rge bral_mhed re-
lt‘t lon is attached to the proximal part of the me.syal- margin on the
N fl t?.l(lo. , ‘c‘t The base of the rectatendon is chitinized and forms
Z}(;Ielt;\ct:csfl)‘; while that of the extensotendon forms the extensacuta.

LABIUM (Text-Figs. 10-a & 10-b).

]Ab’ll‘[}il lszium is situated between the mandibles and f01’ms the floor
£ the preoral cavity. It ig, like the 1ab1'11m, composed of 'two closely
5 edI v lls. which though fused along their entire margin have the
?i)rlr)l(;:fnn; (;1';:,21 free from each other. The pioster‘ior wall is S‘CIBI‘Otised
while the anterior is membranous: The 1gb1um is formed of submen-
tum, mentum, prementum, and ligula which includes glossae, para-
olossae, palpigers and labial palpi.
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The submentum is a wide narrow sclerita, It has a o .
dorsal margin held between the widely produced domnhzﬁ]Lrescmm('
which it is attached to the ventromesial margin of thé , (t} A oarms by
submentum is separated from the mentum by a well d‘i‘?*“!ﬂmm, The
ridge on the anterior side and a mental suytupe on thj\(' lf“m! m(,‘r.\tul
Cephalad to the submentum is a narrow ﬂexibie a;-m(' tl;]%h)r}m' side,
(Crampton, 1928) which separates the mentum frnm"t‘};e S((;I mid:ahium

stbmentum,

TestFig, o e
‘3(.“.)” v l\ ‘”W‘ Labiion CUnteyie,
0" l" R glowas [ il ) .
. tabiay Vidoo .. fabing . padpus
wmewang gy ,m(“‘”m”"mv; .
R ¥

ment; ; . i
Wniad vithues WS menyal "y,
Pgo paaglossy: prnet ANt
Pt R S Ppremen .
}’ feoprementad wop, } tum:
qers s, v palpi

: stthineng .
variun, HHE S sem .

‘ The mentum is a hroad, transverse and distinct gel
tz_‘om the prementum by a well developed labia) rid ‘:Q

side and the labial suture on the posterior side. &;h(m th‘c atilerior
}:f'<-(>mcs more wide mesially and gives out lateral N 'labm} stture
side. 4l extensiong on either

erite markeq off
Test-Figo oo B The Labvune (Posie

viar ey Lenering as o Fead Fig.

1o AL

The prementum is a hroad sclerite presenting »
on account of a deep median noteh, the preme
into it trom its cuter border.  Posteriorly the
piger on either side.

aired
ntal neteh wh
Prementum

appearanee
ich extondg
RAYS A .

Each palpiger is &« smle sclerite located on the laters) o
bears a three segmented labial palpus. al side and

The free end of the prementum bears a pair of memlsy,
and paraglossae. Each glossa and paraglossa is sef,,uf‘lf(m““
prementum by a transverse ridge running af thelr e ated
may al§() be an indication of the suture which separat
glossa into two segments—a condition comparable to ﬁ(wdt o the payy.
galea of maxilla (Yuvasa, 1920).  The glossae ave wel] g WO segmenteq
ed and placed symmetrically between the two long pari‘:lﬁ:(u)‘e(l, point.

Aat088g0, Eﬂ(‘h

5 glossae
from the
bases‘ rph . th(
¢ rldg()
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glossa is beset with short and peinted bristles on its lateral and anterior
margins. The mesial or dorsal portion of each paraglossa is concave
and overlaps the glossa to a greater extent. Each paraglossa bears
long bristles on the lateral margins,  The anteroir and posterior sur-
faces also bear two linear rows of long pointed bristles.

Each labial palpus is three scgmented and geniculate.  The basal
segment is the smallest and bears few scattered pointed bristles.  The
middle segment is smaller than the third which is long, cylindrical,
cevate and  with a spherical membranous tip covered with minute
setae.

The inner surface of the labium has a membranous lining which
in its mesial region is inflected to form a shallow depression, the sali-
varium over the mescventral region of the hypopharynx., At the point
of junction of the hypopharynx to the labial sheath is situated the open-
ing of the salivary duct.

HYPOPHARYNX (Text-Fig. 11).

The hypopharynx which forms the floor of the oral cavity is well
developed in Schizodactylus nurnstrosys. It is made up of two ciosely
apposed walls, the anterior membranous and the posterior sclerotised.

Test-Fig. 1. The Hypopharyny (Anterior
viewy b.dscl, basad lateral scleriter iy,
hypopharynx — proper; md,b., mandibulay
bav; mscl., middle sclevite: no, neeks o.b
oral bar; sg.. subgusta; sg.ap.. subgustal
apodemer sl sispensorial «clerite,

It is distinguishable info three parts, (i) the proximal subgusta by means
of which it is attached to the mentum and maxillae, (ii) the middle
neck and (iii) the distal hypopharynx proper.

The subgusta forms the floor of the mouth and the cibarium. Itg
lateroventral walls are supported by a pair of transparent cuticular
sclerites, the mandibular bars having short and pointed bristles on their
dorsal surfaces. Laterad and mesiad of each mandibular bar is another
broad brown sclerite, the oral bar which supports the middle part of the



80 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA  [Vol. 10 No. |

subgusta. Arising from the lateral wall of the subgug
and the mandibular bar on either side ig t;x et
the subgustal apodeme. Lateral and : ¢ fembra
subgusta bears a large number of
bristles on its dorsal surface,

and between it

nous apodeme
auter to each oral bay thc’x

inwardly directed and thickly set

The ngck situated in front of the sub
on each side by a chitinous darkly col
the suspensorial sclerite.

gusta is short ang is

‘ supported
oured rectangulay bar

known ag

The distal portion—the hypopharvnx proper, is
cated at its lower border by a notch. Each l()'bebis St .
lateral side by a long, slender and chitinous sckle;iépported b Ut
laterz‘tl_sclente. The middle portion of the hypoph‘lryn}s,‘.tbe basal
by a single broad hrown sclerite, the middle scleri';e wh'l‘; Al borted
ports the salivos.  The tips of the lobes are fringed with ol o Sup-
hair. _The dorsal surface of the hyponpharynx proper i‘S;na}l sensory
each side by numercus inwardly directed and thickly Setsb )(})]l dergd on
The basal portion of the hypopharynx projects towards tl;: Y opistles.
forms the salivos which fits into the salivarium. A ¢ meck and

a free lohe bifur-

Tentorium

TENTORIUM (Text-Fig. 12)

The tentorium is endoskeleton of the head capsule, It is th
and heavily chitinized in S. monstrosus and consists of the fo?l h.ICk
sclerites: (i) the carpotentorium; (ii) the anterior tentoria] gy owing
(iii) the posterior tentorial arms. arms and

Texttig, awe The  dentorivm and the
bart of the head capsule atiached (o
CIntevior  viciy  ala, amcior tentorial
armeofcarpotentorium: {0 laminoten-
oriums e mcteniorina: of, occipital
leyamen: ol ocsotendon: e, posteena;
fromd Coposterior avticnlarion of mandible;
e provemiarimas foda posterioy tentorial

arng

T?w carpotentorium is the large postevior part of the canopy of the
tentorium and is formed by the fusion of the two pesterioy i(*ntm'"}
arms mesially. It lies between  the two postgenae and forms the -M
halic margin of the cecipital foramen. A ¢ e

. From each anteroiateral corner of the canopy of the tentorium s
given out an anterior tentorial arm which i narrow ;lt' its base 1bL11:
5 hase

broadens out distally to meet the anteriop wall of the head just above
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the anterior articulatory process of the mandible, Each anterior
tentorial arm which is triangular in outline opens to the exterior by a
transverse linear pit, the pretentorina. The outer and inner borders
of the triangle are thickly cuticularized while the connecting memb-
ranous part between them is flat dorsally and slightly concave ventrally.
A plate-like projection is present on the dorsomesial side of each anterior
tentorial arm.  This plate represents the rudiment of the laminoten-
torium. From the ventral side of each anterior tentorial arm is given
out a large apodeme, the oesotendon which runs in the ventral direc-
tion.

The posterior tentorial arms arise from the lateral sides of the
carpotentorium and meet laterally with ventral margins of the postgenae.
A single pit, the metatentorina in the mesoventral corner of the post-
gena indicates the point of attachment of the posterior tentorial arm
to the ventral wall of the head.
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Summary

A complete account of the external morphology of the headcapsule
and mouth-parts is given.
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THE PROGRESS OF THE SOCIETY DURING 1957

General
First of all, allow me to thank you and all other members for

dlacing your confidence in me by electing me a i
= ) ¢ your Presid
t term of two years. With the co-operation and goodwill of ail e(?ft ny(;r
hope to do my utmost for the well-being of the Society. May 1 also
ake this opportunity of wishing all of you A Happy New Year

Plate III

OCIETY OF INDIA

S

JOURNAL OF THE ZOOLOGICAL

Vol. X, No. 1 ( 195%)

GROUP PHOTOGRAPH OF MEMBERS

taken after the Annual General Meeting at Madras, on 7th January, 19

948,

Left to right :

B. =
Dr. H. 8.
Thapar (§ ice-Presi

B. L. Kaw, 4. Dr.

Dr.

1
.

Jones,

Dr.

ession of Indian Science Congress),

P.

1. Dr.

First row (sitting) :

Chaubun

Raot

o
o]
N -
oy

3

b
™

2

2
K3
~

i

>

~

I
=<
£
>
2
k>

[

=

10. Dr. G. 8.

M. L. Roonwal (Presidenty, S,

7.

Seshaiva (Kdit
N

Prot. R. V.

vate of China to 45th

O.

S. Bhimachar,

5. Dr. B.

President), 9. Prof.C. J. Shen (Dele

Dr. B. C. Mahendra.

(Treasurery,

1.

Shri V.

lo.
N. Ananthakrishnan,

Bose,

Dr. K. C.
Shei T.

15.
20

B. Biswas,

14. Dr.
Shri P. . Saniiva Raj,

G. Marthai,
19,

hri

Meenakshi,

2

-4
=

“)

Shri T. Desi Raju,

Seshappa.

1

Second row {standing) :
17.

Thirumala Rao.

Dr. G.

21,

4. Dr B

2

Lakshamana Rao

Shri M. V.

23

Shri P. C. George.

Shri R. Nagabhushanam (Adssestant Secretary-Gieneraly,

26.

H. C. Rav,

Rl

. Dr.

Third row (standing) :
9z

K. Behura



June [958] ROONWALL : PRESIDENTIAL ADDRESS 83

To the retiring President, Dr. H. Srinivasa Rao, 1 would take this
opportunity of expressing our thanks for steering the Society’s ship in
difficult waters during the two years of his stewardship. To the other
retiring office-bearers also I would like to express our thanks for the
work they did. To the new office-bearers I accord a hearty welcome,
and [ look forward to working with them as a team.

Membership
(a) New additions
The effective membership of the Society stands to-day at 146. Of
these, 52 are Life Members and 56 Ordinary Members; and 38 are Fel-

lows. Twenty-six new Members joined the Society during 1957 and we
welcome them to our fold.

You will agree that our membership is not satisfactory, considering
that ours is an All-India body, and 1 wouid request all members to do
their utmost to raise the numerical strength of the Society. 1 feel that
a membership-drive is necessary. This matter was discussed and cer-
tain decisions taken at the meeting of the Executive Council held on
the 11th May, 1957, and 1 would now request the Secretary and the
Treasurer to give effect to those decisions as early as possible.

(b) Deaths

I regret to record the death, on the 6th of April, 1957, of a valuable
Fellow Dr. B. K. Das (of Hyderabad), and would request you to express
our sorrow at the loss by rising in your seats for a minute.

Finances

The finances of the Society show a book-deficit of Rs. 5640-95 nP.
and I would urge upon all members to make earnest efforts to increase
the Society’s membership and thus assist in increasing our finances. I
am glad to say, however, that, thanks to the care of our Treasurer,
Dr. B. 8. Chauhan, the Society’s bank balance to-day stands at;
Rs. 78,767/-, out of which the Permanent Funds in cash alone stand at
Rs. 25.969/- (face value). The income of the Society during the portions
of the financial year 1957-58 up to 30th November, 1957 was
Rs. 5,759-10 nP. and the expenditure Rs. 2,622-40 nP., leaving a book-
deficit of about Rs. 5,649-95 nP.

The following general donations were received during the year, and
I would take this opportunity of thanking the donors, on behalf of the
Society, for their generosity:—

(i) Indian Council of Agricultural Research (1955-56): Rs. 1,045/«

(ii) Government of Bihar 1,000 /-

(iii) Travancore University 100/-

(iv) Annamalai University 50/
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Applications for finnncial grants.—As in .

surer has made, on behalf of the Society, appl?cl‘qet\i;(;u‘st

for financial grants. A special feature of thig a)sl‘ :
was that the Government of India has heep apbrow1

Rs. 15,000, - for holding the proposed First All-Ing;

under the auspices of the Society. '

ached foy 4 grant of
a Congregg of Zoology

For further details about our financeg
Oy

. I wou
eport of the Treasurer. Id refer

you to the

Revision of the Constitution

The revision of the Sceiety’s Constitution has }
attention of the sucessive meetings of the Exec&fiv )eefl engaging the
General Bedy for some vears now. A thorough) ? .(’(’“n“ll and the
has been prepaved this year. It has already beei I:.LY’S‘“‘ Constitution
members and will come np for consideratiog, befm.eu;(fsl"}md{ to all the
R M due course,

Publications
{ay Publicetion of the “Jowraal”

The second issue of the Jowrnal of the Zoolonin
for the year 1956 (Vol. 8, No. 2) was due to comogzwl- Socie
under the editorship of our former Editey Dy i/lout in Deg
M. Chandy as the Manager of Publicati(.ﬁs_ - ML L Bhatia, witp Dr.
has not yet come out, but we expect that it ma ately this issue
new Editor, Prof. R. V. Seshaiya, started wity fly COme out soon,  (yur
manuscript of papers for publication in the cur;. “;1 balance a4 far the
L and 2) was concerned. It is, however, "ratif'e'n 1sstes (Vo) 9, Nos.
has been uble to obtain papers, edit them abnd mY;ng to record that he
ready. The manuscript for both these issueg wil} ar almast, press-
The manuscripts for Vol. 10, No. 1 (foy 1958‘)55 bress shortly
of the Editor and it is expected that Very soon in- the hzm('is'
arrears and become up-to-date in bringing cear up gur
Journal. Issues of the

ty of India
Cember 1956

0 to the
are now

we wilj
out the varioug

(b)y The year-book

The proposal to publish an Year-Boy: PR
consideration since 1953, hut for long ng ﬂljjlfr(ta?fésloclety h
The matter was again discussed at the Meeting ofe brogy
cil held in Caleutta on the 11th May, 1957, anq _tthe Executive Coun.
pedite the publication of the Year-Book. I’am 11 Was decideq to ¢x-
the efforts of the Secretary and the Treasurer %had to say that due to
1956-57 was published last month ang dESpa’t ! e first Year-Bony; for
hope it is already in your hands. thed  to members, |

as heen under
€8s wag made,

(c) The “Indian Zoological Memoirs”

The idea of having a series of Zoological Merm
of the Zoological Society of India wag mOOteg{mers under the auspices

arly in 1953, Consulta-

June 1958] ROONWALL :  PRESIDENTIAL ADDRESS 85

tions were held by thd then President and Secretary of the Society
with the late Professor K. N. Bahl of Lucknow, who was the Founder-
Editor of the series “Indian Zoological Memoirs” in which, since 1924,
he had brought out eigth volumes some of them having run into several
oditions. Professor Bahl agreed that the series started by him may he
taken over by the Society, but pointed out that due to failing health and
other preoccupations he \Y‘()U]d not be a‘b!e to _ed}'t the series in future.
I1e, however, agreed to edit a 1'ev1se1d e'dxtmn ol his own Memoir (No. 1,
on Pheretima) and also No. 2 on Scoliodon by Dr, Thiliampallam). He
rurther pointed out that he ha.d alrefqdy recently edited the Memoir No. 9
under the series, on The Indian Sting Ray, Dasyatis, by Dr. M. Chandy,
which was waiting to he sent to the press. The arrangements for the
printing of the memoir on Daspatis \were ﬂ_Sslg'hed in 1954 to Dr. M. L.
Dhatia who was then the Manager of P}lbhcations of the Society. Thig
memoir has now (1957) come out,.but unig)rtunutely not as Memoir No. 9
in the ‘‘Indian Zoological Memoirs” series under the auspices of the
Qociety, but as Memoir No. 1 under a now series, designated as
“Memoirs on Indian Animal Types”, and initiated by Dr. M. L. Bhatia

under his own Editorship without the Society’s authority.

In spite of the fact that the Executive Council of the Society had
taken a decision on the matter as early as January 1955, and hoth the
Council and the General Body at the subsequ-ent Annual Meetings in
January, 1956, and January, 1957, had reiterated and amplified the
decisions regarding  these Memoirs, no progress was registered. The
matter was again considered at the meeting of the Executive Council
held in Caleutta on the 1.1th May, 19‘:)7,. when a thl‘eg—member Indiun
Zoological Mcmoir Cq?z'zo7zztf€a_ of the Society was constituted consisting
of Prof. R. V. Seshaiya, Prof. P. N. Ganapati and Dr. B. S. Chauhay
(Convener). 1 am glad to say that, thanks to the members of this Com-
mittee, particularly of the' Convenor, c0n.51derable progress has been
made. Authors of three of the old Mem(n.rs have agreed to have their
respective memoirs ~published by the Society, and the latest position

is as follows:—

(i) Memoir No. 2 (on the shark Scoliodon) by Dr. M. Thillayam-
am. The author has agreed to revise the memoir and bring out the

1 . .
ba h edition under the auspices of the Society soon.

revised bt

(ii) Memoir No. 6 (on the prawn, Palaemon) by Dr. 8. S. Patwar.
dhan. With the consent of the author, the memoir is being reviseq and
veprinted and is already In the page-proof stage. An advance bound
copy is now before you. The memoir is expected to be on sale in about
a month’s time.

(iiiy Memoir No. 7 (on the Echinoid Salmacis) by Prof. R.
Gopala Aiyar. The author has agreed to place the memoir entirely at
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the Saciety's disposal and also generously agreed to oiv
fits to the Society. A_t the author’s suggestion an((i] \%Vll\tfl ?111 the pro-
the memoir is now being revised by our Secretary, Prof le(‘conse“t,
’ © - Lanapati,

Thus, by the time we meet next we hope to hs e
seeing all the three memoirs in print. Stleps h};f\;:eai‘lﬁ Sbﬂtlstactum of
bring out new monographs and negotiations are undey wa een taken t,
ber of prospective authors. Rules and conditiong to re((ryl With 2 num-
tionships of the authors, of both the old and the newbu ate -the rela-
the Society in regard to such matters as copyright emoiys, with
also being framed. “ » brofits, et are

The Soclety had decided in 1955, with the approy
Body, to constitute a special fund of Rs, 10,000
the Indian Zoological Memoirs”. [ am glad to
has so far been able to place a sum of Rs. 5,6

al of the Gen
aenerat
- for the bublication of
say .that the Treasurey
00/~ in that fung.

(dy A& “Who's Who' of the Members of the Society.
The decision to prepave a Who's Who of the me
was taken four years ago (in 1954), but no
been made It has heen decided to intensify e
it 1s hoped that all the members will kindly
required information at an early date.

m_bers of the
appreciahle Prog
fTorts in that diye
co-Operate hy g

S()ciety
ress hag
ction ang
nding the

Preparation of a National Register of Zoalogists in Indj
nha

The Society has decided to prepare a “N
fogists in India”, and I hope that with the co-operation of ter of 7.
our Secretary will be able this vear to complete sycp, | ﬂl)l concerneq,
publication. & Registep for

ational Regiy

The First All-India Congress of Zoology

The desivability of holding periodically, say EVEry fouy on g

an All-India Congress of Zoology, will be appreciate hy 01“i1\'e years,
and the Society has decided to ovganize such a Congregg at ‘1a "m-emhers,
To get matters moving, the Exccutive Council, in ity men{1 carly date.
the 11tk .ay, 1957, formed a “Provisional Loca] StéeLin}; I(Elg h@!d omn
at Calcutin consisting of the following members: —The Py :.Ommltt(‘("'
M. L. Roonwal), Dr. B. S. Bhimachar, Dr. J. 1., Bhaduyi D*:‘S;(Iient (Dr.
and Dr. B. 8. Chauhan (Secretavy). The Steering Co;nmi‘[;tg N Ray
ready held a number of meetings in this connnection and ¢ ee hag g}
tain tentative decisions regarding the composition of the ‘)mL to cey.
tions, membershin-subscription, application to the Government (‘;_l()us. sec-
financial grants, and so on. It is hoped now to finalise fh 0t India 1y
dates of the Congress. The Steering Committee alsq RDDoietVenue and
visional Local Publication Steering Committee” consisting nfed a “Pro-
dent (Dr. M. L. Roonwal), Dr. J. L. Bhaduri, Dr. 11, N iy "¢ Presi

) and Dr.
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B. S. Chauhan (Convener).

Suggestions received from various members all over India have
stressed that the date and venue of the Congress be so fixed as to keep
in view the convenience of University teachers and students. It is
expected that a suitable venue and date will be finalized shortly.

Symposia on Zoological Topics

In January, 1957, we had held, with the aid of a liberal financial
egrant of Rs. 4,000 from the Government of India, our first Symposium
at Calcutta. Unfortunately, the Proceedings of this Symposium have
not vet been published owing partly to the full papers not having been
received from several authors. It has now been decided to publish the
Proceedings at an early date, and the communications from authors
who have not yet supplied the full paper, will be printed as abstracts
only.

A second symposium could not he organised, but our Secretary is
trving to arrange one in 1958, in which task I hope he will soon be
successful.

The Society’s Awards

As the members know. at the last Annual General Meeting held in
“aleutta on the 14th January, 1957, the Society had announced the first
award of the Bhalerao Memorial Medal to Professor H. R. Mehra (of
Allahabad) in absentic tor meritorious research work in Helminthology.
The medal was not ready at the time of that announcement. In the
following months, a permanent steel die was made in Calcutta and a
gold medal struck at a cost of about Rs. 400 (for the medal only). The
medal is now before yvou and I hope you like it. You will also find it
illustrated in our Year-Book for 1956-57, pp. 2. It will shortly be sent
to Professor Mehra.

Representatives of the Society on outside Bodies

Indian Board for Wild-Life. The Society has re-elected Dr. H. Sri-
nivasa Rao to continue to represent the Society on the Indian Board
for Wild Life. Dr. Rao reports that response from the Members of the
Society to the Wild Life Circulars sent round by him was very poor,
just one member sending a reply. I would appeal to all of you to
extend your fuller co-operation to Dr. Rao, and thus, through him, con-
tribute to the preservation, well-being and enjoyment of our Wild
Life.

I may add here that in my capacity as the Director, Zoological
Survey of India, I am also the Honorary Secretary-General of the Board,
and it is for this reason that I had suggested a departure from our
past practice (when the Society’s President represented the Society on
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the Board) and elect someone else.

I am glad th
fallen on Dr. Rao.

at youy choice hag

The late Professor K. N. Bhal Memorial Fund

The sponsors of the appeal for the fund in me .
Prof. K.N. Bahl have placed at the disposal of the §:>Z§gty0t'l tbve latg
Rs. 574.34 nP. for administration, and our Treasurey has open ‘1 -‘*U{H of
rate fund on that account.  The subscriptions tq the funde(hf
yet been closed and a fresh appeal has been issueq recent| 1ave ot
Year Book for 1956-57, p. 48). It is hoped that Mmemberg wiﬁ] ( ;
liberally towards the fund. contribute

Signatures and photographs, etc., of Members

The following decisions were taken by th
year, and I hope the Secretary will be ahl
gress in regard to all of these items:—

¢ Executive

; Councj i
e to registey app cil' this

reciable pyq.

(i) Register of sighatures—~Institution of a Boung
contain the autographs (signatures) of g}
Society. Being of a permanent y ;
should be of high clasg ledger paper op bett e Reglster
paper so that the pages wil] not becomé britar Stl.“, rag
march of years. For a like reason, the ; € With the
signatures should be black, indelible

(i) Albwm of photogmplzs.\lnstitution of ap
one or two photographs of every memb;“);fm to con't {
I hope all members wil] co-operate by sending phet Society,
v 0 Ographg

I'm Begister to
embers of t,,
ature, tp 1 of the

to the Society.

(iii)  Group photograph of mcnlbm‘s.——lnsti
photograph of members whq
General Meetings. [ hope we w
vear.

tution of .
aSsemble 4¢ thed grouyp.

. A .
il make 5 beginn; nnua|

(iv) Seroll to Members and Fell(”‘f'5'-~[)resenta'

tion

scrolls to Members and Fellows on thej P of formagl
Scciety.  The format of thega scrolls rh;;inf)lssmn to the
and we expect that print )

ten ﬁnaliSed

ed copieg will be avai bl
atlable

for use by the Society. Soon

The Society’s Library

The Society’s Library which is m C
during the year 1957 about 200 additions whyjcp, inely alcut?;a received
prints and books, the more noteworthy among them 1, le pel‘lodic;lls’ re.
publications.  The total number of volumeg now in thelng Some Russian
stands at 1416. © SOCiety’s Librgry

aintained a4
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PART 2
UTILIZATION OF ZOOLOGICAL TALENT IN INDIA.

(a) Preliminary remarks: S ¢ soologica
i i ¢ y the utilization of zoolo
h to lay before you a few thouf?hts on 2

talenltvgils the country so that the limited talent avalilable may .be used
to the best advantage, and I would request {0;1 dkl.ndb;) tot g,{wef y&qg

i 8 ar 0 i

t consideration to them. As 1 have sta ed in Pa .

fgé}::sscthe Society has already taken some steps in this direction, apd
it is ho;ged that the preparation of a Who's Who of Membe?'s and ot.a
National Register of Zoologists in Indie will help to a certain extent in

this task.

ilizati rical talent has to-day to be looked at in Fwo
s e(r:I;}sle uI*t‘lilx‘I:?tlf?li Oefmzr?l(())l;)rﬁlent and utilizatio'n. of the young zoologists
3v}?o pziss out,every year from our Upivermtles gnd Colleges. Apd
secondly, the suitable employment Of. retired Zonloglsts who have be}}:md
them a solid experience of twenty-five or thlr_ty years of resgdarg: tho;‘
teaching and who still have plenty of energy left to work, prOV1te . a
a suitable place for research and some mf)netar:y help are 1glven 0 er?,
1 have purposely omitted the conSLderatlop of the middle-aged people
who are well-established and who haYe still many years ‘fco g0 before
retirement, as they do not face us with an urgent or serious problem

at present.

For the problems of both the young.and_the old' s'cientis.ts, the solu-
tion is, to my mind, identical. It consists in ;)royldlng sqltable places
for research where the workers may carry on thexr on'k in peaci and
have at least a certain degree of financial security gualant_eed '160. hel??'
Inspite of the ill-informed opinions exl?ressed bbf some o‘t our inte }-
osentia that scientists should not care for ﬁpanqm rewards a}ld .mu§t
l(:iedicate themselves to work in poverty,. the‘ i.act is that the scientist is
not to be compared to a frontline sol‘du?r living in a trench and‘ ready
to sacrifice his life to a bomb or a missile. W(? dov greatly admire tl}lle
soldier’s courage and devotion. But good schentlsts, th0u1gh usu‘a y
born as such, have to be nurtuyed carefully.  Unless they.ale prov‘lded
with a suitable environment with a reasonable amount of freedom t-l:om
the problems of bread-winning, m.llch.result may not be exp.ected from
their labours. To-day, the smenhgts are the lowest-paid .a.nd the
highest-educated persons in India, a iur.ldame.ntally wrong p931t10n for
our science to-day. What applies to science in general, applies also to
zoology.

The solution has two main aspects, viz., the general and the specific,
and I will deal with them separately.

12
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(b) The general aspects:

Here agai :
e again, we have two problems which nead solution

Cadres of scienlific services—As you k ‘
all-India ¢ 1C Serriees.——As you know, there is at pres
suffer gre(arlt(l{sl;eir?ft}?e]e bc’éenFlﬁq services, and consequently theplsi?gﬁtiilt()'
are often obliced to l(fna ter of emoluments and promotions. SCient':tT
prospects andb o thi/m e‘ oy‘1e'dep‘artment for another in search of beé;: S
that their ahecialis S DProcess of perambulation it frequently h ‘u‘

pecialized knowledge is Improperly utilized 3’1 \Sizl)tcnl.s
) asted.

If suitable cadres are formed, promisi
anle cad d, promisi '
and will stick to the service. ng men will be attracted to them

Lulm;mtm»ies.——The second  problem is the provigio .
;li}s)‘(t)sl)dt};)zixl'z&the I\?foggcs oﬁfelqt, the zoologists (and DII")})‘dbly na‘s(())t t;:]f)z(:}t)']f
to-day, not merely in Indi;'butl?llsshel‘tel:m scientific research peop(]e
i’(lJIr?)Cifxllogyinn(&rdoubt fru'1th.11y_ Biological research ut% ?Sl')(v‘nt o that
verbial Linde ellq, b.ut it will one day, let us hope h"tvb 'telh l.ll\e the pro-
][?fdlo IIE 'Isf g:l:atlfymg that in a recent series <;f iqlf-'l s Prinee Charrp-

adio, Professor J. B. S. Haldane, the eminent ér‘izis%n kf);i}:)(ioélléIn}(lim
g18t, nas

sleaded in favour i .

'I‘uch ilaxgm of l'aymg a greater emphasis on biologi

3 as evolution, animal behaviour, and so ogical researches
) on.

‘s X v OB d Bi i
Szieﬁfilﬁhcaps m.ofle civilizing” in its influence than olt%gxcal research
research, and in this respect it is close to th Oh er aspects of
e humanitieg
In India we ha y .
but s a we have a large number of physical and chem; .
ut similar Institutes for biologcal sub chemical institutes
S b

: . ject :
animal behaviour, ete., are still to corile. ) SVléci}tlhcz)lst gi}?ehcs’ ecology,
e creation of

such biological institutes i
. : , 70
fourish, ological research cannot he expected to

(c) The specific aspects:

Here too we may ¢ i

_ i Y convenlently consider th : .
’5‘10{15, viz.. those pertaining to the young ? S(,’lutlons in two direc-
retired ones. zoologists and those to the

(1) The?tp'roblems of the youn
city of laboratories, the young zoologi

e ot of i 5 e, St

e suitabzlg departments do not find it toime tme,

easily resolved g)ersonne]. This apparent contradie’?’ o

generally admi,tteficause the'standards of teaching hc o a8

zoologisis who ¢ on 21 sides, gone down rmdg young

oo ome to us often lack th ) 't.he young

ge and background. ¢ fequisite know-

g zoologists.—Because of the pau-
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One solution of the problem is that which such bodies as the
Indian Council of Agricultural Research practice, viz., the
creation of a large number of temporary research schemes
which may run from one to fen years or more. But many
pasie problems still remain unsolved. The young zoolo-
wists after several years of temporary service in the
schemes of research find themselves “left out”, so to speak,
for permanent jobs. Alternatively, they are constantly and
legitimately, looking out for permanent jobs and are thus
not able to devote their whole-hearted attention to the
work of the Schemes. Furthermore, when a Scheme
terminates at the end of, say, five years, the research per-
sonnel may have to accept an entirely different kind of work
just to get settled in life, and the specialized training they
received in the Scheme {frequently goes to waste. One
obvious solution for this difficulty is the creation, under
the various bodies, of a permanent cadre of zoologists who
could be transferred from one Scheme to another as the
need arises without loss of security and of prospects of
promotion.

(ii) The problems of the retired zoologists.—We have several
retired zoologists in India who are still physically fit and
capable of doing excellent work. It is a pity to let this
magnificent pool of talent go to waste. The Government,
as you know, is aware of the problem and has laid down
policies to encourage the employment of suitable retired

scientists.

Much still remains to be done at the non-Governmental level, and
it is in this context that I would request the members of the Society to
give their thought to the problem. For instance, I know at least two
vetived professors, still vigorous in health and willing to work, who have
been trying in vain to get laboratory space for working at their own
old Universities which they served for a life-time. The elimination of
this kind of curious antipathy needs careful thought. If the Members
of the Society can do something to help in findiny solutions for such
problems, they would be rendering a great service to science in India.

I now close this Address and thank you very much for the patient
hearing given to it.
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“Clearly biology at the middie of the twentieth centwry is in much the same position
as was geology a hundred years ago in failing 10 observe  that there is a Uniformicarian
Principle pervading all - tvpes of organization whether in the inorganic vealm or in the
organic.””  Baitsell, The Cell as a Structwral Unat.

Since establishment of evolution as a scientific fact with publica-
tion of Darwin’s Origin of Species enormous advances have bheen made
in biology. At the same time, the mechanisms subsumed under
selection theory, i.e., accidental hereditary changes
selection, have increasingly been established as central mechanisms of
cvolution.  Yet, since 1859 individual scientists have steadily lost touch
with the whole of biology. Becoming extremely specialized, they are
unfamiliar with advances in other than narrow fields, and doubt the
ceneral validity of their own discoveries.  Though organic evolution is
the supreme scientific object, especially warranting open-mindedness and
broad and continuing speculation, peculiarly there is about it the most
apathy and rigidity. No attempt to define basic evolutionary prin-

ciples from a general survey of biology seems to have been made since
Darwin’s attempt in 1859.

natural
and environmental

When the whole of biology is viewed with an open mind, not from
the point of what is traditional, but from what is logical and supported
by evidence, a very different concept emerges from Darwinism, Anomé-
lies become the rule in a system far more inclusive than that which for
nearly a century has been the paramount evolutionary theory.

Proteins, Genes and Cells
The findings of biochemistry and ¢

‘Origin’ have brought down to terms of chemistry and cell fine-structure
what men have known since the dawn of consciousness: that organisms
possess tremendous responsiveness and interrelation of parts. F bm ro
considers that the specificity of g protein molecule is determi.neé ‘s:}(r
the synthetic mechanisms whereby it is produced and by the natu A
the bio!o_gical roles that it has to perform.” Haurowitz regards : 16'0f
as families of highly individualizeq molecules, individug] diigro ems~
arising from “the history of the molecule, its age, its of form%t'erencog
its exposure to various extrinsic factors.” (14) (p. 14) Thu‘s 1‘(‘m, an

vtology in the century since the
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i the classical chemical
. . - , a switch must be mz}de fror{} al cl '
- prottel?vck}:for;:<srit§gl-chemical point ot: view...... (p. 12) Similiarly, a
:(\);vi?chr?syin ordgr from the classical view of genes.

i s formulated largely by Hugo De Vries in
T.he Classlcil I%?(?eﬂ]ttzi?fié%heorie. The Dutch botanist was a fol-
e 1n_the 0(‘; Weismann who in 1891 announced the complete separa-
1(_)wer of Auguls q;ld somatoplasm.  The experimental evid(?nce being
o O il asnlzir(lg tails of mice after five generations of tail amputa-
the normf?};ap?o?e was conceived as a particle capable of random, l.e,
tmlrtlfl-ly bingﬁiiﬂ and injurious, changes having no relation to the rest
Ul al ¢ )
oé the organism:

f mutations 1 designate the statement that the properties of crganisis
N 0ory o { \
As the theory

¢ i g \ ‘hic Are SO numerous between exter-
built {front sh ll‘l)l\' distinet units ... Intc arades, which
are bt ( h d

< Pl « antals, exts yetwee these units no mwore than between molecules
- N
nal forms of ylants au d anuna bty 1

of chemistry.

Quch units bear little resgmbiance to “mglecples Olf ‘c}]lemi.str?{”v‘ai
they are known to-day; cg‘ﬁuply no‘icutfo ()?1'5\:}(1)111&12?10 iesu;)izdilélqtel(;lgi
organisms.  Yet the meo-Darw inian v
‘he De Vries gene.
" Izi Sewall Wright (Encyclopa,cdiaI‘Bo'il‘a-nn;ica, _1956 ed., “Ev.olu-
T it the gene changes only on absorptlor} of theymal, chemxgal,
tion™) -putb L g unrelated to the characteristics of the organism
or radiant %?el%f:hé”ééne in the words of H. J. Muller (B?'ifannic.a,
as d ‘wl'wl(’:; hanges (mI;f when “something goes wrong,” by “fm acel-
Varm.tl(m ) S . CEO ic diinension. dependent on the occurrence of certain
fient oi,submf}lcy)l:%atiléns of atoms, electrons and energy-quanta within
chance - cor &u)' ne in question.”  So firm is belief in the De Vries
or near 1o t}rllitfc?sts apply the value terms “ogood” and “bad” to genes
gene Taat %e whether they conform to De Vriesian criteria. As C. C.
according 2953 wrote: “A ‘good’ is easy to diagnose...... , is relatively
'Lm(fifeg?ig’b environment, does not diminish vigor to an unusual extent,
L:;l; iﬁuﬁsalli gives regula}' ratios:” Lindegren, t19561, Epservfedtthlz:t
“much of the early work In genetics was devoted to selection of stocks
carrying ‘good’ genes.”

: i hat nucleic acids of the type known as DNA

e 1s n'ow es(t)?bgzﬁgt })NA in living cells is always intimately
form.tlged (V(:,I;E}SI proteins as nucleoproteins. Viruses are obse.rved' under
the elo 'fu microscope to consist of crores which test as nuclgnc acid sur-
fhe clec lt()m otein cylinders.  DNA fractions with protein extracted
rour&ded tlr}: pI‘well known “transformations” of traits between related
Sifaii(;eof gacteria_—a phenomenon duplicated in ducks by Benoit in
i957. Only the viral core enters cell.s, there to reprcz‘duce the complete
infective virus. Mirsky, 1953, described DNA as a “large complicated
structure: It may contain as many as 3000 moleculgs of 5 carbon
sugar.” Two other authorities observe that DNA consists of polynu-
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cleotide chains which “may contain thousands of

. . - nucleoti .
...... an almost infinite number of specific scids is p des, [thus]

ossible.” (49),
One of the most significant facts about nucleoproteing is ths

are not, “nucleoprotein” being a misnomer, veculiar to ti at they
Cytoplasm in most tissues containg more nucleéprotein tha (? nllcleqs.
in testis, one-and-one-half times as much; in liver Wheré nth ) nuglel_:
highest, four times as much. (28) DNA’s partner in the cyt l‘Ef Fi s
closely resembles DNA in chemical structure. RNA n():t )}))dsm’ .RNA,
nucleic acid in a number of viruses. Small amountg’ of RNNA, Is tf}(‘
chromosomes, according to Dounce, integral wity DNA A oceur in
1955, cites evidence that in its isolated state apart fron Hotch.klss,
DNA is “much more” labile than protein or RNA. C tl”o§n Organisms,
greater lability and turnover is evidently because of oyvop,asm]c RNA’S
in the organism, not because of infrinsic difference el-dll)l regulahqn
seems to be distinguished by a buffered and equiDOigpd- " ’NA'D}"O'Eem
organism and consequently more extensive interlinkﬁge T Edtmn n the
peculiarly refractory intrinsic properties. RN A-prot Ta her{ than by
develop DNA-protein specificity in the cytoplagm el}? appears to
protein synthesis and energy release. The Process hW ef)e it directs
to expansion of information from a monemonijc kaS een likened
answers do not come simply from the genes ey. But RNA.
come directly from a key; the answers anp an test-answers
organism reacting with the world.

Radio-tracer tests show that RNA-protein passes thy
membranes. (18) Electron photomicrographs indicat Rl
at the cytoplasmicnuclear interface as well ag y
nuclear membrane pores as though fixed
protein is detected in nuclei ten minutes af
mice.  (R) From electron microscope studies, Palade, 19
that animal cell membranes incorporate material «jy, b‘ﬁ?g concludes
as protozoa ingest in vacuoles because membranes aye ulk SOmewhat
consist of ruffles, pockets and vesicles.  Most cytn])la:mr'l?tl N Loth but
oceurs in membraneous structures, the mitochondri;l‘ qlﬁd NA-protein
reticulum.  This evidently is the meang of Ol‘gani,/]-n:rn endoplasmjic
and protein synthesis, providing flow as on an :isser‘nblb Gir-lergy release
believes that the endoplasmic reticulum extends ﬁ-f)m‘v mle. Palade
membranes, patterning chemical events and controlling nuclear tg ce
and circulation in the cell. g Import, export,

I:)Iugh nucleay
A synthesi
) : 8} esls
_ hunches of granules” ip
tm ;'Ja.ssage. (44) Labelleq
€T mjection intg tailg 61‘

Mutatian—Beneficial ?

For genes to change constructively and solely from infein s
dents. centain conditions are absolute prerequisites - Fi 'lcntrmslc acei-
consist of materials completely unlike others in Ii\;in rst, genes mugt
they must have a completely capricious, kaliedoscopic ag ho‘l”gamsms, Le,
ing for random and not orderly and step-wise changes ; itecture, allow-
try and kinetics or organisms.  Secondly, cell ang nuclizg the Cgemis-

membraneg
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must rigorously isolate these peculiar materials from the manifold and
efficient organizing and regulating processes in the organism. We have
seen that the findings of biochemists and cytologists make clear that
such conditions do not exist.

De Vries assumed a one-to-one relationship between gene and charac-
ter. Instead each gene influences many characters; all characters are
affected by many genes.  Thus in Principles of Ewmbryology (1956),
(. H. Waddington states: “‘genes affect the pattern as a whole and not

only the individual units comprising it.”"  In Drosophile twenty-five
zenes are known to affect eye color. ™. ... all or nearly all genes are

active in every tissue.” Madison finds that a gene—rather, its absence
—causing short ear in mice also affects creatine excretion in the urine.
A siugle gene change which improved one character with reference
to an environment, bringing about a needed adjustment, would be
aenerally disorganizing because toward other characters it was not com-
pensated for and correiated with changes in other genes. The integrity
of organisms rolves mutual adjusimient among parts; the mutation
theory assumes that changes in single parts alone, and the most highly
integral parts, can be beneficial.

But genes do not cccur as single parts.  “Position effect” proves
that genes are not corpuscular.  According to Marshak, 1955, the whole
chromosome and possibly the whole chromosome complex is composed
of “functionally inter-related elements.”  The opposite of De Vries’
hypothetical “sharply distinct units,” the highly molecularized gene con-
tinuum is precisely the system for receiving and assimilating changes
in organisms as wholes.  Furthermore, this subtle and extensive system
is the least likely to evolve by accidents,

That genes are integral components of living organisms is also
attested to by the non-randomness of single-gene changes: Isolated
and accidental gene changes are not random.  “Well over 99 per cent
are harmful,” writes H. J. Muller. (47) (De Vries’ Oenothera “muta-
tion” turned out to be primarily position effect, exactly the opposite of
changes in single genes uninfluenced by other genes.) Mutations also
are not random because they are repeated, and many genes are not
observed to mutate at all. (11).

Without concrete and abundant evidence to the contrary, it is to
be expected that encounters between highly organized biological systems
and agents toward which there is no organized response cannot be other
than destructive. Injury is the criterion of mutation in the laboratory,
For example, see Beadel and Tatum’s “Neurospora II” “Tests for Muta-
tions,” or Regehr et al on betatron-produced mutations: “It is common
practice to judge mutagenic efficiency of radiation by the frequency with
which recessive sex-linked lethals are induced in the fly Drosophila
melanogaster.”  In his 1931 paper, Wright declared: “actually observ-
ed gene mutations seem about as unfavorable as could be imagined for



96 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [Vol. 10, No. |
adaptive evolution.”  Noting that “it h

as yet to be shown that any
mutant has an advantag;e in the wild,”

Kenneth Mather continues -
as we see it in the laboratory, mutation appears to be

tion, retrogressive in that it wipes out or reduces
‘ ‘ - is ‘ge some function

some character or to discharge some func

more a process of
the capacity of tly
, rather than
normal ability. .. Even where such comstructive ¢h
arise by rccombinations rather than by mut

gene degrady-
¢ individual (o display
progressive iy endowing it wirh
ANges have been vecorded | + they
ation in the strig sense,

Genes can change by accidents as org
dents. But it is not enough to show.that £
to account for evolutionary changes In this
that such changes benefit the organism.
been done. On the other hand_, Is accid .
change?  Following the next section, g numbe]r and varjety of experi-
mentally controlled gene changes from DhYSIO‘Oglcal processes.wﬂl be
reviewed.  However, even if gene accidents Were - beneficial ang
the only mode of gene change, would they be selectable?

anisms ¢an change by acei-
€nes can change by accidents
way. It mugt also he shown
Thig emphatically has not

ent the only mode of gene

Mutations—Selectable ?

Belief that single gene changes will be decis org;
Is largely based on the striking effelcts of 1ncapac1t§1t10n of c:ertai_n
genes.  Any of the following facts alone seemg to- discount this evi.
dence: 1. Only a few genes are IOSF with the )mE}SS".IV.e effects hoted in
support of gene selection. 2. Muta_tllons t1;)1"}(1)dtylce’5“5.11k1ng Ch_anges from
complete inactivation; but genes will no 'a‘xe arisen in single stepg,
3. Removal of a gene in an evo}ved organism WI_ll hgve far greatop
effects than will steps in the gene's deve!o[{ment before it beco_mes focal
and basic.  Placing a keystone in a building unde,r construction hug 4
very small effect compared with that of the stone’s remoyg] after the
structure is completed. Tt is Jow generallly believed, aq 1\’Tuller Writeg
(Britaniico “Variation”), that “most mutatlon;s; Never shmfv, ’ that evoly.
tion is by “numerous selected small steps.. . . The Question jg whetheyp
small-step changes in gene loci, ynrelz}ted to other genes, even it con-
structive, are selectable over series of generationg,

Slve in organism survivy]

A commonly stated number of genes i
2000.  In the human then, there are048,()00v
Most mammals contain at leastyfi(?,()()b genleb.
numbers oi genes cannot have evo \edt v se 1 :
in single genes unless total gene .syz r'ems al)e )e‘xtlgmely const
series of generations: A_nd Hz,/ouésa?z. S gf 'g-('m"s enter wnd
systems each generation in sexu‘afmpro ucb@on.. Fur )
gene’s expression is not the same from com Ination tg Combinatioy, The
gene caus‘ng short ear in mice decreases cre in e
?nm‘eases it in females. ergh!; declareg t}’lyat Zeney Dleitropic males,
are “rarely if ever Wholly predictable (T, © Obserys uts
that “Selection ...... applies to the organigm a5 2 whole

...... rather

hked in 4 chromosome

gene paips, 96,000 e
‘ Clearly such ¢
ection of Small gte

is
hes,
Normoyg
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O SIng i (] Chromo-
than t ngle genes rive ene, fa Orable m on t

i g ” and that a gi JH. 4 \ 1
some (:()I“b]‘]llatioll W’i” be unfavourable m anOther. And. 1t gen-e aCtlon
S altered hy ha’llge ‘ll '(:hmmosome COmplenlent, it 1S even lll()lie
| Y Je J i i mosome—posi-
1 by h(ilng in gene Complement Wlthln the chro
Chan[,ed chne

tion effect.

ion: Local gene accidents will ordmagﬂg nc(;tazge:eiict;g:
‘ Conf]lus;ggl:oducing organisms beCaLEts‘ensw;lIr)rg:tesyDrimarﬂy on 1.
Lgrsg)i(r?:tigns each ge.nela_ti(ﬁérwir?’esle(‘:‘ill?deﬁnite variations”; _0(11‘ O?i()%i
chromsome recombinations The second assumes correlated in .gc o
changes in gene complexes. The next four sections present f}’l telilrces’
of multiple gene Chi(r)lfv?/?{:hstanding, genes are physiological struc
t?lat’ ivl‘lfglstr}rllrzglungl}slmohysiological processes 1n organisms.

chang )

Re-'' gene ¥-eration

. werfully anta-
are altered by X-ray and O'%h(? age;ltfn:;)or advance in
Le - \} .

That geﬁisin‘(r organisms has been ha& ent i:)()n Muller’s discovery,
gonistic tOTh rgally significant fact atten ab n largely ignored: it io
biology. g ]e roduction of mutations, has bee esses repair genetic
and Wholeb‘?e‘l “backmutate.”  Rather, life .Dfocanother mutation is
that mutations nsidering the phenomenon melegile is made well when
damz}ig% f'orfg Ct(;lat a man run over by an 31‘:5;2(?(1 of showing incoordin-
like believir rer him again. qa : .
= - . 3 OVer . N . been the mea/ﬂ.b

ar T ns and runs sale mutations have
the car retur ~aanism. wholesale : sms. ehana
F genes tn the organism, . ‘ts of organisms, chang
A gc;wa;}zlq conclusively that genes are parts of org
, drating cone
of demonsty " S
ing as parts of organisms. hydroxy acids, reports B. Wright, E.
i * certain a-hydro ' ine “periodicall
resence of certa o ze glycine “periodic y
In tth‘? pvt;flsigh have lost the ability to iblfnt;fsglzziééizing serine and
:0li bacteria . capable S * g
ol form themselvse into cell types " The gene—repair, called by
tran$ X stepwise increasing rates. ... Cp of a normally-occuring
glycine “‘t‘ bt‘ adaptation,” arises on ‘d(ldltkl)()n 4 this. the organisms

o « 0O-¢ dPlc H . . eyon y >

Wright “au th lture medium; !
. e cu . lation-wide and
anic substance to rates; changes are popt (
organic st . their substrates; change o) 150
. ¢, their own . - mutation” is a
b mdl{(.? dnd,v(;?r(!‘t predictable time. ‘;Pgeriﬁf:ﬁ};i of the red bacteria,
L M. I. Bunting . red was “greatly accelerated by 1
described by i:  Reversion to red w : ted media
oyt 3 PCENSCONS d in such supplemente ‘
Serratic mar ract or peptone, an N t
e ast extrac » Gene repair is no
presence of ye‘:’;parently a mass phengfn}{enon. sky who studied it in
; s . imofeeff-Ressovs .
reversion was isms. Timofee ) niury at
microorgaiisn icher rate than the mjury e
;)onﬁne(}ll 'lzofound it occuring at a much highe
rosophi

the same locus. e in the presence of visible light, a
violet injury in the p i -
~ Recovery frome duls;znomenon, is another instance of orggél‘;ls;?;n Zist.
very .w1dely Obser‘;{lauy-occuring external agent Wlt,h genet- n of visible
ponding to fli ;‘;’;y in the nucleus and comes from interactio
Recovery is la

13
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light with cytoplasm. (6) The “healing light” is of wav
over the line from the long-wave ultraviolet which
able damage. Injury from short-w
able (24) nor is that from X-ray.

1t is significant that the neo-Darwini
of beneficial mutations, regard the treme
mentally accessible phenomenon of gene r
ance. As Lindegren writes: ¢ ¢
able injury to the gene.” (29).

e lengths just
causes the recover-

ave ultraviolet is not photorecover-

ans, hard-pressed for ex
ndously interesting
epair as an embar
good’ genes are produce

amples
and experi-
assing annoy-
d by irrepar-

Nuclear Differentiation

In Paramecium caudatum the macronucleus consists of forty nucleus
proliterations.  These “genomes” are fixed with relation to cytoplasmic
organelles.  (They correspond to somatic nuclei in metazoa.) Sonne-
horn reports: differentiation of nuclei “seems to he a prime factor in
Parvamecium.”  (53) In 1951 this Same authority wrote that nuclear
changes arise from local differences in cytoplasm, which in at least one
case was itself under nuclear control. Following up some of Sonne-
born’s discoveries, David Nanney, 1953, learned that position in the
¢ytoplasm not only determines the type of macronucleus a micronucleus
becomes, it determines whether a micronucleus hecomeg g macronucleus.
In a certain region, a micronucleus remaing 5 micronucleus; in other
regions, it becomes a macronucleus.

Some of the most interesting work on ¢
protozoa nuclei has heen dope by P. B Weisz. Isolating
containing genomes at various locations ang stages bet
he compared their subsequent development, Soon after
hegan a gradual change, those near orggr}elles continui
complete animals, those more distant failin
genisis. Weisz, 1954, explains the mechan

ytoplasmic modification of

cell fragmenty
ween divisiong,
fission, genomes
ng to regencrate

£ In some aspect of morphg-
ISms as followg:

the nuclear apparatus emits speeifie enzvmatic :lhgcn[s mnto the endoplasin, Variously
differentiated  kinetosomes  utilize  these  agems sclccln'ely ...... ;oand they Produee specitic
ensvmatic agents which act back on the nudear apparatus, controlling its kino uiie
metabolic activity,

It is reasonable that the extensive and effi
metazoa requires gene changes in order to _dlreq
it this were not so, given the vast alterationg ip cytop
micra away, somatic genes could not be. expected to be u
fore the view, dictated by.ne(.)-Darwmlsm, that cha
plasmic only” could be mamt.amed because t
isolated somatic nuclei as Weisz tested I{roto
longer the case. In now.fam(.)us experime
T. J. King and Robert Brlggs implant n}ld
enucleated frog eggs. Injury to nuclei ang CEES IS not syfr
prevent normal development in eggs r

_ . Teceiving nyclej
differentiated embryo regions.  If nuclei fropm differentiateq reg:

cient diﬁerentiation of

t changes in cells. Even

lasm g few milli-
naltered. Hereto-
nges were *

here wag no way tq test

el of frog Somatic
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une o _—
would initiate and carry on grow
unaltered, it . expecm%stigitats?r]n}ﬁ'%ved technique over tha:a avalﬁblﬁ
YOSI-gri ros in°1955 got normal cleav;}ge of. 2;‘7j rather -i?e
in 1954, King %}l«% rd'imesoderm eggs.”  “On this basis, Y’;hey eﬁ; e
8 per cent of cto (deﬁnite improvement in the later de\?or)}rlxl of
wone WOUI‘d e’)’(pecN;l blastulae grew normally. Nuclei were s é)w;llor,d
the blastuiet dified: In “rhordamesoderm blastulae' ...... : n;) oc ord
be specifically H?O differentiated,” while “the central nerv ous” sgs em rtr.s
and somites weu? iomliy absent.””  “Endoderm blastulae rorg eﬁﬁe
deficient and Ocu}s urr;ptive gut nuclei have the gut well developed'w !
implanted with mdeS jvatives  ...... are poor_ly de‘z‘velopefi and 1}?;)55
«ql] ectodermal —der v In 1956 King and Brlggs estabhshe‘d t}}e t‘eltld
degenem?veui?gﬁ'ge‘fl'terations through serial transfer of differentiate
ability of nuclear aite

of normal embr

S (49). - : i Is
nuclel. (42) * ¢ytoplasm in determining such nuclear tﬁlteratl?lrilshlr&-l
‘ . ¢ _ oo am

‘The role 011“()rypxamplev the grey crescent 1eg1$n tOfrs i(; ot}f)er e(gg
well known. is essential for mesoderm grov(vith, d?)fie(;‘m ¢ for
el cytOI)“]b]{I)Tlie celis‘ to become ectoderm and en : .

: 3 na ~
reglons € )
em})\ry()logyy

i “ m is as fundamental as the
states Waddington, cytoplasm 1s
genes.”

s) !H 1 e i ’() i 1 € mating tyl) )
v 56 p()lnts [$)
Nanlle. ’ ’

i tant
. renes in protozoa as an example of the impor
{rom the sanzshli)étﬁea‘regk?ng_griggs W(;rk 'lil;rllsetrag:its }11)?1 tObSSEZ:tZE?:
enomenon -t volves  not si but e ellz

ﬁﬂglr;ar diﬁerentl?stéi"cré " 1::13 also differs f.rom mutatlo_rg1 in th?):;slt tl(s;
tions of character ndor,n]y in time” but arises by.spemggg)rei{p. eand
ot udistrlbutednfgr stimuli.  In their 1ptrpduct10;1, 11; b, atltgigbuted
specific in.tra-c? ttformerly somatic differentiation could 1110 rf, tributec
Briggs write thdr for the only kind of nuclear change know , mut Waé
to nuclear .chanj_-,e,tly and unpredictably, Whl’l’e what ‘yvas (;‘ier?ated ! was
occurs “infrequen s of directed gene changes.”  The cgor nated series
a coordinated serlehangesn has now been demonstrated. eveg | nob
of directed. gen-e‘ocning expressly to evolution w}i&{'e 11(t se::lnt?cipated ore
applying his reabfor cell  physiology, A“, E. irs yd Lticipated e
pertinent than Its, writing in 1953: “There 11s tréze , for a feedback
King-Briggs resu m’ to chromsomes S0 that th’e’z aR Iist' b y is ad
srom the cytoplas lasm’s special requlrements. ela tlnglg sngludes-
justed to the Cytopbrydogy, Weisz in another 1953lar ic ihc neudes:
experiments to emtimes looked at as the absolute ru er'tOfontf'ols"”
“The nucle?;)s, 28”0;;:1. ihe control of the very components it ¢ 1
appears to V€’

. (14 Ay 13)

he characteristics of orgamisms are noi' built fr;:mh
Conclusion: T ;gi’ﬂed Yut from chain and cyclic reactions in whic
ies 1M il

genes as De thhrough interactions with products they help form.
enes change

rowth —(to continue).
“pyolution” is @ form of ¢
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BISWAS : Taxonomic status of the blood pheasants of Nepal and Sikkim

Taxonomic status of the blood pheasants of
Nepal and Sikkim

BY BISWAMOY Biswag
Zoologicel Survey of India, Indign Museum, Caleuttq

(With one Plate)

The blood pheasant of Sikkim was separated fp
Beebe (1912) as [thaginis cruentus affinis on t
naving decidedly reduced crimson on the underside and th
pairs of rectrices completehly Jacking crimson, The COlouf 5;"&2 out'elz
were, however, already noticed by Ogilvie-Grant (1893 p. 268 e
among other earlier authors. Baker (1915) while yeyjewin. » hote)

om that of Nepal by
he basis of its male

Viewing the genyg

thage-nc,gvv came across some specimens begring Darjeeling as localit
on their labels, which he considered identica) wity the ality

He, therefore, synonymized Beebe's affinis with the nominzi«?pah b lrd
of Nepal, thereby extending the range of the latter farther eg g?‘m,‘ni,u,u
western Bhutan. This arrangement has since beep followeq bS wlzud fo
sequent workers (Baker, 1928, pp. 352-354. Peters, 1934 p ilofll.l Sub-
low and Kinnear, 1937, p. 499; Delacour, 1951, pp. 50~5’1) . ; Lud-
Recent collections of blood pheasants made me ‘

kim (Lachung Valley, alt. ca. 3200 meters) ang )i/n nz;&eno,rthern Sik-
(Khumbu, Dudh Kosi and Imje Valleys, alt. ¢q. 3650-4300 met
that the Sikkim bird differs quite from Nepal’s, the differences Gfl"S)‘show
by my six specimens from Sikkim .being constant (py { ﬁlr d; shown
Jean Delacour, to whom these collections were sent, made ’a v&", ): M1
comparison with the fine material of the American Musean ez)lfyl\?fweml
History. He now agrees that the Nepal and Sikkim birds ap .dturul
different. Compared with the Ng;)al bird, the Sikkim rr‘xai(e}eh‘lndeo(l
forecrown without crimson, the throat with a littje Crimsoy tds fhe
showing through it, much reduced crimson on the breast rmd“r b?ack
more green on the flank and the Sikkim female i loss o a ht‘tle
absence of crimson on the outer tail feathers of the S’ikki;ey.: The
mentioned by Beebe, is, however, not horne out by my mater] 1m ale ag
thermore, no appreciable difference in size between the two poa)‘l
is discernible. pula

Fur BLOOD PIEASANTS OF NEPAL AND SIRKIM

tions i / Iview). Thespecimen on the extreme left is from Nepal
) - . aale birds (ventral view}. 1ne spe on

Fige 1. ﬁ[g{:g"‘;iif 235“,7,3{); others are from Sikkim (i, ¢. affinis).

It follows, therefore, that Ifthaginis cruentys

distinct and valid subspecies contra Baker (1915),

- is judg | |
the similar identity of the Nepal and Sikkim blood Dhei‘;;]s:;nsvnt (?n [Photogrophs by the author]
as 1n

1 ] e Iy I and lateral views). A Nepali specimen is shown
aQ S 3 Se- ¢ male pirds (dorsal. ventral a i,
finis Beebe is a Fig. 2.~i}‘ %’12 fe?tpo? e;lh photograph, and a Sikkimi bird, on the right.
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all probability influenced by the specimens bearing the ‘Darjeeling’
labels. Beebe had also hinted at the doubtfulness of this locality data.

I am thankful to Mr. Jean Delacour, Director of the Los Angeles
Country Museum, Califorina, for comparing my material with that at
New York, and to Professor J. L. Bhaduri of the Zoology Department,
Calcutta University, and my colleague Dr. K. K. Tiwari, for help in
the preparation of this note.
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Review

Dr. Sir Harisingh Gour Commemoration Volume. (December 25, 1957 :
Eighth Death-Anniversary. pp. 35-+(2)+382 +1364-88, one frontispiece, 35
pls.—Saugar University, Sagar (M.P.). 25th December 1957. Price Rs. 20/-.

This sumptuous volume has been issued by the Saugar University, Sagar
(Madhya Pradesh), in commemoration of the late Dr. Sir Harising Gour (1870—
1949) through whose princely benefaction the Saugar University was founded and
who was its first Vice-Chancellor. Dr. Gour was in his days the leading Jurist
and practicising lawyer of India, but his versatile genius illuminated and
benefited many other ficlds such as politics, literature and, above all, education.
He was successively the Vice-Chancellor of Delhi, Nagpur and Saupar
Universities.

The volume contains, besides appreciative messages and the fascinating
autobiography of Dr. Gour, a number of special contributions among which we
are concerned here mainly with those dealing with biology and especially
zoology. Tour such articles are present.

Dr. P. PARIJA, in an article on the ** Nature of Life” (pp. 237-240), deals
briefly with the more important characteristics of life, its origin and the
distinction between plants and animals.

Dr. M. L. ROONWAL, in an article on * Modern Trends in Zoological
Research and Thought ”” (pp. 280-283), recogaizes twelve majore disciplines of
zoology, wviz., Systematics (or Taxonomy);  Morphology aud Anatomy;
Enbryology; Cytology and Histology ; Genetics; Comparative Physiology (or
Experimental Zoology); General Biology (including bionomics, life-h'stories, cte.);
Evolutionary Biology; Zoogeography Palacontology ; Economic Zoolegy ; and
History of Biology. Ie deals hriefly with each of them, emphasizing the recent
trends in their development, with particular reference to India. e points out
that in most of these disciplines progress in India is far from satisfactory, and
some of them, e.g,, geneties, huave hardly even been started. Emphasis is laid on
the development of work on systc imatics and genetics, in addition to a number of
other branches. Dr. Roonwal also suggests that the Universities should, in his
op:nion, devote their energics to fundamental rather than applied work,

Drs. B. S. CHAUHAN and Y. S. CHAUIIAN, in an article on “ Human
Schistosomiasis in India”’ (pp. 296-306), give an account of the causation and
transmissiou of this tropical disease, with particular reference to its foci in India.
Schistosomiasis in man and animals is caused by blood-flukes belonging to the
Trematode genus Schistosoma the intermediate hosts of which are certain molluscs.
While endemic animal schistosomiasis has been knownin India since long, the
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existence of endemicity of the (
only during the last ten years,
the Bombay State.

isease in human bhe

ings in India was established
the endemeic arcas b

eing the Ratnagiri District of

Dr. S. M. Qanng ZORY’, inan article oy ‘¢ Scientific Literature in Urda
and its Promoters (pp- 320-329), traces the history of the subject and states
that the development of scientific literature in Urdu took place largely in
Hyderabad (Andhra Pradish). At first this development ook the shape of
translatien of scicut fic works inthe European languages into Urdu.
to the author, the i slations were made in 1818 ung
of the Moslem ru)

er the patronage

ers of Hyderabad. The author furthere stapes : “In this

period only a hopk was written on Zoology dealing with different types of
animals and their characteristics, It was also translated inye Urdu and publbshed
in 1848 Unf.)rtunntvly, the name of the auther amd the vitde of the book are
not mentivned, Subsequent developments took place with the founding 1he
Osmania Uuiversity in Hyderabad in 1917 when o “translation burcauw” was
established, and bhookes on zoalogy, fisheries, ete, were traunslated into Uirdu, but
here again the nanies of the books are not mentioned,
that these translations resulted in the coining of ¢
terms”’ which ** ¢ap be, with necessary modifieat;
Hindi and enriching it to become the language of the

A(:vurding

The anthor coneludes

vast treasures ol technical

ons, utilised in dcvcloplug
. . LR}

Tudian nation ”’,

M. L. ROONWAL
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Review

22
) i Centenary Volume (Vel. )
1 Chandra Bose Btr{h : o
Acharya Jf'ggd;}flzke Bose Research Institute, Cal‘wna, pgbéll&(?ﬁe 1:):1-,
1958, Of. Traﬂf;w;{:;es.——l'ublished by Bose Res. Inst., Calcutta, m
frontispiece, 1o pls

. oned.
1958. Price not mentione

tcist and plant physiologist,
famous physicist and y 3
. . tenary of the us. St and plant physiologi!
The birth (;;:::e (l8§5r8w1937) was fittingly observed :)tqth(;or P
JagadiSh Chﬂ"dr{;q o‘n the 30th November, (.938. VOlu-l,n]LG;;; (for 1958) of the
Instivute, CMN; tl;; Inst tute was converted mtoCa s}};e:mqnd o for the oceasion.
actions o } i . G 0se § ace '
Tran.saclwn? bort life-sketch, a portrait of J (Duscanda brief account of
Apart fr‘?u_1 a si he lostitute since ifs togr.ldul_{l in v ,On Y vy of v
the activitices of ;1']3 y well known personalities in science
e ~guce article » |
e ion i hly as follows, lut thereis some
. hicct-wise distribution is roughly a: e et & paome
Thcxrhs\tl )‘)Lpapcr sometimes falls undzcr moge t'l:yy oo subjooti—Coneral
o » physics 2;  chemis 5 ;
averlap sa + zoology 2; phy 23 r _ asties L
biology 4 botagth Y zvith fzme of the articles which deal with zoologic
ongceruo o i are seven.
We arael ({)io)ogica‘ matters of which there
goner .

‘ h in

. r on *“ Recent work on termite researc '

M L —RO:?NWAL'717I.11}813, pngls), gives an acc‘)uﬂF of df:eizgm&xﬁ; Ll}
I o the or ({ip‘a“d especially of the Indian [.{(iglon: biology, ecology
e s, 20 One:r;Phy’ morphology, eytology, I:lh}’slso gcgi};;ilv in sy’stematics
el Zoogzozt’antial advances have been ma © e I:, some of the oriental
s mons aph by Roonwal and Sen-Sarma o und-building termite
vhoro e 1?“’“\"{—2“ ‘ll'he morphology of the conuno”oxrrll(l:xd out in detail by
Ny mmltmm'f' es obesus (Rambur), has l)c(Tl,w £ cellulose by termites
£ [ndia, ()donwurm,.k brsus, (R, b eemion s ! 5l
(l)(' e ot \VOIN Misra. Some interssting work ’ouAti)rEIllthe work on
b el Shamber J‘S atlso reviewed. Fiuallx, . ;ll;;n?)‘i‘l:fiuuraphy of about
on royal chan}b:sgiven. Jroviowed: | Fiually, a s D
termite control 15

140 references.

D. BER L d function
¢ flections on structure an
. 's paper on ° Some.rc_f 15 01 cture and function
5 vion NA?;B ’? ?pp- 101-110) B A Semlpfhll(l)liopm;iecular };tructure
in_the evolutlonl 0{' nl of life, especially in terms o
o d evolutio
Orlg\ll an

of high polymers.

i ““The position of stereeisomerism in
in_his L AP ls with the concept of
N. W. PIRIE !nins of life” (pp- 111—120).dela So?ecu]es o conoopt of
argument about th.e orlgnd jeft handedness of chemical m PV L
- ghirality ] ]"); “g’}l’;:discussion is rather complex except pe
the origin of hfe.

h background of advanced chemistry.
with a
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A, L OPARIN, the Russjan biolugis[
as the initial svstems on the way to the or
his well known theory of the origin of life op carth thy,
minute **coucervate drops W hicl Bave most of the
gives l‘llrllwr"lctilll-q Uf ')b“l““l{;{ such df‘ups ‘.n‘Liﬁriu]ly i the Lihoratory by
suitable chemical reactions and neorporating they, With' nuele, ae:d and other
citemicals which are essential constituents of , biological cell,

» In hig paper on
igin of Iife (p

“Coacerrate drops
P 121 125) reiterates
ugh the lormation of
Propertics of Yife. He

B. C. GUIIA in his paper op
animal tissue in vitro >’ {pp. 143-153
on Various animals, ez, 10ads, birds,
Liduey can synthesis ascorbic
further shown that cyanide
biosvnthesis of L—ascorbic
invitro.

o .

vt The biosynthesis of
)} has Summarised (g
s ra{lte and bats, o show thay the iver and
acud in the Presence of Cyanidi ip rifpq, He has

~dh;}s a remarkapl, stimulating  offee on the
acid from Dvglucurum)];wtuuu by animal tissues

ascorbie aeid by
results of his work

K. 3. KORGAONKAR and V. R,

KHANOLK
papsr on ** Role of spectrophotome

RoK AR have given an
try in biolog

. interesting
Y and medicipe °

" (ppe 155-108).
J. B. S, HALDANY, in his paper on ¢

Ie statisiie
behaviour (pp. 201-104), summarises the results Oi_llilil:u‘x‘lx
behaviour of the newt, Triturus cristatus, and the koj fis}.) ’/1nab studineus
in their periodic astent to the water-surface for bruathiug, '1(0 P”us] l“l“' '”“llxl-hl‘
such experiments whll.e pm\r}dmg iutcrf:sting informatiou timphasises that
apparatus and are specially suited to ¢,

; wditions jp India w}
obtain costly and complicated Apparatus,

study of animal
Periments ou the

ere it is difficult to

M. L Roonwal,

Tequire very little

\y

Correspondence

ariati Glycogen and
r on ‘* Scasonal variations to the y ‘
With .refcrcntfe tl(; t;:ali)ﬁpﬁila Virens (Lama.lrck) by M.lss Vl. I{r.ll;/llee&zkslil
Fat content 10 t,ﬁe A}:)I;rnal of the Zoological Socwty of Iu(.lm Vo . L
pﬂbliﬂgdclel:,r;e(ivritcs in the course of a letter as follows :—
Dr. J. G.

lycogen is
i t study ha: shown that glycog i
tes, * The presen ‘ . .

On page 62 ;he V;:‘r 7 (iuring aestivation and reproductive dactlvxt)tr. ar«l:ll-lel:
the main source © e:]th%zhat is known for other ‘nlol‘luscs, hbul: . tszsf, l:(l)le nbmin
conclusion is 11t lmcfwceorgc and Desai (1954) who mfel; td"lt aalzc ¢ main
with the fmdmgsdo ing aestivation in Pila globosa.(w'sl‘il)xsh lscr:tpudi(zl s most

il and Desai ave
nource of erergy ot that George and Dc he animal
prol)ably due t(;). th:iviag]‘md alone, but not the total fat content of the ,
the diges d
content of

. siable f glycogen”.
- the foot which contains an appreciable amount of glycog
icularly in the
partlc

is the

ver claimed to have observed that fat ist e

We in our p;;pc.rv“l:iz;\;‘e anned ercpwduclive activity mf g:lla Ai};t t:s(tl n‘:)lt'

chief fuel during 5%%‘:‘: "l‘he main material in t,he. Lver Oh Lf:t]scoment of the

said was; (Page: L reat deal of scasonal variation in t end migimum during

glycogen. There1s ,ci It is at its maximum in J“vnuar.y anvanon and in the

liver in both Itth?:?l:lli"ﬁed for providiﬁg m{)crg)v’cguiii"%e:czwn studic;s that the

Septem}f“' ) i s and sperms. She has o 'Sefen,, aud)that fat is also utilized
production © deggntains ““ ynly traces of glycog

digestive glan tion though only one fourth of that of glycogen :—

. t1iva .
during ae2 has beon studied with different modes of approach by the “Etd}?:rs
s . r - r
[ he pm}:lomotlzppear to be coaflicting and irreconcilable. | e
indings don
and the fin

ANNOUNCEMENT
M. N. Roonwal (Director, Zoological Survey of India)
Dr. M. N.

.y Has been appointed as a Member of the findian
, '(')Records Commission of the Government of India.
Historica

v Attended @ meeting of the first session of the
ti (:a)l Advisory Committee for Humid Tropics Research,
Int(zmi f’lanaus (Brazil) from the 29th to 3lst July, 1957.
held a
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India: Rs. 12.00 Foreign: Rs, 16.00; £, 1-4-0; §$ 4.00
g ADVERTISEMENT CHARGES
E

INDIA FOREIGN

Full page Rs. 75.00 per insertion Rs. 100.00
Half page Rs. 45.00 " Rs. 60.00
Rs. 40.00

Quarter page Rs. 28.00 "

Further particulars from:—
THE MANAGER

CURRENT SCIENCE ASSOCIATION
HEBBAL P.O., BANGALORE-6.
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THE INDIAN ZOOLOGICAL MEMOIRS

L i Y ’
ON INDIAN ANIMAL TYPFs i Jiest All-India Tongress of Zoology
(Initiated by the late Prof, K. N. Bahl) : (Sponsored by the Zoological Society of India)
The Zoological Society of India has undertaken ; : —
with the late Prof. K. N. Bahl, to continue the P L agrecment

ublicat;
Indian Zoological Memoirs on Indian Animal Typeslhcatwn of the

with the consent of the authors, or publish Tevised
Memoirs which were edited and published by the lat
to bring out new ones. Authors who may have
offer or desire assignment on new ones jn the Ser
contact the Society Editor Prof. R, V. Seshaiy
Chauhan, the Convener of the Indian Zoologica
mittee of the Society.

The First All-India Congress of Zoology sponsored
by the Zoological Society of India is proposed to bz
held in October 1959 at Jabalpur (M.P.) Exact dates
be announced shortly.

and to reprint,
editiong of the
e Prof. Bay) or
manuscripts tq
ies may klndly
a or Dr, B, g,
I Memoirg Com-

will
Particulars will bs available from Dr. B. S. Chauhan,
Zoological Society of India, 34, Chittaranjan Avenue,

Calcutta-12.

Copies of only the following Memoirs in the serie
at prescnt, subject to prior sale. The rest are out of

- .ll.llI-lI.'.I.lll.-l.-'lI-lllIIII.llllllllllllfllllll.l.l
e osas aasacs s PNssontsaat s GAUARSEERASERaERRI ERUSNIVRRNS SRS

S EANENE AR ANSEITINYEDI IS PRI FANESINEARRYEREY
H A R R L e

8 are ava‘lla])]e
stock,

sunas
annBunes YTy T) L}

H suwaNSERRERRERE FHE -y H
..=:==::lllllllllllilll

.

1. No. 6. The Indian River-Prawn, Pyl
‘h--xd?n-uozﬁn:o»--wiﬁ,nnnagkn-lnndbynnnnghn--<ibr--4gprcnnnb e 5o vt 504 i

Patwardhan. SecOnd~Editi0n,195 (fem}?{'; by pr‘ S S. ” 0 o7 8T a8
packing and postage Rs. 1:00, © 500 plys ey e S

2. No.7. The Indian Sea-Urchi ‘l NOTICE
. .1 ¢ Indian - . _
¥ la Ai l 193%’:\ roo Salmacis by Prof ‘ f the Zoological Society of India are requested to
Gopala Aiyar. . Rs. 2.50 plus Tof. R, , Members © : cal N ¢ "
postage Rs. 1.00. Packing apq o d their membership subscription of the Society for the year
l 8169%8_59 and arrears, if any, tothe Hony. Treasurer at an early datc.

3
>,
xJ

D>
D

eronmm:

v amm—ile

3. No.3. The Bombay Oyster, Ostreq cucul
P. R. Awati, 1931. Rs. 3.00 plus packi

' rommp 076 s

latg by Prof i The journal of the Society as and when published, is mailed

.
'

Rs. 1.00, g and Postage oio only to members in good standing. i
4. No.2. The Shark of the Indi . & Manuscript of the proposed Who’s Who of the members of the 3
e, E. M. Thillayambalam. 131;9526.333, Scoliodon by l Society and a bibliography of their publications is going to the !

nting. Information by members and others interested

ki d postage. Thi P 8. 4.50 ) o : .
g;:s;;g aI_I.lucEnowgePuinsllsling{eg:: 18 availab)e fI:_ol:; o ptcsshft;orrggosed Catalogue-list of Indian Zoologists by the Society ‘
(India). se, Lucknow, . p, l f;:;; kixf’dly be expedited, so that it could also go for printing soon. %

| Orders for publications of the Zoological Society of India like
% Journal of the Zoological Society of India, the Bulletin Nos. 1 &
i thch 01;[ ar-Books, Indian Zoological Memoirs (initiated by late Prof.
w92, tNe Ifah]) No. 6 on Palaemon by Dr. S. 8. Patwardhan, secoad
o K. N (1958, No. 7 on Salmacis by Prof. R, Gopala Aiyar, 1938

edm%ﬂ 3 01/1’ Ostrea cucullata by Prof. P. R. Awati, 1931; the
?,Tgia,,o:]oumal of Helminthology, reprints of a few papers of the

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

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

e 10 a7 420

.Q

Placed with

Dr. B. 5. CHAUHAN, Hony. Treqgyre,

2
P pu—

B . . Iminthologist, the late Dr. G. D. Bhalerao, etc could l

i Zoological Society of India, .!. Iaix;ioxannowﬁlfe Taced with Dr. B. S. Chauhan, Hony. Treasurer, ‘

H 34, Chittaranjan Avenue, Calcutta-12 Zoologi«:t;lz‘?locjieg of India, 34, Chittaranjan Avenue, 'i'

i % Calcutta- n
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The Zoological Society of India wishes ¢ %
& ledge with many thanks the donations ando acknow- %
% in-aid received for publications of the grants ¥

its Journal, ete %

% particularly from the following : R
o;: :3.
o) ‘3:
[ . R .;.
% National Institute of Scienceg of Indi
o . . 3 i -
Councial of Agricultural Research ; G ‘25 Indian %
Bihar ; Universiti ' JOVerment of
% ihar ; niversities of Mja ras, A o
" n . (]
5 and Travancore; Messrs. Bu;mah nsa}inalal
5 Oil Storage and Distributing Co ell 3
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HELMINTHOLOGICAL so Wwa
(ESTABLISHED ; gngY OF INDJA

Registered under the Societies Registration Act
Membership subscription Rs, 10-00 per
Admission fee Rs. 500, year,
Publishing the Indian Journal of Hgl,.:

Started 1948: published bi-annuau;%mmthology
Vol. 8, No. 2 (1956) came out recqy,
Journal despatched {o members j

€Cently,
N good Standing only

All remittances and correspondence to be addresse §
€4d to:
§

Hony. Treasurer cum Secre(ary

BELMINTHOLOGICAL SOCIETY op qyp
1A,

34, Chittaranjan Avenue (Zoological Survey of India) ]
b Laleutt,.
Chief Editor: DR, G, S, THA a-12
4, Mahatma Gandhi Road, Dilkhusha, |, cknonA(,R
ndia)
M VAL VAL WV VMW M W
Wvwn
W

:

:

:

:

§ DR. B S CHAayuy

g N.
:

|

*

Statement required under Rule 8 of the Registration of

Newspapers (Central) Rules, 1956

———————

Caleutta.

Publication
1. Place of Biannual

ity of its publication

Periodic Sri S. Sriraman
ater's Name '
g, Printer's : Indian
jonalitl . .
Nationtitty ... Commercial Printing & Publishing
Address House, 46, Armenian Street, Madras-1.
, .. The Zoological Society of India
4. Publisher’s Name Calcutta-12.
) Indian
Nationality ‘ :
34, Chittaranjan Avenue, Calcutta-12.
Address

v Name Prof. R. V. Seshaiya
5. Editors

Indian
jonaltty R
Nationaitty ... Marine Biological Station, Porto Novo,
Address South Arcot Dt., Madras State.

-cgses of indi-

mes and addres -

6 Navidu.als who own the nmtuhse
aper oand partners or the
shareholders holding mor

the total
than one percent of ... The Zoological Society of India 84, Chit-
capital. taranjan Avenue Calcutta-12.

a. hereby declare that the particulars given above are

1, Sri R. V. Seshaly o wledge and belief.

true to the best of my
R. V. SESHA!YA’

-8-'59.
Dats, 31 Editor,
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Announcement e

JOURNAL OF SCIENTIFIC & INDUSTRIAL

INCREASE IN ADVERTISEMENT RESEARCH

& SUBSCRIPTIO

WITH EFFECT FROM JANUARY jogg " RATES
(Revised Advertisement Tariff)*
No. of Insertions. Full Page Half Page
Twelve Rs. 700.00 Rs. 400.09 guarter Page

Six Rs. 400.00 Rs. 250.00 g o000

One Rs. 80.00 Rs. 5000 gy 150.00
2nd and 3rd cover pages and pages facing reading matter + 30,00
Fourth Cover Page Rs. 800 Bach

*The revision will be without prejudice to exjet: <+ Res. 10090,
effect after the expiry of the contracted period FXiating contracts ang will take

(Revised Subscription Rates)

Annual Subscription Rs. 20. India., £ 2 or 8 ¢ .
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Announcing

RESEARCH & INDUSTRY

A new monthly periodical addressed to industry
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Technical Digest,
Patents and Processes available for Licensing
Review of patented [nventions in Selected Fields
Invited Articles — Notes — Enquiries

Annual Subscription Rs. 8/-

For particulars, please write to:
The Assistant Secretary,

PUBLICATION DIVISION,

COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH
0ld Mill Road, NEW DELHI,
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A Leading Journal of Zoology
Published Bi-Annually

SUBSCRIPTION

Foreign:

H Inlands
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The Honorary General Secretary,
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